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Preface
It	 is	 with	 great	 pleasure	 that	 we	 present	 the	 ninth	 edition	 of	 Irwin	 &	 Rippe’s
Intensive	 Care	 Medicine	 at	 a	 time	 when	 the	 value	 of	 highly	 trained	 and
proficient	providers	of	critical	care	services	is	being	widely	acknowledged.	The
evolving	demands	of	critical	care	delivery	have	created	new	opportunities	for	the
role	 of	 textbooks	 both	 for	 the	 safe	 and	 efficient	 delivery	 of	 care	 and	 for
providing	 effective	 updates	 and	 education	 for	 critical	 care	 professionals.	 Our
main	aim	has	been	 to	 support	 the	ongoing	efforts	of	critical	 care	professionals
who	diagnose	and	treat	complicated	diseases	and	relieve	human	suffering.

The	ninth	edition	builds	upon	a	tradition	that	dates	to	1985	of	leveraging	the
expertise	 of	 dedicated	 content	 expert	 educators	 who	 both	 provide	 the	 best
available	 and	 guideline-endorsed	 treatment	 recommendations	 and	 an
understanding	of	the	rationale	used	to	develop	them.	We	have	restructured	each
chapter	 to	begin	with	an	enumerated	 list	of	key	points.	The	chapter	 text	where
the	 supporting	 details	 appear	 is	 marked,	 in	 the	 margin,	 with	 corresponding
numbers.	 Key	 high-quality	 clinical	 trials	 and	 the	 best	 available	 educational
references	 are	 highlighted	 at	 the	 end	 of	 each	 chapter.	 Our	 commitment	 to
providing	efficient	 access	 to	key	 information	 includes	 tabular	displays	 that	 are
often	 more	 efficient	 than	 the	 block	 text	 approach	 of	 many	 electronic-only
resources.	Many	 experienced	 intensivists	 have	 also	 commented	 that	 they	 have
found	 the	 tables	 provided	 in	 the	 chapters	 to	 be	 invaluable	 when	 they	 are
managing	uncommon	toxic	exposures,	infrequently	encountered	diseases,	or	life-
threatening	toxicities	of	newer	agents	including	those	of	CAR-T	cell	therapy	that
are	all	presented	in	the	ninth	edition.

Many	talented	critical	care	team	educators	have	also	noted	that	having	a	copy
of	 the	 textbook	 available	 on	 their	 units	 allows	 developing	 critical	 care
professionals	 the	 opportunity	 to	 review	 and	 expand	 upon	 their	 lessons	 taught
from	 the	 bedside.	 The	 topical-based	 curriculum	 is	 also	 ideal	 for	 developing	 a
strong	 foundational	 understanding	 of	 critical	 care	 by	 Nurse	 Practitioners	 and
Physician	Assistants.	 The	 enhanced	 format	 of	 the	 ninth	 edition	 is	 designed	 to
support	 those	 who	 are	 seeking	 certification	 or	 recertification	 as	 critical	 care
specialists	with	 review-style	questions	and	an	annotated	answer	key	with	brief
explanations	 of	 both	 correct	 and	 incorrect	 answers.	The	 video	 library	 has	 also
been	expanded	in	the	ninth	edition	with	case	studies	to	encourage	the	honing	and
development	of	critical	care	ultrasonography	skills.



While	 the	digital	version	of	 the	ninth	 edition	can	provide	electronic	 access,
the	 hard	 cover	 textbook	 itself	 provides	 an	 additional	 “third	 screen”	 source	 of
reliable	 information	 that	 complements	 electronically	 delivered	 information	 for
busy	critical	care	professionals	who	may	be	 listening	 to	patient	 information	on
their	 mobile	 phones	 while	 also	 viewing	 patient	 information	 on	 their
workstations.	This	 “third	 screen”	 source	of	 information	 can	also	become	“first
screen”	 during	 infrastructure	 downtime	 because	 it	 does	 not	 require	 external
power,	a	mobile	device	signal,	or	an	internet	connection.

The	recruitment	of	 true	content	expert	chapter	authors	would	not	have	been
possible	without	the	support	of	outstanding	section	editors,	and	we	express	our
deep	gratitude	for	their	efforts.	Many	of	our	section	editors	have	been	with	us	for
one	 or	 more	 editions.	 Stephen	 O.	 Heard	 (Procedures,	 Techniques	 and
Ultrasonography),	Neil	Aronin	and	David	M.	Harlan	(Endocrine	Problems	in	the
Intensive	Care	Unit),	Stephanie	M.	Levine	 (Transplantation),	 J.	Mark	Madison
(Pulmonary	 Problems	 in	 the	 Intensive	 Care	 Unit),	 Paul	 F.	 Dellaripa
(Rheumatologic,	Immunologic	and	Dermatologic	Diseases	in	the	Intensive	Care
Unit),	Pang-Yen	Fan	(Renal	Problems	in	the	Intensive	Care	Unit),	Lawrence	C.
Mohr	(Critical	Care	Consequences	of	Weapons	[Agents]	of	Mass	Destruction),
David	A.	Morrow	and	Akshay	S.	Desai	(Cardiovascular	Problems	and	Coronary
Care),	 Neil	 Halpern	 (ICU	 Design,	 Organization,	 Operation	 and	 Outcome
Measures),	 Jennifer	 Reidy	 (Palliative	 Care	 and	 Ethical	 Issues	 in	 the	 Intensive
Care	 Unit),	 Todd	 W.	 Sarge	 (Minimally	 Invasive	 Monitoring),	 and	 Joseph
Frassica	(Appendix,	Calculations	Commonly	used	in	Critical	Care)	all	 fall	 into
this	 category	 and	 have	 again	 provided	 the	 best	 available	 perspectives	 and
presentations	that	inform	accurate	diagnosis	and	effective	management.

The	 “Pharmacology,	 Overdoses,	 and	 Poisoning”	 section,	 consisting	 of	 30
chapters,	 remains	 a	 great	 strength	 of	 this	 book	 and	 essentially	 represents	 a
textbook	on	this	topic	embedded	into	our	larger	book.	For	their	tireless	efforts	on
this	 outstanding	 and	 comprehensive	 section,	 we	 thank	 Luke	 Yip	 and	Mark	 J.
Neavyn.

We	welcome	 new	 section	 editors	 to	 our	 team.	We	 thank	Michael	Hill	who
joined	 us	 as	 a	 co-section	 editor	 and	produced	new	 instructional	 videos	 for	 the
“Procedures,	 Techniques,	 and	 Ultrasonography”	 section.	 We	 thank	 Jon	 D.
Dorfman	 who	 substantially	 improved	 and	 revised	 the	 “Shock,	 Trauma	 and
Sepsis	 Management”	 section,	 Jennifer	 LaFemina	 who	 brought	 new	 and
educational	focus	to	the	“Surgical	Problems	in	the	Intensive	Care	Unit”	section,
and	 Nicole	 M.	 Theodoropoulos	 who	 restructured	 the	 “Infectious	 Disease
Problems	 in	 the	 Intensive	 Care	 Unit”	 section	 and	 provided	 a	 new
comprehensive,	well-balanced,	 and	 evidence-based	 chapter	 that	 details	 optimal



management	of	COVID-19.	We	also	 thank	 Jonathan	Gerber	who	produced	 the
“Hematologic	 and	 Oncologic	 Problems	 in	 the	 Intensive	 Care	 Unit”	 section
including	updates	regarding	recent	therapies	and	their	toxicities	such	as	CAR-T
cell	 therapy,	Wiley	R.	Hall	who	oversaw	 important	updates	 to	 the	“Neurologic
Problems	 in	 the	 Intensive	 Care	 Unit”	 section	 and	 Patrick	 Smallwood	 who
revamped	the	“Psychiatric	Issues	in	the	Intensive	Care	Unit”	section	with	a	focus
on	new	pharmacological	and	nonpharmacological	approaches.	We	also	thank	C.
Prakash	 Gyawali	 for	 his	 thoughtful	 update	 of	 the	 “Gastrointestinal	 Disease
Problems	 in	 the	 Intensive	Care	Unit”	 section	 and	Ulises	 Torres	who	 provided
timely	updates	and	oversaw	 the	 rewriting	of	 chapters	 for	 the	“Metabolism	and
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As	with	previous	editions,	our	emphasis	 remains	on	evidence-based	clinical
management	 with	 perspective	 on	 disease	 mechanisms.	 High-quality	 clinical
trials	and	key	references	are	highlighted	with	color	in	the	Ninth	Edition	of	Irwin
&	Rippe’s	 Intensive	Care	Medicine.	We	 hope	 and	 believe	 that	 the	 outstanding
efforts	of	the	many	contributors	over	the	past	5	years	have	continued	to	result	in
an	up-to-date,	 evidence-based	 and	 state-of-the-art	 and	 comprehensive	 textbook
that	 will	 guide	management	 and	 provide	 a	 useful	 educational	 resource	 in	 this
challenging	environment.
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Section	1

PROCEDURES,	TECHNIQUES	AND
ULTRASONOGRAPHY
STEPHEN	O.	HEARD	•	MICHAEL	HILL

Chapter	1
Point-of-Care	Critical	Care
Ultrasonography
Paul	H.	Mayo,	Seth	J.	Koenig,	Gisela	I.	Banauch

KEY	POINTS:
1.	 In	using	ultrasonography	at	point	of	care,	the	intensivist	uses	an

imaging	modality	that	is	uniquely	suited	to	the	demands	of	intensive
care	medicine:	immediately	available,	relatively	inexpensive,	flexible,
and	with	multipurpose	applications.

2.	 Integration	of	abnormal	findings	into	the	overall	diagnostic	and
therapeutic	impression	and	plan	is	the	final	step	in	achieving
competence	in	critical	care	ultrasound—this	area	remains	an
evolving	field	in	critical	care	ultrasound,	especially	for
cardiopulmonary	applications.

3.	 The	full	integration	of	critical	care	ultrasonography	into	the	daily
function	of	the	ICU	requires	a	paradigm	shift	where	the	intensivists
rely	on	their	own	skill	at	image	acquisition	and	interpretation	and
believe	that	ultrasonography	can	replace	standard	imaging	methods
such	as	chest	radiography	and	CT	scanning.



INTRODUCTION
Critical	 care	 ultrasonography	 encompasses	 any	 application	 of	 ultrasonography
that	 can	 be	 productively	 employed	 by	 the	 intensivist	 at	 the	 bedside	 for	 the
diagnosis	 and	management	 of	 the	 patient.	 In	 recognition	 of	 the	 importance	 of
ultrasonography	to	intensive	care	medicine,	the	authors	have	included	ultrasound
specific	text	and	instructional	videos	throughout	the	textbook.	These	descriptions
have	been	provided	by	a	separate	writing	group	consisting	of	course	leaders	and
senior	faculty	at	the	American	College	of	Chest	Physicians	national	critical	care
ultrasonography	courses,	all	of	whom	use	ultrasonography	in	their	daily	critical
care	 practice.	 The	 video	 library	 will	 include	 case	 examples	 that	 have	 been
presented	in	the	“Ultrasound	Corner”	with	the	permission	of	the	CHEST	Journal
where	the	reader	will	find	additional	comprehensive	discussions	of	many	aspects
of	critical	care	ultrasonography.	Case	1	below	is	an	example	of	how	these	cases
are	integrated	into	the	textbook.	By	design,	the	ultrasonography	materials	in	the
textbook	 do	 not	 emphasize	 technical	 aspects	 of	machine	 design	 or	 ultrasound
physics.	These	are	well	summarized	in	standard	ultrasonography	textbooks,	and
briefly	 discussed	 below.	 Rather,	 the	 emphasis	 is	 on	 procedure-	 or	 disease-
specific	clinical	applications	of	ultrasonography	that	are	immediately	relevant	to
the	 frontline	 intensivist	and	 that	are	well	within	 their	capability.	The	goal	 is	 to
review	 those	 aspects	 of	 ultrasonography	 that	 a	 “typical”	 bedside	 intensivist
would	use	on	a	routine	basis.	Complex	aspects	of	ultrasonography	are	not	part	of
the	discussion	because	 they	require	expert-level	 radiology	and	cardiology-level
training	and	capability.

CASE	1
A	53-year-old	woman	was	admitted	to	 the	hospital	 for	evaluation	of
newly	acquired	von	Willebrand	disease	and	severe	thrombocytosis.1

She	 has	 a	 past	 medical	 history	 of	 breast	 cancer	 that	 had	 been
treated	with	 lumpectomy	plus	both	chemotherapy	and	radiotherapy.
After	 admission,	 she	 suffered	 a	 prolonged	 cardiac	 arrest	 with
pulseless	electrical	activity	and	regained	a	rhythm	25	minutes	 later.
She	suffered	a	second	cardiac	arrest	after	 transfer	 to	 the	 intensive
care	unit	(ICU).	Point-of-care	ultrasound	was	performed,	while	doing
pulse	checks	during	advanced	cardiac	life	support	(ACLS).



Based	 on	 the	 clinical	 history	 and	 ultrasound	 images
displayed	in	 	Video	1.1,	what	is	the	likely	diagnosis?1

The	 ultrasound	 images	 and	 their	 clinical	 implications	 are
presented	in	 	Video	1.2.1

Machine	Requirements

Portable	Ultrasound	Machines
High-quality	portable	ultrasonography	machines	are	widely	available.	Their	cost
is	 not	 prohibitive	 when	 compared	 to	 alternatives	 such	 as	 computerized
tomography,	 and	 their	 operating	 costs	 are	 low.	 In	 addition,	 a	 team	 that	 uses
ultrasonography	as	its	primary	imaging	tool	reduces	utilization	of	other	standard
imaging	methods2;	 this	 accrues	 cost	 savings	 because	more	 expensive	 imaging
modalities	 are	 not	 used	 as	 often.	Most	 recent	 generation	machines	 have	 good
image	 quality	 (with	 a	 few	 exceptions),	 so	 the	 purchase	 decision	 should	 be
predicated	 on	 other	 factors.	 Some	 key	 questions	 to	 consider	 include	 the
following:

1.	 Is	the	machine	durable	and	impervious	to	fluid	spills?	Can	the	machine	or
transducers	be	dropped?

2.	 What	is	the	service	record	of	the	company?	Is	the	cost	of	the	service
contract	included	in	the	price	of	the	machine,	or	is	the	machine	a	“loss
leader”	that	requires	an	additional	expensive	service	contract?	What	is	the
turnaround	time	for	service?

3.	 Is	the	machine	easy	to	operate?	What	is	the	turn-on	time?	Is	the	control
surface	simple	and	easy	to	operate?	Is	there	well-designed	memory
capability	that	uses	a	widely	accepted	video	image	format?

4.	 Is	the	machine	truly	portable?	Can	it	be	easily	removed	from	the	stand	for
situations	that	require	a	hand-carried	device?	How	much	space	does	the
ultrasound	equipment	require?

5.	 Can	the	machine	and	probes	be	easily	and	safely	cleaned	with	disinfecting
fluids?

6.	 Can	images	and	clips	be	uploaded	into	the	medical	records	system	with
ease?	Is	it	possible	to	electronically	interface	the	ultrasound	machine	with
an	exam	reporting	system	and/or	with	a	quality	assurance	program?



The	 ICU	machine	 requires	at	 least	 two	probes.	The	 linear	vascular	probe	 is
high	 frequency,	 so	 that	 it	 has	 excellent	 resolution	 but	 poor	 penetration.	 This
makes	 it	 ideal	 for	 vascular	 access,	 examination	 of	 pleural	morphology,	 and	 to
characterize	 structures	 near	 the	 skin	 surface	 such	 as	 lymph	nodes.	The	phased
array	cardiac	 transducer	has	 less	 resolution,	but	better	penetration	because	 it	 is
designed	for	examination	of	deeper	structures.	Most	machines	allow	the	phased
array	cardiac	transducer	to	be	configured	for	abdominal	scanning.	This	results	in
cost	 savings	 because	 the	 machine	 does	 not	 then	 need	 to	 be	 equipped	 with	 a
curvilinear	abdominal	transducer.

Ultraportable	Machines
Recently,	 the	 industry	 has	 developed	 a	 new	 generation	 of	 ultrasonography
machines	 that	 are	 designated	 as	 ultraportable	 (ie,	 they	 are	 designed	 to	 fit
comfortably	 into	 the	 pocket	 of	 the	 clinician).	Most	 current	models	 connect	 to
smartphones	 or	 low-cost	 tablets	 and	 have	 internet	 connectivity	 options,	 thus
raising	 the	possibility	of	 integrating	 images	generated	by	 the	machine	 into	 the
medical	 record	when	 the	appropriate	 IT	 infrastructure	 is	available.	Transducers
for	 these	 devices	 do	 not	 use	 piezoelectric	 crystals,	 thereby	 making	 a	 single
multifrequency	 probe	 available	 for	 cardiac,	 abdominal,	 and	 vascular	 imaging.
This	 one-in-three	 probe	 design	 has	 brought	machine	 cost	 to	 a	 level	where	 the
interested	intensivist	can	have	a	personal	device	for	immediate	use	at	any	time	in
the	 ICU.	 This	 resource	 distribution	 significantly	 improves	 rapid	 deployment
during	 urgent	 situations,	 the	 nature	 of	 which	 may	 be	 unpredictable	 and
concurrent	with	 other	 emergencies	 that	 benefit	 from	 bedside	 ultrasound	 in	 the
same	ICU.

For	 the	 critical	 care	 clinician	who	 is	 interested	 in	 acquiring	one	of	 the	new
devices,	a	few	caveats	are	 in	order.	The	image	quality	of	 the	new	ultraportable
devices	is	comparable	to	the	cart	mounted	machines,	although	the	user	will	need
to	become	accustomed	to	the	smaller	screen	size.	The	durability	of	the	devices	is
not	yet	well	established.	While	the	new	ultraportable	devices	hold	great	promise
in	 fostering	 widespread	 use	 of	 critical	 care	 ultrasonography,	 their	 major	 risk
relates	 to	 their	 use	 by	 inadequately	 trained	 critical	 care	 clinicians.	Widespread
use	of	ultraportable	ultrasonography	machines	by	incompetent	users	could	result
in	 missed	 opportunities	 for	 rescue.	 The	 solution	 to	 this	 problem	 lies	 in	 the
development	 of	 effective,	 efficient,	 and	 low-cost	 training	 in	 critical	 care
ultrasonography	that	needs	to	be	widely	available	to	the	critical	care	community.
This	 topic	 is	 addressed	 further	 in	 the	 section	 entitled	 “Limitations	 of	 Critical
Care	Ultrasonography:	limitations	related	to	the	operator.”



Machine	Controls	and	Scanning	Technique
Even	with	a	simple-to-operate	portable	machine,	a	common	failure	point	for	the
inexperienced	 operator	 is	 poor	 gain,	 depth,	 frequency,	 and	 orientation	 control.
This	 is	 remedied	 by	 effective	 hands-on	 training.	 Scanning	 technique	 is	 an
important	 element	 of	 image	 acquisition.	 Excepting	 certain	 types	 of	 vascular
access,	 the	machine	and	the	scanner	are	always	placed	on	the	same	side	as	 the
patient.	This	permits	the	examiner	to	operate	the	machine	controls	with	one	hand
while	 holding	 the	 probe	 with	 the	 other.	 This	 requires	 that	 the	 clinician	 be
ambidextrous	 in	 terms	 of	 holding	 the	 probe,	 given	 that	 the	 patient	 may	 be
surrounded	by	a	variety	of	 life	 support	devices.	Probe	hold	 requires	 that	 some
part	of	the	hand	rests	on	the	patient	while	holding	the	probe	in	order	to	provide	a
stable	image.

COMPETENCE
1 	 By	 definition,	 the	 intensivist	 in	 charge	 of	 the	 case	 personally	 performs	 all
aspects	 of	 the	 ultrasonography	 examination:	 image	 acquisition,	 image
interpretation,	 and	 application	 of	 the	 results	 at	 point	 of	 care.	 This	 is	 very
different	 from	 ultrasonography	 performed	 by	 the	 consultative	 service	 of
radiology	and	cardiology,	where	 the	examination	 is	delayed	 in	 its	performance
and	where	the	consultant	is	disassociated	from	the	clinical	reality	of	the	case.	In
using	ultrasonography	at	point	of	care,	the	intensivist	uses	an	imaging	modality
that	 is	uniquely	suited	 to	 the	demands	of	 intensive	care	medicine:	 immediately
available,	relatively	inexpensive,	flexible,	and	with	multipurpose	applications.

CASE	2
A	76-year-old	man	with	a	75	pack-year	smoking	history	was	seen	in
the	pulmonary	clinic	 for	evaluation	of	a	 right	upper	 lobe	pulmonary
nodule.3	 A	 representative	 chest	 computerized	 tomography	 (CT)
image	 is	 presented	 as	Figure	 1.1.3	 PET-CT	of	 the	 nodule	 showed
avidity,	but	there	were	no	other	metastatic	foci.



	

Figure	1.1 	Computerized	tomography	(CT)	of	the	chest	with
right	 upper	 lobe	 peripheral	 pulmonary	 nodule	 (yellow	 hatched
circle).(From	Mayo	P	H,	Koenig	SJ,	Banauch	GI.	Point-of-care
for	 critical	 care	 ultrasonography.	 In:	 Irwin	 &	 Rippe’s
Ultrasonography	 for	Management	 of	 the	Critically	 Ill.	Wolters
Kluwer;	2021:2-7.	Figure	1.1.)

How	could	 this	patient’s	nodule	be	 further	 characterized	at
the	bedside?

Ultrasound	images	of	the	nodule	are	presented	in	 	Videos	1.3-
1.6.3	These	images	and	their	clinical	implications	are	discussed	in	
Video	1.7.3

2 	 Competence	 in	 critical	 care	 ultrasonography	 requires	 mastery	 of	 image
acquisition,	 image	 interpretation,	 and	 the	 integration	 of	 abnormal
ultrasonographic	findings	into	the	overall	diagnostic	impression	and	therapeutic
plan	at	the	bedside.	Training	in	image	acquisition	may	be	accomplished	initially
on	 normal	 human	 subjects	 but	 also	 requires	 scanning	 of	 patients	 under	 the
supervision	of	a	competent	 instructor.	Training	 in	 image	 interpretation	requires



access	 to	 an	 image	 set	 that	 includes	 a	 large	 number	 of	 abnormal	 findings.
Relevant	 material	 can	 be	 studied	 in	 various	 forms	 including	 written	 material,
lectures,	 or	 web-based	 platforms.	 Integration	 of	 abnormal	 findings	 into	 the
overall	 diagnostic	 and	 therapeutic	 impression	 and	plan	 is	 an	 additional	 step	 in
achieving	competence,	and	can	again	be	achieved	through	the	study	of	material
in	 various	 forms	 similar	 to	 those	 available	 for	 image	 interpretation.	 This	 area
remains	 an	 evolving	 field	 in	 critical	 care	 ultrasound,	 especially	 for
cardiopulmonary	 applications.4-6	 Requirements	 for	 training	 are	 summarized	 in
several	 international	 consensus	 statements.2,7	The	 echocardiographic	 portion	of
critical	care	ultrasonography	has	the	potential	for	significant	complexity	in	all	its
aspects	 (ie,	 image	 acquisition,	 image	 interpretation,	 and	 integration	 into
diagnosis	 and	 therapy).	 This	 complexity	 has	 been	 addressed	 in	 further
international	societal	statements8,9	and	with	the	recent	institution	of	board	exams
in	 advanced	 critical	 care	 echocardiography	 for	 physicians	 who	 practice	 in
Europe	(by	 the	European	Society	of	Critical	Care	Medicine)	and	 in	 the	United
States	(by	the	National	Board	of	Echocardiography).

Some	applications	reviewed	in	this	textbook	are	not	mentioned	in	the	societal
statements	 and	 guidelines,	 but	 have	 clinical	 utility.	Competence	 in	 these	 other
applications	 is	 only	 assured	 by	 specific	 institutional	 standards.	 Critical	 care
ultrasonography,	once	adopted	by	the	active	clinician,	lends	itself	to	an	element
of	 invention,	 local	 training	 effort,	 and	 adoption	 of	 techniques	 that	 are	 not
initially	 widely	 used.	 One	 purpose	 of	 this	 textbook	 is	 to	 disseminate	 such
innovative	information	on	critical	care	ultrasonography.

Scope	of	Practice
In	 considering	 the	 scope	 of	 practice	 of	 critical	 care	 ultrasonography,	 it	 is
important	 to	 emphasize	 that	 not	 every	 intensivist	 needs	 to	 be	 competent	 in	 all
aspects	 of	 the	 field.	 The	 consultative	 attending	 intensivist	 may	 not	 need	 any
training	 because	 their	 practice	 needs	 are	 not	 such	 that	 it	 is	 required.	 Other
clinicians	may	wish	to	focus	on	procedural	guidance	with	ultrasonography.	For
the	active	frontline	intensivist,	the	various	societal	guidelines	and	statements	are
a	good	guide	for	the	scope	of	practice,2,7-9	with	additional	skills	added	according
to	interest	and	practice	requirements.

Competence	 should	 be	 defined	 by	 the	 scope	 of	 practice,	 but	 in	 some
situations,	 there	 is	 an	 added	 layer	 of	 complexity.	 The	 hospital	 credentialing
committee	must	grant	 the	privilege	 to	perform	critical	 care	ultrasonography.	 If
the	clinician	has	achieved	competence	during	fellowship	training	as	defined	by
their	 program	 director,	 hospital	 credentialing	 committees	 routinely	 grant



privileges.	This	may	not	be	the	case	for	attending-level	intensivists,	where	other
physician	 specialists	 perceive	 economic	 or	 political	 threat	 to	 granting	 the
privilege	to	a	physician	who	is	not	a	radiologist	or	cardiologist.	In	this	case,	the
intensivist	may	be	competent	and	yet	be	blocked	 from	performing	within	 their
scope	of	practice.	One	solution	to	this	problem	is	to	provide	strong	evidence	of
training,	such	that	the	credentialing	committee	is	compelled	to	grant	privileges.
This	 evidence	 would	 include	 a	 comprehensive	 log	 of	 all	 scanning	 activity,
cognitive	training,	image	review,	and	course	attendance.	The	American	College
of	Chest	Physicians	has	designed	a	training	program	to	provide	competence	and
to	fulfill	requirements	to	obtain	hospital	privileges.

Limitations	of	Critical	Care	Ultrasonography
Competence	 in	 critical	 care	 ultrasonography	 requires	 an	 understanding	 of	 its
limitations.	 Immediately	 obvious	 types	 of	 limitations	 include	 (1)	 those	 due	 to
patient	factors	(eg,	restriction	of	standard	ultrasonographic	windows	by	medical
devices	 such	 as	 chest	 tubes	 or	 dressings,	 suboptimal	 patient	 position	 for	 the
desired	 exam	 type),	 (2)	 those	 due	 to	 environmental	 factors	 (eg,	 abundant
equipment	such	as	dialysis	machine	or	ventricular	assist	devices	blocking	access
to	 the	 patient),	 and	 (3)	 those	 due	 to	 ultrasound	 physics	 (eg,	 air	 or	 bones
reflecting	or	markedly	attenuating	the	ultrasound	signal).	Limitations	related	 to
the	 operator	 and	 to	 the	 regulations	 governing	 the	work	 environment	 in	which
they	perform	are	less	obvious	initially,	but	likely	have	significantly	more	impact
on	whether	bedside	ultrasound	is	incorporated	into	the	culture	of	an	institution.

1.	 Limitations	related	to	the	operator:	The	intensivist	who	performs	critical
care	ultrasonography	is	responsible	for	all	the	aspects	of	image	acquisition,
interpretation,	and	application	of	the	results	to	the	clinical	problem	at	hand.
There	is	no	expert	radiologist	or	cardiologist	to	perform	these	critical
functions.	A	limitation	of	critical	care	ultrasonography	relates	to	the	need
for	the	intensivist	to	be	fully	trained	and	therefore	competent	in	those
aspects	that	are	relevant	to	their	practice	needs.
In	response	to	the	need	for	training	large	numbers	of	trainees	in	critical	care
ultrasonography,	cooperative	training	courses	allow	optimal	leverage	of	the
individual	expertise	from	several	academic	centers	in	geographic
proximity.10	Student	tutor	models11	and/or	telemedicine-based	models12,13
have	also	shown	efficacy.	While	competency	is	easily	achieved	for	the
basic	skill	set,10,14	there	remains	a	definite	need	for	longitudinal	programs
that	maintain	competence.15



2.	 3 	Limitations	related	to	paradigm	shift:	The	standard	paradigm	for	imaging
in	the	ICU	is	that	the	radiology	or	cardiology	service	is	responsible	for	all
aspects	of	image	acquisition	and	interpretation.	The	intensivist	is	a	passive
participant	in	this	process.	The	full	integration	of	critical	care
ultrasonography	into	the	daily	function	of	the	ICU	requires	a	paradigm	shift
where	the	intensivists	rely	on	their	own	skill	at	image	acquisition	and
interpretation	and	believe	that	ultrasonography	often	replaces	standard
imaging	methods	such	as	chest	radiography	and	CT	scan.	As	summarized
by	Oks	et	al:
“This	approach	to	critical	care	ultrasonography	requires	several	dedicated
machines,	a	number	of	frontline	intensivists	who	are	skilled	at	critical	care
ultrasonography,	the	deployment	of	ultrasonography	as	a	primary	tool	on
work	rounds,	a	team	decision	to	rely	on	ultrasonography	as	a	primary
imaging	tool	as	much	as	possible,	and	decisions	specifying	when
confirmatory	imaging	is	not	required	for	ultrasonography	examinations
performed	by	the	ICU	team.”	(Reprinted	from	Oks	M,	Cleven	KL,
Cardenas-Garcia	J,	et	al.	The	effect	of	point-of-care	ultrasonography	on
imaging	studies	in	the	medical	ICU:	a	comparative	study.	Chest.
2014;146(6):1574-1577,	with	permission	from	Elsevier.16)

CONCLUSIONS
Critical	care	ultrasonography	is	an	important	aspect	of	intensive	care	medicine.
Rather	than	having	several	stand-alone	chapters	summarizing	various	aspects	of
ultrasonography,	 the	 editors	 have	 embedded	 ultrasonography	 in	 a	 disease-	 or
procedure-specific	manner	 that	 is	clinically	 relevant	 to	 the	frontline	 intensivist.
The	accompanying	video	library	in	the	chapters	serves	to	provide	guidance	for	a
wide	variety	of	critical	care	ultrasonography	applications.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	statements	regarding	use	of	point-of-care
ultrasound	(POCUS)	at	the	critical	care	bedside	outside	of	the	United	States	is
true?



A. 	China	has	decreasing	usage
B. 	Europe	has	increasing	usage
C. 	Number	of	indications	is	less	compared	to	10	years	ago
D. 	Rate	of	use	by	radiologists	is	increasing	faster	than	that	of
intensivists

2. 	Bedside	ultrasound	examination	can	definitively	rule-in	or	rule-out	which
of	the	following	diagnoses?

A. 	Hepatitis
B. 	Pleural	effusion
C. 	Pneumonia
D. 	Renal	failure

3. 	The	most	recommended	method	for	learning	point-of-care	ultrasound
(POCUS)	is:

A. 	Attempt	during	patient	resuscitations	to	see	pathophysiology
B. 	Instructional	textbook,	in-person	course,	then	frequent	practice
C. 	Mobile	phone	app	comparison	images	when	needed	in	real	time
D. 	Observation	of	colleague	acquiring	multiple	images

Answers

1.	The	correct	answer	is	B.
Rationale:	 In	 Europe,	 and	 overall	 worldwide,	 adoption	 of	 POCUS	 has

increased	(choice	B	is	correct).	A	2016	study	noted	43%	of	Chinese	emergency
department	 physicians	 use	 ultrasound	 in	 their	 clinical	 work	 (choice	 A	 is
incorrect).	The	 scope	and	 indications	 for	POCUS	have	 increased	over	 the	past
decade	 (choice	 C	 is	 incorrect)	 and,	 while	 bedside	 ultrasound	 is	 frequently
performed	by	radiologists,	usage	among	critical	care	professionals	has	expanded
at	a	faster	rate	(choice	D	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	 Point-of-care	 ultrasound	 (POCUS)	 is	 routinely	 used	 to	 detect

pleural	 and	 peritoneal	 fluid	 (choice	 B	 is	 correct).	 The	 resolution	 of	 currently
available	devices	is	insufficient	to	detect	hepatic	cellular	inflammation	(choice	A
is	 incorrect)	 and	 structural	 imaging	 does	 not	 directly	 measure	 renal	 function
(choice	D	is	 incorrect).	While	 lung	ultrasound	does	allow	detection	of	findings



that	 suggest	pneumonia,	definitive	diagnosis	depends	on	clinical	 judgment	and
other	testing	(choice	C	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	Ultrasound	is	best	learned	by	first	reading	about	how	your	device

works	and	viewing	 the	appearance	of	normal	 structures.	This	basic	knowledge
base	 is	 then	 used	 during	 proctored	 examinations	 by	 qualified	 instructors,	 and
ultimately	 developed	 by	 practicing	 ultrasound	 techniques	 to	 the	 point	 of
automaticity	 (choice	 B	 is	 correct).	 Frequent	 practice	 is	 a	 better	 learning
technique	 than	a	minimal	practice	approach,	especially	during	 rare,	 emergency
situations	 (choice	 A	 is	 incorrect).	Mobile	 phone	 apps	 can	 be	 very	 helpful	 for
identifying	 unfamiliar	 findings	 but	 are	 not	 a	 substitute	 for	 proctored	 learning
(choice	 C	 is	 incorrect).	 Watching	 others	 is	 helpful	 but	 not	 as	 effective	 for
learning	ultrasound	as	doing	it	yourself	(choice	D	is	incorrect).
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Chapter	2
Anesthesia	for	Bedside	Procedures
Gregory	J.	Mitchon,	Mark	Dershwitz

KEY	POINTS:
1.	 Critically	ill	patients	respond	differently	from	non–critically	ill	patients

to	anesthetic	medications	because	of	the	physiologic	changes
associated	with	critical	illness	and	its	common	comorbidities	(eg,
advanced	age,	cardiovascular	disease).	Understanding	these
changes	is	essential	to	the	safe	provision	of	anesthesia	to	these
patients.

2.	 Administration	of	anesthesia	requires	combinations	of	drugs
because	different	drugs	play	different	roles	in	achieving	anesthesia
(eg,	opioids	cause	analgesia	but	not	amnesia,	benzodiazepines
cause	amnesia	but	not	analgesia,	neuromuscular	blocking	drugs
cause	immobility	but	provide	neither	amnesia	nor	analgesia).

3.	 The	patient’s	full	treatment	needs,	not	just	the	procedure	at	hand,
should	guide	rational	drug	selection	(eg,	benzodiazepines	should	be
used	cautiously	in	elderly	patients	at	risk	for	delirium;	head	trauma
patients	require	frequent	neurologic	exams	should	receive	short-
acting	medications).

INTRODUCTION
When	a	patient	in	an	intensive	care	unit	(ICU)	requires	a	bedside	procedure,	it	is
usually	 the	 intensivist,	 rather	 than	 a	 consultant	 anesthesiologist,	 who	 directs
administration	 of	 hypnotic,	 analgesic,	 and/or	 paralytic	 drugs.	 Unlike	 the
operating	 room	 (OR),	 ICUs	 usually	 lack	 equipment	 for	 the	 administration	 of
gaseous	(eg,	nitrous	oxide)	or	volatile	(eg,	isoflurane)	anesthetics.	Anesthesia	for



bedside	 procedures	 in	 the	 ICU	 is	 thus	 accomplished	 via	 total	 intravenous
anesthesia	(TIVA).	This	strategy	obviates	the	considerable	costs	of	OR	time	and
personnel,	as	well	as	the	hazards	of	transporting	unstable	patients	and	their	often
numerous	life	support	devices.

COMMON	PAIN	MANAGEMENT	PROBLEMS	IN
ICU	PATIENTS

Dosing	of	Agents
1 	Selecting	 the	proper	dose	of	 an	analgesic	 is	problematic	 for	 several	 reasons:
difficulty	 in	 assessing	 the	 degree	 of	 analgesia	 achieved,	 pharmacokinetic	 (PK)
differences	between	critically	ill	and	other	patients,	normal	physiologic	changes
associated	 with	 aging,	 and	 pathophysiologic	 changes	 associated	 with	 the
underlying	critical	illness.

Assessing	the	Effectiveness	of	Pain	Relief	and	Sedation
Critically	ill	patients	can	have	difficulty	communicating	their	pain	level	and	state
of	mind,	due	to	delirium,	obtundation,	or	endotracheal	intubation.	Furthermore,
surrogate	markers	of	pain	 intensity	 (eg,	 tachycardia,	hypertension,	diaphoresis)
are	 inherent	 in	 the	 response	 to	 critical	 illness.	 These	 factors	 can	 hinder	 one’s
ability	to	make	a	psychological	evaluation	of	the	patient.

Pharmacokinetic	Considerations
Most	vasoactive	medications	administered	in	the	ICU	by	continuous	intravenous
(IV)	 infusion	 have	 relatively	 straightforward	 PK	 behavior.	 They	 are	 water-
soluble	 molecules	 with	 minimal	 plasma	 protein	 binding.	 In	 contrast,	 the
hypnotics	and	opioids	used	in	TIVA	have	high	lipid	solubility	and	plasma	protein
binding	which	makes	 their	 PK	behavior	 far	more	 complex.	 In	 the	 setting	 of	 a
single	 or	 a	 few	 bolus	 injections,	 these	 medications	 are	 typically	 short	 acting
because	of	rapid	redistribution	out	of	the	brain.	However,	following	infusions	of
long	duration	(ie,	hours	or	days),	the	much	slower	processes	of	metabolism	and
elimination	become	the	primary	determinants	of	drug	plasma	concentrations,	and
thus	drug	effects	can	become	prolonged.

The	PK	behavior	of	lipid-soluble	hypnotics	and	analgesics	given	by	infusion



may	be	described	by	their	context-sensitive	half-times	(CSHTs).	This	concept	is
defined	 as	 the	 time	 required	 for	 the	 plasma	 concentration	 of	 a	 drug	 to	 fall	 by
50%	after	 termination	of	 a	 continuous	 infusion.1	Figure	2.1	 depicts	 the	CSHT
curves	for	the	medications	most	likely	to	be	used	for	TIVA	in	ICU	patients.	PK
behavior	 of	 critically	 ill	 patients	 is	 unlike	 that	 of	 normal	 subjects	 for	 several
reasons.	 ICU	 patients	 frequently	 have	 renal	 and/or	 hepatic	 dysfunction,	which
may	 significantly	 impair	 drug	 metabolism	 or	 excretion.	 Hypoalbuminemia,
common	among	 the	 critically	 ill,	 decreases	protein	binding	and	 increases	 free-
drug	concentrations.	Free	drug	is	the	only	moiety	presented	to	tissue	receptors;
therefore,	 decreased	 protein	 binding	 increases	 the	 pharmacologic	 effects	 for	 a
given	plasma	concentration.	This	makes	it	essential	to	individualize	medication
dosing	for	each	patient	in	the	ICU.

	

Figure	 2.1 	 The	 context-sensitive	 half-times	 for	 propofol,2
midazolam,3	remifentanil,4	and	dexmedetomidine,5	and	sufentanil6	as
a	function	of	infusion	duration.(From	Shafer	A,	Doze	VA,	Shafer	SL.
Pharmacokinetics	 and	 pharmacodynamics	 of	 propofol	 infusions
during	 general	 anesthesia.	 Anesthesiology.	 1988;69:348-356.	 From
Persson	 P,	 Nilsson	 A,	 Hartvig	 P,	 et	 al.	 Pharmacokinetics	 of
midazolam	 in	 total	 i.v.	 anaesthesia.	Br	 J	Anaesth.	1987;59:548-556.
From	Egan	TD,	Lemmens	HJM,	Fiset	P,	et	al.	The	pharmacokinetics
of	 the	 new	 short	 acting	 opioid	 remifentanil	 (GI87084B)	 in	 healthy
adult	male	volunteers.	Anesthesiology.	1993;79:881-892.	From	Iirola
T,	 Ihmsen	 H,	 Laitio	 R,	 et	 al.	 Population	 pharmacokinetics	 of
dexmedetomidine	 during	 long-term	 sedation	 in	 intensive	 care
patients.	Br	J	Anaes.	2012;108:460-468.)



Physiologic	Changes	Associated	With	Aging
1 	People	aged	65	years	and	older	comprise	an	ever-growing	segment	of	the	ICU
patient	 population.	Aging	 leads	 to	 (1)	 a	 decrease	 in	 total	 body	water	 and	 lean
body	 mass;	 (2)	 an	 increase	 in	 body	 fat	 which	 increases	 the	 volume	 of
distribution	 of	 lipid-soluble	 drugs;	 and	 (3)	 reduced	 liver	 and	 kidney	 function,
which	 leads	 to	 slower	 drug	 clearance.	 Aging	 is	 also	 associated	 with	 a
progressive	increase	in	sensitivity	to	the	analgesic	and	sedative	effects	of	opioids
and	benzodiazepines.

Pathophysiologic	Changes	Associated	With	Critical	Illness
1 	 Critical	 illness,	 regardless	 of	 underlying	 etiology,	 is	 almost	 universally
associated	 with	 severe	 derangements	 of	 cardiopulmonary	 physiology.	 ICU
patients	may	be	hypoxemic,	hypercapnic,	hypotensive,	or	tachycardic,	among	a
plethora	of	possible	changes.	These	derangements	may	be	the	primary	cause	of
critical	illness	or	they	may	be	secondary	normal	physiologic	responses	to	other
diseases	 processes.	 Analgesic	 and	 sedative	 medications	 used	 to	 achieve
anesthesia	 for	 bedside	 procedures	 in	 the	 ICU	 can	 significantly	 affect	 these
physiologic	 parameters.	 The	 ICU	physician	must	 anticipate	 these	 changes	 and
preemptively	adjust	the	doses	of	analgesic	or	sedative	medication	appropriately.
One	must	 also	 ensure	 adequate	 vascular	 access	 and	 determine	 that	 adjunctive
medications	 are	 immediately	 available	 (eg,	 vasopressors,	 inotropes,
chronotropes).	Finally,	ICU	clinicians	must	be	prepared	to	intervene	to	maintain
the	 patient’s	 airway	 using	 both	 basic	 (eg,	 oxygen	 mask,	 jaw	 thrust,
oropharyngeal	airway)	and	advanced	(eg,	endotracheal	intubation)	methods.

Selection	of	Agents
2 	Procedures	performed	in	the	ICU	(Table	2.1)	induce	a	range	of	pain	responses.
Some	 cause	 mild	 discomfort	 (eg,	 esophagogastroscopy),	 while	 others	 can	 be
quite	 painful	 (eg,	 orthopedic	 manipulations,	 wound	 debridement,	 or
tracheostomy).	Depending	on	their	technical	difficulty,	these	procedures	can	last
from	 minutes	 to	 hours.	 To	 provide	 a	 proper	 anesthetic,	 the	 physician	 should
select	 medications	 according	 to	 the	 nature	 of	 the	 procedure	 and	 titrate	 to	 the
patient’s	 response	 to	painful	stimuli.	 In	addition,	 the	following	specific	disease
states	should	be	considered	to	maximize	safety	and	effectiveness.



TABLE	2.1

Bedside	Procedures	and	Associated	Levels	of	Discomfort

Mildly	to	moderately	uncomfortable
Transesophageal	echocardiographya	
Transtracheal	aspiration
Thoracentesisa	
Paracentesisa	
Moderately	to	severely	uncomfortable
Endotracheal	intubationa	
Flexible	bronchoscopya	
Thoracostomya	
Bone	marrow	biopsy
Colonoscopy
Intra-aortic	balloon	insertiona	
Peritoneal	dialysis	catheter	insertiona	
Peritoneal	lavagea	
Percutaneous	gastrostomya	
Percutaneous	intra-aortic	balloon	insertiona	
Extremely	painful
Rigid	bronchoscopy
Debridement	of	open	wounds
Dressing	changes
Orthopedic	manipulations
Tracheostomya	
Pericardiocentesis/pericardial	windowa	
Open	lung	biopsy



Ventriculostomya

aProcedures	in	which	the	level	of	discomfort	may	be	significantly	mitigated	by	local	anesthesia.

Head	Trauma
3 	Head-injured	 patients	 require	 an	 anesthetic	 technique	 that	 provides	 effective
yet	 brief	 anesthesia.	 Rapid	 offset	 of	 action	 is	 essential	 so	 that	 the	 capacity	 to
assess	neurologic	status	is	not	lost	for	extended	periods	of	time.	In	addition,	the
technique	must	not	adversely	affect	cerebral	perfusion	pressure.	Clinicians	must
also	 ensure	 that	 the	 effects	 of	 the	 anesthetics	 do	 not	 dissipate	 too	 rapidly,
resulting	 in	episodes	of	agitation	and	 increased	 intracranial	pressure	 (ICP)	 that
may	jeopardize	cerebral	perfusion.

Coronary	Artery	Disease
Postoperative	 myocardial	 ischemia	 following	 cardiac	 and	 noncardiac	 surgery
strongly	predicts	adverse	outcome.7	Accordingly,	sufficient	analgesia	should	be
provided	during	and	after	 invasive	procedures	 to	 reduce	plasma	catecholamine
and	 stress	 hormone	 levels.	 On	 the	 other	 hand,	 for	 hemodynamically	 unstable
patients,	 increased	 sympathetic	 activity	 is	 a	 normal	 physiologic	 response,	 and
blunting	of	 this	 response	with	anesthetic	medications	may	cause	hemodynamic
decompensation.	 Thus,	 a	 balance	must	 be	 achieved.	Adequate	 vascular	 access
(including	 a	 central	 line	 if	 necessary)	 should	 be	 established	 beforehand,	 and
rescue	medications	 like	vasopressors	 and	 inotropes	must	 be	 readily	 accessible.
Boluses	 of	 anesthetic	 medications	 are	 less	 well	 tolerated	 than	 titration	 of
continuous	infusions	for	hemodynamically	unstable	patients.

Renal	and/or	Hepatic	Failure
The	 risk	of	 an	 adverse	drug	 reaction	 is	 at	 least	 three	 times	higher	 in	 azotemic
patients	 than	 in	 those	 with	 normal	 renal	 function.	 This	 risk	 is	 related	 to	 both
excessive	unbound	drug	or	drug	metabolite(s)	in	the	circulation	and	changes	in
the	target	tissue(s)	induced	by	the	uremic	state.

Liver	failure	alters	 the	volumes	of	distribution	for	many	drugs	by	 impairing
synthesis	 of	 the	 two	 major	 plasma-binding	 proteins,	 albumin	 and	 α	 1-acid
glycoprotein.	 In	 addition,	 reductions	 in	 hepatic	 blood	 flow	 and	 hepatic
enzymatic	activity	in	critical	illness	decrease	the	clearance	rates	of	many	drugs.



CHARACTERISTICS	OF	SPECIFIC	AGENTS
USED	FOR	BEDSIDE	PROCEDURES

Hypnotics
The	 characteristics	 of	 the	 hypnotics	 are	 listed	 in	 Table	 2.2,	 and	 their
recommended	 doses	 are	 listed	 in	Table	2.3.	 For	 rapid	 awakening,	 propofol	 or
etomidate	 is	 the	 hypnotic	 agent	 of	 choice.	 Ketamine	 may	 be	 useful	 when	 a
longer	 duration	 of	 anesthesia	 is	 needed.	Midazolam	 is	 rarely	 used	 alone	 as	 a
hypnotic,	 but	 its	 profound	 anxiolytic	 and	 amnestic	 effects	 make	 it	 useful	 in
combination	 with	 other	 agents.	 Dexmedetomidine	 does	 not	 reliably	 induce
unconsciousness;	however,	its	sedative	effect	is	not	accompanied	by	ventilatory
depression.	Dexmedetomidine	also	potentiates	opioid	analgesia,	which	facilitates
the	use	of	lower	opioid	doses.

TABLE	2.2

Characteristics	of	Intravenous	Hypnotic	Agents

Propofol Etomidate Ketamine Midazolam Dexmedetomidine

Onset Fast Fast Fast Fast Intermediate

Duration Short Short Intermediate Intermediate Intermediate

Cardiovascular
effects

↓ None ↑ Minimal ↓

Ventilatory
effects

↓ ↓ Minimal ↓ None

Analgesia None None Profound None Moderate

Amnesia Mild Mild Profound Profound None

The	listed	doses	should	be	reduced	by	50%	in	elderly	patients.	Entries	in	bold	indicate	noteworthy
differences	among	the	drugs.



TABLE	2.3

Usual	Doses	of	Intravenous	Anesthetic	Agents	Given	by
Continuous	Infusiona

Propofol Etomidate Ketamine Midazolam Sufentanil

Bolus	dose
(mg/kg)

1-2 0.2-0.3 1-2 0.05-0.15 0.5-1.5
μg/kg

Infusion
rate
(μg/kg/min)

100-200 NRb 25-100 0.25-1.5 0.01-0.03

aThe	“usual	doses”	are	for	patients	without	preexisting	tolerance	and	significant	cardiovascular	disease.	The
required	doses	will	be	higher	in	patients	with	tolerance	and	should	be	reduced	in	elderly	patients	and	in
patients	with	decreased	cardiovascular	function.	In	all	cases,	the	medications	should	be	titrated	to	effect.

bNot	recommended	due	to	the	possibility	of	prolonged	adrenal	suppression.

Propofol

Description
Propofol	 is	a	hypnotic	agent	associated	with	pleasant	emergence	and	hangover
characteristics.	 It	 is	 extremely	 popular	 because	 it	 is	 readily	 titratable	 and	 has
more	 rapid	 onset	 and	 offset	 kinetics	 than	 midazolam.	 Though	 propofol	 and
midazolam	have	roughly	equivalent	effectiveness	for	overnight	sedation,	patients
emerge	 from	 anesthesia	 more	 rapidly	 after	 propofol	 than	 after	 midazolam,	 a
factor	that	may	make	propofol	the	preferred	agent	for	sedation	and	hypnosis	in
general	and	for	patients	with	altered	level	of	consciousness.8	It	should	be	noted
that	 although	 propofol	 is	 a	 potent	 sedative	 and	 amnestic	 drug,	 it	 is	 entirely
devoid	of	analgesic	properties.

3 	The	CSHT	 for	 propofol	 is	 about	 10	minutes	 following	 a	 1-hour	 infusion,
and	 increases	about	5	minutes	 for	each	additional	hour	of	 infusion	for	 the	first
several	 hours,	 as	 shown	 in	Figure	 2.1.2	 Thus,	 the	 CSHT	 is	 about	 20	minutes
after	a	3-hour	infusion.	The	CSHT	rises	much	more	slowly	for	infusions	longer
than	 a	 day;	 a	 patient	 who	 is	 sedated	 (but	 not	 rendered	 unconscious)	 with
propofol	for	2	weeks	will	recover	in	approximately	3	hours.9	This	rapid	recovery



of	neurologic	status	often	makes	propofol	a	desirable	sedative	 in	 ICU	patients,
especially	 in	 those	 with	 head	 trauma,	 who	 may	 not	 tolerate	 mechanical
ventilation	without	pharmacologic	sedation.

For	 spontaneously	 breathing	 patients	 sedated	 with	 propofol,	 a	 stable
respiratory	rate	despite	surgical	stimulation	appears	to	be	a	more	predictable	sign
of	adequate	sedation	than	hemodynamic	changes.	As	with	other	sedative	drugs,
propofol	significantly	decreases	the	slope	of	the	carbon	dioxide	response	curve.
Nevertheless,	 spontaneously	 breathing	 patients	 anesthetized	 with	 propofol	 can
maintain	 normal	 end-tidal	 carbon	 dioxide	 values	 during	 most	 minor	 surgical
procedures.

Bolus	 doses	 of	 propofol	 in	 the	 range	 of	 1	 to	 2	 mg/kg	 induce	 loss	 of
consciousness	 within	 30	 seconds.	 Maintenance	 infusion	 rates	 of	 100	 to
200	μg/kg/min	are	adequate	in	younger	subjects	to	maintain	general	anesthesia,
while	doses	should	be	reduced	by	20%	to	50%	in	elderly	individuals.

Adverse	Effects

Cardiovascular
Propofol	 depresses	 ventricular	 systolic	 function	which	 leads	 to	 reduced	 stroke
volume.	 It	 also	 causes	 peripheral	 vasodilation	 via	 calcium	 channel	 blockade,
which	lowers	afterload,	but	has	no	effect	on	diastolic	function.	The	net	result	of
these	 actions	 is	 a	 decreased	 mean	 arterial	 pressure,	 which	 for	 patients	 with
coronary	 artery	 disease,	may	 cause	 a	 reduction	 in	 coronary	 perfusion	 pressure
and	increase	myocardial	lactate	production.

Neurologic
Propofol	may	improve	neurologic	outcome	after	procedures	and	reduce	neuronal
damage	by	depressing	cerebral	metabolism.	Propofol	decreases	cerebral	oxygen
consumption,	 cerebral	 blood	 flow,	 and	 cerebral	 glucose	utilization	 to	 the	 same
degree	as	reported	for	thiopental	and	etomidate.	Propofol	frequently	causes	pain
when	injected	into	a	peripheral	vein.	Injection	pain	is	less	likely	if	the	injection
site	 is	 located	 proximally	 on	 the	 arm	 or	 if	 the	 injection	 is	made	 via	 a	 central
venous	catheter.

Metabolic
The	emulsion	used	as	the	vehicle	for	propofol	contains	soybean	oil	and	lecithin
which	support	bacterial	growth.	Therefore,	strict	aseptic	 technique	is	necessary
to	prevent	iatrogenic	contamination	leading	to	septic	shock.10	Currently	available



propofol	 preparations	 contain	 ethylenediamine	 tetraacetic	 acid	 (EDTA),
metabisulfite,	or	benzyl	alcohol	as	bacteriostatic	agents.	Because	EDTA	chelates
trace	 metals,	 particularly	 zinc,	 serum	 zinc	 levels	 should	 be	 measured	 daily
during	 continuous	 propofol	 infusions.	 Hyperlipidemia	 may	 also	 occur,
particularly	in	infants	and	small	children.	Accordingly,	triglyceride	levels	should
be	 monitored	 daily	 in	 this	 population	 whenever	 propofol	 is	 administered
continuously	for	more	than	24	hours.

Etomidate

Description
Etomidate	 is	 similar	 to	 propofol	 in	 terms	 of	 its	 PK	profile	 and	 clinical	 effects
(provides	 sedation	 and	amnesia	with	 a	notable	 absence	of	 analgesia),	 although
compared	 to	 propofol,	 etomidate	 has	 minimal	 effects	 on	 hemodynamic
parameters.	Etomidate	does	not	significantly	affect	myocardial	contractility	and
preserves	baseline	sympathetic	output	and	baroreflex	regulation	of	sympathetic
activity.	Etomidate	 depresses	 cerebral	 oxygen	metabolism	and	blood	 flow	 in	 a
dose-related	 manner	 without	 changing	 the	 intracranial	 volume-pressure
relationship.

Etomidate	(rather	than	thiopental	or	propofol)	is	particularly	useful	for	certain
patient	subsets:	hypovolemic	patients,	multiple	trauma	victims	with	closed	head
injury,	 and	 those	 with	 low	 ejection	 fraction,	 severe	 aortic	 stenosis,	 left	 main
coronary	 artery	 disease,	 or	 severe	 cerebrovascular	 disease.	 Etomidate	 may	 be
relatively	 contraindicated	 in	 patients	with	 established	 or	 evolving	 septic	 shock
because	 of	 its	 inhibition	 of	 cortisol	 synthesis	 (described	 in	 the	 section	 that
follows).

Adverse	Effects

Metabolic
Etomidate	 blocks	11β-hydroxylase,	 the	 enzyme	 that	 catalyzes	 the	 final	 step	 in
the	 synthesis	 of	 cortisol,	 and	may	 therefore	 induce	 adrenocortical	 suppression.
The	clinical	significance	of	this	effect	has	been	debated	in	the	medical	literature
for	decades.	Hypothetically,	suppression	of	cortisol	production	could	impair	the
normal	response	to	physiologic	stress,	leading	to	hemodynamic	compromise	and
death.	 Indeed,	 many	 older	 studies	 identified	 an	 increase	 in	 mortality	 among
patients	with	septic	shock	that	received	etomidate.	However,	more	recent	studies
have	had	difficulty	confirming	this	effect,	and	two	recent	meta-analyses	came	to



divergent	 conclusions.11,12	 This	 suggests	 that	 any	 effect,	 if	 present,	 is	 likely
minor.	 Further,	 there	 is	 now	 evidence	 that	 this	 effect	 can	 be	 mitigated	 by
administration	of	corticosteroids	to	patients	in	shock.13

It	 is	 also	 noteworthy	 that	 etomidate	 causes	 the	 highest	 incidence	 of
postoperative	nausea	and	vomiting	of	any	of	the	IV	anesthetic	agents.

Ketamine

Description
Ketamine	induces	sedation,	amnesia,	and	analgesia.	Ketamine	causes	the	patient
to	 experience	 dissociation	 from	 the	 environment.	 It	 is	 unique	 among	 the
hypnotics	in	that	it	reliably	induces	unconsciousness	by	the	intramuscular	route.
Ketamine	 is	 rapidly	 metabolized	 by	 the	 liver	 to	 norketamine	 that	 is
pharmacologically	active.	Ketamine	is	slower	 in	onset	and	offset	 than	propofol
or	etomidate	following	IV	administration.

Many	clinicians	 consider	ketamine	 to	be	 the	 analgesic	of	 choice	 in	patients
with	 a	 history	 of	 bronchospasm.	 In	 the	 usual	 dosage,	 it	 decreases	 airway
resistance,	 probably	 by	 blocking	 norepinephrine	 uptake	 that	 in	 turn	 stimulates
beta-adrenergic	receptors	in	the	lungs.

Ketamine	may	be	 safer	 than	other	hypnotics	or	opioids	 for	patients	 that	 are
not	mechanically	ventilated	through	a	secure	airway	because	it	depresses	airway
reflexes	and	ventilatory	drive	to	a	lesser	degree.	It	may	be	particularly	useful	for
procedures	 near	 the	 airway,	 where	 physical	 access	 and	 ability	 to	 secure	 an
airway	are	limited	(eg,	gunshot	wounds	to	the	face).	Because	ketamine	increases
salivary	 and	 tracheobronchial	 secretions,	 an	 anticholinergic	 (eg,	 0.2	 mg
glycopyrrolate)	 should	 be	 given	 prior	 to	 its	 administration.	 In	 patients	 with
borderline	 hypoxemia	 despite	 maximal	 therapy,	 ketamine	 may	 be	 the	 drug	 of
choice	because	ketamine	does	not	inhibit	hypoxic	pulmonary	vasoconstriction.

Another	 major	 feature	 that	 distinguishes	 ketamine	 from	 most	 other	 IV
anesthetics	 is	 that	 it	 stimulates	 the	 cardiovascular	 system	 (ie,	 raises	 heart	 rate
and	 blood	 pressure).	 This	 action	 appears	 to	 result	 from	 indirect
sympathomimetic	action	by	release	of	endogenous	catecholamines	and	inhibition
of	their	reuptake.

Because	 pulmonary	 hypertension	 is	 a	 characteristic	 feature	 of	 acute
respiratory	 distress	 syndrome,	 drugs	 that	 increase	 right	 ventricular	 afterload
should	be	avoided.	In	patients	with	either	normal	or	elevated	pulmonary	vascular
resistance,	 ketamine	 does	 not	 affect	 pulmonary	 vascular	 resistance	 if	 constant
ventilation	is	maintained.



Despite	decades	of	controversy	on	the	subject,	recent	meta-analyses	show	that
there	is	no	evidence	that	ketamine	increases	ICP	in	either	traumatic	brain	injury14
or	 nontraumatic	 neurosurgical	 patients15	 provided	 that	 they	 are	 adequately
sedated,	 oxygenated,	 and	 ventilated.	 In	 fact,	 several	 studies	 included	 in	 those
meta-analyses	showed	decreased	ICP	and	increased	cerebral	perfusion	pressure
in	 the	 ketamine	 groups	 as	 compared	 to	 groups	 receiving	 fentanyl	 or	 other
sedatives.	 These	 findings	 held	 true	 in	 both	 adult	 and	 pediatric	 populations,
though	notably	fewer	studies	have	been	performed	in	children.

Adverse	Effects

Psychological
Emergence	 phenomena	 following	 ketamine	 anesthesia	 have	 been	 described	 as
floating	 sensations,	 vivid	 dreams	 (pleasant	 or	 unpleasant),	 hallucinations,	 and
delirium.	These	effects	 are	more	common	among	patients	older	 than	16	years,
females,	after	short	operative	procedures,	after	 large	doses	 (>2	mg/kg	IV),	and
after	rapid	administration	(>40	mg/minute).	Pretreatment	or	concurrent	treatment
with	 benzodiazepines	 or	 propofol	 usually	 minimizes	 or	 prevents	 these
phenomena.16

Cardiovascular
Because	 ketamine	 increases	 myocardial	 oxygen	 consumption,	 the	 use	 of
ketamine	 alone	 can	 precipitate	 myocardial	 ischemia	 in	 patients	 with	 coronary
artery	disease.	To	minimize	 this	 risk,	consider	combinations	of	ketamine	and	a
benzodiazepine	 or	 opiate	 for	 induction	 of	 patients	 undergoing	 coronary	 artery
bypass	surgery.	Repeated	bolus	doses	are	often	associated	with	tachycardia.	This
risk	can	be	reduced	by	administering	ketamine	as	a	constant	infusion.

Ketamine	 produces	 myocardial	 depression	 in	 the	 isolated	 animal	 heart.
Hypotension	 has	 been	 reported	 following	 ketamine	 administration	 in
hemodynamically	compromised	patients	with	chronic	catecholamine	depletion.

Neurologic
Ketamine’s	 effect	 on	 seizure	 threshold	 is	 dose	dependent.	Low	doses	 decrease
seizure	threshold,	whereas	high	doses	have	been	successfully	used	to	treat	status
epilepticus.17,18

Midazolam



Description
Although	 capable	 of	 inducing	 unconsciousness	 in	 high	 doses,	 midazolam	 is
more	commonly	used	as	a	sedative.	In	addition	to	sedation,	midazolam	produces
anxiolysis,	amnesia,	and	relaxation	of	skeletal	muscle.	It	should	be	recognized,
however,	that	midazolam	does	not	provide	any	analgesia.

Anterograde	amnesia	 following	midazolam	(5	mg	 IV)	peaks	2	 to	5	minutes
after	 IV	 injection	 and	 lasts	 20	 to	 40	 minutes.	 Because	 midazolam	 is	 highly
(95%)	protein	bound	(to	albumin),	the	drug	effect	is	likely	to	be	exaggerated	in
ICU	patients.	Recovery	from	midazolam	is	prolonged	among	obese	and	elderly
patients,	 and	 following	 continuous	 infusion	because	 the	drug	 accumulates	 to	 a
significant	 degree.	 Among	 patients	 with	 renal	 failure,	 active	 conjugated
metabolites	 of	 midazolam	 may	 accumulate	 and	 delay	 recovery.	 Although
flumazenil	may	be	used	 to	reverse	excessive	sedation	or	ventilatory	depression
from	midazolam,	 its	 duration	 of	 action	 is	 only	 15	 to	 20	minutes.	 In	 addition,
flumazenil	 may	 precipitate	 acute	 anxiety	 reactions	 or	 seizures,	 particularly	 in
patients	receiving	chronic	benzodiazepine	therapy.

Midazolam	causes	dose-dependent	 reductions	 in	cerebral	metabolic	 rate	and
cerebral	 blood	 flow,	which	 suggests	 that	 it	may	 be	 beneficial	 in	 patients	with
cerebral	ischemia.

Because	 of	 its	 combined	 sedative,	 anxiolytic,	 and	 amnestic	 properties,
midazolam	 is	 ideally	 suited	 for	 both	 brief,	 relatively	 painless	 procedures	 (eg,
endoscopy)	and	prolonged	sedation	(eg,	during	mechanical	ventilation).

Adverse	Effects

Respiratory
Midazolam	(0.15	mg/kg	IV)	depresses	the	slope	of	the	carbon	dioxide	response
curve	 and	 increases	 the	 dead	 space-tidal	 volume	 ratio	 and	 arterial	 PCO2.
Ventilatory	 depression	 is	 even	 more	 marked	 and	 prolonged	 in	 patients	 with
chronic	 obstructive	 pulmonary	 disease.	Midazolam	 also	 blunts	 the	 ventilatory
response	to	hypoxia.

Cardiovascular
Small	 (<10%)	 increases	 in	 heart	 rate	 and	 decreases	 in	 systemic	 vascular
resistance	are	frequently	observed	after	administration	of	midazolam.	The	drug
has	no	significant	effect	on	coronary	vascular	resistance	or	autoregulation.

Neurological



3 	Because	recovery	of	cognitive	and	psychomotor	function	may	be	delayed	for
up	 to	24	hours	after	administration	of	midazolam,	 it	may	not	be	appropriate	 to
use	 midazolam	 as	 the	 sole	 hypnotic	 in	 situations	 where	 rapid	 return	 of
consciousness	and	psychomotor	function	is	a	priority.	Benzodiazepines	are	also
the	class	of	drugs	associated	with	 the	highest	 risk	of	delirium	 in	 ICU	patients,
particularly	among	 the	elderly.19	Delirium	 in	 the	 ICU	 is	associated	with	higher
risk	of	 inhospital	mortality,	 longer	 lengths	of	mechanical	ventilation,	 ICU	stay,
and	 hospital	 stay.20	 It	 is	 therefore	 imperative	 that	 the	 ICU	 physician	 take	 all
possible	measures	to	mitigate	these	complications.

Dexmedetomidine

Description
Dexmedetomidine	is	the	first	α	2-adrenoceptor	agonist	specifically	marketed	as	a
sedative.	It	 is	considerably	more	selective	for	α	 2-adrenoceptors	 than	clonidine.
The	primary	site	of	 its	action	as	a	 sedative	 is	 in	 the	 locus	coeruleus,	where	 its
effect	 is	 to	mimic	physiologic	 sleep.21	Dexmedetomidine	produces	analgesia	at
the	spinal	cord	level	by	activating	descending	inhibitory	pathways	originating	in
the	midbrain,	thereby	reducing	pain	impulses	that	would	otherwise	ascend	in	the
cord.

Dexmedetomidine	 produces	 intense	 sedation,	 although	 it	 cannot	 reliably
produce	 amnesia,	 hypnosis,	 or	 general	 anesthesia.22	 It	 does	 not	 have
anticonvulsant	properties.	As	expected,	dexmedetomidine	lowers	blood	pressure
and	heart	rate;	dramatic	decreases	have	occasionally	occurred	in	patients	without
preexisting	 cardiovascular	 disease.	 Higher	 doses	 of	 dexmedetomidine	 can
produce	 an	 initial	 increase	 in	 blood	 pressure	 that	 is	 believed	 to	 result	 from
stimulation	of	α	2B-adrenoceptors.	Sympathetic	stimulation	is	also	responsible	for
the	 common	 side	 effect	 of	 dry	 mouth.	 The	 use	 of	 dexmedetomidine	 can
markedly	reduce	the	dose	of	IV	anesthetics	and	opioids	required.	Sedative	doses
have	very	little	effect	on	ventilation	and	do	not	appear	to	increase	the	ventilatory
depressant	effects	of	opioids.23

Dexmedetomidine	 is	 approved	 for	 sedation	of	mechanically	ventilated	adult
patients	for	only	up	to	24	hours,	although	longer	trials	have	been	published.	The
infusion	 typically	 is	 started	 near	 the	 end	 of	 an	 operative	 procedure	 before	 the
patient	is	transported	to	the	ICU	or	shortly	after	arrival.	A	bolus	dose	of	1	μg/kg
is	given	over	10	minutes,	followed	by	an	infusion	of	0.003	to	0.012	μg/kg/min.
For	infusions	longer	than	an	hour,	dexmedetomidine	takes	substantially	longer	to
wear	off	than	the	other	IV	hypnotics	as	shown	in	Figure	2.1.



No	ventilatory	depression	is	associated	with	dexmedetomidine,	and	due	to	its
analgesic	 properties,	 patients	 should	 require	 less	 opioid	 for	 management	 of
postoperative	pain.	Bradycardia	is	common	but	usually	asymptomatic.	However,
dexmedetomidine	 should	 be	 avoided	 in	 patients	 with	 preexisting	 heart	 block.
Postoperative	hypertension	is	generally	well	controlled;	however,	some	patients
experience	 hypotension	 and	 require	 pressor	 infusion,	 especially	 if	 they	 have
preexisting	ventricular	dysfunction.	Studies	showed	that	ventilated	patients	who
were	 sedated	 with	 dexmedetomidine	 required	 a	 shorter	 period	 of	 mechanical
ventilation	than	those	sedated	with	midazolam	(5.1	vs	6.8	days,	P	=	.03)	but	not
with	propofol.	The	patients	sedated	with	dexmedetomidine	had	more	episodes	of
hypotension	and	bradycardia.24

Dexmedetomidine	 can	 suppress	 postoperative	 shivering,	 likely	 via
stimulation	of	α	2B	receptors	in	the	hypothalamus.	One	meta-analysis	concluded
that	 perioperative	 administration	 of	 an	 α	 2-adrenoceptor	 agonist	 decreases
mortality	and	myocardial	infarction	after	vascular	surgery.25

Opioids

Morphine

Description
2 	Pain	relief	by	morphine	and	 its	surrogates	 is	 relatively	selective	 in	 that	other
sensory	modalities	(touch,	vibration,	vision,	hearing)	are	not	obtunded.	Opioids
(1)	 inhibit	 pain	 processing	 by	 the	 dorsal	 horn	 of	 the	 spinal	 cord,	 (2)	 decrease
transmission	of	pain	by	activating	descending	 inhibitory	pathways	 in	 the	brain
stem,	and	(3)	alter	the	emotional	response	to	pain	by	acting	on	the	limbic	cortex.

Various	 types	 of	 opioid	 receptors	 (denoted	 by	 Greek	 letters)	 have	 been
discovered	 in	 the	 central	 nervous	 system	 (CNS).	 The	 classical	 pharmacologic
effects	of	morphine-like	analgesia	and	ventilatory	depression	are	mediated	by	μ
receptors.	 Other	 μ	 effects	 include	 sedation,	 euphoria,	 tolerance,	 physical
dependence,	decreased	gastrointestinal	motility,	biliary	spasm,	and	miosis.	The	κ
receptor	shares	several	effects	with	the	μ	receptor,	including	analgesia,	sedation,
and	ventilatory	depression.	The	opioid	δ	receptor	(δ-receptor)	is	responsible	for
mediating	 some	 of	 the	 analgesic	 effects	 of	 the	 endogenous	 opioid	 peptides,
especially	in	the	spinal	cord.	Few	of	the	clinically	used	opioids	have	significant
activity	at	δ-receptors	at	the	usual	analgesic	doses.

Morphine	 is	 a	 substrate	 for	 P-glycoprotein,	 a	 protein	 responsible	 for	 the



transport	 of	 many	 molecules	 out	 of	 cells.	 The	 combination	 of	 slow	 CNS
penetration	due	 to	 lower	 lipid	solubility	and	rapid	efflux	accounts	 for	 the	slow
onset	of	morphine’s	CNS	effects.	Peak	analgesic	effects	may	not	occur	for	over
an	hour	after	IV	administration.	This	is	why	the	plasma	profile	of	morphine	does
not	parallel	its	clinical	effects.26

Morphine	 is	 unique	 among	 the	 opioids	 in	 causing	 significant	 histamine
release	after	IV	administration,	which	occurs	almost	immediately.	The	beneficial
effect	of	giving	morphine	to	a	patient	with	acute	pulmonary	edema	is	largely	a
product	of	this	hemodynamic	effect	rather	than	its	analgesic	and	sedating	effects.

Adverse	Effects

Gastrointestinal
Constipation,	nausea,	and	vomiting	are	well	described	side	effects	of	all	opioids.
Reduced	 gastric	 emptying	 and	 bowel	motility	 (both	 small	 and	 large	 intestine),
often	 leading	 to	 adynamic	 ileus,	 appear	 to	 be	 mediated	 both	 peripherally	 (by
opioid	receptors	located	in	the	gut)	and	centrally	(by	the	vagus	nerve).	A	bowel
regimen	 consisting	 of	 some	 combination	 of	 fiber-increasing	 agents,	 stool
softeners,	 and	 stimulant	 laxatives	 should	 be	 prescribed	 for	 all	 inpatients	 and
most	outpatients	receiving	opioids.

Cardiovascular
Hypotension	 is	 not	 unusual	 following	 morphine	 administration,	 especially	 if
rapid	(ie,	5-10	mg/min).	In	patients	pretreated	with	both	H1	and	H2	antagonists,
the	 hypotensive	 response	 following	 morphine	 administration	 is	 significantly
attenuated,	 despite	 comparable	 increases	 in	 plasma	 histamine	 concentrations.
These	data	strongly	implicate	histamine	as	the	mediator	of	these	changes.

Respiratory
Morphine	 administration	 is	 followed	 by	 a	 dose-dependent	 reduction	 in
responsiveness	of	brain	stem	ventilatory	centers	to	carbon	dioxide.	Key	features
of	 this	 phenomenon	 include	 a	 reduction	 in	 the	 slope	 of	 the	 ventilatory	 and
occlusion	pressure	responses	to	carbon	dioxide,	a	rightward	shift	of	 the	minute
ventilatory	 response	 to	 hypercarbia,	 and	 increases	 in	 resting	 end-tidal	 carbon
dioxide	and	the	apneic	threshold	(ie,	 the	PCO2	value	below	which	spontaneous
ventilation	 is	 not	 initiated	 without	 hypoxemia).	 The	 duration	 of	 these	 effects
often	 exceeds	 the	 time	 course	 of	 analgesia.	 In	 addition	 to	 blunting	 the	 carbon
dioxide	 response,	 morphine	 decreases	 hypoxic	 ventilatory	 drive.	 Morphine



administration	 to	 renal	 failure	 patients	 has	 been	 associated	 with	 prolonged
ventilatory	 depression	 secondary	 to	 persistence	 of	 its	 active	 metabolite,
morphine-6-glucuronide.

The	 administration	 of	 small	 doses	 of	 IV	 naloxone	 (40	 μg)	 to	 reverse	 the
ventilatory	 depressant	 effect	 of	 morphine	 may	 produce	 adverse	 effects.
Anecdotal	reports	describe	the	precipitation	of	vomiting,	delirium,	arrhythmias,
pulmonary	 edema,	 cardiac	 arrest,	 and	 sudden	 death	 after	 naloxone
administration	 in	 otherwise	 healthy	 patients	 after	 surgery.	 Furthermore,	 the
duration	of	action	of	naloxone	is	shorter	than	any	of	the	opioids	it	may	be	used
to	 antagonize	 (except	 remifentanil).	 Recurrence	 of	 ventilatory	 depression	 after
naloxone	 therefore	 remains	 a	 distinct	 possibility,	 and	 is	 a	 source	 of	 potential
serious	morbidity	in	the	spontaneously	breathing	patient.

Reversal	 with	 a	 mixed	 opioid	 agonist-antagonist,	 such	 as	 nalbuphine	 or
butorphanol,	may	be	a	safer	alternative	to	naloxone	to	reverse	undesirable	opioid
respiratory	 depression.	 Mixed	 opioid	 agonist-antagonist	 agents,	 however,	 are
less	predictable	and	may	either	increase	or	decrease	the	opioid	effect	depending
on	the	dose	administered,	and	the	amount	of	agonist	remaining.

For	bedside	procedures	in	the	ICU,	many	of	these	problems	can	be	obviated
by	using	shorter-acting	opioids	such	as	fentanyl,	sufentanil,	or	remifentanil.

Neurologic
Morphine	has	little	effect	on	cerebral	metabolic	rate	or	cerebral	blood	flow	when
ventilation	 is	 controlled.	 Morphine	 may	 affect	 cerebral	 perfusion	 pressure
adversely	by	lowering	mean	arterial	pressure.

Fentanyl	and	Its	Congeners

Description
Fentanyl,	 sufentanil,	 and	 remifentanil	 are	 extremely	 potent	 synthetic	 opioid
analgesics	that	enter	and	leave	the	CNS	much	more	rapidly	than	morphine,	and
are	 therefore	 associated	 with	 a	 much	 faster	 onset	 of	 effect	 after	 IV
administration.	The	only	 significant	 difference	 among	 these	 agents	 is	 their	PK
behavior.

Fentanyl	may	be	useful	 in	the	ICU	setting	when	given	by	intermittent	bolus
injection	(50-100	μg),	although	administration	via	infusion	prolongs	its	duration
of	action.27	For	TIVA	in	ICU	patients	in	whom	rapid	emergence	is	desirable,	the
shorter	 acting	 fentanyl	 analogs,	 sufentanil	 or	 remifentanil,	 are	 preferred	 for
continuous	 infusion.	 When	 the	 procedure	 is	 expected	 to	 cause	 postoperative



pain,	the	longer	acting	sufentanil	is	preferred.	Figure	2.1	shows	that	 the	CSHT
of	sufentanil	is	similar	to	that	of	propofol	for	infusions	of	up	to	10	hours.	When
the	 procedure	 is	 expected	 to	 cause	 minimal	 postoperative	 pain	 (eg,
bronchoscopy),	remifentanil	is	preferred.	The	CSHT	for	remifentanil	is	about	4
minutes	regardless	of	the	duration	of	the	infusion.

Remifentanil	owes	its	extremely	short	duration	to	rapid	metabolism	by	tissue
esterases,	 primarily	 in	 skeletal	 muscle.28	 Its	 PK	 behavior	 is	 unchanged	 in	 the
presence	of	severe	hepatic29	or	renal30	insufficiency.

Sufentanil	 infusion	 for	TIVA	may	be	 initiated	with	a	0.5	 to	1.5	μg/kg	bolus
followed	by	an	 infusion	at	0.01	 to	0.03	μg/kg/min.	 If	 the	sufentanil	 infusion	 is
given	with	a	propofol	infusion,	the	two	infusions	may	be	stopped	simultaneously
as	governed	by	the	curves	in	Figure	2.1.	Remifentanil	infusion	for	TIVA	may	be
initiated	 with	 a	 0.5	 to	 1.5	 μg/kg	 bolus	 followed	 by	 an	 infusion	 at	 0.05	 to
0.5	 μg/kg/min.	 The	 remifentanil	 infusion	 should	 be	 continued	 until	 after	 the
procedure	 is	 completed;	 if	 the	 patient	 is	 expected	 to	 have	 postoperative	 pain,
another	 opioid	 should	 be	 given	 because	 the	 remifentanil	 effect	 will	 dissipate
within	a	few	minutes.

Adverse	Effects

Cardiovascular
Although	 fentanyl,	 sufentanil,	 and	 remifentanil	 do	 not	 affect	 plasma	histamine
concentrations,	bolus	doses	can	be	associated	with	hypotension,	especially	when
they	 are	 infused	 rapidly	 (ie,	 <1	 minute).	 This	 action	 is	 related	 to	 medullary
vasomotor	center	depression	and	vagal	nucleus	stimulation.

Neurologic
Fentanyl	 and	 sufentanil	 have	 been	 reported	 to	 increase	 ICP	 among	 ventilated
patients	 following	 head	 trauma.	 Fentanyl	 and	 sufentanil	 may	 also	 adversely
affect	 cerebral	 perfusion	 pressure	 by	 lowering	 mean	 arterial	 pressure.	 All
fentanyl	 derivatives	may	 cause	 chest	wall	 rigidity	when	 a	 large	bolus	 is	 given
rapidly.	 This	 effect	 may	 be	 mitigated	 by	 neuromuscular	 blocking	 agents
(NMBAs)	as	well	as	by	coadministration	of	a	hypnotic	agent.

NEUROMUSCULAR	BLOCKING	AGENTS
NMBAs	are	used	 for	a	variety	of	 indications	 in	 the	 ICU	and	may	be	useful	 to
help	facilitate	completion	of	procedures.31	There	are	two	pharmacologic	classes



of	 NMB	 agents	 (Chapter	 4):	 depolarizing	 agents	 (succinyl	 choline)	 and
nondepolarizing	 agents	 (eg,	 rocuronium,	 vecuronium,	 and	 cisatracurium).
Succinyl	 choline	 is	 an	 agonist	 at	 the	 nicotinic	 acetylcholine	 receptor	 of	 the
neuromuscular	 junction	which	 causes	 an	 initial	 intense	 stimulation	 of	 skeletal
muscle,	manifested	by	brief	contraction	and	fasciculations,	which	is	then	rapidly
followed	 by	 paralysis	 due	 to	 continuing	 muscle	 depolarization.	 Although	 the
rapid	onset	of	NMB	produced	by	succinyl	choline	can	be	desirable	under	certain
conditions,31	succinyl	choline	should	be	used	with	caution	in	certain	critically	ill
patients.	 Activation	 of	 skeletal	 muscle	 nicotinic	 receptors	 can	 result	 in	 acute
increases	 in	 intracranial	 or	 intraocular	 pressure,	 and	 can	 also	 produce	massive
release	of	potassium	and	severe	hyperkalemia	resulting	in	cardiac	dysrhythmias
and	arrest,	particularly	in	patients	with	skeletal	muscle	degenerative	disease,	or
following	 skeletal	 muscle	 denervation	 from	 nervous	 system	 injury,	 and	 in
patients	with	prolonged	immobility	or	burns.	Additionally,	succinyl	choline	can
stimulate	 vagal	 nicotinic	 receptors	 resulting	 in	 profound	 bradycardia.	 By
contrast,	nondepolarizing	agents	are	competitive	antagonists	of	acetylcholine	at
the	 neuromuscular	 junction;	 they	 prevent	 acetylcholine,	 the	 neurotransmitter
released	 in	 response	 to	motor	nerve	 impulses,	 from	binding	 to	 its	 receptor	and
initiating	muscle	contraction.	Distinctions	among	the	nondepolarizing	agents	are
made	on	the	basis	of	PK	differences	as	well	as	cardiovascular	effects.

Administration	of	an	NMB	agent	results	in	paralysis	of	the	vocal	cords,	which
facilitates	 endotracheal	 intubation	and	decreases	 the	 risk	of	vocal	 cord	 trauma.
NMB	 agents	 also	 improve	 surgical	 conditions	 by	 decreasing	 skeletal	 muscle
tone.	However,	NMB	 agents	 should	 not	 be	 used	 to	 prevent	 patient	movement
related	to	inadequate	analgesia	or	anesthesia.	NMBs	exert	their	effects	solely	at
the	 neuromuscular	 junction	 and	 have	 no	 sedative,	 amnestic,	 nor	 analgesic
properties	whatsoever.	Dosing	 of	NMB	agents	 should	 be	 based	 on	monitoring
evoked	twitch	response;	ablation	of	two	to	three	twitches	of	the	train	of	four	is
sufficient	for	most	procedures	and	permits	easy	reversal.

PRACTICAL	CONSIDERATIONS

1.	 Premedication	with	an	anxiolytic	(eg,	midazolam)	reduces	the	dose	of
required	to	achieve	unconsciousness	as	well	as	the	likelihood	of
intraoperative/intraprocedure	recall.

2.	 Opioids	should	be	titrated	to	minimize	indirect	signs	of	pain	(tachycardia,
tachypnea,	hypertension,	mydriasis),	understanding	that	the	underlying
critical	illness	may	confound	interpretation	of	these	signs.



3.	 Propofol	should	be	titrated	to	an	endpoint	of	unconsciousness	and
unresponsiveness.	Depth	of	anesthesia	monitors	such	as	the	BIS	(bispectral
index),	which	analyze	electroencephalographic	waveforms,	may	be	used	as
adjuncts	to	clinical	examination.

4.	 A	carrier	fluid	running	at	a	rate	of	a	least	50	cc/h	is	helpful	to	ensure	that
changes	in	medication	infusion	rates	reach	the	patient	and	exert	the	desired
clinical	effect	in	a	timely	fashion.

CONCLUSIONS
ICU	 patients	 are	 fragile	 and	 at	 much	 higher	 risk	 for	 iatrogenic	 complications
than	 other	 patient	 populations.	 They	 are	 also	 generally	 more	 sensitive	 to	 the
effects,	 positive	 and	 negative,	 of	 anesthetic	 medications.	 For	 this	 reason,
medication	selection	and	dose	adjustment	must	be	highly	tailored	to	the	specific
patient.	A	“one-size-fits-all”	approach	to	sedation	regimens	for	patients	is	likely
to	be	ineffective,	and	even	dangerous.	The	background	information	and	guiding
principles	 found	 in	 this	chapter	provide	an	 important	 foundation	of	knowledge
and	starting	place	from	which	to	develop	a	safe	and	effective	anesthetic	regimen
for	 bedside	 procedures	 in	 ICU	 patients.	 However,	 they	 are	 no	 substitute	 for
honing	 clinical	 exam	 skills	 and	 vigilance	 in	 monitoring	 the	 patient	 at	 their
bedside	during	 the	procedure.	Anesthetic	medication	selection	must	be	rational
and	 allow	 for	 the	 provision	 of	 all	 5	 qualities	 of	 anesthesia	 (sedation,	 amnesia,
analgesia,	immobility,	and	blunting	of	excessive	autonomic	reflexes),	and	doses
must	be	adjusted	based	on	the	patient’s	underlying	critical	illness	and	titrated	to
effect	with	constant	in-person	clinical	monitoring	rather	than	from	a	textbook	or
package	insert.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	43-year-old	woman	with	no	significant	past	medical	history	was
intubated	2	weeks	ago	for	progressive	hypoxemic	respiratory	failure	due	to
COVID-19	pneumonia.	She	received	a	course	of	remdesivir	and	dexamethasone.
Early	in	her	hospitalization,	she	required	neuromuscular	blockade	and	prone
position	ventilation	for	refractory	hypoxemia	that	is	now	improving.	The



decision	was	made	to	perform	a	bedside	tracheostomy	to	facilitate	long-term
ventilator	weaning.	The	patient	is	sedated	for	the	procedure	with	propofol	and
fentanyl	infusions.	She	has	no	response	to	the	initial	skin	incision,	but	upon
manipulation	of	the	airway,	she	begins	to	cough.	Hemodynamics	and
oxygenation	remain	stable	and	unchanged.	She	does	not	open	her	eyes,	grimace,
or	move	any	of	her	extremities	in	response	to	this	noxious	stimulus.	Which	of
the	following	is	the	most	appropriate	medication	to	administer?

A. 	Additional	fentanyl
B. 	Ketamine
C. 	Midazolam
D. 	Rocuronium

2. 	An	86-year-old	man	fell	in	the	bathroom	and	struck	his	head	on	the	floor.
Head	CT	scan	reveals	a	right	frontal	hemorrhagic	contusion	with	associated
cerebral	edema.	Neurosurgery	is	consulted	and	would	like	to	place	an	external
ventricular	drain	(EVD)	at	bedside	in	the	ICU	using	local	anesthesia	and
sedation.	The	patient	is	hemodynamically	stable	and	maintaining	his	airway,	but
disinhibited,	agitated,	and	confused	with	a	Glasgow	Coma	Scale	score	of	11.
Which	of	the	following	is	the	most	appropriate	sedative	for	this	patient?

A. 	Fentanyl
B. 	Ketamine
C. 	Propofol
D. 	Rocuronium

3. 	A	52-year-old	man	with	poorly	controlled	2	diabetes	is	admitted	to	the
ICU	with	septic	shock	after	extensive	surgical	debridement	of	right	lower	leg
necrotizing	fasciitis.	He	arrives	from	the	operating	room	intubated	on	propofol,
norepinephrine,	and	insulin	infusions,	and	a	wound	VAC	(vacuum-assisted
closure)	device	is	in	place	over	his	surgical	site.	The	following	day,	despite	fluid
resuscitation	and	antibiotics,	he	continues	to	have	septic	shock	with	rising
vasopressor	requirements.	The	surgery	team	would	like	to	change	the	wound
VAC	at	bedside	and	evaluate	if	further	debridement	is	necessary	to	achieve	full
source	control	of	the	infection.	As	they	begin	to	take	down	the	dressing,	the
patient’s	tachycardia	worsens,	and	he	grimaces	and	withdraws	the	leg.	What	is
the	most	appropriate	medication	to	administer	at	this	time?

A. 	Fentanyl



B. 	Ketamine
C. 	Midazolam
D. 	Propofol

Answers

1.	The	correct	answer	is	D.
Rationale:	This	patient	is	adequately	anesthetized	as	evidenced	by	the	lack	of

autonomic	or	motor	responses	(no	tachycardia,	grimacing,	or	limb	movement)	in
response	to	a	surgical	incision,	so	further	sedation	is	not	needed	(choices	B	and
C	are	 incorrect).	The	only	neurological	 function	 she	has	exhibited	 is	 coughing
upon	 manipulation	 of	 her	 airway,	 which	 is	 a	 brainstem	 level	 reflex	 and	 not
indicative	of	discomfort	perceived	by	the	patient	at	higher	cortical	levels	(choice
A	 is	 incorrect).	These	 reflexes	can	be	ablated	with	deeper	 levels	of	anesthesia,
but	the	doses	required	can	often	cause	hemodynamic	compromise.	It	is	therefore
more	 appropriate	 to	 prevent	 movement	 by	 inducing	 paralysis	 with	 a
neuromuscular	 blocking	 agent	 (choice	D	 is	 correct).	The	 patient	 already	 has	 a
secured	airway	and	is	positive	pressure	ventilated,	so	paralysis	is	safe.	Of	course,
for	 a	 nonintubated	 patient	 who	 is	 breathing	 spontaneously,	 a	 paralytic	 should
only	 be	 administered	 to	 facilitate	 endotracheal	 intubation	 and	 institution	 of
positive	 pressure	 ventilation.	 Further,	 the	 sudden	 and	 unexpected	 movement
caused	 by	 coughing	 during	 a	 tracheostomy	 is	 dangerous	 in	 and	 of	 itself,	 as	 it
may	 cause	 an	 inadvertent	 loss	 of	 her	 secured	 airway.	 Due	 to	 her	 severe
hypoxemic	 respiratory	 failure,	 the	 patient’s	 physiologic	 reserve	 to	 tolerate	 a
temporary	unexpected	loss	of	the	airway	is	exceedingly	low.	Loss	of	her	airway
could	cause	harm	including	anoxic	brain	injury	and	death.

2.	The	correct	answer	is	C.
Rationale:	 The	 only	 part	 of	 EVD	 placement	 that	 is	 painful	 is	 the	 scalp

incision.	 The	 pain	 can	 be	 easily	 prevented	 with	 liberal	 infiltration	 of	 local
anesthetics.	 Fentanyl	 and	 ketamine,	 both	 potent	 analgesics,	 are	 therefore
unnecessary	 (choices	 A	 and	 B	 are	 not	 the	 best	 answers).	 Fentanyl	 also
suppresses	 respiratory	 drive,	 which	 could	 be	 dangerous	 in	 a	 non-intubated
patient.	Propofol	suppresses	respiratory	drive	but	to	a	significantly	lesser	degree
than	opiates,	particularly	when	administered	via	continuous	infusion	rather	than
bolus.	 A	 brief	 infusion	 of	 propofol	 will	 be	 cleared	 within	 minutes	 which	 is
important	in	this	patient	who	requires	frequent	neurologic	assessments	for	early
detection	of	complications.	For	these	reasons,	propofol	is	an	ideal	choice	(choice



C	 is	 correct).	 Rocuronium	 is	 an	 inappropriate	 choice.	 It	 has	 no	 analgesic,
sedative,	or	amnestic	properties,	so	it	should	never	be	administered	without	other
medications	that	have	those	properties.	It	also	causes	paralysis	of	the	respiratory
muscles,	which	would	 necessitate	 intubation	 and	 positive	 pressure	 ventilation.
This	 patient	 is	 not	 intubated,	 and	 has	 no	 indication	 for	 intubation,	 so
neuromuscular	 blockade	 is	 not	 indicated	 (choice	 D	 is	 incorrect).
Benzodiazepines,	while	not	 listed	as	an	answer	choice,	 should	also	be	avoided
when	possible.	This	 is	especially	 true	 in	elderly	patients	because	 they	 increase
the	 risk	 for	 delirium,	 which	 is	 an	 independent	 predictor	 of	 mortality.
Furthermore,	 residual	 sedative	 effects	 of	 benzodiazepines	 can	 last	 for	 hours,
particularly	in	the	elderly	or	those	with	renal	dysfunction.

3.	The	correct	answer	is	B.
Rationale:	 This	 patient	 has	 a	 fresh	 surgical	 incision,	 which	 is	 universally

painful.	Furthermore,	he	has	an	active	infection	at	the	surgical	site,	which	results
in	inflammation	and	pronounced	hyperalgesia.	His	sedation	regimen	consists	of
propofol	 alone,	 which	 is	 an	 excellent	 sedative	 and	 amnestic	 agent,	 but	 is
completely	devoid	of	analgesic	properties.	It	is	unsurprising	then	that	the	patient
exhibits	signs	of	pain	(tachycardia,	grimace,	leg	withdrawal)	when	his	incision	is
touched.	Fentanyl	and	ketamine	are	the	only	analgesics	listed	among	the	answer
choices	 (choices	 C	 and	 D	 are	 incorrect).	 Given	 the	 patient’s	 worsening
hemodynamic	 compromise	 secondary	 to	 septic	 shock,	 ketamine	 is	 the	 better
choice	 (choice	 B	 is	 the	 best	 answer).	 Ketamine	 releases	 endogenous
catecholamines,	which	should	result	in	either	no	change	or	a	slight	improvement
in	 his	 hemodynamic	 status.	 Ketamine	 will	 also	 provide	 excellent	 analgesia.
Fentanyl	 would	 provide	 high-quality	 analgesia	 without	 the	 indirect
sympathomimetic	action	(choice	A	is	not	the	best	answer).	In	fact,	by	providing
analgesia,	 fentanyl	 might	 reduce	 his	 endogenous	 sympathetic	 outflow	 and
worsen	 his	 hemodynamics	 via	 bradycardia.	 Since	 tachycardia	 is	 a	 normal
physiologic	 response	 to	 sepsis,	 blunting	 his	 tachycardia	 with	 fentanyl	 could
dramatically	decrease	his	cardiac	output	and	compromise	end-organ	perfusion.
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Chapter	3
Management	of	Pain	in	the	Critically	Ill
Alexandra	Chang,	Mario	De	Pinto

KEY	POINTS:
1.	 Various	subjective	and	objective	scales	are	available	to	assess	pain

in	the	critically	ill	patient.	Choosing	the	most	appropriate	must	take
into	account	the	patient’s	capacity	to	interact	with	the	practitioner	in
order	to	accurately	assess	static	and	dynamic	pain.

2.	 Accurate	categorization	of	a	patient’s	pain	(eg,	nociceptive,
inflammatory,	neuropathic,	visceral,	or	a	combination	thereof)	is
paramount	and	allows	the	formulation	of	an	appropriate	treatment
plan.

3.	 Nonpharmacologic	treatments	(stimulation-based	analgesia,
application	of	heat	or	cold,	psychological	and	emotional	support,
music	therapy,	and	modifications	of	the	patient’s	environment)
should	always	be	considered.

4.	 The	use	of	pharmacologic	treatments	(nonsteroidal	anti-inflammatory
drugs	[NSAIDs],	acetaminophen,	opioids,	ketamine,	α	2-adrenergic
agonists,	lidocaine,	and	antiepileptic	drugs)	must	be	tailored	to	the
patient’s	clinical	condition	and	hemodynamic	status.	Under
appropriate	circumstances	remifentanil	infusions	can	provide
effective	analgesia	with	the	added	benefits	of	rapid	onset	and	offset.

5.	 Ketamine,	dexmedetomidine,	and	lidocaine	have	been	reported	to
have	opioid-sparing	effects.	Be	aware	of	the	possible
psychotomimetic	side	effects	of	ketamine,	the	central	nervous
system	(CNS)	side	effects	of	lidocaine,	and	cardiovascular	side
effects	of	all	three	medications.

6.	 Consider	regional	anesthesia	and	analgesia	techniques	when



possible.	The	availability	and	use	of	ultrasound	technology	allows
the	performance	of	effective	and	safe	peripheral	nerve	blockade.

7.	 Epidural	analgesia	has	been	reported	to	provide	better	and	more
effective	pain	relief	than	the	administration	of	parenteral	opioids	and
is	associated	with	reduced	cardiovascular,	pulmonary,	and
gastrointestinal	complications.

INTRODUCTION
Pain	is	a	significant	problem	for	patients	hospitalized	in	 the	intensive	care	unit
(ICU).	 It	 is	 estimated	 that	 more	 than	 70%	 of	 patients	 in	 the	 ICU	 experience
undertreated	pain.1	Pain	arises	from	acute	medical	or	surgical	illnesses	as	well	as
preexisting	medical	conditions.	Diagnostic	and	therapeutic	procedures	including
placement	 or	 removal	 of	 chest	 tubes,	 removal	 of	 wound	 drains,	 placement	 of
arterial	 lines,	 endotracheal	 suctioning,	 turning,	 and	 positioning	 can	 also	 be
sources	 of	 pain.2	 Untreated	 pain	 can	 have	 negative	 physiological	 and
psychological	 consequences.3,4	 While	 goals	 of	 care	 in	 the	 ICU	 often	 include
preventing	mortality,	 it	 is	equally	 if	not	more	 important	 to	address	and	prevent
morbidity.	Many	decisions	 and	 interventions	performed	 in	 the	 ICU	can	have	a
significant	impact	on	the	long-term	well-being	of	patients.

Critically	 ill	 patients	 should	 have	 their	 pain	 systematically	 observed	 and
regularly	 assessed	 to	 ensure	 prompt	 treatment.	 All	 means	 of	 analgesic
interventions	 should	 be	 evaluated	 in	 a	 coordinated,	 individualized,	 and	 goal-
oriented	interdisciplinary	manner	that	involves	both	patients	and	families.5	State-
of-the-art	pain	management	not	only	decreases	pain	intensity	but	also	improves
postoperative	clinical	outcomes.6

The	 incidence	 of	 persistent	 pain	 after	 ICU	 admission	 ranges	 from	 28%	 to
77%.7	Effectively	managing	acute	pain	before	it	can	develop	into	chronic	pain	is
therefore	extremely	important.8

Pain	 management	 strategies	 for	 ICU	 patients	 should	 incorporate	 regional
analgesia	 techniques	whenever	 possible.	While	 there	 are	 risks	 associated	with
regional	analgesia,	they	are	generally	low	when	these	modalities	are	performed
by	 knowledgeable	 and	 experienced	 practitioners.	 When	 used	 appropriately,
regional	 anesthesia	 helps	 to	 reduce	 the	 total	 amount	 of	 opioids	 necessary	 to
achieve	adequate	pain	control	and	the	development	of	potentially	dangerous	side
effects.



PHYSIOLOGICAL	EFFECTS	OF	ACUTE	PAIN
Pain	leads	to	the	development	of	increased	catabolism,	immunosuppression,	and
prolonged	 sympathetic	 responses	 that	 can	 contribute	 to	 increased	 rates	 of
morbidity	and	mortality.	These	effects	can	be	classified	as	follows:

Cardiovascular	Effects
Increased	heart	rate
Increased	blood	pressure
Increased	stroke	volume
Increased	myocardial	oxygen	demand	and	reduced	supply	leading	to
myocardial	ischemia

Respiratory	Effects
Stimulation	of	respiration	causing	initial	hypocapnia	and	respiratory	alkalosis
Diaphragmatic	splinting	and	hypoventilation,	atelectasis,	hypoxia,	and
hypercapnia
Impaired	respiratory	secretion	clearance	leading	to	pulmonary	infections

Endocrine	Effects
Catabolic	and	anabolic	changes
Decrease	in	insulin	production	and	action
Reduction	in	testosterone	levels
Fluid	retention

Metabolic	Effects
Raised	blood	glucose	levels	and	immune	dysfunction

Gastrointestinal	Effects
Delayed	gastric	emptying
Nausea	and	anorexia
Reduced	gastrointestinal	(GI)	motility	and	ileus



Coagulation
Pro-coagulant	effects	of	immobility
Increased	blood	viscosity
Hypercoagulability	and	deep	vein	thrombosis	(DVT)

EVALUATION	OF	PAIN	AND	SEDATION	IN	THE
ICU	PATIENT
1 	Appropriate	assessment	of	pain	for	 the	adult	ICU	patient	can	be	challenging.
Structured	 approaches	 to	 pain	 assessment	 are	 mandatory	 for	 optimal	 patient
outcomes	 and	 to	 understand	 its	 severity.	 Pain	 assessment	 tools	 are	 useful	 for
monitoring	 deterioration	 or	 improvements	 over	 time	 and	 for	 evaluating	 and
titrating	 analgesic	 therapies	 appropriately9	 (Figure	 3.1).	 There	 are	 several
proposed	methods	available	for	pain	assessment	in	the	ICU.	The	chosen	strategy
should	 be	 adapted	 to	 the	 patient’s	 capacity	 to	 interact	 with	 the	 practitioner	 in
order	to	provide	assessment	of	static	(rest)	and	dynamic	pain	(while	moving	the
affected	part	or	while	taking	deep	breaths	or	coughing).

	

Figure	3.1 	Several	scales	that	can	be	useful	for	the	evaluation	of
patient	 “self-reports”	 of	 pain	 before	 and	 after	 treatment.(From
Stevens	DS,	Edwards	WT.	Management	of	pain	in	the	critically	ill.	J
Intensive	Care	Med.	1990;5:258.	Reprinted	by	Permission	of	SAGE
Publications.)



SUBJECTIVE	PAIN	ASSESSMENT
The	Visual	Analog	Scale	(VAS)	is	a	10-cm	horizontal	line,	anchored	by	textual
descriptors	 and/or	 pictures	 at	 each	 end.	 An	 end-point	 descriptor	 such	 as	 “no
pain”	 (a	 score	 of	 0)	 is	marked	 at	 the	 left	 end	 and	 “worst	 pain	 imaginable”	 (a
score	of	10)	is	marked	at	the	right	end.

The	Numerical	Rating	Scale	(NRS)	is	a	horizontal	line	with	a	scale	from	0
to	10.	Patients	are	asked	to	choose	a	number	that	describes	their	pain	intensity,
where	 0	 represents	 no	 pain	 and	 10	 represents	 the	worst	 imaginable	 pain.	 The
NRS	can	be	administered	verbally	or	visually.

The	Faces	Pain	Scale	is	recommended	for	pediatric	patients	aged	3	and	older.
Patients	 are	 shown	 pictures	 of	 a	 face	 with	 no	 pain	 and	 faces	 with	 increasing
amounts	of	pain.	The	patient	is	then	asked	to	choose	the	face	that	best	describes
how	they	feel	from	six	possible	options.

NRS	results	have	been	reported	to	have	the	least	variance,	and	NRS	may	be
the	 preferred	 tool	 overall	 due	 to	 its	 rapid	 assessment.	Mechanically	 ventilated
and	sedated	patients	will	be	unable	to	use	the	VAS	ruler	or	other	self-report	pain
assessment	tools.

OBJECTIVE	PAIN	ASSESSMENT
When	the	patient	is	critically	ill,	sedated,	and/or	ventilated,	pain	severity	can	be
assessed	by	observing	the	behavioral	and	physiological	responses	to	pain:

The	Behavioral	Pain	Scale	is	the	earliest	and	most	widely	tested	pain
assessment	tool	for	sedated	patients.
There	are	three	component	domains:
“facial	expression”
“upper	limb	movement”
“compliance	with	ventilation”
Patients	are	scored	from	1	to	4	in	each	section,	resulting	in	a	total	score	of	3
(no	pain)	to	12	(maximum	pain).10
The	Critical	Care	Pain	Observation	Tool	has	four	domains:
“facial	expression”
“body	movement”
“muscle	tension”
“compliance	with	ventilation”
Patients	are	scored	from	0	to	2	in	each	section,	resulting	in	a	total	score	of	0



(no	pain)	to	8	(maximum	pain).11
The	Nonverbal	Pain	Scale	incorporates	three	behavioral	domains	and	two
physiological	domains.	The	behavioral	domains	are	“face,”	“activity
(movement),”	and	“guarding.”	The	first	physiological	domain	considers	vital
signs	and	the	second	incorporates	other	indicators	including	skin	color,
temperature,	perspiration,	and	pupillary	changes.	Specific	descriptors	are
given	to	enable	the	assessors	to	rate	a	patient’s	pain	from	0	to	2	within	each
domain,	resulting	in	a	total	score	of	0	(no	pain)	to	10	(maximum	pain).12

In	general,	none	of	 these	 tools	can	be	regarded	as	a	gold	standard,	and	they
require	further	evaluation	and	research	to	investigate	the	impact	of	their	use	on
pain	management	 in	 clinical	 practice.	Nonetheless,	 they	 offer	 a	 consistent	 and
systematic	approach	that	might	improve	pain	management	in	the	ICU.

The	Pasero	Opioid-Induced	Sedation	Scale	(POSS)	is	used	to	assess	opioid-
induced	 sedation.13	 It	 includes	 four	 possible	 levels	 of	 sedation	 based	 on	 how
drowsy	 the	 patient	 is.	 If	 used	 routinely	 and	 correctly,	 it	 can	 forewarn	 the
development	of	opioid-induced	respiratory	depression.

The	Richmond	Agitation	 Sedation	 Scale,	 in	 contrast	 to	 POSS,	 is	 used	 to
assess	 sedation	 and	 agitation.	 Both	 tools	 can	 be	 used	 in	 parallel,	 but	 it	 is
important	to	know	what	the	goals	of	care	are	(analgesia	vs	sedation)	when	using
them.

FORMULATION	OF	A	TREATMENT	PLAN
When	 assessing	 pain,	 it	 is	 important	 to	 determine	 its	 cause(s),	 type,	 intensity,
duration,	 site,	 and	 prior	 responses	 to	 therapy	 in	 order	 to	 formulate	 the	 most
effective	treatment	plan	possible.

CHARACTER	AND	SITE
2 	The	location	of	current	pain	and	any	preexisting	pain	location(s)	should	always
be	documented.

Pain	can	be	categorized	as	follows:

Nociceptive	pain:	it	occurs	in	response	to	a	noxious	stimulus	and	continues
only	in	the	presence	of	a	persistent	stimulus.	It	is	transmitted	through
nonmyelinated	C-sensory	fibers	and	small	myelinated	A-delta	(d)	fibers,
propagating	the	noxious	stimuli	via	the	dorsal	root	ganglions	(DRGs)	and



spinothalamic	pathways	to	the	spinal	cord,	thalamus,	periaqueductal	gray,	and
other	centers	in	the	brain.14	Nociceptive	pain	is	often	dull,	aching,	and	sharp,
and	can	be	categorized	into	somatic	and	visceral	pain.

Somatic	pain	is	due	to	nociceptive	signals	arising	from	the	musculoskeletal
system	and	is	generally	well	localized.
Visceral	pain	is	due	to	a	disease	process	or	abnormal	function	of	an
internal	organ	or	its	covering	(parietal	pleura,	pericardium,	and
peritoneum).	It	is	frequently	associated	with	nausea,	vomiting,	sweating,
and	changes	in	heart	rate	and	blood	pressure	and	is	described	as	diffuse	and
poorly	localized.

Inflammatory	pain:	it	arises	from	tissue	injury	and	the	subsequent
inflammatory	response	and	is	characterized	by	hypersensitivity	at	the	site	of
tissue	damage,	and	typically	disappears	after	the	initial	injury	resolves.15
Neuropathic	pain:	it	can	be	sharp,	shooting,	burning,	tingling,	or	electric-like
in	character.	Patients	with	neuropathic	pain	may	describe	positive	or	negative
neurological	phenomena.	Positive	phenomena	include	spontaneous	pain
(arising	without	stimulus)	and	evoked	pains	(abnormal	response	to	a
stimulus).	Negative	phenomena	include	impaired	sensation	to	touch	or
thermal	stimuli.	Neuropathic	pain	is	initiated	or	caused	by	a	primary	lesion	or
dysfunction	in	the	central	or	peripheral	nervous	system	(CNS	or	PNS).15

Central	 neuropathic	 pain	 most	 commonly	 results	 from	 spinal	 cord	 injury,
stroke,	or	multiple	sclerosis.16

Peripheral	neuropathic	pain	is	most	commonly	caused	by17:

Trauma	(eg,	complex	regional	pain	syndrome,	persistent	postsurgical	pain)
Infection	(eg,	postherpetic	neuralgia,	human	immunodeficiency	virus–induced
neuropathy)
Ischemia	(eg,	diabetic	neuropathy,	peripheral	vascular	disease)
Metabolic	(eg,	vitamin	B12	deficiency)
Cancer	(eg,	invasion	and	compression	of	peripheral	nerve	structures)
Chemically-induced	(eg,	chemotherapy	drug-induced	neuropathy)
Radiation	induced	(eg,	radiation-induced	neuropathy)

Hyperalgesia	 (an	 increased	 response	 to	 noxious	 stimuli),	 allodynia	 (the
evocation	of	pain	by	nonnoxious	stimuli),	hyperpathia	(explosive	pains	evoked
in	 areas	 with	 an	 increased	 sensory	 threshold	 when	 the	 stimulus	 exceeds	 the
threshold),	dysesthesia	(spontaneous	or	evoked	unpleasant	abnormal	sensation),
and	 paresthesia	 (spontaneous	 or	 evoked	 abnormal	 sensation)	 are	 typical



elements	of	neuropathic	pain.

MEDICAL	MANAGEMENT	OF	PAIN	FOR	THE	ICU
PATIENT
Inadequate	sedation	and	analgesia	 in	 the	ICU	may	result	 in	excessive	pain	and
anxiety,	 agitation,	 self-removal	 of	 tubes	 and	 catheters,	 violence	 toward
caregivers,	 myocardial	 ischemia,	 patient-ventilator	 dyssynchrony,	 hypoxemia,
and	 pain-related	 immunosuppression.	 In	 contrast,	 excessive	 and/or	 prolonged
sedation	can	lead	to	skin	breakdown,	nerve	compression,	delirium,	unnecessary
testing	 for	 altered	 mental	 status,	 prolonged	 mechanical	 ventilation,	 and
associated	 problems	 such	 as	 ventilator-associated	 pneumonia,	 and	 perhaps
posttraumatic	 stress	 disorder.	 A	 balanced	 treatment	 approach	 using	 both
nonpharmacologic	 and	 pharmacologic	 modalities	 is	 ideal	 for	 optimal	 pain
management	 of	 the	 ICU	 patient.18	 Improved	 quality	 of	 pain	management	may
lead	to	reduced	duration	of	mechanical	ventilation	and	ICU	length	of	stay.

NONPHARMACOLOGIC	TREATMENTS
3 	Nonpharmacologic	interventions	are	easy	to	provide,	safe,	and	effective.	They
may	include	attention	to	proper	positioning	to	avoid	pressure	points,	stabilization
of	 fractures,	 and	 elimination	 of	 irritating	 physical	 stimulation	 (eg,	 avoiding
traction	on	the	endotracheal	tube).
Stimulation-produced	 analgesia	 is	 a	 term	 that	 describes	 noninvasive	 or

minimally	 invasive	 techniques	 such	 as	 acupuncture,	 electroacupuncture,
acupressure,	 transcutaneous	 electric	 nerve	 stimulation,	 spinal	 cord	 stimulation,
peripheral	 nerve	 stimulation,	 DRG	 stimulation,	 deep-brain	 stimulation,	 motor
cortex	stimulation,	and	transcranial	magnetic	stimulation.	Evidence	suggests	that
these	modalities	 are	 useful	 as	 a	 sole	 or	 supplementary	 analgesic	 technique	 for
both	 acute	 and	 chronic	 painful	 conditions.19	 Peripherally	 applied	 heat	 causes
local	vasodilation	that	promotes	a	supply	of	nutrients	and	oxygen	to	the	site	of
injury,	 whereas	 cold	 application	 decreases	 the	 delivery	 of	 inflammatory
mediators.20

Given	 that	 pain	 is	 an	 unpleasant	 sensory	 and	 emotional	 experience,
addressing	 its	 emotional	 component	 is	 important.	 The	 ICU	 experience	 is
associated	 with	 major	 life	 changes	 and	 traumatic	 experiences	 such	 as	 loss	 of
function,	 potential	 death,	 and/or	 financial	 hardship.	 Inpatient	 resources	 may



include	 access	 to	 pain	 psychology,	 social	 workers,	 chaplains,	 patients’	 family
and	friends,	and	therapy	animals.	Music	interventions	may	also	be	effective.21

Modifications	 of	 the	 ICU	 environment,	 such	 as	 creating	 units	 with	 single
rooms,	decreasing	noise,	setting	a	schedule	for	activity,	and	providing	windows
or	 appropriate	 lighting	 that	 better	 reflect	 a	 day-night	 orientation	 may	 help
patients	 achieve	 normal	 sleep	 patterns	 and	 also	 improve	 pain	 control.	 For	 the
cognitively	intact	ICU	patients,	provision	of	sensory	and	procedural	information
may	improve	their	ability	to	cope	with	the	discomfort.

PHARMACOLOGIC	TREATMENTS

Cyclooxygenase	Inhibitors—Nonsteroidal	Anti-
Inflammatory	Drugs
4 	Nonsteroidal	anti-inflammatory	drugs	(NSAIDs)	directly	inhibit	prostaglandin
production,	 resulting	 in	 anti-inflammatory,	 analgesic,	 and	 antipyretic	 effects.
Adding	 NSAIDs	 to	 intravenous	 (IV)	 opioid-based	 patient-controlled	 analgesia
(PCA)	reduces	opioid	consumption	by	30%	to	50%	and	results	 in	a	significant
reduction	 in	 the	 incidence	 of	 nausea,	 vomiting,	 and	 sedation.22	 However,	 the
risks	and	side	effects	associated	with	NSAIDs	use	need	to	be	considered	in	the
critically	ill.

Cyclooxygenase	 (COX)	 is	 an	 enzyme	 located	 in	 all	 cells.	 The	 two	 major
COX	isoenzymes,	COX-1	and	COX-2,	are	responsible	for	forming	prostaglandin
H2	from	arachidonic	acid.	Prostaglandin	H2	is	further	modified	by	other	enzymes
to	generate	bioactive	lipids	(prostanoids)	such	as	prostacyclin,	thromboxane	A2,
and	 prostaglandins	 D2,	 E2,	 F2,	 and	 I2.	 COX-1	 is	 ubiquitous	 and	 constitutive.
COX-2	is	expressed	in	normal	endothelial	cells	in	response	to	shear	stress	and	its
inhibition	is	associated	with	suppression	of	prostacyclin	synthesis.	Inhibition	of
COX-2	is	associated	with	pro-thromboembolic	effects,	myocardial	ischemia,	and
retention	 of	 sodium	 and	 fluids	 leading	 to	 exacerbations	 of	 heart	 failure	 and
hypertension.	In	the	setting	of	myocardial	ischemia	and	infarction,	inhibition	of
COX-2	 is	also	associated	with	a	 larger	 infarct	 size,	greater	 thinning	of	 the	 left
ventricular	 wall	 in	 the	 infarct	 zone,	 and	 an	 increased	 tendency	 of	 myocardial
rupture.23,24	The	risk	for	these	adverse	effects	is	likely	to	be	greatest	in	patients
with	history	of	or	at	high	risk	for	cardiovascular	disease.	In	these	patients,	COX-
2	 inhibitors	 for	pain	 relief	 should	be	used	only	 if	 there	are	no	alternatives	and
then	only	in	the	lowest	dose	and	shortest	duration	necessary.25



The	nonspecific	blockade	of	COX	 inhibits	 the	physiological	 role	of	COX-1
and	 can	 result	 in	 GI	 side	 effects,	 such	 as	 dyspepsia,	 heartburn,	 nausea,
ulcerations,	 and	 hemorrhage,	 as	 well	 as	 renal	 side	 effects,	 such	 as	 acute	 and
chronic	 renal	 failure,	 renal	 papillary	 necrosis,	 and	 nephrotic	 syndrome.
Prophylaxis	with	a	proton-pump	 inhibitor,	histamine-2	antagonist,	misoprostol,
or	sucralfate	can	be	protective	against	GI	side	effects.26

Thus,	 while	 NSAIDs	 have	 been	 shown	 to	 have	 opioid-sparing	 effects	 in
critically	ill	patients,	their	routine	use	is	not	recommended	due	to	concerns	with
side	effects	and	the	availability	of	alternative	opioid-sparing	regimens.27

ACETAMINOPHEN—PARACETAMOL
Acetaminophen	is	an	analgesic	and	antipyretic.	Its	mechanism	of	action	remains
unknown,	though	proposed	mechanisms	include	inhibition	of	the	COX	enzyme
to	 inhibit	 prostaglandin	 synthesis,	 activation	 of	 descending	 inhibitory
serotonergic	pain	pathways,	inhibition	of	spinal	nitric	oxide	(NO)	pain	pathways,
and	activation	of	cannabinoid	receptors.28

Acetaminophen	is	available	in	oral,	rectal,	and	parenteral	formulations.	In	the
ICU	 setting,	 IV	 acetaminophen	has	 been	 shown	 to	 have	 opioid-sparing	 effects
and	 is	 associated	 with	 earlier	 time	 to	 extubation	 and	 reduced	 incidence	 of
postoperative	nausea,	vomiting,	and	delirium,	while	having	a	side	effect	profile
comparable	 to	 placebo.27,29,30	 The	 probability	 that	 a	 patient	without	 preexisting
liver	 disease	 or	 current	 alcohol	 use	 develops	 hepatotoxicity	 following
therapeutic	dosing	below	4	g/d	is	extremely	rare.31	For	patients	with	severe	liver
disease,	the	elimination	half-life	can	be	prolonged.	In	cirrhotic	patients	on	long-
term	 acetaminophen	 use	 (>14	 days),	 reduced	 dosing	 of	 2	 to	 3	 g/d	 is
recommended.31

OPIOIDS
For	 the	critically	 ill	patient,	opioids	are	 the	primary	pharmacologic	method	for
pain	 management.32	 Despite	 their	 extensive	 side	 effect	 profile,	 there	 are	 no
alternatives	currently	available	with	the	same	therapeutic	range	(Table	3.1).

TABLE	3.1



Guidelines	for	Front-Loading	Intravenous	Analgesia

Drug Total	Front-
Load	Dose Increments Cautions

Morphine 0.08-
0.12	mg/kg

0.03	mg/kg	q
10	min

Bradycardia/hypotension
(histamine)
Nausea/vomiting
Biliary
colicAcute/chronic	renal
failure
Elderly
Bronchospasm

Methadone 0.08-
0.12	mg/kg

0.03	mg/kg	q
15	min

Accumulation/sedation
Elderly

Hydromorphone 0.02	mg/kg 25–50	μg/kg	q
10	min

Same	as	morphine
Dosing	errors

Fentanyl 1-3	μg/kg 0.5-
2.00	μg/kg/h

Accumulation/sedation
ElderlySkeletal	muscle
rigidity

Remifentanil 0.25-
1.00	μg/kg

0.05-
2.00	μg/kg/min

Bradycardia/hypotension
Pain	on	discontinuation
Skeletal	muscle	rigidity

Ketamine 0.2-0.5	mg/kg 0.5-
2.00	mg/kg/h

Delirium
Increased	ICP
High	myocardial	O2

requirement
Hypotension
Decreased	CO

CO,	cardiac	output;	ICP,	intracranial	pressure;	q,	every.

Opioids	can	be	loosely	divided	into	four	groups:

Naturally	occurring,	endogenously	produced	opioid	peptides	(eg,	dynorphin
and	met-enkephalin)



Opium	alkaloids,	such	as	morphine	or	codeine,	purified	from	the	poppy
(Papaver	somniferum)
Semisynthetic	opioids	(modifications	to	the	natural	morphine	structure),	such
as	diacetylmorphine	(heroin),	hydromorphone,	oxycodone,	and	hydrocodone
Synthetic	derivatives	with	structure	unrelated	to	morphine,	which	include	the
phenylpiperidine	series	(eg,	fentanyl),	methadone,	benzomorphan	series	(eg,
pentazocine),	and	semisynthetic	thebaine	derivatives	(eg,	buprenorphine)

In	1973,	Pert	 and	Snyder	 identified	opioid	binding	 sites,	 providing	 the	 first
evidence	of	the	presence	of	distinct	receptors	for	opioid	medications.	There	are
several	 types	 of	 opioid	 receptors,	 which	 differ	 in	 their	 potency,	 selective
antagonism,	and	stereospecificity	of	opioid	action.	The	opioid	receptor	subtypes
include	µ	 (MOR),	 κ	 (KOR),	 d	 (DOR),	 and	 nociceptin/orphanin	 FQ	 (N/OFQ)
peptide	receptor.

Opioids	 exert	 their	 effects	 by	 binding	 to	 central	 and	 peripheral	 opioid
receptors.	 µ	 1-receptor	 activation	 mediates	 analgesia,	 whereas	 µ	 2-receptor
activation	 produces	 respiratory	 depression,	 nausea,	 vomiting,	 constipation,	 and
euphoria.	 κ-receptor	 activation	 causes	 sedation,	 miosis,	 and	 spinal	 analgesia.
Opioids	may	provide	mild-to-moderate	anxiolysis	but	have	no	reliable	amnestic
effect.	 Opioid	 administration	 is	 associated	 with	 a	 dose-dependent,	 centrally
mediated	 respiratory	 depression.	 The	 respiratory	 rate	 is	 reduced,	 whereas	 the
tidal	 volume	 is	 initially	 preserved.	 The	 ventilatory	 response	 to	 hypoxia	 is
eradicated,	and	the	CO2-response	curve	is	shifted	to	the	right.	Opioids	facilitate
patients’	 compliance	 to	 the	 ventilator	 due	 to	 their	 cough-suppressant	 effects.
Despite	having	minimal	cardiovascular	effects	in	normovolemic	patients,	opioids
may	cause	hypotension	via	decreased	sympathetic	tone	which	can	decrease	heart
rate	and	systemic	vascular	resistance	in	critically	ill	patients.	Additionally,	some
opioids	can	cause	histaminergic	vasodilation,	increasing	venous	capacitance	and
decreasing	 venous	 return.	 Hypotension	 is	 more	 pronounced	 in	 hypovolemic
patients.

Endogenous	 μ	 opioid	 receptors	 play	 a	 role	 in	 homeostatic	 peristalsis.
Exogenous	 μ	 opioids	 can	 lead	 to	 opioid-induced	 ileus	 and	 constipation,	 a
common	 problem	 in	 the	 critically	 ill	 patient.	 Some	 opioids	 are	 used	 for	 this
particular	 effect	 (eg,	 loperamide	 [Imodium]	 is	 an	 enteric	 μ-receptor	 agonist
marketed	 as	 an	 antidiarrheal).	 μ-receptor	 antagonists	 can	 be	 used	 to	 manage
opioid-induced	constipation	(OIC).

Morphine



Morphine	has	poor	 lipid	 solubility	with	a	 relatively	 slow	onset	of	action	 (5-10
minutes).	The	standard	IV	dose	is	5	to	10	mg,	and	the	approximate	half-life	is	3
hours.	However,	with	repeated	dosing	or	continuous	infusions,	half-life	kinetics
become	 unreliable.	 Morphine	 is	 conjugated	 by	 the	 liver	 to	 metabolites	 that
include	morphine-6-glucuronide,	a	potent	metabolite	with	20	 times	 the	activity
of	 morphine,	 and	 morphine-3-glucuronide,	 which	 has	 neuroexcitatory	 effects
(decreased	 seizure	 threshold,	 development	 of	 tremors)	 and	 may	 contribute	 to
hyperalgesia.	 Morphine	 and	 its	 metabolites	 are	 eliminated	 by	 the	 kidney;
therefore,	 renal	 dysfunction	 results	 in	 a	 prolonged	 drug	 effect.	Morphine	may
also	cause	hypotension	due	to	histaminergic	vasodilatation.

Fentanyl
Fentanyl	 has	 high	 lipid	 solubility	with	 a	 rapid	 onset	 of	 action	 (1	minute)	 and
rapid	redistribution	into	peripheral	 tissues,	resulting	in	a	short	half-life	(0.5-1.0
hour)	after	a	single	dose	(50-100	μg).	Larger	or	repeated	doses,	including	those
delivered	 via	 a	 continuous	 infusion,	 alter	 the	 context-sensitive	 half-time	 and
result	in	drug	accumulation	and	prolonged	effects.	Fentanyl	is	metabolized	in	the
liver	primarily	to	inactive	metabolites	that	are	renally	excreted,	but	it	 is	a	safer
choice	in	patients	with	renal	insufficiency.	Fentanyl	causes	minor	hemodynamic
changes	and	does	not	affect	inotropy.

Hydromorphone
Hydromorphone	 is	a	semisynthetic	opioid	 that	 is	 five	 to	 ten	 times	more	potent
than	 morphine	 but	 with	 a	 similar	 duration	 of	 action.	 It	 has	 minimal
hemodynamic	 effects	 and	 causes	 minor	 to	 no	 histamine	 release.	 While	 the
metabolite	 hydromorphone-3-glucoronide	 has	 been	 found	 to	 be	 neurotoxic	 in
animal	 studies,	 there	 have	 been	 very	 few	 clinical	 reports	 of	 hydromorphone-
related	neurotoxicity;	therefore,	practitioners	prefer	it	to	morphine.

Methadone
Methadone	 is	 a	 synthetic	 opioid	 with	 unique	 properties,	 including	 a	 variable
half-life	(7-65	hours)	which	affects	the	time	needed	to	reach	steady	state	(35-325
hours)	and	N-methyl-D-aspartate	(NMDA)	receptor	antagonism,	which	makes	it
ideal	 for	 management	 of	 neuropathic	 pain.	 It	 can	 be	 given	 enterally	 and
parenterally,	and	it	does	not	accumulate	 in	renal	failure.	 It	primarily	undergoes



hepatic	metabolism	by	the	enzymes	CYP	3A4	and	CYP	2B6,	which	means	it	is
also	subject	to	many	drug-drug	interactions	with	antibiotics,	antipsychotics,	and
antidepressants	via	CYP	enzyme	inhibition	and	induction.

Although	methadone	is	not	the	medication	of	choice	for	an	acutely	ill	patient
whose	 hospital	 course	may	 be	 rapidly	 changing,	 it	 is	 a	 good	 alternative	 for	 a
patient	with	preexisting	opioid	tolerance,	and	it	may	help	facilitate	the	tapering
of	opioid	infusions.33

Oxycodone
Oxycodone	is	effective	for	management	of	postoperative	pain	and	may	provide
superior	 analgesia	 with	 fewer	 side	 effects	 compared	 to	 IV	 morphine	 or
hydromorphone.	 Compared	 to	 oral	 morphine,	 it	 has	 a	 higher	 bioavailability,
slightly	 longer	 half-life,	 and	 primarily	 mediates	 analgesia	 via	 κ-receptor
activation.34	When	 converting	 from	 oral	 morphine	 to	 oral	 oxycodone,	 a	 1.5:1
ratio	 should	 be	 used	 (eg,	 1	mg	 oral	morphine	 =	 0.5-0.7	mg	 oral	 oxycodone).
Individual	 patient	 variability	 and	 incomplete	 cross-tolerance	 require	 careful
titration.

The	 use	 of	 controlled-release	 oxycodone	 (OxyContin)	 is	 indicated	 for	 the
treatment	of	moderate-to-severe	pain	when	continuous	analgesia	is	required	for
prolonged	 periods.	 In	 response	 to	 concerns	 about	misuse,	 the	 Food	 and	 Drug
Administration	approved	in	2010	an	abuse-deterrent	formulation.

Remifentanil
Remifentanil,	a	derivative	of	fentanyl,	has	multiple	unique	properties,	including
metabolism	by	nonspecific	esterases	independent	from	hepato-renal	function	and
an	ultrashort	duration	of	action	with	a	consistently	short	context-sensitive	half-
time	(3-4	minutes)	regardless	of	the	duration	of	infusion.	The	pharmacokinetics
of	remifentanil	are	not	significantly	altered	in	ICU	patients	with	severe	renal	or
hepatic	impairment.35

Multiple	studies	have	found	remifentanil	to	be	at	least	as	effective	as	fentanyl,
morphine,	and	sufentanil	for	analgesia-based	sedation	in	mechanically	ventilated
ICU	 patients,	 though	 remifentanil	 is	 also	 associated	 with	 significantly	 shorter
durations	of	mechanical	ventilation.35	In	a	study	of	critically	ill	patients	requiring
prolonged	 mechanical	 ventilation	 for	 up	 to	 10	 days,	 a	 remifentanil-based
analgesia-sedation	 regimen	 was	 associated	 with	 a	 significant	 reduction	 in	 the
duration	of	mechanical	ventilation	by	more	than	2	days,	as	well	as	a	reduction	in



the	 amount	 of	 sedatives	 needed,	 compared	 with	 a	 midazolam-based	 sedation
regimen.36	 Overall,	 remifentanil	 is	 effective	 for	 providing	 both	 analgesia	 and
sedation	 in	 critically	 ill	 patients,	 even	 in	 those	 suffering	 from	 multiple	 organ
failure.

Opioid	Side	Effects
Opioid-related	adverse	effects	commonly	occur	in	the	ICU	patient.37

Opioid-induced	 respiratory	 depression	 is	 generally	 dose-related	 and	 is	most
deleterious	for	the	spontaneously	breathing	ICU	patient.	High-dose	fentanyl	and
remifentanil	may	cause	muscle	rigidity.	Opioid-induced	hypotension	occurs	most
commonly	 in	patients	who	are	hemodynamically	unstable,	volume	depleted,	or
who	 have	 a	 high	 sympathetic	 tone.	 The	 use	 of	 morphine	 is	 associated	 with
histamine	 release;	 therefore,	 hypotension,	 urticaria,	 pruritus,	 flushing,	 and
bronchospasm	have	been	reported.	Fentanyl	can	safely	be	used	in	patients	with	a
suspected	 allergy	 to	morphine.	 Excessive	 sedation	 from	 opioids	 is	most	 often
seen	with	the	use	of	continuous	infusions,	particularly	in	patients	with	end-stage
renal	 disease	 who	 are	 receiving	 fentanyl	 or	 morphine.	 Methadone	 may	 cause
excessive	sedation	 if	 the	dose	 is	not	 titrated	downward	after	 the	first	5	days	of
therapy	or	if	a	human	cytochrome	P450	inhibitor	is	concomitantly	administered.
High	doses	of	methadone	are	associated	with	QTc-interval	prolongation	and	the
subsequent	 risk	 of	 torsade	 de	 pointes	 arrhythmia.	 Opioids	 can	 cause
hallucinations,	agitation,	euphoria,	sleep	disturbances,	and	delirium.38	In	patients
with	traumatic	brain	injury,	bolus	dosing	of	opioids	is	associated	with	increased
intracranial	pressure.39

Opioid-Induced	Bowel	Dysfunction
Opioid-induced	bowel	dysfunction	commonly	occurs	in	critically	ill	patients	and
includes	delayed	gastric	emptying	and	constipation,	which	can	progress	to	fecal
impaction	 and	 in	 turn	 cause	 urinary	 retention,	 delirium,	 and	 GI	 obstruction.40
Therapies	include	stool	softeners	and	stimulant	laxatives.	Peripherally	acting	μ-
opioid	receptor	antagonists	(PAMORAs)	are	indicated	for	the	treatment	of	OIC
and	 have	 limited	 ability	 to	 cross	 the	 blood-brain	 barrier	 to	 reverse	 analgesic
effects.	They	include	methylnaltrexone,	which	is	available	in	subcutaneous	and
oral	formulations,	as	well	as	naldemedine	and	naloxegol,	which	are	available	in
oral	 formulations.	 There	 is	 a	 possible	 association	 between	 PAMORAs	 and
cardiovascular	adverse	events.	The	use	of	PAMORAs	is	contraindicated	when	a



potential	GI	 obstruction	 is	 present	 given	 the	 risk	 of	 perforation.	Alvimopan	 is
another	 oral	 PAMORA,	 but	 is	 indicated	 for	 postoperative	 ileus	 and	 not
specifically	for	OIC.41	Oral	naloxone,	which	has	a	very	low	bioavailability,	has
also	been	used	 to	 treat	OIC,	but	even	at	 low	doses	 it	has	been	associated	with
reversal	of	analgesia,	likely	because	it	readily	crosses	the	blood-brain	barrier.42

Addiction
Addiction	 is	 defined	 as	 a	 chronic	 disease	 with	 interactions	 between	 brain
circuits,	 genetics,	 the	 environment,	 and	 an	 individual’s	 life	 experiences.
Individuals	with	addiction	continue	to	compulsively	use	substances	or	engage	in
dangerous	behaviors	despite	harmful	consequences.43	Chronic	pain	and	chronic
opioid	use	can	persist	after	ICU	discharge,	which	can	potentially	lead	to	opioid
dependence,	 tolerance,	 and	addiction.	The	 incidence	of	 chronic	pain	 after	 ICU
discharge	 is	 not	 exactly	 known,	 though	 reported	 to	 range	 from	33%	 to	73%.44
Chronic	opioid	use,	at	least	1	year	after	ICU	discharge,	is	reported	to	range	from
2.6%	 to	 4.4%.44,45	 It	 is	 therefore	 important	 that	 pain	 management	 in	 the	 ICU
includes	plans	 to	 reduce	opioid	use	and	 transition	 to	nonopioid	medications	as
soon	as	possible.

Opioids	Administration	Methods
Opioid	 analgesics	 can	 be	 administered	 via	 continuous	 infusion	 or	 gradual
titration	to	provide	better	pain	control	and	less	drug-related	adverse	effects.	It	is
difficult	 to	achieve	adequate	analgesic	plasma	concentrations	with	“as	needed”
protocols,	resulting	in	poor	pain	control.

When	a	continuous	infusion	is	used,	a	sedation	vacation	protocol	allows	for
more	effective	analgesic	 titration	with	a	 lower	 total	dose	of	opioid	used.	Daily
awakening	may	also	be	associated	with	a	shorter	duration	of	ventilation	and	ICU
stay.	For	patients	in	whom	a	long	recovery	and	a	prolonged	ventilatory	wean	are
anticipated,	 the	 use	 of	 a	 long-acting	 medication	 (eg,	 methadone)	 to	 achieve
adequate	background	pain	 control	 in	 combination	with	bolus	doses	of	 a	 short-
acting	 opioid	 for	 management	 of	 breakthrough	 pain	 may	 be	 an	 appropriate
option.

Conventional	Routes	of	Administration	(Oral,
Intramuscular,	and	Subcutaneous)



Because	 of	 first-pass	metabolism	 in	 the	 liver,	 larger	 doses	 of	medications	 are
required	 when	 oral	 preparations	 are	 used.	 Immediate-release	 oral	 opioids	 (eg,
morphine,	oxycodone,	hydromorphone)	are	usually	preferred.	Onset	of	analgesia
occurs	 in	 45	 to	 60	minutes	with	 these	medications.	 Fixed-interval	 dosing	 (eg,
every	 4	 hours)	 is	 preferable	 to	 a	 “when	 required”	 regimen	 to	 ensure	 adequate
relief	of	moderate-to-severe	pain.	The	rectal	route	is	rarely	used	in	the	ICU,	even
though	drugs	absorbed	from	the	lower	half	of	the	rectum	bypass	the	portal	vein
and	 first-pass	 metabolism	 in	 the	 liver.	 Suppository	 formulations	 containing
morphine,	oxycodone,	and	hydromorphone	are	available.

Intramuscular	 injections	 of	 opioids	 are	 useful	 if	 there	 is	 a	 lack	 of	 trained
personnel	 to	 administer	 IV	 injections	 or	 if	 venous	 access	 is	 difficult.	 The
intramuscular	 injection	 of	morphine	 requires	 30	 to	 60	minutes	 to	 be	 effective.
Absorption	of	intramuscular	opioids	is	variable	and	depends	on	the	injection	site,
especially	 in	 critically	 ill	 patients.	 Subcutaneous	 injections	 via	 an	 indwelling
cannula	in	the	subcutaneous	tissue	of	the	upper	outer	aspect	of	the	arm	or	thigh
are	 a	 useful	 alternative	 route	 of	 administration.	 The	 rate	 of	 absorption	 of
morphine	 after	 subcutaneous	 injection	 is	 similar	 to	 that	 of	 an	 intramuscular
injection;	therefore,	the	guidelines	for	titration	are	the	same.

Advanced	Methods	of	Administration
The	 preferred	 route	 of	 administration	 for	 opioids	 is	 IV,	 as	 it	 results	 in	 less
variability	in	plasma	levels	and	greater	ease	with	titrating	the	drug	to	an	effective
analgesic	concentration.	IV	infusions	are	commonly	used.	An	opioid	infusion	at
a	 fixed	 rate	 requires	 five	 half-lives	 of	 the	 drug	 to	 reach	 98%	of	 a	 steady-state
concentration.	 Therefore,	 a	 front-loading	 dose	 is	 needed	 to	 achieve	 adequate
pain	relief	more	rapidly	before	starting	the	infusion.	If	breakthrough	pain	occurs,
IV	bolus	doses	may	be	needed	to	reestablish	pain	relief	before	the	infusion	rate
is	increased.

IV	PCA	devices	allow	the	patient	to	self-administer	a	predetermined	dose	of
opioid	within	the	limits	of	a	lockout	period.	This	results	in	less	variability	in	the
plasma	levels	of	the	drug,	thereby	enabling	titration	of	the	drug	to	effect.46

The	 epidural	 and	 intrathecal	 routes	 of	 administration	 provide	 more	 rapid
analgesia	 due	 to	 the	 application	 of	 the	 drug	 directly	within	 the	 CNS.	 Patient-
controlled	epidural	analgesia	regimens	allow	better	titration	of	the	medication.	In
general,	 the	 analgesic	 efficacy	 of	 neuraxial	 opioids	 is	 greater	 than	 the	 one
achieved	with	parenteral	opioid	administration,	 resulting	 in	superior	pain	 relief
despite	 the	 smaller	 doses	 used	 in	 the	 subarachnoid	 or	 epidural	 space	 (eg,
subarachnoid	 morphine	 0.1	 mg	 =	 epidural	 morphine	 1	 mg	 =	 IV	 morphine



10	mg).	Opioid	solutions	with	preservative-free	formulations	should	be	used	for
neuraxial	administration	to	avoid	potential	neurotoxicity.

Highly	 lipid-soluble	 opioids	 (eg,	 fentanyl,	 buprenorphine)	 have	 been
formulated	 as	 a	 transdermal	 patch	 for	 chronic	 severe	 pain	 requiring	 daily,
around-the-clock	 opioid	 treatment.	 Fentanyl	 patches	 are	 usually	 not	 a
recommended	modality	for	acute	analgesia	because	of	the	12-	to	24-hour	delay
to	peak	effect	and	similar	lag	time	to	complete	offset	once	the	patch	is	removed.
However,	it	may	be	appropriate	to	continue	its	use	in	the	ICU	if	the	patient	was
known	to	use	this	formulation	prior	to	admission.

Buprenorphine	 has	 unique	 pharmacologic	 characteristics,	 including	 a	 high
affinity	for	the	μ	opioid	receptor,	antagonism	at	the	κ	opioid	receptor,	and	a	long
half-life	 of	 approximately	 24	 hours.	 In	 situations	 where	 acute	 analgesia	 is
needed,	such	as	in	the	perioperative	period,	transdermal	buprenorphine	generally
does	 not	 need	 to	 be	 discontinued	 as	 this	 formulation	 delivers	 lower	 doses	 of
buprenorphine.	However,	 higher	 doses,	 found	 in	 sublingual	 tablets,	 sublingual
films,	or	buccal	films,	may	need	to	be	discontinued.	Because	of	buprenorphine’s
high	affinity	for	the	μ	receptor,	high	doses	of	other	opioids	with	high	affinity	for
the	 receptor	 (eg,	 hydromorphone,	 fentanyl)	 may	 be	 necessary	 to	 achieve
adequate	 pain	 control	 in	 these	 patients,	 especially	 during	 the	 initial	 phase	 of
care.47

ADJUVANT	MEDICATIONS

Ketamine
5 	 Ketamine	 is	 a	 dissociative	 anesthetic	 with	 multiple	 applications,	 including
anesthetic	induction,	management	of	chronic	pain	and	cancer	pain,	sedation	and
analgesia	 in	 the	 ICU.	 Its	 primary	 mechanism	 of	 action	 is	 noncompetitive
antagonism	 of	 the	NMDA	 receptor,	 though	 it	 also	 has	 other	 effects,	 including
NO	synthase	inhibition.

Water-	and	lipid-soluble	characteristics	of	ketamine	hydrochloride	enable	the
IV,	 intramuscular,	 subcutaneous,	 epidural,	 oral,	 rectal,	 and	 transnasal	 routes	 of
administration.	 Ketamine	 has	 a	 rapid	 onset	 and	 short	 duration	 of	 action.	 It
undergoes	 hepatic	 metabolism	 to	 produce	 norketamine,	 which	 is	 significantly
less	potent	(20%-33%)	than	ketamine.48

In	 subanesthetic	 or	 low	 doses	 (0.1-0.5	 mg/kg	 or	 as	 an	 infusion	 of	 1-
5	μg/kg/min	 IV),	 it	 has	been	 reported	 to	 exert	 significant	 antihyperalgesic	 and



opioid-sparing	 effects	 without	 significant	 adverse	 effects,	 including	 minimal
effects	 on	 respiratory	 drive.	 Low-dose	 ketamine	 can	 play	 an	 important	 role	 in
postoperative	 pain	 management	 when	 used	 as	 an	 adjunct	 to	 opioids,	 local
anesthetics,	and	other	analgesic	agents.49,50	Coadministration	of	benzodiazepines
should	 be	 considered	 to	 minimize	 the	 risk	 of	 psychotomimetic	 side	 effects
associated	with	its	use.

Ketamine	has	also	been	used	as	a	continuous	sedative	agent	in	mechanically
ventilated	 patients	 in	 the	 ICU,	 as	well	 as	 for	 short	 procedures	 associated	with
intense	pain,	such	as	placement	of	chest	tubes,	dressing	changes,	and/or	wound
debridement	 in	 burn	 patients.	 Potential	 adverse	 effects	 include	 hallucinations,
vivid	 dreams,	 increased	 ICP,	 myocardial	 depression,	 hypertension,	 and
tachydysrhythmias.51

α2-Adrenergic	Agonists
α	 2-adrenergic	 agonists	 are	 thought	 to	 exert	 their	 analgesic	 effects	 both
peripherally	 and	 centrally,	 though	 primarily	 at	 α	 2-adrenergic	 receptors	 at	 the
dorsal	horn	of	the	spinal	cord.52

Clonidine
Clonidine	 can	 be	 administered	 via	 oral,	 rectal,	 transdermal,	 IV,	 intrathecal,	 or
epidural	 routes.	 It	 can	 produce	 sedation,	 bradycardia,	 and	 hypotension.
Clonidine	 has	 been	 shown	 to	 have	 opioid-sparing	 effects	 when	 given
intravenously	 to	 critically	 ill	 patients.53	 It	 has	 also	 been	 reported	 to	 prolong
analgesia	 when	 administered	 as	 an	 adjunct	 in	 peripheral	 nerve	 blocks	 and
intrathecally.53	 The	 risks	 associated	with	 its	 use	must	 be	 carefully	 considered,
especially	in	patients	with	hemodynamic	instability.

Dexmedetomidine
Dexmedetomidine	 is	 a	 much	 more	 selective	 α	 2-adrenergic	 agonist	 than
clonidine.	It	can	be	administered	via	IV,	intramuscular,	intranasal	or	transdermal
routes.	 It	 does	 not	 significantly	 affect	 the	 respiratory	 drive	 even	when	used	 in
conjunction	 with	 opioids.	 Dexmedetomidine	 has	 a	 biphasic	 effect	 on	 the
cardiovascular	 system,	 where	 the	 initial	 bolus	 can	 cause	 bradycardia	 and
hypertension,	 and	 the	 subsequent	 continuous	 infusion	 can	 cause	 hypotension
secondary	 to	 vasodilation	 from	 central	 sympatholysis.	 Dexmedetomidine	 has



been	 reported	 to	 have	 opioid-sparing	 effects	 when	 given	 intravenously.	When
used	 in	 the	 ICU	 for	 sedation,	 it	 is	 also	 associated	 with	 shorter	 duration	 of
mechanical	 ventilation	 and	 less	 delirium.54	 Recommended	 doses	 include	 a
loading	dose	of	1	μg/kg	over	10	minutes,	followed	by	an	infusion	at	a	rate	of	0.2
to	0.7	μg/kg/h.

Lidocaine
Lidocaine	 is	 part	 of	 the	 amide	 group	 of	 local	 anesthetics	 and	 functions	 by
blocking	 sodium	 channels	 to	 interrupt	 neuronal	 transmission.	 It	 has	 analgesic,
antihyperalgesic,	 and	 anti-inflammatory	 properties.	 Studies	 have	 observed	 that
IV	 lidocaine	 infusions	 administered	 perioperatively	 for	 patients	 undergoing
major	 abdominal	 surgery	 were	 associated	 with	 decreased	 pain	 scores,	 opioid-
sparing	 effects,	 and	 earlier	 return	 of	 bowel	 activity.55	 In	 patients	 undergoing
laparoscopic	 colorectal	 surgery,	 use	 of	 IV	 lidocaine	 infusions	 had	 a	 similar
impact	 on	 return	 to	 bowel	 activity	 compared	 to	 thoracic	 epidural	 analgesia
(TEA)	 even	 though	 lidocaine	 did	 not	 reduce	 pain	 scores	 when	 compared	 to
TEA.56	 IV	 lidocaine	 infusions,	 however,	 should	 still	 be	 considered	 for	patients
who	may	 not	 be	 appropriate	 candidates	 for	 TEA	 (eg,	 patient	 refusal,	 need	 for
full-dose	anticoagulation,	presence	of	a	localized	or	widespread	infection).

Lidocaine	 has	 a	 narrow	 therapeutic	 index	with	 toxicity	 occurring	 at	 plasma
levels	of	5	μg/mL	and	above.	Signs	and	symptoms	of	toxicity	involve	the	CNS
and	cardiovascular	system.	It	should	be	used	in	caution	in	patients	with	known
history	of	heart	block,	heart	failure,	or	a	seizure	disorder.	Its	clearance	may	also
be	impaired	in	patients	with	liver	and	renal	dysfunction.55

Antiepileptic	Drugs—Calcium-Channel	Membrane
Stabilizers
Gabapentin	 and	 pregabalin	 (gabapentinoids)	 are	 derivatives	 of	 γ-aminobutyric
acid	but	 function	by	binding	 to	 the	α	 2/d-subunit	of	voltage-dependent	 calcium
channels	 throughout	 the	 PNS	 and	CNS,	 resulting	 in	 postsynaptic	 inhibition	 of
calcium	 influx,	 thereby	 reducing	 release	 of	 presynaptic	 excitatory
neurotransmitters.57	Pregabalin	has	the	same	mechanism	of	action	of	gabapentin,
but	it	has	increased	oral	bioavailability	and	a	faster	onset	of	action,	due	in	part	to
its	smaller	volume	of	distribution.

Gabapentin	 is	 indicated	 for	 postherpetic	 neuralgia	 and	 epilepsy	with	 partial
onset	seizures.	Pregabalin	has	similar	indications	and,	in	addition,	can	be	used	in



patients	with	fibromyalgia,	diabetic	peripheral	neuropathy,	and	neuropathic	pain
associated	with	spinal	cord	 injury.	Gabapentinoids	have	 increasingly	been	used
off-label	as	part	of	perioperative	multimodal	analgesia	 regimens.	Though	prior
studies	 have	 shown	 conflicting	 results,	 a	 recent	 meta-analysis	 showed	 that
perioperative	 use	 of	 gabapentinoids	 (either	 gabapentin	 or	 pregabalin)	 was	 not
associated	 with	 clinically	 significant	 differences	 in	 postoperative	 acute,
subacute,	 and	 chronic	 pain,	 and	 was	 associated	 with	 increased	 adverse	 side
effects	such	as	dizziness	and	visual	disturbances.58

REGIONAL	ANALGESIA	TECHNIQUES
6 	Neuraxial	analgesia	and	peripheral	nerve	blockade	have	the	potential	to	reduce
or	eliminate	the	physiologic	stress	response	to	surgery	and	trauma,	decrease	the
risk	of	surgical	complications,	and	reduce	the	development	of	chronic	pain.	By
optimizing	 pain	 control	with	 regional	 analgesia	 techniques,	 patient	 satisfaction
scores	and	outcomes	improve.

When	used	alone	or	in	combination	with	other	treatment	modalities,	regional
analgesia	 techniques	 are	 an	 invaluable	 tool	 to	 address	 pain	 in	 critically	 ill
patients,	but	the	indications	for	their	use	must	be	appropriate.	ICU	patients	are	at
risk	 for	 numerous	 complications,	 and	 the	 use	 of	 an	 inappropriate	 regional
analgesia	technique	can	cause	harm	to	a	patient’s	clinical	status.

The	purpose	of	 this	 section	 is	 to	discuss	 the	 risks	 and	benefits	 of	 neuraxial
analgesia	 and	 peripheral	 nerve	 blockade	 for	 the	 management	 of	 pain	 in	 the
critically	ill	patient.

General	Considerations
The	 use	 of	 ultrasound	 technology	 in	 regional	 analgesia	 allows	 for	 easier	 and
more	reliable	identification	of	neural	structures,	the	safe	administration	of	lower
doses	of	local	anesthetic,	and	the	insertion	of	nerve	catheters	even	in	the	heavily
sedated	 ICU	 patients.	 Ultrasound-guided	 (USG)	 techniques	 have	 reduced
misplacement	and	failure	rates	in	clinical	practice.	Effective	identification	of	the
needle	allows	for	a	reduced	amount	of	drug	volumes	to	be	administered,	which
is	 important	 in	 the	 critically	 ill	 patients	 who	may	 need	more	 than	 one	 block,
especially	 those	who	 have	 undergone	multisite	 surgery	 or	who	 have	 sustained
multiple	injuries.59

Regional	 analgesia	 techniques	 also	 effectively	 block	 sympathetic	 outflow.
Many	 studies	 have	 reported	 that	 surgically	 related	 stress	 is	 reduced	 when



regional	 analgesia	 techniques	 are	 used.	Compared	 to	 general	 anesthesia	 (GA),
the	 use	 of	 neuraxial	 blockade	 in	 the	 perioperative	 period	 is	 associated	 with
improved	 survival	 and	 reduction	 in	 venous	 thromboembolism,	 myocardial
infarction,	 bleeding	 complications,	 pneumonia,	 respiratory	 distress,	 and	 renal
failure.60

Regional	 analgesia	 techniques	may	also	 reduce	 the	 incidence	of	 developing
persistent	postsurgical	pain	through	blocking	the	transmission	of	nociceptive	and
inflammatory	 input	 from	 the	 PNS	 to	 the	 CNS,	 by	 reducing	 neuronal
inflammation	and	glial	cell	activation,	and	through	opioid-sparing	effects	which
can	 reduce	opioid-induced	hyperalgesia.	This	 is	especially	 important	 following
limb	 amputations	 and	 thoracotomies,	 two	 procedures	 that	 are	 associated	 with
increased	incidence	of	persistent	postsurgical	pain.61

NERVE	BLOCKS	FOR	THORACIC	AND
ABDOMINAL	WALL

Intercostal	Nerve	Blocks
Single	and	continuous	intercostal	nerve	blocks	are	used	to	provide	analgesia	in
patients	 with	 thoracic	 injuries,	 rib	 fractures	 and	 in	 the	 management	 of
postoperative	 pain.	 Excellent	 pain	 relief	 and	 improvement	 in	 pulmonary
mechanics	 have	 been	 reported.62	 Continuous	 intercostal	 nerve	 blockade	 after
thoracotomy	 using	 an	 extrapleural	 catheter	 consistently	 results	 in	 better	 pain
relief	and	preservation	of	pulmonary	 function	 than	 the	use	of	 systemic	opioids
and	 appears	 to	 be	 at	 least	 as	 effective	 as	 the	 relief	 provided	 by	 the	 epidural
approach.63	 The	 ease	 of	 the	 extrapleural	 approach	 and	 the	 low	 incidence	 of
complications	 suggest	 that	 this	 technique	 should	be	used	more	 frequently.	The
use	 of	 a	 multifaceted	 approach	 to	 postthoracotomy	 analgesia	 that	 includes
intercostal	 nerve	 blockade	 has	 been	 shown	 to	 be	 beneficial	 in	 the	 immediate
postoperative	 period	 and	 for	 reducing	 the	 incidence	 of	 developing	 persistent
postsurgical	pain.64

Although	 not	 frequently	 used,	 intercostal	 nerve	 blockade	 can	 be	 extremely
useful	for	the	ICU	patient,	especially	when	used	as	a	single	injection	for	painful
procedures	 (eg,	placement	of	chest	 tubes),	or	as	an	 infusion	when	 the	patient’s
hemodynamic	conditions	do	not	allow	the	use	of	TEA.	Intercostal	nerve	blocks
are	associated	with	risk	of	pneumothorax	and	systemic	local	anesthetic	toxicity.
The	 patient’s	 coagulation	 status	 must	 also	 be	 assessed	 to	 prevent	 the	 risk	 of



bleeding	and	hematoma	formation	subsequent	to	the	laceration	of	an	intercostal
vessel.

Paravertebral	Block
USG	paravertebral	nerve	blocks	(PVBs)	provide	analgesia	for	thoracic	and	upper
abdominal	 pain.	 Paravertebral	 nerve	 blockade	 can	 be	 performed	with	 a	 single
injection	or	a	continuous	catheter	technique.65	Injection	of	contrast	material	into
a	paravertebral	catheter	shows	flow	of	the	dye	laterally	into	the	intercostal	space,
as	well	as	up	and	down	the	ipsilateral	paravertebral	space,	leading	to	the	spread
of	local	anesthetics	over	several	dermatomal	levels.

The	 advantages	 of	PVBs	 are	 similar	 to	 those	 of	 the	 intercostal	 nerve	 block
technique.	 Analgesia	 can	 be	 obtained	 without	 the	 development	 of	 widespread
cardiovascular	effects	because	only	unilateral	sympathetic	blockade	is	produced.

In	 contrast	 to	 routine	 intercostal	 blocks,	 the	 posterior	 primary	 ramus	 of	 the
intercostal	 nerve	 is	 also	 covered	 with	 the	 paravertebral	 approach,	 providing
analgesia	of	the	posterior	spinal	muscles	and	the	costovertebral	ligaments.

In	 a	 study	of	620	adults,	 the	 failure	 rate	 following	 thoracic	or	 lumbar	PVB
was	6.1%,	and	the	incidence	of	complications	were	as	follows:	vascular	puncture
6.8%,	hypotension	4%,	hematoma	2.4%,	pain	at	site	of	injection	1.3%,	signs	of
epidural	 or	 intrathecal	 spread	 1%,	 pleural	 puncture	 0.8%,	 and	 pneumothorax
0.5%	(eightfold	increase	in	pneumothorax	for	bilateral	PVBs).66

Transversus	Abdominis	Plane	Block
Incisional	pain	represents	a	considerable	portion	of	postoperative	pain	following
abdominal	 operations.	 The	 abdominal	 wall	 consists	 of	 three	 muscle	 layers:
external	 oblique,	 internal	 oblique,	 transversus	 abdominis,	 and	 their
corresponding	fascial	sheaths.	The	skin,	muscles,	and	parietal	peritoneum	of	the
anterior	abdominal	wall	are	innervated	by	the	lower	six	thoracic	nerves	and	the
first	lumbar	nerve.	The	anterior	primary	rami	of	these	nerves	exit	their	respective
intervertebral	foramina	and	extend	over	the	vertebral	transverse	processes.	They
then	 pierce	 the	 musculature	 of	 the	 lateral	 abdominal	 wall	 to	 travel	 through	 a
neurofascial	 plane	 between	 the	 internal	 oblique	 and	 transversus	 abdominis
muscles.	Deposition	of	local	anesthetic	dorsal	to	the	midaxillary	line	blocks	both
the	lateral	cutaneous	branch	and	the	lateral	cutaneous	afferents,	thus	facilitating
blockade	of	the	entire	anterior	abdominal	wall.	The	transversus	abdominis	plane
is	 therefore	 a	 space	 into	 which	 local	 anesthetic	 can	 be	 deposited	 to	 achieve



myocutaneous	sensory	blockade.
This	 regional	 analgesia	 technique	 has	 been	 shown	 to	 provide	 good

postoperative	 analgesia	 for	 a	 variety	 of	 procedures	 involving	 the	 abdominal
wall.67	 The	 use	 of	 a	 fine-gauge,	 blunt-tipped,	 short-bevel	 needle	 and	 USG
techniques	has	been	proposed	to	reduce	the	incidence	of	possible	complications
(intraperitoneal	injection	with	bowel	injury/hematoma,	liver	laceration,	transient
femoral	 nerve	 palsy,	 accidental	 intravascular	 injection,	 infection,	 and	 catheter
breakage).	 In	 addition,	with	USG	 techniques,	 upper	 and	 lower	 portions	 of	 the
abdominal	wall	can	be	preferentially	blocked.68

Peripheral	Nerve	Blocks	for	the	Upper	Extremities
Severe	trauma	to	the	shoulders	and	arms	is	frequently	present	in	acutely	injured
ICU	patients.	These	injuries	may	be	associated	with	blunt	chest	trauma	requiring
mechanical	ventilation,	 and	pain	 is	often	worse	with	positioning.	 If	 the	patient
also	has	a	closed	head	injury	causing	alterations	of	mental	status,	then	analgesia
can	be	provided	with	blocks	of	the	brachial	plexus,	particularly	to	avoid	opioid-
based	analgesia	regimens	that	may	mask	the	underlining	neurologic	condition.69
Continuous	brachial	plexus	blocks	consistently	provide	superior	analgesia	with
minimal	 side	 effects,	 promoting	 earlier	 hospital	 discharge	 and	 possibly
improving	rehabilitation	after	major	surgery.70

Peripheral	 nerve	 injury	 is	 a	 rare	 complication	 of	 regional	 analgesia	 for	 the
upper	extremities.	A	large	study	reported	that	 the	risk	of	peripheral	neuropathy
after	peripheral	nerve	blockade	of	the	upper	extremities	was	less	than	0.02%.71

Current	 evidence	 suggests	 that	 peripheral	 nerve	 blockade	 should	 not	 be
routinely	 performed	 in	 most	 adults	 during	 GA	 or	 heavy	 sedation,	 especially
when	 using	 the	 interscalene	 approach.	 However,	 the	 risk-to-benefit	 ratio	 of
performing	 a	 peripheral	 nerve	 block	 under	 these	 conditions	 versus	 using	 high
doses	of	opioids	 to	maintain	adequate	analgesia	should	be	carefully	considered
in	select	ICU	patients.72

Furthermore,	 the	 growing	 use	 of	 USG	 techniques,	 in	 combination	 with
injection	 pressure	monitoring	 and	 nerve	 stimulation,	may	 help	 to	 significantly
minimize	 serious	 complications	 in	 heavily	 sedated	 patients	 with	 increased
success	rate	and	potential	benefits	overall.

Peripheral	Nerve	Blocks	for	the	Lower	Extremities
Lower	extremity	injuries	are	also	commonly	present	in	critically	ill	patients.



Compared	to	a	landmark-based	approach,	use	of	USG	techniques	to	perform
a	 femoral	 nerve	 block	 (FNB)	 is	 associated	 with	 a	 more	 complete	 blockade.73
There	is	also	a	clear	benefit	when	using	USG	techniques	compared	to	peripheral
nerve	stimulation	when	performing	a	 three-in-one	nerve	block	(femoral,	 lateral
femoral	 cutaneous	 and	 obturator	 nerves).74	 Use	 of	 both	 approaches	 (USG
techniques	and	peripheral	nerve	stimulation)	may	potentially	improve	the	quality
of	 the	 block,	 extend	 the	 duration,	 and	 provide	 better	 results	 with	 the	 use	 of
smaller	doses	and	less	concentrated	solutions	of	local	anesthetic.

FNB	is	 the	preferred	analgesic	 technique	following	 injuries	and/or	surgeries
of	 the	 knee.	 Compared	with	 epidural	 analgesia,	 it	 provides	 similarly	 effective
analgesia	and	fewer	side	effects.75

Easy	USG	visualization	of	 the	 sciatic	nerve	proximal	 to	 the	popliteal	 fossa,
before	it	divides	 into	 the	common	peroneal	nerve	medially	and	the	tibial	nerve
laterally,	makes	the	lateral	approach	to	the	sciatic	nerve	an	ideal	one	to	address
pain	 secondary	 to	 distal	 tibia,	 ankle,	 and	 foot	 fractures.76	 This	 block	 can	 be
conveniently	 performed	 in	 the	 supine	 position	 and	 enables	 more	 secure
placement	of	a	peripheral	nerve	catheter	with	high	rates	of	success.

Peripheral	 nerve	 injury	 is	 a	 rare	 complication	 of	 regional	 analgesia	 for	 the
lower	extremities,	with	a	reported	risk	of	less	than	0.04%.71

Epidural	Analgesia
7 	 Multiple	 systematic	 reviews	 have	 generally	 found	 that	 epidural	 analgesia
provides	 better	 pain	 relief	 compared	 to	 parenteral	 opioid	 administration.	 A
systematic	review	in	2014	including	over	7000	adults	having	surgery	under	GA
found	 that	 epidural	 analgesia,	 compared	 to	 systemic	 opioid	 analgesia,	 was
associated	with	a	reduction	in	postoperative	mortality,	with	an	average	mortality
rate	 of	 2%	 in	patients	 receiving	 epidural	 analgesia	 versus	 3.2%	 in	 controls.	 In
addition,	 epidural	 analgesia	was	 associated	with	 a	 reduction	 of	 cardiovascular,
pulmonary,	 and	 GI	 complications	 and	 symptoms,	 including	 a	 decrease	 in
arrhythmias,	 respiratory	 depression,	 atelectasis,	 pneumonia,	 ileus,	 and
postoperative	nausea	and	vomiting.77	An	updated	review	from	2018	comparing
IV	 opioid-based	 PCA	 to	 epidural	 analgesia	 (both	 continuous	 and	 patient-
controlled	epidural	administration)	following	intra-abdominal	surgery	found	that
epidural	analgesia	was	associated	with	a	moderate	reduction	of	pain	at	rest	and
reduced	pain	during	activities.	However,	no	difference	in	mortality	between	use
of	epidural	analgesia	and	parenteral	opioid	administration	was	noted.78

A	meta-analysis	of	more	than	5000	surgical	patients	found	that	postoperative
epidural	 analgesia	was	 associated	with	 significant	 reductions	 of	 pain	 scores	 at



rest	and	during	movement,	improved	forced	vital	capacity,	arrhythmias,	time	to
extubation,	 length	 of	 ICU	 stay,	 and	morphine	 consumption	 during	 the	 first	 24
hours	 after	 surgery.79	Many	of	 these	 benefits	may	be	 relevant	 to	 ICU	patients.
Epidural	 analgesia	 has	 been	 demonstrated	 to	 be	 beneficial	 in	 cardiac	 surgery,
patients	with	thoracic	trauma,	and	patients	with	severe	acute	pancreatitis.80-82

TEA	 has	 been	 shown	 to	 have	 multiple	 physiological	 effects	 on	 the
cardiovascular	 system.	 It	 may	 reduce	 the	 risk	 of	 perioperative	 dysrhythmias,
though	 it	 does	 not	 seem	 to	 decrease	 the	 incidence	 of	 postoperative	 atrial
fibrillation.	 In	 cardiac	 surgical	 patients,	 it	 preserves	 left	 ventricular	 global	 and
regional	 wall	 motion.	 TEA	 also	 reduces	 cardiac	 oxygen	 consumption	 and
increases	 the	 diameter	 of	 stenotic	 coronary	 segments,	 thereby	 maintaining
coronary	 perfusion	 pressure	 and	 reducing	 the	 overall	 incidence	 of	myocardial
infarction.	 Hypotension	 is	 caused	 by	 inhibition	 of	 the	 vasoconstrictor
sympathetic	outflow	and	interference	with	the	integrity	of	the	renin-angiotensin
system.	However,	 despite	 causing	 hypotension,	 TEA	has	 a	 beneficial	 outcome
during	hemorrhagic	shock.83

Issues	of	consent,	coagulopathy,	and	infection	can	be	more	easily	addressed
in	 elective	 conditions	 but	 can	 become	 significant	 issues	 for	 patients	 with
multiple	traumas	or	with	extremely	painful	conditions.	Epidural	hematoma	after
epidural	catheterization	 is	a	 rare	but	serious	complication.	The	 risk	of	epidural
hematoma	requiring	laminectomy	has	been	estimated	to	range	from	0.0045%	to
0.023%.84	 The	 current	 recommendations	 of	 the	American	 Society	 of	 Regional
Anesthesia	 should	 be	 followed.85	 While	 systemic	 infection	 is	 not	 an	 absolute
contraindication	for	the	use	of	epidural	analgesia,	practice	advisories	recommend
that	alternatives	to	neuraxial	techniques	for	patients	who	are	at	risk	of	infectious
complications	 should	 be	 considered.	 If	 a	 neuraxial	 technique	 is	 planned	 for	 a
patient	 with	 known	 or	 suspected	 bacteremia,	 prophylactic	 antibiotic	 therapy
should	be	considered.86	Tunneling	 the	epidural	 catheter	may	 reduce	 the	 risk	of
developing	an	infection.87

Safe	placement	of	epidural	catheters	and	confirmation	of	 the	presence	of	an
adequate	sensory	block	can	be	difficult	 to	achieve	 in	critically	 ill,	 sedated,	and
anesthetized	 patients.	 Awake	 and	 cooperative	 patients	 usually	 facilitate	 the
placement	 of	 an	 epidural	 catheter,	 minimizing	 the	 possibility	 of	 undesirable
complications.	 Current	 recommendations	 suggest	 that	 the	 possibility	 of	 not
detecting	systemic	local	anesthetic	toxicity	under	GA	or	heavy	sedation	is	not	a
valid	reason	to	forego	a	neuraxial	block	in	this	group	of	patients.	However,	the
indications	 for	 neuraxial	 analgesia	 should	 be	 carefully	 considered	 when	 the
procedure	 is	 to	 be	 performed	 in	 patients	whose	 sensorium	 is	 compromised	 by
GA	 or	 heavy	 sedation.72	 The	 risks	 of	 neuraxial	 analgesia	 should	 be	 weighed



against	its	expected	benefits.
Positioning	 the	 patient	 for	 the	 procedure	 may	 also	 represent	 a	 challenge

depending	 on	 the	 underlying	 injury	 and	 the	 number	 and	 position	 of	 tubes,
catheters,	 or	 external	 fixation	 devices	 present.	 Strict	 aseptic	 technique	 should
always	be	maintained.	Bolus	injections	of	long-acting	local	anesthetics,	such	as
bupivacaine	 and	 ropivacaine,	 or	 daily	 discontinuation	 of	 continuous	 infusions
can	facilitate	neurologic	and	sensory	assessment.

The	 most	 common	 side	 effects	 of	 TEA	 are	 bradycardia	 and	 hypotension
related	 to	 sympathetic	 blockade,	 which	 can	 be	 more	 pronounced	 with
intermittent	 bolus	 dosing	 in	 patients	 with	 hypovolemia	 or	 shock.	 Continuous
low-dose	 local	 anesthetic	 and/or	 opioid	 infusions	 can	 be	 safely	 used	 in	 this
particular	clinical	setting.

Overall,	 it	 is	 reasonable	 to	 believe	 that	 in	 carefully	 selected	 and	 closely
monitored	patients,	epidural	analgesia	may	have	significant	benefits.

Influence	of	Pain	Management	on	Complications,
Outcomes,	Length	of	Hospital	Stay,	and	Chronic	Pain
All	 pain	 management	 treatment	 modalities	 have	 some	 degree	 of	 risk,	 but	 for
many	patients,	the	benefits	of	those	treatments	may	outweigh	the	risks.	Epidural
analgesia	 is	 associated	 with	 a	 reduction	 in	 postoperative	 major	 complications
and	 may	 also	 decrease	 mortality.77,78	 Other	 prospective	 trials	 have,	 however,
failed	 to	 confirm	 the	 beneficial	 effects	 of	 epidural	 analgesia	 on	 postoperative
morbidity	 and	 mortality	 after	 major	 abdominal	 or	 orthopedic	 surgery.	 Such	 a
discrepancy	is	thought	to	be	the	result	of	overall	improved	postoperative	medical
care.	For	 example,	 a	previously	 reported	50%	 reduction	 in	DVT	with	 epidural
analgesia	 no	 longer	 seems	 beneficial	 when	 compared	 to	 the	 use	 of	 low-
molecular-weight	 heparin	 for	 DVT	 prophylaxis,	 which	 decreases	 the	 risk	 of
developing	 a	 DVT	 by	 more	 than	 80%.	 Similarly,	 the	 use	 of	 prophylactic
antibiotics	 and	 aggressive	 physiotherapy	 significantly	 reduces	 postoperative
pulmonary	 complications,	 and	 the	 preventive	 effect	 of	 epidural	 analgesia	 for
pulmonary	 infections	 also	 becomes	 less	 important.	 However,	 as	 part	 of	 a
multimodal	 pain	 management	 plan,	 epidural	 analgesia	 may	 facilitate	 recovery
after	 surgery	and	 trauma.	 It	has	been	 shown	 to	positively	 impact	mobilization,
bowel	function,	and	intake	of	food,	with	improvement	in	postoperative	quality	of
life.88

Peripheral	 nerve	 block	 after	 major	 orthopedic	 surgery	 has	 been	 associated
with	multiple	 improvements	 in	 perioperative	 outcomes,	 including	 significantly



shorter	hospital	stay,	earlier	ambulation,	improved	joint	range	of	motion,	lower
perioperative	pain	scores,	and	a	reduction	in	postoperative	nausea	and	vomiting.
Patients	 treated	with	peripheral	 nerve	blocks	 also	had	 significant	 reductions	 in
opioid	 requirement,	 urinary	 retention,	 and	 postoperative	 ileus	 when	 compared
with	controls.89

Although	risk	factors	are	difficult	to	identify,	patients	who	experience	severe
pain	 and,	 above	 all,	 persistent	 postsurgical	 pain	 are	 prone	 to	 develop	 chronic
pain.	 Chronic	 pain	 syndromes	 have	 been	 commonly	 described	 after	 breast
surgery,	 inguinal	 hernia	 repair,	 cholecystectomy,	 thoracic	 surgery,	 cardiac
surgery,	 and	 limb	 amputation.	 The	 incidence	 has	 been	 recorded	 to	 be	 up	 to
60%.90	With	such	a	high	incidence,	providing	good	postoperative	and	posttrauma
pain	control	to	prevent	the	occurrence	of	chronic	pain	syndromes	is	paramount.

CONCLUSION
Pain	control	in	critically	ill	patients	is	extremely	important.	Achieving	adequate
levels	of	analgesia	for	trauma	and	surgery	patients	decreases	the	stress	response
and	 improves	morbidity	and	mortality.	 Individual	hospital	units	and	acute	pain
teams	 should	 employ	 pain	 assessment	 techniques	 for	 patients	 with	 impaired
cognition.

Lack	 of	 education,	 fear	 of	 possible	 side	 effects,	 and	 inappropriate	 use	 of
medications	 contribute	 to	 the	 ineffective	 treatment	 of	 pain	 in	 critically	 ill
patients.	The	expertise	of	pain	specialists	is	often	necessary	for	the	management
of	these	complex	situations.

Choosing	 the	 treatment	plan	 that	best	 fits	 the	patient’s	clinical	conditions	 is
mandatory.	A	potentially	favorable	outcome	can	be	altered	if	inappropriate	pain
modalities	are	chosen	and	used.

A	 rational	 multimodal	 approach	 including	 the	 use	 of	 nonpharmacologic,
pharmacologic,	and	regional	analgesia	techniques	is	desirable	and	often	needed.
The	 continued	 use	 of	 these	 techniques	 extended	 into	 the	 postoperative	 period
may	shorten	recovery	time	and	time	to	discharge.

Providers	 should	 always	 assess	 and	 monitor	 the	 effects	 of	 a	 treatment
modality	 on	 the	 patient’s	 pain	 and	 clinical	 condition	 and	 make	 changes	 in
therapy	as	needed.

Regional	 analgesia	 techniques	 are	 underused	 in	 the	management	 of	 pain	 in
critically	ill	patients.	They	can	allow	for	a	reduction	in	the	overall	use	of	opioid
analgesics	and	sedatives	and	therefore	reduce	potentially	dangerous	side	effects.
A	correct	indication,	as	well	as	an	appropriate	timing	for	their	use,	is	required	in



order	to	increase	their	beneficial	effects.
The	 availability	 of	 new	 technologies	 (eg,	 ultrasonography)	 improves	 the

quality	 and	 safety	 of	 upper	 and	 lower	 extremity	 peripheral	 nerve	 blocks,
allowing	 these	 techniques	 to	 be	 considered	 even	 for	 heavily	 sedated	 ICU
patients.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	65-year-old	man	with	a	history	of	end-stage	renal	disease	on
hemodialysis	and	cirrhosis	is	hospitalized	in	the	ICU	with	acute	respiratory
failure	following	a	motor	vehicle	accident.	He	sustained	multiple	rib	fractures,	a
hemothorax,	and	a	closed	head	injury.	He	has	just	been	intubated	and	is	started
on	a	continuous	infusion	of	propofol.	Which	of	the	following	is	the	most
appropriate	medication	to	add	for	analgesia?

A. 	Hydromorphone
B. 	Lidocaine
C. 	Morphine
D. 	Remifentanil

2. 	A	60-year-old	woman	with	a	history	of	metastatic	breast	cancer	is	brought
to	the	hospital	with	left	lower	extremity	pain	after	sustaining	a	fall	in	the	setting
of	acutely	altered	mentation	and	ataxia.	She	is	found	to	have	hypercalcemia,
acute	kidney	injury,	and	a	left	femoral	shaft	fracture.	She	is	in	the	ICU	for
monitoring	of	electrolytes	and	frequent	neurological	assessments.	Which	of	the
following	is	the	most	appropriate	pain	management	strategy	while	awaiting
surgical	repair?

A. 	Femoral	nerve	block	with	continuous	catheter
B. 	Intravenous	hydromorphone	PCA
C. 	Intravenous	ketamine	continuous	infusion



D. 	Sciatic	nerve	block	at	the	popliteal	fossa	with	continuous	catheter

3. 	A	55-year-old	woman	with	a	history	of	chronic	abdominal	pain	and
chronic	opioid	use	undergoes	urgent	surgery	for	perforated	colonic	diverticulitis.
Postoperatively,	she	has	severe	abdominal	pain	and	reports	pain	severity	of	10
out	of	10	on	the	NRS.	Vital	signs	are	as	follows:	heart	rate	120,	blood	pressure
75/40,	respiratory	rate	24,	pulse	oximetry	93%	on	room	air,	temperature	38.8°C.
She	remains	in	the	ICU	for	ongoing	management	of	suspected	sepsis.	The
surgical	team	expects	that	she	will	need	to	return	to	the	operating	room	for
additional	surgeries	in	the	next	several	days.	Her	team	asks	about	the	possibility
of	epidural	analgesia	for	pain	control.	Which	of	the	following	is	the	most
appropriate	response?

A. 	Consider	epidural	analgesia	after	two	consecutive	negative	blood
cultures
B. 	Consider	epidural	analgesia	once	patient	is	on	appropriate	antibiotic
treatment	and	is	hemodynamically	stable
C. 	Explain	that	she	is	not	a	candidate	for	epidural	analgesia	and	offer	a
transversus	abdominis	plane	block	instead
D. 	Place	epidural	catheter	now	using	a	continuous	infusion	of	local
anesthetics	at	a	low	rate

Answers

1.	The	correct	answer	is	D.
Rationale:	 Remifentanil	 (choice	 D	 is	 correct)	 is	 the	 most	 appropriate

analgesic	 to	 use	 for	 this	 patient	 due	 to	 its	 fast	 onset	 and	 offset,	 and	 its
metabolism	 by	 nonspecific	 esterases	 that	 are	 independent	 of	 hepatic	 or	 renal
function.	Hydromorphone	and	morphine	(choices	A	and	C	are	incorrect)	are	less
appropriate	 in	 the	 setting	 of	 renal	 failure	 due	 to	 accumulation	 of	 active
metabolites	that	can	be	neurotoxic.	Lidocaine	(choice	B	is	incorrect)	is	unlikely
by	 itself	 to	 provide	 sufficient	 analgesia,	 though	 it	 does	 have	 opioid-sparing
effects.	 The	 clearance	 of	 lidocaine	 may	 also	 be	 impaired	 in	 this	 patient	 with
hepatic	dysfunction.

2.	The	correct	answer	is	A.
Rationale:	Femoral	nerve	block	with	continuous	catheter	(choice	A	is	correct)

is	 the	most	 appropriate	method	 to	manage	 this	patient’s	pain	 and	 is	 associated
with	fewer	side	effects	than	systemic	medications.	Hydromorphone	PCA	(choice



B	 is	 incorrect)	 is	 inappropriate	 in	 the	 face	 of	 altered	 mental	 status	 and	 risks
worsening	her	mentation,	as	well	as	active	metabolites	 that	may	be	neurotoxic
and	accumulate	in	the	setting	of	renal	dysfunction.	Ketamine	(choice	C	is	not	the
best	 answer)	 has	 the	 risk	 of	 psychomimetic	 effects	 which	 may	 further	 affect
mental	status.	Sciatic	nerve	block	at	the	level	of	the	popliteal	fossa	(choice	D	is
incorrect)	 will	 only	 provide	 analgesia	 to	 the	 distal	 two-thirds	 of	 the	 lower
extremity,	 and	 not	 the	 analgesia	 needed	 to	 provide	 relief	 for	 her	 femoral	 shaft
fracture.

3.	The	correct	answer	is	B.
Rationale:	 Sepsis	must	 be	 controlled	 before	 epidural	 catheter	 placement.	 In

this	patient,	 it	 is	 reasonable	 to	consider	epidural	analgesia	after	 sepsis	 is	being
treated	and	when	she	is	hemodynamically	stable	(choice	B	is	correct),	provided
she	 does	 not	 have	 a	 coagulopathy	 and	 consents	 to	 the	 procedure.	 While
confirming	that	she	does	not	have	bacteremia	is	also	prudent	(choice	A	is	not	the
best	 answer),	 she	must	 be	 hemodynamically	 stable	 before	 risking	 sympathetic
blockade–associated	 hypotension.	 A	 single	 shot	 transversus	 abdominis	 plane
block	(choice	C	is	incorrect)	may	provide	short-term	relief,	but	it	is	unlikely	to
sufficiently	manage	pain	in	a	patient	expected	to	return	to	the	operating	room	for
additional	 intra-abdominal	surgeries.	Though	epidural-induced	hypotension	can
be	treated	with	vasopressors,	fluids,	and/or	adjustments	of	the	epidural	infusion,
the	patient	should	be	hemodynamically	stable	before	initiating	such	an	infusion
(choice	D	is	incorrect).
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Chapter	4
Therapeutic	Paralysis
Khaldoun	Faris

KEY	POINTS:
1.	 Neuromuscular	blocking	agents	(NMBAs)	are	widely	used	in	critical

care	for	number	of	indications	including	SARS-CoV-2	related	ARDS.
Their	long-term	use	should	be	taken	with	caution.

2.	 Succinylcholine	is	the	only	depolarizing	NMBA	in	clinical	use	to
facilitate	rapid-sequence	intubation.	It	is	potentially	associated	with
serious	adverse	events	including	severe	hyperkalemia.

3.	 There	are	several	nondepolarizing	NMBAs,	but	the	most	commonly
used	agents	in	the	critical	care	setting	are	cisatracurium,
vecuronium,	and	rocuronium.	Their	effects	are	usually	reversed	by
acetylcholinesterase	inhibitors,	but	recently	sugammadex	was
approved	by	the	FDA	for	reversal	of	the	effects	of	rocuronium	and
vecuronium.

4.	 Many	of	the	medications	used	in	the	critical	care	setting	have	the
potential	for	interaction	with	NMBAs	influencing	the	degree	and
duration	of	clinical	effects.

5.	 Critically	ill	patients	should	be	routinely	monitored	for	the	depth	of
neuromuscular	blockade	and	for	the	signs	associated	with
inadequate	sedation	and	analgesia.

6.	 Nondepolarizing	NMBAs	have	been	associated	with	intensive	care
unit-acquired	weakness,	but	the	etiology	is	likely	multifactorial.

INTRODUCTION
1 	The	most	 common	 indications	 for	 the	use	of	neuromuscular	blocking	agents



(NMBAs)	 in	 the	 intensive	 care	 unit	 (ICU)	 include	 emergency	 or	 elective
intubations,	 optimization	 of	 patient-ventilator	 synchrony,	 management	 of
increased	intracranial	pressure,	reduction	of	oxygen	consumption,	and	treatment
of	 muscle	 spasms	 associated	 with	 tetanus.	 According	 to	 the	 clinical	 practice
guidelines	 for	 sustained	 neuromuscular	 blockade	 for	 the	 adult	 critically	 ill
patient,	 these	 medications	 should	 be	 used	 only	 when	 all	 other	 means	 of
optimizing	 a	patient’s	 condition	have	been	 exhausted.	This	 recommendation	 is
based	 on	 the	 concern	 that	 the	 administration	 of	 NMBAs	 may	 worsen	 patient
outcomes	when	administered	during	a	course	of	critical	illness,	particularly	if	the
patient	 is	 receiving	 systemic	 steroids	 at	 the	 same	 time.1	 However,	 this
recommendation	 has	 also	 been	 challenged.	 A	 prospective,	 multicenter,
randomized	study	of	patients	 in	 the	early	stage	of	 the	acute	respiratory	distress
syndrome	 (ARDS)	 demonstrated	 that	 use	 of	 cisatracurium	 for	 48	 hours	 was
associated	 with	 improved	 survival	 without	 an	 increase	 in	 ICU-acquired
weakness	 (ICUAW).2	 Yet	 more	 recently,	 a	 larger,	 well-conducted	 and	 similar
study	 examining	 cisatracurium	 in	 early	 ARDS	 had	 to	 be	 terminated	 due	 to
futility.3	 The	 study	 showed	 no	 significant	 difference	 in	 mortality,	 but	 patients
who	 received	 cisatracurium	 were	 less	 physically	 active	 and	 had	 more
cardiovascular	events.	A	retrospective	cohort	study	examining	several	thousand
mechanically	ventilated	patients	with	severe	sepsis	found	that	early	utilization	of
neuromuscular	 blockade	 was	 associated	 with	 lower	 mortality.4	 During	 the
COVID-19	 pandemic,	 neuromuscular	 blockade	 has	 been	 used	 extensively	 to
treat	the	patients	with	ARDS	caused	by	SARS-CoV-2.	In	a	letter	to	the	editor,	a
group	of	European	scientists	conducted	a	multicenter	observational	prospective
study	 examining	 the	 use	 of	 NMBAs	 in	 SARS-CoV-2–induced	 ARDS.5	 The
group	reported	the	large	and	prolonged	use	of	NMBAs	was	not	associated	with	a
lower	 rate	 of	 extubation	 at	 day	 28.	 However,	 further	 evidence	 is	 needed	 to
demonstrate	benefits	in	this	setting.

PHARMACOLOGY	OF	NEUROMUSCULAR
BLOCKING	AGENTS
The	 neuromuscular	 junction	 (NMJ)	 consists	 of	 the	 motor	 nerve	 terminus,
acetylcholine	 (ACh),	 and	 muscle	 end	 plate.	 In	 response	 to	 neuronal	 action
potentials,	 ACh	 is	 released	 from	 presynaptic	 axonal	 storage	 vesicles	 into	 the
synapse	of	 the	NMJ.	Both	 the	presynaptic	membrane	and	 the	postsynaptic	end
plate	 contain	 specialized	 nicotinic	 ACh	 receptors	 (nAChRs).	 The	 chemical



signal	 is	converted	 into	an	electric	signal	by	binding	of	 two	ACh	molecules	 to
the	 receptor	 (αδ	 and	 αε	 subunits),	 causing	 a	 transient	 influx	 of	 sodium	 and
calcium	and	efflux	of	potassium	from	muscle	cells.	The	resulting	depolarization
propagates	an	action	potential	that	produces	muscle	contraction.	Unbound	ACh
is	then	quickly	hydrolyzed	in	the	synapse	by	the	enzyme	acetylcholinesterase	to
acetic	 acid	 and	 choline,	 thus	 effectively	 controlling	 the	 duration	 of	 receptor
activation.	Repolarization	of	the	motor	end	plate	and	muscle	fiber	then	occurs.

THE	NICOTINIC	ACETYLCHOLINE	RECEPTOR
The	nAChR	is	built	of	five	subunit	proteins,	forming	an	ion	channel.	This	ionic
channel	mediates	neurotransmission	at	the	NMJ,	autonomic	ganglia,	spinal	cord,
and	brain.	During	early	development,	differentiation	and	maturation	of	the	NMJ
and	transformation	of	the	nAChR	take	place:	fetal	nAChRs	gradually	disappear
with	the	rise	of	new,	functionally	distinct,	mature	nAChRs.

These	mature	 nAChRs	 (also	 termed	adult,	 innervated,	 ε-containing)	 have	 a
subunit	composition	of	two	α	and	one	each	of	β,	ε,	and	δ	in	the	synaptic	muscle
membrane.	The	only	structural	difference	from	the	fetal	nAChR	is	in	substitution
of	 the	 γ	 for	 the	 ε	 subunit,	 although	 functional,	 pharmacologic,	 and	 metabolic
characteristics	are	quite	distinct.	Mature	nAChRs	have	a	 shorter	burst	duration
and	a	higher	conductance	to	Na+,	K+,	and	Ca2+	and	are	metabolically	stable	with
a	half-life	averaging	about	2	weeks.	The	two	α,	β,	δ,	and	ε/γ	subunits	interact	to
form	a	channel	and	an	extracellular	binding	site	for	ACh	and	other	mediators	as
well.	As	mentioned	previously,	simultaneous	binding	of	 two	ACh	molecules	to
αδ	and	αε	subunits	of	an	nAChR	initiates	opening	of	the	channel	and	a	flow	of
cations	 down	 their	 electrochemical	 gradient.	 In	 the	 absence	 of	 ACh	 or	 other
mediators,	 the	 stable	 closed	 state	 (a	 major	 function	 of	 ε/γ	 subunits)	 normally
precludes	channel	opening.

Adult	skeletal	muscle	retains	the	ability	to	synthesize	not	only	adult-but	also
fetal	(often	called	 immature	or	extrajunctional)-nAChRs.	The	synthesis	of	fetal
nAChRs	may	be	triggered	in	response	to	altered	neuronal	input,	such	as	loss	of
nerve	 function	 or	 prolonged	 immobility,	 or	 in	 the	 presence	 of	 certain	 disease
states.	 The	 major	 difference	 between	 fetal-	 and	 adult-nAChRs	 is	 that	 fetal
receptors	migrate	across	the	entire	membrane	surface	and	adult	ones	are	mostly
confined	to	the	muscle	end	plate.	In	addition,	these	fetal	nAChRs	have	a	much
shorter	half-life,	are	more	ionically	active	with	prolonged	open	channel	time	that
exaggerates	 the	K+	 efflux,	 and	 are	much	more	 sensitive	 to	 depolarizing	 agents
such	 as	 succinylcholine	 and	 resistant	 to	 nondepolarizing	 neuromuscular



blockers.
The	 functional	 difference	 between	 depolarizing	 and	 nondepolarizing

neuromuscular	 blockers	 lies	 in	 their	 interaction	 with	 AChRs.	 Depolarizing
neuromuscular	blockers	are	structurally	similar	to	ACh	and	bind	to	and	activate
AChRs.	Nondepolarizing	neuromuscular	blockers	are	competitive	antagonists.

DEPOLARIZING	NEUROMUSCULAR	BLOCKERS
2 	Succinylcholine	is	the	only	depolarizing	neuromuscular	blocker	in	clinical	use.
Its	 use	 is	 limited	 to	 facilitating	 rapid-sequence	 intubation	 in	 the	 emergency
setting.	 Succinylcholine	 mimics	 the	 effects	 of	 ACh	 by	 binding	 to	 the	 ACh
receptor	 and	 inducing	 a	 persistent	 depolarization	 of	 the	 muscle	 fiber.	 Muscle
contraction	remains	inhibited	until	succinylcholine	diffuses	away	from	the	motor
end	 plate	 and	 is	 metabolized	 by	 serum	 butyrylcholinesterase
(pseudocholinesterase).	 The	 clinical	 effect	 of	 succinylcholine	 is	 a	 brief
excitatory	 period,	 with	 muscular	 fasciculations	 followed	 by	 neuromuscular
blockade	and	flaccid	paralysis.	The	 intravenous	dose	of	succinylcholine	 is	1	 to
1.5	mg/kg	 and	offers	 the	most	 rapid	onset	 of	 action	 (60-90	 s)	 of	 the	NMBAs.
Recovery	 to	 90%	muscle	 strength	 after	 an	 intravenous	 dose	 of	 1	mg/kg	 takes
from	9	to	13	min.

2 	 Potential	 adverse	 drug	 events	 associated	 with	 succinylcholine	 include
hypertension,	 arrhythmias,	 increased	 intracranial	 and	 intraocular	 pressure,
hyperkalemia,	 malignant	 hyperthermia,	 myalgias,	 and	 prolonged	 paralysis.
Neuromuscular	blockade	can	persist	for	hours	in	patients	with	genetic	variants	of
pseudocholinesterase	 isoenzymes.	 Contraindications	 to	 succinylcholine	 use
include	major	 thermal	burns,	 significant	crush	 injuries,	 spinal	cord	 transection,
malignant	 hyperthermia,	 and	 upper	 or	 lower	motor	 neuron	 lesions.	 Caution	 is
also	advised	in	patients	with	open-globe	injuries,	renal	failure,	serious	infections,
near-drowning	victims,	and	immobilization	beyond	2	weeks.

NONDEPOLARIZING	NMBAS
3 	Nondepolarizing	NMBAs	function	as	competitive	antagonists	and	inhibit	ACh
binding	 to	postsynaptic	nAChRs	on	 the	motor	 end	plate.	They	 are	 categorized
into	 two	classes	on	 the	basis	of	 chemical	 structure:	benzylisoquinoliniums	and
aminosteroids.	Within	each	of	 these	classes,	 the	 therapeutic	agents	may	further
be	 categorized	 as	 short-acting,	 intermediate-acting,	 or	 long-acting	 agents.	 The



benzylisoquinolinium	agents	commonly	used	in	the	critical	care	setting	include
atracurium,	 cisatracurium,	 and	 doxacurium,	 whereas	 the	 aminosteroid	 agents
include	vecuronium,	rocuronium,	pancuronium,	and	pipecuronium.

The	nondepolarizing	NMBAs	are	administered	by	the	intravenous	route	and
have	volumes	of	distribution	(V	ds)	ranging	from	0.2	to	0.3	L/kg	in	adults.

A	 clinical	 relationship	 exists	 between	 the	 time	 to	 onset	 of	 paralysis	 and
neuromuscular	 blocker	 dosing,	 drug	 distribution,	 and	ACh	 receptor	 sensitivity.
An	important	factor	to	consider	is	V	d,	which	may	change	as	a	result	of	disease
processes.	 Cirrhotic	 liver	 disease	 and	 chronic	 renal	 failure	 often	 result	 in	 an
increased	V	 d	 and	 decreased	 plasma	 concentration	 for	 a	 given	 dose	 of	 water-
soluble	drugs.	However,	drugs	dependent	on	renal	or	hepatic	excretion	may	have
a	 prolonged	 clinical	 effect.	 Therefore,	 a	 larger	 initial	 dose	 but	 smaller
maintenance	dose	may	be	appropriate.

Alterations	 in	 V	 d	 affect	 both	 peak	 neuromuscular	 blocker	 serum
concentrations	 and	 time	 to	 paralysis.	 The	 pharmacokinetic	 and
pharmacodynamic	 principles	 of	 commonly	 used	 NMBAs	 are	 summarized	 in
Table	4.1.

TABLE	4.1

Pharmacokinetic	and	Pharmacodynamic	Principles	of
Nondepolarizing	Neuromuscular	Blockers

Benzylisoquinolinium	Agents

Cisatracurium
(Nimbex)

Atracurium
(Tracrium)

Doxacurium
(Nuromax)

Introduced 1996 1983 1991

95%	Effective
dose	(mg/kg)

0.05 0.25 0.025-0.030

Initial	dose
(mg/kg)

0.1-0.2 0.4-0.5 Up	to	0.1

Onset	(min) 2-3 3-5 5-10



Duration	(min) 45-60 25-35 120-150

Half-life	(min) 22-31 20 70-100

Infusion	dose
(μg/kg/min)

2.5-3.0 4-12 0.3-0.5

Recovery	(min) 90 40-60 120-180

%	Renal	excretion Hofmann
elimination

5-10	(Hofmann
elimination)

70

Renal	failure No	change No	change Increase	to	no
change

%	Biliary
excretion

Hofmann
elimination

Minimal Unclear

Hepatic	failure Minimal	to	no
change

Minimal	to	no
change

?

Active
metabolites

None,	but
laudanosine

None,	but
laudanosine

?

Histamine
hypotension

No Dose	dependent No

Vagal	block
tachycardia

No No No

Ganglionic	block
hypotension

No Minimal	to	none No

Prolonged	block
reported

Rare Rare Yes

Aminosteroidal	Agents

Pancuronium
(Pavulon)

Vecuronium
(Norcuron)

Pipecuronium
(Arduan)

Rocuronium
(Zemuron)

Introduced 1972 1984 1991 1994



95%
Effective
dose
(mg/kg)

0.07 0.05 0.05 0.30

Initial	dose
(mg/kg)

0.1 0.1 0.085-0.100 0.6-1.0

Onset	(min) 2-3 3-4 5 1-2

Duration
(min)

90-100 35-45 90-100 30

Half-life
(min)

120 30-80 100 —

Infusion
dose
(μg/kg/min)

1-2 1-2 0.5-2.0 10-12

Recovery
(min)

120-180 45-60 55-160 20-30

%	Renal
excretion

45-70 50 50+ 33

Renal
failure

↑	Effect ↑	Effect ↑	Duration Minimal

%	Biliary
excretion

10-15 35-50 Minimal <75

Hepatic
failure

Mild	↑	effect Mild	↑	effect Minimal Moderate

Active
metabolites

3-OH	and	17-
OH
pancuronium

3-Desacetyl
vecuronium

None None

Histamine
hypotension

No No No No

Vagal	block
tachycardia

Modest	to
marked

No No At	high	doses



Ganglionic
block
hypotension

No No No No

Prolonged
ICU	block

Yes Yes No No

↑,	increased;	ICU,	intensive	care	unit.
Modified	from	Grenvik	A,	Ayres	SM,	Holbrook	PR,	et	al.	Textbook	of	Critical	Care.	4th	ed.	WB
Saunders;	2000.	Watling	SM,	Dasta	JF.	Prolonged	paralysis	in	intensive	care	unit	patients	after
the	use	of	neuromuscular	blocking	agents:	a	review	of	the	literature.	Crit	Care	Med.
1994;22(5):884.

Atracurium
Atracurium	 is	 an	 intermediate-acting	 nondepolarizing	 agent.	 Neuromuscular
paralysis	 typically	occurs	between	3	and	5	min	and	lasts	25	to	35	min	after	an
initial	 bolus	 dose.	Atracurium	 undergoes	 ester	 hydrolysis	 as	well	 as	Hofmann
degradation,	 a	nonenzymatic	breakdown	process	 that	occurs	 at	physiologic	pH
and	 body	 temperature,	 independent	 of	 renal	 or	 hepatic	 function.	 Renal	 and
hepatic	 dysfunction	 should	 not	 affect	 the	 duration	 of	 neuromuscular	 paralysis.
The	neuroexcitatory	metabolite	 laudanosine	 is	 renally	excreted.	Laudanosine	 is
epileptogenic	 in	 animals	 and	may	 induce	 central	 nervous	 system	 excitation	 in
patients	 with	 renal	 failure	 who	 are	 receiving	 prolonged	 atracurium	 infusions.
Atracurium	may	induce	histamine	release	after	rapid	administration.

Cisatracurium
Cisatracurium	 and	 atracurium	 are	 similar	 intermediate-acting	 nondepolarizing
agents.	 A	 bolus	 dose	 of	 0.2	 mg/kg	 of	 cisatracurium	 usually	 results	 in
neuromuscular	 paralysis	 within	 1.5	 to	 2.5	min	 and	 lasts	 45	 to	 60	min.	When
compared	with	atracurium,	cisatracurium	is	three	times	as	potent	and	has	a	more
desirable	 adverse	 drug	 event	 profile,	 including	 lack	 of	 histamine	 release,
minimal	 cardiovascular	 effects,	 and	 less	 interaction	with	 autonomic	 ganglia.	 It
also	undergoes	 ester	 hydrolysis	 as	well	 as	Hofmann	degradation.	Additionally,
plasma	laudanosine	concentrations	after	cisatracurium	administration	are	5	to	10
times	lower	than	those	detected	after	atracurium	administration.



Rocuronium
Rocuronium	is	the	fastest	onset,	shortest	acting	aminosteroidal	NMBA.	A	bolus
dose	of	0.6	mg/kg	usually	results	in	neuromuscular	paralysis	within	60	to	90	s.	It
may	 be	 considered	 an	 alternative	 to	 succinylcholine	 for	 rapid-sequence
intubation	at	a	higher	dose	(1.2	mg/kg).	Rocuronium	is	primarily	eliminated	in
the	 liver	and	bile.	Hepatic	or	renal	dysfunction	may	reduce	drug	clearance	and
prolong	recovery	time.

Vecuronium
An	initial	intravenous	bolus	dose	of	0.1	mg/kg	of	vecuronium	typically	results	in
neuromuscular	paralysis	within	3	to	4	min	and	lasts	35	to	45	min.	Vecuronium
lacks	 vagolytic	 effects,	 such	 as	 tachycardia	 and	 hypertension,	 and	 produces
negligible	 histamine	 release.	 Hepatic	 metabolism	 produces	 three	 active
metabolites.	 Both	 vecuronium	 and	 its	 active	 metabolites	 are	 renally	 excreted.
There	 is	potential	 for	prolonged	neuromuscular	paralysis	 in	patients	with	 renal
dysfunction	receiving	vecuronium	by	continuous	infusion.

Pancuronium
Pancuronium	is	a	long-acting	nondepolarizing	agent	that	is	structurally	similar	to
vecuronium.	 Unique	 features	 of	 pancuronium	 are	 its	 vagolytic	 and
sympathomimetic	 activities	 and	 potential	 to	 induce	 tachycardia,	 hypertension,
and	increased	cardiac	output.	Renal	dysfunction	may	result	in	the	accumulation
of	pancuronium	and	its	metabolites.

Doxacurium
Doxacurium	 is	 the	most	 potent	 nondepolarizing	 agent	 available,	 but	 it	 has	 the
slowest	 onset	 (as	 long	 as	 10	 min).	 It	 is	 practically	 devoid	 of	 histaminergic,
vagolytic,	or	sympathomimetic	effects.	Doxacurium	has	significantly	prolonged
effects	in	patients	with	renal	dysfunction	and,	to	a	lesser	extent,	hepatic	disease.

Pipecuronium
Pipecuronium	is	structurally	related	to	pancuronium,	and	its	duration	of	action	is
90	 to	 100	 min,	 making	 it	 the	 longest	 acting	 NMBA.	 When	 compared	 with



pancuronium,	 pipecuronium	 has	 a	 longer	 duration	 of	 action,	 less	 histamine
release,	and	minimal	cardiovascular	effects.

REVERSAL	AGENTS
3 	 The	 clinical	 effects	 of	 nondepolarizing	 neuromuscular	 blockers	 can	 be
reversed	 by	 acetylcholinesterase	 inhibitors	 (anticholinesterases).	 These	 agents
increase	 the	 synaptic	 concentration	 of	 ACh	 by	 preventing	 its	 synaptic
degradation	 and	 allow	 it	 to	 competitively	 displace	 nondepolarizing	 NMBAs
from	postsynaptic	nAChRs	on	 the	motor	 end	plate.	Because	 anticholinesterase
drugs	 (eg,	 neostigmine,	 edrophonium,	 and	 pyridostigmine)	 also	 inhibit
acetylcholinesterase	 at	muscarinic	 receptor	 sites,	 they	 are	 used	 in	 combination
with	 the	 antimuscarinic	 agents	 (eg,	 atropine	 or	 glycopyrrolate)	 to	 minimize
adverse	 muscarinic	 effects	 (ie,	 bradycardia,	 excessive	 secretions,	 and
bronchospasm)	 while	 maximizing	 nicotinic	 effects.	 Typical	 combinations
include	neostigmine	and	glycopyrrolate	(slower	acting	agents)	and	edrophonium
and	atropine	(faster	acting	agents).

3 	 Sugammadex	 is	 a	 new	 and	 novel	 agent	 (modified	 γ-cyclodextrin)	 that
reverses	 rocuronium	 and	 vecuronium	by	 selectively	 binding	 and	 encapsulating
the	NMBA.6	One	of	the	advantages	of	sugammadex	is	the	rapid	reversal	of	the
profound	neuromuscular	block	induced	by	the	high	dose	of	rocuronium	needed
for	the	rapid-sequence	induction7,8—an	effect	 that	 is	equivalent	 to,	 if	not	better
than,	 the	 spontaneous	 recovery	 from	 succinylcholine.	 Hence,
rocuronium/sugammadex	may	prove	 to	 be	 an	 effective	 and	 safer	 alternative	 to
succinylcholine	in	cases	of	the	difficult	airway	and	contraindications	to	the	use
of	succinylcholine.	Sugammadex	is	also	useful	as	a	reversal	agent	whenever	the
blockade	 is	 profound,	 and	 there	 is	 an	 advantage	 for	 a	 timely	 reversal.8	 A
Cochrane	systematic	review	concluded	that	sugammadex	was	not	only	effective
but	 also	 equally	 safe	 when	 compared	 with	 placebo	 and	 neostigmine.9
Sugammadex	was	approved	for	use	in	the	United	States	in	2015.	In	addition	to
anaphylaxis,	 the	 Food	 and	 Drug	 Administration	 cautioned,	 in	 its	 approval
statement,	 about	 marked	 bradycardia	 and	 cardiac	 arrest	 that	 can	 be	 observed
within	minutes	of	the	administration	of	sugammadex.

DRUG	INTERACTIONS
4 	A	substantial	number	of	medications	commonly	used	in	clinical	practice	have



the	potential	for	interaction	with	NMBAs.	These	interactions	typically	influence
the	 degree	 and	 duration	 of	 clinical	 effects	 through	 either	 potentiation	 of,	 or
resistance	 to,	 neuromuscular	 blockade.	 The	 most	 clinically	 relevant	 drug
interactions	with	NMBA	are	discussed	here	and	summarized	in	Table	4.2.

TABLE	4.2

Drug	Interactions	With	Neuromuscular	Blocking	Agents

Therapeutic	Agent Potential	Interaction

Antibiotics

Aminoglycosides Potentiate	blockade;	decreased	acetylcholine	release

Tetracyclines Potentiate	blockade

Clindamycin	and
lincomycin

Potentiate	blockade

Vancomycin Potentiate	blockade

Sedative/anesthetics Potentiate	blockade

Cardiovascular	agents

Furosemide Low	doses:	potentiate	blockade;	high	doses:
antagonize	blockade

β-Blockers Potentiate	blockade

Procainamide Potentiate	blockade

Quinidine Potentiate	blockade

Calcium	channel
blockers

Potentiate	blockade

Methylxanthines Antagonize	blockade

Antiepileptic	drugs Acute:	potentiate	blockade;	chronic:	resistance	to
blockade



Phenytoin
carbamazepine

Resistance	to	blockade

Ranitidine Antagonize	blockade

Lithium Potentiate	blockade

Immunosuppressive	agents

Azathioprine Mild	antagonism;	phosphodiesterase	inhibition

Cyclosporin Potentiate	blockade

Corticosteroids Potentiate	steroid	myopathy

Local	anesthetics Potentiate	blockade

Adapted	from	Buck	ML,	Reed	MD.	Use	of	nondepolarizing	neuromuscular	blocking	agents	in
mechanically	ventilated	patients.	Clin	Pharm.	1991;10(1):32.

Aminoglycosides	 and	 other	 antibiotics	 (eg,	 tetracyclines,	 clindamycin,	 and
vancomycin)	have	the	ability	to	potentiate	neuromuscular	blockade	and	prolong
the	 action	 of	 nondepolarizing	 agents	 through	 mechanisms	 including	 the
inhibition	 of	 presynaptic	 ACh	 release,	 reduction	 in	 postsynaptic	 receptor
sensitivity	 to	 ACh,	 blockade	 of	 cholinergic	 receptors,	 and	 impairment	 of	 ion
channels.	Penicillin	and	cephalosporin	antibiotics	do	not	 interact	with	NMBAs
and	thus	do	not	influence	the	degree	of	neuromuscular	blockade.

Local,	 inhalational,	 and	 intravenous	 anesthetic	 and	 sedative	 agents	 may
potentiate	 neuromuscular	 blockade.	 Local	 anesthetics	 reduce	 ACh	 release	 and
decrease	 muscle	 contractions	 through	 direct	 membrane	 effects,	 whereas
inhalational	anesthetics	desensitize	the	postsynaptic	membrane	and	also	depress
muscle	contractility.

Cardiovascular	 drugs	 such	 as	 furosemide,	 procainamide,	 quinidine,	 β-
blockers,	 and	 calcium	 channel	 blockers	 have	 the	 ability	 to	 potentiate
neuromuscular	blocking	effects.

Chronic	antiepileptic	therapy,	specifically	phenytoin	and	carbamazepine,	can
increase	 the	 resistance	 to	 neuromuscular	 blocking	 effects,	 whereas	 the	 acute
administration	 of	 phenytoin	 potentiates	 neuromuscular	 blockade.	 Chronic
phenytoin	therapy	appears	to	induce	an	upregulation	of	ACh	receptors,	resulting
in	decreased	postsynaptic	sensitivity.	Carbamazepine	has	been	shown	to	induce
resistance	 and	 shorten	 recovery	 times	 in	 combination	 with	 both	 pancuronium
and	vecuronium,	possibly	resulting	from	competition	at	the	NMJ.



MONITORING	OF	NMBAS
5 	 Current	 guidelines	 recommend	 the	 routine	 monitoring	 of	 depth	 of
neuromuscular	 blockade	 in	 critically	 ill	 patients.1	 It	 is	 important	 to	 remember
that	NMBAs	have	no	analgesic	or	sedative	effects.	Careful	clinical	monitoring	of
the	patient	 for	 signs	consistent	with	 inadequate	 sedation	or	 analgesia—such	as
tachycardia,	 hypertension,	 salivation,	 or	 lacrimation—while	 receiving	NMBAs
is	important.	A	recommendation	to	use	monitors	such	as	the	Bispectral	Index	or
the	 Patient	 State	 Index	 to	 ensure	 adequate	 depth	 of	 sedation	 while	 receiving
NMBAs	 seems	 reasonable;	 however,	 more	 studies	 are	 needed	 to	 determine
whether	these	monitors	are	reliable	and	cost-effective	in	the	critical	care	setting
and	whether	 they	contribute	 to	 improved	outcomes.10,11	The	modality	of	choice
to	monitor	 the	 depth	 of	 nondepolarizing	 neuromuscular	 blockade	 at	 present	 is
train-of-four	 (TOF)	 monitoring.	 To	 determine	 the	 depth	 of	 blockade,	 four
supramaximal	stimuli	are	applied	to	a	peripheral	nerve	(ideally,	the	ulnar	nerve
to	assess	an	evoked	response	of	the	adductor	pollicis	muscle)	every	0.5	seconds
(2	Hz).	Each	stimulus	 in	 the	 train	causes	 the	muscle	 to	contract,	and	“fade”	 in
the	 response	 provides	 the	 basis	 for	 evaluation.	 To	 obtain	 the	 TOF	 ratio,	 the
amplitude	 of	 the	 fourth	 response	 is	 divided	 by	 the	 amplitude	 of	 the	 first
response.	Before	 administration	 of	 a	 nondepolarizing	muscle	 relaxant,	 all	 four
responses	 are	 ideally	 the	 same:	 the	 TOF	 ratio	 is	 1:1.	 During	 a	 partial
nondepolarizing	block,	 the	ratio	decreases	 (fades)	and	 is	 inversely	proportional
to	the	degree	of	blockade.

Three	 prospective	 clinical	 trials	 have	 examined	 the	 question	 whether	 the
routine	 use	 of	TOF	monitoring	 in	 the	 ICU	will	 increase	 the	 cost-effectiveness
and	 decrease	 the	 incidence	 of	 prolonged	 neuromuscular	 weakness.	 TOF
monitoring	 for	 vecuronium	 appears	 to	 improve	 the	 outcome	 and	 decrease	 the
cost	 of	 therapy.	 However,	 these	 outcomes	 could	 not	 be	 demonstrated	 for	 the
benzylisoquinolinium	agents,	atracurium	and	cisatracurium.12-14

Quantitative	devices	are	increasingly	used	to	monitor	 the	depth	and	reversal
of	 neuromuscular	 blockade	 in	 the	 perioperative	 setting,	 but	 their	 use	 has	 not
been	extended	to,	or	studied	in,	the	critical	care	setting.

ADVERSE	EFFECTS	OF	DEPOLARIZING	AND
NONDEPOLARIZING	NMBAS	IN	CRITICALLY	ILL
PATIENTS



The	 majority	 of	 patients	 hospitalized	 in	 an	 ICU	 will	 undergo	 postsynaptic
upregulation	 of	 nAChRs	 due	 to	 immobility,	 upper	 and/or	 lower	motor	 neuron
lesions,	 and/or	 pharmacological	 denervation	 (such	 as	 NMBAs	 and
aminoglycoside	antibiotics).	As	outlined	previously,	immature	receptors	are	not
confined	 to	 the	 NMJ	 proper	 but	 can	 be	 found	 over	 the	 entire	 surface	 of	 the
skeletal	 muscle	 (Figure	 4.1).	 This	 will	 lead	 to	 increased	 sensitivity	 to
depolarizing	 NMBAs	 and	 decreased	 sensitivity	 to	 nondepolarizing	 NMBAs.
Furthermore,	 these	 changes	 in	 receptor	 distribution	 and	 physiology	 put	 the
patient	 at	 a	 heightened	 risk	 of	 succinylcholine-induced	 hyperkalemia.	 This	 is
based	on	 the	 fact	 that	 immature	 (fetal)	nAChRs	are	 low	conductance	channels
with	prolonged	opening	times	and	significantly	higher	potassium	efflux	into	the
systemic	 circulation	 as	 compared	 to	 mature	 (adult)	 nAChRs.	 Furthermore,
succinylcholine	 is	 metabolized	 more	 slowly	 as	 compared	 to	 ACh,	 thus
prolonging	the	“open”	state	of	the	immature	receptors.	Although	upregulation	of
receptors	during	periods	of	immobilization	has	been	described	as	early	as	6	to	12
hours	 into	 the	 disease	 process,	 clinical	 studies	 suggest	 that	 succinylcholine-
induced	 hyperkalemia	 is	 unlikely	 to	 occur	 within	 14	 days	 of	 immobility.15	 In
contrast,	a	 reduction	 in	 the	number	of	postsynaptic	nAChRs,	such	as	occurs	 in
myasthenia	gravis,	results	in	resistance	to	depolarizing	and	increased	sensitivity
to	 nondepolarizing	 NMBAs.	 For	 conditions	 associated	 with	 the	 potential	 for
ACh	receptor	upregulation,	see	Table	4.3.

	

Figure	 4.1 	 Schematic	 of	 the	 succinylcholine	 (SCh)-induced
potassium	 release	 in	 an	 innervated	 (top)	 and	 denervated	 (bottom)
muscle.In	 the	 innervated	muscle,	 the	systemically	administered	SCh
reaches	 all	 of	 the	 muscle	 membrane	 but	 depolarizes	 only	 the



junctional	 (a1,	 b1,	 d,	 e)	 receptors	 because	 acetylcholine	 receptors
(AChRs)	are	located	only	in	this	area.	With	denervation,	the	muscle
(nuclei)	expresses	not	only	extrajunctional	(a1,	b1,	d,	g)	AChRs	but
also	 7AChRs	 throughout	 the	 muscle	 membrane.	 Systemic
succinylcholine,	 in	 contrast	 to	 acetylcholine	 released	 locally,	 can
depolarize	all	of	the	upregulated	AChRs,	leading	to	massive	efflux	of
intracellular	potassium	into	the	circulation,	resulting	in	hyperkalemia.
The	metabolite	 of	 SCh,	 choline,	 and	 possibly	 succinylmonocholine
can	 maintain	 this	 depolarization	 via	 7AChRs,	 enhancing	 the
potassium	release	and	maintaining	the	hyperkalemia.(Reprinted	with
permission	 from	Martyn	JA,	Richtsfeld	M.	Succinylcholine-induced
hyperkalemia	 in	 acquired	 pathologic	 states:	 etiologic	 factors	 and
molecular	mechanisms.	Anesthesiology.	2006;104:158.)

TABLE	4.3

Conditions	Associated	With	the	Potential	for	Nicotinic
Acetylcholine	Receptor	Upregulation

Severe	infection/systemic	inflammatory	response	syndrome	(SIRS)
Muscle	atrophy	associated	with	prolonged	immobility
Thermal	injury
Upper	and/or	lower	motor	neuron	defect
Prolonged	pharmacologic	or	chemical	denervation	(eg,	neuromuscular
blocking	agents	(NMBAs),	magnesium,	aminoglycoside	antibiotics,	and
clostridial	toxins)

INTENSIVE	CARE	UNIT–ACQUIRED	WEAKNESS
6 	 ICUAW	 is	 a	 term	used	 to	describe	 all	weaknesses	 developed	 in	 critically	 ill
patients	after	 the	onset	of	 illness	and	 in	 the	absence	of	any	 identifiable	causes.



ICUAW	 is	 further	 classified	 into	 three	 entities:	 critical	 illness	 polyneuropathy
(CIP),	 critical	 illness	myopathy	 (CIM),	 and	 critical	 illness	 neuromyopathy.16,17
These	 conditions	 occur	 in	 up	 to	 50%	 to	 70%	 of	 patients	 meeting	 diagnostic
criteria	for	the	systemic	inflammatory	response	syndrome	as	well	as	in	patients
immobilized	 and	 on	 mechanical	 ventilation	 for	 more	 than	 a	 week.18	 They
manifest	 as	 limb	 weakness	 and	 difficulty	 in	 weaning	 from	 the	 mechanical
ventilator.	 Nondepolarizing	 NMBAs	 of	 both	 classes,	 aminosteroids	 and
benzylisoquinoliniums,	 have	 been	 associated	 with	 the	 development	 of	 these
neuromuscular	 disorders19;	 however,	 the	 etiology	 appears	 to	 be	 multifactorial
and	 includes	 alterations	 in	 microvascular	 blood	 flow	 in	 conditions	 of
sepsis/systemic	 inflammatory	 response	 syndrome	 and	 the	 concomitant
administration	of	corticosteroids.18	There	 is	evidence	suggesting	 that	high-dose
corticosteroids	 have	 direct	 physiologic	 effects	 on	muscle	 fibers,	 resulting	 in	 a
typical	myopathy	with	loss	of	thick-filament	proteins.	Atrophy	and	weakness	are
observed	primarily	 in	 the	muscles	 of	 the	 trunk	 and	 extremities,	 and	 functional
denervation	of	muscle	with	NMBAs	in	conjunction	with	corticosteroid	 therapy
seems	to	heighten	the	risk	of	myopathy.19	Furthermore,	both	methylprednisolone
and	 hydrocortisone	 antagonize	 nAChRs,	 possibly	 potentiating	 the	 effects	 of
NMBAs.20	A	differential	diagnosis	of	weakness	 in	 ICU	patients	 is	presented	 in
Table	4.4.

TABLE	4.4

Weakness	in	Intensive	Care	Unit	Patients:	Etiologies	and
Syndromes

Prolonged	recovery	from	neuromuscular	blocking	agents	(secondary	to
parent-drug,	drug-metabolite,	or	drug-drug	interaction)
Myasthenia	gravis
Eaton-Lambert	syndrome
Muscular	dystrophy
Guillain-Barré	syndrome
Central	nervous	system	injury	or	lesion



Spinal	cord	injury
Steroid	myopathy
Mitochondrial	myopathy
Human	immunodeficiency	virus–related	myopathy
Critical	illness	myopathy
Disuse	atrophy
Critical	illness	polyneuropathy
Severe	electrolyte	toxicity	(eg,	hypermagnesemia)

Severe	electrolyte	deficiency	(eg,	hypophosphatemia)

Adapted	with	permission	from	Murray	MJ,	Cowen	J,	DeBlock	H,	et	al.	Clinical	practice	guidelines
for	sustained	neuromuscular	blockade	in	the	adult	critically	ill	patient.	Crit	Care	Med.
2002;30(1):142.

Critical	Illness	Polyneuropathy
Electrophysiologic	 findings	 of	 CIP	 are	 consistent	 with	 a	 primary,	 axonal
degeneration,	 resulting	 in	 reduction	 in	 amplitudes	 of	 the	 compound	 muscle
action	potential	and	sensory	nerve	action	potential.	Although	several	case	reports
have	suggested	that	NMBAs	are	causative	agents	in	the	etiology	of	this	disorder,
prospective	studies	of	CIP	have	not	confirmed	a	correlation	between	the	use	of
NMBAs,	steroids,	and	CIP.21

Critical	Illness	Myopathy
CIM	can	occur	in	association	with,	or	independently	of,	CIP.	A	group	of	several
myopathies	of	critical	 illness	 is	now	 thought	 to	be	part	of	 the	same	syndrome;
these	 include	 acute	 quadriplegic	 myopathy,	 critical	 care	 myopathy,	 acute
corticosteroid	 myopathy,	 acute	 hydrocortisone	 myopathy,	 acute	 myopathy	 in
severe	asthma,	and	acute	corticosteroid	and	pancuronium-associated	myopathy.22
The	major	 feature	 of	 this	 syndrome	 is	 flaccid,	 diffuse	weakness,	 involving	 all
limb	muscles	and	neck	flexors,	and	often	the	facial	muscles	and	diaphragm.	As
with	CIP,	this	can	result	in	difficulty	to	wean	from	mechanical	ventilation.	The
syndrome	 is	 more	 difficult	 to	 diagnose	 than	 CIP,	 and	 diagnostic	 evaluations
include	 electrophysiologic	 studies,	 muscle	 biopsy,	 and	 laboratory	 evaluations



(plasma	creatine	kinase	levels).	Again,	there	is	no	definitive	evidence	suggesting
that	NMBAs	are	causative	agents	for	this	syndrome	but	rather	a	component	in	a
multifactorial	 etiology.	However,	 the	 incidence	 of	CIP	 and	CIM	appears	 to	 be
higher	in	ICUs	where	these	agents	are	more	frequently	used.

Although	only	 limited	data	 are	 available	 suggesting	 that	CIP	 increases	 ICU
and	 hospital	 mortality	 in	 critically	 ill	 patients,	 CIP	 and	 CIM	 appear	 to	 be
important	causes	of	increased	morbidity	during	and	after	an	acute	care	hospital
stay.23

SUMMARY	AND	RECOMMENDATIONS
Although	there	is	currently	insufficient	evidence	to	demonstrate	an	unequivocal
link	between	 the	use	of	NMBAs	and	an	 increase	 in	morbidity	and	mortality	 in
critically	ill	patients,	it	seems	prudent	to	perform	a	careful	risk-benefit	analysis
prior	 to	 the	 administration	 of	 this	 class	 of	 drugs	 in	 the	 ICU	 setting.	 Recent
contradictory	 evidence	 in	 ARDS	 and	 severe	 sepsis	 suggests	more	 prospective
data	are	needed	to	identify	proper	indications,	selection	of	agents,	and	doses	in
the	 ICU	 setting.	 Concomitant	 use	 of	 drugs	 predisposing	 patients	 to	 the
development	 of	 ICUAW,	 like	 steroids	 and	 aminoglycoside	 antibiotics,	 should
alert	 the	 clinician	 for	 the	 increased	 risk	 in	 this	 setting.	 Succinylcholine	 can
subject	patients	who	are	immobilized	with	upper	and	lower	motor	neuron	lesions
or	 with	 burns	 to	 a	 markedly	 increased	 risk	 of	 succinylcholine-induced
hyperkalemia	 and	 should	 be	 avoided	 in	 the	 ICU	 whenever	 possible.	 For
recommendations	for	the	administration	of	NMBAs	to	ICU	patients,	please	see
Table	4.5.

TABLE	4.5

Recommendations	for	Administration	of	Neuromuscular
Blocking	Agents	(NMBAs)	to	ICU	Patients

1.	 Develop,	use,	and	document	a	standardized	approach	for	administering
and	monitoring	NMBA

2.	 Use	NMBA	only	after	optimizing	ventilator	settings	and	sedative	and



analgesic	medication	administration

3.	 Establish	the	indications	and	clinical	goals	of	neuromuscular	blockade
and	evaluate	at	least	daily

4.	 Select	the	best	NMBA	on	the	basis	of	patient	characteristics:
a.	 Use	intermittent	NMBA	therapy	if	clinical	goals	can	be	met
b.	 If	continuous	infusion	is	required	and	renal	or	hepatic	dysfunction	is

present,	select	atracurium	or	cisatracurium
5.	 Use	the	lowest	effective	dose	for	the	shortest	possible	time	(<48	h	if

possible),	particularly	if	corticosteroids	are	concomitantly	administered
6.	 Administer	adequate	analgesic	and/or	sedative	medication	during

neuromuscular	blockade	and	monitor	clinically
7.	 Systematically	anticipate	and	prevent	complications,	including	provision

of	eye	care,	careful	positioning,	physical	therapy,	and	DVT	prophylaxis
8.	 Avoid	the	use	of	medications	that	affect	NMBA	actions
9.	 Adjust	NMBA	dosage	to	achieve	clinical	goals	(ie,	patient-ventilator

synchrony,	apnea,	or	complete	paralysis)
10.	 Periodically	(ie,	at	least	once	or	twice	daily)	perform	NMBA	dosage

reduction,	and	preferably	cessation	(drug	holiday)	if	clinically	tolerated,
to	determine	whether	neuromuscular	blockade	is	still	needed	and	to
perform	physical	and	neurologic	examination

11.	 Periodically	perform	and	document	a	clinical	assessment	in	which
spontaneous	respiration,	as	well	as	limb	movement,	and/or	the	presence
of	DTRs	is	observed	during	steady-state	infusion	and/or	during	dosage
reduction/cessation.	With	deep	blockade,	muscle	activity	may	be	present
only	during	dosage	reduction/cessation

12.	 Perform	and	document	scheduled	(ie,	every	4-8	h)	TOF	and	adjust
dosage	to	achieve	one-fourth	or	more	twitches.	If	clinical	goals	cannot	be
met	when	one-fourth	or	more	twitches	are	present	during	steady-state



infusion,	demonstrate	one-fourth	or	more	twitches	during	dosage
reduction/cessation.	Consider	TOF	testing	in	all	patients

DTRs,	deep	tendon	reflexes;	DVT,	deep	venous	thrombosis;	EEG,	electroencephalogram;	TOF,
train	of	four.

Modified	with	permission	by	Georg	Thieme	Verlag	KG,	Gehr	LC,	Sessler	CN.	Neuromuscular
blockade	in	the	intensive	care	unit.	Semin	Respir	Crit	Care	Med.	2001;22:175	©	Georg	Thieme
Verlag	KG.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	45-year-old	man	requires	emergency	intubation	for	acute	respiratory
failure	10	days	after	sustaining	major	trauma	and	thoracic	spine	injury.	Which	of
the	following	agents	is	MOST	preferred	to	facilitate	intubation?

A. 	Cisatracurium
B. 	Pancuronium
C. 	Rocuronium
D. 	Succinylcholine

2. 	Which	of	the	following	medications,	when	chronically	used,	is	MOST
likely	to	increase	the	resistance	to	neuromuscular	blockade?

A. 	Aminoglycosides
B. 	Calcium	channel	blockers
C. 	Phenytoin
D. 	Propofol

3. 	Administration	of	succinylcholine	is	MOST	likely	to	cause	hyperkalemic
cardiac	arrest	in	which	of	the	following	conditions?

A. 	Acute	thrombotic	stroke
B. 	Four	days	following	T4	spinal	injury	with	paraplegia
C. 	Gram	negative	sepsis
D. 	ICU	stay	of	greater	than	14	days



Answers

1.	The	correct	answer	is	C.
Rationale:	 Rocuronium	 is	 the	 preferred	 neuromuscular	 blocking	 agent

because	of	its	fast	onset	and	the	availability	of	sugammadex	for	reversal	in	case
of	 difficulty	 with	 intubation.	 Succinylcholine	 is	 an	 ideal	 medication	 for	 rapid
sequence	 intubation,	 but	 the	 risk	 of	 exaggerated	 hyperkalemia	 is	 very	 high	 in
this	 setting	 (D	 is	 incorrect).	 Cisatracurium	 and	 pancuronium	 are	 not	 preferred
due	 to	 their	 slower	 onset,	 as	 well	 as	 the	 inability	 of	 sugammadex	 to	 reverse
benzylisoquinolinium-based	 relaxants	 such	 as	 cisatracurium,	 and	 the	 higher
doses	of	sugammadex	required	to	reverse	pancuronium	(A	and	B	are	not	the	best
answers).

2.	The	correct	answer	is	C.
Rationale:	 Chronic	 phenytoin	 therapy	 can	 increase	 the	 resistance	 to

neuromuscular	blocking	effects,	whereas	 the	 acute	 administration	of	phenytoin
potentiates	 neuromuscular	 blockade	 (C	 is	 correct).	 Aminoglycosides	 and
calcium	channel	blockers	will	potentiate	neuromuscular	blockade	(choices	A	and
B	 are	 incorrect).	 Propofol	 does	 not	 increase	 the	 resistance	 to	 neuromuscular
blockade	(choice	D	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 Although	 all	 four	 conditions	 can	 be	 associated	 with

succinylcholine-induced	 hyperkalemic	 arrest,	 but	 this	 is	 most	 likely	 to	 occur
after	spinal	cord	injury	(choice	B	is	correct).
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Chapter	5
Cerebrospinal	Fluid	Aspiration
Marcey	Osgood,	Gisela	I.	Banauch,	Paul	H.	Mayo

KEY	POINTS:
1.	 Cerebrospinal	fluid	access	is	a	routine	procedure	that	can	often	be

performed	by	the	bedside	healthcare	team	using	only	local
anesthetic	to	facilitate	the	diagnosis	and	management	of	numerous
conditions.	Given	the	risk	for	transtentorial	herniation,	prior	imaging
is	required	in	patients	with	altered	mental	status,	focal	neurologic
symptoms,	signs	of	increased	intracranial	pressure,	seizure,	or
suspected	mass	lesion.

2.	 Postural	post–dural	puncture	headache	is	the	most	common
complication	following	lumbar	puncture	and	is	often	related	to	the
gauge	of	the	needle,	orientation	of	insertion,	stylet	reinsertion,	and
needle	type.	Specifically,	traumatic,	Quinke	needles	are	more	often
associated	with	headache	compared	to	the	atraumatic	Sprotte	and
Whitacre	needles.

3.	 Lumbar	puncture	is	the	most	utilized	technique	for	cerebrospinal	fluid
aspiration.	Ultrasound	guidance	improves	accurate	localization	of	the
correct	interspace	leading	to	an	increase	in	successful	cerebrospinal
fluid	aspiration	while	reducing	the	number	of	needle	passes	required
and	traumatic	complications.

4.	 Multiple	other	techniques	exist	for	cerebrospinal	fluid	access	that
may	assist	in	diagnosis	and	management	that	require	specialty
training	and	personnel.

INTRODUCTION



1 	Cerebrospinal	 fluid	(CSF)	aspiration	 is	a	crucial	skill	 that	can	be	used	 in	 the
diagnosis	and	management	of	a	variety	of	critical	care	conditions.	Most	of	 the
time,	 CSF	 aspiration	 can	 be	 routinely	 and	 safely	 performed	 using	 only	 local
anesthesia	 along	with	 equipment	 readily	 accessible	 in	most	 patient	 care	 areas.
Some	 situations	 may	 require	 further	 sedation,	 especially	 in	 patients	 with
agitation	 or	 for	 infants	 and	 children.1,2	 Radiographic	 imaging	 (fluoroscopy	 or
ultrasonography)	 can	 provide	 improved	 guidance	 for	 safe	 needle	 placement
during	challenging	cases.

This	 chapter	 will	 review	 the	 indications,	 techniques,	 and	 potential
complications	 of	 CSF	 aspiration	 with	 a	 focus	 on	 lumbar	 puncture.	 However,
clinicians	should	recognize	other	techniques	requiring	specialized	equipment	and
training	are	available	for	select	cases.

CSF	plays	an	essential	role	in	the	central	nervous	system	(CNS)	to	maintain
homeostasis	within	 the	 brain	 and	 regulate	 neuronal	 function.	Abnormalities	 of
CSF	dynamics	and	composition	can	be	reflective	of	major	alterations	in	cerebral
pathophysiology.	CSF	is	produced	in	the	lateral	ventricle	by	the	choroid	plexus
through	 both	 ultrafiltration	 of	 plasma	 as	 well	 as	 active	 transport	 of	 solutes
(electrolytes,	peptides,	and	glucose)	out	of	 the	brain	parenchyma.3	CSF	flow	is
dynamic	 and	 moves	 from	 sites	 of	 secretion	 through	 the	 ventricles	 to	 the
subarachnoid	space	surrounding	the	brain	and	spinal	cord	to	be	absorbed	by	the
arachnoid	 villa	 and	 returned	 to	 the	 venous	 system.	 An	 average	 adult	 has
approximately	 150	 mL	 of	 CSF	 and	 CSF	 is	 produced	 at	 a	 rate	 of	 25	 mL/h,
replenishing	the	entire	CSF	volume	3	to	4	times	daily.3	Given	this	flow	dynamic,
there	 is	 an	 equilibrium	 reached	 that	 allows	 us	 to	 equate	 CSF	 pressure	 and
intracranial	 pressure	 (ICP).	 Knowledge	 of	 CSF	 dynamics	 and	 composition
promotes	understanding	surrounding	the	implications	of	CSF	aspiration.

Given	 that	 it	 is	 an	 ultrafiltrate	 of	 plasma,	 it	 is	 normally	 clear	 and	 colorless
with	a	paucity	of	cellular	material	and	protein.	Abnormalities	of	color	and	clarity
can	 indicate	 pathologic	 processes.	 For	 example,	 xanthochromia	 is	 a	 pink	 or
yellow	 discoloration	 of	 a	 spun	 CSF	 sample	 that	 occurs	 in	 the	 setting	 of
intracranial	hemorrhage.	The	CSF	induces	hemolysis	of	red	blood	cells	within	2
hours	 of	 the	 hemorrhage.	Xanthochromia	 can	 be	 quickly	 detected	 by	 spinning
the	 CSF	 sample	 and	 looking	 for	 discoloration.	 Use	 of	 a	 spectrophotometer
significantly	increases	the	detection	of	xanthochromia.

The	diagnostic	tests	performed	on	the	aspirated	sample	of	CSF	depend	on	the
patient’s	age,	history,	and	differential	diagnosis.	A	basic	profile	includes	glucose,
protein	values,	and	blood	cell	count	with	differential.

CSF	 glucose	 depends	 on	 blood	 glucose	 levels	 and	 is	 equivalent	 to
approximately	one-half	to	two-thirds	of	the	serum	glucose	and	slightly	higher	in



neonates.	 Glucose	 is	 transported	 into	 the	 CSF	 via	 carrier-facilitated	 diffusion,
and	 changes	 in	 spinal	 fluid	 glucose	 concentration	 lag	 blood	 levels	 by	 about	 2
hours.	Increased	CSF	glucose	is	nonspecific	and	usually	reflects	hyperglycemia.
Hypoglycorrhachia	 (abnormally	 low	 CSF	 glucose)	 can	 result	 from	 infections,
inflammatory	or	neoplastic	meningeal	disorders;	it	reflects	increased	glucose	use
by	nervous	tissue,	pathogens,	or	leukocytes	and	inhibited	transport	mechanisms.

CSF	protein	content	is	usually	less	than	0.5%	of	that	in	plasma	with	an	intact
blood-brain	 barrier.	 Albumin	 constitutes	 approximately	 75%	 of	 CSF	 protein.
There	 is	a	gradient	of	 total	protein	content	 in	 the	spinal	CSF	column,	with	 the
highest	 level	 normally	 found	 in	 the	 lumbar	 subarachnoid	 space	 at	 20	 to
50	mg/dL,	followed	by	the	cisterna	magna	at	15	to	25	mg/dL	and	the	ventricles
at	 6	 to	 12	 mg/dL.	 Although	 often	 nonspecific,	 elevated	 CSF	 protein	 is	 an
indicator	of	CNS	pathology.	A	value	exceeding	500	mg/dL	is	compatible	with	an
intraspinal	tumor	or	spinal	compression	causing	a	complete	subarachnoid	block,
meningitis,	or	blood	in	the	CSF.4	Low	protein	levels	are	seen	in	healthy	children
younger	than	2	years,	pseudotumor	cerebri,	recent	lumbar	puncture,	chronic	CSF
leak,	acute	water	intoxication,	and	leukemia.

A	 normal	 CSF	 cell	 count	 includes	 no	 erythrocytes	 and	 a	 maximum	 of	 5
leukocytes	per	milliliter.	A	greater	number	of	leukocytes	are	normally	found	in
children	(up	to	10	per	mL,	mostly	lymphocytes).	Pathologically,	increased	white
blood	cells	are	present	in	infection,	inflammation,	leukemia,	and	hemorrhage.

CEREBROSPINAL	FLUID	ACCESS

Indications
CSF	access	gives	clinicians	a	window	into	the	CNS	and	provides	knowledge	of
pathological	processes	occurring	 in	and	around	 the	brain	and	spinal	cord.	This
access	 allows	 for	measurement	 of	 ICP,	 CSF	 analysis,	 evaluation	 of	 CSF	 flow
dynamics,	 and	 an	 avenue	 for	 intrathecal	 treatments.	 There	 are	 numerous
diagnostic	 and	 therapeutic	 indications	 for	CSF	 access	 that	will	 be	 reviewed	 in
this	section.

Infection
The	 most	 common	 indication	 for	 CSF	 sampling	 is	 the	 suspicion	 of	 a	 CNS
infection.	CSF	evaluation	 is	 the	 single	most	 important	aspect	of	 the	 laboratory



diagnosis	of	meningitis	and	encephalitis.	The	analysis	usually	 includes	a	blood
cell	 count	 with	 differential;	 protein	 and	 glucose	 levels;	 and	 Gram	 stain	 and
cultures	with	antibiotic	 sensitivities.	When	 tuberculosis	or	 fungal	meningitis	 is
suspected,	 the	 fluid	 is	 analyzed	 by	 acid-fast	 stain,	 India	 ink	 preparation,
cryptococcal	antigen,	and	culture	in	appropriate	media.	More	extensive	cultures
are	helpful	for	evaluation	of	the	immunocompromised	patient.

Immunoprecipitation	 tests	 to	 identify	 bacterial	 antigens	 for	 Streptococcus
pneumoniae,	 group	 B	 streptococcus,	 Haemophilus	 influenzae,	 and	 Neisseria
meningitidis	(meningococcus)	allow	rapid	diagnosis	and	early	specific	treatment.
Polymerase	 chain	 reaction	 (PCR)	 testing	 can	 be	 performed	 on	 CSF	 for	 rapid
identification	of	an	increasing	number	of	viruses.	PCR	testing	is	routinely	used
for	 detection	 of	 herpes	 viruses,	 including	 herpes	 simplex,	 varicella	 zoster,
cytomegalovirus,	 and	 Epstein-Barr	 virus,	 as	 well	 as	 for	 toxoplasmosis	 and
Mycobacterium	 tuberculosis.5	 Multiplex	 PCR	 for	 meningitis	 and	 encephalitis
nucleic	acids	allow	detection	of	most	CNS	pathogens.6

Subarachnoid	Hemorrhage
A	nontraumatic	subarachnoid	hemorrhage	(SAH)	in	an	adult	may	result	from	a
ruptured	 aneurysm.	 A	 paroxysmal	 severe	 headache	 described	 as	 “the	 worst-
headache-of-my-life”	 or	 a	 “thunderclap	 headache”	 is	 the	 classic	 symptom	 of
aneurysmal	 rupture,	 but	 atypical	 headaches	 reminiscent	 of	 migraine	 are	 not
uncommon.	In	one	systematic	review,7	de	Falco	reported	that	sentinel	headache
occurred	 in	 10%	 to	 43%	 of	 SAH	 patients	 in	 the	 2	 weeks	 preceding	 the
hemorrhage	and	 seems	 to	be	 caused	by	a	minor	 leak	of	 an	 aneurysm.	Lumbar
puncture	 can	 be	 helpful	 with	 such	 a	 presenting	 headache	 when	 the	 head
computed	tomography	(CT)	scan	is	normal.	Typically,	SAH	patients	are	found	to
have	elevated	opening	pressure,	xanthochromia,	 elevated	protein,	 and	high	 red
blood	 cell	 counts	 with	 normal	 white	 blood	 cell	 counts	 and	 normal	 glucose.
However,	a	traumatic	lumbar	puncture	presents	a	diagnostic	dilemma	due	to	the
presence	of	red	blood	cells	 in	 the	CSF.	Differentiating	characteristics	 include	a
decreasing	red	blood	cell	count	in	tubes	collected	serially	during	the	procedure,
the	presence	of	a	fibrinous	clot	in	the	sample,	and	the	lack	of	xanthochromia.

Not	only	is	CSF	analysis	useful	 in	the	diagnosis	of	SAH	but	access	is	often
therapeutic.	SAH	can	cause	acute	obstructive	hydrocephalus	by	intraventricular
extension	 or	 obstruction	 to	 CSF	 resorptive	 mechanisms	 at	 the	 arachnoid
granulations.	The	head	CT	demonstrates	ventriculomegaly,	which	is	best	treated
by	CSF	access	and	diversion	using	an	external	ventricular	catheter.



Normal-Pressure	Hydrocephalus
Normal-pressure	hydrocephalus	is	a	form	of	communicating	hydrocephalus	that
is	 associated	with	 the	 clinical	 triad	 of	 dementia,	 gait	 abnormality,	 and	 urinary
incontinence.	There	are	several	CSF	access	procedures	 that	can	aid	 in	both	 the
diagnosis	 and	 management	 of	 normal-pressure	 hydrocephalus.	 Large-volume
(30-50	mL)	lumbar	puncture	can	be	diagnostic	when	gait	substantially	improves
following	the	CSF	removal.	Serial	lumbar	punctures	or	continuous	CSF	drainage
via	 a	 lumbar	 subarachnoid	 catheter	 can	 be	 used	 as	 diagnostic	 tests	 to	 select
patients	who	would	benefit	from	a	shunt	for	CSF	diversion.	The	results	have	a
positive	predictive	value	if	the	patient’s	gait	improves.	Lumbar	CSF	access	may
also	be	used	 for	 infusion	 tests,	measurement	of	CSF	production	 rate,	pressure-
volume	 index,	 and	outflow	 resistance	or	 absorption.	Some	studies	 suggest	 that
these	values	are	also	predictive	of	therapeutic	CSF	diversion.8,9

Idiopathic	Intracranial	Hypertension	(Pseudotumor	Cerebri)
Idiopathic	 intracranial	 hypertension	 affects	 young	 persons,	 often	 obese	 young
women.	It	produces	nonlocalizing	symptoms	and	can	cause	severe	visual	loss	if
left	untreated.10	It	may	be	associated	with	dural	sinus	and	internal	jugular	venous
thrombosis,	head	injury,	vitamin	A	overdosage,	tetracycline,	oral	contraceptives,
and	pregnancy,	although	the	majority	do	not	have	any	of	these	conditions.

ICP	 is	elevated	 (up	 to	40	cm	H2O)	without	ventriculomegaly	or	 intracranial
mass	 lesions.	 CSF	 dynamics	 demonstrates	 an	 increase	 in	 outflow	 resistance.
Serial	 daily	 lumbar	 punctures	 can	 be	 therapeutic,	 with	 CSF	 aspirated	 until
closing	pressure	is	within	normal	limits	(<20	cm	H2O),	thus	restoring	the	balance
between	CSF	formation	and	absorption	in	some	cases;	other	treatments	include
acetazolamide,	 diuretics,	 glycerol,	 steroids,	 and	 weight	 loss.	 If	 all	 these
therapeutic	interventions	fail,	placement	of	a	permanent	shunting	system	may	be
necessary.

Neoplasms
The	 subarachnoid	 space	 can	 be	 infiltrated	 by	 various	 primary	 or	 secondary
tumors,	giving	rise	to	symptoms	of	meningeal	irritation.	CSF	cytology	can	often
but	not	always	determine	the	presence	of	neoplastic	cells.	Systemic	neoplasms,
such	as	melanoma	or	breast	cancer,	have	a	greater	propensity	to	metastasize	into
the	CSF	spaces	than	do	primary	CNS	tumors	and	may	even	present	primarily	as
meningeal	carcinomatosis.	Hematopoietic	cancers	 such	as	acute	 leukemias	and



lymphoma	 also	 frequently	 infiltrate	 the	 subarachnoid	 spaces	 with	 little	 or	 no
parenchymal	 involvement.	 Ependymoma,	 medulloblastoma,	 germinoma,	 and
high-grade	 glioma	 are	 the	most	 commonly	 disseminated	 primary	 tumors.	CSF
sampling	 is	 useful	 as	 an	 initial	 diagnostic	 and	 as	 a	 screening	 tool	 in	 the
neurologically	 intact	 patient,	 who	 harbors	 a	 tumor	 with	 a	 high	 risk	 of	 CNS
relapse.	 Lymphoma	 cells	 in	 primary	 CNS	 lymphoma	 are	 present	 in	 increased
numbers,	and	pleocytosis	correlates	with	positive	cytology.11	A	generous	amount
of	CSF	or	multiple	 samples	may	 be	 required	 for	 diagnosis.	Cisternal	 puncture
may	 enhance	 the	 diagnosis	 if	 the	 lumbar	 CSF	 is	 nondiagnostic.	 Intrathecal
administration	of	chemotherapeutic	agents	can	be	done	through	the	lumber	route
or	an	intraventricular	reservoir	(see	“Drug	Therapy”	section).

Other	Neurological	Disorders
There	 is	 extensive	 literature	 on	 CSF	 changes	 in	 demyelinating	 diseases,
including	multiple	 sclerosis.	Typical	 lumbar	puncture	 findings	 are	normal	 ICP,
normal	 glucose	 levels,	 mononuclear	 pleocytosis,	 and	 elevated	 protein	 levels
because	 of	 increased	 endothelial	 permeability.	 Immunoelectrophoresis	 reveals
elevated	IgG	and	oligoclonal	bands	that	suggest	inflammation	in	the	CNS.12,13

CSF	findings	described	in	other	disease	states	include	elevated	τ	protein	and
decreased	β-amyloid	precursor	protein	in	Alzheimer	disease	and	the	presence	of
anti-GM1	antibodies	and	cytoalbumin	dissociation	in	Guillain-Barré	syndrome.14

Shunt	Malfunction
A	ventriculoperitoneal	 shunt	 is	 the	most	 commonly	 implanted	 system	 for	CSF
diversion.	It	consists	of	a	ventricular	catheter	connected	to	a	reservoir	and	valve
mechanism	at	the	skull	and	a	catheter	that	passes	in	the	subcutaneous	soft	tissue
in	 the	neck	and	anterior	chest	wall	 to	 the	peritoneum.	The	distal	 tubing	can	be
alternatively	inserted	in	the	jugular	vein,	the	pleura,	or	even	the	bladder.	Failure
of	 the	ventricular	 catheter	may	occur	because	of	choroid	plexus	obstruction	or
cellular	debris	from	CSF	infection.	Valve	or	distal	tubing	obstruction	also	occurs
from	cellular	debris,	from	disconnection,	poor	CSF	absorption,	or	formation	of
an	intra-abdominal	pseudocyst.

The	clinical	presentation	of	an	obstructed	shunt	is	variable.	It	may	be	slowly
progressive	 and	 intermittent	 or	 a	 rapid	decline	 in	mentation	progressing	 into	 a
coma.	 A	 head	 CT	 should	 be	 performed	 immediately	 to	 determine	 ventricular
size.	 Ventriculomegaly	 is	 a	 reliable	 indicator	 of	 a	 malfunctioning	 shunt;
however,	 the	 head	 CT	 should	 be	 compared	with	 previous	 studies	 because	 the



ventricular	 system	 in	 a	 shunted	 patient	 is	 often	 congenitally	 or	 chronically
abnormal.

Aspiration	from	the	reservoir	or	valve	system	of	a	shunt	can	be	performed	to
determine	 patency	 and	 collect	 CSF	 to	 diagnose	 an	 infection.	 This	 invasive
procedure	 itself	 carries	 a	 risk	 of	 contaminating	 the	 system	with	 skin	 flora	 and
resultant	shunt	infection.	The	necessity	of	and	procedure	for	a	shunt	tap	is	best
left	 to	 a	 neurosurgeon	 and	 should	 be	 performed	 very	 selectively.	When	 shunt
failure	is	a	result	of	distal	obstruction,	aspiration	of	CSF	may	temper	neurologic
impairment	and	even	be	lifesaving	until	surgical	revision	is	performed.

Myelography
Myelography	 utilizes	 intrathecal	 injection	 of	 contrast	 to	 better	 visualize	 the
spinal	cord,	nerve	routes	and	meninges.	It	can	also	offer	some	information	as	to
CSF	 dynamics	 and	 flow.	 Lumbar	 puncture	 is	 the	 most	 common	 access	 for
lumbar	 and	 cervical	 myelography	 because	 the	 density	 of	 contrast	 material	 is
higher	than	CSF	and	may	be	directed	by	gravity	to	the	area	of	interest.	Cervical
C1-C2	 puncture	 can	 be	 used	 for	 access;	 however,	 owing	 to	 its	 high	 risk	 and
complications,	 it	 is	 often	 reserved	 for	 patients	 for	 whom	 a	 successful	 lumbar
puncture	is	not	possible.

CSF	Leak
CSF	leaks	occur	in	a	variety	of	settings,	the	most	common	of	which	is	trauma.
Basilar	skull	fractures	that	traverse	the	ethmoid	or	frontal	sinuses	can	cause	CSF
rhinorrhea.	Fractures	along	the	long	axis	of	the	petrous	bone	usually	involve	the
middle	 ear,	 causing	 the	 hemotympanum	 or	 CSF	 otorrhea	 if	 the	 tympanic
membrane	 is	 ruptured.	 Most	 CSF	 leaks	 present	 within	 48	 hours,	 but	 delayed
leaks	 are	 not	 uncommon	because	 the	 fistula	 can	be	 temporarily	 occluded	with
adhesions,	 hematoma,	 or	 herniated	 brain	 tissue.	 Those	 that	 have	 undergone
neurosurgical	 intervention	are	also	at	higher	 risk	 for	development	of	CSF	 leak
particularly	those	procedures	that	involve	the	skull	base.	Leaks	following	lumbar
surgery	are	unusual	but	may	occur	as	a	result	of	recent	myelography,	dural	tear,
or	inadequate	dural	closure.15	In	children,	repair	of	meningoceles	or	other	spina
bifida	 defects	 is	 more	 likely	 to	 present	 with	 a	 CSF	 leak	 because	 of	 dural	 or
fascial	defects.	Clinically	CSF	leaks	manifest	as	orthostatic	headaches	and	CSF
drainage	may	be	present.	The	diagnosis	of	a	leak	may	be	easily	made	on	clinical
examination;	however,	at	times,	the	nature	of	a	“drainage	fluid”	is	uncertain,	and
laboratory	 characterization	 is	 necessary.	 Testing	 the	 fluid	 for	 glucose	 can	 be



misleading	 because	 nasal	 secretions	 contain	 glucose.	 A	 chloride	 level	 often
shows	a	higher	value	than	in	peripheral	blood,	but	identification	of	β2-transferrin
is	 the	 most	 accurate	 diagnostic	 for	 CSF.	 This	 protein	 is	 produced	 by
neuraminidase	 in	 the	 brain	 and	 is	 uniquely	 found	 in	 the	 spinal	 and	 perilymph
fluids.16

Elevation	 of	 the	 patient’s	 head	 is	 the	 primary	 treatment	 of	 CSF	 leak.
Placement	 of	 a	 lumbar	 drainage	 catheter	 or	 daily	 lumbar	 punctures	 should	 be
considered	 when	 conservative	 therapy	 fails.	 The	 use	 of	 a	 continuous	 lumbar
drainage	 by	 a	 catheter	 is	 somewhat	 controversial	 because	 of	 the	 potential	 for
intracranial	 contamination	 from	 the	 sinuses	 if	 the	 ICP	 is	 lowered.	 To	 help
prevent	such	complications,	 the	 lumbar	drain	collection	bag	can	be	maintained
no	lower	than	the	patient’s	shoulder	level	and	the	duration	of	drainage	should	not
exceed	5	days.

Intracranial	Hypertension
Intracranial	 hypertension	 can	 cause	 significant	 neurologic	 morbidity	 or	 even
death.	 There	 are	multiple	 etiologies	 including	 cerebral	 edema,	 stroke,	 trauma,
inflammation,	infection,	intravascular	congestions,	and	hydrocephalus.	Access	to
the	 intracranial	 CSF	 space	 can	 be	 useful	 for	 diagnosis	 and	 treatment.17	 A
ventriculostomy	 is	 commonly	 used	 as	 an	 ICP	 monitor	 and	 to	 treat	 by	 CSF
drainage.	Literature	is	limited	as	to	which	patients	should	have	ICP	monitoring.
Indications	supported	by	the	literature	include	traumatic	brain	injury,	aneurysmal
SAH,	and	hydrocephalus.	The	most	clear	guideline	comes	from	the	brain	trauma
foundation	 that	 indicates	 an	 ICP-measuring	device	 should	 be	placed	 following
traumatic	brain	injury	for	patients	who	exhibit	a	Glasgow	Coma	Scale	score	less
than	8,	 a	motor	 score	 less	 than	6	 (for	 patients	who	 are	not	 aphasic),	 and	have
initial	 CT	 findings	 of	 diffuse	 brain	 edema,	 intracranial	 hematoma,	 cortical
contusions,	or	absent	or	compressed	basal	cisterns.18

Drug	Therapy
CSF	can	be	a	route	of	administration	for	medications	such	as	chemotherapeutic
agents	 and	 antibiotics	 in	 disease	 processes	 such	 as	 lymphoma,	 leukemia,
meningeal	carcinomatosis,	meningitis,	and	ventriculitis.	Careful	selection	of	the
agent,	dose,	and	timing	of	administration	is	recommended,	especially	when	the
ventricular	 route	 is	 used,	 because	 many	 antibiotics	 can	 cause	 seizures	 or
inflammatory	ventriculitis	when	given	intrathecally.	Intrathecal	administration	of
low-dose	recombinant	tissue	plasminogen	activator	has	been	shown	to	facilitate



clot	resolution	following	intraventricular	hemorrhage.	Studies	are	being	carried
out	 to	 establish	 the	 relation	 of	 such	 treatment	 on	 longer	 term	 outcomes.19-21
Agents	 may	 be	 infused	 intrathecally	 through	 a	 lumbar	 route	 or	 an
intraventricular	 injection	 via	 an	 implanted	 reservoir.	 Serial	 injections	 of	 small
amounts	are	performed	to	minimize	neurotoxicity.

Lumbar	Drainage	in	Thoracoabdominal	Aortic	Surgery
One	of	 the	most	 common	and	grave	 complications	of	 thoracoabdominal	 aortic
surgery	is	paraplegia.	It	usually	results	from	spinal	cord	ischemia	and	spinal	cord
swelling	 in	 the	 setting	 of	 perioperative	 hypotension	 and	 compromise	 of
segmental	arteries	supplying	the	spinal	cord,	the	largest	of	which	is	the	artery	of
Adamkiewicz.	 Many	 techniques	 have	 been	 developed	 to	 decrease	 the	 risk	 of
such	 a	 complication.	 Among	 those	 techniques	 is	 prophylactic	 lumbar	 CSF
drainage	 that	 decreases	 the	 CSF	 pressure,	 thereby	 increasing	 the	 spinal	 cord
perfusion	pressure.	There	are	growing	data	that	demonstrate	that	this	technique
decreases	 the	 incidence	of	paraplegia	 in	both	open	and	endovascular	aneurysm
repairs.22,23

TECHNIQUES	OF	CEREBROSPINAL	FLUID
ACCESS
There	 are	 several	 techniques	 for	 CSF	 aspiration.	 All	 procedures	 should	 be
performed	using	sterile	technique	(including	sterile	gloves	and	a	mask)	after	the
skin	is	prepared	with	antiseptic	solution	and	draped	with	sterile	barriers.

Lumbar	Puncture
1 	Lumbar	puncture	is	the	common	technique	to	aspirate	CSF.	Contraindications
to	 lumbar	 puncture	 include	 skin	 infection	 at	 the	 entry	 site,	 anticoagulation	 or
blood	dyscrasias,	papilledema	in	the	presence	of	supratentorial	masses,	posterior
fossa	lesions,	and	known	spinal	subarachnoid	block	or	spinal	cord	arteriovenous
malformations.	Hence,	it	should	not	be	performed	without	prior	CT	if	the	patient
has	any	focal	neurologic	deficit,	or	a	depressed	mental	status,	because	this	might
indicate	the	presence	of	an	intracranial	mass	lesion	or	brain	edema,	and	lumbar
puncture	can	increase	the	likelihood	of	downward	transtentorial	herniation.

In	adults,	lumbar	puncture	is	often	performed	under	local	anesthesia	using	1%



lidocaine	alone.	In	the	pediatric	population,	however,	sedation	is	often	required
and	 allows	 for	 a	 better-tolerated	 procedure.	 This	 is	 also	 true	 in	 the	 case	 of
anxious,	confused,	or	combative	adult	patients.

Oral	 or	 rectal	 chloral	 hydrate	may	be	 used	 in	 small	 children,	 and	moderate
sedation	using	intravenous	midazolam,	ketamine,	fentanyl,	or	dexmedetomidine
can	 be	 highly	 successful	 in	 appropriately	monitored	 adults	 and	 children	when
performed	by	an	experienced	individual.	The	application	of	a	topical	anesthetic,
such	as	lidocaine	preceding	injection,	can	also	be	useful.	Conversely,	it	has	been
demonstrated	 in	 a	 controlled	 clinical	 trial	 that	 in	 the	 neonatal	 population,
injection	of	a	local	anesthetic	for	lumbar	puncture	is	probably	not	required	and
does	not	reduce	perceived	stress	or	discomfort.24

Figures	5.1	and	5.2	depict	some	of	the	steps	for	lumbar	puncture.	The	patient
is	 placed	 in	 the	 lateral	 decubitus	 position	 or	 with	 the	 patient	 sitting	 leaning
forward	 over	 a	 bedside	 table.	 The	 sitting	 position	may	 be	 preferred	 for	 obese
patients	 in	whom	adipose	 tissue	 can	obscure	 the	midline	or	 in	 elderly	 patients
with	 significant	 lumbar	 degenerative	 disease.	 Following	 a	 time-out	 (correct
patient,	 procedure,	 site,	 and	 equipment),	 the	 local	 anesthetic	 is	 injected
subcutaneously	 using	 a	 25-	 or	 27-gauge	 needle.	 A	 1.5-inch	 needle	 is	 then
inserted	through	the	skin	wheal,	and	additional	local	anesthetic	is	injected	along
the	 midline,	 thus	 anesthetizing	 the	 interspinous	 ligaments	 and	 muscles.	 This
small	 anesthetic	 volume	 is	 usually	 adequate;	 however,	 a	 more	 extensive	 field
block	 is	accomplished	by	additional	 injections	on	each	side	of	 the	 interspinous
space	near	the	lamina.25

	

Figure	5.1 	Patient	in	the	lateral	decubitus	position	with	the	back
on	the	edge	of	the	bed	and	knees,	hips,	back,	and	neck	flexed.(From
Davidson	 RI.	 Lumbar	 puncture.	 In:	 VanderSalm	 TJ,	 ed.	 Atlas	 of
Bedside	Procedures.	2nd	ed.	Little,	Brown;	1988.)



	

Figure	5.2 	 Patient	 sitting	on	 the	 edge	of	 the	bed	 leaning	on	 the
bedside	stand.(From	Davidson	RI.	Lumbar	puncture.	In:	Vander	Salm
TJ,	ed.	Atlas	of	Bedside	Procedures.	2nd	ed.	Little,	Brown;	1988.)

The	 point	 of	 skin	 entry	 is	 midline	 at	 the	 level	 of	 the	 superior	 iliac	 crests,
which	 is	 usually	 between	 the	 spinous	 processes	 of	 L3	 and	 L4.	 Lower	 needle
placement	at	L4	to	L5	or	L5	to	S1	is	required	in	children	and	neonates	to	avoid
injury	to	the	conus	medullaris,	which	lies	more	caudal	than	in	adults.	The	needle
is	 advanced	 with	 the	 stylet	 in	 place	 to	 maintain	 needle	 patency	 and	 prevent
iatrogenic	 intraspinal	 epidermoid	 tumors.	 The	 bevel	 of	 the	 needle	 should	 be
parallel	 to	 the	 longitudinal	 fibers	 of	 the	 dura	 and	 spinal	 column.	 This
corresponds	 to	 the	 bevel	 facing	up	when	 the	 patient	 is	 in	 the	 lateral	 decubitus
position	and	the	bevel	facing	left	or	right	when	the	patient	is	sitting.	The	needle
should	 be	 oriented	 rostrally	 at	 an	 angle	 of	 about	 30°	 cephalad	 and	 virtually
aimed	toward	the	umbilicus.	When	properly	oriented,	the	needle	passes	through
the	following	structures	before	entering	the	subarachnoid	space:	skin,	superficial
fascia,	 supraspinous	 ligament,	 interspinous	 ligament,	 ligamentum	 flavum,
epidural	space	with	its	fatty	areolar	tissue	and	internal	vertebral	plexus,	dura,	and
arachnoid	membrane	(Figure	5.3).	The	total	depth	varies	from	less	than	1	inch	in
the	very	young	patient	to	as	deep	as	4	inches	in	the	obese	adult.	The	kinesthetic
sensations	of	passing	through	the	ligaments	into	the	epidural	space	followed	by
dural	 puncture	 are	 quite	 consistent	 and	 recognized	 with	 practice.	 Once
intradural,	 the	 bevel	 of	 the	 needle	 is	 redirected	 in	 a	 cephalad	 direction	 to
improve	CSF	flow.	A	spinal	needle	no	smaller	than	22	gauge	should	be	used	for
pressure	measurement.	The	opening	pressure	is	best	measured	with	the	patient’s



legs	relaxed	and	extended	from	the	knee-chest	position.	Pressure	measurements
may	be	difficult	in	children	and	may	be	estimated	using	CSF	flow	rate.26

	

Figure	 5.3 	 The	 spinal	 needle	 is	 advanced	 to	 the	 spinal
subarachnoid	 space,	 and	 cerebrospinal	 fluid	 samples	 collected	 after
opening	pressure	is	measured.(From	Davidson	RI.	Lumbar	puncture.
In:	VanderSalm	TJ,	 ed.	Atlas	of	Bedside	Procedures.	 2nd	ed.	Little,
Brown;	1988.)

2 	 Once	 CSF	 is	 collected,	 the	 closing	 pressure	 is	 measured	 prior	 to	 needle
withdrawal.	It	is	best	to	replace	the	sterile	stylet	in	the	needle	prior	to	exiting	the
subarachnoid	space	to	prevent	fistula	formation.	CSF	pressure	measurements	are
not	 accurate	 if	 performed	 in	 the	 sitting	 position	 because	 of	 the	 hydrostatic
pressure	of	the	CSF	column	above	the	entry	point,	or	if	a	significant	amount	of
CSF	was	lost	when	the	stylet	is	first	withdrawn.	If	necessary,	the	pressure	could
be	measured	by	reclining	the	patient	to	the	lateral	position	once	entry	in	the	CSF
space	has	been	secured.

Although	 lumbar	 puncture	 is	 typically	 a	 safe	 procedure,	 there	 are	 several
potential	complications	and	risks	involved.	Among	these	complications,	postural
headache	is	the	most	common.	Its	reported	frequency	varies	from	1%	to	70%.27
It	 is	 thought	 to	 be	 caused	 by	 excessive	 drainage	 of	 CSF	 or	 leakage	 into	 the
paraspinous	 spaces,	 resulting	 in	 intracranial	 hypotension	 with	 stretching	 and
expansion	of	the	pain-sensitive	intracerebral	veins.	Magnetic	resonance	imaging
has	demonstrated	a	reduced	CSF	volume	following	lumbar	puncture	but	with	no
significant	brain	displacement	and	no	correlation	with	headache.28	Psychologic



factors	 and	 previous	 history	 of	 headaches	 seem	 to	 strongly	 influence	 the
patient’s	 risk	 of	 and	 tolerance	 to	 headache.29	 A	 smaller	 needle	 size,	 parallel
orientation	 to	 the	 dural	 fibers,	 a	 paramedian	 approach,	 and	 stylet	 reinsertion
prior	to	withdrawal	of	the	spinal	needle	have	been	reported	to	decrease	the	risk
of	 headache	 after	 lumbar	 puncture.30	 The	 choice	 of	 the	 needle	 has	 been	 the
subject	 of	 literature	 debate.	 Several	 needle	 tip	 designs	 are	 available,	 including
the	traditional	Quincke	needle	with	a	beveled	cutting	tip,	the	Sprotte	needle	with
a	 pencil	 point	 and	 side	 hole,	 and	 the	Whitacre	 needle,	which	 is	 similar	 to	 the
Sprotte	 needle	 but	 with	 a	 smaller	 side	 hole.	 The	 use	 of	 an	 atraumatic	 needle
(Sprotte	or	Whitacre)	seems	to	be	adequate	for	the	performance	of	a	diagnostic
lumbar	puncture	and	is	probably	associated	with	a	lower	risk	of	a	postpuncture
headache.31	 Post–dural	 puncture	 headache	 typically	 develops	 within	 72	 hours
and	 lasts	 3	 to	 5	 days.	 Conservative	 treatment	 consists	 of	 bed	 rest,	 hydration,
analgesics,	 and	 sometimes	 nonphenothiazine	 antiemetics	 if	 associated	 with
nausea.	 If	 the	 symptoms	 are	 more	 severe,	 methylxanthines	 (caffeine	 or
theophylline)	are	prescribed	orally	or	parenterally.	These	agents	are	successful	in
up	 to	 85%	 of	 patients.30,32	 If	 the	 headache	 persists,	 an	 epidural	 blood	 patch
should	be	considered	because	it	 is	one	of	 the	most	effective	treatments	for	 this
condition.33

Hemorrhage	 is	 uncommon	 but	 can	 be	 seen	 in	 association	 with	 bleeding
disorders	 or	 anticoagulation	 therapy.	 Spinal	 SAH	 has	 been	 reported	 in	 such
conditions,	 resulting	 in	 blockage	 of	 CSF	 outflow	 with	 subsequent	 back	 and
radicular	 pain,	 sphincter	 disturbances,	 and	 even	 paraparesis.34	 Spinal	 subdural
hematoma	 is	 likewise	 very	 infrequent,	 but	 it	 is	 associated	 with	 significant
morbidity	 that	 may	 require	 prompt	 surgical	 intervention.	 Infection	 by
introduction	of	the	patient’s	skin	flora	or	the	operator’s	mouth	or	nose	flora	into
the	 subarachnoid	 spaces,	 causing	meningitis,	 is	 uncommon	 and	 preventable	 if
aseptic	techniques	are	used.

An	 uncommon	 sequela	 of	 lumbar	 puncture	 or	 continuous	 CSF	 drainage	 is
hearing	loss.	Drainage	decreases	ICP,	which	is	transmitted	to	the	perilymph	via
the	 cochlear	 aqueduct	 and	 can	 cause	 hearing	 impairment.35	 The	 rate	 of
occurrence	 of	 this	 complication	 is	 reported	 to	 be	 0.4%	 but	 is	 probably	 higher
because	it	goes	unrecognized	and	seems	reversible.	There	are	a	few	documented
cases	of	irreversible	hearing	loss.36

Transient	sixth-nerve	palsy	has	also	been	reported,	probably	because	of	nerve
traction	 following	 significant	 CSF	 removal.	 Neurovascular	 injury	 can	 occur
uncommonly	in	the	setting	of	a	subarachnoid	block	as	a	result	of	spinal	tumors.
In	 this	 situation,	 CSF	 drainage	 leads	 to	 significant	 traction	 and	 spinal	 coning
with	subsequent	neurologic	impairment.37



Utility	of	Ultrasonography	for	Performance	of	Lumbar
Puncture
3 	Ultrasonography	has	utility	 for	 the	guidance	of	 lumbar	puncture.	 In	 a	 recent
meta-analysis,	 Gottlieb	 et	 al	 analyzed	 data	 from	 12	 randomized	 controlled
studies	 of	 ultrasonography	 guidance	 for	 lumbar	 puncture.38	 Pooled	 data	 from
both	 adult	 and	 pediatric	 studies	 demonstrated	 higher	 procedural	 success	 rates
with	ultrasonography	guidance	compared	to	landmark	technique	(90%	vs	81%)
with	an	odds	ratio	of	2.1	(95%	CI	0.66-7.44)	in	favor	of	ultrasonography.	Data
from	 the	adult	 subgroup	showed	 that	use	of	ultrasonography	guidance	 reduced
traumatic	 lumbar	 punctures	 (OR	 0.28,	 95%	 CI	 0.14-0.59),	 shortened	 time	 to
procedural	success	(adjusted	mean	difference:	−3.03	minutes,	95%	CI:	−3.54	to
−2.52),	reduced	the	number	of	required	needle	passes	(adjusted	mean	difference:
−0.81	passes,	95%	CI:	−1.57	to	−0.05),	and	lowered	patient	pain	scores	(adjusted
mean	difference:	−2.53,	95%	CI:	−3.89	 to	−1.17).	Two	previous	meta-analyses
that	 combined	 lumbar	 puncture	 with	 spinal	 anesthesia	 procedures	 reported
similar	results.39,40	Ultrasonography	localizes	lumbar	interspaces	more	accurately
than	 physical	 landmarks.40-42	 Advantages	 from	 ultrasound	 guidance	 are	 largest
when	 spinal	 anatomy	 is	 difficult,	 but	 patients	 with	 normal	 body	 habitus	 have
been	 shown	 to	 benefit.	 The	 Society	 of	 Hospital	 Medicine	 has	 recently
recommended	that	ultrasound	guidance	be	used	for	site	selection	in	all	patients
who	require	lumbar	puncture,	if	ultrasound	equipment	and	appropriately	trained
providers	 are	 available.43	 Competence	 in	 ultrasonography	 guidance	 lumbar
puncture	is	readily	achieved	by	emergency	physicians.44

A	 demonstration	 of	 the	 utility	 of	 ultrasonography	 for	 guidance	 of	 lumbar
puncture	 is	 found	 in	 the	 accompanying	 video	 library	 of	 this	 textbook,	 and
identified	 in	 the	 “Technique	 for	 Ultrasonographic	 Guidance	 of	 Lumbar
Puncture”	section.45	 Each	 of	 the	 steps	 outlined	 here	 is	 accompanied	 by	 both	 a
figure	 and	 a	 video	 demonstrating	 each	 of	 the	 techniques	 used	 for	 successful
ultrasound	guidance	 for	 lumbar	puncture.	What	 follows	 is	 a	 short	 summary	of
the	 principles	 of	 localization	 of	 an	 appropriate	 lumbar	 interspace	 for	 needle
insertion.

Technique	for	Ultrasonographic	Guidance	of	Lumbar
Puncture

Patient	Positioning



Similar	 ultrasonographic	 techniques	 for	 localizing	 the	 appropriate	 lumbar
intervertebral	 space	 and	 for	 mapping	 the	 midline	 of	 the	 spine	 can	 be	 applied
regardless	 of	 patient	 position	 (supine	 or	 upright).	 Once	 the	 appropriate
interspace	has	been	identified,	the	patient	is	not	moved	prior	to	the	performance
of	needle	 insertion,	as	patient	movement	may	alter	 the	size	and	position	of	 the
target	interspace	relative	to	the	planned	trajectory	of	needle	insertion.

Transducer	Selection	and	Indicator	Positioning
A	 curvilinear	 probe	 designed	 for	 abdominal	 imaging	 is	 preferred,	 although	 a
phased	array	cardiac	probe	may	yield	serviceable	images	for	identification	of	the
target	 interspace.	The	phased	array	probe	 is	configured	 for	abdominal	 imaging
by	altering	machine	presets.	In	both	cases,	the	screen	indicator	is	placed	on	the
right-hand	 side	 of	 the	 screen.	 In	 slender	 patients,	 the	 higher	 frequency	 linear
vascular	 probe	 may	 be	 used	 for	 superior	 resolution	 although	 with	 limited
penetration.

Localization	of	the	Target	Lumbar	Interspace	for	Lumbar
Puncture

Step	1.	Identification	of	the	Lumbar	Interspaces
The	 probe	 is	 placed	 in	 the	midline	 of	 the	 back,	 and	 the	 tomographic	 plane	 is
adjusted	to	achieve	a	sagittal	(longitudinal)	scanning	plane	through	the	midline
with	 the	 probe-directional	 indicator	 orientated	 in	 cephalad	 direction.	Gain	 and
depth	 are	 adjusted	 for	 optimal	 image	 quality.	 The	 sacrum	 appears	 as	 a
continuous	hyperechoic	periosteal	reflection	above	which	are	located,	in	series,
the	 five	 vertebral	 lumbar	 processes	 between	 which	 are	 the	 interspinal	 spaces.
The	 spinal	 processes	 appear	 as	 relatively	 superficial	 hyperechoic	 periosteal
reflections	 separated	 by	 the	 lumbar	 interspaces.	 The	 L4-L5	 interspace	 is	 the
optimal	site	for	needle	insertion.	The	L1-L2	and	L2-L3	are	“no	go”	sites	due	to
risk	of	nerve	injury.	The	operator	marks	the	appropriate	interspace	typically	by
drawing	 a	 line	 in	 transverse	 axis	 on	 the	 back	 of	 the	 patient	 with	 an	 indelible
marker	 that	 intersects	with	 the	 target	 interspace.	See	Figure	5.4	 that	 identifies
the	midline	structures	necessary	for	successful	lumbar	puncture.45	 	Video	5.1
will	guide	the	reader	in	identification	of	these	structures	using	ultrasound.



	

Figure	5.4 	Techniques	to	identify	the	midline.A,	Initial	transducer
position	(decubitus	position).	B,	Marking	the	midline	with	a	skin	pen
(upright	position).	C,	View	of	a	lumbar	spinous	process	(asterisk).	D,
Corresponding	 anatomic	 plane	 required	 to	 achieve	 the	 view	 of	 the
lumbar	 spinous	 process.	E,	 View	 of	 the	 space	 between	 the	 spinous
processes,	recognizable	by	the	articular	processes	(asterisks)	creating
the	bat	sign.	F,	Corresponding	anatomic	plane	required	to	achieve	the
view	of	the	interspinous	space.

Step	2.	Identification	of	the	Midline
The	 probe	 is	 placed	 in	 transverse	 scanning	 axis	 over	 the	 lumbar	 area	 and	 slid
along	 the	 spine	 in	 order	 to	 locate	 the	 midline.	 The	 midline	 is	 determined	 by
locating	 the	 spinal	 processes	 that	 appear	 as	 hyperechoic	 periosteal	 reflections
separated	by	 the	 lumbar	 interspaces.	The	midline	 is	marked	with	 a	 line	drawn
with	an	indelible	marker.	The	intersection	of	transverse	line	(marking	the	target
lumbar	interspace	and	the	longitudinal	line	(marking	the	midline)	establishes	the
site	 for	 needle	 insertion.	Figure	5.5	 demonstrates	 the	 intervertebral	 levels	 and
how	to	mark	their	spaces.45	 	Video	5.2	will	guide	 the	reader	how	to	 identify
the	intervertebral	spaces	and	mark	them	using	ultrasound.45



	

Figure	 5.5 	 Techniques	 to	 identify	 the	 intervertebral	 levels.A,
Initial	 transducer	 position	 (decubitus	 position).	 B,	 View	 of	 two
spinous	processes	(asterisks)	in	the	midline	sagittal	plane.	C,	View	of
the	sacrum	(asterisk)	in	the	midline	sagittal	plane.	D,	Corresponding
anatomic	 plane	 required	 to	 achieve	 the	 view	 of	 the	 sacrum	 in	 the
midline	 sagittal	plane.	E,	View	of	 the	articular	processes	 (asterisks)
from	 a	 paramedian	 sagittal	 plane.	 F,	 Marking	 the	 intervertebral
spaces	with	a	skin	pen.	G,	View	of	the	lamina	and	interlaminar	space
(asterisk)	from	a	paramedian	sagittal	plane.	The	posterior	complex	is
also	 seen	 (arrow).	 H,	 Corresponding	 anatomic	 plane	 required	 to
achieve	the	view	of	the	interlaminar	space	and	posterior	complex;	the
transducer	is	in	a	paramedian	sagittal	position	and	angled	toward	the
midline.

Step	3.	Determination	of	Depth	for	Needle	Insertion
An	 additional	 utility	 of	 ultrasonography	 is	 to	 locate	 the	 ligament	 flavum	 that
defines	 the	 depth	 of	 needle	 insertion	 required	 to	 penetrate	 the	 epidural	 space.
This	appears	as	a	linear	hyperechoic	structure	within	the	interspace	and	deep	to
the	spinous	process.	Identification	of	this	structure	allows	the	operator	to	predict
depth	 of	 needle	 insertion	 required	 for	 local	 anesthesia	 injection	 entry	 into	 the
spinal	 canal.	 Measurement	 of	 this	 depth	 with	 ultrasonography	 will	 generally
underestimate	 the	 actual	 depth	 due	 to	 skin	 compression	 artifact.	 The	 ligament
flavum	 may	 require	 a	 paramedian	 scanning	 plane	 for	 its	 clear	 identification.
Figure	 5.6	 demonstrates	 how	 to	 determine	 the	 depth	 of	 needle	 insertion.45	
Video	5.3	presents	the	ultrasound	technique	for	needle	depth	assessment.45



	

Figure	5.6 	Estimation	of	the	required	depth	of	needle	insertion.A,
View	 of	 the	 interlaminar	 space	 and	 the	 posterior	 complex	 (arrow)
from	the	paramedian	sagittal	plane.	B,	Measuring	the	depth	from	the
skin	 surface	 to	 the	 posterior	 complex	 (5.02	 cm).	 C,	 View	 of	 the
posterior	 complex	 (arrow)	 from	 the	 transverse	 view.	D,	 Measuring
the	depth	from	the	skin	surface	to	the	posterior	complex	(4.93	cm).

Needle	insertion	does	not	require	real-time	guidance.	Once	the	insertion	site
is	established	with	ultrasonography,	 the	 trajectory	of	needle	 insertion	 is	angled
toward	 the	 umbilicus,	 identical	 to	 when	 performing	 needle	 insertion	 without
ultrasonography	guidance.	 	Video	5.4	demonstrates	the	entire	procedure	from
beginning	to	needle	insertion.45

Summary
Ultrasound	 guidance	 for	 neuraxial	 procedures	 on	 the	 lumbar	 spine	 has	 been
proven	 to	 result	 in	 higher	 procedural	 success	 rates,	 improved	 procedural
efficacy,	and	reduction	of	traumatic	complications.	It	is	likely	an	easily	acquired
technical	 skill.	 At	 the	 present	 time,	 there	 is	 no	 clinical	 evidence	 showing	 a
positive	 effect	 of	 ultrasonography	 guidance	 of	 lumbar	 puncture	 on	 timeliness
with	 which	 the	 procedure	 is	 performed,	 on	 clinical	 decision-making,	 or	 cost-
effectiveness,	 but	 such	 outcomes	 are	 likely	 given	 the	multiple	 advantages	 that
have	been	reported.

Specialized	Procedures
4 	Lumbar	puncture	is	not	always	the	ideal	procedure	for	CSF	aspiration.	There



are	 multiple	 other	 techniques	 available,	 though	 these	 often	 require	 specialist
expertise	and	are	not	done	 routinely.	Awareness	of	 the	various	 techniques	may
help	the	intensivist	to	plan	CSF	aspiration	under	special	circumstances.	Cervical
and	 cisternal	 routes	 may	 be	 used	 for	 obtaining	 CSF.	 Cervical	 puncture	 takes
place	 at	 the	 C1-C2	 vertebral	 level	 and	may	 be	 used	 for	myelography	 or	 CSF
aspiration	 when	 the	 lumbar	 route	 is	 inaccessible.	 Cisternal	 puncture	 provides
CSF	access	via	 the	cisterna	magna	and	can	be	performed	relatively	safely	 in	a
cooperative	patient	because	the	cisterna	magna	is	a	large	CSF	space;	however,	it
is	rarely	practiced	owing	to	the	greater	potential	for	morbidity.

Some	patients	 have	 implanted	 shunts	 or	 reservoirs	 that	 can	 be	 accessed	 for
CSF	aspiration.	Though	aspiration	may	be	simple,	this	procedure	carries	a	risk	of
infection	and	should	not	be	performed	without	consultation	with	a	neurosurgeon.

Ventricular	shunting	systems	consist	of	a	ventricular	catheter	connected	to	a
subcutaneous	reservoir	that	is	button	sized,	7	to	10	mm	in	diameter	and	2	mm	in
height,	 located	 in	 the	 burr	 hole	 directly	 connected	 to	 the	 ventricular	 catheter
(Figure	5.7)	or	as	an	integral	part	of	the	valve	system	(Figure	5.8).	Reference	to
a	skull	radiograph	may	be	helpful	in	localization.

	

Figure	 5.7 	 Close-up	 view	 of	 the	 ventricular	 reservoir	 in	 the
calvarial	burr	hole,	with	 the	funneled	base	connected	directly	 to	 the
proximal	end	of	 the	ventricular	catheter.The	distal	perforated	end	 is
shown.



	

Figure	 5.8 	 A	 domed	 reservoir	 in	 series	 in	 one	 of	 the	 shunt
valve.The	 large,	 clear-domed	 area	 for	 puncture	 lies	 immediately
proximal	to	the	one-way	valve.

Unlike	 shunts,	 ventricular	 reservoirs	 are	 attached	 to	 a	 catheter	 located	 in	 a
CSF	space	without	distal	 drainage.	These	are	placed	 for	CSF	access	purposes,
such	 as	 for	 instillation	 of	 antibiotics	 or	 chemotherapeutic	 agents,	 or	 CSF
aspiration	 for	 treatment	 and	monitoring.	 Ommaya	 reservoirs	 are	 dome-shaped
structures	(Figure	5.9)	with	a	diameter	of	1	to	2	cm	and	have	a	connecting	port
placed	at	 their	base	or	 side.	They	are	placed	 subcutaneously	 and	attached	 to	 a
ventricular	subarachnoid	catheter	(Figure	5.10).

	



Figure	 5.9 	 Close-up	 view	 of	 a	 ventricular	 (Ommaya)	 double-
domed	reservoir,	the	caudal	half	of	which	is	designed	to	lie	within	the
burr	hole.

	

Figure	5.10 	Coronal	section	through	the	brain	at	the	level	of	the
frontal	 horns,	 illustrating	 the	 subgaleal/epicalvarial	 location	 at	 the
reservoir,	with	 the	distal	perforated	part	of	 the	catheter	 lying	within
the	ventricle.

Lumboperitoneal	 shunts	 are	 placed	 via	 percutaneous	 insertion	 of	 a	 lumbar
subarachnoid	catheter	and	are	tunneled	subcutaneously	around	the	patient’s	flank
to	 the	 abdomen,	 where	 the	 distal	 catheter	 enters	 the	 peritoneal	 cavity.	 A
reservoir,	valve,	or	both	may	be	used	and	are	located	on	the	lateral	aspect	of	the
flank.

The	 aspiration	 technique	 is	 essentially	 the	 same	 for	 the	 ventricular	 shunt
reservoir,	 the	Ommaya	 reservoir,	 and	 the	 lumboperitoneal	 shunt	 reservoir.	The
reservoir	 is	 palpated,	 hair	 is	 removed,	 and	 the	 skin	 cleansed.	 The	 needle	 is
inserted	perpendicular	to	the	skin	and	into	the	reservoir.	Once	CSF	flow	is	noted,
pressure	can	be	measured,	CSF	collected	or	drugs	injected.	A	“dry	tap”	usually
indicates	 faulty	 needle	 placement	 or	 catheter	 obstruction.	 Risks	 and
complications	 of	 reservoir	 aspiration	 include	 improper	 needle	 insertion,
infection,	 introduction	 of	 blood	 in	 the	 shunt	 system,	 and	 choroid	 plexus
hemorrhage	caused	by	vigorous	aspiration.



At	 times	 the	 goal	 of	 CSF	 access	 is	 to	 measure	 ICP	 or	 to	 provide	 CSF
drainage.	A	ventriculostomy	is	a	catheter	placed	in	the	lateral	ventricle	for	CSF
drainage	or	ICP	monitoring	and	treatment	and	can	be	performed	at	 the	bedside
by	 specially	 trained	 personnel.	 Complications	 of	 ventriculostomy	 placement
include	meningitis	or	ventriculitis,	scalp	wound	infection,	intracranial	hematoma
or	cortical	injury,	and	failure	to	cannulate	the	ventricle.	Lumbar	drainage	can	be
attained	 with	 the	 use	 of	 commercially	 available	 lumbar	 drainage	 kits	 that	 are
closed	 sterile	 systems	 that	 drain	 into	 a	 replaceable	 collection	 bag.	 Catheter
placement	is	performed	just	as	in	lumbar	puncture;	however,	a	large-bore	Tuohy
needle	is	used,	through	which	the	catheter	is	threaded	once	CSF	return	has	been
confirmed.	Complications	are	essentially	 the	 same	as	 in	 lumbar	puncture,	with
the	 addition	 of	 supratentorial	 subdural	 hematoma	 secondary	 to	 over	 drainage,
which	tends	to	be	more	common	in	elderly	individuals.	To	minimize	the	chances
of	 such	 a	 complication,	 specialized	 kits	 are	 available	 that	 provide	 volume-
limiting	CSF	drainage	and	monitoring	(LimiTorr,	Codman	Specialty	Surgical,	a
division	 of	 Integra	 LifeSciences	 Corporation).	 These	 kits	 can	 be	 used	 in
ventricular	 and	 lumbar	 drainage	 catheter	 systems	 and	utilize	 a	 valve	 that	 halts
drainage	 when	 the	 predetermined	 volume	 (usually	 20	 or	 30	 mL)	 is	 reached
(Figure	5.11).



	

Figure	5.11 	Volume-limiting	CSF	drainage	 system.It	 is	 attached
to	 CSF	 collecting	 systems	 such	 as	 a	 lumbar	 drain	 to	 avoid
overdrainage	and	subsequent	complications,	such	as	a	supratentorial
subdural	hematoma.	CSF,	cerebrospinal	fluid.

SUMMARY
CSF	 aspiration	 is	 a	 very	 important	 diagnostic	 and	 therapeutic	 tool	 for	 many
disease	 processes.	Of	 the	 various	 techniques	 available	 for	CSF	 access,	 lumbar
puncture	 is	 the	procedure	most	commonly	and	safely	performed	by	 the	critical



care	practitioner.	Other	techniques	are	described	that	may	require	the	assistance
of	a	radiologist,	neurologist,	anesthesiologist,	or	neurosurgeon.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	an	appropriate	indication	for	lumbar	puncture?

A. 	Lumbar	epidural	abscess
B. 	Normal-pressure	hydrocephalus
C. 	Obstructive	hydrocephalus
D. 	Subarachnoid	hemorrhage	seen	on	CT	scan

2. 	Which	of	the	following	is	true	regarding	the	use	of	ultrasound	guidance
for	lumbar	puncture?

A. 	It	decreases	the	need	for	sedating	medications
B. 	It	improves	procedure	success	rate
C. 	It	must	be	performed	in	the	lateral	decubitus	position
D. 	It	reduces	the	risk	for	post–lumbar	puncture	headache

3. 	A	25-year-old	obese	woman	with	no	past	medical	history	underwent	a
lumbar	puncture	for	evaluation	of	suspected	idiopathic	intracranial	hypertension
because	of	worsening	headaches	and	blurred	vision	over	a	1-month	period.
Headaches	are	worse	with	coughing	or	bearing	down.	Brain	imaging	is	normal.
She	initially	improved	immediately	after	the	lumbar	puncture.	However,	over	the
next	24	hours,	she	has	worse	headaches,	increased	with	sitting	up	and	standing
and	improved	with	lying	down	or	bearing	down.	Which	of	the	following	factors
most	likely	contributed	to	this	worsened	headache?

A. 	Exacerbation	of	idiopathic	intracranial	hypertension
B. 	Gauge	of	the	needle
C. 	Hemorrhage	into	the	subarachnoid	space
D. 	Meningitis	secondary	to	lumbar	puncture

Answers



1.	The	correct	answer	is	B.
Rationale:	Lumbar	puncture	has	a	variety	of	 indications	 for	both	diagnostic

and	therapeutic	purposes.	Large-volume	CSF	removal	can	help	diagnose	normal-
pressure	hydrocephalus,	while	serial	lumbar	puncture	can	help	determine	if	CSF
diversion	 through	 shunting	 would	 be	 effective	 (choice	 B	 is	 correct).	 Lumbar
puncture	 in	 the	 setting	 of	 lumbar	 epidural	 abscess	 could	 potentially	 lead	 to
infectious	contamination	of	the	central	nervous	system	and	meningitis	(choice	A
is	 incorrect).	 Lumbar	 puncture	 is	 contraindicated	 in	 the	 setting	 of	 intracranial
mass	 lesion	 or	 obstructive	 hydrocephalus	 as	 it	 can	 cause	 transtentorial	 brain
herniation	 (choice	C	 is	 incorrect).	Finally,	 lumbar	puncture	 is	not	necessary	 in
patients	 with	 already	 image-proven	 subarachnoid	 hemorrhage	 (choice	 D	 is
incorrect).	 However,	 patients	 that	 are	 suspected	 to	 have	 subarachnoid
hemorrhage	despite	 a	normal	head	CT	would	 require	 further	diagnostic	 testing
including	lumbar	puncture.

2.	The	correct	answer	is	B.
Rationale:	Ultrasound	guidance	for	lumbar	puncture	is	recommended	by	the

Society	 of	 Hospital	 Medicine	 as	 literature	 has	 shown	 it	 improves	 procedural
success	rates	compared	to	landmark	techniques	(choice	B	is	correct).	Ultrasound
guidance	has	also	been	noted	 to	 reduce	 trauma,	procedure	 time,	 the	number	of
needle	 passes,	 and	 patient	 pain	 scores.	 However,	 sedation	 would	 still	 be
recommended	 when	 otherwise	 indicated	 (choice	 A	 is	 not	 the	 best	 answer).
Ultrasound	can	be	used	regardless	of	patient	positioning	(choice	C	is	incorrect).
It	does	not	appear	to	change	the	incident	of	headache	(choice	D	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	The	patient	 in	 this	 vignette	 has	 a	 clinical	 picture	 consistent	with

postural	 post–lumbar	 puncture	 headache	 related	 to	 low	 intracranial	 pressure.
These	 headaches	 can	 occur	 up	 to	 72	 hours	 post	 procedure,	 often	 described	 as
worse	while	 sitting	up	or	 standing,	 and	 are	 the	most	 common	complication	of
lumbar	puncture.	The	risk	for	these	headaches	may	be	related	to	the	gauge	of	the
needle	 used	 for	 the	 lumbar	 puncture	 (choice	 B	 is	 correct),	 the	 type	 of	 needle
used,	orientation	of	the	needle,	stylet	reinsertion,	and	the	number	of	passes	used
to	 obtain	 the	 CSF.	 Incidentally,	 ultrasound	 guidance	 is	 beneficial	 in	 an	 obese
population,	 but	 has	 not	 been	 shown	 to	 reduce	 the	 occurrence	 of	 post–lumbar
puncture	headaches.	This	is	very	different	from	her	previous	headache.	Lumbar
puncture	 typically	 improves	 idiopathic	 intracranial	hypertension	headaches	and
does	 not	 cause	 exacerbation.	 In	 addition,	 her	 headache	 is	 now	 worse	 with
standing	 and	 sitting	 which	 is	 not	 consistent	 with	 idiopathic	 intracranial



hypertension	 exacerbation	 (choice	 A	 is	 incorrect).	 Both	 meningitis	 and
hemorrhage	are	potential	complications	of	lumbar	puncture	though	often	would
take	longer	to	manifest.	They	also	would	not	have	a	postural	component	(choices
C	and	D	are	not	the	best	answers).
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Chapter	6
Central	Venous	Catheters
Or	Bruck,	Scott	E.	Kopec,	Craig	M.	Lilly

KEY	POINTS:
1.	 There	is	increasing	evidence	that	ultrasound	guidance	is	superior	to

the	landmark	technique	when	inserting	central	venous	catheters.
2.	 Femoral	vein	catheters	have	a	higher	rate	of	infection	and	are	not

recommended	unless	absolutely	necessary.
3.	 Each	CVC	insertion	should	be	individualized	to	the	patient’s	clinical

condition	and	individual	characteristics.
4.	 Clinically	overt	symptoms	of	thrombosis	associated	with	CVC	range

from	5%	to	25%,	and	the	risk	of	pulmonary	embolism	is	estimated	to
range	from	2%	to	9%.

5.	 Many	factors	impact	the	risk	of	developing	CVC-related	infections,
including	insertion	technique,	site	of	insertion,	daily	care,	and	the	of
catheter	used.

INTRODUCTION
The	 art	 and	 science	 of	 central	 venous	 catheter	 (CVC)	 insertion,	 maintenance,
and	management	continues	to	evolve.	Increased	emphasis	on	patient	safety	and
prevention	of	nosocomial	complications	has	focused	attention	on	the	 impact	of
CVCs	 on	 patient	 health.	 Central	 line–associated	 blood	 stream	 infections
(CLABSIs),	 often	 with	 a	 resistant	 organism	 such	 as	 methicillin-resistant
Staphylococcus	 aureus	 or	 vancomycin-resistant	 enterococci,	 remain	 an
important	cause	of	increased	patient	morbidity	and	mortality.	All	institutions	are
encouraged	 to	 adopt	 evidence-based	 protocols	 and	 procedures	 designed	 to
reduce	CLABSI	and	other	catheter-related	complications.1	Patient	safety	is	also
the	 main	 impetus	 for	 increased	 availability	 of	 simulation	 laboratories	 to	 train



health	 care	 providers	 in	 the	 use	 of	 point-of-care	 ultrasound	 (US)	 imaging	 to
facilitate	 catheter	 insertion.2,3	 With	 systematic	 training,	 including	 a	 clear
description	 of	 the	 technique	 with	 video	 examples,	 hands-on	 simulation
emphasizing	 visualization	 of	 the	 needle	 tip,	 and	 supervision	 by	 experienced
clinicians,	 high-fidelity	US-guided	 CVC	 placement	 can	 be	 a	 reliably	 acquired
skill.4

Because	of	the	availability	and	relatively	low	cost	of	portable	US	units,	many
nonradiologists	 have	 been	 performing	 bedside	 image-guided	 central	 venous
cannulation.	 US	 guidance	 allows	 visualization	 of	 the	 vessel,	 thus	 showing	 its
precise	location	and	patency	in	real	time.	It	is	especially	useful	for	patients	with
suboptimal	body	habitus,	volume	depletion,	shock,	anatomic	variations,	previous
cannulations,	underlying	coagulopathy,	or	prior	intravenous	(IV)	use.	The	use	of
US	guidance	has	significantly	decreased	the	failure	rate,	complication	rate,	and
the	number	of	attempts	required	 to	obtain	central	venous	access.	Experts	agree
that	US	 guidance	 should	 be	 the	 standard	 of	 care	 for	 all	 CVC	 insertions.4	 The
Third	 Sonography	 Outcomes	 Assessment	 Program	 trial,	 a	 concealed,
randomized,	controlled	multicenter	study,	demonstrated	an	odds	ratio	53.5	times
higher	for	success	with	US	guidance	compared	with	the	landmark	technique.	It
also	demonstrated	a	significantly	lower	average	number	of	attempts	and	average
time	of	catheter	placement.5,6

In	 this	 chapter,	we	 review	 the	 techniques	 and	 complications	 of	 the	 various
routes	 available	 for	 central	 venous	 catheterization	 and	 present	 a	 strategy	 for
catheter	 management	 that	 incorporates	 all	 of	 the	 recent	 advances.	We	 present
comprehensive	guidance	and	review	the	steps	for	successful	catheter	insertion	in
	Video	6.1.

INDICATIONS	AND	SITE	SELECTION
1 	 Like	 any	 medical	 procedure,	 CVC	 has	 specific	 indications	 and	 should	 be
reserved	for	 the	patient	who	has	potential	 to	benefit	 from	it.	After	determining
that	 a	 CVC	 is	 necessary,	 the	 health	 care	 provider	 should	 seek	 the	 most
appropriate	site	and	route	 for	 that	particular	patient.	Table	6.1	 lists	 the	general
priorities	for	site	selection	for	different	indications	of	CVC	placement;	however,
the	 final	 choice	of	 site	 for	 a	particular	patient	 should,	 in	part,	 be	based	on	 the
experience	 of	 the	 operator.	We	 recommend	 that	 all	 internal	 jugular	 vein	 (IJV)
and	femoral	vein	(FV)	cannulations	be	performed	under	US	guidance,	and	strong
consideration	 for	US	 guidance	 be	 given	 for	 subclavian	 vein	 (SCV)	 placement
given	 increasing	 evidence	 supporting	 its	 superiority	 over	 the	 landmark



technique.	Parienti	et	al	in	a	randomized,	controlled	trial	demonstrated	that	SCV
insertion	 was	 associated	 with	 fewer	 bloodstream	 infections	 and	 deep	 vein
thromboses	 (DVTs)	 compared	 to	 IJV	and	FV	approaches	but	was	balanced	by
more	mechanical	complications.	The	caveat	to	this	trial	was	that	use	of	US	was
not	stipulated	nor	a	controlled	variable.6

TABLE	6.1

Indications	for	Central	Venous	Catheterization	(CVC)

Site	Selection

Indication First Second Third

Pulmonary	artery	catheterization RIJV LSCV LIJV

With	coagulopathy IJV FV

With	pulmonary	compromise	or	high-level
positive	end-expiratory	pressure	(PEEP)

RIJV LIJV FV

Total	parenteral	nutrition	(TPN) SCV IJV
(tunneled)

Long	term	(surgically	implanted) SCV PICC

Acute	hemodialysis/plasmapheresis IJV FV SCV

Cardiopulmonary	arrest IO FV SCV

Emergency	transvenous	pacemaker RIJV SCV

Hypovolemia,	inability	to	perform	peripheral
IV

IJV SCV FV

Preoperative	preparation IJV SCV AV/PICC

General-purpose	venous	access,	vasoactive
agents,	caustic	medications,	radiologic
procedures

IJV SCV FV

With	coagulopathy IJV EJV FV



Emergency	airway	management FV SCV IJV

Inability	to	lie	supine FV EJV AV/PICC

Central	venous	oxygen	saturation	monitoring IJV SCV

Fluid	management	of	ARDS	(CVP
monitoring)

IJV EJV SCV

IJV	and	FV	assume	ultrasound	guidance	(see	text	for	details).
ARDS,	acute	respiratory	distress	syndrome;	AV,	antecubital	vein;	CVP,	central	venous	pressure;
EJV,	external	jugular	vein;	FV,	femoral	vein;	IJV,	internal	jugular	vein;	IV,	intravenous;	L,	left;
PICC,	peripherally	inserted	central	catheter;	R,	right;	SCV,	subclavian	vein.

2 	Volume	resuscitation	alone	is	not	an	indication	for	CVC	placement.	In	fact,
a	 2.5-inch,	 16-gauge	 catheter	 used	 to	 cannulate	 a	 peripheral	 vein	 can	 infuse
twice	the	amount	of	fluid	as	an	8-inch,	16-gauge	CVC.7	This	principle	is	based
on	Poiseuille	law	which	states	that	the	flow	through	a	catheter	is	proportional	to
the	 radius	 and	 inversely	 proportional	 to	 the	 length	 of	 the	 catheter.	 However,
peripheral	 vein	 cannulation	may	 be	 very	 difficult	 when	 shock	 is	 present,	 thus
necessitating	 CVC	 placement.	 Long-term	 total	 parenteral	 nutrition	 is	 best
administered	 through	 a	 peripherally	 inserted	 central	 catheter	 (PICC)	 because
these	 lines	 are	 associated	with	 fewer	 severe	 complications	 and	 significant	 cost
savings.8	The	IJV	is	the	preferred	site	for	acute	hemodialysis:	the	SCV	should	be
avoided	 because	 of	 the	 relatively	 high	 incidence	 of	 SCV	 stenosis	 following
temporary	dialysis	catheter	placement	at	this	site.	This,	in	turn,	may	limit	options
for	 an	 arteriovenous	 fistula	 should	 long-term	 dialysis	 become	 necessary.9	 The
FV	 is	 also	 suitable	 for	 acute	 short-term	hemodialysis	 or	 plasmapheresis	 in	 the
nonambulatory	 patient.	 However,	 FV	 catheters	 have	 a	 higher	 rate	 of	 infection
and	 are	 not	 recommended	 unless	 absolutely	 necessary.10,11	 When	 used,	 FV
catheters	should	be	removed	as	soon	as	practical.

Emergent	 transvenous	pacemakers	and	 flow-directed	pulmonary	artery	 (PA)
catheters	are	best	inserted	through	the	right	IJV	because	of	the	direct	path	to	the
right	ventricle.	This	route	is	associated	with	the	fewest	catheter	tip	malpositions.
The	SCV	 is	an	alternative	 second	choice	 for	PA	catheterization	even	 for	many
patients	with	coagulopathy.12	The	left	SCV	is	preferred	to	the	right	SCV	because
of	 a	 less	 torturous	 route	 to	 the	 heart.	 The	 reader	 is	 referred	 to	Chapter	 19	 for
additional	information	on	the	insertion	and	care	of	PA	catheters.

Preoperative	 CVC	 placement	 is	 desirable	 in	 a	 wide	 variety	 of	 clinical
situations.	 One	 specific	 indication	 for	 preoperative	 right	 ventricular



catheterization	 is	 the	 patient	 undergoing	 a	 posterior	 craniotomy	 or	 cervical
laminectomy	in	the	sitting	position.	These	patients	are	at	risk	for	air	embolism,
and	the	catheter	can	theoretically	be	used	to	aspirate	air	from	the	right	ventricle,
although	 evidence	 for	 this	 indication	 is	 sparse.13	 Neurosurgical	 patients	 may
benefit	from	the	placement	of	an	antecubital	or	a	subclavian	catheter,	as	opposed
to	 IJV	catheters.	 IJV	catheters	 can	 theoretically	obstruct	blood	 return	 from	 the
cranial	vault	potentially	increasing	intracranial	pressure,	although	a	small	study
suggests	that	venous	return	is	not	significantly	reduced.14

Venous	 access	 during	 cardiopulmonary	 resuscitation	 warrants	 special
comment.	 Peripheral	 vein	 cannulation	 during	 circulatory	 arrest	 may	 prove
impossible,	 and	 circulation	 times	 of	 drugs	 administered	 peripherally	 are
prolonged	compared	with	those	of	centrally	injected	medications.	Drugs	injected
through	 femoral	 catheters	 also	have	 a	prolonged	circulation	 time,	 although	 the
clinical	 significance	 is	 unclear.15	 Effective	 drug	 administration	 is	 a	 very
important	 element	 of	 successful	 cardiopulmonary	 resuscitation,	 and	 all
physicians	should	understand	the	appropriate	techniques	for	establishing	venous
access.	 A	 2020	 International	 Liaison	 Committee	 on	 Resuscitation	 published	 a
systematic	 review	 comparing	 intraosseous	 (IO)	 vs	 IV	 drug	 administration	 in
cardiac	 arrest	 and	 found	 the	 IV	 route	 to	 be	 associated	 with	 better	 outcomes.
However,	 subgroup	 analyses	 of	 randomized	 control	 trials	 showed	 comparable
outcomes	when	the	two	routes	were	used.16	At	present	time,	the	American	Heart
Association	Guidelines	 suggest	 IV	 access	 be	 attempted	 first	 and	 if	 not	 readily
attainable	 then	 the	 IO	 route	 is	 a	 reasonable	 alternative	 as	 this	 access	 has	 been
shown	 to	be	equivalent	 in	most	pharmacokinetic	studies,	and	 is	considered	 the
standard	alternative	to	IV	access.17

The	placement	 of	 a	CVC	 is	 common	 for	 patients	with	 severe	 sepsis,	 septic
shock,	 or	 acute	 respiratory	 distress	 syndrome.	However,	 the	 necessity	 of	CVC
placement	 in	 these	 situations	 has	 been	 questioned	 in	 recent	 years,	 perhaps	 in
part,	 due	 to	 the	 ARISE,	 PROMISE,	 and	 ProCess	 trials,	 which	 showed	 no
mortality	benefit	from	early	goal-directed	therapy.18,19

GENERAL	CONSIDERATIONS
General	considerations	for	CVC	placement,	independent	of	the	site	of	insertion,
include	 the	 need	 for	 signed	 informed	 consent,	 ensuring	 patient	 comfort	 and
safety,	 and	 US	 preparation.	 Determining	 the	 presence	 of	 coagulopathies	 and
considerations	related	to	prevention	of	complications	such	as	vascular	erosions,
catheter-associated	thrombosis,	and	air	embolism	are	also	important.



Informed	Consent
It	seems	intuitively	obvious	that	a	signed	informed	consent	is	mandatory	before
non-emergent	 CVC	 insertion;	 however,	 in	 clinical	 practice,	 many	 emergent
insertions	 are	 required.	 CVC	 insertions	 in	 the	 intensive	 care	 unit	 (ICU)	 are
extremely	common,	occur	at	all	hours	of	 the	day,	and	may	be	crucial	 for	early
and	 appropriate	 resuscitation	 and	 commencement	 of	 care.	 Many	 critically	 ill
patients	 have	 no	 immediately	 available	 family	 members	 or	 legal	 next	 of	 kin.
Obtaining	informed	consent	for	these	patients	can	prevent	or	delay	the	delivery
of	 life-saving	 therapies.	 Because	 of	 these	 considerations,	 there	 is	 no	 uniform
clinical	or	 legal	opinion	regarding	the	necessity	of	 individual	 informed	consent
prior	 to	 all	 CVC	 insertions	 or	 other	 ICU	 procedures.20	 Some	 institutions	 have
dealt	with	 this	matter	by	developing	a	single	general	“consent	form	for	critical
care”	 that	 is	signed	one	 time	for	each	 individual	ICU	admission	and	covers	all
commonly	performed	bedside	procedures.	Up	to	14%	of	all	ICUs	included	in	a
survey	 study	 used	 such	 a	 consent	 form,	 and	 overall	 consent	 practice	 varied
widely.	 In	 general,	 health	 care	 providers	 in	 medical	 ICUs	 sought	 consent	 for
CVC	 insertion	 more	 often	 than	 those	 in	 surgical	 ICUs.20	 Given	 the	 lack	 of
agreement	on	 this	 topic,	 it	seems	prudent	 to	make	a	few	recommendations:	 (1)
Written	informed	consent	should	be	obtained	prior	to	all	elective	CVC	insertion
or	other	procedures.	(2)	Whenever	possible,	competent	patients	or	legal	next	of
kin	of	 incompetent/incapacitated	patients	should	be	thoroughly	informed	of	the
indications,	 risks,	 and	 benefits	 of	 emergent	 CVC	 insertion	 prior	 to	 the
performance	of	the	procedure.	If	getting	informed	consent	is	not	possible	prior	to
CVC	 insertion,	 then	 consent	 should	 be	 obtained	 as	 soon	 as	 possible	 after
completion	 of	 the	 procedure.	A	 signed	 consent	 form	 is	 always	 preferable,	 but
sometimes	 it	 is	 not	 feasible.	 Verbal	 consent	 should	 be	 documented	 in	 the
procedure	note	by	 the	person	obtaining	consent.	 (3)	Emergent	CVC	placement
should	 not	 be	 delayed	 inappropriately	 by	 efforts	 to	 obtain	 consent—verbal	 or
written.	Patients	and	family	should	be	informed	expeditiously	after	insertion	as
to	why	the	CVC	was	required.	(4)	A	general	consent	form	that	is	signed	one	time
as	 close	 as	 possible	 to	 ICU	 admission	 is	 a	 reasonable	 way	 to	 try	 and	 inform
patients	of	the	benefits/risks	of	procedures	without	incurring	unnecessary	delays
or	consumption	of	clinical	 time.	This	form	can	also	serve	as	a	useful	reference
for	 patients	 and	 families	 of	 all	 the	 various	 common	 procedures	 that	 are
performed	in	the	ICU.	(5)	Finally,	it	is	prudent	to	document	the	practice	that	is
used	 in	 the	 institution’s	 “Policies,	Guidelines,	 and	Procedures,”	 along	with	 the
rationale	for	it.21



Patient	Comfort	and	Safety
3 	 The	 population	 of	 patients	 requiring	 CVC	 may	 often	 have	 hemodynamic
instability,	 airway	 compromise,	 or	 respiratory	 distress.	 As	 such,	 they	may	 not
tolerate	 lying	 flat	 for	 CVC	 placement.	 Patients	 with	 unstable	 airways	 or
respiratory	distress	often	require	addressing	their	respiratory	status	prior	to	CVC
placement.	These	considerations	should	impact	preparation	and	choice	of	site.	In
addition,	the	claustrophobic	or	agitated	patient	may	not	be	able	to	tolerate	having
their	 face	 covered.	 Each	 CVC	 placement	 should	 be	 individualized	 to	 the
patient’s	 clinical	 condition	 and	 individual	 characteristics.	 Stabilization	 of	 the
patient	 prior	 to	 placement	 ensures	 patient	 safety/comfort	 and	 increases	 the
likelihood	of	procedural	success.

Mobile	Catheter	Cart
Availability	of	a	mobile	 catheter	 cart	 that	organizes	 all	 necessary	 supplies	 in	 a
standard	format	and	that	can	be	made	available	at	each	patient’s	bedside	is	good
practice	and	likely	reduces	overall	catheter	infection	rates	by	decreasing	breaks
in	sterile	technique.22	The	mobile	cart	is	also	an	excellent	way	to	standardize	all
catheter	insertions,	facilitate	communication	of	procedural	tasks	(such	as	the	use
of	a	time-out),	and	allow	for	optimal	documentation.

Catheter	Tip	Location
The	 ideal	 location	 for	 the	 catheter	 tip	 is	 the	 distal	 innominate	 or	 proximal
superior	 vena	 cava	 (SVC),	 3	 to	 5	 cm	 proximal	 to	 the	 cavoatrial	 junction.
Positioning	of	the	catheter	tip	within	the	right	atrium	or	right	ventricle	should	be
avoided.	Cardiac	tamponade	secondary	to	catheter	tip	perforation	of	the	cardiac
wall	 is	 uncommon	 but	 the	 mortality	 rate	 of	 this	 complication	 is	 66%.23
Perforation	 likely	 results	 from	 vessel	 wall	 damage	 from	 infused	 solutions
combined	with	catheter	tip	migration	that	occurs	from	the	motion	of	the	beating
heart	 as	 well	 as	 patient	 arm	 and	 neck	 movements.	 Although	 not	 often
considered,	catheter	tips	can	migrate	up	to	5	to	10	cm	with	antecubital	catheters,
and	 1	 to	 5	 cm	 with	 IJV	 or	 SCV	 catheters.24	 Other	 complications	 from
intracardiac	 catheter	 tip	 position	 include	 provocation	 of	 arrhythmias	 from
mechanical	irritation	of	the	heart.25

With	knowledge	of	the	relevant	anatomy,	correct	placement	of	the	catheter	tip
is	relatively	simple.	The	cavoatrial	junction	is	approximately	16	to	18	cm	from
right-sided	 skin	 punctures	 and	 19	 to	 21	 cm	 from	 left-sided	 insertions	 and	 is



relatively	independent	of	patient	gender	and	body	habitus.26	A	chest	radiograph
should	be	obtained	following	every	initial	CVC	insertion	to	ascertain	catheter	tip
location	 and	 to	 detect	 complications.	 The	 right	 tracheobronchial	 angle	 is	 the
most	 reliable	 landmark	 on	 plain	 chest	 radiograph	 for	 the	 upper	margin	 of	 the
SVC	and	is	always	at	least	2.9	cm	above	the	cavoatrial	junction.	The	catheter	tip
should	 lie	 about	 1	 cm	 below	 this	 landmark	 and	 above	 the	 right	 upper	 cardiac
silhouette	to	ensure	that	placement	is	outside	the	pericardium.27

Vascular	Erosions
Large-vessel	perforations	secondary	to	CVCs	are	very	rare,	about	0.28	per	1000
catheter	 days,	 and	 occur	 on	 average	 between	 days	 5	 and	 8	 after	 insertion.
Symptoms	 included	 dyspnea,	 chest	 pain,	 and	 palpitations.	 Radiographically,	 a
pleural	or	pericardial	effusion	may	be	seen.	This	complication	is	more	common
in	older	 patients	 and	 left-sided	 catheters	 and	 is	 considered	 to	 be	 related	 to	 the
angle	 of	 the	 catheter	 tip	 adjacent	 to	 the	 SVC.28	 Treatment	 should	 include
removal	 of	 the	 catheter	 and	 symptomatic	 management	 of	 subsequent
complications	 that	arise,	 including	possible	 thoracentesis,	pericardiocentesis,	or
chest	tube	placement.	Additionally,	given	the	significant	morbidity	and	mortality
associated	with	 this	 complication,	we	would	 suggest	 consideration	 of	 vascular
surgery	and	interventional	radiology	consultations.29

Complications

Venous	Air	Embolism
Venous	air	embolism	(VAE)	is	rare	and	a	preventable,	potentially	life-threatening
complication	of	CVC	placement.	As	little	as	200	mL	of	air	has	been	theorized	to
cause	 a	 fatal	 embolism.30	 VAE	 often	 goes	 undiagnosed,	 leading	 to	 a	 fatal
outcome.	 Potential	 mechanisms	 include	 air	 entry	 through	 the	 needle	 during
placement,	 catheter	 disconnection	 resulting	 in	 the	 catheter	 being	 open	 to	 the
atmosphere,	 and,	 more	 commonly,	 passage	 of	 air	 through	 a	 patent	 tract	 after
catheter	 removal.	 Placing	 the	 patient	 in	 the	 Trendelenburg	 position	 (thereby
increasing	venous	pressure)	during	catheter	placement	and	removal	will	reduce
the	frequency	of	this	complication.	VAE	should	be	suspected	for	any	patient	with
an	indwelling	or	recently	discontinued	CVC	who	develops	sudden	unexplained
hypoxemia	 or	 cardiovascular	 collapse.	 Often,	 VAE	 occurs	 after	 movement	 or
when	the	patient	is	transferred	out	of	bed.	A	characteristic	mill	wheel	sound	may



be	 auscultated	 over	 the	 precordium.	 VAE	 can	 be	 confirmed	 with	 a	 bedside
cardiac	 US.	 When	 VAE	 is	 suspected,	 the	 patient	 should	 be	 placed	 in	 the
Trendelenburg	and	left	 lateral	decubitus	positions	and	a	cardiac	US	performed.
This	maneuver	may	trap	the	air	in	the	apex	of	the	right	ventricle	and	prevent	PA
outflow	obstruction.	Theoretically,	 a	CVC	can	be	used	 to	aspirate	 the	air	 from
the	 right	 ventricle;	 however,	 this	 is	 rarely	 feasible.13	 The	 best	 treatment	 is
prevention	that	can	be	effectively	achieved	through	comprehensive	nursing	and
physician-in-training	 educational	 modules	 and	 proper	 supervision	 of
inexperienced	operators.5,13

CASE	1
An	 elderly	 man	 with	 a	 history	 of	 chronic	 obstructive	 pulmonary
disease	 (COPD)	 on	 home	 oxygen	 presented	 to	 the	 Emergency
Department	 (ED)	with	shortness	of	breath	of	2	days	duration.31	On
physical	examination,	the	patient	had	jugular	venous	distension	and
distant	breath	sounds	without	rales	bilaterally.	Laboratory	evaluation
was	 significant	 for	 leukocytosis	 (29,000	 WBC/μL	 with	 94%
neutrophils	on	differential),	acute	 renal	 failure	 (BUN,	87	mg/dL	and
creatinine,	2.36	mg/dL),	and	a	troponin	T	level	of	0.44	ng/mL.	ECG
revealed	an	incomplete	right	bundle	branch	block	and	no	significant
ST-segment	 or	 T-wave	 changes.	 Chest	 radiograph	 revealed
hyperinflated	 lung	 fields	 with	 bibasilar	 atelectasis	 without	 a	 focal
opacity.

Arterial	blood	gas	analysis	 results	were	significant	 for	combined
hypoxemic	 and	 hypercapnic	 respiratory	 failure	 managed	 with
endotracheal	 intubation	and	mechanical	 ventilation.	A	 femoral	CVC
was	placed	and	a	norepinephrine	drip	initiated.	On	arrival	to	the	ICU,
an	 assessment	 of	 mechanical	 ventilatory	 graphics	 for	 presence	 of
intrinsic	 positive	 end-expiratory	 pressure	 (PEEPi)	 revealed	 an
elevated	PEEPi;	however,	with	adjustments	 to	 the	ventilator	modes
and	 resolution	of	PEEPi,	 the	need	 for	 vasopressors	decreased	but
persisted.	To	evaluate	the	shock	further,	 the	 intensivist	performed	a
bedside	echocardiogram	( 	Video	6.2).31



Based	on	the	echocardiographic	findings	presented	in	 	Video
6.2,	what	is	the	likely	cause	of	his	hypotension?

His	 echocardiogram	 revealed	 a	 dilated	 right	 ventricle	 and
moderately	to	severely	reduced	RV	systolic	function.	This	was	based
on	visual	assessment	of	the	systolic	movement	of	the	base	of	the	RV
free	wall	 in	 the	apical	 four-chamber	view.	Visual	assessment	of	RV
systolic	 function	 is	more	 difficult	 than	 assessing	 the	 left	 ventricular
systolic	 function,	 and	 several	 quantitative	 measurements	 can	 be
used.	There	was	also	evidence	of	hypertrophy	of	the	RV	free	wall	as
measured	in	the	subcostal	view	at	the	level	of	the	tip	of	the	anterior
tricuspid	leaflet	indicating	an	acute	on	chronic	RV	failure.	This	echo
also	demonstrated	a	continuous	stream	of	hyperechoic	freely	mobile
structures	that	were	consistent	with	air	bubbles.

All	of	 the	patient’s	 IV-accessed	sites,	 including	the	femoral	CVC
and	 two	 peripheral	 lines,	 were	 carefully	 examined	 to	 exclude	 any
breach	 in	 integrity.	 The	 bubbles	 only	 disappeared	 once	 infusions
were	 stopped	 through	 the	 central	 line.	 The	 femoral	 CVC	 was,
therefore,	 identified	 as	 the	 source	 of	 air	 entry	 into	 the	 venous
system.	 After	 the	 CVC	 was	 capped,	 the	 patient’s	 hemodynamics
continued	 to	 improve,	 and	 he	 was	 successfully	 weaned	 off
vasopressors.	 A	 follow-up	 echo	 20	 minutes	 later	 did	 not	 show	 air
bubbles	( 	Video	6.3,	Clip	8).31

Coagulopathy
Central	 venous	 access	 for	 the	 patient	 with	 a	 bleeding	 diathesis	 can	 be
problematic.	 The	 SCV	 and	 IJV	 routes	 have	 increased	 risks	 in	 the	 presence	 of
coagulopathy,	but	the	true	risk	is	frequently	overestimated	and	it	is	not	known	at
what	 degree	 of	 abnormality	 it	 becomes	 unacceptable.	 A	 coagulopathy	 is
generally	defined	as	an	international	normalized	ratio	greater	than	1.5	or	platelet
count	 less	 than	 50,000	 per	 µL.	 Recently,	 studies	 have	 shown	 that	 we	 likely
overestimate	 the	 increased	 risk	 of	 bleeding	 even	with	 the	 subclavian	 approach
and	that	US-guided	IJV	is	safe	even	with	significant	coagulopathy.	However,	it
is	 prudent	 to	 attempt	 to	 correct	 the	 coagulopathy	 and	 to	 favor	 a	 more
compressible	site,	such	as	the	IJV	or	FV,	over	the	subclavian	approach.32



Thrombosis
4 	 Catheter-related	 thrombosis	 is	 common	 but	 usually	 of	 little	 clinical
significance.	The	spectrum	of	thrombotic	complications	includes	a	fibrin	sleeve
surrounding	 the	 catheter	 from	 its	 point	 of	 entry	 into	 the	 vein	 distal	 to	 the	 tip;
mural	 thrombus,	 a	 clot	 that	 forms	 on	 the	 wall	 of	 the	 vein	 secondary	 to
mechanical	or	chemical	irritation;	or	occlusive	thrombus,	which	blocks	flow	and
may	 result	 in	 collateral	 formation.	 All	 of	 these	 lesions	 are	 usually	 clinically
silent;	 therefore,	 studies	 that	 do	 not	 use	 venography	 or	 color-flow	 Doppler
imaging	 to	 confirm	 the	 diagnosis	 underestimate	 its	 incidence.	 However,	 the
incidence	may	 be	 as	 high	 as	 two-thirds	 of	 patients	 with	 CVC	 and	 underlying
malignancy.	In	contrast,	clinically	overt	symptoms	of	thrombosis	occur	in	5%	to
25%	 of	 patients,	 and	 CVC-related	 upper	 extremity	 DVT	 increases	 the	 risk	 of
pulmonary	embolism,	with	estimates	ranging	from	2%	to	9%.33,34	The	presence
of	 catheter-associated	 thrombosis	 is	 also	 associated	with	 a	 higher	 incidence	 of
infection.35	 If	 a	 CVC-associated	 thrombus	 is	 found,	 the	 catheter	 should	 be
removed,	and	consideration	for	systemic	anticoagulation	should	be	entertained.

Infectious	Complications
5 	There	are	an	estimated	12,000	cases	of	ICU	CLABSI	annually	 in	 the	United
States	 (CDC	 statistics).36	 Many	 factors	 impact	 the	 risk	 of	 developing	 these
infections,	 including	 insertion	 technique,	 site,	 daily	 care,	 and	 the	 of	 catheter
used.	Table	6.2	summarizes	current	recommendations	or	interventions	that	have
been	shown	to	reduce	the	risk	of	CLABSI.

TABLE	6.2

Steps	to	Minimize	Central	Venous	Catheterization	(CVC)–
Related	Infection

1.	 Institution-supported	standardized	education,	with	knowledge
assessment,	of	all	physicians	involved	in	CVC	insertion	and	care

2.	 Site	preparation	with	approved	chlorhexidine-based	preparation
3.	 Maximal	barrier	precautions	during	catheter	insertion



4.	 Use	of	mobile	procedure	carts,	safety	checklist,	empowerment	of	staff
5.	 Strict	protocols	for	catheter	maintenance	(including	bandage	and	tubing

changes),	preferably	by	dedicated	IV	catheter	team
6.	 Appropriate	site	selection,	avoiding	heavily	colonized	or	anatomically

abnormal	areas;	use	of	SCV	for	anticipated	CVC	of	>4	d
7.	 For	anticipated	duration	of	catheterization	exceeding	96	h,	use	of	silver-

impregnated	cuff,	sustained	release	chlorhexidine	gluconate	patch,	and/or
antibiotic-/antiseptic-impregnated	catheters

8.	 Prompt	removal	of	any	catheter	which	is	no	longer	required
9.	 Remove	pulmonary	artery	catheters	and	introducers	after	5	d
10.	 Replace	any	catheter	not	placed	with	sterile	precautions	within	48	h	(ie,

catheter	placed	in	emergency)
11.	 Use	multilumen	catheters	only	when	indicated;	remove	when	no	longer

needed
12.	 Avoid	“routine”	guidewire	exchanges
13.	 Use	surgically	implanted	catheters	or	PICCs	for	long-term	(ie,	>3	wk)	or

permanent	CVC

IV,	 intravenous;	 PICC,	 peripherally	 inserted	 central	 catheter;	 SCV,	 subclavian
vein

ROUTES	OF	CENTRAL	VENOUS	CANNULATION
In	 this	 section,	 the	 anatomy	 of	 the	 various	 approaches	 to	 achieving	 central
venous	 access	 is	 described	 first,	 followed	 by	 how	 to	 achieve	 access	 using
ultrasonography.

Antecubital	Approach
The	antecubital	veins	are	used	in	the	ICU	for	CVC,	PICC,	and	midline	catheter



insertion.	Critical	care	providers	or	specialized	nursing	 teams	are	able	 to	 insert
PICCs	at	the	beside	with	the	use	of	real-time	US	and	sterile	technique,	thereby
increasing	safety	and	reducing	the	potential	for	infection.	PICCs	may	be	useful
for	 ICU	 patients	 undergoing	 neurosurgery,	 with	 coagulopathy,	 or	 during	 the
rehabilitative	phase	of	critical	 illness	 for	which	general-purpose	central	venous
access	 is	 required	 for	 parenteral	 nutrition	 or	 long-term	 medication
administration37	(Table	6.1).	Although	many	hospitals	have	a	designated	“PICC”
insertion	 team,	 they	 may	 have	 significant	 work	 hour	 limitations	 that	 delay
insertion	 of	 catheters	 and	 result	 in	 significant	 delays	 in	 delivery	 of	 care	when
critical	care	team	members	are	not	available	to	place	these	lines.

Anatomy
The	basilic	vein	is	preferred	for	PICC	placement	because	it	is	almost	always	of
substantial	size	and	the	anatomy	is	predictable.	It	provides	an	unimpeded	path	to
the	 central	 venous	 circulation	 via	 the	 axillary	 vein	 and	 is	 formed	 at	 the	 ulnar
aspect	of	the	dorsal	venous	network	of	the	hand.	It	may	be	found	in	the	medial
part	 of	 the	 antecubital	 fossa,	 where	 it	 is	 usually	 joined	 by	 the	median	 basilic
vein.	It	then	ascends	in	the	groove	between	the	biceps	brachii	and	pronator	teres
muscles	on	the	medial	aspect	of	the	arm	to	perforate	the	deep	fascia	distal	to	the
midportion	of	 the	 arm,	where	 it	 joins	 the	 brachial	 vein	 to	 become	 the	 axillary
vein.

Technique	of	Cannulation
Several	 kits	 are	 available	 for	 antecubital	 central	 lines.	 The	 PICC	 and	midline
catheters	 are	 made	 of	 silicone	 or	 polyurethane	 and,	 depending	 on	 catheter
stiffness	 and	 size,	 are	 usually	 placed	 through	 an	 introducer.	 The	 method
described	below	is	for	a	PICC	inserted	through	a	tear-away	introducer.

The	success	rates	from	either	arm	are	comparable,	although	the	catheter	must
traverse	a	greater	distance	from	the	left.	With	the	patient’s	arm	at	their	side,	the
antecubital	 fossa	 is	 prepared	 with	 chlorhexidine	 and	 draped	 using	 maximum
barrier	precautions	(mask,	cap	and	sterile	gown,	gloves,	and	large	drape	covering
the	patient).	A	tourniquet	is	placed	proximally	by	an	assistant,	and	a	portable	US
device	 is	 used	 to	 identify	 the	 basilic	 or	 its	 main	 branches.	 A	 vein	 can	 be
distinguished	 from	 an	 artery	 by	 visualizing	 compressibility,	 color	 flow,	 and
Doppler	 flow	 (Figure	 6.1).	 After	 a	 time-out	 and	 administration	 of	 local
anesthesia	 subcutaneously,	 venipuncture	 is	 performed	with	 the	 thin-wall	 entry
needle	 a	 few	 centimeters	 proximal	 to	 the	 antecubital	 crease	 to	 avoid	 catheter



breakage	and	embolism.	When	free	backflow	of	venous	blood	is	confirmed,	the
tourniquet	 is	 released	 and	 the	 guidewire	 carefully	 threaded	 into	 the	 vein	 for	 a
distance	of	15	to	20	cm.	Leaving	the	guidewire	in	place,	the	thin-wall	needle	is
withdrawn	 and	 the	 puncture	 site	 enlarged	 with	 a	 scalpel	 blade.	 The	 sheath
introducer/dilator	 assembly	 is	 threaded	 over	 the	 guidewire	 with	 a	 twisting
motion	and	the	guidewire	removed.	Next,	leaving	the	sheath	in	place,	the	dilator
is	 removed,	and	 the	 introducer	 is	now	ready	 for	PICC	 insertion.	The	 length	of
insertion	 is	 estimated	 by	measuring	 the	 distance	 along	 the	 predicted	 vein	 path
from	the	venipuncture	site	to	the	manubriosternal	junction,	using	the	measuring
tape	provided	in	the	kit.	The	PICC	is	typically	supplied	with	an	inner	obturator
that	 provides	 stiffness	 during	 insertion.	The	 catheter	 is	 trimmed	 to	 the	 desired
length	and	flushed	with	saline,	and	the	obturator	is	inserted	into	the	catheter	up
to	the	tip.	The	PICC/obturator	assembly	is	inserted	through	the	introducer	to	the
appropriate	distance,	the	introducer	peeled	away,	and	the	obturator	removed.	The
PICC	 is	 secured	 in	 place,	 and	 a	 chest	 radiograph	 is	 obtained	 to	 document	 tip
position.

	

Figure	6.1 	Ultrasound	view	of	the	basilica	vein	at	the	antecubital
fossa.(Reprinted	 with	 permission	 from	 Moraco	 AH,	 Kopec	 SE.
Central	 venous	 catheters.	 In:	 Irwin	RS,	 Lilly	CM,	Mayo	 PH,	 et	 al,
eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care	 Medicine.	 8th	 ed.	 Wolters
Kluwer;	2017:40.)

If	 resistance	 to	 advancing	 the	PICC	 is	met,	 options	 are	 limited.	Techniques
such	 as	 abducting	 the	 arm	are	of	 limited	value.	 If	 a	 catheter-through-	or	 over-



needle	 device	 has	 been	 used,	 the	 catheter	 must	 never	 be	 withdrawn	 without
simultaneously	retracting	the	needle	to	avoid	catheter	shearing	and	embolism.	If
the	catheter	cannot	be	advanced	easily,	another	site	should	be	chosen.

Success	Rate	and	Complications
Using	 the	 aforementioned	 technique,	 PICC	 placements	 have	 a	 75%	 to	 95%
success	rate.	Overall,	PICCs	appear	to	be	at	least	as	safe	as	CVCs,	but	important
complications	 include	 sterile	 phlebitis,	 thrombosis	 (especially	 of	 the	 SCV	 and
IJV),	 infection,	 limb	edema,	and	pericardial	 tamponade.	Phlebitis	may	be	more
common	with	 antecubital	CVCs,	 probably	 because	 of	 less	 blood	 flow	 in	 these
veins	as	well	as	the	proximity	of	the	venipuncture	site	to	the	skin.38	The	risk	of
pericardial	tamponade	may	also	be	increased	if	the	catheter	tip	is	inserted	too	far
because	 of	 greater	 catheter	 tip	 migration	 occurring	 with	 arm	 movements.24
Complications	 are	 minimized	 by	 strict	 adherence	 to	 recommended	 techniques
for	catheter	placement	and	care.

Internal	Jugular	Approach
The	 IJV	 has	 been	 used	 for	 venous	 access	 for	 pediatric	 and	 adult	 patients	 for
many	years,	and	US	has	had	its	greatest	impact	by	improving	the	efficiency	and
safety	 of	 IJV	 cannulation	 because	 real-time	 direct	 visualization	 of	 the	 vein	 is
easily	 mastered.	 This	 minimizes	 the	 impact	 of	 hypovolemia	 or	 anatomic
variations	on	overall	success	and	has	rendered	ICU	external	jugular	vein	(EJV)
catheterization	obsolete.	Furthermore,	under	US	guidance,	 the	central	approach
is	almost	always	used.	The	anterior	and	posterior	approaches	differ	mainly	in	the
point	of	skin	puncture	and	position	of	the	high-resolution	vascular	probe	(Figure
6.2).



	

Figure	 6.2 	 Surface	 anatomy	 and	 various	 approaches	 to
cannulation	 of	 the	 internal	 jugular	 vein.A,	 Surface	 anatomy.	 B,
Anterior	approach.	C,	Central	approach.	D,	Posterior	approach.	The
external	 jugular	vein	is	also	shown.(Reprinted	with	permission	from
Moraco	AH,	Kopec	SE.	Central	venous	catheters.	In:	Irwin	RS,	Lilly
CM,	Mayo	PH,	et	al,	eds.	Irwin	and	Rippe’s	Intensive	Care	Medicine.
8th	ed.	Wolters	Kluwer;	2017:40.)

Anatomy
The	 IJV	 emerges	 from	 the	 base	 of	 the	 skull	 through	 the	 jugular	 foramen	 and
enters	 the	carotid	sheath	dorsally	with	 the	 internal	carotid	artery	(ICA).	 It	 then
courses	 posterolaterally	 to	 the	 artery	 and	 runs	 beneath	 the	 sternocleidomastoid
(SCM)	muscle.	The	vein	lies	medial	to	the	anterior	portion	of	the	SCM	muscle
superiorly	 and	 then	 runs	 beneath	 the	 triangle	 formed	 by	 the	 two	 heads	 of	 the
muscle	in	its	medial	portion	before	entering	the	SCV	near	the	medial	border	of
the	anterior	scalene	muscle	at	the	sternal	border	of	the	clavicle.	The	junction	of
the	right	 IJV	(which	averages	2-3	cm	in	diameter)	with	 the	right	SCV	forming
the	 innominate	 vein	 follows	 a	 straight	 path	 to	 the	 SVC.	 As	 a	 result,	 catheter
malposition	 and	 looping	 of	 the	 catheter	 inserted	 through	 the	 right	 IJV	 are
unusual.	In	contrast,	a	catheter	passed	through	the	left	IJV	must	negotiate	a	sharp
turn	at	the	left	jugulosubclavian	junction,	which	results	in	a	greater	percentage	of
catheter	malpositions.39	This	sharp	turn	may	also	produce	tension	and	torque	at
the	catheter	tip,	which	can	result	in	a	higher	incidence	of	vessel	erosion.



Knowledge	 of	 the	 structures	 neighboring	 the	 IJV	 is	 essential	 because	 they
may	be	compromised	by	a	misdirected	needle.	The	ICA	runs	medial	to	the	IJV
but,	 rarely,	may	 lie	 directly	 posterior	 or,	 rarely,	 anterior.	 Behind	 the	 ICA,	 just
outside	 the	 sheath,	 lie	 the	 stellate	ganglion	and	 the	cervical	 sympathetic	 trunk.
The	dome	of	the	pleura,	which	is	higher	on	the	left,	lies	caudal	to	the	junction	of
the	 IJV	 and	 SCV.	 Posteriorly,	 at	 the	 root	 of	 the	 neck,	 course	 the	 phrenic	 and
vagus	 nerves.	 The	 thoracic	 duct	 lies	 posterior	 to	 the	 left	 IJV	 and	 enters	 the
superior	 margin	 of	 the	 SCV	 near	 the	 jugulosubclavian	 junction.	 The	 right
lymphatic	 duct	 has	 the	 same	 anatomic	 relationship	 but	 is	 much	 smaller,	 and
chylous	effusions	typically	occur	only	with	left-sided	IJV	cannulations.

Technique	of	Cannulation
A	step-by-step	video	demonstrating	 the	process	of	 inserting	an	 internal	 jugular
CVC	is	presented	as	 	Video	6.1.40	With	careful	preparation	of	equipment	and
attention	to	patient	comfort	and	safety	as	described	earlier,	the	patient	is	placed
in	a	15°	Trendelenburg	position	to	distend	the	vein	and	minimize	the	risk	of	air
embolism	 (Figure	 6.2).	 The	 use	 of	 ultrasonography	 to	 guide	 IJV	 catheter
insertion	is	reviewed	in	 	Video	6.4.	Using	ultrasonography	and	a	7.5-	 to	10-
MHz	 probe,	 the	 operator	 examines	 both	 sides	 of	 the	 neck	 to	 identify	 an
appropriate	insertion	site	and	factors	that	would	contraindicate	access.	The	IJV	is
examined	in	the	transverse	scanning	plane	along	its	length	and	re-examined	with
compression	 in	order	 to	 rule	out	 isoechoic	 thrombus	 that	would	 contraindicate
venous	access.	 It	 is	 recommended	 that	 the	operator	holds	 the	probe	so	 that	 the
probe	marker	 is	always	oriented	 toward	 the	 left	side	of	 the	operator.	When	 the
operator	is	standing	near	the	patient’s	head	and	looking	in	caudal	direction	at	the
patient,	the	left	side	of	the	patient	will	project	to	the	left	side	of	the	screen,	given
that	the	screen	indicator	is	to	the	left	on	the	screen.	In	this	way,	movement	of	the
needle	 tip	 to	 the	 left	 or	 right	 will	 be	 seen	 as	 corresponding	 leftward	 and
rightward	movements	on	the	screen.

While	ipsilateral	IJV	thrombus	is	a	strong	contraindication	to	venous	catheter
insertion,	the	presence	of	a	contralateral	thrombus	is	a	relative	contraindication
to	ipsilateral	IJV	venous	access	out	of	concern	for	the	possibility	of	formation	of
bilateral	IJV	thrombosis.	Marked	respiratory	variation	of	IJV	size	may	occur	in
the	 dyspneic	 patient	 that	 may	 be	 a	 contraindication	 to	 an	 insertion	 attempt.
Anatomic	variation	such	as	vessel	size	or	position	can	also	be	identified	with	the
preprocedure	examination.

Before	the	procedure,	the	operator	examines	the	anterior	chest	of	the	patient
in	order	to	rule	out	pneumothorax.	The	vascular	probe	is	applied	to	the	anterior



chest	 bilaterally	 to	 observe	 for	 lung	 sliding	 (see	 Chapter	 11	 on	 Lung
Ultrasonography).	 Its	 presence	 indicates	 that	 there	 is	 no	 pneumothorax	 before
the	start	of	the	procedure.

Once	an	insertion	site	is	identified,	the	US	machine	is	positioned	such	that	the
operator	can	visualize	the	screen	with	minimal	head	movement;	the	line	of	sight
along	the	needle	insertion	trajectory	is	as	close	as	possible	to	that	needed	to	see
the	 screen.	 Bedside	 equipment	 may	 need	 to	 be	 moved	 in	 order	 to	 allow	 for
proper	 machine	 positioning.	 For	 IJV	 access,	 the	 machine	 is	 best	 positioned
contralateral	 to	 the	 planned	 insertion	 side	 with	 the	 screen	 angle	 adjusted	 for
maximal	clarity.	The	neck	is	then	prepared	with	chlorhexidine	and	fully	draped,
using	 maximum	 barrier	 precautions,	 including	 a	 sterile	 probe	 cover	 with
coupling	 gel.	 Before	 the	 procedure	 is	 begun,	 a	 time-out	 is	 performed.	 The
operator	 holds	 the	 probe	 in	 the	 nondominant	 hand	while	 examining	 the	 lower
anterior	 neck	 in	 a	 transverse	 scanning	 plane.	 The	 IJV	 and	 adjacent	 CA	 are
identified,	and	the	position	and	angle	of	the	probe	are	adjusted	such	that	the	IJV
is	 lateral	 to	 the	CA,	 assuming	 normal	 anatomy	 (Figure	6.3).	When	 the	CA	 is
posterior	to	the	IJV,	needle	insertion	at	this	point	into	the	IJV	carries	a	high	risk
of	unintentional	CA	puncture.	The	CA	is	usually	medial	 to	 the	IJV,	but	normal
anatomic	 variants	 include	 a	 medial	 or	 posterior	 position	 that	 can	 only	 be
identified	with	ultrasonography.	Head	rotation	greater	than	40°	increases	the	risk
of	overlap	between	the	IJV	and	CA.41	The	most	common	site	for	insertion	with
ultrasonographic	 guidance	 is	 toward	 the	 apex	 of	 the	 triangle	 formed	 by	 the
sternal	and	clavicular	heads	of	the	SCM	muscle	(Figure	6.2).



	

Figure	 6.3 	 Ultrasound	 appearance	 of	 the	 right	 internal	 jugular
vein	 and	 normal	 relationship	 with	 the	 internal	 carotid	 artery.
(Reprinted	 with	 permission	 from	 Moraco	 AH,	 Kopec	 SE.	 Central
venous	catheters.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,	et	al,	eds.	Irwin
and	 Rippe’s	 Intensive	 Care	 Medicine.	 8th	 ed.	 Wolters	 Kluwer;
2017:42.)

With	 the	probe	held	over	 the	 target	area,	 the	 target	vessel	 is	 centered	under
the	 midpoint	 of	 the	 probe.	 Lidocaine	 is	 infiltrated	 with	 ultrasonography
visualization	 to	 assure	 that	 the	 needle	 tract	 is	 well	 anesthetized.	 The	 access
needle	 is	 held	with	 the	 dominant	 hand	 and	 inserted	 through	 the	 skin	 at	 a	 45°
angle	at	a	point	corresponding	to	the	center	of	the	probe.	The	skin	entry	site	is
several	millimeters	 from	 the	 probe	 face.	As	 soon	 as	 the	 needle	 is	 through	 the
skin,	the	scanning	plane	is	angled	toward	the	skin	insertion	site	until	the	needle
tip	 is	 identified	 as	 a	 hyperechoic	 structure	 that	 moves	 predictably	 with
movement	 of	 the	 operator’s	 hand.	 The	 operator	 moves	 the	 needle	 forward
toward	 the	 IJV	 while	 angling	 the	 scanning	 plane	 in	 order	 to	 visualize	 the
advance	of	the	needle	tip	into	the	vessel.	Blood	return	into	the	syringe	confirms
IV	placement	of	the	needle.

Some	operators	prefer	to	guide	the	needle	using	a	longitudinal	scanning	plane



while	visualizing	the	needle	in	its	long	axis	as	it	approaches	and	penetrates	the
IJV.	This	requires	a	high	level	of	skill	at	needle	control	because	the	entire	needle
must	 be	 visualized	 during	 the	 insertion.	 There	 is	 no	 definitive	 evidence	 that
supports	 the	 transverse	 or	 longitudinal	 approach	 to	 needle	 insertion.	 One
problem	with	the	longitudinal	approach	is	that	the	CA	and	IJV	are	parallel	to	one
another.	The	 inexperienced	operator	may	mistake	one	vessel	 for	 the	other	with
risk	 of	 unintentional	 CA	 puncture.	 In	 our	 experience,	 the	 transverse	 scanning
approach	is	favored	by	most	operators.

Once	venipuncture	has	occurred	using	a	conventional	syringe,	the	syringe	is
removed	after	ensuring	that	the	backflow	of	blood	is	not	pulsatile,	and	the	hub	is
then	 occluded	 with	 a	 finger	 to	 prevent	 air	 embolism	 or	 excessive	 bleeding.
Alternatively,	 the	 guidewire	 can	 be	 passed	 through	 the	 guidewire	 hole	 of	 the
plunger	 of	 a	 central	 line	 insertion	 syringe.	 The	 angle	 of	 the	 needle	 should	 be
flattened	to	ensure	smooth	passage	of	the	guidewire.	The	guidewire,	with	the	J-
tip	oriented	appropriately,	is	then	inserted	and	should	pass	freely	up	to	20	cm,	at
which	point	the	thin-wall	needle	or	catheter	is	withdrawn.	The	tendency	to	insert
the	guidewire	deeper	than	15	to	20	cm	should	be	avoided	because	it	is	the	most
common	cause	of	ventricular	arrhythmias	during	insertion	and	also	poses	a	risk
for	 cardiac	 perforation.	 Furthermore,	 if	 the	 patient	 has	 an	 inferior	 vena	 cava
(IVC)	 filter	 in	 place,	 the	 guidewire	 can	 become	 entangled	 in	 the	 filter.
Occasionally,	the	guidewire	does	not	pass	easily	beyond	the	tip	of	the	thin-wall
needle.	The	guidewire	should	then	be	withdrawn,	the	syringe	attached,	and	free
backflow	of	blood	re-established	and	maintained,	while	 the	syringe	and	needle
are	brought	 to	 a	more	parallel	 plane	with	 the	vein.	The	guidewire	 should	 then
pass	 easily.	 If	 resistance	 is	 still	 encountered,	 rotation	 of	 the	 guidewire	 during
insertion	often	allows	passage.	 If	 the	wire	still	does	not	pass,	 the	proceduralist
should	consider	reaccessing	the	vessel	in	a	different	location.	If	there	is	concern
that	 there	 are	 anatomic	 or	 mechanical	 obstructions	 (eg,	 distal	 thrombus)
preventing	the	wire	from	advancing,	an	alternative	site	for	catheterization	should
be	considered.	Excessive	force	or	manipulation	leads	only	to	complications.

The	guidewire	position	is	checked	with	ultrasonography	before	dilation	of	the
insertion	 tract.	This	 requires	definitive	 identification	of	 the	wire	 in	 a	 long-axis
view	 of	 the	 IJV.	 Unintentional	 passage	 of	 the	 wire	 into	 the	 CA	 remains	 a
possibility,	 even	 when	 the	 needle	 insertion	 has	 been	 performed	 with
ultrasonography	 guidance,	 so	 checking	 wire	 position	 before	 dilation	 increases
the	safety	of	the	procedure.

Next,	 a	 scalpel	 is	 used	 to	 make	 a	 stab	 incision	 at	 the	 skin	 entry	 site	 to
facilitate	 passage	 of	 the	 vessel	 dilator.	 The	 dilator	 is	 inserted	 over	 the	 wire
through	 the	 subcutaneous	 tissues	 and	 into	 the	 vein,	 while	maintaining	 control



and	sterility	of	 the	guidewire.	Occasionally	 the	dilator	will	not	 advance	easily,
grasping	the	dilator	distally	while	inserting	and	withdrawing	a	small	portion	with
a	 slight	 twisting	motion	can	aid	 in	creating	a	 suitable	 tract.	The	dilator	 is	 then
withdrawn,	 and	 pressure	 is	 used	 at	 the	 puncture	 site	 to	 control	 bleeding	 and
prevent	 VAE	 down	 the	 needle	 tract.	 Confirming	 that	 the	 guidewire	 freely
advances	 and	 retracts	 within	 the	 dilator	 ensures	 that	 the	 wire	 has	 not	 been
inadvertently	kinked.	The	catheter	is	then	inserted	over	the	guidewire,	ensuring
that	 the	 operator	 has	 control	 of	 the	 guidewire,	 either	 proximal	 or	 distal	 to	 the
catheter,	 always	 avoiding	 intravascular	 loss	 of	 the	 wire.	 The	 catheter	 is	 then
advanced	 15	 to	 17	 cm	 (17-19	 cm	 for	 left	 IJV)	 into	 the	 vein,	 the	 guidewire
withdrawn.	 Aspiration	 of	 blood	 from	 the	 distal	 lumen	 is	 done	 to	 ensure	 the
catheter	 remains	 intraluminal	 and	 the	 lumen	 is	 then	 flushed	 with	 saline	 and
capped.	 Then,	 the	 proximal	 and	middle	 lumens	 of	 a	 triple-lumen	 catheter	 are
also	 aspirated	 to	 demonstrate	 free	 return	 of	 blood	 and	 flushed	with	 saline	 and
capped.	The	catheter	is	sutured	securely	to	limit	tip	migration	and	covered	with	a
chlorhexidine-impregnated	dressing.

At	 the	 end	 of	 the	 procedure,	 the	 operator	 again	 checks	 for	 lung	 sliding	 in
order	to	rule	out	pneumothorax.	Loss	of	lung	sliding	when	it	was	present	before
the	procedure	is	strong	evidence	that	there	is	a	procedure-related	pneumothorax.
A	chest	radiograph	should	also	be	obtained	to	document	tip	location.

CASE	2
A	 64-year-old	 man	 with	 coronary	 artery	 disease,	 chronic	 systolic
heart	failure,	and	bioprosthetic	mitral	valve	replacement	presented	to
the	ED	with	diffuse	body	pain	and	weakness.42	On	initial	evaluation,
vital	 signs	were	 blood	 pressure,	 77/42	mm	Hg;	 pulse	 rate,	 87/min;
respiratory	 rate,	 14/min;	 saturation,	 99%	 on	 room	 air;	 and
temperature,	 36.5	 °C.	 Lungs	 were	 clear	 to	 auscultation	 bilaterally.
Cardiac	 examination	 revealed	 a	 grade	 2	 holosystolic	murmur.	 The
abdomen	 was	 unremarkable,	 and	 there	 was	 mild	 pitting	 edema.
Laboratory	test	results	were	significant	for	acute	renal	failure	(BUN,
106	 mg/dL;	 creatinine,	 7.6	 mg/dL)	 with	 severe	 hyperkalemia
(potassium,	 9.3	 mEq/L)	 and	 metabolic	 acidosis	 (bicarbonate,	 11
mEq/L).	 His	 ECG	 was	 nonischemic.	 An	 echocardiogram	 showed
moderately	 reduced	 left	 ventricular	 function	 that	 was	 unchanged



from	 previous	 examinations	 and	 interval	 development	 of	 mild	 right
ventricular	 hypokinesis.	 A	 left	 sided	 CVC	 was	 placed.	 Chest
radiography	 was	 interpreted	 by	 the	 radiologist	 as	 having	 no	 focal
pulmonary	consolidation	and	a	left	internal	jugular	catheter	coursing
to	 the	 left	of	 the	sternum	with	catheter	 tip	presumed	to	be	 in	a	 left-
sided	SVC	or	left	internal	mammary	vein	(Figure	6.4).43	The	patient
required	 emergent	 hemodialysis	 for	 hyperkalemia.	 Norepinephrine
was	 initiated	 for	 hemodynamic	 support	 during	 hemodialysis.
Escalating	doses	of	norepinephrine,	up	to	40	μg/min,	were	required
to	maintain	a	mean	arterial	pressure	of	65	mm	Hg.	An	additional	2	L
of	normal	saline	were	administered	via	 the	central	access.	His	 ICU
nurse	transduced	the	distal	port	of	the	triple-lumen	catheter	(Figure
6.5),43	and	amber-colored	 fluid	was	drawn	 from	 the	distal	port.	The
intensivist	team	performed	bedside	ultrasonography	to	determine	the
cause	of	respiratory	insufficiency	and	tachycardia	(Videos	6.5-6.8).43

	

Figure	 6.4 	 Patient	 chest	 radiograph.(From	 Moraco	 AH,
Kopec	SE,	Lilly	CM.	Central	Venous	Catheters.	 In:	Lilly	CM,
Mayo	 PH,	 Koenig	 SJ,	 Irwin	 RS,	 eds.	 Irwin	 &	 Rippe’s
Ultrasonography	 for	Management	 of	 the	Critically	 Ill.	Wolters
Kluwer;	2021:320-342,	Figure	19.4.)



	

Figure	 6.5 	 Catheter	 pressure	 transduction	 tracing.CVP,
central	 venous	 pressure.(From	 Moraco	 AH,	 Kopec	 SE,	 Lilly
CM.	Central	Venous	Catheters.	In:	Lilly	CM,	Mayo	PH,	Koenig
SJ,	 Irwin	 RS,	 eds.	 Irwin	 &	 Rippe’s	 Ultrasonography	 for
Management	 of	 the	 Critically	 Ill.	 Wolters	 Kluwer;	 2021:320-
342,	Figure	19.5.)

Based	 on	 the	 clinical	 scenario	 and	 these	 ultrasound	 images,
what	is	the	position	of	his	central	venous	catheter?
A	 discussion	 of	 the	 findings	 and	 their	 clinical	 implications	 is
presented	 in	 	 Video	 6.9.	 Further	 imaging	 with	 a	 bubble	 study
confirmed	that	 the	tip	of	 the	catheter	as	being	 in	 the	pleural	space.
Instillation	 of	 agitated	 saline	 via	 the	 catheter	 resulted	 in	 small
echogenic	bubbles	within	 the	pleural	 effusion.	A	14F	percutaneous
chest	 tube	 was	 placed	 via	 ultrasound	 guidance	 with	 2	 L	 of
serosanguinous	 output	 and	 resolution	 of	 the	 patient’s	 impending
respiratory	failure.	A	right	internal	jugular	CVC	was	inserted,	and	the
left-sided	 catheter	 was	 removed	 after	 consultation	 with
cardiothoracic	 surgery.	 Ultimately,	 the	 patient	 improved	 to	 his
baseline	and	was	discharged	without	the	need	for	further	dialysis.

Ultrasonography	 may	 be	 used	 to	 confirm	 CVC	 position,	 as	 an
alternative	to	chest	radiography.	Following	insertion	of	the	CVC,	the
operator	 uses	 the	 cardiac	 transducer	 to	 visualize	 the	 right	 atrium
using	 the	 right	 ventricular	 inflow,	subcostal	 long-axis,	or	a	modified
long-axis	 IVC	 view.	 Using	 a	 three-way	 stopcock	 and	 two	 10-mL
syringes,	10	mL	of	agitated	saline	contrast	is	injected	into	the	distal
port	of	the	CVC	while	the	operator	is	visualizing	the	right	atrium.

The	following	four	patterns	result	after	the	injection	of	the	agitated
contrast:

1.	 No	contrast	enters	the	atrium.	This	indicates	malposition	of	the



catheter,	including	the	possibility	of	arterial	cannulation.
2.	 Delayed	(>2	s)	contrast	entry	into	the	atrium.	This	indicates	that

the	catheter	is	above	the	level	of	the	SVC.
3.	 Immediate	(<2	s)	contrast	entry	into	the	atrium	with	the	laminar

flow	pattern	of	contrast	into	the	atrium	from	the	SVC.	This
indicates	appropriate	catheter	position	in	the	SVC.

4.	 Immediate	contrast	opacification	of	the	atrium	without	the
laminar	flow	pattern.	This	indicates	catheter	position	within	the
right	atrium.	This	is	often	confirmed	by	visualization	of	the
catheter	tip	in	the	right	atrium.

If	there	is	delayed	contrast	entry	into	the	atrium,	the	operator	may
then	examine	the	IJV	and	SCV	veins	to	look	for	aberrant	position	of
the	catheter	tip	in	the	IJV	or	the	SCV.

The	use	of	agitated	saline	injection	to	confirm	catheter	tip	position
has	 been	 compared	 with	 chest	 radiography	 with	 excellent
concordance	 of	 results.	 Vezzani	 et	 al	 described	 the	 injection	 of
agitated	saline	into	the	CVC	in	order	to	confirm	appropriate	position
of	the	line	tip.44	They	observed	that	appropriate	catheter	tip	position
was	 associated	 with	 a	 laminar	 inflow	 pattern	 of	 agitated	 saline
contrast	into	the	right	atrium	from	the	SVC	that	occurred	within	2	s	of
the	 injection,	whereas	right	atrial	placement	was	 identified	by	direct
visualization	 of	 the	 catheter	 tip	 in	 the	 right	 atrium	or	 by	 immediate
opacification	 of	 the	 right	 atrium	 instead	 of	 a	 laminar	 flow	 pattern
characteristic	 of	 SVC	 placement.	 No	 contrast	 entry	 into	 the	 right
atrium	 or	 delayed	 entry	 of	 contrast	 indicated	 malposition	 of	 the
catheter.	 Weekes	 et	 al	 confirmed	 these	 results	 in	 two	 additional
studies.42,45	 Both	 investigators	 also	 included	 examination	 for
postprocedural	pneumothorax	using	ultrasonography.

A	 major	 limitation	 of	 using	 ultrasonography	 is	 that	 not	 all	 patients	 have
adequate	cardiac	views	 to	permit	visualization	of	 the	right	atrium.	In	 this	case,
chest	 radiography	 is	 required.	 Ultrasonography	 is	 useful	 if	 the	 results	 are
unequivocal	 (eg,	 if	 the	 catheter	 tip	 is	 visualized	 in	 the	 right	 atrium,	 if	 there	 is
immediate	nonlaminar	opacification	of	the	right	atrium,	or	if	there	is	immediate



laminar	 flow	 of	 agitated	 saline	 contrast	 into	 the	 right	 atrium).	With	 any	 other
result,	chest	radiography	is	required.	Other	issues	with	using	ultrasonography	to
check	 for	 the	 position	 of	 the	 central	 venous	 line	 tip	 include	 that	 the	 operator
must	have	skill	at	cardiac	ultrasonography	and	that	it	adds	time	to	the	procedure.
Its	 advantage	 is	 that	 the	 skilled	 operator	 can	 promptly	 determine	 catheter	 tip
position	 after	 insertion.	Chest	 radiography	 has	 the	 advantage	 of	 simplicity	 but
the	disadvantage	of	delay.

Success	Rates	and	Complications
The	use	of	direct	 ultrasonographic	 guidance	 clearly	 improves	 the	 success	 rate,
decreases	 the	 number	 of	 attempts	 and	 complications,	 avoids	 unnecessary
procedures	by	 identifying	unsuitable	anatomy,	and	minimally	 impacts	 insertion
time	compared	to	the	older	anatomic	techniques.

The	 overall	 incidence	 of	 complications	 in	 IJV	 catheterization	 with	 US
guidance	 is	 quite	 rare;	 important	 complications	 include	 ICA	 puncture,
pneumothorax,	vessel	erosion,	thrombosis,	and	infection.	In	2006,	Karakitsos	et
al	randomized	900	patients	to	US-guided	IJV	placement	vs	the	use	of	a	landmark
technique.46	Complications	with	 the	US	guidance	were	 significantly	 lower	 and
occurred	 very	 rarely,	 with	 carotid	 puncture	 occurring	 in	 1.1%	 of	 patients	 and
hematoma	in	0.4%.	Hemothorax	and	pneumothorax	did	not	occur	in	any	of	the
US-guided	 IJV	 lines.	 In	 addition,	 the	 time	 and	 number	 of	 attempts	 were
significantly	 reduced.	 This	 technique	 is	 an	 easily	 mastered	 skill	 with	 proper
teaching.46	 In	 the	absence	of	a	bleeding	diathesis,	arterial	punctures	are	usually
benign	 and	 are	 managed	 conservatively	 by	 applying	 local	 pressure	 for	 10
minutes.	Even	in	the	absence	of	clotting	abnormalities,	a	sizable	hematoma	may
form,	 preventing	 further	 catheterization	 attempts.47	 Unrecognized	 arterial
puncture	 can	 lead	 to	 catheterization	 of	 the	 ICA	 with	 a	 large-bore	 catheter	 or
introducer.	 Options	 include	 pulling	 the	 catheter	 and	 applying	 pressure,
percutaneous	 closure	 devices,	 internal	 stent	 grafting,	 or	 surgical	 repair.48	 For
unintentional	 ICA	catheters,	 it	 is	safest	 to	obtain	vascular	surgery	consultation,
although	 often	 removal	 of	 the	 catheter	 and	 holding	 pressure	 are	 the	 initial
treatment	of	choice.

Pneumothorax,	 which	 may	 be	 complicated	 by	 hemothorax,	 infusion	 of	 IV
fluid,	 or	 tension,	 is	 considered	 an	 unusual	 adverse	 consequence	 of	 IJV
cannulation	 and	 is	 extraordinarily	 rare	when	 the	procedure	 is	 performed	under
direct	US	guidance.46	Case	 reports	 indicate	 that	many	 complications	 from	 IJV
catheterization	are	possible,	although	in	reality,	the	IJV	route	is	reliable,	with	a
low	incidence	of	major	complications.	Operator	experience	is	not	as	important	a



factor	as	in	SCV	catheterization;	the	incidence	of	catheter	tip	malposition	is	low,
and	patient	acceptance	is	high.	The	internal	 jugular	site	 is	best	suited	for	acute
short-term	 hemodialysis,	 for	 elective	 or	 urgent	 catheterizations,	 especially	 PA
catheterizations,	and	for	the	insertion	of	temporary	transvenous	pacemakers.	It	is
not	the	preferred	site	during	airway	emergencies,	for	parenteral	nutrition,	or	for
long-term	catheterization.

External	Jugular	Vein	Approach
With	the	advent	of	real-time	US	guidance,	the	EJV	is	now	rarely	used	for	CVC,
but	 it	 remains	 an	 alternative.	A	description	of	 the	 anatomy,	 the	 technique,	 and
complications	can	be	found	elsewhere.49

Femoral	Vein	Approach
The	common	femoral	vein	(CFV)	has	many	practical	advantages	for	CVC;	it	is
directly	compressible,	 it	 is	remote	from	the	airway	and	pleura,	 the	technique	is
relatively	 simple,	 and	 the	 Trendelenburg	 position	 is	 not	 required	 during
insertion.	 However,	 owing	 to	 increased	 risks	 for	 CLABSI	 compared	 to	 other
sites,	CFV	catheters	should	be	avoided	wherever	possible.6,10,11

Anatomy
The	FV	(Figure	6.6A)	is	a	direct	continuation	of	the	popliteal	vein	and	becomes
the	external	iliac	vein	at	the	inguinal	ligament.	At	the	inguinal	ligament,	the	CFV
lies	within	the	femoral	sheath	a	few	centimeters	from	the	skin	surface.	The	CFV
lies	medial	to	the	femoral	artery,	which	in	turn	lies	medial	to	the	femoral	branch
of	 the	 genitofemoral	 nerve.	 The	 medial	 compartment	 contains	 lymphatic
channels	 and	Cloquet	 node.	The	 external	 iliac	 vein	 courses	 cephalad	 from	 the
inguinal	 ligament	 along	 the	 anterior	 surface	 of	 the	 iliopsoas	muscle	 to	 join	 its
counterpart	 from	 the	 contralateral	 leg	 and	 form	 the	 IVC	anterior	 to	 and	 to	 the
right	of	the	fifth	lumbar	vertebra.	Using	US,	the	FV	can	be	readily	identified	by
placing	the	probe	a	few	centimeters	caudal	to	the	inguinal	ligament,	just	medial
to	the	arterial	pulsation	(Figure	6.6B).



	

Figure	6.6 	A,	Anatomy	of	 the	right	 femoral	vein.	B,	Ultrasound
appearance	of	the	femoral	vein	and	artery.(Reprinted	with	permission
from	Moraco	AH,	Kopec	SE.	Central	venous	catheters.	In:	Irwin	RS,
Lilly	 CM,	 Mayo	 PH,	 et	 al,	 eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care
Medicine.	8th	ed.	Wolters	Kluwer;	2017:44.)

Technique
FV	 cannulation	 is	 the	 easiest	 of	 all	 central	 venous	 procedures	 to	 learn	 and
perform.	The	side	chosen	is	based	on	the	operator	convenience.	US	confirms	the
anatomy,	 identifies	 the	 depth	 needed	 for	 venipuncture,	 rules	 out	 preexisting
thrombosis,	and	can	directly	guide	venipuncture.	The	use	of	ultrasonography	to
guide	CFV	catheter	insertion	is	reviewed	in	 	Video	6.10.	The	patient	is	placed
in	 the	 supine	 position	 (when	 tolerated)	 with	 the	 leg	 extended	 and	 slightly
abducted	at	the	hip.	Excessive	hair	should	be	clipped	with	scissors	and	the	skin
prepped	 with	 chlorhexidine.	 The	 CFV	 lies	 1	 to	 1.5	 cm	medial	 to	 the	 arterial
pulsation,	and	the	overlying	skin	is	infiltrated	with	1%	lidocaine.

The	US	device	is	positioned	across	the	bed	from	the	operator,	and	the	screen
is	 set	 at	 the	appropriate	angle.	The	 right-handed	operator	 is	best	positioned	on
the	 right	 side	of	 the	patient	 in	order	 to	be	 able	 to	use	 their	dominant	hand	 for
needle	insertion	while	holding	the	probe	with	the	left.	The	reverse	applies	to	the
left-handed	operator.

Before	sterile	field	preparation,	the	target	area	is	scanned	in	its	transverse	axis
to	identify	any	contraindication	to	central	venous	access,	such	as	thrombus.	The
CFV,	which	is	the	target	vessel,	is	found	medial	to	the	common	femoral	artery;
aberrant	anatomy	is	very	uncommon,	unlike	with	the	IJV.

Following	application	of	maximum	barrier	precautions,	the	CFV	is	visualized



in	 its	 transverse	 axis,	 and	 the	 needle	 is	 inserted	 at	 a	 45°	 angle	 with	 constant
ultrasonographic	 visualization	 using	 the	 same	 technique	 as	 with	 IJV	 access.
Needle	penetration	into	the	CFV	should	occur	at	the	level	of	the	inguinal	crease.
Slightly	below	this	point,	the	CFV	transitions	to	become	the	superficial	FV	that
typically	 lies	 posterior	 to	 the	 superficial	 femoral	 artery.	 This	 position	 strongly
precludes	any	attempt	at	venous	catheter	 insertion,	out	of	concern	for	 injury	 to
the	overlying	artery.

When	 venous	 blood	 return	 is	 established,	 the	 syringe	 angle	 is	 depressed
slightly	 and	 free	 aspiration	 of	 blood	 reconfirmed.	 The	 syringe	 is	 removed,
ensuring	that	blood	return	is	not	pulsatile.	The	guidewire	should	pass	easily	and
never	 be	 forced,	 although	 rotation	 and	 minor	 manipulation	 are	 sometimes
required.	 The	 needle	 is	 then	 withdrawn,	 and	 the	 wire	 is	 visualized	 with
ultrasonography	to	be	in	the	CFV	before	dilation	and	catheter	insertion.	Beyond
direct	visualization	of	 the	catheter	 in	 the	vein,	 injection	of	agitated	saline	with
rapid	opacification	of	the	right	atrium	using	cardiac	ultrasonography	confirms	an
IV	position	of	the	catheter.	The	guidewire	insertion	site	is	enlarged	with	a	scalpel
and	the	vein	dilator	inserted	over	the	wire.	The	dilator	is	then	withdrawn	and	a
catheter	 appropriate	 to	clinical	 requirements	 inserted,	 taking	care	never	 to	 lose
control	of	the	guidewire.	The	guidewire	is	removed,	the	catheter	is	then	aspirated
to	 confirm	blood	 return,	 flushed	with	 saline,	 and	 secured	with	 a	 suture,	 and	 a
chlorhexidine	dressing	is	applied.

Success	Rate	and	Complications
FV	catheterization	is	successful	for	greater	than	90%	of	patients,	including	those
with	shock	or	cardiopulmonary	arrest,	and	has	 improved	with	 the	use	of	direct
US	guidance.50	Unsuccessful	catheterizations	are	usually	a	result	of	venipuncture
failure,	hematoma	formation,	or	inability	to	advance	the	guidewire	into	the	vein.
Operator	 inexperience	may	 increase	 the	 number	 of	 attempts	 and	 complication
rate	but	does	not	appear	to	significantly	decrease	the	overall	success	rate.

Three	complications	occur	regularly	with	FV	catheterization:	arterial	puncture
with	 or	 without	 local	 bleeding,	 infection,	 and	 thrombosis.	 Other	 reported
complications	 are	 rare	 and	 include	 scrotal	 hemorrhage,	 right	 lower	 quadrant
bowel	 perforation,	 retroperitoneal	 hemorrhage,	 puncture	 of	 the	 kidney,	 and
perforation	 of	 IVC	 tributaries.	 These	 complications	 occur	when	 skin	 puncture
sites	are	cephalad	 to	 the	 inguinal	 ligament	or	when	long	catheters	are	 threaded
into	the	FV.

Femoral	 artery	 puncture	 occurs	 in	 5%	 to	 10%	 of	 adults.	 Most	 arterial
punctures	are	uncomplicated,	but	major	hematomas	may	form	in	1%	of	patients,



especially	 in	 the	 presence	 of	 anticoagulants,	 fibrinolytics,	 or	 antithrombotic
agents.	As	is	the	case	with	other	routes,	US	significantly	reduces	the	rate	of	these
complications.51	Even	in	the	presence	of	coagulopathy,	arterial	puncture	with	the
18-gauge	 thin-wall	 needle	 is	 usually	 of	 minor	 consequence,	 but	 there	 is	 a
potential	 for	 life-threatening	 thigh	 or	 retroperitoneal	 hemorrhage.52
Arteriovenous	 fistula	 and	 pseudoaneurysm	 are	 rare	 chronic	 complications	 of
arterial	puncture;	 the	former	is	more	likely	to	occur	when	both	femoral	vessels
on	the	same	side	are	cannulated	concurrently.53

Infectious	and	thrombotic	complications	with	FV	catheters	are	more	frequent
than	 with	 other	 catheters.	 Specifically,	 there	 is	 a	 fourfold	 increased	 rate	 of
colonization	and	threefold	increased	risk	of	CLABSI.6,11	As	such,	the	Centers	for
Disease	Control	and	Prevention	guidelines	recommend	avoidance	of	the	femoral
site	unless	absolutely	necessary.10

Although	catheter-associated	 thrombosis	 is	a	risk	of	all	CVCs,	regardless	of
the	 site	 of	 insertion,	 the	 risks	 associated	 with	 the	 femoral	 site	 are	 higher.
Compared	to	the	subclavian	site,	the	FV	was	associated	with	a	14-fold	increased
odds	 ratio	 for	 thrombotic	 complications	 compared	 to	 a	 subclavian	 CVC.18	 In
addition,	lower	extremity	DVTs	have	a	higher	rate	of	symptomatic	embolization
compared	to	those	in	the	upper	extremity.34	Although	there	are	clearly	increased
risks	 associated	 with	 the	 FV	 approach,	 this	 site	 may	 be	 required	 in	 difficult
clinical	 circumstances.	 In	 summary,	 available	 evidence	 supports	 the	 view	 that
the	FV	may	be	cannulated	safely	in	critically	ill	adults.	FV	catheterizations	may
be	performed	during	airway	emergencies	and	cardiopulmonary	arrest,	in	patients
with	coagulopathy,	 in	patients	who	are	unable	 to	 lie	flat,	and	for	access	during
renal	 replacement	 therapy.	 The	 most	 common	 major	 complication	 during	 FV
catheterization	 is	 arterial	 puncture,	 although	 this	 is	 minimized	 by	 direct	 US
guidance.	 As	 stated	 earlier,	 infection	 is	 more	 common	 particularly	 when
compared	 to	 the	 IJV	 and	 SCV	 sites	 and,	 again,	 FV	 catheterizations	 should	 be
avoided	if	possible.

Subclavian	Vein	Approach
This	 route	 has	 been	 used	 for	 central	 venous	 access	 for	 many	 years	 and	 is
associated	 with	 the	 most	 controversy,	 largely	 because	 of	 the	 relatively	 high
incidence	of	pneumothorax	and	occasional	associated	mortality.	With	the	added
safety	 of	 US-guided	 IJV	 catheterization,	 there	 has	 been	 some	 debate	 about
abandonment	of	landmark-guided	SCV	catheterization.	US	guidance	is	possible
with	the	SCV,	but	it	is	more	technically	demanding	and	may	require	a	different
site	 for	 venipuncture.10	 The	 use	 of	 ultrasonography	 to	 guide	 SCV	 catheter



insertion	 is	 reviewed	 in	 	Video	6.11.	 Fragou	et	 al	 showed	 that	US	guidance
resulted	in	increased	success	as	well	as	a	decrease	in	the	rates	of	complications.54
Given	these	factors,	we	still	believe	the	SCV	is	a	valuable	alternative	in	certain
situations	for	experienced	operators,	who	should	have	a	pneumothorax	rate	well
under	 1%.	 Inexperienced	 operators	 have	 a	 far	 greater	 rate	 of	 pneumothorax;
therefore,	 in	 settings	 where	 relatively	 inexperienced	 physicians	 perform	 the
majority	of	CVC	insertions,	 the	SCV	should	be	used	very	selectively	and	with
close	 supervision.	 The	 advantages	 of	 this	 route	 include	 consistent	 identifiable
landmarks,	easier	long-term	catheter	maintenance	with	a	comparably	lower	rate
of	 infection,	 and	 relatively	 high	 patient	 comfort.	 Assuming	 an	 experienced
operator	is	available,	the	SCV	is	the	preferred	site	for	CVC	in	patients	requiring
long-term	 total	 parenteral	 nutrition	 and	 in	 patients	 with	 elevated	 intracranial
pressure	who	require	hemodynamic	monitoring.	It	should	not	be	considered	the
primary	choice	in	the	presence	of	thrombocytopenia	(platelets	<50,000/μL),	for
acute	hemodialysis,	or	in	patients	managed	with	high	PEEP	(ie,	>12	cm	H2O).

Anatomy
The	 SCV	 is	 a	 direct	 continuation	 of	 the	 axillary	 vein,	 beginning	 at	 the	 lateral
border	of	the	first	rib,	extending	3	to	4	cm	along	the	undersurface	of	the	clavicle,
and	becoming	 the	brachiocephalic	vein	where	 it	 joins	 the	 ipsilateral	 IJV	at	 the
confluence	of	Pirogoff	behind	the	sternoclavicular	articulation	(Figure	6.7).	The
vein	is	1	to	2	cm	in	diameter,	contains	a	single	set	of	valves	just	distal	to	the	EJV
junction,	 and	 is	 fixed	 in	 position	 directly	 beneath	 the	 clavicle	 by	 its	 fibrous
attachments.	These	 attachments	 prevent	 collapse	 of	 the	 vein,	 even	with	 severe
volume	depletion.	Anterior	 to	 the	vein	 throughout	 its	 course	 lie	 the	 subclavius
muscle,	 clavicle,	 costoclavicular	 ligament,	 pectoralis	 muscles,	 and	 epidermis.
Posteriorly,	the	SCV	is	separated	from	the	subclavian	artery	and	brachial	plexus
by	 the	 anterior	 scalenus	 muscle,	 which	 is	 10	 to	 15	 mm	 thick	 in	 the	 adult.
Posterior	 to	 the	medial	 portion	 of	 the	 SCV	 are	 the	 phrenic	 nerve	 and	 internal
mammary	artery	as	they	pass	into	the	thorax.	Superiorly,	the	relationships	are	the
skin,	platysma,	and	superficial	aponeurosis.	Inferiorly,	the	vein	rests	on	the	first
rib,	 Sibson	 fascia,	 the	 cupola	 of	 the	 pleura	 (0.5	 cm	 behind	 the	 vein),	 and
pulmonary	 apex.49	 The	 left	 thoracic	 duct	 and	 right	 lymphatic	 duct	 cross	 the
anterior	scalene	muscle	to	join	the	superior	aspect	of	the	SCV	near	its	union	with
the	IJV.



	

Figure	 6.7 	 Anatomy	 of	 the	 subclavian	 vein	 and	 adjacent
structures.	1,	2,	and	3	refer	to	the	1st,	2nd,	and	3rd	ribs	respectively.
(Reprinted	 with	 permission	 from	 Moraco	 AH,	 Kopec	 SE.	 Central
venous	catheters.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,	et	al,	eds.	Irwin
and	 Rippe’s	 Intensive	 Care	 Medicine.	 8th	 ed.	 Wolters	 Kluwer;
2017:46.)

The	 clavicle	 presents	 a	 significant	 barrier	 for	US	 visualization	 of	 the	 SCV,
which	 may	 mandate	 using	 a	 different	 approach.10	 Typically,	 we	 identify	 the
axillary	 vein-SCV	 junction	 by	 placing	 the	 probe	 inferior	 to	 the	 clavicle	 in	 the
deltopectoral	groove.	We	usually	 initially	produce	an	axial	view	of	 the	vein	by
placing	the	probe	in	the	cranial-caudal	direction.	The	probe	is	then	rotated	90°	to
produce	 a	 longitudinal	 view	 of	 the	 vein,	 which	 is	 maintained	 during
venipuncture	 and	 guidewire	 insertion	 (Figure	 6.8).	 Although	 this	 method	 is
often	successful,	it	may	be	very	difficult	in	patients	with	obesity	and	tends	to	be
more	time-consuming.

	

Figure	6.8 	Ultrasound	view	of	the	subclavian	vein.A,	Axial	view;
B,	longitudinal	view.	See	text	for	details.	Arrow	indicates	the	position
of	 the	 guidewire.(Reprinted	 with	 permission	 from	 Moraco	 AH,



Kopec	SE.	Central	venous	catheters.	 In:	 Irwin	RS,	Lilly	CM,	Mayo
PH,	 et	 al,	 eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care	Medicine.	 8th	 ed.
Wolters	Kluwer;	2017:47.)

Landmark	Technique
Although	 there	are	many	variations,	 the	SCV	may	be	cannulated	using	surface
landmarks	 by	 two	 basic	 techniques:	 the	 infraclavicular55	 approach	 and	 the
supraclavicular	approach	(Figure	6.9).	The	differences	 in	success	 rate,	catheter
tip	malposition,	 and	 complications	 between	 the	 two	 approaches	 are	 negligible,
although	 catheter	 tip	 malposition	 and	 pneumothorax	 may	 be	 less	 likely	 with
supraclavicular	cannulation.56	 In	 general,	when	discussing	 the	 success	 rate	 and
incidence	of	complications	of	SV	catheterization,	there	is	no	need	to	specify	the
approach	used.

	

Figure	6.9 	A,	Patient	 positioning	 for	 subclavian	 cannulation.	B,
Cannulation	 technique	 for	 supraclavicular	 approach.(Reprinted	with
permission	 from	Moraco	AH,	Kopec	 SE.	 Central	 venous	 catheters.
In:	 Irwin	 RS,	 Lilly	 CM,	 Mayo	 PH,	 et	 al,	 eds.	 Irwin	 and	 Rippe’s
Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;	2017:47.)

The	18-gauge	thin-wall	needle	is	preferable	for	SCV	cannulation.	The	patient
is	 placed	 in	 a	 15°	 to	30°	Trendelenburg	position.	Placement	 of	 a	 shoulder	 roll
between	 the	 scapulae	has	been	 shown	 to	 reduce	 the	cross-sectional	area	of	 the
SCV	 with	 ultrasonography	 imaging.	 The	 head	 is	 turned	 slightly	 to	 the
contralateral	side,	and	the	arms	are	kept	to	the	side.	The	pertinent	landmarks	are
the	 clavicle,	 the	 two	 muscle	 bellies	 of	 the	 SCM,	 the	 suprasternal	 notch,	 the
deltopectoral	 groove,	 and	 the	manubriosternal	 junction.	 For	 the	 infraclavicular



approach	(Figure	6.7),	 the	operator	 is	positioned	next	 to	 the	patient’s	 shoulder
on	 the	 side	 to	be	 cannulated.	For	 reasons	cited	earlier,	 the	 left	SCV	should	be
chosen	 for	 PA	 catheterization;	 otherwise,	 the	 success	 rate	 appears	 to	 be
equivalent	regardless	of	the	side	chosen.	Skin	puncture	is	2-3	cm	caudal	 to	the
clavicle	at	the	deltopectoral	groove,	corresponding	to	the	area	where	the	clavicle
turns	 from	 the	 shoulder	 to	 the	 manubrium.	 Skin	 puncture	 should	 be	 distant
enough	from	the	clavicle	to	avoid	a	downward	angle	of	the	needle	in	clearing	the
inferior	surface	of	the	clavicle,	which	also	obviates	any	need	to	bend	the	needle.
The	path	of	the	needle	is	toward	the	suprasternal	notch.	Using	maximum	barrier
precautions,	 the	 skin	 is	 prepped	with	 chlorhexidine.	After	 skin	 infiltration	 and
liberal	injection	of	the	clavicular	periosteum	with	1%	lidocaine	and	a	time-out,
the	18-gauge	thin-wall	needle	is	mounted	on	a	10-mL	syringe.	Skin	puncture	is
accomplished	with	the	needle	bevel	up,	and	the	needle	is	advanced	in	the	plane
until	 the	 tip	 abuts	 the	 clavicle.	The	needle	 is	 then	“walked”	down	 the	 clavicle
until	 the	 inferior	 edge	 is	 cleared.	 To	 avoid	 pneumothorax,	 it	 is	 imperative	 the
needle	 stay	 parallel	 to	 the	 floor	 and	 not	 angle	 down	 toward	 the	 spine.	This	 is
accomplished	 by	 using	 the	 operator’s	 left	 thumb	 to	 provide	 downward
displacement	 in	 the	vertical	plane	after	each	attempt,	until	 the	needle	advances
under	the	clavicle.

As	the	needle	is	advanced	further,	 the	inferior	surface	of	the	clavicle	should
be	 felt	 hugging	 the	 needle.	 This	 ensures	 that	 the	 needle	 tip	 is	 as	 superior	 as
possible	 to	 the	 pleura.	 The	 needle	 is	 advanced	 toward	 the	 suprasternal	 notch
during	breath	holding	or	expiration,	and	venipuncture	occurs	when	the	needle	tip
lies	 beneath	 the	medial	 end	 of	 the	 clavicle.	 This	may	 require	 insertion	 of	 the
needle	 to	 its	 hub.	 Blood	 return	 may	 not	 occur	 until	 slow	 withdrawal	 of	 the
needle.	 If	 venipuncture	 is	 not	 accomplished	 on	 the	 initial	 attempt,	 the	 next
attempt	 should	 be	 directed	 slightly	 more	 cephalad.	 If	 venipuncture	 does	 not
occur	 by	 the	 third	 or	 fourth	 attempt,	 another	 site	 should	 be	 chosen	 or	 another
operator	should	try	because	additional	attempts	are	unlikely	to	be	successful	and
may	result	in	complications.

When	 blood	 return	 is	 established,	 the	 bevel	 of	 the	 needle	 is	 rotated	 90°
toward	the	heart.	The	needle	is	anchored	firmly	with	the	left	hand,	whereas	the
syringe	is	detached	with	the	right.	Blood	return	should	not	be	pulsatile,	and	VAE
prophylaxis	is	necessary	at	all	times.	The	guidewire	is	then	advanced	through	the
needle	to	15	cm	and	then	the	needle	is	withdrawn.	To	increase	the	success	rate	of
proper	 placement	 of	 the	 catheter,	 the	 J-wire	 tip	 should	 point	 inferiorly.57	 The
remainder	 of	 the	 procedure	 is	 as	 previously	 described.	 Triple-lumen	 catheters
should	be	sutured	at	15	to	16	cm	on	the	right	and	17	to	18	cm	on	the	left	to	avoid
intracardiac	tip	placement.26



For	 the	 supraclavicular	 approach	 (Figure	6.7),	 the	 important	 landmarks	 are
the	 clavicular	 insertion	of	 the	SCM	muscle	 and	 the	 sternoclavicular	 joint.	The
operator	is	positioned	at	the	head	of	the	patient	on	the	side	to	be	cannulated.	The
site	 of	 skin	 puncture	 is	 the	 claviculosternocleidomastoid	 angle,	 just	 above	 the
clavicle	 and	 lateral	 to	 the	 insertion	 of	 the	 clavicular	 head	 of	 the	 SCM.	 The
needle	is	advanced	toward	or	just	caudal	to	the	contralateral	nipple	just	under	the
clavicle.	This	 corresponds	 to	 a	 45°	 angle	 to	 the	 sagittal	 plane,	 bisecting	 a	 line
between	 the	 sternoclavicular	 joint	 and	 clavicular	 insertion	 of	 the	 SCM.	 The
depth	of	insertion	is	from	just	beneath	the	SCM	clavicular	head	at	a	10°	to	15°
angle	 below	 the	 coronal	 plane.	 The	 needle	 should	 enter	 the	 jugulosubclavian
venous	 bulb	 after	 1	 to	 4	 cm,	 and	 the	 operator	 may	 then	 proceed	 with
catheterization.

Ultrasound	Technique
The	patient	 is	prepared	as	previously	described.	The	US	machine	 is	positioned
so	that	the	operator	can	visualize	the	screen	with	minimal	head	movement,	and
the	 line	of	 sight	 along	 the	needle	 insertion	 trajectory	 is	 as	 close	 as	possible	 to
that	required	to	see	the	screen.	For	SCV	access,	 the	machine	is	best	positioned
contralateral	 to	 the	planned	insertion	directly	across	 the	patient	with	 the	screen
angle	adjusted	for	maximal	clarity.	The	operator	checks	for	 lung	sliding	before
the	procedure	to	rule	out	pneumothorax.

Before	 sterile	 preparation,	 the	 target	 site	 is	 scanned	 to	 check	 for
contraindications	 to	 IV	 access,	 such	 as	 thrombus,	 small	 size,	 or	 excessive
respiratory	variation.	If	using	the	infraclavicular	approach,	the	transducer	is	held
in	 longitudinal	 orientation	 and	placed	on	 the	 clavicle	using	 a	 sagittal	 scanning
plane	 directed	 through	 the	medial	 third	 of	 the	 clavicle.	 The	 transducer	 is	 then
moved	 laterally	 on	 the	 clavicle	 until	 the	 SCV	 appears	 from	 underneath	 the
clavicle.	With	 further	 lateral	movement	 of	 the	 probe,	 the	 target	 vessel	 and	 its
paired	artery	are	visualized	in	the	subpectoral	area	away	from	the	clavicle.	The
probe	 is	 then	 rotated	 90°	 in	 order	 to	 obtain	 a	 long-axis	 view	 of	 the	 vessel.	 If
using	 the	 supraclavicular	 approach,	 the	 transducer	 is	 used	 to	 examine	 the
supraclavicular	 area	 while	 angling	 medially.	 Once	 the	 SCV	 is	 identified,	 the
transducer	is	rotated	to	obtain	a	view	of	the	structure	in	the	longitudinal	axis.

Because	the	SCV	may	not	be	as	easily	compressible	as	the	IJV	or	FV,	it	may
be	difficult	to	distinguish	the	SCV	from	its	paired	artery.	Respiratory	variation	or
the	 presence	 of	 a	 venous	 valve	 is	 helpful	 in	 identifying	 the	 SCV.	 The	 use	 of
spectral	Doppler	flow	measurements	is	not	recommended	unless	the	operator	has
expert-level	 knowledge	 of	Doppler	 ultrasonography.	 The	 use	 of	 color	Doppler



may	be	useful	because	augmentation	of	color	Doppler	signal	in	the	SCV	occurs
if	 the	 ipsilateral	 upper	 arm	 is	 manually	 compressed	 by	 the	 operator.
Distinguishing	the	artery	from	the	vein	is	a	key	element	of	performing	safe	SCV
cannulation	because	the	two	structures	are	in	close	proximity.

Following	the	preparation	of	a	sterile	field,	placement	of	a	sterile	probe	cover,
and	application	of	sterile	US	gel,	the	vessel	is	visualized	in	its	longitudinal	axis
and	the	needle	inserted	with	direct	visualization	of	the	entire	needle	throughout
its	 insertion	 trajectory.	 Upon	 blood	 return	 into	 a	 conventional	 syringe,	 the
syringe	 is	 removed	and	 the	wire	 is	 inserted	or	 the	guidewire	 is	passed	 through
the	hole	in	the	plunger	of	a	CVC	insertion	syringe.	The	operator	holds	the	probe
with	his/her	 nondominant	 hand,	whereas	 the	needle	 and	 syringe	 are	guided	by
the	 dominant	 hand.	 Some	 operators	 prefer	 to	 perform	 needle	 insertion	 using
ultrasonographic	 guidance	 with	 the	 vessel	 visualized	 in	 its	 transverse	 axis
(longitudinal	 scanning	 plane).	 In	 this	 case,	 the	 needle	 tip	 is	 tracked	 real	 time,
while	it	is	moved	forward	into	the	vessel.

Before	the	dilation	of	the	wire	tract,	the	wire	is	confirmed	to	be	in	the	SCV.	It
may	be	more	difficult	to	image	the	wire	in	the	SCV	than	with	the	IJV.	Scanning
from	 the	 supraclavicular	 approach	may	 be	 helpful	 for	 confirming	 proper	wire
position.	The	remainder	of	the	catheter	insertion	is	as	described	for	placement	at
the	internal	 jugular	site	above.	The	operator	checks	for	 lung	sliding	in	order	to
rule	out	procedure-related	pneumothorax.

Although	 there	 is	 literature	 that	 supports	 the	 utility	 of	 ultrasonography	 for
SCV	venous	access,	there	is	consensus	that	it	is	difficult	to	master	the	technique.
Unlike	IJV	and	FV	access,	where	the	transverse	axis	approach	is	favored,	SCV
venous	access	requires	that	the	operator	be	skilled	at	controlling	the	needle	in	its
longitudinal	axis.	This	requires	precise	insertion	of	the	needle	in	the	midpoint	of
the	 short	 axis	 of	 the	 probe.	 This	 may	 be	 challenging	 when	 the	 probe	 cover
blocks	 clear	 view	 of	 the	midpoint.	 In	 obese	 or	 edematous	 patients,	 the	 probe
needs	to	be	pressed	into	the	chest	tissues,	with	further	difficulty	in	selecting	the
initial	 needle	 entry	 site.	Even	minimal	deviation	 from	 the	narrow	 tomographic
plane	of	 the	probe	may	result	 in	 the	operator	 losing	visualization	of	 the	needle
tip	 and	mistaking	 the	 body	 of	 the	 needle	 for	 the	 tip,	 resulting	 in	 injury	 to	 the
adjacent	pleura	or	artery.	Another	challenge	is	maintaining	a	constant	view	of	the
target	vessel	in	longitudinal	axis	while	simultaneously	keeping	the	entire	needle
in	 view	 while	 it	 is	 moved	 toward	 the	 target	 vessel.	 For	 the	 inexperienced
operator,	we	recommend	repeated	deliberate	practice	on	a	vascular	access	model
before	the	first	closely	supervised	attempt	on	a	patient.	Subclavian	venous	access
with	 landmark	 technique	 uses	 the	 clavicle	 as	 a	 definitive	 guide	 to	 successful
cannulation,	whereas	ultrasonography	does	not.	This	requires	the	operator	to	rely



totally	on	the	US	image	for	guidance	and	to	discount	 the	clavicle	as	a	relevant
landmark.	When	 using	 ultrasonography	 for	 needle	 guidance	 into	 the	 SCV,	 the
needle	 entry	 site	 is	 often	 more	 lateral	 and	 at	 a	 steeper	 angle	 than	 with	 the
landmark	technique.

Success	and	Complication	Rates
SCV	catheterization	is	successful	in	90%	to	95%	of	cases,	generally	on	the	first
attempt.58	 Unsuccessful	 catheterizations	 are	 a	 result	 of	 venipuncture	 failure	 or
inability	to	advance	the	guidewire	or	catheter.	Catheter	tip	malposition	occurs	in
5%	 to	 20%	 of	 cases	 and	 tends	 to	 be	 more	 frequent	 with	 the	 infraclavicular
approach.	 Malposition	 occurs	 most	 commonly	 to	 the	 ipsilateral	 IJV	 and
contralateral	SCV	and	is	usually	correctable	without	repeat	venipuncture.

The	overall	incidence	of	noninfectious	complications	varies	depending	on	the
operator	experience	and	the	circumstances	under	which	the	catheter	is	inserted.
Large	 series	 involving	 several	 thousand	 SCV	 catheters	 have	 reported	 an
incidence	 of	major	 complications	 of	 1%	 to	 3%.59	 Factors	 resulting	 in	 a	 higher
complication	 rate	 are	operator	 inexperience,	multiple	 attempts	 at	 venipuncture,
emergency	 conditions,	 variance	 from	 standardized	 technique,	 and	 body	 mass
index.	 Major	 noninfectious	 complications	 include	 pneumothorax,	 arterial
puncture,	and	thromboembolism.	There	are	many	case	reports	of	isolated	major
complications	 involving	 neck	 structures	 or	 the	 brachial	 plexus;	 the	 reader	 is
referred	elsewhere	for	a	complete	listing	of	reported	complications.59

Pneumothorax	accounts	for	one-fourth	to	one-half	of	reported	complications,
with	 an	 incidence	 of	 about	 1.5%.	 The	 incidence	 varies	 inversely	 with	 the
operator	 experience.60	 There	 is	 no	 established	 figures	 whereby	 an	 operator
matures	 from	 inexperienced	 to	 experienced.	 Fifty	 catheterizations	 are	 cited
frequently	 as	 a	 cutoff	 number,	 but	 it	 is	 reasonable	 to	 expect	 an	 operator	 to	 be
satisfactorily	 experienced	 after	 having	 performed	 fewer.	 For	 the	 experienced
operator,	 a	 pneumothorax	 incidence	 of	 less	 than	 1%	 is	 expected.60	 Most
pneumothoraces	are	a	 result	of	 lung	puncture	at	 the	 time	of	 the	procedure,	but
late-appearing	pneumothoraces	have	been	reported.	Approach	to	the	treatment	of
pneumothoraces	can	be	found	in	Chapter	13.

Subclavian	artery	puncture	occurs	in	0.5%	to	1.0%	of	cases,	constituting	one-
fourth	 to	 one-third	 of	 all	 complications.	 Arterial	 puncture	 is	 usually	managed
easily	 by	 applying	 pressure	 above	 and	 below	 the	 clavicle.	 Bleeding	 can	 be
catastrophic	in	patients	with	coagulopathy,	especially	thrombocytopenia.	As	with
other	 routes,	 arterial	 puncture	 may	 result	 in	 arteriovenous	 fistula	 or
pseudoaneurysm.11,59



CASE	3
A	 73-year-old	man	 presented	 to	 the	 ED	 with	 confusion.	 He	 had	 a
history	 of	 atrial	 fibrillation	 complicated	 by	 ischemic	 stroke	 and	 a
history	 of	 deep	 vein	 thrombosis	 (DVT)	 with	 placement	 of	 an	 IVC
filter.61	 His	 primary	 care	 physician	 had	 discontinued	 anticoagulants
because	 of	 repeated	 falls.	 On	 presentation,	 his	 admission	 chest
radiograph	 revealed	opacity	of	 the	 left	 lower	 lobe,	and	he	 received
antibiotics	 for	 suspected	 community-acquired	 pneumonia.	 On
hospital	day	2,	 the	patient	developed	 increased	 respiratory	distress
and	 was	 transferred	 to	 the	 medical	 ICU	 (MICU)	 for	 impending
respiratory	failure.	Upon	arrival	to	the	MICU,	the	resident	attempted
to	 place	 a	CVC	 in	 the	 left	 IJV	 under	 ultrasound	 guidance,	 but	 this
was	 malpositioned	 and	 removed.	 As	 part	 of	 the	 workup	 for
progressive	 respiratory	 failure,	 CT	 angiography	 of	 the	 chest
confirmed	 the	 presence	 of	 a	 pulmonary	 embolism	 in	 the	 anterior
segment	of	the	left	upper	lobe.	The	MICU	team	began	treatment	with
unfractionated	heparin.	On	hospital	day	4,	 the	patient’s	hemoglobin
level	decreased	from	13.6	to	7.9	g/dL	and	chest	radiograph	showed
near	complete	opacification	of	the	left	hemithorax	(Figure	6.10).61	To
evaluate	 this	 radiographic	 abnormality,	 an	 ultrasonographic
examination	of	the	left	lung	was	performed	( 	Video	6.12).61



	

Figure	6.10 	Patient	chest	radiograph	showing	near-complete
opacification	 of	 the	 left	 hemithorax.(From	Moraco	AH,	Kopec
SE,	 Lilly	 CM.	 Central	 Venous	 Catheters.	 In:	 Lilly	 CM,	Mayo
PH,	Koenig	SJ,	Irwin	RS,	eds.	Irwin	&	Rippe’s	Ultrasonography
for	Management	of	the	Critically	Ill.	Wolters	Kluwer;	2021:320-
342,	Figure	19.10.)

What	is	the	working	diagnosis?
The	 ultrasonographic	 findings	 and	 their	 clinical	 implications	 are
discussed	in	 	Video	6.13.61

Clinical	 evidence	 of	 central	 venous	 thrombosis,	 including	 SVC	 syndrome,
development	of	collaterals	around	the	shoulder	girdle,	and	pulmonary	embolism,
is	 very	 rare	 occurring	 in	 0%	 to	 3%	 of	 SCV	 catheterizations,	 but	 routine
phlebography	performed	at	catheter	removal	reveals	a	much	higher	incidence	of
thrombotic	 phenomena.	 The	 importance	 of	 the	 discrepancy	 between	 clinical
symptoms	and	radiologic	findings	is	unknown,	but	upper	extremity	thrombosis,
even	 when	 asymptomatic,	 is	 not	 a	 totally	 benign	 condition.60	 Duration	 of
catheterization,	 catheter	 material,	 and	 patient	 condition	 probably	 impact	 the



frequency	of	thrombosis	but	to	an	uncertain	degree.
In	summary,	the	SCV	is	an	extremely	reliable	and	useful	route	for	CVC,	but

because	 of	 the	 relatively	 high	 rate	 of	 pneumothorax	 and	 the	 increased	 success
rate	 of	 US-guided	 IJV	 catheterization,	 its	 use	 should	 be	 limited	 to	 those
operators	 skilled	 in	 the	 technique.	 Inexperienced	 operators	 should	 use	 an
alternative	 site	 except	 with	 close	 supervision.	 Experienced	 operators	 should
continue	 to	 use	 this	 route	 for	 certain	 indications	 (Table	 6.1)	 but	 should
scrupulously	avoid	it	in	patients	who	cannot	tolerate	a	pneumothorax	(eg,	severe
lung	disease,	one	lung),	or	in	patients	with	severe	coagulopathy,	especially	when
platelets	<50,000.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	most	likely	outcome	when	inserting	an	internal	jugular	venous
catheter	using	direct	ultrasound	guidance	when	compared	to	using	external
landmarks?

A. 	Increase	number	of	internal	carotid	punctures
B. 	Shorter	procedure	time
C. 	Similar	number	of	unsuccessful	attempts
D. 	Similar	pneumothorax	rates

2. 	For	central	lines	likely	to	be	in	place	for	several	days,	which	of	the
following	interventions	are	MOST	likely	to	reduce	the	risk	of	infection?

A. 	Use	of	10%	povidone-iodine	for	skin	preparation
B. 	Use	of	antibiotic	impregnated	or	antiseptic	catheters
C. 	Use	of	occlusive	catheter	dressings	with	antibiotic	ointment
D. 	Use	of	subclavian	insertion	site

3. 	A	76-year-old	man	is	receiving	norepinephrine	for	severe	septic	shock	via
a	left	subclavian	catheter.	On	hospital	day	6,	the	patient	reports	right-sided	chest
pain.	ECG	shows	normal	sinus	rhythm	and	a	portable	chest	radiograph	shows
the	tip	of	the	subclavian	catheter	impinging	on	the	lateral	wall	of	the	superior
vena	cava	at	a	90°	angle	and	a	new	moderate	size	right	pleural	effusion.	What	is
the	MOST	appropriate	management?



A. 	Consult	vascular	surgery
B. 	Obtain	catheter	blood	and	analyze	as	an	ABG
C. 	Perform	a	TTE	to	rule	out	a	pericardial	effusion
D. 	Remove	the	central	venous	catheter

Answers

1.	The	correct	answer	is	B.
Rationale:	Among	many	 other	 things,	 using	 ultrasound	when	 placing	 an	 IJ

central	 venous	 catheter	 decreases	 the	 time	 it	 takes	 to	 complete	 the	 procedure
choice	 (B	 is	 correct).	 Fewer	 internal	 carotid	 punctures,	 pneumothoraces,	 and
unsuccessful	attempts	would	also	be	expected.

2.	The	correct	answer	is	D.
Rationale:	The	subclavian	site	is	the	site	recommended	for	a	catheter	that	is

to	be	 in	place	 for	>4	days	due	 to	 the	decreased	 risk	of	 infection	vs.	 jugular	or
femoral	 sites,	 making	 D	 the	 correct	 choice.	 Use	 of	 minocycline-rifampin	 or
chlorhexidine-silver	sulfadiazine-impregnated	catheters	can	be	considered	when
catheter	time	is	expected	to	be	>7	days	but	only	in	units	where	infection	rates	are
not	 meeting	 the	 set	 goal	 making	 B	 a	 less	 correct	 choice.	 Alcohol-based
chlorhexidine	has	become	a	standard	antiseptic	for	skin	preparation	making	A	an
incorrect	 choice.	 Transparent	 semipermeable	 dressings	 are	 preferred	 as	 they
allow	continuous	visual	inspection	of	the	catheter	site	and	antibiotic	ointment	is
not	recommended,	making	C	an	incorrect	choice.

3.	The	correct	answer	is	D.
Rationale:	 In	 this	 clinical	 setting	 timely	 recognition	 that	 the	 central	 line

catheter	may	have	eroded	through	the	vessel	 is	essential.	The	catheter	needs	to
be	 removed	 immediately,	 making	 D	 the	 correct	 choice.	 One	 should	 consider
consulting	vascular	surgery	and	perhaps	perform	a	thoracentesis	to	evaluate	for	a
hemothorax	if	there	is	a	large	bore	catheter	in	place,	coagulopathy,	or	evidence
of	blood	loss,	making	A	a	less	correct	choice.	Performing	a	TTE	for	pericardial
effusion	 is	 not	 indicated	 at	 this	 point,	making	 C	 incorrect.	 If	 the	 catheter	 has
been	functioning	 for	several	days,	 it	 is	unlikely	 to	be	 intra-arterial	and	 there	 is
little	 value	 in	 analysis	 of	 blood	 withdrawn	 from	 the	 catheter,	 making	 B	 an
incorrect	choice.
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Chapter	7
Arterial	Line	Placement	and	Care
Siddhartha	S.	Narayanan,	Scott	E.	Kopec,	Michael	Hill

KEY	POINTS:
1.	 Three	main	indications	for	arterial	cannulation	are	hemodynamic

monitoring	(blood	pressure	and/or	CO/pulse	contour	analysis),
frequent	arterial	blood	gas	sampling,	and	diagnostic	or	therapeutic
interventions.

2.	 The	radial	artery	is	the	safest,	most	common	site	for	cannulation;
when	unable	to	place	at	the	radial	site,	other	sites	include	the
brachial,	axillary,	dorsalis	pedis,	and	femoral	arteries.

3.	 Ultrasonography	use	is	strongly	advocated	due	to	its	association
with	higher	rate	of	success	and	fewer	complications,	particularly	for
anticipated	difficult	cannulations	or	when	a	coagulopathy	is	present.

4.	 Common	complications	for	arterial	cannulations	include	infections,
thrombosis,	hematoma,	pseudoaneurysms,	arteriovenous	fistulas,
and	diagnostic	blood	loss.

5.	 Frequent	monitoring	and	assessment	of	line	site	with	prompt
removal	when	clinically	indicated	decreases	the	risk	of	iatrogenic
complications.

INTRODUCTION
Arterial	catheterization	remains	an	extremely	important	skill	for	the	critical	care
physician.	 Arterial	 catheters	 are	 frequently	 required	 for	 continuous	 blood
pressure	monitoring	 of	 the	 hemodynamically	 unstable	 patient	 and	 for	 repeated
arterial	 blood	 gas	 sampling	 for	 patients	 with	 respiratory	 failure	 or	 acid-base
disorders.	Newer	technologies	that	necessitate	arterial	access	continue	to	mature.



In	 this	 context,	 arterial	 pulse	 contour	 analysis	 can	 be	 used	 to	 predict	 fluid
responsiveness	 and	 compute	 cardiac	 output	 (CO)	 reliably	 and	 less	 invasively
than	 alternative	 methods	 for	 appropriately	 selected	 patients.1	 Although
advancement	 of	 noninvasive	 technologies,	 such	 as	 transcutaneous	 PCO2

monitoring	 and	 pulse	 oximetry,	 may	 decrease	 the	 need	 for	 arterial	 catheter
placement,	intensivists	need	to	be	proficient	with	the	insertion	and	interpretation
of	 arterial	 catheter	 systems.	 In	 this	 chapter,	 we	 review	 the	 principles	 of
hemodynamic	 monitoring	 and	 discuss	 the	 indications,	 insertion	 techniques,
management,	and	complications	of	arterial	cannulation.

INDICATIONS	FOR	ARTERIAL	CANNULATION
Arterial	catheters	should	be	inserted	only	when	they	are	specifically	required	and
removed	immediately	when	no	longer	needed.	Too	often	they	are	left	in	place	for
convenience	 to	 allow	 easy	 access	 to	 blood	 sampling,	 which	 often	 leads	 to
increased	laboratory	testing	and	excessive	diagnostic	blood	loss	(DBL),	as	well
as	 an	 increased	 risk	 of	 infection.2	 It	 should	 be	 noted	 that	 there	 are	 no	 large
prospective	clinical	trials	addressing	the	question	of	whether	arterial	cannulation
influences	mortality	of	intensive	care	unit	(ICU)	patients.

1 	 The	 indications	 for	 arterial	 cannulation	 can	 be	 grouped	 into	 three	 broad
categories	 (Table	 7.1)	 (1)	 hemodynamic	 monitoring	 (blood	 pressure	 and/or
CO/pulse	 contour	 analysis);	 (2)	 frequent	 arterial	 blood	 gas	 sampling;	 and	 (3)
diagnostic	or	therapeutic	procedures	including	intra-aortic	balloon	pump	(IABP)
use,	vascular	stenting	or	embolization,	and	arterial	administration	of	drugs.

TABLE	7.1

Indications	for	Arterial	Cannulation

Hemodynamic	monitoring
Acutely	hypertensive	or	hypotensive	states
Assessment	of	the	effects	of	vasoactive	drugs	(vasodilators	or
vasoconstrictors)
Continuous	cardiac	output	monitoring



Repeated	blood	sampling
Frequent	blood	gas	sampling	of	patients	with	acute	respiratory	failure	and/or
receiving	mechanical	ventilation
Evaluation	and	management	of	acid-base	disorders
Limited	vascular	access
Diagnostic	or	therapeutic	procedures
Administration	of	intra-arterial	drugs
Vascular	stenting
Intra-aortic	balloon	pump	use

Arterial	embolization

Noninvasive,	 indirect	 blood	 pressure	 measurements	 determined	 by
auscultation	 of	 Korotkoff	 sounds	 distal	 to	 an	 occluding	 cuff	 (Riva-Rocci
method)	are	generally	accurate,	although	systolic	readings	are	consistently	lower
compared	 to	 a	 simultaneous	 direct	 measurement.	 Although	 noninvasive	 blood
pressure	measurements	are	satisfactory	for	most	ICU	patients,	these	may	provide
grossly	 inaccurate	 blood	 pressure	 readings	 in	 the	 most	 critically	 ill	 patients.
Automated	noninvasive	 oscillometric	 blood	pressure	measurement	 devices	 can
provide	 discrepant	 readings	 of	 ≥10	 mm	 Hg	 when	 compared	 to	 direct	 arterial
measurements	 of	 critically	 ill	 patients.3	 The	 proprietary	 algorithms	 of	 these
devices	are	in	part	 to	blame,	and	although	their	adjustment	can	result	in	higher
accuracy,	 they	 still	 render	 imprecise	 measurements	 for	 an	 unacceptably	 high
number	of	patients.4	Based	on	 these	 findings,	and	 the	 fact	 that	each	automated
device	has	a	different	proprietary	algorithm	that	may	not	be	validated	for	all	ICU
patients,	the	routine	use	of	oscillometric	devices	cannot	be	recommended	for	the
highest	 acuity	 critically	 ill	 patients,	 particularly	 patients	 with	 severe
hemodynamic	instability.

Arterial	 catheterization	 allows	 monitoring	 of	 beat-to-beat	 blood	 pressure
changes	and	prompt	initiation	of	appropriate	therapeutic	modalities;	variations	in
individual	pressure	waveforms	can	also	be	diagnostic.	Waveform	inspection	can
rapidly	diagnose	electrocardiogram	lead	disconnection,	indicate	the	presence	of
aortic	valvular	disease,	help	determine	the	effect	of	dysrhythmias	on	perfusion,
and	 reveal	 the	 impact	 of	 the	 respiratory	 cycle	 on	 blood	 pressure	 (pulsus
paradoxus).	In	mechanically	ventilated	patients,	responsiveness	to	fluid	boluses



may	 also	 be	 predicted	 by	 calculating	 the	 systolic	 pressure	 variation	 (SPV)	 or
pulse	 pressure	 variation	 (PPV)	 from	 the	 arterial	waveform,	 and	 stroke	 volume
variation	from	the	pulse	contour	analysis.	These	techniques	have	been	shown	to
predict,	with	 a	 high	 degree	 of	 accuracy,	 the	 likelihood	 of	 responding	 (with	 an
increase	 in	 stroke	 volume)	 to	 a	 fluid	 volume	 challenge.1	 It	 should	 be	 noted,
however,	 that	 this	 was	 demonstrated	 in	 patients	 who	 were	 well	 sedated,	 on	 a
mechanical	 ventilation	 mode	 different	 from	 pressure	 support,	 and	 receiving	 a
tidal	 volume	 between	 8	 and	 10	 mL/kg	 of	 ideal	 body	 weight.1	 Lower	 tidal
volumes,	 patient	movement,	 spontaneous	 ventilation	modes,	 and	 dysrhythmias
can	affect	the	accuracy	of	this	diagnostic	intervention.

CO	 can	 be	 monitored	 continuously	 using	 calibrated	 arterial	 pulse	 contour
analysis.	 This	method	 relies	 on	 the	 assumption	 that	 the	 contour	 of	 the	 arterial
pressure	waveform	 is	 proportional	 to	 the	 stroke	 volume.5	 This,	 however,	 does
not	 take	 into	 consideration	 the	 differing	 impedances	 among	 the	 arteries	 of
individuals	under	different	disease	states	and,	therefore,	requires	calibration	with
another	method	 of	CO	determination.5	 This	 is	 usually	 done	with	 the	 indicator
dilution	or	transpulmonary	thermodilution	technique.5

Uncalibrated	pulse	contour	analysis	devices,	which	do	not	use	an	additional
method	of	determining	CO,	are	also	available.	They	estimate	 impedance	based
upon	a	proprietary	formula	that	uses	waveform	and	patient	demographic	data.5,6
Overall,	 pulse	 contour	 analysis	 has	 some	 significant	 limitations	 (eg,	 atrial
fibrillation)	 and	may	 provide	 inaccurate	CO	 estimations	 for	many	 critically	 ill
patients.5,6

In	situations	where	management	of	complicated	patients	in	critical	care	units
requires	 multiple	 laboratory	 and	 arterial	 blood	 gas	 determinations,	 arterial
cannulation	can	facilitate	obtaining	these	tests	without	repeated	needle	sticks	and
vessel	trauma.	In	our	opinion,	an	arterial	catheter	for	blood	gas	determination	is
justified	when	a	patient	requires	two	or	more	measurements	daily.

EQUIPMENT,	MONITORING,	TECHNIQUES,	AND
SOURCES	OF	ERROR
The	equipment	necessary	to	display	and	measure	an	arterial	waveform	includes
(1)	 an	 appropriate	 intra-arterial	 catheter,	 (2)	 fluid-filled	 tubing	with	 stopcocks
(ideally,	 it	 should	 be	 short	 and	 noncompliant),	 (3)	 a	 transducer,	 (4)	 a	 constant
flush	 device	 with	 a	 fluid	 bag	 pressurized	 to	 300	 mm	 Hg,	 and	 (5)	 electronic
monitoring	 equipment	 (signal	 processor,	 amplifier,	 and	 display).	 Using	 this



equipment,	intra-arterial	pressure	changes	are	transmitted	through	the	hydraulic
(fluid-filled)	 elements	 to	 the	 transducer,	 which	 converts	 mechanical
displacement	 into	 a	 proportional	 electrical	 signal.	 This	 signal	 is	 amplified,
processed,	 and	displayed	as	 a	waveform	on	a	biomedical	monitor.	Undistorted
presentation	 of	 the	 arterial	 waveform	 depends	 on	 the	 performance	 of	 each
component	 and	 an	 understanding	 of	 potential	 problems	 that	 can	 interfere	with
the	overall	fidelity	of	the	system.

The	major	problems	 inherent	 to	pressure	monitoring	with	 a	 catheter	 system
are	inadequate	dynamic	response,	improper	zeroing	and	leveling,	zero	drift,	and
improper	 transducer/monitor	 calibration.	Most	physicians	 are	 aware	of	 zeroing
and	 leveling	 techniques	 but	 do	 not	 appreciate	 the	 importance	 of	 dynamic
response	 for	 ensuring	 system	 fidelity.	Catheter-tubing-transducer	 systems	 used
for	pressure	monitoring	can	best	be	characterized	as	underdamped	second-order
dynamic	 systems	with	mechanical	 parameters	 of	 elasticity,	mass,	 and	 friction.7
Overall,	 the	 dynamic	 response	 of	 such	 a	 system	 is	 determined	 by	 its	 natural
frequency	and	damping	coefficient.

Every	 system	 has	 a	 frequency	 at	 which	 it	 oscillates	 freely:	 the	 natural
frequency.	When	an	external	force	of	similar	frequency	to	the	natural	frequency
is	 applied	 to	 a	 system,	 it	 will	 begin	 to	 oscillate	 at	 its	 maximum	 amplitude,	 a
phenomenon	called	resonance.	If	the	arterial	pressure	waveform	rate	approaches
the	 natural	 frequency	 of	 the	 blood	 pressure	measuring	 system,	 it	will	 resonate
causing	progressive	amplification	of	the	output	signal,	and	erroneously	elevated
blood	 pressure	 readings,	 particularly	 systolic	 pressure.8	 To	 ensure	 a	 flat
frequency	 response	 characteristic	 (accurate	 recording	 across	 a	 spectrum	 of
frequencies),	 the	natural	 frequency	of	 the	monitoring	system	should	be	at	 least
five	 times	 higher	 than	 the	 highest	 frequency	 in	 the	 input	 signal.7	 The	 natural
frequency	 of	 a	 system	 may	 be	 increased	 by	 reducing	 its	 length,	 reducing	 its
compliance,	reducing	its	density,	and	increasing	its	diameter.

Physiologic	peripheral	arterial	waveforms	have	a	fundamental	frequency	of	3
to	5	Hz,	and	therefore,	the	natural	frequency	of	a	system	used	to	monitor	arterial
pressure	 should	 ideally	 be	 greater	 than	 20	Hz	 to	 avoid	 resonance	 and	 systolic
overshoot.	 The	 system	 component	 most	 likely	 to	 cause	 amplification	 of	 a
pressure	waveform	is	the	hydraulic	element.	A	good	hydraulic	system	will	have
a	 natural	 frequency	 between	 10	 and	 20	 Hz,	 which	 may	 overlap	 with	 arterial
pressure	frequencies.	Thus,	amplification	can	occur,	which	may	require	damping
to	accurately	reproduce	the	waveform.9

The	damping	 coefficient	 is	 a	measure	of	 how	quickly	 an	oscillating	 system
dissipates	energy	and	comes	 to	 rest.	A	system	with	a	high	damping	coefficient
dissipates	 mechanical	 energy	 well,	 causing	 a	 diminution	 in	 the	 transmitted



waveform.	 Conversely,	 a	 system	 with	 a	 low	 damping	 coefficient	 results	 in
underdamping	and	overestimation	of	systolic	pressures.	The	damping	coefficient
of	 a	 system	 is	 increased	 by	 increasing	 its	 viscosity,	 increasing	 its	 density,
decreasing	 its	 diameter,	 increasing	 its	 length,	 or	 decreasing	 its	 elasticity.
Damping	 coefficient	 and	 natural	 frequency	 together	 determine	 the	 dynamic
response	of	a	recording	system.	If	the	natural	frequency	of	a	system	is	less	than
7.5	 Hz,	 the	 pressure	 waveform	will	 be	 distorted	 no	matter	 what	 the	 damping
coefficient	 is.	On	 the	 other	 hand,	 a	 system	with	 a	 natural	 frequency	 of	 24	Hz
allows	 a	 range	 in	 the	 damping	 coefficient	 of	 0.15	 to	 1.1,	 without	 resultant
distortion	of	the	pressure	waveform.7

Although	 there	are	other	 techniques,	 the	easiest	method	 to	 test	 the	damping
coefficient	 and	 natural	 frequency	 of	 a	monitoring	 system	 is	 the	 fast-flush	 test
(also	 known	 as	 the	 square	 wave	 or	 Gabarith	 test).10	 This	 is	 performed	 at	 the
bedside	 by	 briefly	 opening	 and	 closing	 the	 continuous	 flush	 device,	 which
exposes	the	system	to	a	flush	of	fluid	at	a	pressure	of	300	mm	Hg	producing	a
square	wave	displacement	on	the	monitor	followed	by	a	few	smaller	oscillations
and	a	 return	 to	baseline	 (Figure	7.1).	An	 optimal	 fast-flush	 test	 results	 in	 one
undershoot	 followed	 by	 a	 small	 overshoot	 and	 then	 settles	 to	 the	 patient’s
waveform.	The	natural	frequency	is	determined	by	dividing	the	paper	or	display
speed	 by	 the	 interval	 between	 two	 successive	 oscillations.	 The	 damping
coefficient	can	be	calculated	from	the	ratio	of	two	successive	peak	amplitudes.7

	

Figure	 7.1 	 Fast-flush	 test.A,	 Overdamped	 system.	 B,
Underdamped	system.	C,	Optimal	damping.(From	Martinez-Balanzo
C,	Kopec	 SE.	Arterial	 line	 placement	 and	 care.	 In:	 Irwin	RS,	Lilly
CM,	 Mayo	 PH,	 Rippe	 JM,	 eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care
Medicine;	2017:52.)

For	peripheral	pulse	pressure	monitoring,	an	adequate	 fast-flush	 test	usually
corresponds	 to	 a	 natural	 frequency	 of	 10	 to	 20	 Hz	 coupled	 with	 a	 damping
coefficient	 of	 0.5	 to	 0.7.	 To	 ensure	 the	 continuing	 fidelity	 of	 a	 monitoring
system,	 dynamic	 response	 validation	 by	 fast-flush	 test	 should	 be	 performed	 at



least	 every	 8	 hours,	 with	 every	 significant	 change	 in	 patient	 hemodynamic
status,	 after	 each	 opening	 of	 the	 system	 (zeroing,	 blood	 sampling,	 tubing
change),	and	whenever	the	waveform	appears	damped.7

When	considering	the	above	concepts,	the	reader	should	note	that	many	of	the
factors	that	increase	the	damping	coefficient	can	decrease	the	natural	frequency,
and	 vice	 versa,	 producing	 effects	 that	 might	 be	 considered	 paradoxical.	 The
interaction	 between	 damping	 coefficient	 and	 natural	 frequency	 is	 indeed
complex	and	an	exhaustive	review	of	their	physical	characteristics	is	beyond	the
scope	 of	 this	 chapter.	 A	 more	 detailed	 discussion	 regarding	 hemodynamic
waveforms	can	be	found	elsewhere.11	However,	we	should	emphasize	that	most
components	of	the	commercial	monitoring	systems	are	designed	to	optimize	the
frequency	response	of	the	entire	system	and	that	most	clinically	relevant	effects
of	 damping	 on	 the	 pressure	 waveform	 can	 be	 explained	 by	 the	 following
examples.

Overdamped	tracings	(Figure	7.1A)	are	usually	caused	by	problems	that	are
correctable,	 such	 as	 large	 air	 bubbles,	 tube	 or	 catheter	 kinks,	 thrombus
formation,	 loose	 connections,	 a	 deflated	 pressure	 bag,	 or	 anatomic	 factors
affecting	the	catheter	(vasoconstriction).	Catheter	kinks	can	be	readily	fixed	by
straightening	 the	 tubing.	 Large	 air	 bubbles	 and	 thrombus	 formation	 can	 be
rectified	either	by	flushing	through	a	distal	stopcock	or	by	replacing	the	tubing.
Loose	 connections	 and	 deflated	 pressure	 bags	 can	 be	 reconnected	 or	 replaced.
Small	 amounts	 of	 thrombus	 material	 in	 the	 catheter	 itself	 may	 also	 cause
overdamping,	 and	 may	 be	 corrected	 by	 flushing.	 However,	 caution	 must	 be
exerted	when	attempting	to	flush	a	closed	overdamped	system	to	avoid	flushing
large	 amounts	 of	 air	 or	 thrombus	 material	 into	 the	 distal	 arterial	 circulation.
Flushing	under	high	pressure	can	also	result	 in	transient	reversal	of	flow	in	the
artery	 such	 that	 thrombus	 material	 or	 air	 may	 enter	 the	 proximal	 circulation,
including	 the	 aortic	 arch,	 particularly	 for	 proximal	 catheters	 (eg,	 brachial	 or
axillary).

Underdamped	 tracings	 are	 common	 and	 have	 been	 seen	 in	 approximately
30%	of	selected	patients	admitted	to	the	ICU.12	An	underdamped	tracing	results
in	resonance	and	systolic	overshoot	(Figure	7.1B)	and	is	most	commonly	due	to
excessive	 tubing	 length.	 An	 optimally	 damped	 tracing	 is	 displayed	 in	Figure
7.1C.	 Standard,	 noncompliant	 tubing	 is	 provided	 with	 most	 disposable
transducer	 kits	 and	 should	 be	 as	 short	 as	 possible	 to	 minimize	 signal
amplification.8	The	18-	and	20-gauge	catheters	used	to	gain	arterial	access	were
not	considered	to	be	a	major	source	of	distortion	in	the	past,	but	a	recent	study
showed	 that	 underdamping/resonance	 is	 associated	with	 radial	 artery	 catheters
with	 larger	 length	and	diameter	 (10	cm	and	0.8	mm,	respectively)	and	 that	 the



placement	of	a	20-gauge	cannula	(8	cm	length	and	0.6	mm	diameter)	decreases
this	phenomenon.12	Other	factors	associated	with	underdamping	are	the	presence
of	 polydistrectual	 (obliterative)	 arteriopathy,	 chronic	 obstructive	 pulmonary
disease,	 and	 arterial	 hypertension.12	 Increased	 sedation	 decreases
underdamping.12

Currently	available	disposable	transducers	incorporate	microchip	technology,
are	very	reliable,	and	have	relatively	high	resonant	frequencies.13	The	transducer
is	attached	to	the	electronic	monitoring	equipment	by	a	cable.	Modern	monitors
have	 internal	 calibration,	 filter	 artifacts,	 and	 print	 the	 display	 on	 request.	 The
digital	 readout	display	 is	 usually	 an	 average	of	values	over	 time	and	 therefore
does	 not	 accurately	 represent	 beat-to-beat	 variability.	 Monitors	 provide	 the
capability	to	freeze	a	display	with	on-screen	calibration	to	measure	beat-to-beat
differences	 in	 amplitude	 precisely.	 This	 allows	 measurement	 of	 the	 effect	 of
ectopic	 beats	 on	blood	pressure,	PPV,	SPV,	or	 assessment	 of	 the	presence	 and
severity	of	pulsus	paradoxus.

For	 the	 transducer	 to	work	accurately,	 atmospheric	pressure	and	hydrostatic
pressure	 (pressure	 exerted	 by	 the	 blood	 column)	 should	 be	 corrected	 for	 by
zeroing	 and	 leveling	 the	 system.	 Improper	 zeroing	 and	 leveling,	 because	 of
either	 a	 change	 in	 patient	 position	 or	 zero	 drift,	 is	 the	 single	 most	 important
source	of	error.	Zeroing	can	be	performed	by	opening	the	transducer	stopcock	to
room	air,	thus	exposing	it	to	atmospheric	pressure.	Leveling	is	done	by	aligning
the	transducer	with	the	patient’s	heart,	at	the	fourth	or	fifth	intercostal	space,	in
the	midaxillary	line,	hence	decreasing	the	effects	of	hydrostatic	pressure	on	the
system.	Under	these	conditions,	the	pressure	reading	is	calibrated	to	zero	by	the
monitor.	Zeroing	and	 leveling	should	be	 repeated	with	every	change	of	patient
position	(a	transducer	that	is	below	the	zero	reference	line	will	result	 in	falsely
high	readings	and	vice	versa),	when	significant	changes	of	blood	pressure	occur,
and	 routinely	 every	 6	 to	 8	 hours	 because	 of	 zero	 drift.	 Disposable	 pressure
transducers	 incorporate	 semiconductor	 technology	 and	 are	 very	 small,	 yet
rugged	and	reliable,	and	because	of	standardization,	calibration	of	the	system	is
not	 necessary.13	 Transducers	 are	 faulty	 on	 occasion,	 however,	 and	 calibration
may	be	checked	by	attaching	a	mercury	manometer	to	the	stopcock	and	applying
100,	150,	and/or	200	mm	Hg	pressure.	A	variation	of	±5	mm	Hg	is	acceptable.	If
calibration	is	questioned	and	the	variation	is	out	of	range,	or	a	manometer	is	not
available	 for	 testing,	 the	 transducer	should	be	replaced.	When	zero	referencing
and	 calibration	 are	 correct,	 a	 fast-flush	 test	 will	 assess	 the	 system’s	 dynamic
response.

Many	monitors	can	be	adjusted	to	filter	out	frequencies	above	a	certain	limit,
which	can	eliminate	frequencies	in	the	input	signal	causing	resonance.	However,



this	may	 also	 cause	 inaccurate	 readings	 if	 clinically	 important	 frequencies	 are
excluded.	 Ideally,	 an	 exhaustive	 search	 for	 potential	 causes	 of	 resonance	 and
their	solutions	should	be	attempted	before	deciding	to	filter	these	frequencies.

TECHNIQUE	OF	ARTERIAL	CANNULATION

Site	Selection
Several	factors	are	important	when	selecting	the	site	for	arterial	cannulation.	The
ideal	artery	has	extensive	collateral	circulation	that	will	maintain	the	viability	of
distal	tissues	if	thrombosis	occurs.	The	site	should	be	comfortable	for	the	patient,
accessible	for	insertion	and	nursing	care,	and	close	to	the	monitoring	equipment.
Sites	 involved	by	 infection,	 disruption	of	 the	 epidermal	 barrier,	 thrombosis,	 or
ischemia	need	to	be	avoided.	Certain	procedures,	such	as	coronary	artery	bypass
grafting,	may	dictate	preference	for	one	site	over	another.	Physicians	should	also
be	cognizant	of	differences	of	pulse	contour	recorded	at	different	sites.	Because
the	pressure	pulse	wave	travels	outward	from	the	aorta,	it	encounters	arteries	of
decreased	caliber	and	elasticity,	with	multiple	branch	points,	causing	reflections
of	 the	pressure	wave.	This	 results	 in	a	peripheral	pulse	contour	with	 increased
slope	and	amplitude,	causing	artificially	elevated	pressure	readings.	As	a	result,
distal	extremity	artery	recordings	yield	higher	systolic	values	than	central	aortic
or	 femoral	 artery	 recordings.	 Diastolic	 pressures	 tend	 to	 be	 less	 affected,	 and
mean	 arterial	 pressures	 (MAPs)	measured	 at	 the	 alternative	 sites	 are	 similar.14
Therefore,	 MAP	 has	 been	 accepted	 as	 a	 more	 precise	 target	 than	 systolic	 or
diastolic	 pressures	 for	 the	 titration	 of	 intravenous	 fluid	 and	 vasoconstrictor
therapy	in	shock.

The	most	commonly	used	sites	for	arterial	cannulation	of	adults	are	the	radial,
femoral,	 axillary,	 dorsalis	 pedis,	 and	 brachial	 arteries.	Additional	 sites	 include
the	 ulnar	 and	 superficial	 temporal	 arteries.	 Peripheral	 arteries	 are	 cannulated
percutaneously	 with	 a	 5-cm,	 20-gauge,	 nontapered	 polytetrafluoroethylene
(PTFE,	 Teflon)	 catheter-over-needle,	 whereas	 larger	 arteries	 are	 cannulated
using	the	Seldinger	technique,	typically	with	a	prepackaged	kit	containing	a	15-
cm,	18-gauge	PTFE	catheter,	appropriate	introducer	needles,	and	a	guidewire.

2 	All	arterial	catheterization	procedures	are	performed	after	a	procedural	time
out.	For	example,	insertion	of	an	IABP	is	almost	always	performed	through	the
femoral	 artery	 regardless	 of	 the	 specialty	 of	 the	 physician	 performing	 the
procedure.	Critical	care	physicians	need	to	be	facile	with	arterial	cannulation	at



all	 sites,	 but	 the	 radial	 artery	 is	 used	 successfully	 for	 most	 arterial
catheterizations	 performed	 for	 critically	 ill	 adults.	 Each	 site	 has	 unique
complications,	 and	 they	 should	 be	 taken	 into	 account	 by	 the	 proceduralist.15,16
Radial	 artery	 cannulation	 is	 usually	 attempted	 initially	 unless	 the	 patient	 is	 in
severe	 shock	 or	 on	 high-dose	 vasopressors,	 and/or	 pulses	 are	 not	 palpable	 or
adequately	 visualized	 with	 the	 use	 of	 the	 portable	 ultrasound.	 Given	 more
frequent	 bloodstream	 infections	 associated	 with	 femoral	 artery	 cannulation,
cannulation	of	alternative	sites	such	as	the	dorsalis	pedis,	brachial,	and	axillary
arteries	should	be	considered	first;	however,	data	on	the	relative	risk	of	infection
of	 these	 sites	 are	 lacking.17	 Which	 of	 these	 is	 chosen	 depends	 on	 the	 exact
clinical	situation	and	the	expertise	of	the	operator.

Radial	Artery	Cannulation
A	 thorough	 understanding	 of	 normal	 arterial	 anatomy	 and	 common	 anatomic
variants	greatly	facilitates	insertion	of	catheters	and	management	of	unexpected
findings	at	all	sites.	The	radial	artery	is	one	of	two	final	branches	of	the	brachial
artery.	It	courses	over	the	flexor	digitorum	sublimis,	flexor	pollicis	longus,	and
pronator	quadratus	muscles	and	lies	just	lateral	to	the	flexor	carpi	radialis	in	the
forearm.	 As	 the	 artery	 enters	 the	 floor	 of	 the	 palm,	 it	 ends	 in	 the	 deep	 volar
arterial	 arch	 at	 the	 level	 of	 the	 metacarpal	 bones	 and	 communicates	 with	 the
ulnar	artery.	A	second	site	of	collateral	flow	for	the	radial	artery	occurs	via	the
dorsal	arch	running	in	the	dorsum	of	the	hand	(Figure	7.2).



	

Figure	 7.2 	 Anatomy	 of	 the	 radial	 artery.Note	 the	 collateral
circulation	to	the	ulnar	artery	through	the	deep	volar	arterial	arch	and
dorsal	 arch.(From	 Martinez-Balanzo	 C,	 Kopec	 SE.	 Arterial	 line
placement	 and	 care.	 In:	 Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe	 JM,
eds.	Irwin	and	Rippe’s	Intensive	Care	Medicine;	2017:55.)

The	 ulnar	 artery	 runs	 between	 the	 flexor	 carpi	 ulnaris	 and	 flexor	 digitorum
sublimis	in	the	forearm,	with	a	short	course	over	the	ulnar	nerve.	In	the	hand,	the
artery	runs	over	the	transverse	carpal	ligament	and	becomes	the	superficial	volar



arch,	which	forms	an	anastomosis	with	a	small	branch	of	the	radial	artery.	These
three	anastomoses	provide	excellent	collateral	 flow	 to	 the	hand.18	A	 competent
superficial	 or	 deep	 palmar	 arch	must	 be	 present	 to	 ensure	 adequate	 collateral
flow.	 At	 least	 one	 of	 these	 anastomoses	 may	 be	 absent	 in	 up	 to	 20%	 of
individuals.

Evaluation	of	Collateral	Circulation	of	the	Hand
Hand	 ischemia	 is	 a	 rare	but	 potential	 devastating	 complication	of	 radial	 artery
catheterization	that	may	require	amputation.19	Hand	ischemia	is	rare	because	of
the	rich	collateral	circulation	described	earlier	that	ensures	perfusion	even	if	one
of	the	main	arteries	thromboses.	The	modified	Allen	test20	was	historically	used
prior	to	radial	catheterization	to	detect	patients	in	whom	the	collateral	circulation
may	 be	 compromised	 and	 at	 risk	 for	 hand	 ischemia;	 however,	 it	 has	 a	 low
predictive	 value	 when	 used	 as	 a	 screening	 tool21	 and	 has	 fallen	 out	 of	 favor.
Doppler	 ultrasound	 has	 been	 used	 to	 potentially	 provide	 more	 objective
screening	 for	 patients	 prior	 to	 harvesting	 of	 the	 radial	 artery	 in	 an	 elective
coronary	artery	bypass	grafting	case	series,	in	which	no	ischemic	complications
were	reported.22	However,	 in	 this	 study	 some	patients	were	 excluded	based	on
their	ultrasound	findings,	which	may	have	resulted	in	selection	bias	and	lack	of
ischemic	 complications.	 Obvious	 clinical	 and	 ethical	 concerns	 prevent	 the
formulation	 of	 a	 clinical	 trial	 to	 provide	 a	 definitive	 answer	 to	 that	 question.
However,	 based	 upon	 this	 study,	 we	 use	 Doppler	 ultrasound	 to	 evaluate
collateral	hand	circulation	with	the	caveat	 that	 it	has	not	yet	been	validated	for
critically	ill	adults.

Prevention	of	hand	ischemia	includes	avoidance	of	catheterization	in	patients
at	increased	risk	(ie,	high-dose	vasopressor	therapy,	scleroderma,	vasculopathy)
and	frequent	evaluations	of	hand	perfusion.	Any	change	of	 the	hand	distal	 to	a
radial	 artery	 catheter	 that	 suggests	 decreased	 perfusion	 (color	 or	 temperature
change,	 paresthesias,	 or	 loss	 of	 capillary	 refill)	 should	 prompt	 immediate
removal	of	the	catheter	and	further	investigation	if	the	changes	do	not	reverse.

Percutaneous	Insertion
The	 hand	 is	 positioned	 in	 30°	 to	 60°	 of	 dorsiflexion	with	 the	 aid	 of	 a	 roll	 of
gauze	and	armband,	avoiding	hyperabduction	of	the	thumb.	Next,	use	ultrasound
to	determine	the	locations,	depth,	and	size	of	the	artery.	The	volar	aspect	of	the
wrist	 is	 prepared	 (chlorhexidine)	 and	 draped	 using	 sterile	 technique,	 and



approximately	 0.5	 mL	 of	 lidocaine	 is	 infiltrated	 on	 both	 sides	 of	 the	 artery
through	 a	 25-gauge	 or	 smaller	 needle.	 Lidocaine	 serves	 to	 decrease	 patient
discomfort	 and	 may	 decrease	 the	 likelihood	 of	 arterial	 vasospasm.23	 The
catheter-over-the-needle	 approach	 necessitates	 cap,	mask,	 sterile	 gloves,	 and	 a
small	 fenestrated	 drape,	 whereas	 the	 Seldinger	 technique	 requires	 full	 barrier
precautions.	 A	 time-out	 confirming	 correct	 patient,	 correct	 site,	 correct
equipment,	and	informed	consent	is	necessary	before	the	procedure	begins.

A	20-gauge,	 nontapered,	 PTFE	5-cm	 catheter-over-needle	 apparatus	 is	 used
for	puncture.	Entry	is	made	at	a	30-	to	60-degree	angle	to	the	skin	approximately
3	to	5	cm	proximal	to	the	distal	wrist	crease.	An	ultrasound	image	of	the	radial
artery	 at	 this	 position	 is	 shown	 in	 Figure	 7.3A.	 The	 needle	 and	 cannula	 are
advanced	 until	 blood	 return	 is	 apparent	 in	 the	 hub,	 signifying	 intra-arterial
placement	of	the	tip	of	the	needle.	A	small	amount	of	additional	advancement	is
necessary	 for	 the	 cannula	 tip	 to	 fully	 enter	 the	 artery	 lumen.	 With	 this
accomplished,	needle	and	cannula	are	brought	flat	to	the	skin	and	the	cannula	is
advanced	 to	 its	 hub	 with	 a	 firm,	 steady	 rotary	 action.	 Correct	 positioning	 is
confirmed	 by	 pulsatile	 blood	 return	 after	 removal	 of	 the	 needle.	 If	 the	 initial
attempt	 is	 unsuccessful,	 subsequent	 attempts	 should	 be	more	 proximal,	 rather
than	closer	 to	 the	wrist	crease,	as	 the	artery	diameter	 increases,18	 although	 this
may	increase	the	incidence	of	catheters	becoming	kinked	or	occluded.24

	

Figure	 7.3 	 Portable	 ultrasound	 images.A,	 Radial	 artery
longitudinal	 view.	B,	 Brachial	 artery	 axial	 view.	C,	 Femoral	 artery
axial	 view.	D,	Axillary	 artery	 axial	 view.	See	 text	 for	 details.(From



Martinez-Balanzo	C,	Kopec	SE.	Arterial	line	placement	and	care.	In:
Irwin	 RS,	 Lilly	 CM,	Mayo	 PH,	 Rippe	 JM,	 eds.	 Irwin	 and	 Rippe’s
Intensive	Care	Medicine;	2017:54.)

If	 difficulty	 is	 encountered	 when	 attempting	 to	 pass	 the	 catheter,	 first	 try
carefully	 replacing	 the	 needle	 and	 slightly	 advancing	 the	 whole	 apparatus.
Alternatively,	a	fixation	technique	can	be	attempted.	Advancing	the	needle	and
catheter	 through	 the	 far	wall	 of	 the	 vessel	 purposely	 transfixes	 the	 artery.	The
cannula	is	then	pulled	back	with	the	needle	partially	retracted	within	the	catheter
until	vigorous	arterial	blood	return	is	noted.	The	catheter	can	then	be	advanced
up	the	arterial	lumen,	using	the	needle	as	a	reinforcing	stent.

Catheters	with	self-contained	guidewires	 to	 facilitate	passage	of	 the	cannula
into	the	artery	are	available	(Figure	7.4).	Percutaneous	puncture	is	made	in	the
same	manner,	but	when	blood	return	is	noted	in	the	catheter	hub,	the	guidewire
is	 passed	 through	 the	 needle	 into	 the	 artery,	 serving	 as	 a	 stent	 for	 subsequent
catheter	 advancement.	 The	 guidewire	 and	 needle	 are	 then	 removed	 and
placement	 confirmed	 by	 pulsatile	 blood	 return.	 The	 cannula	 is	 then	 secured
firmly,	attached	to	transducer	tubing,	and	the	site	covered	with	a	dressing.	Step-
by-step	video	instruction	for	the	insertion	of	a	radial	arterial	catheter	is	presented
in	 	Video	7.1.25

	

Figure	7.4 	Cannulation	of	 the	 radial	artery.A,	A	 towel	 is	 placed
behind	 the	 wrist,	 and	 the	 hand	 is	 immobilized	 with	 tape.	 B,	 The
catheter-needle-guidewire	apparatus	is	inserted	into	the	skin	at	a	30-
to	60-degree	angle.	C,	The	guidewire	is	advanced	into	the	artery	after
pulsatile	blood	flow	is	obtained.	D,	The	catheter	is	advanced	over	the



guidewire	into	the	artery.(Reprinted	with	permission	from	Irwin	RS,
Rippe	 JM.	Manual	 of	 Intensive	 Care	 Medicine.	 4th	 ed.	 Lippincott
Williams	&	Wilkins;	2006:17.)

Dorsalis	Pedis	Artery	Cannulation
Dorsalis	 pedis	 artery	 catheterization	 is	 uncommon	 for	most	 critical	 care	 units;
compared	with	the	radial	artery,	the	anatomy	is	less	predictable	and	the	success
rate	is	lower.26	The	dorsalis	pedis	artery	is	the	main	blood	supply	of	the	dorsum
of	the	foot	running	from	the	ankle	to	the	great	toe.	It	lies	very	superficial	and	just
lateral	 to	 the	 tendon	 of	 the	 extensor	 hallucis	 longus.	 The	 dorsalis	 pedis
anastomoses	with	branches	from	the	posterior	tibial	(lateral	plantar	artery)	and,
to	a	lesser	extent,	peroneal	arteries,	creating	an	arterial	arch	network	analogous
to	the	one	in	the	hand.

The	 use	 of	 a	 catheter	 with	 a	 self-contained	 guidewire	 is	 recommended	 for
dorsalis	pedis	catheterization.	The	foot	is	placed	in	plantar	flexion	and	prepared
in	 the	 usual	 fashion.	 Vessel	 entry	 is	 achieved	 approximately	 halfway	 up	 the
dorsum	 of	 the	 foot	 where	 the	 palpable	 pulse	 is	 strongest;	 advancement	 is	 the
same	as	with	cannulation	of	the	radial	artery.	Patients	usually	find	catheterization
here	 more	 painful	 but	 less	 physically	 limiting.	 Systolic	 pressure	 readings	 are
usually	 5	 to	 20	 mm	 Hg	 higher	 with	 dorsalis	 pedis	 catheters	 than	 with	 radial
artery	catheters,	but	MAP	values	are	generally	similar.

Brachial	Artery	Cannulation
The	 brachial	 artery	 is	 cannulated	 in	 the	 bicipital	 groove	 proximal	 to	 the
antecubital	fossa	at	a	point	where	there	is	no	collateral	circulation	(Figure	7.3B).
In	theory,	clinical	ischemia	should	be	a	greater	risk,	but	in	most	series	brachial
artery	catheters	used	for	short	durations	have	complication	rates	comparable	 to
other	 routes.16,27,28	 Even	 when	 diminution	 of	 distal	 pulses	 occurs,	 because	 of
either	proximal	obstruction	or	distal	embolization,	clinical	ischemia	is	unlikely.
An	 important	 anatomic	 consideration	 is	 that	 the	 median	 nerve	 lies	 in	 close
proximity	 to	 the	 brachial	 artery	 and	may	 be	 punctured	 in	 1%	 to	 2%	of	 cases,
with	sequelae	ranging	from	transient	paresthesia	to	median	nerve	palsy.	Median
nerve	palsy	is	a	particular	risk	for	patients	with	coagulopathy	due	to	compression
of	the	nerve	from	even	minor	bleeding	in	the	fascial	planes.29	Coagulopathy	may
thus	 be	 considered	 a	 relative	 contraindication	 to	 brachial	 artery	 cannulation.



Given	all	these	considerations,	brachial	artery	cannulation	should	be	considered
when	the	radial	and	dorsalis	pedis	sites	are	not	available	or	appropriate.

Cannulation	of	the	brachial	artery	is	best	performed	using	a	prepackaged	kit
designed	 for	 larger	 arteries.	 The	 brachial	 artery	 is	 punctured	 by	 extending	 the
arm	at	the	elbow	and	locating	the	pulsating	vessel	by	palpation	and	ultrasound,	a
few	 centimeters	 proximal	 to	 the	 antecubital	 fossa,	 just	 medial	 to	 the	 bicipital
tendon.	 Once	 catheterization	 is	 established,	 the	 elbow	 must	 be	 kept	 in	 full
extension	to	avoid	kinking	or	breaking	the	catheter.	Clinical	examination	of	the
hand,	and	Doppler	studies	when	indicated,	should	be	performed	and	documented
frequently	while	 the	brachial	artery	catheter	 is	 in	place.	The	catheter	should	be
promptly	removed	if	diminution	of	any	pulse	occurs	or	there	is	any	evidence	of
distal	embolization	or	ischemia.	An	additional	concern	is	proximal	embolization
because	placement	of	a	15-cm	catheter	puts	the	catheter	tip	in	the	axillary	artery.

Femoral	Artery	Cannulation
Indwelling	 femoral	 artery	 catheters	 may	 be	 associated	 with	 a	 higher	 risk	 of
health	 care–acquired	 infection17	 and	 should	 be	 placed	 only	 when	 insertion	 at
other	 sites	 is	 not	 appropriate.	 The	 femoral	 artery	 is	 large	 and	 often	 easily
palpable	and	easy	to	visualize	with	ultrasound	and	the	technique	of	cannulation
is	 simple	 to	 learn.	The	most	 common	 reason	 for	 failure	 to	 cannulate	 is	 severe
atherosclerosis	 or	 stenosis	 from	 prior	 vascular	 procedures	 involving	 both
femoral	 arteries.	 Complications	 unique	 to	 this	 site	 are	 rare	 but	 include
retroperitoneal	hemorrhage	and	intra-abdominal	viscus	perforation	secondary	to
poor	 technique	 (puncture	 above	 the	 inguinal	 ligament)	 or	 in	 the	 presence	 of
anatomic	 variations	 (ie,	 large	 inguinal	 hernia).	 Ischemic	 complications	 from
femoral	artery	catheters	are	very	rare.

The	external	iliac	artery	becomes	the	common	femoral	artery	at	the	inguinal
ligament	 (Figure	7.5).	The	artery	courses	under	 the	 inguinal	 ligament	near	 the
junction	of	the	medial	and	the	middle	third	of	a	straight	line	drawn	between	the
pubis	 and	 the	 anterior	 superior	 iliac	 spine	 (Figure	 7.3C).	 The	 artery	 is
cannulated	 using	 the	 Seldinger	 technique	 and	 any	 one	 of	 several	 available
prepackaged	kits.	Kits	contain	the	equivalent	of	a	19-gauge	thin-wall	needle,	an
appropriate	 guidewire,	 and	 a	 15-cm,	 18-gauge	 PTFE	 catheter.	 The	 patient	 lies
supine	with	the	leg	extended	and	slightly	abducted.	Skin	puncture	should	be	3	to
5	 cm	 caudal	 to	 the	 inguinal	 ligament	 to	 minimize	 the	 risk	 of	 retroperitoneal
hematoma	or	bowel	perforation,	which	can	occur	when	needle	puncture	of	 the
vessel	 is	 cephalad	 to	 the	 inguinal	 ligament.	 The	 thin-wall	 needle	 is	 directed,
bevel	up,	cephalad	at	a	45-degree	angle.	When	arterial	blood	return	is	confirmed,



the	needle	and	syringe	may	need	to	be	brought	down	against	the	skin	to	facilitate
guidewire	 passage.	 The	 guidewire	 should	 advance	 smoothly,	 but	 minor
manipulation	and	rotation	is	sometimes	required	when	the	wire	meets	resistance
at	 the	 needle	 tip	 or	 after	 it	 has	 advanced	 into	 the	 vessel.	 Inability	 to	 pass	 the
guidewire	 may	 be	 because	 of	 an	 intimal	 flap	 over	 the	 needle	 bevel	 or
atherosclerotic	 plaques	 in	 the	 vessel.	 In	 the	 latter	 instance,	 cannulation	 of	 that
femoral	artery	may	prove	impossible.	When	the	guidewire	will	not	pass	beyond
the	 needle	 tip,	 it	 should	 be	 withdrawn	 and	 blood	 return	 reestablished	 by
advancing	the	needle	or	repeat	vascular	puncture.	The	guidewire	is	then	inserted,
the	needle	withdrawn,	 and	 the	catheter	 threaded	over	 the	guidewire	 to	 its	hub.
The	guidewire	is	withdrawn,	the	catheter	sutured	securely,	and	connected	to	the
transducer	tubing.

	

Figure	 7.5 	 Anatomy	 of	 the	 femoral	 artery	 and	 adjacent
structures.The	artery	is	cannulated	below	the	inguinal	ligament.(From
Martinez-Balanzo	C,	Kopec	SE.	Arterial	line	placement	and	care.	In:



Irwin	 RS,	 Lilly	 CM,	Mayo	 PH,	 Rippe	 JM,	 eds.	 Irwin	 and	 Rippe’s
Intensive	Care	Medicine;	2017:57.)

Axillary	Artery	Cannulation
Axillary	artery	catheterization	of	critically	ill	adults	 is	used	less	frequently,	but
centers	 offering	 it	 report	 low	 rates	 of	 complications.16,30	 The	 axillary	 artery	 is
large	 and	 frequently	 palpable	 when	 all	 other	 sites	 are	 not,	 and	 has	 a	 rich
collateral	 circulation.	 The	 tip	 of	 a	 15-cm	 catheter	 inserted	 through	 an	 axillary
approach	 lies	 in	 the	 subclavian	 artery,	 and	 thus	 central	 arterial	 pressures	 are
effectively	measured.	The	central	location	of	the	tip	makes	cerebral	air	embolism
a	greater	risk;	therefore,	left	axillary	catheters	are	preferred	for	the	initial	attempt
because	 air	 bubbles	 passing	 into	 the	 right	 subclavian	 artery	 are	more	 likely	 to
traverse	 the	 aortic	 arch.	 Caution	 should	 be	 exercised	 when	 flushing	 axillary
catheters,	which	 is	 best	 accomplished	manually	 using	 low	pressures	 and	 small
volumes.

The	axillary	artery	begins	at	the	lateral	border	of	the	first	rib	as	a	continuation
of	 the	 subclavian	 artery	 and	 ends	 at	 the	 inferior	 margin	 of	 the	 teres	 major
muscle,	where	it	becomes	the	brachial	artery.	The	optimal	site	for	catheterization
is	 the	 junction	 of	 the	 middle	 and	 lower	 third	 of	 the	 vessel,	 which	 usually
corresponds	to	its	highest	palpable	point	in	the	axilla.	At	this	point,	the	artery	is
superficial	 and	 is	 located	 at	 the	 inferior	 border	 of	 the	 pectoralis	major	muscle
(Figure	 7.3D).	 The	 artery	 is	 enclosed	 in	 a	 neurovascular	 bundle,	 the	 axillary
sheath,	 with	 the	 medial,	 posterior,	 and	 lateral	 cords	 of	 the	 brachial	 plexus.
Medial	to	the	medial	cord	is	the	axillary	vein.	Not	surprisingly,	brachial	plexus
neuropathies	 have	 been	 reported	 from	 axillary	 artery	 cannulation.30
Coagulopathy	 is	 a	 relative	 contraindication	 due	 to	 risk	 of	 compressive
neuropathy	from	an	arterial	puncture	causing	an	axillary	sheath	hematoma.

The	 axillary	 artery	 is	 cannulated	 using	 the	 Seldinger	 technique	 and	 a
prepackaged	kit.	The	arm	is	abducted,	externally	rotated,	and	flexed	at	the	elbow
by	having	the	patient	place	the	hand	under	their	head.	The	artery	is	palpated	at
the	lower	border	of	the	pectoralis	major	muscle	and	fixed	against	the	shaft	of	the
humerus.	After	site	preparation	and	local	infiltration	with	lidocaine,	the	thin-wall
needle	is	introduced	at	a	30-	to	45-degree	angle	to	the	vertical	plane	until	return
of	arterial	blood.	The	remainder	of	the	catheterization	proceeds	as	described	for
femoral	artery	cannulation.

An	additional	insertion	technique,	which	is	guided	by	ultrasound	imaging,	has
been	reported.31	With	this	method,	the	arm	is	abducted	to	a	90-degree	angle,	the



second	 portion	 of	 the	 axillary	 artery	 is	 identified	 by	 longitudinal	 sonographic
views,	 and	 the	 needle	 is	 then	 advanced	 under	 real-time	 imaging	 through	 the
pectoral	muscles	and	clavipectoral	fascia	until	pulsatile	blood	return	is	seen.	The
artery	is	subsequently	catheterized	using	the	Seldinger	technique.	The	potential
benefits	 of	 this	 technique	 may	 include	 the	 ability	 to	 visualize	 and	 avoid
puncturing	the	structures	surrounding	the	axillary	artery	(ie,	brachial	plexus)	and
an	anterior	insertion	site	that	allows	for	easier	care	of	the	catheter.

Utility	of	Ultrasonography	for	Arterial	Catheterization
3 	 Ultrasonography	 has	 useful	 application	 related	 to	 arterial	 catheterization.
Traditional	 arterial	 palpation	 techniques	 for	 catheterization	 can	 be	 especially
challenging	 for	 patients	 with	 obesity,	 edema,	 small	 vessel	 caliber,	 and	 shock
states	that	obscure	pulsatility.	Additionally,	repeated	attempts	after	initial	failure
often	 result	 in	 arterial	 spasm,	 leading	 to	 further	 failed	 attempts	with	 increased
risk	of	complications.	Multiple	studies,	 randomized	controlled	 trials,	and	meta-
analyses	 have	 proven	 the	 benefits	 of	 real-time	 ultrasound-guided	 arterial
catheterization	by	demonstrating	increased	success	rates,	reduction	in	number	of
attempts,	 time	 to	 completion,	 and	 overall	 reductions	 of	 rates	 of
complications.32,33	 International	 evidence-based	 recommendations	 advocate	 that
ultrasound	 guidance	 is	 the	 method	 of	 choice	 for	 any	 kind	 of	 vascular
cannulation,	given	its	higher	safety	and	efficacy.34	A	step-by-step	demonstration
of	 the	 radial	 artery	 cannulation	 procedure	 is	 presented	 in	 	Video	 7.1,	 and
ultrasonographic	technique	guidance	is	presented	in	 	Video	7.2.

Two-dimensional	ultrasound	and	a	high-frequency	linear	array	transducer	(5-
10	MHz)	 are	 used	 for	 catheterization.	 Before	 sterile	 draping,	 potential	 access
sites	 should	 be	 scanned	 for	 vessel	 depth,	 caliber,	 patency,	 tortuosity,
atheromatous	 plaques,	 and	 adjacent	 vein	 and	 nerve	 location.	 Arteries	 are
recognized	and	differentiated	from	veins	and	nerves	by	a	discrete	round	shape,
relatively	 thick	walls,	 and	 above	 all,	 pulsatility—which	 can	 be	 accentuated	 by
partial	compression	of	the	artery.	Color	and	pulsed-wave	Doppler	techniques	can
be	used	for	vessel	identification	but	are	not	required.

Sterile	 barrier	 precautions	 and	 a	 sterile	 probe	 cover	 should	 be	 used.	 The
operator’s	dominant	hand	 is	used	 for	needle	control,	whereas	 the	nondominant
hand	is	used	to	hold	the	transducer.	The	artery	is	centered	on	the	screen.	Both	the
transverse	 and	 the	 longitudinal	 views	 can	 be	 utilized	 as	 long	 as	 the	 operator
maintains	 needle	 tip	 visualization	 throughout	 the	 procedure.	 Although	 the
transverse	approach	allows	for	easier	visualization	and	catheterization	of	smaller



and	 tortuous	 arteries,	 the	 longitudinal	 approach	may	 reduce	 perforation	 of	 the
posterior	arterial	wall	by	direct	visualization	of	the	entire	needle	throughout	the
procedure.35	 A	 local	 anesthetic	 is	 injected	 under	 ultrasound	 guidance	 by
visualizing	an	enlarging	hypoechoic	area	in	the	subcutaneous	tissue.

When	using	a	 transverse	approach,	 the	 introducer	needle	 is	 inserted	 through
the	skin	at	a	45-degree	angle	slightly	distal	to	the	transducer.	Superficial	arteries
may	require	a	shallower	angle	of	insertion.	Before	any	further	advancement,	the
needle	tip	must	be	visualized	under	the	skin	surface,	within	the	soft	tissue,	as	a
hyperechoic	dot.	The	 transducer	 is	 slowly	angled	back	and	 forth	 to	distinguish
the	 needle	 tip	 from	 the	 shaft.	 Once	 identified,	 the	 needle	 tip	 can	 slowly	 be
advanced	toward	the	target	artery.	This	can	be	achieved	by	advancing	the	needle
and	 transducer	 simultaneously	or	by	 angulating	 the	probe	while	 advancing	 the
needle.	 Both	 techniques	 require	 the	 needle	 tip	 to	 remain	 in	 view	 at	 all	 times.
Once	 the	artery	 is	penetrated	and	blood	 flow	obtained,	 the	ultrasound	probe	 is
placed	 on	 the	 sterile	 field	 and	 catheterization	 is	 completed	 using	 the	modified
Seldinger	 technique.	 The	 wire	 should	 be	 visualized	 and	 confirmed	 within	 the
artery	before	deploying	the	catheter.	When	the	longitudinal	approach	is	utilized,
the	needle	must	 be	 advanced	 in-plane	with	 the	 transducer	 at	 all	 times	because
any	 out-of-plane	 movement	 can	 potentially	 damage	 nonvisualized	 adjacent
structures.35

In	addition	 to	guidance,	ultrasound	can	be	used	 to	 identify	 the	potential	 for
complications.	Before	puncture	of	the	radial	artery,	a	Doppler	ultrasound-guided
Allen	 test	 can	 be	 performed	 to	 detect	 appropriate	 arterial	 blood	 flow	 to	 the
hand.36	 The	 location	 of	 femoral	 artery	 puncture	 is	 directly	 related	 to
postprocedural	 complications.	 “Low	 stick”	 punctures	 below	 the	 bifurcation	 of
the	 common	 femoral	 artery	 are	 associated	 with	 hematoma,	 pseudoaneurysm,
arteriovenous	 fistula,	 and	 ischemic	 limb	 complications.	 Recognition	 and
avoidance	 of	 the	 external	 iliac	 artery,	 superficial,	 and	 deep	 femoral	 arteries
significantly	reduce	vascular	complications.	Retroperitoneal	hemorrhage	can	be
reduced	by	avoiding	“high	sticks”	at	or	above	 the	 inferior	epigastric	artery.	To
reduce	 embolic	 complications,	 care	 should	 be	 taken	 to	 avoid	 catheterization
through	 atheromas.	 Postprocedural	 complications,	 like	 hematomas,
arteriovenous	 fistulas,	 and	 pseudoaneurysms,	 can	 be	 readily	 identified	 with
ultrasound.37

COMPLICATIONS	OF	ARTERIAL	CANNULATION
4 	Arterial	cannulation	is	a	relatively	safe	invasive	procedure.	Although	estimates



of	 the	 total	 complication	 rates	 range	 from	 15%	 to	 40%,	 clinically	 relevant
complications	occur	 in	5%	or	 less	of	cannulations	 (Table	7.2).	Risk	 factors	 for
complications	have	been	identified	and	are	listed	in	Table	7.3.16,38	These	include
infections,	thrombosis,	hematoma,	pseudoaneurysms,	arteriovenous	fistulas,	and
DBL.

TABLE	7.2

Complications	Associated	With	Arterial	Cannulation

Site Complication

All	Sites Pain	and	swelling

Thrombosis

Embolization

Hematoma

Hemorrhage

Limb	ischemia

Catheter-related	infection	including	bacteremia

Diagnostic	blood	loss

Pseudoaneurysm

Heparin-associated	thrombocytopenia

Radial	Artery Cerebral	embolization

Peripheral	neuropathy

Femoral	Artery Retroperitoneal	hemorrhage

Bowel	perforation

Arteriovenous	fistula

Higher	risk	of	infection	than	radial	insertion



Axillary	Artery Cerebral	embolization

Brachial	plexopathy

Brachial	Artery Median	nerve	damage

Cerebral	embolization

TABLE	7.3

Factors	Predisposing	to	Complications	With	Arterial
Cannulation

Large	tapered	cannulas	(>20	gauge	except	at	the	large	artery	sites)
Hypotension
Coagulopathy
Low	cardiac	output
Multiple	puncture	attempts
Use	of	vasoconstrictors
Atherosclerosis
Hypercoagulable	state
Placement	by	surgical	cutdown
Site	inflammation
Intermittent	flushing	system
Bacteremia

Thrombosis
Thrombosis	 is	 the	single	most	common	complication	of	 intra-arterial	catheters.
The	incidence	of	thrombosis	varies	with	the	site,	method	of	detection,	size	of	the
cannula,	 and	 duration	 of	 cannulation.	 Thrombosis	 is	 common	with	 radial	 and
dorsalis	 pedis	 catheters,	 but	 clinical	 sequelae	 are	 rare	because	of	 the	 collateral



circulation.38	When	 a	 20-gauge	nontapered	PTFE	catheter	with	 a	 continuous	3
mL/h	 heparinized-saline	 flush	 is	 used	 to	 cannulate	 the	 radial	 artery	 for	 3	 to	 4
days,	thrombosis	of	the	vessel	can	be	detected	by	Doppler	study	in	5%	to	25%	of
cases.38	Use	of	a	 flush	solution	containing	heparin	 is	no	 longer	standard	at	our
institution	 because	 of	 concern	 for	 heparin-induced	 thrombocytopenia	 (HIT);
notably,	 the	 incidence	of	 thrombosis	does	not	appear	 to	be	significantly	higher
using	 saline	 flush.39	 The	 risk	 of	 radial	 thrombosis	 seems	 to	 be	 proportionally
associated	with	the	diameter	of	the	catheter	used,16	and	smaller	catheters	may	be
protective.

Thrombosis	 often	 occurs	 after	 catheter	 removal.	 Women	 have	 a
preponderance	of	 flow	abnormalities	 following	radial	artery	cannulation,	 likely
explained	 by	 smaller	 arteries	 and	 a	 greater	 tendency	 to	 exhibit	 vasospasm.24
Generally,	 thrombosed	 arteries	 recanalize	 by	 3	 weeks	 after	 removal	 of	 the
catheter.	 Despite	 the	 high	 incidence	 of	 Doppler-detected	 thrombosis,	 clinical
ischemia	 of	 the	 hand	 is	 rare	 and	 usually	 resolves	 following	 catheter	 removal.
Symptomatic	occlusion	requiring	surgical	intervention	occurs	in	fewer	than	1%
of	 cases,	 but	 can	 be	 catastrophic	with	 tissue	 loss	 or	 amputation	 of	 the	 hand.19
Most	 patients	 who	 develop	 clinical	 ischemia	 have	 an	 associated	 contributory
cause,	such	as	prolonged	circulatory	failure	with	high-dose	vasopressor	therapy
requirements.40

Regular	 inspection	 that	 detects	 unexplained	 pain	 or	 signs	 of	 ischemia	 is
followed	 by	 immediate	 removal	 of	 the	 catheter.	 When	 evidence	 of	 ischemia
persists	 after	 catheter	 removal,	 anticoagulation,	 thrombolytic	 therapy,
embolectomy,	surgical	bypass,	and	cervical	sympathetic	blockade	are	treatment
options	and	should	be	pursued	aggressively.19,40	Early	consultation	of	a	vascular
surgeon	is	recommended	in	this	situation.

Cerebral	Embolization
Continuous	 flush	devices	used	with	 arterial	 catheters	 are	designed	 to	deliver	3
mL/h	 of	 fluid	 from	 an	 infusion	 bag	 pressurized	 to	 300	 mm	 Hg.	 It	 was
demonstrated	that	with	rapid	flushing	of	radial	artery	lines	with	relatively	small
volumes	of	radiolabeled	solution,	traces	of	the	solution	could	be	detected	in	the
central	 arterial	 circulation	 in	 a	 time	 frame	 representative	 of	 retrograde	 flow.41
Moreover,	 injection	 of	 greater	 than	 2	mL	of	 air	 into	 the	 radial	 artery	 of	 small
primates	 results	 in	 retrograde	 passage	 of	 air	 into	 the	 vertebral	 circulation.30
Factors	 that	 increase	 the	 risk	 of	 retrograde	 passage	 of	 air	 are	 patient	 size	 and
position	 (air	 travels	 up	 in	 a	 sitting	 patient),	 injection	 site,	 and	 flush	 rate.	 Air
embolism	 has	 been	 cited	 as	 a	 risk	 mainly	 for	 radial	 arterial	 catheters	 but



logically	could	occur	with	all	arterial	catheters,	especially	axillary	and	brachial
artery	catheters.	The	risk	is	minimized	by	clearing	all	air	from	the	tubing	before
flushing,	opening	the	flush	valve	for	no	more	than	2	to	3	seconds	at	a	time,	and
avoiding	overaggressive	manual	flushing	of	the	line.

Diagnostic	Blood	Loss
DBL	is	blood	loss	that	occurs	in	the	patient	because	of	frequent	blood	sampling
obtained	for	laboratory	testing	and	is	typically	underappreciated.	It	is	a	particular
problem	 for	 patients	with	 standard	 arterial	 catheter	 setups	 that	 are	 used	 as	 the
site	 for	 sampling,	 because	 3	 to	 5	 mL	 of	 blood	 is	 typically	 wasted	 (to	 avoid
heparin/saline	 contamination)	with	 each	 sample.	With	 frequent	 sampling,	DBL
can	 be	 substantial	 and	 can	 result	 in	 red	 cell	 transfusions.42	 There	 are	 several
ways	 to	 minimize	 DBL,	 including	 tubing	 systems	 employing	 a	 reservoir	 for
blood	 sampling,	 continuous	 intra-arterial	 blood	 gas	 monitoring,	 point-of-care
microchemistry	 analysis,	 and	 the	 use	 of	 pediatric	 collection	 tubes.	 Given	 the
expense	 and	 risks	 of	 blood	 transfusions,	 every	 ICU	 should	 have	 a	 blood
conservation	policy	in	place	that	includes	minimizing	DBL.	Protocols	designed
to	 optimize	 utilization	 of	 laboratory	 testing	 have	 resulted	 in	 significant	 cost
savings	 and	 reduced	 transfusion	 requirements	 in	 our,	 as	 well	 as	 in	 other,
institutions.43

Other	Mechanical	and	Technical	Complications
Other	 noninfectious	 complications	 reported	 with	 arterial	 catheters	 are
pseudoaneurysm	 formation,	 hematoma,	 local	 tenderness,	 hemorrhage,
neuropathies,	 and	catheter	 embolization.16	Heparin	use	 for	 flushing	of	vascular
catheters	may	confer	a	small	risk	of	HIT44	and,	due	to	insufficient	data	regarding
its	 efficacy	 in	maintaining	 patency	 of	 catheters,39	 has	 been	 replaced	 in	 current
practice	by	saline	solutions.

Infections
Infectious	 sequelae	 are	 the	 most	 important	 clinical	 complications	 caused	 by
arterial	 cannulation.	 Catheter-related	 infection	 (CRI)	 is	 usually	 initiated	 when
skin	flora	invades	the	intracutaneous	tract,	causing	colonization	of	 the	catheter,
and	when	not	locally	contained,	bacteremia.	An	additional	source	of	infection	is
contaminated	 infusate	 from	 the	pressure	monitoring	 system,	which	 is	 a	greater



risk	 of	 infection	 than	 central	 venous	 catheters	 because	 (1)	 the	 transducer	 can
become	 colonized	 as	 a	 consequence	 of	 stagnant	 flow,	 (2)	 the	 flush	 solution	 is
infused	 at	 a	 slow	 rate	 (3	 mL/h)	 and	 may	 hang	 for	 several	 days,	 and	 (3)	 the
stopcocks	 in	 the	 system	 can	 serve	 as	 entry	 sites	 for	 bacteria	 when	 they	 are
accessed	by	personnel	to	obtain	blood	samples.

5 	 In	 order	 to	 decrease	 the	 incidence	 of	 CRI,	 thorough	 operator	 and	 site
preparation	are	paramount.	It	should	be	noted	that	there	are	very	limited	data	on
the	 impact	 of	 full	 barrier	 precautions	 for	 the	 placement	 arterial	 catheters.
Nevertheless,	 given	 the	 accumulating	 evidence	 that	 arterial	 catheters	 have	 a
similar	bloodstream	infection	risk	as	noncuffed	central	venous	catheters,45-47	it	is
our	practice	to	use	chlorhexidine	for	skin	preparation,	full	barrier	precautions	for
all	 large	artery	 line	 insertions,	and	a	chlorhexidine-impregnated	dressing	at	 the
insertion	 site.	Breaks	of	 sterile	 technique	during	 insertion	mandate	 termination
of	the	procedure	and	replacement	of	compromised	equipment.	Nursing	personnel
should	 follow	 strict	 guidelines	 when	 drawing	 blood	 samples	 or	 manipulating
connections.	 Blood	 withdrawn	 to	 clear	 the	 tubing	 prior	 to	 drawing	 samples
should	not	be	 reinjected	unless	 a	 system	specially	designed	 for	 this	purpose	 is
used.	 Inspection	 of	 the	 insertion	 site	 at	 the	 start	 of	 every	 nursing	 shift	 is
mandatory,	and	the	clinical	need	for	the	catheter	should	be	evaluated	daily,	with
prompt	removal	when	it	 is	no	longer	 indicated.	Routine	change	of	 the	pressure
monitoring	system	does	not	reduce	 infectious	complications	and	may	represent
another	opportunity	to	introduce	bacterial	colonization.

Arterial	 cannulation	 remains	 an	 underrecognized	 source	 of	 bloodstream
infections.	 Impressive	 reductions	 in	 overall	 CRI	 have	 occurred	 as	 a	 result	 of
clinical	 research,	 better	 technology,	 and	 an	 emphasis	 on	 patient	 safety.17,45,46
Using	modern	techniques,	arterial	catheter–related	colonization	may	occur	in	up
to	5%	to	10%	of	catheters,	but	the	incidence	of	catheter-related	bacteremia	is	in
the	range	of	0.5	to	2.0	per	1000	catheter-days.15,17,45-47

The	 site	 of	 insertion	 as	 an	 important	 factor	 impacting	 the	 incidence	 of
infection	 has	 been	 a	 controversial	 issue.	 Previous	 research	 studies	 had
conflicting	reports	about	the	risk	of	infection	of	femoral	catheterizations,	and	the
consensus	 among	 physicians	was	 that	 they	were	 generally	 safe.15-17,26	 A	 recent
meta-analysis	 looked	 at	 this	 issue	 and	 found	 that	 CRI	 occurred	 in	 1.5%	 of
femoral	 catheterizations	 in	 contrast	 to	 0.3%	 of	 radial	 cannulations.17	 The
calculated	 relative	 risk	 of	 infection	 for	 the	 femoral	 site	 in	 this	 study	was	 1.94
times	 greater	 than	 that	 for	 the	 radial	 site.17	 Rigorous	 data	 about	 the	 risk	 of
infection	 of	 other	 insertion	 sites	 are	 not	 available.	 Based	 on	 these	 findings,
placement	of	a	catheter	in	the	femoral	artery	should	be	avoided,	when	feasible,
by	 cannulating	 another	 arterial	 site,	 such	 as	 the	 dorsalis	 pedis,	 brachial,	 or



axillary	arteries.
Catheter	duration	is	important	and	likely	related	to	increased	risk	of	infection.

We	believe	5	 to	7	days	 is	 an	appropriate	 time	 to	 reassess	 the	need	 for	and	 the
location	of	 arterial	 catheterization,17,46	 but	 each	 institution	 should	determine	 its
own	catheter-associated	infection	rate	so	that	rational	policies	can	be	formulated
based	on	existing	local	infection	rates.

When	 arterial	 catheter	 infection	 does	 occur,	 Staphylococcus	 species	 are
commonly	 isolated.	 Infections	with	 gram-negative	 organisms	 are	 less	 frequent
and	 are	 predominantly	 related	 to	 contaminated	 infusate	 or	 equipment-related
infections.	 Infection	 with	 Candida	 species	 is	 a	 greater	 risk	 for	 prolonged
catheterization	 of	 glucose-intolerant	 or	 immunocompromised	 patients,	 but	 has
been	reported	for	all	types	of	patients.	PTFE	catheters	have	a	greater	resistance
to	 Escherichia	 coli	 and	 Pseudomonas	 aeruginosa.16	 Catheter-associated
bacteremia	 should	 be	 treated	 with	 a	 7-	 to	 14-day	 course	 of	 appropriate
antibiotics,	with	longer	courses	required	for	complicated	cases.

The	optimal	 evaluation	of	 febrile	 catheterized	patients	 can	be	 a	 challenging
problem.	 If	 the	 site	 appears	 abnormal	 or	 the	 patient	 has	 sepsis	 of	 no	 other
identified	etiology,	the	catheter	should	be	removed.	More	specific	guidelines	are
difficult	 to	 recommend,	and	 individual	 factors	should	always	be	considered.	 In
general,	arterial	catheters	in	place	less	than	5	days	are	unlikely	to	be	the	source
of	fever	unless	insertion	was	contaminated.	Catheters	in	place	5	days	or	longer
should	be	changed	to	a	different	site,	given	the	safety	of	arterial	cannulation	and
the	possibility	of	infection.	Guidewire	exchanges	are	not	recommended	because
of	the	potential	risk	of	infection.

RECOMMENDATIONS
The	 radial	 artery	 is	generally	 the	most	 appropriate	 initial	 site	 for	percutaneous
arterial	 cannulation.	When	 the	 radial	 artery	 is	 not	 appropriate	 for	 cannulation,
other	sites	such	as	the	brachial,	axillary,	dorsalis	pedis,	or	femoral	arteries	can	be
safely	 cannulated.	 Most	 centers	 have	 more	 experience	 with	 femoral	 artery
cannulation,	 but	 this	 site	 has	 been	 linked	 with	 a	 higher	 risk	 of	 infection	 and
should	 be	 avoided	 as	 much	 as	 possible.	 Coagulopathy	 may	 be	 considered	 a
relative	 contraindication	 for	 brachial	 and	 axillary	 arterial	 cannulation.	 Routine
ultrasound	use	is	strongly	advocated	because	it	 is	associated	with	a	higher	first
pass	success	rate	and,	potentially,	less	insertion	time	and	fewer	sites	needed	for
successful	 placement.	 Additionally,	 ultrasonography	 should	 be	 used	 for	 all
perceived	difficult	catheterizations,	particularly	when	a	coagulopathy	is	present



to	 avoid	 complications.	 Arterial	 catheters	 should	 be	 removed	 as	 soon	 as
clinically	indicated,	to	decrease	the	risk	of	complications,	particularly	infection.
Finally,	 it	 should	 be	 appreciated	 that	 arterial	 catheters	 can	 be	 associated	 with
overutilization	 of	 blood	 tests	 resulting	 in	 iatrogenic	 anemia,	 and	 their	 prompt
discontinuation	may	also	decrease	the	potential	for	this	phenomenon.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	In	which	situation	is	cerebral	air	embolization	most	likely	to	occur	when
caring	for	patients	with	arterial	catheters?

A. 	Femoral	arterial	location
B. 	Inflation	of	the	pressure	bag	to	300	mm	Hg
C. 	Manual	flushing
D. 	Trendelenburg	position

2. 	Which	of	the	following	complications	of	femoral	artery	catheterization	is
LEAST	likely	to	occur?

A. 	Bowel	perforation
B. 	Development	of	an	arteriovenous	fistula
C. 	Retroperitoneal	hemorrhage
D. 	Sciatic	nerve	damage

3. 	Which	of	the	following	best	practices	is	LEAST	likely	to	reduce	the	risk
of	radial	arterial	catheter	infection?

A. 	Alcoholic	chlorhexidine	for	skin	preparation
B. 	Calling	a	time-out	before	beginning	the	procedure
C. 	Donning	a	sterile	gown
D. 	Use	of	a	catheter	cart	with	all	necessary	supplies

Answers

1.	The	correct	answer	is	C.



Rationale:	Manual	flushing	of	a-lines	has	been	associated	with	an	increased
risk	of	developing	an	air	embolism.	In	animal	studies	as	little	as	2	mL	of	air	is
needed	 to	 cause	 clinically	 significant	 air	 emboli	 (C	 is	 correct).	 Risk	 is	 more
likely	when	patients	are	seated	upright	(D	is	incorrect).	Femoral	artery	location
is	more	likely	to	have	hematomas,	but	not	necessarily	more	air	emboli	(choice	A
is	incorrect).	300	mm	Hg	is	standard	pressure	bag	setting	(choice	C	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 Bowel	 perforation,	 venous	 puncture	 with	 fistula	 formation,	 and

retroperitoneal	hemorrhage	are	all	reported	complications	of	femoral	arterial	line
placement	based	on	the	anatomical	location	of	the	insertion	site.	Femoral	nerve
injury	can	also	very	rarely	occur,	but	not	sciatic	nerve	which	 is	posterior	(D	is
the	correct,	least	likely	choice).

3.	The	correct	answer	is	C.
Rationale:	A,	B,	and	D	are	all	part	of	a	bundle	that	has	been	shown	to	reduce

the	risk	of	infection.	Full	barrier	precautions	that	include	donning	a	sterile	gown
are	recommended	for	central	venous	catheterization,	but	they	are	not	needed	for
arterial	lines	(choice	C	is	the	correct,	least	helpful	choice).
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Chapter	8
Airway	Management	and	Endotracheal
Intubation
J.	Aaron	Scott,	J.	Matthias	Walz,	Stephen	O.	Heard

KEY	POINTS:
1.	 Interventions	to	establish	optimal	oxygenation	and	ventilation	are

singularly	important	in	airway	management.
2.	 Every	critically	ill	patient	requiring	airway	management	should	be

evaluated	for	ability	to	mask	ventilate,	ability	to	intubate,	ability	to
place	a	supraglottic	airway	and	ability	to	perform	a	surgical	airway.

3.	 Mask	ventilation	is	a	foundational	skill	for	any	critical	care	provider
and	maneuvers,	such	as	the	head	tilt,	chin	lift,	or	jaw	thrust,	in
combination	with	airway	adjuncts,	can	optimize	gas	exchange.

4.	 Endotracheal	intubation	can	be	performed	with	direct	laryngoscopy,
video	laryngoscopy,	or	via	fiberoptic	bronchoscopy.

5.	 Medications	to	facilitate	endotracheal	intubation,	including	induction
agents,	neuromuscular	blocking	agents,	and	vasopressors,	should
be	tailored	to	each	clinical	situation.

6.	 Point-of-care	ultrasonography	can	be	integrated	into	the
preintubation,	intubation,	and	postintubation	evaluation	of	critically	ill
patients.

INTRODUCTION
In	 the	 acute	 care	 setting,	 management	 of	 the	 airway	 to	 ensure	 optimal
oxygenation	and	ventilation	is	of	prime	importance.	While	initial	efforts	should
be	 directed	 toward	 noninvasive	 stabilization	 of	 respiratory	 status,	 these



interventions	may	fail,	and	the	placement	of	an	endotracheal	(ET)	tube	may	be
required.	 Physicians	 working	 in	 the	 intensive	 care	 unit	 (ICU)	 with	 intubated
patients	 should	 be	 knowledgeable	 in	 airway	 management	 techniques,	 ET
intubation,	 and	 care	 of	mechanically	 ventilated	 patients.	 For	 those	 intensivists
who	do	not	have	 the	necessary	 training	 to	be	credentialed	by	 their	hospital	 for
airway	 management,	 taking	 structured	 airway	 courses,	 participating	 in
simulation,	and	intubating	patients	in	the	operating	room	(OR)	or	ICU,	under	the
watchful	eye	of	a	mentor,	should	lead	the	way	to	the	awarding	of	privileges.

CONCISE	ANATOMY
An	understanding	of	the	techniques	of	ET	intubation	and	potential	complications
is	based	on	knowledge	of	the	anatomy	of	the	respiratory	passages.1	Although	a
detailed	anatomic	description	is	beyond	the	scope	of	this	book,	an	understanding
of	some	features	and	relationships	is	essential	to	performing	intubation.

Nose
The	 roof	of	 the	nose	 is	partially	 formed	by	 the	cribriform	plate.	The	anatomic
proximity	 to	 intracranial	 structures	 dictates	 that	 special	 caution	 be	 exercised
during	 nasotracheal	 intubations.	 This	 is	 particularly	 true	 in	 patients	 with
significant	maxillofacial	injuries.

The	mucosa	of	the	nose	is	provided	with	a	rich	blood	supply	from	branches	of
the	 ophthalmic	 and	 maxillary	 arteries,	 which	 allow	 air	 to	 be	 warmed	 and
humidified.	The	conchae	have	an	irregular,	highly	vascularized	surface,	and	are
susceptible	to	trauma	and	subsequent	hemorrhage.

Mouth	and	Jaw
The	mouth	is	formed	inferiorly	by	the	tongue,	alveolar	ridge,	and	mandible.	The
hard	 and	 soft	 palates	 compose	 the	 superior	 surface,	 and	 the	 oropharynx	 forms
the	posterior	surface.	Assessment	of	the	anatomic	features	of	the	mouth	and	jaw
is	essential	before	orotracheal	 intubation	and	can	help	 identify	a	patient	with	a
potentially	difficult	airway.

Nasopharynx



The	 base	 of	 the	 skull	 forms	 the	 roof	 of	 the	 nasopharynx,	 and	 the	 soft	 palate
forms	 the	 floor.	 The	 roof	 and	 the	 posterior	 walls	 of	 the	 nasopharynx	 contain
lymphoid	tissue	(adenoids),	which	may	become	enlarged	and	compromise	nasal
airflow	or	 become	 injured	 during	 nasal	 intubation.	The	Eustachian	 tubes	 enter
the	 nasopharynx	 on	 the	 lateral	 walls	 and	 may	 become	 blocked	 secondary	 to
swelling	during	prolonged	nasotracheal	intubation.

Oropharynx
The	soft	palate	defines	the	beginning	of	the	oropharynx,	which	extends	inferiorly
to	the	epiglottis.	The	palatine	tonsils	protrude	from	the	lateral	walls.	Contraction
of	 the	 genioglossus	 muscle	 normally	 moves	 the	 tongue	 forward	 to	 open	 the
oropharyngeal	passage	during	inspiration.	Decreased	tone	of	this	muscle	(eg,	in
the	 anesthetized	 state)	 can	 cause	 obstruction.	 The	 oropharynx	 connects	 the
posterior	portion	of	the	oral	cavity	to	the	hypopharynx.

Hypopharynx
The	epiglottis	defines	the	superior	border	of	the	hypopharynx,	and	the	beginning
of	 the	 esophagus	 forms	 the	 inferior	 boundary	 (approximately	 1	 cm	 below	 the
cricoid	 ring).	The	 larynx	 is	 anterior	 to	 the	hypopharynx.	The	pyriform	 sinuses
that	extend	around	both	sides	of	the	larynx	are	part	of	the	hypopharynx.

Larynx
The	 larynx	 (Figure	 8.1)	 is	 bounded	 by	 the	 hypopharynx	 superiorly	 and	 is
continuous	 with	 the	 trachea	 inferiorly.	 The	 thyroid,	 cricoid,	 epiglottic,
cuneiform,	corniculate,	and	arytenoid	cartilages	compose	the	laryngeal	skeleton.
The	thyroid	and	cricoid	cartilages	are	readily	palpated	in	the	anterior	neck.	The
cricoid	cartilage	articulates	with	 the	 thyroid	cartilage	and	 is	 joined	 to	 it	by	 the
cricothyroid	 ligament.	 When	 the	 patient’s	 head	 is	 extended,	 the	 cricothyroid
ligament	can	be	pierced	with	a	scalpel	or	large	needle	to	provide	an	emergency
airway.	The	cricoid	cartilage	completely	encircles	the	airway.	It	is	attached	to	the
first	cartilage	ring	of	the	trachea	by	the	cricotracheal	ligament.	The	anterior	wall
of	 the	 larynx	 is	 formed	 by	 the	 epiglottic	 cartilage,	 to	 which	 the	 arytenoid
cartilages	are	attached.	Fine	muscles	span	the	arytenoid	and	thyroid	cartilages,	as
do	the	vocal	cords.	The	true	vocal	cords	and	space	between	them	are	collectively
termed	 the	glottis	 (Figure	8.2).	 The	 glottis	 is	 the	 narrowest	 space	 in	 the	 adult



upper	airway.	Normal	phonation	relies	on	the	precise	apposition	of	the	true	vocal
cords	such	that	even	a	small	lesion	can	cause	hoarseness.	Lymphatic	drainage	to
the	true	vocal	cords	is	sparse.	Inflammation	or	swelling	caused	by	tube	irritation
or	trauma	may	thus	take	considerable	time	to	resolve.	The	superior	and	recurrent
laryngeal	 nerve	 branches	 of	 the	 vagus	 nerve	 innervate	 the	 structures	 of	 the
larynx.	 The	 superior	 laryngeal	 nerve	 supplies	 sensory	 innervation	 from	 the
inferior	 surface	 of	 the	 epiglottis	 to	 the	 superior	 surface	 of	 the	 vocal	 cords.	 A
large	internal	branch	pierces	the	thyrohyoid	membrane	just	inferior	to	the	greater
cornu	of	the	hyoid.	This	branch	can	be	blocked	with	local	anesthetics	for	oral	or
nasal	intubations	in	awake	patients.	The	recurrent	laryngeal	branch	of	the	vagus
nerve	 provides	 sensory	 innervation	 below	 the	 cords.	 It	 also	 supplies	 all	 of	 the
muscles	 of	 the	 larynx	 except	 the	 cricothyroid,	 which	 is	 innervated	 by	 the
external	branch	of	the	superior	laryngeal	nerve.

	

Figure	8.1 	 Anatomy	 of	 the	 larynx,	 anterior,	 and	 lateral	 aspects.
(From	 Ellis	 H,	 Lawson	 AD.	 Anatomy	 for	 Anaesthetists.	 9th	 ed.
Wiley-Blackwell;	 2013.	 Copyright	 ©	 2013	 John	 Wiley	 &	 Sons.
Reprinted	by	permission	of	John	Wiley	&	Sons,	Inc.)



	

Figure	8.2 	 Superior	 view	 of	 the	 larynx.(From	Neck.	Agur	AM,
Dalley	 AF.	 Grant’s	 Atlas	 of	 Anatomy.	 15th	 ed.	 Wolters	 Kluwer;
2021:780.)

Trachea
The	average	adult	trachea	is	15	cm	long.	Its	external	skeleton	is	composed	of	a
series	 of	 C-shaped	 cartilages.	 It	 is	 bounded	 posteriorly	 by	 the	 esophagus	 and
anteriorly,	 for	 the	 first	 few	 cartilage	 rings,	 by	 the	 thyroid	 gland.	The	 carina	 is
located	at	the	fourth	thoracic	vertebral	level.	The	right	main	bronchus	takes	off
at	a	less	acute	angle	than	the	left,	making	right	main	bronchial	intubation	more
common	if	the	ET	tube	is	in	too	deep.

EMERGENCY	AIRWAY	MANAGEMENT
1 	In	an	emergent	situation,	establishing	adequate	oxygenation	and	ventilation	is
the	 primary	 goal.	 Too	 frequently,	 inexperienced	 personnel	 believe	 immediate
intubation	 is	 the	 solution;	 however,	 attempts	 at	 intubation	 may	 delay
establishment	 of	 an	 adequate	 airway.	 Such	 efforts	 are	 time-consuming,	 can
produce	hypoxemia	and	arrhythmias,	and	may	induce	bleeding	and	regurgitation,
making	 subsequent	 attempts	 to	 intubate	 significantly	 more	 difficult.	 These
factors	contribute	 to	significant	patient	morbidity	and	mortality.2,3	Some	simple
techniques	 and	 principles	 of	 emergency	 airway	 management	 can	 play	 an
important	role	until	the	arrival	of	an	individual	who	is	skilled	at	intubation.

Airway	Obstruction



3 	 Ventilation	 can	 become	 compromised	 from	 upper	 airway	 obstruction	 by	 the
tongue,	 foreign	 objects	 in	 the	mouth,	 or	 by	 laryngospasm.	 The	most	 common
cause	 of	 partial	 or	 complete	 obstruction	 is	 relaxation	 of	 the	 tongue	 and	 jaw
which	leads	to	a	reduction	in	the	space	between	the	base	of	the	tongue	and	the
posterior	pharyngeal	wall.	Signs	of	partial	obstruction	include	inspiratory	stridor
and	 retraction	 of	 neck	 and	 intercostal	 muscles,	 while	 complete	 obstruction	 is
characterized	by	total	lack	of	air	exchange.	If	respiration	is	inadequate,	the	head-
tilt–chin-lift	 or	 jaw-thrust	 maneuver	 should	 be	 performed.	 For	 patients	 with
suspected	cervical	spine	injuries,	the	jaw-thrust	maneuver	(without	the	head	tilt)
may	result	in	the	least	movement	of	the	cervical	spine.	To	perform	the	head-tilt
maneuver,	 a	 palm	 is	 placed	 on	 the	 patient’s	 forehead	 and	 applied	 pressure	 to
extend	the	head	about	the	atlanto-occipital	joint.	To	perform	the	chin	lift,	several
fingers	of	 the	other	hand	are	placed	 in	 the	submental	area	and	 the	mandible	 is
lifted.	Care	must	be	taken	to	avoid	airway	obstruction	by	pressing	too	firmly	on
the	soft	 tissues	 in	 the	submental	area.	To	perform	the	 jaw	thrust,	 lift	up	on	 the
angles	 of	 the	 mandible	 (Figure	 8.3).	 Both	 of	 these	 maneuvers	 open	 the
oropharyngeal	 passage.	 Laryngospasm	 can	 be	 treated	 by	 maintaining	 positive
airway	 pressure	 using	 a	 face	 mask	 and	 bag-valve	 device	 (see	 the	 following
section).	 If	 the	 patient	 resumes	 spontaneous	 breathing,	 establishing	 this	 head
position	may	constitute	sufficient	 treatment.	 If	obstruction	persists,	a	check	for
foreign	bodies,	emesis,	or	secretions	should	be	performed.

	

Figure	8.3 	In	an	obtunded	or	comatose	patient,	the	soft	tissues	of
the	 oropharynx	 become	 relaxed	 and	 may	 obstruct	 the	 upper
airway.Obstruction	 can	 be	 alleviated	 by	 placing	 the	 thumbs	 on	 the
maxilla	with	 the	 index	fingers	under	 the	ramus	of	 the	mandible	and
rotating	 the	mandible	 forward	with	 pressure	 from	 the	 index	 fingers
(arrow).	This	maneuver	brings	the	soft	tissues	forward	and,	therefore,



frequently	reduces	the	airway	obstruction.

Use	of	Face	Mask	and	Bag	Valve	Device
3 	 If	 an	 adequate	 airway	 has	 been	 established	 and	 the	 patient	 is	 not	 breathing
spontaneously,	oxygen	can	be	delivered	via	face	mask	and	a	bag-valve	device.	It
is	 important	 to	 establish	 a	 tight	 fit	 with	 the	 face	mask,	 covering	 the	 patient’s
mouth	and	nose.	To	perform	this	procedure,	 the	mask	is	applied	initially	to	the
bridge	 of	 the	 nose	 and	drawn	downward	 toward	 the	mouth,	 using	 both	 hands.
The	operator	stands	at	the	patient’s	head	and	presses	the	mask	onto	the	patient’s
face	with	the	left	hand.	The	thumb	should	be	on	the	nasal	portion	of	the	mask,
the	 index	finger	near	 the	oral	portion,	and	 the	rest	of	 the	fingers	spread	on	 the
left	side	of	the	patient’s	mandible	so	as	to	pull	it	slightly	forward	(Figure	8.4).
The	bag	is	then	alternately	compressed	and	released	with	the	right	hand.	A	good
airway	 is	 indicated	 by	 the	 rise	 and	 fall	 of	 the	 chest.	 The	 minimum	 effective
insufflation	pressure	 should	be	used	 to	decrease	 the	 risk	of	 gastric	 insufflation
and	aspiration.

	

Figure	8.4 	Ventilation	with	a	bag-mask-valve	unit.

Airway	Adjuncts
3 	If	head	and	neck	positioning	and	clearance	of	foreign	bodies	or	secretions	fail
to	 establish	 an	 adequate	 airway,	 several	 airway	 adjuncts	may	 be	 helpful	 if	 an
individual	 who	 is	 skilled	 in	 intubation	 is	 not	 immediately	 available.	 An



oropharyngeal	 airway	 (OPA)	 or	 a	 nasopharyngeal	 airway	 (NPA)	 occasionally
helps	 to	 establish	 an	 adequate	 airway	 when	 proper	 head	 positioning	 alone	 is
insufficient	(Figures	8.5	and	8.6).	The	OPA	is	semicircular	and	made	of	plastic
or	 hard	 rubber.	 The	 two	 types	 are	 the	 Guedel	 airway,	 with	 a	 hollow	 tubular
design,	and	the	Berman	airway,	with	airway	channels	along	the	sides.	Both	types
are	most	 easily	 inserted	 by	 turning	 the	 curved	 portion	 toward	 the	 palate	 as	 it
enters	the	mouth.	It	is	then	advanced	beyond	the	posterior	portion	of	the	tongue
and	 rotated	 downward	 into	 the	 proper	 position	 (Figure	 8.5).	 Depression	 or
lateral	displacement	of	the	tongue	with	a	tongue	blade	may	help	to	position	the
OPA.	Care	must	be	exercised	not	to	push	the	tongue	into	the	posterior	pharynx,
causing	or	 exacerbating	obstruction.	OPAs	can	cause	gagging	or	vomiting	 and
therefore	should	only	be	used	in	unconscious	patients.

	

Figure	 8.5 	 The	 proper	 position	 of	 the	 oropharyngeal	 airway.
(Reproduced	with	permission	from	Janet	Fong.)

	

Figure	 8.6 	 The	 proper	 position	 of	 the	 nasopharyngeal	 airway.
(Reproduced	with	permission	from	Janet	Fong.)



The	NPA	is	a	soft	tube	made	of	rubber	or	plastic	that	is	inserted	through	the
nostril	into	the	posterior	pharynx	(Figure	8.6).	The	airway	should	be	lubricated
before	 insertion	 and,	 preferably,	 a	 topical	 vasoconstrictor	 should	 be
administered.	 An	 NPA	 should	 not	 be	 used	 in	 patients	 with	 extensive	 facial
trauma	 or	 cerebrospinal	 rhinorrhea	 because	 it	 could	 be	 inserted	 through	 the
cribriform	plate	into	the	brain.

INDICATIONS	FOR	INTUBATION
The	indications	for	ET	intubation	can	be	divided	into	four	broad	categories:	(1)
acute	 airway	 obstruction,	 (2)	 excessive	 pulmonary	 secretions	 or	 inadequate
clearance,	(3)	loss	of	protective	reflexes,	and	(4)	respiratory	failure	(Table	8.1).

TABLE	8.1

Indications	for	Endotracheal	Intubation

Acute	airway	obstruction
Trauma
Mandible
Larynx	(direct	or	indirect	injury)

Inhalation
Smoke
Noxious	chemicals
Foreign	bodies

Infection
Acute	epiglottitis
Croup
Retropharyngeal	abscess

Hematoma



Tumor

Congenital	anomalies
Laryngeal	web
Supraglottic	fusion

Laryngeal	edema
Laryngeal	spasm	(anaphylactic	response)
Access	for	suctioning
Debilitated	patients
Copious	secretions
Loss	of	protective	reflexes
Head	injury
Drug	overdose
Cerebrovascular	accident
Respiratory	failure
Hypoxemia
Acute	respiratory	distress	syndrome
Hypoventilation
Atelectasis
Secretions
Pulmonary	edema

Hypercapnia
Hypoventilation
Neuromuscular	failure
Drug	overdose

Preintubation	Evaluation
2 	Even	 in	 the	most	urgent	 situation,	a	 rapid	assessment	of	 the	patient’s	airway
anatomy	 can	 expedite	 the	 choice	 of	 the	 proper	 route	 for	 intubation,	 the



appropriate	equipment,	and	the	most	useful	precautions	to	be	taken.	In	 the	 less
emergent	 situation,	 several	 moments	 of	 preintubation	 evaluation	 can	 decrease
the	 likelihood	 of	 complications	 and	 increase	 the	 probability	 of	 successful
intubation	with	minimal	trauma.

Anatomic	structures	of	the	upper	airway,	head,	and	neck	must	be	examined,
with	particular	attention	 to	abnormalities	 that	might	preclude	a	particular	 route
of	 intubation.	 Evaluation	 of	 cervical	 spine	 mobility,	 temporomandibular	 joint
function,	 and	 dentition	 are	 important.	 Any	 abnormalities	 that	 might	 prohibit
alignment	of	the	airway	axes	should	be	noted.

Cervical	spine	mobility	 is	assessed	by	flexion	and	extension	of	 the	neck	(in
the	 absence	 of	 cervical	 spine	 injury).	 The	 normal	 range	 of	 neck	 flexion-
extension	varies	from	165°	to	90°,	with	the	range	decreasing	approximately	20%
by	 75	 years	 of	 age.	 Conditions	 associated	 with	 decreased	 range	 of	 motion
include	 any	 cause	 of	 degenerative	 disk	 disease	 (eg,	 rheumatoid	 arthritis,
osteoarthritis,	 ankylosing	 spondylitis),	 previous	 trauma,	 or	 age	 older	 than
70	 years.	 Temporomandibular	 joint	 dysfunction	 can	 occur	 in	 any	 form	 of
degenerative	 arthritis	 (particularly	 rheumatoid	 arthritis),	 in	 any	 condition	 that
causes	a	receding	mandible,	and	in	rare	conditions	such	as	acromegaly.

Examination	of	the	oral	cavity	is	mandatory.	Loose,	missing,	or	chipped	teeth
and	 permanent	 implants	 should	 be	 noted,	 and	 removable	 bridgework	 and
dentures	 should	 be	 taken	 out.	Mallampati	 et	 al4	 developed	 a	 clinical	 indicator
based	 on	 the	 relationship	 between	 the	 posterior	 aspect	 of	 the	 tongue	 and
oropharyngeal	 structures	 (Figure	 8.7).	 The	 patient	 should	 be	 sitting,	 with	 the
head	fully	extended,	protruding	the	tongue	and	without	phonation.5	A	relatively
easy	 intubation	 can	 be	 anticipated	 with	 a	 class	 I	 airway.	 Class	 II	 through	 IV
airways	 suggest	 an	 increasingly	 greater	 chance	 of	 difficulty	 visualizing	 the
glottis	during	direct	laryngoscopy.	Difficulties	in	orotracheal	intubation	may	also
be	 anticipated	 if	 (1)	 the	 patient	 is	 an	 adult	 and	 cannot	 open	 his	 or	 her	mouth
more	than	40	mm	(two-finger	breadths),	(2)	the	distance	from	the	thyroid	notch
to	the	mandible	is	less	than	three-finger	breadths	(less	than	or	equal	to	7	cm),	(3)
the	patient	has	a	high-arched	palate,	or	(4)	the	normal	range	of	flexion-extension
of	 the	 neck	 is	 decreased	 (less	 than	 or	 equal	 to	 80°).6	 The	 positive	 predictive
values	of	these	tests	alone	or	in	combination	are	not	particularly	high;	however,	a
straightforward	intubation	can	be	anticipated	if	 the	test	results	are	negative.7	 In
the	 emergency	 setting,	 only	 about	 30%	 of	 airways	 can	 be	 assessed	 in	 this
manner.8	 The	MACOCHA	 (Mallampati,	 sleep	 apnea	 syndrome,	 cervical	 spine
limitation,	 mouth	 opening,	 coma,	 hypoxia,	 presence	 of	 an	 anesthesiologist)
score	was	developed	by	de	Jong	et	al.	Five	points	were	assigned	to	a	Mallampati
score	of	III	or	IV;	two	points	were	assigned	if	the	patient	had	sleep	apnea;	and	1



point	was	assigned	to	each	of	the	other	factors	(reduced	mobility	of	the	cervical
spine,	 limited	mouth	 opening	 [<	 3	 cm],	 presence	 of	 coma,	 severe	 hypoxemia
[SpO2	 <	 80%],	 and	 laryngoscopist	 other	 than	 an	 anesthesiologist).	 The
maximum	 total	 score	 was	 12	 points.	 Scores	 above	 4	 were	 associated	 with	 a
greater	than	20%	incidence	of	difficult	intubation.9	Whenever	possible,	patients
in	 need	 of	 elective	 and	 emergent	 airway	 management	 should	 be	 assessed	 for
indicators	of	difficult	mask	ventilation	because	this	may	significantly	influence
the	 decision	 on	 the	 primary	 approach	 to	 airway	 management.	 Difficult	 mask
ventilation	has	been	identified	in	the	following	situations:	neck	radiation	changes
(most	significant),	male	sex,	a	diagnosis	of	sleep	apnea,	Mallampati	class	III	or
IV	airway,	obesity,	and	the	presence	of	a	beard.10





Figure	 8.7 	 The	 modified	 Mallampati	 classification	 to	 predict
difficult	 intubation.Class	I:	soft	palate,	uvula,	 fauces,	and	pillars	are
visible;	class	II:	soft	palate	and	uvula	are	visible;	class	III:	soft	palate
and	 base	 of	 uvula	 visible;	 class	 IV:	 only	 hard	 palate	 visible.
(Reprinted	 by	 permission	 from	 Springer:	 Huan	 HH,	 Lee	MS,	 Shih
YL,	et	 al.	Modified	Mallampati	 classification	as	 a	 clinical	predictor
of	 peroral	 esophagogastroduodenoscopy.	 BMC	 Gastroenterol.
2011;11:12.)

Education	and	Intubation	Management
3 	 Emergent	 intubation	 in	 the	 acute	 care	 setting	 is	 associated	 with	 a	 high
complication	rate11	which	highlights	the	importance	of	having	personnel	adept	at
airway	 management	 and	 staff	 available	 to	 assist	 the	 operator.	 A	 standardized
approach	 to	 emergency	 airway	 management	 can	 improve	 patient	 outcomes.
Mannequin	 training	 is	 an	 important	 first	 step	 in	 acquiring	 competency	 in
performing	 ET	 intubation;	 however,	 nonanesthesiology	 trainees	 need
approximately	50	supervised	ET	 intubations	 in	 the	clinical	 setting	 to	achieve	a
90%	probability	of	competent	performance.12	Whenever	possible,	 residents	and
licensed	 independent	 practitioners	 should	 be	 supervised	 by	 an	 attending
physician	trained	in	emergency	airway	management	during	the	procedure.	This
approach	 has	 led	 to	 a	 significant	 reduction	 in	 immediate	 complications	 from
21.7%	to	6.1%	in	one	pre-	and	postintervention	analysis.13

The	use	of	a	management	bundle	combining	 interventions	 that,	 in	 isolation,
promote	 decreased	 complications	 during	 emergency	 airway	 management	 may
further	improve	patient	outcomes.	Bundle	elements	include	preoxygenation	with
noninvasive	 positive	 pressure	 ventilation	 (NIPPV)	 combined	 with	 high-flow
nasal	 cannula	 (HFNC),	 if	 feasible,	 presence	 of	 two	 operators,	 rapid	 sequence
intubation	(RSI)	with	cricoid	pressure,	capnography,	lung	protective	ventilation
strategies,	 fluid	 loading	 prior	 to	 intubation	 unless	 contraindicated,	 and
preparation	 and	 early	 administration	 of	 sedation	 and	 vasopressor	 use	 if
needed.14,15	Some	institutions	have	implemented	difficult	airway	response	teams
that	respond	to	all	difficult	airways	that	are	encountered	in	 the	hospital.	 In	one
such	hospital,	no	airway	deaths	were	recorded	over	a	5-year	period.16



EQUIPMENT	FOR	INTUBATION
4 	 Assembly	 of	 all	 appropriate	 equipment	 before	 attempted	 intubation	 can
prevent	 potentially	 serious	 delays	 in	 the	 event	 of	 an	 unforeseen	 complication.
Most	 equipment	 and	 supplies	 are	 readily	 available	 in	 the	 ICU	 but	 must	 be
gathered	so	they	are	immediately	at	hand.	To	reduce	the	risk	of	having	missing
equipment	 during	 critical	 times,	 an	 intubation	 bag	 or	 cart	 with	 all	 necessary
equipment	and	supplies	should	be	developed.	A	supply	of	100%	oxygen	and	a
well-fitting	mask	with	attached	bag-valve	device	are	mandatory,	as	is	suctioning
equipment,	 including	 a	 large-bore	 tonsil	 suction	 attachment	 (Yankauer)	 and
suction	 catheters.	 Adequate	 lighting	 facilitates	 airway	 visualization.	 The	 bed
should	 be	 at	 the	 proper	 height,	 with	 the	 headboard	 removed	 and	 the	 wheels
locked.	Other	necessary	supplies	 include	gloves,	Magill	forceps,	oral	and	nasal
airways,	 laryngoscope	 handle	 and	 blades	 (straight	 and	 curved)	 and/or	 video
laryngoscope,	ET	tubes	of	various	sizes,	stylet,	tongue	depressors,	a	syringe	for
cuff	 inflation,	 and	 tape	 or	 an	 approved	 device	 for	 securing	 the	 ET	 tube	 in
position.	Table	8.2	is	a	checklist	of	the	supplies	needed.

TABLE	8.2

Equipment	Needed	for	Intubation

Supply	of	100%	oxygen
Face	mask
Bag	valve	device
Suction	equipment
Suction	catheters
Large-bore	tonsil	suction	apparatus	(Yankauer)

Stylet
Magill	forceps
Oral	airways
Nasal	airways



Laryngoscope	handle	and	blades	(curved,	straight;	various	sizes)	or
videolaryngoscope
Endotracheal	tubes	(various	sizes)
Tongue	depressors
Syringe	for	cuff	inflation
Headrest
Supplies	for	vasoconstriction	and	local	anesthesia
Tape

Tincture	of	benzoin

Laryngoscopes
4 	Modern	 laryngoscopes	 consist	 of	 a	 handle	 and	 blade	with	 a	 fiberoptic	 light
source	that	have	largely	replaced	classic	handles	with	batteries	and	a	light	bulb.
Proper	function	of	the	light	source	should	always	be	verified.	Many	blade	shapes
and	 sizes	 are	 available.	 The	 two	 most	 commonly	 used	 blades	 are	 the	 curved
(MacIntosh)	and	straight	(Miller)	blades	(Figure	8.8).	The	choice	of	blade	shape
is	a	matter	of	personal	preference	and	experience.	Video-assisted	laryngoscopes
(Figure	8.9)	are	now	widely	available	and	have	become	the	predominant	method
by	which	 laryngoscopy	and	 intubation	are	performed	at	many	 institutions.	The
blades	 are	 equipped	 with	 antifogging	 technology	 and	 distal	 angles	 of
approximately	60°	 to	 improve	 the	view	of	 the	glottis	and	provide	a	view	from
near	the	tip	of	the	scope.	These	devices	have	been	shown	to	improve	the	success
rate	for	difficult	ET	intubation	performed	by	experienced	physicians17	as	well	as
the	 rate	 of	 successful	 intubation	 by	 untrained	 individuals	 when	 performing
normal	 intubations.18	 Comparisons	 of	 Video	 Laryngoscopy	 (VL)	 to	 Direct
Laryngosclopy	 (DL)	 in	 the	 ICU	 patient	 population,	 however,	 do	 not	 strongly
favor	the	use	of	one	modality	over	the	other.19-21



	

Figure	 8.8 	 The	 two	 basic	 types	 of	 laryngoscope	 blades,
MacIntosh	 (A)	 and	Miller	 (B).The	MacIntosh	 blade	 is	 curved.	 The
blade	 tip	 is	 placed	 in	 the	 vallecula,	 and	 the	 handle	 of	 the
laryngoscope	pulled	forward	at	a	45°	angle.	This	allows	visualization
of	 the	 epiglottis.	 The	 Miller	 blade	 is	 straight.	 The	 tip	 is	 placed
posterior	to	the	epiglottis,	pinning	the	epiglottis	between	the	base	of
the	 tongue	 and	 the	 straight	 laryngoscope	 blade.	 The	motion	 on	 the
laryngoscope	 handle	 is	 the	 same	 as	 that	 used	 with	 the	 MacIntosh
blade.

	

Figure	8.9 	Video	laryngoscope	with	screen.Note	the	60°	angle	of
the	blade.

Endotracheal	Tubes
The	 internal	 diameter	 of	 the	 ET	 tube	 is	 measured	 using	 both	millimeters	 and
French	units.	This	number	is	stamped	on	the	tube.	Tubes	are	available	in	0.5-mm
increments,	starting	at	2.5	mm.	Lengthwise	dimensions	are	also	marked	on	 the



tube	in	centimeters,	beginning	at	the	distal	tracheal	end.	Selection	of	the	proper
tube	 diameter	 is	 of	 utmost	 importance	 and	 is	 a	 frequently	 underemphasized
consideration.	 The	 resistance	 to	 airflow	 varies	 with	 the	 fourth	 power	 of	 the
radius	 of	 the	 ET	 tube.	 Thus,	 selection	 of	 an	 inappropriately	 small	 tube	 can
significantly	 increase	 the	 work	 of	 breathing.	 Moreover,	 certain	 diagnostic
procedures	 (eg,	 bronchoscopy)	 done	 through	 ET	 tubes	 require	 appropriately
large	tubes.	In	general,	the	larger	the	patient,	the	larger	the	ET	tube	that	should
be	 used.	 Approximate	 guidelines	 for	 tube	 sizes	 and	 lengths	 by	 age	 are
summarized	in	Table	8.3.	Most	adults	should	be	intubated	with	an	ET	tube	that
has	an	inner	diameter	of	at	least	8.0	mm,	although	occasionally	nasal	intubation
in	a	small	adult	requires	a	7.0-mm	tube.

TABLE	8.3

Dimensions	of	Endotracheal	Tubes	Based	on	Patient	Age

Age
Internal
Diameter
(mm)

French
Unit

Distance	Between	Lips	and
Location	in	Midtrachea	of	Distal
End	(cm)a

Premature 2.5 10-12 10

Full	term 3.0 12-14 11

1-6	mo 3.5 16 11

6-12	mo 4.0 18 12

2	y 4.5 20 13

4	y 5.0 22 14

6	y 5.5 24 15-16

8	y 6.5 26 16-17

10	y 7.0 28 17-18

12	y 7.5 30 18-20

≥14	y 8.0-9.0 32-36 20-24



aAdd	2	to	3	cm	for	nasal	tubes.

Adapted	from	Stone	DJ,	Gal	TJ.	Airway	management.	In:	Miller	RD,	ed.	Anesthesia.	4th	ed.
Churchill	Livingstone;	1994.	Copyright	©	1994	with	permission	from	Elsevier.

Endotracheal	Tube	Cuff
ET	 tubes	 have	 low-pressure,	 high-volume	 cuffs	 to	 reduce	 the	 incidence	 of
ischemia-related	 complications.	 Tracheal	 ischemia	 can	 occur	 any	 time	 cuff
pressure	exceeds	capillary	pressure	(approximately	32	mm	Hg),	thereby	causing
inflammation,	 ulceration,	 infection,	 and	 dissolution	 of	 cartilaginous	 rings.
Failure	 to	 recognize	 this	progressive	degeneration	sometimes	results	 in	erosion
through	the	tracheal	wall	(into	the	innominate	artery	if	the	erosion	is	anterior	or
the	 esophagus	 if	 the	 erosion	 is	 posterior)	 or	 long-term	 sequelae	 of
tracheomalacia	or	tracheal	stenosis.	With	cuff	pressures	of	15	to	30	mm	Hg,	the
low-pressure,	high-volume	cuffs	conform	well	 to	 the	 tracheal	wall	and	provide
an	 adequate	 seal	 during	 positive	 pressure	 ventilation.	 Although	 low	 cuff
pressures	 can	 cause	 some	 damage	 (primarily	 ciliary	 denudation),	 major
complications	 are	 rare.	 Nevertheless,	 it	 is	 important	 to	 realize	 that	 a	 low-
pressure,	high-volume	cuff	can	be	converted	to	a	high-pressure	cuff	if	sufficient
quantities	of	air	are	injected	into	the	cuff.

ANESTHESIA	BEFORE	INTUBATION
5 	 Patients	 with	 significant	 hemodynamic	 instability	 or	 a	 depressed	 level	 of
consciousness	may	not	need	anesthesia	before	intubation.	If	 intubation	must	be
performed	 on	 the	 alert,	 responsive	 patient,	 sedation	 or	 general	 anesthesia
exposes	the	individual	to	potential	pulmonary	aspiration	of	gastric	contents	when
protective	 reflexes	 are	 lost.	 Laryngoscopy	 in	 an	 inadequately	 anesthetized
patient	can	result	in	tachycardia	and	an	increase	in	blood	pressure.	This	may	be
well	 tolerated	 in	 younger	 patients	 but	 may	 be	 detrimental	 for	 a	 patient	 with
coronary	artery	disease	or	high	 intracranial	pressure.	Conversely,	 laryngoscopy
and	 intubation	may	 result	 in	 a	 vasovagal	 response,	 leading	 to	 bradycardia	 and
hypotension.	Initiation	of	positive	pressure	ventilation	in	a	hypovolemic	patient
can	lead	to	hypotension	from	decreased	preload.

Some	of	 these	 responses	 can	be	attenuated	by	providing	 local	 anesthesia	 to
the	nares,	mouth,	and/or	posterior	pharynx	before	 intubation.	Topical	 lidocaine
(1%-4%)	with	phenylephrine	(0.25%)	or	cocaine	(4%,	200	mg	total	dose)	can	be
used	 to	anesthetize	 the	nasal	passages	and	provide	 local	vasoconstriction.	This



allows	the	passage	of	a	larger	ET	tube	with	less	likelihood	of	bleeding.	Aqueous
lidocaine-phenylephrine,	 cocaine,	or	viscous	2%	 lidocaine	can	be	administered
via	 atomizer,	 nose	 dropper,	 long	 cotton-tipped	 swabs	 or	 with	 a	 small	 NPA
inserted	 into	 the	nares.	Anesthesia	of	 the	 tongue	and	posterior	pharynx	can	be
accomplished	with	lidocaine	spray	(4%-10%)	administered	via	an	atomizer	or	a
eutectic	 cream	mixture	of	 two	 local	 anesthetics	 applied	on	 a	 tongue	blade	 and
oral	 airway.22	 Alternatively,	 the	 glossopharyngeal	 nerve	 can	 be	 blocked
bilaterally	with	an	injection	of	a	local	anesthetic,	but	this	should	be	performed	by
experienced	personnel.

Anesthetizing	 the	 larynx	 below	 the	 vocal	 cords	 before	 intubation	 is
controversial.	 The	 cough	 reflex	 can	 be	 compromised,	 increasing	 the	 risk	 of
aspiration.	 However,	 tracheal	 anesthesia	 may	 decrease	 the	 incidence	 of
arrhythmias	or	untoward	circulatory	responses	to	intubation	and	improve	patient
tolerance	of	the	ET	tube.	Clinical	judgment	in	this	situation	is	necessary.	Several
methods	can	be	used	to	anesthetize	these	structures.	Transtracheal	lidocaine	(4%,
160	mg)	is	administered	by	cricothyroid	membrane	puncture	with	a	small	needle
to	anesthetize	the	trachea	and	larynx	below	the	vocal	cords.	It	may	be	difficult	to
identify	 the	cricothyroid	membrane	by	palpation	 in	all	patients,23	 so	ultrasound
can	 be	 utilized.	 Alternatively,	 after	 exposure	 of	 the	 vocal	 cords	 with	 the
laryngoscope,	 the	 cords	 can	 be	 sprayed	 with	 lidocaine	 via	 an	 atomizer.
Aerosolized	 lidocaine	 (4%,	 6	mL)	 provides	 excellent	 anesthesia	 to	 the	mouth,
pharynx,	larynx,	and	trachea.	The	superior	laryngeal	nerve	can	be	blocked	with
2	mL	of	1.0%	to	1.5%	lidocaine	injected	just	inferior	to	the	greater	cornu	of	the
hyoid	bone.	The	rate	of	absorption	of	lidocaine	differs	by	method,	being	greater
with	the	aerosol	and	transtracheal	techniques.	The	patient	should	be	observed	for
signs	of	lidocaine	toxicity	(circumoral	paresthesia,	agitation,	and	seizures).

If	 adequate	 topical	 anesthesia	 cannot	 be	 achieved	 or	 if	 the	 patient	 is	 not
cooperative,	 general	 anesthesia	may	 be	 required	 for	 intubation.	Table	 8.4	 lists
common	drugs	and	doses	and	effects	of	medications	used	to	facilitate	intubation.
Coadministration	of	opioids	allows	the	dose	of	the	induction	drugs	to	be	reduced
and	may	 attenuate	 the	 hemodynamic	 response	 to	 laryngoscopy	 and	 intubation.
Utilization	of	 neuromuscular	 blocking	 agents	 (NMBAs)	 to	 facilitate	 intubation
can	 increase	 the	 first-pass	 success	 rate	 without	 increasing	 complications.	 The
availability	 of	 sugammadex,	 a	 drug	 which	 rapidly	 reverses	 the	 effects	 of
aminosteroid	NMBAs,	may	make	rocuronium	a	more	attractive	option	to	use	for
intubation	 compared	 to	 succinylcholine.	A	2015	Cochrane	 analysis	 showed	no
difference	 in	 the	 quality	 of	 intubating	 conditions	 when	 rocuronium	 (0.9-
1.2	mg/kg)	was	compared	to	succinylcholine.24



TABLE	8.4

Properties	of	Medications	Frequently	Used	for	Airway
Management	in	the	ICU

Drug Class MOA
IV
Dose
(mg/kg)

Onset
of
Action
(s)

CV
Effects

Propofol Hypnotic GABA
potentiation

1.0-2.5 <60 Myocardial
depression
↓↓↓
↑↑↑MAP

Etomidate Hypnotic GABA
potentiation

0.2-0.3 20-50 0/↓
↑↑↑MAP

Ketamine Dissociative NMDA
antagonist

0.5-2.0 30-60 ↑↑HR
↑↑MAP
Potential
for
myocardial
depression

Dexmedetomidine Hypnotic α2-Agonist 1.0
µg/kg
bolus,
then	0.2-
1.2
µg/kg/h

10-15
minutes

↓↓	-↓↓↓
HR
↓MAP

Midazolam Benzodiazepine GABA
potentiation

0.02-0.2 30-60 0/↑HR
↓MAP

Fentanyl Opioid Opioid
receptor
agonist

1-2
µg/kg

60-100 0/↓	HR
0/↓	MAP

Succinylcholine Depolarizing AChR 1-2 45-60 ↓HR



NMB	 agonist

Rocuronium Nondepolarizing
NMB

AChR
competitive
antagonist

0.6-1.2 60-90 0/↑HR
0/↓	MAP

AChR,	acetylcholine	receptor;	CBF,	cerebral	blood	flow;	CMRO2,	cerebral	metabolic	rate	of
oxygen	consumption;	CNS,	central	nervous	system;	CV,	cardiovascular;	GABA,	γ-aminobutyric
acid	receptor;	HR,	heart	rate;	ICP,	intracranial	pressure;	IV,	intravenous;	MAP,	mean	arterial
pressure;	MOA,	mechanism	of	action;	NMB,	neuromuscular	blocker;	NMDA,	N-methyl-D-
aspartate	receptor;	0,	no	effect;	↑,	increase;	↓,	decrease.
aEvidence	is	sparse.

Adapted	from	Watson	NC	and	Heard	SO.	Comprehensive	Critical	Care:	Adult.	Society	of	Critical
Care	Medicine;	2017.	Copyright	2017	Society	of	Critical	Care	Medicine.

Reviews	have	extolled	the	virtue	of	RSI25:	the	process	by	which	an	induction
agent	is	administered	to	the	patient	followed	immediately	by	a	muscle	relaxant
to	 facilitate	 intubation.	 Although	 numerous	 studies	 exist	 in	 the	 emergency
medicine	 literature	 attesting	 to	 the	 safety	 and	 efficacy	 of	 this	 approach,	 the
practitioner	 who	 embarks	 on	 this	 route	 to	 intubation	 in	 the	 ICU	 must	 be
knowledgeable	about	the	pharmacology	and	side	effects	of	the	agents	used	and
the	use	of	 rescue	methods	 should	attempt(s)	 at	 intubation	 fail.	Succinylcholine
should	 be	 used	 cautiously	 because	 of	 its	 propensity	 to	 cause	 hyperkalemic
cardiac	 arrest	 in	 certain	 critically	 ill	 populations,	 including	 burned,	 spinal-
injured,	or	patients	with	prolonged	bed	 rest.	This	 risk	 increases	substantially	 if
patients	are	in	the	ICU	for	more	than	14	days.26

TECHNIQUES	OF	INTUBATION
4 	 In	 a	 true	 emergency,	 some	 of	 the	 preintubation	 evaluation	 is	 necessarily
neglected	in	favor	of	rapid	control	of	the	airway.	Whenever	possible,	an	oxygen
saturation	 monitor	 should	 be	 used.	 Preoxygenation	 (denitrogenation),	 which
replaces	 the	 nitrogen	 in	 the	 patient’s	 functional	 residual	 capacity	 (FRC)	 with
oxygen,	 can	maximize	 the	 time	 available	 for	 intubation.	During	 laryngoscopy,
apneic	 oxygenation	 can	 occur	 from	 this	 FRC	 reservoir.	 Preoxygenation	 is
achieved	by	providing	100%	oxygen	at	a	high	flow	rate	via	a	 tight-fitting	face
mask	 for	 3½	 to	 4	minutes.	 Extending	 the	 time	 of	 preoxygenation	 from	4	 to	 8
minutes	does	not	 seem	 to	 increase	 the	PaO2	 to	 a	 clinically	 relevant	 extent	 and
may	 actually	 reduce	 the	 PaO2	 in	 the	 interval	 from	 6	 to	 8	 minutes	 in	 some



patients.27	 For	 patients	 who	 are	 being	 intubated	 for	 airway	 control,
preoxygenation	 is	 usually	 efficacious,	whereas	 the	 value	 of	 preoxygenation	 in
patients	with	 acute	 lung	 injury	 is	 less	 certain.28	Bag-mask	 ventilation	 between
induction	of	anesthesia	and	intubation	results	in	higher	oxygen	saturations	and	a
lower	 risk	 of	 severe	 hypoxemia	 compared	 to	 an	 apneic	 approach.29	 NIPPV,
HFNC,	 or	 both	 should	 be	 utilized	 as	 the	 mode	 of	 preoxygenation	 prior	 to
intubation	of	hypoxemic	patients.	These	approaches	have	been	shown	to	be	more
effective	than	the	standard	approach	for	maintaining	SpO2	values	before,	during,
and	after	the	intubation	procedure.30-32

Prior	to	intubation,	the	likelihood	of	success	for	each	route	of	intubation,	the
urgency	of	the	clinical	situation,	the	likelihood	that	intubation	will	be	prolonged,
and	 the	 prospect	 of	 whether	 diagnostic	 or	 therapeutic	 procedures	 such	 as
bronchoscopy	will	eventually	be	 required,	 should	be	assessed.	Factors	 that	can
affect	 patient	 comfort	 should	 also	 be	weighed.	 For	 the	 unconscious	 patient	 in
whom	a	secure	airway	must	be	established	 immediately,	orotracheal	 intubation
with	direct	visualization	of	the	vocal	cords	is	generally	the	preferred	technique.
In	 the	 conscious	 patient,	 DL,	 VL	 or	 awake	 fiberoptic	 intubation	 may	 be
performed	after	obtaining	adequate	anesthesia	of	the	airway.	Alternatively,	blind
nasotracheal	intubation	is	an	option	but	requires	significant	skill	by	the	clinician.
Nasotracheal	 intubation	 should	 be	 avoided	 in	 patients	 with	 coagulopathies	 or
those	who	are	anticoagulated	for	medical	indications.	While	the	ramped	position
(placement	 of	 blankets	 behind	 upper	 back,	 shoulders	 and	 head	 to	 ensure	 the
tragus	of	the	ear	is	at	the	level	of	the	suprasternal	notch)	improves	oxygenation
and	intubation	success	rates	in	obese	patients	in	the	OR	during	DL,	the	same	has
not	been	found	in	ICU	patients,	where	it	increases	attempts	and	worsens	glottic
visualization.	 However,	 with	 VL,	 there	 was	 not	 a	 significant	 difference	 in
intubation	success	 rate	with	“sniffing”	vs	“ramped”	positioning.33,34	For	 trauma
victims	 with	 extensive	 maxillary	 and	 mandibular	 fractures	 and	 inadequate
oxygenation	or	ventilation,	cricothyrotomy	may	be	mandatory.	For	patients	with
cervical	 spine	 injury	 or	 decreased	 neck	 mobility,	 intubation	 using	 flexible
bronchoscopy	may	be	necessary.	Many	of	these	techniques	require	considerable
skill	 and	 should	 be	 performed	 only	 by	 those	 who	 are	 experienced	 in	 airway
management.

Specific	Techniques	and	Routes	of	Endotracheal	Intubation

Orotracheal	Intubation



Orotracheal	 intubation	 is	 the	 technique	 most	 easily	 learned	 and	 used	 for
emergency	 intubations	 in	 the	 ICU.	Traditional	 teaching	dictates	 that	 successful
orotracheal	intubation	requires	alignment	of	the	oral,	pharyngeal,	and	laryngeal
axes	by	putting	the	patient	in	the	“sniffing	position”	in	which	the	neck	is	flexed
and	 the	 head	 is	 slightly	 extended	 about	 the	 atlanto-occipital	 joint.	 However,
magnetic	 resonance	 imaging	and	clinical	 studies	have	demonstrated	 these	axes
may	remain	misaligned	despite	head	positioning	and	simple	head	extension	may
facilitate	ET	intubation	equally.35-37

For	 a	 patient	 with	 a	 full	 stomach,	 compressing	 the	 cricoid	 cartilage
posteriorly	against	 the	vertebral	body	can	inconsistently	reduce	the	diameter	of
the	 hypopharynx.	 This	 technique,	 known	 as	 Sellick	maneuver,	 previously	 was
felt	to	prevent	passive	regurgitation	of	stomach	contents	into	the	trachea	during
intubation.	However,	 a	 randomized	 trial	 comparing	 cricoid	 pressure	 to	 a	 sham
procedure	 in	 patients	 at	 risk	 for	 aspiration	 undergoing	 anesthesia	 did	 not
demonstrate	 that	 use	 of	 cricoid	 pressure	 resulted	 in	 a	 decrease	 in	 pulmonary
aspiration.38	Consequently,	RSI	combined	with	cricoid	pressure	can	no	longer	be
recommended	 in	 nonpregnant	 patients.	 Placement	 of	 the	 patient	 in	 the	 partial
recumbent	 or	 reverse	 Trendelenburg	 position	 may	 reduce	 the	 risk	 of
regurgitation	and	aspiration.	Use	of	ultrasonography	to	determine	the	volume	of
gastric	contents	may	alert	 the	clinician	to	the	danger	of	a	higher	aspiration	risk
(see	below).

When	performing	DL,	the	handle	is	grasped	in	the	left	hand	and	the	patient’s
mouth	is	opened	with	the	gloved	right	hand.	Often,	when	the	head	is	extended	in
the	unconscious	patient,	the	mouth	opens;	if	not,	the	thumb	and	index	finger	of
the	 right	 hand	 are	 placed	 on	 the	 lower	 and	 upper	 incisors,	 respectively,	 and
moved	 past	 each	 other	 in	 a	 scissor-like	 motion.	 The	 laryngoscope	 blade	 is
inserted	on	the	right	side	of	the	mouth	and	advanced	to	the	base	of	the	tongue,
pushing	 it	 toward	 the	 left.	 If	 the	 straight	 blade	 is	 used,	 it	 should	 be	 extended
below	the	epiglottis.	If	the	curved	blade	is	used,	it	is	inserted	in	the	vallecula.

With	the	blade	in	place,	the	operator	should	lift	forward	in	a	plane	45°	from
the	 horizontal	 to	 expose	 the	 vocal	 cords	 (Figures	 8.2	 and	 8.8).	 This	 motion
decreases	the	risk	of	the	blade	striking	the	upper	incisors	and	either	chipping	or
dislodging	 teeth.	 Both	 lips	 should	 be	 swept	 away	 from	 between	 the	 teeth	 and
blade	 to	 avoid	 soft	 tissue	 damage.	 The	 ET	 tube	 is	 held	 in	 the	 right	 hand	 and
inserted	at	the	right	corner	of	the	patient’s	mouth	in	a	plane	that	intersects	with
the	laryngoscope	blade	at	the	level	of	the	glottis.	This	reduces	the	risk	of	the	ET
tube	obscuring	the	view	of	the	vocal	cords.	The	ET	tube	is	advanced	through	the
vocal	 cords	 until	 the	 cuff	 just	 disappears	 from	 sight.	 The	 cuff	 is	 inflated	with
enough	air	to	prevent	a	leak	during	positive	pressure	ventilation	with	a	bag-valve



device	(Videos	8.1	and	8.2).
Intubation	using	VL	is	accomplished	by	holding	the	handle	with	the	left	hand

and	 inserting	 the	 blade	 into	 the	mouth	 and	 advancing	 the	 tip	 to	 the	 vallecula
(Figure	8.10A-C).	The	view	of	 the	glottis	 is	usually	very	good,	but	 intubation
can	 sometimes	 be	 problematic	 because	 the	 proprietary	 stylets	 are	 rigid	 and
cannot	be	molded	to	the	optimal	curvature.	Inserting	the	ET	tube	from	the	right
at	90°	from	the	usual	position	may	help	if	there	is	difficulty.	Complications	can
include	 mucosal	 damage	 or	 perforation	 of	 the	 palatoglossal	 arch,
palatopharyngeal	 arch,	 or	 the	 retromolar	 trigone.	 Direct	 visualization	 when
inserting	 the	 tube	 into	 the	mouth	will	 reduce	 the	 risk	 of	mucosal	 damage.	We
recommend	 the	 online	 VL	 overview	 by	 Nickson	 C	 (2020)	 at
https://litfl.com/video-laryngoscopy/	(accessed	June	1,	2020).

https://litfl.com/video-laryngoscopy/


	

Figure	 8.10 	 Video	 laryngoscope	 intubation.A,	 Laryngoscope	 in
position	 in	 the	mouth.	B,	View	of	 the	 glottis.	C,	Endotracheal	 tube
insertion	into	the	larynx.

The	modified	Cormack	and	Lehane	classification	used	 to	grade	 the	view	of
the	laryngeal	aperture	during	direct	laryngoscopy	is	depicted	in	Figure	8.11.39,40



Occasionally,	 the	vocal	cords	cannot	be	seen	entirely;	only	 the	corniculate	and
cuneiform	 tubercles,	 interarytenoid	 incisure,	 and	posterior	 portion	of	 the	 vocal
cords	or	only	the	epiglottis	is	visualized	(grades	II	to	IV	view;	Figure	8.11).	 In
this	situation,	it	is	helpful	to	insert	a	soft	metal	stylet	into	the	ET	tube	and	bend	it
into	 a	 hockey	 stick	 configuration.	 The	 stylet	 should	 be	 bent	 or	 coiled	 at	 the
proximal	end	to	prevent	the	distal	end	from	extending	beyond	the	ET	tube	and
causing	 tissue	 damage.	 The	 BURP	 maneuver	 (backward-upward-rightward
pressure	on	 the	 larynx)	 improves	 the	view	of	 the	 laryngeal	aperture.41	 Another
aid	 is	 a	 stylet	with	 a	 light	 (light	wand).	With	 the	 room	 lights	dimmed,	 the	ET
tube	containing	the	lighted	stylet	is	inserted	into	the	oropharynx	and	advanced	in
the	 midline.	 When	 it	 is	 just	 superior	 to	 the	 larynx,	 a	 glow	 is	 seen	 over	 the
anterior	neck.	The	stylet	 is	advanced	 into	 the	 trachea,	and	 the	 tube	 is	 threaded
over	 it.	 The	 light	 intensity	 is	 diminished	 if	 the	 wand	 enters	 the	 esophagus
(https://school.wakehealth.edu/Departments/Anesthesiology/Lightwand-
Intubation	 [accessed	June	1,	2021]).	The	gum	elastic	bougie	 (flexible	stylet)	 is
an	alternative	device	 that	 can	be	passed	 into	 the	 larynx;	once	 in	place,	 the	ET
tube	is	advanced	over	it	and	the	stylet	is	removed.	ET	tubes	and	stylets	are	now
available	that	have	a	fiberoptic	bundle	intrinsic	to	the	tube	or	the	stylet	that	can
be	attached	to	a	video	monitor.	If	the	attempt	to	intubate	is	still	unsuccessful,	the
difficult	airway	algorithm	should	be	followed	(see	“Management	of	the	Difficult
Airway”	section	of	this	chapter).

	

Figure	 8.11 	 The	 five	 grades	 of	 laryngeal	 view	 during	 direct
laryngoscopy	 as	 described	 in	 the	 modified	 Cormack	 and	 Lehane
system.Grade	1:	the	entire	glottis	is	seen.	Grade	2a:	a	partial	view	of
the	glottis	 is	seen.	Grade	2b:	 the	arytenoids	or	posterior	parts	of	 the
vocal	cords	are	only	just	visible.	Grade	3:	only	the	epiglottis	is	seen.
Grade	4:	neither	 the	glottis	or	epiglottis	 is	visible.(From	Yentis	SM,
Lee	DJH.	Evaluation	of	an	improved	scoring	system	for	the	grading
of	 direct	 laryngoscopy.	 Anaesthesia.	 1998;53:1041-1044,	 with
permission.)

https://school.wakehealth.edu/Departments/Anesthesiology/Lightwand-Intubation


Proper	 depth	 of	 the	 endotracheal	 tube	 is	 supported	 by	 observation	 of
symmetric	chest	excursion	and	auscultation	of	equal	bilateral	breath	sounds.	The
abdomen	should	be	auscultated	to	rule	out	esophageal	placement.	If	the	tube	has
been	 advanced	 too	 far,	 it	will	 lodge	 in	 one	 of	 the	main	 bronchi	 (typically	 the
right	main	 bronchus),	 and	 only	 one	 lung	will	 be	 ventilated.	 If	 this	 error	 goes
unnoticed,	the	nonventilated	lung	may	collapse.	A	useful	rule	of	thumb	for	tube
placement	 in	adults	of	 average	 size	 is	 that	 the	 incisors	 should	be	at	 the	23-cm
mark	in	men	and	the	21-cm	mark	in	women.	Alternatively,	proper	depth	(5	cm
above	 the	 carina)	 can	 be	 estimated	 using	 the	 following	 formula:	 (height	 in
cm/5)	 −	 13.42	 Palpation	 of	 the	 anterior	 trachea	 in	 the	 neck	 may	 detect	 cuff
inflation	 as	 air	 is	 injected	 into	 the	 pilot	 tube	 and	 can	 serve	 as	 a	 means	 to
ascertain	 correct	 tube	 position.	 These	 methods	 are	 not	 always	 reliable	 and
measurement	 of	 end-tidal	 carbon	 dioxide	 by	 standard	 capnography	 or
calorimetric	 chemical	 detector	 (eg,	Easy	Cap	 II,	Nellcor,	 Inc,	 Pleasanton,	CA)
should	 be	 used	 whenever	 possible	 to	 verify	 correct	 ET	 tube	 placement	 vs
esophageal	 intubation.	The	 latter	device	 is	 attached	 to	 the	proximal	 end	of	 the
ET	tube	and	changes	color	on	exposure	to	carbon	dioxide.	An	additional	method
to	detect	esophageal	intubation	uses	a	bulb	that	attaches	to	the	proximal	end	of
the	ET	tube	(AMBU,	Ballerup,	Denmark).	The	bulb	is	squeezed,	emptied	of	air,
and	attached	to	the	tube.	If	the	tube	is	in	the	trachea,	the	bulb	re-expands,	and	if
the	 tube	 is	 in	 the	 esophagus,	 the	 bulb	 remains	 collapsed.	 Lung	 sliding
ascertained	by	ultrasonography	is	another	means	to	insure	the	ET	tube	is	in	the
lung	 and	 properly	 positioned.	 It	 must	 be	 remembered	 that	 none	 of	 these
techniques	are	fool	proof.	Bronchoscopy	is	the	only	method	to	be	absolutely	sure
the	 tube	 is	 in	 the	 trachea.	After	 estimating	 proper	 tube	 placement	 clinically,	 it
should	be	confirmed	by	chest	radiograph	or	bronchoscopy	because	the	tube	may
be	malpositioned.	The	tip	of	the	ET	tube	should	be	several	centimeters	above	the
carina	(T-4	level).	It	must	be	remembered	that	flexion	or	extension	of	the	head
can	advance	or	withdraw	the	tube	2	to	5	cm,	respectively.

Nasotracheal	Intubation
Many	 of	 the	 considerations	 concerning	 patient	 preparation	 and	 positioning
outlined	for	orotracheal	intubation	apply	to	nasal	intubation	as	well.	Blind	nasal
intubation	 is	 more	 difficult	 to	 perform	 than	 oral	 intubation	 because	 the	 tube
cannot	 be	 observed	 directly	 as	 it	 passes	 between	 the	 vocal	 cords.	 Nasal
intubation	 should	 not	 be	 attempted	 in	 patients	 with	 abnormal	 bleeding
parameters,	 nasal	 polyps,	 extensive	 facial	 trauma,	 cerebrospinal	 rhinorrhea,



sinusitis,	or	any	anatomic	abnormality	that	would	inhibit	atraumatic	passage	of
the	 tube.	Nasal	 intubation	 is	 rarely	performed	because	of	 the	 risk	of	maxillary
sinusitis.

As	previously	discussed	in	“Airway	Adjuncts”	section,	after	the	operator	has
alternately	 occluded	 each	 nostril	 to	 ascertain	 that	 both	 are	 patent,	 a	 topical
vasoconstrictor	 and	 anesthetic	 are	 applied	 to	 the	 nostril	 that	will	 be	 intubated.
The	nostril	may	be	dilated	with	 lubricated	NPAs	of	 increasing	size	 to	facilitate
atraumatic	passage	of	the	ET	tube.	The	patient	should	be	monitored	with	a	pulse
oximeter,	 and	 supplemental	 oxygen	 should	 be	 given	 as	 necessary.	 The	 patient
may	be	either	supine	or	sitting	with	 the	head	extended	 in	 the	sniffing	position.
The	tube	is	guided	slowly	but	firmly	through	the	nostril	to	the	posterior	pharynx.
Here	 the	 tube	 operator	 must	 continually	 monitor	 for	 the	 presence	 of	 air
movement	(or	carbon	dioxide	if	a	capnometer	is	available)	through	the	tube.	The
tube	must	never	be	forced	or	pushed	forward	 if	breath	sounds	are	 lost	because
retropharyngeal	mucosal	damage	can	occur.	If	resistance	is	met,	the	tube	should
be	withdrawn	1	to	2	cm	and	the	patient’s	head	repositioned	(extended	further	or
turned	to	either	side).	If	the	turn	still	cannot	be	negotiated,	the	other	nostril	or	a
smaller	tube	should	be	tried.	Attempts	at	nasal	intubation	should	be	abandoned
and	oral	intubation	performed	if	these	methods	fail.

Once	positioned	in	the	oropharynx,	the	tube	is	advanced	to	the	glottis	while
listening	 for	 breath	 sounds	 through	 the	 tube	 or	 monitoring	 end-tidal	 carbon
dioxide.	If	breath	sounds	cease,	 the	tube	is	withdrawn	several	centimeters	until
breath	sounds	resume,	and	the	plane	of	entry	is	adjusted	slightly.	Partial	inflation
of	 the	 cuff	 will	 facilitate	 alignment	 of	 the	 ET	 tube	 with	 the	 glottis.	 Passage
through	 the	vocal	 cords	 should	be	 timed	 to	 coincide	with	 inspiration.	Entry	of
the	tube	into	the	larynx	is	signaled	by	an	inability	to	speak.	The	cuff	should	be
inflated	and	proper	positioning	of	the	tube	ascertained	as	previously	outlined.

Occasionally,	 blind	 nasal	 intubation	 cannot	 be	 accomplished.	 In	 this	 case,
after	adequate	topical	anesthesia,	laryngoscopy	can	be	used	to	visualize	the	vocal
cords	 directly	 and	Magill	 forceps	 used	 to	 grasp	 the	 distal	 end	 of	 the	 tube	 and
guide	 it	 through	 the	 vocal	 cords.	 Assistance	 in	 pushing	 the	 tube	 forward	 is
essential	during	this	maneuver	so	that	the	operator	merely	guides	the	tube.	The
balloon	on	the	tube	should	not	be	grasped	with	the	Magill	forceps.

For	a	review	of	intubation	techniques,	supraglottic	airway	device	use,	airway
adjuncts,	 and	 front	 of	 neck	 access,	 we	 recommend	 visiting
https://openairway.org/videos/	(accessed	June	1,	2021).

Management	of	the	Difficult	Airway

https://openairway.org/videos/


A	difficult	airway	may	be	recognized	(anticipated)	or	unrecognized	at	the	time	of
the	initial	preintubation	airway	evaluation.	Difficulty	managing	the	airway	may
be	 the	 result	 of	 abnormalities	 such	as	 congenital	 hypoplasia/hyperplasia	of	 the
mandible	 or	 maxilla,	 or	 prominent	 incisors;	 injuries	 to	 the	 face	 or	 neck;
acromegaly;	tumors;	and	previous	head	and	neck	surgery.	Difficulties	ventilating
the	 patient	with	 a	mask	 can	 be	 anticipated	 if	 two	 of	 the	 following	 factors	 are
present:	 older	 than	 55	 years,	 obesity	 with	 a	 body	 mass	 index	 greater	 than
26	kg/m2,	beard,	lack	of	teeth,	and	a	history	of	snoring.43	When	a	difficult	airway
is	 encountered,	 the	 algorithm	 as	 detailed	 in	 Figure	 8.12	 should	 be	 followed.
When	 a	 difficult	 airway	 is	 recognized	 before	 the	 patient	 is	 anesthetized,	 an
awake	tracheal	intubation	is	usually	the	best	option.	Multiple	techniques	can	be
used	 and	 include	 (after	 adequate	 topical	 or	 injected	 local	 anesthesia)	DL,	VL,
laryngeal	mask	airway	(LMA)	(or	variants),	blind	or	bronchoscopic	oral	or	nasal
intubation,	retrograde	technique,	rigid	bronchoscopy,	lighted	stylet,	or	a	surgical
airway.

	

Figure	8.12 	Modification	of	 the	difficult	 airway	 algorithm.ASA
DAA,	 American	 Society	 of	 Anesthesiologists	 Difficult	 Airway
Algorithm;	DI,	difficult	 intubation;	DMV,	difficult	mask	ventilation;
FOI,	fiberoptic	intubation;	ICU,	intensive	care	unit;	LMA,	laryngeal



mask	 airway;	 mgmt,	 management;	 NIPPV,	 noninvasive	 positive
pressure	 ventilation;	 NMBA,	 neuromuscular	 blocking	 agents;	 pt,
patient;	 SB,	 spontaneous	 breathing.(Reprinted	 from	 Walz	 JM,
Zayaruzny	 M,	 Heard	 SO.	 Airway	 management	 in	 critical	 illness.
Chest.	 2007;131(2):608-620.	 Copyright	 ©	 2007	 The	 American
College	of	Chest	Physicians.	With	permission	from	Elsevier.)

Flexible	Bronchoscopic	Intubation
4 	 Flexible	 bronchoscopy	 is	 an	 efficacious	method	 of	 intubating	 the	 trachea	 in
difficult	cases.	It	may	be	particularly	useful	when	the	upper	airway	anatomy	has
been	 distorted	 by	 tumors,	 trauma,	 endocrinopathies,	 or	 congenital	 anomalies.
This	technique	is	sometimes	valuable	in	accident	victims	in	whom	a	question	of
cervical	 spine	 injury	 exists	 and	 the	 patient’s	 neck	 cannot	 be	 manipulated.	 An
analogous	situation	exists	in	patients	with	severe	degenerative	disk	disease	of	the
neck	 or	 rheumatoid	 arthritis	 with	 markedly	 impaired	 neck	 mobility.	 After
adequate	 topical	 anesthesia	 is	 obtained	 (discussed	 in	 “Anesthesia	 before
Intubation”	 section),	 the	 bronchoscope	 can	 be	 used	 to	 intubate	 the	 trachea	 via
either	the	nasal	or	oral	route.	An	appropriately	sized	warmed	and	lubricated	ET
tube	 that	 has	 been	 preloaded	 onto	 the	 bronchoscope	 is	 advanced	 through	 the
vocal	cords	into	the	trachea	and	positioned	above	the	carina	under	direct	vision.
Intubation	by	this	technique	requires	skill	and	experience	and	is	best	performed
by	a	fully	trained	operator.

If	 the	 operator	 is	 able	 to	 maintain	 mask	 ventilation	 in	 a	 patient	 with	 an
unrecognized	 difficult	 airway,	 a	 call	 for	 experienced	 help	 should	 be	 initiated
(Figure	 8.12).	 If	 mask	 ventilation	 cannot	 be	 maintained,	 a	 cannot	 ventilate–
cannot	intubate	situation	exists	and	immediate	life-saving	rescue	maneuvers	are
required.	 Options	 include	 an	 emergency	 cricothyrotomy	 or	 insertion	 of	 a
supraglottic	ventilatory	device,	such	as	an	LMA.

Other	Airway	Adjuncts
The	 LMA	 is	 composed	 of	 a	 plastic	 tube	 attached	 to	 a	 shallow	mask	 with	 an
inflatable	 rim	 (Figure	 8.13A-D).	 When	 properly	 inserted,	 it	 fits	 over	 the
laryngeal	 inlet	 and	 allows	 positive	 pressure	 ventilation	 of	 the	 lungs.	Although
aspiration	 can	 occur	 around	 the	mask,	 the	LMA	can	 be	 lifesaving	 in	 a	 cannot
ventilate–cannot	 intubate	 situation.	An	 intubating	LMA	 (LMA-Fastrach;	 LMA
North	America,	Inc,	San	Diego,	CA)	has	a	shorter	plastic	tube	and	can	be	used	to



provide	ventilation	as	well	as	to	intubate	the	trachea	with	or	without	the	aid	of	a
flexible	 bronchoscope	 (Figure	 8.14).	 Personnel	 who	 are	 unskilled	 in	 airway
management	can	easily	learn	how	to	use	the	LMA.

	

Figure	8.13 	A-D,	Technique	 for	 insertion	of	 the	 laryngeal	mask
airway.(Reproduced	with	permission	from	Janet	Fong.)

	

Figure	8.14 	The	laryngeal	mask	airway	(LMA)-Fastrach	(A)	has
a	shorter	tube	than	a	conventional	LMA.A	special	endotracheal	tube
(B)	(without	the	adapter	[C])	is	advanced	through	the	LMA-Fastrach
into	 the	 trachea.	 The	 extender	 (D)	 is	 attached	 to	 the	 endotracheal



tube,	 and	 the	 LMA-Fastrach	 is	 removed.	 After	 the	 extender	 is
removed,	the	adapter	is	placed	back	on	the	tube.

Cricothyrotomy
In	a	truly	emergent	situation,	when	intubation	is	unsuccessful,	a	cricothyrotomy
may	be	required.	The	quickest	method,	needle	cricothyrotomy,	is	accomplished
by	 introducing	a	 large-bore	 (ie,	14-gauge)	catheter	 into	 the	airway	 through	 the
cricothyroid	membrane	while	aspirating	with	a	syringe	attached	to	the	needle	of
the	catheter.	When	air	is	aspirated,	the	needle	is	in	the	airway,	and	the	catheter	is
passed	 over	 the	 needle	 into	 the	 trachea.	 The	 catheter	 is	 attached	 to	 a	 jet
ventilation	apparatus.	Alternatively,	a	3-mL	syringe	barrel	can	be	connected	 to
the	 catheter.	 Following	 this,	 a	 7-mm	 inside	 diameter	 ET	 tube	 adapter	 is	 fitted
into	the	syringe	and	is	connected	to	a	high-pressure	gas	source	or	a	jet	ventilator.
As	 mentioned	 previously,	 identification	 of	 the	 cricothyroid	 membrane	 by
palpation	may	be	difficult	and	ultrasound	can	be	used.

Management	of	the	Airway	in	Patients	With	Suspected
Cervical	Spine	Injury
Any	 patient	 with	 polytrauma	 who	 requires	 intubation	 should	 be	 treated	 as	 if
cervical	 spine	 injury	 is	 present.	 If	 the	 oral	 route	 is	 required,	 intubation	 can	be
performed	with	a	cervical	collar	in	place	to	immobilize	the	spine,	or	an	assistant
can	 maintain	 in-line	 stabilization	 of	 the	 head	 and	 neck.	 VL	 provides	 a	 better
view	of	the	glottis	in	this	situation,	but,	with	the	exception	of	the	Airtraq	device
(Airtraq,	www.airtraq.com),	intubation	on	the	first	attempt	is	not	improved	with
VL	 compared	 to	DL	with	 a	MacIntosh	 blade.44	 In	 a	 patient	with	maxillofacial
trauma	 and	 suspected	 cervical	 spine	 injury,	 retrograde	 intubation	 can	 be
performed	by	puncturing	the	cricothyroid	membrane	with	an	18-gauge	catheter
and	 threading	 a	 125-cm	Teflon-coated	 (0.025-cm	 diameter)	 guidewire	 through
the	catheter.	The	wire	 is	advanced	 into	 the	oral	cavity,	and	 the	ET	tube	 is	 then
advanced	over	the	wire	into	the	trachea.	Alternatively,	the	wire	can	be	threaded
through	the	suction	port	of	a	3.9-mm	bronchoscope.

Airway	Management	in	the	Intubated	Patient

Securing	the	Tube

http://www.airtraq.com


Properly	 securing	 the	 ET	 tube	 in	 the	 desired	 position	 is	 important	 for	 three
reasons:	 (1)	 to	 prevent	 accidental	 extubation,	 (2)	 to	 prevent	 advancement	 into
one	 of	 the	 main	 bronchi,	 and	 (3)	 to	 minimize	 damage	 to	 the	 upper	 airway,
larynx,	 and	 trachea	 caused	 by	 patient	motion.	 The	ET	 tube	 is	most	 frequently
secured	in	place	with	adhesive	tape	or	an	endotracheal	tube	holder.	Alternatively,
intravenous	(IV)	tubing,	or	umbilical	tape	can	be	tied	to	the	ET	tube	and	brought
around	 the	 patient’s	 neck	 to	 secure	 the	 tube.	 Care	 must	 be	 taken	 to	 prevent
occlusion	of	neck	veins.	Other	products	(eg,	Velcro	straps)	to	secure	the	tube	are
available.	A	bite	block	can	be	positioned	in	patients	who	are	orally	intubated	to
prevent	them	from	biting	down	on	the	tube	and	occluding	it.	Once	the	tube	has
been	secured	and	its	proper	position	verified,	it	should	be	plainly	marked	on	the
portion	protruding	from	the	patient’s	mouth	or	nose	so	that	advancement	can	be
noted.

Cuff	Management
Although	 low-pressure	 cuffs	 have	 markedly	 reduced	 the	 incidence	 of
complications	 related	 to	 tracheal	 ischemia,	 monitoring	 cuff	 pressures	 remains
important.45	The	cuff	should	be	inflated	just	beyond	the	point	where	an	audible
air	leak	occurs.	Maintenance	of	intracuff	pressures	between	17-	and	23-mm	Hg
should	 allow	 an	 adequate	 seal	 to	 permit	 mechanical	 ventilation	 under	 most
circumstances	while	not	compromising	blood	flow	to	the	tracheal	mucosa.	The
intracuff	pressure	should	be	checked	periodically	by	attaching	a	pressure	gauge
and	 syringe	 to	 the	 cuff	 port	 via	 a	 three-way	 stopcock.	 The	 need	 to	 add	 air
continually	to	the	cuff	to	maintain	its	seal	with	the	tracheal	wall	indicates	that	(1)
the	 cuff	 or	 pilot	 tube	 has	 a	 hole	 in	 it,	 (2)	 the	 pilot	 tube	 valve	 is	 broken	 or
cracked,	 or	 (3)	 the	 tube	 is	 positioned	 incorrectly,	 and	 the	 cuff	 is	 between	 the
vocal	 cords.	 The	 tube	 position	 should	 be	 revaluated	 to	 exclude	 the	 latter
possibility.	If	the	valve	is	broken,	attaching	a	three-way	stopcock	to	it	will	solve
the	problem.	If	the	valve	housing	is	cracked,	cutting	the	pilot	tube	and	inserting	a
blunt	 needle	 with	 a	 stopcock	 into	 the	 lumen	 of	 the	 pilot	 tube	 can	maintain	 a
competent	system.	A	hole	in	the	cuff	necessitates	a	change	of	tube.

Tube	Suctioning
Routine	suctioning	should	not	be	performed	in	patients	in	whom	secretions	are
not	 a	 problem.	 Suctioning	 can	 produce	 a	 variety	 of	 complications,	 including
hypoxemia,	 elevations	 in	 intracranial	 pressure,	 suction	 trauma/ulcers,	 and
serious	 ventricular	 arrhythmias.	 Closed	 ventilation	 suction	 systems	 (Stericath)



may	reduce	the	risk	of	hypoxemia	but	have	not	been	shown	to	reduce	the	rate	of
ventilator-associated	pneumonia	compared	to	open	suction	systems.46

Humidification
Intubation	 of	 the	 trachea	 bypasses	 the	 normal	 upper	 airway	 structures
responsible	 for	 heating	 and	 humidifying	 inspired	 air.	 It	 is	 thus	 essential	 that
inspired	air	be	heated	and	humidified.

Tube	Replacement
At	times,	ET	tubes	may	need	to	be	replaced	because	of	an	air	leak,	obstruction,
or	other	problems.	Before	attempting	 to	change	an	ET	 tube,	one	 should	assess
how	 difficult	 it	 will	 be.	 After	 ensuring	 appropriate	 NPO	 (nil	 per	 os)	 status,
obtaining	 appropriate	 topical	 anesthesia	 or	 IV	 sedation	 and	 achieving	 muscle
relaxation,	 DL	 or	 VL	 can	 be	 performed	 to	 ascertain	 whether	 there	 will	 be
difficulties	 with	 visualizing	 the	 vocal	 cords.	 If	 the	 cords	 can	 be	 seen,	 the
defective	 tube	 is	 removed	 under	 direct	 visualization,	 and	 reintubation	 is
performed	 using	 the	 new	 tube.	 If	 the	 cords	 cannot	 be	 seen,	 the	 tube	 can	 be
changed	 over	 an	 airway	 exchange	 catheter	 (eg,	 Cook	 Critical	 Care,
Bloomington,	 IN)	 which	 allows	 insufflation	 of	 oxygen	 via	 either	 standard
oxygen	tubing	or	a	bag-valve	device.47	VL	is	supported	as	the	preferred	modality
to	reduce	airway	risk	and	hemodynamic	perturbations	when	performing	ET	tube
exchange.48

COMPLICATIONS	OF	ENDOTRACHEAL
INTUBATION
Table	 8.5	 is	 a	 partial	 list	 of	 the	 complications	 associated	 with	 ET	 intubation.
Factors	 implicated	 in	 the	 etiology	 of	 complications	 include	 tube	 size,
characteristics	of	the	tube	and	cuff,	trauma	during	intubation,	duration	and	route
of	 intubation,	 metabolic	 or	 nutritional	 status	 of	 the	 patient,	 tube	 motion,	 and
laryngeal	motor	activity.

TABLE	8.5

Complications	of	Endotracheal	Intubation



Complications	during	intubation
Spinal	cord	injury
Excessive	delay	of	cardiopulmonary	resuscitation
Aspiration
Damage	to	teeth	and	dental	work
Corneal	abrasions
Perforation	or	laceration	of
Pharynx
Larynx
Trachea

Dislocation	of	an	arytenoid	cartilage
Passage	of	endotracheal	tube	into	cranial	vault
Epistaxis
Cardiovascular	problems
Ventricular	premature	contractions
Ventricular	tachycardia
Bradyarrhythmias
Hypotension
Hypertension
Hypoxemia

Complications	while	tube	is	in	place
Blockage	or	kinking	of	tube
Dislodgment	of	tube
Advancement	of	tube	into	a	bronchus
Mechanical	damage	to	any	upper	airway	structure
Problems	related	to	mechanical	ventilation	(Chapter	166)

Complications	following	extubation



Immediate	complications
Laryngospasm
Aspiration

Intermediate-	and	long-term	complications
Sore	throat
Ulcerations	of	lips,	mouth,	pharynx,	or	vocal	cords
Tongue	numbness	(hypoglossal	nerve	compression)
Laryngitis
Vocal	cord	paralysis	(unilateral	or	bilateral)
Laryngeal	edema
Laryngeal	ulcerations
Laryngeal	granuloma
Vocal	cord	synechiae
Tracheal	stenosis

During	ET	 intubation,	 traumatic	 injury	 can	 occur	 to	 any	 anatomic	 structure
from	the	lips	to	the	trachea.	Possible	complications	include	aspiration;	damage	to
teeth	 and	 dental	 work;	 corneal	 abrasions;	 perforation	 or	 laceration	 of	 the
pharynx,	 larynx,	 or	 trachea;	 dislocation	 of	 an	 arytenoid	 cartilage;
retropharyngeal	 perforation;	 epistaxis;	 hypoxemia;	 myocardial	 ischemia;
laryngospasm	 with	 noncardiogenic	 pulmonary	 edema;	 and	 death.2,3	 Many	 of
these	complications	can	be	avoided	by	attention	to	technique	and	ensuring	that
personnel	 with	 the	 greatest	 skill	 and	 experience	 perform	 the	 intubation.
Complications	during	ET	intubation	vary	according	to	the	location	of	the	patient
in	need	of	emergency	airway	management.	Although	the	complication	rates	on
the	regular	hospital	floor	and	in	the	ICU	appear	to	be	high,	at	around	28%,	for
both	 locations,	 they	 can	 be	modified	with	 standardized	 algorithms	 as	 outlined
previously.	The	most	 frequent	 complications	 encountered	 in	 these	 two	 settings
are	 multiple	 intubation	 attempts	 and	 esophageal	 intubation	 in	 the	 general
hospital	units	and	severe	hypoxemia	and	hemodynamic	collapse	in	the	ICU.	The
presence	of	acute	respiratory	failure	and	shock	appears	to	be	an	independent	risk
factor	for	the	occurrence	of	complications	in	the	latter	setting.49,50



Complications	During	Intubation
A	variety	of	cardiovascular	complications	can	accompany	intubation.	Ventricular
arrhythmias	have	been	reported	in	5%	to	10%	of	intubations.	Bradyarrhythmias
can	also	be	observed	and	are	likely	related	to	vagal	nerve	stimulation.	They	may
not	 require	 therapy	 but	 usually	 respond	 to	 IV	 atropine	 (1	 mg	 IV	 bolus).
Hypotension	can	be	mitigated	by	preintubation	volume	 loading,	 if	 appropriate,
and	having	vasopressors	immediately	available	for	use.	Table	8.5	lists	common
vasopressors	and	doses.51

Complications	While	the	Tube	Is	in	Place
Despite	 adherence	 to	 guidelines	 designed	 to	 minimize	 damage	 from	 ET
intubation,	 the	 tube	can	damage	 local	structures.	Microscopic	alterations	 to	 the
surface	of	the	vocal	cords	can	occur	within	2	hours	after	intubation.	Evidence	of
macroscopic	damage	can	occur	within	6	hours.	As	might	be	expected,	clinically
significant	 damage	 typically	 occurs	when	 intubation	 is	 prolonged.	The	 sudden
appearance	 of	 blood	 in	 tracheal	 secretions	 suggests	 anterior	 erosion	 into
overlying	 vascular	 structures,	 and	 the	 appearance	 of	 gastric	 contents	 suggests
posterior	 erosion	 into	 the	 esophagus.	 Both	 situations	 require	 urgent
bronchoscopy,	 and	 it	 is	 imperative	 that	 the	 mucosa	 underlying	 the	 cuff	 be
examined.	Other	complications	include	tracheomalacia	and	stenosis	and	damage
to	 the	 larynx.	 Failure	 to	 secure	 the	 ET	 tube	 properly	 or	 patient	 agitation	 can
contribute	to	mechanical	damage.

Another	 complication	 is	 blockage	 or	 kinking	 of	 the	 tube,	 resulting	 in
compromised	 ventilation.	 Bite	 blocks	 and	 in-line	 suctioning	 can	 prevent
mechanical	 obstruction	 or	 blockage	 from	 secretions	 respectively.	At	 times,	ET
tube	 exchange	may	 be	 necessary.	 Commercial	 products	 are	 available	 to	 clean
tubes	of	inspissated	secretions	without	the	need	for	tube	change.

Unplanned	 extubation	 and	 endobronchial	 intubation	 are	 potentially	 life
threatening.	Judicious	use	of	sedatives	and	analgesics	and	appropriately	securing
and	marking	 the	 tube	 can	minimize	 these	 problems.	 Other	 complications	 that
occur	 while	 the	 tube	 is	 in	 position	 are	 related	 to	 mechanical	 ventilation	 (eg,
pneumothorax).

Complications	After	Extubation
Sore	 throat	occurs	after	40%	 to	100%	of	 intubations.	Using	a	 smaller	ET	 tube
may	 decrease	 the	 incidence	 of	 postextubation	 sore	 throat	 and	 hoarseness.



Ulcerations	of	the	lips,	mouth,	or	pharynx	can	occur	and	are	more	common	if	the
initial	 intubation	was	 traumatic.	 Pressure	 from	 the	ET	 tube	 can	 traumatize	 the
hypoglossal	nerve,	resulting	in	numbness	of	the	tongue	that	can	persist	for	1	to
2	weeks.	Irritation	of	the	larynx	appears	to	be	caused	by	local	mucosal	damage
and	is	observed	in	as	many	as	45%	of	individuals	after	extubation.	Unilateral	or
bilateral	vocal	cord	paralysis	is	an	uncommon	but	serious	complication.

Some	 degree	 of	 laryngeal	 edema	 accompanies	 almost	 all	 ET	 intubations.
Among	adults,	 this	 is	usually	clinically	 insignificant.	Laryngeal	ulcerations	are
commonly	 observed	 after	 extubation	 and	 tend	 to	 be	 located	 at	 the	 posterior
portion	 of	 the	 vocal	 cords,	 where	 the	 ET	 tube	 tends	 to	 rub.	 The	 risk	 of
ulcerations	increases	the	longer	the	tube	is	in	place.	The	incidence	of	ulceration
is	decreased	by	 the	use	of	ET	 tubes	 that	conform	to	 the	anatomic	shape	of	 the
larynx.	 Laryngeal	 granulomas	 and	 synechiae	 of	 the	 vocal	 cords	 are	 extremely
rare,	but	these	complications	can	seriously	compromise	airway	patency.	Surgical
treatment	is	often	required	to	treat	these	problems.

A	 feared	 late	 complication	 is	 tracheal	 stenosis.	 This	 occurs	 much	 less
frequently	 now	 that	 high-volume,	 low-pressure	 cuffs	 are	 routinely	 used.
Symptoms	can	occur	weeks	to	months	after	extubation.	In	mild	cases,	the	patient
may	experience	dyspnea	or	ineffective	cough.	If	 the	airway	is	narrowed	to	less
than	 5	 mm,	 the	 patient	 presents	 with	 stridor.	 Dilation	 may	 provide	 effective
treatment,	but,	in	some	instances,	surgical	intervention	is	necessary.

EXTUBATION
The	decision	to	extubate	a	patient	is	based	on	(1)	a	favorable	clinical	response	to
a	 carefully	 planned	 regimen	 of	 weaning	 from	 mechanical	 ventilation,	 (2)
recovery	 of	 consciousness	 following	 anesthesia,	 or	 (3)	 sufficient	 resolution	 of
the	initial	indications	for	intubation.

Technique	of	Extubation
The	patient	should	be	alert,	lying	with	the	head	of	the	bed	elevated	to	at	least	a
45°	angle.	The	posterior	pharynx	must	be	thoroughly	suctioned.	The	procedure
is	explained	to	the	patient.	The	cuff	is	deflated,	and	positive	pressure	is	applied
to	 expel	 any	 foreign	material	 that	 has	 collected	 above	 the	 cuff	 as	 the	 tube	 is
withdrawn.	Supplemental	oxygen	is	then	provided.

In	 situations	 in	which	 postextubation	 difficulties	 are	 anticipated,	 equipment
for	 emergency	 reintubation	 should	 be	 assembled	 at	 the	 bedside.	 In	 addition,



administration	 of	 pre-extubation	 steroids	 will	 reduce	 the	 risk	 of	 developing
stridor.52	Some	clinicians	have	advocated	the	“leak	test”	as	a	means	to	predict	the
risk	of	stridor	after	extubation.	A	meta-analysis	of	28	studies	concluded	the	cuff
leak	 test	 has	 excellent	 specificity	 but	 only	 moderate	 sensitivity	 for
postextubation	 stridor.53	 The	most	 conservative	way	 to	 extubate	 the	 patient,	 if
there	 are	 concerns	 about	 airway	 edema	 or	 the	 potential	 need	 to	 reintubate	 a
patient	with	a	difficult	airway,	is	to	use	an	airway	exchange	catheter.	This	device
is	 inserted	through	the	ET	tube	and	then	the	tube	is	removed	over	the	catheter.
Supplemental	 oxygen	 can	 be	 provided	 via	 the	 catheter	 to	 the	 patient,	 and	 the
catheter	can	be	used	as	a	stent	for	reintubation	if	necessary.

One	of	the	most	serious	complications	of	extubation	is	laryngospasm,	and	it	is
more	 likely	 to	 occur	 if	 the	 patient	 is	 not	 fully	 conscious.	 The	 application	 of
positive	 pressure	 can	 sometimes	 relieve	 laryngospasm.	 If	 this	maneuver	 is	 not
successful,	 a	 small	 dose	 of	 succinylcholine	 (by	 the	 IV	 or	 intramuscular	 route)
can	be	administered.	Mask	ventilation	is	needed	until	 the	patient	has	recovered
from	the	succinylcholine.

Tracheostomy
The	 optimal	 time	 of	 conversion	 from	 an	 ET	 tube	 to	 a	 tracheostomy	 remains
controversial.	The	reader	is	referred	to	Chapter	9	for	details	on	tracheostomy.

Utility	of	Ultrasonography	for	Airway	Management
6 	 Ultrasonography	 has	 several	 useful	 applications	 related	 to	 airway
management.

Preintubation	Assessment
Use	of	ultrasonography	may	eventually	become	a	valuable	tool	to	determine	the
existence	of	a	difficult	airway,	particularly	if	a	MACOCHA	evaluation	cannot	be
performed.54	The.	most	reliable	parameter	appears	to	be	the	distance	from	skin	to
epiglottis	(DSE).	However,	more	data	are	needed	to	confirm	this	risk	factor.	In
addition,	 it	 can	 provide	 a	 diagnosis	 prior	 to	 intubation	 in	 patients	 with	 acute
upper	airway	pathology.

CASE	1



A	 young	 man	 is	 admitted	 to	 the	 hospital	 for	 high	 fevers,	 severe
pharyngitis,	and	painful	cervical	lymphadenopathy.	He	subsequently
develops	 hypoxemia	 and	 respiratory	 distress.	 Point-of-care
ultrasonography	is	performed	prior	to	intubation.	See	 	Video	8.3.55
What	 is	 the	most	 likely	diagnosis	 in	 this	patient?	The	discussion	of
the	case	is	seen	in	 	Video	8.4.55

Identification	of	the	cricoid	ring	and	cricothyroid	membrane	by	palpation	can
be	 difficult.	Ultrasonography	 is	 accurate	 in	 identifying	 both	 structures	 thereby
making	 cricothyrotomy	 and	 transtracheal	 application	 of	 local	 anesthesia	much
safer.56

Identification	of	Gastric	Fluid
Ultrasonography	 examination	 of	 the	 stomach	 is	 useful	 for	 identifying	 gastric
contents.57	 Identification	 of	 a	 fluid-filled	 stomach	 during	 setup	 for	 urgent	 ET
intubation	 allows	 the	 team	 to	 avoid	 the	 catastrophic	 complication	 of	 massive
aspiration	 during	 urgent	 ET	 intubation.	 The	 examination	 can	 be	 performed
quickly	 by	 a	 proficient	 operator	 and	 can	 be	 integrated	 into	 a	 standard	 safety
checklist	 for	 urgent	 endotracheal	 intubation.	One	method	 to	 visualize	 stomach
contents	 is	 to	 image	 the	 stomach	 antrum.	 For	 this	 application,	 the	 curvilinear
abdominal	probe	(or	phased	array	cardiac	probe	with	abdominal	preset)	is	placed
in	 the	 paramedian	 epigastric	 position	 with	 the	 tomographic	 plane	 in	 sagittal
(longitudinal)	scanning	plane.	For	favorable	distribution	of	fluid	 to	 the	antrum,
the	 patient	 is	 positioned	 in	 a	 semierect	 right	 lateral	 decubitus	 position.	 The
antrum	 is	 located	 anterior	 to	 the	 pancreas	 and	 posterior	 to	 the	 left	 lobe	 of	 the
liver.	Visualization	of	hypoechoic	material	in	the	antrum	indicates	the	presence
of	gastric	fluid	( 	Video	8.5).

CASE	2
A	 patient	 in	 her	 40s	 had	 an	 esophagectomy	 with	 substernal
placement	of	a	gastric	conduit	 (gastric	pull-up)	with	anastomosis	 to
the	 cervical	 esophagus.	 Several	 days	 postoperatively,	 she
developed	 abdominal	 distension	 and	 significant	 hypoxemia	 and



hypotension.	The	rapid	response	team	was	called	and	point-of-care
ultrasonography	 was	 performed	 prior	 to	 intubation.	 Based	 on	 the
history	and	ultrasound	images	(Videos	8.6	and	8.7),	what	is	the	most
likely	diagnosis?	The	case	discussion	is	presented	in	 	Video	8.8.58

Measurement	 of	 antral	 area	 allows	 for	 calculation	 of	 the	 volume	 of	 gastric
fluid	which	has	good	correlation	to	direct	measurement	of	gastric	fluid	volume.59
Identification	of	gastric	fluid	content	is	an	alternative	method	for	the	critically	ill
patient	who	 is	 in	 supine	position.	The	probe	 is	placed	 in	 the	posterior	 axillary
line	 with	 the	 tomographic	 plane	 in	 coronal	 (longitudinal)	 scanning	 plane	 and
adjusted	to	identify	the	spleen.	The	stomach	is	located	medial	to	the	spleen	that
is	used	as	a	sonographic	window	to	visualize	the	stomach.	( 	Video	8.1).

If	 significant	 gastric	 fluid	 is	 present,	 the	 team	may	 elect	 to	 insert	 a	 gastric
tube	 to	 empty	 the	 stomach.	 If	 the	 patient	 is	 so	 unstable	 that	 intubation	 cannot
wait	for	this	to	be	done,	the	team	may	take	specific	steps	to	reduce	risk	of	emesis
during	endotracheal	intubation,	such	as	utilization	of	a	paralytic	agent,	preparing
extra	suction	devices	for	immediate	use,	and	assigning	the	intubation	to	the	team
member	with	highest	level	of	skill.

CASE	360

A	 62-year-old	 man	 was	 admitted	 to	 the	 hospital	 with	 hepatic
encephalopathy.	After	initial	improvement,	encephalopathy	recurred.
Hypotension	and	a	distended	abdomen	developed.	His	hemoglobin
fell	 and	 his	 lactate	 increased.	 Point-of-care	 ultrasonography	 was
performed	 prior	 to	 intubation.	 Based	 on	 the	 clinical	 history	 and
ultrasound	 images	 (Videos	 8.9-8.11),	 what	 is	 the	 most	 likely
diagnosis?	A	discussion	of	the	findings	is	in	 	Video	8.12.

Identification	of	Endotracheal	Tube	Position
Ultrasonography	 may	 be	 used	 to	 verify	 the	 position	 of	 the	 ET	 tube	 with
comparable	 sensitivity	 and	 specificity	 when	 compared	 to	 waveform
capnography.61	For	this	purpose,	the	high-frequency	vascular	transducer	is	used



to	 obtain	 a	 transverse-axis	 image	 of	 the	 trachea	 immediately	 above	 the
suprasternal	 notch.	 The	 anterior	 wall	 of	 the	 trachea	 appears	 as	 a	 curvilinear
echogenic	line	often	in	association	with	a	posterior	comet	tale	artifact.	With	real-
time	scanning,	the	ET	tube	may	be	seen	to	pass	through	the	image	plane	into	the
trachea	or	into	the	adjacent	esophagus	appearing	as	an	echogenic	line	within	the
boundaries	of	the	trachea.	Alternatively,	the	operator	may	opt	to	identify	ET	tube
position	 immediately	 following	 the	 insertion	of	 the	ET	 tube.	The	esophagus	 is
usually	immediately	posterior	and	to	the	left	of	the	trachea.	Less	commonly,	it	is
to	 the	 right	 or	 posterior	 to	 the	 trachea.	 In	 case	 of	 unintentional	 esophageal
intubation,	 the	ET	tube	is	visualized	in	transverse	scanning	plane	posterior	and
usually	to	the	left	of	the	laryngeal	structures	( 	Video	8.12).

One	 limitation	 of	 ultrasonography	 of	 the	 trachea	 for	 ET	 tube	 placement	 is
that,	if	there	is	air	interposed	between	the	anterior	tracheal	wall	and	the	ET	tube,
the	air	will	block	visualization	of	 the	ET	tube.	For	 this	reason,	visualization	of
the	 ET	 tube	 within	 the	 trachea	 should	 only	 be	 used	 when	 other	 standard
techniques	of	verification	are	not	immediately	available	or	deemed	unreliable	for
clinical	reasons.

Ultrasonography	may	be	used	to	indirectly	infer	ET	tube	position	using	lung
ultrasonography.	 Instead	 of	 directly	 identifying	 the	 position	 of	 the	 tube	 in	 the
airway,	 successful	 ET	 intubation	 is	 verified	 by	 the	 presence	 of	 bilateral	 lung
sliding,	which	may	be	rapidly	ascertained	by	examination	for	lung	sliding	during
bag-valve	breaths62	(Chapter	11	on	Lung	Ultrasonography).	The	combination	of
direct	visualization	methods	described	earlier	with	lung	sliding	has	been	reported
to	 have	 very	 high	 predictive	 value	 for	 identification	 of	 successful	 ET	 tube
insertion.63

Ultrasonography	 may	 be	 used	 to	 rapidly	 identify	 the	 presence	 of	 a	 right
mainstem	intubation.64	 In	this	case,	 the	inflated	ET	tube	cuff	may	block	off	 the
left	 mainstem	 bronchus	 with	 persistent	 hypoxemia	 and	 rapid	 resorptive
atelectasis	of	the	left	lung.	As	a	result,	lung	sliding	will	be	present	on	the	right
side	but	absent	on	the	left	side.	However,	 lung	pulse	should	be	 identified.	This
ensures	 the	 clinician	 that	 there	 is	 no	 pneumothorax	 postintubation	 but	 rather
likely	 a	 right	 mainstem	 intubation.	 The	 ET	 tube	 may	 be	 pulled	 back	 under
ultrasonography	control	until	lung	sliding	is	observed	bilaterally.

MULTIPLE	CHOICE	QUESTIONS

Questions



1. 	A	34-year-old	man	with	a	past	medical	history	of	anxiety	on	home
alprazolam	is	admitted	to	the	ICU	for	acute	pain	management	after	falling	from
a	12-foot	ladder.	He	sustained	fractures	to	his	left	distal	radius	and	left	ankle.	He
is	in	a	cervical	collar.	He	received	lorazepam	2	mg	IV	in	the	emergency	room	for
anxiety	and	muscle	spasms	before	transport	to	the	ICU.	Shortly	after	arrival,
hydromorphone	1	mg	is	given	for	analgesia	and	the	patient	begins	to	desaturate.
What	it	the	most	appropriate	next	step	in	airway	management?

A. 	Emergent	intubation
B. 	Insert	a	laryngeal	mask	airway
C. 	Insert	an	oropharyngeal	airway
D. 	Perform	jaw-thrust	maneuver

2. 	A	67-year-old	woman	with	chronic	obstructive	pulmonary	disease
sustained	significant	facial	burns	from	smoking	while	on	home	oxygen.	She	was
intubated	for	6	days	and	is	now	being	evaluated	for	extubation.	Her	intubation
procedure	note	reported	a	difficult	airway	due	to	small	mouth	opening,	poor
dentition,	and	soot	in	the	oropharynx.	She	was	finally	intubated	after	three
attempts	with	a	fiberoptic	bronchoscope.	What	is	the	most	appropriate	approach
for	liberating	her	from	mechanical	ventilation	now?

A. 	Proceed	with	extubation
B. 	Perform	a	tracheostomy
C. 	Remove	the	endotracheal	tube	over	a	bougie
D. 	Remove	the	endotracheal	tube	over	an	airway	exchange	catheter

3. 	What	finding	on	pulmonary	ultrasound	would	be	present	with	an
endotracheal	tube	that	has	been	inserted	too	deeply?

A. 	Right	lung,	presence	of	A-lines
B. 	Right	lung,	presence	of	lung	point
C. 	Left	lung,	lack	of	lung	sliding
D. 	Left	lung,	presence	of	lung	point

Answers

1.	The	correct	answer	is	D.
Rationale:	Most	 airway	maneuvers	 are	 associated	 with	 some	movement	 of

the	 cervical	 spine,	 but	 the	 jaw	 thrust	 maneuver	 may	 be	 the	 safest	 as,	 when



performed	 properly,	 it	 can	 be	 done	 without	 extending	 the	 neck	 (choice	 D	 is
correct).	Noninvasive	airway	maneuvers	are	first	line	in	situations	where	airway
obstruction	is	suspected	from	opioid	and	benzodiazepine	synergy.	Insertion	of	an
oropharyngeal	airway	in	a	patient	who	is	sedated	but	not	obtunded	can	stimulate
a	 gag	 reflex	 and	 vomiting,	 potentially	 compromising	 the	 airway	 further	 or
leading	to	aspiration	(choice	C	is	incorrect).	Insertion	of	a	supraglottic	airway	or
endotracheal	intubation,	in	some	circumstances,	may	be	necessary.	However,	the
least	invasive	option	should	be	pursued	first	before	exposing	the	patient	to	more
advanced	airway	management	(choices	A	and	B	are	not	the	best	answers).

2.	The	correct	answer	is	D.
Rationale:	 Use	 of	 an	 airway	 exchange	 catheter	 (AEC)	 is	 the	 most	 widely

described	 and	 accepted	 technique	 for	 facilitating	 extubation	 of	 the	 difficult
airway	 (choice	 D	 is	 correct).	 An	 AEC	 provides	 a	 channel	 to	 allow	 for
replacement	of	an	endotracheal	tube	when	used	properly.	Additionally,	it	can	be
used	 to	 oxygenate	 (but	 not	 ventilate)	 when	 necessary.	Morbidity	 from	AEC’s
may	include	pneumothorax,	subcutaneous	emphysema,	pneumoperitoneum,	and
hypoxia.	Extubation	without	an	AEC	in	place	in	the	setting	of	a	known	difficult
airway	 is	 a	 risky	 decision	 which	 may	 lead	 to	 a	 “cannot	 intubate/emergent
surgical	 airway”	 scenario	 (choice	 A	 is	 incorrect).	 Tracheostomy	 may	 be
discussed	in	a	scenario	such	as	the	one	described,	however	in	airway	fires	where
edema	 may	 decrease	 over	 time,	 it	 is	 reasonable	 to	 first	 attempt	 a	 trial	 of
extubation	(choice	B	is	incorrect).	A	gum	elastic	bougie	has	also	been	described
as	 an	 adjunct	 utilized	 to	 facilitate	 reinsertion	 of	 an	 endotracheal	 tube	 after
extubation,	however	it	does	not	allow	the	ability	to	oxygenate	and	is	shorter	in
length	than	an	AEC	(choice	C	is	not	the	best	answer).

3.	The	correct	answer	is	C.
Rationale:	The	right	main	bronchus	has	a	more	vertical	orientation	 than	 the

left.	 Thus,	 if	 intubation	 is	 endobronchial,	 it	 is	more	 often	 on	 the	 right.	 In	 this
scenario,	 lung	 sliding	 would	 be	 present	 on	 the	 right	 but	 lost	 on	 the	 left	 side
(choice	C	 is	correct).	 If	 the	 tube	 is	 inserted	deep	 into	 the	 right	main	bronchus,
the	right	upper	 lobe	bronchus	can	be	obstructed.	This	results	 in	collapse	of	 the
left	 lung	and	 the	right	upper	 lobe.	This	may	lead	 to	 the	examiner	 identifying	a
lung	 pulse,	 synchronized	 movement	 with	 cardiac	 activity,	 instead	 of	 sliding.
Lung	point	 is	an	abnormal	 lung	pattern	associated	with	pneumothorax	(choices
B	and	D	are	incorrect).	A-lines	arise	from	reverberation	artifact	in	aerated	lung
and	would	not	be	specific	(choice	A	is	incorrect).	Ultrasound	can	also	be	used	in
the	neck	after	intubation	to	identify	the	upper	edge	of	the	saline-inflated	cuff	and



the	vocal	cords,	confirming	correct	placement.	Additionally,	examination	of	the
neck	in	the	transverse	view	can	allow	the	ultrasonographer	the	ability	to	identify
the	 location	 of	 the	 endotracheal	 tube	 cuff	 within	 either	 the	 trachea	 or	 the
esophagus.
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Chapter	9
Tracheostomy
Christine	L.	Bielick	Kotkowsk,	Scott	E.	Kopec,	Rahul	N.	Sood,	Paul	H.
Mayo,	Seth	J.	Koenig

KEY	POINTS:
1.	 The	general	indications	for	tracheostomy	are	to	bypass	obstruction

of	the	upper	airway,	provide	an	avenue	for	removal	of	secretions
retained	in	the	airways,	and	provide	a	means	for	prolonged
ventilatory	support.

2.	 The	benefits	of	“early”	tracheostomy	are	not	sufficient	to	recommend
tracheostomy	prior	to	7	to	10	days	of	translaryngeal	intubation	for
most	patients.

3.	 Most	studies	comparing	open	surgical	tracheostomy	with
percutaneous	dilational	tracheostomy	show	no	significant	differences
of	mortality	or	major	complication	rates	between	the	two	methods.

4.	 Complications	of	tracheostomy	can	be	divided	into	immediate,
intermediate,	and	late.

5.	 Some	degree	of	tracheal	stenosis	can	be	seen	in	40%	to	60%	of
patients	following	tracheostomy.

INTRODUCTION
Tracheostomy	first	started	to	be	performed	regularly	in	the	1800s	when	used	by
Trousseau	and	Bretonneau	in	the	management	of	diphtheria.	In	the	early	1900s,
this	 procedure	 was	 used	 to	 treat	 difficult	 cases	 of	 respiratory	 paralysis	 from
poliomyelitis.	 Largely	 because	 of	 improvements	 of	 tubes	 and	 advances	 of
clinical	 care,	 endotracheal	 intubation	 has	 become	 the	 treatment	 of	 choice	 for
short-term	airway	management.



Although	 urgent	 tracheostomy	 or	 emergent	 cricothyrotomy	 is	 occasionally
required	for	critically	ill	and	injured	patients	who	cannot	be	intubated	for	various
reasons	(eg,	cervical	spine	injury,	upper	airway	obstruction,	laryngeal	injury,	and
anatomic	 considerations),	 the	most	 common	 use	 of	 this	 procedure	 today	 is	 to
provide	 long-term	 access	 to	 the	 airways	 for	 patients	 who	 are	 dependent	 on
mechanical	 ventilation.	With	 improvements	 of	 critical	 care	 medicine	 over	 the
past	 30	 years,	 more	 patients	 are	 surviving	 their	 initial	 episodes	 of	 acute
respiratory	 failure,	 trauma,	 and	 extensive	 surgeries	 and	 require	 prolonged
periods	 of	mechanical	 ventilation.	 It	 is	 now	common	practice	 to	 convert	 these
patients	 from	 translaryngeal	 intubation	 to	 tracheostomy.	 Tracheostomy	 has
become	a	common	procedure	in	the	intensive	care	unit	(ICU).	The	prevalence	of
tracheostomies	in	ICU	patients	ranges	from	8%	to	more	than	30%.1,2

In	 this	 chapter,	we	 review	 the	 indications,	 contraindications,	 complications,
and	 techniques	 associated	 with	 tracheostomy.	 We	 also	 discuss	 the	 timing	 of
converting	from	translaryngeal	intubation	to	a	tracheostomy.

INDICATIONS
1 	The	indications	for	tracheostomy	can	be	divided	into	three	general	categories:
(1)	 to	 bypass	 obstruction	 of	 the	 upper	 airway,	 (2)	 to	 provide	 an	 avenue	 for
removal	 of	 secretions	 retained	 in	 the	 airways,	 and	 (3)	 to	 provide	 a	means	 for
prolonged	ventilatory	support.3	These	indications	are	summarized	in	Table	9.1.3,4

TABLE	9.1

Indications	for	Tracheostomy3,4

Upper	Airway	Obstruction
Laryngeal	dysfunction:	vocal	cord	paralysis
Trauma:	upper	airway	obstruction	caused	by	hemorrhage,	edema,	or	crush
injury;	unstable	mandibular	fractures;	injury	to	the	larynx;	cervical	spine
injuries
Burns	and	corrosives:	hot	smoke,	caustic	gases,	corrosives



Foreign	bodies
Congenital	anomalies:	stenosis	of	the	glottic	or	subglottic	area
Infections:	croup,	epiglottitis,	Ludwig	angina,	deep	neck	space	infections
Neoplasms:	laryngeal	cancer
Postoperative:	surgeries	of	the	base	of	the	tongue	and	hypopharynx;	rigid
fixation	of	the	mandibular
Obstructive	sleep	apnea

Clearance	of	Secretions
Inability	to	clear	secretions:	generalized	weakness,	altered	mental	status,
and	excess	secretions
Neuromuscular	disease
Ventilatory	support:	prolonged	or	chronic

From	Bielick	CL,	Kopec	SE,	Emhoff	TA.	Tracheostomy.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe
JM,	eds.	Intensive	Care	Medicine.	8th	ed.	Lippincott,	Williams,	and	Wilkins;	2018:78-88	and
Heffner	JE.	Tracheostomy	application	and	timing.	Clin	Chest	Med.	2003;24:389.

Anticipated	 prolonged	 ventilatory	 support,	 especially	 for	 patients	 receiving
mechanical	 ventilation	 via	 translaryngeal	 intubation,	 is	 the	 most	 common
indication	for	placing	a	 tracheostomy	in	the	ICU.	There	are	several	advantages
and	 disadvantages	 of	 both	 translaryngeal	 intubation	 and	 tracheostomy	 for
patients	 requiring	 prolonged	 ventilator	 support,	 and	 these	 are	 summarized	 in
Table	9.2.4,5	Most	authors	feel	that	when	the	procedure	is	performed	by	a	skilled
specialist,	 the	potential	benefits	of	 tracheostomy	over	 translaryngeal	 intubation
for	most	patients	justify	the	procedure	despite	its	potential	risks.	However,	there
are	no	detailed	prospective	clinical	trials	rigorously	evaluating	the	advantages	of
tracheostomy	 for	 patients	 requiring	 prolonged	 mechanical	 ventilation.	 A
retrospective,	 nonrandomized	 study	 reported	 conflicting	 data	 for	 mortality	 of
patients	with	 respiratory	 failure	 of	more	 than	 1	week	duration	who	 received	 a
tracheostomy	or	continued	with	an	endotracheal	tube.1,2

TABLE	9.2



Advantages	and	Disadvantages	of	Intubation	and
Tracheostomy5,6

Translaryngeal	intubation

Advantages Disadvantages

Reliable	airway	during	urgent
intubation

Bacterial	airway	colonization

Avoidance	of	surgical	complications Unintentional	extubation

Lower	initial	cost Laryngeal	injury

Tracheal	stenosis

Purulent	sinusitis	(nasotracheal
intubations)

Patient	discomfort

Tracheostomy

Advantages Disadvantages

Avoids	direct	injury	to	the	larynx Complications	(see	Table	9.3)

Facilitates	nursing	care Bacterial	airway	colonization

Enhances	patient	mobility Cost

More	secure	airway Surgical	scar

Improved	patient	comfort Tracheal	and	stomal	stenosis

Permits	speech

Provides	psychological	benefit

More	rapid	weaning	from	mechanical
ventilation

Better	oral	hygiene



Decreased	risk	of	nosocomial
pneumonia

From	Conlan	AA,	Kopec	SE.	Tracheostomy	in	the	ICU.	J	Intensive	Care	Med.	2000;15:1	and
Auzinger	G,	O’Callaghan	GP,	Bernal	W,	et	al.	Percutaneous	tracheostomy	in	patients	with	severe
liver	disease	and	a	high	incidence	of	refractory	coagulopathy:	a	prospective	trial.	Crit	Care.
2007;11:R110.

CONTRAINDICATIONS
There	 are	 no	 absolute	 contraindications	 to	 tracheostomy.	 Relative
contraindications	 include	 uncorrected	 coagulopathy,	 high	 levels	 of	 ventilator
support	 (ie,	 high	 levels	 of	 positive	 end-expiratory	 pressure	 [PEEP]),	 and
abnormal	anatomy	of	the	upper	airway.	However,	a	prospective	cohort	study	has
demonstrated	 that	 percutaneous	 tracheostomy	 can	 be	 safely	 preformed	 for
patients	 with	 refractory	 coagulopathy	 from	 liver	 disease.6	 Morbidly	 obese
patients	with	body	mass	index	(BMI)	greater	than	30	kg/m2	also	appear	to	be	at
higher	 risk	 for	 complications	 with	 both	 open	 tracheostomy7	 and	 possibly
percutaneous	tracheostomy.8	For	patients	with	severe	brain	injury,	percutaneous
tracheostomy	 can	 be	 safely	 performed	 without	 significantly	 further	 increasing
intracranial	pressure.9

Certain	 conditions	 warrant	 special	 attention.	 For	 patients	 undergoing
conversion	 from	 translaryngeal	 intubation	 to	 a	 tracheostomy	 for	 prolonged
ventilatory	 support,	 the	 procedure	 should	 be	 viewed	 as	 an	 elective	 or
semielective	 procedure.	 Therefore,	 the	 patient	 should	 be	 optimally
physiologically	stabilized	before	the	procedure,	and	all	attempts	should	be	made
to	 correct	 coagulopathies,	 including	 uremia.	 The	 patient	 should	 tolerate
submaximal	ventilator	settings	because	during	the	exchange,	positive	pressure	is
lost	 temporarily.	 If	not	already	on	low	levels	(5	cm	H2O)	of	PEEP,	placing	 the
patient	supine	and	using	5	or	7.5	cm	H2O	of	PEEP	temporarily	is	a	good	test	to
decide	whether	the	patient	will	 tolerate	the	exchange.	Emergent	tracheostomies
for	 upper	 airway	 obstruction	 may	 need	 to	 be	 performed	 when	 the	 patient	 is
unstable	or	has	a	coagulopathy.

TIMING	OF	TRACHEOSTOMY
Recommendations	on	when	to	perform	a	tracheostomy	on	an	intubated,	critically



ill	patient	have	varied	over	 time.	However,	with	 the	release	of	some	consistent
and	recent	studies,	more	sound	recommendations	can	be	made.

While	 a	 meta-analysis	 in	 200510	 suggested	 advantages	 to	 “early
tracheostomy”	performed	within	7	days	of	translarygneal	intubation	over	a	“late
tracheostomy”	 (>7	 days)	 for	 critically	 ill	 patients	 requiring	 mechanical
ventilation,	 multiple	 randomized	 controlled	 studies	 have	 since	 been	 published
that	have	consistently	contradicted	these	results.11	A	2011	meta-analysis	of	seven
randomized	controlled	studies	that	included	1044	patients	showed	no	differences
of	mortality,	mechanical	ventilator	days,	or	ICU	length	of	stay.11	A	study	of	909
adult	 patients	 with	 respiratory	 failure	 not	 attributed	 to	 chronic	 neurologic
disease,	 randomized	 to	undergo	“early”	 tracheostomy	performed	within	4	days
of	 intubation	 or	 “late”	 tracheostomy	performed	 after	 10	 days	 if	 still	 indicated,
was	performed	in	the	United	Kingdom.	Patients	were	identified	by	intensive	care
day	4,	as	likely	to	require	mechanical	ventilation	for	at	least	an	additional	7	days,
and	subsequently	randomized	to	either	group.	There	was	no	difference	in	30-day,
1-year,	 or	 2-year	mortality	 between	 the	 treatment	 groups.	Median	 critical	 care
unit	length	of	stay	and	need	for	antibiotics	were	similar	for	both	groups,	whereas
the	median	 days	 of	 intravenous	 sedation	were	 lower	 for	 the	 early	 group:	 5	 vs
8	days,	P	<	.001.12	Interestingly,	tracheostomy	was	avoided	in	53.7%	of	the	late
group,	 suggesting	 that	 identification	 of	 patients	 who	 will	 require	 long-term
ventilation	is	not	clear-cut.12

2 	In	summary,	despite	previous	research	suggesting	otherwise,	the	benefits	of
“early”	tracheostomy	are	not	sufficient	to	recommend	tracheostomy	prior	to	7	to
10	 days	 of	 translaryngeal	 intubation.	 Delaying	 tracheostomy	 likely	 leads	 to
avoidance	of	tracheostomy	for	many	patients	and	correspondingly	avoidance	of
potential	complications	associated	with	the	procedure.

Early	 tracheostomy	may	be	beneficial	 for	some	specific	 instances;	however,
the	majority	of	 the	data	are	based	on	retrospective	studies.	Patients	with	blunt,
multiple-organ	 trauma	have	a	shorter	duration	of	mechanical	ventilation,	 fewer
episodes	 of	 nosocomial	 pneumonia,13	 and	 a	 significant	 reduction	 of	 hospital
costs14	 when	 the	 tracheostomy	 is	 performed	 within	 1	 week	 of	 their	 injuries.
Similar	 benefits	 have	 been	 reported	 for	 patients	 with	 head	 trauma	 and	 poor
Glasgow	Coma	Scale	score,15	acute	spine	trauma,16	and	thermal	injury17	when	a
tracheostomy	 is	performed	within	 a	week	after	 the	 injury.	 In	 addition,	patients
with	 facial	 injuries	may	 require	early	 tracheostomy	 to	allow	or	 facilitate	 facial
fracture	surgery,	fixation,	and	immobilization.

PROCEDURES



Emergency	Tracheostomy
Emergency	 tracheostomy	 is	 a	moderately	difficult	 procedure	 requiring	 training
and	skill,	experience,	adequate	assistance,	time,	lighting,	and	proper	equipment
and	instrumentation.	When	time	is	short,	the	patient	is	uncooperative,	anatomy	is
distorted,	and	 the	aforementioned	 requirements	are	not	met,	 then	 tracheostomy
can	be	 very	 hazardous.	Emergency	 tracheostomy	 is	 associated	with	 significant
risks	 to	 nearby	 neurovascular	 structures,	 particularly	 among	 small	 children	 in
whom	the	trachea	is	small	and	not	well	defined.	The	risk	of	complications	from
emergency	 tracheostomy	 is	 two	 to	 five	 times	 higher	 than	 for	 elective
tracheostomy.18,19	 Nonetheless,	 there	 are	 occasional	 indications	 for	 emergency
tracheostomy	 including	 transected	 trachea;	 anterior	 neck	 trauma	 with	 crushed
larynx20;	 severe	 facial	 trauma;	 acute	 laryngeal	 obstruction	 or	 near-impending
obstruction;	 and	 pediatric	 (younger	 than	 12	 years)	 patients	 requiring	 an
emergency	surgical	airway	in	whom	a	cricothyrotomy	is	generally	not	advised.
During	 emergency	 situations,	 when	 there	 is	 inadequate	 time	 or	 personnel	 to
perform	an	emergency	tracheostomy,	a	cricothyrotomy	may	be	a	more	efficient
and	expedient	manner	to	provide	an	airway.

Cricothyrotomy
Although	 initially	 condemned	 because	 of	 a	 high	 rate	 of	 complications,
cricothyrotomy	may	have	some	potential	advantages	over	urgent	 tracheostomy.
These	 include	 technical	 simplicity,	 speed	 of	 performance,	 low	 complication
rate,21	 suitability	as	a	bedside	procedure,	usefulness	 for	 isolation	of	 the	airway
for	median	sternotomy	and	radical	neck	dissection,22	lack	of	need	to	hyperextend
the	neck,	and	formation	of	a	smaller	scar.	Also,	because	cricothyrotomy	results
in	 less	 encroachment	 on	 the	 mediastinum,	 there	 is	 less	 chance	 of	 esophageal
injury	 and	 virtually	 no	 chance	 of	 pneumothorax	 or	 tracheal	 arterial	 fistula.23
Despite	 these	 considerations,	 many	 authorities	 currently	 recommend	 that
cricothyrotomy	be	used	as	an	elective	 long-term	method	of	airway	access	only
for	highly	 selected	patients.24	Use	 of	 cricothyrotomy	 in	 the	 emergency	 setting,
particularly	for	managing	trauma,	is	not	controversial.25	A	systematic	review	in
2020	of	21	studies	suggested	fewer	late	complications	with	an	emergently	placed
cricothyroidotomy	 compared	 to	 tracheostomy.26	 Emergency	 cricothyrotomy	 is
useful	because	 it	 requires	a	small	number	of	 instruments	and	less	 training	 than
tracheostomy	and	can	be	performed	quickly	as	a	means	of	controlling	the	airway



during	 an	 emergency	 when	 oral	 or	 nasotracheal	 intubation	 is	 unsuccessful	 or
contraindicated.	The	cricothyroid	membrane	is	also	higher	 in	 the	neck	than	the
tracheal	 rings	 and	 therefore	 closer	 to	 the	 surface	 and	 more	 accessible.
Cricothyrotomy	finds	its	greatest	use	in	trauma	management,	axial	or	suspected
cervical	spine	 injury,	alone	or	 in	combination	with	severe	 facial	 trauma,	where
nasotracheal	 and	orotracheal	 intubation	are	both	difficult	 and	hazardous.	Thus,
cricothyrotomy	has	an	important	role	in	emergency	airway	management.

Contraindications
Cricothyrotomy	should	not	be	used	to	manage	airway	obstruction	that	occurred
immediately	after	endotracheal	extubation	because	the	obstruction	may	be	found
below	the	larynx27;	likewise,	with	primary	laryngeal	trauma	or	diseases	such	as	a
tumor	 or	 an	 infection,	 cricothyrotomy	 may	 prove	 to	 be	 useless.	 It	 is
contraindicated	 for	 infants	 and	 children	 younger	 than	 10	 to	 12	 years	 under	 all
circumstances	 because	 stenosis	 and	 even	 transection	 are	 possible.	 In	 this	 age
group,	 percutaneous	 needle	 catheter	 transtracheal	 ventilation	 may	 be	 a
temporizing	procedure	until	the	tracheostomy	can	be	performed.

Anatomy
The	 cricothyroid	 space	 is	 no	 larger	 than	 7	 to	 9	mm	 in	 its	 vertical	 dimension,
smaller	than	the	outside	diameter	of	most	tracheostomy	tubes	(outside	diameter
10	mm).	The	 cricothyroid	 artery	 runs	 across	 the	midline	 in	 the	 upper	 portion,
and	the	membrane	is	vertically	in	the	midline.	The	anterior	superior	edge	of	the
thyroid	 cartilage	 is	 the	 laryngeal	 prominence.	 The	 cricothyroid	 membrane	 is
approximately	2	to	3	cm	below	the	laryngeal	prominence	and	can	be	identified
as	an	indentation	immediately	below	the	thyroid	cartilage.	The	lower	border	of
the	 cricothyroid	 membrane	 is	 the	 cricoid	 cartilage.28	 A	 description	 of	 the
cricothyrotomy	procedure	is	contained	in	standard	surgical	texts.

Complications
The	report	of	incidents	of	short-	and	long-term	complications	of	cricothyrotomy
ranges	 from	 6.1%	 for	 procedures	 performed	 in	 elective,	 well-controlled,
carefully	 selected	 cases	 to	 greater	 than	 50%	 for	 procedures	 performed	 under
emergency	 or	 other	 suboptimal	 conditions.3,26	 The	 incidence	 of	 subglottic
stenosis	after	cricothyrotomy	is	2%	to	3%.3,21	This	major	complication	occurs	at
the	 tracheostomy	 or	 cricothyrotomy	 site	 but	 not	 at	 the	 cuff	 site.	 Necrosis	 of



cartilage	 due	 to	 iatrogenic	 injury	 to	 the	 cricoid	 cartilage	 or	 pressure	 from	 the
tube	on	the	cartilage	may	play	a	role.25	Possible	reasons	that	subglottic	stenoses
may	occur	more	commonly	with	cricothyrotomy	than	with	tracheostomy	are	as
follows:	the	larynx	is	the	narrowest	part	of	the	laryngotracheal	airway;	subglottic
tissues,	 especially	 in	 children,	 are	 intolerant	 of	 contact;	 and	 division	 of	 the
cricothyroid	membrane	 and	 cricoid	 cartilage	 destroys	 the	 only	 complete	 rings
supporting	the	airway.	Furthermore,	the	range	of	tube	sizes	is	limited	because	of
the	rigidity	of	the	surrounding	structures	(cricoid	and	thyroid	cartilages),	and	the
curvature	of	the	tracheostomy	tube	at	this	level	may	obstruct	the	airway	because
of	 posterior	 membrane	 impingement.29	 Prior	 laryngotracheal	 injury,	 as	 with
prolonged	translaryngeal	intubation,	is	a	major	risk	factor	for	the	development	of
subglottic	stenosis	after	cricothyrotomy.21

The	 association	 of	 cricothyrotomy	 with	 these	 possible	 complications	 leads
most	 authorities	 to	 consider	 replacing	 a	 cricothyrotomy	within	 48	 to	 72	 hours
with	 a	 standard	 tracheostomy	 procedure.	 This	 is	 commonly	 done	 by	 an	 open
surgical	 tracheostomy	 (OST),	 which	 occurs	 between	 the	 second	 and	 third
tracheal	 rings,	 as	 compared	 to	 a	 percutaneous	 dilational	 tracheostomy	 (PDT),
which	usually	occurs	between	the	cricoid	cartilage	and	the	first	ring	or	the	first
and	second	rings.28

TRACHEOSTOMY	PROCEDURES	FOR	THE
INTENSIVE	CARE	UNIT
Tracheostomy	 is	 one	 of	 the	 most	 common	 surgical	 ICU	 procedures	 and	 is
commonly	 performed	 for	 weaning	 from	 mechanical	 ventilation;	 clearance	 of
secretions;	 and	 airway	 protection	 for	 patients	 requiring	 prolonged	 ventilation.
There	are	two	major	 techniques	for	 tracheostomy,	open	and	percutaneous,	with
various	 modifications	 of	 each.	 The	 different	 surgical	 tracheostomy	 techniques
are	well	described	in	the	references	for	this	chapter.3,30

Open	Surgical	Tracheostomy
In	OST,	the	patient’s	neck	is	extended,	and	the	surgical	field	is	exposed	from	the
chin	to	several	 inches	below	the	clavicle.	This	area	is	prepped	and	draped,	and
prophylactic	 antibiotics	 are	 administered	 at	 the	 discretion	 of	 the	 surgeon.	 A
vertical	or	horizontal	 incision	may	be	used;	however,	a	horizontal	 incision	will
provide	a	better	cosmetic	result.	The	platysma	muscle	is	divided	in	line	with	the



incision,	and	the	strap	muscles	are	separated	in	the	midline.	The	thyroid	isthmus
is	 then	mobilized	 superiorly	or	divided	as	needed	 to	 access	 the	 trachea.	 In	 the
event	 of	 a	 low-lying	 cricoid	 cartilage,	 dissection	 on	 the	 anterior	 wall	 of	 the
trachea	helps	to	mobilize	the	trachea	out	of	the	mediastinum	and	also	the	use	of
a	 cricoid	 hook	will	 elevate	 the	 trachea	 to	 expose	 the	 second	 or	 third	 tracheal
ring.	 Following	 identification	 of	 the	 second	 or	 third	 tracheal	 ring,	 a	 vertical
tracheostomy	 is	 created	or	 a	 tracheal	 flap	 (Bjork	 flap)	 is	 fashioned	 to	 create	 a
fistulous	tract	by	suturing	the	tracheal	mucosal	flap	to	the	skin	in	the	incision.

Variations	on	 this	 technique	 include	 the	use	of	 retention	sutures	 through	 the
lateral	aspect	of	 the	 tracheal	walls	 for	 retraction	purposes	during	 tracheostomy
tube	insertion	and	for	expeditious	reinsertion	of	a	tracheostomy	tube	in	the	event
of	 accidental	 tube	 decannulation.30	 The	 tracheal	 “stoma”	 will,	 in	 most	 cases,
mature	after	7	to	10	days	and	will	form	a	tract	that	will	facilitate	tube	exchange
or	downsizing,	thereby	minimizing	the	risk	of	tube	misplacement.

Percutaneous	Dilational	Techniques
PDTs	are	divided	into	several	versions;	however,	all	are	alike	in	that	they	depend
on	the	basic	technique	of	guidewire	placement	through	the	anterior	tracheal	wall,
followed	 by	 dilation	 over	 this	 guidewire	 to	 create	 a	 tracheal	 stoma.	 The
procedure	 is	 performed	with	monitoring	 of	O2	 saturation,	 cardiac	 rhythm,	 and
blood	pressure.	Successful	cannulation	of	the	trachea	may	be	verified	with	end-
tidal	 (ET)	CO2	monitoring.	 There	 are	 several	 different	modifications	 from	 the
original	 technique	 that	 was	 described	 by	 Ciaglia	 et	 al31	 in	 1988.	 These
modifications	are	described	in	detail	elsewhere.3

3 	Both	techniques,	PDT	and	OST,	can	be	performed	in	either	the	ICU	or	the
operating	 room.	 There	 have	 been	 several	 meta-analyses	 comparing	 OST	 with
PDT,	most	showing	no	significant	differences	of	mortality	or	major	complication
rates	between	the	two	methods	of	performing	the	tracheostomy.	Freeman	et	al32
reviewed	 multiple	 prospective	 controlled	 studies	 published	 between	 1991	 and
1999	totaling	236	patients	and	concluded	that	there	is	no	difference	in	mortality
between	 PDT	 and	 OST,	 and	 that	 PDT	 was	 associated	 with	 less	 bleeding	 and
stomal	infections	and	was	performed	more	rapidly.	Delancy	et	al29	reported	that
there	was	no	significant	difference	in	mortality	and	major	complications	between
PDT	and	OST	in	a	meta-analysis	consisting	of	17	randomized	trials	and	a	total	of
1212	 patients.	 They	 also	 showed	 a	 decrease	 in	 stomal	 infections	 in	 the	 PDT
group,	 but	 no	 difference	 in	 bleeding	 complications.	 Similar	 findings	 were
demonstrated	by	meta-analysis	studies	by	Higgins	and	Punthakee33	and	Oliver	et



al34	 However,	 Dulguerov	 et	 al35	 reviewed	 3512	 patients	 from	 48	 studies
performed	between	1960	and	1996	and	concluded	that	OST	was	more	favorable
than	PDT.	Subsequent	critiques	of	these	papers	indicate	the	inherent	weakness	of
heterogeneous	patient	populations	and	the	use	of	case	series	and	nonrandomized
studies	 for	 meta-analyses.36,37	 It	 is	 likely	 that	 experience	 and	 technical
modifications	allow	both	the	techniques	to	be	performed	in	appropriate	patients
with	 the	 same	 degree	 of	 safety	 and	 efficiency	 (<1%	 procedure-related
mortality).38

Other	 factors	 have	 been	 used	 to	 justify	 the	 use	 of	 one	 procedure	 over	 the
other	 such	 as	 cost	 efficiency,39	 bleeding,	 infection,	 procedural	 time,	 and
estimated	 time	 from	 the	 decision	 to	 proceed	 to	 successful	 completion	 of	 the
procedure.38	Each	factor	can	be	used	to	justify	one	procedure	over	another,	but	it
is	 likely	 that	 institutional	 practice	 variations	 and	 operator	 experience	 are	more
important	 for	 the	 selection	 of	 one	 procedure	 over	 another.	 This	 is	 particularly
relevant	 with	 respect	 to	 the	 target	 population	 where	 ICU	 daily	 expenses	 far
outweigh	 the	 procedural	 costs	 of	 either	 technique,40	 and	 the	 expected	 patient
mortality	can	be	as	high	as	35%.41

It	is	probably	more	important	to	judiciously	use	the	institutional	resources	and
the	 operator	 experience	 for	 providing	 the	 “best”	 tracheal	 technique	 to	 use	 in
these	 compromised	 patients.	 It	 is	 possible	 that	 the	 target	 population	may	 vary
from	one	 institution	 to	another	 (cardiac	vs	 trauma	vs	neurosurgical	vs	medical
ICU	patients),	which	may	influence	the	decision	to	perform	one	technique	over
another.	 Patient	 body	 habitus	 also	 plays	 a	 large	 role	 in	 selection:	 difficulty
palpating	 tracheal	 rings	 in	 a	 short,	 thick-necked	 patient	 makes	 percutaneous
tracheostomy	not	only	difficult	but	dangerous.	This	patient	is	better	served	in	an
operating	 room	 setting	 where	 optimum	 sedation/paralysis	 (if	 needed)	 and
positioning	 can	 be	 accomplished	 while	 directly	 exposing	 the	 anterior	 trachea,
mobilizing	 it	 if	 necessary	 to	 access	 the	 airway	 with	 an	 appropriately	 sized,
sometimes	custom-made,	tube.

Nonetheless,	there	are	certain	distinct	advantages	of	PDT	that	can	be	outlined
as	follows:	(1)	easier	access	for	 timing	of	 the	procedure;	(2)	reduced	operating
room	and	person	power	utilization;	(3)	PDT	is	less	expensive	than	OST	(even	if
both	the	procedures	are	performed	in	the	ICU);	(4)	PDT	has	no	requirement	for
transportation	 of	 critically	 ill	 patients	 to	 an	 operating	 room;	 (5)	 improved
cosmetic	 results;	 and	 (6)	 possibly	 reduced	 rates	 of	 stomal	 infection,	 bleeding,
and	reduced	tracheal	secretions	in	the	parastomal	area	owing	to	the	tight	fitting
of	the	stoma	around	the	tracheostomy	tube.

We	 do	 recommend	 considering	 performing	 OST	 instead	 of	 PST	 in	 the
following	 patients:	 (1)	 patients	 with	 severe	 respiratory	 failure	 (FiO2	 >	 0.60,



PEEP	>	10),	and	complicated	translaryngeal	intubation	or	a	nonpalpable	cricoid
cartilage	or	a	cricoid	cartilage	<3	cm	above	the	sternal	notch39;	(2)	obese	patients
with	 abundant	pretracheal	 subcutaneous	 fat;	 (3)	patients	with	 large	goiters;	 (4)
abnormal	airways	 secondary	 to	congenital	or	acquired	conditions;	 (5)	 the	need
for	 constant	 attendance	 of	 a	 second	 physician	 to	 monitor	 ventilation	 or
circulatory	 abnormalities;	 (6)	 abnormal	 bleeding	 diathesis	 that	 cannot	 be
adequately	corrected.42

Utility	of	Ultrasonography	for	Percutaneous	Tracheostomy
Ultrasonography	has	several	useful	applications	related	to	PDT.

Identification	of	Aberrant	Vascular	Anatomy
A	 small	 proportion	 of	 patients	 have	 aberrant	 vascular	 anatomy	 that
contraindicates	PDT.	Preprocedure	ultrasonography	examination	of	 the	anterior
neck	can	 identify	dangerous	vascular	anatomy	 that	precludes	PDT.43	The	high-
frequency	 vascular	 transducer	 is	 used	 to	 obtain	 a	 transverse	 axis	 image	 of	 the
anterior	 neck.	 Starting	 at	 the	 thyroid	 cartilage,	 the	 operator	 moves	 the	 probe
down	 the	 anterior	 neck	 in	 order	 to	 identify	 anomalous	 midline	 vascular
structures	 that	would	 preclude	 bedside	 PDT.	The	 technique	 is	 presented	 in	
Videos	 9.1	 and	 9.2.	 Once	 at	 the	 suprasternal	 notch,	 the	 probe	 is	 angled
downward	 to	 examine	 for	 any	 high-riding	 mediastinal	 artery	 or	 vein.	 The
examination	 takes	 a	 few	minutes	 and	 is	 an	 effective	 means	 of	 improving	 the
safety	of	the	procedure.

Aberrant	position	of	the	carotid,	brachiocephalic,	right	subclavian,	or	thyroid
artery,	or	aortic	arch,	 though	rare,	has	been	associated	with	severe	hemorrhage
during	PDT	( 	Video	9.2).	Large	midline	veins	are	also	an	occasional	finding
that	contraindicates	PDT	( 	Video	9.2).	When	dangerous	vascular	anatomy	has
been	 identified,	 this	 situation	 requires	 that	 the	 procedure	 be	 performed	 with
standard	open	surgical	technique	in	the	operating	room.

Selection	of	Insertion	Site
While	 examining	 for	 vascular	 structures,	 the	 operator	 identifies	 the	 thyroid
cartilage,	 the	 cricoid	 membrane,	 and	 the	 prominent	 cricoid	 cartilage	 below
which	are	 the	 tracheal	 rings.	The	 insertion	site	 is	 targeted	 to	be	below	the	first
tracheal	ring	( 	Video	9.1).	Ultrasonography	is	particularly	useful	for	selection
of	insertion	site	when	physical	examination	is	challenging	such	as	with	obesity
or	in	the	elderly	patient	with	a	low	position	of	the	cricoid	cartilage.	Once	a	safe



site	 is	 identified,	 the	 operator	may	mark	 it	 for	 subsequent	 needle	 insertion	 or
proceed	with	real-time	guidance	of	needle	insertion	using	ultrasonography.

Guidance	of	Needle	Insertion
Real-time	ultrasonography	guidance	of	needle	insertion	into	the	trachea	may	be
performed	 during	 PDT.44	 It	 improves	 first-pass	 success	 rate	 and	 accuracy	 of
needle	 insertion	 when	 compared	 to	 standard	 technique.45	 Should	 the	 operator
choose	the	option	of	real-time	guidance,	the	probe	is	held	in	the	transverse	axis,
and	 the	 needle	 is	 inserted	 into	 the	 trachea	 while	 tracking	 its	 movement	 with
ultrasonography.	 Some	 operators	 insert	 the	 needle	 before	 making	 the	 skin
incision.	 Alternatively,	 the	 skin	 incision	 is	made	 first,	 with	 subsequent	 needle
insertion	under	ultrasonography	guidance.

TUBES	AND	CANNULAS
Characteristics	 of	 a	 good	 tracheostomy	 tube	 are	 flexibility	 to	 accommodate
varying	 patient	 anatomies;	 inert	 material;	 wide	 internal	 diameter;	 the	 smallest
external	 diameter	 possible;	 a	 smooth	 surface	 to	 allow	 easy	 insertion	 and
removal;	 and	 sufficient	 length	 to	be	 secured	once	placed	but	not	 so	 long	as	 to
impinge	the	carina	or	cause	tracheal	trauma.	Until	the	late	1960s,	when	surgeons
began	 to	 experiment	with	 silicone	 and	 other	 synthetic	materials,	 tracheostomy
tubes	 and	 cannulas	 were	 made	 of	 metal.	 At	 present,	 almost	 all	 tracheostomy
tubes	are	made	of	synthetic	materials.	One	disadvantage	of	a	silicone	tube	over	a
metal	one	is	the	increased	thickness	of	the	tube	wall,	resulting	in	a	larger	outer
diameter.	 Silicone	 tubes	 are	 available	with	 or	without	 a	 cuff.	 The	 cuff	 allows
occlusion	of	the	airway	around	the	tube,	which	is	necessary	for	positive-pressure
ventilation.	 It	may	 also	minimize	 aspiration,	 although	 the	 evidence	 thus	 far	 is
inconclusive.46	 In	 the	 past,	 cuffs	 were	 associated	 with	 a	 high	 incidence	 of
tracheal	stenosis	caused	by	 ischemia	and	necrosis	of	 the	mucus	membrane	and
subsequent	 cicatricial	 contracture	 at	 the	 cuff	 site.	 High-volume,	 low-pressure
cuffs	diminish	pressure	on	the	wall	of	the	trachea,	 thereby	minimizing	(but	not
eliminating)	 problems	 caused	 by	 focal	 areas	 of	 pressure	 necrosis.47	 Cuff
pressures	 should	 be	maintained	 at	 15	 to	 20	 cm	H2O	 because	 higher	 pressures
impair	mucosal	capillary	blood	flow	leading	to	ischemic	injury	to	the	trachea.48
Cuff	 pressures	 should	 be	 checked	 with	 a	 manometer	 daily	 in	 critically	 ill
patients.	Once	the	patient	is	weaned	from	mechanical	ventilation,	the	cuff	should
be	 deflated.	When	 the	 only	 purpose	 of	 the	 tube	 is	 to	 secure	 the	 airway	 (sleep



apnea)	or	provide	access	for	suctioning	secretions,	a	tube	without	a	cuff	can	be
placed.	 A	 comprehensive	 review	 of	 tracheostomy	 tubes	 can	 be	 found
elsewhere.49

POSTOPERATIVE	CARE
The	 care	 of	 a	 tracheostomy	 tube	 is	 important.	 Highlighted	 below	 are	 some
specific	 issues	 that	 all	 intensivists	need	 to	know	when	caring	 for	patients	with
tracheostomies.

Wound	and	Dressing	Care
Daily	 examinations	 of	 the	 stoma	 are	 important	 for	 identifying	 infections	 or
excoriations	 of	 the	 skin	 at	 the	 tracheostomy	 site.50	 In	 addition,	 keeping	 the
wound	 clean	 and	 free	 of	 blood	 and	 secretions	 is	 important,	 especially	 in	 the
immediate	 posttracheostomy	 period.	Dressing	 changes	 should	 be	 performed	 at
least	 twice	a	day	and	when	 the	dressings	are	soiled.	Some	authors	 recommend
cleaning	 the	 stoma	with	 1:1	mixture	 of	 hydrogen	peroxide	 and	 sterile	 saline.50
When	changing	dressings	and	 tapes,	 special	care	 is	needed	 to	avoid	accidental
dislodgment	of	the	tracheostomy	tube.	Sutures,	placed	either	for	fixation	and/or
through	 the	 rings	 themselves	 for	 exposure,	 should	 be	 removed	 as	 soon	 as
practical,	usually	after	1	week	when	an	adequate	stoma	has	formed,	to	facilitate
cleaning	 the	 stomal	 area.	Malodorous	 tracheal	 “stomatitis”	 that	 can	 lead	 to	 an
enlarging	 stoma	 around	 the	 tube	 should	 be	 treated	 with	 topical	 antimicrobial
dressings	 such	 as	 0.25%	 Dakin’s	 solution	 to	 facilitate	 resolution.	 Significant
induration	 and/or	 cellulitis	 should	 be	 managed	 with	 a	 systemic	 antibiotic.
Occasionally,	 the	secretions	become	extremely	malodorous,	 indicating	a	Gram-
negative	or	anaerobic	infection	or	overgrowth:	this	should	be	treated	with	topical
and	systemic	antimicrobials.

Inner	Cannulas
The	 inner	 cannulas	 should	 be	 used	 at	 all	 times	 for	 most	 tracheostomy	 tubes
during	 critical	 illness.	 Bivona	 makes	 a	 tracheostomy	 tube	 that	 is	 lined	 with
silicone	and	does	not	require	an	inner	cannula.	In	other	tracheotomy	tubes,	inner
cannulas	 serve	 to	 extend	 the	 life	 of	 the	 tracheostomy	 tubes	 by	 preventing	 the
buildup	of	secretions	within	the	tracheostomy.	The	inner	cannulas	can	be	easily
removed	 and	 either	 cleaned	 or	 replaced	 with	 a	 sterile,	 disposable	 one.



Disposable	 inner	 cannulas	 have	 the	 advantage	of	 quick	 and	 efficient	 exchange
times;	 a	 decrease	 in	 nursing	 time;	 decreased	 risk	 of	 cross-contamination;	 and
guaranteed	sterility.	The	obturator	 should	be	kept	at	 the	bedside	at	all	 times	 in
the	event	that	reinsertion	of	the	tracheostomy	is	necessary.

Humidification
One	of	the	functions	of	the	upper	airway	is	to	moisten	and	humidify	inspired	air.
Because	 tracheostomies	bypass	 the	upper	 airway,	 it	 is	 vital	 to	provide	patients
who	 have	 tracheostomies	with	warm,	 humidified	 air	 to	 prevent	 complications.
Failure	 to	 humidify	 the	 inspired	 gases	 can	 result	 in	 obstruction	 of	 the	 tube	 by
inspissated	secretions,	impaired	mucociliary	clearance,	and	decreased	cough.

Suctioning
Patients	 with	 tracheostomies	 frequently	 have	 increased	 amounts	 of	 airway
secretions	coupled	with	decreased	ability	to	clear	them	effectively.	Keeping	the
airways	 clear	 of	 excess	 secretions	 is	 important	 for	 decreasing	 the	 risk	 of	 lung
infection	 and	 airway	 plugging.50	 Suctioning	 is	 frequently	 required	 in	 patients
with	poor	or	ineffective	cough.	Suction	techniques	should	remove	the	maximal
amount	of	secretions	while	causing	the	least	amount	of	airway	trauma.	Routine
suctioning,	 however,	 is	 not	 recommended.51	 For	 the	 patient	 who	 requires
frequent	suctioning	because	of	secretions,	who	otherwise	appears	well,	without
infection	and	without	 tracheitis,	 the	 tube	 itself	may	be	 the	culprit.	Downsizing
the	tube	or	even	a	short	trial	(while	being	monitored)	with	the	tube	removed	may
result	in	significantly	less	secretions,	obviating	the	need	for	the	tube.

Tracheostomy	Tube	Changes
Tracheostomy	 tubes	 do	 not	 require	 routine	 changing.	 In	 fact,	 there	 may	 be
significant	risks	associated	with	routine	tracheostomy	tube	changes,	especially	if
this	 is	 performed	within	 a	week	 of	 the	 initial	 procedure	 and	 by	 inexperienced
caregivers.	A	survey	of	accredited	otolaryngology	training	programs	suggested	a
significant	 incidence	 of	 loss	 of	 airway	 and	 deaths	 associated	 with	 routine
changing	of	tracheostomy	tubes	within	7	days	of	initial	placement,	especially	if
they	are	changed	by	inexperienced	physicians.52	In	general,	the	tube	needs	to	be
changed	only	under	 the	 following	conditions:	 (1)	 there	 is	a	 functional	problem
with	it,	such	as	an	air	leak	in	the	cuff	balloon;	(2)	when	the	lumen	is	narrowed



because	of	the	buildup	of	dried	secretions;	(3)	when	switching	to	a	new	of	tube;
or	(4)	when	downsizing	the	tube	prior	to	decannulation.	Ideally,	a	tracheostomy
tube	 should	 not	 be	 changed	 until	 7	 to	 10	 days	 after	 its	 initial	 placement.	 The
reason	 for	 this	 is	 to	 allow	 the	 tracheal	 stoma	 and	 the	 tract	 to	mature.	 Patients
who	have	 their	 tracheostomy	tube	changed	before	 the	 tract	 is	 fully	mature	 risk
having	the	tube	misplaced	into	the	soft	tissue	of	the	neck	or	mediastinum.	If	the
tracheostomy	tube	needs	to	be	replaced	before	the	tract	has	had	time	to	mature,
the	 tube	 should	 be	 changed	 over	 a	 guide,	 such	 as	 a	 suction	 catheter	 or	 tube
changer	 with	 personnel	 and	 equipment	 readily	 available	 at	 the	 bedside	 to
perform	orotracheal	intubation	if	needed.

Oral	Feeding	and	Swallowing	Dysfunction	Associated	With
Tracheostomies
Caution	should	be	exercised	before	initiating	feedings	by	mouth	in	patients	with
a	tracheostomy	because	numerous	studies	have	demonstrated	that	patients	are	at
a	 significantly	 increased	 risk	 for	 aspiration	 when	 a	 tracheostomy	 is	 in	 place.
Physiologically,	patients	with	tracheostomies	are	more	likely	to	aspirate	because
the	 tracheostomy	 tube	 tethers	 the	 larynx,	 preventing	 its	 normal	 upward	 and
anterior	 movement	 needed	 to	 assist	 in	 glottic	 closure	 and	 cricopharyngeal
relaxation.	Tracheostomy	tubes	especially	those	with	an	inflated	cuff	also	disrupt
normal	 swallowing	 by	 compressing	 the	 esophagus	 and	 interfering	 with
deglutition,	 decreasing	 duration	 of	 vocal	 cord	 closure,	 and	 resulting	 in
uncoordinated	 laryngeal	 closure.53,54	 In	 addition,	 prolonged	 translaryngeal
intubation	 can	 result	 in	 swallowing	 disorders	 that	 persist	 even	 after	 the
endotracheal	tube	is	converted	to	a	tracheostomy.55	It	is	therefore	not	surprising
that	 between	 40%	 and	 65%	 of	 patients	 with	 tracheostomies	 aspirate	 when
swallowing.56	It	is	felt	that	between	73%	and	77%	of	the	episodes	are	clinically
silent.56

Before	 attempting	 oral	 feedings	 of	 a	 patient	 with	 a	 tracheostomy,	 several
objective	criteria	must	be	met.	The	patient	must	be	consistently	alert	and	able	to
follow	 complex	 commands.	 The	 patient	 should	 have	 adequate	 cough	 and
swallowing	reflexes;	adequate	oral	motor	strength;	and	a	significant	respiratory
reserve.	These	criteria	are	probably	best	assessed	by	a	certified	speech	therapist.
However,	bedside	clinical	assessment	may	only	 identify	34%	of	 the	patients	at
high	 risk	 for	 aspiration.57	 Augmenting	 the	 bedside	 swallowing	 evaluation	 by
coloring	feedings	or	measuring	the	glucose	in	tracheal	secretions	does	not	appear
to	 increase	 the	 sensitivity	 in	 detecting	 the	 risk	 of	 aspiration.58	A	 video	 barium



swallow	may	 identify	 between	 50%	 and	 80%	 of	 patients	 with	 tracheostomies
who	 are	 at	 a	 high	 risk	 to	 aspirate	 oral	 feeding.57	 A	 laryngoscopy	 to	 observe
directly	a	patient’s	swallowing	mechanics,	coupled	with	a	video	barium	swallow,
may	be	more	 sensitive	 in	 predicting	which	patients	 are	 at	 risk	 for	 aspiration.57
Scintigraphic	studies	may	be	the	most	sensitive	test	for	identifying	aspiration.59
Plugging	 of	 the	 tracheostomy52	 or	 using	 a	 Passy-Muir	 valve	 may	 reduce
aspiration	for	patients	with	tracheostomies	who	are	taking	oral	feedings,	but	this
is	not	a	universal	finding.60

Because	 of	 the	 high	 risk	 for	 aspiration	 and	 the	 difficulty	 assessing	 which
patients	 are	 at	 high	 risk	 to	 aspirate,	 we	 do	 not	 institute	 oral	 feedings	 for	 our
patients	with	 tracheostomy	 in	 the	 ICU.	We	believe	 that	 the	potential	 risks	of	a
percutaneous	 endoscopically	placed	gastrostomy	 feeding	 tube	or	maintaining	a
nasogastric	feeding	tube	are	much	less	than	the	risk	of	aspiration	of	oral	feedings
and	 its	 complications	 (ie,	 recurrent	 pneumonia,	 acute	 respiratory	 distress
syndrome,	and	prolonged	weaning).

Discharging	Patients	With	Tracheotomies	From	the	ICU	to
the	General	Ward
Multiple	studies	have	raised	concern	about	the	safety	of	patients	who	have	been
weaned	from	mechanical	ventilation	and	who	are	transferred	from	the	ICU	to	the
general	 hospital	 ward	 with	 the	 tracheostomy	 in	 place.61,62	 Fernandez	 et	 al
retrospectively	 showed	 an	 increased	 mortality	 in	 patients	 with	 tracheostomy
tubes	vs	 those	decannulated	prior	 to	 transfer	out	of	 the	 ICU,	especially	among
patients	with	 a	poorer	overall	 prognosis.61	Martinez	 et	 al	 prospectively	 studied
73	 patients	who	 received	 tracheostomies,	who	were	without	 neurologic	 injury,
and	 who	 were	 transferred	 from	 the	 ICU	 to	 the	 general	 ward.62	 Thirty-five	 of
these	patients	were	decannulated	prior	to	transfer	to	the	wards.	The	decannulated
group	 had	 a	 significantly	 lower	mortality.	 Factors	 found	 to	 be	 associated	with
increased	mortality	 in	 patients	 not	 decannulated	 prior	 to	 transfer	 include	BMI
greater	than	30	kg/m2	and	tenacious	secretions.

Patients	with	tracheostomies	who	are	transferred	to	the	general	medical	wards
need	 special	 attention.	 A	 multidisciplinary	 care	 model	 has	 been	 shown	 to
significantly	 expedite	 the	 decannulation	 process	 while	 also	 reducing	 the
complication	rate.63	We	suggest	 that	patients	with	 tracheostomies	can	be	safely
cared	 for	 in	 the	 general	 ward,	 provided	 there	 is	 an	 interprofessional	 team
approach	between	physicians,	nurses,	and	respiratory	therapists.



COMPLICATIONS
4 	Tracheostomies,	whether	 inserted	by	percutaneous	dilatation	or	open	surgical
procedure,	are	associated	with	a	variety	of	complications.	These	complications
are	best	grouped	by	the	time	of	occurrence	after	the	placement	and	are	divided
into	 immediate,	 intermediate,	 and	 late	 complications	 (Table	 9.3).	The	 reported
incidence	of	 complications	varies	 from	4%64	 to	 39%,18	with	 reported	mortality
rates	 from	 0.03%	 to	 0.6%.35,65	 Complication	 rates	 decrease	 with	 increasing
experience	 of	 the	 physician	 performing	 the	 procedure.66	 Posttracheostomy
mortality	 and	 morbidity	 are	 usually	 caused	 by	 iatrogenic	 tracheal	 laceration,
hemorrhage,	tube	dislodgment,	infection,	or	obstruction.3	Neurosurgical	patients
have	 a	 higher	 posttracheostomy	 complication	 rate	 than	 other	 patients.3
Tracheostomy	is	more	hazardous	for	children	than	for	adults	and	carries	special
risks	 in	 the	 very	 young,	 often	 related	 to	 the	 experience	 of	 the	 surgeon.67	 A
comprehensive	 understanding	 of	 immediate,	 intermediate,	 and	 late
complications	 of	 tracheostomy	 and	 their	 management	 is	 essential	 for	 the
intensivist.

TABLE	9.3

Complications	of	Tracheostomies3,6

Immediate	complications	(0-24	h)
Tube	displacement
Arrhythmia
Hypotension
Hypoxia/hypercapnia
Loss	of	airway	control
Pneumothorax
Pneumomediastinum
Acute	surgical	emphysema
Major	hemorrhage



Bacteremia
Tracheal	cartilage	fracture
Esophageal	injury	(uncommon)
Cardiorespiratory	arrest	(uncommon)
Tracheolaryngeal	injury	(uncommon)
Crushed	airway	from	dilational	tracheostomy	(uncommon)

Intermediate	complications	(from	day	1	to	day	7)
Persistent	bleeding
Tube	displacement
Tube	obstruction	(mucus,	blood)
Major	atelectasis
Wound	infection/cellulitis

Late	complications	(>day	7)
Tracheoinnominate	artery	fistula
Tracheomalacia
Tracheal	stenosis
Necrosis	and	loss	of	anterior	tracheal	cartilage
Tracheoesophageal	fistula
Major	aspiration
Chronic	speech	and	swallowing	deficits
Tracheocutaneous	fistula

From	Bielick	CL,	Kopec	SE,	Emhoff	TA.	Tracheostomy.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe
JM,	eds.	Intensive	Care	Medicine.	8th	ed.	Lippincott,	Williams,	and	Wilkins;	2018:78-88	and
Auzinger	G,	O’Callaghan	GP,	Bernal	W,	et	al.	Percutaneous	tracheostomy	in	patients	with	severe
liver	disease	and	a	high	incidence	of	refractory	coagulopathy:	a	prospective	trial.	Crit	Care.
2007;11:R110.

Multiple	 studies	 have	 suggested	 an	 increased	 complication	 rate	 of	 surgical
tracheostomy	among	patients	with	a	BMI	>	30.68	There	 is	conflicting	evidence
regarding	 complication	 rates	 of	 percutaneous	 tracheostomy	 among	 these
patients.	Byhahn	et	al	found	a	complication	rate	of	percutaneous	tracheostomy	of



43.8%	in	32	patients	with	a	BMI	>	27,	compared	to	18.2%	in	73	patients	with	a
BMI	<	27	(P	<	.001).	Additionally,	the	rate	of	severe	complication	for	the	obese
group	was	nearly	five	times	that	of	the	nonobese	group.69	However,	a	subsequent
study	by	Romero	et	al	of	25	obese	patients	and	80	nonobese	patients	undergoing
fiber-optic	 bronchoscopy-guided	 percutaneous	 tracheostomy	 with	 ultrasound
support	 did	 not	 show	 any	 significant	 differences	 of	 complication	 rates	 (8%	vs
7.5%,	P	=	1).70	McCague	et	al	 retrospectively	reviewed	131	obese	patients	and
295	 nonobese	 patients	 undergoing	 bronchoscopy-guided	 percutaneous
tracheostomy	 and	 did	 not	 find	 a	 significant	 difference	 in	 complication	 rates.71
Overall,	 these	 studies	 are	 limited	 by	 the	 small	 numbers,	 retrospective	 or
observational	nature,	and	lack	of	long-term	follow-up.

Obstruction
Obstruction	 of	 the	 tracheostomy	 tube	 is	 a	 potentially	 life-threatening
complication.	The	 tube	may	become	plugged	with	 clotted	blood	or	 inspissated
secretions.	 In	 this	 case,	 the	 inner	 cannula	 should	be	 removed	 immediately	 and
the	patient	suctioned.	Should	that	fail,	 it	may	be	necessary	to	remove	the	outer
cannula.	 Such	 a	 decision	 must	 be	 made	 in	 the	 context	 of	 the	 indication	 for
placement	 and	 the	 length	of	 time	 the	 tube	has	been	 in	place.	Obstruction	may
also	be	caused	by	angulation	of	the	distal	end	of	the	tube	against	the	anterior	or
posterior	tracheal	wall.	An	undivided	thyroid	isthmus	pressing	against	the	angled
tracheostomy	tube	can	force	the	tip	against	the	anterior	tracheal	wall,	whereas	a
low	 superior	 transverse	 skin	 edge	 can	 force	 the	 tip	 of	 the	 tracheostomy	 tube
against	the	posterior	tracheal	wall.	An	indication	of	these	types	of	obstruction	is
an	expiratory	wheeze.	Division	of	the	thyroid	isthmus	and	proper	placement	of
transverse	 skin	 incisions	 prevent	 anterior	 or	 posterior	 tube	 angulation	 and
obstruction.

Tube	Displacement/Dislodgment
Dislodgment	of	a	tracheostomy	tube	that	has	been	in	place	for	2	weeks	or	longer
is	managed	by	replacing	the	tube.	If	it	cannot	be	immediately	replaced	or	if	it	is
replaced	and	 the	patient	cannot	be	ventilated	 (indicating	 that	 the	 tube	 is	not	 in
the	 trachea),	 orotracheal	 intubation	 should	 be	 performed.	 Immediate
postoperative	displacement	can	be	fatal,	if	the	tube	cannot	be	promptly	replaced
and	the	patient	cannot	be	reintubated.

Dislodgment	during	the	early	postoperative	period	is	usually	caused	by	one	of



several	technical	problems.	Failure	to	divide	the	thyroid	isthmus	may	permit	the
intact	 isthmus	 to	 ride	 up	 against	 the	 tracheostomy	 tube	 and	 thus	 displace	 it.
Excessively	 low	placement	of	 the	stoma	(ie,	below	 the	second	and	 third	 rings)
can	occur	when	 the	 thoracic	 trachea	 is	brought	 into	 the	neck	by	overextending
the	 neck	 or	 by	 excessive	 traction	 on	 the	 trachea.	When	 the	 normal	 anatomic
relationships	 are	 restored,	 the	 trachea	 recedes	 below	 the	 suprasternal	 notch,
causing	the	tube	to	be	dislodged	from	the	trachea.	The	risk	of	dislodgment	of	the
tracheostomy	 tube,	 a	 potentially	 lethal	 complication,	 can	 be	minimized	 by	 (1)
transection	of	the	thyroid	isthmus	at	surgery,	if	 indicated;	(2)	proper	placement
of	 the	 stoma;	 (3)	 avoidance	 of	 excessive	 neck	 hyperextension	 and/or	 tracheal
traction;	 (4)	 application	of	 sufficiently	 tight	 tracheostomy	 tube	 retention	 tapes;
(5)	 suture	 of	 the	 tracheostomy	 tube	 flange	 to	 the	 skin	 in	 patients	 with	 short
necks;	and	(6)	insertion	of	a	tracheostomy	tube	of	an	appropriate	length	for	the
patient’s	anatomy.	Some	surgeons	apply	retention	sutures	to	the	trachea	for	use
in	 the	early	postoperative	period	 in	case	 the	 tube	becomes	dislodged,	allowing
the	 trachea	 to	 be	 pulled	 into	 the	wound	 for	 reintubation.	Making	 a	Bjork	 flap
involves	suturing	the	inferior	edge	of	the	trachea	stoma	to	the	skin,	thus	allowing
a	sure	pathway	for	tube	placement.	Bjork	flaps,	however,	tend	to	interfere	with
swallowing	 and	 promote	 aspiration.	 Reintubation	 of	 a	 tracheostomy	 can	 be
accomplished	by	using	a	smaller,	beveled	endotracheal	tube	and	then	applying	a
tracheostomy	tube	over	the	smaller	tube,	using	the	Seldinger	technique.72

When	a	tracheostomy	becomes	dislodged	within	7	to	10	days	of	surgery,	we
recommend	 translaryngeal	 endotracheal	 intubation	 to	 establish	 a	 safe	 airway.
The	 tracheostomy	tube	can	 then	be	replaced	under	 less	urgent	conditions,	with
fiber-optic	guidance	if	needed.

Subcutaneous	Emphysema
Approximately	 5%	 of	 patients	 develop	 subcutaneous	 emphysema	 after
tracheostomy.72	It	is	most	likely	to	occur	when	dissection	is	extensive	and/or	the
wound	is	closed	tightly.	Partial	closure	of	the	skin	wound	is	appropriate,	but	the
underlying	 tissues	 should	 be	 allowed	 to	 approximate	 naturally.	 Subcutaneous
emphysema	generally	 resolves	over	48	hours	 after	 tracheostomy,	but	when	 the
wound	 is	 closed	 tightly	 and	 the	 patient	 is	 coughing	 or	 on	 positive-pressure
ventilation,	 pneumomediastinum,	 pneumopericardium,	 and/or	 tension
pneumothorax	may	occur.3

Pneumothorax	and	Pneumomediastinum



The	cupola	of	the	pleura	extends	well	into	the	neck,	especially	in	patients	with
emphysema;	 thus,	 the	 pleura	 can	 be	 damaged	 during	 tracheostomy.	 This
complication	 is	 more	 common	 in	 the	 pediatric	 age	 group	 because	 the	 pleural
dome	extends	more	cephalad	 in	children.	The	 incidence	of	pneumothorax	after
tracheostomy	 ranges	 from	 0%	 to	 5%.64,72	 Many	 surgeons	 routinely	 obtain	 a
postoperative	chest	radiograph.
Case	Study:	A	 patient	 in	 his	 60s	 presented	 to	 the	 hospital	with	 progressive

muscle	weakness	 over	 the	 last	 year.	 In	 the	 process	 of	working	 up	 his	medical
condition,	he	was	endotracheally	intubated	for	hypercarbic	respiratory	failure.73
He	 failed	multiple	 attempts	 at	 extubation	 and	underwent	 bedside	 percutaneous
tracheostomy.	 The	 tracheostomy	 placement	 was	 complicated	 by	 an	 off-axis
vector	dilator	placement	but	subsequently	corrected	with	successful	insertion	of
the	 tracheostomy	 tube.	 When	 the	 patient	 was	 connected	 to	 the	 ventilator,	 he
developed	elevated	peak	airway	pressures	with	minimal	tidal	volume	return	and
had	 abrupt	 desaturation	 and	 hypotension.	Absence	 of	 lung	 sliding,	 along	with
lung	 point,	was	 seen	 on	 the	 right	 hemithorax,	 and	 needle	 decompression	with
chest	tube	placement	was	performed	with	improved	cardiopulmonary	status	and
return	 of	 lung	 sliding.	 Ten	 minutes	 later,	 the	 patient	 again	 developed
cardiorespiratory	distress.	Lung	ultrasound	was	again	performed.	Based	on	the
clinical	presentation	and	the	ultrasound	images	in	 	Video	9.3,73	what	is	the
likely	diagnosis?	A	description	 of	 the	 ultrasound	 findings	 and	 a	 discussion	 of
their	clinical	implications	are	presented	in	 	Video	9.4.73

Hemorrhage
Minor	postoperative	fresh	tracheostomy	bleeding	occurs	in	approximately	12.5%
of	cases	and	is	the	most	common	complication	of	this	procedure.74	Postoperative
coughing	 and	 straining	 can	 cause	 venous	 bleeding	 by	 dislodging	 a	 clot	 or
ligature.	 Elevating	 the	 head	 of	 the	 bed,	 packing	 the	 wound,	 and/or	 using
hemostatic	materials	usually	controls	minor	bleeding.	Major	bleeding	can	occur
in	up	to	5%	of	tracheotomies	and	is	caused	by	hemorrhage	from	the	isthmus	of
the	 thyroid	 gland,	 loss	 of	 a	 ligature	 from	 one	 of	 the	 anterior	 jugular	 veins,	 or
injury	 to	 the	 transverse	 jugular	 vein	 that	 crosses	 the	 midline	 just	 above	 the
jugular	notch.	Persistent	bleeding	may	require	a	return	to	the	operating	room	for
management.	 Techniques	 to	 decrease	 the	 likelihood	 of	 early	 posttracheostomy
hemorrhage	 include	 (1)	 use	 of	 a	 vertical	 incision;	 (2)	 careful	 dissection	 in	 the
midline,	with	 care	 to	pick	up	each	 layer	of	 tissue	with	 instruments	 rather	 than
simply	spread	tissues	apart;	(3)	liberal	use	of	ligatures	rather	than	electrocautery;



and	 (4)	 careful	 division	 and	 suture	 ligation	 of	 the	 thyroid	 isthmus.	 Late
hemorrhage	after	tracheostomy	is	usually	because	of	bleeding	granulation	tissue
or	 another	 relatively	 minor	 cause.	 However,	 in	 these	 late	 cases,	 a
tracheoinnominate	artery	fistula	needs	to	be	ruled	out.

Tracheoinnominate	Artery	Fistula
At	 one	 point,	 it	 had	 been	 reported	 that	 50%	 of	 all	 tracheostomy	 bleeding
occurring	more	than	48	hours	after	the	procedure	was	because	of	an	often	fatal
complication	 of	 rupture	 of	 the	 innominate	 artery	 caused	 by	 erosion	 of	 the
tracheostomy	tube	at	its	tip	or	cuff	into	the	vessel.72	However,	since	the	advent	of
the	 low-pressure	 cuff,	 the	 incidence	 of	 this	 complication	 has	 decreased
considerably	and	occurs	in	less	than	1%	of	cases.75

Eighty-five	percent	of	tracheoinnominate	artery	fistulas	occur	within	the	first
month	after	tracheostomy,76	although	they	have	been	reported	as	late	as	7	months
after	 operation.	 Other	 sites	 of	 delayed	 exsanguinating	 posttracheostomy
hemorrhage	 include	 the	 common	 carotid	 artery;	 superior	 and	 inferior	 thyroid
arteries;	 aortic	 arch;	 and	 innominate	 vein.76	 Rupture	 and	 fistula	 formation	 are
caused	by	erosion	through	the	trachea	into	the	artery	because	of	excessive	cuff
pressure	or	by	angulation	of	 the	 tube	 tip	against	 the	anterior	 trachea.	 Infection
and	other	factors	that	weaken	local	tissues,	such	as	malnourishment	and	steroids,
also	seem	to	play	a	role.77	The	innominate	artery	rises	 to	about	 the	level	of	 the
sixth	ring	anterior	to	the	trachea,	and	low	placement	of	the	stoma	can	also	create
close	 proximity	 of	 the	 tube	 tip	 or	 cuff	 to	 the	 innominate	 artery.	 Rarely,	 an
anomaly	of	the	innominate	artery,	occurring	with	an	incidence	of	1%	to	2%,76	is
responsible	for	this	disastrous	complication.	Pulsation	of	the	tracheostomy	tube
is	 an	 indication	 of	 potentially	 fatal	 positioning.76	 Initially,	 hemorrhage	 from	 a
tracheoinnominate	 artery	 fistula	 is	 usually	 not	 exsanguinating.	 Herald	 bleeds
must	 be	 investigated	 promptly	 using	 flexible	 tracheoscopy.	 If	 a
tracheoinnominate	artery	fistula	seems	probable	(minimal	tracheitis	and	anterior
pulsating	 erosions),	 the	 patient	 should	 be	 taken	 to	 the	 operating	 room	 for
evaluation.	Historically,	definitive	management	involves	resection	of	the	artery.
However,	 there	 are	 several	 reported	 cases	 of	 successful	 treatment	 with
endovascular	 stenting	 of	 the	 innominate	 artery.78	 Otherwise,	 the	mortality	 rate
approaches	 100%,	 even	 with	 emergent	 surgical	 intervention.3	 Sudden
exsanguinating	 hemorrhage	 may	 be	 managed	 by	 hyperinflation	 of	 the
tracheostomy	 cuff	 tube	 or	 reintubation	 with	 an	 endotracheal	 tube	 through	 the
stoma,	 attempting	 to	 place	 the	 cuff	 at	 the	 level	 of	 the	 fistula.	 A	 lower	 neck
incision	with	 blind	 digital	 compression	 on	 the	 artery	may	 be	 part	 of	 a	 critical



resuscitative	effort.	Again,	when	a	tracheoinnominate	artery	fistula	is	suspected,
the	patient	should	be	evaluated	in	the	operating	room	and	preparations	should	be
made	for	a	possible	sternotomy.

Misplacement	of	Tube
Misplacement	of	 the	 tube	can	occur	at	 the	 time	of	surgery	or	when	 the	 tube	 is
changed	 or	 replaced	 through	 a	 fresh	 stoma.	 If	 not	 recognized,	 associated
mediastinal	 emphysema	 and	 tension	 pneumothorax	 can	 occur,	 along	 with
alveolar	 hypoventilation.	 Injury	 to	 neurovascular	 structures,	 including	 the
recurrent	 laryngeal	 nerve,	 is	 possible.3	The	 patient	must	 be	 orally	 intubated	 or
the	tracheostoma	recannulated.	Some	authorities	advise	placing	retention	sutures
in	the	trachea	at	the	time	of	surgery.	The	availability	of	a	tracheostomy	set	at	the
bedside	after	tracheostomy	facilitates	emergency	reintubation.

Tracheal	Cartilage	Fracture
Tracheal	 ring	 fracture	 is	 a	 common,	 though	 likely	unrecognized,	 complication,
with	a	rate	of	9.6%	in	one	series	of	219	percutaneous	tracheostomy	procedures.79
Tracheal	 ring	 fractures	 likely	 are	 associated	 with	 the	 development	 of	 stenosis
over	 time.	 Many	 preventative	 techniques	 have	 been	 suggested,	 including
assuring	bronchoscopic	confirmation	of	placement;	avoiding	rotational	torque	at
the	 insertion	 site;	 perpendicular	 insertion;	 application	 of	 counterforce	 to	 the
anterior	 tracheal	 wall	 with	 the	 endotracheal	 tube/bronchoscope;	 complete
adequate	skin	incision	and	blunt	soft-tissue	dissection	to	prevent	excessive	force
on	insertion;	ensuring	proper	fit	between	tracheostomy	and	obturator;	the	use	of
tapered	 tracheostomies;	 and	 using	 the	 smallest	 tracheostomy	 required	 by	 the
patient.

Stomal	Infections
A	 less	 than	 2%	 incidence	 of	 local	 infection	 rate	 has	 been	 reported	 with
tracheostomy.7	The	risk	of	serious	infection	is	less	than	0.5%.64	Attention	to	the
details	of	good	stoma	care	and	early	use	of	antibiotics	are	advised.	Accordingly,
prophylactic	antibiotics	are	not	recommended.80

Tracheoesophageal	Fistula



Tracheoesophageal	 fistula	 caused	 by	 injury	 to	 the	 posterior	 tracheal	 wall	 and
cervical	 esophagus	 occurs	 in	 less	 than	 1%	 of	 patients,	more	 commonly	 in	 the
pediatric	 age	 group.	 An	 early	 postoperative	 fistula	 is	 the	 result	 of	 iatrogenic
injury	during	the	procedure.72	The	chances	of	creating	a	fistula	can	be	minimized
by	entering	the	trachea	initially	with	a	horizontal	incision	between	two	tracheal
rings	 (the	 second	 and	 third),	 thereby	 eliminating	 the	 initial	 cut	 into	 a	 hard-
cartilaginous	 ring.3	 A	 late	 tracheoesophageal	 fistula	 may	 occur	 because	 of
tracheal	 necrosis	 caused	 by	 tube	 movement	 or	 angulation,	 as	 in	 neck
hyperflexion,	or	excessive	cuff	pressure.72	A	tracheoesophageal	fistula	should	be
suspected	for	patients	with	cuff	leaks,	abdominal	distention,	recurrent	aspiration
pneumonia,	and	reflux	of	gastric	fluids	through	the	tracheostomy	site.	It	may	be
demonstrated	 by	 endoscopy	 or	 contrast	 studies.	 Tracheoesophageal	 fistulas
require	 surgical	 repair.	 For	 patients	 who	 could	 not	 tolerate	 a	 major	 surgical
procedure,	placement	of	an	esophageal	and	a	tracheal	stent	may	be	effective.81

Tracheal	Stenosis
5 	Some	degree	of	tracheal	stenosis	is	seen	in	40%	to	60%	of	patients	following
tracheostomy.65,82	 However,	 only	 3%	 to	 12%	 of	 these	 stenoses	 are	 clinically
significant	enough	 to	 require	 intervention.83	Stenosis	most	commonly	occurs	at
the	level	of	the	stoma	or	just	above	the	stoma	but	distal	to	the	vocal	cords.3	The
stenosis	typically	results	from	bacterial	infection	or	chondritis	of	the	anterior	and
lateral	 tracheal	walls.	Granulation	 tissue	 usually	 develops	 first.	Ultimately,	 the
granulation	 tissue	 matures,	 becoming	 fibrous	 and	 covered	 with	 a	 layer	 of
epithelium.	The	granulation	 tissue	 itself	 can	also	 result	 in	other	 complications,
such	 as	 obstructing	 the	 airway	 at	 the	 level	 of	 the	 stoma,	making	 changing	 the
tracheostomy	 tube	 difficult,	 and	 occluding	 tube	 fenestrations.	 Identified	 risk
factors	 for	 developing	 tracheal	 stenosis	 include	 sepsis,	 stomal	 infections,
hypotension,	advanced	age,	male	gender,	corticosteroid	use,	excess	motion	of	the
tracheostomy	 tube,	 oversized	 tube	 placement,	 prolonged	 use,	 elevated	 cuff
pressures,	excessive	excision	of	 the	anterior	 tracheal	cartilage,	and	fracturing	a
tracheal	 ring	 during	PDT.84	Using	 properly	 sized	 tracheostomy	 tubes,	 inflating
cuffs	only	when	indicated,	and	maintaining	intracuff	pressures	to	less	than	15	to
20	mm	Hg	may	decrease	the	incidence	of	tracheal	stenosis.85,86

Treatment	 options	 for	 granulation	 tissue	 include	 topical	 strategies	 (such	 as
topical	antibiotic	or	steroids,	silver	nitrate,	and	polyurethane	form	dressings)	or
surgical	 strategies	 (laser	 excision,	 electrocautery,	 and	 surgical	 removal).3
Treatment	 options	 for	 symptomatic	 tracheal	 stenosis	 include	 dilatation	 with	 a
rigid	bronchoscopy	with	coring,	intraluminal	laser	excision,	or	surgical	resection



with	end-to-end	tracheal	anastomosis.

Tracheomalacia
Tracheomalacia	 is	 a	 weakening	 of	 the	 tracheal	 wall	 resulting	 from	 ischemic
injury	 to	 the	 trachea,	 followed	 by	 chondritis,	 then	 destruction,	 and	 necrosis	 of
the	 tracheal	cartilage.	Consequently,	 there	 is	collapse	of	 the	affected	portion	of
the	 trachea	 with	 expiration,	 resulting	 in	 airflow	 limitation,	 air	 trapping,	 and
retention	 of	 airway	 secretions.	 Tracheomalacia	 may	 ultimately	 result	 in	 the
patient	 failing	 to	 wean	 from	 mechanical	 ventilation.	 A	 short-term	 therapeutic
approach	to	tracheomalacia	is	to	place	a	longer	tracheostomy	tube	to	bypass	the
area	of	malacia.	Long-term	treatment	options	include	stenting,	tracheal	resection,
or	tracheoplasty.

Dysphagia	and	Aspiration
The	 major	 swallowing	 disorder	 associated	 with	 tracheostomy	 is	 aspiration.
Because	 of	 the	 high	 risk	 for	 aspiration,	 we	 do	 not	 recommend	 routine	 oral
feeding	of	ICU	patients	with	tracheostomies.

Persistent	Tracheocutaneous	Fistula
Although	 the	 tracheostoma	 generally	 closes	 rapidly	 after	 decannulation,	 a
persistent	 fistula	may	 occasionally	 remain,	 particularly	when	 the	 tracheostomy
tube	 is	 present	 for	 a	 prolonged	 period.	 If	 this	 complication	 occurs,	 the	 fistula
tract	 can	 be	 excised	 and	 the	 wound	 closed	 primarily	 under	 local	 anesthesia.
More	complicated	or	persistent	 fistulas	 require	a	more	 formal	procedure	under
general	anesthesia	involving	the	use	of	a	local	muscle	flap	between	the	tracheal
opening	and	the	subcutaneous	tissues.

CONCLUSIONS
Tracheostomy	 is	 one	 of	 the	 most	 common	 surgical	 procedures	 performed	 for
critically	 ill	adult	and	appears	 to	be	 the	airway	of	choice	for	patients	 requiring
mechanical	ventilation	for	more	than	10	to	14	days.	For	the	majority	of	patients,
there	 are	 few	 benefits	 of	 performing	 a	 tracheostomy	 prior	 to	 7	 to	 10	 days	 of
mechanical	 ventilation.	 The	 physician	 performing	 the	 tracheostomy	 procedure



needs	 to	 assess	 each	 patient	 to	 determine	 the	 best	 technique	 (whether	 it	 be
performed	at	the	bedside	percutaneously	or	open	in	the	operating	room)	for	that
specific	patient.	The	patient’s	medical	condition;	the	physician’s	experience	with
the	various	techniques;	and	the	hospital’s	resources	all	need	to	be	considered	in
determining	the	of	procedure	performed.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	36-year-old	is	admitted	with	severe	trauma	after	a	motor	vehicle
collision.	The	patient	suffered	multiple	rib	fractures,	hemopneumothorax,	C7-T1
spinal	cord	injury,	and	close	head	injury	with	a	Glasgow	Coma	Scale	(GCS)
score	of	5.	On	hospital	day	4,	the	patient	undergoes	placement	of	a	percutaneous
tracheostomy	without	complications.	On	hospital	day	18,	the	patient	is	noted	to
have	some	scant	hemoptysis	while	suctioning	the	tracheostomy	tube.	What	is	the
most	appropriate	evaluation?

A. 	Inspect	with	tracheoscopy
B. 	Obtain	CT	angiogram	of	the	chest
C. 	Perform	bedside	neck	dissection
D. 	Switch	to	a	softer,	red-rubber	catheter

2. 	Which	of	the	following	intubated	patients	would	most	likely	benefit	from
tracheostomy	tube	within	one	week	of	admission?

A. 	A	26-year-old	with	thermal	airway	injury	and	25%	total	body	surface
area	burns
B. 	A	69-year-old	with	hypoxic	respiratory	failure	from	exacerbated
severe	emphysema
C. 	A	76-year-old	with	hypoxic	respiratory	failure	from	COVID-19
D. 	An	83-year-old	with	an	intracranial	hemorrhage	and	a	Glasgow
Coma	Scale	score	of	13

3. 	Which	of	the	following	statements	about	tracheostomy	tube	care	is
correct?

A. 	Routine	tracheostomy	change-out	in	the	first	week	increases



misplacement	risk
B. 	Routine	tracheostomy	suctioning	should	be	done	every	4	to	6	hours
C. 	Routine	tracheostomy	tubes	changes	should	be	every	7	to	10	days
D. 	Routine	tracheostomy	tube	dressing	changes	are	not	recommended

Answers

1.	The	correct	answer	is	A.
Rationale:	 Although	 rare,	 a	 tracheoinnominate	 (TI)	 fistula	 is	 a	 highly	 fatal

complication	of	a	tracheostomy.	This	case	presents	the	classic	presentation.	It	is
within	2	to	4	weeks	of	tracheostomy	tube	placement	acute	decompensation	will
follow	this	subtle,	“herald”	bleed	that	can	be	identified	by	tracheoscopy	(choice
A	 is	correct).	While	 suction	 trauma	 from	a	catheter,	pulmonary	embolism,	and
thyroid	injury	could	all	cause	scant	hemoptysis,	a	TI	fistula	must	first	be	ruled
out	based	on	the	timing	and	its	high	mortality.	Switching	suction	catheters	or	CT
angiogram	may	be	 indicated	based	on	 findings	of	 the	 tracheoscopy	 (choices	B
and	D	are	not	the	best	answers).	Bedside	neck	dissection	is	not	indicated	(choice
C	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	While	there	continues	to	be	debate	as	to	the	benefits	of	an	early	vs.

late	 tracheostomy,	 there	 are	 some	 specific	 circumstances	 where	 an	 early
tracheostomy	has	consistently	been	shown	to	be	beneficial.	These	 include	high
spinal	cord	 injuries,	airway	burns,	neurological	 injury	with	very	 low	GCS,	and
significant	 facial	 trauma	 (choice	A,	 airway	 burns,	 is	 correct).	 A	 clear	 role	 for
early	 tracheostomy	 has	 not	 been	 established	 for	 hypoxemic	 respiratory	 failure
from	 COPD	 or	 COVID-19	 (choices	 B	 and	 C	 are	 incorrect),	 and	 it	 is	 not
indicated	after	neurological	injury	for	those	with	high	GCS	scores	(choices	D	is
incorrect).

3.	The	correct	answer	is	A.
Rationale:	 This	 question	 addresses	 common	 misconceptions	 about

tracheostomy	 tube	management.	Tracheostomy	 tubes	 should	only	be	 suctioned
as	needed	and	do	not	need	to	be	routinely	changed,	and	dressing	changes	should
occur	about	twice	a	day.	Routine	change-out	increases	misplacement	risk	(choice
A	is	correct).	If	one	does	have	to	change	a	fresh	tracheostomy	tube,	there	is	risk
of	malplacement	of	the	tracheostomy	tube	due	to	lack	of	maturing	of	the	track,
which	takes	7	to	10	days	to	mature.
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Chapter	10
Bronchoscopy
Rahul	N.	Sood,	Marie	Mullen,	Paulo	J.	Oliveira,	Richard	S.	Irwin

KEY	POINTS:
1.	 Flexible	bronchoscopy	remains	the	predominant	diagnostic	and

therapeutic	modality	for	pulmonary	endoscopy	for	a	variety	of
disease	processes	including	hemoptysis,	pulmonary	infiltrates,
foreign	body	evaluation,	and	airway	management.

2.	 Rigid	bronchoscopy	remains	an	important	endoscopic	tool
individually	and	in	combination	with	flexible	bronchoscopy,	especially
for	massive	hemoptysis,	complex	foreign	body	removal,	central
airway	disease,	and	endobronchial	prosthesis	placement.

3.	 Flexible	and	rigid	bronchoscopy	used	separately	or	in	combination
have	important	roles	for	the	diagnosis	and	management	of
hemoptysis.	Bronchoscopy	can	localize/lateralize	bleeding,	procure
a	stable	airway,	facilitate	delivery	of	hemostatic	agents,	and	enable
stabilizing	bronchial	blockade.

4.	 Routine	flexible	bronchoscopy	by	a	trained	specialist	is	extremely
safe	with	a	low	complication	rates.	Special	attention	during
bronchoscopy	should	be	taken	for	patients	with	asthma,	elevated
intracranial	pressure,	bone	marrow	and	stem	cell	recipients,	and	for
mechanically	ventilated	patients	with	ARDS.

5.	 Contraindications	to	bronchoscopy	include	lack	of	an	experienced
bronchoscopist,	inability	to	maintain	adequate	intraprocedural
oxygenation,	hemodynamic	instability,	untreated	bronchospasm,	and
high	bleeding	risk.	Rigid	bronchoscopy	should	be	avoided	for
patients	who	cannot	tolerate	general	anesthesia	and	have	limited
spinal	mobility,	unstable	cervical	spine,	or	inadequate	jaw	opening.



INTRODUCTION
1 	 2 	 Flexible	 bronchoscopy	 (FB)	 was	 first	 introduced	 in	 1968	 by	 Dr.	 Shigeto
Ikeda,	the	Japanese	physician,	who	is	regarded	as	the	“father”	of	FB.	Since	then,
further	 technological	 advances	have	 facilitated	 its	widespread	utilization	and	 it
has	evolved	into	an	invaluable	tool	for	diagnosis	and	therapy	of	a	wide	variety	of
respiratory	diseases	in	the	intensive	care	unit	(ICU).1,2	Because	of	its	safety	and
low	 complication	 rate,2	 FB	 has	 largely	 replaced	 rigid	 bronchoscopy	 as	 the
procedure	 of	 choice	 for	 most	 endoscopic	 evaluations	 of	 the	 airway	 and	 lung
parenchyma.	Rigid	bronchoscopy	still	plays	a	potential	 and	pivotal	 role	during
the	 evaluation	 and	 management	 of	 multiple	 pulmonary	 and	 airway	 disease
processes.	These	disease	entities	include	(1)	brisk,	massive	hemoptysis,	defined
broadly	 as	 200	 to	 600	mL	 per	 24	 hours;	 (2)	 extraction	 of	 foreign	 bodies;	 (3)
endobronchial	 resection	 of	 granulation	 tissue,	 often	 associated	 with	 traumatic
and/or	 prolonged	 intubation;	 (4)	 biopsy	 of	 potentially	 vascular	 tumors	 (eg,
bronchial	carcinoid),	which	may	require	control	of	brisk	and	excessive	bleeding
as	well	 as	 enhanced	 suction	 capabilities;	 (5)	 endoscopic-mechanical	 and	 laser-
based	 debridement	 of	 airway	 tumors;	 and	 (6)	 dilation	 of	 tracheobronchial
strictures	 and	 management	 of	 extrinsic	 airway	 constriction	 via	 placement	 of
airway	stents.	In	the	past	3	decades,	there	has	been	renewed	interest	in	the	use	of
rigid	 bronchoscopy	 by	 pulmonologists.	 Revitalized	 practice	 of	 this	 modality
coincides	with	the	advent	of	dedicated	endobronchial	prostheses	(airway	stents)
in	 the	 early	 1990s	 for	 the	 management	 of	 both	 malignant	 and	 benign	 central
airway	obstruction.3,4	These	advances	and	many	others	have	 fueled	 the	growth
and	 evolution	 of	 the	 field	 of	 interventional	 pulmonology	 (IP)	 including	 the
development	 of	 intensive	 training	 and	 fellowships.5,6	 Comprehensive	 IP
guidelines	 have	 been	 published	 by	 the	American	 College	 of	 Chest	 Physicians
and	 European	 Respiratory	 Society.3,7	 In	 this	 chapter,	 we	 discuss	 primarily	 the
role	of	FB	in	the	ICU	but	the	reader	is	referred	to	Chapter	182	for	the	role	of	IP
in	the	ICU.

GENERAL	CONSIDERATIONS
Because	 FB	 can	 be	 performed	 easily	 even	 for	 intubated	 patients,	 the	 same
general	 indications	 apply	 to	 critically	 ill	 patients	 on	 ventilators	 and	 non–
critically	 ill	 patients.	 Only	 the	 diagnostic	 and	 therapeutic	 indications	 most
commonly	 encountered	 in	 the	 ICU	 are	 discussed	 here.	 Where	 relevant,	 the
potential	 applications	 of	 advanced	 bronchoscopic	 diagnostic	 and	 therapeutic



interventions	in	the	ICU	setting	are	also	discussed.

COMMON	DIAGNOSTIC	INDICATIONS

Hemoptysis
3 	 Hemoptysis	 is	 one	 of	 the	 most	 common	 clinical	 problems	 for	 which
bronchoscopy	 is	 indicated.8,9	Whether	 the	patient	 complains	of	blood	 streaking
or	massive	hemoptysis,	bronchoscopy	should	be	considered	to	localize/lateralize
the	site	of	bleeding	and	possibly	diagnose	the	cause.	Localization	of	the	site	of
bleeding	is	crucial	if	temporizing	or	definitive	therapy,	such	as	surgery,	becomes
necessary.	 Bronchoscopy	 also	 serves	 as	 a	 useful	 tool	 to	 guide	 angiographic
procedures	 (bronchial	 or	 pulmonary	 artery	 embolization).	 Whenever	 patients
have	an	endotracheal	or	 tracheostomy	tube	 in	place,	hemoptysis	should	always
be	evaluated,	because	it	may	indicate	potentially	life-threatening	tracheal	injury.
Unless	 bleeding	 is	 massive,	 a	 flexible	 bronchoscope,	 rather	 than	 a	 rigid
bronchoscope,	 is	 the	 initial	 instrument	 of	 choice	 for	 evaluating	 hemoptysis.
Rigid	bronchoscopy	is	preferred	for	massive	hemoptysis	as	the	patient	is	at	risk
of	imminent	decompensation	and	death	due	to	asphyxiation.	Stabilization	of	the
patient,	 procurement	 of	 a	 secure	 airway,	 and	 timely	 communication	 with
pulmonology/IP,	 thoracic	 surgery,	 anesthesiology,	 and	 interventional	 radiology
are	of	utmost	importance.	This	coordinated,	interprofessional	effort	should	focus
on	 rapid	 transfer	 to	 the	operation	 room	suite	 for	 rigid	bronchoscopy.	The	 rigid
bronchoscope	 is	 ideal	 in	 this	 situation	 because	 it	 provides	 a	 secure	 route	 for
ventilation,	 serves	as	a	 larger	conduit	 for	adequate	suctioning,	and	can	quickly
isolate	 the	 lung	 in	 the	case	of	a	 lateralized	bleeding	source.	 In	most	situations,
once	an	adequate	airway	has	been	established	and	initial	suctioning	of	excessive
blood	 has	 been	 performed,	 the	 flexible	 bronchoscope	 can	 be	 used	 as	 a
complementary	 modality.	 FB	 performed	 through	 the	 rigid	 bronchoscope	 can
more	 accurately	 assess,	 localize,	 and	 temporize	 the	 source	 of	 bleeding	 within
and	beyond	the	main	bronchi.10

Diffuse	Parenchymal	Disease
The	clinical	setting	influences	the	choice	of	procedure.	When	diffuse	pulmonary
infiltrates	 suggest	 sarcoidosis,	 lymphangitic	 carcinomatosis,	 or	 eosinophilic
pneumonia,	 for	 example,	 transbronchial	 lung	 biopsy	 (TBLB)	 should	 be



considered	 initially	 because	 it	 has	 an	 extremely	 high	 diagnostic	 yield	 in	 these
situations.	TBLB	has	a	low	yield	for	the	definitive	diagnosis	of	most	idiopathic
interstitial	pneumonias,	inorganic	pneumoconiosis,	and	pulmonary	vasculitides.11
When	these	disorders	are	suspected,	surgical	lung	biopsy	is	considered	the	gold
standard	 and	 procedure	 of	 choice.	 The	 emerging	 technology	 of	 transbronchial
lung	 cryobiopsy	 (TBLC)	offers	 a	 potential	 bridge	between	TBLB	and	 surgical
biopsy;	 combining	 a	 less	 invasive	 strategy	with	 larger	 sample	 size.11	 Although
TBLB	 is	 usually	 not	 adequate	 for	 histological	 diagnosis	 of	 pulmonary	 fibrosis
and	acute	interstitial	pneumonia,	 it	may	provide	sufficient	 information	to	guide
therapy	in	a	critically	ill	patient	by	excluding	infection.

Ventilator-Associated	Pneumonia
Ventilator-associated	 pneumonia	 (VAP)	 is	 one	 of	 the	 most	 common	 and
impactful	 diseases	 that	 occur	 in	 critically	 ill,	mechanically	 ventilated	 patients.
Despite	ongoing	review,	VAP	diagnostic	criteria	remain	difficult	to	define.	This
contributes	 to	 the	ongoing	challenges	of	precise	epidemiology,	definitions,	 and
treatment	 recommendations.	 The	 divergence	 in	 recent	 VAP	 diagnostic
recommendations	published	by	leading	North	American	and	European	scientific
societies	reflects	this	ongoing	challenge.12-14

Previously	 published	 VAP	 guidelines	 have	 recommended	 the	 use	 of	 distal
quantitative	 cultures	 obtained	 via	 bronchoscopy.	 Quantitative	 cultures	 of
bronchoalveolar	 lavage	 (BAL)	 fluid	and	protected	specimen	brush	 (PSB),	with
thresholds	 of	 104	 colony-forming	 units	 (CFU)	 per	 mL	 and	 103	 CFU	 per	 mL,
respectively,	 were	 advised	 prior	 to	 initiation	 of	 antimicrobial	 therapy.	 The
European	guidelines	continue	to	advocate	for	quantitative	sampling	to	facilitate
and	 potentially	 narrow	 antimicrobial	 therapy.	 North	 American	 guidelines
propose	noninvasive	semiquantitative	cultures	to	assist	in	the	diagnosis	of	VAP.
If	 invasive	 quantitative	 cultures	 are	 used,	 North	 American	 guidelines
recommend	using	the	previously	established	thresholds	of	104	CFU	per	mL	for
BAL	and	103	CFU	per	mL	for	PSB.12,13	For	a	brief	description	of	how	to	perform
BAL	 and	 obtain	 PSB	 cultures,	 see	 the	 “Procedure”	 section,	 given	 later	 in	 the
chapter.

For	BAL,	a	recent	meta-analysis	and	systematic	review	reported	a	diagnostic
sensitivity	 of	 71.1%	 and	 a	 specificity	 of	 79.6%	 for	VAP,	 indicating	 that	 BAL
cultures	have	poor	predictive	value.15	An	analysis	in	the	same	study	showed	PSB
cultures	 with	 a	 sensitivity	 of	 61.4%	 and	 a	 specificity	 of	 76.5%.	 A	 Cochrane
database	 review	 of	 quantitative	 culture	 utility	 combining	 five	 randomized
controlled	 trials	 showed	 no	 improvement	 of	mortality,	 duration	 of	 mechanical



ventilation,	or	length	of	ICU	stay.16	Based	on	these	findings	in	combination	with
the	most	 recent	North	American	VAP	guidelines,	 routine	 use	 of	 bronchoscopy
over	 semiquantitative	 endotracheal	 suctioning	 cultures	 in	 immunocompetent
adults	with	suspected	VAP	cannot	be	recommended.

Pulmonary	Infiltrates	in	Immunocompromised	Patients
When	 an	 infectious	 process	 is	 suspected,	 the	 diagnostic	 yield	 depends	 on	 the
organism	 and	 the	 immune	 status	 of	 the	 patient.	Numerous	 investigations	 have
examined	the	utility	of	bronchoscopy	in	immunocompromised	patients.	Review
of	 these	 investigations	 has	 found	 that	 the	 diagnostic	 yield	 of	 BAL	 ranges
between	26%	and	69%	with	an	average	yield	of	51%.	Results	of	BAL	have	been
reported	 to	 change	 treatment	 in	 11%	 to	 84%	 of	 patients.17	 In	 one	 prospective
trial,18	BAL	produced	a	33%	yield	with	a	positive	 treatment	 impact	 in	38%	of
immunocompromised	patients.	Although	it	is	difficult	to	distinguish	respiratory
decompensation	caused	by	bronchoscopy	from	the	natural	history	of	the	patients’
underlying	 disease,	 the	 same	 study	 found	 that	 15.7%	 of	 patients	 developed
deterioration	 in	 respiratory	 status	 after	 bronchoscopy	 and	 were	 intubated.
Postbronchoscopy	 mechanical	 ventilation	 rates	 as	 high	 as	 30%	 have	 been
reported	 for	 hematopoietic	 stem	 cell	 transplant	 patients.19	 Because	 of	 these
concerns,	novel	approaches	to	FB	have	been	used	for	such	patients	including	the
utilization	 of	 noninvasive	 positive	 pressure	 ventilation	 or	 high	 flow	 nasal
cannula	during	the	procedure.20

TBLB	combined	with	BAL	has	variable	yield	and	impact	based	on	disease.	In
solid	organ	transplant	patients,	BAL	in	combination	with	TBLB	had	a	diagnostic
yield	of	57.5%	as	opposed	 to	a	 rate	of	27.2%	with	BAL	alone.19	Patients	with
hematologic	 immunodeficiency	 need	 thoughtful	 consideration	 regarding
bronchoscopy	 and	 TBLB.	 TBLB	 can	 increase	 yield	 but	 with	 a	 higher
complication	 rate.	 Bronchoscopy	 in	 a	 large	 series	 of	 suspected	 hematologic
malignancy	patients	with	acute	respiratory	failure	showed	a	diagnostic	yield	of
27%	 with	 a	 higher	 risk	 of	 progression	 of	 respiratory	 failure	 and	 mortality.19
TBLB	for	stem	cell	transplant	patients	was	reported	to	have	changed	steroid	use
without	 impacting	overall	 care.19	 Patients	with	 human	 immunodeficiency	 virus
(HIV)	infection	likely	benefit	from	TBLB	in	combination	with	BAL.	BAL	has	a
reported	 diagnostic	 yield	 for	 infectious	 etiologies	 in	 HIV	 patients	 (including
Pneumocystis	jirovecii	pneumonia)	of	up	to	96%	to	98%.19	A	recent	retrospective
study	showed	a	lower	diagnostic	yield	of	62.1%	with	BAL	alone	as	opposed	to
78.8%	with	TBLB.21	In	particular,	TBLB	augmented	the	diagnosis	of	fungal	and
mycobacterial	 infections	among	HIV-positive	patients	with	a	 low	complication



rate.21	 The	 use	 of	 serum-based	 markers	 such	 as	 β-(1,3)-D	 glucan	 and
galactomannan	 may	 augment	 diagnosis	 and	 therapy22	 when	 P.	 jirovecii	 and
Aspergillus	infections	are	considered.

Acute	Inhalational	Injury
For	 patients	 suffering	 from	 smoke	 inhalation,	 flexible	 nasopharyngoscopy,
laryngoscopy,	and	bronchoscopy	are	indicated	to	identify	the	anatomic	level	and
severity	of	injury.	Bronchoscopy	additionally	facilitates	pulmonary	clearance	of
developing	 airway	 casts	 and	 debris	 as	 well	 as	 BAL	 analysis	 for	 directed
antimicrobial	treatment	in	patients	who	develop	pneumonia.	Bronchoscopy	may
also	 assist	 airway	 management.	 Early	 intubation	 should	 be	 considered	 when
upper	 airway	 mucosal	 injury	 is	 noted.	 Upper	 airway	 obstruction	 is	 a	 life-
threatening	 problem	 that	 usually	 develops	 during	 the	 initial	 24	 hours	 after
inhalation	 injury.	 It	 correlates	 significantly	 with	 increased	 size	 of	 cutaneous
burns,	burns	of	the	face	and	neck,	and	rapid	intravenous	fluid	administration	and
portends	a	greater	mortality.23,24

Blunt	Chest	Trauma
Patients	 may	 present	 with	 atelectasis,	 pulmonary	 contusion,	 hemothorax,
pneumothorax,	 pneumomediastinum,	 or	 hemoptysis.	 Bronchoscopic	 evaluation
of	trauma	patients	has	shown	a	reported	diagnostic	yield	of	53%.	Findings	may
include	 tracheal	 or	 bronchial	 laceration	 or	 transection,	 aspirated	 material,
supraglottic	 tear	 with	 glottic	 obstruction,	 mucus	 plugging,	 and	 distal
hemorrhage.25	 FB	 is	 integral	 for	 the	 diagnosis	 and	 localization	 of
tracheobronchial	 injury	 which	may	 be	 elusive	 despite	 imaging.	 Bronchoscopy
can	facilitate	intubation	of	tracheobronchial	injury	patients.	FB	may	also	enable
bronchial	blocker	placement	for	cases	of	distal	airway	injury.26

Postresectional	Surgery	and	Lung	Transplantation
FB	 remains	 an	 important	 diagnostic	 modality	 for	 postresection	 and	 lung
transplant	patients.	FB	can	identify	a	disrupted	suture	line	causing	bleeding	and
pneumothorax	 following	 surgery	 and	an	exposed	endobronchial	 suture	 causing
refractory	 cough.	 Following	 pneumonectomy,	 FB	 can	 identify	 the	 location	 of
dehiscence	 and	 the	 subsequent	 bronchopleural	 fistula	 (BPF)	 can	 be	 identified
visually	via	FB	of	the	stump	site.	BPF	identification	is	more	difficult	for	cases	of



acute	 respiratory	distress	syndrome	(ARDS)	or	necrotizing	pneumonia.	FB	can
identify	 lung	 transplant	 airway	 complications	 such	 as	 anastomotic	 stenosis,
anastomotic	 dehiscence,	 generation	 of	 excess	 granulation	 tissue,
bronchomalacia,	 airway	 fistulas,	 and	 associated	 infections.	 FB	 in	 combination
with	 TBLB	 and/or	 BAL	 serves	 as	 a	 significant	 tool	 for	 the	 evaluation	 of
infection	 and	 rejection	 in	 lung	 transplant	 recipients.	 Surveillance	 FB	 of
asymptomatic	 lung	 transplant	 patients	 is	 currently	 undergoing	 review	 in	 the
transplant	 community	 but	 continues	 to	 show	 a	 direct	 impact	 on	 care	 and
management.27-29

Assessment	of	Intubation-Related	Injury
When	 an	 endotracheal	 tube	 of	 the	 proper	 size	 is	 in	 place,	 the	 balloon	 can	 be
routinely	 deflated,	 and	 the	 tube	withdrawn	 over	 the	 bronchoscope	 to	 look	 for
upper	airway	injury.	The	technique	involves	withdrawing	the	tube	up	through	the
vocal	cords	and	over	the	flexible	bronchoscope	to	assess	glottic	and	supraglottic
damage.	 This	 technique	 may	 be	 useful	 after	 reintubation	 for	 stridor,	 or	 when
deflation	of	 the	 endotracheal	 tube	 cuff	 does	not	 produce	 a	 significant	 air	 leak,
suggesting	 the	 potential	 for	 life-threatening	 upper	 airway	 obstruction	 prior	 to
extubation.	 Endotracheal	 intubation	 has	 a	 very	 low	 (less	 than	 0.5%)	 but
associated	risk	with	iatrogenic	tracheobronchial	injury.	FB	may	readily	identify
emergent	 and	 urgent	 mechanical	 problems	 such	 as	 tracheal	 tears	 or	 rupture,
increased	 airway	 granulation	 tissue	 leading	 to	 airway	 obstruction,	 tracheal
stenosis	 at	 pressure	 points	 along	 the	 artificial	 airway-tracheal	 interface,	 and
tracheobronchomalacia.30

THERAPEUTIC	INDICATIONS

Atelectasis
Bronchoscopy	has	a	success	rate	of	up	to	89%	in	cases	of	lobar	atelectasis,	but
only	 produced	 clinical	 improvement	 in	 44%	 of	 patients	 when	 performed	 for
retained	 secretions.31	 Two	 randomized	 trials	 found	 no	 advantage	 of
bronchoscopy	over	a	very	aggressive	 regimen	of	 frequent	 chest	physiotherapy,
recruitment	 maneuvers,	 saline	 nebulization,	 and	 postural	 drainage.32,33	 These
studies	also	found	that	 the	presence	of	air	bronchograms	on	 the	 initial	chest	x-
ray	predicted	relative	failure	of	either	 intervention	 to	 resolve	 the	atelectasis.	 In



cases	 of	 complete	 lobar	 collapse,	 a	 bronchoscope	 with	 the	 largest
suction/working	channel	diameter	available	(3-3.2	mm	working	channel)	should
be	used.

Foreign	Bodies
Although	the	rigid	bronchoscope	is	considered	by	many	to	be	the	instrument	of
choice	 for	 removing	 foreign	 bodies,	 especially	 for	 the	 pediatric	 population,
devices	with	which	to	grasp	objects	have	been	created	and	are	available	for	use
with	the	flexible	bronchoscope.	A	recent	systematic	review	of	the	adult	literature
showed	 that	 FB	 has	 a	 high	 success	 rate	 (92%)	 in	 removal	 of	 inhaled	 foreign
bodies.34	 The	 success	 of	 FB	 for	 foreign	 body	 removal	 can	 be	 enhanced	 by
rigorous	 preprocedural	 preparation,	 assuring	 the	 availability	 of	 appropriate
ancillary	 grasping	 equipment,	 practicing	 a	 “dry	 run,”	 and	 ensuring	 that	 a
bronchoscopist	with	 experience	 in	 foreign	body	 removal	 is	 involved.	 It	 is	 also
important	 to	 have	 an	 appreciation	 of	 situations	 for	 which	 rigid	 bronchoscopy
with	 added	 ancillary	 interventions,	 such	 as	 laser	 therapy	 or	 cryotherapy,	 that
might	 be	 useful	 (eg,	 an	 embedded	 foreign	 body	 with	 significant	 granulation
tissue	reaction	at	risk	of	bleeding).35

Endotracheal	Intubation
Intubation	 under	 endoscopic	 visualization	 may	 be	 planned	 for	 cases	 of	 a
suspected	difficult	airway	that	cannot	be	easily	intubated	or	properly	ventilated
using	 the	 flexible	 bronchoscope	 as	 an	 obturator	 for	 tube	 passage.36	 The
bronchoscope	of	choice	should	be	one	with	an	outer	diameter	of	5.7	mm	or	more
because	 thinner,	 more	 flexible	 scopes	 lack	 the	 stiffness	 and	 enhanced
maneuverability	needed	for	successful	intubation.

Hemoptysis
On	 rare	 occasions	 when	 brisk	 bleeding	 threatens	 asphyxiation,	 endobronchial
tamponade	may	stabilize	the	patient	before	definitive	therapy	is	performed.	With
the	 use	 of	 the	 flexible	 bronchoscope,	 usually	 passed	 through	 a	 rigid
bronchoscope	or	endotracheal	 tube,	a	Fogarty	catheter	with	a	balloon	is	passed
into	the	bleeding	lobar	orifice.	When	the	balloon	is	inflated	and	wedged	tightly,
the	patient	may	be	transferred	for	surgery	or	angiography	with	arteriography	and
bronchial	 artery	 embolization.37	 Other	 bronchial	 blocking	 and	 lung	 separation



techniques	 have	 been	 described	 and	 reviewed	 in	 the	 literature.38	 More	 simple
techniques	that	take	advantage	of	the	flexible	bronchoscope’s	ability	to	act	as	a
stylet	for	a	single-lumen	endotracheal	tube	can	be	used	to	isolate	one	lung.	One
can	use	 the	bronchoscope	 to	preferentially	 intubate	 the	 right	main	or	 left	main
bronchus	 in	 an	 emergent	 situation.	Hemostasis	may	 also	be	 achieved	by	using
FB	 to	 instill	 tranexamic	 acid,	 iced	 saline	 lavage	 or	 apply	 topical	 epinephrine
(1:20,000)	 to	 decrease	 the	 bleeding.39	 In	 the	 case	 of	 a	 visibly	 bleeding
endobronchial	 tumor,	 hemostasis	 can	 be	 attained	 with	 laser	 photocoagulation
(Nd-YAG	laser),	electrocautery,	or	argon	plasma	coagulation.

Central	Obstructing	Airway	Lesions
Some	 patients	 with	 cancer	 and	 others	 with	 benign	 lesions	 that	 obstruct	 the
larynx,	 trachea,	 and	 major	 bronchi	 can	 be	 treated	 by	 electrocautery,	 laser
photoresection,	argon	plasma	coagulation,	cryotherapy,	or	photodynamic	therapy
applied	 through	 the	 bronchoscope	 (rigid	 or	 flexible).40,41	 Metallic	 or	 silicone
endobronchial	stents	can	be	placed	bronchoscopically	to	relieve	stenosis	of	large
central	 airways.	 Adequate	 insertion	 of	 stents	 and	 relief	 of	 stenosis	 (especially
due	to	extrinsic	compression)	is	typically	accompanied	by	dilation	of	the	airway
via	 rigid	 bronchoscopy	 or	 with	 balloon	 dilation	 applied	 with	 the	 aid	 of	 FB.
Several	issues	regarding	airway	stents	should	be	noted:	silicone	stents	can	only
be	 placed	 via	 rigid	 bronchoscopy	 and	 metallic	 stents	 should	 generally	 not	 be
used	in	the	setting	of	a	nonmalignant	central	airway	obstruction	because	they	are
associated	 with	 excessive	 growth	 of	 granulation	 tissue	 with	 subsequent
worsening	 of	 airway	 obstruction	 and	 can	 be	 very	 challenging	 to	 remove	 once
this	 complication	 occurs.42	 The	 primary	 goal	 of	 the	 interventions	 described
earlier	for	the	management	of	malignant	central	airway	obstruction	is	palliative.
In	many	 instances,	 these	 procedures	 also	 facilitate	 liberation	 from	mechanical
ventilation	and	liberation	from	the	ICU.43

Percutaneous	Dilatational	Tracheostomy
Flexible	 bronchoscopic	 guidance	 is	 extremely	 helpful	 during	 bedside
percutaneous	 tracheostomy.44,45	 Please	 see	 Chapter	 9	 that	 comprehensively
covers	this	topic.

COMPLICATIONS



When	performed	by	a	trained	specialist,	routine	FB	is	extremely	safe.2	The	rare
deaths	 have	 been	 due	 to	 excessive	 premedication	 or	 topical	 anesthesia,
respiratory	arrest	from	hemorrhage,	laryngospasm	or	bronchospasm,	and	cardiac
arrest	 from	 acute	 myocardial	 infarction.46	 Nonfatal	 complications	 occurring
within	24	hours	of	the	procedure	include	fever	that	is	usually	cytokine	mediated
(1.2%-24%),	pneumonia	(0.6%-6%),	vasovagal	reactions	(2.4%),	 laryngospasm
or	bronchospasm	(0.1%-0.4%),	cardiac	arrhythmias	 (0.9%-4%),	pneumothorax,
anesthesia-related	 problems	 (0.1%),	 and	 aphonia	 (0.1%).47	Most	 investigations
have	 found	 that	 the	 incidence	 of	 bacteremia	 after	 transoral	 FB	 is	 very	 low
(0.7%).48	Current	guidelines	by	the	American	Heart	Association	for	respiratory
tract	 procedures	 recommend	 prophylactic	 antibiotics	 only	 when	 incision	 or
biopsy	 of	 the	 respiratory	 tract	 mucosa	 is	 anticipated.	 Prophylaxis	 is	 further
restricted	 to	 patients	with	 high-risk	 cardiac	 conditions	 (prosthetic	 valves,	 prior
history	 of	 infective	 endocarditis,	 congenital	 heart	 disease,	 and	 cardiac
transplantation	with	valvulopathy)	only	and	no	distinction	is	made	between	rigid
bronchoscopy	and	FB.49

4 	 Although	 routine	 bronchoscopy	 is	 extremely	 safe,	 critically	 ill	 patients
appear	to	be	at	higher	risk	for	complications.	Patients	with	asthma	are	prone	to
develop	laryngospasm	and	bronchospasm.	Bone	marrow	and	stem	cell	transplant
recipients	 are	 more	 likely	 to	 develop	 major	 bleeding	 during	 bronchoscopy
(0%-14%),50	 particularly	 if	 PSB	 or	 TBLB	 is	 performed	 (7%-14%	vs	 1.5%	 for
BAL	 alone).	 A	 prospective	 cohort	 study	 showed	 that	 clopidogrel	 use	 greatly
increases	the	risk	of	bleeding	after	TBLB	and	therefore	should	be	discontinued
7	days	before	bronchoscopy	with	biopsies.51	Among	critically	 ill,	mechanically
ventilated	 patents,	 bronchoscopy	 causes	 a	 transient	 decrease	 in	 PaO2	 (partial
arterial	oxygen	pressure)	of	approximately	25%,52	 and	TBLB	 is	more	 likely	 to
result	 in	pneumothorax	(7%-23%),	particularly	among	patients	with	ARDS	(up
to	36%).53

CONTRAINDICATIONS
5 	 Bronchoscopy	 should	 not	 be	 performed	 (1)	 unless	 an	 experienced
bronchoscopist	is	available,	(2)	when	the	patient	will	not	or	cannot	cooperate,	(3)
when	 adequate	 oxygenation	 cannot	 be	maintained	during	 the	procedure,	 (4)	 in
unstable	 cardiac	 patients,54	 and	 (5)	 in	 untreated	 symptomatic	 patients	 with
asthma.55	British	Thoracic	Society	(BTS)	guidelines	recommend	a	platelet	count
of	at	 least	20,000	per	μL	for	FB	with	BAL,	but	 to	liaison	with	the	hematology
team	if	TBLB	is	considered.1	Other	considerations	include	patients	with	uremia



and	lung	transplantation,	who	are	also	at	a	higher	risk	of	bleeding	with	TBLB.1
For	 patients	 with	 recent	 cardiac	 ischemia,	 the	 major	 complication	 rate	 is	 low
(3%-5%)	 and	 is	 similar	 to	 that	 of	 other	 critically	 ill	 populations.56	 The	 major
contraindications	 to	 rigid	 bronchoscopy	 include	 inability	 to	 tolerate	 general
anesthesia,	an	unstable	cervical	spine,	limited	range	of	motion	of	the	spine,	any
condition	 that	 inhibits	 opening	 of	 the	 jaw,	 and	 an	 inexperienced	 operator	 and
staff.3

Consideration	 of	 bronchoscopy	 for	 neurological	 and	 neurosurgical	 patients
requires	attention	 to	 the	effects	of	bronchoscopy	on	 intracranial	pressure	 (ICP)
and	 cerebral	 perfusion	 pressure	 (CPP).	 For	 patients	 with	 head	 trauma,
bronchoscopy	causes	the	ICP	to	increase	by	at	least	50%	in	88%	of	patients	and
by	 at	 least	 100%	 in	 69%	 of	 patients	 despite	 the	 use	 of	 deep	 sedation	 and
paralysis.57	 Because	 mean	 arterial	 pressure	 tends	 to	 rise	 in	 parallel	 with	 ICP,
there	is	often	no	change	in	CPP.	A	retrospective	cohort	study	showed	no	increase
of	 neurological	 or	 sedation-specific	 complications	 among	 patients	 with
malignant	 space	 occupying	 brain	 lesions	 undergoing	 flexible	 or	 rigid
bronchoscopy.58	For	such	patients,	the	procedure	should	be	accompanied	by	deep
sedation	and	paralysis.	Caution	is	warranted	for	patients	with	markedly	elevated
baseline	ICP	or	with	borderline	CPP.

PROCEDURE
For	 nonintubated	 patients,	 FB	 can	 be	 performed	 by	 the	 transnasal	 or	 transoral
route	 with	 a	 bite	 block.	 There	 has	 also	 been	 a	 recent	 interest	 in	 performing
noninvasive	 ventilation-assisted	 FB	 via	 face	 mask,	 first	 described	 in	 eight
immunocompromised	 patients	 with	 infiltrates	 and	 severe	 hypoxemia
(PaO2/FiO2	<	100).59	The	procedure	was	well	tolerated	with	either	maintenance
of	or	an	improvement	of	oxygenation	noted	throughout,	and	none	of	the	patients
required	 intubation.	 Since	 then,	 multiple	 small	 randomized	 controlled	 trials
using	 similar	 applications	 of	 noninvasive	 ventilation	 during	 bronchoscopy	 for
more	 diverse	 patient	 populations	 including	 patients	 with	 severe	 hypoxemia
(PaO2/FiO2	<	200)	have	been	described	with	similar	outcomes.20	Thus,	it	appears
that	 this	 technique,	 augmented	 by	 BAL,	 appears	 to	 be	 a	 safe,	 effective,	 and
viable	 option	 for	 obtaining	 an	 early	 and	 accurate	 diagnosis	 of	 pneumonia	 in
nonintubated,	 otherwise	marginally	 stable,	 patients	 with	 severe	 hypoxemia.	 In
intubated	and	mechanically	ventilated	patients,	the	flexible	bronchoscope	can	be
passed	into	the	tube	through	a	swivel	adapter	with	a	rubber	diaphragm	that	will
prevent	loss	of	the	delivered	respiratory	gases.	To	prevent	dramatic	increases	of



airway	 resistance	 and	 an	 unacceptable	 loss	 of	 tidal	 volume,	 the	 lumen	 of	 the
endotracheal	tube	should	be	at	least	2	mm	larger	than	the	outer	diameter	of	the
bronchoscope.60	 Thus,	 FB	 with	 an	 average	 adult-sized	 instrument	 (outside
diameter	of	scope	4.8-6.0	mm)	can	be	performed	for	a	ventilated	patient	when
there	is	an	endotracheal	tube	in	place	that	is	8	mm	or	larger	in	internal	diameter.
When	the	endotracheal	tube	is	smaller,	a	slim	or	ultrathin	bronchoscope	(outside
diameter	4.2	mm	or	less)	should	be	used.

Premedication
Topical	 anesthesia	 may	 be	 achieved	 using	 nebulized	 lidocaine	 with	 lidocaine
jelly	as	a	lubricant	and	by	instilling	approximately	3	mL	of	1%	or	2%	lidocaine
at	 the	 main	 carina	 and,	 when	 needed,	 into	 the	 lower	 airways.	 Lidocaine	 is
absorbed	 through	 the	mucus	membranes,	producing	peak	serum	concentrations
that	 are	 nearly	 as	 high	 as	 that	 when	 the	 equivalent	 dose	 is	 administered
intravenously,	 although	 toxicity	 is	 rare	 if	 the	 total	 dose	 does	 not	 exceed	 6	 to
7	mg/kg.	In	2000,	a	study	performed	in	otherwise	healthy	patients	with	asthma
demonstrated	 the	 safety	 of	 topical	 lidocaine	 doses	 up	 to	 8.2	 mg/kg	 in	 this
population61	and	subsequently	led	to	this	upper	limit	being	recommended	by	the
BTS	in	their	guidelines	for	diagnostic	FB.62	A	randomized	control	 trial	showed
1%	 lidocaine	 solution	 to	 be	 as	 effective	 as	 the	 2%	 solution	 for	 achieving
adequate	 topical	 anesthesia,	 at	 significantly	 lower	 cumulative	 doses.63	 For
patients	with	hepatic	or	cardiac	insufficiency,	lidocaine	clearance	is	reduced,	and
the	dose	 should	be	decreased	 to	 a	maximum	of	4	 to	5	mg/kg.64	Administering
nebulized	 lidocaine	 prior	 to	 the	 procedure	 substantially	 increases	 the	 total
lidocaine	dose	without	improving	cough	or	patient	comfort.65	Moderate	sedation
with	 incremental	doses	of	midazolam,	 titrated	 to	produce	 light	 sleep,	produces
amnesia	for	more	than	95%	of	patients,	but	adequate	sedation	may	require	a	total
of	greater	than	20	mg	for	some	patients.66	Cough	suppression	is	more	effective
when	 narcotics	 are	 added	 to	 benzodiazepine	 premedication	 regimens.67
Premedication	with	 intravenous	 anticholinergics	 has	 not	 been	 found	 to	 reduce
secretions,	decrease	coughing,	or	prevent	bradycardia,	 and	has	been	associated
with	 greater	 hemodynamic	 fluctuations	 when	 compared	 to	 placebo.68	 More
recently,	a	double	blinded	prospective	study	showed	that	a	sedative	regimen	of
dexmedetomidine	 and	 propofol	 was	 associated	 with	 fewer	 episodes	 of
desaturation	 when	 compared	 to	 remifentanil	 and	 propofol	 for	 patients
undergoing	FB,	though	it	was	associated	with	longer	recovery	times	and	slightly
worse	bronchoscopist	satisfaction	scores.69



Mechanical	Ventilation
Maintaining	 adequate	 oxygenation	 and	 ventilation	 while	 preventing	 breath
stacking	and	positive	end	expiratory	pressure	 (auto-PEEP)	may	be	challenging
when	 insertion	 of	 the	 bronchoscope	 reduces	 the	 effective	 lumen	 of	 the
endotracheal	tube	by	more	than	50%.	Auto-PEEP	caused	by	standard	scopes	and
tubes	will	approach	20	cm	H2O	with	the	potential	for	volutrauma.	The	inspired
oxygen	 concentration	must	 be	 temporarily	 increased	 to	 100%	 prior	 to	 starting
the	procedure.	Expired	volumes	 should	be	 constantly	monitored	 to	 ensure	 that
they	are	adequate.70	Meeting	 these	ventilatory	goals	may	require	 increasing	 the
high-pressure	limit	during	volume-cycled	ventilation	to	near	its	maximal	value,
allowing	 the	 ventilator	 to	 overcome	 the	 added	 resistance	 caused	 by	 the
bronchoscope.	Although	 this	 increases	 the	measured	peak	 airway	pressure,	 the
alveolar	 pressure	 is	 not	 likely	 to	 change	 significantly	 because	 the	 lung	 is
protected	 by	 the	 resistance	 of	 the	 bronchoscope.	 Alternatively,	 decreasing	 the
inspiratory	 flow	 rate	 in	 an	 attempt	 to	 decrease	 measured	 peak	 pressures	 may
paradoxically	increase	alveolar	pressures	by	decreasing	expiratory	time	and	thus
increasing	 auto-PEEP.	 Suctioning	 should	 be	 kept	 to	 a	minimum	 and	 for	 short
periods	of	 time	because	 it	will	 decrease	 the	 tidal	 volumes	being	delivered	 and
may	lead	to	derecruitment	and	associated	hypoxemia.

Quantitative	Cultures
BAL	is	performed	by	advancing	the	bronchoscope	until	the	tip	wedges	tightly	in
a	distal	bronchus	in	the	area	of	greatest	clinical	interest.	If	the	disease	process	is
diffuse,	perform	the	procedure	 in	 the	right	middle	 lobe	because	 this	 is	 the	area
from	which	the	largest	returns	are	most	consistently	obtained.	Three	aliquots	of
saline,	 typically	 35	 to	 50	 mL,	 are	 then	 instilled	 and	 withdrawn;	 in	 some
protocols,	 the	 first	 aliquot	 is	 discarded	 to	 prevent	 contamination	 with	 more
proximal	secretions.	A	total	instilled	volume	of	100	mL	with	at	least	5%	to	10%
retrieved	constitutes	an	adequate	specimen.71	PSB	may	be	performed	through	a
bronchoscope	by	advancing	the	plugged	catheter	assembly	until	it	projects	from
the	bronchoscope.	When	the	area	of	 interest	 is	 reached	(eg,	purulent	secretions
can	 be	 seen),	 the	 distal	 plug	 is	 ejected,	 and	 the	 brush	 is	 then	 fully	 advanced
beyond	the	protective	sheath.	After	the	specimen	is	obtained,	the	brush	is	pulled
back	 into	 the	 sheath	 and	only	 then	 is	 the	 catheter	 assembly	 removed	 from	 the
bronchoscope.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Regarding	bronchoscopy	and	pulmonary	infiltrates,	which	of	the
following	is	true?

A. 	The	current	North	American	VAP	(Ventilator-associated	pneumonia)
guidelines	recommend	quantitative	cultures	of	bronchoalveolar	lavage
(BAL)	fluid	and	protected	specimen	brush	(PSB),	with	thresholds	of
104	colony-forming	units	(CFU)	per	mL	and	103	CFU	per	mL,	respectively
as	the	gold	standard	for	VAP	diagnosis.
B. 	Bronchoscopy	and	BAL	for	patients	with	hematologic	malignancy
and	for	patients	with	HIV	have	a	high	diagnostic	yield	and	low
complication	rate.
C. 	Bronchoscopy	with	BAL	and	TBLB	(Transbronchial	lung	biopsy)
combined	can	increase	diagnostic	yield	for	HIV	patients	with	a	low
complication	rate.
D. 	Bronchoscopy	and	BAL	in	patients	with	inhalation	injury	is
contraindicated	and	can	exacerbate	respiratory	failure.

2. 	The	following	are	correct	regarding	hemoptysis	and	bronchoscopy
EXCEPT:

A. 	For	massive	hemoptysis,	stabilization	of	the	patient,	procurement	of
a	secure	airway,	and	timely	communication	with	pulmonology/IP,	thoracic
surgery,	anesthesiology,	and	interventional	radiology	are	important
elements	of	care.
B. 	Flexible	bronchoscopy	can	be	used	in	conjunction	with	rigid
bronchoscopy	to	facilitate	assessment,	localization,	and	temporization	of
the	source	of	bleeding	beyond	the	main	bronchi.
C. 	Flexible	bronchoscopy	can	localize	bleeding	and	facilitate
endobronchial	blockade.
D. 	Rigid	bronchoscopy	is	the	preferred	modality	for	all	cases	of
hemoptysis,	as	it	offers	maximal	airway	protection.

3. 	In	which	of	the	following	patients	would	the	planned	bronchoscopic
procedure	not	be	recommended?



A. 	55-year-old	man	with	intermittent	hemoptysis	on	clopidogrel	with
planned	flexible	bronchoscopy	for	evaluation.	No	biopsy	planned.
Clopidogrel	has	been	held	for	8	days.	Platelet	count	of	25,000	per	μL.
B. 	42-year-old	woman	with	asthma	and	suspected	sarcoidosis.	Planned
flexible	bronchoscopy	with	TBLB.	Patient	is	compliant	with	bronchodilator
therapy	without	evidence	of	acute	exacerbation.
C. 	32-year-old	man	with	ARDS	from	near	drowning	and	suspected
VAP.	Oxygen	saturation	of	88%	on	PEEP	of	24	and	FiO2	100%.	Flexible
bronchoscopy	and	BAL	planned.
D. 	All	of	the	above	are	recommended.

Answers

1.	The	correct	answer	is	C.
Rationale:	 Bronchoscopy	 in	 combination	 with	 BAL	 and	 TBLB	 for	 HIV-

positive	 patients	 has	 a	 higher	 diagnostic	 yield	 than	 BAL	 alone	 especially	 for
pulmonary	 infiltrates	 suspicious	 for	 an	 infectious	 etiology.	 Complication	 rates
remain	low.	Choice	A	is	incorrect	as	current	North	American	guidelines	support
a	noninvasive	semiquantitative	analysis	of	infiltrates	associated	with	a	suspected
VAP.	 Choice	 B	 is	 incorrect	 as	 bronchoscopy	 for	 patients	 with	 hematologic
malignancy	has	been	associated	with	a	higher	risk	of	progression	of	respiratory
failure.	Choice	D	is	incorrect	as	bronchoscopy	and	BAL	in	inhalation	injury	may
facilitate	directed	microbial	therapy.
2.	The	correct	(false)	answer	is	D.

Rationale:	All	 other	 statements	 are	 true.	 Flexible	 bronchoscopy	 is	 typically
favored	for	hemoptysis	evaluation	except	in	cases	of	massive	hemoptysis	where
rigid	bronchoscopy	would	be	the	modality	of	choice.	Flexible	bronchoscopy	can
be	performed	through	an	endotracheal	tube	and	can	facilitate	endotracheal	tube
placement	 in	 hemoptysis	 cases	 as	 well	 (C	 is	 true).	 Massive	 hemoptysis	 does
require	 airway	 stabilization	 and	 thoughtful	 coordination	 of	 care	 (A	 is	 true).
Flexible	 bronchoscopy	 is	 a	 facile	 adjunct	 to	 rigid	 bronchoscopy	 regarding
management	of	more	distal	bleeding	bronchial	sites	(B	is	true).

3.	The	correct	answer	is	C.
Rationale:	The	bronchoscopy	procedure	for	 the	patient	 in	scenario	A	can	be

recommended	because	he	has	held	clopidogrel	for	over	7	days,	his	platelet	count
is	 above	 20,000,	 and	 biopsy	 is	 not	 planned.	 The	 procedure	 for	 the	 patient	 in
scenario	B	can	be	recommended	because	she	does	not	have	active	bronchospasm



which	would	be	a	relative	contraindication	to	bronchoscopy.	The	procedure	for
the	patient	in	scenario	C	is	not	recommended	because	he	has	unstable	ventilator
settings	indicating	high	potential	to	decompensate.
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Chapter	11
Lung	Ultrasonography
Fiore	Mastroianni,	Andrew	G.	Weber,	Paul	H.	Mayo

KEY	POINTS:
1.	 Lung	ultrasonography	is	useful	for	identifying	the	etiology	of

respiratory	failure	in	critically	ill	patients.
2.	 Characteristic	findings	of	lung	ultrasonography	include	lung	sliding,

lung	pulse,	A-lines,	B-lines,	consolidation,	and	pleural	effusion.
3.	 Lung	ultrasound	may	be	used	for	procedural	guidance	and	to

monitor	dynamic	changes	during	mechanical	ventilation.
4.	 Lung	ultrasound	can	be	useful	in	the	evaluation	of	COVID-19

patients	and	can	potentially	help	guide	management.

INTRODUCTION
Dr.	Daniel	Lichtenstein	defined	the	key	elements	of	lung	ultrasonography	(LUS)
with	the	publication	of	a	series	of	landmark	articles	that	described	the	important
features	and	the	standard	semiology	of	 the	field.1-3	Based	on	his	original	work,
there	have	been	numerous	subsequent	studies	from	other	groups	that	have	served
to	 further	validate	 and	define	 the	 clinical	 applications	of	LUS.	LUS	 is	 easy	 to
learn,	 simple	 to	perform,	and	has	 strong	utility	 for	critical	care	particularly	 for
the	evaluation	of	respiratory	failure.

BASIC	PRINCIPLES	OF	LUS
1 	 Air-filled	 lung	 at	 the	 pleural	 surface	 prevents	 visualization	 of	 normal	 lung
parenchyma	due	 to	 reflection	of	ultrasound	at	 the	 interface	of	 the	aerated	 lung
and	overlying	chest	wall.	However,	LUS	is	useful	for	determining	the	etiology



and	 response	 to	 treatment	 in	 critically	 ill	 patients	 with	 respiratory	 failure	 as
nearly	all	relevant	lung	pathology	will	be	visible	with	LUS.1,4

MACHINE	REQUIREMENTS
LUS	 can	 be	 performed	with	 a	wide	 variety	 of	 ultrasonography	machines	with
two-dimensional	 scanning	 capability.	 A	 3.5	 to	 5.0	 MHz	 phased	 array	 or
curvilinear	 probe	 can	 be	 used	 to	 examine	 the	 pleura	 and	 deeper	 structures.
Higher-frequency	 (7.5-10	 MHz)	 linear	 probes	 work	 well	 for	 identification	 of
lung	sliding	and	detailed	characterization	of	the	pleura.5,6

PERFORMANCE	OF	LUS
By	convention,	the	transducer	is	held	like	a	pen	in	a	longitudinal	scanning	plane,
perpendicular	 to	 the	 chest	 wall/pleural	 surface	 with	 the	 transducer	 orientation
marker	pointing	cephalad.	The	screen	marker	is	set	to	the	left	upper	side	of	the
screen.	With	this	configuration,	cephalad	structures	will	be	projected	to	the	left
on	the	screen,	whereas	those	that	are	caudad	will	be	projected	to	the	right	on	the
screen.	In	areas	of	the	thorax	where	the	pleural	surface	is	curvilinear,	the	probe	is
adjusted	 to	 obtain	 a	 perpendicular	 axis	 to	 the	 pleural	 surface,	 requiring	 the
operator	 to	 tilt	 the	 transducer	 to	 ensure	 proper	 orientation	 of	 the	 ultrasound
beam.	Proper	probe	orientation	results	in	a	horizontally	orientated	pleural	line	on
the	screen.

LUS	 relies	 on	 examining	 the	 pleural	 surfaces	 at	 multiple	 sites	 over	 each
hemithorax	by	movement	of	the	scanning	plane	over	the	thorax.	This	creates	an
image	map	of	the	lungs	that	is	the	summation	of	multiple	tomographic	planes	(
	 Video	 11.1).	 Many	 different	 scanning	 protocols	 have	 been	 proposed	 for

LUS.4,7-10	Most	divide	the	thorax	into	the	anterior	area,	bordered	by	the	sternum
and	 the	anterior	axillary	 line;	 the	 lateral	area,	bordered	by	 the	anterior	axillary
and	 posterior	 axillary	 lines;	 and	 the	 posterior	 area,	 bordered	 by	 the	 posterior
axillary	 line	 and	 the	 spine.	 The	 simplest	 protocol	 proposed	 by	 Lichtenstein
examines	three	predefined	points	on	each	hemithorax	in	the	anterior,	lateral,	and
posterolateral	areas	with	characterization	of	LUS	findings	at	each	site.4

The	 importance	of	 examining	 the	posterolateral	 chest	 is	 emphasized	 for	 the
critically	ill	patient,	given	that	pleural	effusions	and	consolidations	are	found	in
the	dependent	hemithoraces.	To	adequately	image	this	area,	the	transducer	base
is	pressed	 into	 the	mattress	with	 the	probe	angled	anteriorly.	Alternatively,	 the



patient	may	be	rolled	to	a	lateral	decubitus	position	to	fully	expose	the	posterior
thorax.

IMAGING	PATTERNS	IN	LUS

Main	LUS	Patterns
The	key	findings	of	lung	ultrasound	are	described	here,	namely,	A-lines,	B-lines,
consolidation	pattern,	pleural	effusion,	lung	sliding,	and	lung	point.

NORMAL	ANATOMY
The	 chest	 wall	 consists	 of	 the	 skin	 overlying	 a	 layer	 of	 soft	 tissue	 and
musculature	that	covers	the	rib	cage.	Below	the	inner	surface	of	the	ribs	lies	the
parietal	 pleura,	 against	 which	 the	 outer	 surface	 of	 lung,	 the	 visceral	 pleura,
slides.	When	LUS	is	performed	using	standard	convention,	the	rib	edges	form	a
hyperechoic	curvilinear	line.	The	pleural	line	is	the	first	horizontal	hyperechoic
line	 just	 below	 the	 ribs	 and	 represents	 the	 interface	 between	 the	 parietal	 and
visceral	pleura	( 	Video	11.2).	The	pleural	line	is	visualized	0.5	to	1	cm	below
the	rib	margin.	This	is	relevant,	as	the	distance	from	the	chest	surface	to	the	rib
cage	may	vary	considerably	due	to	body	habitus.	The	distance	between	that	rib
surface	and	the	pleural	line	remains	unaffected	by	body	habitus.

The	interface	of	 the	visceral	and	parietal	pleura	is	readily	visible	with	LUS.
Deep	 to	 the	 visceral	 pleura	 are	 the	 air-filled	 alveoli	 within	 lobules	 that	 are
subtended	by	the	interlobular	septa.	These	septae	insert	 into	the	visceral	pleura
but	 cannot	 be	 seen	 because	 their	 width	 is	 below	 the	 resolution	 of	 standard
diagnostic	ultrasonography	transducers.	With	normally	aerated	lung,	ultrasound
is	 intensely	 reflected	 from	 the	pleural	 surface,	 so	 that	 the	 air-filled	 lung	 is	 not
visible	as	an	identifiable	structure.	It	is	only	when	the	interlobular	septae	or	the
alveolar	 compartment	 underlying	 the	 visceral	 pleura	 is	 diseased	 that	 they
become	visible.

FINDINGS	OF	LUS

Lung	Sliding



With	 the	 transducer	 in	 standard	orientation	and	centered	between	 two	adjacent
ribs,	the	pleural	line	is	first	located	as	detailed	earlier,	followed	by	identification
of	 the	 dynamic	movement	 of	 the	 pleural	 surfaces	 during	 the	 respiratory	 cycle.
This	movement,	seen	as	a	shimmering	mobile	line	that	moves	in	synchrony	with
the	respiratory	cycle,	is	called	lung	sliding	( 	Video	11.3).	A	related	finding	is
lung	pulse,	whereby	the	pleural	line	moves	with	cardiophasic	movement	caused
by	transmitted	cardiac	pulsations	( 	Video	11.4).

The	 identification	 of	 lung	 sliding	 or	 lung	 pulse	 excludes	 the	 presence	 of	 a
pneumothorax	at	the	site	of	transducer	application,	as	these	phenomena	can	only
be	visualized	when	ultrasound	waves	propagate	to	the	visceral	pleura.3	When	air
is	interposed	between	the	pleural	surfaces,	as	with	pneumothorax,	the	air	acts	as
a	barrier	to	ultrasound;	so	the	movement	of	the	underlying	visceral	pleura	cannot
be	seen.	In	this	case,	lung	sliding	and	lung	pulse	will	be	absent	( 	Video	11.5).

The	 supine	 critically	 ill	 patient	 is	 ideally	 positioned	 to	 examine	 for
pneumothorax,	as	air	within	the	pleural	space	usually	distributes	to	the	anterior
thorax.	 Multiple	 rib	 interspaces	 can	 be	 rapidly	 examined	 throughout	 both
hemithoraces	 so	 that	 the	 intensivist	 can	 promptly	 and	 confidently	 rule	 out	 a
pneumothorax	with	superior	accuracy	to	chest	radiography.3,11,12

Although	the	presence	of	lung	sliding	or	lung	pulse	rules	out	pneumothorax	at
the	 site	 being	 examined,	 the	 absence	 of	 lung	 sliding	 is	 not	 diagnostic	 of
pneumothorax.	Loss	of	lung	sliding	may	occur	in	other	processes	that	reduce	the
movement	of	the	visceral	pleura	such	as	pleural	symphysis	from	inflammation,
neoplasia,	 or	 therapeutic	 pleurodesis.	 Mainstem	 bronchial	 intubation	 or
occlusion	 (eg,	 mucus	 plug,	 blood	 clot,	 foreign	 body,	 and/or	 tumor)	 will	 also
ablate	lung	sliding	ipsilateral	to	the	blockage.

In	 summary,	 the	 presence	 of	 lung	 sliding	 is	 a	 useful	 sign	 as	 it	 rules	 out
pneumothorax	 being	 present	 at	 the	 site	 of	 interrogation.	 The	 absence	 of	 lung
sliding	requires	the	clinician	to	consider	a	differential	diagnosis	including	but	not
limited	to	pneumothorax.

Lung	Point
With	loss	of	lung	sliding,	identification	of	a	lung	point	confirms	the	presence	of
pneumothorax.	 The	 lung	 point	 represents	 the	 border	 of	 where	 the	 partially
collapsed	 lung	 interfaces	 with	 the	 air-filled	 pneumothorax	 space.
Pneumothoraces	may	be	total,	but	most	are	partial	with	remaining	apposition	of
the	 visceral	 and	 parietal	 pleura	 at	 some	 point	 in	 the	 thorax.	 A	 lung	 point	 is
described	as	 the	 intermittent	 respirophasic	appearance	of	 lung	sliding	against	a



background	of	absent	lung	sliding	that	appears	from	the	edge	of	the	screen	(
Video	11.6).	Although	100%	specific	 for	pneumothorax,	 lung	point	has	a	66%
sensitivity	for	detection	of	pneumothorax.3

A-Lines
The	normally	aerated	lung	yields	characteristic	air	artifacts	called	“A-lines.”4	An
A-line	 is	 a	 horizontally	 orientated	 line	 that	 is	 deep	 to	 the	 pleural	 line	 and
separated	by	the	same	distance	as	the	probe	is	to	the	pleural	line	( 	Video	11.7).
The	A-line	is	an	artifact,	caused	by	the	reflection	of	the	visceral	pleura	owing	to
the	inability	of	ultrasound	to	penetrate	the	aerated	lung	tissue.	This	is	known	as	a
reverberation	artifact	and	can	occur	anywhere	there	is	an	air-tissue	interface	deep
to	the	probe.	A-lines	can	appear	singly	or	multiply	and	are	separated	from	each
other	by	equal	distances.	When	A-lines	appear	with	lung	sliding,	this	represents
a	normal	aeration	pattern.	When	present	without	sliding	lung,	A-lines	represent
either	air	between	 the	visceral	and	parietal	pleura	 (a	pneumothorax)	or	aerated
lung	 in	 association	 with	 lack	 of	 lung	 sliding	 as	 might	 occur	 with	 pleurodesis
from	inflammation	or	intervention.

B-Lines
Using	standard	scanning	convention	with	depth	set	to	examine	deeper	structures,
LUS	may	yield	a	characteristic	pattern	of	artifact	termed	“B-lines.”	B-lines	have
several	distinct	characteristics,	as	follows	( 	Video	11.8).4

B-lines	are	vertical	in	orientation	and	may	occur	as	one	or	more	per	field.
They	originate	at	the	pleural	interface.
They	extend	raylike	to	the	bottom/far	periphery	of	the	screen.
They	move	in	synchrony	with	lung	sliding	(although	mobility	is	not	required,
as	in	the	case	of	B-lines	in	the	absence	of	lung	sliding).
They	are	hyperechoic.
They	efface	A-lines	at	their	point	of	intersection.

B-lines	 must	 fulfill	 all	 these	 characteristics,	 or	 else	 they	 likely	 represent
another	LUS	artifact.13	B-lines	reflect	the	presence	of	a	process	that	infiltrates	or
widens	 the	 interlobular	septae	of	 the	 lung	 (such	as	 inflammation,	neoplasm,	or
scarring)	or	that	fills	the	alveolar	space.14,15	The	presence	of	B-lines	 is	strongly
correlated	with	 alveolar	 or	 interstitial	 pattern	 abnormalities	 on	 chest	 computed
tomography	 (CT)	 scan	 (eg,	 ground-glass	 or	 reticular	 pattern	 abnormality).16



Depending	 on	 the	 disease	 process	 that	 is	 causing	 B-lines;	 they	may	 be	 focal,
scattered,	 or	 diffuse	 in	 distribution.	 Like	 any	 radiographic	 abnormality	 on
standard	 chest	 radiograph	 or	 chest	 CT,	 clinical	 correlation	 is	 required	 to
determine	 the	cause	of	 the	B-lines.	More	 than	 two	B-lines	 in	a	single	 field	are
considered	significant,	with	the	exception	that	in	normal	individuals;	several	B-
lines	may	be	present	in	the	basilar-dependent	rib	interspaces.

Pneumonia	may	manifest	with	focal	B-lines	detected	in	the	segment	or	 lobe
that	is	involved.	Cardiogenic	pulmonary	edema	(CPE)	is	associated	with	profuse
bilateral	 B-lines	 with	 a	 smooth	 pleural	 surface,	 whereas	 pulmonary	 fibrosis
results	in	scattered,	irregularly	appearing	B-lines	in	association	with	a	thickened
irregular	pleural	line	( 	Video	11.9).

As	B-lines	originate	from	the	visceral	pleural	surface,	their	presence	indicates
that	the	lung	is	fully	inflated	at	the	site	of	the	transducer	application	to	the	chest
wall.	The	presence	of	B-lines	therefore	rules	out	a	pneumothorax.15	Loss	of	lung
sliding	may	occur	 in	acute	 respiratory	distress	 syndrome	 (ARDS)	because	 low
tidal	volume	ventilation	may	result	in	consequence	loss	of	pleural	movement.

Consolidation
Consolidated	lung	has	a	characteristic	tissue	density	pattern	on	LUS	( 	Video
11.10).17	 Consolidated	 lung	 has	 an	 echogenicity	 that	 is	 similar	 to	 liver.	 If	 the
bronchial	 structures	 that	 supply	 the	 affected	 consolidated	 lung	 are	 patent,	 the
consolidated	lung	may	display	air	bronchograms	within	it,	which	appear	as	small
hyperechoic	foci	within	the	lung	parenchyma.	These	represent	small	amounts	of
air	 in	 the	bronchi.	They	may	be	mobile,	 reflecting	movement	of	air	within	 the
bronchus	 owing	 to	 respiratory	 activity	 ( 	 Video	 11.11).	 Dynamic	 air
bronchograms	are	suggestive	but	not	diagnostic	of	pneumonia	as	the	cause	of	the
consolidation.18	 The	 finding	 of	 consolidation	 with	 LUS	 is	 strongly	 correlated
with	results	of	chest	CT.16

2 	 The	 finding	 of	 consolidation	 on	 LUS	 is	 descriptive	 and	 similar	 to	 the
finding	 of	 consolidation	 on	 chest	 radiography	 or	 chest	 CT.	 Any	 process	 that
renders	 the	 alveolar	 compartment	 airless	 will	 cause	 consolidation	 on	 LUS	 or
with	other	radiographic	techniques.	All	causes	of	airless	lung,	such	as	atelectasis
(compressive,	 resorptive,	 or	 cicatricial),	 infiltrative	 processes	 (tumor,	 purulent
material	as	 in	pneumonia,	or	severe	pulmonary	edema	with	complete	 filling	of
the	 alveolar	 compartment),	 will	 yield	 the	 ultrasonography	 finding	 of	 lung
consolidation.	 LUS	 identifies	 the	 consolidation;	 the	 clinician	 determines	 its
cause.



PATTERN	ANALYSIS	OF	LUS

Differentiating	Causes	of	Acute	Respiratory	Failure	and
Dyspnea
LUS	has	the	capacity	to	replace	standard	chest	radiography	as	a	more	effective
and	 efficient	 imaging	 modality.19,20	 Knowledge	 of	 LUS	 patterns	 allows	 the
intensivist	to	improve	the	accuracy	of	diagnosis	of	acute	respiratory	failure	when
compared	to	use	of	standard	clinical	testing	and	assessment.21,22	When	evaluating
a	 patient	 with	 respiratory	 failure,	 the	 critical	 care	 clinician	 associates	 profiles
described	here	with	the	corresponding	etiology	of	respiratory	compromise.	This
allows	for	early	disease	process	categorization.

Generalized	A-Lines	With	Lung	Sliding
This	 normal	 aeration	 pattern	 rules	 out	 diseases	 that	 compromise	 the	 alveolar
and/or	 interstitial	 compartment	 (eg,	 pulmonary	 edema,	 pneumonia,	 fibrosis)	 as
well	as	the	pleural	compartment.	When	normal	aeration	pattern	is	identified	in	a
patient	 with	 dyspnea,	 the	 diagnostic	 possibilities	 include	 (1)	 the	 airway
compartment	 (COPD	 or	 asthma);	 (2)	 the	 vascular	 compartment	 (pulmonary
embolism);	 or	 (3)	 nonpulmonary	 causes	 such	 as	 neurologic,	 neuromuscular,
metabolic,	and	toxic.

A-Lines,	Absence	of	Lung	Sliding,	Presence	of	Lung	Point
When	lung	sliding	is	absent	with	A-lines,	pneumothorax	is	a	possibility.	In	this
situation,	identification	of	a	lung	point	confirms	that	there	is	a	pneumothorax.	If
no	 lung	 point	 is	 identified,	 other	 imaging	 methods	 are	 required	 to	 confirm	 if
there	 is	a	pneumothorax.	The	presence	of	 lung	pulse,	B-lines,	or	consolidation
also	 rules	 out	 pneumothorax	 at	 the	 interspace	 being	 examined.	 Multiple
interspaces	are	examined;	this	can	be	achieved	in	a	short	period	of	time.

Alveolar/Interstitial	Disease:	B-Line	Patterns
The	 pattern	 of	 B-lines	 over	 the	 hemithorax	 (unilateral	 vs	 bilateral;	 regular	 or
irregular	pleural	line;	sliding	or	nonsliding	lung;	sparing	or	uniform	areas)	may
be	 helpful	 for	 differentiating	 the	 cause	 of	 respiratory	 failure.	 Detection	 of



profuse	 B-lines	 at	 multiple	 points	 over	 the	 anterior	 chest	 indicates	 a	 high
probability	of	an	alveolar	and/or	interstitial	process.	CPE	with	a	profuse	B-line
pattern	is	associated	with	a	smooth	pleural	line.	This	requires	examination	of	the
pleural	 line	 with	 the	 high-frequency	 linear	 vascular	 probe.	 A	 rare	 cause	 of	 a
unilateral	 profuse	B-line	 pattern	with	 smooth	 pleural	morphology	 is	 unilateral
CPE	related	to	asymmetric	mitral	valve	regurgitation.

Detection	 of	multiple	 focal	B-lines	with	 asymmetric	 distribution	 suggests	 a
primary	 lung	 injury	 pattern	 such	 as	 pneumonia,	 ARDS,	 or	 other
alveolar/interstitial	 process.	 B-lines	 detected	 with	 subsegmental,	 segmental,
lobar,	 or	 unilateral	 distribution,	 are	 characteristic	 of	 pneumonia.	 Primary	 lung
injury	results	in	irregular	pleural	morphology.

Alveolar	Consolidation	Pattern
Alveolar	 consolidation	 is	 readily	 identified	with	 LUS.	 It	may	 appear	 as	 small
multifocal	areas	of	consolidation	 immediately	below	 the	pleural	 interface	or	 in
subsegmental,	 segmental,	 lobar,	 unilateral,	 or	 bilateral	 pattern	 in	 a	 unifocal	 or
multifocal	distribution.

For	 pneumonia,	 the	 consolidation	 appears	 as	 tissue	 density	without	 volume
loss	 ( 	 Video	 11.10).	 The	 interface	 between	 the	 pleural	 surface	 and	 the
consolidation	is	linear,	whereas	the	interface	between	the	consolidation	and	the
adjacent	aerated	 lung	is	 irregular	and	often	associated	with	comet	 tail	artifacts.
This	irregular	interface	is	called	the	“shred	sign”	( 	Video	11.12).	Pneumonias
often	contain	dynamic	air	bronchograms	 that	appear	as	mobile,	branching,	and
hyperechoic	 findings	 within	 the	 parenchyma	 ( 	 Video	 11.11).	 Although
suggestive	of	pneumonia,	mobile	air	bronchograms	may	be	found	in	association
with	 a	 nonpneumonic	 consolidation.	 A	 hypoechoic	 area	 with	 well-defined
borders	within	 an	 area	 of	 alveolar	 consolidation	 is	 consistent	with	 necrosis	 or
abscess	( 	Video	11.13).

Atelectasis	 results	 in	 an	 alveolar	 consolidation	 pattern	 that	 can	 be	 readily
identified	with	LUS.	Mobile	 air	 bronchograms	 are	 uncommon,	 although	 static
air	 bronchograms	 are	 often	 present;	 unless	 the	 cause	 for	 the	 atelectasis	 is
complete	endobronchial	occlusion.18

A	common	cause	of	alveolar	consolidation	is	that	which	occurs	with	pleural
effusion.	Compressive	 atelectasis	 from	a	pleural	 effusion	 causes	 the	 atelectatic
lung	 to	 float	 within	 the	 effusion	 often	 in	 association	 with	 respirophasic	 or
cardiophasic	 movement	 ( 	Video	 11.14).	 Areas	 of	 posterior	 basilar	 alveolar
consolidation	 commonly	 occur	 in	 patients	 on	 ventilatory	 support.	 This	 dual



mechanism	of	compressive	and	 resorptive	atelectasis	 results	 in	 the	airless	 lung
that	 reinflates	when	 the	 patient	 is	 successfully	 extubated.	Differentiation	 from
pneumonia	may	be	challenging	and	requires	clinical	correlation.	Endobronchial
occlusion	 by	 mucus,	 tumor,	 foreign	 body	 aspiration,	 or	 blockage	 of	 the	 left
mainstem	 bronchus	 due	 to	mainstem	 bronchial	 intubation	 results	 in	 resorptive
atelectasis	that	is	detected	as	alveolar	consolidation.	Bronchial	occlusion	results
in	absence	of	mobile	air	bronchograms.

CLINICAL	APPLICATIONS	OF	LUS

Clarification	of	the	Ambiguous	Chest	Radiograph
The	 techniques	 used	 to	 obtain	 portable	 chest	 radiographs	 in	 the	 intensive	 care
unit	(ICU)	often	result	in	suboptimal	images	with	limited	diagnostic	utility.	The
anteroposterior	 projection	 combined	 with	 patient	 rotation,	 low	 lung	 volumes,
and	density	summation	artifact	renders	interpretation	difficult.

Performance	 of	 LUS	 is	 superior	 to	 the	 standard	 ICU	 chest	 radiograph	 for
detection	of	a	normal	aeration	pattern,	alveolar/interstitial	pattern,	consolidation,
pneumothorax,	and	pleural	effusion.20	Although	chest	 radiography	does	 remain
useful	 for	 determining	 the	 location	 of	 a	 variety	 of	 intrathoracic	 devices;	 the
location	 of	 central	 venous	 catheters,	 extracorporeal	 membrane	 oxygenation
(ECMO)	 cannulas,	 and	 nasogastric	 tubes	 may,	 in	 many	 cases,	 be	 determined
with	ultrasonography.	The	 routine	utilization	of	LUS	has	been	 associated	with
reduced	requirement	for	chest	radiography	and	chest	CT	in	the	medical	ICU.20

Differentiation	of	ARDS	From	Cardiogenic	Pulmonary
Edema
Copetti	et	al	demonstrated	the	ability	of	LUS	to	discriminate	between	ARDS	and
CPE.23	In	this	study,	the	most	specific	sign	for	ARDS	was	the	finding	of	both	an
area	of	normal	aeration	within	a	single	interspace	coexisting	with	a	focus	on	B-
lines/interstitial	syndrome.	Such	a	pattern	was	found	in	100%	of	ARDS	patients
and	 0%	 of	 patients	 with	 CPE.	 Pleural	 line	 abnormalities	 such	 as	 thickening
>2	mm,	coarse	irregular	appearance,	or	subpleural	consolidations	were	found	in
100%	of	ARDS	patients	and	25%	of	CPE	patients.	Profuse	B-line	pattern	with	a
smooth	pleural	surface	was	highly	suggestive	of	CPE.	The	finding	of	new	onset
B-lines	bilaterally	during	cardiac	stress	testing	is	indicative	of	inducible	cardiac



ischemia	 with	 increase	 in	 left-sided	 filling	 pressures	 and	 extravascular	 lung
water.24,25

Prediction	of	Extubation	Failure
The	amount	of	inadequately	aerated	lung	can	be	estimated	using	a	LUS	scoring
system	 proposed	 by	 Rouby	 et	 al.9	 In	 their	 scoring	 system,	 a	 value	 of	 0	 is
assigned	 to	 any	 interspace	 examined	 that	 revealed	A-lines	with	 sliding	 lung,	 a
value	 of	 1	 to	 interspaces	 with	 regularly	 spaced	 B-lines,	 a	 value	 of	 2	 to
interspaces	with	confluent	B-lines	 filling	 the	visualized	 interspace,	and	a	value
of	 3	 was	 assigned	 to	 interspaces	 with	 consolidation	 or	 pleural	 effusion.
Assigning	 a	 score	 to	 6	 specific	 interspaces	 over	 each	 hemithorax	 yields	 a
maximum	LUS	score	of	36.	When	performing	LUS	scores	before	and	after	a	30-
minute	spontaneous	breathing	trial	(SBT),	an	increase	in	the	LUS	score	of	more
than	4	points	predicted	extubation	failure.	Additionally,	any	post-SBT	LUS	score
>17	strongly	predicted	extubation	failure.

Measurement	of	Lung	Recruitment	With	PEEP
The	aforementioned	LUS	score	can	also	be	used	to	predict	the	effects	of	positive
end-expiratory	 pressure	 (PEEP)	 in	 ARDS	 patients.26	 When	 adjusting	 PEEP
levels	from	0	to	15,	a	decrease	of	8	points	in	the	LUS	score	at	the	higher	PEEP
resulted	 in	 an	 average	 increase	 of	 lung	 volume	 >600	 mL.	 If	 the	 LUS	 score
increased	by	4	or	less,	the	volume	increased	by	an	average	of	75	to	450	mL.	The
authors	 of	 this	 report	 caution	 that	 they	 could	 not	 distinguish	 whether	 the
augmentation	 of	 lung	 volume	 resulted	 from	 lung	 recruitment	 or	 from
overdistention	of	the	lung.

LUS	is	useful	for	establishing	 the	diagnosis	of	pneumonia	and	following	its
evolution.27,28	 Of	 interest	 to	 the	 intensivist,	 the	 resolution	 of	 pneumonia	 with
antibiotic	 therapy	can	be	 tracked	with	LUS,	and	 the	combination	of	LUS	with
sputum	analysis	is	useful	for	the	diagnosis.29,30

Diagnosis	of	Pulmonary	Embolism
Koenig	 et	 al	 and	 Nazerian	 et	 al	 both	 found	 that	 LUS	 combined	 with
echocardiography	 and	 a	 deep	 vein	 thrombosis	 study	 is	 a	 means	 of	 reducing
unnecessary	 chest	 CT	 angiograms	 when	 pulmonary	 embolism	 is	 a	 diagnostic
consideration.	 A	 definite	 alternative	 diagnosis	 to	 pulmonary	 embolism	 using



ultrasonography	excluded	pulmonary	embolism	with	a	high	level	of	certainty.31,32
Mathis	et	al	reported	that	pulmonary	emboli	commonly	result	in	small	areas	of
consolidation	 immediately	 deep	 to	 the	 pleural	 interface	 with	 preferential
distribution	to	the	lower	lobes	of	the	lung.33	This	is	a	difficult	area	to	image	in
the	critically	 ill	patient	who	 is	generally	 in	 the	supine	position,	 so	 their	 results
have	uncertain	application	for	the	intensivist.

Timing	of	Chest	Tube	Removal
3 	 Galbois	 et	 al	 used	 LUS	 to	 document	 lung	 reinflation	 following	 chest	 tube
insertion	for	pneumothorax.34	Once	lung	reexpansion	is	established	by	LUS,	the
chest	 tube	 is	 clamped	 and	 LUS	 performed	 to	 observe	 for	 recurrence	 of	 the
pneumothorax.	 If	 there	 is	no	 recurrence	by	LUS,	 the	chest	 tube	may	be	 safely
removed.	The	investigators	found	that	this	method	was	superior	to	standard	chest
radiography.	 From	 a	 practical	 point	 of	 view,	 this	 method	 offers	 a	 convenient,
efficient,	and	cost-effective	means	of	timing	the	removal	of	chest	tubes.

LUS	AND	COVID-19
Coronavirus	 disease	 2019	 (COVID-19)	 pneumonia	 has	 characteristic	 LUS
findings.35-37	These	include	multifocal	B-lines	that	may	be	separate	or	confluent
with	irregular	pleural	line	morphology,	small	consolidations,	and	areas	of	A-line
predominance	 that	 represent	 spared	 areas	 of	 lung.	 Mild	 disease	 is	 distributed
preferentially	 to	 the	 posterior	 lower	 lungs.	 More	 severe	 disease	 involves	 the
lateral	 lungs,	 and	 severe	 disease	 results	 in	 anterior	 lung	 field	 findings.	 Italian
investigators	have	described	the	appearance	of	dense	focal	collections	of	B-lines
that	 abruptly	 enter	 the	 scanning	 plane	 in	 a	 respirophasic	 manner.	 These	 are
referred	 to	 colloquially	 as	 the	 “light	 beam”	 sign	 described	 as	 a	 broad,	 lucent,
band-shaped,	vertical	comet	tail	artifact	that	moves	in	and	out	the	image	creating
an	on/off	effect.38	 Segmental	 translobar	 consolidation	 and	pleural	 effusions	 are
very	 uncommon	 with	 COVID-19	 pneumonia;	 so	 their	 presence	 suggests	 a
coexisting	disease	process	requiring	further	evaluation.

4 	Like	chest	CT	and	chest	radiography,	the	findings	of	LUS	in	COVID-19	are
not	specific	to	the	disease,	as	they	are	found	with	a	wide	variety	of	other	disease
processes.	The	 utility	 of	LUS	 for	management	 of	COVID-19	 is	 greatest	when
the	patient	has	an	established	diagnosis	or	has	a	high	probability	of	having	 the
disease.	 In	 this	context,	 the	degree	of	 lung	 involvement	and	 the	progression	of
lung	 involvement	have	utility	 for	 triaging	 the	need	 for	 ICU	 level	care,	 and	 for



mortality	prediction.39,40
There	 is	 close	 correlation	 between	LUS	 and	 chest	 CT	 findings	 in	COVID-

19.41-43	A	strong	argument	can	be	made	that	LUS	should	be	the	“go	to”	modality
for	 imaging	 COVID-19	 patients	 in	 the	 ICU	 with	 chest	 CT	 reserved	 for	 the
occasional	case	where	LUS	cannot	answer	the	clinical	question	(eg,	concern	for
lung	 abscess,	 pulmonary	 embolism,	 patient	 related	 factors	 that	 degrade	 image
acquisition).	 Compared	 to	 chest	 CT,	 LUS	 has	 the	 advantage	 of	 ease	 of	 use,
bedside	availability,	portability,	repeatability,	low	cost,	and	absence	of	radiation
exposure.	 These	 advantages	 accrue	 in	 ICU	 operations	 that	 deal	 with	 large
volumes	of	severe	COVID-19	ARDS.

Volpicelli	et	al	have	described	a	useful	algorithm	for	use	of	LUS	in	COVID-
19.44

TRANSESOPHAGEAL	LUNG
ULTRASONOGRAPHY
Transesophageal	 echocardiography	 (TEE),	 in	 addition	 to	 its	 utility	 for	 the
assessment	of	cardiac	function,	allows	the	intensivist	to	image	the	lower	lobes	of
the	 lung	 and	 the	 posterolateral	 pleural	 space.	 This	 subcomponent	 of	 TEE	 is
termed	transesophageal	lung	ultrasonography	(TELUS).45	While	not	the	primary
goal	 of	 TEE,	 the	 intensivist	 considers	 TELUS	 as	 a	 routine	 part	 of	 the	 TEE
examination.	By	definition,	critical	care	TEE	is	performed	by	the	 intensivist	 in
intubated	 patients	 on	 mechanical	 ventilatory	 support,	 where	 transthoracic
echocardiography	has	been	 insufficient	 to	answer	 the	clinical	question	at	hand.
Many	of	these	patients	have	limited	LUS	views	of	the	posterolateral	lung	fields
due	 to	 body	 habitus	 or	 cardiopulmonary	 instability	 that	 precludes	 lateral
decubitus	positioning.	TELUS	allows	imaging	of	these	areas.

TELUS	is	performed	during	the	TEE	examination	of	the	lower	thoracic	aorta.
With	the	transducer	at	0°,	the	left	lower	thoracic	space	is	imaged.	The	probe	is
turned	 counterclockwise	 to	 move	 the	 tomographic	 plane	 over	 the	 spinal
structures	to	image	the	right	lower	thoracic	space.	The	transducer	angle	may	be
increased	 to	 90°,	 allowing	 for	 identification	 of	 the	 diaphragm	 and	 underlying
spleen	or	liver.	Pleural	fluid	is	readily	identified	and	characterized,	and	all	LUS
findings	 defined	 by	 transthoracic	 scanning	 (vide	 supra)	 are	 identical	 with
TELUS.



SUMMARY
Lung	ultrasound	is	relatively	easy	to	learn	and	simple	to	perform	and	augments
clinical	 decision-making	 at	 the	 bedside.	 The	 most	 common	 etiologies	 of
respiratory	failure	have	characteristic	findings	on	LUS.	LUS	can	be	incorporated
into	 every	 intensivist’s	 diagnostic	 repertoire.	 Figures	 11.1	 to	 11.4	 illustrate
chest	radiographs	of	pathology	examined	in	LUS	videos.

	

Figure	 11.1 	 Patient	 with	 severe	 acute	 respiratory	 distress
syndrome	(ARDS).

	

Figure	 11.2 	 Diabetic	 ketoacidosis	 (DKA),	 patient’s	 chest
radiograph.



	

Figure	 11.3 	 Patient	 with	 severe	 acute	 respiratory	 distress
syndrome	(ARDS)	after	a	cardiac	arrest.

	

Figure	 11.4 	 Patient	 with	 a	 newly	 diagnosed	 right	 upper	 lobe



squamous	cell	lung	carcinoma.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	36-year-old	man	with	a	history	of	chronic	kidney	disease	is	admitted	to
the	medical	intensive	care	unit	for	acute	renal	failure	that	requires	urgent
hemodialysis.	Twenty	minutes	after	placement	of	a	right-sided	internal	jugular
hemodialysis	catheter,	the	patient	has	worsened	shortness	of	breath,	chest	pain,
and	an	oxygen	saturation	of	86%.	You	are	asked	to	perform	lung	ultrasound
(LUS)	to	assess	(see	 	Video	11.6).	Which	of	the	following	findings	is
demonstrated?

A. 	A-line	pattern	with	lung	point
B. 	A-line	pattern	with	smooth	pleura	and	lung	sliding
C. 	A-line	pattern	without	lung	sliding	but	with	lung	pulse
D. 	Diffuse	B-line	pattern	with	focal	irregular	pleura

2. 	A	65-year-old	woman	presents	with	acute	dyspnea.	The	lung	ultrasound
(LUS)	demonstrates	a	generalized	A-line	pattern	with	lung	sliding.	Which	of	the
following	is	the	most	likely	diagnosis?

A. 	Pneumonia
B. 	Pneumothorax
C. 	Pulmonary	edema
D. 	Pulmonary	embolism

3. 	A	68-year-old	man	with	a	history	of	COPD	and	heart	failure	with
preserved	ejection	fraction	presents	to	the	emergency	department	for	shortness
of	breath	and	cough.	He	is	febrile	with	purulent	sputum.	He	is	intubated	for
hypoxemic	respiratory	failure	and	admitted	to	the	intensive	care	unit.	On
hospital	day	6,	a	medical	student	questions	the	ICU	staff	about	the	use	of	lung
ultrasound	(LUS)	in	determining	patient	readiness	for	extubation.	Which	of	the
following	LUS	findings	would	most	likely	be	associated	with	a	successful
extubation?



A. 	Left	lung	with	A-line	pattern	and	lung	sliding	throughout.	Right	lung
with	A-line	pattern	without	lung	sliding	at	the	apex	and	lung	point	seen	at
the	mid-axillary	line
B. 	Left	lung	with	A-line	pattern	and	lung	sliding	throughout.	Right	lung
with	A-line	pattern	and	lung	sliding	anteriorly	and	a	small	consolidation	at
the	right	base
C. 	Left	lung	with	diffuse	consolidation	pattern.	Right	lung	with	diffuse
B-line	pattern	and	a	pleural	effusion	at	the	right	base
D. 	Left	lung	with	diffuse	irregular	pleura	and	B-lines	in	all	lung	fields.
Right	lung	with	irregular	pleura	and	B-lines	anteriorly	and	a	large
consolidation	pattern	at	the	base

Answers

1.	The	correct	answer	is	A.
Rationale:	 The	 LUS	 shows	 a	 lung	 point,	 which	 is	 pathognomonic	 for

pneumothorax	as	suspected	in	this	clinical	scenario	(choice	A	is	correct).	A-lines
with	lung	sliding	is	a	normal	lung	pattern	(choices	B	is	incorrect).	Lung	pulse	is
a	rhythmic	movement	of	the	pleura	in	synchrony	with	the	cardiac	rhythm,	and	its
presence	 also	 rules	 out	 a	 pneumothorax	 (choice	 C	 is	 incorrect).	 B-lines	 are	 a
vertical	 artifact	 that	 can	 be	 used	 in	 the	 diagnosis	 of	 pulmonary	 edema	 and
parenchymal	lung	abnormalities	(choice	D	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	Pulmonary	embolism	would	be	the	only	diagnosis	to	fit	with	this

relatively	 normal	 lung	 ultrasound	 (choice	 D	 is	 correct).	 Pulmonary	 edema	 or
pneumonia	 would	 have	 shown	 the	 presence	 of	 B-lines	 (choices	 A	 and	 C	 are
incorrect).	 Pneumonia	 would	 have	 also	 shown	 consolidation.	 Pneumothorax
would	be	associated	with	absence	of	lung	sliding	or	the	presence	of	a	lung	point
(choice	B	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	Choice	B	shows	a	normal	aeration	pattern	(A-lines)	with	a	small

consolidation.	 The	 consolidation	 fits	 with	 his	 initial	 clinical	 presentation	 of
pneumonia.	Of	all	 the	answers,	 this	 is	 the	patient	with	 the	 least	pathology	and
therefore	the	one	most	likely	to	be	successfully	extubated	(choice	B	is	correct).
The	other	answer	choices	show	a	diffuse	alveointerstitial	pattern	(choices	C	and
D	 are	 incorrect)	 or	 pneumothorax	 (lung	 point;	 choice	 A	 is	 incorrect)	 which



would	 suggest	 additional	 pulmonary	 diagnosis	 or	 active	 complications	 of
mechanical	 ventilation	 and	 therefore	 a	 lower	 probability	 of	 successful
extubation.	 Lung	 ultrasound	 during	 spontaneous	 breathing	 trials	 and	 weaning
from	ventilation	can	be	useful,	showing	changes	in	aeration	with	withdrawal	of
positive	pressure.
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Chapter	12
Thoracentesis
Gisela	I.	Banauch,	Seth	J.	Koenig,	Paul	H.	Mayo,	Mark	M.	Wilson,
Richard	S.	Irwin,	Craig	M.	Lilly

KEY	POINTS:
1.	 Indications	for	therapeutic	thoracentesis	include	(1)	dyspnea

attributed	to	the	effusion,	(2)	tamponade	effect,	and	(3)	tension
pneumothorax.

2.	 Large	studies	indicate	no	augmented	risk	of	bleeding	with
thoracentesis	in	patients	with	coagulopathy	and/or
thrombocytopenia.

3.	 Ipsilateral	anterior	chest	discomfort	signals	the	possibility	of
nonexpandable	lung.	Serial	measurement	of	pleural	pressure	with	a
pleural	manometer	confirms	the	clinical	suspicion	of	nonexpandable
lung.

4.	 Ultrasonographic	guidance	of	thoracentesis	facilitates	effusion
identification,	is	more	accurate	for	determining	a	safe	site	for	needle
insertion	than	physical	examination,	is	associated	with	lower	rates	of
PTX	(including	in	mechanically	ventilated	patients),	and	allows
targeted	insertion	of	drainage	catheters	into	smaller,	loculated
pleural	effusions.

5.	 Precise	duplication	of	the	ultrasonographic	scanning	plane	in	three
dimensions	is	a	key	requirement	for	safe	needle/device	insertion.

6.	 To	determine	the	etiology	of	an	effusion,	the	initial	step	is	to	classify
the	effusion	as	a	transudate	or	an	exudate.	The	traditional	approach
uses	3	“Light”	criteria:	(1)	the	pleural	fluid/serum	total	protein	ratio	is
less	than	0.5;	(2)	the	pleural	fluid-serum	lactate	dehydrogenase
(LDH)	ratio	is	less	than	0.6;	or	(3)	the	pleural	fluid	LDH	is	less	than



two-thirds	the	normal	serum	value.	Exudative	effusions	meet	one	or
more	of	these	criteria.	The	cholesterol	criteria	identify	transudates
when	2	criteria	are	met:	(1)	the	pleural	fluid	cholesterol	is	less	than
45	mg/dL	and	(2)	the	pleural	fluid	LDH	is	less	than	0.45	times	the
upper	limit	of	normal	for	serum	LDH	value.

7.	 Diagnostic	possibilities	for	exudates	are	extensive	and	further	fluid
investigations	should	include	additional	biochemistry	testing	(pH,
glucose,	amylase,	ADA,	triglycerides,	chylomicrons);	cell	counts	and
differentials;	bacterial,	mycobacterial,	and	fungal	cultures;	PCR
analysis	for	DNA	of	slow-growing	bacteria;	flow	cytometry	and
cytology.

8.	 Empyema	can	develop	within	a	day	or	2	of	initial	accumulation	of
pleural	fluid	and	management	should	be	dynamic	with	early
consideration	for	medical	vs	surgical	intervention.

INTRODUCTION
Thoracentesis	is	an	invasive	procedure	that	involves	the	introduction	of	a	needle
or	drainage	device	into	the	pleural	space	to	remove	accumulated	fluid	or	air.

INDICATIONS
Thoracentesis	can	be	performed	for	diagnostic	or	therapeutic	reasons.	Diagnostic
thoracentesis	 is	a	common	reason	for	 thoracentesis,	as	analysis	of	pleural	 fluid
has	been	shown	to	yield	clinically	useful	information	in	more	than	90%	of	cases.
A	diagnostic	algorithm	for	evaluation	of	a	pleural	effusion	of	unknown	etiology
is	 presented	 in	 Figure	 12.1.	 For	 patients	 whose	 exudative	 pleural	 effusion
remains	 undiagnosed	 after	 thoracentesis,	 ultrasound-guided	 pleural	 biopsy	 or
thoracoscopy	 may	 be	 considered	 for	 definitive	 diagnosis.1	 Thoracoscopy
provides	 for	 visualization	 of	 the	 pleura	 and	 directed	 biopsy	 and	 yields	 a
diagnosis	in	more	than	80%	of	patients	with	recurrent	pleural	effusions	that	are
not	 diagnosed	 after	 repeated	 thoracentesis,	 closed	 pleural	 biopsy,	 or
bronchoscopy.



	

Figure	 12.1 	 Diagnostic	 algorithm	 for	 pleural	 effusion
evaluation.CHF,	congestive	heart	failure.

There	are	several	indications	for	therapeutic	thoracentesis:

1.	 Dyspnea	due	to	the	pleural	effusion.	Removal	of	the	pleural	fluid	may	result
in	improvement	in	shortness	of	breath.

2.	 Large	pleural	effusion	with	tamponade	effect	due	to	cardiac	compression.
Removal	of	the	pleural	fluid	may	result	in	improvement	of	hemodynamic
function.

3.	 1Tension	pneumothorax	(PTX).	Removal	of	the	pleural	air	accumulation
may	reverse	life-threatening	hypotension.

CONTRAINDICATIONS
2 	An	 absolute	 contraindication	 to	 thoracentesis	 is	 an	 uncooperative	 patient,	 as



sudden	 patient	 movement	 during	 the	 procedure	 may	 result	 in	 severe	 patient
injury.	Large	studies	 indicate	no	augmented	risk	of	bleeding	with	 thoracentesis
in	 patients	 with	 coagulopathy	 and/or	 thrombocytopenia.2	 Clinical	 judgment
determines	whether	 to	replete	factors	and/or	platelets	for	 the	occasional	patient
with	 very	 severe	 coagulopathy.	 Relative	 contraindications	 to	 thoracentesis
include	 infection	 or	 malignancy	 at	 the	 site	 of	 needle	 insertion.	 In	 the	 era	 of
ultrasonographic	 guidance,	 if	 a	 safe	 site	 for	 needle	 insertion	 is	 identified,
previous	relative	contraindications	such	as	postpneumonectomy,	use	of	positive
end-expiratory	pressure	(PEEP),	or	bullous	emphysema	are	no	longer	considered
contraindications.

COMPLICATIONS
The	 major	 complications	 of	 thoracentesis	 include	 PTX,	 bleeding	 (eg,
hemopneumothorax,	 hemoperitoneum,	 and	 hematoma),	 injury	 to
subdiaphragmatic	 organs	 (liver	 or	 spleen),	 hypotension,	 and	 reexpansion
pulmonary	 edema.	 The	 frequency	 rate	 of	 PTX	 when	 using	 ultrasonographic
guidance	 is	 low,	with	one	 large	series	reporting	a	1.2%	rate	among	patients	on
mechanical	 ventilatory	 support.3	 Several	 nonrandomized	 studies	 involving
spontaneously	 breathing	 patients	 undergoing	 ultrasound-guided	 thoracentesis
(USGT)	performed	by	trained	operators	have	demonstrated	rates	of	PTX	of	less
than	 2%.4,5	 The	 most	 common	 mechanism	 for	 PTX	 performed	 with
ultrasonographic	 guidance	 is	 not	 from	 visceral	 pleural	 injury	 but	 from	 the
presence	 of	 nonexpandable	 lung.	 In	 a	 large	 series	 of	 USGT,	 only	 one	 PTX
occurred	due	 to	 inadvertent	visceral	pleural	 laceration	 (0.25%)	while	 the	other
seven	 occurred	 related	 to	 nonexpandable	 lung.6	 This	 underlines	 the
recommendation	 that	 all	 thoracentesis	 be	 performed	 with	 ultrasonographic
guidance.

CASE	1
Consider	this	patient:	status	post	insertion	of	a	right-sided	chest	tube
for	 large	 symptomatic	 PTX	 with	 lung	 reexpansion	 (Figure	 12.2).6
Two	hours	post	procedure,	the	patient	develops	worsening	dyspnea
and	hypoxemia.	Lung	ultrasound	is	performed.	See	 	Video	12.1.7
What	is	the	possible	cause	of	this	patient’s	deterioration?



	Video	 12.27	 discusses	 the	 findings	 seen	 in	 	Video	 12.1.7
This	 patient	 likely	 developed	 reexpansion	 pulmonary	 edema
reflected	 by	 the	 alveolar	 consolidation	 pattern.	 A	 combination	 of
unilateral	interstitial	syndrome	and	an	alveolar	consolidation	caused
this	patient’s	clinical	deterioration.	Post	thoracentesis	complications,
such	 as	 this,	 are	 readily	 diagnosed	 at	 the	 bedside	with	 the	 use	 of
lung	ultrasound.

	

Figure	12.2 	Chest	radiograph	at	presentation	(left)	and	after	tube
thoracostomy	 (right).(Reprinted	 from	 Tombini	 V,	 Cazzola	 KB,
Guarnieri	L,	Velati	M,	et	al.	Lung	ultrasound	diagnosis	and	follow-up
in	a	case	of	reexpansion	pulmonary	edema.	Chest.	2019;155(2):e33-
e36).

Major	 bleeding	 is	 a	 rare	 but	 potentially	 catastrophic	 complication	 of
thoracentesis.8	Major	hemothorax	usually	occurs	due	 to	 injury	of	an	 intercostal
blood	 vessel	 but	may	 also	 be	 caused	 by	 injury	 of	 vascular	 pleural	metastases.
Clinical	 deterioration	 with	 hypotension	 due	 to	 hemorrhagic	 shock	 may	 be
delayed	 after	 the	 procedure.	 Hypotension	 following	 thoracentesis	 mandates
immediate	 thoracic	 ultrasonography	 examination	 to	 evaluate	 for	 PTX	 and/or
acute	 hemothorax.	 Acute	 bleeding	 into	 the	 pleural	 space	 results	 in	 a
characteristic	ultrasonography	pattern	of	homogeneous	swirling	echogenicity	of
the	 fluid	 collection.	Urgent	 angiographic	 embolization	 or	 thoracotomy	may	 be
required	 when	 hemothorax	 is	 life-threatening.	 Ultrasonography	 with	 color
Doppler	 is	used	 to	 identify	 intercostal	vessels	 that	would	contraindicate	needle
insertion	at	that	site.9,10	An	aberrant	intercostal	vessel	position	is	most	common



within	10	cm	of	the	posterior	midline	of	the	thorax.	The	risk	of	intercostal	artery
laceration	 is	 greatest	 for	 the	 elderly	 because	 of	 increased	 tortuosity	 of	 their
intercostal	vessels.	The	 technique	 for	 the	 identification	of	 intercostal	vessels	 is
presented	 in	 the	 section	 “Utility	 of	 Ultrasonography	 for	 Guidance	 of
Thoracentesis.”

3 	 Laceration	 of	 liver,	 spleen,	 or	 diaphragm	 is	 a	 rare	 complication	 of
thoracentesis	 that	 can	 be	 obviated	 using	 ultrasound	 guidance.	 Reexpansion
pulmonary	 edema	 is	 another	 rare	 complication.	 Lung	 ultrasonography	 both
before	 and	 after	 thoracentesis	 may	 help	 with	 the	 detection	 of	 reexpansion
pulmonary	 edema.	High-volume	 (>1.5	L)	 thoracentesis	 is	 a	 risk	 factor	 for	 this
complication,	 although	 even	 with	 higher	 volume	 removal,	 the	 risk	 is	 low.
Transient	 hypotension	 may	 occur	 during	 thoracentesis	 due	 to	 a	 vasovagal
reaction,	although	the	operator	should	always	consider	more	serious	causes	(eg,
pleural	 bleeding,	 PTX).	 Transient	 cough	 is	 common	 during	 high-volume
thoracentesis	 and	 is	 best	 treated	 by	 slowing	 the	 rate	 of	 volume	 removal	 or
stopping	 the	 procedure.	 Ipsilateral	 anterior	 chest	 discomfort	 signals	 the
possibility	of	nonexpandable	lung.	Serial	measurement	of	pleural	pressure	with	a
pleural	manometer	confirms	the	clinical	suspicion	of	nonexpandable	lung.11

CASE	2
Consider	this	patient.	Following	a	recent	diagnosis	of	non–small	cell
lung	cancer,	the	patient	was	admitted	to	the	hospital	with	a	diagnosis
of	 pneumonia	 (Figure	 12.3).12	 The	 patient	 soon	 developed
respiratory	and	circulatory	failure,	and	a	reduction	in	hemoglobin	was
observed.	See	 	Video	12.3.13

What	 is	 the	 possible	 mechanism	 for	 this	 patient’s
deterioration?

This	 patient	 developed	 a	 spontaneous	 hemothorax.	 See	
Video	 12.412	 for	 a	 discussion	 on	 this	 case	 and	 examples	 of	 other
pleural	effusions.



	

Figure	12.3 	Chest	radiograph	at	the	time	of	admission	(left)	and
14	hours	later	(right).(Reprinted	from	Wiesen	J,	Raman	D,	Adams	J,
et	 al.	A	 patient	with	 lung	 cancer	 presenting	with	 respiratory	 failure
and	shock.	Chest.	2013;144(1):e1-e4.)

THORACENTESIS	PROCEDURE
The	 most	 common	 techniques	 for	 performing	 thoracentesis	 are	 simple	 needle
insertion,	catheter-over-needle,	and	Seldinger	technique	using	a	wire	and	dilator
set.	The	latter	method	is	used	for	insertion	of	larger	drainage	devices.

Procedural	Steps
Technique	for	diagnostic	and/or	therapeutic	thoracentesis:

1.	 The	use	of	ultrasonographic	guidance	for	thoracentesis	is	a	mandatory
component	of	current	critical	care	practice.

2.	 The	patient	is	comfortably	positioned	sitting	at	the	edge	of	the	bed	while
leaning	forward	over	a	pillow-draped,	height-adjusted,	bedside	table
(Figure	12.4A).7	An	assistant	stands	in	front	of	the	patient	to	prevent	any
unexpected	movements.	If	the	patient	is	not	able	to	assume	the	seated
position,	as	is	the	often	the	case	in	the	intensive	care	unit,	the	procedure	is
performed	with	the	patient	in	the	supine	or	semisupine	position	with	the
ipsilateral	arm	abducted.



	

Figure	12.4 	Catheter-over-needle	technique	for	thoracentesis
of	 freely	 flowing	 pleural	 field.A,	 The	 patient	 is	 comfortably
positioned,	sitting	up	and	leaning	forward	over	a	pillow-draped,
height-adjusted,	bedside	table.	The	arms	are	crossed	in	front	of
the	 patient	 to	 elevate	 and	 spread	 the	 scapulae.	 The	 preferred
entry	 site	 is	 along	 the	 posterior	 axillary	 line.	 B,	 The	 catheter
apparatus	 is	 gently	 advanced	 through	 the	 skin	 and	 across	 the
upper	 surface	 of	 the	 rib.	 The	 needle	 is	 advanced	 several
millimeters	at	a	 time	while	continuously	aspirating	 through	 the
syringe.	C,	As	 soon	 as	 the	 parietal	 pleura	 has	 been	 punctured,
fluid	 will	 appear	 in	 the	 syringe.	 D,	 Before	 the	 catheter	 is
advanced	any	farther,	the	apparatus	is	directed	downward.	E	and
F,	In	rapid	sequence,	the	catheter	is	advanced	fully	to	the	chest
wall	and	the	needle	withdrawn	from	the	apparatus.	The	one-way
valve	 in	 the	 apparatus	 maintains	 a	 closed	 system	 until	 the
operator	manually	changes	the	position	of	the	stopcock	to	allow
drainage	 of	 the	 pleural	 fluid.(From	 Wilson	 MM,	 Irwin	 RS.
Thoracentesis.	 In:	 Irwin	 RS,	 Lilly	 CM,	Mayo	 PH,	 Rippe	 JM,
eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care	 Medicine.	 Wolters
Kluwer;	2017:102.)

3.	 The	operator	performs	a	time-out	to	confirm	patient	identification,	laterality
of	procedure,	operator	identification,	valid	consent	is	present	for



nonemergent	procedures,	relevant	preprocedural	diagnostics,	and	that	all
necessary	equipment	is	available.

4.	 The	operator	uses	ultrasonography	to	identify	the	best	site,	depth,	and	angle
for	needle	insertion	(see	“Technique	for	Air	Removal	from	a
Pneumothorax”	section).	Use	of	chest	x-rays	and	physical	examination	to
establish	a	safe	site	for	needle	insertion	is	no	longer	acceptable	practice	in
circumstances	where	ultrasonography	is	available.

5.	 The	operator	cleans	the	area	around	the	insertion	site	with	an	appropriate
sterile	preparation	solution;	and	then	drapes	it	in	sterile	fashion.

6.	 The	operator	anesthetizes	the	epidermis	over	the	selected	rib	site	with	1%	to
2%	lidocaine	using	a	25-gauge	needle.	The	deeper	tissue	is	anesthetized	by
advancing	an	18-	to	22-gauge	needle	of	sufficient	length	through	the	chest
wall	over	the	selected	rib.	The	angle	of	the	needle	with	respect	to	the	skin,
and	the	needle	trajectory	are	previously	determined	during	ultrasonographic
localization.	In	small	increments,	the	needle	is	advanced	under	negative
pressure	to	detect	inadvertent	entry	into	a	vascular	structure	and	to	finally
enter	the	pleural	space.	Following	each	incremental	forward	needle
movement,	the	operator	stops	advancing	and	injects	0.5%	to	1.0%	of
lidocaine,	until	pleural	fluid	enters	the	syringe	upon	reaching	the	pleural
space.	No	local	anesthetic	is	instilled	into	the	pleural	space,	as	it	is
bactericidal	for	most	organisms,	including	Mycobacterium	tuberculosis.

7.	 To	perform	a	simple	diagnostic	thoracentesis,	initial	needle	insertion	is
performed	with	a	10-mL	syringe	filled	with	lidocaine.	Once	the	track	has
been	anesthetized,	the	needle	is	reinserted	with	a	syringe	of	adequate
volume	for	fluid	analysis.	Due	to	the	risk	of	needle-related	lung	laceration,
high-volume	thoracentesis	is	not	performed	using	a	needle-only	technique.

8.	 When	the	thoracentesis	is	completed,	the	needle	is	removed	while	the
patient	performs	a	maneuver	to	increase	intrathoracic	pressure	(eg,
humming).	When	the	patient	is	not	able	to	do	this,	the	needle	is	removed
during	exhalation.

9.	 A	chest	radiograph	is	not	needed	following	thoracentesis	when	the	operator
observes	and	documents	lung	sliding	on	ultrasonography	post	procedure.8
For	high-risk	patients,	serial	ultrasonography	examination	for	PTX	may	be
performed.

10.	 To	perform	high-volume	thoracentesis,	the	operator	inserts	a	catheter
instead	of	the	needle	into	the	pleural	effusion.	Commercially	available	kits
generally	use	a	catheter-over-needle	system	(Figure	12.4B-F).7	Each
pleural	device	kit	has	different	instructions.	Simulation	task	training	allows
operators	unfamiliar	with	the	pleural	drainage	system	to	develop	familiarity



and	confidence.	Larger	drainage	devices	are	often	inserted	using	Seldinger
technique.	Manual	removal	of	fluid	is	recommended	over	gravity	drainage
and	over	vacuum-assisted	drainage,	as	manual	removal	is	faster	than
gravity	drainage,	and	has	less	associated	discomfort	than	vacuum
drainage.14,15

Technique	for	Air	Removal	from	a	Pneumothorax
The	 operator	 may	 elect	 to	 decompress	 a	 PTX	 on	 a	 semielective	 basis	 or	 an
emergency	 basis.	 In	 the	 former,	 some	 proportion	 of	 spontaneous
pneumothoraces	 may	 resolve	 with	 simple	 catheter	 drainage,	 thereby	 avoiding
longer	duration	drainage.11	 In	the	case	of	a	 tension	PTX,	urgent	decompression
with	 a	 needle	 or	 small-diameter	 catheter	 may	 stabilize	 the	 patient	 while	 a
definitive	 drainage	 device	 is	 inserted.	 The	 technique	 of	 decompression	 is	 the
same.

PROCEDURE

1.	 Using	anatomic	landmarks,	the	best	insertion	site	is	usually	the	anterior
midclavicular	line	in	the	second	or	third	intercostal	space,	but
ultrasonographic	evidence	of	absence	of	lung	apposition	to	the	chest	wall
should	also	be	evident	(Chapter	11,	Lung	Ultrasonography).	In	addition,	the
target	area	should	also	be	scanned	for	the	internal	mammary	artery,	as
laceration	of	this	structure	may	result	in	major	hemorrhage.

2.	 Following	sterile	skin	preparation,	draping,	and	injection	of	local	anesthesia
(see	earlier),	the	needle	is	inserted	over	the	superior	aspect	of	the	rib	bevel
up	to	guide	the	catheter	(or	wire,	if	using	Seldinger	technique)	into	an
anterior	position	within	the	thorax.

3.	 When	aspirating	air	from	a	PTX,	a	three-way	stopcock	is	attached	to	the
catheter	for	serial	aspiration	using	a	50	mL	syringe.	Alternatively,	a	small
Heimlich	valve	can	allow	lung	reexpansion.

4.	 In	the	case	of	tension	PTX	one	team	member	is	assigned	to	manually
stabilize	the	initial	catheter	that	allowed	emergent	pleural	decompression,
while	the	team	sets	up	for	insertion	of	a	definitive	drainage	device	under
proper	sterile	conditions	with	adequate	pain	control.

4 	Competence	 in	procedural	 ultrasound	 for	 thoracentesis	 has	 been	 required	 by
the	Accreditation	Council	for	Graduate	Medical	Education	(ACGME)	for	nearly



a	 decade.	Ultrasonographic	 guidance	 of	 thoracentesis	 is	 associated	with	 lower
rates	 of	 PTX,	 facilitates	 effusion	 identification,	 and	 is	 more	 accurate	 for
determining	 a	 safe	 site	 for	 needle	 insertion	 than	 physical	 examination.13	 It
increases	 procedural	 safety	 in	 mechanically	 ventilated	 patients,16	 and	 allows
targeted	insertion	of	drainage	catheters	into	loculated	pleural	effusions.

Please	 refer	 to	 “Better	with	Ultrasound:	 Pleural	 Procedures	 in	Critically	 Ill
Patients.”13,17	 for	 a	 complete	 video	 tutorial.	Relevant	 videos	 are	 referenced	 for
each	step	in	the	use	of	ultrasound	for	guidance	of	thoracentesis	here.

Ultrasonography	 effectively	 identifies	 pleural	 fluid	 (an-/hypoechoic	 to	 soft
tissue)	and	also	allows	for	characterization	of	volume,	and	internal	complexity.
Although	 this	 information	 may	 provide	 details	 regarding	 the	 etiology	 of	 the
effusion,	 fluid	 sampling	 is	 usually	 an	 important	 complementary	 part	 of
management,	as	it	may	guide	the	need	for	escalation	to	catheter	drainage.

Equipment
The	phased-array	cardiac	transducer	(3.5-5.0	MHz)	is	the	preferred	initial	probe
because	its	small	footprint	allows	for	examination	between	rib	interspaces.	The
curvilinear	abdominal	probe	may	also	be	used.	The	linear	high-frequency	probe
lacks	 sufficient	 penetration	 to	 visualize	 deeper	 thoracic	 structures	 such	 as
atelectatic	 lung	 underlying	 the	 pleural	 effusion	 but	 adds	 detail	 to	 the	 precise
localization	of	the	correct	interspace	when	the	fluid	collection	is	small.

Scanning	Technique
To	identify	and	characterize	the	effusion	and	to	establish	a	safe	site	and	direction
for	needle	insertion,	a	series	of	thoracic	parasagittal	scan	lines	is	acquired.

Patient	Position
5 	Precise	duplication	of	the	ultrasonographic	scanning	plane	in	three	dimensions
is	 a	 key	 requirement	 for	 safe	 needle/device	 insertion.	 In	 the	 case	 of	 a	 small
effusion	 in	 a	 supine	 patient,	 the	 effusion	will	 be	 posterior	 in	 location	 because
pleural	fluid,	unless	loculated,	assumes	a	dependent	position	in	the	thorax.	Small
effusions	 in	 critically	 ill,	 supine	 patients	 are	 readily	 identified	 by	 pressing	 the
probe	 into	 the	 mattress	 with	 anterior	 angulation,	 but	 this	 probe	 angulation
positions	 the	scanning	plane	 in	an	almost	vertical	angle	 to	 the	mattress	surface
and	makes	 it	 difficult	 to	 duplicate	 the	 scanning	 plane	with	 the	 needle-syringe
assembly.	When	no	safe	site	can	be	identified	in	the	supine	position,	the	head	of



the	 bed	 may	 be	 raised	 to	 the	 semirecumbent	 position	 and	 the	 ipsilateral	 arm
abducted	in	order	 to	expose	the	posterolateral	chest,	where	a	safe	site/direction
for	needle	insertion	can	then	sometimes	be	achieved.

Alternatively,	the	patient	can	be	placed	in	a	lateral	decubitus	position	with	the
hemithorax	 contralateral	 to	 the	 effusion	 in	 the	 dependent	 position.
Semirecumbent	 or	 lateral	 decubitus	 positioning	 requires	 significant	 patient
movement,	possibly	with	various	life	support	devices	in	place.	This	requires	that
several	 team	members	 be	 involved	with	 the	 procedure.	 In	 the	 case	 of	 a	 large
effusion,	 the	 effusion	 will	 be	 visible	 ultrasonographically	 in	 a	 more	 anterior
position,	 with	 a	 probe	 angulation	 more	 parallel	 to	 the	 mattress	 surface.	 This
scanning	 plane	 is	 easily	 duplicated	 with	 the	 needle-syringe	 assembly.	 For	 the
patient	who	is	able	to	sit	up	while	leaning	forward	on	an	examination	table	(the
standard	 position	 for	 pulmonologist	 performed	 thoracentesis),	 the	 effusion	 is
identified	by	scanning	over	the	posterior	thorax.

Identification	of	Fluid
The	examiner	seeks	two	characteristic	findings	typical	for	a	pleural	effusion:

Anatomic	boundaries:	The	effusion	usually	appears	as	an
anechoic/hypoechoic	space	surrounded	by	typical	anatomic	boundaries.
Identification	of	typical	anatomic	boundaries	requires	unequivocal	detection
of	the	chest	wall	(near	field	of	scanning	sector),	the	surface	of	the	lung	(far
field	and	often	also	cranial	aspect	of	scanning	sector),	and	the	diaphragm
(caudal	aspect	of	scanning	sector).	The	heart	may	form	an	anatomic	boundary
in	the	far	field.	Identification	of	the	diaphragm	is	a	critical	element	of	safe	site
selection	as	subdiaphragmatic	device	insertion	may	result	in	splenic	or	hepatic
injury.	Identification	of	the	diaphragm	requires	definitive	identification	of	the
subdiaphragmatic	organs	(spleen	or	liver,	and	kidneys).	The	inexperienced
operator	may	misidentify	the	hepatorenal	or	splenorenal	space	as	the
diaphragm	and	consider	the	overlying	liver	or	spleen	to	be	an	echo-dense
effusion,	because	the	spaces	may	appear	as	curvilinear	structures	and	may	be
mistaken	for	a	diaphragm.	This	dangerous	error	is	avoided	by	emphasizing	the
identification	of	the	kidney	as	a	discrete,	more	caudally	located	structure,	and
then	continuing	ultrasonographic	scanning	in	a	cranial	direction	in	order	to
successively	identify	the	liver/spleen	and	diaphragm	that	is	more	cranial	to	the
liver/spleen.
Dynamic	changes:	This	requires	identification	of	dynamic	changes	typical	of	a
pleural	effusion	such	as	diaphragmatic	and	lung	movement	caudally	in



synchrony	with	the	respiratory	rate,	and	possibly	also	more	rapid	movements
of	compressed	lung	within	the	pleural	fluid	in	synchrony	with	the	heartbeat,
and	movement	of	internal	echogenic	elements	within	the	pleural	effusion.	The
less	liquid	and	the	more	viscous/septated	an	effusion	becomes,	the	less
movement	will	occur	(both	synchronous	with	respiration	and	synchronous
with	heart	rate)

	 Videos	 12.5	 and	 12.613	 present	 techniques	 for	 the	 ultrasonographic
identification	of	pleural	fluid.

	Video	12.713	 presents	 a	 tutorial	 on	 the	 ultrasonographic	 identification	 of
intercostal	vessels.

	Video	12.813	presents	an	overview	of	the	entire	thoracocentesis	procedure.
	 Video	 12.9-12.407	 present	 an	 extensive	 collection	 of	 ultrasonographic

images	of	pleural	abnormalities.

Site	Selection
Once	the	pleural	effusion	is	identified,	the	transducer	is	moved	over	the	target
area	in	order	to	identify	a	safe	site	for	needle	insertion	that	maximizes	the
distance	between	the	chest	wall	and	the	underlying	lung	while	avoiding
adjacent	anatomic	structures	such	as	the	diaphragm	or	heart.	As	much	as
possible,	the	examiner	holds	the	probe	perpendicular	to	the	chest	wall,
because	this	angle	is	easiest	to	duplicate	with	the	needle-syringe	assembly.
Once	a	suitable	site	is	identified,	it	is	marked;	the	depth	of	needle	penetration
to	access	the	fluid	is	measured;	and	the	angle	of	the	probe	with	respect	to	the
skin	is	determined.	This	angle	must	be	duplicated	precisely	by	the	operator
during	needle	insertion.

A	 rare	 complication	 of	 thoracentesis	 is	 laceration	 of	 an	 intercostal	 vessel	with
subsequent	hemothorax.	This	risk	may	be	reduced	by	using	the	high-frequency
vascular	probe	with	color	Doppler	to	scan	the	proposed	needle	trajectory.

CASE	3
Consider	the	patient	who	undergoes	a	pleural	biopsy	after	the	use	of
color	Doppler	did	not	identify	an	intercostal	vessel	in	the	trajectory	of
needle	insertion	(Videos	12.41	and	 	Videos	12.42).18

What	is	the	likely	cause	of	this	finding?



This	 patient	 developed	 postbiopsy	 bleeding	 into	 the	 pleural
space.	A	comprehensive	discussion	of	 this	case	 is	presented	 in	
Video	12.43.18

Performance	of	Needle	Insertion
Once	the	site	is	selected,	there	can	be	no	further	patient	movement,	because	this
may	shift	 the	position	of	 the	pleural	effusion	within	the	chest	cavity	relative	to
the	insertion	site.	The	time	between	the	ultrasonographic	examination	and	needle
insertion	 should	 be	 minimized.	 Immediately	 before	 the	 sterile	 insertion	 site
preparation,	the	operator	rechecks	the	site,	angle,	and	depth	for	needle	insertion.
The	 thoracentesis	 is	performed	by	 inserting	 the	needle-syringe	assembly	at	 the
site	mark,	duplicating	the	angle	at	which	the	probe	was	held	to	achieve	the	safe
trajectory.	Real-time	 guidance	 of	 needle	 insertion	 is	 not	 required.	 If	 a	 catheter
over	wire	technique	is	used,	we	recommend	an	ultrasonographic	double	check	of
correct	 wire	 position	 prior	 to	 dilation	 (similar	 to	 vascular	 access).	 The
requirement	 for	 a	 sterile	 ultrasound	 transducer	 sheath	 and	 increased	 procedure
time	is	offset	by	increased	procedural	safety.	Likewise,	final	device	position	may
be	determined	with	ultrasonography.

As	a	routine,	the	patient	should	be	evaluated	for	PTX	before	the	procedure	by
examining	 for	 lung	 sliding,	 lung	 pulse,	 and/or	 B	 lines	 (Chapter	 11,	 “Lung
Ultrasonography”).	 Following	 the	 procedure,	 the	 examination	 is	 repeated.	 The
continued	 presence	 of	 these	 three	 signs	 rules	 out	 PTX	 so	 reliably	 that	 chest
radiography	is	not	necessary	and	may	be	misleading.12,19	Their	absence	is	strong
evidence	of	a	procedure-related	PTX.

	Imaging	Pitfalls
Skin	compression:	When	edema	or	obesity	is	present,	skin	compression
artifact	may	cause	an	underestimation	of	the	depth	required	for
successful	needle	insertion.	In	this	case,	the	operator	pushes	the	probe
into	the	skin	surface	in	order	to	improve	image	quality.	This	causes
indentation	of	the	skin	surface	at	the	target	site	that	rebounds	when	the
probe	is	removed.	In	this	scenario,	the	operator	must	insert	the	needle	to
a	depth	greater	than	that	measured	with	indentation	of	the	skin.
Skin	laxity	with	movement	of	skin	after	marking:	If	lateral	force	is



applied	to	the	skin	at	the	time	of	marking	the	insertion	site,	the	skin	mark
may	be	moved	to	a	substantial	extent.	This	is	of	particular	concern	when
accessing	a	smaller	effusion.	At	the	time	of	needle	insertion,	the	operator
takes	care	to	not	move	the	site	mark	when	puncturing	skin	surface.
Difficult	scanning	conditions:	It	may	be	difficult	to	achieve	adequate
image	quality	in	the	massively	obese	or	edematous	patient.	The	pleural
effusion	may	be	so	echogenic	that	it	could	cause	uncertainty	as	to	its	size
or	location.

INTERPRETATION	OF	PLEURAL	FLUID
ANALYSIS
6 	To	determine	 the	etiology	of	a	pleural	effusion,	a	number	of	 tests	on	pleural
fluid	are	helpful.	The	initial	determination	should	be	to	classify	the	effusion	as	a
transudate	 or	 an	 exudate	 using	 the	 criteria	 discussed	 here.	 Additional	 studies
often	help	establish	a	final	diagnosis	for	the	effusion	etiology,	especially	in	the
setting	of	an	exudate.

Transudates	vs	Exudates
6 	 Transudates	 are	 generally	 caused	 by	 hydrostatic	 or	 oncotic	 pressure
imbalances	 or	 by	migration	 of	 fluid	 from	 peritoneal	 or	 retroperitoneal	 spaces.
Exudates	arise	through	a	variety	of	mechanisms	primarily	due	to	lung	or	pleural
inflammation,	 impaired	 lymphatic	 drainage,	 or	 fluid	 migration	 from	 the
peritoneal	 space.	 A	 transudate	 is	 biochemically	 defined	 by	 meeting	 all	 of	 the
following	classic	(Light)	criteria20:	pleural	fluid-serum	total	protein	ratio	of	less
than	0.5,	pleural	fluid-serum	LDH	ratio	of	less	than	0.6,	and	pleural	fluid	LDH
of	less	than	two-thirds	the	normal	serum	level.	An	exudate	is	present	when	any
of	the	foregoing	criteria	for	transudates	are	not	met.

6 	 A	 wide	 variety	 of	 alternative	 diagnostic	 criteria	 have	 been	 studied	 since
Light’s	original	work.	Abbreviated	criteria	with	similar	diagnostic	accuracy,	but
without	the	need	for	concurrent	serum	measurements,	have	been	proposed.21,22	A
classic	 transudate	can	be	 identified	with	equal	 accuracy	by	 the	combination	of
both	pleural	fluid	cholesterol	of	less	than	45	mg/dL	and	a	pleural	fluid	LDH	less
than	0.45	times	the	upper	limit	of	normal	for	serum	LDH.21

Transudates,	generally	require	no	further	pleural	fluid	tests	(Table	12.1),7	but



exudates	 definitely	 warrant	 further	 laboratory	 evaluation	 (Figure	 12.1).	 If	 the
differential	 diagnosis	 includes	 tuberculosis	 or	 malignancy	 (especially
mesothelioma),	further	investigation	should	include	video-assisted	thoracoscopic
biopsy	(VATS).

TABLE	12.1

Causes	of	Pleural	Effusions

Etiologies	of	Effusions	That	are	Virtually	Always	Transudates	
Congestive	heart	failure
Nephrotic	syndrome
Hypoalbuminemia
Urinothorax
Trapped	lung
Cirrhosis
Atelectasis
Peritoneal	dialysis
Constrictive	pericarditis
Superior	vena	caval	obstruction

Etiologies	of	Effusions	That	are
Typically	Exudates	
Infections	
Parapneumonic
Tuberculous	pleurisy
Parasites	(amebiasis,	paragonimiasis,	and
echinococcosis)
Fungal	disease

Iatrogenic	
Drug-induced	(nitrofurantoin
and	methotrexate)
Esophageal	perforation
Esophageal	sclerotherapy
Central	venous	catheter
misplacement	or	migration
Enteral	feeding	tube	in	space



Atypical	pneumonias	(virus,	Mycoplasma,
Q	fever,	and	Legionella)
Nocardia,	Actinomyces	
Subphrenic	abscess
Hepatic	abscess
Splenic	abscess
Hepatitis
Spontaneous	esophageal	rupture
Noninfectious	inflammations	
Pancreatitis
Benign	asbestos	pleural	effusion
Pulmonary	embolisma	
Radiation	therapy
Uremic	pleurisy
Sarcoidosisc	
Postcardiac	injury	syndrome
Hemothorax
Acute	respiratory	distress	syndrome
Malignanciesb	
Carcinoma
Lymphoma
Mesothelioma
Leukemia
Chylothoraxc	

Chronically	increased	negative
intrapleural	pressure	
Atelectasis
Trapped	lungc	

Connective	tissue	disease	
Lupus	pleuritis
Rheumatoid	pleurisy
Mixed	connective	tissue	disease
Churg-Strauss	syndrome
Wegener	granulomatosis
Familial	Mediterranean	fever
Endocrine	disorders	
Hypothyroidismc	

Ovarian	hyperstimulation
syndrome
Lymphatic	disorders	
Malignancy
Yellow	nail	syndrome
Lymphangioleiomyomatosis

Movement	of	fluid	from
abdomen	to	pleural	space	
Pancreatitis
Pancreatic	pseudocyst
Meigs	syndrome
Malignant	ascites

Chylous	ascites



Cholesterol	effusion

a10%	to	20%	may	be	transudates.
b3%	to	10%	are	transudates.
cOccasional	transudates.
Adapted	from	Sahn	SA.	State	of	the	art.	The	pleura.	Am	Rev	Respir	Dis.	1988;138:184-234.

7 	Selected	Potentially	Helpful	Tests	in	Establishing
Exudative	Pleural	Effusion	Etiology

pH
For	instance,	the	differential	diagnosis	associated	with	a	pleural	fluid	pH	of	less
than	 7.2	 is	 consistent	 with	 systemic	 acidemia,	 bacterially	 infected	 effusion
(empyema),	 malignant	 effusion,	 rheumatoid	 pleuritis,	 tuberculous	 effusion,
ruptured	 esophagus,	 noninfected	 parapneumonic	 effusion	 that	 needs	 drainage,
paragonimiasis,	and	urinothorax.	Pleural	effusions	with	a	pH	of	less	than	7.2	are
potentially	sclerosis	provoking	and	require	consideration	for	chest	tube	drainage
to	aid	resolution.

Glucose
Pleural	glucose	levels	of	all	 transudates	and	most	exudates	are	similar	to	blood
glucose	 concentrations.	 Some	 exudates	 will	 have	 low	 pleural	 fluid	 glucose
values	 (ie,	 less	 than	 60	 mg/dL).	 In	 this	 situation,	 the	 differential	 diagnosis
overlaps	with	causes	 listed	earlier	 for	 low	pH	effusions.	While	pleural	glucose
levels	are	not	significantly	 impacted	by	 the	duration	of	 time	 the	sample	awaits
analysis,	nor	the	presence	of	air	or	lidocaine	in	the	same	sampling	syringe,	there
can	be	 clinically	 significant	 increases	 (time	delay,	 air)	 or	decreases	 (lidocaine)
noted	 in	 the	pleural	 fluid	pH	by	 these	 factors.23	Therefore,	 glucose	 levels	may
serve	as	a	surrogate	for	pleural	fluid	pH	if	there	is	any	concern	that	the	measured
pH	may	be	inaccurate.

Protein,	Lactate	Dehydrogenase,	and	Protein	Gradient
The	main	value	of	pleural	fluid	protein	and	LDH	levels	is	for	the	separation	of
transudative	 from	exudative	effusions.	Additionally,	 the	pleural	 fluid	LDH	can
serve	 as	 indirect	 reflection	 of	 the	 degree	 of	 pleural	 inflammation,	 and	 any



effusion	classified	as	an	exudate	based	on	LDH	criteria	alone	(and	not	by	protein
level	 as	 well)	 suggests	 the	 presence	 of	 pleural	 space	 infection	 or	 a	malignant
effusion.	Serum	protein	minus	pleural	fluid	protein	gradient	may	be	of	value	in
distinguishing	a	truly	transudative	effusion	due	to	congestive	heart	failure	(CHF)
in	a	patient	who	has	undergone	diuresis,	from	a	truly	exudative	effusion.	If	in	the
setting	of	diuresis	 for	CHF,	 the	protein	gradient	 is	 greater	 than	3.1	g/dL	 (or	 if
greater	 than	 1.2	 g/dL	 when	 an	 albumin	 gradient	 is	 measured	 instead),	 that
effusion	is	most	likely	transudative	in	nature/due	to	CHF.

Amylase
A	pleural	fluid	amylase	level	that	is	greater	than	the	normal	serum	level	may	be
seen	 in	patients	with	acute	and	chronic	pancreatitis,	pancreatic	pseudocyst	 that
has	 dissected	 or	 ruptured	 into	 the	 pleural	 space,	 malignancy,	 and	 esophageal
rupture.	 Salivary	 isoenzymes	 predominate	 with	 malignancy	 and	 esophageal
rupture,	 while	 intrinsic	 pancreatic	 disease	 is	 characterized	 by	 the	 presence	 of
pancreatic	isoenzymes.

Triglyceride	and	Cholesterol
Chylous	 pleural	 effusions	 are	 biochemically	 defined	 by	 a	 triglyceride	 level
greater	 than	 110	 mg/dL	 and	 the	 presence	 of	 chylomicrons	 on	 a	 pleural	 fluid
lipoprotein	electrophoresis.7	The	usual	appearance	of	a	chylous	effusion	is	milky,
but	 an	 effusion	 with	 elevated	 triglycerides	 may	 also	 appear	 serous.	 The
measurement	 of	 a	 triglyceride	 level	 is	 therefore	 important.	 Chylous	 effusions
occur	when	 the	 thoracic	 duct	 has	 been	 disrupted	 somewhere	 along	 its	 course.
The	 most	 common	 causes	 are	 trauma	 and	 malignancy	 (eg,	 non-Hodgkin
lymphoma)	 as	 well	 as	 in	 25%	 of	 patients	 with	 lymphangioleiomyomatosis.	 A
pseudochylous	effusion	appears	grossly	milky	because	of	an	elevated	cholesterol
level	 (>220	 mg/dL),	 but	 the	 triglyceride	 level	 is	 usually	 normal	 and	 no
chylomicrons	 are	 present.	 Chronic	 effusions,	 especially	 those	 associated	 with
rheumatoid	and	tuberculous	pleuritis,	are	characteristically	pseudochylous.

Adenosine	Deaminase
Adenosine	 deaminase	 (ADA)	 is	 abundant	 in	 lymphocytes	 and	 therefore	 often
indicates	tuberculous	pleural	infection.24,25	While	a	pleural	fluid	ADA	level	<40
IU/L	virtually	excludes	the	diagnosis,	levels	>40	IU/L	support	the	diagnosis	and
levels	>70	IU/L	highly	suggest	pleural	TB.26	Because	the	predictive	value	of	any



test	depends	on	the	disease	prevalence	in	the	specific	population	tested,	use	of	a
highly	sensitive	test	(ie,	pleural	fluid	ADA)	in	the	United	States	(generally	a	low
prevalence	 area	 for	 pleural	TB)	 implies	 that	 the	major	 strength	 of	 low	pleural
ADA	 is	 in	 its	 negative	 predictive	 value.	 Multiple	 possible	 causes	 of	 false-
positive	 ADA	 testing	 exist	 and	 include	 infection	 other	 than	 TB,	 malignancy
(especially	 lymphoma),	 connective	 tissue	 diseases	 and	 other	 chronic	 systemic
inflammatory	diseases.24,26

Cell	Counts	and	Differential
Although	 pleural	 fluid	 white	 blood	 cell	 count	 and	 differential	 are	 never
diagnostic,	 it	 would	 be	 distinctly	 unusual	 for	 an	 effusion	 other	 than	 one
associated	with	bacterial	pneumonia	to	have	a	white	blood	cell	count	exceeding
50,000/µL.	In	an	exudative	pleural	effusion	of	acute	origin,	polymorphonuclear
leukocytes	 predominate	 early,	 whereas	 mononuclear	 cells	 predominate	 in
chronic	 exudative	 effusions.	 Although	 pleural	 fluid	 lymphocytosis	 is
nonspecific,	 severe	 lymphocytosis	 (greater	 than	 80%	 of	 cells)	 suggests	 TB	 or
malignancy.	Finally,	 pleural	 fluid	 eosinophilia	 (>10%)	 is	 nonspecific	 and	most
commonly	associated	with	either	blood	or	air	in	the	pleural	space.

A	 red	 blood	 cell	 count	 of	 5000	 to	 10,000	 cells	 per	 µL	must	 be	 present	 for
fluid	 to	 appear	 pinkish.	 Grossly	 bloody	 effusions	 are	 most	 consistent	 with
trauma,	 malignancy,	 or	 pulmonary	 infarction.	 Two	 observations	 can	 help
distinguish	 a	 traumatic	 thoracentesis	 from	 a	 preexisting	 hemothorax.	 First,
because	a	preexisting	hemothorax	has	been	defibrinated,	it	does	not	form	a	clot
on	standing.	Second,	a	hemothorax	is	suggested	when	a	pleural	fluid	hematocrit
value	is	50%	or	more	of	the	serum	hematocrit	value.

Cultures,	Polymerase	Chain	Reaction,	and	Stains
To	maximize	pleural	fluid	culture	yield,	anaerobic	and	aerobic	cultures	should	be
obtained.	 Improvements	 of	 nucleic	 acid–based	 diagnostics	 allow	 diagnosis	 of
pleural	Mycobacterium	tuberculosis	infection	with	moderate	sensitivity	and	high
specificity27	and	can	be	combined	with	thoracoscopic	biopsy.28

Cytologic	Evaluation
Malignancies	can	produce	pleural	effusions	by	pleural	implantation	of	malignant
cells	 or	 by	 impairment	 of	 lymphatic	 drainage	 secondary	 to	 tumor	 obstruction.
The	 tumors	 that	most	 commonly	 cause	 pleural	 effusions	 are	 lung,	 breast,	 and



lymphoma.	Pleural	fluid	cytology	should	be	performed	for	an	exudative	effusion
of	unknown	etiology,	using	at	least	60	mL	of	fluid.29	If	initial	cytology	results	are
negative	 and	 strong	 clinical	 suspicion	 exists,	 additional	 samples	 of	 fluid	 can
increase	 the	 chance	 of	 a	 positive	 result	 to	 approximately	 60%	 to	 70%.	 The
addition	 of	 a	 directed	 pleural	 biopsy	 (eg,	 thoracoscopy)	 increases	 the	 yield	 to
over	 90%.	 Molecular	 testing	 methods	 that	 include,	 flow	 cytometry,
immunocytochemistry	 and	 fluorescent	 in	 situ	 hybridization	 have	 improved
diagnostic	 potential	 of	 cytologic	 pleural	 fluid	 analyses	 markedly	 for	 some
malignancies	 in	 recent	 years.30,31	 Furthermore,	 cytologic	 examination	 can
definitively	 diagnose	 rheumatoid	 pleuritis,	 whose	 pathognomonic	 picture
consists	 of	 slender,	 elongated	 macrophages	 and	 giant,	 round,	 multinucleated
giant	 cells	 (“tadpole	 cells”),	 accompanied	 by	 amorphous	 granular	 background
material.

CLINICAL	APPROACH	TO	EFFUSION
DRAINAGE	AND	FURTHER	MANAGEMENT
8 	Gravity	drainage	and	active	aspiration	of	fluid	result	in	equal	levels	of	comfort
during	the	procedure,	and	also	in	postprocedural	dyspnea.14	Application	of	CPAP
during	 the	 thoracentesis	may	aid	 in	 removal	of	 larger	volumes	of	pleural	 fluid
per	procedure	by	 improving	pleural	elastance.32	Development	of	 infection	with
marked	inflammatory	reaction	in	the	pleural	space	is	referred	to	as	empyema	and
can	develop	 in	 a	matter	 of	 one	 or	 2	 days	 after	 appreciable	 amounts	 of	 pleural
fluid	 accumulate.	 Management	 should	 involve	 early	 drainage,	 early
consideration	of	 intrapleural	fibrinolysis,	and	early	referral	 for	consideration	of
surgical	 intervention	 at	 a	 center	 experienced	with	 video-assisted	 thoracoscopic
surgery.33

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	63-year-old	woman	presents	with	hypoxia	and	pulmonary	edema	after
spending	the	day	raking	in	her	garden.	Chest	x-ray	shows	bilateral	effusions,	and
large-volume	diuresis	makes	her	feel	much	better,	but	she	remains	moderately
dyspneic	with	walking	in	the	hallway	or	taking	a	shower.	Past	medical	history



includes	breast	cancer	for	which	she	received	a	lumpectomy	and	postoperative
chemoradiation	including	doxorubicin	a	decade	ago,	hyperlipidemia,	depression,
and	a	large	3	hiatal	hernia	with	associated	gastroesophageal	reflux	disease	that	is
asymptomatic	after	proton	pump	inhibitor	and	dietary	modification.	On	physical
exam,	she	is	a	slender	female	in	no	distress.	Vital	signs	are	normal	at	rest	while
on	1	L/min	nasal	cannula	oxygen.	There	is	a	well-healed	left	lumpectomy	scar,
no	left	axillary	lymphadenopathy,	and	decreased	breath	sounds	with	dullness	to
percussion	in	the	lower	third	of	the	right	hemithorax.	Transthoracic
echocardiogram	shows	normal	systolic	function.	By	ultrasound,	she	he	has	a
moderate	sized	right	pleural	effusion	and	a	small	left	pleural	effusion.	The
visualized	fluid	appears	homogeneously	anechoic	and	dependent,	with	no
internal	septations	or	echoes.	You	consent	her	for	a	thoracentesis,	which	shows
clear,	straw-colored	fluid.	You	must	terminate	the	procedure	emergently	due	to
her	having	a	presyncopal	episode.	Postprocedure	ultrasound	does	not	reveal	a
pneumothorax,	and	vital	signs	remain	normal,	but	she	is	upset	about	her
presyncopal	episodes	and	states	that	this	experience	was	almost	as	stressful	as
her	prior	lumpectomy	surgery.	A	mishap	in	laboratory	handling	means	you	only
have	the	following	pleural	fluid	data:
Amylase 47	U/L

Triglycerides 110	mg/dL

Cholesterol 36	mg/dL

LDH 91	U/L

Cell	count 860	WBC/mm3,	50	RBC/mm3

Gram	stain no	bacteria,	few	PMNs

Bacterial	and	mycobacterial	cultures	are	pending.What	is	the	most	appropriate
next	step	in	management?

A. 	Obtain	CT	esophagogram
B. 	Obtain	mammogram	and	PET	scan
C. 	Obtain	repeat	echocardiogram	with	Valsalva	maneuver
D. 	Insist	on	repeat	thoracentesis	with	simultaneous	serum	testing

2. 	A	37-year-old	woman	with	a	history	of	intravenous	drug	use	is	in	the
medical	ICU	with	sepsis	from	methicillin-resistant	staphylococcal	endocarditis



of	the	tricuspid	and	mitral	valves,	complicated	by	septic	emboli	to	lung,	liver,
and	spleen.	Past	history	includes	hepatitis	C	with	previously	demonstrated
ascites.	Thoracentesis	3	days	ago	by	another	team	grew	methicillin-resistant
staphylococcus	but	there	was	no	intervention.	Vital	signs	are	temperature	38	F,
HR	110	bpm,	BP	114/49	mm	Hg	on	0.2	micrograms/kg/min	norepinephrine,
mechanically	ventilated	at	20	breaths/min,	with	100%	SaO2	on	30%	FiO2	and
PEEP	5.	The	patient	is	cachectic	with	a	grade	3/6	holosystolic	high	pitched
murmur,	coarse	breath	sounds	bilaterally,	and	a	minimally	distended,	nontender
abdomen	with	normoactive	bowel	sounds	that	is	dull	to	percussion.	Bedside
ultrasound	of	the	right	mid-	to	lower	flank	shows	a	fluid	space	with	multiple
septations,	and	you	proceed	to	consent	the	patient’s	medical	decision	maker	for
insertion	of	a	small-bore	pleural	catheter.You	localize	a	fluid-filled	space	with
multiple	internal	septations	in	the	right	posterior	axillary	line	that	has	a	depth	of
at	least	2	cm	throughout	the	respiratory	cycle	in	a	paracoronal	imaging	plane
when	imaged	in	two	successive	intercostal	spaces,	using	first	the	phased	array
ultrasound	probe	and	then	verifying	the	exact	intercostal	space	with	the	linear
probe	(see	q	 	Video	12.1).	After	cleaning,	draping,	and	infiltrative	anesthesia
with	2%	lidocaine,	you	proceed	to	insert	the	needle	from	the	chest	tube	kit	(a	kit
that	uses	Seldinger	technique	with	dilation	after	guidewire	insertion).	After
aspirating	approximately	10	mL	of	slightly	cloudy,	blood	tinged	fluid	with	the
needle-syringe	assembly	at	a	depth	of	4	cm,	you	feed	the	guidewire	through	the
needle	to	a	depth	of	20	cm	with	no	significant	resistance.	The	patient	becomes
agitated	and	receives	additional	fentanyl.	You	also	infiltrate	the	tract	around	the
guidewire	with	additional	lidocaine,	carefully	following	the	same	trajectory,	but
now	are	not	aspirating	fluid	despite	inserting	to	a	depth	of	7	cm.	You	then
proceed	to	obtain	another	ultrasound	clip	after	you	apply	a	sterile	sheath	to	the
phased	array	transducer	(see	q	 	Video	12.2).	What	is	the	most	appropriate	next
step	in	this	procedure?

A. 	Abort	the	procedure	and	withdraw	the	guidewire,	as	it	is	likely
intraparenchymal
B. 	Abort	the	procedure,	withdraw	the	guidewire,	and	contact	thoracic
surgical	team	as	there	has	likely	been	a	diaphragmatic	laceration
C. 	Continue	with	dilation	and	chest	tube	insertion	as	guidewire	is
intrapleural
D. 	Obtain	more	caudal	ultrasound	images

3. 	A	51-year-old	woman	is	seen	in	the	pulmonary	clinic	for	persistent
bilateral	moderate	pleural	effusions	of	unclear	etiology.	She	has	a	history	of



sarcoidosis	diagnosed	by	skin	biopsy	3	years	ago	and	was	noted	to	have	hilar
lymphadenopathy	and	optic	nerve	involvement	during	subsequent	screening.	She
required	40	mg/d	of	prednisone	for	24	of	the	past	36	months	due	to	her	optic
neuritis	and	has	received	appropriate	Pneumocystis	jirovecii	pneumonia	(PJP)
prophylaxis.	She	has	never	had	pulmonary	parenchymal	opacities.	Past	medical
history	is	otherwise	significant	for	stage	3	chronic	kidney	disease.	She	has	4
children	in	her	home,	including	an	adult	son	released	from	prison	9	months	ago.
She	admits	to	being	fatigued	over	the	past	year	but	attributes	this	to	worrying
about	her	son.	Vital	signs	are	normal,	except	for	a	BP	156/88	mm	Hg.	There	is
no	cervical	and	axillary	lymphadenopathy.	She	has	some	patchy	raised	skin
around	nares	and	a	minimal	amount	of	crusted	blood	inside	the	right	nare.
Cardiopulmonary	exam	is	notable	for	decreased	breath	sounds	and	dullness	to
percussion	in	the	bilateral	posterior	lower	fifth	of	the	hemithoraces,	with	no
pedal	edema.	Point-of-care	ultrasound	shows	bilateral,	moderate-sized,
dependent,	nonseptate	hypoechoic	pleural	collections	with	no	internal	echoes,
with	the	right	collection	slightly	larger	than	the	left,	and	an	A-line	predominant
aeration	pattern	throughout	the	remainder	of	all	lung	fields.	You	obtain	informed
consent	for	a	thoracentesis	and	other	testing.Pleural	fluid:
pH 7.25

Glucose 65	mg/dL

Total	protein 5.5	g/dL

Cholesterol 37	mg/dL

Triglycerides 50	mg/dL

LDH 75	U/L

Amylase 25	U/L

Cell	count WBC	2000,	70%	lymphocytes;	RBC
800

ADA 63	IU/L

Gram	stain Many	lymphocytes	and	few	PMNs,	no
bacteria

AFB	smear No	mycobacteria

M.	Tb	PCR Pending



Cultures	(bacterial,	fungal,
mycobacterial)

Negative	to	date

Serum	values:Relevant	serum	values	from	the	day	of	phlebotomy	(ie,	2	days
prior	to	thoracentesis)	include:
Serum	total	protein 6.5	g/dL	(upper	limit	of	normal	8.0	g/dL)

Serum	LDH 135	U/L	(upper	limit	of	normal	150	U/L)

QuantiFERON	negative.Other:PPD	skin	testing	negative.What	is	the	most
appropriate	management?

A. 	Image	with	chest	CT,	and	induce	sputa	for	mycobacterial	smear,
culture,	and	PCR
B. 	Manage	with	antihypertensive	and	a	diuretic
C. 	Resume	prednisone	40	mg/d	and	add	methotrexate
D. 	Start	empiric	four-drug	antituberculosis	therapy	pending	cultures

Answers

1.	The	correct	answer	is	C.
Rationale:	Repeat	 thoracentesis	 in	 this	 patient	would	 likely	be	 refused,	 and

further	 data	 are	 not	 necessary	 (choice	 D	 is	 incorrect).	 The	 pleural	 fluid	 is
transudative	based	on	the	combination	of	low	cholesterol	level	(ie,	<45	mg/dL)
and	 low	 LDH	 (ie,	 <67%	 of	 upper	 limit	 of	 normal	 serum	 LDH	 level).	 This
biochemical	constellation	of	findings	is	as	accurate	as	Light	classic	criteria	and
obviates	 the	 need	 for	 more	 pleural	 fluid	 or	 simultaneous	 serum	 sampling	 for
calculation	of	ratios.	Of	the	choices	listed,	heart	failure	is	the	only	diagnosis	that
has	 transudative	 pleural	 effusions	 (choice	 C	 is	 correct).	 One	 may	 have	 been
reassured	 by	 the	 normal	 systolic	 function	 by	 echocardiogram	 despite	 earlier
cardiotoxic	chemotherapy.	But	large	hiatal	hernias	have	been	described	to	cause
impairment	 in	 left	 atrial	 filling,	 resulting	 in	 episodes	 of	 heart	 failure	 with
preserved	ejection	fraction.	The	predominant	accumulation	of	pleural	fluid	in	the
right	hemithorax	is	likely	caused	by	the	raised	intrathoracic	pressure	on	the	left
where	 the	majority	 of	 the	 patient’s	 hernia	 resides.	 Echocardiographic	 imaging
with	Valsalva	maneuver	has	been	shown	to	be	helpful	 for	 identification	of	 this
phenomenon.



2.	The	correct	answer	is	D.
Rationale:	Progression	of	infected	pleural	fluid	into	an	organized,	gelatinous

collection	 can	 occur	within	 a	 few	 days	 of	 its	 initial	 appearance.	 The	 fact	 that
only	a	small	volume	of	fluid	could	be	aspirated	during	this	procedure	does	not,
by	 itself,	 indicate	 incorrect	 guidewire	 position,	 because	 gelatinous	 material
appears	 hypoechoic	 on	 sonography,	 indistinguishable	 from	 fluid	 (be	 it	 in	 the
pleural	 or	 abdominal	 compartment).	 The	 guidewire	 is	 positioned	 within	 the
septate	 fluid	 collection	 on	 the	 second	 video.	However,	 the	 combination	 of	 the
first	 and	 second	 video	 clips	 does	 not	 show	 adequate	 landmarks	 to	 assure	 a
location	in	the	pleural	rather	than	the	peritoneal	space.	For	this	reason,	a	caudal-
to-cranial	 sweep	 in	 a	 paracoronal	 plane	 that	 includes	 the	 targeted	 collection
should	first	be	obtained	during	ultrasonographic	localization	(choice	D	is	correct
and	shown	in	q	 	Video	12.3).	Proceeding	 to	chest	 tube	 insertion	or	 aborting
the	 procedure	 before	 establishing	 the	 position	 of	 the	 guidewire	 are	 not	 best
practices	(choices	A,	B,	and	C	are	incorrect).	This	sweep	should	include	a	clear
image	of	the	liver	and	the	hepatorenal	recess	at	the	caudal	portion	of	the	image
trajectory	(ie,	at	the	clip’s	beginning	when	the	sweep	is	performed	from	caudal
to	cranial).	Of	note,	sonography	is	superior	 to	CT	and	plain	chest	films	for	 the
detection	 of	 septations.	 The	 fact	 that	 this	 patient’s	 abdomen	 is	 nontender	with
active	bowel	sounds	makes	a	severe	persistent	inflammatory	ascitic	process	less
likely.	 The	 actual	 incidence	 of	 diaphragmatic	 laceration	 during	 chest	 tube
insertion	is	not	well	described	but	could	be	fairly	high	as	it	is	only	appreciated
clinically	 when	 there	 is	 gross	 traumatic	 disruption	 of	 its	 integrity.	 Finally,
inadvertently	 tracking	 an	 infection	 into	 the	 adjacent	 compartment	 during
diaphragmatic	 puncture	 remains	 a	 significant	 additional	 potential	 complication
of	this	procedure.

3.	The	correct	answer	is	A.
Rationale:	 This	 fluid	 is	 exudative	 by	 Light	 criteria.	 The	 patient	 has	 risk

factors	 for	 several	 different	 treatable	 causes	 of	 exudative	 pleural	 effusions,
among	them	are	tuberculosis	and	sarcoidosis	(with	several	possible	sarcoidosis-
related	 pathophysiologic	 mechanisms,	 among	 them	 pleural	 sarcoidosis	 and
lymphatic	disruption	with	chylothorax).	An	elevated	pleural	ADA	level	could	be
consistent	with	tuberculosis	(her	risk	factors	are	chronic	steroids,	kidney	disease,
and	exposure	to	a	person	recently	in	prison)	but	is	not	specific	and	can	also	be
seen	 in	 any	 chronic	 inflammatory	 multisystem	 disease	 (like	 her	 sarcoidosis)
making	 further	 investigation	 necessary.	Chest	 imaging	 and	PCR	TB	 testing	 of
fluid	 or	 tissue	would	 be	 appropriate	 (choice	A	 is	 correct)	 rather	 than	 treat	 for
either	 sarcoid	 (choice	C	 is	 incorrect)	 or	 tuberculosis	 (choice	D	 is	 not	 the	 best



answer)	 at	 this	 point.	 While	 congestive	 heart	 failure	 is	 also	 associated	 with
bilateral	 pleural	 effusions,	 those	 effusions	 would	 be	 transudative	 (choice	 B	 is
incorrect).
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Chapter	13
Chest	Tube	Insertion	and	Care
Ulises	Torres,	Ryan	J.	Hendrix,	Seth	J.	Koenig

KEY	POINTS:
1.	 Indications	for	chest	tube	insertion	include	pneumothorax,

hemothorax,	pleural	effusion,	empyema,	and	chylothorax;	a	chest
tube	can	then	function	in	a	diagnostic,	therapeutic,	or	palliative
fashion.

2.	 Chest	tube	insertion	is	a	potentially	lifesaving	intervention	that
requires	a	detailed	knowledge	and	understanding	of	the	anatomy	of
the	chest	wall	and	intrathoracic	structures	in	order	to	be	performed
safely	and	without	complications.

3.	 The	integrity	of	the	chest	tube	and	drainage	system	must	be
interrogated	daily	on	rounds	to	ensure	proper	functioning.

4.	 Bedside	point	of	care	US	is	superior	to	portable	CXR	and	similar	to
cross-sectional	imaging	for	the	detection	of	pneumothorax	and
pleural	effusion.

5.	 In	experienced	hands,	US	can	guide	chest	tube	insertion,	care,	and
removal.

INTRODUCTION
Chest	 tube	 insertion,	 or	 a	 chest	 tube	 thoracostomy,	 involves	 placement	 of	 a
sterile	 tube	between	 the	 ribs	and	 into	 the	pleural	 space	 to	evacuate	air	or	 fluid
into	 a	 closed	 collection	 system	 to	 restore	 negative	 intrathoracic	 pressure,
promote	 lung	expansion,	 and	prevent	potentially	 lethal	 levels	of	pressure	 from
developing	 in	 the	 thorax.	Most	 life-threatening	 thoracic	 injuries	 can	be	 treated
with	airway	control	and/or	an	appropriately	placed	chest	tube.1



PLEURAL	ANATOMY	AND	PHYSIOLOGY
The	pleural	space	is	a	potential	space	between	the	visceral	and	parietal	pleura.	A
thin	layer	of	lubricating	fluid	(0.1-0.2	mL/kg)	surrounds	each	lung	in	the	pleural
space	at	any	given	time.	The	pleura	is	lined	by	an	extensive	lymphatic	network
that	ultimately	drains	into	the	thoracic	ducts	via	the	mediastinal	and	intercostal
lymph	nodes.	These	lymphatics	prevent	the	accumulation	of	pleural	fluid	in	the
pleural	 space.	 It	 is	 estimated	 that	 this	 mechanism	 allows	 clearance	 of	 up	 to
20	mL	 of	 pleural	 fluid	 per	 hour	 per	 hemithorax	 in	 a	 70-kg	 adult.	 The	 elastic
recoil	of	the	chest	wall	and	lung	creates	a	subatmospheric	pressure	in	the	space,
between	−5	and	−10	cm	H2O,	which	binds	the	lung	to	the	chest	wall.2,3

Drainage	 of	 the	 pleural	 space	 is	 necessary	 when	 normal	 physiological
processes	are	disrupted	by	increased	fluid	into	the	space	owing	to	alterations	in
hydrostatic	 pressures	 (eg,	 congestive	 heart	 failure)	 or	 oncotic	 pressures	 or	 by
changes	of	 the	parietal	 pleura	 itself	 (eg,	 inflammatory	diseases	 that	 reduce	 the
area	 available	 for	 fluid	 resorption).	A	 derangement	 of	 lymphatic	 drainage—as
with	 lymphatic	 obstruction,	 disruption	 of	 pleural	 anatomy,	 and/or	 lung
parenchymal	 anatomy	 due	 to	 malignancy—may	 also	 result	 in	 excess	 fluid
accumulation.

CHEST	TUBE	PLACEMENT

Indications
1 	The	indications	for	chest	tube	placement	include	pneumothorax,	hemothorax,
pleural	 effusion,	 empyema,	 and	 chylothorax	 related	 to	 a	 variety	 of	 disease
processes	in	the	hospital	setting	(Table	13.1).	The	procedure	may	be	performed
to	 palliate	 a	 chronic	 disease	 process	 or	 to	 relieve	 an	 acute,	 potentially	 life-
threatening	process.	Chest	tubes	also	may	provide	a	vehicle	for	pharmacological
interventions,	as	when	used	with	antibiotic	therapy,	administration	of	fibrinolytic
agents,	 or	 instillation	 of	 sclerosing	 agents	 to	 prevent	 recurrence	 of	 malignant
effusions.

TABLE	13.1

Indications	for	Chest	Tube	Insertion



Pneumothorax
Primary	or	spontaneous
Secondary
Chronic	obstructive	pulmonary	disease
Pneumonia
Abscess/empyema
Malignancy
Traumatic
Iatrogenic
Central	line	placement
Positive-pressure	ventilation
Thoracentesis
Lung	biopsy

Hemothorax
Traumatic
Blunt
Penetrating	(trauma	or	biopsy)

Iatrogenic
Malignancy
Pulmonary	arteriovenous	malformation
Blood	dyscrasias
Ruptured	thoracic	aortic	aneurysm

Empyema
Parapneumonic
Posttraumatic
Postoperative
Septic	emboli



Intra-abdominal	infection
Chylothorax
Traumatic
Surgical
Congenital
Malignancy

Pleural	effusion
Transudate
Exudate	(malignancy,	inflammatory)

Pneumothorax
Accumulation	of	air	in	the	pleural	space,	a	pneumothorax,	is	the	most	common
indication	for	chest	tube	placement.	Symptoms	include	tachypnea,	dyspnea,	and
pleuritic	 pain,	 although	 some	patients	may	 be	 asymptomatic	 depending	 on	 the
size	of	the	pneumothorax.	Physical	findings	include	increased	work	of	breathing,
diminished	 breath	 sounds,	 and	 hyperresonance	 to	 percussion	 on	 the	 affected
side.

Diagnosis	 should	 be	 suspected	 by	 history	 and	 physical	 examination,	 but	 is
often	 confirmed	 by	 a	 portable	 chest	 radiograph	 (CXR)	 or	 bedside	 ultrasound
(US).	Although	 the	gold	 standard	 for	 the	 identification	of	 a	pneumothorax	has
been	a	computed	tomography	(CT)	scan	of	the	chest,	US	identification	has	been
shown	to	have	 the	same	sensitivity	as	 that	of	a	CT	scan	(details	of	performing
this	 examination	 can	 be	 found	 in	 the	 section	 that	 follows).	 Furthermore,	 US
estimates	of	 the	 extension	of	 the	pneumothorax	 correlate	well	with	CT	 scans.4
The	sensitivity	of	detecting	a	pneumothorax	with	US	ranges	from	86%	to	89%,
compared	to	a	range	of	28%	to	75%	with	a	supine	chest	x-ray.5

Immediate	tube	decompression	is	indicated	for	patients	who	are	symptomatic,
those	 who	 have	 a	 large	 or	 expanding	 pneumothorax,	 or	 those	 who	 are	 being
mechanically	 ventilated.	 The	 mechanically	 ventilated	 patient	 on	 positive
pressure	 is	 of	 particular	 concern	 given	 the	 risks	 of	 acute	 deterioration	 of	 both
hemodynamics	 and	 oxygenation.	 However,	 in	 nonventilated	 patients,	 a	 small,
stable,	 asymptomatic	 pneumothorax	 can	 be	 followed	 with	 serial	 CXR	 or	 US.
Reexpansion	occurs	at	a	rate	of	approximately	2.2%	of	lung	volume	per	day.6

Persistent	 leaking	 of	 air	 into	 the	 pleural	 space	with	 no	 route	 of	 egress	will



ultimately	 collapse	 the	 ipsilateral	 lung,	 flatten	 the	 diaphragm,	 and	 eventually
produce	 contralateral	 shift	 of	 the	mediastinum.	This	 is	 referred	 to	 as	 a	 tension
pneumothorax.	The	combination	of	a	collapsed	lung	on	the	affected	side	and	the
increasing	 pressure	 on	 the	 contralateral	 lung	 results	 in	 hypoxemia.	 The
accompanying	hypotension	is	a	result	of	pressure	on	the	inferior	vena	cava	that
compromises	venous	return.	Emergency	needle	decompression	with	a	14-	or	16-
gauge	catheter	in	the	midclavicular	line	of	the	second	intercostal	space	may	be
lifesaving	 while	 preparations	 for	 definitive	 management	 with	 chest	 tube
insertion	are	expeditiously	made.

CASE	1
A	46-year-old	man	was	 admitted	 to	 the	 hospital	 for	 acute	 onset	 of
chest	pain	and	cough.	His	CXR	is	seen	in	Figure	13.1.7	As	seen	in
the	radiograph,	a	right-sided	chest	tube	was	placed	with	subsequent
expansion	 of	 the	 right	 lung.	 Over	 the	 next	 few	 hours,	 the	 patient
developed	worsening	hypoxemia	and	lung	US	was	performed.

	

Figure	 13.1 	 A	 chest	 radiograph	 before	 drainage	 with
complete	 collapse	 of	 the	 right	 lung	 (A)	 and	 with	 a	 post
reexpansion	 right	mid-lung	 zone	 infiltrate	 (B).(From	Torres	U,
Scurlock	J,	Koenig	SJ.	Chest	Tube	Insertion	and	Care.	In:	Lilly
CM,	 Mayo	 PH,	 Koenig	 SJ,	 Irwin	 RS,	 eds.	 Irwin	 &	 Rippe’s
Ultrasonography	 for	Management	 of	 the	Critically	 Ill.	Wolters
Kluwer;	2020:129-142.	Figure	8.1.)

Based	 on	 the	 lung	 US	 seen	 in	 	 Video	 13.17	 and	 the
decompensating	patient,	what	is	the	likely	diagnosis?

	Video	13.2	will	discuss	the	findings	of	the	lung	US.8



Hemothorax
Chest	 tube	 placement	 may	 result	 in	 injury	 to	 the	 intercostal	 arteries,	 internal
mammary	 arteries,	 or	 the	 pulmonary	 parenchyma.	 Pulmonary	 parenchymal
bleeding	from	chest	trauma	is	often	self-limited	owing	to	the	low	pressure	of	the
pulmonary	 vascular	 system.	 However,	 bleeding	 from	 systemic	 sources
(intercostal,	 internal	 mammary,	 or	 subclavian	 arteries;	 aorta;	 or	 heart)	 may
persist	and	become	life-threatening.

When	 a	 hemothorax	 is	 present,	 placement	 of	 large-bore	 (34-38	French	 [F])
drainage	 tube	 is	 indicated	 to	 facilitate	 the	 evacuation	 of	 blood.	 Indications	 for
open	 thoracotomy	 in	 the	 setting	 of	 traumatic	 hemothorax	 include	 initial	 blood
loss	greater	than	1500	mL	or	continued	blood	loss	exceeding	200	mL/h	for	2	to	4
hours.1

CASE	2
A	man	in	his	30s	was	admitted	to	the	hospital	for	increasing	dyspnea
and	 was	 diagnosed	 with	 bilateral	 pulmonary	 emboli	 and	 acute
myeloblastic	 leukemia.	He	was	 started	 on	 anticoagulation	while	 he
began	 induction	chemotherapy.	On	day	3,	he	developed	right-sided
chest	pain,	worsening	dyspnea,	and	hypoxemia.	His	CXR	is	seen	in
Figure	13.27	and	his	hemoglobin	decreased	to	6.3	g/dL.

	



Figure	13.2 	A	chest	 radiograph	near	 the	 time	of	ultrasound
examination.(From	 Flora	 B,	 Granati	 G,	 Patel	 J,	 et	 al.	 A
previously	healthy	man	 in	his	30s	with	worsening	shortness	of
breath	over	5	days.	Chest.	2017;152(3):e65-e67.)

Based	on	the	clinical	history	and	 	Video	13.3,9	what	 is	the
likely	diagnosis?

	Video	13.4	will	discuss	the	findings	of	the	US.7

Pleural	Effusion
One	of	 the	main	 reasons	 to	 perform	 a	 thoracentesis	 (Chapter	 12)	 for	 a	 patient
with	a	newly	diagnosed	pleural	effusion	is	to	determine	whether	the	patient	has	a
transudative	 or	 an	 exudative	 pleural	 effusion.	 The	 reason	 to	 make	 this
differentiation	 is	 that	 the	 existence	 of	 a	 transudative	 pleural	 effusion	 indicates
that	 systemic	 factors	 such	 as	 heart	 failure	 or	 cirrhosis	 are	 responsible	 for	 the
effusion,	 whereas	 the	 existence	 of	 an	 exudative	 effusion	 indicates	 that	 local
factors	 are	 responsible	 for	 the	 effusion.	 When	 the	 patient	 has	 a	 transudative
effusion,	the	systemic	abnormality	should	be	treated,	and	little	attention	needs	to
be	diverted	 to	 the	pleura.	Alternatively,	when	an	exudative	effusion	 is	present,
investigations	need	to	be	directed	toward	the	pleura	to	determine	the	cause	of	the
local	 problem.	 An	 exudative	 effusion	 is	 diagnosed	 when	 one	 or	 more	 of	 the
following	conditions	are	met:	(1)	pleural	fluid	protein/serum	protein	level	greater
than	 0.5,	 (2)	 pleural	 fluid	 lactic	 acid	 dehydrogenase	 (LDH)/serum	 LDH	 level
greater	than	0.6,	or	(3)	pleural	fluid	LDH	level	greater	than	two-thirds	the	upper
normal	 limit	 for	 serum	 LDH.	 The	 differential	 diagnosis	 list	 for	 an	 exudative
effusion	is	extensive	and	beyond	the	scope	of	chapter	8	(see	Chapter	12).	Tube
thoracostomy	 could	 be	 indicated	 to	 treat	 and/or	 diagnose	 the	 etiology	 of	 the
pleural	 effusion,	 but	 there	 are	 a	 lot	 of	 other	 modalities	 such	 as	 thoracentesis,
pleural	biopsy,	bronchoscopy,	thoracoscopy,	and/or	imaging	that	could	be	useful
for	the	diagnosis	or	treatment	of	effusions.10

CASE	3
A	24-year-old	man	was	admitted	to	the	hospital	for	a	nonproductive



cough	and	dyspnea	for	2	weeks.	He	did	not	smoke	and	worked	in	a
factory	that	produced	kerosene	and	previously	worked	in	a	foundry.
Initial	treatment	with	azithromycin	did	not	help.	Physical	examination
showed	 that	 he	 was	 not	 in	 respiratory	 distress	 and	 his	 oxygen
saturation	on	 room	air	was	87%.	He	had	decreased	breath	sounds
on	most	of	the	right	lung	field.	His	CXR	is	seen	in	Figure	13.3.9

	

Figure	 13.3 	 Chest	 radiograph	 near	 the	 time	 of	 ultrasound
examination	 that	 demonstrates	 a	 right	 pleural	 effusion.(From
Carrington	 JM,	Kruse	DA.	Rapid	 diagnosis	 and	 treatment	 of	 a
pleural	 effusion	 in	 a	24-year-old	man.	Chest.	 2019;155(4):e83-
e85.)

Based	on	 	Video	13.59	and	the	clinical	history,	what	 is	the
likely	diagnosis?

	Video	13.69	 is	the	discussion	video	that	explains	the	lung	US
findings.



Empyema
Use	of	advanced	imaging	like	US	and	CT	scans	widens	the	scope	of	diagnosing
and	 for	 treating	 pleural	 effusions	 seen	 on	 a	 routine	 posteroanterior	 CXR.
Observation	 is	 usually	 adequate	 for	 small	 (<10	mm)	nonseptated,	 free-flowing
effusions.	Any	other	effusions	warrant	a	diagnostic	thoracentesis.	If	the	aspirated
fluid	 fulfills	 the	 criteria	 for	 being	 infected	 (pH	 <	 7.2,	 glucose	 <	 40	 mg/dL,
culture	 positive),	 a	 prompt	 plan	 for	 its	 drainage	 is	 recommended.	 Currently,
large-bore	tube	thoracostomy	is	the	treatment	option	of	choice	for	patients	with
empyema,	but	data	are	accumulating	for	treating	parapneumonic	effusions	with
small-bore	 intercostal	drains.	 Intrapleural	 thrombolytics	may	also	be	useful	 for
complicated	or	loculated	parapneumonic	pleural	effusions.	Early	thoracoscopy	is
an	alternative	to	thrombolytics.	Until	randomized	trials	provide	better	evidence,
local	 expertise	 will	 dictate	 the	 choice	 between	 therapeutic	 thoracentesis,
intrapleural	 fibrinolytics,	 and	 thoracoscopy	 as	 well	 as	 conversion	 to	 open
drainage	when	thoracoscopy	fails.11

CASE	4
A	 24-year-old	 man	 is	 admitted	 to	 the	 hospital	 for	 chest	 pain	 for
2	 months.	 He	 believes	 that	 he	 may	 have	 fallen	 while	 he	 was
intoxicated	and	the	pain	began	subsequently.	He	states	that	he	feels
a	 “slosh”	 in	 his	 left	 chest.	 His	 CXR	 is	 shown	 in	Figure	 13.4.12	He
denied	fevers,	night	sweats,	or	cough.	His	WBC	count	on	admission
was	17,100.



	

Figure	 13.4 	 Admission	 chest	 radiograph	 that	 demonstrates
an	 air	 fluid	 level	 on	 the	 left.(From	 Ahsan	 S,	 Thompson	 D,
Arntfield	 RA.	 21-year-old	 man	 with	 “sloshing”	 in	 the	 chest.
Chest.	2016;	149(6):e169-e171.)

Based	 on	 his	 clinical	 history	 and	 US	 findings	 seen	 in	
Video	13.7,12	what	is	the	likely	diagnosis?

The	relevant	US	findings	are	discussed	in	 	Video	13.8.12

Chylothorax
Chylothorax	 is	 an	 uncommon	 condition	with	multiple	 etiologies.	 Pleural	 fluid
analysis	can	identify	this	condition	when	clinical	suspicion	exists.	Conservative
management	 is	 generally	 recommended	 for	 most	 noniatrogenic	 cases	 with
surgery	being	reserved	for	those	who	have	a	large	or	persistent	leak	or	in	those
who	 become	 immunologically	 challenged	 or	 malnourished.	 Conservative
treatment	initially	involves	replacing	the	nutrients	lost	in	the	chyle	and	draining
large	 chylothoraces	 using	 chest	 tube	 insertion	 if	 necessary,	 to	 ensure	 complete
lung	expansion.	Nothing	by	mouth	or	the	administration	of	a	low-fat,	medium-
chain	 triglyceride	 enteral	 diet	 results	 in	 resolution	 of	 approximately	 50%	 of
congenital	 or	 traumatic	 chylothoraces.	 Other	 invasive	 treatments	 are	 available
and	include	pleurodesis,	lymphangiography	and	embolization,	and	ligation	of	the
thoracic	duct	thoracoscopically	or	by	thoracotomy.13



CONTRAINDICATIONS
Published	 guidelines	 state	 that	 there	 are	 no	 absolute	 contraindications	 for
drainage	via	 tube	 thoracostomy,	 except	when	 a	 lung	 is	 completely	 adherent	 to
the	 chest	 wall	 throughout	 the	 hemithorax,	 or	 upon	 patient	 refusal.	 Relative
contraindications	 include	 risks	 of	 bleeding	 due	 to	 coagulopathies	 or
anticoagulation	medication,	and	infection	overlying	the	insertion	site.	Whenever
possible,	 coagulopathies	 and	 platelet	 defects	 should	 be	 corrected	 prior	 to	 the
procedure.	Overlying	cellulitis	or	herpes	zoster	 infection	should	be	avoided	by
choosing	another	puncture	site.	Other	relative	contraindications	include	multiple
pleural	adhesions,	emphysematous	blebs,	and	scarring.14

TECHNIQUE
2 	Chest	 tube	 insertion	 requires	 a	 detailed	knowledge	 and	understanding	of	 the
anatomy	of	the	chest	wall	and	intrathoracic	structures,	and	mandates	adherence
to	 standard	 aseptic	 techniques.	 A	 formal	 time-out	 in	 accordance	 with
institutional	 protocols	 to	 confirm	 the	 correct	 patient,	 correct	 procedure,	 and
correct	 side	 should	 be	 followed.	 The	 procedure	 should	 be	 performed	 or
supervised	 only	 by	 experienced	 personnel,	 because	 the	 complications	 of	 an
improperly	 placed	 chest	 tube	 may	 have	 immediate	 life-threatening
consequences.	The	necessary	equipment	is	listed	in	Table	13.2.

TABLE	13.2

Chest	Tube	Insertion	Equipment

Chlorhexidine	or	povidone-iodine	solution
Sterile	towels	and	drapes	with	full	body	cover
Sterile	sponges
1%	Lidocaine	without	epinephrine	(40	mL)
10	mL	Syringe
18G,	21G,	and	25G	Needles



Two	Kelly	clamps,	one	large	and	one	medium
Mayo	scissors
Standard	tissue	forceps
Towel	forceps
Needle	holder
#0-Silk	suture	with	cutting	needle
Scalpel	handle	and	No.	10	blade
Chest	tubes	(24,	28,	32,	and	36F)
Chest	tube	drainage	system	(filled	appropriately)
2-inch	nonelastic	adhesive	tape

Sterile	gowns	and	gloves,	masks,	caps

Careful	 titration	 of	 parenteral	 narcotics	 or	 benzodiazepines	 and	 generous
administration	 of	 local	 anesthetic	 agents	 provide	 for	 a	 relatively	 painless
procedure.	Standard,	large-bore	drainage	tubes	are	either	right	angled	or	straight,
have	multiple	drainage	holes,	and	contain	a	radiopaque	stripe	with	a	gap	to	mark
the	most	proximal	drainage	hole.	They	are	available	in	sizes	ranging	from	6F	to
40F,	with	size	selection	dependent	on	the	patient	population	(6F-24F	for	infants
and	 children)	 and	 the	 collection	 being	 drained	 (24F-28F	 for	 air;	 32F-36F	 for
pleural	 effusions;	 and	 36F-40F	 for	 blood	 or	 pus).	 Small-caliber	 Silastic	 tubes
have	been	increasingly	employed	for	chest	drainage,	particularly	after	open-heart
surgery,	to	decrease	pain	and	allow	earlier	ambulation.15

Before	 performing	 the	 procedure,	 it	 is	 important	 to	 review	 the	 steps	 to	 be
taken	 and	 to	 ensure	 that	 all	 necessary	 equipment	 is	 available.	 Patient	 comfort
and	 safety	 are	 paramount.	 There	 are	 three	 techniques	 for	 insertion	 of	 a
thoracostomy	tube.	The	first	two	direct	techniques	require	a	surgical	incision	and
are	 (1)	 blunt	 dissection	 and	 (2)	 trocar	 puncture.	 Only	 the	 former	 technique	 is
discussed	 here,	 because	 the	 latter	 is	 not	 commonly	 employed.	 The	 third
technique	 is	 the	 percutaneous	method,	which	 can	 also	 be	 done	 at	 the	 bedside
with	US	guidance.

1.	 With	the	patient	supine	and	the	head	of	the	bed	adjusted	for	comfort,	and
after	a	pre-procedural	time	out,	the	involved	side	is	elevated	slightly	with
the	ipsilateral	arm	brought	up	over	the	head	(Figure	13.5).	Supplemental



oxygen	is	administered	as	needed.	The	triangle	of	safety	is	identified.	This
area	is	defined	by	the	anterior	border	of	the	latissimus	dorsi	muscle,	the
lateral	border	of	the	pectoralis	major	muscle,	a	line	superior	to	the
horizontal	level	of	the	nipple,	and	the	apex	below	the	axilla.14

	

Figure	 13.5 	 Positioning	 of	 the	 patient	with	 the	 arm	 flexed
over	 the	 head.Identification	 of	 the	 triangle	 of	 safety	 (yellow
triangle).(From	Torres	U,	Scurlock	JR.	Chest	tube	insertion	and
care.	 In:	 Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe	 JM,	eds.	 Irwin
and	 Rippe’s	 Intensive	Care	Medicine.	 8th	 ed.	Wolters	Kluwer;
2018:109.)

2.	 The	tube	is	usually	inserted	through	the	fourth	or	fifth	intercostal	space	in
the	anterior	axillary	line.	An	alternative	entry	site	(for	decompression	of	a
pneumothorax)	is	the	second	intercostal	space	in	the	midclavicular	line,	but
to	avoid	the	thick	pectoral	muscles,	the	former	site	is	preferable	in	adults.

3.	 Under	sterile	conditions,	the	area	is	prepped	in	standard	sterile	fashion	and
draped	to	include	the	nipple,	which	serves	as	a	landmark,	as	well	as	the
axilla.	A	2-	to	3-cm	area	is	infiltrated	with	1%	lidocaine	to	raise	a	wheal
two	finger-breadths	below	the	intercostal	space	to	be	penetrated.	(This
allows	for	a	subcutaneous	tunnel	to	be	developed,	through	which	the	tube
will	travel,	and	discourages	air	entry	into	the	chest	following	removal	of	the
tube.)

4.	 A	2-cm	transverse	incision	is	made	at	the	wheal,	and	additional	lidocaine	is
administered	to	infiltrate	the	tissues	through	which	the	tube	will	pass,
including	a	generous	area	in	the	intercostal	space	(especially	the	periosteum
of	the	ribs	above	and	below	the	targeted	interspace).	Care	should	be	taken



to	anesthetize	the	parietal	pleura	fully,	because	it	contains	somatic	pain
fibers.	Each	injection	of	lidocaine	should	be	preceded	by	aspiration	of	the
syringe	to	prevent	injection	into	the	intercostal	vessels.	Up	to	30	to	40	mL
of	1%	lidocaine	may	be	needed	to	achieve	adequate	local	anesthesia.

5.	 To	confirm	the	location	of	air	or	fluid	in	the	hemithorax,	a	thoracentesis	is
then	performed	at	the	proposed	site	of	tube	insertion.	If	air	or	fluid	is	not
aspirated,	the	anatomy	should	be	reassessed,	and	CXR	and	CT	scans
reexamined	before	proceeding.

6.	 A	short	tunnel	is	created	using	blunt	dissection	and	directed	toward	the
chosen	intercostal	space	using	a	Kelly	clamp.	The	intercostal	muscles	are
bluntly	divided	(Figure	13.6).

	

Figure	 13.6 	 Dissection	 with	 Kelly	 clamp.(From	 Torres	 U,
Scurlock	JR.	Chest	 tube	 insertion	and	care.	 In:	 Irwin	RS,	Lilly
CM,	Mayo	PH,	Rippe	JM,	eds.	Irwin	and	Rippe’s	Intensive	Care
Medicine.	8th	ed.	Wolters	Kluwer;	2018:109.)

7.	 The	closed	clamp	is	carefully	inserted	through	the	parietal	pleura,	hugging
the	superior	portion	of	the	lower	rib	to	prevent	injury	to	the	intercostal
neurovascular	bundle	which	courses	along	the	inferior	aspect	of	the	rib.
After	penetrating	the	pleura,	the	clamp	is	advanced	to	a	depth	of	less	than
1	cm	to	prevent	injury	to	the	intrathoracic	structures	and	is	spread	open
approximately	2	cm.

8.	 A	finger	is	inserted	into	the	pleural	space	to	explore	the	anatomy	and
confirm	proper	location	and	lack	of	pleural	symphysis.	Only	easily
disrupted	adhesions	should	be	dissected	bluntly	as	dense	adhesions	may
tear	the	lung	parenchyma	and	initiate	bleeding.



9.	 The	end	of	the	chest	tube	is	grasped	with	the	clamp	and	guided	with	the
finger	through	the	tunnel	into	the	pleural	space.	Once	the	tip	of	the	tube	is
in	the	pleural	space,	the	clamp	is	removed,	and	the	chest	tube	advanced	and
positioned	apically	for	a	pneumothorax	and	dependently	for	fluid	removal
(Figure	13.7A	and	B).	All	holes	of	the	chest	tube	must	be	confirmed	to	be
within	the	pleural	space	(Figure	13.8A	and	B).	The	use	of	undue	pressure
or	force	to	insert	the	tube	should	be	avoided.

	

Figure	13.7 	A	 and	B,	 The	 clamp	 penetrates	 the	 intercostal
muscle.	The	end	of	the	chest	tube	is	grasped	with	a	Kelly	clamp
and	guided	with	a	finger	 through	the	chest	 incision.	The	clamp
can	be	placed	above	or	below	the	tube.(From	Torres	U,	Scurlock
JR.	Chest	tube	insertion	and	care.	In:	Irwin	RS,	Lilly	CM,	Mayo
PH,	Rippe	JM,	eds.	Irwin	and	Rippe’s	Intensive	Care	Medicine.
8th	ed.	Wolters	Kluwer;	2018:110.)

	

Figure	 13.8 	 Advance	 the	 tube	 once	 the	 clamp	 has	 been
removed.(From	Torres	U,	Scurlock	JR.	Chest	tube	insertion	and
care.	 In:	 Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe	 JM,	eds.	 Irwin
and	 Rippe’s	 Intensive	Care	Medicine.	 8th	 ed.	Wolters	Kluwer;
2018:110.)



10.	 The	location	of	the	tube	should	be	confirmed	by	observing	the	flow	of	air
(seen	as	condensation	within	the	tube)	or	fluid	from	the	tube.	It	is	then
sutured	to	the	skin	to	prevent	slippage	(Figure	13.9).	A	simple	suture	to
anchor	the	tube	can	be	used,	or	a	horizontal	mattress	suture	can	be	used	to
allow	the	hole	to	be	tied	closed	when	the	tube	is	removed.	A	dry	sterile
dressing	is	then	applied,	and	the	tube	is	connected	to	a	drainage	apparatus
and	secured	to	the	patient.	All	connections	between	the	patient	and	the
drainage	apparatus	must	be	tight	and	securely	taped.

	

Figure	13.9 	The	tube	is	securely	sutured	to	the	skin	with	a	1-
0	or	2-0	silk	suture.This	suture	is	left	long,	wrapped	around	the
tube,	and	secured	with	tape.	To	seal	the	tunnel,	the	suture	is	tied
when	the	tube	is	pulled	out.(From	Torres	U,	Scurlock	JR.	Chest
tube	 insertion	 and	 care.	 In:	 Irwin	 RS,	 Lilly	 CM,	 Mayo	 PH,
Rippe	JM,	eds.	Irwin	and	Rippe’s	Intensive	Care	Medicine.	8th
ed.	Wolters	Kluwer;	2018:111.)

11.	 A	portable	CXR	should	be	obtained	immediately	to	confirm	intrathoracic
placement	of	the	chest	tube	and	document	improvement	or	resolution	of	the
pathology	which	prompted	the	procedure.

COMPLICATIONS
Chest	 tube	 insertion	may	be	 accompanied	by	 significant	 complications.	 In	one
series,	 insertion	 and	management	 of	 pleural	 tubes	 in	 patients	with	 blunt	 chest



trauma	carried	a	9%	incidence	of	complications.	Major	complications	requiring
surgical	 intervention,	 or	 administration	 of	 blood	 products	 or	 intravenous
antibiotics	occurred	in	only	four	(1.7%)	patients16	(Table	13.3).	The	use	of	small-
caliber,	less	rigid,	Silastic	drains	has	been	found	to	be	as	safe	and	efficacious	as
the	more	rigid,	conventional	chest	tubes.

TABLE	13.3

Complications	of	Chest	Tube	Insertion

Unintentional	tube	placement	into	vital	structures	(lung,	liver,	spleen,	etc)
Intercostal	vessel	laceration
Retroperitoneal	placement
Misplacement	empyema
Kinked	tube
Advanced	too	deeply
Unresolved	pneumothorax
Inadequately	advanced
Reaccumulation	of	pneumothorax
Persistent	pleural	effusion

CHEST	TUBE	MANAGEMENT	AND	CARE
3 	While	a	chest	tube	is	in	place,	the	tube	and	drainage	system	must	be	checked	at
least	daily	to	confirm	adequate	function.	Most	institutions	use	a	three-chambered
system	that	contains	a	calibrated	collection	trap	for	fluid,	an	underwater	seal	unit
to	allow	escape	of	air	while	maintaining	negative	pleural	pressure,	and	a	suction
regulator.	Suction	is	routinely	established	at	15	to	20	cm	H2O,	controlled	by	the
height	 of	 the	 column	 in	 the	 suction	 regulator	 unit,	 and	 maintained	 for	 the
duration	of	any	air	 leak.	The	drainage	 system	 is	examined	daily	 to	ensure	 that
appropriate	 levels	 are	maintained	 in	 the	 underwater	 seal	 and	 suction	 regulator



chambers.	Connections	between	 the	chest	 tube	and	 the	drainage	system	should
be	tightly	fitted	and	securely	taped.	For	continuous	drainage,	the	chest	tube	and
the	drainage	system	tubing	should	remain	free	of	kinks,	should	not	be	 left	 in	a
dependent	position,	and	should	never	be	clamped.	Routine	milking	and	stripping
of	 chest	 tubes	 is	 discouraged	 as	 is	 routine	 irrigation	 of	 chest	 tubes.	 Dressing
changes	should	be	performed	every	2	or	3	days	and	as	needed,	making	sure	that
no	dressing	with	high	content	of	petroleum-based	ointment	 is	present,	because
this	may	macerate	 the	 skin	around	 the	chest	 tube	 insertion	 site.	Adequate	pain
control	 is	 essential	 to	 encourage	 coughing	 and	 ambulation	 to	 facilitate	 lung
reexpansion.

Daily	CXRs	rarely	influence	chest	tube	management	or	patient	care	decisions
and	 are	 no	 longer	 recommended.	 If	 the	 patient	 develops	 clinical	 symptoms
including	 shortness	 of	 breath,	 decreasing	 oxygen	 saturation,	 or	 subcutaneous
emphysema,	 then	 ultrasonographic	 or	 radiographic	 evaluation	 is	 indicated.17	 If
dislodged,	a	chest	tube	should	never	be	readvanced	into	the	pleural	space,	and	if
a	 chest	 tube	 is	 to	 be	 replaced	 it	 should	 always	 be	 at	 a	 different	 site.	 If	 a
pneumothorax	persists	after	 initial	chest	 tube	placement,	 increasing	 the	suction
level	 may	 be	 beneficial,	 but	 an	 additional	 tube	 may	 be	 required	 if	 no
improvement	 results;	other	etiologies	 should	be	considered	after	 this	point	and
further	evaluated	with	a	CT	scan	of	the	chest.

CHEST	TUBE	REMOVAL
Indications	for	removal	of	chest	tubes	include	resolution	of	the	pneumothorax	or
fluid	 accumulation	 in	 the	 pleural	 space,	 or	 both.	 For	 a	 pneumothorax,	 the
drainage	system	is	left	on	suction	until	the	air	leak	resolves.	If	after	several	days,
an	 air	 leak	 persists,	 placement	 of	 an	 additional	 chest	 tube	 may	 be	 indicated.
When	the	 leak	has	ceased	for	more	 than	24	to	48	hours	(or	 if	no	fluctuation	is
seen	 in	 the	 underwater	 seal	 chamber),	 the	 drainage	 system	 is	 placed	 on	water
seal	by	disconnecting	 the	wall	suction,	 followed	by	a	CXR	or	US	examination
several	hours	later.	If	no	pneumothorax	is	present	and	no	air	leak	appears	in	the
system	 with	 coughing	 or	 deep	 breathing,	 the	 tube	 can	 be	 removed.	 For	 fluid
collections,	the	tube	can	be	removed	when	drainage	is	less	than	200	mL	per	24
hours.18

When	the	chest	 tube	is	removed,	the	lungs	should	be	fully	expanded,	which
minimizes	 the	 size	 of	 the	 pleural	 space.	 This	 can	 only	 be	 achieved	 when	 the
patient	holds	their	breath	while	performing	the	Valsalva	maneuver	(ie,	trying	to
exhale	against	a	closed	glottis	or	bearing	down)	or	at	the	end	of	expiration.	Once



the	chest	tube	is	removed,	a	CXR	should	be	obtained	to	confirm	complete	lung
reexpansion	and	the	absence	of	a	recurrent/delayed	pneumothorax.

RELATED	SYSTEMS
Management	of	small	and	large	pneumothoraces	with	small	size	(8.5F)	or	pigtail
catheters	 has	 proven	 effective.19	 These	 small-bore	 catheters	 are	 placed
percutaneously	over	a	wire	using	Seldinger	technique.

Utility	of	Ultrasonography	for	Chest	Tube	Insertion	and
Care
4 	Ultrasonography	 is	 superior	 to	 standard	 supine	 chest	 x-ray	 and	 is	 similar	 to
chest	 CT	 imaging	 for	 detection	 of	 pneumothorax	 and	 pleural	 fluid.20	 Because
evacuation	 of	 a	 pneumothorax	 and	 removal	 of	 pleural	 fluid	 are	 the	 main
indications	 for	 chest	 tube	 insertion,	 ultrasonography	 has	 application	 for	 chest
tube	insertion	and	care.

Equipment
The	 ultrasonography	 examination	 is	 performed	 using	 a	 phased-array	 cardiac
probe	 (3.5-5.0	MHz)	 with	 abdominal	 preset	 whose	 small	 footprint	 allows	 for
examination	between	rib	interspaces.	A	curvilinear	abdominal	probe	may	also	be
used.	 The	 linear	 high-frequency	 probe	 lacks	 sufficient	 penetration	 to	 visualize
deeper	thoracic	structures	such	as	atelectatic	lung	underlying	the	pleural	effusion
but	is	useful	for	identification	of	the	lung	point	while	mapping	out	the	extent	of	a
pneumothorax.

Pleural	Effusion	Scanning	Technique
A	 series	 of	 scan	 lines	 is	 performed	 over	 the	 chest	 in	 order	 to	 identify	 and
characterize	the	pleural	effusion,	and	to	establish	a	safe	site	for	needle	insertion
that	avoids	injury	to	adjacent	organs.	A	free-flowing	pleural	effusion	will	assume
a	dependent	position	in	the	thorax	owing	to	gravitational	effect,	so	the	operator
examines	for	fluid	over	the	lateral	chest	in	the	supine	patient.	A	loculated	pleural
effusion	 may	 be	 located	 at	 any	 point	 in	 the	 thorax.	 The	 operator	 can	 readily
locate	 a	 loculated	 effusion	 and	 insert	 a	 targeted	 chest	 tube	 for	 drainage	 of	 the
pleural	fluid.21



Chest	Tube	Insertion	and	Care
Ultrasonography	permits	selection	of	a	chest	tube	with	the	appropriate	and	safe
angle	 and	 depth	 for	 insertion	 into	 a	 pleural	 effusion.	 The	 principles	 of	 site
selection	for	chest	 tube	insertion	are	the	same	as	for	thoracentesis	(Chapter	12,
Thoracentesis).	 Site	 selection	may	 be	 done	 rapidly	 in	 the	 emergency	 situation
(thoracic	 trauma,	 tension	 pneumothorax	 on	 ventilatory	 support).	 Unintentional
insertion	of	the	chest	tube	in	a	subdiaphragmatic	position	with	injury	to	the	liver
or	spleen,	cardiac	perforation,	or	 lung	parenchymal	insertion	are	all	recognized
complications	of	chest	tube	insertion	that	can	be	avoided	by	the	simple	expedient
of	using	ultrasonography	for	all	chest	tube	insertions.22

Once	 the	 chest	 tube	 is	 in	 place,	 ultrasonography	 is	 useful	 for	 tracking
adequacy	 of	 fluid	 drainage.	 Owing	 to	 the	 simplicity	 of	 the	 examination,
ultrasonography	 is	 used	 to	 assess	 the	 amount	 of	 residual	 fluid.	On	occasion,	 a
chest	 tube	 will	 not	 adequately	 drain	 the	 pleural	 effusion	 because	 of
misplacement,	 tube	 blockage,	 or	 loculations.	 Ultrasonography	 can	 detect	 the
adequacy	 of	 drainage	 and,	 if	 the	 fluid	 is	 not	 being	 removed,	 guide	 decisions
related	 to	 chest	 tube	 replacement	 or	manipulation.	 Follow-up	 ultrasonography
examinations	take	little	time	and	are	performed	by	the	intensivist	team	at	point
of	care	as	often	as	required	in	order	to	guide	ongoing	management	of	the	chest
tube.	The	decision	to	remove	the	tube	may	be	determined	with	ultrasonography.
At	 the	 appropriate	 time,	 the	 tube	 is	 clamped.	 Ultrasonography	 is	 used	 to
determine	if	there	is	significant	fluid	reaccumulation.	If	not,	the	chest	tube	may
be	removed.	It	is	feasible	to	use	ultrasonography	as	the	main	imaging	modality
for	management	of	pleural	fluid	removal.

Pneumothorax

Scanning	Technique
A	 series	 of	 scan	 lines	 are	 performed	 over	 the	 chest	 in	 order	 to	 locate	 the
pneumothorax	 and	 to	 establish	 a	 safe	 site	 for	 chest	 tube	 insertion	 that	 avoids
injury	 to	 adjacent	 organs.	 In	 the	 supine	 patient,	 air	 in	 the	 pleural	 space	 will
distribute	 anteriorly;	 therefore,	 the	 examination	 for	 pneumothorax	 is
concentrated	over	the	anterior	and	lateral	chest.	Not	all	pneumothoraces	assume
a	 typical	 distribution.	 A	 loculated	 pneumothorax	 is	 always	 a	 possibility,	 thus
ultrasonography	should	be	integrated	with	the	review	of	cross-sectional	imaging
in	 order	 to	 rule	 out	 the	 presence	 of	 a	 loculated	 pneumothorax	 before	 targeted



insertion	of	a	chest	tube.

Chest	Tube	Insertion	and	Care
The	presence	of	 lung	sliding,	 lung	pulse,	or	B	 lines	 rules	out	pneumothorax	at
the	 site	 of	 the	 examination	 (Chapter	 11,	 Lung	 Ultrasonography).	 Multiple
intercostal	spaces	can	be	examined	in	a	short	period	of	time	in	order	to	exclude
pneumothorax	with	a	high	level	of	certainty	in	the	patient.	The	absence	of	lung
sliding	is	characteristic	but	not	diagnostic	for	a	pneumothorax.	Identification	of	a
lung	 point	 verifies	 the	 presence	 of	 pneumothorax23	 and	 allows	 the	 operator	 to
map	 out	 the	 lateral	 extent	 of	 the	 pneumothorax	which	 assists	 in	 safe	 insertion
site	selection	as	most	pneumothoraces	are	not	complete	(ie,	they	result	in	partial
lung	atelectasis).	The	chest	tube	needs	to	be	inserted	into	the	pleural	space	where
air	 has	 been	 trapped	 between	 the	 parietal	 and	 visceral	 pleura.	 Insertion	where
lung	is	still	 inflated	against	the	chest	wall	may	result	 in	placement	of	the	chest
tube	into	the	lung	parenchyma.

Once	 the	 tube	 is	 inserted,	 adequacy	 of	 lung	 inflation	 is	 determined	 by	 the
return	 of	 lung	 sliding,	 lung	 pulse,	 and/or	 B	 lines.	 The	 timing	 of	 chest	 tube
removal	 following	 chest	 tube	 insertion	 for	 pneumothorax	 is	 guided	 with
ultrasonography	as	follows24,25:

1.	 The	lung	is	determined	to	be	fully	inflated	by	ultrasonography,	and	there	is
no	air	leak	from	the	chest	tube.

2.	 The	team	determines	that	there	are	no	clinical	factors	that	require	continued
chest	tube	use.

3.	 The	tube	is	clamped,	and	the	chest	is	examined	with	ultrasonography
immediately	for	evidence	of	reaccumulation	of	the	pneumothorax.

4.	 Over	the	course	of	several	hours,	the	chest	is	reexamined	with
ultrasonography	for	evidence	of	delayed	pneumothorax	accumulation.

5.	 If	the	lung	remains	inflated	by	ultrasonography	criteria,	the	tube	may	be
safely	removed.

SUMMARY
5 	Because	ultrasonography	is	superior	to	standard	supine	CXR	and	is	similar	to
chest	 CT	 imaging	 for	 the	 detection	 of	 pneumothorax	 and	 pleural	 fluid,	 and
because	evacuation	of	a	pneumothorax	and	removal	of	pleural	fluid	are	the	main
indications	 for	 chest	 tube	 insertion,	 ultrasonography	 in	 the	 hands	 of	 a	 trained



ultrasonographer	 can	 be	 the	 initial	 modality	 of	 choice	 not	 only	 to	 diagnose	 a
pneumothorax	and	pleural	effusion	but	also	 to	guide	chest	 tube	 insertion,	care,
and	removal.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	58-year-old	man	presents	after	being	struck	by	a	motor	vehicle.	Primary
survey	confirms	his	airway	is	intact,	bilateral	breath	sounds	are	present,	and	he	is
hemodynamically	stable.	Glasgow	Coma	Scale	(GCS)	is	15.	He	denies	head
strike	or	loss	of	consciousness;	however,	he	complains	of	left-sided	chest	pain
and	pressure.	Which	of	the	following	would	confirm	the	presence	of	a
pneumothorax?

A. 	Lung	point
B. 	Lung	pulse
C. 	Lung	sliding
D. 	B	lines
E. 	Z	lines

2. 	A	74-year-old	woman	is	admitted	to	the	intensive	care	unit	with	acute
respiratory	failure	requiring	intubation.	Current	ventilatory	settings	are
assist/control	with	a	respiratory	rate	of	16,	tidal	volume	of	500	mL,	FiO2	of	80%,
and	PEEP	of	16	cm	H2O.	The	patient	becomes	acutely	hypotensive	with	systolic
blood	pressure	<	80	mm	Hg	and	tachycardic	with	heart	rate	>	130	beats/min.	Her
hemodynamic	instability	is	refractory	to	volume	resuscitation	and	vasopressors.
Which	of	the	following	is	the	most	likely	diagnosis?

A. 	Chylothorax
B. 	Hemothorax
C. 	Tension	pneumothorax
D. 	Exudative	pleural	effusion
E. 	Transudative	pleural	effusion

3. 	A	35-year-old	man	with	past	medical	history	significant	for	intravenous
drug	and	tobacco	abuse	(40-pack	years)	presents	to	the	emergency	department
with	a	chief	complaint	of	dyspnea	on	exertion,	chest	pain,	and	a	productive



cough	that	has	been	worsening	over	the	course	of	2	weeks.	He	is	febrile	to	101.5
°F.	On	physical	exam,	he	is	found	to	have	decreased	breath	sounds	throughout
the	right	hemithorax,	coarse	crackles,	and	dullness	to	percussion.	Chest	x-ray
demonstrates	a	large	right	sided	pleural	effusion	with	atelectasis.	Cross-sectional
imaging	shows	a	loculated	pleural	effusion	with	locules	of	gas	and	thickened
parietal	pleura.	What	is	the	first	step	in	management	of	this	patient?

A. 	Fibrinolytics
B. 	Large-bore	chest	tube	placement
C. 	Minimally	invasive	thoracoscopic	surgery
D. 	Open	thoracotomy
E. 	Pigtail	catheter	placement

Answers

1.	The	correct	answer	is	A.
Rationale:	A	 lung	point	 is	a	diagnostic	ultrasound	 finding	 that	 indicates	 the

presence	 of	 a	 pneumothorax	 (choice	 A	 is	 correct).	 This	 is	 characterized	 by
visualizing	an	area	of	lung	sliding	with	an	abrupt	transition	point	at	which	lung
sliding	 stops.	 Typically,	 the	 linear	 probe	 is	 used	 with	 the	 indicator	 oriented
cephalad	over	 the	anterior	most	aspect	of	 the	patient’s	chest.	M-Mode	can	also
but	it	is	utilized	to	help	confirm	the	presence	(or	absence)	of	lung	sliding.	Lung
sliding	 may	 be	 present	 with	 pneumothorax	 at	 loci	 where	 the	 lung	 has	 not
collapsed	 (choice	 C	 is	 incorrect).	 Lung	 pulse,	 B	 and	 Z	 lines	 are	 not	 signs	 of
pneumothorax.

2.	The	correct	answer	is	D.
Rationale:	Tension	pneumothorax	is	a	form	of	obstructive	shock	that	would

be	 refractory	 to	 volume	 resuscitation	 and	 vasopressors.	 It	 is	 characterized	 by
hypoxia,	 tachycardia,	 and	hypotension.	As	 the	pneumothorax	expands,	 there	 is
mediastinal	 shift	 causing	 impaired	cardiac	 filling	and	decreased	venous	 return.
In	 this	 case	 the	 source	 is	 likely	 iatrogenic	 and	 due	 to	 the	 patient’s	 ventilatory
settings,	 resulting	 in	 breath	 stacking	 and	 increasing	 auto-PEEP,	 causing	 lung
injury	 (choice	 D	 is	 correct).	 While	 this	 patient	 may	 have	 a	 chylothorax,
hemothorax,	 or	 a	 transudative	 or	 exudative	 effusion	 these	 are	 not	 the	 best
explanation	for	her	clinical	findings.

3.	The	correct	answer	is	B.
Rationale:	 A	 large-bore	 chest	 tube	 is	 the	 appropriate	 first	 step	 in	 the



management	 of	 a	 patient	 with	 a	 complex	 pleural	 effusion.	 Little	 therapeutic
benefit	 would	 likely	 be	 achieved	 with	 pigtail	 catheter	 placement	 (choice	 E	 is
incorrect)	 as	 the	 diameter	 of	 the	 lumen	 is	 not	 sufficient	 to	 drain	 complex	 or
loculated	 effusions.	 Open	 thoracotomy	 (choice	 D	 is	 incorrect),	 minimally
invasive	thoracoscopic	surgery	(choice	C	is	incorrect),	and	fibrinolytics	(choice
A	is	incorrect)	may	be	needed	later	in	this	patient’s	treatment	course	but	are	not
the	best	initial	steps	in	management.

References

Key	references	are	highlighted	in	gray.

1.	American	College	of	Surgeons.	Committee	on	Trauma.	Advanced	Trauma
Life	Support	for	Doctors:	ATLS,	Student	Course	Manual.	American	College
of	Surgeons;	2018.

2.	Brunelli	A,	Beretta	E,	Cassivi	SD,	et	al.	Consensus	definitions	to	promote	an
evidence-based	approach	to	management	of	the	pleural	space.	A
collaborative	proposal	by	ESTS,	AATS,	STS,	and	GTSC.	Eur	J
Cardiothorac	Surg.	2011;40(2):291-297.

3.	Finley	DJ,	Rusch	VW.	Anatomy	of	the	pleura.	Thorac	Surg	Clin.
2011;21(2):157-163,	vii.

4.	Soldati	G,	Testa	A,	Sher	S,	Pignataro	G,	La	Sala	M,	Silveri	NG.	Occult
traumatic	pneumothorax:	diagnostic	accuracy	of	lung	ultrasonography	in	the
emergency	department.	Chest.	2008;133(1):204-211.

5.	Wilkerson	RG,	Stone	MB.	Sensitivity	of	bedside	ultrasound	and	supine
anteroposterior	chest	radiographs	for	the	identification	of	pneumothorax	after
blunt	trauma.	Acad	Emerg	Med.	2010;17(1):11-17.

6.	Kelly	AM,	Loy	J,	Tsang	AYL,	Graham	CA.	Estimating	the	rate	of	re-
expansion	of	spontaneous	pneumothorax	by	a	formula	derived	from
computed	tomography	volumetry	studies.	Emerg	Med	J.	2006;23(10):780-
782.

7.	Flora	B,	Granati	G,	Patel	J,	Ahmad	S.	A	previously	healthy	man	in	his	30s
with	worsening	shortness	of	breath	over	5	days.	Chest.	2017;152(3):e65-e67.

8.	Tombini	V,	Cazzola	KB,	Guarnieri	L,	Velati	M,	Bellone	A.	Lung	ultrasound
diagnosis	and	follow-up	in	a	case	of	reexpansion	pulmonary	edema.	Chest.
2019;155(2):e33-e36.

9.	Carrington	JM,	Kruse	DA.	Rapid	diagnosis	and	treatment	of	a	pleural



effusion	in	a	24-year-old	man.	Chest.	2019;155(4):e83-e85.
10.	Light	RW.	Pleural	effusions.	Med	Clin	North	Am.	2011;95(6):1055-1070.
11.	Girdhar	A,	Shujaat	A,	Bajwa	A.	Management	of	infectious	processes	of	the
pleural	space:	a	review.	Pulm	Med.	2012;2012:816502.

12.	Ahsan	S,	Thompson	D,	Arntfield	R.	A	21-year-old	man	with	“sloshing”	in
the	chest.	Chest.	2016;149(6):e169-e171.

13.	McGrath	EE,	Blades	Z,	Anderson	PB.	Chylothorax:	aetiology,	diagnosis
and	therapeutic	options.	Respir	Med.	2010;104(1):1-8.

14.	Kuhajda	I,	Zarogoulidis	K,	Kougioumtzi	I,	et	al.	Tube	thoracostomy;	chest
tube	implantation	and	follow	up.	J	Thorac	Dis.	2014;6(suppl	4):S470-S479.

15.	Ishikura	H,	Kimura	S.	The	use	of	flexible	silastic	drains	after	chest	surgery:
novel	thoracic	drainage.	Ann	Thorac	Surg.	2006;81(1):331-333.

16.	Sethuraman	KN,	Duong	D,	Mehta	S,	et	al.	Complications	of	tube
thoracostomy	placement	in	the	emergency	department.	J	Emerg	Med.
2011;40(1):14-20.

17.	Cerfolio	RJ,	Bryant	AS.	The	management	of	chest	tubes	after	pulmonary
resection.	Thorac	Surg	Clin.	2010;20(3):399-405.

18.	Younes	RN,	Gross	JL,	Aguiar	S,	Haddad	FJ,	Deheinzelin	D.	When	to
remove	a	chest	tube?	A	randomized	study	with	subsequent	prospective
consecutive	validation.	J	Am	Coll	Surg.	2002;195(5):658-662.

19.	Kulvatunyou	N,	Vijayasekaran	A,	Hansen	A,	et	al.	Two-year	experience	of
using	pigtail	catheters	to	treat	traumatic	pneumothorax:	a	changing	trend.	J
Trauma.	2011;71(5):1104-1107;	discussion	1107.

20.	Xirouchaki	N,	Magkanas	E,	Vaporidi	K,	et	al.	Lung	ultrasound	in	critically
ill	patients:	comparison	with	bedside	chest	radiography.	Intensive	Care	Med.
2011;37(9):1488-1493.

21.	Moulton	JS.	Image-guided	management	of	complicated	pleural	fluid
collections.	Radiol	Clin	North	Am.	2000;38(2):345-374.

22.	Havelock	T,	Teoh	R,	Laws	D,	Gleeson	F,	Group	BTSPDG,	BTS	Pleural
Disease	Guideline	Group.	Pleural	procedures	and	thoracic	ultrasound:	British
thoracic	society	pleural	disease	guideline	2010.	Thorax.	2010;65(suppl
2):ii61-ii76.

23.	Lichtenstein	D,	Meziere	G,	Biderman	P,	Gepner	A.	The	“lung	point”:	an
ultrasound	sign	specific	to	pneumothorax.	Intensive	Care	Med.
2000;26(10):1434-1440.



24.	Galbois	A,	Ait-Oufella	H,	Baudel	JL,	et	al.	Pleural	ultrasound	compared
with	chest	radiographic	detection	of	pneumothorax	resolution	after	drainage.
Chest.	2010;138(3):648-655.

25.	Soult	MC,	Collins	JN,	Novosel	TJ,	Weireter	LJ,	Britt	LD.	Thoracic
ultrasound	can	predict	safe	removal	of	thoracostomy	tubes.	J	Trauma	Acute
Care	Surg.	2014;77(2):256-261.



Chapter	14
Cardiopulmonary	Resuscitation
Viral	Patel,	Michael	Hill

KEY	POINTS:
1.	 The	early	initiation	of	layperson-bystander	CPR	is	emphasized	and

remains	critical	for	the	management	of	cardiac	arrest.
2.	 Real-time	audiovisual	feedback	provided	during	CPR	can	result	in

optimization	of	CPR	performance.
3.	 There	has	been	increased	research	into	use	of	high-dose

vasopressin	and	methylprednisolone	during	CPR,	although	this	is
not	supported	in	the	2020	AHA	guidelines.

4.	 While	targeted	temperature	management	has	been	in	use	for	some
years	based	on	previous	data,	more	recent	studies	suggest	that
there	is	not	improved	survival	with	good	functional	outcome	with
targeted	temperature	management	compared	to	normothermia.

5.	 Amiodarone	and	lidocaine	are	second-	and	third-line	agents,
respectively,	in	refractory	pulseless	VT	or	VF	if	no	ROSC	with
defibrillation,	CPR	and	epinephrine.

INTRODUCTION
The	 era	 of	 modern	 resuscitation	 can	 be	 most	 directly	 traced	 to	 a	 report	 of
electrical	reversal	of	ventricular	fibrillation	(VF)	by	externally	applied	electrodes
described	in	1956	by	Zoll	et	al.1	This	ability	to	reverse	a	fatal	arrhythmia	without
opening	 the	 chest	 challenged	 the	medical	 community	 to	 develop	 a	method	 of
sustaining	adequate	ventilation	and	circulation	long	enough	to	bring	the	electric
defibrillator	 to	 the	 patient’s	 aid.	 By	 1958,	 adequate	 rescue	 ventilation	 became
possible	 with	 the	 development	 of	 the	mouth-to-mouth	 technique	 described	 by



Safar	et	al2	and	Elam	et	al.3	In	1960,	Kouwenhoven	et	al4	described	“closed	chest
cardiac	 massage,”	 thus	 paving	 way	 to	 the	 modern	 era	 of	 cardiopulmonary
resuscitation	(CPR).	The	simplicity	of	this	technique—“all	that	is	needed	are	two
hands”—has	 led	 to	 its	 widespread	 dissemination.	 The	 interaction	 of	 this
technique	 of	 sternal	 compression	 with	 mouth-to-mouth	 ventilation	 was
developed	as	basic	CPR.	The	first	national	conference	on	CPR	was	sponsored	by
the	 National	 Academy	 of	 Sciences	 in	 1966.5	 Instruction	 in	 CPR	 for	 both
professionals	 and	 the	 public	 soon	 followed	 through	 community	 programs	 in
basic	 life	 support	 (BLS)	 and	 advanced	 cardiac	 life	 support	 (ACLS)	 and
guidelines	 for	 both	BLS	 and	ACLS	were	 set	 in	 19736	 and	 have	 been	 updated
periodically.

For	individuals	with	adequately	preserved	cardiopulmonary	and	neurological
function,	 the	 cessation	 of	 breathing	 and	 cardiac	 contraction	 may	 be	 reversed
when	 CPR	 and	 definitive	 care	 are	 quickly	 available.	 The	 short	 period	 during
which	 the	 loss	 of	 vital	 signs	 may	 be	 reversed	 is	 often	 referred	 to	 as	 clinical
death.	 If	ventilation	and	circulation	are	not	restored	before	irreversible	damage
to	 vital	 structures	 occurs,	 then	 irreversible	 death	 occurs.	 This	 is	 referred	 to	 as
biologic	death.	In	difficult	circumstances,	the	best	single	criterion	(medical	and
legal)	for	the	ultimate	death	of	the	functioning	integrated	human	individual	(ie,
the	person)	is	brain	death.7,8	By	 this	criterion,	we	can	make	decisions	as	 to	 the
appropriateness	of	continuing	“life-sustaining”	techniques.

EFFICACY
1 	 4 	High-quality	CPR	produces	a	cardiac	output	of	25%	 to	33%	of	normal.9-11
The	 benefits	 of	 rapid	 initiation	 of	 CPR	 has	 been	 demonstrated	 by	 numerous
studies.12-15	 In	 2015,	 approximately	 350,000	 adults	 in	 the	 United	 States
experience	non	 traumatic	 out	 of	 hospital	 cardiac	 arrest	 attended	by	 emergency
medical	 services	 (EMS)	 personnel.	 Approximately	 10.4%	 of	 patients	 with
OHCA	 survive	 their	 initial	 hospitalization,	 and	 8.2%	 survive	 with	 good
functional	 status.16	 Targeted	 temperature	 management	 was	 initially	 felt	 to
improve	 survival	 and	 neurological	 outcomes	 although	 recent	 studies	 indicate
there	may	be	no	difference	 in	 targeting	 temperature	after	 cardiac	arrest.17	Data
from	prehospital	 care	 systems	 in	Seattle	 showed	 that	43%	of	patients	 found	 in
VF	were	 discharged	 from	 the	 hospital	 if	 CPR	 (ie,	BLS)	was	 applied	within	 4
minutes	and	defibrillation	(ie,	ACLS)	within	8	minutes.	If	the	onset	of	CPR	was
delayed,	 or	 if	 the	 time	 to	 defibrillation	 was	 longer	 than	 10	 minutes,	 the
probability	 was	 greater	 that	 the	 patient	 was	 in	 asystole	 or	 in	 fine	 VF	 that



converted	to	asystole.	Survival	decreases	as	each	minute	passes	without	return	of
spontaneous	 circulation	 (ROSC),	 and	 a	 compression	 rate	 of	 85	 to	 100	 is
associated	 with	 better	 survival	 than	 higher	 or	 lower	 rates.18	 Early	 access	 to
defibrillation	 via	 the	 use	 of	 automated	 external	 defibrillators	 (AEDs)	 also
improves	survival.19

Even	though	patients	experiencing	cardiac	arrest	in	the	hospital	setting	can	be
expected	to	receive	CPR	and	definitive	therapy	well	within	the	4-	and	8-minute
time	 frames,	 the	 outcomes	 of	 in-hospital	 cardiac	 arrests	 are	 poor.	 The	 largest
report	 of	 survival	 after	 in-hospital	 cardiac	 arrest	 recorded	 that	 15%	of	 victims
survive	 to	 hospital	 discharge.20	 With	 the	 wide	 availability	 of	 AEDs	 in	 the
community,	 two	 large	 registry	 studies	 have	 suggested	 that	 survival	with	 intact
neurological	 function	may	be	 improving.	 In	 a	 study	 from	 Japan,	 survival	with
good	neurological	function	increased	from	3.3%	to	8.2%	from	2005	to	2012.21	In
a	 statewide	 study	 from	North	Carolina,	 survival	with	 a	 favorable	 neurological
outcome	 increased	 from	 7.1%	 to	 9.7%	 from	 2010	 to	 2013.22	 In	 both	 of	 these
studies,	 bystander	 defibrillation	 was	 associated	 with	 a	 substantial	 increase	 of
survival	with	intact	neurological	function.

2 	 Researchers	 continue	 to	 evaluate	 new	 approaches	 and	 techniques,	 and
further	 refinements	 for	 the	 delivery	 of	CPR	 can	 be	 expected.	The	most	 recent
AHA	guidelines	in	2020	recommend	real-time	audiovisual	feedback	to	maintain
CPR	quality.16

Any	 significant	 improvement	 of	 CPR	 technique	 would	 seem	 to	 require	 an
understanding	of	the	mechanism	by	which	blood	flows	during	CPR.	While	there
is	no	conclusive	evidence	as	 to	 the	mechanism	of	blood	 flow	during	CPR,	 the
two	main	theories	are	the	cardiac	compression	(or	pump)	theory	and	the	thoracic
pump	theory.23

In	1960,	when	Kouwenhoven	et	al4	 reported	on	 the	efficacy	of	closed	chest
cardiac	massage,	most	researchers	accepted	the	theory	that	blood	is	propelled	by
compressing	the	heart	trapped	between	the	sternum	and	the	vertebral	columns—
the	 cardiac	 compression	 theory.	 According	 to	 this	 theory,	 during	 sternal
compression,	 the	 intraventricular	 pressures	 rise	 higher	 than	 the	 pressures
elsewhere	 in	 the	 chest.	 With	 each	 sternal	 compression,	 the	 semilunar	 valves
would	be	expected	 to	open	and	 the	atrioventricular	 (AV)	valves	 to	close.	With
sternal	 release,	 the	pressure	 in	 the	ventricles	would	be	expected	 to	 fall	and	 the
AV	valves	would	 open,	 allowing	 the	 heart	 to	 fill	 from	 the	 lungs	 and	 systemic
veins.	 In	 contrast	 to	 the	 cardiac	 compression	 theory,	 the	 thoracic	 pump	 theory
proposes	 that	 the	 propulsion	 of	 blood	 during	 sternal	 compression	 is	 due	 to
increased	intrathoracic	pressure.24,25	According	to	this	theory,	the	heart	serves	as
a	 conduit	 only	 during	CPR.	 Forward	 flow	 is	 generated	 by	 a	 pressure	 gradient



between	intrathoracic	and	extrathoracic	vascular	structures.	Flow	to	 the	arterial
side	is	favored	by	functional	venous	valves	and	greater	compressibility	of	veins,
compared	to	arteries,	at	their	exit	points	from	the	thorax.	Studies	using	pressure
measurements14	 and	 angiography24	 support	 this	 hypothesis,	 as	 do	 most
echocardiographic	studies.26	 It	 is	 noteworthy	 that	which	mechanism	dominates
may	vary	among	 individual	patients,	with	one	 large	 review	suggesting	 that	 the
cardiac	 pump	 predominates	 in	 children,	 while	 the	 thoracic	 pump	 is	 more
important	in	adults.23

EXPERIMENTAL	AND	ALTERNATIVE
TECHNIQUES	OF	CARDIOPULMONARY
RESUSCITATION
Several	 experimental	 and	 alternative	 techniques	 of	 CPR	 have	 been	 proposed,
though	 none	 are	 recommended	 for	 general	 use	 according	 to	 the	 AHA	 2020
guidelines.10	 High-frequency	 chest	 compressions,	 such	 as	 at	 a	 rate	 >120	 per
minute,	may	improve	hemodynamics	but	have	not	 improved	clinical	outcomes.
Open	 chest	 CPR,	 in	 which	 the	 heart	 is	 manually	 compressed	 via	 a	 left
thoracotomy	incision,	may	have	a	role	in	select	cases	of	penetrating	trauma	or	in
the	early	postoperative	period	after	cardiothoracic	surgery.	This	technique	should
not	be	attempted	unless	adequate	 facilities	 and	 trained	personnel	 are	available.
Interposed	 abdominal	 compression	CPR	was	 developed	 by	Ralston	 et	 al27	 and
Babbs	et	al.28	This	technique	includes	manual	compression	of	the	abdomen	by	an
extra	rescuer	during	the	relaxation	phase	of	chest	compression.	The	midabdomen
is	compressed	at	a	point	halfway	between	the	xiphoid	process	and	the	umbilicus
with	a	force	of	approximately	100	mm	Hg	of	external	pressure.	This	pressure	is
estimated	to	be	equivalent	to	that	required	to	palpate	the	aortic	pulse	in	a	subject
with	 a	 normal	 pulse.	 Two	 randomized	 clinical	 trials	 have	 demonstrated	 a
statistically	significant	improvement	in	outcome	measures	for	in-hospital	cardiac
arrest,29,30	 but	 no	 improvement	 has	 been	 shown	 for	 out-of-hospital	 arrest.31	On
the	 basis	 of	 these	 findings,	 interposed	 abdominal	 compression	 CPR	 is
recommended	 as	 an	 option	 for	 in-hospital	 cardiac	 arrest	 when	 sufficient
personnel	 trained	 in	 the	 technique	 are	 available.10	 However,	 it	 should	 be
emphasized	 that	 the	 safety	 and	 efficacy	 of	 interposed	 abdominal	 compression
CPR	for	patients	with	recent	abdominal	surgery,	pregnancy,	or	aortic	aneurysm
have	not	been	studied.

There	 are	 several	 mechanical	 assist	 devices	 that	 have	 been	 designed	 to



provide	 or	 augment	 compressions	 (CPR	 vests,	 powered	 piston	 devices,	 and
active	decompression	devices	using	a	suction	cup	applied	to	the	anterior	chest).
However,	none	of	these	have	been	clearly	shown	to	improve	outcomes,	and	none
are	 recommended	 by	 the	 AHA	 2020	 guidelines.16	 The	 use	 of	 an	 impedance
threshold	device	is	an	option	according	to	the	AHA	guidelines.32	These	devices
limit	 air	 entry	 into	 the	 lungs	 during	 decompression,	 allowing	 the	 resulting
negative	pressure	 to	more	 effectively	 induce	venous	 return.	They	 are	 typically
used	with	an	advanced	airway	(supraglottic	or	endotracheal).10

INFECTIOUS	DISEASES	AND
CARDIOPULMONARY	RESUSCITATION
The	fear	provoked	by	the	spread	of	human	immunodeficiency	virus	(HIV)	may
lead	 to	 excessive	 caution	 when	 dealing	 with	 strangers.	 Fear	 of	 acquiring
infection	 during	 the	 performance	 of	 CPR,	 specifically	 mouth-to-mouth
ventilation,	can	best	be	counteracted	by	continued	education.

Saliva	 has	 not	 been	 implicated	 in	 the	 transmission	 of	HIV	 even	 after	 bites,
percutaneous	 inoculation,	 or	 contamination	 of	 open	 wounds	 with	 saliva	 from
HIV-infected	 patients.33-35	 In	 fact,	 neither	 hepatitis	 B	 or	 C	 nor	 HIV	 has	 been
reported	to	have	been	acquired	via	CPR,	excepting	needle	sticks	and	prolonged
exposure	of	damaged	skin	to	blood	(not	saliva).	Infections	thought	to	have	been
transmitted	by	CPR	include	Mycobacterium	tuberculosis,	Neisseria	meningitidis,
herpes	 simplex,	 Shigella,	 Streptococcus	 pyogenes,	 Salmonella,	 and	 Neisseria
gonorrhoeae.35	Concerns	of	corona	virus	infection	can	be	managed	with	the	use
of	compression	only	CPR	followed	by	the	 institution	of	mechanical	ventilation
delivered	 through	 an	 endotracheal	 tube	 inserted	 by	 rescuers	 using	 proper
personal	 protective	 equipment	 and	methods,	 such	 as	 tube	 clamping,	 that	 limit
respiratory	aerosol	generation.

Potential	 rescuers	who	know	or	 are	highly	 suspicious	 that	 they	are	 infected
with	 a	 serious	 pathogenic	 organism	 should	 not	 perform	 mouth-to-mouth
ventilation	if	another	rescuer	is	available	who	is	less	likely	to	be	infectious	or	if
the	 circumstances	 allow	 for	 any	 other	 immediate	 and	 effective	 method	 of
ventilation,	 such	 as	 using	 mechanical	 ventilation	 devices.	 Compression	 only
CPR	is	a	reasonable	and	safe	alternative.

Health	 care	 professionals	 with	 known	 or	 potential	 infections	 should	 have
ready	access	to	mechanical	ventilation	devices.	Bag-valve-mask	devices	should
be	 available	 as	 initial	 ventilation	 equipment,	 and	 early	 endotracheal	 intubation



should	 be	 encouraged	 when	 possible.	Masks	 with	 one-way	 valves	 and	 plastic
mouth	 and	 nose	 covers	with	 filtered	 openings	 are	 available	 and	 provide	 some
protection	 from	 transfer	 of	 oral	 fluids	 and	 aerosols.	 S-shaped	 mouthpieces,
masks	without	one-way	valves,	and	handkerchiefs	provide	 little,	 if	 any,	barrier
protection	and	should	not	be	considered	for	routine	use.	With	these	guidelines	in
mind,	health	care	professionals	are	reminded	that	they	have	a	special	moral	and
ethical	and,	in	some	instances	legal,	obligation	to	provide	CPR,	especially	in	the
setting	of	their	occupational	duties.

STANDARD	PROCEDURES	AND	TEAM	EFFORT
The	distinctive	function	of	the	intensive	care	unit	(ICU)	is	to	serve	as	a	locus	of
concentrated	expertise	of	medical	and	nursing	care,	life-sustaining	technologies,
and	treatment	of	complex	multiorgan	system	derangements.	Historically,	it	was
the	 development	 of	 effective	 treatment	 for	 otherwise	 rapidly	 fatal	 arrhythmias
during	 acute	 myocardial	 infarction	 that	 impelled	 the	 medical	 community	 to
establish	ICUs.36	 Rapid	 response	 by	medical	 personnel	 has	 been	 facilitated	 by
constant	 professional	 attendance	 and	 the	 development	 of	 widely	 accepted
guidelines	for	resuscitation.	Each	member	of	the	professional	team	is	expected	to
respond	in	accordance	with	these	guidelines.

Avoiding	the	need	for	CPR	and	ACLS	by	early	intervention	is	a	goal	of	rapid
response	 teams	 (RRTs).	 RRTs,	 also	 called	 medical	 evaluation	 teams	 (METs),
have	 been	 consistently	 shown	 to	 decrease	 hospital	 cardiorespiratory	 arrest
rates.37	Some	studies	have	found	a	decrease	of	hospital	mortality	with	the	use	of
RRTs,	 though	 this	 has	 not	 been	 found	 in	 all	 studies.	 How	 RRTs	 can	 best	 be
organized	and	implemented,	as	well	as	which	hospitals	benefit	most,	is	yet	to	be
determined.38

The	 skills	 necessary	 to	 perform	 adequately	 during	 a	 cardiac	 or	 respiratory
arrest	 and	 to	 interface	 smoothly	with	ACLS	 techniques	cannot	be	mastered	by
reading	 texts	 and	 manuals	 alone.	 CPR	 courses	 taught	 according	 to	 AHA
guidelines	 allow	 hands-on	 experience	 that	 approximates	 the	 real	 situation	 and
tests	 the	psychomotor	 skills	needed	 in	an	emergency.	All	 those	who	engage	 in
patient	care	should	be	trained	in	BLS	techniques.	Those	whose	duties	require	a
higher	level	of	performance	should	be	trained	in	ACLS	as	well.	As	these	skills
deteriorate	with	disuse,	they	need	to	be	maintained.

The	 ensuing	 discussion	 of	 BLS	 and	 ACLS	 techniques	 follows	 the
recommendations	 and	 guidelines	 established	 by	 the	 AHA	 with	 reemphasis
placed	on	2020	guidelines.39



BASIC	LIFE	SUPPORT	FOR	ADULTS	WITH	AN
UNOBSTRUCTED	AIRWAY
BLS	 is	 meant	 to	 support	 the	 circulation	 and	 respiration	 of	 those	 who	 have
experienced	cardiac	or	respiratory	arrest.	After	recognizing	and	ascertaining	its
need,	definitive	help	is	summoned	without	delay	and	CPR	is	initiated.	A	major
focus	of	the	2020	guidelines	is	on	the	supremacy	of	effective	compressions,	with
limited	interruptions.	The	importance	of	early	defibrillation	is	also	stressed.

Respiratory	Arrest
Respiratory	 arrest	 may	 result	 from	 airway	 obstruction,	 near-drowning,	 stroke,
smoke	inhalation,	drug	overdose,	electrocution,	or	physical	trauma.	In	the	ICU,
infections,	 pulmonary	 congestion,	 acute	 respiratory	 distress	 syndrome,	 and
mucus	 plugging	 are	 frequent	 causes	 of	 primary	 respiratory	 arrests.	 The	 heart
usually	continues	to	circulate	blood	for	several	minutes,	and	the	residual	oxygen
in	the	lungs	and	blood	may	keep	the	brain	viable.	Early	intervention	by	opening
the	airway	and	providing	ventilation	may	prevent	cardiac	arrest	and	may	be	all
that	 is	 required	 to	 restore	effective	 respiration.	 In	 the	 intubated	patient,	 careful
suctioning	of	the	airway	and	attention	to	the	ventilator	settings	are	required.	Lay
rescuers	 are	 not	 required	 to	 check	 for	 a	 pulse	 when	 there	 is	 an	 obvious
respiratory	arrest.	Nevertheless,	 if	a	health	care	professional	ascertains	 that	 the
patient	does	have	a	pulse	 then	 rescue	breaths	 should	be	performed	at	a	 rate	of
one	 breath	 every	 5	 to	 6	 seconds	 while	 arranging	 more	 definitive	 airway
management.

Cardiac	Arrest
Cardiac	 arrest	 results	 in	 rapid	 depletion	 of	 oxygen	 in	 vital	 organs.	 After	 6
minutes,	brain	damage	is	expected	to	occur,	except	in	cases	of	hypothermia	(eg,
near	drowning	in	cold	water).	Therefore,	early	bystander	CPR	(within	4	minutes)
and	rapid	ACLS	with	attempted	defibrillation	(within	8	minutes)	are	essential	in
improving	survival	and	neurologic	recovery	rates.40

The	 sequence	 of	 steps	 in	 CPR	may	 be	 summarized	 as	 the	 CABs	 of	 CPR:
circulation,	 airway,	 and	 breathing.	 This	 mnemonic	 is	 useful	 for	 teaching	 the
public,	but	it	should	be	remembered	that	each	step	is	preceded	by	assessment	of
the	need	 for	 intervention:	 before	 starting	 compressions,	 the	 rescuer	determines
unresponsiveness;	before	breathing,	the	rescuer	determines	breathlessness	(Table



14.1).

TABLE	14.1

Experimental	and	Alternate	Techniques	of
Cardiopulmonary	Resuscitation	(CPR)

Researcher
[Reference] Technique Notes

Taylor	et	al41 Longer
compression

Proposed	use	of	longer	duration	to	40%-50%
of	the	duration	compression-relaxation	cycle

Chandra	et
al15

Simultaneous
chest
compression
and	lung
inflation

High	airway	pressures	of	60-110	mm	Hg	are
used	to	augment	carotid	flow,	requiring
intubation	and	a	mechanical	ventilator.	Its	use
has	not	met	with	universal	success.

Harris	et	al42 Abdominal
binding

Abdominal	binding	increases	intrathoracic
pressure	by	redistributing	blood	into	the
thorax	during	CPR.	Studies	have
demonstrated	adverse	effects	on	coronary
perfusion,	cerebral	oxygenation,	and	canine
resuscitation.

Redding43

Koehler	et
al44

Chandra	et
al45

Ralston	et
al27

Interposed
abdominal

Abdominal	compression	is	released	when	the
sternum	is	compressed.	Higher	oxygen
delivery	and	cerebral	and	myocardial	blood
flows	are	reported.	One	study	suggests	an
improved	survival	and	neurologic	outcome.



Barranco	et
al46

Simultaneous
chest

Simultaneous	chest	and	abdominal
compression	provided	higher	intrathoracic
pressures	in	compression	in	humans.

Maier	et	al47 High-
impulse	CPR

At	compression	rates	of	150/min	(with
moderate	force	and	brief	duration),	cardiac
output	in	dogs	increased	as	the	coronary	flow
remained	as	high	as	75%	of	prearrest	values.
High	impulse	and	high	compression	rates	can
result	in	rescuer	fatigue	and	increased	injury.

Cohen	et	al48 Active
compression

Forceful	rebound	using	a	plungerlike	device
resulted	in	improved	hemodynamics.	Clinical
results	are	equivocal.

Halperin	et
al49

Vest	inflation Circumferential	chest	pressure	with	an
inflatable	vest	showed	improved
hemodynamics	and	survival	in	dogs.

Adapted	from	Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe	JM.	Irwin	and	Rippe’s	Intensive	Care	Medicine.
2018.

Assessment	and	Determination	of	Unresponsiveness	and
Alerting	of	Emergency	Medical	Services
A	 person	 who	 has	 undergone	 cardiac	 arrest	 may	 be	 found	 in	 an	 apparently
unconscious	 state	 (ie,	 an	 unwitnessed	 arrest)	 or	may	 be	 observed	 to	 suddenly
lapse	 into	apparent	unconsciousness	 (ie,	 a	witnessed	arrest).	 In	either	case,	 the
rescuer	must	react	promptly	to	assess	the	person’s	responsiveness	by	attempting
to	 wake	 and	 communicate	 with	 the	 person	 by	 tapping	 or	 gently	 shaking	 and
shouting.	The	rescuer	should	summon	nearby	staff	for	help.	If	no	other	person	is
immediately	 available,	 the	 rescuer	 should	 activate	 EMS	 or	 call	 the	 hospital
emergency	line	for	the	resuscitation	team	to	respond	(“code	blue”).

In	 the	 ICU,	 nearly	 all	 arrests	 should	 be	 witnessed.	 Early	 recognition	 of
cardiac	and	respiratory	arrests	is	facilitated	by	electronic	and	video	monitoring.
Unfortunately,	 it	 is	 quite	 possible	 for	 a	 patient	 to	 become	 lost	 behind	 the
profusion	 of	 electronic	 signals,	 the	 dependability	 of	 which	 varies	 widely.	 For
several	 precious	 minutes,	 a	 heart	 with	 pulseless	 electric	 activity	 (PEA)	 may
continue	 to	 provide	 a	 comforting	 electronic	 signal,	 while	 the	 brain	 suffers



hypoxic	damage.	The	overall	efficacy	of	the	monitoring	devices	depends	highly
on	meticulous	skin	preparation	and	care	of	electrodes,	transducers,	and	pressure
cables,	as	well	as	caregiver	responses	to	alarms.50

Sudden	 apparent	 loss	 of	 consciousness,	 occasionally	with	 seizures,	may	 be
the	 first	 signal	 of	 arrest	 and	 requires	 prompt	 reaction.	 After	 determining
unresponsiveness,	 the	 pulse	 is	 assessed	 by	 a	 health	 care	 provider	 for	 no	more
than	 10	 seconds.	 If	 the	 carotid	 pulse	 cannot	 be	 definitely	 palpated	 in	 5	 to	 10
seconds	and	a	defibrillator	is	not	immediately	available,	CPR	should	be	begun.
Compressions	should	be	performed	at	a	rate	of	100	per	minute,	compressing	the
adult	chest	2	 inches	with	each	 repetition	and	allowing	 the	chest	 to	 recoil	 fully.
Interruptions	to	compressions	should	only	be	allowed	for	essential	interventions,
such	 as	 intubation	 or	 defibrillation.	 Note	 that,	 in	 the	 2020	 guidelines,
compressions	should	be	started	before	assessing	breathing.

Opening	the	Airway	and	Determining	Breathlessness
After	 establishing	 unresponsiveness,	 activating	 EMS,	 and	 delivering	 30
compressions	and	positioning	the	individual	on	his	or	her	back,	the	next	step	is
to	open	 the	airway	and	check	 for	 spontaneous	breathing.	 In	a	monitored	arrest
with	 VF	 or	 ventricular	 tachycardia,	 this	 step	 is	 taken	 after	 initial	 attempts	 to
defibrillate.	 Meticulous	 attention	 to	 establishing	 an	 airway	 and	 supplying
adequate	 ventilation	 is	 essential	 to	 any	 further	 resuscitative	 effort.	 The	 team
leader	must	carefully	monitor	 the	adequacy	of	ventilation,	as	well	as	direct	 the
resuscitative	effort.	The	 leadership	 role	 is	best	accomplished	 if	 the	 leader	does
not	directly	perform	procedures.

The	head	tilt-chin	 lift	maneuver	 is	usually	successful	 in	opening	the	airway.
The	head	is	tilted	backward	by	a	hand	placed	on	the	forehead.	The	fingers	of	the
other	hand	are	positioned	under	the	mandible,	and	the	chin	is	lifted	upward.	The
teeth	are	almost	approximated,	but	 the	mouth	 is	not	allowed	 to	close.	Because
considerable	 cervical	hyperextension	occurs,	 this	method	 should	be	avoided	 in
patients	 with	 cervical	 injuries	 or	 suspected	 cervical	 injuries.	 The	 jaw-thrust
maneuver	provides	the	safest	initial	approach	to	opening	the	airway	of	a	patient
with	 a	 cervical	 spine	 injury;	 it	 usually	 allows	 excellent	 airway	opening	with	 a
minimum	of	 cervical	 extension.	The	 angles	 of	 the	mandible	 are	 grasped	using
both	hands	and	lifting	upward,	thus	tilting	the	head	gently	backward.

Rescue	Breathing



If	 spontaneous	 breathing	 is	 absent,	 rescue	 breathing	with	 an	 airway-mask-bag
unit	must	be	 initiated.	 If	equipment	 is	 immediately	available	and	the	rescuer	 is
trained,	intubation	and	ventilatory	adjuncts	should	be	used	initially.	Each	breath
should	 be	 delivered	 during	 1	 second,	 allowing	 the	 patient’s	 lungs	 to	 deflate
between	 breaths.	 A	 rate	 of	 10	 to	 12	 breaths/min	 is	 maintained	 for	 as	 long	 as
necessary,	with	 tidal	 volumes	of	 approximately	600	mL.	Delivering	 the	breath
during	 1	 second	 helps	 to	 prevent	 gastric	 insufflation	 compared	 with	 faster
delivery.	Melker	 et	 al51	 demonstrated	 airway	 pressures	well	 in	 excess	 of	 those
required	to	open	the	lower	esophageal	sphincter	when	quick	breaths	are	used	to
ventilate	patients.	If	the	patient	wears	dentures,	they	are	usually	best	left	in	place
to	assist	in	forming	an	adequate	seal.

If	air	cannot	be	passed	into	the	patient’s	lungs,	another	attempt	at	opening	the
airway	 should	 be	 made.	 The	 jaw-thrust	 maneuver	 may	 be	 necessary.	 If
subsequent	 attempts	 at	 ventilation	 are	 still	 unsuccessful,	 the	 patient	 should	 be
considered	 to	 have	 an	 obstructed	 airway	 and	 attempts	 should	 be	 made	 to
dislodge	a	potential	foreign	body	obstruction.

Chest	Compressions
Artificial	 circulation	 depends	 on	 adequate	 chest	 compression	 through	 sternal
depression.	Recent	recommendations	for	CPR	are	to	push	hard	and	push	fast	at	a
rate	 of	 100	 compressions	 per	 minute,	 allow	 full	 chest	 recoil,	 and	 minimize
interruptions	 in	 chest	 compressions.52	 The	 safest	 manner	 of	 depressing	 the
sternum	is	with	the	heel	of	the	rescuer’s	hand	at	the	nipple	line,	with	the	fingers
kept	off	 the	rib	cage.	It	 is	usually	most	effective	 to	cover	 the	heel	of	one	hand
with	the	heel	of	the	other,	the	heels	being	parallel	to	the	long	axis	of	the	sternum.
If	the	rescuer’s	hands	are	placed	either	too	high	or	too	low	on	the	sternum,	or	if
the	 fingers	 are	 allowed	 to	 lie	 flat	 against	 the	 rib	 cage,	 broken	 ribs	 and	 organ
laceration	can	result.	Although	it	 is	 important	 to	allow	the	chest	 to	recoil	 to	its
normal	position	after	each	compression,	it	is	not	advisable	to	lift	the	hands	from
the	chest	or	change	their	position.

The	 rescuer’s	 elbows	 should	be	kept	 locked	and	 the	 arms	 straight,	with	 the
shoulders	directly	over	the	patient’s	sternum.	This	position	allows	the	rescuer’s
upper	 body	 to	 provide	 a	 perpendicularly	 directed	 force	 for	 sternal	 depression.
The	 sternum	 is	 depressed	 2.0	 in	 (4-5	 cm)	 at	 a	 rate	 of	 approximately	 100
compressions	 per	 minute.	 In	 large	 patients,	 a	 slightly	 greater	 depth	 of	 sternal
compression	may	be	needed	to	generate	a	palpable	carotid	or	femoral	pulse.	At
the	end	of	each	compression,	pressure	is	released,	and	the	sternum	is	allowed	to
return	to	 its	normal	position.	Equal	 time	should	be	allotted	to	compression	and



relaxation	with	 smooth	movements,	 avoiding	 jerking	or	 bouncing	 the	 sternum.
Ventilation	 and	 sternal	 compression	 should	 not	 be	 interrupted	 except	 under
special	 circumstances.	 Warranted	 interruptions	 include	 execution	 of	 ACLS
procedures	 (eg,	endotracheal	 intubation	and	placement	of	central	venous	 lines)
or	 an	 absolute	 need	 to	move	 the	 patient.	 Even	 in	 these	 limited	 circumstances,
interruption	 of	 CPR	 should	 be	 minimized.	 In	 a	 retrospective	 analysis	 of	 VF
patients,	 interruption	 of	 CPR	 was	 associated	 with	 a	 decreased	 probability	 of
conversion	of	VF	to	another	rhythm.53

New	data	suggest	that	chest	compression–only	CPR	is	as	effective	as	standard
CPR	 (chest	 compression	 plus	 rescue	 breathing)	 for	 out-of-hospital	 arrest.54,55
Subgroup	 analysis	 in	 one	 study	 suggested	 a	 trend	 for	 increased	 survival	 to
hospital	discharge	for	chest	compression–only	CPR	if	the	cause	of	the	arrest	was
cardiac	in	origin	or	the	rhythm	was	shockable.54	For	lay	persons,	the	2015	AHA
guideline	supports	compression	only	CPR.

Two-Rescuer	Cardiopulmonary	Resuscitation
The	combination	of	artificial	ventilation	and	circulation	can	be	delivered	more
efficiently	and	with	less	fatigue	by	two	rescuers.	One	rescuer,	positioned	at	the
patient’s	side,	performs	sternal	compressions,	while	 the	other,	positioned	at	 the
patient’s	 head,	 maintains	 an	 open	 airway	 and	 performs	 ventilation.	 This
technique	 should	 be	mastered	 by	 all	 health	 care	workers	 called	 on	 to	 perform
CPR.	Lay	people	have	not	been	 routinely	 taught	 this	method	 in	 the	 interest	of
improving	retention	of	basic	skills.	The	compression	rate	for	 two-rescuer	CPR,
as	 for	 one-rescuer	 CPR,	 is	 approximately	 100	 compressions	 per	 minute.	 The
recommendation	 of	 the	 compression-to-ventilation	 ratio	 is	 30	 to	 2.	 The	 only
exception	to	this	recommendation	is	when	two	health	care	workers	are	providing
CPR	 to	 a	 child	 or	 infant	 (except	 newborns);	 in	 this	 instance,	 a	 15	 to	 2
compression-to-ventilation	ratio	should	be	used.52	When	the	rescuer	performing
compressions	 is	 tired,	 the	 two	 rescuers	 should	 switch	 responsibilities	with	 the
minimum	possible	delay.

Complications	of	Basic	Life	Support	Procedures
Proper	 application	 of	CPR	 should	minimize	 serious	 complications,	 but	 serious
risks	are	 inherent	 in	BLS	procedures	and	 should	be	accepted	 in	 the	context	of
cardiac	 arrest.	 Awareness	 of	 these	 potential	 complications	 is	 important	 to	 the
postresuscitative	care	of	the	arrest	patient.



Gastric	 distention	 and	 regurgitation	 are	 common	 complications	 of	 artificial
ventilation	without	endotracheal	intubation.	These	complications	are	more	likely
to	 occur	when	 ventilation	 pressures	 exceed	 the	 opening	 pressure	 of	 the	 lower
esophageal	 sphincter.	 In	mask	 ventilation,	 1	 second	 should	 be	 allowed	 for	 air
delivery.	Although	 an	 esophageal	 obturator	 airway	may	 decrease	 the	 threat	 of
distention	and	regurgitation	during	its	use,	the	risk	is	increased	at	the	time	of	its
removal.	To	obviate	this	risk,	the	trachea	should	be	intubated	and	protected	with
an	 inflated	 cuff	 before	 the	 esophageal	 cuff	 is	 deflated	 and	 the	 esophageal
obturator	removed.

Complications	 of	 sternal	 compression	 and	 manual	 thrusts	 include	 rib	 and
sternal	 fractures,	 costochondral	 separation,	 flail	 chest,	 pneumothorax,
hemothorax,	 hemopericardium,	 subcutaneous	 emphysema,	 mediastinal
emphysema,	 pulmonary	 contusions,	 bone	 marrow	 and	 fat	 embolism,	 and
lacerations	 of	 the	 esophagus,	 stomach,	 inferior	 vena	 cava,	 liver,	 or	 spleen.56
Although	 rib	 fractures	 are	 common	 during	 CPR,	 especially	 in	 the	 elderly,	 no
serious	 sequelae	 are	 likely	 unless	 tension	 pneumothorax	 occurs	 and	 is	 not
recognized.	The	more	serious	complications	are	unlikely	 to	occur	when	proper
hand	 position	 is	 maintained	 and	 exaggerated	 depth	 of	 sternal	 compression	 is
avoided.	Overzealous	or	repeated	abdominal	or	chest	thrusts	for	relief	of	airway
obstruction	 are	 more	 likely	 to	 cause	 fractures	 or	 lacerations.	 For	 this	 reason,
abdominal	thrust	is	not	recommended	for	the	infant	younger	than	1	year.

Monitoring	the	Effectiveness	of	Basic	Life	Support
The	effectiveness	of	rescue	effort	is	assessed	regularly	by	the	ventilating	rescuer,
who	 notes	 the	 chest	 motion	 and	 the	 escape	 of	 expired	 air.	 Unintentional
hyperventilation	 is	 frequent	 during	 CPR,	 with	 studies	 in	 clinical	 situations
showing	 that	 patients	 are	 commonly	ventilated	 at	 a	 rate	of	 18	 to	30,	 far	 faster
than	 recommended.57	 The	 adequacy	 of	 circulation	 is	 assessed	 by	 noting	 an
adequate	 carotid	 pulse	 with	 sternal	 compressions.	 The	 AHA	 2020	 guidelines
encourage	real-time	audiovisual	feedback	for	the	individual	performing	CPR	to
maintain	quality.16

Pupillary	 response,	 if	 present,	 is	 a	 good	 indicator	 of	 cerebral	 circulation.
However,	 fixed	 and	 dilated	 pupils	 should	 not	 be	 accepted	 as	 evidence	 of
irreversible	or	biologic	death.	Ocular	diseases,	such	as	cataracts,	and	a	variety	of
drugs	 (eg,	 atropine	 and	 ganglion-blocking	 agents)	 interfere	 with	 the	 pupillary
light	reflex.	The	decision	to	cease	BLS	should	be	made	only	by	the	physician	in
charge	 of	 the	 resuscitation	 effort;	 this	 decision	 should	 not	 be	made	 until	 it	 is
obvious	that	the	patient’s	cardiovascular	system	will	not	respond	with	ROSC	to



adequate	 administration	 of	 ACLS,	 including	 electric	 and	 pharmacologic
interventions.	 Remediable	 problems	 such	 as	 airway	 obstruction,	 severe
hypovolemia,	 and	 pericardial	 tamponade	 should	 also	 have	 been	 reasonably
excluded	by	careful	attention	 to	ACLS	protocols.	Published	guidelines	 suggest
that	BLS	can	be	 stopped	 if	 all	 of	 the	 following	are	present:	 the	 event	was	not
witnessed	by	EMS	personnel,	no	AED	has	been	used,	and	there	is	no	ROSC	in
the	prehospital	setting58	(Table	14.2).

TABLE	14.2

Summary	of	Basic	Life	Support	ABCD	Maneuvers	for
Infants,	Children,	and	Adults	(Newborn	Information	Not
Included)

Adult Child Infant

Lay	rescuer:
8	y Lay	rescuers:	1-8	y Younger	than

1	y	of	age

Maneuver
HCPa:
Adolescent
and	older

HCP:	1	y–
Adolescent

Airway Head	tilt–chin	lift	(HCP:	suspected
trauma,	use	jaw	thrust)

Breathing:
initial

2	breaths	at	1
s/breath

2	effective	breaths	at	1
s/breath

HCP:	rescue
breathing
without	chest
compressions

10-12
breaths/min
(approximate)

12-20	breaths/min
(approximate)

HCP:	rescue
breaths	for
CPR	with
advanced

8-10	breaths/min
(approximate)



airway

Foreign	body
airway
obstruction

Conscious:	abdominal	thrusts Infant
conscious:	back
slaps

Unconscious:	CPR Infant
unconscious:
CPR

Circulation
HCP:	pulse
check	(≤10	s)

Carotid Brachial	or
femoral

Compression
landmarks

Lower	half	of	the	sternum,	between
nipples

Just	below	the
nipple	line
(lower	half	of
the	sternum)

Compression
method:	Push
hard	and	fast

Heel	of	one
hand,	other
hand	on	top

Heel	of	one	hand	or	as
for	adults

Two	or	three
fingers

Allow
complete
recoil

HCP	(two
rescuers):	two
thumb–
encircling	hands

Compression
depth

1½-2	in Approximately	one-third	to	one-half	the
depth	of	the	chest

Compression
rate

Approximately
100/min

Compression-
to-ventilation
ratio

30:2	(one	or
two	rescuers)

30:2	(single	rescuer)

HCP:	15:2	(two
rescuers)

Defibrillation:
AED

Use	adult	pads Use	AED	after	5	cycles
of

No
recommendation



for	infants	<1	y
of	ageDo	not	use

child	pads
CPR	(out	of	hospital)

Use	pediatric	system
for	children	1-8	y	if
available

HCP:	for	sudden
collapse	(out	of
hospital)	or	in-hospital
arrest,	use	AED	as
soon	as	available

aManeuvers	used	by	only	health	care	providers	are	indicated	by	“HCP.”	ABCD,	airway,	breathing,
circulation,	disability;	AED,	automatic	external	defibrillator;	CPR,	cardiopulmonary	resuscitation;
HCP,	health	care	provider.
Adapted	with	permission	from	ECC	Committee,	Subcommittees	and	Task	Forces	of	the	American
Heart	Association.	2005	American	Heart	Association	guidelines	for	cardiopulmonary	resuscitation
and	emergency	cardiovascular	care.	Circulation.	2005;112(suppl	24):IV1-IV203.

PEDIATRIC	RESUSCITATION
The	2020	AHA	guidelines	for	pediatric	CPR	are	similar	to	the	adult	guidelines,
with	 the	 exception	 that	 when	 performing	 two-person	 CPR,	 a	 ratio	 of	 15
compressions	to	2	breaths	should	be	used.	The	rate	of	compressions	remains	100
per	minute,	and	the	depth	of	compressions	from	1.5	inches	for	infants	to	2	inches
for	children;	another	way	to	gauge	compression	depth	is	to	target	one-third	of	the
anteroposterior	(AP)	size	of	the	patient.59

OBSTRUCTED	AIRWAY
An	unconscious	patient	can	experience	airway	obstruction	when	the	tongue	falls
backward	 into	 the	 pharynx.	Alternatively,	 the	 epiglottis	may	 block	 the	 airway
when	the	pharyngeal	muscles	are	lax.	In	the	sedated	or	ill	patient,	regurgitation
of	 stomach	 contents	 into	 the	 pharynx	 is	 a	 frequent	 cause	 of	 respiratory	 arrest.
Blood	clots	from	head	and	facial	 injuries	are	another	source	of	pharyngeal	and
upper	airway	obstruction.	Even	otherwise	healthy	people	may	have	foreign	body



obstruction	 from	 poorly	 chewed	 food,	 large	 wads	 of	 gum,	 and	 so	 forth.	 The
combination	 of	 attempting	 to	 swallow	 inadequately	 chewed	 food,	 drinking
alcohol,	 and	 laughing	 is	 particularly	 conducive	 to	 pharyngeal	 obstruction.
Children’s	 smaller	 airways	 are	 likely	 to	 obstruct	 with	 small	 nuts	 or	 candies.
Children	are	also	prone	to	airway	obstruction	by	placing	toys	or	objects	such	as
marbles	or	beads	in	their	mouths.

Patients	 who	 experience	 partial	 obstruction	 with	 reasonable	 gas	 exchange
should	be	encouraged	to	continue	breathing	efforts	with	attempts	at	coughing.	A
patient	whose	obstruction	 is	 so	severe	 that	air	exchange	 is	obviously	markedly
impaired	 (cyanosis	 with	 lapsing	 consciousness)	 should	 be	 treated	 as	 having
complete	obstruction.

Patients	who	experience	complete	obstruction	may	still	be	conscious	but	are
unable	to	cough	or	vocalize.	A	subdiaphragmatic	abdominal	thrust	may	force	air
from	the	lungs	in	sufficient	quantity	to	expel	a	foreign	body	from	the	airway.60

If	the	person	is	still	standing,	the	rescuer	stands	behind	the	person	and	wraps
his	or	her	arms	around	the	person’s	waist.	The	fist	of	one	hand	is	placed	with	the
thumb	 side	 against	 the	 person’s	 abdomen	 in	 the	 midline,	 slightly	 above	 the
umbilicus	and	well	below	the	xiphoid	process.	The	fist	is	grasped	with	the	other
hand	and	quickly	 thrust	 inward	and	upward.	 It	may	be	necessary	 to	 repeat	 the
thrust	six	to	ten	times	to	clear	the	airway.	Each	thrust	should	be	a	separate	and
distinct	movement.

If	 the	patient	 is	 responsive	 and	 lying	down,	he	or	 she	 should	be	positioned
face	up	in	the	supine	position.	The	rescuer	kneels	beside	or	astride	the	person’s
thighs	 and	 places	 the	 heel	 of	 one	 hand	 against	 the	 person’s	 abdomen,	 slightly
above	 the	 umbilicus	 and	 well	 below	 the	 xiphoid	 process.	 The	 other	 hand	 is
placed	directly	on	top	of	 the	first	and	pressed	inward	and	upward	with	a	quick
forceful	thrust.	If	the	patient	is	unresponsive,	CPR	should	be	initiated.

If	attempted	rescue	breathing	in	an	arrested	patient	fails	to	move	air	into	the
lungs,	an	obstructed	airway	must	be	presumed	 to	be	present.	 It	may	simply	be
due	to	the	tongue	or	epiglottis,	rather	than	a	foreign	body.	If	the	airway	remains
closed	 after	 repositioning	 the	 head,	 other	 maneuvers	 to	 open	 the	 airway,
including	the	jaw-thrust	and	tongue-jaw	lift,	must	be	used.	Chest	thrusts	may	be
substituted	for	abdominal	thrusts	in	patients	in	advanced	stages	of	pregnancy,	in
patients	 with	 severe	 ascites,	 or	 in	 the	 markedly	 obese.	 The	 fist	 is	 placed	 in
midsternum	for	the	erect	and	conscious	patient.	For	the	supine	patient,	the	hand
is	 positioned	 on	 the	 lower	 sternum,	 as	 for	 external	 cardiac	 compression.	Each
thrust	is	delivered	slowly	and	distinctly.

When	attempts	at	dislodging	a	 foreign	body	or	 relieving	airway	obstruction
fail,	 special	 advanced	 procedures	 are	 necessary	 to	 provide	 oxygenation	 until



direct	visualization,	intubation,	or	cricothyroidotomy	is	performed.

ADVANCED	CARDIAC	LIFE	SUPPORT	OF
ADULTS
The	 use	 of	 adjunctive	 equipment,	 more	 specialized	 techniques,	 and
pharmacological	 and	 electrical	 therapy	 for	 the	 treatment	 of	 a	 person	 who	 has
experienced	 cardiac	 or	 respiratory	 arrest	 is	 generally	 referred	 to	 as	ACLS.	As
with	any	skill,	excellence	requires	both	training	and	practice.	An	improvement	in
survival	 after	 in-hospital	 cardiac	 arrest	 has	 been	 demonstrated	 after	 medical
house	officers	were	trained	in	ACLS.61	An	in-depth	discussion	is	available	in	the
ACLS	text	published	by	the	AHA.16

The	focus	of	the	following	sections	is	on	the	techniques	and	medications	used
in	 the	 initial	 resuscitative	 efforts.	 The	 demarcation	 from	 therapies	 more
commonly	reserved	for	the	ICU	is	often	indistinct;	indeed,	it	is	expected	to	vary
with	 the	 experience	 of	 the	 team	 and	 the	 degree	 of	 physician	 supervision.	 In
general,	most	ACLS	measures	should	be	applied	by	trained	personnel	operating
within	an	EMS	system	in	the	community,	in	transport,	or	in	the	hospital	setting.

Airway	and	Ventilatory	Support
Oxygenation	 and	 optimal	 ventilation	 are	 prerequisites	 for	 successful
resuscitation.	 Supplemental	 oxygen	 should	 be	 administered	 as	 soon	 as	 it
becomes	 available,	 beginning	 with	 100%.	 In	 the	 postresuscitation	 period,	 the
amount	 of	 administered	 oxygen	 may	 be	 decreased	 as	 guided	 by	 the	 oxygen
saturation.

Emergency	 ventilation	 commonly	 begins	with	 the	 combined	 use	 of	 a	mask
and	 oral	 airway.	 The	 AHA	 guideline	 does	 continue	 to	 recommend	 ventilation
during	CPR	when	performed	by	ACLS	providers,	but	ventilation	should	neither
interrupt	early	compressions	nor	delay	defibrillation.	Mouth-to-mask	ventilation
is	very	effective	as	long	as	an	adequate	seal	is	maintained	between	the	mask	and
the	face;	this	method	is	recommended	for	single	rescuer	ACLS.	Most	masks	are
best	 fitted	 by	 flaring	 the	 top	 and	molding	 it	 over	 the	 bridge	 of	 the	 nose.	 The
inflated	 rim	 is	 then	 carefully	molded	 to	 the	 cheeks	 as	 the	mask	 is	 allowed	 to
recoil.	Relatively	firm	pressure	is	required	to	maintain	the	seal.	Masks	with	one-
way	 valves	 also	 provide	 a	 measure	 of	 isolation	 from	 the	 patient’s	 saliva	 and
breath	 aerosol.	 Bag-valve-mask	 ventilation	 requires	 strong	 hands	 and	 a	 self-



inflating	bag.	The	bag	should	be	connected	to	a	gas	reservoir	and	to	oxygen	so
that	100%	oxygen	delivery	can	be	approximated.	 It	 cannot	be	overemphasized
that	the	success	of	this	method	depends	on	airway	patency	and	an	adequate	seal
between	 the	mask	 and	 the	 face.	Equally	 important	 is	 adequate	 compression	of
the	 bag	 to	 deliver	 the	 required	 tidal	 volume	 of	 approximately	 600	 mL.	 It	 is
advisable	that	everyone	who	uses	this	technique	practice	on	a	manikin	to	assess
the	adequacy	of	the	method	in	his	or	her	hands.	Many	people	will	discover	that
their	hands	are	not	large	enough	or	strong	enough	to	deliver	600	mL	of	air.	Some
may	 have	 to	 squeeze	 the	 bag	 between	 their	 elbow	 and	 chest	 wall	 to	 supply
adequate	ventilation.	If	two	people	are	available	to	ventilate,	one	should	secure
the	mask	while	the	other	uses	both	hands	to	attend	to	the	bag.

Cricoid	 pressure	 is	 not	 recommended	 during	 bag	 mask	 ventilation.
Nasopharyngeal	 and	 oropharyngeal	 airways	 are	 both	 reasonable	 options	 to
improve	 airway	patency	prior	 to	 an	 advanced	 airway.	Nasopharyngeal	 airways
may	 cause	 bleeding	 and	 should	 be	 avoided	 in	 patients	 with	 basilar	 skull
fractures.

The	mask	should	include	the	following	features:

The	use	of	transparent	material,	which	allows	the	rescuer	to	assess	lip	color
and	to	observe	vomitus,	mucus,	or	other	obstructing	material	in	the	patient’s
airway.
A	cushioned	rim	around	the	mask’s	perimeter	to	conform	to	the	patient’s	face
and	to	facilitate	a	tight	seal.
A	standard	15-	to	22-mm	connector,	which	allows	the	use	of	additional	airway
equipment.
A	comfortable	fit	to	the	rescuer’s	hand.
An	oxygen	insufflation	inlet,	which	allows	oxygen	supplementation	during
mouth-to-mask	ventilation.
A	one-way	valve,	which	allows	some	protection	during	mouth-to-mask
ventilation.
Availability	of	appropriate	sizes	and	shapes,	for	various-sized	faces.	Most
adults	will	be	accommodated	by	a	standard	medium-sized	(no.	4)	oval-shaped
mask.

Ventilating	bags	must	be	designed	to	include	the	following	features:

A	self-refilling	bag,	which	allows	operation	independent	of	a	fresh	gas	source.
A	fresh	gas	inlet,	which	allows	ambient	air	or	supplemental	oxygen	to	flow
into	the	reservoir	bag	through	a	valve	inlet.
A	nipple	for	oxygen	connection,	located	near	the	gas	inlet	valve.



An	oxygen	reservoir	bag.
Availability	in	pediatric	and	adult	sizes.
A	nonrebreathing	valve	directing	flow	to	the	patient	during	inhalation	and	to
the	atmosphere	during	exhalation.	The	valve	casing	should	be	transparent	to
allow	visual	inspection	of	its	function.	A	pop-off	feature	is	often	present	to
prevent	high	airway	pressures;	however,	such	valves	should	have	provision	to
override	the	pop-off	feature	because	higher	airway	pressures	are	sometimes
required	to	ventilate	lungs	with	unusually	high	resistances,	especially	in
children.
Reservoir	tubing	that	can	be	attached	to	the	fresh	gas	inlet	valve	which	allows
oxygen	to	refill	the	reservoir	bag	during	exhalation.	Such	a	reservoir	allows
delivered	oxygen	to	approach	100%;	without	it,	the	self-refilling	bag	can
deliver	only	40%	to	50%	oxygen.

For	patients	undergoing	ventilation	 for	prolonged	arrest,	or	 for	whom	mask
ventilation	 is	 unsuccessful,	 placement	 of	 an	 advanced	 airway	 should	 be
performed.	Precisely	when	to	perform	airway	placement	during	resuscitation	 is
not	well	defined,	but	 it	 should	be	delayed	at	 least	until	 the	 first	 round	of	CPR
and	defibrillation	are	performed	in	arrests	felt	to	be	primarily	cardiac	(rather	than
respiratory)	 in	 origin.	 In	 view	 of	minimizing	 interruptions	 to	 compressions,	 it
should	 be	 noted	 that	 supraglottic	 airways	 can	 be	 placed	 without	 stopping
compressions.

Selection	of	which	 advanced	 airway	device	 to	 use	 depends	 on	 the	 situation
and	especially	upon	the	skill	of	the	providers	present.	Advanced	airways	include
supraglottic	 devices	 and	 endotracheal	 devices.	 Supraglottic	 devices	 do	 not
require	visualization	of	 the	glottis	and	are	 technically	 less	demanding	 to	place.
Esophageal	 tracheal	 tubes	 (Combitube)	 allow	 blind	 placement	 and	 effective
ventilation	at	 rates	 similar	 to	 those	achieved	with	endotracheal	 tube	placement
by	inexperienced	providers.62	The	laryngeal	tube,	which	is	designed	to	be	placed
in	the	esophagus	and	is	inflated	via	a	single	port,	is	also	an	option.

The	laryngeal	mask	airway	(LMA)	has	been	effective	for	maintaining	airway
patency	 during	 anesthesia	 since	 1988	 and	 is	 an	 acceptable	 alternative	 to	mask
ventilation	during	ACLS.	The	LMA	provides	a	more	stable	and	consistent	means
of	 ventilation	 than	 bag-mask	 ventilation.	 Current	 research	 concludes	 that
regurgitation	 is	 less	 common	 with	 LMA	 than	 with	 the	 bag-mask,	 although	 it
cannot	 provide	 complete	 protection	 from	 aspiration.63	 Multiple	 studies	 have
documented	the	advantages	of	LMA	for	its	relative	ease	with	insertion	and	ease
of	 use	 by	 a	 variety	 of	 personnel,	 many	 with	 little	 prior	 experience	 using	 the
device.	 Studies	 have	 shown	 that	 inexperienced	 personnel	 achieved	 an	 80%	 to



94%	 success	 rate	 on	 first	 placement	 attempts	 and	 achieved	 98%	 and	 94%	 on
subsequent	 attempts	 of	 adult	 and	 pediatric	 cases,	 respectively.64	 The	 LMA
provides	adequate	and	effective	ventilation	when	measured	against	endotracheal
intubation.65	Additionally,	 less	 equipment	 and	 training	 are	 needed	 to	 insert	 the
device	 successfully.	 It	 may	 also	 have	 advantages	 over	 the	 endotracheal	 tube
when	patient	airway	access	is	obstructed,	when	the	patient	has	an	unstable	neck
injury,	or	when	suitable	positioning	of	the	patient	for	endotracheal	intubation	is
not	possible.	LMA	insertion	has	been	successful	when	attempts	at	endotracheal
intubation	 by	 experts	 were	 unsuccessful.65	 Endotracheal	 tubes	 can	 be
fiberoptically	 inserted	 through	 an	 established	LMA.	Relative	 contraindications
for	 LMA	 use	 include	 the	 patient	 with	 an	 increased	 risk	 of	 aspiration
pneumonitis.	 Examples	 of	 such	 situations	 include	 morbid	 obesity,	 pregnancy,
recent	 food	 ingestion,	 gastrointestinal	 obstruction,	 and	 hiatal	 hernia.	 Despite
these	 considerations,	 oxygenation	 and	 ventilation	 during	 cardiac	 arrest	 receive
top	priority	 and	 the	LMA	should	be	used	 if	 it	 is	 the	 fastest	 and	most	 efficient
means	of	providing	airway	patency.

When	 an	 endotracheal	 tube	 is	 chosen	 during	 ACLS,	 interruptions	 to
compressions	 should	be	 limited	 to	not	more	 than	10	 seconds	 if	possible.	Once
placed,	 correct	 endotracheal	 tube	 position	 must	 be	 verified	 as	 unrecognized
misplacement	 or	 displacement	 is	 common.	One	 study	 of	 108	 patients	 found	 a
25%	 rate	 of	 misplaced	 endotracheal	 tubes	 on	 emergency	 room	 arrival.66
Providers	 should	 confirm	 correct	 placement	 of	 the	 endotracheal	 tube	 by
visualization	 of	 the	 tube	 through	 the	 vocal	 cords,	 examination	 of	 the	 chest	 as
well	 as	 capnography	 and	 bedside	 ultrasonography.	Continuous	 capnography	 is
recommended	as	this	allows	rapid	recognition	of	endotracheal	tube	displacement
during	 transport.	 Alternatives	 to	 capnography	 include	 end-tidal	 CO2	 detectors
and	 esophageal	 detector	 devices.	 When	 an	 end-tidal	 CO2	 detector	 is	 positive
(CO2	 detected),	 the	provider	 can	be	 confident	 the	 tube	 is	 in	 the	 airway.	False-
negative	 end-tidal	 CO2	 detectors	 (ie,	 no	 color	 change	 but	 the	 tube	 is
endotracheal)	may	occur,	most	commonly	due	to	low	blood	flow	during	CPR.	If
CO2	 is	 not	 detected	 using	 an	 end-tidal	 CO2	 detector,	 laryngoscopy	 (direct	 or
video	assisted)	should	be	used.

While	 not	 discussed	 by	 the	AHA	 (American	Heart	Association)	 guidelines,
when	 attempts	 at	 relieving	 an	 obstructed	 airway	have	 failed,	 several	 advanced
techniques	may	be	used	to	secure	the	airway	until	intubation	or	tracheostomy	is
successfully	 performed.	 Transtracheal	 catheter	 ventilation	 is	 performed	 by
inserting	 a	 catheter	 over	 a	 needle	 through	 the	 cricothyroid	 membrane.	 The
needle	 is	 removed,	 and	 intermittent	 jet	 ventilation	 initiated.	 In	 cricothyrotomy,



an	opening	is	made	in	the	cricothyroid	membrane	with	a	scalpel.	Tracheostomy,
if	 still	necessary,	 is	best	performed	 in	 the	operating	 room	by	a	 skilled	 surgeon
after	 the	 airway	 has	 already	 been	 secured	 by	 one	 of	 the	 aforementioned
techniques.

After	 placement	 of	 an	 advanced	 airway,	 compressions	 should	 not	 be
interrupted	and	should	be	continued	at	a	rate	of	100	per	minute	with	respirations
delivered	 at	 a	 rate	 of	 10	 per	 minute.	 Hyperventilation	 should	 be	 consciously
avoided	 as	 hyperventilation	 during	 resuscitation	 is	 common	 and	 may	 be
detrimental.57

Circulatory	Support
Chest	compression	should	not	be	unduly	interrupted	while	adjunctive	procedures
are	instituted.	The	rescuer	coordinating	the	resuscitation	effort	must	ensure	that
adequate	pulses	are	generated	by	 the	compressor,	which	was	reaffirmed	by	 the
2020	AHA	guidelines.	The	carotid	or	 femoral	pulse	 should	be	evaluated	every
few	minutes,	and	while	not	well	studied,	the	palpation	of	a	carotid	pulse	during
CPR	is	often	used	to	help	assess	the	adequacy	of	compressions.	When	available,
quantitative	 end-tidal	 CO2	 monitoring	 is	 a	 reasonable	 adjunct	 to	 monitor	 the
adequacy	of	CPR	(goal:	>10	mm	Hg).	If	an	abrupt	rise	in	end-tidal	CO2	is	seen
in	the	absence	of	a	dose	of	bicarbonate	this	is	consistent	with	ROSC.

Electrocardiogram	 (ECG)	 monitoring	 is	 necessary	 during	 resuscitation	 to
guide	appropriate	electrical	and	pharmacological	therapy.	Until	ECG	monitoring
allows	diagnosis	of	the	rhythm,	the	patient	should	be	assumed	to	be	in	VF	(see
“Ventricular	Fibrillation	and	Pulseless	Ventricular	Tachycardia”	section).

Most	 defibrillators	 currently	marketed	 have	 built-in	monitoring	 circuitry	 in
the	paddles	or	pads	(quick	look).	On	application	of	the	defibrillator	paddles,	the
patient’s	 ECG	 is	 displayed	 on	 the	 monitor	 screen.	 This	 facilitates	 appropriate
initial	 therapy.	 For	 continuous	 monitoring	 beyond	 the	 first	 few	 minutes,	 a
standard	ECG	monitoring	unit	should	be	used.

ECG	monitoring	must	 never	 be	 relied	 on	without	 frequent	 reference	 to	 the
patient’s	pulse	and	clinical	condition.	What	appears	on	the	monitor	screen	to	be
VF	 or	 asystole	 must	 not	 be	 treated	 as	 such	 unless	 the	 patient	 is	 found	 to	 be
without	 a	 pulse.	 An	 apparently	 satisfactory	 rhythm	 on	 the	 monitor	 must	 be
accompanied	by	an	adequate	pulse	and	blood	pressure.

Defibrillation



Electrical	 defibrillation	 is	 the	 definitive	 treatment	 for	 most	 cardiac	 arrests,
specifically	VT	and	VF.	It	should	be	delivered	as	early	as	possible	and	repeated
frequently	 until	 pulseless	 ventricular	 tachycardia	 or	 fibrillation	 have	 been
terminated.

Electrical	defibrillation	involves	passing	an	electric	current	through	the	heart
and	 causing	 synchronous	 depolarization	 of	 the	 myofibrils.	 As	 the	 myofibrils
repolarize,	 the	 opportunity	 arises	 for	 the	 emergence	 of	 organized	 pacemaker
activity.

Proper	use	of	the	defibrillator	requires	special	attention	to	the	following.

1.	 Selection	of	proper	energy	levels.	This	lessens	myocardial	damage	and
arrhythmias	occasioned	by	unnecessarily	high	energies.	For	biphasic
defibrillators,	the	energy	should	be	120	to	200	J.	For	the	monophasic
defibrillators,	the	energy	should	be	360	J.67

2.	 Proper	asynchronous	mode.	Synchronizing	switch	must	be	deactivated	if
the	rhythm	is	VF	or	pulseless	VT.

If	the	countershock	should	fall	on	the	T-wave	in	pulseless	VT	and	induces	VF,
another	 unsynchronized	 countershock	 must	 be	 delivered	 promptly	 after
confirming	pulselessness.

1.	 Proper	position	of	the	paddles	or	pads.	This	allows	the	major	energy	of	the
electric	arc	to	traverse	the	myocardium.	The	anterolateral	position	requires
that	one	paddle	or	pad	be	placed	to	the	right	of	the	upper	sternum,	just
below	the	clavicle.	The	other	paddle	or	pad	is	positioned	to	the	left	of	the
nipple	in	the	left	midaxillary	line.	In	the	AP	position,	one	paddle	or	pad	is
positioned	under	the	left	scapula	with	the	patient	lying	on	it.	The	anterior
paddle	or	pad	is	positioned	just	to	the	left	of	the	lower	sternal	border.

2.	 Adequate	contact	between	paddles	or	pads	and	skin.	The	skin	must	be
carefully	prepared/shaved	according	to	the	manufacturer’s	directions	to
ensure	adequate	contact.

3.	 No	contact	with	anyone	other	than	the	patient.	The	rescuer	must	be	sturdily
balanced	on	both	feet	and	not	standing	on	a	wet	floor.	CPR	must	be
discontinued	with	no	one	remaining	in	contact	with	the	patient.	It	is	the
responsibility	of	the	person	defibrillating	to	check	the	patient’s
surroundings,	ensure	the	safety	of	all	participants,	loudly	announce	the
intention	to	countershock,	and	provide	the	shock.	The	use	of	an	automatic
or	semiautomatic	defibrillator	does	not	decrease	the	operator’s	need	for
diligence.



4.	 If	no	skeletal	muscle	twitch	or	spasm	has	occurred,	the	equipment,	contacts,
and	synchronizer	switch	used	for	elective	cardioversions	should	be
rechecked.

Electric	 energy	 delivered	 in	 a	 biphasic	 waveform	 is	 clearly	 superior	 to
monophasic	waveforms	 for	 implantable	defibrillators.	But	 there	 is	a	paucity	of
evidence	 to	 show	 that	 one	 waveform	 is	 superior	 over	 another	 with	 regard	 to
ROSC	or	survival	to	hospital	discharge.	External	defibrillators	are	now	available
with	biphasic	waveforms.

Excepting	 symptomatic	 bradycardia,	 pacing	 is	 no	 longer	 recommended
during	ACLS.

Ventricular	Fibrillation	and	Pulseless	VT
3 	 The	 primary	 therapy	 for	VF	 and	VT	without	 a	 pulse	 is	 defibrillation.	 If	 the
initial	shock,	followed	by	2	minutes	of	CPR,	is	unsuccessful,	then	epinephrine,
and	 later	 amiodarone	 or	 lidocaine	 should	 be	 used.16	 There	 has	 been	 increased
research	into	use	of	high-dose	vasopressin	and	methylprednisolone	during	CPR,
although	this	is	not	supported	in	the	2020	AHA	guidelines.

Particularly	 if	 the	 arrest	 has	 been	 unwitnessed	 and	 defibrillation	 is	 not
immediately	 occurring,	CPR	 should	 be	 started	while	 placing	 defibrillator	 pads
and	powering	on	 the	machine.	 If	 amiodarone	 is	 unavailable,	 lidocaine	may	be
given,	though	the	benefit	of	lidocaine	is	unproven.	Magnesium	is	only	given	for
torsades	de	pointes.

Pulseless	Electric	Activity	and	Asystole
The	 algorithm	 for	 PEA	 and	 asystole	 is	 straightforward:	 epinephrine	 should	 be
given	 every	 3	 to	 5	minutes	 until	 a	 shockable	 rhythm	or	ROSC	occur,	 or	 until
efforts	 are	 terminated.	 Treatment	 of	 the	 underlying	 causes,	 the	 “H’s	 and	 T’s”
should	 be	 addressed.	 The	 H’s	 include	 the	 following:	 hypoglycemia,
hyperhypokalemia,	 hydrogen	 ion	 (acidosis),	 hypothermia,	 hypovolemia,	 and
hypoxia.	 The	 T’s	 include	 the	 following:	 toxins,	 tamponade,	 tension
pneumothorax,	thrombosis	(coronary	or	pulmonary),	and	trauma	(hypovolemia,
increased	intracranial	pressure).	Atropine	is	no	longer	recommended	as	an	agent
for	asystole	or	PEA.

Correction	of	Hypoxia



Hypoxia	 should	 be	 corrected	 early	 during	 CPR	 with	 administration	 of	 the
highest	 possible	 oxygen	 concentration.	 Inadequate	 perfusion,	 decreased
pulmonary	blood	 flow,	pulmonary	edema,	atelectasis,	and	ventilation-perfusion
mismatch	 all	 contribute	 to	 the	 difficulty	 in	 maintaining	 adequate	 tissue
oxygenation.	Inadequate	tissue	oxygenation	results	in	anaerobic	metabolism,	the
generation	of	lactic	acid,	and	the	development	of	metabolic	acidosis.

Correction	of	Excessive	Hydrogen	Ion	(Acidosis)
Correction	of	acidosis	(increased	H+	concentration)	must	be	considered	when	the
arrest	 has	 lasted	 for	 more	 than	 several	 minutes.	Metabolic	 acidosis	 develops
because	of	tissue	hypoxia	and	conversion	to	anaerobic	metabolism.	Respiratory
acidosis	occurs	because	of	apnea	or	hypoventilation	on	a	central	nervous	system
basis	 and/or	 with	 intrapulmonary	 ventilation-perfusion	 abnormalities,	 and	 the
marked	decrease	in	pulmonary	blood	flow	that	exists	even	with	well-performed
CPR.

Sodium	bicarbonate	reacts	with	hydrogen	ions	to	buffer	metabolic	acidosis	by
forming	carbonic	acid	and	then	carbon	dioxide	and	water.	Each	50	mEq	sodium
bicarbonate	 generates	 260	 to	 280	 mm	 Hg	 carbon	 dioxide,	 which	 can	 be
eliminated	 only	 through	 expired	 air.	 Because	 carbon	 dioxide	 of	 exhaled	 gas
during	 CPR	 is	 decreased,	 the	 carbonic	 acid	 generated	 by	 sodium	 bicarbonate
cannot	 be	 effectively	 eliminated.	 Paradoxical	 intracellular	 acidosis	 is	 likely	 to
result,	 and	 arterial	 blood	 gases	 may	 not	 correctly	 reflect	 the	 state	 of	 tissue
acidosis.	 The	 sodium	 and	 osmolar	 load	 of	 bicarbonate	 is	 high;	 excessive
administration	results	in	hyperosmolarity,	hypernatremia,	and	worsened	cellular
acidosis.	Sodium	bicarbonate	 is	of	questionable	value	 in	 treating	 the	metabolic
acidosis	 during	 cardiac	 arrest;	 it	 has	 not	 been	 shown	 to	 facilitate	 VF
improvement	or	survival	after	cardiac	arrest.68-71	An	exception	is	the	patient	with
known	 preexisting	 hyperkalemia	 in	 whom	 administration	 of	 bicarbonate	 is
recommended.	The	use	of	bicarbonate	may	also	be	of	value	in	patients	who	have
a	known	preexisting	bicarbonate-responsive	acidosis	or	a	tricyclic	antidepressant
overdosage,	or	to	alkalinize	the	urine	in	drug	overdosage.

Hypovolemia
Increased	central	volume	 is	often	 required	during	CPR,	especially	 if	 the	 initial
attempts	 at	 defibrillation	 have	 failed.	 PEA	 is	 particularly	 likely	 to	 be	 caused
either	by	acute	severe	hypovolemia	(eg,	exsanguination)	or	by	a	cardiovascular



process	 for	which	volume	expansion	may	be	a	 lifesaving	 temporizing	measure
(eg,	pericardial	 tamponade,	pulmonary	embolism,	and	septic	shock).	The	usual
clues	 for	 hypovolemia,	 such	 as	 collapsed	 jugular	 and	 peripheral	 veins	 and
evidence	 of	 peripheral	 vasoconstriction,	 are	 unavailable	 during	 cardiac	 arrest;
furthermore,	dry	mucus	membranes	and	absence	of	normal	secretions	(tears	and
saliva)	 are	 unreliable	 in	 acute	 hypovolemia.	 Most	 physical	 findings	 of
tamponade,	 pulmonary	 embolism,	 or	 septic	 shock	 are	 absent	 during	 arrest.
Therefore,	one	must	be	guided	by	an	appropriate	clinical	history	and	have	a	low
threshold	to	administer	volume	during	CPR.

Isotonic	crystalloids	 (0.9%	saline	and	Ringer	 lactate),	 colloids,	or	blood	are
necessary	 for	 satisfactory	 volume	 expansion.	 Simple	 crystalloids,	 such	 as	 5%
dextrose	in	water	(D5W),	are	inappropriate	for	rapid	expansion	of	the	circulatory
blood	volume.	Crystalloids	are	more	readily	available,	easier	to	administer,	and
less	expensive	than	colloids.	They	are	also	free	of	the	potential	to	cause	allergic
reactions	or	infections.

If	the	patient	has	a	weak	pulse,	simple	elevation	of	the	legs,	or	a	passive	leg
raise,	may	 help	 by	 promoting	 venous	 return	 to	 the	 central	 circulation.	Volume
challenges	should	be	given	as	needed	until	pulse	and	blood	pressure	have	been
restored	or	until	there	is	evidence	of	volume	overload.

Venous	Access
While	venous	access	with	a	reliable	intravenous	(IV)	route	must	be	established
early	 in	 the	course	of	 the	 resuscitative	effort	 to	allow	for	 the	administration	of
necessary	 drugs	 and	 fluids,	 initial	 defibrillation	 attempts	 and	 effective	 CPR
should	 not	 be	 delayed	 for	 the	 placement	 of	 an	 IV	 line.	 If	 skills	 allow,	 central
venous	access	may	be	the	most	reliable,	but	intraosseous	(IO)	and	peripheral	IV
access	 are	 also	 reasonable	 options.	 When	 medications	 are	 delivered	 via	 the
peripheral	route,	a	20-mL	bolus	should	be	used	to	flush	the	drug.

Although	 central	 lines	 may	 be	 associated	 with	 an	 increased	 incidence	 of
complications	for	patients	receiving	fibrinolytic	therapy,	they	are	not	an	absolute
contraindication	to	its	use.

Drugs	 such	 as	 epinephrine,	 atropine,	 and	 lidocaine	 can	 be	 administered	 via
the	endotracheal	tube	if	there	is	delay	in	achieving	venous	access.	However,	this
route	requires	a	higher	dose	to	achieve	an	equivalent	blood	level,	and	a	sustained
duration	 of	 action	 (a	 “depot	 effect”)	 can	 be	 expected	 if	 there	 is	 a	 return	 in
spontaneous	 circulation.71	 It	 is	 suggested	 that	 3	 to	 10	 times	 the	 IV	 dose	 of
epinephrine	be	administered	when	using	the	endotracheal	route.	Delivery	of	the



drug	to	the	circulation	is	facilitated	by	diluting	the	drug	in	10	mL	of	sterile	water
and	delivering	it	through	a	catheter	positioned	beyond	the	tip	of	the	endotracheal
tube.	Stop	chest	compressions,	spray	the	solution	quickly	down	the	endotracheal
tube,	and	give	several	quick	insufflations	before	reinitiating	chest	compressions.
Intracardiac	injection	of	epinephrine	is	to	be	avoided.

DRUG	THERAPIES

Sympathomimetic	Drugs	and	Vasopressors
Sympathomimetic	drugs	act	either	directly	on	adrenergic	receptors	or	indirectly
by	 releasing	 catecholamines	 from	 nerve	 endings.	 Most	 useful	 during	 cardiac
emergencies	are	 the	adrenergic	agents,	which	 include	 the	endogenous	biogenic
amines	 epinephrine,	 norepinephrine,	 and	 dopamine,	 and	 the	 synthetic	 agent
isoproterenol	 and	 its	 derivative	 dobutamine.	 Of	 note,	 none	 of	 the
sympathomimetics	can	be	administered	in	the	same	line	as	an	alkaline	infusion.
Extravasation	 of	 any	 agent	 with	 α-adrenergic	 activity	 can	 result	 in	 tissue
necrosis,	so	they	should	be	infused	via	a	central	venous	catheter	when	possible.
If	extravasation	does	occur,	5	to	10	mg	of	phentolamine	in	10	to	15	mL	of	saline
should	be	infiltrated	as	soon	as	possible	into	the	area	of	extravasation.

Epinephrine
Epinephrine	 is	 a	 naturally	 occurring	 catecholamine	 that	 has	 both	 α-	 and	 β-
activities.	Although	epinephrine	is	the	pressor	agent	used	most	frequently	during
CPR,	the	evidence	that	it	improves	the	outcome	in	humans	is	scant.

Indications	 for	 the	 use	 of	 epinephrine	 include	 all	 forms	 of	 cardiac	 arrest
because	 its	 α-vasoconstrictive	 activity	 is	 important	 for	 raising	 the	 perfusion
pressure	to	the	myocardium	and	brain.	The	importance	of	α-adrenergic	activity
during	resuscitation	has	been	noted	in	several	studies,72	whereas	administration
of	 a	 pure	 β-agonist	 (eg,	 isoproterenol	 or	 dobutamine)	 has	 been	 shown	 to	 be
ineffective.73	The	β-action	of	epinephrine	 is	 theoretically	useful	 in	asystole	and
bradycardic	arrests	by	increasing	heart	rate.	The	β-effect	has	also	been	touted	to
convert	 asystole	 to	 VF	 or	 to	 convert	 “fine”	 VF	 to	 “coarse.”	 Coarse	 or	 wide-
amplitude	 VF	 is	 easier	 to	 convert	 to	 a	 perfusing	 rhythm	 than	 fine	 or	 small-
amplitude	VF.	However,	this	may	be	primarily	due	to	the	shorter	time	course	of
the	 arrest	 in	 patients	 still	 manifesting	 wide-amplitude	 rather	 than	 small-



amplitude	VF.
Epinephrine	 is	 best	 administered	 IV.	 As	 soon	 as	 possible	 after	 failed

ventricular	defibrillation	attempts	(or	if	defibrillation	is	not	an	option),	an	adult
in	cardiac	arrest	should	be	given	a	1-mg	dose	at	a	1	to	10,000	dilution	(10	mL).
It	should	be	given	in	the	upper	extremity	or	centrally	(see	the	earlier	discussion
in	 “Venous	 Access”	 section)	 and	may	 be	 repeated	 every	 3	 to	 5	 minutes.	 If	 a
peripheral	line	is	used,	the	drug	should	be	administered	rapidly	and	followed	by
a	20-mL	bolus	of	IV	fluid	and	elevation	of	 the	extremity.	If	an	IV	line	has	not
been	established,	the	IO	or	endotracheal	route	may	be	used.	An	IV	infusion	of	1
to	 10	 µg/min	 can	 also	 be	 given	 for	 inotropic	 and	 pressor	 support.	 Two
multicenter	 trials	 evaluating	 the	 effectiveness	 of	 high-dose	 epinephrine	 in
cardiac	arrest	failed	to	demonstrate	an	improvement	in	survival	or	neurological
outcomes,74,75	 and	 doses	 above	 1	 mg	 (excepting	 endotracheal	 administration)
should	not	be	routinely	used.

Risks	with	the	use	of	epinephrine	and	other	α-agonists	include	tissue	necrosis
from	extravasation	and	inactivation	from	admixture	with	bicarbonate.

Norepinephrine
Norepinephrine	is	a	potent	α-agonist	with	β-activity.	Its	salutary	α-effects	during
CPR	are	similar	to	those	of	epinephrine.76	However,	there	are	no	data	to	support
that	it	is	superior	to	epinephrine	during	an	arrest.

The	major	 effect	of	norepinephrine	 is	on	 the	blood	vessels.	 Initial	 coronary
vasoconstriction	 usually	 gives	 way	 to	 coronary	 vasodilatation,	 probably	 as	 a
result	of	 increased	myocardial	metabolic	activity.	 In	a	heart	with	compromised
coronary	 reserve,	 this	 may	 cause	 further	 ischemia.	 During	 cardiac	 arrest,	 its
usefulness,	 like	 that	 of	 epinephrine,	 is	 most	 likely	 due	 to	 peripheral
vasoconstriction	 with	 an	 increase	 in	 perfusion	 pressure.	 In	 patients	 with
spontaneous	 circulation	 who	 are	 in	 cardiogenic	 shock	 (when	 peripheral
vasoconstriction	is	often	already	extreme),	its	effect	is	more	difficult	to	predict.

Indications	for	 the	use	of	norepinephrine	during	cardiac	arrest	are	similar	 to
those	for	epinephrine,	although	there	does	not	appear	to	be	any	reason	to	prefer
it	 to	epinephrine.	Norepinephrine	appears	 to	be	most	useful	 in	 the	 treatment	of
shock	caused	by	inappropriate	decline	in	peripheral	vascular	resistance,	such	as
septic	shock	and	neurogenic	shock.	It	is	administered	by	IV	infusion	and	titrated
to	an	adequate	perfusion	pressure.	A	typical	starting	infusion	rate	is	0.5	µg/min
and	 most	 adults	 respond	 to	 2	 to	 12	 µg/min,	 but	 some	 require	 rates	 up	 to
30	µg/min.	Abrupt	termination	of	the	infusion	(as	may	occur	in	transport)	may
lead	to	sudden	severe	hypotension.



Precautions	 to	 the	 use	 of	 norepinephrine	 include	 its	 inappropriate	 use	 in
hypovolemic	 shock	and	 in	patients	with	 already	 severe	vasoconstriction.	 Intra-
arterial	 pressure	 monitoring	 is	 recommended	 when	 using	 norepinephrine,
because	indirect	blood	pressure	measurement	 is	often	incorrect	 in	patients	with
severe	vasoconstriction.	 In	patients	with	myocardial	 ischemia	or	 infarction,	 the
myocardial	oxygen	requirements	are	increased	by	all	catecholamines,	and	heart
rate,	 rhythm,	 ECG	 evidence	 for	 ischemia,	 direct	 systemic	 and	 pulmonary
pressures,	 urine	 output,	 and	 cardiac	 output	 should	 be	 closely	monitored	when
using	this	drug	in	patients	with	myocardial	ischemia	or	infarction.

Isoproterenol
This	 synthetic	 catecholamine	 has	 almost	 pure	 β-adrenergic	 activity.	 Its	 cardiac
activity	 includes	 potent	 inotropic	 and	 chronotropic	 effects,	 both	 of	which	will
increase	the	myocardium’s	oxygen	demand.	In	addition	to	bronchodilatation,	the
arterial	 beds	 of	 the	 skeletal	 muscles,	 kidneys,	 and	 gut	 dilate,	 resulting	 in	 a
marked	drop	in	systemic	vascular	resistance.	Cardiac	output	can	be	expected	to
increase	 markedly	 unless	 the	 increased	 myocardial	 oxygen	 demand	 results	 in
substantial	myocardial	 ischemia.	 Systolic	 blood	 pressure	 is	 usually	maintained
because	of	the	rise	in	cardiac	output,	but	the	diastolic	and	mean	pressures	usually
decrease.	As	a	result,	coronary	perfusion	pressure	drops	at	the	same	time	that	the
myocardial	oxygen	requirement	is	increased.	This	combination	can	be	expected
to	 have	 deleterious	 effects	 in	 patients	 with	 ischemic	 heart	 disease,	 especially
during	 cardiac	 arrest.	 The	 main	 clinical	 usefulness	 of	 isoproterenol	 is	 in	 its
ability	to	stimulate	pacemakers	within	the	heart.

Indications	for	isoproterenol	are	primarily	in	the	setting	of	atropine-resistant,
hemodynamically	 significant	 bradyarrhythmias,	 including	 profound	 sinus	 and
junctional	 bradycardia,	 as	 well	 as	 various	 forms	 of	 high-degree	 AV	 block.	 It
should	be	used	only	as	an	interim	measure,	until	effective	transcutaneous	or	IV
pacing	 can	be	 instituted	Under	no	 circumstances	 should	 isoproterenol	 be	used
during	cardiac	arrest.

Isoproterenol	is	administered	by	titration	of	an	IV	solution.	The	infusion	rate
should	 be	 only	 rapid	 enough	 to	 affect	 an	 adequate	 perfusing	 heart	 rate	 (2-
20	 µg/min,	 or	 0.05-0.5	 µg/kg/min).	 Depending	 on	 the	 adequacy	 of	 cardiac
reserve,	 a	 target	 heart	 rate	 as	 low	 as	 50	 to	 55	 beats	 per	 minute	 may	 be
satisfactory.

Dopamine



This	naturally	occurring	precursor	of	norepinephrine	has	α-,	β-,	and	dopamine-
receptor–stimulating	 activities.	 The	 dopamine-receptor	 activity	 theoretically
dilates	renal	and	mesenteric	arterial	beds	at	 low	doses	 (1-2	µg/kg/min),	 though
the	clinical	relevance	of	this	is	unclear.77	β-adrenergic	activity	is	more	prominent
with	doses	from	2	to	10	µg/kg/min,	whereas	α-adrenergic	activity	is	predominant
at	doses	greater	than	10	µg/kg/min.	It	has	not	been	shown	that	these	dose	ranges
have	 relevance	 in	 the	 clinical	 setting.	 Indications	 for	 the	 use	 of	 dopamine	 are
primarily	significant	hypotension	and	cardiogenic	shock.

Dopamine	is	administered	by	IV	titration	in	the	range	of	2	to	20	μg/kg/min.
Rarely,	 a	 patient	 may	 need	 in	 excess	 of	 20	 μg/kg/min.	 A	 200-mg	 ampule	 is
diluted	 to	 250	 or	 500	 mL	 in	 D5W	 or	 5%	 dextrose	 in	 normal	 saline	 for	 a
concentration	 of	 800	 or	 400	mg/mL.	As	with	 all	 catecholamine	 infusions,	 the
lowest	 infusion	 rate	 that	 results	 in	 satisfactory	perfusion	 should	be	 the	goal	of
therapy.

Precautions	 for	 dopamine	 are	 similar	 to	 those	 for	 other	 catecholamines.
Tachycardia	 or	 ventricular	 arrhythmias	 may	 require	 reduction	 in	 dosage	 or
discontinuation	of	 the	drug.	 If	 significant	hypotension	occurs	 from	 the	dilating
activity	 of	 dopaminergic	 or	 β-active	 doses,	 small	 amounts	 of	 an	 α-active	 drug
may	be	added.	Dopamine	may	increase	myocardial	ischemia.

Dobutamine
Dobutamine	 is	 a	 potent	 synthetic	 β-adrenergic	 agent	 that	 differs	 from
isoproterenol	 in	 that	 tachycardia	 is	 less	 problematic.	 Unless	 ischemia
supervenes,	cardiac	output	will	increase,	as	will	renal	and	mesenteric	blood	flow.

Dobutamine	 is	 indicated	 primarily	 for	 the	 short-term	 enhancement	 of
ventricular	 contractility	 in	 the	 patient	 with	 heart	 failure.	 It	 may	 be	 used	 for
stabilization	of	the	patient	after	resuscitation	or	for	the	patient	with	heart	failure
refractory	 to	 other	 drugs.	 It	 may	 also	 be	 used	 in	 combination	 with	 IV
nitroprusside,	 which	 lowers	 peripheral	 vascular	 resistance	 and	 thereby	 left
ventricular	 afterload.	 Although	 nitroprusside	 lowers	 peripheral	 resistance,
dobutamine	maintains	perfusion	by	augmenting	the	cardiac	output.

Dobutamine	 is	 administered	 by	 slow-titrated	 IV	 infusion.	A	 dose	 as	 low	 as
0.5	 µg/kg/min	 may	 prove	 to	 be	 effective,	 but	 the	 usual	 dose	 range	 is	 2.5	 to
10.0	µg/kg/min.

Precautions	 for	 dobutamine	 are	 similar	 to	 those	 for	 other	 β-agonists.
Dobutamine	 may	 cause	 tachycardia,	 ventricular	 arrhythmias,	 myocardial
ischemia,	and	extension	of	infarction.



Vasopressin
Vasopressin	 is	 not	 a	 catecholamine,	 but	 a	 naturally	 occurring	 antidiuretic
hormone.	 In	high	doses,	 it	 is	 a	powerful	 constrictor	of	 smooth	muscles	 and	as
such	has	been	studied	as	an	adjunctive	therapy	for	cardiac	arrest	in	an	attempt	to
improve	 perfusion	 pressures	 and	 organ	 flows.	 Vasopressin	 may	 be	 especially
useful	in	prolonged	cardiac	arrest	as	it	remains	effective	as	a	vasopressor	even	in
severe	acidosis.78	It	is	no	longer	recommended	in	the	2019	ACLS	guidelines	as	a
first	agent	in	arrest	in	lieu	of	epinephrine	or	as	the	second	agent	if	the	first	dose
of	epinephrine	failed	to	cause	a	return	in	pulse.	The	dose	of	vasopressin	is	40	U
IV	or	IO.	Its	use	in	combination	with	epinephrine	1	mg	and	methylprednisolone
40	mg	(once)	at	20	U	for	each	cycle	of	ACLS79	has	also	been	removed	from	the
2019	ACLS	guidelines.

Antiarrhythmic	Agents
Antiarrhythmic	agents	have	been	thought	to	play	an	important	role	in	stabilizing
the	rhythm	in	many	resuscitation	situations;	however,	the	data	in	support	of	their
value	 are	 scanty.	 Although	 lidocaine,	 bretylium,	 and	 procainamide	 had	 been
considered	 useful	 in	 counteracting	 the	 tendency	 to	 ventricular	 arrhythmias,
convincing	evidence	of	benefit	to	their	use	for	pulseless	VT	and	VF	is	wanting.
On	 the	 basis	 of	 available	 data,	 amiodarone	 is	 the	 agent	 of	 choice	 for	 the
emergency	treatment	of	refractory	VT	and	VF.80

Amiodarone
Amiodarone	 is	 a	 benzofuran	 derivative	 that	 is	 structurally	 similar	 to	 thyroxine
and	contains	a	considerable	level	of	iodine.	Gastrointestinal	absorption	is	slow;
therefore,	when	given	orally,	the	onset	of	action	is	delayed	while	the	drug	slowly
accumulates	in	adipose	tissue.	The	mean	elimination	half-life	is	64	days	(range,
24-160	 days).	 IV	 administration	 allows	 rapid	 onset	 of	 action,	with	 therapeutic
blood	levels	achieved	with	600	mg	given	over	24	hours.

Amiodarone	 decreases	 myocardial	 contractility,	 and	 it	 also	 causes
vasodilatation,	which	counterbalances	the	decrease	in	contractility.	In	general,	it
is	therefore	well	tolerated	even	by	those	with	myocardial	dysfunction.

5 	 Amiodarone	 given	 IV	 has	 been	 successful	 in	 terminating	 a	 variety	 of
reentrant	and	other	types	of	supraventricular	and	ventricular	rhythms.	In	a	major
study	of	out-of-hospital	cardiac	arrest	due	 to	ventricular	arrhythmias	 refractory
to	shock,	patients	were	initially	treated	with	either	amiodarone	(246	patients)	or



placebo	 (258	 patients).	 Patients	 given	 amiodarone	 had	 not	 only	 a	 higher
incidence	of	bradycardia	(41%	vs	25%)	and	hypotension	(59%	vs	48%)	but	also
a	higher	 rate	of	survival	 to	hospital	admission	 (44%	vs	34%).80	This	 study	did
not	 demonstrate	 an	 increase	 in	 survival	 to	 hospital	 discharge	 or	 in	 neurologic
status.	On	the	basis	of	this	study,	amiodarone	has	been	given	status	as	an	option
for	 use	 after	 defibrillation	 attempts	 and	 epinephrine	 therapy	 in	 refractory
ventricular	arrhythmias	during	cardiac	arrest.	It	is	also	an	option	for	ventricular
rate	control	in	rapid	atrial	arrhythmias	in	patients	with	impaired	left	ventricular
function.	 Other	 optional	 uses	 are	 for	 control	 of	 hemodynamically	 stable	 VT,
polymorphic	VT,	preexcited	atrial	arrhythmias,	and	wide-complex	tachycardia	of
uncertain	 origin.	 It	 may	 also	 be	 useful	 for	 chemical	 cardioversion	 of	 atrial
fibrillation	or	as	an	adjunct	to	electrical	cardioversion	of	refractory	paroxysmal
supraventricular	tachycardia	(PSVT)	and	atrial	fibrillation	or	flutter.

Administration	in	cardiac	arrest	(pulseless	VT	or	VF)	is	by	rapid	IV	infusion
of	300	mg	diluted	in	20	to	30	mL	of	saline	or	D5W.	Supplementary	infusions	of
150	mg	may	be	used	for	recurrent	or	refractory	VT	or	VF.

Administration	 for	 rhythms	with	a	pulse	 is	by	 IV	 infusion	of	150	mg	given
over	 10	 minutes,	 followed	 by	 infusion	 of	 1	 mg/min	 for	 6	 hours	 and	 then
0.5	mg/min	 for	18	hours.	Supplemental	 infusions	of	150	mg	may	be	given	 for
recurrent	 or	 resistant	 arrhythmias	 to	 a	 total	 maximum	 dose	 of	 2	 g	 during	 24
hours.

Lidocaine
This	 antiarrhythmic	 agent	 has	 been	 used	 for	 ventricular	 arrhythmias,	 such	 as
premature	ventricular	 complexes	 and	VT.	Premature	ventricular	 complexes	 are
not	unusual	in	apparently	healthy	people	and	most	often	are	benign.	Even	in	the
patient	 with	 chronic	 heart	 disease,	 premature	 ventricular	 complexes	 and
nonsustained	VT	 are	 usually	 asymptomatic,	 and	 controversy	 exists	 concerning
the	need	to	treat	under	these	circumstances.

Administration	of	 lidocaine	begins	with	an	 IV	bolus.	The	onset	of	action	 is
rapid.	 Its	 duration	 of	 action	 is	 brief	 but	 may	 be	 prolonged	 by	 continuous
infusion.	If	 the	patient	has	suffered	an	acute	myocardial	 infarction	and	has	had
ventricular	arrhythmias,	the	infusion	is	continued	for	hours	to	days	and	tapered
slowly.	 If	 the	cause	of	 the	arrhythmia	has	been	corrected,	 the	 infusion	may	be
tapered	more	rapidly.

Precautions	should	be	taken	against	excessive	accumulation	of	lidocaine.	The
dosage	should	be	reduced	in	patients	with	low	cardiac	output,	congestive	failure,
hepatic	 failure,	 and	 age	 older	 than	 70	 years	 because	 of	 the	 decreased	 liver



metabolism	 of	 the	 drug.	 Toxic	 manifestations	 are	 usually	 neurologic	 and	 can
vary	 from	 slurred	 speech,	 tinnitus,	 sleepiness,	 and	 dysphoria	 to	 localizing
neurologic	 symptoms.	 Frank	 seizures	 may	 occur	 with	 or	 without	 preceding
neurologic	 symptoms	 and	 may	 be	 controlled	 with	 short-acting	 barbiturates	 or
benzodiazepines.	Conscious	patients	should	be	warned	about	possible	symptoms
of	 neurologic	 toxicity	 and	 asked	 to	 report	 them	 immediately	 if	 they	 occur.
Excessive	blood	levels	can	significantly	depress	myocardial	contractility.

Adenosine
Adenosine	 is	 an	 endogenous	 purine	 nucleoside	 that	 depresses	 AV	 nodal
conduction	 and	 sinoatrial	 nodal	 activity.	 Because	 of	 the	 delay	 in	 AV	 nodal
conduction,	 adenosine	 is	 effective	 for	 terminating	 arrhythmias	 that	 use	 the	AV
node	in	a	reentrant	circuit	(eg,	PSVT).81	For	supraventricular	tachycardias,	such
as	atrial	flutter	or	atrial	fibrillation,	or	atrial	tachycardias	that	do	not	use	the	AV
node	 in	 a	 reentrant	 circuit,	 blocking	 transmission	 through	 the	 AV	 node	 may
prove	helpful	 in	clarifying	 the	diagnosis.82,83	 In	 the	2015	ACLS	guidelines,	 the
use	of	adenosine	in	wide-complex	tachycardia	of	uncertain	origin	to	discriminate
between	VT	and	supraventricular	tachycardia	with	aberrancy	is	supported	by	the
2020	guidelines.	Adenosine	may	also	be	used	in	the	diagnosis	and	treatment	of
stable	and	unstable	narrow	complex	 tachycardias.	The	half-life	of	adenosine	 is
less	than	5	seconds	because	it	is	rapidly	metabolized.

Administration	is	by	IV	bolus	of	6	mg	given	during	1	to	3	seconds,	followed
by	a	20-mL	saline	flush.	An	additional	dose	of	12	mg	may	be	given	if	no	effect
is	 seen	 within	 1	 to	 2	 minutes.	 Patients	 taking	 theophylline	 may	 need	 higher
doses.

Side	 effects	 caused	 by	 adenosine	 are	 transient	 and	 may	 include	 flushing,
dyspnea,	 and	 anginalike	 chest	 pain	 (even	 in	 the	 absence	 of	 coronary	 disease).
Sinus	 bradycardia	 and	 ventricular	 ectopy	 are	 common	 after	 terminating	 PSVT
with	adenosine,	but	the	arrhythmias	are	typically	short	lived	so	as	to	be	clinically
unimportant.	The	 reentrant	 tachycardia	may	 recur	 after	 the	 effect	 of	 adenosine
has	dissipated	and	may	require	additional	doses	of	adenosine	or	a	longer	acting
drug,	 such	 as	 verapamil	 or	 diltiazem.	 Because	 adenosine	 is	 a	 potent
bronchoconstrictor,	 another	 class	 of	 drugs	 such	 as	 calcium	 channel	 blockers
should	be	considered	to	slow	heart	rate	in	asthmatics.

Theophylline	 and	other	methylxanthines,	 such	 as	 theobromine	 and	 caffeine,
block	 the	 receptor	 responsible	 for	 adenosine’s	 electrophysiologic	 effect;
therefore,	 higher	 doses	 may	 be	 required	 in	 their	 presence.	 Dipyridamole	 and
carbamazepine,	 on	 the	 other	 hand,	 potentiate	 and	 may	 prolong	 the	 effect	 of



adenosine;	therefore,	other	forms	of	therapy	may	be	advisable.

Verapamil	and	Diltiazem
Unlike	other	calcium	channel–blocking	agents,	verapamil	and	diltiazem	increase
refractoriness	in	the	AV	node	and	significantly	slow	conduction.	This	action	may
terminate	reentrant	tachycardias	that	use	the	AV	node	in	the	reentrant	circuit	(eg,
PSVT).	 These	 drugs	 may	 also	 slow	 the	 ventricular	 response	 of	 patients	 with
atrial	 flutter	 or	 fibrillation	 and	 even	 for	 patients	 with	 multifocal	 atrial
tachycardia.	They	should	be	used	only	for	patients	for	whom	the	tachycardia	is
known	to	be	supraventricular	in	origin.

Administration	of	verapamil	is	by	IV	bolus	of	2.5	to	5.0	mg	during	2	minutes.
In	the	absence	of	a	response,	additional	doses	of	5	to	10	mg	may	be	given	at	15-
to	30-minute	intervals	to	a	maximum	of	20	mg.	The	maximum	cumulative	dose
is	20	mg.	Diltiazem	may	be	given	as	an	initial	dose	of	0.25	mg/kg	with	a	follow-
up	dose	of	0.35	mg/kg,	if	needed.	A	maintenance	infusion	of	5	to	15	mg/h	may
be	used	to	control	the	rate	of	ventricular	response	in	atrial	fibrillation.

Verapamil	 and	 diltiazem	 should	 be	 used	 for	 arrhythmias	 known	 to	 be
supraventricular	 in	 origin	 and	 in	 the	 absence	 of	 preexcitation.	 Both	 verapamil
and	 diltiazem	 may	 decrease	 myocardial	 contractility	 and	 worsen	 congestive
heart	failure	or	even	provoke	cardiogenic	shock	in	patients	with	significant	left
ventricular	dysfunction.	They	should,	therefore,	be	used	with	caution	in	patients
with	known	cardiac	 failure	or	 suspected	diminished	 cardiac	 reserve	 and	 in	 the
elderly.	If	worsened	failure	or	hypotension	develops	after	the	use	of	these	agents,
calcium	should	be	administered,	as	described	in	“Other	Agents”	section.

Magnesium
Cardiac	 arrhythmias	 and	even	 sudden	cardiac	death	have	been	associated	with
magnesium	deficiency.83	Hypomagnesemia	decreases	 the	uptake	of	 intracellular
potassium	and	may	precipitate	VT	or	fibrillation.	Routine	use	of	magnesium	in
cardiac	 arrest	 or	 after	 myocardial	 infarction	 is	 not	 recommended.	Magnesium
may	 be	 of	 value	 for	 patients	with	 torsades	 de	 pointes,	 even	 in	 the	 absence	 of
hypomagnesemia.

Magnesium	 is	 administered	 IV.	 For	 rapid	 administration	 during	 VT	 or	 VF
with	 suspected	 or	 documented	 hypomagnesemia,	 1	 to	 2	 g	 may	 be	 diluted	 in
100	 mL	 of	 D5W	 and	 given	 during	 1	 to	 2	 minutes.	 A	 24-hour	 infusion	 of
magnesium	 may	 be	 used	 for	 peri-infarction	 patients	 with	 documented
hypomagnesemia.	A	loading	dose	of	1	to	2	gram	is	diluted	in	100	mL	D5W	and



slowly	given	during	5	minutes	to	1	hour,	followed	by	an	infusion	of	0.5	to	1	g/h
during	 the	ensuing	24	hours.	Clinical	circumstances	and	 the	serum	magnesium
level	dictate	the	rate	and	duration	of	the	infusion.	Hypotension	or	asystole	may
occur	with	rapid	administration.

Other	Agents
Additional	drugs	occasionally	found	useful	or	necessary	during	resuscitation	or
in	 the	 immediate	 postresuscitation	 period	 include	 atropine,	 calcium,
nitroprusside,	 and	 nitroglycerine;	 these	 agents	 are	 discussed	 in	 the	 following
sections.	Many	other	drugs	may	be	required	in	particular	circumstances	and	are
discussed	in	other	parts	of	this	text.	An	incomplete	list	of	these	drugs	includes	β-
blockers,	 ibutilide,	 propafenone,	 flecainide,	 sotalol,	 digoxin,	 antibiotics,
thiamine,	 thyroxine,	morphine,	 naloxone,	 adrenocorticoids,	 fibrinolytic	 agents,
anticoagulants,	antiplatelet	agents,	and	dextrose.

Atropine	Sulfate
Atropine	is	an	anticholinergic	drug	that	increases	heart	rate	by	stimulating	pacers
and	facilitating	AV	conduction	that	is	suppressed	by	excessive	vagal	tone.

Atropine	 is	 indicated	 primarily	 for	 bradycardias	 causing	 hemodynamic
difficulty	or	associated	with	ventricular	arrhythmias.	Atropine	may	be	useful	in
AV	 block	 at	 the	 nodal	 level.	 It	 is	 no	 longer	 used	 in	 asystole	 and	 bradycardic
arrests.

Atropine	 (1	mg)	 is	 administered	by	 IV	bolus.	 If	 a	 satisfactory	 response	has
not	occurred	within	3	to	5	minutes,	additional	1-mg	doses	should	be	given	in	a
bolus,	to	a	maximum	dose	of	3	mg	(0.04	mg/kg).	For	bradycardia	with	a	pulse,
the	initial	dose	should	be	0.5	mg	repeated	every	5	minutes	until	the	desired	effect
is	obtained,	to	a	maximum	dose	of	3	mg	(0.04	mg/kg).	Atropine	may	be	given	by
the	endotracheal	route	at	doses	2.5	times	the	IV	dose.

Precautions	 for	 atropine	 include	 the	 requirement	 that	 an	 inordinately	 rapid
heart	rate	not	be	produced.	Patients	with	ischemic	heart	disease	are	likely	to	have
worsened	 ischemia	 or	 ventricular	 arrhythmias	 if	 the	 rate	 is	 too	 rapid.
Uncommonly,	a	patient	will	have	a	paradoxic	slowing	of	rate	with	atropine;	this
is	more	likely	to	occur	with	smaller	first	doses	and	is	caused	by	a	central	vagal
effect.	This	effect	is	rapidly	counteracted	by	additional	atropine.	In	this	situation,
the	 next	 dose	 of	 atropine	 should	 be	 given	 immediately.	 If	 additional	 atropine
does	 not	 correct	 the	 problem,	 the	 patient	 may	 require	 judicious	 use	 of
isoproterenol	or	pacemaker	therapy.



Calcium
Calcium’s	 positive	 inotropic	 effect	 has	 led	 to	 its	 use	 in	 cardiac	 arrest.	 The
contractile	 state	 of	 the	 myocardium	 depends	 in	 part	 on	 the	 intracellular
concentration	 of	 the	 calcium	 ion.	 Transmembrane	 calcium	 flux	 serves	 an
important	 regulatory	 function	 in	 both	 active	 contraction	 and	 active	 relaxation.
The	 use	 of	 calcium	 in	 cardiac	 arrest	 is	 based	 on	 an	 early	 report	 by	 Kay	 and
Blalock84	 in	which	several	pediatric	cardiac	 surgical	patients	were	 successfully
resuscitated,	apparently	with	 the	aid	of	calcium.	However,	several	 field	studies
have	 failed	 to	 demonstrate	 an	 improvement	 in	 survival	 or	 neurologic	 outcome
with	 the	 use	 of	 calcium	 vs	 a	 control.85	 In	 addition,	 calcium	 has	 the	 theoretic
disadvantage	of	facilitating	postanoxic	tissue	damage,	especially	in	the	brain	and
heart.	Digitalis	toxicity	may	be	exacerbated	by	the	administration	of	calcium.86

Calcium	is	indicated	only	in	specific	circumstances:	calcium	channel	blocker
toxicity,	 severe	 hyperkalemia,	 severe	 hypocalcemia,	 arrest	 after	 multiple
transfusions	with	 citrated	 blood,	 fluoride	 toxicity,	 and	while	 coming	off	 heart-
lung	bypass	after	cardioplegic	arrest.

Calcium	 is	 available	 as	 calcium	 chloride,	 calcium	 gluceptate,	 and	 calcium
gluconate.	 The	 gluconate	 salt	 is	 unstable	 and	 less	 frequently	 available.	 The
chloride	 salt	 provides	 the	most	 direct	 source	 of	 calcium	 ion	 and	 produces	 the
most	rapid	effect.	The	gluceptate	and	gluconate	salts	require	hepatic	degradation
to	release	the	free	calcium	ion.	Calcium	chloride	is,	therefore,	the	best	choice.	It
is	 highly	 irritating	 to	 tissues	 and	 must	 be	 injected	 into	 a	 large	 vein	 with
precautions	 to	 avoid	 extravasation.	 Calcium	 chloride	 is	 available	 in	 a	 10%
solution.	An	 initial	dose	of	250	 to	500	mg	may	be	administered	slowly	during
several	minutes.	It	may	be	repeated	as	necessary	at	10-minute	intervals	if	strong
indications	exist.

Precautions	 for	 calcium	 use	 include	 the	 need	 for	 slow	 injection	 without
extravasation.	 If	 bicarbonate	 has	 been	 administered	 through	 the	 same	 line,	 it
must	be	cleared	before	introducing	the	calcium.	If	the	patient	has	a	rhythm,	rapid
injection	may	result	in	bradycardia.	Calcium	salts	must	be	used	with	caution	in
patients	receiving	digitalis.

CLINICAL	SETTINGS
The	procedures	 involved	 in	 the	 resuscitation	of	 a	 person	who	has	 experienced
cardiovascular	 or	 respiratory	 collapse	 are	 all	 part	 of	 a	 continuum	 progressing
from	 the	 initial	 recognition	 of	 the	 problem	 and	 the	 institution	 of	 CPR	 to



intervention	 with	 defibrillators,	 drugs,	 pacemakers,	 transport,	 and
postresuscitative	 evaluation	 and	 care.	 The	 following	 sections	 focus	 on	 the
pharmacologic	 and	 electrical	 interventions	 appropriate	 to	 various	 clinical
settings	common	in	cardiac	arrest.

Special	Situations
Patients	who	 have	 nearly	 drowned	 in	 cold	water	may	 recover	 after	 prolonged
periods	 of	 submersion.	 Apparently,	 the	 hypothermia	 and	 bradycardia	 of	 the
diving	 reflex	 may	 serve	 to	 protect	 against	 organ	 damage.87	 Successful
resuscitation	 has	 been	 described	 after	 considerable	 periods	 of	 submersion.87
Because	it	is	often	difficult	for	bystanders	and	rescuers	to	estimate	the	duration
of	submersion,	in	most	cases	it	is	warranted	to	initiate	CPR	at	the	scene,	unless
physical	evidence	exists	of	irreversible	death,	such	as	putrefaction	or	dependent
rubor.

Hypothermia	may	occur	with	environmental	exposures	other	than	cold-water
drowning.	The	body’s	ability	to	maintain	temperature	is	diminished	by	alcohol,
sedation,	 antidepressants,	 neurologic	 problems,	 and	 advanced	 age.	 Because	 of
the	 associated	 bradycardia	 and	 oxygen-sparing	 effects,	 prolonged	 hypothermia
and	 arrest	 may	 be	 tolerated	 with	 complete	 recovery.	 A	 longer	 period	 may	 be
needed	 to	 establish	 breathlessness	 and	 pulselessness	 because	 of	 profound
bradycardia	 and	 slowed	 respiratory	 rate.	 Resuscitative	 efforts	 should	 not	 be
abandoned	until	near-normal	temperature	has	been	reestablished.

Electric	 shock	and	 lightning	 strike	may	 lead	 to	 tetanic	 spasm	of	 respiratory
muscles	 or	 convulsion,	 causing	 respiratory	 arrest.	 VF	 or	 asystole	 may	 occur
from	 the	 electric	 shock	 or	 after	 prolonged	 respiratory	 arrest.	 Before	 initiating
assessment	 and	 CPR,	 the	 potential	 rescuer	 must	 ascertain	 whether	 the	 person
who	has	 been	 shocked	 is	 still	 in	 contact	with	 the	 electric	 energy	 and	 that	 live
wires	are	not	in	dangerous	proximity.	If	the	individual	is	located	at	the	top	of	a
utility	pole,	CPR	is	best	instituted	after	the	person	is	lowered	to	the	ground.88

Termination	of	ACLS	and	Post-ACLS	Care
While	 targeted	 temperature	management	has	been	 in	use	 for	 some	years	based
on	 recent	data,	more	 recent	 studies	 suggest	 that	 there	 is	not	 improved	survival
with	good	functional	outcome	with	targeted	temperature	management	compared
to	normothermia.17	Hypothermia	was	also	thought	to	be	beneficial	for	in-hospital
arrests	 though	evidence	 is	 lacking.89,90	Lower	cardiac	 index	and	hyperglycemia



tend	 to	 occur	more	 frequently	 among	 hypothermic	 patients,	 as	 do	 infections.91
Shivering	must	be	prevented	to	reduce	the	risk	of	increasing	the	metabolic	rate.

When	 to	 stop	 CPR	 or	 CLS	 is	 not	 always	 clearly	 defined.	 For	 emergency
department	patients	with	a	rhythm	of	either	PEA	or	asystole,	there	were	no	cases
of	 ROSC	 when	 cardiac	 standstill	 was	 demonstrated	 by	 echocardiography.92
Providers	considering	use	of	echocardiography	to	assist	in	deciding	to	terminate
resuscitative	 efforts	 should	 consider	 their	 own	 skill	 in	 performing
echocardiography	 and	 the	 overall	 clinical	 situation.	 The	 ethics	 section	 of	 the
ACLS	guidelines	suggests	criteria	for	limiting	resuscitation	in	several	settings.58
CPR	should	not	begin	in	any	setting	when	a	valid	do-not-resuscitate	order	exists,
when	it	is	unsafe	for	the	provider	or	rescuer,	or	when	obvious	signs	of	death	are
present	such	as	rigor	mortis,	dependent	livido,	decapitation,	or	decomposition.	If
CPR	 is	 begun,	 it	 is	 stopped	 when	 ROSC	 is	 achieved,	 the	 provider	 is	 too
exhausted	to	continue,	or	when	care	is	handed	off	to	another	provider	team.	Out-
of-hospital	 arrest	 resuscitation	 (BLS	 and	 ALCS)	 may	 also	 be	 terminated	 if
patients	meet	all	three	of	the	following	criteria:	(1)	arrest	not	witnessed	by	EMS
personnel,	 (2)	 no	 defibrillation	 attempted	 before	 transport,	 and	 (3)	 no	 ROSC
before	 transport.58,93	 For	 most	 patients	 who	 undergo	 resuscitation	 but	 do	 not
achieve	ROSC,	 the	decision	 to	 terminate	resuscitation	efforts	 is	often	based	on
the	clinical	situation,	including	factors	such	as	whether	a	pulse	was	obtained	at
some	point	 during	 the	 resuscitation,	 premorbid	 state,	 initial	 rhythm,	 and	 arrest
duration	 both	 before	 starting	 CPR	 and	 duration	 of	 the	 resuscitation.	 Prearrest
functional	 status	 and	 duration	 of	 resuscitation	 impact	 survival.94,95	 Duration	 of
CPR	 is	 often	 the	 simplest	 decision	 criterion,	 and	 although	 there	 is	 no	 well-
defined	threshold,	after	10	to	30	minutes	of	CPR	survival	is	unlikely.95-97

Arrests	 in	 the	 ICU	 are	 often	 felt	 to	 have	 a	 very	 poor	 prognosis.	 However,
among	ICU	arrest	patients	for	whom	resuscitation	is	attempted,	one	5	year	series
reported	surprisingly	good	outcomes,	with	1-	and	5-year	 survivals	of	24%	and
16%,	 respectively.97	Many	 ICU	 arrests	 can	 be	 anticipated	 and	 communication
with	patients	and	families	with	an	emphasis	on	advanced	care	decision-making
are	often	the	most	important	aspects	of	resuscitation	management	in	the	ICU.

Utility	of	Ultrasonography	for	Cardiopulmonary
Resuscitation
Ultrasonography	has	utility	during	 the	performance	of	CPR.	Focused	echo	and
other	 bedside	 ultrasonographic	 studies	 can	 assist	 when	 determining	 an
underlying	 etiology	 of	 the	 arrest,	 assessing	 adequacy	 of	 volume	 resuscitation,



help	 confirm	ETT	placement	 or	misplacement,	 and	 provide	 added	 information
regarding	 termination	 of	 efforts.	 Focused	 echocardiography	 can	 be	 performed
during	the	pauses	in	CPR	intended	for	checks	of	ROSC95	and	does	not	impair	the
quality	 of	 CPR	 when	 the	 no-flow	 period	 is	 not	 extended.96,97	 The	 operator	 is
positioned	 such	 that	 a	 subcostal	 long	 axis	 view	 can	 be	 obtained	 during	 pulse
checks.	This	 requires	 that	a	portable	ultrasonography	machine	be	placed	at	 the
thigh	level	of	the	patient	as	close	to	the	bed	as	possible	with	the	screen	adjusted
for	optimal	image	clarity.	The	operator	faces	the	screen	while	pressing	the	probe
into	 the	 subcostal	 area	 in	 anticipation	 of	 the	 pulse	 check.	Machine	 setup	 and
operator	 positioning	must	 not	 be	 permitted	 to	 interrupt	 chest	 compressions,	 as
these	 take	 absolute	 priority.	When	 the	 code	 team	 leader	 alerts	 the	 team	 that	 a
pulse	 check	 is	 required,	 a	 team	member	 assumes	 position	 contralateral	 to	 the
ultrasonography	machine	to	prepare	to	manually	check	for	a	pulse	in	the	femoral
area,	while	the	ultrasonography	operator	prepositions	the	probe	in	order	to	obtain
an	immediate	subcostal	long	axis	view	of	the	heart	during	the	pulse	check.	When
the	code	leader	orders	that	chest	compressions	stop	for	the	5-second	pulse	check,
a	 skilled	 scanner	 can	 obtain	 a	 good-quality	 view	 of	 the	 heart.	 During	 chest
compressions,	 it	 is	not	possible	 to	obtain	any	useful	 images	due	 to	 the	marked
translational	 movement	 of	 the	 heart	 that	 occurs	 during	 chest	 compressions
(Videos	 14.1	 and	 14.2).	 If	 the	 CPR	 team	 is	 so	 equipped,	 a	 transesophageal
echocardiography	(TEE)	probe	can	be	easily	inserted	during	CPR.	This	can	only
be	performed	 if	 the	patient	has	 a	well-secured	endotracheal	 tube	 in	place.	The
probe	is	inserted	with	0°	transducer	rotation	to	obtain	the	transgastric	short	axis
view	of	 the	 left	ventricle.	 In	 this	way,	 the	CPR	effort	 is	monitored	both	during
chest	 compressions	 and	 pulse	 checks.	 	 Video	 14.3	 shows	 cardiac
compressions	 during	 CPR	 using	 TEE.	 	Video	 14.4	 was	 obtained	 during	 a
pulse	check.	Notice	that	spontaneous	cardiac	contractility	has	returned;	however,
it	 is	unclear	 if	 this	 translates	 into	enough	cardiac	output	for	a	palpable	femoral
pulse,	necessitating	confirmation	from	the	code	team	during	the	pulse	check.	If	a
pulse	is	not	felt	despite	seeing	the	heartbeat	echocardiographically,	CPR	should
be	resumed	just	as	it	would	be	in	the	absence	of	echocardiography.	Limited	view
transthoracic	echocardiography	is	useful	during	CPR	for	three	reasons.

1.	 Identification	of	potentially	reversible	causes	of	cardiac	arrest	such	as	a
large	pericardial	effusion	with	tamponade,	a	severely	dilated	right	ventricle
with	acute	cor	pulmonale	related	to	a	pulmonary	embolism,	or	a	heart	that
is	profoundly	hypovolemic.	These	findings	are	uncommon	during	CPR;
however,	when	found,	they	may	result	in	a	lifesaving	intervention.



CASE	1
A	 woman	 in	 her	 70s	 with	 multiple	 comorbid	 medical	 conditions,
including	 a	 pulmonary	 embolism	 necessitating	 warfarin	 treatment,
presented	 to	 the	 emergency	 department	 (ED)	 with	 complaints	 of
2	 days	 of	 progressive	 shortness	 of	 breath.98	While	 en	 route	 to	 the
hospital,	 she	 became	 unresponsive	 in	 her	 vehicle	 outside	 the	 ED.
CPR	 was	 initiated	 with	 ROSC,	 and	 during	 her	 initial	 evaluation	 a
focused	cardiac	ultrasound	was	performed.

Based	 on	 her	 clinical	 and	 point-of-care	 ultrasonographic
findings	 as	 presented	 in	 	 Video	 14.5,98	 what	 is	 the	 likely
diagnosis?

A	 discussion	 of	 how	 to	 leverage	 the	 ultrasound	 findings	 of	
Video	14.5	 to	advance	her	management	 is	presented	 in	 	Videos
14.6	and	14.7.98

CASE	2
A	52-year-old	woman	suffered	a	cardiac	arrest	while	hospitalized	for
newly	 detected	 thrombocytosis.99	 After	 25	minutes	 of	 ACLS	 and	 5
doses	 of	 epinephrine,	 she	 regained	 spontaneous	 circulation.
Ultrasound	 was	 not	 available	 during	 the	 initial	 cardiac	 arrest.	 She
was	 transferred	 to	 the	 MICU	 where	 she	 suffered	 another	 cardiac
arrest.	ACLS	was	resumed	and	a	focused	ultrasound	was	performed
during	the	first	pulse	check.

Based	 on	 the	 clinical	 events	 and	 the	 ultrasound	 images
shown	in	 	Video	14.8,99	what	is	the	likely	diagnosis?

The	 findings	of	 	Video	14.8	 and	 their	 clinical	 implications	 are
presented	in	 	Video	14.9.99



CASE	3
A	 young	 woman	 with	 sickle	 cell	 disease,	 complicated	 by	 previous
episodes	 of	 acute	 chest	 syndrome,	 was	 admitted	 for	 a	 planned
termination	of	pregnancy	at	18	weeks	of	gestation.100	One	day	post-
procedure,	 the	patient	 developed	 chest	 pain	and	hypoxemia.	 Initial
evaluation	 by	 the	 critical	 care	 team	 revealed	 severe	 respiratory
distress	 with	 significant	 oxygen	 desaturation	 on	 room	 air	 and
tachycardia.	She	had	worsening	leukocytosis	and	a	decrease	of	the
hemoglobin	 from	 9	 to	 6	 g/dL.	 Chest	 radiography	 showed	 a
retrocardiac	 opacity.	 Fluid	 resuscitation	 and	 red	 cell	 transfusions
were	 initiated	 on	 transfer	 to	 the	 MICU.	 She	 quickly	 developed
multiorgan	 failure	 and	 worsening	 cardiopulmonary	 status,	 was
intubated,	and	vasopressor	 therapy	was	 initiated.	She	continued	 to
deteriorate,	 and	 the	 critical	 care	 team	 performed	 a	 point-of-care
ultrasound.

Based	on	the	clinical	history	and	the	ultrasound	images	of	
	Video	14.10,100	what	is	the	likely	diagnosis?

	Video	 14.11100	 reviews	 the	 findings	 and	 clinical	 implications
presented	in	 	Video	14.10.

1.	 Identification	of	cardiac	contractile	activity	without	palpable	pulse	(pseudo-
PEA).	Echocardiographic	imaging	during	CPR	allows	reclassification	of
some	patients	who	are	clinically	classified	as	having	PEA,	because	even
very	weak	endogenous	cardiac	contractility	can	be	observed
sonographically.	 	Video	14.12	presents	a	four-chamber	view	while	a
pulse	check	was	being	performed.	There	is	weak	contractility;	it	is	still	a
coordinated	rhythm	that	may	have	prognostic	implications.	The	prognosis
for	ROSC	is	improved	when	there	is	some	echocardiographic	evidence	of
endogenous	myocardial	contractility.101	This	finding	is	not	uncommon	and
leads	to	the	consideration	that	resuscitation	efforts	should	be	continued
when	the	clinical	situation	warrants	this.

2.	 Identification	of	the	absence	of	cardiac	contractile	activity.	For	the	patient
who	is	receiving	CPR	in	the	emergency	department,	complete	absence	of



cardiac	contractile	activity	is	a	strong	indicator	that	the	resuscitation	effort
will	not	be	successful.102	In	ICU	patients,	the	absence	of	endogenous
myocardial	contractility	on	echocardiography	performed	during	CPR
confers	a	significantly	lower	likelihood	of	ROSC	and	very	low	likelihood
of	survival	to	hospital	discharge	compared	to	finding	the	presence	of
cardiac	contractile	activity.103,104	When	absence	of	coordinated	cardiac
contractility	is	prolonged,	opacification	of	the	cardiac	chambers	follows.	
Video	14.13	shows	absence	of	coordinated	cardiac	contractility	with
opacification	of	the	right-sided	cardiac	chambers.	While	the	absence	of
cardiac	contractile	activity	is	not	an	absolute	indicator	that	the	CPR	effort
will	fail,	it	may	combine	with	other	clinical	indicators	to	support	a	decision
to	terminate	CPR	attempts.

Ultrasonography	 is	 also	 useful	 for	 detecting	 correct	 endotracheal	 tube
placement	during	CPR.	Unintentional	esophageal	intubation	may	be	difficult	to
detect	 during	CPR	 because	 end-tidal	CO2	 levels	may	 not	 be	 detectable	 in	 full
cardiac	 arrest,	 and	 chest	 auscultation	 may	 not	 be	 accurate.	 Laryngeal
ultrasonography	examination	during	endotracheal	intubation	allows	detection	of
correct	insertion	of	the	endotracheal	tube	into	the	trachea	for	patients	receiving
CPR,105	 and	 the	 presence	 of	 bilateral	 lung	 sliding	 with	 bag	 ventilation,	 as
presented	in	Chapter	8,	confirms	correct	tube	position	in	the	trachea.106

IO	 needle	 insertion	 provides	 rapid	 access	 for	 drug	 delivery	 during	 CPR.
Ultrasonography	may	be	used	to	confirm	IO	needle	placement.107,108	At	the	tibial
insertion	 site,	 the	operator	places	 the	 linear	vascular	probe	next	 to	 the	holding
flange	of	the	IO	needle	while	angling	the	scanning	plane	toward	the	needle	tip.
The	periosteum	of	 the	anterior	 tibia	appears	as	a	distinct	hyperechoic	 line.	The
color	Doppler	map	is	positioned	below	the	periosteum,	and	5	mL	of	sterile	saline
is	 injected	 into	 the	IO	needle.	 If	 the	needle	 is	well	positioned,	a	color	Doppler
signal	will	 result	 deep	 to	 the	 periosteum	 during	 the	 injection.	 	Video	 14.14
presents	 an	 example	 of	 ultrasonographic	 confirmation	 of	 correct	 IO	 needle
placement.	 A	 color	 Doppler	 signal	 that	 is	 seen	 superficial	 to	 the	 periosteum
indicates	misplacement	of	the	needle	with	the	risk	of	extravasation	of	adrenergic
medication	into	the	subcutaneous	compartment.

CONCLUSIONS
The	addition	of	echocardiography	and	select	aspects	of	lung	ultrasound	has	the
potential	to	improve	diagnosis	and	care	when	providing	CPR.	Special	attention



must	be	made	to	ensure	that	the	use	of	ultrasound	does	not	impair	the	quality	of
CPR	provided,	particularly	 that	 it	does	not	decrease	 the	 time	compressions	are
provided.	When	used	within	this	confine,	cardiac	and	lung	ultrasound	can	assist
in	 determining	 both	 etiology	 of	 the	 arrest	 and	 help	 guide	 resuscitative	 efforts,
such	as	fluid	administration,	ETT	placement,	and	whether	termination	of	efforts
should	be	considered.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	72-year-old	man	with	past	medical	history	significant	for	hypertension,
diabetes	mellitus,	and	hyperlipidemia	was	witnessed	to	collapse	at	home	by	his
son	and	is	unresponsive.	EMS	was	called	and	arrived	shortly	thereafter.	They
began	CPR,	performed	defibrillation	once	due	to	ventricular	fibrillation	on	the
monitor,	and	administered	1	mg	IV	epinephrine.	On	arrival	to	the	hospital,	the
patient	remains	in	ventricular	fibrillation.	In	addition	to	continuing	CPR	and
repeated	defibrillation,	what	drug	has	supporting	evidence	for	achieving	return
of	spontaneous	circulation?

A. 	Adenosine
B. 	Amiodarone
C. 	Calcium	chloride
D. 	Norepinephrine

2. 	A	4-month-old	boy	with	no	known	medical	history	is	brought	in	by
ambulance	after	the	parents	found	him	unresponsive	in	their	bed.	BLS	was
administered	en	route	with	chest	compressions	and	bag	mask	valve	ventilation.
On	arrival	to	the	emergency	department,	the	child	is	found	to	be	in	pulseless
electrical	activity	(PEA)	with	a	narrow	complex	rhythm	and	is	intubated.	All	of
the	following	are	recommended	strategies	according	to	the	2020	AHA
Guidelines,	EXCEPT:



A. 	Delivery	of	1	breath	every	2	to	3	seconds	in	the	presence	of	an
advanced	airway
B. 	Invasive	blood	pressure	monitoring	to	assess	CPR	quality
C. 	Routine	cricoid	pressure	during	intubation
D. 	Use	of	cuffed	ET	tube

3. 	A	64-year-old	woman	with	past	medical	history	of	lung	cancer,	2	diabetes
mellitus,	peripheral	vascular	disease,	previous	TIA,	and	hypertension	collapses
at	a	local	grocery	story.	EMS	is	dispatched	and	begins	CPR	on	arrival	including
administration	of	two	doses	of	epinephrine.	They	note	the	patient	was	in
pulseless	electrical	activity	(PEA)	during	transport	to	your	emergency
department.	On	exam,	she	is	intubated,	and	you	are	able	to	bag	easily	with
colorimetric	ETCO2	color	change,	her	pupils	are	4	mm	bilaterally,	there	are	no
signs	of	head	trauma,	lungs	sounds	are	equal	bilaterally,	her	skin	is	warm	and
dry.	You	turn	on	the	ultrasound	machine	to	assess	the	patient.	All	of	the
following	diagnoses	can	be	excluded	with	ultrasound,	EXCEPT:

A. 	Coronary	thrombosis
B. 	Hypovolemia
C. 	Pneumothorax
D. 	Pulmonary	embolism

Answers

1.	The	correct	answer	is	B.
Rationale:	 Amiodarone	 has	 been	 shown	 to	 reduce	 cardiac	 contractility	 and

help	with	conversion	of	ventricular	fibrillation	(VF)	to	sinus	rhythm	(choice	B	is
correct).	 Adenosine	 would	 not	 be	 of	 benefit	 as	 its	 mechanism	 of	 action	 is
slowing	 atrial-ventricular	 (AV)	 conduction,	 and	VF	 is	 a	 ventricular	 arrhythmia
that	is	not	affected	by	the	AV	node	(choice	A	is	incorrect).	Calcium	chloride	can
be	 helpful	 for	 cases	 of	 suspected	 hyperkalemia	 or	 calcium	 channel	 blocker
medication	 overdose,	 but	 there	 is	 no	 evidence	 that	 it	 provides	 benefit	 for	 VF
(choice	C	is	incorrect).	Norepinephrine	is	a	potent	α-agonist	with	β-activity	and
is	 not	 indicated	 for	 VF.	 The	 systemic	 vasoconstriction	 and	 initial	 coronary
vasoconstriction	from	this	medication	could	lead	to	worsening	cardiac	ischemia
and	 thus	 reduced	 chance	 of	 return	 of	 spontaneous	 circulation	 (choice	 D	 is
incorrect).



2.	The	correct	answer	is	C.
Rationale:	 According	 to	 recent	 studies,	 routine	 cricoid	 pressure	 during

intubation	 actually	 reduces	 intubation	 success	 rates	 and	 does	 not	 reduce
regurgitation	 (choice	 C	 is	 the	 “correct”,	 wrong	 answer).	 High	 quality	 CPR	 is
critical	to	chances	of	resuscitation,	so	invasive	blood	pressure	monitoring	can	be
reasonable.	New	studies	support	the	safety	of	cuffed	ETT	tubes	as	they	decrease
the	 need	 for	 tube	 changes	 and	 reintubation.	 Higher	 ventilation	 rates	 are
associated	with	higher	 rates	of	 return	of	 spontaneous	circulation.	Although	not
listed	 as	 a	 choice,	 timely	 epinephrine	 administration	 is	 also	 critical.	 For	 every
minute	of	delay,	there	is	a	significant	reduction	of	ROSC.

3.	The	correct	answer	is	A.
Rationale:	Bedside	ultrasound	can	be	extremely	helpful	during	resuscitations.

However,	coronary	thrombosis	(myocardial	infarction)	cannot	be	assessed	using
ultrasound	when	the	patient	is	in	PEA	(choice	A	is	the	“correct”,	wrong	answer).
While	 you	 may	 ordinarily	 be	 able	 to	 see	 wall	 motion	 abnormalities	 in	 an
infarcting,	beating	heart,	this	will	not	be	possible	in	PEA.	Diagnoses	that	can	be
ruled	in	or	out	with	ultrasound	include	but	are	not	limited	to	pericardial	effusion
causing	 tamponade,	 inferior	 vena	 cava	 size	 for	 hypovolemia,	 right	 heart	 strain
and	 right	 ventricular	 dilation	 for	 pulmonary	 embolism,	 and	 absence	 of	 lung
sliding	indicating	pneumothorax.
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Chapter	15
Cardioversion	and	Defibrillation
Glenn	T.	Stokken,	Mark	Link

KEY	POINTS:
1.	 Cardioversion	refers	to	restoration	of	sinus	rhythm	via	an	electrical

shock	or	by	pharmacologic	measures	(antiarrhythmic	drugs).
2.	 Hemodynamic	instability	is	an	indication	for	urgent	or	emergent

cardioversion.
3.	 Common	causes	of	ineffective	cardioversion	or	defibrillation	are	poor

pad	positioning,	pad	size,	body	hair,	phase	of	respiratory	cycle,	or
insufficient	energy.

4.	 Pad	position	should	be	adjusted	in	the	presence	of	an	implanted
permanent	pacemaker	or	implantable	cardioverter-defibrillator	to
avoid	damage	to	the	device.

5.	 Following	each	attempt	at	cardioversion,	the	“sync”	feature	must	be
re-enabled	on	most	defibrillator	systems.

6.	 Systemic	thromboembolism	is	a	concern	with	regard	to	atrial
fibrillation	or	atrial	flutter.

7.	 The	effectiveness	of	double	(dual)	sequential	defibrillation	for
refractory	cardiac	arrest	remains	unclear,	and	further	research	is
required	in	this	area.

INTRODUCTION
1 	The	use	of	electric	shock	to	terminate	arrhythmia	is	one	of	the	sentinel	medical
advances	 of	 the	 past	 century	 and	 underlies	 much	 of	 the	 modern	 treatment	 of
arrhythmias.	Thanks	to	the	pioneering	work	of	Zoll	and	Lown	in	the	late	1950s
and	 early	 1960s,	 the	 use	 of	 electric	 shock	 gained	 widespread	 acceptance.



Although	 incorporating	 the	 same	mechanism	and	physics,	cardioversion	 refers
to	 the	 use	 of	 direct-current	 electric	 shock	 to	 terminate	 arrhythmias	 other	 than
ventricular	 fibrillation	 (VF),	whereas	defibrillation	 refers	 to	 the	 termination	 of
VF.	 Cardioversion	 shocks	 are	 delivered	 at	 the	 time	 of	 the	 electrical	 QRS
complex	 (to	 avoid	 the	 initiation	 of	VF	 that	may	 result	 from	 shocks	 on	 the	 T-
wave)	while	defibrillation	occurs	with	an	unsynchronized	shock.

PHYSIOLOGY	OF	ARRHYTHMIA	AND	SHOCK
Insight	into	the	effects	of	shock	on	fibrillating	myocardial	cells	has	grown	in	the
past	few	decades.	Although	it	was	initially	thought	that	all	activation	fronts	had
to	be	terminated	simultaneously	to	stop	atrial	fibrillation	(AF)	and	VF,	it	is	now
believed	that	if	the	vast	majority	of	myocardium	is	silenced,	the	remaining	mass
is	insufficient	to	perpetuate	the	arrhythmia.	This	is	referred	to	as	the	critical	mass
hypothesis.	The	effect	of	shock	on	the	fibrillating	myocardium	is	complex	and	is
dependent	 on	 multiple	 factors	 including	 energy,	 waveform,	 and	 myocardial
refractory	 state.1	 Of	 note,	 VF	 can	 be	 triggered	 in	 patients	 not	 already	 in	 this
rhythm	 if	 shock	 occurs	 on	 a	 vulnerable	 portion	 of	 the	 T-wave.	 Thus,
synchronization	of	shocks	with	the	R-wave	will	minimize	the	risk	of	VF.

INDICATIONS	AND	CONTRAINDICATIONS
2 	Cardioversion	and	defibrillation	are	performed	for	a	variety	of	reasons	in	the
intensive	 care	 setting.	 In	 the	 case	 of	 hemodynamic	 instability	 due	 to
tachyarrhythmia	of	nearly	any	type,	the	urgent	use	of	shock	is	strongly	indicated.
One	 must	 be	 careful,	 however,	 not	 to	 shock	 sinus	 tachycardia,	 which	 is
commonly	 present	 in	 patients	who	 are	 hypotensive	 for	 noncardiac	 reasons,	 as
doing	 so	may	 provoke	 arrhythmias.	Acute	 congestive	 heart	 failure	 and	 angina
that	 are	 secondary	 to	 an	 acute	 tachyarrhythmia	 are	 also	 indications	 for	 urgent
cardioversion;	 however,	 there	 is	 usually	 sufficient	 time	 to	 provide	 some
anesthesia.	In	the	absence	of	hemodynamic	instability	or	significant	symptoms,
cardioversion	 is	 usually	 considered	 elective,	 and	 the	 risks	 and	 benefits	 of	 the
procedure	must	be	carefully	weighed.

Caution	should	be	exercised	for	patients	with	digitalis	toxicity	or	electrolyte
imbalance	 because	 of	 their	 increased	 risk	 of	 VT	 or	 fibrillation	 after	 being
shocked.	 Patients	 with	 severe	 sinus	 node	 disease	 may	 exhibit	 significant
bradyarrhythmia	 after	 cardioversion	 from	 AF.	 In	 addition,	 patients	 who	 have



been	 in	 AF	 for	 greater	 than	 48	 hours	 are	 at	 risk	 of	 thromboembolism	 after
cardioversion;	appropriate	measures	 should	be	 taken	 to	minimize	 this	 risk	 (see
later).2

CLINICAL	COMPETENCE
A	 clinical	 competence	 statement	 by	 the	 American	 College	 of	 Cardiology	 and
American	Heart	Association	outlines	the	cognitive	and	technical	skills	required
for	the	successful	and	safe	performance	of	elective	external	cardioversion	(Table
15.1).	 A	 minimum	 of	 eight	 cardioversions	 should	 be	 supervised	 before	 a
physician	is	considered	to	be	competent	to	perform	the	procedure	independently.
In	 addition,	 a	 minimum	 of	 four	 procedures	 should	 be	 performed	 annually	 to
maintain	competence.3

TABLE	15.1

Cognitive	and	Technical	Skills	Necessary	for	Performing
External	Cardioversion

Physicians	Should	Have	Knowledge	of	the	Following:
Electrophysiologic	principles	of	cardioversion
Indications	for	the	procedure
Anticoagulation	management
Proper	use	of	antiarrhythmic	therapy
Use	of	sedation	and	the	management	of	overdose
Direct	current	cardioversion	equipment,	including	the	selection	of

appropriate	energy	and	synchronization
Treatment	of	possible	complications,	including	ACLS,	defibrillation,	and

pacing
Proper	placement	of	paddles	or	pads
Appropriate	monitor	display	and	recognition	of	arrhythmias



Ability	to	differentiate	failure	to	convert	atrial	fibrillation	from	an
immediate	recurrence	of	atrial	fibrillation

Baseline	12-lead	electrocardiogram	reading,	recognition	of	acute	changes,
drug	toxicity,	and	contraindications.
Physicians	Should	Have	the	Following	Technical	Skills:
Proper	preparation	of	skin	and	electrode	placement,	including	application	of

saline	jelly	or	saline-soaked	gauze

Achievement	of	artifact-free	monitored	strips	and	synchronization
signal/marker
Technically	acceptable	12-lead	electrocardiograms	before	and	after	DCCV
Temporary	pacing	and	defibrillation	capabilities

Ability	to	perform	ACLS,	including	proper	airway	management

ACLS,	advanced	cardiovascular	life	support;	DCCV,	direct	current	cardioversion.

From	Tracy	CM,	Akhtar	M,	DiMarco	JP,	et	al.	American	College	of	Cardiology/American	Heart
Association	2006	Update	of	the	Clinical	Competence	Statement	on	invasive	electrophysiology
studies,	catheter	ablation,	and	cardioversion:	a	report	of	the	American	College	of
Cardiology/American	Heart	Association/American	College	of	Physicians-American	Society	of
Internal	Medicine	Task	Force	on	Clinical	Competence.	Circulation.	2006;114:1654-1668.

Methods

Patient	Preparation
In	the	case	of	unconsciousness	due	to	tachyarrhythmia,	shock	must	be	performed
emergently.	 In	 more	 elective	 settings,	 patient	 safety	 and	 comfort	 become
paramount.	 As	 with	 any	 procedure,	 informed	 consent	 should	 be	 obtained.	 In
elective	 settings,	 patients	 should	 refrain	 from	 eating	 and	 drinking	 for	 several
hours	in	order	to	decrease	the	risk	of	aspiration	(6	hours	for	solids,	2	hours	for
clear	liquids).	Constant	heart	rhythm	monitoring	should	be	used	throughout	the
procedure,	and	a	12-lead	electrocardiogram	should	be	obtained	before	and	after
the	shock.

Medications	 with	 rapid	 onset	 and	 short	 half-life	 are	 favored	 for	 achieving
analgesia,	sedation,	and	amnesia.	The	combination	of	a	benzodiazepine,	such	as



midazolam,	and	a	narcotic,	such	as	fentanyl,	is	a	common	choice	in	the	absence
of	anesthesiology	assistance.	Propofol	is	often	used	when	an	anesthesiologist	is
present	 to	 assist	 with	 airway	 management	 and	 sedation.	 Existing	 hospital
policies	for	monitoring	during	conscious	sedation	should	be	followed,	including
frequent	assessment	of	blood	pressure	and	pulse	oximetry.	Supplemental	oxygen
is	delivered	via	nasal	cannula,	face	mask,	or,	in	the	case	of	heavier	sedation,	an
Ambu	 bag.	 The	 goal	 of	 sedation	 should	 be	minimal	 or	 no	 response	 to	 verbal
stimulus.

Shock	Waveforms
Defibrillators	 that	 employ	 biphasic	 waveforms	 have	 largely	 replaced	 those
utilizing	monophasic	waveforms.	Advantages	of	biphasic	waveforms	are	 lower
defibrillation	thresholds,	meaning	shocks	using	biphasic	waveforms	require	less
energy	to	achieve	defibrillation,	and	they	are	less	likely	to	cause	skin	burns	and
myocardial	 damage.1	 Randomized	 trials	 comparing	 the	 two	 types	 of	 biphasic
waveforms	 in	 the	 cardioversion	 of	 AF	 have	 failed	 to	 show	 any	 significant
difference	in	efficacy.4-6

The	 efficacy	 of	 biphasic	 shocks	 for	 the	 termination	 of	 VF	 has	 been	 well
established.7	Furthermore,	clinical	studies	of	AF	cardioversion	have	established
the	 superiority	 of	 biphasic	 over	 monophasic	 waveform	 shocks.8	 For	 instance,
one	 study	 demonstrated	 the	 equivalent	 efficacy	 of	 a	 120	 to	 200	 J	 biphasic
sequence	with	a	200	to	360	J	monophasic	sequence.8	Biphasic	waveforms	allow
fewer	shocks	to	be	given	and	a	lower	total	energy	delivery.	Whether	or	not	this
translates	 into	 a	 significant	 clinical	 advantage	 remains	 to	 be	 demonstrated.
However,	there	is	evidence	that	biphasic	shocks	result	in	less	dermal	injury,	and
no	 significant	 difference	 in	 myocardial	 damage.9	 Although	 an	 animal	 model
suggested	better	maintenance	of	 cardiac	 function	after	biphasic	 shocks,	human
data	on	myocardial	function	are	not	yet	available.10

Electrodes
Self-adhesive	 pads	 and	 handheld	 paddles	 are	 employed	 for	 cardioversion	 and
defibrillation.	Limited	data	are	available	comparing	the	two	modalities,	but	one
study	suggested	the	superiority	of	paddles	over	pads	in	cardioverting	AF.11	This
phenomenon	might	be	explained	by	the	lower	transthoracic	impedance	achieved
with	 paddles.	 Whichever	 modality	 is	 used,	 impedance	 can	 be	 minimized	 by
avoiding	 positioning	 over	 breast	 tissue,	 by	 clipping	 body	 hair	 when	 it	 is
excessive,	by	delivering	the	shock	during	expiration,	and	by	firm	pressure	on	the



pads	 or	 paddles.	Burns	 secondary	 to	 self-adhesive	 pads	 are	 common	 and	 very
rarely	observed	with	paddles.

4 	The	optimal	anatomic	placement	of	pads	and	paddles	is	not	clear;	however,
the	general	principal	holds	 that	 the	heart	must	 lie	between	 the	 two	electrodes.1
Anterior-lateral	 and	 anterior-posterior	 (AP)	 placements	 are	 both	 acceptable
(Figure	15.1).	The	anterior	paddle	is	placed	on	the	right	infraclavicular	chest.	In
anterior-lateral	placement,	the	lateral	paddle	should	be	located	lateral	to	the	left
breast	and	should	have	a	longitudinal	orientation,	since	this	placement	results	in
a	 lower	 transthoracic	 impedance	 than	 horizontal	 orientation.	 When	 AP
positioning	is	used,	the	posterior	pad	is	commonly	located	to	the	left	of	the	spine
at	 the	 level	of	 the	 lower	scapula,	although	some	physicians	favor	placement	 to
the	 right	 of,	 or	 directly	 over,	 the	 spine.	 There	 are	 data	 to	 suggest	 that	 AP
placement	 is	 more	 successful	 in	 the	 cardioversion	 of	 AF	 than	 anterior-lateral
positioning	 when	 monophasic	 waveforms	 are	 used.12,13	 It	 is	 thought	 that	 AP
positioning	directs	more	of	the	delivered	energy	to	the	atria	than	anterior-lateral
placement.	However,	a	study	employing	biphasic	waveforms	failed	to	show	any
difference	 of	 success	 with	 anterior-lateral	 compared	 to	 AP	 pad	 positions.14	 It
should	 also	 be	 noted	 that	 if	 a	 patient	 has	 an	 internal	 implantable	 cardioverter-
defibrillator	 or	 pacemaker,	 AP	 positioning	 is	 recommended	 to	 minimize	 the
potential	for	damage	to	the	device.

	

Figure	15.1 	A.	Self-adhesive	defibrillator	pads	in	the	anterior	and
lateral	 positions.	B.	 Self-adhesive	 defibrillator	 pad	 in	 the	 posterior
position.	When	posterior	positioning	is	used,	the	second	pad	is	placed
anteriorly.

Using	the	Defibrillator
5 	 After	 the	 patient	 is	 adequately	 prepared	 and	 the	 electrodes	 are	 applied,
attention	may	be	turned	to	the	device	itself.	If	the	QRS	amplitude	on	the	rhythm
tracing	 is	 small	 and	 difficult	 to	 see,	 a	 different	 lead	 should	 be	 selected.	 If



cardioversion—rather	 than	 defibrillation—is	 to	 be	 performed,	 the
synchronization	 function	 should	 be	 selected.	 Many	 defibrillators	 require	 that
external	 leads	be	 applied	 for	 synchronization.	The	 appropriate	 initial	 energy	 is
selected.	Finally,	 the	capacitor	 is	charged,	 the	area	 is	cleared,	and	 the	 shock	 is
delivered.	 One	 should	 be	 aware	 that	 the	 synchronization	 function	 is
automatically	deselected	after	each	shock	in	most	devices,	meaning	that	it	must
be	 manually	 reselected	 prior	 to	 any	 further	 shock	 delivery	 if	 another
synchronized	shock	is	desired.

Table	 15.2	 provides	 a	 checklist	 for	 physicians	 involved	 in	 cardioversion.
Table	 15.3	 gives	 recommendations	 for	 the	 initial	 energy	 selection	 for
defibrillation	 and	 cardioversion	 of	 various	 arrhythmias.	 Recommendations
specific	to	each	device	are	available	in	the	manufacturer	manuals	and	should	be
consulted	by	physicians	unfamiliar	with	their	particular	device.

TABLE	15.2

Checklist	for	Performing	External	Cardioversion

Preparing	the	Patient

1.	 Ensure	NPO	status	(6	h	for	solids,	2	h	for	clear	liquids).
2.	 Obtain	informed	consent.
3.	 Apply	self-adhesive	pads	(clip	hair	if	needed).
4.	 Apply	external	lead.
5.	 Achieve	adequate	sedation	and	analgesia.
6.	 Monitor	vital	signs	and	cardiac	rhythm	throughout.

Performing	the	Cardioversion

1.	 Select	initial	energy	appropriate	for	specific	device.
2.	 Select	the	synchronization	(“sync”)	function.
3.	 Confirm	that	arrhythmia	is	still	present.
4.	 Charge,	clear,	and	deliver	shock.
5.	 If	no	change	in	rhythm,	escalate	energy	as	appropriate.

NPO,	nil	per	os	(nothing	by	mouth).



TABLE	15.3

Suggested	Initial	Energy	for	Cardioversion	and
Defibrillation

Rhythm Monophasic Biphasic

Ventricular	fibrillation,	pulseless	ventricular
tachycardia

360	J 120-200	J

Ventricular	tachycardia	with	pulse 100	J 50	J

Atrial	fibrillation 100-200	J 200	J2,3

Atrial	flutter 50-100	J 50	J

Treatment	of	Ventricular	Fibrillation	and	Pulseless
Ventricular	Tachycardia
The	most	 recent	2020	American	Heart	Association	basic	 life	 support/advanced
cardiovascular	life	support	(ACLS)	guidelines	for	the	treatment	of	pulseless	VT
and	 VF	 continue	 to	 highlight	 a	 “C-A-B”	 approach	 to	 cardiopulmonary
resuscitation	(CPR)	with	a	class	I	recommendation	for	chest	compressions,	and	a
IIa	recommendation	for	ventilation,	highlighting	the	 idea	of	“hands	only”	CPR
for	 the	 lay	 person.15	 “High-quality	CPR”	 refers	 to	minimizing	 interruptions	 in
CPR	(especially	at	the	time	of	shock	delivery),	adequate	compression	depth,	and
allowing	 for	 adequate	 chest	 recoil.	 In	 the	 2020	 algorithm,	 vasopressors
(epinephrine	or	vasopressin)	may	be	given	before	or	after	the	second	shock,	and
antiarrhythmics	such	as	amiodarone	and	lidocaine	may	be	considered	before	or
after	 the	 third	 shock	 (Table	 15.4).	Both	VF	 and	 pulseless	VT	 are	 treated	with
unsynchronized,	high-energy	shocks	of	120	to	200	J	with	biphasic.	If	there	is	any
uncertainty	regarding	which	energy	should	be	used,	it	 is	best	to	shock	with	the
highest	available	energy.

TABLE	15.4

Treatment	of	Ventricular	Fibrillation	and	Pulseless



Ventricular	Tachycardia

Begin	CPR	(Emphasis	of	C-A-B).
Assess	rhythm.
Deliver	1	shock.
Monophasic:	360	J
Biphasic:	use	device-specific	energy;	if	unknown,	200	J
Resume	compressions	immediately	and	perform	five	cycles	of	CPR,	consider
advanced	airway.
Check	rhythm—if	still	VT/VF,	shock	again.
Monophasic:	360	J
Biphasic:	same	as	first	shock	or	higher	dose
Resume	compressions	immediately	and	perform	five	cycles	of	CPR.
Give	a	vasopressor	during	CPR,	either	before	or	after	the	second	shock:
Epinephrine	1	mg	IV/IO/IT,	repeat	every	3-5	min,	OR

Check	rhythm—if	still	VT/VF,	shock	again.
Consider	an	antiarrhythmic	before	or	after	third	shock:
Amiodarone	300	mg	IV/IO	once,	then	consider	additional	150	mg	once,	OR
Lidocaine	1-1.5	mg/kg	first	dose,	then	0.5-0.75	mg/kg	IV/IO,	maximum
three	doses.

CPR,	cardiopulmonary	resuscitation;	IO,	intraosseous;	IT,	intratracheal;	IV,	intravenous;	VF,
ventricular	fibrillation;	VT,	ventricular	tachycardia.

7 	 A	 newer	 concept	 referred	 to	 as	 “double	 (dual)	 sequence	 defibrillation”
refers	to	a	near	simultaneous	shock	from	2	defibrillators.	It	is	a	theoretical	option
for	 failed	 initial	 defibrillation	 attempts.	 However,	 currently	 available	 data	 are
limited,	and	 it	 remains	unclear	how	 this	will	 fit	 into	 future	 iterations	of	ACLS
guidelines.15,16



Treatment	of	Wide	Complex	Tachycardia	With	a	Pulse
3 	 When	 a	 pulse	 is	 present,	 a	 regular	 wide	 complex	 tachycardia	 may	 be	 VT,
supraventricular	tachycardia	(SVT)	with	aberrant	conduction,	or	a	SVT	with	pre-
excitation.	 If	 signs	 of	 instability	 are	 present	 (such	 as	 chest	 pressure,	 altered
mental	status,	hypotension,	or	heart	failure)	and	are	thought	to	be	secondary	to
the	 tachycardia,	 urgent	 cardioversion	 is	 indicated.	With	 a	 biphasic	 device,	 the
2020	ACLS	guidelines	recommend	50	to	100	J.	The	energy	should	be	escalated
with	each	successive	shock.

If	the	patient	is	stable,	however,	one	might	consider	enlisting	the	assistance	of
an	expert	in	distinguishing	between	ventricular	and	supraventricular	arrhythmia.
If	 this	 is	 not	 possible,	 it	 is	 generally	 safest	 to	 assume	 a	 ventricular	 etiology.
Stable	 VT	 may	 be	 treated	 initially	 with	 antiarrhythmic	 agents	 such	 as
amiodarone,	 lidocaine,	 or	 procainamide.	 Elective	 cardioversion	 can	 be
performed	 if	 necessary,	 once	 anesthesia	 is	 assured.	 Adenosine	 may	 also	 be
considered	 for	 a	 diagnostic	 and	 therapeutic	 option	 for	 a	 regular,	monomorphic
wide	complex	tachycardia.

Irregular,	 wide	 complex	 tachycardia	 in	 a	 stable	 patient	 may	 be	 AF	 with
aberrant	conduction;	alternatively,	it	may	represent	AFL	with	variable	AV	block
or	multifocal	atrial	tachycardia	(AT).9	In	the	unstable	patient,	polymorphic	VT	or
torsades	de	pointes	is	more	likely.	With	pre-excited	AF	(Wolff-Parkinson-White
syndrome),	AV	nodal	blocking	agents	are	contraindicated	and	treatment	options
include	IV	procainamide	and	ibutilide.	If	the	patient	exhibits	signs	or	symptoms
of	 hypoperfusion	 and	 instability	mentioned	 earlier,	 immediate	 cardioversion	 is
advised.

Treatment	of	Supraventricular	Tachycardia
SVT	is	defined	as	a	non-VT	rhythm	other	than	sinus	tachycardia,	AF,	or	AFL.	It
should	be	suspected	when	the	arrhythmia	starts	suddenly,	when	it	is	more	rapid
than	maximal	sinus	rates	(220	−	age),	and	when	P-waves	are	absent	or	closely
follow	 the	 QRS.	 Atrioventricular	 nodal	 reentrant	 tachycardia,	 atrioventricular
reentrant	 tachycardia,	 and	 AT	 are	 the	 primary	 types	 of	 SVT.	 Initial	 therapy
involves	vagal	maneuvers	and	adenosine	that	act	to	block	the	AV	node.	If	these
fail,	 nondihydropyridine	 calcium	 channel	 antagonists	 or	 β-blockers	 may
terminate	 the	 arrhythmia.	 Cardioversion	 is	 indicated	 only	 rarely	 for	 clinical
instability,	usually	in	patients	with	underlying	heart	disease	in	whom	the	initial
therapies	fail.	The	recommended	initial	biphasic	energy	is	50	to	100	J.



Treatment	of	Atrial	Fibrillation	and	Flutter

Rate	Control
Although	 the	 majority	 of	 patients	 with	 AF	 and	 atrial	 flutter	 (AFL)	 remain
hemodynamically	 stable,	 many	 develop	 bothersome	 symptoms	 such	 as
palpitations,	 chest	 pressure,	 and,	 occasionally,	 pulmonary	 edema.	 However,	 a
rapid	ventricular	response	is	usually	secondary	to,	rather	than	the	cause	of,	heart
failure	 and	 ischemia.	 β-blockers,	 nondihydropyridine	 calcium	 channel
antagonists,	digoxin,	amiodarone,	and	intravenous	magnesium	sulfate	are	used	to
slow	 the	 ventricular	 response	 rate	 by	 slowing	 AV	 nodal	 conduction.17	 Most
patients	 become	 less	 symptomatic	 with	 adequate	 rate	 control,	 allowing	 the
decision	about	cardioversion	to	be	made	electively.

Electrical	Cardioversion
5 	 Cardioversion	 for	 AF	 or	 AFL	 is	 usually	 performed	 electively.	 The	 risk	 of
thromboembolism	dictates	a	thoughtful	decision	about	treatment	options.	When
cardioversion	 is	 performed,	 higher	 initial	 energies	 are	 recommended	 to	 reduce
total	 energy	 delivered	 and	 duration	 of	 sedation.	An	 appropriate	 initial	 starting
dose	is	120	to	200	J	for	biphasic	shock	for	AF,	and	50	to	100	J	for	AFL.	If	AF	or
AFL	fails	to	terminate,	shock	energy	should	be	escalated.	For	most	defibrillators,
the	synchronization	function	must	be	reselected	after	each	shock.

Anticoagulation
6 	Patients	with	AF	or	AFL	may	develop	thrombus	in	the	left	atrial	appendage	or
left	atrial	cavity,	leading	to	thromboembolism	during	or	after	cardioversion.	The
incidence	of	 thromboembolism	 following	cardioversion	 in	 a	nonanticoagulated
patient	 is	 not	 well	 known;	 however,	 one	 study	 demonstrated	 a	 risk	 of
pericardioversion	 thromboembolism	 of	 5.3%	 in	 patients	 who	 were	 not
anticoagulated	and	0.8%	in	those	who	were.18

There	 is	general	 agreement	 that	 cardioversion	of	patients	who	have	been	 in
new	onset	AF	for	less	than	24	to	48	hours	is	unlikely	to	cause	thromboembolism,
and	 as	 such,	 a	 transesophageal	 echocardiogram	 (TEE)	 is	 not	 required.	Current
guidelines	 indicate	 that	pericardioversion	anticoagulation	with	heparin,	a	direct
thrombin	inhibitor,	or	a	factor	Xa	inhibitor	is	an	acceptable	option.2,19	Individuals
in	AF	or	AFL	for	greater	than	48	hours	are	at	risk	of	thromboembolism.	In	these
individuals,	a	TEE	 is	necessary	 to	exclude	 intracardiac	 thrombus	 in	all	but	 the



most	emergent	cases.	Alternatively,	one	may	anticoagulate	for	at	 least	3	weeks
prior	 to	 cardioversion.	 It	 is	 recommended	 that	 anticoagulation	 continue	 for
4	weeks	after	cardioversion,	as	 the	risk	of	 thromboembolism	still	exists	during
this	period.

Pharmacologic	Cardioversion
6 	 Cardioversion	 can	 also	 be	 achieved	 pharmacologically.	 Pharmacologic
cardioversion	 is	 used	 mainly	 for	 AF	 and	 AFL	 of	 relatively	 short	 duration.
Although	 electrical	 cardioversion	 is	 quicker	 and	 has	 a	 higher	 probability	 of
success,	 pharmacologic	 cardioversion	 does	 not	 require	 sedation.	 The	 risk	 of
thromboembolism	 with	 pharmacologic	 cardioversion	 has	 not	 been	 well
established	but	is	thought	to	be	similar	to	that	of	electrical	cardioversion	perhaps
because	of	diseased	atria	as	opposed	to	the	cardioversion	itself.4

Dofetilide,	flecainide,	ibutilide,	propafenone,	amiodarone,	and	quinidine	have
been	demonstrated	to	have	some	degree	of	efficacy	in	restoring	sinus	rhythm.19
Each	 of	 these	 medications	 has	 potential	 toxicities	 including	 malignant
arrhythmias	and	hypotension.	The	risks	and	benefits	should	be	carefully	weighed
when	selecting	a	pharmacologic	agent.	Although	β-blockers	and	calcium	channel
antagonists	 are	often	believed	 to	 facilitate	 cardioversion,	 their	 efficacy	has	not
been	established	in	controlled	trials.

Management	of	Resistant	Atrial	Fibrillation
Although	electrical	cardioversion	is	generally	successful,	up	to	10%	of	AF	and
AFL	 patients	 have	 early	 recurrences	 of	 arrhythmia.	 The	 duration	 of	 AF	 is
inversely	related	to	the	probability	of	successful	cardioversion.

When	 cardioversion	 fails	 to	 even	 temporarily	 terminate	 the	 arrhythmia,	 the
operator’s	 technique	should	be	 reviewed	and	modified.	Electrode	position	may
be	 altered,	 from	 AP	 to	 anterior-lateral	 or	 vice	 versa.	 Firmer	 pressure	 may	 be
employed	via	the	paddles	or	pads.	Class	3	antiarrhythmic	drugs	such	as	sotalol,
ibutilide,	dofetilide,	or	amiodarone	improve	efficacy	of	cardioversion	and	can	be
initiated	prior	 to	 another	 attempt	 at	 cardioversion.	 It	 is	worthwhile	mentioning
that	 while	 digoxin	 is	 useful	 as	 a	 rate-controlling	 agent,	 it	 has	 pro-fibrillatory
effects	and	therefore	can	precipitate	AF.	Larger	pad	size	and	expiratory	phase	of
respiratory	 cycle	 both	 favor	 successful	 defibrillation.	 Further,	 the	 initial	 shock
will	 lower	 thoracic	 impedance,	 potentially	 increasing	 efficacy	 of	 subsequent
shocks.



Complications	of	Defibrillation	and	Cardioversion

Burns
Shock	can	cause	first-degree	burns	and	pain	at	the	paddle	or	pad	site.	One	study
documented	 moderate-to-severe	 pain	 in	 nearly	 one	 quarter	 of	 patients
undergoing	cardioversion.	Pain	was	directly	related	to	total	energy	delivered	and
number	of	 shocks.20	Another	 study	 showed	 a	 lower	 rate	 of	 dermal	 injury	with
biphasic	 rather	 than	 monophasic	 shocks	 that	 was	 related	 to	 the	 lower	 energy
necessary	with	biphasic	 shocks.	The	 lowest	effective	energy	should	be	used	 to
minimize	skin	injury;	however,	this	must	be	balanced	against	a	requirement	for
multiple	 shocks	when	 a	 low-energy	 shock	 fails	 to	 terminate	 an	 arrhythmia.	 In
addition,	 burns	 are	 much	 more	 common	 with	 self-adhesive	 pads	 so	 that	 for
elective	cardioversion,	paddles	may	be	preferable.

Thromboembolism
6 	Cardioversion	of	AF	and	AFL	carries	a	risk	of	thromboembolism.	Please	see
the	 section	 “Anticoagulation”	 for	 recommendations	 about	 prevention	 of
thromboembolism.	There	is	also	a	theoretical	risk	of	cardioversion	in	the	setting
of	LV	apical	thrombus,	although	data	are	not	definitive.

Arrhythmias
Bradyarrhythmias	 such	 as	 sinus	 arrest	 and	 sinus	 bradycardia	 are	 common
immediately	 after	 shock	 and	 are	 almost	 always	 short-lived.	 Patients	who	 have
AF	may	have	concomitant	sinus	node	dysfunction	that	is	masked	by	the	AF	and
unmasked	by	cardioversion.

VT	and	VF	can	occasionally	be	precipitated	by	shock,	particularly	in	patients
with	 digitalis	 toxicity	 or	 hypokalemia.21,22	 Elective	 cardioversion	 should
therefore	 be	 avoided	 in	 patients	 with	 these	 conditions.	 If	 cardioversion	 or
defibrillation	 must	 be	 performed	 urgently,	 one	 should	 anticipate	 resultant
ventricular	arrhythmias	to	be	more	refractory	to	shock	than	it	is	usually.

Myocardial	Damage
Occasionally,	 one	 may	 see	 transient	 ST	 elevations	 on	 postshock
electrocardiograms.23	 This	 is	 unlikely	 to	 signify	 clinically	 relevant	myocardial
injury.	Although	a	study	of	cardioversion	using	higher-than-usual	energy	levels



demonstrated	 an	 increase	 in	 creatine	 kinase-MB	 (creatine	 kinase	 myocardial
band)	 levels	 above	 that	 expected	 from	 skeletal	 muscle	 damage	 in	 10%	 of
patients,	there	was	no	elevation	in	troponin-T	or	-I.24	This	observation	suggests
that	clinically	significant	myocardial	damage	from	cardioversion	or	defibrillation
is	unlikely.

Miscellaneous	Topics

Patients	With	Implanted	Pacemakers	and	Defibrillators
4 	 Patients	with	 implanted	 pacemakers	 and	 defibrillators	may	 undergo	 external
cardioversion	 and	 defibrillation	 safely.	 However,	 one	 must	 be	 aware	 of	 the
possibility	 that	 external	 energy	 delivery	 may	 alter	 the	 programming	 of	 the
internal	device.	Furthermore,	 energy	may	be	 conducted	down	an	 internal	 lead,
causing	local	myocardial	injury	and	a	resultant	change	(typically	an	increase)	in
the	 pacing	 or	 defibrillation	 threshold.	 The	 paddles	 or	 pads	 used	 for	 external
electric	shock	should	never	be	placed	over	the	device.	In	addition,	interrogation
of	the	device	immediately	after	any	external	shock	delivery	is	recommended.

Chest	Thump
The	 use	 of	 a	manual	 “thump”	 on	 the	 chest	 to	 successfully	 terminate	 VT	was
described	 in	 several	 patients	 in	 1970.	 Unfortunately,	 this	 technique	 may
inadvertently	trigger	VF	if	the	blow	happens	to	fall	during	the	vulnerable	period
of	the	ventricle.	A	chest	thump	is	extremely	unlikely	to	terminate	VF.25	For	these
reasons,	chest	thump	is	considered	a	therapy	of	last	resort,	administered	only	to	a
pulseless	 patient	 when	 a	 defibrillator	 is	 unavailable	 and	 unlikely	 to	 become
available	soon.	It	should	not	be	administered	when	a	pulse	is	present.

Cardioversion	and	Defibrillation	in	Pregnancy
Cardioversion	 and	 defibrillation	 have	 been	 performed	 in	 all	 trimesters	 of
pregnancy	without	obvious	adverse	fetal	effects	or	premature	labor.12	It	has	been
suggested	that	the	fetal	heart	rhythm	be	monitored	during	cardioversion.26

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	56-year-old	man	with	no	significant	past	medical	history	presents	with
severe	palpitations	with	abrupt	onset	about	10	hours	ago.	He	is	found	to	be	in
atrial	fibrillation	(AF)	with	a	ventricular	rate	of	180	bpm.	Despite	high	doses	of
beta- blockers	and	calcium	channel	blockers,	he	remains	in	AF	at	150	bpm	and	is
still	having	severe	palpitations	and	dyspnea.	After	the	patient	consents,	you
decide	to	cardiovert.	After	sedation	to	the	point	of	minimal	verbal
responsiveness,	you	“sync”	the	defibrillator.	What	is	the	appropriate	initial
biphasic	shock	energy	to	deliver?

A. 	50	J
B. 	100	J
C. 	200	J
D. 	360	J

2. 	A	22-year-old	man	presents	after	syncope	and	severe	palpitations.	On
presentation	to	the	emergency	department,	his	blood	pressure	is	120/80	with	a
heart	rate	of	190	bpm.	ECG	reveals	an	irregular,	wide	complex	tachycardia
suspected	to	be	pre-excited	atrial	fibrillation.	He	is	now	having	palpitations,	but
otherwise	feeling	OK.	What	is	the	most	appropriate	medication	to	slow	his	heart
rate?

A. 	Digoxin
B. 	Metoprolol
C. 	Procainamide
D. 	Verapamil

3. 	A	57-year-old	woman	is	admitted	for	bowel	obstruction	being	managed
with	a	nasogastric	tube.	During	her	hospital	stay,	she	develops	the	abrupt	onset
of	palpitations	with	heart	rate	220	bpm.	ECG	shows	a	regular	narrow	complex
tachycardia.	Despite	fluids	administration,	vagal	maneuvers,	and	metoprolol,	her
blood	pressure	is	76/50	and	she	is	becoming	somnolent.	You	plan	for	emergent
cardioversion,	and	sedation	is	not	required.	After	selecting	“sync”	on	the
defibrillator,	what	is	the	appropriate	initial	biphasic	shock	energy	to	deliver?

A. 	50	J
B. 	120	J
C. 	200	J
D. 	360	J



Answers

1.	The	correct	answer	is	C.
Rationale:	As	per	the	2020	American	Heart	Association	guidelines,	the	most

appropriate	starting	(biphasic)	energy	is	between	120	and	200	J	for	cardioversion
of	atrial	fibrillation	(choice	C	is	correct).	The	lower	range	of	50	to	100	J	would
be	appropriate	for	supraventricular	tachycardia	or	atrial	flutter	(choices	A	and	B
are	 incorrect).	 And	 360	 J	 would	 be	 appropriate	 in	 the	 setting	 of	 failed	 initial
shock	for	atrial	fibrillation	or	ventricular	fibrillation	(choice	D	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	An	 irregular	wide	complex	 tachycardia	has	a	specific	differential

diagnosis.	It	includes	atrial	fibrillation	(AF)	or	flutter	with	aberrancy	(either	pre-
excited	 or	 ventricular	 conduction	 delay),	 multifocal	 atrial	 tachycardia	 with
aberrancy,	 and	 polymorphic	 ventricular	 tachycardia.	 When	 pre-excited	 AF	 is
observed,	 it	 is	 critical	 to	 understand	 that	 selective	 blockade	 of	 the
atrioventricular	(AV)	node	favors	conduction	over	the	accessory	pathway—both
by	 directly	 slowing	 AV	 nodal	 conduction	 as	 well	 as	 reducing	 the	 amount	 of
concealed	 retrograde	conduction	 into	 the	accessory	pathway.	When	conduction
over	 the	 accessory	 pathway	 becomes	 favored,	 it	 promotes	 abnormal	 electrical
activation	 of	 the	 ventricular	 myocardium	 which	 can	 ultimately	 precipitate
ventricular	 fibrillation	 and	 cardiac	 arrest.	 Thus,	 metoprolol,	 verapamil,	 and
digoxin	should	all	be	avoided	(choices	A,	B,	and	D	are	incorrect).	Procainamide
is	 a	 class	 1	 antiarrhythmic	 drug	 that	 also	 has	 some	 class	 3	 activity	 as	 well,
making	it	the	drug	of	choice	(choice	C	is	correct).

3.	The	correct	answer	is	A.
Rationale:	As	per	the	2020	American	Heart	Association	guidelines,	the	most

appropriate	 starting	 (biphasic)	 energy	 is	 50	 J	 for	 cardioversion	 (choice	 A	 is
correct)	 of	 supraventricular	 tachycardia	 (SVT).	 120	 to	 200	 J	 would	 be
appropriate	for	atrial	fibrillation	(choices	B	and	C	are	incorrect).	And,	in	general,
360	 J	 would	 be	 appropriate	 in	 the	 setting	 of	 failed	 initial	 shock	 for	 atrial
fibrillation	or	ventricular	fibrillation	(choice	D	is	incorrect).
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Chapter	16
Critical	Care	Echocardiography
Zubair	Hasan,	Paul	H.	Mayo,	Craig	M.	Lilly

KEY	POINTS:
1.	 Critical	care	echocardiography	allows	the	intensivist	rapidly	to

assess	the	patient	with	cardiopulmonary	failure	at	point	of	care.
2.	 Critical	care	echocardiography	allows	the	intensivist	to	identify

immediately	life-threatening	disease,	to	categorize	shock	state,	to
establish	initial	and	ongoing	management,	to	identify	coexisting
cardiac	disease,	and	to	track	the	progress	of	the	disease.

3.	 Basic	or	goal-directed	echocardiography	requires	mastery	of	image
acquisition	and	interpretation	of	five	views:	parasternal	long	axis,
parasternal	mid-ventricular	short	axis,	apical	four	chamber,	subcostal
long	axis,	and	inferior	vena	longitudinal.

INTRODUCTION
1 	 Critical	 care	 echocardiography	 (CCE)	 enables	 the	 intensivist	 to	 identify	 and
differentiate	many	distinct	causes	of	hemodynamic	failure	and	to	initiate	targeted
therapy	 at	 the	 point	 of	 care.	CCE	 is	 an	 essential	 skill	 for	 frontline	 intensivists
and	is	an	important	component	of	critical	care	training.	There	is	no	other	bedside
method	of	cardiac	 imaging	that	 is	as	 immediate	and	relevant	for	assessment	of
cardiopulmonary	 failure.	 When	 combined	 with	 other	 aspects	 of	 critical	 care
ultrasonography,	it	is	a	key	element	of	the	whole-body	ultrasonography	approach
to	the	critically	ill	patient	because,	when	combined	with	the	history	and	physical
examination,	 the	 intensivist	 can	 promptly	 diagnose	 and	manage	 hemodynamic
failure.	 In	 view	 of	 the	 central	 importance	 of	 CCE,	 consensus	 statements	 have
been	 published	 with	 international	 collaboration	 among	 critical	 care	 societies
regarding	competency	requirements,	training	standards,	and	the	scope	of	practice



of	CCE.1-3	This	chapter	will	review	key	aspects	of	both	basic	and	advanced	CCE.
Unlike	 the	 standard	workflow	 of	 conventional	 diagnostic	 echocardiography

as	performed	by	or	under	the	direction	of	the	cardiologist,	the	CCE	examination
may	be	limited	in	scope	and	goal-directed,	or	depending	on	the	clinical	situation
and	 skill	 of	 the	 operator,	 it	 may	 be	 as	 comprehensive	 as	 the	 consultative
cardiology–examination.	With	CCE,	 the	 intensivist	 is	 responsible	 for	all	 image
acquisition	and	interpretation	at	the	point	of	care	and	uses	the	information	at	the
time	of	 image	acquisition	 to	address	 specific	hypotheses	and	 to	guide	ongoing
therapies;	 therefore,	 the	 intensivist	 is	 required	 to	 have	 a	 skill	 set	 that	 includes
image	acquisition,	image	interpretation,	and	the	cognitive	clinical	skills	required
for	 immediate	application	of	 the	results	of	 the	examination.	The	intensivist	has
full	knowledge	of	the	case	and	can	integrate	the	results	of	the	CCE	examination
into	 the	 management	 plan	 more	 effectively	 than	 echocardiography	 performed
within	 the	 constraints	 of	 the	 traditional	 echocardiography	 service	model.	 Such
constraints	 include	delays	of	performance	of	 the	study,	delays	in	interpretation,
and	delays	of	transmission	of	the	results	to	the	clinical	team.	The	reader	of	the
echocardiography	service	study	also	may	not	be	fully	aware	of	the	clinical	facts
of	 the	 case.	Another	 difference	with	 consultative	 echocardiography	 is	 that	 the
CCE	examination	may	be	repeated	as	often	as	 required	 to	assess	 the	effects	of
treatment,	 to	 follow	 evolution	 of	 the	 clinical	 condition,	 and	 to	 check	 for	 new
diagnoses.

The	 American	 College	 of	 Chest	 Physicians/La	 Société	 de	 Réanimation	 de
Langue	Française	 (ACCP/SRLF)	on	Statement	of	Competence	 in	Critical	Care
Ultrasonography	was	adopted	as	 the	 foundation	document	 for	 the	 International
Statement	on	 training	 in	critical	care	ultrasonography.	This	was	developed	and
endorsed	 by	 22	 international	 societies,	 and	 later,	 the	 European	 Society	 for
Intensive	 Care	 Medicine	 reinforced	 this	 with	 their	 own	 framework.1,2	 The
Competence	 Statement	 divides	 CCE	 into	 two	 parts:	 basic	 CCE	 and	 advanced
CCE.	These	two	categories	require	separate	discussion.

BASIC	CRITICAL	CARE	ECHOCARDIOGRAPHY

Equipment	Requirements
Performance	 of	 basic	 CCE	 requires	 a	 portable	 machine	 capable	 of	 two-
dimensional	 imaging	 that	 is	 equipped	 with	 a	 phased-array	 cardiac	 probe	 of
frequency	 2	 to	 5	 MHz.	 Probes	 of	 this	 design	 have	 sufficient	 penetration	 for



cardiac	imaging,	and	their	small	footprint	allows	scanning	between	adjacent	ribs.
Modern	 portable	 ultrasonography	 machines	 have	 excellent	 image	 quality,	 and
many	 have	 full	 Doppler	 capability,	 so	 that	 they	 are	 useful	 for	 both	 basic	 and
advanced	 CCE.	 For	 basic	 CCE,	 color	 Doppler	 is	 recommended;	 but	 spectral
Doppler	 (pulsed	 wave	 and	 continuous	 wave)	 is	 not	 mandatory,	 unless	 the
machine	 is	 to	 be	 used	 for	 advanced	CCE.	Current	 generation	 devices	 that	 are
designed	 to	 fit	 into	 the	 intensivist’s	 pocket	 are	 increasingly	 available	 with
spectral	 Doppler	 capability	 and	 are	 beginning	 to	 be	 suitable	 for	 basic	 and
advanced	CCE.

Technical	Challenges
Skill	 at	 transducer	 manipulation,	 optimization	 of	 machine	 settings,	 and
knowledge	of	standard	scanning	planes	are	necessary	for	consistent,	high-quality
image	 acquisition.	 Patient	 positioning	 is	 an	 important	 component	 of	 image
acquisition	but	may	be	challenging	when	the	critically	 ill	patient	 is	unstable	or
immobilized.	 While	 left	 arm	 abduction	 and	 left	 lateral	 decubitus	 positioning
improve	 the	 quality	 of	 parasternal	 and	 apical	 cardiac	 views,	 optimal	 patient
positioning	may	be	difficult	to	achieve	for	all	critically	ill	patients	who	are	being
treated	with	multiple	life	support	devices,	require	orthopedic	immobilization,	or
are	obese.	Mechanical	ventilation	and	chronic	obstructive	pulmonary	disease	can
block	image	acquisition	due	to	lung	hyperinflation,	and	chest	wall	bandages	and
drains	can	limit	transthoracic	imaging	windows.	Respirophasic	movement	of	the
heart	 results	 in	 translational	 artifact,	 as	 the	 critically	 ill	 patient	 cannot	 suspend
respiration.	As	a	result,	it	may	be	difficult	to	obtain	a	stable	tomographic	plane
in	the	dyspneic	patient	who	has	a	high	respiratory	rate.

Training	in	Basic	Critical	Care	Echocardiography
Competence	for	basic	CCE	requires	mastery	of	three	learning	domains:

1.	 The	cognitive	base:	The	intensivist	has	comprehensive	knowledge	of	the
cognitive	elements	of	basic	CCE.	This	includes	machine	operation,
ultrasonography	physics,	cardiac	anatomy,	clinical	applications,	indications,
and	integration	of	results	into	other	aspects	of	critical	care	ultrasonography.
Resources	include	primary	literature,	review	articles,	textbooks,	formal
courses,	and	Internet-based	educational	material	that	can	be	used	in	a
blended	manner.

2.	 Image	acquisition:	The	intensivist	has	definitive	skill	at	image	acquisition



that	includes	the	five	standard	views	of	basic	echocardiography,	along	with
thoracic	and	vascular	ultrasonography.	As	there	may	be	no
echocardiography	technician	to	perform	the	study,	the	quality	of	the	images
may	be	entirely	dependent	on	the	skill	of	the	intensivist	scanner.
Competence	at	image	acquisition	is	achieved	by	deliberate	practice	on
normal	models	under	the	direct	supervision	of	qualified	faculty	with
transition	to	supervised	scanning	of	critically	ill	patients.	As	the	learner
becomes	more	skilled,	an	autodidactic	approach	is	effective	while	working
with	a	mentor.	Consensus	holds	that	completion	of	a	minimum	of	30
acceptable	quality	studies	is	needed	for	competence	in	basic	CCE.2

3.	 Image	interpretation:	Access	to	a	comprehensive	video	image	collection
that	has	a	wide	variety	of	abnormal	cases	provides	the	learner	with	skill	at
image	interpretation.	Image	interpretation	training	sessions	productively
combine	case-based	learning	with	interpretation	of	the	ultrasonography
images.	It	is	not	reasonable	to	expect	that	the	learner	will,	through	personal
scanning	activity,	collect	sufficient	examples	of	relevant	cardiac
dysfunction	during	their	training	period.	This	can	be	accomplished	with
review	of	a	well-designed	image	library.

The	Basic	Critical	Echocardiography	Examination
3 	 As	 described	 in	 the	 ACCP/SRLF	 consensus	 statement,	 the	 basic	 CCE
examination	consists	of	the	parasternal	long-axis	(PSL)	view,	parasternal	short-
axis	 (PSS)	 view,	 apical	 four-chamber	 (AP4)	 view,	 subcostal	 long-axis	 (SCL)
view,	and	inferior	vena	cava	(IVC)	long-axis	view.	Color	Doppler	may	be	used
to	 assess	 the	 mitral	 valve	 (MV)	 and	 the	 aortic	 valve	 (AV).	 	 Video	 16.1
presents	a	tutorial	on	image	acquisition	of	these	goal-directed	echocardiographic
(GDE)	views.

Parasternal	Long-Axis	View
The	 transducer	 is	 placed	 adjacent	 to	 the	 sternum	 perpendicular	 to	 the	 skin
surface	in	the	left	third	intercostal	space	with	the	transducer	index	mark	pointing
to	 the	 right	 shoulder	 of	 the	 patient.	Movement	 of	 the	 transducer	 in	 the	 caudal
direction	 brings	 the	 PSL	 into	 view	with	 the	 best	 image	 obtained	 in	 the	 third,
fourth,	or	fifth	intercostal	space.	The	transducer	is	adjusted	in	small	increments
until	 the	 tomographic	 plane	 bisects	 the	MV	 and	 the	AV	 and	 includes	 the	 axis
with	the	longest	achievable	left	ventricle	(LV)	cavity.	An	optimal	long-axis	view
displays	 the	 heart	 horizontally	 on	 the	 screen.	 Patient	 positioning,	 abdominal



obesity/distention,	and	examiner	inexperience	may	result	in	a	more	vertical	view
of	the	heart.

Utility	of	the	Parasternal	Long-Axis	View
The	PSL	view	is	used	for	qualitative	assessment	of	ejection	fraction	(EF),	right
ventricular	outflow	tract	(RVOT)	and	LV	wall	thickness	and	function,	evaluation
of	 AV/MV	 structure,	 evaluation	 of	 AV/MV	 function	 with	 screening	 color
Doppler	 analysis,	 septal	 kinetics,	 left	 atrial	 (LA)	 chamber	 size,	 the	descending
aorta,	and	the	pericardial	space.

Pitfalls	of	the	Parasternal	Long-Axis	View

1.	 Inability	to	assess	right	ventricle	(RV)	size.	The	PSL	view	assesses	the
RVOT,	so	that	it	cannot	be	used	to	determine	RV	size.	The	AP4	and	SCL
views	are	used	for	assessment	of	RV	size.

2.	 Inaccurate	LV	size	and	function.	Off-axis	views	of	the	LV	due	to	rotation	or
angulation	may	lead	to	erroneous	assessment	of	LV	size	and	function.	In
particular,	the	LV	may	appear	to	be	hyperdynamic	with	end-systolic
effacement	if	the	transducer	is	not	orientated	to	identify	the	largest	LV
cavity	and	aligned	through	the	midpoint	of	the	AV	and	MV.

3.	 Inaccurate	assessment	of	MV	and	AV	function.	The	MV	and	AV	may
appear	to	be	anatomically	normal	on	2D	view	but	can	have	substantial
regurgitation	discernible	only	with	color	or	spectral	Doppler	analysis.
Proficiency	in	basic	CCE	does	not	allow	the	examiner	to	reliably	exclude
severe	valvular	regurgitation.	Color	Doppler	has	limitations	not	intuitively
obvious	to	the	inexperienced	examiner.	These	include	gain	settings	(“dial	a
jet”),	wall	jet	effect	(Coanda	effect),	angle	effect	(both	of	transducer	and	by
Doppler	interrogation	angle	relative	to	the	jet),	and	shadowing	by
surrounding	structures,	such	as	a	prosthetic	valve	apparatus	or	a	calcified
annulus.

4.	 Inaccurate	assessment	of	pericardial	and	pleural	effusion.	Identification	of	a
pleural	effusion	requires	that	the	depth	setting	on	the	ultrasound	machine	be
increased	such	that	the	structures	posterior	to	the	heart	are	visualized.	A
pleural	effusion	appears	as	a	relatively	hypoechoic	space	posterior	to	the	LV
and	posterior	to	the	descending	aorta.	A	pericardial	effusion	will	track
anterior	to	the	descending	aorta.



CASE	1
A	male	patient	 in	his	60s	presented	to	the	hospital	with	progressive
dyspnea	over	the	last	6	months.	He	was	in	rapid	atrial	fibrillation	and
developed	 cardiac	 arrest	 that	 required	 defibrillation	 and	 multiple
doses	 of	 epinephrine.	 He	 was	 intubated	 and	 on	 high	 doses	 of
vasopressors	 and	 developed	 bilateral	 lung	 opacities	 with	 a
PaO2/fraction	 inspired	 oxygen	 concentration	 (P/F)	 ratio	 of	 125.	 A
focused	critical	care	echocardiogram	was	performed.	Based	on	 the
clinical	history	and	the	ultrasound	images	of	 	Video	16.2,	what	 is
the	likely	diagnosis?	 	Video	16.3	(15)	presents	a	discussion	of	the
findings	of	 	Video	16.2	and	their	clinical	implications.

Parasternal	Short-Axis	Midventricular	View
From	 the	 PSL	 long-axis	 view,	 the	 transducer	 is	 rotated	 90°	 clockwise	without
angulation	or	tilting.	This	results	in	a	cross-sectional	view	of	the	heart.	Rotation
of	 the	 transducer	may	be	achieved	using	a	 two-handed	approach	accomplished
by	keeping	the	transducer	steady	with	one	hand	while	rotating	it	with	the	other
hand.	The	transducer	is	rotated	until	the	short	axis	of	the	heart	is	obtained	with
the	 transducer	 index	 mark	 pointing	 toward	 the	 left	 shoulder.	 By	 angling	 the
transducer	along	a	right-shoulder-to-left-hip	axis,	multiple	tomographic	views	of
the	heart	may	be	obtained.	For	the	basic	CCE	examination,	the	only	view	that	is
required	is	the	midventricular	tomographic	plane	(papillary	muscle	level).

Utility	of	the	Parasternal	Short-Axis	View
The	PSS	view	 is	used	 for	qualitative	assessment	of	EF,	RV/LV	wall	 thickness,
LV	segmental	wall	function,	LV/RV	chamber	size	and	function,	septal	kinetics,
and	the	pericardial	space.

Pitfalls	of	the	Parasternal	Short-Axis	View

1.	 Inaccurate	assessment	of	LV	configuration.	The	normal	LV	should	be
circular	in	short	axis.	An	elliptical	appearance	results	from	an	off-axis	view
related	to	a	non–perpendicular	tomographic	plane	or	under/over	rotation	of
the	transducer.	An	off-axis	view	may	result	in	inaccurate	diagnosis	of



systolic	segmental	wall	abnormality	or	septal	flattening.	The	supine
position,	ventilatory	support	with	lack	of	diaphragmatic	movement,	obesity,
and	elevation	of	intra-abdominal	pressures	may	all	cause	the	heart	to	be
rotated	such	that	the	long-axis	view	tends	to	assume	a	more	vertical
position	in	the	critically	ill.	These	result	in	an	off-axis	view	of	the	LV	in	the
transverse	scanning	plane	and	cannot	be	corrected	by	transducer
manipulation.	An	alternative	method	of	obtaining	a	short-axis	view	of	the
LV	may	be	obtained	from	the	subcostal	approach.

2.	 Inability	to	visualize	the	RV	free	wall.	Estimates	of	RV	size	require
visualization	of	the	RV	wall,	which	may	be	difficult	in	the	PSS	view	of	the
LV.	The	AP4	and	subcostal	views	are	superior	for	assessment	of	RV	size
and	function.

CASE	2
A	44-year-old	women	was	brought	to	the	emergency	department	for
agitation,	 respiratory	 distress,	 and	 tachycardia.	 She	 became
hypotensive,	was	given	intravenous	fluids,	and	had	an	arterial	blood
gas	 that	 revealed	hypoxemia	and	acidosis	due	 to	an	elevated	 level
of	 lactic	 acid.	 Further	 history	 revealed	 chronic	 anemia	 and
hemorrhoids	 and	 a	 digital	 rectal	 is	 performed	 that	 shows	 purulent
fluid.	 Her	 CT	 scan	 is	 consistent	 with	 a	 perianal	 abscess	 and	 she
develops	progressive	hypotension	with	acute	severe	lactic	acidosis,
and	 she	 is	 intubated	 for	 exhaustion.	 A	 point	 of	 care	 ultrasound	 is
performed	 and	 is	 presented	 as	 	Video	 16.4.	 In	 addition	 to	 likely
septic	 shock,	 what	 is	 the	 most	 likely	 diagnosis	 suggested	 by	 the
images	 of	 	Video	 16.4?	 The	 discussion	 	Video	 16.5	 presents
the	clinical	interpretation	of	the	ultrasound	image	findings.

Apical	Four-Chamber	View
The	transducer	is	placed	at	the	anatomic	apex	of	the	LV	with	the	probe	marker
pointing	toward	the	3-	to	4	o’clock	position.	Ideally,	the	patient	should	be	placed
in	 the	 left	 lateral	 decubitus	 position,	 although	 this	 is	 often	 not	 possible	 in	 the
critically	ill	patient.	The	window	for	the	AP4	view	is	often	small	and	difficult	to



locate.	The	septum	should	be	orientated	vertically	in	the	center	of	the	screen,	and
the	tomographic	plane	adjusted	such	that	it	bisects	the	apex,	the	ventricles,	and
the	atria.

Utility	of	the	Apical	Four-Chamber	View
The	AP4	view	is	used	for	qualitative	assessment	of	EF;	RV/LV	wall	 thickness,
size,	and	function;	LV	segmental	wall	function;	septal	kinetics;	right	atrium	(RA)
and	LA	chamber	size;	evaluation	of	tricuspid	valve	(TV)	and	MV	anatomy	with
screening	color	Doppler	analysis;	and	the	pericardial	space.

Pitfalls	of	the	Apical	Four-Chamber	View

1.	 Off-axis	image.	The	AP4	view	is	the	most	difficult	for	the	basic	level
echocardiographer	to	obtain.	There	are	three	goals	for	adequate	image
quality.	First,	the	position	of	the	septum	should	be	in	the	center	of	the
screen.	Second,	the	tomographic	plane	should	bisect	the	anatomical	apex	as
well	as	bisecting	the	midpoint	of	the	MV	and	TV	annuli.	Finally,	the
transducer	rotation	should	be	adjusted	such	that	the	RV	size	is	maximal.	As
LV	to	RV	size	ratio	is	an	important	measurement	of	basic	CCE,	proper
orientation	is	important.	An	off-axis	view	may	result	in	an	inability	to
visualize	the	RV	free	wall,	and	counterclockwise	transducer	rotation	may
result	in	underestimation	of	RV	size.	The	subcostal	view	is	the	best
alternative	approach	in	the	case	of	suboptimal	image	quality	in	the	AP4
view	position.

CASE	3
A	 71-year-old	 woman	 presented	 to	 the	 hospital	 with	 sudden
abdominal	 pain	 and	 vomiting.	 CT	 scan	 of	 the	 abdomen	 revealed
ischemic	 bowel	 perforation.	 Urgent	 surgery	 was	 planned	 but	 she
suddenly	became	dyspneic	and	hypotensive	and	developed	bilateral
crackles	at	 the	 lung	bases.	A	chest	 radiograph	revealed	pulmonary
edema	and	an	ECG	 revealed	an	ST-segment	 elevation	myocardial
infarction	 with	 mildly	 elevated	 cardiac	 biomarkers.	 Surgery	 was
postponed	 and	 the	 intensivist	 performed	 a	 transthoracic
echocardiogram	that	is	presented	in	 	Videos	16.6-16.9.	Based	on



the	 ultrasound	 findings,	 what	 is	 the	 next	 best	 thing	 to	 do	 for	 this
patient’s	planned	surgery?	The	clinical	 interpretation	of	 the	 findings
and	the	management	plan	is	presented	in	 	Video	16.10	(17).

Subcostal	Long-Axis	View
This	view	is	best	obtained	with	the	patient	lying	supine.	The	transducer	is	placed
just	below	the	xiphoid	process,	pointing	toward	the	left	shoulder.	The	transducer
index	mark	is	orientated	to	 the	3-	 to	4	o’clock	position.	This	view	requires	 the
transducer	 to	be	held	on	 its	 top	surface,	as	some	or	most	of	 its	bottom	surface
will	 be	 contacting	 the	 patient.	 This	 yields	 a	 four-chamber	 view	 with	 the
tomographic	 plane	 sectioning	 the	 heart	 from	 the	 right	 side	 through	 to	 the	 left
side.	 Often,	 the	 subcostal	 view	 is	 the	 best	 quality	 image	 of	 the	 basic	 CCE
examination.	 In	 the	 hyperinflated	 patient	 on	ventilatory	 support,	 it	may	be	 the
only	 obtainable	 image.	During	 a	 cardiopulmonary	 resuscitation	 sequence,	 it	 is
the	preferred	image	plane	for	rapid	assessment	of	cardiac	function	during	short
pulse	checks.

Utility	of	the	Subcostal	Long-Axis	View
The	SCL	view	is	used	for	qualitative	assessment	of	EF;	RV/LV	wall	 thickness,
size,	 and	 function;	 LV	 segmental	 wall	 function;	 septal	 kinetics;	 evaluation	 of
TV/MV	 anatomy	 with	 screening	 color	 Doppler	 analysis;	 and	 the	 pericardial
space.

Pitfalls	of	the	Subcostal	Long-Axis	View

1.	 Off-axis	view:	The	tomographic	plane	should	be	orientated	such	that	the
RV	and	LV	sizes	are	maximal	in	size	and	both	atria	are	visible.	The
subcostal	view	is	particularly	susceptible	to	translational	artifact	that	occurs
with	the	respiratory	cycle.	The	heart	can	be	pushed	out	of	plane	in	patients
who	are	in	respiratory	distress	or	on	mechanical	ventilatory	support.

CASE	4
A	 69-year-old	 man	 presented	 to	 the	 emergency	 department	 with



abdominal	pain	and	dark,	 tarry	stools.	His	medical	history	 included
hepatitis	C	 infection,	portal	vein	 thrombosis	on	anticoagulation,	and
end-stage	renal	disease	on	hemodialysis.	Initial	vital	signs	showed	a
BP	of	73/56	mm	Hg,	tachycardia,	a	respiratory	rate	of	16	breaths/min
with	oxygen	saturation	of	96%	on	2L	nasal	cannula.	The	rest	of	his
physical	 examination	 was	 unremarkable	 and	 his	 initial	 laboratory
values	 showed	 a	 hemoglobin	 of	 7.0	 g/dL	 and	 an	 international
normalized	 ratio	of	 13.7.	He	was	admitted	 to	 the	medical	 intensive
care	unit	with	a	presumptive	diagnosis	of	hemorrhagic	shock.	A	point
of	 care	 ultrasonography	 (POCUS)	 examination	 was	 performed;	 on
the	 basis	 of	 the	 ultrasound	 images	 presented	 in	 	Videos	 16.11-
16.15,	 what	 is	 the	 likely	 diagnosis?	 	Video	 16.16	 describes	 the
findings	and	clinical	implications.

Inferior	Vena	Cava	Longitudinal	View
There	 are	 several	 methods	 of	 obtaining	 the	 IVC	 longitudinal	 view.	 From	 the
subcostal	four-chamber	view,	the	transducer	is	rotated	counterclockwise,	so	the
index	 marker	 is	 in	 the	 12-o’clock	 position	 followed	 by	 angulation	 of	 the
tomographic	plane	toward	the	right.	Alternatively,	the	transducer	can	be	moved
directly	 to	 a	 right	 paramedian	 longitudinal	 plane,	 in	 either	 subcostal	 or
transcostal	 positions	 to	 locate	 the	 target	 structure.	 If	 bowel	 gas	 or	 surgical
dressings	block	these	anterior	views,	the	transducer	should	be	moved	to	the	right
midaxillary	 line	with	 the	 tomographic	 cut	 orientated	 in	 a	 coronal	 plane	 to	 see
through	the	liver.

Utility	of	the	Inferior	Vena	Cava	View
The	IVC	view	is	used	for	determination	of	volume	responsiveness.

Pitfalls	of	the	Inferior	Vena	Cava	View

1.	 Misidentification	of	the	aorta	as	the	IVC.	The	aorta	is	to	the	left	of	the
midline	and	is	posterior	to	the	heart.	The	IVC	is	to	the	right	of	the	midline,
is	closely	associated	with	the	liver,	and	passes	through	the	diaphragm	into
the	heart.



2.	 Off-axis	view:	Determination	of	preload	sensitivity	requires	an	accurate
measurement	of	the	IVC	diameter.	The	scanning	plane	must	be	orientated
along	the	longitudinal	midline	of	the	IVC	to	assure	accurate	diameter
measurement.

3.	 Translational	artifact:	Volume	responsiveness	includes	measurement	of	IVC
diameter	change	when	the	patient	is	on	ventilatory	support	and	without
spontaneous	respiratory	effort.	When	the	ventilator	cycles,	the	liver	is
displaced	by	the	diaphragmatic	movement.	This	may	move	the	IVC	out	of
the	initial	scanning	plane	giving	the	impression	of	a	change	in	diameter	that
is	a	translational	artifact.	This	is	an	important	consideration,	as	volume
responsiveness	may	be	determined	by	the	IVC	diameter	change.
Translational	artifact	may	result	in	an	inaccurate	measurement	of	diameter
change.

Clinical	Applications	of	GDE
Basic	 CCE	 is	 a	 standard	 part	 of	 the	 evaluation	 of	 the	 patient	 with
cardiopulmonary	 failure.	 Because	 image	 acquisition	 and	 interpretation	 are
performed	by	or	under	 the	direction	of	 the	 intensivist	 at	 the	point	of	 care,	 this
allows	 the	 results	 to	 be	 immediately	 integrated	 with	 the	 history,	 the	 physical
examination,	and	 the	 laboratory	assessment	 into	 the	plan	of	care.	By	giving	an
immediate	 assessment	 of	 cardiac	 anatomy	 and	 function,	 the	 results	 influence
management	 in	 a	 timely	 manner.	 	 Videos	 16.17-16.29	 show	 examples	 of
GDE.

CASE	5
A	 47-year-old	man	was	 admitted	 to	 the	 hospital	 for	 acute	 delirium
and	severe	dyspnea.	He	had	been	unwell	for	the	past	several	days
with	 fevers,	 fatigue,	 dry	 cough,	 and	 exertional	 dyspnea.	 Medical
history	included	hypertension,	diabetes,	and	end-stage	renal	disease
requiring	 hemodialysis	 through	 a	 left	 arm	 fistula.	 Physical
examination	revealed	a	hypotensive	patient	with	severe	hypoxemia.
He	had	several	palpable	purpuric	spots	on	the	lower	extremities	and
a	 gangrenous	 left	 fourth	 toe	 tip.	 The	 patient	 was	 placed	 on
mechanical	 ventilation	 with	 a	 presumptive	 diagnosis	 of	 pneumonia



with	 septic	 shock	 on	 arrival	 to	 the	medical	 intensive	 care	where	 a
POCUS	 was	 performed.	 Based	 on	 the	 clinical	 history	 and	 the
ultrasound	 images	 presented	 in	 	Video	 16.30,	 what	 is	 the	 likely
diagnosis?	 A	 discussion	 of	 the	 key	 findings	 and	 their	 clinical
implications	are	presented	in	 	Video	16.31.

Identification	of	an	immediately	life-threatening	cause	for
hemodynamic	failure
2 	 The	 use	 of	 basic	 echocardiography	 allows	 early	 identification	 of	 an
imminently	 life-threatening	process	where	early	 intervention	may	be	 lifesaving
such	 as	 pericardial	 tamponade,	 major	 valve	 failure,	 severe	 reduction	 in	 left
ventricular	function,	or	massive	pulmonary	embolism.	Though	it	is	uncommon,
the	possibility	of	 an	 immediate	diagnosis	of	 a	 life-threatening	process	 justifies
early	basic	CCE	for	every	patient	in	shock.

CASE	6
A	43-year-old	man	was	brought	 to	 the	emergency	department	with
chest	pain	that	had	evolved	over	the	past	2	hours.	He	was	an	active
smoker	 and	 had	 severe	 arterial	 hypertension.	 His	 father	 had	 died
suddenly	 at	 the	 age	 of	 40.	 The	 patient’s	 vital	 signs	 were	 a	 BP	 of
220/120	 mm	 Hg,	 respiratory	 rate	 of	 24	 breaths/min,	 and	 oxygen
saturation	of	95%	on	room	air.	The	rest	of	the	physical	examination
showed	a	 lucid	but	uncomfortable	patient	without	other	 remarkable
findings.	ECG	was	consistent	with	left	ventricular	hypertrophy.	Based
on	 the	 findings	of	 the	POCUS	examination	presented	 in	 	Videos
16.32-16.33,	 what	 is	 the	 likely	 diagnosis?	 A	 discussion	 of	 the
findings	and	their	management	are	presented	in	 	Video	16.34.

CASE	7



An	 87-year-old	 woman	 with	 a	 past	 medical	 history	 of	 diabetes
mellitus,	hypertension,	and	cirrhosis	was	brought	 to	 the	emergency
department	 for	 respiratory	 distress.	 On	 route	 to	 the	 hospital,	 she
became	 progressively	 hypoxemic	 and	 lethargic	 and,	 when	 she
arrived	 in	 the	 emergency	 department,	 she	 was	 found	 to	 be
hypotensive	 and	 severely	 hypoxemic	 despite	 being	 on	 a	 100%
nonrebreather	 mask.	 While	 her	 physical	 examination	 revealed	 no
scleral	icterus,	it	did	show	decreased	bilateral	breath	sounds,	and	a
distended	 abdomen	 dull	 to	 percussion.	 A	 POCUS	 was	 performed
right	after	endotracheal	intubation;	it	is	presented	in	 	Video	16.35
(21).	Based	on	the	ultrasound	images,	what	is	the	likely	diagnosis	of
her	 cardiorespiratory	 failure?	 Laboratory	 results	 revealed	 a
hemoglobin	 of	 6.6	 g/dL	 and	 a	 lactate	 of	 22.4	 mmol/L.	 Chest
radiograph	 is	 clear	 and	gastric	 tube	 lavage	and	 rectal	 examination
showed	no	signs	of	bleeding.	Based	on	this	new	information	what	is
the	 next	 area	 to	 examine	 with	 ultrasonography?	 	 Video	 16.36
presents	 images	 from	 the	site	 that	 the	clinicians	chose	 to	examine
next.	 When	 the	 ultrasound	 and	 clinical	 findings	 are	 taken	 into
consideration,	what	 is	 the	 likely	diagnosis?	The	clinical	 implications
and	associated	ultrasound	findings	are	discussed	in	 	Video	16.37.

Categorization	of	shock	state	and	initial	management
strategy
The	five	standard	views	of	basic	CCE	allow	the	intensivist	to	rapidly	categorize
shock	 as	 cardiogenic,	 obstructive,	 hypovolemic,	 or	 distributive	 in	 pattern,
thereby	 allowing	 for	 a	 targeted	 management	 strategy	 as	 well	 as	 guiding	 the
search	for	treatable	specific	causes	of	the	hemodynamic	failure.

Evolution	of	Disease	and	Response	to	Therapy
Because	critical	illness	and	its	treatment	are	often	a	dynamic	process,	a	standard
aspect	of	basic	CCE	is	that	it	is	repeated	in	serial	fashion	to	follow	the	evolution
of	 hemodynamic	 failure	 and	 responses	 to	 treatments.	 This	 is	 an	 increasingly
accepted	approach.	The	frontline	intensivist	uses	serial	basic	CCE	examinations



on	a	routine	basis	with	the	need	determined	by	the	clinical	circumstances.

CASE	8
A	 man	 in	 his	 40s	 presented	 to	 the	 emergency	 department
complaining	of	chills	and	rigors.	He	had	undergone	a	prostate	biopsy
earlier	 that	 day.	On	 presentation,	 he	was	 flushed,	 diaphoretic,	 and
febrile.	 His	 physical	 examination	 was	 unremarkable	 and	 a
presumptive	 diagnosis	 of	 bacteremia	 as	 a	 complication	 of	 the
prostate	 biopsy	 was	 made	 and	 he	 received	 broad-spectrum
antibiotics	 and	 2L	 of	 crystalloid	 infusion.	 The	 patient	 became
increasingly	 unstable	 and	 developed	 hypotension,	 hypoxemia,	 and
tachycardia.	A	POCUS	was	performed	before	and	 then	again	after
admission	 to	 the	 intensive	 care	 unit	 when	 the	 patient’s	 vital	 signs
continued	to	deteriorate.	Based	on	the	ultrasound	images	presented
in	 	Video	16.38,	what	 is	 the	 likely	diagnosis?	A	discussion	of	 the
ultrasound	findings	and	their	clinical	implications	are	presented	in	
Video	16.39.

Identification	of	Coexisting	Diagnoses
The	critically	ill	patient	may	have	more	than	one	diagnosis	that	may	preexist	or
modify	the	acute	hemodynamic	phenotype.	These	complicating	factors	can	occur
de	 novo	 or	 coexist	 at	 the	 time	 of	 a	 hemodynamic	 insult.	 The	 basic
echocardiography	 examination	 is	 useful	 for	 identifying	 both	 the	 primary
hemodynamic	 insult	 and	 important	 coexisting	 diagnoses	 and	 clarify	 the	 best
comprehensive	management	plan.

CASE	9
An	87-year-old	man	with	history	of	rheumatoid	arthritis	and	interstitial
lung	 disease	 was	 seen	 in	 the	 emergency	 department	 after
presentation	to	an	outside	hospital	with	a	chief	complaint	of	dyspnea



and	 left	 sided	 chest	 pain.	 A	 CT	 of	 the	 chest	 revealed	 a
circumferential	pericardial	effusion	and	a	pulmonary	embolus	 in	 the
left	 main	 pulmonary	 artery.	 His	 initial	 vital	 signs	 showed	 a	 blood
pressure	 of	 114/91	mm	Hg,	 a	 heart	 rate	 of	 133	 beats/min,	 and	 an
oxygen	saturation	of	98%	on	2L	nasal	cannula.	ECG	showed	atrial
fibrillation	with	a	 rapid	 rate,	 low	voltage,	and	electrical	alternans.	A
transthoracic	 echocardiographic	 study	 performed	 in	 the	 emergency
department	was	concerning	 for	pretamponade	physiology	with	 right
ventricular	 diastolic	 collapse.	 He	 was	 admitted	 to	 the	 medical
intensive	 care	 unit	 and	 an	 emergent	 pericardiocentesis	 was
performed	 with	 the	 removal	 of	 800	 mL	 of	 bloody	 fluid.	 However,
immediately	 following	 the	 procedure,	 the	 patient	 developed
refractory	shock	requiring	high-dose	vasopressors.	A	repeat	POCUS
was	 performed	 and	 based	 on	 the	 clinical	 history	 and	 the	 peri-
procedure	ultrasound	images	presented	in	 	Video	16.40,	and	the
postprocedure	study	presented	in	 	Video	16.41,	what	 is	 the	 likely
diagnosis?	The	comparative	findings	of	the	studies	and	their	clinical
interpretation	are	presented	in	 	Video	16.42.

Limitations	of	Basic	Critical	Care	Echocardiography
It	is	important	to	recognize	some	of	the	limitations	of	GDE.	Recognition	of	these
limitations	allows	the	intensive	care	unit	(ICU)	team	to	adjust	their	training	and
scanning	strategy	accordingly.

1.	 Limited	image	set
2.	 The	basic	CCE	examination	does	not	replace	advanced	level	CCE,	as	it	is

limited	to	five	views	and	does	not	include	spectral	Doppler	measurements.
Absent	Doppler	measurements,	it	cannot	provide	hemodynamic
measurements	such	as	stroke	volume,	pulmonary	artery	pressures,	or
quantitative	measurement	of	valvular	function.	A	key	aspect	of	competence
in	basic	CCE	is	knowledge	of	when	to	request	a	full	echocardiography
study.

3.	 Failure	of	image	acquisition
4.	 A	major	limitation	of	both	basic	and	advanced	CCE	is	inadequate	image



quality	related	to	patient-specific	factors	such	as	body	habitus,	difficulty
with	positioning	the	patient,	and	respirophasic	translational	artifacts.	In	this
case,	transesophageal	echocardiography	(TEE)	may	be	indicated.

5.	 Inadequate	training
6.	 Failure	of	adequate	quality	image	acquisition	and	interpretation	or	lack	of

knowledge	of	clinical	applications	of	basic	CCE	can	derive	from	inadequate
training.	Faculty	have	a	special	responsibility	to	provide	rigorous	training	in
all	aspects	of	basic	echocardiography	and	to	develop	effective	means	of
quality	assessment	before	the	trainee	or	technician	is	competent	in	basic
CCE.

7.	 Challenges	of	documentation

The	critical	 care	 team	 that	 uses	basic	CCE	as	 a	primary	 tool	 for	 initial	 and
serial	evaluation	of	hemodynamic	failure	faces	 the	challenge	of	documenting	a
large	 number	 of	 studies	 that	 are	 performed	 on	 a	 daily	 basis	 in	 a	 busy	 ICU.
Facing	 this	 reality,	 basic	 CCE	 comes	 to	 resemble	 a	 physical	 examination	 in
which	not	every	encounter	is	documented	as	a	matter	of	practical	necessity.	This
becomes	problematic	when	trying	to	compare	serial	examinations.	The	solution
to	the	challenge	of	documentation	requires	the	development	of	methods	of	image
storage	 and	 interpretation	 that	 can	 be	 used	 at	 the	 point	 of	 care.	 As	 wireless
solutions	 become	more	widely	 available,	 the	 documentation	 issue	will	 be	 less
problematic.	 Integration	 of	 these	 data	 collection	 systems	 into	 ICU	 function
requires	training	and	buy-in	by	the	intensivist	staff.

ADVANCED	CRITICAL	CARE
ECHOCARDIOGRAPHY
Advanced	 CCE	 uses	 the	 same	 machine,	 transducer,	 image	 interpretation
methods,	 and	 much	 of	 the	 same	 knowledge	 base	 and	 standard	 views	 as	 the
cardiologist,	 but	 it	 differs	 in	 some	 ways	 from	 consultative	 cardiology
echocardiography.

1.	 The	examination	may	be	as	complete	as	the	consultative	cardiology
examination	or	limited	in	scope.	As	it	is	performed	by	the	intensivist	team
at	the	point	of	care,	the	clinician	decides	what	components	of	the
examination	are	relevant	given	the	clinical	context.

2.	 The	intensivist	integrates	the	findings	into	a	clinical	management	plan	in
ways	that	differ	from	consultative	cardiology	echocardiography,



particularly	when	the	intensivist	uses	advanced	CCE	as	a	hemodynamic
monitoring	tool.	Advanced	CCE	is	used	to	perform	sequential	examinations
for	patients	to	assess	the	effectiveness	of	changes	in	responses	to	therapy.
The	intensivist,	in	addition	to	having	skill	similar	to	the	cardiologist	in
terms	of	diagnosis	of	cardiac	dysfunction,	also	has	skill	at	using
echocardiography	for	sequential	assessment	of	hemodynamics,	evolution	of
disease,	and	responses	to	therapies.

3.	 The	intensivist	should	have	skill	with	all	aspects	of	image	acquisition
related	to	advanced	CCE	including	the	full	image	set	that	is	typical	of
consultative	cardiology	echocardiography	including	comprehensive	use	of
Doppler	measurements.	As	with	basic	CCE,	the	intensivist	can	be
personally	responsible	for	image	acquisition	at	point	of	care.	This	is
different	from	the	standard	echocardiography	model	in	North	America,
where	echocardiography	technicians	perform	the	examination	for
subsequent	interpretation	by	the	cardiologist.	This	is	not	the	case	in	Europe,
where	echocardiography	technicians	are	not	the	norm.	This	is	an	evolving
field	with	increased	use	of	off-site	real-time	interpretation	of	images
obtained	by	bedside	caregivers	or	technicians.

4.	 Unlike	the	cardiologist,	the	intensivist	who	performs	advanced	CCE	is
competent	in	general	critical	care	ultrasonography	(thoracic	including	lung
and	pleura,	screening	abdominal,	and	vascular	study	for	deep	venous
thrombosis),	so	the	results	of	advanced	CCE	can	be	productively	integrated
into	a	whole-body	ultrasonography	approach	to	assessment	of	critical
illness.

Training	 in	 advanced	 CCE	 is	 not	 required	 for	 the	 majority	 of	 intensivists.
Competence	 in	 advanced	 CCE	 requires	 a	 substantial	 investment	 in	 additional
training,	 so	 the	 need	 for	 it	 is	 determined	 by	 the	 practice	 requirements	 of	 the
intensivist.	In	a	large	ICU	with	a	fulltime	team,	all	team	members	have	skill	in
GDE,	but	only	a	small	proportion	need	advanced	CCE	skill.

Training	Requirements
The	 training	 requirements	 for	 advanced	 CCE	 are	 summarized	 in	 a	 recent
consensus	 statement	 that	 explicitly	 defines	 the	 process	 required	 to	 become
competent	in	image	acquisition,	image	interpretation,	and	the	cognitive	elements
of	the	field.3	The	document	forms	the	basis	for	the	requirements	for	certification
in	advanced	CCE	that	has	been	developed	by	the	European	Society	of	Intensive
Care	Medicine.	More	recently,	 the	National	Board	of	Echocardiography	(NBE)



has	begun	to	offer	a	similar	certification	process	in	CCE	to	qualified	intensivists
beginning	 with	 the	 Critical	 Care	 Echocardiography	 Exam	 (CCEeXAM).
Important	 elements	 of	 advanced	 CCE	 are	 reviewed	 in	 relevant	 articles	 and
standard	echocardiography	textbooks.4-6

The	 certification	 process	 for	 CCE	 begins	 with	 the	 CCEeXAM.	 This	 is	 a
multiple-choice	 examination	designed	 and	 administered	by	 the	National	Board
Medical	Examiners.	Those	who	pass	 the	exam	will	achieve	Testamur	status	by
having	 completed	 the	 Examination	 of	 Special	 Competence	 in	 Critical	 Care
Echocardiography.7	 The	 next	 step	 in	 becoming	 certified	 in	 CCE	 consists	 of
developing	a	portfolio	of	advanced	critical	care	echocardiograms	obtained	by	the
Testamur	 to	 demonstrate	 competence	 in	 CCE	 image	 acquisition	 and
interpretation.	This	portfolio	must	be	reviewed	by	a	supervisor	who	is	an	expert
in	CCE	before	an	application	 for	Certification	 in	CCE	can	be	submitted	 to	 the
NBE.	Once	a	Testamur	completes	and	submits	their	portfolio	to	the	NBE,	they
will	 be	 Certified	 in	 Critical	 Care	 Echocardiography	 by	 having	 demonstrated
proficiency	 in	 CCE	 based	 on	 standards	 set	 by	 the	 NBE.	 To	 achieve	 NBE
certification,	 the	 candidate	 must	 be	 certified	 in	 critical	 care	 medicine	 and/or
demonstrate	ongoing	involvement	with	the	provision	of	critical	care	services.

Transesophageal	Echocardiography
TEE	is	part	of	advanced	CCE.	It	can	be	performed	with	a	high	degree	of	safety
for	 the	 intubated	 patient	 on	 mechanical	 ventilatory	 support,	 and	 it	 has	 strong
clinical	 utility,	 particularly	 for	 ICU	patients	who	 are	 immediately	 post	 cardiac
surgery.	 Its	 main	 indication	 is	 in	 the	 situation	 where	 transthoracic
echocardiography	 results	 in	 inadequate	 image	 quality	 to	 answer	 the	 clinical
question	at	hand.	This	often	occurs	due	 to	patient-specific	 factors	 (eg,	obesity,
heavy	musculature,	cardiac	surgery)	or	when	transthoracic	echocardiography	is
known	 to	 be	 inadequate	 as	 a	 scanning	 method	 (eg,	 intracardiac	 thrombus,
evaluation	 for	 endocarditis).	 The	 European	 certification	 process	 for	 advanced
CCE	includes	TEE	as	a	mandatory	component	of	the	training.	This	reflects	the
fact	that	TEE	is	widely	used	by	intensivists	in	Europe.	The	situation	is	different
than	in	North	America,	where	it	 is	still	not	common	for	intensivists	to	perform
TEE.	 At	 present,	 the	 North	 American	 intensivist	 who	 decides	 to	 become
competent	in	TEE	is	advised	to	follow	the	training	requirements	used	in	Europe.3
TEE	simulators	are	an	effective	means	of	accelerating	skill	at	image	acquisition.8

Limitations	of	Advanced	Critical	Care	Echocardiography



Certain	 aspects	 of	 advanced	CCE	 remain	 under	 the	 purview	of	 the	 cardiology
echocardiographer.	These	include	full	assessment	of	artificial	heart	valves,	stress
echocardiography,	complex	congenital	heart	disease,	decisions	related	to	timing
of	valve	replacement,	intraoperative	assessment	of	valve	repair/replacement,	and
guidance	 of	 certain	 cardiac	 procedures.	 It	 is	 unlikely	 that	 an	 intensivist	would
have	enough	volume	of	service	or	interest	to	develop	and	maintain	competence
in	these	applications.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	During	echocardiography,	the	parasternal	long	axis	view	enables	you	to
evaluate	which	of	the	following?

A. 	Left	ventricular	stroke	volume
B. 	Mitral	and	aortic	valves
C. 	Right	ventricular	to	left	ventricular	size	ratio
D. 	Tricuspid	valve

2. 	During	echocardiography,	the	parasternal	short-axis	view	enables	you	to
evaluate	which	of	the	following?

A. 	Aortic	valve
B. 	Cardiac	output
C. 	Interventricular	septum
D. 	Mitral	valve

3. 	During	echocardiography,	the	apical	four-chamber	view	enables	you	to
evaluate	which	of	the	following?

A. 	Patient	volume	responsiveness
B. 	Pulmonic	valve
C. 	Right	ventricular	outflow	tract
D. 	Right	ventricular	to	left	ventricular	size	ratio

4. 	During	echocardiography,	the	subcostal	long-axis	view	enables	you	to
evaluate	which	of	the	following?



A. 	Aortic	valve
B. 	Inferior	vena	cava
C. 	Main	pulmonary	artery
D. 	Pericardial	effusion

Answers

1.	The	correct	answer	is	B.
Rationale:	The	parasternal	long	axis	view	provides	ideal	views	of	the	mitral

and	 aortic	 valves	 (choice	 B	 is	 correct).	 Furthermore,	 color	 Doppler	 can	 be
utilized	to	evaluate	for	valvular	reflux.	The	left	ventricular	outflow	tract	(LVOT)
and	the	Velocity	Time	Integral	(VTI)	across	the	aortic	valve	can	also	be	used	to
calculate	 cardiac	 output.	 Right	 heart	 structures	 are	 not	 well	 visualized	 in	 the
parasternal	long	axis	view	(choices	C	and	D	are	incorrect)	and	it	is	not	the	best
view	for	measuring	stroke	volume	(choice	A	is	incorrect).

2.	The	correct	answer	is	C.
Rational:	 The	 parasternal	 short-axis	 view	 is	 preferred	 for	 evaluating	 the

intraventricular	 septum	as	 it	 provides	 a	 cross-sectional	 view	of	 both	 ventricles
(choice	 C	 is	 correct).	 This	 view	 can	 also	 be	 used	 to	 assess	 for	 wall	 motion
abnormalities.	Using	M-mode,	 fractional	 shortening	 can	 be	 helpful	when	 used
with	other	quantitative	echocardiography	methods	to	calculate	ejection	fraction.
It	does	not	visualize	the	aortic	valve	(choice	A	is	incorrect),	allow	calculation	of
cardiac	output	(choice	B	is	incorrect),	and	is	not	a	level	that	allows	visualization
of	the	mitral	valve	(choice	D	is	incorrect).

3.	The	correct	answer	is	D.
Rational:	The	apical	four-chamber	view	has	the	greatest	utility	for	evaluation

and	 comparison	 of	 ventricular	 function	 (choice	 D	 is	 correct).	 The	 LV	 should
have	 a	 greater	 volume	 than	 the	 right	 under	 normal	 physiologic	 conditions.	An
enlarged	right	ventricle	can	be	suggestive	of	either	acute	or	chronic	 right	heart
strain.	The	apical	 four	chamber	view	does	not	visualize	 the	pulmonic	valve	or
RV	 outflow	 tract	 (choices	 B	 and	 C	 are	 incorrect)	 and	 is	 not	 used	 to	 assess
volume	responsiveness	(choice	A	is	incorrect).

4.	The	correct	answer	is	D.
Rational:	 The	 subcostal	 long-axis	 view	 is	 ideal	 to	 evaluate	 for	 pericardial

effusion	 (choice	 D	 is	 correct).	 This	 approach	 utilizes	 the	 liver	 as	 an	 acoustic
window	 to	 look	 at	 the	 right	 ventricular	 free	 wall.	 The	 depth	 should	 be	 set	 to



clearly	visualize	the	posterior	pericardium	as	this	is	the	most	gravity-dependent
location	of	 the	pericardium	and	 should	be	where	pericardial	 fluid	will	 initially
collect.	This	view	also	allows	the	sonographer	to	evaluate	for	cardiac	tamponade
that	 is	 characterized	 as	 diastolic	 dysfunction	 due	 to	 impaired	 right	 ventricular
filling	in	the	setting	of	a	pericardial	effusion.	The	subcostal	long-axis	view	is	not
optimal	 for	visualizing	 the	aortic	valve,	 inferior	vena	cava,	or	main	pulmonary
artery	(choices	A,	B,	and	C	are	incorrect).
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Chapter	17
Pericardiocentesis
Patrick	J.	Abt,	Ruo	Chen,	Seth	J.	Koenig,	Craig	S.	Smith

KEY	POINTS:
1.	 Patients	with	preexisting	hypertension	may	not	demonstrate	severe

hypotension	in	sub-acute	tamponade	due	to	a	persistent	sympathetic
response.

2.	 The	hemodynamic	effect	of	a	pericardial	effusion	is	determined	by
the	rate	of	accumulation,	not	size.	Chronic	effusions	may	grow	quite
large	without	significant	hemodynamic	compromise.

3.	 The	subxiphoid	approach	to	pericardiocentesis	is	preferred	because
it	is	extrapleural	and	avoids	the	coronary	and	internal	mammary
arteries.

4.	 At	least	1	cm/250	mL	of	fluid	is	required	for	a	safe
pericardiocentesis.

5.	 Catheter	placement	must	be	confirmed	by	pressure	transduction	or
using	agitated	saline/contrast	echocardiography.

6.	 Proper	patient	positioning	with	an	elevated	thorax	allows	for	free-
flowing	effusions	to	collect	anteriorly	and	inferiorly,	allowing	the
subxiphoid	approach	to	be	performed	safely.

7.	 If	sanguineous	fluid	is	aspirated	upon	initial	cannulation,	the
propensity	of	fluid	to	clot	may	help	differentiate	between	ventricular
puncture	and	effusion	in	combination	with	other	confirmatory
procedures.

8.	 For	large	effusions,	it	is	recommended	to	drain	the	fluid	in	sequential
steps	of	less	than	1000	mL	to	avoid	acute	right	ventricular	dilation.

9.	 A	prominent	pericardial	fat	pad	may	be	mistaken	for	an	anterior
pericardial	effusion.



10.	 Cardiac	tamponade	should	be	considered	in	all	hypotensive	post–
cardiac	surgery	patients.	The	effusion	may	be	posterior,	loculated,
and	not	visible	by	standard	transthoracic	echocardiogram.
Transesophageal	echocardiogram	or	CT	chest	may	be	needed	to
identify	this	serious	complication.

INTRODUCTION
Pericardial	diseases	are	commonly	encountered	 in	 the	critical	care	 setting.	The
diagnosis	 and	 management	 of	 these	 disorders	 is	 challenging	 for	 physicians
owing	 to	 a	 paucity	 of	 randomized	 clinical	 data.	 Pericardiocentesis	 offers	 an
excellent	 diagnostic	 and	 therapeutic	 tool	 for	 the	 treatment	 of	 potentially	 life-
threatening	 pericardial	 diseases.	 This	 chapter	 reviews	 the	 indications	 for
emergent	 and	 urgent	 pericardiocentesis;	 summarizes	 the	 pathobiology	 of
pericardial	effusions;	provides	a	step-by-step	approach	to	pericardiocentesis	that
includes	 management	 with	 point-of-care	 ultrasonography;	 and	 discusses
management	of	patients	following	the	procedure.

INDICATIONS	FOR	PERICARDIOCENTESIS
The	 initial	 management	 of	 patients	 with	 a	 known	 or	 suspected	 pericardial
effusion	is	largely	determined	by	clinical	status.	In	the	absence	of	hemodynamic
instability	 or	 suspected	 purulent	 bacterial	 pericarditis,	 there	 is	 no	 need	 for
emergent	 or	 urgent	 pericardiocentesis.	 Diagnostic	 pericardiocentesis	 may	 be
performed	to	establish	the	etiology	of	an	effusion	but	should	be	considered	only
after	a	thorough	noninvasive	workup	has	been	completed.1

Despite	 an	 extensive	 differential	 diagnosis	 of	 a	 new	 pericardial	 effusion,	 a
diagnosis	 based	 on	 initial	 history	 and	 physical	 examination	 is	 highly
predictive.2,3	 The	 clinical	 context	 in	 which	 diagnostic	 pericardiocentesis	 is
performed	 affects	 its	 predictive	 value,	 with	 greater	 diagnostic	 yield	 for	 large
effusions	 than	 for	 acute	 pericarditis.4,5	 Primarily	 owing	 to	 the	 routine	 use	 of
echocardiographic	guidance,	 the	major	(1.2%)	and	minor	(3.5%)	complications
of	pericardiocentesis	have	significantly	decreased	over	the	past	several	decades,
with	 successful	 single	 needle	 passage	 rates	 approaching	 90%	 and	 relief	 of
tamponade	 in	 over	 97%.6	 As	 a	 result,	 current	 guidelines	 recommend
pericardiocentesis	 as	 the	 method	 of	 choice	 for	 pericardial	 fluid



removal/sampling.7	 Surgical	 intervention	 is	 recommended	 for	 recurring	 large
effusions	 for	 which	 repeated	 pericardiocentesis	 has	 not	 been	 effective;	 for
loculated	 or	 posterior	 effusions	 that	 compromise	 hemodynamics;	 for	 purulent
pericarditis;	for	traumatic	hemopericardium;	for	constrictive	pericarditis;	and	for
effusions	due	to	aortic	dissection.7

In	 contrast	 to	 diagnostic	 pericardiocentesis,	 the	 management	 of
hemodynamically	 compromised	 patients	 requires	 emergent	 removal	 of
pericardial	 fluid	 to	 restore	 adequate	 ventricular	 filling	 (preload)	 and	 hasten
clinical	 stabilization.	 Fluid	 resuscitation	 and	 inotropic	 agents,	 although	 largely
ineffective,	are	the	mainstays	of	medical	management	that	should	be	used	only
as	a	bridge	 to	pericardial	drainage.	The	method	and	 timing	of	 the	procedure	 is
determined	by	the	patient’s	degree	of	stability.8	Although	echocardiographic	and
fluoroscopic	 guidance	 is	 preferred,	 unguided	 (or	 blind)	 pericardiocentesis	may
be	 required	 for	patients	with	severe	hypotension	not	 responsive	 to	 temporizing
measures.	 In	 this	 setting,	 there	 are	 no	 absolute	 contraindications	 to	 the
procedure,	and	it	should	be	performed	without	delay	at	the	patient’s	bedside.

1 	 Urgent	 pericardiocentesis	 is	 indicated	 if	 patients	 are	 initially	 hypotensive
but	 responsive	 to	 hemodynamic	 support.	 Unlike	 acute	 tamponade,	 subacute
tamponade	is	more	likely	to	present	with	protean	symptoms	such	as	dyspnea	and
fatigue.	 Patients	 with	 preexisting	 hypertension	 may	 not	 demonstrate	 severe
hypotension	 due	 to	 a	 persistent	 sympathetic	 response.	 Echocardiographic
assessment	 of	 effusion	 size,	 hemodynamic	 impact,	 and	 optimal	 percutaneous
approach	 are	 of	 paramount	 importance.9	 The	 procedure	 should	 be	 performed
within	 several	 hours	 of	 presentation	 while	 careful	 monitoring	 and	 supportive
care	continue.	As	in	elective	circumstances,	pericardiocentesis	for	these	patients
should	 be	 undertaken	 with	 appropriate	 visual	 guidance,	 the	 method	 of	 which
depends	on	the	physician’s	expertise	and	resources.

Three	 additional	 points	 must	 be	 stressed	 regarding	 patients	 undergoing
expedited	 pericardiocentesis.	 First,	 coagulation	 parameters—prothrombin	 time,
partial	 thromboplastin	 time,	 and	 platelet	 count—should	 be	 checked	 and,	when
possible,	 quickly	 normalized	 prior	 to	 the	 procedure.	 If	 clinically	 feasible,	 the
procedure	 should	 be	 postponed	 until	 the	 international	 normalized	 ratio	 is	 less
than	1.4,	 platelet	 count	 is	>50,000/μL,	 and	 an	 anti-Xa	 level	 is	 obtained	 and	 is
adequate	 for	 patients	 receiving	 low-molecular-weight	 heparin.	 For	 emergent
pericardiocentesis	 performed	 on	 anticoagulant	 therapy,	 prolonged	 and
continuous	 drainage	 is	 recommended.	 Second,	 many	 critical	 care	 specialists
advocate	performance	of	all	pericardiocentesis	procedures	in	the	catheterization
laboratory	 with	 concomitant	 right	 heart	 pressure	 monitoring	 to	 document
efficacy	 of	 the	 procedure	 and	 to	 exclude	 a	 constrictive	 element	 of	 pericardial



disease,	although	excessive	delays	must	be	avoided.	Finally,	efforts	to	ensure	a
cooperative	 and	 stationary	 patient	 during	 the	 procedure	 greatly	 facilitate	 the
performance,	safety,	and	success	of	pericardiocentesis.

ANATOMY
The	 clinical	 presentation	 of	 pericardial	 effusion	 is	 greatly	 influenced	 by
pericardial	anatomy	and	physiology.	The	pericardium	is	a	membranous	structure
with	two	layers:	the	visceral	and	parietal	pericardium.	The	visceral	pericardium
is	a	monolayer	of	mesothelial	cells	adherent	to	the	epicardial	surface	by	a	loose
collection	of	small	blood	vessels,	lymphatics,	and	connective	tissue.	The	parietal
pericardium	is	a	relatively	 inelastic	2-mm-dense	outer	network	of	collagen	and
elastin	with	an	inner	surface	of	mesothelial	cells.	It	is	invested	around	the	great
vessels	 and	 defines	 the	 shape	 of	 the	 pericardium,	 with	 attachments	 to	 the
sternum,	diaphragm,	and	anterior	mediastinum	while	anchoring	the	heart	in	the
thorax.10	 Posteriorly,	 the	 visceral	 epicardium	 is	 absent,	 with	 the	 parietal
epicardium	 attached	 directly	 to	 the	 heart	 at	 the	 level	 of	 the	 vena	 cavae.11	 The
potential	space	between	the	visceral	and	parietal	mesothelial	cell	layers	normally
contains	 15	 to	 50	mL	 of	 serous	 fluid	 in	 the	 AV	 and	 interventricular	 grooves,
which	 is	 chemically	 similar	 to	 plasma	 ultrafiltrate.12	 The	 pericardium	 is
relatively	avascular	but	is	well	innervated	and	may	produce	significant	pain	with
vagal	responses	during	procedural	manipulation	or	inflammation.13

2 	Owing	 to	 the	 inelastic	physical	properties	of	 the	parietal	pericardium,	 the
major	 determinant	 of	 when	 and	 how	 pericardial	 effusions	 come	 to	 clinical
attention	 is	directly	related	 to	 the	speed	of	accumulation.	Effusions	 that	collect
rapidly	 (over	 minutes	 to	 hours)	 may	 cause	 hemodynamic	 compromise	 with
volumes	of	250	mL	or	less.	These	effusions	are	usually	located	posteriorly	and
are	 often	 difficult	 to	 detect	 without	 echocardiography,	 multislice	 computed
tomography	 (CT),	 or	 cardiac	magnetic	 resonance	 imaging	 (MRI).	 In	 contrast,
effusions	 developing	 slowly	 (over	 days	 to	 weeks)	 allow	 for	 dilation	 of	 the
fibrous	 parietal	 membrane;	 volumes	 of	 2000	 mL	 or	 greater	 may	 accumulate
without	 significant	 hemodynamic	 compromise.	 As	 a	 result,	 chronic	 effusions
may	 present	 with	 symptoms	 owing	 to	 compression	 of	 adjacent	 thoracic
structures	 such	 as	 cough,	 dyspnea,	 dysphagia,	 or	 early	 satiety.	 Conversely,
intravascular	 hypovolemia,	 impaired	 ventricular	 systolic	 function,	 and
ventricular	 hypertrophy	with	 decreased	 elasticity	 of	 the	myocardium	 (diastolic
dysfunction)	 may	 exacerbate	 hemodynamic	 compromise	 without	 significant
effusions	evident	by	imaging	methods.



Effusive-constrictive	 pericarditis	 (up	 to	 7%	 of	 patients	 with	 tamponade)
results	 from	 the	 accumulation	 of	 fluid	 between	 the	 visceral	 and	 parietal
pericardium	and	may	be	transient	(eg,	during	chemotherapy)	or	persistent.	This
diagnosis	is	important	to	make	owing	to	its	likelihood	to	evolve	into	a	persistent
constriction.14	It	is	defined	as	failure	of	the	right	atrial	(RA)	pressure	to	decrease
by	more	than	50%	or	to	<10	mm	Hg	after	pericardiocentesis	as	well	as	persistent
signs	of	constriction	on	right	heart	catheterization	and	on	physical	examination.
Like	most	effusions,	the	clinical	course	is	determined	by	the	underlying	etiology,
but	if	symptoms	of	right	heart	failure	persist,	a	visceral	pericardiectomy	must	be
performed.

PROCEDURE
3 	 Since	 the	 first	 blind	 (or	 closed)	 pericardiocentesis	 performed	 in	 1840,15
numerous	 approaches	 to	 the	 pericardial	 space	 have	 been	 described.	 Marfan16
performed	 the	 subcostal	 approach	 in	 1911,	 which	 then	 became	 the	 standard
approach	 for	unguided	pericardiocentesis,	because	 it	 is	 extrapleural	and	avoids
the	coronary	and	internal	mammary	arteries.

4 	 The	 advent	 of	 clinically	 applicable	 ultrasonography	 has	 opened	 a	 new
chapter	in	diagnostic	and	therapeutic	approaches	to	pericardial	disease,	allowing
clinicians	 to	 quantitate	 and	 localize	 pericardial	 effusions	 quickly	 and
noninvasively.17-21	Callahan	 et	 al.22	 at	 the	Mayo	Clinic	 established	 the	 efficacy
and	 safety	 of	 two-dimensional	 (2D)	 echocardiography	 to	 guide
pericardiocentesis.	 Although	 direct	 quantification	 of	 total	 fluid	 accumulation
with	 echo	 is	 difficult,	 circumferential	 effusions	 >20	 mm	 are	 considered	 large
(500	mL),	and	guidelines	recommend	pericardiocentesis	for	effusions	>20	mm,
regardless	 of	 the	 presence	 of	 hemodynamic	 compromise.7	 Typically,	 at	 least
250	 mL	 of	 fluid	 is	 required	 for	 safe	 pericardiocentesis.	 The	 routine	 use	 of
echocardiography	has	resulted	in	two	major	trends	in	clinical	practice:	First,	2D
echocardiography	 is	 commonly	 used	 to	 guide	 pericardiocentesis,	 with	 success
rates	 comparable	 to	 traditional	 fluoroscopic	 guided	 procedures.19,21-25	 Second,
approaches	other	than	the	traditional	subxiphoid	method	have	been	investigated
owing	to	the	ability	to	clearly	define	the	anatomy	(location	and	volume)	of	each
patient’s	 effusion.22	 In	 one	 series	 of	 postsurgical	 patients,	 the	 subxiphoid
approach	was	the	most	direct	route	in	only	12%	of	effusions.26	With	the	use	of
echocardiographic	 guidance,	 apical	 and	 parasternal	 pericardiocentesis	 are
increasingly	 performed	 with	 comparable	 success	 rates	 to	 the	 subxiphoid
approach.	In	the	apical	approach,	the	needle	is	directed	parallel	to	the	long	axis



of	the	heart	toward	the	aortic	valve.	Parasternal	pericardiocentesis	is	performed
with	needle	insertion	1	cm	lateral	to	the	sternal	edge,	to	avoid	internal	mammary
laceration.	 All	 approaches	 employ	 a	 Seldinger	 technique	 of	 over-the-wire
catheter	 insertion.	 Because	 the	 subxiphoid	 approach	 remains	 the	 standard	 of
practice	and	is	the	preferred	approach	for	unguided	emergent	pericardiocentesis,
it	is	described	below.

5 	Regardless	of	the	approach	used,	confirmation	of	appropriate	positioning	is
mandatory	and	preferably	performed	before	a	dilation	catheter	is	advanced	over
the	 wire.	 Direct	 visualization	 of	 the	 needle	 with	 either	 echocardiography	 or
fluoroscopy	and	injection	of	agitated	saline	(echo-guided)	contrast	(fluoroscopy-
guided)	should	be	performed	to	confirm	the	correct	position.25

In	 addition	 to	 two	 large-bore	 peripheral	 intravenous	 lines	 for	 aggressive
resuscitative	 efforts,	 standard	 electrocardiographic	 (ECG)	 monitoring	 is
mandatory.	Historically,	 an	 ECG	 lead	 directly	 attached	 to	 the	 puncture	 needle
has	 been	 used	 to	 detect	 contact	with	 the	myocardium	 via	 the	 appearance	 of	 a
large	 “injury	 current”	 (ST	 elevation).	 Owing	 to	 the	 fact	 that	 a	 suboptimally
grounded	 needle	 could	 fibrillate	 the	 heart	 (and	 the	 widespread	 availability	 of
echocardiography),	it	is	considered	an	inadequate	safeguard.7

The	materials	required	for	bedside	pericardiocentesis	are	listed	in	Table	17.1.
Table	 17.2	 lists	 the	 materials	 required	 for	 simultaneous	 placement	 of	 an
intrapericardial	drainage	catheter.	The	materials	are	available	in	prepackaged	kits
or	individually	(Figures	17.1	and	17.2).

TABLE	17.1

Materials	for	Percutaneous	Pericardiocentesis

Site	preparation
Antiseptic
Gauze
Sterile	drapes	and	towels
Sterile	gloves,	masks,	gowns,	caps
5-	or	10-mL	syringe	with	25-gauge	needle
1%	lidocaine	(without	epinephrine)



Code	cart
Atropine	(1-mg	dose	vial)

Procedure
No.	11	blade
20-mL	syringe	with	10	mL	of	1%	lidocaine	(without	epinephrine)
18-gauge,	8-cm,	thin-walled	needle	with	blunt	tip
Multiple	20-	and	40-mL	syringes
Hemostat
Electrocardiogram	machine
Three	red-top	tubes
Two	purple-top	(heparinized)	tubes
Culture	bottles

Postprocedure
Suture	material
Scissors

Sterile	gauze	and	bandage

TABLE	17.2

Materials	for	Intrapericardial	Catheter

Catheter	placement
Teflon-coated	flexible	J-curved	guidewire
6F	dilator
8F	dilator
8F,	35-cm	flexible	pigtail	catheter	with	multiple	fenestrations	(end	and	side

holes)



Drainage	system
Three-way	stopcock
Sterile	IV	tubing
500-mL	sterile	collecting	bag	(or	bottle)
Sterile	gauze	and	adhesive	bag	(or	bottle)
Suture	material

	

Figure	17.1 	Materials	 required	 for	pericardiocentesis	 (clockwise
from	 upper	 left):	 1%	 lidocaine	 solution;	 suture	 material;	 10-mL
syringe	with	25-gauge	needle;	10-mL	syringe	with	22-gauge	needle;
No.	11	blade;	18-gauge	8-cm	thin-walled	needle;	20-mL	syringe;	30-
mL	syringe;	alligator	clip;	hemostat;	three	red-top	tubes;	two	purple-
top	 tubes;	 culture	 bottles;	 and	 scissors.(From	 Grover	 P,	 Smith	 CS.



Pericardiocentesis.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe	JM,	eds.
Irwin	and	Rippe’s	Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;
2017:140.)

	

Figure	 17.2 	 Materials	 required	 for	 intrapericardial	 catheter
placement	 and	 drainage	 (clockwise	 from	 lower	 left):	 Teflon-coated
flexible	 0.035-inch	 J-curved	 guidewire,	 8F	 dilator,	 6.3F	 dilator,	 8F
catheter	with	end	and	side	holes	 (35-cm	flexible	pigtail	catheter	not
shown),	 three-way	 stopcock,	 500-mL	 sterile	 collecting	 bag	 and
tubing,	suture	material.(From	Grover	P,	Smith	CS.	Pericardiocentesis.
In:	Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe	JM,	eds.	Irwin	and	Rippe’s
Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;	2017:140.)

The	subxiphoid	approach	for	pericardiocentesis	is	as	follows.

1.	 6Patient	preparation:	Perform	a	procedural	time	out	confirming	identity,
procedure,	allergies,	and	the	availability	of	emergency	equipment.
Extremely	dyspneic	patients	may	need	to	be	positioned	fully	upright,	with	a
wedge	if	necessary.	Elevation	of	the	thorax	allows	free-flowing	effusions	to
collect	inferiorly	and	anteriorly,	the	sites	that	are	safest	and	easiest	to	access



using	the	subxiphoid	approach.
2.	 Needle	entry	site	selection:	Locate	the	patient’s	xiphoid	process	and	the

border	of	the	left	costal	margin	using	inspection	and	careful	palpation.	The
needle	entry	site	should	be	0.5	cm	to	the	(patient’s)	left	of	the	xiphoid
process	and	0.5	to	1.0	cm	inferior	to	the	costal	margin	(Figure	17.3).	It	is
helpful	to	estimate	(by	palpation)	the	distance	between	the	skin	surface	and
the	posterior	margin	of	the	bony	thorax:	This	helps	guide	subsequent	needle
insertion.	The	usual	distance	is	1.0	to	2.5	cm,	increasing	with	obesity	or
protuberance	of	the	abdomen.

	

Figure	17.3 	Selected	locations	for	pericardiocentesis.In	most
cases,	 the	 subxiphoid	 approach	 (1-3)	 is	 preferred.(Reprinted
from	Spodick	DH.	Acute	Pericarditis.	Grune	&	Stratton;	1959.
Copyright	©	1959	Elsevier.	With	permission.)

3.	 Site	preparation:	Strict	sterile	techniques	must	be	maintained	at	all	times
in	preparation	of	the	needle	entry	site.	Prepare	a	wide	area	in	the	subxiphoid
region	and	lower	thorax	with	a	povidone-iodine	or	alcohol	chlorhexidine
solution	and	drape	the	field	with	sterile	towels,	leaving	the	subxiphoid
region	exposed.	After	a	time-out,	raise	a	1-	to	2-cm	subcutaneous	wheal	by
infiltrating	the	needle	entry	site	with	1%	lidocaine	solution	(without
epinephrine).	To	facilitate	needle	entry,	incise	the	skin	with	a	No.	11	blade
at	the	selected	site	after	achieving	adequate	local	anesthesia.

4.	 Insertion	of	the	needle	apparatus:	The	angle	of	entry	with	respect	to	the



skin	should	be	approximately	45°	in	the	subxiphoid	area.	Direct	the	needle
tip	superiorly,	aiming	for	the	patient’s	left	shoulder.	Continue	to	advance	the
needle	posteriorly	while	alternating	between	aspiration	and	injection	of
lidocaine	(with	a	half-filled	20	mL	syringe	of	1%	lidocaine),	until	the	tip
has	passed	just	beyond	the	posterior	border	of	the	bony	thorax	(Figure
17.4).	The	posterior	border	usually	lies	within	2.5	cm	of	the	skin	surface.	If
the	needle	tip	contacts	the	bony	thorax,	inject	lidocaine	after	aspirating	to
clear	the	needle	tip	and	anesthetize	the	periosteum.	Then,	walk	the	needle
behind	the	posterior	(costal)	margin.

	

Figure	 17.4 	 Insertion	 of	 the	 needle	 apparatus.After	 the
subxiphoid	 region	 and	 lower	 thorax	 are	 prepared	 and	 adequate
local	 anesthesia	 is	 given,	 the	 pericardiocentesis	 needle	 is
inserted	in	the	subxiphoid	incision.	The	angle	of	entry	(with	the
skin)	 should	 be	 approximately	 45°.	 The	 needle	 tip	 should	 be
directed	 superiorly,	 toward	 the	 patient’s	 left	 shoulder.(From
Grover	P,	Smith	CS.	Pericardiocentesis.	In:	Irwin	RS,	Lilly	CM,
Mayo	 PH,	 Rippe	 JM,	 eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care
Medicine.	8th	ed.	Wolters	Kluwer;	2017:141.)

5.	 Needle	direction:	Once	under	the	costal	margin,	reduce	the	angle	of
contact	between	the	needle	and	skin	to	15°:	This	will	be	the	angle	of
approach	to	the	pericardium;	the	needle	tip,	however,	should	still	be
directed	toward	the	patient’s	left	shoulder.	A	15°	angle	is	used	regardless	of
the	height	of	the	patient’s	thorax	(whether	at	45°	or	sitting	upright)	(Figure
17.5).



	

Figure	17.5 	Needle	direction.The	angle	of	 contact	between
the	needle	and	skin	should	be	reduced	to	15°	once	the	posterior
margin	 of	 the	 bony	 thorax	 has	 been	 passed.	 Needle
advancement:	The	 needle	 is	 advanced	 toward	 the	 left	 shoulder
slowly	 while	 alternating	 between	 aspiration	 and	 injection.	 A
“give”	is	felt,	and	fluid	is	aspirated	when	the	pericardial	space	is
entered.(From	Grover	P,	Smith	CS.	Pericardiocentesis.	In:	Irwin
RS,	 Lilly	 CM,	 Mayo	 PH,	 Rippe	 JM,	 eds.	 Irwin	 and	 Rippe’s
Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;	2017:141.)

6.	 Needle	advancement:	Advance	the	needle	slowly	while	alternating
between	aspiration	of	the	syringe	and	injection	of	1%	lidocaine	solution.
Obtain	a	baseline	lead	V	tracing	and	monitor	a	continuous	ECG	tracing	for
the	presence	of	ST-segment	elevation	or	premature	ventricular	contractions
(evidence	of	epicardial	contact)	as	the	needle	is	advanced.	Advance	the
needle	along	this	extrapleural	path	until	either:

A	“give”	is	felt,	and	fluid	is	aspirated	from	the	pericardial	space	(usually	6.0-
7.5	cm	from	the	skin)	(Figure	17.6).	Some	patients	may	experience	a	vasovagal
response	at	this	point	and	require	atropine	intravenously	to	increase	their	blood
pressure	and	heart	rate.



	

Figure	17.6 	 Placement	 technique.Holding	 the	needle	 in	place,	 a
Teflon-coated,	0.035-inch	guidewire	 is	advanced	into	 the	pericardial
space.	The	needle	is	then	removed.	After	a	series	of	skin	dilations,	an
8F,	35-cm	flexible	pigtail	 catheter	 is	placed	over	 the	guidewire	 into
the	 pericardial	 space.	 Passage	 of	 dilators	 and	 the	 pigtail	 catheter	 is
facilitated	 by	 a	 gentle	 clockwise/counterclockwise	 motion.(From
Grover	 P,	 Smith	 CS.	 Pericardiocentesis.	 In:	 Irwin	 RS,	 Lilly	 CM,
Mayo	PH,	Rippe	JM,	eds.	Irwin	and	Rippe’s	Intensive	Care	Medicine.
8th	ed.	Wolters	Kluwer;	2017:141.)

ST-segment	 elevation	or	premature	ventricular	 contractions	 are	observed	on
the	 ECG	 lead	 V	 tracing	 when	 the	 needle	 tip	 contacts	 the	 epicardium.	 If	 ST-
segment	elevation	or	premature	ventricular	complexes	occur,	 immediately	(and
carefully)	withdraw	 the	needle	 toward	 the	 skin	 surface	while	aspirating.	Avoid
any	 lateral	 motion,	 which	 could	 damage	 the	 epicardial	 vessels.	 Completely
withdraw	the	needle	if	no	fluid	is	obtained	during	the	initial	repositioning.

7 	 If	 a	 sanguineous	 fluid	 is	 aspirated,	 the	 differentiation	 between	 blood	 and
effusion	must	be	made	immediately.	In	addition	to	confirming	catheter	position
by	 saline,	 contrast,	 or	 pressure	 transduction,	 several	milliliters	 of	 fluid	 can	 be
kept	and	observed	for	 clotting.	 Intrinsic	 fibrinolytic	 activity	 in	 the	pericardium
prevents	subacute/chronic	effusions	from	clotting,	whereas	frank	hemorrhage	or
intraventricular	blood	will	overwhelm	fibrinolysis	and	clot.

The	patient’s	hemodynamic	status	should	improve	promptly	with	removal	of



sufficient	 fluid.	 Successful	 relief	 of	 tamponade	 is	 supported	 by	 (1)	 a	 fall	 of
intrapericardial	pressure	 to	 levels	between	−3	and	+3	mm	Hg,	 (2)	a	 fall	 in	RA
pressure	and	a	separation	between	right	and	left	ventricular	diastolic	pressures,
(3)	augmentation	of	cardiac	output,	 (4)	 increased	systemic	blood	pressure,	and
(5)	 reduced	 pulsus	 paradoxus	 to	 physiologic	 levels	 (10	 mm	 Hg	 or	 less).	 An
improvement	may	be	observed	after	removal	of	the	first	50	to	100	mL	of	fluid.	If
the	 RA	 pressure	 remains	 elevated	 after	 fluid	 removal,	 an	 effusive-constrictive
process	 should	 be	 considered.	The	diagnostic	 studies	 performed	on	pericardial
fluid	are	outlined	in	Table	17.3.	Several	options	exist	for	continued	drainage	of
the	pericardial	space.	The	simplest	approach	is	to	use	large-volume	syringes	and
aspirate	 the	 fluid	by	hand.	This	 approach	 is	 not	 always	practical	 (eg,	 in	 large-
volume	 effusions),	 and	 manipulation	 of	 the	 needle	 apparatus	 may	 cause
myocardial	trauma.	Alternatively,	most	pericardiocentesis	kits	include	materials
and	instructions	for	a	catheter-over-needle	technique	for	inserting	an	indwelling
pericardial	drain	via	the	Seldinger	technique.

TABLE	17.3

Diagnostic	Studies	Performed	on	Pericardial	Fluid

Hematocrit
White	blood	cell	count	with	differential
Glucose
Protein
Gram	stain
Routine	aerobic	and	anaerobic	cultures
Smear	and	culture	for	acid-fast	bacilli
Cytology
Cholesterol,	triglycerides
Amylase
Lactate	dehydrogenase
Special	cultures	(viral,	parasite,	and	fungal)



Antinuclear	antibody
Rheumatoid	factor

Total	complement,	C3

1.	 Pericardial	drain	placement:	Create	a	tract	for	the	catheter	by	passing	a
6F	dilator	over	a	firmly	held	guidewire.	After	removing	the	dilator,	use	the
same	technique	to	pass	an	8F	dilator.	Then	advance	an	8F	flexible	pigtail
(or	side	hole)	catheter	over	the	guidewire	into	the	pericardial	space.
Remove	the	guidewire.	Passage	of	the	dilators	is	facilitated	by	use	of	a
torquing	(clockwise/counterclockwise)	motion.	Proper	positioning	of	the
catheter	using	radiography,	fluoroscopy,	or	bedside	echocardiography	can
be	used	to	facilitate	fluid	drainage.

2.	 Drainage	system27,28:	Attach	a	three-way	stopcock	to	the	intrapericardial
catheter	and	close	the	system	by	attaching	the	stopcock	to	the	sterile
collecting	bag	with	the	connecting	tubing.	The	catheter	may	also	be
connected	to	a	transducer,	allowing	intrapericardial	pressure	monitoring.
The	system	may	be	secured	as	follows:

Suture	 the	 pigtail	 catheter	 to	 the	 skin,	 making	 sure	 that	 the	 lumen	 is	 not
compressed.	Cover	the	entry	site	with	a	sterile	gauze	and	dressing.

Secure	the	drainage	bag	(or	bottle)	using	tape	at	a	level	approximately	35	to
50	cm	below	the	level	of	the	heart.	Echocardiography	or	fluoroscopic	guidance
may	be	used	 to	reposition	 the	pigtail	catheter,	 facilitating	complete	drainage	of
existing	pericardial	fluid.

8 	It	is	recommended	to	drain	fluid	in	sequential	steps	of	<1000	mL	to	avoid
acute	 right-ventricular	dilation—a	rare	but	serious	complication.7,29	Drainage	 is
recommended	until	pericardial	pressure	is	subatmospheric	with	inspiration.	The
catheter	 should	be	 flushed	manually	 every	 4	 to	 6	 hours	 using	 10	 to	 15	mL	of
normal	saline	solution	until	the	volume	of	aspiration	falls	to	<25	mL/d.30

SHORT-TERM	AND	LONG-TERM	MANAGEMENT
After	 pericardiocentesis,	 close	 monitoring	 is	 required	 to	 detect	 evidence	 of
recurrent	 tamponade	 and	 procedure-related	 complications.	Table	 17.4	 lists	 the
most	 common	 serious	 complications	 associated	 with	 pericardiocentesis.1,2,7
Factors	 associated	 with	 an	 increased	 risk	 of	 complications	 include	 (1)	 small



effusion	 (less	 than	 250	mL),	 (2)	 posterior	 effusion,	 (3)	 loculated	 effusion,	 (4)
maximum	anterior	clear	space	(by	echocardiography)	less	than	10	mm,	and	(5)
unguided	percutaneous	approach.	A	transthoracic	2D	echocardiogram	should	be
obtained	within	 several	 hours	 to	 evaluate	 the	 adequacy	 of	 pericardial	 drainage
and	 confirm	 catheter	 placement.	 Because	 pericardiocentesis	 typically	 does	 not
remove	 all	 of	 the	 effusion	 (and	 active	 bleeding	 or	 secretion	 may	 occur),	 the
pericardial	catheter	is	typically	left	in	place	for	24	to	72	hours	or	until	drainage
subsides.	 Extended	 catheter	 drainage	 is	 safe	 and	 is	 associated	 with	 a	 trend
toward	 lower	 recurrence	 rates	 over	 a	 4-year	 follow-up.30	 Catheter	 drainage	 of
>100	mL/d	 after	 3	 days	 should	 prompt	 consideration	 of	 surgical	 intervention,
sclerosing	 agents,	 or	 percutaneous	 balloon	 pericardiotomy.	 Prophylactic
intravenous	antibiotics	with	cefazolin	or	a	first-generation	cephalosporin	should
be	administered	to	cover	for	skin	organisms	while	the	pericardial	drain	remains
in	place.	If	the	patient	has	a	penicillin	allergy	or	a	history	of	methicillin-resistant
Staphylococcus	 aureus	 infection	 or	 colonization,	 vancomycin	 should	 be	 given
instead.

TABLE	17.4

Complications	of	Pericardiocentesis

Cardiac	puncture	with	hemopericardium
Coronary	artery	laceration	(hemopericardium	or	myocardial	infarction)
Pneumothorax
Hemothorax
Arrhythmias
Bradycardia
Ventricular	tachycardia/ventricular	fibrillation

Trauma	to	abdominal	organs	(liver,	gastrointestinal	tract)
Hemorrhagic	peritonitis
Cardiac	arrest	(predominantly	pulseless	electrical	activity	from	myocardial
perforation,	but	occasionally	tachyarrhythmia	or	bradyarrhythmia)



Transient	biventricular	dysfunction
Infection
Fistula	formation

Pulmonary	edema

The	 long-term	 management	 of	 patients	 with	 significant	 pericardial	 fluid
collections	 is	 beyond	 the	 scope	 of	 this	 chapter;	 however,	 the	 indications	 for
surgical	intervention	are	reviewed	briefly	above.	The	etiology	of	the	pericardial
effusion	(Table	17.5)	and	the	patient’s	functional	status	are	of	central	importance
for	 determining	 the	 preferred	 treatment.	 Aggressive	 attempts	 at	 nonsurgical
management	of	chronically	debilitated	patients	or	 those	with	metastatic	disease
involving	 the	 pericardium	 may	 be	 appropriate.	 Percutaneous	 balloon
pericardiotomy	 or	 pericardial	 sclerosis	 with	 tetracycline,	 cisplatin,	 and	 other
agents	 has	 benefited	 carefully	 selected	 patients	 with	 malignant	 pericardial
disease.	Patients	with	a	guarded	prognosis	who	fail	aggressive	medical	 therapy
should	be	offered	the	least	invasive	procedure.

TABLE	17.5

Common	Causes	of	Pericardial	Effusion

Idiopathic
Malignancy	(primary,	metastatic;	solid	tumors,	hematologic)
Uremia
Graft-vs-host	disease
Extramedullary	hematopoiesis
Postpericardiotomy	syndrome
Connective	tissue	disease
Aortic	dissection
Complication	of	cardiac	catheterization,	percutaneous	coronary	intervention,
or	pacemaker	insertion



Myxedema
Postirradiation
Trauma
Blunt
Penetrating

Infection
Viral	(including	HIV)
Bacterial
Fungal
Tuberculosis

HIV,	human	immunodeficiency	virus.

Utility	of	Ultrasonography	for	Management	of	Pericardial
Effusion
Ultrasonography	 has	 several	 useful	 applications	 related	 to	 the	management	 of
pericardial	effusion.

Identification	of	Pericardial	Fluid
Pericardial	 fluid	 is	 readily	 identified	 by	 echocardiographic	 examination.	 The
pericardial	 space	 is,	 in	 health,	 a	 virtual	 space	 that	 contains	 no	 fluid.	 Fluid
accumulation	in	the	pericardial	space	is	hypoechoic	and	defined	by	the	anatomic
boundaries	 of	 the	 pericardium.	 Using	 the	 standard	 five-view	 basic
echocardiography	 examination	 sequence	 (Chapter	 16,	 “Critical	 Care
Echocardiography”),	pericardial	fluid	can	be	readily	identified	and	characterized.
Small	pericardial	effusions	are	visualized	posterior	to	the	heart	in	the	parasternal
long-axis	and	short-axis	views,	and	subcostal	long-axis	views	of	the	heart.	When
moderate	or	large	in	volume,	the	effusion	surrounds	the	heart	and	is	visible	in	the
apical	four-chamber	view	Pericardial	fluid	is	often	hypoechoic,	but	infection	or
malignancy	 may	 result	 in	 increased	 echogenicity,	 stranding,	 septations,	 or
masses	within	the	fluid.

9 	Anterior	pericardial	fat	may	be	mistaken	for	pericardial	fluid.	Pericardial	fat



has	 hyperechoic	 elements	 within	 it	 that	 move	 with	 cardiac	 contraction.	 The
absence	of	a	coexisting	posterior	effusion	 favors	anterior	pericardial	 fat.	 In	 the
parasternal	 long-axis	 view,	 pleural	 effusion	 may	 be	 confused	 with	 pericardial
fluid.	 Pericardial	 fluid	 distributes	 anterior	 to	 the	 descending	 aorta	 on	 the
parasternal	long-axis	view,	whereas	pleural	fluid	is	posterior	to	the	aorta.

Assessment	for	Pericardial	Tamponade
Chamber	collapse	is	suggestive,	but	not	diagnostic	of	tamponade	physiology.
It	 is	 useful	 to	 have	 an	ECG	 tracing	 on	 the	 ultrasonography	 screen	 in	 order	 to
accurately	time	any	chamber	collapse.	RA	collapse	is	best	seen	from	the	apical
four-chamber	and	subcostal	long-axis	view.	Normally,	the	right	atrium	should	fill
during	 systole,	 so	 the	 finding	 of	 a	 systolic	 RA	 collapse	 is	 abnormal.	 Early
diastolic	 collapse	 of	 the	 right	 atrium	 is	 sensitive	 for	 tamponade.	 High	 RA
pressures	and	severe	tricuspid	regurgitation	may	mask	RA	collapse.

Right	 ventricular	 (RV)	 collapse	 is	 best	 seen	 from	 the	 parasternal	 short-axis
and	subcostal	long-axis	views.	The	RV	fills	during	diastole,	so	a	collapse	of	the
RV	during	diastole	 is	abnormal.	The	collapse	of	 the	RV	outflow	track	(RVOT)
occurs	 before	 the	 RV	 free	 wall	 is	 involved,	 owing	 to	 the	 fact	 the	 RVOT	 is	 a
thinner-walled	 structure.	The	RVOT	 is	 best	 imaged	 from	 the	 parasternal	 long-
axis	view,	whereas	the	RV	free	wall	is	best	imaged	from	the	apical	four-chamber
and	 subcostal	 long-axis	 views.	 High	 right-sided	 pressures	 and	 RV	 wall
hypertrophy	may	mask	RV	collapse.	The	presence	of	chamber	compression	does
not	in	itself	indicate	that	there	is	tamponade	physiology,	nor	does	its	absence	rule
it	 out.	 The	 presence	 of	 a	 swinging	 heart	 within	 large	 pericardial	 effusion	 is
suggestive	 of	 pericardial	 tamponade,	 as	 is	 respirophasic	 variation	 of	 chamber
size	on	M	mode	obtained	with	 the	 sample	 line	placed	 through	 the	RV	and	 left
ventricle	from	the	parasternal	long-axis	view.	Pericardial	tamponade	predictably
results	in	distention	of	the	inferior	vena	cava	(IVC).	The	presence	of	a	small	IVC
makes	 pericardial	 tamponade	 very	 unlikely.	 Doppler	 echocardiography	 has
utility	 for	 assessment	 for	 pericardial	 tamponade.	 A	 characteristic	 feature	 of
tamponade	physiology	is	respirophasic	variation	of	stroke	volume	(SV)	owing	to
accentuation	 of	 ventricular	 interdependence.	 This	 is	 manifested	 with
respirophasic	 variation	 of	 mitral	 valve	 and	 tricuspid	 valve	 diastolic	 inflow
velocities.	A	 greater	 than	 30%	 respirophasic	 variation	 of	mitral	 valve	 E	wave
velocity	 is	 characteristic	 of	 pericardial	 tamponade	 measured	 from	 the	 apical
four-chamber	 view.	 Respirophasic	 variation	 of	 SV	 is	 measured	 in	 the	 LVOT
from	 the	 apical	 five-chamber	 view	 and	 represents	 the	 echocardiographic
equivalent	of	pulsus	paradoxus.



Doppler	analysis	has	limitations.	 It	 requires	advanced	level	 training	and	is
time-consuming	 for	 the	 frontline	 intensivist.	 Major	 variation	 of	 intrathoracic
pressure,	 such	 as	 that	 occurs	 with	 airway	 obstruction	 due	 to	 asthma	 or	 upper
airway	 obstruction,	 causes	 respirophasic	 variation	 of	 SV.	 Translational	 artifact
due	to	respirophasic	movement	of	the	heart	may	cause	changes	in	Doppler	signal
that	are	unrelated	to	SV	variation.

Both	2D	and	Doppler	echocardiography	are	helpful	in	identifying	the	patient
with	 pericardial	 tamponade.	 Because	 there	 are	 sufficient	 confounders,
echocardiographic	 findings,	 though	 helpful,	 should	 never	 be	 considered
diagnostic.	Pericardial	tamponade	remains	a	clinical	diagnosis	that	may	or	may
not	be	supported	by	echocardiographic	findings.

Guidance	of	Pericardiocentesis
Ultrasonography	 is	 the	 preferred	 method	 for	 safe	 performance	 of
pericardiocentesis	 when	 compared	 to	 fluoroscopic	 guidance.	 Tsang	 et	 al.
described	 1127	 serial	 pericardiocenteses	 performed	 with	 ultrasonographic
guidance	 with	 a	 very	 low	 complication	 rate.25	 Guidance	 with	 fluoroscopy	 is
performed	using	 the	 subcostal	approach.	Because	 fluoroscopy	 is	a	2D	 imaging
technique,	 the	 position	 of	 the	 liver,	 the	 relationship	 of	 the	 needle	 to	 the
myocardium,	 and	 the	 relationship	 of	 the	 lung	 to	 the	 needle	 trajectory	 is	 less
certain	than	with	ultrasonography	imaging.

Pericardiocentesis	 performed	with	 ultrasonographic	 guidance	 uses	 the	 same
principles	 as	 those	 of	 thoracentesis	 and	 paracentesis.	 The	 fluid	 collection	 is
identified,	 and	 the	operator	determines	 a	 safe	 site,	 angle,	 and	depth	 for	needle
insertion	 while	 avoiding	 injury	 to	 adjacent	 anatomic	 structures.	 The	 operator
needs	to	be	skilled	at	image	acquisition	and	interpretation,	because	an	injury	to
the	 myocardium	 or	 coronary	 artery	 is	 a	 catastrophic	 complication	 of
pericardiocentesis.

Site	Selection	and	Preparation
Using	 ultrasonography,	 the	 best	 site	 is	 determined	 by	where	 the	most	 fluid	 is
found.	 This	 may	 be	 at	 any	 point	 on	 the	 anterior	 or	 lateral	 chest	 or	 from	 the
subcostal	view.	The	best	site	is	often	found	on	the	lateral	chest	using	the	apical
four-chamber	view	( 	Video	17.1).	If	the	effusion	is	very	large,	the	parasternal
view	may	offer	a	good	approach.	When	the	effusion	is	predominately	posterior
in	 location,	changing	 the	patient’s	body	position	may	distribute	 the	fluid	 into	a



more	 favorable	 position.	The	 left	 lateral	 decubitus	 position	may	 shift	 the	 fluid
for	 an	 improved	 apical	 view,	whereas	 a	 semisupine	 position	may	 improve	 the
subcostal	view.

The	distance	between	the	site	of	needle	penetration	into	the	pericardium	and
the	 heart	 is	 an	 important	 determinant	 of	 safety.	 The	 heart	 changes	 in	 size
throughout	the	contractile	cycle;	cardiac	“swinging”	is	a	common	phenomenon
in	severe	tamponade,	and	the	respirophasic	translational	movement	of	the	heart
is	 accentuated	 during	 the	 respiratory	 cycle.	 As	 a	 result,	 the	 thickness	 of	 the
pericardial	effusion	may	change	to	a	major	extent	during	cardiac	movement.	A
reasonable	approach	is	to	require	at	least	1	cm	of	fluid	depth	between	the	heart
and	the	planned	needle	entry	point	into	the	pericardial	fluid.

An	 important	 element	 of	 safe	 site	 selection	 is	 the	 avoidance	 of	 injury	 to
adjacent	structures.	The	lung	is	of	concern.	Fortunately,	aerated	or	consolidated
lung	 is	 easy	 to	 identify	 and	 therefore	 easy	 to	 avoid	 (Chapter	 11,	 Lung
Ultrasonography).	 The	 liver	 is	 readily	 identified,	 and	 therefore	 avoided	 when
considering	 the	 subcostal	 approach.	Color	Doppler	examination	of	 the	planned
needle	trajectory	is	mandatory	when	using	the	parasternal	approach,	in	order	to
avoid	the	internal	mammary	vessels.	A	pleural	effusion	may	occur	concomitantly
with	the	pericardial	effusion	and	may	block	access	to	the	pericardial	fluid.	In	this
situation,	 it	 is	best	 to	drain	 the	pleural	effusion,	and	 then	 to	determine	 the	best
approach	 to	 the	pericardial	effusion.	Occasionally,	ascites	may	be	mistaken	 for
pericardial	effusion	in	the	subcostal	long-axis	view.

The	 best	 site	 and	 angle	 for	 needle	 insertion	 is	 determined,	 and	 the	 site	 is
marked.	Using	the	calipers	function,	the	depth	of	needle	penetration	is	measured
from	 a	 frozen	 image	 on	 the	 ultrasound	 screen.	 Before	 obtaining	 a	 final
confirmatory	 scan,	 equipment	 setup	 should	 be	 completed.	 This	 reduces	 the
period	between	the	final	scan	and	needle	insertion,	thereby	allowing	the	operator
to	 maintain	 recent	 memory	 of	 the	 angle	 of	 approach	 during	 needle	 insertion.
Following	sterile	skin	preparation,	the	patient	is	covered	with	a	full	body	drape.
The	 transducer	 with	 sterile	 sleeve	 is	 part	 of	 the	 field	 setup,	 thereby	 allowing
scanning	 during	 the	 procedure,	 because	 the	 operator	may	 choose	 to	 reconfirm
site,	depth,	and	angle	for	needle	insertion	following	sterile	site	preparation.	The
angle	of	needle	insertion	for	device	insertion	duplicates	the	angle	of	probe	angle
that	identified	the	safe	trajectory	for	needle	insertion.

The	 operator	 proceeds	 with	 needle-wire	 insertion,	 followed	 by	 catheter
insertion.	 Confirmation	 of	 wire	 or	 catheter	 insertion	may	 be	 accomplished	 by
direct	 visualization	 using	 2D	 ultrasonography.	 If	 there	 is	 a	 question	 of	 proper
position,	 several	 milliliters	 of	 agitated	 saline	 may	 be	 injected	 through	 the
catheter	to	document	catheter	position.



Similar	to	thoracentesis	and	paracentesis,	pericardiocentesis	does	not	require
real-time	 guidance	 with	 ultrasonography.	 The	 largest	 published	 study29	 on	 the
subject	 did	 not	 use	 real-time	 guidance.	 However,	 it	 is	 important	 to	 have	 the
transducer	 with	 sterile	 cover	 in	 place	 for	 immediate	 use	 throughout	 the
procedure,	 in	 case	 there	 is	 a	 need	 to	 rescan	 and	 document	 successful	 device
insertion.

	Pitfalls
Skin	compression	artifact	is	a	common	problem,	because	it	may	cause	an
underestimation	of	the	depth	for	needle	insertion.	This	occurs	in	the
obese	or	edematous	patient	when	the	operator	pushes	the	probe	into	the
skin	while	searching	for	a	safe	needle	insertion	site.	Measurement	of
needle	insertion	distance	is	made	while	compressing	the	skin	and
underlying	soft	tissue.	On	removal	of	the	probe	pressure,	the	skin
rebounds,	such	that	the	needle	insertion	depth	is	underestimated.	During
actual	needle	insertion,	the	operator	is	appropriately	concerned,	if	there	is
no	fluid	obtained	at	the	depth	measured	from	the	ultrasound	machine
screen.	The	solution	to	this	problem	is	to	rescan	the	patient,	confirm	the
angle	of	insertion,	and	estimate	the	compression	artifact	more	accurately.
Another	cause	for	difficulty	is	movement	of	the	mark	that	designates	the
appropriate	site	for	needle	insertion.	Skin	is	movable,	so	the	injudicious
application	of	force	by	the	operator’s	hand	may	shift	the	skin	mark.	The
needle	should	be	inserted	at	the	mark	without	any	tension	applied	to	the
area	that	might	shift	the	mark	position.	Similarly,	a	“dry	tap”	might	result
from	inaccurate	duplication	of	the	angle	at	which	the	transducer	was
held,	or	an	inaccurate	skin	mark.	The	solution	remains	to	rescan	the
patient	to	recheck	the	angle	and	site.	Generally,	it	is	easier	to	duplicate	a
perpendicular	transducer	angle	than	one	that	is	acutely	angled.	This
favors	an	anterior	or	lateral	chest	wall	approach	(if	fluid	is	accessible),
because	the	transducer	is	often	perpendicular	to	the	chest	wall	when
scanning	in	these	areas.	This	is	not	the	case	in	the	subcostal	approach.
An	unusual	cause	of	a	“dry	tap”	is	a	blocked	needle,	resulting	from	an
overly	deep	needle	insertion.	Clotted	blood	or	skin	plug	may	be	the
culprit.	Overly	vigorous	probing	of	the	anterior	costal	cartilage	(if	using	a
parasternal	approach)	may	also	block	the	needle	with	cartilage,	causing
the	operator	to	insert	the	needle	too	deeply,	with	potential	complications



to	the	patient.
A	large	anterior	pericardial	fat	pad	may	be	mistaken	for	a	pericardial
effusion	by	the	inexperienced	ultrasonographer.	Pericardial	fat	has	some
element	of	echogenicity	and	moves	in	synchrony	with	cardiac
contraction.	However,	it	is	very	uncommon	for	a	consequential
pericardial	effusion	to	occur	anterior	to	the	heart	without	a	significant
posterior	pericardial	effusion	also	being	present.
An	uncommon	pitfall	of	pericardiocentesis	occurs	when	the	anesthesia
needle	penetrates	the	pericardium	after	having	traversed	a	pleural
effusion.	The	pericardial	effusion	may	then	drain	into	the	pleural	space
through	the	defect	in	the	pericardium	made	by	the	anesthesia	needle.	This
may	occur	if	there	is	a	delay	before	definitive	pericardial	device
insertion.	The	operator	is	unpleasantly	surprised	by	the	lack	of
pericardial	effusion	and	the	presence	of	a	new	pleural	effusion.	To	avoid
this	situation,	device	insertion	should	promptly	follow	infiltration	of	the
local	anesthesia.

SPECIAL	CIRCUMSTANCES

Cardiac	Surgery
Pericardial	effusions	occur	commonly	after	cardiac	surgery.	Effusions	requiring
intervention	occur	in	about	1%	to	2%	of	patients	and	may	present	early	or	late	in
the	postoperative	course.31	Early	effusions	are	most	often	due	to	hemorrhage	and
should	be	suspected	with	any	patient	that	is	hypotensive	or	is	showing	signs	of
decreased	end	organ	perfusion.	Late	effusions	occur	days	to	weeks	after	surgery.
Adhesions	 can	 develop	 forming	 loculated	 effusions	 due	 to	 persistent
inflammation.32	 Patients	 may	 present	 with	 ongoing	 atypical	 symptoms	 and
effusions	can	be	overlooked.31

Standard	 transthoracic	 echocardiography	 (TTE)	 remains	 the	 mainstay	 for
diagnosis	of	pericardial	effusion	and	tamponade.	Imaging	the	heart	in	a	standard
orientation	can	be	challenging	due	to	the	presence	of	surgical	wounds,	bandages,
and	 tissue	 edema	 limiting	 the	 sensitivity	 of	 the	 test.33	 Effusions	 may	 appear
either	 hypoechoic	 or	 isoechoic	with	 the	 surrounding	 tissue	 depending	 on	 their
etiology.	Additionally	they	may	be	posteriorly	located	or	loculated	and	causing
localized	tamponade	over	any	chamber.34



1 	 0 	 The	 classic	 echocardiographic	 findings	 of	 right-sided	 diastolic	 chamber
collapse,	respiratory	inflow	variation,	and	a	plethoric	IVC	also	may	be	absent.35
Transesophageal	echocardiogram	(TEE)	is	recommended	for	any	patient	with	a
nondiagnostic	TTE	and	 suspected	 tamponade.	TEE	can	be	 easily	performed	at
the	beside	and	has	excellent	results	in	diagnosing	effusions.36	First-line	treatment
remains	pericardiocentesis.	Surgical	drainage	or	resternotomy	may	be	necessary
if	the	effusion	is	not	reachable	by	percutaneous	approach	or	if	there	is	evidence
of	ongoing	bleeding	or	hematoma.

Pulmonary	Hypertension
Pericardial	effusion	is	also	common	with	pulmonary	arterial	hypertension	(PAH)
and	 is	 associated	with	 a	worse	prognosis.37	As	 the	pressure	 in	 the	 right	 atrium
increases,	 it	 exceeds	 that	 of	 the	 venous	 and	 lymphatic	 drainage	 of	 the
pericardium,	 leading	 to	 the	 development	 of	 an	 effusion.38	 Compared	 to	 other
forms	 of	 PAH,	 effusions	 are	 more	 common	 and	 larger	 with	 connective	 tissue
associated	etiologies.37	These	patients	may	be	able	 to	be	 treated	conservatively
with	 disease	 specific	 related	 therapies	 without	 requiring	 drainage.	 However,
there	are	specific	points	to	mention	regarding	effusions	in	PAH.

First,	 tamponade	 may	 present	 without	 characteristic	 right-sided	 diastolic
chamber	 collapse	 or	 equalization	 of	 pressures.39	 RA	 and	 RV	 end	 diastolic
pressures	 in	PAH	commonly	exceed	 that	of	 the	 left	atrium	and	ventricle,	 so	as
intrapericardial	 pressure	 increases,	 left-sided	 diastolic	 chamber	 collapse	 will
occur	 first.37	 Second,	 larger	 effusions	 help	 to	 maintain	 normal	 geometry	 and
limit	RV	dilation.	Deterioration	after	rapid	drainage	of	an	effusion	has	been	well
described	previously	and	is	likely	due	to	two	reasons.40	As	the	external	pressure
on	the	RV	is	released,	 it	will	acutely	dilate,	causing	impaired	systolic	function.
Second,	 the	 interventricular	 septum	will	 shift	 into	 the	 left	 ventricle	 as	 the	RV
dilates,	 impairing	 diastolic	 filling	 and	 forward	 cardiac	 output.41	 Therefore,
conservative	 management	 of	 pericardial	 effusions	 in	 PAH	 is	 recommended
unless	necessary.	If	drainage	is	required,	removal	of	small	amounts	of	fluid	over
a	longer	period	of	time	is	required	to	prevent	hemodynamic	deterioration.

SUMMARY
Ultrasonography	 permits	 safe	 pericardiocentesis.	 Ultrasonography	 allows	 the
intensivist	to	select	a	safe	site,	angle,	and	depth	for	needle	and	device	insertion.
Careful	attention	 to	 image	acquisition	and	 interpretation	allows	 the	operator	 to



avoid	the	serious	complication	of	myocardial	or	coronary	artery	laceration.	The
critical	 care	 ultrasonographer	 is	 strongly	 encouraged	 to	 develop	 proficiency	 in
ultrasound	 guidance	 of	 pericardiocentesis,	 because	 it	 is	 superior	 to	 subcostal
fluoroscopic	guidance.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	76-year-old	woman	with	a	past	medical	history	notable	for
hypertension,	hyperlipidemia,	and	deep	vein	thrombosis	presents	to	the	hospital
due	to	syncope.	Her	home	medications	include	apixaban,	losartan,	and
atorvastatin.	Vital	signs	are	heart	rate	of	35	and	blood	pressure	of	100/60.
Electrocardiogram	shows	sinus	rhythm	with	complete	heart	block	and
ventricular	escape.	A	temporary	transvenous	pacemaker	is	placed	with	resolution
of	her	symptoms.	She	undergoes	placement	of	a	permanent	dual-chamber
pacemaker	on	hospital	day	2.	Two	hours	post	procedure,	a	rapid	response	team	is
called	due	to	hypotension.	The	patient’s	heart	rate	is	now	110	with	a	blood
pressure	of	70/50.	Her	physical	exam	is	notable	for	a	somnolent	female,	elevated
jugular	venous	pressure	and	cold	extremities.	Heart	sounds	are	faint,	but	audible,
with	no	appreciable	murmurs.	An	electrocardiogram	shows	sinus	tachycardia
with	appropriate	paced	complexes.	What	is	the	most	likely	diagnosis?

A. 	Acute	coronary	syndrome
B. 	Anesthesia	side	effect
C. 	Cardiac	tamponade
D. 	Pacemaker	malfunction
E. 	Pulmonary	embolism

2. 	A	63-year-old	man	with	a	past	medical	history	notable	for	coronary	artery
disease,	end-stage	renal	disease	on	hemodialysis,	diabetes,	and	hypertension
presents	to	the	hospital	from	dialysis	due	to	syncope	and	hypotension.	He	has
noted	poor	oral	intake,	stomach	discomfort	and	has	been	unable	to	tolerate	a	full
dialysis	session	over	the	past	week	due	to	hypotension.	After	starting	dialysis
today,	he	lost	consciousness	and	was	found	to	have	a	blood	pressure	of	70/40
that	improved	to	90/50	after	stopping	dialysis	and	receiving	IV	fluids.	In	the
emergency	department,	his	vital	signs	are	heart	rate	of	70,	blood	pressure	of
80/60,	and	oxygen	saturation	of	96%	on	2	L	of	nasal	cannula.	Physical	exam



shows	a	somnolent	but	responsive	male	with	dry	mucus	membranes,	elevated
jugular	venous	pressure,	muffled	heart	sounds,	and	2+	lower	extremity	edema.
What	is	the	next	diagnostic	step?

A. 	Bedside	transthoracic	echocardiogram
B. 	CT	head
C. 	CT	pulmonary	angiogram
D. 	Chest	x-ray
E. 	Electrocardiogram

3. 	A	36-year	old	woman	presents	to	the	hospital	with	1	month	of	progressive
shortness	of	breath	and	rash.	Her	medical	history	is	remarkable	for	anxiety	and
systemic	lupus	erythematosus	(SLE).	She	does	not	take	any	home	medications.
Vital	signs	are	heart	rate	of	102,	blood	pressure	of	130/80,	respiratory	rate	of	16,
and	oxygen	saturation	of	96%	on	room	air.	Physical	exam	shows	a	malar	rash,
clear	lungs,	elevated	jugular	venous	pressure,	2/6	blowing	systolic	murmur,	and
2+	pedal	edema.	Chest	x-ray	is	notable	for	enlarged	cardiac	silhouette,	but	no
evidence	of	an	acute	pulmonary	process.	Laboratory	testing	confirms	an	active
SLE	flare.	Transthoracic	echocardiogram	reveals	normal	left	ventricular	size	and
systolic	function,	dilated	right	ventricle	with	severe	pulmonary	hypertension,
and	a	large	pericardial	effusion.	There	is	no	echocardiographic	evidence	of
tamponade	physiology.	What	is	the	best	treatment	strategy?

A. 	Intravenous	fluids
B. 	Immunosuppressive	therapy
C. 	Nonsteroidal	anti-inflammatory	drugs
D. 	Oral	pulmonary	vasodilators
E. 	Pericardiocentesis

Answers

1.	The	correct	answer	is	C.
Rationale:	Cardiac	tamponade	due	to	pacemaker	lead	perforation	is	the	most

likely	diagnosis	in	this	patient	(choice	C	is	correct).	The	patient	 is	on	systemic
anticoagulation,	 recently	 underwent	 an	 invasive	 procedure,	 and	 their	 exam
shows	 a	 narrow	 pulse	 pressure	 and	 an	 elevated	 central	 venous	 pressure
consistent	with	obstructive	cardiogenic	shock.	It	is	important	to	note	that	the	rate
of	pericardial	effusion	accumulation	determines	 its	hemodynamic	effect.	Rapid
identification	 of	 pericardial	 effusion	 and	 tamponade	 physiology	 with	 urgent



pericardiocentesis	is	required	to	stabilize	the	patient.	In	the	absence	of	symptoms
or	 ECG	 evidence,	 an	 acute	 coronary	 syndrome	 is	 unlikely	 (choice	 A	 is
incorrect).	An	anesthesia	side	effect	accounting	for	this	constellation	of	findings
is	 unlikely	 (choice	 B	 is	 incorrect).	 The	 pacemaker	 is	 noted	 to	 be	 functioning
normally	 (choice	 D	 is	 incorrect).	 Acute	 pulmonary	 embolism	 is	 possible,	 and
could	account	for	elevated	JVP,	but	the	fact	the	patient	is	on	anticoagulation	and
the	 proximity	 to	 the	 procedure	make	 this	 less	 likely	 (choice	 E	 is	 not	 the	 best
answer).

2.	The	correct	answer	is	A.
Rationale:	Bedside	point-of-care	ultrasound	is	the	next	best	diagnostic	step	in

this	 patient	 to	 rule	 out	 pericardial	 effusion	 and	 tamponade.	 The	 patient	 is
presenting	with	 one	week	 of	 symptoms,	 possibly	 from	uremia	 or	 a	GI	 illness,
and	 has	 been	 unable	 to	 tolerate	 a	 full	 dialysis	 session	 during	 this	 time.
Pericardial	effusion	should	be	considered	in	end	stage	renal	disease	patients	who
are	hypotensive	but	exhibit	signs	of	volume	overload	on	physical	exam.	A	head
CT	 may	 be	 warranted	 if	 the	 patient	 does	 not	 recover	 with	 improvement	 in
hemodynamics	but	would	be	a	risky	next	procedure	given	his	current	instability
(choice	B	is	incorrect).	A	pulmonary	embolism	is	possible	but	a	CT	pulmonary
angiogram	would	also	not	be	the	next	procedure	given	the	current	hemodynamic
instability	 (choice	 C	 is	 incorrect).	 Bedside	 chest	 x-ray	 and	 electrocardiogram
would	both	be	reasonable	and	appropriate	but	not	the	best	next	step	(choices	D
and	E	are	not	the	best	answers).

3.	The	correct	answer	is	B.
Rationale:	Immunosuppressive	therapy	is	the	correct	choice	for	patients	with

connective	 disease	 associated	 pulmonary	 hypertension	 and	 a	 large	 pericardial
effusion	 (choice	 B	 is	 correct).	 While	 the	 presence	 of	 a	 large	 effusion	 is	 a
standard	 indication	 for	 pericardiocentesis,	 drainage	 of	 the	 effusion	 can	 lead	 to
clinical	 deterioration.	 If	 the	 fluid	 is	 removed	 rapidly,	 the	 right	 ventricle	 will
acutely	 dilate,	 leading	 to	 right	 ventricular	 failure	 and	 bowing	 of	 the
interventricular	 septum	 into	 the	 left	 ventricle	 causing	 hemodynamic	 collapse
(choice	E	is	 incorrect).	Since	the	patient	shows	no	signs	of	cardiac	tamponade,
treating	the	underlying	inflammatory	process	is	the	best	initial	treatment	strategy.
Intravenous	 fluids	 are	 unnecessary	 given	 the	 patient	 is	 well	 compensated	 and
appears	fluid	overloaded	(choice	A	is	incorrect).	Nonsteroidal	anti-inflammatory
drugs	 and	 oral	 pulmonary	 vasodilators	 are	 not	 indicated	 for	 connective	 tissue
disease–related	pericardial	effusions	and	pulmonary	hypertension	(choices	C	and
D	are	incorrect).
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Chapter	18
Temporary	Cardiac	Pacing
Glenn	T.	Stokken,	Basel	Edris

KEY	POINTS:
1.	 For	symptomatic	patients	presenting	with	sinus	node	dysfunction

(SND),	evaluation	and	treatment	of	reversible	causes	is
recommended.

2.	 For	patients	with	SND	with	minimal	and/or	infrequent	symptoms
without	hemodynamic	compromise,	temporary	transcutaneous	or
transvenous	pacing	should	not	be	performed.

3.	 For	patients	with	sleep-related	sinus	bradycardia	or	transient	sinus
pauses	occurring	during	sleep,	permanent	pacing	should	not	be
performed	unless	other	indications	for	pacing	are	present.

4.	 For	patients	with	second-degree	or	third-degree	AV	block	associated
with	symptoms	or	hemodynamic	compromise	that	is	refractory	to
medical	therapy,	temporary	transvenous	pacing	is	reasonable.

5.	 For	patients	presenting	with	an	acute	MI,	temporary	pacing	is
indicated	for	medically	refractory	symptomatic	or	hemodynamically
significant	bradycardia	related	to	SND	or	AV	block.

INTRODUCTION
Temporary	cardiac	pacing	may	be	urgently	required	for	the	treatment	of	cardiac
conduction	 and	 rhythm	 disturbances	 during	 an	 intensive	 care	 unit	 (ICU)	 stay.
Temporary	 cardiac	 pacing	 is	 typically	 used	 to	 treat	 a	 bradyarrhythmia	 until	 it
resolves,	or	permanent	pacing	can	be	applied.	Temporary	pacing	is	required	for
approximately	 20%	 of	 patients	 presenting	 to	 the	 emergency	 department	 with
symptomatic	bradycardia.	Therefore,	ICU	personnel	should	be	familiar	with	the



indications	 and	 techniques	 for	 initiating	 and	 maintaining	 temporary	 cardiac
pacing,	as	well	as	the	possible	complications	of	this	procedure.1,2

INDICATIONS	FOR	TEMPORARY	CARDIAC
PACING
As	outlined	 in	Table	18.1,	 temporary	 pacing	 is	 indicated	 in	 the	 diagnosis	 and
management	of	several	serious	rhythm	and	conduction	disturbances.

TABLE	18.1

Indications	for	Acute	(Temporary)	Cardiac	Pacing

1.	 Medically	refractory	symptomatic	bradycardia
a.	 Sinus	bradycardia	or	frequent	sinus	pauses
b.	 Second-	or	third-degree	AV	block	(irrespective	of	level	of	block)
c.	 Third-degree	AV	block	with	wide	QRS	escape	rhythm	(infranodal

block)
2.	 In	the	setting	of	acute	myocardial	infarction

a.	 Asymptomatic	bilateral/alternating	bundle	branch	block
b.	 New	bundle	branch	block	with	Mobitz	II	second-degree	AV	block
c.	 Symptomatic	complete	AV	nodal	block
d.	 Symptomatic	sinus	bradycardia

3.	 Prophylactic
a.	 Right-sided	heart	catheterization	or	endocardial	biopsy	in	a	patient

with	left	bundle	branch	block
b.	 New	AV	or	bundle	branch	block	with	acute	endocarditis	(especially

aortic	valve	endocarditis)
c.	 Preoperatively	in	a	patient	with	bifascicular	block	and	a	history	of

syncope
d.	 During	transcatheter	aortic	valve	replacement	(TAVR)

4.	 Treatment	of	tachyarrhythmias
a.	 Termination	of	recurrent	ventricular	or	supraventricular	tachycardia
b.	 Suppression	of	brady-dependent	ventricular	tachyarrhythmia

including	torsades	de	pointes



5.	 Reversible	causes	of	bradycardia
a.	 Chest	or	cardiac	trauma	(including	surgery)	associated	with	sinus	or

AV	node	dysfunction
b.	 Metabolic	and	electrolyte	disturbances	(hyperkalemia)
c.	 Drug-induced	bradycardia	(eg,	digitalis	toxicity)
d.	 Lyme	carditis,	bacterial	endocarditis

Bradyarrhythmias
The	 most	 common	 indication	 for	 temporary	 pacing	 in	 the	 ICU	 setting	 is	 a
hemodynamically	 significant	 or	 symptomatic	 bradyarrhythmia	 such	 as	 sinus
node	 dysfunction	 (SND)	 or	 high-grade	 atrioventricular	 (AV)	 block.3	 In	 these
conditions,	temporary	pacing	may	serve	as	a	bridge	to	placement	of	a	permanent
pacemaker	(PPM),	or	just	a	backup	while	the	reversible	condition	resolves.

Sinus	Node	Dysfunction
1 	Most	patients	with	SND	present	with	chronic	 complaints	 that	do	not	 require
acute	treatment.	In	addition,	most	causes	of	SND	are	chronic	and	irreversible.	In
some	 cases,	 sinus	 bradyarrhythmias	 are	 attributable	 to	 potentially	 reversible
causes	 such	 as	 acute	 myocardial	 infarction	 (MI),	 atrial	 tachyarrhythmias,
electrolyte	 abnormalities,	 hypothyroidism,	 medications,	 infections,	 and
metabolic	 abnormalities	 (Table	 18.2).	 In	 symptomatic	 patients	 presenting	with
SND,	evaluation	and	treatment	of	reversible	causes	is	recommended.

TABLE	18.2

Common	Reversible	Causes	of	Sinus	Node	Dysfunction.

Common	Potentially	Reversible	or	Treatable	Causes	of	Sinus
Node	Dysfunction

Acute	myocardial	ischemia	or	infarction

Athletic	training

Atrial	fibrillation



Cardiac	surgery

Valve	replacement,	maze	procedure,	coronary	artery	bypass	graft

Drugs	or	toxinsa

Toluene,	organophosphates,	tetrodotoxin,	cocaine

Electrolyte	abnormality

Hyperkalemia,	hypokalemia,	hypoglycemia

Heart	transplant:	acute	rejection,	chronic	rejection,	remodeling

Hypervagotonia

Hypothermia

Therapeutic	(post–cardiac	arrest	cooling)	or	environmental	exposure

Hypothyroidism

Hypovolemic	shock

Hypoxemia,	hypercarbia,	acidosis

Sleep	apnea,	respiratory	insufficiency	(suffocation,	drowning,	stroke,	drug
overdose)

Infection

Lyme	disease,	legionella,	psittacosis,	typhoid	fever,	typhus,	listeria,	malaria,
leptospirosis,	dengue	fever,	viral	hemorrhagic	fevers,	Guillain-Barré

Medicationsa

Beta-blockers,	non-dihydropyridine	calcium	channel	blockers,	digoxin,
antiarrhythmic	drugs,	lithium,	methyldopa,	risperidone,	cisplatin,	interferon

aPartial	list.

For	 patients	 with	 persistent	 hemodynamically	 unstable	 SND	 refractory	 to
medical	 therapy,	 temporary	 transvenous	 pacing	 is	 reasonable	 to	 increase	 heart



rate	and	improve	symptoms.
2 	For	patients	with	SND	with	minimal	and/or	 infrequent	symptoms	without

hemodynamic	 compromise,	 temporary	 transcutaneous	 or	 transvenous	 pacing
should	not	be	performed	.

3 	For	patients	with	 sleep-related	 sinus	bradycardia	or	 transient	 sinus	pauses
occurring	during	sleep,	permanent	pacing	should	not	be	performed	unless	other
indications	for	pacing	are	present.

ATRIOVENTRICULAR	BLOCK
There	 are	 numerous	 disease	 states	 that	 may	 affect	 the	 AV	 conduction	 system
resulting	 in	AV	block.	These	 include	both	 congenital	 and	 acquired	 forms.	The
latter	 are	 much	 more	 common	 and	 include	 infectious,	 inflammatory,
degenerative,	ischemic,	and	iatrogenic	causes.	Degenerative	causes	are	the	most
commonly	 seen	during	 clinical	 practice	 and	 are	 associated	with	 increased	 age,
chronic	hypertension,	and	diabetes	mellitus.	Infectious	causes,	particularly	Lyme
carditis,	are	important	to	consider	for	the	appropriate	patient,	as	AV	block	may
be	reversible	with	appropriate	medical	treatment.	Ischemic	etiologies	should	also
be	 considered,	 because	 AV	 block	 attributable	 to	 inferior	 wall	 ischemia	 or	MI
may	be	reversible.	AV	block	caused	by	vagotonic	influences	is	usually	transient
and	generally	does	not	require	cardiac	pacing.

AV	block	may	be	classified	anatomically	by	the	site	of	block,	usually	divided
into	 AV	 nodal,	 intra-Hisian	 (within	 the	 His	 bundle	 itself),	 and	 infra-Hisian
(below	the	His	bundle).	The	site	of	block	may	be	clinically	important	and	can	be
determined	 by	 invasive	 electrophysiology	 study	 when	 not	 apparent	 from	 the
electrocardiogram	(ECG)	and	clinical	circumstances.

4 	For	patients	with	 second-degree	or	 third-degree	AV	block	associated	with
symptoms	 or	 hemodynamic	 compromise	 that	 is	 refractory	 to	medical	 therapy,
temporary	transvenous	pacing	is	reasonable.

For	 patients	 who	 require	 prolonged	 temporary	 transvenous	 pacing,	 it	 is
reasonable	 to	 choose	 an	 externalized	 permanent	 active	 fixation	 lead	 over	 a
standard	passive	fixation	temporary	pacing	lead.

Tachyarrhythmias
Temporary	cardiac	pacing	 is	used	 less	often	for	 the	prevention	and	 termination
of	supraventricular	and	ventricular	tachyarrhythmias.

Atrial	 pacing	 during	 an	 ICU	 stay	 is	 often	 performed	 when	 temporary



epicardial	 electrodes	 have	 been	 placed	 during	 cardiac	 surgery.	 Pacing
termination	of	atrial	flutter	for	cardiac	surgery	patients	with	epicardial	leads	may
be	preferable	to	synchronized	cardioversion,	which	carries	risks	associated	with
sedation.	 A	 critical	 pacing	 rate	 (usually	 125%-135%	 of	 the	 flutter	 rate)	 and
pacing	duration	(usually	about	10	s)	are	important	for	the	successful	conversion
of	atrial	flutter	to	sinus	rhythm.4

Temporary	 pacing	 may	 be	 required	 for	 the	 prevention	 of	 paroxysmal
polymorphic	ventricular	tachycardia	among	patients	with	prolonged	QT	intervals
(torsades	de	pointes),	particularly	when	secondary	to	drugs.5,6	Temporary	cardiac
pacing	with	a	mild	tachycardia	is	the	treatment	of	choice	to	stabilize	the	patient
while	a	antiarrhythmic	agent	exacerbating	ventricular	irritability	is	metabolized.
The	effectiveness	of	cardiac	pacing	probably	relates	to	decreasing	the	dispersion
of	refractoriness	of	the	ventricular	myocardium	(shortening	the	QT	interval).

Temporary	 ventricular	 pacing	may	be	 successful	 for	 terminating	 ventricular
tachycardia.	 When	 ventricular	 tachycardia	 must	 be	 terminated	 urgently,
cardioversion	 is	 mandated.	 However,	 in	 less	 urgent	 situations,	 conversion	 of
ventricular	tachycardia	via	rapid	ventricular	pacing	may	be	useful.	“Overdrive”
ventricular	 pacing	 is	 often	 effective	 for	 terminating	 monomorphic	 ventricular
tachycardia	for	a	patient	with	remote	MI	or	in	the	absence	of	heart	disease.	This
technique	is	less	effective	when	ventricular	tachycardia	complicates	acute	MI	or
cardiomyopathy.	 Rapid	 ventricular	 pacing	 is	 most	 successful	 for	 terminating
ventricular	 tachycardia	 when	 the	 ventricle	 can	 be	 “captured”	 (asynchronous
pacing	for	5-10	beats	at	a	rate	of	50	beats/min	greater	than	that	of	the	underlying
tachycardia).	 A	 cardiac	 defibrillator	 should	 be	 immediately	 available,	 because
pacing	may	 result	 in	 acceleration	of	ventricular	 tachycardia	or	degeneration	 to
ventricular	fibrillation.

DIAGNOSIS	OF	RAPID	RHYTHMS
Temporary	 atrial	 pacing	 electrodes	 may	 be	 helpful	 for	 the	 diagnosis	 of
tachyarrhythmias	 when	 the	 morphology	 of	 the	 P	 wave	 and	 its	 relation	 to	 the
QRS	complexes	cannot	be	determined	from	the	surface	ECG.7	A	recording	of	the
atrial	electrogram	is	helpful	for	a	regular,	narrow-complex	tachycardia	in	which
the	 differential	 diagnosis	 includes	 atrial	 flutter,	 AV	 nodal	 reentry,	 or	 other
supraventricular	 rhythm.	 This	 technique	may	 also	 assist	 with	 the	 diagnosis	 of
wide-complex	 tachycardias	 in	 which	 the	 differential	 diagnosis	 includes
supraventricular	 tachycardia	 with	 aberrant	 conduction,	 sinus	 tachycardia	 with
bundle	branch	block,	and	ventricular	tachycardia.



To	record	an	atrial	ECG,	 the	ECG	limb	 leads	are	connected	 in	 the	standard
fashion	and	a	precordial	lead	(usually	V	1)	is	connected	to	the	proximal	electrode
of	 the	atrial	pacing	catheter	or	 to	an	epicardial	atrial	electrode.	A	multichannel
ECG	 rhythm	strip	 is	 run	 at	 a	 rapid	paper	 speed,	 simultaneously	demonstrating
surface	ECG	limb	leads	as	well	as	 the	atrial	electrogram	obtained	via	 lead	V	 1.
This	 rhythm	 strip	 should	 reveal	 the	 conduction	 pattern	 between	 atria	 and
ventricles	as	antegrade,	simultaneous,	retrograde,	or	dissociated.

ACUTE	MYOCARDIAL	INFARCTION
All	 types	 of	 conduction	disturbances	 can	occur	 in	 the	 context	 of	 an	 acute	MI,
and	these	are	influenced	by	multiple	mechanisms	including	ischemia,	extent	and
location	 of	 MI,	 reperfusion,	 and	 autonomic	 effects	 affecting	 electrical
conduction	 of	 the	 sinus	 or	AV	 node.	Hemodynamic	 compromise	 secondary	 to
significant	 bradycardia	 can	 have	 deleterious	 effects	 on	 organ	 perfusion,	which
can	complicate	recovery	and	negatively	impact	survival	(through	renal,	hepatic,
or	cerebral	ischemia).

Anterior	MI	with	 associated	AV	conduction	 impairment	generally	 confers	 a
worse	prognosis	with	a	higher	mortality	than	an	inferior	MI	with	a	similar	initial
presentation.	 Indications,	 therefore,	 for	 PPM	 implantation	 in	 the	 setting	 of	 an
acute	MI	are	based	on	 the	clinical	situation,	and	adequate	observation	 to	allow
for	 recovery	 of	 AV	 conduction,	 and	 to	 avoid	 unnecessary	 pacemaker
implantations.	Again,	the	clinician	should	carefully	consider	and	generally	avoid
early	 permanent	 pacing	 (<72	 hours),	 so	 as	 to	 potentially	 avoid	 unnecessary
implantation	of	pacemakers.8,9

Prophylactic	 temporary	 cardiac	 pacing	 has	 aroused	 debate	 for	 its	 role	 for	 a
complicated	 anterior	wall	MI.	The	 left	 anterior	 descending	 artery	 is	 the	major
blood	 supply	 to	 the	His	 bundle	 and	 the	 bundle	 branches,	 and	 an	 anterior	wall
infarction	 with	 new	 bundle	 branch	 block	 represents	 extensive	 myocardial
damage	 and	 confers	 an	 increased	 risk	 of	 heart	 failure	 and	 mortality.
Thrombolytic	 therapy	 or	 percutaneous	 coronary	 intervention	 takes	 precedence
over	placement	of	prophylactic	cardiac	pacing,	because	prophylactic	pacing	has
not	 been	 shown	 to	 improve	 mortality.	 Transthoracic	 (transcutaneous)	 cardiac
pacing	 is	 safe	 and	usually	 effective10	 and	would	 be	 a	 reasonable	 alternative	 to
prophylactic	 transvenous	 cardiac	 pacing,	 particularly	 soon	 after	 the
administration	of	thrombolytic	therapy.11

5 	For	patients	presenting	with	an	acute	MI,	temporary	pacing	is	indicated	for
medically	 refractory	 symptomatic	 or	 hemodynamically	 significant	 bradycardia



related	to	SND	or	AV	block.
Patients	who	 present	with	 SND	 or	AV	 block	 in	 the	 setting	 of	 an	 acute	MI

should	 undergo	 a	 waiting	 period	 before	 determining	 the	 need	 for	 permanent
pacing.

For	 patients	 presenting	 with	 an	 acute	 MI	 with	 second-degree	 Mobitz	 AV
block,	high-grade	AV	block,	alternating	bundle-branch	block,	or	third-degree	AV
block	 (persistent	 or	 infranodal),	 permanent	 pacing	 is	 indicated	 after	 a	 waiting
period.

EQUIPMENT	AVAILABLE	FOR	TEMPORARY
PACING
Several	methods	of	temporary	pacing	are	currently	available	for	use	in	the	ICU.
Transvenous	 pacing	 of	 the	 right	 ventricle	 (RV)	 or	 right	 atrium	 (RA)	 with	 a
pacing	catheter	or	modified	pulmonary	artery	catheter	 is	 the	most	widely	used
technique;	intraesophageal,	transcutaneous,	and	epicardial	pacing	techniques	are
also	available.

Transvenous	Pacing	Catheters
Some	of	the	many	transvenous	pacing	catheters	available	for	use	in	the	critical
care	setting	are	illustrated	in	Figure	18.1.	Pacing	catheters	range	in	size	from	4
Fr	 (1.2	 mm)	 to	 7	 Fr	 (2.1	 mm).	 In	 urgent	 situations,	 or	 where	 fluoroscopy	 is
unavailable,	 a	 flow-directed	 flexible	 balloon-tipped	 catheter	 (Figure	18.1,	 top)
may	be	placed	in	the	RV	using	ECG	guidance.	After	gaining	access	to	the	central
venous	circulation	(Chapters	6	and	19),	the	catheter	is	passed	into	the	vein	and
the	balloon	inflated.	After	advancing	the	catheter	into	the	RV,	the	balloon	can	be
deflated	 and	 the	 catheter	 tip	 advanced	 to	 the	 right	 ventricular	 apex.	 Cardiac
ultrasound	 can	 confirm	 placement	 of	 the	 catheter	 in	 the	 RV.12	 Although	 the
balloon-tipped	catheter	may	avoid	 the	need	 for	 fluoroscopy,	placement	may	be
ineffective	 in	 the	 setting	 of	 low	 blood	 flow	 during	 cardiac	 arrest	 or	 in	 the
presence	of	severe	 tricuspid	regurgitation.	Stiff	catheters	 (Figure	18.1,	middle)
are	 easier	 to	manipulate	 but	 require	 insertion	under	 fluoroscopic	 or	 ultrasound
guidance.13



	

Figure	 18.1 	 Cardiac	 pacing	 catheters.Several	 designs	 are
available	for	temporary	pacing	in	the	critical	care	unit.	Top:	Balloon-
tipped,	flow-directed	pacing	wire.	Middle:	Standard	5-Fr	pacing	wire.
Bottom:	 Atrial	 J-shaped	 wire.(From	 Merchant	 B,	 Dahlberg	 ST.
Temporary	Cardiac	Pacing.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe
JM,	eds.	Irwin	and	Rippe’s	Intensive	Care	Medicine.	8th	ed.	Wolters
Kluwer;	2017:148.)

A	 flexible	 J-shaped	 catheter	 (Figure	18.1,	 bottom),	 designed	 for	 temporary
atrial	pacing,	 is	 also	available.14	This	 lead	 is	 positioned	by	 “hooking”	 it	 in	 the
right	atrial	appendage	under	fluoroscopic	guidance,	providing	stable	contact	with
the	atrial	endocardium.

A	multilumen	pulmonary	artery	catheter	 is	available	with	a	right	ventricular
port.	 Placement	 of	 a	 small	 (2.4-Fr)	 bipolar	 pacing	 lead	 through	 the	 right
ventricular	lumen	allows	intracardiac	pressure	monitoring	and	pacing	through	a
single	catheter.15	Details	on	its	use	and	insertion	are	described	in	Chapter	19.

Utility	of	Ultrasonography	for	Transvenous	Pacemaker
Insertion
Ultrasonography	 has	 useful	 applications	 related	 to	 transvenous	 pacemaker
insertion.

Real-time	 guidance	 of	 pacemaker	 insertion	 with	 ultrasonography	 is	 a	 safe,
effective,	 and	 a	 fast	 way	 to	 perform	 the	 procedure.	 It	 has	 advantage	 over
fluoroscopic	 guidance,	 because	 it	 requires	 no	 patient	 transport	 or	 complex
equipment	 and	 can	 be	 performed	 at	 the	 bedside	 of	 the	 critically	 ill	 patient.



Ultrasonography-guided	 insertion	 is	 performed	 more	 rapidly	 and	 with	 fewer
complications	than	with	fluoroscopic	control.13,16

The	RA,	tricuspid	valve	(TV),	and	RV	are	imaged	from	the	subcostal	views	or
the	right	ventricular	 inflow	view	according	to	operator	preference.	If	a	femoral
approach	is	used,	the	longitudinal	view	of	the	inferior	vena	cava	(IVC)	permits
visualization	 of	 the	 pacer	 wire.	 	 Video	 18.1	 illustrates	 the	 insertion	 of	 a
transvenous	pacer	wire	from	the	IVC	into	the	RA.	The	catheter	tip	is	visualized
as	 it	 enters	 the	 RA.	 The	 operator	 manipulates	 the	 catheter	 under	 direct
visualization	through	the	TV.	Once	in	the	RV	cavity,	the	balloon	is	deflated	and
the	catheter	advanced	into	the	RV	apex.	Visualization	of	the	catheter	approach	to
the	RV	apex	requires	an	apical	four-chamber	view.	Because	it	may	be	difficult	to
image	the	wire	during	its	final	advance	into	the	RV	apex,	the	procedure	is	done
with	ECG	monitoring	from	catheter	tip,	to	confirm	final	position	with	detection
of	 a	 current	 of	 injury	 pattern.	 For	 intubated	 patients	 with	 inadequate	 image
quality	 from	 transthoracic	 images,	 transesophageal	 echocardiography	 is	 an
effective	alternative.	In	this	case,	the	bicaval	view	allows	initial	visualization	of
the	catheter,	whereas	the	mid-esophageal	four-chamber	view	permits	assessment
of	catheter	movement	into	the	RV.

CASE	1
An	 elderly	 woman	 presented	 to	 the	 emergency	 department	 in
cardiac	 arrest	 of	 unknown	 etiology.17	 She	 had	 been	 experiencing
malaise,	diarrhea,	and	poor	oral	 intake	for	several	days.	She	had	a
past	 medical	 history	 of	 hypertension,	 obesity,	 hypothyroidism,
dyslipidemia,	and	atrial	 fibrillation.	Her	current	medications	 included
furosemide,	spironolactone,	levothyroxine,	warfarin,	and	simvastatin.
On	 arrival,	 she	 was	 in	 pulseless	 electrical	 activity	 (PEA),	 and	 the
team	began	treating	according	to	the	PEA	advanced	cardiovascular
life	support	protocol	as	well	as	endotracheally	intubating	her.	During
a	 pulse	 check,	 the	 patient	 remained	 in	 PEA	 and	 an	 attempt	 at	 a
point-of-care	 echocardiogram	 in	 the	 subcostal	 window	 was
performed	 ( 	 Video	 18.2).17	 Owing	 to	 poor	 acoustic	 windows,	 a
transesophageal	 probe	 was	 inserted	 ( 	 Video	 18.3).17	 Owing	 to
persistent	 bradycardic	PEA	 rhythm,	 a	 transvenous	 pacemaker	was



indicated	 and	 placed	 under	 transesophageal	 echocardiographic
guidance.	 	 Videos	 18.4-18.617	 illustrate	 insertion	 of	 the	 central
venous	 cannula	 and	 guidance	 of	 the	 wire	 into	 the	 RV.	 	Videos
18.7	 and	18.817	 demonstrate	 ventricular	 capture	 with	 placement	 of
the	pacing	wire	and	overall	 left	ventricular	function.	 	Video	18.917
presents	a	detailed	discussion	describing	the	ultrasound	images	and
their	clinical	interpretation.

Esophageal	Electrode
An	 esophageal	 “pill”	 electrode	 allows	 atrial	 pacing	 and	 recording	 of	 atrial
depolarizations	 without	 requiring	 central	 venous	 cannulation.	 Because	 the
electrode	can	be	uncomfortable	and	may	not	give	consistent,	stable	capture,	the
esophageal	 electrode	 is	 typically	 limited	 to	 short-term	 use	 for	 diagnosis	 of
arrhythmias	for	pediatric	patients.

Transcutaneous	External	Pacemakers
External	 pacing	 may	 be	 particularly	 useful	 when	 transvenous	 pacing	 is
unavailable,	as	in	the	prehospital	setting,	or	relatively	contraindicated,	as	during
thrombolytic	therapy	for	acute	MI.18

Transcutaneous	 cardiac	 pacing	 can	 be	 quickly	 and	 safely	 initiated	 by
minimally	trained	personnel	in	the	setting	of	brady-asystolic	arrest.	Variability	of
cardiac	 capture	 and	 patient	 intolerance	 may	 limit	 its	 application	 to	 short
duration.	 Transcutaneous	 pacing	 capabilities	 are	 available	 in	 most	 external
defibrillator	units	and	can	provide	up	to	200	mA	of	current	using	20	to	40	msec
pulse	duration.	While	several	electrode	configurations	are	available,	the	anterior
electrode	(patch)	should	be	of	negative	polarity	and	be	placed	over	 the	cardiac
apex	or	over	the	chest	lead	V3	position	near	the	left	sternal	border.	The	posterior
(positive)	electrode	is	centered	at	the	inferior	aspect	of	the	scapula	between	the
spine	and	the	right	or	left	scapula.	Alternatively,	it	also	can	be	positioned	on	the
anterior	right	chest.	The	large	pacing	artifacts	may	obscure	the	ECG,	and	hence,
capture	 must	 be	 confirmed	 by	 palpation	 of	 the	 pulse,	 plethysmography,	 or
Doppler	auscultation.	Once	capture	 is	confirmed,	 the	current	 is	decreased	until
capture	 is	 lost	 to	define	 the	pacing	threshold.	The	final	output	 is	 left	at	10	mA
above	 threshold,	 as	 transcutaneous	 pacing	 is	 often	 uncomfortable	 due	 to
cutaneous	nerve	and	skeletal	muscle	stimulation.



Epicardial	Pacing
The	 placement	 of	 epicardial	 electrodes	 requires	 open	 thoracotomy.	 These
electrodes	are	routinely	placed	electively	during	cardiac	surgical	procedures	for
use	 during	 the	 postoperative	 period.	 Typically,	 both	 atrial	 and	 ventricular
electrodes	are	placed	for	use	in	diagnosis	of	postoperative	atrial	arrhythmias	and
for	 AV	 pacing.	 Because	 ventricular	 capture	 is	 not	 always	 reliable,	 in	 patients
with	underlying	asystole	or	an	unstable	escape	 rhythm,	additional	prophylactic
transvenous	pacing	should	be	considered.

Pulse	Generators	for	Temporary	Pacing
Temporary	pulse	generators	are	capable	of	ventricular,	atrial,	and	dual-chamber
sequential	pacing	with	 adjustable	ventricular	 and	atrial	parameters	 that	 include
pacing	 modes	 (synchronous	 or	 asynchronous),	 rates,	 current	 outputs	 (mA),
sensing	 thresholds	 (mV),	 and	 AV	 pacing	 interval/delay	 (ms).	 Because	 these
generators	 have	 atrial	 sensing/inhibiting	 capability,	 they	 are	 also	 set	 with	 an
upper	 rate	 limit	 (to	 avoid	 rapid	 ventricular	 pacing	 while	 “tracking”	 an	 atrial
tachycardia);	in	addition,	an	atrial	pacing	refractory	period	may	be	programmed
(to	avoid	pacemaker-mediated/endless	loop	tachyarrhythmias).

CHOICE	OF	PACING	MODE
A	 pacing	 mode	 must	 be	 selected	 when	 temporary	 cardiac	 pacing	 is	 initiated.
Common	modes	for	cardiac	pacing	are	outlined	in	Table	18.3.	The	mode	most
likely	 to	 provide	 the	 greatest	 hemodynamic	 benefit	 should	 be	 selected.	 For
patients	 with	 hemodynamic	 instability,	 establishing	 ventricular	 pacing	 is	 of
paramount	importance	prior	to	attempts	at	AV	sequential	pacing.

TABLE	18.3

Common	Pacemaker	Modes	for	Temporary	Cardiac	Pacing

AOO Atrial	Pacing:	Pacing	Is	Asynchronous

AAI Atrial	pacing,	atrial	sensing:	pacing	is	on	demand	to	provide	a
minimum	programmed	atrial	rate



VOO Ventricular	pacing:	pacing	is	asynchronous

VVI Ventricular	pacing,	ventricular	sensing:	pacing	is	on	demand	to
provide	a	minimum	programmed	ventricular	rate

DVI Dual-chamber	pacing,	ventricular	sensing:	atrial	pacing	is
asynchronous,	ventricular	pacing	is	on	demand	following	a
programmed	AV	delay

DDD Dual-chamber	pacing	and	sensing:	atrial	and	ventricular	pacing	is	on
demand	to	provide	a	minimum	rate,	ventricular	pacing	follows	a
programmed	AV	delay,	and	an	upper	rate	pacing	limit	should	be
programmed

Ventricular	pacing	effectively	counteracts	bradycardia	and	is	most	frequently
used	for	ICU	patients;	however,	it	cannot	restore	normal	cardiac	hemodynamics
because	it	disrupts	AV	synchrony.19,20	For	patients	with	noncompliant	ventricles
(eg,	ischemic	heart	disease,	left	ventricular	hypertrophy,	aortic	stenosis,	and	right
ventricular	infarction),	loss	of	the	atrial	contribution	to	ventricular	stroke	volume
(the	 atrial	 “kick”)	 during	 ventricular	 pacing	 may	 result	 in	 increased	 atrial
pressure	and	intermittent	mitral	and	tricuspid	regurgitation	with	reduced	cardiac
output	and	blood	pressure.21

In	 addition	 to	 the	 hemodynamic	 benefit	 of	 atrial	 or	 AV	 sequential	 pacing,
temporary	 atrial	 pacing	 after	 coronary	 artery	 bypass	 graft	 has	 been	 shown	 to
decrease	the	incidence	of	postoperative	atrial	fibrillation.22

PROCEDURE	TO	ESTABLISH	TEMPORARY
PACING
After	achieving	venous	access,	most	often	via	the	internal	jugular	or	subclavian
approach	 (Chapters	 6	 and	 19),	 the	 pacing	 catheter	 is	 advanced	 to	 the	 central
venous	 circulation	 and	 then	 positioned	 in	 the	 right	 side	 of	 the	 heart	 using
fluoroscopic	or	ECG	guidance.23	To	position	the	electrode	using	ECG	guidance,
the	 patient	 is	 connected	 to	 the	 limb	 leads	 of	 the	 ECG	machine	 and	 the	 distal
(negative)	electrode	of	the	balloon-tipped	pacing	catheter	is	connected	to	lead	V	1
with	an	alligator	clip	or	a	special	adaptor	supplied	with	the	lead.	Lead	V	1	is	then
used	 to	 continuously	 monitor	 a	 unipolar	 intracardiac	 electrogram.	 The
morphology	of	the	recorded	electrogram	indicates	the	position	of	the	catheter	tip



(Figure	18.2).	The	balloon	is	inflated	in	the	superior	vena	cava,	and	the	catheter
is	advanced	while	observing	the	recorded	intracardiac	electrogram.	When	the	tip
of	the	catheter	reaches	the	RV,	the	balloon	is	deflated	and	the	catheter	advanced
to	 the	 right	 ventricular	 apex.	 ST	 segment	 elevation	 of	 the	 intracardiac
electrogram	owing	to	a	current	of	injury	indicates	contact	of	the	catheter	tip	with
the	ventricular	endocardium.

	

Figure	18.2 	Pattern	of	 recorded	electrogram	at	various	 locations
in	the	venous	circulation.(From	Harthorne	JW,	McDermott	J,	Poulin
FK.	Cardiac	pacing.	In:	Johnson	RA,	Haber	E,	Austen	WG,	eds.	The
Practice	 of	Cardiology:	 The	Medical	 and	Surgical	Cardiac	Units	 at
the	Massachusetts	General	Hospital.	Little,	Brown;	1980.)

After	 the	 tip	of	 the	pacing	catheter	 is	 satisfactorily	 inserted	 in	 the	RV	apex,
the	 leads	 are	 connected	 to	 the	 ventricular	 output	 connectors	 of	 the	 pulse
generator,	with	the	pacemaker	box	in	the	off	position.	The	pacemaker	is	then	set
to	asynchronous	mode	(VOO)	and	the	ventricular	rate	set	to	exceed	the	patient’s
intrinsic	 ventricular	 rate	 by	 10	 to	 20	 beats/min.	 The	 threshold	 current	 for
ventricular	 pacing	 is	 set	 at	 5	 to	 10	 mA.	 Then	 the	 pacemaker	 is	 switched	 on.
Satisfactory	ventricular	pacing	 is	 evidenced	by	a	wide	QRS	complex,	with	ST
segment	depression	and	T	wave	inversion	immediately	preceded	by	a	pacemaker
depolarization	(spike).	With	pacing	from	the	apex	of	 the	RV,	 the	paced	rhythm



usually	demonstrates	a	pattern	of	left	bundle	branch	block	on	the	surface	ECG.24
Ventricular	pacing	is	maintained	as	the	output	current	for	ventricular	pacing	is

slowly	reduced.	The	pacing	 threshold	 is	defined	as	 the	 lowest	current	at	which
consistent	 ventricular	 capture	 occurs.	 With	 the	 ventricular	 electrode
appropriately	positioned	at	or	near	the	apex	of	the	RV,	a	pacing	threshold	of	less
than	 0.5	 to	 1.0	 mA	 should	 be	 achieved.	 If	 the	 output	 current	 for	 continuous
ventricular	pacing	is	consistently	greater	than	1	to	1.5	mA,	the	pacing	threshold
is	 too	 high.	 Possible	 causes	 of	 a	 high	 pacing	 threshold	 include	 relatively
refractory	 endomyocardial	 tissue	 (fibrosis)	 or,	 most	 commonly,	 unsatisfactory
positioning	 of	 the	 pacing	 electrode.	 The	 tip	 of	 the	 pacing	 electrode	 should	 be
repositioned	 in	 the	 region	 of	 the	 ventricular	 apex	 until	 satisfactory	 ventricular
capture	 at	 a	 current	 of	 less	 than	 1.0	 mA	 is	 consistently	 maintained.	 The
ventricular	 output	 is	 set	 to	 exceed	 the	 threshold	 current	 at	 least	 threefold	 to
guarantee	 uninterrupted	 ventricular	 capture	 despite	 any	modest	 increase	 in	 the
pacing	threshold.

The	 pacemaker	 is	 now	 in	 VOO	 mode.	 However,	 the	 pacing	 generator
generally	 should	 be	 set	 in	 the	 VVI	 (“demand”)	 mode,	 because	 this	 prevents
pacemaker	discharge	soon	after	any	spontaneous	activity	of	the	paced	chamber,
while	 the	 heart	 lies	 in	 the	 electrically	 vulnerable	 period	 for	 induction	 of
sustained	ventricular	arrhythmias.	To	set	the	pacemaker	in	VVI	mode,	the	pacing
rate	is	set	at	10	beats/min	less	than	the	intrinsic	rate,	and	the	sensitivity	control	is
moved	 from	asynchronous	 to	 the	minimum	 sensitivity	 level.	The	 sensitivity	 is
gradually	 increased	 until	 pacing	 spikes	 appear.	 This	 level	 is	 the	 sensing
threshold.	 The	 sensitivity	 is	 then	 set	 at	 a	 level	 slightly	 below	 the	 determined
threshold	and	the	pacing	rate	reset	to	the	minimum	desired	ventricular	rate.

If	AV	sequential	pacing	is	desired,	the	atrial	J-shaped	pacing	catheter	should
be	advanced	into	the	RA	and	rotated	anteromedially	to	achieve	a	stable	position
in	 the	 right	 atrial	 appendage;	 however,	 positioning	 the	 atrial	 catheter	 usually
requires	 fluoroscopy.25	The	 leads	 are	 then	 connected	 to	 the	 atrial	 output	 of	 the
pulse	 generator.	 The	 atrial	 current	 is	 set	 to	 20	 mA	 and	 the	 atrial	 pacing	 rate
adjusted	 to	 at	 least	 10	 beats/min	 greater	 than	 the	 intrinsic	 atrial	 rate.	 The	AV
interval	 is	 adjusted	 at	 100	 to	 200	ms	 (shorter	 intervals	 usually	 provide	 better
hemodynamics),	and	the	surface	ECG	is	inspected	for	evidence	of	atrial	pacing
(electrode	depolarization	and	capture	of	the	atrium	at	the	pacing	rate).

Atrial	 capture	 on	 ECG	 is	 indicated	 by	 atrial	 depolarization	 (P	 waves)
immediately	 following	 the	 atrial	 pacing	 spikes.	 For	 patients	 with	 intact	 AV
conduction,	 satisfactory	 atrial	 capture	 can	 be	 verified	 by	 shutting	 off	 the
ventricular	 portion	 of	 the	 pacemaker	 and	 demonstrating	AV	 synchrony	 during
atrial	pacing.	As	 long	as	 the	atrial	pacing	rate	continually	exceeds	 the	 intrinsic



sinus	rate,	the	atrial	P	wave	activity	should	track	with	the	atrial	pacing	spike.
The	 DDD	 mode	 is	 the	 most	 common	 setting	 for	 patients	 with	 atrial	 and

ventricular	leads.	Although	there	is	a	risk	of	tracking	atrial	tachyarrhythmias	in
DDD	mode,	this	risk	can	be	mitigated	by	setting	a	maximum	tracking	rate	or	an
upper	rate	limit	on	the	temporary	pulse	generator.

COMPLICATIONS	OF	TEMPORARY	PACING
Transvenous	pacing	for	the	critically	ill	is	most	often	performed	via	the	internal
jugular	 or	 subclavian	 approach.	 Appropriate	 selection	 of	 the	 optimal	 route
requires	an	understanding	of	the	results	and	complications	of	each	technique.

Complications	 of	 temporary	 pacing	 from	 any	 venous	 access	 route	 include
pericardial	 friction	 rub,	 arrhythmia,	 right	 ventricular	 perforation,	 cardiac
tamponade,	 infection,	 unintentional	 arterial	 injury,	 diaphragmatic	 stimulation,
phlebitis,	 and	 pneumothorax.	 The	 Mayo	 Clinic	 experience	 revealed	 that
percutaneous	cannulation	of	the	right	internal	jugular	vein	provided	the	simplest,
most	direct	route	to	the	right-sided	cardiac	chambers.26

Complications	 of	 internal	 jugular	 venous	 cannulation	 may	 include
pneumothorax,	 carotid	 arterial	 injury,	 venous	 thrombosis,	 and	 pulmonary
embolism	 (Chapter	 19).27	 These	 risks	 are	 minimized	 by	 use	 of	 ultrasound,
knowledge	 of	 anatomic	 landmarks,	 adherence	 to	 proven	 techniques	 (for	 a	 full
discussion,	 see	 Chapter	 19).	 Full-dose	 systemic	 anticoagulation,	 thrombolytic
therapy,	 and	 prior	 neck	 surgical	 procedures	 are	 relative	 contraindications	 to
routine	internal	jugular	vein	cannulation.

Percutaneous	subclavian	venipuncture	is	also	frequently	used	for	insertion	of
temporary	 pacemakers.28	 This	 approach	 should	 be	 avoided	 for	 patients	 with
severe	obstructive	 lung	disease	or	 a	bleeding	diathesis	 (including	 thrombolytic
therapy),	among	whom	the	risk	of	pneumothorax	or	bleeding	is	increased.

The	 femoral	 venous	 approach	 is	 used	 for	 electrophysiological	 studies	 or
during	cardiac	 catheterization	when	 the	 catheter	 is	 left	 in	place	 for	only	 a	 few
hours.	This	approach	is	less	desirable	when	long-term	cardiac	pacing	is	required,
because	 there	 is	a	 risk	of	deep	venous	 thrombosis	or	 infection.	Central	venous
access	by	the	subclavian	or	internal	jugular	route	provides	more	stable	long-term
positioning	of	the	pacing	lead.

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	50-year-old	man	with	a	history	of	untreated	obstructive	sleep	apnea,
hypertension,	and	diabetes	mellitus	presented	to	the	hospital	with	dyspnea	and
sputum	production	that	started	3	days	ago.	The	patient	was	tachycardic	with
heart	rate	of	110	beats/min	and	had	hypoxemia	with	O2	saturation	88%	on	room
air.	Chest	radiograph	showed	a	right	lower	lobe	infiltrate.	He	is	admitted	to	the
floor	and	started	on	intravenous	antibiotics	and	placed	on	oxygen	supplement	via
nasal	cannula.	After	2	days,	he	is	feeling	better	with	resolution	of	oxygen
requirement.	Serum	complete	blood	count	(CBC)	and	electrolytes	are	normal.
On	telemetry,	the	following	strip	(qFigure	18.1)	is	noticed	while	the	patient	was
sleeping.

	

What	is	the	most	appropriate	management?

A. 	Consult	electrophysiology	service	for	pacemaker
B. 	Discharge	home	with	Holter	monitor
C. 	Place	temporary	transvenous	pacemaker
D. 	Sleep	medicine	referral	for	initiation	of	CPAP

2. 	A	75-year-old	man	with	a	history	of	persistent	atrial	fibrillation,
hypertension,	and	diabetes	mellitus	presents	to	the	emergency	department	with
dyspnea.	Vital	signs	are	blood	pressure	120/75	mm	Hg,	heart	rate	74	beats/min,
respiratory	rate	18/min,	and	oxygen	saturation	95%	on	room	air.	Chest
radiograph	is	normal.	Laboratory	testing	including	CBC	and	basic	metabolic
panel	are	normal.	qFigure	18.2	ECG	was	obtained	and	a	transvenous	temporary
pacemaker	was	placed.



	

What	is	the	most	appropriate	pacing	mode	for	this	patient?

A. 	AAI	(atrium	paced,	atrium	sensed,	and	pacemaker	inhibited	if	sensed
beat)
B. 	DDD	(dual	chamber,	with	sensing	and	pacing	in	both	atrium	and
ventricle)
C. 	VOO	(ventricle	paced	with	no	sensing)
D. 	VVI	(ventricle	paced,	ventricle	sensed,	and	pacemaker	inhibited	if
sensed	beat)

3. 	A	65-year-old	man	with	history	of	hypertension	and	paroxysmal	atrial
fibrillation	presents	with	symptomatic	bradycardia	and	is	admitted	for	further
evaluation.	He	has	an	episode	of	syncope,	and	telemetry	is	shown	in	qFigure
18.3.

	

What	is	the	most	appropriate	strategy	in	this	patient?

A. 	Cardiac	resynchronization	with	pacemaker



B. 	Dual-chamber	pacemaker
C. 	Implantable	loop	recorder
D. 	Single-chamber	transvenous	(ventricular)	pacemaker

Answers

1.	The	correct	answer	is	D.
Rationale:	This	patient	had	a	1-	to	2-second	sinus	pause	that	occurred	during

sleep.	This	is	most	likely	caused	by	his	untreated	obstructive	sleep	apnea.	Per	the
2018	ACC/AHA/HRS	guideline,	patients	with	sleep-related	sinus	bradycardia	or
transient	 sinus	 pauses	 occurring	 during	 sleep	 should	 not	 receive	 permanent
pacing	unless	there	are	other	indications	(choices	A	and	C	are	incorrect).	So,	in
this	 patient,	 it	 is	 safe	 to	 discharge	 him	 home	 after	 arranging	 for	 initiation	 of
CPAP	including	documenting	effective	intervention.	(choice	C	is	correct).	Holter
monitoring	would	be	a	good	option	if	there	was	any	suspicion	that	these	pauses
are	happening	while	the	patient	is	awake	and	not	only	during	sleep	(choice	B	is
incorrect).

2.	The	correct	answer	is	D.
Rationale:	The	ECG	shows	atrial	fibrillation	as	the	underlying	rhythm,	with

regular	 QRSs,	 that	 indicates	 that	 there	 is	 complete	 heart	 block.	 Because	 this
patient	has	persistent	atrial	fibrillation,	VVI	pacing	is	the	recommended	pacing
mode	(choice	D	is	correct).	If	this	patient	had	paroxysmal	atrial	fibrillation	and
complete	heart	block,	an	atrial	lead	implant	will	be	warranted	(choices	A	and	B
are	 incorrect).	 Insertion	of	a	VOO	pacemaker	 is	not	 indicated	for	patients	with
intact	ventricular	conduction	because	of	the	risks	of	arrhythmia	from	placing	a	R
wave	on	a	native	T	wave	(R	on	T	phenomenon;	choice	C	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 This	 patient	 has	 tachy-brady	 syndrome	 and	 symptomatic,

postconversion	 pauses.	 Medical	 therapy	 for	 atrial	 fibrillation	 would	 be
anticipated	 to	 worsen	 bradycardia;	 therefore,	 a	 permanent	 pacemaker	 is
warranted.	 Because	 this	 patient	 has	 paroxysmal	 atrial	 fibrillation,	 atrial-based
pacing	support	is	warranted	instead	of	additional	testing	(choice	C	in	incorrect).
A	pacemaker	system	with	only	a	ventricular	lead	is	not	the	best	option	(choice	D
is	 incorrect).	 For	 patients	 without	 evidence	 of	 AV	 node	 or	 distal	 conduction
system	disease,	an	atrial-based	pacemaker	would	be	a	reasonable	consideration.
Patients	 with	 sinus	 node	 disease,	 however,	 may	 also	 have	 distal	 conduction



system	disease.	As	such,	dual-chamber	pacing	represents	 the	preferred	strategy
(choice	B	is	correct).	Cardiac	resynchronization	 therapy	involves	pacing	of	 the
left	and	right	ventricles	to	restore	ventricular	synchrony	and	thus	improve	CHF,
for	select	patients	with	systolic	dysfunction	and	electrocardiographic	evidence	of
dyssynchrony,	which	is	not	present	in	this	case	(choice	A	is	incorrect).
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Chapter	19
Pulmonary	Artery	Catheters
Catherine	M.	Kuza,	Harvey	S.	Reich

KEY	POINTS:
1.	 Pulmonary	artery	catheterization	(PAC)	remains	the	gold	standard

for	determining	cardiac	output	(CO)	and	monitoring	pulmonary	artery
pressure.

2.	 PAC	provides	important	cardiac	hemodynamic	measurements;
however,	its	use	is	associated	with	several	severe	complications,
and	the	decision	to	use	it	should	be	made	on	an	individual	patient
basis,	keeping	relative	contraindications	in	mind.

3.	 Although	PAC	use	has	decreased	in	recent	years,	it	may	be
warranted	in	certain	patients	and	clinical	situations,	and	guidelines
for	safe	PAC	use	should	be	followed	to	minimize	complications.

INTRODUCTION
Since	 their	 introduction	 into	 clinical	 practice	 in	 1970	 by	Swan	 et	 al,1	balloon-
tipped,	 flow-directed	 pulmonary	 artery	 (PA)	 catheters	 (PACs)	 have	 found
widespread	use	in	the	clinical	management	of	critically	ill	patients.	However,	in
recent	years,	both	 the	safety	and	efficacy	of	 these	catheters	have	been	brought
into	question.	 In	 this	 chapter,	 the	 following	 is	 discussed:	 the	physiologic	basis
for	 PAC	 use;	 PAC	 development	 history	 and	 features;	 the	 hemodynamic
information	 obtained	 from	 PACs;	 indications	 for	 PAC	 use;	 the	 concerns
associated	with	PAC	use;	and	complications	associated	with	PAC.

PHYSIOLOGIC	RATIONALE	FOR	USE	OF
PULMONARY	ARTERY	CATHETER



1 	 When	 hemodynamic	 changes	 occur	 rapidly,	 clinical	 evaluation	 may	 be
misleading.	 PACs	 allow	 for	 direct	 and	 indirect	measurement	 of	 several	major
determinants	 and	 consequences	 of	 cardiac	 performance—preload,	 afterload,
cardiac	 output	 (CO)—thereby	 supplying	 additional	 data	 to	 aid	 in	 clinical
decision-making.2

Cardiac	 function	 depends	 on	 the	 relationship	 between	 muscle	 length
(preload),	 the	 load	 on	 the	 muscle	 (afterload),	 and	 the	 intrinsic	 property	 of
contractility.	Until	the	development	of	the	flow-directed	PAC,	there	was	no	way
to	assess	 all	 of	 these	by	using	one	 instrument	 in	 a	 clinically	useful	way	at	 the
bedside.	 The	 catheter	 allows	 the	 reflection	 of	 right	 ventricular	 (RV)	 preload
(right	atrial	pressure	[RAP]);	RV	afterload	(PA	pressure);	left	ventricular	preload
—PA	 occlusion	 pressure	 (PAOP)	 or	 pulmonary	 capillary	 wedge	 pressure
(PCWP);	 and	 contractility	 (stroke	volume	or	CO).	Left	 ventricular	 afterload	 is
reflected	 by	 the	 systemic	 arterial	 pressure.	 This	 information	 allows	 for	 the
calculation	 of	 numerous	 parameters,	 including	 vascular	 resistances.	 However,
monitors	such	as	transthoracic	or	transesophageal	echocardiography,	esophageal
Doppler,	 bioreactance,	 and	 pulse	 contour	 analysis	 have	 become	 increasingly
popular,	thereby	diminishing	the	use	of	the	PAC.

CONTROVERSIES	REGARDING	USE	OF
PULMONARY	ARTERY	CATHETER
Despite	 all	 of	 the	 advantages	 of	 the	 PA	 catheter,	 a	 number	 of	 clinical	 studies
have	been	published	in	the	past	20	years	that	have	shown	either	no	benefit	or	an
increased	 risk	 of	 morbidity	 or	 mortality	 associated	 with	 PAC	 use3-30	 (see	 a
summary	of	these	studies	in	the	supplemental	online	content	[online	Table	19.1]
accompanying	this	chapter).	Consequently,	a	number	of	clinicians	have	elected
to	minimize	the	use	of	this	monitoring	device.

TABLE	19.1

General	Indications	for	Pulmonary	Artery	Catheterization

Management	of	complicated	myocardial	infarction



Hypovolemia	vs	cardiogenic	shock
Ventricular	septal	rupture	vs	acute	mitral	regurgitation
Severe	left	ventricular	failure
Right	ventricular	infarction
Unstable	angina
Refractory	ventricular	tachycardia

Assessment	of	respiratory	distress

Cardiogenic	vs	noncardiogenic	(eg,	acute	respiratory	distress	syndrome)
pulmonary	edema
Primary	vs	secondary	pulmonary	hypertension

Assessment	of	shock
Cardiogenic
Hypovolemic
Septic

Pulmonary	embolism
Assessment	of	therapy	in	selected	individuals
Afterload	reduction	in	patients	with	severe	left	ventricular	function
Inotropic	agents
Vasopressors
β-Blockers
Temporary	pacing	(ventricular	vs	atrioventricular)
Intra-aortic	balloon	counterpulsation
Mechanical	ventilation	(eg,	with	positive	end-expiratory	pressure)

Management	of	postoperative	open-heart	surgical	patients
Assessment	of	cardiac	tamponade/constriction
Assessment	of	valvular	heart	disease

Perioperative	monitoring	of	patients	with	unstable	cardiac	status	during
noncardiac	surgery



Assessment	of	fluid	requirements	in	critically	ill	patients
Gastrointestinal	hemorrhage
Sepsis
Acute	renal	failure
Burns
Decompensated	cirrhosis
Advanced	peritonitis

Management	of	severe	preeclampsia

Furthermore,	the	ability	of	either	central	venous	pressure	(CVP)	or	PAOP	to
predict	ventricular	filling	was	studied	in	normal	volunteers	by	Kumar	et	al31	who
found	that	 there	was	a	poor	correlation	between	initial	CV	pressure	and	PAOP,
with	both	respective	end-diastolic	ventricular	volume	and	stroke	volume	indices.
These	data	call	into	question	the	basic	tenet	and	theoretical	benefit	for	use	of	the
PA	catheter.

INDICATIONS	FOR	USE	OF	PULMONARY
ARTERY	CATHETER
Clinicians	who	use	a	PAC	for	monitoring	should	understand	the	fundamentals	of
the	insertion	technique;	the	equipment	used;	and	the	data	that	can	be	generated.

2 	The	use	of	PAC	for	monitoring	has	four	central	objectives:	(1)	to	assess	LV
or	RV	function,	or	both;	 (2)	 to	monitor	changes	 in	hemodynamic	status;	 (3)	 to
guide	 treatment	with	 pharmacologic	 and	 nonpharmacologic	 agents;	 and	 (4)	 to
provide	prognostic	 information.	The	conditions	under	which	PA	catheterization
may	 be	 useful	 are	 characterized	 by	 a	 clinically	 unclear	 or	 rapidly	 changing
hemodynamic	status.	Table	19.1	is	a	partial	listing	of	the	indications.	The	use	of
PACs	in	specific	disease	entities	is	discussed	in	other	chapters.

CONTRAINDICATIONS	TO	PULMONARY
ARTERY	CATHETERS



2 	 Pulmonary	 artery	 catheterization	 is	 an	 invasive	 procedure	 associated	 with
several	 rare,	 but	 potentially	 life-threatening	 complications.	 The	 most	 feared
complication	is	PA	rupture,	and	caution	should	be	taken	in	patients	with	severe
pulmonary	 hypertension,	 severe	 coagulopathy,	 and	 heparinization,	 as	 these
conditions	have	been	associated	with	 increased	risk	of	PA	rupture	and	are	 thus
considered	 relative	contraindications.	Additionally,	 caution	 should	be	 taken	 for
patients	with	left	bundle	branch	block,	as	PAC	placement	may	cause	right	bundle
branch	block	resulting	in	complete	heart	block.	Patients	with	right-sided	valvular
diseases,	 such	 as	 tricuspid	 regurgitation,	 make	 catheter	 placement	 challenging
and	 is	 also	 a	 relative	 contraindication.	Other	 relative	 contraindications	 include
severe	arrhythmias,	newly	placed	pacemaker	wires,	and	electrolyte	disturbances
(potassium,	magnesium,	 calcium,	 etc).	Absolute	 contraindications	 include	 lack
of	 informed	 consent;	 right-sided	 tumors/masses,	 and	 endocarditis,	 as	 catheter
placement	may	cause	disruption	of	 the	tissue	resulting	in	embolization	into	the
PA;	RV	assist	devices;	insertion	site	infection;	tricuspid/pulmonary	stenosis;	and
tetralogy	of	Fallot.32

CATHETER	FEATURES	AND	EVOLUTION
The	catheter	 is	 constructed	 from	polyvinylchloride	 and	has	 a	pliable	 shaft	 that
additionally	softens	at	body	temperature.	The	standard	catheter	length	is	110	cm,
and	 the	 most	 commonly	 used	 external	 diameter	 is	 7.5	 French	 (1
French	 =	 0.0335	 mm).33	 The	 catheter	 design	 and	 features	 have	 evolved	 over
time.	 In	1970,	Drs.	Swan	and	Ganz	detailed	 the	use	of	 a	 two-lumen	“balloon-
tipped	 flow-directed”	 catheter	 that	 could	 be	 placed	 without	 the	 assistance	 of
fluoroscopy.	 One	 lumen	 was	 dedicated	 to	 record	 pressures,	 while	 the	 other
lumen	inflated	the	balloon.1,33,34	The	balloon	was	located	1	mm	from	the	catheter
tip,	and	a	1	mL	syringe	was	connected	via	a	specialized	stopcock	to	the	smaller
lumen	 in	 order	 to	 inflate	 the	 balloon.	 The	 major	 lumen,	 which	 had	 an
approximate	 internal	 diameter	 of	 0.9	mm,	 began	 at	 the	 tip	 of	 the	 catheter	 and
extended	to	a	connector.1

The	 catheter	 was	 then	 modified	 by	 Dr.	 Ganz	 to	 measure	 CO	 via	 the
thermodilution	technique.33,35,36	Further	catheter	design	modifications	lead	to	the
incorporation	 of	 two	 pairs	 of	 electrodes	 and	 three	 lumens.	 Again,	 one	 of	 the
lumens	 is	 dedicated	 to	 balloon	 inflation,	 one	 has	 an	 open	 tip	 to	 measure
intravascular	pressures	and	withdraw	blood	samples,	and	the	third	lumen	houses
the	 two	 electrodes	 located	 at	 17	 to	 18	 cm	 from	 the	 tip	 for	 the	 ventricular
electrode,	and	28	to	29	cm	from	the	tip	for	the	atrial	electrodes.	When	properly



placed,	 the	electrodes	should	be	positioned	 in	 the	upper	 right	atrium	(RA)	and
the	 right	 ventricle	 (RV)	 for	 the	 distal	 electrode.	 This	 catheter	 is	 capable	 of
monitoring	not	only	hemodynamics	but	also	cardiac	rhythm,	in	addition	to	being
able	to	provide	temporary	atrial,	ventricular,	and	atrioventricular	pacing.37

The	PAC	has	undergone	 further	modification,	 and	 there	 are	 various	models
that	can	be	used	today.	An	example	of	a	five-lumen	catheter	is	shown	in	Figure
19.1.

	

Figure	19.1 	 Five-lumen	 pulmonary	 artery	 catheter.Note	 that	 the
catheter	is	marked	in	10-cm	increments.	A,	Balloon	syringe	attached
to	the	balloon	inflation	valve.	The	valve	must	be	open	to	 inflate	 the
balloon;	otherwise,	it	should	be	closed.	B,	RA	infusion	port.	C,	Distal
infusion	 port.	 D,	 RV	 infusion	 post.	 E,	 Proximal	 injectate	 port.	 F,
Connection	 to	 monitor	 for	 determination	 of	 cardiac	 output	 via
temperature	changes	detected	by	the	thermistor.	G,	Sterile	sleeve.	H,
Balloon.	I,	 10	 cm	mark.	J,	 60	 cm	mark.	RA,	 right	 atrial;	RV,	 right
ventricular.(From	Biswas	S,	Pellegrin	K,	Allen	B.	Pulmonary	artery
catheter	placement.	In:	Demetriades	D,	Inaba	K,	Lumb	P,	eds.	Atlas
of	Critical	Care	Procedures.	Springer;	2018.)

A	 commonly	 used	 PAC	 today	 is	 a	 110	 cm	 long	 polyvinylchloride	 7.5F
catheter	 with	 five	 lumens	 that	 includes	 three	 infusion/pressure	 ports:	 (1)	 a
proximal	 port	 30	 cm	 from	 the	 tip	 located	 at	 the	 RA	 that	 can	 be	 used	 for
infusions,	 or	 to	 transduce	CVP,	 or	 to	 attach	 to	 the	CO	 syringe	 to	 perform	CO
measurements;	(2)	an	RV	port	at	20	cm	that	can	also	be	used	for	infusions,	or	for



insertion	of	a	ventricular	pacing	wire	 if	needed;	(3)	a	distal	port	 for	measuring
PAP	 or	 PCWP,	 or	 for	 withdrawing	 blood	 to	 measure	 mixed	 venous	 oxygen
saturation;	(4)	a	balloon/wedge	lumen	used	for	injecting	air	to	inflate	the	balloon
that	is	located	just	proximal	to	the	catheter	tip	(using	a	supplied	syringe	that	only
allows	1.5	mL	of	air	to	be	injected	to	prevent	balloon	overinflation	or	rupture);
and	(5)	a	lumen	that	houses	the	wiring	for	the	temperature/thermistor	probe	3	cm
from	 the	 catheter	 tip	 that	 can	be	 connected	 to	 a	 thermodilution	CO	module	 to
measure	core	temperature	and	calculate	CO.34	Some	PACs	also	have	an	oximeter
at	 the	 tip	 of	 the	 catheter	 that	 allow	 for	 continuous	 SvO2	monitoring.34	 Finally,
newer	models	 are	 also	 equipped	with	 a	 15	 cm	 thermal	 coil	 on	 the	 catheter	 to
produce	temperature	changes	that	allow	continuous	CO	monitoring.38,39	Notably,
the	 accuracy	 and	 reliability	 of	CO	determination	 by	 this	 heating-cooling	 cycle
method	have	been	confirmed.40

Pressure	Transducers
Hemodynamic	monitoring	 requires	 a	 system	 that	 is	 able	 to	 convert	 changes	 in
intravascular	pressure	into	electrical	signals	suitable	for	interpretation.	The	most
commonly	used	hemodynamic	monitoring	system	is	a	catheter-tubing-transducer
system	in	which	the	fluid-filled	intravascular	catheter	and	tubing	is	connected	to
a	precalibrated	 transducer	system	with	pressure	outputs	displayed	on	a	bedside
monitoring	system.

INSERTION	TECHNIQUES

General	Considerations
3 	 All	 catheter	 manufacturers	 have	 detailed	 insertion	 and	 training	 materials.
Recommendations	of	manufacturers	should	be	reviewed	and	carefully	followed.
PA	catheterization	can	be	performed	 in	any	hospital	 location	where	continuous
electrocardiographic	 (ECG)	 and	 hemodynamic	 monitoring	 are	 possible,	 and
where	 equipment	 and	 supplies	 needed	 for	 cardiopulmonary	 resuscitation	 are
readily	 available.	 Fluoroscopy	 is	 not	 essential,	 but	 it	 can	 facilitate	 difficult
placements.	 If	 fluoroscopy	 use	 is	 anticipated,	 properly	 constructed	 beds	 and
protective	 aprons	 are	 mandatory	 for	 safe	 use	 of	 fluoroscopic	 equipment.
Meticulous	attention	 to	sterile	 technique	is	of	obvious	 importance;	all	 involved
personnel	must	wear	sterile	caps,	gowns,	masks,	and	gloves,	and	the	patient	must



be	 fully	 covered	 by	 sterile	 drapes.	 A	 time-out	 should	 be	 performed	 before
performing	 the	 procedure	 where	 two	 personnel	 confirm	 the	 patient’s	 identity
with	two	forms	of	identification,	the	procedure	to	be	performed	should	be	stated,
an	 informed	 consent	 should	 be	 available,	 the	 patient’s	 allergies	 should	 be
reviewed,	all	concerns	should	be	addressed,	correct	patient	positioning	should	be
confirmed,	and	personnel	should	ensure	that	all	necessary	equipment	is	ready	or
available.

The	catheter	should	be	inserted	percutaneously	(not	by	cutdown)	via	an	8.5F
introducer	 sheath	most	 commonly	 in	 the	 subclavian	 (SCV)	 or	 internal	 jugular
veins	 (IJV)	by	using	 techniques	described	 in	Chapter	6.	The	PAC	may	also	be
placed	 into	 the	 basilic,	 brachial,	 or	 femoral	 veins;	 however,	 these	 are	 not
commonly	 accessed	 for	 PAC	 placement,	 as	 advancing	 the	 catheter	 into	 the
correct	 position	 in	 the	 PA	 can	 be	 technically	 challenging.	 Considering	 the
anatomy	and	natural	 curvature	of	 the	pliable	PAC,	 the	easiest	 to	most	difficult
sites	 to	place	a	PAC	are	 (easiest	 to	most	difficult)	 right	 IJV,	 left	SCV,	 left	 IJV,
and	right	SCV.

Typical	Catheter	Insertion	Procedure
The	procedures	for	typical	catheter	insertion	are	as	follows:

1.	 Prepare	and	connect	pressure	tubing,	manifolds,	stopcocks,	and	transducers.
Remove	the	sterile	balloon-tipped	catheter	from	its	container.	Test	balloon
integrity	by	maintained	inflation	(using	the	amount	of	air	recommended	by
the	manufacturer)	or	by	submerging	the	balloon	in	a	small	amount	of	fluid
and	checking	for	air	leaks	when	the	balloon	is	inflated.	Make	sure	to	fully
deflate	the	balloon	after	the	test.

2.	 After	a	time-out,	insert	a	central	venous	cannula	or	needle	into	the	vein	as
described	in	Chapter	6.	Using	the	Seldinger	technique,	thread	the	guidewire
contained	in	the	catheter	kit	into	the	vein	and	remove	the	catheter	or	needle
(Figures	19.2	and	19.3).



	

Figure	19.2 	A,	Easy	blood	aspiration	has	been	demonstrated
using	 the	 guidewire	 introducer	 needle.	B,	 The	 inner	 needle	 is
removed.	C,	 The	 spring	 guidewire	 is	 advanced,	 soft-end	 first,
through	the	cannula	into	the	vessel.	D,	With	the	guidewire	held
in	 place,	 the	 cannula	 is	 withdrawn	 from	 the	 vessel	 by	 being
pulled	over	and	off	the	length	of	the	guidewire.(From	Reich	HS.
Pulmonary	artery	catheters.	 In:	 Irwin	RS,	Lilly	CM,	Mayo	PH,
Rippe	 JM,	 eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care	 Medicine.
Wolters	Kluwer;	2017:156.)

	

Figure	 19.3 	 The	 spring	 guidewire,	 stiff	 end	 protruding,	 is
now	located	in	the	subclavian	vein.(From	Reich	HS.	Pulmonary



artery	catheters.	 In:	 Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe	JM,
eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care	 Medicine.	 Wolters
Kluwer;	2017:156.)

3.	 Make	a	small	incision	with	a	scalpel	to	enlarge	the	puncture	site	(Figure
19.4).	While	holding	the	guidewire	stationary,	thread	the	vessel	dilator
sheath	apparatus	(the	size	should	be	8F	if	a	7-7.5F	catheter	is	to	be	used)
over	the	guidewire	and	advance	it	into	the	vessel,	using	a	twisting	motion	to
get	through	the	puncture	site	(Figure	19.5).	The	dilator	and	sheath	should
only	be	advanced	until	the	tip	of	the	sheath	is	in	the	vessel—estimated	by
the	original	depth	of	the	cannula	or	needle	required	to	access	the	vein.	At
that	point,	the	dilator	and	guidewire	are	held	stationary,	and	the	sheath	is
advanced	off	the	dilator	into	the	vessel.	Advancing	the	dilator	further	may
cause	great	vessel	or	cardiac	damage.

	

Figure	 19.4 	 A	 small	 incision	 is	 made	 with	 a	 scalpel	 to
enlarge	 the	 puncture	 site.(From	 Reich	 HS.	 Pulmonary	 artery
catheters.	 In:	 Irwin	 RS,	 Lilly	 CM,	Mayo	 PH,	 Rippe	 JM,	 eds.
Irwin	 and	 Rippe’s	 Intensive	 Care	 Medicine.	 Wolters	 Kluwer;
2017:156.)



	

Figure	 19.5 	 A,	 The	 vessel	 dilator	 sheath	 apparatus	 is
threaded	over	the	guidewire	and	advanced	into	the	vessel.	B,	A
twisting	motion	 is	used	 to	 thread	 the	apparatus	 into	 the	vessel.
(From	Reich	HS.	Pulmonary	artery	catheters.	In:	Irwin	RS,	Lilly
CM,	Mayo	PH,	Rippe	JM,	eds.	Irwin	and	Rippe’s	Intensive	Care
Medicine.	Wolters	Kluwer;	2017:157.)

4.	 Remove	the	guidewire	and	vessel	dilator,	leaving	the	introducer	sheath	in
the	vessel	(Figure	19.6).	Aspirate	blood	from	the	side	port	and	flush	with
saline.	Suture	the	sheath	in	place.

	

Figure	19.6 	The	guidewire	 and	vessel	 dilator	 are	 removed,
leaving	 the	 introducer	 sheath	 in	 the	 vessel.(From	 Reich	 HS.



Pulmonary	artery	catheters.	 In:	 Irwin	RS,	Lilly	CM,	Mayo	PH,
Rippe	 JM,	 eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care	 Medicine.
Wolters	Kluwer;	2017:157.)

5.	 Pass	the	proximal	portion	of	the	catheter	to	an	assistant	and	have	the
assistant	attach	the	stopcock-pressure	tubing-transducer	system	to	the	right
atrial	and	PA	ports	of	the	PA	catheter.	Flush	the	proximal	and	distal	catheter
lumens	with	normal	saline.	Ensure	that	the	pressure	changes	with	flushing
for	each	port	can	be	seen	on	the	monitor.

6.	 If	a	sterile	sleeve	adapter	is	to	be	used,	insert	the	catheter	through	it	and	pull
the	adapter	at	the	end	of	the	sleeve	proximally	over	the	catheter	to	keep	it
out	of	the	way.	Once	the	catheter	is	advanced	to	its	desired	intravascular
location,	attach	the	distal	end	of	the	sleeve	adapter	to	the	introducer	sheath
hub.

7.	 Pass	the	catheter	through	the	introducer	sheath	into	the	vein	(Figure	19.7).
Advance	it,	using	the	marks	on	the	catheter	shaft	indicating	10-cm	distances
from	the	tip,	until	the	tip	is	in	the	RA.	This	requires	advancement	of
approximately	35	to	40	cm	from	the	left	antecubital	fossa,	10	to	15	cm	from
the	IJV,	10	cm	from	the	SCV,	and	35	to	40	cm	from	the	femoral	vein.	A
right	atrial	waveform	on	the	monitor,	with	appropriate	fluctuations
accompanying	respiratory	changes	or	cough,	confirms	proper	intrathoracic
location	(Figure	19.8,	center).

	

Figure	 19.7 	 The	 catheter	 is	 passed	 through	 the	 introducer
sheath	 into	 the	 vein.(From	 Reich	 HS.	 Pulmonary	 artery
catheters.	 In:	 Irwin	 RS,	 Lilly	 CM,	Mayo	 PH,	 Rippe	 JM,	 eds.



Irwin	 and	 Rippe’s	 Intensive	 Care	 Medicine.	 Wolters	 Kluwer;
2017:158.)

	

Figure	19.8 	A,	With	the	catheter	tip	in	the	RA,	the	balloon	is
inflated.	 B,	 The	 catheter	 is	 advanced	 into	 the	 RV	 with	 the
balloon	 inflated,	 and	 RVP	 tracings	 are	 obtained.	 Center:
Waveform	 tracings	 generated	 as	 the	 balloon-tipped	 catheter	 is
advanced	 through	 the	 right	 heart	 chambers	 into	 the	 pulmonary
artery.	C,	The	catheter	is	advanced	through	the	pulmonary	valve
into	the	pulmonary	artery.	A	rise	in	diastolic	pressure	should	be
noted.	 D,	 The	 catheter	 is	 advanced	 to	 the	 pulmonary	 artery
occlusion	 pressure	 position.	 A	 typical	 pulmonary	 artery
occlusion	pressure	tracing	should	be	noted	with	a	and	v	waves.
E,	 The	 balloon	 is	 deflated.	 Phasic	 pulmonary	 artery	 pressure
should	reappear	on	 the	monitor	 (see	 text	 for	details).	RA,	right
atrium;	 RV,	 right	 ventricle;	 RVP,	 right	 ventricular	 pressure.(A
and	B,	Adapted	from	Wiedmann	HP,	Matthay	MA,	Matthey	RA.
Cardiovascular	pulmonary	monitoring	in	the	intensive	care	unit
(Part	 1).	 Chest.	 1984;85(4):537.	 Copyright	 ©	 1984	 The
American	 College	 of	 Chest	 Physicians,	 with	 permission	 from



Elsevier.	 With	 permission.	 C-E,	 from	 Reich	 HS.	 Pulmonary
artery	catheters.	 In:	 Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe	JM,
eds.	 Irwin	 and	 Rippe’s	 Intensive	 Care	 Medicine.	 Wolters
Kluwer;	2017:159.)

8.	 With	the	catheter	tip	in	the	RA,	inflate	the	balloon	using	the	attached
syringe,	with	1	to	1.5	mL	of	air	(Figure	19.8A).	Inflation	of	the	balloon
should	be	associated	with	a	slight	feeling	of	resistance—if	it	is	not,	suspect
balloon	rupture	and	do	not	attempt	further	inflation	or	advancement	of	the
catheter	before	properly	removing	the	PAC	and	reevaluating	balloon
integrity.	If	significant	resistance	to	balloon	inflation	is	encountered,
suspect	malposition	of	the	catheter	in	a	small	vessel;	withdraw	the	catheter;
and	readvance	it	to	a	new	position.	Do	not	use	liquids	to	inflate	the	balloon
because	they	might	be	irretrievable	and	could	prevent	balloon	deflation.

9.	 With	the	balloon	inflated,	advance	the	catheter	until	an	RV	pressure	tracing
is	seen	on	the	monitor	(Figure	19.8,	center).	Obtain	and	record	RV
pressures.	Catheter	passage	into	and	through	the	RV	is	an	especially	risky
time	in	terms	of	arrhythmias.	Maintaining	balloon	inflation	in	the	RV
minimizes	ventricular	irritation	(Figure	19.8B),	but	it	is	important	to
monitor	vital	signs	and	ECG	throughout	the	entire	insertion	procedure.
Elevating	the	head	of	the	bed	to	5°	and	a	right	tilt	position	will	facilitate	the
passage	of	the	catheter	through	the	RV	and	minimize	the	generation	of
arrhythmias.

10.	 Continue	advancing	the	catheter	until	the	diastolic	pressure	tracing	rises
above	that	in	the	RV	(Figure	19.8,	center),	indicating	PA	placement	(Figure
19.8C).	If	an	RV	trace	still	appears	after	the	catheter	has	been	advanced
15	cm	beyond	the	original	distance	needed	to	reach	the	RA,	suspect	curling
in	the	ventricle;	deflate	the	balloon,	withdraw	it	to	the	RA,	then	reinflate	it
and	try	again.	Advancement	beyond	the	PA	position	results	in	a	fall	of	the
pressure	from	that	observed	in	the	RV	and	PA.	When	this	is	noted,	record
the	PAOP	(Figure	19.8D,	center)	and	deflate	the	balloon.	Phasic	PA
pressure	should	reappear	on	the	pressure	tracing	when	the	balloon	is
deflated.	If	it	does	not,	pull	back	the	catheter	with	the	deflated	balloon	until
the	PA	tracing	appears.	With	the	balloon	deflated,	blood	may	be	aspirated
for	oxygen	saturation	measurement	(SvO2).	Watch	for	intermittent	RV
tracings	indicating	slippage	of	the	catheter	backward	into	the	ventricle.

11.	 Carefully	record	the	balloon	inflation	volume	needed	to	change	the	PA
pressure	tracing	to	the	PAOP	tracing.	If	PAOP	is	recorded	with	an	inflation



volume	significantly	lower	than	the	manufacturer’s	recommended	volume,
or	if	subsequent	PAOP	determinations	require	decreasing	amounts	of
balloon	inflation	volume	as	compared	with	an	initial	appropriate	amount,
the	catheter	tip	has	migrated	too	far	peripherally	and	should	be	pulled	back
immediately.

12.	 Secure	the	catheter	introducer	to	the	skin	by	suturing.	Record	the	PA
position	at	the	introducer	and	ensure	the	PAC	remains	in	the	correct	PA
position	using	the	locking	mechanism	on	most	introducer	hubs	or	by
suturing	or	taping	the	sheath	to	the	skin	to	prevent	unintentional
advancement.	Apply	a	chlorhexidine-impregnated	transparent	dressing	to
cover	the	introducer	insertion	site.

13.	 Order	a	chest	radiograph	to	confirm	catheter	position;	the	catheter	tip
should	appear	no	more	than	3	to	5	cm	from	the	midline.	To	assess	whether
peripheral	catheter	migration	has	occurred,	daily	chest	radiographs	are
recommended	to	supplement	pressure	monitoring	and	checks	on	required
balloon	inflation	volume	required	to	obtain	a	PAOP.

Special	Considerations
In	 certain	disease	 states	 (RA	or	RV	dilatation,	 severe	pulmonary	hypertension,
severe	 tricuspid	 insufficiency,	 low	 CO	 syndromes,	 etc),	 it	 may	 be	 difficult	 to
position	 a	 flow-directed	 catheter	 properly.	 These	 settings	 may	 require
fluoroscopic	guidance	 to	aid	 in	catheter	positioning.	 Infusion	of	5	 to	10	mL	of
cold	 saline	 through	 the	 distal	 lumen	 may	 stiffen	 the	 catheter	 and	 aid	 in
positioning.	Alternatively,	a	0.025-cm	diameter	guidewire,	145	cm	long	may	be
used	 to	 stiffen	 the	 catheter	when	 placed	 through	 the	 distal	 lumen	 of	 a	 7F	 PA
catheter.	 This	 manipulation	 should	 be	 performed	 only	 under	 fluoroscopic
guidance	 by	 an	 experienced	 operator.	 Rarely,	 non–flow-directed	 PACs	 (eg,
Cournand	catheters)	may	be	 required.	Because	of	 their	 rigidity,	 these	 catheters
have	 the	 potential	 to	 perforate	 the	 right	 heart	 and	must	 be	 placed	 only	 under
fluoroscopy	by	a	physician	experienced	in	cardiac	catheterization	techniques.

Utility	of	Ultrasonography	for	Pulmonary	Artery	Catheter
Insertion
Ultrasonography	 has	 useful	 application	 related	 to	 PAC	 insertion.	 The	 PAC	 is
usually	 inserted	 without	 difficulty	 using	 a	 standard	 flow-guided	 flotation
technique	 in	 conjunction	with	 real-time	 observation	 of	 the	 typical	waveforms.



Occasionally,	 the	 insertion	 may	 be	 difficult,	 particularly	 in	 patients	 with	 high
right-sided	 pressures,	 dilated	 right	 heart	 chambers,	 and/or	 severe	 tricuspid
regurgitation.	 Real-time	 guidance	 of	 PAC	 insertion	 with	 ultrasonography	 is	 a
safe,	effective,	and	fast	method	of	insertion	that	has	advantage	over	fluoroscopic
guidance,	given	 that	 it	can	be	performed	at	 the	bedside	of	 the	critically	patient
and	 it	 requires	 no	 change	 to	 a	 special	 bed,	 patient	 transport,	 or	 complex
equipment.41,42

The	RA,	tricuspid	valve	(TV),	and	RV	are	imaged	from	the	subcostal	view	or
the	 RV	 inflow	 view	 according	 to	 operator	 preference.	 The	 catheter	 tip	 is
visualized	as	it	enters	the	RA.	The	operator	manipulates	the	catheter	under	direct
visualization	through	the	RV.	The	catheter	is	visualized	as	it	enters	the	main	PA
from	the	short-axis	view	of	 the	base	of	 the	heart.	Alternatively,	 it	 is	visualized
from	 the	 subcostal	 PA	 view	where	 imaging	 conditions	 permit;	 it	may	 be	 seen
entering	 the	 right	 or	 left	 PA.	 In	 patients	 with	 inadequate	 image	 quality	 for
transthoracic	 images,	 transesophageal	 echocardiography	 is	 an	 effective
alternative43	 ( 	 Video	 19.1).	 In	 this	 case,	 the	 bicaval	 view	 allows	 initial
visualization	 of	 the	 catheter,	 the	 midesophageal	 four-chamber	 view	 permits
assessment	 of	 catheter	 movement	 into	 the	 RV,	 and	 the	 final	 placement	 is
visualized	from	the	upper	esophageal	PA	view.

PHYSIOLOGIC	DATA
Measurement	of	a	variety	of	hemodynamic	parameters	and	oxygen	saturations	is
possible	 using	 the	 PAC.	A	 summary	 of	 normal	 values	 for	 these	 parameters	 is
found	in	Tables	19.2	and	19.3.

TABLE	19.2

Normal	Resting	Pressures	Obtained	During	Right	Heart
Catheterization

Cardiac	Chamber Pressure	(mm	Hg)

Right	Atrium

Range 0-6



Mean 3

Right	Ventricle

Systolic 17-30

Diastolic 0-6

Pulmonary	Artery

Systolic 15-30

Diastolic 5-13

Mean 10-18

Pulmonary	artery	occlusion	(mean) 2-12

Adapted	from	Gore	JM,	Alpert	JS,	Benotti	JR,	et	al.	Handbook	of	Hemodynamic	Monitoring.	Little,
Brown;	1984.

TABLE	19.3

Approximate	Normal	Oxygen	Saturation	and	Content
Values

Chamber	Sampled Oxygen	Content
(Vol%)

Oxygen
Saturation	(%)

Superior	vena	cava 14.0 70

Inferior	vena	cava 16.0 80

Right	atrium 15.0 75

Right	ventricle 15.0 75

Pulmonary	artery 15.0 75

Pulmonary	vein 20.0 98

Femoral	artery 19.0 96



Atrioventricular	oxygen	content
difference

3.5-5.5 –

Pressures

1 	Right	Atrial	Pressure
With	the	tip	of	the	PAC	in	the	RA	(Figure	19.8A),	the	balloon	is	deflated	and	a
right	atrial	waveform	recorded	(Figure	19.9).	Normal	resting	RA	pressure	is	0	to
6	mm	Hg.	Two	major	positive	atrial	pressure	waves,	the	a	wave	and	v	wave,	can
usually	be	recorded.	On	occasion,	a	third	positive	wave,	the	c	wave,	can	also	be
seen.	The	a	wave	is	caused	by	atrial	contraction	and	follows	the	simultaneously
recorded	 ECG	 P	 wave.44	 The	 a-wave	 peak	 generally	 follows	 the	 peak	 of	 the
electrical	P	wave	by	approximately	80	ms.	The	v	wave	 represents	 the	pressure
generated	by	venous	 filling	of	 the	RA	while	 the	 tricuspid	valve	 is	 closed.	The
peak	of	 the	v	wave	occurs	at	 the	end	of	ventricular	 systole	when	 the	atrium	 is
maximally	filled,	corresponding	to	the	point	near	the	end	of	the	T	wave	on	the
ECG.	The	c	wave	 is	caused	by	the	sudden	motion	of	 the	atrioventricular	valve
ring	toward	the	RA	at	the	onset	of	ventricular	systole.	The	c	wave	follows	the	a
wave	 by	 a	 time	 equal	 to	 the	 ECG	 P-R	 interval.	 The	 c	 wave	 is	 more	 readily
visible	 in	 cases	 of	 P-R	 prolongation.	 The	 x	 descent	 follows	 the	 c	 wave	 and
reflects	atrial	relaxation.	The	y	descent	is	caused	by	rapid	emptying	of	the	atrium
after	 opening	 of	 the	 tricuspid	 valve.	 The	 mean	 RA	 pressure	 decreases	 during
inspiration	with	spontaneous	respiration	(secondary	to	a	decrease	in	intrathoracic
pressure),	whereas	 the	a	 and	 v	 waves	 and	 the	 x	 and	 y	 descents	 become	more
prominent.	Once	a	multilumen	PAC	is	in	position,	RA	blood	can	be	sampled	and
CVP	 can	 be	monitored	 using	 the	 proximal	 lumen.	 It	 should	 be	 noted	 that	 the
pressures	 obtained	 via	 the	 proximal	 lumen	 may	 not	 accurately	 reflect	 RA
pressure	 if	 positioning	 of	 the	 lumen	 is	 against	 the	 atrial	 wall	 or	 within	 the
introducer	sheath.

	



Figure	19.9 	Stylized	representation	of	a	right	atrial	waveform	in
relation	to	heart	sounds.(See	text	for	discussion	of	a,	c,	and	v	waves
and	x	and	y	descents.)	S1,	first	heart	sound;	S2,	second	heart	sound.
(From	Reich	HS.	Pulmonary	artery	catheters.	In:	Irwin	RS,	Lilly	CM,
Mayo	PH,	Rippe	JM,	eds.	Irwin	and	Rippe’s	Intensive	Care	Medicine.
Wolters	Kluwer;	2017:160.)

Right	Ventricular	Pressure
The	normal	 resting	RV	pressure	 is	17	 to	30/0	 to	6	mm	Hg,	 recorded	when	 the
PAC	crosses	the	tricuspid	valve	(Figure	19.8B).	The	RV	systolic	pressure	should
equal	 the	 PA	 systolic	 pressure	 (except	 in	 cases	 of	 pulmonic	 stenosis	 or	 RV
outflow	tract	obstruction).	The	RV	diastolic	pressure	should	equal	the	mean	RA
pressure	 during	 diastole	 when	 the	 tricuspid	 valve	 is	 open.	 Introduction	 of	 the
catheter	 with	 a	 pacing	 lumen	 allows	 continuous	 monitoring	 of	 RV
hemodynamics	when	the	pacing	wire	is	not	in	place.	Using	special	catheters,	RV
end-diastolic	 volume	 index	 and	 RV	 ejection	 fraction	 can	 be	 accurately
measured.45

Pulmonary	Artery	Pressure
With	 the	 catheter	 in	 proper	 position	 and	 the	balloon	deflated,	 the	distal	 lumen
transmits	PA	pressure	(Figure	19.8E).	Normal	resting	PA	pressure	is	15	to	30/5
to	13	mm	Hg,	with	a	mean	pressure	of	10	 to	18	mm	Hg.	The	PA	waveform	is
characterized	by	a	systolic	peak	and	diastolic	trough	with	a	dicrotic	notch	due	to
closure	 of	 the	 pulmonic	 valve.	 The	 peak	 PA	 systolic	 pressure	 occurs	 in	 the	 T
wave	of	a	simultaneously	recorded	ECG.

Because	 the	pulmonary	vasculature	 is	 normally	 a	 low-resistance	 circuit,	PA
diastolic	pressure	(PADP)	is	closely	related	to	mean	PAOP	(PADP	is	usually	1-
3	mm	Hg	 higher	 than	mean	 PAOP)	 and	 thus	 can	 be	 used	 as	 an	 index	 of	 left
ventricle	 (LV)	 filling	 pressure	 in	 patients	 in	 whom	 an	 occlusion	 pressure	 is
unobtainable	or	in	whom	PADP	and	PAOP	have	been	shown	to	correlate	closely.
However,	if	pulmonary	vascular	resistance	is	increased,	as	in	pulmonary	embolic
disease,	 pulmonary	 fibrosis,	 or	 reactive	 pulmonary	 hypertension,	 PADP	 may
markedly	exceed	mean	PAOP	and	thus	become	an	unreliable	index	of	left	heart
filling.	Similar	provisos	apply	when	using	PA	mean	pressure	as	an	index	of	left
ventricular	function.



Pulmonary	Artery	Occlusion	Pressure
An	 important	 application	 of	 the	 balloon	 flotation	 catheter	 is	 the	 recording	 of
PAOP.	 This	 measurement	 is	 obtained	 when	 the	 inflated	 balloon	 impacts	 a
slightly	 smaller	branch	of	 the	PA	 (Figure	19.8D).	 In	 this	 position,	 the	 balloon
stops	the	flow,	and	the	catheter	tip	senses	pressure	transmitted	backward	through
the	static	column	of	blood	from	the	next	active	circulatory	bed—the	pulmonary
veins.	 Pulmonary	 venous	 pressure	 is	 a	 prime	 determinant	 of	 pulmonary
congestion	 and	 thus	 of	 the	 tendency	 for	 fluid	 to	 shift	 from	 the	 pulmonary
capillaries	 into	 the	 interstitial	 tissue	 and	 alveoli.	 Also,	 pulmonary	 venous
pressure	 and	 PAOP	 closely	 reflect	 left	 atrial	 pressure	 (LAP)	 (except	 in	 rare
instances,	 such	 as	 pulmonary	 veno-occlusive	 disease,	 in	 which	 there	 is
obstruction	in	the	small	pulmonary	veins)	and	serve	as	indices	of	left	ventricular
filling	pressure.46	The	PAOP	is	required	to	assess	left	ventricular	filling	pressure
because	 multiple	 studies	 have	 demonstrated	 that	 RA	 (eg,	 central	 venous)
pressure	correlates	poorly	with	PAOP.47

The	PAOP	is	a	phase-delayed,	amplitude-dampened	version	of	the	LAP.	The
normal	resting	PAOP	is	2	to	12	mm	Hg	and	averages	2	to	7	mm	Hg	below	the
mean	PA	pressure.	The	PAOP	waveform	is	similar	to	that	of	the	RA,	with	a,	c,
and	v	waves	and	x	and	y	descents	(Figure	19.9).	However,	in	contrast	to	the	RA
waveform,	the	PAOP	waveform	demonstrates	a	v	wave	that	is	slightly	larger	than
the	 a	 wave.3	 Because	 of	 the	 time	 required	 for	 LA	 mechanical	 events	 to	 be
transmitted	 through	 the	 pulmonary	 vasculature,	 PAOP	 waveforms	 are	 further
delayed	 when	 recorded	 with	 a	 simultaneous	 ECG.	 The	 peak	 of	 the	 a	 wave
follows	the	peak	of	the	ECG	P	wave	by	approximately	240	ms,	and	the	peak	of
the	v	wave	occurs	after	the	ECG	T	wave	has	been	inscribed.	Occlusion	position
is	 confirmed	 by	 withdrawing	 a	 blood	 specimen	 from	 the	 distal	 lumen	 and
measuring	 oxygen	 saturation.	Measured	 oxygen	 saturation	 of	 95%	 or	more	 is
satisfactory.46

A	valid	PAOP	measurement	 requires	 a	 patent	 vascular	 channel	 between	 the
left	 atrium	 (LA)	 and	 catheter	 tip.	 Thus,	 the	 PAOP	 approximates	 pulmonary
venous	pressure	(and	therefore	LAP)	only	if	the	catheter	tip	lies	in	zone	3	of	the
lungs.44	If,	on	portable	lateral	chest	radiograph,	the	catheter	tip	is	below	the	level
of	the	LA	(posterior	position	in	supine	patients),	it	can	be	assumed	to	be	in	zone
3.	This	 assumption	holds	 if	 applied	positive	end-expiratory	pressure	 (PEEP)	 is
less	than	15	cm	H2O	and	the	patient	is	not	markedly	volume	depleted.	Whether
the	 catheter	 is	 positioned	 in	 zone	 3	 may	 also	 be	 determined	 by	 certain
physiologic	 characteristics	 (Table	 19.4).	 A	 catheter	 occlusion	 outside	 zone	 3
shows	marked	respiratory	variation,	an	unnaturally	smooth	vascular	waveform,



and	misleading	high	pressures.

TABLE	19.4

Checklist	for	Verifying	Position	of	Pulmonary	Artery
Catheter

Zone	3 Zone	1	or	2

PAOP	contour Cardiac	ripple	(a	+	v
waves)

Unnaturally
smooth

PADP	vs	PAOP PADP	>	PAOP PADP	<	PAOP

PEEP	trial ΔPAOP	<½	ΔPEEP ΔPAOP	>½
ΔPEEP

Respiratory	variation	of
PAOP

<	½P	ALV ≥	½	ΔP	ALV

Catheter-tip	location LA	level	or	below Above	LA	level

LA,	left	atrium;	PADP,	pulmonary	artery	diastolic	pressure;	PAOP,	pulmonary	artery	occlusion
pressure;	PEEP,	positive	end-expiratory	pressure.

With	a	few	exceptions,48	estimates	of	capillary	hydrostatic	filtration	pressure
from	PAOP	are	acceptable.	It	should	be	noted	that	measurement	of	PAOP	does
not	 take	 into	 account	 capillary	 permeability,	 serum	 colloid	 osmotic	 pressure,
interstitial	 pressure,	 or	 actual	 pulmonary	 capillary	 resistance.	 These	 factors	 all
play	 roles	 in	 the	 formation	 of	 pulmonary	 edema,	 and	 the	 PAOP	 should	 be
interpreted	in	the	context	of	the	specific	clinical	situation.

Mean	 PAOP	 correlates	 well	 with	 left	 ventricular	 end-diastolic	 pressure
(LVEDP),	 provided	 the	 patient	 has	 a	 normal	 mitral	 valve	 and	 normal	 left
ventricular	 function.	 In	 myocardial	 infarction,	 conditions	 with	 decreased	 left
ventricular	 compliance	 (eg,	 ischemia	 and	 left	 ventricular	 hypertrophy),	 and
conditions	with	markedly	 increased	 left	ventricular	 filling	pressure	 (eg,	dilated
cardiomyopathy),	 the	contribution	of	atrial	contraction	to	left	ventricular	filling
is	increased.	Thus,	the	LVEDP	may	be	significantly	higher	than	the	mean	LAP
or	PAOP.44

The	 position	 of	 the	 catheter	 can	 be	 misinterpreted	 in	 patients	 with	 the



presence	of	giant	v	waves.	The	most	common	cause	of	 these	v	waves	 is	mitral
regurgitation.	During	this	condition,	left	ventricular	blood	floods	a	normal-sized,
noncompliant	 LA	 during	 ventricular	 systole,	 causing	 giant	 v	 waves	 in	 the
occlusion	 pressure	 tracing	 (Figure	 19.10).	 The	 giant	 v	 wave	 of	 mitral
regurgitation	may	be	transmitted	to	the	PA	tracing,	yielding	a	bifid	PA	waveform
composed	of	the	PA	systolic	wave	and	the	v	wave.	When	the	balloon	is	inflated
and	the	catheter	is	occluded,	the	PA	systolic	wave	is	lost,	but	the	v	wave	remains.
It	is	important	to	note	that	the	PA	systolic	wave	occurs	earlier	in	relation	to	the
QRS	 complex	 of	 a	 simultaneously	 recorded	 ECG	 (between	 the	 QRS	 and	 T
waves)	compared	to	the	v	wave	(after	the	T	wave).

	

Figure	 19.10 	 Pulmonary	 artery	 and	 pulmonary	 capillary	wedge
pressure	 tracings	 with	 giant	 v	 waves	 distorting	 the	 pressure
recordings.ECG,	electrocardiogram.(With	permission	from	Reich	HS.
Pulmonary	artery	catheters.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,	Rippe
JM,	eds.	Irwin	and	Rippe’s	Intensive	Care	Medicine.	Wolters	Kluwer;
2017:161.)

Although	a	 large	v	wave	 is	not	diagnostic	of	mitral	 regurgitation	and	 is	not
always	present	in	this	circumstance,	acute	mitral	regurgitation	remains	the	most
common	cause	of	giant	v	waves	 in	 the	PAOP	 tracing.	Prominent	v	waves	may
occur	whenever	the	LA	is	distended	and	noncompliant	owing	to	left	ventricular
failure	 from	 any	 cause	 (eg,	 ischemic	 heart	 disease	 and	 dilated
cardiomyopathy),49	or	secondary	to	the	increased	pulmonary	blood	flow	in	acute
ventricular	septal	defect.	Acute	mitral	 regurgitation	represents	 the	rare	 instance
when	 the	PA	end-diastolic	pressure	may	be	 lower	 than	 the	computer-measured
mean	occlusion	pressure.

End	 expiration	 provides	 a	 readily	 identifiable	 reference	 point	 for	 PAOP



interpretation	because	pleural	pressure	 returns	 to	baseline	at	 the	end	of	passive
deflation	 (approximately	 equal	 to	 atmospheric	 pressure).	 Pleural	 pressure	 can
exceed	the	normal	resting	value	with	active	expiratory	muscle	contraction	or	use
of	 PEEP.	 How	 much	 PEEP	 is	 transmitted	 to	 the	 pleural	 space	 cannot	 be
estimated	 easily	 because	 it	 varies	 depending	 on	 lung	 compliance	 and	 other
factors.	 When	 normal	 lungs	 deflate	 passively,	 end-expiratory	 pleural	 pressure
increases	 by	 approximately	 one-half	 of	 the	 applied	 PEEP.	 In	 patients	 with
reduced	 lung	compliance	(eg,	patients	with	acute	 respiratory	distress	syndrome
[ARDS]),	the	transmitted	fraction	may	be	one-fourth	or	less	of	the	PEEP	value.
In	 the	past,	 PEEP	 levels	 greater	 than	10	mm	Hg	were	 thought	 to	 interrupt	 the
column	 of	 blood	 between	 the	 LA	 and	 PAC	 tip,	 causing	 the	 PAOP	 to	 reflect
alveolar	pressure	more	accurately	than	LAP.	However,	 two	studies	suggest	that
this	 may	 not	 hold	 true	 in	 all	 cases.	 Teboul	 et	 al50	 could	 find	 no	 significant
discrepancy	 between	 PAOP	 and	 simultaneously	 measured	 LVEDP	 at	 PEEP
levels	of	0,	10,	and	16	to	20	cm	H2O	in	patients	with	ARDS.	They	hypothesized
that	 (1)	 a	 large	 intrapulmonary	 right-to-left	 shunt	 may	 provide	 a	 number	 of
microvessels	shielded	from	alveolar	pressure,	allowing	free	communication	from
PA	to	pulmonary	veins	or	(2)	in	ARDS,	both	vascular	and	lung	compliance	may
decrease,	 reducing	 transmission	 of	 alveolar	 pressure	 to	 the	 pulmonary
microvasculature	 and	 maintaining	 an	 uninterrupted	 blood	 column	 from	 the
catheter	tip	to	the	LA.

Although	 it	 is	 difficult	 to	 estimate	 precisely	 the	 true	 transmural	 vascular
pressure	 in	 a	 patient	 on	 PEEP,	 temporarily	 disconnecting	 PEEP	 to	 measure
PAOP	is	not	recommended.	Because	the	hemodynamics	have	been	destabilized,
these	 measurements	 will	 be	 of	 questionable	 value.	 Venous	 return	 increases
acutely	after	discontinuation	of	PEEP,50	and	abrupt	removal	of	PEEP	will	cause
hypoxia,	which	may	not	reverse	quickly	on	reinstitution	of	PEEP.51

Cardiac	Output

1 	Thermodilution	Techniqu
A	catheter	equipped	with	a	thermistor	4	cm	from	its	tip	allows	calculation	of	CO
by	using	the	thermodilution	principle.52,53	The	thermodilution	principle	holds	that
if	 a	 known	 quantity	 of	 cold	 solution	 is	 introduced	 into	 the	 circulation	 and
adequately	mixed	(passage	through	two	valves	and	a	ventricle	is	adequate),	the
resultant	cooling	curve	 recorded	at	a	downstream	site	allows	 for	calculation	of
net	 blood	 flow.	 CO	 is	 inversely	 proportional	 to	 the	 integral	 of	 the	 time-vs-



temperature	curve.
In	practice,	a	known	amount	of	cold	or	room	temperature	solution	(typically

10	mL	of	0.9%	saline	in	adults,	and	5	mL	of	0.9%	saline	in	children)	is	injected
into	the	RA	via	the	catheter’s	proximal	port.	The	thermistor	allows	recording	of
the	 baseline	 PA	 blood	 temperature	 and	 subsequent	 temperature	 change.	 The
resulting	 curve	 is	 usually	 analyzed	 by	 computer,	 although	 it	 can	 be	 analyzed
manually	 by	 simple	 planimetric	 methods.	 Correction	 factors	 are	 added	 by
catheter	manufacturers	to	account	for	the	mixture	of	a	cold	indicator	with	warm
residual	 fluid	 in	 the	 catheter	 injection	 lumen	 and	 the	 heat	 transfer	 from	 the
catheter	walls	to	the	cold	indicator.

Reported	 coefficients	 of	 variation	 using	 triplicate	 determinations,	 using
10	mL	of	cold	injectate	and	a	bedside	computer,	are	approximately	4%	or	less.
Variations	 in	 the	 rate	 of	 injection	 can	 also	 introduce	 error	 into	 CO
determinations,	and	it	is	thus	important	that	the	solution	be	injected	as	rapidly	as
possible.	 Careful	 attention	must	 be	 paid	 to	 the	 details	 of	 this	 procedure;	 even
then,	changes	of	less	than	10%	to	15%	above	or	below	an	initial	value	may	not
truly	 establish	 directional	 validity.	 Thermodilution	 CO	 is	 inaccurate	 in	 low-
output	states,	 tricuspid	regurgitation,	and	 in	cases	of	atrial	or	ventricular	septal
defects.54

Normal	 values	 for	 arterial-venous	 oxygen	 content	 difference	 and	 mixed
venous	oxygen	saturation	with	a	normal	CO	can	be	found	in	Table	19.5.

TABLE	19.5

Selected	Hemodynamic	Variables	Derived	From	Right
Heart	Catheterization

Hemodynamic	Variable Normal	Range

Arterial-venous	content	difference 3.5-5.5/100	mL

Cardiac	index 2.5-4.5	L/min/m2

Cardiac	output 3.0-7.0	L/min

Left	ventricular	stroke	work	index 45-60	g/beat/m2

Mixed	venous	oxygen	content 18.0/100	mL



Mixed	venous	saturation 75%	(approximately)

Oxygen	consumption 200-250	mL/min

Pulmonary	vascular	resistance 120-250	dynes/s/cm−5

Stroke	volume 70-130	mL/contraction

Stroke	volume	index 40-50	mL/contraction/m2

Systemic	vascular	resistance 1100-1500	dynes/s/cm2

Adapted	from	Gore	JM,	Alpert	JS,	Benotti	JR,	et	al.	Handbook	of	Hemo-dynamic	Monitoring.
Little,	Brown;	1984.

Continuous	Cardiac	Output	Monitoring
A	 coiled	 filament	 that	 uses	 a	 heating	 indicator	 within	 the	 RA	 and	 RV	 in	 a
recurring	fashion	established	by	a	registered,	pseudorandom	sequence	is	used	in
pulsed	 thermodilution.	 The	 tip	 of	 the	 PAC	 has	 a	 thermistor	 that	 identifies
changes	 in	 blood	 temperature	 and	 sends	 the	 information	 to	 a	 computer	 that
analyzes	 the	 data	 to	 extrapolate	 to	 a	 thermodilution	 curve.	 The	 CO	 is	 then
computed	 similarly	 to	 the	 bolus	 technique,	 although	 a	 warmed	 bolus	 is	 used
instead	 of	 a	 cool	 bolus.	 An	 alternative	 technique	 applies	 heat	 to	 a	 thermistor
positioned	at	 the	 tip	of	 the	PAC.	The	 tip	 is	 cooled	 as	blood	 flows	 through	 the
RVOT,	 and	 the	 temperature	 change	 detected	 is	 proportional	 to	 the	 blood	 flow
rate.	These	continuous	CO	monitoring	techniques	may	be	associated	with	a	lag
time	compared	to	bolus	CO	measurements,	but	they	perform	similarly	to	the	CO
bolus	technique,	even	when	patients’	temperature	and	CO	fluctuate.55

Analysis	of	Mixed	Venous	Blood
CO	 can	 be	 approximated	 by	 examining	mixed	 venous	 (PA)	 oxygen	 saturation
(SvO2).	Theoretically,	if	CO	rises,	then	the	mixed	venous	oxygen	partial	pressure
will	rise	because	peripheral	tissues	need	to	extract	less	oxygen	per	unit	of	blood.
Conversely,	 if	 CO	 falls,	 peripheral	 extraction	 from	 each	 unit	 will	 increase	 to
meet	the	needs	of	metabolizing	tissues.	Serial	determinations	of	SvO2	may	thus
display	 trends	 in	 CO.	 Normal	 SvO2	 is	 70%	 to	 75%;	 values	 of	 <60%	 are
associated	 with	 low	 CO	 as	 seen	 in	 heart	 failure,	 and	 values	 of	 <40%	 with
shock.56	Other	causes	of	decreased	SvO2	may	be	increased	oxygen	consumption
(ie,	fever,	shivering,	malignant	hyperthermia,	etc),	or	decreased	oxygen	delivery



(ie,	hypoxia,	anemia,	etc).	Potential	sources	of	error	in	this	determination	include
extreme	 low-flow	 states	 where	 poor	mixing	may	 occur,	 and	 contamination	 of
desaturated	 mixed	 venous	 blood	 by	 saturated	 pulmonary	 capillary	 blood	 may
occur	when	the	sample	is	aspirated	too	quickly	through	the	nonwedged	catheter.
Similarly,	increases	in	SvO2	may	reflect	increased	CO	states	related	to	impaired
tissue	 uptake	 of	 oxygen	 (eg,	 cyanide	 toxicity),	 decreased	 oxygen	 consumption
(eg,	hypothermia),	and	in	certain	disease	states	(eg,	sepsis)	or	in	the	presence	of
left-to-right	 shunting.	 Fiberoptic	 reflectance	 oximetry	 PACs	 may	 be	 used	 to
continuously	measure	and	record	SvO2	in	appropriate	clinical	situations.57

Derived	Parameters
Equations	for	deriving	hemodynamic	parameters	using	PACs	include:

1.	 Cardiac	index	=	CO	(L/min)/body	surface	area	(BSA)	(m2)
2.	 Stroke	volume	=	CO	(L/min)/heart	rate	(beats	per	minute)
3.	 Stroke	index	=	CO	(L/min)/(heart	rate	[beats	per	minute]	×	BSA	[m2])
4.	 Mean	arterial	pressure	(mm	Hg)	=	([2	×	diastolic]	+	 systolic)/3
5.	 Systemic	vascular	resistance	(dynes/s/cm−5)	=	([mean	arterial

pressure	−	mean	RAP	{mm	Hg}]	×	80)/CO	(L/min)
6.	 Pulmonary	arteriolar	resistance	(dynes/s/cm−5)	=	([mean	PA

pressure	−	PAOP	{mm	Hg}]	×	80)/CO	(L/min)
7.	 Total	pulmonary	resistance	(dynes/s/cm−5)	=	([mean	PA	pressure	{mm

Hg}]	×	80)/CO	(L/min)
8.	 Left	ventricular	stroke	work	index	=	1.36	(mean	arterial

pressure	−	PAOP)	×	stroke	index/100
9.	 Oxygen	delivery	(DO2)	(mL/min/m2)	=	cardiac	index	×	arterial	O2

content	×	10

Normal	values	for	several	of	these	parameters	can	be	found	in	Table	19.5.

CLINICAL	APPLICATIONS	OF	THE	PULMONARY
ARTERY	CATHETER
The	finding	from	a	PAC	related	to	CO	and	left	and	right	heart	filling	pressures
can	 be	 useful	 in	 establishing	 a	 cardiovascular	 or	 noncardiovascular	 basis	 to
explain	 abnormal	 symptoms	 or	 signs,	 and	 can	 serve	 as	 a	 baseline	 to	 gauge	 a



patient’s	disease	progression	or	response	to	therapy.	Normal	RA	pressures	of	0	to
6	mm	Hg,	PA	systolic	pressures	of	15	to	30	mm	Hg,	PADPs	of	5	to	12	mm	Hg,
PA	mean	pressures	of	9	to	18	mm	Hg,	PAOP	of	5	to	12	mm	Hg,	and	a	cardiac
index	exceeding	2.5	L/min/m2	characterize	a	normal	cardiovascular	state	at	rest.

Table	19.6	summarizes	specific	hemodynamic	patterns	for	a	variety	of	disease
states	 in	 which	 PACs	 may	 be	 used	 to	 provide	 clinical	 information	 that	 can
impact	patient	care.

TABLE	19.6

Hemodynamic	Parameters	in	Commonly	Encountered
Clinical	Situations	(Idealized)

	 RAP RVP PAP PAOP Aortic
BP CI SVR PVR

Normal 0-6 25/0-6 25/6-
12

6-12 130/80 ≥2.5 1500 ≤250

Hypovolemic
shock

0-2 15-
20/0-2

15-
20/2-6

2-6 ≤90/60 <2.0 >1500 ≤250

Cardiogenic
shock

8 50/8 50/35 35 ≤90/60 <2.0 >1500 ≤250

Septic	shock

Early 0-2 20-
25/0-2

20-
25/0-6

0-6 ≤90/60 ≥2.5 <1500 <250

Late 0-4 25/4-
10

25/4-
10

4-10 ≤90/60 <2.0 >1500 >250

Acute
massive
pulmonary
embolism

8-12 50/12 50/12-
15

≤12 ≤90/60 <2.0 >1500 >450

Cardiac
tamponade

12-
18

25/12-
18

25/12-
18

12-18 ≤90/60 <2.0 >1500 ≤250



AMI	without
LVF

0-6 25/0-6 25/12-
18

≤18 140/90 ≤2.5 >1500 ≤250

AMI	with
LVF

0-6 30-
40/0-6

30-
40/18-
25

>18 140/90 <2.0 >1500 >250

Biventricular
failure
secondary	to
LVF

>6 50-
60/>6

50-
60/25

18-25 120/80 ∼2.0 >1500 >250

RVF
secondary	to
RVI

12-
20

30/12-
20

30/12 <12 ≤90/60 <2.0 >1500 >250

Cor
pulmonale

>6 80/>6 80/35 <12 120/80 ∼2.0 >1500 >400

Idiopathic
pulmonary
hypertension

0-6 80-
100/0-
6

80-
100/40

<12 100/60 <2.0 >1500 >500

Acute
ventricular
septal
rupture

6 60/6-8 60/35 30 ≤90/60 <2.0 >1500 >250

AMI,	acute	myocardial	infarction;	BP,	blood	pressure;	CI,	cardiac	index;	LVF,	left	ventricular
failure;	PAOP,	pulmonary	artery	occlusion	pressure;	PAP,	pulmonary	arterial	pressure;	PVR,
pulmonary	vascular	resistance;	RAP,	right	atrial	pressure;	RVF,	right	ventricular	failure;	RVI,	right
ventricular	infarction;	RVP,	right	ventricular	pressure;	SVR,	systemic	vascular	resistance.

COMPLICATIONS
2 	Minor	and	major	complications	associated	with	bedside	balloon	 flotation	PA
catheterization	 have	 been	 reported	 (Table	 19.7).	During	 the	 1970s,	 in	 the	 first
10	 years	 of	 clinical	 PAC	 use,	 a	 number	 of	 studies	 reported	 a	 relatively	 high
incidence	of	 certain	 complications.	Consequent	 revision	of	 guidelines	 for	PAC
use	and	improved	insertion	and	maintenance	techniques	resulted	in	a	decreased
incidence	 of	 these	 complications	 in	 the	 1980s.58	 The	 incidence	 of	 deaths



associated	with	PAC	use	is	0.02%	to	1.5%.55,59	The	majority	of	complications	are
avoidable	 by	 scrupulous	 attention	 to	 detail	 in	 catheter	 placement	 and
maintenance.

TABLE	19.7

Complications	of	Pulmonary	Artery	Catheterization

Associated	with	central	venous	access
Balloon	rupture
Knotting
Pulmonary	infarction
Pulmonary	artery	perforation
Thrombosis,	embolism
Arrhythmias
Intracardiac	damage
Infections
Miscellaneous	complications

Complications	Associated	With	Central	Venous	Access
The	 insertion	 techniques	 and	 complications	 of	 central	 venous	 cannulation	 are
discussed	 in	 Chapter	 6.	 Reported	 local	 vascular	 complications	 include	 local
arterial	or	venous	hematomas,	unintentional	entry	of	the	catheter	into	the	carotid
system,	 atrioventricular	 fistulas,	 and	 pseudoaneurysm	 formation.60	 Adjacent
structures,	such	as	the	thoracic	duct,	can	be	damaged,	with	resultant	chylothorax
formation,	 and	 thus,	 left-sided	 IJV	 PAC	 placement	 is	 not	 routinely
recommended.	 Pneumothorax	 can	 be	 a	 serious	 complication	 of	 insertion,
although	 the	 incidence	 is	 relatively	 low	 (1%-2%).60	 The	 incidence	 of
pneumothorax	 is	 higher	 with	 the	 subclavian	 approach	 than	 with	 the	 internal
jugular	approach	in	some	reports,61	but	other	studies	demonstrate	no	difference
between	the	two	sites.62	The	incidence	of	complications	associated	with	catheter



insertion	 is	 generally	 considered	 to	 be	 inversely	 proportional	 to	 the	 operator’s
experience.

Balloon	Rupture
Balloon	 rupture	occurred	more	 frequently	 in	 the	early	1970s	 than	 it	does	now,
and	 was	 generally	 related	 to	 exceeding	 recommended	 inflation	 volumes.	 The
main	 problems	 posed	 by	 balloon	 rupture	 are	 air	 emboli	 gaining	 access	 to	 the
arterial	 circulation	 and	 balloon	 fragments	 embolizing	 to	 the	 distal	 pulmonary
circulation.	If	rupture	occurs	during	catheter	 insertion,	 the	loss	of	 the	balloon’s
protective	 cushioning	 function	 can	 predispose	 to	 endocardial	 damage	 and
attendant	thrombotic	and	arrhythmic	complications.

Knotting
Knotting	of	a	catheter	around	itself	 is	most	 likely	to	occur	when	loops	form	in
the	cardiac	chambers	and	the	catheter	is	repeatedly	withdrawn	and	readvanced.63
Knotting	 is	 avoided	 if	 care	 is	 taken	 not	 to	 advance	 the	 catheter	 significantly
beyond	the	distances	at	which	entrance	to	the	ventricle	or	PA	would	ordinarily	be
anticipated.	Knotted	catheters	usually	can	be	extricated	transvenously;	guidewire
placement,	 venotomy,	 or	 more	 extensive	 surgical	 procedures	 are	 occasionally
necessary.

Knotting	 of	 PACs	 around	 intracardiac	 structures64	 or	 other	 intravascular
catheters	has	been	reported.	Rarely,	entrapment	of	a	PAC	in	cardiac	sutures	after
open-heart	 surgery	 has	 been	 reported,	 requiring	 varying	 approaches	 for
removal.65

Pulmonary	Infarction
Peripheral	migration	of	 the	 catheter	 tip	 (caused	by	catheter	 softening	and	 loop
tightening	over	 time)	with	persistent,	undetected	wedging	 in	 small	branches	of
the	PA	is	the	most	common	mechanism	underlying	pulmonary	ischemic	lesions
attributable	to	PACs.66	These	lesions	are	usually	small	and	asymptomatic,	often
diagnosed	solely	on	the	basis	of	changes	in	the	chest	radiograph	that	demonstrate
an	occlusion-shaped	pleural-based	density	with	a	convex	proximal	contour.

Severe	infarctions	are	usually	only	produced	if	the	balloon	is	left	inflated	in
the	 occlusion	 position	 for	 an	 extended	 period,	 thus	 obstructing	 more	 central
branches	of	the	PA,	or	if	solutions	are	injected	at	relatively	high	pressure	through



the	catheter	lumen	in	an	attempt	to	restore	an	apparently	damped	pressure	trace.
Pulmonary	 embolic	 phenomena	 resulting	 from	 thrombus	 formation	 around	 the
catheter	 or	 over	 areas	 of	 endothelial	 damage	 can	 also	 result	 in	 pulmonary
infarction.

Historically,	 the	 reported	 incidence	 of	 pulmonary	 infarction	 secondary	 to
PACs	 in	 the	 1970s	 was	 7.2%,66	 but	 more	 recent	 studies	 have	 reported	 a
decreased	incidence	of	pulmonary	infarctions	ranging	from	0.1%	to	5.6%.55,67,68
Use	 of	 continuous	 saline	 flush	 solutions	 and	 careful	 monitoring	 of	 PA
waveforms	 are	 important	 reasons	 for	 the	 decreased	 incidence	 of	 this
complication.

Pulmonary	Artery	Perforation
A	 serious	 and	 feared	 complication	 of	 PA	 catheterization	 is	 rupture	 of	 the	 PA
leading	 to	hemorrhage,	which	can	be	massive	and	often	 fatal.69,70	Rupture	may
occur	 during	 insertion	 or	 may	 be	 delayed	 a	 number	 of	 days.70	 PA	 rupture	 or
perforation	 has	 been	 reported	 in	 approximately	 0.1%	 to	 0.2%	 of	 patients,61,71
although	 the	 true	 incidence	may	actually	be	higher.72	Proposed	mechanisms	by
which	PA	rupture	can	occur	include	(1)	an	increased	pressure	gradient	between
PAOP	 and	 PA	 pressure	 brought	 about	 by	 balloon	 inflation	 and	 favoring	 distal
catheter	migration,	where	 perforation	 is	more	 likely	 to	 occur;	 (2)	 an	 occluded
catheter-tip	 position	 favoring	 eccentric	 or	 distended	 balloon	 inflation	 with	 a
spearing	of	the	tip	laterally	and	through	the	vessel;	(3)	cardiac	pulsation	causing
shearing	 forces	 and	 damage	 as	 the	 catheter	 tip	 repeatedly	 contacts	 the	 vessel
wall;	(4)	presence	of	the	catheter	tip	near	a	distal	arterial	bifurcation	where	the
integrity	 of	 the	 vessel	 wall	 against	 which	 the	 balloon	 is	 inflated	 may	 be
compromised;	and	(5)	simple	lateral	pressure	on	vessel	walls	caused	by	balloon
inflation	(this	tends	to	be	greater	if	the	catheter	tip	was	occluded	before	inflation
began).	Patient	risk	factors	for	PA	perforation	 include	pulmonary	hypertension,
mitral	 valve	 disease,	 advanced	 age,	 hypothermia,	 anticoagulation,	 and
coagulopathies.	 In	 patients	with	 these	 risk	 factors	 and	 in	whom	PADP	 reflects
PAOP	 reasonably	 well,	 avoidance	 of	 subsequent	 balloon	 inflation	 altogether
constitutes	prudent	prophylaxis.

Another	 infrequent	 but	 life-threatening	 complication	 is	 false	 aneurysm
formation	 which	 is	 also	 associated	 with	 rupture	 or	 dissection	 of	 the	 PA.73
Technique	factors	related	to	PA	hemorrhage	are	distal	placement	or	migration	of
the	 catheter,	 failure	 to	 remove	 large	 catheter	 loops	 placed	 in	 the	 cardiac
chambers	 during	 insertion,	 excessive	 catheter	 manipulation,	 use	 of	 stiffer
catheter	designs,	and	multiple	or	prolonged	balloon	inflations.62



PA	 perforation	 typically	 presents	 with	 massive	 hemoptysis.	 Emergency
management	 includes	 immediate	 occlusion	 arteriogram	 and	 bronchoscopy;
intubation	of	the	unaffected	lung;	and	consideration	of	emergency	lobectomy	or
pneumonectomy.	Application	of	PEEP	to	intubated	patients	may	also	tamponade
hemorrhage	caused	by	a	PAC.74

Thromboembolic	Complications
Because	PACs	constitute	foreign	bodies	in	the	cardiovascular	system	which	may
potentially	 damage	 the	 endocardium,	 they	 are	 associated	 with	 an	 increased
incidence	 of	 thrombosis.	 Thrombi	 encasing	 the	 catheter	 tip	 and	 aseptic
thrombotic	vegetations	forming	at	endocardial	sites	in	contact	with	the	catheter
have	been	reported.67	Extensive	clotting	around	the	catheter	tip	can	occlude	the
pulmonary	vasculature	distal	to	the	catheter,	and	thrombi	anywhere	in	the	venous
system	or	right	heart	can	serve	as	a	source	of	pulmonary	emboli.	The	reported
incidence	 of	 venous	 thrombosis	 associated	 with	 indwelling	 PACs	 is	 0.5%	 to
66.7%.55,59	Mural	thrombus	may	also	occur	with	an	incidence	of	28%	to	61%.55,59
Subclavian	 venous	 thrombosis,	 presenting	with	 unilateral	 neck	 vein	 distention
and	upper	extremity	edema,	may	occur	in	up	to	2%	of	subclavian	placements.75
Venous	 thrombosis	 complicating	 percutaneous	 IJV	 catheterization	 is	 fairly
commonly	 reported,	 although	 its	 clinical	 importance	 remains	 uncertain.
Consistently	 damped	 pressure	 tracings	without	 evidence	 of	 peripheral	 catheter
migration	or	pulmonary	vascular	occlusion	should	arouse	suspicion	of	thrombi	at
the	 catheter	 tip.	 A	 changing	 relationship	 of	 PADP	 to	 PAOP	 over	 time	 should
raise	concern	about	possible	pulmonary	emboli.

If	an	underlying	hypercoagulable	state	is	known	to	exist,	if	catheter	insertion
was	particularly	 traumatic,	 or	 if	 prolonged	monitoring	becomes	necessary,	 one
should	consider	cautiously	anticoagulating	the	patient.

Heparin-bonded	catheters	reduce	thrombogenicity76	and	are	commonly	used.
However,	 a	 potential	 complication	 of	 heparin-bonded	 catheters	 is	 heparin-
induced	thrombocytopenia	(HIT),77	and	the	routine	monitoring	of	platelet	counts
is	recommended	when	these	catheters	are	used.

Rhythm	Disturbances
Atrial	and	ventricular	arrhythmias	occur	commonly	during	insertion	of	PACs.78
Premature	 ventricular	 contractions	 occurred	 during	 11%	 of	 the	 catheter
insertions	originally	reported	by	Swan	et	al.1



Studies	 have	 reported	 advanced	 ventricular	 arrhythmias	 (three	 or	 more
consecutive	 ventricular	 premature	 beats)	 in	 approximately	 30%	 to	 60%	 of
patients	undergoing	 right	heart	 catheterization.61,79,80	Most	arrhythmias	are	 self-
limited	 and	 do	 not	 require	 treatment,	 but	 sustained	 ventricular	 arrhythmias
requiring	treatment	occur	in	0%	to	3%	of	patients.67,79,80	Risk	factors	associated
with	 increased	 incidence	 of	 advanced	 ventricular	 arrhythmias	 are	 acute
myocardial	 ischemia	 or	 infarction,	 hypoxia,	 acidosis,	 hypocalcemia,	 and
hypokalemia.79	 A	 right	 lateral	 tilt	 position	 (5°	 angle)	 during	 PAC	 insertion	 is
associated	with	a	 lower	 incidence	of	malignant	ventricular	arrhythmias	 than	 in
the	Trendelenburg	position.

Although	 the	 majority	 of	 arrhythmias	 occur	 during	 catheter	 insertion,
arrhythmias	 may	 develop	 at	 any	 time	 after	 the	 catheter	 has	 been	 correctly
positioned.	 These	 arrhythmias	 are	 caused	 by	 mechanical	 irritation	 of	 the
conducting	system	and	may	be	persistent.	Ventricular	ectopy	may	also	occur	 if
the	 catheter	 tip	 falls	 back	 into	 the	 RV	 outflow	 tract.	 Evaluation	 of	 catheter-
induced	 ectopy	 should	 include	 a	 portable	 chest	 radiograph	 or	 transthoracic
echocardiography	 to	 evaluate	 catheter	 position	 and	 assessment	 of	 the	 distal
lumen	pressure	 tracing	 to	 ensure	 that	 the	 catheter	 has	 not	 slipped	 into	 the	RV.
Lidocaine	may	be	used	but	is	unlikely	to	ablate	the	ectopy	because	the	irritant	is
not	 removed.	 If	 the	 arrhythmia	persists	 after	 lidocaine	 therapy	or	 is	 associated
with	hemodynamic	compromise,	the	catheter	should	be	removed	by	a	physician
under	 ECG	 monitoring,	 as	 ectopy	 may	 occur	 almost	 as	 frequently	 during
catheter	removal	as	during	insertion.81

Right	 bundle	 branch	 block	 (usually	 transient)	 can	 also	 complicate	 catheter
insertion.82	Patients	undergoing	anesthesia	induction,	those	in	the	early	stages	of
acute	 anteroseptal	 myocardial	 infarction,	 and	 those	 with	 acute	 pericarditis,
appear	particularly	susceptible	to	this	complication.	Patients	with	preexisting	left
bundle	 branch	 block	 are	 at	 risk	 for	 developing	 complete	 heart	 block	 during
catheter	 insertion,	 and	 some	 have	 advocated	 the	 insertion	 of	 a	 temporary
transvenous	pacing	wire,	 a	PAC	with	a	pacing	 lumen,	or	pacing	PAC	with	 the
pacing	leads	on	the	external	surface	of	the	catheter.	However,	use	of	an	external
transthoracic	pacing	device	should	be	sufficient	to	treat	this	complication.

Intracardiac	Damage
Damage	to	 the	right	heart	chambers,	 tricuspid	valve,	pulmonic	valve,	and	 their
supporting	structures	as	a	consequence	of	PA	catheterization	has	been	reported.83-
85	The	reported	incidence	of	catheter-induced	endocardial	disruption	detected	by
pathologic	examination	varies	 from	3.4%	 to	75%,86	 but	most	 studies	 suggest	 a



range	of	20%	to	30%.84,85	These	lesions	consist	of	hemorrhage,	sterile	thrombus,
intimal	fibrin	deposition,	and	nonbacterial	thrombotic	endocarditis.

Direct	damage	to	the	cardiac	valves	and	supporting	chordae	occurs	primarily
by	withdrawal	of	 the	catheters	while	 the	balloon	is	 inflated.1	However,	chordal
rupture	 has	 been	 reported	 despite	 balloon	 deflation.	 The	 incidence	 of
intracardiac	 and	 valvular	 damage	 discovered	 on	 postmortem	 examination	 is
considerably	higher	than	that	of	clinically	significant	valvular	dysfunction.

Infections
Positive	 cultures	 from	 the	 catheter	 tip	 have	 a	 reported	 incidence	 of	 1.4%	 to
34.8%.55,59	The	incidence	of	catheter-related	septicemia	has	been	reported	to	be
up	to	11.4%.55,59,87	However,	the	incidence	of	PAC-related	septicemia	appears	to
have	declined	 in	 recent	years,	with	an	estimated	 incidence	of	0%	to	1%.61,88	 In
situ	time	of	more	than	72	to	96	hours	significantly	increases	the	risk	of	catheter-
related	 sepsis.	Right-sided	 septic	 endocarditis	 has	 been	 reported,89	 but	 the	 true
incidence	 of	 this	 complication	 is	 unknown.	 The	 incidence	 of	 catheter
colonization	or	contamination	varies	from	5%	to	20%,	depending	on	the	duration
of	catheter	placement	and	the	criteria	used	to	define	colonization.89,90

Pressure	 transducers	 have	 also	 been	 identified	 as	 a	 potential	 source	 of
infection.91	The	chance	of	introducing	infection	into	a	previously	sterile	system
is	 increased	 during	 injections	 for	 CO	 determinations	 and	 during	 blood
withdrawal.	Approaches	 to	 reduce	 the	 risk	of	catheter-related	 infection	 include
use	 of	 a	 sterile	 protective	 sleeve	 and	 antibiotic	 bonding	 to	 the	 catheter.62,92
Scheduled	changes	of	catheters	do	not	reduce	the	rate	of	infection.93

Other	Complications
Rare	 miscellaneous	 complications	 that	 have	 been	 reported	 include	 (1)
hemodynamically	 significant	 decreases	 in	 pulmonary	 blood	 flow	 caused	 by
balloon	 inflation	 in	 the	 central	 PA	 in	 postpneumonectomy	 patients	 with
pulmonary	hypertension	 in	 the	 remaining	 lung;	 (2)	 disruption	of	 the	 catheter’s
intraluminal	septum	as	a	result	of	injecting	contrast	medium	under	pressure94;	(3)
artifactual	production	of	a	midsystolic	click	caused	by	a	slapping	motion	of	the
catheter	 against	 the	 interventricular	 septum	 in	 a	 patient	 with	 RV	 strain	 and
paradoxical	septal	motion95;	and	(4)	dislodgment	of	pacing	electrodes.96	Multiple
unusual	 placements/migration	of	PACs	have	 also	been	 reported,	 including	 into
the	 left	 pericardiophrenic	 vein	 via	 the	 left	 superior	 intercostal	 vein	 into	 the



abdominal	vasculature,	and	from	the	superior	vena	cava	through	the	LA	and	LV
into	the	aorta	after	open-heart	surgery.65

GUIDELINES	FOR	SAFE	USE	OF	PULMONARY
ARTERY	CATHETERS
Multiple	 revisions	 and	 changes	 in	 emphasis	 to	 the	 original	 recommended
techniques	 and	 guidelines	 have	 been	 published.58,97	 These	 precautions	 are
summarized	as	follows:

1.	 Avoiding	complications	associated	with	catheter	insertion.
a.	 Inexperienced	personnel	performing	insertions	must	be	supervised.

Many	hospitals	require	that	PACs	be	inserted	by	a	fully	trained
intensivist,	cardiologist,	or	anesthesiologist.

b.	 Keep	the	patient	as	still	as	possible.	Restraints	or	sedation	may	be
required,	and	the	patient	should	be	monitored	with	ECG	and	pulse
oximetry.

c.	 Strict	sterile	technique	is	mandatory.	A	chlorhexidine	skin	prep
solution	and	maximum	barrier	precautions	are	recommended.

d.	 Examine	the	postprocedure	chest	radiograph	(or	ultrasonography)	for
pneumothorax	and	for	catheter-tip	position.

2.	 Avoiding	balloon	rupture.
a.	 Always	inflate	the	balloon	gradually.	Stop	inflation	if	no	resistance	is

felt.
b.	 Do	not	exceed	recommended	inflation	volume.	At	the	recommended

volume,	excess	air	will	automatically	be	expelled	from	a	syringe	with
holes	bored	in	it	that	is	constantly	attached	to	the	balloon	port.
Maintaining	recommended	volume	also	helps	prevent	the	accidental
injection	of	liquids.

c.	 Keep	the	number	of	inflation-deflation	cycles	to	a	minimum.
d.	 Do	not	reuse	catheters	designed	for	single	usage,	and	do	not	leave

catheters	in	place	for	prolonged	periods.
e.	 Use	carbon	dioxide	as	the	inflation	medium	if	communication	between

the	right	and	left	sides	of	the	circulation	is	suspected.
3.	 Avoiding	knotting.

a.	 Discontinue	advancement	of	the	catheter	if	entrance	to	RA,	RV,	or	PA
has	not	been	achieved	at	distances	anatomically	anticipated	from	a
given	insertion	site.	If	these	distances	have	already	been	significantly



exceeded	and	the	catheter	does	not	withdraw	easily,	use	fluoroscopy
before	attempting	catheter	withdrawal.

b.	 Never	pull	forcefully	on	a	catheter	that	does	not	withdraw	easily.
4.	 Avoiding	damage	to	pulmonary	vasculature	and	parenchyma.

a.	 Keep	recording	time	of	PAOP	to	a	minimum,	particularly	in	patients
with	pulmonary	hypertension	and	other	risk	factors	for	PA	rupture.	Be
sure	the	balloon	is	deflated	after	each	PAOP	recording.	There	is	never
an	indication	for	continuous	PAOP	monitoring.

b.	 Constant	pressure	monitoring	is	required	each	time	the	balloon	is
inflated.	It	should	be	inflated	slowly,	in	small	increments,	and	must	be
stopped	as	soon	as	the	pressure	tracing	changes	to	PAOP	or	is	damped.

c.	 If	an	occlusion	is	recorded	with	balloon	volumes	significantly	less	than
the	inflation	volume	recommended	on	the	catheter	shaft,	withdraw	the
catheter	to	a	position	where	full	(or	nearly	full)	inflation	volume
produces	the	desired	occlusion	pressure	trace.

d.	 Anticipate	catheter-tip	migration.	Softening	of	the	catheter	material
with	time,	repeated	manipulations,	and	cardiac	motion	make	distal
catheter	migration	almost	inevitable.
i.	 Continuous	PA	pressure	monitoring	is	mandatory,	and	the	trace	must
be	closely	watched	for	changes	from	characteristic	PA	pressures	to
those	indicating	a	PAOP	or	damped	tip	position.

ii.	 Decreases	over	time	in	the	balloon	inflation	volumes	necessary	to
attain	occlusion	tracings	should	raise	suspicion	regarding	catheter
migration.

iii.	 Confirm	satisfactory	tip	position	with	chest	radiographs
immediately	after	insertion	and	daily.

e.	 Do	not	use	liquids	to	inflate	the	balloon.	They	may	prevent	deflation,
and	their	relative	incompressibility	may	increase	lateral	forces	and
stress	on	the	walls	of	pulmonary	vessels.

f.	 Hemoptysis	is	an	ominous	sign	and	should	prompt	an	urgent
diagnostic	evaluation	for	PA	rupture,	and	rapid	institution	of
appropriate	therapy.

g.	 Avoid	injecting	solutions	at	high	pressure	through	the	catheter	lumen
on	the	assumption	that	clotting	is	the	cause	of	the	damped	pressure
trace.	First,	aspirate	from	the	catheter.	Then	consider	problems	related
to	catheter	position,	stopcock	position,	transducer	dome,	transducers,
pressure	bag,	flush	system,	or	trapped	air	bubbles.	Never	flush	the
catheter	in	the	occlusion	position.

5.	 Avoiding	thromboembolic	complications.



a.	 Minimize	trauma	induced	during	insertion.
b.	 Consider	the	judicious	use	of	anticoagulants	in	patients	with

hypercoagulable	states	or	other	risk	factors.
c.	 Avoid	flushing	the	catheter	under	high	pressure.
d.	 Watch	for	a	changing	PADP-PAOP	relationship,	as	well	as	for	other

clinical	indicators	of	pulmonary	embolism.
6.	 Avoiding	arrhythmias.

a.	 Constant	ECG	monitoring	during	insertion	and	maintenance,	as	well	as
ready	accessibility	of	all	supplies	for	performing	cardiopulmonary
resuscitation,	defibrillation,	and	temporary	pacing,	are	mandatory.

b.	 Use	caution	when	catheterizing	patients	with	an	acutely	ischemic
myocardium	or	preexisting	left	bundle	branch	block.

c.	 When	the	balloon	is	deflated,	do	not	advance	the	catheter	beyond	the
RA.

d.	 Avoid	over	manipulation	of	the	catheter.
e.	 Secure	the	introducer	in	place	at	the	insertion	site.
f.	 Watch	for	intermittent	RV	pressure	tracings	when	the	catheter	is

thought	to	be	in	the	PA	position.	An	unexplained	ventricular
arrhythmia	in	a	patient	with	a	PAC	in	place	indicates	the	possibility	of
catheter-provoked	ectopy.

7.	 Avoiding	valvular	damage.
a.	 Avoid	prolonged	catheterization	and	excessive	manipulation.
b.	 Do	not	withdraw	the	catheter	when	the	balloon	is	inflated.

8.	 Avoiding	infections.
a.	 Use	meticulously	sterile	technique	on	insertion.
b.	 Avoid	an	excessive	number	of	CO	determinations	and	blood

withdrawals.
c.	 Avoid	prolonged	catheterization.
d.	 Remove	the	catheter	if	signs	of	phlebitis	develop.	Culture	the	tip	and

use	antibiotics	as	indicated.

SUMMARY
1 	 Hemodynamic	 monitoring	 using	 PAC	 enhances	 the	 understanding	 of
cardiopulmonary	 pathophysiology	 in	 critically	 ill	 patients.	 However,	 over	 the
past	decade,	the	use	of	PACs	in	clinical	practice	has	greatly	decreased.	With	the
advent	of	newer	 less-invasive	 technologies	 that	can	estimate	CO,	PAC	use	has
declined.	 The	 risk-to-benefit	 profile	 of	 PA	 catheterization	 in	 various	 clinical



circumstances	remains	uncertain.98	Large	trials	have	concluded	that	PAC	use	has
not	 demonstrated	 improvements	 in	 clinical	 outcomes.99	 There	 is	 concern	 that
data	obtained	during	PA	catheterization	may	not	be	optimally	used	or	perhaps,	in
specific	 groups,	 may	 increase	 morbidity	 and	 mortality.	 A	 meta-analysis
performed	 over	 a	 20-year	 period,	 concluded	 that	 the	 use	 of	 the	 PAC	 neither
increased	mortality	or	hospital	days,	nor	conferred	any	benefit,	 and	 its	use	did
not	result	in	improved	survival.100	Still,	PAC	is	the	gold	standard	for	determining
CO	and	pulmonary	artery	pressures	and	should	be	considered	when	it	is	needed
to	guide	patient	management,	and	in	instances	where	less	invasive	modalities	of
measuring	CO	may	be	less	accurate.

Physicians	 should	 exercise	 clinical	 judgment	 when	 deciding	 to	 use	 a	 PAC,
and	 should	 assess	 the	 risk-to-benefit	 ratio	 on	 an	 individual	 patient	 basis.	 The
operator	should	understand	the	indications,	insertion	techniques,	equipment,	and
data	that	can	be	generated	before	undertaking	PAC	insertion.	PA	catheterization
must	not	delay	or	replace	bedside	clinical	evaluation	and	treatment.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	70-year-old	man	develops	new	onset	hypotension	3	days	after	cardiac
surgery.	The	patient	weights	75	kg	and	has	a	body	surface	area	of	1.75	m2.	The
patient	has	a	pulmonary	artery	catheter	in	place	which	shows	the	following
values:	blood	pressure	80/40	(mm	Hg),	right	atrial	pressure	10	(mm	Hg),
pulmonary	artery	pressure	25/15	(mm	Hg),	cardiac	output	3.3	(L/min),
hemoglobin	9.5	(g/dL),	arterial	oxygen	saturation	90%.	What	is	the	patient’s
systemic	vascular	resistance	(dynes/s/cm−5)?

A. 	730
B. 	900
C. 	1050
D. 	1200

2. 	A	55-year-old	woman	with	a	past	medical	history	of	diabetes,	coronary
artery	disease,	and	congestive	heart	failure	is	admitted	to	the	ICU	with
hypotension	which	is	unresponsive	to	a	2	L	bolus	of	crystalloid	fluid.	She	is
started	on	norepinephrine	and	a	pulmonary	artery	catheter	(PAC)	is	inserted	to
aid	in	management.	She	is	found	to	have	a	necrotizing	soft	tissue	infection	of	the



lower	extremity	and	is	taken	to	the	operating	room	for	debridement	under
general	anesthesia	with	sevoflurane.	At	the	end	of	the	case,	she	is	extubated	with
a	SpO2	of	95%,	but	she	becomes	increasingly	febrile	to	39.1	°C	and	requires
increased	norepinephrine	for	worsening	hypotension.	A	mixed	venous	oxygen
saturation	(SvO2)	from	the	PAC	is	88%.	Which	of	the	following	conditions	is	the
MOST	likely	cause	of	her	clinical	picture?

A. 	Acute	blood	loss	anemia
B. 	Malignat	hypterthermia
C. 	Septic	shock
D. 	Worsening	congestive	heart	failure

Answers

1.	The	correct	answer	is	C.
Rationale:	Systemic	vascular	resistance	(SVR)	is	calculated	by	the	following

equation:	 SVR	 =	 [mean	 arterial	 pressure	 (MAP)	 −	 mean	 right	 atrial
pressure]/cardiac	 output	 ×	 80.	 MAP	 can	 be	 calculated	 from	 the	 following
equation:	 MAP	 =	 (2	 ×	 diastolic	 blood	 pressure	 plus	 systolic	 blood	 pressure)
divided	by	3,	with	MAP	here	=	((2	×	40)	+	80)/3	=	53.3.	Thus,	SVR	is	53.3-10
(CVP)/3.3	(CO)	×	80	=	1050	dynes/s/cm−5.

2.	The	correct	answer	is	C.
Rationale:	 This	 patient	 appears	 to	 be	 in	 septic	 shock	 resulting	 from	 the

necrotizing	soft	tissue	infection	that	worsens	after	acute	debridement,	a	common
problem.	 The	 mixed	 venous	 oxygen	 saturation	 (SvO2)	 is	 a	 reflection	 of	 the
balance	between	oxygen	delivery	and	consumption	and	is	a	surrogate	for	cardiac
output.	A	normal	SvO2	is	60%	to	80%.	In	this	scenario,	the	SvO2	is	elevated	at
88%	 which	 is	 typical	 of	 septic	 shock	 (choice	 C	 is	 correct)	 in	 which	 cardiac
output	is	elevated	but	the	increased	oxygen	delivery	typically	exceeds	peripheral
oxygen	 consumption.	 Although	 malignant	 hyperthermia	 may	 be	 considered
since	the	patient	is	febrile	after	receiving	an	inhalational	anesthetic,	the	SvO2	 is
generally	 low	 in	 that	 condition	 (choice	 B	 is	 incorrect),	 there	 is	 another	 good
explanation	 for	 the	 fever,	 and	 malignant	 hyperthermia	 is	 generally	 associated
with	higher	fevers.	Both	acute	blood	loss	anemia	and	worsening	congestive	heart
failure	would	be	associated	with	decreases	 in	SvO2	due	 to	 increased	peripheral
O2	extraction	(choices	A	and	D	are	incorrect).
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Chapter	20
Gastrointestinal	Endoscopy
Christopher	A.	Marshall

KEY	POINTS:
1.	 While	previously	it	was	recommended	to	consider	early	upper

endoscopy	for	certain	conditions,	new	guidelines	recommend
endoscopy	only	after	resuscitation	and	attention	to	other
comorbidities	(typically	within	24	hours).

2.	 Recent	guidelines	for	the	management	of	lower	GI	bleeding	support
the	use	of	CT	angiography	followed	by	optical	colonoscopy	or
interventional	radiology	(IR)	intervention	to	help	localize	bleeding	for
patients	with	lower	GI	bleeding	who	have	ongoing	active	bleeding	or
are	unstable.

3.	 A	number	of	modalities	are	available	for	the	management	of	GI
bleeding	in	ICU	patients	including	clips,	epinephrine,	argon	plasma
coagulation,	thermal	probes,	and	hemostatic	powder	that	can	be
applied	depending	on	the	and	location	of	the	lesion	found.

4.	 Advances	in	device	technology	have	facilitated	new	techniques	in
the	management	of	many	GI	diseases,	including	endoscopic
gastrojejunostomy	for	malignant	gastric	outlet	obstruction	and	helical
tack	closure	of	perforations	and	fistulas.

INTRODUCTION
Gastrointestinal	 (GI)	 endoscopy	 has	 evolved	 into	 an	 essential	 diagnostic	 and
therapeutic	 tool	 for	 the	 treatment	 of	 patients	 in	 the	 intensive	 care	 unit	 (ICU).
This	 chapter	 reviews	 general	 aspects	 of	 current	 indications	 and
contraindications,	provides	an	update	of	emerging	technologies	in	the	field,	and



concludes	by	discussing	potential	future	directions.

PATIENT	SELECTION
The	 indications	 for	 GI	 endoscopy	 in	 the	 ICU	 are	 summarized	 in	Table	 20.1.
They	are	divided	into	those	for	(1)	evaluation	of	the	upper	GI	tract	(esophagus,
stomach,	 and	 duodenum);	 (2)	 evaluation	 of	 the	 pancreaticobiliary	 tract;	 (3)
evaluation	 of	 the	mid-GI	 tract	 (jejunum	 and	 ileum);	 and	 (4)	 evaluation	 of	 the
lower	 GI	 tract	 (colon	 and	 rectum).	 In	 general,	 endoscopic	 interventions	 are
contraindicated	when	the	risks	to	patient	health	or	life	are	judged	to	outweigh	the
most	favorable	benefits	of	the	procedure,	when	there	is	suspected	perforation,	or
when	 adequate	 patient	 co-operation	 or	 consent	 cannot	 be	 obtained.1	 Other
contraindications	are	listed	in	Table	20.2.

TABLE	20.1

Indications	for	GI	Endoscopy	in	the	ICU

Upper	GI	endoscopy
Upper	GI	bleeding	(variceal	or	nonvariceal)
Caustic	or	foreign	body	ingestion
Placement	of	feeding	or	drainage	tubes
Endoscopic	retrograde	cholangiopancreatography
Severe	gallstone	pancreatitis
Severe	cholangitis
Bile	leak

Lower	GI	endoscopy
Lower	GI	bleeding
Decompression	of	intestinal	pseudo-obstruction	or	sigmoid	volvulus
Unexplained	diarrhea	in	the	immunocompromised	(graft	vs	host	disease

and	cytomegalovirus	infection)



GI,	gastrointestinal;	ICU,	intensive	care	unit.

TABLE	20.2

Contraindications	to	Endoscopy

Absolute	contraindications
Suspected	or	impending	perforated	viscus
Risks	to	the	patient	outweigh	benefits	of	the	procedure

Relative	contraindications
Adequate	patient	co-operation	or	consent	cannot	be	obtained
Hemodynamic	instability	or	myocardial	infarction
Inadequate	airway	protection	or	hypoxemia
Severe	coagulopathy	or	thrombocytopenia
Inflammatory	changes	with	increased	risk	of	perforation	(eg,	diverticulitis

or	severe	inflammatory	bowel	disease)

Evaluation	of	the	Upper	Gastrointestinal	Tract
Common	indications	for	evaluation	of	the	upper	GI	tract	in	the	ICU	include,	but
are	not	limited	to,	upper	GI	bleeding	(UGIB),	caustic	or	foreign	body	ingestion
(FBI),	placement	of	gastroduodenal	stents	for	gastric	outlet	obstruction	(GOO),
and	placement	of	feeding	tubes	for	nutrition.

Upper	Gastrointestinal	Bleeding
1 	 With	 an	 estimated	 400,000	 admissions	 annually,	 acute	 UGIB	 presents	 as	 a
common	 medical	 emergency	 with	 mortality	 rates	 as	 high	 as	 16%	 among	 the
critically	 ill.2	 This	 condition	 is	 suspected	 among	 patients	 who	 present	 with
melena,	hematemesis,	or	blood	in	the	nasogastric	(NG)	aspirate,	as	studies	have
shown	improved	outcomes	with	urgent	endoscopic	management	for	critically	ill
patients	with	hemodynamic	instability	or	continuing	transfusion	requirements.3,4



Urgent	 evaluation	 (within	 24	 h)	 allows	 differentiation	 between	 nonvariceal
(peptic	ulcer,	esophagitis,	Mallory-Weiss	 tear,	and	angiodysplasia)	and	variceal
lesions	 (esophageal	 or	 gastric),	 thereby	 promoting	 targeted	 therapy.5
Furthermore,	urgent	evaluation	allows	the	identification	and	stratification	based
on	 stigmata	 of	 bleeding,	 promoting	 appropriate	 triage	 and	 risk	 stratification.
Finally,	 urgent	 evaluation	 allows	 the	 early	 identification	 of	 patients	 who	may
require	surgical	or	 invasive	radiological	 intervention.3	There	is	a	growing	body
of	 evidence	 that	 “very	 early”	 endoscopy	 (within	 6	 hours)	 does	 not	 result	 in
improved	outcomes	of	 further	 bleeding	 and	mortality.	 Previous	 guidelines	 that
supported	endoscopy	within	12	hours	for	certain	conditions	have	been	modified
and	 now	 recommend	 endoscopy	 after	 resuscitation	 and	 attention	 to	 other
comorbidities.6

Foreign	Body	Ingestions
FBIs	 can	 be	 divided	 into	 two	 groups:	 (1)	 food	 impaction	 and	 (2)	 caustic
ingestions.	Food	impactions	constitute	the	majority	of	FBI.	Although	most	will
pass	 spontaneously,	 endoscopic	 removal	 will	 be	 needed	 for	 10%	 to	 20%	 of
cases,	and	1%	of	patients	will	ultimately	require	surgery.7	Endoscopy	is	typically
performed	 urgently	 when	 the	 patient	 is	 unable	 to	 clear	 their	 secretions.
Evaluation	 is	 crucial	 to	 determine	 the	 underlying	 cause	 of	 the	 obstruction
(strictures,	 rings,	 or	 carcinoma).	 Although	 caustic	 ingestions	 constitute	 only	 a
small	number	of	FBI,	they	are	frequently	life	threatening,	especially	when	they
occur	intentionally	in	adults,	and	warrant	endoscopic	evaluation	to	prognosticate
and	triage	this	group	of	patients.8

Endoscopic	Stenting	for	Gastric	Outlet	Obstruction
4 	Although	GOO	is	typically	managed	conservatively	with	receiving	nothing	by
mouth,	 intravenous	 (IV)	 fluids,	 and	 decompression	 with	 a	 NG	 tube,	 GOO
secondary	 to	 a	malignancy	can	be	 treated	with	 an	endoscopically	placed	 stent.
Often	 used	 as	 a	 palliative	 measure,	 duodenal	 self-expandable	 metal	 stents
(SEMS)	 have	 been	 found	 to	 effectively	 provide	 relief	 from	 obstructive
symptoms,	allowing	patients	to	resume	eating,	and	improve	their	quality	of	life.9
More	 recently	 other	 techniques	 have	 been	 developed	 to	 manage	 GOO.	 An
endoscopic	 ultrasound-guided	 gastroenterostomy	 (EUS-GE)	 can	 be	 performed
that	can	eliminate	long-term	efficacy	issues	that	can	be	seen	after	duodenal	stent
placement.	 With	 this	 technique,	 a	 bypass	 is	 created	 by	 inserting	 a	 lumen
apposing	 metal	 stent	 from	 the	 stomach	 to	 the	 small	 bowel	 distal	 to	 the



obstruction	under	endoscopic	guidance.	This	technique	has	similar	technical	and
clinical	success	rates	as	duodenal	stent	placement	with	higher	rates	of	long-term
patency.10

Feeding	Tubes
Enteral	nutrition	is	associated	with	improved	outcomes	for	critically	ill	patients
and	is	preferred	over	parenteral	nutrition	in	patients	with	a	functional	GI	tract.11
Although	nasoenteric	 and	oroenteric	 feeding	 tubes	may	be	used	 for	 short-term
enteral	 nutrition,	 these	 tubes	 are	 felt	 to	 carry	 a	 higher	 risk	 of	 aspiration,
displacement,	 and	 sinus	 infections	 than	 endoscopically	 placed	 percutaneous
tubes.	 Percutaneous	 endoscopic	 gastrostomy	 (PEG)12	 is	 appropriate	 for	 most
critically	ill	patients	who	have	a	treatable	condition	that	is	likely	to	require	more
than	 4	 weeks	 of	 enteral	 nutrition	 (eg,	 neurological	 injury,	 tracheostomy,	 and
neoplasms	 of	 the	 upper	 aerodigestive	 tract).13,14	 PEG	with	 a	 jejunostomy	 tube
and	 direct	 percutaneous	 endoscopic	 jejunostomy	 tubes	 are	 appropriate	 for
selected	critically	ill	patients	with	high	risk	of	aspiration.	This	includes	patients
with	severe	gastroesophageal	reflux	disease	and	those	with	gastroparesis.	Enteral
feeding	beyond	the	ligament	of	Treitz	with	a	nasojejunal	tube	or	a	jejunostomy
tube	 has	 been	 demonstrated	 to	 be	 beneficial	 for	 patients	 with	 necrotizing
pancreatitis,	 although	 a	 study	 demonstrated	 that	 there	 was	 no	 differences	 of
mortality	or	infection	rate	between	early,	nasoenteric	feeding	and	oral	feeding	72
hours	 after	 admission	 in	 patients	 with	 acute	 pancreatitis.15	 Occasionally,
endoscopic	gastrostomies	or	jejunostomies	may	be	indicated	for	decompression
for	 patients	 with	 GI	 obstruction.16	 Although	 these	 procedures	 are	 technically
simple	and	can	be	performed	at	 the	bedside	under	moderate	sedation,	 the	risks
and	benefits	should	always	be	weighed	carefully	for	critically	ill	patients.

Evaluation	of	the	Pancreaticobiliary	Tract
The	 indications	 for	 evaluation	 of	 the	 pancreaticobiliary	 tract	 by	 endoscopic
retrograde	 cholangiopancreatography	 (ERCP)	 in	 critically	 ill	 patients	 are
described	 and	 briefly	 discussed	 here.	They	 include	 biliary	 tract	 obstruction	 by
gallstones,17-19	 pancreatic	 duct	 leaks,	 and	 bile	 duct	 leaks	 (generally	 a
postoperative	or	traumatic	complication).20,21	ERCP	with	sphincterotomy	and/or
stenting	is	the	treatment	of	choice.	When	conventional	ERCP	is	unsuccessful	for
stone	removal,	the	recent	introduction	of	miniature	endoscopes	(cholangioscopes
or	 pancreatic	 scopes)	 with	 direct	 endoscopic	 visualization	 into	 these	 ductal
systems	has	proved	to	be	beneficial	through	the	use	of	advanced	techniques	such



as	electrohydraulic	and	laser	lithotripsy.22	For	patients	who	have	altered	anatomy
due	 to	 bypass	 surgery,	 the	 EDGE	 (endoscopic	 ultrasound	 (EUS)–directed
transgastric	ERCP)	can	now	be	used	to	access	the	excluded	stomach/duodenum
and	 is	 a	 preferred	 alternative	 to	 radiographically	 placed	 drainage,	 balloon-
assisted	 and	 laparoscopic-assisted	 ERCP.23	 Endoscopy	 is	 also	 playing	 a	 larger
role	for	 the	management	of	acute	cholecystitis	where	endoscopic	transpapillary
stent	 placement	 and	EUS-guided	 gallbladder	 drainage	 can	 be	 performed	 as	 an
alternative	 to	 percutaneous	 transhepatic	 gallbladder	 drainage	 for	 patients	 who
are	 poor	 surgical	 candidates.24,25	 Additionally,	 endoscopic	 necrosectomy	 for
walled-off	 pancreatic	 necrosis	 via	 EUS	 has	 been	 validated	 as	 a	 preferred
alternative	to	surgical	necrosectomy	for	this	complication	of	pancreatitis.26

Evaluation	of	the	Mid-gastrointestinal	Tract	(Jejunum	and
Ileum)
Persistent,	GI	bleeding	without	an	identified	site	is	the	most	common	indication
for	mid-GI	tract	evaluation.	Although	this	area	of	the	GI	tract	had	been	difficult
to	 evaluate	 in	 the	 past,	 this	 is	 no	 longer	 the	 case.	 The	 progression	 of	 video
capsule	 endoscopy	 (VCE),	 double-balloon	 enteroscopy	 (DBE),	 and	 spiral
enteroscopy	has	made	this	area	of	the	GI	tract	readily	accessible.	VCE	is	usually
the	first	test	performed	to	look	for	possible	sites	of	bleeding	in	the	jejunum	and
ileum	 (Figure	 20.1A	 and	B).	 Capsule	 endoscopy	 is	 a	 valuable	 diagnostic	 and
localizing	tool	and	is	an	important	part	of	diagnosis	and	localizing	bleeding.	If	a
bleeding	site	is	identified,	a	DBE	(Figure	20.2)	or	the	spiral	endoscope	(Figure
20.3)	 can	 be	 used	 to	 deliver	 therapy	 either	 from	 an	 anterograde	 or	 retrograde
approach	depending	on	location.	For	lesions	that	are	not	reachable	by	deep	small
bowel	enteroscopy,	enteroscopy	can	be	as	part	of	an	operative	procedure	where
the	 enteroscope	 is	 directly	 inserted	 into	 the	 small	 bowel	 via	 a	 surgical
enterostomy.27

	



Figure	20.1 	A,	 Normal	 jejunal	 image	 as	 seen	 by	 video	 capsule
endoscopy	(VCE).	B,	Bleeding	seen	in	jejunum	on	VCE.(Courtesy	of
David	 Cave,	 MD:	 Professor	 of	 Medicine,	 University	 of
Massachusetts	Medical	School,	Han	SY,	Pellish	R,	Cave	DP,	Wassef
WY.	Gastrointestinal	endoscopy.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,
Rippe	 JM,	 eds.	 Irwin	 and	Rippe’s	 Intensive	Care	Medicine.	 8th	 ed.
Wolters	Kluwer;	2018:170.)

	

Figure	 20.2 	 Bleeding	 in	 distal	 duodenum	 seen	 during	 double-
balloon	enteroscopy	(DBE).(Courtesy	of	David	Cave,	MD:	Professor
of	Medicine,	University	of	Massachusetts	Medical	School,	Han	SY,
Pellish	 R,	 Cave	 DP,	 Wassef	 WY.	 Gastrointestinal	 endoscopy.	 In:
Irwin	 RS,	 Lilly	 CM,	Mayo	 PH,	 Rippe	 JM,	 eds.	 Irwin	 and	 Rippe’s
Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;	2018:170.)



	

Figure	 20.3 	 Bleeding	 seen	 in	 jejunum	 during	 spiral	 endoscopy.
(Courtesy	of	David	Cave,	MD:	Professor	of	Medicine,	University	of
Massachusetts	Medical	School,	Han	SY,	Pellish	R,	Cave	DP,	Wassef
WY.	Gastrointestinal	endoscopy.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,
Rippe	 JM,	 eds.	 Irwin	 and	Rippe’s	 Intensive	Care	Medicine.	 8th	 ed.
Wolters	Kluwer;	2018:170.)

Evaluation	of	the	Lower	Gastrointestinal	Tract
Lower	GI	tract	evaluation	is	urgently	indicated	for	ICU	patients	who	have	severe
lower	GI	bleeding	(LGIB),	acute	colonic	distention,	and	at	times	when	refractory
diarrhea	 suggests	 that	 evaluation	 of	 infection,	 such	 as	 Clostridium	 difficile,28
would	be	helpful.

Lower	Gastrointestinal	Bleeding
2 	 Acute	 LGIB	 is	 predominantly	 a	 disease	 of	 the	 elderly	 as	 the	 incidence
increases	 200-fold	 from	 the	 second	 to	 eight	 decades	 of	 life.	 It	 is	 defined	 as
bleeding	 from	 a	 source	 distal	 to	 the	 ligament	 of	 Treitz	 for	 less	 than	 3	 days.29
Common	causes	 include,	but	are	not	 limited	 to,	diverticular	bleeding,	 ischemic
colitis,	 and	 vascular	 abnormalities	 (arteriovenous	 malformations,	 AVMs).	 The
site	 of	 bleeding	 is	 not	 always	 identified	 easily;	 as	 many	 as	 11%	 to	 15%	 of
patients	 initially	 suspected	 of	 having	 an	 LGIB	 are	 ultimately	 found	 to	 have	 a
UGIB.30	Therefore,	UGIB	sources	should	always	be	considered	first	for	patients
with	LGIB,	particularly	for	patients	with	unstable	hemodynamics.	Once	an	upper
GI	source	has	been	excluded,	colonoscopy	should	be	performed	to	evaluate	the
lower	GI	tract	and	administer	appropriate	therapy.	Although	urgent	colonoscopy



within	24	to	48	hours	has	shown	to	decrease	the	length	of	hospital	stay31	in	some
studies	and	endoscopic	 intervention	 is	often	successful,	80%	to	85%	of	LGIBs
stop	 spontaneously.32	 Early	 colonoscopy	 (<24	 h)	 has	 failed	 to	 demonstrate	 a
reduction	of	mortality	or	cost.33	For	patients	who	are	clinically	unstable	or	have
ongoing	 active	 bleeding,	 it	 is	 recommended	 that	 these	 patients	 go	 for	 CT
angiogram	to	localize	bleeding	followed	by	treatment,	either	via	angiography	or
colonoscopy.	If	this	fails,	one	can	attempt	alternative	treatment	modality	or	refer
for	surgery	now	that	the	lesion	is	localized.33

Acute	Colonic	Distention
This	 condition	 can	 be	 caused	 by	 acute	 colonic	 obstruction	 or	 acute	 colonic
pseudo-obstruction.	 Acute	 colonic	 obstruction	 can	 be	 caused	 by	 neoplasms,
diverticular	disease,	and	volvulus.34	Volvulus	is	a	“closed-loop	obstruction”	and
is	 considered	 an	 emergency,	 because	 unlike	 the	 other	 causes	 of	 colonic
obstruction,	 it	 can	 rapidly	 deteriorate	 from	 obstruction	 to	 ischemia,	 to
perforation,	and	even	result	in	death.	However,	when	identified	and	treated	early,
it	can	be	reversed.	Acute	colonic	pseudo-obstruction	 is	a	syndrome	of	massive
dilation	 of	 the	 colon	 without	 mechanical	 obstruction	 that	 develops	 among
hospitalized	patients	with	serious	underlying	medical	and	surgical	conditions	due
to	 impaired	 colonic	 motility.	 Increasing	 age,	 cecal	 diameter,	 delay	 in
decompression,	and	status	of	the	bowel	significantly	influence	mortality,	which
is	approximately	40%	when	ischemia	or	perforation	is	present.	Evaluation	of	the
markedly	 distended	 colon	 in	 the	 ICU	 setting	 involves	 excluding	 mechanical
obstruction	 and	 other	 causes	 of	 toxic	megacolon,	 such	 as	C.	difficile	 infection
(CDI),	and	assessing	for	signs	of	 ischemia	and	perforation.	The	risk	of	colonic
perforation	 during	 acute	 colonic	 pseudo-obstruction	 increases	 when	 cecal
diameter	 exceeds	 12	 cm	 and	when	 the	 distention	 has	 been	 present	 for	 greater
than	6	days.35

PREPROCEDURAL	CARE
When	 endoscopic	 interventions	 are	 contemplated,	 for	 any	 of	 the	 previously
discussed	 indications,	 a	 number	 of	 issues	 need	 to	 be	 addressed:	 appropriate
resuscitation,	 reversal	 of	 coagulopathies,	 adequate	 sedation,	 and	 antibiotics,
especially	 for	 patients	 with	 ascites	 or	 endocarditis	 who	 present	 with	 GI
bleeding.36,37	 For	 selected	 cases,	 proper	 sedation	 may	 simply	 involve	 light
sedation.38	 For	 others,	 such	 as	 in	 uncooperative,	 confused,	 or	 hypoxemic



patients,	 proper	 sedation	may	 require	 deep	 sedation	or	 endotracheal	 intubation
with	general	anesthesia.	Although	this	of	sedation	does	not	significantly	alter	the
risk	 of	 acquired	 pneumonia	 or	 cardiovascular	 events,39	 it	 does	 generate
controlled	 conditions	 during	 the	 procedure	 and	 may	 help	 prevent	 massive
aspiration	(especially	in	patients	with	variceal	bleeding).

For	 all	 patients	 with	 GI	 bleeding,	 it	 is	 recommended	 that	 patients	 are
adequately	 resuscitated,	 and	 comorbidities	 are	 addressed	 and	 optimized.
Additionally,	consistent	with	guidelines,	a	restrictive	transfusion	protocol	should
be	employed	where	patients	are	transfused	when	hemoglobin	falls	below	7	g/dL,
which	seems	to	reduce	further	bleeding	and	death.	Hypotensive	patients	may	be
transfused	at	higher	hemoglobin	levels	given	equilibration	that	occurs	with	fluid
resuscitation	and	a	threshold	of	8	g/dL	is	reasonable	in	patients	with	pre-existing
cardiovascular	disease.6

For	 all	 patients	 with	 UGIB,	 an	 empty	 stomach	 is	 crucial	 for	 thorough
evaluation	 and	 identification	 of	 the	 bleeding	 lesion.	 Through	 proper
identification	 and	 treatment,	 studies	 have	 shown	 a	 reduction	 of	 the	 risk	 for
rebleeding	 and	 of	 the	 need	 for	 surgical	 intervention.40	 At	 times,	 the	 use	 of
prokinetic	agents	such	as	erythromycin	(250	mg	in	50	mL	of	normal	saline	IV,
20	 minutes	 prior	 to	 the	 procedure)	 may	 also	 be	 helpful.	 Studies	 have	 in	 fact
shown	that	this	approach	may	improve	the	endoscopic	visualization,	improve	the
outcome,	 and	 decrease	 the	 need	 for	 “second-look”	 endoscopy.41	 This	 is
supported	by	 recent	American	College	of	Gastroenterology	 (ACG)	guidelines.6
Preprocedural	 (proton	 pump	 inhibitor)	 Preprocedural	 proton	 pump	 inhibitor
(PPI)	should	be	considered	in	patients	with	UGIB,	especially	when	peptic	ulcer
disease	is	suspected.	While	there	is	no	evidence	that	this	results	in	a	decrease	in
further	bleeding	or	mortality,	there	is	evidence	that	this	may	reduce	the	need	for
endoscopic	therapy.	Giving	a	PPI	should	be	considered	for	patients	who	will	not
undergo	therapeutic	endoscopy	or	when	therapy	will	be	delayed.6

When	variceal	hemorrhage	is	suspected,	on	the	basis	of	a	clinical	history	or
physical	 examination	 that	 suggests	 portal	 hypertension,	 adjunctive	 therapy
should	 be	 initiated	 immediately	 in	 the	 absence	 of	 contraindications.	 Both
somatostatin	analogues	(octreotide)	and	vasopressin	and	its	analogues	have	been
used	IV	to	reduce	portal	pressures	and	prevent	recurrent	bleeding.42	Octreotide	is
usually	given	as	a	onetime	bolus	of	50	to	100	μg	IV,	followed	by	25	to	50	μg	IV
per	hour	for	3	to	5	days.	In	addition,	prophylactic	antibiotics	should	be	given	to
patients	with	active	esophageal	variceal	bleeding	for	the	prevention	of	bacterial
infections.43	In	contrast	to	nonvariceal	hemorrhage,	volume	resuscitation	should
be	 performed	 judiciously	 in	 variceal	 bleeding	 as	 volume	 repletion	 can
theoretically	increase	portal	pressures.



Unlike	 the	 other	 types	 of	 endoscopies	 discussed	 previously,	 colonoscopy	 is
the	 only	 one	 requiring	 a	 preprocedure	 bowel	 preparation.	 For	 urgent
colonoscopy	to	control	bleeding	in	LGIB	as	determined	by	CT	angiogram,	this
can	 be	 done	 through	 a	 technique	 known	 as	 a	 rapid	 purge.	 This	 technique	 is
usually	achieved	by	drinking	4	L	or	more	polyethylene	glycol– based	 solutions
over	 a	 2-	 to	 3-hour	 period.	 Approximately	 one-third	 of	 hospitalized	 patients
require	an	NG	 tube	 for	 this	of	preparation.44	Metoclopramide	 (10	mg	 IV	×	1),
administered	 prior	 to	 starting	 the	 preparation,	may	 help	 to	 control	 nausea	 and
promote	 gastric	 emptying.41	 The	 benefits	 of	 a	 rapid	 purge	 should	 be	 balanced
with	the	risks	of	hypotension	and	clinical	deterioration.

CASE	1
A	 62-year-old	 man	 with	 a	 past	 medical	 history	 of	 hepatitis	 C,
cirrhosis,	 end-stage	 renal	 disease,	 and	 a	 cerebrovascular	 accident
was	admitted	 to	a	medical	ward	with	hepatic	encephalopathy.45	His
encephalopathy	resolved	with	lactulose	therapy.	On	the	third	hospital
day,	encephalopathy	recurred	with	lethargy	followed	by	hypotension.
The	abdomen	became	distended	and	resonant,	with	no	evidence	of
pedal	 edema.	 There	 were	 no	 overt	 signs	 of	 GI	 bleeding
(hematemesis	 or	 melena).	 His	 admission	 sepsis	 evaluation	 (blood
cultures	and	urinalysis)	was	negative.	Chest	radiography	was	free	of
infection-associated	 abnormalities.	 Laboratory	 specimens	 drawn	 5
hours	 prior	 to	 his	 urgent	 evaluation	were	 remarkable	 for	 a	 drop	 in
hematocrit	level	from	37.2%	to	28.6%	and	a	very	elevated	lactic	acid
level.	 The	 intensivist	 team	 performed	 a	 goal-directed	 ultrasound
examination	to	determine	the	cause	of	 the	hypotension	and	drop	 in
hematocrit.

Based	on	 the	clinical	presentation	and	 the	 findings	presented	 in
ultrasound	(Videos	20.1-20.3),45	what	is	the	likely	diagnosis?

The	 findings	 and	 their	 clinical	 implications	 are	 discussed	 in	
Video	20.4.45



INTRAPROCEDURAL	CARE

Upper	Gastrointestinal	Endoscopy

Upper	Gastrointestinal	Bleeding
3 	When	 the	bleeding	source	 is	 found	 to	be	a	peptic	ulcer,	 the	 intervention	will
depend	on	the	specific	endoscopic	findings.46	 If	 the	ulcer	has	a	clean	base	or	a
“flat	 spot”	 with	 no	 signs	 of	 active	 bleeding,	 endoscopic	 intervention	 is	 not
indicated.	When	an	actively	bleeding	or	a	nonbleeding	visible	vessel	is	identified
in	the	crater	of	the	ulcer,	endoscopic	hemostatic	techniques	are	recommended.	A
number	of	endoscopic	methods	have	been	developed	 for	hemostasis,	 including
injection	therapy,	thermal	cautery	therapy,	and	mechanical	hemostasis	with	clips
(Table	20.3).	The	combination	of	injection	therapy	with	thermal	coaptive	therapy
is	 superior	 to	 either	 alone.43,47	 Although	 no	 single	 solution	 for	 endoscopic
injection	 therapy	 appears	 superior	 to	 another,	 an	 epinephrine-saline	 solution	 is
usually	 injected	 in	 four	 quadrants	 surrounding	 the	 lesion.	 Heater	 probe	 and
multipolar	 electrocoagulation	 instruments	 are	 subsequently	 applied	 with	 firm
pressure	 to	achieve	optimal	coaptation.	Mechanical	hemostasis	with	hemoclips
have	the	advantage	of	minimal	tissue	damage,	leading	to	potentially	faster	ulcer
healing,	 and	 it	 has	 been	 found	 effective	 for	 ulcer	 bleeding	 alone	 or	 in
conjunction	with	other	therapies	(Figure	20.4).48	Argon	plasma	coagulation	is	a
noncoaptive	technique	that	provides	cautery	to	tissues	by	means	of	ionized	argon
gas.	This	method	appears	 to	be	most	effective	for	shallow	and	broadly	defined
bleeding	lesions	such	as	vascular	ectasias,	but	has	been	found	to	be	as	effective
as	 other	 common	 modalities	 for	 ulcer	 management46	 and	 has	 received	 a
conditional	 recommendation	 from	 the	 ACG	 for	 ulcer	 treatment	 in	 recent
guidelines.6	 The	 yttrium-aluminum-garnet	 laser	 has	 fallen	 out	 of	 favor	 in	 the
acute	 management	 of	 high-risk	 patients	 because	 of	 its	 poor	 portability	 and
associated	high	cost.	TC-325	is	a	hemostatic	powder	recently	introduced	for	the
management	of	GI	bleeding	that	is	both	a	cohesive	and	adhesive	substance	that
creates	 a	 mechanical	 barrier.	 Applied	 in	 short	 bursts	 with	 carbon	 dioxide
propulsion	directly	to	the	bleeding	site,	TC-325	is	given	until	hemostasis	is	seen.
It	 has	 been	 studied	 as	 both	 primary	 therapy	 and	 salvage	 therapy	 and	has	 been
shown	 to	 be	 effective	 for	 both	 UGIB	 and	 LGIB.49,50	 It	 should	 be	 considered
when	 the	 lesion	 is	 not	 amenable	 to	 therapy	 with	 other	 primary	 modalities.
Similarly,	 cryotherapy	 has	 gained	 wider	 recognition	 as	 it	 allows	 for	 tissue



destruction	 via	 freezing	 by	 delivering	 a	 25	 to	 30	 mL/min	 outflow	 of	 nitric
monoxide	at	a	temperature	of	−89.5	°C	and	creating	a	2	to	10	mm	ice	layer	on
the	surface	of	the	mucosa.	It	has	been	associated	with	particularly	good	success
for	the	management	of	angiodysplasia	(AVM).51

TABLE	20.3

Endoscopic	Methods	for	Hemostasis

Thermal	methods	
Heater	probe
Multipolar	electrocoagulation	(bicap)
Neodymium	yttrium-aluminum-garnet	laser
Argon	plasma	coagulation

Injection	therapy	
Distilled	water	or	saline	Epinephrine	(adrenaline)

Sclerosants	(cyanoacrylate,	polidocanol,	ethanol,	ethanolamine	oleate,
sodium	tetradecyl	sulfate,	sodium	morrhuate)
Thrombin	fibrin	glue

Mechanical	methods	
Clips
Band	ligation
Detachable	loops
Over-the-scope	clips	(OTSCs)

Spray	Therapy	
TC-35	hemostatic	powder



	

Figure	 20.4 	 Hemostatic	 clip	 placed	 on	 an	 arteriovenous
malformation	 in	 the	 proximal	 jejunum	 during	 a	 spiral	 enteroscopy.
(Courtesy	of	David	Cave,	MD:	Professor	of	Medicine,	University	of
Massachusetts	Medical	School,	Han	SY,	Pellish	R,	Cave	DP,	Wassef
WY.	Gastrointestinal	endoscopy.	In:	Irwin	RS,	Lilly	CM,	Mayo	PH,
Rippe	 JM,	 eds.	 Irwin	 and	Rippe’s	 Intensive	Care	Medicine.	 8th	 ed.
Wolters	Kluwer;	2018:171.)

In	the	last	several	years,	multiple	other	modalities	have	emerged	as	effective
treatment	 methods	 for	 UGIB.	 The	 over-the-scope-clip	 (OTSC)	 system,	 first
developed	 in	Germany,	 is	a	device	 that	can	be	used	 to	achieve	hemostasis	and
close	 perforations,	 fistulas,	 or	 anastomotic	 leaks.	 Similar	 to	 the	 esophageal
banding	device,	the	OTSC	cap	can	be	loaded	onto	the	tip	of	the	scope,	which	can
then	be	placed	over	the	lesion,	sucking	the	lesions	in	and	allowing	for	the	clip	to
be	deployed.	This	device	has	now	been	studied	in	many	different	indications	and
has	 enjoyed	 success	 for	 cases	 refractory	 to	 traditional	 hemostatic	methods.52,53
Recent	ACG	guidelines	suggest	 its	use	in	patients	with	recurrent	bleeding	who
have	failed	conventional	methods.6

EUS	 has	 now	 been	 incorporated	 into	 the	 management	 of	 refractory	 GI
bleeding.	Under	EUS	visualization	of	a	bleeding	vessel	with	Doppler,	the	vessel
is	punctured	with	a	19-gauge	needle	and	injected	with	a	sclerosing	agent	such	as
cyanoacrylate	(glue)	or	coils.	Doppler	monitoring	then	allows	for	viewing	of	the
disappearance	 of	 the	Doppler	 signal,	 signaling	 the	 cessation	 of	 bleeding.	 This
method	of	EUS-guided	angiotherapy	has	demonstrated	efficacy	for	a	variety	of
bleeding	etiologies,	including	gastric	varices,	ulcers,	and	malignancies.54

For	 esophageal	 variceal	 bleeding,	 endoscopic	 variceal	 ligation	 (EVL)	 has
become	the	procedure	of	choice.55,56	With	 this	 technique,	 the	varix	 is	suctioned



into	a	banding	device	attached	to	the	tip	of	the	endoscope	and	a	rubber	band	is
then	 deployed	 at	 its	 base	 to	 obliterate	 the	 varix.	 In	 contrast,	 endoscopic
sclerotherapy	 (EST)	 causes	 obliteration	 by	 injection	 of	 a	 sclerosing	 agent	 (eg,
sodium	morrhuate)	 in	 or	 around	 the	 bleeding	 varix.	A	meta-analysis	 by	Laine
and	Cook56	 suggested	 that	 EVL	 was	 superior	 to	 EST	 for	 all	 major	 outcomes
(recurrent	 bleeding,	 local	 complications	 such	 as	 ulcers	 or	 strictures,	 time	 to
variceal	 obliteration,	 and	 survival).	 However,	 EST	 is	 effective	 for	 controlling
active	bleeding	among	more	 than	90%	of	cases	and	can	be	 injected	even	with
poor	visualization	during	active	bleeding.

Endoscopic	methods	(EST,	EVL,	and	injection	of	fibrin	glue)	have	also	been
used	 for	 the	 treatment	 of	 bleeding	 gastric	 varices.	 A	 recent	 meta-analysis
suggested	 that	 the	 injection	 of	 thrombin	 into	 gastric	 varices	 had	 low	 rates	 of
rebleeding	and	minimal	rates	of	adverse	events.57

After	hemostasis	is	achieved,	patients	with	bleeding	gastric	varices	generally
require	 urgent	 placement	 of	 a	 transjugular	 intrahepatic	 portosystemic	 shunt.58
Balloon-occluded	 retrograde	 transvenous	 obliteration,	 a	 procedure	 first
developed	in	Asia,	has	slowly	been	introduced	in	the	United	States	and	consists
of	 retrograde	 injection	 of	 sclerosing	 agents	 into	 gastric	 varices	 after	 balloon
occlusion	of	 the	gastrorenal	 shunt,	 taking	advantage	of	 the	 tendency	of	gastric
fundal	varices	to	drain	into	the	left	renal	vein	via	a	gastrorenal	shunt.	Given	its
high	success	rate,	this	procedure	represents	another	viable	method	to	treat	gastric
varices.59

CASE	2
A	 44-year-old	 man	 with	 a	 history	 of	 multiple	 endocrine	 neoplasia
(MEN)	 syndrome	 complicated	 by	 Zollinger-Ellison	 syndrome
presented	with	a	1-week	history	of	abdominal	pain	associated	with
vomiting	 and	 diarrhea.60	 He	 was	 admitted	 to	 the	 general	 medical
floor	 and	 treated	 for	 gastroenteritis.	 The	 patient	 continued	 to	 have
abdominal	 pain.	 Both	 surgical	 and	 gastroenterology	 services	 were
consulted,	and	they	deemed	there	was	no	acute	surgical	pathology.
Esophagogastroduodenoscopy	 revealed	 a	 4-cm	 mass	 at	 the
gastroesophageal	 junction,	 numerous	 cratered	 ulcers	 in	 the
duodenum,	severe	esophagitis,	and	gastritis.	The	patient	was	started
on	IV	proton	pump	inhibitor	(PPI)	infusion.	Two	days	later,	the	patient



developed	 hypotension	 and	 acute	 respiratory	 distress.	 A	 wide
differential	 diagnosis	 including	 septic	 shock,	 cardiogenic	 shock,
hypovolemic	 shock,	 obstructive	 shock	 because	 of	 pulmonary
embolism,	 and	 distributive	 shock	 from	 adrenal	 insufficiency	 were
considered.	Laboratory	results	were	notable	for	lactate	concentration
of	 1.5	 mmol/L,	 white	 blood	 cell	 (WBC)	 count	 of	 20,000/µL,	 and
cortisol	 level	of	36	mg/dL.	A	stat	portable	chest	 radiograph	showed
no	acute	pulmonary	disease	or	free	air	under	the	diaphragm.

Bedside	point-of-care	ultrasound	was	performed.
Based	on	the	clinical	story	and	the	ultrasound	(Videos	20.5	and

20.6),60	what	is	the	likely	diagnosis?
The	 findings	 and	 a	 discussion	 of	 their	 clinical	 implications	 are
presented	in	 	Video	20.7.60

Enteral	Stents
The	use	of	uncovered	SEMS	has	been	widely	studied	for	use	in	GOO	secondary
to	 a	 malignancy.	 As	 long	 as	 a	 guidewire	 is	 able	 to	 be	 passed	 through	 the
obstruction,	 the	 stent	 can	 be	 placed	 onto	 the	 guidewire	 and	 advanced	 under
fluoroscopic	guidance.	A	 large	systematic	 review	demonstrated	 that	 there	were
no	 significant	 differences	 between	 the	 stent	 placement	 and	 surgical
gastrojejunostomy	 in	 technical	 success,	 complications,	 or	 persistence	 of
symptoms.61	 Stent	 placement,	 however,	 did	 have	 a	 higher	 rate	 of	 recurrent
obstructive	 symptoms	 (18%	 vs	 1%)	 and	 decreased	 mean	 survival	 (105	 d	 vs
164	 d).	 Despite	 this,	 enteral	 stent	 placement	 does	 have	 a	 90%	 initial	 clinical
success	 rate,	 and	 should	 be	 pursued	 for	 palliative	 purposes	 for	 patients	with	 a
less	 than	6-month	 life	 expectancy.	As	mentioned	previously,	 newer	 techniques
have	 been	 developed	 to	 bypass	 areas	 of	 obstruction.	 An	 EUS-GE	 can	 be
performed	 at	 some	 centers	 and	 has	 comparable	 technical	 and	 clinical	 success
with	the	benefit	of	long-term	patency.10

Enteric	Feeding	Tubes
Please	see	Chapter	21	for	more	details	on	the	placement	of	enteric	feeding	tubes.

Small	Bowel	Endoscopy



The	 techniques	 are	 essentially	 the	 same	 as	 those	 for	 upper	 GI	 endoscopy
(above).

Lower	Gastrointestinal	Endoscopy

Lower	Gastrointestinal	Bleeding
The	endoscopic	treatment	options	for	LGIB	are	similar	 to	 those	for	UGIB	(see
earlier	in	this	chapter)	and	should	be	based	on	the	stigmata	of	bleeding	that	are
identified.	Hemostasis	is	usually	approached	through	a	combination	approach	of
injection	therapy	with	clipping	or	coagulation	therapy.

Decompressive	Endoscopy
A	water-soluble	 contrast	 enema	 or	 computed	 tomography	 should	 be	 the	 initial
procedure	to	perform	in	patients	with	acute	colonic	distention.	This	will	establish
the	 presence	 or	 absence	 of	 mechanical	 obstruction.	 Subsequently,	 the	 patient
should	 undergo	 resuscitation	 with	 IV	 fluids,	 frequent	 repositioning,	 NG	 and
rectal	tube	placements,	correction	of	metabolic	imbalances,	and	discontinuation
of	medications	known	 to	 slow	 intestinal	 transit.62	 If	 conservative	measures	 are
unsuccessful,	 decompressive	 endoscopy	with	minimal	 inflation	 of	 air	 resolves
acute	obstruction	of	 the	colon	 in	 the	majority	of	cases	 (81%).63	Despite	 a	high
recurrence	 rate	 (23%-57%),	 colonoscopy	 is	 often	 considered	 the	 initial
procedure	of	choice	in	the	absence	of	intestinal	ischemia.64	This	may	be	reduced
with	 the	 placement	 of	 a	 decompression	 tube	 beyond	 the	 splenic	 flexure.65	 For
patients	with	mechanical	 obstruction	 due	 to	malignancy,	 SEMS	 can	 be	 placed
with	 good	 outcome.66	 For	 patients	 with	 nonmechanical	 obstruction,	 medical
therapy	with	the	parasympathomimetic	agent	neostigmine	should	be	considered.
On	 the	 basis	 of	 a	 double-blind,	 placebo-controlled,	 randomized	 trial,	 the
parasympathomimetic	 agent	 neostigmine	 has	 been	 shown	 to	 reduce	 colonic
distention	 significantly	 and	 recurrence	 with	 minimal	 risk	 of	 serious
complications,67	 and	 can	 be	 considered	 first-line	 therapy	 in	 patients	 with
intestinal	pseudo-obstruction.	This	agent	should	only	be	given	in	the	absence	of
contraindications	and	under	close	cardiorespiratory	monitoring	with	atropine	at
the	 bedside.	 Percutaneous,	 endoscopic,	 or	 surgical	 cecostomy	 presents	 another
alternative	when	the	aforementioned	interventions	are	unsuccessful.

Fecal	Microbiota	Transplantation



The	 increase	 in	 prevalence	 of	CDI	 and	particularly	 recurrent	CDI	has	 brought
fecal	 microbiota	 transplantation	 (FMT)	 to	 the	 forefront.	 A	 technique	 first
described	 in	 the	 fourth	 century	Dong-jin	 dynasty,	 it	 has	 been	 used	 throughout
history	 as	 treatment	 for	 enteric	 infections.	 More	 recently,	 it	 has	 become
commonly	used	for	recurrent	CDI.	Numerous	studies	have	demonstrated	its	high
rates	 of	 success,	 but	 it	 remains	 poorly	 studied	 for	 cases	 of	 severe	CDI,	which
will	often	require	ICU	care.68	Nevertheless,	the	ability	to	perform	FMT	via	upper
endoscopy,	 colonoscopy,	 and	 rectal	 enema	 presents	 a	 treatment	 option	 for
patients	with	CDI	who	have	failed	conventional	antibiotic	therapies.

Perforations,	Fistulas,	and	Anastomotic	Leaks
The	 OverStitch	 (Apollo	 Endosurgery	 Inc,	 Austin,	 TX)	 suturing	 device	 has
emerged	 as	 an	 endoscopic	 suturing	 device	 that	 can	 also	 be	 used	 to	 closing
perforations	 and	 fistulas.	 This	 system	 is	 attached	 to	 a	 standard	 endoscope	 and
allows	for	a	detachable	needle	to	be	used	to	suture	lesions	with	a	suture-cinching
tool	used	to	secure	the	deployed	suture.69,70	Other	newer	technologies	including
larger	diameter	OTSCs	that	are	loaded	on	the	outside	of	the	endoscope	and	the
X-Tack	helical	closure	device	 (Apollo	Endosurgery	 Inc,	Austin,	TX)	are	being
used	 both	 on	 and	 off	 label	 for	 the	 closure	 of	 defects.	 These	 may	 represent
methods	 to	 close	 small	 perforations	 and	 fistulas	without	 the	 need	 for	 surgical
intervention.

POSTPROCEDURAL	CARE
Although	 major	 complications	 of	 endoscopic	 procedures	 are	 infrequent,
critically	 ill	 patients	may	 be	 particularly	 sensitive	 to	 adverse	 outcomes	 due	 to
multiple	 comorbidities.	 It	 is	 crucial	 to	monitor	 patients	 for	 complications	 post
procedures.	These	can	be	divided	into	two	groups:	(1)	general	complications	and
(2)	specific	complications	(Table	20.4).

TABLE	20.4

Complications	of	Endoscopy

General	complications



Complications	of	conscious	sedation	(cardiopulmonary,	allergic,
paradoxical	reactions)
Bleeding	(eg,	treatment	of	lesions,	sphincterotomy)
Perforation	(caused	by	endoscope,	accessories,	or	air	insufflation)
Aspiration
Myocardial	ischemia

Specific	complications	(examples)
Endoscopic	retrograde	cholangiopancreatography:	pancreatitis,	cholangitis,

perforation
Sclerotherapy:	ulceration,	mediastinitis
Stenting	procedures:	stent	migration

For	 patients	 with	 UGIB,	 postprocedure	 pharmacotherapy	 is	 also	 indicated.
Patients	 with	 nonvariceal	 UGIB,	 for	 example,	 benefit	 from	 continued
antisecretory	 therapy	 with	 a	 PPI	 following	 endoscopic	 hemostasis.48	 IV
administration	of	a	PPI	is	a	faster	way	to	achieve	gastric	acid	suppression	than	is
oral	administration	of	the	same	agent.	Peak	suppression	after	IV	administration
occurs	within	hours,	compared	with	several	days	later	after	oral	administration.
This	 is	 crucial	 because	 it	 can	 reduce	 the	 risk	 of	 rebleeding	 and	 the	 need	 for
surgical	 rescue.48	 PPIs	 approved	 for	 IV	 use	 in	 the	 United	 States	 include
pantoprazole,	lansoprazole,	and	esomeprazole.	In	contrast,	patients	with	variceal
UGIB	should	receive	daily	nonselective	β-blockers	for	secondary	prevention	in
addition	 to	 repeat	EVL	every	3	 to	4	weeks	until	obliteration	of	 the	varices	has
been	achieved.71

FUTURE	DIRECTIONS
The	constantly	evolving	landscape	of	endoscopic	technologies	and	methods	will
continue	to	expand	the	reach	of	endoscopic	intervention.	One	area	in	particular
is	 the	developing	role	of	endoscopic	suturing	 in	 the	GI	 tract,	especially	for	 the
care	and	management	of	mucosal	perforation,	for	the	treatment	of	GI	bleeding,
and	 for	 closure	 of	 fistulas.	Although	 case	 reports	 are	 present	 in	 the	 literature,



larger	studies	are	needed	before	this	technique	can	be	recommended	on	a	routine
basis.	Other	areas	of	development	are	 the	evaluation	and	management	of	small
bowel	 bleeding.	 With	 the	 advent	 of	 video	 capsule	 endoscopy	 and	 the
development	of	 the	power	 spiral	endoscopy,	 this	may	allow	earlier	 recognition
and	treatment	of	small	bowel	disease	than	thought	previously;	however,	studies
are	needed	to	determine	the	efficacy	and	benefits	of	these	techniques.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	71-year-old	man	with	a	history	of	coronary	artery	disease	and	arthritis
presents	to	the	emergency	department	with	hematochezia	after	having	recently
undergone	coronary	stenting.	His	medications	include	clopidogrel,	aspirin,	a
beta-blocker,	and	ibuprofen.	His	blood	pressure	on	arrival	is	89/48	mm	Hg	and
his	heart	rate	is	121	bpm.	Hemoglobin	is	7.1	g/dL.	Which	of	the	following
interventions	is	most	likely	to	reduce	mortality?

A. 	Intravenous	pantoprazole
B. 	Transfusion	of	packed	red	blood	cells
C. 	Urgent	colonoscopy
D. 	Urgent	upper	endoscopy

2. 	A	42-year-old	man	with	severe	asthma	is	admitted	to	the	ICU	with
respiratory	depression	due	to	receiving	narcotics	for	worsening	abdominal	pain
after	a	laparoscopic	fundoplication.	He	had	been	complaining	of	worsening
abdominal	pain	over	the	prior	2	days	with	increasing	abdominal	distention	and
obstipation.	On	exam	his	abdomen	is	distended,	diffusely	tender,	and	tympanic.
His	WBC	is	12.3	×	103/μL.	A	CT	scan	of	the	abdomen	is	performed	and
demonstrates	diffuse	dilation	of	the	colon	with	gas	and	stool	to	the	rectum,	and
cecum	measuring	13	cm.	What	is	the	most	appropriate	next	step	in	management?



A. 	Colonoscopy
B. 	Fleet’s	enema
C. 	Magnesium	citrate
D. 	PEG	3350	twice	a	day

3. 	A	53-year-old	woman	with	a	history	of	alcoholic	cirrhosis	is	admitted	to
the	ICU	with	confusion	and	hematemesis.	Upper	endoscopy	demonstrates	small
grade	1	esophageal	varices	(they	flatten	with	insufflation)	and	an	ulcer	with	a	flat
pigmented	spot.	What	is	the	most	appropriate	management?

A. 	Endoscopic	clip	placement
B. 	Epinephrine	injection	of	the	ulcer
C. 	Esophageal	variceal	band	ligation
D. 	Pantoprazole	twice	a	day

Answers

1.	The	correct	answer	is	B.
Rationale:	In	general,	a	restrictive	RBC	transfusion	policy	in	which	patients

are	transfused	only	when	hemoglobin	falls	below	7	g/dL	seems	to	reduce	further
bleeding	and	death.	However,	hypotensive	patients	may	be	transfused	at	higher
hemoglobin	levels,	given	the	equilibration	that	occurs	with	fluid	resuscitation,	so
a	 threshold	of	8	g/dL	 is	 reasonable	 in	patients	with	pre-existing	cardiovascular
disease	(choice	B	is	correct).	Urgent	endoscopy	or	proton	pump	inhibitors	have
not	 been	 shown	 to	 reduce	 mortality	 (choices	 A	 and	 D	 are	 incorrect).
Colonoscopy	may	be	indicated	after	stabilization	and	other	testing	(choice	D	is
incorrect).

2.	The	correct	answer	is	A.
Rationale:	 This	 patient	 has	 acute	 colonic	 pseudo-obstruction	 (Ogilvie

syndrome).	Neostigmine	is	the	first-line	therapy	for	these	patients,	but	would	be
contraindicated	due	to	severe	asthma,	and	is	not	listed	as	a	choice.	Colonoscopy
would	 be	 the	 appropriate	 management	 as	 it	 would	 allow	 for	 decompression
(choice	A	is	correct).	Laxative	use	may	worsen	abdominal	extension	(choices	B,
C,	and	D	are	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 Patients	 with	 a	 flat	 pigmented	 ulcer	 area	 (Forest	 2C)	 can	 be

managed	with	a	proton	pump	inhibitor	once	or	twice	a	day	(choice	D	is	correct).



Endoscopic	 therapy	 is	 not	 needed	 for	 such	 a	 lesion	 (choice	 B	 is	 incorrect).
Regarding	her	varices,	they	are	also	small	and	without	high	risk	features,	so	they
would	not	warrant	endoscopic	banding	or	other	 therapies	(choices	A	and	C	are
incorrect).
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Chapter	21
Endoscopic	Placement	of	Feeding	Tubes
Lena	M.	Napolitano,	Paul	H.	Mayo,	Seth	J.	Koenig

KEY	POINTS:
1.	 Enteral	nutrition	should	be	used	in	preference	to	parenteral	nutrition

when	possible.
2.	 After	deciding	to	provide	enteral	nutrition,	the	clinician	must	decide

whether	to	deliver	the	formula	into	the	stomach,	duodenum,	or
jejunum	and	determine	the	optimal	method	for	accessing	the	site,
which	is	based	on	the	function	of	the	patient’s	gastrointestinal	tract,
duration	of	enteral	nutritional	support	required,	and	risk	of	pulmonary
aspiration.

3.	 Nasoenteric	tubes	are	most	commonly	used	to	provide	enteral
nutritional	support	to	critically	ill	patients.

4.	 Proper	final	placement	of	a	nasoenteric	tube	in	the	stomach	must	be
confirmed	by	ultrasound	video	confirmation	or	chest/upper
abdominal	radiograph	before	tube	feeding	is	begun.	The	following
methods	to	assess	final	tube	placement	are	unreliable:	auscultation
over	the	left	upper	quadrant	with	air	insufflation	through	the	tube,
assessment	of	pH	with	gastric	content	aspiration,	and	easy	passage
of	the	tube	to	its	full	length	with	the	absence	of	gagging	and
coughing.

5.	 Techniques	for	postpyloric	feeding	tube	placement	include	air
insufflation,	pH-assisted,	magnet-guided,	ultrasound-guided,	video-
assisted	electromagnetic-guided	and	spontaneous	passage	with	or
without	motility	agents.

6.	 If	the	feeding	tube	does	not	pass	into	the	duodenum	with	the
aforementioned	techniques,	placement	can	be	attempted	with



endoscopic	assistance	or	fluoroscopic	guidance.
7.	 Percutaneous	endoscopic	gastrostomy	(PEG)	tube	placement	is	the

procedure	of	choice	for	patients	requiring	prolonged	enteral
nutritional	support	who	tolerate	gastric	feeds.

8.	 The	original	method	for	PEG	was	the	pull	technique;	more	recent
modifications	are	the	push	and	introducer	techniques,	and
fluoroscopy	can	also	be	used.

9.	 Percutaneous	jejunostomy	can	be	performed	with	endoscopy	with	a
jejunal	extension	tube	via	PEG	(PEG-J),	and	directly	into	the	jejunum
(PEJ)	with	endoscopy	or	fluoroscopy.

10.	 Surgical	placement	of	enteral	feeding	tubes	is	performed	at	the	time
of	laparotomy	for	other	indications,	or	when	a	percutaneous
approach	is	contraindicated	or	unsuccessful.	Laparoscopic
approaches	should	be	considered	in	these	situations.

INDICATIONS	FOR	ENTERAL	FEEDING
1 	 Nutritional	 support	 is	 an	 essential	 component	 of	 intensive	 care	 medicine.
National	and	international	guidelines1-3	and	comprehensive	reviews4	all	strongly
recommend	 that	 enteral	 nutrition	 be	 used	 in	 preference	 to	 parenteral	 nutrition
when	possible.

Provision	 of	 nutrition	 through	 the	 enteral	 route	 aids	 with	 prevention	 of
gastrointestinal	 mucosal	 atrophy,	 thereby	 maintaining	 the	 integrity	 of	 the
gastrointestinal	 mucosal	 barrier.	 Other	 advantages	 of	 enteral	 nutrition	 are
preservation	of	immunological	gut	functions	and	normal	gut	flora,	improved	use
of	nutrients,	and	reduced	costs.

Most	 critically	 ill	 patients	 can	 receive	 some	 or	 all	 of	 their	 nutritional
requirements	via	 the	gastrointestinal	 tract.	Enteral	 feeding	 is	 recommended	 for
patients	with	severe	acute	pancreatitis,	and	nasogastric	and	nasojejunal	feedings
are	 both	 well	 tolerated.5	 Even	 when	 some	 components	 of	 nutritional	 support
must	be	provided	by	parenteral	nutrition,	feeding	via	the	gut	is	desirable.

Several	 developments—including	 new	 techniques	 for	 placement	 of	 feeding
tubes,	availability	of	smaller	caliber,	minimally	reactive	tubes,	and	an	increasing
range	 of	 enteral	 formulas—have	 expanded	 the	 ability	 to	 provide	 enteral
nutritional	support	to	critically	ill	patients.	Relative	or	absolute	contraindications
to	 enteral	 feeding	 include	 fistulas,	 intestinal	 obstruction,	 upper	 gastrointestinal



hemorrhage,	 and	 severe	 inflammatory	 bowel	 disease	 or	 intestinal	 ischemia.
Enteral	 feeding	 is	 not	 recommended	 in	 patients	 requiring	 high	 vasopressor
therapy,	 with	 severe	 malabsorption	 or	 early	 in	 the	 course	 of	 severe	 short-gut
syndrome.

ACCESS	TO	THE	GASTROINTESTINAL	TRACT
2 	After	deciding	to	provide	enteral	nutrition,	 the	clinician	must	decide	whether
to	 deliver	 the	 formula	 into	 the	 stomach,	 duodenum,	 or	 jejunum	and	determine
the	optimal	method	for	accessing	the	site,	which	is	based	on	the	function	of	the
patient’s	 gastrointestinal	 tract,	 duration	 of	 enteral	 nutritional	 support	 required,
and	risk	of	pulmonary	aspiration.	Gastric	feeding	provides	the	most	normal	route
for	enteral	nutrition	but	may	not	be	tolerated	in	the	critically	ill	patient	because
of	gastric	dysmotility	with	delayed	emptying.6	Enteral	nutrition	infusion	into	the
duodenum	or	 jejunum	may	decrease	 the	 incidence	of	aspiration	because	of	 the
protection	 afforded	 by	 a	 competent	 pyloric	 sphincter;	 however,	 the	 risk	 of
aspiration	 is	 not	 completely	 eliminated	 by	 feeding	 distal	 to	 the	 pylorus.7,8	 An
advantage	 of	 this	 site	 of	 administration	 is	 that	 enteral	 feeding	 can	 be	 initiated
early	in	the	postoperative	period	because	postoperative	ileus	primarily	affects	the
colon	and	stomach	and	only	rarely	involves	the	small	intestine.

TECHNIQUES
Enteral	feeding	tubes	can	be	placed	via	the	transnasal,	transoral,	or	percutaneous
transgastric	or	transjejunal	routes.	When	these	procedures	are	contraindicated	or
unsuccessful,	 a	 tube	 may	 be	 placed	 by	 endoscopy,	 using	 an	 endoscopic	 and
laparoscopic	technique,	or	surgically	via	a	laparotomy.

Nasoenteric	Route
3 	 Nasoenteric	 tubes	 are	 the	 most	 commonly	 used	means	 of	 providing	 enteral
nutritional	 support	 to	critically	 ill	patients.	This	 route	 is	preferred	 for	 short-	 to
intermediate-term	 enteral	 support	when	 eventual	 resumption	 of	 oral	 feeding	 is
anticipated.	 It	 is	 possible	 to	 infuse	 enteral	 formulas	 into	 the	 stomach	 using	 a
conventional	 16-	 or	 18-French	 (Fr)	 polyvinyl	 chloride	 nasogastric	 tube,	 but
patients	are	usually	much	more	comfortable	when	a	 small-diameter	 silicone	or
polyurethane	 feeding	 tube	 is	 used.	Nasoenteric	 tubes	 vary	 in	 luminal	 diameter



(6-14	 Fr)	 and	 length,	 depending	 on	 the	 desired	 location	 of	 the	 distal	 orifice:
stomach,	30	to	36	in;	duodenum,	43	in;	jejunum,	at	least	48	in.	Some	tubes	have
tungsten-weighted	 tips	 designed	 to	 facilitate	 passage	 into	 the	 duodenum	 via
normal	 peristalsis,	 whereas	 others	 have	 a	 stylet.	 Most	 are	 radiopaque.	 Some
tubes	permit	gastric	decompression	while	delivering	formula	into	the	jejunum.

Nasoenteric	 feeding	 tubes	 should	 be	 placed,	 after	 a	 preprocedural	 time	 out,
with	the	patient	in	a	semi-Fowler’s	or	sitting	position.	The	tip	of	the	tube	should
be	 lubricated,	 placed	 in	 the	 patient’s	 nose,	 and	 advanced	 to	 the	 posterior
pharynx.	If	the	patient	is	alert	and	can	follow	instructions,	the	patient	should	be
permitted	to	sip	water	as	the	tube	is	slowly	advanced	into	the	stomach.	To	avoid
unintentional	airway	placement	and	serious	complications,	position	of	 the	 tube
should	 be	 ascertained	 after	 it	 has	 been	 inserted	 30	 cm.	 Acceptable	 means	 of
documenting	intraesophageal	 location	of	 the	tube	include	a	chest	radiograph	or
lack	 of	 CO2	 detection	 through	 the	 lumen	 of	 the	 tube	 by	 capnography	 or
colorimetry.9	If	the	tube	is	in	the	airway,	CO2	will	be	detected	and	the	tube	must
be	removed.	Alternatively,	commercial	systems	are	now	available	to	track	tube
progression	 from	 the	 esophagus	 through	 the	 stomach	 to	 the	 duodenum	 using
mucosal	 visualization	 from	 a	 camera	 at	 the	 tip	 of	 the	 tube	 itself.	 Proper	 final
placement	of	the	tube	in	the	stomach	must	be	confirmed	by	video	visualization
with	ultrasound	confirmation	or	chest	or	upper	abdominal	radiograph	before	tube
feeding	is	begun.

4 	The	following	methods	to	assess	final	tube	placement	are	unreliable	and	do
not	assess	tube	misdirection	into	the	lower	respiratory	tract:	auscultation	over	the
left	upper	quadrant	with	air	insufflation	through	the	tube,	assessment	of	pH	with
gastric	content	aspiration,	and	easy	passage	of	the	tube	to	its	full	length	with	the
absence	of	gagging	and	coughing.	The	tube	should	be	securely	taped	to	the	nose,
forehead,	or	cheek	without	tension.	Nasal	bridles	are	more	effective	at	securing
nasoenteric	tubes	than	use	of	tape.10

5 	Delayed	gastric	emptying	has	been	confirmed	for	critically	ill	patients	and
may	contribute	to	gastric	feeding	intolerance.	Spontaneous	transpyloric	passage
of	 enteral	 feeding	 tubes	 in	 critically	 ill	 patients	 is	 commonly	 unsuccessful
secondary	 to	 the	 preponderance	 of	 gastric	 atony.	 The	 addition	 of	 a	 tungsten
weight	to	the	end	of	enteral	feeding	tubes	and	the	development	of	wire	or	metal
stylets	 in	 enteral	 feeding	 tubes	 are	 aimed	 at	 improving	 the	 success	 rate	 for
spontaneous	 transpyloric	 passage.	 Once	 the	 tube	 is	 documented	 to	 be	 in	 the
stomach,	 various	 bedside	 techniques,	 including	 air	 insufflation,	 pH-assisted,
magnet-guided,	 ultrasound-guided,	 video	 assisted,	 electromagnetic-guided	 and
spontaneous	 passage	 with	 or	 without	 motility	 agents,	 may	 help	 facilitate



transpyloric	feeding	tube	passage.
Intravenous	(IV)	metoclopramide	and	erythromycin	have	been	recommended

as	 prokinetic	 agents.	A	Cochrane	Database	 Systematic	 Review	 concluded	 that
doses	 of	 10	 or	 20	 mg	 of	 IV	 metoclopramide	 were	 equally	 ineffective	 in
facilitating	 transpyloric	 feeding	 tube	 placement.11	 No	matter	 which	 techniques
are	 used	 to	 facilitate	 transpyloric	 passage	 of	 enteral	 feeding	 tubes,	 these	 tubes
must	be	inserted	by	skilled	practitioners	using	defined	techniques.

Ultrasonography	for	Nasoenteric	Feeding	Tube	Insertion
Ultrasonography	has	useful	application	related	to	insertion	of	a	feeding	tube.

The	 insertion	 of	 a	 gastric	 tube	 may	 be	 facilitated	 with	 ultrasonography	 by
identifying	 the	 nasogastric	 tube	 in	 the	 upper	 esophagus	 and	 confirming	 its
placement	 in	 the	stomach	by	direct	visualization	 ( 	Video	21.1).12,13	The	 tube
may	also	be	guided	into	a	postpyloric	position	using	real-time	ultrasonographic
guidance	 ( 	 Video	 21.1).14,15	 For	 this	 application,	 when	 compared	 to	 blind
insertion	 technique,	 ultrasonography	 guidance	 has	 a	 higher	 success	 rate,	 takes
less	 time,	 and	 reduces	 the	 need	 for	 a	 postprocedure	 radiograph.	 Being	 a
straightforward	 bedside	 technique,	 it	 has	 advantage	 over	 fluoroscopic,
endoscopic,	 or	 electromagnetic	 guidance	 of	 postpyloric	 tube	 placement,	 given
the	 simplicity	 of	 ultrasonography.	 The	 main	 disadvantage	 to	 ultrasonography
guidance	 is	 that	 abdominal	 wounds	 and	 dressings	 can	 prevent	 its	 use,	 and
patient-specific	factors	such	as	obesity	or	intestinal	gas	may	block	visualization
of	the	tube	as	it	passes	into	the	duodenum	or	the	jejunum.

	Video-Assisted	and	Electromagnetic	Guidance	for
Nasoenteric	Feeding	Tube	Insertion
Another	option	 is	 the	use	of	video-assisted	guidance,	which	employs	a	feeding
tube	with	a	camera	embedded	in	its	tip.16	The	clinician	views	the	mucosa	as	the
tube	is	passed	through	the	pharynx	and	through	the	esophagus	into	the	stomach.
Chest	radiography	is	required	to	confirm	and	document	tube	placement	when	the
gastric	mucosa	 is	not	definitively	visualized	or	confirmed	ultrasonographically.
Electromagnetic	 sensor-guided	 enteral	 access	 systems	 can	 also	 be	 helpful	 for
proper	placement	of	nasoenteric	feeding	tubes.

Endoscopy	and	Fluoroscopy	for	Nasoenteric	Feeding	Tube
Insertion



6 	 If	 the	 tube	 does	 not	 pass	 into	 the	 duodenum	with	 ultrasonographic	 or	 tube-
imbedded	 video	 guidance,	 placement	 can	 be	 attempted	 with	 endoscopic
assistance	or	fluoroscopic	guidance.

Endoscopic	placement	of	nasoenteral	feeding	tubes	is	easily	accomplished	for
the	 critically	 ill	 patient	 and	 can	 be	 performed	 at	 the	 bedside	 using	 portable
equipment.17	 Transnasal	 or	 transoral	 endoscopy	 can	 be	 used	 for	 placement	 of
nasoenteral	 feeding	 tubes	 in	 critically	 ill	 patients.	 The	 patient	 is	 sedated
appropriately	 (Chapter	 2:	 Anesthesia	 for	 Bedside	 Procedures),	 and	 topical
anesthetic	is	applied	to	the	posterior	pharynx	with	lidocaine	or	benzocaine	spray.
(Be	aware	that	benzocaine	can	cause	methemoglobinemia.)	A	43-	to	48-in-long
nasoenteric	feeding	tube	with	an	inner	wire	stylet	is	passed	transnasally	into	the
stomach.	The	endoscope	is	inserted	and	advanced	through	the	esophagus	into	the
gastric	lumen.	An	endoscopy	forceps	is	passed	through	the	biopsy	channel	of	the
endoscope	and	used	to	grasp	the	tip	of	the	enteral	feeding	tube.	The	endoscope,
along	with	the	enteral	feeding	tube,	is	advanced	distally	into	the	duodenum	as	far
as	possible	(Figure	21.1).

	

Figure	 21.1 	 Endoscopic	 placement	 of	 nasoenteral	 feeding
tube.Endoscopy	forceps	and	gastroscope	advance	the	feeding	tube	in
the	duodenum.



The	 endoscopy	 forceps	 and	 feeding	 tube	 remain	 in	 position	 in	 the	 distal
duodenum	 as	 the	 endoscope	 is	 withdrawn	 back	 into	 the	 gastric	 lumen.	 The
endoscopy	 forceps	 are	 opened,	 the	 feeding	 tube	 released,	 and	 the	 endoscopy
forceps	withdrawn	 carefully	 back	 into	 the	 stomach.	On	 first	 pass,	 the	 feeding
tube	is	usually	lodged	in	the	second	portion	of	the	duodenum.	The	portion	of	the
feeding	 tube	 that	 is	 redundant	 in	 the	 stomach	 is	 advanced	 slowly	 into	 the
duodenum	using	 the	endoscopy	forceps	 to	achieve	a	final	position	distal	 to	 the
ligament	of	Treitz	(Figure	21.2).	An	abdominal	radiograph	or	ultrasound	image
is	obtained	at	the	completion	of	the	procedure	to	document	the	final	position	of
the	 nasoenteral	 feeding	 tube.	 Endoscopic	 placement	 of	 postpyloric	 enteral
feeding	tubes	is	highly	successful,	eliminates	the	risk	of	transporting	the	patient
to	 the	 radiology	 department	 for	 fluoroscopic	 placement,	 and	 allows	 prompt
achievement	 of	 nutritional	 goals	 because	 enteral	 feeding	 can	 be	 initiated
immediately	after	the	procedure.

	

Figure	 21.2 	 Abdominal	 radiograph	 documenting	 the	 optimal
position	 of	 an	 endoscopically	 placed	 nasoenteral	 feeding	 tube,	 past



the	ligament	of	Treitz.

The	 recent	 development	 of	 ultrathin	 endoscopes	 (outer	 diameter	 5.1-5.9	 vs
9.8	mm	in	standard	gastroscope)	has	enabled	nasoenteric	feeding	tube	placement
via	transnasal	endoscopy	using	an	over-the-wire	technique.	A	90%	success	rate
was	 documented	 with	 endoscopic	 procedure	 duration	 of	 approximately	 13
minutes,	shorter	than	fluoroscopic	procedure	duration,	and	without	the	need	for
additional	 sedation.18	 Transnasal	 ultrathin	 endoscopy	 without	 the	 need	 for
sedation	 can	 also	 be	 used	 for	 feeding	 tube	 or	 percutaneous	 endoscopic
gastrostomy	 (PEG)	 placement	 in	 patients	who	 are	 unable	 to	 undergo	 transoral
endoscopy,	that	is,	those	who	have	partial	or	complete	occlusion	of	the	mouth.19

7 	Percutaneous	Transgastric	or	Transjejunal	Route
PEG	 tube	 placement,	 introduced	 by	 Ponsky	 et	 al	 in	 1990,20	 has	 become	 the
procedure	of	choice	for	patients	 requiring	prolonged	enteral	nutritional	support
and	who	can	 tolerate	gastric	 feeds.	PEG	 tubes	 range	 in	 size	 from	20	 to	28	Fr.
PEG	 rapidly	 replaced	 open	 gastrostomy	 as	 the	 method	 of	 choice	 for	 enteral
nutrition.	Unlike	surgical	gastrostomy,	PEG	does	not	require	general	anesthesia
or	laparotomy	and	eliminates	the	discomfort	associated	with	chronic	nasoenteric
tubes.	This	procedure	should	be	considered	for	patients	who	have	normal	gastric
emptying	 and	 low	 risk	 for	 pulmonary	 aspiration,	 and	 can	 be	 performed	 in	 the
operating	room,	in	an	endoscopy	unit,	or	at	the	bedside	in	the	intensive	care	unit
with	portable	endoscopy	equipment.

8 	PEG	should	not	be	performed	for	patients	with	near	or	total	obstruction	of
the	 pharynx	 or	 esophagus,	 in	 the	 presence	 of	 coagulopathy,	 or	 when
transillumination	 is	 inadequate.	 Relative	 contraindications	 are	 ascites,
gastroparesis,	gastric	cancer,	and	gastric	ulcer.	Previous	abdominal	surgery	is	not
usually	a	contraindication.	The	original	method	for	PEG	was	the	pull	technique;
more	recent	modifications	are	the	push	and	introducer	techniques.

Endoscopic	Pull	Technique
The	pull	technique	is	performed	with	the	patient	in	the	supine	position.	After	a
time-out,	 the	 abdomen	 is	 prepared	 and	 draped.	 The	 posterior	 pharynx	 is
anesthetized	with	 a	 topical	 spray	 or	 solution	 (eg,	 benzocaine	 spray	 or	 viscous
lidocaine),	 and	 IV	 sedation	 (eg,	 1-2	 mg	 of	 midazolam;	 Chapter	 2)	 is
administered.	A	prophylactic	antibiotic,	usually	a	first-generation	cephalosporin,
is	administered	before	the	procedure.	The	fiber-optic	gastroscope	is	inserted	into



the	stomach,	which	is	 then	insufflated	with	air.	The	lights	are	dimmed,	and	the
assistant	 applies	 digital	 pressure	 to	 the	 anterior	 abdominal	 wall	 in	 the	 left
subcostal	 area	 approximately	 2	 cm	 below	 the	 costal	 margin,	 looking	 for	 the
brightest	 transillumination	 (light	 reflex).	 The	 endoscopist	 should	 be	 able	 to
clearly	 identify	 the	 indentation	 in	 the	stomach	created	by	 the	assistant’s	digital
pressure	on	 the	anterior	abdominal	wall	 (digital	 reflex);	otherwise,	another	site
should	be	chosen.

When	 the	 correct	 spot	 has	 been	 identified,	 the	 assistant	 anesthetizes	 the
anterior	 abdominal	 wall.	 The	 endoscopist	 then	 introduces	 a	 snare	 through	 the
endoscope.	A	small	 incision	 is	made	 in	 the	skin,	and	 the	assistant	 introduces	a
large-bore	 catheter-needle	 stylet	 assembly	 into	 the	 stomach	 and	 through	 the
snare.	The	snare	is	then	tightened	securely	around	the	catheter.	The	inner	stylet
is	 removed	 and	 a	 looped	 insertion	wire	 is	 introduced	 through	 the	 catheter	 and
into	the	stomach.	The	cannula	is	slowly	withdrawn	so	that	the	snare	grasps	the
wire.	 The	 gastroscope	 is	 then	 pulled	 out	 of	 the	 patient’s	mouth	with	 the	wire
firmly	grasped	by	the	snare.	The	end	of	the	transgastric	wire	exiting	the	patient’s
mouth	is	then	tied	to	a	prepared	gastrostomy	tube.	The	assistant	pulls	on	the	end
of	the	wire	exiting	from	the	abdominal	wall,	whereas	the	endoscopist	guides	the
lubricated	gastrostomy	tube	into	the	posterior	pharynx	and	the	esophagus.	With
continued	traction,	the	gastrostomy	tube	is	pulled	into	the	stomach	so	that	it	exits
on	the	anterior	abdominal	wall.	The	gastroscope	is	reinserted	into	the	stomach	to
confirm	adequate	placement	of	the	gastrostomy	tube	against	the	gastric	mucosa
and	to	document	that	no	bleeding	has	occurred.	The	intraluminal	portion	of	the
tube	 should	 contact	 the	 mucosa,	 but	 excessive	 tension	 on	 the	 tube	 should	 be
avoided	because	this	can	lead	to	ischemic	necrosis	of	the	gastric	wall.	The	tube
is	 secured	 to	 the	 abdominal	wall.	 Feedings	may	be	 initiated	 immediately	 after
the	procedure	or	24	hours	later.

Endoscopic	Push	Technique
The	push	technique	is	similar	to	the	pull	technique.	The	gastroscope	is	inserted
and	a	point	on	 the	anterior	abdominal	wall	 localized,	as	for	 the	pull	 technique.
Rather	than	introducing	a	looped	insertion	wire,	however,	a	straight	guidewire	is
snared	 and	 brought	 out	 through	 the	 patient’s	 mouth	 by	 withdrawing	 the
endoscope	 and	 snare	 together.	 A	 commercially	 developed	 gastrostomy	 tube
(Sachs-Vine)	with	 a	 tapered	 end	 is	 then	passed	 in	 an	 aboral	 direction	over	 the
wire,	which	is	held	taut.	The	tube	is	grasped	and	pulled	out	the	rest	of	the	way.
The	gastroscope	is	reinserted	to	check	the	position	and	tension	on	the	tube.



Endoscopic	Introducer	Technique
The	 introducer	 technique	uses	 a	 peel-away	 introducer	 originally	 developed	 for
the	 placement	 of	 cardiac	 pacemakers	 and	 central	 venous	 catheters.	 The
gastroscope	 is	 inserted	 into	 the	 stomach,	 and	 an	 appropriate	 position	 for
placement	 of	 the	 tube	 is	 identified.	 After	 infiltration	 of	 the	 skin	 with	 a	 local
anesthetic,	a	16-	or	18-gauge	needle	 is	 introduced	into	 the	stomach.	A	J-tipped
guidewire	 is	 inserted	 through	 the	 needle	 into	 the	 stomach,	 and	 the	 needle	 is
withdrawn.	Using	a	twisting	motion,	a	16-Fr	introducer	with	a	peel-away	sheath
is	 passed	 over	 the	 guidewire	 into	 the	 gastric	 lumen.21,22	 The	 guidewire	 and
introducer	are	 removed,	 leaving	 in	place	 the	sheath	 that	allows	placement	of	a
14-Fr	Foley	catheter.	The	sheath	is	peeled	away	after	the	balloon	is	inflated	with
10	mL	of	normal	saline.	Some	advocate	this	as	the	optimal	method	for	PEG	in
patients	 with	 head	 and	 neck	 cancer,	 related	 to	 an	 overall	 lower	 rate	 of
complications	in	this	patient	population.23

Percutaneous	Endoscopic	Gastrostomy/Jejunostomy
If	 postpyloric	 feeding	 is	 desired,	 a	 PEG/jejunostomy	 may	 be	 performed.	 The
tube	 allows	 simultaneous	 gastric	 decompression	 and	 duodenal/jejunal	 enteral
feeding.24	A	second,	smaller	feeding	tube	can	be	attached	and	passed	through	the
gastrostomy	 tube	and	advanced	endoscopically	 into	 the	duodenum	or	 jejunum.
When	the	PEG	is	in	position,	a	guidewire	is	passed	through	it	and	grasped	using
endoscopy	forceps.	The	guidewire	and	endoscope	are	passed	into	the	duodenum
as	 distally	 as	 possible.	 The	 jejunal	 tube	 is	 then	 passed	 over	 the	 guidewire
through	the	PEG	into	the	distal	duodenum,	advanced	into	 the	jejunum,	and	the
endoscope	is	withdrawn.	An	alternative	method	is	to	grasp	a	suture	at	the	tip	of
the	 feeding	 tube	 or	 the	 distal	 tip	 of	 the	 tube	 itself	 and	 pass	 the	 tube	 into	 the
duodenum,	using	forceps	advanced	through	the	biopsy	channel	of	the	endoscope.
This	obviates	 the	need	 to	pass	 the	gastroscope	 into	 the	duodenum,	which	may
result	in	dislodgment	of	the	tube	when	the	endoscope	is	withdrawn.

Direct	Percutaneous	Endoscopic	Jejunostomy
9 	 Jejunostomy	 tubes	 can	 be	 placed	 endoscopically	 by	 means	 of	 a	 PEG	 with
jejunal	 extension	 (PEG-J)	 or	 by	 direct	 percutaneous	 jejunostomy	 (PEJ).25
Because	 the	 size	 of	 the	 jejunal	 extension	 of	 the	 PEG-J	 tube	 is	 significantly
smaller	 than	 that	of	 the	direct	PEJ,	some	have	suggested	 that	 the	PEJ	provides
more	 stable	 jejunal	 access	 for	 those	 who	 require	 long-term	 jejunal	 feeding.



Unfortunately,	a	 low	success	rate	(68%)	and	a	high	adverse	event	rate	(22.5%)
have	 been	 documented	 in	 the	 largest	 series	 to	 date.26	 New	 methods	 using
balloon-assisted	enteroscopy	with	fluoroscopy	have	improved	technical	success
rates	to	96%.27

Fluoroscopic	Technique	for	PEG	and	PEG-J
Percutaneous	 gastrostomy	 and	 gastrojejunostomy	 can	 also	 be	 performed	 using
fluoroscopy.28,29	The	stomach	is	insufflated	with	air	using	a	nasogastric	tube	or	a
skinny	 needle	 if	 the	 patient	 is	 obstructed	 proximally.	 Once	 the	 stomach	 is
distended	 and	 position	 is	 checked	 again	 with	 fluoroscopy,	 the	 stomach	 is
punctured	 with	 an	 18-gauge	 needle.	 T-fastener	 gastropexy	 may	 be	 used,
deployed	via	the	18-gauge	needle.	A	heavy-duty	wire	is	passed	and	the	tract	 is
dilated	to	accommodate	a	gastrostomy	or	gastrojejunostomy	tube.

Complications
The	most	common	complication	after	percutaneous	placement	of	enteral	feeding
tubes	 is	 infection,	 usually	 involving	 the	 cutaneous	 exit	 site	 and	 surrounding
tissue.30	Gastrointestinal	hemorrhage	has	been	reported,	but	it	 is	usually	caused
by	 excessive	 tension	 on	 the	 tube,	 leading	 to	 necrosis	 of	 the	 stomach	 wall.
Gastrocolic	 fistulas,	 which	 develop	 if	 the	 colon	 is	 interposed	 between	 the
anterior	 abdominal	wall	 and	 the	 stomach	when	 the	 needle	 is	 introduced,	 have
been	 reported.	 Adequate	 transillumination	 aids	 in	 avoiding	 this	 complication.
Separation	of	the	stomach	from	the	anterior	abdominal	wall	can	occur,	resulting
in	 peritonitis	 when	 enteral	 feeding	 is	 initiated.	 In	 most	 instances,	 this
complication	 is	 caused	 by	 excessive	 tension	 on	 the	 gastrostomy	 tube.	Another
potential	 complication	 is	 pneumoperitoneum,	 secondary	 to	 air	 escaping	 after
puncture	 of	 the	 stomach	 during	 the	 procedure,	 but	 it	 is	 usually	 clinically
insignificant.	 If	 the	 patient	 develops	 fever	 and	 abdominal	 tenderness,	 a
Gastrografin	study	should	be	obtained	to	exclude	the	presence	of	a	leak.

All	 percutaneous	 gastrostomy	 and	 jejunostomy	 procedures	 described	 here
have	been	established	as	safe	and	effective.	The	method	is	selected	on	the	basis
of	the	endoscopist’s	experience	and	training,	and	the	patient’s	nutritional	needs.

SURGICAL	PROCEDURES
1 	 0 	 Since	 the	 advent	 of	 PEG,	 surgical	 placement	 of	 enteral	 feeding	 tubes	 has



been	 usually	 performed	 as	 a	 concomitant	 procedure	 as	 the	 last	 phase	 of	 a
laparotomy	performed	for	another	 indication.	Occasionally,	an	operation	solely
for	 tube	 placement	 is	 performed	 in	 patients	 requiring	 permanent	 tube	 feedings
when	a	percutaneous	approach	is	contraindicated	or	unsuccessful.	In	these	cases,
the	laparoscopic	approach	to	enteral	access	should	be	considered.	Laparoscopic
gastrostomy	was	introduced	in	2000,	10	years	after	the	advent	of	PEG.	Patients
who	are	not	candidates	for	PEG,	as	a	result	of	head	and	neck	cancer,	esophageal
obstruction,	 large	hiatal	hernia,	gastric	volvulus,	or	overlying	 intestine	or	 liver,
should	be	considered	for	laparoscopic	gastrostomy	or	jejunostomy.

Gastrostomy
Gastrostomy	 is	 a	 simple	 procedure	 when	 performed	 as	 part	 of	 another	 intra-
abdominal	operation.	It	should	be	considered	when	prolonged	enteral	nutritional
support	is	anticipated	after	surgery.

Complications	are	quite	common	after	surgical	gastrostomy.	This	may	reflect
the	 poor	 nutritional	 status	 and	 associated	 medical	 problems	 in	 many	 patients
who	 undergo	 this	 procedure.	 Potential	 complications	 include	wound	 infection,
dehiscence,	 gastrostomy	 disruption,	 internal	 or	 external	 leakage,	 gastric
hemorrhage,	and	tube	migration.

Needle-Catheter	Jejunostomy
The	needle-catheter	 jejunostomy	procedure	 consists	of	 the	 insertion	of	 a	 small
(5-Fr)	polyethylene	catheter	into	the	small	intestine	at	the	time	of	laparotomy	for
another	 indication.	 Kits	 containing	 the	 necessary	 equipment	 for	 the	 procedure
are	available	from	commercial	suppliers.	A	needle	is	used	to	create	a	submucosal
tunnel	 from	 the	 serosa	 to	 the	 mucosa	 on	 the	 antimesenteric	 border	 of	 the
jejunum.	 A	 catheter	 is	 inserted	 through	 the	 needle	 and	 then	 the	 needle	 is
removed.	The	catheter	 is	brought	out	 through	 the	anterior	abdominal	wall,	and
the	limb	of	 the	 jejunum	is	secured	to	 the	anterior	abdominal	wall	with	sutures.
The	tube	can	be	used	for	feeding	immediately	after	the	operation.	The	potential
complications	are	similar	to	those	associated	with	gastrostomy,	but	patients	may
have	 a	 higher	 incidence	 of	 diarrhea.	 Occlusion	 of	 the	 needle-catheter
jejunostomy	 is	 common	 because	 of	 its	 small	 luminal	 diameter,	 and	 elemental
nutritional	formulas	are	preferentially	used.

Transgastric	Jejunostomy



Critically	 ill	 patients	 who	 undergo	 laparotomy	 commonly	 require	 gastric
decompression	 and	 a	 surgically	 placed	 tube	 for	 enteral	 nutritional	 support.
Routine	placement	of	separate	gastrostomy	and	jejunostomy	tubes	is	common	in
this	 patient	 population	 and	 achieves	 the	 objective	 of	 chronic	 gastric
decompression	 and	 early	 initiation	 of	 enteral	 nutritional	 support	 through	 the
jejunostomy.	Technical	advances	in	surgically	placed	enteral	feeding	tubes	led	to
the	development	of	 transgastric	 jejunostomy31	 and	duodenostomy	 tubes,	which
allow	 simultaneous	 decompression	 of	 the	 stomach	 and	 distal	 feeding	 into	 the
duodenum	 or	 the	 jejunum.	 The	 advantage	 of	 these	 tubes	 is	 that	 only	 one
enterotomy	 into	 the	 stomach	 is	 needed,	 eliminating	 the	 possible	 complications
associated	with	open	jejunostomy	tube	placement.	In	addition,	only	one	tube	is
necessary	 for	 gastric	 decompression	 and	 jejunal	 feeding,	 eliminating	 the
potential	complications	of	two	separate	tubes	for	this	purpose.

The	transgastric	jejunostomy	tube	is	placed	surgically	in	the	same	manner	as
a	 gastrostomy	 tube,	 and	 the	 distal	 portion	 of	 the	 tube	 is	 advanced	 manually
through	the	pylorus	into	the	duodenum,	with	its	final	tip	resting	as	far	distally	as
possible	 in	 the	 duodenum	 or	 the	 jejunum.	 The	 transgastric	 jejunostomy	 tube
(Figure	 21.3)	 is	 preferred	 to	 transgastric	 duodenostomy	 (Figure	 21.4)	 tube
because	the	tip	is	located	far	past	the	ligament	of	Treitz,	which	is	associated	with
less	 reflux	 of	 feedings	 into	 the	 stomach	 and	 decreased	 risk	 of	 aspiration
pneumonia.	Surgical	placement	of	transgastric	jejunostomy	tubes	at	the	time	of
laparotomy	 is	 recommended	 for	 patients	 who	 likely	 require	 prolonged	 gastric
decompression	and	enteral	feeding.

	

Figure	 21.3 	 Transgastric	 jejunostomy	 tube	 in	 a	 patient	 with
necrotizing	 infected	 pancreatitis	 allows	 simultaneous	 gastric
decompression	and	jejunal	feeding	(A).	Since	duodenal-gastric	reflux
is	 common,	 enteral	 feeding	 is	 better	 tolerated	 with	 a	 transgastric
jejunostomy	(B)	versus	a	transgastric	duodenostomy	tube.	(B,	©	2022
VYGON	(UK)	LTD	ALL	RIGHTS	RESERVED.)



	

Figure	 21.4 	 Transgastric	 duodenostomy	 tube,	 which	 allows
simultaneous	 gastric	 decompression	 and	 duodenal	 feeding,	 can	 be
placed	 percutaneously	 (with	 endoscopic	 or	 fluoroscopic	 assistance)
or	surgically.

DELIVERING	THE	TUBE-FEEDING	FORMULA
The	 enteral	 formula	 can	 be	 delivered	 by	 intermittent	 bolus	 feeding,	 gravity
infusion,	 or	 continuous	 pump	 infusion.	 In	 the	 intermittent	 bolus	 method,	 the
patient	 receives	 300	 to	 400	 mL	 of	 formula	 every	 4	 to	 6	 hours.	 The	 bolus	 is
usually	 delivered	 with	 the	 aid	 of	 a	 catheter-tipped,	 large-volume	 (60-mL)
syringe.	 The	 main	 advantage	 of	 bolus	 feeding	 is	 simplicity.	 This	 approach	 is
often	 used	 for	 patients	 requiring	 prolonged	 supplemental	 enteral	 nutritional
support	after	discharge	from	the	hospital.	Bolus	feeding	can	be	associated	with
serious	 side	 effects,	 including	 gastric	 distention,	 nausea,	 cramping,	 and
aspiration.	The	intermittent	bolus	method	should	not	be	used	when	feeding	into
the	duodenum	or	 the	jejunum	because	boluses	of	formula	can	cause	distention,
cramping,	and	diarrhea.

Gravity-infusion	systems	allow	the	formula	to	drip	continuously	during	16	to
24	 hours	 or	 intermittently	 during	 20	 to	 30	minutes,	 four	 to	 six	 times	 per	 day.
This	 method	 requires	 constant	 monitoring	 because	 the	 flow	 rate	 can	 be
extremely	 irregular.	 The	main	 advantages	 of	 this	 approach	 are	 simplicity,	 low
cost,	and	close	simulation	of	a	normal	feeding	pattern.

Continuous	pump	infusion	is	the	preferred	method	for	the	delivery	of	enteral
nutrition	in	the	critically	ill	patient.	A	peristaltic	pump	can	be	used	to	provide	a
continuous	 infusion	 of	 formula	 at	 a	 precisely	 controlled	 flow	 rate,	 which



decreases	 problems	 with	 distention	 and	 diarrhea.	 Gastric	 residuals	 tend	 to	 be
smaller	with	continuous	pump-fed	 infusions,	and	 the	 risk	of	aspiration	may	be
decreased.

MEDICATIONS
When	medications	are	administered	via	an	enteric	feeding	tube,	it	is	important	to
be	 certain	 that	 the	 drugs	 are	 compatible	 with	 each	 other	 and	 with	 the	 enteral
formula.	In	general,	medications	should	be	delivered	separately	rather	than	as	a
combined	bolus.	For	medications	that	are	better	absorbed	in	an	empty	stomach,
tube	feedings	should	be	suspended	for	30	to	60	minutes	before	administration.

Medications	 should	 be	 administered	 in	 an	 elixir	 formulation	 via	 enteral
feeding	tubes,	whenever	possible,	to	prevent	occlusion	of	the	tube.	Enteral	tubes
should	 always	be	 flushed	with	 20	mL	of	water	 or	 saline	 after	medications	 are
administered.	To	use	an	enteral	feeding	tube	to	administer	medications	dispensed
in	tablet	form,	often	the	pills	must	be	crushed	and	delivered	as	slurry	mixed	with
water	 or	 saline.	 This	 is	 inappropriate	 for	 some	medications,	 however,	 such	 as
those	 absorbed	 sublingually	 or	 formulated	 as	 a	 sustained-released	 tablet	 or
capsule.

COMPLICATIONS
Enteral	 tube	 placement	 is	 associated	 with	 few	 complications	 if	 practitioners
adhere	 to	 appropriate	 protocols	 and	 pay	 close	 attention	 to	 the	 details	 of	 the
procedures.32

Nasopulmonary	Intubation
Passage	of	an	enteral	feeding	tube	into	the	tracheobronchial	tree	most	commonly
occurs	 in	 patients	 with	 diminished	 cough	 or	 gag	 reflexes	 as	 a	 result	 of
obtundation,	 altered	 mental	 status,	 or	 other	 causes	 such	 as	 the	 presence	 of
endotracheal	intubation.	The	presence	of	a	tracheostomy	or	an	endotracheal	tube
does	not	guarantee	proper	placement.	A	chest	 (or	upper	abdominal)	 radiograph
should	be	obtained	before	initiating	tube	feedings	when	its	correct	position	is	not
visualized.	Transpulmonary	placement	of	a	feeding	tube	can	be	associated	with
pneumothorax,	 hydrothorax,	 pneumonia,	 pulmonary	 hemorrhage,	 abscess
formation,	or	death.33



Aspiration
Pulmonary	 aspiration	 is	 a	 serious	 and	 potentially	 fatal	 complication	 of	 enteral
nutritional	support.	The	incidence	of	this	complication	varies	and	depends	on	the
patient	 population	 studied.	 Traditional	 clinical	 monitors	 of	 aspiration	 with
glucose	 oxidase	 strips	 and	 blue	 food	 coloring	 should	 no	 longer	 be	 used.34
Nonrecumbent	 positioning	 is	 an	 evidence-based	 method	 for	 aspiration
prevention	that	needs	to	be	initiated	for	all	patients	receiving	enteral	nutrition.

Major	risk	factors	for	aspiration	include	obtundation	or	altered	mental	status,
absence	 of	 cough	 or	 gag	 reflexes,	 delayed	 gastric	 emptying,	 gastroesophageal
reflux,	 persistently	 high	 gastric	 residual	 volumes,	 and	 feeding	 in	 the	 supine
position.	The	risk	of	pulmonary	aspiration	is	minimized	when	the	enteral	feeding
tube	is	positioned	in	the	jejunum	past	the	ligament	of	Treitz.

Gastrointestinal	Intolerance
In	 a	 multicenter	 study	 of	 15,918	 mechanically	 ventilated	 adult	 ICU	 patients,
enteral	 feeding	 intolerance	occurred	 in	24%,	with	 the	highest	 rates	 in	burn	and
gastrointestinal	patients.	 It	was	associated	with	 lower	enteral	nutrition	delivery
and	 worse	 outcomes	 (increased	 mortality	 hazard	 ratio	 1.5,	 95%	 CI	 1.4-1.6,
P	<	.0001).35	Efforts	to	decrease	intolerance	are	warranted.

Delayed	gastric	emptying	is	sometimes	improved	by	administering	prokinetic
agents.	 Combination	 therapy	 (metoclopramide	 10	 mg	 IV	 every	 6	 hours	 and
erythromycin	 200	 mg	 IV	 every	 12	 hours)	 was	 highly	 effective	 compared	 to
either	agent	alone	for	feeding	intolerance	in	critical	illness.36	Dumping	syndrome
(ie,	 diarrhea,	 distention,	 and	 abdominal	 cramping)	 can	 limit	 the	 use	 of	 enteral
feeding.	 Dumping	 may	 be	 caused	 by	 delivering	 a	 hyperosmotic	 load	 into	 the
small	intestine.

Diarrhea	 in	 critically	 ill	 patients	 should	 not	 be	 attributed	 to	 intolerance	 of
enteral	 feeding	 until	 other	 causes	 are	 excluded.	 Other	 possible	 etiologies	 for
diarrhea	 include	medications	 (eg,	magnesium-containing	 antacids	 and	 sorbitol-
containing	 medications),	 alterations	 in	 gut	 microflora	 owing	 to	 prolonged
antibiotic	therapy,	antibiotic-associated	colitis,	ischemic	colitis,	viral	or	bacterial
enteric	 infection,	 electrolyte	 abnormalities,	 and	 excessive	 delivery	 of	 bile	 salts
into	the	colon.	Diarrhea	can	also	be	a	manifestation	of	intestinal	malabsorption
because	of	enzyme	deficiencies	or	villous	atrophy.37

Even	 when	 diarrhea	 is	 caused	 by	 enteral	 feeding,	 it	 can	 be	 controlled	 in
nearly	 50%	 of	 cases	 by	 instituting	 a	 continuous	 infusion	 of	 formula	 (if	 bolus
feedings	 are	 used),	 slowing	 the	 rate	 of	 infusion,	 changing	 the	 formula	 (lower



calorie,	 more	 elemental),	 adding	 fiber	 to	 the	 enteral	 formula,	 or	 adding
antidiarrheal	 agents	 (eg,	 loperamide,	 diphenoxylate/atropine,	 or	 tincture	 of
opium).

Metabolic	Complications
Prerenal	 azotemia	 and	 hypernatremia	 can	 develop	 in	 patients	 fed	 with
hyperosmolar	 solutions.	 The	 administration	 of	 free	 water,	 either	 added	 to	 the
formula	 or	 as	 separate	 boluses	 to	 replace	 obligatory	 losses,	 can	 avert	 this
situation.	 Deficiencies	 of	 essential	 fatty	 acids	 and	 fat-soluble	 vitamins	 can
develop	 after	 prolonged	 support	 with	 enteral	 solutions	 that	 contain	 minimal
amounts	 of	 fat.	 Periodic	 enteral	 supplementation	 with	 linoleic	 acid	 or	 IV
supplementation	 with	 emulsified	 fat	 can	 prevent	 this.	 The	 amount	 of	 linoleic
acid	 necessary	 to	 prevent	 chemical	 and	 clinical	 fatty	 acid	 deficiency	 has	 been
estimated	to	be	2.5	to	20.0	g/d.

Bacterial	Contamination
Bacterial	 contamination	 of	 enteral	 solutions	 occurs	 when	 sterile	 packages	 are
opened	 and	mixed	with	 other	 substances,	 and	more	 commonly,	 it	 occurs	with
hospital-formulated	 and	 powdered	 feeds	 that	 require	 preparation	 compared	 to
commercially	prepared,	ready-to-feed	enteral	formulas	supplied	in	cans.	The	risk
of	contamination	also	depends	on	the	duration	of	feeding.	Contaminated	formula
may	also	play	a	significant	role	in	the	etiology	of	diarrhea	in	patients	receiving
enteral	nutrition.

Occluded	Feeding	Tubes
Precipitation	 of	 certain	 proteins	 when	 exposed	 to	 an	 acid	 pH	 may	 be	 an
important	 factor	 leading	 to	 the	 solidifying	 of	 formulas.	 Most	 premixed	 intact
protein	 formulas	 solidify	 when	 acidified	 to	 a	 pH	 less	 than	 5.	 To	 prevent
occlusion	of	feeding	tubes,	the	tube	should	be	flushed	with	water	or	saline	before
and	after	checking	residuals.	Small-caliber	nasoenteric	 feeding	 tubes	should	be
flushed	 with	 20	 mL	 of	 water	 or	 saline	 every	 4	 to	 6	 hours	 to	 prevent	 tube
occlusion,	even	when	enteral	feedings	are	administered	by	continuous	infusion.

Medications	 are	 a	 frequent	 cause	 of	 clogging.38	 When	 administering
medications	 enterally,	 liquid	 elixirs	 should	 be	 used,	 if	 available,	 because	 even
tiny	 particles	 of	 crushed	 tablets	 can	 occlude	 the	 distal	 orifice	 of	 small-caliber



feeding	 tubes.	When	 tablets	 are	 used,	 it	 is	 important	 to	 crush	 them	 to	 a	 fine
powder	 and	 solubilize	 them	 in	 liquid	 before	 administration.	 In	 addition,	 tubes
should	be	flushed	with	water	or	saline	before	and	after	the	administration	of	any
medications.

Several	maneuvers	 are	 useful	 for	 clearing	 clogged	 feeding	 tubes.	 The	 tube
can	be	flushed	with	warm	water,	or	a	pancreatic	enzyme	solution	(eg,	Viokase).
Commonly,	 a	mixture	 of	 lipase,	 amylase,	 and	 protease	 (Viokase)	 dissolved	 in
sodium	 bicarbonate	 solution	 (for	 enzyme	 activation)	 is	 instilled	 into	 the	 tube
with	 a	 syringe	 and	 the	 tube	 clamped	 for	 approximately	 30	 minutes	 to	 allow
enzymatic	 degradation	 of	 precipitated	 enteral	 feedings.	 The	 tube	 is	 then
vigorously	 flushed	 with	 water	 or	 saline.	 The	 pancreatic	 enzyme	 solution	 was
successful	in	restoring	tube	patency	in	96%	of	cases	where	formula	clotting	was
the	 likely	 cause	 of	 occlusion	 and	 use	 of	 cola	 or	 water	 had	 failed.	 Additional
methods	 of	 tube	 declogging	 include	 other	 enzymatic	 declogging	 agents	 or
mechanical	devices.39

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	procedure	of	choice	for	patients	requiring	prolonged	enteral
nutritional	support	when	they	can	tolerate	gastric	feeds?

A. 	Nasoenteric	feeding	tube	in	gastric	lumen
B. 	Percutaneous	endoscopic	gastrostomy	(PEG)
C. 	Percutaneous	endoscopic	jejunostomy	(PEJ)
D. 	Surgical	gastrostomy

2. 	Which	clinical	variable	is	most	important	when	considering	the	location	of
enteral	nutrition	in	ICU	patients?

A. 	Gastroesophageal	reflux	disease	history
B. 	Gastroparesis	history
C. 	Presence	or	absence	of	intestinal	ileus
D. 	Risk	of	aspiration

3. 	You	have	been	unsuccessful	in	placement	of	a	postpyloric	feeding	tube	in
an	ICU	patient	using	air	insufflation,	positioning,	and	prokinetic	agents.	What	is



the	next	best	step	to	facilitate	placement?

A. 	Endoscopic	guidance
B. 	Fluoroscopic	guidance
C. 	Ultrasonography	guidance
D. 	Video-assisted	guidance	with	camera	embedded	in	the	tip	of	the	tube

Answers

1.	The	correct	answer	is	B.
Rationale:	 Percutaneous	 endoscopic	 gastrostomy	 (PEG)	 tube	 placement

(choice	B	is	correct)	is	the	procedure	of	choice	for	patients	requiring	prolonged
enteral	 nutritional	 support	 when	 they	 can	 tolerate	 gastric	 feeds.	 PEG	 rapidly
replaced	open	gastrostomy	as	the	method	of	choice	for	enteral	nutrition.	Unlike
surgical	gastrostomy,	PEG	does	not	require	general	anesthesia	or	laparotomy.	It
also	eliminates	the	discomfort	associated	with	chronic	nasoenteric	tubes	(choice
A	is	not	the	best	answer).	PEG	can	be	considered	for	patients	who	have	normal
gastric	 emptying	 and	 low	 risk	 for	 pulmonary	 aspiration.	 Percutaneous
endoscopic	jejunostomy	(PEJ)	(choice	C	is	not	the	best	answer)	is	considered	for
patients	 who	 do	 not	 tolerate	 gastric	 feeding	 or	 who	 are	 at	 high	 risk	 for
pulmonary	aspiration.	Surgical	gastrostomy	(choice	D	is	not	the	best	answer)	is
indicated	when	a	percutaneous	approach	is	contraindicated	or	unsuccessful.

2.	The	correct	answer	is	D.
Rationale:	When	 deciding	 to	 provide	 enteral	 nutrition	 in	 ICU	patients,	 it	 is

important	 to	consider	 the	 function	of	 the	patient’s	gastrointestinal	 tract	and	 the
risk	of	pulmonary	aspiration.	Most	ICU	patients	can	tolerate	gastric	feeding.	But
meta-analyses	have	confirmed	that	postpyloric	feeding	has	a	lower	incidence	in
the	 rate	of	pulmonary	aspiration,	gastric	 reflux,	and	pneumonia,	and	decreased
incidence	 of	 additional	 gastrointestinal	 complications	 including	 vomiting,
nausea,	 diarrhea,	 abdominal	 distention,	 high	 gastric	 residual	 volume,	 and
constipation.	Therefore,	 the	most	 important	variable	 to	consider	 is	 the	patient’s
risk	 of	 pulmonary	 aspiration	 (choice	 D	 is	 correct),	 with	 postpyloric	 feeding
indicated	in	patients	at	high	risk	of	aspiration.	The	risk	of	pulmonary	aspiration
is	minimized	when	the	enteral	feeding	tube	is	positioned	in	the	jejunum	past	the
ligament	of	Treitz.	A	history	of	gastroparesis	or	gastroesophageal	reflux	disease
(choices	B	and	A)	does	not	necessarily	require	postpyloric	feeding.	If	intestinal
ileus	 (choice	C)	 is	 present,	 then	 enteral	 nutrition	may	 be	 contraindicated	 until



intestinal	function	returns.

3.	The	correct	answer	is	C.
Rationale:	 Ultrasound	 (choice	 C	 is	 correct)	 is	 immediately	 available	 in	 all

ICUs	and	is	commonly	used	for	ICU	procedures.	Postpyloric	tube	placement	can
also	 be	 aided	 by	 real-time	 ultrasonographic	 guidance.	 Compared	 to	 the	 blind
insertion	 technique	 with	 air	 insufflation,	 positioning,	 and	 prokinetic	 agents,
ultrasonography	has	a	higher	success	rate,	takes	less	time,	and	reduces	the	need
for	 a	 post	 procedure	 radiograph.	 Ultrasound	 has	 advantage	 over	 fluoroscopic,
endoscopic,	 or	 electromagnetic	 guidance	 given	 its	 simplicity	 and	 availability
(choices	 A	 and	 B	 are	 incorrect).	 There	 is	 also	 no	 need	 for	 the	 patient	 to	 be
transported	 to	 another	 location	 as	 is	 the	 case	 for	 fluoroscopic	 or	 endoscopic
procedures.	 Video-assisted	 guidance	 employs	 a	 feeding	 tube	 with	 a	 camera
embedded	 in	 the	 tip.	 The	 clinician	 is	 able	 to	 view	 the	 mucosa	 as	 the	 tube	 is
passed	through	the	pharynx	and	through	the	esophagus	into	the	stomach.	Chest
radiography	 is	 required	 to	 confirm	 and	 document	 tube	 placement	 when	 the
gastric	 mucosa	 is	 not	 definitively	 visualized	 and	 confirmed	 by	 ultrasound
(choice	D	is	not	the	best	answer).	Electromagnetic	sensor-guided	enteral	access
systems	can	also	be	helpful	in	accurate	placement	of	nasoenteric	feeding	tubes,
but	they	are	not	readily	available	in	all	ICUs.	If	the	tube	does	not	pass	into	the
duodenum	 with	 ultrasonographic	 or	 tube-imbedded	 video	 guidance,	 then
placement	 can	 be	 attempted	 with	 endoscopic	 assistance	 or	 fluoroscopic
guidance.
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Chapter	22
Gastroesophageal	Balloon	Tamponade
for	Acute	Variceal	Hemorrhage
Robert	Canelli,	Hamza	Durrani,	Marie	T.	Pavini

KEY	POINTS:
1.	 Definitive	emergency	treatment	of	acute	variceal	hemorrhage

involves	a	combination	of	pharmacotherapy,	blood	product	support,
and	endoscopic	intervention.

2.	 Balloon	tamponade	plays	an	important	role	as	a	temporizing
intervention	for	the	management	of	acute	variceal	hemorrhage.

3.	 Contraindications	to	balloon	tube	placement	include	recent
esophageal	surgery	or	strictures.	Hiatal	hernias	are	considered	by
some	to	be	a	relative	contraindication.

4.	 Endotracheal	intubation	during	variceal	hemorrhage	can	facilitate
management	efforts	and	decrease	the	risk	of	aspiration.

5.	 Before	placing	the	balloon	tube,	it	is	important	to	obtain	preinsertion
balloon	pressures	so	that	they	can	be	compared	to	postinsertion
pressures	and	to	help	diagnose	a	malpositioned	balloon	tube.

6.	 Appropriate	positioning	of	the	balloon	tube	must	be	confirmed	by
radiography	or	by	ultrasound	prior	to	inflating	the	gastric	balloon
because	a	malpositioned	balloon	can	lead	to	esophageal	or
duodenal	rupture.

7.	 Variceal	rebleeding	occurs	in	>50%	of	patients	after	balloon
deflation.	It	may	be	prudent	to	leave	the	deflated	balloon	tube	in
position	for	24	hours	or	longer.

INTRODUCTION



Gastroesophageal	 variceal	 hemorrhage	 is	 an	 acute	 and	 catastrophic	 condition
that	signifies	decompensated	cirrhosis.	Variceal	rupture	occurs	at	a	rate	of	10%
to	15%	per	year	and	may	be	predicted	by	severity	of	liver	disease,	the	presence
of	red	wale	marks	on	the	variceal	wall,	and	variceal	size.1

Although	 endoscopic	 therapy	 is	 the	 definitive	 treatment	 of	 choice	 for	 acute
variceal	 hemorrhage,	 gastroesophageal	 balloon	 tamponade	 remains	 a	 valuable
temporizing	 intervention.	 Balloon	 tamponade	 is	 accomplished	 using	 a
multilumen	 tube,	approximately	1	meter	 in	 length,	with	gastric	and	esophageal
balloons	 that	 can	 be	 inflated	 to	 compress	 bleeding	 varices	 and	 control
hemorrhage.	Aspiration	ports	for	diagnostic	and	therapeutic	use	are	incorporated
into	most	balloon	tubes.	This	chapter	will	discuss	the	role	of	balloon	tamponade
for	 the	 management	 of	 acute	 variceal	 hemorrhage	 and	 describe	 insertion
techniques	and	management	of	the	balloon	tube.

ACUTE	VARICEAL	HEMORRHAGE	OVERVIEW
Gastroesophageal	varices	are	present	in	approximately	50%	of	all	patients	with
cirrhosis,	 with	 a	 higher	 proportion	 found	 in	 patients	 with	 decompensated
cirrhosis.	Varices	form	and	grow	at	a	rate	of	8%	per	year,	with	a	yearly	rupture
rate	of	up	to	15%.2	Management	of	varices	can	be	divided	into	three	categories:
primary	 prophylaxis	 to	 prevent	 the	 first	 episode	 of	 bleeding,	 emergency
treatment	 during	 an	 acute	 hemorrhage	 episode,	 and	 secondary	 prophylaxis	 to
prevent	rebleeding.	A	comprehensive	discussion	of	variceal	management	can	be
found	 in	 Chapter	 20:	 Gastrointestinal	 Endoscopy,	 and	 Chapter	 204:
Gastrointestinal	Bleeding.

1 	 An	 acute	 hemorrhage	 episode	 requires	 emergency	 treatment	 and	 is
associated	with	a	6-week	mortality	 rate	observed	as	high	as	26%.3	Controlling
acute	 hemorrhage	 is	 complex	 and	 involves	 a	 combination	 of	 urgent
pharmacotherapy	 and	 procedural	 interventions.	 The	 immediate	 goals	 of
emergency	 treatment	 are	 to	 control	 bleeding,	 prevent	 early	 rebleeding	 within
5	days,	and	prevent	6-week	mortality.4

Urgent	 pharmacotherapy	 intervention	 includes	 the	 administration	 of
splanchnic	 vasoconstrictors	 that	 will	 reduce	 blood	 flow	 through	 the	 portal
venous	 system.	 Vasoactive	 agents	 such	 as	 octreotide	 and	 terlipressin	 are
associated	 with	 lower	 7-day	 all-cause	 mortality,	 improved	 control	 of	 acute
hemorrhage,	and	lower	transfusion	requirements.5	These	medications	should	be
administered	as	soon	as	possible.	In	fact,	Levacher	and	colleagues	advocate	for
terlipressin	 administration	 to	 patients	 by	 emergency	 medical	 personnel	 before



transfer	to	the	hospital.6
Urgent	 procedural	 intervention	 includes	 endoscopic	 band	 ligation	 or

sclerotherapy.	 Band	 ligation	 has	 a	 lower	 rate	 of	 rebleeding	 and	 complications
when	 compared	 with	 sclerotherapy	 and	 should	 be	 performed	 preferentially,
provided	 that	 visualization	 is	 adequate	 to	 successfully	 ligate	 varices.7
Therapeutic	 endoscopy	 in	 conjunction	with	pharmacotherapy	 is	more	 effective
than	pharmacotherapy	alone.8

ROLE	OF	BALLOON	TAMPONADE	FOR	THE
MANAGEMENT	OF	ACUTE	VARICEAL
HEMORRHAGE
2 	 Gastroesophageal	 balloon	 tamponade	 is	 indicated	 to	 temporarily	 control
massive	 variceal	 hemorrhage	 when	 definitive	 therapy	 such	 as	 endoscopic
variceal	 ligation	 is	not	 technically	possible	or	 readily	available9	 (Figure	 22.1).
The	 success	 rate	of	hemorrhage	control	 after	balloon	 tamponade	varies	widely
and	is	likely	due	to	multiple	factors	including	concomitant	use	of	other	therapies
and	 operator	 experience.	 Balloon	 tamponade	 should	 only	 be	 used	 as	 a
temporizing	measure	while	definitive	therapy	is	arranged.



	

Figure	22.1 	Management	of	esophageal	variceal	hemorrhage.Dx,
diagnosis;	Rx,	therapy;	TIPS,	transjugular	intrahepatic	portosystemic
shunt.

CONTRAINDICATIONS	TO	BALLOON
TAMPONADE
3 	Balloon	tube	placement	is	contraindicated	for	patients	with	recent	esophageal
surgery	or	esophageal	stricture.10	Some	authors	do	not	recommend	balloon	tube



placement	 when	 a	 hiatal	 hernia	 is	 present,	 but	 there	 are	 reports	 of	 successful
hemorrhage	control	in	some	of	these	patients.11	When	options	are	limited,	it	may
be	 practical	 to	 place	 a	 balloon	 tube	 and	 titrate	 therapy	 to	 the	 lowest	 effective
balloon	pressures	to	avoid	the	risk	of	esophageal	perforation.12

PRACTICAL	CONSIDERATIONS

Airway	Control
4 	 Airway	 protection	 including	 endotracheal	 intubation	 (Chapter	 8:	 Airway
Management	and	Endotracheal	Intubation)	is	imperative	to	prevent	aspiration	in
patients	with	upper	gastrointestinal	bleeding	and	hemodynamic	compromise	or
encephalopathy.	The	incidence	of	aspiration	pneumonia	is	directly	related	to	the
presence	of	impaired	mental	status.13	Endotracheal	intubation	will	also	facilitate
the	 timely	 performance	 of	 endoscopy,	 suctioning	 of	 pulmonary	 secretions	 and
blood	that	accumulates	in	the	hypopharynx,	and	the	administration	of	sedatives
and	 analgesics	 that	 may	 be	 required	 when	 balloon	 tamponade	 is	 poorly
tolerated.14	 The	 incidence	 of	 pulmonary	 complications	 during	 management	 of
variceal	 hemorrhage	 is	 significantly	 lower	 when	 endotracheal	 intubation	 is
routinely	performed.15

Hypovolemia,	Shock,	and	Coagulopathy
Adequate	 large-bore	 intravenous	 access	 should	 be	 obtained	 for	 resuscitation.
Red	blood	cells	should	be	administered	to	maintain	a	hemoglobin	between	7	and
9	g/dL.16	Platelet	transfusion	to	maintain	platelet	count	above	50,000/µL	should
be	 considered.	Although	 pro-hemostatic	 products	 such	 as	 fresh	 frozen	 plasma,
prothrombin	 complex	 concentrate,	 and	 recombinant	 activated	 factor	 VII	 to
correct	coagulopathy	are	often	considered,	they	have	not	shown	clear	benefit.

Clots	and	Gastric	Decompression
If	 the	 clinical	 situation	 permits,	 placement	 of	 an	 Ewald	 tube	 and	 aggressive
lavage	 and	 suctioning	 of	 the	 stomach	 and	 duodenum	 can	 facilitate	 endoscopy,
diminish	 the	risk	of	aspiration,	and	help	control	hemorrhage	from	causes	other
than	 esophageal	 varices.	 If	 placed,	 the	 Ewald	 tube	 should	 be	 removed	 before
balloon	tamponade	is	attempted.



Ulceration,	Infection,	and	Encephalopathy
Ulcers	can	form	from	endoscopic	banding,	sclerotherapy,	or	direct	cuff	pressure
during	balloon	 tamponade.	Shaheen	et	 al.	 found	 that	 the	postbanding	ulcers	 in
patients	 who	 received	 a	 proton	 pump	 inhibitor	 were	 smaller	 than	 those	 in
patients	who	had	not	 received	one.17	 The	 prophylactic	 administration	 of	 short-
term	antibiotics	(eg,	ceftriaxone)	has	been	shown	to	decrease	the	development	of
infection,	 recurrent	 hemorrhage,	 and	 death	 in	 cirrhotic	 patients	 with	 upper
gastrointestinal	 bleeding.18	 Rifaximin,	 lactulose,	 or	 lactitol	 may	 be	 useful	 in
minimizing	 encephalopathy	 secondary	 to	 ammonia-forming	 bacteria	 in	 the
gastrointestinal	tract.

BALLOON	TUBE	INSERTION	TECHNIQUE

Preparation
Gather	supplies	 including	 the	balloon	 tube,	a	50	mL	(or	 larger)	catheter	 tipped
syringe,	 two	 to	 four	 rubber-shod	 hemostats,	 a	mercury	manometer	 or	Aneroid
gauge	 of	 sphygmomanometer,	 water-soluble	 lubricating	 jelly,	 a	 means	 for
continuous	suction,	and	traction	equipment.	The	Sengstaken-Blakemore	tube	has
three	ports:	 a	 gastric	 aspiration	port,	 an	 esophageal	 balloon	port,	 and	 a	 gastric
balloon	 port	 (Figure	 22.2).	 The	Minnesota	 tube	 has	 a	 fourth	 port	 labeled	 the
esophageal	aspiration	port	(Figure	22.3).	Since	the	Sengstaken-Blakemore	tube
does	 not	 have	 an	 esophageal	 aspiration	 port,	 insertion	 of	 a	 nasogastric	 tube	 is
required	for	esophageal	decompression.

	



Figure	22.2 	Sengstaken-Blakemore	tube.

	

Figure	22.3 	Minnesota	tube.

5 	 Check	 the	 aspiration	 port	 lumen(s)	 for	 patency	 by	 flushing	 with	 saline.
Check	the	integrity	of	the	esophageal	and	gastric	balloons	by	inflating	them	with
air	while	submerged	in	water.	Test	 the	gastric	balloon	compliance	and	measure
preinsertion	 balloon	 pressures	 by	 injecting	 100	 mL	 aliquots	 of	 air	 into	 the
balloon	 up	 to	 the	 listed	maximum	 recommended	 volume	 (200	 to	 250	mL	 for
Sengstaken-Blakemore,	 500	 mL	 for	 Minnesota).	 Record	 the	 balloon	 pressure
after	 each	 aliquot	 of	 air	 is	 injected	 by	 attaching	 the	manometer	 to	 the	 gastric
injection	 port.	 The	 rubber-shod	 hemostat	 can	 be	 applied	 to	 the	 gastric	 or
esophageal	balloon	ports	after	each	aliquot	of	air	is	injected	and	when	attaching
the	manometer	to	prevent	balloon	deflation.	Postinsertion	balloon	pressures	can
be	 compared	 to	 this	 preinsertion	 balloon	 pressure	 to	 help	 diagnose	 balloon
malposition	 in	 the	 esophagus	 or	 duodenum.	 Evacuate	 all	 the	 air	 from	 the
esophageal	 and	 gastric	 balloons	 and	 plug	 or	 clamp	 the	 gastric	 and	 esophageal
balloon	ports	with	 rubber-shod	hemostats	 so	 that	 the	balloons	 remain	deflated.
Generously	lubricate	the	balloon	tube.	Of	note,	if	the	patient	is	to	be	placed	in	an
aircraft	(ie,	for	evacuation),	water	should	be	instilled	into	the	balloons	instead	of
air.19

Insertion	and	Placement
All	 team	 members	 participate	 in	 a	 procedural	 time	 out.	 Gastroesophageal
balloon	 tubes	can	be	 inserted	orally	or	nasally;	however,	 the	nasal	 route	 is	not
recommended	 for	 patients	 with	 coagulopathy	 or	 thrombocytopenia.	 For



intubated	patients,	 elevate	 the	head	of	 the	bed	 to	 reduce	 the	 risk	of	 aspiration;
however,	if	the	patient	is	not	intubated,	Trendelenburg	and	left	lateral	decubitus
positioning	 can	 help	 to	 reduce	 aspiration	 risk.10	 Estimate	 the	 length	 of	 tube
required	to	reach	the	patient’s	stomach	(usually	between	45	and	60	cm	from	the
mouth).

6 	Insert	the	lubricated	balloon	tube	carefully	through	the	mouth	or	nostril	past
the	 hypopharynx	 and	 into	 the	 esophagus	 and	 stomach	 to	 the	 predetermined
length	measurement	(45	to	60	cm).	Auscultation	over	the	epigastrium	while	air
is	injected	through	the	gastric	aspiration	lumen	suggests	correct	tube	placement;
however,	 the	 position	 must	 be	 confirmed	 radiologically	 or	 with	 ultrasound
because	 a	 malpositioned	 gastric	 balloon	 can	 lead	 to	 esophageal	 or	 duodenal
rupture.20,21	Difficult	 tube	 insertion	can	be	 facilitated	with	endoscopy	or	with	a
guidewire.	Duarte	described	a	 technique	of	placing	 the	 tube	 in	a	 longitudinally
split	Ewald	tube.22	Once	positioned,	inflate	the	gastric	balloon	with	80	mL	of	air
and	 measure	 the	 gastric	 balloon	 pressure	 with	 the	 manometer.	 A	 pressure
>15	 mm	 Hg	 at	 this	 point	 suggests	 esophageal	 placement	 rather	 than	 gastric.
Positioning	 should	 be	 reevaluated	 by	 radiograph	 or	 ultrasound	 and	 the	 tube
should	be	advanced	as	needed	(Figures	22.4	and	22.5).

	

Figure	22.4 	Proper	positioning	of	the	Minnesota	tube.



	

Figure	22.5 	Radiograph	showing	correct	position	of	the	tube;	the
gastric	 balloon	 is	 seen	 below	 the	 diaphragm.Note	 the	 Salem	 sump
above	 the	gastric	balloon	and	adjacent	 to	 the	 tube.(Courtesy	Ashley
Davidoff,	MD.)

When	 the	 gastric	 balloon	 is	 below	 the	 diaphragm,	 record	 the	 tube	 insertion
depth	at	an	anatomic	landmark	(such	as	60	cm	at	the	teeth).	Add	additional	air	in
50	mL	aliquots	up	to	the	total	volume	recommended	for	the	tube	(200	to	250	mL
for	 Sengstaken-Blakemore,	 500	 mL	 for	 Minnesota).	 Clamp	 the	 balloon	 inlets
with	 rubber-shod	 hemostats	 and	 document	 the	 gastric	 balloon	 manometer
reading.	It	is	important	that	the	hemostats	are	rubber-shod	and	not	bare	metal	to
avoid	 damaging	 the	 balloon	 lumen	 and	 to	 prevent	 deflation.23	 Of	 note,	 if	 the
manometer	detects	a	change	of	>15	mm	Hg	of	the	preinsertion	pressure	after	one
aliquot	 of	 air,	 erroneous	 esophageal	 placement	 should	 be	 considered	 and	 tube
placement	should	be	reconfirmed	by	radiograph	or	ultrasound.

Hemorrhage	 may	 be	 controlled	 with	 gastric	 balloon	 insufflation	 alone;
however,	for	patients	with	torrential	hemorrhage,	applying	traction	to	the	tube	is
discussed	below	as	a	means	to	improve	the	chances	of	success.	Additionally,	the
esophageal	balloon	can	be	inflated	to	30	to	45	mm	Hg.	In	fact,	some	clinicians
routinely	 inflate	 the	esophageal	balloon	on	all	patients.	Gastric	and	esophageal
manometry	readings	should	be	recorded	and	monitored	every	30	to	60	minutes



to	detect	any	air	leaks	in	the	system.

Ultrasonography	for	Tube	Insertion
Although	 radiography	 has	 historically	 been	 used	 to	 confirm	 final	 balloon	 tube
position,	 ultrasound	 has	 been	 used	 with	 increasing	 frequency	 to	 aid	 correct
gastroesophageal	balloon	placement.	One	advantage	of	ultrasound	is	that	it	can
be	used	in	real	time	at	the	patient’s	bedside	during	insertion.24	A	low-frequency
(2	 to	6	MHz)	probe	can	be	chosen	 to	 locate	 the	 stomach	 in	 the	abdomen.	The
tube	will	 appear	 as	 a	 linear	 echogenic	 structure	within	 the	 stomach	and	below
the	diaphragm.	If	the	tube	is	not	easily	visible,	inject	50	mL	of	air	into	the	gastric
lumen	port	of	 the	 tube	 to	observe	a	characteristic	pattern	of	air	bubbles	within
the	stomach.	Once	the	gastric	balloon	is	identified	within	the	stomach,	air	can	be
injected.	The	 inflated	gastric	balloon	is	visualized	as	a	distinct	structure	within
the	stomach	that	has	an	echogenic	curvilinear	surface	and	that	generates	a	strong
acoustic	shadow.	 	Video	22.1	shows	an	example	of	how	ultrasonography	may
facilitate	proper	placement	of	a	gastroesophageal	balloon	tube.

Fixation	and	Traction	Techniques
After	the	balloon	tube	is	appropriately	positioned	and	inflated,	the	next	step	is	to
secure	 it	 in	 place.	 Fixation	 and	 traction	 techniques	 depend	 on	 the	 route	 of
insertion.	When	the	nasal	route	is	used,	attach	a	sponge	rubber	cuff	around	the
tube	 at	 the	 nostril	 to	 prevent	 skin	 and	 cartilage	 necrosis.	 When	 traction	 is
required,	attach	the	tube	to	a	cord	that	is	passed	either	over	a	baseball	catcher’s
mask	 for	 maximum	 transportability	 or	 a	 pulley	 in	 a	 bed	 with	 an	 overhead
orthopedic	 frame	 and	 aligned	 directly	 as	 it	 comes	 out	 of	 the	 nose	 to	 avoid
contact	with	the	nostril.	This	of	system	allows	temporary	or	permanent	traction
maintenance	with	a	weight	of	500	to	1500	g.25

When	the	balloon	tube	is	inserted	through	the	mouth,	traction	is	better	applied
by	placing	a	football	or	hockey	helmet	on	the	patient	and	attaching	the	tube	to
the	face	mask	of	the	helmet	after	a	similar	weight	is	applied	for	tension.	Pressure
sores	can	develop	on	the	head	and	forehead	if	the	helmet	does	not	fit	properly	or
if	 it	 is	 used	 for	 a	 prolonged	 period.	 Several	 authors	 recommend	 overhead
traction	for	either	oral	or	nasal	insertion.26

Maintenance,	Monitoring,	and	Care



Use	 the	gastric	aspiration	port	 to	 thoroughly	 lavage	 the	stomach,	clearing	 it	of
blood	 so	 that	 subsequent	 lavage	 sampling	 will	 be	 a	 true	 index	 of	 the
effectiveness	of	hemorrhage	control.	Continuous	irrigation	is	often	necessary	to
prevent	clotted	blood	from	plugging	the	tube.

Check	 balloon	 inflation	 pressures	 and	 traction	 tautness	 at	 least	 1	 hour	 after
insertion.	Transient	pressure	fluctuations	of	as	much	as	30	mm	Hg	may	be	seen
with	 respirations	 and	 esophageal	 spasm.	 Increasing	 intravenous	 sedation	 or
decreasing	balloon	pressure	may	be	necessary	if	larger	pressure	fluctuations	are
observed.	If	 tube	repositioning	is	required,	confirm	that	 the	esophageal	balloon
is	deflated	prior	to	manipulation.

Maintain	gastric	balloon	tamponade	for	24	to	48	hours,	deflating	the	balloon
every	 12	 hours	 to	 check	 for	 rebleeding.	 If	 inflated,	 deflate	 the	 esophageal
balloon	for	5	minutes	every	6	hours	to	prevent	mucosal	ischemia	and	esophageal
necrosis.	 Obtain	 radiographic	 confirmation	 of	 correct	 balloon	 tube	 placement
every	24	hours	 and	whenever	 dislodgement	 is	 suspected	 (Figure	22.5).	Watch
for	localized	cervical	edema,	which	may	signal	obstruction	or	malpositioning.27
Keep	 scissors	 or	 trauma	 shears	 at	 the	 bedside	 in	 the	 event	 that	 rapid
decompression	is	necessary,	because	balloon	migration	can	acutely	obstruct	the
airway	or	rupture	the	esophagus.

Removal	of	the	Tube
When	hemorrhage	has	resolved,	keep	the	balloon	tube	in	place	with	the	gastric
and	esophageal	balloons	deflated	for	up	to	24	additional	hours.	The	balloons	can
be	 reinflated	 if	 bleeding	 recurs.	 Remove	 the	 balloon	 tube	 when	 no	 further
bleeding	is	identified.

COMPLICATIONS	AND	ALTERNATIVES
7 	 Variceal	 rebleeding	 should	 be	 anticipated	 after	 balloon	 tube	 deflation,
especially	 if	 definitive	 therapy	 has	 not	 been	 achieved.	 Rebleeding	 occurs	 in
>50%	of	patients	after	balloon	deflation.28	After	6	weeks,	the	risk	of	rebleeding
returns	 to	 the	 premorbid	 risk	 level.	 Independent	 predictors	 of	 mortality	 in
patients	 undergoing	 balloon	 tamponade	 include	 blood	 transfusion	 >10	 units,
coagulopathy,	presence	of	shock,	abnormal	Glasgow	Coma	Scale	score,	and	high
total	volume	of	sclerosing	agent	(ethanolamine).29

Aspiration	is	the	most	common	complication	of	balloon	tamponade,	with	an
incidence	of	up	to	12%.	Mucosal	ulceration	of	the	gastroesophageal	junction	is



common	 and	 is	 directly	 related	 to	 prolonged	 traction	 times	 (>36	 hours).
Esophageal	 perforation	 or	 rupture	 has	 been	 reported	 after	 insufflation	 of	 a
malpositioned	 gastric	 tube	 in	 the	 esophagus	 (Figure	 22.6).	 Acute	 laryngeal
obstruction	 and	 tracheal	 rupture	 are	 the	 most	 severe	 complications	 of	 tube
migration.	 Migration	 occurs	 when	 the	 gastric	 balloon	 is	 not	 inflated	 properly
after	 positioning	 in	 the	 stomach	 or	when	 excessive	 traction	 (>1.5	 kg)	 is	 used,
causing	 balloon	 movement	 cephalad	 into	 the	 esophagus	 or	 hypopharynx.	 The
incidence	of	 complications	 that	 are	 a	 direct	 cause	 of	 death	 ranges	 from	0%	 to
20%.30

	

Figure	22.6 	Chest	radiograph	showing	distal	segment	of	the	tube
coiled	 in	 the	 chest	 and	 the	 gastric	 balloon	 inflated	 above	 the
diaphragm	in	the	esophagus.(Courtesy	Ashley	Davidoff,	MD.)

Self-expandable	 metallic	 stents	 can	 be	 used	 as	 an	 effective	 alternative	 to
balloon	tamponade	in	patients	with	massive	or	refractory	bleeding.	These	stents
can	be	placed	and	removed	endoscopically	without	the	need	for	fluoroscopy	and
may	 be	 left	 in	 place	 for	 up	 to	 2	 weeks.7	 A	 small	 randomized	 controlled	 trial
comparing	 stent	 placement	 to	 balloon	 tamponade	 did	 not	 reveal	 a	 significant
difference	 in	 survival	 rates	 at	 6	weeks	 but	 did	 show	 that	 stents	 are	 associated
with	 a	 higher	 rate	 of	 hemostasis	 and	 fewer	 serious	 adverse	 events	 when
compared	to	balloon	tubes.30



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	primary	role	for	balloon	tamponade?

A. 	Stomach	lavage	prior	to	endoscopic	therapy
B. 	Temporize	esophageal	bleeding	when	definitive	therapy	is	not
available
C. 	Reduce	the	risk	of	esophageal	ulceration	after	band	ligation
D. 	Prevention	of	aspiration	pneumonia	prior	to	endoscopic	therapy

2. 	For	the	patient	in	whom	variceal	bleeding	appears	to	have	stopped	with
balloon	tamponade,	what	is	the	chance	of	recurrent	bleeding	once	you	deflate	the
balloon	if	that	patient	has	not	undergone	definitive	therapy?

A. 	∼5%
B. 	∼25%
C. 	∼50%
D. 	∼90%

3. 	What	is	the	recommended	way	to	confirm	proper	esophageal	balloon
placement	when	emergently	treating	variceal	hemorrhage?

A. 	Auscultate	over	the	epigastrium	as	air	is	injected	into	the	gastric
lumen
B. 	Measure	tube	insertion	depth	at	the	teeth
C. 	Perform	bedside	ultrasound	or	chest	x-ray
D. 	Compare	the	preinsertion	balloon	pressure	to	post-insertion	balloon
pressure

Answers
1.	The	correct	answer	B.
Rationale:	 Balloon	 tamponade	 acts	 as	 a	 temporizing	 measure	 to	 control

variceal	 hemorrhage	 when	 definitive	 therapy	 is	 not	 readily	 available	 or
technically	 feasible.	 The	 definitive	 treatment	 of	 an	 acute	 hemorrhage	 remains
Endoscopic	variceal	ligation	and	endoscopic	sclerotherapy.



2.	The	correct	answer	is	C.
Rationale:	It	is	important	to	be	aware	that	the	risk	of	rebleeding	after	balloon

tube	 deflation	 is	 about	 50%	 when	 definitive	 therapy	 has	 not	 been	 achieved.
Some	clinicians	will	 leave	 the	balloon	 tube	 in	place	for	an	additional	24	hours
after	deflation	so	that	it	can	be	reinflated	quickly	if	necessary.

3.	The	correct	answer	is	C.
Rationale:	 Confirmation	 of	 balloon	 tube	 placement	 is	 necessary	 because	 a

malpositioned	tube	can	lead	to	esophageal	or	duodenal	rupture.	Markings	on	the
tube	can	be	used	 to	estimate	 the	 length	required	 to	 reach	 the	patient’s	stomach
but	 cannot	 be	 used	 to	 confirm	 placement.	 Similarly,	 pre-	 and	 postplacement
pressures	 and	 auscultation	 over	 the	 epigastrium	 while	 air	 is	 injected	 into	 the
gastric	lumen	suggest	but	do	not	confirm	correct	placement.	Either	ultrasound	or
radiography	must	 be	 used	 to	 confirm	placement	 before	maximally	 insufflating
the	gastric	balloon.
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Chapter	23
Paracentesis	and	Diagnostic	Peritoneal
Lavage
Lena	M.	Napolitano,	Paul	H.	Mayo,	Seth	J.	Koenig,	Marisa	Smith

KEY	POINTS:
1.	 Abdominal	paracentesis	can	be	performed	as	a	diagnostic	or

therapeutic	intervention.
2.	 As	a	therapeutic	intervention,	large-volume	paracentesis	(LVP)

removes	≥5	L	of	ascites.
3.	 The	preferred	site	for	paracentesis	is	in	the	left	lower	quadrant,

lateral	to	the	rectus	abdominis	muscle	in	the	midclavicular	line	and
inferior	to	the	umbilicus.

4.	 Compared	to	standard	landmark	technique,	guidance	of
paracentesis	with	ultrasonography	is	associated	with	a	higher
success	rate	and	lower	rates	of	complications.

5.	 The	Z-track	technique	(where	the	peritoneal	cavity	is	entered	at	a
different	location	than	the	skin	entrance	site)	can	be	used	to
decrease	the	complication	of	persistent	ascites-cutaneous	leak.

6.	 The	most	common	complications	related	to	abdominal	paracentesis
are	bleeding	and	persistent	ascitic-cutaneous	leak.

7.	 Albumin	(6-8	g/L	ascites	removed)	infusion	is	recommended	for	LVP
in	which	>5	L	of	ascites	is	removed	to	prevent	paracentesis-induced
circulatory	dysfunction	(PICD).

8.	 Diagnostic	peritoneal	lavage	(DPL)	can	be	used	to	identify
hemoperitoneum	after	abdominal	trauma,	but	its	use	has	decreased
due	to	eFAST	and	CT	scan	imaging.

9.	 Diagnostic	peritoneal	aspiration	(DPA)	is	a	simpler,	faster



modification	of	DPL	for	the	evaluation	of	traumatic	hemoperitoneum,
in	which	a	catheter	is	inserted	percutaneously	into	the	peritoneal
cavity,	a	syringe	is	used	to	aspirate	peritoneal	fluid,	and	return	of
blood	is	considered	positive.

10.	 DPL	can	be	performed	by	the	(1)	closed	percutaneous	technique,	(2)
semiclosed	technique,	or	the	(3)	open	technique.

ABDOMINAL	PARACENTESIS

Indications
1 	 Abdominal	 paracentesis	 is	 a	 procedure	 that	 can	 be	 easily	 performed	 at	 the
bedside	 in	 the	 intensive	 care	 unit	 and	 may	 provide	 important	 diagnostic
information	 or	 therapy	 for	 critically	 ill	 patients	 with	 ascites.	 As	 a	 diagnostic
intervention,	abdominal	paracentesis	with	removal	of	20	to	50	mL	of	peritoneal
fluid	is	performed	to	determine	the	etiology	of	the	ascites	or	to	ascertain	whether
infection	is	present,	as	in	spontaneous	bacterial	peritonitis.1	It	can	also	be	used	in
any	clinical	situation	in	which	the	analysis	of	a	sample	of	peritoneal	fluid	might
be	useful	in	ascertaining	a	diagnosis	or	guiding	therapy.	The	evaluation	of	ascites
should	therefore	include	ascitic	fluid	analyses.

2 	As	a	therapeutic	intervention,	abdominal	paracentesis	is	usually	performed
to	drain	 large	volumes	of	 abdominal	 ascites,	 termed	 large-volume	paracentesis
(LVP),	sometimes	with	removal	of	more	than	5	L	of	ascitic	fluid.2	Ascites	is	the
most	 common	 presentation	 of	 decompensated	 cirrhosis,	 and	 its	 development
heralds	 a	 poor	 prognosis,	 with	 a	 50%	 2-year	 survival	 rate.	 Effective	 first-line
therapy	for	ascites	includes	sodium	restriction	(2	g/d),	use	of	diuretics,	and	LVP.
When	tense	or	refractory	ascites	is	present,	LVP	is	safe	and	effective,	and	has	the
advantage	 of	 producing	 immediate	 relief	 from	 ascites-associated	 symptoms.3
LVP	 can	 be	 palliative	 by	 diminishing	 abdominal	 pain	 from	 distention	 or
relieving	 respiratory	 symptoms	by	allowing	better	diaphragmatic	 excursion	 for
patients	who	have	ascites	refractory	to	aggressive	medical	management.

Refractory	ascites	occurs	 in	10%	of	patients	with	cirrhosis	and	is	associated
with	substantial	morbidity	and	a	1-year	survival	of	less	than	50%.4,5	For	patients
with	refractory	ascites,	transjugular	intrahepatic	portosystemic	shunt	is	superior
to	 LVP	 for	 long-term	 control	 of	 ascites,	 but	 it	 is	 associated	 with	 greater
encephalopathy	risk	and	does	not	affect	mortality.6,7



Techniques
Before	 abdominal	 paracentesis	 is	 initiated,	 a	 catheter	may	 be	 inserted	 to	 drain
the	 urinary	 bladder,	 and	 correction	 of	 any	 underlying	 coagulopathy	 or
thrombocytopenia	 should	 be	 considered.	 A	 consensus	 statement	 from	 the
International	Ascites	Club	states	that	“there	are	no	data	to	support	the	correction
of	mild	coagulopathy	with	blood	products	prior	to	therapeutic	paracentesis,	but
caution	 is	 needed	 when	 severe	 thrombocytopenia	 is	 present.”3	 The	 practice
guideline	 from	 the	 American	 Association	 for	 the	 Study	 of	 Liver	 Diseases
(AASLD)	 states	 that	 routine	 correction	 of	 prolonged	 prothrombin	 time	 or
thrombocytopenia	 is	 not	 required	 when	 experienced	 personnel	 perform
paracentesis.2	This	has	been	confirmed	in	a	study	of	1100	LVPs	in	628	patients.8
But	 in	 critically	 ill	 patients,	 there	 is	 still	 uncertainty	 as	 to	 the	 optimal	 platelet
count	and	prothrombin	time	for	the	safe	conduct	of	paracentesis.

The	 patient	 must	 next	 be	 positioned	 correctly.	 In	 critically	 ill	 patients,	 the
procedure	is	performed	in	the	supine	position	with	the	head	of	the	bed	elevated
at	 30°	 to	 45°.	 If	 the	 patient	 is	 clinically	 stable	 and	 therapeutic	 LVP	 is	 being
performed,	 the	 patient	 can	 be	 placed	 in	 the	 sitting	 position,	 leaning	 slightly
forward,	to	increase	the	total	volume	of	ascites	removed.

3 	The	preferred	 site	 for	paracentesis	 is	 in	 the	 lower	abdomen,	 lateral	 to	 the
rectus	 abdominis	 muscle	 and	 inferior	 to	 the	 umbilicus	 (Figure	 23.1).	 It	 is
important	 to	 stay	 lateral	 to	 the	 rectus	 abdominis	muscle	 to	 avoid	 injury	 to	 the
inferior	 epigastric	 artery	 and	vein.	 In	patients	with	 chronic	 cirrhosis	 and	 caput
medusae	 (engorged	 anterior	 abdominal	 wall	 veins),	 these	 visible	 vascular
structures	must	be	avoided.	Injury	to	these	veins	can	cause	significant	bleeding
because	 of	 the	 underlying	 portal	 hypertension	 and	 may	 result	 in
hemoperitoneum.	 The	 left	 lower	 quadrant	 of	 the	 abdominal	 wall	 is	 preferred
over	 the	 right	 lower	 quadrant	 for	 abdominal	 paracentesis	 because	 critically	 ill
patients	often	have	cecal	distention.	The	ideal	site	 is	 therefore	in	the	left	 lower
quadrant	 of	 the	 abdomen,	 lateral	 to	 the	 rectus	 abdominis	 muscle	 in	 the
midclavicular	line	and	inferior	to	the	umbilicus.	It	has	also	been	determined	that
the	 left	 lower	 quadrant	 is	 significantly	 thinner	 and	 the	depth	of	 ascites	 greater
compared	 with	 the	 infraumbilical	 midline	 position;	 the	 left	 lower	 quadrant
window	for	paracentesis	can	be	confirmed	as	the	best	available	site	by	bedside
ultrasound.9



	

Figure	 23.1 	 Recommended	 sites	 and	 appropriate	 technique	 for
paracentesis.

If	the	patient	had	previous	abdominal	surgery	limited	to	the	lower	abdomen,	it
may	be	difficult	to	perform	a	paracentesis	in	the	lower	abdomen	and	ultrasonic
guidance	 is	 recommended	 for	 site	 selection.	 The	 point	 of	 entry,	 however,
remains	lateral	to	the	rectus	abdominis	muscle	in	the	midclavicular	line.	If	there
is	concern	that	the	ascites	is	loculated	because	of	a	previous	abdominal	surgery
or	 peritonitis,	 abdominal	 paracentesis	 should	 be	 performed	 under	 ultrasound
guidance	to	improve	procedural	success	and	reduce	rates	of	complications.

Abdominal	paracentesis	can	be	performed	by	the	needle	technique	or	by	the
catheter	 technique,	 with	 ultrasound	 guidance.	 Diagnostic	 paracentesis	 usually
requires	20	to	50	mL	of	peritoneal	fluid	and	is	commonly	performed	using	the
needle	technique.	However,	if	large	volumes	of	peritoneal	fluid	are	required,	the
catheter	 technique	 is	 used,	 because	 it	 is	 associated	 with	 a	 lower	 incidence	 of
complications.	 LVP	 should	 always	 be	 performed	 with	 the	 catheter	 technique.
Ultrasound	 guidance	 is	 recommended	 because	 it	 can	 be	 helpful	 both	 in
diagnostic	paracentesis	using	the	needle	technique	and	in	LVP	using	the	catheter
technique.

Utility	of	Ultrasonography	for	Guidance	of	Paracentesis

CASE	1
An	elderly	woman	with	history	of	alcoholic	cirrhosis	was	admitted	for



hepatic	 encephalopathy	 and	 refractory	 ascites.10	 She	 was	 treated
with	lactulose	and	rifaximin	and	underwent	abdominal	paracentesis.
She	subsequently	developed	hypotension	 that	did	not	 improve	with
volume	resuscitation.	Point-of-care	ultrasound	was	performed	to	help
determine	 the	 etiology	 of	 the	 hypotension.	 	Video	 23.1	 presents
the	images	that	were	obtained.10

Based	 on	 the	 clinical	 history	 and	 the	 ultrasound	 images,
what	is	the	likely	diagnosis?	 	Video	23.2	presents	a	discussion
of	ultrasound	image	findings	and	clinical	implications.10

4 	 Compared	 to	 standard	 landmark	 technique,	 guidance	 of	 paracentesis	 with
ultrasonography	 is	 associated	 with	 a	 higher	 success	 rate	 and	 decreased
complications.11,12

Identification	of	Ascites
Intra-abdominal	fluid	is	readily	identified	by	ultrasonography.	In	small	amounts,
it	 is	 identified	 in	 the	hepatorenal	 recess,	 the	 splenorenal	 recess,	 and	 the	pelvic
area	( 	Video	23.3).	In	larger	amounts,	it	accumulates	in	the	prehepatic	space,
the	 presplenic	 space,	 and	 the	 subphrenic	 area,	 in	 the	 pelvis	 and	 the	 flanks
bilaterally	 ( 	Video	 23.4).	 Air-filled	 bowel	 will	 float	 on	 the	 ascitic	 fluid;	 so
characteristically,	ultrasonography	examination	of	 the	anterior	abdomen	detects
air	artifact	with	the	fluid	distributing	in	dependent	positions.

Characterization	of	Ascites
Intra-abdominal	fluid	may	have	a	variety	of	appearances.	Uncomplicated	ascites,
as	 occurs	 with	 heart	 failure	 or	 portal	 hypertension,	 is	 typically	 anechoic	 (
Video	 23.5).	 Purulent	 ascites	 is	 more	 echoic	 and	 may	 be	 septated	 ( 	Video
23.6).	Malignant	 ascites	 in	 the	 peritoneal	 compartment	may	 have	 a	 variety	 of
complex	 patterns	 ( 	Video	 23.7).	 Air	 bubbles	 appear	 as	 small	 hyperechoic
mobile	 elements	within	 the	 ascites	 ( 	Video	 23.8).	 Hemoperitoneum,	 if	 very
recent,	 has	 a	 homogeneous	 echoic	 pattern	 ( 	Video	 23.9).	 In	 the	 absence	 of
patient	movement,	the	red	blood	cells	(RBCs)	sediment	by	gravitational	effect	to
result	 in	 a	 distinct	 interface	 between	 the	 hypoechoic-dependent	 cellular
collection	and	the	anechoic-nondependent	plasma.	The	interface	may	be	distinct
and	 linear	 in	 appearance.	 Purulent	 ascites	may	 also	 result	 in	 this	 pattern.	 The



finding	of	an	interface	has	implications	regarding	the	cell	count	in	the	fluid	when
it	 is	sampled	with	paracentesis.	 If	 the	sample	 is	drawn	from	the	anechoic	 fluid
area,	 the	 cell	 count	 will	 be	 low	when	 compared	 to	 a	 sample	 drawn	 from	 the
dependent	area.	Patient	movement	can	cause	mixing	of	 the	 two	compartments,
with	a	more	representative	cell	count	of	the	paracentesis	sample.	The	finding	of
a	 sedimentation	 interface	 indicates	 increased	 clinical	 risk	 of	 hemoperitoneum
and	immediately	alerts	the	intensivist	to	the	possibility	of	major	blood	loss	into
the	peritoneal	compartment.

Guidance	of	Paracentesis

Equipment
The	 ultrasonography	 examination	 is	 performed	 using	 a	 phased-array	 cardiac
probe	with	abdominal	preset	or	a	standard	curved	array	abdominal	probe,	when
available.	 The	 linear	 high-frequency	 probe	 lacks	 sufficient	 penetration	 to
visualize	deeper	abdominal	structures	such	as	bowel	but	is	useful	for	examining
the	 planned	 needle	 trajectory	 for	 vascular	 structures,	 the	 presence	 of	 which
would	contraindicate	device	insertion.

Scanning	Technique
The	lower	lateral	abdominal	quadrant	areas	are	the	preferred	site	for	paracentesis
with	 the	 suprapubic	 approach	 as	 an	 alternative.	 A	 series	 of	 scan	 lines	 is
performed	over	 the	 flank	areas	 in	order	 to	 identify	and	characterize	 the	ascites
and	 to	 establish	 a	 safe	 site	 for	 needle	 insertion	 that	 avoids	 injury	 to	 adjacent
organs.

The	 critically	 ill	 patient	 is	 generally	 in	 the	 supine	 position,	 unlike
thoracentesis;	 this	 is	 usually	 not	 a	 problem	 for	 paracentesis.	Occasionally,	 the
patient	will	 need	 to	 be	 rolled	 into	 an	 ipsilateral	 decubitus	 position	 in	 order	 to
distribute	the	fluid	into	a	better	target	position.

Identification	of	Fluid
The	examiner	seeks	three	characteristic	findings	that	are	typical	for	ascites:

1.	 An	anechoic	or	relatively	hypoechoic	space	that	is	surrounded	by	typical
anatomic	boundaries.	This	space	represents	the	ascites.

2.	 Typical	anatomic	boundaries:	This	requires	unequivocal	identification	of
bowel	structures,	the	liver,	or	the	spleen.

3.	 Dynamic	changes:	This	requires	identification	of	dynamic	changes	that	are



typical	of	ascites	such	as	movement	of	bowel	within	the	fluid	and	shape
change	of	the	ascitic	fluid	with	forward	force	application	of	the	probe
against	the	abdominal	wall	( 	Video	23.10).

This	characteristic	of	shape	change	of	the	ascites	does	not	occur	with	pleural
fluid,	because	forward	force	application	of	the	probe	against	the	rigid	chest	wall
does	not	alter	the	shape	of	the	pleural	effusion.

CASE	2
A	 male	 patient	 in	 his	 40s	 was	 admitted	 to	 the	 hospital	 with	 a
presumptive	 diagnosis	 of	 spontaneous	 bacterial	 peritonitis	 (SBP).13

He	 has	 a	 medical	 history	 that	 includes	 cirrhosis	 and	 has	 been
admitted	 in	 the	 past	 with	 two	 episodes	 of	 SBP.	He	 complained	 on
this	admission	that	he	felt	like	he	had	“that	stomach	infection	again.”
Physical	 examination	 revealed	 an	 ill-appearing	 male	 with	 a	 -
distended	 abdomen	with	 diffuse	 tenderness	 and	 guarding.	 He	 had
an	 elevated	 white	 cell	 count,	 and	 point-of-care	 ultrasound	 was
performed	to	determine	the	best	site	for	paracentesis.	Based	on	the
findings	of	 	Video	23.1113	and	the	clinical	history,	what	 is	the
next	 best	 step	 in	 this	 patient’s	 management?	 The	 ultrasound
findings	 and	 their	 clinical	 implications	 are	 presented	 in	 	 Video
23.12.13

Site	Selection
The	transducer	is	moved	over	the	target	area,	in	order	to	identify	a	safe	site	for
needle	 insertion	 that	maximizes	 the	 distance	 between	 the	 abdominal	 wall	 and
underlying	bowel	and	anatomic	structures	such	as	the	liver	or	spleen.	As	much
as	possible,	 the	examiner	holds	 the	probe	perpendicular	 to	 the	abdominal	wall,
because	this	angle	is	easiest	to	duplicate	with	the	needle-syringe	assembly.	Once
a	suitable	site	is	identified,	it	is	marked;	the	depth	of	needle	penetration	to	access
the	fluid	is	measured;	and	the	angle	of	the	probe	is	determined.	This	angle	will
be	duplicated	by	the	operator	during	needle	insertion.	It	is	best	to	avoid	a	needle
trajectory	that	is	adjacent	to	the	liver	or	spleen.



A	rare	complication	of	paracentesis	is	laceration	of	an	abdominal	blood	wall
vessel	with	subsequent	hemoperitoneum.	This	risk	may	be	reduced	by	using	the
high-frequency	 vascular	 probe	 to	 scan	 the	 proposed	 needle	 trajectory.	 Using
color	 Doppler,	 identification	 of	 a	 vessel	 may	 allow	 the	 operator	 to	 select	 an
alternative	site.

Performance	of	Needle	Insertion
Once	the	site	is	selected,	there	can	be	no	further	patient	movement,	because	this
may	 shift	 the	 position	 of	 the	 ascites	 relative	 to	 the	 insertion	 site.	 The	 time
between	 the	 ultrasonography	 examination	 and	 needle	 insertion	 is	 minimized.
Immediately	before	the	sterile	preparation,	the	operator	rechecks	the	site,	angle,
and	 depth	 for	 needle	 insertion.	 The	 paracentesis	 is	 performed	with	 a	 freehand
technique	by	inserting	the	needle-syringe	assembly	at	the	site	mark,	duplicating
the	angle	at	which	 the	probe	was	held	 to	 identify	 the	safe	 trajectory.	Real-time
guidance	of	needle	insertion	is	not	required	for	safe	paracentesis.

	Pearls	and	Pitfalls

Pitfalls	of	Imaging
Skin	compression:	In	the	edematous	or	obese	patient,	skin	compression
artifact	may	cause	an	underestimation	of	the	depth	for	successful	needle
insertion.	In	this	case,	the	operator	pushes	the	probe	into	the	skin	surface
in	order	to	improve	image	quality	causing	indentation	of	the	skin	at	the
target	site	that	rebounds	when	the	probe	is	removed.	This	results	in	an
underestimation	of	the	depth	required	for	the	needle	to	access	the	fluid.
This	is	problematic	at	the	time	of	needle	insertion,	because	the	operator
must	insert	the	needle	to	a	depth	greater	than	measured	with	indentation
of	the	skin.
Site	mark	movement:	If	lateral	force	is	applied	to	the	skin	at	the	time	of
marking	the	insertion	site,	the	skin	mark	may	be	moved	to	a	substantial
extent.	This	is	of	special	concern	when	accessing	a	smaller	amount	of
ascites.	At	the	time	of	needle	insertion,	the	operator	takes	care	to	not
move	the	mark	site	when	applying	pressure	to	the	skin	surface.
Difficult	scanning	conditions:	It	may	be	difficult	to	achieve	adequate
image	quality	in	the	obese	or	edematous	patient.



Aberrant	position	of	vascular	structure:	The	epigastric	artery	is	ordinarily
positioned	at	the	lateral	border	of	the	rectus	muscle,	so	it	is	well	away
from	the	usual	site	of	paracentesis	which	is	lower	in	the	flank	area.
However,	the	vessel	may	have	an	aberrant	position,	and	dilated	veins
associated	with	portal	hypertension	may	be	positioned	in	the	path	of
needle	insertion.	Injury	of	an	aberrant	vessel	may	result	in	severe
bleeding	into	the	peritoneal	cavity	or	formation	of	a	pseudoaneurysm.
Some	have	recommended	examination	of	the	needle	trajectory	before
needle	insertion	using	the	high	frequency	vascular	probe.14	If	a	vessel	is
identified,	the	operator	seeks	an	alternative	site.

Needle	Technique
5 	 A	 time	 out	 that	 includes	 all	 members	 of	 the	 procedural	 team	 is	 performed.
With	 the	patient	 in	 the	appropriate	position	and	 the	access	site	for	paracentesis
determined,	the	patient’s	abdomen	is	prepared	with	2%	chlorhexidine	gluconate
and	 70%	 isopropyl	 alcohol	 and	 sterile	 aseptic	 technique	 is	 used.	 If	 necessary,
intravenous	 sedation	 is	 administered	 to	 prevent	 the	 patient	 from	 moving
excessively	during	the	procedure.	After	a	time-out,	local	anesthesia,	using	1%	or
2%	 lidocaine	 with	 1:200,000	 epinephrine,	 is	 infiltrated	 into	 the	 site.	 A	 skin
wheal	is	created	with	the	local	anesthetic,	using	a	short	25-	or	27-gauge	needle.
Then,	using	a	22-gauge,	1.5-in	needle,	the	local	anesthetic	is	infiltrated	into	the
subcutaneous	tissues	and	anterior	abdominal	wall,	with	the	needle	perpendicular
to	 the	 skin.	Before	 the	 anterior	 abdominal	wall	 and	peritoneum	are	 infiltrated,
the	skin	is	pulled	taut	inferiorly,	allowing	the	peritoneal	cavity	to	be	entered	at	a
different	 location	 than	 the	 skin	 entrance	 site,	 thereby	decreasing	 the	 chance	of
ascitic	 leak	 (Z-track	 technique).	While	 tension	 is	 maintained	 inferiorly	 on	 the
abdominal	 skin	 the	 needle	 is	 advanced	 through	 the	 abdominal	wall	 fascia	 and
peritoneum,	 and	 local	 anesthetic	 is	 injected.	 Intermittent	 aspiration	 identifies
when	the	peritoneal	cavity	is	entered,	with	return	of	ascitic	fluid	into	the	syringe.
The	needle	is	held	securely	in	this	position	with	the	left	hand,	and	the	right	hand
is	used	to	withdraw	approximately	20	to	50	mL	ascitic	fluid	into	the	syringe	for	a
diagnostic	paracentesis.

Once	adequate	fluid	is	withdrawn,	the	needle	and	syringe	are	withdrawn	from
the	 anterior	 abdominal	wall	 and	 the	 paracentesis	 site	 is	 covered	with	 a	 sterile
dressing.	 The	 needle	 is	 removed	 from	 the	 syringe,	 because	 it	 may	 be
contaminated	with	skin	organisms.	A	small	amount	of	peritoneal	fluid	is	sent	in	a



sterile	container	for	Gram	stain,	and	10	mL	or	a	quantity	sufficient	to	achieve	the
fill	 line	 is	 inoculated	 into	 blood	 culture	 bottles	 without	 delay	 for	 culture	 and
sensitivity.	The	remainder	of	the	fluid	is	sent	for	appropriate	studies,	which	may
include	 cytology,	 cell	 count	 and	differential,	 protein,	 specific	gravity,	 amylase,
pH,	 lactate	 dehydrogenase,	 bilirubin,	 triglycerides,	 and	 albumin.	 A	 serum	 to
ascites	 albumin	 gradient	 (SAAG)	 greater	 than	 1.1	 g/dL	 is	 indicative	 of	 portal
hypertension	and	cirrhosis	(Table	23.1).15	Peritoneal	fluid	can	be	sent	for	smear
and	 culture	 for	 acid-fast	 bacilli	 if	 tuberculous	 peritonitis	 is	 in	 the	 differential
diagnosis.

TABLE	23.1

Etiologies	of	Ascites	Based	on	Normal	or	Diseased
Peritoneum	and	SAAG

Normal	Peritoneum
Portal	hypertension	(SAAG	>	1.1	g/dL)	
Hepatic	congestion
Congestive	heart	failure
Constrictive	pericarditis
Tricuspid	insufficiency
Budd-Chiari	syndrome
Liver	disease
Cirrhosis
Alcoholic	hepatitis
Fulminant	hepatic	failure
Massive	hepatic	metastases
Hypoalbuminemia	(SAAG	<	1.1	g/dL)	
Nephrotic	syndrome
Protein-losing	enteropathy



Severe	malnutrition	with	anasarca
Miscellaneous	conditions	(SAAG	<	1.1	g/dL)	
Chylous	ascites
Pancreatic	ascites
Bile	ascites
Nephrogenic	ascites
Urine	ascites
Ovarian	disease
Diseased	Peritoneum	Infections	(SAAG	<	1.1	g/dL)
Bacterial	peritonitis
Tuberculous	peritonitis
Fungal	peritonitis
HIV-associated	peritonitis
Malignant	conditions
Peritoneal	carcinomatosis
Primary	mesothelioma
Pseudomyxoma	peritonei
Hepatocellular	carcinoma
Other	rare	conditions
Familial	Mediterranean	fever
Vasculitis
Granulomatous	peritonitis

Eosinophilic	peritonitis

HIV,	human	immunodeficiency	virus;	SAAG,	serum	to	ascites	albumin	gradient.

Catheter	Technique
Time	out,	positioning,	use	of	aseptic	 technique,	and	local	anesthetic	 infiltration



are	the	same	as	for	the	needle	technique.	A	22-gauge,	1.5-in	needle	attached	to	a
10	mL	 syringe	 is	 used	 to	 document	 the	 free	 return	 of	 peritoneal	 fluid	 into	 the
syringe	at	the	chosen	site.	This	needle	is	removed	from	the	peritoneal	cavity,	and
a	catheter-over-needle	assembly	is	used	to	gain	access	to	the	peritoneal	cavity.	If
the	anterior	abdominal	wall	is	thin,	an	18-	or	20-gauge	Angiocath	can	be	used	as
the	catheter-over-needle	assembly.	If	 the	anterior	abdominal	wall	 is	quite	thick,
as	in	obese	patients,	it	may	be	necessary	to	use	a	long	(5.25-in,	18-	or	20-gauge)
catheter-over-needle	 assembly	 or	 a	 percutaneous	 single-	 or	 multiple-lumen
central	venous	catheter	(18-	or	20-gauge)	and	gain	access	to	the	peritoneal	cavity
using	the	Seldinger	technique.

The	 peritoneal	 cavity	 is	 entered	 as	 for	 the	 needle	 technique.	 The	 catheter-
over-needle	 assembly	 is	 inserted	 perpendicular	 to	 the	 anterior	 abdominal	 wall
using	the	Z-track	technique;	once	peritoneal	fluid	returns	into	the	syringe	barrel,
the	 catheter	 is	 advanced	 over	 the	 needle,	 the	 needle	 is	 removed,	 and	 a	 20-	 or
50	mL	syringe	is	connected	to	the	catheter.	The	tip	of	the	catheter	is	now	in	the
peritoneal	 cavity	 and	 can	 be	 left	 in	 place	 until	 the	 appropriate	 amount	 of
peritoneal	 fluid	 is	 removed.	 This	 technique,	 rather	 than	 the	 needle	 technique,
should	 be	 used	when	 LVP	 is	 performed,	 because	 complications	 (eg,	 intestinal
perforation)	may	occur	if	a	needle	is	left	in	the	peritoneal	space	for	an	extended
period.

When	 the	 Seldinger	 technique	 is	 used	 in	 patients	 with	 a	 large	 anterior
abdominal	wall,	access	to	the	peritoneal	cavity	is	 initially	gained	with	a	needle
or	 catheter-over-needle	 assembly.	 A	 guidewire	 is	 then	 inserted	 through	 the
needle	 and	 an	 18-	 or	 20-gauge	 paracentesis	 catheter	 or	 a	 single-	 or	 multiple-
lumen	 central	 venous	 catheter	 is	 threaded	 over	 the	 guidewire.	 It	 is	 very
important	 to	 use	 the	 Z-track	 method	 for	 the	 catheter	 technique	 to	 prevent
development	 of	 an	 ascitic	 leak,	 which	 may	 be	 difficult	 to	 control	 and	 may
predispose	 the	 patient	 to	 peritoneal	 infection.	 If	 continued	 drainage	 of	 a
peritoneal	fluid	collection	is	desired,	a	radiologist	or	qualified	proceduralist	can
place	 a	 chronic	 indwelling	 peritoneal	 catheter	 using	 a	 percutaneous	 guidewire
technique	( 	Video	23.13).16

Complications
6 	 The	 most	 common	 complications	 related	 to	 abdominal	 paracentesis	 are
bleeding	and	persistent	 ascitic-cutaneous	 leak.	Because	most	patients	 in	whom
ascites	has	developed	also	have	 some	component	of	 chronic	 liver	disease	with
associated	coagulopathy	and	thrombocytopenia,	it	is	very	important	to	consider



correction	 of	 any	 underlying	 coagulopathy	 before	 proceeding	 with	 abdominal
paracentesis.	In	addition,	it	is	very	important	to	select	an	avascular	access	site	on
the	 anterior	 abdominal	 wall.	 The	 Z-track	 technique	 is	 very	 helpful	 for
minimizing	 persistent	 ascitic	 leak	 and	 should	 always	 be	 used.	 Another
complication	 associated	 with	 abdominal	 paracentesis	 is	 intestinal	 or	 urinary
bladder	perforation,	with	associated	peritonitis	and	infection.	Intestinal	injury	is
more	 common	 when	 the	 needle	 technique	 is	 used	 than	 when	 the	 catheter
technique	is	used.	Because	the	needle	is	free	in	the	peritoneal	cavity,	iatrogenic
intestinal	 perforation	 may	 occur	 if	 the	 patient	 moves	 or	 if	 intra-abdominal
pressure	 increases	with	Valsalva	maneuver	or	coughing.	Urinary	bladder	 injury
is	less	common	and	underscores	the	importance	of	draining	the	urinary	bladder
with	 a	 catheter	 before	 the	 procedure.	 This	 injury	 is	 more	 common	 when	 the
abdominal	access	site	is	in	the	suprapubic	location;	therefore,	this	access	site	is
not	 recommended	when	direct	visualization	 is	not	available.	Careful	adherence
to	proper	technique	of	paracentesis	minimizes	associated	complications.

For	patients	who	have	 large-volume	chronic	abdominal	ascites,	 such	as	 that
secondary	 to	hepatic	 cirrhosis	or	ovarian	carcinoma,	 transient	hypotension	and
paracentesis-induced	 circulatory	 dysfunction	 (PICD)	may	develop	 during	LVP.
PICD	 is	 characterized	 by	 worsening	 hypotension	 and	 arterial	 vasodilation,
hyponatremia,	 azotemia,	 and	 an	 increase	 in	 plasma	 renin	 activity.	 Evidence	 is
accumulating	that	PICD	is	secondary	to	an	accentuation	of	established	arteriolar
vasodilation	with	multiple	etiologies,	including	the	dynamics	of	paracentesis	(the
rate	 of	 ascitic	 fluid	 extraction),	 release	 of	 nitric	 oxide	 from	 the	 vascular
endothelium,	and	mechanical	modifications	of	flow	dynamics	due	to	abdominal
decompression.17

7 	PICD	is	associated	with	increased	mortality	and	may	be	prevented	with	the
administration	 of	 plasma	 expanders.	 It	 is	 very	 important	 to	 obtain	 reliable
peripheral	 or	 central	 venous	 access	 in	 these	 patients	 so	 that	 fluid	 resuscitation
can	 be	 performed	 if	 PICD	 develops	 during	 the	 procedure.	 Systematic	 reviews
and	meta-analyses	have	found	 that	albumin	administration	was	associated	with
fewer	 complications	 of	 LVP	 (PICD,	 hyponatremia,	 and	 overall	 morbidity	 and
mortality)	 compared	 to	 other	 treatments.18,19	 AASLD	 guidelines	 suggest	 that
albumin	(6-8	g/L	ascites	removed)	should	be	considered	for	LVP	in	which	>5	L
of	ascites	is	removed.

Albumin	 treatment	 in	 ascites	 may	 also	 improve	 long-term	 survival.	 The
Albumin	 for	 the	 treatmeNt	 of	 aScites	 in	 patients	 With	 hEpatic	 ciRrhosis
(ANSWER)	study	randomized	patients	with	cirrhosis	and	uncomplicated	ascites
who	 were	 treated	 with	 antialdosteronic	 drugs	 (≥200	 mg/d)	 and	 furosemide
(≥25	 mg/d)	 to	 receive	 either	 standard	 medical	 treatment	 (SMT)	 or	 SMT	 plus



albumin	 (40	 g	 twice	 weekly	 for	 2	 weeks,	 and	 then	 40	 g	 weekly)	 for	 up	 to
18	months.	Overall	18-month	survival	was	significantly	higher	 in	 the	Albumin
group	 vs.	 the	 SMT	 group	 (Kaplan-Meier	 estimates	 77%	 vs	 66%;	 P	 =	 .028),
resulting	 in	a	38%	reduction	 in	 the	mortality	hazard	ratio	(0·62	[95%	CI	0·40-
0·95]).20

Because	 PICD	 pathogenesis	 may	 be	 caused	 by	 accentuated	 splanchnic
vasodilation,	 trials	 comparing	 terlipressin	 (a	 vasoconstrictor),	 midodrine,	 or
octreotide	with	albumin	have	reported	conflicting	results	for	improving	systemic
and	renal	hemodynamics	and	renal	function,	including	the	prevention	of	PICD.
Additional	studies	are	warranted	to	establish	the	efficacy	of	these	agents.21

LVP	 is	 only	 transiently	 therapeutic;	 the	 underlying	 chronic	 disease	 induces
reaccumulation	of	the	ascites.	Percutaneous	placement	of	a	tunneled	catheter	is	a
viable	 and	 safe	 technique	 to	 consider	 in	 patients	 who	 have	 symptomatic
malignant	 ascites	 that	 require	 frequent	 therapeutic	 paracentesis	 for	 relief	 of
symptoms.22	An	automated	pump	system	(Alfapump)	for	treatment	of	refractory
ascites	has	emerged	as	a	new	therapy	for	ascites,	with	diversion	of	ascites	from
the	peritoneal	cavity	to	the	urinary	bladder,	and	is	associated	with	reduced	LVP
and	improved	quality	of	life	and	nutrition.23	But	it	is	contraindicated	in	patients
with	 renal	 failure,	 and	 patients	 with	 hepatic	 encephalopathy	 have	 challenges
with	device	management.

DIAGNOSTIC	PERITONEAL	LAVAGE
8 	Before	the	introduction	of	diagnostic	peritoneal	lavage	(DPL)	by	Root	et	al24	in
1965,	 nonoperative	 evaluation	of	 the	 injured	 abdomen	was	 limited	 to	 standard
four-quadrant	 abdominal	 paracentesis.	 Abdominal	 paracentesis	 for	 the
evaluation	 of	 hemoperitoneum	was	 associated	 with	 a	 high	 false-negative	 rate.
This	 clinical	 suspicion	 was	 confirmed	 by	 Giacobine	 and	 Siler25	 in	 an
experimental	 animal	 model	 of	 hemoperitoneum	 documenting	 that	 a	 500	 mL
blood	volume	in	the	peritoneal	cavity	yielded	a	positive	paracentesis	rate	of	only
78%.	 The	 initial	 study	 by	 Root	 et	 al24	 reported	 100%	 accuracy	 in	 the
identification	 of	 hemoperitoneum	 using	 1	 L	 peritoneal	 lavage	 fluid.	 Many
subsequent	 clinical	 studies	 confirmed	 these	 findings,	 with	 the	 largest	 series
reported	 by	 Fischer	 et	 al26	 in	 1978.	 They	 reviewed	 2586	 cases	 of	 DPL	 and
reported	 a	 false-positive	 rate	of	 0.2%;	 false-negative	 rate	of	 1.2%;	 and	overall
accuracy	of	98.5%.	Following	its	introduction	in	1965,	DPL	was	a	cornerstone	in
the	 evaluation	 of	 hemoperitoneum	 due	 to	 blunt	 and	 penetrating	 abdominal
injuries.	However,	 it	 is	nonspecific	 for	determination	of	 the	or	 extent	of	organ



injury.
Recent	 advances	 have	 decreased	 the	 use	 of	 DPL,	 replaced	 by	 the	 use	 of

ultrasound	 (extended	 focused	 assessment	with	 sonography	 in	 trauma	 [eFAST];
Figure	 23.2)	 and	 computed	 tomography	 (CT)	 in	 the	 emergent	 evaluation	 of
abdominal	 trauma.27	eFAST	has	replaced	DPL	as	 the	 initial	screening	modality
of	 choice	 for	 severe	 abdominal	 trauma,	 and	 eFAST	 is	 part	 of	 the	 Advanced
Trauma	Life	Support	course.28	Practice	management	guidelines	from	the	Eastern
Association	 for	 the	 Surgery	 of	 Trauma	 recommend	 eFAST	 as	 the	 initial
diagnostic	 modality	 to	 exclude	 hemoperitoneum.29	 DPL	 remains	 a	 valuable
adjunct	to	modern	imaging	techniques	in	early	trauma	assessment,	particularly	in
hemodynamically	 unstable	 patients	 with	 initial	 eFAST	 examination	 that	 is
negative	or	equivocal,	and	in	the	assessment	of	potential	hollow	visceral	injury
in	 blunt	 abdominal	 trauma,	 or	 when	 ultrasound	 is	 not	 available.30	 Diagnostic
peritoneal	 aspiration	 (DPA),	 without	 a	 full	 lavage,	 has	 also	 been	 utilized
successfully	in	these	circumstances.31

	

Figure	 23.2 	 The	 FAST	 examination.FAST,	 focused	 assessment
with	sonography	in	trauma.	A,	atria;	B,	bladder;	F,	fluid;	K,	kidney;



L,	liver;	S,	spleen;	V,	ventricle.	A,	Right	upper	quadrant	view.	B,	Left
upper	quadrant	view.	C,	Pelvis	view.	D,	Subcostal	view.

DIAGNOSTIC	PERITONEAL	ASPIRATION
9 	 DPA	 is	 a	 simpler,	 faster	 modification	 of	 DPL	 to	 evaluate	 for	 traumatic
hemoperitoneum,	 in	 which	 a	 catheter	 is	 inserted	 percutaneously	 into	 the
peritoneal	 cavity,	 a	 syringe	 is	 used	 to	 aspirate	 peritoneal	 fluid,	 and	 return	 of
blood	is	considered	positive.32	No	fluid	is	instilled	into	the	peritoneal	cavity	as	in
DPL.	DPA	is	useful	in	hypotensive	trauma	patients	with	an	equivocal	or	negative
eFAST,	to	determine	if	hemoperitoneum	is	present	or	not.

Indications
The	 primary	 indication	 for	 DPL	 is	 evaluation	 of	 blunt	 abdominal	 trauma	 in
patients	with	associated	hypotension.	If	the	initial	eFAST	examination	is	positive
for	 hemoperitoneum,	 surgical	 intervention	 (laparotomy)	 is	 required.	 If	 the
eFAST	 examination	 is	 negative	 or	 equivocal,	 DPL	 can	 be	 considered.	 If	 the
patient	is	hemodynamically	stable	and	can	be	transported	safely,	CT	scan	of	the
abdomen	 and	 pelvis	 is	 the	 diagnostic	 method	 of	 choice.	 If	 the	 patient	 is
hemodynamically	 unstable	 or	 requires	 emergent	 surgical	 intervention	 for	 a
craniotomy,	 thoracotomy,	 or	 vascular	 procedure,	 it	 is	 imperative	 to	 determine
whether	 there	 is	a	coexisting	 intraperitoneal	 source	of	hemorrhage	 to	prioritize
treatment	 of	 life-threatening	 injuries.	 eFAST	 or	 DPL	 can	 be	 used	 to	 diagnose
hemoperitoneum	 in	 patients	 with	 multisystem	 injury	 who	 require	 general
anesthesia	 for	 the	 treatment	 of	 associated	 traumatic	 injuries.	 Patients	 with
associated	 thoracic	or	pelvic	 injuries	should	also	have	definitive	evaluation	 for
abdominal	 trauma,	and	DPL	can	be	used	in	 these	individuals.	DPL	can	also	be
used	 to	 evaluate	 for	 traumatic	 hollow	 viscus	 injury,	 and	 a	 cell	 count	 ratio
(defined	 as	 the	 ratio	 between	 white	 blood	 cell	 [WBC]	 and	 RBC	 count	 in	 the
lavage	fluid	divided	by	the	ratio	of	the	same	parameters	in	the	peripheral	blood)
less	than	or	equal	to	1	has	a	specificity	of	97%	and	sensitivity	of	100%.33

DPL	can	also	be	used	to	evaluate	penetrating	abdominal	trauma;	however,	its
role	differs	from	that	in	blunt	abdominal	trauma.34	A	hemodynamically	unstable
patient	with	abdominal	penetrating	injuries	requires	no	further	investigation,	and
immediate	 laparotomy	 should	 be	 undertaken.	 Instead,	 the	 role	 of	 DPL	 in	 the
hemodynamically	stable	patient	with	penetrating	abdominal	injury	is	to	identify



hemoperitoneum	and	hollow	viscus	or	diaphragmatic	injury.	DPL	has	also	been
recommended	as	 the	 initial	diagnostic	 study	 in	 stable	patients	with	penetrating
trauma	to	the	back	and	flank,	defining	an	RBC	count	greater	than	1000	per	μL	as
a	positive	 test.35	 Implementation	of	 this	 protocol	 decreased	 the	 total	 celiotomy
rate	from	100%	to	24%,	and	the	therapeutic	celiotomy	rate	increased	from	15%
to	80%.

DPL	 can	 also	 serve	 a	 therapeutic	 role.	 It	 is	 very	 effective	 for	 rewarming
patients	with	significant	hypothermia.	DPL	should	not	be	performed	for	patients
with	clear	signs	of	significant	abdominal	trauma	and	hemoperitoneum	associated
with	 hemodynamic	 instability	 or	 peritonitis.	 These	 patients	 should	 undergo
emergent	celiotomy.	Pregnancy	is	a	relative	contraindication	to	DPL;	it	may	be
technically	 difficult	 to	 perform	 because	 of	 the	 gravid	 uterus	 and	 is	 associated
with	a	higher	risk	of	complications.	Bedside	ultrasound	abdominal	evaluation	of
the	pregnant	trauma	patient	is	associated	with	least	risk	to	both	the	woman	and
the	 fetus.	 An	 additional	 relative	 contraindication	 to	 DPL	 is	 multiple	 previous
abdominal	 surgeries	 due	 to	 abdominal	 adhesions,	 and	 difficulty	 with	 gaining
access	 to	 the	 free	 peritoneal	 cavity.	 When	 DPL	 is	 indicated	 and	 ultrasound
examination	does	not	identify	a	safe	pathway,	it	must	be	performed	by	the	open
technique	to	prevent	iatrogenic	complications	such	as	intestinal	injury.

Techniques
1 	 0 	Three	techniques	can	be	used	to	perform	DPL	after	a	time-out	that	includes
all	 procedural	 team	 members:	 (1)	 the	 closed	 percutaneous	 technique,	 (2)	 the
semiclosed	 technique,	 and	 (3)	 the	 open	 technique.	 The	 closed	 percutaneous
technique,	introduced	by	Lazarus	and	Nelson36	in	1979,	is	easy	to	perform,	can
be	done	rapidly,	is	associated	with	a	low	complication	rate,	and	is	as	accurate	as
the	 open	 technique.	 It	 should	 not	 be	 used	 for	 patients	who	 have	 had	 previous
abdominal	 surgery	 or	 a	 history	 of	 abdominal	 adhesions.	 The	 open	 technique
entails	the	placement	of	the	peritoneal	lavage	catheter	into	the	peritoneal	cavity
under	 direct	 visualization.	 It	 is	 more	 time-consuming	 than	 the	 closed
percutaneous	 technique.	 The	 semiclosed	 technique	 requires	 a	 smaller	 incision
than	does	the	open	technique	and	uses	a	peritoneal	lavage	catheter	with	a	metal
stylet	 to	 gain	 entrance	 into	 the	 peritoneal	 cavity.	 It	 has	 become	 less	 popular,
because	 clinicians	 have	 become	 more	 familiar	 and	 skilled	 with	 the	 closed
technique.

The	patient	is	placed	in	the	supine	position	for	all	three	techniques.	A	catheter
is	 placed	 into	 the	 urinary	 bladder,	 and	 a	 nasogastric	 tube	 is	 inserted	 into	 the
stomach	 to	prevent	 iatrogenic	bladder	or	gastric	 injury.	The	nasogastric	 tube	 is



placed	on	continuous	suction	for	gastric	decompression.	The	skin	of	the	anterior
abdominal	wall	is	prepared	with	2%	chlorhexidine	solution	and	sterilely	draped,
leaving	 the	 periumbilical	 area	 exposed.	 Standard	 aseptic	 technique	 is	 used
throughout	 the	 procedure.	 Local	 anesthesia	 with	 1%	 or	 2%	 lidocaine	 with
1:200,000	 epinephrine	 is	 used	 as	 necessary	 throughout	 the	 procedure.	 The
infraumbilical	 site	 is	 used,	 unless	 there	 is	 clinical	 concern	 of	 possible	 pelvic
fracture	 and	 retroperitoneal	 or	 pelvic	 hematoma,	 in	 which	 case	 the
supraumbilical	site	is	optimal.

Closed	Percutaneous	Technique
With	the	closed	percutaneous	technique,	local	anesthesia	is	infiltrated	inferior	to
the	 umbilicus	 and	 a	 5	mm	 skin	 incision	 is	made	 just	 at	 the	 inferior	 umbilical
edge.	An	18-gauge	needle	is	inserted	through	this	incision	and	into	the	peritoneal
cavity,	angled	toward	the	pelvis	at	approximately	a	45°	angle	with	the	skin.	The
penetration	through	the	linea	alba	and	then	through	the	peritoneum	is	felt	as	two
separate	“pops.”	A	J-tipped	guidewire	is	passed	through	the	needle	and	into	the
peritoneal	cavity,	again	directing	the	wire	 toward	the	pelvis	by	maintaining	the
needle	at	a	45°	angle	to	the	skin.	The	18-gauge	needle	is	then	removed	and	the
DPL	 catheter	 inserted	 over	 the	 guidewire	 into	 the	 peritoneal	 cavity,	 using	 a
twisting	motion	and	guided	 inferiorly	 toward	 the	pelvis.	The	guidewire	 is	 then
removed	and	a	10-mL	syringe	 is	 attached	 to	 the	catheter	 for	 aspiration.	 If	 free
blood	 returns	 from	 the	DPL	 catheter	 before	 the	 syringe	 is	 attached	 or	 if	 gross
blood	returns	in	the	syringe	barrel,	hemoperitoneum	has	been	documented,	and
the	patient	is	quickly	transported	to	the	operating	room	for	emergent	celiotomy.
If	no	gross	blood	returns	on	aspiration	through	the	catheter,	peritoneal	lavage	is
performed	 using	 1	 L	 Ringer	 lactate	 solution	 or	 normal	 saline	 that	 has	 been
previously	 warmed	 to	 prevent	 hypothermia.	 The	 fluid	 is	 instilled	 into	 the
peritoneal	 cavity	 through	 the	 DPL	 catheter;	 afterward,	 the	 peritoneal	 fluid	 is
allowed	 to	 drain	 out	 of	 the	 peritoneal	 cavity	 by	 gravity	 until	 the	 fluid	 return
slows.	A	minimum	of	250	mL	lavage	fluid	is	considered	a	representative	sample
of	the	peritoneal	fluid.37	A	sample	is	sent	to	the	laboratory	for	determination	of
RBC	count;	WBC	count;	amylase	concentration;	and	presence	of	bile,	bacteria,
or	particulate	matter.	When	the	lavage	is	completed,	the	catheter	is	removed	and
a	sterile	dressing	applied	over	the	site.	Suture	approximation	of	the	skin	edges	is
not	necessary	when	the	closed	technique	is	used	for	DPL.

Semiclosed	Technique



Local	anesthetic	is	infiltrated	in	the	area	of	the	planned	incision	and	a	2-	to	3-cm
vertical	incision	made	in	the	infraumbilical	or	supraumbilical	area.	The	incision
is	continued	sharply	down	 through	 the	subcutaneous	 tissue	and	 linea	alba,	and
the	peritoneum	is	then	visualized.	Forceps,	hemostats,	or	Allis	clamps	are	used
to	grasp	the	edges	of	the	linea	alba	and	elevate	the	fascial	edges	to	prevent	injury
to	 the	 underlying	 abdominal	 structures.	 The	 DPL	 lavage	 catheter-needle
assembly	is	inserted	through	the	closed	peritoneum	into	the	peritoneal	cavity	at	a
45°	angle	 to	 the	anterior	abdominal	wall,	directed	 toward	 the	pelvis.	When	the
catheter	 is	 in	 the	 peritoneal	 cavity,	 it	 is	 advanced	 into	 the	 pelvis.	 A	 10	 mL
syringe	 is	 attached	 to	 the	 catheter	 and	 aspiration	 is	 conducted	 as	 previously
described.	 When	 the	 lavage	 is	 completed,	 the	 fascia	 must	 be	 reapproximated
with	sutures,	the	skin	closed,	and	a	sterile	dressing	applied.

Open	Technique
After	 the	 administration	 of	 appropriate	 local	 anesthetic,	 a	 vertical	 midline
incision	approximately	3	to	5	cm	long	is	made.	This	incision	is	commonly	made
in	the	infraumbilical	 location,	but	 in	patients	with	presumed	pelvic	fractures	or
retroperitoneal	hematomas	or	 in	pregnant	patients,	 a	 supraumbilical	 location	 is
preferred.	 The	 vertical	 midline	 incision	 is	 carried	 down	 through	 the	 skin,
subcutaneous	tissue,	and	linea	alba	under	direct	vision.	The	linea	alba	is	grasped
on	either	side	using	forceps,	hemostats,	or	Allis	clamps	and	the	fascia	is	elevated
to	 prevent	 injury	 to	 the	 underlying	 abdominal	 structures.	 The	 peritoneum	 is
identified	and	a	small	vertical	peritoneal	 incision	 is	made	to	gain	entrance	 into
the	peritoneal	cavity.	The	DPL	catheter	is	then	inserted	into	the	peritoneal	cavity
under	direct	visualization	and	advanced	inferiorly	toward	the	pelvis	and	a	10	mL
syringe	is	attached	for	aspiration.	If	aspiration	of	the	peritoneal	cavity	is	negative
(ie,	no	gross	blood	returns),	peritoneal	lavage	is	performed,	as	described	earlier.
As	 in	 the	semiclosed	 technique,	 the	fascia	and	skin	must	be	reapproximated	 to
prevent	dehiscence	or	evisceration.

A	prospective	 randomized	 study	documented	 that	 closed	percutaneous	DPL
can	be	performed	faster	than	the	open	procedure	(1-3	minutes	vs	5-24	minutes).38
The	closed	percutaneous	 technique	was	as	 accurate	 as	 the	open	procedure	 and
was	 associated	with	 a	 lower	 incidence	of	wound	 infections	 and	complications.
The	 closed	 percutaneous	 technique,	 using	 the	 Seldinger	 technique,	 should
therefore	 be	 used	 initially	 in	 all	 patients	 except	 those	who	 have	 had	 previous
abdominal	 surgery	 or	 in	 pregnant	 patients.	A	meta-analysis	 concluded	 that	 the
closed	 DPL	 technique	 is	 comparable	 to	 the	 standard	 open	 DPL	 technique	 in
terms	 of	 accuracy	 and	 major	 complications,	 with	 the	 advantage	 of	 reduced



performance	 time	 with	 closed	 DPL,	 which	 is	 offset	 by	 increased	 technical
difficulties	and	failures.39

A	DPL	modification40	 that	 resulted	 in	more	 rapid	 infusion	 and	 drainage	 of
lavage	fluid	used	cystoscopy	irrigation	tubing	for	instillation	and	drainage	of	the
lavage	 fluid,	 saving	 an	 average	 of	 19	 minutes	 per	 patient	 for	 the	 DPL
completion.	This	modification	can	be	applied	to	the	closed	percutaneous	or	open
DPL	technique	to	decrease	the	procedure	time	in	critically	ill	patients.

Interpretation	of	Results
The	current	guidelines	for	interpretation	of	positive	and	negative	results	of	DPL
are	provided	in	Table	23.2.	A	positive	result	can	be	estimated	by	the	inability	to
read	newsprint	or	typewritten	print	through	the	lavage	fluid	as	it	returns	through
clear	 plastic	 tubing.	This	 test	 is	 not	 reliable,	 however,	 and	 a	 quantitative	RBC
count	in	a	sample	of	the	peritoneal	lavage	fluid	must	be	performed.41	For	patients
with	nonpenetrating	abdominal	trauma,	an	RBC	count	greater	than	100,000	per
μL	of	lavage	fluid	is	considered	positive	and	requires	emergent	celiotomy.	Fewer
than	50,000	RBCs	per	μL	is	considered	negative	and	RBC	counts	of	50,000	to
100,000	 per	 μL	 are	 considered	 indeterminate.	The	 guidelines	 for	 patients	with
penetrating	abdominal	trauma	are	much	less	clear	with	clinical	studies	using	an
RBC	count	of	greater	than	1000	or	10,000	per	μL	to	greater	than	100,000	per	μL
as	 the	 criterion	 for	 a	 positive	 DPL	 in	 patients	 with	 penetrating	 thoracic	 or
abdominal	 trauma.	The	lower	the	threshold,	 the	more	sensitive	 the	test,	but	 the
higher	the	nontherapeutic	laparotomy	rate.

TABLE	23.2

Interpretation	of	Diagnostic	Peritoneal	Lavage	Results

Positive	
Nonpenetrating	abdominal	trauma
Immediate	gross	blood	return	via	catheter
Immediate	return	of	intestinal	contents	or	food	particles
Aspiration	of	10	mL	blood	via	catheter



Return	of	lavage	fluid	via	chest	tube	or	urinary	catheter
RBC	count	>	100,000/mL
WBC	count	>	500/μL

Cell	count	ratio	(defined	as	the	ratio	between	WBC	and	RBC	count	in	the
lavage	fluid	divided	by	the	ratio	of	the	same	parameters	in	the	peripheral
blood)	≥1
Amylase	>	175	U/100	mL
Penetrating	abdominal	trauma
Immediate	gross	blood	return	via	catheter
Immediate	return	of	intestinal	contents	or	food	particles
Aspiration	of	10	mL	blood	via	catheter
Return	of	lavage	fluid	via	chest	tube	or	Foley	catheter
RBC	count	used	is	variable,	from	>1000/μL	to	>100,000/μL
WBC	count	>	500/μL
Amylase	>175	U/100	mL
Negative	
Nonpenetrating	abdominal	trauma
RBC	count	<50,000/μL
WBC	count	<100/μL

Cell	count	ratio	(defined	as	the	ratio	between	WBC	and	RBC	count	in	the
lavage	fluid	divided	by	the	ratio	of	the	same	parameters	in	the	peripheral
blood)	<1
Amylase	<75	U/100	mL
Penetrating	abdominal	trauma
RBC	count	used	is	variable,	from	<1000/μL	to	<50,000/μL
WBC	count	<100/μL

Amylase	<75	U/100	mL



RBC,	red	blood	cell;	WBC,	white	blood	cell.

Determination	 of	 hollow	 viscus	 injury	 by	 DPL	 is	 much	 more	 difficult.	 A
WBC	count	greater	than	500	per	μL	of	lavage	fluid	or	an	amylase	concentration
greater	 than	 175	 U/dL	 of	 lavage	 fluid	 is	 usually	 considered	 positive.	 These
studies,	however,	are	not	as	accurate	as	the	use	of	RBC	count	in	the	lavage	fluid
to	determine	the	presence	of	hemoperitoneum.	One	study	in	patients	with	blunt
abdominal	trauma	determined	that	the	WBC	count	in	lavage	fluid	has	a	positive
predictive	value	of	only	23%	and	probably	should	not	be	used	as	an	indicator	of
a	 positive	 DPL.42	 Other	 studies	 analyzed	 alkaline	 phosphatase	 levels	 in	 DPL
fluid	 to	 determine	 if	 this	 assay	 is	 helpful	 in	 the	 diagnosis	 of	 hollow	 viscus
injuries,43,44	 but	 the	 results	 have	 been	 variable.	 A	 prospective	 study	 used	 a
diagnostic	algorithm	of	initial	abdominal	ultrasound,	followed	by	helical	CT	and
subsequent	 DPL	 (if	 CT	 was	 suggestive	 of	 blunt	 bowel	 or	 mesenteric	 injury)
using	a	cell	count	ratio	(defined	as	the	ratio	between	WBC	and	RBC	count	in	the
lavage	fluid	divided	by	the	ratio	of	the	same	parameters	in	the	peripheral	blood)
greater	than	or	equal	to	1	to	determine	the	need	for	laparotomy	in	patients	with
blunt	abdominal	injuries.45	This	proposed	algorithm	had	a	high	accuracy	(100%)
while	requiring	the	performance	of	DPL	in	only	a	few	(2%)	patients.

It	 must	 be	 stressed	 that	 DPL	 is	 not	 accurate	 for	 determination	 of
retroperitoneal	 visceral	 injuries	 or	 diaphragmatic	 injuries.46	 The	 incidence	 of
false-negative	 DPL	 results	 is	 approximately	 30%	 in	 patients	 who	 sustained
traumatic	 diaphragmatic	 rupture.	 In	 addition,	 DPL	 is	 insensitive	 in	 detecting
subcapsular	 hematomas	 of	 the	 spleen	 or	 liver	 that	 are	 contained,	 without
hemoperitoneum.

Complications
Complications	of	DPL	by	the	techniques	described	here	include	malposition	of
the	 lavage	 catheter,	 injury	 to	 the	 intra-abdominal	 organs	 or	 vessels,	 iatrogenic
hemoperitoneum,	 wound	 infection	 or	 dehiscence,	 evisceration,	 and	 possible
unnecessary	laparotomy.	DPL	and	DPA	are	valuable	techniques,	however,	and	if
performed	carefully,	with	attention	to	detail,	complications	are	minimized.	In	the
largest	 series	 published	 to	 date,	 with	 more	 than	 2500	 DPLs	 performed,	 the
complications	 rate	 was	 0.8%.47	Wound	 infection,	 dehiscence,	 and	 evisceration
are	more	 common	with	 the	open	 technique;	 therefore,	 the	 closed	percutaneous
technique	is	recommended	in	all	patients	who	do	not	have	a	contraindication	to
this	 technique.	Knowledge	of	all	 techniques	is	necessary,	however,	because	the
choice	of	technique	should	be	based	on	the	individual	patient’s	presentation.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	The	optimal	site	for	paracentesis	is:

A. 	Left	lower	quadrant
B. 	Left	upper	quadrant
C. 	Right	lower	quadrant
D. 	Right	upper	quadrant

2. 	When	performing	large-volume	paracentesis	(LVP)	in	which	more	than
5	L	of	ascites	is	removed,	what	treatment	is	recommended	to	prevent
hypotension	and	paracentesis-induced	circulatory	dysfunction	(PICD)?

A. 	Albumin	infusion	(6-8	g/L	ascites	removed)
B. 	Intravenous	vasopressin	infusion
C. 	Oral	midodrine
D. 	Plasma	infusion	(2-4	units)

3. 	Diagnostic	peritoneal	aspiration	should	be	considered	for	a	hypotensive
trauma	patient	when:

A. 	CT	scan	abdomen	confirms	free	fluid
B. 	CT	scan	abdomen	confirms	free	air
C. 	eFAST	is	negative	or	equivocal
D. 	eFAST	is	positive

Answers

1.	The	correct	answer	is	A.
Rationale:	 The	 preferred	 site	 for	 paracentesis	 is	 in	 the	 left	 lower	 quadrant

(choice	A	is	correct),	lateral	to	the	rectus	abdominis	muscle	in	the	midclavicular
line,	 and	 inferior	 to	 the	 umbilicus.	 It	 is	 important	 to	 stay	 lateral	 to	 the	 rectus
abdominis	muscle	 to	avoid	 injuring	 the	 inferior	epigastric	artery	and	vein.	The
left	 lower	 quadrant	 of	 the	 abdominal	 wall	 is	 preferred	 over	 the	 right	 lower
quadrant	 because	 critically	 ill	 patients	 often	have	 cecal	 distention	 (choice	C	 is
incorrect).	The	 lower	quadrants	are	preferred	because	 they	are	farther	from	the



liver	and	spleen	than	the	upper	quadrants	(choices	C	and	D	are	incorrect).	It	has
also	been	determined	that	the	left	lower	quadrant	is	significantly	thinner	and	the
depth	 of	 ascites	 greater	 compared	 with	 the	 infraumbilical	 midline	 position.
Ultrasound	imaging	should	confirm	optimal	location	for	paracentesis.	Compared
to	the	standard	landmark	technique,	use	of	ultrasonography	is	associated	with	a
higher	success	rate	and	decreased	complications.

2.	The	correct	answer	is	A.
Rationale:	 For	 patients	 who	 have	 large-volume	 chronic	 abdominal	 ascites

such	 as	 that	 secondary	 to	 hepatic	 cirrhosis,	 transient	 hypotension	 and
paracentesis-induced	circulatory	dysfunction	(PICD)	may	develop	during	large-
volume	 paracentesis	 (LVP).	 PICD	 is	 characterized	 by	 worsening	 hypotension
and	 arterial	 vasodilation,	 hyponatremia,	 azotemia,	 and	 an	 increase	 in	 plasma
renin	 activity.	 PICD	 is	 secondary	 to	 an	 accentuation	 of	 established	 arteriolar
vasodilation	with	multiple	etiologies,	including	the	dynamics	of	paracentesis	(the
rate	 of	 ascitic	 fluid	 extraction),	 release	 of	 nitric	 oxide	 from	 the	 vascular
endothelium,	and	mechanical	modifications	of	flow	dynamics	due	to	abdominal
decompression.	 PICD	 is	 associated	 with	 increased	 mortality	 and	 may	 be
prevented	with	 the	administration	of	 albumin	 (choice	A	 is	 correct).	Systematic
reviews	and	meta-analyses	have	 found	 that	albumin	was	associated	with	 fewer
complications	 of	 LVP	 (PICD,	 hyponatremia,	 and	 overall	 morbidity	 and
mortality)	 compared	 to	 other	 treatments.	 AASLD	 guidelines	 recommend	 that
albumin	 (6-8	 g/L	 ascites	 removed)	 be	 administered	 for	LVP	 in	which	>5	L	 of
ascites	is	removed	to	prevent	PICD.	Plasma	infusion	(choice	D)	is	not	indicated.
Administration	of	vasopressors,	either	enteral	midodrine	(choice	C	is	incorrect)
or	intravenous	vasopressin	(choice	B	is	incorrect),	has	no	efficacy	in	prevention
of	PICD,	but	can	be	used	to	treat	PICD.

3.	The	correct	answer	is	C.
Rationale:	 Diagnostic	 peritoneal	 aspiration	 (DPA)	 is	 a	 simpler,	 faster

modification	 of	 diagnostic	 peritoneal	 lavage	 (DPL)	 to	 evaluate	 for	 traumatic
hemoperitoneum.	A	catheter	is	inserted	percutaneously	into	the	peritoneal	cavity,
a	 syringe	 is	used	 to	aspirate	peritoneal	 fluid,	and	 return	of	blood	 is	considered
positive.	No	fluid	is	instilled	into	the	peritoneal	cavity	as	is	the	case	with	DPL.
DPA	 is	 useful	 in	 hypotensive	 trauma	 patients	 with	 an	 equivocal	 or	 negative
eFAST	 in	order	 to	determine	 if	hemoperitoneum	 is	present	or	not	 (choice	C	 is
correct).	 If	 eFAST	 is	 positive	 or	 a	 CT	 scan	 of	 the	 abdomen	 confirms	 free
peritoneal	fluid	in	a	hypotensive	patient,	then	emergent	laparotomy	is	indicated
(choices	A	and	D	are	incorrect).	If	CT	scan	abdomen	confirms	free	air,	emergent



laparotomy	is	also	indicated	(choice	B	is	incorrect).
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Chapter	24
Interventional	Radiology
Alex	Newbury,	Aaron	L.	Harman

KEY	POINTS:
1.	 Image-guided	percutaneous	drainage	is	a	valuable	management

option	for	abscesses	and	other	fluid	collections	in	the	body.
2.	 Ultrasound	guidance	is	preferred	over	other	imaging	modalities	when

possible	due	to	real-time	visualization	and	lack	of	ionizing	radiation.
3.	 Computed	tomography	guidance	is	used	for	drainage	of	collections

too	deep	for	ultrasound	to	visualize	or	when	structures	such	as	bone
or	gas-filled	bowel	would	impair	visualization	with	ultrasound.

4.	 Image-guided	percutaneous	drainage	and	aspiration	are	safe	and
reliable	options	for	the	management	of	abscesses	with	a
complication	rate	of	less	than	15%.

5.	 Drainage	of	peripancreatic	fluid	collections	and	pulmonary
abscesses	should	be	discussed	in	a	multidisciplinary	setting.

INTRODUCTION
1 	Image-guided	percutaneous	drainage	procedures	have	been	established	as	safe
and	 effective	 alternatives	 to	 surgery	 for	 the	 treatment	 of	 clinically	 significant
fluid	 collections	 in	 the	 body.	 Image	 guidance	 typically	 provided	 by
ultrasonography	or	computed	tomography	(CT)	allows	for	precise	localization	of
fluid	 collections,	 faster	 patient	 recovery	 times	 than	 that	 of	 open	 surgical
techniques,	 and	decreases	 the	morbidity	 and	mortality	 associated	with	 surgical
exploration.1

GENERAL	AIMS



The	interventional	radiologist	should	be	part	of	the	care	team	to	help	assess	the
clinical	significance	of	a	fluid	collection	and	the	expected	outcome	of	an	image-
guided	percutaneous	treatment.	Image-guided	aspiration	or	drainage	procedures
can	alleviate	symptoms	of	infection	and/or	mass	effect	and	provide	fluid	samples
for	 laboratory	 analysis	 to	 refine	 treatment.2	 While	 a	 list	 of	 fluid	 collections
amenable	 to	 image-guided	 procedures	 is	 provided	 in	Table	 24.1,	 this	 chapter
will	focus	primarily	on	the	technique	of	nonsterile	percutaneous	drainage	along
with	 important	 preprocedural	 workup	 and	 postprocedural	 follow-up
considerations.

TABLE	24.1

Fluid	Collections	Successfully	Treated	With	Percutaneous
Drainage

Sterile Nonsterile

Ascites Cholecystitis

Hematoma Enteric	abscess

Lymphocele Lung	abscess	and	empyema

Pancreatic	pseudocyst Ruptured	appendicitis

Postsurgical	seroma Pancreatic	abscess

Urinoma Tubo-ovarian	abscess

Multilocular	fluid	collections

INDICATIONS
The	 most	 common	 indications	 for	 percutaneous	 image-guided	 aspiration	 and
drainage	 are	 fluid	 sampling	 to	 determine	 if	 a	 collection	 is	 infected	 and	 source
control	 for	 an	abscess	by	drainage.	Even	after	broad-spectrum	antibiotics	have
been	started,	sampling	of	a	potential	infected	collection	for	culture	and	antibiotic
sensitivity	has	been	found	to	help	tailor	therapy	in	most	patients.3	Abscess	size



and	 consistency	 are	 important	 determinants	 of	 the	 need	 for	 percutaneous
drainage.	Many	patients	with	abscesses	smaller	than	4	cm	in	maximal	diameter
can	be	treated	conservatively	with	broad-spectrum	antibiotics.4	However,	in	most
cases,	 drainage	 is	 ultimately	 needed	 for	 large	 abscesses	 greater	 than	 4	 cm,	 as
antibiotic	therapy	is	often	unable	to	penetrate	the	walled-off	collection.

CONTRAINDICATIONS
While,	 historically,	 scenarios	 such	 as	 coagulopathies	 and	 lack	of	 a	 safe	 access
route	 were	 considered	 absolute	 contraindications	 for	 percutaneous	 drainage,
advances	 in	 techniques,	 technologies,	 and	medications,	 now	 allow	 for	 at	 least
relative	 consideration	 for	 each	 new	 case.	 As	 a	 result,	 there	 are	 currently	 no
absolute	 contraindications	 for	 percutaneous	 image-guided	 drainage,	 although
relative	 contraindications	 do	 exist	 including	 significant	 uncorrectable
coagulopathies,	severe	cardiopulmonary	compromise	or	instability,	lack	of	a	safe
pathway	to	the	collection,	or	the	inability	of	the	patient	to	cooperate	with,	or	be
positioned	for,	the	procedure.5	This	highlights	the	flexibility	and	variety	of	cases
and	 encourages	 critical	 thinking	 when	 encountering	 a	 challenging	 or	 difficult
scenario.	For	example,	a	transenteric	(through	the	small	bowel)	route	with	a	22-
gauge	 needle	 may	 allow	 for	 diagnostic	 needle	 aspiration	 of	 an	 otherwise
inaccessible	 collection	with	 negligible	 risk	 to	 the	 bowel.6	 If	 no	 direct	 route	 is
available,	 the	 liver,	 kidney,	 and	 stomach	 may	 be	 safely	 transgressed	 during
needle	aspiration.	Transgluteal,	transvaginal	(Figure	24.1),	transrectal,	or	trans–
inferior	vena	cava	sampling	provides	more	options	for	collections	previously	felt
to	be	inaccessible.7-10

	



Figure	24.1 	A	42-year-old	woman	found	to	have	a	pelvic	abscess
on	 postoperative	 day	 8	 status	 post	 hysterectomy.A.	 Transvaginal
ultrasound	 (US)	 shows	 heterogeneous	 collection	 with	 dirty
shadowing	 from	 gas.	 B.	 Axial	 contrast-enhanced	 computed
tomography	 (CT)	 highlights	 the	 pelvic	 collection	 with	 internal
debris/gas	 (red	 arrow)	 and	 the	 bladder	 anteriorly.	C.	Given	 that	 the
collection	was	surrounded	by	the	bladder	anteriorly,	vessels	laterally,
and	rectum	posteriorly,	a	transvaginal	drain	was	placed,	seen	on	this
coronal	contrast-enhanced	CT.

As	 is	 the	 case	 with	 most	 relative	 risks,	 when	 access	 to	 the	 collection	 is
difficult	 or	 a	 significant	 coagulopathy	 is	 present,	 risks	 and	 benefits	 must	 be
weighed	in	consensus	with	the	primary	team/intensive	care	unit	staff,	and	patient
or	health	care	proxy.	Patients	or	 their	health	care	proxy	should	be	educated	by
both	 the	 clinical	 staff	 and	 radiologist	 to	 ensure	 that	 they	 are	 comfortable	with
their	decision	concerning	a	drainage	procedure.

RISKS,	BENEFITS,	AND	ALTERNATIVES
Overall	 complications	 associated	 with	 percutaneous	 drainage	 or	 aspiration	 are
reported	to	be	less	than	15%	depending	on	the	of	collection	and	include	damage
to	 vital	 structures,	 bleeding,	 and	 infection.5	 Mortality	 is	 rare	 and	 frequently
secondary	 to	 sepsis	 or	 multiorgan	 failure	 rather	 than	 the	 procedure	 itself.
Depending	 on	 the	 location	 and	 physical	 properties	 of	 an	 infected	 or	 a	 sterile
collection,	 percutaneous	 drainage	 is	 curative	 in	 75%	 to	 90%	 of	 cases.1,11-13	 In
other	cases,	percutaneous	drainage	can	serve	as	a	temporizing	measure,	allowing
inflammation	to	subside	before	proceeding	with	surgery.4

PREPROCEDURE	PREPARATION
Regardless	 of	 the	 interventional	 procedure	 to	 be	 performed,	 certain	 basic
principles	 apply	 to	 all	 patients.	 After	 review	 of	 the	 risks,	 benefits,	 and
alternatives	 to	 the	 procedure,	 informed	 consent	 should	 be	 obtained	 from	 the
patient	or	health	care	proxy.	The	radiologist	should	have	a	firm	understanding	of
the	patient’s	clinical	status	which	requires	a	comprehensive	history	and	physical
exam.	Each	case	 requires	 image	 review	by	 the	 interventional	 radiologist	 and	a



discussion	with	the	referring	physicians	to	determine	whether	additional	imaging
is	required,	if	the	procedure	is	technically	possible	and	medically	warranted,	or	if
alternative	management	would	be	more	appropriate.

Prior	to	any	intervention,	it	should	be	determined	whether	the	procedure	is	at
a	low	or	high	risk	for	bleeding,	as	that	will	drive	the	clinical	decision	whether	or
not	 to	 hold	 anticoagulation.	 Low–bleeding	 risk	 percutaneous	 aspiration	 and
drainage	sites	are	those	located	in	the	soft	tissues	of	the	body	wall	not	adjacent
to	large	vessels,	whereas	high–bleeding	risk	sites	include	deep	abscesses	within
the	 lung	 parenchyma,	 abdomen,	 pelvis,	 or	 retroperitoneal	 space.14	 If	 a	 high
bleeding	 risk	 abscess	 needs	 to	 be	 addressed,	 the	 patient’s	 primary	 caregivers
should	stop	all	anticoagulant	medications,	given	that	the	benefits	of	the	drainage
procedure	 outweigh	 the	 risk	 to	 the	 patient	 from	 thrombosis.	 For	 example,	 the
antiplatelet	 agent	 clopidogrel	 (Plavix)	 should	 be	 held	 for	 5	 days	 before	 the
procedure.14	The	role	of	a	platelet	transfusion	just	prior	to	a	procedure	in	patients
taking	 clopidogrel	 or	 other	P2Y12	 inhibitors	 is	 not	well	 defined,	 although	one
unit	of	platelets	may	be	prophylactically	given.	Common	anticoagulation	agents
such	as	the	vitamin	K	antagonist	Coumadin	should	be	withheld	for	5	days	until	a
target	 INR	 of	 <1.8.	 Rapid	 reversal	 of	 Coumadin	 can	 be	 achieved	 with	 fresh
frozen	plasma	and	intravenous	or	oral	vitamin	K,	and	in	extreme	circumstances,
a	prothrombin	complex	concentrate.	Newer	 target-specific	anticoagulants,	 such
as	 rivaroxaban	 and	 apixaban	 (target	 Factor	 Xa)	 and	 dabigatran	 (target	 Factor
IIa),	have	gained	traction	because	of	predictable	pharmacokinetics.	A	Food	and
Drug	 Administration–approved	 reversal	 agent	 is	 currently	 available	 for
dabigatran,	and	other	reversal	agents	for	other	drugs	are	in	development.15	It	is
believed	 that	 anticoagulants	 can	 be	 safely	 restarted	 6	 to	 8	 hours	 following	 the
procedure.	The	goal	is	to	achieve	a	prothrombin	time	below	15	seconds,	partial
thromboplastin	 time	 less	 than	35	 seconds,	 a	 platelet	 count	 greater	 than	50,000
per	 mL,	 and	 an	 international	 normalized	 ratio	 less	 than	 1.5.	 However,	 the
interventional	radiologist	should	be	flexible	with	these	thresholds,	depending	on
the	 urgency	 of	 the	 procedure.	 The	 following	 selected	 tables	 from	 Patel	 et	 al.
highlight	the	anticoagulation	goals	specific	to	the	topics	addressed	in	this	chapter
(Tables	24.2	and	24.3).

TABLE	24.2

Selected	Table	for	Withholding	Anticoagulation



Medication
Low	Risk
for
Bleeding

High	Risk	for	Bleeding

Warfarin Target
INR	<	3.0;
consider
bridging
for	high
thrombosis
risk	cases

Withhold	5	d	until	target	INR	<	1.8;	consider
bridging	for	high–thrombosis	risk	cases;	if
STAT	or	emergent,	use	reversal	agent

Unfractionated
heparin

Do	not
withhold

Withhold	IV	heparin	for	4-6	h	before
procedure;	check	aPTT	or	anti-Xa	level;	for
BID	or	TID	dosing	of	SC	heparin,	procedure
may	be	performed	6	h	after	last	dose

Low-
molecular-
weight
heparin:
Enoxaparin

Do	not
withhold

Withhold	1	dose	if	prophylactic	dose	is	used;
withhold	2	doses	or	24	h	before	procedure	if
therapeutic	dose	is	used;	check	anti-Xa	level	if
renal	function	impaired

Apixaban
(Eliquis)

Do	not
withhold

Withhold	4	doses	(CrCl	≥	50	mL/min)	or	6
doses	(CrCl	<	30-50	mL/min);	if	procedure	is
STAT	or	emergent,	use	reversal	agent
(andexanet	alfa);	consider	checking	anti-Xa
activity	or	apixaban	level	especially	with
impaired	renal	function

Rivaroxaban
(Xarelto)

Do	not
withhold

Defer	procedure	until	off	medication	for	2
doses	(CrCl	≥	50	mL/min),	2	doses	(CrCl	<	30-
50	mL/min),	or	3	doses	(CrCl	<	15-
30	mL/min);	if	procedure	is	STAT	or	emergent,
use	reversal	agent	(andexanet	alfa);	consider
checking	anti-Xa	activity	or	rivaroxaban	level
especially	with	impaired	renal	function

Clopidogrel
(Plavix)

Do	not
withhold

Withhold	for	5	d	before	procedure



Ticagrelor
(Brilinta)

Do	not
withhold

Withhold	for	5	d	before	procedure

Aspirin Do	not
withhold

Withhold	3-5	d	before	procedure

Short-acting
NSAIDs	(half-
life	2-6	h):
ibuprofen,
diclofenac,
ketoprofen,
indomethacin,
ketorolac

Do	not
withhold

No	recommendation

CrCl,	creatinine	clearance;	INR,	international	normalized	ratio;	NSAIDs,	nonsteroidal	anti-
inflammatory	drugs;	SC,	subcutaneous.

TABLE	24.3

Selected	Table	for	Restarting	Anticoagulation

Medication
Low	Risk
for
Bleeding

High	Risk	for	Bleeding

Warfarin NA	or
same-day
reinitiation
for
bridged
patients

Resume	day	after	procedure;	high
thrombosis	risk	cases	may	benefit	from
bridging	with	LMWH	and
multidisciplinary	management	especially
if	reversal	agent	used	along	with	vitamin
K

Unfractionated
heparin

NA 6-8	h

LMWH:	Enoxaparin NA 12	h

Apixaban	(Eliquis) NA 24	h



Rivaroxaban
(Xarelto)

NA 24	h

Clopidogrel	(Plavix) NA Reinitiation	can	occur	6	h	after
procedure	if	using	75-mg	dose	but
should	occur	24	h	after	procedure	if
using	a	loading	dose	(300-600	mg)

Ticagrelor	(Brilinta) NA Resume	the	day	after	procedure

Aspirin NA Resume	the	day	after	procedure

Short-acting
NSAIDs	(half-life	2-
6	h):	ibuprofen,
diclofenac,
ketoprofen,
indomethacin,
ketorolac

NA NA

LMWH,	low-molecular-weight	heparin;	NA,	not	available;	NSAIDs,	nonsteroidal	anti-inflammatory
drugs.

The	patient	 should	be	nil	per	os	 (NPO)	 for	4	 to	6	hours	prior	 to	 the	 study,
including	 tube	 feeds	 if	 applicable,	 to	 reduce	 the	 risk	 of	 aspiration	 during
moderate	sedation.	Transient	bacteremia	associated	with	percutaneous	drainage
of	 an	 infected	 collection	 may	 require	 prophylactic	 treatment	 with	 antibiotics.
The	 most	 common	 bacteria	 found	 in	 intra-abdominal	 abscesses	 are	 gram-
negative	rods	and	anaerobes,	particularly	Escherichia	coli,	Bacteroides	 fragilis,
and	Enterococcus	species.	Thus,	the	current	practice	guidelines	put	forth	by	the
Society	 of	 Interventional	 Radiology	 recommend	 the	 use	 of	 a	 third-generation
cephalosporin.16	When	 intravenous	 contrast	 is	 utilized	 to	 identify	 a	 collection,
the	 patient’s	 renal	 function	 (blood	 urea	 nitrogen	 and	 creatinine)	 should	 be
evaluated	 and	 when	 abnormal	 (serum	 creatinine	 >	 1.5	 mg/dL,	 glomerular
filtration	 rate	 <	 30	 mL/min/1.73	 m2),	 hydration	 with	 an	 isotonic	 solution
(Lactated	 Ringer’s	 or	 0.9%	 normal	 saline)	 should	 be	 considered	 prior	 to	 and
following	 the	 contrast	 administration.	 The	 use	 of	 sodium	 bicarbonate	 and	N-
acetylcysteine	 for	patients	with	 renal	 failure	prior	 to	 administering	 intravenous
contrast	 is	 controversial	 and	 not	 routinely	 recommended.17	 For	 patients	with	 a
history	 of	 a	 prior	 contrast	 reaction,	 the	 incident	 should	 be	 discussed	 with	 the



primary	 team	 to	 determine	 whether	 symptoms	 were	 truly	 an	 anaphylactic
reaction.	 In	 the	 setting	 of	 a	 validated	 contrast	 reaction,	 patients	 are	 usually
pretreated	with	a	combination	of	a	steroid	and	an	antihistamine.	An	acceptable
approach	is	50	mg	of	prednisone	or	32	mg	of	methylprednisolone	12	hours	prior
to	the	procedure	and	then	repeated	at	2	hours	prior	to	the	procedure	along	with
50	mg	diphenhydramine.	Further,	oral	contrast	may	be	given	to	patients	prior	to
CT	to	better	delineate	bowel	 loops	accounting	for	 the	6-hour	window	for	NPO
status	prior	 to	 sedation.	Reports	 of	 unopacified	bowel	mistaken	 for	 an	 abscess
collection	are	not	uncommon.

IMAGING	GUIDANCE
2 	 3 	 Once	 a	 collection	 has	 been	 identified	 and	 determined	 to	 be	 clinically
relevant,	 the	 access	 route	 is	 planned	 with	 the	 basic	 rule	 that	 it	 should	 be	 the
shortest	 and	 least	 invasive	 path.	 The	 mode	 of	 imaging	 guidance	 is	 largely
dependent	on	 the	 location	of	 the	collection	and	surrounding	structures.	CT	and
ultrasound	are	the	two	main	imaging	modalities	used	for	percutaneous	drainage.
When	possible,	ultrasound	is	preferred,	mainly	for	the	real-time	visualization	of
needle	 placement	 into	 a	 collection,	 lack	 of	 ionizing	 radiation,	 better	 ability	 to
characterize	 internal	 complexity	 of	 collections	 than	 CT,	 portability,	 and
relatively	low	cost.	Identification	and	avoidance	of	arterial	and	venous	structures
during	needle	guidance	is	also	aided	by	utilizing	the	Doppler	modality.	Further,
ultrasound	 also	 easily	 allows	 the	 operator	 to	 approach	 the	 collection	 from	any
plane,	 in	 contrast	 to	CT,	which	mainly	 presents	 images	 in	 the	 axial	 plane	 and
requires	 time-consuming	 reformatting	 to	 render	 images	 in	 other	 planes.
Limitations	of	ultrasound	include	“shadowing”	out	of	anatomy	deep	to	bone	or
gas-filled	 bowel,	 and	 poor	 visualization	 of	 deep	 collections	 in	 patients	with	 a
large	 body	 habitus.	 In	 these	 situations,	 CT	may	 provide	 better	 visualization.18
Two	areas	 that	are	commonly	more	accessible	with	CT	than	ultrasound	are	 the
deep	pelvis	and	retroperitoneal	space.	The	main	drawbacks	of	CT	include	its	use
of	 ionizing	 radiation,	 lack	 of	 truly	 real-time	 guidance,	 lack	 of	 portability,	 and
cost.	With	the	advent	of	faster	parallel	processors	and	reconstruction	algorithms,
CT	 fluoroscopy	 now	 exists	 that	 allows	 procedures	 to	 be	 performed	 faster	 and
with	less	radiation	to	the	patient.19,20

A	newer	imaging	modality	that	has	been	used	for	drainage	is	cone	beam	CT,
which	is	performed	in	the	angiography	suite.	A	cone	beam	CT	is	performed	by
rotating	the	fluoroscopic	image	intensifier	around	the	patient	while	imaging	and
using	a	reconstruction	algorithm	to	create	a	3D	data	set.	Newer	fluoroscopy	units



come	with	software	packages	 that	allow	 the	operator	 to	draw	a	needle	path	on
the	cone	beam	CT,	which	is	superimposed	on	the	real-time	fluoroscopic	image	of
the	patient.	Cone	beam	CT	easily	allows	guidance	of	a	needle	out	of	 the	axial
plane,	 which	 is	 an	 advantage	 over	 conventional	 CT	 guidance.	 It	 also	 allows
injection	of	the	drain	with	real-time	visualization	under	fluoroscopy.	Cone	beam
CT	 has	 the	 same	 drawbacks	 of	CT	 including	 its	 use	 of	 ionizing	 radiation	 and
lack	of	portability,	as	well	as	lower	image	quality	than	that	of	conventional	CT
(Figure	 24.2).	 Although	 the	 needle	 is	 advanced	 under	 real-time	 fluoroscopic
imaging,	soft	tissue	is	only	visualized	when	cone	beam	CT	is	performed.	If	the
patient	moves	after	the	needle	path	is	drawn,	the	superimposed	needle	path	is	no
longer	reliable,	and	the	risk	of	injuring	adjacent	organs	is	increased.

	

Figure	24.2 	A	41-year-old	man	with	a	pelvic	abscess	(red	arrow)
after	appendectomy	seen	on	contrast-enhanced	computed	tomography
(CT)	 (A).	 Preprocedure	 cone-beam	CT	 (B)	was	 performed	with	 the
patient	in	the	prone	position	and	a	needle	path	was	plotted.	Note	the
inferior	 image	 quality	 of	 the	 cone-beam	 CT	 compared	 to	 the
diagnostic	 CT.	 The	 18-gauge	 needle	 was	 inserted	 into	 the	 abscess
under	 fluoroscopy	 (C)	 guided	 by	 the	 superimposed	 needle	 path.
Repeat	 cone-beam	 CT	 was	 performed,	 confirming	 satisfactory
position	 of	 the	 needle	 within	 the	 abscess	 (D),	 and	 a	 12-French
drainage	 catheter	 was	 placed.	 Follow-up	 contrast-enhanced	 CT
11	days	after	drainage	demonstrates	near-complete	 resolution	of	 the
pelvic	abscess	(E).

ANESTHESIA	AND	MONITORING



Most	image-guided	drainage	procedures	are	performed	under	local	anesthesia	in
combination	 with	 moderate	 sedation.	 Typically,	 local	 anesthesia	 is	 achieved
using	 1%	 to	 2%	 lidocaine,	 but	 longer-acting	 agents,	 such	 as	 tetracaine	 gel	 or
bupivacaine	(lasting	4-8	hours),	are	available	for	procedures	lasting	more	than	a
couple	hours.	For	moderate	sedation,	the	procedure	is	typically	performed	using
a	 combination	 of	 intravenous	 fentanyl	 and	 midazolam	 or	 propofol.	 The
interventional	radiologist	should	be	certified	in	the	usage	of	conscious	sedation
and	 also	 be	 advanced	 cardiovascular	 life	 support	 trained.	 Vital	 signs	 must	 be
continuously	monitored	by	an	 individual	other	 than	 the	 radiologist	and	 include
respirations,	 pulse	 oximetry,	 blood	 pressure,	 and	 electrocardiography.	 For	 the
infrequent	 event	 of	 cardiopulmonary	 resuscitation,	 a	 defibrillator,	 backboard,
and	code	cart	supplied	with	the	necessary	medications	for	advanced	life	support
should	always	be	available.

THERAPEUTIC	CATHETER	DRAINAGE
Catheter	 drainage	 systems	 can	 be	 introduced	 using	 the	 trocar	 or	 Seldinger
technique.	The	trocar	system	consists	of	a	6.5-	to	16-French	(Fr)	pigtail	catheter
coaxially	 loaded	over	a	hollow	metal	 stiffener	with	a	sharp	 inner	stylet.	Under
image	guidance,	the	trocar	system	is	advanced	together	into	the	fluid	collection.
Next,	the	catheter	is	advanced	off	the	cannula	into	the	cavity,	assuming	its	pigtail
configuration.	 The	 only	 advantage	 of	 the	 trocar	 technique	 over	 the	 Seldinger
technique	 is	 speed.	 In	general,	 the	 trocar	 technique	allows	 for	 less	 fine	control
than	does	 the	Seldinger	 technique,	 as	 the	 force	 required	 to	 advance	 the	 trocar-
catheter	assembly	is	far	greater	than	that	required	to	advance	an	18-	to	21-gauge
needle	when	using	the	Seldinger	technique.	The	trocar	technique	often	requires
the	use	of	two	hands	to	direct	and	advance	the	trocar-catheter	assembly,	making
it	 difficult	 for	 a	 single	 operator	 to	 perform	under	 ultrasound	 guidance	without
assistance.	 Therefore,	 the	 trocar	 technique	 should	 only	 be	 used	 to	 target	 large
collections	with	few	vital	structures	at	risk	of	being	injured.

The	more	elegant	alternative	 to	 the	 trocar	system	for	drain	placement	 is	 the
Seldinger	 technique.	 The	 Seldinger	 technique	 involves	 two	 steps	 starting	with
insertion	of	an	18-gauge	needle	into	a	collection	under	image	guidance	through
which	a	0.035-in	diameter	stiff	guidewire	is	advanced	into	the	cavity.11	The	tract
is	 subsequently	widened	by	 inserting	 stiff	 dilators	 over	 the	wire.	The	drainage
catheter	 is	 then	advanced	over	 the	wire	and	 into	 the	collection.	This	 technique
has	numerous	advantages	over	the	trocar	technique.	The	operator	has	more	fine
control	over	the	needle	than	the	longer	and	thicker	trocar-catheter	assembly	used



in	 the	 trocar	 technique,	 allowing	 the	 targeting	 of	 smaller,	 deeper,	 and	 more
challenging	 collections.	 If	 bowel	 or	 an	 organ	 is	 transgressed	 by	 the	 18-gauge
needle	and	this	is	identified	before	the	drain	is	placed,	less	damage	is	done	than
if	that	same	bowel	or	organ	had	been	transgressed	by	a	drain	loaded	on	a	trocar.
For	example,	an	18-gauge	needle	would	leave	a	1.0	mm	diameter	hole	versus	the
4.0	mm	hole	of	a	12-Fr	drain.	The	biggest	challenge	of	the	Seldinger	technique
is	 prevention	 of	wire	 kinking	 during	 tract	 dilation	 and	 drain	 insertion.	 Longer
tracts	and	tracts	through	dense	tissues	or	thick-walled	abscesses	increase	the	risk
of	wire	kinking.	 If	 the	wire	becomes	kinked,	 it	may	be	 impossible	 to	pass	 the
drain	over	it,	and	the	operator	may	have	to	remove	the	wire	and	start	over.

CATHETER	SELECTION,	FIXATION,	AND
REMOVAL
Catheter	lengths	are	fairly	standardized,	ranging	from	20	to	35	cm	in	length,	and
make	use	of	a	locking	pigtail,	which	must	be	released	before	catheter	removal.	A
second	of	 locking	device,	a	Malecot	or	“mushroom”	catheter,	can	be	deployed
when	 the	 abscess	 cavity	 does	 not	 contain	 enough	 room	 for	 pigtail	 formation.
Initial	 catheter	 size	 is	 chosen	 based	 on	 anticipated	 viscosity	 of	 the	 fluid	 being
drained,	but	catheter	upsizing	using	 the	same	 tract	 is	 straightforward	when	 the
current	size	is	inadequate.	For	large	collections	or	deep	collections	that	cannot	be
reached	 by	 a	 standard	 35	 cm	 catheter,	 a	 biliary	 drainage	 catheter	 or
nephroureteral	catheter	may	be	used,	both	of	which	contain	numerous	side	holes
and	 come	 in	 longer	 lengths.	 In	 addition	 to	 pigtail	 anchorage,	 skin-adherent
locking	devices	are	used	for	catheter	security.	Although	not	universally	done,	the
authors	 recommend	 suturing	 the	 tube	 to	 the	 skin	 to	 further	 reduce	 the	 risk	 of
catheter	 displacement.	 At	 the	 time	 of	 drain	 pulling,	 the	 approach	 to	 catheter
removal	 is	 to	cut	 the	catheter	at	 the	distal	end	closest	 to	 the	hub,	 releasing	 the
internal	 anchoring	 mechanism.	 The	 system	 then	 is	 removed	 with	 gentle
continuous	traction,	making	sure	to	account	for	 the	locking	string	that	was	just
released.	A	sterile	dressing	should	be	placed	and	the	wound	should	be	kept	clean
and	dry	until	it	has	healed.

DIAGNOSTIC	OR	THERAPEUTIC	ASPIRATION
For	simple	aspiration	of	a	fluid	collection,	a	22-	or	20-gauge	needle	is	typically
utilized,	 whereas	 a	 16-	 or	 18-	 gauge	 large-bore	 needle	 is	 most	 suitable	 for	 a



hematoma	or	more	viscous	collection.21,22	Aspirated	fluid	can	be	sent	for	culture,
Gram	 stain,	 and	 cytology	 when	 indicated.	 Additional	 laboratory	 tests	 can	 be
added,	 such	 as	 in	 the	 case	 of	 evaluating	 fluid	 for	 amylase	 in	 a	 peripancreatic
collection	or	creatinine	in	suspected	urinomas.	The	relevance	of	collections	felt
to	 be	 clinically	 important	 solely	 because	 of	 their	mass	 effect	 can	 be	 tested	 by
large-volume	 aspiration.	 In	 general,	 conversion	 from	 aspiration	 to	 catheter
drainage	 can	 be	 done	 easily	 and	 is	 usually	 an	 anticipated	 possibility	 by	 the
interventional	radiologist.

PROCEDURE

General	Considerations
A	variety	 of	 needle	 sizes,	 guidewires,	 and	 catheters	 should	 be	 available	 to	 the
radiologist	during	the	procedure.	Additionally,	with	the	advent	of	portable,	high-
resolution	ultrasound	machines,	some	diagnostic	or	therapeutic	procedures	may
be	performed	at	the	bedside.

All	procedures	are	done	with	a	preprocedure	time-out	and	strict	adherence	to
sterile	 technique.	 In	 principle,	 a	 unilocular	 collection	 with	 a	 well-developed
cavity	wall	 is	 optimal	 but	 not	 required	 for	 percutaneous	 drainage.	 In	 contrast,
loculated	 collections	 can	 often	 be	 handled	 by	 mechanical	 disruption	 via	 the
guidewire	 while	 employing	 the	 Seldinger	 technique	 for	 catheter	 placement.
Some	 authors	 advocate	 the	 use	 of	 thrombolytic	 agents,	 such	 as	 tissue
plasminogen	 activator	 infused	 through	 the	 catheter	 once	 in	 place	 to	 aid	 in
breaking	 down	 loculations.23	 For	 multiloculated	 or	 semisolid	 collections
unresponsive	 to	 these	measures,	multiple	drain	placements	may	be	 required.	 If
possible,	 drains	 should	 be	 inserted	 into	 the	 most	 dependent	 portion	 of	 the
collection	 and	 as	 much	 of	 the	 collection	 drained	 at	 initial	 placement	 through
initial	 aspiration.	 The	 clinical	 success	 of	 catheter	 placement	 can	 be	 related	 to
how	 well	 the	 collection	 responds	 to	 the	 reduction	 of	 its	 volume.24	 When	 the
collection	is	felt	to	be	the	result	of	perforation	of	a	hollow	viscous	organ	such	as
from	 complicated	 appendicitis,	 diverticulitis,	 or	 a	 perforated	 ulcer,	 or	 leakage
from	 the	 biliary	 tree	 or	 urinary	 tract,	 a	 catheter	 sinogram/fistulogram	 can	 be
performed	 after	 drain	 placement	 and	 immediate	 aspiration	 of	 contents.	 Gentle
injection	of	 contrast	 or	 air	 under	CT	or	 fluoroscopic	 imaging	 can	 identify	 any
communication	that	can	be	invaluable	when	developing	a	treatment	plan	for	the
patient	(Figure	24.3).	The	chance	of	creating	sepsis	or	transient	bacteremia	from



performing	a	sinogram	at	the	time	of	drainage	is	a	theoretical	concern	but	rare	in
practice.

Drain	Management
For	 inpatients,	 drainage	 catheter	 output	 should	 be	 evaluated	 daily.	 During
rounds,	the	skin	insertion	site,	catheter	tubing,	and	amount	of	drainage	should	be
evaluated.	Most	catheters	are	connected	 to	a	bag	for	passive	external	drainage.
When	 dependent	 catheter	 position	 in	 the	 cavity	 undergoing	 drainage	 is	 not
possible,	 Jackson-Pratt	 bulb	 suctioning	 can	 be	 used.	 Gentle	 irrigation	 of	 the
abscess	cavity	with	10	mL	of	sterile	saline	is	recommended	three	times	daily	to
ensure	patency.22	In	anticipation	of	the	patient’s	discharge	from	the	hospital,	the
patient	and	caregivers	should	be	instructed	to	perform	catheter	care,	and	visiting
nursing	service	should	be	considered	as	needed.	The	patient	should	be	advised	to
return	 to	 the	department	 in	 the	event	of	worsening	pain	at	 the	site	of	drainage,
leakage	from	the	catheter	entry	site,	fever,	or	chills.	When	long-term	drainage	is
anticipated,	 catheters	 should	 be	 exchanged	 approximately	 every	 3	 months	 to
avoid	blockage.

When	to	Remove	a	Catheter
Premature	 removal	 of	 a	 percutaneous	 drainage	 catheter	 is	 one	 of	 the	 more
common	 causes	 of	 postprocedural	 morbidity	 and	mortality.	 To	 avoid	 this,	 the
catheter	should	remain	in	place	until	the	volume	of	drainage	is	less	than	20	mL/d
for	2	consecutive	days	and	the	patient	is	showing	clinical	improvement.	Follow-
up	 imaging	 on	 simple	 collections	 is	 typically	 not	 required	 prior	 to	 catheter
removal.	 Signs	 of	 incomplete	 collection	 response	 and	 cavity	 include	 reflux
around	the	catheter	during	irrigation	or	new	pain	during	irrigation.	Additionally,
continuous	high	drainage	(>50	mL/d)	should	alert	the	radiologist	for	a	possible
fistulous	 tract	 to	 bowel,	 pancreas,	 or	 biliary	 tree,	 and	 the	 appropriate	 imaging
modality	should	be	used	for	further	evaluation	(Figure	24.3).6,25

	



Figure	 24.3 	 CT	 abscessogram	 demonstrating	 the	 utility	 of
injecting	contrast	into	an	abscess	drain	to	evaluate	for	communication
with	 the	 bowel.These	 (A)	 pre-	 and	 (B)	 postcontrast	 images	 show
contrast	 moving	 from	 the	 abscess	 to	 the	 distal	 sigmoid	 colon	 and
proximal	rectum	after	administration	(red	arrow),	revealing	a	fistula.

Patient	Response
Depending	on	the	location	and	makeup	of	an	infected	collection,	image-guided
percutaneous	 drainage	 results	 in	 complete	 resolution	 of	 infection,	 requiring	no
further	 operative	 intervention	 for	 more	 than	 80%	 of	 patients.1	 Following
complete	 evacuation	 of	 purulent	 material	 from	 an	 infected	 cavity,	 improved
clinical	response	should	be	seen	after	hours	to	several	days.6	The	parameters	of
improving	 clinical	 status	 include	 defervescence,	 reduction	 of	 pain,	 and
resolution	 of	 leukocytosis.	 When	 there	 is	 no	 improvement	 after	 2	 to	 3	 days,
suspicion	 should	 be	 raised	 for	 a	 separate,	 undrained	 collection,	 catheter
dislodgement,	 or	 malfunction.	 For	 such	 cases,	 follow-up	 imaging	 using	 CT,
ultrasound,	 or	 fluoroscopy	 with	 contrast	 injection	 into	 the	 collection	 is
recommended.	Semisolid	collections,	such	as	infected	hematomas	or	pancreatic
abscesses,	are	more	resistant	to	drainage.	In	the	case	of	a	collection	of	necrotic
debris	from	pancreatitis,	one	or	more	large-bore	catheters	(chest	tubes)	up	to	24
Fr	 have	 been	 used	with	 success,	 allowing	 a	 patient	 to	 avoid	 the	morbidity	 of
surgical	debridement.26,27

Complications
4 	Overall	 complications	 of	 percutaneous	 drainage	 are	 reported	 to	 be	 less	 than
15%,1	 and	most	 are	minor.	Major	 complications	 (under	 5%)	 include	 infection,
bleeding,	 septicemia,	 injury	 to	 adjacent	 structures	 such	 as	 bowel,	 and	 death.
Mortality	 from	 the	 procedure	 is	 often	 related	 to	 sepsis	 or	 organ	 failure	 and
compares	 favorably	 to	 the	 surgical	 literature	 rates	 of	 around	 15%.28	 Enteric
transgression	 warrants	 surgical	 consultation,	 but	 can	 usually	 be	 treated
conservatively	 with	 delayed	 catheter	 removal	 to	 allow	 for	 a	 mature	 fistulous
tract	to	develop.	Minor	complications	include	pain,	infection	at	the	skin	insertion
site,	transient	bacteremia,	and	malfunction	of	the	catheter	secondary	to	kinking,
dislodgement,	 or	 clogging	 with	 debris,	 such	 as	 blood	 clots.	 Pain	 can	 be
minimized	by	judicious	use	of	analgesics.	The	recurrence	rate	following	abscess



drainage	 has	 been	 estimated	 to	 be	 between	 5%	 and	 10%.	 Recurrence	may	 be
caused	 by	 early	 catheter	 removal,	 failure	 to	 completely	 drain	 a	 loculated
collection,	or	fistulous	communication	with	the	bowel,	pancreatic	duct,	or	biliary
system.	 Repeat	 drainage	 of	 these	 cavities	 has	 been	 shown	 to	 be	 successful	 in
50%	of	patients,	with	the	need	for	surgical	drainage	reduced	by	half.29

SPECIAL	SITUATIONS

Pancreatic	Fluid	Collections
5 	 Peripancreatic	 fluid	 collections	 are	 a	 common	 finding	 associated	 with
pancreatitis;	however,	 the	majority	 resolve	on	 their	own.	Collections	persisting
beyond	 4	 weeks	 are	 categorized	 as	 either	 pseudocysts	 or	 walled-off	 necrosis.
The	majority	 of	 these	 collections	 can	 be	managed	 conservatively.	 Drainage	 is
only	 indicated	 for	 collections	 that	 cause	 ongoing	pain,	mass	 effect	 (eg,	 gastric
outlet	obstruction,	biliary	obstruction)	or	 that	become	infected	and	fail	medical
management.	Patients	considered	for	drainage	of	peripancreatic	fluid	collections
should	be	discussed	in	a	multidisciplinary	team,	with	surgery,	gastroenterology,
and	interventional	radiology.

The	 preferred	method	 of	 pseudocyst	 drainage	 is	 actually	 not	 percutaneous,
but	 endoscopic.	 If	 the	 wall	 of	 the	 pseudocyst	 is	 adherent	 to	 the	 stomach	 or
duodenum,	 a	 transmural	 approach	 is	 possible.	 If	 the	pseudocyst	 communicates
with	 the	 pancreatic	 duct,	 a	 transpapillary	 drain	 can	 be	 placed.	 Percutaneous
drainage	 is	 reserved	 for	 cases	 in	 which	 the	 collection	 is	 inaccessible	 by	 the
foregoing	two	methods.

Walled-off	necrosis	can	be	treated	with	endoscopic	or	percutaneous	drainage,
or	 laparoscopic	 debridement.	 However,	 as	 with	 pseudocysts,	 the	 preferred
treatment	 approach	 is	 endoscopic.	 For	 walled-off	 necrosis	 collections	 that	 are
inaccessible	by	endoscopy,	a	percutaneous	approach	can	be	used.	Approximately
one-third	 to	 one	 half	 of	 patients	 can	 be	 managed	 with	 percutaneous	 drainage
alone.30,31	The	main	reason	a	percutaneous	approach	is	not	commonly	chosen	as
a	monotherapy	 is	 the	 risk	 of	 causing	 a	 persistent	 pancreaticocutaneous	 fistula.
Percutaneous	drainage	can	also	be	used	in	a	“step	up”	approach	to	the	minimally
invasive	 video-assisted	 retroperitoneal	 debridement	 procedure.	 After	 the	 drain
has	been	upsized	 to	a	 large	caliber,	 the	surgeon	makes	an	 incision	and	dissects
down	to	the	collection	by	following	the	drain.	Using	this	access,	debridement	is
then	performed	using	videoscopic	assistance.	This	minimally	invasive	approach



has	been	shown	to	have	lower	mortality	than	open	debridement.

Pulmonary	Abscess
The	 use	 of	 percutaneous	 transthoracic	 drainage	 for	 pyogenic	 abscesses	 of	 the
lung	is	controversial.	Drainage	carries	a	small	risk	of	causing	a	pneumothorax,
hemothorax,	 hemoptysis,	 or	 empyema,	 but	 the	 most	 feared	 outcome	 is	 a
bronchopleural	fistula,	which	can	be	difficult	to	treat.	The	majority	of	pulmonary
abscesses	are	successfully	treated	with	antibiotics;	however,	approximately	10%
fail	 to	 improve.	 Drainage	 can	 either	 be	 performed	 percutaneously	 or
endoscopically.	 Percutaneous	 drainage	 is	 preferred	 for	 peripheral	 collections
(Figure	24.4).	 It	 is	most	commonly	performed	using	CT	guidance,	as	 the	 lung
tissue	 overlying	 the	 abscess	 may	 be	 aerated	 enough	 to	 cause	 significant
shadowing,	 limiting	visualization	on	ultrasound.	For	patients	who	have	 central
abscesses	 (ie,	 abscesses	 that	 would	 require	 traversing	 a	 significant	 amount	 of
aerated	 lung	 to	 reach	 percutaneously),	 endoscopic	 drainage	 performed	 by	 an
interventional	pulmonologist	 is	preferred.	For	patients	who	fail	conservative	or
minimally	invasive	therapy,	surgical	resection	is	sometimes	performed.

	

Figure	 24.4 	 52-year-old	 man	 found	 to	 have	 a	 right	 upper	 lobe
pulmonary	abscess	on	contrast-enhanced	computed	tomography	(CT)
(A).	 Thoracic	 surgery	 was	 consulted	 for	 possible	 resection	 of	 the
infected	segment	of	lung;	however,	it	was	felt	that	the	patient	would
be	 a	 poor	 surgical	 candidate	 due	 to	 multiple	 comorbidities.
Percutaneous	 drainage	 of	 the	 pulmonary	 abscess	with	CT	 guidance
was	performed	(B).	Follow-up	CT	1	month	later	after	removal	of	the
drain	demonstrated	complete	resolution	of	the	abscess	with	only	mild



residual	scarring	(C).

SUMMARY
Image-guided	percutaneous	aspiration	and	drainage	has	been	established	as	 the
first-line	 treatment	 for	 sterile	 or	 infected	 fluid	 collections.	 Awareness	 of	 the
advantages	 and	 limitations	 of	 the	 procedure	 together	 with	 an	 integrated
management	approach	between	 interventional	 radiology	and	 the	care	 team	will
serve	to	benefit	the	patient	and	improve	clinical	outcomes.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	32-year-old	man	presents	with	right	lower	quadrant	pain	and	is	found	to
have	rebound	and	guarding	on	abdominal	examination.	CT	scan	reveals	a
distended	appendix	with	mural	hyperemia	and	an	adjacent	1.2	cm	rim-enhancing
fluid	collection.	There	is	a	small	amount	of	ascites	present.	Which	of	the
following	is	the	most	appropriate	next	step	in	management?

A. 	CT-guided	drainage
B. 	Diagnostic	paracentesis
C. 	Surgical	consultation
D. 	Ultrasound-guided	biopsy

2. 	A	42-year-old	man	with	gallstone	pancreatitis	is	found	on	CT	scan	to	have
a	peripancreatic	fluid	collection	measuring	up	to	8	cm.	A	follow-up	CT	5	weeks
later	shows	that	this	collection	persists.	The	pancreas	enhances	normally.	Which
of	the	following	is	an	indication	for	percutaneous	drainage?

A. 	Failure	to	resolve	after	>4	weeks
B. 	Persistent	pain
C. 	Size	>3	cm
D. 	Walled-off	necrosis

3. 	Which	of	the	following	is	an	advantage	of	percutaneous	drainage	under



CT	guidance	over	ultrasound	guidance?

A. 	Better	spatial	resolution
B. 	Better	visualization	of	deep	collections
C. 	Lower	cost
D. 	Real-time	visualization

Answers

1.	The	correct	answer	is	C.
Rationale:	 This	 patient	 has	 appendicitis	 complicated	 by	 abscess	 formation.

Surgical	 consultation	 for	 possible	 appendectomy	 and	 washout	 is	 the	 most
appropriate	 next	 step	 in	 management	 (choice	 C	 is	 correct).	 Abscesses	 are
generally	considered	amenable	 to	drainage	only	when	 they	 reach	at	 least	3	cm
(choice	A	 is	 incorrect).	Ultrasound	 sampling	of	 the	 abscess	 and/or	 ascites	will
not	change	management	(choices	B	and	D	are	incorrect).	Of	note,	nonoperative
management	with	 antibiotics	 is	 receiving	more	 attention,	 but	 there	 are	 greater
recurrence	rates	and	risk	of	missed	neoplasms.

2.	The	correct	answer	is	B.
Rationale:	 Management	 of	 peripancreatic	 fluid	 collections	 is	 complex	 and

should	be	discussed	by	a	multidisciplinary	team.	Peripancreatic	fluid	collections
are	 only	 considered	 for	 drainage	 after	 they	 have	 been	 present	 for	 at	 least
4	weeks,	but	that	is	not,	in	and	of	itself,	an	indication	for	drainage	(choice	A	is
incorrect).	 To	 be	 considered	 for	 drainage,	 there	must	 also	 be	 either	 continued
pain	(choice	B	is	correct),	or	a	mass	effect,	or	evidence	of	infection	that	does	not
improve	with	medical	management.	Collections	are	amenable	to	drainage	when
greater	than	3	cm,	but	this	is	also	not,	in	and	of	itself,	an	indication	for	drainage
(choice	C	is	incorrect).	Walled-off	necrosis	is	not,	in	and	of	itself,	an	indication
for	drainage	(choice	D	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	CT	 allows	 for	 better	 visualization	 of	 deep	 collections	 as	well	 as

collections	 that	 are	 beneath	 gas-filled	 bowel	 and	 bone	 (choice	 B	 is	 correct).
Spatial	resolution	may	be	better	with	most	CTs,	but	ultrasound	can	be	very	good
and	fully	adequate	(choice	A	is	incorrect).	However,	there	are	several	drawbacks
to	CT	scan	including	the	ionizing	radiation,	lack	of	true	real-time	visualization,
and	higher	cost	(choice	C	and	D	are	incorrect).
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Chapter	25
Percutaneous	Suprapubic	Cystostomy
Philip	J.	Ayvazian

KEY	POINTS:
1.	 Urethral	catheterization	is	the	principal	method	for	bladder	drainage.
2.	 Difficult	catheterization	can	be	dealt	with	by	using	a	variety	of

catheters	or	even	flexible	cystoscopy	at	the	bedside.
3.	 When	reverting	to	suprapubic	catheterization,	it	is	essential	to	follow

the	appropriate	technique	to	ensure	proper	placement	within	the
bladder	while	avoiding	bowel	injury.

4.	 If	there	are	any	concerns	such	as	history	of	abdominal	surgery,	an
abdominal	ultrasound	can	facilitate	placement	of	a	suprapubic	tube.

5.	 Post	suprapubic	tube	placement,	if	patients	exhibit	septic	signs	or
instability,	this	raises	concern	for	bowel	injury.

INTRODUCTION
Percutaneous	 suprapubic	 cystostomy	 is	 used	 to	 divert	 urine	 from	 the	 bladder
when	 standard	 urethral	 catheterization	 is	 impossible	 or	 undesirable.1-9	 The
procedure	 for	 placement	 of	 a	 small	 diameter	 catheter	 is	 rapid,	 safe,	 and	 easily
accomplished	 at	 the	 bedside	 under	 local	 anesthesia.	 This	 chapter	 will	 first
address	methods	for	urethral	catheterization	before	discussing	the	percutaneous
approach.

URETHRAL	CATHETERIZATION
1 	Urethral	catheterization	remains	the	principal	method	for	bladder	drainage.
The	indications	for	the	catheter	should	be	clarified,	as	they	influence	the	and



size	 used.	 A	 history	 and	 physical	 examination	 with	 particular	 attention	 to	 the
patient’s	genitourinary	system	is	important.

Catheterization	 may	 be	 difficult	 with	 male	 patients	 in	 several	 instances.
Patients	 with	 lower	 urinary	 tract	 symptoms	 (eg,	 urinary	 urgency,	 frequency,
nocturia,	 decreased	 stream,	 and	 hesitancy)	 may	 have	 benign	 prostatic
hypertrophy.	These	patients	may	 require	 a	 larger	bore	catheter,	 such	as	20F	or
22F	 catheters.	 Patients	 with	 a	 history	 of	 prior	 prostatic	 surgery	 such	 as
transurethral	 resection	 of	 the	 prostate,	 open	 prostatectomy,	 or	 radical
prostatectomy	may	have	an	irregular	bladder	neck	as	a	result	of	contracture	after
surgery.	The	use	of	a	coudé	tip	catheter,	which	has	an	upper	deflected	tip,	may
help	in	negotiating	the	altered	anatomy	after	prostate	surgery.	The	presence	of	a
high-riding	prostate	or	blood	at	the	urethral	meatus	suggests	urethral	trauma.	In
this	situation,	urethral	integrity	must	be	demonstrated	by	retrograde	urethrogram
before	urethral	catheterization	is	attempted.

Urethral	 catheterization	 for	 gross	hematuria	 requires	 large	 catheters	 such	 as
22F	or	24F	catheters,	which	have	larger	holes	for	irrigation	and	removal	of	clots.
Alternatively,	a	 three-way	urethral	catheter	may	be	used	 to	provide	continuous
bladder	 irrigation	 to	 prevent	 clotting.	 Large	 catheters	 impede	 excretion	 of
urethral	secretions,	however,	and	can	lead	to	urethritis	or	epididymitis	if	used	for
prolonged	periods.

Technique
For	 male	 patients,	 after	 the	 patient	 is	 prepared	 and	 draped,	 10	 mL	 of	 a	 2%
lidocaine	hydrochloride	 jelly	 is	 injected	 retrograde	 into	 the	urethra.	Anesthesia
of	 the	 urethral	 mucosa	 requires	 5	 to	 10	 minutes	 after	 occluding	 the	 urethral
meatus	either	with	a	penile	clamp	or	manually	 to	prevent	 loss	of	 the	 jelly.	The
balloon	 of	 the	 catheter	 is	 tested,	 and	 the	 catheter	 tip	 is	 covered	with	 a	water-
soluble	 lubricant.	After	 stretching	 the	penis	 upward	perpendicular	 to	 the	body,
the	catheter	is	inserted	into	the	urethral	meatus.	The	catheter	is	advanced	up	to
the	hub	to	ensure	its	entrance	into	the	bladder.	The	balloon	is	not	inflated	until
urine	is	observed	in	the	drainage	tubing	to	prevent	urethral	trauma.	Irrigation	of
the	 catheter	 with	 normal	 saline	 helps	 verify	 the	 position.	 A	 common	 site	 of
resistance	 to	 catheter	 passage	 is	 the	 external	 urinary	 sphincter	 within	 the
membranous	urethra,	which	may	contract	voluntarily.	Any	other	resistance	may
represent	a	 stricture	necessitating	urologic	consultation.	For	patients	with	prior
prostate	 surgery,	 an	 assistant’s	 finger	 placed	 in	 the	 rectum	 may	 elevate	 the
urethra	and	allow	the	catheter	to	pass	into	the	bladder.

For	female	patients,	short,	straight	catheters	are	preferred.	Typically,	a	smaller



amount	of	local	anesthesia	is	used.	Difficulties	in	catheter	placement	occur	after
urethral	 surgery,	vulvectomy,	vaginal	 atrophy,	or	with	morbid	obesity.	 In	 these
cases,	the	meatus	is	not	visible	and	may	be	retracted	under	the	symphysis	pubis.
Blind	catheter	placement	over	a	finger	located	in	the	vagina	at	the	palpated	site
of	the	urethral	meatus	may	be	successful.

2 	 When	 urologic	 consultation	 is	 obtained,	 other	 techniques	 for	 urethral
catheterization	can	be	used.	Flexible	cystoscopy	may	be	performed	to	ascertain
the	 reason	 for	 difficult	 catheter	 placement	 and	 for	 insertion	 of	 a	 guidewire.	A
urethral	catheter	then	can	be	placed	over	the	guidewire	by	a	Seldinger	technique.
Filiforms	and	followers	are	useful	for	urethral	strictures.

Indications
On	 occasion,	 despite	 proper	 technique	 (as	 outlined	 previously),	 urethral
catheterization	 is	 unsuccessful.	 These	 are	 the	 instances	 when	 percutaneous
suprapubic	cystostomy	is	necessary.	Undoubtedly,	 the	most	common	indication
for	percutaneous	suprapubic	cystostomy	is	for	the	management	of	acute	urinary
retention	in	men.	Other	indications	for	a	percutaneous	suprapubic	cystostomy	in
the	intensive	care	unit	are	listed	in	Table	25.1.

TABLE	25.1

Indications	for	Percutaneous	Cystostomy

Unsuccessful	urethral	catheterization	in	the	setting	of	acute	urinary	retention

After	prostatic	surgery

Presence	of	urethral	trauma

After	anti-incontinence	procedures

Prostatic	bilobar	hyperplasia

Urethral	stricture

Severe	hypospadias

Periurethral	abscess



Presence	of	severe	urethral,	epididymal,	or	prostate	infection

Contraindications
The	contraindications	to	percutaneous	suprapubic	cystostomy	are	listed	in	Table
25.2.	An	inability	to	palpate	the	bladder	or	distortion	of	the	pelvic	anatomy	from
previous	surgery	or	trauma	makes	percutaneous	entry	of	the	bladder	difficult.	In
these	situations,	the	risks	of	penetrating	the	peritoneal	cavity	become	substantial.
The	 bladder	 may	 not	 be	 palpable	 if	 the	 patient	 is	 in	 acute	 renal	 failure	 with
oliguria	or	anuria,	has	a	small	contracted	neurogenic	bladder,	or	 is	 incontinent.
When	 the	bladder	 is	 not	 palpable,	 it	 can	be	 filled	 in	 a	 retrograde	manner	with
saline	to	distend	it.	In	men,	a	14F	catheter	is	placed	in	the	fossa	navicularis	just
inside	 the	 urethral	meatus,	 and	 the	 balloon	 is	 filled	with	 2	 to	 3	mL	 of	 sterile
water	to	occlude	the	urethra.	Saline	is	injected	slowly	into	the	catheter	until	the
bladder	is	palpable;	then,	the	suprapubic	tube	may	be	placed.	In	patients	with	a
contracted	neurogenic	bladder,	it	is	impossible	to	adequately	distend	the	bladder
by	this	approach.	For	these	and	most	patients,	ultrasonography	is	used	to	locate
the	bladder	and	allow	the	insertion	of	a	22-gauge	spinal	needle.	Saline	is	instilled
into	the	bladder	via	the	needle	to	distend	the	bladder	enough	for	suprapubic	tube
placement	(Figure	25.1).

TABLE	25.2

Contraindications	to	Percutaneous	Cystostomy

Nonpalpable	bladder

Previous	lower	abdominal	surgery

Coagulopathy

Known	bladder	tumor

Clot	retention



	

Figure	 25.1 	 Algorithm	 for	 percutaneous	 suprapubic	 tube
placement.

For	 patients	 with	 previous	 lower	 abdominal	 surgery,	 ultrasonographic
guidance	is	often	necessary	before	a	percutaneous	cystostomy	can	be	performed
safely.	Previous	surgery	can	lead	to	adhesions	that	can	hold	a	loop	of	intestine	in
the	 area	 of	 insertion.	 Other	 relative	 contraindications	 include	 patients	 with
coagulopathy,	 a	 known	 history	 of	 bladder	 tumors,	 or	 active	 hematuria	 and
retained	 clots.	 For	 patients	 with	 bladder	 tumors,	 percutaneous	 bladder	 access
should	be	avoided	because	tumor	cell	seeding	can	occur	along	the	percutaneous
tract.	 Suprapubic	 cystostomy	 tubes	 are	 of	 small	 caliber	 and	 therefore	 do	 not
function	 effectively	 with	 severe	 hematuria	 and	 retained	 clots.	 Instead,	 open
surgical	placement	of	a	large	caliber	tube	is	necessary	if	urethral	catheterization
is	impossible.

Technique
There	are	two	general	types	of	percutaneous	cystostomy	tubes	that	range	in	size
from	 8	 to	 14	 French.	 The	 first	 uses	 an	 obturator	 with	 a	 preloaded	 catheter.
Examples	 include	 the	Stamey	catheter	 (Cook	Urological,	Spencer,	 IN)	 and	 the
Bonanno	 catheter	 (Becton	 Dickinson	 and	 Co.,	 Franklin	 Lakes,	 NJ).10	 The
Stamey	device	is	a	polyethylene	Malecot	catheter	with	a	Luer	lock	hub	that	fits



over	a	hollow	needle	obturator	(Figure	25.2A).	When	the	obturator	is	locked	to
the	hub	of	the	catheter,	the	Malecot	flanges	are	pulled	inward	(closed),	and	the
system	is	ready	for	use.	The	Bonanno	catheter	uses	a	flexible	14F	Teflon	tube,
which	 is	 inserted	 over	 a	 hollow	 18-gauge	 obturator	 (Figure	 25.2B).	 The
obturator	locks	into	the	catheter	hub	and	extends	beyond	the	catheter	tip.	When
the	obturator	is	withdrawn,	the	tube	pigtails	in	the	bladder.	One	advantage	of	the
Stamey	 catheter	 is	 that	 the	 flanges	 provide	 a	 secure	 retaining	 system.	 The
Bonanno	catheter	generally	induces	fewer	bladder	spasms,	however,	and	is	better
tolerated.

	

Figure	25.2 	A,	Stamey	suprapubic	cystostomy	trocar	set	(A	is	the
obturator,	B	 is	 the	Malecot	catheter,	and	C	 is	 the	drainage	 tube).	B,
Bonanno	 catheter	 set	 (A	 is	 the	 obturator	 and	B	 is	 the	 catheter).	C,
Lawrence	suprapubic	catheter	(A	is	the	trocar	and	B	is	the	sheath).

The	second	of	percutaneous	cystostomy	tube	consists	of	a	 trocar	and	sheath
which	 are	 used	 to	 penetrate	 the	 abdominal	wall	 and	 bladder.	One	 of	 the	most
popular	systems	is	the	Lawrence	suprapubic	catheter	(Rusch,	Duluth,	GA).	This
system	allows	a	standard	Foley	catheter	to	be	placed	after	removal	of	the	trocar
(Figure	25.2C).

3 	 The	 patient	 is	 placed	 in	 the	 supine	 position;	 a	 towel	 roll	 may	 be	 placed
under	 the	 hips	 to	 extend	 the	 pelvis.	 Trendelenburg	 may	 help	 to	 move	 the



abdominal	 contents	 away	 from	 the	 bladder.	 The	 bladder	 is	 palpated	 to	 ensure
that	 it	 is	 distended.	 The	 suprapubic	 region	 is	 clipped,	 prepared	 with	 10%
povidone-iodine	 solution,	 and	 draped	with	 sterile	 towels.	 The	 insertion	 site	 is
several	 centimeters	 above	 the	 symphysis	 pubis	 in	 the	 midline.	 This	 approach
avoids	 the	epigastric	vessels.	 In	obese	patients	with	a	 large	abdominal	 fat	pad,
the	fold	is	elevated.	The	needle	should	be	introduced	into	the	suprapubic	crease,
where	 the	 fat	 thickness	 is	minimal.	 After	 obtaining	 consent	 and	 performing	 a
time-out,	 1%	 lidocaine	 is	 used	 to	 anesthetize	 the	 skin,	 subcutaneous	 tissues,
rectus	 fascia,	 and	 retropubic	 space.	 A	 22-gauge	 spinal	 needle	 with	 a	 5-mL
syringe	is	directed	vertically	and	advanced	until	urine	is	aspirated.	If	the	bladder
is	smaller	or	if	the	patient	had	previous	pelvic	surgery,	the	needle	is	directed	at	a
60°	caudal	angle.	Insertion	of	the	cystostomy	tube	is	predicated	on	the	feasibility
of	bladder	puncture	and	after	the	angle	and	depth	of	insertion	is	established	with
the	spinal	needle	(Figure	25.3).

	

Figure	25.3 	Technique	of	suprapubic	trocar	placement.A,	Area	to
be	shaved,	prepared,	and	draped	before	trocar	placement.	B,	Position
of	 the	 Stamey	 trocar	 in	 the	 bladder.	 The	 angle,	 distance	 from	 the
pubis,	and	position	of	the	catheter	in	relation	to	the	bladder	wall	are
demonstrated.



At	the	site	of	bladder	puncture,	a	small	2-mm	incision	is	made	with	a	no.	11
blade.	 The	 catheter	mounted	 on	 the	 obturator	 is	 advanced	 toward	 the	 bladder.
Two	 hands	 are	 used	 to	 grasp	 the	 system	 to	 provide	 a	 forceful,	 but	 controlled,
thrust	through	the	abdominal	wall.	One	hand	can	be	positioned	on	the	obturator
at	a	site	marking	the	depth	of	 the	bladder.	A	syringe	attached	to	the	end	of	 the
obturator	 is	 used	 to	 aspirate	 urine	 and	 confirm	 obturator	 placement.	Once	 the
bladder	is	penetrated,	the	entire	system	is	advanced	2	to	3	cm.	This	prevents	the
catheter	 tip	 from	 withdrawing	 into	 the	 retropubic	 space	 when	 the	 bladder
decompresses.	After	unlocking	the	obturator	from	the	catheter,	the	obturator	acts
as	a	guide	while	the	catheter	is	advanced	into	the	bladder.	When	using	a	Stamey
catheter,	 the	 catheter	 can	 be	 gently	withdrawn	 until	 the	Malecot	 flanges	meet
resistance	 against	 the	 anterior	 bladder	 wall.	 The	 Stamey	 catheter	 is	 then
advanced	 2	 cm	 back	 into	 the	 bladder	 to	 allow	 for	movement.	 This	maneuver
pulls	 the	 catheter	 away	 from	 the	 bladder	 trigone	 and	 helps	 reduce	 bladder
spasms.	 The	 same	 general	 technique	 applies	 to	 placement	 of	 the	 Lawrence
suprapubic	catheter	system.	After	the	bladder	is	penetrated,	urine	appears	at	the
hub	of	the	suprapubic	catheter	introducer	(trocar	plus	sheath).	The	trocar	is	then
removed,	and	a	Foley	catheter	is	inserted.	The	Foley	catheter	balloon	is	inflated
to	 secure	 it	 in	 the	 bladder.	 Pulling	 the	 tab	 at	 the	 top	 of	 the	 peel-away	 sheath
allows	the	remaining	portion	of	the	sheath	to	be	removed	away	from	the	catheter.

The	 patency	 of	 the	 catheter	 is	 assessed	 by	 irrigating	 the	 bladder	 after
decompression.	The	catheter	can	be	fixed	with	a	simple	nylon	suture	and	sterile
dressing.	The	Bonanno	catheter	contains	a	suture	disc.	The	Lawrence	suprapubic
catheter	 does	 not	 require	 extra	 fixation,	 because	 the	 balloon	 on	 the	 Foley
catheter	secures	it	in	place.

SUPRAPUBIC	CATHETER	CARE
Bladder	 spasms	 occur	 commonly	 after	 suprapubic	 catheter	 placement.	 When
using	a	Stamey	catheter	or	a	Foley	catheter,	bladder	spasms	can	be	prevented	by
withdrawing	the	tube	until	it	meets	the	anterior	bladder	wall	and	then	advancing
2	 cm	 back	 into	 the	 bladder.	 Persistent	 bladder	 spasms	 can	 be	 treated	 with
anticholinergic	 therapy	 (eg,	 oxybutynin	 and	 hyoscyamine).	 This	 medication
should	be	discontinued	before	removing	the	suprapubic	tube	to	prevent	urinary
retention.

A	 suprapubic	 tube	 that	 ceases	 to	 drain	 is	 usually	 caused	 by	 kinking	 of	 the
catheter	 or	 displacement	 of	 the	 catheter	 tip	 into	 the	 retropubic	 space.	 If
necessary,	 suprapubic	 catheters	 may	 be	 replaced	 using	 either	 an	 exchange	 set



(available	 for	Stamey	catheters)	or	by	dilating	 the	cystostomy	tract.	Closure	of
the	percutaneous	cystostomy	tract	is	generally	prompt	after	the	tube	is	removed.
Prolonged	 suprapubic	 tube	 use	 can	 lead	 to	 a	 mature	 tract,	 which	 may	 take
several	 days	 to	 close.	 If	 the	 tract	 remains	 open,	 bladder	 decompression	 via	 a
urethral	catheter	may	be	required.

COMPLICATIONS
5 	 Placement	 of	 suprapubic	 cystostomy	 tubes	 is	 generally	 safe	with	 infrequent
complications.	 Possible	 complications	 are	 listed	 in	 Table	 25.3.	 Bowel
complications	 are	 severe	 but	 rare	 with	 this	 procedure.11,12	 Penetration	 of	 the
peritoneal	 cavity	 or	 bowel	 perforation	 produces	 peritoneal	 or	 intestinal
symptoms	 and	 signs.	 This	 complication	 can	 be	 avoided	 by	 attempting	 the
procedure	 only	 on	 well-distended	 bladders	 and	 using	 a	 midline	 approach	 no
more	than	4	cm	above	the	pubis.

TABLE	25.3

Complications	of	Percutaneous	Cystostomy

Peritoneal	and	bowel	perforation

Hematuria

Retained	or	calcified	catheter

Bladder	stones

Postobstructive	diuresis

Hypotension

Bladder	perforation

For	 patients	 who	 have	 had	 previous	 lower	 abdominal	 or	 pelvic	 surgery,
ultrasound	guidance	should	be	used	to	assist	proper	placement	of	the	suprapubic
tube	and	to	rule	out	entrapped	bowel	(Figure	25.4).



	

Figure	25.4 	 Placement	 of	 the	 suprapubic	 tube	 can	 perforate	 the
entrapped	bowel.

5 	 Patients	 who	 develop	 peritoneal	 symptoms	 and	 signs	 require	 a	 full
evaluation	of	not	only	the	location	of	the	suprapubic	tube	(by	a	cystogram)	but
also	 of	 the	 cystostomy	 tract.	 A	 kidney-ureter-bladder	 x-ray	 and	 computed
tomography	scans	may	be	required.

Hematuria	 is	 the	 most	 common	 complication	 after	 suprapubic	 tube
placement.	Rarely,	 it	 requires	open	cystostomy	for	placement	of	a	 large	caliber
tube	for	irrigation.	Hematuria	can	occur	secondary	to	laceration	of	a	submucosal
vessel	 or	 rapid	 decompression	 of	 a	 chemically	 distended	 bladder.	 It	 can	 be
avoided	by	gradual	bladder	decompression.

Complications	 associated	with	 the	 catheter	 include	 loss	 of	 a	 portion	 of	 the
catheter	in	the	bladder,	calcification	of	the	catheter,	or	bladder	stone	formation.
These	 complications	 can	 be	 avoided	 by	 preventing	 prolonged	 catheter	 use.
Beyond	4	weeks,	evaluation	and	replacement	or	removal	must	be	considered.

When	chronically	distended	bladders	are	decompressed,	patients	are	at	risk	of
postobstructive	 diuresis.	 Patients	 who	 are	 at	 greatest	 risk	 include	 those	 with
azotemia,	peripheral	edema,	congestive	heart	failure,	and	mental	status	changes.
Patients	with	postobstructive	diuresis	 (ie,	urine	outputs	greater	 than	200	mL/h)
require	frequent	monitoring	of	vital	signs	and	intravenous	fluid	replacement.

Hypotension	rarely	occurs	after	suprapubic	tube	placement.	It	may	be	caused
by	 a	 vasovagal	 response	 or	 relief	 of	 pelvic	 veins	 compressed	 by	 bladder
distention.	Prompt	fluid	administration	is	the	treatment	for	this	complication.

Another	rare	complication	is	through-and-through	bladder	perforation.	This	is
treated	conservatively	with	bladder	decompression.

UTILITY	OF	ULTRASONOGRAPHY	FOR



PERCUTANEOUS	CYSTOSTOMY	AND
URETHRAL	CATHETERIZATION
4 	Ultrasonography	 has	 useful	 application	 for	 the	 performance	 of	 percutaneous
cystostomy.13	The	experienced	urologist	will	generally	not	use	ultrasonography
to	perform	percutaneous	cystostomy;	as	in	their	expert	hands,	the	procedure	can
be	performed	with	a	high	degree	of	safety.14	The	exception	would	be	when	there
is	 history	 of	 lower	 abdominal	 surgery,	 where	 the	 risk	 of	 bowel	 injury	 is
increased.	 It	 is	 unusual	 for	 an	 intensivist	 to	 perform	percutaneous	 cystostomy,
but	 should	 the	 need	 arise,	 ultrasonography	 is	 particularly	 helpful	 to	 the	 less
experienced	 operator,	 as	 the	 fluid-filled	 bladder	 can	 be	 readily	 identified	with
ultrasonography.7	This	allows	for	accurate	identification	of	safe	site,	depth,	and
angle	 for	device	 insertion	 into	 the	bladder,	 similar	 in	principle	 to	 that	 required
for	thoracentesis	or	paracentesis.

Using	 a	 transverse	 imaging	 plane,	 the	 phased	 array	 probe	 (or	 curvilinear
abdominal	probe	if	available)	is	placed	immediately	above	the	pubic	bone	in	the
midline.	The	fluid-filled	bladder	is	identified	as	an	anechoic	space	subtended	by
characteristic	 boundaries.	When	 filled	 to	 a	moderate	 extent,	 the	 bladder	 has	 a
square	configuration;	when	distended,	it	becomes	rounded	in	shape.	By	angling
the	 probe	 from	 the	 transverse	 plane	 downward	 into	 the	 pelvis,	 the	 entire
structure	 can	 be	 examined.	 The	 best	 site	 for	 device	 insertion	 that	 avoids
interposed	bowel	is	 identified	and	marked.	The	risk	that	 the	bowel	might	be	in
the	 target	 area	 is	 of	 special	 concern	 if	 there	 is	 history	 of	 lower	 abdominal
surgery.	The	depth	and	best	angle	for	device	insertion	is	determined,	followed	by
performance	of	the	procedure.	Ascites	may	be	mistaken	for	a	full	bladder.	This
pitfall	 may	 be	 avoided	 by	 identifying	 bowel	 loops	 within	 the	 ascites,	 and	 by
detection	of	ascites	elsewhere	in	the	abdomen.	Ultrasonography	also	has	useful
application	for	the	performance	of	difficult	urethral	catheterization.	For	the	male
patient	 with	 an	 enlarged	 prostate,	 passage	 of	 the	 urethral	 catheter	 may	 be
difficult.	The	tip	of	the	catheter	may	enter	the	bladder	with	drainage	of	urine,	but
with	 the	 catheter	 balloon	 remaining	 in	 the	 proximal	 urethra	 at	 the	 level	 of	 the
prostate.	Inflation	of	the	balloon	may	injure	the	proximal	urethra.	When	there	is
difficulty	with	catheter	 insertion	and	uncertainty	concerning	the	position	of	 the
catheter	 balloon,	 real-time	 ultrasonography	 of	 the	 bladder	 during	 catheter
insertion	allows	the	intensivist	 to	determine	proper	balloon	position	prior	 to	 its
inflation.15,16	Ultrasonographic	guidance	of	catheter	insertion	is	not	required	for
routine	urethral	catheterization.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	75-year-old	man	in	the	ICU	is	unable	to	void.	He	has	a	history	of	past
urological	surgery.	Insertion	of	a	Foley	catheter	is	attempted	but	unsuccessful,	as
the	catheter	can	only	be	advanced	10	cm	from	the	meatus.	What	is	the	most
appropriate	next	step	in	management?

A. 	Inflate	balloon	at	10	cm	mark
B. 	Insert	a	suprapubic	tube
C. 	Use	a	coudé	catheter
D. 	Use	a	smaller	Foley	catheter

2. 	A	75-year-old	man	in	the	ICU	is	unable	to	be	bladder-catheterized
successfully.	Bladder	scan	reveals	500	mL	of	urine.	No	urologist	is	available	and
so	the	intensivist	places	a	suprapubic	tube.	After	an	initial	flash	of	clear	urine,
the	intensivist	withdraws	the	trocar	and	deploys	the	catheter.	However,	the
catheter	stops	draining	after	only	100	mL.	What	is	the	most	likely	explanation?

A. 	The	bladder	scan	volume	was	inaccurate
B. 	The	trocar	went	through	posterior	bladder	walls
C. 	The	tube	is	clotted
D. 	The	tube	was	not	advanced	far	enough

3. 	An	ICU	patient	has	a	suprapubic	tube	inserted.	Twenty-four	hours	later,
the	patient	demonstrates	signs	and	symptoms	of	sepsis.	On	physical	exam,	his
abdomen	is	rigid	with	involuntary	guarding.	What	is	the	most	appropriate	next
step	in	management?

A. 	CT	scan	of	abdomen	and	pelvis
B. 	Cystogram
C. 	Pull	suprapubic	tube	out	halfway
D. 	Remove	suprapubic	tube

Answers

1.	The	correct	answer	is	D.



Rationale:	Expected	catheter	depth	in	a	male	patient	 is	15	to	25	cm	or	until
urine	flow	is	seen.	Stopping	at	only	10	cm	from	meatus	indicates	stricture.	It	is
reasonable	to	try	a	smaller	catheter	that	may	pass	through	the	stricture	(choice	D
is	correct).	A	coudé	catheter	has	a	curved	tip	that	may	help	placement	if	there	is
benign	prostatic	hypertrophy	but	will	not	help	if	there	is	a	stricture	(choice	C	is
incorrect).	The	other	 choices	 are	dangerous	 (choice	A)	or	not	 indicated	 at	 this
point	of	his	management	(choice	B).

2.	The	correct	answer	is	D.
Rationale:	 After	 an	 initial	 flash	 of	 urine,	 the	 catheter	 must	 be	 advanced

several	 centimeters	 before	withdrawing	 the	 trocar.	 This	 is	 done	 to	 insure	 it	 is
properly	seated	within	the	bladder	lumen	during	bladder	decompression	(choice
D	 is	 correct).	 There	 is	 no	 reason	 to	 suspect	 the	 accuracy	 of	 the	 bladder	 scan
(choice	A	is	 incorrect),	no	hematuria	 is	present	making	clot	 formation	unlikely
(choice	C	 is	 incorrect),	and	 insertion	was	superficial	without	other	evidence	of
posterior	penetration	(choice	B	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	 In	 order	 to	 evaluate	 both	 the	 location	 of	 the	 suprapubic	 tube	 as

well	as	the	tract,	a	CT	scan	is	necessary	(choice	A	is	correct)	to	help	rule	out	a
bowel	 perforation.	 Adjusting	 the	 tube	 will	 not	 provide	 additional	 information
(choices	 C	 and	 D	 are	 incorrect).	 Cystography	 may	 be	 equivalent	 to	 CT	 for
suspected	 bladder	 rupture,	 but	 only	 CT	 allows	 visualization	 of	 other
abdominopelvic	injuries	(choice	B	is	incorrect).
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Chapter	26
Aspiration	of	the	Knee	and	Synovial
Fluid	Analysis
Yevgeniy	Popov,	Deborah	M.	Demarco,	Karen	Salomon-Escoto,
Francisco	De	La	Serna

KEY	POINTS:
1.	 Arthrocentesis	is	a	safe	and	effective	procedure	for	distinguishing

arthritis	due	to	inflammatory,	crystal,	and	infectious	etiologies.
2.	 A	white	blood	cell	count	of	2000	cells/μL	from	synovial	aspiration	is

the	threshold	for	distinguishing	between	noninflammatory	and
inflammatory	synovial	fluid.	The	white	blood	cell	count	and
polymorphonuclear	cell	count	increase	with	inflammation	and
infection.

3.	 Arthrocentesis	also	allows	for	the	injection	of	corticosteroid
preparations	for	treatment	of	various	inflammatory	and
noninflammatory	forms	of	arthritis.

4.	 Ultrasonography	is	a	useful	modality	for	confirming	and	quantifying
the	amount	of	fluid	present	in	a	joint	space	and	for	guiding
arthrocentesis	of	anatomically	difficult	joints.

INTRODUCTION
1 	 Arthrocentesis	 involves	 the	 introduction	 of	 a	 needle	 into	 a	 joint	 space	 to
remove	 synovial	 fluid.	 It	 is	 a	 safe	 and	 relatively	 simple	 procedure	 that
constitutes	 an	 essential	 part	 of	 the	 evaluation	 for	 arthritis	 of	 unknown	 cause,
particularly	 in	 distinguishing	 between	 inflammatory	 and	 noninflammatory
processes.1,2

Conditions	 such	as	 septic	 arthritis	 and	crystalline	 arthritis	 can	be	diagnosed



by	 synovial	 fluid	 analysis	 alone.	 However,	 while	 they	 present	 similarly,	 they
require	markedly	different	treatments.	This	necessitates	early	arthrocentesis	and
prompt	synovial	fluid	analysis.

INDICATIONS
1 	Arthrocentesis	is	performed	for	diagnostic	and	therapeutic	purposes.	The	main
indication	for	arthrocentesis	is	to	assist	in	the	evaluation	of	arthritis	of	unknown
cause.	 In	 the	 intensive	 care	 unit,	 it	 is	 most	 commonly	 performed	 to	 rule	 out
septic	 arthritis	 or	 crystalline	 arthritis.	As	many	 types	 of	 inflammatory	 arthritis
mimic	septic	arthritis,	 synovial	 fluid	analysis	 is	essential	 for	differentiating	 the
various	 causes	 of	 inflammatory	 arthritis2	 (Table	 26.1).	 Therefore,	 patients
presenting	 with	 acute	 monoarthritis	 or	 oligoarthritis	 require	 prompt
arthrocentesis	 with	 subsequent	 synovial	 fluid	 analysis,	 preferably	 before
initiation	of	treatment.

TABLE	26.1

Common	Causes	of	Noninflammatory	and	Inflammatory
Arthritides

Noninflammatory Inflammatory

Osteoarthritis Rheumatoid	arthritis

Trauma/internal
derangement

Spondyloarthropathies

Avascular	necrosis Psoriatic	arthritis

Hemarthrosis Reiter	syndrome/reactive	arthritis

Malignancy Ankylosing	spondylitis

Benign	tumors Ulcerative	colitis/regional	enteritis

Osteochondroma Crystal-induced	arthritis

Pigmented	villonodular Monosodium	urate	(gout)



synovitis Calcium	pyrophosphate	deposition	disease
(pseudogout)
Calcium	pyrophosphate	dihydrate	(pseudogout)
Hydroxyapatite

Infectious	arthritis
Bacterial
Mycobacterial
Fungal

Connective	tissue	diseases
Systemic	lupus	erythematosus
Vasculitis
Scleroderma
Polymyositis

Hypersensitivity
Serum	sickness

3 	Arthrocentesis	is	also	used	for	therapeutic	purposes.	In	a	septic	joint,	serial
joint	 aspirations	 are	 often	 required	 to	 remove	 accumulated	 inflammatory	 or
purulent	fluid.	This	allows	for	drainage	of	the	closed	space	and	serial	monitoring
of	 the	 total	white	blood	cell	count,	Gram	stain,	and	culture	 to	assess	 treatment
response.	Inflammatory	fluid	contains	many	destructive	enzymes	that	contribute
to	 cartilage	 and	 bony	 degradation;	 removal	 of	 the	 fluid	 may	 thus	 slow	 this
destructive	process.3,4	Additionally,	 arthrocentesis	 allows	 for	 injection	 of	 long-
acting	 corticosteroid	 preparations	 into	 the	 joint	 space,	 which	may	 be	 a	 useful
treatment	for	various	inflammatory	and	noninflammatory	forms	of	arthritis.1

Before	performing	arthrocentesis,	it	must	be	ascertained	that	the	true	joint	is
inflamed,	 and	 an	 effusion	 is	 present.	 This	 requires	 a	 meticulous	 physical
examination	 to	 differentiate	 arthritis	 from	 periarticular	 inflammation.	 Bursitis,
tendinitis,	 and	 cellulitis	 all	 may	 mimic	 arthritis.	 In	 the	 knee,	 the	 examination
begins	with	 assessment	 of	 swelling.	A	 true	 effusion	may	 cause	 bulging	 of	 the
parapatellar	 gutters	 and	 the	 suprapatellar	 pouch.	 The	 swelling	 should	 be
confined	 to	 the	 joint	 space.	 To	 check	 for	 small	 effusions,	 the	 bulge	 test	 is
performed.5	 Fluid	 is	 stroked	 from	 the	 medial	 joint	 line	 into	 the	 suprapatellar
pouch	and	then	from	the	suprapatellar	pouch	down	along	the	lateral	joint	line.	If
a	 bulge	 of	 fluid	 is	 noted	 at	 the	 medial	 joint	 line,	 a	 small	 effusion	 is	 present
(Figure	26.1).	If	a	large	effusion	is	present,	one	can	detect	a	ballotable	patella	by



pushing	it	against	the	femur	with	the	right	index	finger	while	applying	pressure
to	 the	suprapatellar	pouch	with	 the	 left	hand.6	A	comparison	with	 the	opposite
joint	is	helpful.

	

Figure	26.1 	 The	 bulge	 test.A,	Milk	 fluid	 from	 the	 suprapatellar
pouch	into	the	joint.	B,	Slide	the	hand	down	the	lateral	aspect	of	the
joint	line	and	watch	for	a	bulge	medial	to	the	joint.

CONTRAINDICATIONS
Absolute	 contraindications	 to	 arthrocentesis	 include	 local	 infection	 of	 the
overlying	 skin	 or	 other	 periarticular	 structures	 and	 severe	 coagulopathy.1,2,7	 If
coagulopathy	is	present	and	septic	arthritis	 is	suspected,	every	effort	should	be
made	to	correct	the	coagulopathy	(with	fresh	frozen	plasma	or	alternate	factors)
before	 joint	 aspiration.8	 Therapeutic	 anticoagulation	 is	 not	 an	 absolute
contraindication,	 but	 every	 effort	 should	 be	 made	 to	 avoid	 excessive	 trauma
during	aspiration,	including	using	a	smaller	size	needle.	Known	bacteremia	is	a
relative	contraindication	because	inserting	a	needle	into	the	joint	space	disrupts
capillary	integrity,	theoretically	allowing	joint	space	seeding.9	However,	if	septic
arthritis	 is	 strongly	 suspected,	 joint	 aspiration	 is	 indicated.	 The	 presence	 of
articular	instability	(eg,	such	as	that	seen	with	badly	damaged	joints)	is	a	relative
contraindication,	 although	 the	 presence	 of	 a	 large	 amount	 of	 presumed
inflammatory	fluid	may	still	warrant	joint	aspiration.

COMPLICATIONS
The	major	 complications	 of	 arthrocentesis	 are	 iatrogenically	 induced	 infection
and	 bleeding,	 both	 of	which	 are	 extremely	 rare.1,2,8	 The	 risk	 of	 infection	 after



arthrocentesis	has	been	estimated	 to	be	 less	 than	1	 in	10,000	 to	1	 in	100,000.1
Hollander10	 reported	 an	 incidence	 of	 less	 than	 0.005%	 in	 400,000	 injections.
Strict	 adherence	 to	 aseptic	 technique	 reduces	 the	 risk	 of	 postarthrocentesis
infection.	 Significant	 hemorrhage	 is	 also	 extremely	 rare.	 Correction	 of
prominent	coagulopathy	before	arthrocentesis	reduces	this	risk.

Another	 potential	 complication	 of	 arthrocentesis	 is	 direct	 injury	 to	 the
articular	 cartilage	by	 the	needle.	This	 is	 not	quantifiable,	 but	 any	 injury	 to	 the
cartilage	 could	 be	 associated	 with	 degenerative	 change	 over	 time.	 To	 avoid
cartilaginous	damage,	the	needle	should	be	pushed	in	only	as	far	as	necessary	to
obtain	fluid,	and	excessive	movement	of	the	needle	during	the	procedure	should
be	avoided.

Other	 complications	 include	 discomfort	 from	 the	 procedure	 itself,	 allergic
reactions	 to	 the	 skin	 preparation	or	 local	 anesthetic,	 and	 in	 the	 case	 of	 steroid
injection,	 postinjection	 flare	 and	 local	 soft	 tissue	 atrophy	 from	 the
glucocorticoid.11

TECHNIQUE
Joint	aspiration	is	easily	learned	though	sound	knowledge	of	the	joint	anatomy,
including	the	bony	and	soft	 tissue	landmarks	used	for	 joint	entry.	Strict	aseptic
technique	must	be	followed	to	minimize	risk	of	infection,	and	patient	position	to
allow	 relaxation	of	 the	muscles	 surrounding	 the	 joint	 should	be	 encouraged	as
muscular	contraction	can	impede	the	needle’s	entry	into	the	joint.

Most	physicians	in	the	intensive	care	unit	can	aspirate	the	knee	because	it	is
one	 of	 the	 most	 accessible	 joints.	 Other	 joints	 may	 require	 aspiration	 by	 an
appropriate	 specialist,	 such	 as	 a	 rheumatologist	 or	 an	 orthopedic	 surgeon.
Certain	 joints	 are	 quite	 difficult	 to	 enter	 blindly	 and	 are	 more	 appropriately
entered	 using	 guidance	 with	 ultrasonography,	 fluoroscopy,	 or	 computed
tomography;	 these	 include	 the	 hip,	 sacroiliac,	 and	 temporomandibular	 joints.
Many	 texts	 describe	 in	 detail	 the	 aspiration	 technique	 of	 other	 joints.10-12	 The
technique	 for	 knee	 aspiration	 is	 presented	 in	 	Video	 26.1	 and	 described	 as
follows:

1.	 Describe	the	procedure	to	the	patient,	including	the	possible	complications,
and	obtain	informed	consent.

2.	 Perform	a	time-out	procedure	that	includes	two-item	patient	identification,
procedure	and	site	verification,	a	review	of	allergy	and	hemostasis
diagnostics,	and	confirmation	of	the	availability	of	functional	monitoring



and	resuscitation	equipment.
3.	 Collect	all	items	needed	for	the	procedure	(Table	26.2).

TABLE	26.2

Arthrocentesis	Equipment

Procedure Equipment

Skin	preparation
and	local
anesthesia

10%	povidone-iodine	or	2%	chlorhexidine	in	70%
isopropyl	alcohol
Ethyl	chloride	spray
For	local	anesthesia—1%	lidocaine;	25-gauge,	1.5-
in	needle;	22-gauge,	1.5-in	needle;	5-mL	syringe
Sterile	sponge/cloth

Arthrocentesis Gloves
20-	to	60-mL	syringe	(depending	on	size	of
effusion)
18-	to	22-gauge,	1.5-in	needle
Sterile	sponge/cloth
Sterile	clamp
Sterile	bandage

Collection 15-mL	anticoagulated	tube	(with	sodium	heparin	or
ethylenediaminetetraacetic	acid)
Sterile	tubes	for	routine	cultures
Slide,	coverslip

4.	 With	the	patient	supine	and	the	knee	fully	extended,	examine	the	knee	to
confirm	the	presence	of	an	effusion,	as	described	previously.

5.	 Confirm	the	presence	of	an	effusion	with	joint	ultrasonography	( 	Video
26.2).

6.	 Identify	landmarks	for	needle	entry.	The	knee	may	be	aspirated	from	a
medial	or	lateral	approach.	The	medial	approach	is	more	commonly	used
and	is	preferred	when	small	effusions	are	present.	Identify	the	superior	and
inferior	borders	of	the	patella.	Entry	should	be	halfway	between	the
borders,	just	inferior	to	the	undersurface	of	the	patella	(Figure	26.2).	The



entry	site	may	be	marked	with	pressure	from	the	needle	cover	with	the
needle	removed.	An	indentation	mark	should	be	visible.

	

Figure	 26.2 	 Technique	 of	 aspirating	 the	 knee	 joint.The
needle	enters	halfway	between	the	superior	and	inferior	borders
of	the	patella	and	is	directed	just	inferior	to	the	patella.

7.	 Cleanse	the	area	with	10%	povidone-iodine	or	2%	chlorhexidine	in	70%
isopropyl	alcohol	(if	the	patient	is	allergic	to	iodine)	and	allow	the	area	to
dry.	Cleaning	from	the	marked	entry	site	moving	in	an	outward	direction
may	help	prevent	cross	contamination.	Do	not	touch	the	targeted	area	once
it	has	been	cleaned.	Practice	universal	precautions:	wear	gloves	at	all	times
while	handling	any	body	fluid,	although	they	need	not	be	sterile	for	routine
knee	aspiration.

8.	 Apply	local	anesthesia.	A	local	anesthetic	(1%	lidocaine)	may	be	instilled
subcutaneously	with	a	25-gauge,	1.5-in	needle.	Once	numbing	has
occurred,	deeper	instillation	of	the	local	anesthetic	to	the	joint	capsule	can
be	performed.	Some	physicians	use	ethyl	chloride	as	an	alternative
anesthetic	which	only	provides	superficial	anesthesia	of	the	skin.	Spray
ethyl	chloride	directly	onto	the	designated	area	and	stop	when	the	first	signs
of	freezing	are	evident	in	order	to	limit	potential	for	skin	damage.

9.	 To	enter	the	knee	joint,	use	an	18-	to	22-gauge,	1.5-in	needle	with	a	20-	to
60-mL	sterile	syringe.	Use	of	a	larger-gauge	needle	may	be	particularly
helpful	if	septic	arthritis	is	suspected,	as	the	aspirated	fluid	may	be	purulent
and	more	difficult	to	aspirate.	Use	a	quick	thrust	through	the	skin	and	on
through	the	capsule	to	minimize	pain.	Avoid	hitting	periosteal	bone,	which
causes	significant	pain,	or	cartilage,	which	can	cause	cartilaginous	damage.



Aspirate	fluid	to	fill	the	syringe.	If	the	fluid	appears	purulent	or
hemorrhagic,	try	to	tap	the	joint	dry,	which	will	remove	mediators	of
inflammation	that	may	perpetuate	an	inflammatory	or	destructive	process.
If	the	syringe	is	full	and	more	fluid	remains,	a	sterile	hemostat	may	be	used
to	clamp	the	needle	while	switching	sterile	syringes.	When	the	syringes
have	been	switched,	more	fluid	can	be	withdrawn.

10.	 On	occasion,	effusions	can	be	difficult	to	aspirate	due	to	increased	fluid
viscosity,	fibrin	and	other	debris	impeding	flow	through	the	needle,
loculated	fluid,	and	use	of	a	needle	with	a	diameter	that	is	too	small.
Additionally,	the	fluid	may	not	be	accessible	by	the	approach	being	used.13
At	times,	one	can	obtain	a	small	drop	of	joint	fluid	by	using	continuous
suction	as	the	needle	is	withdrawn	from	the	joint	space.11	This	small
specimen	can	then	be	sent	for	Gram	stain,	culture,	and,	if	possible,	crystal
analysis.

11.	 When	fluid	has	been	obtained,	quickly	remove	the	needle	and	apply
pressure	to	the	needle	site	with	sterile	gauze.	When	bleeding	has	stopped,
remove	the	gauze,	clean	the	area	with	alcohol,	and	apply	an	adhesive
bandage.	If	the	patient	is	receiving	anticoagulation	therapy	or	has	a
bleeding	diathesis,	apply	prolonged	pressure.

12.	 Document	the	amount	of	fluid	obtained	and	perform	a	gross	examination,
noting	the	color	and	clarity.	Send	fluid	for	cell	count	with	differential	count,
Gram	stain,	routine	bacterial	culture,	specialized	cultures	for	Gonococcus,
Mycobacterium,	and	fungi,	if	indicated,	and	polarized	microscopic
examination	for	crystal	analysis.	Other	tests,	such	as	glucose	and
complement	determinations,	are	generally	not	helpful.	Use	an
anticoagulated	tube	to	send	fluid	for	cell	count	and	crystal	analysis.	Sodium
heparin	or	ethylenediaminetetraacetic	acid	is	an	appropriate	anticoagulant.
Lithium	heparin	and	calcium	oxalate	should	be	avoided,	as	they	can
precipitate	out	of	solution	and	potentially	give	a	false-positive	assessment
for	crystals.7	Fluid	may	be	sent	for	Gram	stain	and	culture	in	the	syringe
capped	with	a	blunt	tip	or	in	a	sterile	redtop	tube.	It	is	best	to	check	with	the
institution’s	laboratory	in	advance,	as	procedures	vary	regarding	the
handling	of	synovial	fluid	and	the	proper	tubes	in	which	to	send	it.

UTILITY	OF	ULTRASONOGRAPHY	FOR	KNEE
JOINT	ASPIRATION



Ultrasonography	has	several	useful	applications	related	to	aspiration	of	the	knee
joint.

Identification	of	Knee	Joint	Effusion
4 	 As	 indicated	 in	 this	 chapter,	 physical	 examination	 is	 an	 effective	 means	 of
identifying	 a	 knee	 joint	 effusion;	 however,	 patient-specific	 factors	 such	 as
obesity,	edema,	or	anatomic	abnormalities	as	well	as	 lack	of	experience	by	 the
examiner	 may	 degrade	 the	 standard	 physical	 examination	 for	 knee	 effusion.
Ultrasonography	 is	 useful	 for	 confirming	 that	 adequate	 fluid	 is	 present	 for
aspiration	 in	 such	 circumstances.14	 This	 avoids	 errors	 that	 could	 lead	 to	 an
attempt	at	arthrocentesis	when	no	fluid	is	present	or	the	converse,	where	fluid	is
present	but	not	identified.

To	perform	ultrasonography	examination,	 the	knee	 is	examined	with	 the	 leg
in	 a	 straight	 and	 fully	 supported	 position	 (30°	 of	 flexion	 is	 helpful).	 A	 linear
probe	 is	preferred,	as	 it	has	excellent	 resolution;	and	most	knee	 joint	effusions
are	 within	 its	 depth	 range.	 The	 probe	 is	 placed	 proximal	 to	 the	 kneecap	 to
capture	suprapatellar	longitudinal	and	transverse	views	to	adequately	image	the
joint	 recess	under	 the	quadriceps	 tendon.	The	knee	 effusion	 is	 identified	 as	 an
anechoic	 or	 hypoechoic	 space	 between	 the	 patella	 and	 the	 more	 posterior
periosteum	of	the	long	bones	of	the	leg.	Stranding	or	loculations	may	be	present
suggesting	a	complex	effusion.	Other	 scanning	planes	may	be	utilized,	but	 the
suprapatellar	approach	 is	generally	sufficient	and	has	 the	added	advantage	 that
the	follow-through	arthrocentesis	is	often	performed	at	these	scanning	sites	(
Video	26.2).

Guidance	of	Knee	Aspiration
4 	Ultrasonography	may	be	used	to	guide	needle	insertion	for	aspiration	of	a	knee
effusion.	Following	identification	of	the	fluid,	the	site	is	marked	and,	with	sterile
technique,	 the	 needle	 is	 inserted	 into	 the	 fluid	 collection	 using	 in-plane
(preferred)	 or	 out-of-plane	 technique.	 For	 in-plane	 needle	 guidance,	 the
suprapatellar	transverse	view	is	used	and	the	entire	length	of	the	needle	is	seen;
for	 out	 of	 plane,	 the	 suprapatellar	 longitudinal	 view	 is	 used	 and	 the	 needle	 is
seen	as	a	hyperechoic	dot.	Real-time	guidance	of	needle	insertion	is	not	required.
Ultrasonography	is	superior	to	the	landmark	technique	in	terms	of	patient	pain,
volume	 of	 fluid	 aspirated,	 and	 overall	 success	 rate.15	 Ultrasonography	 is
particularly	 useful	 for	 the	 patient	 with	 difficult	 anatomy16	 and	 for	 the	 less



experienced	operator	who	performs	only	an	occasional	knee	aspiration,17	as	may
be	the	case	for	many	intensivists.

SYNOVIAL	FLUID	ANALYSIS
2 	 Synovial	 fluid	 analysis	 is	 identical	 for	 all	 joints	 and	 begins	 with	 bedside
observation	 of	 the	 fluid.	 The	 color,	 clarity,	 and	 viscosity	 of	 the	 fluid	 are
characterized.	Synovial	fluid	is	divided	into	noninflammatory	and	inflammatory
types	on	the	basis	of	the	total	nucleated	cell	count.	A	white	blood	cell	count	less
than	or	equal	to	2000	cells	per	μL	indicates	a	noninflammatory	fluid	and	a	count
greater	than	2000	cells	per	μL	indicates	an	inflammatory	fluid.	Table	26.3	shows
how	fluid	is	divided	into	major	categories	based	on	appearance	and	cell	count.

TABLE	26.3

Joint	Fluid	Characteristics

Characteristic Normal Noninflammatory Inflammatory Septic

Color Clear Yellow Yellow	or
opalescent

Variable
—may
be
purulent

Clarity Transparent Transparent Translucent Opaque

Viscosity Very	high High Low Typically
low

White	blood	cell
count	per	μL

200 200-2000 2000-100,000 >50,000,
usually
>100,000

Polymorphonuclear
cells	(%)

<25 <25 >50 >75

Culture Negative Negative Negative Usually
positive



GROSS	EXAMINATION

Color
Normal	synovial	fluid	is	colorless.	Noninflammatory	and	inflammatory	synovial
fluids	 appear	 yellow	 or	 straw	 colored.	 Septic	 effusions	 frequently	 appear
purulent	 and	 whitish.	 Depending	 on	 the	 number	 of	 white	 blood	 cells	 present,
pure	pus	may	be	extracted	from	a	septic	joint.	Hemorrhagic	effusions	appear	red
or	brown.	If	the	fluid	looks	like	pure	blood,	the	tap	may	have	aspirated	venous
blood.	The	needle	is	removed,	pressure	is	applied,	and	the	joint	is	reentered	from
an	 alternate	 site.	 If	 the	 same	 bloody	 appearance	 is	 noted,	 the	 fluid	 is	 a
hemorrhagic	effusion	and	probably	not	related	to	the	trauma	of	the	aspiration.	If
any	 question	 remains,	 the	 hematocrit	 of	 the	 effusion	 is	 compared	with	 that	 of
peripheral	 blood.	 The	 hematocrit	 in	 a	 hemorrhagic	 effusion	 is	 typically	 lower
than	that	of	peripheral	blood.	In	the	case	of	a	traumatic	tap,	the	hematocrit	of	the
fluid	 should	be	 equal	 to	 that	of	peripheral	blood.	For	 causes	of	 a	hemorrhagic
effusion,	refer	to	Table	26.4.

TABLE	26.4

Causes	of	a	Hemorrhagic	Effusion

Trauma	(with	or	without	fracture)
Hemophilia	and	other	bleeding	disorders
Anticoagulant	therapy

Tumor	(metastatic	and	local)
Hemangioma

Pigmented	villonodular	synovitis

Ehlers-Danlos	syndrome

Scurvy



Clarity
The	 clarity	 of	 synovial	 fluid	 depends	 on	 the	 number	 and	 types	 of	 cells	 or
particles	present.	Clarity	is	tested	by	reading	black	print	on	a	white	background
through	a	glass	tube	filled	with	the	synovial	fluid.	If	the	print	is	easily	read,	the
fluid	 is	 transparent.	 This	 is	 typical	 of	 normal	 and	 noninflammatory	 synovial
fluid.	If	the	black	print	can	be	distinguished	from	the	white	background,	but	if	it
is	not	clear,	the	fluid	is	translucent.	This	is	typical	of	inflammatory	effusions.	If
nothing	 can	 be	 seen	 through	 the	 fluid,	 it	 is	 opaque.	 This	 occurs	 with	 grossly
inflammatory,	septic,	and	hemorrhagic	fluids.

Viscosity
The	 viscosity	 of	 synovial	 fluid	 is	 a	 measure	 of	 the	 hyaluronic	 acid	 content.
Degradative	 enzymes	 such	 as	 hyaluronidase	 are	 released	 in	 inflammatory
conditions,	 thus	 destroying	 hyaluronic	 acid	 and	 other	 proteinaceous	 material,
resulting	in	a	thinner,	less	viscous	fluid.	Highly	viscous	fluid,	on	the	other	hand,
can	be	seen	in	myxedematous	or	hypothyroid	effusions.

Viscosity	 can	be	 assessed	 at	 the	bedside	using	 the	 string	 sign.7,18	A	 drop	 of
fluid	is	allowed	to	fall	from	the	end	of	the	needle	or	syringe	and	the	length	of	the
continuous	string	that	forms	is	estimated.	Normal	fluid	typically	forms	at	least	a
5-cm	 continuous	 string.	 Inflammatory	 fluid	 does	 not	 form	 a	 string;	 instead,	 it
drops	off	the	end	of	the	needle	or	syringe	like	water	dropping	from	a	faucet.

CELL	COUNT	AND	DIFFERENTIAL
2 	The	cell	count	should	be	obtained	as	soon	as	possible	after	arthrocentesis,	as	a
delay	 of	 even	 several	 hours	 may	 cause	 an	 artificially	 low	 white	 blood	 cell
count.18	 The	 total	 white	 blood	 cell	 count	 of	 synovial	 fluid	 differentiates
noninflammatory	 from	 inflammatory	 fluid,	 as	noted	previously.	 In	general,	 the
higher	the	total	white	blood	cell	count,	the	more	likely	the	joint	is	infected.	This
is	not	absolute,	however,	and	there	is	considerable	overlap.	For	instance,	a	total
white	cell	count	greater	than	100,000	cells	per	μL	is	not	commonly	observed	for
conditions	other	than	infection,	whereas	a	total	white	blood	cell	count	of	50,000
per	 μL	may	 be	 due	 to	 infection,	 crystalline	 disease,	 or	 systemic	 inflammatory
arthropathy.19

The	differential	white	blood	cell	count	is	also	performed	using	the	technique
used	 for	 peripheral	 blood,	 typically	 using	Wright	 stain.	 The	 differential	 count



includes	 cells	 typically	 seen	 in	 peripheral	 blood,	 such	 as	 polymorphonuclear
cells,	 monocytes,	 and	 lymphocytes,	 as	 well	 as	 cells	 localized	 to	 the	 synovial
space.	 In	 general,	 the	 total	white	 blood	 cell	 count	 and	 the	 polymorphonuclear
cell	count	increase	with	inflammation	and	infection.	Septic	fluid	typically	has	a
differential	of	greater	than	75%	polymorphonuclear	cells	(see	Table	26.3).

CRYSTALS
All	 fluid	 should	 be	 assessed	 for	 the	 presence	 of	 crystals.	 As	 with	 cell	 count,
crystal	analysis	should	be	performed	as	soon	as	possible	after	arthrocentesis.	A
delay	is	associated	with	a	decreased	yield.7	One	drop	of	fluid	is	placed	on	a	slide
and	covered	with	a	coverslip;	this	is	examined	for	crystals	using	a	compensated
polarized	 light	 microscope.	 The	 presence	 of	 intracellular	 monosodium	 urate
(MSU)	 or	 calcium	 pyrophosphate	 dihydrate	 (CPPD)	 crystals	 confirms	 a
diagnosis	of	gout	or	pseudogout,	 respectively.	MSU	crystals	 are	 typically	 long
and	needle	 shaped;	 they	may	appear	 to	pierce	 through	a	white	blood	cell.	The
crystals	are	strongly	negatively	birefringent,	appearing	yellow	when	parallel	 to
the	 plane	 of	 reference.	 Typically,	CPPD	 crystals	 are	 small	 and	 rhomboid.	The
crystals	are	weakly	positively	birefringent,	appearing	blue	when	oriented	parallel
to	 the	 plane	 of	 reference.	 Rotating	 the	 stage	 of	 the	 microscope	 by	 90°	 and
thereby	 the	 orientation	 of	 the	 crystals	 (now	 perpendicular	 to	 the	 plane	 of
reference)	changes	 their	color:	MSU	crystals	 turn	blue	and	CPPD	crystals	 turn
yellow.

In	 addition	 to	 MSU	 and	 CPPD	 crystals,	 other	 less	 common	 crystals	 may
induce	an	inflammatory	arthropathy.	Basic	calcium	crystals	(eg,	hydroxyapatite)
and	 oxalate	 crystals	 are	 two	 such	 types.	 Much	 like	 MSU	 crystals	 in	 gout,
hydroxyapatite	crystals	can	incite	acute	articular	and	periarticular	inflammation,
which	can	be	difficult	to	distinguish	clinically	from	septic	arthritis	and	cellulitis,
respectively.20	On	light	microscopy,	however,	crystals	appear	as	clumps	of	shiny
nonbirefringent	 globules	 or	 coins,	 and	 with	 alizarin	 red	 S	 stain,	 the	 clumps
appear	 red-orange.	 If	 hydroxyapatite	 is	 suspected,	 alizarin	 red	S	 stain	must	 be
requested	specifically	from	the	laboratory	as	it	is	not	a	routine	component	of	the
crystal	 analysis.21	 Calcium	 oxalate	 crystals	 can	 also	 induce	 an	 inflammatory
arthritis.	This	 is	 generally	 seen	 in	patients	 on	 long-term	hemodialysis	 but	may
also	 be	 seen	 in	 young	 patients	with	 primary	 oxalosis.	 Synovial	 fluid	 typically
reveals	characteristic	envelope-shaped	crystals	as	well	as	polymorphic	forms.22

It	is	important	to	note	that	even	in	the	presence	of	crystals,	infection	must	be
considered	because	crystals	can	be	seen	concomitantly	with	a	septic	joint.



Other	 crystals	 include	 cryoimmunoglobulins	 in	 patients	 with	 multiple
myeloma	 and	 essential	 cryoglobulinemia,23	 and	 cholesterol	 crystals	 in	 patients
with	 chronic	 inflammatory	 arthropathies,	 such	 as	 rheumatoid	 arthritis.
Cholesterol	crystals	are	a	nonspecific	finding	and	appear	as	platelike	structures
with	a	notched	corner.

GRAM	STAIN	AND	CULTURE
The	Gram	stain	is	performed	as	with	other	body	fluids.	It	should	be	performed	as
soon	as	possible	to	screen	for	the	presence	of	bacteria.	It	has	been	reported	that
the	 sensitivity	 of	 synovial	 fluid	 Gram	 stain	 in	 septic	 arthritis	 ranges	 between
50%	 and	 80%	 for	 nongonococcal	 infection	 and	 less	 than	 10%	 for	 gonococcal
infection.1,19	Specificity	is	much	higher;	this	suggests	that	a	positive	Gram	stain,
despite	a	negative	culture,	should	be	considered	evidence	of	infection.	In	fact,	it
is	 not	 uncommon	 for	 only	 the	 Gram	 stain	 to	 be	 positive	 in	 the	 setting	 of
infection.19	Again,	however,	the	absence	of	bacteria	by	the	Gram	stain	does	not
rule	out	a	septic	process.

Synovial	 fluid,	 in	 general,	 should	 be	 cultured	 routinely	 for	 aerobic	 and
anaerobic	 bacterial	 organisms.	 A	 positive	 culture	 confirms	 septic	 arthritis.	 In
certain	 circumstances	 (eg,	 in	 chronic	 monoarticular	 arthritis),	 fluid	 may	 be
cultured	 for	 the	 presence	 of	 mycobacteria,	 fungi,	 and	 spirochetes.	 If
disseminated	gonorrhea	is	suspected,	the	laboratory	must	be	notified	because	the
fluid	 should	 be	 plated	 directly	 onto	 chocolate	 agar	 or	 Thayer-Martin	medium.
Just	as	Gram	stain	of	synovial	fluid	in	gonococcal	infection	is	often	negative,	so
too	 is	 synovial	 fluid	 culture.	 Synovial	 fluid	 culture	 is	 positive	 approximately
10%	of	the	time,	versus	75%	to	95%	of	the	time	for	nongonococcal	infection.19,24
However,	 cultures	 of	 genitourinary	 sites	 and	 mucosal	 sites	 in	 gonococcal
infection	 are	 positive	 approximately	 90%	 of	 the	 time.24	 Therefore,	 when
suspicion	of	gonococcal	arthritis	is	high	(eg,	in	a	young,	healthy,	sexually	active
individual	 with	 a	 dermatitis-arthritis	 syndrome),	 the	 diagnosis	 must	 often	 be
confirmed	by	a	positive	culture	from	the	urethra,	cervix,	rectum,	or	pharynx.

In	 addition	 to	 documenting	 infection	 and	 identifying	 a	 specific	 organism,
synovial	 fluid	 culture	 can	be	useful	 for	determining	antibiotic	 sensitivities	 and
subsequent	 treatment.	 Furthermore,	 serial	 synovial	 fluid	 cultures	 can	 help	 in
assessing	 response	 to	 therapy.	 For	 example,	 a	 negative	 follow-up	 culture
associated	 with	 a	 decrease	 in	 synovial	 fluid	 polymorphonuclear	 cell	 count	 is
highly	suggestive	of	improvement.

Other	 studies	of	 synovial	 fluid	 (eg,	 glucose,	 protein,	 lactate	dehydrogenase,



complement,	 and	 immune	 complexes)	 are	 generally	 not	 helpful.	 Shmerling	 et
al25	 observed	 that	 synovial	 fluid	glucose	 and	protein	were	 “highly	 inaccurate.”
The	synovial	 fluid	glucose	and	protein	misclassified	effusions	as	 inflammatory
versus	noninflammatory	50%	of	the	time.

Of	note,	 there	are	special	stains	for	synovial	fluid	 that	can	be	helpful	as	 the
clinical	 picture	 warrants;	 these	 include	 Congo	 red	 staining	 for	 amyloid
arthropathy.	 Amyloid	 deposits	 display	 an	 apple-green	 birefringence	 with
polarized	 light.26	 Prussian	 blue	 stain	 for	 iron	 deposition	 may	 reveal	 iron	 in
synovial	 lining	 cells	 in	 hemochromatosis.27	 However,	 neither	 of	 these	 studies
should	be	considered	a	routine	component	of	synovial	fluid	analysis.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	25-year-old	man	is	presenting	with	1	week	of	redness,	pain,	and
swelling	of	his	left	knee.	He	has	no	past	medical	history	aside	from	recent
treatment	of	urethritis	with	a	5-day	course	of	azithromycin.	His	physical	exam	is
notable	for	a	large	effusion	of	his	left	knee	with	difficulty	in	flexion,	increased
warmth	and	erythema,	and	diffuse	tenderness.	He	is	noted	to	have	tenderness	to
palpation	over	both	of	his	Achilles	tendons.	There	is	tenosynovitis	over	his	left
wrist.	Joint	aspiration	of	his	left	knee	reveals	cloudy	fluid	with	white	blood	cell
count	75,000,	and	75%	are	PMNs.	Crystal	analysis,	Gram	stain,	and	bacterial
culture	of	synovial	fluid	are	negative.	What	is	the	MOST	likely	diagnosis?

A. 	Acute	gout	flare
B. 	Ankylosing	spondylitis
C. 	Osteochondroma
D. 	Septic	arthritis

2. 	A	75-year-old	man	is	being	evaluated	for	pain,	redness,	and	swelling	of	his
left	ankle.	He	has	a	history	of	end-stage	renal	disease	on	hemodialysis,
congestive	heart	failure,	hypertension,	hyperlipidemia,	and	insulin-dependent
diabetes.	He	was	recently	admitted	to	undergo	revision	of	his	arteriovenous
fistula.	The	pain	and	redness	in	the	ankle	occurred	right	after	his	admission.	He
has	had	no	recent	trauma.	Physical	exam	reveals	a	swollen,	warm,	and
erythematous	ankle	with	diffuse	tenderness	to	palpation	and	pain	produced	on
active	and	passive	range	of	motion.	Synovial	aspiration	is	performed	revealing



2	mL	of	cloudy	fluid	with	white	blood	cell	count	of	45,000	cell/mm3,	negative
Gram	stain,	and	bipyramidal	and	polymorphic	crystals.	What	is	the	MOST	likely
cause	of	the	arthropathy?

A. 	Calcium	hydroxyapatite
B. 	Calcium	oxalate
C. 	Calcium	pyrophosphate
D. 	Septic	arthritis

3. 	A	90-year-old	woman	presents	to	the	clinic	for	urgent	evaluation	for	a	2-
week	history	of	right	knee	pain	and	swelling.	She	has	not	experienced	any
redness	or	erythema	but	does	note	pain	on	bending	and	with	ambulation.	She	did
not	experience	any	recent	trauma	or	falls.	No	recent	fevers	or	chills.	She	has	not
experienced	any	other	joint	pain	or	swelling.	She	has	a	history	of	hypertension,
hyperlipidemia,	and	2	diabetes.	Her	physical	exam	reveals	moderate	effusion	of
the	right	knee	with	tenderness	to	palpation	over	the	medial	aspect	and	without
warmth	or	erythema.	Joint	aspiration	is	performed	revealing	20	mL	of	yellow-
tinged	synovial	fluid.	Synovial	studies	show	negative	Gram	stain,	culture,	and
there	are	no	crystals.	Cell	count	reveals	total	white	blood	cells	of
1200	cells/mm3,	with	less	than	25%	PMNs,	and	a	red	blood	cell	count	of
500	cells/mm3.	What	is	the	MOST	likely	diagnosis?

A. 	Acute	monoarticular	gout
B. 	Osteoarthritis
C. 	Rheumatoid	arthritis
D. 	Spontaneous	hemarthrosis

Answers

1.	The	correct	answer	is	D.
Rationale:	 The	 patient	 is	 presenting	 with	 inflammatory	 arthritis

predominantly	 in	 his	 left	 knee	 with	 features	 of	 tenosynovitis	 (wrist,	 heels).
Though	his	Gram	stain	and	bacterial	culture	of	synovial	 fluid	are	negative,	 the
white	 blood	 cell	 count,	 PMN	 percentage,	 and	 recent	 urinary	 symptoms	 are
concerning	 for	 gonococcal	 arthritis	 (choice	D	 is	 correct).	Though	 the	 cause	 of
his	urethritis	 is	 not	 specified,	Chlamydial	 and	gonococcal	 infections	 can	occur
concomitantly	 and	 in	 this	 situation	 the	 patient	 may	 have	 only	 been	 partially
treated.	Gonococcal	 infections	will	 typically	 have	 negative	 cultures	 and	Gram
stain.	Culturing	on	chocolate	agar	or	Thayer-Martin	media	would	improve	yield.



Obtaining	 urethral	 culture	 would	 also	 assist	 in	 obtaining	 the	 appropriate
diagnosis.	 Inflammation	 of	 the	metatarsophalangeal	 joint	 rather	 than	 the	 knee
and	 a	 crystal	 analysis	 with	 negatively	 birefringent	 sodium	monourate	 crystals
would	 be	 typical	 of	 an	 acute	 gout	 flare	 (choice	 A	 is	 not	 the	 best	 answer).
Inflammation	of	 the	 knee	 is	 not	 expected	 in	 ankylosing	 spondylitis	 and	 acute-
onset	pain	is	not	expected	from	osteochondroma	(choices	B	and	C	are	incorrect).

2.	The	correct	answer	is	B.
Rationale:	 The	 patient	 is	 found	 to	 have	 inflammatory	 level	 fluid	 (synovial

fluid	 WBC	 >	 2000)	 with	 evidence	 of	 crystalline	 disease.	 Calcium	 oxalate
crystals	are	common	among	patients	with	ESRD	which	may	have	polymorphic
shapes	but	more	characteristically	bipyramidal	morphology	(choice	B	is	correct).
Though	septic	arthritis	can	occur	concurrently	with	crystals,	his	lack	of	fever	and
negative	Gram	stain	are	not	typical	for	septic	arthritis	(choice	D	is	not	the	best
answer).	 Calcium	 hypdroxyapatite	 and	 calcium	 pyrophosphate	 crystals	 do	 not
have	bipyramidal	crystal	morohology	(choices	A	and	C	are	incorrect).	As	a	key
note,	 amyloid	 and	 calcium	 hydroxyapatite	 would	 require	 specific	 staining	 for
visualization.

3.	The	correct	answer	is	B.
Rationale:	The	patient	is	presenting	with	2	weeks	of	monoarticular	pain	and

swelling.	Her	exam	does	not	reveal	erythema	or	redness,	which	would	indicate
an	 inflammatory	 or	 infectious	 process.	 Her	 synovial	 fluid	 studies	 reveal
noninflammatory	cell	count	(white	blood	cell	count	<	2000)	and	does	not	have
findings	 suggesting	 hemarthrosis	 (synovial	 fluid	 is	 without	 frank	 blood	 and
minimal	 red	 blood	 cell	 count).	 The	 most	 common	 cause	 of	 noninflammatory
joint	 pain	 and	 swelling	 in	 this	 setting	 is	 osteoarthritis	 (choice	 B	 is	 correct).
Inflammatory	synovial	fluid	with	cell	counts	of	>2000	cells	per	microliter	would
be	expected	for	acute	monoarticular	gout	and	rheumatoid	arthritis	(choices	A	and
C	are	incorrect).	The	absence	of	blood	in	the	synovial	fluid	makes	hemarthrosis
unlikely	(choice	D	is	not	the	best	answer).
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Section	2

MINIMALLY	INVASIVE	MONITORING
TODD	W.	SARGE

Chapter	27
Routine	Monitoring	of	Critically	Ill
Patients
Matthew	R.	Stutz,	Krysta	S.	Wolfe

KEY	POINTS:
1.	 Continuous	ECG	monitoring	is	recommended	for	all	patients	in	the

ICU.
2.	 The	integration	of	routine	monitoring	with	machine	learning	has

become	a	valuable	tool	to	anticipate	clinical	deterioration.
3.	 Accurate	assessment	of	respiratory	rate	is	essential	to	high-quality

care	and	is	a	useful	tool	to	quickly	identify	deteriorating	patients	early
in	their	course.

4.	 Pulse	oximetry	should	be	used	in	all	critically	ill	patients;	however,
accuracy	can	be	poor	in	the	setting	of	dyshemoglobinemia,	low
perfusion	states,	presence	of	nail	polish,	and	hyperbilirubinemia.

5.	 Capnography	can	be	used	to	assess	the	location	of	the	endotracheal
tube,	determine	the	presence	or	absence	of	respiration,	evaluate	the
quality	of	chest	compressions,	detect	return	of	spontaneous
circulation	after	cardiac	arrest,	quantify	airflow	obstruction,	and
detect	rapid	changes	in	dead	space.



INTRODUCTION
A	key	difference	between	intensive	care	units	(ICUs)	and	other	hospital	units	is
the	degree	which	patients	are	routinely	monitored.	This	careful	monitoring	alerts
the	 health	 care	 team	 to	 changes	 of	 the	 patient’s	 severity	 of	 illness—helping
diagnose	disease,	 intervene	prior	 to	 further	deterioration,	and	assess	prognosis.
Careful	 monitoring	 also	 helps	 the	 provider	 safely	 apply	 therapies,	 such	 as
volume	resuscitation,	vasoactive	infusions,	and	mechanical	ventilation.

This	chapter	presents	the	routine,	predominantly	noninvasive	monitoring	that
is	 often	 done	 for	 patients	 in	 the	 ICU.	 It	 examines	 the	 indications	 for,	 the
technology	 of,	 and	 problems	 encountered	 with	 the	 routine	 monitoring	 of
temperature,	blood	pressure,	electrocardiographic	 (ECG)	rhythm,	ST	segments,
respiratory	rate,	oxygen	levels,	and	carbon	dioxide	levels.	In	addition,	it	reviews
noninvasive	monitoring	 of	 tissue	 perfusion,	with	 particular	 attention	 to	 gastric
tonometry,	 sublingual	 capnometry,	 and	 transcutaneous	 oxygen	 and	 carbon
dioxide	monitoring.

MONITORING	SYSTEMS
When	ICUs	came	 into	being	 in	 the	 late	1950s,	nurses	monitored	patients’	vital
signs	 manually	 and	 intermittently.	 Continuous	 measurement	 was	 either
unavailable	 or	 necessitated	 invasive	 procedures.	Today,	 nearly	 all	 routine	 vital
signs	can	now	be	monitored	accurately,	noninvasively,	and	continuously.

Over	 the	 past	 decades,	 the	 trend	 for	 monitoring	 systems	 has	 been	 toward
multipurpose	 systems	 that	 integrate	 monitoring	 of	 a	 variety	 of	 parameters.
Multipurpose	 systems	 eliminate	 the	 need	 for	 multiple,	 freestanding	 devices—
reducing	 clutter	 and	 improving	 workflow	 ergonomics	 at	 the	 bedside.	 These
systems	 also	 interface	 with	 critical	 care	 information	 systems	 to	 provide	 more
efficient	 data	management,	 quality	 improvement	 reporting,	 and	 in	 some	 cases
prospective	data-driven	alerts.

TEMPERATURE	MONITORING
Temperature	 abnormalities	 of	 the	 critically	 ill	 are	 associated	 with	 significant
morbidity	and	mortality	(Chapters	184	and	185)—making	it	clinically	important
to	 recognize	 an	 abnormal	 temperature.	An	 abnormal	 temperature	 is	 frequently
the	 earliest	 clinical	 sign	 of	 infection,	 inflammation,	 central	 nervous	 system



dysfunction,	 or	 drug	 toxicity.	 Unfortunately,	 the	 of	 thermometer	 and	 the	 site
where	the	temperature	is	taken	can	affect	the	accuracy	of	this	vital	measurement.
Clinicians	 should	 understand	 the	 impact	 of	 the	 thermometer	 and	 the
measurement	site	on	how	to	interpret	the	patient’s	reported	temperature.

Indications	for	Temperature	Monitoring
The	 Society	 of	 Critical	 Care	 Medicine’s	 Task	 Force	 on	 Guidelines’
recommendations	 for	 care	 in	 a	 critical	 care	 setting	 grades	 temperature
monitoring	as	an	essential	service	for	all	critical	care	units.1	Critically	ill	patients
are	 at	 high	 risk	 of	 temperature	 dysregulation	 because	 of	 debility,	 impaired
control	of	temperature,	use	of	sedative	drugs,	and	a	high	frequency	of	infection.
All	 critically	 ill	 patients	 should	 have	 core	 temperature	 measured	 at	 least
intermittently.	 Patients	 with	 marked	 temperature	 abnormalities	 should	 be
considered	 for	 continuous	monitoring;	patients	 undergoing	 active	 interventions
to	 alter	 temperature,	 such	 as	 breathing	 heated	 air	 or	 using	 a	 cooling-warming
blanket,	should	have	continuous	monitoring	to	facilitate	precise	interventions.

Measurement	Sites
The	 goal	 of	 temperature	 measurements	 is	 to	 estimate	 core	 temperature—the
deep	 body	 temperature	 that	 is	 carefully	 regulated	 by	 the	 hypothalamus.	 Core
temperature	exists	more	as	a	physiological	concept	than	as	the	temperature	at	a
specific	anatomic	location.	An	ideal	measurement	site	would	be	protected	from
heat	loss,	painless,	convenient	to	use,	and	would	not	interfere	with	the	patient’s
ability	 to	 move	 or	 communicate.	 No	 one	 location	 provides	 an	 accurate
measurement	of	core	temperature	during	all	clinical	circumstances.

Sublingual	Temperature	Measurements
Sublingual	 temperature	 measurements	 are	 convenient	 but	 suffer	 numerous
limitations.	 Although	 open-mouth	 vs	 closed-mouth	 breathing	 and	 use	 of
nasogastric	 tubes	 do	 not	 alter	 temperature	 measurement,2	 oral	 temperature	 is
obviously	 altered	when	measured	 immediately	 after	 the	 patient	 has	 consumed
hot	or	cold	drinks.	Falsely	low	oral	temperatures	may	occur	because	of	cooling
from	 tachypnea.	 Sixty	 percent	 of	 sublingual	 temperatures	 are	more	 than	 1	 °F
lower	than	simultaneously	measured	rectal	temperatures.	Continuous	sublingual
measurement	 is	 not	 generally	 practical.	 Sublingual	measurement	 is	 best	 suited
for	intermittent	monitoring	when	some	inaccuracy	can	be	tolerated.



Axillary	Temperature	Measurements
Axillary	 temperatures	 are	 commonly	 used	 as	 an	 index	 of	 core	 temperature.
Although	 some	 studies	 indicate	 close	 approximation	 of	 the	 axillary	 site	 with
pulmonary	artery	 temperatures,3	 temperatures	average	1.5	 to	1.9	°C	 lower	 than
tympanic	 temperatures.4	 Positioning	 the	 sensor	 over	 the	 axillary	 artery	 may
improve	 accuracy.	 The	 accuracy	 and	 precision	 of	 axillary	 temperature
measurements	are	less	than	at	other	sites,4	perhaps	due	in	part	to	the	difficulty	of
maintaining	a	good	probe	position.

Rectal	Temperature	Measurements
Rectal	 temperature	 is	 the	 most	 widely	 accepted	 method	 for	 measuring	 core
temperature	 for	 clinical	 use.	 Before	 a	 rectal	 thermometer	 is	 inserted,	 a	 digital
rectal	 examination	 should	 be	 performed	 because	 feces	 can	 blunt	 temperature
measurement.	Readings	are	more	accurate	when	the	sensor	is	passed	more	than
10	cm	(4	in)	into	the	rectum.	Rectal	temperature	correlates	well	for	most	patients
with	distal	esophageal,	bladder,	and	tympanic	temperatures.5	Rectal	temperatures
typically	 respond	 to	 induced	 changes	 of	 temperature	 more	 slowly	 than	 other
central	 measurement	 sites.	 Many	 practitioners	 recommend	 against	 rectal
manipulation	 for	 patients	 with	 neutropenia.	 Additionally,	 reusable,	 electronic,
sheath-covered	rectal	 thermometers	have	been	associated	with	 the	 transmission
of	Clostridium	 difficile	 and	 vancomycin-resistant	 Enterococcus,	 so	 disposable
probes	are	generally	preferred.

Esophageal	Temperature	Measurements
Esophageal	 temperature	 is	 usually	 measured	 with	 an	 electric,	 flexible
temperature	sensor.	On	average,	esophageal	temperatures	are	0.6	°C	lower	than
rectal	 temperatures.6	 However,	 the	 measured	 temperature	 can	 vary	 greatly
depending	on	the	position	of	the	sensor	in	the	esophagus.	When	measured	in	the
proximal	 esophagus,	 temperature	 is	 influenced	 by	 ambient	 air.7	 During
hypothermia,	temperatures	of	different	esophageal	portion	may	differ	by	up	to	6
°C.7	Because	 of	 the	 proximity	 of	 the	 distal	 esophagus	 to	 the	 great	 vessels	 and
heart,	 the	 distal	 esophageal	 temperature	 responds	 rapidly	 to	 changes	 of	 core
temperature.	 Changes	 of	 esophageal	 temperature	 may	 inaccurately	 reflect
changes	of	core	 temperature	when	 induced	 temperature	change	occurs	because
of	the	inspiration	of	heated	air,	gastric	lavage,	or	cardiac	bypass	or	assist.



Tympanic	Temperature	Measurements
Health	 care	 providers	 can	 measure	 tympanic	 temperature	 with	 specifically
designed	 thermometers	 that	 are	 commonly	 used	 in	 the	 ICU.	However,	 studies
have	 demonstrated	 poor	 correlation	 with	 ICU	 patients’	 core	 temperatures.8
Accuracy	 depends	 in	 part	 on	 operator	 experience—but	 even	when	 trained,	 the
variability	 of	 repeated	 measurements	 was	 more	 than	 0.5	 °F	 among	 20%	 of
patients.9	Unlike	 temporal	 artery	measurements,	which	 are	 not	 known	 to	 have
complications,	 tympanic	 temperature	 measurements	 come	 with	 some	 risk.
Perforation	of	the	tympanic	membrane	and	bleeding	from	the	external	canal	due
to	trauma	from	the	probe	have	been	reported.

Temporal	Artery	Measurements
Temporal	 artery	 measurements	 are	 not	 known	 to	 have	 complications.	 Their
accuracy	is	reviewed	later	in	this	chapter.

Urinary	Bladder	Temperature	Measurements
Providers	 can	 easily	measure	 the	 urinary	 bladder	 temperature	with	 a	 specially
designed	 temperature	 probe	 embedded	 in	 a	 Foley	 catheter.4,5	 For	 patients
undergoing	induced	hypothermia	and	rewarming,	bladder	temperatures	correlate
well	 with	 great	 vessel	 and	 rectal	 temperatures.5	 Bladder	 temperature	 under
steady-state	conditions	is	more	reproducible	than	those	taken	at	most	other	sites.5

Central	Circulation	Temperature	Measurements
ICU	practitioners	can	measure	the	temperature	of	blood	using	a	properly	placed
thermistor-equipped	 pulmonary	 artery	 catheter.	 The	 temperature	 sensor	 is
located	at	the	distal	tip	and	can	record	accurate	great	vessel	temperatures	when
the	 catheter	 is	 properly	 positioned	 in	 the	 pulmonary	 artery.	 Pulmonary	 artery
temperatures	are	generally	accepted	as	 the	gold	standard	for	accurate	measures
of	core	 temperature,	although	readings	may	differ	 from	core	 temperature	when
inspired	 gas	 is	 heated	 or	when	 cold	 intravenous	 fluids	 are	 infused.	 Inserting	 a
central	 venous	 thermistor	 specifically	 to	 monitor	 temperature	 is	 probably
warranted	 only	 when	 other	 sites	 are	 felt	 to	 be	 unreliable	 and	 inaccurate,	 and
continuous	temperature	measurements	are	essential	to	the	patient’s	management.

Types	of	Thermometers



Mercury	Thermometers
Although	mercury	thermometers	were	historically	the	most	common	in	clinical
use,	 environmental	 and	 health	 concerns	 related	 to	 mercury	 have	 resulted	 in
several	 state	 and	 local	 legislative	 efforts	 to	 phase	 out	 this	 of	 thermometer.
Mercury	and	other	liquid	expansion–based	thermometers	can	give	a	falsely	low
measurement	when	the	thermometer	is	left	in	place	for	too	short	a	period;	falsely
high	temperatures	result	from	failure	to	shake	the	mercury	down.

Liquid	Crystal	Display	Thermometers
Liquid	crystal	display	(LCD)	thermometers	contain	liquid	crystals	embedded	in
thin	 adhesive	 strips	 that	 are	 directly	 attached	 to	 the	 patient’s	 skin.	 LCD
thermometers	are	commonly	applied	to	the	forehead	for	ease	of	use	and	steady
perfusion,	but	can	be	applied	to	any	area	of	 the	skin.	Like	all	skin	temperature
measurements,	 they	 may	 poorly	 reflect	 core	 temperature	 when	 the	 skin	 is
hypoperfused	 or	 for	 patients	 with	 vasomotor	 instability.	 Forehead	 skin
temperature	is	typically	lower	than	core	temperatures	by	2.2	°C,10	and	changes	of
LCD	forehead	temperature	lag	behind	changes	of	core	temperature	by	more	than
12	 minutes.11	 LCD	 skin	 thermometry	 is	 probably	 best	 used	 for	 patients	 with
stable,	 normal	 hemodynamics	 who	 are	 not	 expected	 to	 experience	 major
temperature	shifts	and	when	the	trend	of	temperature	change	is	more	important
than	the	accuracy	of	an	individual	measurement.

Standard	Digital	Thermometers:	Thermocouples	and
Thermistors
Electric	 thermometers	 convert	 an	 electrical	 temperature	 signal	 into	 digital
displays,	 frequently	 by	 use	 of	 thermocouples	 and	 thermistors	 as	 probes.
Thermocouples	and	thermistors	can	be	fashioned	into	thin	wires	and	embedded
in	 flexible	 probes	 that	 are	 suitable	 for	 placing	 in	 body	 cavities	 to	 measure
temperature.

Thermocouples	 consist	 of	 a	 junction	 of	 two	 dissimilar	metals.	 The	 voltage
change	 across	 the	 junction	 can	 be	 precisely	 related	 to	 temperature.	 The
measuring	 thermocouple	 must	 be	 calibrated	 against	 a	 second	 constant-
temperature	junction	for	absolute	temperature	measurements.	In	the	range	of	20
to	50	°C,	thermocouples	may	have	a	linearity	error	of	less	than	0.1.12

Thermistors	 consist	 of	 semiconductor	 metal	 oxides	 in	 which	 the	 electrical
resistance	 changes	 inversely	with	 temperature.	A	 linearity	 error	 of	 up	 to	 4	 °C



may	 occur	 over	 the	 temperature	 range	 of	 20	 to	 50	 °C,	 but	 this	 can	 be
substantially	 reduced	 by	 mathematical	 adjustments	 and	 electrical	 engineering
techniques.	 Thermistors	 are	 more	 sensitive,	 faster	 responding,	 and	 less	 linear
than	thermocouples.12

Infrared	Emission	Detection	Thermometers

Tympanic	Thermometers
Commonly	 used	 in	 the	 hospital	 setting,	 infrared	 emission	 detection	 tympanic
thermometers	 use	 a	 sensor	 that	 detects	 infrared	 energy	 emitted	 by	 the	 core
temperature	tissues	behind	the	tympanic	membrane.	Infrared	emissions	through
the	 tympanic	membrane	 vary	 linearly	with	 temperature.	Operator	 technique	 is
important:	 errors	 due	 to	 improper	 calibration,	 setup,	 or	 poor	 probe	positioning
can	significantly	alter	 temperatures.	Measurements	are	most	accurate	when	 the
measuring	probe	blocks	the	entrance	of	ambient	air	into	the	ear	canal	and	when
the	midposterior	external	ear	is	tugged	posterosuperiorly	so	as	to	direct	the	probe
to	 the	anterior,	 inferior	 third	of	 the	 tympanic	membrane.	Studies	are	mixed	on
whether	 tympanic	 thermometers	 provide	 accurate	 core	 temperature
measurements,	ranging	from	a	4%	clinically	meaningful	error	rate8	 to	a	finding
that	21%	of	tympanic	readings	may	delay	the	detection	of	fever.13

Temporal	Artery	Thermometers
Infrared	 technology	 can	 also	measure	 temperature	 over	 the	 temporal	 artery.	A
probe	is	passed	over	the	forehead	and	searches	for	the	highest	temperature;	some
systems	also	scan	the	area	behind	the	ear.	An	algorithm	estimates	ambient	heat
loss	 to	 calculate	 core	 temperature.	 The	 device	 is	 convenient,	 painless,	 and
provides	 a	 rapid	 reading.	 Although	 one	 small	 study	 of	 normothermic	 patients
found	 good	 correlation	 with	 pulmonary	 artery	 temperature,3	 another	 study	 of
patients	 with	 a	 broader	 temperature	 range	 found	 that	 89%	 of	 measurements
differed	from	pulmonary	artery	temperatures	by	more	than	0.5	°C.14

Selecting	the	Measurement	Site
The	 site	 used	 to	 monitor	 temperature	 must	 be	 an	 individualized	 choice,	 but
certain	 generalizations	 can	 be	 made.	 When	 intermittent	 temperature
measurement	 is	 all	 that	 is	 clinically	 needed	 (eg,	 in	 routine	monitoring),	 or	 the
consequences	 of	 inaccurate	 measurement	 are	 low,	 rectal	 or	 sublingual
measurement	 may	 be	 preferred.	 When	 less	 accuracy	 is	 required,	 tympanic,



temporal,	or	axillary	sites	may	be	chosen.	When	more	accurate	measurement	is
needed,	 bladder,	 esophageal,	 and	 rectal	 temperatures	 in	 general	 appear	 to	 be
most	 accurate	 and	 reproducible—although	 rectal	 temperatures	may	 lag	 behind
other	 temperatures	 when	 the	 patient’s	 status	 is	 changing	 quickly.5,8	 However,
routine	measurement	of	esophageal	temperatures	would	necessitate	inserting	an
esophageal	probe	in	all	patients.	In	addition,	small	changes	of	probe	position	can
affect	 the	accuracy	of	esophageal	measurements,	so	 this	mode	is	probably	best
used	 for	 patients	 undergoing	 active,	 aggressive	 temperature	 management	 at
centers	with	substantial	experience	with	the	modality.	Meanwhile,	rectal	probes
may	be	extruded	or	may	be	refused	by	patients.	Bladder	temperature	monitoring
is	simplified	by	the	fact	that	many	critically	ill	patients	have	an	indwelling	Foley
catheter.	Monitoring	 the	 bladder	 temperature	 for	 these	 patients	 requires	 only	 a
thermistor-equipped	catheter.	Patients	with	a	thermistor-tipped	pulmonary	artery
catheter	already	in	place	require	no	additional	temperature	monitoring.

Patient	Safety	and	Temperature	Monitoring
Therapeutic	hypothermia	is	increasingly	prevalent	in	ICU	settings	(Chapter	184).
Some	devices	used	to	induce	hypothermia	are	closed-looped	systems.	Since	core
temperature	 probes	 can	 fail	 (eg,	 dislodgement	 of	 a	 rectal	 probe	 to	 a	 position
outside	 the	 patient),	 practitioners	 should	 consider	monitoring	 core	 temperature
from	two	sites	when	temperature	is	being	actively	manipulated.

ARTERIAL	BLOOD	PRESSURE	MONITORING
Appropriate	 regulation	 of	 blood	 pressure	 is	 a	 core	 tenant	 of	 critical	 care.
Management	of	 blood	pressure	begins	with	monitoring.	This	 section	 examines
the	 advantages	 and	 disadvantages	 of	 various	 methods	 of	 arterial	 pressure
monitoring	and	provides	recommendations	for	their	use	in	the	ICU.

Noninvasive	(Indirect)	Blood	Pressure	Measurement
Providers	 can	 indirectly	monitor	blood	pressure	using	a	number	of	 techniques,
most	of	which	describe	the	external	pressure	applied	to	block	blood	flow	to	an
artery	 distal	 to	 the	 occlusion.	 These	 methods	 therefore	 actually	 detect	 blood
flow,	 not	 intra-arterial	 pressure,	 although	 one	 method	 describes	 the	 pressure
required	to	maintain	a	distal	artery	with	a	transmural	pressure	gradient	of	zero.
Differences	 in	 what	 is	 actually	 measured	 are	 a	 major	 point	 of	 discrepancy



between	direct	and	indirect	measurements.
Indirectly	measured	 pressures	 vary	 depending	 on	 the	 size	 of	 the	 cuff	 used.

Cuffs	 of	 inadequate	 width	 and	 length	 can	 provide	 falsely	 elevated	 readings.
Bladder	 width	 should	 equal	 40%	 and	 bladder	 length	 at	 least	 60%	 of	 the
circumference	of	the	extremity	measured.	Anyone	who	makes	indirect	pressure
measurements	must	be	aware	of	these	factors	and	carefully	select	the	cuff	to	be
used.

Manual	Methods

Auscultatory	(Riva-Rocci)	Pressures
The	 traditional	 way	 to	 measure	 blood	 pressure	 involves	 inflating	 a
sphygmomanometer	 cuff	 around	 an	 extremity	 and	 auscultating	 over	 an	 artery
distal	 to	 the	occlusion.	Sounds	from	the	vibrations	of	 the	artery	under	pressure
(Korotkoff	sounds)	indicate	systolic	and	diastolic	pressures.	The	level	at	which
the	 sound	 first	 becomes	 audible	 is	 taken	 as	 the	 systolic	 pressure.	The	 point	 at
which	 there	 is	 an	 abrupt	 diminution	 or	 disappearance	 of	 sounds	 is	 used	 as
diastolic	pressure.	This	method	yields	an	acceptable	value	for	most	situations.	Its
advantages	 include	 low	 cost,	 time-honored	 reliability,	 and	 simplicity.
Disadvantages	include	operator	variability,	susceptibility	to	environmental	noise,
and	the	absence	of	Korotkoff	sounds	when	pressures	are	very	low.	Auscultatory
pressures	also	correlate	poorly	with	directly	measured	pressures	at	the	extremes
of	pressure.

Manual	Oscillation	Method
When	 a	 cuff	 is	 slowly	 deflated	 and	 blood	 first	 begins	 to	 flow	 through	 the
occluded	 artery,	 the	 artery’s	 walls	 begin	 to	 vibrate.	 This	 vibration	 can	 be
detected	 as	 an	 oscillation	 in	 pressure	 and	 has	 served	 as	 the	 basis	 for	 the
development	of	several	automated	blood	pressure	monitoring	devices.	However,
it	 also	 continues	 to	 be	 used	 in	manual	 blood	 pressure	measurement.	 The	 first
discontinuity	 of	 the	 needle	movement	 for	 an	 aneroid	manometer	 indicates	 the
presence	of	blood	flow	in	the	distal	artery	and	is	taken	as	systolic	pressure.15	The
advantages	 of	 the	 oscillation	 method	 are	 its	 low	 cost	 and	 simplicity.	 The
disadvantages	 include	 the	 inability	 to	 measure	 diastolic	 pressure,	 poor
correlation	 with	 directly	measured	 pressures,15	 and	 lack	 of	 utility	 when	 Riva-
Rocci	 measurements	 are	 also	 unobtainable.	 Aneroid	manometers	 may	 also	 be



inaccurate:	in	one	study	34%	of	all	aneroid	manometers	in	use	in	a	large	medical
system	gave	inaccurate	measurements.16	In	the	same	survey,	36%	of	the	devices
were	 found	 to	 be	 mechanically	 defective—pointing	 out	 the	 need	 for	 regular
maintenance.	 Although	 the	 manometers	 themselves	 can	 also	 be	 used	 for
auscultatory	 measurements,	 oscillometric	 readings	 probably	 provide	 no
advantage	over	auscultation	in	the	ICU.

Palpation,	Doppler,	and	Pulse-Oximetric	Methods
Systolic	pressure	can	be	measured	via	any	method	 that	detects	 flow	 in	a	distal
artery	as	the	blood	pressure	cuff	is	slowly	deflated.	Palpation	of	the	radial	artery
is	a	commonly	used	technique;	it	is	most	useful	in	emergency	situations	in	which
Korotkoff	 sounds	 cannot	 be	 heard	 and	 an	 arterial	 line	 is	 not	 in	 place.	 The
inability	to	measure	diastolic	pressure	makes	the	palpation	method	less	valuable
for	ongoing	monitoring.	In	addition,	palpation	obtains	no	better	correlation	with
direct	 measurements	 than	 the	 previously	 described	 techniques.	 Like	 other
indirect	 methods,	 palpation	 tends	 to	 underestimate	 actual	 values	 to	 greater
degrees	at	higher	levels	of	arterial	pressure.	Any	method	that	detects	blood	flow
distal	 to	 a	 sphygmomanometer	 cuff	 may	 be	 used	 in	 this	 fashion.	 Doppler
machines	are	commonly	used	and	may	be	particularly	useful	for	situations	where
the	pulse	is	not	palpable	or	environmental	noise	precludes	auscultation.

Automated	Methods
Automated	indirect	blood	pressure	devices	operate	on	one	of	several	principles:
Doppler	 flow,	 infrasound,	 oscillometry,	 volume	 clamp,	 arterial	 tonometry,	 and
pulse	wave	arrival	time.

Doppler	Flow
Systems	 that	operate	on	 the	Doppler	principle	 take	advantage	of	 the	change	 in
frequency	 of	 a	 sound	 wave	 when	 there	 is	 movement	 between	 two	 objects.
Doppler	devices	emit	brief	pulses	of	sound	at	a	high	frequency	that	are	reflected
back	 to	 the	 transducer.	The	 compressed	 artery	 exhibits	 a	 large	 amount	 of	wall
motion	 when	 flow	 first	 appears	 in	 the	 vessel	 distal	 to	 the	 inflated	 cuff.	 This
causes	a	change	in	frequency	of	the	echo	signal,	known	as	a	Doppler	shift.	The
first	 appearance	 of	 flow	 in	 the	 distal	 artery	 represents	 systolic	 pressure.	 In	 an
uncompressed	 artery,	 the	 small	 amount	 of	motion	 does	 not	 cause	 a	 change	 of
frequency	for	 the	 reflected	signal.	Therefore,	 the	disappearance	of	 the	Doppler



shift	for	the	echo	signal	represents	diastolic	pressure.

Infrasound
Infrasound	devices	use	a	microphone	to	detect	low-frequency	(20-30	Hz)	sound
waves	 associated	 with	 the	 oscillation	 of	 the	 arterial	 wall.	 These	 sounds	 are
processed	by	a	minicomputer,	and	the	processed	signals	are	usually	displayed	in
digital	form.

Oscillometry
Oscillometric	 devices	 operate	 on	 the	 same	 principle	 as	 manual	 oscillometric
measurements.	 The	 cuff	 senses	 pressure	 fluctuations	 caused	 by	 vessel	 wall
oscillations	in	the	presence	of	pulsatile	blood	flow.	Maximum	oscillation	is	seen
at	 mean	 pressure,	 whereas	 wall	 movement	 greatly	 decreases	 below	 diastolic
pressure.	As	with	the	other	automated	methods	described,	 the	signals	produced
by	the	system	are	processed	electronically	and	displayed	in	numeric	form.

Volume	Clamp	Technique
The	volume	clamp	method	avoids	the	use	of	an	arm	cuff.	A	finger	cuff	is	applied
to	 the	 proximal	 or	 middle	 phalanx	 to	 keep	 the	 artery	 at	 a	 constant	 size.	 The
pressure	 in	 the	cuff	 is	 changed	as	necessary	by	a	 servocontrol	unit	 strapped	 to
the	wrist.	 The	 feedback	 in	 this	 system	 is	 provided	 by	 a	 photoplethysmograph
that	estimates	arterial	size.	The	pressure	needed	to	keep	the	artery	at	its	unloaded
volume	 can	 be	 used	 to	 estimate	 the	 intraarterial	 pressure.	 There	 have	 been	 a
number	 of	 studies	 examining	 this	 method	 in	 the	 past	 decade,	 mostly	 in	 the
anesthesia	 literature.	This	method	has	been	shown	to	be	reliable	 for	patients	at
risk	 of	 hypotensive	 episodes	 but	 has	 variable	 results	 among	 critically	 ill
patients.17	Limitations	include	a	 lag	time	of	7.5	to	10	seconds	and	inaccuracies
associated	with	peripheral	vasoconstriction	 from	vasopressors,	hypothermia,	or
collagen	vascular	disorders.

Arterial	Tonometry
Arterial	 tonometry	 provides	 continuous	 noninvasive	 measurement	 of	 arterial
pressure,	 including	 pressure	 waveforms.	 It	 slightly	 compresses	 the	 superficial
wall	of	an	artery	(usually	 the	radial).	Pressure	 tracings	obtained	in	 this	manner
are	 similar	 to	 intraarterial	 tracings.	A	generalized	 transfer	 function	can	convert



these	tracings	to	an	estimate	of	aortic	pressure.	This	method	has	not	yet	achieved
widespread	clinical	use.

Utility	of	Noninvasive	Blood	Pressure	Measurements
Only	 four	 of	 the	 methods	 described	 previously	 (infrasound,	 oscillometry,
Doppler	flow,	volume	clamp)	are	associated	with	significant	clinical	experience.
Of	these,	methods	that	use	infrasound	technology	correlate	least	well	with	direct
measures	 of	 arterial	 blood	 pressure.18	 Therefore,	 infrasound	 is	 rarely	 used	 in
systems	designed	for	critical	care.

Although	they	have	not	been	consistently	accurate,	automated	methods	have
the	 potential	 to	 yield	 pressures	 as	 accurate	 as	 values	 derived	 by	 auscultation.
Commonly	used	oscillometric	methods	can	correlate	to	within	1	mm	Hg	of	the
directly	 measured	 group	 average	 value18	 but	 may	 vary	 substantially	 from
intraarterial	 pressures	 of	 individual	 subjects,	 particularly	 at	 the	 extremes	 of
pressure.

One	 of	 the	 proposed	 advantages	 of	 automated	 noninvasive	 monitoring	 is
patient	 safety.	 Avoiding	 arterial	 lines	 eliminates	 the	 risk	 of	 vessel	 occlusion,
hemorrhage,	and	infection.	Automated	methods,	however,	have	complications	of
their	 own.	Ulnar	 nerve	 palsies	 have	 been	 reported	with	 frequent	 inflation	 and
deflation	 of	 a	 cuff.19	 Decreased	 venous	 return	 from	 the	 limb	 and	 eventually
reduced	 perfusion	 to	 that	 extremity	 can	 also	 be	 seen	 when	 the	 cuff	 is	 set	 to
inflate	and	deflate	every	minute.19

In	summary,	automated	noninvasive	blood	pressure	forms	a	major	component
of	modern	critical	care	monitoring.	Oscillometric	and	Doppler-based	devices	are
adequate	 for	 frequent	 blood	 pressure	 checks	 in	 patients	without	 hemodynamic
instability,	during	patient	transport	when	arterial	lines	cannot	be	easily	used,	and
for	the	severely	burned	patient,	when	direct	arterial	pressure	measurement	may
lead	 to	 an	 unacceptably	 high	 risk	 of	 infection.	 Automated	 noninvasive	 blood
pressure	monitors	have	a	role	for	following	trends	of	pressure	change	and	when
group	 averages,	 not	 individual	 measurements,	 are	 most	 important.	 In	 general,
they	 have	 significant	 limitations	 for	 patients	 with	 rapidly	 fluctuating	 blood
pressures	 and	 may	 diverge	 substantially	 from	 directly	 measured	 intraarterial
pressures.	Given	 these	 limitations,	critical	care	practitioners	 should	be	wary	of
relying	 solely	 on	 these	 measurements	 for	 patients	 with	 rapidly	 changing
hemodynamics	 or	 when	 very	 exact	 measurements	 of	 blood	 pressure	 are
important.



Direct	Invasive	Blood	Pressure	Measurement
Direct	 blood	 pressure	measurement	 is	 performed	with	 an	 intraarterial	 catheter.
Chapter	 7	 reviews	 insertion	 and	 maintenance	 of	 arterial	 catheters.	 Here,	 we
discuss	the	advantages	and	disadvantages	of	invasive	monitoring	compared	with
noninvasive	methods.

Arterial	 catheters	 contain	 a	 fluid	 column	 that	 transmits	 the	 pressure	 back
through	 the	 tubing	 to	 a	 transducer.	 A	 low-compliance	 diaphragm	 in	 the
transducer	 creates	 a	 reproducible	 volume	 change	 in	 response	 to	 the	 applied
pressure	change.	The	volume	change	alters	the	resistance	of	a	Wheatstone	bridge
and	is	thus	converted	into	an	electrical	signal.	Most	systems	display	the	pressure
in	both	wave	and	numeric	forms.

Problems	With	Direct	Pressure	Monitoring

System-Related	Problems
Several	technical	problems	can	affect	the	measurement	of	arterial	pressure	with
intra-arterial	catheters.	Transducers	must	be	calibrated	to	zero	at	the	level	of	the
heart.	 Improper	 zeroing	 can	 lead	 to	 erroneous	 interpretation.	 Thrombus
formation	 at	 the	 catheter	 tip	 can	 occlude	 the	 catheter,	 making	 accurate
measurement	impossible.	This	problem	can	be	largely	eliminated	by	using	a	20-
gauge	polyurethane	catheter,	rather	than	a	smaller	one,	with	a	slow,	continuous
saline	flush.20	 In	 conditions	with	 high	 risk	 of	 arterial	 line	 thrombosis,	 such	 as
COVID-19,	 the	 use	 of	 a	 heparin	 flush	 may	 preserve	 arterial	 line	 patency.21,22
Because	 movement	 may	 interrupt	 the	 column	 of	 fluid	 and	 prevent	 accurate
measurement,	the	patient’s	limb	should	be	immobile	during	readings.

The	frequency	response	of	the	transducer	system	is	a	phenomenon	not	only	of
transducer	design	but	also	of	the	tubing	and	the	fluid	in	it.	The	length,	width,	and
compliance	of	the	tubing	all	affect	the	system’s	response	to	change.	Small-bore
catheters	 are	 preferable	 because	 they	 minimize	 the	 mass	 of	 fluid	 that	 can
oscillate	and	amplify	the	pressure.23	The	compliance	of	the	system	(the	change	in
volume	of	the	tubing	and	the	transducer	for	a	given	change	in	pressure)	should
be	low.23	In	addition,	bubbles	in	the	tubing	can	affect	measurements	in	two	ways.
Large	 amounts	of	 air	 in	 the	measurement	 system	dampen	 the	 system	 response
and	 cause	 the	 system	 to	 underestimate	 the	 pressure.	 This	 is	 usually	 easily
detectable.	Small	air	bubbles	cause	an	increase	in	the	compliance	of	the	system
and	can	significantly	amplify	the	reported	pressure.23



Arterial	Catheter	Infections
Recent	 data	 challenge	 the	 classical	 perception	 that	 arterial	 catheters	 are	 less
likely	 to	 become	 infected	 than	 central	 venous	 catheters.	 A	 prospective	 cohort
study	 examined	 321	 arterial	 and	 618	 central	 venous	 catheters	 and	 found	 that
arterial	 catheter	 colonization	occurred	with	 similar	 incidence	 to	 central	 venous
catheter	colonization.24	 Arterial	 catheters	 are	 an	 important	 potential	 source	 for
infection	among	the	critically	ill	and	should	be	treated	similar	to	central	venous
catheters.25

Site	Selection
The	 radial	 artery	 is	 the	most	 common	 site	 of	 arterial	 cannulation	 for	 pressure
measurement.	 This	 site	 is	 accessible	 and	 can	 be	 easily	 immobilized	 to	 protect
both	the	catheter	and	the	patient.	The	major	alternative	site	is	the	femoral	artery.
Both	sites	are	 relatively	safe	 for	 insertion.26	The	ulnar,	brachial,	dorsalis	pedis,
and	 axillary	 arteries	 are	 also	 used	 with	 some	 frequency.26	 Mechanical
complications,	such	as	bleeding	and	nerve	injury,	are	discussed	in	Chapter	7.

How	 should	 a	 provider	 choose	 a	 site?	 Although	 there	 are	 a	 number	 of
theoretical	 considerations	 about	 comparing	 blood	 pressures	 from	 one	 site	 to
another,	 there	 are	 little	data	 from	critically	 ill	 patients.	A	 systematic	 review	of
19,617	 radial,	3899	 femoral,	 and	1989	axillary	cannulations	 found	 that	 serious
complications	 occurred	 infrequently	 (<1%	 of	 cannulations)	 and	 were	 similar
between	 all	 sites.26	 Among	 14	 septic	 surgical	 patients	 on	 vasopressors,	 radial
pressures	were	significantly	lower	than	femoral	arterial	pressures.	In	11	of	the	14
patients,	 vasopressor	 dose	was	 reduced	 based	 on	 the	 femoral	 pressure	without
untoward	 consequences;	 after	 vasopressors	 were	 discontinued,	 radial	 and
femoral	 pressures	 equalized.	 The	 authors	 concluded	 that	 clinical	 management
based	 on	 radial	 artery	 pressures	 may	 lead	 to	 excessive	 vasopressor
administration.27	 However,	 another	 somewhat	 larger	 observational	 study	 of
critically	 ill	 patients	 found	 no	 clinically	 meaningful	 differences	 of	 blood
pressures	 between	 the	 sites.28	Although	 data	 are	 sparse,	mean	 arterial	 pressure
(MAP)	 readings	 between	 the	 radial	 and	 femoral	 sites	 are	 probably
interchangeable	 for	 most	 patients.	 There	 may	 be	 a	 preference	 toward	 using
femoral	 arterial	 pressure	 readings	 in	 patients	with	 vasopressor	 resistant	 shock,
but	this	decision	should	be	balanced	by	the	risks	of	the	femoral	approach.

Should	the	risk	of	infection	drive	site	selection?	The	data	are	mixed.	Earlier
work	 suggested	 that	 there	 was	 no	 difference	 in	 infection	 rates	 between	 the
femoral	 and	 radial	 sites.26	More	 recently,	 a	 prospective	 observational	 study	 of
2949	 catheters	 in	 the	 ICU	 found	 that	 the	 incidence	 of	 catheter-related



bloodstream	 infection	 was	 significantly	 higher	 for	 femoral	 access	 (1.92/1000
catheter-days)	 than	 for	 radial	 access	 (0.25/1000	catheter-days)	 (odds	 ratio,	1.9;
P	 =	 .009).29	 Localized	 skin	 infections	were	 also	 significantly	 increased	 among
femoral	 vs	 radial	 arterial	 catheters.	 In	 addition,	 femoral	 arterial	 catheter
bloodstream	 infections	may	 have	 an	 increased	 association	 with	 gram-negative
bacteria	when	compared	to	the	radial	site,	similar	to	previous	data	from	central
venous	catheters.29

Advantages
Despite	 technical	problems,	direct	 arterial	 pressure	measurement	offers	 several
advantages.	Arterial	 lines	 actually	measure	 the	 end-on	 pressure	 propagated	 by
the	 arterial	 pulse.	 In	 contrast,	 indirect	 methods	 report	 the	 external	 pressure
necessary	to	obstruct	flow	or	to	maintain	a	constant	transmural	vessel	pressure.
Arterial	 lines	 can	 also	 detect	 pressures	 at	 which	 Korotkoff	 sounds	 are	 either
absent	 or	 inaccurate.	 Arterial	 lines	 provide	 a	 continuous	 measurement,	 with
heartbeat-to-heartbeat	 blood	 pressures.	 In	 situations	 in	 which	 frequent	 blood
drawing	 is	 necessary,	 indwelling	 arterial	 lines	 eliminate	 the	 need	 for	 multiple
percutaneous	punctures.	Finally,	analysis	of	the	respiratory	change	in	systolic	or
pulse	pressure	may	provide	 important	 information	on	cardiac	preload	and	fluid
responsiveness.

Conclusions
Indirect	methods	of	measuring	 the	blood	pressure	estimate	 the	arterial	pressure
by	reporting	the	external	pressure	necessary	to	either	obstruct	flow	or	maintain	a
constant	 transmural	 vessel	 size.	 Arterial	 lines	 measure	 the	 end-on	 pressure
propagated	 by	 the	 arterial	 pulse.	 Direct	 arterial	 pressure	 measurement	 offers
several	advantages	 for	many,	but	not	all,	patients.	Although	an	 invasive	 line	 is
required,	 the	 reported	 risk	 of	 complications	 is	 low.	 Arterial	 lines	 provide
heartbeat-to-heartbeat	 measurements,	 can	 detect	 pressures	 at	 which	 Korotkoff
sounds	are	either	absent	or	inaccurate,	and	do	not	require	repeated	inflation	and
deflation	 of	 a	 cuff.	 In	 addition,	 they	 provide	 easy	 access	 for	 phlebotomy	 and
blood	gas	sampling,	and	they	may	provide	additional	information	about	cardiac
status.	However,	particular	care	should	be	taken	with	aseptic	insertion	technique
and	line	site	maintenance	because	the	reported	incidence	of	arterial	line	infection
approaches	 that	 of	 central	 venous	 catheterization.	 Regardless	 of	 the	 method
used,	the	MAP	should	generally	be	the	value	used	for	decision-making	for	most
critically	ill	patients.



ELECTROCARDIOGRAPHIC	MONITORING
Almost	 all	 ICUs	 in	 the	 United	 States	 routinely	 perform	 continuous	 ECG
monitoring.	 Continuous	 ECG	 monitoring	 combines	 the	 principles	 of	 ECG,
which	have	been	known	since	1903,	with	the	principles	of	biotelemetry.	Here	we
review	the	principles	of	arrhythmia	monitoring,	automated	arrhythmia	detection,
and	the	role	of	automated	ST	segment	analysis.

ECG	 monitoring	 in	 most	 ICUs	 is	 done	 over	 a	 hardwired	 apparatus.	 Skin
electrodes	detect	cardiac	 impulses	and	transform	them	into	an	electrical	signal,
which	is	transmitted	over	wires	directly	to	the	signal	converter	and	display	unit.
This	removes	the	problems	of	interference	and	frequency	restrictions	that	can	be
seen	with	telemetry	systems.

Arrhythmia	Monitoring	in	the	ICU
1 	Continuous	ECG	monitoring	 is	generally	considered	 the	 standard	of	care	 for
all	 critically	 ill	 patients	 in	 intensive	 care,	 regardless	 of	 whether	 the	 patient’s
primary	admitting	diagnosis	is	related	to	a	cardiac	problem.	Approximately	20%
of	 patients	 in	 a	 general	 ICU	 have	 significant	 arrhythmias,	 mostly	 atrial
fibrillation	 or	 ventricular	 tachycardia	 (VT).30	 There	 is	 also	 a	 substantial
incidence	of	arrhythmia	following	major	surgery.31	Although	no	studies	address
whether	 monitoring	 for	 arrhythmias	 in	 a	 general	 ICU	 population	 alters
outcomes,	 this	monitoring	 is	 generally	 accepted	 and	 considered	 standard	 care.
On	 the	 other	 hand,	 for	 postmyocardial	 infarction	 patients,	 the	 data	 are
compelling.	 Arrhythmia	 monitoring	 was	 shown	 to	 improve	 the	 prognosis	 of
patients	admitted	to	the	ICU	for	acute	myocardial	infarction	(AMI).32	It	has	been
a	 standard	 of	 care	 in	 the	 United	 States	 since	 that	 time.	 Although	 VT	 and
fibrillation	after	myocardial	infarction	have	declined	in	frequency	over	the	years,
they	 still	 occur	 in	 about	 7.5%	 of	 patients.33	 Monitoring	 enables	 the	 rapid
detection	of	these	potentially	lethal	rhythms.

Evolution	of	Arrhythmia	Monitoring	Systems	for	Clinical
Use
After	 ICUs	 implemented	 continuous	ECG	monitoring,	 practitioners	 recognized
some	 deficiencies	 of	 the	 systems.	 Initially,	 the	 responsibility	 for	 arrhythmia
detection	was	 assigned	 to	 specially	 trained	 coronary	 care	 nurses.	Despite	 this,
several	studies	documented	that	manual	methods	failed	to	identify	arrhythmias,



including	persistent	VT,	in	up	to	80%	of	cases.34	This	failure	was	probably	due
to	an	inadequate	number	of	staff	nurses	to	watch	the	monitors,	inadequate	staff
education,	 and	 faulty	monitors.	 Subsequently,	monitors	 equipped	with	 built-in
rate	alarms	that	sounded	when	a	preset	maximum	or	minimum	rate	was	detected
proved	inadequate	because	some	runs	of	VT	are	too	brief	to	exceed	the	rate	limit
for	a	given	time	interval.	Ultimately,	computerized	arrhythmia	detection	systems
were	incorporated	into	the	monitors.	The	software	of	these	systems	is	capable	of
diagnosing	 arrhythmias	 based	 on	 recognition	 of	 heart	 rate,	 variability,	 rhythm,
intervals,	segment	lengths,	complex	width,	and	morphology.	These	systems	have
been	 validated	 for	 coronary	 care	 and	 general	 medical	 ICUs.	 Computerized
arrhythmia	detection	systems	are	well	accepted	by	nursing	personnel,	who	must
work	most	closely	with	them.35

Ischemia	Monitoring
Just	 as	 simple	 monitoring	 systems	 can	 miss	 episodes	 of	 VT	 and	 ventricular
fibrillation,	 they	 can	 fail	 to	 detect	 evidence	 of	 myocardial	 ischemia.	 ECG
monitoring	systems	with	automated	ST	segment	analysis	have	been	devised	 to
attempt	to	deal	with	this	problem.

For	 most	 ST	 segment	 monitoring	 systems,	 the	 computer	 initially	 creates	 a
template	 of	 the	 patient’s	 normal	 QRS	 complexes.	 It	 then	 recognizes	 the	 QRS
complexes	and	the	J	points	of	subsequent	beats	and	compares	an	isoelectric	point
just	 before	 the	QRS	with	 a	portion	of	 the	ST	 segment	60	 to	80	ms	after	 the	 J
point.36	 It	 compares	 this	 relationship	 to	 that	 of	 the	 same	 points	 in	 the	 QRS
complex	 template.	 The	 system	 must	 decide	 whether	 the	 QRS	 complex	 in
question	was	generated	and	conducted	in	standard	fashion	or	whether	the	beats
are	aberrant,	which	negates	the	validity	of	comparison.	Therefore,	an	arrhythmia
detection	system	must	be	included	with	all	ischemia	monitoring	systems.

Standard	systems	monitor	three	leads	simultaneously.	These	leads	are	usually
chosen	 to	 represent	 the	 three	 major	 axes	 (anteroposterior,	 left-right,	 and
craniocaudal).	The	machine	can	either	display	these	axes	individually	or	sum	up
the	ST	segment	deviations	and	display	them	in	a	graph	over	time.37

Although	noting	that	no	randomized	clinical	trials	document	improved	patient
outcomes	when	 automated	 ST	 segment	monitoring	 is	 used	 to	 detect	 ischemia,
the	 American	 Heart	 Association	 recommends	 continuous	 ST	 segment
monitoring	 in	 the	 setting	 of	 myocardial	 ischemia,	 angina,	 following	 cardiac
surgery,	and	high-risk	patients	with	stroke.38



Personnel
The	 staff’s	 ability	 to	 interpret	 the	 information	 received	 is	 crucial	 to	 effective
ECG	monitoring.37	Primary	interpretation	may	be	by	nurses	or	technicians	under
the	 supervision	of	 a	 physician.	All	 personnel	 responsible	 for	 interpreting	ECG
monitoring	 should	 have	 formal	 training	 developed	 cooperatively	 by	 the
hospital’s	medical	and	nursing	staffs.	At	a	minimum,	this	training	should	include
basic	 skills	 for	 proper	 lead	 placement,	 ECG	 interpretation,	 and	 arrhythmia
recognition.	Hospitals	 should	 also	 establish	 and	adhere	 to	 formal	protocols	 for
responding	 to	 and	 verifying	 alarms.	 A	 physician	 should	 be	 available	 to	 assist
with	interpretation	and	make	decisions	regarding	therapy.

Newer	Techniques
2 	 Arrhythmia	 and	 ischemia	 monitoring	 represent	 an	 opportunity	 for	 machine
learning	algorithms	to	aid	in	detection	and	diagnosis.	In	one	study	a	deep	neuro
network	provided	similar	diagnostic	accuracy	as	board	certified	cardiologist	in	a
single	ECG	ambulatory	 setting.39	 Similar	 application	 to	 critical	 care	 has	 yet	 to
become	 standard	 of	 care	 and	 represents	 an	 opportunity	 for	 future	 research.
Wireless	monitoring	systems	have	been	shown	to	be	feasible	as	well.40

Summary
Continuous	ECG	monitoring	 is	 usually	 considered	 the	 standard	 of	 care	 for	 all
critically	 ill	 ICU	 patients.	 Because	 ICU	 staff	 can	 miss	 a	 large	 percentage	 of
arrhythmias	when	they	use	monitors	without	computerized	arrhythmia	detection
systems,	 these	 computerized	 systems	 should	 be	 standard	 equipment	 for	 ICUs,
especially	those	which	care	for	patients	with	AMI.	It	appears	that	computerized
monitoring	 devices	 can	 also	 detect	 a	 significant	 number	 of	 arrhythmias	 not
detected	manually	in	noncardiac	patients	and	many	of	these	lead	to	an	alteration
in	patient	care.	Automated	ST	segment	analysis	facilitates	the	early	detection	of
ischemic	episodes.	Telemetry	provides	close	monitoring	of	recuperating	patients
while	allowing	them	increased	mobility.

RESPIRATORY	MONITORING
Critical	 care	 personnel	 should	monitor	 several	 primary	 respiratory	 parameters,
including	 respiratory	 rate,	 tidal	 volume/minute	 ventilation,	 oxygenation	 and



ventilation	 for	 critically	 ill	 patients.	 In	mechanically	 ventilated	 patients,	many
additional	 physiologic	 parameters	 can	 be	 monitored	 by	 the	 ventilator.	 This
section	 does	 not	 discuss	monitoring	 by	 the	mechanical	 ventilator	 (see	Chapter
29)	 but	 examines	 devices	 that	 might	 be	 routinely	 used	 to	 monitor	 the
aforementioned	parameters	continuously	and	noninvasively.

Respiratory	Rate,	Tidal	Volume,	and	Minute	Ventilation
3 	 Clinical	 examination	 of	 the	 patient	 often	 fails	 to	 detect	 clinically	 important
changes	 in	 respiratory	 rate	 and	 tidal	 volume.	 Physicians,	 nurses,	 and	 hospital
staff	 frequently	 report	 inaccurate	 respiratory	 rates,	 possibly	 because	 they
underestimate	 the	 measurement’s	 importance.	 Additionally,	 ICU	 staff	 had	 a
greater	than	20%	error	in	more	than	one-third	of	observations	when	the	recorded
respiratory	 rate	 was	 compared	 with	 objective	 tracings.41	 This	 is	 particularly
surprising	because	the	respiratory	rate	is	an	important	predictor	of	outcomes	for
many	severity-of-illness	scores	and	a	driving	component	of	clinical	deterioration
prediction	algorithms.42	Therefore,	objective	monitoring	of	the	respiratory	rate	is
essential	to	high-quality	care.

Impedance	Monitors
ICUs	 commonly	 use	 impedance	 monitors	 to	 measure	 respiratory	 rates	 and
approximate	tidal	volume.	These	devices	typically	use	ECG	leads	and	measure
changes	 in	 impedance	generated	by	 the	 change	 in	 distance	between	 leads	 as	 a
result	of	the	thoracoabdominal	motions	of	breathing.	Obtaining	a	quality	signal
requires	 placing	 the	 leads	 at	 points	 of	 maximal	 change	 in	 thoracoabdominal
contour	or	using	sophisticated	computerized	algorithms.	Alarms	can	then	be	set
for	high	and	 low	rates	or	 for	a	percentage	drop	 in	 the	signal	 that	 is	 thought	 to
correlate	with	a	decrease	in	tidal	volume.

In	clinical	use,	 impedance	monitors	can	suffer	confounding	problems.	They
have	failed	to	detect	obstructive	apnea	when	it	has	occurred	and	falsely	detected
apnea	 when	 it	 has	 not.43	 Accuracy	 can	 be	 limited	 when	 patients	 are	 mobile.
Logically,	 impedance	 monitors	 alone	 are	 poor	 detectors	 of	 obstructive	 apnea
because	they	may	count	persistent	chest	wall	motion	as	breaths	when	the	apneic
patient	 struggles	 to	 overcome	 airway	 obstruction.43	 In	 general,	 respiratory	 rate
monitoring	 during	 an	 ICU	 stay	 results	 in	 a	 very	 high	 fraction	 of	 clinically
irrelevant	 alarms:	 in	 one	 study,	 only	 4%	 of	 respiratory	 alarms	 were	 deemed
clinically	relevant.44	Although	impedance	monitors	offer	the	advantage	of	being
inexpensive	when	ECG	monitoring	 is	 already	 in	use,	 they	 lack	accuracy	when



precise	 measurements	 of	 apnea,	 respiratory	 rate,	 airflow,	 or	 tidal	 volume	 are
required.

Respiratory	Inductive	Plethysmography
Respiratory	 inductive	 plethysmography	 (RIP)	 measures	 changes	 in	 the	 cross-
sectional	area	of	the	chest	and	abdomen	that	occur	with	respiration	and	processes
these	 signals	 into	 respiratory	 rate	 and	 tidal	 volume.	 This	 technology	 may	 be
familiar	 to	providers	and	patients	because	 it	 is	often	used	 in	polysomnograms.
Typically,	two	elastic	bands	with	embedded	wires	are	placed	above	the	xiphoid
and	around	the	abdomen.	As	the	cross-sectional	area	of	the	bands	changes	with
respiration,	 the	 self-inductance	 of	 the	 coils	 changes	 the	 frequency	 of	 attached
oscillators.	These	signals	are	generally	calibrated	to	a	known	gas	volume	or	may
be	internally	calibrated	so	that	further	measurements	reflect	a	percentage	change
from	 baseline	 rather	 than	 an	 absolute	 volume.	 RIP	 can	 accurately	 measure
respiratory	 rate	 and	 the	 percentage	 change	 in	 tidal	 volume,	 as	 well	 as	 detect
obstructive	apneas.45	Some	studies	have	found	problems	with	RIP’s	estimation	of
lung	volumes.	Notably,	RIP	must	be	calibrated	against	a	known	gas	volume	 to
provide	tidal	volume	estimates.	This	calibration	is	not	always	accurate	and	may
result	in	errors	of	>10%	for	5%	to	10%	of	patients	even	under	highly	controlled
circumstances.46	 Among	 mechanically	 ventilated	 patients,	 RIP	 had	 significant
measurement	 drift	 (25	 cm3/min)	 and	 imprecise	 volume	 estimates.	 Only	 about
two-thirds	 of	 tidal	 volume	 estimates	 were	 accurate	 to	 within	 10%	 of	 the
reference	value.46

In	 addition	 to	 displaying	 respiratory	 rate	 and	 percentage	 change	 of	 tidal
volume,	RIP	can	provide	asynchronous	and	paradoxical	breathing	measurements
and	 alarms,	 which	 are	 common	 during	 early	 ventilator	 weaning	 and	 may	 be
helpful	 for	 predicting	 respiratory	 failure.47	 The	 noninvasive	 nature	 of	 the	 tidal
volume	 measurement	 may	 be	 helpful	 for	 patients	 who	 experience	 technical
problems	or	leaks	that	make	it	difficult	to	directly	measure	expired	volume	(eg,
patients	with	 bronchopleural	 fistulas).	 In	 addition,	RIP	 can	 display	 changes	 of
functional	 residual	 capacity,	which	 permits	 health	 care	 providers	 to	 assess	 the
effects	 of	 changing	 positive	 end-expiratory	 pressure	 (PEEP)	 or	 responses	 to
bronchodilator	therapy.	Providers	can	determine	the	presence	and	an	estimation
of	 the	 amount	 of	 auto	 (intrinsic)	 PEEP	 by	 observing	 the	 effect	 of	 applied
(extrinsic)	PEEP	on	 functional	 residual	 capacity,	with	 the	caveats	noted	earlier
regarding	possible	inaccuracy	of	volume	measurements.

RIP	 systems	 are	 available	 with	 central	 monitoring	 station	 configurations,
which	have	been	used	for	noninvasively	monitored	respiratory	care	units;	these



units	 have	 allowed	 ICU-level	 patients	 to	 be	 safely	 moved	 to	 a	 less	 labor-
intensive	 level	 of	 care.	 Compared	 with	 impedance	 methods,	 RIP	 is	 more
accurate	and	offers	a	variety	of	other	useful	measurements	but	is	less	convenient
and	more	expensive.

Other	Methods
Capnography	 is	 gaining	 popularity	 in	 the	 ICU	 and	 can	 accurately	 measure
respiratory	 rate.	 Capnography	 is	 discussed	 in	more	 detail	 later	 in	 this	 chapter.
Although	 health	 care	 providers	 can	 also	 use	 pneumotachometers	 and
electromyography	to	accurately	measure	respiratory	rate,	these	methods	are	not
commonly	used	 in	 the	 ICU.	A	pneumotachometer	 requires	complete	collection
of	exhaled	gas	and,	therefore,	either	intubation	or	use	of	a	tight-fitting	face	mask,
which	 is	 not	 practical	 simply	 for	 monitoring.	 Surface	 electromyography	 of
respiratory	 muscles,	 can	 be	 used	 to	 calculate	 respiratory	 rate	 accurately	 but
cannot	 detect	 obstructive	 apnea	 or	 provide	 a	 measure	 of	 tidal	 volume.48
Electromyography	 works	 well	 for	 infants	 but	 presents	 difficulties	 for	 adults,
especially	for	obese	adults	and	those	with	edema.

Recently,	 substantial	 research	 has	 focused	 on	 better	 ways	 to	 noninvasively
monitor	 respiratory	 rate.	All	 of	 these	 need	 clinical	 validation	 in	 a	 critical	 care
setting,	 but	 examples	 of	 potentially	 emerging	 technologies	 include	mechanical
contact	 sensors	 placed	 in	 patients’	 beds	 or	 pillows,	 acoustical	 respiratory
monitoring,	 photoplethysmography,	 and	 monitoring	 based	 on	 the	 humidity	 of
exhaled	gas.

Measurements	of	Gas	Exchange

Pulse	Oximetry
Clinical	 estimation	 of	 hypoxemia	 is	 exceptionally	 unreliable.	 Pulse	 oximeters
measure	the	saturation	of	hemoglobin	in	the	tissue	during	the	arterial	and	venous
phases	 of	 pulsation	 and	 mathematically	 derive	 arterial	 saturation.	 A	 meta-
analysis	of	74	oximeter	studies	suggests	that	these	estimates	are	usually	accurate
within	5%	of	simultaneous	gold	standard	measurements.49	This	section	reviews
the	essential	technology	involved	in	pulse	oximetry	and	practical	problems	that
limit	its	use.

Theory



Oximeters	 distinguish	 between	oxyhemoglobin	 and	 reduced	hemoglobin	 based
on	 their	differential	absorption	of	 light.	Oxyhemoglobin	absorbs	much	 less	 red
(±660	nm)	and	slightly	more	infrared	(±910-940	nm)	light	than	nonoxygenated
hemoglobin.	Oxygen	 saturation	 thereby	 determines	 the	 ratio	 of	 red	 to	 infrared
absorption.	When	red	and	infrared	light	are	directed	from	light-emitting	diodes
(LEDs)	 to	a	photodetector	across	a	pulsatile	 tissue	bed,	 the	absorption	of	each
wavelength	 by	 the	 tissue	 bed	 varies	 cyclically	 with	 pulse.	 During	 diastole,
absorption	 is	due	 to	 the	nonvascular	 tissue	components	 (eg,	bone,	muscle,	and
interstitium)	and	venous	blood.	During	systole,	absorption	 is	determined	by	all
these	components	and	arterialized	blood.	The	pulse	amplitude	accounts	for	only
1%	to	5%	of	the	total	signal.50	Thus,	the	difference	between	absorption	in	systole
and	diastole	is	in	theory	due	to	the	presence	of	arterialized	blood.	The	change	in
the	ratio	of	absorption	between	systole	and	diastole	can	then	be	used	to	calculate
an	 estimate	 of	 arterial	 oxygen	 saturation.	 Absorption	 is	 typically	 measured
hundreds	of	times	per	second.	Signals	usually	are	averaged	over	several	seconds
and	 then	 displayed	 numerically.	 The	 algorithm	 used	 for	 each	 oximeter	 is
determined	by	calibrations	from	human	volunteers.	Most	oximeters	under	ideal
circumstances	measure	the	saturation	indicated	by	the	pulse	oximeter	(SpO2)	to
within	2%	of	arterial	oxygen	saturation.51

Co-oximeters	perform	measurements	on	whole	blood	obtained	from	an	artery
or	 a	 vein.	 They	 frequently	 measure	 absorbance	 at	 multiple	 wavelengths	 and
compute	 the	percentage	of	oxyhemoglobin,	deoxyhemoglobin,	methemoglobin,
and	 carboxyhemoglobin	 (COHb)	 in	 total	 hemoglobin	 based	 on	 different
absorption	spectra.	They	are	mostly	free	of	the	artifacts	that	limit	the	accuracy	of
tissue	oximeters	and	are	regarded	as	a	gold	standard	by	which	other	methods	of
assessing	saturation	can	be	measured.

Problems	Encountered	in	Use
4 	 Because	 pulse	 oximeters	 are	 ubiquitous,	 all	 ICU	 providers	must	 understand
their	 limitations.	 A	 meta-analysis	 of	 problems	 encountered	 in	 pulse	 oximetry
trials	 identified	 severe	 hypoxemia,	 dyshemoglobinemia,	 low	 perfusion	 states,
skin	pigmentation,	 and	hyperbilirubinemia	as	having	 the	potential	 to	 affect	 the
accuracy	of	pulse	oximeter	readings.49	Furthermore,	a	 recent	study	found	pulse
oximetry	 may	 underdetect	 hypoxemia	 in	 black	 patients.52	 Any	 process	 that
affects	 or	 interferes	 with	 the	 absorption	 of	 light	 between	 the	 LEDs	 and
photodetector	alters	the	quality	of	pulsatile	flow,	or	changes	the	hemoglobin	that
may	distort	the	oximeter’s	calculations.	Table	27.1	 lists	 the	problems	that	must
be	considered	in	clinical	use.



TABLE	27.1

Conditions	Adversely	Affecting	Accuracy	of	Oximetry

May	result	in	poor	signal	detection

Probe	malposition No	pulse

Motion Vasoconstriction

Hypothermia Hypotension

Falsely	lowers	SpO2 Falsely	raises	SpO2

Nail	polish Elevated	carboxyhemoglobin

Dark	skin Elevated	methemoglobin

Ambient	light Ambient	light

Elevated	serum	lipids Hypothermia

Methylene	blue

Indigo	carmine

Indocyanine	green

SpO2,	saturation	indicated	by	the	pulse	oximeter.

Calibration
Manufacturers	 use	 normal	 volunteers	 to	 derive	 pulse	 oximeter	 calibration
algorithms.	 This	 creates	 three	 problems.	 First,	 manufacturers	 use	 different
calibration	 algorithms,	 which	 results	 in	 a	 difference	 in	 SpO2	 of	 up	 to	 2.7%
between	different	manufacturers’	oximeters	used	to	measure	the	same	patient.53
Second,	manufacturers	 have	 defined	 SpO2	 differently	 for	 calibration	 purposes.
Calibration	may	 or	may	 not	 account	 for	 the	 interference	 of	 small	 amounts	 of
dyshemoglobinemia	(eg,	methemoglobin	or	COHb).	For	example,	if	an	oximeter
is	 calibrated	 based	 on	 a	 study	 of	 nonsmokers	 with	 a	 2%	 COHb	 level,	 the
measured	SpO2	percentage	would	differ	depending	on	whether	the	value	used	to
calibrate	SpO2	 included	 or	 excluded	 the	 2%	COHb.53	 Third,	 it	 is	 difficult,	 for



ethical	 reasons,	 for	 manufacturers	 to	 obtain	 an	 adequate	 number	 of	 validated
readings	in	people	with	an	SpO2	of	less	than	70%	to	develop	accurate	calibration
algorithms	in	this	saturation	range.	Most	oximeters	give	less	precise	readings	in
this	 saturation	 range.	 Unless	 better	 calibration	 algorithms	 become	 available,
oximeters	should	be	considered	unreliable	when	SpO2	is	less	than	70%,	although
this	 may	 have	 little	 clinical	 impact	 since	 emergent	 intervention	 is	 usually
required	for	all	SpO2	readings	<70%.

Measurement	Sites
Careful	sensor	positioning	is	crucial	for	obtaining	accurate	results	from	a	pulse
oximeter.	Practitioners	can	obtain	accurate	measurements	from	fingers,	forehead,
and	earlobes.	The	response	time	from	a	change	in	the	partial	pressure	of	arterial
oxygen	 (PaO2)	 to	 a	 change	 in	 displayed	 SpO2	 is	 delayed	 for	 finger	 and	 toe
probes	 compared	 to	 ear,	 cheek,	 or	 glossal	 probes.54	 Motion	 and	 perfusion
artifacts	are	the	greatest	problems	with	finger	or	toe	measurements.	The	earlobe
is	 believed	 to	 be	 the	 site	 least	 affected	 by	 vasoconstriction	 artifact,	 but
paradoxically	the	finger	may	give	a	better	signal	at	times	of	hypoperfusion.49

Fingernails
Long	 fingernails	may	 prevent	 correct	 positioning	 of	 the	 finger	 over	 the	 LEDs
used	 in	 inflexible	 probes	 and	 therefore	 produce	 inaccurate	 SpO2	 readings
without	 affecting	 the	 pulse	 rate.	 Synthetic	 nails	 have	 also	 produced	 erroneous
results.	Because	pulse	oximetry	depends	fundamentally	on	color,	nail	polish	may
falsely	lower	SpO2.	However,	a	2002	study	with	a	newer	generation	oximeter	did
not	 find	 this	 effect.55	 In	 addition,	 placing	 the	 probe	 sideways	 across	 the
fingernail	 bed	 appeared	 to	 ameliorate	 any	 effect	 of	 fingernail	 polish	 in	 one
study.56

Skin	Color
A	 large	 multicenter	 study	 paired	 measurements	 of	 oxygenation	 by	 pulse
oximetry	 and	 arterial	 blood	 gas	 and	 found	 that	 pulse	 oximetry	 significantly
underdetects	hypoxemia	 in	black	patients.	 In	 this	study,	black	patients	suffered
occult	hypoxemia	not	detected	by	pulse	oximetry	with	three	times	the	frequently
of	white	patients.	The	authors	suggest	this	discrepancy	maybe	due	to	the	lack	of
diversity	when	developing	and	calibrating	pulse	oximeters.52

Ambient	Light
Ambient	 light	 that	 affects	 absorption	 in	 the	 660-	 or	 910-nm	 wavelengths,	 or



both,	may	affect	calculations	of	saturation	and	pulse.	Xenon	arc	surgical	lights,
fluorescent	 lights,	 and	 fiberoptic	 light	 sources	 have	 caused	 falsely	 elevated
saturation	 but	 typically	 are	 accompanied	 by	 obvious	 dramatic	 elevations	 in
reported	pulse.57	An	infrared	heating	lamp	has	produced	falsely	low	saturations
and	 a	 falsely	 low	 pulse.57	 Interference	 from	 surrounding	 lights	 should	 be
suspected	by	the	presence	of	pulse	values	discordant	from	the	palpable	pulse	or
ECG,	 or	 changes	 in	 the	 pulse-saturation	 display	when	 the	 probe	 is	 transiently
shielded	 from	 ambient	 light	 with	 an	 opaque	 object.	Most	 manufacturers	 have
now	modified	their	probes	to	minimize	this	problem.	Studies	report	that	ambient
lighting	has	little	or	no	effect	on	newer	generation	oximeters.58

Hyperbilirubinemia
Bilirubin’s	 absorbance	 peak	 is	 maximal	 in	 the	 450-nm	 range	 but	 has	 tails
extending	 in	 either	 direction.59	 Bilirubin,	 therefore,	 does	 not	 typically	 affect
pulse	oximeters	that	use	the	standard	two-diode	system.	However,	it	may	greatly
interfere	 with	 the	 measurement	 of	 saturation	 by	 co-oximeters.59	 Co-oximeters
typically	use	four	to	six	wavelengths	of	light	and	measure	absolute	absorbance	to
quantify	the	percentage	of	all	major	hemoglobin	variants.	Serum	bilirubin	values
as	high	as	44	mg/dL	had	no	effect	on	the	accuracy	of	pulse	oximeters	but	led	to
falsely	low	levels	of	oxyhemoglobin	measured	by	co-oximetry.59

Dyshemoglobinemias
Conventional	 (two-diode)	 pulse	 oximeters	 cannot	 detect	 the	 presence	 of
methemoglobin,	 COHb,	 or	 fetal	 hemoglobin.	 Fetal	 hemoglobin	may	 confound
readings	among	neonates	but	is	rarely	a	problem	for	adults.	On	the	other	hand,
acquired	 methemoglobinemia—although	 uncommon—is	 seen	 in	 routine
practice,	 largely	due	 to	 the	use	of	methemoglobinemia-inducing	drugs,	such	as
topical	anesthetics.	Because	methemoglobin	absorbs	more	light	at	660	nm	than
at	 990	 nm,	 it	 affects	 pulse	 oximetry	 readings.60	 Moreover,	 higher	 levels	 of
methemoglobin	tend	to	bias	the	reading	toward	85%	to	90%.60	COHb	is	typically
read	 by	 a	 two-diode	 oximeter	 as	 90%	 oxyhemoglobin	 and	 10%	 reduced
hemoglobin,	 resulting	 in	 false	 elevations	 of	 SpO2.61	 A	 gap	 between	 pulse
oximetry	and	PO2	or	co-oximetrically	measured	oxygen	saturation	may	suggest
elevated	 COHb	 levels,	 particularly	 for	 patients	 after	 smoke	 inhalation	 or
potential	 carbon	 monoxide	 poisoning.	 Because	 COHb	 may	 routinely	 be	 10%
among	 smokers,	 pulse	 oximetry	 may	 fail	 to	 detect	 significant	 desaturations
among	this	group	of	patients.	Oxygen	saturation	of	smokers,	when	measured	by
co-oximetry,	was	on	average	5%	lower	than	pulse-oximetric	values.62	Hemolytic



anemia	may	also	elevate	COHb	up	to	2.6%.	Because	other	etiologies	of	COHb
are	 rare	 among	 hospitalized	 patients	 and	 the	 half-life	 of	 COHb	 is	 short,	 this
problem	is	unusual	in	the	critical	care	setting	except	for	newly	admitted	patients,
patients	 with	 active	 hemolysis,	 or	 those	 on	 COHb-inducing	 drugs,	 such	 as
sodium	 nitroprusside.	 More	 recently,	 some	 pulse	 oximeters	 that	 use
multiwavelength	 technology	 have	 been	 able	 to	 successfully	 report
methemoglobin	and	COHb	levels.63,64

Lipids
Patients	 with	 elevated	 chylomicrons	 and	 those	 receiving	 lipid	 infusions	 may
have	 falsely	 low	SpO2	 because	 of	 interference	 in	 absorption	 by	 the	 lipid.	This
also	affects	co-oximetry	and	may	lead	to	spurious	methemoglobin	readings.65

Glycohemoglobin	A1C
A	study	of	261	patients	with	2	diabetes	mellitus	 showed	 that	 a	HbA1c	greater
than	 7%	 leads	 to	 an	 overestimation	 of	 SpO2	 by	 an	 average	 of	 2.3%	 when
compared	to	those	with	an	HbA1c	less	than	7%.66

Hypothermia
Good-quality	signals	may	be	unobtainable	in	10%	of	hypothermic	patients.67	The
decrease	 of	 signal	 quality	 probably	 results	 from	 hypothermia-induced
vasoconstriction.	When	 good-quality	 signals	 could	 be	 obtained,	 SpO2	 differed
from	co-oximetry–measured	saturation	by	only	0.6%	in	one	series.67

Intravascular	Dyes
Methylene	blue,	used	to	treat	methemoglobinemia,	has	a	maximal	absorption	at
670	 nm	 and	 therefore	 falsely	 lowers	 measured	 SpO2.	 Indocyanine	 green	 and
indigo	 carmine	 also	 lower	 SpO2,	 but	 the	 changes	 are	 minor	 and	 brief.68

Fluorescein	 has	 minimal	 effect	 on	 SpO2.	 Because	 of	 the	 rapid	 vascular
redistribution	 of	 injected	 dyes,	 the	 effect	 on	 oximetry	 readings	 typically	 lasts
only	5	to	10	minutes.69

Motion	Artifact
Shivering	and	other	motions	that	change	the	distance	from	diode	to	receiver	may
result	 in	 artifact.	Oximeters	 account	 for	motion	 by	 different	 algorithms.	 Some
oximeters	display	a	warning	sign,	others	stop	reporting	data,	and	others	display
erroneous	 values.	 The	 display	 of	 a	 plethysmographic	 waveform	 rather	 than	 a



signal	 strength	 bar	 helps	 to	 indicate	 to	 providers	 that	 artifact	 has	 distorted	 the
pulse	 signal	 and	 lowered	 the	 quality	 of	 the	 SpO2	 reading.	 Newer-generation
oximeters	appear	to	have	significantly	less	susceptibility	to	motion	artifact	than
earlier	models.

Hypoperfusion
During	a	blood	pressure	cuff	inflation	model	of	hypoperfusion,	most	oximeters
remained	 within	 2%	 of	 control	 readings.70	 Increasing	 systemic	 vascular
resistance	 and	 decreasing	 cardiac	 output	 can	 also	 make	 it	 harder	 to	 obtain	 a
good-quality	signal.	In	one	series,	the	lowest	cardiac	index	and	highest	systemic
vascular	 resistance	at	which	a	signal	could	be	detected	were	2.4	L/min/m2	 and
2930	 dynes	 second/cm5/m2,	 respectively.71	 Warming	 the	 finger	 or	 applying	 a
vasodilating	cream	tended	 to	extend	 the	range	of	signal	detection	of	 individual
patients.71	 The	 oximeter’s	 ability	 to	 display	 a	 waveform	 and	 detect	 perfusion
degradation	of	the	signal	was	crucial	for	determining	when	the	readings	obtained
were	valid.

Indications
The	 Society	 of	 Critical	 Care	 Medicine	 considers	 pulse	 oximetry	 (or
transcutaneous	 oxygen	measurement)	 essential	monitoring	 for	 all	 ICU	patients
receiving	 supplemental	 oxygen.	 Unsuspected	 hypoxemia	 is	 common	 among
critically	 ill	 patients.	 Sixteen	 percent	 of	 patients	 not	 receiving	 supplemental
oxygen	 in	 the	 recovery	 room	 following	 general	 anesthesia	 have	 saturations	 of
less	 than	90%.72	 In	one	study	 that	 randomized	more	 than	20,000	operative	and
perioperative	 patients	 to	 continuous	 or	 no	 oximetric	 monitoring,	 the	 authors
concluded	 that	 oximetry	 permitted	 detection	 of	 more	 hypoxemic	 events,
prompted	 increases	 in	 the	 fraction	of	 oxygen	 in	 inspired	gas,	 and	 significantly
decreased	 the	 incidence	 of	 myocardial	 ischemia	 but	 did	 not	 significantly
decrease	 mortality	 or	 complication	 rates.73	 Because	 of	 the	 high	 frequency	 of
hypoxemia	among	critically	ill	patients,	the	frequent	need	to	adjust	oxygen	flow,
and	the	unreliability	of	visual	inspection	to	detect	mild	desaturations,	oximeters
should	be	used	for	most	critically	ill	patients.

Oximeters	 are	 also	 used	 in	 the	 ICU	 for	 reasons	 other	 than	 continuous
monitoring.	 For	 example,	 oximeters	 may	 be	 helpful	 during	 intubation.	 Once
desaturation	 occurs,	 attempts	 to	 intubate	 should	 be	 postponed	 until	 manual
ventilation	 restores	 saturation.	Note,	 however,	 that	 oximetry	 is	 not	 helpful	 for
promptly	detecting	inadvertent	esophageal	 intubation	because	desaturation	may
lag	significantly	behind	apnea	in	preoxygenated	patients.



Capnography
Capnography	 involves	 the	 measurement	 and	 display	 of	 expired	 PCO2

concentrations.	 This	 section	 reviews	 the	 technology,	 measurement,	 and
interpretation	of	end-tidal	CO2	(EtCO2),	and	indications	for	use.

Technology
In	 the	 ICU,	 the	 partial	 pressure	 of	 expired	 CO2	 is	 typically	 determined	 by
infrared	 absorbance	 but	 can	 also	 be	 determined	 by	 mass	 spectrometry.	 The
infrared	 technique	 relies	 on	 the	 fact	 that	 carbon	 dioxide	 has	 a	 characteristic
absorbance	 of	 infrared	 light,	 with	 maximal	 absorbance	 near	 a	 wavelength	 of
4.28	mm.	A	heated	wire	with	optical	filters	is	used	to	generate	an	infrared	light
of	appropriate	wavelength.	When	carbon	dioxide	passes	between	a	focused	beam
of	light	and	a	semiconductor	photodetector,	an	electronic	signal	can	be	generated
that,	when	calibrated,	accurately	reflects	the	partial	pressure	of	CO2	in	the	tested
gas.

A	 mass	 spectrometer	 bombards	 gas	 with	 an	 electron	 stream.	 The	 ion
fragments	 that	 are	 generated	 can	 be	 deflected	 by	 a	magnetic	 field	 to	 detector
plates	 located	 in	 precise	 positions	 to	 detect	 ions	 that	 are	 characteristic	 of	 the
molecule	being	evaluated.	The	current	generated	at	the	detector	can	be	calibrated
to	be	proportional	to	the	partial	pressure	of	the	molecule	being	evaluated.

The	 two	 techniques	have	different	 strengths.	Mass	 spectrometers	 can	detect
the	 partial	 pressures	 of	 several	 gases	 simultaneously	 and	 can	 monitor	 several
patients	at	once.	Infrared	techniques	measure	only	PCO2	and	are	usually	used	for
one	 patient	 at	 a	 time.	 The	 calibration	 and	 analysis	 time	 required	 for	 mass
spectrometry	 is	 significantly	 longer	 than	 with	 infrared	 techniques.	 Infrared
systems	 respond	 to	 changes	 in	 approximately	 100	milliseconds,	whereas	mass
spectrometers	 take	 45	 seconds	 to	 5	minutes	 to	 respond.74	Although	 costs	 vary
widely,	 mass	 spectrometers	 are	 in	 general	 far	 more	 expensive	 and	 are	 most
frequently	purchased	to	be	the	central	component	of	a	carbon	dioxide	monitoring
system.	 In	 the	 operating	 room,	mass	 spectrometry	 has	 the	 advantage	 of	 being
able	 to	 measure	 the	 partial	 pressure	 of	 anesthetic	 gases,	 and	 the	 need	 for	 a
technical	 specialist	 to	 oversee	 its	 operation	 can	 be	 more	 easily	 justified.	 For
these	 reasons,	 infrared	 absorption	 has	 achieved	 much	 more	 popularity	 in	 the
ICU.

Gases	can	be	sampled	by	mainstream	or	sidestream	techniques.	Mainstream
sampling	 involves	 placing	 the	 capnometer	 directly	 in	 line	 in	 the	 patient’s
respiratory	circuit.	All	air	leaving	the	patient	passes	through	the	capnometer.	The



sidestream	 sampling	 technique	 pumps	 100	 to	 300	mL	 expired	 gas	 per	minute
through	thin	tubing	to	an	adjacent	analyzing	chamber.

The	mainstream	method	can	be	used	only	 for	patients	who	are	 intubated	or
wearing	 a	 tight-fitting	 laryngeal,	 face,	 or	 nose	 masks.	 Mainstream	 sampling
offers	the	advantage	of	almost	instantaneous	analysis	of	sampled	air.	Sidestream
measurement	 suffers	 limitations	due	 to	 slower	aspirating	 flow	 rates	 and	 longer
tubing	 lengths	 that	 significantly	 worsen	 the	 ability	 to	 detect	 a	 rapid	 rise	 of
carbon	 dioxide	 and	 causes	 delay	 between	 physiological	 changes	 in	 the	 patient
and	 the	 display	 of	 changes	 on	 the	 monitor.	 When	 the	 delay	 exceeds	 the
respiratory	 cycle	 time,	 the	 generated	 data	 are	 inaccurate.75	 Located	 near	 the
mouth	 or	 nose,	 sidestream	 sampling	 lines	 are	 also	 prone	 to	 clogging	 with
secretions,	saliva,	or	water	condensation.	Sidestream	sampling	is	limited	in	some
ways	 but	 can	 be	 used	 for	 nonintubated	 patients	 to	 detect	 cyclic	 changes	 of
carbon	dioxide	concentrations	and	 is	 frequently	used	during	 the	administration
of	conscious	sedation.

Interpretation	of	EtCO2

Appropriate	 interpretation	 of	 EtCO2	 requires	 integration	 of	 the	 absolute	 value
and	waveform.	The	PCO2	 of	 exhaled	 air	measured	 at	 the	mouth	 changes	 in	 a
characteristic	pattern	that	reflects	the	underlying	characteristics	of	gas	exchange
(Figure	 27.1).	 There	 are	 four	 phases	 of	 the	 classic	 EtCO2	 waveform.	 Phase	 I
represents	inhalation	of	fresh	gas	into	the	lungs	and	contains	negligible	amounts
of	PCO2,	unless	significant	CO2	rebreathing	has	occurred.	Phase	II	represents	a
rapid	 rise	 in	 the	 PCO2	 due	 to	 the	 combination	 of	 the	 anatomic	 dead	 space,
alveolar	dead	space,	and	gas	exchanging	alveoli.	The	slope	of	phase	II	encodes
valuable	physiological	information,	which	is	discussed	here.	Phase	III	represents
the	alveolar	plateau,	which	is	reached	after	dead	space	air	has	been	exhaled.	The
plateau	level	is	determined	by	the	mean	alveolar	PCO2,	which	is	in	equilibration
with	 pulmonary	 capillary	 PCO2.	 The	 end-alveolar	 plateau	 level	 of	 PCO2

measured	during	the	last	20%	of	exhalation	is	the	EtCO2.	The	slope	of	phase	III
should	always	be	positive	and	reflects	 the	emptying	of	alveolar	units.	Alveolar
units	have	different	emptying	time	constants	and	units	with	long	time	constants
will	 empty	 with	 higher	 amounts	 of	 offloaded	 CO2.	 In	 health	 and	 at	 rest,	 the
difference	 between	 EtCO2	 and	 PaCO2	 is	 ±1.5	 mm	 Hg.	 A	 difference	 exists
because	 of	 the	 presence	 of	 dead	 space	 and	 normal	 physiological	 shunting.
Changes	of	dead	space	ventilation	or	pulmonary	perfusion	that	alter	ventilation-
perfusion	ratios	can	change	the	relationship	between	end-tidal	and	arterial	PCO2



values.	 As	 dead	 space	 increases,	 the	 EtCO2	 represents	 more	 the	 PCO2	 of
nonperfused	 alveoli,	 thereby	 lowering	 EtCO2	 relative	 to	 the	 PaCO2	 value.	 As
perfusion	decreases,	 fewer	alveoli	are	perfused,	creating	a	similar	effect.	Phase
IV	shows	the	rapid	decline	of	EtCO2	at	the	onset	of	inspiration.	The	intersection
of	phase	II	and	phase	III	is	referred	to	as	the	alpha	angle	and	the	intersection	of
phase	III	and	phase	IV	is	referred	to	as	the	beta	angle.

	

Figure	 27.1 	 Normal	 and	 abnormal	 capnograms.In	 the	 normal
capnogram	(A),	 on	 the	 right	 of	 the	 trace,	 the	 paper	 speed	 has	 been
increased.	The	EF	 segment	 is	 inspiration.	 The	FG	 segment	 reflects
the	 start	 of	 expiration	 with	 exhalation	 of	 dead	 space	 gas.	 The	GH
segment	is	the	alveolar	plateau.	End-tidal	values	are	taken	at	point	H.
HI	 is	 the	beginning	of	 inspiration.	 In	 the	abnormal	capnograms,	 the
alveolar	plateau	is	distorted	and	the	end-tidal	point	cannot	be	clearly
determined	because	of	 erratic	breathing	 (B),	 and	obstructive	airway
disease	(C).	(Modified	from	Stock	MC.	Noninvasive	carbon	dioxide
monitoring.	Crit	Care	Clin.	1988;4:511.)

Clinical	Utility	of	EtCO2	Monitoring
During	 an	 ICU	 stay,	 capnography	 is	 useful	 to	 assess	 the	 location	 of	 the



endotracheal	tube,	determine	the	presence	or	absence	of	respiration,	evaluate	the
quality	 of	 chest	 compressions,	 detect	 return	 of	 spontaneous	 circulation	 after
cardiac	 arrest,	 evaluate	 fluid	 responsiveness,	 quantify	 airflow	 obstruction,	 and
detect	rapid	changes	of	dead	space	ventilation.

5 	 To	 confirm	 successful	 endotracheal	 intubation	 colorimetric	 qualitative
capnometers	 can	 be	 placed	 in	 line	 with	 the	 endotracheal	 tube.76	 These
capnometers	use	color	change	to	accurately	identify	endotracheal	vs	esophageal
intubations	much	more	rapidly	than	auscultation,	although	pharyngeal	intubation
with	 adequate	 ventilation	 may	 produce	 a	 normal	 capnogram.	 Furthermore,
transient	elevations	of	EtCO2	following	esophageal	intubation	may	be	seen	when
significant	 amounts	 of	 pharyngeal	 air	 enter	 the	 stomach	 during	 bag	 mask
ventilation.	Alarms	for	apnea	and	tachypnea	can	be	set	and	relied	on,	although
capnography	 cannot	 discriminate	 between	 obstructive	 and	 central	 apnea.
Capnography	 is	 a	 useful	 adjunct	 for	 detecting	 unintentional	 extubation,
malposition	 of	 the	 endotracheal	 tube,	 or	 absence	 of	 perfusion.	 The	 American
Heart	 Association	 2020	 Emergency	 Cardiovascular	 Care	 Guidelines	 include	 a
recommendation	 for	 using	 quantitative	 waveform	 capnography	 for	 verifying
endotracheal	tube	placement	after	intubation	during	cardiac	arrest.	Capnography
can	demonstrate	the	return	of	circulation	after	cardiopulmonary	arrest	or	bypass.
In	full	cardiac	arrest,	EtCO2	is	low	because	of	lack	of	perfusion;	a	rapid	rise	in
EtCO2	may	 indicate	 return	of	circulation	and	successful	delivery	of	CO2	 to	 the
alveoli.77	The	administration	of	 sodium	bicarbonate	during	a	 resuscitation	may
transiently	elevate	the	EtCO2	in	the	absence	of	return	of	spontaneous	circulation.
Furthermore,	EtCO2	can	be	used	to	evaluate	the	quality	of	chest	compressions.78

As	EtCO2	reflects	cardiac	output,	the	guidelines	note	that	“failure	to	achieve	an
EtCO2	of	greater	than	10	mm	Hg	by	waveform	capnography	after	20	minutes	of
CPR	may	be	considered	as	one	component	of	a	multimodal	approach	to	decide
when	to	end	resuscitative	efforts	but	should	not	be	used	in	isolation.”79

The	combination	of	capnography	and	the	passive	leg	raise	has	been	validated
as	a	predictor	of	fluid	responsiveness.	In	one	study	of	37	mechanically	ventilated
patients,	an	 increase	of	at	 least	5%	in	EtCO2	 following	a	passive	 leg	raise	was
positively	correlated	with	fluid	responsiveness.80

Capnography	 waveforms	 can	 be	 used	 to	 quantify	 obstructive	 lung	 disease.
Both	phase	II	and	phase	III	are	significantly	altered	by	obstructive	lung	disease.
In	phase	II,	the	transition	from	dead	space	gas	to	alveolar	gas	is	less	distinct	due
to	 the	contribution	of	early	emptying	units	with	 lower	PACO2.	 In	 the	setting	of
airflow	obstruction,	the	slope	of	phase	III	is	reduced	due	to	the	heterogeneity	of



gas	 flow	 from	 alveoli	 with	 different	 emptying	 speeds	 (Figure	 27.1).	 The
combination	 of	 changes	 in	 phase	 II	 and	 phase	 III	 leads	 to	 an	 increased	 alpha
angle	which	may	 aid	 in	 the	 identification	 of	 airflow	 obstruction.	 Furthermore,
the	gradient	between	arterial	CO2	and	EtCO2	maybe	used	 to	 estimate	 the	dead
space.81	 The	 combination	 of	 the	 EtCO2	 waveform	 with	 the	 estimation	 of
physiologic	dead	space	can	aid	in	the	diagnosis	of	pulmonary	embolism	among
critically	 ill	 patients.	 Specifically,	 pulmonary	 embolism	 increases	 the
physiological	 dead	 space,	 decreases	 the	 expired	 alveolar	 CO2,	 and	 does	 not
change	 the	 slope	 of	 the	 phase	 III	 EtCO2	 waveform.	 Multiple	 studies	 have
verified	 that	 acute	 pulmonary	 embolism	 increases	 physiologic	 dead	 space	 and
lowers	EtCO2.82

Can	 capnography	 be	 used	 as	 an	 approximation	 of	 arterial	 PaCO2	 for	 most
critically	 ill	 patients?	 The	 answer	 is	 no.	 EtCO2	 measurements	 are	 unreliable
indicators	of	PaCO2	among	critically	ill	patients.	Because	these	patients	undergo
rapid	changes	of	dead	space	fraction	and	pulmonary	perfusion,	 the	relationship
of	EtCO2	to	arterial	PaCO2	may	change	rapidly	and	unpredictably.	In	one	study
of	 anesthetized,	 stable,	 generally	 healthy	 adults,	 PaCO2	 could	 not	 be	 reliably
determined	 from	 end-tidal	 values.83	 Because	 of	 dead	 space	 and	 perfusion
changes,	 arterial	 and	 end-tidal	measurements	 at	 times	moved	 unpredictably	 in
opposite	 directions.	EtCO2	 values	 can	 also	be	 altered	depending	on	 the	 site	 of
sampling	 as	 shown	 by	 a	 study	 comparing	 sidestream	 vs	mainstream	 sampling
among	 critically	 ill	 patients.	 It	 reported	 that,	 EtCO2	 differed	 from	 PaCO2	 by
13	mm	Hg	on	average	for	mainstream	sampling	and	9.7	mm	Hg	for	sidestream
sampling.84	Although	theoretically	attractive,	the	use	of	end-tidal	carbon	dioxide
measurements	to	evaluate	changes	in	ventilation-perfusion	mismatch	in	response
to	ventilator	changes	has	failed	to	yield	consistent	clinical	benefits.

Conclusions
Capnography	 should	 be	 used	 to	 confirm	 endotracheal	 tube	 placement	 and
considered	 for	 monitoring	 the	 quality	 of	 cardiopulmonary	 resuscitation	 and
achievement	 of	 return	 of	 spontaneous	 circulation	 after	 cardiac	 arrest.	 It	 also
provides	 valuable	 quantification	 of	 airflow	 obstruction,	 dead	 space,	 and	 can
assist	with	 the	 diagnosis	 of	 pulmonary	 embolism.	 In	 general,	 it	 should	not	 be
used	as	a	substitute	for	PaCO2	monitoring	because	the	relationship	of	PaCO2	and
EtCO2	 varies	 for	 patients	with	 changing	 cardiac	 output,	 fluctuating	 respiratory
function,	or	chronic	lung	disease,	such	as	COPD.



NONINVASIVE	TISSUE	PERFUSION
MONITORING
Bedside	providers	usually	monitor	tissue	perfusion	based	on	clinical	signs	such
as	 skin	 temperature	 and	 capillary	 refill	 time.	 However,	 several	 noninvasive
technologies	provide	quantitative	data	about	overall	or	regional	tissue	perfusion.
Unlike	 most	 of	 the	 other	 monitoring	 technologies	 described	 by	 this	 chapter,
clinical	 adoption	 of	 these	 techniques	 has	 been	 relatively	 limited	 and
heterogeneous.	This	section	reviews	three	such	technologies	 that	measure	 local
PCO2	 or	 PO2:	 gastric	 tonometry,	 sublingual	 capnometry,	 and	 transcutaneous
oxygen	 and	 carbon	 dioxide	 monitoring.	 Measurements	 from	 each	 of	 these
techniques	correlate	with	meaningful	clinical	outcomes.

Physiology:	Why	Regional	PO2	and	PCO2	Reflect	Tissue
Perfusion	and	Not	Just	Global	Gas	Exchange
At	first	glance,	it	would	appear	that	measurement	of	regional	PO2	or	PCO2	in	the
skin,	stomach,	or	 tongue	would	reflect	global	gas	exchange	and	might	be	used
for	noninvasive	blood	gas	estimation.	In	some	cases,	this	is	true.	Among	healthy
adults,	 for	 example,	 transcutaneously	 measured	 PO2	 and	 PCO2	 (PtcO2	 and
PtcCO2)	accurately	reflect	PaO2	and	PaCO2.	The	measured	transcutaneous	values
of	oxygen	and	carbon	dioxide	are	typically	10	mm	Hg	lower	and	5	to	23	mm	Hg
higher	than	arterial	values,	respectively.85,86

However,	 local	 PO2	 and	 PCO2	 depend	 not	 only	 on	 global	 gas	 exchange,
cardiac	output,	and	oxygen	content	but	also	on	regional	blood	flow	and	oxygen
delivery	 to	 the	 site	 of	 measurement.	 Under	 normal	 circumstances,	 oxygen
delivery	 far	 exceeds	 consumption.	 During	 critical	 illness,	 however,	 regional
hypoperfusion	 or	 inadequate	 regional	 delivery	 of	 oxygen	 may	 occur	 for	 any
number	 of	 reasons:	 hypotension,	 regional	 vasoconstriction,	 low	 cardiac	 output
states,	anemia,	vascular	occlusion,	and	so	on.	 If	 there	 is	no	flow	to	 the	region,
there	can	be	no	delivery	of	oxygen	and	no	elimination	of	carbon	dioxide	by	the
vasculature—thus	creating	lower	local	PO2	and	higher	local	PCO2	than	those	of
the	 arterial	 circulation.	 When	 tissue	 is	 hypoperfused,	 local	 metabolism	 then
further	alters	local	PO2	and	PCO2.	As	cellular	processes	use	available	oxygen	to
produce	adenosine	triphosphate	(ATP),	local	PO2	falls.	When	these	cells	use	ATP
faster	 than	 they	 replenish	 it,	 they	 liberate	hydrogen	 ions	 (H+)	 and	 reduce	 local



pH.	 (Alternatively,	 cells	 may	 produce	 lactic	 acid	 through	 the	 anaerobic
metabolic	pathway.)	These	additional	hydrogen	ions	are	then	buffered	by	tissue
bicarbonate,	generating	CO2	by	the	reaction:

This	increases	the	local	PCO2	above	the	corresponding	global/arterial	values.
For	these	reasons,	 local	PO2	and	PCO2	vary	not	only	with	global	gas	exchange
but	also	with	local	tissue	perfusion	and	other	factors.

Gastric	Tonometry
Gastric	 tonometry,	 probably	 the	 most	 used	 of	 the	 three	 perfusion	 monitoring
techniques	 discussed	 in	 this	 section,	 assesses	 regional	 splanchnic	 perfusion
based	 on	 the	 stomach’s	mucosal	 PCO2.	 The	 splanchnic	 circulation	 has	 several
properties	 that	 make	 this	 region	 particularly	 useful	 to	 assess	 for	 critically	 ill
patients.	Early	during	the	development	of	shock	states,	the	splanchnic	circulation
vasoconstricts,	shunting	cardiac	output	toward	other	core	organs.	Although	this
helps	 to	 prevent	 circulatory	 collapse,	 it	 may	 also	 result	 in	 intestinal	 mucosal
ischemia—increasing	 the	 risk	of	 gastric	 stress	 ulceration,	mesenteric	 ischemia,
and	 translocation	 of	 gut	 bacteria	 into	 the	 systemic	 circulation.	 The	 gut	 is
particularly	 sensitive	 to	 hypoperfusion	 and	 so	may	 provide	 earlier	 warning	 of
occult	 hypoperfusion	 than	 other	 vascular	 beds.	 Gastric	 tonometry	 measures
gastric	luminal	PCO2	and	estimates	gastric	intramucosal	PCO2	and	pH	(pHi).

Technical	Considerations

Development
Early	measurements	of	visceral	mucosal	pH	required	operative	 implantation	of
monitors	 and	 focused	 on	 the	 gallbladder,	 urinary	 bladder,	 and	 small	 bowel.
Development	of	silastic	tubing—that	is	exceptionally	permeable	to	O2	and	CO2

—and	 confirmation	 that	 gases	 in	 tissue	 equilibrate	 rapidly	 with	 fluid	 in	 the
lumen	 of	 a	 hollow	 viscus	 allowed	 development	 of	 the	modern	 gastrointestinal
tonometer.

Technique
The	 upper	 gastrointestinal	 catheter	 is	 inserted	 with	 a	 standard	 technique	 for



nasogastric	 tube	 placement,	 and	 placement	 is	 confirmed	 radiographically.	 The
stopcock	is	flushed	with	fluid	to	eliminate	any	trapped	air,	the	balloon	is	filled	to
the	manufacturer’s	specifications	with	fluid,	and	the	tonometer	 lumen	is	closed
to	the	outside	environment.	The	fluid	equilibrates	with	the	fluid	in	the	lumen	of
the	 organ	 being	 monitored,	 a	 process	 believed	 to	 require	 approximately	 90
minutes,	although	formulas	are	available	to	correct	the	values	obtained	with	30
to	90	minutes	of	equilibration.87	After	adequate	 time	for	equilibration,	 the	dead
space	(usually	1.0	mL)	is	aspirated	and	discarded,	and	the	fluid	in	the	balloon	is
completely	 aspirated	 under	 anaerobic	 conditions.	 An	 ABG	 sample	 is	 taken
simultaneously,	 and	 both	 samples	 are	 sent	 for	 analysis.	 The	 PCO2	 of	 the
tonometer	 sample	 is	 measured	 directly.	 Providers	 can	 then	 calculate	 an
arterial/mucosal	PCO2	gap	or,	using	the	HCO3

–	of	arterial	blood	and	the	modified
Henderson-Hasselbalch	equation,	pHi.

An	 air-based	 tonometer	 has	 also	gained	popularity.	This	 device	operates	 on
the	 same	 principles	 as	 the	 saline-based	 tonometer,	 but	 automatically	 aspirates
small	amounts	of	air	 from	a	semipermeable	balloon.	This	 is	substantially	more
convenient	 than	 the	 saline-based	 device	 and	 allows	 semicontinuous
measurement	 of	 gastric	mucosal	PCO2.	Results	 are	 generally	 similar	 to	 saline-
based	tonometry.

Technical	Limitations
Several	issues	may	confound	the	clinical	use	of	gastric	tonometry.	Two	of	these
apply	only	to	saline-based	tonometry.	The	fluid	in	the	tonometer	balloon	requires
90	 minutes	 for	 full	 equilibration	 with	 the	 fluid	 in	 the	 stomach.	 In	 a	 rapidly
changing	patient,	this	time	window	may	not	be	appropriately	timely.	In	addition,
manufacturers	 calibrate	 blood	 gas	 analyzers	 to	 measure	 PCO2	 in	 blood,	 not
saline.	PCO2	measurements	 in	 tonometer	 saline,	 therefore,	may	 vary	 based	 on
the	blood	gas	analyzer	used.	Other	 limitations	apply	to	 the	general	principle	of
measured	 gastric	 luminal	 PCO2	 to	 estimate	mucosal	 perfusion.	 Tonometrically
derived	gastric	pHi	can	be	affected	by	the	acid-secretory	status	of	the	stomach.
In	one	study,	mean	gastric	pHi	was	7.30	in	untreated	normal	volunteers	but	7.39
in	 a	 similar	 group	 treated	with	 ranitidine.88	 This	was	 because	 the	 PCO2	 in	 the
gastric	 fluid	 of	 the	 treated	 patients	 was	 42	 ±	 4	 mm	 Hg,	 compared	 with
52	±	14	mm	Hg	in	the	untreated	group.	The	difference	of	carbon	dioxide	content
of	 the	 fluid	 is	 thought	 to	 be	 due	 to	 production	 of	 carbon	 dioxide	 by	 the
conversion	 of	 secreted	 H+	 and	 HCO3

–	 into	 water	 and	 carbon	 dioxide.	 Enteral
feeding	 may	 also	 affect	 pHi	 reading.	 Tube	 feedings	 may	 lead	 to	 increased



production	of	carbon	dioxide	 through	the	 interaction	of	secreted	hydrogen	ions
and	HCO3

–.	Some	suggest	temporarily	discontinuing	tube	feeds	before	doing	pHi
measurements,	 although	 the	PCO2	 effect	 appears	 to	diminish	 after	24	hours	of
continuous	feeding.89	Finally,	pHi	is	a	calculated	variable	that	uses	the	systemic
arterial	bicarbonate	value;	this	probably	does	not	reflect	regional	perfusion.	The
present	consensus	favors	the	use	of	arterial-gastric	PCO2	gap	rather	than	pHi.90

Clinical	Usefulness	and	Limitations
pHi	correlates	well	with	a	number	of	clinically	important	end	points.	Changes	in
pHi	during	weaning	from	mechanical	ventilation	predict	weaning	failure.91	Most
importantly,	 pHi	 predicts	mortality	 of	 septic,	 acutely	 injured,	 and	 general	 ICU
patients.92,93

For	a	diagnostic	tool	to	be	therapeutically	useful,	however,	we	must	be	able
to	 act	 on	 its	 results	 in	 a	 way	 that	 improves	 patient	 outcomes.	 Therapeutic
protocols	 based	 on	 gastric	 tonometry	 have	 produced	 conflicting	 results.	 A
randomized,	 controlled	 trial	 of	 260	 ICU	patients,	 reported	 in	 1992,	 found	 that
gastric	 pHi-based	 therapy	 had	 no	 effect	 on	 mortality	 of	 patients	 with	 a	 low
admission	pHi	but	was	associated	with	reduced	mortality	among	patients	with	a
normal	admission	pHi.94	However,	 the	 interpretation	of	 this	 finding	 is	 severely
limited	because	 the	 authors	 did	 not	 analyze	 the	 results	 by	 an	 intention-to-treat
fashion,	thus	abandoning	many	of	the	benefits	of	randomization,	and	21	patients
were	 withdrawn	 from	 the	 study	 due	 to	 protocol	 noncompliance	 by	 treating
physicians.	 A	 subsequent	 randomized,	 controlled	 trial	 of	 210	 general	 ICU
patients,	reported	in	2000,	found	no	difference	between	intervention	and	control
arms.95	For	patients	with	a	normal	 initial	pHi,	 there	was	a	nonsignificant	 trend
toward	 increased	30-day	mortality	 in	 the	group	 treated	based	on	pHi.	A	meta-
analysis	 of	 pHi-driven	 therapy	 showed	 no	 differences	 of	 in-hospital	 or	 ICU
mortality,	length	of	stay,	or	days	of	intubation.	It	did	however	show	a	decrease	in
overall	mortality	in	patients	who	presented	with	a	normal	pHi.96

Alternative	Regional	PCO2	Measurement:	Sublingual	Capnometry
Sublingual	 capnometry	 operates	 on	 the	 same	 fundamental	 principles	 as	 gastric
tonometry.	 A	 sensor	 is	 placed	 under	 the	 tongue	 and	 CO2	 diffuses	 across	 a
semipermeable	membrane	into	a	dye,	which	fluoresces	differently	based	on	CO2

concentration.	A	 fiberoptic	 cable	 transmits	 light	 of	 the	 appropriate	wavelength
and	 detects	 the	 resulting	 fluorescence,	 which	 is	 proportional	 to	 CO2

concentration	 in	 the	 sensor.	 Results	 from	 this	 technique	 correlate	 with	 gastric



tonometry	 and	 patient	 outcomes.	 No	 randomized	 intervention	 trials	 based	 on
sublingual	capnometry	have	yet	been	published.

Summary
Although	 gastric	 tonometry	 predicts	 many	 important	 clinical	 outcomes,	 high-
quality	data	do	not	support	gastric	tonometry–based	resuscitation.	At	this	time,	it
remains	largely	a	research	tool.	Researchers	are	continuing	to	investigate	the	use
of	sublingual	capnometry,	a	similar	 technology,	as	a	potential	 resuscitation	end
point.

Transcutaneous	Oxygen	and	Carbon	Dioxide	Measurement
in	Adults
Transcutaneous	 measurements	 of	 the	 partial	 pressures	 of	 oxygen	 (PtcO2)	 and
carbon	dioxide	(PtcCO2)	are	frequently	used	for	neonatal	blood	gas	monitoring
but	 have	 not	 gained	 widespread	 clinical	 acceptance	 in	 adult	 ICUs.	 In	 adults,
similar	 to	gastric	 tonometry,	PtcO2	and	PtcCO2	 reflect	 local	 tissue	 oxygen	 and
carbon	 dioxide	 levels	 and	 therefore	 blur	 the	 boundary	 between	 assessment	 of
global	 gas	 exchange	 and	 regional	 tissue	 perfusion	 monitoring.	More	 recently,
measurements	 of	 transcutaneous	 hemoglobin	 oxygen	 saturation	 (StO2)	 have
entered	the	research	and	clinical	realms.

This	section	refers	only	to	transcutaneous	monitoring	in	adults.

Technique
Oxygen	and	carbon	dioxide	diffuse	out	of	 the	 capillaries,	 into	 the	 interstitium,
and	through	the	skin.	The	skin	usually	resists	O2	and	CO2	diffusion,	but	heating
the	 skin	promotes	diffusion	by	 changing	 the	 structure	of	 the	 stratum	corneum,
shifting	 the	oxygen	dissociation	curve,	 and	promoting	arterialization	of	dermal
capillaries.	 Transcutaneous	 systems	 take	 advantage	 of	 these	 properties	 to
measure	 partial	 pressures	 of	 oxygen	 (PtcO2)	 and	 carbon	 dioxide	 (PtcCO2).
Typically,	a	unit	less	than	1	inch	in	diameter	is	attached	with	an	airtight	seal	to
the	skin	with	an	adhesive.	An	electrode	heats	the	skin	to	improve	gas	exchange;
a	 temperature	sensor	measures	skin	 temperature	at	 the	skin	surface	and	adjusts
the	heater	to	provide	a	constant	temperature—typically	about	44	°C.	Oxygen	and
carbon	dioxide	diffuse	out	of	the	capillaries	into	the	interstitium	and	through	the
skin	to	measuring	electrodes.



Technical	Limitations
Because	 units	 use	 electrodes	 for	 partial	 pressure	measurement,	 problems	with
calibration	 and	 electrode	 drift	 during	 prolonged	 monitoring	 can	 clearly	 alter
measurements.	Drift	may	 alter	 readings	 by	 up	 to	 12%	 over	 a	 2-hour	 period.97
Because	of	the	heating	requirement,	probe	sites	must	be	changed	at	least	every	4
hours	 to	 prevent	 burns.	 Units	 must	 be	 recalibrated	 whenever	 the	 probe
temperature	is	changed	and	every	4	to	6	hours	to	prevent	artifact	from	electrode
drift.	Many	 units	 take	 15	 to	 60	minutes	 to	warm	 the	 skin	 and	 establish	 stable
readings.	 Probes	 must	 be	 firmly	 attached	 to	 the	 skin,	 or	 leaks	 from	 the
surrounding	 atmosphere	 lower	 PtcCO2	 and	 alter	 PtcO2	 values.	 Adhesion	 is	 a
problem	in	diaphoretic	patients.

Thick	 or	 edematous	 skin	 provides	 a	 diffusion	 barrier	 that	 amplifies
differences	between	arterial	 and	 transcutaneous	PO2	 and	PCO2.	The	 longer	 the
distance	 the	 gases	 must	 diffuse	 to	 be	 measured,	 the	 more	 important	 are	 the
effects	of	 temperature,	perfusion,	and	 local	metabolism.	This	appears	 to	be	 the
fundamental	reason	why	transcutaneous	measurements	are	usually	more	closely
related	to	arterial	values	in	neonates	than	in	adults.	Edema,	burns,	abrasions,	or
scleroderma	would	all	be	expected	to	alter	transcutaneous	values.

Clinical	Usefulness	and	Limitations
Because	PtcO2	and	PtcCO2	 reflect	 local	PO2	and	PCO2,	 they	 change	with	both
regional	 perfusion/oxygen	 delivery	 and	 with	 global	 derangements.	 For	 stable,
healthy	adults	without	hemodynamic	or	respiratory	instability,	PtcO2	and	PtcCO2

accurately	 reflect	 PaO2	 and	 PaCO2.97	 The	 measured	 transcutaneous	 values	 of
oxygen	and	carbon	dioxide	are	 typically	10	mm	Hg	lower	and	5	to	23	mm	Hg
higher	 than	 arterial	 values,	 respectively.85,98	 In	 stable	 patients,	 it	 may	 be
reasonable	to	use	transcutaneously	measured	values	as	surrogates	for	arterial	PO2

and	PCO2.	However,	systemic	hypoperfusion	due	to	low	cardiac	output,	regional
hypoperfusion	due	to	sepsis	or	shock,	and	local	hypoperfusion	due	to	cutaneous
vasoconstriction	 caused	 by	medications	 or	 cold	 produces	 discrepancies.	Under
these	circumstances,	transcutaneous	measurements	cease	to	reflect	arterial	values
and	better	track	oxygen	delivery	and	tissue	metabolism.	For	these	reasons,	many
authors	have	argued	against	relying	on	PtcO2	and	PtcCO2	to	estimate	arterial	PO2

and	PCO2	for	critically	ill	adults.
Several	 studies	 have	 demonstrated	 the	 value	 of	 transcutaneous	 oxygen

measurements	 as	 indices	of	perfusion	or	oxygen	delivery.	When	PaO2	 remains



constant,	a	decrease	in	PtcO2	 is	probably	due	to	changes	in	perfusion.	Changes
of	 local	 perfusion	 and	metabolism	may	 cause	PtcO2	 values	 to	 fall	 to	 zero	 and
PtcCO2	values	to	climb	to	more	than	30	mm	Hg	above	arterial	values.98	During
cardiac	decompensation	and	arrest,	PtcO2	 correlates	best	with	 cardiac	output.99

During	 hemorrhagic	 shock,	 the	 ratio	 of	 PtcO2	 to	 PaO2	 decreases,	 even	 though
PaO2	 may	 remain	 normal.99	 Because	 the	 measurements	 are	 very	 sensitive	 to
changes	 in	 flow,	 they	 can	 be	 useful	 for	 predicting	 or	 warning	 of	 imminent
change	before	a	blood	pressure	 response	 is	 seen.	 In	a	 small	 series	of	high-risk
perioperative	 patients,	 declines	 in	 the	 PtcO2/PaO2	 ratio	 predicted	 subsequent
hemodynamic	collapse.100	 Transcutaneous	 PtcO2	 also	 correlates	with	mortality.
Among	emergency	department	patients	with	severe	sepsis	or	septic	shock,	PtcO2

was	 lower	 in	 nonsurvivors	 than	 in	 survivors.99	 Among	 trauma	 patients,	 PtcO2

values	were	significantly	higher	 in	survivors	 than	 in	nonsurvivors	with	an	area
under	 the	 receiver	 operating	 characteristics	 curve	 of	 0.74	 for	 predicting	 in-
hospital	mortality.101

Ongoing	Development
More	 recent	 work	 has	 focused	 on	 the	 use	 of	 near-infrared	 spectroscopy	 to
measure	 tissue	 hemoglobin	 oxygen	 saturation.	 This	 technique,	 rather	 than
quantifying	 partial	 pressures	 of	 oxygen,	 instead	 measures	 the	 percent	 of
microvascular	 hemoglobin	 saturated	 with	 oxygen.	 It	 has	 shown	 clinical
correlations	 with	 invasive	 hemodynamic	 measures	 for	 those	 with	 sepsis	 and
severity	of	shock	 for	 trauma	victims.	Further	 research	 is	 required	 to	define	 the
role	of	StO2	as	a	potential	resuscitation	end	point.

Summary
Transcutaneous	monitors	 have	 little	 role	 in	 the	 ICU	 as	 simple	 tools	 to	 replace
other	means	 of	measuring	 arterial	 gases.	 They	 predictably	 reflect	 arterial	 PO2

and	PCO2	values	only	for	hemodynamically	stable	patients,	who	are	least	likely
to	 demand	 intensive	 care	 or	 to	 benefit	 from	 ICU	monitoring.	 As	monitors	 of
trends	in	PCO2	and	PO2,	they	can	be	regarded	as	effective	only	in	the	sense	that
they	typically	do	not	produce	false-negative	alarms—that	is,	if	the	arterial	values
change,	 the	 transcutaneous	 values	 reflect	 the	 change.	 So	 many	 other	 factors,
such	 as	 changes	 of	 tissue	 edema	 and	 perfusion,	 may	 result	 in	 alterations	 of
transcutaneous	trends	that	the	supervising	staff	can	initially	determine	only	that



something	has	changed.	An	accurate	 interpretation	of	 the	clinical	event	usually
requires	reassessment	of	either	cardiac	status	or	arterial	gases.

Therefore,	 transcutaneous	 monitors	 are	 inadequate	 cardiac	 monitors	 and
inadequate	pulmonary	monitors,	but	are	good	cardiopulmonary	monitors.	When
perfusion	 is	 stable,	 values	 reflect	 gas	 exchange.	When	 gas	 exchange	 is	 stable,
values	 reflect	 perfusion.	 When	 both	 are	 unstable,	 the	 results	 cannot	 be
interpreted	without	additional	information.	The	use	of	near-infrared	spectroscopy
to	measure	tissue	hemoglobin	oxygenation—StO2—is	a	promising	development
but	one	that	requires	further	clinical	study.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	50-year-old	woman	with	a	history	of	hypertension,	hyperlipidemia,	and
heavy	tobacco	use	is	admitted	to	the	ICU	with	abdominal	pain	and	shortness	of
breath.	On	presentation	she	is	afebrile,	heart	rate	122,	blood	pressure	70/30	and
respiratory	rate	25.	Laboratory	evaluation	is	notable	for	lipase	of	600	U/L	and
triglycerides	1500	mg/dL.	She	remains	hypotensive	despite	volume	resuscitation
and	is	started	on	a	vasoactive	agent.	Oxygen	saturation	by	pulse	oximetry	is
92%,	but	you	suspect	this	is	inaccurate.	Which	of	the	following	may	falsely	raise
pulse	oximetry	in	this	patient?

A. 	Nail	polish
B. 	Serum	carboxyhemoglobin
C. 	Serum	lipids
D. 	Vasoconstriction

2. 	A	65-year-old	woman	with	metastatic	lung	adenocarcinoma	is	admitted	to
the	ICU	with	acute	hypoxemic	respiratory	failure.	On	presentation	she	is	in
respiratory	distress	with	a	respiratory	rate	of	30	and	oxygen	saturation	of	77%	on
room	air.	Her	initial	evaluation	is	notable	for	a	leukocytosis	of	22,000	and	a
dense	right	lower	lobe	consolidation	on	chest	x-ray.	She	requires	intubation,	is
treated	with	antibiotics,	and	shows	clinical	improvement.	However,	on	hospital
day	3	she	develops	sudden	hypotension	and	refractory	shock	followed	by	cardiac
arrest.	She	has	been	monitored	with	capnography.	Which	of	the	following	is	true
regarding	the	use	of	capnography	and	end-tidal	CO2	in	this	patient?



A. 	A	sudden	increase	in	end-tidal	CO2	now	would	suggest	return	of
spontaneous	circulation
B. 	A	sudden	increase	in	end-tidal	CO2	prior	to	arrest	would	suggest
pulmonary	embolism
C. 	A	sudden	increase	in	end-tidal	CO2	prior	to	arrest	would	suggest
endotracheal	tube	obstruction
D. 	End-tidal	CO2	can	be	used	in	lieu	of	blood	gas	measurements	during
resuscitation

3. 	A	74-year-old	man	is	admitted	to	the	ICU	with	septic	shock.	After
receiving	intravenous	fluid	resuscitation,	his	mean	arterial	pressure	(MAP)	is	55.
The	decision	is	made	to	initiate	norepinephrine	and	place	a	radial	arterial
catheter	for	blood	pressure	monitoring.	Which	of	the	following	is	true	regarding
arterial	catheters?

A. 	Air	in	the	tubing	system	overestimates	actual	blood	pressure
B. 	Bacterial	colonization	rate	is	similar	to	that	of	central	venous
catheters
C. 	Mean	arterial	pressure	measurements	are	inaccurate	when	on
vasopressors
D. 	Radial	readings	are	higher	than	femoral	ones	when	on	vasopressors

Answers

1.	The	correct	answer	is	B.
Rationale:	Carboxyhemoglobin	is	 typically	read	by	a	two-diode	oximeter	as

90%	oxyhemoglobin	and	10%	reduced	hemoglobin,	resulting	in	false	elevations
of	 oxygen	 saturations	 by	 pulse	 oximetry	 (choice	 B	 is	 correct).
Carboxyhemoglobin	 can	 be	 as	 high	 as	 10%	 among	 smokers	 resulting	 in	 co-
oximetry	being,	on	average,	5%	lower	 than	pulse-oximetric	values.	Nail	polish
may	interfere	with	absorption	leading	to	falsely	lower	saturations,	though	newer
generation	 pulse	 oximeters	 do	 not	 generally	 have	 this	 effect	 (choice	 A	 is
incorrect).	Elevated	 lipids	 can	 lead	 to	 interference	with	 absorption	 resulting	 in
falsely	 low	 oxygen	 saturations	 (choice	 C	 is	 incorrect).	 Vasoconstriction	 can
make	it	harder	to	obtain	a	good-quality	signal	(choice	D	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	 During	 cardiac	 arrest,	 end-tidal	 CO2	 is	 low	 because	 of	 lack	 of



perfusion	to	alveoli.	A	rapid	rise	in	EtCO2	may	indicate	return	of	circulation	and
successful	 delivery	 of	 CO2	 to	 the	 alveoli	 (choice	 A	 is	 correct).	 A	 pulmonary
embolism	 results	 in	 an	 increase	 in	 dead	 space,	 which	 can	 be	 detected	 by	 a
decrease	 in	 end-tidal	 CO2	 and	 quantified	 using	 the	 Bohr-Enghoff	 equation,
which	estimates	the	dead	space	fraction	using	the	difference	between	the	arterial
and	end-tidal	CO2	(choice	B	is	incorrect).	Colorimetric	qualitative	capnometers
can	 be	 placed	 in	 line	 with	 the	 endotracheal	 tube	 and	 use	 color	 change	 to
accurately	identify	endotracheal	vs	esophageal	intubations,	but	tube	obstruction
would	 not	 allow	CO2	 to	 be	 exhaled	 (choice	C	 is	 incorrect).	 Rapid	 changes	 in
dead	space	fraction	and	pulmonary	perfusion	of	critically	ill	patients	can	lead	to
unpredictable	 changes	 in	 the	 relationship	 between	 arterial	 and	 end-tidal	 CO2

levels.	Therefore,	end-tidal	CO2	 is	not	a	 reliable	marker	of	arterial	CO2	 in	 this
patient	population	(choice	D	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 Studies	 have	 shown	 a	 similar	 incidence	 of	 arterial	 and	 central

venous	 catheter	 bacterial	 colonization,	 which	 is	 linked	 with	 catheter	 related
bloodstream	 infections	 (choice	 B	 is	 correct).	 It	 is	 important	 to	 recognize	 that
arterial	catheters	are	a	potential	source	of	 infection	for	patients	when	weighing
the	risks	and	benefits	of	invasive	blood	pressure	monitoring.	A	large	amount	of
air	within	the	arterial	catheter	system	will	dampen	the	measurement	and	cause	an
underestimation	 of	 systolic	 pressure,	 not	 overestimate	 (choice	 A	 is	 incorrect).
Arterial	 lines	 provide	 continuous	 measurement	 of	 blood	 pressures	 and	 are
commonly	used	to	provide	accurate	measurements	of	blood	pressure	and	guide
titration	of	vasoactive	medications	(choice	C	is	incorrect).	Mean	arterial	pressure
readings	 between	 the	 radial	 and	 femoral	 sites	 are	 interchangeable	 for	 many
patients,	 although	 in	 a	 small	 study	 of	 septic	 patients	 on	 vasopressors	 radial
pressures	were	lower	than	femoral	arterial	pressures	(choice	D	is	incorrect).
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Chapter	28
Minimally	Invasive	Hemodynamic
Monitoring
Nihar	Shah,	Brad	Petkovich,	Atul	Malhotra,	Andrew	J.	Goodwin

KEY	POINTS:
1.	 Shock	can	be	complex	and	multifactorial	(eg,	septic	shock

characterized	by	vasoplegia,	transient	cardiomyopathy,	and	venous
underfilling)	requiring	frequent	assessments	of	multiple	physiologic
parameters.

2.	 No	single	minimally	invasive	monitoring	modality	provides	feedback
on	all	relevant	measures	(eg,	cardiac	output,	fluid	responsiveness,
and	tissue	perfusion);	thus,	a	combination	of	modalities	may	be
required.

3.	 Minimally	invasive	hemodynamic	monitoring	can	provide	information
regarding	shock	physiology;	however,	clinical	acumen	is	needed	to
appropriately	apply	that	information.

4.	 Given	the	potential	negative	consequences	of	excessive	fluid
balances	in	the	critically	ill,	the	decision	to	give	fluids	should	be
based	on	objective	assessments	of	fluid	responsiveness	rather	than
empiric	trial	and	error.

5.	 Whenever	possible,	the	selection	of	minimally	invasive
hemodynamic	monitoring	modalities	should	be	grounded	in	rigorous
patient-centered	outcome	data	with	knowledge	of	each	modality’s
limitations.

6.	 Pulse	contour	analysis	can	provide	estimates	of	cardiac	output	and
fluid	responsiveness;	however,	the	latter	is	not	validated	for	patients
receiving	lung	protective	ventilation	or	who	have	cardiac	arrhythmias



with	variable	R-R	intervals	(eg,	atrial	fibrillation).
7.	 Esophageal	Doppler	requires	training	for	placement	and

interpretation	but	can	provide	accurate	estimates	of	cardiac	output
and	fluid	responsiveness	with	passive	leg	raising	independent	of
ventilation	status	or	the	presence	of	arrhythmias.

8.	 Bioreactance	can	estimate	cardiac	output	and	provide	an	estimate	of
fluid	responsiveness	with	a	passive	leg	raise;	however,	its	accuracy
may	be	limited	by	changes	in	thoracic	dimensions	(eg,	postsurgical)
and	by	application	of	electric	current	(eg,	cardiac	pacing).

9.	 PCO2	gap	(central	venous	CO2-arterial	CO2)	has	been	proposed	as	a
marker	of	cardiac	output	adequacy	although	its	impact	on	patient
outcomes	is	not	yet	established.

INTRODUCTION
1 	The	assessment	and	optimization	of	cardiac	output	(CO)	has	historically	been
considered	important	for	the	management	of	critically	ill	patients.	The	etiology
of	 shock	 for	 a	 hypotensive	 patient	may	 not	 be	 obvious	 clinically	 and	 is	 often
multifactorial.	In	these	circumstances,	it	is	helpful	to	characterize	what	of	shock
(ie,	distributive,	cardiogenic,	obstructive,	hypovolemic)	is	playing	a	role	during	a
patient’s	presentation	as	well	as	monitor	their	response	to	interventions,	such	as
volume	 loading.	Determination	of	CO	 is	 thought	 to	be	a	critical	component	of
this	process	and	thus	has	long	been	a	matter	of	interest	to	clinicians.

The	physical	 examination	 can	be	unreliable	 for	 assessing	hemodynamics	of
systolic	 heart	 failure1	 and	 for	 critically	 ill	 patients	 without	 recent	 myocardial
infarction.2	As	 such,	more	 dependable	measurements	may	 be	 required	 to	 treat
such	 patients	 optimally.	 Since	 its	 introduction,3	 the	 flow-directed	 pulmonary
artery	catheter	(PAC)	has	been	useful	for	obtaining	measurements	of	CO	and	has
been	used	both	diagnostically	as	well	as	to	gauge	response	to	treatment.	Indeed,
for	 many	 years,	 the	 PAC	 thermodilution	 technique	 was	 considered	 to	 be	 the
“gold	 standard”	 of	 intensive	 care	 unit	 (ICU)	 hemodynamic	 measurement.
However,	this	philosophy	has	been	called	into	question	over	the	last	few	decades
in	light	of	mounting	evidence	that	clinicians	may	be	using	the	PAC	ineffectively4
and	 that	 morbidity	 and	 mortality	 in	 a	 variety	 of	 clinical	 situations	 are	 not
improved	with	its	use,5	and	for	some	cases	may	be	worsened.6

As	the	paradigm	of	hemodynamic	monitoring	for	the	critically	ill	has	steadily



shifted	away	from	PAC	use,	attention	has	turned	to	the	study	of	alternative	and
less	 invasive	methods	 of	 determining	 cardiac	 function.	 These	methods	 can	 be
divided	 into	 two	 broad	 categories:	 (1)	 direct	 measurement	 of	 cardiac	 output
(CO)	and	(2)	indirect	measurement	of	oxygen	delivery	and/or	tissue	perfusion	as
surrogates	 for	 CO.	 The	 goal	 of	 this	 research	 has	 been	 to	 develop	 feasible,
minimally	 invasive	 techniques	with	accuracy	 for	 the	 ICU	patient,	 and	 in	 some
cases,	 these	 studies	have	 focused	on	adapting	monitoring	 technologies	 that	 are
already	 routinely	used	 for	 this	 patient	 population.	 In	 this	 chapter,	we	 focus	on
several	emerging	technologies	being	used	to	determine	CO	and	tissue	perfusion
in	the	ICU.	We	will	conclude	with	a	summary	of	practice	recommendations	and
future	directions.

CARDIAC	OUTPUT
CO	is	the	amount	of	blood	flow	through	the	cardiovascular	system	over	a	period
of	time.	Conventionally,	it	is	reported	in	liters	per	minute	and	can	be	normalized
for	 a	 person’s	 body	 surface	 area	 to	 provide	 the	 cardiac	 index.	 In	 the	 normal
patient,	 CO	 is	 directly	 related	 to	 that	 subject’s	 metabolic	 rate	 and	 oxygen
consumption	 (V̇O2).	 The	 fundamental	 principles	 of	 CO	 will	 be	 described	 in
more	detail	below.	The	therapies	for	a	hypotensive	patient	with	diminished	CO
(cardiogenic	or	obstructive	shock)	are	fundamentally	different	from	the	therapies
for	 a	 patient	 with	 diminished	 vascular	 tone	 (distributive	 shock).	 Therefore,
accurate	measurement	of	cardiac	function	can	be	a	helpful	guide	for	the	effective
treatment	of	hypotension.

Traditionally,	 a	number	of	 techniques	have	been	used	 for	 the	 assessment	of
cardiac	function.	Jugular	venous	pulsations,	S3	gallop,	and	skin	temperature	are
physical	examination	findings	that	have	all	been	used	to	estimate	CO	with	mixed
results.7,8	 Pulmonary	 artery	 occlusion	 pressure	 (PAOP)	 and	 central	 venous
pressure	(CVP)	have	also	been	used	as	surrogates	 for	 left	and	right	ventricular
end-diastolic	volume,	respectively.	Unfortunately,	PAOP	and	CVP	only	represent
the	 end-diastolic	 pressures	 of	 their	 respective	 chambers	 and	 do	 not	 always
accurately	reflect	end-diastolic	volumes	or	equate	with	systolic	function	and	CO.
In	 addition,	 invasive	 assessment	 of	 PAOP9	 and	 clinical	 assessment	 of	 CVP10
have	been	notoriously	difficult	to	define	accurately	and	reliably.

Over	 the	 last	 few	 decades,	 considerable	 research	 has	 been	 devoted	 to	 the
accurate	 measurement	 of	 CO	 by	minimally	 invasive	 means.	 At	 present,	 there
exist	 several	 modalities,	 which	 are	 able	 to	 provide	 estimates	 of	 CO	 on	 a
continuous	 or	 near-continuous	 basis.	 As	 described	 below,	 some	 (esophageal



Doppler	 [ED],	 pulse	 contour	 analysis	 [PCA],	 thoracic	 bioreactance)	 have
accumulated	enough	supporting	data	to	warrant	increasing	use	in	clinical	settings
although	their	impact	on	clinical	outcomes	remains	unclear.

Esophageal	Doppler

Background
Ultrasound	(US)	creates	images	through	the	transmission	of	sound	waves	from	a
transducer	 and	 the	 subsequent	measurement	 of	 sound	waves	 that	 are	 reflected
back.

7 	 Motion-mode	 (M-mode),	 the	 most	 basic	 mode	 of	 US,	 represents	 the
structures	along	the	path	of	a	single	one-dimensional	(1D)	vector.	Sound	waves
reflected	from	this	vector	are	displayed	over	time	and	its	narrow	scanning	sector
produces	 superior	 resolution	 for	 fast	 moving	 structures.	 Another	 clinically
utilized	mode,	Doppler,	is	used	to	calculate	the	velocity	of	a	moving	target	(eg,
blood).	 This	 mode	 utilizes	 the	 Doppler	 shift	 principle,	 whereby	 a	 transmitted
sound	wave	encountering	a	moving	structure	or	fluid	will	reflect	at	a	predictably
different	frequency	based	on	the	structure	or	fluid’s	properties.	For	example,	in	a
fluid-filled	tube	such	as	a	blood	vessel,	the	magnitude	of	Doppler	shift	will	vary
in	direct	proportion	to	the	velocity	of	blood	flow	in	the	vessel.	Thus,	Doppler	US
can	provide	 information	on	both	 the	velocity	and	 the	direction	of	 intravascular
blood	flow.

The	most	commonly	used	US	mode	 is	 two-dimensional	 (2D).	Real-time	2D
images	are	created	when	the	US	beam	is	continuously	swept	to	and	fro	in	an	arc
and	multiple	1D	images	are	aligned.	This	allows	movement	of	cardiac	structures
such	 as	 the	 myocardial	 walls	 to	 be	 observed.	 In	 a	 landmark	 study	 in	 1974,
Griffith	and	Henry11	were	able	to	visualize	the	heart’s	structure	and	function	in
vivo	 using	 a	 handheld	 scanner	 that	 swept	 through	 a	 30°	 arc	 at	 a	 speed	 of
30	 cycles	 per	 second,	 along	 with	 real-time	 display	 and	 video	 recording.
Although	transthoracic	echocardiography	(TEE)	was	revolutionary	in	its	ability
to	evaluate	cardiac	function	noninvasively,	it	was	often	limited	by	body	habitus
and	 an	 inability	 to	 visualize	 posterior	 cardiac	 structures.	 To	 overcome	 these
limitations,	 Schlüter	 et	 al12	were	 among	 the	 first	 to	 pioneer	 the	 clinical	 use	 of
TEE	by	attaching	miniaturized	transducers	to	a	gastroscope,	allowing	structures
not	normally	visualized	on	TEE	to	be	clearly	visible.	Over	time,	as	the	value	of
cardiac	 US	 as	 a	 diagnostic	 tool	 became	 apparent,	 efforts	 have	 been	 made	 to
improve	its	technical	capabilities	and	clarity.	This	has	led	to	the	increasing	use	of



both	TEE	and	ED	in	 the	ICU	as	minimally	 invasive	monitoring	modalities.	As
TEE	 is	 covered	 elsewhere	 in	 the	 text	 (Chapter	 16),	 this	 chapter	will	 focus	 on
esophageal	doppler	(ED)	and	its	uses	in	critically	ill	patients.

Estimating	Cardiac	Output
Transesophageal	 assessment	 of	 the	 hemodynamics	 of	 critically	 ill	 patients	 has
evolved	 over	 time	 in	 parallel	 with	 advancements	 in	 technology.	 The	 initial
esophageal	 probes	 possessed	 only	 Doppler	 functionality	 giving	 rise	 to	 the
commonly	used	nomenclature	ED.	Later	 iterations	successfully	added	M-mode
capability	such	that	both	blood	flow	and	aortic	diameter	could	simultaneously	be
measured.	The	first	use	of	ED	in	humans	was	described	by	Side	and	Gosling13	in
1971	 when	 they	 used	 a	 Doppler	 probe	 to	 measure	 CO	 by	 analyzing	 stroke
volume	(SV)	in	the	descending	aorta.	The	ED	system	estimates	SV	by	modeling
the	aorta	as	a	cylinder	 (Figure	28.1A).	Using	 this	 geometric	model,	 the	SV	 is
calculated	 by	 multiplying	 the	 cross-sectional	 area	 (CSA)	 of	 the	 aorta	 by	 the
stroke	distance	that	is	the	length	of	the	aorta	that	a	given	SV	travels:



	

Figure	28.1 	Esophageal	Doppler	measures	stroke	volume	(SV)	in
the	descending	aorta.A,	The	aorta	can	be	modeled	as	a	cylinder.	SV
can	 be	 estimated	 by	 multiplying	 the	 cross-sectional	 area	 of	 the
cylinder	by	 the	 stroke	distance.	B,	The	velocity	 time	 integral	 (VTI)
estimates	stroke	distance.	The	VTI	is	quantified	as	the	area	under	the
waveform	and	 represents	 the	 stroke	distance.	SV	 is	 then	calculated:
SV	=	CSA	×	stroke	distance.

As	 the	 aortic	 cross	 section	 closely	 approximates	 a	 circle,	 the	 CSA	 can	 be
calculated	 by	 measuring	 the	 diameter	 (D)	 of	 the	 aorta	 using	 M-mode	 or	 by
estimating	the	diameter	from	nomograms	in	the	absence	of	M-mode	capability:

The	length	that	an	SV	travels	is	then	estimated	by	measuring	the	velocity	time
integral	(VTI)	of	the	aortic	jet	by	Doppler	(Figure	28.1B).



SV	can	then	be	estimated	as	follows:

As	this	measurement	of	aortic	blood	flow	does	not	account	for	the	component
of	 total	 SV	 that	 travels	 to	 the	 coronary,	 carotid,	 and	 subclavian	 arteries,	 a
correction	 factor	must	 finally	 be	 applied	 to	 estimate	 the	 total	 SV.	When	 using
ED,	 important	 inaccuracies	 can	 occur	 if	 the	 aortic	 diameter	 measurement	 has
even	a	 small	 error	as	 this	value	 is	ultimately	 squared	during	 the	calculation	of
SV.14	Therefore,	 some	operators	will	estimate	a	surrogate	of	SV	using	 the	VTI
measurement	 alone.	 Additionally,	 SV	 can	 be	 underestimated	 if	 the	 Doppler
signal	is	measured	from	a	plane	that	is	not	parallel	to	that	of	blood	flow.15

The	 majority	 of	 studies	 that	 have	 compared	 ED-derived	 CO	 to	 the	 “gold
standard”	 of	 thermodilution	 have	 been	 performed	 in	 either	 intraoperative	 or
postoperative	settings	and	have	revealed	mixed	results.	One	single-center	study
of	35	patients	during	off-pump	coronary	artery	bypass	graft	surgery	showed	very
poor	correlation	between	the	two	techniques.16	Other	studies,	 including	a	meta-
analysis	of	11	trials,	have	shown	that	ED	systems	are	better	at	following	changes
in	CO	 in	 response	 to	 fluid	 challenges	 than	 they	 are	 at	measuring	 the	 absolute
CO.17	 As	 the	 ability	 to	 monitor	 the	 response	 to	 interventions	 is	 arguably	 as
important	as	measuring	actual	CO,	these	data	suggest	 that	ED	may	be	a	useful
tool	 in	 the	 perioperative	 setting.	 The	 authors	 of	 the	 meta-analysis	 also
highlighted	that	the	poor	reproducibility	inherent	in	the	thermodilution	technique
will	 likely	 affect	 the	 limits	 of	 agreement	 between	 ED	 systems	 and
thermodilution	even	if	ED	systems	were	accurate.18	This	concept	was	described
by	 Bland	 and	 Altman19	 and	 has	 important	 implications	 when	 comparing	 the
accuracy	 of	 absolute	 CO	 measured	 by	 any	 system	 when	 compared	 to
thermodilution.

Optimizing	Cardiac	Output	Using	Esophageal	Doppler
Beyond	providing	an	estimate	of	CO,	ED	systems	can	provide	information	about
the	preload	and	the	contractility	of	 the	heart.	Singer	et	al20,21	analyzed	 the	flow
velocity	waveform	derived	from	an	ED	system	and	discovered	that	the	corrected
flow	time	(FTc)	 directly	 correlated	with	preload.	Wallmeyer	 et	 al22	described	a
correlation	 between	 the	 peak	 velocity	 measured	 by	 Doppler	 and	 contractility
measured	 by	 electromagnetic	 catheter	 measured	 flow.	 Singer	 et	 al23	 further
substantiated	this	finding	by	demonstrating	that	dobutamine	infusions	increased



peak	 flow	 velocities	measured	 by	 an	 ED	 system	 in	 a	 dose-dependent	 fashion.
These	 observations	 suggest	 that	 an	 experienced	 operator	 may	 be	 able	 to
extrapolate	 useful	 hemodynamic	 parameters,	 beyond	 the	 CO,	 through	 careful
data	 synthesis.	However,	 subsequent	 studies	 evaluating	 the	 utility	 of	 FTc	 have
shown	mixed	 results.	 In	 a	 critically	 ill	 patient	 population,	 a	 baseline	 FTc	 was
poorly	 sensitive	 for	 discerning	 those	 who	 will	 be	 volume	 responsive	 and	 it
significantly	increased	in	some	patients	despite	a	lack	of	increase	in	CO.24

Dynamic	 measurements	 of	 volume	 responsiveness	 have	 the	 best	 evidence
supporting	their	utility	for	discriminating	volume	responsiveness.	Monnet	et	al25
studied	 the	 utility	 of	 a	 passive	 leg	 raise	 (PLR)	 maneuver	 in	 a	 mechanically
ventilated	critically	ill	population	and	found	that	an	increase	in	aortic	blood	flow
≥10%	on	ED	could	predict	volume	responsiveness	with	excellent	accuracy.	This
study	also	showed	 that	 the	change	 in	aortic	blood	flow	was	a	useful	marker	 in
those	 with	 arrhythmias	 and	 spontaneous	 ventilation,	 a	 population	where	 other
dynamic	measurements	of	volume	responsiveness	have	poor	correlation.26

Clinical	Utility	of	Esophageal	Doppler
4 	 The	 majority	 of	 studies	 that	 have	 examined	 the	 impact	 of	 ED	 on	 clinical
outcomes	 focused	 on	 the	 perioperative	 setting.	 The	 transesophageal	 approach
has	distinct	advantages	over	transthoracic	in	this	setting	including	the	ability	to
monitor	continuously	as	well	as	to	overcome	limited	access	to	the	chest	wall	for
TEE	for	most	surgical	patients.	In	2006,	a	randomized	double-blind	clinical	trial
of	 ED-guided	 intraoperative	 fluid	 resuscitation	 during	 colorectal	 surgery
demonstrated	 that	ED	use	was	 associated	with	 earlier	 time	 to	discharge,	 faster
tolerance	 of	 a	 diet,	 and	 less	 need	 for	 inotropes.27	 Figus	 et	 al28	 showed	 similar
outcomes	 for	 patients	 undergoing	 reconstructive	 surgery	 and	observed	 that	 the
ED-guided	group	achieved	a	significantly	lower	net	fluid	balance.	Their	findings
were	 consistent	with	 a	 recent	meta-analysis	 that	 suggested	 that	 a	 conservative
fluid	approach	 (net	 zero)	 for	patients	undergoing	colorectal	 surgery	 resulted	 in
less	 perioperative	 complications	 and	 shorter	 lengths	 of	 stay.29	 These	 data	 have
challenged	the	historical	paradigm	of	perioperative	care	that	resulted	in	positive
fluid	balances.	Accordingly,	 judicious	 fluid	use	with	 a	 closer	 scrutiny	on	 fluid
balance	 has	 become	 a	 cornerstone	 of	 the	 modern	 enhanced	 recovery	 after
surgery	(ERAS)	programs.30	As	such,	a	minimally	invasive	method	of	estimating
fluid	responsiveness	intraoperatively	may	be	of	considerable	value	during	larger
surgeries.	 Interestingly,	 however,	when	ED	was	 examined	 in	 the	 context	 of	 an
ERAS	approach,	its	use	did	not	confer	clinical	benefit	despite	better	optimization
of	SV.31	While	far	from	conclusive,	these	data	suggest	that	(1)	in	many	patients,



as	long	as	CO	is	adequate,	further	optimization	may	be	unnecessary	and/or	(2)	a
net	zero	fluid	balance	can	be	achieved	without	any	monitoring	of	CO	in	many
surgical	patients.

There	 are	 few	 studies	 that	 examine	 the	 clinical	 impact	 of	 ED	 use	 among
critically	 ill	 patients	 outside	 of	 standard	 perioperative	 management.	 A	 small,
single-center	study	of	trauma	patients	with	hemorrhagic	shock	demonstrated	that
ED-guided	resuscitation	decreased	the	incidence	of	occult	shock,	was	associated
with	fewer	infectious	complications	and	significantly	reduced	hospital	length	of
stay.32	Although	further	studies	are	needed	to	confirm	the	clinical	utility,	it	does
suggest	that	ED	can	be	a	meaningful	diagnostic	tool	in	the	ICU.

Advantages	and	Disadvantages	of	Esophageal	Doppler
There	are	several	potential	advantages	to	using	ED	for	hemodynamic	monitoring
for	 the	 critically	 ill	 (Table	28.1).	First,	 as	outlined	 above,	ED	systems	provide
continuous	 data,	 which	 allows	 for	 earlier	 recognition	 of	 hemodynamic
deterioration	 or	 improvement	 in	 response	 to	 a	 therapeutic	 intervention.
Additionally,	an	ED	probe	can	be	placed	in	minutes	and	has	been	associated	with
a	 low	 incidence	of	major	 iatrogenic	 complications.33,34	 Some	 data	 also	 suggest
that	once	inserted,	an	esophageal	probe	can	be	left	 in	situ	safely	for	more	than
2	weeks.35	Finally,	as	the	esophagus	is	a	nonsterile	environment,	it	 is	logical	to
assume	that	the	infectious	risk	of	an	ED	probe	is	minimal.

TABLE	28.1

Advantages	and	Disadvantages	of	Esophageal	Doppler	for
Cardiac	Output	Monitoring

Concept:	Doppler	probe	measures	stroke	volume	in	the	aorta.

Advantages

Continuous	monitoring

Proximity	to	the	aorta

Quick	placement

Estimates	CO	and	predicts	volume	responsiveness



Low	infection	risk

Can	remain	in	place	for	2	wk

Disadvantages

Unable	to	use	on	>	1	patient

Requires	intubation

Need	for	repositioning

CO,	cardiac	output.

ED	monitoring	has	 a	 few	potential	 disadvantages	 as	well.	Transesophageal
monitoring	cannot	be	used	from	patient	to	patient	as	readily	as	the	transthoracic
approach	 and,	 therefore,	multiple	 devices	would	 be	 required	 if	more	 than	 one
examination	 is	 needed	 at	 a	 given	 time,	which	 has	 cost	 implications.	Also,	ED
can	only	be	utilized	in	intubated	patients	and	is	contraindicated	in	patients	with
esophageal	perforation	or	 stricture.	Finally,	while	ED	probes	can	be	 left	 in	 for
extended	 periods	 of	 time	 for	 continuous	 hemodynamic	 monitoring,	 they	 have
been	 noted	 to	 be	 frequently	 dislodged	 despite	 best	 efforts	 to	 keep	 patients
adequately	sedated.32

Future	Research
While	 the	 use	 of	 critical	 care	 echocardiography	 is	 expanding	 and	 existing
literature	has	shown	its	use	affects	management,	there	are	little	data	to	suggest	it
alters	 outcomes.	 Further,	 the	 utility	 of	 continuous	 volume	 responsiveness
monitoring	 is	uncertain	 as	ongoing	 investigation	compares	 the	effectiveness	of
liberal	 vs	 conservative	 fluid	 resuscitation	 in	 distributive	 shock.36,37	 As	 the
optimal	 fluid	 strategy	 is	 clarified,	 future	 investigation	 into	 the	 ability	 of
continuous	monitoring	modalities	such	as	ED	to	impact	patient-centric	outcomes
will	be	important.	Similarly,	more	robust	analyses	of	the	clinical	impact	of	ED	in
ERAS	programs	could	provide	guidance	on	its	clinical	role.

The	optimal	training	method	to	establish	competence	in	ED	use	also	requires
further	 investigation.	 While	 cardiology-based	 certifications	 have	 traditionally
relied	 upon	 volume-based	 metrics	 to	 establish	 competency,38	 the	 American
College	of	Chest	Physicians	has	recently	developed	a	competency-based	training
course	 for	 critical	 care	 US.39	 This	 novel	 and	 pragmatic	 approach	 combines
online	 material	 with	 sequential	 didactic	 seminars	 that	 progress	 from	 basic	 to



more	advanced	material.	Learners	are	then	instructed	to	return	to	their	practices
and	 assemble	 a	 portfolio	 of	 images	 that	 can	 be	 remotely	 reviewed	 by	 expert
ultrasonographers	 to	 ensure	 competence	 of	 image	 acquisition	 in	 a	 real-world
environment.	 Once	 competence	 has	 been	 confirmed,	 learners	 are	 able	 to
complete	a	final	examination	to	obtain	certification.	Rigorous	assessment	of	the
success	 of	 this	 model	 may	 lead	 to	 more	 effective	 training	 methods	 for	 both
fellows	and	practicing	intensivists.

Pulse	Contour	Analysis

Background
6 	 PCA	 is	 another	 modality	 for	 measuring	 CO	 noninvasively	 that	 has	 been
extensively	studied.	This	method	relies	on	the	theory,	first	described	by	Frank	in
the	 early	 part	 of	 the	 20th	 century,	 that	 SV	 and	 CO	 can	 be	 derived	 from	 the
characteristics	of	 an	 aortic	pressure	waveform.40	Wesseling	et	 al41	 published	 in
1983	an	algorithm	to	calculate	SV	continuously	by	dividing	 the	area	under	 the
curve	 of	 the	 aortic	 pressure	 waveform	 by	 the	 aortic	 impedance.	 As	 aortic
impedance	varies	among	patients,	it	had	to	be	measured	using	another	modality,
usually	 arterial	 thermodilution,	 to	 calibrate	 the	 PCA	 system	 prior	 to	 obtaining
SV	data.	Aortic	impedance,	however,	is	not	a	static	property.	It	is	based	upon	the
complex	 interaction	 of	 the	 resistive	 and	 compliant	 elements	 of	 each	 vascular
bed,	 which	 are	 often	 dynamic,	 especially	 among	 hemodynamically	 unstable
patients.	 Since	 the	 first	 PCA	 algorithm	 was	 introduced,	 several	 unique
algorithms	have	been	 created	 to	model	 accurately	 the	 properties	 of	 the	 human
vascular	system	for	use	in	PCA	systems.	Because	each	algorithm	is	unique	in	the
weight	 that	 it	 ascribes	 to	 each	 element	 of	 vascular	 conductivity,	 it	 has	 been
impossible	 to	 ensure	 that	 a	 system	 will	 be	 able	 to	 reproduce	 the	 results	 of
another	 system	 under	 similar	 conditions.42	 Keeping	 this	 in	 mind,	 one	 cannot
conclude	that	all	systems	are	equally	reliable.

PCA	systems	vary	in	their	degree	of	invasiveness.	The	most	invasive	systems
require	the	placement	of	both	arterial	and	central	venous	catheters.	The	arterial
catheter	 contains	 both	 a	 pressure	 transducer	 and	 a	 thermistor	 and	 is	 interfaced
with	the	PCA	system,	which	uses	its	unique	algorithm	to	estimate	stroke	volume
and	 provides	 a	 continuously	 displayed	 measurement	 of	 CO.	Meanwhile,	 cold
saline	 can	 be	 injected	 into	 the	 central	 venous	 catheter	 while	 temperature	 is
measured	 by	 the	 arterial	 catheter	 to	 perform	 transpulmonary	 thermodilution.
This	 technique	provides	 intermittent	 estimates	of	CO,	with	 similar	 accuracy	 to



pulmonary	arterial	thermodilution,43,44	with	which	the	PCA	system	can	calibrate
its	 algorithm	 over	 time.	 Further,	 the	 transpulmonary	 thermodilution	maneuver
allows	 for	 estimates	 of	 intrathoracic	 blood	 volume	 from	 which	 estimates	 of
global	end-diastolic	volume	(GEDV)	and	extravascular	lung	water	(ELW)	can	be
extrapolated.	Indexed	values	of	GEDV	(GEDI)	may	be	used	as	an	assessment	of
preload	 and	 is	 preferred	 over	 traditional	 measures	 such	 as	 CVP	 by	 some
clinicians.45	 Additionally,	 elevations	 of	 indexed	 ELW	 (ELWI)	 have	 been
associated	with	higher	mortality	rates	and,	thus,	may	provide	prognostic	data	in
the	 critically	 ill	 population.46	 Although	 more	 invasive,	 dual	 catheter	 systems
potentially	 offer	 improved	 accuracy	 over	 a	 range	 of	 arterial	 impedances,	 an
important	consideration	when	caring	for	a	patient	experiencing	dynamic	changes
in	vascular	tone.	PiCCO	(Pulsion	SG,	Munich,	Germany)	is	a	dual	catheter	PCA
system	 that	 has	 received	 considerable	 attention	 in	 the	 literature.	 Numerous
studies	 have	 demonstrated	 a	 strong	 correlation	 between	 this	 system	 and
pulmonary	thermodilution	for	both	critically	ill	and	surgical	patients.43,44

Less	 invasive	 PCA	 systems	 require	 only	 an	 arterial	 catheter.	 These	 are
designed	 to	“autocalibrate”	on	a	continuous	basis.	One	such	system,	known	as
the	FloTrac	(Edwards	Lifesciences,	LLC,	Irvine,	CA),	has	also	been	widely	used
in	 the	 intensive	 care	 setting.	 It	 calculates	 SV	 using	 a	 general	 equation:	 SV	 =
K	×	pulsatility,	where	K	is	a	constant	including	arterial	compliance	and	vascular
resistance.47	This	constant	is	initially	derived	by	patient	variables	such	as	height,
weight,	 sex,	 and	 age	using	 a	method	described	by	Langewouters	 et	 al48	 and	 is
subsequently	 adjusted	once	per	minute	using	arterial	waveform	characteristics.
Pulsatility	 is	 determined	 by	 analyzing	 the	 standard	 deviation	 of	 the	 arterial
pressure	waveform	over	preceding	20-second	intervals.	Thus,	the	variables	used
to	 calculate	SV	are	updated	 at	 least	 once	per	minute.	When	compared	 to	PAC
thermodilution	 in	 a	 postcardiac	 surgery	 setting,	 this	 system	 showed	 good
correlation	over	a	wide	range	of	COs.	Additionally,	it	appears	that	a	radial	artery
catheter	 is	 just	 as	 accurate	 as	 a	 femoral	 artery	 catheter	 in	 this	 setting,	 another
advantage	 of	 this	 system.47	 However,	 autocalibrated	 CO	 measurements	 have
been	 shown	 to	 be	 inaccurate	 in	 hyperdynamic	 and	 vasodilated	 states,	 such	 as
sepsis	or	after	liver	transplantation.49,50	Thus,	Edwards	has	worked	to	upgrade	its
algorithm	 in	 order	 to	 improve	 its	 accuracy	 across	 a	 broader	 range	 of
physiological	 conditions.51	 Although	 these	 modifications	 have	 been	 shown	 to
improve	 the	 technology’s	 accuracy	 and	 ability	 to	 trend	CO,	 they	 are	met	with
mixed	results,	and	the	widespread	applicability	is	still	unsettled.52

Two	completely	noninvasive	PCA	modalities	have	recently	been	developed:
the	finger	cuff	(volume	clamp)	method	and	radial	artery	applanation	tonometry.53
The	 volume	 clamp	modality	 is	 based	 on	 the	 Penaz	 principle53	 and	 utilizes	 an



inflatable	finger	cuff	coupled	with	an	infrared	photodiode	and	a	light	detector	to
dynamically	provide	counterpressure	to	maintain	a	constant	diameter	of	arteries
in	the	finger.54	The	required	counterpressure	can	be	used	 to	derive	a	waveform
which	 can	 indirectly	 approximate	 both	 blood	 pressure	 and	 CO	 via	 PCA.55
Commercially,	 there	 are	 two-finger	 cuff	 systems	 commonly	 used.	 The	 Clear-
Sight	 system	 (Edward	 Lifesciences,	 Irvine,	 CA)	 uses	 a	 proprietary	 internal
calibration	algorithm,56,57	while	the	CNAP	system	(CNSystems	Medizintechnik,
Graz,	Austria)	is	calibrated	using	oscillometric	measurements	of	upper	extremity
blood	pressure	and	its	own	proprietary	algorithms.58	Similarly,	automated	radial
artery	applanation	tonometry	utilizes	a	sensor	array	that	flattens	an	artery	over	a
bony	structure	such	as	the	radial	artery	at	the	wrist.	The	mean	blood	pressure	is
estimated	 by	 measuring	 the	 counterpressure	 required	 to	 accomplish	 zero
transmural	 pressure	 across	 the	 arterial	wall	 (ie,	 static	 arterial	 diameter).	 These
data	coupled	with	demographic	data	allows	proprietary	algorithms	to	continually
measure	 blood	 pressure	 and	 CO	 by	 PCA.55,59,60	 The	 commercially	 available
tonometry-based	 systems	 include	 the	 T-line	 (Tensys	Medical,	 San	Diego,	CA)
and	DMP-life	(DAEYOMEDI,	Ansan,	Gyeonggi-do,	South	Korea).

Clinical	Utility
PCA	systems	have	been	shown	to	accurately	measure	changes	in	CO	in	response
to	changing	preload	in	a	cardiac	surgery	population.61	However,	while	being	able
to	monitor	 changes	 of	 CO	 during	 volume	 loading	 is	 important,	 being	 able	 to
predict	 a	 priori	when	 a	 patient	would	 benefit	 from	 volume	 loading	 is	 perhaps
more	 useful.	 Pulse	 pressures	 commonly	 vary	 throughout	 the	 respiratory	 cycle.
Pulse	 pressure	 variation	 (PPV)	 is	 defined	 as	 the	 result	 of	 the	minimum	 pulse
pressure	 subtracted	 from	 the	maximum	pulse	 pressure	 divided	by	 the	mean	of
these	two	pressures.

The	magnitude	of	 the	PPV	 in	a	patient	can	predict	preload	 responsiveness62
and	has	been	shown	to	be	more	accurate	than	traditional	static	measurements	of
preload	such	as	CVP	or	PAOP.63	Analogous	to	PPV,	an	additional	piece	of	data
that	PCA	systems	can	provide	 is	 the	stroke	volume	variation	(SVV).	The	SVV
represents	 the	 percent	 change	 in	 SV	 over	 time	 due	 to	 fluctuations	 in	 preload
caused	by	respiration	and	is	calculated	using	the	same	equation	format	as	PPV
(Figure	28.2).	A	meta-analysis	of	PPV	and	SVV	measured	by	PCA	found	that	a
PPV	of	12.5%	and	SVV	of	11.6%	had	moderate	sensitivity	and	specificity	when



predicting	a	response	to	volume.64

	

Figure	 28.2 	 Stroke	 volume	 (SV)	 variation	 predicts	 volume
responsiveness.The	maximum	 and	minimum	 stroke	 volumes	 during
the	 respiratory	 cycle	 are	 calculated	 using	 a	 pulse	 contour	 analysis
(PCA)	system’s	algorithm.	Larger	variations	in	stroke	volume	predict
volume	responsiveness	in	the	passively	ventilated	patient.

Due	 to	 these	 known	 limitations	 of	 the	 sensitivities	 and	 specificities	 of	PPV
and	 SVV	 to	 predict	 fluid	 responsiveness,	 some	 investigators	 have	 begun	 to
examine	 the	utility	of	using	a	 range	of	PPV	and	SVV	cutoffs.	Cannesson	et	al
studied	this	approach	in	413	elective	surgical	patients.	They	found	that	a	PPV	of
9%	or	 less	provided	90%	accuracy	 that	a	patient	would	not	respond	to	volume
loading	 whereas	 a	 PPV	 of	 13%	 or	 greater	 predicted	 with	 90%	 accuracy	 that
someone	would	 respond.	Up	 to	24%	of	 the	patient	population	 studied	 fell	 into
the	 “gray	 zone”	where	 PPV	was	 between	 9%	 and	 13%.	 In	 the	 gray	 zone,	 the
predictive	accuracy	of	PPV	is	limited	and	the	authors	argue	that	the	decision	to
volume	 challenge	 should	 be	made	 on	 a	 case-by-case	 basis	 after	 analyzing	 the
relative	 risks	 and	 benefits.65	 This	 pragmatic	 approach	 to	 hemodynamic
management	has	inherent	appeal	and	could	easily	be	applied	to	other	modalities.

At	present,	 there	are	 limited	data	 to	suggest	 that	 the	use	of	PCA	systems	 in
the	intensive	care	setting	impacts	clinically	relevant	outcomes66;	however,	 their
use	 in	 high-risk	 surgery	 has	 been	 associated	 with	 clinical	 benefit.	 In	 the
OPTIMISE	 (Optimization	 of	Cardiovascular	Management	 to	 Improve	Surgical
Outcome)	trial,	734	high-risk	patients	undergoing	major	gastrointestinal	surgery
were	randomized	to	an	uncalibrated	PCA	to	guide	CO	optimization	vs	standard
of	 care	 during	 surgery	 and	 up	 to	 6	 hours	 postoperatively.	 The	 trial	 showed	 a
nonsignificant	 trend	 toward	 a	 reduction	 in	 a	 composite	 of	 postoperative
complications	including	mortality.	When	the	authors	included	the	trial’s	data	in	a
meta-analysis,	 they	 found	 a	 23%	 reduction	 in	 the	 postoperative	 complications
and	a	trend	toward	reduced	mortality.67



Advantages	and	Disadvantages
Overall,	 PCA	 systems	 offer	 several	 advantages	 over	 the	 traditional	 “gold
standard”	 of	 pulmonary	 artery	 thermodilution	 (Table	 28.2).	 Depending	 on	 the
system,	they	may	be	completely	noninvasive	or	only	require	an	arterial	catheter
(FlotTrac)	or	an	arterial	catheter	and	a	central	venous	catheter	(PiCCO),	both	of
which	 are	 commonly	 in	 place	 in	 critically	 ill	 and	higher	 risk	 surgical	 patients.
Thus,	 unlike	PACs,	 additional	 invasive	 procedures	may	not	 be	 required	 to	 use
these	systems.	The	PCA	systems	also	provide	a	continuous	measurement	of	CO
as	opposed	to	the	intermittent	nature	of	traditional	thermodilution	systems.	This
approach	 not	 only	 facilitates	 faster	 response	 times	 to	 hemodynamic
derangements	but	also	saves	the	clinician	the	time	required	to	perform	repeat	CO
or	volume	responsive	assessments	as	would	be	required	with	TEE.	Finally,	PCA
systems	 require	minimal	 to	 no	 training	 to	 interpret	 and,	 therefore,	 may	 be	 an
ideal	modality	to	use	in	a	busy	clinical	setting.

TABLE	28.2

Advantages	and	Disadvantages	of	the	Pulse	Contour
Analysis	Method	for	Cardiac	Output	Monitoring

Concept:	catheter	or	cuff	used	to	determine	stroke	volume	from	arterial
pressure	waveforms
Advantages	
Continuous
Utilizes	catheters	that	are	already	commonly	used	in	ICU	patients	or

noninvasive	cuffs
Does	not	require	calibration	with	pulmonary	artery	catheter
Minimal	training	requirements

Disadvantages	
SVV	inaccurate	during	low	tidal	volume	ventilation	and	spontaneous

breathing



Questionable	accuracy	during	low	systemic	vascular	resistance	states
Questionable	accuracy	during	vasoconstrictor	use

ICU,	intensive	care	unit;	SVV,	stroke	volume	variation.

As	 with	 any	 noninvasive	 method	 of	 monitoring	 hemodynamics,	 there	 are
disadvantages	to	the	PCA	systems	as	well.	Regardless	of	the	system	employed,
their	 accuracy	 and	 precision	 during	 vasodilated	 states	 are	 still	 questioned	 for
situations	with	 extremes	of	SVR	such	as	 septic	 shock,	 liver	 transplantation,	or
vasopressor	titration.68-70	In	addition,	the	accuracy	of	the	completely	noninvasive
modalities	 is	 limited	for	subjects	with	peripheral	vascular	disease	or	peripheral
hypoperfusion	 secondary	 to	 vasopressors	where	 counterpressure	measurements
may	 be	 confounded.	 Significant	 peripheral	 edema	 may	 also	 impede	 their
accuracy.	 Further,	 it	 is	 critical	 for	 clinicians	 to	 recall	 that	 the	 use	 of	 SVV	 to
predict	 fluid	 responsiveness	 using	 PCA	 systems	 has	 only	 been	 validated	 in
passively	mechanically	ventilated	patients,	usually	at	tidal	volumes	>8	mL/kg.64
Thus,	the	reliability	of	using	SVV	during	spontaneous	breathing	is	unknown	and
likely	 limited.	 Another	 known	 limitation	 to	 PCA	 systems	 is	 their	 inability	 to
reliably	 predict	 volume	 responsiveness	 when	 currently	 recommended	 lung
protective	 strategies	 (<6	mL/kg)	are	used.71	Fortunately,	 this	 limitation	may	be
diminished	at	higher	PEEP	levels	and	may	also	be	circumvented	by	transiently
increasing	 tidal	 volumes	 at	 the	 time	 of	 SVV	measurement.72	 Finally,	 because
pulse	 pressure	 and	 SV	 are	 dependent	 upon	 preload	 that	 is	 proportional	 to
diastolic	filling	time,	arrhythmias	such	as	atrial	fibrillation	that	result	in	variable
R-R	intervals	will	generate	large	PPV	and	SVV	that	are	independent	of	volume
status.	 This	 concept	 limits	 the	 ability	 to	 use	 PCA	 systems	 in	 the	 presence	 of
these	 common	 arrhythmias,	 although	 newer	 algorithms	 are	 making
improvements	in	this	regard.51

Future	Research
Future	studies	that	may	help	in	defining	the	clinical	role	of	PCA	systems	could
focus	on	several	points.	First,	a	better	understanding	of	how	changes	in	vascular
tone	and	vasopressor	use	affect	 the	accuracy	of	a	particular	system’s	algorithm
will	 help	 to	 determine	 if	 and	 when	 particular	 systems	 can	 be	 reliably	 used.
Further	exploration	of	the	use	of	PCA	systems	to	create	clinical	protocols	akin	to
the	 previously	 described	 “gray	 zone”	 approach	 may	 help	 to	 reshape	 the
ubiquitous	clinical	question,	“Will	this	patient	respond	to	fluids?”	into	the	more



patient-centered	 question,	 “Should	 I	 give	 this	 patient	 fluids?”	 Finally,
examinations	 of	 how	 PCA	 systems	 could	 affect	 patient	 outcomes	 through
tailored	resuscitation	protocols	in	sepsis	and	acute	respiratory	distress	syndrome
would	further	help	to	define	their	role	in	critical	care.

Noninvasive	Cardiac	Output	Monitoring	(Bioreactance)

Background
8 	The	thoracic	bioimpedance	technique	was	first	developed	by	Kubicek	et	al73	as
a	 means	 of	 noninvasively	 measuring	 the	 CO	 of	 astronauts.	 It	 involves	 the
delivery	 of	 low-amplitude	high-frequency	 electric	 current	 across	 the	 thorax.	A
series	of	sensing	electrodes,	which	measure	the	change	in	voltage	amplitude,	are
placed	along	the	path	of	 this	current	and	can	be	used	to	calculate	 the	electrical
impedance	intrinsic	to	the	thorax.	Because	of	the	conductive	properties	of	fluid,
the	thoracic	bioimpedance	is	inversely	proportional	to	the	amount	of	fluid	in	the
thorax	at	the	time	of	measurement.	Thus,	as	intrathoracic	fluid	volume	increases
during	each	cardiac	cycle,	the	bioimpedance	measured	by	the	sensing	electrodes
decreases.	This	principle	provides	the	basis	for	measuring	the	SV	and	hence	CO
using	this	 technique.	 In	order	 to	estimate	CO	accurately,	however,	aortic	blood
flow	must	be	distinguished	from	other	sources	of	intrathoracic	fluid	movement.
Simultaneously	recording	the	electrocardiogram	and	using	a	computer	algorithm
to	filter	electrical	noise	caused	by	other	fluid	movement	can	accomplish	this.

Investigations	into	the	accuracy	of	bioimpedance	have	yielded	mixed	results.
A	 large	 meta-analysis	 comparing	 CO	 measurement	 by	 thoracic	 bioimpedance
and	PAC	thermodilution	revealed	a	broad	range	of	correlation	ranging	from	0.44
to	 0.75.74	 Limitations	 to	 the	 device’s	 accuracy	 include	 the	 electrical	 “noise”
generated	 by	 extravascular	 fluid	 in	 the	 form	 of	 pulmonary	 edema	 and	 pleural
effusions	as	well	as	obesity.	Accordingly,	prior	research	has	demonstrated	poor
accuracy	of	this	system	during	mechanical	ventilation	of	patients	with	acute	lung
injury75	and	conflicting	accuracy	among	obese	patients.76

Given	these	signal-to-noise	challenges,	efforts	have	been	made	to	improve	the
system’s	 accuracy.	 A	 newer	 modality	 known	 as	 bioreactance	 was	 developed
which	 appears	 to	 offer	 reduction	 in	 electrical	 noise.	Unlike	 bioimpedance	 that
monitors	changes	in	the	voltage	amplitude	imparted	by	intrathoracic	blood	flow,
the	 noninvasive	 cardiac	 output	 monitoring	 (NICOM)	 bioreactance	 system
monitors	the	phase	shift	of	electrical	waves	that	occurs	due	to	this	flow.77	Similar
to	 bioimpedance,	 a	 set	 of	 electrodes	 are	 placed	 upon	 the	 chest	 that	 transmit



alternating	electric	current	at	a	known	frequency	to	a	set	of	receiving	electrodes.
Additional	 sensing	electrodes	are	placed	 in	 the	path	of	 the	electric	current	and
transmit	 information	 regarding	 the	 current	 back	 to	 the	 NICOM	 system.
Specifically,	 the	sensing	electrodes	measure	 the	amount	of	 time	delay	or	phase
shift	 that	 occurs	 as	 the	 current	 travels	 across	 the	 thorax.	 Because	 alternating
current	is	delayed	by	traveling	through	fluid,	the	measured	phase	shift	is	directly
proportional	 to	 the	amount	of	 intrathoracic	 fluid	present	at	any	given	moment.
Thus,	 small	 fluctuations	 in	 phase	 shift	 can	 be	 detected	 between	 systole	 and
diastole	 (Figure	 28.3)	 and	 can	 be	 extrapolated	 into	 an	 SV	 using	 proprietary
algorithms.	 Further,	 changes	 in	 SV	 in	 response	 to	 volume	 expansion	 can	 be
detected	 by	 comparing	 the	 phase	 shift	 before	 and	 after	 volume	 challenge
allowing	for	an	assessment	of	fluid	responsiveness	using	this	system.

	

Figure	 28.3 	 Phase	 shift	 during	 the	 cardiac	 cycle	 using
bioreactance.Noninvasive	 cardiac	 output	 monitoring	 (NICOM)
detects	 phase	 shifts	 in	 electric	 current	 during	 (A)	 diastole	 and	 (B)
systole	 that	 are	 elicited	 by	 changes	 in	 intrathoracic	 blood	 volume.
The	 measured	 phase	 shifts	 can	 be	 used	 to	 estimate	 stroke	 volume
(SV),	CO,	and	response	to	volume	loading.

Clinical	Utility
Since	 its	 inception,	 several	 studies	 have	 compared	 the	 accuracy	 of	 the	 CO
measured	by	the	NICOM	bioreactance	system	to	that	measured	by	PACs	or	other
minimally	 invasive	modalities.	An	early	multicenter	evaluation	demonstrated	a
tighter	 correlation	 between	 this	 system	 and	 PACs	 for	 both	 surgical	 and
nonsurgical	 cardiac	 care	 unit	 patients.78	 This	 correlation	 was	 present	 during
periods	 of	 stability	 and	 during	 periods	 of	 increasing	 or	 decreasing	 CO.
Additionally,	 the	 bioreactance	 system	 detected	 changes	 of	 CO	 faster	 than



traditional	PAC	monitoring.	When	compared	to	ED	monitoring	of	an	abdominal
surgical	 population,	 there	 was	 substantial	 disagreement	 of	 absolute	 CO
measurements;	 however,	 the	 modalities	 were	 concordant	 when	 assessing	 CO
changes	in	response	to	volume	loading.79

As	 with	 other	 minimally	 invasive	 monitoring	 modalities,	 the	 ability	 of
bioreactance	 to	 predict	 fluid	 responsiveness	 has	 also	 been	 examined.	 Unlike
PCA	 or	 echocardiography	 assessment	 of	 inferior	 vena	 cava	 (IVC)	 diameter,
bioreactance	does	not	provide	a	respirophasic,	dynamic	measurement	that	can	be
determined	without	intervening	on	a	patient.	Instead,	the	phase	shift	is	measured
both	 before	 and	 after	 a	 PLR	 maneuver	 and	 a	 ΔCO	 is	 calculated	 where	 any
value	 ≥10%	 is	 considered	 fluid	 responsive.	Benomar	 et	 al80	 demonstrated	 that
changes	in	CO	during	PLR	correlated	well	with	changes	in	CO	after	a	500-mL
fluid	challenge	in	a	postcardiac	surgery	patient	population	using	the	bioreactance
system.	 Tong	 et	 al	 demonstrated	 similar	 findings	 in	 a	 small	 study	 examining
bioreactance	use	in	a	septic	population	while	simultaneously	demonstrating	that
ΔCO	during	a	PLR	was	a	more	accurate	predictor	of	fluid	responsiveness	 than
SVV	 using	 a	 PCA	 system.81	 These	 same	 observations	 were	 also	 made	 for	 a
heterogeneous	 critically	 ill	 population	 in	 which	 ΔCO	 during	 a	 PLR	 predicted
fluid	responsiveness	with	a	94%	sensitivity	and	a	100%	specificity.82

The	 potential	 impact	 of	 thoracic	 bioreactance	 on	 clinical	 outcomes	 is	 still
being	 determined.	 One	 early	 study	 examined	 the	 role	 of	 using	 the	 NICOM
bioreactance	system	for	trauma	patients	presenting	to	the	ED.	The	authors	report
that	 CO	 derangements	 could	 be	 seen	 with	 a	 variety	 of	 clinical	 conditions
including	some	in	which	hypotension	was	not	present.	Further,	the	length	of	stay
during	 the	 study	 was	 significantly	 shorter	 in	 a	 subset	 of	 patients	 with	 injury
severity	scores	≥15	as	compared	to	a	similar	cohort	over	the	preceding	2	years.83
Lee	et	al84	also	examined	the	impact	of	bioreactance	monitoring	on	length	of	stay
for	 a	 small	 cohort	 of	 patients	 undergoing	 valvular	 heart	 surgery.	 While	 they
found	no	significant	difference	of	 length	of	stay	with	 its	use,	 they	did	discover
that	 patients	who	 received	 bioreactance	monitoring	 experienced	 lower	 rates	 of
both	 epinephrine	use	 and	prolonged	mechanical	ventilation.	While	observation
studies	have	 shown	 that	utilization	of	both	point-of-care	US	and	NICOM	may
help	 predict	 fluid	 responsiveness85;	 to	 date,	 there	 have	 not	 been	 studies	 to
demonstrate	 improved	 outcomes	 from	 thoracic	 bioreactance	 devices.	 In	 fact,	 a
recent	 small	 pilot	 study	 to	 determine	whether	 the	 hemodynamic	 parameters	 as
determined	 by	 NICOM	 could	 be	 used	 to	 predict	 severity	 of	 illness	 failed	 to
differentiate	 early	 disease	 severity	 and	 admission	 from	 the	 emergency
department	compared	with	serum	lactate.86



Advantages	and	Disadvantages
Perhaps	the	biggest	advantage	of	the	bioreactance	monitoring	system	is	its	truly
noninvasive	nature	 (Table	28.3).	Unlike	most	PCA	systems	or	ED,	 this	system
has	no	invasive	components	similar	to	TEE.	Unlike	TEE,	however,	bioreactance
monitoring	 has	 the	 additional	 advantage	 of	 providing	 CO	 measurement	 on	 a
near-continuous	basis.	The	system	displays	the	average	CO	over	a	preceding	1-
minute	 interval	 which	 allows	 it	 to	 display	 accurate,	 real-time	 information
without	 dramatic	 fluctuations	 from	 transient	 artifactual	 readings.	 Thus,	 the
system	allows	 for	 early	 detection	of	 derangements	 akin	 to	PCA	and	ED	while
remaining	 completely	 noninvasive.	 Another	 advantage	 of	 the	 bioreactance
system	 is	 its	 compatibility	 with	 arrhythmias.	 Whereas	 minimally	 invasive
modalities	 such	 as	 PCA	 are	 confounded	 by	 the	 impact	 that	 irregular	 diastolic
filling	 times	 have	 on	 the	 beat-to-beat	 variation	 in	SV,	 the	 bioreactance	 system
has	been	shown	to	function	reliably	in	the	setting	of	atrial	fibrillation.84	Finally,
patient	 positioning,	 and	 the	 need	 for	 frequent	 repositioning	 do	 not	 affect	 the
accuracy	 of	 the	 bioreactance	 system	 offering	 a	 potential	 advantage	 over	 ED
monitoring	that	can	require	adjustment	each	time	a	patient	is	moved.79

TABLE	28.3

Advantages	and	Disadvantages	of	the	NICOM	Bioreactance
Method	for	Cardiac	Output	Monitoring

Concept:	External	thoracic	electrodes	estimate	stroke	volume	by	monitoring
the	phase	shift	of	current	applied	to	the	chest	wall.
Advantages	
Completely	noninvasive
Provides	continuous	measurements	of	CO
Accurate	with	atrial	fibrillation
Not	affected	by	patient	positioning/repositioning

Disadvantages	
Ability	to	predict	volume	responsiveness	without	volume	challenge	is



limited
Limited	accuracy	during	upper	abdominal	surgery
Impact	of	electrical	cardiac	pacing	not	completely	characterized

CO,	cardiac	output;	NICOM,	noninvasive	cardiac	output	monitoring.

As	 with	 all	 minimally	 invasive	 monitoring	 systems,	 there	 are	 potential
disadvantages	 to	 the	 NICOM	 bioreactance	 system	 as	 well.	 First,	 as	 described
above,	the	system	is	unable	to	predict	fluid	responsiveness	without:	(a)	giving	a
fluid	challenge	or	(b)	performing	a	PLR	maneuver.	As	40%	to	60%	of	patients	in
shock	 are	 not	 fluid	 responsive,	 the	 first	 approach	 may	 lead	 to	 frequent
administration	 of	 unnecessary	 fluid.87	 Because	 the	 NICOM	 displays	 CO
representative	 of	 an	 average	 value	 over	 the	 preceding	minute,	 there	 is	 a	 brief
delay	before	the	response	to	a	PLR	would	be	observed.	As	data	suggest	that	the
effects	of	a	PLR	can	disappear	after	1	minute,	it	is	possible	that	augmentations	of
CO	from	the	PLR	maneuver	may	be	underestimated	by	bioreactance.25	This	may
explain	 some	 of	 the	 mixed	 results	 about	 its	 efficacy	 at	 predicting	 volume
responsiveness	 using	 this	 approach.88	 An	 additional	 disadvantage	 of	 the
bioreactance	system	is	its	inability	to	accurately	measure	CO	in	certain	clinical
scenarios.	Most	 notably,	 the	 system	has	 been	 shown	 to	 perform	poorly	 during
upper	abdominal	surgery	likely	due	to	alterations	in	torso	geometry,	which	can
affect	 the	 derivation	 of	 SV	 from	 phase	 shift	 data.89	 This	 same	 limitation	 was
again	noted	during	liver	transplantation	but	has	not	been	seen	with	surgeries	on
the	 lower	 abdomen.89,90	 Finally,	 as	 the	 bioreactance	 system	 is	 based	 upon	 the
measurement	 and	 analysis	 of	 electric	 current,	 the	 introduction	 of	 extrinsic
electrical	 signals	 may	 confound	 its	 accuracy.	 Accordingly,	 intraoperative
electrical	 cautery	 has	 been	 shown	 to	 distort	 the	 signals	 of	 the	 bioreactance
system	 and	 affect	 its	 accuracy.79	 The	 impact	 of	 implantable	 cardiac	 pacing
devices	 on	 the	 system’s	 accuracy	 is	 not	 fully	 known	 as	 interference	 has	 been
reported	but	at	least	one	study	reports	adequate	performance	during	pacing.91

FUTURE	DIRECTIONS
The	 thoracic	 bioreactance	 technology	 demonstrates	 considerable	 promise	 as	 a
noninvasive	means	of	monitoring	CO	and	has	supplanted	bioimpedance	due	 to
its	 superior	 signal-to-noise	 capture.	 However,	 many	 questions	 regarding	 the
clinical	 benefit	 of	 this	 technology	 remain.	 Although	 previous	 studies	 have



investigated	the	accuracy	of	this	system	for	hemodynamically	unstable	patients,
the	 proportion	 of	 subjects	 who	 had	 pulmonary	 edema	 was	 either	 zero	 or	 not
reported	in	these	studies.82	As	pulmonary	edema	was	a	known	confounder	of	the
bioimpedance	system,	more	data	regarding	its	effect	on	the	performance	of	 the
bioreactance	 system	 are	 necessary	 before	 this	 system	 can	 be	 broadly
recommended.	 Further	 clarification	 of	 the	 system’s	 ability	 to	 predict	 fluid
responsiveness	 during	 a	 PLR	 maneuver	 is	 also	 important	 and	 should	 be
performed	 with	 careful	 attention	 to	 the	 PLR	 protocol	 to	 avoid	 confounding.92
Finally,	as	with	most	minimally	invasive	monitoring	technologies,	data	regarding
this	 technology’s	 impact	 on	 clinical	 outcomes	 such	 as	mortality,	 organ	 failure,
length	of	stay,	and	cost	are	currently	lacking.	Only	once	these	data	are	available
can	definitive	practice	recommendations	be	made.

OXYGEN	DELIVERY	AND	TISSUE	PERFUSION
While	directly	measuring	CO	can	provide	information	vital	 to	 the	management
of	critically	 ill	patients,	one	can	also	argue	 that	accurate	knowledge	of	oxygen
delivery	and/or	adequacy	of	tissue	perfusion	can	be	similarly	useful.	Proponents
of	 this	 concept	 are	 less	 interested	 in	 the	 absolute	 CO	 as	 long	 as	 tissue
oxygenation	 is	 adequate.	 Commonly	 used	 indirect	 measurements	 of	 perfusion
and	 oxygen	 delivery	 are	 central	 venous	 oxygen	 saturation	 (ScvO2),	 lactate	 and
capillary	refill	assessment.	The	central	venous-arterial	carbon	dioxide	difference
(PCO2	gap)	has	also	garnered	recent	attention	as	a	potential	marker	of	adequate
tissue	 perfusion.	 Previously	 explored	modalities	 include	 gastric	 tonometry	 and
sublingual	 capnometry,	 which	 measure	 the	 concentration	 of	 CO2	 at	 the	 tissue
level	as	a	surrogate	for	tissue	perfusion.93	While	some	early	studies	found	gastric
tonometry-based	protocolized	resuscitation	strategies	 to	be	of	clinical	benefit,94
others	 have	 not.95	 Although	 conceptually	 appealing,	 gastric	 tonometry	 and
sublingual	capnometry	have	failed	to	gain	widespread	popularity	and,	thus,	will
not	be	discussed	further	here.

ScvO2

Background
ScvO2	is	an	indirect	measure	of	the	oxygen	content	returning	from	the	upper	body
through	a	properly	placed	central	venous	line	in	the	superior	vena	cava	(SVC).	It



is	analogous	to,	although	usually	slightly	lower	than,	the	mixed	venous	oxygen
saturation	(SvO2)	with	is	measured	from	the	pulmonary	circulation	via	a	PAC.96

The	ScvO2	 is	 reflective	of	 the	balance	between	systemic	oxygen	delivery	(DO2)
and	 systemic	 oxygen	 consumption	 (V̇O2).	 Conceptually,	 as	 CO	 (and	 DO2)
decrease,	 tissue	 extraction	 of	 oxygen	will	 undergo	 a	 compensatory	 increase	 in
order	to	sustain	V̇O2	leading	to	a	reduction	in	ScvO2.	Thus,	monitoring	ScvO2	can
provide	useful	information	regarding	the	adequacy	of	CO	over	time	in	shock.

As	many	 as	 60%	 of	 patients	 admitted	 with	 septic	 shock	 in	 the	 absence	 of
preexisting	 heart	 disease	 experience	myocardial	 dysfunction	 during	 their	 acute
illness.97	A	prospective	study	of	this	population	demonstrated	that	an	ScvO2	cutoff
of	 <64%	 predicted	 a	 reduced	 cardiac	 index	 with	 high	 positive	 and	 negative
predictive	values.98	 Supranormal	ScvO2	 levels,	 however,	 can	 also	 be	 associated
with	 impaired	 oxygen	 delivery	 if	 the	 tissues	 have	 suffered	 significant	 damage
and	 are	 unable	 to	 extract	 oxygen	 effectively	 in	 the	 setting	 of	 mitochondrial
failure.99	 In	 fact,	both	 low	and	elevated	ScvO2	 levels	have	been	associated	with
increased	mortality	rates	of	patients	admitted	with	sepsis.100,101

Clinical	Utility
Due	to	its	minimally	invasive	nature	and	the	development	of	catheters	that	allow
for	continuous	measurement,	ScvO2	has	been	used	as	a	protocolized	resuscitation
target	with	mixed	success.	In	an	early	landmark	single-center	trial,	Rivers	et	al
demonstrated	 a	 significant	 reduction	 in	 mortality	 among	 patients	 with	 septic
shock	who	were	treated	with	an	early	and	aggressive	protocolized	resuscitation
that	included	interventions	to	target	an	ScvO2	≥	70%.102	These	data	were	counter
to	an	earlier	study	that	had	targeted	normal	SvO2	levels	in	a	similar	population103

and	 were	 felt	 by	 many	 to	 be	 related	 to	 the	 early	 nature	 of	 the	 intervention.
However,	more	recent	multicenter	studies	designed	to	validate	the	utility	of	early
protocolized	 management	 of	 oxygen	 delivery	 using	 ScvO2	 measurement	 have
failed	 to	demonstrate	 its	benefit	over	 the	current	 standard	of	 care.104	There	 are
several	 potential	 explanations	 for	 these	 conflicting	 results	 including	 (1)	 a
contemporaneous	 awareness	 during	 the	 execution	 of	 the	 latter	 trials	 that	 the
standard	 of	 care	 for	 sepsis	 management	 should	 include	 early	 and	 aggressive
resuscitation,	(2)	improvements	of	additional	critical	care	processes	that	mitigate
the	benefits	of	protocolized	care,	and	(3)	a	reduced	degree	of	cardiac	dysfunction
among	patients	in	the	latter	trials	as	determined	by	higher	starting	ScvO2	levels.

Regardless	of	the	cause,	existing	data	do	not	support	the	routine	use	of	ScvO2



during	early	resuscitation	of	septic	shock.	However,	ScvO2	monitoring	may	have
utility,	particularly	after	appropriate	initial	resuscitation	efforts	are	completed.	In
a	retrospective	analysis	of	a	prospective	clinical	 trial,	Protti	et	al	observed	 that
subjects	with	septic	shock	and	ScvO2	<	70%	upon	enrollment	and	after	6	hours	of
protocolized	resuscitation	had	greater	odds	of	mortality.105	This	pattern	of	initial
and	 persistently	 reduced	 ScvO2	 was	 also	 associated	 with	 either	 a	 history	 or
clinical	 signs	 of	 cardiac	 dysfunction	 and	 could	 represent	 a	 subpopulation	who
may	benefit	 from	 inotropic	 therapy	 in	 addition	 to	 frontline	 therapies	 for	 septic
shock.	Thus,	 intermittent	monitoring	of	ScvO2	 in	 patients	with	 persistent	 shock
despite	aggressive	early	resuscitation	is	likely	justified.

Lactate

Background
The	 physiological	 basis	 for	 lactate	 production	 is	 a	 shift	 from	 mitochondrial
oxidative	 phosphorylation	 to	 anaerobic	 glycolysis	 during	 times	 of	 circulatory
failure	or	tissue	hypoxia.	Elevated	lactate	levels	have	been	repeatedly	associated
with	 worse	 outcomes	 among	 critically	 ill	 patients.106,107	 This	 association	 is
present	even	when	clinical	signs	of	macrocirculatory	failure	are	absent	and	after
adjustment	 for	 other	 confounding	 factors	 such	 as	 age	 and	 organ	 failure.108	 As
such,	 investigators	 have	 long	 been	 interested	 in	 exploring	 the	 prognostic
capabilities	of	lactate	as	well	as	its	utility	as	a	resuscitation	target.

Bakker	 et	 al106	 noted	 that	 in	 addition	 to	 higher	 initial	 levels	 of	 lactate,
nonsurvivors	of	septic	shock	also	failed	to	clear	lactate	from	their	bloodstream.
Subsequently,	 Nguyen	 et	 al	 prospectively	 evaluated	 if	 early	 change	 in	 lactate
levels,	termed	“lactate	clearance,”	was	a	clinically	useful	indicator	of	survival	in
patients	with	suspected	severe	sepsis:

They	found	that	survivors	had	a	significantly	higher	rate	of	lactate	clearance
(38.1%	vs	12%)	at	hour	6	and	 that	 for	each	10%	increase	of	 lactate	clearance,
mortality	 decreased	 by	11%	 in	 a	multivariate	 analysis.109	A	 similar	 association
between	 lactate	clearance	and	survival	has	also	been	seen	 for	 trauma	and	burn
populations,107,110	 and	 lactate	clearance	has	also	been	associated	with	 improved
neurological	outcomes	after	cardiac	arrest.111



Clinical	Utility
A	retrospective	 analysis	of	 a	prospective	 trial	 of	 sepsis	 resuscitation	 suggested
that	 lactate	 clearance	 is	 superior	 to	 ScvO2	 as	 prognostic	 marker.	 The	 authors
observed	that	patients	who	did	not	successfully	clear	lactate	had	high	mortality
rates,	although	the	majority	of	these	patients	had	achieved	an	ScvO2	≥	70%.112	In
a	follow-up	study,	they	demonstrated	that	achieving	a	lactate	clearance	of	at	least
10%	in	the	absence	of	achieving	an	ScvO2	≥	70%	was	associated	with	a	fivefold
reduction	of	mortality	as	compared	 to	achieving	an	ScvO2	≥	70%	but	 failing	 to
achieve	lactate	clearance.113	These	findings	have	been	further	substantiated	by	a
meta-analysis	that	demonstrated	that	lactate	clearance	is	associated	with	survival
among	critically	ill	patients.114

In	light	of	the	association	between	lactate	clearance	and	improved	outcomes,
Jansen	et	al115	investigated	whether	specific	lactate-guided	treatment	protocols	in
the	first	8	hours	of	ICU	admission	improves	outcomes	over	standard	of	care	for
patients	admitted	with	hyperlactemia.	They	prospectively	randomized	critically
ill	patients	with	a	serum	lactate	≥3	mEq/L	on	presentation	to	an	intervention	arm
whose	 therapeutic	 goal	 was	 a	 20%	 clearance	 in	 lactate	 every	 2	 hours	 or	 to	 a
usual	 care	 arm.	Although	 there	was	 no	 significant	 differences	 of	 lactate	 levels
between	 the	 two	 groups,	 the	 lactate-guided	 arm	 accomplished	 faster	 weaning
from	mechanical	ventilation,	shorter	ICU	stays,	and	reduced	adjusted	in-hospital
mortality.115	 Finally,	 protocolized	 therapy	 targeting	 lactate	 clearance	 has	 also
been	 compared	 head-to-head	 with	 protocolized	 targeting	 of	 ScvO2.	 In	 a
multicenter	 noninferiority	 randomized	 controlled	 trial,	 septic	 patients	 were
randomized	to	receive	early	resuscitation	using	either	ScvO2	or	lactate	clearance
as	an	end	point	of	oxygen	delivery.	In-hospital	mortality	rates	were	17%	in	the
lactate-guided	 group	 and	 23%	 in	 the	 ScvO2	 group	 and	 met	 the	 criteria	 for
noninferiority.116

PCO2	Gap

Background
9 	As	previously	 stated,	ScvO2	 can	 be	 used	 as	 a	 surrogate	 for	CO;	 however,	 its
validity	 can	 be	 confounded	 in	 conditions	 where	 tissue	 oxygen	 extraction	 is
compromised.	Alternatively,	the	venoarterial	difference	in	CO2	content	(CvCO2-
CaCO2)	is	reflective	of	the	ability	to	deliver	CO2	to	the	lungs	for	ventilation	(ie,



adequacy	of	venous	return	and	CO)	and	is	independent	of	tissue	hypoxia.	Thus,
the	venoarterial	difference	in	CO2	content	and	 its	surrogate,	PCO2	gap	(PvCO2-
PaCO2),117	 can	 be	 used	 to	monitor	 the	 adequacy	 of	CO	without	 the	 limitations
imposed	 on	 ScvO2	 by	 ineffective	 tissue	 oxygen	 extraction.	 The	 inverse
relationship	of	PCO2	gap	and	CO	can	be	 further	demonstrated	by	applying	 the
modified	 Fick	 equation	 to	 CO2	 production	 (VCO2)	 and	 converting	 the
venoarterial	difference	in	CO2	content	to	PCO2	gap.

Thus,	 for	a	 fixed	amount	of	CO2	 production,	decreases	 in	CO	will	 result	 in
increases	in	PCO2	gap.	These	changes	will	occur	in	real	time,	unlike	changes	in
lactic	acid	that	can	be	a	delayed	marker	of	depressed	CO.

Clinical	Utility
Several	 studies	 have	 shown	 that	 PCO2	 gap	 correlates	 with	 CO	 in	 the	 clinical
setting.	 Bakker	 et	 al	 noted	 that	 when	 comparing	 a	 subgroup	 of	 patients	 with
septic	shock	and	PCO2	gap	<6	to	similar	patients	with	a	PCO2	gap	>6,	the	former
group	was	noted	to	have	a	higher	CO	despite	similar	lactate	levels.118	Cushieri	et
al	observed	a	similar	 inverse	correlation	between	CO	and	PCO2	gap	 in	eighty-
three	 ICU	 patients.119	 On	 the	 contrary,	 a	 post	 hoc	 analysis	 of	 53	 patients
performed	by	Van	Beest	et	al	revealed	only	a	modest	relationship	between	PCO2

gap	and	CO/CI.	However,	they	did	note	that	elevated	PCO2	gap	was	associated
with	worse	 clinical	 outcomes.120	 In	 a	 larger,	 prospective	 study	 of	 363	 patients
with	septic	shock	in	France,	investigators	divided	subjects	into	a	“cardiac”	group
(eg,	 presence	 of	 atrial	 fibrillation	 or	LVEF	<	 50%)	 and	 a	 “noncardiac”	 group.
Subjects	in	the	cardiac	group	experienced	a	persistently	high	PCO2	gap	despite
similar	initial	resuscitation	and	were	noted	to	have	higher	mortality	if	they	had	a
persistently	elevated	PCO2	gap	after	12	hours.121	At	this	time,	there	are	little	data
examining	 the	 use	 of	 PCO2	 gap	 as	 a	 real-time	 marker	 to	 guide	 resuscitation;



thus,	its	utility	to	impact	patient	care	is	undetermined.

Advantages	and	Disadvantages
There	 are	 several	 theoretical	 advantages	 to	 blood	 markers	 of	 tissue	 perfusion
such	as	ScvO2,	lactate,	and	PCO2	gap	(Table	28.4).	Because	they	are	indicators	of
the	adequacy	of	 tissue	perfusion	rather	 than	a	measurement	of	actual	CO,	 they
may	 be	 a	 more	 clinically	 appropriate	 method	 of	 guiding	 hemodynamic
management.	 Although	 ScvO2	 and	 PCO2	 gap	 measurement	 require	 a	 central
venous	 catheter	 placed	 either	 in	 the	 internal	 jugular	 vein	 or	 in	 the	 subclavian
vein,	 many	 patients	 who	 require	 close	monitoring	 of	 oxygen	 delivery	 already
have	such	central	venous	access.	Thus,	their	measurement	does	not	increase	the
invasiveness	of	 care	 for	many	patients.	 In	 addition,	point-of-care	measurement
of	both	is	rapid	and	relatively	inexpensive.	The	development	of	continuous	ScvO2

monitoring	catheters	further	improves	the	ability	to	monitor	oxygen	delivery	in	a
convenient	and	real-time	fashion,51	although	it	does	represent	an	increase	in	the
cost	of	care.	Similarly,	 lactate	measurement	 is	also	 fast	and	affordable	and	has
the	 added	 advantage	 of	 not	 requiring	 a	 central	 venous	 catheter.	 Finally,	 the
accumulating	 evidence	 that	 lactate	 clearance	 is	 associated	 with	 clinical
outcomes,	including	mortality,	suggests	that	its	monitoring	may	provide	valuable
clinical	data.112-114

TABLE	28.4

Advantages	and	Disadvantages	of	Markers	of	Perfusion
and	Tissue	Oxygenation	Method	for	Cardiac	Output
Monitoring

Concept:	using	lactate,	ScvO2,	and	PCO2	gap	as	surrogate	markers	for
adequate	supply	(CO)	for	a	given	metabolic	demand
Advantages	
Utilizes	catheters	that	are	already	commonly	used	in	ICU
No	upfront	capital	investment
Readily	available,	inexpensive	tests
Lactate	clearance	linked	to	clinical	outcomes
Representative	of	cellular	function
Potentially	continuous



Disadvantages
Lactate
Falsely	elevated	due	to:
Aerobic	production
Impaired	clearance
Not	continuous

S	cvO	2
Not	associated	with	clinical	outcomes
Accuracy	is	position	dependent
Levels	above	goal	may	represent	ongoing	tissue	ischemia

PCO2	Gap
Confounded	by	chronic	lung	disease	and/or	acute	lung	injury	(impaired
ventilation)
Not	associated	with	clinical	outcomes

CO,	cardiac	output;	ICU,	intensive	care	unit;	PCO2,	partial	pressure	of	carbon	dioxide;	ScvO2,
central	venous	oxygen	saturation.

There	are	limitations	to	their	use	as	well.	First,	while	derangements	of	each
value	can	identify	the	presence	of	inadequate	perfusion	or	oxygen	delivery,	none
will	provide	information	regarding	the	underlying	etiology	of	the	derangement.
Thus,	 their	 use	 may	 still	 require	 additional	 diagnostic	 testing	 in	 addition	 to
clinical	 acumen.	 Additionally,	 the	 accuracy	 of	 ScvO2	 and	 PCO2	 gap
measurements	 is	 dependent	 upon	 the	 position	 of	 the	 central	 venous	 catheter.
Femoral	 catheters	 only	 provide	 evidence	 of	 oxygen	 extraction	 and	 CO2

production	from	the	lower	extremities	and,	thus,	are	not	useful	for	assessment	of
vital	organs.	A	further	limitation	is	the	fact	that	elevated	levels	of	ScvO2	are	not
always	indicative	of	adequate	tissue	oxygenation	but,	instead,	may	occur	in	the
setting	of	mitochondrial	failure	when	ischemic	tissue	loses	the	ability	to	extract
oxygen	 effectively.	 As	 such,	 the	 clinician	 must	 not	 be	 falsely	 reassured	 by
normal	or	supranormal	values	when	other	clinical	clues	suggest	ongoing	shock.
Similarly,	 PCO2	 gap	 can	 be	 confounded	 by	 impairments	 in	 pulmonary
ventilation	 and,	 therefore,	 may	 not	 be	 accurate	 in	 patients	 with	 chronic	 lung
disease	or	 acute	 lung	 injury,	 particularly	 among	patients	with	 lower	PaO2/FiO2

(partial	 pressure	 of	 arterial	 oxygen/fraction	 of	 inspired	 oxygen)	 ratios.122
Furthermore,	 PCO2	 gap	 provides	 an	 estimate	 of	 global	 circulatory	 status	 and
cannot	 effectively	 predict	 regional	 hypoperfusion	 related	 to	 microcirculatory
failure	 of	 local	 vascular	 beds.123	 Finally,	 and	 most	 importantly,	 accumulating



evidence	 suggests	 that	ScvO2-targeted	 therapy	does	not	 impact	 relevant	 clinical
outcomes	 calling	 into	 question	 the	 appropriateness	 of	 its	 use	 in	 specific
diagnoses	such	as	septic	shock104	while	the	impact	of	PCO2	gap	on	outcomes	is
unclear.

The	use	of	lactate	and	its	clearance	as	surrogates	for	ongoing	tissue	hypoxia
and	 anaerobic	 metabolism	 also	 have	 some	 limitations.	 There	 is	 evidence	 to
suggest	that	hyperlactemia	can	result	from	aerobic	glycolysis	of	well	oxygenated
tissues.	One	explanation	for	 this	 finding	 is	 that	epinephrine-induced	activity	of
skeletal	muscle	Na+–K+	ATPase	 leads	 to	hyperlactemia.124,125	 In	 times	of	stress,
such	 as	 sepsis,	 endogenous	 and	 exogenous	 levels	 of	 epinephrine	 rise	 that	 can
increase	 detectable	 levels	 of	 lactate	 despite	 adequate	 tissue	 perfusion.124
Similarly,	 impairment	 of	 lactate	 clearance	 can	 also	 confound	 lactate	 levels	 in
critically	ill	patients.	Liver	dysfunction	and	sepsis-related	alterations	in	pyruvate
dehydrogenase	 activity	 have	 both	 been	 associated	 with	 impaired	 lactate
clearance	 and	 increased	 blood	 lactate	 levels,126,127	 and	 higher	 baseline	 lactate
levels	have	been	associated	with	impaired	clearance	in	a	sepsis	population.128

Future	Research
Although	 ScvO2-guided	 protocolized	 care	 does	 not	 appear	 to	 impact	 clinical
outcomes	from	sepsis,	the	clinical	utility	of	lactate-guided	protocols	is	still	being
determined.	 Further	 examination	 of	 strategies	 using	 lactate	 clearance	 as	 a
resuscitation	 end	 point	 will	 likely	 be	 forthcoming	 and	 informative	 of	 this
measure’s	 therapeutic	potential.	Alternatively,	 in	 light	of	 the	 strong	association
between	 lactate	clearance	and	survival,	 lactate	 levels	may	also	 find	a	 role	as	a
surrogate	end	point	for	other	interventions	over	time.	Finally,	future	research	into
the	capabilities	of	markers	of	tissue	perfusion	to	predict	which	patients	are	likely
to	 experience	 complications	 early	 in	 the	 course	 of	 presentation	 may	 help	 to
better	 triage	 patients	 and	 facilitate	 rapid	 interventions	 for	 patients	 with	 occult
shock.

PRACTICE	RECOMMENDATIONS
Independent	 of	 which	 hemodynamic	 monitoring	 technique	 is	 employed,	 a
strategy	 that	 should	be	utilized	 for	all	patients	with	 shock	 is	 early	 intervention
aimed	 at	 restoring	 organ	 perfusion	 (Table	 28.5).	 Mounting	 evidence	 suggests
that	mitochondrial	 failure	may	play	a	 role	 in	 late	shock99	 and	efforts	 to	correct
hemodynamic	 derangements	 early	 in	 shock	 have	 shown	 promising	 results.50



However,	 the	 accumulation	 of	 data	 suggesting	 that	 protocolized	 targeting	 of
ScvO2	does	not	improve	outcomes	of	sepsis	argues	that	focus	on	oxygen	delivery
may	not	be	a	crucial	component	to	an	interventional	approach	so	long	as	volume
resuscitation	and	pressor	support	are	supplied	early.104

TABLE	28.5

Summary	of	Practice	Recommendations	Based	Upon
Randomized	Controlled	Clinical	Trials

Early	intervention	in	shock	is	beneficial.102,122	
ScvO2-targeted	therapy	in	septic	shock	is	not	recommended.11-13	
Esophageal	Doppler	can	be	used	to	improve	postoperative	outcomes	in	high-
risk	patients.73-76,102,103	
Pulse	contour	analysis	can	be	used	to	improve	postoperative	outcomes	in
high-risk	patients.67	
Stroke	volume	variation	cannot	reliably	be	used	to	estimate	preload
responsiveness	during	low	tidal	volume	ventilation.64,71,72

ScvO2,	central	venous	oxygen	saturation.

The	optimal	method	 for	 hemodynamic	monitoring	 is	 yet	 to	 be	determined.
Although	 pulmonary	 artery	 thermodilution	 remains	 the	 “gold	 standard”	 for
measuring	 CO,	 its	 use	 continues	 to	 decline	 among	 noncardiac	 critically	 ill
patients.	 ED	 offers	 the	 benefits	 of	 continuous	monitoring,	 low	 infectious	 risk,
and	relative	ease	in	placement.	Its	use	during	major	surgery	has	been	associated
with	earlier	 tolerance	of	oral	nutrition	and	shorter	 lengths	of	 stay;	 thus,	 its	use
can	be	recommended	in	this	clinical	setting.	Similarly,	PCA-guided	optimization
of	CO	during	high-risk	abdominal	surgery	has	also	been	associated	with	reduced
postoperative	complications	and	its	use	is	also	recommended.

2 	 3 	 5 	 A	 common	 finding	 of	 nearly	 all	 studies	 of	 minimally	 invasive
hemodynamic	 monitoring	 modalities	 is	 that	 dynamic	 measures	 of	 fluid
responsiveness	 are	 superior	 to	 traditionally	 used	 static	 measurements	 such	 as



CVP	 or	 PAOP.	 Accordingly,	 the	 authors	 recommend	 that	 regardless	 of	 which
minimally	 invasive	 monitoring	 modality	 is	 used,	 clinical	 decision-making
regarding	volume	resuscitation	can	be	aided	by	dynamic	measurements	such	as
PPV,	SVV,	or	ΔVTI.	However,	before	clinical	decisions	are	made	based	on	these
techniques,	 it	 is	 imperative	 that	 clinicians	 who	 use	 them	 understand	 the
limitations	of	each	measurement	and	the	clinical	situations	in	which	they	can	and
cannot	be	accurately	used.

Finally,	 the	role	of	 lactate	and	 its	clearance	for	 the	management	of	shock	 is
still	 to	 be	 determined.	 Although	 lactate	 clearance	 has	 been	 shown	 to	 be
noninferior	to	ScvO2	as	a	resuscitation	end	point,	the	utility	of	ScvO2	targeting	is
now	 in	 question.116	 Further	 studies	 may	 allow	 for	 more	 definitive
recommendations	regarding	its	use	as	a	resuscitation	guide	in	the	future.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	64-year-old	man	with	a	history	of	ischemic	cardiomyopathy	is	admitted
with	septic	shock	due	to	pneumococcal	pneumonia.	His	course	is	complicated	by
a	persistent	vasopressor	requirement,	the	acute	respiratory	distress	syndrome
requiring	mechanical	ventilation,	and	atrial	fibrillation.	A	pulse	contour	analysis
device	with	transpulmonary	thermodilution	is	deployed	for	hemodynamic
monitoring.	All	of	the	following	are	correct	regarding	the	use	of	such	a	device	in
this	patient,	EXCEPT:

A. 	Cardiac	output	can	be	waveform-derived	from	stroke	volume	and
heart	rate
B. 	Extravascular	lung	water	can	be	estimated	and	has	been	associated
with	mortality
C. 	Global	end-diastolic	volume	can	be	determined	as	a	volumetric
estimate	of	preload
D. 	Stroke	volume	variation	can	be	measured	to	determine	hemodynamic
improvement	with	volume	expansion

2. 	A	45-year-old	man	with	1	diabetes	mellitus	and	end	stage	renal	disease	is
admitted	to	the	intensive	care	unit	with	septic	shock	secondary	to	a	tunneled
hemodialysis	catheter	site	infection.	He	is	noted	to	have	evidence	of	bilateral



pleural	effusions	on	chest	x-ray	and	a	pericardial	effusion	on	point-of-care
ultrasound.	His	hospital	course	is	complicated	by	persistent	shock	and	atrial
fibrillation.	He	is	on	supplemental	O2	in	mild	respiratory	distress.	Which
noninvasive	hemodynamic	modality	would	be	most	appropriate	for	this	patient
to	better	understand	his	shock	physiology?

A. 	Bioreactance-based	noninvasive	cardiac	output	monitoring
(NICOM)
B. 	Esophageal	Doppler
C. 	Minimally	invasive	pulse	contour	analysis	using	a	radial	artery	probe
(FloTrac)
D. 	Impedance	cardiography	(ICG)	utilizing	the	principle	of
bioimpedance.

3. 	A	62-year-old	60-kg	woman	presents	to	the	emergency	department	from
home	with	increased	lethargy	and	confusion	in	the	setting	of	a	urinary	tract
infection.	On	initial	evaluation,	she	is	found	to	be	hypotensive	to	60/40	mm	Hg
with	improvement	to	80/50	mm	Hg	after	2	L	of	isotonic	fluid	resuscitation.
Appropriate	gram	negative	antibiotic	coverage	is	promptly	initiated.	Initial
laboratory	values	reveal	a	lactate	of	6.5	mmol/L	and	a	creatinine	of	2.8	mg/dL
that	is	elevated	from	recent	normal	baseline.	An	additional	2	L	of	isotonic	fluid
is	administered	with	improvement	of	her	blood	pressure	to	100/60	mm	Hg.	An
arterial	line	is	placed	for	blood	pressure	monitoring	and	she	is	admitted	to	the
ICU.	Repeat	Lactate	4	hours	after	presentation	has	improved	to	1.0	mmol/L	and
she	is	making	60	mL/h	of	urine.	Point-of-care	ultrasound	reveals	no
hydronephrosis.	On	exam,	you	find	the	patient	tired	but	conversant	with
appropriate	mentation,	a	MAP	>	65,	and	a	pulse	pressure	variation	(PPV)	of
13%.	Telemetry	reveals	normal	sinus	rhythm.	What	is	the	most	appropriate	next
step	in	management?

A. 	Based	on	PPV,	give	one	additional	liter	of	isotonic	fluid
B. 	Based	on	PPV,	add	norepinephrine	with	an	MAP	goal	>75
C. 	Continue	to	monitor	patient	using	clinical	exam,	urine	output	and
current	hemodynamic	monitoring
D. 	Place	central	line,	if	central	venous	pressure	(CVP)	<	8	cm	H2O	give
additional	fluid

Answers



1.	The	correct	answer	is	D.
Rationale:	 Pulse	 contour	 analysis	 (PCA)	 systems	 utilize	 mathematical

algorithms	 to	 estimate	 stroke	 volume	 from	 the	 arterial	 pressure	 waveform.
Respirophasic	stroke	volume	variation	(SVV)	can	be	measured	by	PCA	systems
and	higher	SVV	has	been	associated	with	volume	responsiveness.	However,	as
stroke	 volume	 is	 directly	 proportional	 to	 diastolic	 filling	 time,	 SVV	 occurs
whenever	 there	 are	 variable	 R-R	 intervals,	 such	 as	 in	 atrial	 fibrillation.
Therefore,	SVV	would	be	an	unreliable	estimator	of	volume	 responsiveness	 in
this	patient	(choice	D	is	the	“correct”,	wrong	answer).	Further,	SVV’s	ability	to
predict	 volume	 responsiveness	 has	 only	 been	 validated	 at	 larger	 tidal	 volumes
(>8	mL/kg	 ideal	 body	weight)	 in	mechanically	 ventilated	patients.	Thus,	SVV
may	not	have	accurately	predicted	volume	responsiveness	even	in	the	absence	of
atrial	 fibrillation	 if	 this	 patient	was	 receiving	 low	 tidal	 volume	ventilation.	By
multiplying	 stroke	 volume	 by	 the	 heart	 rate	 also	 measured	 from	 the	 arterial
catheter,	PCA	systems	can	estimate	cardiac	output.	PCA	systems	which	utilize
transpulmonary	 thermodilution	 via	 a	 central	 venous	 catheter	 and	 an	 arterial
catheter	 have	 the	 ability	 to	 estimate	 intrathoracic	 blood	 volume	 and	 thus
extrapolate	 global	 end-diastolic	 volume	 (GEDV)	 and	 extravascular	 lung	water
(ELW).

2.	The	correct	answer	is	A.
Rationale:	 Bioreactance-based	 noninvasive	 cardiac	 output	 monitoring

(NICOM)	 provides	 an	 estimate	 of	 pulsatile	 intrathoracic	 flow	 through	 the
measurement	of	phase	shift.	Phase	shift	is	the	time	delay	of	the	electric	current
traveling	 through	 the	 thorax	 in	 response	 to	 fluctuations	 in	 intrathoracic	 fluid
volume	 during	 the	 cardiac	 cycle.	 It	 is	measured	 by	 external	 electrodes	 on	 the
chest	wall	and	can	be	used	to	estimate	stroke	volume	and,	thus,	cardiac	output.
When	coupled	with	a	passive	leg	raise	maneuver	it	also	allows	for	an	assessment
of	 fluid	 responsiveness.	 Furthermore,	NICOM	 can	 be	 utilized	 in	 patients	with
distributive	shock	and	patients	who	are	not	on	mechanical	ventilation	(choice	A
is	 correct).	 Bioimpedance	 has	 relatively	 less	 sensitivity	 for	 distinguishing
between	 intravascular	 fluid	 (blood	 through	 the	 aorta)	 from	 the	 extravascular
fluid	 in	 the	 thoracic	 cage	 such	 as	 pleural	 and	 pericardial	 effusions	 (choice	 D
incorrect).	Bioreactance	does	not	depend	on	the	need	for	a	regular	cardiac	cycle
hence	 atrial	 fibrillation	 does	 not	 affect	 results,	 unlike	 pulse	 contour	 analysis
(choice	C	is	incorrect).	While	esophageal	Doppler	would	be	a	reasonable	choice
for	this	patient	if	he	were	mechanically	ventilated,	it	is	not	a	viable	option	while
he	is	spontaneously	breathing	(choice	B	is	incorrect).



3.	The	correct	answer	is	C.
Rationale:	Continue	to	monitor	patient’s	clinical	responsiveness	using	current

urine	 output	 and	 hemodynamic	 assessments	 (choice	C	 is	 correct).	This	 patient
presented	with	sepsis	and	resultant	poor	perfusion	that	has	improved	by	volume
expansion	 with	 isotonic	 fluid.	 Upon	 reassessment,	 she	 demonstrated	 lactate
clearance,	 improved	 blood	 pressure,	 appropriate	 urine	 output,	 and	 improved
mentation.

As	this	patient’s	shock	has	resolved,	there	is	unclear	benefit	from	additional
resuscitative	 efforts	 at	 this	 time.	Determining	which	 patients	will	 benefit	 from
additional	 volume	 resuscitation	 is	 important	 due	 to	 the	 increased	 risk	 of
mortality	with	greater	 fluid	balance.	The	ShoC-ED	Trial	 followed	270	patients
who	presented	with	undifferentiated	hypotension	 (systolic	blood	pressure	<100
and	a	shock	index	>1)	to	a	point-of-care	ultrasound	protocol	vs	standard	of	care
without	 point-of-care	 ultrasound	 and	 found	 no	 difference	 in	 the	 use	 of	 fluids,
inotropic	support	or	imaging	studies	obtained	between	the	two	groups;	thus,	in	a
patient	who	is	clearly	improving,	a	point-of-care	ultrasound	protocol	is	unlikely
to	change	management.	Although	pulse	pressure	variation	>13%	on	an	arterial
catheter	tracing	has	been	associated	with	fluid	responsiveness,	this	association	is
best	 validated	 in	 patients	 who	 are	 passively	 ventilated	 with	 tidal	 volumes
≥8	mL/kg	(choice	A	is	incorrect).	This	patient	is	spontaneously	breathing.	Static
measurements	of	CVP	are	poorly	predictive	of	volume	 responsiveness	 and	 the
patient’s	clinical	exam	suggests	adequate	perfusion	(choice	D	is	incorrect)	and,
additionally,	there	does	not	appear	to	be	any	other	indication	for	a	central	access.
Targeting	an	MAP	greater	than	65	has	not	been	shown	to	demonstrate	improved
outcomes	in	patients	with	septic	shock	undergoing	fluid	resuscitation	(choice	B
is	incorrect).
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Chapter	29
Respiratory	Monitoring	During
Mechanical	Ventilation
Alison	Trainor,	Leonid	Rabkin,	Todd	W.	Sarge,	Elias	Baedorf	Kassis

KEY	POINTS:
1.	 The	primary	function	of	the	respiratory	system	is	gas	exchange	(ie,

elimination	of	carbon	dioxide	while	instilling	oxygen	to	form	oxy-
hemoglobin).	Inadequate	ventilation	and	oxygenation	within	the
intensive	care	setting	are	typically	caused	by	hypoventilation,
diffusion	impairment	and	ventilation-perfusion	(V-Q)	mismatch.
Monitors	of	gas	exchange	for	the	mechanically	ventilated	patient	are
typically	directed	at	measurements	of	gas	content	and	their	gradients
from	the	ventilator	circuit	to	the	alveolus	and	from	the	alveolus	to	the
end-artery.	The	most	accurate	assessment	of	gas	exchange	is	direct
measurement	from	an	arterial	blood	sample.

2.	 Bedside	monitoring	of	respiratory	mechanics	is	integral	to	the
provision	of	care	in	mechanically	ventilated	patients.	Compliance
and	elastance	are	measurements	that	are	calculated	from	the
change	in	volume	(ΔV)	and	pressure	(ΔP)	during	each	breath
(compliance	=	ΔV/ΔP	and	elastance	=	ΔP/ΔV).	Resistance	is
calculated	from	the	flow	and	pressure	difference	between	the	peak
and	plateau	pressure	(peak-plateau	pressure/flow).

3.	 Driving	pressure	(ΔP)	is	the	absolute	pressure	required	to	attain	a
given	tidal	volume	and	is	proportional	to	the	respiratory	system
compliance.	Retrospective	studies	have	demonstrated	that	changes
in	ΔP	were	most	predictive	of	mortality,	thus	current
recommendations	include	targeting	a	ventilator	strategy	in	which



PEEP	and	tidal	volume	are	manipulated	with	the	specific	goal	of
minimizing	ΔP.

4.	 Ventilator-induced	lung	injury	(VILI)	likely	depends	on	the
transpulmonary	pressure	(Paw−Ppl),	as	variations	in	Ppl	may	have
contributed	to	inconsistent	outcomes	among	clinical	trials	of
ventilation	strategies	during	ARDS.	Inadequate	levels	of	PEEP	result
in	cyclic	alveolar	collapse	at	end-expiration	(atelectrauma),	which
might	negate	the	benefit	of	limiting	tidal	volume.	Several	novel
methods	of	PEEP	titration	including	P-V	loops	targeting	the	lower
inflection	point,	esophageal	manometry	targeting	end-tidal
transpulmonary	pressures,	and	electrical	impedance	tomography
have	been	applied	and	studied	for	optimal	PEEP	titration,	but	the
optimal	level	of	PEEP	remains	elusive	and	a	matter	of	ongoing
debate	and	research.

5.	 Patient	respiratory	effort	is	typically	discussed	and	quantified	via
some	measure	of	the	patient’s	“work	of	breathing,”	where	Work	is
defined	as	the	force	acting	on	an	object	to	cause	displacement	of
that	object;	thus,	mechanical	“work	of	breathing”	includes	the
measurement	of	a	force	required	to	create	a	change	in	volume	of
gas	and	is	expressed	in	Joules	per	liter.	The	pressure-time	product
(PTP),	which	measures	swings	in	intrathoracic	pressure	via	an
esophageal	pressure	monitor	and	correlates	with	oxygen
requirements	of	breathing,	is	considered	superior	for	quantifying	a
patient’s	effort	and	degree	of	unloading.	Airway	occlusion	pressure
at	0.1	seconds	(P0.1)	is	an	indicator	of	respiratory	drive	and	has	been
shown	to	correlate	well	with	work	of	breathing	during	pressure
support	ventilation.

INTRODUCTION
Respiratory	function	may	be	simply	classified	into	ventilation	and	oxygenation,
which	are	quantified	by	the	ability	of	the	respiratory	system	to	eliminate	carbon
dioxide	 and	 form	 oxy-hemoglobin	 respectively.	 The	 goal	 of	 respiratory
monitoring	 in	any	setting	 is	 to	allow	 the	clinician	 to	ascertain	 the	status	of	 the



patient’s	ventilation	and	oxygenation.	The	data	must	then	be	used	appropriately
to	 correct	 the	 patient’s	 abnormal	 respiratory	 physiology.	As	with	 all	 data,	 it	 is
imperative	to	remember	that	interpretation	and	appropriate	intervention	are	still
the	 onus	 of	 the	 clinician,	 who	 must	 integrate	 these	 data	 with	 other	 pieces	 of
information	in	order	to	make	a	final	intervention.	For	the	critically	ill	patient,	the
principal	intervention	with	regard	to	respiratory	function	and	monitoring	usually
involves	 the	 initiation,	 modification	 or	 withdrawal	 of	 mechanical	 ventilatory
support.	This	chapter	will	focus	on	respiratory	monitoring	for	the	mechanically
ventilated	patient.

Mechanical	ventilation	(MV)	entails	 the	unloading	of	 the	respiratory	system
via	 the	application	of	positive	pressure	 to	achieve	 the	goal	of	 lung	 insufflation
(ie,	 inspiration)	 followed	 by	 the	 release	 of	 pressure	 to	 allow	 deflation	 (ie,
expiration).	 These	 simplified	 goals	 of	 mechanical	 ventilation	 are	 achieved	 in
spite	 of	 complex	 and	 dynamic	 interactions	 of	 mechanical	 pressure	 with	 the
physical	 properties	 of	 the	 respiratory	 system,	 namely	 elastance	 (Ers)	 and
resistance	 (Rrs).	 Furthermore,	 the	 patient’s	 overall	 clinical	 condition	 (eg,
neurologic	 or	muscular)	 often	 times	 affects	 the	 goals	 of	 respiration,	 thus	 they
need	to	be	monitored	and	evaluated	as	well.	Therefore,	this	chapter	will	focus	on
three	 specific	 areas	 in	 monitoring	 the	 mechanically	 ventilated	 patient:	 (a)	 the
evaluation	 of	 gas	 exchange,	 (b)	 respiratory	 mechanics,	 and	 (c)	 respiratory
neuromuscular	function.

GAS	EXCHANGE

Basic	Physics	of	Gas	Exchange
1 	The	primary	function	of	the	respiratory	system	is	gas	exchange	(ie,	elimination
of	carbon	dioxide	while	instilling	oxygen	to	form	oxy-hemoglobin).	Inadequate
ventilation	and	oxygenation	within	the	intensive	care	setting	are	typically	caused
by	 hypoventilation,	 diffusion	 impairment	 and	 ventilation-perfusion	 (V-Q)
mismatch.

Hypoventilation	 is	 defined	 as	 inadequate	 alveolar	 ventilation	 and	 is
commonly	 caused	 by	 drug	 side	 effects,	 neurologic	 impairment	 or	 muscle
weakness/fatigue,	 which	 results	 in	 hypercarbia,	 according	 to	 the	 following
equation:



where	 PaCO2	 is	 the	 arterial	 partial	 pressure	 of	 carbon	 dioxide,	 VCO2	 is	 the
production	of	carbon	dioxide	in	 the	body,	VA	 is	alveolar	ventilation,	and	k	 is	a
constant.	 Fortunately,	 the	 institution	 of	 mechanical	 ventilatory	 support	 readily
corrects	hypoventilation	while	the	underlying	cause	is	determined	and	corrected.

Diffusion	 impairment	 is	 the	 result	of	 inadequate	exchange	of	oxygen	across
the	capillary-alveolar	membrane	resulting	in	hypoxemia.	This	may	occur	due	to
pathological	 thickening	of	 the	membrane	or	 high	 cardiac	output	 states	 such	 as
sepsis.	However,	the	relative	clinical	significance	of	diffusion	impairment	in	the
intensive	care	unit	(ICU)	is	debatable.	This	is	because	the	hypoxemia	that	results
from	 the	 acute	 exacerbation	 of	 diffusion	 impairment	 is	 usually	 corrected	 by
supplemental	 oxygen	 therapy.	 Of	 note,	 PaCO2	 is	 rarely	 affected	 by	 diffusion
impairments	because	it	is	highly	soluble	and	eliminated	in	multiple	forms	(eg,	as
bicarbonate).

The	most	 common	 cause	 of	 hypoxemia	 in	 the	 ICU	 is	 ventilation-perfusion
(V-Q)	mismatch.	Ventilation-perfusion	mismatch	is	the	result	of	an	inequality	of
the	 normal	 ventilation	 to	 perfusion	 ratio	 within	 the	 lung.	 V-Q	 mismatch	 is	 a
spectrum	of	abnormal	ratios	signifying	inadequate	gas	exchange	at	the	alveolar
level.	When	ventilation	is	significantly	decreased	with	respect	to	perfusion	(ie,	a
V-Q	ratio	<<	1)	hypoxemia	ensues.	In	general,	hypoxemia	from	V-Q	mismatch
can	be	overcome	with	supplemental	oxygen.	However,	in	the	extreme,	as	the	V-
Q	ratio	 in	an	alveolus	approaches	zero	 (ie,	no	ventilation	while	 the	alveolus	 is
still	 being	 perfused),	 it	 approaches	 “true	 shunt.”	 At	 the	 other	 end	 of	 the
spectrum,	as	 the	 ratio	 in	 the	alveolus	approaches	 infinity	 (ie,	no	perfusion	 in	a
ventilated	 alveolus),	 it	 becomes	 physiologic	 “dead	 space.”	Dead	 space	will	 be
described	in	greater	detail	later	in	this	chapter.

As	mentioned,	true	shunt	is	one	extreme	of	V-Q	mismatch	that	occurs	when
ventilation	 in	 the	 alveolus	 approaches	 zero	 with	 ongoing	 perfusion.	 The	 true
shunt	 fraction	 is	 the	 amount	 of	 cardiac	 output	 that	 results	 in	 venous	 blood
mixing	with	end-arterial	blood	without	participating	 in	gas	exchange.	This	has
little	 effect	 on	 carbon	 dioxide	 tension;	 however,	 increases	 in	 shunt	 result	 in
worsening	 hypoxemia.	 The	 true	 shunt	 fraction	 is	 expressed	 via	 the	 shunt
equation	as	follows:

where	 Qs	 and	 Qt	 are	 the	 shunt	 and	 total	 blood	 flows,	 and	 Cc,	 Ca,	 and	 Cv

represent	 the	 oxygen	 contents	 of	 pulmonary	 end-capillary,	 arterial	 and	 mixed
venous	blood,	 respectively.	The	 absolute	 oxygen	 content	 of	 arterial	 and	mixed
venous	blood	is	calculated	according	to	the	oxygen	content	equation:



where	 Cx,	 SxO2	 and	 PxO2	 are	 the	 oxygen	 content,	 saturation	 and	 partial
pressure	 of	 oxygen,	 respectively,	 within	 arterial	 or	 mixed	 venous	 blood.	 The
oxygen	content	of	end-capillary	blood	is	estimated	by	the	alveolar	gas	equation
as	follows:

where	 Patm	 and	 PH2O	 are	 the	 partial	 pressures	 of	 the	 atmosphere	 and	 water
(typically	 760	 and	 47	 mm	 Hg	 at	 sea	 level),	 respectively;	 while	 FiO2	 is	 the
concentration	of	inspired	oxygen,	PaCO2	is	the	arterial	partial	pressure	of	carbon
dioxide,	 and	RQ	 is	 the	 respiratory	 quotient	 (approximately	 0.8	 at	 steady	 state,
but	 varies	 depending	 on	 the	 utilization	 of	 carbohydrates,	 protein	 and	 fat).	The
significance	 of	 true	 shunt	 is	 the	 fact	 that	 it	 is	 not	 amenable	 to	 supplemental
oxygen	therapy.	Shunted	blood	re-enters	 the	circulation	and	dilutes	oxygenated
blood,	 resulting	 in	 a	 lower	 partial	 pressure	 of	 oxygen	 (PaO2)	 in	 the	 arterial
system.	 Increasing	 the	FiO2	will	 not	 improve	oxygenation	because	 the	 shunted
fraction	of	blood	does	not	meet	alveolar	gas.

Direct	Blood	Gas	Analysis
Monitors	 of	 gas	 exchange	 in	 the	mechanically	 ventilated	 patient	 are	 typically
directed	at	measurements	of	gas	content	and	their	gradients	from	the	ventilator
circuit	 to	 the	 alveolus	 and	 from	 the	 alveolus	 to	 the	 end-artery.	 As	 with	 most
monitors,	 sources	 of	 error	 abound	 at	 many	 points	 as	 gases	 flow	 according	 to
their	concentration	gradients.	The	most	accurate	assessment	of	gas	exchange	is
direct	 measurement	 from	 an	 arterial	 blood	 sample.	 This	 provides	 the	 partial
pressures	of	carbon	dioxide	(PaCO2)	and	oxygen	(PaO2)	 in	 the	blood	as	well	as
the	 pH,	 base	 deficit	 and	 co-oximetry	 of	 other	 substances	 such	 as
carboxyhemoglobin	 and	 methemoglobin.	 Advantages	 of	 arterial	 blood	 gas
(ABG)	 analysis	 include	 the	 fact	 that	 it	 is	 a	 fairly	 exact	 representation	 of	 the
current	 state	 of	 the	 patient	 with	 regard	 to	 acid-base	 status,	 oxygenation	 and
ventilation.	 However,	 the	 limitations	 of	 blood	 gas	 analysis	 as	 a	 tool	 for
monitoring	 gas	 exchange	 are	 numerous,	 including	 the	 fact	 that	 it	 is	 invasive,
wasteful	 (blood),	 expensive	 and	 intermittent	 (ie,	 it	 is	 only	 a	 snapshot	 of	 the
patient’s	condition	at	the	time	the	ABG	is	drawn).

Central	 and	peripheral	venous	blood	gas	 sampling	has	been	proposed	as	 an
acceptable	 surrogate	 to	 arterial	 blood	 for	 monitoring	 pH,	 PaCO2,	 and	 base



deficit.1	 The	 obvious	 advantage	 is	 that	 it	 is	 less	 invasive	 (ie,	 patients	 are	 not
required	 to	 have	 arterial	 access	 or	 punctures),	while	 the	 disadvantages	 are	 the
need	 for	correlation	and	 inability	 to	assess	oxygenation.	With	 the	exception	of
patients	 undergoing	 cardiopulmonary	 resuscitation,2	 good	 correlation	 has	 been
observed	between	arterial	and	venous	pH	and	PaCO2	among	patients	with	acute
respiratory	disease,	with	one	author	noting	an	average	difference	of	0.03	for	pH
and	 5.8	 for	 PaCO2.1	 Another	 study	 in	 mechanically	 ventilated	 trauma	 patients
also	 demonstrated	 good	 correlation	 between	 arterial	 and	 central	 venous	 pH,
PaCO2,	 and	 base	 deficit;	 however,	 the	 authors	 concluded	 that	 the	 limits	 of
agreement	 (−0.09	 to	 0.03	 for	 pH	 and	 −2.2	 to	 10.9	 for	 PaCO2)	 represented
clinically	significant	 ranges	 that	could	affect	management	and	 therefore	should
not	be	used	in	initial	resuscitation	efforts	of	trauma	patients.3

Pulse	Oximetry
Without	 question,	 pulse	 oximetry	 has	 been	 the	 most	 significant	 advance	 in
respiratory	monitoring	in	the	past	several	decades.	Based	on	the	established	oxy-
hemoglobin	 dissociation	 curve	 (Figure	 29.1),	 pulse	 oximetry	 allows	 for	 the
continuous,	noninvasive	estimate	of	a	patient’s	oxy-hemoglobin	and	is	expressed
as	 a	 percentage	 of	 total	 hemoglobin.	A	 detailed	 explanation	 of	 pulse	 oximetry
including	 the	 physics	 and	 limitations	 is	 provided	 in	 the	 Chapter	 27	 “Routine
Monitoring	of	Critically	Ill	Patients”.

	

Figure	 29.1 	 Schematic	 demonstrating	 a	 normal	 hemoglobin



dissociation	 curve	 with	 50%	 saturation	 at	 PaO2	 of	 27	 mm	 Hg	 and
approaching	100%	saturation	at	a	PaO2	of	80	mm	Hg.

Expired	Carbon	Dioxide	Measurements
Capnometry	is	the	quantification	of	the	carbon	dioxide	concentration	in	a	sample
of	gas.	Quantitative	waveform	capnography	is	the	continuous	plotting	of	carbon
dioxide	values	over	time	(Figure	29.2).	The	inhaled	and	exhaled	carbon	dioxide
is	 displayed	 on	 the	 monitor	 along	 with	 its	 corresponding	 numerical
measurement.	When	 capnography	 is	 performed	 on	 continuous	 samples	 of	 gas
from	the	airway	circuit,	a	waveform	is	created	whereby	 the	maximum	value	 is
expressed	in	millimeters	Hg	and	termed	end-tidal	carbon	dioxide	or	PetCO2.

	

Figure	29.2 	Schematic	representation	of	a	capnograph	waveform
with	the	expiratory	plateau	delineating	the	end-tidal	CO2	between	30
and	40	mm	Hg.

Capnography	 can	 be	 very	 useful	 when	 assessing	 changes	 of	 a	 patient’s
cardiovascular	status.	For	example,	increases	in	PetCO2	can	signify	an	increase	in
cardiac	 output	 as	 spontaneous	 circulation	 returns	 during	 cardiopulmonary
resuscitation	(CPR)	as	was	shown	in	several	experimental	studies.4-6	According
to	 the	 2020	 American	 Heart	 Association	 (AHA)	 guideline’s	 for	 Advanced
Cardiac	Life	Support	(ACLS)	continuous	quantitative	waveform	capnography	is
recommended	for	confirmation	and	monitoring	of	endotracheal	tube	placement.7
PetCO2	is	also	recommended	during	CPR	because	it	allows	providers	to	monitor
CPR	 quality,	 optimize	 chest	 compressions	 and	 detect	 return	 of	 spontaneous
circulation	(ROSC).	That	is,	PetCO2	directly	monitors	ventilation	and	 indirectly



measures	metabolism	and	cardiac	output.	Normal	PetCO2	 for	an	adult	patient	 is
35	 to	 45	 mm	 Hg	 and	 good	 quality	 chest	 compressions	 for	 a	 patient	 that	 is
endotracheally	intubated	should	result	in	PetCO2	levels	of	>10	mm	Hg.	Einav	et
al	 postulated	 in	 their	 prospective	 cohort	 study	 that	 computerized	 PetCO2	 has
potential	 as	 a	 tool	 for	 early,	 real-time	 decision-making	 during	 some
resuscitations.8	With	 return	 of	 spontaneous	 circulation	 a	 significant	 increase	 in
the	PetCO2	to	near	normal	levels	can	be	observed.9	For	a	detailed	explanation	of
capnography	 and	 its	 uses,	 please	 refer	 to	 Chapter	 27	 “Routine	Monitoring	 of
Critically	Ill	Patients.”

Dead	Space	Measurements
Dead	space	is	defined	as	any	space	in	the	respiratory	system	that	is	ventilated	but
not	 perfused,	 thereby	 not	 participating	 in	 gas	 exchange.	Measurement	 of	 dead
space	 is	 a	 marker	 of	 respiratory	 efficiency	 with	 regard	 to	 carbon	 dioxide
elimination.	Dead	space	can	be	subdivided	into	alveolar	and	anatomic.	Anatomic
dead	space	is	the	sum	of	the	inspiratory	volume	that	does	not	reach	the	alveoli
and	therefore,	does	not	participate	in	gas	exchange.	For	mechanically	ventilated
patients,	 the	 anatomic	 dead	 space	 includes	 the	 proximal	 airways,	 trachea,
endotracheal	 tube	 and	 breathing	 circuit	 components	 from	 the	Y-adapter	 to	 the
endotracheal	 tube.	 In	 healthy	 human	 subjects,	 anatomic	 dead	 space	 in	 cubic
centimeters	is	approximately	2	to	3	times	the	ideal	body	weight	in	kilograms,	or
150	to	200	mL.	Alveolar	dead	space	is	the	conceptual	sum	of	all	alveoli	that	are
ventilated	 but	 not	 participating	 in	 gas	 exchange,	 otherwise	 described	 as	 “West
Zone	1.”10	Physiologic	dead	space	(Vd)	is	the	sum	of	anatomic	and	alveolar	dead
space	volumes	and	is	usually	expressed	as	a	ratio	of	the	total	tidal	volume	(Vt)
and	can	be	calculated	at	the	bedside	using	the	modified	Bohr	equation:

where	PaCO2	is	the	partial	pressure	of	carbon	dioxide	and	PexpCO2	 is	the	partial
pressure	 of	 carbon	 dioxide	 in	 the	 expired	 tidal	 volume	 of	 gas.	 The	 PexpCO2	 is
difficult	 to	 measure,	 often	 requiring	 metabolic	 monitoring	 systems.	 However,
volume	 capnography	 is	 a	 relatively	 novel	 and	 simple	 approach	 to	 estimating
PexpCO2,	 involving	 measurements	 of	 carbon	 dioxide	 at	 the	 Y-adapter	 and	 has
been	shown	to	correlate	with	more	complex	methods	of	metabolic	monitoring.11
The	PaCO2	can	be	estimated	as	end-tidal	carbon	dioxide,	PetCO2,	however	this	is
known	to	be	inaccurate	during	certain	disease	states.	Therefore,	determination	of



the	PaCO2	is	most	often	measured	directly	via	an	ABG.
Physiological	 dead	 space,	 Vd/Vt,	 is	 often	 increased	 during	 critical	 illnesses

that	 cause	 respiratory	 failure,	 such	 as	 acute	 respiratory	 distress	 syndrome
(ARDS)	 and	 chronic	 obstructive	 pulmonary	 disease	 (COPD).	 Vd/Vt	 can	 also
increase	 with	 excessive	 positive	 end	 expiratory	 pressure	 (PEEP)	 due	 to	 over-
inflation	 of	 alveoli,	 which	 impedes	 pulmonary	 artery	 blood	 flow-effectively
increasing	the	“West	Zone	1”	volume.	Serial	measurements	of	Vd/Vt	have	been
shown	to	correlate	with	outcome	in	ARDS12	and	have	been	used	to	monitor	the
degree	 of	 respiratory	 insult	 and	 provide	 prognostic	 information	 in	 critically	 ill
patients.13	 However,	 these	 data	 have	 not	 translated	 into	 changes	 in	 treatment.
Furthermore,	 Mohr	 et	 al14	 found	 no	 appreciable	 difference	 in	 Vd/Vt	 while
studying	 a	 series	 of	 post-tracheostomy	 patients	 successfully	 weaned	 from
mechanical	ventilation	vs	those	who	had	failed	weaning.

RESPIRATORY	MECHANICS

Basic	Pulmonary	Variables
Modern	ventilators	allow	manipulation	and	measurement	of	the	airway	pressures
(Paw),	 including	 peak	 and	 plateau,	 in	 addition	 to	 mean	 and	 end-expiratory
volumes	 (V)	 and	 flows	 (V).	 It	 is	 also	possible	 to	measure	 the	 actual	 (or	 total)
PEEP	(PEEPt)	 during	 static	 hold	maneuvers	 on	 the	 ventilator	 to	 determine	 the
extent	 of	 “air-trapping”	 or	 auto-PEEP.	 Auto-PEEP	 is	 also	 known	 as	 intrinsic
PEEP	 (PEEPi)	 and	 will	 be	 defined	 later	 in	 this	 chapter.	 Integration	 of	 these
measurements	 allows	 assessment	 of	 the	 mechanical	 components	 of	 the
respiratory	 system.	 The	 mechanical	 components	 are	 influenced	 by	 various
disease	states	and	understanding	these	relationships	could	promote	the	delivery
of	more	appropriate	ventilator	support	as	well	as	pharmacologic	management.

The	airway	pressure	(Paw)	is	described	by	the	equation	of	motion	and	must	be
equal	 to	 all	 opposing	 forces.	 For	 the	 relaxed	 respiratory	 system	 ventilating	 at
normal	 frequencies,	 the	 major	 forces	 that	 oppose	 Paw	 are	 the	 elastive	 and
resistive	properties	of	 the	 respiratory	 system	as	 they	 relate	 to	 the	 tidal	 volume
(Vt)	and	flow	(V),	respectively:

where	 Ers	 and	 Rrs	 are	 the	 elastance	 and	 resistance	 of	 the	 respiratory	 system.



Constant	 flow	 inflation	 in	 a	 relaxed,	 ventilator-dependent	 patient	 produces	 a
typical	picture	as	depicted	in	Figure	29.3.15	The	rapid	airway	occlusion	method
at	end-inflation	results	in	zero	flow	and	a	drop	in	Paw	from	the	peak	value	(PIP)
to	 a	 lower	 initial	 value	 and	 then	 a	 gradual	 decrease	 over	 the	 rest	 of	 the
inspiratory	period	until	a	plateau	pressure	(Pplat)	 is	observed.	The	Pplat	measured
at	the	airway	represents	the	static	end-inspiratory	recoil	of	the	entire	respiratory
system.16	It	is	important	that	the	Pplat	measurement	is	preformed	when	the	patient
is	 passive	 as	 any	 inspiratory	 or	 expiratory	 efforts	 will	 create	 an	 error	 in	 the
obtained	value.

	

Figure	29.3 	Schematic	drawing	of	an	airway	pressure	waveform
delineating	 PEEP,	 auto-PEEP,	 Peak	 inspiratory	 pressure	 (PIP),
plateau	pressure	(Pplat),	resistance,	and	compliance.

Measurement	 of	 the	 pleural	 pressures	 would	 allow	 further	 partitioning	 of
these	pressures	into	the	lung	(ie,	transpulmonary	pressure,	PL)	and	chest	wall	(ie,
pleural	pressure,	Ppl)	components	using	the	equation:

Unfortunately,	direct	measurements	of	pleural	pressure	are	not	practical	in	the
intensive	care	setting.	Therefore,	pleural	pressures	have	often	been	estimated	via
an	 esophageal	 balloon	 catheter	measuring	 the	 pressure	 in	 the	 esophagus	 (Pes),
which	lies	in	close	proximity	of	the	pleura	at	the	mid-lung	level.	This	alters	the
above	equation	as	follows:



These	pressures	are	presented	graphically	in	Figure	29.4.

	

Figure	 29.4 	 Esophageal	 pressure	 tracing	 (P-eso)	 can	 be	 seen
super-imposed	on	the	airway	pressure	tracing	(P-air)	during	pressure
control	 ventilation	 (PCV).Transpulmonary	 pressure	 has	 been
estimated	 as	 the	 difference	 between	 these	 pressures	 with	 specific
assumptions.

Compliance	and	Elastance
2 	 The	 static	 compliance	 (Cst,rs)	 of	 the	 respiratory	 system	 and	 its	 reciprocal,
elastance	 (Est,rs),	 are	 easily	 measured	 at	 the	 bedside	 using	 the	 aforementioned
end-inspiratory	airway	occlusion	method	 to	produce	zero	 flow	and	 thus	negate
the	 resistive	 forces	within	 the	 system.	The	 elastance	 of	 the	 respiratory	 system
(Est,rs)	 is	 simply	 the	 pressure	 gradient	 between	 the	 total	 PEEP	 (PEEPt)	 and	 the
plateau	pressure	 (Pplat)	 divided	 by	 the	 tidal	 volume	 (Vt)	 to	 yield	 the	 following
equation:

Est,rs	may	also	be	separated	into	its	lung	(EL)	and	chest	wall	(Ecw)	components
by	applying	 this	equation	 to	 the	PL	and	Pes	 tracings	obtained	using	Pes	 tracings
(see	Figure	29.4)	and	by	the	equation:

The	relative	contributions	of	the	lung	and	chest	wall	to	the	total	elastance	may
be	 dependent	 on	 the	 etiology	 of	 respiratory	 failure.	 By	 way	 of	 example,



pulmonary	 edema,	 either	 cardiogenic	 or	 as	 a	 result	 of	 ARDS,	 will	 lead	 to	 an
elevated	 lung	 elastance	 (Est)	 and	 reduced	 compliance.	 ARDS	 of	 a	 non-
pulmonary	origin,	sepsis	as	an	example,	may	also	lead	to	edema	of	the	chest	wall
and	abdominal	distension.	Both	of	these	will	lead	to	an	additional	increase	in	the
elastance	of	 the	 total	 respiratory	system	(Est,rs)	 as	a	 result	of	an	 increase	 in	 the
elastance	of	the	chest	wall	(Ecw).

Resistance
According	to	Ohm’s	law,	resistance	is	a	function	of	the	airway	pressure	gradient
(ΔPaw)	 divided	 by	 flow	 (V).	 Respiratory	 system	 resistance	 is	 a	 complex	 and
dynamic	 construct	 that	 relates	 the	 difference	 of	 alveolar	 to	 airway	 opening
pressures	to	airflow.	Airway	resistance	can	be	measured	in	ventilator-dependent
patients	by	using	 the	 technique	of	 rapid	airway	occlusion	during	constant	 flow
inflation.	The	resistance	of	the	respiratory	system	(RRS)	can	be	estimated	as:

Rrs	 reflects	 intrinsic	 resistance	 of	 the	 airways,	 dynamic	 tissue	 interactions
based	 on	 respirophasic	 changes	 on	 airway	 geometry	 including	 the	 pendelluft
effect,	 resistive	 effects	 of	 mucus,	 blood,	 cellular	 debris,	 and	 other	 airway
contents,	 and	 the	 viscoelastic	 properties	 of	 the	 gasses	 moving	 through	 them.
Recognizing	that	airway	resistance	is	abnormally	high	suggests	that	airway	tube
position	and	patency	should	be	verified,	airway	contents	removed	by	suctioning
or	cleaning	the	tube,	and	that	bronchodilator	administration	may	be	indicated.

Intrinsic	PEEP	(Auto-PEEP)
The	desired	PEEP	set	by	the	clinician	on	the	ventilator	is	the	target	pressure	at
end-exhalation.	 However,	 the	 actual	 pressure	 remaining	 in	 the	 alveoli	 and
ventilator	circuit	at	end-exhalation	may	be	higher	due	to	flow	limitations	or	early
closing	capacity	within	a	patient’s	lungs.	The	actual	pressure	at	end-exhalation	is
called	total	PEEP	(PEEPt)	and	the	difference	between	the	set	PEEP	and	PEEPt	is
referred	 to	 as	 the	 intrinsic	 PEEP	 (PEEPi).	 PEEPi	 can	 be	 measured	 on	 most
modern	 ventilators	 during	 a	 static	 breath	 hold	 maneuver	 during	 exhalation
(Figure	29.3),	when	the	ventilator	is	able	to	measure	the	remaining	pressure	in
the	 circuit	 and	 lungs	 to	determine	 the	PEEPt	 and	 thus	 the	PEEPi.	As	with	Pplat



measurements,	 care	 must	 be	 taken	 to	 ensure	 PEEPt	 measurements	 are	 made
while	the	patient	is	passive	to	avoid	errors	due	to	muscle	activity.

Especially	in	patients	with	a	severe	obstructive	airway	disease	(eg,	asthma	or
COPD),	PEEPi	 can	 impact	 the	 ability	 to	mechanically	 ventilate.	 Such	 patients
often	 have	 high	 resistance	 to	 both	 inhalation	 and	 exhalation	 and	 may	 not
complete	exhalation	prior	to	the	next	inspiratory	cycle.	Dynamic	hyperinflation
is	the	result	of	increasing	PEEPt	in	the	airway	circuit	with	each	breath	(“breath-
stacking”)	 due	 to	 the	 PEEPi	 and	 results	 in	 increasing	 dead	 space	 and	 over-
distension.	 Respiratory	 rate,	 I:E	 ratio	 and	 severity	 of	 obstructive	 pulmonary
disease	 all	 influence	 the	 PEEPi	 and	 therefore	 may	 worsen	 dynamic
hyperinflation.	 Care	 must	 be	 taken	 to	 set	 the	 high	 airway	 pressure	 ventilator
alarms	properly	and	to	recognize	significant	increases	in	PEEPi	to	minimize	the
risk	of	dynamic	hyperinflation,	which	can	lead	to	decreased	cardiac	output	and
barotrauma	(eg,	pneumothorax).	For	intubated	patients	breathing	spontaneously,
high	PEEPi	can	result	 in	 ineffective	 triggering	and	 increased	WOB,	which	will
be	 discussed	 later	 in	 this	 chapter.	 It	 is	 worth	 noting	 that	 manipulations	 of
respiratory	rate	and	tidal	volume	that	do	not	reduce	the	patient’s	overall	minute
ventilation	will	rarely	reduce	the	PEEPi	level.

Driving	Pressure
3 	Driving	pressure	(ΔP)	is	the	absolute	pressure	required	to	attain	a	given	tidal
volume	 and	 is	 proportional	 to	 the	 respiratory	 system	 compliance.	 It	 can	 be
expressed	by	the	equation:

where	ΔP	 is	 the	 driving	 pressure,	Vt	 is	 the	 tidal	 volume	 and	Cst,rs	 is	 the	 static
compliance	 of	 the	 respiratory	 system.	 For	 patients	 without	 spontaneous
respiratory	efforts,	the	driving	pressure	is	simply	the	difference	between	plateau
pressure	 and	PEEP.	 In	 a	 retrospective	 study	 analyzing	 the	variation	 and	 trends
for	a	number	of	respiratory	variables,	Amato	et	al	demonstrated	that	changes	in
ΔP	 were	 most	 predictive	 of	 mortality.17	 Specifically,	 the	 authors	 found	 that	 a
single	 standard	 deviation	 increment	 of	ΔP	 (approximately	 7	 cm	of	water)	was
associated	 with	 a	 significant	 increase	 in	 mortality	 (relative	 risk,	 1.41;	 95%
confidence	interval	[CI],	1.31-1.51;	P	<	.001).17	The	authors	noted	that	this	risk
persisted	even	 for	 those	patients	 receiving	“lung	protective”	 tidal	volumes	and
plateau	pressures	whereas	individual	changes	to	tidal	volume	and	PEEP	were	not



independently	associated	with	mortality.17	Amato	and	co-authors	have	argued	for
a	ventilator	strategy	 in	which	PEEP	and	tidal	volume	are	manipulated	with	 the
specific	 goal	 of	 minimizing	 ΔP.	 However,	 prospective	 trials	 are	 needed	 to
determine	whether	ΔP	can	be	manipulated	 to	affect	 survival	or	whether	 is	 it	 is
merely	 a	marker	 for	 disease	 severity	 and	 progression.	 In	 2021,	Goligher	 et	 al
attempted	 to	 answer	 this	 question	 of	 a	 causal	 relationship	 between	 driving
pressure	 and	 mortality	 by	 doing	 a	 secondary	 analysis	 of	 patients	 from	 five
randomized	controlled	 trials	comparing	high	vs	 low	tidal	volume	ventilation	 in
ARDS	and	acute	hypoxemic	respiratory	failure	to	see	if	the	mortality	benefit	of
low	 tidal	 volume	 ventilation	 varies	 with	 elastance,	 which	 affects	 driving
pressure.	 They	 found	 that	 for	 patients	 receiving	 low	 tidal	 volume	 ventilation,
mortality	varies	with	elastance,	suggesting	that	driving	pressure	might	be	a	better
target	than	tidal	volume	to	impact	mortality.18

Mechanical	Power
VILI	 plays	 an	 important	 role	 in	 causing	 further	 lung	 injury	 in	 patients	 with
already	 injured	 lungs.	 As	 is	 further	 detailed	 in	 Chapter	 166	 “Invasive
Mechanical	 Ventilation	 and	 Extracorporeal	 Life	 Support	 for	 Respiratory
Failure,”	 the	 best	 understanding	 of	 VILI	 is	 based	 upon	 the	 conceptual	 injury
caused	by	stress	from	high	inspiratory	pressures	and	strain	caused	by	high	tidal
volumes.	 In	 addition,	 cyclic	 repetition	 through	 high	 respiratory	 rates	 has	 been
associated	with	increased	VILI,	and	the	rate	of	lung	distension—also	known	as
the	 strain	 rate—have	been	demonstrated	 to	cause	 lung	 injury.	More	 recently,	 a
unifying	 novel	 concept	 has	 been	 introduced	 called	 mechanical	 power	 which
synthesizes	 multiple	 of	 these	 factors	 causing	 VILI	 into	 a	 single	 variable.
Mechanical	power,	expressed	in	Joule	per	minute	(J/min),	estimates	 the	energy
delivered	 to	 the	 respiratory	 system	 during	 mechanical	 ventilation	 from	 the
ventilator.	 Mechanical	 power	 is	 determined	 by	 the	 ventilator	 delivered
inspiratory	work	applied	with	each	breath	multiplied	by	the	total	respiratory	rate.
The	 applied	 inspiratory	 work	 is	 calculated	 by	 integration	 of	 the	 inspiratory
pressures	 and	 tidal	 volume.	 The	 use	 of	 this	 single	 value	 estimates	 the	 rate	 of
energy	applied	to	the	respiratory	system,	with	proposed	injury	secondary	to	high
total	applied	energy.	While	 the	most	accurate	calculation	of	 this	value	 requires
integration	of	 the	pressure-volume	waveform,	several	simplified	formulas	have
been	proposed	with	good	estimation	and	simple	bedside	application	which	may
allow	 physicians	 to	 assess	 adjustments	 to	 mechanical	 ventilation	 through
calculation	 of	 a	 single	 integer	 at	 the	 bedside.	 The	 simplified	 formula	 is:
Mechanical	Power	(J/min)	=	0.098	×	Respiratory	Rate	×	Tidal	Volume	×	[Ppeak



−½(Pplat−PEEP)].	While	there	are	no	studies	to	date	demonstrating	a	benefit	for
prospective	 decision	 making,	 multiple	 retrospective	 investigations	 have
demonstrated	a	relationship	between	higher	mechanical	power,	VILI	and	worse
clinical	outcomes.19-26

Pressure	Volume	Curves

Static	Measurements	of	the	Pressure-Volume	Curve
The	 gold	 standard	 of	 pressure-volume	 (P-V)	 curve	measurement	 is	 the	 super-
syringe	method.	Using	a	calibrated	syringe,	in	increments	of	50	±	100	mL,	gas	is
used	 to	 inflate	 the	 lung	 up	 to	 a	 total	 volume	 of	 1000	 ±	 2000	mL.	After	 each
increment,	 the	 static	 airway	pressure	 is	measured	during	a	pause	 lasting	a	 few
seconds	during	which	there	is	no	flow	and	the	pressure	is	the	same	in	the	entire
system	 from	 the	 super-syringe	 to	 the	 alveoli.	 The	 lung	 is	 then	 deflated	 in	 the
same	 manner	 and	 the	 pressure	 at	 each	 decrement	 of	 gas	 is	 recorded	 and	 the
inspiratory	 and	 expiratory	 P-V	 curves	 are	 plotted.	 Continued	 oxygen	 uptake
from	 the	 blood	 during	 this	 slow	 inflation-deflation	 cycle,	 coupled	 with
equalization	of	the	partial	pressure	of	CO2	in	the	blood	and	alveoli	will	lead	to	a
decrease	 in	 the	 deflation	 volume	 as	 compared	 to	 the	 inflation	 volume	 of	 gas.
This	 artifact	 may	 appear	 to	 contribute	 to	 the	 phenomenon	 of	 hysteresis.	 The
more	important	mechanical	causes	of	hysteresis	are	based	on	the	slow	inflation
of	the	lung	during	the	P-V	curve	maneuver.	This	slow	inflation	recruits	areas	of
the	lung	with	slow	time	constants	and	collapsed	alveoli.	This	again	will	lead	to	a
decreased	expiratory	volume	and	hysteresis.

Semistatic	Measurements	of	the	Pressure-Volume	Curve
There	are	two	methods	for	obtaining	semistatic	measurements	of	the	P-V	curve.
These	methods	do	not	require	the	specialized	skill	and	equipment	needed	for	the
super-syringe	 technique.	 The	multiple	 occlusion	 technique	 uses	 a	 sequence	 of
different-sized	 volume-controlled	 inflations	 with	 end-inspiratory	 pauses.27,28
Pressure	and	volume	are	plotted	for	each	end-inspiratory	pause	to	form	a	static
P-V	curve.	When	expiratory	interruptions	are	done	as	well,	the	deflation	limb	of
the	 P-V	 curve	may	 also	 be	 plotted.	 This	 process	may	 take	 several	minutes	 to
complete,	but	yields	results	close	to	those	obtained	by	static	measurements.	The
second	method	 is	 the	 low-flow	 inflation	 technique.	 This	 technique	 uses	 a	 very
small	 constant	 inspiratory	 flow	 to	 generate	 a	 large	 total	 volume.	 The	 slope



(compliance)	of	 the	curve	is	parallel	with	a	static	P-V	curve	only	when	airway
resistance	is	constant	throughout	the	inspiration.	This	is	likely	not	the	case	as	the
low	 flow	 lessens	 airway	 resistance.	 The	 low	 flow	 also	 causes	 a	 minimal	 but
recognizable	pressure	decrease	over	the	endotracheal	tube,	which	means	that	the
dynamic	 inspiratory	pressure	volume	curve	will	be	shifted	 to	 the	 right.29,30	The
long	duration	of	the	inspiration	produces	the	same	artifacts	as	the	super-syringe
technique,	 which	 is	 represented	 as	 hysteresis.	 Another	 drawback	 of	 static	 and
semistatic	methods	is	that	they	require	stopping	therapeutic	ventilation	while	the
maneuver	is	performed.	Therefore,	the	clinical	relevance	of	these	maneuvers	in
predicting	the	mechanical	behavior	of	the	lung	under	dynamic	conditions,	where
resistance	 and	 compliance	 depend	 on	 volume,	 flow	 and	 respiratory	 frequency
remains	a	matter	of	debate.

Dynamic	Measurements	of	the	Pressure-Volume	Curve
Dynamic	measurement	 of	 the	 P-V	 curve	 allows	 continuous	monitoring	 of	 the
respiratory	 mechanics	 and	 in	 particular	 of	 the	 response	 to	 ventilator	 changes.
These	measurements	are	done	with	the	patient	on	therapeutic	ventilator	settings
whereby	 pressure	 is	 plotted	 against	 tidal	 volume	 to	 produce	 a	 dynamic	 P-V
curve.	 However,	 the	 pressures	 are	 most	 commonly	 recorded	 proximal	 to	 the
endotracheal	 tube	 and	 are	 thus	 heavily	 influenced	 by	 the	 resistance	 of	 the
endotracheal	tube.	Neither	the	peak	pressure	nor	the	end	expiratory	pressures	are
accurately	 recorded	 at	 this	 position,	 thus	 leading	 to	 an	 underestimation	 of
compliance.28

Clinical	Use	of	the	Pressure-Volume	Curve
There	 is	 a	 characteristic	 shape	 to	 the	 static	 respiratory	 system	 P-V	 curve	 of
patients	with	injured	lungs.	This	shape	includes	an	S-shaped	inflation	curve	with
an	upper	and	lower	inflection	point	(UIP	and	LIP	respectively;	Figure	29.5),	an
increased	 recoil	 pressure	 at	 all	 lung	 volumes	 and	 reduced	 compliance	 (Figure
29.6),	which	is	seen	in	the	slope	of	the	inflation	curve	between	LIP	and	UIP.	The
LIP	 has	 often	 been	 considered	 the	 critical	 opening	 pressure	 of	 collapsed	 lung
units	and	has	been	used	as	a	method	of	setting	the	optimal	PEEP	in	patients	with
acute	 lung	 injury.	The	 pressure	 at	 the	UIP,	 in	 turn,	was	 considered	 to	 indicate
alveolar	 over-distension	 that	 should	 not	 be	 exceeded	 during	 mechanical
ventilation.31	 These	 ideas	 have	 been	 challenged	 for	multiple	 reasons.	Accurate
identification	 of	 the	 LIP	 and	 UIP	 is	 challenging	 even	 for	 experienced
clinicians.32	Additionally	changes	in	the	P-V	curve	are	not	specific	for	alveolar



collapse	and	have	been	observed	in	saline-filled	lungs,	such	as	would	be	seen	in
patients	with	 pulmonary	 edema.33,34	 Chiumello	 et	 al35	 performed	 a	 prospective
observational	cohort	study	in	which	they	obtained	chest	CT	scans	of	sedated	and
paralyzed	 patients	 during	 low-flow	 inflation	 and	 deflation	 pressure-volume
curves	 and	 recruitment	 maneuvers.	 The	 authors	 found	 that	 the	 low-flow
pressure-volume	 curve	 was	 able	 to	 accurately	 predict	 lung	 recruitment,
indicating	 that	 low-flow	 pressure-volume	 curves	 might	 be	 a	 clinically	 useful
tool.35	As	another	potential	clinical	application,	Amato	et	al36	demonstrated	that
among	patients	mechanically	ventilated	with	ARDS,	use	of	 the	P-V	curve	and
titration	of	PEEP	to	a	level	that	exceeds	the	LIP	may	be	part	of	a	successful	lung
protective	 strategy.	 It	 is	 unclear	 from	 this	 study,	 however,	 what	 the	 relative
importance	 of	 the	 higher	 levels	 of	 PEEP	was	 in	 the	 context	 of	 the	 ventilatory
strategy,	which	included	delivery	of	low	tidal	volumes	and	the	use	of	intermittent
recruitment	maneuvers.

	

Figure	29.5 	Schematic	representation	of	normal	pressure-volume
curve	 (PV	 curve)	 with	 upper	 and	 lower	 inflection	 points	 (UIP	 and
LIP,	 respectively)	 delineating	 the	 more	 compliant	 portion	 of	 the
inspiratory	 limb	 and	 corresponding	 tidal	 volume	 that	 has	 been
proposed	as	an	“open	lung”	approach	to	ventilation	in	ARDS.



	

Figure	29.6 	 Schematic	 representation	 of	 altered	 compliance	 (C)
and	 the	 effect	 on	 the	 volume-pressure	 (V/P)	 curve	 as	 occurs	 with
pulmonary	edema.

Subsequent	trials	have	confirmed	the	survival	benefits	for	patients	ventilated
using	 low	 tidal	volumes;	however	 studies	with	higher	PEEP	have	been	mixed.
Although	 several	 early	 high	 PEEP	 trials	 were	 negative37,38	 these	 trials	 were
criticized	for	not	using	a	physiological	basis	to	guide	PEEP	as	Amato	had	done.
A	randomized	controlled	trial	involving	983	patients	with	ARDS	by	Meade	et	al
compared	 an	 established	 low	 tidal	 volume	 ventilation	 strategy	 with	 an
experimental	 strategy	 based	 on	 the	 original	 “open	 lung”	 approach	 (combining
low	 tidal	 volume,	 lung	 recruitment	maneuvers	 and	 high	 PEEP).39	 The	 authors
found	no	significant	difference	in	all-cause	hospital	mortality	or	barotrauma,	but
the	 “open	 lung”	 strategy	 appeared	 to	 improve	 secondary	 end	 points	 related	 to
hypoxemia	 and	 use	 of	 rescue	 therapies.39	 Another	 trial	 by	 Mercat	 et	 al	 was
designed	 to	 evaluate	 the	 optimal	 level	 of	 PEEP	 by	 assigning	 patients	 to	 a
moderate	PEEP	strategy	vs	an	 increased	 recruitment	 strategy	during	which	 the
level	of	PEEP	was	set	to	reach	a	plateau	pressure	of	28	to	30	cm	H2O.40	While
this	study	utilized	a	physiological	variable	for	PEEP	titration	(based	on	plateau
pressures)	 they	 did	 not	 find	 a	 significant	 reduction	 of	mortality.	However,	 the
authors	 reported	 an	 improvement	 in	 lung	 function	 and	 reduced	 duration	 of
mechanical	 ventilation	 as	 well	 as	 duration	 of	 organ	 failure.30	 In	 a	 secondary
analysis	 of	 the	 aforementioned	 trials,	 Goligher	 et	 al	 found	 that	 patients	 with
ARDS	who	responded	to	increased	PEEP	by	improved	oxygenation	had	a	lower
risk	of	death	and	postulated	that	the	response	to	PEEP	might	be	used	to	predict
whether	patients	would	benefit	from	higher	vs	lower	PEEP	levels.41	In	summary,
the	optimum	level	of	PEEP	remains	elusive	and	a	matter	of	ongoing	debate	and
subject	for	further	trials.



Stress	Index
In	recognition	of	the	various	difficulties	encountered	in	determining	the	LIP	and
UIP	 of	 the	 P-V	 curve,	 the	 “stress	 index”	 (SI)	 was	 developed	 as	 a	 tool	 to
determine	 optimal	 PEEP	 settings	 for	 injured	 lungs.	 The	 SI	 is	 a	 dimensionless
number,	the	coefficient	b	of	the	following	power	equation:

and	describes	the	shape	of	the	airway	pressure-time	curve	during	constant	flow
tidal	inflation.	In	this	equation,	ΔPaw	is	the	change	in	airway	pressure	over	time	t;
the	coefficient	a	is	the	slope	of	the	curve;	and	coefficient	c	is	the	value	of	Paw	at
time	0.	A	SI	<	1	(progressive	increase	of	slope	over	tidal	inflation)	suggests	tidal
recruitment	throughout	tidal	inflation	whereas	a	SI	>	1	(progressive	decrease	in
the	 slope)	 suggests	 hyperinflation	 and	 a	 SI	 =	 1	 suggests	 adequate	 alveolar
recruitment	without	over-distending	the	lungs.42

Although	large	clinical	trials	on	the	use	of	SI	for	PEEP	titration	are	lacking,
Grasso	 et	 al	 showed	 that	 alveolar	 hyperinflation	 of	 patients	with	 focal	 ARDS
ventilated	with	the	ARDSnet	protocol	is	attenuated	by	a	physiological	approach
to	PEEP	setting	based	on	the	SI.42	Several	other	experimental	and	small	clinical
studies	 have	 shown	 that	 when	 ventilatory	 parameters	 are	 adjusted	 to	 a	 non-
injurious	SI	(0.95-1.05),43	 there	was	less	lung	inflammation	and	lung	injury.43-45
Ferrando	et	al	found	in	their	experiment	with	a	swine	model,	that	setting	the	tidal
volume	 to	 a	 non-injurious	 stress	 index	 in	 an	 open	 lung	 condition	 improved
alveolar	 ventilation	 and	 prevented	 over-distension	 without	 increasing	 lung
injury.46	 However,	 large	 clinical	 trials	 with	 mortality	 benefit	 are	 lacking,
therefore	 the	 use	 of	 this	 measurement	 has	 not	 been	 incorporated	 into	 routine
clinical	practice.

Separating	the	Lung	and	Chest	Wall	Components	of
Respiratory	Mechanics

Esophageal	Pressure	Monitoring
4 	VILI	 arguably	 depends	 on	 the	 transpulmonary	 pressure	 (Paw	 −	 Ppl),	 whereas
current	recommendations	for	management	of	ARDS	specify	 limits	for	pressure
applied	across	the	whole	respiratory	system	and	are	based	on	pressures	measured
at	 the	 airway.	This	 approach	 could	be	 seriously	misleading	 if	Ppl	were	 to	 vary



substantially	 among	 patients.	 In	 healthy	 subjects	 and	 upright	 spontaneously
breathing	patients,	Ppl	is	often	estimated	by	measuring	esophageal	pressure	(Pes);
however,	 this	 has	 rarely	 been	 done	 for	 critically	 ill	 patients	 with	 respiratory
failure	 and	ARDS,	 possibly	 because	 of	 a	widespread,	 but	 untested,	 belief	 that
artifacts	 make	 Pes	 unreliable	 as	 an	 estimate	 of	 Ppl.47	 However,	 using	 a	 lung-
injured	 canine	 model,	 Pelosi	 et	 al	 demonstrated	 good	 correlation	 at	 mid-lung
height	 between	 an	 esophageal	 balloon	 catheter	measuring	 the	 pressures	 in	 the
esophagus	 (Pes)	 and	 the	 pleural	 pressures	 measured	 via	 pressure-transducing
wafers	 inserted	 directly	 in	 the	 thorax.48	 Although	 the	 absolute	 values	 of	 the
esophageal	pressures	were	not	identical	with	the	pleural	pressures,	Pelosi	noted
the	 excursions	 of	 esophageal	 pressure	were	 the	 same	 as	 those	 observed	 in	 the
directly	 measured	 pleural	 pressures.	 The	 authors	 therefore	 concluded	 that	 the
changes	 in	 esophageal	 pressures	 were	 accurate,	 but	 the	 absolute	 values	 were
not.48	Others	have	postulated	the	explicit	assumption	that	absolute	values	of	Pes,
corrected	 for	 a	 positional	 artifact,	 may	 reliably	 reflect	 an	 effective	 Ppl	 for
critically	ill	patients.49

Variations	 in	 Ppl	 may	 have	 contributed	 to	 inconsistent	 outcomes	 among
clinical	 trials	 of	 ventilation	 strategies	 in	 ARDS.	 While	 one	 large-scale
randomized	 trial	demonstrated	a	 survival	benefit	 from	use	of	 low	 tidal	volume
ventilation,	 results	 from	 other	 studies	 have	 been	 equivocal.37,50,51	 It	 is	 possible
that	 in	 some	 patients	with	 high	Ppl,	 low	 tidal	 volume	 ventilation	 coupled	with
inadequate	levels	of	PEEP	results	in	cyclic	alveolar	collapse	at	end-expiration.	In
such	 cases,	 resulting	 atelectrauma	 might	 negate	 the	 benefit	 of	 limiting	 tidal
volume.	Similarly,	higher	levels	of	PEEP	have	been	shown	to	be	lung-protective
in	 numerous	 animal	 models	 of	 ARDS	 but	 have	 demonstrated	 inconsistent
benefits	during	clinical	investigations.36,38	This	too	may	reflect	failure	to	account
for	Ppl,	 leading	to	under-	or	over-application	of	PEEP	for	some	patients	as	well
as	 misinterpretation	 of	 high	 plateau	 airway	 pressures	 as	 evidence	 of	 lung
overdistension.52,53	Measuring	Pes	to	estimate	transpulmonary	pressure	may	allow
ventilator	 settings	 to	 be	 individualized	 to	 accommodate	 variations	 of	 lung	 and
chest	wall	mechanical	characteristics.	Such	an	 individual	approach	may	reduce
the	risk	of	further	lung	injury	during	ARDS.47,52,54	This	was	the	hypothesis	of	a
single-center,	randomized	controlled	trial	(EPVENT	1	trial)	that	showed	that	in
61	patients	with	ARDS	and	ALI,	 there	was	improved	oxygenation,	compliance
and	a	trend	toward	improved	mortality	in	patients	who	had	their	PEEP	titrated	by
esophageal	balloon	pressure	measurements	as	opposed	to	ARDSnet	PEEP:FiO2

tables.55	 The	 follow	 up	 study	 by	Beitler	 et	 al56	was	 a	 randomized	 control	 trial



(EPVENT	 2	 trial)	 conducted	 at	 14	 hospitals	 in	 North	 America	 with	 200
mechanically	 ventilated	moderate	 to	 severe	ARDS	 patients	 to	 determining	 the
impact	 of	 PEEP	 titration	 guided	 by	 esophageal	 pressure	 as	 opposed	 to	 the
standard	 empirical	 high	 PEEP	 strategy.	 There	 was	 no	 significant	 difference
between	the	two	groups	for	the	primary	outcome:	a	composite	score	of	death	and
days	 free	 from	mechanical	 ventilation	 among	 survivors	 at	 day	 28.	A	 post	 hoc
reanalysis	 of	 EPVENT	 2	 was	 performed	 to	 assess	 if	 there	 was	 an	 impact	 of
multiorgan	dysfunction,	or	the	achieved	end-expiratory	transpulmonary	pressure,
on	outcomes.57	There	was	heterogeneity	of	treatment	effect	in	that	patients	with
less	severe	multi-organ	dysfunction	had	lower	mortality	when	PEEP	was	titrated
using	 esophageal	 pressure	 measurements	 and	 across	 all	 groups,	 although	 a
transpulmonary	pressure	of	 0	 to	6	 cm	H2O	was	 allowed,	mortality	was	 lowest
when	end-expiratory	transpulmonary	pressure	was	near	0	cm	H2O.

Electrical	Impedance	Tomography
Electrical	impedance	tomography	(EIT)	represents	a	burgeoning	technology	with
increasing	 application	 for	 clinical	 care	 and	 monitoring	 of	 mechanically
ventilated	patients.	EIT	measures	 the	bioimpedance	of	 electrical	 signals	 across
the	thoracic	cavity	by	placing	multiple16-32	electrodes	around	the	chest	wall.	As
different	 tissues	 (fat,	 lung,	 air)	 have	 specific	 impedance	 characteristics,	 the
overlapping	 impedance	 signals	 create	 a	 two	 dimensional	 impedance	 map	 that
allows	 for	measurement	of	 impedance	changes	during	ventilation.	EIT	 thereby
can	be	used	to	determine	regional	lung	ventilation,	overdistension,	collapse	and
perfusion	 non-invasively.	 EIT	 is	 currently	 approved	 for	 basic	 clinical	 use	 to
monitor	 regional	 lung	 ventilation,	 with	 multiple	 other	 applications	 in
development	including	PEEP	optimization	by	measurement	of	lung	collapse	and
overdistension	 during	 PEEP	 titration	 measurements	 of	 regional	 lung
perfusion.58,59

Respiratory	Neuromuscular	Function
During	mechanical	ventilation,	the	clinician	aims	to	unload	the	patient’s	failing
respiratory	 system	 and	 thereby	 reduce	 the	work	 of	 breathing	 in	 the	 setting	 of
respiratory	 failure.60	 Obviously,	 this	 goal	 is	 temporary	 with	 the	 later	 goal	 of
weaning	mechanical	 ventilation	once	 the	patient	 begins	 to	 recover	 from	his	 or
her	 disease	process.	To	 accomplish	 these	goals,	 the	 clinician	needs	 to	 have	 an
understanding	of	the	patient’s	respiratory	function,	which	impacts	each	of	these



goals	differently.	For	example,	complete	unloading	of	 the	respiratory	system	is
common	 in	 the	 operating	 room	with	 general	 anesthesia,	 muscle	 relaxants	 and
controlled	mechanical	ventilation.	However,	the	use	of	deep	sedation	and	muscle
relaxants	 for	prolonged	periods	 in	 the	 ICU	has	deleterious	effects	on	 the	 latter
goal	 of	 ultimately	 preparing	 critically	 ill	 patients	 for	 extubation	 with	 several
studies	 demonstrating	 increases	 in	 ventilator	 days,	 hospital	 length	 of	 stay	 and
associated	 costs.61-63	 Furthermore,	 assisted	 modes	 of	 ventilation	 with	 partial
unloading	have	been	surmised	as	beneficial	for	maintaining	the	conditioning	of
the	diaphragm	and	reducing	sedation	requirements	in	the	critical	care	setting.60,64
No	 one	 has	 defined	 the	 ideal	 degree	 of	 unloading,60	 which	would	 presumably
vary	by	individual	and	disease	state.	Nevertheless,	it	is	helpful	to	understand	and
quantify	the	patient’s	neuromuscular	function	in	order	to	facilitate	unloading	of
the	respiratory	system,	minimize	patient-ventilator	dyssynchrony	and	ultimately
wean	 patients	 from	 ventilatory	 support.	 This	 requires	 an	 understanding	 of
respiratory	neuromuscular	physiology	and	how	it	cooperates	with	the	ventilator.
This	relationship	has	been	termed	patient-ventilator	interaction.

Respiratory	Neuromuscular	Anatomy
The	respiratory	system	is	involuntarily	controlled	by	specialized	neurons	in	the
pons	and	medulla	oblongata	 that	control	both	 inspiration	and	expiration.	These
neurons	in	the	brainstem	coordinate	many	inputs	and	feedback	loops	to	control
respiration	 and	 ensure	 adequate	 gas	 exchange.	 The	 specific	 types	 of	 feedback
can	 be	 mechanical,	 chemical	 and	 behavioral,	 all	 of	 which	 directly	 affect	 the
neurons’	 rate	 and	 intensity	 of	 neural	 firing.65	 Together	 these	 neurons	 and	 their
feedback	 loops	 constitute	 the	 respiratory	 control	 center.	 Under	 normal	 resting
conditions,	 neurons	 in	 the	 inspiratory	 center	 stimulate	 contraction	 of	 the
diaphragm	 and	 intercostal	 muscles	 via	 the	 phrenic	 and	 spinal	 nerves,	 which
creates	a	negative	force	in	the	chest	cavity	relative	to	the	airway	(ie,	a	pressure
gradient),	 thus	 allowing	 air	 to	 flow	 into	 the	 lungs	 (Figure	 29.7).	 Subsequent
exhalation	 is	 typically	passive	and	air	 is	exhaled	as	a	consequence	of	 lung	and
chest	wall	elastance	or	recoil.	However,	when	the	respiratory	center	is	stimulated
in	 the	 presence	 of	 carbon	 dioxide,	 acidosis	 or	 hypoxemia,	 exhalation	 can	 be
made	 more	 active	 by	 contraction	 of	 abdominal	 and	 chest	 wall	 muscles.	 The
cerebral	 cortex	 has	 the	 ability	 to	 take	 control	 of	 the	 respiratory	 system	 by
overriding	 the	 brainstem	 to	 change	 the	 frequency,	 depth	 and	 rhythm	 of
respirations.	This	is	of	minimal	concern	for	the	mechanically	ventilated	patient,
whose	cerebral	cortex	is	often	sedated,	either	by	medications	or	by	illness,	such
that	 respiratory	 neuromuscular	 function	 is	 typically	 under	 the	 control	 of	 the



brainstem	as	described	above.

	

Figure	 29.7 	 Spontaneous	 ventilation	 with	 continuous	 positive
airway	 pressure	 (CPAP)	 at	 7.5	 mm	 Hg.Airway	 and	 esophageal
pressure	 tracings	 are	 superimposed	 and	 marked	 as	 A	 and	 B,
respectively.	Note	 the	 onset	 of	 inspiration	 and	 flow,	marked	 by	 the
first	vertical	line,	as	esophageal	(P-eso)	and	airway	(P-air)	pressures
separate,	creating	a	pressure	gradient.	Flow	then	ceases,	as	marked	by
the	second	vertical	 line,	when	the	expiratory	valve	 is	opened	on	 the
ventilator	and	airway	pressure	quickly	decreases.

The	muscular	 component	 of	 the	 respiratory	 system	has	 been	described	 as	 a
pump	 that,	 when	 stimulated,	 creates	 a	 pressure,	 Pmus.65	 During	 assisted
mechanical	ventilation,	 this	pressure	can	be	added	 to	a	second	pump,	which	 is
the	 airway	 pressure	 generated	 by	 the	 ventilator,	 Paw.	 The	 sum	 of	 these	 two
pressures,	PT	provides	the	total	driving	pressure	for	inspiratory	flow.65	Although
neglecting	inertia,	the	equation	for	motion	in	the	respiratory	system	states	that	PT
is	dissipated	while	overcoming	the	elastive	and	resistive	properties	of	the	lungs
as	follows:

where	 the	 variables	 represent	 elastance	 (Ers),	 tidal	 volume	 (Vt),	 resistance
(Rrs),	and	flow	(V)	in	the	respiratory	system.65	Because	the	ventilator	generated
pressure,	Paw	is	intended	to	unload	the	patient’s	respiratory	muscles,	it	should	be
synchronous	with	 the	 neural	 impulses	 generated	 by	 the	 respiratory	 center	 and



thus	Pmus.	To	be	 synchronous	with	 the	patient	 driven	 inspiration,	 the	ventilator
would	need	to	initiate	support	simultaneously	with	the	patient’s	neural	firing	at
the	onset	 of	 inspiration,	 continue	 this	 support	 throughout	 the	 neural	 firing	 and
stop	support	at	the	end	of	neural	firing.	In	reality,	this	goal	is	extremely	difficult
to	 achieve,	 though	a	newer	mode	of	mechanical	ventilation-	Neuraly	Adjusted
Ventilator	Assist	(NAVA),	which	is	described	in	Chapter	166,	delivers	a	pressure
that	 is	 directly	 proportional	 to	 the	 integral	 of	 the	 electrical	 activity	 of	 the
diaphragm.	 Rather	 than	 monitoring	 neural	 impulses,	 most	 modern	 ventilators
sense	changes	 in	pressure	and	 flow	within	 the	circuit	 in	an	effort	 to	match	 the
patient’s	 respiratory	 cycle.	 The	 variables	 that	we	will	 discuss	 in	 regard	 to	 the
patient-ventilator	 interaction	 include	 ventilator	 triggering,	 cycling-off	 and
delivery	of	gas	between	these	two	events	(ie,	the	post-trigger	phase).	However,	it
is	 essential	 to	 first	define	 some	of	 the	measures	of	 respiratory	drive	and	effort
that	are	commonly	used	to	assess	patient-ventilator	interaction	and	weaning	such
as	work	of	breathing,	pressure-time	product,	airway	occlusion	pressure,	maximal
inspiratory	force,	vital	capacity,	and	rapid	shallow	breathing	index.

Work	of	Breathing
5 	Respiratory	 effort	 is	 typically	discussed	 and	quantified	via	 some	measure	of
the	 patient’s	 “work	 of	 breathing.”	Work	 is	 defined	 as	 the	 force	 acting	 on	 an
object	 to	 cause	 displacement	 of	 that	 object.	 Therefore,	 mechanical	 “work	 of
breathing”	 includes	 the	measurement	 of	 a	 force	 required	 to	 create	 a	 change	 in
volume	of	gas	and	is	expressed	in	Joules	per	liter.	However,	measurements	that
are	 based	 on	 volume	 frequently	 fail	 to	 account	 for	 the	 work	 done	 by	 the
diaphragm	and	respiratory	muscles	during	isometric	contraction	against	a	closed
valve,66	as	occurs	prior	to	triggering	in	some	assisted	modes	of	ventilation.	The
pressure-time	 product	 (PTP),	 which	measures	 swings	 in	 intrathoracic	 pressure
via	an	esophageal	pressure	monitor	and	correlates	with	oxygen	requirements	of
breathing,	is	considered	superior	for	quantifying	a	patient’s	effort	and	degree	of
unloading.60	This	is	a	calculation	of	the	difference	in	the	time	integrals	between
esophageal	pressure	(Pes)	during	assisted	breathing	and	the	recoil	pressure	of	the
chest	wall	during	passive	breathing	at	a	similar	tidal	volume	and	flow.66

Airway	Occlusion	Pressure
Airway	 occlusion	 pressure	 at	 0.1	 seconds	 (P0.1)	 is	 an	 indicator	 of	 respiratory
drive	 and	 is	 determined	 by	measuring	 the	 pressure	 in	 the	 airway	 a	 tenth	 of	 a



second	 after	 the	 onset	 of	 inspiration,	 beginning	 at	 functional	 residual	 capacity
(FRC).	 This	 has	 been	 shown	 to	 correlate	 well	 with	 work	 of	 breathing	 during
pressure	support	ventilation.66	One	study	has	 found	 that	a	P0.1	 of	−3.5	cm	H2O
can	 be	 a	 useful	 cutoff	 to	 detecting	 high	 inspiratory	 effort.67	Therefore,	 several
authors	 have	 advocated	 its	 use	 as	 a	 potential	 predictor	 for	 discontinuation	 of
mechanical	ventilation.68-71	The	threshold	value	for	P0.1	of	−6	cm	H2O	appeared
to	delineate	success	vs	failure	in	one	study.	In	a	study	of	COVID	patients,	a	P0.1
threshold	 of	 −4	 cm	 H2O	 was	 predictive	 of	 clinical	 deterioration	 within	 24
hours.72	 Although	 the	 utility	 of	 this	 measurement	 is	 still	 debated,	 it	 has	 been
incorporated	into	several	commercially	available	ventilators.

Maximal	Inspiratory	Force
Maximal	 inspiratory	 pressure	 (MIP),	 also	 known	 as	 negative	 inspiratory	 force
(NIF),	 is	 another	 marker	 of	 respiratory	 muscle	 function	 and	 strength	 and	 is
determined	 by	measuring	 the	maximum	pressure	 that	 can	 be	 generated	 by	 the
inspiratory	muscles	against	an	occluded	airway	beginning	at	functional	residual
capacity	(FRC).	A	normal	value	is	considered	to	be	approximately	−80	cm	H2O,
with	 respiratory	 compromise	 typically	 observed	 at	 values	 less	 than	 40%	 of
normal.	The	major	disadvantage	and	 limitation	of	 this	measurement	 is	 the	 fact
that	it	is	extremely	effort	dependent,	which	can	make	its	measurement	as	well	as
interpretation	 difficult	 in	 severely	 ill,	 sedated	 and	 neurologically	 impaired
patients.

Forced	Vital	Capacity	and	Frequency/Tidal	Volume	Ratio
Forced	vital	 capacity	 (FVC),	which	 is	 the	 sum	of	 the	 tidal	volume,	 inspiratory
reserve	volume	and	expiratory	 reserve	volume,	can	be	used	as	a	way	 to	assess
patient’s	 respiratory	 muscle	 function.	 However,	 similar	 to	 MIP,	 FVC	 is	 also
effort	 dependent	 and	 therefore	 can	 lead	 to	 variable	 results.	 Vital	 capacity	 is
discussed	 in	 more	 detail	 in	 Chapter	 168	 “Discontinuation	 of	 Mechanical
Ventilation,”	as	a	way	to	assess	readiness	for	extubation.	The	frequency	to	tidal
volume	ratio,	also	known	as	the	rapid	shallow	breathing	index	(RSBI)	has	also
been	used	to	gauge	respiratory	distress	and	readiness	for	extubation	and	is	also
discussed	in	detail	in	Chapter	168.

PATIENT	VENTILATOR	INTERACTION



Ventilator	Triggering	Variable
During	assisted	modes	of	ventilation,	the	patient’s	inspiratory	effort	is	sensed	by
the	ventilator,	which	is	then	“triggered”	to	deliver	support	at	a	preset	volume	or
pressure	 (Figure	 29.8).	 There	 are	 two	 distinct	 methods	 of	 triggering	 the
ventilator-pressure	and	flow.	Pressure	triggering	depends	on	patient’s	inspiratory
effort,	creating	a	change	in	pressure	that	exceeds	a	preset	requirement	(typically
−2	cm	H2O)	to	open	the	inspiratory	valve	on	the	ventilator	and	initiate	ventilator
support.	 Likewise,	 flow	 triggering	 depends	 on	 a	 patient’s	 inspiratory	 effort
creating	flow	detected	by	a	flow	meter	within	the	inspiratory	limb	that	exceeds	a
preset	 threshold	 (typically	 2	 L	 per	 minute)	 for	 triggering	 the	 ventilator
inspiratory	 support.	 The	 significant	 difference	 between	 these	 two	 triggering
criteria	 is	 the	 presence	 of	 a	 closed	 demand	 valve	 in	 the	 inspiratory	 limb	 in
pressure-triggered	 ventilators.	 In	 general,	 flow	 triggering	 has	 been	 considered
superior	 to	pressure-triggered	algorithms	 in	 that	 it	 is	believed	 that	 the	work	of
breathing	 is	 less	 in	 a	 system	 that	 does	 not	 require	 an	 initial	 inspiratory	 effort
against	 this	 closed	 valve.	 Many	 studies	 have	 compared	 flow	 triggering	 and
pressure	 triggering	 with	 respect	 to	 work	 of	 breathing	 with	 most	 showing
significant	 advantages	 in	 favor	 of	 flow-triggered	 systems.73-75	 This	 is	 partially
explained	 by	 the	 fact	 that	 flow	 triggering	 results	 of	 improved	 responsiveness
with	 shorter	 delay	 between	 onset	 of	 diaphragm	 contraction	 and	 ventilator
triggering.75

	

Figure	 29.8 	 Normal	 triggering	 in	 assist-control	 ventilation.The
circles	 marked	 A	 denote	 the	 pressure	 and	 flow	 that	 correspond	 to
patient	neural	 inspiration	 that	 is	detected	by	 the	ventilator	and	leads
to	delivery	of	a	mechanical	breath.



The	 main	 variable	 that	 can	 be	 controlled	 on	 the	 ventilator	 with	 regard	 to
triggering	 is	 termed	 sensitivity.	 Typical	 values	 for	 pressure	 triggering	 are	 1	 to
2	 cm	 H2O,	 while	 those	 for	 flow	 triggering	 are	 2	 to	 3	 L/min.	 The	 sensitivity
threshold	 is	 important	 because	 it	 is	 required	 to	 strike	 a	 balance	 between	 two
main	problems	associated	with	triggering.	First,	if	the	sensitivity	is	set	too	low,
patients	may	experience	autotriggering,	in	which	pressure	and	flow	changes	that
occur	 from	sources	of	artifact	 such	as	cardiac	oscillations,	water	 in	 the	circuit,
patient	 movement	 or	 resonance	 within	 the	 system	 lead	 to	 irregular	 breathing
patterns	and	dyssynchrony.	Second,	sensitivity	settings	that	are	too	high	will	lead
to	 ineffective	 triggering,	 which	 has	 the	 consequences	 of	 increased	 and	wasted
work	 and	 energy	 (Figure	 29.9).	 Ineffective	 triggering	 is	 also	 common	 when
dynamic	 hyperinflation	 is	 present,	 as	 seen	 in	 obstructive	 disorders	 such	 as
asthma	and	COPD.	During	airflow	obstruction,	dynamic	hyperinflation	can	lead
to	elevation	of	intrinsic	PEEP	(PEEPi)	to	a	level	above	the	critical	threshold	such
that	the	patient’s	respiratory	drive	is	insufficient	to	overcome	the	elastic	recoil	of
the	 lung	 and	 chest	 wall	 and	 trigger	 the	 ventilator.50	 Clearly,	 this	 is	 also
disadvantageous	to	the	patient	in	terms	of	work	of	breathing	and	may	contribute
to	 ventilator	 dyssynchrony.	 Leung	 et	 al76	 demonstrated	 that	 ineffective	 trigger
attempts	 required	a	38%	 increase	of	patient	 effort	 as	 compared	 to	 successfully
triggered	breaths.	Obviously,	autotriggering	and	ineffective	triggering	can	create
a	challenge	to	the	clinician	when	attempting	to	optimize	the	ventilator	settings.
In	general,	it	is	helpful	to	reduce	the	trigger	threshold	to	a	point	where	the	delay
between	 neural	 firing	 and	 ventilator	 support	 is	 minimized	 without	 allowing
autotriggering	to	occur.

	

Figure	29.9 	 This	 pressure	 and	 flow	 tracing	 demonstrated	 failed
trigger	attempts	that	can	be	appreciated	by	the	negative	deflections	in
the	expiratory	limbs	in	the	flow	waveform	and	delineated	by	lines	A



and	B.

Cycle-Off	Variable
Neurons	in	the	respiratory	center	continue	firing	beyond	ventilator	triggering	and
throughout	inspiration.	The	cessation	of	firing	is	an	important	time	point	in	the
respiratory	cycle	and	marks	the	beginning	of	expiration.	The	neural	 inspiratory
time	 is	 often	 variable	 from	 breath	 to	 breath.60	 This	 can	 lead	 to	 considerable
dyssynchrony	 durng	 controlled	 modes	 of	 ventilation	 such	 as	 assist-control,
pressure-control	 and	 intermittent	 mandatory	 ventilation,	 where	 the	 “cycle-off”
variable	 for	 the	 ventilator	 into	 expiration	 is	 the	 inspiratory	 time	 (Ti)	 and	 is
generally	 constant	 from	 one	 breath	 to	 the	 next.	 This	 can	 lead	 to	 increased
sedation	 requirements,	 which	 are	 inconsistent	 with	 the	 goal	 of	 ventilator
weaning,	as	mentioned	earlier.	Ideally,	the	ventilator	should	be	able	to	detect	the
end	 of	 neural	 firing	 and	 react	 accordingly	 to	 halt	 the	 inspiratory	 pressure
supplied.	This	is	one	of	the	goals	and	advantages	of	the	“supportive”	modes	of
ventilation	such	as	pressure	support	ventilation.

Supportive	modes	of	ventilation	have	 the	ability	 to	detect	patient	expiration
and	 stop	 ventilator	 inspiration	 such	 that	 the	 Ti	 is	 variable.	 This	 can	 be
accomplished	 by	 measuring	 flow	 or	 pressure	 changes	 within	 the	 circuit.	 As
neural	firing	ceases	and	Pmus	decreases	to	baseline	with	muscle	relaxation,	total
pressure	 and	 thus	 flow	 should	 decrease	 according	 to	 the	 elastive	 and	 resistive
properties	of	the	lung	according	to	the	equation	of	motion	previously	described.
Typically,	support	modes	have	software	that	detects	a	preset	decrement	of	flow,
which	in	turn	leads	to	cycling	off	 the	inspiratory	support.	This	preset	 threshold
can	be	an	absolute	value	of	flow	or	a	percentage	of	maximum	flow	in	the	circuit,
or	 both.	 Often,	 an	 increase	 of	 pressure	 that	 exceeds	 the	 programmed	 support
level	 will	 also	 signal	 the	 ventilator	 to	 stop	 inspiration	 as	 well	 as	 open	 the
expiratory	valve.

Just	 as	 with	 triggering,	 the	 cycle-off	 variable	 can	 be	 a	 source	 of	 serious
tribulations	with	the	patient-ventilator	interaction.	For	example,	in	the	setting	of
decreased	 lung	 elastance,	 such	 as	 emphysematous	 lung	 disease,	 flow	may	 not
diminish	 enough	 to	 be	 detected	 properly	 despite	 a	 drop	 in	 Pmus	 at	 the	 end	 of
neural	 inspiratory	time.	This	can	lead	to	patient	discomfort	and	was	studied	by
Jubran	et	al,77	who	noticed	that	5	out	of	12	patients	with	COPD	required	active
exhalation	to	cycle	off	the	ventilator	during	pressure	support	ventilation	at	20	cm
H2O.	 Active	 exhalation	 is	 counterproductive	 to	 both	 the	 primary	 goals	 of



respiratory	 muscle	 unloading	 and	 ventilator	 synchrony	 (Figure	 29.10).
Furthermore,	active	exhalation	will	decrease	transpulmonary	pressure,	which	can
lead	 to	 premature	 airway	 closure	 and	 increased	 intrinsic	 PEEPi	 as	 closing
capacity	increases.

	

Figure	 29.10 	 The	 pressure	 and	 flow	 waveforms	 demonstrate
active	 recruitment	 of	 expiratory	 muscles	 to	 terminate	 ventilator
inspiration.Note	 the	 time	 point	 marked	 by	 line	 A	 in	 which	 flow
decreases	 rapidly	 corresponding	 to	 a	 sharp	 increase	 in	 the	 airway
pressure	due	to	active	exhalation.

Inspiratory	Flow	Variable
Inspiratory	flow	is	now	being	recognized	as	an	important	parameter	in	assisted
modes	of	ventilation.	Critically	ill	patients	in	acute	respiratory	failure	often	have
elevated	respiratory	drives	that	appear	to	demand	greater	flow	to	overcome	the
resistance	 of	 the	 failing	 respiratory	 system	 and	 ventilator	 breathing	 circuit.60
Classically,	 this	 appears	 as	 a	 depression	 on	 the	 inspiratory	 limb	 of	 the	 airway
pressure	tracing	and	has	been	described	by	some	practitioners	as	“flow	hunger”
(Figure	 29.11).	 Clinically,	 the	 response	 has	 been	 to	 increase	 flow,	 which
typically	 ranges	between	30	 to	80	L/min	during	 assisted	modes	of	mechanical
ventilation	in	an	effort	 to	decrease	the	work	of	breathing	and	intrinsic	PEEP	in
these	situations.	However,	a	recent	series	of	studies	has	shown	that	this	may	in
fact	 be	 counterproductive	 due	 to	 a	 phenomenon	 now	 recognized	 as	 “flow-
associated	tachypnea.”60	Puddy	and	Younes78	demonstrated	this	phenomenon	by
adjusting	 inspiratory	 flow	 in	 awake	 volunteers	 breathing	 on	 a	 volume-cycled
ventilator	 in	assist-control	mode	 in	which	 inspiratory	Ti	was	variable.	Laghi	et



al79	later	delineated	the	contributions	of	flow,	tidal	volume,	and	inspiratory	time
in	 their	 study	 in	which	 flow	was	 increased	 from	60	 to	90	L/min	and	balanced
with	 tidal	 volume	 settings	 of	 1.0	 and	 1.5	 L	 to	maintain	 a	 constant	 inspiratory
time,	 where	 frequency	 did	 not	 change.	 They	were	 able	 to	 show	 that	 imposed
ventilator	 inspiratory	 time	 during	 mechanical	 ventilation	 can	 determine
frequency	 independent	 of	 delivered	 inspiratory	 flow	 and	 tidal	 volume.
Therefore,	 the	clinician	must	consider	 the	counteracting	variables	of	flow,	tidal
volume	and	inspiratory	time	when	attempting	to	ventilate	patients	with	elevated
respiratory	 drive	 in	 acute	 respiratory	 failure	 and	 how	 one	 may	 negatively
influence	the	other.

	

Figure	 29.11 	 The	 pressure	 and	 flow	 waveforms	 above
demonstrate	the	classic	depressions	on	the	inspiratory	airway	(P-air)
pressure	 tracing	 in	 a	 patient	 with	 an	 elevated	 respiratory	 drive	 as
highlighted	by	circle	A.Peso,	esophageal	pressure.

SUMMARY
Respiratory	 monitoring	 is	 a	 complicated	 task	 in	 the	 critically	 ill	 patient	 who
requires	mechanical	ventilation.	The	clinician	must	carefully	balance	a	plethora
of	data	acquired	from	studying	variables	of	gas	exchange,	pulmonary	mechanics,
neuromuscular	 function	 and	 patient	 ventilator	 interactions.	 Skilled	 intensive
care–trained	personnel	must	then	process	these	data	so	that	a	plan	of	respiratory
support,	 often	 with	 mechanical	 ventilation,	 can	 be	 instituted.	 This	 plan	 must
proceed	 in	 such	 a	 way	 that	 the	 patient	 is	 safely	 ventilated	 and	 oxygenated
without	 imposing	 the	 undo	 harm	 that	 is	 associated	 with	 injurious	 modes	 of



mechanical	ventilation.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	mechanically	ventilated	patient	with	acute	respiratory	distress	syndrome
(ARDS)	is	having	his	sedation	decreased.	You	are	called	to	evaluate	the	patient
as	he	has	begun	taking	spontaneous	breaths.	The	nurse	is	concerned	that	the
patient	looks	to	be	“working	hard.”	What	objective	measurement	can	be	used	on
many	ventilators	to	assess	breathing	effort?

A. 	Inspiratory	flow
B. 	Peak	pressure
C. 	Pressure	support	level
D. 	P0.1

2. 	A	72-year-old	woman	with	COVID-19	pneumonia	is	intubated	for
shortness	of	breath	and	hypoxemia.	The	patient	is	60	inches	tall	with	an	ideal
body	weight	of	45	kg.	Initial	ventilator	settings	are	TV	360	mL,	RR	12
breaths/min,	FiO2	50%,	and	PEEP	8	cm	H2O.	The	peak	pressure	is	27	cm	H2O
and	plateau	pressure	is	24	cm	H2O.	One	day	later	without	any	changes	in
ventilator	settings,	the	peak	pressure	is	34	cm	H2O	and	plateau	pressure	is	31	cm
H2O.	What	is	the	most	appropriate	interpretation	of	these	findings?

A. 	Patient’s	condition	has	not	significantly	changed
B. 	Patient’s	lung	compliance	has	improved
C. 	Patient’s	respiratory	rate	should	be	increased
D. 	Patient’s	tidal	volume	should	be	decreased

3. 	A	78-year-old	man	with	ARDS	from	COVID-19	pneumonia	is	intubated,
sedated,	and	paralyzed	with	the	following	vital	signs,	ventilator	settings	and



ABG:
Temp	=	37.4	°C;	HR	=	90	beats/min;	BP	=	112/76	mm	Hg;	RR	=	24
breaths/min;	O2	Sat	=	87%.
Volume	Control	Mode.	Vt	=	400	mL;	RR	=	24/min;	FiO2	=	80%;	PEEP	=	12
cm	H2O;	Ppeak	=	28	cm	H2O;	Pplat	=	25	cm	H2O.
ABG:	pH	7.34	pO2	46	pCO2	53	HCO3	24.
An	esophageal	manometer	is	placed	and	provides	the	waveforms	shown,
including	end-inspiratory	and	end-expiratory	hold	maneuvers	(see	qFigure
29.1).

	

Based	on	all	of	this	information,	what	is	the	most	appropriate	next	step	in
management?

A. 	Decrease	PEEP	as	the	esophageal	tracing	demonstrates	over
distension
B. 	Increase	PEEP	as	the	esophageal	tracing	demonstrates	potentially
recruitable	lung
C. 	Make	no	changes	at	this	time
D. 	Start	ECMO

4. 	A	72-year-old	man	with	past	medical	history	significant	for	hypertension,
heart	failure	with	preserved	ejection	fraction,	diabetes	mellitus	2,	morbid	obesity
and	atrial	fibrillation,	presented	to	the	hospital	with	worsening	dyspnea.	His
ABG	(pH/pO2/pCO2)	was	7.18/50/60,	and	he	was	using	accessory	muscles	to
breathe	and	he	was	intubated.	On	day	3	of	mechanical	ventilation,	he	spiked	a
fever,	had	increasing	infiltrates	on	CT	chest,	and	was	started	on	appropriate
antimicrobial	therapy	for	ventilator	associated	pneumonia.	That	same	day,	you



notice	that,	without	having	made	any	changes	to	the	ventilator,	his	driving
pressure	has	increased	from	12	cm	H2O	to	18	cm	H2O.	You	check	a	blood	gas
and	do	a	low-flow	pressure	volume	curve	on	the	ventilator	to	help	determine
what	adjustments	to	make.	The	ABG	now	is	7.23/70/50,	and	the	pressure-
volume	curve	is	shown	in	qFigure	29.2.

	

His	current	ventilator	settings	are	volume	control,	tidal	volume	350	(5	mL/kg
IBW),	rate	22/min,	FiO2	80%,	and	PEEP	6	cm	H2O.
What	is	the	most	appropriate	change	to	ventilator	settings	based	on	the	current
information?

A. 	Increase	the	PEEP	to	10	cm	H2O
B. 	Increase	the	PEEP	to	18	cm	H2O
C. 	Increase	the	tidal	volume	to	6	mL/kg
D. 	Increase	the	tidal	volume	to	8	mL/kg

Answers

1.	The	correct	answer	is	D.
Rationale:	The	P0.1	is	a	measurement	available	on	many	modern	ventilators	to

allow	 quantitative	 measurement	 of	 inspiratory	 effort	 (choice	 D	 is	 correct).
Traditionally,	 the	 P0.1	 was	 measured	 during	 an	 expiratory	 occlusion	 as	 the
pressure	deviation	generated	by	the	patient	in	the	initial	100	ms	of	an	inspiratory
effort.	This	 required	potentially	challenging	 timing	on	 the	ventilator	as	well	as
limiting	 measurements	 to	 only	 during	 breath	 holds.	 Modern	 ventilators	 now



allow	 continuous,	 breath-to-breath	 measurement	 of	 the	 P0.1	 without	 requiring
expiratory	occlusion,	providing	a	close	approximation	to	the	traditional	method
with	less	patient	discomfort.	Normal	effort	has	been	estimated	to	range	up	to	3.5
cm	H2O,	and	there	is	some	evidence	that	in	patients	with	ARDS,	efforts	causing
P0.1	to	be	higher	than	3.5-4	cm	H2O	may	indeed	be	injurious.	On	the	other	hand,
inspiratory	flow	may	increase	when	patients	are	working	harder,	but	it	is	a	poor
marker	of	effort	because	many	factors	contribute	to	the	resulting	flow	(choice	A
is	 incorrect).	 Peak	 pressure	 is	 also	 a	 poor	 marker	 for	 patient	 effort	 and	 for
estimating	potential	injury	during	spontaneous	breathing.	The	peak	pressure	may
over-	 or	 under-estimate	 the	 actual	 pressures	 being	 applied	 to	 the	 lungs	 from
spontaneous	breathing,	and	should	not	be	used	to	assess	safety	and	effort	(choice
B	 is	 incorrect).	 The	 level	 of	 pressure	 support	 is	 set	 by	 the	 clinician	 to	 help
patients	 but	 is	 not	 a	 good	 marker	 for	 patient	 effort.	 Increasing	 the	 level	 of
pressure	support	 to	help	patients	may	also	result	 in	potential	harm	(choice	C	is
incorrect).	 Not	 listed	 as	 a	 choice,	 but	 auto-PEEP	 may	 be	 a	 marker	 of	 flow
limitation,	high	resistance,	or	expiratory	efforts,	all	of	which	may	be	associated
with	high	respiratory	efforts,	but	auto-PEEP	alone	is	not	a	marker	for	inspiratory
effort.

2.	The	correct	answer	is	D.
Rationale:	The	patient’s	initial	mechanical	ventilation	settings	included	a	tidal

volume	of	360	mL	or	8	mL/kg	of	ideal	body	weight	with	plateau	pressure	of	24
cm	 H2O	 and	 peep	 of	 8	 cm	 H2O,	 and	 static	 compliance	 (Cstat	 =	 Vt/Pplat	 −
PEEP)	=	22.5	mL/cm	H2O.	Twenty-four	hours	 later,	 the	plateau	pressure	 is	31
cm	H2O	at	the	same	tidal	volume,	with	resulting	Cstat	=	15.65	mL/m	H2O.	These
changes	 indicate	a	change	 in	 the	patient’s	condition	 (so	choice	A	 is	 incorrect).
More	 specifically,	 the	 patient’s	 lung	 compliance	 has	 decreased	 not	 increased
(choice	B	 is	 incorrect),	 and	 the	clinician	 should	ensure	ventilation	with	a	 lung
protective	strategy,	including	decreasing	the	tidal	volume	to	achieve	6	mL/kg	of
IBW	or	less	while	maintaining	a	plateau	pressure	<30	cm	H2O	(choice	D	is	the
correct	answer).	Increasing	the	respiratory	rate	will	not	decrease	the	tidal	volume
(choice	C	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 The	 airway	 (P-Airway)	 and	 esophageal	 (P-Eso)	 waveforms

demonstrate	 that	 esophageal	 pressure	 exceeds	 the	 airway	 pressure	 at	 end-
expiration.	 Therefore,	 the	 tracings	 demonstrate	 a	 negative	 transpulmonary
pressure	(PL)	when	PL	is	calculated	using	static	airway	pressure	as	an	estimate	of



alveolar	pressure	and	esophageal	pressure	as	a	surrogate	for	pleural	pressure	(PL
=	P-Airway	−	P-Eso).	In	this	example,	the	airway	pressure	during	an	expiratory
hold	is	equal	to	the	PEEP	(12	cm	H2O)	and	the	esophageal	pressure	during	the
same	 expiratory	 hold	 is	 ∼18	 cm	 H2O,	 which	 results	 in	 a	 transpulmonary
pressure	(PL)	of	∼	−6	cm	H2O.	Therefore,	this	patient	would	likely	benefit	from
additional	PEEP	 to	 increase	 the	 airway	pressure	 during	 expiration	 to	match	or
slightly	 exceed	 the	 esophageal	 pressure	 (ie,	 ensure	 PL	 ≥	 0),	 thus	 resulting	 in
alveolar	recruitment	throughout	the	respiratory	cycle	and	improving	oxygenation
and	the	P:F	ratio	(choice	B	is	correct).	This	pressure	measurement	profile	is	not
consistent	with	overdistension	(choice	A	is	incorrect)	and	because	gas	exchange
may	 improve	 by	 increasing	 the	 PEEP	 (C	 is	 incorrect),	 cannulation	 for	 ECMO
would	be	premature	(choice	D	is	incorrect).

4.	The	correct	answer	is	A.
Rationale:	The	correct	response	is	to	increase	the	PEEP	to	10	cm	H2O	(choice

A	is	correct).	This	patient	has	had	a	decline	in	his	compliance	due	to	ventilator
associated	pneumonia,	as	evidenced	by	 the	 increase	of	driving	pressure.	A	 low
PEEP	of	6	cm	H2O	is	discordant	with	a	relatively	high	FiO2	of	80%,	and	this	in
conjunction	with	 the	 decreased	 compliance	 indicates	 that	 the	 patient	might	 be
under-recruited.	A	pressure-volume	loop	can	help	you	assess	these	situations.	At
a	PEEP	of	6	cm	H2O,	the	patient	is	below	the	lower	inflection	point	of	the	curve,
indicating	atelectrauma	with	each	breath.	In	general,	setting	the	PEEP	2	cm	H2O
above	the	lower	inflection	point	will	ensure	that	you	are	on	the	curve	at	the	point
of	 maximum	 compliance,	 preventing	 atelectrauma	 or	 barotrauma.	 A	 PEEP	 of
18	 cm	 H2O	 will	 put	 you	 on	 the	 curve	 at	 maximum	 compliance,	 so	 with	 the
delivery	 of	 each	 breath	 you	 are	 in	 danger	 of	 going	 above	 the	 upper	 inflection
point	and	causing	barotrauma	 (choice	B	 is	 incorrect).	Changes	 to	 tidal	volume
are	 not	 indicated	 as	 the	 patient	 is	 adequately	 ventilated	 (choices	 C	 and	D	 are
incorrect).	And	even	if	the	patient	did	need	increased	minute	ventilation,	there	is
room	to	increase	his	respiratory	rate	first	 in	order	to	preserve	low	tidal	volume
ventilation.
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Chapter	30
Neurologic	Multimodal	Monitoring
Raphael	A.	Carandang,	wiley	R.	Hall

KEY	POINTS:
1.	 Cerebral	blood	flow	is	coupled	to	metabolic	demand	by

autoregulation.	Disruption	of	autoregulation	may	lead	to	secondary
injury.

2.	 Both	hyperglycemia	and	hypoglycemia	may	be	detrimental	in
traumatic	brain	injury	(TBI)	patients.

3.	 Continuous	EEG	detects	subclinical	seizures	in	a	high	proportion	of
patients	but	has	yet	to	be	shown	to	improve	outcomes.

4.	 Intracranial	pressure	monitoring	is	recommended	in	TBI	patients	with
a	GCS	<	8	and	an	abnormal	head	CT	scan.

5.	 A	phase	2	trial	of	treatment	with	a	combination	of	brain	tissue	oxygen
monitoring	in	addition	to	ICP	suggested	benefit,	and	a	phase	3	trial	is
in	progress	at	the	time	of	this	publication.

6.	 The	goal	of	multimodal	monitoring	is	to	individualize	and	optimize
management	of	physiological	parameters	to	improve	outcome.

INTRODUCTION
Neurologic	 function	 is	 a	 major	 determinant	 of	 quality	 of	 life.	 Injury	 or
dysfunction	 can	 have	 a	 profound	 effect	 on	 a	 patient’s	 ability	 to	 be	 alert,
communicate,	and	interact	with	their	environment	meaningfully,	and	function	as
an	 independent	 human	 being.	 The	 brain	 is	 a	 highly	 complex	 organ	 with
specialized	 areas	 of	 function	 and	 is	 exquisitely	 sensitive	 to	 metabolic	 and
physical	 insults	 such	 as	 hypoxemia,	 acidosis,	 trauma,	 and	 hypoperfusion.	 The
goal	 of	 neurocritical	 care	 is	 to	 protect	 the	 brain	 and	 preserve	 neurologic



functions	in	the	critically	ill	patient.	The	impetus	for	multimodal	monitoring	of
brain	 function	 arises	 from	 both	 its	 importance	 and	 vulnerability,	 and	 also	 the
difficulty	 in	 obtaining	 a	 satisfactory	 assessment	 of	 function	 in	 the	 setting	 of
numerous	 insults	 and	 processes	 including	 toxic	 and	metabolic	 encephalopathy,
sedation	 and	 chemical	 restraints,	 and	 primary	 central	 nervous	 system	 (CNS)
processes	like	stroke	and	traumatic	brain	injury	(TBI).

There	has	been	rapid	growth,	and	there	continues	 to	be	much	interest	 in	 the
field	 as	 numerous	 devices	 and	 modalities	 are	 developed	 to	 monitor	 brain
function	 and	 processes	 including	 intracranial	 pressure	 (ICP)	 monitoring,
electroencephalography	 (EEG)	 and	 corticography,	 global	 and	 regional	 brain
tissue	 oxygen	 monitoring,	 cerebral	 blood	 flow	 (CBF)	 measurements,	 and
neurochemical	and	cellular	metabolism	assessment	with	microdialysis.

As	 with	 any	 diagnostic	 or	 therapeutic	 tool,	 an	 understanding	 of	 the
indications,	 limitations,	 risks,	and	benefits	of	an	 intervention	 is	essential	 in	 the
effective	utilization,	 interpretation,	 and	application	of	 the	obtained	 information
to	 the	 management	 of	 the	 individual	 patient.	 Important	 characteristics	 of
monitoring	 devices	 include	 the	 ability	 to	 detect	 important	 abnormalities
(sensitivity),	 to	differentiate	between	dissimilar	disease	 states	 (specificity),	 and
to	 prompt	 changes	 in	 care	 that	 alter	 long-term	 prognosis	 (Table	 30.1).
Limitations	of	 techniques	 include	 risks	 to	patients	 (during	placement,	 use,	 and
removal),	variability	errors	in	generation	of	data	(eg,	calibration	and	drift),	and
inherent	 trade-offs	 between	 specificity	 and	 sensitivity.	 Monitors	 with	 high
specificity—values	 fall	outside	of	 threshold	 levels	only	when	a	disease	state	 is
unequivocally	 present—are	 unlikely	 to	 detect	 less	 profound	 levels	 of	 disease,
while	monitors	with	high	sensitivity	(will	detect	any	value	outside	of	the	normal
range)	 are	 likely	 to	 demonstrate	 small	 deviations	 from	 normal,	which	may	 be
trivial	 in	 individual	 patients.	 The	 advantage	 of	 multimodal	 monitoring	 is	 it
increases	 the	 sensitivity	 and	 improves	 the	 accuracy	 of	 our	 detection	 of
physiologic	 and	 cellular	 changes	 that	 signal	 further	 impending	 clinical
deterioration	 by	 using	 different	 monitoring	 modalities	 in	 a	 complementary
fashion.	A	legitimate	concern	raised	by	some	is	that	the	vastly	larger	amounts	of
data	 generated	 by	 these	 devices	 require	 computer-supported	 data	 analyses	 that
are	 costly	 and	 time-consuming,	 and	may	 overwhelm	 the	 ill-prepared	 clinician
and	detract	whatever	benefits	may	be	gained	from	the	new	technology.1	Recent
developments	in	artificial	intelligence	anticipate	potential	applications	to	analyze
large	and	complex	data	 in	 real	 time	and	even	provide	algorithmic	 responses	 to
aid	 in	 management.2	 Although	 these	 have	 yet	 to	 make	 it	 to	 the	 bedside	 in
common	 clinical	 practice,	 there	 are	 already	 existing	 algorithms	 to	 predict	 ICP
elevations	and	to	detect	seizures.	Careful	consideration	should	go	into	selecting



the	 appropriate	 patients	 to	 monitor,	 the	 modalities	 to	 use	 and	 knowing	 their
limitations,	 and	 acknowledging	 that	 the	 most	 beneficial	 application	 of	 these
technologies	continues	to	require	further	prospective	study.

TABLE	30.1

Glossary	of	Neurologic	Monitor	Characteristics

Term Definition

Bias Average	difference	(positive	or	negative)	between	monitored
values	and	“gold	standard”	values

Precision Standard	deviation	of	the	differences	(bias)	between
measurements

Sensitivity Probability	that	the	monitor	will	demonstrate	cerebral
ischemia	when	cerebral	ischemia	is	present

Positive
predictive
value

Probability	that	cerebral	ischemia	is	present	when	the	monitor
suggests	cerebral	ischemia

Specificity Probability	that	the	monitor	will	not	demonstrate	cerebral
ischemia	when	cerebral	ischemia	is	not	present

Negative
predictive
value

Probability	that	cerebral	ischemia	is	not	present	when	the
monitor	reflects	no	cerebral	ischemia

Threshold
value

The	value	used	to	separate	acceptable	(ie,	no	ischemia
present)	from	unacceptable	(ie,	ischemia	present)

Speed The	time	elapsed	from	the	onset	of	actual	ischemia	or	the	risk
of	ischemia	until	the	monitor	provides	evidence

The	 compelling	 theoretical	 importance	 of	 brain	monitoring	 is	 based	 on	 the
high	vulnerability	of	the	brain	to	hypoxic	and	ischemic	injuries.	The	brain	uses
more	oxygen	and	glucose	per	weight	of	 tissue	 than	any	other	organ	yet	has	no
appreciable	 reserves	 of	 oxygen	 or	 glucose.	 The	 brain	 is	 thus	 completely



dependent	on	uninterrupted	CBF	to	supply	metabolic	substrates	that	are	required
for	 continued	 function	 and	 survival	 and	 to	 remove	 toxic	 byproducts.	 Even
transient	interruptions	in	CBF,	whether	local	or	global,	can	injure	or	kill	neural
cells.	We	also	know	that	a	compromise	of	oxygenation	locally	and	globally	can
have	deleterious	effects	on	neural	function.	These	perturbations	may	not	result	in
immediate	 cell	 death	 but	 can	 initiate	metabolic	 or	 cellular	 processes	 (eg,	 gene
transcription,	 secondary	 injury)	 that	 may	 lead	 to	 cell	 death	 days,	 months,	 or
years	 after	 the	 insult.	 Therefore,	 clinical	 monitoring	 of	 neuronal	 well-being
should	emphasize	early	detection	and	reversal	of	potentially	harmful	conditions.
Although	 there	 are	 limited	 conclusive	 data	 to	 demonstrate	 that	 morbidity	 and
mortality	 are	 reduced	 by	 the	 information	 gathered	 from	 current	 neurologic
monitoring	 techniques,	 most	 clinicians	 caring	 for	 patients	 with	 critical
neurologic	illness	have	confidence	that	their	use	improves	management.	In	this
chapter,	we	review	the	currently	available	 techniques,	with	an	emphasis	on	 the
current	scientific	literature	and	indications	for	utilization.

GOALS	OF	BRAIN	MONITORING
Monitoring	 devices	 cannot	 independently	 improve	 outcome.	 Instead,	 they
contribute	 physiologic	 data	 that	 can	 be	 integrated	 into	 a	 care	 plan	 that,	 while
frequently	adding	risks	(associated	with	placement,	use,	and	removal),	may	lead
to	an	overall	decrease	in	morbidity	and	mortality.

Neurologic	 monitoring	 can	 be	 categorized	 into	 three	 main	 groups:	 (1)
monitors	 of	 neurologic	 function	 (eg,	 neurologic	 examination,	 EEG,	 evoked
potentials,	 functional	 MRI),	 (2)	 monitors	 of	 physiologic	 parameters	 (eg,	 ICP,
CBF,	transcranial	Doppler),	and	(3)	monitors	of	cellular	metabolism	(eg,	jugular
venous	bulb	oxygen	saturation	[SjvO2],	near-infrared	spectroscopy	[NIRS],	brain
tissue	 oxygen	 tension,	 microdialysis,	 positron	 emission	 tomography,	 single-
photon	 emission	 computed	 tomography	 [SPECT]).	 Most	 categorizations	 are
arbitrary	 and	obviously	overlap,	 and	 interrelationships	 between	modalities	 (eg,
blood	flow	and	electrical	activity,	oxygenation,	and	perfusion)	blur	 the	 lines	of
distinction.	All	 categories	 provide	 information	 that	may	be	 useful	 in	 assessing
the	current	status	of	 the	brain	and	nervous	system	and	in	directing	therapies	as
well	as	monitoring	responses	to	interventions,	but	 it	cannot	be	overemphasized
that	 the	 data	 obtained	 from	 these	 monitoring	 devices	 should	 always	 be
interpreted	in	relation	to	the	overall	clinical	picture	of	the	individual	patient.



CEREBRAL	ISCHEMIA
Given	 the	 brain’s	 dependence	 and	 sensitivity	 to	 perturbations	 in	 oxygenation,
many	 if	not	all	monitors	are	concerned	with	 the	detection	of	cerebral	 ischemia
defined	 as	 cerebral	 delivery	 of	 oxygen	 (CDO2)	 insufficient	 to	meet	metabolic
needs.	 Cerebral	 ischemia	 is	 traditionally	 characterized	 as	 global	 or	 focal,	 and
complete	 or	 incomplete	 (Table	 30.2).	 Systemic	 monitors	 readily	 detect	 most
global	cerebral	insults,	such	as	hypotension,	hypoxemia,	or	cardiac	arrest.	Brain-
specific	monitors	can	provide	additional	information	primarily	in	situations,	such
as	stroke,	subarachnoid	hemorrhage	(SAH)	with	vasospasm,	and	TBI,	in	which
systemic	 oxygenation	 and	 perfusion	 appear	 to	 be	 adequate	 but	 focal	 cerebral
oxygenation	may	be	impaired.

TABLE	30.2

Characteristics	of	Types	of	Cerebral	Ischemic	Insults

Characteristics Examples

Global,	incomplete Hypotension,	hypoxemia,	cardiopulmonary	resuscitation

Global,	complete Cardiac	arrest

Focal,	incomplete Stroke,	subarachnoid	hemorrhage	with	vasospasm

The	 severity	 of	 ischemic	 brain	 damage	has	 traditionally	 been	 thought	 to	 be
proportional	to	the	magnitude	and	duration	of	reduced	CDO2.	For	monitoring	to
influence	 long-term	 patient	 morbidity	 and	 mortality,	 prompt	 recognition	 of
reversible	cerebral	hypoxia/ischemia	 is	essential.	Numerous	animal	studies	and
human	 studies	 using	 different	 imaging	 techniques	 such	 as	 positron	 emission
tomography	 (PET),	 MRI,	 and	 SPECT	 have	 concluded	 that	 the	 ischemic
threshold	for	reversible	injury	or	penumbra	is	a	CBF	of	20	mL/100	g/min,	below
which	 the	 tissue	 is	 at	 risk	 for	 irreversible	 damage.3	 The	 tolerable	 duration	 of
more	 profound	 ischemia	 is	 inversely	 proportional	 to	 the	 severity	 of	 CBF
reduction	(Figure	30.1).	 Ischemia	and	hypoxemia	 initiate	a	cascade	of	cellular
reactions	that	involve	multiple	pathways	including	energy	failure	from	anaerobic
glycolysis	 with	 accumulation	 of	 lactic	 acid	 and	 increase	 in	 lactate/pyruvate



ratios,	 loss	 of	 ion	 homeostasis,	 and	 failure	 of	 ATP-dependent	 ion	 pumps	 to
maintain	ion	gradients.	This	leads	to	sodium	and	calcium	influx	into	the	cell	and
activation	of	enzymes	such	as	phospholipases	which	result	in	further	membrane
and	 cytoskeletal	 damage,	 glutamate	 release	 and	 excitotoxicity,	 activation	 of
lipoperoxidases	 and	 free	 fatty	 acid	 breakdown,	 and	 free	 radical	 formation	 and
inflammation	 with	 microvascular	 changes.	 Endonucleases	 that	 alter	 gene
regulation	 and	protein	 synthesis	 and	activate	 the	 caspase	pathways	 that	 trigger
apoptosis	 are	 also	 released.4	 Other	 proteins	 synthesized	 in	 response	 to	 altered
oxygen	delivery,	such	as	hypoxia-inducible	factors	(HIFs),	have	been	identified
as	 adaptive	mechanisms	 that	 respond	 to	 variations	 in	 oxygen	 partial	 pressure5
and	may	be	protective.	These	multiple	pathways	and	cellular	mediators	and	their
interactions	are	potential	areas	for	therapeutic	intervention.	By-products	of	these
reactions	provide	potential	biomarkers	for	secondary	injury	that	can	be	used	for
monitoring.	 Our	 current	 understanding	 of	 the	 utility	 of	 these	 data	 is	 still
evolving,	 and	 currently	 when	 a	 cerebral	 monitor	 detects	 ischemia,	 the	 results
must	 be	 carefully	 interpreted.	 Often,	 all	 that	 is	 known	 is	 that	 cerebral
oxygenation	in	the	region	of	the	brain	that	is	assessed	by	that	monitor	has	fallen
below	 a	 critical	 threshold.	 Such	 information	 does	 not	 definitively	 imply	 that
ischemia	will	necessarily	progress	 to	 infarction,	nor	does	it	clearly	define	what
biochemical	 or	 genetic	 transcriptional	 changes	 may	 subsequently	 occur.	 Also,
because	 more	 severe	 ischemia	 produces	 neurologic	 injury	 quicker	 than	 less
severe	ischemia,	time	and	dose	effects	must	be	considered.	More	importantly,	if
regional	 ischemia	involves	structures	that	are	not	components	of	 the	monitored
variable,	then	infarction	could	develop	without	warning.



	

Figure	 30.1 	 Schematic	 representation	 of	 ischemic	 thresholds	 in
awake	monkeys.The	threshold	for	reversible	paralysis	occurs	at	local
cerebral	blood	flow	(local	CBF)	of	approximately	23	mL/100	g/min.
Irreversible	injury	(infarction)	is	a	function	of	the	magnitude	of	blood
flow	 reduction	 and	 the	duration	of	 that	 reduction.	Relatively	 severe
ischemia	is	potentially	reversible	if	the	duration	is	sufficiently	short.
MCA,	 middle	 cerebral	 artery.(From	 Jones	 TH,	 Morawetz	 RB,
Crowell	RM,	 et	 al.	 Thresholds	 of	 focal	 cerebral	 ischemia	 in	 awake
monkeys.	J	Neurosurg.	1981;54:773-782,	with	permission.)

1 	In	healthy	persons,	CBF	is	tightly	regulated	through	multiple	pathways	such
that	CDO2	 is	 adjusted	 to	meet	 the	metabolic	 requirements	 of	 the	 brain.	 In	 the
normal	“coupled”	relationship,	CBF	is	dependent	on	the	cerebral	metabolic	rate
for	oxygen	(CMRO2),	which	varies	directly	with	body	temperature	and	with	the
level	 of	 brain	 activation	 (Figure	 30.2A).	 As	 CMRO2	 increases	 or	 decreases,
CBF	increases	or	decreases	to	match	oxygen	requirements	with	oxygen	delivery.
Pressure	autoregulation	maintains	CBF	at	a	constant	rate	(assuming	unchanged
metabolic	needs)	over	a	wide	range	of	systemic	blood	pressures	(Figure	30.2B).
If	pressure	autoregulation	is	intact,	changes	of	cerebral	perfusion	pressure	(CPP)
do	not	 alter	CBF	over	 a	 range	of	 pressures	 of	 50	 to	 130	mm	Hg.	CPP	can	be



described	by	the	equation:	CPP	=	MAP	−	ICP,	where	MAP	equals	mean	arterial
pressure.	 After	 neurologic	 insults	 (eg,	 TBI),	 autoregulation	 of	 the	 cerebral
vasculature	 may	 be	 impaired	 such	 that	 CBF	 may	 not	 increase	 sufficiently	 in
response	to	decreasing	CPP.6	This	failure	to	maintain	adequate	CDO2	can	lead	to
ischemia	and	add	to	preexisting	brain	injury,	a	process	termed	secondary	injury,
at	 blood	 pressures	 that	 would	 not	 normally	 be	 associated	 with	 cerebral
ischemia/injury.	 Normally,	 arterial	 partial	 pressure	 of	 carbon	 dioxide	 (PaCO2)
significantly	regulates	cerebral	vascular	resistance	(CVR)	over	a	range	of	PaCO2

of	20	to	80	mm	Hg	(Figure	30.2C).	CBF	is	acutely	halved	if	PaCO2	is	halved,
and	 is	 doubled	 if	 PaCO2	 is	 doubled.	 This	 reduction	 in	 CBF	 (via	 arteriolar
vasoconstriction)	results	in	a	decrease	in	cerebral	blood	volume	and	a	decrease
in	 ICP.	 Conceptually,	 decreasing	 PaCO2	 to	 decrease	 ICP	 may	 appear	 to	 be
desirable.	Hyperventilation	as	a	clinical	tool	was	described	by	Lundberg	et	al.7	in
1959	as	a	treatment	for	increased	ICP	and	was	a	mainstay	of	treatment	for	over
40	 years.	 However,	 in	 the	 healthy	 brain,	 there	 are	 limits	 to	 maximal	 cerebral
vasoconstriction	 with	 falling	 PaCO2	 (as	 well	 as	 vasodilation	 with	 increasing
PaCO2),	such	that,	as	CBF	decreases	to	the	point	of	producing	inadequate	CDO2,
local	 vasodilatory	 mechanisms	 tend	 to	 restore	 CBF	 and	 CDO2.	 As	 a
consequence,	 in	 the	 healthy	 brain,	 hyperventilation	 does	 not	 produce	 severe
cerebral	 ischemia;	 however,	 after	 TBI,	 hypocapnia	 can	 generate	 cerebral
ischemia	as	reflected	in	decreased	brain	tissue	oxygenation	tension	(PbtO2)	and
SjvO2	 and	 elevated	 lactate-pyruvate	 ratios	 in	 cerebral	 microdialysis	 (CMD)
studies.8	For	this	reason,	hyperventilation	has	fallen	out	of	favor	as	a	treatment
modality	 for	 intracranial	 hypertension	 and	 is	 only	 used	 as	 an	 immediate
intervention	 to	 bridge	 a	 patient	 to	 emergent	 definitive	 surgery	 such	 as
decompressive	 craniectomy	 or	 removal	 of	 the	 offending	 mass	 lesion.	 If
hyperventilation	is	required	to	acutely	reduce	ICP,	administration	of	an	increased
inspired	 oxygen	 concentration	 can	markedly	 increase	 SjvO2	 (Figure	 30.3).	 In
response	to	decreasing	arterial	oxygen	content	(CaO2),	whether	the	reduction	is
secondary	to	a	decrease	of	hemoglobin	(Hgb)	concentration	or	of	arterial	oxygen
saturation	(SaO2),	CBF	normally	increases,	although	the	injured	brain	tissue	has
impaired	ability	to	increase	CBF	as	it	lacks	autoregulation.9



	

Figure	 30.2 	 A,	 The	 normal	 relationship	 between	 the	 cerebral
metabolic	rate	of	oxygen	consumption	(CMRO2)	and	cerebral	blood
flow	 (CBF)	 is	 characterized	 by	 closely	 coupled	 changes	 in	 both
variables.	 Normally,	 CBF	 is	 50	 mL	 per	 100	 g/min	 in	 adults	 (open
triangle).	 As	 CMRO2	 increases	 of	 decreases,	 CBF	 changes	 in	 a
parallel	 fashion	 (solid	 line).	 B,	 Effect	 of	 mean	 arterial	 pressure
(MAP)	on	CBF.	Note	 that	changes	 in	MAP	produce	 little	change	 in
CBF	over	 a	 broad	 range	 of	 pressures.	 If	 intracranial	 pressure	 (ICP)
exceeds	 normal	 limits,	 substitute	 cerebral	 perfusion	 pressure	 on	 the
horizontal	axis.	C,	Effect	of	PaCO2	on	CBF.	Changes	in	PaCO2	exert
powerful	 effects	 on	 cerebral	 vascular	 resistance	 across	 the	 entire
clinically	 applicable	 range	 of	 values.	 PaCO2,	 partial	 pressure	 of
carbon	dioxide.

	

Figure	 30.3 	 The	 effect	 of	 hyperoxia	 on	 percentage	 of	 oxygen
saturation	 of	 jugular	 venous	 blood	 (SjvO2)	 at	 two	 levels	 of
PaCO2.PaCO2,	 partial	 pressure	 of	 carbon	 dioxide;	 PaO2,	 partial
pressure	of	oxygen.	*P	<	.001	for	SjvO2	at	PaCO2	25	to	30	mm	Hg	at
each	PaO2.	 †P	<	 .001	 for	SjvO2	between	PaO2	 at	 each	PaCO2	 level.



(From	 Thiagarajan	A,	 Goverdhan	 PD,	 Chari	 P,	 et	 al.	 The	 effect	 of
hyperventilation	and	hyperoxia	on	cerebral	venous	oxygen	saturation
in	 patients	 with	 traumatic	 brain	 injury.	 Anesth	 Analg.	 199887:850-
853,	with	permission.)

TECHNIQUES	OF	NEUROLOGIC	MONITORING

Neurologic	Examination
Frequent	 and	 accurately	 recorded	 neurologic	 examinations	 are	 an	 essential
aspect	 of	 medical	 care	 often	 limited	 in	 patients	 with	 moderate-to-severe
neurologic	 compromise.	 Neurologic	 examination	 quantifies	 three	 key
characteristics:	 level	 of	 consciousness,	 focal	 brain	 dysfunction,	 and	 trends	 in
neurologic	 function.	 Recognition	 of	 changing	 consciousness	 or	 new	 focal
deficits	may	warn	 of	 a	 variety	 of	 treatable	 conditions,	 such	 as	 progression	 of
intracranial	 hypertension,	 new	 mass	 lesions	 such	 as	 expansion	 of
intraparenchymal	contusions	or	subdural	hematoma,	and	systemic	complications
of	 intracranial	 pathology,	 such	 as	 hyponatremia.	 The	 risks	 and	 benefits	 of
sedation	holidays	(lighter	or	no	sedation)	vs	continuous	sedation	protocols	have
been	studied,	and	 it	has	been	 found	 that	 sedation	holidays	and	 lighter	 sedation
protocols	 resulted	 in	 less	 ventilator	 days,	 shorter	 length	 of	 intensive	 care	 unit
(ICU)	and	hospital	stay,	and	less	mortality.10,11	The	most	recent	trial	published	in
2020	 found	no	differences	 in	 these	outcomes,	but	 the	“no	sedation”	group	had
higher	 APACHE	 scores,	 and	 the	 study	 may	 have	 been	 underpowered.12	 The
authors’	current	practice	and	opinion	is	that	neurological	assessments	necessitate
sedation	holidays	in	all	neurological	critical	care	patients	with	few	exceptions.

The	Glasgow	Coma	Scale	(GCS)	score,	originally	developed	as	a	tool	for	the
assessment	of	impaired	consciousness,13	has	also	been	used	as	a	prognostic	tool
for	patients	with	TBI.	The	GCS	score	at	the	time	of	initial	hospitalization	is	used
to	characterize	the	severity	of	TBI,	with	severe	TBI	defined	as	a	GCS	score	less
than	or	equal	to	8,	moderate	TBI	as	a	GCS	score	of	9	to	12,	and	mild	TBI	as	that
associated	with	a	GCS	score	greater	 than	12.	Lower	GCS	scores	are	generally
associated	 with	 poorer	 long-term	 outcomes,	 although	 correlation	 to	 individual
patients	with	TBI	 is	 difficult	 because	 of	 the	 significant	 variations	 in	mortality
rates	 and	 functional	 outcome.14	 Significant	 concern	 has	 arisen	 regarding	 the
validity	of	the	initial	GCS	score	on	presentation	given	the	aggressive	prehospital



management	of	these	patients	over	the	last	decade	or	so,	which	includes	sedation
and	 intubation	 in	 the	 field	 or	 administration	 of	 paralytics	 and	 sedatives	 in	 the
emergency	room.	Some	authors	have	 reported	a	 loss	of	predictive	value	of	 the
GCS	score	from	1997	onward	and	have	called	for	a	critical	reconsideration	of	its
use.15	Other	 studies	 have	 looked	 at	GCS	 in	 the	 field	 vs	GCS	upon	 arrival	 and
have	 found	 good	 correlation	 and	 prognostic	 value	 in	 predicting	 outcome	 and
have	 even	 found	 the	 changes	 in	 scores	 from	 field	 GCS	 to	 arrival	 GCS	 to	 be
highly	predictive	of	 outcome	 in	patients	with	moderate	 to	 severe	TBI.16	Many
centers	use	 the	best	GCS	or	postresuscitation	GCS	in	 the	 first	24	hours	or	 just
the	 motor	 component	 of	 the	 GCS	 instead	 of	 initial	 GCS	 given	 these	 issues.
Nevertheless,	 the	 GCS	 score	 is	 a	 quick,	 reproducible	 estimate	 of	 level	 of
consciousness	 (Table	 30.3).	 It	 is	 a	 common	 tool	 for	 the	 serial	 monitoring	 of
consciousness,	and	has	been	incorporated	into	various	outcome	models,	such	as
the	APACHE	 II	 and	 the	Trauma-Injury	Severity	 score.	The	GCS	 score,	which
includes	eye	opening,	motor	responses	in	 the	best	functioning	limb,	and	verbal
responses,	 is	 limited	 and	 by	 no	 means	 replaces	 a	 thoughtful	 and	 focused
neurologic	examination.	 It	 should	be	 supplemented	by	 recording	pupillary	 size
and	reactivity,	cranial	nerve	examination,	and	a	more	detailed	neurologic	testing
depending	on	the	relevant	neuroanatomy	involved	in	the	disease	process.	Given
the	 limitations	of	 assessing	 the	GCS,	particularly	 the	verbal	 score	 in	 intubated
patients,	a	mathematical	simple	regression	model	was	developed	to	estimate	the
verbal	 score	 based	 on	 the	 eye	 and	 motor	 scores17	 and	 has	 been	 compared	 to
standard	GCS	and	found	to	add	minimal	value.18	One	study	found	that	the	GCS
motor	score	alone	had	similar	predictive	value	 to	 the	standard	GCS.19	A	recent
retrospective	 cohort	 study	 of	 the	National	Trauma	Data	Bank,	 however,	 found
that	 in	 the	 geriatric	 population,	 total	GCS	was	more	 sensitive	 and	 accurate	 in
identifying	 trauma	 center	 need	 (TCN)	 and	 concluded	 that	 utilizing	 the	 motor
GCS	score	alone	could	undertriage	these	patients.20	A	more	comprehensive	coma
assessment	 score	 was	 formulated	 by	 Wijdicks	 and	 colleagues	 called	 the	 Full
Outline	 of	 UnResponsiveness	 (FOUR)	 score,	 which	 removes	 the	 verbal	 score
altogether.	It	includes	assessments	of	nonverbal	responses	to	command;	expands
the	 eye	 assessment	 to	 include	 tracking,	 blinking	 to	 threat	 and	 to	 command;
incorporates	brainstem	function	assessments	of	pupillary	and	corneal	reflexes	as
well	 as	 breathing	 patterns;	 and	 has	 been	 validated	 in	 multiple	 populations	 of
critically	 ill	 patients	 and	 been	 found	 to	 have	 good	 prognostic	 value21	 (Figure
30.4).	Studies	comparing	the	GCS	to	the	FOUR	score	have	found	that	they	are
similarly	valid	at	predicting	outcome,22	although	the	FOUR	score	was	found	 to
have	 better	 interrater	 variability,23	 performed	 marginally	 better	 in	 the	 medical
ICU	population,24	and	was	found	in	some	studies	to	be	better	at	predicting	more



severe	disease	outcome	and	mortality	in	TBI	patients.25

TABLE	30.3

Glasgow	Coma	Scale

Component Response Score

Eye	opening Spontaneously 4

To	verbal	command 3

To	pain 2

None 1

Subtotal:	1-
4

Motor	response	(best
extremity)

Obeys	verbal	command 6

Localizes	pain 5

Flexion	withdrawal 4

Flexor	(decorticate	posturing) 3

Extensor	(decerebrate
posturing)

2

No	response	(flaccid) 1

Subtotal:	1-
6

Best	verbal	response Oriented	and	converses 5

Disoriented	and	converses 4

Inappropriate	words 3

Incomprehensive	sounds 2



No	verbal	response 1

Subtotal:	1-
5

Total:	3-15

	

Figure	 30.4 	 Description	 of	 Full	 Outline	 of	 UnResponsiveness
(FOUR)	score.Eye	response:	E4	=	eyelids	open	or	opened,	tracking,
or	 blinking	 to	 command;	 E3	 =	 eyelids	 open	 but	 not	 tracking;
E2	=	eyelids	closed	but	open	to	loud	voice;	E1	=	eyelids	closed	but



open	to	pain;	E0	=	eyelids	remain	closed	with	pain.	Motor	response:
M4	 =	 thumbs-up,	 fist,	 or	 peace	 sign;	 M3	 =	 localizing	 to	 pain;
M2	 =	 flexion	 response	 to	 pain;	 M1	 =	 extension	 response	 to	 pain;
M0	=	no	response	to	pain	or	generalized	myoclonus	status.	Brainstem
reflexes:	 B4	 =	 pupil	 and	 corneal	 reflexes	 present;	 B3	 =	 one	 pupil
wide	and	fixed;	B2	=	pupil	or	corneal	reflexes	absent;	B1	=	pupil	and
corneal	reflexes	absent;	B0	=	absent	pupil,	corneal,	and	cough	reflex.
Respiration	 pattern:	 R4	 =	 not	 intubated,	 regular	 breathing	 pattern;
R3	 =	 not	 intubated,	 Cheyne-Stokes	 breathing	 pattern;	 R2	 =	 not
intubated,	 irregular	breathing;	R1	=	breathes	 above	ventilatory	 rate;
R0	=	breathes	at	ventilator	rate	or	apnea.

Pupillometry
Pupillary	 function	 and	 its	 assessment	 are	 essential	 as	 the	 FOUR	 score
emphasizes.	Pupillary	 reflex	 responses	are	one	of	 the	more	 robust	 and	durable
physical	examination	findings	 that	have	been	found	to	correlate	with	outcomes
in	various	brain	injuries	including	stroke,	TBI,	and	anoxic	brain	injury.	Although
they	 can	 be	 affected	 by	 surgery	 and	medications	 (eg,	 narcotics	 and	 propofol),
they	 are	 relatively	 resistant	 to	 metabolic	 insults	 and	 are	 often	 indicative	 of
structural	brain	injury.	In	the	landmark	Levy	paper	on	anoxic	brain	injury26	and
the	 most	 recent	 AAN	 (American	 Academy	 of	 Neurology)	 guideline	 for
determination	 of	 brain	 death27	 pupillary	 reflex	 responses	 are	 an	 essential
assessment	and	have	good	prognostic	value.	Pupillary	bedside	assessments	can
be	difficult	particularly	for	small	pupils,	because	of	ambient	light	in	the	ICU	and
medication	effects.	Automated	pupillometry	helps	 remove	 subjectivity	 in	 these
assessments	 and	 provides	 objective	 measurements	 of	 pupil	 size,	 percent
constriction,	 and	velocity	of	 reactivity	 as	well	 as	 the	Neurological	Pupil	 Index
(NPi),	which	 is	 a	 composite	 of	 all	 pupil	measurements	 including	 size,	 latency,
constriction	velocity,	and	dilation	velocity	compared	against	a	normative	model
of	pupil	 reaction	 to	 light	and	automatically	graded	on	a	scale	of	0	 to	4.9.	This
allows	 changes	 to	 be	 trended	 over	 time.	 NPi	 values	 and	 trends	 in	 the
pupillometry	 indices	 have	 been	 found	 to	 improve	 precision	 and	 accuracy	 of
assessment	 of	 subtle	 pupillary	 changes,	 to	 be	 predictive	 of	 impending	 ICP
elevations,	to	have	prognostic	value	in	anoxic	brain	injury,	and	to	be	a	surrogate
marker	for	monitoring	adequacy	of	sedation	and	analgesia	as	well	as	responses
to	osmotherapy.28



Systemic	Monitoring
Although	not	specific	to	neurologic	monitoring,	systemic	parameters,	including
blood	 pressure,	 SaO2,	 PaCO2,	 serum	 glucose	 concentration,	 and	 temperature,
have	 clinical	 relevance	 in	 the	 management	 of	 patients	 with	 neurologic
dysfunction	 or	 injury.	 The	 relationships	 between	 these	 systemic	 variables	 and
long-term	outcome	after	neurologic	insults	are	closely	linked	and	are	subject	to
continuing	research.

Perhaps	 the	most	 important	 systemic	monitor	 is	 blood	 pressure,	 as	 CBF	 is
dependent	 on	 the	 relationship	 between	 CPP	 and	 CVR	 and	 can	 be	 modeled
generally	by	 the	 equation:	CBF	=	CPP/CVR.	As	previously	discussed,	CBF	 is
maintained	 relatively	 constant	 over	 a	wide	 range	 of	 blood	 pressures	 (pressure
autoregulation)	through	arteriolar	changes	in	resistance	(assuming	no	change	in
brain	metabolism)	in	healthy	individuals.	After	brain	injury,	autoregulation	may
become	 impaired,	 especially	 in	 traumatically	brain-injured	patients.	Chesnut	 et
al.29	reported	that	even	brief	periods	of	hypotension	(systolic	blood	pressure	less
than	90	mm	Hg)	worsened	the	outcome	after	TBI	and	recommended	that	systolic
blood	pressure	be	maintained	greater	than	90	mm	Hg	(with	possible	benefit	from
higher	 pressures).	 These	 recommendations	 have	 also	 been	 promoted	 by	 the
Brain	Trauma	Foundation	 for	patients	with	 severe	TBI.30	To	 achieve	 this	 goal,
the	 use	 of	 vasoactive	 substances,	 such	 as	 norepinephrine,	 may	 be	 required.
Nevertheless,	optimal	blood	pressure	management	for	patients	with	TBI	has	yet
to	 be	 defined.	 Current	 proposed	 treatment	 protocols	 often	 recommend	 CPP
greater	than	50	to	70	mm	Hg.31	Recent	studies	utilizing	multimodal	monitoring
protocols	suggest	that	this	may	sometimes	be	suboptimal	and	that	some	patients
may	actually	need	higher	perfusion	pressures.32	This	has	 to	be	weighed	against
the	 increased	 risk	 of	 acute	 respiratory	 distress	 syndrome	 and	 other	 possible
complications.	 Cerebral	 perfusion	 pressure	 goals	 need	 to	 be	 formulated	 with
concomitant	 assessments	of	 ICP,	 regional	 oxygenation	 and	 electrical-metabolic
brain	activity,	and	cerebral	autoregulation.

Another	 essential	 step	 in	 insuring	 adequate	 CDO2	 is	 the	 maintenance	 of
adequate	CaO2,	which	in	turn	is	dependent	on	Hgb	and	SaO2;	therefore,	anemia
and	hypoxemia	can	reduce	CDO2,	which	would	normally	result	in	compensatory
increases	 in	 CBF.	 However,	 these	 compensatory	 mechanisms	 are	 limited.	 As
SaO2	(or	PaO2)	decreases	below	the	compensatory	threshold,	SjvO2	and	jugular
venous	 oxygen	 content	 (CjvO2),	 which	 reflect	 the	 ability	 of	 CDO2	 to	 supply
CMRO2,	 also	 decrease.	 The	 correlation	 is	 most	 evident	 below	 a	 PaO2	 of
approximately	 60	mm	Hg,	 the	 PaO2	 at	 which	 SaO2	 is	 90%	 and	 below	 which



SaO2	 rapidly	 decreases.	 In	 contrast,	 as	 Hgb	 is	 reduced	 by	 normovolemic
hemodilution,	 SjvO2	 remains	 relatively	 constant,	 unless	 severe	 anemia	 is
produced.33

The	 management	 of	 arterial	 CO2	 in	 patients	 with	 neurologic	 injury	 has
changed	 dramatically	 in	 the	 past	 10	 years.	 Although	 hyperventilation	 as	 a
management	 strategy	 for	 increased	 ICP	 was	 routine	 in	 the	 1990s,	 it	 is	 now
reserved	 for	 acute	 or	 life-threatening	 increases	 in	 the	 ICU	 and	 is	 no	 longer
recommended	for	routine	use.	Having	been	associated	with	cerebral	ischemia	in
children	 and	 adults8	 with	 severe	 TBI,	 hyperventilation	 is	 least	 likely	 to	 be
harmful	when	 combined	with	monitoring,	 such	 as	 SjvO2	 or	 PbtO2,	 which	 can
identify	cerebral	ischemia.

2 	Hyperglycemia	 increased	 injury	 in	experimental	TBI34	and	was	associated
with	worse	outcome	in	clinical	TBI.	In	critically	ill	patients	requiring	mechanical
ventilation,	 elevated	glucose	 levels	were	associated	with	worsened	outcomes.35
Earlier	studies	resulted	in	recommendations	for	tighter	control	of	serum	glucose
in	medical	and	surgical	ICU	patients.36	However	more	recent	studies	with	very
tight	glucose	control	 in	 the	critically	 ill	patients	overall37	and	 in	neurologically
injured	patients,	particularly	in	the	TBI	population,	suggest	a	trend	toward	worse
outcome	and	increased	mortality.38	Caution	must	be	exercised	in	the	brain	injury
patient	 because	 of	 evidence	 from	 microdialysis	 studies	 in	 TBI	 patients	 that
extracellular	 glucose	 concentration	 is	 low	 after	 TBI	 and	 is	 associated	 with
markers	for	tissue	distress	and	poor	outcome.39	Our	current	recommendations	are
that	serum	glucose	levels	be	maintained	between	140	and	180	mg/dL	or	between
8	and	10	mmol/L.

The	monitoring	and	management	of	body	 temperature	 remains	an	 important
aspect	of	care	for	critically	ill	patients.	Hypothermia	and	hyperthermia	should	be
considered	separately	in	this	context.	The	use	of	hypothermia	as	a	treatment	for
brain	injury,	while	demonstrating	benefit	in	animals	and	in	some	phase	II	human
studies,	 has	 not	 shown	 benefit	 in	 larger	 studies	 and	 is	 not	 recommended	 for
general	use	 in	TBI.40	Several	 randomized	clinical	 trials	have	had	disappointing
results	and	failed	to	show	functional	outcome	benefit	or	reduction	in	mortality.41
Issues	 and	 concerns	 that	 have	 arisen	 from	 these	 trials	 include	 proper
management	of	the	side	effects	of	hypothermia	and	rewarming,	questions	about
the	 timing	 and	 duration	 of	 therapy,	 the	 optimal	 target	 temperature,	 and	 the
heterogeneity	and	size	of	the	patient	population	studied.	A	subgroup	analysis	of
NABISH-2	 suggested	 that	 there	 may	 be	 benefit	 in	 TBI	 for	 patients	 with
evacuated	mass	 lesions	 such	as	 subdural	hematomas.42	However,	 a	multicenter
trial	 was	 conducted	 to	 determine	 if	 rapid	 induction	 of	 hypothermia	 prior	 to



emergent	 craniotomy	 for	 subdural	 hematoma	 will	 improve	 the	 outcome	 as
measured	by	Glasgow	Outcome	Scale—Extended	(GOSE)	at	6	months	and	was
terminated	for	futility.43	Recent	 results	of	 the	POLAR-RCT	also	failed	 to	show
any	 outcome	 benefit44	 as	 did	 a	 multicenter	 randomized	 controlled	 trial
investigating	 the	 safety	 and	efficacy	of	 long-term	mild	hypothermia	 for	 severe
TBI	 with	 refractory	 intracranial	 hypertension	 (LTH-1).45	 In	 contrast,	 induced
hypothermia	 after	 resuscitation	 from	 cardiac	 arrest	 has	 improved	 outcome	 in
some	 trials.46,47	 The	 most	 recent	 TTM2	 trial	 results	 reported	 no	 difference	 in
mortality	and	outcomes	at	6	months	between	post–out-of-hospital	cardiac	arrest
patients	who	were	 treated	with	 targeted	hypothermia	at	33°	vs	normothermia.48
The	 results	 of	 this	 trial	 and	 others	 need	 to	 be	 interpreted	 in	 light	 of	 the	 50%
survival	 rate	 in	 patients	 treated	 with	 targeted	 temperature	 management	 vs	 the
historical	 survival	 rate	of	 25%.	The	most	 recent	 guidelines	 and	 expert	 opinion
still	 recommend	 initiating	 normothermia	 (<37.5	 °C)	 in	 post–cardiac	 arrest
patients	who	are	comatose	for	24	hours	regardless	of	whether	they	present	in	a
shockable	or	nonshockable	 rhythm	(Chapter	195).49	A	randomized	clinical	 trial
comparing	moderate	therapeutic	hypothermia	of	33°	vs	normothermia	of	37°	in
comatose	 patients	 after	 cardiac	 arrest	 from	 nonshockable	 rhythms	 reported	 a
higher	percentage	of	patients	with	favorable	neurologic	outcome	at	90	days.50

Hyperthermia	is	common	in	critically	ill	patients,	occurring	in	up	to	90%	of
patients	with	neurologic	disease,	 related	 to	both	diagnosis	and	 length	of	 stay.51
Hyperthermia	is	generally	associated	with	poorer	outcome	when	associated	with
neurologic	injury	in	adults	and	children,52	but	a	causal	link	with	adverse	outcome
(as	 with	 serum	 glucose	 levels)	 is	 lacking.	 It	 is	 unclear	 whether	 increased
temperatures	 result	 in	 worsened	 long-term	 neurologic	 outcome,	 or	 whether	 a
greater	 severity	 of	 brain	 injury	 is	 associated	 with	 more	 frequent	 or	 severe
increases	in	systemic	temperature.

The	method	of	temperature	monitoring	is	important.	Thermal	gradients	exist
throughout	 the	 body,	 and	 the	 site	 of	 measurement	 influences	 the	 diagnosis	 of
hypothermia,	 normothermia,	 or	 hyperthermia.	 Measurements	 of	 systemic
temperature	 may	 underestimate	 brain	 temperature.	 In	 studies	 of	 temperature
monitoring	 by	 site,	 variations	 of	 up	 to	 3°C	 have	 been	 identified	 between	 the
brain	and	other	routinely	used	monitoring	sites,	emphasizing	the	importance	of
monitoring	 site	 selection	 in	 patients	 with	 neurologic	 injury	 and	 the	 need	 to
appreciate	 the	 difference	 between	 brain	 temperature	 and	 the	 active	 site	 of
measurement	used	clinically	for	a	given	patient.

EEG/Electrocorticography



3 	 EEG	 monitoring	 has	 long	 been	 used	 in	 neurology	 for	 diagnosis	 and
intraoperative	 monitoring	 and	 now	 is	 a	 mainstay	 of	 neurophysiological
monitoring	of	critically	ill	patients.	EEG	is	indicated	in	response	to	suspicion	of
a	new	or	progressive	abnormality	such	as	new	encephalopathy,	unclear	causes	of
altered	mental	 status,	 cerebral	 ischemia,	 or	 new	 onset	 of	 seizures.	 Continuous
EEG	 or	 long-term	 monitoring	 with	 video	 recording	 is	 now	 more	 readily
available	in	tertiary	academic	medical	centers.	Previous	studies	reported	a	yield
as	high	as	19%	in	mostly	nonconvulsive	patients	and	reported	an	increased	yield
in	 comatose	patients	with	24	hours	of	monitoring.53	A	multicenter	 randomized
trial	 comparing	 continuous	 and	 repeated	 routine	 EEG	 evaluation	 of	 altered
consciousness	reported	increased	yield	of	seizure	detection	and	modification	of
medical	 management	 with	 continuous	 EEG	 monitoring	 but	 failed	 to	 yield	 an
improvement	 in	 outcomes.54	 The	 cortical	 EEG	 or	 electrocorticography	 that
entails	direct	placement	of	leads	on	the	brain	surface	is	altered	by	mild	cerebral
ischemia	 and	 abolished	 by	 profound	 cerebral	 ischemia	 and	 can	 be	 used	 to
indicate	potentially	damaging	cerebral	hypoperfusion.	More	recent	research	has
documented	its	utility	in	the	detection	of	cortical	spreading	depression	and	peri-
infarct	and	posttraumatic	depolarizations	 that	are	 thought	 to	be	early	 indicators
of	 delayed	 ischemic	 injury	 in	 the	 acutely	 injured	 human	 cortex	 in	 TBI,	 SAH,
malignant	ischemic	stroke,	and	intracerebral	hemorrhage.55,56	EEG	can	document
seizures,	either	convulsive	or	nonconvulsive,	and	provide	 information	as	 to	 the
efficacy	of	antiseizure	therapy.	Other	functions	include	defining	the	depth	or	of
coma,	documenting	 focal	or	 lateralizing	 intracranial	 abnormalities,	 and	 serving
as	an	ancillary	diagnostic	test	in	the	diagnosis	of	brain	death.

EEG	 utility	 has	 its	 limitations.	 In	 the	 ICU,	 electrical	 noise	 from	 other
equipment	 may	 produce	 artifacts	 and	 interfere	 with	 technically	 adequate
tracings.	Continuous	EEG	recording	was	cumbersome	 in	 the	past	owing	 to	 the
sheer	 volume	 of	 data	 (300	 pages	 per	 hour	 of	 hard	 copy	 on	 as	 many	 as	 16
channels),	but	 techniques	 for	digital	 recording	and	networking	direct	 computer
recording	of	EEG	data	 are	 now	available	 given	 adequate	 computer	 power	 and
storage.	Scalp	fixation	has	also	been	a	significant	limiting	factor,	although	newer
fixation	 techniques	 are	 easier	 to	 apply	 and	 more	 stable.	 Techniques	 of
mathematical	 data	 analysis,	 such	 as	 rapid	 Fourier	 analysis,	 can	 be	 used	 to
determine	the	relative	amplitude	in	each	frequency	band	(delta—less	than	4	Hz,
theta—4-8	Hz,	alpha—8-13	Hz,	beta—greater	 than	13	Hz),	which	can	 then	be
displayed	graphically	in	formats	such	as	the	compressed	spectral	array	or	density
spectral	array.57	Alpha	variability	and	the	delta-to-alpha	ratio	have	been	found	to
predict	 vasospasm/delayed	 cerebral	 ischemia	 in	 SAH	 patients58	 and	 the
percentage	 of	 alpha	 variability	 was	 found	 to	 have	 prognostic	 value	 in	 TBI.59



Analytic	 software	 have	 been	 developed	 that	 processes	 the	 raw	 EEG	 signal	 to
provide	 single	number	 interpretation	of	 the	“depth	of	 sedation.”	These	devices
have	been	recommended	for	use	during	general	anesthesia	as	a	means	to	reduce
the	risk	of	awareness.60	Use	of	this	of	monitoring	has	also	been	implemented	by
some	for	use	 in	 the	 ICU	for	monitoring	sedation	 levels	 in	 the	critically	 ill.	All
devices	use	proprietary	analysis	of	an	EEG	signal	(either	spontaneous	or	evoked,
with	 or	 without	 electromyogram	 monitoring),	 which	 is	 converted	 to	 a	 single
number	 that	 is	 intended	 to	 correspond	 to	 an	 awareness	 level	 based	 on	 an
arbitrary	 scale.	 The	 role	 and	 evidence	 of	 improved	 patient	 outcomes	with	 this
monitoring	modality	are	undergoing	further	study	and	development,	along	with
efforts	to	standardize	reporting,	facilitate	multicenter	collaborative	research,	and
improve	applicability.61,62	Recent	developments	including	improving	acquisition
time	 and	 incorporating	machine	 learning	 and	 computer	 algorithms	 showed	 an
improvement	in	the	sensitivity	and	specificity	and	timeliness	of	seizure	diagnosis
in	 recent	 prospective	 observational	 studies.63	 A	 prospective	 multicenter
observational	cohort	 study	was	conducted	on	acute	brain	 injury	patients	where
electrocorticography	was	performed	using	electrode	strips	placed	on	the	surface
of	 the	 brain	 during	 surgery	 and	 found	 that	 spreading	 depolarizations	 were
independently	 associated	 with	 poor	 neurologic	 recovery.64	 Although
electrocorticography	 is	 invasive	 and	 not	 readily	 available,	 it	 has	 provided
insights	into	cellular	and	electrometabolic	processes	that	occur	with	brain	injury
particularly	 related	 to	 cortical	 pathology	 and	 provides	 a	 pathophysiological
substrate	 that	 correlates	with	 function	 and	 outcome	 in	multiple	 types	 of	 brain
injury	 including	 TBI,	 SAH,	 and	 subdural	 hematoma	 to	 target	 with	 potential
therapies.

Evoked	Potentials
Sensory	 evoked	 potentials	 (EPs),	 which	 include	 somatosensory	 evoked
potentials	 (SSEPs),	 brainstem	 auditory	 EPs	 (BAEPs),	 and	 visual	 EPs	 (VEPs),
can	 be	 used	 as	 qualitative	 threshold	monitors	 to	 detect	 severe	 neural	 ischemia
and	injury	and	test	the	integrity	of	structures	and	connections	between	the	CNS
(eg,	brainstem	and	cortex)	and	the	peripheral	nervous	system.	Unlike	EEG	that
records	 the	 continuous,	 spontaneous	 activity	 of	 the	 brain,	 EPs	 evaluate	 the
responses	of	the	brain	to	specific	stimuli.	To	record	SSEPs,	stimuli	are	applied	to
a	peripheral	nerve,	usually	the	median	nerve	at	the	wrist	or	posterior	tibial	nerve
at	 the	 ankle,	 by	 a	 low-amplitude	 current	 of	 approximately	 20	milliseconds	 in
duration.	The	resultant	sensory	(afferent)	nerve	stimulation	and	resultant	cortical
response	to	the	stimulus	are	recorded	at	the	scalp.	Repeated	identical	stimuli	are



applied,	and	signal	averaging	is	used	to	remove	the	highly	variable	background
EEG	and	other	environmental	electrical	noise	and	thereby	visualize	reproducible
evoked	responses	(Figure	30.5).

	

Figure	30.5 	Averaging	reduces	background	noise.After	100	trials,
this	visual	evoked	potential	(EP)	is	relatively	noise-free.	The	same	EP
is	hard	to	distinguish	after	only	10	trials	and	would	be	impossible	to
find	 in	 the	 original	 unaveraged	 data.(From	 Nuwer	 MR.	 Evoked
Potential	Monitoring	in	the	Operating	Room.	Raven	Press;	1986:29,
with	permission.)

EPs	are	described	in	terms	of	the	amplitude	of	cortical	response	peaks	and	the
conduction	delay	(latency)	between	the	stimulus	and	the	appearance	of	response
waveform.	Because	peripheral	 nerve	 stimulation	 can	be	uncomfortable,	SSEPs
are	usually	obtained	from	sedated	or	anesthetized	patients.	SSEPs	are	unaffected
by	 neuromuscular	 blocking	 agents	 but	 may	 be	 significantly	 influenced	 by
sedative,	analgesic,	and	anesthetic	agents,	often	in	a	dose-dependent	manner.	In
general,	however,	the	doses	of	drugs	required	to	influence	EPs	are	sufficient	to
produce	general	anesthesia	and	are	not	usually	clinically	important	in	the	ICU.	If
a	patient	 is	undergoing	EP	monitoring	and	 requires	 large	doses	of	analgesic	or
sedative	agents,	potential	impairment	of	monitoring	should	be	considered.	Motor
EPs	 represent	 a	 method	 of	 selectively	 evaluating	 descending	 motor	 tracts.
Stimulation	 of	 proximal	 motor	 tracts	 (cortical	 or	 spinal)	 and	 evaluation	 of
subsequent	 responses	yield	 information	 that	can	be	used	 for	 intraoperative	and
early	 postoperative	 neurosurgical	 management.	 Induction	 of	 motor	 EP	 and	 its
interpretation	is	exquisitely	sensitive	to	sedative,	analgesic,	and	anesthetic	drugs,
making	 clinical	 use	 difficult	when	 drugs	 are	 given	 concurrently.	Despite	 these
limitations,	motor	EP	evaluation	has	been	successfully	used	for	the	management



of	 neuro-ICU	 patients	 and	 may	 become	 more	 common	 as	 techniques	 and
equipment	improve.65,66

Likewise,	BAEPs	 and	VEPs	 utilize	 auditory	 and	 visual	 sensory	 stimulation
and	record	responses	to	them	from	the	auditory	and	visual	cortices	and	test	the
integrity	of	connections	to	and	from	them	to	the	periphery.

The	sensitivity	of	EP	monitoring	 is	similar	 to	 that	of	EEG	monitoring.	EPs,
especially	 brainstem	 auditory	 EPs,	 are	 relatively	 robust,	 although	 they	 can	 be
modified	 by	 trauma,	 hypoxia,	 or	 ischemia.	Because	 obliteration	 of	EPs	 occurs
only	under	conditions	of	profound	cerebral	 ischemia	or	mechanical	 trauma,	EP
monitoring	 is	 one	 of	 the	 most	 specific	 ways	 in	 which	 to	 assess	 neurologic
integrity	 in	 specific	 monitored	 pathways.	 However,	 as	 with	 the	 discussion	 of
cerebral	ischemia,	there	is	a	dose-time	interaction	that	ultimately	determines	the
magnitude	of	cerebral	injury.	As	a	result,	neurologic	deficits	occur	that	have	not
been	 predicted	 by	 changes	 in	 EPs,	 and	 severe	 changes	 in	 EPs	 may	 not	 be
followed	by	neurologic	deficits.	The	most	definitive	 indication	for	SSEPs	 is	 in
the	prognostication	of	anoxic	brain	injury	from	cardiac	arrest.	The	absence	of	the
N20	response	on	bilateral	SSEPs	of	the	median	nerve	within	3	days	post	arrest
has	 been	 found	 to	 be	 a	 reliable	 predictor	 of	 negative	 outcome	 or	 recovery	 of
consciousness	 in	 anoxic	 postarrest	 coma	 and	 is	 part	 of	 the	 AAN	 practice
parameter	 in	 the	 prognostication	 of	 postanoxic	 coma.67	 A	 recent	 review
investigating	 their	 reliability	and	prognostic	value	after	hypothermia	concludes
that	 the	 absence	 of	N20	 cortical	waves	 remains	 one	 of	 the	most	 reliable	 early
prognostic	tools	to	identify	poor	outcome.68	Different	EPs	have	been	studied	in
anoxic	and	TBI	and	coma	as	well	as	brain	death	and	have	been	 found	 to	have
prognostic	value	 to	varying	degrees.	One	study	found	 that	 the	absence	of	VEP
100	waves	predicted	poor	outcomes	 in	TTM	treated	arrest	patients	comparable
to	SSEPs.69

Intracranial	Pressure	Monitoring
4 	The	symptoms	and	signs	of	intracranial	hypertension	are	neither	sensitive	nor
specific.	 Usually,	 the	 physical	 findings	 associated	 with	 increasing	 ICP	 (eg,
Cushing	 response	 or	 Cushing’s	 triad—hypertension,	 reflex	 bradycardia,	 and
alterations	 in	 respiratory	 function)	 become	 apparent	 only	 when	 intracranial
hypertension	 has	 become	 sufficiently	 severe	 to	 injure	 the	 brain.	 Likewise,
papilledema	 is	 a	 late	 development	 and	 is	 often	 difficult	 to	 identify	 clinically.
Because	ICP	cannot	otherwise	be	adequately	assessed,	direct	measurement	and
monitoring	 of	 ICP	 has	 become	 a	 common	 intervention,	 especially	 in	 the
management	of	TBI,70	and	less	commonly	after	critical	illnesses	such	as	SAH	or



stroke.	 Although	 there	 is	 no	 class	 I	 evidence	 that	 the	 use	 of	 this	 technique
improves	outcomes,	there	is	a	large	body	of	clinical	evidence	supporting	its	use
to	 guide	 therapeutic	 interventions	 in	 TBI	 that	 have	 potential	 risks	 (such	 as
aggressive	osmotherapy,	 induced	hypothermia,	and	barbiturate	coma),	 to	aid	 in
the	 detection	 intracranial	 mass	 lesions	 and	 to	 provide	 prognostic	 data.71	 ICP
monitoring	has	been	 found	 to	 improve	outcome	prediction	 in	TBI,	and	next	 to
clinical	 parameters	 such	 as	 age,	 GCS	 motor	 score,	 and	 abnormal	 pupillary
responses,	the	proportion	of	hourly	ICP	recordings	greater	than	20	mm	Hg	was
the	 next	 most	 significant	 predictor	 of	 outcome	 in	 an	 analysis	 done	 of	 the
National	Traumatic	Coma	Data	Bank.72	Based	on	 these	data,	 the	Brain	Trauma
Foundation/American	Association	of	Neurosurgeons	Guidelines	recommend	ICP
monitoring	in	all	patients	with	severe	TBI	(GCS	<	8)	and	an	abnormal	computed
tomography	 (CT)	 scan	 or	 a	 normal	 scan	 with	 patients	 who	 are	 greater	 than
40	years	old,	have	motor	posturing,	or	have	a	systolic	BP	<	90	mm	Hg.73	This
guideline	is	controversial,	however,	as	it	was	based	on	a	multicenter	randomized
clinical	 trial	 comparing	 an	 ICP	 monitoring–driven	 treatment	 regimen	 to	 one
without	ICP	monitoring	that	was	performed	in	South	America	in	2012	and	was
criticized	because	of	the	lack	of	clinical	equipoise.74

ICP	 functions	 as	 the	outflow	pressure	 apposing	MAP	 (CPP	=	MAP	−	 ICP)
when	ICP	exceeds	jugular	venous	pressure.	Because	the	skull	is	not	distensible,
the	brain,	cerebrospinal	fluid	(CSF),	and	cerebral	blood	volume	have	little	room
to	expand	without	increasing	ICP.	It	is	important	to	appreciate	that	some	increase
in	 intracranial	 volume	 is	 possible	 without	much	 change	 in	 ICP,	 but	 when	 the
compensatory	 mechanisms	 are	 exhausted,	 even	 small	 changes	 in	 volume	 can
lead	 to	 significant	 increases	 in	 pressure.	 Although	 CBF	 cannot	 be	 directly
inferred	from	knowledge	of	MAP	and	ICP,	severe	increases	in	ICP	reduce	CPP
and	CBF.	ICP	monitoring	provides	temporally	relevant,	quantitative	information.
The	 problems	 associated	 with	 ICP	 monitoring	 fall	 generally	 into	 three
categories:	 direct	 morbidity	 due	 to	 monitor	 placement	 (e.g.,	 intracranial
hemorrhage,	 cortical	 damage,	 and	 infection),	 inaccurate	 measurement,	 and
misinterpretation	or	 inappropriate	use	of	 the	data.	Clinically,	only	 two	sites	are
used	to	measure	ICP:	a	lateral	ventricle	with	an	external	ventricular	drain	or	the
surface	 of	 the	 brain	 with	 an	 intraparenchymal	 monitor.	 Ventricular
catheterization,	when	performed	using	strict	asepsis,	is	the	method	of	choice	for
ICP	 monitoring	 and	 CSF	 drainage	 in	 patients	 with	 acute	 intracranial
hypertension	 and	 excess	 CSF	 (ie,	 acute	 hydrocephalus).	 In	 practice,
intraventricular	 catheters	 may	 be	 difficult	 to	 place	 if	 cerebral	 edema	 or	 brain
swelling	 has	 compressed	 the	 ventricular	 system.	 Intraventricular	 pressure
monitoring	 can	 also	 be	 performed	with	 fiberoptic	 catheters	 that	 use	 a	 variable



reflectance	pressure	sensing	system	(transducer	tip)	 to	measure	pressure.	These
fiberoptic	 catheters	 are	 less	 susceptible	 to	 short-term	 malfunction	 than
conventional,	 fluid-filled	catheters	but	may	slowly	and	unpredictably	drift	over
days	to	weeks.75

Previously	 used	 monitors	 include	 subdural	 ICP	 monitors	 such	 as	 a	 fluid-
coupled	bolt	 (simple	 transcranial	 conduit),	 fluid-coupled	 subdural	 catheters	 (or
reservoirs),	 or	 fiberoptic	 transducer-tipped	 catheters	 have	 fallen	 out	 of	 use
because	of	 technical	 issues	with	fixation	and	reliability	and	complications	such
as	 the	 possibility	 of	 brain	 tissue	 herniating	 into	 the	 system,	 obstructing	 the
system,	 distorting	measurements,	 and	 potentially	 damaging	 the	 cerebral	 cortex
including	causing	subdural	hematomas.

Intraparenchymal	 placement	 of	 a	 fiberoptic	 catheter	 is	 also	 possible	 and	 is
associated	 with	 complications	 similar	 to	 ventricular	 fiberoptic	 catheters.
Complications	 are	 generally	 noted	 to	 be	 highest	with	 ventriculostomies	 (when
compared	with	fiberoptic	catheter	usage),	and	complications	of	ICP	monitoring
are	associated	with	a	worse	GCS	score.

The	 interpretation	 and	 utility	 of	 ICP	 readings	 from	 EVDs	 and
intraparenchymal	 monitors	 are	 subject	 to	 numerous	 limitations.	 Firstly,	 the
monitors	 are	 often	 single	 monitors	 placed	 in	 a	 specific	 region	 of	 the	 brain
parenchyma	(often	the	right	frontal	lobe	as	it	is	noneloquent	cortex	that	will	not
result	 in	 neurological	 dysfunction)	 usually	 in	 or	 adjacent	 to	 the	most	 severely
damaged	hemisphere.	Because	of	this,	however,	it	only	reflects	pressure	in	one
region	of	 the	brain.	There	are	pressure	gradients	 that	exist	among	various	sites
within	the	calvarium,	and	the	pressure	in	the	middle	cranial	fossa	and	posterior
cranial	fossa	may	not	be	reflected	in	ICP	readings	in	the	right	frontal	lobe	and	it
is	possible	for	patients	to	have	middle	cranial	or	inferior	cranial	fossa	herniation
without	ICP	elevations.	Even	EVDs,	although	placed	in	the	lateral	ventricle	and
considered	 the	 gold	 standard	 for	 measuring	 ICP,	 can	 be	 misleading	 in	 the
presence	 of	 posterior	 cranial	 fossa	 pressure,	 shift	 and	 mass	 effect	 as	 well	 as
hydrocephalus,	and	significant	clinical	herniation	can	occur	immediately	prior	to
or	 without	 ICP	 elevations	 in	 certain	 situations.	 Thus,	 as	 with	 any	 monitoring
device,	 clinical	 examination	 and	 interpretation	 in	 light	 of	 synthesis	 of	 all	 the
other	data	are	essential.

Management	decisions	based	on	ICP	data	continue	to	be	the	focus	of	ongoing
debate	 and	 study.	 Previous	 clinical	 studies	 after	 TBI	 had	 demonstrated	 that
increased	 ICP	was	associated	with	worse	outcome.76	Therefore,	 control	of	 ICP
had	 been	 considered	 by	 some	 clinicians	 to	 be	 the	 primary	 focus	 of	 treatment,
while	other	clinicians	considered	restoration	of	CPP	(by	increasing	MAP)	to	be
the	 primary	 goal	 of	 medical	 management.77	 Although	 there	 was	 a	 possible



suggestion	 of	 improved	 neurological	 outcome	 with	 cerebral	 perfusion–driven
protocols,	there	were	also	more	complications	including	ARDS.78

All	the	data	and	trials	investigating	ICP	and	its	effects	on	brain	physiology	in
TBI	 had	 previously	 been	 nonrandomized	 and	 class	 II	 to	 III	 level	 of	 evidence.
Given	 the	 lack	 of	 clinical	 equipoise,	 a	 clinical	 trial	 could	 not	 be	 done	 in	 the
United	States.	Chesnut	and	colleagues	conducted	a	multicenter	controlled	trial	in
Bolivia	and	Ecuador	of	324	severe	TBI	patients	who	were	being	 treated	 in	 the
ICU	and	randomly	assigned	them	to	either	an	ICP-driven	treatment	protocol	that
utilized	 ICP	monitors	and	 treated	 ICP	greater	 than	20	mm	Hg	or	a	protocol	of
treatment	 based	 on	 clinical	 examination	 and	 serial	 imaging.74	 The	 primary
outcome	was	a	composite	measure	of	survival	time,	impaired	consciousness,	and
functional	 outcome	 at	 3	 and	 6	 months	 and	 neuropsychological	 status	 at
6	 months.	 There	 was	 no	 difference	 in	 both	 groups	 in	 terms	 of	 functional
outcome,	mortality,	or	length	of	stay.	The	ICP	monitoring	group	had	less	number
of	 days	 of	 brain-specific	 treatments	 such	 as	 osmotherapy	 but	 did	 have	 more
frequent	 administration	 of	 barbiturates	 and	 hypertonic	 saline.	Given	 that	 there
were	no	ICP	measurements	in	the	control	group,	a	true	comparison	of	the	impact
of	the	ICPs	is	difficult	to	conclude.	This	study	did	further	emphasize	that	clinical
assessments	continue	to	be	an	important	evaluation	of	brain	function	for	which
we	 have	 no	 current	 adequate	 substitute,	 as	 well	 as	 a	 conceptual	 problem	 of
thinking	that	summated	pressures	as	measured	by	ICP	monitors	will	always	be
increased	in	the	setting	of	mechanical	tissue	displacements	that	occur	regionally
in	 the	 brain	 and	 skull.79	 Rather	 than	 resulting	 in	 the	 abandonment	 of	 this
monitoring	 modality,	 this	 study	 has	 reemphasized	 the	 need	 for	 clinical	 and
imaging	assessments	and	changed	the	way	that	ICP	is	utilized	in	that	the	cutoff
value	of	20	mm	Hg	is	no	longer	an	absolute	goal.	The	results	of	this	study	were
not	 surprising	 given	 our	 better	 understanding	 of	 the	 complexity	 of	 the
pathophysiology	of	TBI	and	with	multiple	clinical	and	physiological	factors	and
numerous	secondary	injury	pathways	possibly	influencing	neurological	function
and	 clinical	 outcome.	 ICP	 monitoring	 continues	 to	 be	 utilized,	 but	 many
intensivists	have	revised	their	protocols	to	include	more	nuanced	assessments	of
pressure,	including	cerebral	perfusion	and	assessments	of	autoregulation	as	well
as	other	modalities	such	as	regional	and	global	oxygenation80	(Figure	30.6	is	an
example).	 The	 results	 of	 the	 BOOST-2	 trial,	 that	 was	 a	 randomized	 trial
comparing	 an	 ICP	 protocol	 vs	 an	 ICP	 plus	 regional	 oxygen	 monitor–driven
protocol,	 appeared	 to	 show	more	 favorable	 outcomes	 and	 improved	 mortality
with	the	combined	protocol	despite	being	a	phase	2	safety	and	feasibility	trial.81
The	 BOOST-3	 phase	 III	 trial	 is	 currently	 ongoing	 and	 is	 expected	 to	 be
completed	in	2023.



	

Figure	 30.6 	 Example	 of	 a	 Multimodal	 monitoring	 protocol	 in
current	use	 in	a	 level	1	academic	 trauma	center.ABG,	arterial	blood
gas;	 BP,	 blood	 pressure;	 BUN,	 blood	 urea	 nitrogen;	 CPP,	 cerebral
perfusion	 pressure;	 CTPA,	 computed	 tomographic	 pulmonary
angiogram;	CVP,	 central	venous	pressure;	CXR,	 chest	x-ray;	EDM,
esophageal	 Doppler	 monitor;	 EEG,	 electroencephalography;	 FiO2,
fraction	 of	 inspired	 oxygen;	Hgb,	 hemoglobin;	HR,	 heart	 rate;	 I/O,
fluid	 input	 and	 output;	 ICP,	 intracranial	 pressure;	 IV,	 intravenous;
MAP,	mean	 arterial	 pressure;	 NPi,	 Neurological	 Pupil	 Index;	 Osm,
osmolality;	PbtO2,	 brain	 tissue	 oxygen	 tension;	PEEP,	 positive	 end-
expiratory	 pressure;	 pRBCs,	 packed	 red	 blood	 cells;	 PTT,	 partial
thromboplastin	 time.(Reprinted	 by	 permission	 from	 Springer:
Carandang	 RA.	 The	 role	 of	 invasive	monitoring	 in	 traumatic	 brain
injury.	Current	Trauma	Reports.	2015;1:125-132.)

Cerebral	Blood	Flow	Monitoring
The	first	quantitative	clinical	method	of	measurement	of	CBF,	the	Kety-Schmidt
technique,	 calculated	 global	CBF	 from	 the	 difference	 between	 the	 arterial	 and
jugular	bulb	concentration	curves	of	an	inhaled	inert	gas	as	it	equilibrated	with
blood	 and	 brain	 tissue.	 Later	 techniques	 used	 extracranial	 gamma	 detectors	 to
measure	regional	cortical	CBF	from	washout	curves	after	 intracarotid	 injection
of	a	radioisotope	such	as	xenon-133	(Xe-133).	Carotid	puncture	was	avoided	by
techniques	 that	 measured	 cortical	 CBF	 after	 inhaled	 or	 intravenous
administration	 of	 Xe-133,	 using	 gamma	 counting	 of	 exhaled	 gas	 to	 correct



clearance	 curves	 for	 recirculation	 of	 Xe-133.	 Because	 Xe	 is	 radiodense,
saturation	 of	 brain	 tissue	 increases	 radiographic	 density	 in	 proportion	 to	CBF.
Imaging	of	the	brain	after	equilibration	with	stable	(nonradioactive)	Xe	provides
a	regional	estimate	of	CBF	that	includes	deep	brain	structures.	Clinical	studies	of
CBF	 after	 TBI	 performed	 using	 stable	 xenon	 computed	 tomography	 (Xe-CT)
have	 prompted	 a	 radical	 revision	 of	 conventional	 understanding	 by
demonstrating	that	one	third	of	patients	had	evidence	of	cerebral	ischemia	within
8	hours	of	trauma.	Although	slow	in	becoming	a	routine	clinical	tool,	Xe-CT	is
becoming	a	more	common	technique	for	monitoring	CBF	in	patients.	The	use	of
helical	 and	 spiral	 CT	 scanners	 (with	 very	 short	 acquisition	 times)	 reduces	 the
radiation	 exposure	 to	 the	 patient	 and	 decreases	 the	 time	 needed	 for	 a	 scan,
improving	clinical	utility.82

CT-	 and	MRI-based	 perfusion	 imaging	 have	 shown	 their	 obvious	 utility	 in
stroke	patients,	utilizing	iodinated	contrast	and	gadolinium	infusion	respectively
with	 serial	 timed	 images	 to	 calculate	 regional	 CBF	 (rCBF)	 changes.83	 Their
utility	 in	 other	 neurocritical	 care	 diseases	 like	TBI	 is	 still	 investigational.	 The
advantages	 of	 CT	 perfusion	 (CTP)	 are	 widespread	 availability	 and	 quick
acquisition	 time.	 Disadvantages	 include	 radiation	 exposure,	 iodine	 contrast
allergies,	and	the	risk	of	inducing	renal	failure,	albeit	low.	Other	important	issues
include	the	need	to	determine	the	regions	of	interest	a	priori	as	well	as	concerns
about	the	accuracy	of	the	flow	values	and	the	relative	nature	of	the	references	for
normal	 CBF	 and	 CBF	 thresholds	 that	 require	 corrective	 software	 to	 improve
accuracy.	CTP	uses	an	intravascular	tracer	that	is	different	than	that	of	PET	and
Xe-CT,	which	 employ	 a	 diffusible	 tracer.	MR	perfusion	 values	 are	 superior	 in
accuracy	 to	 CTP	 and	 comparable	 to	 PET	 and	 Xe-CT	 but	 are	 not	 as	 readily
available	and	are	less	well	tolerated,	more	time-consuming,	and	contraindicated
in	patients	with	 incompatible	pacemakers	or	metal	 implants.	Other	 techniques,
such	 as	 PET,	 provide	 the	 advantage	 of	 quantitative	 regional	 measurements	 of
both	 CBF	 and	 metabolism.	 SPECT	 is	 a	 semiquantitative	 CBF	 measurement
technique	based	on	 tracer	uptake	 ratios	and	an	estimation	of	 the	 relative	 rCBF
distribution	within	 the	brain	and	 is	a	useful	 research	 tool	 to	correlate	cognitive
and	psychiatric	sequelae	of	TBI.	The	major	limitation	of	all	of	these	techniques
is	that	they	offer	noncontinuous	single-time	assessments	and	require	travel	off	of
the	unit.	Mobile	Xe-CT	that	can	be	done	at	the	bedside	may	offset	some	of	these
disadvantages.84

Another	 method	 of	 measuring	 CBF	 that	 provides	 continuous	 bedside
quantitative	measurements	 is	 the	 thermal	 diffusion	 technique.	 This	 consists	 in
the	insertion	of	a	microprobe	into	the	brain	parenchyma	with	a	thermistor	at	the
tip	and	a	temperature	sensor	proximal	to	it.	The	thermistor	is	heated	to	2°	above



tissue	temperature	and	CBF	is	calculated	using	the	thermal	gradient	and	provides
a	 quantified	 rCBF	 measurement	 in	 mL	 per	 100	 g/min.	 A	 recent	 systematic
review	 concluded	 that	 abnormal	 thermal	 diffusion	 flowmetry	 CBF
measurements	 (both	 low	 and	 elevated)	 were	 associated	 with	 poor	 clinical
outcomes,	intracranial	hypertension,	and	low	regional	oxygen	measurements	but
cited	weak	level	of	evidence	and	recommended	continued	evaluation	and	further
assessment	 of	 the	 technique,	 and	 current	 use	 as	 still	 experimental.85	 To	 date,
there	 are	 no	 published	 studies	 showing	 improved	 outcomes	 with	 treatment
strategies	 directed	 solely	 by	 CBF	 monitoring;	 however,	 it	 appears	 to	 be	 a
promising	 tool	 to	 use	 in	 conjunction	 with	 other	 parameters.	 Technical	 issues
such	as	the	invasive	nature	of	the	device,	frequent	calibration,	and	the	limitations
seen	 in	 the	 febrile	 patient	 have	 also	 kept	 this	 method	 from	 becoming	 more
widely	adopted.

Transcranial	Doppler	Ultrasound
Transcranial	Doppler	ultrasonography	can	be	used	to	estimate	changes	in	CBF.
In	 most	 patients,	 cerebral	 arterial	 flow	 velocity	 can	 be	 measured	 easily	 in
intracranial	 vessels,	 especially	 the	 middle	 cerebral	 artery,	 using	 transcranial
Doppler	 ultrasonography.	 Doppler	 flow	 velocity	 uses	 the	 frequency	 shift,
proportional	to	velocity,	which	is	observed	when	sound	waves	are	reflected	from
moving	 red	 blood	 cells.	 Blood	 moving	 toward	 the	 transducer	 shifts	 the
transmitted	 frequency	 to	 higher	 frequencies,	 and	 blood	moving	 away	 to	 lower
frequencies.	Velocity	is	a	function	of	both	blood	flow	rate	and	vessel	diameter.	If
diameter	 remains	 constant,	 changes	 in	 velocity	 are	 proportional	 to	 changes	 in
CBF;	 however,	 intersubject	 differences	 in	 flow	 velocity	 correlate	 poorly	 with
intersubject	 differences	 in	 CBF.	 Entirely	 noninvasive,	 transcranial	 Doppler
measurements	can	be	repeated	at	frequent	intervals	or	even	applied	continuously.

The	 detection	 and	 monitoring	 of	 post-SAH	 vasospasm	 remains	 the	 most
common	use	 of	 transcranial	Doppler	 (Figure	30.7).	 A	 recent	 study	 comparing
TCD	 and	CT	 angiography	 cited	 poor	 correlation	 between	 both	modalities	 and
poor	 predictive	 value	 for	 delayed	 cerebral	 ischemia	 and	 functional	 outcome.86
Despite	 the	poor	 correlation	 and	poor	predictive	value	of	TCDs,	many	 centers
continue	to	monitor	TCDs	because	it	is	a	noninvasive	readily	available	bedside
procedure	 that	 carries	 no	 risk	 to	 the	 patient.	 Velocities	 are	 trended	 and
interpreted	 in	 the	 context	 of	 the	 whole	 clinical	 picture	 of	 the	 patient.	 These
studies	 can	 take	on	more	 significance	 in	 cases	when	 the	patient’s	 neurological
examination	is	confounded	or	cannot	be	obtained	for	other	reasons.



	

Figure	 30.7 	 Mean	 flow	 velocity	 (FV,	 in	 cm/s)	 curves	 of	 18
patients	with	laterally	localized	aneurysms	(arising	from	the	internal
carotid	 and	 middle	 cerebral	 arteries).The	 side	 of	 the	 ruptured
aneurysm	 (continuous	 line)	 shows	 a	 higher	 FV	 than	 the	 unaffected
side	(dotted	line).	SAH,	subarachnoid	hemorrhage.(From	Seiler	RW,
Grolimund	 P,	 Aaslid	 R,	 et	 al.	 Cerebral	 vasospasm	 evaluated	 by
transcranial	 ultrasound	 correlated	 with	 clinical	 grade	 and	 CT-
visualized	 subarachnoid	 hemorrhage.	 J	 Neurosurg.	 1986;64:594-
600.)

Other	 than	 vasospasm	 detection,	 numerous	 applications	 of	 TCD	 include
evaluation	 and	 characterization	 of	 vascular	 wall	 pathology,	 CBF	 and	 emboli
detection,	 assessment	 of	 cerebral	 autoregulation,	 intracranial	 hypertension,
midline	 shift,	 and	 ancillary	 testing	 for	 brain	 death.87	 Preliminary	 studies	 have
found	 predictive	 value	 for	 early	 ischemic	 changes,	 and	 subsequent	 ICP
elevations	and	clinical	deterioration	in	TBI.88

Optic	nerve	sheath	diameter	measurements	have	been	found	to	correlate	with
ICP	 and	 papilledema.89	 CPP	 can	 be	 estimated	 based	 on	 MAP,	 and	 diastolic
pressure	and	mean	flow	velocity.	Pulsatility	and	resistance	indices	increase	in	the
setting	 of	 intracranial	 hypertension	 and	 midline	 shift.	 Cerebral	 autoregulation
can	 be	 assessed	 by	 measuring	 the	 response	 of	 cerebral	 vessel	 velocities	 in
response	 to	 vasoactive	 manipulation/augmentation.	 Together	 with	 other
modalities,	 TCD	 can	 contribute	 to	 a	 cerebral	 autoregulation–driven	 bedside
management	that	is	more	individualized.32

Jugular	Venous	Bulb	Oxygen	Saturation
Several	 measurements	 of	 cerebral	 oxygenation	 are	 clinically	 useful,	 including
measurement	of	SjvO2.	To	 insert	a	 retrograde	 jugular	venous	bulb	catheter,	 the



internal	 jugular	 vein	 can	 be	 located	 by	 ultrasound	 guidance	 or	 by	 external
anatomic	 landmarks	and	use	of	 a	“seeker”	needle,	namely,	 the	 same	 technique
used	 for	 antegrade	 placement	 of	 jugular	 venous	 catheters.	 Once	 the	 vessel	 is
identified,	the	catheter	is	directed	cephalad,	toward	the	mastoid	process,	instead
of	centrally.	A	lateral	cranial	radiograph	can	confirm	the	position	just	superior	to
the	base	of	the	skull.	The	decision	to	place	a	jugular	bulb	catheter	in	the	left	or
right	jugular	bulb	is	important.	Simultaneous	measurements	of	SjvO2	in	the	right
and	left	jugular	bulb	demonstrate	differences	in	saturation,90	suggesting	that	one
jugular	 bulb	 frequently	 is	 dominant,	 carrying	 the	 greater	 portion	 of	 cerebral
venous	blood.	Differences	 in	 the	 cross-sectional	 areas	 of	 the	 vessels	 that	 form
the	 torcula	 and	 the	way	 blood	 is	 distributed	 to	 the	 right	 and	 left	 lateral	 sinus
contribute	 to	differences	between	 the	 two	 jugular	bulbs.	 Ideally,	a	 jugular	bulb
catheter	should	be	placed	on	 the	dominant	side,	which	can	be	 identified	as	 the
jugular	vein	 that,	 if	compressed,	produces	 the	greater	 increase	 in	 ICP	or	as	 the
vein	on	the	side	of	the	larger	jugular	foramen	as	detected	by	CT.91

In	 general,	 SjvO2	 reflects	 the	 adequacy	 of	 CDO2	 to	 support	 CMRO2,	 but
mixed	 cerebral	 venous	 blood,	 like	 mixed	 systemic	 blood,	 represents	 a	 global
average	 of	 cerebral	 venous	 blood	 from	 regions	 that	 are	 variably	 perfused	 and
may	 not	 reflect	 marked	 regional	 hypoperfusion/ischemia	 of	 small	 regions.	 In
contrast	to	ICP	and	CPP,	which	provide	only	indirect	information	concerning	the
adequacy	 of	 CDO2	 to	 support	 CMRO2,	 SjvO2	 directly	 reflects	 the	 balance
between	these	variables	on	a	global	or	hemispheric	level.	CBF,	CMRO2,	CaO2,
and	CjvO2	are	modeled	by	the	equation:	CMRO2	=	CBF	(CaO2	−	CjvO2).	In	the
healthy	brain,	if	CMRO2	 remains	constant	as	CBF	decreases,	SjvO2	and	CjvO2

decrease.31,32	 If	 flow-metabolism	coupling	 is	 intact,	decreases	 in	CMRO2	 result
in	 parallel	 decreases	 in	 CBF	 while	 SjvO2	 and	 CjvO2	 remain	 constant.31,32

Abnormally	low	SjvO2	(i.e.,	less	than	50%,	compared	to	a	normal	value	of	65%)
suggests	the	possibility	of	cerebral	ischemia;	but	normal	or	elevated	SjvO2	does
not	 prove	 the	 adequacy	 of	 cerebral	 perfusion	 because	 of	 possible	 saturation
averaging	 between	normal	 and	 abnormal	 areas	 of	 perfusion.	This	 is	 especially
true	for	focal	areas	of	hypoperfusion.	Therefore,	the	negative	predictive	value	of
a	 normal	 SjvO2	 is	 poor.	 After	 placement	 of	 a	 jugular	 catheter,	 monitoring	 of
SjvO2	 can	 be	 achieved	 through	 repeated	 blood	 sampling.	 However,	 repeated
blood	 sampling	 yields	 only	 “snapshots”	 of	 cerebral	 oxygenation	 and	 thus
provides	 discontinuous	 data	 that	 may	 miss	 rapid	 changes	 in	 saturation.	 To
achieve	 continuous	 monitoring	 of	 SjvO2,	 indwelling	 fiberoptic	 oximetric
catheters	have	been	used.	Because	oxyhemoglobin	and	deoxyhemoglobin	absorb



light	 differently,	 SjvO2	 can	 be	 determined	 from	 differential	 absorbance.
Oximetric	jugular	bulb	catheters	have	proven	somewhat	challenging	to	maintain,
requiring	 frequent	 recalibration,	 repositioning,	 and	 confirmation	 of	 measured
saturation	by	analyzing	blood	samples	 in	a	co	oximeter.	The	highest	 frequency
of	 confirmed	 desaturation	 episodes	 occurs	 in	 patients	 with	 intracerebral
hematomas,	 closely	 followed	 by	 those	 with	 SAH.	 In	 patients	 with	 TBI,	 the
number	 of	 jugular	 desaturations	 is	 strongly	 associated	 with	 poor	 neurologic
outcome;	even	a	single	desaturation	episode	is	associated	with	a	doubling	of	the
mortality	rate.92	The	clinical	application	of	jugular	venous	bulb	cannulation	has
been	 limited,	 perhaps	 in	 part	 because	 the	 technique	 is	 invasive,	 although	 the
risks	 of	 cannulation	 injury,	 including	 hematoma	 and	 injury	 to	 the	 adjacent
carotid,	 are	 low.	 Several	 modifications	 of	 jugular	 venous	 oxygen	 monitoring
have	 been	 proposed.	 Cerebral	 extraction	 of	 oxygen,	 which	 is	 the	 difference
between	SaO2	and	SjvO2	divided	by	SaO2,	is	less	confounded	by	anemia	than	the
cerebral	 arteriojugular	 differences	 of	 oxygen	 (A-VDO2).	 Another	 concept,
termed	 cerebral	 hemodynamic	 reserve,	 is	 defined	 as	 the	 ratio	 of	 percentage	of
change	 in	global	cerebral	extraction	of	oxygen	 (reflecting	 the	balance	between
CMRO2	 and	CBF)	 to	 percentage	 of	 change	 in	CPP.	 This	 equation	 attempts	 to
integrate	cerebral	hemodynamics	and	metabolism	with	 intracranial	compliance.
Cruz	et	al.93	found	that	cerebral	hemodynamic	reserve	decreased	as	intracranial
compliance	 decreased,	 even	 as	 a	 consequence	 of	 minor	 elevations	 in	 ICP.
Theoretically,	 this	 variable	 may	 allow	 more	 precise	 management	 of	 cerebral
hemodynamics	 in	 patients	 with	 decreased	 intracranial	 compliance.	 A	 recent
single	 center	 cohort	 study94	 investigating	 temporal	 patterns	 of	 ischemia	 and
vascular	dysfunction	 in	TBI	 compared	SjvO2,	PbtO2,	 and	PET	 scan	data	 in	 68
patients	 and	 27	 controls;	 however,	 the	 results	 revealed	 pathophysiological
heterogeneity	 and	 inconsistent	 detection	 of	 ischemia	 by	 both	SjvO2	 and	 PbtO2

compared	with	PET.

Brain	Tissue	Oxygen	Tension
5 	Another	promising	 technique	 for	monitoring	 the	adequacy	of	CDO2	 is	direct
assessment	 of	 brain	 tissue	 oxygen	 tension	 or	 PbtO2.	 Monitoring	 of	 PbtO2

overcomes	 one	 important	 limitation	 of	 SjvO2	 monitoring,	 which	 is	 that	 the
global	 saturation	measurements	provide	no	 information	about	 regional	or	 focal
tissue	oxygenation.	Only	relatively	profound	focal	global	ischemia	causes	SjvO2

to	 decrease	 to	 less	 than	 the	 accepted	 critical	 threshold	 of	 50%.	 Even	 severe



regional	 ischemia	may	 not	 result	 in	 desaturation	 if	 venous	 effluent	 from	other
regions	 is	 normally	 saturated,	 in	 part	 because	 the	 absolute	 flow	 of	 poorly
saturated	blood	returning	from	ischemic	regions	is	by	definition	less	per	volume
of	tissue	than	flow	from	well-perfused	regions,	resulting	in	a	smaller	percentage
of	 poorly	 oxygenated	 to	well-oxygenated	 blood.	 Intracranial	 intraparenchymal
probes	have	been	developed	that	monitor	only	PbtO2	or	that	also	monitor	brain
tissue	PCO2	and	pH.	Modified	from	probes	designed	for	continuous	monitoring
of	 arterial	 blood	 gases,	 intraparenchymal	 probes	 can	 be	 inserted	 through
multiple-lumen	 ICP	 monitoring	 bolts.	 Although	 these	 probes	 provide	 no
information	 about	 remote	 regions,	 they,	 nevertheless,	 provide	 continuous
information	about	the	region	that	is	contiguous	to	the	probe.	They	also	carry	the
theoretical	risk	of	hematoma	formation,	infection,	and	direct	parenchymal	injury.
Evaluation	of	PbtO2	after	severe	TBI	has	shown	that	low	partial	pressures	(PbtO2

less	 than	 10	 mm	 Hg	 for	 greater	 than	 15	 minutes)	 powerfully	 predict	 poor
outcomes	and	that	PbtO2	probes	are	safe.95,96	Both	PbtO2	and	SjvO2	may	reflect
changes	in	cerebral	oxygenation	secondary	to	alterations	in	CBF	(Figure	30.8).97
However,	comparisons	of	simultaneous	PbtO2	and	SjvO2	monitoring	suggest	that
each	 monitor	 detects	 cerebral	 ischemia	 that	 the	 other	 fails	 to	 detect.	 In	 58
patients	with	severe	TBI,	the	two	monitors	detected	52	episodes	in	which	SjvO2

decreased	to	less	than	50%	or	PbtO2	decreased	to	less	than	8	mm	Hg;	of	those	52
episodes,	both	monitored	variables	fell	below	the	ischemic	threshold	in	17,	only
SjvO2	reflected	ischemia	in	19,	and	only	PbtO2	reflected	ischemia	in	16	(Figure
30.9).98	 There	 have	 been	 eight	 completed	 studies	 comparing	 ICP/CPP-guided
therapy	to	PbtO2	+	ICP/CPP-driven	protocols,	six	retrospective	studies,	and	two
prospective	 studies	 in	 severe	 TBI	 patients,	 and	 results	 have	 been	mixed.	 One
study	 showed	 worse	 functional	 independence	 measures	 at	 discharge,	 three
showed	no	benefit	looking	at	Glasgow	Outcome	Scale	(GOS)	scores	at	6	months
and	mortality	 at	 discharge,	 two	 showed	 reduced	mortality	 at	 discharge	 and	 at
3	months,	and	two	showed	a	trend	toward	better	outcome	or	better	outcome	as
measured	 by	 GOS	 at	 3	 and	 6	 months,	 respectively.	 The	 studies	 are	 nicely
summarized	and	thoughtfully	discussed	in	a	review	by	DeGeorgia.99	A	phase	2
randomized	 multicenter	 clinical	 trial	 investigating	 the	 safety	 and	 efficacy	 of
brain	 tissue	 oxygen	 monitoring	 in	 severe	 TBI	 (BOOST-2)	 was	 conducted	 in
patients	 aged	 14	 years	 and	 older	 with	 severe	 nonpenetrating	 TBI	 who	 were
randomized	 to	 treatment	 with	 ICP	 monitoring	 alone	 or	 with	 ICP	 and	 PbtO2

monitoring	and	not	only	showed	no	differences	in	adverse	events	and	safety	but
also	 met	 nonfutility	 measures	 with	 lower	 overall	 mortality	 and	 lower	 poor



outcome	 in	 the	 ICP-	 and	 PbtO2-monitored	 group.81	 The	 phase	 3	 multicenter
clinical	trial	(BOOST-3)	is	currently	ongoing	and	is	expected	to	be	completed	in
2023.

	

Figure	 30.8 	 The	 effect	 of	 hyperventilation-induced	 hypocapnia
on	 changes	 in	 mean	 arterial	 blood	 pressure	 (MABP),	 intracranial
pressure	 (ICP),	 cerebral	 perfusion	 pressure	 (CPP),	 end-tidal	 CO2

(ETCO2),	 brain	 tissue	 oxygen	 tension	 (PbtO2),	 and	 jugular	 bulb
oximetry	(SjvO2).*p	<	0.05;	before	hyperventilation	vs	10	min	later.
(From	 Unterberg	 AW,	 Kiening	 RL,	 Härtl	 R,	 et	 al.	 ultimodal
monitoring	 in	patients	with	head	 injury:	evaluation	of	 the	effects	of
treatment	on	cerebral	oxygenation.	J	Trauma.	1997;42:S32-S37,	with
permission.)



	

Figure	30.9 	Changes	in	jugular	venous	oxygen	saturation	(SjvO2)
and	 brain	 tissue	 PO2	 (PbtO2)	 during	 52	 episodes	 of	 cerebral
hypoxia/ischemia.The	 horizontal	 line	 across	 the	 box	 plot	 represents
the	median,	and	the	lower	and	upper	ends	of	the	box	plot	are	the	25th
percentile	and	75th	percentile,	 respectively.	The	error	bars	mark	 the
10th	 and	 90th	 percentiles.	 The	 closed	 circles	 indicate	 any	 outlying
points.	A,	Summary	of	 the	17	cases	 in	which	both	SjvO2	and	PbtO2

decreased	 to	 less	 than	 their	 respective	 thresholds,	 as	 defined	 in	 the
text.	B,	 Summary	of	 the	16	 cases	 in	which	PbtO2	 decreased	 to	 less
than	 the	 defined	 threshold	 but	 SjvO2,	 although	 decreased,	 did	 not
decrease	 to	 less	 than	 50%.	C,	 Summary	 of	 the	 19	 cases	 in	 which
SjvO2	 decreased	 to	 less	 than	 the	 threshold	 but	 PbtO2	 remained	 at
greater	than	10	torr.(From	Gopinath	SP,	Valadka	AB,	Uzura	M,	et	al.
Comparison	of	jugular	venous	oxygen	saturation	and	brain	tissue	PO2

as	 monitors	 of	 cerebral	 ischemia	 after	 head	 injury.	 Crit	 Care	 Me.
1999;27:2337-2345,	with	permission.)

Neurochemical	Monitoring
Neuronal	injury	is	associated	with	the	release	or	production	of	chemical	markers
such	 as	 free	 radicals,	 inflammatory	 mediators,	 metabolic	 products,	 and
excitatory	amino	acids.4	Neurochemical	monitoring	via	CMD	allows	assessment



of	 the	 chemical	 milieu	 of	 cerebral	 extracellular	 fluid,	 provides	 valuable
information	 about	 neurochemical	 processes	 in	 various	 neuropathologic	 states,
and	is	used	clinically	in	the	management	of	severe	TBI	and	SAH.	There	are	data
to	 suggest	 that	 chemical	 changes	 detected	 by	 CMD	 precede	 secondary
neurologic	injury	and	clinical	worsening	in	intracranial	hypertension,	SAH,	and
ischemic	 stroke.	 Substances	 monitored	 via	 CMD	 include	 energy-related
metabolites	 such	 as	 glucose,	 lactate,	 pyruvate,	 adenosine,	 and	 xanthine;
neurotransmitters	such	as	glutamate,	aspartate,	γ-amino	butyric	acid;	markers	of
tissue	 damage	 such	 as	 glycerol	 and	 potassium100;	 and	 alterations	 in	membrane
phospholipids	 by	 oxygen	 radicals.101	 Lactate	 levels	 and	 lactate/pyruvate	 ratios
are	reliable	markers	of	ischemia	and	have	been	found	to	correlate	well	with	PET,
CPP,	and	SjvO2	values	and	associated	outcomes	in	TBI	and	SAH.	Elevations	of
the	excitatory	neurotransmitter	glutamate	have	been	found	in	hypoxic-ischemic
injury	seen	in	low	CBF,	SjvO2,	seizures	and	low	CPP,	and	correlated	with	poor
outcome	 in	TBI.	The	magnitude	 of	 release	 of	 these	 substances	 correlates	with
the	extent	of	ischemic	damage.	The	time-dependent	changes	of	these	substances
and	 the	 clinical	 implications	 are	 being	 evaluated,	 and	 their	 incorporation	 into
standard	 practice	 is	 being	 studied.	 Certain	 issues	 related	 to	 quantification,
bedside	 presentation	 of	 data,	 implantation	 strategies,	 and	 standardization	 of
protocols	 need	 to	 be	 addressed.	 The	 methodological	 aspects	 of	 CMD	 are
discussed	in	detail	in	an	article	by	Hillered	and	colleagues.102	An	updated	review
provides	 recent	 clinical	 data	 that	 describe	 CMD’s	 contributions	 to	 our
understanding	of	secondary	mechanisms	of	injury	particularly	various	metabolic
crises	 that	 occur	 in	 relation	 to	 glucose	 utilization	 and	 energy	 metabolism	 as
reflected	by	glucose	and	lactate-pyruvate	ratios	as	well	as	how	they	correlate	to
other	 physiological	 phenomena	 like	 ICP,	 CPP,	 cortical	 spreading	 depression,
oxygenation	 and	 oxygen	 delivery,	 and	 cerebral	 autoregulation.103	 For	 example,
CMD	data	proved	 that	hyperventilation	was	 injurious	 to	 the	brain	by	 inducing
secondary	 ischemia	 and	 also	provided	 evidence	 that	 tight	 ICU	glucose	 control
regimens	were	also	dangerous	in	brain	injury	patients	who	rely	on	optimization
of	 glucose	 as	 the	main	 energy	 substrate.	 The	 proposed	 algorithm	 utilizes	 low
glucose	 levels	 of	 <0.8	mmol/L	 and	 differentiates	 the	 etiologies	 based	 on	CBF
and	 PbtO2	 levels,	 evidence	 of	 cell	 hypoxia,	 and	 pyruvate	 levels	 into	 either
exacerbations	 of	 cerebral	 perfusion	 or	 ischemia	 or	 mitochondrial	 dysfunction,
glucose	 metabolism,	 and/or	 spreading	 depression.	 Table	 30.4	 summarizes
clinical	scenarios	that	may	benefit	from	CMD.	In	addition	to	guiding	treatment,
CMD	affords	the	additional	benefit	of	sampling	and	study	of	various	biomarkers
that	 may	 correlate	 with	 or	 improve	 our	 understanding	 of	 inflammatory



processes,	 brain	 edema,	 and	 even	 neurodegeneration.	 Unfortunately,	 the
widespread	availability	and	use	of	CMD	continue	 to	be	 limited	because	of	 the
invasive	 nature	 and	 complexity	 of	 the	 technique,	 the	 cost	 and	 resources
necessary	 to	 perform	 it,	 and	 the	 various	 logistical	 challenges	 that	 come	 with
implementation.

TABLE	30.4

Examples	of	ICU	Interventions	Guided	by	Cerebral
Microdialysis

Intervention Risks Benefits CMD
Targets

Energy
supply

Insulin	therapy ↓	CMD	glucose
<0.7	mmol/L

Optimal
glycemia

CMD
glucose
>0.7	mmol/L

Enteral	nutrition ↑	Serum	glucose ↑	CMD
glucose

CMD
glucose
>0.7	mmol/L

Cerebral
perfusion

Intracranial
pressure/CPP
targets

Ischemia
↓	CPP

Optimal
CPP

↓	L/P	ratio
↑	Glucose

Oxygen
transport

Oxygen	therapy
FiO2	PaO2

Increased
excitotoxicity

Optimal
PaO2

↓	L/P	ratio

RBC	transfusion
Hgb

Ischemia/hypoxia
RBCT
complications

Optimal
Hgb

↓	L/P	ratio

>,	greater	than;	↓,	decrease;	↑,	increase;	CMD,	cerebral	microdialysis;	CPP,	cerebral	perfusion
pressure;	FiO2,	fraction	of	inspired	oxygen;	Hgb,	hemoglobin;	L,	lactate;	PaO2,	partial	pressure	of
oxygen;	P,	pyruvate;	RBCT,	red	blood	cell	transfusion.
Adapted	from	Carteron	L,	Bouzat	P,	Oddo	M.	Cerebral	Microdialysis	Monitoring	to	Improve
Individualized	Neurointensive	Care	Therapy:	An	Update	of	Recent	Clinical	Data.	Front	Neurol.
2017;8:601.



Near-Infrared	Spectroscopy
Theoretically,	 the	 best	 monitor	 of	 brain	 oxygenation	 would	 be	 a	 noninvasive
device	that	characterizes	brain	oxygenation	in	real	time:	NIRS	might	eventually
offer	 the	opportunity	 to	assess	 the	adequacy	of	brain	oxygenation	continuously
and	noninvasively,	although	to	date	the	use	of	the	technique	in	adults	continues
to	be	limited.

Near-infrared	 light	 penetrates	 the	 skull	 and,	 during	 transmission	 through	 or
reflection	from	brain	tissue,	undergoes	changes	in	intensity	that	are	proportional
to	 the	 relative	 concentrations	 of	 oxygenated	 and	 deoxygenated	 Hgb	 in	 the
arteries,	capillaries,	and	veins	within	the	field.104	The	absorption	(A)	of	light	by	a
chromophore	 (ie,	 Hgb)	 is	 defined	 by	 Beer	 law:	 A	 =	 abc,	 where	 a	 is	 the
absorption	constant,	b	is	the	path	length	of	the	light,	and	c	is	the	concentration	of
the	 chromophore,	 namely,	 oxygenated	 and	 deoxygenated	 Hgb.	 Because	 it	 is
impossible	to	measure	the	path	length	of	NIRS	light	in	tissue,	approximations	as
to	relative	lengths	and	arterial	vs	venous	contribution	must	be	made.

Extensive	 preclinical	 and	 clinical	 data	 demonstrate	 that	 NIRS	 detects
qualitative	changes	 in	brain	oxygenation.105	Studies	have	been	done	comparing
NIRS	to	other	technologies	and	assessing	its	correlation	with	EEG,	transcranial
Doppler,	 PbtO2,	 and	 SjvO2	 changes.	 NIRS	 was	 found	 to	 correlate	 with	 EEG,
TCD,	and	PbtO2	 in	 transient	 cerebral	hypoxia,	SAH,	and	during	 intraoperative
monitoring	 for	 carotid	 endarterectomy.	 It	 did	 not	 correlate	 well	 with	 SjvO2
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values	 but	 was	 thought	 to	 provide	 complementary	 focal	 oxygenation	 data	 to
SjvO2’s	global	oxygenation	assessment.	Clinical	applications	include	TBI	where
a	 regional	 oxygen	 saturation	 (rSO2)	 of	 less	 than	 55%	was	 thought	 to	 suggest
inadequate	CPP	and	NIRS	values	were	lower	in	the	high	ICP	group	of	patients,
vasospasm	 detection	 in	 the	 setting	 of	 SAH,	 and	 the	 detection	 of	 intracranial
hemorrhages	 such	 as	 subdural	 and	 epidural	 hematomas	 but	 studies	 are	 not
definitive.107	 Despite	 the	 promise	 and	 enthusiasm	 generated	 by	 NIRS,	 many
problems	 remain	 with	 the	 technology	 including	 tissue	 penetration,	 spatial	 and
temporal	 resolution,	 artifacts	 from	 subcutaneous	 blood	 flow	 and	 methods	 of
quantitative	 analysis	 that	 need	 to	 be	 resolved.108	 Therefore,	 validation	 studies
suggest	 that	 NIRS	may	 be	 more	 useful	 for	 qualitatively	 monitoring	 trends	 of
brain	tissue	oxygenation	than	for	actual	quantification	and	its	current	clinical	use
is	 limited	 to	 a	 few	 centers	 and	 is	 adjunctive	 at	 best.	 Some	of	 the	 liabilities	 of
NIRS	 may	 be	 overcome	 by	 optoacoustic	 monitoring	 of	 cerebral	 venous
saturation.	Optoacoustic	monitoring	of	cerebral	venous	saturation	depends	on	the
generation	 by	 near-infrared	 light	 of	 ultrasonic	 signals	 in	 blood.	 The	 acoustic



signals	 are	 then	 transmitted	 linearly	 through	 tissue	 and	 bone	 and	 provide	 a
focused,	 depth-resolved	 signal	 that	 reflects	 venous	 oxygenation.109	 Like	 TCD,
NIRS	also	provides	a	dynamic	real-time	estimate	of	rSO2	that	can	be	combined
with	 other	 modalities	 to	 contribute	 toward	 a	 cerebral	 autoregulation–driven
management	strategy32	 that	adjusts	 to	the	real-time	dynamic	changes	that	occur
in	the	patient	with	neurological	pathology.

Neuroimaging
CT	 scans,	 MRI,	 SPECT,	 PET	 scans,	 cerebral	 angiography,	 and	 radionuclide
scans	do	not	function	as	monitors	per	se;	rather,	they	are	indicated	in	response	to
suspicion	 of	 a	 new	 or	 progressive	 anatomic	 lesion,	 such	 as	 a	 subdural	 or
intracerebral	 hematoma	 or	 cerebral	 arterial	 vasospasm	 that	 requires	 altered
treatment.	Most	neuroimaging	modalities	provide	static,	discontinuous	data	and
require	moving	a	critically	ill	patient	from	the	ICU	to	a	remote	location.	Even	so,
these	 techniques	 play	 an	 important	 role	 in	 the	 overall	management	 of	 patients
with	 brain	 injury.110	 With	 the	 introduction	 of	 portable	 CT	 scanners	 and	 the
development	 of	 ultrafast	 helical	 and	 spiral	 CT	 scanners,	 availability	 and
acquisition	 time	 for	 evaluations	 have	 significantly	 decreased	 and	 can	 now	 be
used	for	serial	monitoring	of	ongoing	neurologic	processes	and	for	evaluation	of
changes	in	CBF	(see	earlier).

CT	 scans	 obtained	 at	 the	 time	 of	 admission	 to	 the	 hospital	 can	 provide
valuable	 prognostic	 information.	Marshall	 et	 al111	 predicted	 outcome	 of	 head-
injured	 patients	 in	 relation	 to	 four	 grades	 of	 increasingly	 severe	 diffuse	 brain
injury	and	the	presence	of	evacuated	or	nonevacuated	 intracranial	mass	 lesions
(Table	 30.5).	Normal	CT	 scans	 at	 admission	 in	 patients	with	GCS	 scores	 less
than	8	are	associated	with	a	10%	to	15%	incidence	of	ICP	elevation112;	however,
the	risk	of	ICP	elevation	increases	in	patients	older	than	age	40	years,	those	with
unilateral	or	bilateral	motor	posturing,	or	those	with	systolic	blood	pressure	less
than	90	mm	Hg.113

TABLE	30.5

Outcome	at	Discharge	in	Relation	to	Intracranial	Diagnosis
(%	of	Patients)

DI DI DI Evacuated Nonevacuated



Outcome DI	I II III IV Mass Mass

GR 27.0 8.5 3.3 3.1 5.1 2.8

MD 34.6 26.0 13.1 3.1 17.7 8.3

SD 19.2 40.7 26.8 18.8 26.0 19.4

PVS 9.6 11.2 22.9 18.8 12.3 16.7

Death 9.6 13.5 34.0 56.2 38.8 52.8

Total 100 100 100 100 100 100

DI,	diffuse	injury;	GR,	good	recovery;	MD,	moderate	disability;	PVS,	persistent	vegetative	state;
SD,	severe	disability.	DI	categories	I	to	IV	represent	increasingly	severe	classes	of	diffuse	brain
injury.
From	Marshall	LF,	Marshall	SB,	Klauber	MR,	et	al.	A	new	classification	of	head	injury	based	on
computerized	tomography.	J	Neurosurg.	1991;75:S14-S20,	with	permission.

Although	MRI	often	provides	better	resolution	than	CT	scans,	the	powerful
magnetic	 fields	make	 the	 use	 of	 ferrous	metals	 impractical	 (and	 dangerous),	 a
ubiquitous	 component	 of	 life-support	 equipment.	 To	 address	 this	 issue,	 MRI-
compatible	 ventilators,	 monitors,	 and	 infusion	 pumps	 have	 been	 developed,
although	 the	 logistics	 of	 transport	 and	 the	 time	 required	 for	 scans	 continue	 to
make	this	 technique	difficult	 for	repeated	monitoring.	Recent	advances	 in	MRI
technology,	 such	 as	 diffusion-weighted	 imaging,	 magnetic	 resonance
spectroscopy	(carbon	labeled,	phosphorus	labeled,	and	nitrogen	labeled),	phase-
contrast	angiography,	and	functional	MRI,	provide	 information	about	oxidative
metabolic	 pathways,	 cerebral	 blood	 volume,	 functional	 CBF,	 and	 neuronal
activation.114,115	 These	 techniques,	 while	 undergoing	 further	 evaluation	 and
validation,	 may	 one	 day	 prove	 useful	 in	 evaluating	 brain	 injury	 and	 its
management.	Recent	clinical	evidence	of	brain	mitochondrial	dysfunction	after
TBI,	 despite	 apparently	 adequate	 CDO2,	 suggests	 that	 functional	 cellular
evaluation	and	associated	therapy	may	someday	be	as	important	as	maintaining
CDO2.116	 Small	 single-center	 studies	 are	 underway	 investigating	 alterations	 in
cerebral	metabolism	 and	 energy	 status	 in	 severe	TBI	 that	 suggest	 that	 there	 is
global	 alteration	 and	 diffuse	 impairment	 of	 bioenergetics	 acutely	 following	 a
severe	TBI	despite	more	obvious	focal	 lesions	being	seen	on	standard	 imaging
studies.117	In	addition	to	providing	information	regarding	ischemia	and	defining
tissue	at	risk,	MRI-based	diffusion	tensor	imaging	has	been	found	to	be	helpful



in	further	defining	the	anatomy	of	fiber	 tracts	 that	have	been	damaged	and	has
also	 been	 found	 to	 have	 prognostic	 value	 in	 severe	 TBI.118	 Functional	 MRI
provides	 information	regarding	neural	activity,	 localization,	and	 the	physiology
of	brain	 function	but	 is	 currently	 in	use	only	 for	neurosurgical	 planning,	 brain
mapping	 and	 in	 the	 investigation	 of	 neurobehavioral	 aspects	 and
neuropsychologic	 sequelae	 of	 disorders	 such	 as	 Alzheimer	 disease,	 stroke,
multiple	sclerosis,	brain	tumors,	and	TBI.	PET	utilization	clinically	in	the	neuro
ICU	has	 been	 traditionally	 limited	 to	 brain	 death	 determination	 and	 ruling	out
infectious,	neoplastic,	or	inflammatory	causes	of	brain	dysfunction.	In	the	realm
of	investigation,	measures	of	glucose	metabolism	and	uptake	studies	have	been
done	 in	 mild	 and	 moderate-to-severe	 TBI	 that	 reveal	 a	 sustained
hypometabolism	in	specific	regions	of	the	brain	that	can	last	for	days	to	months
and	 correlate	 with	 cellular	 and	 functional	 alterations	 after	 a	 TBI.119	 Lack	 of
availability,	 cost,	 resources,	 and	 logistical	 challenges	 continue	 to	 limit	 its
utilization.	Further	research	may	eventually	result	in	integration	of	PET	data	into
clinical	practice	in	a	way	that	influences	individualized	patient	management.

MULTIMODAL	MONITORING	STRATEGIES
6 	 With	 technological	 advances	 and	 active	 ongoing	 research,	 the	 field	 of
neurologic	monitoring	 is	developing	 rapidly.	Multimodal	monitoring	 takes	 into
account	 the	 limitations	 of	 each	 monitoring	 modality	 and	 compensates	 by
combining	different	 techniques	 into	a	generalized	 strategy	 that	helps	 to	 further
elucidate	 the	 pathophysiology	 and	 underlying	 cellular	 mechanisms	 of	 disease
and	focuses	care	on	the	physiologic	aspects	of	disease.	This	concept	is	not	new
(consider	 the	 operating	 room	 and	 the	 role	 of	 the	 anesthesiologist)	 and	 is
becoming	 more	 common	 in	 the	 management	 of	 brain	 injury	 as	 well	 as	 other
neurologic	diseases.	There	are	multiple	modalities	with	data	to	support	their	use
but	 also	 issues	 with	 each	 modality	 (Table	 30.6).	 Currently,	 there	 is
multidisciplinary	consensus	on	the	use	of	multimodal	monitoring	strategies	from
various	societies	who	endorse	it	as	an	important	feature	of	neurocritical	care	but
do	raise	concerns	about	the	amount	of	data	generated	and	emphasize	the	need	for
integration	and	synthesis	of	all	relevant	clinical	data	in	the	care	of	the	individual
patient.	 Multimodal	 protocols	 utilizing	 various	 complementary	 technologies
measuring	different	and	physiological	parameters	to	individualize	physiological
management	 of	 neurologically	 injured	 patients	 are	 already	 being	 implemented
such	as	cerebral	autoregulation–oriented	therapy32	at	the	bedside.	It	is	anticipated
that	 further	 research	 and	 developments	 in	 the	 technology	 including	 artificial



intelligence	 systems,	 improved	 interfaces,	 database	 infrastructure	 and
bioinformatics	 as	 well	 as	 further	 elucidation	 of	 meaningful,	 normative,	 and
validated	 data	 will	 improve	 the	 utility	 of	 monitoring	 devices	 and	 lead	 to
improvements	in	therapeutics	and	patient	outcome.120

TABLE	30.6

Summary	of	Modalities	With	Supporting	Studies	and
Issues

Mode Critical
Thresholds Data Studies Issues

ICP >25 Pressure Marmarou
1991,
Cremer
2005	Shafi
2009,
Chestnut
2012

RCT	negative	
Unclear
threshold

CPP <60	and	>70 Perfusion Rosner
1995,
Robertson
1999

Increased	risk
of	ARDS

PRx >0.2 Autoregulation Steiner
2002,
Howells
2005

Large	data,
calculations
and	processing

PbtO2 <10-25 Regional
oxygen

Narotam
2009,
Spiotta
2010,
Steifel
2005

Unclear	
Best	location
for	placement
Requires
calibration

SjvO2 <50%, Global	oxygen Gopinath Risk	of	venous



1994 thrombosis,
durability

>80% Oxygen
utilization

Cruz	1993 Need	for
recalibration,
gaps	in	data

MD Glucose	<2.0 Decreased
perfusion

Schulz
2000,
Vespa	2003

Not	widely
available,
logistical
requirements

L/P	ratio»	20-25 Metabolic
crisis/ischemia

Hillered
1996,
Robertson
1998,
Valadka
1998,
Zauner
1997,
Nordstrom
2003,	Stahl
2001

Selection	of
biomarkers,
quantification,
computer
interfacing,
presentation	of
data

Glut	>15-20 Excitotoxicity Bullock
1995,
Hutchinson
2000

Implantation
strategies

Glycerol	>100 Cell	membrane
degradation

Marklund
1997,
Hillered
1998,
Reinstrup
2000

Standardization
of	protocols

CBF <18	mL/l00	g/min Ischemia Thome
2001,
Jaeger
2005

Needs
validation,
limited	by
temperature



<15	mL/g/min Vasospasm Vajkoczy
2003

Frequent
calibration

NIRS rSO2	<	55% Ischemia Untenberg
1995

Spatial
resolution,
needs
validation

EEG PAV	<	0.1 Electrical
activity

Vespa	2002 Large	data,
analytic
software
needed

ADR	>	10%
decrease

Vasospasm/DCI Claasen
2004,
Finnigan
2007,
Leon-
Carrrion
2009

Scalp	fixation,
artifacts,
cumbersome

ECoG Depolarizations Cortical
spreading
depression

Hartings
2009,
Hartings
2011

Cumbersome,
analytic
software,	large
data
Needs	further
validation

ADR,	alpha-delta	ratio;	ARDS,	acute	respiratory	distress	syndrome;	CBF,	cerebral	blood	flow;
CPP,	cerebral	perfusion	pressure;	DCI,	delayed	cerebral	ischemia;	ECoG,	electrocorticogram;
EEG,	electroencephalography;	Glut,	glutamate;	ICP,	intracranial	pressure;	L,	lactate;	MD,
microdialysis;	NIRS,	near-infrared	spectroscopy;	P,	pyruvate;	PAV,	percentage	alpha	variability;
PbtO2,	brain	tissue	PO2;	PRx,	pressure	reactivity	index;	RCT,	randomized	controlled	trial;	rSO2,
regional	oxygen	saturation;	SjvO2,	jugular	venous	bulb	oxygen	saturation.

Reprinted	by	permission	from	Springer:	Carandang	RA.	The	role	of	invasive	monitoring	in
traumatic	brain	injury.	Current	Trauma	Reports.	2015;1:125-132.

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	Which	of	the	following	is	true	regarding	use	of	continuous	EEG	(cEEG)
monitoring	in	comatose	patients	with	traumatic	brain	injury?

A. 	Findings	of	sharp	waves	indicate	cortical	ischemia
B. 	It	may	detect	seizures	in	nearly	1	in	5	patients
C. 	Its	use	shortens	ICU	length	of	stay
D. 	Spreading	depolarizations	suggest	better	outcomes

2. 	Intracranial	pressure	monitoring	(ICP)	is	recommended	for	which	of	the
following	patients	with	traumatic	brain	injury?

A. 	Children	with	closed	fontanelle
B. 	GCS	<	8	with	an	abnormal	head	CT
C. 	Lack	of	brainstem	motor	responses
D. 	Systolic	blood	pressure	under	100

3. 	In	addition	to	monitoring	intracranial	pressure,	which	of	the	following
statements	about	supplemental	monitoring	technologies	is	correct?

A. 	Cerebral	microdialysis	establishes	safe	thresholds	for	PCO2	when
employing	hyperventilation
B. 	Low	jugular	bulb	oxygen	content	indicates	good	tissue	uptake	of
oxygen	and	a	favorable	prognosis
C. 	The	addition	of	brain	tissue	oxygen	tension	monitoring	to	protocols
has	been	shown	to	improve	outcomes
D. 	Transcranial	Doppler	is	employed	to	evaluate	for	vasospasm	for
patients	with	traumatic	subarachnoid	hemorrhage

Answers

1.	The	correct	answer	is	B.
Rationale:	In	comatose	patients,	EEG	detects	otherwise	unknown	seizures	in

19%	 of	 studied	 patients	 (choice	 B	 is	 correct).	 Fourier	 analysis	 and	 other
mathematical	 manipulations	 aid	 in	 the	 analysis	 of	 raw	 EEG	 data.	 However,
widespread	use	of	cEEG	has	not	been	shown	to	lead	to	better	outcomes	(choice
C	 is	 incorrect).	 Ischemia	may	 be	 noted	 as	 suppression	 on	 surface	 EEG	 rather
than	 sharp	waves	 (choice	A	 is	 incorrect).	 Spreading	depolarizations	have	been



shown	to	correlate	with	worse	outcomes	(choice	D	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	 The	 Brain	 Trauma	 Foundation	 recommends	 ICP	monitoring	 for

patients	 with	 an	 abnormal	 head	 CT	 and	 GCS	 under	 8	 (choice	 B	 is	 correct).
Patients	with	a	normal	head	CT	but	a	mechanism	of	brain	trauma	who	are	over
40	years	old,	posturing,	or	post	resuscitation	SBP	under	90	should	be	considered
for	ICP	monitoring	(choice	D	is	incorrect).	A	closed	fontanelle	by	itself	is	not	an
indication	for	invasive	monitoring	(Choice	A	is	incorrect).	Conversely,	the	open
fontanelle	of	infancy	does	not	eliminate	the	chance	for	intracranial	hypertension.
Patients	 with	 GCS	 scores	 above	 8	 may	 not	 require	 intubation	 and	 may	 be
monitored	 with	 the	 clinical	 exam.	 Some	 patients	 that	 lack	 brainstem	 motor
responses	and	have	abnormal	imaging	studies	may	benefit	from	ICP	monitoring,
but	 it	 is	not	 recommended	when	 imaging	studies	do	not	suggest	 increased	ICP
(choice	C	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	 After	 mixed	 results	 in	 early	 studies,	 phase	 2	 data	 indicate

improved	outcome	in	patients	being	managed	by	a	protocol	focused	on	both	ICP
and	 brain	 tissue	 oxygen	 tension	 (choice	 C	 is	 correct).	 The	 phase	 3	 BOOST-3
study	 is	 in	 progress	 at	 the	 time	 of	 this	 publication	 and	 readers	 should	 look	 to
those	 results	 for	 future	 guidance.	 Cerebral	 microdialysis	 has	 shown	 a	 link
between	brain	ischemia	and	hyperventilation,	and	practitioners	are	cautioned	to
use	 hyperventilation	 carefully	 if	 at	 all	 (choice	A	 is	 incorrect).	Desaturation	 by
jugular	 bulb	 oximetry	 portends	 a	 poor	 prognosis	 (choice	 B	 is	 incorrect).
Transcranial	Doppler	 is	most	commonly	employed	 to	 surveil	 for	vasospasm	of
aneurysmal	subarachnoid	hemorrhage	patients,	not	 traumatic	ones	 (choice	D	 is
incorrect).	 Not	 listed	 as	 a	 choice,	 but	 cerebral	 blood	 flow	 monitoring	 is	 also
sometimes	mentioned	but	is	limited	by	the	invasive	nature	of	the	most	accurate
systems	and	can	be	inaccurate	when	fever	is	present.
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Chapter	31
Role	of	Tele-Critical	Care	in	the	Health
Care	System
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M.	Lilly

KEY	POINTS:
1.	 TCC	care	process	and	technologies	are	well-suited	to	address	the

evolving	challenge	of	increasing	access	to	high	quality	critical	care
services.

2.	 Tele–critical	care	programs	have	the	potential	to	manage	patients	in
their	home	communities	while	reducing	the	risk	of	mortality	and	costs
associated	with	transport.

3.	 Telemedicine	oversight	of	specifically	critical	care	trained	APPs,	has
been	shown	to	reduce	the	costs	of	care	for	Medicare/Medicaid
beneficiaries.

4.	 The	tele–critical	care	delivery	model	has	been	developed	and	refined
with	the	intention	of	providing	safe,	timely,	consistent,	and	effective
care	with	a	limited	number	of	qualified	providers.

5.	 ICU	telemedicine	provides	earlier	intervention	by	ICU	professionals
along	with	integration	into	modern	comprehensive	patient	monitoring
systems	that	enable	acquisition,	storage,	and	pattern	recognition	of
the	large	amounts	of	patient-specific	data.

INTRODUCTION
1 	The	health	care	system	is	under	unprecedented	demand	for	delivery	of	critical
care	 services,	 and	 tele–critical	 care	 (TCC)	has	 emerged	as	 a	major	pathway	 to



meet	 that	 need.1	 The	 TCC	 care	 process	 and	 technologies	 are	 well	 suited	 to
address	the	evolving	challenge	of	increasing	access	to	high	quality	critical	care
services.	 The	 population	 is	 aging2	 and	 the	 number	 of	 critically	 ill	 patients	 is
growing.3,4	There	is	a	maldistribution	of	qualified	critical	care	providers	to	meet
this	need.5	Health	care	costs	are	driving	increased	focus	on	accountable	care	and
reduced	health	 care	 spending.6	Most	 importantly,	 despite	 progress	made	 in	 the
past	 two	decades,	health	care	delivery	falls	short	of	policymakers’	expectations
for	 patient	 safety	 and	 the	 elimination	 of	 medical	 errors.7	 Ongoing	 efforts
continue	 to	center	on	 finding	evidence-based	approaches	 to	 these	complex	and
competing	factors.	 In	2008,	 the	Institute	 for	Healthcare	 Improvement	proposed
the	Triple	Aim	to	simultaneously	pursue	improving	the	quality	and	satisfaction
of	the	patient	care	experience,	improving	the	health	of	populations,	and	reducing
the	 per	 capita	 cost	 of	 health	 care.8	 This	 remains	 a	 relevant	 framework	 for
improving	 health	 care	 delivery,9	 and	 a	 standard	 against	 which	 to	 assess	 tele–
critical	care.

As	 the	 aforementioned	 forces	 on	 critical	 care	 delivery	 have	 developed,
telehealth,	 defined	 as	 the	 application	 of	 communications	 and	 information
technologies	to	allow	providers	to	care	for	patients	remotely,	is	advancing	as	an
important	component	of	 the	overall	health	care	delivery	system.	Telehealth	has
broad	application,	high	acceptance	by	providers,	patients,	and	payers,	and	there
is	a	large	body	of	evidence	of	beneficial	outcomes.10,11	In	2010,	national	leaders
in	critical	care	proposed	three	major	strategies	to	meet	the	growing	challenge—
tiered	 regionalization,	 ICU	 telemedicine,	 and	 regional	 outreach.12	 This	 chapter
will	 explore	 the	 rationale,	 advantages,	 and	 limitations	of	using	 telemedicine	 to
care	for	critically	ill	patients.

The	 choices	 surrounding	 how	 to	 deliver	 critical	 care	 are	 important	 because
both	spending	and	mortality	in	the	critical	care	setting	are	the	highest	for	all	of
health	care.13,14	Annually,	 in	 the	United	States,	almost	5	million	Americans	are
admitted	to	one	of	the	94,837	intensive	care	unit	(ICU)	beds	in	one	of	the	2814
hospitals	with	an	ICU.15	From	2000	to	2010,	the	number	of	hospital	beds	did	not
grow	 substantially,	 likely	 owing	 to	 the	 shift	 of	 health	 care	 to	 the	 outpatient
setting.	However,	 there	was	 a	 substantial	 increase	 in	 the	number	of	 ICU	beds,
signifying	a	trend	that	hospital	operations	are	increasingly	focused	on	the	care	of
the	 critically	 ill.4	 Annually,	 these	 patients	 have	 required	 intensive	 care	 that
contributes	up	 to	$100	billion	of	 the	over	$3	 trillion	 spent	on	all	of	US	health
care,	 corresponding	 to	 about	 1%	 of	 the	 gross	 domestic	 product	 (GDP).16	 In
comparison,	other	countries	spend	as	little	as	0.1%	of	their	GDP	on	critical	care
without	appreciable	differences	in	patient	outcomes	or	life	expectancy.17	Further
evidence	shows	that	25%	of	all	US	health	care	spending	 is	 in	 the	final	year	of



life	and	that	approximately	20%	of	deaths	occur	in	or	soon	after	an	ICU	stay.18
The	 combination	 of	 the	 post-World	 War	 II	 population	 expansion	 and	 the

increase	 in	 life	 expectancy	 for	 US	 adults	 has	 led	 to	 large	 increases	 in	 older
segments	of	our	population	that	have	required	more	critical	care	services.2,19	By
2030,	 it	 is	estimated	 that	over	70	million	US	residents	will	be	over	65,	an	age
group	that	currently	requires	three	times	as	much	critical	care	resources	as	that
of	younger	groups	of	patients.	In	addition,	patients	85	years	and	older	require	six
times	as	much	critical	care,	and	the	size	of	this	age	group	is	projected	to	triple	by
2030	 compared	 with	 the	 2006	 population.	 The	 challenge	 associated	 with	 this
expansion	is	compounded	by	the	increasing	focus	on	patient	and	family-centered
care,	which	is	the	assurance	that	clinical	care	decisions	are	guided	by	the	values
and	preferences	of	individual	patients	and	their	loved	ones.20

A	 substantial	 body	 of	 literature	 indicates	 that	 critical	 care	 delivered	 by
intensive	care–trained	professionals	can	increase	quality	and	improve	important
outcomes	such	as	lowering	mortality	and	length	of	stay	(LOS).21,22	Accordingly,
hospitals	 and	 health	 care	 organizations	 are	 focusing	 on	 quality	 standards	 and
increased	 efficiency	 as	 the	 backbone	 of	 their	 delivery	 models,	 as	 opposed	 to
simply	increasing	the	volume	of	services	provided.	One	of	the	largest	advocates
in	 patient	 safety	 and	 quality	 has	 been	 The	 Leapfrog	 Group,	 a	 nonprofit
organization	 and	 consortium	 of	 Fortune	 500	 companies	 that	 has	 established
measures	 of	 improvement	 across	 health	 care.23	 Leapfrog	 compliance	 has
continued	to	be	a	priority	for	hospitals	and	includes	intensivist	staffing	as	one	of
its	key	measures,	or	 “leaps.”	The	Leapfrog	 standard	 requires	 intensivists	 to	be
dedicated	 exclusively	 to	 providing	 care	 in	 the	 ICU	 during	 daytime	 hours.24	 If
intensivists	are	unavailable,	Leapfrog	states	that	they	must	be	reachable	within	5
minutes	 and	 arrange	 for	 specifically	 trained	 nonintensivists,	 including
nonphysicians,	to	reach	the	patient	within	5	minutes.	These	initiatives	are	based
on	broadly	accepted	evidence	that	intensivist-led	ICU	teams	can	lower	mortality,
lower	LOS,	and	increase	quality.25	However,	less	than	one-quarter	of	ICUs	in	a
report	of	Leapfrog	surveys	meet	the	intensivist	staffing	marker.26	This	failure	is
an	 indicator	 of	 the	 broad	 difficulty	 of	 providing	 critical	 care	 by	 dedicated,
specialty-trained,	and	certified	providers.	Interestingly,	as	telemedicine	delivery
models	 have	 grown,	 The	 Leapfrog	 Group	 has	 identified	 tele-intensivist
programs,	 in	 conjunction	 with	 in-person	 intensivists,	 as	 compliant	 with	 their
standards.27	 This	 indicates	 strong	 support	 of	 TCC	 programs	 as	 a	 leveraging
technology	to	deliver	high-quality	critical	care.

2 	Tele–critical	care	provides	a	flexible	mechanism	to	match	intensivist	supply
to	demand.	The	optimal	 supply	of	 intensivist	physicians	 is	currently	unknown.
Generally,	the	required	supply	of	critical	care	trained	physicians	is	linked	to	the



number	of	ICU	beds	at	urban	referral	hospitals.	However,	the	required	number	of
beds	depends	on	ICU	admission	criteria,	which	are	not	standardized.	If	patients
with	a	low	risk	of	mortality,	or	at	end	of	life,28	are	managed	in	a	non-ICU	setting
this	 will	 have	 a	 marked	 impact	 on	 the	 required	 number	 of	 physicians.	 An
analysis	 of	 intensivist	 staffing	 at	 2814	 acute	 care	 hospitals	 indicates	 that
intensivists	were	significantly	more	likely	to	work	at	larger	urban	hospitals	with
larger	 numbers	 of	 ICU	 beds	 and	 greater	 ratio	 of	 ICU	 beds	 to	 hospital	 beds.5
Critical	care	is	delivered	throughout	the	United	States	in	a	variety	of	settings,	but
the	majority	of	 ICU	beds	are	 located	 in	nonteaching	community	hospitals	with
fewer	 than	300	beds.24	A	critically	 ill	patient	with	access	 to	an	 ICU	bed	 is	not
guaranteed	access	to	uniform	high	quality	and	comprehensive	care	because	wide
variation	 exists	 in	 access	 to	 critical	 care	 specialists.29	 Furthermore,	 critical
illnesses	 such	 as	 sepsis,	 acute	 respiratory	 distress	 syndrome,	 acute	 coronary
syndrome,	 acute	 cerebrovascular	 accidents,	 and	 venous	 thromboembolism
require	 timely	 standardized	 intervention	 delivered	 by	 health	 care	 teams	 with
adequate	 training	 and	 recent	 experience	 to	maintain	 proficiency.	 Telemedicine
support	can	 increase	 the	 frequency	of	high-quality	care	at	 locations	 that	would
have	 otherwise	 delayed	 care	 while	 awaiting	 transport	 of	 patients	 to	 locations
with	 qualified	 providers.30	 Tele–critical	 care	 programs	 have	 the	 potential	 to
manage	patients	in	their	home	communities	while	reducing	the	risk	of	mortality
and	 costs	 associated	 with	 transport,	 and	 preserving	 capacity	 of	 tertiary	 care
hospitals	 to	manage	higher	acuity	cases	and	those	that	require	services	 that	are
not	 available	 at	 their	 community	 hospitals.	 In	 addition,	 telehealth	 allows
resources	to	be	shared	between	hospitals	with	redirection	of	services	to	hospitals
with	higher	need	at	any	given	time.

3 	 An	 important	 strategy	 for	 provision	 of	 critical	 care	 services	 is	 the
employment	of	advanced	practice	providers	 (APPs),	 either	physician	assistants
(PAs)	or	nurse	practitioners	(NPs).31	A	review	of	15	studies	measuring	outcomes
from	 the	 integration	 of	 NPs	 on	 critical	 care	 teams	 found	 evidence	 of
improvements	in	mortality,	LOS,	patient	satisfaction,	and	cost.32	The	Society	of
Critical	Care	Medicine	estimates	that	that	more	than	29,700	NPs	and	1500	PAs
are	providing	critical	care	services	 in	 the	United	States.15	Government	support,
through	 the	Affordable	Care	Act,33	 initiated	 funding	 for	health	 care	 innovation
ideas	across	the	full	spectrum	of	health	care	delivery.	One	such	example	includes
a	financially	successful	initiative	that	integrates	specific	critical	care	training	for
APPs,	 along	 with	 telemedicine	 oversight	 by	 intensivists,	 to	 serve	 the	 high
demand	 for	 ICU	 care	 professionals	 in	 underserved	 areas.34	 In	 addition,	 APPs
have	been	integrated	as	tele–critical	care	team	members.35

Telemedicine	integration	into	ICU	health	care	delivery	helps	solve	the	supply-



distribution	problem	because	it	removes	geographic	barriers	to	high-quality	care,
thus	 increasing	 the	 number	 of	 ICU	 patients	 that	 can	 receive	 evaluation	 and
management	 services	 from	 a	 critical	 care	 specialist–led	 team.	 Intensivist-led
TCC	 teams	 can	 serve	 a	 substantially	 larger	 population	 of	 patients	 than
intensivists	using	traditional	telephonic	tools.36,37	This	is	due	in	part	to	the	use	of
dedicated	workstations	that	run	software	designed	to	collect	and	display	clinical
information	 in	 a	 format	 that	 allows	more	 efficient	management	of	 critically	 ill
adults.	 These	 workstations	 include	 bidirectional	 audio/video,	 clinical	 decision
support,	 population	 management	 software,	 and	 alarms	 and	 alerts	 that	 allow
earlier	detection	of	physiologic	instability	and	abnormal	laboratory	values.	They
are	also	designed	to	support	 the	efficient	recording	of	provider	orders	and	care
protocols.	These	tools	allow	increased	provider	productivity	based	on	the	ability
of	the	technology	to	present	real-time	clinical	data	from	the	bedside	to	the	tele-
intensivist	 who	 can	 then	 dynamically	 prioritize	 attention.	 The	 benefits	 of	 this
approach	depend	on	 the	 timing	 and	 effectiveness	 of	 the	 delivery	 of	 evaluation
and	 management	 services	 by	 the	 TCC	 team.38	 Proactive	 critical	 care
interventions	 coupled	 with	 provider	 documentation	 facilitated	 by	 technology
such	as	alarms,	alerts,	and	 real-time	reporting	 tools	can	create	a	more	efficient
and	effective	ICU	workflow	than	the	 traditional	daily	 time-based	rounding	and
documentation	carried	out	by	bedside	providers.	The	optimal	number	of	patients
that	 one	 tele-intensivist	 should	 be	 responsible	 for	 is	 not	 well	 established	 and
would	vary	widely	depending	on	a	variety	of	factors	 including	local	 resources,
ICU	 acuity,	 and	 telemedicine	 staffing	 and	 support	 structure.39	 In	 addition	 to
increasing	 the	 number	 of	 patients	who	 are	 able	 to	 receive	 care	 from	 a	 critical
care	 specialist,	more	 community-based	 ICUs	 can	 retain	 an	 intensivist	 because
ICU	 telemedicine	 practice	 models	 reduce	 off-shift	 workload	 for	 bedside
intensivists.40

Some	health	care	experts	have	not	only	proposed	solutions	to	the	issue	with
supply-distribution	of	ICU	providers,	but	have	emphasized	potential	measures	to
reduce	 the	 demand	 for	 ICU	 care.41	 There	 is	 significant	 variability	 of	 ICU
admission	practices	that	can	lead	to	overutilization	of	resources,	increased	costs,
increased	LOS,	and	more	frequent	preventable	complications.28,42	It	seems	clear
that	 admission	 to	 an	 ICU,	 either	 urban	 or	 rural,	 is	 currently	 based	 not	 on
standardized	criteria	but	rather	on	a	variety	of	factors	that	often	do	not	reflect	the
patient’s	potential	for	physiologic	instability.	Patients	with	borderline	indications
for	 ICU	 admission	 often	 get	 admitted	 to	 the	 ICU	 owing	 to	 the	 uncertainty
regarding	 potential	 deterioration	 and	 thus	 receive	 more	 costly	 care	 than	 is
necessary.	An	investigation	of	a	 large	database	of	ICU	admissions	showed	that
only	 two-thirds	 of	 patients	 admitted	 to	 an	 ICU	 received	 an	 ICU-level



intervention.43	 Similarly,	 less	 than	 40%	 of	 patients	 in	 another	 ICU	 population
received	 mechanical	 ventilation	 at	 any	 time	 during	 their	 ICU	 stay.44	 There	 is
wide	variation	in	the	way	ICUs	are	used	in	the	United	States,	and	hospitals	that
tend	 to	use	more	 critical	 care	 resources	have	not	 shown	 improved	outcomes.45
Telecommunications	 and	 health	 information	 technology	 including	 bidirectional
audio/video,	 electronic	 monitoring,	 and	 clinical	 decision	 support	 can	 exist	 in
acute	 care	 environments	 outside	 of	 the	 ICUs	 to	 augment	 in-hospital	 clinical
teams	and	make	better	use	of	constrained	resources	with	tools	available	to	focus
on	best	practices,	 sepsis	management,	pain	management,	 readmission	 risk,	and
fall	prevention.	This	electronic	oversight	captures	physiological	data	and	alerts
dedicated	 off-site	 clinical	 teams	of	 potential	 patient	 deterioration	 and	 the	 need
for	escalation	to	ICU-level	care	through	early	detection,	resulting	in	the	ability	to
more	appropriately	utilize	costly	ICU	resources.

4 	The	tele–critical	care	delivery	model	has	been	developed	and	refined	with
the	 intention	 of	 providing	 safe,	 timely,	 consistent,	 and	 effective	 care	 with	 a
limited	 number	 of	 qualified	 providers.	 In	 this	 chapter,	 we	 will	 focus	 on	 the
evidence	 that	 supports	 the	 utilization	 of	 telemedicine	 support	 systems	 as	 a
solution	 by	 reengineering	 the	 flow	 of	 clinical	 information	 from	 the	 patient	 to
their	 ICU	provider	 (Figure	31.1).	 These	 tools	 allow	 critical	 care	 specialists	 to
obtain	 real-time	 actionable	 clinical	 information	 and	 provide	 evaluation	 and
management	 services.	 Connecting	 to	 critically	 ill	 patients	 in	 this	 way	 can
improve	 outcomes,	 lower	 complications,	 and	 increase	 patient	 and	 family
satisfaction.1,46	 Utilizing	 remote	 workstations	 equipped	 with	 the	 necessary
technology,	TCC	teams	consisting	of	intensivists,	APPs,	critical	care	nurses,	and
other	professionals	 can	provide	high-quality	 critical	 care	where	 and	when	 it	 is
needed.



	

Figure	31.1 	Contrasting	traditional	intensive	care	unit	(ICU)	flow
of	 clinical	 information	 with	 a	 reengineered	 workflow	 utilizing
electronic	 support	 tools	 to	 provide	 remote	 qualified	 ICU
professionals	with	 the	ability	 to	provide	more	 timely	care	 led	by	an
intensive	 care	 physician	 specialist	 across	 a	 larger	 ICU
population.CCRN,	 Critical	 Care	 Registered	 Nurse;	 MD,	 Medical
Doctor;	NP,	nurse	practitioners;	PA,	physician	assistants.

TECHNOLOGICAL	AND	ORGANIZATIONAL
SOLUTIONS
ICUs	have	evolved	to	high-level	integration	of	electronic	tools	for	data	capture,
display,	 and	 analysis.	 These	 electronic	 signals	 can	 be	 shared	 remotely	 in	 real
time	which	set	the	stage	for	the	development	of	tele–critical	care	systems.	At	the
same	 time,	 advances	 in	 the	 critical	 care	 medicine	 produced	 meaningful
improvements	 in	 patient	 survival—for	 patients	 with	 access	 to	 these	 advances.
Unwanted	 variation	 in	 care	 still	 exists	 because	 the	 penetration	 of	 medical
advances	 is	 incomplete.47	Remote	 real-time	 support	 for	 acutely	 ill	 patients	 is	 a
promising	 strategy	 that	 can	 improve	 the	 efficiency	 of	 critical	 care	 delivery	 by
reengineering	 the	 interface	 between	 the	 patient	 and	 the	 ICU	 care	 team.48	 To
achieve	 its	 full	 promise,	 widespread	 diffusion	 and	 adoption	 of	 technological
innovations	 must	 progress	 through	 stages	 at	 a	 pace	 that	 depends	 on	 social
systems	inherent	in	organizations.49

Patients	and	families	are	primed	to	accept	a	shift	in	care	delivery	that	includes



telecommunication	 with	 a	 remote	 specialist.	 The	 rapid	 expansion	 of	 mobile
communication	technologies	has	heightened	societal	expectations	regarding	the
ability	 to	 access	 information	 immediately	 on	 personal	 electronic	 devices.	 This
expectation	 is	 increasingly	being	 applied	 to	 access	 to	health	 care.	Tele–critical
care	has	the	potential	to	provide	an	on-demand	experience	that	can	enhance	the
patient	and	family-centered	care	in	ICUs	by	allowing	easier	access	to	specialist
providers.	Anywhere,	anytime	connectivity	can	enhance	 integration	of	 families
into	the	process	of	critical	care	delivery,	provide	an	improved	family	experience
during	an	often-stressful	time,	and	reduce	overutilization	of	invasive	treatments
of	little	clinical	benefit.

Over	 100	 years	 ago,	 attempts	 at	 electrocardiogram	 transmission	 over
telephone	 lines	 allowed	 real-time	 off-site	 interpretation.50	 Telemedicine
integration	into	ICU	care	occurred	in	the	latter	half	of	the	past	century,51	but	the
first	comprehensive	TCC	program	was	not	implemented	until	2000	in	Virginia.52
Wider	 acceptance	 did	 not	 begin	 until	 years	 later	 when	 investigators	 at	 Johns
Hopkins	 showed	 acuity-adjusted	 improvements	 in	 both	 ICU	 and	 hospital
mortality	 based	 on	 a	 continuous	 intensivist-led	 tele-ICU	 care	 model	 for	 two
adult	 ICUs.53	 The	 model	 of	 continuous	 telemedicine	 delivery	 remains	 the
dominant	 one	 in	 spite	 of	 continued	 technologic	 expansion	 and	 has	 led	 to
significant	growth.1

Since	 the	 first	demonstration	 that	TCC	 implementation	can	 improve	quality
of	 care	 there	has	been	growth	of	programs	with	 similar	designs.	 In	 the	United
States,	 five	 integrated	 tele-ICU	 programs	 had	 been	 implemented	 in	 hospitals
prior	 to	 2003.1	 Between	 2003	 and	 2010,	 there	 was	 a	 rapid	 growth	 and
implementation	of	TCC	programs	across	the	United	States,	and	this	growth	has
continued.29	Recent	 estimates	 based	on	data	 from	 the	2018	American	Hospital
Association	Survey	show	that	approximately	27%	of	hospitals	with	at	least	one
ICU	bed	had	active	TCC	programs	 in	place.54	 In	general,	 larger,	not-for-profit,
nonrural,	 noncritical	 access,	 teaching	hospitals	 associated	with	a	health	 system
were	more	likely	to	have	TCC	programs.55	Additionally,	 the	Society	of	Critical
Care	Medicine	 Tele-ICU	 committee	 surveyed	 its	membership	 in	 2017.	Out	 of
561	 unique	 center	 responses,	 35%	 had	 formal	 TCC	 programs	 confirming	 the
rapid	 growth	 of	 this	 technology.1	 Recent	 expansion	 of	 alternative	 technology
platforms,	mobile	 telecommunications,	 and	 episodic	 care	models	 suggests	 that
the	 number	 of	 ICU	 patients	 receiving	 telemedicine	 support	 is	 larger	 than	 the
number	of	closed	model	bedside	intensivist-led	ICUs.56

Multiple	 models	 have	 developed	 for	 TCC	 programs	 (Table	 31.1).	 Recent
literature	 provides	 a	 detailed	 report	 of	 various	 ways	 to	 utilize	 telemedicine
support	 systems	 for	 the	 care	 of	 critically	 ill	 patients.37,58,59	 Three	 predominant



TCC	program	structures	have	evolved	since	the	advent	of	ICU	telemedicine.	The
most	common	model	is	the	centralized	hub-and-spoke	structure	where	a	single,
centralized	 remote	 center	 (hub)	 provides	 TCC	 services	 to	 multiple	 locations
(spokes).	A	variation	of	this	model	is	the	hub-node-spoke	where	administrative
oversight	and	technical	support	is	provided	from	a	central	hub	to	multiple	nodes
that	 may	 be	 geographically	 diverse	 providing	 TCC	 services	 to	 multiple	 local
spokes.	These	models	typically	involve	vendor-supplied	software	allowing	real-
time	remote	EMR	and	audiovisual	access	to	individual	patient	rooms.	Computer
generated	 notifications	 based	 on	 clinical	 algorithms	 can	 add	 another	 layer	 of
support.	A	second	model	utilizes	a	more	decentralized	point-to-point	 structure.
In	 this	model,	 providers	 are	not	 centrally	 located	 and	provide	 a	more	 episodic
rather	than	continuous	model	of	care.	Hybrid	programs	utilize	both	a	centralized
continuous	 oversight	 model	 with	 reactive	 point-to-point	 consultation	 for
subspecialist	care.1,60	Staffing	of	TCC	support	centers	has	evolved	over	time,	and
it	is	now	common	to	have	a	tiered	team	with	an	intensivist,	APP,	multiple	critical
care	RNs,	pharmacists,	and	 respiratory	 therapists.	Tele-ICU	monitoring	centers
often	 collocate	 workstations	 that	 include	 multiple	 monitor	 displays,
microphones,	 speakers,	 and	 broadband	 capabilities.	 This	 creates	 efficiency
because	 intensivists	 can	 leverage	nurses	 and	prescribing	APP	partners	 (NPs	or
PAs)	to	complete	and	document	tasks.	This	tiered	and	shared	strategy	allows	one
intensivist	to	provide	urgent	evaluation	and	management	services	to	as	many	as
150	critically	ill	adults.

TABLE	31.1

Tele–Critical	Care	Delivery	Models

Care	Models57

1.	 Continuous	care	model—proactive	care	that	occurs	on	a	24/7	continuous
basis	servicing	an	ICU	population	utilizing	a	centralized	operational
center	staffed	by	a	team	of	ICU	professionals	led	by	a	qualified	intensive
care	physician	specialist

2.	 Episodic	care	model—proactive	care	that	occurs	intermittently
connecting	patient	to	provider	or	provider	to	provider	on	a	predetermined
basis	(eg,	daily	rounds)	or	at	unscheduled	times

3.	 Responsive	care	model—reactive	care,	when	virtual	consults	are



prompted	by	an	alert	(eg,	patient	alarm,	telephone	call)

Structure	Models1

1.	 Centralized	hub	and	spoke—the	most	common	model;	a	single	center
provides	continuous	support	directly	to	multiple	locations	or	organizes
hubs	which	in	turn	support	multiple	locations.

2.	 Decentralized	structure—point-to-point	care	by	experts	is	provided
episodically	on	demand	without	continuous	monitoring;	infrastructure
light	approach	is	suitable	for	disasters.

3.	 Hybrid	structure—centralized	continuous	model	with	ability	to
intermittently	integrate	additional	specialists	as	required.

ICU	patient	rooms	can	be	equipped	with	fixed	high-resolution	cameras	with
pan,	tilt,	and	zoom	capabilities	along	with	speakers,	a	microphone,	and	a	display
monitor.	 In	 addition	 to	 the	 networking	 architecture,	 portable	 and	 mobile
solutions	 have	 emerged	 for	 both	 ends	 of	 the	 system.	Mobility	 implies	 internet
connectivity	 because	 intensivists	 and	 other	 involved	 providers	 can	 use	 an
internet-capable	 laptop	 or	 mobile	 device	 to	 gain	 access	 to	 a	 private	 viewing
environment.	To	access	patients	who	are	not	in	a	room	with	a	fixed	audiovisual
system,	 mobile	 systems	 are	 often	 available	 on	 carts,	 including	 some	 robotic
systems	that	do	not	require	transportation	or	activation	by	bedside	providers.	As
innovation	continues,	mobility	and	functionality	are	expected	to	expand.

The	 use	 of	 sophisticated	 technology	 for	 critical	 care	 delivery	 does	 not,	 by
itself,	 improve	 performance.61	 Maximizing	 ICU	 telemedicine	 effectiveness
requires	a	comprehensive	understanding	of	the	determinants	of	improved	clinical
and	 financial	 outcomes	 for	 its	 optimal	 application.	More	 is	 now	 known	 about
how	 ICU	 telemedicine	 reduces	 mortality	 and	 LOS.	 A	 multicenter	 trial	 that
measured	 an	 alternative	 process	 of	 care	 identified	 several	 factors	 that	 are
associated	 with	 greater	 reductions	 in	 mortality	 and	 LOS.62	 Early	 intensivist
involvement	 in	 the	 form	of	workstation-assisted	 care	plan	 reviews,	more	 rapid
responses	 to	 alerts	 and	 alarms	 for	 evolving	 physiologic	 instability,
interdisciplinary	collaboration,	high	rates	of	adherence	to	ICU	best	practices,	and
near	real-time	review	of	ICU	performance	data	by	a	 leadership	team	that	 takes
action	were	associated	with	lower	mortality	and	shorter	LOS.	Another	study	of
the	 ability	 of	 off-site	 nurse	 reviews	 and	 communication	 to	 the	 bedside	 team
reported	significantly	improved	adherence	to	best	practices.63	More	recently,	an



ethnographic	 study	 of	 10	 ICU	 telemedicine	 programs	 confirmed	 that	 the
effectiveness	of	TCC	programs	is	influenced	by	three	key,	modifiable	domains:
leadership	of	both	the	target	ICU	and	remote	facility,	perceived	value	of	the	TCC
program	 by	 the	 front	 line	 caregivers	 and	 organizational	 characteristics	 of	 the
TCC	 program.64	 Each	 of	 the	 elements	 that	 were	 associated	 with	 improved
outcomes	 is	 concordant	 with	 the	 safety	 and	 clinical	 engineering	 literature.
Studies	 to	 date	 have	 not	 identified	 a	 particular	 or	 size	 of	 ICU	 that	 predicts
improved	outcomes.	The	approach	to	 improving	outcomes	may	depend	less	on
the	 or	 size	 of	 the	 ICU	 and	 more	 on	 the	 ability	 of	 a	 particular	 approach	 and
system	to	impact	these	key	processes	in	the	environment	in	which	it	is	deployed.

5 	Tele–critical	care	tools	can	allow	intensivist-led	teams	to	effectively	engage
a	 large	 population	 of	 patients.	 These	 electronic	 tools	 facilitate	 workflow
optimization	 and	 the	 efficient	 and	 effective	 use	 of	 near	 real-time	 analyses	 of
trending	 clinical	 information.	 Without	 technology	 support	 systems,	 a	 bedside
nurse	 or	 provider	 must	 recognize	 and	 interpret	 complex	 and	 dynamic
physiologic	 and	 clinical	 data	 before	 action	 can	 occur.	 Relying	 upon	 human
recognition	 and	 interpretation	 in	 an	 ICU	 environment	 can	 produce	 delay	 and
error.48	During	critical	 illness,	vital	 signs,	 laboratory	data,	 imaging	 results,	 and
medical	 equipment	 can	 simultaneously	 produce	 hundreds	 of	 data	 points.
Excessive	 and	 error-prone	medical	 device	 alarms	 in	 the	 ICU	 environment	 can
cause	 ICU	 staff	mental	 fatigue	 (the	 so-called	 alarm	 fatigue),	 often	 resulting	 in
desensitization	and	delayed	response	with	potential	negative	impacts	on	clinical
outcomes	 and	 patient	 safety.65-67	 Based	 on	 current	 design,	 bedside	 nurses	 and
providers	 are	 often	 multitasking	 and	 responding	 to	 unpredictable	 events
elsewhere	 with	 the	 ability	 to	 interpret	 only	 a	 small	 fraction	 of	 the	 myriad	 of
clinical	information	produced.68	Further	delay	can	occur	if	an	ICU	professional
is	not	readily	available	to	provide	an	intervention	or	has	yet	to	become	engaged
in	the	patient’s	care.	Current	bedside	delivery	often	involves	provider	rounding
and	 a	 series	 of	 individual	 evaluations	 at	 single	 points	 in	 time.	This	 evaluation
includes	assessment	of	current	biosensor	and	clinical	information	but	often	does
not	 include	 tools	 to	 detect	 concerning	 trends	 of	 these	 factors	 that	 can	 predict
deviation	 from	 the	 intended	 trajectory.69	 ICU	 telemedicine	 provides	 earlier
intervention	 by	 ICU	 professionals	 along	 with	 integration	 into	 modern
comprehensive	patient	monitoring	systems	that	enable	acquisition,	storage,	and
pattern	 recognition	 of	 the	 large	 amounts	 of	 patient-specific	 data.	 Acquired,
organized,	 and	 stored	 data	 with	 pattern	 recognition	 technology	 transmitted
instantaneously	 to	a	 tele-ICU	can	expedite	care	by	enabling	earlier	 recognition
of	 often	 subtle	 changes	 in	 patient	 pathophysiology,	 transitioning	 from	 reactive
care	to	proactive	and	predictive	care.



With	 additional	 connectivity	 and	 interoperability	 among	 multiple	 bedside
medical	 devices,	 such	 as	mechanical	 ventilators	 and	 infusion	 pumps,	 complex
interactions	 between	 patients	 and	 therapies	 can	 be	 acquired	 and	 interpreted
utilizing	electronic	support.70	 In	addition,	 these	systems	allow	qualified	experts
to	 interpret	 radiographic	 and	 ultrasonographic	 images	 in	 near	 real	 time.	 Real-
time	TCC	support	for	ultrasonography	can	also	improve	the	quality	of	acquired
images.	 Clinical	 decision	 support	 system	 integration	 further	 assists	 the	 ICU
professional	 in	 tailoring	 interventions	 to	 the	underlying	disease	process	 in	near
real	 time.71	 Ultimately,	 an	 integrated	 critical	 care	 informatics	 architecture	 can
include	 real-time	 acquisition	 and	 storage	 of	 all	 raw	 clinical	 data	 that	 can	 be
stored,	 processed,	 and	 translated	 into	 actionable	 information	 to	 be	 used	 by	 a
remote	 ICU	 professional	 to	 provide	 management	 services	 in	 a	 more	 efficient
manner	across	a	larger	population	of	patients.72

DATA	AND	OUTCOMES

Clinical	Outcomes	and	Process	Measures
The	ICU	telemedicine	evidence	base	has	grown	such	that	there	are	now	several
systematic	 reviews	 available40,73,74	 evaluating	 clinical	 and	 financial	 impacts	 of
TCC	 on	 critical	 care.	 Most	 recently,	 Fusaro	 et	 al74	 found	 that	 TCC
implementation	was	associated	with	an	overall	reduction	in	ICU	mortality	with	a
pooled	 odds	 ratio	 for	 overall	 ICU	 mortality	 of	 0.75	 (95%	 CI	 [confidence
interval],	 0.65-0.88;	 P	 <	 .001).	 Subgroup	 analyses	 showed	 that	 ICUs	 with
observed	to	expected	mortality	ratios	>1	showed	the	most	benefit	whereas	ICUs
that	 were	 already	 high	 performing	 showed	 less	 benefit.	 Early,	 peer-reviewed,
studies	 thought	 to	 have	 sparked	 the	 growth	 of	 TCC	 showed	 significant
improvements	 in	 severity-adjusted	 ICU	mortality,	 hospital	mortality	 and	LOS,
and	 costs.52,53	 A	 common	 theme	 of	 the	 implementations	 of	 these	 ICU
telemedicine	programs	was	collaboration	of	bedside	and	tele-ICU	intensivists	to
provide	the	same	quality	of	care	24/7.

Significant	 efforts	 have	 been	 made	 to	 identify	 which	 aspects	 of	 critical
delivery	are	associated	with	meaningful	improvements	in	outcomes.	One	area	of
intense	interest	has	been	determining	the	effect	of	bedside	intensivist	staffing	on
patient	 outcomes.	A	meta-analysis	 by	Wilcox	 et	 al	 in	201321	 showed	 that	high
intensity	 staffing	 by	 intensivists	 is	 associated	 with	 reductions	 in	 ICU	 and
hospital	mortality	 as	well	 as	 ICU	and	hospital	LOS.	 In	 spite	of	 this,	 there	has



been	 no	 consistent	 signal	 that	 the	 addition	 of	 nocturnal	 intensivists	 improve
patient-centered	outcomes.75-77	The	inability	of	24/7	intensivist	models	to	provide
incremental	benefits	is	an	important	concept	for	the	current	paradigm	of	scarce
critical	 care	 resources.	 Not	 only	 are	 nighttime	 intensivists	 costly	 to	 hospital
systems,	this	model	reduces	the	number	of	intensivists	available	for	other	ICUs
competing	 for	 an	 already	 inadequate	 supply.	 Findings	 from	 recent	 studies
suggest	 that	 the	presence	of	an	 intensivist	at	 the	bedside	 is	not	as	 important	as
when	and	how	an	 intensivist	 is	 involved	 in	patient	care.78	Staffing	models	 that
effectively	 utilize	 tele–critical	 care	 can	 ensure	 earlier	 intensivist	 involvement,
more	timely	response	to	changes	in	patient	condition	and	improved	adherence	to
best	 practices,	 improving	 outcomes	 in	 both	 high-	 and	 low-intensity	 bedside
staffing	models.

After	 2	 decades	 of	 TCC,	 certain	 points	 have	 become	 clear	 regarding	 what
makes	 an	 effective	 program	 implementation.	 Early	 data	 showed	mixed	 results
when	 looking	 at	 important	 outcomes.73,79-82	 Notably,	 there	 was	 significant
variability	and	poor	characterization	of	allowable	interventions	and	processes	in
these	studies	making	 it	difficult	 to	 identify	which	aspects	were	associated	with
improved	performance.	Proactive	care	by	teleintensivists	is	thought	to	be	one	of
the	hallmarks	of	positive	outcomes	 in	more	recent	studies.	 In	2011,	a	study	by
Lilly	et	al	provided	more	detailed	descriptions	of	the	intervention	and	included
analyses	 that	 related	 changes	 in	 process	 to	 changes	 in	 outcomes.83	 This	 study,
performed	at	a	single	academic	medical	center	showed	significant	improvements
in	 ICU	 and	 hospital	 mortality	 and	 decreased	 ICU	 LOS.	 Process-focused
mechanistic	 analyses	 demonstrated	 that	 increased	 adherence	 to	 established
critical	 care	 best	 practices	 and	 lower	 rates	 of	 complications	were	 significantly
associated	with	improved	outcomes.	Contrasting	critical	care	delivery	processes
with	implementation	of	the	ICU	telemedicine	programs	allowed	identification	of
process	 changes	 that	 could	 account	 for	 lower	 mortality	 and	 LOS.	 Redundant
processes	 for	 promoting	 ICU	 best	 practice	 adherence,	 less	 than	 3	 minute
responses	 to	 alerts	 and	 alarms	 of	 physiologic	 instability,	 and	 initial	 care	 plan
reviews	by	intensivists	using	dedicated	workstations	designed	to	track	trends	in
physiologic	 parameters	 and	 laboratory	 values	 were	 identified	 as	 correlates	 of
lower	mortality	and	LOS.

These	associations	and	other	 structural	 and	process-based	aspects	of	critical
care	 delivery	 that	 were	 known	 to	 be	 impacted	 by	 some	 ICU	 telemedicine
programs84,85	 were	 measured	 in	 a	 much	 larger,	 multicenter	 study	 published	 in
2014.62	This	study	analyzed	118,990	ICU	stays	among	patients	admitted	to	ICUs
between	2003	and	2008	across	56	ICUs	in	32	hospitals	from	19	US	health	care
systems	in	a	pre/postassessment	of	implementing	an	ICU	telemedicine	program.



Tele-ICU	implementation	resulted	in	improved	outcomes,	including	a	20%	lower
ICU	 LOS	 (95%	 CI,	 19%-22%;	P	 <.001)	 and	 lowering	 hospital	 LOS	 by	 15%
(95%	CI,	14%-17%;	P	<	.001).	More	importantly,	using	a	validated	standardized
survey84	 that	 reliably	 characterizes	 ICUs	 and	 their	 telemedicine	 structure	 and
processes,	 additional	 analysis	 identified	 six	 individual	 quality	 improvement
constructs	that	were	drivers	of	larger	improvements	in	mortality	and	LOS	(Table
31.2).	Many	of	 these	processes	 revolve	around	early	proactive	 involvement	by
an	 intensivist,	 technology-enhanced	alerting	and	 reminding	systems,	or	 the	use
of	data	to	drive	quality	improvement.	Notably,	the	effects	of	individual	process
elements	 appeared	 to	 be	 small,	 but	 the	 cumulative	 effects	 were	 clinically
significant	and	financially	important.	This	study	is	pertinent	because	it	identifies
factors	 that	 explain	 some	 of	 the	 differences	 in	 outcomes	 among	 previously
published	 studies.	 These	 factors	 involve	 how	 clinicians	 use	 telemedicine
technologies,	 and	 it	 is	 increasingly	 clear	 that	 how	 the	 technology	 is	 used	 is	 at
least	as	important	as	the	technology	itself.

TABLE	31.2

Factors	Associated	With	Improved	Outcomes	After	Tele–
Critical	Care	Implementation62

Workstation-assisted	intensivist	reviews	of	the	care	plan	within	1	h	of	ICU
admission

Frequent	and	collaborative	review	and	use	of	ICU	performance	data

Near-perfect	rates	of	adherence	to	ICU	best	practices

Shorter	response	times	for	abnormal	laboratory	and	alarms	for	physiologic
instability

Performance	of	interdisciplinary	rounds

High	levels	of	perceived	effectiveness	of	the	institution’s	ICU	committee

ICU,	intensive	care	unit.
Reprinted	from	Lilly	CM,	McLaughlin	JM,	Zhao	H,	et	al.	A	multicenter	study	of	ICU	telemedicine
reengineering	of	adult	critical	care.	Chest.	2014;145(3):500-507,	with	permission	from	Elsevier.

Building	on	the	work	of	Lilly	et	al,	a	2016	study86	by	Hawkins	et	al	evaluated



acuity	 adjusted	 hospital	 LOS	 among	 three	 groups	 based	 on	 level	 of	 ICU
telemedicine	management.	Three	different	levels	of	intervention	were	specified:
direct	 intervention	 with	 timely	 notification,	 monitor	 and	 notify,	 and	 mixed
methods.	 The	 direct	 intervention	 with	 timely	 notification	 strategy	 showed	 a
significant	 decrease	 in	 acuity	 adjusted	 hospital	LOS	compared	 to	 either	 of	 the
other	less	intense	implementation	strategies.	In	2019,	Kahn	et	al64	performed	an
ethnographic	study	evaluating	differences	in	multiple	domains	between	hospitals
that	had	improved	patient	outcomes	after	TCC	implementation	vs	hospitals	that
had	 no	 change	 or	 worsened	 outcomes.	 Their	 findings	 indicated	 that	 the
effectiveness	 of	 ICU	 telemedicine	 programs	 was	 influenced	 by	 interaction	 of
factors	within	three	key	domains:	leadership	of	both	the	target	ICU	and	facility
providing	 remote	 the	 remote	 care,	 the	 perceived	 value	 of	 telemedicine	 by
frontline	 caregivers,	 and	 the	 organizational	 characteristics	 of	 the	 telemedicine
program.	This	study	provides	a	 template	for	which	factors	 to	 incorporate	when
building	a	new	tele–critical	care	program	or	when	refining	an	existing	program.

Staff	Perceptions	and	Satisfaction
Without	 buy	 in	 from	 bedside	 ICU	 staff	 TCC	 will	 be	 difficult	 to	 effectively
implement.	Bedside	provider	 enthusiasm	depends	on	 several	 factors,	 including
how	 they	 were	 included	 in	 the	 change	 process	 and	 how	 long	 after	 program
implementation	 their	 opinions	were	 solicited.87	 In	 this	 survey,	 administered	 in
2015,	 respondents	 from	 a	 wide	 variety	 of	 hospitals	 related	 generally	 positive
responses	 regarding	 all	 facets	 of	 tele-ICU.	 Responders	 at	 hospitals	 with	more
frequent	use	and	longer	implementation	periods	were	significantly	more	positive
in	 their	 responses	 on	 multiple	 survey	 items	 than	 other	 respondents.	 Another
study	by	Goedken	et	al88	in	2016	found	that,	in	rural	hospitals,	staff	viewed	Tele-
ICU	as	a	welcome	benefit.	TCC	was	felt	to	be	useful	to	provide	extra	support	to
bedside	 staff,	 for	 standardizing	 care	 and	 for	 limiting	 unnecessary	 transfers	 by
keeping	 higher	 acuity	 patients.	 A	 systematic	 review	 published	 in	 2011	 which
included	23	studies	involving	staff	acceptance	indicated	favorable	perceptions	by
physicians	 and	 nurses	 across	 a	 variety	 of	 settings.40	 Despite	 initial	 skepticism,
bedside	 staff	 believed	 tele-ICU	 improved	 the	 quality	 of	 care	 and	would	 likely
achieve	its	highest	efficacy	in	health	care	settings	with	reduced	resources.	Staff
acceptance	is	poorly	characterized	in	peer-reviewed	literature	but	is	increasingly
important	because	of	 its	vital	 role	 in	operational	success	and	critical	care	cost-
effectiveness.	Preimplementation	inclusion	in	program	planning,	establishing	the
understanding	 and	 expectations	 of	 bedside	 staff,	 investigating	 the	 perceived
need,	 and	 assessing	 the	 availability	 of	 local	 resources	 have	 been	 shown	 as



factors	that	improve	acceptance.89	Peltan	et	al90	performed	a	study	evaluation	of
clinicians	 (physicians	 and	 nurses)	 who	 responded	 to	 simulated	 in-hospital
cardiac	 arrest	 (IHCA)	 events.	 The	 clinician	 teams	 were	 amenable	 to	 and
perceived	a	benefit	to	adding	a	TCC	physician	as	a	“copilot”	during	these	events.
The	 greatest	 benefit	 was	 perceived	 for	 IHCA	 events	 occurring	 on
medical/surgical	wards	where	a	critical	care	trained	physician	was	less	likely	to
be	in	attendance.	This	study	indicates	that	there	is	likely	staff	readiness	for	TCC
intervention	both	in	and	out	of	ICUs.

Trainee	Education
In	 2011,	 nearly	 half	 of	 the	 comprehensive	 tele-ICU	 programs	 include
participation	of	residents	and	trainees	for	the	care	of	critically	ill	patients.56	Little
is	 known	 regarding	 the	 effects	 of	 ICU	 telemedicine	 on	 the	 critical	 care
educational	experience.	There	has	been	an	increased	effort	to	detail	the	effects	of
telemedicine	 integration	 into	 medical	 education	 and	 critical	 care	 training
programs.40,91	 These	 investigations	 suggest	 that	 the	 addition	 of	 an	 ICU
telemedicine	 program	 provides	 more	 resources	 to	 residents	 and	 fellows	 with
documented	educational	support	at	 times	when	their	primary	educator	 is	not	 in
the	 ICU.92	 Approximately	 82%	 of	 residents	 surveyed	 responded	 that	 this
technology	 improved	patient	 care,	 73%	 indicated	 that	 it	 enabled	better	 care	 of
their	patients	when	they	were	on	call,	and	67%	desired	tele-ICU	involvement	in
the	care	of	 their	patients.	The	majority	reported	usefulness	regarding	ventilator
management,	 supervision	 during	 arrests,	 blood	 gas	 interpretation,	 acute
respiratory	 changes,	 and	 goal-directed	 therapy.	 Importantly,	 tele-ICU
involvement	 was	 not	 perceived	 as	 having	 an	 overall	 negative	 impact	 on
education	and	training.

Cost-Effectiveness	and	Reimbursement
In	the	context	of	the	high	cost	of	health	care	in	the	United	States,	 the	financial
aspects	 of	 ICU	 telemedicine	 are	 a	 major	 consideration	 in	 expanding	 and
sustaining	TCC	programs.	Under	a	 traditional	financial	model,	a	program’s	net
operating	income	would	balance	the	cost	to	set	up	and	operate	a	program	against
the	 income	 generated.	 For	 TCC	 programs	 the	 cost	 side	 includes	 a	 substantial
initial	 capital	 investment	 in	 technology.93	 However,	 direct	 reimbursement	 for
TCC	evaluation	and	management	 services	were	not	 generally	 supported	 in	 the
United	States	before	the	COVID-19	pandemic94,95	and	current	time	requirements



limit	 financial	 support	 for	many	US	 tele–critical	care	providers.	Therefore,	 the
financial	 performance	 of	 TCC	 programs	 was	 based	 on	 reducing	 the	 cost	 to
deliver	 care	 by	 identifying	 and	 eliminating	 waste	 in	 care	 delivery,	 including
transfer.96	 Tele-critical	 care	 can	 impact	 the	 regionalization	 of	 critical	 care	 via
load-balancing	 and	 appropriate	 triage	 of	 patients	 into	 or	 away	 from	 referral
centers	based	on	patient	needs	and	local	capacity	to	absorb	patients.	This	allows
appropriate	 lower-acuity	 patients	 to	 be	 managed	 in	 community	 hospitals,
eliminating	 transport	 costs,	 keeping	 the	 payment	 for	 their	 care	 in	 the	 local
community,	 and	 increasing	 the	 case-mix	 index.	 At	 large	 referral	 centers	 this
preserves	capacity	to	manage	the	most	complex	patients	who	cannot	be	managed
at	smaller	hospitals.

Until	 recently,	 the	 lack	of	 transparent	cost	data	along	with	 the	absence	of	a
standardized	 methodology	 for	 assessing	 cost-effectiveness	 has	 limited	 the
quality	 of	 literature	 surrounding	 the	 financial	 aspects	 of	 ICU	 telemedicine.	 In
community	hospitals,	positive	financial	outcomes	have	been	reported	because	of
increases	 in	 volume	 and	 acuity	 of	 critically	 ill	 patients	 who	 are	 retained	 as
opposed	to	transferred	elsewhere.97	In	2015,	a	comprehensive	cost-effectiveness
analysis	of	 ICU	 telemedicine	based	on	published	 literature	 suggested	 that	 ICU
telemedicine	 was	 cost-effective	 when	 compared	 with	 ICU	 care	 without
telemedicine.98	 Using	 simulation	 analyses,	 this	 study	 investigated	 the
relationship	of	 the	cost	of	a	 tele-ICU	 intervention	and	 its	 extension	of	quality-
adjusted	 life	years	estimating	 that	 ICU	 telemedicine	was	cost	 saving	37.2%	of
the	 time	and	cost-effective	66.8%	of	 the	 time.	This	 included	a	wide	variety	of
sensitivity	analyses	using	a	broad	 range	of	assumptions.	A	more	 recent	 single-
center	 study	 from	 a	 mature	 high-performing	 TCC	 program	 illustrates	 the
financial	benefit	 in	detail.99	The	study	examined	 the	direct	contribution	margin
(case	 revenue	 minus	 case	 direct	 costs)	 before	 and	 after	 ICU	 telemedicine
intervention	which	increased	from	$7,921,584	to	$37,668,512.	The	telemedicine
cohort	 had	 improved	 clinical	 outcomes	 and	 the	 financial	 improvement	 was
attributable	to	increased	case	volume	and	higher	per-case	net	revenue.

Quality	Metrics	and	Evidence-Based	Care
Quality	of	health	care	has	been	defined	by	the	Institute	of	Medicine	as	care	that
is	 safe,	 timely,	 effective,	 efficient,	 equitable,	 and	 patient	 centered.100	 Quality
improvement	 involves	 activities	 that	 focus	 on	 process	 and	 outcome	 measures
that	often	revolve	around	a	particular	disease	entity	or	patient	cohort.101	There	is
an	increasing	belief	that	implementation	of	telemedicine	in	critical	care	delivery
is	 uniquely	 capable	 of	 enhancing	 quality	 improvement	 programs	 by	 providing



process-based	 metrics	 that	 are	 linked	 to	 outcomes.102	 Effective	 tele-ICU
programs	are	well	equipped	to	collect,	assimilate,	and	analyze	larger	amounts	of
more	granular	data,	invest	dedicated	human	resources,	and	promote	a	culture	of
safety	as	the	predominant	force	moving	the	program	forward	toward	the	desired
result.	 Quality	 improvement	 programs	 often	 focus	 on	 “best	 practice”	 process
measures	such	as	adherence	to	the	Surviving	Sepsis	Guidelines	or	procedures	for
the	prevention	of	ventilator-associated	pneumonia.	Utilizing	on-demand	reports
and	 smart	 alerts,	 telemedicine	 programs	 have	 increased	 compliance	with	 early
sepsis	 management	 protocols	 and	 ventilator	 bundle	 element.83,103	 In	 some
instances,	 telemedicine	 integration	 for	 quality	 improvement	 has	 increased
adherence	 to	 near	 100%	 for	 preventative	 practices	 for	 pneumonia,	 stress	 ulcer
prophylaxis,	 and	 deep	 vein	 thrombosis	 prophylaxis.104	 In	 2014,	 the	 authors
investigated	 the	 impact	 of	 tele-ICU–led	 ventilator	 rounds	 on	 lung	 protective
ventilation	compliance,	ventilator	duration	 ratio,	and	 ICU	mortality	at	multiple
sites	 across	11	hospitals.105	Despite	wide	 variability	 in	 adherence	 rates	 to	 lung
protective	 ventilation	 before	 the	 intervention	 across	 hospitals,	 there	 were
statistically	 significant	 improvements	 in	 all	 measured	 outcomes.	 The
effectiveness	 of	 telemedicine-directed	 ventilator	 rounds	 was	 attributed	 to	 the
ability	 of	 the	 tele-ICU	 intervention	 to	 provide	 human	 support	 to	 encourage
action	based	on	data	management	and	timely	performance	reporting.106	In	2014,
Kahn	 et	 al	 studied	 whether	 nurse-led	 remote	 screening	 and	 prompting	 for
evidence	 based	 practices	 could	 impact	 ICU	 care	 delivery	 and	 outcomes.63	The
tele-ICU	nurses	targeted	ventilator	bundle	adherence,	necessity	of	central	venous
and	 urinary	 catheters	 and	 sedation	 practices.	 While	 they	 did	 not	 detect	 a
significant	benefit	in	mortality,	they	did	note	significant	improvements	in	quality
of	care	and	 reductions	 in	duration	of	mechanical	ventilation	and	LOS.	A	2020
observational	 study	 by	 Becker	 et	 al	 evaluated	 TCC	 intervention	 on	 care
standardization	 as	 well	 as	 more	 traditional	 outcomes.107	 They	 measured
compliance	 rates	 before	 TCC	 implementation	 and	 over	 the	 course	 of	 a	 3-year
implementation	 period.	 They	 found	 an	 improvement	 in	 all	 measured	 best
practice	 categories:	 venous	 thromboembolism	 prevention,	 stress	 ulcer
prophylaxis,	 full	 ARDSnet	 compliance,	 glycemic	 control,	 and	 transfusion
threshold.

Tele–Critical	Care	during	Rapidly	Evolving	Health	System
Challenges
A	strength	of	TCC	is	 the	ability	 to	rapidly	disseminate	new	information	across



broad	geographic	areas	and	to	apply	it	with	high	reliability.	This	was	exemplified
in	 the	 2019	 outbreak	 of	 acute	 lung	 injury	 associated	 with	 certain	 electronic
vaping	products,	termed	E-VALI.	An	integrated	health	care	system	successfully
employed	TCC	 to	help	manage	 this	 outbreak.108	 The	TCC	nurses	 screened	 for
cases	 during	 nurse	 rounds	 using	 a	 standardized	 form.	 The	 TCC	 physicians
applied	 a	 nationally	 developed	 case	 definition,	 and	 managed	 patients	 more
confidently	 and	 conservatively	 than	 community	 hospitalists	 were	 doing.	 This
minimized	 unnecessary	 invasive	 testing,	 patient	 transport,	 and	 overtreatment
with	corticosteroids	and	antibiotics.	The	potential	for	TCC	to	help	mitigate	more
consequential	disasters	has	been	recognized	by	the	US	Department	of	Health	and
Human	Services	with	the	establishment	of	the	National	Emergency	Tele-Critical
Care	Network	(NETCCN).109	This	emerging	capability	can	rapidly	share	critical
care	 expertise	 and	 capability	 using	 mobile	 technology	 in	 disaster-stricken
regions.

The	 global	COVID-19	 pandemic	 placed	 an	 unprecedented	 stress	 on	 critical
care	 delivery	 systems.	 This	 occurred	 at	 a	 time	 during	 which	 there	 was	 a
substantial	 penetrance	 of	 TCC	 programs	 in	 the	 United	 States—27%	 of	 ICUs
with	more	than	one	bed	were	supported	to	some	degree	with	TCC.54	At	the	time
of	 this	writing,	only	a	 limited	analysis	of	 the	role	of	TCC	in	 the	pandemic	has
been	published.	Several	important	patterns	have	emerged.	In	the	early	pandemic,
when	 the	 health	 care	 system	 in	 New	 York	 City	 was	 overwhelmed,	 volunteer
intensivists	 from	 out	 of	 state	 rapidly	 established	 an	 on-demand	 TCC	 program
supporting	 bedside	 housestaff	 who	 were	 managing	 a	 12-bed	 ICU.110	 With
licensing	waivers	 in	effect	due	 to	 the	public	health	emergency	this	service	was
rapidly	 established	 and	 it	 evolved	 from	 an	 on-demand	 model	 to	 a	 proactive
rounding	model	within	10	days.	The	range	of	additional	support	from	TCC	in	a
respiratory	 pandemic	 includes	 augmenting	 hospital	 capacity,	 minimizing
caregiver	 exposure	 and	 consumption	 of	 personal	 protective	 equipment,	 load
balancing	 ICU	 capacity	 between	 hospitals,	 triage,	 and	 facilitating	 family
meetings.111,112

SUMMARY
Over	a	period	of	nearly	25	years	the	concept	of	intensive	care	telemedicine	has
rapidly	grown	 to	engage	approximately	one	quarter	of	 ICU	beds	 in	 the	United
States.	 ICU	 telemedicine	 programs	 have	 improved	 access	 to	 critical	 care
professionals,	 identified	 patients	 with	 evolving	 physiologic	 instability	 that	 has
not	been	addressed,	 and	has	used	 standardization	of	care	delivery	processes	 to



control	costs	associated	with	wide	variation	of	care.	Widespread	acceptance	of
telehealth	 technologies	 has	 fostered	 the	 continued	 growth	 of	 TCC	 support	 to
previously	 unserved	 populations.	 These	 electronic	 systems	 enable	 remotely
delivered	 comprehensive	 care,	 including	 the	 ability	 to	 collaboratively	 enhance
the	care	of	those	with	critical	 illness	and	injury.	Although	meta-analyses	report
improved	 quality	 outcomes,	 it	 remains	 evident	 that	 there	 is	 variation	 in	 the
design	 of	 ICU	 telemedicine	 programs.	 This	 variation	 amounts	 to	 a	 natural
experiment	that	is	providing	insight	as	to	which	models	are	effective	in	a	given
situation.

The	 substantial	 implementation	 and	 operational	 costs	 of	 ICU	 telemedicine
programs	are	best	 justified	by	 increased	efficiency	of	critical	 care	delivery.	As
enabling	 technologies	 become	 less	 expensive	 and	 better	 integrated	 with
commercially	 available	 electronic	 health	 records,	 the	 incremental	 costs	 of
telemedicine	technologies	are	expected	to	decrease.	More	research	is	needed	on
operational,	quality,	 staffing,	and	 financial	outcomes	 from	the	point	of	view	of
all	stakeholders,	including	patients,	providers,	hospitals,	health	care	systems,	and
society	 as	 a	whole.	The	ability	 to	 support	 the	 effective	process	of	 critical	 care
delivery	 and	 to	 provide	 timely	 and	 actionable	 performance	 reports	 are	 key
elements	 that	 promote	 high-quality	 ICU	 outcomes.	 The	 great	 promise	 of	 ICU
telemedicine	is	its	potential	to	improve	outcomes	yet	control	critical	care	costs.

More	recently	there	has	been	a	shift	from	the	concept	of	ICU	telemedicine	to
tele–critical	 care	 which	 has	 practical,	 real-world	 implications.	 Inherent	 in	 the
concept	 of	 tele–critical	 care	 is	 ability	 of	 specialized	 telemedicine	 services	 to
impact	patient	care	when	and	where	it	is	needed,	even	outside	of	the	confines	of
a	 brick-and-mortar	 ICU.	 This	 offers	 the	 promise	 of	 rapid	 intervention	 for
evolving	instability	before	it	can	progress	to	critical	illness	and	the	need	for	an
ICU	bed.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	With	ICU	telemedicine,	all	of	the	following	have	been	associated	with
improved	mortality	and	length	of	stay	outcomes,	EXCEPT:

A. 	Financial	incentives
B. 	Improved	rates	of	adherence	to	ICU	best	practices



C. 	Shorter	response	time	for	abnormal	lab	results	and	alarms
D. 	Workstation-assisted	intensivist	review	of	plan	within	an	hour	of
admission

2. 	The	Donabedian	theory	of	health	care	improvement	includes	all	of	the
following,	EXCEPT:

A. 	Outcomes
B. 	Plan,	do,	study,	act
C. 	Process
D. 	Structure

3. 	Approximately	what	percentage	of	nonfederal	ICU	beds	in	the	United
States	are	supported	by	an	ICU	telemedicine	program?

A. 	0%	to	5%
B. 	10%	to	20%
C. 	20%	to	40%
D. 	More	than	40%

Answers

1.	The	correct	answer	is	A.
Rationale:	Financial	incentive	programs	have	not	been	among	the	factors	that

predict	 greater	 improvements	 of	 mortality	 and	 length	 of	 stay	 after	 an	 ICU
telemedicine	 intervention	 (choice	 A	 is	 the	 “correct”,	 wrong	 answer).
Workstation-assisted	 intensivist	 reviews	 of	 care	 plan	 within	 an	 hour	 of	 ICU
admission,	 near-perfect	 rates	 of	 adherence	 to	 ICU	 best	 practices,	 shorter
response	 times	 for	 abnormal	 laboratory	 and	 alarms	 for	 physiologic	 instability,
and	 performance	 of	 interdisciplinary	 rounds	 have	 all	 been	 associated	 with
improvements	of	length	of	stay	and	mortality.

2.	The	correct	answer	is	B.
Rationale:	 The	 Donabedian	 model	 provides	 a	 framework	 for	 examining

health	 services	 and	 evaluating	 quality	 of	 health	 care	 by	 looking	 at	 structure,
process,	 and	 outcomes.	 Avedis	 Donabedian,	 a	 physician	 and	 health	 services
researcher	at	the	University	of	Michigan,	developed	the	original	model	in	1966.
The	plan,	do,	study,	act	cycle	is	a	performance	improvement	strategy	but	not	part
of	this	theory	(choice	B	is	the	“correct”,	wrong	answer).



3.	The	correct	answer	is	C.
Rationale:	 Current	 estimates	 are	 that	 20%	 to	 40%	 of	 US	 ICU	 beds	 are

supported	by	tele–critical	care	services	(choice	C	is	the	correct	answer).	Federal
hospitals	are	all	funded	to	be	supported	by	such	services.
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KEY	POINTS:
1.	 Palliative	care	is	a	specialized	medical	care	for	people	with	serious

illness.	It	focuses	on	the	relief	of	symptoms	and	stress	from	the
illness	with	a	goal	to	improve	quality	of	life	for	both	the	patient	and
their	loved	ones.

2.	 Palliative	care	can	be	provided	at	any	point	during	a	serious	illness
and	along	with	other	life-prolonging	therapies,	regardless	of
prognosis.	By	contrast,	hospice	care	is	palliative	care,	but	only	for
the	final	6	months	of	life.

3.	 A	proactive	palliative	care	approach	is	associated	with	decreased
intensive	care	unit	length	of	stay,	decreased	hospital	length	of	stay,
improved	communication	and	family	satisfaction.

4.	 Common	triggers	for	palliative	care	consultation	in	the	intensive	care
unit	include	unclear	or	discordant	goals	of	care,	multiorgan	failure,
poor	baseline	functional	status,	severe	neurological	injury,	and
prolonged	respiratory	failure	requiring	a	feeding	tube	and
tracheostomy.



INTRODUCTION
Palliative	 care	 is	 an	 essential	 part	 of	 comprehensive	 critical	 care	 medicine.
Critical	care	providers	are	often	called	upon	to	provide	pain	and	symptom	relief
for	 patients	 with	 serious	 illness,	 to	 conduct	 family	 meetings	 for	 determining
goals	 of	 care	 and	 to	 deliver	 end-of-life	 care	 for	 terminally	 ill	 patients	 while
providing	 support	 to	 family	and	 loved	ones.	Critical	 care	clinicians	need	basic
palliative	care	skills	for	the	management	of	pain	and	suffering	and	must	learn	the
necessary	 skills	 for	 effective	 serious	 illness	 conversations.	 The	 Institute	 of
Medicine	evaluated	serious	illness	care	in	the	United	States	and	found	numerous
shortcomings,	 raising	 a	 call	 to	 action	 for	 systematic	 improvement	 in	 palliative
care	delivery	across	all	care	settings.1	This	is	especially	true	in	the	intensive	care
unit	 (ICU),	where	 death	 is	 common,	 and	 those	who	 survive	 an	 ICU	 stay	may
experience	significant	morbidity	and	emotional	suffering	months	and	even	years
post	hospital	discharge.2	The	United	States	spends	more	than	any	other	country
in	 the	world	on	health	care,	with	a	significant	portion	going	 toward	end-of-life
care,	 often	 in	 the	 ICU.3	 A	 national	 assessment	 of	 end-of-life	 care	 among
Medicare	beneficiaries	found	that	30%	of	beneficiaries	have	an	ICU	admission
in	the	last	month	of	life.4	Heroic	interventions	in	the	final	days	or	weeks	of	life
may	not	even	be	aligned	with	patient	or	family	preferences.	Another	study	found
that	20%	of	Americans	who	die	do	so	following	or	during	ICU	level	care.5	To
better	 address	 these	 shortcomings,	 the	 World	 Health	 Organization	 called	 for
palliative	care	to	be	integrated	into	the	entire	health	care	continuum.6

There	are	unique	issues	associated	with	providing	palliative	care	 in	 the	ICU
setting.	Patients	with	 terminal	 illness	who	are	unlikely	 to	benefit	 from	medical
interventions	 are	 often	 admitted	 to	 the	 ICU,	 resulting	 in	 unnecessary	 suffering
and	 health	 care	 that	 may	 be	 discordant	 with	 patient	 or	 family	 values	 and
preferences.	 This	 often	 occurs	 when	 prior	 conversations	 failed	 to	 include
appropriate	 palliative	 options.	 A	 patient	 with	 serious	 illness	 and	 no	 prior
advanced	 directives	 may	 experience	 medical	 complications	 and	 become
hospitalized	 where	 the	 default	 is	 disease-directed	 treatment	 and	 possible	 ICU
admission.	Many	states	use	advance	directives	such	as	Physician	Orders	for	Life
Sustaining	 Therapies	 (POLST)	 or	 other	 medical	 orders	 to	 document	 patient
preferences	 through	 an	 actionable	 order	 that	 travels	 across	 care	 settings	 (eg,
home,	nursing	home,	hospital).7	An	ICU	admission	for	a	terminally	ill	patient	is
often	associated	with	inadequate	treatment	of	pain,	anxiety,	dyspnea,	thirst,	and
other	 symptoms.	 Family	 members	 of	 critically	 ill	 patients	 often	 experience
significant	 psychological	 distress	 such	 as	 anxiety,	 posttraumatic	 stress,	 and
depression.	 Poor	 communication	 with	 ICU	 staff	 and	 the	 burden	 of	 complex



medical	 decision-making	 for	 their	 loved	 ones	 have	 been	 associated	 with
increased	family	member	distress.8	Stress	related	to	delivering	end-of-life	care	in
an	ICU	is	also	felt	by	ICU	staff,	who	can	suffer	moral	distress	and	burnout.9-11

1 	 2 	 1 	The	specialty	of	palliative	medicine	is	a	team-based	model	of	care	and
focuses	on	 the	relief	of	pain	and	symptoms	related	 to	serious	 illness.	Palliative
care	 teams	work	 in	collaboration	with	 the	patient’s	other	doctors	 to	coordinate
care	while	providing	support	to	the	patient	and	their	family	members.	In	contrast
to	hospice	care,	palliative	care	can	be	provided	along	with	other	life-prolonging,
disease-directed	 therapies	 (regardless	 of	 prognosis).	 By	 contrast,	 with	 hospice
care,	 treatments	 directed	 at	 the	 terminal	 illness	 are	 stopped	 (eg,	 chemotherapy
for	 a	 cancer	 patient).	 Hospice	 care	 is	 palliative	 care,	 but	 only	 for	 the	 final
6	 months	 of	 life.12	 Inpatient	 palliative	 care	 programs	 have	 become	 widely
integrated	 into	 acute	 care	 hospitals	 and	 are	 an	 important	 component	 of
comprehensive	 care	 for	 patients	with	 advanced	 illness.	 Palliative	 care	 can	 and
should	be	offered	to	all	patients	with	serious	or	advanced	illness.

3 	 Palliative	 care	 is	 characterized	 by	 three	 main	 principles:	 (1)	 to	 improve
quality	of	 life	 through	 the	relief	of	physical,	emotional,	and	spiritual	suffering;
(2)	 to	provide	 team-based	care	with	specially	 trained	physicians,	nurses,	 social
workers,	and	others;	and	(3)	to	focus	on	the	patient	and	their	family	as	the	unit	of
care.	A	statement	by	the	National	Consensus	Project	Clinical	Practice	Guidelines
for	Quality	 Palliative	Care	 offered	 a	 framework	 to	 improve	 care.13	 The	 report
offers	eight	domains	that	should	be	considered	integral	to	high-quality	palliative
care:	 (1)	 structure	 and	 processes	 of	 care;	 (2)	 physical	 aspects	 of	 care;	 (3)
psychosocial	 and	 psychiatric	 aspects	 of	 care;	 (4)	 social	 aspects	 of	 care;	 (5)
spiritual,	 religious,	and	existential	care;	 (6)	cultural	aspects	of	care;	 (7)	care	of
the	 imminently	dying	patient;	and	(8)	ethical	and	 legal	aspects	of	care.	Guided
by	 these	 principles,	 palliative	 care	 has	 been	 shown	 to	 reduce	 physical	 and
psychological	 suffering,	 increase	 patient	 and	 family	 satisfaction,	 and	 decrease
ICU	admissions,	 ICU	length	of	stay	(LOS),	and	overall	hospital	costs.14-16	This
chapter	discusses	models	for	palliative	care	delivery	in	the	ICU,	clinical	triggers
for	 palliative	 care	 consultation,	 barriers	 to	 palliative	 care,	 and	 quality
improvement	strategies.

MODELS	OF	ICU	PALLIATIVE	CARE	DELIVERY
2 	An	important	feature	of	palliative	care	is	that	it	can	be	offered	along	with	life-
sustaining	 treatments	 and	 does	 not	 require	 a	 choice	 between	 critical	 care	 and
comfort-only	 care.	 There	 are	 two	 approaches	 to	 palliative	 care	 delivery	 in	 the



ICU1:	 the	 integrative	model	 and2	 the	 consultative	model.17	 Some	 ICUs	 benefit
from	 a	 combination	 of	 both	 models	 as	 they	may	 elect	 to	 provide	 some	 basic
palliative	 care	 services	 themselves	 and	 refer	 complex	 cases	 to	 palliative	 care
specialists.

Critically	 ill	 patients	 frequently	 have	 pain,	 agitation,	 delirium,	 and	 a	 high
mortality	rate.18	 Integrating	palliative	care	 into	 the	ICU	and	rounding	protocols
should	be	 routine	 regardless	of	overall	prognosis.	Examples	 include	embedded
palliative	 care	 teams,	 standardized	 referral	 protocols,	 and	 frequent	 training	 in
serious	illness	communication.	While	ICU	clinicians	may	have	some	experience
in	 addressing	palliative	 care	 issues,	 few	have	been	 formally	 trained	 to	provide
palliative	care,	although	such	education	is	becoming	increasingly	more	common
in	 training	programs.	Many	aspects	of	medical	 education	now	 include	 training
on	serious	illness	conversations	and	symptom	management.	Educational	efforts
should	be	targeted	toward	physicians,	nurses,	and	other	members	of	the	critical
care	team	to	strengthen	the	internal	capacities	for	integrated	palliative	care	into
standard	ICU	practice.19

Strategies	for	palliative	care	integration	have	had	variable	results.	An	analysis
of	1440	patients	across	six	ICUs	found	only	10%	of	patients	at	high	risk	of	dying
had	 a	 palliative	 care	 consultation,	 and	 those	 consultations	 occurred	 late—on
average	 after	 day	 9	 of	 hospitalization.20	 Another	 study	 showed	 no	 significant
improvement	in	nurse-assessed	quality	of	dying	and	reduction	in	ICU	LOS.16	 It
may	 be	 useful	 to	 focus	 on	 a	 narrow	 range	 of	 clearly	 defined	 goals	 that	 are
achievable	in	a	specific	setting	given	the	available	resources.	One	example	is	the
“care	 and	 communication	 bundle”	 that	 addresses	 domains	 of	 palliative	 care
quality	 identified	 by	 ICU	 patients,	 families,	 and	 professionals	 as	 important.6,21
Based	 on	 this	 bundle,	 there	 are	 preset	 ICU	 LOS	 triggers	 to	 identify	 medical
decision	 makers,	 investigate	 advance	 directives,	 address	 preferences	 for
resuscitation,	distribute	 informational	brochures,	offer	social	work	and	spiritual
support,	and	conduct	family	meetings.	A	systematic	review	of	factors	associated
with	family	satisfaction	with	end-of-life	care	in	the	ICU	found	recurring	themes
of	 higher	 satisfaction	 with	 good	 quality	 communication	 and	 expression	 of
empathy	 by	 physicians,	 supporting	 the	 value	 of	 skilled	 serious	 illness
communication.22,23	Another	study	showed	that	an	early	triggered	palliative	care
intervention	 in	 the	 ICU	 was	 associated	 with	 greater	 transition	 to	 do-not-
resuscitate	(DNR)	orders	and	hospice	referrals.	There	was	a	decrease	in	ICU	and
pharmacy	costs,	although	there	was	no	change	in	mortality	rate,	ICU	or	hospital
LOS	associated	with	the	early	palliative	intervention.24

Another	 area	 of	 ICU	 practice	where	 palliative	 care	 integration	 is	 helpful	 is
during	rapid	response	team	activations.25	A	study	investigating	the	role	of	rapid



response	 teams	 in	 terminal	 care	 found	 issues	 surrounding	 end-of-life	 decisions
and	 limitations	 of	 medical	 therapy	 in	 one-third	 of	 rapid	 response	 calls.26,27
Another	 study	 in	 a	 Veterans	 Affairs	 hospital	 found	 a	 28%	 incidence	 of	 DNR
order	placement	after	the	rapid	response	call,	suggesting	these	teams	frequently
have	 an	 emergent	 goals	 of	 care	 conversation	 during	 a	 crisis,	 resulting	 in
limitation	 of	 life-sustaining	 interventions.28	 This	 highlights	 the	 need	 for
palliative	 care	 clinicians	 and	 other	members	 of	 the	 rapid	 response	 team	 to	 be
well	 trained	 in	 emergent	 conversation	 about	 preferences	 for	 end-of-life	 care,
particularly	 at	 times	 of	 hemodynamic	 instability	 during	 a	 hospital	 admission.
Strategies	 include	 specific	 clinician	 training	 and	 system	 initiatives	 to	 enhance
awareness	of	this	opportunity	to	initiate	palliative	care	discussions	so	as	to	avoid
burdensome	 or	 unwanted	 ICU	 care.	 Ideally,	 these	 conversations	 should	 occur
earlier	in	the	disease	course.

The	consultative	model	for	palliative	care	integration	into	the	ICU	focuses	on
increasing	the	involvement	and	effectiveness	of	palliative	care	consultants	in	the
care	of	 ICU	patients	 and	 their	 families,	 and	 this	may	be	 especially	 relevant	 to
those	 at	 highest	 risk	 for	 poor	 outcomes.	 Typically,	 the	 consultative	model	 can
only	accommodate	a	subset	of	ICU	patients	rather	than	all	patients	in	the	ICU,
primarily	due	to	limitations	in	the	number	of	palliative	care	providers	and	lack	of
round-the-clock	on-site	coverage.	The	consultative	model	has	helped	to	identify
proactive	 clinical	 triggers	 for	 palliative	 care	 consultation	 and	 may	 generate	 a
halo	 effect	 resulting	 from	 their	 increased	 presence	 in	 the	 ICU	 that	 indirectly
influence	 care	 of	 other	 patients	 through	 modeling	 good	 palliative	 care.	 Some
clinical	triggers	identified	are	listed	in	Table	32.1.	One	study	used	five	clinical
triggers	 for	 automated	palliative	 care	 consultation:	 pre-ICU	admission	hospital
LOS	>	10	days,	age	>	80	years,	advanced	stage	malignancy,	status	post	cardiac
arrest,	 and	 intracerebral	bleed	 requiring	mechanical	ventilation.29	Other	 studies
have	used	advanced	dementia,	multiorgan	dysfunction	syndrome,	and	 the	prior
requirement	 for	 CPR	 as	 useful	 clinical	 triggers.30	 The	 advantage	 of	 the
consultative	 model	 includes	 expert	 opinion	 from	 an	 interdisciplinary	 team	 of
specialists—including	 specially	 trained	 palliative	 care	 physicians,	 nurses,	 and
social	 workers—who	 can	 offer	 continuity	 of	 care	 before,	 during,	 and	 after	 an
ICU	admission,	with	facilitation	of	transfer	out	of	the	ICU	for	ongoing	palliative
care	when	appropriate.

TABLE	32.1

Proactive	Clinical	Triggers	for	Palliative	Care	in	the	ICU



Clinical	Triggers

1.	 Poor	baseline	functional	status,	frailty
2.	 Brain	injury	or	global	cerebral	ischemia
3.	 Status	post	cardiac	arrest
4.	 Advanced	cancer
5.	 Intracerebral	hemorrhage	requiring	mechanical	ventilation
6.	 Multiorgan	failure
7.	 Advanced	dementia
8.	 Death	likely	during	this	hospitalization
9.	 Any	disease	with	estimated	survival	<6	mo
10.	 Percutaneous	endoscopic	gastrostomy	(PEG)	and	tracheostomy	being

considered	for	prolonged	respiratory	failure

Communication	Triggers

1.	 Disagreement	about	treatments	among	stakeholders
2.	 Quality-of-life	concerns
3.	 Complex	family	dynamics

As	 a	 practical	 matter,	 many	 ICUs	 function	 best	 with	 a	 hybrid	 model	 that
offers	 the	 advantages	 of	 both	 the	 integrative	 and	 the	 consultative	 models.	 A
systematic	 review	evaluated	 interventions	 in	 the	ICU	that	 improved	end-of-life
care	 and	 found	 that	 high-quality	 serious	 illness	 communication	was	 the	 single
most	 important	 factor	 for	 improving	 care,	 irrespective	 of	 the	 model.31	 In	 the
integrative	model,	 communication	by	 the	 trainees	 and	 interdisciplinary	 staff	 in
an	ICU	to	clearly	define	goals	of	care	has	showed	improved	rates	of	end-of-life
care	 discussions.	 The	 best	model	 for	 any	 specific	 ICU	 depends	 on	 the	 locally
available	resources,	particularly	related	to	education	and	training.	Much	like	any
other	 ICU	 procedure,	 conducting	 a	 family	meeting	 requires	 training,	 practice,
and	feedback.

CLINICAL	TRIGGERS	FOR	ICU	PALLIATIVE
CARE
4 	 Patients	 likely	 to	 benefit	 from	 palliative	 care	 services	 should	 be	 identified



early	 in	 their	 ICU	 stay.24,32-34	 Recognizing	 this	 population	 and	 initiating
appropriate	palliative	care	interventions	are	often	at	the	discretion	of	the	treating
physician,	 potentially	 limiting	 the	 impact	 of	 palliative	 care	 consult	 teams.	 To
ensure	timeliness,	a	number	of	studies	have	investigated	the	use	of	standardized
triggers	 to	 proactively	 initiate	 palliative	 care	 consultation	 (Table	 32.1).	 One
medical	 ICU	 study	 proposed	 clinical	 parameters	 such	 as	 age	 greater	 than
80	years,	LOS	>	10	days,	prior	cardiac	arrest,	stage	advanced	malignancy,	and
intracerebral	bleed	requiring	mechanical	ventilation	as	clinical	triggers	initiating
palliative	 care	 consultation.	 Patients	 in	 the	 proactive	 palliative	 care	 group	 had
significantly	 shorter	 ICU	 lengths	 of	 stay.29	 Another	 study	 that	 used	 advanced
dementia	as	a	trigger	to	offer	early	assistance	to	the	ICU	staff	found	a	decrease
in	 hospital	 and	medical	 ICU	LOS.	Notably,	 a	 proactive	 approach	 to	 palliative
care	intervention	decreased	the	time	between	identification	of	a	poor	prognosis
and	the	establishment	of	a	DNR	order,	and	this	approach	also	reduced	the	use	of
nonbeneficial	medical	interventions.	This	resulted	in	reduced	patient	and	family
burden	 and	 a	 lower	 total	 cost	 of	 care.35	 In	 the	 severe	 brain	 injury	 cohort,	 the
trigger-based	 approaches	 resulted	 in	 earlier	 and	 more	 systematic	 discussions
with	 families	 about	 prognosis,	 patient	 values,	 and	 acceptable	 quality-of-life
outcomes.	 In	 addition,	 there	 were	 higher	 rates	 of	 family	 satisfaction	 and	 a
decrease	 in	 the	 number	 of	 tracheostomies	 for	 patients	with	 chronic	 respiratory
failure.36

Others	 have	 used	 prognostic	 triggers	 such	 as	 patients	 with	 a	 terminal
condition	 as	 determined	 by	 the	 physician,	 or	 likely	 hospital	 death	 despite	 the
continuation	 or	 escalation	 of	 medical	 therapy.	 Patients	 with	 advanced	 cancer
experience	 these	 problems,	 and	 evidence	 has	 demonstrated	 that	 specialist
palliative	care	 significantly	 improves	patient	outcomes	 in	 the	domains	of	pain,
symptom	control,	and	anxiety,	and	also	reduces	hospital	admissions.	In	addition,
patients	 with	 a	 palliative	 care	 consultation	 have	 higher	 rates	 of	 DNR	 orders
before	 death,	 suggesting	 they	 are	 protected	 more	 often	 from	 nonbeneficial
cardiopulmonary	 resuscitation.	 Evidence	 shows	 that	 families	 of	 patients	 who
have	a	palliative	care	consultation	during	the	last	month	of	life	are	more	satisfied
with	goals	of	care	discussions	and	staff	communication	prior	to	their	loved	one’s
death.37

3 	 The	 use	 of	 proactive	 clinical	 triggers	 for	 palliative	 care	 shows	 favorable
outcomes	 in	 nearly	 all	 clinical	 settings.	 Patients	 are	 more	 likely	 to	 engage	 in
discussions	about	goals	of	care,	have	an	improved	quality	of	life,	and	experience
lower	 symptom	 burden	 with	 trigger	 initiated	 palliative	 care	 consultation.38
Specific	 to	 critical	 care,	 proactive	 palliative	 care	 consultation	 improves	 the
concordance	 between	 the	 care	 provided	 and	 the	 care	 the	 patient	 wants	 and



values.6,39,40	 A	 proactive	 palliative	 care	 approach	 is	 associated	 with	 decreased
ICU	LOS,	decreased	hospital	LOS,	and	use	of	fewer	life-sustaining	therapies	for
terminally	 ill	 patients	 during	 dying.	 Proactive	 palliative	 care	 has	 also	 been
shown	to	improve	family	satisfaction	with	the	quality	of	care,	understanding	of
treatment	 options,	 and	 bereavement	 outcomes.41	 Although	 several	 outpatient
studies	 have	 demonstrated	 that	 patients	 with	 serious	 illness	 who	 receive
palliative	care	live	longer,42,43	no	inpatient	study	has	demonstrated	any	impact	on
overall	hospital	mortality	through	the	use	of	palliative	care.

One	study	looked	at	objective	physiologic	and	medical	parameters	to	predict
palliative	 care	 need	 without	 consideration	 of	 communication	 or	 psychosocial
factors.	 This	 study	 showed	 that	 about	 one	 in	 seven	 ICU	 patients	may	 benefit
from	palliative	care.	There	was	no	significant	variation	between	the	of	hospital
(community	vs	academic)	or	of	ICU	(surgical,	medical,	neurologic,	and	mixed)
and	prevalence	of	patients	meeting	certain	palliative	care	 triggers.	The	authors
concluded	 that	 one	 in	 seven	 ICU	 admissions	 met	 triggers	 for	 palliative	 care
consultation	using	a	single	set	of	 triggers.	Notably,	 the	 triggers	 investigated	by
the	authors	were	all	objective,	clinical	criteria	and	did	not	include	issues	such	as
ethical	dilemmas,	communication	challenges,	or	symptom	management,	and	the
number	of	ICU	patients	that	would	benefit	from	palliative	care	consultation	was
thus	probably	underestimated.44	Common	triggers	for	palliative	care	consultation
in	the	ICU	include	multiorgan	failure,	death	likely	despite	ICU	level	care,	poor
functional	 status,	 severe	 neurological	 injury,	 and	 prolonged	 respiratory	 failure
requiring	a	feeding	tube	and	tracheostomy.

A	 concept	 known	 as	 “early	 palliative	 care”	 or	 “early	 integration”	 has	 been
recommended	 by	 organizations	 such	 as	 the	 American	 Society	 of	 Clinical
Oncology.	The	 recommendation	 is	 that	palliative	care	should	be	offered	 for	all
stages	of	advanced	cancer	in	conjunction	with	disease-modifying	treatments,	and
this	 recommendation	 is	 supported	 by	 randomized	 controlled	 trials.42	 Similarly,
the	 American	 Thoracic	 Society	 instituted	 the	 End-of-Life	 Care	 Task	 Force
whose	primary	purpose	was	to	identify	the	core	values	and	principles	related	to
palliative	care.	Among	the	recommendations	 is	 that	palliative	care	consultation
be	 provided	 to	 all	 patients	 with	 chronic	 or	 advanced	 respiratory	 disease
regardless	of	age	or	social	circumstances.38

BARRIERS	TO	PALLIATIVE	CARE	IN	THE	ICU
There	are	several	important	barriers	to	palliative	care	delivery	in	the	ICU.	Many
practicing	 physicians	 never	 received	 any	 formal	 training	 in	 serious	 illness



communication	 or	 symptom	 management	 for	 patients	 with	 advanced	 illness.
Because	 all	 physicians	 received	 extensive	 training	 in	 the	 diagnosis	 and
management	 of	 disease,	 the	 default	 is	 to	 offer	 and	 provide	 more	 medical
treatments	 to	 patients,	 often	 without	 regard	 for	 their	 values	 and	 preferences.
Serious	illness	communication	requires	training	with	feedback	just	like	any	other
skill.	Great	strides	over	the	past	few	years	to	correct	this	knowledge	deficit	are
taking	 place	 in	 medical	 schools	 and	 residency	 training	 programs.	 Patient-
centered	communication	courses	and	serious	illness	communication	training	are
becoming	more	common.45

Knowledge	 gaps	 exist	 regarding	 pain	 and	 symptom	 assessment	 as	 well.
Appropriate	 dosing	 of	 analgesics	 and	 treating	 suffering	 were	 topics	 rarely
addressed	until	recently.	Thirst	is	a	common	disturbing	symptom	in	the	ICU	yet
rarely	 studied	 or	 addressed.46	 In	 a	 well-intended	 effort	 to	 protect	 patients	 and
their	loved	ones	from	bad	news,	clinicians	may	provide	therapies	they	believe	to
be	 ineffective,	 and	 struggle	with	 how	 to	 communicate	 their	medical	 opinions.
Analogous	 to	 technical	 ICU	 procedures,	 leading	 a	 family	 meeting	 requires
training,	 supervision,	and	 feedback	 to	develop	and	hone	 this	 important	clinical
skill.

Sometimes,	 decisions	 regarding	 life-sustaining	 therapies	 must	 be	 made
quickly,	 without	 prior	 knowledge	 of	 patient	 preferences.	 This	 imposes	 unique
and	additional	stress	on	families	and	ICU	staff.	Some	studies	have	demonstrated
effective	methods	 for	 teaching	 communication	 during	 these	 emergent	 goals	 of
care	 discussions.	 Although	 only	 a	 few	 minutes	 may	 be	 available	 for	 some
discussions,	 there	 are	 strategies	 to	make	 a	 recommendation	 based	 on	what	we
already	know	about	the	patient’s	condition	and	values.	Reimbursement	for	time-
consuming	goals	of	care	conversations	with	family	members	regarding	critically
ill	 patients	 is	 appropriate.	 Several	 fees	 for	 service	 billing	 codes	 exist	 to
compensate	 providers	 for	 this	 high-level	 work	 and	 can	 be	 used	 when
appropriate.47

All	care	is	local,	and	every	ICU	has	its	own	unique	culture.	This	is	especially
apparent	 regarding	 end-of-life	 issues.	 Some	 ICUs	 embrace	 family	 meetings,
inclusion	 of	 family	members	 on	 rounds	 during	 the	 portion	 that	 relates	 to	 their
loved	 one,	 and	 encourage	 24/7	 visitation,	 while	 other	 ICUs	 are	 less	 forward
facing	to	family	members.	As	data	emerge	regarding	the	negative	impact	of	ICU
death	 on	 survivors,	 the	 culture	may	 shift	 toward	 a	more	 family-centered	 ICU
culture.48

Medical	ICUs	have	increasingly	adopted	a	closed	model	of	care	in	which	the
intensivist	is	the	primary	provider;	however,	surgical	ICUs	often	utilize	an	open
model	 in	which	 the	 surgeon	 retains	 primary	 care	 responsibility	 throughout	 the



critical	 illness.	 Hence,	 surgical	 intensivists	 may	 have	 less	 influence	 on	 the
overall	goals	of	care.	This	organizational	structure	may	create	variation	or	delay
in	access	to	palliative	care	services.	Studies	suggest	that	surgical	services	utilize
specialty	 palliative	 care	 services	 less	 often.	 One	 barrier	 noted	 in	 the	 surgical
literature	for	trauma	ICUs	is	a	fear	of	“giving	up.”34	Strides	have	been	made	over
the	 past	 decade,	 with	 increasing	 awareness	 and	 utilization	 of	 palliative	 care
consultations	in	general,	and	an	increasing	number	of	publications	on	the	utility
and	underutilization	of	palliative	care	 in	 surgical	and	 trauma	services.	Another
area	with	 lower	odds	of	palliative	care	consultation	 is	 the	neuro-ICUs,	perhaps
because	prognostication	may	be	difficult.	Integrating	palliative	care	early	in	the
course	 of	 devastating	 neurologic	 injury	 may	 be	 helpful	 to	 mitigate	 family
distress,	facilitate	complex	family	meetings,	and	reduce	patient	suffering.

Palliative	 care	 is	 an	 important	 component	 of	 health	 care	 in	 pandemics
contributing	 to	 symptom	 management,	 psychosocial	 support,	 and	 support	 for
complex	decision	making.	The	coronavirus	2019	(COVID-19)	pandemic	created
new	 stressors	 for	 ICUs	 and	 an	 even	 greater	 imperative	 for	 strategies	 to	 meet
palliative	care	needs	for	seriously	ill	patients	on	a	larger	scale.49,50

ELEMENTS	TO	SUCCESSFUL	INTEGRATION	OF
PALLIATIVE	CARE	IN	THE	ICU
One	of	the	most	important	aspects	to	successful	integration	of	palliative	care	in
the	 ICU	 is	 education	 of	 key	 stakeholders	 complemented	 by	 protocols	 that
normalize	palliative	care	for	seriously	ill	patients.	Close	attention	should	also	be
paid	to	the	role	that	faith,	religion,	and	cultural	differences	play	in	the	approach
to	end-of-life	palliative	care.51

Communication	about	end-of-life	issues	in	the	ICU	is	complicated	by	several
factors	 including	 reliance	 on	 surrogate	 decision	makers,	 a	 lack	 of	 longitudinal
relationships	with	patients	and	families,	and	the	acuity/nature	of	the	illness.	An
important	 objective	 of	 communication	 about	 end-of-life	 care	 in	 the	 ICU	 is	 to
determine	the	goals	of	care	for	the	patient.	While	physicians	provide	information
on	 the	 diagnosis	 and	 prognosis,	 family	 members	 and	 loved	 ones	 provide
information	about	patients’	beliefs	and	values.	The	recommended	framework	for
end-of-life	decisions	is	a	shared	decision-making	model	in	which	the	physician
and	family	jointly	assume	responsibility	for	decisions	about	end-of-life	care.

A	significant	impediment	to	palliative	care	may	be	the	gap	between	patients
and	 physicians	 with	 respect	 to	 the	 importance	 of	 faith,	 religion,	 and	 cultural



differences.	 Patients	 and	 families	 often	 cite	 spirituality	 as	 an	 important	 factor
enabling	 them	 to	 cope	 with	 medical	 illness.	 Professional	 societies	 and	 other
organizations	 have	 identified	 spiritual	 care	 as	 a	 measure	 of	 comprehensive
palliative	 care.	 With	 respect	 to	 bridging	 this	 gap,	 there	 is	 little	 empiric
information	to	guide	clinicians.	However,	statements	acknowledging	spirituality
and	faith	should	be	practiced	by	physicians.	Knowledge	of	cultural	differences	to
end-of-life	care	is	also	crucial.	In	this	ever-changing	and	diverse	world,	it	is	very
helpful	 to	 understand	 the	 differences	 in	 cultures	 and	 how	 to	 approach	 patients
and	families	at	 the	end	of	 life.	Culture	contributes	 to	attitude,	preferences,	and
perceptions	 at	 the	 end	of	 life.	This	may	 lead	 to	more	 aggressive	 care	 in	 some
groups	and	more	passive	care	in	others.	Knowledge	of	these	differences	helps	to
guide	conversations	and	expectations.

PALLIATIVE	CARE	QUALITY	IMPROVEMENT
Quality	 improvement	 measures	 and	 related	 initiatives	 have	 swept	 through
medical	 care	 at	 a	 rapid	 pace.	 This	 has	 been	 driven	 by	 reports	 demonstrating
unacceptably	high	rates	of	medical	errors	and	hospital-acquired	complications	as
well	 as	 mandates	 for	 transparency	 and,	 more	 recently,	 financial	 penalties	 for
poor	 performance.	 Inevitably,	 palliative	 and	 end-of-life	 care	 has	 become,	 and
should	continue	to	emerge	as,	a	quality	 improvement	 issue.	This	 is	particularly
germane	 in	 ICUs	given	 the	substantial	morbidity	and	mortality	associated	with
critical	 illness.	 Additionally,	 medical	 centers	 and	 hospitals	 are	 now	 being
“graded”	on	 their	hospital	mortality	 ratios	and	palliative	care	can	 impact	 these
scores.	This	portion	of	the	chapter	considers	potential	outcome	assessment	tools
for	palliative	care	as	a	quality	 improvement	 topic,	as	well	as	 related	structures
and	processes	of	care	that	might	facilitate	palliative	care	quality	improvement.	It
concludes	 with	 consideration	 of	 how	 palliative	 care	 relates	 to	 mortality	 rate
public	reporting.

Palliative	 care	 quality	 outcomes	 are	 contingent	 upon	 the	 structures	 and
processes	of	care	within	a	health	care	delivery	system.	The	structure	of	palliative
care	 services	 may	 be	 viewed	 in	 terms	 of	 triggers,	 clinical	 models	 of	 care
delivery,	availability	of	palliative	care	expertise,	and	end-of-life	care	protocols.
Process	measures	might	 include	 routine,	 structured	 family	meetings,	 obtaining
and	 documenting	 treatment	 preferences,	 and	 symptom	 assessment	 and
management.	Clinical	outcomes	such	as	mortality	are	arguably	less	relevant	than
patient	 and	 family-centered	 outcomes	 such	 as	 the	 quality	 of	 life,	 quality	 of
dying,	decision-making	processes	at	the	end	of	life,	and	bereavement.	Embedded



in	 such	 patient	 and	 family-centered	 outcomes	 are	 issues	 of	 symptom
management,	communication,	and	adherence	to	patient	goals	and	values.	While
patient	 and	 family-centered	 measures	 are	 generally	 recognized	 as	 important,
current	measurement	 tools	 are	 imperfect	 and	only	variably	 responsive	 to	 ICU-
based	 interventions.	Ensuring	 that	 seriously	 ill	 patients	 have	 reliable	 access	 to
high-quality	palliative	care,	and	that	the	care	they	receive	matches	their	values,
may	be	the	most	important	measures.

Although	there	is	no	ideal	single	outcome	measure	for	the	quality	of	palliative
care	 in	 the	 ICU,	 the	National	Quality	Forum	 (NQF)	has	 endorsed	 a	variety	of
quality	outcome	measures	related	to	palliative	care.	In	2017,	NQF	expanded	the
scope	of	the	Standing	Committee	charged	with	the	oversight	of	the	palliative	and
end-of-life	 care	measures	portfolio	by	adding	measures	 specifically	 relevant	 to
older	 adults.51	 These	measures	 could	 readily	 be	 applied	 to	 specific	 ICU-based
quality	 improvement	 initiatives	 and	 span	 the	 full	 spectrum	 of	 palliative	 care
including	 advance	 care	 planning,	 treatment	 preferences	 among	 ICU	 patients,
ratings	 and	 reports	 of	 end-of-life	 care,	 and	 bereavement.	 Also	 included	 are
outcome	 measures	 relevant	 to	 more	 targeted	 potential	 quality	 improvement
interventions	 such	 as	 symptom	 control	 in	 the	 final	 48	 hours	 of	 life,	 pain	 and
dyspnea	 assessment	 and	 treatment,	 cultural	 sensitivity,	 and	 religious/spiritual
support.	 The	 domains	 with	 measurement	 indicators	 included	 (1)	 patient	 and
family-centered	decision-making,	(2)	communication,	(3)	continuity	of	care,	(4)
emotional	 and	 practical	 support	 for	 patients	 and	 family,	 (5)	 symptom
management	 and	 comfort	 care,	 (6)	 spiritual	 support,	 and	 (7)	 emotional	 and
institutional	support	for	ICU	clinicians.

Given	the	challenges	intrinsic	to	outcome	measures	in	palliative	care,	several
consensus	 panels	 recommend	 indicators	 of	 structures	 and	 processes	 of	 care	 as
proxies	 to	 reflect	 the	 quality	 of	 palliative	 care	 in	 the	 ICU.21,52	 Process	 of	 care
quality	 indicators	 for	 ICU	 palliative	 care	 include	 routine,	 structured	 family
meetings,	 determining	 treatment	 preferences	 and	 surrogate	 decision-making
roles,	symptom	management,	and	psychosocial	support	during	and	after	end-of-
life	 care.	 Quality	 indicators	 with	 respect	 to	 organizational	 structure	 include
availability	 of	 palliative	 care	 consultative	 teams,	 religious/spiritual	 support
services,	 protocols	 for	 withdrawing	 or	 withholding	 life	 support,	 and	 family-
centered,	 open	 visitation	 spaces	 and	 policies.	 Palliative	 care	 is	 an	 important
component	 to	 quality	 of	 care	 and	 is	 amenable	 to	 quality-improvement
interventions	at	the	level	of	both	the	process	and	structure	of	care	within	a	health
care	system.

Related	 to	 the	quality	 improvement	agenda	 is	 the	 topic	of	publicly	 reported
hospital	mortality	rates.	The	value	and	meaning	of	these	ratings	are	debatable.53



Some	mortality	 rates	 are	 global	 and	 intended	 to	 apply	 to	 an	 entire	 hospital	 or
organization	while	others	are	 illness	specific	such	as	pneumonia	or	myocardial
infarction.	 It	 is	 worth	 noting	 that	 certain	 hospital	 deaths	 are	 unavoidable,
particularly	 when	 patients	 are	 admitted	 during	 the	 dying	 process	 for	 terminal
care.	The	reporting	entities	that	construct	mortality	rates	have	grappled	with	this
issue	 using	 various	 strategies	 often	 with	 proprietary	 statistical	 tools.54	 Certain
palliative	 care	 codes	 impact	 the	 inclusion	 or	 exclusion	 of	 decedents	 for	 some
reporting	entities,	making	these	data	difficult	to	compare.

SUMMARY
Nearly	 one	 in	 five	 Americans	 die	 during	 a	 hospitalization	 that	 involves	 ICU
care.	 Critical	 care	 providers	 play	 a	 key	 role	 in	 ensuring	 that	 high-quality
palliative	care	 is	available	 to	all	patients	with	advanced	 illness	 in	 the	 ICU	and
their	 loved	 ones.	 This	 requires	 a	 commitment	 to	 ongoing	 palliative	 care
education	and	training,	regular	assessment	of	quality	measures	such	as	symptom
scores,	patient	and	family	satisfaction,	and	measurement	 that	 the	care	provided
matches	 the	 patient’s	 wishes.	 This	 last	 measure,	 perhaps	 the	 most	 difficult	 to
measure,	 is	 especially	 important	 as	we	 strive	 to	deliver	 the	of	goal-concordant
care	patients	want	and	value.	The	successful	 integration	of	palliative	care	 is	an
essential	 element	 of	 high-quality	 critical	 care,	 most	 importantly,	 the	 effective
management	of	pain	and	symptoms	related	to	advanced	illness,	and	mastery	of
skills	required	for	serious	illness	communication.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Approximately	what	percentage	of	Medicare	beneficiaries	in	the	United
States	have	an	intensive	care	unit	stay	during	their	final	30	days	of	life?

A. 	5%
B. 	30%
C. 	50%
D. 	90%

2. 	Which	of	the	following	statements	best	describes	the	difference	between



hospice	and	palliative	care?

A. 	Hospice	care	requires	a	Do	Not	Resuscitate	(DNR)	order	while
palliative	care	does	not
B. 	Hospice	care	is	for	patients	in	their	final	6	months	of	life
C. 	Hospice	care	is	provided	mostly	in	facilities	while	palliative	care	is
provided	in	hospitals	and	clinics

3. 	All	of	the	following	are	successful	integrations	of	palliative	care	services
into	the	ICU	EXCEPT:

A. 	Addressing	spiritual	concerns
B. 	Automatic	consultation	on	all	patients
C. 	Education	of	key	stakeholders
D. 	Use	of	clinical	triggers	for	palliative	care	involvement

Answers

1.	The	correct	answer	is	B.
Rationale:	Approximately	30%	of	beneficiaries	have	an	ICU	stay	during	their

last	month	of	 life	(choice	B	is	correct,	and	choices	A,	C,	and	D	are	 incorrect).
Comparing	2009	to	2000,	Medicare	beneficiaries	were	slightly	less	likely	to	die
in	an	acute	care	hospital	(24.6%	vs	32.6%)	but	more	likely	to	have	ICU	use	in
the	 last	month	of	 life	 (29.2%	vs	24.3%)	and	experience	health	 care	 transitions
(14.2%	vs	10.3%).

2.	The	correct	answer	is	B.
Rationale:	Hospice	care	 is	 for	patients	 in	 their	 final	6	months	of	 life	and	 is

provided	 mostly	 at	 home.	 Palliative	 care	 addresses	 quality	 of	 life	 and	 treats
distressing	pain	and	 symptoms	 related	 to	 serious	 illness	 at	 any	point	 along	 the
disease	trajectory.	Choice	C	is	wrong	because	most	hospice	care	 is	provided	at
home,	not	as	an	inpatient.	Choice	A	is	wrong	because	a	DNR	is	not	required	for
hospice	or	palliative	care.

3.	The	correct	answer	is	B.
Rationale:	 While	 an	 automatic	 consult	 on	 every	 patient	 would	 be

inappropriate	(choice	B	is	the	correct	“false”	option),	twenty	percent	or	more	of
ICU	patients	meet	 triggers	for	palliative	care	 involvement.	The	most	 important
aspects	to	successful	integration	of	palliative	care	in	the	ICU	are	the	education	of



key	 stakeholders	 complemented	by	protocols	 that	 normalize	 palliative	 care	 for
seriously	 ill	 patients.	Close	 attention	 should	 also	be	paid	 to	 the	 role	 that	 faith,
religion,	and	cultural	differences	in	the	approach	to	end-of-life	play	in	palliative
care.
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Chapter	33
Effective	Communication	and	Ethical
Decision-Making	in	the	ICU
Daniel	E.	Ray,	Christine	E.	Lau,	Jennifer	E.	Allen

KEY	POINTS:
1.	 Timely,	clear,	and	compassionate	communication	is	crucial	to	the

care	of	critically	ill	patients	and	their	families.1,2

2.	 Determining	capacity	and	identifying	a	medical	decision-maker	can
be	complex	and	may	require	an	interdisciplinary	team	to	assess	and
coordinate.3

3.	 Family	meetings	can	provide	clarity	on	viable	treatment	options	and
best	align	the	treatment	plan	with	patients’	values	and	perspectives
on	quality	of	life.2,4

4.	 Use	of	a	structured	guide	for	family	meetings	can	improve
communication	and	allow	time	for	families	to	process	strong
emotion,	grasp	medical	realities,	and	find	hope	in	shared	and
realistic	goals.5	(93)

5.	 The	terms	“prognosis”	and	“recovery”	can	have	different	meanings
for	patients,	families,	and	clinicians.	Clinicians	should	include	likely
neurologic,	cognitive,	and	functional	outcomes	in	addition	to	survival
when	discussing	prognosis.6,7

6.	 Development	of	a	withdrawal	of	life-sustaining	treatment	policy	and
procedure	utilizing	a	standardized	order	set	can	improve	care	of	the
dying	patient.8

7.	 Medical	futility	determinations	are	inherently	value	laden.	Treatments
with	very	little	chance	of	benefit	based	on	clinician	judgment	and
competing	ethical	considerations	should	be	termed	“potentially



inappropriate,”	reserving	the	term	“futile”	for	rare	circumstances	in
which	an	intervention	cannot	achieve	the	intended	physiological
goals.9-11

8.	 Ethics	consults	focus	on	value-based	clinical	dilemmas	to	discern
morally	and	ethically	acceptable	treatment	options,	while	palliative
care	consults	help	patients,	families,	and	ICU	teams	negotiate
complex	medical	information,	grapple	with	prognosis,	and	facilitate
shared	decision-making.12-15

9.	 Palliative	sedation	is	reserved	for	extreme	situations	to	treat
refractory	symptoms	at	end	of	life	and	should	not	be	considered
irreversible	in	all	circumstances.16

INTRODUCTION
1 	 Timely,	 clear,	 and	 compassionate	 communication	 is	 crucial	 to	 the	 care	 of
critically	 ill	 patients	 and	 their	 families.	 Intensivists	 regularly	 share	 complex
medical	 information,	 navigate	 prognosis	 and	 goals	 of	 care	 (GOC),	 and	 lead
emotionally	 charged	meetings	with	 patients	 and	 families	 as	 part	 of	 their	 daily
work.	Most	family	meetings	occur	later	than	72	hours	and	are	often	held	when	a
patient’s	death	is	imminent.1	Consequently,	family	meetings	are	used	to	negotiate
withdrawal	 of	 life	 support	 and	 often	miss	 the	 opportunity	 for	 family	 support.
Reacting	 to	 a	patient’s	physiological	 changes	 automatically	without	 addressing
the	outcome	in	the	context	of	a	patient’s	preferences	can	lead	to	unwanted	care	at
the	end	of	life.17	Early	and	frequent	family	meetings	with	predetermined	topics
can	 reduce	 nonbeneficial	 treatment.2,4	 However,	 few	 clinicians	 receive	 formal
training	in	communication	skills	and	ethical	decision-making.	The	costs	of	poor
communication	can	result	in	increased	patient	and	family	psychological	trauma,
increased	 conflict,	 delayed	 or	 ineffective	 medical	 decision-making,	 moral
distress	 among	 the	 intensive	 care	 team	 (ICU)	 team,	 and	 the	 use	 of	 potentially
inappropriate	 ICU	 resources.	 This	 chapter	 explores	 an	 approach	 to	 effective
communication	 in	 the	 ICU,	 and	 the	 bioethical	 frameworks	 that	 guide	 shared
decision-making	between	patients,	families,	and	clinicians.

FAMILY	MEETINGS	AND	GOALS	OF	CARE
DISCUSSIONS



Structured	Family	Meetings	to	Improve	Communication
Communication	 presents	 one	 of	 the	 greatest	 challenges	 and	 therapeutic
opportunities	for	medical	care,	regardless	of	clinical	setting.	Common	barriers	to
communication	include	poor	clinician	training,	time	pressures,	medical	or	legal
concerns,	 insufficient	 cultural	 humility	 and	 understanding	 of	 social	 health
determinants.18,19	 Serious	 illness	 has	 the	 potential	 to	 raise	 spiritual,	 existential,
emotional,	 social,	 financial,	 and	 functional	 concerns	 for	 both	 the	 patient	 and
his/her	 loved	 ones.20,21	 Patients	 and	 families	 meet	 numerous	 subspecialist
physicians,	specialized	nurses	and	technicians,	and,	in	academic	centers,	trainees
of	 every	 level,	while	 patient	 care	 needs	may	 change	 by	 the	 hour.	 Fragmented
communication	 can	 create	 suffering	 and	 safety	 concerns,	 reducing	 satisfaction
with	care	and	increasing	risk	of	malpractice	claims.22-24

The	 “family	 meeting”	 has	 been	 identified	 as	 a	 strategy	 to	 prevent
miscommunication	 and	 directly	 address	 the	 emotional	 distress	 caused	 by	 the
intensive	care	environment.25-27	The	term	“family”	will	be	used	in	this	chapter	to
refer	to	a	patient’s	loved	ones,	patient’s	legal	guardian,	health	proxy,	caregiver,
next	 of	 kin,	 civil	 partner,	 clergy,	 or	 friends	 that	 the	 patient	 has	 empowered	 to
participate	 in	 their	care.	Such	meetings	save	 time	and	confusion	by	allowing	a
patient’s	loved	ones	to	express	feelings,	hear	each	other’s	concerns,	and	ensure
that	the	patient’s	individual	goals	and	values	are	understood.	This	point	has	been
evidenced	 by	 studies	 showing	 that	 an	 interdisciplinary	 communication
intervention	 resulted	 in	 earlier	 consensus	 around	 goals	 and	 reduced	 length	 of
stay	 in	 trauma	 ICU	 and	 liver	 transplant	 patients,	 without	 an	 increase	 of
mortality.28,29

Practitioners	can	promote	quality	care	by	using	a	consistent,	evidence-based
approach,	planning	ahead,	and	through	skillful	collaboration	with	the	care	team
(Table	 33.1).	 General	 discussion	 of	 clinical	 status,	 prognosis,	 patient-centered
goals	and	options	should	be	initiated	by	intensivists	and	the	outpatient	providers
who	 have	 patient-valued	 relationships,	 such	 as	 oncologists,	 cardiologists	 and
primary	 care	 clinicians.	 Such	 communication	 is	 considered	 to	 be	 “generalist”
palliative	care	provided	by	many	health	care	professionals,	while	the	expertise	of
the	 palliative	 care	 consultant	 is	 reserved	 for	 issues	 that	 remain	 unresolved	 in
spite	of	the	efforts	of	primary	clinicians.30

TABLE	33.1

The	Goal-Setting	Conference	(Weissman)



10-Step	Guide Helpful	Language

Before	the	Meeting

Review	chart—know	all	medical	issues:	history,	prognosis,	treatment
options

Coordinate	medical	opinions	among	consultant	physicians.
Decide	what	tests/treatments	are	medically	appropriate	(ie,	likely	to	benefit
the	patient).
Review	advance	care	planning	documents.
Review/obtain	family	psychosocial	information.
Decide	who	you	want	to	be	present	from	the	medical	team.
Clarify	your	goals	for	the	meeting—What	decisions	are	you	hoping	to
achieve?

During	the	Meeting

1.	Establish	Proper
Setting	
Private,	comfortable;
everyone	seated,	turn
off/forward	pager

2.	Introductions

Allow	everyone	to
state	name	and
relationship	to	patient.
Build	relationship:	ask
nonmedical	question
about	patient.

“Can	you	tell	me	something	about	your	father	as	a
person?”

3.	Assess	Patient/Family
Understanding

Encourage	all	present
to	respond.
Ask	for	a	description
of	changes	in	function

“What	have	the	doctors	told	you	about	your	wife’s
condition	at	this	point?”



over	the	course	of
illness/hospitalization.

4.	Medical
Review/Summary

Summarize	“big
picture”	in	few
sentences—use
“dying”	if	appropriate;
avoid	organ-by-organ
medical	review.
Avoid	jargon.
Answer	questions.

“I’m	afraid	I	have	some	bad	news.	Based	on	what
you	have	told	me,	and	what	I	see,	I	worry	your
mother	is	dying.	I	wish	things	were	different.”

5.	Silence/Reactions

Respond	to	emotional
reactions	(have	tissues
available).
Prepare	for	common
reactions:	acceptance,
conflict/denial,
grief/despair,	respond
empathically.

“This	must	be	very	hard.”
“I	can	only	imagine	how
scary/difficult/overwhelming	this	must	be.”
“Can	you	tell	me	what	is	most	upsetting	for	you?”

6.	Discuss	Prognosis

Assess	how	much
patient	and	family
want	to	know.
Provide	prognostic
data	using	a	range.
Respond	to	emotion.

“Some	people	like	to	know	every	detail	about
their	illness,	while	others	prefer	a	more	general
outline.	What	do	you	prefer?”
“Although	I	can’t	give	you	an	exact	time,	given
her	illness	and	condition,	I	believe	she	has	(hours
to	days)	(weeks	to	months).	This	is	an	average,
some	live	longer	and	some	live	shorter.”

7.	Assess	Patient/Family
Goals	
Possible	Goals:

Prolong	life
Improve	function

“What	are	you	hoping	for	at	this	point?”
“Are	there	any	important	goals	or	tasks	left
undone?”
“Knowing	that	time	is	short,	what	matters	most	to
you?”



Return	home
See	a	family	milestone
Relief	of	suffering
Staying	in	control

“What	would	be	the	best	way	to	care	for	you	at
the	end	of	life,	if	you	could	control	this?”

8.	Present	Broad	Care
Options

Stress	priority	of
comfort,	no	matter	the
goal.
Make	a
recommendation	based
on
knowledge/experience.

“Given	what	you	have	told	me	about	your	mother
and	her	values,	I	would	recommend...”
“These	decisions	are	very	hard;	if	(patients	name)
were	sitting	with	us	today,	what	do	you	think
he/she	would	say?”
“How	will	the	decision	affect	you	and	other
family	members?”

9.	Translate	Goals	into
Care	Plan

Review	current	and
planned	interventions
—make
recommendations	to
continue	or	stop	based
on	goals.
Discuss	DNR,
hospice/home	care,
artificial
nutrition/hydration,
future	hospitalizations.
Summarize	all
decisions	made.
Confirm	your
continued	availability
regardless	of
decisions.

“You	have	told	me	your	goals	are	_____.	With
these	in	mind,	I	do	not	recommend	the	use	of
artificial	or	heroic	means	to	prolong	your	dying
process.	If	you	agree	with	this,	I	will	write	an
order	in	the	chart	that	when	you	pass	away,	we
will	treat	symptoms	to	ensure	your	comfort	and
avoid	CPR	and	resuscitation.	Does	this	sound
right?”
“All	dying	people	lose	their	interest	in	eating	in
the	days	to	weeks	leading	up	to	death;	this	is	the
body’s	signal	that	the	body	is	shutting	down.”
“I	am	recommending	that	(tube	feedings,	IVF)	be
discontinued	(or	not	started)	as	these	will	not
improve	her	living	and	may	only	prolong	her
dying.”

After	the	meeting



10.	Document	and
Discuss

Write	a	note:	who	was
present,	what
decisions	were	made,
follow-up	plan.
Discuss	with	team
members	(consultants,
nurse,	etc).
Debrief	and	reflect	on
emotions,	self-care.

Team	Debriefing	=	Opportunity	for	Teaching
and	Reflection	
Ask	team	members:
“How	do	you	think	the	meeting	went?”	“What
went	well?”	What	could	have	gone	more
smoothly?	“What	will	you	do	differently	in	the
future?”
“That	was	really	difficult.	It’s	important	to
acknowledge	how	these	situations	impact	us	as
caregivers	too.”

Managing	Conflict

Listen	and	make	empathic	statements.
Determine	source	of	conflict:	guilt,	grief,	family	relationships,	trust	in
medical	team,	etc.
Clarify	misconceptions.
Explore	values	behind	decisions.
Set	time-limited	goals	with	specific	benchmarks	(eg,	improved	cognition,
mobility).
When	you	need	additional	assistance	or	support,	consider	a	palliative
care	consult.

CPR,	cardiopulmonary	resuscitation;	DNR,	do	not	resuscitate;	IVF,	intravenous	fluid.

Adapted	from	Weissman	DE	“The	Family	Goal	Setting	Conference”	and	“Communication	Phrases
Near	the	End	of	Life”	pocket	cards	from	Medical	College	of	Wisconsin.

Interventions	 such	as	 rounding	 tools	 and	 triggers	have	been	used	 to	ensure
consistent	communication	practices.	Triggers	(Chapter	32:	Integrating	Palliative
Care	 in	 the	 ICU),	 including	 clinical	 factors,	 number	 of	 days	 in	 ICU,	 and	 staff
assessments,	 can	 be	 used	 to	 prompt	 a	 structured	 family	meeting	with	 the	 ICU
team	 and/or	 a	 referral	 to	 palliative	 care.	 Such	 triggers	 may	 be	 tailored	 to
institutional	goals,	needs	of	a	specific	unit	or	patient	population,	and	availability
of	 ICU	 practitioners	 and	 palliative	 specialists.	 Structured	 approaches	 to
communication	 are	 recommended	 to	 improve	 quality	 and	 timing	 of	 this
important	intervention,31	with	extensive	evidence	for	use	in	the	ICU	setting.32

Evidence-based	curricula	on	communication	training	skills	have	been	shown



to	 be	 feasible	 and	 effective	 for	 clinicians.33	 The	 VitalTalk	 program34	 and	 the
Critical	Care	Communication	 (C3)	Course	 for	 intensive	 care	 fellows	 are	 high-
quality	 examples.	 Such	 courses	 address	 knowledge,	 skills,	 and	 attitudes
regarding	 serious	 illness	 communication.	 Because	 clear	 communication	 is	 so
commonly	 needed	 following	 a	 resuscitation	 event,	 the	 authors	 have	 also
evaluated	the	need	for	skills	in	discussing	bad	news	or	goals	of	care	linked	with
resuscitation	 exercises,	which	 elicits	 a	 spectrum	 of	 emotional	 reactions	within
the	clinician.35,36	 Clinicians	 can	 also	 “practice”	 by	 using	 skills	 in	 simpler,	 less
emotionally	 charged	 interactions—ideally	 with	 feedback	 from	 mentors	 and
interprofessional	peers.

ICU-based	 initiatives	 and	 systematic	 literature	 reviews	 have	 identified	 key
concepts	 for	 approaching	 family	 meetings,	 from	 vital	 preparatory	 steps	 to
coherent	documentation.25,37,38

Anticipation:	What	to	Discuss	and	Why
3 	 Determining	 the	 goal	 and	 content	 of	 the	 meeting	 sets	 the	 tone	 and	 guides
subsequent	steps.	Failing	to	identify	a	shared	goal	can	lead	to	confusion	for	the
family	and	conflict	 for	 the	care	 team.	Through	careful	chart	 review,	discussion
with	clinicians,	and	sharing	one’s	 intention	with	the	patient	or	 their	health	care
agent,	 one	 can	 refine	 the	 goals	 and	 create	 a	 shared	 agenda.	 Consensus	 about
diagnosis,	prognosis,	and	treatment	options	should	be	reached	during	premeeting
preparation.	Patient/family	distress	will	escalate	if	they	perceive	that	physicians
disagree	or	are	not	communicating	effectively.	The	input	of	multiple	specialists
(either	in	person,	through	speaker	phone,	or	via	relayed	conversations)	is	helpful
in	 situations	 where	 such	 information	 is	 vital	 for	 decision-making	 or	 for
patient/family	understanding.

When	appropriate,	advanced	care	planning	documents	are	 reviewed	prior	 to
the	 meeting	 for	 verification	 of	 patient	 proxy	 (for	 incapacitated	 patients)	 and
values	 (if	 related	 to	 the	 clinical	 scenario).	 Discussions	 with	 outpatient
physicians,	 social	workers,	 and	nursing	 and	 spiritual	 care	 providers	 can	 reveal
psychosocial	 and	 cultural	 information	 that	 is	 crucial	 for	 building	 relationships
and	effective	care	planning.	Tensions	among	family	members	or	between	family
and	staff	should	be	noted,	but	should	not	bias	the	perspective	of	the	practitioner.

Anticipation:	Whom	to	Include	in	the	Family	Meeting
2 	After	 determining	 the	 goal	 of	 the	meeting,	 consideration	 should	 be	 given	 to



how	 the	 patient	 is	 represented.	 If	 doubt	 exists	 about	 patient	 capacity,	 an
assessment	 should	 be	 performed	 (see	 section	 “Determining	 Decision-Making
Capacity,”	 later	 in	 this	 chapter),	 as	 patients	 with	 the	 waxing	 and	 waning
sensorium	may	lose	or	regain	capacity	quickly.	Patients	with	dementia	may	also
“cover”	 by	 giving	 vague	 answers	 and	 responding	 to	 social	 cues	 without	 any
understanding	 of	 medical	 information.	 In	 general,	 encouraging	 a	 health	 care
agent	 to	 attend	 the	 meeting	 is	 always	 advisable,	 especially	 if	 the	 patient	 has
variable	capacity	or	memory	impairment,	but	also	to	prime	the	health	care	agent
for	future	decision-making	if	and	when	the	patient	loses	capacity.

2 	 If	a	patient	 lacks	capacity,	 it	 is	crucially	 important	 to	 identify	and	engage
the	legal	medical	decision-maker	in	goals	of	care	discussions.	A	legal	decision-
maker,	 who	 has	 the	 authority	 to	 make	 medical	 decisions	 on	 an	 incapacitated
patient’s	 behalf,	 can	 be	 (1)	 a	 health	 care	 agent	 previously	 appointed	 by	 the
patient	via	a	health	care	proxy	form	or	durable	power	of	attorney	document,	that
is,	 signed,	 dated,	 and	witnessed;	 (2)	 a	 guardian	 appointed	 by	 a	 court;	 or	 (3)	 a
next-of-kin	surrogate	decision-maker	depending	on	state	law	in	the	absence	of	a
health	care	agent	or	guardian.3

It	 is	 important	 to	 note	 that	 unrepresented	 patients	 (ie,	 a	 person	 without	 a
health	care	agent	or	guardian)	account	for	almost	16%	of	all	ICU	admissions	and
5%	 of	 all	 ICU	 deaths.3	 The	 interdisciplinary	 team,	 including	 social	 workers,
should	 strive	 to	 respect	 the	 rights,	 values,	 and	 preferences	 of	 unrepresented
patients	 lacking	 capacity	who	 often	 come	 from	 vulnerable	 populations.	 Given
the	 complexity	 and	 prevalence,	 the	 American	 Thoracic	 Society	 issued	 a	 2020
policy	 statement	 and	 recommended	 that	 institutions	 implement	 strategies	 to
determine	whether	seemingly	unrepresented	patients	are	actually	unrepresented,
including	 careful	 capacity	 assessments	 and	 diligent	 searches	 for	 potential
surrogates;	manage	decision-making	for	unrepresented	patients	using	input	from
a	 diverse	 interprofessional,	 multidisciplinary	 committee	 rather	 than	 ad	 hoc	 by
treating	clinicians;	and	use	all	available	information	on	the	patient’s	preferences
and	values	to	guide	treatment	decisions.3

Among	patients	who	maintain	decision-making	capacity,	some	are	ambivalent
or	choose	not	to	participate	in	decision-making.39	The	right	to	self-determination
does	 not	 obligate	 the	 patient	 to	 make	 their	 own	 decisions;	 instead,	 they	 may
choose	to	defer	to	a	surrogate	out	of	personal	preference	or	cultural	norms.	This
is	 acceptable	 as	 long	 as	 it	 is	 their	 choice.	 In	 some	 situations,	 patients	may	 be
culturally	 expected	 to	 defer	 decision-making	 to	 a	 family	 member;	 however,
patients	should	also	be	asked	if	they	want	to	receive	information	and	participate
in	discussions.

If	the	family	request	withholding	information	from	the	patient,	understand	the



reason	for	the	request.	Common	fears	are	often	allayed	with	careful	explanation
and	 reassurance.	 Studies	 indicate	 that	 patients	 do	 not	 become	more	 depressed
when	given	a	serious	diagnosis.40	Discussing	the	risks	of	nondisclosure—that	is,
that	 the	 patient	 may	 already	 fear	 the	 worst,	 may	 make	 bad	 choices	 due	 to
misinformation,	or	will	eventually	learn	of	the	deception	with	devastating	results
—is	 important,	as	 is	explaining	 that	disclosure	will	occur	compassionately	and
only	with	patient	consent	to	receive	this	information.40

For	a	supportive	presence,	patients	or	surrogates	may	identify	family,	friends,
or	 clergy.	Many	 families	 have	 a	 complex	 structure;	 it	 is	 helpful	 to	 ask	 open-
ended	 questions	 to	 identify	 the	 necessary	 participants.	 Telephonic	 (including
video)	 participation	of	 those	who	 cannot	 be	 present	 saves	 time	 and	 confusion.
Encouraging	 the	 patient	 or	 surrogate	 to	 have	 a	 “second	 set	 of	 ears”	 (family
member,	friend,	or	staff	member)	can	alleviate	anxiety.

An	interdisciplinary	approach	to	the	meeting	will	best	meet	the	multifaceted
needs	 of	 patients	 and	 families.2,41	 For	 example,	 it	 is	 helpful	 to	 have	 a	 case
manager	 present	 if	 the	 meeting	 will	 include	 discussion	 of	 complex	 discharge
planning.	 Roles	 of	members	 vary	 between	 institutions	 and	 even	 between	 care
units	 and	may	 shift	with	 the	needs	of	 a	patient	 and	 family.	A	brief	meeting	of
clinicians	can	clarify	roles.

Anticipation:	When	and	Where
Choosing	a	time	and	place	that	will	not	be	interrupted	can	be	a	challenge	but	is
vital	 for	 creating	 a	 sense	 of	 safety	 for	 patients	 and	 families.	 When	 possible,
allow	 the	 patient	 or	 family	 to	 have	 a	 level	 of	 control	 over	 timing.	 If
communication	feels	forced,	trust	may	be	damaged	permanently.	For	cases	with
a	 great	 deal	 of	 clinical	 information	 or	 complex	 psychosocial	 issues,	 begin
conversations	early	in	the	hospitalization	to	allow	time	for	subsequent	follow-up
meetings.4	Choose	a	quiet,	neutral	setting	where	participants	can	sit	comfortably.

Anticipation:	How	to	Communicate
Communication	 aides	 such	 as	 telephonic	 or	 live	 interpreters,	 or	 an	 audio
assistive	device	for	a	hearing-impaired	participant,	should	be	considered	during
the	planning	process,	and	techniques	for	use	should	be	reviewed.	For	meetings
that	 will	 address	 a	 new	 diagnosis,	 it	 may	 be	 beneficial	 to	 print	 information
related	 to	 the	 patient’s	 condition.	 For	 some	 types	 of	 illness,	 such	 as	 a
precariously	 positioned	 tumor,	 allowing	 patient/family	 to	 view	 images	 with



support	from	a	clinical	team	member	to	assist	in	interpretation	is	advised.	Using
available	resources	such	as	white	boards	or	electronic	devices	can	help	convey
information	or	display	images.

When	multiple	providers	participate,	a	brief	discussion	of	roles	and	goals	 is
recommended.	There	is	variability	in	the	role	of	the	physician	in	discussing	end-
of-life	decisions	in	the	ICU.42	Depending	on	the	level	of	certainty	about	medical
options	and	prognosis	and	patient/family	preferences,	communication	strategies
for	 shared	 decision-making	may	 emphasize	 paternalism	 or	 patient	 autonomy.25
Mindfulness	to	one’s	own	agenda	and	feelings	is	also	helpful	prior	to	entering	a
family	meeting.	Many	providers	are	trained	to	have	awareness	of	body	language,
eye	contact,	tone,	and	pacing	of	their	speech.	Just	as	clinicians	must	wash	their
hands	to	avoid	bringing	germs	to	the	patient’s	bedside,	so	too	they	must	take	a
moment	 to	 reflect	 on	 what	 emotions	 they	 carry.	 Such	 techniques	 have	 been
shown	to	 improve	satisfaction	with	care.43	Practitioners	who	enter	 the	patient’s
or	 family’s	 space	 carelessly	 or	 fail	 to	 maintain	 a	 professional,	 caring
countenance	 can	 inadvertently	 sabotage	 the	 clinical	 encounter	 before	 it	 even
begins.

4 	The	Goal-Setting	Conference

Step	1—Choose	the	Right	Setting:
While	 the	 team	 cannot	 always	 control	 availability	 of	 quiet	 conference	 areas,
clinicians	can	inquire	about	the	comfort	level	of	patients	and	families	and	make
every	 attempt	 to	 optimize	 it—offering	 a	 bathroom	 break,	 a	 warm	 blanket,	 or
water	before	 serious	discussions.	Chairs	and	 tissues	can	be	moved	 to	a	private
space	 to	 prepare	 for	 discussion.	Remove	 distractions	 from	 the	 setting,	 such	 as
turning	off	televisions,	silencing	nonessential	alarms	and	phones,	and	placing	a
sign	on	 the	door	 to	 request	privacy,	 and	warning	 if	 an	 interruption	may	occur.
For	meetings	that	include	the	patient,	sit	at	eye	level	and	encourage	others	to	be
seated.	 If	 the	 patient	 is	 incapacitated,	 determine	 with	 the	 family	 whether	 the
meeting	 should	 be	 held	 with	 the	 patient	 present;	 if	 so,	 portray	 respect	 and
acknowledge	the	patient’s	guiding	“voice,”	even	if	they	are	unable	to	participate.

Step	2—Make	Introductions	and	Share	Intentions	for	the	Meeting:
While	health	care	team	members	can	prepare	extensively	for	a	family	meeting,
family	 members	 may	 have	 only	 moments	 to	 understand	 who	 is	 going	 to	 be
speaking	to	them	and	why.	Team	members	should	be	introduced	and	their	roles
explained.	 Terms	 like	 “resident”	 or	 “attending”	 may	 be	 meaningless	 to	 those



without	a	medical	background.	Providing	business	cards	of	 team	members	and
offering	materials	to	write	down	information	can	reduce	distress.	Some	intensive
care	settings	use	brochures	to	explain	the	concept	of	family	meetings.27	Note	that
patients	 and/or	 their	 health	 care	 agent	 and	 family	 will	 often	 assume	 that	 a
meeting	is	requested	because	an	urgent	decision	must	be	made.	This	can	create
stress,	and	even	defensiveness,	which	will	inhibit	communication.	If	there	is	no
pressure	to	make	immediate	decisions,	this	should	be	made	clear.

Greeting	and	introducing,	making	good	eye	contact,	offering	a	gentle	smile,
and	bowing	the	head	slightly	can	demonstrate	respect,	and	sitting	down	sends	a
message	 of	 being	 willing	 to	 give	 time	 and	 attention.44	 Asking	 about	 proper
pronunciation	of	patient’s	name	or	whether	a	nickname	is	preferred	signals	that
the	patient	will	be	treated	as	a	valued	individual.

Step	3—Assess	Patient/Family	Understanding:
It	is	easy	to	assume	that	patients	or	families	“should”	understand	the	diagnosis	or
prognosis	based	on	prior	conversations	or	the	amount	of	time	that	a	patient	has
been	ill.	Only	by	asking	patients/families	to	share	perspectives	can	the	clinician
gain	 insight	 into	what	 the	patient	or	family	know.	When	traumatic	events	have
occurred,	the	act	of	telling	the	story	to	an	empathetic	clinician	helps	the	patient
and	 family	 to	 accept	what	 has	 occurred	 and	 improves	 satisfaction	with	 care.45
Ask	 about	 the	 patient	 as	 a	 person—goals,	 values,	 passions—in	 addition	 to	 the
clinical	summary.

Open-ended	 questions	 should	 be	 used	 to	 explore	 the	 patient	 or	 family’s
perception,	resisting	the	urge	to	assume	that	broad	comments	such	as	“he’s	really
sick”	 mean	 the	 same	 thing	 to	 everyone.	 For	 patients	 with	 chronic	 illness	 or
frailty,	inquire	about	baseline	function.	A	technique	called	“ask-tell-ask”	reminds
clinicians	 to	 respond	with	questions	rather	 than	commentary.	“Can	you	 tell	me
more	 about	 that?	 I	want	 to	make	 sure	 I	 understand”	 is	 a	 simple	 yet	 empathic
question.	 It	 is	 the	 feeling	 of	 being	 listened	 to	 that	 correlates	 with	 positive
impressions	of	the	clinician.45

Allowing	 the	 patient	 or	 family	 to	 speak	 first	 allows	 the	 health	 care
professional	 to	 carefully	 assess	 factors	 such	 as	 emotional	 readiness	 to	 hear
difficult	 information	 or	 make	 decisions,	 patient	 and	 family’s	 health	 literacy,
culture,	 any	 existing	 conflict	 within	 the	 family,	 and	 perspective	 on	 illness.
Asking,	“Can	you	 tell	your	biggest	concern?”	of	all	participants	helps	 to	 focus
the	 narrative	 and	 can	 elicit	 conflicts	 that	 may	 exist	 within	 the	 family.	 The
attention	of	the	clinician	in	lending	a	sympathetic	ear	is	therapeutic.46	If	the	topic
of	concern	will	not	be	covered	in	the	meeting,	the	clinician	can	at	least	validate	it



and	provide	reassurance	that	the	issue	will	be	addressed	in	the	future.

Step	4—Give	a	Concise	Medical	Review	in	Clear	Language:
A	clinician	summary	can	add	recent	events	or	details	that	inform	the	decision	at
hand	and,	by	repeating	back	elements	of	the	patient/family	summary,	events	are
placed	in	context.	It	can	be	helpful	to	ask	what	level	of	information	is	preferred:
“Some	families	 like	a	 lot	of	detail	about	 the	clinical	side,	while	others	want	 to
focus	 on	 the	 big	 picture—what	 do	 you	 prefer?”	 With	 highly	 sensitive
information,	 it	 can	 be	 helpful	 to	 get	 permission	 to	 talk	 about	 the	 topic	 before
proceeding,	and	this	allows	patient	or	family	to	prepare	for	difficult	news:	“I’m
afraid	some	of	 the	news	about	his	current	condition	 is	difficult.	May	I	 tell	you
about	 my	 concerns?”	 The	 clinician	 should	 avoid	 jargon	 and	 use	 slow,	 even
speech	with	frequent	pauses	to	confirm	understanding.	Many	people	do	not	feel
comfortable	interrupting	a	clinician	to	ask	for	clarification.	If	a	medical	term	is
introduced,	inquire	about	the	patient/family’s	understanding	of	the	term.	Patients
and	families	may	also	need	explanations	related	to	the	nature	of	care	in	the	ICU
and	common	procedures.

Step	5—Allow	Silence	and	Respond	to	Emotion:
Response	to	emotion	is	critical	at	every	point	in	the	interaction.	Discomfort	with
strong	 emotions	 is	 common,	 and	 failing	 to	 respond	 appropriately	 to	 emotions
early	 in	 the	 interaction	will	 limit	 the	patient	and	 family’s	 trust	 in	 the	clinician.
Dire	news	is	often	difficult	 to	accept	and	 the	perception	 that	 the	clinician	does
not	 care	 provides	 a	 tempting	 reason	 to	 discount	 clinical	 opinions.	 For	 the
medical	 caregiver,	 years	 of	 training	 emphasizing	 the	 importance	 of	 clinical
knowledge	 and	 detail	 can	 create	 a	 reflexive	 desire	 to	 present	 more	 medical
information	 than	what	 is	valuable.	Moments	of	 silence	often	are	vital	 to	allow
patients	 and	 families	 to	 process	 information.	Well-intended	 efforts	 to	 reiterate
clinical	 information	may	 fall	 on	 deaf	 ears	 and	 hinder	 efforts	 by	 the	 patient	 or
family	to	express	themselves.	“I	feel	like	I	should	pause	here	for	a	moment—this
can	be	a	lot	to	take	in”	gives	permission	for	patient/family	to	express	emotion	or
their	inability	to	continue	the	conversation.	Family	members	who	have	suddenly
lost	eye	contact	or	physically	withdraw	(leaning	back,	looking	away,	bowing	the
head,	or	crossing	arms)	may	be	indicating	the	need	to	pause.	Asking	if	a	break	is
needed,	 leaning	 in,	 or—if	 culturally	 appropriate	 and	 natural	 to	 the	 clinician—
reaching	 gently	 forward	 to	 touch	 the	 other	 person	 is	 a	 subtle	 way	 to	 offer
support.

Techniques	 for	 responding	 to	 emotion	 are	 summarized	 in	 the	 mnemonic



NURSE	(Naming,	Understanding,	Respecting,	Supporting,	and	Empathizing).	In
the	 concept	 of	 naming	 emotion,	 the	 clinician	 begins	 by	 taking	 a	 step	 back	 to
identify	what	emotion	is	being	expressed.	It	is	important	to	notice	that	anger	may
actually	be	rooted	in	another	feeling,	such	as	fear	or	shame.	Rather	than	making
a	 declarative,	 somewhat	 presumptive	 statement	 such	 as,	 “You	 seem	 angry,”
normalize	 the	emotion	by	saying,	“Sometimes	people	begin	 to	 feel	angry	after
talking	 about	 something	 like	 this.”	 The	 same	 subtlety	 is	 important	 with
Understanding.	 “I	 understand	 how	 you	 feel”	 may	 sound	 presumptuous	 but
saying,	 “I	 can	 only	 imagine	 what	 this	 must	 be	 like	 for	 you”	 shows	 that	 you
understand	the	complexity	of	the	situation	while	trying	to	imagine	what	the	other
is	going	through.

Sadness	and	grief	are	common	emotions	in	GOC	discussions.	Tears	may	be	a
common	 response	 to	 difficult	 news	 and,	while	 it	may	 be	 uncomfortable	 to	 sit
quietly,	 it	 is	 often	 the	 best	 response.	 Expressions	 of	 anger,	 frustration,	 or
contempt	 can	 be	 unpleasant	 to	 hear.	 It	 is	 important	 to	 listen	 without
defensiveness	 for	areas	where	something	can	be	done	 to	allay	 the	cause	of	 the
anger.	 Resist	 the	 urge	 to	 either	 make	 pacifying	 statements	 or	 become	 angry
yourself,	 exhibit	 nonthreatening	 body	 language,	 and	 speak	 calmly	 to	 prevent
anger	from	overwhelming	the	interaction.

Anger	 is	 often	 secondary	 to	 other	 emotions,	 namely,	 fear	 and	 guilt;	 gently
identifying	the	sources	of	these	underlying	emotions	can	help	defuse	the	anger.
Families	may	fear	that	care	at	home	was	not	adequate,	that	“signs”	were	missed,
and	fear	future	guilt	and	blame	if	the	patient	does	not	survive.	Emphasizing	that
clinicians	share	in	the	lack	of	control	over	irreversible	illness	reduces	guilt	and
builds	the	team’s	partnership	with	family	members	to	care	for	their	loved	one—-
especially	if	they	cannot	collectively	“fix”	the	situation.47

Supporting	 people	 through	 times	 of	 strong	 emotion	 requires	 empathy	 and
nonabandonment.	 Showing	 sadness	 when	 giving	 bad	 news	with	 statements	 of
emotion	 (eg,	 “I	 am	worried	 that	 your	 body	 is	 not	 improving	with	 treatment”)
helps	 the	 patient	 and	 family	 to	 absorb	 the	 nature	 of	 the	 news.	Clinicians	who
remain	upbeat	when	giving	bad	news	leave	families	thinking	that	the	news	was
“mixed”	 due	 to	 incongruence	 of	 message	 and	 messenger,	 while	 those	 who
withdraw	 without	 emotional	 expression	 add	 confusion	 and	 feelings	 of
abandonment.

Patients	 and	 families	 faced	with	 dire	 circumstances	may	 still	 express	 hope,
which	requires	a	sensitive	response	from	clinicians.	Immediately	discounting	an
outcome	for	which	patients	express	hope	can	damage	trust,	yet	it	is	imprudent	to
offer	false	hope	in	the	form	of	nonbeneficial	 treatments.	An	effective	approach
can	be	 to	 simultaneously	“hope	 for	 the	best	 and	prepare	 for	 the	worst,”	which



allows	the	team	to	acknowledge	the	patient	and	family’s	hopes	while	setting	the
stage	 for	 end-of-life	 planning.	 Family	 meetings	 allow	 everyone	 involved	 in	 a
patient’s	care	to	process	strong	emotions,	grasp	medical	realities,	and	find	hope
in	shared	and	realistic	goals.48

Step	6—Discuss	Prognosis:
Prognosis	 is	 extremely	 important	 for	 guiding	 care	 decisions	 yet	 is	 often	 not
discussed	 explicitly	 due	 to	 clinical	 uncertainty,	 assumptions	 about	 awareness,
and	 inclination	 to	 avoid	uncomfortable	 topics.	Keys	 to	prognostication	 include
formulating	 prognosis	 based	 on	 medical	 facts	 and	 specialist	 input	 as	 needed;
inquiring	how	much	detail	the	patient	and	family	desire;	giving	a	range	of	times
and	 probabilities	 (best	 case/worst	 case	 scenarios),	 while	 acknowledging
uncertainty;	reassessing	prognosis	periodically	with	the	patient	and	family;	and
responding	empathically	to	emotion.	Table	33.2	outlines	a	useful	framework	for
formulating	and	communicating	prognosis.

TABLE	33.2

Ten	Steps	to	Better	Prognostication

Concept 10	Steps	to	Better
Prognostication Action	Steps

Foresee

Foretell

	Science Disease 1. Start	with
an	anchor
point.

Obtain	details	of	known
survival	status	by	stage	of
disease;	speak	with	expert
about	1-,	5-,	10-y	survival
status.

Function 2. Assess
changes	in
performance
status

Use	a	functional	status	tool,
which	is	part	of	prognosis	(eg,
PPS,	KPS,	ECOG)	to	assess



(amount,
rate	of
change).

illness	trajectory.

Tests 3. Known
physical
signs	and
laboratory
markers
related	to
prognosis

For	example,	↑	WBC,	↓
%lymphocytes,	↓	albumin
For	example,	delirium,
dyspnea,	anorexia,	weight
loss,	dysphagia

Tools 4. Utilize
palliative	or
end-stage
prognostic
tools.

PPS,	PaP,	PPI,	SHFM,
CCORT,	CHESS,
nomograms,	etc

	Skill Judgment 5. Clinician
Prediction
of	Survival.
Would	I	be
Surprised?

Use	your	clinical	judgment	to
formulate.
See	if	it	fits	with	the
foregoing	prognostic	factors
and	adjust	accordingly.
Remember	common
optimistic	bias	and	adjust
further.

	Art Center 6. What	is
important	to
my	patient?
To	the
family?

Who/what	do	they	want	to
know/not	know?
Is	it	“how	long”	or	“what	will
happen”?
What	are	their	goals;	what	is
hoped	for?

Frame	it 7. Use
probabilistic
planning
and

Ball-park	range;	average
survival;	most	will	live...;
outliers;	talk	in	time-blocks;



discussion. etc

Cautions 8. Share
limitations
of	your
prognosis.

No	one	knows	for	sure;
exceptions	do	occur.
Changes	can	occur	at	any
time.

Changes 9. Review	and
Reassess
Periodically.

“What	is”	will	change.
Provide	regular	updates;	if
applicable,	provide
anticipatory	guidance	about
dying	process.

Follow-
up

10. Stay
connected.

Discuss	advance	care
planning	as	things	may
change	further	at	any	time.
Initiate	effective	symptom
control.
Involve	interprofessional	and
home	team;	furthermore,
patients	want	their	physician
to	remain	involved,	even	close
to	death,	and	will	feel
abandoned	otherwise.

The	following	table	illustrates	several	aspects	in	the	formulation	(foresee)	and	communication
(foretell)	of	prognosis.	In	utilizing	these	steps,	the	clinician	begins	with	the	primary	illness
including	its	current	stage	and	complications.	It	is	known	that	functional	status	is	a	significant
factor	affecting	survival	in	advanced	or	terminal	illnesses.	There	are	also	some	symptoms	and
tests	that	are	incorporated	into	prognostic	models	as	noted.	Furthermore,	although	there	is
variance	in	clinicians’	ability	to	predict	survival,	it	remains	valuable	as	one	incorporates	the	prior
information	into	the	experience	and	judgment	of	the	physician	to	arrive	at	a	reasonable	prognosis.
How	this	is	shared	with	the	patient	and	family	depends	a	lot	on	what	their	goals	and	hopes	are	as
well	as	how	much/little	they	want	to	know.	Rather	than	giving	a	specific	estimated	time	of	survival,
it	is	prudent	to	frame	the	discussion	within	a	range	of	possible	times	and	their	probabilities,	given
the	fact	that	no	one	knows	for	sure	what	could	happen	for	this	individual	and	a	wide	variation	in
the	same.	That	is,	prognostic	tools	provide	a	population-based	set	of	statistics	but	cannot	readily
reflect	the	illness	trajectory	of	any	one	patient.	Finally,	one	needs	to	review	and	reassess	the
patient	from	time	to	time	to	revise	the	prognosis,	as	it	is	a	process,	not	a	proclamation.	Ultimately,



“staying	connected”	throughout	the	final	trajectory	is	in	general	what	is	most	appreciated.

CCORT,	Canadian	Cardiovascular	Outcomes	Research	Team;	CHESS,	changes	in	end-stage
symptoms	and	signs;	ECOG,	Eastern	Cooperative	Oncology	Group	performance	status;	KPS,
Karnofsky	Performance	Scale;	PaP,	Palliative	Prognostic	Score;	PPI,	Palliative	Performance
Index;	PPS,	Palliative	Performance	Scale;	SHFM,	Seattle	Heart	Failure	Model;	WBC,	white	blood
cell.
From	Downing	M.	10	Steps	to	Better	Prognostication.	Victoria	Hospice	Society;	2009.

5 	 “Prognosis”	 or	 “recovery”	 can	 mean	 very	 different	 things	 to	 different
people;	 such	 terms	 should	 be	 qualified	 to	 avoid	 confusion.	 For	 example,	 a
patient	with	end-stage	dementia	may	consider	it	a	good	prognosis	to	survive	to
ICU	 discharge,	 while	 having	 a	 grim	 prognosis	 overall.	 Without	 qualifying
statements,	 families	 may	 perceive	 being	 told	 conflicting	 information,	 halting
their	 ability	 to	 make	 decisions,	 and	 raising	 questions	 about	 the	 motives	 or
competence	of	medical	caregivers.	It	is	important	to	understand	that	“prognosis”
means	more	 than	 survival	 to	most	 people—that	 is,	 they	 hope	 to	 know	 if	 their
loved	one	will	be	close	to	the	same	person	they	were	prior	to	the	recent	illness.
While	uncertain,	the	team	should	estimate	the	likelihood	of	a	patient’s	abilities	to
speak,	walk,	eat,	recognize	their	families,	and	so	on,	when	discussing	prognosis
and	treatment	options	with	families.

Many	 patients	 with	 chronic	 critical	 illness	 have	 survived	 near-death
experiences	in	 the	ICU;	thus,	family	members	may	challenge	the	news	of	poor
prognosis.	In	this	situation,	it	can	be	helpful	to	reframe	(“we’re	happy	that	your
loved	 one	 has	 beaten	 the	 odds	 so	 far”)	 and	 examine	 the	 “big	 picture”	 of	 the
patient’s	 illness	 trajectory	 (see	 Figure	 33.1).	 With	 compassionate	 and	 honest
discussion	of	the	illness	trajectory,	the	team	can	“hope	for	the	best	and	prepare
for	 the	 worst”	 with	 the	 family	 as	 they	 face	 critical	 milestones	 of	 decision-
making.	The	simultaneous	acts	of	relationship-building	and	information-sharing
build	 trust	over	 time	and	allow	 the	 team	 to	make	medical	 recommendations	 to
alleviate	the	burden	of	decision-making	on	grieving,	stressed	family	members.



	

Figure	 33.1 	 Trajectory	 of	 chronic	 illness	 with	 communication
milestones.GOC,	goals	of	care.

If	a	patient	and	family	are	aware	of	a	grim	prognosis	but	steadfastly	choose	to
pursue	aggressive	treatment,	simply	reiterating	the	facts	about	prognosis	may	be
unhelpful.	Instead,	compassionately	exploring	underlying	factors	such	as	family
dynamics,	cultural	beliefs,	and	spiritual	distress	can	be	illuminating	and	can	lead
the	 interdisciplinary	 team	 toward	 finding	ways	 to	partner	with	 the	 family	on	a
mutually	acceptable	outcome	(see	Tables	33.3	and	33.4).

TABLE	33.3

Principles	of	Managing	Conflict49,50

Principle Action	Steps

Convey	professionalism
and	commitment	to	care	of
the	patient	in	all
interactions.

Review	facts	and	rule	out	misunderstanding	as	a
source	of	conflict.

Where	might	the	team	be
wrong?	Explore	alternative
views	and	perspectives.

Take	corrective	action	when	appropriate;
Ensure	that	team	members	are	using	the	same
language;	formalize	processes	for
communication	to	prevent	cross	talk;
Resist	labeling—remain	open	to	seeing	the
situation	in	a	new	way.



Optimally	address	areas	of
uncertainty.

Consider	further	input	on	clinical	aspects	from
treating	clinicians,	second	opinion,	palliative
care	specialist;
Identify	additional	sources	of	information	about
patient	goals	and	values;
Review	surrogate’s	understanding	of	his	or	her
role;	ensure	all	participants	are	focused	on
patient’s	values	and	interests;
Consider	whether	a	patient	may	regain	capacity
—capacity	and	desire	for	participation	may
change;
Practice	cultural	humility,	seek	expert	guidance
for	cultural,	religious,	legal,	or	psychosocial
influence	on	conflict	and	educate	staff;
Seek	ethics	consult	input	on	value-laden
questions.

Offer	a	family	meeting
(see	Figure	33.1).

Assess	perceived	roles	of	patient,	illness,
treatment,	caregivers,	family;
Explore	hopes	and	fears	of	patient,	family,	and
caregivers;
Listen	without	judgment	about	spiritual,
cultural,	psychosocial,	and	cognitive	influences;
Sit	with	the	family	and	respond	to	strong
emotion;
Explore	values	and	perceptions	underlying
positions

Bridge	differences	in
perception	between
patient/family	and	medical
team.

Praise	efforts	to	work	together	and	to	put	patient
interests	first;
Include	family	in	hands-on	care	of	the	patient,
increase	transparency;
Provide	care	team	with	relevant	details	of
patient/family	perspective,	education	about
unique	cultural,	spiritual,	or	psychosocial
factors;
Encourage	“I”	statements	to	avoid	laying	blame;
seek	to	understand	why	people	feel	and	think
what	they	do.



Identify	areas	of	persistent
conflict.

Name	the	conflict	with	a	neutral	statement,
focusing	on	the	issue	and	not	on	the	participants;
Identify	mutual	concerns;
Include	patient/family	in	brainstorming	possible
solutions	that	address	mutual	concerns;
Suggest	strategies	to	minimize	harm	to	the
patient	even	if	conflict	cannot	be	resolved;
When	possible,	offer	a	follow-up	meeting	to
allow	emotions	to	subside	and	time	for	careful
reflection;
If	prognosis	is	in	question,	offer	a	trial	of
treatment	(93);
Consider	whether	another	provider	may	be
better	aligned	with	patient/family	wishes	if	there
is	direct	conflict	with	your	professional
judgment;
Consider	whether	appointment	of	a	guardian
would	be	appropriate	if	family	unit	is	being
severely	damaged	by	decision-making
responsibility.

From	Wachs	SR.	Put	conflict	resolution	skills	to	work.	J	Oncol	Pract.	2008;4:37-40	and	Back	A,
Arnold	R,	Tulsky	J.	Mastering	communication	with	Seriously	Ill	Patients:	Balancing	Honesty	with
Empathy	and	Hope.	Cambridge	University	Press;	2009.

TABLE	33.4

Case—Managing	Conflict

A	73-year-old	Korean	woman	with	metastatic	gastric	cancer	is	transferred	to
the	ICU	for	management	of	sepsis.	The	hospitalist	caring	for	the	patient	over
the	last	week	reports	that	the	patient’s	son	has	“taken	over”	and	has	not	been
listening	to	staff	attempts	to	discuss	patient’s	poor	prognosis.	The	physician
feels	the	patient	is	dying	and	recommended	against	ICU	transfer	but
acquiesced	to	the	son’s	wish.
The	patient	requires	pressor	support	and	has	multiple	possible	sources	for
infection.	She	has	anasarca,	with	pressure	ulcers	and	bruises	from	multiple



needle	sticks.	She	is	pancytopenic	due	to	recent	chemotherapy,	prolonged
illness,	and	nutritional	deficits.	ICU	caregivers	report	the	patient	is	in	pain.
Although	the	patient	speaks	limited	English,	the	staff	feels	she	is	indicating
that	she	wants	to	die.	Her	son,	who	continues	to	work	full	time,	is	listed	as	the
primary	contact	in	the	medical	record,	and	the	patient	and	her	husband	defer
all	decision-making	to	their	son.	When	the	son	visits	with	his	pastor,	he
responds	to	information	about	her	poor	prognosis	by	suggesting	the	only
option	is	to	pray	for	a	miracle.	The	son	insists	that	the	patient’s	oncologist	has
said	that	his	mother’s	cancer	is	treatable.	Nurses	and	other	staff	caring	for	the
patient	are	feeling	angry	and	uncomfortable	about	her	care	and	interpret	the
son’s	behavior	at	the	bedside	as	“cold”	and	“micromanaging.”

Next	steps	and	strategies:

1.	 ICU	team	huddle	to	clarify	medical	facts	(including	a	conversation	with
the	patient’s	oncologist);	acknowledge	staff	emotion	and	distress;	consult
with	social	worker,	chaplain,	and	medical	interpreters	who	have	worked
with	the	patient	and	family	to	share	insights	on	family	dynamics	and
spiritual	and	cultural	issues.

2.	 Schedule	a	family	meeting	for	a	mutually	convenient	time.	Negotiate
who	should	be	present	(patient,	her	husband,	son,	pastor,	medical
interpreter,	ICU	team)	and	what	to	discuss	(“we	want	to	review	her
situation	and	figure	out	the	best	way	to	care	for	her	going	forward”).	Use
structured	approach	from	Figure	33.1	to	assess	their	understanding;
respond	to	emotion;	share	difficult	news	about	prognosis;	explore	hopes,
fears,	and	goals;	and	create	a	plan	on	the	basis	of	shared	decision-
making.

3.	 Offer	spiritual	and	emotional	support	and	invite	the	patient’s	pastor	to
pray	(including	at	the	start	or	the	end	of	family	meetings).	Ask	the	patient
and	family	to	teach	the	ICU	team	about	their	culture	and	faith	traditions
and	how	they	may	affect	their	coping	and	decision-making.

4.	 Allow	time	for	the	patient	and	family	to	absorb	information	and	process
emotion	and	encourage	them	to	spend	meaningful	time	together	as	a
family.	If	necessary,	agree	on	a	time-limited	trial	of	interventions	with
specific	goals	(ie,	IV	antibiotics	for	5	days,	with	the	goal	of	resolving	the
need	for	vasopressor	support).

Outcome:



First	meeting:	At	first,	the	patient’s	son	appeared	angry	and	suspicious,	and
asked	to	meet	with	the	ICU	team	outside	his	mother’s	room.	He	admitted	to
feeling	overwhelmed	by	his	mother’s	illness,	as	well	as	his	own	family	and
work	responsibilities.	As	an	only	child,	and	as	the	most	proficient	English
speaker	in	his	family,	he	felt	protective	of	his	elderly	parents.	They	find	hope
and	solace	in	their	faith	and	lean	on	their	pastor	for	guidance.	The	son	worries
what	will	become	of	his	father,	who	faces	his	own	health	problems,	after	his
mother	dies	someday.	The	son	listens	to	the	physician’s	assessment	and	news
of	poor	prognosis	but	says	he	still	hopes	for	a	miracle.	The	group	negotiates	to
meet	the	next	day	at	the	patient’s	bedside,	with	the	husband	and	pastor	present
to	continue	the	discussion.
Second	meeting:	The	pastor	is	invited	to	pray,	which	is	comforting	for	the
patient	and	family.	The	ICU	team	follows	the	same	structured	approach
(Figure	33.1),	but	this	time	assessing	the	patient	and	husband’s	understanding,
and	her	goals	and	priorities.	The	patient	acknowledges	in	front	of	her	son	that
she	is	dying,	and	her	faith	in	God	supports	her.	The	son	says	he	does	not	want
her	to	suffer	but	cannot	believe	“there	isn’t	anything	else	to	treat	her	cancer,”
despite	the	team’s	discussion	with	her	primary	oncologist	who	confirms	this.
Third	meeting:	The	ICU	team	arranges	for	the	oncologist	to	call	the	son
directly	on	the	phone;	instead,	he	is	able	to	visit	the	patient	and	family	the
next	day.	The	ICU	team	and	oncologist	express	their	caring	and	concern,	and
reiterate	that	she	is	dying	from	progressive,	incurable	cancer.	They	stress	how
they	will	work	to	ensure	excellent	end-of-life	care,	introduce	the	concept	of
hospice,	and	give	the	family	time	to	think.	A	few	hours	later,	the	son	asks	the
team	to	arrange	hospice	care	at	his	home	and	requests	help	in	obtaining	a
family	medical	leave	from	work.	The	patient’s	oncologist	remains	as	her
attending	physician	under	hospice	care,	and	she	is	discharged	the	next	day
after	equipment	and	medications	are	in	place	at	the	son’s	home.

Step	7—Explore	Goals	and	Priorities:
As	 discussed	 earlier,	 it	 is	 possible	 to	 express	 sincere	 hope	 for	 the	 patient	 to
recover	while	also	explaining	 the	 limitations	and	burdens	of	 intensive	care.51,52
Understanding	 the	 health	 care	 agent’s	 role	 as	 spokesperson	 for	 the	 patient’s
values	and	preferences	(rather	 than	“decider”)	not	only	ensures	 the	appropriate
ethical	framework	but	also	reduces	pressure	on	the	surrogate.	Questions	such	as,
“Given	these	circumstances,	what	would	your	loved	one	want	to	us	focus	on?”
“If	 they	could	hear	 the	discussion	and	see	our	efforts,	what	concerns	would	be



most	 important?”	 or	 “What	 would	 they	 be	 hopeful	 for?	What	 would	 be	 their
greatest	 fear?”	are	helpful.	Because	words	 like	“recovery”	and	“improvement”
are	subjective,	ask	for	clarification	and	explore	the	reasons	behind	preferences.
This	prevents	miscommunication	and	can	prompt	patients	and	families	to	more
deeply	explore	feelings	about	illness	and	treatment.	It	may	help	to	ask	about	the
patient’s	 approach	 to	 prior	 health	 or	 major	 life	 challenges.	 What	 core	 values
were	 revealed?	When	 has	 the	 patient	 been	 willing	 to	 make	 major	 changes	 in
their	 life?	 If	 rapport	 and	 shared	 understanding	 exist,	 a	 clinician	 can	 not	 only
present	options	but	make	patient-centered	recommendations.52

Step	8—Present	Broad	Care	Options:
When	 the	 patient	 and	 family	 have	 fully	 understood	 the	 patient’s	 current
condition,	 existing	 treatments,	 and	 prognosis,	 it	 is	 possible	 to	 discuss	 broad
options	for	care.	Best,	worst,	and	“most-likely”	case	scenarios	may	be	discussed.
Discussing	 specific	 care	 options	 without	 context	 can	 lead	 to	 contradictory,
poorly	designed	care	plans.

Based	on	 the	articulated	values	and	 the	clinical	condition	of	 the	patient,	 the
care	 team	may	 offer	 goals	 such	 as	 a	 trial	 of	 treatment	 to	 promote	 recovery	 to
baseline	 function,	 improving	 quality	 of	 life,	 surviving	 to	witness	 a	 significant
family	 event,	 improving	comfort,	 or	 creating	 a	more	peaceful	 environment	 for
patient’s	death.	Using	techniques	described	in	earlier	steps,	the	clinical	team	can
draw	out	patient/family	perspective	and	respond	to	emotion	during	this	process,
in	hope	of	prioritizing	goals.	Reassurance	of	the	team’s	commitment	to	attend	to
the	patient’s	comfort	and	dignity	should	be	emphasized	regardless	of	other	goals.

Goals	such	as	“hoping	for	a	miracle”	and	“doing	everything	possible”	should
be	 further	 explored.	 It	 is	 helpful	 to	 explore	 the	patient’s	values	on	quality	and
quantity	 of	 life;	 however,	 statements	 about	 “quality	 of	 life”	 can	 be
misunderstood	 as	 a	 judgment	 on	 the	 patient’s	 inherent	 worth	 as	 a	 person.
Therefore,	listening	to	understand	patients	as	unique	individuals	and	what	makes
their	 lives	 meaningful	 is	 essential.	 Affirming	 people’s	 faith	 and	 hope	 for	 a
miracle	can	decrease	the	sense	that	medicine	and	miracles	are	in	competition.

Clinicians	 should	 be	 aware	 that	 most	 patients	 and	 families	 value
independence	 that	 preserves	 physical	 and	 cognitive	 function	 over	 simple
survival.6,7	Because	feelings	of	guilt	are	common,	it	is	helpful	to	emphasize	that
we	only	“choose”	where	 to	 focus	our	efforts	and	we	do	not	have	 the	option	 to
“choose”	for	a	patient	 to	 live	or	die.	While	decision-making	is	shared,	medical
care	in	the	ICU	is	ultimately	the	responsibility	of	the	medical	team.



Step	9—Translate	Goals	Into	a	Care	Plan:
After	 reaching	 a	 shared	 understanding	 of	 clinical	 condition,	 prognosis,	 and
patient-centered	 goals,	 the	 medical	 team	 makes	 recommendations	 for	 a	 care
plan.	Patients/families	who	have	expressed	desire	for	detail	appreciate	thorough
descriptions	 of	 recommendations,	 while	 others	 prefer	 to	 feel	 that	 care	 is
exclusively	 under	 the	 control	 of	 the	 medical	 team.	 Plan	 for	 management	 of
physical,	 emotional,	 social,	 and	 spiritual	 needs	 of	 the	 patient	 and	 family.	 It	 is
important	 to	 first	 emphasize	 the	 care	 that	 will	 be	 provided,	 followed	 by
treatments	 that	 will	 be	 withdrawn	 or	 withheld.	 Framing	 the	 withholding	 of	 a
treatment	as	a	means	of	protecting	the	patient	from	trauma	emphasizes	that	the
goal	is	not	to	“give	up”	but	to	honor	the	patient’s	condition	and	values.

In	situations	where	prognosis	is	unclear	and/or	there	are	requests	by	patients
with	poor	prognoses	and/or	their	surrogates	for	life-prolonging	treatment,	use	of
a	 time-limited	 trial	 is	particularly	effective	at	building	both	 trust	and	 treatment
consensus.	A	 time-limited	 trial	 is	 an	 agreement	between	 the	medical	 team	and
the	 patient	 or	 surrogate	 to	 utilize	 a	 treatment	 (such	 as	 dialysis)	 for	 a	 defined
amount	 of	 time	 (such	 as	 days	 or	 a	week)	 to	 achieve	 particular	 goals	 (such	 as
fluid	 removal	 to	 allow	 ventilator	 weaning,	 or	 resolution	 of	 delirium	 as
examples).5	Ideally,	the	measures	of	improvement	or	deterioration	are	clear	and
measurable.	Before	the	trial,	clinicians,	patients,	and	surrogates	should	agree	on
a	plan	of	care	based	on	the	results	of	the	trial.

If	there	are	repeated	requests	for	nonbeneficial	care,	the	team	should	consider
consulting	palliative	care	and	ethics	for	assistance	(see	Tables	33.3	and	33.4	on
Managing	Conflict	and	Case	Example).

Concluding	 the	 interaction	with	 a	 review	of	 the	next	 steps	 in	 care	 can	help
participants	 recall	 important	points.	Next	 steps	 should	 include	plans	 to	address
any	areas	of	uncertainty	or	conflict.	Statements	such	as,	“We	will	always	care	for
your	loved	one,	no	matter	what	happens”	provide	reassurance	of	the	ICU	team’s
treatment	 of	 the	 individual,	 not	 the	 disease.53	 Affirming	 the	 decisions	 of	 the
family	 or	 patient	 and	 offering	 anticipatory	 guidance	 can	 address	 likely	 future
scenarios.54	Closing	the	discussion	with	a	follow-up	plan	and	ways	to	contact	the
care	team	reassures	the	family	of	ongoing	support.

Step	10—Document	and	Debrief:
Clinician	documentation	ensures	patient	 safety	and	quality	of	care.	A	carefully
crafted	 progress	 note,	 documenting	 not	 only	 time	 spent	 but	 the	 level	 of
preparation,	the	participants,	the	role	of	the	patient	(ie,	patient	capacity	or	desire
to	participate),	the	context	of	options	discussed,	broad	goals,	and	next	steps	can



provide	vital	information	for	members	of	the	medical	team.	Good	documentation
protects	 the	 patient	 and	 family	 from	 “starting	 anew”	 with	 each	 caregiver.
Documentation	 provides	 a	 medical/legal	 record	 of	 the	 quality	 of	 the	 care
provided.	 In	 addition	 to	 the	 patient	 medical	 record,	 the	 outcome	 of	 a	 family
meeting—even	 if	 the	 outcome	 is	 a	 lack	 of	 consensus—ideally	 is	 discussed
during	 a	 team	 meeting	 or	 hand-off	 with	 relevant	 health	 care	 professionals.
Caregivers	may	experience	moral	distress	if	the	role	of	the	care	that	they	provide
is	not	placed	in	context.	Discussion	among	providers	following	a	family	meeting
can	 also	 help	 staff	 to	 process	 the	 emotions	 of	 the	 event	 and	 to	 recognize
opportunities	for	improvement.

Bioethical	Principles
The	ever-evolving	technologies	available	in	the	ICU	allow	medical	teams	to	save
and	maintain	lives	in	circumstances	that	would	have	been	unthinkable	years	ago.
These	new	technologies	are	exciting	and	hopeful,	but	often	raise	complex	ethical
issues.55	 Decisions	 about	 when	 to	 use	 medical	 technology	 and	 resources	 can
create	moral	 dilemmas	 for	 clinicians	 as	well	 as	 for	patients	 and	 their	 families.
These	 ethical	 debates	 can	 dramatically	 enter	 the	 public	 arena;	 for	 example,
Americans	 witnessed	 intractable	 conflict	 within	 the	 family	 of	 Terri	 Schiavo
regarding	 her	 prognosis	 and	 decisions	 about	 artificial	 nutrition,	 as	well	 as	 the
legal	and	political	battles	surrounding	her	case.56

The	American	Medical	Association	first	published	a	code	of	ethics	in	1847.	It
was	 not	 until	 the	 mid-1900s	 that	 the	 concepts	 of	 autonomy	 and	 self-
determination	entered	the	discussion	of	medical	ethics,	stemming	from	historical
disregard	for	patient	rights	and	exploitation	of	Black,	Indigenous,	and	People	of
Color	 and	 women,	 involuntary	 human	 experimentation	 during	 World	 War	 II
under	the	Nazi	regime,	and	the	Tuskegee	experiments.57

The	 Patient	 Self-Determination	 Act,	 passed	 by	 the	 US	 Congress	 in	 1990,
mandated	patient	autonomy	as	a	guiding	principle	of	medical	decision-making.
This	 law	 requires	 health	 care	 institutions	 to	 ask	patients	whether	 they	have	 an
advance	directive.	The	institution	must	also	record	patient	preferences	and	offer
processes	 for	 completing	 advance	 directives	 if	 they	 have	 not	 yet	 been	 done.57
There	is	controversy	about	whether	this	law	is	effective	as	advance	directives	do
not	 address	 multiple	 specific	 medical	 situations	 and	 are	 difficult	 to	 use	 when
prognosis	is	not	clear.

The	 two	 types	 of	 advance	 directives	 are1	 “instructional	 directives,”	 which
provide	 guidance	 for	 caregivers,	 health	 care	 agents,	 and	 representatives	 when
making	health	care	decisions	for	patients	by	way	of	substituted	judgment,	and17



“proxy	 directives,”	 which	 name	 a	 patient’s	 health	 care	 agent.	 Examples	 of
instructional	 directives	 include	 living	 wills	 and	 the	 Five	 Wishes	 document.
Proxy	 directive	 examples	 include	 the	 health	 care	 proxy	 and	 durable	 power	 of
attorney	for	health	care.57

While	 autonomy	 is	 a	 cornerstone	 of	medical	 decision-making,	 it	 is	 not	 the
only	 ethical	 principle	 guiding	 complex	 care	 decisions	 in	 the	 ICU.	 Other
bioethical	principles	include	beneficence,	nonmaleficence,	and	justice	(see	Table
33.5	for	definitions	and	examples).	These	principles	can	help	inform	discussions
among	patients,	 families	and	 the	ICU	team	within	 the	context	of	culture,	 faith,
personal	 values,	 and	 family	 dynamics.	 The	 Fifth	 International	 Consensus
Conference	in	Critical	Care	issued	a	consensus	statement	on	ethical	principles	in
the	 ICU	and	emphasized	a	patient-centered	approach	with	 the	ultimate	goal	of
acting	 within	 patients’	 best	 interests.58	 Ideally,	 this	 is	 accomplished	 through
shared	 decision-making	 among	 the	 patient	 and	 family	 (who	 are	 experts	 in	 the
patient’s	values	and	goals)	 and	 the	 ICU	 team	 (who	are	 the	medical	 experts	on
prognostication	and	viable	therapeutic	options).

TABLE	33.5

Bioethical	Principles	in	the	ICU

Ethical
Principle Definition ICU	Example

Autonomy Respecting	a	person’s
right	to	determine	a
course	of
action/patient’s	right
to	make	their	own
decisions	regarding
their	health	care

A	patient	chooses	to	forgo	life-
sustaining	therapy	despite	the	fact
he	will	most	certainly	die	without
it	but	might	recover	with	it	(eg,	no
mechanical	ventilation	for
community-acquired	pneumonia).

Beneficence Desiring	to	benefit
the	patient

A	clinician	prescribes	intravenous
pain	medication	to	control	severe
pain.

Nonmaleficence Avoidance	of	harm The	team	discontinues	paralytics
in	patients	undergoing	terminal



extubation.

Distributive
Justice

Equal	and	fair
distribution	of
resources

ICU	care	is	costly	and	may
significantly	prolong	the	dying
process	in	patients	with
irreversible	conditions,	which
diverts	resources	from	other
patients.

Distributive	justice	is	a	core	ethical	principle	but	is	difficult	and	controversial
to	 navigate	 at	 the	 bedside.	 While	 discussions	 about	 inappropriate	 use	 of
resources	and	disproportionate	care	occur	 in	 the	 ICU,59	 the	 principle	 of	 justice
should	 be	 utilized	 in	 policy	 decisions	 on	 the	 care	 of	 all	 patients	 to	 minimize
partiality	and	bias.

Decision-Making	Capacity	and	Substituted	Judgment
To	 exercise	 autonomy,	 patients	 must	 have	 the	 capacity	 to	 make	 informed,
reasoned	medical	decisions	based	on	their	values.	Their	capacity	can	be	impaired
by	multiple	 factors,	 including	 acute	 illness,	multiple	medications,	 and	 chronic
conditions.60	Critically	 ill	patients	also	suffer	from	varying	degrees	of	hypoxia,
hypotension,	multiorgan	dysfunction,	and	sepsis.	Studies	show	that	patients	with
compromised	 capacity	 to	 make	 medical	 decisions	 have	 an	 increased	 risk	 of
mortality	as	well	as	 increased	cost	of	care.60	 In	a	 review	of	25	national	studies
using	an	array	of	assessment	tools,	the	prevalence	of	incapacity	among	critically
ill	 patients	 was	 significant:	 physicians	 missed	 58%	 of	 patients	 who	 lacked
decision-making	capacity.61	Physicians	practicing	critical	care	medicine	need	to
understand	 how	 to	 assess	 a	 patient’s	 capacity	 for	 medical	 decision-making.
Although	most	physicians	lack	any	formal	training,	a	structured	framework	for
assessing	 capacity	 can	 help	 guide	 a	 skilled	 evaluation	 at	 the	 bedside	 (see
Table	33.6).62

TABLE	33.6

Legally	Relevant	Criteria	for	Decision-Making	Capacity	and
Approaches	to	Assessment	of	the	Patient



Criterion Patient’s
Task

Physician’s
Assessment
Approach

Questions	for
Clinical
Assessmenta

Comments

Communicate
a	choice.

Clearly
indicate
preferred
treatment
option.

Ask	patient	to
indicate	a
treatment
choice.

Have	you
decided	whether
to	follow	your
doctor’s	(or	my)
recommendation
for	treatment?
Can	you	tell	me
what	that
decision	is?	(If
no	decision)
What	is	making
it	hard	for	you
to	decide?

Frequent
reversals	of
choice	because
of	psychiatric
or	neurologic
conditions	may
indicate	lack	of
capacity.

Understand
the	relevant
information.

Grasp	the
fundamental
meaning	of
information
communicated
by	physician.

Encourage
patient	to
paraphrase
disclosed
information
regarding
medical
condition	and
treatment.

Please	tell	me	in
your	own	words
what	your
doctor	(or	I)	told
you	about:
The	problem
with	your	health
now
The
recommended
treatment
The	possible
benefits	and
risks	(or
discomforts)	of
the	treatment
Any	alternative
treatments	and
their	risks	and
benefits
The	risks	and

Information	to
be	understood
includes	nature
of	patient’s
condition,
nature	and
purpose	of
proposed
treatment,
possible
benefits	and
risks	of	that
treatment,	and
alternative
approaches
(including	no
treatment)	and
their	benefits
and	risks.



benefits	of	no
treatment

Appreciate
the	situation
and	its
consequences.

Acknowledge
medical
condition	and
likely
consequences
of	treatment
options.

Ask	patient	to
describe
views	of
medical
condition,
proposed
treatment,	and
likely
outcomes.

What	do	you
believe	is	wrong
with	your	health
now?
Do	you	believe
that	you	need
some	kind	of
treatment?
What	is
treatment	likely
to	do	for	you?
What	makes	you
believe	it	will
have	that	effect?
What	do	you
believe	will
happen	if	you
are	not	treated?
Why	do	you
think	your
doctor	has	(or	I
have)
recommended
this	treatment?

Courts	have
recognized	that
patients	who
do	not
acknowledge
their	illnesses
(often	referred
to	as	“lack	of
insight”)
cannot	make
valid	decisions
about
treatment.
Delusions	or
pathologic
levels	of
distortion	or
denial	are	the
most	common
causes	of
impairment.

Reason	about
treatment
options.

Engage	in	a
rational
process	of
manipulating
the	relevant
information.

Ask	patient	to
compare
treatment
options	and
consequences
and	to	offer
reasons	for
selection	of
option.

How	did	you
decide	to	accept
or	reject	the
recommended
treatment?
What	makes
(chosen	option)
better	than
(alternative
option)?

This	criterion
focuses	on	the
process	by
which	a
decision	is
reached,	not
the	outcome	of
the	patient’s
choice,	since
patients	have
the	right	to



make
“unreasonable”
choices.

aQuestions	are	Adapted	from	Sessums	LL,	Zembrzuska	H,	Jackson	JL.	Does	this	patient	have
medical	decision-making	capacity?	JAMA.	2011;306(4):420-427	and	Appelbaum	PS.	Clinical
practice.	Assessment	of	patients’	competence	to	consent	to	treatment.	N	Engl	J	Med.
2007;357(18):1834-1840.	Patients’	responses	to	these	questions	need	not	be	verbal.

Any	 physician—not	 necessarily	 a	 psychiatrist—can	 determine	 a	 patient’s
decision-making	capacity.	The	term	“capacity”	differs	from	competence.	Only	a
judge	can	declare	 a	person	“incompetent,”	 and	 legal	 standards	 for	 competence
vary	by	state.	A	person	deemed	incompetent	has	more	“general	 limitations”	on
their	 rights.63	 By	 comparison,	 capacity	 is	 both	 temporal	 and	 situational.61
Capacity	may	vary,	depending	on	the	current	medical	condition	of	the	patient.	A
patient	 may	 have	 capacity	 for	 simple,	 straightforward	 choices	 but	 not	 for
complex	 decisions.	 In	 addition,	 cognitive	 impairment	 does	 not	 automatically
imply	 a	 lack	 of	 capacity	 for	 all	 medical	 decisions.	 Assessment	 of	 capacity	 is
warranted	 when	 patients	 have	 changes	 in	 their	 baseline	 mental	 status,	 are
refusing	recommended	treatments,	or	have	underlying	conditions	putting	them	at
risk	for	impaired	decision-making.64

Of	note,	the	dynamic	and	complex	nature	of	the	ICU	also	poses	an	increased
risk	of	“pseudo-incapacity,”	which	occurs	when	patients	do	not	understand	their
situation	due	 to	poor	communication,	 such	as	excessive	use	of	medical	 jargon,
primary	 language	 differences,	 and/or	 lower	 health	 literacy.	 Decision-making
capacity	 can	 be	 enhanced	 by	 treating	 underlying	medical	 conditions,	 ensuring
clear	 communication	 in	 the	 patient’s	 primary	 language	 and	 educational	 level,
and	 inviting	 a	 trusted	 confidant	 to	 help	 the	 patient	 cope	with	 fear	 and	 anxiety
when	trying	to	process	information.

Once	 a	 determination	 is	made,	 it	 is	 important	 to	 document	 the	 assessment,
including	the	use	of	any	standardized	evaluation	tools.	If	a	patient	lacks	capacity,
the	 physician	 should	 invoke	 the	 patient’s	 designated	 health	 care	 proxy.	 The
proxy	 should	 use	 “substituted	 judgment”	 to	 make	 decisions	 on	 behalf	 of	 the
patient,	 based	 on	 the	 patient’s	 values	 and	 previously	 stated	 preferences.
However,	if	a	patient’s	preferences	are	unknown,	the	surrogate	should	work	with
the	 ICU	 team	 to	 understand	 the	medical	 situation	 and	 act	 in	 the	 patient’s	 best
interests.65	 If	 the	 patient	 does	 not	 have	 a	 health	 care	 proxy,	 most	 states	 have
established	a	hierarchy	to	determine	a	surrogate	decision-maker;	in	general,	the
priority	 is	 the	 spouse,	 followed	 by	 adult	 children,	 parents,	 siblings,	 and	 other
relatives.	 If	no	 surrogate	decision-maker	 is	 available,	 the	patient	will	 require	a



court-appointed	legal	guardian	for	medical	decision-making	based	on	substituted
judgment	or,	 if	substituted	judgment	is	unknown,	based	on	the	best	 interests	of
the	patient.

Withholding	and	Withdrawing	Therapies
The	decision	to	limit	life-sustaining	therapies	(LST)	prior	to	death	in	the	ICU	is
difficult	and	complex.	It	is	also	a	common	practice,	occurring	in	74%	to	90%	of
ICU	deaths.66	These	decisions	are	 influenced	by	many	factors,	 including	extent
and	 severity	 of	 illness,	 prognosis,	 expected	 quality	 of	 life,	 perceived	 level	 of
patient’s	 suffering,	 prior	 health	 care	 experience,	 resource	 availability,	 family
dynamics,	and	cultural	and	socioeconomic	backgrounds.67

From	 a	 bioethical	 perspective,	 there	 is	 no	 difference	 between	 withholding
versus	 withdrawing	 a	 treatment.	 Patients,	 or	 their	 surrogate	 decision-makers,
have	 the	 right	 to	 refuse	 treatments	 such	 as	 life	 support,	 cardiopulmonary
resuscitation,	 and	 artificial	 nutrition/hydration	 before	 or	 after	 they	 have	 been
started.68	 However,	 ICU	 clinicians	 report	 in	 surveys	 that	 withholding	 and
withdrawing	 therapies	 “feel”	 different.	 This	 discomfort	 may	 arise	 from	 the
perception	that	withholding	a	therapy	is	passive	(by	not	interfering	with	a	natural
dying	 process),	while	withdrawing	 a	 therapy	 is	 active	 (by	 altering	 a	 course	 of
potentially	life-prolonging	treatment).68	These	perceptions	can	provoke	feelings
of	 anxiety	 and	moral	 distress.	As	 a	 result,	 it	 is	 paramount	 that	 ICU	 clinicians
gain	 knowledge	 and	 expertise	 in	 addressing	 patient,	 family,	 and	 ICU	 team
distress	over	these	bioethical	decisions.

After	 skilled	 discussions	 about	 prognosis	 and	 goals	 of	 care,	 clinicians	 and
family	caregivers	may	decide	to	proceed	with	an	acute	withdrawal	of	LST	for	an
imminently	dying	patient.	In	other	cases,	seriously	ill	patients	may	be	gradually
weaned	 from	 intensive	 care—sometimes	 referred	 to	 as	 “no	 escalation	 of
care.”66,69	Under	 this	paradigm,	 the	decision	 to	continue	or	discontinue	specific
treatments	 is	 determined	 on	 an	 individual	 basis	 by	 the	 ICU	 team	 and	 the
patient’s	 decision-makers.	 Based	 on	 a	 few	 observational	 studies,	 the	 “do	 not
resuscitate”	(DNR)	order	is	often	the	first	step	in	limiting	LST,	preceding	death
by	 1	 to	 2	 days.	 Additional	 interventions	 including	 dialysis,	 vasopressors,
laboratory	 and	 diagnostic	 studies,	 blood	 transfusions,	 and	 antibiotics	 are	 also
likely	to	be	discontinued.

In	 contrast,	 artificial	 nutrition	 and	 hydration	 are	 initiated	 in	 some	 cases
despite	“no	escalation	of	care,”	probably	reflecting	cultural	beliefs	by	families	or
physicians	 that	 these	 therapies	 are	 more	 palliative	 than	 life-sustaining.66
Decisions	 to	 withdraw	 this	 care	 can	 be	 controversial,	 and	 many	 families	 and



caregivers	view	it	as	nurturing	and	vital	for	a	dying	patient.	Families	should	be
counseled	on	physiological	changes	during	the	dying	process,	including	the	loss
of	 appetite	 and	 thirst,	 and	 the	 unintended	 consequences	 of	 fluid	 overload,
including	anasarca,	pulmonary	edema,	ascites,	secretions,	and	incontinence	with
skin	 breakdown.	 In	 addition,	 there	may	 be	 analgesic	 and	 anesthetic	 effects	 of
dehydration,	mediated	by	ketones	 and	 endogenous	opioids.70	 It	 is	 important	 to
reassure	 families	 that	 their	 loved	ones	 are	dying	 from	 their	 underlying	disease
and	 not	 from	 “starvation.”	 As	 appropriate,	 families	 should	 be	 offered	 the
opportunity	 to	participate	 in	other	expressions	of	caregiving,	such	as	providing
mouth	care,	bed	baths,	and	hand	or	foot	massages.

Mechanical	ventilation	is	usually	one	of	the	last	life-sustaining	treatments	to
be	withdrawn	and	occurs	among	only	half	of	the	ventilated	patients	who	die	in
the	 ICU.	 Factors	 influencing	 the	 decision	 to	 withdraw	mechanical	 ventilation
include	 physician	 prediction	 of	 a	 <10%	 likelihood	 of	 survival,	 physician
prediction	 of	 severely	 impaired	 future	 cognitive	 function,	 and	 the	 physician’s
perception	that	the	patient	did	not	want	life	support.71,72

It	is	important	to	emphasize	that	time	to	death	after	withdrawal	of	mechanical
ventilation	 varies	 widely	 and	 that	 some	 patients	 have	 survived	 to	 hospital
discharge.71	 In	one	study,	half	of	patients	died	within	1	hour,	 the	majority	died
within	10	hours,	and	some	patients	survived	7	days	until	death.72

There	 is	 no	 evidence	 supporting	 a	 specific	 approach	 to	 the	 withdrawal	 of
mechanical	 ventilation,	 but	 clinicians	 should	 consider	 a	 patient’s	 level	 of
consciousness	when	managing	symptoms.68	It	is	important	for	families	to	know
that	 brain-dead	 patients	 can	 exhibit	 dramatic	movements	 (the	 “Lazarus	 sign”)
caused	by	 the	firing	of	spinal	motor	neurons	 in	response	 to	acute	hypoxia.	For
patients	 who	 are	 comatose	 and	 unable	 to	 experience	 distress,	 clinicians	 can
rapidly	 remove	 airway	 and	 ventilator	 support.	 If	 there	 is	 any	 concern	 that	 a
patient	 may	 feel	 pain	 or	 anxiety,	 clinicians	 can	 premedicate	 the	 patient	 with
analgesics	and	sedatives.

Patients	who	 are	 conscious	 or	 semiconscious	 are	more	 likely	 to	 experience
distress	 during	 ventilation	 withdrawal.	 In	 these	 cases,	 a	 gradual	 decrease	 of
supplemental	 oxygen	 may	 have	 an	 analgesic	 effect	 by	 creating	 hypoxia	 with
normal	 carbon	 dioxide	 levels,	 followed	 by	 decreasing	 the	 ventilation	 rate.73
During	 this	 “terminal	weaning,”	 the	 FiO2	 is	 reduced	 to	 room	 air	 and	 positive
end-expiratory	 pressure	 is	 reduced	 to	 zero	 followed	 by	 assessment	 of	 patient
comfort.	Ventilator	support	 is	 then	reduced	from	baseline	 to	zero,	 taking	rarely
more	 than	 5	 to	 20	 minutes.74	 There	 are	 limited	 data	 available	 to	 determine
whether	 removing	 the	 artificial	 airway	 provides	 more	 patient	 comfort,	 but
families	are	more	satisfied	if	extubation	occurs.69



Another	set	of	LST	modalities	include	left	ventricular	assist	devices	and	total
artificial	 hearts	 (referred	 to	 as	 mechanical	 circulatory	 support	 [MCS]).	 The
decision	to	deactivate	these	devices	is	controversial	because	deactivation	can	be
a	life-ending	intervention.	Recent	guidelines	state	that	discontinuation	of	MCS	is
equivalent	to	allowing	a	natural	death	when	there	is	onset	of	irreversible	medical
problems.	Examples	include	irreversible	coma,	circulatory	shock,	overwhelming
infections,	multiorgan	failure,	refractory	hypoxia,	or	catastrophic	device	failure.
Under	 these	 circumstances,	 deactivation	 of	 the	MCS	 is	made	 in	 collaboration
with	the	patient,	family,	ICU	team,	and	the	MCS	team.75

During	 and	 following	 withdrawal	 of	 LST,	 clinicians	 should	 be	 present	 to
evaluate	 for	 signs	 and	 symptoms	 of	 distress	 that	 may	 require	 palliative
interventions.	 The	 bedside	 clinicians	 should	 be	 capable	 of	 anticipating	 and
addressing	 the	 needs	 of	 the	 patient	 and	 family.70	 Therapies	 should	 focus	 on
comfort	 and	 symptom	 management,	 including	 antipyretics,	 antiemetics,
antiepileptics,	analgesics,	sedatives,	and/or	anticholinergics	to	control	secretions.
If	 a	 patient	 has	 an	 automatic	 implantable	 cardiac	 defibrillator,	 it	 should	 be
deactivated	to	prevent	firing	during	the	dying	process.	The	benefits	and	burdens
of	 routine	 ICU	 care	 (eg,	 monitoring	 devices,	 wound	 debridement,	 and
endotracheal	 suctioning)	 should	 be	 discussed	 and	 subsequently	 continued,
limited,	or	eliminated	as	appropriate.70

To	 foster	 a	 private	 and	 caring	 environment,	 the	 ICU	 team	 should	 remove
visiting	 hour	 restrictions,	 remove	 patient	 restraints,	 lower	 the	 bedrails,	 and
remove	machines	and	monitors	from	the	room	as	appropriate.	Families	also	want
to	 be	 assured	 of	 their	 loved	 one’s	 comfort	 and	 have	 opportunities	 to	 express
emotions,	stories,	prayers,	and	rituals.

6 	 The	 use	 of	 a	 standardized	 order	 set	 for	 the	withdrawal	 of	 LST	 has	 been
studied.8	The	order	form	includes	four	sections:	(1)	preparation	for	withdrawal	of
life	 support	 that	 included	 documentation	 for	 a	 family	 conference;
discontinuation	of	labs,	radiographs,	and	prior	medications;	and	completion	of	a
DNR	order;	(2)	a	nurse-driven	sedation	and	analgesia	protocol;	(3)	protocol	for
withdrawing	mechanical	 ventilation	 that	 focused	 on	 patient	 comfort;	 and	 (4)	 a
set	 of	 principles	 to	 guide	 withdrawal	 of	 LST.	 A	 majority	 of	 physicians	 and
nurses	 reported	 the	order	 form	was	helpful	and	 resulted	 in	an	 increased	use	of
opioids	 and	 benzodiazepines	 for	 symptom	 management.	 Importantly,	 the
intervention	 was	 not	 associated	 with	 any	 change	 in	 time	 from	 ventilator
withdrawal	to	death,	suggesting	that	the	increased	use	of	these	medications	did
not	hasten	death.



Medical	Futility
7 	 Advances	 in	 medicine	 have	 enabled	 critical	 care	 specialists	 to	 save	 lives.
However,	 intensive	 care	 interventions	 can	 also	 prolong	 the	 dying	 process	 or,
more	often,	sustain	life	under	circumstances	that	would	not	be	acceptable	to	the
patient.	 Some	 of	 the	 most	 ethically	 challenging	 situations	 for	 ICU	 clinicians
involve	requests	by	patients	and	families	for	“futile”	medical	interventions.

Unfortunately,	 these	 conflicts	 are	 common.	 A	 study	 of	 ICUs	 in	 the	 United
States	revealed	that	roughly	20%	of	patients	received	at	least	1	day	of	treatment
that	 physicians	 defined	 as	 futile.76	 In	 a	 single-day,	 cross-sectional	 study
performed	 in	 Europe,	 27%	 of	 ICU	 clinicians	 believed	 they	 provided
“inappropriate”	(defined	as	excessive)	care	to	at	least	one	patient.77

In	the	early	1990s,	bioethicists	and	professional	societies	attempted	to	define
the	term	“medical	futility”	and	how	to	manage	it.9,78-81	Conceptually,	futile	care
was	divided	 into	 three	 categories:	quantitative,	qualitative,	 and	physiological.82
Quantitative	 futility	occurs	when	 the	 likelihood	of	 an	 intervention	benefiting	a
patient	 is	exceedingly	poor	 (ie,	<1%	chance	of	success).80,83	Qualitative	 futility
occurs	 when	 the	 benefit	 to	 quality	 of	 life	 produced	 by	 an	 intervention	 is
exceedingly	 poor.	 Treatment	 that	 preserves	 permanent	 unconsciousness	 or
dependence	 on	 intensive	 medical	 care	 may	 be	 considered	 qualitatively	 futile.
Finally,	 physiological	 futility	 describes	 treatments	 that	 cannot	 attain
physiological	goals.9	For	example,	providing	a	fourth	vasopressor	for	a	patient	in
refractory	shock	will	not	achieve	an	improved	blood	pressure	and	thus	would	be
considered	physiologically	futile.

Although	 futility	 policies	 have	 been	 developed	 across	 the	 United	 States,
critics	 have	 argued	 that	 futility	 determinations	 are	 inherently	 value	 laden.9,84
There	 has	 been	 no	 clear	 consensus	 on	 the	 definition	 of	 futility	 due	 to	 the
difficulty	 in	 establishing	what	 defines	 “improved/improving10”	 or	 “meaningful
survival.”11	 Recently,	 a	 multisociety	 statement	 recommended	 the	 term
“potentially	inappropriate”	in	describing	treatments	with	only	a	small	chance	of
benefit,	not	justified	per	clinician	judgment	and	triggering	ethical	dilemmas.	The
term	 “futile”	 should	 be	 used	 only	 in	 the	 rare	 circumstances	 in	 which	 an
intervention	simply	cannot	achieve	the	intended	physiologic	goal.9

Recent	 qualitative	 research	 examined	 why	 ICU	 clinicians	 may	 provide
inappropriate	 care.	 In	 one	 survey,	 physicians	 were	 uncomfortable	 with	 death,
viewed	death	as	avoidable	and	sought	to	delay	it,	or	perceived	a	patient’s	death
as	 a	 personal	 failure.85	 Other	 determinants	 included	 family/surrogate
expectations,	lack	of	timely	or	skilled	communication,	lack	of	consensus	among
the	treatment	team,85,86	cultural	beliefs,87	 legal	pressures,	and	lack	of	prognostic



certainty.77	 Inappropriate	 care	 has	 been	 associated	with	 admission	 delays	 from
the	 emergency	 department,	 delays	 in	 transfer	 of	 ICU	 patients	 from	 outside
hospitals,	and	cancelation	of	patient	 transfers	from	other	hospitals.87	One	study
estimated	the	cost	of	inappropriate	care	as	$2.6	million	over	a	3-month	period.76

There	 is	 also	 the	possibility	 that	 certain	 inappropriate	medical	 interventions
might	 pose	 risks	 to	 other	 patients.88	 For	 example,	 providing	 antibiotics	 to	 a
patient	who	will	 not	 benefit	may	 lead	 to	 increased	 risk	 for	 antibiotic-resistant
organisms	 in	 other	 patients.	 In	 the	 era	 of	 pay	 for	 value,	 providing	 ventilator
support	 to	 a	 patient	 who	 will	 not	 benefit	 increases	 the	 risk	 of	 ventilator-
associated	pneumonia.	This	“never	event”	might	earn	the	hospital	a	reputation	as
a	 place	with	 high	 infection	 rates,	 causing	 payers	 to	withhold	 reimbursements,
and	limiting	the	hospital’s	resources	to	treat	other	patients.88-92

Role	of	the	Ethics	Committee
The	 American	 Medical	 Association	 strongly	 recommends	 ethics	 committee
consultations	 in	 situations	 where	 there	 is	 ethical	 conflict	 over	 end-of-life
issues.12,88	Often,	the	disagreements	between	parties	in	these	situations	arise	from
differing	 morals	 and	 values.	 The	 central	 questions	 underlying	 these	 disputes
often	include:

whether	to	pursue	aggressive	life-sustaining	treatment	in	a	seriously	ill
patient;
whether	to	accede	to	family	requests	to	provide	life-sustaining	treatment;
how	to	deal	with	competing	family	members	and	companions	wanting	to
make	critical	decisions	on	behalf	of	the	patient;	and
what	to	do	for	a	seriously	ill,	incapacitated	patient	who	has	no	surrogate
decision-maker	or	advance	directive.58

Hospital	 ethics	 committees	 do	 not	 have	 a	 mandated	 composition	 and
structure.	 Typically,	 the	 membership	 may	 include	 physicians,	 nurses,	 hospital
administrators,	 social	 workers,	 allied	 health	 care	 professionals,	 chaplains,	 lay
community	members,	residents	and	medical	students,	hospital	legal	counsel,	and
at	 times	 a	 bioethicist.13	 It	 has	 been	 recommended	 that	 the	 makeup	 of	 the
committee	 reflect	 “the	 diversity	 of	 cultures,	 socioeconomic	 status	 and	 public
opinion	that	exist	in	the	community	served	by	the	institution.”14	Clinical	ethicists
“act	 as	 facilitators	 of	 communication	 and	 decision	making	 about	 the	 goals	 for
care,	 while	 directing	 attention	 to	 the	 ethical	 considerations	 underlying	 such
decisions.”14	 The	 American	 Society	 for	 Bioethics	 recommended	 core
competencies	 for	 members	 of	 ethics	 committees	 in	 their	 report	 “Core



Competencies	 for	 Health	 Care	 Ethics	 Consultation.”58	 It	 is	 important	 for	 all
members	of	 the	committee	 to	have	some	 training	and	education	 in	 the	 field	of
bioethics.	 However,	 approximately	 40%	 of	 those	 who	 perform	 ethics
consultations	 in	 the	United	States	have	had	no	 formal	 training,	and	only	about
5%	have	had	any	graduate	training	in	bioethics.89

The	primary	 role	 of	 ethics	 committees	 is	 offering	 critiques	 and	 suggestions
for	policy	development	 and	 review.	 In	 this	 area,	 ethics	 committees	 can	 review
policies	 and	 procedures	 related	 to	 end-of-life	 care,	 resource	 allocation,	 brain-
death	determination,	advance	directives,	DNR	policies,	or	anything	else	relating
to	patients’	rights.13,14	The	final	approval	of	hospital	policy	rests	with	the	hospital
administration	 in	 most	 cases,	 and	 the	 process	 of	 review	 is	 ongoing.	 As
technology	evolves	and	the	health	care	system	changes,	there	will	be	a	continued
need	to	update	policies	to	help	guide	staffs	and	institutions.

Second,	ethics	committee	members	must	not	only	address	their	own	training
but	 also	 educate	 other	 health	 care	 professionals	 and	 the	 lay	 community.	 This
stakeholder	 education	 can	 take	 place	 in	 many	 forums:	 hospital	 grand	 rounds,
ethics	symposia,	and	lectures	to	students	and	staff.14

8 	 The	 third	 most	 common	 function	 of	 ethics	 committees	 is	 clinical
consultation.	This	has	been	defined	as	“a	service	provided	by	a	committee,	team,
or	 individual	 to	address	 the	ethical	 issues	 involved	 in	a	specific,	active	clinical
case.”90	The	exact	process	varies	by	institution	but	primarily	involves	reviewing
ethical	dilemmas	in	patient	care.	Typically,	there	are	three	consultation	models:
full	 ethics	 committee	 evaluations,	 small-team	models,	 or	 individual	 consultant
models.	Of	these,	research	has	shown	that	the	most	common	model	used	in	the
United	States	is	the	small-team	model.89	In	one	large	study	of	more	than	500	US
hospital	ethics	committees,	 the	committees	 recommended	a	“single	best	course
of	action	for	46%	of	cases,	described	a	range	of	acceptable	actions	for	41%	of
cases,	and	made	no	recommendation	for	13%	of	cases.”89

At	most	 institutions,	 anyone,	 including	 patients	 and	 families,	 can	 request	 a
consult—submitted	 anonymously,	 if	 desired.	 In	 a	 recent	 systemic	 review	 and
meta-analysis,91	ethics	consultations	in	the	ICU	increased	consensus	in	medical-
decision	making	and	decreased	ICU	length	of	stay	but	not	overall	length	of	stay.
In	one	randomized	controlled	trial,	ethics	consultation	was	associated	with	cost
savings	of	$3000	to	$40,000	per	patient,	the	bulk	of	which	resulted	from	the	care
of	 patients	 remaining	 in	 the	 hospital	 for	 10	 days	 or	 longer	 after	 the
consultation.58

The	 decision	 to	 consult	 ethics	 versus	 palliative	medicine	 can	 be	 framed	 in
several	 different	 ways.	 Ethics	 consultation	 is	 often	 requested	 when	 there	 are
questions	 or	 conflict	 related	 to	 values	 to	 help	 identify	 morally	 acceptable



options.	 Palliative	 medicine	 consultants	 assist	 patients	 and	 families	 in
synthesizing	 complex	 medical	 information,	 understanding	 prognosis,	 eliciting
their	priorities	and	goals,	and	facilitating	shared	decision-making.	The	American
College	 of	 Critical	 Care	Medicine	 recommends	 the	 availability	 of	 both	 ethics
and	palliative	medicine	 consultations	 to	 improve	 end-of-life	 communication	 in
the	ICU.15	Ethics	consultants	are	often	thought	of	as	“outsiders”	and	viewed	as	a
neutral	 party.	The	 palliative	 care	 consultant	 serves	 the	 interest	 of	 the	 referring
physician	 as	well	 as	 the	 patient’s	 interests	 and	may	 be	 thought	 of	 as	 “clinical
insiders,”	 bringing	 a	 clinically	 oriented	 opinion	 to	 a	 particular	 case.15	 Both
positions	can	be	advantageous	at	different	times	depending	on	the	situation	and
the	emotions	involved.	As	with	any	specialty	consultation	service,	the	culture	of
an	 institution,	 available	 resources,	 and	 historical	 framework	 help	 in	 deciding
which	specific	consultation	may	be	most	appropriate.

Treatment	of	Last	Resort—Palliative	Sedation
9 	Palliative	 sedation	 (PS)	 is	 the	 intentional	 lowering	of	awareness	 toward,	and
including,	unconsciousness	for	patients	with	severe	and	refractory	symptoms,	as
defined	 by	 the	 American	 Academy	 of	 Hospice	 and	 Palliative	 Medicine.	 The
following	 summary	 of	 the	 AAHPM’s	 position	 statement16	 describes	 this
procedure	and	its	ethical	implications:

PS	 is	 reserved	 for	 extreme	 situations	 and	 should	 only	 be	 used	 after	 all
available	options	have	been	exhausted	to	treat	refractory	symptoms.	As	with	any
procedure,	PS	must	have	a	specific	 indication,	a	 target	outcome,	and	a	benefit-
risk	ratio	that	is	acceptable	to	the	medical	team,	patient	and	family.	The	level	of
sedation	should	be	proportionate	 to	 the	patient’s	 level	of	distress.	Treatment	of
other	 symptoms	 must	 also	 be	 continued,	 because	 sedation	 may	 decrease	 the
patient’s	ability	to	communicate	or	display	discomfort.

PS	raises	ethical	concerns	when	it	significantly	reduces	patient	consciousness
to	the	degree	that	the	patient	is	unable	to	substantially	interact	with	others,	does
not	have	the	ability	or	opportunity	to	change	their	mind,	and	is	unable	to	eat	and
drink	 (thus	 potentially	 shortening	 survival	 in	 particular	 circumstances).	 PS	 is
ethically	defensible	(1)	when	used	after	careful	interdisciplinary	evaluation	and
treatment	of	 the	patient,	 (2)	when	palliative	 treatments	 that	are	not	 intended	 to
affect	 consciousness	 have	 failed	 or,	 in	 the	 judgment	 of	 the	 clinician,	 are	 very
likely	 to	 fail,	 (3)	where	 its	 use	 is	 not	 expected	 to	 shorten	 the	patient’s	 time	 to
death,	and	(4)	only	for	the	actual	or	expected	duration	of	symptoms.	PS	should
not	 be	 considered	 irreversible	 in	 all	 circumstances.	 It	 may	 be	 appropriate,	 in
some	 clinical	 situations	 when	 symptoms	 are	 deemed	 temporary,	 to	 decrease



sedation	after	a	predetermined	time	to	assess	efficacy,	continued	symptoms,	and
need	for	ongoing	sedation.

In	clinical	practice,	PS	usually	does	not	alter	 the	 timing	or	mechanism	of	a
patient’s	 death,	 as	 refractory	 symptoms	 are	 most	 often	 associated	 with	 very
advanced	 terminal	 illness.	 Practitioners	 who	 use	 PS	 should	 be	 clear	 in	 their
intent	 to	 palliate	 symptoms	 and	 to	 not	 shorten	 survival.	 Because	 patients
receiving	PS	are	typically	close	to	death,	most	patients	will	no	longer	have	desire
to	eat	or	drink.	Artificial	nutrition	and	hydration	are	not	generally	 expected	 to
benefit	 the	 patient	 receiving	PS;	 however,	 questions	 about	 the	 use	 of	 artificial
nutrition	and	hydration	should	be	addressed	before	PS	is	undertaken.

There	 is	 no	 clear	 consensus	 or	 scientific	 evidence	 regarding	 the	 most
appropriate	 medication(s)	 to	 effect	 PS.	 As	 elsewhere	 in	 medicine,	 the	 agent
should	be	selected	based	on	safety,	efficacy,	and	availability.15

Of	 note,	 opioids	 do	 not	 reliably	 achieve	 sedation.	 Palliative	 care	 clinicians
often	use	benzodiazepines,	sedating	antipsychotics,	barbiturates,	or	propofol	for
PS,	depending	on	the	patient’s	comorbid	symptoms	and	clinical	response.15

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	the	primary	purpose	and	best	use	of	family
meetings	in	the	ICU?

A. 	Determining	surrogate	decision-maker	in	the	event	of	incapacitation
B. 	Exploring	patient	values	and	preferences	to	guide	the	care	plan
C. 	Negotiating	timing	for	transition	to	comfort-based	end-of-life	care
D. 	Planning	for	discharge

2. 	Important	aspects	of	“time-limited	trials”	of	treatment	in	the	ICU	should
include	all	the	following	EXCEPT:

A. 	Providing	a	clear	clinical	update,	free	of	medical	jargon
B. 	Setting	clear	parameters	for	the	trial,	defining	positive	and	negative
outcomes
C. 	Setting	a	date	and	time	for	a	follow-up	family	meeting
D. 	Deferring	action	plan,	if	trial	outcome	is	negative,	to	a	future	family
meeting



3. 	The	ICU	clinician	must	possess	a	lot	of	knowledge	and	skills	when
formulating	a	patient-centered	treatment	plan.	Which	of	the	following	important
elements	should	be	prioritized?

A. 	Consensus	of	the	medical	team
B. 	Health	care	agent’s	goals	for	the	patient
C. 	Patient’s	values	and	goals
D. 	Up-to-date	medical	evidence

Answers

1.	The	correct	answer	is	B.
Rationale:	 Most	 clinician-family	 conferences	 about	 prognosis	 and	 goals	 of

care	 for	 critically	 ill	 patients	 lack	 important	 elements	 of	 communication	 with
insufficient	 rigor	 for	 shared	 decision-making.	 Exploring	 patient	 values	 and
preferences	 is	 a	 critical	 element	 (choice	B	 is	 correct).	 The	 surrogate	 decision-
maker	 should	 be	 determined	 prior	 to	 the	 family	 meeting	 and	 present	 at	 the
discussion	 (choice	 A	 is	 incorrect).	 Most	 family	 meetings	 occur	 later	 than	 72
hours	and	are	too	often	held	when	a	patient’s	death	is	imminent.	Consequently,
family	 meetings	 often	 result	 in	 conflict	 and	 missed	 opportunity	 for	 family
support	(choice	C	is	incorrect).	In	the	ICU	setting,	planning	for	discharge	can	be
premature	and	could	be	led	by	a	case	manager	(choice	D	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 A	 time-limited	 trial	 must	 include	 a	 clear	 understanding	 of	 the

medical	 facts	 and	 reasons	 for	 the	 trial,	 definitions	 of	 positive	 and	 negative
outcomes	 that	are	measurable	and	concrete,	plans	 for	how	 to	proceed	after	 the
trial	based	on	the	outcome,	and	a	scheduled	follow-up	family	meeting	to	review
the	results.	Detailing	the	action	plan	in	the	case	of	trial	failure	should	not	be	part
of	the	upfront	discussion.	(choice	D	is	the	correct	answer	as	it	is	the	wrong	thing
to	do).

3.	The	correct	answer	is	C.
Rationale:	 Through	 rapport	 and	 mutual	 understanding,	 clinicians	 move

beyond	 presenting	 treatment	 options	 by	 making	 authentic	 and	 realistic
recommendations	based	on	patients’	values	and	views	on	quality	of	life	(choice
C	 is	correct).	Evidence-based	medicine	and	consensus	of	 the	medical	 team	are
crucial	 to	 prognostication	 and	 treatment	 options	 but	 are	 insufficient	 without
patient-level	data	to	formulate	goal-concordant	recommendations	(choices	A	and



D	 are	 not	 the	 best	 answers).	 The	 role	 of	 the	 health	 care	 agent	 is	 to	 relay	 the
patient’s	values	and	goals	and	not	their	own	(choice	B	is	incorrect).
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Chapter	34
Managing	Symptoms	in	Critically	Ill
Patients
Jennifer	Reidy,	Elizabeth	Manzo,	Richard	Castriotta

KEY	POINTS:
1.	 Effective	symptom	management	improves	patients’	abilities	to	heal

from	injuries,	tolerate	evaluation	and	treatment,	cope	with	stress,
and	recover	from	severe	illness.1

2.	 Pain	is	a	multidimensional	experience	impacted	by	biologic,
psychological,	emotional,	and	social	factors.	Multiple	studies	show
that	pain	perception	does	not	always	correlate	with	physical	injury
and	emotional	pain	or	stress	can	activate	the	same	brain	structures
as	physical	pain.1

3.	 Dyspnea	occurs	when	a	person	perceives	an	imbalance	between
respiratory	demand	and	ventilatory	response.2

4.	 The	Respiratory	Distress	Observation	Scale	(RDOS)	is	a	valid	and
reliable	tool	for	measuring	respiratory	distress	in	critically	ill	and
dying	patients	who	are	unable	to	report.3

5.	 A	successful	approach	to	managing	nausea	and	vomiting	includes
patient	assessment,	knowledge	of	the	emetic	pathophysiologic
pathways,	and	a	comprehensive	treatment	plan	including
pharmacologic	and	emotional	support.4

6.	 For	patients	with	end-stage	illness,	the	workup	and	management	of
delirium	depends	on	reversibility	of	the	underlying	cause(s),	the
overall	prognosis,	and	goals	of	care.5

7.	 Inadequate	control	of	agitated	delirium	at	end	of	life	can	contribute	to
posttraumatic	stress,	anxiety,	and	depression	in	family	members	as



well	as	the	staff	who	witness	these	difficult	deaths.5

8.	 Although	worry,	sadness,	and	fear	are	normal	responses	to	serious
illness,	ICU	clinicians	should	be	skilled	in	recognizing	maladaptive
responses	to	stress,	including	anxiety	disorders	and	depression.

9.	 To	effectively	manage	symptoms	and	counsel	families,	ICU	clinicians
need	to	understand	the	pathophysiology	of	the	dying	process	and
common	associated	issues.6

INTRODUCTION
1 	 Patients	 in	 the	 intensive	 care	 unit	 (ICU)	 experience	 a	 variety	 of	 distressing
symptoms	caused	by	critical	illness	and/or	its	evaluation	and	treatment.	Effective
symptom	management	improves	patients’	abilities	to	heal	from	injuries,	tolerate
evaluation	 and	 treatment,	 cope	with	 stress,	 and	 recover	 from	 severe	 illness	 or
injury.	This	chapter	reviews	the	management	of	common	symptoms	among	ICU
patients	with	severe	illness	or	injury,	including	pain,	dyspnea,	nausea/vomiting,
constipation,	agitated	delirium,	anxiety,	and	depression.

PAIN	MANAGEMENT	IN	PALLIATIVE	CARE
2 	Pain	is	a	frequent	and	troubling	symptom	for	patients	with	serious	illness.	ICU
clinicians	must	have	 the	knowledge	and	 skills	 to	 effectively	 evaluate	 and	 treat
the	pain	of	 critically	 ill	 patients.	When	pain	 is	 complicated	 and	 refractory,	 the
ICU	team	should	work	with	specialists	from	palliative	care	and	pain	anesthesia
to	 formulate	 advanced	 approaches	 to	 complex	 pain.	 (For	 a	 complete	 and
excellent	 discussion	 on	 pain	 assessment	 and	 treatment,	 see	 Chapter	 3.)	 In
addition,	this	section	describes	palliative	care	principles	for	the	management	of
pain	and	offers	pearls	for	clinical	practice.

GENERAL	PRINCIPLES
Pain	 is	 a	 multidimensional	 experience	 impacted	 by	 biologic,	 psychological,
emotional,	 and	 social	 factors.	Multiple	 studies	 show	 that	 pain	 perception	 does
not	always	correlate	with	physical	 injury	and	 that	 emotional	pain	or	 stress	can
activate	the	same	brain	structures	as	physical	pain.	Patients	interpret	sensations



transmitted	from	nociceptors	and	peripheral	and	central	nerves	through	their	own
personal	 mindset;	 in	 turn,	 these	 thoughts	 and	 emotions	 influence	 descending
pathways	 from	 the	 brain	 to	 inhibit	 (or	 enhance)	 pain	 transmission	 through
ascending	 neural	 pathways.	 When	 patients	 are	 faced	 with	 serious	 illness,
physical	 pain	 inherently	 impacts	 multiple	 aspects	 of	 personhood	 (see	 Figure
34.1).	As	a	result,	comprehensive	pain	assessment	and	management	requires	an
interdisciplinary	 approach	 to	 address	 emotional,	 psychosocial,	 and
existential/spiritual	aspects	of	pain	and	suffering.1

	

Figure	34.1 	Whole-person	assessment	and	care.

Table	 34.1	 outlines	 general	 principles	 for	 effective	 pain	 management,
including	whole-person	 assessment	 and	 care.	Regular	 pain	 assessments	with	 a
consistent	 tool	 (selected	 after	 consideration	 of	 cultural,	 literacy,	 and	 personal
factors)	allow	patients	and	staff	to	partner	for	managing	pain.	In	addition	to	tools
that	quantify	 the	pain	 intensity	and/or	observed	behaviors,	 the	 interdisciplinary



team	should	consider	the	following	aspects	of	pain	and	suffering	in	patients	with
advanced	illness:

TABLE	34.1

Pearls	for	Managing	Pain	in	Palliative	Care	Patients

Determine	the	underlying	cause(s)	and	reverse	what	is	treatable/modifiable;
Perform	structured	pain	assessments	with	a	consistent	tool;
Work	with	interdisciplinary	team	to	understand	and	treat	the	emotional,
psychological,	social,	and	existential/spiritual	aspects	of	pain;
Start	low	and	go	slow	with	medications	in	patients	with	altered	absorption,
metabolism,	and	excretion	due	to	serious	illness;
Use	IV	route	for	pain	crises,	and	premedicate	before	procedures;
Understand	pharmacokinetics	of	opioids	and	how	to	dose	for	continuous
pain	(based	on	half-life	of	drug)	and	breakthrough	pain	(based	on	time	to
maximum	concentration	in	the	serum);
Utilize	multimodal	analgesia,	including	adjuvants,	interventional
modalities,	and	nonpharmacologic	approaches;
Consider	strategies	to	treat	multiple	symptoms	simultaneously	to	minimize
polypharmacy	(ie,	corticosteroids	for	bone	pain	and	nausea,	antidepressants
for	neuropathic	pain	and	mood);
Monitor	closely	and	adjust	medications	on	the	basis	of	analgesic	response
and	side	effects;
Coordinate	plan	of	care	for	pain	management	with	outside	providers	if
patient	will	be	discharged	out	of	the	ICU.

Understanding	what	the	pain	means	to	the	patient;
Inquiring	about	past	experiences	of	pain;
Exploring	the	patient’s	coping	skills	for	pain	and	stress;
Learning	about	the	patient’s	knowledge,	preferences,	and	expectations	for
pain	management;
Screening	for	any	concerns	about	the	use	of	controlled	substances,	especially
opioids	(which	might	include	a	history	of	addiction	and/or	fears	of	becoming
addicted	and	refusing	opioids);
Assessing	the	impact	of	pain	on	the	patient’s	mental	health,	quality	of	life,	and



function	(including	the	ability	to	work	on	rehabilitation).

PEARLS	FOR	CLINICAL	PRACTICE
Clinicians	should	always	consider	the	pathophysiology	of	the	pain	and	treat	the
underlying	 cause	 as	 possible	 (eg,	 high-dose	 single-fraction	 palliative	 radiation
for	 a	 painful	 bone	 metastasis).	 With	 pain	 medications,	 clinicians	 should
understand	and	use	pharmacologic	principles	to	guide	therapy,	including	(1)	start
low	and	go	slow	in	frail,	opioid-naïve	patients;	(2)	use	the	intravenous	route	of
administration	 for	 pain	 crises;	 (3)	 dose	 for	 breakthrough	 pain	 and	 procedures
based	 on	T	 Cmax	 (time	 to	maximum	 concentration	 in	 the	 blood);	 (4)	 scheduled
dosing	for	continuous	or	chronic	pain	based	on	T	1/2	(half-life	of	the	drug);	and
(5)	 prevent	 and	 manage	 side	 effects.	 Clinicians	 should	 always	 consider
multimodal	 analgesia	 and/or	 interventional	 techniques	 depending	 on	 the	 pain
pathophysiology	 (eg,	 anticonvulsants	 and/or	 antidepressants	 for	 peripheral
neuropathy,	 or	 a	 celiac	 plexus	 block	 for	 epigastric	 pain	 related	 to	 pancreatic
cancer).	Studies	show	that	opioids	combined	with	adjuvants	are	more	effective
for	 neuropathic	 pain	 than	 opioids	 alone,	 and	 this	 approach	 reduces	 both	 the
opioid	dose	and	systemic	side	effects.7	The	ICU	team	should	closely	monitor	and
adjust	the	plan	of	care	based	on	the	patient’s	responses,	and	when	the	patient	is
close	to	discharge	out	of	the	ICU,	coordinate	closely	with	the	next	provider	who
will	assume	responsibility	for	ongoing	pain	management.

Finally,	there	are	special	considerations	for	patients	who	are	dying	in	the	ICU.
The	dying	process	itself	is	not	recognized	to	be	inherently	painful;	however,	if	a
patient	has	a	history	of	pain	and/or	clear	causes	of	new	pain,	then	pain	should	be
effectively	 treated.8	 Agitated	 delirium	 (see	 Delirium	 section)	 can	 be
misinterpreted	 as	 pain,	 and	 if	 incorrectly	 diagnosed	 and	 untreated,	 can	 lead	 to
escalating	opioid	doses	with	worsening	agitation	and	hyperalgesia.9	 In	general,
dying	 patients	 should	 never	 be	 started	 routinely	 on	 narcotic	 infusions	 in	 the
absence	 of	 symptoms	 (ie,	 “start	morphine	 sulfate	 1	mg	 per	 hour	 IV,	 titrate	 to
comfort”),	 as	 sound	 pharmacologic	 principles	 always	 apply.	 Indiscriminate
narcotic	 dosing	 can	 lead	 to	 build-up	 of	 active	 metabolites	 when	 renal	 failure
occurs,	resulting	in	agitated	delirium	from	opioid	neurotoxicity	and/or	hastened
death	(Figure	34.2).



	

Figure	34.2 	Two	roads	 to	death.(Derived	from	Mitchell	AJ.	Are
one	or	two	simple	questions	sufficient	to	detect	depression	in	cancer
and	 palliative	 care?	 A	 Bayesian	 meta-analysis.	 Br	 J	 Cancer.
2008;98:1934-1943.)

MANAGEMENT	OF	DYSPNEA
3 	Dyspnea	 is	 defined	 as	 “a	 subjective	 experience	 of	 breathing	 discomfort	 that
consists	 of	 qualitatively	 distinct	 sensations	 that	 vary	 in	 intensity.2”	More	 than
50%	 of	 patients	 report	 dyspnea	 during	 the	 months	 before	 death,	 and	 its
prevalence	increases	as	death	becomes	more	imminent.11	The	underlying	disease
responsible	for	dyspnea	seems	to	influence	its	prevalence	and	severity	at	the	end
of	life.	An	observational	study	in	Australia	of	5862	patients	under	hospice	care
showed	that	patients	with	a	noncancer	diagnosis	experienced	a	higher	prevalence
and	severity	of	dyspnea	compared	with	cancer	patients.12	Patients	with	a	primary
respiratory	 disease	 were	 most	 affected.	 Surprisingly,	 even	 patients	 without	 an
apparent	 cardiopulmonary	 condition	 reported	 a	 high	 frequency	 of	 shortness	 of
breath	(Table	34.2).

TABLE	34.2



Summary	of	Evidence-Based	Recommendations	in	the
Management	of	Dyspnea	in	Critically	Ill	Patients

Intervention Year Study No.	of
Patients Findings Reference

First-Line	Therapy

Any	opioid 2002 Meta-
analysis
of	RCTs

293 Improved
dyspnea

13

Any	opioid 2012 Meta-
analysis
of	RCTs

130 Improved
dyspnea

14

Any	opioid 2015 Meta-
analysis
of	RCTs

271 Improved
dyspnea

15

Second-Line	Therapies

NIV 2013 RCT 200 Improved
dyspnea

16

NIV 2013 RCT 30 Improved
dyspnea
compared	with
baseline

17

Handheld	fan 2010 RCT 50 Improved
dyspnea

18

Heliox 2004 RCT 12 Improved
dyspnea

19

Inhaled
furosemide

2013 RCT 100 Improved
dyspnea

20

Oxygen 2010 RCT 239 No	benefit 21

Oxygen 2011 RCT 143 No	benefit 22



NIV,	noninvasive	ventilation;	RCT,	randomized	controlled	trial.

Mechanisms	of	Dyspnea
Currently,	 the	mechanisms	 responsible	 for	 dyspnea	 are	not	 fully	 characterized.
Dyspnea	 is	 a	 result	 of	 the	 interplay	 between	 physiologic	 factors	 and
psychological,	social,	and	environmental	elements.2	Afferent	impulses	originate
in,	 or	 are	 at	 least	 modified	 by,	 receptors	 located	 in	 the	 skin,	 chest	 wall,
respiratory	muscles	and	tendons,	airways,	lungs,	pulmonary	vessels,	carotid	and
aortic	 bodies,	 and	 medulla.	 These	 impulses	 then	 activate	 the	 cortico-limbic
region,	which	 elicits	 a	 ventilation	 response.	At	 any	 given	moment,	 it	 is	 likely
that	multiple	 inputs	 are	generated,	 transmitted	 through	different	 pathways,	 and
leading	 to	 a	 variety	 of	 uncomfortable	 respiratory	 sensations	 collectively
described	 as	 dyspnea.	Dyspnea	 occurs	when	 a	 subject	 perceives	 an	 imbalance
between	respiratory	demand	and	ventilatory	response.

4 	For	patients	unable	to	self-report	dyspnea,	assessment	of	respiratory	distress
is	based	on	observed	signs.	The	Respiratory	Distress	Observation	Scale	(RDOS)
is	a	valid	and	reliable	tool	for	measuring	respiratory	distress	in	critically	ill	and
dying	patients	who	are	unable	 to	 report.	The	RDOS	 is	 an	8-item	ordinal	 scale
that	 assesses	 heart	 rate,	 respiratory	 rate,	 restlessness,	 accessory	 muscle	 use,
paradoxical	 breathing,	 grunting	 at	 end	 expiration,	 nasal	 flaring,	 and	 facial
expression	of	 fear.	Each	variable	 is	scored	from	0	 to	2	points	with	 total	scores
ranging	from	0	to	16.	A	score	of	3	to	16	signifies	mild	to	severe	distress.3

Treatment
As	 demonstrated	 by	 its	 high	 prevalence	 among	 patients	 under	 hospice	 care,
alleviation	of	dyspnea	at	 the	end	of	 life	 is	often	 inadequate.12	There	 is	general
agreement	 that	 the	 initial	 focus	 of	 management	 should	 be	 on	 treating	 the
underlying	 disease	 process	 responsible	 for	 this	 symptom.15	 Nonspecific
treatment	of	dyspnea	should	follow	in	situations	of	persistent	shortness	of	breath.
We	 have	 divided	 nonspecific	 therapies	 into	 the	 following	 categories:	 first-line
therapies	 (recommended),	 second-line	 therapies	 (probably	effective,	considered
for	refractory	situations),	and	interventions	of	unknown	efficacy.

First-Line	Therapies
Systemic	(oral	or	parenteral)	opioids	are	effective	for	the	treatment	of	dyspnea,
and	 they	 are	 considered	 the	 primary	 therapies.	 Evidence	 for	 this	 therapy	 was



derived	 from	meta-analyses	 of	 randomized	 controlled	 trials	 (RCTs)	 of	 patients
with	cancer,	chronic	obstructive	pulmonary	disease	(COPD),	and	other	dyspnea
etiologies.14,16	 Their	 mechanism	 of	 action	 likely	 involves	 depression	 of	 the
respiratory	 drive	 and	 changes	 at	 the	 cortical	 level.2	 Although	 effective,	 the
magnitude	of	 their	benefit	 is	unclear.	They	can	be	associated	with	a	variety	of
side	 effects	 including	 nausea,	 vomiting,	 constipation,	 and	 drowsiness.
Respiratory	depression	has	been	a	particular	concern	of	this	therapy.	However,	it
has	not	been	reported	with	the	opioid	doses	used	for	treating	dyspnea,	including
in	patients	with	advanced	COPD.14	Morphine	is	the	best-studied	opioid	therapy.
In	nonacute	situations,	it	is	reasonable	to	start	with	a	low	dose	(oral,	immediate-
release	formulation)	and	transition	to	a	long-acting	dose	once	a	steady	state	has
been	reached.2

Second-Line	Therapies
Dyspnea	 therapies	 in	 this	 group	 include	 interventions	 that	 have	 shown	 benefit
from	 at	 least	 one	 RCT	 but	 for	 which	 positive	 effect	 was	 not	 consistently
observed	among	other	studies	or	when	only	small	clinical	trials	were	performed.
They	can	be	considered	when	dyspnea	persists	despite	the	use	of	opioids.	These
include	noninvasive	ventilation	(NIV),	fan,	heliox,	and	inhaled	furosemide.

Small	 clinical	 studies	 suggest	 that	 NIV	 might	 mitigate	 dyspnea	 for	 some
patients.	The	best	evidence	is	derived	from	an	open-labeled	RCT	of	200	patients
with	end-stage	solid	cancer	and	acute	respiratory	failure	who	were	randomized
to	NIV	or	oxygen	groups	for	palliation	of	shortness	of	breath.17	Patients	of	 the
NIV	 group	 demonstrated	 a	 faster	 improvement	 of	 dyspnea	 and	 used	 less
morphine	 compared	 with	 the	 control	 group.	 In	 addition,	 one	 RCT	 showed	 an
association	between	 improved	dyspnea	 and	 the	use	of	NIV	 for	 cancer	 patients
without	acute	respiratory	failure.18

Two	other	interventions	that	were	shown	to	decrease	dyspnea	in	single	RCTs
are	 the	use	of	a	 fan	directed	 to	 the	face	and	heliox.	The	use	of	a	handheld	fan
was	 associated	 with	 a	 reduction	 of	 dyspnea	 by	 an	 RCT	 of	 50	 patients	 with
malignant	 and	 nonmalignant	 conditions.19	 A	 putative	 mechanism	 of	 action
implicates	stimulation	of	the	trigeminal	nerve	by	the	cool	air.	It	represents	a	low-
cost	 and	 low-risk	 therapy	 that	 is	 widely	 available.	 Heliox	 was	 effective	 for
reducing	 dyspnea	 and	 increasing	walking	 distance	 in	 a	 phase	 II,	 double-blind,
crossover	RCT	of	12	patients	with	 lung	cancer	with	dyspnea	on	exertion.20	 Its
mechanism	 of	 action	 could	 involve	 a	 decrease	 in	 the	 work	 of	 breathing	 by
increasing	 airflow	 at	 sites	 on	 airway	 narrowing	 by	 virtue	 of	 its	 lower	 density
compared	with	air.



Inhaled	furosemide	is	another	second-line	therapy	for	dyspnea.	Several	small
RCTs	of	inhaled	furosemide	have	shown	improvement	of	dyspnea.	These	studies
included	healthy	subjects	with	experimentally	induced	dyspnea	and	patients	with
COPD.	The	largest	of	these	studies	was	a	double-blind	study	that	included	100
patients	with	COPD	exacerbations	that	were	randomized	to	inhaled	furosemide
or	 normal	 saline.22	Most	 of	 these	 trials	 used	 a	 40-mg	dose	 of	 furosemide	 as	 a
single	 or	 daily	 dose.	 The	mechanism	 of	 action	 of	 furosemide	 is	 unknown	 but
could	involve	desensitization	of	the	respiratory	epithelium.

The	use	of	oxygen	with	the	intent	to	alleviate	dyspnea	should	be	considered
for	certain	subgroups	of	patients.	RCTs	of	patients	with	cancer,	COPD,	and	other
conditions	suggest	that	oxygen	does	not	relieve	dyspnea	compared	with	medical
air.13,21,23	 However,	 most	 of	 the	 subjects	 from	 these	 studies	 were	 either
outpatients	or	had	no	respiratory	distress.	Thus,	 it	 is	unclear	 if	 the	results	from
these	trials	can	be	extrapolated	to	patients	in	an	ICU	with	severe	dyspnea	or	at
the	end	of	life.	It	is	also	unknown	if	medical	air,	used	as	placebo	in	these	studies,
could	 have	 exerted	 a	 therapeutic	 effect	 by	 cooling	 the	 nasal	 mucosa,	 for
example.	 Until	 new	 evidence	 is	 available,	 we	 suggest	 considering	 the	 use	 of
oxygen	 in	 patients	with	 respiratory	 distress	without	 hypoxemia	 because	 it	 is	 a
low-risk	 intervention	 with	 potential	 benefits.	 Oxygen	 should	 be	 provided	 to
breathless	patients	with	hypoxemia.2,15

INTERVENTIONS	OF	UNKNOWN	EFFICACY
No	 definitive	 large-scale	 RCTs	 of	 inhaled	 opioids	 have	 been	 performed.
Systematic	 reviews	 and	 meta-analyses	 that	 primarily	 included	 patients	 with
COPD	and	cancer	suggest	that	inhaled	opioids	provide	little	or	no	benefit	for	the
treatment	of	dyspnea.14,16

GASTROINTESTINAL	SYMPTOMS:
CONSTIPATION,	NAUSEA,	AND	VOMITING
Gastrointestinal	(GI)	dysfunction,	although	a	frequent	and	important	determinant
of	 ICU	 outcomes,	 currently	 lacks	 formal	 definition	 and	 classification.24
Furthermore,	 treatment	of	GI	symptoms	during	an	ICU	stay	 is	often	guided	by
experience	and	not	evidence,	with	 treatment	strategies	being	extrapolated	 from
non-ICU	inpatients,	outpatients,	and	palliative	care	settings.

Nausea,	 vomiting,	 and	 constipation	 can	 be	 associated	 with	 acute



exacerbations	 of	 chronic	 illness,	 acute	 and	 rapid	 presentations	 of	 disease,	 or
secondary	 to	 the	 interventions	 and	 medications	 prescribed	 during	 a
hospitalization.	 The	 incidence	 of	 constipation	 in	 the	 ICU	 ranges	 from	 69%	 to
83%	and	diarrhea	occurs	in	as	many	as	36.1%	of	patients.25	In	fact,	the	incidence
of	critically	ill	patients,	 including	mechanically	ventilated	patients	who	have	at
least	one	GI	symptom,	is	59%.26	Development	of	 two	or	more	GI	symptoms	is
associated	with	higher	mortality	and	longer	ICU	stay.27

GI	 symptoms	 frequently	 lead	 to	 discomfort	 for	 the	 patient	 and	 create
obstacles	 to	 providing	 medical	 care.	 Constipation	 may	 lead	 to	 difficulty	 with
ventilator	 weaning,	 enteral	 feeding	 intolerance,	 and	 a	 longer	 ICU	 stay.27
Furthermore,	 nausea	 and	 vomiting	 may	 hinder	 reaching	 nutritional	 goals	 by
delaying	 initiation	 of	 enteral	 feeding	 and	 complicate	 medication	 delivery	 and
absorption.	Providing	palliative	care	for	these	symptoms	during	an	ICU	stay	can
be	offered	simultaneously	with	efforts	to	extend	life	and	treat	underlying	medical
issues	with	an	overall	goal	to	improve	quality	of	life.

Constipation
Constipation	is	defined	as	infrequent	or	absent	bowel	movements	that	occur	with
difficulty	 of	 passing	 stool.	 In	 most	 ICU	 studies,	 the	 time	 period	 was	 at	 least
3	 days.25	 The	 causes	 of	 constipation	 during	 an	 ICU	 stay	 include	 immobility,
dehydration,	 and	metabolic	 causes	 such	as	hypercalcemia	 and	hypothyroidism.
Medications	are	also	a	frequent	cause	of	iatrogenic	constipation	during	an	ICU
stay,	including	calcium-channel	blockers	and	anticholinergic	agents.	Vasoactive
drugs	such	as	dopamine	can	cause	constipation,	and	hemodynamic	instability	in
the	setting	of	hypoperfusion,	shock,	and	endotoxin	overproduction	can	decrease
bowel	motility.	Opioids	are	regularly	used	for	management	of	pain	and	sedation
among	 critically	 ill	 patients	 and	 frequently	 cause	 constipation.	 The	 effect	 of
opioids	 on	 the	 bowel	 includes	 reduced	 peristalsis	 throughout	 the	 GI	 tract,
decreased	 intestinal	 fluid	 secretion,	 and	 increased	 intestinal	 fluid	 absorption
resulting	in	constipation	and	the	passage	of	hard	stools.24

Assessment
It	 is	 important	 to	elicit	a	careful	history,	 including	the	past	medical	history,	 the
past	 abdominal	 surgical	 history,	 and	 prior	 bowel	 habits	 to	 establish	 whether
chronic	constipation	was	present	or	the	patient	has	risk	factors	for	constipation.
Inpatient	 medications	 and	 medical	 interventions	 performed	 during	 the
hospitalization	 must	 also	 be	 reviewed.	 The	 timing,	 quality,	 quantity,	 and



frequency	of	stools	since	admission	will	characterize	the	degree	of	constipation.
Some	patients	may	present	with	unexplained	nausea	and	vomiting.	Abdominal
pain	may	occur	as	the	bowel	attempts	to	evacuate	hard	stool.	A	physical	exam,
including	 abdominal	 and	 rectal	 examinations,	 is	 necessary.	 The	 abdominal
examination	may	show	firmness,	distension,	and	the	presence	of	hyperactive	or
hypoactive	bowel	sounds.	Fecal	impaction	may	be	found	on	rectal	examination.
In	some	cases,	fecal	impaction	may	present	as	diarrhea	with	incontinence	when
fecal	material	higher	in	the	colon	is	broken	down	into	liquid	form	and	flows	past
the	mass.	An	empty	rectal	vault	may	suggest	a	proximal	obstruction.

Patients	with	 traumatic	 spinal	 cord	 injury	often	have	neurogenic	bowel,	but
clinicians	may	overlook	it	in	nontraumatic	etiologies	such	as	multiple	sclerosis,
stroke,	or	cancer.	In	these	patients,	digital	rectal	and	abdominal	exams	can	help
distinguish	between	upper	motor	neuron	 (a	 tight	anal	 sphincter	with	peristalsis
intact)	 and	 lower	motor	 neuron	 lesions	 (a	 flaccid	 sphincter	 with	 no	 volitional
contraction).	 In	 upper	motor	 neuron	 injury,	 evacuation	 depends	 on	 stimulating
the	 bowel	 wall	 digitally	 or	 with	 a	 suppository;	 by	 comparison,	 patients	 with
lower	motor	 neuron	 injury	may	need	 stool-bulking	 agents	 like	 fiber	 to	 control
stool	flow.28

A	plain	abdominal	radiograph	can	estimate	the	stool	burden	and	differentiate
between	obstruction	and	constipation.	In	patients	with	continued	symptoms	and
concern	of	alternative	etiologies,	computed	tomography	may	aid	in	evaluation	of
small	 bowel	 obstruction,	 ileus,	 intra-abdominal	 abscess,	 bowel	 perforation,	 or
undiagnosed	intraluminal	or	extraluminal	abdominal	masses.

Treatments
It	 can	 be	 effective	 to	 time	 medication	 use	 with	 a	 patient’s	 normal	 toileting
schedule	and	take	advantage	of	the	gastrocolic	response	with	meals	to	improve
outcomes.	 In	 general,	 a	 greater	 volume	 of	 stool	 causes	 luminal	 stretch	 and
triggers	 peristalsis.	 Hydration	 and	 high	 dietary	 fiber	 content	 are	 advantageous
for	 healthy,	 active	 patients;	 however,	 additional	 dietary	 fiber	 such	 as	 psyllium
may	 worsen	 constipation	 and	 should	 generally	 be	 avoided	 for	 critically	 ill
patients	who	are	not	well	hydrated.

If	 constipation	due	 to	 secondary	causes	 is	 suspected,	 interventions	aimed	at
treating	 and	 reversing	 underlying	 etiologies	 should	 be	 attempted.	 Drugs	 that
inhibit	 gastric	 motility	 should	 be	 withdrawn	 and	 avoided	 when	 possible.	 If
impaction	is	suspected,	a	digital	rectal	examination	and	manual	disimpaction	is
advised.	Pharmacologic	therapies	that	utilize	different	mechanisms	and	combine
oral	and	rectal	interventions	may	yield	effective	results.



The	 early	 use	 of	 supportive	 therapeutic	 agents	 is	 important	 and	 can	 be
initiated	independent	of	underlying	pathology	and	bowel	habits	(see	Table	34.3).
Laxatives	increase	intestinal	propulsion	and	secretion,	and	their	use	in	the	ICU	is
to	improve	intestinal	fluid	balance	by	promoting	water	secretion	and	preventing
excessive	 water	 absorption.	 Stimulant	 laxatives	 such	 as	 senna	 and	 bisacodyl
increase	 intestinal	 activity	 and	 secretion.	 Bisacodyl	 is	 activated	 in	 the	 small
intestine	by	 the	hydrolytic	 activity	of	 endogenous	esterases.	Senna	 is	 activated
by	 colonic	 bacteria	 in	 the	 colon.	 Osmotic	 laxatives	 include	 magnesium	 salts,
lactulose,	and	polyethylene	glycol	(PEG	3350),	which	are	marginally	reabsorbed
and	produce	softer	stool	with	 larger	volume	by	drawing	 in	water	during	bowel
transit.	Magnesium	 salts	must	 be	 used	 cautiously	 in	 renal	 insufficiency	 as	 this
may	 lead	 to	 magnesium	 toxicity.	 Lactulose	 passes	 unabsorbed	 into	 the	 colon
where	 bacteria	 break	 it	 down,	 thus	 possibly	 causing	 bloating	 and	 abdominal
cramping.	PEG	3350	is	not	metabolized	by	bacteria,	resulting	in	no	production
of	intestinal	gas.	It	does	not	lead	to	a	loss	of	fluids	or	electrolytes	across	the	GI
tract	 and	 is	well	 tolerated	with	 high	 effectiveness.	 PEG	3350	 is	 also	 available
without	electrolytes	(Miralax),	which	can	be	combined	with	a	liquid.

TABLE	34.3

Medications	for	Managing	Constipation

Medication Class Mechanism
Starting
Dose
(Max
Dose)

Side
effects/Precautions

Polyethylene
glycol	3350

Osmotic
laxative

Draws	water
into	bowel	to
soften	stool
and	trigger
peristalsis

17	g	PO
daily
(100	g
daily	in
divided
doses)

Take	with	6-8	oz	fluid;
tasteless,	with	less	gas
or	cramping

Lactulose Osmotic
laxative

Draws	water
into	bowel	to
soften	stool
and	trigger

15-30	mL
daily	(tid)

Increased	gas
production,	cramping



peristalsis

Magnesium
citrate

Osmotic
laxative

Draws	water
into	bowel	to
soften	stool
and	trigger
peristalsis

150	mL	PO
daily
(300	mL)

Systemic	absorption	of
magnesium;	avoid	in
renal	failure

Sennosides Stimulant
laxative

Induces
peristalsis;
converted	to
active	in
colon

2	tabs	at
bedtime	(4
tabs	qid)

Cramping

Bisacodyl Stimulant
laxative

Induces
peristalsis

Oral:	5-
15	mg	PO
daily
(30	mg)
Rectal:
10	mg	PR
daily

Cramping

Docusate	sodium Stool
softener

Facilitates
mixing	of
aqueous	and
fatty
substances	to
soften	feces

100-
200	mg	PO
daily	(qid)

Glycerin Stool
softener

Softens	stool
and
stimulates
peristalsis
with
insertion

1
suppository
PR	as
needed

Fleet’s,	tap	water,
mineral	oil
enemas

Enemas Softens	stool
and
stimulates
peristalsis
with

1	enema
PRN	as
needed

Avoid	Fleet’s	in	renal
failure;	avoid	soap
suds	(damages
mucosa)



insertion

Methylnaltrexone Peripheral
opioid
receptor
antagonist

Reverses
opioid	effect
on	bowel
only

Weight-
based
(12	mg	SC
daily)

Caution	if	risk	of
bowel	perforation

With	chronic	or	opioid-induced	constipation,	best	practice	is	to	schedule	daily	laxatives	for	bowel
maintenance	(ie,	senna	two	tabs	daily)	and	as-needed	medications	for	rescue	if	no	bowel
movement	in	48	hours	(ie,	PEG	17	g	daily	or	bisacodyl	10	mg	PR	PRN).PO,	orally;	PR,	rectally;
PRN,	as	needed;	QID,	four	times	per	day;	SC,	subcutaneously;	TID,	three	times	per	day.

Enemas	 and	 glycerol	 suppositories	 soften	 stool	 and	 generate	 peristalsis.
Enemas	 are	 available	 as	 warm	 tap	 water,	 mineral	 oil,	 or	 sodium	 phosphate.
Sodium	phosphate	enemas	should	be	used	with	caution	among	elderly	patients
as	 they	 may	 cause	 hypotension,	 volume	 depletion,	 and	 electrolyte	 loss.28,29
Metoclopramide	is	a	prokinetic	agent	that	antagonizes	dopamine	receptors,	and
it	 can	 be	 used	 in	 constipation	 that	 has	 not	 responded	 to	 other	 pharmacologic
interventions.

Opioid	receptor	agonists	are	frequently	used	for	sedation	and	pain	in	the	ICU.
The	GI	effect	of	opioids	on	the	gut	involves	the	enteric	nervous	system,	and	the
agonism	of	enteric	µ-opioid	receptors	of	 the	GI	 tract	 inhibits	gastric	emptying,
increases	 pyloric	 muscle	 tone,	 and	 delays	 transit	 through	 the	 small	 and	 large
intestine.	Methylnaltrexone	is	a	peripheral	opioid	antagonist	with	limited	ability
to	 cross	 the	 blood-brain	 barrier	 and	 thus	 does	 not	 reverse	 centrally	 mediated
analgesia.	 It	 is	 approved	 for	 treatment	 of	 opioid-induced	 constipation	 among
patients	with	advanced	illness	and	is	effective	for	inducing	laxation	of	palliative
care	 patients	 with	 opioid-induced	 constipation	 where	 conventional	 laxatives
have	failed.30

Nausea	and	Vomiting
5 	 Nausea,	 vomiting,	 and	 retching	 have	 distinct	 definitions.	 Nausea	 is	 a
subjective	sensation	that	precedes	the	need	to	vomit	and	may	be	associated	with
other	symptoms	including	tachycardia,	lightheadedness,	diaphoresis,	abdominal
pain,	 and	 diarrhea.	 In	 contrast,	 vomiting	 and	 retching	 are	 objective.	 Vomiting
involves	 expulsion	 of	 gastric	 contents	 after	 forceful	 contraction	 of	 abdominal
musculature.	 Retching	 is	 contraction	 of	 the	 abdominal	 musculature	 in	 the
presence	 of	 a	 closed	 glottis	 and	 no	 expulsion	 of	 gastric	 contents.	Nausea	may
occur	in	isolation	or	precede	vomiting	and	retching.	Any	of	these	symptoms	in



the	 most	 severe	 form	may	 result	 in	 electrolytes	 imbalances,	 dehydration,	 and
feeding	intolerance	with	subsequent	malnutrition.

Emesis	 is	 mediated	 by	 a	 complex	 interaction	 of	 afferent,	 humoral,	 and
parasympathetic	 pathways.	 The	 vomiting	 center	 is	 located	 in	 the	 medulla
oblongata	and	receives	input	from	the	chemoreceptor	trigger	zone	(CTZ)	located
in	 the	area	postrema,	 the	nucleus	of	 the	 tractus	 solitarius,	 the	GI	 tract,	 and	 the
vestibular	pathway.	Dopamine,	 serotonin	 (5-HT),	 acetylcholine,	 histamine,	 and
neurokinins	 are	 neurotransmitters	 involved	 in	 emetogenesis	 that	 bind	 to	 the
receptors	 of	 the	 vomiting	 center,	 CTZ,	 and	 GI	 tract.	 The	 vomiting	 center
additionally	 activates	 efferent	 pathways	 to	 the	 cranial	 nerves,	 diaphragm,	 and
abdominal	muscles.4,31	 Altogether,	 the	 activation	 of	 these	 various	 components
triggers	emesis	(Figure	34.3).

	

Figure	 34.3 	 The	 emetic	 pathway.5-HT,	 serotonin;	 Ach,
acetylcholine;	 CB1,	 cannabinoid;	 CTZ,	 chemoreceptor	 trigger	 zone;
D2,	 dopamine;	 GABA,	 γ- aminobutyric	 acid;	 H1,	 histamine;	 NK1,
neurokinin.

Primary	 causes	 of	 nausea	 and	vomiting	 in	 the	 ICU	 include	 adynamic	 ileus,
ketoacidosis,	 pancreatitis,	 liver	 dysfunction,	Ogilvie	 syndrome,	 and	 abdominal
compartment	syndrome.	Secondary	causes	of	symptoms	are	adverse	effects	from
medications,	 shock,	 abnormal	 lab	 values,	 renal	 failure,	 intracranial	 lesions,
increased	intracranial	pressure,	heart	failure,	and	nonabdominal	surgery.24



Assessment
Evaluation	 of	 nausea	 and	 vomiting	 in	 the	 critical	 care	 setting	 must	 involve
patient	 assessment	 and	 corroboration	 of	 information	 from	 nursing	 staff.	 A
thorough	 evaluation	 of	 the	 history,	 physical	 examination,	 laboratory,	 and
radiographic	data	can	frequently	identify	an	etiology.	Key	components	to	assess
are	as	follows:

Symptoms	of	nausea,	vomiting,	retching,	reflux,	diarrhea,	distension,
abdominal	pain,	regurgitation,	and	constipation;
Timing,	frequency,	nature	of	the	event	(ie,	bloody	or	undigested	food	emesis),
and	the	volume	of	gastric	residuals	if	the	patient	is	receiving	enteral	nutrition;
The	inpatient	medication	list,	especially	opioids,	antibiotics,	and
chemotherapeutic	agents;
Physical	examination	including	vital	signs,	fluid	status	assessment,	abdominal
distention,	abdominal	pain,	and	the	presence	of	bowel	sounds;
Review	of	laboratory	values	and	looking	for	evidence	of	organ	dysfunction;
Review	of	abdominal	imaging.

For	example,	the	clinical	assessment	may	reveal	a	pattern	of	delayed	gastric
emptying,	which	presents	with	intermittent	nausea	relieved	by	vomiting.	Bilious
or	 fecal	 emesis	 associated	 with	 abdominal	 discomfort	 and	 constipation	 or
absence	of	bowel	movements	can	suggest	bowel	obstruction.	Constipation	of	the
lower	 GI	 tract	 can	 precipitate	 nausea	 and	 is	 associated	 with	 use	 of	 opioids,
sedatives,	and	intravenous	catecholamines	used	for	hemodynamic	resuscitation.
Ileus	occurs	after	abdominal	surgery,	and	general	anesthesia	also	contributes	to
nausea	among	postoperative	patients.

Treatment
A	 successful	 approach	 to	 managing	 the	 symptomatic	 patient	 incorporates
thorough	 patient	 assessment,	 knowledge	 of	 the	 emetic	 pathophysiologic
pathways,	 and	 a	 comprehensive	 treatment	 plan	 including	 pharmacologic	 and
emotional	support.4

No	guidelines	exist	for	the	pharmacological	treatment	of	nausea	and	vomiting
for	 the	 critically	 ill.	 Published	 guidelines	 currently	 focus	 on	 chemotherapy-
related	 and	 postoperative	 nausea	 management.31,32	 The	 occurrence	 of
encephalopathy	during	 critical	 illness	may	 result	 in	 clinicians	 treating	 signs	 of
emesis	rather	than	symptoms.	Although	targeted	antiemetic	treatment	blocks	the
neurotransmitters	 implicated	 in	 the	 underlying	 cause,	 empiric	 therapy	may	 be



necessary	without	a	clear	etiology,	usually	with	a	dopamine	or	5-HT	antagonist.4
(See	Table	34.4	for	an	example	of	an	order	set	with	targeted	pharmacologic	and
nonpharmacologic	approaches.)

TABLE	34.4

Example	of	an	Order	Set	for	Managing	Nausea	and
Vomiting

Nausea/Vomiting

Consider	pathophysiology	of	patients’	nausea	to	guide	treatment.

Nonpharmacologic	Interventions

Diet

Consider	nutritionist	consult
Encourage	frequent	small	meals
Offer	favorite	foods	and	when	patient	wants	it

Medications

Give	after	meals	when	possible

Mouth	care

Provide	good	oral	hygiene

Environment

Limit	unpleasant	odors	that	worsen	nausea
Adjust	lighting	in	room	as	needed

Positioning

Help	patient	find	most	comfortable	positions

Relaxation	Techniques

Breathing,	meditation,	guided	imagery

Distraction

TV,	videos,	music



Company

Volunteers	as	needed

Pharmacotheraputic	Agents

Corticosteroid	
Dexamethasone	4	mg	PO/IV	daily	in	AM
Dopamine	Antagonists	(choose	only	one)	
Haloperidol	1-2	mg	PO	q4h	PRN	nausea
Prochlorperazine	10	mg	PO	q6h	PRN	nausea
Promethazine	25	mg	PR	q6h	PRN	nausea
Metoclopramide	10	mg	PO/IV	q6h	PRN	nausea
Olanzapine	(ODT)	5-10	mg	SL	q6h	PRN	nausea
Olanzapine	2.5-5	PO	mg	q6h	PRN	nausea
Serotonin	Antagonists	
Ondansetron	8	mg	PO/IV	q8h	PRN	nausea
•	Central	Acting	Agents	
Dronabinol	2.5-10	mg	PO	tid	PRN	nausea
Lorazepam	0.5-2	mg	PO/IV	q8h	PRN	nausea
Histamine	Antagonists	(choose	only	one)	
Diphenhydramine	25	mg	PO/IV	q6h	PRN	nausea
Meclizine	25-50	mg	PO	q6h	PRN	nausea
Hydroxyzine	25-50	mg	PO	q6h	PRN	nausea
Acetylcholine	Antagonists	
Scopolamine	1.5-3	mg	transdermal	every	72	h
•	Antiacid	Agents	
Omeprazole	20	mg	PO	QD
Calcium	carbonate	1-2	tabs	PO	tid	PRN	nausea

PO,	orally;	PRN,	as	needed;	QD,	once	a	day;	TID,	three	times	per	day.

Metoclopramide	and	domperidone	are	dopamine	(D2)	antagonists	 that	work
within	the	brain’s	CTZ,	as	well	as	increase	gastric	emptying	and	decrease	small
bowel	 transit	 time	 resulting	 in	 gut	 prokinesis.	 In	 addition	 to	 D2	 blockade,
metoclopramide	 activates	 5-HT4	 receptors	 that	 mediate	 acetylcholine	 release,
thus	 increasing	 upper	 GI	 motility.	 Extrapyramidal	 adverse	 effects	 can	 occur,
which	may	 be	 treated	 with	 diphenhydramine.	 Dose	 adjustment	 must	 be	made
with	renal	insufficiency	and	in	elderly	patients.	Domperidone	is	not	available	for



use	in	the	United	States.
Phenothiazines	 are	 D2	 antagonists	 but	 have	 broader	 activity	 than	 do

metoclopramide,	as	they	additionally	block	cholinergic	and	histamine	receptors.
These	drugs	have	potent	 antiemetic	 activity,	but	 are	 frequently	associated	with
adverse	effects	including	hypotension,	sedation,	dry	mouth,	and	extrapyramidal
effects.	Prochlorperazine,	promethazine,	chlorpromazine,	and	levomepromazine
are	 several	 phenothiazines	 that	 are	 available.	 Haloperidol	 is	 a	 potent	 D2

antagonist	 used	 for	 the	 treatment	 of	 delirium	 and	 agitation	 in	 ICUs.	 Among
terminal	cancer	patients,	it	is	commonly	used	for	the	management	of	nausea	and
vomiting,	 and	 it	 has	 also	 been	 used	 for	 postoperative	 nausea	 and	 vomiting.33
However,	 data	 are	 lacking	 for	 its	 use	 as	 an	 antiemetic	 for	 the	 critically	 ill.
Adverse	 effect	 monitoring	 should	 include	 electrocardiograms	 for	 QT
prolongation	and	observation	for	extrapyramidal	side	effects.

More	recently,	there	has	been	interest	in	the	atypical	antipsychotic	olanzapine
for	chronic	nausea	and	chemotherapy-induced	nausea	and	vomiting.	Olanzapine
works	 through	 multiple	 neurotransmitters	 including	 D2,	 5-HT2,	 5-HT3,
acetylcholine,	 and	 histamine	 and	 thus	 may	 impact	 many	 areas	 of	 the	 emetic
pathway	in	complex,	refractory	nausea.	In	addition,	olanzapine	has	five	times	the
affinity	 for	 5-HT2	 over	 D2	 receptors,	 resulting	 in	 lower	 extrapyramidal	 side
effects.34

The	 5-HT3	 receptors	 are	 found	 within	 the	 vagus	 nerve,	 brain,	 and	 gut
enterochromaffin	 cells.	 Several	 5-HT3	 antagonists	 are	 available,	 including
dolasetron,	granisetron,	ondansetron,	and	palonosetron.	Their	use	is	established
for	 the	 prevention	 and	 treatment	 of	 nausea	with	 chemotherapy	 and	 also	 in	 the
postoperative	 patient.31,35	 Although	 this	 drug	 class	 is	 commonly	 used	 for	 the
critically	ill,	clinical	trials	are	lacking.	This	class	of	drug	is	also	associated	with
prolonged	QT	interval	and	can	contribute	to	constipation.

Glucocorticoids	 are	 effective	 in	 chemotherapy-related	 and	 postoperative
nausea,	 as	 well	 as	 in	 malignant	 bowel	 obstruction	 and	 elevated	 intracranial
pressure	 from	 brain	 tumors.	 If	 nausea	 and	 vomiting	 is	 suspected	 due	 to
corticosteroid	 insufficiency	 during	 acute	 illness,	 treatment	 with	 intravenous
corticosteroids	should	be	initiated.

PSYCHIATRIC	SYMPTOMS:	DELIRIUM,	ANXIETY,
AND	DEPRESSION



Delirium
6 	 7 	 Delirium	 is	 a	 common	 and	 often	 devastating	 complication	 of	 advanced
illness,	occurring	among	nearly	85	percent	of	patients	during	their	final	weeks	of
life.5	 Delirium,	which	 can	 be	 hyperactive,	 hypoactive,	 or	mixed,	 is	 associated
with	increased	morbidity	and	can	be	a	sign	of	impending	death	of	terminally	ill
patients.	 The	 symptoms	 of	 delirium	 can	 cause	 significant	 distress	 for	 patients,
families,	 and	 staff.	 Delirium	 can	 also	 interfere	 with	 the	 assessment	 and
management	of	other	physical	and	psychological	symptoms,	such	as	pain.	This
section	 will	 focus	 on	 key	 management	 principles	 of	 palliative	 care	 patients,
including

1.	 making	a	timely	diagnosis,
2.	 determining	reversibility	versus	irreversibility	of	the	underlying	cause(s),
3.	 understanding	prognosis	and	goals	of	care	to	guide	workup	and

management,
4.	 educating	families	and	caregivers	about	delirium,	and
5.	 using	nonpharmacologic	and	pharmacologic	measures	to	keep	a	patient

comfortable	and	safe.

For	 a	 complete	 discussion	of	 diagnosis,	workup,	 and	 treatment	 of	 delirium,
please	see	Chapter	157.

Assessment
Unfortunately,	delirium	(especially	 the	hypoactive	 form)	 is	often	misdiagnosed
and	therefore	untreated	in	terminally	ill	patients.	Due	to	its	high	prevalence,	ICU
teams	should	use	a	consistent,	evidence-based	tool	for	diagnosis	and	screening,
such	as	 the	Confusion	Assessment	Method	for	 the	 ICU	and	 the	 Intensive	Care
Delirium	Screening	Checklist,	which	have	been	found	to	have	a	high	degree	of
sensitivity	and	specificity	in	two	meta-analyses.36	Patients	with	advanced	illness
have	 multiple	 physiological	 disturbances	 that	 can	 cause	 delirium,	 and	 many
etiologies	 are	 irreversible	 in	 dying	 patients.	 However,	 there	 are	 common
reversible	 etiologies	 as	 well,	 including	 constipation,	 urinary	 retention,	 and
medication	side	effects	for	this	population.37

For	 determining	 reversibility	 of	 delirium,	 a	 clinician	 should	 review	 the
patient’s	 principal	 diagnosis,	 comorbidities,	 prognosis,	 and	 preadmission	 and
current	 functional	status.	 It	 is	essential	 to	hold	a	 family	meeting	(including	 the
patient	 if	 he	 or	 she	 can	 participate)	 to	 explain	 the	 nature	 of	 delirium,	 explore



patient’s	goals	and	priorities,	and	weigh	 the	benefits	against	burdens	of	 further
evaluation	 to	 elucidate	 the	 underlying	 causes	 (see	 Table	 33.1	 on	 structured
family	meetings	 of	Chapter	 33).	 Some	 patients,	 families,	 and	 ICU	 teams	may
agree	on	time-limited	therapeutic	trials	and/or	less	invasive	testing,	especially	if
the	 results	 may	 allow	 an	 easy	 intervention	 that	 might	 reverse	 the	 delirium,
reduce	 distress,	 or	 improve	 a	 patient’s	 quality	 of	 life.	Among	 other	 cases,	 the
patient	 and	 family	 may	 decline	 a	 therapeutic	 trial	 or	 workup	 based	 on	 poor
prognosis	and/or	need	for	burdensome	testing,	and	delirium	becomes	effectively
irreversible.37

Prevention	and	Treatment
The	 most	 effective	 way	 of	 managing	 ICU	 delirium	 is	 to	 recognize	 the	 risk
factors	 and	 attempt	 to	 prevent	 the	 development	 of	 delirium.	 These	modifiable
risk	 factors	 include	 polypharmacy,	 environmental	 factors	 (such	 as	 noise	 and
sleep	interruptions),	and	social	interaction	with	visitors	and	the	health	care	team.
Windows	may	 be	 associated	with	 lower	 ICU	 delirium	 prevalence,	 but	 only	 if
they	allow	enough	light	and	a	dark-light	cycle.38	In	addition	to	light	deprivation,
noise	levels	can	be	lowered	to	reduce	delirium	in	the	ICU,	but	this	may	in	fact	be
quite	difficult	to	achieve.39	The	risk	of	delirium	can	be	significantly	lowered	by
utilizing	earplugs	 for	patients.40	Early	mobilization	 has	 been	utilized	 to	 reduce
both	 the	 incidence	 and	 duration	 of	 delirium	 in	 the	 ICU.41	 There	 is	 no
recommendation	 for	 using	 a	 pharmacological	 delirium	 prevention	 protocol.42
Numerous	 studies	 have	 found	 that	 the	 use	 of	 dexmedetomidine	 in	 place	 of
benzodiazepines	or	propofol	 results	 in	 a	 lower	 risk	of	delirium,	but	none	have
compared	it	with	placebo.43	The	best	chance	for	reducing	the	incidence	of	ICU
delirium	 may	 be	 the	 implementation	 of	 care	 bundles,	 which	 include	 early
mobility,	 measures	 to	 improve	 sleep	 and	 circadian	 rhythm,	 and	 protocols	 for
interruption	of	sedation,	spontaneous	breathing	trials,	and	delirium	monitoring.44

Once	 an	 ICU	 patient	 develops	 delirium,	 it	 can	 be	 challenging	 to	 treat	 the
symptoms,	 especially	 if	 the	 underlying	 cause	 is	 not	 reversible.	 The	 goals	 of
symptom	management	are	to	keep	a	delirious	patient	safe	and	comfortable	while
supporting	and	educating	the	family.	The	interdisciplinary	 team	should	provide
intensive	support	 to	families	holding	vigil	at	 the	bedside,	as	 they	may	perceive
their	loved	one	is	“going	crazy”	and/or	grieve	the	loss	of	the	person	they	knew
and	 loved	 before	 death	 arrives.	 Inadequate	 control	 of	 agitated	 symptoms	 can
contribute	to	posttraumatic	stress,	anxiety,	and	depression	in	family	members	as
well	as	the	staff	who	witness	these	difficult	deaths.5

First-line	 treatment	 of	 symptoms	 should	 always	 be	 nonpharmacological



measures,	including

increasing	supervision	and	companionship	at	the	bedside;
minimizing	use	of	physical	restraints;
minimizing	the	number	of	invasive	lines	and	catheters,	as	able;
padding	the	bedrails	and	lowering	the	bed,	as	able;
maximizing	uninterrupted	times	for	sleep	at	night;	and
ensuring	the	patient	has	access	to	glasses	and	hearing	aids.

For	 the	 initial	 treatment	of	delirium,	antipsychotics	are	 the	drugs	of	 choice;
however,	there	is	no	high-quality	evidence	for	their	use,	and	there	are	no	FDA-
approved	medications	 for	 delirium.45	 One	 expert	 guideline	 in	 2013	 outlined	 a
rapid	 and	 safe	 titration	 strategy	 for	 antipsychotics	 on	 the	 basis	 of	 their
pharmacokinetics—much	 in	 the	 same	 way	 that	 opioids	 are	 titrated	 for	 a	 pain
crisis.37	 For	 example,	 a	 sample	 order	 could	 read	 “haloperidol	 1	 mg	 IV	 q15
minutes	PRN	for	agitated	delirium;	call	provider	 if	no	 improvement	after	 three
doses.”	This	order	is	based	on	haloperidol’s	time	to	maximum	concentration	in
the	serum	(15	minutes).	The	provider	can	then	schedule	the	patient’s	total	dose
used	in	24	hours	in	once-daily	doses	(not	to	exceed	100	mg/d)	and	continue	the
“as	needed”	doses	that	were	previously	effective	for	breakthrough	agitation.	For
severe	 agitated	 delirium,	 chlorpromazine	 may	 be	 useful	 for	 its	 sedating,
antihistamine	 properties	 as	 compared	 with	 haloperidol,	 which	 has	 stronger
dopamine	 antagonism.	 Although	 benzodiazepines	 are	 generally	 avoided	 for
treatment	of	delirium	(and	may	cause	delirium	themselves),	they	can	be	effective
for	patients	with	a	history	of	anxiety,	alcohol	use,	previous	benzodiazepine	use,
muscle	spasm,	and/or	seizure	risk.37

For	refractory	agitated	delirium	of	patients	close	to	death,	the	ICU	team	can
consider	palliative	sedation	(PS).5	It	is	important	to	understand	the	differences	in
intent	between	aggressive	symptom	management	of	delirium	and	PS.	PS	is	 the
intentional	 lowering	 of	 awareness	 toward,	 and	 including,	 unconsciousness	 for
patients	 with	 severe	 and	 refractory	 symptoms,	 as	 defined	 by	 the	 American
Academy	 of	 Hospice	 and	 Palliative	 Medicine.	 PS	 is	 reserved	 for	 extreme
situations	 and	 should	 only	 be	 used	 after	 all	 available	 options	 have	 been
exhausted	 to	 treat	 refractory	 symptoms	 (for	 full	discussion	on	PS,	 see	Chapter
32).46

Anxiety	and	Depression
8 	 Patients	with	 serious	 illness	 confront	 daunting	 psychological	 challenges	 and
emotional	upheaval.	In	end-of-life	situations,	patients	face	what	Byock	calls	“the



last	 developmental	 stage	 of	 life,”	 with	 opportunities	 for	 personal	 growth	 and
enrichment	 of	 relationships.47	 This	 end-of-life	work	 is	 difficult	 if	 physical	 and
psychological	 symptoms,	 among	 other	 components	 of	 suffering,	 are	 not	 well
managed.	 Although	 worry,	 sadness,	 and	 fear	 are	 normal	 responses	 to	 serious
illness,	ICU	clinicians	should	be	skilled	in	recognizing	maladaptive	responses	to
stress,	including	anxiety	disorders	and	depression.	(For	a	comprehensive	review
of	anxiety	and	depression,	see	Chapters	158	and	159	on	Management	of	Anxiety
and	Depression.)

In	one	large	study,	nearly	50%	of	patients	with	advanced	cancer	met	criteria
for	 a	 psychiatric	 disorder,	 and	 among	 these	 patients,	 68%	 had	 adjustment
disorders	with	depressed	or	anxious	mood,	13%	had	major	depression,	and	9%
had	 organic	 mental	 disorders	 (delirium).48	 Patients’	 psychological	 health
fluctuates	 over	 the	 course	 of	 terminal	 illness,	 and	 so	 regular	 reassessment	 and
treatment	 of	 symptoms	 is	 crucial.	 In	 general,	 clinicians	 should	 be	 mindful	 of
their	own	biases	(“Of	course	she’s	depressed—she’s	got	metastatic	cancer”)	that
may	impact	their	clinical	judgment	and	ability	to	identify	useful	treatments	and
inadvertently	convey	a	message	of	“giving	up”	on	the	patient.

Anxiety
It	is	common	for	patients	to	express	anxiety	and	fear	about	the	dying	process	and
death.	 About	 25%	 of	 patients	 with	 advanced	 illness	 suffer	 from	 debilitating
anxiety	 symptoms	and	 require	 treatment.49	The	 ICU	clinician	 should	 start	with
empathetically	 exploring	 a	 patient’s	 anxiety	 (“can	 you	 tell	 me	 what	 you	 are
worried	about	or	afraid	of?”).	An	effective	strategy	is	to	listen,	acknowledge	the
patient’s	worries,	provide	empathetic	support,	and	offer	reassurance	of	ongoing
care.	 If	 patients	 have	 persistently	 high	 levels	 of	 anxiety	 despite	 supportive-
expressive	therapy,	a	selective	serotonin	reuptake	inhibitor	(SSRI)	and/or	a	low-
dose	benzodiazepine	may	be	helpful	(see	Chapter	158	on	Anxiety	Management
for	 specific	 medications	 and	 dosages).	 Mind-body	 treatments	 (eg,	 meditation,
cognitive-behavioral	 therapy,	 relaxation	 training)	 can	 be	 effective,	 especially
when	 taught	 by	 a	 clinician	 trained	 in	 their	 use.50	 The	 ICU	 team	 should	 also
diagnose	 and	 treat	 any	 contributors	 to	 a	 patient’s	 anxiety,	 including	 poorly
treated	pain	or	dyspnea,	unrecognized	delirium,	substance	abuse	(intoxication	or
withdrawal),	or	medication	side	effects	(such	as	corticosteroids).

Depression



Depression	is	very	prevalent	among	patients	with	life-threatening	illness,	and	it
can	 be	 overlooked	 and	 thus	 untreated.48	 It	 is	 common	 for	 dying	 patients	 to
experience	 poor	 appetite	 and	 energy,	 changes	 in	 sleep	 patterns,	 and	 difficulty
with	 concentration;	 feelings	 of	 hopelessness,	 helplessness,	 worthlessness,	 and
pervasive	 guilt	 are	 markers	 of	 depression	 in	 this	 population.	 Depression
interferes	with	the	patients’	enjoyment	of	life,	sense	of	purpose,	and	relationships
with	others.	In	addition,	it	can	worsen	pain	and	other	physical	symptoms	and	is
associated	 with	 requests	 for	 hastened	 death.	 Risk	 factors	 include	 a	 previous
history	of	depression,	younger	age,	poor	social	supports,	poor	functional	status,
and	 pain.49	 In	 addition,	 certain	medical	 conditions	 (hypo-	 or	 hyperthyroidism,
anemia,	 and	 brain	 tumors)	 and	 medications	 (corticosteroids,	 interferon,
tamoxifen,	 and	 other	 chemotherapeutic	 agents)	 can	 predispose	 patients	 to
depression.

The	 single	 question,	 “Do	 you	 feel	 you	 are	 depressed?,”	 is	 useful	 as	 a
screening	tool.10	Among	patients	with	end-stage	disease,	the	ICU	clinician	must
differentiate	major	 depression	 from	 grief.	 People	who	 are	 grieving	 experience
waves	of	sadness	related	to	loss	(or	anticipated	loss),	but	retain	the	ability	to	feel
joy	and	pleasure.	They	may	have	passive	thoughts	and	desire	for	death	at	times,
but	continue	to	look	forward	to	the	future.	Meanwhile,	depressed	patients	have
unrelenting,	 intense,	 persistent	 anhedonia;	 have	 no	 hope	 or	 optimism	 for	 the
future;	and	may	have	active	suicidal	thoughts.

Depression	 is	 a	 treatable	condition,	 even	 for	patients	with	end-stage	 illness.
Although	no	 controlled	 clinical	 trials	 have	 evaluated	 the	 efficacy	 of	 combined
interventions	 in	 this	 population,	 many	 experts	 recommend	 a	 combination	 of
supportive	 psychotherapy,	 patient	 and	 family	 education,	 and	 antidepressants.
(See	Chapter	 159	 on	Management	 of	Depression	 for	 specific	medications	 and
dosing.)	 Psychostimulants	 act	 rapidly,	 counteract	 opioid-induced	 sedation,	 and
have	analgesic	activity.	They	can	be	the	treatment	of	choice	in	patients	facing	a
short	prognosis,	and	they	are	often	combined	with	an	SSRI	in	severe	depression
(and	 while	 the	 SSRI	 is	 taking	 effect	 over	 weeks	 to	 a	 month).	 Serotonin-
norepinephrine	 reuptake	 inhibitors	 can	 be	 good	 choices	 for	 patients	with	 both
depression	 and	 neuropathic	 pain,	 whereas	 the	 antidepressant	 mirtazapine	 also
can	improve	appetite,	anxiety,	nausea,	and	insomnia	at	low	doses.

The	ICU	team	should	consult	specialists	 in	palliative	care	and/or	psychiatry
for	 patients	 with	 refractory	 depression	 and	 anxiety,	 unusually	 intense	 grief,
and/or	persistent	requests	for	hastened	death.

Last	Hours	of	Living	and	Syndrome	of	Imminent	Death



9 	ICU	clinicians	frequently	witness	patients	dying	of	critical	and	chronic	illness.
These	deaths	can	be	 sudden	and	unpredicted,	or	expected	after	 a	 long	decline;
exhaustive	 after	 a	 lengthy	medical	 “fight”	 to	 save	 or	 prolong	 a	 patient’s	 life;
calm	with	recognition	and	planning	for	end	of	 life;	or	some	combination	of	all
the	 above.	 Regardless	 of	 the	 path,	 the	 ways	 that	 patients	 die	 have	 profound
ripple	 effects	 on	 families,	 loved	 ones,	 and	 ICU	 staff	 for	 years	 to	 come.	 It	 is
paramount	for	ICU	clinicians	to	have	the	knowledge	and	skills	to	expertly	care
for	 dying	 patients,	 and	 cultivate	 a	 calm,	 empathetic	 presence	 to	 counsel	 and
reassure	grieving	families	at	the	bedside.6

Palliative	Extubation
Palliative	 extubation	 is	 the	withdrawal	 of	mechanical	 ventilation	 from	a	 dying
patient	 when	 the	 focus	 of	 care	 shifts	 to	 comfort.	 It	 may	 be	 considered	 when
attempts	 at	 liberation	 from	 the	 ventilator	 fail	 due	 to	 irreversible	 illness,	 when
there	 is	no	clinical	 improvement	with	ongoing	medical	 treatment,	 and/or	when
prolonged	 life	support	 is	no	 longer	aligned	with	patients’	values	and	quality	of
life.

A	crucial	 first	 step	 is	communicating	and	establishing	consensus	among	 the
medical	 providers,	 family,	 and	 patient	 (when	 appropriate).51	 The	 team	 should
plan	when	the	procedure	will	take	place,	who	will	be	present,	which	medications
will	 be	 used	 for	 symptom	 management,	 and	 which	 therapies	 will	 be
discontinued.	Families	should	be	counseled	on	what	to	expect	during	the	dying
process	 (see	 “Preparing	 for	 Last	 Hours	 of	 Life”).	 Of	 note,	 families	 should
understand	the	time	from	extubation	to	death	is	variable	and	difficult	to	predict.52

Two	 methods	 of	 palliative	 extubation	 have	 been	 described.51	 Terminal
weaning	 is	 the	gradual	 reduction	 in	FiO2	 and	PEEP	 to	0.3	 and	5,	 respectively,
over	 10	 to	 60	 minutes	 prior	 to	 discontinuation	 of	 ventilator	 support.	 Opioids
and/or	 benzodiazepines	 are	 used	 to	 alleviate	 patient	 distress	 prior	 to	 further
reductions	 in	ventilator	 settings	or	discontinuation	of	 the	ventilator.	 Immediate
extubation	 involves	 discontinuation	 of	 ventilator	 support	 without	 prior
reductions	 in	 ventilator	 settings.	A	 prospective	 study	 comparing	 both	methods
found	 that	 immediate	 extubation	 was	 associated	 with	 a	 higher	 incidence	 of
airway	obstruction,	respiratory	distress,	and	pain.51

It	 is	 critical	 to	 prevent	 and/or	 relieve	 dyspnea	or	 respiratory	 distress	 during
the	ventilator	withdrawal	process.3	Because	little	empirical	evidence	is	available
to	guide	this	procedure,	clinicians	often	rely	on	local	institutional	practices,	with
varying	 levels	of	 experience	and	 intuition.	Opioids	 and/or	benzodiazepines	 are
routinely	 administered	 before,	 after,	 and	 during	 the	 process	 as	 needed.	 The



amount	 of	 palliative	 medication	 required	 is	 variable	 and	 dependent	 on	 the
patient’s	 level	 of	 distress	 and	 the	 baseline	 dosing	 requirement	 prior	 to
withdrawal.	 For	 patients	 receiving	 continuous	 opioids	 prior	 to	 ventilator
withdrawal,	a	bolus	dose	of	the	same	medication	(25%-100%	of	the	hourly	rate)
and	an	increase	of	the	infusion	rate	by	25%	is	recommended.51	The	RDOS	is	a
valid	 and	 reliable	 tool	 for	 measuring	 respiratory	 distress	 in	 critically	 ill	 and
dying	patients	who	are	unable	 to	report.3	The	RDOS	is	an	8-item	ordinal	scale
that	 assesses	 heart	 rate,	 respiratory	 rate,	 restlessness,	 accessory	 muscle	 use,
paradoxical	 breathing,	 grunting	 at	 end	 expiration,	 nasal	 flaring,	 and	 facial
expression	of	 fear.	Each	variable	 is	scored	from	0	 to	2	points	with	 total	scores
ranging	 from	 0	 to	 16.	 A	 score	 of	 3	 to	 16	 signifies	 mild	 to	 severe	 distress.
Palliative	medications	should	be	titrated	based	on	signs	and	symptoms	of	patient
distress.52

Preparing	for	the	Last	Hours	of	Life
9 	The	ICU	team	should	anticipate	that	actively	dying	patients	require	continuous
skilled	 care	 and	 attempt	 to	 create	 an	 environment	 in	 the	 patient’s	 room	 that
supports	 privacy	 and	 intimacy.	 The	 patient	 and	 family	 should	 be	 reassessed
regularly,	and	staff	should	be	able	to	respond	quickly	to	symptom	crises	and/or
family	 concerns.	 Standardized	 order	 sets	 can	 help	 promote	 best	 practices,	 and
utilization	 of	 the	 entire	 interdisciplinary	 team	 (including	 social	 work	 and
chaplaincy)	 can	 address	 all	 aspects	 of	 suffering	 (see	Figure	34.1).	 If	 staff	 and
family	members	feel	confident	in	their	caregiving	abilities,	the	experience	can	be
a	meaningful	time	of	life	review,	legacy	creation,	celebration,	and	healing.	While
the	 timing	 of	 death	 can	 be	 unpredictable,	 everyone	 should	 be	 aware	 of	 the
potential	 time	 course,	 signs	 of	 the	 dying	 process,	 and	 how	 to	 manage	 any
symptoms.	The	ICU	team	should	also	inquire	about	faith	and	cultural	traditions
(including	 after-death	 care	 and	 handling	 of	 the	 patient’s	 body)	 and	 strive	 to
honor	any	requests	and	rituals.

Physiological	Changes	and	Symptoms
To	 effectively	manage	 symptoms	 and	 counsel	 families,	 ICU	clinicians	 need	 to
understand	 the	 pathophysiology	 of	 the	 dying	 process	 and	 common	 associated
issues6	(seeTable	34.5).

TABLE	34.5



Changes	During	the	Dying	Process

Change	During	the	Dying
Process Manifest	By/Signs

Fatigue,	weakness Decreasing	function,	hygiene

Inability	to	move	around	bed

Inability	to	lift	head	off	pillow

Cutaneous	ischemia Erythema	over	bony	prominences

Skin	breakdown

Wounds

Pain Facial	grimacing

Tension	in	forehead;	between	eyebrows

Decreasing	food	intake,
wasting

Anorexia

Poor	intake

Aspiration,	asphyxiation

Weight	loss,	chiefly	muscle	and	fat,	notable
in	temples

Loss	of	ability	to	close	eyes Eyelids	not	closed

Whites	of	eyes	showing	(with	or	without
pupils	visible)

Decreasing	fluid	intake,
dehydration

Poor	intake

Aspiration

Peripheral	edema	due	to	hypoalbuminemia

Dehydration,	dry	mucous
membranes/conjunctiva

Cardiac	dysfunction,	renal Tachycardia



failure Hypertension	followed	by	hypotension

Peripheral	cooling

Peripheral	and	central	cyanosis	(bluing	of
extremities)

Mottling	of	the	skin	(livedo	reticularis)

Venous	pooling	along	dependent	skin
surfaces

Dark	urine

Oliguria,	anuria

Neurologic	dysfunction,
including:

–

Decreasing	level	of
consciousness

Increasing	drowsiness

Difficulty	awakening

Nonresponsive	to	verbal	or	tactile	stimuli

Decreasing	ability	to
communicate

Difficulty	word	finding

Monosyllabic	words,	short	sentences

Delayed	or	inappropriate	responses

Not	verbally	responsive

Respiratory	dysfunction Change	in	ventilatory	rate—increasing	first,
then	slowing

Decreasing	tidal	volume

Abnormal	breathing	patterns—apnea,

Cheyne-Stokes	respirations,	agonal	breaths

Loss	of	ability	to	swallow Dysphagia

Coughing,	choking

Loss	of	gag	reflex



Buildup	of	oral	and	tracheal	secretions

Gurgling

Loss	of	sphincter	control Incontinence	of	urine	or	bowels

Maceration	of	skin

Perineal	candidiasis

Terminal	delirium Early	signs	of	cognitive	failure,	eg,	day-
night	reversal

Agitation,	restlessness

Purposeless,	repetitious	movements

Moaning,	groaning

Rare,	unexpected	events

Bursts	of	energy	just	before	death	occurs

Aspiration,	asphyxiation

Derived	from	Mitchell	AJ.	Are	one	or	two	simple	questions	sufficient	to	detect	depression	in
cancer	and	palliative	care?	A	Bayesian	meta-analysis.	Br	J	Cancer.	2008;98:1934-1943.

Medication	Use
As	patients	approach	death,	their	absorption,	metabolism,	and	excretion	of	drugs
is	 highly	 impaired;	 therefore,	 clinicians	 should	 reassess	 the	 need	 for	 each
medication	 and	minimize	 polypharmacy	 and	 potential	 side	 effects	 as	much	 as
possible.	Choosing	the	least	invasive	route	of	administration,	medication	should
be	 used	 for	 relief	 of	 pain,	 dyspnea,	 excess	 secretions,	 agitated	 delirium,	 and
seizure	prophylaxis,	depending	on	the	clinical	scenario.	Patients	should	never	be
started	 routinely	 on	 morphine	 infusions	 (“start	 1	 mg	 per	 hour	 IV,	 titrate	 to
comfort”)	in	the	absence	of	symptoms.	Sound	pharmacologic	principles	always
apply,	such	as	the	use	of	morphine	IV	boluses	as	needed	for	intermittent	pain	and
calculation	of	 basal	 infusions	on	 the	basis	 of	 the	 amount	 of	 as-needed	dosing.
Indiscriminate	morphine	 dosing	 can	 lead	 to	 build-up	 of	 active	metabolites9	 as
renal	 failure	 occurs,	 resulting	 in	 agitated	 delirium	 from	 opioid	 neurotoxicity
and/or	hastened	death	(Figure	34.1).



Fatigue	and	Weakness
As	a	patient	 approaches	death,	providing	 sufficient	 cushioning	on	 the	bed	will
decrease	the	need	for	frequent	turning	and	repositioning.	Patients	may	have	joint
position	 fatigue	 and	 require	 passive	 range	 of	motion	 of	 their	 joints	 every	 few
hours.

Decreasing	Appetite,	Thirst,	and	Intake
Families	often	worry	that	their	loved	one	is	“starving”	and	feel	guilt	that	they	are
causing	 or	 contributing	 to	 death.	 Most	 patients	 lose	 their	 appetite	 and	 thirst,
instead	 preferring	 bites	 and	 sips	 of	 favorite	 foods	 and	 fluids,	 and	 in	 the	 final
hours	 prefer	 only	mouth	 care.	 Studies	 show	 that	 parenteral	 or	 enteral	 feeding
patients	 close	 to	 death	 neither	 prolongs	 life	 nor	 improves	 symptom	 control.53
Instead,	 indiscriminate	 use	 of	 artificial	 nutrition	 and	 hydration	 can	 lead	 to
anasarca,	 pulmonary	 edema,	 upper	 airway	 secretions,	 and	 increased
incontinence,	contributing	to	skin	breakdown.	Most	experts	agree	that	anorexia
and	 dehydration	 as	 part	 of	 the	 dying	 process	 may	 be	 helpful	 as	 the	 resulting
ketosis	and	endorphin	release	can	promote	a	sense	of	well-being.54

Mucosal	and	Conjunctival	Care
Meticulous	 hydration	 of	 the	 lips,	 nose,	 and	 eyes	 can	 prevent	 discomfort	 from
dry,	 cracked,	 and	 irritated	 mucous	 membranes.	 Moisten	 and	 clean	 the	 oral
mucosa	frequently,	and	treat	oral	candidiasis	with	topical	nystatin.	Coat	the	lips
and	 anterior	 nasal	mucosa	with	 a	 thin	 layer	 of	 lubricant	 to	 reduce	 evaporation
(which	should	be	nonpetroleum	based	if	patient	 is	using	oxygen).	If	eyelids	do
not	close,	moisten	conjunctiva	with	artificial	tears	or	ophthalmic	lubricating	gel
frequently.

Cardiac	Dysfunction	and	Renal	Failure
Dying	 patients	 have	 diminishing	 peripheral	 blood	 perfusion,	 and	 families	 will
notice	 mottling	 of	 their	 loved	 one’s	 skin	 (livedo	 reticularis).	 Tachycardia,
hypotension,	 peripheral	 cooling,	 and	 peripheral	 and	 central	 cyanosis	 are
expected.	 Urine	 output	 drops	 as	 renal	 perfusion	 decreases,	 and	 eventually
oliguria	or	anuria	occurs.

Neurological	Dysfunction
The	 neurological	 changes	 associated	 with	 the	 dying	 process	 often	 follow	 two
different	patterns6—the	“usual	road”	and	the	“difficult	road”	(see	Figure	34.1).



Most	 patients	 follow	 the	 “usual	 road,”	 which	 leads	 to	 decreasing	 levels	 of
consciousness,	 coma,	 and	 death.	 In	 the	 “difficult	 road,”	 patients	 experience
increasing	 levels	 of	 confusion,	 restlessness,	 and	 agitated	 delirium	 (see
management	of	delirium	in	this	chapter).	Despite	patients’	decreased	abilities	to
communicate,	 families	 and	 clinicians	 should	 talk	 to	 the	 patient	 as	 if	 she	 or	 he
were	 conscious	 because	 data	 from	 the	 operating	 room	 and	 “near	 death”
experiences	 suggest	 patients	 may	 be	 more	 aware	 than	 caregivers	 perceive.
Families	and	friends	should	also	be	encouraged	 to	express	 their	 feelings	 to	 the
patient	 to	help	with	 life	closure	(“I	 love	you,”	“I	 forgive	you,”	“Please	forgive
me,”	“Thank	you,”	and	“Goodbye”).55

Respiratory	Dysfunction
As	patients	are	close	to	death,	their	breathing	patterns	become	shallow	and	rapid
with	periods	of	apnea	(Cheyne-Stokes	respirations),	followed	by	agonal	breaths
in	 the	moments	 before	 death.	 Families	 and	 clinicians	 often	 find	 these	 patterns
distressing,	 and	 it	 is	 important	 to	 counsel	 them	 on	 these	 expected	 physiologic
changes.	 If	 patients	 appear	 to	have	 increased	work	of	 breathing	 (evidenced	by
accessory	muscle	use	and	grimacing),	low	doses	of	opioids	can	help	reduce	the
perception	of	breathlessness.42

Loss	of	Ability	to	Swallow
During	 the	dying	process,	patients	eventually	use	 the	ability	 to	swallow	due	 to
weakness,	 impaired	 cognition,	 loss	 of	 gag	 reflex,	 and	 reflexive	 clearing	of	 the
oropharynx.	As	a	result,	oral	secretions	accumulate	and	may	lead	to	gurgling	or
rattling	 sounds	 with	 each	 breath,	 which	 can	 be	 distressing	 to	 families.
Repositioning	 and	 postural	 drainage	 can	 often	 resolve	 these	 sounds;	 if	 not,
anticholinergic	 medications	 can	 be	 effective	 in	 drying	 these	 secretions.
Glycopyrrolate	 is	 the	drug	of	 choice	because	 it	 does	 not	 cross	 the	blood-brain
barrier	compared	with	other	commonly	used	anticholinergic	agents	(atropine	and
scopolamine)	and	is	likely	less	to	induce	or	worsen	delirium.

When	Death	Occurs
Even	when	death	is	expected,	no	one	knows	what	it	will	feel	like	until	it	occurs.
The	interdisciplinary	team	is	essential	to	supporting	families	in	their	acute	grief,
and	following	up	on	those	with	complicated	grief.	After	a	death,	 the	ICU	team
should	disconnect	any	lines	or	machines,	remove	catheters,	and	clean	the	patient
to	 help	 create	 a	 peaceful	 vision	 of	 their	 loved	 one.	 Families	 should	 not	 feel
rushed	and	encouraged	to	touch	and	hold	the	person’s	body	(while	maintaining



universal	 body	 fluid	 precautions).	 The	 ICU	 team	 should	 take	 time	 to	 debrief
their	 own	 sadness	 and	 distress,	 especially	 in	 challenging	 cases.	 Equally
important	 is	 acknowledging	 the	 sense	 of	 satisfaction	 and	meaning	 that	 comes
with	 helping	 a	 patient	 die	 in	 comfort	 and	 dignity	 and	 supporting	 a	 family
through	this	devastating	time	in	their	lives	(see	Chapter	36).
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	.	All	the	following	statements	about	the	pharmacology	of	laxatives	are
true,	EXCEPT:

A. 	Lactulose	produces	softer	stool	by	drawing	in	water	during	bowel
transit
B. 	Methylnaltrexone	may	reverse	analgesia	in	opioid-requiring	patients
C. 	Senna	and	bisacodyl	increase	intestinal	activity	and	secretion
D. 	Sodium	phosphate	enemas	should	be	used	with	caution	in	patients
with	renal	failure

2. 	.	All	the	following	are	recommended	delirium	management	strategies
during	critical	illness,	EXCEPT:

A. 	Determine	reversibility	of	underlying	cause(s)
B. 	Educate	families	and	caregivers
C. 	Use	nonpharmacologic	measures	to	keep	patients	calm	and	safe
D. 	Utilize	palliative	sedation	to	ensure	comfort	when	dying

3. 	.	Which	of	the	following	is	true	about	provision	of	high-quality	care	at	the
end-of-life?

A. 	Shallow	breathing,	apneas,	and	gurgling	sounds	require	medication
B. 	Prevention	of	anorexia	and	dehydration	reduces	symptoms



C. 	Proactive	morphine	infusion	ensures	patient	comfort
D. 	Terminal	weaning	of	ventilation	is	better	tolerated	than	immediate
extubation

Answers

1.	The	correct	answer	is	B.
Rationale:	 Methylnaltrexone	 is	 a	 peripheral	 opioid	 antagonist	 with	 limited

ability	 to	 cross	 the	 blood-brain	 barrier	 and	 thus	 does	 not	 reverse	 centrally
mediated	 analgesia	 (choice	 B	 is	 the	 “correct,”	 wrong	 answer).	 The	 other
statements	are	 true.	As	a	 stimulant	 laxative,	bisacodyl	 is	activated	 in	 the	small
intestine	 by	 the	 hydrolytic	 activity	 of	 endogenous	 esterases,	 while	 senna	 is
activated	 by	 bacteria	 in	 the	 colon.	 Among	 osmotic	 laxatives,	 lactulose	 passes
unabsorbed	 into	 the	 colon	 where	 bacteria	 break	 it	 down,	 sometimes	 causing
bloating	and	abdominal	cramping,	while	polyethylene	glycol	is	not	metabolized
by	bacteria	and	therefore	produces	no	intestinal	gas.	Sodium	phosphate	enemas
should	 be	 used	 with	 caution	 in	 elderly	 and	 renal	 failure	 patients	 as	 they	may
cause	hypotension,	volume	depletion,	and	electrolyte	loss.

2.	The	correct	answer	is	D.
Rationale:	 It	 is	 important	 to	 understand	 the	 differences	 in	 intent	 between

aggressive	 symptom	management	of	 delirium	and	palliative	 sedation,	which	 is
the	 intentional	 lowering	 of	 awareness	 to	 include	 unconsciousness	 for	 patients
with	severe	and	refractory	symptoms.	Palliative	sedation	should	be	reserved	for
extreme	 situations	 and	 only	 after	 all	 available	 options	 have	 been	 exhausted
(choice	 D	 is	 the	 “correct,”	 wrong	 answer).	 The	 other	 listed	 strategies	 are	 all
recommended.	Family	meetings	are	essential	 to	educate	and	explain	 the	nature
of	delirium,	explore	patient’s	goals	and	priorities,	and	weigh	the	benefits	against
burdens	of	further	evaluation	for	underlying	causes.	Some	patients,	families,	and
ICU	 teams	 may	 agree	 on	 time-limited	 therapeutic	 trials	 and/or	 less	 invasive
testing,	 especially	 if	 the	 results	 may	 reverse	 the	 delirium,	 reduce	 distress,	 or
improve	quality	of	life.	The	patient	and	family	may	decline	a	therapeutic	trial	or
workup	based	on	poor	prognosis	or	burdensome	testing,	and	delirium	effectively
becomes	 irreversible.	The	goal	of	 symptom	management	 is	 to	keep	a	delirious
patient	 safe	and	comfortable,	while	 supporting	and	educating	 the	 family.	First-
line	treatment	of	symptoms	should	always	be	nonpharmacologic	measures.

3.	The	correct	answer	is	D.



Rationale:	 A	 prospective	 study	 suggested	 immediate	 extubation	 was
associated	 with	 a	 higher	 incidence	 of	 airway	 obstruction,	 respiratory	 distress,
and	 pain	 compared	 to	 terminal	weaning	 (choice	D	 is	 correct).	 Patients	 should
never	 be	 routinely	 started	 on	morphine	 infusions	 in	 the	 absence	 of	 symptoms
(choice	C	is	 incorrect).	Indiscriminate	morphine	dosing	can	lead	to	build-up	of
active	 metabolites	 as	 renal	 failure	 occurs,	 resulting	 in	 agitated	 delirium	 from
opioid	neurotoxicity	and/or	hasten	death.	Most	experts	agree	 that	anorexia	and
dehydration	 as	 part	 of	 the	 dying	 process	 may	 be	 helpful	 since	 the	 resulting
ketosis	 and	endorphin	 release	may	promote	a	 sense	of	well-being	 (choice	B	 is
incorrect).	 As	 patients	 are	 close	 to	 death,	 their	 breathing	 patterns	 become
shallow	and	rapid	with	periods	of	apnea	(Cheyne-Stokes	respirations),	followed
by	agonal	breaths.	Families	and	clinicians	often	 find	 these	patterns	distressing,
and	it	is	important	to	counsel	them	on	these	expected	physiologic	changes.	Oral
secretions	 accumulate	 and	 may	 lead	 to	 gurgling	 or	 rattling	 sounds	 with	 each
breath,	and	repositioning	and	postural	drainage	can	often	resolve	 these	sounds.
Medication	 is	 not	 required	 (choice	 A	 is	 incorrect).	 However,	 if	 needed,
anticholinergic	 medications	 can	 be	 effective.	 Glycopyrrolate	 is	 the	 drug	 of
choice	as	it	does	not	cross	the	blood-brain	barrier	and	is	likely	less	to	induce	or
worsen	delirium.
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Chapter	35
Being	With	Suffering
Margaret	Isaac,	Suzana	K.	E.	Makowski,	Christina	Fitch

KEY	POINTS:
1.	 Spiritual	concerns	in	serious	illness	are	important	to	patients	and

often	overlooked	by	providers;	in	fact,	addressing	spiritual	aspects	of
care	can	improve	patients’	perception	of	care	and	overall	well-being.

2.	 Religion	and	spirituality	can	significantly	influence	medical	decisions
made	at	the	end	of	life.

3.	 There	can	be	a	broad	diversity	of	viewpoints	within	the	same
religious	group	on	serious	illness	care	and	life-prolonging	therapy.

4.	 There	are	multiple	tools	to	assess	the	impact	of	illness	on
personhood	and	screen	for	spiritual	suffering.

5.	 Different	members	of	the	interdisciplinary	team	can	assess	and	treat
spiritual	distress,	but	the	chaplain	has	expertise	in	this	realm.

6.	 Defining	what	is	to	be	hoped	for	and	meaning-making	are	important
ways	to	support	resilience	and	treat	spiritual	distress	among	patients
and	families.

7.	 Care	of	patients	at	the	end	of	life	involves	significant	emotional	labor
and	witness	to	suffering;	therefore,	rituals	and	practices	such	as
debriefing	and	staff	support	can	foster	resiliency	among	ICU
providers.

INTRODUCTION
With	modern	medicine	 has	 come	 the	 ability	 to	 prolong	 the	 course	 of	 illnesses
that	 previously	 caused	 rapid	 decline	 and	 death.	 Critical	 and	 life-threatening
illness	 often	 brings	 existential	 and	 spiritual	 concerns	 to	 the	 fore.	 One



consequence	of	our	ability	to	delay	death	with	modern	medical	treatments	is	the
prolongation	 of	 existential	 suffering	 as	 patients	 cope	with	 the	 knowledge	 that
death	 is	 imminent.	While	clinicians	may	 feel	 competent	 and	knowledgeable	 in
addressing	 physical	 symptoms	 and	 psychological	 distress,	 existential	 and
spiritual	 concerns	 can	 be	 more	 intangible,	 complex,	 and	 challenging,	 falling
outside	of	what	most	physicians	consider	to	be	their	scope	of	practice.1

1 	Cicely	Saunders	introduced	the	concept	of	total	pain—an	acknowledgment
that	 pain	 can	 be	 physical,	 psychological,	 social,	 or	 spiritual—and	 that	 these
domains	are	interrelated,	each	potentially	impacting	the	others	and	contributing
to	the	holistic	experience	of	suffering.2	Data	suggest	that	existential	and	spiritual
concerns	are	very	common	at	the	end	of	life.3	Despite	this,	a	majority	of	patients
report	 their	 spiritual	 needs	 are	 unsupported	 by	 medical	 providers.4	 Barriers
identified	by	physicians	include	a	lack	of	time,	lack	of	experience,	and	the	belief
that	addressing	spiritual	distress	 is	not	part	of	a	physician’s	role.1	Patients	who
feel	that	their	spiritual	needs	are	not	addressed	adequately	by	medical	providers
rate	 their	 care	 as	 lower	 quality.5	 In	 contrast,	 patients	 and	 families	 who	 are
satisfied	with	how	their	spiritual	needs	are	met	(and	those	for	whom	clergy	have
been	involved	at	the	end	of	life)	are	more	satisfied	overall	with	their	care.6

Starting	a	dialogue	about	spiritual	and	existential	concerns	opens	the	door	to	a
holistic	model	of	care	and	healing.	By	developing	an	understanding	of	the	types
of	 existential	 and	 spiritual	 distress	 from	which	 patients	 and	 their	 families	 can
suffer,	as	well	as	specific	approaches	toward	addressing	this	distress,	clinicians
can	enhance	their	ability	to	provide	compassionate	and	holistic	care	for	end-of-
life	patients	and	their	loved	ones.

DEFINITIONS
Suffering	was	defined	 by	Cassell7	 in	 his	 seminal	work	 as	 “the	 state	 of	 severe
distress	 associated	 with	 events	 that	 threaten	 the	 intactness	 of	 the	 person.”
Existential	distress	can	be	difficult	to	define—one	review	identified	56	different
definitions	in	the	literature.8	In	addition,	there	can	be	substantial	overlap	between
the	concepts	of	existential	and	spiritual	distress.	Kissane,9	building	on	the	work
of	Yalom,	describes	eight	main	types	of	existential	challenge:	death	anxiety,	loss
and	 change,	 freedom	 with	 choice	 or	 loss	 of	 control,	 dignity	 of	 the	 self,
fundamental	aloneness,	altered	quality	of	relationships,	search	for	meaning,	and
mystery	about	what	seems	unknowable.	Loss	of	control	over	one’s	 life,	 loss	of
meaning,	 or	 the	 experience	 of	 being	 a	 burden	 (which	 relates	 to	 dignity	 of	 the
self)	are	common	symptoms	that	patients	describe	as	being	“unbearable.”10



There	are	many	definitions	of	 spirituality	described	 in	 the	 literature,	 though
most	 include	 an	 exploration	of	meaning,	 transcendence,	 and	 relationships	with
self,	others,	and	forces	larger	than	oneself.	An	international	group	of	experts	has
defined	 spirituality	 in	 specific	 terms:	 “Spirituality	 is	 a	 dynamic	 and	 intrinsic
aspect	of	humanity	through	which	persons	seek	ultimate	meaning,	purpose,	and
transcendence,	 and	 experience	 relationship	 to	 self,	 family,	 others,	 community,
society,	 nature,	 and	 the	 significant	 or	 sacred.	 Spirituality	 is	 expressed	 through
beliefs,	 values,	 traditions,	 and	 practices.”11	 Spirituality	 can	 be	 a	 key	 means
through	which	patients	cope	with	illness	and	mortality.

Religion	can	be	defined	as	a	particular	system	of	faith	and	worship,12	and	as	a
formal	structure	through	which	beliefs	are	practiced	within	a	community.

RELIGIOUS	TRADITIONS	AT	THE	END	OF	LIFE
2 	Religion	and	spirituality	can	impact	medical	decisions	that	are	made	at	the	end
of	 life,	 though	 many	 differences	 across	 patients	 attributed	 to	 religion	 and
spirituality	 are	more	 accurately	 ascribed	 to	 cultural	 beliefs	 and	values.13	There
are	large	and	meaningful	differences	between	spiritual	and	religious	groups	and,
even	 more	 so,	 within	 them.	 Different	 religious	 traditions	 have	 heterogeneous
views	 on	 the	 definition	 of	 death	 and	 on	 the	 withdrawal	 of	 life-sustaining
interventions.

3 	With	the	development	of	biomedical	technologies	and	the	medicalization	of
end-of-life	care,	spiritual	and	religious	leaders	are	being	increasingly	called	upon
to	speak	to	the	appropriateness	of	end-of-life	treatments	and	decisions.	Specific
formalized	 doctrines	 and	 proscriptions	 within	 individual	 traditions	 will	 be
summarized	 here.	 These	 beliefs	 can	 shape	 the	 decisions	 of	 individuals	 around
treatment	decisions,	though	providers	are	cautioned	to	practice	using	a	model	of
cultural	 humility	 rather	 than	 cultural	 competence.14	 Physicians	 should	 avoid
making	 assumptions	 about	 the	 beliefs	 of	 an	 individual,	 which	 may	 be	 very
different	 than	 those	 expressed	 by	 the	 religious	 institution	 with	 which	 they
identify.

Christianity
Most	Christian	 denominations	 support	 the	withholding	 and	withdrawal	 of	 life-
sustaining	 treatments,	 though	 there	 is	 heterogeneity	 among	 Protestant
denominations	on	physician	aid	in	dying.



Greek	Orthodox	Church
This	 subset	 of	Christianity,	 in	 contrast,	 generally	 opposes	 the	withholding	 and
withdrawal	of	life-sustaining	treatments	and	artificial	nutrition,	even	for	patients
who	wish	to	forego	these	treatments,	maintaining	in	a	statement	from	the	Holy
Synod	that	“the	doctor	has	the	moral	obligation	to	assist	the	patient	to	consent	to
the	effort	being	made	to	keep	him	alive.”15

Catholicism
The	Roman	Catholic	Church	allows	for	the	withholding	and	withdrawing	of	life-
sustaining	treatments	if	those	treatments	are	deemed	to	be	futile,	burdensome,	or
disproportionate	 to	 the	 expected	 outcome.	 If	 treatment	 is	 deemed	 as	 such,	 the
Church	 also	 supports	 the	 alleviation	 of	 suffering,	 even	when	 consciousness	 is
reduced	and	death	hastened	as	unintentional	 side	effects.	However,	 the	Church
does	 not	 find	 it	 ethical	 to	 withhold	 or	 withdraw	 treatment	 based	 on	 patient’s
wishes	 if	 active	 treatment	 would	 be	 considered	 reasonable	 and	 life-
prolonging.13,16

Judaism
Jewish	law	(Halakha)	dictates	that	death	cannot	be	hastened,	even	when	illness
is	 terminal.	A	clear	distinction	 is	made	between	active	and	passive	actions	and
between	 withdrawing	 and	 withholding	 life-sustaining	 interventions.	 Neither
physician	aid	with	dying	nor	withdrawal	of	continuous	life-sustaining	treatments
that	 have	 already	 been	 initiated	 is	 allowed	 within	 certain	 orthodox	 traditions.
Allowances	 can	 be	 made	 to	 first	 switch	 continuous	 treatments	 (such	 as
mechanical	 ventilation)	 to	 intermittent	 settings	 (eg,	 putting	 ventilators	 on
timers),	 then	 discontinuing	 these	 treatments,	 given	 that	 continuing	 these
interventions	 may	 cause	 suffering,	 the	 alleviation	 of	 which	 is	 a	 moral
requirement.17	 Withholding	 life-prolonging	 treatments	 is	 considered
permissible.13

Islam
Islamic	 law	 (Shariah)	 dictates	 that	 all	 efforts	 should	 be	 made	 to	 prevent
premature	death,	 though	withholding	and	withdrawing	 treatments	at	 the	end	of
life	 are	 permitted,	 provided	 that	 death	 is	 inevitable	 and	 that	 treatments	 are
unlikely	to	improve	outcomes	or	quality	of	life.13



Hinduism	and	Buddhism
Buddhist	and	Hindu	 traditions	share	 the	belief	 that	 the	body	and	 the	soul	exist
separately	and	that	the	body	can	be	shed	as	the	soul	lives	on	or	is	reincarnated.
In	 both	 traditions,	 it	 is	 believed	 that	 the	 time	 of	 physical	 death	 (eg,	 death
pronouncement)	 is	 only	 the	 beginning	 of	 the	 process	 of	 death	 for	 the	 soul.18
Hinduism	 has	 many	 diverse	 interpretations	 and	 encompasses	 a	 myriad	 of
traditions,	 though	 a	 “good	 death,”	 late	 in	 life,	 peaceful,	 with	 one’s	 affairs	 in
order,	 is	valued.	The	belief	 that	 this	current	 life	 is	a	 transition	between	the	one
before	and	the	one	after	shapes	views	around	end-of-life	care	and	priorities.19

Atheism
Little	data	exist	describing	the	end-of-life	preferences	of	patients	who	identify	as
atheist	 or	 agnostic.	 However,	 one	 small	 study	 found	 that	 atheists	may	 have	 a
conceptualization	 of	 a	 “good	 death”	 similar	 to	 other	 patients,	 but	 may	 have
stronger	preferences	for	evidence-based	medical	treatments	at	the	end	of	life	and
physician	aid	when	dying.20

IMPACT	OF	RELIGIOSITY	ON	END-OF-LIFE
DECISIONS
The	literature	evaluating	the	effect	of	religiosity	on	end-of-life	care	preferences
is	 mixed.	 Some	 data	 suggest	 that	 other	 factors	 may	 have	 a	 bigger	 impact	 on
resuscitation	 preferences	 than	 religiosity.21,22	 Other	 studies	 have	 demonstrated
that	 patients	 and	 families	who	 identify	 as	 religious	 or	 spiritual,4,23	 who	 utilize
spiritual	coping	strategies,24	and	who	express	deference	to	God’s	will25	are	more
likely	to	choose	treatments	to	extend	life.	Patients	who	identify	as	religious	may
also	 be	 less	 likely	 to	 opt	 for	 a	 do-not-attempt-resuscitation	 (DNAR)	 order.26
Additionally,	 those	 who	 feel	 that	 the	 length	 of	 life	 is	 determined	 by	 a	 higher
power	are	less	likely	to	engage	in	advance	care	planning.27

DIAGNOSIS	OF	EXISTENTIAL	SUFFERING	AND
LOSS	OF	PERSONHOOD
Existential	suffering	is	poorly	understood	by	many	clinicians,8	which	can	make	it



difficult	 to	 recognize	 and	 treat.	Because	 suffering	 is	 experienced	by	 the	whole
person,	and	not	 limited	 to	a	specific	part	of	 the	body	or	mind,28	developing	an
understanding	 of	 personhood	 is	 key	 to	 identifying	 and	 addressing	 suffering.
Some	existential	distress	is	related	to	physical	suffering	and	loss	of	dignity	and
personhood	as	patients	struggle	with	life-limiting	illness,29	and,	conversely,	loss
of	 dignity	 and	 personhood	 is	 associated	 with	 an	 increase	 of	 physical,
psychological,30	or	existential	suffering.31	Personhood	also	has	many	definitions,
though	common	themes	include	that	persons	are	unique	and	rational,	possessing
of	 autonomy,	 intention,	 and	purpose.32	The	notions	of	 personhood	 and	person-
centered	care	are	central	to	the	provision	of	competent	and	holistic	palliative	and
end-of-life	 care.	 Cassell	 highlights	 the	 wholeness	 of	 personhood,	 writing	 that
“the	 understanding	 of	 the	 place	 of	 person	 during	 human	 illness	 requires	 a
rejection	of	the	historical	dualism	of	mind	and	body.”7

4 	 The	 Patient	 Dignity	 Question	 (PDQ)	 has	 been	 proposed	 by	 Harvey
Chochinov	and	colleagues33	as	a	means	to	evaluate	personhood	and	is	simple	and
straightforward	to	ask:	“What	do	I	need	to	know	about	you	as	a	person	to	give
you	 the	 best	 care	 possible?”	 Epstein	 and	 Back34	 have	 offered	 the	 question,
“What’s	 the	 worst	 part	 of	 this	 for	 you?”	 as	 a	 means	 to	 recognize	 suffering,
cultivate	curiosity	and	empathy,	and	engage	with	patients	in	a	deeper	way—what
they	term	“turning	toward	suffering.”

Additionally,	 the	 Pictorial	 Representation	 of	 Illness	 and	 Self	 Measure
(PRISM)	 tool	 was	 developed	 to	 aid	 with	 the	 assessment	 of	 suffering	 and	 the
impact	of	illness	and	has	been	used	specifically	to	assess	spiritual	and	existential
distress.35	The	PRISM	tool	consists	of	a	white	board	and	a	 fixed	yellow	circle
representing	 the	 self.	A	 smaller	 red	circle	 represents	 their	disease	process,	 and
patients	are	asked,	“Where	would	you	put	the	illness	disk	to	represent	its	place	in
your	life	right	now?”	The	distance	between	the	middle	of	the	self	and	the	disease
disk	is	termed	the	self-illness	separation.	This	correlates	inversely	with	suffering
and	positively	with	perceived	control	over	illness	and	coping	resources.

The	 Faith,	 Importance,	 Community,	 and	Address	 (FICA)	 tool36	 is	 a	 useful
guide	 to	begin	 conversations	between	providers	 and	patients	 about	 spirituality.
The	questions	include:

Faith,	belief,	and	meaning
Importance	and	influence
Community
Address/action	in	care

This	 tool	 can	 allow	 providers	 to	 open	 the	 door	 to	 further	 exploration	 and
discussion	 around	 spiritual	 and	 existential	 distress	 and	 coping	 mechanisms.



Another	 acronym,	HOPE,	 provides	 a	 similarly	 useful	 framework	 for	 spiritual
assessment37:

H—sources	of	hope,	meaning,	connection,	strength
O—organized	religion
P—personal	spirituality	and	practices
E—effects	on	health	care	and	end-of-life	decision-making

4 	Table	 35.1	 summarizes	 these	 tools	 for	 spiritual	 assessment	 and	 sample
questions.

TABLE	35.1

Useful	Tools	for	Spiritual/Existential	Assessment

Framework Domains Sample	Questions

Single
questions

Dignity	and
personhood
(Patient	Dignity
Question)

“What	do	I	need	to	know	about	you	as	a
person	to	give	you	the	best	care
possible?”32

Suffering “What’s	the	worst	part	of	this	for	you?”33

FICA35 Faith,	belief,
and	meaning

“Do	you	consider	yourself	spiritual	or
religious?”
“What	gives	your	life	meaning?”

Importance	and
Influence

“What	importance	does	your	faith	or	belief
have	in	your	life?”
“Do	you	have	specific	beliefs	that	might
influence	your	health	care	decisions?	If	so,
are	you	willing	to	share	those	with	your
health	care	team?”

Community “Are	you	a	member	of	a	spiritual	or
religious	community?”
“Is	there	a	group	of	people	you	really	love
or	who	are	important	to	you?”
“Who	matters	the	most	to	you?”



Address/Action
in	Care

“How	would	you	like	me	to	address	these
issues	in	your	health	care?”
“How	can	we	honor	these	parts	of	your	life
while	you	are	in	the	hospital?”

HOPE36 Sources	of
Hope,	comfort,
connection,
strength,
meaning

“What	gives	you	hope?”
“What	sources	of	support	do	you	have?”
“What	gives	your	life	meaning?”
“What	gets	you	through	difficult	times?”

Organized
religion

“Do	you	belong	to	a	religious	community
or	tradition?”
“What	are	the	ways	that	this	is	helpful	to
you	(and	not-so-helpful)?”

Personal
spirituality	and
practices

“Do	you	have	any	personal	spiritual	beliefs
or	practices?”
“Do	you	have	any	spiritual	beliefs	outside
of	organized	religion?”
“What	aspects	of	that	practice	are	most
helpful	to	you?”

Effects	on
health	care	and
end-of-life
decision-
making

“How	do	these	beliefs	and	values	shape
your	decisions	about	health	care?”
“Are	there	any	ways	in	which	you	could
imagine	your	religious	beliefs	coming	into
conflict	with	the	care	we	are	providing?”
“Would	you	like	for	us	to	have	our	hospital
chaplain	explore	this	in	more	detail	with
you?”
“How	can	we	address	these	aspects	of	your
care	while	you’re	in	the	hospital?”

ADDRESSING	EXISTENTIAL	AND	SPIRITUAL
DISTRESS:	USE	OF	AN	INTERDISCIPLINARY
TEAM



The	 need	 to	 integrate	 the	 assessment	 and	 treatment	 of	 existential	 and	 spiritual
distress	is	 important	for	the	care	of	the	critically	ill	patient.	This	is	particularly
important	given	the	acknowledgment,	as	outlined	before,	that	an	increased	sense
of	religiosity	may	impact	preferences	related	to	end-of-life	care,	and	the	fact	that
addressing	spiritual	and	existential	suffering	improves	quality	of	life	even	at	the
end	of	life.1	ICU	and	palliative	care	teams	commonly	utilize	an	interdisciplinary
approach	 involving	 psychologists	 and	 social	 workers	 to	 help	 address	 the
emotional	distress	of	patients.	A	similar	model	of	interdisciplinary	collaboration
is	 needed	 to	most	 effectively—and	 efficiently—meet	 the	needs	of	 our	 patients
who	experience	spiritual	suffering38	(Figure	35.1).

	

Figure	 35.1 	 Interdisciplinary	 care	 of	 the	 critically	 ill
patient.38Darkened	 boxes	 indicate	 the	 primary	 focus	 of	 role.(Used
with	 permission	 of	AME	Publishing	Company,	 from	Richardson	 P.
Spirituality,	 religion	 and	 palliative	 care.	 Ann	 Palliat	 Med.
2014;3(3):150-159;	 permission	 conveyed	 through	 Copyright
Clearance	Center,	Inc.)

5 	The	hospital	 specialist	 in	 the	 spiritual	domain	 is	 the	chaplain.	Within	 this
specialty,	 there	are	 two	principal	 types	of	chaplains.	This	distinction	should	be
recognized	 by	 clinicians	 to	 understand	 the	 nature	 of	 the	 relationship	 between
patient	and	chaplain	before	hospitalization	as	well	 as	 the	chaplain’s	 familiarity
with	serious	illness	and	the	health	care	system:



1.	 The	hospital	or	health-system–based	chaplain	(health	care	chaplain)	is	most
often	employed	by	the	hospital.	This	of	chaplain	is	ecumenical,	serving	the
spiritual	and	religious	needs	of	patients	regardless	of	faith.	They	are	often
called	to	support	patients	and	families	whether	or	not	they	self-identify	as
religious	or	spiritual.	The	health	care	chaplain	usually	has	a	master’s
degree,	and	formal	certification	requires	at	least	an	additional	1600	hours	of
training	in	clinical	pastoral	education	or	CPE.	Just	as	with	physicians,	there
is	a	tacit	agreement	to	abide	by	a	specific	code	of	ethics	and	professional
practice	standards.	These	chaplains	work	closely	with	clinical	teams,	are
often	integrated	with	the	spiritual	and	faith	communities	of	the	patients	they
serve,	and	frequently	collaborate	with	denominational	chaplains	(see	the
following	paragraph).

2.	 The	denominational	chaplain	is	usually	employed	by	or	volunteers	with	a
specific	faith-based	group,	providing	outreach	to	members	of	their	religious
community.	These	chaplains	are	not	mandated	to	have	the	formal	clinical
training	of	their	health	care–based	colleagues	and	can	have	a	widely
variable	level	of	familiarity	with	critical	illness	and	supporting	those	in
medical	crisis.39

5 	While	the	physician,	nurse,	and	social	worker	can	assess	and	provide	basic
spiritual	 support	 for	 critically	 ill	 patients	 and	 their	 families,	 collaboration	with
chaplains,	 especially	 health	 care	 chaplains,	 is	 considered	 a	 best	 practice	 to
address	the	spiritual	needs	of	both	patients	and	families.40

Furthermore,	 data	 suggest	 that	 family	members	 of	 patients	who	 died	 in	 the
intensive	care	unit	(ICU)	rate	the	overall	experience	better	when	chaplains	were
involved	in	the	care	of	their	critically	ill	loved	ones	during	the	final	days	of	life.4
Too	often,	chaplains	are	called	in	to	see	patients	only	in	the	final	hours	of	life.
Offering	 chaplaincy	 support	 to	 patients	 and	 families	 of	 critically	 ill	 patients
earlier	 in	 their	 hospital	 stay	may	 help	 address	 patient	 and	 family	 anxiety	 (see
Case	1).

CASE	1
Addressing	Spiritual	Needs	in	the	Intensive	Care	Unit
Ms.	M	is	a	20-year-old	young	woman	in	a	motor	vehicle	crash	who
sustained	a	severe	traumatic	brain	injury	and	multiple	fractures.	Her
hospital	course	has	been	complicated	by	multiorgan	system	failure.



Due	 to	 the	extent	 and	nature	of	 her	 injuries,	 the	neurology	 consult
service	has	 communicated	 to	 the	 family	 that	 they	do	not	 think	 she
will	have	any	meaningful	neurologic	recovery,	though	she	is	not	brain
dead.	Her	 parents	 and	 two	 siblings	 have	 been	 involved	 in	multiple
family	 conferences	 over	 the	 course	 of	 her	 hospitalization.	 They
identify	as	evangelical	Christians	and	have	been	well	supported	by
their	 church	 community	 during	 this	 time.	 They	 express	 a	 wish	 to
continue	 life-sustaining	 treatments	 including	mechanical	 intubation,
and	pressors	 indefinitely,	 stating	 that	 they	have	been	praying	 for	 a
miracle,	and	that	Ms.	M	needs	to	be	kept	alive	long	enough	to	allow
that	 miracle	 to	 occur.	 The	 ICU	 team	 consulted	 both	 the	 hospital
chaplain/spiritual	 care	 service,	 and	 the	 palliative	 care	 team.	 The
chaplain	 first	met	with	 the	 family	separately	as	well	 to	explore	 their
theology	 and	 their	 conceptualization	 of	 how	a	miracle	might	 occur.
Through	 these	 conversations,	 they	 came	 to	 feel	 that	 God	 would
intervene	 with	 a	 miracle	 if	 He	 chose,	 independent	 of	 the	 artificial
means	of	life	support	that	were	being	provided	by	the	medical	team.
They	also	felt	strongly	after	these	conversations	that	God	would	not
want	Ms.	M	 to	 suffer.	 Over	 a	 series	 of	 family	 conferences	 that	 all
began	with	prayer,	the	family	agreed	to	make	the	patient	DNAR,	and
later	agreed	to	withdraw	ventilator	support	and	pressors.

HOPE	AND	RESILIENCY—RESTORATION	OF
PERSONHOOD
6 	Hopefulness	is	not	merely	an	emotion,	nor	is	it	considered	by	psychologists	to
be	passively	 received.	Rather,	 hope	 is	 a	dynamic	 cognitive	 construct—both	 an
emotion	and	a	behavior.	Hope	not	only	has	a	role	in	life	when	looking	forward	to
a	bright	or	ambitious	future	but	also	plays	a	critical	role	for	helping	people	cope
with	and	 reframe	serious	 life	events,	 such	as	 trauma,	 illness,	 and	even	death.41
Redirection	of	what	to	hope	for	and	supporting	a	means	of	hope	may	strengthen
patient-clinician	bonds	and	prevent	feelings	of	abandonment.37

6 	When	fighting	a	life-threatening	illness,	maintaining	hope	can	help	patients
and	families	foster	emotional	resilience.



Clinicians	 often	 hesitate	 to	 share	 prognostic	 information	 with	 patients	 and
family	 members	 for	 fear	 of	 depriving	 them	 of	 hope.	 Research	 indicates	 that
physicians	 avoid	 prognostication	 for	 fear	 of	 (1)	 causing	 anxiety	 and	 increased
stress	 for	 patients	 and	 families,	 perhaps	worsening	 their	 clinical	 outcomes;	 (2)
influencing	 colleagues’	 attitudes	 about	 their	 effectiveness	 of	 care,	 potentially
decreasing	 vigilance	 in	 the	 fight	 to	 cure;	 and	 (3)	 naming	 a	 possible	 negative
outcome,	 perhaps	making	 it	 more	 possible.42,43	 In	 contrast,	 many	 patients	 and
families	 report	 that	 honest	 discussion	 about	 prognosis	 does	 not	 interfere	 with
hope,	and	perhaps	even	helps	support	its	maintenance.44	Despite	this	preference,
family	members	 of	 critically	 ill	 patients	 often	 demonstrate	 avoidant	 behaviors
that	suggest	not	wishing	to	“know	all.”	This	demonstrated	ambivalence	reflects
the	emotional	struggle	of	not	wanting	to	acknowledge	their	loved	ones’	serious
prognosis.	This	difficulty	can	be	mitigated	by	frequent	clinician	conversations	to
help	 patients	 and	 surrogate	 decision-makers	 process	 and	 prepare	 for	 the	worst
while	continuing	to	hold	on	to	hope	for	the	best	realistically	possible	outcome45
(eg,	“hope	for	the	best,	and	prepare	for	the	worst”).

Furthermore,	a	patient’s	individual	notion	of	what	hope	means	to	them	should
be	explored.	Often,	while	the	initial	reflexive	response	is	to	survive	or	to	return
to	 good	 health,	 when	 examined	 further,	 the	 answers	 are	 more	 complex.
Physicians	may	assume	when	patients	and	their	families	ask	whether	more	can
be	 done,	 they	 are	 wondering	 if	 another	 procedure	 or	 intervention	 is	 possible.
However,	 patients	 are	 often	 asking	whether	more	 can	 be	 done	 to	 help	 restore
their	personhood—some	improvement	in	their	physical	well-being,	an	increased
ability	to	return	to	performing	in	their	identified	roles,	or	simply	to	return	home
without	suffering.	They	are	also	often	asking	for	clarity	in	prognosis	and	support
for	 themselves	and	 their	 families	 to	complete	 their	 life	story	 in	alignment	with
the	way	they	have	always	lived.46

Life	 review	 and	dignity	 therapy	 are	 psychotherapy	methods	 specifically	 for
patients	with	 life-limiting	 illness.	These	approaches	seek	 to	support	 the	dignity
and	 resiliency	 of	 the	 person.	 Dignity	 therapy	 was	 developed	 by	 Dr.	 Harvey
Chochinov	to	address	sources	of	psychosocial	and	existential	distress	as	well	as
provide	 a	 means	 of	 recording	 in	 a	 written	 legacy	 or	 “generativity	 document”
thoughts	they	find	valuable	for	their	loved	ones.	The	interview	technique	focuses
on	 the	 events,	 roles,	 and	 accomplishments	 that	 were	 most	 important	 to	 the
patient	over	their	lifetime	and	also	allows	the	dying	person	to	share	their	hopes
and	 dreams	 for	 those	 they	 will	 leave	 behind.47	 The	 meaning-making	 that	 is
created	 through	 this	 process	 has	 been	 shown	 to	 decrease	 patient	 suffering	 and
increase	a	sense	of	both	dignity	and	purpose.48



IMPACT	OF	MEDICAL	DECISIONS	ON	GRIEF
AND	BEREAVEMENT
Grief	is	a	normal	response	to	the	loss	of	a	family	member	or	close	friend.	This
can	be	a	consequence	not	only	of	death	itself	but	also	the	loss	of	what	constitutes
the	“personhood”	of	someone	loved.	For	example,	after	55	years	of	marriage,	a
wife	can	grieve	the	loss	of	her	independent	spouse	who	now	needs	to	be	placed
in	nursing	home	after	a	traumatic	fall.	A	young	athlete	can	grieve	the	loss	of	his
sense	of	future	and	identity	after	having	suffered	a	spinal	cord	injury.	Grief	also
does	not	only	occur	after	trauma	but	also	with	protracted	illness	or	other	intense
loss.

Most	people	exhibit	tremendous	resiliency	when	grieving	the	death	of	a	loved
one.	Resiliency	can	come	from	connection	with	sense	of	purpose,	reflection	on
meaning	 of	 the	 relationship	 and	 life	 review,	 and	 both	 spiritual	 and	 religious
factors.	Respecting	and	infusing	religious	traditions/rituals	and	values	at	the	end
of	life	can	add	meaning	to	the	loss.	In	many	religions,	ensuring	a	patient’s	honor
and	 integrity	 at	 the	 end	of	 life	 can	 support	 a	 family’s	 bereavement.	 In	 Islamic
traditions,	 for	 example,	 these	 efforts	 can	 reflect	 a	 family’s	 acceptance	 of	 the
Koranic	 teaching	 that	 there	 are	 times	 to	 let	 nature	 take	 its	 course	 (Al-Qur’an
39:42)	and	an	assurance	that	their	advocacy	role	as	loving	family	members	has
been	fulfilled.49

However,	 approximately	 10%	 of	 people	 who	 grieve	 develop	 protracted
symptoms,	 what	 used	 to	 be	 called	 complicated	 grief	 disorder,	 but	 now	 is
characterized	 in	 the	 Diagnostic	 and	 Statistical	 Manual	 of	 Mental	 Disorders,
Fifth	Edition	(DSM-5)	as	either	depression	or	adjustment	disorder.50	Historically,
a	 “bereavement	 exclusion”	 was	 made	 in	 the	 diagnosis	 of	 major	 depressive
disorder—reflecting	a	belief	that	bereavement	is	a	natural	process	and	should	not
be	pathologized.	While	 it	 shares	some	symptomatology	with	major	depression,
grief	has	unique	features	as	well,	including	the	preservation	of	self-esteem,	and
positive	memories	and	feelings	related	to	the	loved	one	combined	with	sadness.
The	bereavement	exclusion	was	removed	from	DSM-5,50	 though	differentiating
between	major	depression	and	grief	 remains	complex.51	Adjustment	disorder	 is
defined	by	“marked	distress	that	is	out	of	proportion	to	the	severity	or	intensity
of	 the	stressor,	 taking	 into	account	 the	external	context	and	 the	cultural	 factors
that	might	include	symptom	severity	and	presentation.”	This	distress	must	cause
significant	 social,	 occupational,	 or	 other	 functional	 impairment,	 and	 may	 not
represent	“normal	bereavement.”49

Social	isolation	and	underdeveloped	coping	mechanisms	contribute	to	the	risk



of	 protracted	 and	 severe	 grief.52	 Perceived	 conflict	 between	medical	 decisions
and	 religious	 beliefs	 may	 contribute	 to	 increased	 suffering	 during
bereavement.53,54	In	some	cases,	this	may	be	due	to	beliefs	that	the	deceased	may
suffer	 ongoing	 consequences	of	 decisions	made	during	 the	 final	weeks	of	 life.
For	 example,	 in	 Buddhism,	 some	 believe	 that	 terminal	 delirium	 or	 confusion
may	cause	the	soul	to	become	lost	during	the	process	of	rebirth.	It	can	be	helpful
for	 the	medical	 team	 to	 seek	guidance	not	only	 from	 the	 ethics	 committee	but
also	 from	 chaplains	 and	 religious	 leaders	 to	 help	 explore	 the	 influence	 of
religious	 beliefs	 on	 decision-making,	 particularly	 on	 withholding	 and
withdrawing	life	support,	artificial	nutrition,	and	hydration.

SELF-CARE	AND	MORAL	DISTRESS
7 	Spirituality,	as	defined	in	this	chapter,	is	broader	than	religion	and	religiosity.
It	is	about	resilience,	hope,	meaning-making	and	purpose,	and	the	ability	to	tend
to	 suffering.	 As	 such,	 it	 is	 a	 concept	 that	 does	 not	 only	 apply	 to	 something
assessed	and	offered	to	patients;	rather,	in	this	broader	sense,	it	can	play	a	central
role	for	preventing	burnout	among	clinicians	and	staff.	Studies	suggest	that	up	to
50%	 of	 ICU	 physicians	 and	 30%	 of	 ICU	 nurses	 meet	 the	 criteria	 for	 severe
burnout.55

Burnout	 is	 frequently	 associated	 with	 long	 work	 hours	 and	 increased
productivity	pressures.	For	others,	burnout	can	be	causally	related	to	end-of-life
care	conflicts,	such	as	moral	distress	associated	with	poor	interprofessional	and
provider-patient/family	 communication	 around	 end-of-life	 care	 issues.56
Furthermore,	burnout	is	linked	with	an	individual’s	commitment	to	excellence	in
their	 work	 and	 willingness	 to	 put	 aside	 self-awareness	 and	 self-care.	 Major
characteristics	 of	 burnout	 include	 emotional	 (and	 physical)	 exhaustion,
depersonalization,	 and	 a	 diminished	 sense	 of	 professional	 accomplishment	 or
effectiveness.	 Physicians	 often	 correlate	 patient	 outcomes	 with	 their	 sense	 of
personal	effectiveness.	For	many,	the	death	of	a	patient—regardless	of	cause—
equates	with	 clinical	 failure.	This	makes	 the	 care	of	patients	 at	 the	 end	of	 life
particularly	 high	 risk	 for	 clinician	 burnout.	 Unfortunately,	 research	 is
demonstrating	that	patient	outcomes	may	also	be	affected	by	clinician	burnout.57

7 	In	this	way,	the	death	of	patients	in	the	ICU	adds	not	only	to	the	emotional
labor	of	the	work	but	also	to	the	risk	of	burnout	among	clinicians.

7 	 Factors	 that	 help	 mitigate	 or	 prevent	 burnout	 extend	 beyond	 intrinsic
personality	characteristics	such	as	hardiness	and	include	workplace	factors	such
as	perceived	fairness	and	sense	of	support	and	control.	Active	spiritual	practices



such	 as	 mindfulness	 meditation,	 reflective	 writing,	 and	 cultivation	 of	 self-
awareness	have	also	demonstrated	utility.	The	interdisciplinary	team	can	play	a
role	 for	 supporting	 patient	 care	 providers’	 resiliency,	 including	 structured
debriefings	 and	 memorial	 services.	 Sharing	 the	 challenging	 experiences	 of
caring	for	people	with	one’s	colleagues	lends	mutual	support	and	counteracts	the
risk	of	burnout.58

SUMMARY
In	 summary,	 spiritual	 and	 existential	 concerns	 are	 often	 at	 the	 forefront	 at	 the
end	 of	 life	 (Table	 35.2).	 Many	 physicians	 feel	 ill-equipped	 to	 address	 these
issues,	but	engaging	with	patients	around	spiritual	and	existential	distress	 is	an
essential	part	of	holistic	care.	Religious	theology	and	religiosity	in	general	may
influence	 decisions	 made	 at	 the	 end	 of	 life,	 although	 there	 is	 significant
variability	within	religious	and	cultural	traditions.	Tools	exist	to	help	physicians
assess	 spirituality	 and	 religiosity,	 as	well	 as	 personhood	 and	 overall	 suffering.
Interdisciplinary	 collaboration,	 particularly	 with	 chaplaincy,	 is	 critical	 for
ensuring	that	the	spiritual	and	existential	needs	of	the	person/patient	have	been
fully	 addressed.	 Clinicians	 have	 an	 obligation	 to	 be	 truthful	with	 patients	 and
families	about	prognosis	and	also	to	help	foster	hope	as	a	tool	to	build	resiliency
through	critical	illness.	Finally,	clinicians	who	care	for	patients	at	the	end	of	life
and	in	the	ICU	are	at	high	risk	for	burnout	and	are	well	served	to	use	tools	such
as	 debriefing,	 meditation,	 and	 reflection,	 as	 well	 as	 the	 support	 of	 an
interdisciplinary	team	to	maintain	their	own	personal	wellness.

TABLE	35.2

Summary	of	Evidence-Based	Recommendations

Physicians	should	assess	the	spiritual	and	existential	needs	of	patients	at	the
end	of	life.
Physicians	should	have	an	understanding	of	how	religious	and	spiritual
beliefs	might	affect	decisions	at	the	end	of	life.
Loss	of	personhood	and	dignity	are	significant	contributors	to	suffering	at
the	end	of	life	and	screening	for	these	is	an	important	part	of	holistic
palliative	care.



The	FICA	and	HOPE	tools	and	Patient	Dignity	Question	can	be	used	to
better	understand	patients’	religious/spiritual	identities	and	personhood.
Involving	chaplaincy	in	the	care	of	critically	ill	patients	is	considered	a	best
practice	and	improves	family	satisfaction.
Reframing	hope	within	an	honest	discussion	of	prognosis	can	promote
resiliency	for	patients	and	their	families	dealing	with	serious	illness.
Critical	care	physicians	are	at	high	risk	for	burnout	and	can	take	active
steps	to	maintain	their	personal	wellness	as	they	care	for	patients	at	the	end
of	life.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Spiritual	assessment	tools	help	clinicians	understand	patients’	spiritual
practices	and	beliefs	that	directly	influence	their	experience	of	illness,	coping,
and	medical	decision-making.	All	of	the	following	are	evidence-based	tools	for
spiritual	assessment	EXCEPT:

A. 	FICA	(Faith,	Importance/Influence,	Community,	and	Address/Action
in	Care)
B. 	DOLE	(Discuss,	Observe,	Learn,	and	Educate)
C. 	HOPE	(Hope,	Organized	Religion,	Practices,	Effects	on	Health	and
Decision-Making)
D. 	PRISM	(Pictorial	Representation	of	Illness	and	Self	Measure)

2. 	Which	of	the	following	is	true	about	religiosity	and	end-of-life	decision-
making?

A. 	Compared	to	age,	education,	and	cultural	identity,	religiosity	has
more	impact	on	medical	decision-making
B. 	Patients	who	believe	life	length	is	determined	by	a	higher	power	are
more	likely	to	engage	in	advance	care	planning
C. 	Patients	who	identify	as	religious	are	less	likely	to	have	chosen	a
health	care	agent	(proxy)
D. 	Patients	who	identify	as	religious	are	more	likely	to	choose
longevity-focused	care



3. 	Maintaining	hope—even	when	disease	cannot	be	cured—is	crucial	to
reducing	suffering	among	patients	and	families.	According	to	the	American
Psychological	Association,	“hope”	is:

A. 	An	emotion
B. 	A	character	strength
C. 	A	modality	for	coping	with	trauma	and	loss
D. 	All	of	the	above

Answers

1.	The	correct	answer	is	B.
Rationale:	 All	 of	 the	 instruments	 listed	 except	 DOLE	 are	 evidence-based

spiritual	assessment	instruments	(choice	B	is	the	correct,	false	item	as	A,	C,	and
D	are	 true).	Of	note,	none	of	 these	 tools	 are	considered	 superior	 to	 the	others.
Selection	and	implementation	of	any	particular	tool	may	standardize	the	process
of	spiritual	assessment	within	a	busy	ICU.

2.	The	correct	answer	is	D.
Rationale:	 The	 literature	 evaluating	 the	 effect	 of	 religiosity,	 religious

attendance,	 and	 self-rated	 spirituality	 on	 end-of-life	 care	 preferences	 is	mixed.
Studies	have	demonstrated	 that	patients	and	 families	who	 identify	as	 religious,
who	utilize	spiritual	coping	strategies,	and	who	express	deference	to	God’s	will
are	 associated	 with	 treatment	 preferences	 to	 extend	 life	 (choice	 D	 is	 correct,
though	 there	 is	 significant	 variability	 in	 real-world	 practice).	 Recent	 studies
suggest	factors	such	as	age,	education,	marital	status,	and/or	culture	may	have	a
bigger	 impact	 on	 end-of-life	 directives	 than	 does	 religiosity	 (choice	 A	 is
incorrect).	 Patients	 who	 feel	 that	 the	 length	 of	 life	 is	 determined	 by	 a	 higher
power	are	less	likely	to	engage	in	formal	advance	care	planning	and	may	prefer
informal	methods	of	negotiating	end-of-life	decisions	(choice	B	is	incorrect).	In
a	 large	study	of	general	medicine	 inpatients,	people	who	were	highly	 religious
were	more	likely	to	have	a	health	care	agent	(choice	C	is	incorrect)	but	did	not
differ	 in	 their	 likelihood	 of	 having	 an	 advance	 directive	 or	 DNR	 order	 when
compared	with	other	patients.

3.	The	correct	answer	is	D.
Rationale:	All	answers	are	correct.	Hope	is	a	dynamic	cognitive	construct	and

includes	 emotional	 and	 behavioral	 elements.	 Hope	 plays	 a	 critical	 role	 for
helping	people	cope	with	and	reframe	serious	life	events,	such	as	trauma,	illness,



and	even	death.	Redirection	of	what	to	hope	for	and	supporting	a	means	of	hope
may	 strengthen	 patient-clinician	 bonds	 and	 prevent	 feelings	 of	 abandonment
Ref:	https://dictionary.apa.org/hope
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Resuscitation	From	Shock	Following
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KEY	POINTS:
1.	 Hemorrhage	shock	remains	a	significant	source	of	morbidity	and

mortality	for	the	trauma	patient.
2.	 Crystalloid	fluids	should	be	minimized	when	resuscitating	the

bleeding	patient	due	to	increased	coagulopathy	and	organ	failure.
3.	 Coagulopathy	of	the	trauma	patient	results	in	a	systemic	response

and	hypoperfusion.
4.	 Early	signs	of	hemorrhagic	shock	may	be	subtle	as	hypotension

occurs	later.
5.	 Focused	Assessment	with	Sonography	for	Trauma	(FAST)	is	useful

for	identifying	and	localizing	the	cause	of	shock:	cardiac	tamponade,
hemothorax,	pneumothorax,	and	intraperitoneal	hemorrhage.

6.	 Hemorrhage	control	from	direct	pressure,	tourniquets,	hemostatic
agents,	resuscitative	endovascular	balloon	occlusion	of	the	aorta	can
be	utilized	for	temporary	bleeding	control	until	definitive	surgical
management	of	bleeding.



7.	 Damage	control	principles	with	targeted	treatment	of	coagulopathy,
early	use	of	plasma,	and	limited	crystalloids	are	needed	for	the
exsanguinating	patient.

8.	 Resuscitation	for	patients	in	hemorrhagic	shock	should	include
balanced	component	therapy	and/or	whole	blood	transfusion.

9.	 Vasopressors	have	a	limited	role	and	may	be	used	for	select	patients
in	hemorrhagic	shock.

INTRODUCTION
Early	recognition	of	exsanguinating	hemorrhage	is	critical	to	the	survivability	of
the	 acutely	 bleeding	 patient.	 Typical	 methods	 of	 in-hospital	 assessment,
including	 blood	 pressure	 and	 hemoglobin	 levels,	 are	 often	 misleading,	 and
reliance	upon	these	methods	frequently	results	in	late	recognition	of	hemorrhagic
shock,	giving	rise	to	higher	mortality	rates.	The	advanced	Trauma	Life	Support
program	teaches	health	care	providers	to	incorporate	basic	physical	examination
skills	(heart	rate,	blood	pressure,	pulse	pressure,	respiratory	rate,	capillary	refill,
and	mentation)	to	stratify	injury	severity,	identify	and	treat	immediate	threats	to
life,	 and	 quantify	 blood	 loss.1	 Rapid,	 focused	 assessment	 is	 necessary	 to
expeditiously	 identify	 those	patients	who	are	either	 in	hemorrhagic	shock	or	at
risk	for	developing	it.

1 	 Surgical	 patients	 die	 from	 shock	 either	 abruptly	 via	 inadequate	 oxygen
delivery	 or	 subacutely	 through	 development	 of	multisystem	organ	 dysfunction
from	late	recognition	or	inadequate	resuscitation.	Unlike	the	typical	nonsurgical
critically	 ill	 patient,	 organ	 dysfunction	 often	 results	 from	 the	 acute	 effects	 of
exsanguination.	Hemorrhage	 accounts	 for	up	 to	40%	of	 trauma	deaths,	 second
only	to	central	nervous	system	injury.2-4	Controlling	hemorrhage	is	thus	a	priority
for	modern	trauma	patient	care;	however,	the	source	of	hemorrhage	must	first	be
identified.

2 	Prior	 to,	during,	and	following	surgical	 intervention,	ongoing	resuscitative
efforts	 must	 proceed	 appropriately	 to	 avoid	 the	 sequelae	 of	 hypoperfusion.
Although	 commonly	 utilized	 in	 nonbleeding	 patients,	 intravenous	 (IV)
crystalloid	 infusion	 only	 provides	 temporary	 volume	 repletion.	 Additionally,
crystalloids	worsen	 acidosis,	 contribute	 to	 coagulopathy,	 cause	 immunological
dysfunction,	and	impose	pulmonary	and	renal	risks,	and,	therefore,	have	limited
utility	 in	 the	 hemorrhaging	 patient.5	 Lost	 cellular	 components,	 coagulation
factors,	 and	 oxygen-carrying	 capacity	 require	 directed	 replacement	 to	 achieve



normal	perfusion.
Trauma-induced	and	consumptive	coagulopathy	presents	a	unique	challenge

not	present	in	other	shock	states.	In	addition	to	the	quantitative	loss	of	essential
clotting	 components,	 hemorrhage	 results	 in	 hemostatic	 functional	 failure.
Hyperfibrinolysis,	progressive	 thrombocytopenia,	acidosis,	and	hypothermia	all
contribute	 to	 worsening	 coagulopathy	 that	 mandates	 aggressive,	 early,	 and
targeted	management.

A	 variety	 of	 methods	 have	 been	 utilized	 to	 determine	 endpoints	 of
resuscitation	following	significant	hemorrhage.	Failure	to	direct	resuscitation	to
these	specific	goals	may	lead	to	over-	or	under-resuscitation	and	the	multitude	of
deleterious	 effects	 of	 either.	 No	 single	 endpoint	 has	 proven	 adequate,	 further
elucidating	 the	 importance	 of	 a	 keen	 understanding	 of	 the	 physiological
consequences	of	bleeding.

Following	 initial	 resuscitation,	 ongoing	 need	 for	 blood	 products	 and
hemostatic	adjuncts	suggests	the	presence	of	a	missed	injury	or	ongoing	surgical
bleeding	not	yet	controlled.	Although	not	always	clear,	failing	to	recognize	the
need	to	return	to	the	operating	theater	or	endoscopy	or	interventional	suite	will
result	in	worsened	physiology,	often	beyond	recovery	and	repair.

The	 myriad	 of	 issues	 encompassing	 shock	 following	 hemorrhage	 require
diligence,	 foresight,	 and	 intuition	 in	 order	 to	 orchestrate	 a	 successful
resuscitative	 strategy,	 while	 minimizing	 the	 complications	 associated	 with	 the
disease	state,	as	well	as	complications	of	the	resuscitation.

PHYSIOLOGICAL	RESPONSES	TO
HEMORRHAGE

Coagulopathy
Acute	coagulopathy	resulting	from	hemorrhage	is	not	a	new	concept,	but	recent
work	 has	 further	 elucidated	 causes	 and	 potential	 treatments	 for	 coagulation
disturbances	 associated	 with	 acute,	 large-volume	 blood	 loss.	 When	 present,
coagulopathy	is	associated	with	higher	mortality,	up	to	four	times	that	of	patients
with	normal	coagulation	profiles.6

2 	 Dilutional	 coagulation	 dysfunction	 has	 long	 been	 at	 the	 forefront	 of
arguments	 against	 the	 use	 of	 large-volume	 prehospital	 or	 in-hospital
resuscitation	 with	 crystalloid	 solutions.	 With	 continued	 hemorrhage,	 plasma
constituents	 necessary	 for	 hemostasis	 are	 not	 repleted.	Replacing	 only	 the	 lost



volume	with	crystalloid	not	only	 fails	 to	 replenish	plasma	constituents	but	also
dilutes	 those	 remaining	 coagulation	 elements,	 thereby	 worsening	 hemorrhage.
Additionally,	 crystalloid	 dilutional	 resuscitation	 has	 also	 been	 linked	 with
increased	 hyperfibrinolysis—a	 deadly	 combination.	 However,	 multiple	 studies
have	 shown	 this	 to	 be	 only	 one	 component	 of	 coagulation	 disruption,	 because
coagulopathy	 in	 the	 absence	 of	 crystalloid	 resuscitation	 remains	 a	 significant
problem,	most	notably	following	injury.7

Consumptive	 coagulopathy,	 originally	 thought	 to	 be	 the	 primary	 cause	 of
clotting	dysfunction	seen	in	patients	sustaining	significant	hemorrhage,	is	rooted
in	the	concept	of	localized	exhaustion	of	clotting	factors,	platelets,	thrombin,	and
other	 hemostatic	 activators.	 In	 severe	 multisystem	 tissue	 damage,	 such	 as
massive	 crush	 injury,	 this	 likely	 plays	 a	 key	 role	 in	 the	 basic	 view	 of
hemorrhagic	 coagulation	 dysfunction.	 However,	 coagulopathy	 is	 often
associated	 with	 major,	 single-site	 hemorrhage	 where	 direct	 tissue	 damage	 is
limited,	 such	 as	 intraoperative	vascular	 injury	or	 isolated	organ	 trauma	 from	a
single	gunshot	wound,	suggesting	that	systemic	effects	are	at	work.8

3 	Approximately	25%	of	traumatized	patients	will	present	with	coagulopathy
that	 differs	 from	 these	 classic	 interpretations	 of	 causative	 mechanisms.9
Although	 dilutional	 and	 consumptive	 causes	 certainly	 play	 a	 role	 in	 the	 acute
coagulopathy	of	hemorrhage,	dysregulated	systemic	activation	and	deactivation
of	key	hemostatic	mediators,	as	well	as	hypoperfusion,	 significantly	contribute
to	systemic	hemostatic	failure.	This	is	evidenced	by	those	patients	who	present
with	normal	perfusion;	and,	despite	massive	tissue	injury,	some	patients	do	not
show	signs	of	coagulopathy.10	Direct	tissue	injury	exposes	tissue	factor	and	type
III	 collagen	 within	 the	 subendothelium	 of	 damaged	 vessels.	 Binding	 of	 von
Willebrand	 factor,	 platelets,	 and	 factor	 VIIa	 leads	 to	 thrombin	 and	 fibrin
formation.	 This	 process	 is	 then	 amplified	 by	 factor	 IX,	 propagating	 the	 initial
hemostatic	response	to	hemorrhage.	Because	hemostasis	is	part	of	a	coagulation
continuum,	 whereby	 clot	 formation	 and	 lysis	 are	 principal	 components,	 the
release	of	hemostatic	 factors	 is	 accompanied	by	 concomitant	 increases	 in	 lytic
factors.	Endothelial	exposure	from	injury	and	thrombin	formation	also	result	in
release	 of	 tissue	 plasminogen	 activator	 (tPA).	 Additionally,	 plasminogen
activator	 inhibitor	 1	 (PAI-1)	 is	 inhibited,	 leading	 to	 increased	 plasticity	 of
forming	clots.8,11

These	 local	 responses	 to	 tissue	damage	do	not,	however,	 fully	elucidate	 the
widespread	clotting	malfunction	seen	with	 large-volume	hemorrhage.	Systemic
activation	 in	 response	 to	 hypoperfusion	 and	 shock	 has	 been	 implicated	 as	 a
fundamentally	necessary	 component	of	 the	 acute	 coagulopathy	of	hemorrhage.
This	 is	 seen	 with	 the	 thrombin-thrombomodulin-protein	 C	 complex.



Hemorrhagic	shock	leads	 to	 increased	circulating	thrombomodulin,	resulting	in
whole-body	 activation	 of	 protein	 C.	 Activated	 protein	 C	 then	 exudes	 its
anticoagulant	effects	through	degradation	of	clotting	factors,	specifically	factors
V	and	VIII.	Studies	have	shown	those	patients	in	shock,	regardless	of	degree	of
tissue	 injury,	 have	 universally	 demonstrated	 deficiency	 in	 factor	 V.7	 PAI-1	 is
consumed,	and	thrombin	generation	subsequently	downregulated	on	a	systemic
level	as	a	result	of	increased	protein	C	and	glycocalyx	shedding.	The	endothelial
glycocalyx	 is	 a	 key	 regulator	 of	 vascular	 permeability,	 cell	 adhesion,	 and
inflammation.	At	least	one	of	four	key	components,	syndecan-1,	is	shed	during
hemorrhagic	shock	exposing	the	membrane	to	inflammatory	molecule	adhesion,
increasing	permeability,	and	hyperfibrinolysis.	The	glycocalyx	has	been	shown,
at	least	in	an	animal	model,	to	be	replenished	in	plasma-based	resuscitation	and
not	with	crystalloids.12,13

The	 presence	 of	 shock	 is	 associated	 with	 hyperfibrinolysis	 and	 worsened
outcomes.	 When	 percentage	 of	 lysis	 at	 30	 minutes	 (LY30),	 as	 defined	 by
thromboelastography	 (TEG),	 exceeded	 3%,	 the	 associated	 mortality	 risk
increased	 10-fold.6	 Although	 fibrinolysis	 is	 a	 normal	 physiologic	 process,
hypoperfusion-related	 dysregulation	 of	 mediating	 factors	 results	 in
overactivation	 of	 the	 fibrinolytic	 process.	 Plasminogen	 activators	 (tPA)	 cleave
plasminogen	 to	 plasmin	 and	 are	 systemically	 upregulated	 in	 response	 to
hemorrhagic	 shock.	 Additionally,	 the	 downregulatory	 activities	 of	 PAI-1	 are
inhibited	 through	 depletion.11	 This	 sets	 the	 stage	 for	 unrestricted	 lysis,	 diffuse
hemorrhage,	and	uncontrolled	coagulopathy.

Often	revered	by	clinicians	as	a	key	marker	of	a	patient’s	hemostatic	ability,
thrombocytopenia	 is	 associated	 with	 worsened	 outcomes.	 However,	 a	 normal
platelet	 count	 does	 not	 ameliorate	 the	 risk	 of	 mortality	 related	 to	 functional
platelet	 abnormalities,	 especially	 when	 considering	 that	 thrombocytopenia	 on
admission	 is	 a	 rare	 event.	 In	 a	 study	 examining	 101	 severely	 injured	 trauma
patients	with	normal	platelet	counts,	over	40%	demonstrated	a	defect	in	platelet
function	 on	 admission	 to	 the	 emergency	 department.14	 Again,	 the	 presence	 of
shock	is	to	be	blamed.	Hypoperfusion	leading	to	organ	dysfunction,	specifically
hepatic	perturbations,	leads	to	the	release	of	substances,	causing	calcium	channel
disruption	 and	 platelet	 inhibition.15	 Impaired	 fibrinogen-platelet	 interactions,
decreased	 platelet	 responsiveness	 to	 arachidonic	 acid,	 adenosine	 diphosphate,
and	 thrombin	 receptor–activating	 peptide	 as	 well	 as	 the	 classic	 inhibitors	 of
hemostasis—acidosis	 and	 hypothermia—resulting	 from	 hypoperfusion	 also
contribute	to	decreased	platelet	function.16



Hemodynamics
Hemodynamic	 physiologic	 changes	 occur	 as	 a	 result	 of	 the	 need	 to	 ensure
adequate	 tissue	perfusion	 to	vital	organs.	This	 is	accomplished	at	 the	outset	of
severe	 hemorrhage	 through	 a	multitude	 of	 cardiovascular	mechanisms,	 led	 by
sympathetic	upregulation.	Sympathetic	outflow,	resulting	from	atrial	and	carotid
body	 baroreceptors	 and	 loss	 of	 vagal	 tonic	 inhibition	 as	 a	 function	 of
hypovolemia,	causes	cardiac	chronotropic	and	inotropic	responses.	Epinephrine
increases	heart	rate,	which	in	turn	maintains	cardiac	output,	despite	falling	stroke
volume.	This	 is	 first	 recognized	 clinically	by	 an	 increase	 in	diastolic	 pressure,
and	 consequent	 narrowed	 pulse	 pressure.	 With	 worsening	 hypovolemia,
respiratory	variations	in	pulse	pressure	may	develop,	worsening	mean	perfusion
pressures	 significantly.	 Sympathetic	 activation	 also	 increases	 contractility
through	cardiac	β-receptor	stimulation.

Decreased	 arterial	 and	 venous	 compliance	 secondary	 to	 epinephrine	 release
improves	venous	return	in	the	face	of	hypovolemia.	Peripheral	vasoconstriction
is	 clinically	 identified	 by	 the	 presence	 of	 cool	 extremities	 and	 poor	 capillary
refill.	Blood	is	shunted	away	from	the	periphery	to	vital	organs,	such	as	the	heart
and	 brain.	 Splanchnic	 perfusion	 is	 compromised	 because	 endogenous
vasopressin	 and	 other	 sympathetic	 substances,	 such	 as	 endothelin	 and
angiotensin	II,	stimulate	vasoconstrictive	receptor	systems.	Consequently,	renal
blood	 flow	 is	 decreased	 to	 only	 a	 fraction	 of	 normal	 levels,	 leading	 to	 acute
kidney	injury	and	oliguria.	Celiac	vasoconstriction	decreases	hepatic	and	portal
flow,	 resulting	 in	 release	 of	 proinflammatory	mediators,	 such	 as	 interleukin	 6
(IL-6).15,17

On	 a	 microvascular	 level,	 increases	 in	 cellular	 adhesion	 molecules	 cause
neutrophils	to	adhere	to	the	endothelial	cells	in	the	microcirculation,	limiting	the
physical	ability	of	red	cells	 to	navigate	capillary	beds.	 Inflammatory	mediators
induce	 endothelial	 cell	 swelling,	 further	 limiting	 the	 passage	 of	 blood
constituents.	 Decreases	 of	 capillary	 flow	 provoke	 cellular	 ischemia	 and
anaerobic	metabolism	with	ensuing	acidosis.18

As	 hypovolemia	 progresses,	 hemodynamic	 compensation	 fails.	 Cardiac
output	 falls	despite	 increases	 in	contractility	and	heart	 rate.	Vasoconstriction	 is
maximized	 through	 exponential	 quantities	 of	 endogenous	 catecholamines;
however,	without	volume,	 it	 is	 to	no	avail.	Acidosis	 rapidly	 follows,	heart	 rate
variability	declines,	and	bradycardia	emerges	signifying	irreversible	shock.

Metabolic	Aspects



In	 1872,	Gross	 called	 shock	 a	 “rude	 unhinging	 of	 the	machinery	 of	 life.”	The
machinery	of	cellular	metabolism	undergoes	fundamental	changes	in	the	setting
of	 hemorrhagic	 shock.	 Hypovolemic-induced	 depressions	 of	 cardiac	 output
result	 in	 diminished	 perfusion	 to	 end	 organs.	 The	 remaining	 intravascular
volume	 is	 depleted	 of	 hemoglobin	mass,	 although	 concentrations	 may	 remain
relatively	stable	 in	 the	 initial	phases.	Limited	hemoglobin	mass	correlates	with
decreasing	 levels	 of	 available	 oxygen.	 To	 counteract	 this,	 oxygen	 extraction
increases,	 measured	 by	 declining	 mixed	 venous	 oxygen	 saturation,	 and	 the
patient	becomes	dependent	upon	oxygen	delivery	to	maintain	aerobic	metabolic
pathways	 and	 stave	 off	 impending	 acidosis.	As	 hemorrhage	 continues	 and	 the
previously	described	hemodynamic	changes	occur,	anaerobic	metabolism	begins
to	materialize.	The	resultant	acidosis	shifts	the	oxygen	dissociation	curve	to	the
right,	 favoring	oxygen	offloading	at	 the	cellular	 level.	Mild	acidosis,	 therefore,
executes	 a	 beneficial	 effect,	 curbing	 progressive	 anaerobic	 transformation
temporarily.	 If	 hemorrhage	 control	 is	 not	 accomplished,	 the	 availability	 of
cellular	 oxygen	 fades,	 and	 mitochondrial	 energy	 production	 is	 halted	 with
accumulation	of	pyruvate.	Reduction	of	 the	efficiency	of	 the	electron	 transport
chain	 causes	 diversion	 of	 NADH	 that	 donates	 a	 proton	 to	 pyruvate	 with
formation	of	 lactate.	Lactic	acidosis	 then	ensues	until	oxygen	delivery	 restores
the	electron	 transport	chain,	at	which	 time	pyruvate	may	reenter	 the	citric	acid
cycle	and	lactate	production	decreases.

Lactate	 clearance	 has	 been	 studied	 extensively	 as	 a	marker	 of	 resuscitation
effectiveness	 based	 on	 these	 basic	 physiologic	 mechanisms.	 For	 lactate
formation	 rates	 to	 normalize,	 orderly	 aerobic	 cellular	 metabolism	 must	 be
restored.	This	 is	 evidenced	 through	 an	understanding	of	 the	Cori	 cycle,	which
begins	with	glycolysis.	Yielding	two	adenosine	triphosphates	(ATPs),	glycolysis
also	produces	two	lactates,	which	are	then	transported	to	the	liver.	Lactate	is	then
converted	 back	 to	 glucose	 through	 hepatic	 gluconeogenesis	 at	 the	 cost	 of	 six
ATPs,	 resulting	 in	 a	 net	 negative	 energy	 balance.	Glucose	 then	 participates	 in
glycolysis	 again	 at	 the	 cellular	 level,	 and	 the	 process	 repeats	 itself.	 This	 large
energy	 gap	 cannot	 be	 replenished	 without	 resumption	 of	 normal	 physiologic
metabolism,	which	requires	restoration	of	oxygen	delivery	through	hemorrhage
control	 and	 resuscitative	 efforts.	 Therefore,	 normalization	 of	 lactate	 levels
signifies	success	from	a	resuscitation	viewpoint.

Blood	glucose	and	glucose	utilization	is	intimately	linked	to	the	production	of
lactate	and	energy.	In	response	to	hypovolemia	and	acidosis,	adrenal	medullary
and	cortical	hormones	are	released.	Cortisol	not	only	aids	in	vasoconstriction	but
also	 promotes	 glucose	 release	 in	 large	 quantities	 to	 combat	 essential	 cellular
starvation	as	a	 result	of	hypoperfusion.	 Insulin	 is	 suppressed,	 favoring	glucose



utilization	 as	 opposed	 to	 storage.	 Insulin-independent	 glucose	 transporter
membrane	 proteins	 allow	 for	 transport	 of	 glucose	 to	 vital	 organs	 such	 as	 the
heart,	 kidneys,	 brain,	 and	 others	 and	 thus	 provide	 an	 increased	 energy	 source.
However,	 lactic	 acidosis	 will	 continue	 in	 the	 absence	 of	 adequate	 oxygen
delivery.	 Hyperglycemic	 deleterious	 effects	 are	 far	 reaching	 and	 include
increased	 infection	 and	 elevated	 intracranial	 pressure.	 Regarding	 direct
correlation	to	hemorrhagic	shock,	however,	hyperglycemia	may	result	in	osmotic
diuresis	 despite	 decreased	 renal	 blood	 flow	 and	 glomerular	 filtration	 rate
augmented	 by	 renin-angiotensin-aldosterone	 system	 activation,	 thereby
worsening	 the	 already	 depleted	 intravascular	 volume.	 Growth	 hormone	 and
glucagon	add	to	this	process	because	they	promote	lipolysis	and	glycogenolysis.

Immunological	Aspects
Hemorrhagic	 shock	 results	 in	 a	multitude	 of	 immune	 responses	 related	 to	 the
upregulation	of	cellular	 signaling	designed	 to	protect,	but	often	 result	 in	harm.
Extensive	 research	 in	 the	 last	 decade	 has	 shown	 that	 hemorrhagic	 shock
activates	 inflammatory	 cascades,	 resulting	 in	 profound	 abnormalities.	 The
effects	 of	 immunologic	 dysregulation	 are	 often	 manifested	 by	 a	 spectrum	 of
clinical	 problems,	 including	 systemic	 inflammatory	 response	 syndrome,	 acute
respiratory	distress	 syndrome	(ARDS),	coagulation	abnormalities,	and	multiple
organ	 dysfunction	 syndrome	 (MODS).	 Cytokines	 such	 as	 IL-1,	 IL-6,	 tumor
necrosis	 factor	α,	 cellular	 signaling	pathways	 involving	 toll-like	 receptors,	 and
microRNA	have	all	been	 implicated.19	However,	 there	have	been	no	clear	data
regarding	 which	 of	 the	 many	 involved	 substances	 plays	 the	 key	 role	 in
development	and	propagation	of	 the	overactive	 inflammatory	 response.	One	of
the	major	areas	of	study	involves	the	activated	immune	response	that	results	in
enhanced	 activation	 and	 adhesion	 of	 leukocytes.	 During	 this	 activated	 stage,
neutrophils	 can	 release	 harmful	 reactive	 oxygen	 species,	which	 are	 thought	 to
play	 a	 major	 role	 in	 loss	 of	 capillary	 integrity.	 This	 leads	 to	 edema	 and	 the
sequestration	 of	 fluid	 in	 the	 tissues	 and	 the	 interstitial	 space.	 Additionally,
immunological	 responses	 to	 therapy,	 specifically	 large-volume	 crystalloid
infusion,	may	trigger	the	altered	immune	response	to	hemorrhage	and	has	been	a
growing	area	of	research.20

SHOCK	RECOGNITION
Early	recognition	of	hemorrhagic	shock	 is	essential	 to	prevent	mortality.	Aside



from	blatant	exsanguination,	hemorrhagic	shock	can	be	difficult	to	define	in	its
early	 stages.	 A	 high	 index	 of	 suspicion	 is	 necessary	 for	 prompt,	 accurate
diagnosis.	Probable	mechanisms	of	hemorrhagic	shock	must	be	thoroughly	and
rapidly	examined	and	treated.

Every	 patient	 who	 is	 at	 risk	 for	 hemorrhage	 should	 be	 evaluated	 through
methods	delineated	in	the	Advanced	Trauma	Life	Support	program.	By	quickly
proceeding	 through	 the	 primary	 survey,	 immediate	 life	 threats	 are	 recognized
and	treated.1	This	presents	a	departure	from	traditional	methods	of	initial	patient
evaluation	 of	 taking	 a	 long,	 thorough	 history	 from	 the	 patient,	 discussing
options,	 and	 planning	 a	 workup.	 A	 hemorrhaging	 patient	 does	 not	 have	 the
luxury	 of	 time,	 and	 delayed	 recognition	 of	 shock	 often	 results	 in	 death.
Immediate	threats	to	life	must	be	identified	early,	and	minor	injuries	or	findings
must	not	derail	the	primary	goal	of	addressing	potentially	lethal	matters.

4 	 No	 one	 feature	 results	 in	 the	 diagnosis	 of	 hemorrhagic	 shock.	 Basic
physical	examination	skills	utilized	 in	context	often	 form	a	clinical	 impression
that	leads	to	the	diagnosis.	Heart	rate	and	blood	pressure,	which	are	often	used	in
the	 incorrect	 definition	 of	 shock,	 may	 be	 normal.	 β-Blockers,	 untreated
hypertension,	and	physical	fitness	may	confound	interpretation	of	hemodynamic
normalcy.	A	 narrowed	 pulse	 pressure,	 however,	 is	 typically	 present,	 and	 often
missed	owing	to	a	normal	systolic	value.	Anxiety	or	belligerence	may	be	a	sign
of	 shock	 and	 can	 easily	 be	 confused	 for	 intoxication	 or	 isolated	 brain	 injury.
Decreased	 mental	 status	 should	 be	 considered	 an	 ominous	 sign	 of	 impending
decompensation.	 Cool,	 clammy	 extremities	 in	 a	 patient	 at	 risk	 for	 shock	 are
clinical	markers	 for	 peripheral	 vasoconstrictive	 compensation.	 Pallor	may	 also
be	 present	 and,	 in	 an	 otherwise	 healthy	 patient,	 should	 invoke	 a	 sense	 of
urgency.	 Hypothermia,	 a	 key	 component	 of	 the	 lethal	 triad	 (hypothermia,
coagulopathy,	 acidosis),	 is	 an	 independent	 predictor	 of	 mortality	 in
hemorrhaging	patients.

4 	 Exhaustive	 laboratory	 studies	 are	 often	 unhelpful,	 especially	 in	 the	 early
stages	of	shock.	For	example,	hemoglobin	and	hematocrit	 levels	are	frequently
normal,	 because	 the	 laboratory	 result	 is	 a	 measure	 of	 concentration—which
remains	 unchanged	 until	 compensatory	 mechanisms	 and	 interstitial	 to
intravascular	 fluid	 shifts	have	occurred.	However,	when	a	hemoglobin	 level	of
less	than	11	g/dL	is	present,	it	is	associated	with	a	mortality	rate	of	nearly	40%.21
Most	patients	with	hemorrhagic	shock	were	physiologically	normal	prior	to	the
offending	 insult.	 This	 makes	 the	 arterial	 blood	 gas	 quite	 useful,	 because	 any
acid-base	abnormality	can	be	presumed	 to	be	caused	by	 the	event	 that	brought
the	patient	to	the	hospital,	and	not	underlying	medical	conditions.	Patients	with	a
base	deficit	(BD)	greater	than	6	are	at	higher	risk	of	mortality	and	the	need	for



massive	transfusion.	Severity	of	injury	and	mortality	is	linearly	associated	with
the	 degree	 of	 the	 initial	 coagulopathy,	 and	 an	 international	 normalized	 ratio
(INR)	of	greater	 than	1.5	reliably	predicts	 the	need	for	massive	transfusion.10,22
Tissue	oxygen	saturation	continues	to	be	investigated	as	a	simple,	reliable,	and
early	marker	of	the	presence	of	hemorrhagic	shock.23

5 	Adjuncts	to	the	clinical	examination	include	very	few	imaging	studies.	For
the	injured	patient,	chest	and	pelvic	radiographs	may	be	of	great	utility	because
they	can	help	identify	major	hemorrhage	in	two	of	the	five	key	locations	where
deadly	 hemorrhage	may	 occur.	 The	 Focused	Assessment	with	 Sonography	 for
Trauma	 (FAST)	 is	 utilized	 to	 identify	 tamponade,	 hemothorax,	 pneumothorax,
and	intraperitoneal	hemorrhage.	Long-bone	fractures	are	often	readily	identified.
In	 nontrauma	 cases,	 a	 nasogastric	 tube	 may	 be	 inserted	 for	 suspected
gastrointestinal	hemorrhage	to	aid	in	localization.	Endoscopy	and	interventional
radiologic	methods	may	also	be	employed	emergently	as	conditions	warrant.

Those	 patients	 who	 transiently	 respond	 to	 volume	 administration	 should
undergo	expeditious	re-evaluation	to	localize	the	cause	of	hemorrhage.	Transient
response	 conveys	 ongoing	 hemorrhage	 and	 beseeches	 health	 care	 providers	 to
act	quickly	to	obtain	hemorrhage	control.

Shock	scoring	systems	may	aid	in	the	clinical	diagnosis	of	hemorrhagic	shock
when	 uncertainty	 exists.	 Many	 studies	 of	 hemorrhagic	 shock	 identification
scoring	systems	use	the	necessity	for	transfusion	as	the	outcome	of	interest.	The
Emergency	Transfusion	Score	involves	the	use	of	nine	markers,	with	a	weighted
coefficient	assigned	to	each	marker.	For	example,	a	systolic	pressure	of	<90	mm
Hg	carries	 the	most	weight,	at	2.5	 times	higher	 than	mechanism	of	 injury.	The
Trauma-Associated	 Severe	 Hemorrhage	 (TASH)	 system	 was	 developed	 in
Germany	 and	 incorporates	 many	 of	 the	 clinical	 features	 described	 earlier,	 in
addition	to	BD	and	hemoglobin.	The	TASH	has	been	shown	to	reliably	predict
the	 need	 for	 massive	 transfusion.24	 A	 simplified	 method	 of	 identifying	 the
probability	 of	 life-threatening	 hemorrhage	 was	 developed	 from	 military
experience.	 Tachycardia,	 hypotension,	 acidosis,	 and	 acute	 anemia	 are	 all
independent	risk	factors	for	 the	need	of	massive	transfusion.	When	all	four	are
present,	 approximately	 80%	 of	 patients	 will	 require	 massive	 transfusion.	 The
validity	of	this	model,	however,	rests	on	a	weighted	evaluation,	with	pH	carrying
the	most	 value,	 and	 thus	 is	 difficult	 to	 rapidly	 calculate.25	 The	Assessment	 of
blood	 consumption	 (ABC)	 score	 was	 developed	 to	 eliminate	 the	 need	 for
laboratory	results	to	rapidly	determine	the	presence	of	hemorrhagic	shock	and	to
predict	 the	 need	 for	 massive	 transfusion.	 Four	 components	 (penetrating
mechanism,	systolic	pressure	<90	mm	Hg,	heart	rate	>120	beats	per	minute,	and
positive	FAST)	each	with	equal	weight	make	up	the	ABC	score.	Patients	with	all



four	variables	present	have	a	near	100%	need	for	massive	transfusion.26

Utility	of	Ultrasonography	for	Diagnosis	of	Hemorrhagic
Shock
As	discussed	earlier,	early	control	of	 the	site	of	bleeding	is	an	essential	part	of
the	management	of	hemorrhagic	shock.	Source	control	requires	identification	of
the	location	of	bleeding.	Ultrasonography	has	utility	for	this	purpose,	because	it
can	 be	 deployed	 at	 the	 point	 of	 care	 for	 urgent	 evaluation	 of	 the	 critically	 ill
patient.	 Ultrasonography	 has	 the	 advantage	 of	 immediate	 application	 by	 the
frontline	clinical	team	who	can	integrate	the	results	of	the	examination	into	the
other	key	elements	of	emergency	evaluation:	 the	history,	physical	examination,
and	initial	laboratory	results.	This	is	not	to	discount	the	importance	of	advanced
imaging	 techniques,	 such	 as	 computed	 tomography	 (CT)	 or	 angiography;	 yet,
these	suffer	the	disadvantage	of	some	inevitable	delay	in	their	performance	and
require	 patient	 transport	 to	 areas	 where	 resuscitation	 techniques	 are	 limited,
further	adding	risk	to	the	patient.

The	 ultrasonography	 examination	 is	 performed	 by	 a	member	 of	 the	 trauma
team,	 while	 other	 key	 elements	 of	 initial	 resuscitation	 are	 ongoing.	 Modern
bedside	ultrasonography	machines	are	small	enough	that	they	can	be	brought	to
the	 bedside	 without	 blocking	 access	 to	 the	 patient	 by	 other	 members	 of	 the
trauma	 team.	 The	 machine	 has	 multiple	 uses	 beyond	 examination	 for	 life-
threatening	 hemorrhage,	 such	 as	 vascular	 access,	 airway	 management,	 and
assessment	for	alternative	causes	for	shock.

Examination	for	Intra-Abdominal	Hemorrhage
The	 FAST	 examination	 utilizes	 ultrasonography	 to	 rapidly	 identify	 an	 intra-
abdominal	source	of	bleeding.	It	has	replaced	diagnostic	peritoneal	lavage	as	the
technique	 of	 choice	 for	 management	 of	 abdominal	 trauma	 and	 is	 standard
practice	for	evaluation	for	intra-abdominal	bleeding	in	trauma.27

Scanning	Technique
A	phased	array	cardiac	probe	on	abdominal	preset	gives	serviceable	 images.	 If
available,	 a	 curvilinear	 abdominal	 probe	 is	 used.	 The	 hepatorenal	 and
splenorenal	 spaces	 are	 imaged	 in	 longitudinal	 axis	 to	 look	 for	 fluid	 collecting
along	 the	 retroperitoneal	 surface,	 between	 the	 intra-abdominal	 viscera.	On	 the
right	side,	the	probe	is	placed	in	the	midaxillary	line	on	the	lower	chest	wall	in



order	to	obtain	a	transcostal	view	of	the	liver	in	a	coronal	imaging	plane.	Once
the	 appropriate	 intercostal	 space	 is	 found,	 the	 probe	 is	 angled	 and	 tilted	 to
achieve	a	clear	image	of	the	hepatorenal	space.	The	presence	of	fluid	is	taken	as
an	 indication	 of	 intra-abdominal	 bleeding	 ( 	Video	 36.1).	 The	 examiner	 also
checks	for	prehepatic	fluid	and,	using	the	liver	as	an	acoustic	window,	examines
the	subdiaphragmatic	space	for	fluid.	 	Video	36.1	describes	and	illustrates	the
components	of	 the	FAST	examination	with	examples	of	 fluid	 found	 in	each	of
the	areas	in	a	routine	study.	The	scan	is	repeated	on	the	left	with	examination	of
the	splenorenal,	presplenic,	and	subdiaphragmatic	spaces	 ( 	Video	36.1).	 The
operator	then	checks	for	pelvic	fluid.	The	probe	is	placed	just	above	the	level	of
the	 iliac	 crest	 in	 the	 midline	 using	 a	 transverse	 scanning	 plane	 and	 angled
downward	through	the	bladder	to	search	for	fluid	in	the	pelvis	( 	Video	36.1).
Pelvic	 fluid	 indicates	an	 intra-abdominal	source	of	bleeding	 in	 the	patient	with
hemorrhagic	 shock.	 Some	 examiners	 include	 examination	 of	 the	 right	 and	 left
lower	 lateral	 abdominal	 quadrants	 to	 the	 FAST	 examination.	 The	 FAST
examination	includes	the	subxiphoid	view	of	the	heart	(subcostal	long-axis	view)
in	 order	 to	 exclude	 hemopericardium	 and	 pericardial	 tamponade.	 Intravascular
volume	 status	may	 also	 be	 assessed	 by	 examining	 both	 the	 inferior	 vena	 cava
(IVC)	 respirophasic	 changes,	 and	 cardiac	 filling.	 Hypovolemia	 is	 suggested
when	 the	 left	 ventricle	 appears	 hyperdynamic.	 Additionally,	 decreased	 filling
pressures	may	result	in	relatively	small	atria	and	increased	ejection	fraction	(
Video	36.1).	The	 subxiphoid	view	of	 the	 IVC	 is	 included	 to	 examine	 for	 IVC
size	 and	 respiratory	 variation.	 The	 presence	 of	 a	 small	 diameter	 IVC	 or
respirophasic	variation	of	IVC	size	suggests	hypovolemia.

1 	 An	 elderly	 woman	 acutely	 develops	 severe	 respiratory	 distress	 and	 is
brought	 to	 the	 emergency	 department.28	 She	 has	 a	 history	 of	 diabetes,
hypertension,	 and	 cirrhosis	 but	 was	 feeling	 well	 until	 today.	 On	 physical
examination,	she	has	a	distended	abdomen	and	after	endotracheal	intubation	she
develops	 shock.	Because	of	her	hypotension,	 the	 clinicians	 feel	 that	 she	 is	 too
unstable	 for	 transport	 for	 CT	 of	 her	 chest	 and	 abdomen.	 A	 point	 of	 care
ultrasound	 (POCUS)	 is	 performed	 to	 determine	 the	 etiology	 of	 her	 sudden
cardiopulmonary	 failure.	 Based	 on	 her	 clinical	 history	 and	 the	 findings
presented	 in	 Videos	 36.2	 and	 36.3,28	 what	 is	 the	 likely	 etiology	 of	 this
patient’s	cardiopulmonary	failure?	 	Video	36.4	describes	 the	findings	and
discusses	their	clinical	relevance.28

The	FAST	examination	can	be	performed	rapidly.	If	initially	negative,	it	can
be	 repeated	 as	 clinically	 indicated.	 In	 the	 presence	 of	 hemorrhagic	 shock,	 a
positive	examination	indicates	intra-abdominal	bleeding	and	the	need	for	urgent



source	control.

Examination	for	Hemothorax
The	 extended	FAST	examination	 uses	 elements	 of	 thoracic	 ultrasonography	 to
evaluate	 the	 patient	 with	 hemorrhagic	 shock	 for	 hemothorax.	 In	 addition,	 the
examination	has	utility	 to	examine	 for	pneumothorax,	pericardial	 effusion,	and
pericardial	tamponade	on	an	emergency	basis.

Scanning	Technique
With	the	patient	in	supine	position,	fluid	will	distribute	in	the	dependent	thorax
owing	to	gravitational	effect.	On	both	the	right	and	left	sides,	the	probe	is	placed
in	 the	midaxillary	 to	 posterior	 axillary	 line	 on	 the	 chest	 in	 a	 coronal	 imaging
plane	 and	 moved	 over	 adjacent	 interspaces	 to	 examine	 for	 fluid.	 The
examination	for	pleural	fluid	may	be	performed	by	extending	the	scan	performed
for	 intra-abdominal	 fluid	 to	 the	 area	 above	 the	 diaphragm.	 The	 finding	 of
significant	 pleural	 fluid	 in	 a	 patient	 with	 hemorrhagic	 shock	 indicates
hemothorax	and	 the	need	 for	 consideration	of	urgent	 source	control	 ( 	Video
36.1).

2 	A	young	man	was	diagnosed	with	bilateral	pulmonary	emboli,	a	right	lower
lobe	 pulmonary	 infarct,	 likely	 secondary	 to	 a	 new	 diagnosis	 of	 acute
myeloblastic	leukemia.29	He	was	started	on	induction	chemotherapy.	On	day	3	of
chemotherapy,	 he	 developed	 acute	 onset	 of	 right-sided	 chest	 pain,	 hypoxemia,
and	 a	 drop	 in	 his	 hemoglobin	 level.	 POCUS	 is	 performed.	 Based	 on	 your
interpretation	of	the	ultrasound	images	presented	in	 	Video	36.5,29	what	is
the	 likely	 diagnosis?	 	Video	 36.6	 presents	 description	 of	 the	 findings	 and
their	clinical	interpretation.29

Examination	for	Retroperitoneal	Bleed
Retroperitoneal	bleeding	is	a	potential	cause	of	hemorrhagic	shock	that	may	be
difficult	 to	 identify	 by	 physical	 examination.	 Ultrasound	 examination	 of	 the
retroperitoneum	 is	 also	 limited	 and	 has	 a	 high	 false-negative	 rate.	 For	 this
reason,	in	patients	who	present	in	hemorrhagic	shock	with	no	identifiable	cause,
a	retroperitoneal	source	should	be	considered,	and	expedient	CT	or	angiographic
evaluation	or	an	operative	intervention	should	proceed	in	instances	where	a	high
index	of	suspicion	exists.



Scanning	Technique
The	probe	is	used	to	examine	the	flank	area	bilaterally.	Using	a	coronal	scanning
plane,	 the	probe	 is	moved	over	 the	 flank.	 Identification	of	 retroperitoneal	 fluid
collection	 indicates	 retroperitoneal	 bleeding	 and	 the	 urgent	 need	 for
consideration	of	source	control	( 	Video	36.1).

3 	An	elderly	man	with	a	recent	history	of	a	left	middle	cerebral	artery	stroke
secondary	to	an	aortic	fibroelastoma	was	admitted	to	the	hospital	for	progressive
left	 lower	 extremity	weakness	 and	 aphasia.30	 Reimaging	 of	 the	 brain	 revealed
multiple	 new	 territorial	 infarcts	 thought	 to	 be	 cardioembolic	 from	 the
fibroelastoma.	 He	 was	 started	 on	 anticoagulation.	 He	 subsequently	 developed
shock,	respiratory	failure,	and	declining	hemoglobin	level	from	13.2	to	6.0	g/dL.
Esophagogastroduodenoscopy	was	normal	and	a	POCUS	examination	was
performed.	Videos	 36.7	 and	 36.830	present	 images	 obtained	 from	his	 right
and	 left	 flank	 areas,	 respectively.	 Based	 on	 your	 review	 of	 these	 images,
what	 is	 the	 likely	diagnosis?	A	 discussion	 of	 their	 findings	 and	 their	 clinical
implications	is	presented	in	 	Video	36.9.30

Limitations	of	Ultrasonography
Ultrasonography	 readily	 identifies	 fluid	 collections.	 In	 hemorrhagic	 shock,	 the
trauma	 team	may	 reasonably	 assume	 that	 the	 fluid	 represents	 hemorrhage	 and
take	action	based	upon	this	supposition.	If	the	patient	is	unstable,	this	may	result
in	 early	 surgical	 intervention.	 If	 time	 permits,	 the	 finding	may	 lead	 to	 further
imaging	with	CT	 scan	or	 angiography,	 if	 an	 interventional	 radiology	 approach
seems	appropriate.

Patient-specific	 characteristics	 such	 as	 obesity	 and	 edema	may	 degrade	 the
ultrasonography	 image.	 This	 is	 most	 likely	 to	 occur	 when	 imaging	 the
retroperitoneum.	Competence	in	scanning	during	emergency	situations,	such	as
for	 the	 evaluation	 of	 hemorrhagic	 shock,	 requires	 effective	 training31	 because
inaccurate	results	may	have	severe	consequence	in	the	unstable	patient.

Perhaps	the	greatest	limitation	of	using	ultrasonography	to	identify	sources	of
hemorrhagic	shock	is	misinterpretation	of	a	negative	result.	Patients	who	exhibit
signs	 of	 hemodynamic	 compromise	 related	 to	 hemorrhage	 may	 have	 a
completely	normal	ultrasound	examination.32	When	this	occurs,	providers	should
resist	 being	 lulled	 into	 complacency	 based	 upon	 the	 negative	 imaging
examination	 and	 must	 remain	 vigilant	 to	 ensure	 rapid	 hemorrhage	 control	 is
obtained.

Despite	 these	 limitations,	 ultrasonography	 is	 an	 effective	 tool	 for	 the	 initial



and	 ongoing	 evaluation	 of	 the	 patient	with	 hemorrhagic	 shock.	 It	 can	 be	 fully
integrated	 into	 the	 team	 effort	 at	 the	 bedside,	 and	 it	 gives	 immediate	 and
valuable	 clinical	 information.	 As	 such,	 it	 is	 an	 essential	 component	 of	 the
imaging	strategy	for	the	evaluation	and	management	of	hemorrhagic	shock.

4 	 A	 middle-aged	 man	 with	 cirrhosis	 was	 admitted	 with	 hepatic
encephalopathy	 and	 treated	 with	 lactulose	 with	 resolution	 of	 delirium.33	 His
hospital	 course	 was	 complicated	 by	 recurrent	 encephalopathy.	 He	 developed
shock	 and	 had	worsening	 abdominal	 distention.	 There	were	 no	 overt	 signs	 of
gastrointestinal	 bleeding.	 His	 hematocrit	 had	 decreased	 from	 37.2%	 to	 26.3%
and	he	had	a	markedly	elevated	lactate	level.	POCUS	was	performed	to	try	and
identify	 the	 etiology	 of	 the	 acute	 anemia.	 In	 anticipation	 of	 endotracheal
intubation,	 left	 upper	 quadrant	 ultrasound	 was	 performed.	 Based	 on	 our
interpretation	 of	 the	 ultrasound	 images	 presented	 in	Videos	 36.10-36.12,33
what	is	the	likely	etiology	of	this	patient’s	acute	anemia?	Their	findings	and
clinical	implications	are	presented	in	 	Video	36.13.33

HEMORRHAGE	CONTROL
Obvious	external	hemorrhage	is	controlled	first	by	manual	pressure.	Pressure	is
the	 force	 applied	 per	 unit	 area.	 To	 effectively	 control	 hemorrhage	 with	 direct
pressure,	one	must	limit	the	area	over	which	it	is	applied.	For	example,	a	finger
placed	deliberately	is	often	more	efficacious	than	two	hands	placed	over	a	large
surface.

6 	 Tourniquets	 have	 seen	 increasing	 use	 in	 both	 civilian	 and	 military
populations	 in	 recent	 years	 for	 major	 extremity	 bleeding.34-37	 Commercially
available	tourniquets	are	simple	to	apply	with	minimal	training,	are	lightweight,
and	 effective	 at	 controlling	 extremity	 hemorrhage	 with	 minimal	 limb-related
complications.38,39	Tourniquets	should	be	utilized	to	occlude	arterial	hemorrhage.
Isolated	venous	occlusion,	without	 the	cessation	of	arterial	 inflow,	will	worsen
blood	loss.40	Junctional	hemorrhage,	occurring	high	in	the	groin,	for	example,	is
often	 difficult	 to	 control	 with	 pressure	 or	 tourniquets	 alone	 and,	 typically,
requires	emergent	surgical	intervention.	However,	adjuncts	such	as	the	junctional
emergency	tourniquet	system	may	be	useful	for	some	patients.41

In	2013,	the	landmark	Hartford	Consensus	resulted	in	the	creation	of	the	Stop
the	Bleed	(STB)	course	to	teach	hemorrhage	control	techniques	for	compressible
bleeding	 to	 nonmedical	 bystanders	 in	 order	 to	 provide	 critical	 life-saving
interventions	prior	to	the	arrival	of	first	responders.42,43	STB	training	includes	the
recognition	 of	 life-threatening	 hemorrhage,	 hands-on	 training	 of	 hemorrhage



control,	 and	 alerting	 of	 emergency	 services	 using	 techniques	 that	 can	 be
mastered	 by	 both	 lay	 and	 medical	 rescuers.	 On-going	 training	 efforts	 and
distribution	 of	 bleeding	 control	 kits	 remain	 important	 to	 minimize	 on	 scene
mortality	from	compressible	hemorrhage.44-46

Local	 hemostatic	 agents	 are	 widely	 available	 and	 have	 shown	 promise	 in
controlling	 both	 external	 hemorrhage,	 and	 organ	 bleeding	 encountered	 in	 the
operating	 suite.	 Topical	 agents	 are	 typically	 constructed	 of	 bioabsorbable
material	with	the	addition	of	thrombin	and/or	fibrin	and	are	available	in	a	variety
of	 application	 constructs.	 Polymerized	 sprays,	 injectable	 foam,	 and	 biologic
sheets	are	among	the	many	methods	available.	Cost	and	local	availability	often
dictate	 which	 product	 may	 be	 utilized.	 It	 is	 important	 to	 avoid	 intravascular
injection	or	placement	of	these	products,	because	embolization	is	a	risk.

Non–compressible	torso	hemorrhage	has	been	identified	as	a	major	cause	of
death	both	in	military	and	civilian	studies.47	Few	techniques	other	 than	surgery
are	 available	 to	 address	 noncompressible	 hemorrhage,	 such	 as	 bleeding	 in	 the
abdomen,	 retroperitoneum,	 or	 chest.	 It	 is	 important	 to	 recognize	 that	 these
techniques	 are	 temporizing	measures	 in	 lieu	 of	 definitive	 hemorrhage	 control.
Resuscitative	 thoracotomy,	 although	 effective	 for	 ceasing	 torso	 hemorrhage,	 is
associated	with	high	mortality	rates	and	is	frequently	impractical	for	the	general
physician	to	successfully	accomplish.

Resuscitative	endovascular	balloon	occlusion	of	the	aorta	(REBOA)	was	first
described	 over	 50	 years	 ago	 from	 the	 military	 and	 has	 seen	 increased	 use
recently	for	civilian	trauma.	It	involves	advancing	and	inflating	an	endovascular
balloon	into	the	aorta	via	percutaneous	femoral	artery	access.	This	procedure	can
be	accomplished	in	the	emergency	department	with	minimal	equipment	and	has
been	shown	to	be	effective	at	controlling	non–compressible	torso	hemorrhage.48-
50	The	American	College	of	Surgeons	recommends	REBOA	use	in	the	context	of
a	 larger	system	of	damage	control	 resuscitation,	definitive	hemorrhage	control,
and	 postoperative	 critical	 care	 as	 a	 temporizing	measure	 to	 control	 bleeding.51
REBOA	 has	 been	 associated	 with	 limb-related	 complications	 and	 iatrogenic
injuries.	 On-going	 research	 efforts	 are	 underway	 to	 further	 define	 the	 role	 of
REBOA	for	the	trauma	patient	with	hemorrhagic	shock.

Self-expanding	polyurethane	foam,	injected	through	percutaneous	techniques
intraperitoneally,	 has	 shown	 promise	 and	 efficacy.	 The	 liquid	 polymer	 rapidly
expands,	conforming	to	intra-abdominal	anatomy	and	stopping	hemorrhage.	The
foam	is	then	removed	at	the	time	of	surgery.	Studies	are	currently	underway	to
further	characterize	this	technique.52

Surgical	control	of	hemorrhage	is	beyond	the	scope	of	this	chapter;	however,
it	warrants	mention.	Once	hemorrhagic	shock	is	identified,	immediate	control	of



hemorrhage	 must	 be	 undertaken.	 Delaying	 definitive	 care	 with	 exhaustive
radiologic	 or	 laboratory	 studies	 is	 unwise.	 At	 centers	 without	 surgical
capabilities,	rapid	transport	to	a	tertiary	facility,	when	hemorrhage	is	suspected,
is	 safer	 than	definitively	 identifying	 the	 source	 of	 that	 hemorrhage.	Control	 in
the	 operating	 room	 or	 angiography	 suite	 is	 crucial	 to	 avoid	 death,	 and	 initial
evaluation	and	management	should	effectively	move	toward	that	goal.

Systemic	adjuncts	for	controlling	hemorrhage	in	the	presence	of	coagulopathy
may	be	utilized	 to	help	normalize	 coagulation	disturbances	 and	avoid	ongoing
bleeding.	Many	of	these	pharmacologic	adjuncts	are	utilized	off-label;	however,
significant	 data	 exist	 to	 support	 their	 use	 in	 certain	 situations.	 Prothrombin
complex	 concentrates,	 initially	 developed	 to	 treat	 isolated	 congenital	 factor
deficiencies,	 provide	 rapid,	 effective	 correction	 of	 factor-based	 coagulation
disruptions.	Three-factor	(factors	II,	IX,	and	X)	and	four-factor	(factors	II,	IX,	X,
and	VII)	varieties	are	available	and	are	associated	with	minimal	adverse	events.53
Recombinant	factor	VIIa	has	been	associated	with	normalization	of	conventional
coagulation	 tests	 and	 decreased	 transfusion	 requirements.54	 Anti-inhibitor
binders	have	also	been	utilized	in	specific	circumstances,	such	as	coagulopathy
in	the	presence	of	novel	anticoagulants.	Recently,	a	dabigatran-specific	antibody
fragment	has	been	released.	Prior	to	the	inception	of	idarucizumab,	no	method	of
therapeutic	reversal	was	available	for	patients	anticoagulated	with	dabigatran.55
Currently,	 several	 agents	 are	 being	 developed	 to	 target	 coagulopathy	 resultant
from	 factor	 Xa	 inhibitors,	 direct	 thrombin	 inhibitors,	 and	 other	 novel
mechanistic	medications.

Tranexamic	 acid,	 an	 antifibrinolytic,	 arose	 to	 the	 forefront	 of	 pharmaceutic
hemorrhage	 control	 after	 the	 release	 of	 the	 CRASH-2	 trial	 and	 CRASH-3
trial.56,57	 This	 study	 showed	 significant	 reductions	 in	 mortality.	 Subsequent
studies	 confirmed	 its	 efficacy,	 and	 it	 is	 now	 frequently	 utilized	 as	 an	 adjunct
during	 resuscitation	of	 hemorrhagic	 shock.58-60	 Its	 efficacy,	 low	 cost,	 and	wide
availability	make	tranexamic	acid	an	attractive	adjunct	to	hemostatic	control.

HISTORY	OF	HEMORRHAGIC	SHOCK
RESUSCITATION
The	 modern-day	 trauma	 system	 owes	 a	 large	 debt	 to	 combat	 casualty	 care.
Techniques	 from	system	development	 to	operating	 room	procedures	have	 their
roots	in	battlefield	medicine.	Resuscitation	is	no	stranger	to	advancement	during
wartime	 as	 well.	 To	 understand	 the	 advancements	 made	 and	 differences	 that



exist	with	modern	combat	resuscitation	strategies,	 it	 is	 important	 to	understand
the	history	of	combat	resuscitation.

Empiric	 crystalloid	 administration	 owes	 its	 roots	 to	 strategies	 developed	 in
the	Vietnam	War.	Based	on	research	by	Shires,61,62	Dillon,63	and	others,	the	need
for	 volume	 resuscitation	was	 brought	 to	 the	 forefront	 to	 replace	 an	 interstitial
volume	debt,	secondary	to	intravascular	movement	in	hemorrhagic	shock.	High-
volume	 crystalloid	 resuscitation	 strategies	 were	 used	 to	 replace	 volume	 loss
encountered	 by	 the	 bleeding	 soldier	 in	 ratios	 of	 3:1	 to	 as	 high	 as	 8:1.	 The
physiology	was	 sound,	 but	 outcomes	were	 disappointing,	 as	 survival	 rates	 did
not	 improve.	 In	 fact,	 the	 adopted	 strategy	 of	 large-volume	 IV	 fluid
administration	 spawned	 its	 own	 set	 of	 complications,	 most	 notably	 the
emergence	of	Da	Nang	 lung,	known	now	as	ARDS.	Reports	 linking	ARDS	 to
crystalloid	 resuscitation	and	subsequent	 immunologic	effects	appeared	as	early
as	1967.64

Despite	this,	massive	volume	resuscitation	strategies	prevailed	for	more	than
30	years.	 In	 the	early	1990s,	Rotondo	and	colleagues	published	 the	 first	major
data	on	damage	control	surgery,	employing	early,	rapid	hemorrhage	control,	and
temporizing	 measures	 to	 avoid	 the	 effects	 of	 ongoing	 massive	 resuscitation
related	 to	 prolonged	 operative	 escapades.65	 This	 sparked	 a	 fury	 among
traditionalists,	 but	 led	 to	 a	 series	of	manuscripts	debunking	 the	 idea	of	benefit
associated	with	large-volume	resuscitation.

A	 report	 by	 the	 Institute	 of	 Medicine	 in	 1999,	 as	 well	 as	 two	 consensus
conferences	held	by	Office	of	Naval	Research,	the	US	Army	Medical	Research
and	 Material	 Command	 and	 the	 Uniformed	 Services	 University	 of	 Health
Sciences,	 in	 2001	 and	 2002,	 addressed	 concerns	 of	 resuscitation	 techniques,
further	delineating	 the	adverse	effects	of	 large-volume	resuscitation	and	giving
recommendations	for	alternative	strategies.	First	noted	was	the	paucity	of	level	I
and	 II	 data	 to	 support	 the	 then	 standard	 of	 care.	 Second,	 the	 immunologic
activity	 of	 common	 IV	 fluids	 and	 deleterious	 effects	 of	 high-volume
resuscitation	were	best	defined	by	complications	related	to	their	use.	Third,	the
reports	 supported	 the	 initial	 battlefield	 use	 of	 low-volume	 hypertonic	 saline
(HTS)	resuscitation.66	 A	 250-mL	 bolus	 of	HTS	was	 chosen	 based	 on	 research
showing	decreased	neutrophil	activation	as	well	as	increased	oncotic	properties.
Fourth,	 triggers	 for	 fluid	 resuscitation	were	 defined	 as	 systolic	 blood	 pressure
<80	mm	Hg	or	the	absence	of	a	palpable	radial	pulse,	decreasing	blood	pressure,
or	 altered	 mental	 status	 with	 no	 confounding	 brain	 injury.67	 This	 protocol
allowed	 for	 “permissive	 hypotension”	 during	 resuscitation	 until	 definitive
hemorrhage	 control.	 The	 goal	was	 not	 to	 return	 blood	 pressure	 to	 normal,	 but
rather	 to	 target	clinical	goals	of	mentation	and	palpable	pulse.	These	protocols



were	developed	with	 several	civilian	 trauma	studies	 in	mind,	 showing	survival
benefit	 to	 limited	 initial	 resuscitation.68	The	 combination	 of	 a	 large	 number	 of
studies	near	the	turn	of	the	millennium	ultimately	culminated	in	a	complete	180°
shift	 from	 the	 high-volume	 crystalloid	 resuscitation	 seen	 in	 the	 Vietnam	War.
Currently,	an	 injured	soldier	with	a	palpable	pulse	who	 is	awake	and	alert	will
have	an	IV	placed,	but	no	volume	will	be	infused.	Oral	hydration	is	encouraged,
and	rapid	evacuation	is	undertaken.	If	fluids	are	given,	 they	are	 in	 low	volume
and	hypertonic	in	nature.

The	 concept	 is	 simple—without	 effective	 hemostasis,	 no	 amount	 of
resuscitation	will	affect	a	mortality	benefit.	In	the	Iraq	and	Afghanistan	wars,	the
goal	 of	 resuscitation	 changed—from	 early	 volume	 resuscitation	 to	 early
hemorrhage	 control.	 With	 this	 objective	 highlighted,	 tourniquets	 were
reintroduced,	 and	 pharmaceutic	 adjuncts	 like	 recombinant	 factor	 VIIa	 and
tranexamic	 acid	 were	 added	 to	 the	 armamentarium	 to	 aid	 cessation	 of
hemorrhage.59

Rural,	marine,	or	mountainous	areas	 typically	 require	 longer	 transport	 times
and	 represent	 some	 of	 the	 civilian	 austere	 environments.	 In	 these	 scenarios,
much	of	the	same	wisdom	gained	from	combat	research	should	be	utilized,	with
minimal	prehospital	resuscitation	prior	to	arrival	at	definitive	care.	Once	arriving
at	the	tertiary	facility,	however,	resuscitation	may	begin	with	the	same	tenant—
crystalloid	resuscitation	is	a	thing	of	the	past.	Blood	component	therapy	is	now
utilized	early,	rather	than	after	several	liters	of	lactated	Ringers	or	saline.	Higher
ratios	of	plasma	to	red	blood	cells	(RBCs)	have	been	a	point	of	study	in	recent
years,	 with	 ratio	 of	 1:1	 showing	 improved	 outcomes.69	 The	 accumulating
evidence	supporting	the	value	of	replenishing	specific	blood	components	early	in
hemorrhagic	shock	resuscitation	is	convincing.

INITIAL	RESUSCITATION
Previously,	 initial	 resuscitation	 of	 hemorrhagic	 shock	 involved	 large-volume
fluid	 resuscitation	 and	maintenance	 of	 normothermia.	Although	 these	methods
aimed	to	address	 two	of	 the	 three	components	of	 the	 lethal	 triad,	coagulopathy
was	 largely	 ignored.	 Today’s	 resuscitation	 techniques	 specifically	 target	 the
coagulopathy	 of	 hemorrhage	 through	 the	 concept	 of	 damage	 control
resuscitation.

7 	 Damage	 control	 resuscitation	 focuses	 on	 several	 key	 goals	 and	 begins
immediately	upon	arrival	to	the	emergency	department.	The	first	of	which	is	to
maintain	a	slightly	 lower-than-normal	systolic	blood	pressure	of	approximately



90	mm	Hg.	This	serves	to	limit	clot	disruption	by	allowing	some	degree	of	stasis
to	 occur,	 increasing	 the	 chance	 for	 clot	 development,	 and	 strengthening.
Peripheral	 vasoconstriction	 is	 preserved,	 and	 perfusion	 to	 vital	 organs	 is
increased	with	permissive	hypotension.	Conversely,	 large	amounts	of	 IV	fluids
will	 reverse	 peripheral	 vasoconstriction	 and,	 without	 hemorrhage	 control,	 will
ultimately	 worsen	 blood	 loss.	 Excessive	 or	 misdirected	 fluid	 resuscitation	 to
achieve	normal	hemodynamics	will	 lead	to	dilution	of	existing	clotting	factors,
aggravating	 coagulopathy	 and	 exacerbating	 hemorrhage.	 The	 benefits	 of
permissive	 hypotension	 were	 first	 recognized,	 and	 eloquently	 described,	 over
100	years	ago	by	W.	B.	Cannon.	His	observations	of	 the	deleterious	effects	of
copious	 volume	 resuscitation	 prior	 to	 hemorrhage	 control	 persist	 today.	 The
current	evolving	hypotensive	resuscitation	literature	continues	to	show	improved
mortality	and	morbidity	in	both	traumatic	and	nontraumatic	bleeding	events.70

7 	Second,	damage	control	resuscitation	directly	addresses	the	coagulopathy	of
hemorrhage.	Fluid	resuscitation	commences	with	blood	component	 therapy.	As
described	earlier,	crystalloids	lack	the	essential	elements	necessary	to	combat	the
coagulopathy	 of	 hemorrhage	 and	 are	 evidenced	 to	 exacerbate	 inflammatory
dysregulation.	 Coagulopathy	 and	 inflammation	 are	 suppressed	 through
administration	 of	 early	 plasma	 and	 platelets.	 These	 components	 also	 provide
volume	resuscitation,	thus	achieving	both	the	first	and	second	goals	of	the	initial
resuscitation.	 For	 patients	 in	 hemorrhagic	 shock,	 directly	 addressing
hyperfibrinolysis	 is	 accomplished	 with	 tranexamic	 acid,	 which	 is	 most
efficacious	within	3	hours	of	 injury.	 It	 acts	 to	 compete	with	plasmin,	blocking
fibrinolysis.	 Other	 antifibrinolytic	 pharmaceuticals	 are	 available,	 such	 as	 ε-
aminocaproic	acid.	Concentrated	clotting	factors,	such	as	prothrombin	complex
concentrates,	and	recombinant	factor	VIIa,	have	the	benefit	of	rapid	repletion	of
essential	 clotting	 elements,	 with	 the	 effects	 within	 minutes	 of	 infusion,	 and
should	be	considered	in	severely	injured	or	hemorrhaging	patients.

Third,	blood	component	therapy	serves	not	only	to	maintain	the	above	state	of
permissive	 hypotension	 while	 replenishing	 the	 stores	 of	 circulating
procoagulants	but	also	to	optimize	oxygen	delivery	in	the	interlude	prior	to,	and
during	 surgical,	 endoscopic	 or	 interventional	 hemorrhage	 control.	 Increasing
oxygen	delivery	 through	augmentation	of	 the	blood’s	oxygen-carrying	capacity
with	 red	 cells	 minimizes	 tissue	 oxygen	 debt	 in	 the	 setting	 of	 compromised
circulation	 more	 so	 than	 crystalloid	 preparations.	 By	 relieving	 oxygen	 debt
through	 increased	 oxygen	 delivery,	 acidosis	 is	 quelled	 because	 aerobic
metabolism	is	supported,	and	lactate	production	is	limited.	Decreased	acidosis	is
crucial	for	normal	global	cellular	and	enzyme	function.

8 	 Although	 there	 are	 clear	 benefits	 to	 blood	 component	 resuscitation,	 the



optimal	ratio	of	blood	component	 therapy	continues	to	be	studied.	A	variety	of
ratios	 (fresh	 frozen	 plasma	 [FFP]:PLT:RBC)	 exist	 to	 closely	 mimic	 the
constituents	 of	 whole	 blood	 transfusion,	 which,	 in	 civilian	 centers,	 is	 rarely
available.	 Early	 platelet	 and	 plasma	 administration	 have	 been	 associated	 with
decreased	 mortality.	 In	 the	 Prospective,	 Observational,	 Multicenter,	 Major
Trauma	Transfusion	(PROMMTT)	study,	investigators	noted	a	three-	to	fourfold
increase	in	mortality	in	patients	who	received	a	1:2	(FFP:RBC)	transfusion	ratio
in	the	first	6	hours,	as	compared	to	those	who	received	a	1:1	transfusion	ratio.71
This	 large,	multicenter	 study	showed	clear	benefit	of	early	plasma	 initiation	 in
the	setting	of	hemorrhagic	shock.	More	recently,	Holcomb	and	colleagues	tested
the	 differences	 between	 1:1:1	 and	 1:1:2	 (FFP:PLT:RBC)	 ratios,	 and	 found
equivalent	 mortality	 rates	 at	 both	 24	 hours	 and	 30	 days	 between	 the	 two.
However,	 fewer	 deaths	 from	 exsanguination	 were	 noted	 in	 the	 1:1:1	 group.69
Early,	high-ratio	transfusion	of	plasma	and	platelets	not	only	aids	in	correction	of
coagulation	 dysfunction	 but	 also	 restores	 volume	 with	 necessary	 coagulation
components	shed	during	hemorrhagic	shock.

Massive	 transfusion	 protocols	 have	 been	 widely	 adopted	 at	 both	 major
centers	 and	 smaller	 hospitals.	 Development	 of	 these	 protocols	 has	 been
associated	 with	 lower	 mortality	 rates.	 Although	 the	 term	 “massive”	 implies	 a
greater	 volume	 of	 products,	 multiple	 studies	 have	 shown	 decreased	 overall
product	 usage	 when	 these	 protocols	 are	 effectively	 utilized	 early	 in	 the
resuscitation.	Several	reasons	exist	to	explain	this	somewhat	paradoxical	finding.
First,	by	 limiting	crystalloid	 resuscitation,	blood	 loss	 is	 lessened	and	dilutional
coagulopathy	is	curbed,	which	ultimately	will	result	in	less	product	transfusion.
Second,	early	activation	allows	for	efficient	optimization	of	the	tenets	of	damage
control	resuscitation,	resulting	in	less	acidosis,	improved	organ	function,	and	less
blood	 loss	while	hemorrhage	 is	controlled.	Third,	 for	a	patient	presenting	with
hemorrhagic	 shock,	 predetermined	 massive	 transfusion	 protocols	 offer	 a
streamlined	 method	 of	 delivering	 product	 to	 the	 patient	 while	 assuring	 that
appropriate	 component	 ratios	 are	 maintained.	 Some	 published	 indicators	 for
massive	 transfusion	 include72	 (1)	 INR	 >1.5,	 (2)	 BD	 >6,	 (3)	 systolic	 blood
pressure	 <90	mm	Hg,	 (4)	 hemoglobin	 <11	 g/dL,	 (5)	 heart	 rate	 >120,	 and	 (6)
positive	FAST	scan.	The	more	of	these	factors	that	are	present,	the	more	likely
the	patient	should	undergo	massive	transfusion,	with	early	plasma	administration
in	a	fixed-ratio	paradigm.

Damage	 control	 resuscitation	 strives	 to	 reach	 a	 balance	 between	 achieving
optimal	 physiologic	 function,	 while	 limiting	 the	 unwanted	 effects	 of	 the
resuscitation	itself,	and	is	most	useful	from	the	time	of	presentation	through	the
period	of	definitive	surgical,	endoscopic,	or	interventional	hemorrhage	control.	It



must	expeditiously	be	initiated	upon	arrival	in	the	emergency	department,	often
with	 limited	 information.	 Prolonged	 resuscitation	 should	 not	 delay	 definitive
hemorrhage	 control	 in	 order	 to	 achieve	 distant	 hemodynamic	 or	 physiologic
goals.	 Time	 spent	 in	 the	 emergency	 department	 equates	 to	 lost	 time	 in	 the
operating	 room,	 endoscopy,	 or	 interventional	 suites	 where	 damage	 control
resuscitation	may	be	continued,	and	decisive	hemorrhage	control	obtained.	The
initial	 phase	 continues	 through	 the	 operative	 intervention,	 and	 damage	 control
principles	 are	 upheld	 by	 targeting	 the	 above	 physiologic	 goals.	 To	 this	 end,
damage	 control	 surgery	 is	 often	 performed,	 which	 consists	 of	 surgical
hemorrhage	 control,	 limitation	 of	 contamination,	 and	 temporary	 closure,
deferring	 definitive	 repair	 of	 non–life-threatening	 injuries	 until	 physiologic
correction	is	achieved	in	the	intensive	care	unit	(ICU)	in	the	second	resuscitative
phase.

ONGOING	RESUSCITATION
While	 initial	 resuscitation	 of	 hemorrhagic	 shock	 is	 to	 serve	 as	 a	 bridge	 to
operative,	 interventional,	 or	 endoscopic	 hemorrhage	 control,	 ongoing
resuscitation	 following	 hemorrhage	 aims	 to	 restore	 normal	 physiological
parameters	 to	 ensure	 adequate	 oxygen	 delivery	 to	 resume	 normal	 bodily
functions	 once	 hemorrhage	 has	 ceased.	 Despite	 effective	 damage	 control
resuscitative	measures,	 patients	 often	 exhibit	 varying	 degrees	 of	 physiological
instability	in	the	ICU.	Similar	principles	exist	in	the	ongoing	resuscitative	phase,
which	 is	 typically	 undertaken	 in	 the	 ICU.	Patients	 arriving	 from	 the	 operating
theater	 may	 remain	 hypovolemic,	 coagulopathic,	 hypothermic,	 and	 acidotic,
necessitating	further	intensive	management	to	achieve	a	successful	resuscitation.
Endpoints	of	 resuscitation	should	be	aggressively	 targeted	during	 this	phase	 to
ensure	 rapid	 resolution	 of	 metabolic	 derangements	 that	 may	 have	 occurred
during	the	preceding	interventions.

Endpoints	of	Resuscitation
Traditional	 endpoints	 of	 resuscitation,	 such	 as	 heart	 rate,	 blood	 pressure,	 and
urine	 output,	 are	 grossly	 inadequate	 as	 sole	 markers	 of	 physiological
normalization.	Although	these	common	methods	provide	insights	into	the	overall
clinical	 picture,	 they	 fail	 to	 accurately	 demonstrate	 resuscitation	 success.
Confounding	 variables	 abound	 when	 considering	 these	 easily	 attainable,	 yet
simplistic	 determinations.	 For	 example,	 heart	 rate	 is	 altered	 by	 a	 variety	 of



mechanisms	 that	may	 be	 unrelated	 to	 the	 adequacy	 of	 resuscitation.	 Pain	 and
anxiety	commonly	cause	tachycardia,	whereas	the	widespread	use	of	β-blockers
and	other	cardiac	medications	may	prevent	 it—rendering	heart	 rate	 less	useful.
Urine	 output	 has	 long	 been	 utilized	 as	 an	 endpoint	 signifying	 the	 adequate
restoration	 of	 perfusion	 to	 an	 end	 organ.	 However,	 oliguria	 may	 be	 present
despite	 completion	 of	 resuscitation.	 CT	 evaluation	 is	 ubiquitous	 and	 often
utilizes	 IV	 contrast,	 which	 may	 result	 in	 acute	 tubular	 necrosis	 despite
aggressive	 resuscitation.	 Medications,	 specifically	 antibiotics,	 are	 known	 to
cause	 acute	 interstitial	 nephritis.	 Additionally,	 the	 initial	 hypoperfusion	 event
may	 have	 caused	 direct	 tubular	 injury	 resulting	 in	 oliguria,	 despite	 adequate
resuscitation.	Managing	 oliguria	with	 large	 volumes	 of	 resuscitation	 fluid	will
inevitably	 result	 in	 the	 undesirable	 consequences	 of	 over	 resuscitation.
Conversely,	 entities	 such	 as	 diabetes	 insipidus	 and	 cerebral	 salt	wasting	 cause
polyuria	and	may	falsely	reassure	the	clinician.

Hemorrhagic	shock	occurs	as	the	result	of	hypoperfusion,	and	thus	markers	of
hypoperfusion	 should	 be	 sought	 as	 valid	 endpoints.	 An	 arterial	 blood	 gas	 is
commonly	touted	as	the	most	beneficial	laboratory	test	in	the	resuscitation	of	a
patient	 in	hemorrhagic	 shock	because	of	 the	 rapid,	 comprehensive	 information
gained,	 including	 BD.	 The	 BD	 assumes	 a	 normal	 partial	 pressure	 of	 carbon
dioxide,	 which	 is	 a	 crucial	 point	 to	 consider,	 because	 it	 allows	 for	 the	 true
metabolic	derangement	to	be	better	elucidated.	Clinicians	typically	examine	the
pH	and	may	miss	significant	acidosis,	especially	 if	 the	patient	 is	compensating
with	 tachypnea.	 For	 this	 reason,	 the	 BD	 is	 a	 test	 that	 requires	 virtually	 no
analysis,	 and	 provides	 a	 simple	 number	 that,	 in	 hemorrhagic	 shock,	 is	 an
accurate	marker	of	perfusion.	Through	the	mechanisms	described	earlier	in	this
chapter,	 acidosis	 results	 as	 a	 function	 of	 hypoperfusion	 and	 anaerobic
metabolism	 at	 the	 cellular	 level.	 As	 this	 acidosis	worsens,	 BD	 becomes	more
negative.	 An	 initial	 BD	 less	 than	 6	 is	 associated	 with	 the	 need	 for	 massive
transfusion	and	damage	control	resuscitation	practice	implementation.	Similarly,
a	 persistent	 BD	 following	 hemorrhage	 control	 suggests	 the	 need	 for	 further
resuscitation.	 Multiple	 studies	 have	 shown	 benefits	 of	 using	 the	 BD	 as	 an
endpoint	 of	 resuscitation.73,74	 The	 goal	 should	 be	 a	 rapid	 normalization	 of	 the
BD.	Decreased	mortality	is	associated	with	normalization	of	the	BD	within	the
first	 24	 hours	 of	 hospitalization.	 Some	 issues	 with	 BD	 warrant	 mention,
however.	If	sodium	bicarbonate	is	employed	in	the	initial	resuscitation	phase,	the
BD	 becomes	 inaccurate,	 secondary	 to	 the	 addition	 of	 exogenous	 base	 to	 the
equation.	 Only	 in	 the	 most	 severe	 acidosis	 cases	 should	 bicarbonate	 even	 be
considered.	 Another	 relative	 indication	 for	 bicarbonate	 administration	 is	 to
increase	 the	 effectiveness	 of	 resuscitation	 adjuncts,	 such	 as	 prothrombin



complex	concentrate	or	recombinant	factor	VIIa,	which	have	decreased	efficacy
below	a	pH	of	7.2.	The	BD	may	be	confounded	by	other	acidotic	states,	such	as
hyperchloremia,	which	 is	 typically	 iatrogenic	 in	nature.	Additionally,	BD	often
lags	 behind	 the	 resuscitation,	 and	 its	 continued	 pursuit	 may	 lead	 to
overresuscitation.	 When	 the	 BD	 persists,	 the	 presence	 of	 a	 missed	 injury	 or
ongoing	causes	for	hypoperfusion	should	be	reviewed.

To	counter	 the	 issues	associated	with	BD,	serum	lactate	 is	employed.	 In	 the
setting	of	 acute	hemorrhagic	 shock,	 increases	 in	 lactate	 are	 the	 result	of	 tissue
and	 cellular	mitochondrial	 dysfunction,	 and	 thus	 lactate	 provides	 insights	 into
tissue	perfusion.	Parallel	physiological	hypoperfusion	mechanisms	will	cause	the
level	of	 lactate	 to	 increase,	secondary	 to	anaerobic	metabolism.	Similar	 to	BD,
lactate	 clearance	 within	 24	 hours	 has	 been	 shown	 by	 many	 studies	 to	 be
associated	 with	 lower	 mortality	 rates.75,76	 Several	 societies	 have	 incorporated
lactate	into	their	resuscitation	guidelines,	 including	the	Society	of	Critical	Care
Medicine	and	the	Eastern	Association	for	the	Surgery	of	Trauma;	and	an	internal
consensus	conference	on	hemodynamic	monitoring	has	recommended	utilization
of	lactate	clearance	as	an	endpoint	of	resuscitation.	Lactate	clearance	is	affected
by	 hepatic	 function,	 and,	 for	 those	 patients	 with	 either	 underlying	 or	 acute
hepatic	 insufficiency,	 elevated	 lactate	 concentrations	may	 persist	 secondary	 to
decreased	clearance	by	the	liver	and	may	be	misleading	in	these	circumstances.
Some	have	further	criticized	 the	ability	of	 lactate	 levels	 to	determine	perfusion
adequacy	by	citing	the	multiple	aerobic	processes,	including	glucose	utilization
in	 the	 setting	 of	 hyperglycemia,	 as	 potential	 non–perfusion-related	 causes	 for
hyperlactatemia.	 However,	 many	 consider	 lactate	 one	 of	 the	 most	 useful
endpoints	in	the	resuscitation	of	hemorrhagic	shock.

Adequate	 tissue	 perfusion	 depends	 upon	 both	 oxygen	 delivery	 and	 tissue
oxygen	 demand.	 This	 supply-demand	 relationship	 can	 be	 determined	 by
examining	 central	 venous	 oxygen	 saturation	 (ScvO2)	 measurement	 from	 a
central	 venous	 catheter.	 Normal	 physiological	 conditions	 incur	 approximately
25%	oxygen	extraction	at	the	tissue	level,	resulting	in	a	ScvO2	of	75%,	given	an
arterial	saturation	of	100%.	When	 tissue	demand	 increases,	or	oxygen	delivery
decreases,	as	in	hemorrhagic	shock,	more	oxygen	is	extracted,	decreasing	ScvO2.
ScvO2	 has	 been	 shown	 to	 be	 a	 marker	 of	 both	 fluid	 responsiveness	 and
reinstatement	 of	 normal	 perfusion.77	 By	 restoring	 normal	 cardiac	 output	 with
volume	 administration,	 preload	 and	 afterload	 optimization,	 and	 inotropic
support,	 the	 delivery	 component	 of	 ScvO2	 is	 corrected.	 Complexity	 arises,
however,	 in	 addressing	 the	 demand	 component	 of	 ScvO2.	 Peripheral
vasoconstriction,	as	described	earlier,	is	a	compensatory	mechanism	in	the	face



of	 hypovolemia.	 This	 vasoconstriction	 ultimately	 leads	 to	 decreased	 tissue
oxygen	extraction	and	a	rising	ScvO2.	Conversely,	in	hemorrhagic	shock,	tissue
oxygen	demand	and	concomitant	extraction	are	typically	increased	secondary	to
tissue-level	 hypoxia,	 resulting	 from	 acute	 hypovolemia	 and	 hypoperfusion.
Increased	 oxygen	 extraction	 in	 response	 to	 hemorrhage	 leads	 to	 a	 delivery-
dependent	state	and	declining	ScvO2.	These	two	competing	forces	have	resulted
in	an	argument	against	the	efficacy	of	ScvO2	as	a	resuscitation	marker	and	work
to	confuse	the	interpretation	of	ScvO2.	Despite	these	intricacies,	ScvO2	 remains
an	 endpoint	 of	 interest,	 and	 abnormal	 elevations	or	 decreases	 in	ScvO2	 should
prompt	the	clinician	to	adjust	resuscitation	based	on	results.

In	 hemorrhagic	 shock,	 restoration	 of	 normal	 oxygen	 delivery	 (DO2)	 is	 the
ultimate	 goal,	 making	 this	 calculated	 value	 extremely	 useful	 for	 determining
sufficiency	 of	 resuscitation.	 The	 equation	 is	 defined	 as	 the	 product	 of	 arterial
oxygen	 content	 and	 blood	 flow	 and	 involves	 three	 main	 components:	 cardiac
output,	 hemoglobin,	 and	 oxygen	 saturation	 (SaO2).	 The	 contribution	 of	 partial
pressure	of	oxygen	is	negligible	and	is	often	omitted	in	bedside	calculations	of
DO2.	With	 the	equation,	we	simplify	 the	concept	of	perfusion,	by	separating	 it
into	 two	 main	 determinants—flow	 and	 content.	 To	 address	 arterial	 oxygen
content,	 first	 the	 SaO2	 is	 optimized	 through	 oxygen	 administration,	 increased
FiO2,	or	through	ventilator	methods	to	increase	oxygenation.	Hemoglobin	is	then
optimized,	keeping	in	mind	the	clear	benefit	of	restrictive	transfusion	strategies
shown	 in	 virtually	 all	 patient	 populations.	 Next,	 flow	 is	 maximized	 via
optimization	 of	 cardiac	 output,	 which	 typically	 equates	 to	 targeting	 stroke
volume	 through	 ongoing	 resuscitation	 or	 application	 of	 inotropic	 agents.
Through	 these	 methods,	 normalizing	 oxygen	 delivery	 represents	 a	 valid	 and
complete	 endpoint	 of	 resuscitation	 for	 hemorrhagic	 shock.	 Like	 the	 endpoints
described	 earlier,	 DO2	 is	 not	 without	 limitation.	 In	 states	 of	 decreased	 tissue
oxygen	extraction,	DO2	may	not	coincide	with	cellular	perfusion.	Additionally,
advanced	 monitoring	 is	 required	 to	 obtain	 stroke	 volume	 measurement,	 and
depending	 upon	 the	 device	 used,	 significant	 error	may	 be	 introduced	 into	 the
equation.

Coagulation	Endpoints
Many	damage	control	resuscitation	measures	are	directed	at	controlling	the	early
coagulopathy	of	hemorrhage.	The	ongoing	phase	of	resuscitation	continues	this
focus.	 Conventional	 coagulation	 tests	 are	 helpful	 and	 provide	 insight	 into



ongoing	 coagulopathy.	 Considering	 the	 above	 endpoints,	 the	 clinician	 should
consider	 normalizing	 coagulation	 function	 with	 plasma,	 platelets,
cryoprecipitate,	 or	 pharmacological	 means.	 Understanding	 each	 of	 the	 blood
components	 and	 when	 to	 utilize	 them	 is	 crucial	 in	 the	 resuscitation	 of
hemorrhagic	 shock.	 TEG	 and	 rotational	 thromboelastometry	 (ROTEM)	 have
gained	wide	acceptance	over	 the	 last	decade	owing	 to	 the	ability	 to	help	guide
resuscitation	 and	 serve	 as	 a	 set	 of	 endpoints	 specifically	 relating	 to	 the
coagulopathy	 associated	 with	 hemorrhage.	 Developed	 in	 1948	 to	 detect
congenital	 factor	 deficiencies,	 this	 technology	 has	 broadened	 its	 use	 to
hemorrhage	of	all	types.	TEG	is	a	dynamic	test	that	measures	both	the	formation
and	lysis	of	the	clot.	Results	are	presented	graphically	and	numerically	and	allow
for	 a	 global	 assessment	 of	 clotting	 function	 by	 illuminating	 abnormalities	 at
specific	sites	in	the	clotting	cascade	and	offering	detailed	information	regarding
coagulation	function.

TEG	and	ROTEM	share	many	similarities;	however,	the	nomenclature	differs
between	the	two.	Abnormalities	in	clot	initiation	are	measured	by	R	value	(time
to	 clot	 initiation)	 (TEG)	 or	 CT	 (clotting	 time)	 (ROTEM).	 Clot	 initiation	 is
dependent	 upon	 clotting	 factors.	 Therefore,	 a	 prolonged	 R	 or	 CT	 value
corresponds	to	a	deficiency	in	clotting	factors.	Prolongations	are	commonly	seen
with	anticoagulant	use	and	in	the	presence	of	factor	inhibitors.	Therapies	include
plasma	 transfusion,	prothrombin	complex	concentrates,	and	 recombinant	 factor
VII.	As	the	clot	develops,	the	tracing	diverges	and	becomes	parabolic	in	shape.
The	initial	angle	of	this	divergence	is	known	as	alpha	(α).	The	α	corresponds	to
the	rapidity	of	clot	development	and	is	mainly	dependent	upon	fibrinogen,	with	a
minor	 role	 played	 by	 platelets.	 A	 steep	 angle	 indicates	 overly	 rapid	 clot
development,	 whereas	 a	 gradual	 angle	 indicates	 a	 slowly	 developing	 clot.
Hypofibrinogenemia	 and	 hyperfibrinolysis	 often	 result	 in	 a	 low	 α	 value.
Therapies	 include	 plasma,	 which	 has	 the	 greatest	 amount	 of	 fibrinogen,	 and
cryoprecipitate,	which	has	 the	highest	concentration	 of	 fibrinogen.	As	 the	 clot
strengthens,	the	parabolic	curve	peaks,	resulting	in	the	maximal	amplitude	(MA)
(TEG)	or	maximum	clot	firmness	(MCF)	(ROTEM)	of	 the	clot.	This	 is	 largely
dependent	 upon	 platelets,	 with	 fibrinogen	 and	 platelet-fibrinogen	 interactions
contributing	 to	 a	 lesser	 extent.	 Low	 MA/MCF	 values	 are	 seen	 with
thrombocytopenia	and	 in	 the	presence	of	antiplatelet	agents,	 such	as	aspirin	or
clopidogrel.	Treating	low	MA/MCF	values	is	limited	to	platelet	transfusion	only.
The	downsloping	TEG	tracing	represents	the	time	for	clot	lysis.	Normal	lysis	at
30	minutes,	 LY30	 (TEG)	 or	CL30	 (ROTEM),	 is	 0%.	Minor	 increases	 in	 lysis
(3%-8%)	 are	 associated	 with	 increased	 mortality	 and	 should	 be	 rapidly
addressed.	 Therapy	 includes	 antifibrinolytic	 medications,	 such	 as	 tranexamic



acid	and	ε-aminocaproic	acid.	Plasma	and	cryoprecipitate	may	also	be	employed
to	 replace	 lost	 fibrinogen,	 but	 the	 mainstay	 of	 treatment	 is	 to	 cease
hyperfibrinolysis	with	pharmacological	agents.78

Employing	targeted	pharmacological	and	transfusion	strategies	based	on	TEG
measurements	 allows	 for	 normalization	 of	 coagulopathy,	 while	 limiting
untoward	effects	of	overresuscitation	or	underresuscitation.	Additionally,	it	may
result	in	fewer	transfusions,	which	in	turn	will	decrease	complications	related	to
transfusion.

Monitoring
Today’s	 ICUs	 utilize	 advanced	 technologies	 to	 determine	 volume	 status	 and
resuscitation	 parameters.	 The	 Swan-Ganz	 pulmonary	 artery	 catheter	 (PAC),
since	 its	 introduction	 in	 1970,	 has	 provided	 a	wealth	 of	 information	 regarding
hemodynamics	 for	 a	 large	 variety	 of	 patient	 populations.	 However,	 multiple,
large	 randomized	 trials	 have	 failed	 to	 show	 a	 mortality	 benefit	 when	 PAC
parameters	 were	 used	 to	 guide	 resuscitation.79,80	 And,	 in	 some	 trials,	 higher
mortality,	 increased	morbidity,	 and	 larger	volume	 fluid	 resuscitation	were	 seen
with	 PAC	 use.	 Additionally,	 with	 less-invasive	 monitors	 becoming	 more	 and
more	 available,	 the	 PAC	 has	 fallen	 out	 of	 favor.	 The	 benefits	 of	 the	 PAC,
however,	should	not	be	understated	in	certain	instances.	Patients	with	significant
arrhythmias	 or	 those	 with	 pulmonary	 hypertension	 may	 benefit	 from	 PAC
catheterization,	 because	 noninvasive	 methods	 frequently	 fail	 to	 demonstrate
accurate	hemodynamic	results.	Furthermore,	perioperative	use	of	PACs	to	guide
resuscitation	 has	 shown	 in	multiple	 studies	 to	 have	 a	mortality	 and	morbidity
benefit.81	 For	 hemorrhagic	 shock,	 the	 PAC	 may	 provide	 information	 not
available	 from	 noninvasive	 methods	 and,	 therefore,	 should	 be	 considered	 for
selected	patient	populations.

In	 addition	 to	 PACs,	 a	 variety	 of	 minimally	 invasive	 and	 noninvasive
techniques	are	available	to	rapidly	determine	endpoints	of	resuscitation.	Arterial
waveform	 analysis	 methodologies	 have	 seen	 widespread	 use	 in	 recent	 years.
Continuous	 pulse	 contour	 cardiac	 output	 monitors	 (PiCCO;	 Phillips)	 utilize
proprietary	 thermodilution	 arterial	 catheters,	 typically	 inserted	 in	 the	 femoral
artery,	 to	 determine	 cardiac	 output	 through	 pulse	 contour	 analysis.	 Frequent
calibration	 is	necessary,	 and	a	 learning	curve	exists	both	 from	a	physician	and
nursing	 point	 of	 view.82	 Lithium	 dilution	 cardiac	 output	 (LiDCO	 Limited)	 is
measured	through	the	injection	of	lithium	via	a	central	venous	access	line.	The
concentration	 changes	 of	 lithium	 are	 then	 measured	 with	 a	 lithium-sensitive
sensor	attached	to	an	existing	arterial	line.	Again,	multiple	daily	calibrations	are



necessary;	however,	a	variety	of	derived	variables,	including	cardiac	output,	are
readily	 calculated	 and	 have	 been	 shown	 to	 be	 equivalent	 to	 thermodilutional
techniques.83	 Arterial	 waveform	 monitors	 (Vigileo;	 Edwards	 Lifesciences)
provide	 cardiac	 output	measurement	 through	 existing	 arterial	 lines	 and	 do	 not
require	 injection-based	calibration.	By	measuring	 the	pulse	pressure	variations,
stroke	 volume	 is	 calculated,	 and	 cardiac	 output	 is	 derived.	Although	 typically
less	 precise	 than	 the	 above	 dilutional	 methods,	 arterial	 waveform	 monitors
provide	information	using	existing	catheters	with	minimal	training.84

Noninvasive	 methods	 of	 cardiac	 output	 determination	 continue	 to	 be
developed.	 Ultrasonic	 cardiac	 output	 monitoring	 (Uscom	 Ltd)	 utilizes	 an
ultrasound	probe	placed	at	the	sternal	notch	to	measure	beat-to-beat	variability,
cardiac	output,	and	systemic	vascular	resistance.	It	requires	minimal	training	and
has	been	validated	against	thermodilution.	Obesity	may	be	a	barrier	to	utilizing
this	 method	 and	 may	 increase	 error	 rates	 in	 measurements.85	 Another
noninvasive	 device	 (NICOM;	 Cheetah	Medical)	 uses	 bioreactance	 to	 measure
phase	shifts	and	amplitude	after	passing	a	current	between	electrodes	placed	on
the	chest.	The	phase	change	correlates	well	with	changes	in	stroke	volume	and
aortic	blood	volume.	This	noninvasive	monitor	has	shown	good	correlation	and
reliability	 both	 with	 Doppler	 ultrasound	 and	 thermodilution	 methods.86	 It	 is
important	to	note	that	reliable	monitoring	is	crucial	to	determining	adequacy	of
resuscitation.	Blind	resuscitation	 invariably	misses	 the	mark,	resulting	 in	either
overresuscitation	or	underresuscitation	and	worsened	outcomes.

Fluids	and	Component	Therapy
Historically,	 crystalloid	 solutions	 were	 almost	 exclusively	 utilized	 in
resuscitation	 following	 hemorrhage.	 Traditional	 regimens	 called	 for	 infusing
crystalloids	while	 awaiting	blood	products	 from	 the	blood	bank,	with	 repeated
bolus	doses	as	necessary.	Following	at	 least	2	L	of	crystalloid	infusion,	packed
red	 blood	 cells	 (PRBCs)	were	 considered.	 Unfortunately,	 this	 approach	 led	 to
worsened	 coagulopathy,	worsened	 organ	 failure,	 and	 overall	 outcomes.	Recent
evidence	has	shown	improved	mortality	and	morbidity	with	earlier	use	of	blood
products,	including	plasma	transfusion.	As	stated	previously,	a	key	component	to
both	early	damage	control	resuscitation	and	ongoing	resuscitation	in	the	ICU	is
that	crystalloids	offer	 little	benefit	 for	hemorrhagic	shock.	Unlike	patients	with
septic	 shock,	 hypotension	 and	 hemodynamic	 collapse	 are	 secondary	 to	 blood
loss.	 This	 simple	 idea	 of	 replacing	 what	 was	 lost	 is	 at	 the	 cornerstone	 of
hemorrhagic	shock	management.	Crystalloid	preparations	inevitably	are	used	to
some	 extent,	 either	 as	medication	 carriers	 or	 as	 transfusion	 flushes.	 However,



their	use	should	be	limited	as	much	as	possible—especially	in	the	early	phases
of	resuscitation,	before	hemorrhage	control	is	gained.	Once	in	the	ICU,	targeted
and	 thoughtful	 use	 of	 crystalloid	may	 be	 employed,	 but	 again	 holding	 true	 to
damage	 control	 tenants.	 Fluid	 shifts	 occurring	 as	 the	 result	 of	 hemorrhage	 are
often	profound	and	worsened	by	 large-volume	IV	fluid	administration.	Control
of	 coagulopathy	 and	 acidosis	 also	 falls	 victim	 to	 isotonic	 and	 hypotonic
crystalloid	volume	use.

HTS	is	one	crystalloid	formula	that	has	some	benefits.	Solutions	of	3%,	5%,
and	 7.5%	 are	 commercially	 available.	High	 concentrations	 of	 sodium	 chloride
delivered	 to	 the	 vascular	 system	 favor	 the	 flux	 of	 water	 from	 the	 interstitial
space	 and	 from	 the	 cells	 to	 augment	 the	blood	volume.	This	 results	 in	 a	 rapid
restoration	 of	 intravascular	 volume.	 Infusions	 of	 small	 amounts	 of	 these
solutions	lead	to	hemodynamic	responses	equivalent	to	much	larger	volumes	of
crystalloid	 solutions.	 This	 is	 advantageous	 because	 of	 both	 the	 rapidity	 of	 the
response	 and	 the	 limited	 volume	 necessary	 to	 achieve	 the	 same	 goals.	 Recent
work	 suggests	 these	 fluids	 decrease	 the	 activation	 of	 neutrophils,	 modulate
cytokine	 and	 adhesion	 molecule	 expression,	 and	 suppress	 the	 production	 of
reactive	oxygen	species.	These	 immunomodulatory	effects	have	been	shown	to
decrease	the	risk	of	MODS.87	Proponents	believe	that	the	smaller	volumes	lead
to	less	tissue	edema	and	associated	potential	complications.	Once	fluid	is	drawn
into	 the	 vascular	 space,	 sodium	 chloride	 is	 diluted	 and	 equilibrates	 across	 the
fluid	spaces	of	the	body.	As	this	happens,	the	effect	of	the	HTS	is	gradually	lost.
Increases	 in	 mean	 arterial	 pressure	 are	 short-lived,	 with	 hemodynamic	 effects
lasting	 only	 15	 to	 75	 minutes.88	 The	 largest	 potential	 danger	 with	 hypertonic
solutions	 is	 hypernatremia.	 This	 may	 be	 accentuated	 in	 the	 previously
dehydrated	 patient	 without	 additional	 extravascular	 fluid	 to	 donate	 to	 the
vascular	system.	Although	some	rapid	and	transient	hypernatremia	seems	to	be
tolerated,	caution	in	administration	and	careful	monitoring	of	sodium	levels	are
important	in	the	safe	use	of	these	solutions.

Whole	blood	contains	all	of	the	factors	lost	by	the	bleeding	patient,	including
plasma	 proteins,	 clotting	 factors,	 platelets,	 and	 white	 blood	 cells,	 as	 well	 as
erythrocytes.	Although	fresh	whole	blood	is	a	superb	resuscitation	fluid,	it	has	a
short	 storage	 life	 and,	 therefore,	 has	 limited	 use	 in	 the	 typical	 civilian	 setting.
Additionally,	 infectious	 disease	 testing	 and	 blood	 banking	 inventory
management	issues	have	made	whole	blood	largely	unavailable.	Initially	utilized
by	 the	 military,	 whole	 blood	 is	 becoming	 increasingly	 more	 available	 for
civilians.89-91	Several	studies	have	shown	safe	and	efficacious	results	with	the	use
of	whole	blood	transfusion	for	trauma	patients	with	hemorrhagic	shock.92-94	Pre–
hospital	whole	 blood	 programs	 have	 also	 been	 established.95	 On-going	 studies



are	 needed	 to	 further	 define	 the	 role	 of	 whole	 blood	 transfusion	 for	 trauma
patients.

RBC	 transfusion	 is	 common	 for	 the	 resuscitation	 from	 hemorrhage	 and
should	 be	 utilized	 early	 in	 the	 process.	 Initial	 resuscitation	 practices	 often
employ	 uncrossed	 blood	 products	 which	 are	 O	 negative;	 however,	 PRBCs
should	 be	 typed	 and	 cross-matched	 as	 early	 as	 feasible	 to	 avoid	 transfusion
reactions.	PRBCs	can	be	stored	for	42	days	according	to	current	Food	and	Drug
Administration	standards.	However,	detrimental	effects	of	stored	PRBCs	may	be
related	to	their	age.	Hyperkalemia	is	a	well-known	problem	with	red	cell	storage,
because	potassium	is	lost	into	the	PRBC	supernatant	over	time.	Increased	risk	of
cardiac	 events,	 infection,	 multisystem	 organ	 failure,	 and	 mortality	 are	 also
associated	 with	 older	 RBCs.96,97	 Despite	 safeguards,	 clerical	 errors	 lead	 to
mismatched	blood	administrations,	with	a	rate	of	fatal	major	ABO	blood	group
reactions	 of	 between	 1	 in	 500,000	 and	 1	 in	 2	 million.	 Currently,	 the	 risk	 of
infection	 from	a	 transfused	unit	 is	1	 in	30,000	 to	1	 in	150,000	 for	hepatitis	C,
and	1	in	200,000	to	1	in	2,000,000	for	human	immunodeficiency	virus.98

9 	The	benefits	of	early	plasma	administration	continue	to	be	realized	through
multiple	randomized	trials.	Plasma	should	be	considered	an	initial	resuscitation
fluid	in	hemorrhagic	shock,	along	with	PRBCs.	Thawed	plasma	is	plasma	that	is
stored	for	up	to	5	days	at	1	°C	to	6	°C.	This	storage	timeline	is	based	on	similar
RBC	storage	guidelines	and	preservation	of	factors	V	and	VIII;	however,	clinical
data	 are	 lacking.99,100	 Because	 more	 centers	 are	 using	 earlier	 and	 increased
amounts	 of	 plasma,	 thawed	plasma	 is	 now	 routinely	 available	 at	many	 trauma
centers,	and	increasingly	stored	in	emergency	departments.	Type	AB	plasma,	the
universal	donor	 for	plasma,	 is	 chosen	 initially	before	cross-matched	product	 is
available.	Group	A	plasma	has	been	shown	to	be	a	safe	alternative	to	Type	AB,
and	 empiric	 utilization	 of	 Group	 A	 plasma	 may	 expand	 the	 use	 of	 massive
transfusion	 protocols	 and	 help	 encourage	 the	 use	 of	 early	 plasma	 transfusion
where	 AB	 availability	 is	 limited.101	 Having	 thawed	 plasma	 available	 in	 the
emergency	department	allows	for	the	initiation	of	a	protocol-driven	high	ratio	of
FFP	to	PRBCs.	Plasma	 transfusion	risks	of	TRALI,	 infection,	and	multisystem
organ	 failure	 increase	 at	 the	 rate	 of	 approximately	 2%	 with	 each	 unit
transfused.102	 However,	 these	 observations	 have	 been	 made	 in	 the	 context	 of
higher	survival	among	patients	who	received	high	ratios	of	FFP,	suggesting	that
those	patients	survived	despite	the	potential	cost	of	sepsis	and	multisystem	organ
failure	development.

Platelets	 are	 transfused	 in	 two	 different	 formulations.	 Pooled	whole	 blood–
derived	platelets	 are	generally	 transfused	 in	6-unit	 increments	 from	 five	 to	 six
different	blood	donors.	Apheresis	platelet	units	are	derived	from	a	single	donor



and	 are	 transfused	 in	 volumes	 approximately	 equal	 to	 5	 to	 6	 units	 of	 pooled
whole	 blood–derived	 platelets.	 Because	 evidence	 continues	 to	 emerge,	 it	 is
becoming	 clear	 that	 platelets,	 once	 an	 afterthought	 during	 traditional
resuscitation	 practices,	 should	 be	 transfused	 at	 higher	 ratios.	 Many	 massive
transfusion	protocols	include	platelets	in	the	first	or	second	tier	of	the	transfusion
guideline.	 Improved	 outcomes	 have	 been	 seen	 when	 fixed-ratio	 transfusion
strategies	 include	 platelets	 early	 in	 the	 schema.	 Platelet	 counts	 of	 less	 than
20,000	per	µL	should	always	be	corrected	in	any	bleeding	patient,	whether	or	not
a	life-threatening	injury	has	been	identified.	If	the	patient	has	a	known	history	of
antiplatelet	medication	use	within	the	preceding	7	days,	 it	may	be	necessary	to
transfuse	 platelets	 despite	 a	 platelet	 count	 greater	 than	 50,000	 per	 µL,
particularly	for	patients	with	head	injury	or	those	being	managed	nonoperatively
for	significant	solid	organ	injury.	Platelet	counts	of	less	than	100,000	per	µL	are
a	 relative	 indication	 for	 platelet	 transfusion	 in	 the	 head-injured	 patient	 with
evidence	of	intracranial	hemorrhage,	whether	as	a	single-system	injury	or	as	part
of	multisystem	injuries.	It	is	possible	that	we	have	been	overly	restrictive	in	the
use	of	platelet	transfusions,	because	recent	data	suggest	that	increased	and	early
use	improves	survival.69	Both	pooled	and	apheresis	platelets	are	stored	at	room
temperature	for	up	to	5	days.	Bacterial	contamination	remains	the	greatest	risk	of
platelet	 transfusion;	however,	apheresis	platelet	units	have	been	shown	to	have
lower	risk	of	infection	because	they	are	derived	from	a	single	donor.

Cryoprecipitate	is	a	product	of	FFP	that	contains	factor	VIII,	von	Willebrand
factor,	 fibrinogen,	 fibronectin,	 factor	 XIII,	 and	 platelet	 microparticles.	 The
benefits	of	including	cryoprecipitate	in	massive	transfusion	protocols	have	yet	to
be	confirmed.103	As	 a	 product	 of	 plasma,	 cryoprecipitate	 contains	many	of	 the
constituents	 of	 plasma,	 only	 in	 concentrated,	 less	 voluminous	 form.	 For	 this
reason,	 unless	 a	 specific	 coagulation	 defect	 is	 targeted,	 cryoprecipitate	 likely
offers	 little	 benefit	 over	 FFP	 in	 the	 early	 resuscitation	 of	 hemorrhagic	 shock.
Cryoprecipitate	 is	 made	 after	 centrifuging	 thawed	 plasma	 and	 removing	 the
supernatant.	It	has	a	shelf	life	of	1	year	when	frozen	at	−20	°C.	Cryoprecipitate
is	customarily	transfused	in	10-unit	bags,	although	this	is	highly	variable.	As	a
result	 of	 this	 practice,	 patients	 generally	 receive	 2.5	 g	 of	 cryoprecipitate	 per
transfusion.

Vasopressor	and	Inotropic	Support
Despite	 adequate	 volume	 resuscitation,	 some	 patients	 require	 additional
pharmacologic	means	 to	attain	hemodynamic	goals.	 In	 these	patients,	 selective
use	 of	 vasopressor	 agents	 may	 be	 necessary.	 A	 keen	 understanding	 of	 each



agent’s	receptor	targets	and	their	resultant	effects	is	required	to	effectively	make
use	of	vasopressors	in	the	resuscitation	of	hemorrhagic	shock.	Norepinephrine	is
widely	used	and	is	at	the	forefront	of	many	algorithms	aimed	to	treat	critically	ill
patients.	 Acting	 weakly	 on	 β1	 receptors,	 norepinephrine	 mildly	 increases
contractility,	 while	 it	 acts	 to	 strongly	 activate	 α1	 receptors,	 affording	 potent
vasoconstriction.	 Bradycardia	 is	 commonly	 seen	 and	 is,	 therefore,	 not
recommended	 for	 those	 with	 bradyarrhythmias.	 Dopamine	 acts	 on	 multiple
receptors	 and	 is	 strongly	 associated	 with	 tachycardia	 and	 the	 development	 of
tachyarrhythmia.	At	lower	doses,	it	acts	as	a	dopamine	(D1)	receptor	agonist	and
may	 also	 produce	 vasodilation	 through	 action	 on	 β2	 receptors.	 The	 so-called
renal	 dose	 dopamine,	 at	 low	 doses,	 has	 not	 been	 shown	 to	 improve	 renal
perfusion	or	treat	renal	insufficiency,	and	although	theoretical	advantages	exist,
clinically	 it	 has	 no	 benefit.	 At	 somewhat	 higher	 doses,	 dopamine	 triggers	 β1
receptors	 and	 increases	 contractility	 and	 heart	 rate.	 With	 increasing	 doses,	 α1
receptors	 are	 activated	 and	 vasoconstriction	 results.	 Dopamine	 is	 typically	 a
second-line	agent	for	most	situations	relevant	to	hemorrhagic	shock,	because	the
risk	of	tachyarrhythmia	is	increased	in	patients	who	are	already	tachycardic.

Epinephrine	is	a	powerful	agent	acting	strongly	on	both	α	and	β	receptors.	In
the	 case	 of	 cardiac	 arrest,	 1-mg	 bolus	 doses	 remain	 a	 mainstay	 of	 treatment.
When	 higher	 doses	 are	 used,	 tissue	 ischemia	 becomes	more	 likely.	High-dose
epinephrine	 infusions	 worsen	 acidosis	 and	 ultimately	 may	 result	 in	 cardiac
ischemia,	 and	 therefore	 are	 not	 recommended.	Lower	 doses,	 however,	may	be
beneficial	as	either	intermittent	boluses	or	infusions.	Particular	benefits	may	be
seen	prior	to	anesthetic	induction	for	procedural	hemorrhage	control.

Phenylephrine	 is	 a	 pure	 α-agent,	 effecting	 potent	 vasoconstriction.	 Care
should	 be	 taken	 when	 beginning	 a	 phenylephrine	 infusion	 in	 patients	 with
hemorrhagic	 shock.	These	patients	are	 typically	maximally	vasoconstricted	via
endogenous	catecholamine	release,	and	cardiac	output	is	being	sustained	by	the
patient’s	 tachycardia.	 Further	 vasoconstriction,	 without	 stimulation	 of	 β
receptors,	 will	 worsen	 cardiac	 output	 by	 causing	 a	 reflex	 bradycardia	 and
reduced	cardiac	output.	Additionally,	phenylephrine	infusions	in	elderly	patients
may	increase	afterload	beyond	that	which	the	aging	heart	can	function,	causing
acute	heart	failure	and	precipitous	drop	in	cardiac	output.

Vasopressin	 has	 been	 increasingly	 utilized	 in	 the	 resuscitation	 of	 patients
following	 hemorrhage.	 Evidence	 suggests	 endogenous	 vasopressin	 stores	 are
rapidly	 depleted	 in	 response	 to	 hemorrhage,	 and	 replacement	with	 a	 low-dose
infusion	 is	 warranted	 when	 hemodynamic	 profiles	 are	 not	 optimized.	 The
greatest	benefit	appears	to	be	when	vasopressin	is	used	in	conjunction	with	other



vasoactive	medications,	such	as	norepinephrine.	When	norepinephrine	doses	are
greater	 than	 12	 µg/min,	 concomitant	 vasopressin	 infusion	 has	 been	 shown	 to
allow	 norepinephrine	 to	 be	 titrated	 down,	 while	 maintaining	 desirable
hemodynamics.	High-dose	infusions	(>0.04	U/min)	are	strongly	associated	with
coronary	 ischemia	 and	 are	 not	 recommended.	A	 single	 institution	 randomized,
double-blind	placebo-controlled	 clinical	 trial	 of	 100	patients	 demonstrated	 that
low-dose	 arginine	 vasopressin	 supplementation	 for	 patients	 in	 hemorrhagic
shock	reduced	the	amount	of	blood	products	transfused.104

Dobutamine	 and	 milrinone	 are	 two	 inotropic	 agents	 that	 typically	 have
limited	 use	 in	 hemorrhagic	 shock.	Dobutamine,	 a	 pure	 β-agonist,	 has	 a	 strong
effect	on	contractility	and	heart	rate.	It	 is	also	associated	with	vasodilation	and
may	 result	 in	 up	 to	 a	 10%	 drop	 in	 systemic	 vascular	 resistance.	Milrinone,	 a
phosphodiesterase	 inhibitor,	 increases	 contractility	 by	 increasing	 cyclic
adenosine	 monophosphate.	 It	 too	 acts	 as	 a	 vasodilator	 and	 preferentially
vasodilates	the	pulmonary	vascular	bed.	Owing	to	their	vasodilating	properties,
both	of	these	pharmaceuticals	offer	limited	benefit	in	the	resuscitation	following
hemorrhage.	In	selected	circumstances,	principally	preexisting	heart	failure,	they
may	be	 utilized,	 but	 invasive	monitoring	 is	 necessary	 to	 fully	 appreciate	 these
benefits.

Additional	Therapies
Coagulopathy	may	persist	despite	aggressive	initial	treatment.	It	is	important	to
reevaluate	coagulopathy	within	 the	 first	48	hours	of	 the	 ICU	stay.	Pre-existing
conditions,	 such	 as	 cirrhosis,	 may	 prevent	 adequate	 coagulopathic	 control
without	 repeated	 dosing	 of	 medications,	 such	 as	 vitamin	 K,	 prothrombin
complex	 concentrates,	 or	 plasma	 (if	 volume	 is	 necessary).	 Similarly,
hyperfibrinolysis	may	still	be	present	and	require	dosing	of	 tranexamic	acid.	 If
renal	 failure	 is	 present,	 the	 presence	 of	 uremic	 platelet	 dysfunction	 should	 be
considered	and	treated	with	high-dose	desmopressin.

Steroids	have	been	studied	in	many	shock	states;	however,	they	have	shown
little	benefit	in	hemorrhagic	shock.	One	area	of	interest	where	steroids	may	have
benefit	is	in	the	realm	of	acute	acquired	adrenal	insufficiency.	For	patients	with
persistent	hypotension,	despite	adequate	volume	resuscitation,	a	random	cortisol
level	 and	empiric	dosing	of	 either	hydrocortisone	or	dexamethasone	 should	be
considered.	 Many	 clinicians	 use	 clinical	 judgment	 to	 guide	 administration	 of
steroids	 in	 the	 face	 of	 a	 “relatively”	 low	 serum	 random	 cortisol.	 The	 cortisol
stimulation	 test	 is	 controversial,	 but	 when	 used,	 the	 patient’s	 cortisol	 level
should	 increase	 a	minimum	of	 9	µg/dL	 above	 baseline	 upon	 administration	 of



cosyntropin.
Glycemic	control	should	be	initiated	upon	arrival	to	the	ICU.	Hyperglycemia

encourages	a	proinflammatory	 state	 and	 results	 in	worsened	outcomes.	Targets
should	 be	 reasonable,	 because	 iatrogenic	 hypoglycemia	 is	 associated	 with
worsened	outcomes	 as	well.	Nutritional	 support	 should	be	 initiated	 as	 early	 as
prudent,	 depending	 upon	 the	 patient’s	 physiological	 state.	 Intra-abdominal
hemorrhage	 and	 subsequent	 operations	often	preclude	 early	 enteral	 feeding,	 as
do	 the	 necessity	 of	 vasopressor	 agents.	Most	 vasoactive	medications	 decrease
splanchnic	circulation,	which	 increases	 the	risk	of	 tube	feed	necrosis	and	other
nutritionally	related	enteric	disasters.

Evidence	 continues	 to	 emerge	 regarding	 the	 use	 of	 thromboembolic
prophylaxis	in	the	setting	of	hemorrhage.	As	directed	treatment	of	coagulopathy
is	 associated	 with	 improved	 outcomes,	 so	 is	 thromboembolic	 prevention.
Hemorrhaging	 patients	 often	 are	 in	 a	 prothrombotic	 and	 paradoxically
coagulopathic	state.	Overactivation	of	the	clotting	cascade	combined	with	stasis
from	 hypotension	 and	 vascular	 damage	 from	 the	 inciting	 event	 complete
Virchow	triad,	and	therefore	put	patients	at	increased	risk	for	thrombotic	events.
Once	hemorrhage	 control	 has	been	demonstrated,	 thromboembolic	prophylaxis
should	 be	 initiated.	 In	most	 cases,	waiting	more	 than	 24	 hours	 is	 unnecessary
and	leads	to	higher	rates	of	thromboembolic	events.

Calcium	 has	 also	 been	 investigated	 as	 an	 important	 adjunct	 for	 the
resuscitation	of	patients	 in	hemorrhagic	 shock.	Low	 ionized	calcium	 levels	are
associated	 with	 hypotension,	 coagulopathy,	 and	 increased	 mortality.105,106	 In
particular,	 platelet	 dysfunction	 has	 been	 linked	 to	 hypocalcemia.107,108	 Patients
receiving	significant	volumes	of	blood	products	may	develop	hypocalcemia	due
to	the	presence	of	citrate	and	should	receive	calcium	replacement.109,110

Home	 medications	 should	 be	 reviewed	 and	 begun	 as	 necessary.	 Preinjury
statin	use	is	associated	with	increased	rates	of	myocardial	ischemia	when	these
medications	 are	 not	 restarted	 upon	 admission.	 Withholding	 β-blocker
medications	 may	 result	 in	 rebound	 tachycardia	 and	 tachyarrhythmias	 and
increase	 risk	 of	 cardiac	 ischemia.	 Diuretics	 are	 typically	 detrimental	 until	 the
patient	 is	 beyond	 the	 resuscitative	 phases	 and	 are	 generally	 withheld	 until
stability	 is	 demonstrated.	 For	 patients	 who	 take	 diuretics	 regularly,	 however,
special	 attention	 is	 warranted	 in	 regard	 to	 volume-overloaded	 states,	 and	 the
development	 of	 pulmonary	 edema.	 Anticoagulants	 should	 be	 restarted	 with
caution.	 Certain	 conditions,	 such	 as	 patients	 with	 mechanical	 heart	 valves	 or
recent	 percutaneous	 coronary	 stents,	 may	 require	 anticoagulant	 or	 antiplatelet
agents	 to	be	 restarted	as	 soon	as	possible.	An	accurate	and	 thorough	history	 is
essential	to	obtain,	especially	in	the	aging	population.



SUMMARY
Shock	 following	 hemorrhage	 represents	 a	 significant,	 multifaceted	 process
impacting	 a	 significant	 number	 of	 patients.	 Early	 recognition	 is	 crucial	 to
improve	 outcomes.	 Once	 recognized,	 hemorrhage	 control	 must	 rapidly	 be
obtained	 to	 prevent	 further	 physiological	 derangements,	 for	 without	 it,	 any
resuscitation	strategy	is	futile.	Hemostatic	adjuncts,	both	topical	and	IV,	may	be
utilized	to	reach	this	goal.	Damage	control	principles,	with	targeted	treatment	of
coagulopathy,	 early	 use	 of	 plasma,	 and	 limited	 crystalloid	 volume,	 should	 be
employed	 for	 patients	 at	 risk	 for	 exsanguination.	 Before,	 during,	 and	 after
hemorrhage	 has	 ceased,	 resuscitation	 efforts	 must	 proceed	 with	 goals	 to
normalize	 hemodynamic,	 coagulation,	 and	 perfusion	 parameters.	 Resuscitation
endpoints	 should	 be	 targeted,	 with	 the	 combined	 use	 of	 advanced	 monitoring
techniques,	laboratory	results,	and	clinical	judgment.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	21-year-old	man	is	brought	to	the	emergency	department	following
multiple	gunshot	wounds.	He	is	hypotensive	on	arrival	and	taken	emergently	to
the	operating	room	for	damage	control	laparotomy	while	receiving	blood
products	per	the	massive	transfusion	protocol.	Upon	subsequent	arrival	to	the
SICU,	he	remains	hypotensive	with	elevated	serum	lactate.	What	is	the	most
appropriate	recommendation	regarding	his	ongoing	resuscitation?

A. 	Add	vasopressors	to	maintain	mean	arterial	pressure	of	80	mm	Hg
B. 	Bolus	normal	saline,	guided	by	lactate	levels
C. 	Continue	transfusions,	correct	coagulopathy,	and	address
hypothermia
D. 	Place	Swan-Ganz	pulmonary	artery	catheter	to	guide	resuscitation

2. 	Which	of	the	following	patients	would	most	benefit	from	a	point	of	care
ultrasound	(POCUS)	in	the	Emergency	Department?

A. 	22-year-old	morbidly	obese	man	with	multiple	gunshot	wounds	to
his	abdomen	and	pelvis	and	systolic	blood	pressure	of	85	mm	Hg



B. 	32-year-old	man	with	a	stab	wound	near	the	xiphoid	process	who
becomes	pulseless	upon	arrival
C. 	64-year-old	woman	with	a	history	of	gastrointestinal	malignancy	and
suspected	retroperitoneal	bleed
D. 	84-year-old	woman	with	a	distended	abdomen	who	is	unstable,
requiring	emergent	intubation	and	pressors

3. 	A	50-year-old	man	sustains	a	gunshot	wound	to	his	abdomen.	His	vital
signs	in	the	field	are	blood	pressure	80/60	mm	Hg,	heart	rate	120,	and
respiratory	rate	30.	Emergency	medical	personnel	obtained	intravenous	access
and	gave	the	patient	a	1	L	bolus	of	Lactated	Ringer	solution.	Upon	arrival	to	the
local	trauma	center,	vital	signs	are	heart	rate	130,	blood	pressure	is	80/60,	and
respiratory	rate	30.	He	is	protecting	his	airway	and	oxygen	saturation	is	99%	on
a	nonrebreather	mask.	What	is	the	most	appropriate	next	step	in	management?

A. 	Bolus	1	L	of	hetastarch	and	bedside	ultrasound
B. 	Bolus	2	L	of	normal	saline	and	CT	scan	of	the	abdomen
C. 	Transfuse	1	unit	packed	red	blood	cells	and	exploratory	laparotomy
D. 	Transfuse	1	unit	of	platelets	and	1	unit	of	fresh	frozen	plasma	and
serum	thromboelastography

Answers

1.	The	correct	answer	is	C
Rationale:	 Damage	 control	 resuscitation	 involves	 blood	 transfusion,

correction	 of	 coagulopathy,	 and	 addressing	 hypothermia	 (choice	C	 is	 correct).
Multiple,	 large	 randomized	 trials	have	 failed	 to	 show	a	mortality	benefit	when
Swan-Ganz	pulmonary	artery	catheter	parameters	are	used	to	guide	resuscitation
(choice	D	is	incorrect).	Avoidance	of	large	volume	crystalloid	for	resuscitation	is
recommended	 to	 avoid	 worsening	 coagulopathy	 and	 acidosis	 (choice	 B	 is
incorrect).	Vasopressors	are	not	the	first-line	therapy	for	hemorrhagic	shock,	and
even	 in	 sepsis,	 targeting	 that	high	of	 a	mean	arterial	pressure	has	no	mortality
benefit	over	the	traditional	65	to	70	(choice	A	is	incorrect).	Pressors	can	be	used
when	there	are	no	signs	of	ongoing	bleeding.

2.	The	correct	answer	is	D
Rationale:	 Early	 source	 control	 of	 bleeding	 is	 an	 essential	 part	 of	 the

management	of	hemorrhagic	 shock.	Ultrasonography	has	utility	 for	 identifying
that	source	because	it	can	be	deployed	at	the	point	of	care	for	urgent	evaluation



of	 the	 critically	 ill	 patient.	 Patient	D	would	most	 benefit	 from	 a	 point	 of	 care
bedside	 ultrasound	 given	 the	 concern	 for	 an	 intra-abdominal	 source	 of	 her
instability,	 especially	 as	 she	 is	 too	 unstable	 for	 transport	 to	 the	 CT	 scanner.
Patient	A	who	 is	 unstable	with	 penetrating	 abdominal	 trauma	 should	 be	 taken
immediately	for	an	exploratory	 laparotomy.	Patient	B	with	a	penetrating	 injury
and	loss	of	pulses	 in	 the	trauma	bay	should	undergo	resuscitative	thoracotomy.
Patient	C	 is	 less	 likely	 to	 benefit	 as	 bedside	 ultrasound	 is	 not	 able	 to	 detect	 a
retroperitoneal	source	of	bleeding.

3.	The	correct	answer	is	C
Rationale:	Early	 recognition	of	exsanguinating	hemorrhage	 is	critical	 to	 the

survivability	of	the	acutely	bleeding	patient.	This	patient	has	a	penetrating	injury
to	 his	 abdomen	 with	 hypotension	 and	 is	 most	 likely	 in	 hemorrhagic	 shock.
Expedient	 blood	 transfusion	 and	 control	 of	 the	 hemorrhage	 with	 surgery	 are
necessary	 (choice	 C	 is	 correct).	 High	 volume	 crystalloid	 resuscitation	 is	 no
longer	the	standard	of	care	for	hemorrhagic	shock.	Diagnostic	ultrasound	or	CT
scan	 is	 not	 indicated	 in	 an	 unstable	 patient	 with	 likely	 source	 of	 hemorrhage
being	the	penetrating	trauma	to	the	abdomen.	Resuscitation	usually	starts	with	1
unit	of	PRBCs.	In	massive	transfusion	protocols,	a	balanced	1:1:1	resuscitation
with	 PRBCs,	 FFP,	 and	 platelets	 is	 standard;	 however,	 the	 patient	 also	 needs
source	control.	Testing	can	be	helpful	but	should	not	delay	decision	to	transfuse
the	patient	or	perform	an	exploratory	laparotomy.

	Video	36.1.	Ultrasonographic	techniques	for	the	FAST	examination.
	Videos	36.2	and	36.3.	Ultrasonographic	findings	of	case	1.
	Video	36.4.	Discussion	of	the	clinical	implications	of	the	ultrasonographic

findings	of	case	1.
	Video	36.5.	Ultrasonographic	findings	of	case	2.
	Video	36.6.	Discussion	of	the	clinical	implications	of	the	ultrasonographic

findings	of	case	2.
	Videos	36.7	and	36.8.	Ultrasonographic	findings	of	case	3.
	Video	36.9.	Discussion	of	the	clinical	implications	of	the	ultrasonographic

findings	of	case	3.
	Videos	36.10,	36.11,	and	36.12.	Ultrasonographic	findings	of	case	4.
	 Video	 36.13.	 Discussion	 of	 the	 clinical	 implications	 of	 the

ultrasonographic	findings	of	case	4.
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Chapter	37
Trauma	Systems
Vishnu	Mani,	Ioana	Antonescu,	Suresh	Mitu	Agarwal

KEY	POINTS:
1.	 Trauma	is	the	most	common	cause	of	death	for	individuals	between

the	ages	of	1	and	44	years	and	is	the	leading	cause	of	years	of
productive	life	lost.

2.	 The	aggregate	lifetime	cost	for	all	injured	patients	is	estimated	to	be
in	excess	of	$260	trillion.

3.	 A	trauma	system	is	an	integrated	collaboration	of	agencies	and
institutions	organized	to	control	the	disease	of	injury.	The	core
principle	is	coordinated	and	comprehensive	care	of	acutely	injured
patients	within	a	defined	geographic	area.

4.	 An	inclusive	trauma	system	incorporates	complete	control	of	all
aspects	of	injury,	from	effective	prevention	to	successful	societal
reintegration	of	injury	victims.

5.	 Prehospital	care	begins	at	the	scene	of	injury	by	civilians.
6.	 Type	of	transportation	to	definitive	care	(ground	vs	air)	must	take	into

consideration	multiple	factors.	Field	triage	decisions	are	steered	by
governing	bodies,	such	as	the	United	States	Center	for	Disease
Control	and	American	College	of	Surgeons	Committee	on	Trauma.

7.	 The	priority	of	the	emergency	department	resuscitation	team	is	the
rapid	assessment	of	patients,	initiation	of	comprehensive
resuscitation,	provision	of	immediate	lifesaving	treatment,	and
definitive	care.

8.	 Transferring	patients	to	the	appropriately	resourced	hospital	based
upon	severity	of	injuries	provides	for	best	outcomes	in	terms	of
mortality,	morbidity,	and	systemwide	cost.



9.	 The	emergency	operation	plan	describes	principles	for	preparation,
planning,	incident	command,	interoperability	with	other	agencies,
triage,	dispatch	actions,	regional	planning,	external	threats	(blast,
radiation	and	chemical),	special	populations,	recovery,	and	business
continuity.

INTRODUCTION
1 	 2 	 Trauma,	 in	 the	 United	 States,	 is	 the	 most	 common	 cause	 of	 death	 for
individuals	between	 the	 ages	of	1	 and	44	years	 and	 is	 the	 third	most	 common
cause	of	death	for	all	ages.1,2	Worldwide,	road	traffic	injuries	accounted	for	1.25
million	deaths	in	2014	and	are	the	leading	cause	of	death	between	the	ages	of	18
and	29	years.	According	to	the	World	Health	Organization	(WHO),	trauma,	both
intentional	 and	 accidental,	 is	 expected	 to	 rise	 to	 the	 third	 leading	 cause	 of
disability	worldwide	by	2030.2,3	Traumatic	injuries	account	for	9%	of	mortality.
In	the	United	States,	the	economic	burden	stemming	from	injury	related	medical
expenditures	 is	about	$117	billion,	with	37.2	million	 injured	patients	 treated	 in
the	 emergency	 department	 (ED)	 annually.4	 This	 cost	 exceeds	 $400	 billion	 per
annum	when	 accounting	 for	 lost	wages,	 as	well	 as	 direct	 and	 indirect	medical
expenses.	The	aggregate	lifetime	cost	for	all	injured	patients	is	estimated	to	be	in
excess	of	$260	trillion,	making	trauma	the	leading	cause	of	years	of	productive
life	lost.5

3 	Trauma	is	a	dynamic	disease	process	that	requires	a	coordinated	continuum
of	 care,	 and	 systems	 have	 been	 established	 to	 help	 optimize	 outcomes
throughout	 the	 course	 of	 management.	 These	 systems	 are	 an	 integrated
collaboration	 of	 agencies	 and	 institutions	 that	 work	 to	 control	 the	 causes	 of
injury;	 at	 the	 system’s	 core	 is	 coordinated	 and	 comprehensive	 care	 of	 acutely
injured	 patients	 within	 a	 defined	 geographic	 area.6,7	 The	 US	 Department	 of
Health	and	Human	Services	has	compiled	a	set	of	guidelines	and	standards	for
Model	Trauma	System	Planning	and	Evaluation.	This	has	been	spearheaded	by
the	 American	 College	 of	 Surgeons	 Committee	 on	 Trauma	 (ACS	 COT)	 with
respect	to	the	development	and	review	of	trauma	centers	and	systems.8,9

TRAUMA	CENTER	DESIGNATION	AND
VERIFICATION



Trauma	 center	 designation	 and	 verification	 is	 essential	 in	 the	 creation	 of	 a
statewide	 trauma	 system.	 A	 legal	 system	 should	 be	 in	 place	 for	 systems
development,	 which	 requires	 legislation	 at	 a	 state	 or	 local	 level	 that	 provides
public	 agency	 authority	 to	 establish	 guidelines	 for	management	 and	 holds	 the
agencies	 and	 institutions	 involved	 accountable	 for	 delivery	 of	 outcomes.	 The
legislation	ideally	defines	criteria	for	participation,	establishes	a	trauma	registry
as	 a	 fundamental	 component	 for	 system	 quality	 assurance,	 and	 implements
processes	for	verification	and	designation.	Surgeons	and	intensivists	should	play
leadership	roles	in	articulating	need	and	in	guiding	system	planning.	Designation
must	 include	 continuous	 reporting	 of	 objective	metrics	 of	 accountability	 from
designated	centers.9,10	The	American	College	of	Surgeons	(ACS)	Committee	on
Trauma	 (COT)	 maintains	 a	 Verification	 Review	 Committee	 that	 recommends
designation	for	hospitals	at	certain	levels	of	care	using	criteria	in	their	document
“Optimal	Care	of	the	Injured	Patient,”	the	sixth	edition	of	which	was	published
in	 2015.	 Although	 utilized	 by	 a	 majority	 of	 states	 in	 the	 United	 States,	 these
criteria	 have	 not	 been	 universally	 implemented,	 as	 several	 states	 have
independent	verification	processes.

In	order	 to	be	designated	a	 trauma	center,	a	hospital	has	 to	demonstrate	 the
standards	of	care	established	by	the	legislatively	mandated	designating	authority.
Most	frequently,	trauma	centers	are	designated	as	level	I	through	level	IV	(some
states	have	also	designated	 level	V	 trauma	centers)	with	differences	dependent
upon	 the	verifying	 agency,	 including	 the	ACS.	Level	 I	 trauma	centers	 provide
the	 highest	 level	 of	 care,	 plus	 engage	 in	 research,	 teaching,	 and	 serve	 as	 a
regional	 resource.	Level	 II	 trauma	 centers	 are	 intended	 to	 also	 provide	 for	 the
full	 spectrum	 of	 trauma	 care,	 but	 do	 not	 have	 the	 research	 and	 teaching
requirements.	Level	III	facilities	do	not	provide	the	full	spectrum	of	trauma	care;
they	 usually	 do	 not	 provide	 neurosurgical	 services.	 Level	 IV	 trauma	 centers
provide	 trauma	 care	 commensurate	 with	 their	 existing	 resources	 and	 usually
function	as	“points	of	entry”	into	the	system.	The	trauma	center	is	then	evaluated
and	verified	by	either	an	internal	team	or	an	external	reviewer,	such	as	the	ACS,
as	meeting	 the	necessary	criteria	 to	be	a	 trauma	center	 in	 the	 system.	 In	 terms
outcome,	no	difference	has	been	shown	in	terms	of	mortality	between	level	I	or
level	II	verified	trauma	centers.	This	verification	recommendation	is	sent	to	the
lead	 agency	 of	 the	 state	 for	 designation	 of	 a	 trauma	 center.	 The	 lead	 agency
regulates	 the	 quality	 of	 trauma	 systems	 components	 and	 establishes	 trauma
triage	guidelines.

The	ACS	COT	first	published	 the	“Optimal	Hospital	Resources	 for	Care	of
the	Seriously	Injured”	in	1976	which	is	presently	in	its	sixth	edition	and	has	been
renamed	 the	 “Resources	 for	 Optimal	 Care	 of	 the	 Injured	 Patient.”	 Since	 its



publication	 by	 the	 ACS,	 this	 document	 has	 served	 as	 the	 standard	 by	 which
trauma	 systems	 function	 and	 the	 quality	 of	 care	 is	 provided.	 The	 ACS
verification	 process	 consists	 of	 hospital	 site	 reviews	 to	 determine	 a	 given
center’s	 quality	 of	 care	 and	 ability	 to	 manage	 seriously	 injured	 patients.	 This
verification	process	is	then	often	used	by	the	state	as	the	designating	authority	to
either	 designate	 or	 maintain	 designation	 as	 a	 trauma	 center.	 Verification	 is
currently	 for	 3	 years	 with	 the	 rationale	 being	 that	 hospital	 systems	 are	 in	 a
constant	state	of	flux	and	must	be	reverified	by	an	ongoing	review	process.	The
ACS	COT	also	reviews	statewide	trauma	systems	to	make	recommendations	to
the	system	for	regional	improvements.9,11	Hence,	trauma	center	designation	and
verification	 is	pivotal	 in	creation	of	a	comprehensive	statewide	 trauma	system.
The	 essential	 components	 of	 a	 statewide	 trauma	 system	 are	 listed	 in	 Table
37.1.6,10

TABLE	37.1

Criteria	for	Statewide	Trauma	Care	System

Criteria Description

Legal
designation
authority

State	governmental	authority	to	legally	designate,	certify,
identify,	or	categorize	trauma	centers

Formal
designation
process

Formal	process	for	hospital	selection,	designation,	and
periodic	review

Designation
based	on
ACS
standards

Designation	of	hospitals	a	trauma	center	level	I	through	IV
based	on	ACS	definitions

On-site
verification
of	standards

On-site	external	review	to	verify	compliance	with	trauma
center	standards

Limited
number	of

Limited	number	of	major	trauma	centers	based	on	community
need	to	concentrate	expertise	and	scarce	resources	at	key



trauma
centers

hospitals

Prehospital
triage	criteria

Prehospital	protocols	allowing	EMS	to	bypass	nondesignated
hospitals	for	major	trauma	patients

Process	to
measure
systems
outcomes

Formal	process	to	monitor	systemwide	performance	which
includes	a	trauma	registry	and	external	committee	that
monitors	patient	outcomes

Full
geographic
coverage

Coordination	of	emergency	medical	services	(EMS)	and
hospital	resources	to	ensure	access	to	trauma	resources
independent	of	proximity	to	trauma	centers

Derived	from	West	JG,	Williams	MJ,	Trunkey	DD,	Wolferth	CC.	Trauma	systems:	current	status—
future	challenges.	JAMA.	1988;259:3597.	Ciesla	DJ,	Kervin	A,	Tepas	JJ.	Trauma	Systems,	Triage
and	Transport.	8th	ed.	McGraw-Hill	Education;	2017.

TRAUMA	SCORING	SYSTEMS
Multiple	 scoring	 systems	 aim	 to	 predict	 mortality	 and	 morbidity	 based	 upon
injury	 patterns.	 These	 scores	 are	 retrospectively	 collected	 and	 are	 useful	 for
research,	 as	 well	 as	 benchmarking	 outcomes.	 The	 commonly	 used	 scoring
systems	 include	 the	 Injury	 Severity	 Score	 (ISS),	 the	 Trauma	 Injury	 Severity
Score,	the	New	Injury	Severity	Score,	and	the	Revised	Trauma	Score.	Although
there	 are	many	 studies	 comparing	 outcomes	with	 respect	 to	 each,	 the	 ISS	 has
been	adopted	by	 the	ACS	due	 to	ease	of	calculation,	 reproducibility	of	 results,
and	validation	studies	that	have	been	performed.

ISS,	 a	 validated	measure	 for	 evaluating	 trauma	 severity,	 correlates	 strongly
with	 mortality	 calculated	 from	 the	 Abbreviated	 Injury	 Scale	 (AIS).	 The	 AIS
divides	the	body	into	six	anatomic	regions	of	injury—head	and	neck,	face,	chest,
abdomen	 or	 pelvis,	 extremity,	 and	 external.	 Patients	 with	 ISS	 >	 15	 are
considered	 to	have	severe	 injuries	and	benefit	 from	care	at	higher-level	 trauma
centers.	Knowing	 that	 severely	 injured	patients	 tend	 to	do	better	at	 level	 I	 and
level	 II	 trauma	 centers,	 it	 is	 imperative	 for	 emergency	 physicians	 and	 others
managing	these	patients	to	triage	and	transfer	patients	with	higher	potential	ISS,
after	 temporizing	 life-threatening	 injuries,	 to	 the	 higher-level	 trauma	 centers
when	feasible.	Transferring	severely	injured	trauma	patients,	or	those	with	more



comorbidities,	yields	better	 results:	Morbidity	and	mortality	are	 improved,	and
overall	health	burden	to	the	system	is	decreased.12

PREHOSPITAL	CARE
5 	 Prehospital	 care	 begins	 at	 the	 scene	 of	 injury	 by	 civilians.	 There	 has	 been
increasing	 efforts	 to	 train	 and	 teach	 via	 community	 outreach,	 education,	 and
awareness	programs.	These	include,	but	are	not	limited	to,	scene	assessment	by
the	 bystander,	 calling	 for	 help	 (911),	 “Buddy	 Aid”	 (first	 aid),	 and	 “Stop	 the
Bleed”	 initiatives.	 Emergency	 medical	 services	 (EMS)	 execute	 the	 ultimate
goals	of	prehospital	care	which	 include	 initiating	critical	 interventions,	making
an	 appropriate	 triage-transport	 decision,	 and	 moving	 the	 patient	 to	 a	 facility
capable	of	providing	definitive	injury	management	as	quickly	as	possible.	Initial
field	care	by	EMS	should	adhere	to	the	basic	tenets	of	trauma	resuscitation	after
establishing	scene	safety	in	the	following	order:	Airway,	Breathing,	Circulation,
Disability,	Exposure	and	Environment	(ABCDE).	Other	principles	of	prehospital
care	have	been	extrapolated	from	combat	casualty	care	and	include	intraosseous
access,	needle	chest	decompression,	direct	pressure,	use	of	tourniquets,	and	care
during	transportation.13-15

Once	the	initial	evaluation	and	intervention	has	been	performed,	EMS	triages
the	patient;	this	is	usually	divided	between	field	triage	and	mass	casualty.	Field
triage	decision	schemes	and	protocols	developed	by	Centers	for	Disease	Control
and	 Prevention	 (CDC)	 provide	 a	 step-by-step	 algorithm	 that	 is	 critical	 to
directing	 patients	 to	 appropriate	 treatment	 avenues;	 this	 schema	 has	 been
included	 by	 ACS	 COT	 in	 the	 COT’s	 Resources	 for	 the	 Optimal	 Care	 of	 the
Injured	Patient16	(Figure	37.1).	It	is	essential	to	have	an	inclusive	trauma	system
that	capitalizes	on	the	resources	of	all	hospitals	from	critical	access	facilities	to
large	academic	and	nonacademic	trauma	centers	(level	I	and	II).	This	approach
efficiently	 uses	 all	 available	 resources,	 reduces	 potential	 for	 overwhelming
trauma	centers	with	patients	of	lower	acuity,	and	allows	most	patients	to	receive
appropriate	 care	 within	 their	 confined	 geographical	 location9	 (Figure	 37.2).
Triage	decisions	are	crucial	with	respect	 to	patient	outcomes.	 In	order	 to	assist
EMS	personnel,	the	CDC	has	set	forth	guidelines	to	assist	with	decision-making
of	when	to	bypass	a	closer	hospital	for	a	designated	trauma	center.



	

Figure	 37.1 	 Guidelines	 for	 field	 triage	 of	 injured	 patients—
Centers	 for	 Disease	 Control	 and	 Prevention	 Guidelines	 for	 Field
Triage	of	Injured	Patients.(From	Sasser	SM,	Hunt	RC,	Faul	M,	et	al.
Guidelines	 for	 field	 triage	 of	 injured	 patients:	 recommendations	 of
the	 National	 Expert	 Panel	 on	 Field	 Triage,	 2011.	MMWR	 Recomm
Rep.	2012;61(RR-1):1-20.)



	

Figure	 37.2 	 The	 inclusive	 trauma	 system	 utilizes	 the	 full
spectrum	of	acute	care	facilities	to	provide	trauma	care.Relationship
between	the	number	of	 trauma	patients	and	severity	of	 injuries	with
respect	 to	 designated	 trauma	 centers.(From	 American	 College	 of
Surgeons	Committee	on	Trauma.	Resources	for	the	Optimal	Care	of
the	 Injured	 Patient	 2014.	 6th	 ed.	 2014:9.	 Figure	 1.	 ISBN	 978-0-
9846699-8-1.)

6 	 Type	 of	 transportation	 to	 definitive	 care	 (ground	 vs	 air)	 must	 take	 into
consideration	multiple	 factors,	 such	 as	 the	 patient’s	 clinical	 condition,	weather
conditions,	 weight	 of	 patient	 and	 necessary	 equipment,	 location	 of	 helipads,
distance	to	most	appropriate	level	of	care,	and	local	emergency	needs	if	there	are
limited	EMS	vehicles	 in	 the	region.17	The	care	of	 the	 injured	patient	continues
during	transportation,	and	EMS	provides	updates,	as	necessary,	to	the	receiving
hospital.

IN-HOSPITAL	CARE

Emergency	Department
7 	 The	 ED	 team,	 comprising	 ED	 physicians,	 nurses,	 and	 allied	 health
professionals,	receive	field	triage	calls	from	EMS	and	determine	if	trauma	team
activation	 is	 warranted.	 Each	 trauma	 center	 should	 have	 well-defined	 internal
activation	 criteria	 and	 trauma	 team	 response	 corresponding	 to	 the	 level	 of
anticipated	 injury	 and	patient	 needs.	The	priorities	 are	 rapid	 assessment	of	 the
patient,	 initiation	 of	 comprehensive	 resuscitation,	 provision	 of	 immediate
lifesaving	 treatment	 and,	 subsequently,	 definitive	 care.	 In	 order	 to	 accomplish
this,	 anticipation	 of	 the	 extent	 of	 care	 and	 appropriate	 hospital	 response	 are



crucial.	For	example,	patients	with	major	trauma	and	physiological	compromise
identified	in	the	field	require	the	highest	level	of	activation	within	the	receiving
trauma	 center,	 and	 the	 trauma	 team	 must	 be	 preassembled	 and	 immediately
available	 upon	 patient	 arrival.	 This	 might	 require	 the	 mobilization	 of	 trauma
surgeons,	 residents,	 fellows,	 anesthesia	 on	 stand-by,	 respiratory	 therapists,	 and
nursing	 along	 with	 the	 ED	 team.9	 Essential	 medical	 equipment	 based	 on	 the
anatomic	 region	 of	 injury,	 medications,	 blood	 products,	 and	 rapid	 transfuser
must	be	readily	available	and	accessible.	The	operating	room	should	be	informed
and	prepared.	Preestablished	plans	for	the	interventional	radiology	suite	must	be
in	place	for	rapid	engagement.

8 	The	constituents,	role,	and	capabilities	of	the	resuscitation	team	depend	on
the	 level	 and	 organization	 of	 the	 trauma	 centers.	 Systems	 established	 at
individual	 centers	 are	 critical	 for	 the	 timely	 and	 effective	 assessment	 of	 the
trauma	patient.	At	higher-level	trauma	centers,	these	systems	are	often	resource-
heavy	with	 large	 teams	of	staff	prepared	 to	quickly	evaluate	and	 treat	patients.
However,	at	smaller	or	more	rural	centers,	there	may	be	only	a	small	team	or	an
individual	practitioner	who	 is	 charged	with	 the	patient’s	 care.	At	 these	 smaller
facilities,	 prompt	 stabilization	 and	 transfer	 of	 critically	 injured	 patients	 to	 a
higher-level	 center	 is	 essential	 for	 optimal	 outcomes.	Upon	patient’s	 arrival	 in
the	trauma	bay,	the	handoff	from	EMS	providers	to	the	trauma	team	should	be	a
structured	 communication,	 with	 acknowledgment	 and	 feedback	 to	 ensure	 all
prehospital	 information	 is	 transferred.	 A	 typical	 paramedic	 or	 EMT	 handover
format	 is	MIVT	 (Mechanism	of	 injury,	 Injuries	 seen	 or	 suspected,	Vital	 signs
and	Treatments	given).17	The	patient	needs	 to	be	systematically	assessed	in	 the
ED	 following	 the	ABCDE	 primary	 survey	 protocol	 as	 developed	 by	 the	ACS
COT	 and	 incorporated	 into	 the	 Advanced	 Trauma	 Life	 Support	 (ATLS)
manual.18	This	 initial	assessment	 is	performed	 in	an	orderly	 fashion	 led	by	 the
trauma	team	leader,	with	pre-specified	designations,	roles	and	responsibilities	for
each	 of	 the	 team	 members.	 The	 purpose	 of	 the	 primary	 survey	 is	 to	 identify
immediately	life-threatening	issues.	This	is	followed	by	a	secondary	survey	that
includes	 a	 full	 head-to-toe	 evaluation	 with	 ultrasound	 (Focused	 Abdominal
Sonography	for	Trauma—FAST)	and	other	appropriate	diagnostics.	The	purpose
of	 the	 secondary	 survey	 is	 to	 identify	 potentially	 life-threatening	 issues.
Resuscitation	 and	 treatment	 occur	 concurrently	 with	 the	 aforementioned
evaluation	 algorithm.	 Definitive	 identification	 of	 all	 other	 problems	 occurs
during	the	tertiary	survey,	which	usually	occurs	after	the	patient	has	left	the	ED.

ED	Triage



Once	the	initial	evaluation	and	resuscitation	are	complete,	the	patient	disposition
for	expeditious	and	optimal	management	of	 injuries	 is	determined.	Disposition
can	 be	 anywhere	 between	 the	 operating	 room,	 intensive	 care	 unit,
medical/surgical	ward,	 or	ED	observation	 unit	 if	 the	 intent	 is	 to	 discharge	 the
patient	after	a	period	of	observation.	ED	triage	decisions	require	high	 index	of
suspicion	for	injuries	based	on	the	available	data	at	hand	and	are	critical	to	best
patient	outcomes.	All	of	 this	 requires	a	coordinated	multidisciplinary	approach
in	 an	 expeditious	 fashion.	 Details	 of	 immediate	 management	 and	 care	 for
different	 injuries	 are	 beyond	 the	 scope	 of	 this	 chapter	 and	will	 be	 detailed	 in
subsequent	chapters.

POSTHOSPITAL	CARE

Rehabilitation
Early	 and	 aggressive	 rehabilitation	 has	 been	 shown	 to	 accelerate	 and	 enhance
recovery.	The	issues	of	long-term	neurocognitive	dysfunction	and	early	onset	of
degenerative	 disorders	 are	 well	 defined	 in	 current	 literature.	 Less	 well
understood	 are	 the	 impacts	 of	 chronic	musculoskeletal	 disorders,	 chronic	 pain
affliction,	 and	 numerous	 other	 impairments	 that	 undermine	 quality	 of	 daily
living	and	social	 function.	Many	insurance	policies	do	not	cover	rehabilitation,
leading	to	a	major	additional	burden	for	the	“insured”	patient	who	discovers	that
coverage	 ends	 with	 hospital	 discharge.	 Although	 it	 is	 critically	 important	 to
reintegrating	the	patient	into	society,	only	1	in	10	trauma	patients	in	the	United
States	has	access	to	an	adequate	rehabilitation	program.10	Rehabilitation	should
begin	 as	 soon	 as	 the	 patient	 has	 been	 treated	 for	 their	 acute	 injuries,	 has	 no
contraindication	 for	 movement,	 and	 is	 able	 to	 work	 with	 the	 physical	 and
occupational	therapists.	Early	anticipation	as	to	whether	the	patient	will	require
rehabilitation	 facility	 transfer	prior	 to	 returning	 to	 their	premorbid	 residence	 is
key.	 This	 requires	 coordination	 between	 the	 primary	 provider,	 inpatient
rehabilitation	 services,	 physical	 therapists,	 occupational	 therapists,	 and	 social
work	providers.	The	 rehabilitation	process	 can	be	 substantially	 longer	 than	 the
hospital	phase	of	care	and	 is	 indispensable	 for	 restoring	 function.	This	process
allows	 patients	 to	 return	 to	 performance	 of	 activities	 of	 daily	 living	 and
optimizes	the	chance	to	lead	productive	lives	after	injury.

Performance	Improvement	and	Research



Trauma	 registries	 continue	 to	 support	 the	 advancement	 of	 trauma	 care	 on	 a
national	 scale.	 The	 National	 Trauma	 Data	 Bank	 (NTDB)	 is	 the	 largest
aggregation	 of	 trauma	 patient	 data	 in	 the	 United	 States.	 It	 produces	 yearly
reports	 and	 establishes	 benchmarks	 for	 patient	 care.	 The	 development	 of	 the
ACS	 TQIP	 (Trauma	 Quality	 Improvement	 Program)	 has	 allowed	 individual
centers	 to	 assess	 their	 own	 outcomes	 compared	 to	 national	 standards.	 These
individualized	reports	allow	institutions	to	benchmark	areas	in	which	they	excel
or	 in	areas	 that	present	opportunities	 for	 improvement.	This	 focused	 feedback,
compared	 to	 national	 standards,	 gives	 trauma	 centers	 specific	 information,
comparable	with	similar-level	trauma	centers,	necessary	to	make	targeted	quality
changes.	The	information	obtained	from	the	trauma	center	registry	thus	feeds	an
effective	 performance	 improvement	 program.	 Using	 the	 information	 in	 the
NTDB	can	identify	areas	of	research	and	areas	where	injury	prevention	can	be
targeted	 to	 reduce	 traumatic	 injuries.	 The	 knowledge	 of	 which	 injuries	 are
prevalent	 in	 that	 region	will	direct	 the	 focus	of	 the	 injury	prevention	program,
from	helmet	or	 seat	belt	use	 to	preventing	childhood	or	elderly	 falls.	Research
activity	is	encouraged	at	all	trauma	centers	but	is	only	a	requirement	for	level	I
center.

National	 aggregation	 of	 trauma	 patient	 data	 has	 allowed	 for	 several
organizations	 to	 emerge	 and	 set	 guidelines	 for	 trauma	 care.	 The	 American
Association	for	the	Surgery	of	Trauma,	the	Western	Trauma	Association,	and	the
Eastern	Association	for	the	Surgery	of	Trauma	each	publish	practice	guidelines
for	use	by	trauma	centers.	They	use	the	wide	breadth	of	available	published	data
to	provide	trauma	centers	with	best	practice	guidelines.	The	ability	to	implement
best	 practices	 at	 trauma	 centers	 requires	 education	 of	 both	 prehospital	 and
hospital	 providers.	 Similarly,	 the	 ACS	 COT	 developed	 the	 proto	 course	 in
1978.18	 The	 course	 has	 been	 adopted	 and	managed	 by	 the	ACS,	 is	 one	 of	 the
most	successful	educational	programs	for	doctors	worldwide,	and	uses	data	from
the	NTDB,	as	well	 as	published	 findings,	 to	update	and	 inform	 its	 educational
tools	and	information.

DISASTER	AND	EMERGENCY	PREPAREDNESS
9 	Disasters	are	major	incidents	involving	multiple	patients	and	taxing	resources,
such	as	mass	shootings,	plane	crashes,	explosions	in	chemical	factories,	natural
disasters	such	as	hurricanes,	or	results	of	war,	and	terrorist	activities	such	as	the
events	 of	 September	 11,	 2001	 or	 the	 Boston	 Marathon.	 An	 effective	 trauma
system	should	be	primed	to	manage	these	disasters.	Most	EMS	systems	have	a



detailed	plan	 for	 activation	 and	 execution	during	disasters,	 typically	 called	 the
emergency	operations	plan	(EOP).	The	EOP	describes	principles	for	preparation,
planning,	 incident	 command,	 interoperability	 with	 other	 agencies,	 triage,
dispatcher	actions,	 regional	plans,	blast,	 radiation	and	chemical	 threats,	 special
populations,	 recovery,	 and	 business	 continuity.	 Patients	 are	 sorted	 using	 a
disaster	 triage	 protocol	 such	 as	 SALT	 (sort,	 assess,	 lifesaving	 interventions,
treatment,	and/or	transport)	or	START	(simple	triage	and	rapid	treatment)16	and
assigned	to	color	codes	of	Red,	Yellow,	and	Green.	The	treatment	decisions	are
based	on	the	color	code	where	patients	assigned	to	green	can	wait	up	to	3	hours
and	red	requiring	immediate	care.

The	 trauma	 system	 needs	 to	 predefine	 the	 triage	 of	 patients	 of	 a	 disaster
according	 to	 severity	 of	 injury	 and	 volume	 of	 patients.	 The	 most	 important
principle	 is	 triage	of	 the	most	 seriously	 injured	 to	a	higher	 level	of	care	 in	 the
shortest	amount	of	time	and	to	avoid	over	triage	of	minor	injuries	to	the	major
trauma	center.	Events	such	as	 the	Boston	Marathon	Bombing	highlight	how	an
effective	regional	system	can	allow	for	effective	care	of	over	250	injured	patients
with	no	in-hospital	mortality	despite	caring	for	127	severely	injured	patients	at
the	 area’s	 trauma	 centers.	 These	 unfortunate	 events	 highlight	 the	 need	 for
disaster	planning	within	trauma	systems	in	order	to	be	prepared,	in	both	the	field
and	 hospital	 settings,	 to	 deal	 with	 a	 large	 volume	 of	 patients	 and	 minimize
mortality.19,20

SPECIAL	CONSIDERATIONS
Physiological	response	to	injury	in	certain	populations	such	as	children,	pregnant
patients,	obese	individuals,	and	older	adults	may	not	follow	predictive	patterns.
The	 general	 principles	 of	 ATLS,	 however,	 remain	 the	 same.	 For	 example,
children	might	 not	 become	hypotensive	 until	 they	 have	 lost	more	 than	 half	 of
their	 total	 blood	 volume	 and	 may	 quickly	 succumb	 to	 their	 injury	 upon
becoming	 hypotensive.	An	 understanding	 of	 the	 differences	 in	 physiology	 and
management	 in	 these	 populations	 is	 essential	 to	 providing	 care	 that	 optimizes
chance	of	survival	and	minimizes	morbidity.21,22

Legislation
Legislation	is	instrumental	to	implementation	of	advances	in	trauma	systems	and
ultimately	significantly	 impacts	not	only	patient	outcome	but	economic	burden
of	 injury	 related	 illness	 both	 locally	 and	 nationally.	 For	 example,	 pertinent



national	and	state	legislation	included	the	Highway	Safety	Act	and	the	National
Traffic	 and	 Motor	 Vehicle	 Safety	 Act,	 which	 was	 the	 first	 effort	 to	 regulate
traffic	safety	and	reduce	automobile-related	death	and	injuries.	Then	in	1973,	the
Emergency	Medical	Systems	(EMS)	Act	identified	trauma	systems	as	one	of	15
essential	 components	 of	 an	 EMS	 system	 and	 appropriated	 federal	 funds.23	 In
1990,	the	Trauma	Systems	Planning	and	Development	Act	created	the	Division
of	Trauma	and	EMS	within	the	Health	Resources	and	Services	Administration	to
improve	 EMS	 and	 trauma	 care.	 Two	 initiatives	 from	 this	 legislation	 are
noteworthy:	(1)	Planning	grants	for	statewide	trauma	system	development	were
provided	 to	 states	 on	 a	 competitive	 basis;	 and	 (2)	 the	 Model	 Trauma	 Care
System	Plan	was	published	as	a	consensus	document.	The	Model	Trauma	Care
System	 Plan	 established	 an	 apolitical	 framework	 for	 measuring	 progress	 in
trauma	 system	 development	 and	 sets	 the	 standard	 for	 the	 promulgation	 of
systems	 of	 trauma	 care.10	 Legislation	 continues	 to	 be	 written,	 appropriating
funding	for	planning,	implementation,	and	improvement	of	the	public	health	care
model	of	trauma	assessment,	policy	development,	and	evaluation	of	outcomes.

SUMMARY
4 	In	summary,	the	mission	of	trauma	systems	extends	from	effective	prevention
to	 public	 education	 to	 efficient	 societal	 reintegration	 of	 injury	 survivors.	 Its
services	are	multidisciplinary	and	comprehensive,	 and	encompass	a	continuum
that	 includes	 all	 phases	 of	 patient	 need	 and	 provide	 for	 feedback	 to	 allow	 for
provider	and	institutional	improvement	and	accountability.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	35-year-old	man	intoxicated	with	alcohol	and	marijuana,	shot	multiple
times	to	his	chest	and	abdomen,	is	being	triaged	by	EMS	to	the	nearest	Level	II
trauma	center	for	further	care.	What	is	the	major	distinction	between	this	level	II
center	as	compared	to	a	level	I?

A. 	Less	than	“full	spectrum”	trauma	care	available
B. 	No	neurosurgical	service	capability
C. 	No	interventional	radiology	availability



D. 	No	research	requirements

2. 	You	are	a	critical	care	provider	and	your	departmental	chief	asks	you	to	do
a	project.	She	wants	you	to	investigate	the	predictors	causing	patients	to	be
undertriaged	and	factors	influencing	triage	to	lower	level	ACS-verified	trauma
centers	when	they	have	higher	Injury	Severity	Score	(ISS	>	20).	In	order	to
conduct	this	study	you	are	seeking	to	gain	access	to	the	most	information
available.	Which	of	the	following	databases	would	be	most	appropriate?

A. 	AAST	(American	Association	for	the	Surgery	of	Trauma)
B. 	ACS	COTD	(American	College	of	Surgeons	Committee	on	Trauma
Database)
C. 	ACS	TQIP	(American	College	of	Surgeons	Trauma	Quality
Improvement	Program)
D. 	NTDB	(National	Trauma	Data	Bank)

3. 	There	is	a	large	concert	in	your	locality	conducted	by	a	famous	musician.
More	than	400	people	are	in	attendance	and	a	sudden	mass	shooting	occurs,
injuring	several	people.	Law	enforcement	agencies	have	gained	control	of	the
situation	and	eliminated	the	threat.	All	available	emergency	medical	services
have	arrived	at	the	scene	and	are	coordinating	for	an	effective	disaster	triage
strategy.	What	is	the	most	effective	disaster	triage	protocol?

A. 	ABCD	(Airway,	Breathing,	Circulation,	and	Disability)
B. 	FIRE	(Find,	Injury,	Rapid	assessment	and	resuscitate,	Evacuate)
C. 	MIVT	(Mechanism,	Injury,	Vitals,	Treatment)
D. 	SALT	(Sort,	Assess,	Lifesaving	interventions,	Treatment,	Transport)

Answers

1.	The	correct	answer	is	D.
Rationale:	Trauma	centers	 are	designated	as	 level	 I	 through	 level	 IV	 (some

states	 have	 also	 designated	 level	 V	 trauma	 centers).	 Level	 I	 trauma	 centers
provide	 the	 highest	 level	 of	 care,	 plus	 have	 research,	 teaching,	 and	 serve	 as	 a
regional	 resource.	Level	 II	 trauma	 centers	 are	 intended	 to	 also	 provide	 for	 the
full	 spectrum	 of	 trauma	 care,	 but	 do	 not	 have	 the	 research	 and	 teaching
requirements	 (choice	D	 is	 correct).	 Level	 III	 facilities	 do	 not	 provide	 the	 full
spectrum	 of	 trauma	 care;	 they	 usually	 do	 not	 provide	 neurosurgical	 services.
Level	IV	trauma	centers	provide	 trauma	care	commensurate	with	 their	existing



resources	and	usually	function	as	“points	of	entry”	into	the	system.

2.	The	correct	answer	is	D.
Rationale:	Trauma	registries	continue	to	support	the	advancement	of	trauma

care	on	a	national	scale.	The	National	Trauma	Data	Bank	(NTDB)	is	the	largest
aggregation	 of	 trauma	 patient	 data.	 It	 produces	 yearly	 reports	 and	 establishes
benchmarks	for	patient	care	(choice	D	is	correct).	The	development	of	the	ACS
TQIP	(Trauma	Quality	Improvement	Program)	has	allowed	individual	centers	to
assess	their	own	outcomes	compared	to	national	standards.	These	individualized
reports	 allow	 institutions	 to	 understand	 areas	 in	 which	 they	 excel	 at	 or	 need
improvement	 in.	National	 aggregation	 of	 trauma	 patient	 data	 from	NTDB	 has
allowed	for	several	organizations	to	emerge	and	set	guidelines	for	 trauma	care.
AAST	 (American	 Association	 for	 the	 Surgery	 of	 Trauma),	 WEST	 (Western
Trauma	 Association),	 and	 EAST	 (Eastern	 Association	 for	 the	 Surgery	 of
Trauma)	each	publish	practice	guidelines	for	trauma	centers.

3.	The	correct	answer	is	D.
Rationale:	An	effective	trauma	system	should	be	primed	to	manage	disasters.

Most	EMS	systems	have	a	detailed	plan	for	activation	and	execution	in	disasters,
typically	 called	 the	 emergency	 operations	 plan	 (EOP).	 The	 EOP	 describes
principles	 for	 preparation,	 planning,	 incident	 command,	 interoperability	 with
other	 agencies,	 triage,	 dispatcher	 actions,	 regional	 plans,	 blast,	 radiation	 and
chemical	threats,	special	populations,	recovery,	and	business	continuity.	Patients
are	sorted	using	a	disaster	triage	protocol	such	as	SALT	(sort,	assess,	lifesaving
interventions,	 treatment,	 and/or	 transport)	 (choice	 D	 is	 correct),	 or	 START
(simple	triage	and	rapid	treatment)	and	assigned	to	color	codes	of	Red,	Yellow,
and	Green.	The	treatment	decisions	are	based	on	the	color	code	where	patients
assigned	 to	 green	 can	 wait	 up	 to	 3	 hours	 while	 red	 requires	 immediate	 care.
ABCD	is	 the	primary	survey	 in	ATLS,	MIVT	 is	utilized	by	EMS	 in	providing
handoff	 to	 the	 emergency	 staff	 at	 a	 trauma	 center	 of	 the	 mechanism,	 injury
sustained,	 patient’s	 initial	 vitals,	 and	 the	 intervention	 provided.	 FIRE	 in	 the
answer	choices	does	not	exist	in	the	context	of	this	question.
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Chapter	38
Management	of	Sepsis
Ioana	Antonescu,	Vishnu	Mani,	Suresh	Mitu	Agarwal

KEY	POINTS:
1.	 Sepsis	is	defined	as	a	syndrome	characterized	by	life-threatening

organ	dysfunction	caused	by	a	dysregulated	systemic	host	response
to	infection.	Organ	dysfunction	is	quantified	by	the	Sequential	Organ
Failure	Assessment	(SOFA)	score.	Septic	shock	is	defined	clinically
as	hypotension	requiring	vasopressor	support	to	maintain	a	mean
arterial	pressure	(MAP)	of	65	mm	Hg	or	greater	and	a	serum	lactate
level	greater	than	2	mmol/L	without	evidence	of	hypovolemia.	The
term	“severe	sepsis”	is	no	longer	in	use	according	to	the	Third
International	Consensus	Taskforce	(Sepsis-3,	2016).

2.	 Upon	suspecting	a	diagnosis	of	sepsis,	two	to	four	sets	of	blood
cultures,	each	20	to	40	mL	and	each	from	independent	venipuncture
sites,	should	be	collected	to	maximize	diagnostic	yield.	Broad-
spectrum	antibiotics	should	be	initiated	immediately	thereafter.

3.	 Timely	administration	of	appropriate	antibiotics	within	1	hour	of
sepsis	recognition	and	adequate	source	control	are	the	cornerstone
of	the	management.

4.	 A	7-	to	10-day	course	of	antibiotics	is	adequate	for	most	patients	with
sepsis	who	received	initial	appropriate	therapy	and	have	had	a	good
clinical	response.	Patients	with	poor	clinical	response,	those	with
infection	for	which	source	control	is	not	possible,	those	with	immune
deficiency,	as	well	as	those	with	Staphylococcus	aureus	bacteremia
and	certain	other	viral	and	fungal	pathogens	may	require	longer
duration	of	treatment.

5.	 Current	recommendations	include	early	(within	3	hours)	resuscitation



with	30	mL/kg	of	crystalloids,	with	further	volume	resuscitation	based
on	clinical	reassessment	and	dynamic	variables	of	fluid
responsiveness	(such	as	pulse	pressure	variation,	stroke	volume
variation,	and	passive	leg	raise	maneuvers).	The	use	of	balanced
crystalloid	solutions	(including	Ringer	lactate	and	Plasma-Lyte)	in
critically	ill	adults	is	associated	with	a	lower	incidence	of	the
composite	outcome	of	death	from	any	cause,	new	renal	replacement
therapy,	or	persistent	renal	failure	(SMART	RCT,	NEJM	2018).

6.	 Resuscitation	and	hemodynamic	support	should	target	an	MAP	>
65	mm	Hg.	Further	resuscitation	after	the	initial	fluid	bolus	should	be
guided	by	ongoing	hemodynamic	evaluation.	In	addition	to	clinical
parameters	such	as	hemodynamic	variables,	urine	output,	oxygen
saturation,	respiratory	rate,	and	dynamic	measures	of	fluid
responsiveness	are	recommended.	A	falling	arterial	lactate
concentration	is	a	sign	that	the	patient	is	responding	to	therapy,	but
therapy	should	not	be	exclusively	titrated	to	a	given	lactate.

7.	 Hemodynamic	support	of	patients	with	septic	shock	should	include
vasopressors,	with	norepinephrine	being	the	first-line	agent	in	this
setting.	For	patients	with	persistent	hypotension	and	hyperdynamic
ventricular	function	(who	have	severe	failure	of	vasomotor	tone),
vasopressin	(0.03	U/min)	should	be	initiated.	Vasopressin	increases
adrenergic	sensitivity,	essentially	exerting	a	“norepinephrine-sparing”
effect.

8.	 The	Surviving	Sepsis	Campaign	(SSC)	recommends	against	the
routine	use	of	intravenous	(IV)	corticosteroids	in	patients	in	whom
MAP	goals	are	achieved	with	fluid	resuscitation	and	appropriate
vasopressor	therapy.	In	patients	with	refractory	septic	shock,
however,	in	whom	these	targets	are	not	met,	the	recommendation	is
for	IV	hydrocortisone	(for	its	glucocorticoid	as	well	as
mineralocorticoid	effects)	dosed	at	200	mg	IV	daily.

9.	 Current	guidelines	recommend	early	(within	24-48	hours	of	ICU
admission)	either	normocaloric	if	tolerated	or	hypocaloric/trophic
enteral	feeds	in	critically	ill	patients	admitted	with	sepsis	or	septic
shock.



10.	 Although	likely	not	harmful,	the	added	cost	and	lack	of	a	clear	benefit
does	not	support	early	parenteral	nutrition	in	patients	with	sepsis	or
septic	shock	and	who	are	not	malnourished	at	baseline.

INTRODUCTION
Sepsis	is	among	the	most	common	reasons	for	admission	to	intensive	care	units
(ICUs)	 throughout	 the	 world.	 A	 follow-up	 epidemiologic	 study	 in	 European
ICUs	demonstrated	a	prevalence	of	32%	for	sepsis	and	at	least	one	organ	failure
in	 62%	 of	 patients	 on	 admission.	 Compared	 to	 2002,	 patients	 admitted	 to	 the
ICU	with	sepsis	 in	2012	are	older	and	have	more	severe	disease,	yet	mortality
overall	appears	to	have	decreased.1	The	incidence	of	severe	sepsis	in	the	United
States	 is	 estimated	 to	 be	 about	 300	 cases	 per	 100,000	 population.2	 Surgical
patients	account	for	nearly	one-third	of	sepsis	cases	in	the	United	States;	this	is
important	 as	 the	 management	 of	 “surgical”	 and	 “medical	 sepsis”	 differs
somewhat.	 Patients	who	 have	 had	 a	 septic	 episode	 are	 at	 an	 increased	 risk	 of
death	 for	 up	 to	 5	 years	 following	 the	 acute	 event,	 and	 they	 also	 have	 worse
quality	of	life,	higher	rates	of	anxiety,	depression,	posttraumatic	stress	disorder,
cognitive	 impairment,	 and	 of	 rehospitalization.3,4	 Data	 from	 2004	 to	 2009
demonstrate	 a	 13%	 average	 annual	 increase	 in	 the	 incidence	 of	 severe	 sepsis
with	a	decrease	of	in-hospital	mortality	from	35%	to	26%.2	This	study	estimated
that	 there	were	229,044	deaths	 from	severe	sepsis	 in	2009,	which	would	place
severe	sepsis	as	the	third	most	common	cause	of	death	in	the	United	States,	after
heart	 disease	 and	 malignant	 neoplasms.2	 However,	 several	 factors	 including
International	Classification	 of	Diseases	 coding	 rules,	 the	 use	 of	 administrative
data	sets,	and	increased	awareness	and	surveillance	confound	the	 interpretation
of	 these	 epidemiologic	 data.5,6	 In	 2016,	 sepsis	 was	 redefined	 as	 infection
combined	with	 life-threatening	organ	dysfunction,	quantified	by	 the	Sequential
Organ	 Failure	 Assessment	 (SOFA)	 score	 and,	 in	 2017,	 the	 World	 Health
Organization	made	sepsis	a	global	health	priority.7,8	The	combination	of	this	new
definition	with	improved	early	recognition	and	prompt	antibiotic	therapy,	source
control,	and	volume	resuscitation	has	led	to	an	apparent	decrease	in	in-hospital
mortality	from	32%	to	17%	over	the	period	of	time	between	2005	and	2014.8-10
This	chapter	will	provide	an	overview	of	sepsis	with	particular	emphasis	on	the
diagnosis	and	management	of	severe	sepsis	and	septic	shock.



DEFINITIONS
1 	The	word	“sepsis”	is	derived	from	the	ancient	Greek	word	for	rotten	flesh	and
putrefaction.	A	wide	variety	of	definitions	have	been	applied	to	sepsis,	including
sepsis	 syndrome,	 severe	 sepsis,	 bacteremia,	 septicemia,	 and	 septic	 shock.	 In
1991,	the	American	College	of	Chest	Physicians	and	the	Society	of	Critical	Care
Medicine	(SCCM)	developed	a	new	and	uniform	set	of	terms	and	definitions	for
sepsis	and	related	syndromes.11	These	definitions	took	into	account	the	findings
that	sepsis	may	result	from	a	multitude	of	microbial	pathogens	and	may	not	be
associated	 with	 a	 detectable	 bloodstream	 infection.	 The	 term	 “systemic
inflammatory	 response	 syndrome”	 (SIRS)	was	 coined	 to	describe	 the	 common
systemic	response	to	a	wide	variety	of	insults.	Four	SIRS	criteria	were	defined,
namely,	 tachycardia	 (heart	 rate	 >90	 beats	 per	 minute);	 tachypnea	 (respiratory
rate	>20	breaths	 per	minute	 or	 partial	 pressure	 of	CO2	 [PaCO2]	 <32	mm	Hg);
fever	 or	 hypothermia	 (temperature	 >38	 °C	 or	 <36	 °C);	 and	 leukocytosis,
leukopenia,	or	bandemia	(white	blood	cell	[WBC]	>	12,000	per	µL,	<4000	per
µL	or	bandemia	≥10%).	Patients	who	met	two	or	more	of	these	criteria	fulfilled
the	definition	of	SIRS	(Table	38.1).	When	SIRS	was	the	result	of	a	suspected	or
confirmed	 infectious	process,	 patients	were	defined	 as	having	 “sepsis.”	Severe
sepsis	was	 defined	 as	 sepsis	with	 organ	 dysfunction.	 Septic	 shock	was	 further
characterized	 as	 a	 subset	 of	 severe	 sepsis	 with	 “sepsis-induced	 hypotension
persisting	despite	adequate	fluid	resuscitation.”	However,	it	became	evident	that
the	use	of	 the	SIRS	criteria	 to	define	sepsis	was	problematic,	as	 it	 lacked	both
sensitivity	and	specificity.12	In	order	to	“improve”	on	these	definitions,	updated
definitions	 for	 sepsis	 and	 septic	 shock	 were	 released	 in	 2016	 by	 the	 Third
International	 Consensus	 Taskforce	 (Sepsis-3).7,13,14	 Sepsis	 was	 defined	 as	 a
syndrome	 characterized	 by	 life-threatening	 organ	 dysfunction	 caused	 by	 a
dysregulated	systemic	host	response	to	infection.7	For	patients	in	the	ICU,	organ
dysfunction	was	further	defined	as	an	increase	in	the	SOFA	score	of	2	or	more
points.	 The	 SOFA	 score	 (Table	 38.2)	 was	 subsequently	 shown	 to	 have	 good
validity	and	predictive	ability	in	regards	to	mortality	in	this	patient	population.14
The	term	“severe	sepsis”	was	abandoned	for	redundancy,	and	septic	shock	was
defined	 clinically	 as	 hypotension	 requiring	 vasopressor	 support	 to	 maintain	 a
mean	arterial	pressure	(MAP)	of	65	mm	Hg	or	greater	and	a	serum	lactate	level
greater	than	2	mmol/L	without	evidence	of	hypovolemia.7	A	new	bedside	score
termed	 quickSOFA	 (qSOFA)	 was	 developed	 to	 describe	 organ	 dysfunction	 in
non-ICU	patients.	Patients	required	at	least	two	of	the	following	qSOFA	criteria
to	 be	 diagnosed	 as	 having	 sepsis:	 respiratory	 rate	 of	 22	 per	minute	 or	 greater,



altered	 mentation	 (Glasgow	 Coma	 Score	 [GCS]	 <	 15),	 or	 a	 systolic	 blood
pressure	of	100	mm	Hg	or	less.7,14	Time	will	tell	how	much	of	an	advance	these
new	criteria	provide	our	teams	studying	sepsis	clinically,	and	our	patients.

TABLE	38.1

Diagnostic	Criteria	for	SIRSa

Temperature	>	38	°C	or	<	36	°C

Heart	rate	>	90	beats/min

Respiratory	rate	>	20	breaths/min	or	arterial	PCO2	<	32	mm	Hg

WBC	count	>	12,000/mm3	or	<4000/mm3,	or	>10%	bands	(immature
neutrophils)

PCO2,	partial	pressure	of	CO2;	WBC,	white	blood	cell.
aMust	have	2	of	these	4	criteria.

TABLE	38.2

Sequential	Organ	Failure	Assessment	(SOFA)	Scores

Quick	SOFA	(qSOFA)	Criteria

Respiratory	rate	>	22	breaths/mm 1

Change	in	mental	status 1

Systolic	blood	pressure	<100	mm
Hg

1

Sequential	(Sepsis-Related)	Organ	Failure	Assessment	Scorea 7

SOFA	Scorea Points

System 0 1 2 3 4



Respiration

PaO2/FiO2,	mm
Hg	(kpa)

>400
(53.3)

<400
(53.3)

<300	(40) <200	(26.7)
with
respiratory
support

<100	(13.3)
with
respiratory
support

Coagulation

Platelets,	×	l03/
μL

>150 <150 <100 <50 <20

Liver

Bilirubin,
mg/dL
(μmol/L)

<1.2
(20)

1.2-
1.9
(20-
32)

2.0-5	9	(33-
101)

6.0-11.9
(102-204)

>12.0	(204)

Cardiovascular MAP
≥
70	mm
Hg

MAP
<
70	mm
Hg

Dopamine
<	5	or
dobutamine
(any	dose)

Dopamine
5.1-15	or
epinephrine
<	0.1	or
NE	<	0.1

Dopamine
>	15	or	epi-
nephrine	>
0.1	or
NE	>	0.1

Central	Nervous	system

Glasgow	Coma
Scale

15 13-14 10-12 6-9 <6

Renal

Creatinine,
mg/dL(μmol/L)

<1.2
(110)

1.2-
1.9
(110-
170)

2.0-3.4
(171-299)

3.5-4.9
(300-440

>5.0	(440)

Urine	output,
mL/d

<500 <200



FiO2	stands	for	fraction	of	inspired	oxygen.

MAP	stands	for	mean	arterial	pressure.
PaO2	stands	for	partial	pressure	of	oxygen.

Doses	of	vasopressors	and	inotropes	in	μg/kg/min	for	1	hour	or	more	Glasgow	Coma	Scale,
higher	score	on	a	scale	of	3-15	indicates	better	function.
aAn	increase	in	SOFA	score	of	2	points	or	more	was	a	more	accurate	predictor	of	in-hospital
mortality	than	either	SIRS	criteria	or	qSOFA	score.

Derived	from	Singer	M,	Deutschman	CS,	Seymour	CW,	et	al.	The	third	international	consensus
definitions	for	sepsis	and	septic	shock	(Sepsis-3).	JAMA.	2016;315(8):801-810	and	Jones	AE,
Trzeciak	S,	Kline	JA.	The	Sequential	Organ	Failure	Assessment	score	for	predicting	outcome	in
patients	with	severe	sepsis	and	evidence	of	hypoperfusion	at	the	time	of	emergency	department
presentation.	Crit	Care	Med.	2009;37(5):1649-1654.

PATHOGENS	AND	SITES	OF	INFECTION
Epidemiologic	 studies	 indicate	 that	 the	 lung	 (pneumonia)	 is	 the	most	 common
site	 of	 infection,	 accounting	 for	 about	 64%	 of	 cases,	 followed	 by
abdominal/pelvic	infections	(20%),	bloodstream	infections	(15%),	and	urosepsis
(14%).15	Approximately	62%	of	patients	with	severe	sepsis	are	 infected	with	a
gram-negative	 organism	 and	 47%	with	 a	 gram-positive	 organism,	 though	 this
proportion	 is	 increasing	 with	 excessive	 antibiotic	 use,	 and	 with	 the	 overlap
explained	 by	 polymicrobial	 infections.16	 Anaerobes	 account	 for	 about	 5%	 of
infections,	 while	 viral	 and	 fungal	 infections	 also	 account	 for	 a	 significant
percentage	 of	 sepsis	 etiologies,	 particularly	 in	 the	 setting	 of
immunocompromised	 patients.17	 Despite	 exhaustive	 microbiological	 tests,	 a
pathogen	is	not	isolated	in	about	25%	of	patients.	A	recent	study	in	patients	with
community-acquired	 pneumonia	 isolated	 a	 bacterial	 pathogen	 in	 only	 14%	 of
patients.18	 The	 spectrum	 of	 potential	 pathogens	 depends	 upon	 the	 site	 of
infection	 and	 whether	 the	 patient	 is	 at	 risk	 of	 infection	 with	 drug-resistant
organisms	(see	next).

PATHOPHYSIOLOGY	OF	SEPSIS
Sepsis	 is	 probably	 the	 most	 complex	 disease	 known	 to	 man.	 The	 pathogenic
mechanisms	 and	 physiologic	 changes	 associated	 with	 sepsis	 are	 exceedingly
complex,	 with	 our	 understanding	 of	 this	 topic	 rapidly	 evolving;	 the	 reader	 is
referred	to	excellent	reviews	on	this	topic.19-24	Exposure	of	human	macrophages
to	bacterial	antigens	has	been	demonstrated	 to	 result	 in	a	 significant	change	 in



the	 expression	 of	 over	 950	 genes.25,26	 These	 include	 genes	 for	 pro-	 and	 anti-
inflammatory	cytokines,	chemokines,	adhesion	molecules,	 transcription	factors,
enzymes,	 clotting	 factors,	 stress	 proteins,	 and	 antiapoptotic	 molecules.	 These
gene	 products	 alter	 the	 function	 of	 nearly	 every	 cell	 and	 tissue	 in	 the	 body.
Furthermore,	these	mediators	interact	in	complex	positive	and	negative	feedback
loops	and	 result	 in	epigenetic	modifications	 that	 further	alter	 the	expression	of
this	 network	 of	 mediators.23	 It	 was	 previously	 believed	 that	 the	 organ
dysfunction	observed	 in	 sepsis	was	 the	 result	of	 an	uncontrolled	production	of
proinflammatory	mediators,	the	so-called	cytokine	storm.19,20	There	is	evidence,
however,	 that	 both	 a	 proinflammatory	 and	 an	 opposing	 anti-inflammatory
response	 occur	 concurrently	 in	 patients	 with	 sepsis.27	 In	 addition,
lipopolysaccharide	 from	 the	 invading	pathogen	 causes	 endothelial	 damage	 and
loss	of	the	endothelial	glycocalyx	as	well	as	nitric	oxide	release	from	damaged
endothelial	 cells,	 which	 contribute	 to	 the	 pathologic	 vascular	 permeability,
vasodilatation,	 and	 hypoperfusion	 observed	 in	 sepsis.27	 In	 general,	 following	 a
variable	 time	course,	patients	 transition	from	a	predominantly	proinflammatory
to	 an	 anti-inflammatory	 immunosuppressive	 state.21,23	 Among	 elderly	 patients,
particularly	those	with	significant	comorbidities,	the	anti-inflammatory	response
may	 predominate.21	 Conversely,	 the	 balance	 of	 proinflammatory	 and	 anti-
inflammatory	 mediators	 after	 major	 trauma	 can	 either	 return	 to	 baseline	 or
progress	 to	 a	 state	 of	 persistent	 inflammation,	 immunosuppression,	 and
catabolism	 which	 predisposes	 these	 patients	 to	 organ	 failure,	 infection,	 and
sepsis.28

The	cardiovascular	changes	associated	with	severe	sepsis	play	a	central	role
in	 the	early	management	of	 sepsis	and	will	be	briefly	 reviewed.	These	 include
vasoplegic	 shock,	 myocardial	 dysfunction,	 altered	 microvascular	 flow,	 and	 a
diffuse	endothelial	injury.29,30	Sepsis	is	characterized	by	increased	expression	and
activation	 of	 endothelial	 adhesion	 molecules	 with	 adhesion	 and	 activation	 of
platelets	and	leukocytes,	and	activation	of	the	coagulation	cascade.	This	results
in	a	diffuse	endothelial	injury	as	well	as	shedding	of	the	endothelial	glycocalyx,
which	 further	 potentiates	 disproportionate	 vasodilatation,	 increased	 vascular
permeability,	and	microvascular	thrombosis.29,31

Vasodilatory	shock,	or	vasoplegia,	is	due	to	a	failure	of	the	vascular	smooth
muscle	 to	 constrict	 and	 results	 in	 arterial	 and	 venodilatation.32	 Vasoplegia	 is
believed	 to	 result	 from	 increased	 expression	of	 inducible	 nitric	 oxide	 synthase
with	 increased	 production	 of	 nitric	 oxide	 (NO),	 activation	 of	 KATP	 channels
resulting	in	hyperpolarization	of	the	muscle	cell	membrane,	increased	production
of	 natriuretic	 peptides	 (which	 act	 synergistically	 with	 NO),	 and	 a	 relative
vasopressin	deficiency.32	Venodilatation	 increases	venous	capacitance,	which	 in



turn	 decreases	 venous	 return	 and	 compounds	 the	 intravascular	 volume	 deficit
caused	by	the	vascular	leak.

Myocardial	 depression	 of	 patients	 with	 septic	 shock	 was	 first	 described	 in
1984	 by	 Parker	 et	 al.33	 Initial	 studies	 evaluating	 cardiac	 function	 in	 sepsis
focused	 on	 systolic	 function.	 However,	 diastolic	 dysfunction	 is	 increasingly
being	recognized	as	more	predictive	of	outcome	than	systolic	function.34,35	While
increased	ventricular	filling	initially	maintains	stroke	volume	(SV)	in	the	face	of
mildly	 decreased	 systolic	 function,	 progression	 to	 diastolic	 dysfunction	 with
impaired	ventricular	filling	precludes	adequate	compensation	and	cardiac	output
drops.34	 Predominant	 diastolic	 dysfunction	 appears	 to	 be	 at	 least	 twice	 as
common	as	systolic	dysfunction	in	patients	with	sepsis.36	These	patients	respond
poorly	 to	 fluid	 loading,	 which	 increases	 cardiac	 filling	 pressures	 and	 leads	 to
pulmonary	congestion	with	minimal	if	any	increase	in	SV.35

COMPLICATIONS	ASSOCIATED	WITH	SEPSIS
Complications	 associated	 with	 severe	 sepsis	 and	 septic	 shock	 can	 impact	 all
organ	 systems	 and	 include	 acute	 respiratory	 distress	 syndrome	 (ARDS),	 acute
kidney	 injury	 (AKI),	 disseminated	 intravascular	 coagulation	 (DIC),	 critical
illness	polyneuropathy,	critical	illness	myopathy,	and	septic	encephalopathy.	The
risk	 of	 ARDS	 (and	 outcome)	 may	 be	 critically	 dependent	 on	 the	 fluid
resuscitation	 strategy,	 and	will	 be	 discussed	 in	more	 detail	 next.	 Sepsis	 is	 the
leading	 cause	 of	 AKI	 among	 critically	 ill	 patients	 and	 is	 associated	 with	 a
hospital	 mortality	 exceeding	 50%.37	 The	 development	 of	 sepsis-induced	 AKI
appears	 to	 be	 incompletely	 explained	 by	 renal	 hypoperfusion	 only	 and	 may
involve	a	more	complex	adaptive	process	at	 the	 level	of	 the	renal	 tubular	cells
and	microvasculature.38	This	insult	is	further	compounded	by	venous	congestion
from	 overzealous	 fluid	 resuscitation.	 The	 kidney	 is	 particularly	 vulnerable	 to
increased	venous	pressure,	which	 leads	 to	 increased	 renal	 subcapsular	pressure
and	 lowered	 renal	 blood	 flow	 and	 glomerular	 filtration	 rate.39	 Legrand	 and
colleagues	demonstrated	a	linear	relationship	between	increasing	central	venous
pressure	 (CVP)	 and	 AKI,	 with	 a	 high	 CVP	 being	 the	 only	 hemodynamic
parameter	 independently	associated	with	AKI.40	This	makes	 thoughtful	volume
resuscitation	 particularly	 important	 in	 the	management	 of	 patients	 with	 sepsis
and	septic	shock.

Coagulopathy	 is	 a	 common	 feature	 of	 acute	 sepsis	 and	 comprises	 a	 wide
spectrum	of	 hemostatic	 changes	 ranging	 from	 thrombocytopenia	 to	 subclinical
activation	 of	 the	 coagulation	 cascade	 to	 uncontrolled	 thrombin	 generation	 and



fibrin	deposition	 in	 the	microcirculation,	 eventually	 leading	 to	 consumption	of
platelets	 and	 coagulation	 factors	 and	 subsequent	 bleeding	 (acute	 DIC).24	 The
widespread	 microvascular	 thrombosis	 is	 believed	 to	 play	 a	 major	 role	 in	 the
pathogenesis	 of	 the	 multiorgan	 dysfunction	 syndrome	 that	 is	 characteristic	 of
severe	 sepsis	 and	 septic	 shock.29	 DIC	 is	 thought	 to	 develop	 as	 a	 result	 of	 the
overwhelming	inflammatory	host	response	to	the	pathogen.	The	combination	of
endothelial	 dysfunction,	 overexpression	 of	 tissue	 factor,	 dysregulated
endogenous	anticoagulant	pathways,	and	impaired	fibrinolysis	contributes	to	this
hypercoagulable	state.24

CLINICAL	FEATURES	AND	DIAGNOSIS	OF
SEPSIS
Early	 clinical	manifestations	 of	 sepsis	 are	 numerous	 and	 nonspecific,	 and	 can
include	 malaise,	 tachycardia,	 tachypnea,	 fever,	 and	 sometimes	 hypothermia.
Although	most	patients	with	sepsis	will	have	a	leukocytosis,	leukopenia	can	also
be	an	indication	of	sepsis	and	is	generally	a	poor	prognostic	sign.	Other	clinical
manifestations	 suggestive	 of	 organ	 dysfunction	 include	 altered	 mentation,
hypotension,	 and	 a	 mixed	 metabolic	 acidosis	 and	 compensatory	 respiratory
alkalosis.	Hypoxemia	can	be	present	in	the	setting	of	acute	lung	injury,	and	other
manifestations	 of	 organ	 failure	 can	 include	 acute	 tubular	 necrosis,
thrombocytopenia,	DIC,	proteinuria,	 intrahepatic	 cholestasis,	 transaminitis,	 and
either	hyper	or	hypoglycemia.	The	clinical	presentation	may	offer	clues	as	to	the
underlying	 etiology,	 such	 as	 cough,	 tachypnea,	 or	 sputum	 production	 in	 the
context	of	pneumonia,	or	flank	pain	and	dysuria	with	urinary	tract	infections,	or
abdominal	pain	with	intra-abdominal	processes.

Atypical	 and	 subtle	 presentations	 can	 make	 the	 diagnosis	 more	 elusive,
particularly	in	the	very	young,	the	elderly,	and	in	patients	with	chronic	illness	or
immune	 deficiency.	 These	 patients	 may	 present	 with	 normothermia	 or
hypothermia.	 The	 failure	 to	 generate	 a	 temperature	 greater	 than	 99.6	 °F	 (37.5
°C)	in	the	first	24	hours	of	clinical	illness	has	been	associated	with	an	increased
mortality	 rate.	Alternatively,	 these	patients	may	present	with	 an	 altered	mental
state	or	an	otherwise	unexplained	respiratory	alkalosis.

2 	 3 	 2 	 Although	 recommended	 as	 part	 of	 the	 diagnostic	 process	 of	 septic
patients,	initial	blood	cultures	are	only	positive	in	20%	to	30%	of	patients	with
sepsis.41	Incidentally,	culture-positive	sepsis	has	also	been	associated	with	higher
28-	and	90-day	mortality.41	The	use	of	antibiotics	prior	to	microbiologic	testing



contributes	 to	 the	 low	 diagnostic	 yield	 of	 these	 tests,	 thus	 emphasizing	 the
importance	 of	 obtaining	 blood	 cultures	 prior	 to	 antibiosis	 in	 patients	 with
suspected	sepsis.42	Molecular	 diagnostic	 techniques	 that	 do	 not	 depend	 on	 the
growth	of	organisms	in	culture	may	offer	advantages	over	current	microbiologic
methods.	 However,	 most	 of	 the	 early	 molecular	 methods	 relied	 upon	 culture
amplification,	 which	 did	 not	 resolve	 the	 issue	 of	 the	 significant	 proportion	 of
false-negative	 cultures.	 Furthermore,	 these	 techniques	 used	 targeted	 pathogen
detection	 with	 therefore	 limited	 pathogen	 coverage.	 SeptiFast	 (Roche
Diagnostics,	Germany)	was	the	first	real-time	polymerase	chain	reaction	(PCR)-
based	 system	 approved	 for	 clinical	 use.	 A	 meta-analysis	 from	 41	 phase	 III
diagnostic	 accuracy	 studies	 reported	 a	 sensitivity	 and	 specificity	 for	 SeptiFast
compared	 with	 blood	 culture	 of	 0.68	 and	 0.86,	 respectively.43	 More	 recently,
advanced	 PCR	 followed	 by	 electrospray	 ionization	 mass	 spectrometry
(PCR/ESI-MS)	 has	 been	 described	 and	 can	 reportedly	 detect	 more	 than	 800
relevant	pathogens	 in	 a	 single	 assay	 that	 can	be	completed	 in	 approximately	6
hours.44	The	Rapid	Diagnosis	of	Infection	in	the	Critically	ill	(RADICAL)	study
was	 a	 prospective	 observational	 multicenter	 study	 that	 evaluated	 529	 patients
with	 suspected	 infection	 using	 the	 PCR/ESI-MS	 technology.45	 PCR/ESI-MS
detected	 a	 pathogen	 in	 37%	 of	 blood	 samples	 compared	 with	 11%	 for
conventional	blood	culture.	This	technique	thus	holds	great	promise	for	the	early
detection	 of	 blood	 stream	 infection,	 allowing	 for	 early	 targeted	 antibiotic
therapy.	The	major	limitation	of	this	technology	is	that	it	cannot	provide	detailed
antimicrobial	 susceptibility	 data	 and,	 as	 such,	 may	 complement	 rather	 than
replace	 standard	 culture	 techniques.	 Appropriate	 samples	 for	 culture	 should
therefore	be	obtained	prior	 to	 initiation	of	antibiotics	 to	 increase	 the	diagnostic
yield	 of	 these	 tests.	 Venipuncture	 is	 the	 preferred	 method	 for	 blood	 culture
acquisition.	 Arterial	 blood	 samples	 do	 not	 improve	 the	 diagnostic	 yield,	 and
samples	 obtained	 from	 existing	 intravascular	 lines	 are	 more	 likely	 to	 be
contaminated.46	The	Clinical	and	Laboratory	Standards	Institute	(CLSI)	therefore
recommends	that	at	least	one	blood	culture	be	collected	by	venipuncture	to	help
with	the	interpretation	of	positive	results.46	Given	that	adults	with	bacteremia	are
expected	to	have	relatively	low	blood	concentrations	of	viable	pathogens,	two	to
four	 sets	 of	 blood	 cultures,	 each	 20	 to	 40	 mL	 and	 each	 from	 independent
venipuncture	sites,	should	be	collected	to	maximize	diagnostic	yield.	These	can
be	collected	simultaneously.46	This	strategy	increases	the	likelihood	of	obtaining
positive	 blood	 culture	 results	 while	minimizing	 the	 risk	 of	 contamination	 and
reducing	the	delay	in	the	administration	of	antibiotics.

A	 number	 of	 biomarkers	 have	 been	 evaluated	 as	 adjunctive	 methods	 to
improve	the	diagnosis	of	sepsis.	Procalcitonin	(PCT)	has	to	date	been	the	most



useful.	PCT	is	a	propeptide	of	calcitonin	that	is	normally	produced	in	the	C-cells
of	the	thyroid.	In	healthy	individuals,	PCT	levels	are	very	low	(<0.01	ng/mL).	In
patients	 with	 sepsis,	 however,	 PCT	 levels	 increase	 dramatically,	 sometimes	 to
more	 than	 several	 hundred	 nanograms	 per	 milliliter.	 The	 use	 of	 PCT	 for	 the
diagnosis	of	sepsis	and	in	determining	the	duration	of	antibiotics	is	controversial.
Although	 it	 may	 lead	 to	 reduced	 antibiotic	 exposure,	 the	 use	 of	 a	 PCT-based
algorithm	 has	 not	 been	 shown	 to	 reduce	 either	 28-	 or	 60-day	 mortality	 in
primarily	medical	critically	ill	adults	with	suspected	bacterial	infection.47	Wacker
et	al	performed	a	meta-analysis	to	evaluate	the	diagnostic	accuracy	of	PCT.48	In
this	meta-analysis,	 the	 sensitivity	was	0.77	 (95%	CI	0.72-0.81),	 the	 specificity
was	0.79	(95%	CI	0.74-0.84),	and	the	area	under	the	ROC	curve	was	0.85	(95%
CI	 0.81-0.88),	 for	 a	 better	 diagnostic	 accuracy	 than	 any	 other	 single	 test	 to
diagnose	sepsis.	A	PCT	>	0.5	ng/mL	is	highly	suggestive	of	a	bacterial	infection,
whereas	 a	 level	 <0.1	 ng/mL	 makes	 this	 diagnosis	 less	 likely.47	 However,	 the
optimal	 diagnostic	 threshold	 remains	 unclear	 and	 has	 been	 reported	 to	 range
anywhere	 between	 0.25	 and	 1.4	 ng/mL,	 with	 patients	 with	 gram-negative
infections	 potentially	 having	 significantly	 higher	 PCT	 levels	 than	 those	 with
gram-positive	 infections	 and	 those	 with	 fungal	 infections	 having	 lower	 than
normal	 levels	of	PCT.47-49	The	 trend	 in	 the	PCT	 level	may	 also	be	particularly
useful	 for	 deciding	 when	 to	 discontinue	 antibiotics.50	 In	 summary,	 PCT	 is	 an
imperfect	test	that	has	also	not	been	well	studied	in	surgical	populations,	and	it
should	 always	 be	 interpreted	 in	 the	 clinical	 context,	 together	 with	 other
diagnostic	tests.	It	may	be	most	valuable	to	confirm	clinical	suspicion	based	on
more	traditional	parameters.

Described	 more	 recently,	 presepsin	 is	 a	 biomarker	 that	 appears	 to	 have	 a
diagnostic	accuracy	that	is	similar	to	PCT	as	well	as	the	ability	to	better	predict
ICU	 and	 90-day	 mortality.51,52	 Presepsin,	 also	 named	 soluble	 cluster-
differentiation	14	 sub(sCD14-ST),	 is	 a	13	kDa	protein	 that	 is	 the	 truncated	N-
terminal	 fragment	 of	 CD14,	 a	 high-affinity	 receptor	 for	 complexes	 of
lipopolysaccharide	 (LPS)	 and	 LPS-binding	 proteins.	 Presepsin	 increases
significantly	in	the	blood	of	septic	patients,	and	it	may	help	differentiate	sepsis
from	other	 noninfectious	 causes	 of	 SIRS.52	Another	molecular	marker,	 soluble
triggering	 receptor	 expressed	 on	 myeloid	 cells-1	 (sTREM-1),	 has	 also	 been
demonstrated	to	have	moderate	diagnostic	performance	in	differentiating	sepsis
from	SIRS.53	The	“classic”	proinflammatory	mediators	(IL-1,	IL-6,	and	TNF-α)
are	unable	 to	distinguish	between	infectious	and	noninfectious	causes	of	SIRS.
IL-27	is	produced	by	antigen-presenting	cells	on	exposure	to	microbial	derived
molecules	 and	 inflammatory	 stimuli	 and	 has	 been	 shown	 to	 have	 a	 modest
ability	 to	predict	bacterial	 infections,	with	 improved	diagnostic	 accuracy	when



combined	 with	 PCT,	 particularly	 in	 nonpulmonary	 infections.54	 Although
promising,	none	of	these	biomarkers	in	isolation	can,	at	the	present	time,	replace
clinical	 and	 ancillary	 tests	 to	 diagnose	 sepsis.	 Further	 validation	 in	 different
patient	 populations	 will	 be	 required,	 as	 well	 as	 most	 likely	 algorithms	 that
include	several	of	these	biomarkers.

While	 early	 identification	 and	 treatment	 of	 sepsis	 are	 the	 most	 important
factors	 for	 improving	 outcomes	 from	 this	 condition,	 the	 diagnosis	 is	 often
delayed	 on	 account	 of	 the	 lack	 of	 specific	 diagnostic	 criteria	 as	 well	 as	 the
heterogeneity	of	this	disease	process.	The	diagnosis	of	sepsis	therefore	requires	a
high	 index	 of	 suspicion	 as	 well	 as	 a	 comprehensive	 clinical	 evaluation	 with
supportive	 laboratory	 investigations	 including	 appropriate	 microbiologic
cultures,	 a	 complete	 blood	 count	 with	 differential,	 arterial	 blood	 gas	 analysis,
and	lactate	levels.	Although	not	specific	for	sepsis,	an	elevated	lactate	level	is	a
marker	of	impaired	tissue	oxygenation,	and	is	a	useful	marker	of	disease	severity
in	patients	with	sepsis.

Although	 largely	 used	 for	 over	 two	 decades,	 the	 SIRS	 criteria	 have	 poor
construct	validity	to	identify	patients	with	sepsis.	The	updated	unified	definition
of	sepsis	emphasizes	the	presence	of	organ	dysfunction	from	a	maladaptive	host
response	 to	 infection,	 where	 organ	 dysfunction	 is	 quantified	 with	 the	 SOFA
score.	 The	 latter	 includes	 clinical	 parameters	 such	 as	MAP,	 urine	 output,	 and
GCS,	 as	 well	 as	 laboratory	 values	 such	 as	 platelets,	 bilirubin,	 creatinine,	 and
partial	pressure	of	oxygen-to-fraction	of	inspired	oxygen	ratio.7

MANAGEMENT	OF	SEPSIS
3 	 The	 optimal	 management	 of	 patients	 with	 sepsis	 and	 septic	 shock	 can	 be
controversial	and	level	1	evidence	(data	from	two	or	more	adequately	powered
randomized	 controlled	 trials	 (RCTs)	 or	 a	 meta-analysis	 of	 RCTs)	 that
demonstrates	 that	 any	 one	 intervention	 reduces	 the	 mortality	 of	 patients	 with
sepsis	 or	 septic	 shock	 remains	 lacking.	 Large	 RCTs	 that	 have	 attempted	 to
modulate	 the	 immune	 response	 or	 coagulation	 cascade	 in	 patients	 with	 sepsis
and	 septic	 shock	 have	 generally	 been	 disappointing.	 As	 such,	 and	 despite	 not
being	based	on	data	from	RCTs,	timely	administration	of	appropriate	antibiotics
within	 1	 hour	 of	 sepsis	 recognition	 and	 adequate	 source	 control	 remain	 the
cornerstones	 of	 the	 management.55	 This	 section	 will	 focus	 on	 appropriate
antibiotic	 therapy,	 hemodynamic	 management,	 source	 control,	 and	 adjunctive
therapies	 that	 may	 be	 of	 potential	 benefit	 in	 patients	 with	 sepsis	 and	 septic
shock.



Antimicrobial	Therapy
Cultures	should	be	obtained	promptly	and	empiric	intravenous	antibiotics	should
be	started	as	soon	as	possible	after	appropriate	cultures	have	been	obtained.	The
choice	of	antibiotics	is	largely	determined	by	the	suspected	source	of	infection,
the	patient’s	immunologic	status,	whether	the	patient	has	risk	factors	for	a	drug-
resistant	pathogen	 (DRP),	 as	well	 as	knowledge	of	 the	 local	microbiology	and
sensitivity	 patterns.	 Initial	 antibiotics	 should	 have	 activity	 against	 likely
pathogens	and	should	also	penetrate	into	the	presumed	source	of	sepsis	site.

Inappropriate	coverage	with	the	initial	antibiotic	regimen	is	usually	associated
with	infection	with	a	DRP.	Factors	that	have	been	shown	to	increase	the	risk	of
infection	with	 a	DRP	 include	 hospitalization	>2	days	 in	 the	 previous	 90	 days,
antibiotics	in	the	previous	90	days,	nonambulatory	status,	patients	receiving	tube
feeds,	 immunocompromised	 status,	 acid-suppressive	 medication,	 chronic
hemodialysis	 in	 the	 last	 30	 days,	 infection	 or	 colonization	 with	 methicillin-
resistant	Staphylococcus	 aureus	 (MRSA)	 in	 the	 previous	 90	 days,	 and	 current
hospitalization	 >2	 days.56	 With	 the	 widespread	 use	 of	 antibiotics,	 a	 group	 of
pathogens	 have	 emerged	 that	 are	 resistant	 to	 multiple	 antibiotics.	 These
pathogens,	referred	to	as	the	“ESKAPE	bugs,”	have	emerged	in	hospitals	across
the	world	 and	 are	 the	most	 important	DRPs	 encountered	 in	 clinical	 practice.57
The	ESKAPE	pathogens	include	Enterococcus	faecium,	Staphylococcus	aureus,
Klebsiella	pneumonia,	Acinetobacter	baumannii,	Pseudomonas	aeruginosa,	and
Enterobacter	 species.	 Antimicrobial	 classes	 to	 which	 the	 ESKAPE	 pathogens
have	now	developed	resistance	include	β-lactams	with	or	without	β-lactamases,
tetracyclines,	fluoroquinolones,	macrolides,	as	well	as	some	of	our	last	 lines	of
defense	such	as	carbapenems,	glycopeptides,	and	polymyxins.57

The	2017	Surviving	Sepsis	Campaign	 (SSC)	 recommends	 five	principles	 to
guide	initial	antibiosis	in	sepsis	and	septic	shock.	These	include	(1)	initiation	of
intravenous	 (in	 order	 to	 rapidly	 achieve	 adequate	 blood	 and	 tissue
concentrations)	 antimicrobial	 therapy	within	1	hour	of	 recognition	of	 sepsis	or
septic	shock,	(2)	broad-spectrum	coverage	initially	either	single	or	combination
therapy	(with	combination	therapy	preferentially	reserved	for	septic	shock),	(3)
de-escalation	 based	 on	 culture	 and	 sensitivity	 data	 and	 as	 permitted	 by	 the
clinical	 course,	 (4)	 dosing	 based	 on	 pharmacokinetic	 and	 pharmacodynamic
profiles	of	the	antimicrobials	selected,	and	(5)	daily	reevaluation	of	opportunities
for	de-escalation.58	On	occasion,	such	as	for	enterococcal	 infections	and	severe
intra-abdominal	 infections,	 double-antimicrobial	 therapy	 may	 have	 to	 be
continued.	 However,	 as	 a	 general	 rule,	 antimicrobial	 de-escalation	 has	 been
demonstrated	to	be	associated	with	lower	rates	of	hospital	mortality.	Of	course,



source	control	is	also	of	paramount	importance	and	should	be	sought	as	quickly
as	possible.55

4 	There	is	marked	variability	in	the	duration	of	antibiotic	treatment	between
and	 within	 different	 countries	 and	 healthcare	 settings,	 independent	 of	 factors
such	 as	 disease	 severity.	 As	 previously	 described,	 PCT	 levels	 have	 been
proposed	as	a	guide	for	duration	of	antibiotic	therapy	and,	in	primarily	medical
critically	 ill	 patients,	 they	 have	 resulted	 in	 shorter	 exposure	 to	 antibiotics	 by
2.7	days	without	adverse	effects	on	28-	and	60-day	mortality.47	A	meta-analysis
by	the	Cochrane	group	compared	a	short	7-	to	8-day	course	of	antibiotics	with	a
prolonged	 10-	 to	 15-day	 course	 for	 patients	 with	 ventilator-associated
pneumonia	 (VAP).59	 Eight	 nonrandomized	 studies	 were	 included	 and
demonstrated	 a	 reduced	 recurrence	 of	 VAP	 caused	 by	 multidrug-resistant
organisms	 for	 the	 short-course	 group	when	 the	 initial	 offending	 pathogen	was
not	 a	 nonfermenting	 gram-negative	 bacillus	 (OR	 0.44;	 95%	 CI	 0.21-0.95)
without	 adversely	 affecting	 other	 outcomes.	 Similar	 findings	 from	 numerous
studies	 suggest	 that	 an	 8-day	 course	 of	 antibiotics	 is	 sufficient	 for	 intra-
abdominal	 infections,	 provided	 the	 patient	 responds	 clinically	 to	 the	 course	 of
treatment.60

These	data	overall	suggest	that	a	7-	to	10-day	course	of	antibiotics	is	adequate
for	most	patients	with	sepsis	who	received	initial	appropriate	 therapy	and	have
had	 a	 good	 clinical	 response.	 This	 is	 also	 in	 agreement	 with	 the	 2017	 SSC
recommendations.58	Patients	with	poor	clinical	response,	those	with	infection	for
which	source	control	 is	not	possible,	 those	with	 immune	deficiency,	as	well	as
those	with	Staphylococcus	aureus	bacteremia	and	certain	other	viral	and	fungal
pathogens	may	require	longer	duration	of	treatment.	The	trend	in	the	PCT	level
may	further	aid	in	determining	when	it	is	safe	to	discontinue	antibiotics.58

Hemodynamic	Support
In	 2001,	 Emanuel	 Rivers	 and	 collaborators	 published	 a	 study	 entitled	 “Early
Goal-Directed	Therapy	in	the	Treatment	of	Severe	Sepsis	and	Septic	Shock,”	in
which	 they	compared	 two	protocols	 for	 the	early	 resuscitation	of	patients	with
severe	 sepsis	 and	 septic	 shock	 (for	 6	 hours	 in	 the	 Emergency	 Department).61
Both	protocols	used	 the	CVP	 to	guide	 fluid	 therapy	 (target	CVP	>	8	mm	Hg).
The	“treatment	arm”	(Early	goal-directed	 therapy	 [EGDT])	 required	placement
of	 an	 oximetric	 central	 venous	 catheter	 with	 protocolized	 interventions	 to
maintain	measured	 levels	 of	 central	 venous	 oxygen	 saturation	 (ScvO2)	 >70%.
The	 study,	 which	 enrolled	 288	 patients	 (25	 were	 excluded	 after	 the	 fact),



reported	 a	 28-day	 mortality	 of	 49.2%	 in	 the	 control	 group	 and	 33.3%	 in	 the
EGDT	group	(P	=	.01,	with	an	absolute	reduction	of	the	risk	of	death	of	16%).
Within	a	short	time,	this	small	(severely	underpowered),	unblinded,	single-center
study	came	to	be	considered	the	standard	of	care	around	the	world	and	formed
the	basis	of	 the	6-hour	 resuscitation	bundle	of	 the	2004,	2008,	 and	2012	SSC.
However,	 soon	 after	 publication	 of	 the	 EGDT	 study,	 concerns	 were	 raised
regarding	the	validity	of	the	protocol	as	well	as	the	conduct	and	reporting	of	the
study.	The	basic	 premise	of	EGDT	was	 to	 optimize	 tissue	oxygen	 transport	 to
reverse	 tissue	 hypoxia	 with	 the	 use	 of	 continuous	 monitoring	 to	 prespecified
physiologic	 targets.	This	 premise	 is	 flawed	 as	 bioenergetic	 failure	 and	 cellular
hypoxia	are	likely	only	preterminal	events	in	patients	with	septic	shock.62	More
importantly,	the	elements	of	the	protocol	were	not	supported	by	strong	scientific
evidence;	 notably,	 CVP	 is	 a	 poor	 reflection	 of	 volume	 status	 and	 fluid
responsiveness,	patients	with	sepsis	usually	have	a	high	rather	than	a	low	ScvO2,
reflecting	 impaired	 oxygen	 utilization	 at	 the	 tissue	 level,	 transfusing	 patients
with	 a	 hemoglobin	 >	 7	 g/dL	 is	 likely	 to	 be	 harmful,	 and	 driving	 up	 oxygen
delivery	(DO2)	without	regard	to	cardiac	function	is	potentially	harmful.

In	2014,	13	years	after	the	publication	of	the	EGDT	study,	the	ProCESS	and
ARISE	RCTs	were	 published,	with	PROMISE	 the	 final	 of	 the	 trilogy	 of	 large
multicenter	 RCTs	 being	 published	 in	 2015.63-65	 ProCESS,	 ARISE,	 and
PROMISE	demonstrated	that	EGDT	did	not	improve	outcomes	for	patients	with
sepsis	 and	 septic	 shock.	 Patients	 in	 the	 EGDT	 arm	 of	 PROMISE	 had	 worse
organ-failure	 scores,	 a	 longer	 stay	 in	 the	 ICU	with	 increased	use	of	 resources,
and	 increased	 costs.	 A	 meta-analysis	 of	 EGDT,	 which	 included	 ProCESS,
ARISE,	and	PROMISE,	concluded	that	“EGDT	is	not	superior	to	usual	care	for
Emergency	 Department	 patients	 with	 septic	 shock	 but	 is	 associated	 with
increased	 utilization	 of	 ICU	 resources.”66	 ProCESS,	 ARISE,	 and	 PROMISE
together	 with	 this	 meta-analysis	 have	 changed	 the	 way	 we	 approach	 sepsis
syndromes.

7 	Current	recommendations	include	early	(within	3	hours)	resuscitation	with
30	 mL/kg	 of	 crystalloids,	 with	 further	 volume	 resuscitation	 based	 on	 clinical
reassessment	 and	 dynamic	 variables	 of	 fluid	 responsiveness	 (such	 as	 pulse
pressure	 variation,	 SV	 variation,	 and	 passive	 leg	 raise	 (PLR)	 maneuvers).
Hemodynamic	support	of	patients	with	septic	shock	should	include	vasopressors,
with	 norepinephrine	 being	 the	 first-line	 agent	 in	 this	 setting.	 Finally,
resuscitation	and	hemodynamic	support	should	target	an	MAP	>	65	mm	Hg.55,58

Fluid	Therapy



5 	 Beyond	 the	 early	 administration	 of	 antibiotics,	 aggressive	 “supportive
measures”	may	be	harmful,	and	the	“less	is	more”	paradigm	appears	applicable
for	 the	 management	 of	 patients	 with	 severe	 sepsis.	 Past	 (or	 current)	 teaching
suggesting	that	aggressive	fluid	resuscitation	is	the	best	initial	approach	for	the
cardiovascular	 instability	of	sepsis,	appears	 to	be	only	partly	correct,	and	 large
volumes	 of	 fluid	 (10-15	 L)	 infused	 in	 the	 early	 stages	 of	 sepsis	 should	 be
avoided.	 The	 current	 SCCM	 recommendation	 is	 for	 early	 (within	 3	 hours)
resuscitation	 with	 only	 30	 mL/kg	 of	 crystalloids	 (ie,	 about	 2-3	 L).58	 Initial
resuscitation	 volumes	 in	 excess	 of	 this	 may	 have	 adverse	 consequences	 and
result	 in	 “iatrogenic	 salt	water	 drowning”	with	more	 severe	ARDS,	AKI,	 and
death.67

5 	 Volume	 responsiveness	 can	 be	 conceptualized	 as	 recruitable	 SV.	 If	 the
patient	 is	on	a	portion	of	 the	Frank-Starling	curve	where	a	 fluid	bolus	will	not
increase	SV,	 the	 fluid	bolus	will	 serve	no	useful	purpose	and	may	be	harmful.
This	concept	is	referred	to	as	“fluid	responsiveness”.68	By	definition,	a	patient	is
considered	to	be	fluid	responsive	if	their	SV	increases	by	≥10%	following	a	fluid
challenge	 (usually	500	mL	crystalloid).	The	chest	 radiograph,	CVP,	and	ScvO2

have	 limited	 value	 in	 determining	 whether	 there	 is	 recruitable	 SV	 or	 not	 and
therefore	 are	 of	 limited	 use	 in	 guiding	 fluid	 management.	 Instead,	 dynamic
measures	 should	 be	 utilized	 for	 this	 purpose.69	 The	 PLR	maneuver	 or	 a	 fluid
challenge	coupled	with	real-time	SV	monitoring	is	a	more	accurate	method	for
determining	fluid	responsiveness.70

Multiple	 studies	 of	 diverse	 populations	 of	 patients	 have	 demonstrated	 that
only	 about	 50%	 of	 hemodynamically	 unstable	 patients	 are	 fluid	 responsive.68
This	can	be	rationalized	by	a	decrease	in	diastolic	compliance	and	an	increase	in
the	 unstressed	 blood	 volume	 of	 septic	 patients,	 such	 that	 less	 than	 50%	 of
patients	 with	 septic	 shock	 are	 fluid	 responsive.71	 Large	 fluid	 boluses	 further
decrease	 diastolic	 compliance	 of	 the	 ventricles,	 causing	 the	 CVP	 to	 increase
more	than	the	mean	circulating	filling	pressure	(MCFP),	therefore	decreasing	the
gradient	 for	 venous	 return.71	 Furthermore,	 the	 increased	 CVP	 is	 transmitted
retrograde,	 which	 leads	 to	 venous	 congestion	 and	 can	 further	 impair	 organ
function	and	microcirculatory	flow,	particularly	for	encapsulated	organs	such	as
the	 kidney	 and	 liver.67	 To	make	matters	 worse,	 the	 hemodynamic	 response	 to
fluids	for	patients	with	circulatory	shock	can	be	small	and	short-lived	(less	than
an	 hour)	 because	 most	 (about	 90%-95%)	 of	 the	 fluid	 rapidly	 leaks	 into	 the
tissues	 on	 account	 of	 the	 abnormally	 increased	 vascular	 permeability	 from
sepsis.72	Glassford	and	colleagues	performed	a	systematic	review	that	examined
the	 hemodynamic	 response	 of	 fluid	 boluses	 in	 patients	 with	 sepsis.73	 These
authors	 reported	 that	while	MAP	 increased	 by	 7.8	 ±	 3.8	mm	Hg	 immediately



following	 the	 fluid	 bolus,	 it	 had	 returned	 close	 to	 baseline	 at	 1	 hour	 with	 no
increase	 in	 urine	 output.	 The	 evidence	 thus	 far	 therefore	 suggests	 that	 not	 all
patients	 are	 fluid	 responders	 and	 that	 overaggressive	 fluid	 resuscitation	 may
have	adverse	hemodynamic	consequences	including	an	increase	in	cardiac	filling
pressures,	 venous	 congestion,	 damage	 to	 the	 endothelial	 glycocalyx,	 arterial
vasodilation,	 and	 tissue	 edema.	 The	 harmful	 effects	 of	 overaggressive	 fluid
resuscitation	 are	 supported	 by	 data	 demonstrating	 an	 independent	 association
between	 an	 increasingly	 positive	 fluid	 balance	 and	mortality	 for	 patients	with
sepsis.1,74	For	instance,	and	one	of	many	examples,	in	a	secondary	analysis	of	the
Vasopressin	in	Septic	Shock	Trial	(VASST),	Boyd	and	colleagues	demonstrated
that	 a	 greater	 positive	 fluid	 balance	 at	 both	 12	 hours	 and	 4	 days	 were
independent	 predictors	 of	 death.74	 Indiscriminate	 aggressive	 volume
resuscitation	will	likely	not	reverse	the	hemodynamic	instability	of	patients	with
septic	shock,	but	may	instead	exacerbate	the	vasodilatory	shock	and	increase	the
capillary	 leak	 and	 tissue	 edema.	 Consequently,	 careful	 and	 potentially	 more
conservative	 volume	 resuscitation,	 guided	 by	 dynamic	measures	 of	 recruitable
SV,	 should	 be	 employed	 in	 the	 resuscitation	 of	 patients	 with	 sepsis	 or	 septic
shock.	As	previously	stated,	norepinephrine	should	be	initiated	in	those	patients
who	remain	hypotensive	(MAP	<	65	mm	Hg)	despite	initial	fluid	resuscitation.58

Septic	 patients	 with	 an	 intra-abdominal	 catastrophe	 that	 requires	 urgent
surgical	 intervention	 represent	 a	 subgroup	 that	 may	 require	 more	 aggressive
fluid	 resuscitation.	 However,	 in	 this	 instance	 as	 well,	 overly	 aggressive	 fluid
resuscitation	 can	 contribute	 to	 intra-abdominal	 hypertension,	 renal	 failure,
shock,	and	death.75	For	these	patients,	continuous	SV	monitoring	is	helpful,	and
ongoing	fluid	requirements	should	be	guided	by	 the	 trend	 in	 the	SV	as	well	as
the	 hemodynamic	 response	 to	 small	 volume	 fluid	 boluses.	 In	 addition,
perioperative	intra-abdominal	pressure	monitoring	is	required	in	these	patients.75

5 	The	choice	of	fluid	for	patients	with	severe	sepsis	and	septic	shock	has	been
a	subject	of	controversy	for	decades.	Despite	being	very	widely	used	around	the
world,	 normal	 saline	 (0.9%	 NaCl)	 is	 an	 nonphysiological	 solution	 that	 is
associated	with	a	number	of	adverse	effects.	Normal	saline	causes	a	non–anion
gap	 hyperchloremic	 metabolic	 acidosis,	 decreases	 renal	 blood	 flow,	 and
increases	the	risk	of	renal	failure.76	In	2018,	the	SMART	trial	demonstrated	that
the	use	of	balanced	crystalloid	 solutions	 (including	Ringer	 lactate	and	Plasma-
Lyte)	 for	 critically	 ill	 adults	 was	 associated	 with	 a	 lower	 incidence	 of	 the
composite	 outcome	 of	 death	 from	 any	 cause,	 new	 renal	 replacement	 therapy
(RRT),	or	persistent	 renal	 failure.	The	number	needed	 to	 treat	was	94	and	 this
benefit	was	even	more	pronounced	for	patients	with	sepsis	and	in	those	receiving
aggressive	 volume	 resuscitation.77	 These	 findings	 contradicted	 the	 lack	 of	 a



difference	in	the	risk	of	AKI	observed	in	the	SPLIT	trial.78	This	study,	however,
had	 a	 number	 of	 limitations,	 including	 a	 relatively	 healthy	 patient	 population
with	 low	 risk	 for	AKI	 (71%	 of	 patients	were	 postoperative	 patients,	 only	 4%
were	 diagnosed	 with	 sepsis),	 that	 preclude	 widespread	 generalizability	 of	 the
results.	 The	 current	 recommendation	 from	 the	 SSC	 for	 of	 fluid	 used	 in	 the
resuscitation	 of	 patients	 with	 sepsis	 and	 septic	 shock	 remains	 either	 balanced
crystalloids	 or	 saline.58	 Of	 note,	 however,	 the	 SMART	 RCT	 had	 not	 been
published	at	the	time	these	guidelines	were	written.

Another	 controversial	 issue	 has	 been	 the	 benefit	 of	 bicarbonate	 infusion	 in
patients	with	metabolic	acidosis.	In	a	large	multicenter	RCT,	sodium	bicarbonate
infusion	 had	 no	 effect	 on	 a	 composite	 outcome	 of	 death	 from	 any	 cause	 at
1	month	or	organ	failure	at	1	week.79	However,	a	survival	benefit	at	1	month	was
observed	in	the	subgroup	of	patients	with	AKI,	and	sodium	bicarbonate	infusion
was	 also	 associated	 with	 less	 RRT	 in	 the	 ICU	 (although	 no	 difference	 was
present	 at	 discharge).	 Non–life-threatening	 electrolyte	 abnormalities	 were	 also
more	 common	 in	 the	 group	 receiving	 bicarbonate.	 In	 summary,	 bicarbonate
should	probably	be	reserved	for	severely	acidotic	patients	 (pH	<	7.2)	 in	whom
the	 acidosis	 is	 so	 severe	 that	 the	 effect	 of	 vasopressors	 is	 blunted.	 It	 should,
however,	not	be	routinely	used	to	correct	milder	levels	of	acidosis,	and	particular
attention	should	also	be	paid	to	the	ability	to	clear	the	CO2	thus	produced.

Synthetic	 starch	 solutions	 increase	 the	 risk	 of	 renal	 failure	 and	 death	 in
patients	with	 sepsis	 and	 should	 be	 avoided.80	 The	 role	 of	 albumin	 for	 patients
with	sepsis	has	been	widely	debated,	and	continues	 to	be	subject	 to	significant
variability	 in	 clinical	 practice.	 The	 use	 of	 4%	 albumin	 in	 critically	 ill	 patients
was	 found	 to	 confer	 no	 benefit	 when	 compared	 to	 normal	 saline	 in	 terms	 of
survival	 at	 28	 days,	 ICU	 and	 hospital	 LOS,	 requirements	 for	 mechanical
ventilation	 and	 RRT,	 or	 development	 of	 organ	 dysfunction.81	 In	 experimental
animal	studies,	exogenous	albumin	may	restore	the	endothelial	glycocalyx.82	As
such,	 the	 SSC	 at	 this	 time	 recommends	 reserving	 albumin	 for	 patients	 with
septic	shock	who	are	requiring	“substantial	amounts”	of	crystalloids.58

Vasopressors	and	Inotropic	Agents
6 	A	low	MAP	is	a	reliable	predictor	for	the	development	of	organ	dysfunction.
When	 the	 MAP	 falls	 below	 an	 organ’s	 autoregulatory	 threshold,	 organ	 blood
flow	decreases	in	an	almost	linear	fashion.83	Because	the	autoregulatory	ranges
of	the	heart,	brain,	and	kidney	are	above	60	mm	Hg,	any	MAP	below	this	level
will	 likely	result	 in	organ	ischemia	and	death.83	Varpula	and	colleagues	studied



the	 hemodynamic	 variables	 associated	 with	 mortality	 in	 patients	 with	 septic
shock.84	 They	 calculated	 the	 area	 under	 the	 curve	 (AUC)	 for	 various	 MAP
thresholds	over	a	48-hour	time	period.	The	highest	AUC	values	were	found	for
an	MAP	<	65	mm	Hg	(AUC	0.83,	95%	CI	0.772-0.934).	Owing	to	the	shift	of
the	 autoregulatory	 range	 (to	 the	 right)	 in	 patients	with	 chronic	 hypertension,	 a
higher	 MAP	 may	 be	 required	 for	 these	 patients.	 In	 the	 SEPSISPAM	 study
(Assessment	 of	 Two	 Levels	 of	 Arterial	 Pressure	 on	 Survival	 in	 Patients	 with
Septic	Shock),	 patients	with	 septic	 shock	were	 randomized	 to	 achieve	 a	 target
MAP	 of	 65	 to	 70	 or	 80	 to	 85	 mm	 Hg.85	 The	 primary	 outcome	 was	 28-day
mortality.	 Secondary	 outcomes	 included	90-day	mortality	 and	organ	 failure.	A
secondary	analysis	was	planned	a	priori	in	patients	with	and	without	a	history	of
hypertension.	Overall,	there	was	no	difference	in	either	28-	or	90-day	mortality
between	 the	 two	 treatment	 groups.	 More	 arrhythmias,	 specifically	 atrial
fibrillation,	were	observed	in	the	high	MAP	group.	Fewer	patients	with	chronic
hypertension	in	the	high	MAP	group	required	RRT	than	in	the	low	MAP	group.
Furthermore,	much	like	the	Varpula	study,	the	time	below	the	65	mm	Hg	(but	not
80	mm	Hg)	 threshold	was	 an	 independent	 predictor	 of	 death.	On	 the	 basis	 of
these	data,	the	recommendation	for	MAP	goals	in	patients	with	sepsis	and	septic
shock	remains	65	mm	Hg,	with	higher	MAP	goals	being	associated	with	greater
vasopressor	use	and	with	more	arrhythmias.58

7 	 Norepinephrine	 is	 the	 vasopressor	 of	 choice	 for	 patients	 with	 septic
shock.58,86,87	 In	 patients	with	 septic	 shock,	 norepinephrine	 restores	 the	 stressed
blood	 volume,	 increasing	 the	 MCFP,	 venous	 return,	 and	 cardiac	 output.
Norepinephrine	 increases	 arterial	 vascular	 tone,	 further	 increasing	 blood
pressure	 and	 organ	 blood	 flow.	 Venous	 capacitance	 vessels	 are	 much	 more
sensitive	 to	 sympathetic	 stimulation	 than	 are	 arterial	 resistance	 vessels,	 and
consequently,	 low-dose	 α1	 agonists	 cause	 greater	 venous	 than	 arterial
vasoconstriction.88	The	increase	in	the	stressed	blood	volume	following	the	use
of	norepinephrine	is	caused	by	the	mobilization	of	blood	rather	than	a	short-lived
volume	expander	(crystalloid).	Therefore,	unlike	fluids,	the	effect	of	α1	agonists
on	venous	return	is	enduring	and	not	associated	with	tissue	edema.	The	early	use
of	 norepinephrine	 in	 patients	with	 septic	 shock	 can	 increase	 preload,	 and	may
allow	the	target	blood	pressure	to	be	achieved	with	a	significant	reduction	in	the
amount	of	fluid	administered.

For	patients	with	 “refractory	 septic	 shock”	who	 remain	hypotensive	despite
an	 adequate	 dose	 of	 norepinephrine	 (approximately	 0.1-0.2	 µg/kg/min),	 we
recommend	 further	 hemodynamic	 assessment	 to	 exclude	 severe	 systolic
ventricular	dysfunction,	which	is	present	 in	between	10%	and	20%	of	patients.
Ventricular	function	is	best	assessed	by	bedside	echocardiography	and	confirmed



by	minimally	invasive	cardiac	output	monitoring.	Dobutamine	at	a	starting	dose
of	 2.5	 µg/kg/min	 (and	 titrated	 to	 hemodynamic	 response	 as	 determined	 by
minimally	invasive	cardiac	output	monitoring)	may	be	helpful	 in	these	patients
with	 significant	 systolic	 ventricular	 dysfunction	 (milrinone	 is	 an	 alternative
agent).	In	a	recent	systematic	review	and	meta-analysis	of	vasopressors	in	septic
shock,	Cheng	et	al	found	the	combination	of	norepinephrine	and	dobutamine	to
actually	 be	 associated	 with	 a	 reduction	 in	 28-day	 mortality	 in	 patients	 with
impaired	 contractility	 contributing	 to	 their	 shock	 state.89	 The	 authors	 caution
physicians	about	the	use	of	dobutamine	in	patients	with	normal	cardiac	function
due	to	its	potential	arrhythmogenic	properties.	Similarly,	dopamine,	an	inotrope
and	vasopressor	at	moderate	and	high	doses	respectively,	is	also	associated	with
an	increased	arrhythmogenic	potential	and	should	be	avoided	or	used	with	great
caution	in	patients	with	septic	shock.90	For	patients	with	persistent	hypotension
and	 hyperdynamic	 ventricular	 function	 (who	 have	 severe	 failure	 of	 vasomotor
tone),	 fixed-dose	 vasopressin	 (0.03	 U/min)	 should	 be	 initiated.	 Vasopressin
reverses	 the	 “relative	 vasopressin	 deficiency”	 seen	 among	 patients	with	 septic
shock	 and	 increases	 adrenergic	 sensitivity,	 essentially	 exerting	 a
“norepinephrine-sparing”	 effect.58,87	 The	 longer-acting	 vasopressin	 analog
Terlipressin	has	been	studied	and	used	as	an	alternative	to	vasopressin	in	Europe,
although	 it	 is	 not	U.S.	 Food	 and	Drug	Administration	 approved	 in	 the	United
States.	The	VASST	trial	randomized	patients	with	septic	shock	to	norepinephrine
alone	or	norepinephrine	plus	vasopressin	at	0.03	U/min.91	By	 intention-to-treat
analysis,	 there	was	no	mortality	difference	between	 the	groups.	However,	an	a
priori	 defined	 subgroup	 analysis	 demonstrated	 a	 survival	 advantage	 with
vasopressin	among	patients	receiving	<0.2	µg/kg/min	norepinephrine	at	the	time
of	randomization,	compared	to	no	advantage	with	the	addition	of	vasopressin	in
those	receiving	norepinephrine	at	a	dose	>0.2	µg/kg/min.	We	therefore	suggest
the	addition	of	vasopressin	(at	0.03	U/min)	when	the	dose	of	norepinephrine	is
between	0.1	and	0.2	µg/kg/min.	Thereafter,	the	dose	of	norepinephrine	should	be
titrated	to	achieve	an	MAP	of	at	least	65	mm	Hg.

Other	 available	 vasopressors	 include	 epinephrine	 and	 phenylephrine.
Epinephrine	 may	 successfully	 reduce	 the	 dose	 of	 norepinephrine	 needed	 to
achieve	MAP	 goals	 in	 patients	 with	 refractory	 septic	 shock.58	 Epinephrine	 is,
however,	 not	 recommended	 as	 a	 first-line	 vasopressor	 in	 septic	 shock.89
Phenylephrine	 is	 a	 selective	 α1	 agonist	 that	 is	 occasionally	 used	 to	 augment
blood	 pressure.	 It	 may	 be	 particularly	 useful	 in	 the	 setting	 of	 severe	 aortic
stenosis,	where	the	afterload	is	primarily	driven	by	the	mean	gradient	across	the
aortic	 valve	 rather	 than	 by	 systemic	 vascular	 resistance,	 and	 where	 the	 reflex
bradycardia	associated	with	phenylephrine	may	allow	for	more	time	in	diastole



and	thus	a	more	optimal	preload.	Phenylephrine	is,	however,	not	recommended
as	a	first-line	agent	due	to	the	associated	splanchnic	vasoconstriction,	and	it	has
also	not	been	extensively	studied	in	sepsis.92

β-Blockers	and	Phenylephrine	for	Septic	Shock
As	part	of	 the	stress	 response	of	patients	with	sepsis	and	septic	shock,	 there	 is
massive	 sympathetic	 activation	 with	 very	 high	 levels	 of	 circulating
catecholamines.	 Septic	 patients	 often	 have	 an	 elevated	 heart	 rate,	 even	 after
excluding	common	causes	of	tachycardia	such	as	hypovolemia,	fever,	pain,	and
agitation.	 The	 volume-depleted	 patient’s	 tachycardia	 constitutes	 the	 main
mechanism	 that	 compensates	 for	 the	 decrease	 in	 SV.	 However,	 persistence	 of
tachycardia	after	fluid	resuscitation	(patients	who	are	no	longer	fluid-responsive)
may	 indicate	 an	 inappropriate	 degree	 of	 sympathetic	 activation.	 Persistent
tachycardia	has	been	demonstrated	to	be	a	poor	prognostic	sign	for	patients	with
sepsis.93	 This	 has	 led	 investigators	 to	 consider	 the	 use	 of	 β-blockers	 for	 the
management	of	“fully	resuscitated”	septic	patients	with	persistent	tachycardia.	In
addition	 to	 attenuating	 the	 stress	 response,	 β-blockers	 modulate	 cytokine
production,	 decrease	 energy	 expenditure,	 and	 modulate	 protein,	 fat,	 and
carbohydrate	metabolism.	However,	 reducing	 heart	 rate	with	 β-blockers	 in	 the
early	 phase	 of	 septic	 shock	may	 lead	 to	 an	 inappropriately	 low	 cardiac	 output
with	 a	 consequent	 decrease	 in	 organ	 blood	 flow,	 increasing	 the	 risk	 of	 organ
failure,	and	is	therefore	not	routinely	recommended.

Morelli	 et	 al	 randomized	 154	 patients	 with	 “resuscitated	 septic	 shock”
receiving	 norepinephrine	 to	 maintain	 an	 MAP	 >	 65	 mm	 Hg	 and	 who	 had	 a
persistent	heart	rate	>	95	beats	per	minute	to	an	infusion	of	esmolol	(short-acting
β1-selective	β-blocker)	or	placebo.94	Esmolol	was	titrated	to	achieve	a	heart	rate
between	80	and	94	beats	per	minute.	Twenty-eight–day	mortality	was	49.4%	in
the	 esmolol	 group	 vs	 80.5%	 in	 the	 control	 group	 (HR	 0.39;	 CI	 0.26-0.59;
P	<	.001).	For	the	patients	receiving	esmolol,	there	was	a	significant	increase	in
the	left	ventricular	stroke	work	index	and	stroke	volume	index.	It	is	important	to
emphasize	 that	 a	 highly	 select	 group	 of	 patients	 were	 enrolled	 into	 this	 study
with	a	very	high	expected	mortality	 (80.5%	 in	 the	 control	 arm);	 these	patients
may	 thus	 represent	 only	 a	 small	 fraction	 of	 patients	 presenting	 with	 sepsis.
Indeed,	 the	 mortality	 in	 the	 control	 group	 was	 higher	 than	 that	 of	 any	 study
published	in	the	last	two	decades.	This	study	should	therefore	be	interpreted	very
carefully	 as	 its	 conclusions	 may	 not	 translate	 in	 routine	 clinical	 practice.
Echocardiography	 was	 not	 performed,	 and	 it	 is	 therefore	 unclear	 how	 many
patients	had	severe	isolated	diastolic	dysfunction.



β-blockers	should	be	avoided	during	the	initial	resuscitation	of	patients	with
sepsis	 and	 septic	 shock,	 patients	 who	 are	 fluid-responsive,	 and	 patients	 with
predominant	 systolic	 LV	 dysfunction.	 β-blockers	 may	 have	 a	 role	 in	 the
tachycardic	 septic	 patient	 with	 significant	 LV	 diastolic	 dysfunction.	 It	 would
appear	to	be	counterintuitive	to	simultaneously	use	an	infusion	of	norepinephrine
(β1,	β2,	α1	agonist)	and	esmolol.	In	this	situation,	it	would	appear	more	rational
to	 use	 phenylephrine	 (α1	 agonist)	 to	 achieve	 arterial	 and	 venoconstriction
together	with	esmolol	(for	improvement	of	diastolic	dysfunction).	If	β-blockers
are	 contemplated,	 only	 a	 short-acting	 β-blocker	 should	 be	 used	 (esmolol),	 its
dose	 should	 be	 closely	 titrated,	 and	 the	 effects	 of	 this	 combination	 on	 cardiac
output,	blood	pressure,	and	SV	need	to	be	closely	monitored.	β-blockers	should
be	used	only	for	patients	who	are	non–fluid-responsive,	for	patients	undergoing
continuous	 SV	 monitoring,	 and	 after	 echocardiography	 has	 excluded	 systolic
dysfunction.

Resuscitation	End	Points
6 	 A	 large	 number	 of	 hemodynamic,	 perfusion,	 oxygenation,	 and
echocardiographic	 targets	have	been	proposed	as	 resuscitation	goals	 in	patients
with	 severe	 sepsis	 and	 septic	 shock.	 Most	 of	 these	 targets,	 however,	 are
controversial	and	not	supported	by	outcomes	data.	The	2012	and	updated	2015
SSC	 Guidelines	 recommend	 a	 CVP	 of	 8	 to	 12	 mm	 Hg	 (12-15	 mm	 Hg	 if
mechanically	ventilated),	a	ScvO2	>	70%,	and	a	urine	output	>	0.5	mL/kg/h	as
targets	for	resuscitation.95	As	already	discussed,	targeting	a	CVP	>8	mm	Hg	may
be	harmful	and,	as	demonstrated	by	the	ProCESS,	ARISE,	and	ProMISe	trials,
targeting	an	ScvO2	>70%	does	not	improve	patient	outcomes.63-66	Although	urine
output	may	be	a	valuable	marker	of	renal	perfusion	in	hypovolemic	states,	 this
clinical	 sign	 becomes	 problematic	 for	 sepsis-associated	 AKI,	 where	 renal
dysfunction	may	 occur	 in	 the	 presence	 of	marked	 global	 renal	 hyperemia	 and
tubular	cell	dysfunction	and	apoptosis.96	Titration	of	fluids	 to	urine	output	may
therefore	 result	 in	 fluid	overload.	Furthermore,	 the	SSC	guideline	recommends
“guiding	resuscitation	to	normalize	lactate	in	patients	with	elevated	lactate	levels
as	 a	marker	 of	 tissue	 hypoperfusion.”58	 This	 recommendation	 is	 based	 on	 the
notion	that	an	elevated	lactate	is	a	consequence	of	tissue	hypoxia	and	inadequate
oxygen	delivery.	However,	the	concept	that	sepsis	is	associated	with	inadequate
oxygen	 delivery	 is	 unproven	 and	 possibly	 incorrect,	with	 cellular	 dysoxia	 and
impaired	oxygen	utilization	at	the	cellular	level	being	the	more	likely	pathologic
process	 in	sepsis.	Although	 the	 lactate	concentration	 is	an	 important	marker	of



severity	 of	 illness	 and	 the	 trend	 in	 lactate	 may	 be	 useful	 in	 prognostication,
attempts	 to	 titrate	 treatment	 modalities	 to	 a	 lactate	 concentration	 may	 not	 be
entirely	correct	from	a	physiologic	standpoint.

The	updated	SSC	Guidelines,	which	are	now	mandated	by	law	in	the	United
States	 (National	 Quality	 Forum	 Measure	 #0500,	 Center	 for	 Medicare	 and
Medicaid	 Services	 SEP-1	 Quality	 measure),	 require	 reassessment	 of	 volume
status	 and	 tissue	 perfusion	 after	 a	 30	 mL/kg	 fluid	 bolus,	 and	 further	 volume
resuscitation	 guided	 by	 this	 ongoing	 hemodynamic	 evaluation.	 In	 addition	 to
clinical	 parameters	 such	 as	 hemodynamic	 variables,	 urine	 output,	 oxygen
saturation,	respiratory	rate,	dynamic	measures	of	fluid	responsiveness	(discussed
earlier	 in	this	chapter)	are	recommended.58	Ultimately,	achieving	an	MAP	of	at
least	 65	mm	Hg	 should	 be	 the	 primary	 target	 for	 the	 resuscitation	 of	 patients
with	septic	shock.	Furthermore,	while	attempts	to	achieve	a	supranormal	cardiac
index	may	be	potentially	harmful,	we	would	suggest	targeting	a	normal	cardiac
index	(>2.5	L/min/m2).	Although	a	falling	arterial	lactate	concentration	is	a	sign
that	 the	 patient	 is	 responding	 to	 therapy	 (attenuation	 of	 the	 stress	 response),
therapy	 should	 not	 be	 exclusively	 titrated	 to	 a	 given	 lactate.	 Additional	 end
points	of	resuscitation	remain	unproven	at	this	time.

Source	Control
It	 has	 been	 known	 for	 centuries	 that	 unless	 the	 source	 of	 the	 infection	 is
controlled,	the	patient	is	often	not	cured	of	their	infective	process	and	that	death
will	 eventually	 ensue.	 It	 is	 important	 that	 specific	 anatomical	 diagnoses	 of
infection	that	require	emergent	source	control	be	made	in	a	timely	manner	(eg,
necrotizing	soft	tissue	infection,	peritonitis,	cholangitis,	intestinal	infarction)	and
that	 surgical	 consultation	 be	 immediately	 obtained.	 When	 source	 control	 is
required	 for	 a	 patient	 with	 sepsis	 or	 septic	 shock,	 the	 effective	 intervention
associated	 with	 the	 least	 physiologic	 insult	 should	 be	 used	 (eg,	 percutaneous
rather	 than	 surgical	 drainage	of	 an	 abscess).	Surgical	 intervention	 is,	 however,
sometimes	 required,	 either	 when	 there	 remains	 diagnostic	 uncertainty	 despite
appropriate	 imaging	 or	 when	 percutaneous	 interventions	 would	 be	 either
inadequate	 or	 delayed.58	 In	 patients	 with	 “urosepsis,”	 an	 emergent	 renal
ultrasound	 or	 abdominal	 CT	 scan	 should	 be	 obtained	 to	 exclude	 urinary	 tract
obstruction,	because	urgent	decompression	of	the	urinary	system	is	required	for
patients	 with	 evidence	 of	 obstruction.	 If	 intravascular	 access	 devices	 are	 a
possible	 source	 of	 sepsis	 or	 septic	 shock,	 they	 should	 be	 removed	 as	 soon	 as
feasible	after	obtaining	alternative	vascular	access.58



Adjunctive	Therapies
A	myriad	of	adjunctive	novel	pharmacologic	agents	and	interventions	have	been
investigated	 in	 patients	 with	 sepsis	 and	 septic	 shock.	 To	 date,	 none	 of	 these
therapies	 have	 consistently	 been	 demonstrated	 to	 improve	 patient	 outcomes.
Ongoing	 issues	 that	 remain	 controversial	 include	 the	 use	 of	 corticosteroids,
glycemic	control,	and	nutritional	interventions.

Corticosteroids
The	 use	 of	 low-dose	 corticosteroids	 for	 patients	 with	 severe	 sepsis	 remains	 a
somewhat	 controversial	 issue.	 It	 has	 been	 proposed	 that	 inadequate	 cellular
glucocorticoid	 activity	 (Critical	 Illness	 Related	 Corticosteroid	 Insufficiency)
caused	by	either	adrenal	suppression	or	glucocorticoid	tissue	resistance	results	in
an	 exaggerated	 and	 protracted	 proinflammatory	 response.	 In	 addition	 to
downregulating	 the	 proinflammatory	 response	 and	 modulating	 the	 anti-
inflammatory	 response,	 corticosteroids	 may	 have	 additional	 beneficial	 effects
including	 increasing	 adrenergic	 responsiveness	 and	 preserving	 the	 endothelial
glycocalyx.	Although	there	are	divergent	recommendations	and	large	geographic
variations	 in	 the	 prescription	 of	 glucocorticoids,	 up	 to	 50%	 of	 patients	 with
severe	sepsis	and	septic	shock	receive	such	therapy.

8 	 The	 SSC	 recommends	 against	 the	 routine	 use	 of	 IV	 corticosteroids	 for
patients	 in	 whom	 MAP	 goals	 are	 achieved	 with	 fluid	 resuscitation	 and
appropriate	 vasopressor	 therapy.	 In	 patients	 with	 refractory	 septic	 shock,
however,	 in	 whom	 these	 targets	 are	 not	 met,	 the	 recommendation	 is	 for	 IV
hydrocortisone	(for	its	glucocorticoid	as	well	as	mineralocorticoid	effects)	dosed
at	200	mg	iv	daily.58	This	 recommendation	 is	based	on	conflicting	conclusions
from	 trials	 and	 systematic	 reviews	 and	 meta-analyses.	 In	 2015,	 Annane	 et	 al
conducted	a	systematic	review	of	33	 trials,	and	found	decreased	ICU	mortality
(RR	 0.82;	 95%	 CI	 0.68-1.00),	 in-hospital	 mortality	 (RR	 0.85;	 95%	 CI	 0.73-
0.98),	 and	28-day	mortality	with	corticosteroids	 (RR	0.87;	95%	CI	0.76-1.00).
The	review	also	reported	improved	shock	reversal	by	day	7	(RR	1.31;	95%	CI
1.14-1.51)	 and	 by	 day	 28	 (RR	 1.11;	 95%	 CI	 1.02-1.21).97	 These	 conclusions
were,	however,	not	 replicated	 in	another	systematic	 review	published	 the	same
year	by	Volbeda	et	al	These	authors	included	35	trials	in	their	review	and	found
no	 mortality	 benefit	 for	 any	 dose	 of	 corticosteroids	 at	 any	 time	 point.98	 The
ADRENAL	RCT	 enrolled	 3658	 patients	with	 septic	 shock	 and	 on	mechanical
ventilation	 for	 24	 hours	 or	 less.	 Patients	 were	 randomized	 to	 receive	 either
hydrocortisone	(200	mg/d	as	a	continuous	infusion)	or	placebo	for	7	days.99	The



primary	 outcome	 of	 90-day	 mortality	 was	 no	 different	 between	 groups.
Nevertheless,	patients	 in	 the	hydrocortisone	group	had	higher	mean	MAPs	and
lower	mean	heart	rates,	a	reduced	duration	of	shock	(3	vs	4	days),	and	a	shorter
duration	 of	 incident	mechanical	 ventilation	 (median	 6	 vs	 7	 days)	 and	 incident
ICU	 stay	 (median	 10	 vs	 12	 days).	 These	 findings	 seem	 to	 support	 the	 current
recommendation	of	 reserving	 corticosteroids	 for	 patients	with	 refractory	 septic
shock	with	the	primary	purpose	of	achieving	hemodynamic	targets.

Nutritional	Support
9 	Current	guidelines	 recommend	early	 (within	24-48	hours	of	 ICU	admission)
either	normocaloric	if	tolerated	or	hypocaloric/trophic	enteral	feeds	in	critically
ill	patients	admitted	with	sepsis	or	septic	shock.58	In	essence,	emphasis	is	placed
on	using	the	gastrointestinal	tract	whenever	possible,	as	early	as	possible,	and	on
postponing	consideration	of	parenteral	nutrition	(PN)	during	the	first	week.

In	regards	to	the	benefit	of	hypocaloric	enteral	nutrition,	a	recent	systematic
review	 and	 meta-analysis	 that	 compared	 trophic	 and	 permissive	 underfeeding
with	 normocaloric	 nutrition	 (included	 six	 RCTs)	 reported	 no	 difference	 in	 the
risk	 of	 secondary	 infections,	 ventilator-free	 days,	 hospital	 mortality,	 or	 ICU
length	of	stay.100	Early	feeding	at	goal	rate	may	not	be	tolerated	or	appropriate	in
patients	with	sepsis	or	septic	shock,	but	there	appears	to	be	a	physiologic	benefit
to	maintaining	 the	mucosal	 gut	 barrier	with	 even	 just	 trophic	 feeds.	 This	may
limit	bacterial	translocation	from	increased	intestinal	permeability	and	may	also
decrease	the	inflammatory	response	as	well	as	modulate	metabolic	pathways	that
could	ultimately	decrease	 insulin	 resistance.101	By	 the	 same	 token,	hypocaloric
enteral	feeding	is	not	necessarily	harmful	and	may	in	fact	be	beneficial	by	virtue
of,	 among	 other	 mechanisms,	 autophagy.100	 This	 is	 a	 component	 of	 innate
immunity	 that	 is	 triggered	 by	 underfeeding,	 and	 is	 involved	 in	 host	 defense
elimination	 of	 pathogens.100	 Autophagy	 contributes	 to	 the	 immune	 response
against	 intracellular	 bacteria,	 parasites,	 and	 viruses,	 and	 plays	 a	 role	 in	 the
degradation	 of	 both	 extracellular	 pathogens	 that	 invade	 the	 cell	 (eg,	 group	 A
Streptococcus)	and	true	intracellular	pathogens	(eg,	Mycobacterium	tuberculosis
and	Shigella	flexneri).102	Anorexia	is	therefore	indeed	an	evolutionary	preserved
acute	host	response	to	infection	that	is	likely	beneficial	to	the	host,	and	complex
and	redundant	pathways	have	evolved	to	ensure	that	the	host	develops	anorexia
during	acute	septic	 insults.	The	mechanisms	whereby	decreased	nutrient	 intake
is	 protective	 and	 promotes	 survival	 during	 acute	 illness	 remain,	 however,
somewhat	elusive.

1 	 0 	 The	 value	 of	 early	 PN,	 either	 exclusively	 or	 to	 supplement	 enteral



nutrition	(EN),	has	 long	been	debated.	Currently,	 the	SSC	recommends	against
early	 PN	 (within	 7	 days),	 alone	 or	 in	 combination	 with	 EN,	 in	 patients	 with
sepsis	 or	 septic	 shock	 who	 could	 be	 fed	 enterally.58	 This	 recommendation	 is
based	 both	 on	 the	 presumed	 physiological	 benefits	 of	 using	 the	 gut	 and	 on
several	trials	failing	to	demonstrate	a	mortality	or	other	clinical	benefit	of	early
PN.103,104	 However,	 the	 evidence	 is	 mixed.	 Earlier	 studies	 suggested	 a	 benefit
with	 delayed	 PN	 in	 terms	 of	 infectious	 complications,	 days	 on	 mechanical
ventilation,	and	ICU	as	well	as	hospital	LOS.105	Other	studies	suggested	a	benefit
in	 terms	 of	 ventilator	 days	 with	 early	 PN.106	 Therefore,	 although	 likely	 not
harmful,	 the	added	cost	and	 lack	of	a	clear	benefit	does	not	support	 the	use	of
early	 PN	 in	 patients	with	 sepsis	 or	 septic	 shock	who	 are	 not	malnourished	 at
baseline.

Unanswered	questions	remain.	For	example,	the	decision	to	start	or	withhold
enteral	nutrition	in	patients	with	significant	vasopressor	requirements	is	 largely
based	 on	 clinical	 experience	 rather	 than	 precise	 supporting	 data.	 Similarly,
feeding	the	stomach	(as	opposed	to	the	small	bowel),	measuring	gastric	residual
volumes	(as	opposed	to	not	measuring	and	what	the	exact	thresholds	should	be),
delivering	 enteral	 feeds	 continuously	 or	 intermittently,	 and	 issues	 surrounding
perioperative	 nothing	 by	 mouth	 times	 have	 all	 raised	 controversy	 over	 time.
Ultimately,	 these	 decisions	 ought	 to	 be	 individualized	 based	 on	 each	 patient’s
underlying	pathology	and	risk	of	aspiration.	The	evidence	seems	to	suggest	that
feeding	 the	 stomach	 in	 patients	 who	 are	 not	 intolerant	 and	 not	 at	 prohibitive
aspiration	risk,	in	an	intermittent	fashion,	and	measuring	gastric	residuals	every
4	hours	 is	appropriate.107	Regarding	supplementation	with	omega-3	 fatty	acids,
arginine,	 and	 glutamine,	 the	 SSC	 recommends	 against	 their	 use	 to	 treat	 sepsis
and	septic	shock.58

Overall,	 these	 data	 suggest	 that	 anorexia	 with	 limited	 nutrient	 intake	 is	 an
evolutionary	preserved	response	that	may	be	beneficial	during	the	first	24	to	48
hours	 of	 acute	 illness.	 Trickle	 feeds	 should,	 however,	 be	 initiated	 as	 soon	 as
possible	to	preserve	the	gut	mucosal	barrier.	For	those	patients	who	are	unable	to
resume	 an	 oral	 diet	 after	 the	 first	 24	 to	 48	 hours,	 enteral	 nutrition	 via	 an
orogastric	or	nasogastric	tube	is	recommended,	with	a	preference	for	intermittent
or	bolus	feeds,	recognizing	that	there	are	little	data	to	support	the	superiority	of
this	method	over	continuous	feeds.

CONCLUSIONS
Sepsis	 is	 a	complex	and	dynamic	disease	 that	 is	difficult	 to	manage	by	simple



treatment	algorithms	and	checklists.108	Each	patient	is	unique,	with	a	unique	set
of	genes	and	comorbidities,	and	responds	to	illness	and	its	treatment	in	a	unique
and	often	unpredictable	manner.	This	dictates	that	patients	with	sepsis	be	treated
with	an	appropriate	physiological	approach	that	promotes	healing	and	limits	the
potential	for	iatrogenic	harm.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	You	are	asked	to	make	nutrition	supplementation	recommendations	on	a
42-year-old	woman	admitted	to	the	ICU	after	a	motor	vehicle	collision.	Her
injuries	include	an	intracranial	hemorrhage,	and	she	is	now	status	post
craniectomy.	She	also	sustained	a	splenic	injury	and	underwent	laparotomy	with
splenectomy.	Her	abdomen	was	initially	left	open	for	a	second	look,	but	she	is
now	closed	with	a	suspected	distal	pancreatic	injury	identified	during	that
second	look,	for	which	extensive	drainage	was	performed.	Other	injuries	include
a	flail	chest	and	a	grade	II	left	carotid	injury.	She	has	been	in	the	ICU	for	3	days.
The	patient	is	hemodynamically	stable.	What	is	the	most	appropriate
recommendation?

A. 	Continue	NPO	status	until	her	mental	status	improves	and	she	can
tolerate	an	oral	diet
B. 	Place	a	PICC	line	and	start	TPN	immediately
C. 	Place	a	postpyloric	Dobhoff	tube,	start	trickle	enteral	feeds,	and
advance	as	tolerated
D. 	Place	a	postpyloric	Dobhoff	tube	and	a	PICC	line	and	start	both
enteral	nutrition	and	supplemental	TPN

2. 	A	53-year-old	woman	active	smoker	with	a	history	of	chronic	opioid	use,
insulin	dependent	diabetes,	and	COPD	on	prednisone	is	admitted	to	the	surgical
ICU	after	a	car	collision.	Her	injuries	include	a	flail	chest	and	pulmonary
contusions,	as	well	as	a	C-spine	fracture	and	a	grade	I	left	renal	laceration.	Her



ICU	course	is	complicated	by	an	NSTEMI	and	cardiology	has	been	consulted.
After	a	week	in	the	ICU,	she	begins	to	spike	fevers	with	the	highest	recorded
value	39.5	°C.	Blood	cultures	are	drawn,	and	she	is	started	on	vancomycin	and
Zosyn.	Despite	two	boluses	of	LR,	her	mean	arterial	pressure	remain	in	the	mid-
50s,	and	a	decision	is	made	to	initiate	vasopressor	support.	What	is	the	most
appropriate	pressor	to	use	in	this	case?

A. 	Dobutamine
B. 	Epinephrine
C. 	Norepinephrine
D. 	Vasopressin

3. 	A	64-year-old	man	with	a	history	of	recently	diagnosed	meningioma
causing	focal	seizures,	hypertension,	hyperlipidemia,	diabetes,	and	alcoholic
cirrhosis	is	admitted	to	the	hospital	after	a	fall.	During	his	admission,	he
develops	persistent	right	upper	quadrant	pain,	an	elevated	serum	white	blood	cell
count,	and	low-grade	fever.	Right	upper	quadrant	US	suggests	acute
cholecystitis.	The	patient	deteriorates	rapidly,	with	hypotension	and	altered
mental	status,	and	is	admitted	to	the	ICU,	where	he	is	requiring	vasopressors	for
hemodynamic	support.	What	is	the	most	appropriate	management	plan?

A. 	Blood	cultures	and	broad-spectrum	antibiotics
B. 	Blood	cultures,	broad-spectrum	antibiotics,	and	percutaneous
cholecystostomy	tube	placement
C. 	Blood	cultures,	broad-spectrum	antibiotics,	and	laparoscopic
cholecystectomy
D. 	Blood	cultures,	broad-spectrum	antibiotics,	and	expeditious	open
partial	cholecystectomy

Answers

1.	The	correct	answer	is	C.
Rationale:	Current	guidelines	 recommend	early	 (within	24-48	hours	of	 ICU

admission)	either	normocaloric	 if	 tolerated	or	hypocaloric/trophic	enteral	 feeds
in	critically	ill	patients	admitted	with	sepsis	or	septic	shock.	Although	likely	not
harmful,	 the	 added	 cost	 and	 lack	 of	 a	 clear	 benefit	 does	 not	 support	 early
parenteral	 nutrition	 in	 patients	 with	 sepsis	 or	 septic	 shock	 and	 who	 are	 not
malnourished	at	baseline.



2.	The	correct	answer	is	C.
Rationale:	 Hemodynamic	 support	 of	 patients	 with	 septic	 shock	 should

include	 vasopressors,	 with	 norepinephrine	 being	 the	 first-line	 agent	 in	 this
setting.	 For	 patients	with	 persistent	 hypotension	 and	 hyperdynamic	 ventricular
function	(who	have	severe	failure	of	vasomotor	tone),	vasopressin	(0.03	U/min)
should	 be	 initiated.	 Vasopressin	 increases	 adrenergic	 sensitivity,	 essentially
exerting	a	“norepinephrine-sparing”	effect.

3.	The	correct	answer	is	B.
Rationale:	This	question	illustrates	the	principle	that	timely	administration	of

appropriate	antibiotics	within	1	hour	of	sepsis	 recognition	and	adequate	source
control	 are	 the	 cornerstones	 of	 the	 management.	 Percutaneous	 drainage	 is
indicated	in	an	unstable,	high	risk	surgical	patient.
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Chapter	39
Multiple	Organ	Dysfunction	Syndrome
Andrew	C.	Bernard,	Timothy	A.	Pritts

KEY	POINTS:
1.	 Multiple	organ	failure	is	the	primary	mechanism	of	death	in	intensive

care	unit	patients.
2.	 Most	organ	failure	is	reversible.
3.	 Optimizing	tissue	perfusion	is	the	best	immediate	treatment	to

reduce	organ	failure.
4.	 Eliminating	the	cause	of	shock	and/or	sepsis	is	the	most	important

overarching	priority	in	preventing	and	mitigating	any	organ	failure.

INTRODUCTION
Care	 of	 the	 critically	 ill	 has	 advanced	 substantially	 in	 the	 past	 50	 years	 to	 the
point	 that	 patients	 who	 previously	 succumbed	 to	 illness	 or	 injury	 may	 now
survive	 their	 initial	 insult.	 Unfortunately,	 this	 places	 them	 at	 risk	 for	multiple
organ	dysfunction	syndrome	(MODS),	with	subsequent	failure	of	organ	systems
and	 late	 mortality.1	 A	 thorough	 understanding	 of	 the	 pathophysiology	 and
treatment	of	MODS	is	necessary	to	mitigate	associated	secondary	morbidity	and
mortality.

1 	MODS	can	be	defined	as	“the	inability	of	one	or	more	organs	to	support	its
activities	 spontaneously	 without	 intervention.”2	 Initial	 recognition	 of	 MODS
came	 during	 World	 War	 II	 as	 advances	 in	 resuscitation	 strategies	 allowed
casualties	 to	 survive	 the	 initial	 hemorrhagic	 shock	 insult,	 but	 rendered	 them
vulnerable	 to	 subsequent	 acute	 renal	 failure.3	 Improved	 intensive	 care	 and
resuscitation	strategies	subsequently	led	to	the	recognition	of	pulmonary	failure
in	 the	form	of	acute	respiratory	distress	syndrome	(ARDS)	during	 the	Vietnam
conflict.4	 MODS	 most	 commonly	 occurs	 as	 a	 result	 of	 the	 progression	 of



infection	 to	 sepsis	 and	 septic	 shock,	 is	 clinically	 seen	 as	 a	 combination	of	 the
elements	related	to	the	inciting	infection,	the	innate	response	of	the	host	to	that
infection,	and	the	consequences	of	life-sustaining	medical	treatment.5	Although
advances	 in	 support	 for	 failing	 organs	 including	 continuous	 dialysis	 and
advanced	ventilator	 care	have	potentially	 increased	 survival,	MODS	 remains	 a
common	cause	of	death	in	the	intensive	care	unit	(ICU).6

ETIOLOGY
2 	Sepsis	is	the	most	common	cause	of	organ	failure	in	the	ICU.	Patients	without
sepsis	may	also	experience	organ	failure	and	survival	is	better	in	this	population
compared	 to	septic	patients.7	The	 incidence	of	MODS	varies	based	on	primary
diagnosis	and	the	scoring	system	used	to	determine	organ	dysfunction.	Seventy-
two	percent	of	ICU	patients	have	at	least	one	organ	failure	and	mortality	among
ICU	patients	with	organ	failure	is	around	15%.7	Septic	patients	are	more	likely	to
have	 organ	 dysfunction	 and	 more	 organ	 failures	 than	 nonseptic	 patients,	 and
mortality	 is	 higher	 in	 MODS	 when	 sepsis	 is	 present	 (31%	 vs	 21%).8	 Patient
outcomes	 appear	 to	 be	 more	 favorable	 when	 patients	 resolve	 or	 experience
improvement	in	organ	failure	within	the	first	24	hours	of	admission	to	the	ICU.
Of	 organ	 systems,	 hepatic	 failure	 and	 dysfunction	 in	 coagulation	 are	 most
predictive	of	mortality.7,9	Risk	factors	for	MODS	are	presented	in	Table	39.1.

TABLE	39.1

Risk	Factors	for	MODS

Infection
Peritonitis	and	intra-abdominal	infection
Pneumonia
Necrotizing	soft	tissue	infections
Tropical	infections	(eg,	falciparum	malaria,	typhoid	fever,	dengue	fever)

Inflammation
Pancreatitis

Ischemia
Ruptured	aortic	aneurysm
Hemorrhagic	shock
Mesenteric	ischemia



Immune	reactions
Autoimmune	disease
Reactive	hemophagocytic	syndrome
Antiphospholipid	antibody	syndrome
Transplant	rejection
Graft-versus-host	disease

Iatrogenic	causes
Delayed	or	missed	injury
Blood	transfusion
Injurious	mechanical	ventilation
Treatment-associated	increased	intra-abdominal	pressure

Intoxication
Drug	reactions	(anticonvulsants,	carboplatin,	antiretrovirals,	colchicines,

propofol,	amiodarone,	monoclonal	antibodies)
Arsenic
Drug	intoxication	(ecstasy,	cocaine,	salicylates,	acetaminophen)

Endocrine	disorders	(thyrotoxicosis,	pheochromocytoma)
Adrenal	crisis
Pheochromocytoma
Thyroid	storm
Myxedema	coma

Reproduced	from	Mizock	BA.	The	multiple	organ	dysfunction	syndrome.	Dis	Mon.
2009;55(8):476-526,	with	permission	from	Elsevier.

For	many	years,	death	from	organ	failure	after	sepsis	was	considered	 to	be
bimodal.	Early	deaths	were	 the	 result	of	 cardiac	or	pulmonary	 failure,	perhaps
exacerbated	 by	 inadequate	 resuscitation.	 Later	 deaths	 were	 the	 result	 of
sequential	MODS.	More	recently,	a	third	peak	of	mortality	has	been	identified.
This	may	occur	90	days	or	longer	after	initial	injury	and	occurs	in	patients	who
develop	chronic	critical	illness	and	persistent	inflammation,	immunosuppression,
and	 catabolism	 syndrome.14	 Risk	 factors	 for	 chronic	 critical	 illness	 include
increased	 age,	 medical	 comorbidities,	 severe	 injury,	 septic	 shock,	 and
malnutrition.15	Mitigating	chronic	critical	illness	represents	the	next	horizon	for
improving	care	of	the	critically	ill	patient.

DIAGNOSTIC	CRITERIA	AND	SCORING
SYSTEMS



Organ	 failure	 severity	 scoring	 was	 initially	 described	 by	 Knaus	 in	 1985.16
Modern	scoring	systems	consider	grade	and	severity	and	are	intended	to	serve	as
predictors	 of	 outcomes.6,17	 The	 most	 commonly	 used	 scoring	 systems	 are	 the
MODS;	 sequential,	 sepsis-associated	 organ	 failure	 assessment	 (SOFA);	 and
logistic	organ	dysfunction	score	(LODS).11-13	All	include	clinical	and	laboratory
data	for	six	organs:	respiratory,	cardiovascular,	hematologic,	hepatic,	renal,	and
central	nervous	system	(Table	39.2).18	The	Denver	Multiple	Organ	Failure	score
is	 a	 straightforward	4-point	 scale	 that	 has	 similar	 or	 superior	 specificity	 to	 the
SOFA	 score.10	 The	 Simplified	 Acute	 Physiology	 Score	 (SAPS)	 is	 easy	 to
calculate	with	available	clinical	and	laboratory	data	and	may	in	fact	be	superior
to	 acute	physiology	and	chronic	health	 evaluation	 (APACHE)	 in	geriatric	 ICU
patients.19	A	 “cellular	 injury	 score”	 based	 on	measures	 of	 cellular	 dysfunction
has	also	been	described.20	Specialized	scoring	systems	have	been	developed	for
unique	 populations.	 For	 example,	 the	 cardiac	 surgery	 score	 (CASUS)
outperformed	APACHE	and	SAPS	in	that	special	population21	and	the	SAPS	III
and	LODS	systems	outperform	SOFA	for	sepsis	populations.22

TABLE	39.2

Criteria	Used	in	Common	Organ	Dysfunction	Scoring
Systems

Organ Variable Denver
MOF10 SOFA11 LODS12 MODS

Respiratory PaO2/FiO2 Yes Yes Yes Yes

MV Yes

Hematology Platelets Yes Yes Yes

WBC Yes

Hepatic Bilirubin Yes Yes Yes Yes

Prothrombin	time Yes

Cardiovascular MAP Yes



SBP Yes

Heart	rate Yes

PAR
[(HR	×	CVP)/MAP]

Yes

Dopamine Yes

Dobutamine Yes

Epinephrine Yes

Norepinephrine Yes

Any	inotrope Yes

CNS GCS Yes Yes Yes

Renal Creatinine Yes Yes Yes Yes

BUN Yes

Urine	output Yes Yes

BUN,	blood	urea	nitrogen;	CNS,	central	nervous	system;	CVP,	central	venous	pressure;	Denver
MOF,	Denver	multiple	organ	failure	score;	FiO2,	fraction	of	inspired	gas,	which	is	oxygen;	GCS,
Glasgow	Coma	Scale	score;	HR,	heart	rate;	LODS,	logistic	organ	dysfunction	score;	MAP,	mean
arterial	pressure;	MODS,	multiple	organ	dysfunction	syndrome;	MV,	mechanical	ventilation
requirement;	PaO2,	blood	partial	pressure	of	oxygen;	PAR,	pressure-adjusted	heart	rate;	SBP,
systolic	blood	pressure;	SOFA,	sequential	organ	failure	assessment;	WBC,	abnormal	white	blood
count.
Modified	from	Mizock	BA.	The	multiple	organ	dysfunction	syndrome.	Dis	Mon.	2009;55(8):476-
526.

Scoring	 systems	 are	 intended	 to	 augment	 clinical	 judgment.	 The	 Denver
Emergency	 Department	 Trauma	 Organ	 Failure	 Score	 uses	 six	 simple	 criteria
available	 in	 the	 trauma	room	to	predict	MODS	at	7	days	more	effectively	 than
unaided	 emergency	 department	 attending	 judgment.23	 Such	 predictive	 models
permit	 resource	 allocation	 and	 can	 be	 used	 to	 guide	 patient	 transfers.	 The
APACHE,	 originally	 described	 in	 1985,24	 is	 a	 scoring	 system	 that	 considers
patient	 factors	 unrelated	 to	 the	 acute	 illness	 as	 well	 as	 acute	 illness	 severity.
APACHE	 is	 therefore	 not	 as	 easily	 determined	 at	 the	 bedside	 as	 many	 other
systems,	but	it	reliably	predicts	both	outcome	and	resource	utilization;	has	been



refined	 to	 its	 current	 version,	 APACHE	 IVa;	 and	 may	 be	 useful	 for
benchmarking	ICU	performance.25

MECHANISMS	OF	MULTIPLE	ORGAN
DYSFUNCTION	SYNDROME
The	systemic	inflammatory	response	syndrome	(SIRS)	is	frequently	viewed	as	a
predecessor	and	lies	on	a	continuum	of	dysfunction	with	MODS.	Components	of
the	 SIRS	 response	 are	 seen	 in	 virtually	 all	 patients	 following	 an	 operation,
febrile	illness,	or	injury.	SIRS	frequently	resolves	without	progression	to	MODS.
MODS	 may	 be	 viewed	 as	 a	 result	 of	 an	 ongoing,	 dysregulated,	 or	 treatment
refractory	SIRS	response	with	progressive	organ	system	derangement.

Despite	 extensive	 efforts,	 the	 pathophysiology	 of	 MODS	 is	 not	 fully
understood	and	remains	an	area	of	intensive	investigation.26	Several	mechanisms
for	the	onset	and	propagation	of	MODS	have	been	proposed,	including	an	initial
insult	 in	 which	 ischemia,	 oxidative	 stress,	 mitochondrial	 dysfunction,	 and
activation	 of	 apoptotic	 pathways	 lead	 immediately	 to	 organ	 failure,	 release	 of
toxic	 intestinal	 derived	 mediators	 into	 mesenteric	 lymph,	 a	 “two	 hit”	 model,
where	an	initial	stimulus	primes	the	immune	system	to	respond	to	a	subsequent
insult	or	stimulus	with	an	exuberant	reaction,	and	the	concept	that	dysregulated
immune	responses	lead	to	MODS.26,27

A	common	theme	in	the	onset	and	propagation	of	MODS	is	the	presence	of	a
disordered	 immune	 response.	 Ongoing	 tissue	 hypoperfusion	 likely	 leads	 to
activation	 of	 the	 acute	 inflammatory	 response,	 oxidative	 imbalance,	 structural
rearrangement	 of	 cellular	 proteins,	 dysregulation	 of	 the	 immune	 system,
activation	of	apoptotic	pathways,	cell	death,	and	organ	dysfunction.28	Although
inflammation	 is	 a	 normal	 process	 during	 recovery	 from	 tissue	 injury	 and
infection,	 organ	 failure	 may	 result	 from	 persistent	 pro-inflammatory	 immune
system	activation.29	This	process	leads	to	alterations	in	the	microcirculation,	with
resultant	 endothelial	 cell	 dysfunction,	 loss	 of	 the	 endothelial	 cell	 glycocalyx,
impaired	red	blood	cell	deformity,	increased	leukocyte	and	platelet	adhesion,	and
formation	 of	microvascular	 thrombi,	with	 resultant	 cellular	 hypoxia	 and	 organ
dysfunction.30

As	 our	 understanding	 of	 the	 pathophysiology	 of	 MODS	 has	 advanced,
another	 distinct	 phase	 of	 the	 process	 has	 been	 recognized.	 Termed	 PICS
(persistent	 inflammation,	 immunosuppression,	 and	 catabolism	 syndrome),	 this
syndrome	consists	of	loss	of	lean	body	mass,	recurrent	infection,	and	increased



debility.29,31	PICS	is	associated	with	severe	bone	marrow	dysfunction,	alterations
in	innate	immunity,	persistent	elevation	of	inflammatory	biomarkers,	prolonged
intensive	care	unit	stays,	and	increased	mortality.32,33

CURRENT	MANAGEMENT	CONSIDERATIONS
In	 clinical	 application,	 organ	 failure	 is	 assessed	 in	 sepsis	 by	 the	 SOFA	 score
(Table	39.2).	Ranging	 from	0	 to	24,	 an	 increase	 in	SOFA	score	by	2	points	 is
associated	 with	 a	 10%	 increase	 in	 mortality.	 SOFA	 can	 be	 used	 to	 allocate
clinical	resources,	predict	outcome,	and	provide	context	for	decision-making	and
for	 enrolling	 and	 monitoring	 research	 subjects	 in	 clinical	 trials.34	 In	 patients
admitted	to	the	ICU,	a	change	in	SOFA	score	during	the	first	4	days	is	associated
with	worsening	mortality.7

3 	 The	 Surviving	 Sepsis	 Campaign	 guidelines	 summarize	 current	 best
practices	 regarding	 resuscitation	 as	 of	 2021.35	 The	 major	 strategy	 to	 reduce
progression	 from	 sepsis	 to	MODS	 is	 to	 restore	 adequate	 oxygen	 delivery	 and
normalization	of	physiology.	Optimal	initial	resuscitation	begins	with	a	balanced
crystalloid	 solution,	 followed	 by	 restoration	 of	 mean	 arterial	 blood	 pressure
support	with	 the	 use	 of	 vasopressors.	 In	 adults	with	 ongoing	 requirements	 for
vasopressor	support,	intravenous	corticosteroids	should	then	be	added.36

4 	 Source	 control	 is	 critical	 to	 terminate	 the	 trigger	 of	 the	 pro-inflammatory
response.	 If	 the	 patient	 is	 suspected	 to	 have	 sepsis	 or	 septic	 shock,	 broad-
spectrum	 antibiotic	 therapy	 should	 be	 rapidly	 initiated,	 with	 the	 addition	 of
antifungal	therapy	if	deemed	at	high	risk	for	fungal	infection36.	On	the	basis	of
the	possible	role	of	the	gut	and	enteric	bacteria	as	a	“motor”	for	MODS,	several
groups	have	proposed	cleansing	the	bowel	of	bacteria	to	disrupt	this	relationship,
but	 studies	 have	 yielded	 conflicting	 results	 and	 this	 practice	 remains
controversial.37	Although	some	European	studies	support	parenteral	and	topical
oropharyngeal	antibiotics	in	reducing	mortality,	this	is	not	widely	accepted	in	the
United	 States.38	 Transfusion	 is	 a	 risk	 factor	 for	 MODS,	 suggesting	 that	 a
conservative	approach	to	blood	transfusion	is	appropriate.36,39

Respiratory	 failure	 is	 common	 and	 may	 arise	 from	 local	 or	 distant	 lung
infection	 but	 also	 noninfectious	 etiologies	 including	 trauma,	 burns,
cardiopulmonary	bypass,	and	other	causes	of	shock.5	 In	severe	cases,	 increased
capillary	permeability	leads	to	alveolar	fluid	accumulation	and	loss	of	surfactant,
with	diminished	lung	compliance	and	impaired	gas	exchange	and	progression	to
ARDS.40	Treatment	of	ARDS	involves	ventilation	with	limited	inspiratory	tidal
volumes,	 use	 of	 pulmonary	 end	 expiratory	 pressure	 (PEEP)	 to	 augment



oxygenation,	avoidance	of	high	inspiratory	pressures	(peak	inspiratory	pressures
below	 35	 cm	 H2O	 and	 plateau	 pressures	 below	 30	 cm	 H2O),	 elevating	 mean
airway	 pressure	 through	 prolonged	 inspiratory	 times	 or	 alternative	 modes	 of
ventilation	 such	 as	 airway	 pressure	 release	 ventilation,	 prone	 positioning,	 and
inhaled	vasodilators	such	as	epoprostenol	or	nitric	oxide.41	Patients	with	severe
cases	of	ARDS	may	require	support	with	extracorporeal	membrane	oxygenation.

Cardiovascular	 failure	during	sepsis	and	MODS	begins	with	overproduction
of	nitric	oxide	in	vascular	smooth	muscle	and	endothelium	as	a	result	of	a	potent
pro-inflammatory	 cascade.	 Myocardial	 dysfunction	 follows	 the	 initial
vasodilation	response	and	consists	of	systolic	and	diastolic	dysfunction	mediated
by	 multiple	 factors,	 including	 altered	 calcium	 channels,	 increased	 oxidative
stress,	 and	 direct	 effects	 of	 pro-inflammatory	 cytokines.42	 Use	 of
echocardiography	 or	 a	 pulmonary	 artery	 catheter	 may	 aid	 with	 diagnosis.
Therapy	 consists	 of	 resuscitation	 in	 order	 to	 restore	 adequate	 intravascular
volume	 and	 oxygen	 delivery	 as	 well	 as	 support	 with	 inotropes	 and
vasopressors.42

Renal	failure	is	common	in	MODS,	with	up	to	20%	of	all	patients	admitted	to
the	ICU	suffering	acute	kidney	injury.	This	finding	is	associated	with	mortality
up	 to	70%,	with	 increased	mortality	occurring	with	 increasing	age,	 severity	of
illness,	 need	 for	 mechanical	 ventilation,	 and	 requirements	 for	 vasopressor
support.43	 Acute	 kidney	 injury	 may	 result	 from	 sepsis,	 heart	 failure,	 major
operations,	or	hypovolemia.	For	many	patients,	acute	kidney	injury	appears	to	be
the	 result	 of	 hypoperfusion	 plus	 pro-inflammatory	 mediators	 but	 may	 occur
without	renal	hypoperfusion.44	Strategies	to	prevent	acute	kidney	injury	include
adequate	 resuscitation	 with	 intravenous	 fluids,	 vasopressors	 to	 maintain
adequate	organ	perfusion,	and	avoidance	of	nephrotoxic	agents.	Previous	studies
have	shown	that	balanced	crystalloid	solutions,	such	as	Plasmalyte	and	lactated
Ringer	 solution,	 are	 associated	 with	 a	 lower	 incidence	 of	 acute	 kidney	 injury
than	 normal	 saline,45	 but	 volume	 administration	 in	 excess	 increases	 interstitial
fluid,	 contributes	 to	 the	 low	oncotic	pressures	 seen	 in	acute	kidney	 injury,	 and
can	worsen	renal	function.	Ideally,	patients	receive	intravenous	fluids	in	amounts
adequate	 to	 restore	 euvolemia,	 with	 consideration	 of	 “deresuscitation”	 with
judicious	 use	 of	 diuretics	 as	 the	 patient	 enters	 the	 recovery	 phase.46	 Novel
therapies	are	under	development	and	study	to	reduce	the	effect	of	sepsis	on	renal
organ	 dysfunction.	 Recombinant	 human	 alkaline	 phosphatase47	 and	 the	 anti-
CD28	 antibody	 reltecimod48	 have	 each	 undergone	 clinical	 efficacy	 trials	 and
show	promise	as	a	potential	therapy	to	decrease	acute	kidney	injury.

Dysfunction	 of	 the	 gastrointestinal	 tract	 may	 take	 many	 forms,	 including
impaired	 motility,	 pancreatitis,	 acalculous	 cholecystitis,	 gastritis,	 and



gastrointestinal	 hemorrhage.	The	 gastrointestinal	 tract	may	 be	 both	 an	 inciting
party	and	a	victim	in	MODS	and	appears	to	release	pro-inflammatory	mediators
that	play	a	key	 role	 in	 this	process.27	The	gut	 includes	 the	 largest	 single-organ
mass	 of	 lymphoid	 tissue	 in	 the	 body,	 and	 these	 cells,	 along	with	 the	 intestinal
mucosa,	appear	to	be	particularly	sensitive	to	tissue	ischemia.49	Loss	of	intestinal
mucosal	barrier	 integrity	may	 lead	 to	bacterial	 translocation	and	 infection.50	 In
addition,	 the	 intestinal	mucosa	serves	an	 important	 role	as	a	host	 for	microbial
organisms.	 The	 role	 of	 the	 gut	 microbiome	 in	 health	 and	 disease	 is	 not	 fully
understood	and	is	the	subject	of	ongoing	investigation.51

Malnutrition	 may	 result	 from	 gastrointestinal	 dysfunction	 in	 combination
with	elevated	metabolic	needs	after	injury	or	infection.	Maintenance	of	adequate
nutritional	 status	 is	associated	with	 improved	outcome	 for	patients	with	 severe
trauma,	 surgery,	 sepsis,	 and	 MODS.	 While	 some	 studies	 indicate	 that	 early
enteral	nutrition	may	reduce	MODS	and	mortality,	a	recent	review	demonstrated
no	 clear	 decrease	 in	 mortality	 with	 early	 initiation	 of	 enteral	 feeding.52	 The
American	 Society	 for	 Parenteral	 and	 Enteral	 Nutrition	 (ASPEN)	 recommends
starting	 enteral	 nutrition	 within	 24	 to	 48	 hours	 for	 critically	 ill	 patients	 who
cannot	take	nutrition	orally	and	in	patients	with	preserved	hemodynamics,	with
advancement	of	nutrition	to	the	nutritional	goal	within	5	days.53

Neurological	 dysfunction,	 termed	 sepsis-associated	 encephalopathy,	 is
common	in	the	ICU	and	occurs	in	up	to	70%	of	patients	with	systemic	infection.
This	is	a	diagnosis	of	exclusion	and	is	difficult	to	evaluate	as	part	of	a	cognitive
exam	 due	 to	 sedation.	 The	 presence	 of	 sepsis-associated	 encephalopathy	 is
supported	 by	 absence	 of	 focal	 neurological	 deficits	 and	 the	 presence	 global
cognitive	 impairment	 that	 exceeds	 that	 expected	 by	 the	 amount	 of	 sedation
present.54	 The	 etiology	 is	 complex	 and	 includes	 endothelial	 activation,
breakdown	 of	 the	 blood-brain	 barrier,	 cerebral	 inflammation,	 and	 apoptosis.55
Sepsis-associated	 encephalopathy	 is	 rarely	 fatal	 by	 itself	 but	 may	 lead	 to
significant	morbidity	among	survivors.54

Sepsis	and	MODS	are	associated	with	hematologic	system	dysfunction,	with
alterations	in	erythrocytes,	coagulation,	and	platelet	functions.	Anemia	of	critical
illness	 occurs	 secondary	 to	 bone	 marrow	 suppression	 as	 well	 as	 impaired
erythropoietin	 and	 iron	 metabolism.	 This	 is	 exacerbated	 by	 chronic	 illness
anemias	that	precede	acute	critical	illness	and	are	further	worsened	by	blood	loss
to	procedures	and	phlebotomy.56	Dysregulation	of	the	coagulation	system	occurs
due	 to	 multiple	 factors,	 including	 activation	 of	 coagulation	 mechanisms	 and
inhibition	 of	 normal	 physiological	 anticoagulation	 mechanisms,	 thrombin
formation	due	 to	altered	 tissue	factor	expression	on	monocytes	and	endothelial
cells,	 impairment	 of	 protein	C	 by	 cytokines,	 and	 upregulation	 of	 plasminogen



activator	inhibitor	1,	which	impairs	fibrin	removal.	Each	of	these	processes	leads
to	 formation	 of	 microvascular	 thrombi,	 with	 subsequent	 tissue	 ischemia	 and
organ	damage.57	 Platelet	 disorders	 include	 thrombocytopenia	 and	 consumption
by	formation	of	microthrombi.58

PROGNOSIS	AND	ICU	LENGTH	OF	STAY
Up	 to	 20%	 of	 patients	 admitted	 to	 an	 ICU	 develop	 aspects	 of	 MODS,	 with
significantly	 increased	morbidity	and	mortality.59	MODS	severity	 is	decreasing
but	ICU	mortality	remains	stable,	perhaps	because	overall	acuity	is	increasing.60
In	 an	 epidemiologic	 study	 of	 sepsis	 in	 2001,	 Angus	 et	 al61	 determined	 that
dysfunction	of	one,	two,	or	three	organ	systems	conveys	1%,	4.7%,	and	20.7%
mortality,	respectively.	Four-organ	dysfunction	was	associated	with	65%	to	74%
mortality.8,61	 A	 more	 recent	 study	 examining	 the	 outcomes	 of	 critically	 ill
patients	 reported	 ICU	 mortality	 of	 10%	 for	 failure	 of	 three	 systems	 or	 less,
increasing	to	25%	and	50%	for	four-	and	five-organ	system	failure,	respectively.
Mortality	of	seven-system	failure	was	100%.62	 In	addition	 to	mortality,	MODS
can	also	affect	long-term	functional	outcomes.63

MODS	is	the	most	common	reason	for	prolonged	stays	in	the	ICU,	exceeding
single	 organ	 system	 failure	 and	 simply	 the	 need	 for	 ventilatory	 support.59
Determining	prognosis	for	individual	patients	with	MODS	remains	challenging.
Severity	of	organ	dysfunction	at	 the	 time	of	 ICU	admission	or	during	 the	 ICU
stay	 correlates	 well	 with	 mortality,	 with	 the	 highest	 scores	 suggestive	 of	 a
nonsurvivable	injury	or	illness,	but	does	not	allow	clinically	actionable	bedside
prediction	of	 an	 individual	patient’s	outcome.13	The	 strongest	 independent	 risk
factors	for	death	appear	 to	be	central	nervous	system	failure	(RR	=	16.06)	and
cardiovascular	failure	(RR	=	11.83).62

SUMMARY
The	prevalence	of	MODS	is	largely	as	a	result	of	medical	progress	and	modern
ICU	care.	A	common	denominator	for	the	pathogenesis	of	MODS	appears	to	be
cellular	 hypoperfusion,	 leading	 to	 an	 imbalanced	 immune	 response,	 with
resultant	organ	damage	and	 failure.	Treatment	of	patients	 at	 risk	 for	MODS	 is
supportive,	 ensuring	 adequate	 resuscitation,	 nutritional	 support,	 infection	 or
tissue	 injury	 source	 control,	 and	 support	 of	 individual	 organ	 system	 functions.
Despite	modern	critical	care,	MODS	remains	a	common	cause	of	death	among



critically	ill	patients.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	44-year-old	man	is	admitted	to	the	ICU	with	acute	hypoxic	respiratory
failure	and	is	intubated.	Chest	x-ray	shows	bilateral	infiltrates	and	there	is	no
clinical	evidence	for	volume	overload.	What	is	the	most	appropriate	next	step	in
providing	ventilatory	support?

A. 	Ensure	CO2	is	kept	in	normal	range
B. 	Place	patient	into	prone	position
C. 	Prolong	inspiratory	time	to	optimize	mean	airway	pressure
D. 	Set	tidal	volumes	to	6	cc/kg	or	less	of	ideal	body	weight

2. 	A	75-year-old	woman	is	admitted	to	the	ward	for	intravenous	antibiotics
for	a	cellulitis	of	the	leg.	Later	that	same	day,	she	is	found	confused,	hypoxic,
tachycardic,	and	hypotensive.	What	is	the	most	appropriate	next	step	in
management?

A. 	Broaden	antibiotic	therapy	and	obtain	CT	scan
B. 	Deliver	oxygen	and	bolus	intravenous	fluids
C. 	Discuss	goals	of	care	with	the	family
D. 	Transfer	the	patient	to	ICU	to	ensure	higher	level	of	care

3. 	A	55-year-old	man	is	admitted	to	the	medical	ICU	with	pneumonia	and
sepsis.	His	serum	creatinine	on	the	same	day	is	1.0	mg/dL	(GFR	90	mL/min).
Which	of	the	following	interventions	is	most	likely	to	reduce	need	for	renal
replacement	therapy	this	hospitalization?

A. 	Administering	recombinant	human	alkaline	phosphatase
B. 	Decreasing	dose	of	antibiotics	now	in	anticipation	of	GFR
75	mL/min	tomorrow
C. 	Diuresis	with	furosemide	to	optimize	oxygenation
D. 	Use	of	crystalloid	to	maintain	circulating	volume



Answers

1.	The	correct	answer	is	D.
Rationale:	 Low	 lung	 volume	 ventilation,	 using	 no	 more	 than	 6	 cc/kg	 is	 a

mainstay	of	ventilation	in	acute	hypoxic	respiratory	failure	and	ARDS	(choice	D
is	correct).	PCO2	 is	not	an	 important	 target	 in	most	patients,	and	attempting	 to
correct	PCO2	 by	 increasing	ventilator	 rate	or	 tidal	volume	can	exacerbate	 lung
injury	(choice	A	is	incorrect).	Prone	positioning,	prolonged	inspiratory	times	and
inhaled	vasodilators	are	all	important	strategies	to	consider	but	are	not	the	initial
steps	(choices	B	and	C	are	less	correct).

2.	The	correct	answer	is	B.
Rationale:	 The	 immediate	 priority	 in	 treating	 a	 patient	 exhibiting	 signs	 of

organ	failure	is	to	restore	and	maintain	the	flow	of	oxygenated	blood	to	critical
organs	(choice	B	is	correct).	The	overarching	goal	in	managing	organ	failure	is
to	 remove	 the	 inciting	 process,	 whether	 it	 be	 infectious	 or	 noninfectious.
Broadening	 antimicrobial	 therapy	 and	 looking	 for	 additional	 infection	 sources
are	very	important	but	are	not	the	immediate	priority	(choice	A	is	incorrect	as	it
comes	later).	Likewise,	considering	the	current	care	level	and	whether	a	transfer
to	 another	 care	 location	or	 level	 is	 important,	but	 resuscitation	can	and	 should
begin	 immediately,	 whether	 it	 be	 prehospital,	 emergency	 department,	 or	 the
acute	 care	 ward	 (choice	 D	 is	 not	 the	 immediate	 response).	 Goals	 of	 care
discussions	should	occur	within	24	to	48	hours	of	ICU	admission	but	are	not	an
immediate	first	step	(choice	C	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 Prevention	 and	 management	 of	 acute	 kidney	 injury	 begins	 first

with	adequate	circulating	volume.	Balanced	crystalloid	solution	is	the	preferred
fluid	(choice	D	is	correct),	and	colloids	have	shown	no	benefit.	Diuresis	 is	not
appropriate	unless	hypervolemia	is	present	which	would	be	unusual	at	this	point
in	 the	disease	course	 (choice	C	 is	 incorrect).	Adjusting	antimicrobial	dosing	 is
important	 in	 preventing	 nephrotoxicity,	 but	 this	 patient	 is	 still	 exhibiting
preserved	 renal	 function	 so	 that	 is	 not	 an	 immediate	 priority	 (choice	 B	 is
incorrect).	Recombinant	alkaline	phosphatase	remains	investigational	(choice	A
is	incorrect).
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Chapter	40
Traumatic	Brain	Injury
Raphael	A.	Carandang,	Wiley	R.	Hall

KEY	POINTS:
1.	 Medical	management	of	traumatic	brain	injury	(TBI)	includes	osmotic

agents,	blood	pressure	manipulation	with	cerebral	perfusion
pressure	(CPP)	augmentation,	and	urgent	reversal	of
anticoagulation.

2.	 Surgical	management	of	TBI	includes	removal	of	space	occupying
extra-axial	hemorrhage	and	may	include	decompressive	craniectomy
but	rarely	includes	evacuation	of	intraparenchymal	hemorrhages.

3.	 Multimodality	monitoring	of	patients	with	TBI	may	include	intracranial
pressure	(ICP)	measurement,	EEG,	and	brain	tissue	oxygen
monitoring,	as	well	as	other	emerging	technologies.

4.	 Chemoprophylaxis	for	deep	venous	thrombosis	(DVT)	is	usually
delayed	at	least	24	to	48	hours	following	TBI	and	may	be	started
once	hemostasis	and	surgeries	are	completed	with	shared	decision-
making	between	critical	care	and	surgical	teams.

5.	 Prognostication	in	TBI	is	difficult	and	shared	decision-making	is
suggested.

INTRODUCTION
The	Centers	 for	Disease	Control	 and	Prevention	 estimates	 that	 traumatic	brain
injury	 (TBI)	 results	 in	over	2.9	million	emergency	 room	visits,	nearly	225,000
hospitalizations,	and	over	60,000	deaths	annually	 in	 the	United	States.	Up	to	5
million	people	are	living	in	the	United	States	and	up	to	13	million	in	the	United
States	and	Europe	with	disabilities	related	to	TBI.1	Falls	are	the	most	common	of



the	causes	overall,	often	seen	among	 the	pediatric	and	elderly	populations	(see
Figure	 40.1).	 Motor	 vehicle	 crashes	 follow	 and	 are	 the	 most	 common	 cause
among	those	aged	14	to	35.	The	estimated	annual	financial	burden	is	$3	billion
for	initial	hospitalization	costs	to	$76	billion	overall.2-4	Patients	with	moderate-
to-severe	TBI	are	managed	in	the	intensive	care	unit,	ideally	in	a	neuro	intensive
care	unit	 (ICU)	 run	by	a	neurointensivist	with	 trauma,	neurosurgery,	and	other
readily	available	supporting	services	as	needed.

	

Figure	40.1 	Trends	in	TBI-related	deaths	by	mechanism.Purple—
motor	 vehicle	 crashes,	 Yellow—intentional	 self-harm,	 Blue—
unintentional	 falls,	 Red—Assault,	 Teal—unintentional	 injury,	 Light
Green—other	mechanism	 unspecified,	Dark	Green—unintentionally
struck.	TBI,	traumatic	brain	injury.(Fom	Centers	for	Disease	Control
and	 Prevention.	 Surveillance	 Report	 of	 Traumatic	 Brain	 Injury-
related	Emergency	Department	Visits,	Hospitalizations,	and	Deaths—
United	 States,	 2014.	 Centers	 for	 Disease	 Control	 and	 Prevention,
U.S.	Department	of	Health	and	Human	Services;	2019.)

Unfortunately,	 the	 new	 evidence	 base	 supporting	 the	 management	 of	 these
patients	 continues	 to	 be	 waning,	 and	 the	 practice	 and	management	 guidelines
have	 changed	 very	 little	 during	 the	 last	 2	 decades.	 Although	 there	 have	 been
advances	 at	 the	 translational	 research	 level	 and	 various	 animal	 models	 of
trauma,5	 they	 have	 not	 yet	 translated	 to	 successful	 clinical	 trials	 and	 clinical
practice	 changes.	 There	 is	 a	 need	 for	 better	 communication	 between	 basic
science	researchers	and	clinicians	to	promote	the	development	of	this	field.	One
may	 argue	 that	 recent	 clinical	 trials	 have	 called	 into	 question	 certain	 practices
and	 have	 not	 provided	 clear	 direction	 or	 improved	 guidelines	 in	 a	 significant
way.	Clinical	 research	 in	 this	 field	has	been	hampered	by	 the	heterogeneity	of
the	 disease	 (see	 Figure	 40.2),	 the	 multiple	 clinical	 factors	 that	 influence



outcomes	 and	 lack	 of	 large	 studies,	 limited	 useful	 biomarkers,	 limited
measurement	 outcome	 tools,	 and	 the	 influence	 of	 premature	 and	 inappropriate
prognostication	impacting	outcomes.3,6

	

Figure	 40.2 	 Heterogeneity	 of	 TBI.A,	 Different	 components	 of
TBI	 illustrating	 overlapping	 kinds/components	 of	 injury	 and
relationships	 between	 swelling,	 ICP,	 CPP,	 and	 ischemia.	 B,
Contributions	of	different	pathophysiological/cellular	mechanisms	of
injury	 in	 different	 kinds	 of	 TBI.	 CPP,	 cerebral	 perfusion	 pressure;
DAI,	diffuse	axonal	injury;	ICP,	intracranial	pressure,	SDH,	subdural
hematoma,	TBI,	 traumatic	brain	 injury.(Reprinted	 from	The	Lancet,
Maas	 AI,	 Stocchetti	 N,	 Bullock	 R.	Moderate	 and	 severe	 traumatic
brain	 injury	 in	 adults.	 Lancet	 Neurol.	 2008;7(8):728741,	 with
permission	from	Elsevier.)

TRAUMA	BAY	AND	INITIAL	CRITICAL	CARE
Care	of	the	TBI	patient	involves	early	stabilization	and	longitudinal	care	to	halt
deterioration	and	maximize	recovery.	Injury	from	TBI	is	commonly	divided	into
two	subtypes.	Primary	injury	is	dealt	directly	to	the	brain	by	the	initial	insult	and
can	 be	 modified	 only	 by	 prevention.	 Much	 of	 prehospital,	 emergency
department,	and	ICU	care	has	 long	been	 targeted	at	 reducing	secondary	 injury,
which	 affects	 up	 to	 91%	of	TBI	 patients.7	Hypotension,	 hypoxia,	 hemorrhage,
intracranial	hypertension,	cerebral	edema,	seizures,	and	metabolic	derangements
all	contribute	to	secondary	injury.8	Studies	of	permissive	hypotension,	a	strategy



for	hemorrhagic	trauma,	have	excluded	patients	with	TBI	owing	to	the	concerns
over	 cerebral	 perfusion	 pressure	 (CPP).9	 Systolic	 blood	 pressure	 (SBP)	 is
maintained	over	100	mm	Hg	for	those	aged	50	to	69	years	and	over	110	mm	Hg
for	those	15	to	49	and	over	70	years	old,	and	management	to	maintain	adequate
CPP	 improves	 outcomes.10,11	 The	 current	 best	 practice	 of	 hemodynamic
management	 is	 not	 a	 one-size-fits-all	 approach	 but	 one	 that	 accounts	 for
concurrent	 issues	 including	 intracranial	 pressure	 (ICP),	 cardiac	 output/status,
vascular	 contributions	 to	 the	 injury,	 the	 state	 of	 the	 cerebral	 vasculature,	 and
cerebral	autoregulation.	Although	some	guidelines	utilize	SBP	goals,	using	mean
arterial	 pressures	 facilitates	 computation	 of	 CPP	 when	 ICP	 measurements	 are
available	 that	 may	 be	 more	 important	 than	 SBP	 alone.	 Corticosteroids	 are
contraindicated	for	the	management	of	brain	edema	related	to	TBI	because	they
are	associated	with	worse	outcomes.12

The	mainstay	 of	 urgent	 neuroimaging	 remains	 computed	 tomography	 (CT).
Although	magnetic	resonance	imaging	is	more	sensitive	for	axonal	injury,	small
hemorrhage,	 acute	 ischemia,	 and	 visualization	 of	 the	 brainstem	 and	 posterior
fossa	structures,	CT	is	rapid,	readily	available,	and	more	sensitive	for	acute	SAH
and	readily	shows	large	hemorrhage	and	large	subacute	infarcts.	CT	angiography
and	 less	 commonly	 CT	 venography	 are	 also	 utilized	 to	 investigate	 suspected
concomitant	 vascular	 injury,	 and	 CT	 scanning	 is	 also	 done	 in	 the	 context	 of
polytrauma	to	visualize	extracranial	injuries	in	the	chest,	abdomen,	and	pelvis.13

Isotonic	fluids	remain	the	primary	vehicle	for	volume	resuscitation.	Studies	of
hypertonic	 saline	 (HS)	 as	 resuscitation	 fluid	 have	 been	 equivocal;	 7.5%	 saline
solution	and	500	mOsm	per	L	sodium	lactate	showed	improved	outcome,	while	a
study	 using	 7%	 saline	 solution	 revealed	 no	 benefits.13-15	 Hyponatremic	 or
hypoosmotic	 fluids	 induce	 and	 exacerbate	 cerebral	 edema	 and	 are	 avoided
during	 resuscitation	 and	 throughout	 the	 critical	 care	 phase	 of	 TBI,	 even	when
hypernatremia	is	present.	Five	percent	dextrose	as	a	resuscitation	fluid	for	non–
brain-injured	 children	 has	 been	 associated	 with	 the	 evolution	 of	 cerebral
edema.16	 A	 rat	 model	 of	 TBI	 comparing	 Ringer	 lactate	 and	 5%	 dextrose
infusions	reported	significantly	increased	mortality	for	animals	treated	with	5%
dextrose.17	 Aside	 from	 avoidance	 of	 hypotonic	 fluids,	 concerns	 surround	 the
metabolic	 derangements	 that	 inevitably	 occur	 in	 patients	 who	 receive
intravenous	 fluid	 (IV)	 resuscitation	 and	 osmotherapy	with	 the	 development	 of
hypernatremia	 and	 hyperchloremia.	 Initial	 studies	 investigating	 the	 impact	 of
these	on	outcomes	of	TBI	patients	found	a	correlation	of	hyperchloremia	but	not
hypernatremia	with	mortality.18	Subsequent	studies	have	been	done	investigating
the	use	of	lower	chloride–containing	fluids	such	as	sodium	acetate	and	found	to
have	an	equivalent	hemodynamic	profile	with	normalization	of	hyperchloremia



and	 metabolic	 acidosis.19	 Specifically,	 studies	 of	 aneurysmal	 subarachnoid
hemorrhage	 with	 brain	 edema	 compared	 23.4%	 HS	 to	 16.4%	 NaCl/sodium
acetate	 and	 have	 preliminarily	 found	 equivalency	 for	 treatment	 of	 ICP
elevations,	but	less	chloride	solute	load	and	kidney	injury	in	the	acetate	group	in
a	recently	published	pilot	study.20

1 	 Mannitol	 1	 g/kg	 IV	 is	 the	 first	 choice	 for	 measured	 or	 presumed	 ICP
elevation.	 Preoperative	 high-dose	 mannitol,	 1.4	 g/kg	 IV,	 benefits	 patients
requiring	 emergent	 surgery	 for	 subdural	 and	 temporal	 lobe	 hematomas.21,22
Mannitol	 is	 infused	 through	 a	 5-µm	 filter	 and	must	 not	 be	 infused	 through	 a
cooled	catheter	such	as	those	used	for	targeted	temperature	management,	owing
to	 the	 risk	of	precipitation	of	mannitol	 out	 of	 solution.	HS	 solutions	 including
23.4%	saline	may	be	used	in	place	of	mannitol	during	trauma	resuscitation	and
may	 have	 a	 slightly	 more	 sustained	 effect	 and	 improve	 outcomes.23	 An
advantage	 favoring	HS	 is	 that	 it	 acts	 as	 a	 volume	 expander,	whereas	mannitol
acts	 as	 an	 osmotic	 diuretic,	 possibly	 reducing	 the	 effectiveness	 of	 volume
resuscitation	 and	 if	 not	 used	 judiciously	 can	 result	 in	 complications	 from
hypovolemia	 such	 as	 renal	 failure,	 electrolyte	 abnormalities,	 and	 rarely
pulmonary	 edema.	However,	 23.4%	 saline	 solution	must	 be	 infused	 through	 a
central	 venous	 catheter,	 and	 issues	 surrounding	 the	 storage	 of	 concentrated
electrolytes	 in	 emergency	 departments	 raised	 by	 the	 Joint	 Commission	 have
prevented	23.4%	saline	from	competing	effectively	with	mannitol	for	this	role	in
many	centers.24

Seizures	 may	 increase	 ICP	 and	 may	 lead	 to	 secondary	 injury.	 Prophylaxis
during	the	first	7	days	after	severe	injury	is	standard	of	care,	though	this	has	not
been	 shown	 to	 alter	 long-term	 mortality,	 or	 even	 the	 incidence	 of	 long-term
epilepsy.	 Phenytoin	 is	 a	 common	 choice,	 as	 it	 is	 available	 in	 enteral	 and	 IV
formulations,	 and	 levetiracetam	 is	 popular	 because	 of	 its	 low	 incidence	 of
interactions.	Neither	has	been	shown	to	be	superior	to	the	other.25	Although	it	is
often	 favored	 for	 its	 side	 effect	 profile	 and	 limited	 drug	 interactions,
levetiracetam	can	also	cause	aggressive	behavior	and	contribute	to	agitation	that
complicates	management	in	the	ICU.26	For	patients	who	exhibit	this	problem,	the
authors	will	use	valproic	acid	that	has	mood-stabilizing	effects	and	for	selected
patients	with	sympathetic	storming	use	propranolol,	provided	 it	does	not	cause
systemic	hypotension.27

REVERSAL	OF	ANTICOAGULATION
1 	Reversal	of	anticoagulation	must	be	performed	promptly	for	TBI	patients	with



ICH.28	 Among	 patients	 receiving	 vitamin	 K	 antagonists	 with	 international
normalized	 ratio	 (INR)	 over	 1.4,	 vitamin	 K	 10	 mg	 IV	 should	 be	 given,
conventionally	followed	on	days	2	and	3	by	5	to	10	mg	enterally.29	Reversal	of
anticoagulation	with	four-factor	prothrombin	complex	concentrate	(PCC),	dosed
by	 weight,	 and	 INR	 is	 faster	 than	 and	 superior	 to	 plasma	 transfusion.30-32
KCentra	 is	 a	 PCC	 FDA-approved	 for	 warfarin	 reversal	 among	 patients	 with
major	 bleeding	 or	 requiring	 urgent	 surgery.	 For	 patients	 with	 a	 history	 of
heparin-induced	 thrombocytopenia	 in	 the	 past	 90	 days,	 plasma	 transfusion	 or
factor	VIIa	dosing	may	be	considered	because	KCentra	contains	a	small	amount
of	heparin.	The	anticoagulant	effects	of	the	direct	thrombin	inhibitor	dabigatran
(Pradaxa)	 can	 be	 reversed	 by	 the	 FDA-approved	 reversal	 agent	 idarucizumab,
which	 binds	 and	 inactivates	 dabigatran.33	 If	 idarucizumab	 is	 not	 available,
KCentra,	 hemodialysis,	 and	 hemofiltration	 have	 been	 attempted.34	 Andexanet
alfa	is	the	chemical	antidote	to	reverse	direct	factor	Xa	inhibitors	such	apixaban
and	 rivaroxaban	 among	 others	 and	 reverses	 the	 anticoagulant	 effects	 of	 these
drugs.	 However,	 the	 studies	 investigating	 its	 utility	 looked	 primarily	 at	 Xa
activity	 and	 hemostatic	 efficiency	 and	 only	 reported	 very	 limited	 clinical
outcomes	 data,35,36	 leading	 many	 to	 conclude	 that	 further	 studies/trials	 with
primary	clinical	outcomes	are	needed.	Given	the	cost-effectiveness	concerns	and
limited	studies,	Kcentra	has	been	recommended	and	is	more	often	used	for	these
patients.34

For	 patients	 receiving	 aspirin,	 platelet	 transfusions	 may	 be	 considered	 for
those	 requiring	 urgent	 neurosurgery.37	 Transfusion	 is	 not	 as	 useful	 for	 patients
receiving	 GPIIB/IIIa	 inhibitors,	 as	 the	 transfused	 platelets	 are	 inactivated,34
though	salvage	 transfusion	is	often	considered.	A	recent	systematic	review	and
meta-analysis	 of	 patients	 with	 traumatic	 intracranial	 hemorrhage	 who	 were
taking	 antiplatelet	 medications	 looked	 at	 the	 effect	 of	 platelet	 transfusion	 and
found	 no	 effects	 on	 mortality,	 hemorrhage	 expansion,	 or	 the	 need	 for
neurosurgical	 intervention	 and	 concluded	 that	 the	 current	 evidence	 does	 not
support	the	use	of	platelet	transfusions	for	this	population	of	patients.38	Another
study	 suggested	 harm	 from	 both	 platelet	 transfusions	 and	 desmopressin
treatment	for	this	population.39

SURGICAL	THERAPIES	FOR	TRAUMATIC	BRAIN
INJURY
2 	 Surgical	 hematoma	 evacuation	 is	 commonly	 performed	 acutely	 for	 subdural



hematomas	over	1	 cm	 in	width	 and	 epidural	 hematomas	with	 significant	mass
effect	 or	 progression.	 Routine	 evacuation	 of	 parenchymal	 hemorrhages	 is	 not
indicated,	as	violation	of	otherwise	healthy	or	recoverable	tissue	may	be	required
to	 access	 the	 hematoma.	 However,	 intracranial	 hypertension	 refractory	 to
medical	 management	 may	 be	 an	 indication	 for	 resection	 of	 parenchymal
hematomas.40

2 	Decompressive	craniectomy	has	historically	been	viewed	as	a	last	resort	for
management	 of	 TBI	 with	 intracranial	 hypertension.41	 One	 complication	 of
decompressive	 craniectomy	 is	 injury	 to	 the	 brain	 tissue	 and	 blood	 vessels,
especially	veins,	at	the	edges	of	the	craniotomy	defect.	The	authors	recommend
removal	 of	 at	 least	 a	 12-cm-diameter	 bone	 flap,	 and	 extension	 of	 the
craniectomy	 to	 the	 temporal	 bone	 is	 also	 sometimes	 recommended.	 A
retrospective	 review	 of	 TBI	 patients	 treated	 with	 decompressive	 craniectomy
found	no	outcome	benefits	 compared	 to	historical	 controls.	For	many	patients,
surgery	was	performed	late	in	the	ICU	course,	and	the	subgroup	of	patients	who
had	 earlier	 surgery	 did	 have	 better	 outcomes	 at	 6	 months	 compared	 to
controls.40,41	Analysis	of	a	nonrandomized	series	of	patients	with	Glasgow	Coma
Scale	 (GCS)	 ≤9	 and	 a	 midline	 shift	 greater	 than	 the	 width	 of	 an	 extra-axial
hematoma	 who	 were	 considered	 for	 decompressive	 surgery	 revealed	 that	 the
treated	 patients	 had	worse	GCS	on	 admission,	 but	more	 survived	 to	 discharge
and	 more	 were	 discharged	 to	 home	 or	 skilled	 nursing	 than	 those	 of	 the
nonsurgical	 group.42	 The	 often-cited	 Decompressive	 Craniectomy	 in	 Patients
with	 Severe	 Traumatic	 Brain	 Injury	 (DECRA)	 study	 randomized	 patients
prospectively	 to	decompressive	surgery	or	medical	 therapy.	This	study	showed
no	difference	in	survival	but	more	patients	with	poor	outcomes;	however,	it	was
plagued	 by	 problems	 with	 randomization	 in	 that	 the	 treatment	 group	 had
significantly	more	 patients	with	 unreactive	 pupils	 than	 the	medical	 group,	 and
the	 study	 had	 intended	 to	 exclude	 patients	 with	 unreactive	 pupils	 altogether.
Comparing	the	ICP	levels	of	both	groups	also	revealed	well-controlled	ICPs	for
the	 medical	 group	 as	 well	 as	 the	 surgical	 group	 (see	 Figure	 40.3),	 raising
concerns	 that	 this	 was	 not	 the	 appropriate	 cohort	 to	 study	 to	 investigate	 the
utility	of	 this	surgery.43	Similar	 results	were	 seen	 in	RESCUE	ICP	 trial,	which
allowed	unilateral	hemicraniectomy	or	bilateral	decompressive	craniectomy	for
refractory	ICP	crises	in	TBI	patients.44	This	 trial	 improved	upon	weaknesses	of
the	 DECRA	 trial	 with	 better	 adherence	 to	 inclusion	 and	 exclusion	 criteria
including	pupillary	reactivity,	GCS,	and	other	clinical	criteria;	it	also	had	a	better
accepted	definition	of	refractory	ICP	elevation	and	more	uniform	tiered	medical
therapy	 provided	 to	 both	 the	 medical	 and	 the	 surgical	 cohorts.	 Surgical
decompressive	 craniectomy	 improved	 survival,	 but	 more	 survivors	 in	 the



surgical	group	were	dependent	on	others	than	in	the	medical	group	at	6	months
as	measured	by	 the	Glasgow	Outcome	Scale—Extended	 (GOS-E).	The	current
recommendation	 is	 to	 pursue	 shared	 decision-making	 during	 these	 scenarios
with	the	patient	or	surrogate	because	these	surgical	procedures	do	not	reverse	the
significant	brain	injury	that	has	already	occurred.

	

Figure	 40.3 	 ICP	measurements	 from	 the	DECRA	 trial	 showing
values	 for	medical	 (standard	care)	 arm	and	 surgical	 (decompressive
craniectomy)	 arm.Note	 that	 the	 ICP	 values	 of	 the	medical	 arm	 are
well	 controlled	 at	 20	 or	 less.	 Although	 the	 surgical	 arm	 has	 lower
values	overall,	all	the	ICP	values	of	both	groups	are	well	controlled,
suggesting	 that	 these	 are	 not	 truly	 refractory	 ICP	 patients	 that	 we
would	 subject	 to	decompressive	 surgery	 in	 the	 first	 place.	DECRA,
Decompressive	Craniectomy	in	Patients	with	Severe	Traumatic	Brain
Injury;	ICP,	intracranial	pressure.

NEUROLOGICAL	CRITICAL	CARE

Multimodality	Monitoring
3 	Neurological	monitoring	 relevant	 to	 TBI	 is	 covered	 in	 depth	 in	Chapter	 30.
Although	 the	 physical	 examination	 remains	 the	 gold	 standard	 for	 neurological
monitoring,	many	patients	with	severe	TBI	require	sedation	and	other	therapies,
which	 make	 surrogate	 monitoring	 mandatory.	 Although	 important	 for	 the



reduction	 of	 the	 duration	 of	 mechanical	 ventilation	 and	 the	 prevention	 of
ventilator-associated	pneumonia,45	interruption	of	sedation	is	contraindicated	for
patients	with	elevated	 ICP.46	Elevated	 ICP,	particularly	when	not	 responsive	 to
therapy,	 is	 associated	 with	 worse	 outcomes.47	 The	 Benchmark	 Evidence	 from
South	 American	 Trials:	 Treatment	 of	 Intracranial	 Pressure	 (BEST-TRIP)	 trial
demonstrated	no	improvement	of	outcomes	with	a	protocol	driven	by	ICP	over
one	 guided	 by	 clinical	 observations.48,49	However,	 ICP	monitoring	 remains	 the
standard	 of	 care	 where	 available	 and	 is	 supported	 by	 consensus	 statements.
Anatomical	 and	 logistical	 considerations	 influence	 the	 selection	 of	 an	 external
ventricular	drain	(EVD)	over	a	parenchymal	ICP	monitor	and	vice	versa.	EVDs
have	 the	 advantage	 of	 offering	 the	 ability	 to	 decrease	 ICP	 by	 draining
cerebrospinal	 fluid	 (CSF)	 and	are	 thus	 favored	when	 feasible,	 especially	when
hydrocephalus	is	present.	EEG	is	indicated	when	the	mental	status	is	worse	than
anticipated	 given	 the	 known	 injuries,	 and	 continuous	 EEG	 is	 favored.46	 Poor
brain	tissue	oxygen	tension	is	a	predictor	of	poor	outcome,	and	treatment	guided
by	 brain	 tissue	 oximetry	 has	 been	 shown	 to	 improve	 outcomes.50	 The	 Brain
Oxygen	 Optimization	 in	 Severe	 TBI,	 Phase	 2	 (BOOST-2)	 trial	 preliminary
analysis	suggests	benefit	with	multimodal	monitoring	that	includes	both	ICP	and
regional	oxygen	monitors.51	Please	refer	to	Chapter	30	for	more	details.

Treatment	of	Elevated	Intracranial	Pressure
For	 all	 patients	 with	 elevated	 ICP,	 maintenance	 of	 intravascular	 volume	 is
important	 because	 it	 improves	 CPP.	 For	 patients	 with	 significant	 acidosis	 or
those	 requiring	 high	 volumes	 of	 crystalloid,	 the	 substitution	 of	 isonatremic
sodium	 acetate	 for	 sodium	 chloride	 may	 limit	 the	 development	 of
hyperchloremic	metabolic	acidosis.52	Adequate	analgesia	and	anxiolysis	can	help
maintain	 adequate	 ICP.	Head	 elevation	 to	 30°	 above	 horizontal	 decreases	 ICP
without	sacrificing	cerebral	perfusion	or	oxygenation.53

Mannitol
Mannitol	has	long	been	known	to	lower	ICP.54,55	Doses	of	0.25	to	1.4	g/kg	IV	are
commonly	 used	 every	 3	 to	 8	 hours.	Our	 center	 favors	 1	 g/kg,	 rounded	 to	 the
nearest	25	g,	every	6	hours,	 to	allow	approximately	5	half-lives	between	doses
and	to	avoid	the	development	of	idiogenic	osmoles,	which	may	lead	to	tolerance
of	osmotherapy.56,57	Acutely,	with	rapid	 infusion,	mannitol	 increases	circulating
volume,	 blood	 pressure,	 and	 cardiac	 output	 and	 decreases	 blood	 viscosity.57,58



This	may	lead	to	decreased	ICP	via	an	increase	in	cerebral	blood	flow	(CBF)	and
autoregulatory	decrease	of	cerebral	blood	volume.58,59	Mannitol	 also	 acts	 as	 an
osmotic	diuretic,	 recruiting	water	 from	 the	 interstitial	 space	 through	 the	blood-
brain	barrier,	which	is	nearly	impervious	to	mannitol.	Mannitol	has	been	shown
to	 preferentially	 shrink	 brain	 tissue	 where	 the	 blood-brain	 barrier	 is	 intact,
though	 it	 has	 been	 shown	 that	midline	 shift	 does	 not	 increase	with	mannitol’s
use.60

Mannitol	may	leak	into	damaged	brain	tissue	but	has	been	shown	to	leave	that
tissue	 once	 it	 clears	 the	 bloodstream.	 Additionally,	 it	 does	 not	 accumulate	 to
concentrations	 higher	 than	 those	 of	 plasma;	 thus,	 no	 reverse	 gradient	 exists	 to
exacerbate	cerebral	edema.59,61	Mannitol	clearance	from	the	bloodstream	can	be
monitored	by	measuring	the	osmotic	gap.62,63

Hypertonic	Saline
HS	 may	 be	 used	 to	 decrease	 ICP,	 and	 like	 mannitol,	 HS	 has	 hemodynamic
effects	 in	addition	 to	 its	osmotic	effects	on	cerebral	edema.64	The	use	of	HS	at
concentrations	varying	from	3%	infusions	to	29.2%	boluses	has	been	shown	to
improve	ICP	both	as	a	primary	measure	and	when	mannitol	fails.	At	our	center,
we	use	15	to	30	mL	boluses	of	23.4%	sodium	chloride	every	4	to	6	hours	when
mannitol	fails	to	control	ICP	or	when	renal	failure	precludes	the	use	of	mannitol.
Studies	 comparing	 serial	 doses	 of	 mannitol	 to	 HS	 demonstrate	 equivalent
efficacy	in	lowering	ICP,	with	some	suggesting	a	slightly	more	sustained	effect
of	HS,65,66	as	reflected	in	the	greater	reduction	of	the	overall	duration	of	high	ICP
and	 low	 CPP	 during	 the	 monitoring	 period	 with	 HS,	 but	 the	 most	 recent
systematic	 review	 and	meta-analysis66	 detected	 no	 superiority	 of	 one	 over	 the
other.	Loss	of	efficacy	of	ICP	control	when	HS	is	used	over	several	days’	time
may	be	due	to	the	narrowing	of	the	osmolar	gap	and	formation	of	osmolytes,	as
persistent	hypernatremia	frequently	develops.

The	 relationship	 between	 hypernatremia,	 renal	 function,	 and	 outcomes	 is	 a
complex	 one.	 Only	 one	 study	 has	 directly	 examined	 the	 relationship	 between
varying	 levels	 of	 hypernatremia	 and	 outcomes.67	 Though	 patients	 with	 more
severe	 injuries	 were	 more	 likely	 to	 be	 hypernatremic,	 likely	 owing	 to	 more
aggressive	osmotherapy,	there	was	an	independent	association	between	a	finding
of	serum	sodium	over	160	mEq/L	and	mortality.68	Although	it	is	well	known	that
hypernatremia	in	the	setting	of	hypovolemia	is	associated	with	renal	failure,	the
safety	of	 euvolemic	hypernatremia	 is	not	known.	 It	 is	 also	known	 that	 a	 rapid
decrease	of	serum	sodium	may	lead	 to	cerebral	edema	among	healthy	patients,
and	the	dangers	of	hypotonic	fluid	administration	for	patients	and	experimental



models	 with	 cerebral	 edema	 have	 been	 described	 earlier.	 When	 significant
hypernatremia	develops	among	patients	with	cerebral	edema,	it	may	be	safer	to
limit	 treatments	 that	 increase	 sodium	 levels	 while	 resisting	 treatments	 that
directly	lower	them.	However,	a	recent	analysis	has	linked	increased	mortality	to
hyperchloremia	 rather	 than	 hypernatremia.18	 Outcome	 studies	 for	 these
populations	is	challenging	given	the	severe	clinical	disease	that	they	have	and	its
significant	impact	that	is	difficult	to	extricate.	Diabetes	insipidus	is	an	ominous
sign	among	those	with	TBI.	Treatment	with	vasopressin	or	DDVAP	to	limit	free
water	diuresis	may	be	a	safer	way	to	combat	hypernatremia	in	this	setting	than
parenteral-free	water	administration.

CEREBRAL	PERFUSION	PRESSURE	AND	THE
LUND	CONCEPT
In	 contrast	 to	 purely	 ICP-based	management,	 the	 “Lund	 concept”	 describes	 a
strategy	for	lowering	ICP	based	partially	on	decreasing	CPP.69	In	this	strategy,	it
is	 postulated	 that	 increases	 of	 mean	 arterial	 pressure	 (MAP)	 may	 exacerbate
cerebral	 edema,	 especially	 when	 large	 amounts	 of	 crystalloid	 solutions	 are
administered.	 MAP	 is	 lowered	 to	 decrease	 hydrostatic	 capillary	 pressure	 and
ameliorate	 cerebral	 edema.	 Mannitol	 and	 vasopressors	 are	 generally	 avoided.
CPP	is	tolerated	as	low	as	50	mm	Hg.	Multimodality	monitoring,	often	including
bedside	 microdialysis,	 is	 required	 to	 monitor	 the	 metabolic	 reaction	 of
vulnerable	 tissue	 to	 decreased	 CPP.70	 These	 concepts	 and	 the	 clinical
management	 need	 to	 be	 interpreted	 in	 light	 of	 assessments	 of	 cerebral
autoregulation	 or	 the	 lack	 thereof	 including	 waveform	 analysis	 and	 dynamic
serial	assessments	of	the	response	of	the	ICP	to	changes	in	MAP.

TEMPERATURE	MANAGEMENT
Hyperthermia	 increases	 the	 body’s	 metabolic	 demand,	 worsens	 cognitive
impairment,	 and	 has	 been	 associated	 with	 worse	 outcomes	 among	 multiple
models	 of	 neurological	 insults.71	 Induced	 hypothermia	 has	 been	 shown	 to
improve	neurological	outcomes	after	witnessed	cardiac	arrest.72,73	Recent	studies
after	 cardiac	 arrest	 suggest	 a	 target	 temperature	 of	 36	 °C	 is	 as	 effective	 as	 a
target	 of	 33°;	 however,	 this	 has	 not	 been	 studied	 for	 TBI.73,74	 Induced
hypothermia	has	been	shown	to	improve	outcomes	using	animal	models.75,76	The
first	 hour	 after	 injury	 was	 found	 to	 be	 critical.	 A	 series	 of	 large,	 multicenter



trials,	 however,	 failed	 to	 show	 a	 benefit	 for	 prophylactic-induced	 hypothermia
after	TBI.77-79

Still,	 class	 I	 evidence	 shows	 that	 induced	 hypothermia	 lowers	 ICP.80	 Side
effects	 include	 hyperglycemia,	 immunosuppression,	 hypovolemia,	 and
electrolyte	 imbalances	 largely	 due	 to	 “cold	 diuresis.”	 Rapid	 rewarming	 or
overshoot	may	 lead	 to	 rebound	 intracranial	hypertension	and	 impaired	cerebral
vasoreactivity.81	Patients	presenting	with	mild	hypothermia	after	TBI	should	not
be	aggressively	rewarmed.	Fever,	defined	as	core	body	temperature	over	38	°C,
affects	up	to	68%	of	TBI	patients	within	72	hours	of	admission	and	is	associated
with	a	worse	outcome.	Although	much	effort	 is	 spent	 in	 ICUs	 to	 reduce	 fever,
and	 induction	 of	 hypothermia	 continues	 to	 be	 investigated,	 neither	 effort	 has
been	conclusively	 shown	 to	 improve	outcomes	after	TBI	and	may	be	harmful.
The	 latest	 multicenter	 randomized	 trial	 from	 Europe	 of	 hypothermia	 for
intracranial	hypertension	after	TBI	reported	worse	outcomes	for	the	hypothermia
group	and	was	stopped	for	harm.82

INDUCED	COMA
Pharmacologically	 induced	 coma	may	 be	 an	 appropriate	 step	 taken	when	 ICP
and	 CPP	 cannot	 be	 managed	 by	 the	 aforementioned	 means.83	 Prophylactic
administration	of	 barbiturates	 does	 not	 improve	outcomes.	Pentobarbital	 is	 the
most	common	agent	reported	for	this	purpose	and	is	postulated	to	lower	ICP	by
reducing	 the	 cerebral	 metabolic	 rate	 of	 cerebral	 oxygen	 consumption.
Pentobarbital	 has	 numerous	 side	 effects,	 including	 hypotension,	 cardiac
depression,	immune	system	suppression,	and	hypothermia.	Close	attention	must
be	paid	to	the	maintenance	of	adequate	hemodynamics.84,85	Coma	is	induced	with
a	 slow	 bolus	 5	 to	 10	mg/kg	 of	 pentobarbital,	 followed	 by	 an	 infusion	 of	 1	 to
3	 mg/kg/h.	 Although	 many	 centers	 check	 pentobarbital	 levels,	 continuous
electroencephalography	 (EEG)	monitoring	 provides	 a	 more	 useful	 measure	 of
dose	effect,	with	the	goal	being	a	reduction	of	ICP	to	acceptable	levels	and	the
induction	 of	 burst	 suppression	 on	 EEG.	 Serum	 drug	 levels	 are	 of	 value	when
evaluating	for	CNS	function,	for	example,	when	brain	death	is	contemplated	and
the	 clearance	 of	 drug	 from	 the	 bloodstream	 must	 be	 confirmed.	 The	 best
evidence	 for	 the	 utility	 of	 pentobarbital	 coma	 to	 date	 continues	 to	 be	 a	 small
single-center	study	of	55	patients	from	2010	that	reports	survival	at	discharge	of
40%	 with	 good	 functional	 outcomes	 in	 68%	 of	 survivors	 at	 1	 year,	 and	 an
association	of	Na	>	160	and	Serum	Osm	>	330	with	mortality.86	An	additional
challenge	 in	 using	 pentobarbital	 is	 its	 very	 long	 half-life,	 requiring	 prolonged



stay	in	the	ICU	during	the	weaning	process	which	has	been	reported87	to	be	from
4	days	 up	 to	 as	 long	 as	 12	 days	 or	 longer	waiting	 for	 the	 patient	 to	wake	 up,
guided	by	continuous	EEG	monitoring,	drug	levels,	and,	if	present,	examination
findings.	There	also	needs	to	be	an	explicit	avoidance	of	prognostication	based
on	 neurological	 assessment	 while	 the	 drug	 is	 still	 in	 the	 patient’s	 system,	 as
pentobarbital	 can	 suppress	 all	 brain	 function	 including	 brainstem	 reflexes	 and
give	the	false	appearance	that	the	patient	is	brain	dead	clinically.

Propofol	has	also	been	described	as	an	agent	for	ICP	control.	When	used	to
achieve	burst	suppression,	a	2	mg/kg	loading	dose	followed	by	an	infusion	of	up
to	 200	 µg/kg/min	 is	 required.	 Severe	 hypotension	 and	 propofol	 infusion
syndrome	are	concerns	when	using	high-dose	propofol.

SYSTEMIC	CRITICAL	CARE

Mechanical	Ventilator	Management
Hypoxia	and	hypercarbia	may	exacerbate	secondary	injury	and	complicate	ICP
and	CPP	management.88	The	Brain	Trauma	Foundation	recommends	maintaining
SpO2	 over	 90%	 and	 PO2	 over	 60	 for	 TBI	 patients.10	 Advanced	 modes	 of
mechanical	 ventilation	 and	 inotropic	 and/or	 vasopressor	 treatments	 are
frequently	 required	 to	 maintain	 CPP	 and	 adequate	 gas	 exchange.	 For	 some
patients,	 hypoxia	 may	 be	 resistant	 to	 conventional	 ventilator	 settings,	 and
increases	 in	 positive	 end-expiratory	 pressure	 (PEEP)	 and	 fraction	 of	 inspired
oxygen	may	be	required.

Concern	 has	 been	 raised	 over	 the	 effects	 of	 PEEP	 on	 ICP.	 Published	 data,
however,	 reveal	 varying	 effects	 of	PEEP	on	 ICP.	One	 theory	posits	 that	PEEP
raises	intrathoracic	pressure,	thus	decreasing	venous	return	to	the	chest	and	thus
increasing	the	volume	of	venous	blood	inside	the	cranial	vault,	leading	to	a	rise
in	ICP.89	In	reality,	it	is	unclear	to	what	extent	changes	of	PEEP	are	transmitted
into	the	thoracic	cavity,	much	less	into	the	vascular	system	where	venous	return
could	 be	 affected,	 especially	 among	 patients	 with	 acute	 respiratory	 distress
syndrome	 (ARDS)	 where	 the	 stiffness	 of	 the	 diseased	 lung	 may	 not	 transmit
PEEP	efficiently.90	A	 series	of	TBI	patients	with	ALI/ARDS	 reported	 that	 ICP
was	more	 tightly	 associated	with	PCO2	 than	 levels	 of	PEEP.90,91	 For	 refractory
hypoxia,	prone	positioning	has	been	reported	in	several	series.	Although	in	some
neurocritical	 care	 series	 raised	 ICP	 has	 been	 reported,	 in	 a	 dedicated	 series	 of
TBI	 patients	 with	 ARDS,	 prone	 positioning	 was	 associated	 with	 improved



oxygenation	without	detrimental	effects	on	ICP	or	CPP.91,92
Ventilation	 of	 the	 TBI	 patient	 demands	 attention	 to	 systemic	 acid-base

balance	and	to	secondary	effects	on	CBF.	Therapeutic	hyperventilation	(HV)	is
the	 fastest	 way	 to	 lower	 ICP,	 causing	 rapid	 vasoconstriction	 of	 the	 cerebral
arterial	 supply.	 Animal	 experiments	 and	 human	 observations	 reveal	 that	 HV
causes	a	decrease	 in	 the	partial	pressure	of	oxygen	 in	brain	 tissue10,93,94;	HV	 is
now	contraindicated	during	the	acute	phase	of	TBI	and	is	discouraged	by	most
authorities.	Even	for	normal	brain	 tissue,	decreases	of	PCO2	 below	30	mm	Hg
resulted	 in	 decreased	 CBF	 and	 evidence	 of	 anaerobic	metabolism.95	 Although
evidence	of	harm	with	less	aggressive	HV	is	lacking,	evidence	for	its	benefit	is
absent.	This	intervention	cannot	be	recommended	with	enthusiasm.	If	used	when
other	measures	fail,	HV	should	be	monitored	with	one	of	the	markers	for	tissue
stress,	such	as	brain	tissue	oximetry	or	microdialysis.

Glucose	Management
A	2001	multicenter	trial	revealed	that	tight	glycemic	control	improves	outcomes
of	 critical	 care	 populations.96	 This	 finding	 led	 to	 a	 revolution	 of	 ICU	 glucose
management,	with	many	hospitals	 implementing	ICU-based	protocols	 targeting
maximum	serum	glucoses	levels	from	110	to	140	mg/dL.	More	recent	trials	have
questioned	 this	 result,	 prominently	 the	 Normoglycemia	 in	 Intensive	 Care
Evaluation	and	Surviving	Using	Glucose	Algorithm	Regulation	(NICE	SUGAR)
trial,	which	revealed	 increased	mortality	of	patients	 treated	with	a	 tight	control
protocol	 targeting	 serum	 glucose	 under	 108	 mg/dL	 compared	 to	 a	 protocol
targeting	 glucose	 under	 180	 mg/dL.97	 For	 the	 TBI	 and	 neurocritical	 care
population,	 concerns	 have	 been	 raised	 over	 glucose	 delivery	 to	 regions	 of
vulnerable	brain	tissue,	which	may	already	be	at	risk	of	poor	perfusion	owing	to
cerebral	 edema.	 A	 study	 using	 microdialysis	 to	 examine	 glucose	 delivery
revealed	 significantly	 low	 brain	 glucose	 levels	 associated	 with	 signs	 of
metabolic	stress	among	patients	treated	with	a	tight	glycemic	control	strategy.98
A	 meta-analysis	 concluded	 while	 blood	 sugars	 over	 200	 mg/dL	 were	 likely
harmful,	overly	tight	glycemic	control	was	also	harmful	and	a	blood	sugar	target
of	under	180	mg/dL	was	suggested.99

Nutrition	and	Metabolism
A	thorough	review	of	the	literature	regarding	energy	expenditure	of	TBI	patients
found	 that	 historically	 held	 beliefs	 regarding	 brain-injured	 patients’	 elevated



metabolic	rates	and	nutritional	needs	are	valid.100	Moderately	to	severely	injured
TBI	patients	exhibited	metabolic	rates	96%	to	132%	of	predicted	baseline	when
sedated	and	105%	to	160%	over	base	when	awake.	Another	review	documented
some	 findings	 where	 hypermetabolism	 reached	 200%	 of	 predicted	 baseline.101
TBI	patients	are	also	catabolic,	exhibiting	a	–3	to	–16	g/d	nitrogen	balance.	The
resultant	 decrease	 of	 muscle	 mass	 and	 related	 immune	 function	 deficits	 may
worsen	outcomes.100,101	Although	 the	 common	practice	 is	 to	 prescribe	nutrition
targeted	 to	 exceed	baseline	predicted	needs	by	40%,	 these	 authors	 favored	 the
use	 of	 indirect	 calorimetry	 to	 better	 target	 each	 patient’s	 individual	 needs.
Although	upper	GI	intolerance	is	common	early	among	those	with	TBI,	placing
patients	 at	 risk	 for	 aspiration	 pneumonia,	 some	 studies	 do	 show	 a	 trend	 to
improved	 outcomes	 with	 the	 institution	 of	 early	 feeding.	 No	 conclusive	 data
exist	to	suggest	favoring	postpyloric	feeding	to	gastric	feeding.

Prevention	of	Venous	Thromboembolism
4 	 Pulmonary	 embolism	 is	 the	 3rd	 leading	 cause	 of	 death	 among	 patients
surviving	past	day	1	of	TBI.102	Trials	comparing	early	to	late	chemoprophylaxis
are	 lacking.	 Low-molecular-weight	 heparin	 (LMWH)	 is	 superior	 to
unfractionated	 heparin	 (UFH)	 for	 preventing	 venous	 thromboembolism	 among
patients	with	polytrauma	and	spinal	cord	injury,	but	data	regarding	TBI	patients
are	 limited.	 Consensus	 guidelines	 support	 therapy	with	 intermittent	 pneumatic
compression	systems	within	24	hours	of	admission	and	chemoprophylaxis	with
LMWH	or	UFH	starting	24	to	48	hours	after	admission	or	completion	of	surgery
as	long	as	there	is	no	evidence	of	continued	bleeding.103

SPECIALTY	INJURY	SUBTYPES

Penetrating	Brain	Injury
The	United	 States	 currently	 is	 experiencing	 an	 unprecedented	 increase	 in	 gun
violence,	and	although	this	is	a	problem	in	many	parts	of	the	world,	the	United
States	has	higher	rates	of	gun-related	homicide	and	suicide	compared	to	all	other
high-income	 countries,	 and	 it	 has	 become	 the	 leading	 cause	 of	 TBI-related
death,104	 with	 firearm	 suicide	 accounting	 for	 about	 half	 of	 the	 increase	 in
absolute	incidence	from	2008	to	2017.

High-energy	 missile	 trauma	 produces	 brain	 injury	 through	 multiple



mechanisms.	Brain	tissue	along	the	tract	of	the	missile	is	injured	directly.	With
high-energy	projectiles,	 a	wave	of	 energy	precedes	 the	missile,	 and	 significant
damage	is	delivered	by	a	wave	of	cavitation,	which	follows	in	 the	wake	of	 the
projectile.	 This	 cavitation	may	 reverberate	 through	 the	 cranium,	 reflecting	 off
the	 inside	 surface	 of	 the	 dura	 and	 skull.105	 CSF	 leaks	 can	 occur	 from	 dural
damage	 near	 the	 entry	 or	 exit	 sites	 of	 the	 wound.	 Contusions,	 intracranial
hemorrhage,	and	subdural	and	epidural	hemorrhage	may	result.	Vascular	 injury
is	 common	 when	 the	 path	 of	 injury	 crosses	 near	 vascular	 structures,	 and
arteriovenous	fistulas,	pseudoaneurysms,	and	venous	thrombosis	with	infarction
may	develop.	Vasospasm	may	develop	early	or	 late	 in	 the	ICU	course.	Critical
care	 focuses	on	 control	 of	 ICP	using	methods	 similar	 to	 those	used	 for	 closed
head	injury.	Surgical	debridement	is	indicated	for	missile	and	bone	fragments	in
noneloquent	areas	of	the	brain	only.106	Historically,	from	15%	to	50%	of	wounds
become	 infected	 and	 antibiotic	 prophylaxis	 is	 standard	 practice.	 There	 is	 no
consensus	 on	which	 antimicrobials	 are	more	 appropriate;	most	 surgeons	 favor
cephalosporins,	 whereas	 some	 centers	 use	 combinations	 including
cephalosporins,	metronidazole,	 and	 vancomycin.	 Invasion	 of	 an	 open-air	 sinus
by	the	injury	raises	the	risk	of	infection	and	may	warrant	broader	coverage.107	In
addition	 to	 discussing	 vascular	 injury	 and	 prophylactic	 antibiotics,	 a	 recent
review	 of	 the	 management	 of	 penetrating	 brain	 injury	 in	 civilians	 found	 that
cervical	spine	 immobilization	 that	 is	done	routinely	may	not	be	necessary.108	 It
looked	 at	 5	 retrospective	observational	 studies	 totaling	701	patients	 and	 found
only	 3	 patients	 with	 cervical	 spine	 injury.	 It	 also	 reported	 a	 significant
occurrence	of	spontaneous	coagulopathy	among	patients	with	penetrating	injury
and	 its	 association	with	 outcomes	 and	 that	 it	was	 an	 independent	 predictor	 of
mortality.	 Third,	 it	 reported	 an	 incidence	 of	 seizures	 of	 up	 to	 20%	 in	 the	 first
7	days	after	injury	and	9%	at	6	months	but	with	good	control	with	treatment	and
no	differences	in	the	occurrence	of	late	onset	post-traumatic	epilepsy	compared
to	nonpenetrating	TBI.	Last,	 it	 reviewed	surgical	 treatments.	Twelve	studies	all
used	clinical	criteria	such	as	low	GCS	but	with	intact	pupillary	reflexes,	as	well
as	imaging	studies	showing	subdural,	epidural,	and	midline	shift	and	effacement
of	basal	cisterns	to	decide	to	take	patients	to	surgery	and	perform	decompressive
craniectomy,	 mass	 lesion	 evacuation,	 and	 wound	 debridement.	 In	 most	 cases,
bullet	 fragments	 were	 not	 removed	 or	 extracted.	 Surgical	 decompressive
craniectomy	 improved	 survival	 and	 resulted	 in	 favorable	 outcomes	 even	 in
patients	with	an	initial	GCS	3	to	5.

Blast-Related	Trauma



Experience	in	Iraq,	Afghanistan,	and	Lebanon	has	revealed	a	previously	poorly
recognized	 variant	 of	 TBI:	 that	 delivered	 by	 blast	 injury.109-111	 With	 current
protective	armor,	many	warfighters	 survive	previously	 fatal	battlefield	 injuries.
Combatants	 and	 civilians	 exposed	 to	 high-energy	 blast	 trauma	 suffer	 brain
injuries,	which	may	have	features	seen	in	both	closed	and	penetrating	TBI.112,113
Pseudoaneurysms	and	vasospasm	were	commonly	detected	among	a	cohort	of114
patients	imaged	either	because	of	injury	known	to	be	near	or	involving	cerebral
vasculature	 or	 because	 of	 unexplained	 deterioration	 of	 neurological	 function.
The	 prevalence	 of	 vasospasm	 and	 pseudoaneurysm	 in	 the	 general	 blast	 TBI
population	was	not	investigated.	Vasospasm	has	been	recognized	as	early	as	48
hours	 after	 blast	 TBI	 and	 may	 occur	 as	 late	 as	 10	 to	 14	 days	 after	 injury.
Warfighters	 returning	 to	 rehabilitation	 hospitals	 with	 severe	 injuries	 did
demonstrate	 recoverability	 even	 in	 the	 worst	 cases;	 up	 to	 50%	 of	 patients
presenting	to	stateside	rehabilitation	with	GCS	score	3	to	5	eventually	recovered
to	a	GOS	score	≥3	at	1-	to	2-year	follow-up.

Associated	Vascular	Injuries
Both	 blunt	 and	 penetrating	 trauma	 to	 the	 head	 and	 neck	 may	 induce	 the
formation	of	aneurysms.	Intervention	is	indicated	when	aneurysms	are	accessible
to	 surgical	 or	 endovascular	 repair.115	 Dissections	 of	 the	 carotid	 and	 vertebral
arteries	may	occur	among	TBI	patients,	especially	when	trauma	also	includes	the
cervical	 spine.	 Dissections	 may	 lead	 to	 ischemic	 strokes	 by	 either	 leading	 to
occlusion	 of	 the	 involved	 vessel	 or	 by	 serving	 as	 an	 embolic	 source.115,116
Treatment	for	dissections	 includes	avoidance	of	hypertension	and	mitigation	of
embolic	 risk.	Both	antiplatelet	drugs	and	heparin	have	 significant	hemorrhagic
risks	for	patients	with	concomitant	brain	injury.117	 In	extreme	cases,	surgical	or
endovascular	occlusion	of	 the	affected	vessel	may	be	 the	safest	choice	 to	 limit
embolic	risk.118

LONG-TERM	OUTCOMES
5 	 Prediction	 of	 outcomes	 after	TBI	 is	 difficult	 due	 to	 the	 heterogeneity	 of	 the
different	injury	subtypes,	varying	levels	of	concomitant	nonneurological	injuries,
and	 medical	 complications	 of	 critical	 care.	 Bedside	 physician	 estimates	 of
prognosis	are	often	either	overly	pessimistic	or	unrealistically	optimistic.	When
studied,	 physicians	 have	 reported	 that	 they	 feel	 their	 predictions	 are	 often
inaccurate.119	One	of	the	evolving	aspects	of	care	is	the	changing	demographic	of



TBI	with	the	most	common	cause	now	being	falls	in	the	elderly;	unfortunately,
most	 elderly	 patients	 have	 been	 excluded	 from	 large	 clinical	 trials	 leaving
practitioners	without	good	evidence	to	support	management	practices.	The	other
risk	 is	 the	 very	 real	 one	 of	 premature	 prognostication	 based	 on	 age	 and
comorbidities	as	well	as	an	overreliance	on	imaging	results	that	can	lead	to	self-
fulfilling	prophecies	and	increased	mortality.	A	study	of	moderate-to-severe	TBI
patients120	with	mean	age	of	53	years	found	that	the	most	important	predictor	and
immediate	 cause	 of	 death	was	withdrawal	 of	 care	 and	 concluded	 that	 varying
levels	 of	 clinical	 nihilism	 exist.	 Even	 imaging	 characteristics	 that	 traditionally
were	thought	to	portend	a	poor	prognosis	are	being	proven	to	not	be	reliable.	For
example,	 a	 recent	 study	 of	 severe	 TBI	 patients	 with	 coma	 and	 brainstem
hemorrhages	analyzed	the	prognostic	value	of	brainstem	hemorrhage	detected	by
CT	scan	within	48	hours	and	looked	at	6-month	outcome	with	the	GOS-E.	They
found	 that	 patients	 with	 severe	 TBI	 and	 brainstem	 hemorrhages	 that	 were
smaller	and	compatible	with	traumatic	axonal	injury	had	a	reasonable	chance	for
recovery	versus	those	with	Duret	hemorrhages	or	large	hemorrhagic	contusions
of	1	cm	size.121

The	need	for	better	prognostication	tools	as	well	as	aids	for	shared	decision-
making	 is	 the	 subject	 of	 ongoing	 research.122,123	 Treatment	 by	 a	 specialized
neurocritical	 care	 team	 is	 associated	 with	 decreased	 hospital	 costs,	 decreased
length	of	stay,	and	improved	outcomes	at	6	months.124,125

Findings	of	bilaterally	fixed	pupils	confer	a	70%	to	90%	likelihood	of	death
or	 persistent	 vegetative	 state	 as	 the	 final	 outcome.13	 Absent	 bilateral
somatosensory	 evoked	 potentials	 (SEP)	 early	 in	 the	 ICU	 course	 predict	 death,
whereas	 initially	 normal	 bilateral	 readings	 predict	 a	 good	 outcome.	 SEPs	may
fluctuate	over	the	course	of	each	day;	thus,	single	recordings	are	less	informative
than	 serial	 examinations,	 and	 improvement	 within	 the	 first	 10	 days	 predicts
recovery.126,127	 Serial	 physical	 examinations	 combined	 with	 aggressive
resuscitation	for	72	hours	are	recommended	by	consensus	guidelines.120,128

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	indicated	during	the	early	management	of
traumatic	brain	injury	(TBI)	when	cerebral	edema	is	present?



A. 	Andexanet	alpha	if	patient	was	on	warfarin
B. 	Dexamethasone
C. 	Lactated	Ringer	solution	for	maintenance	fluids
D. 	Saline	solution	(23.4%)

2. 	Which	of	the	following	is	an	appropriate	strategy	when	caring	for	patients
with	traumatic	brain	injury	(TBI)?

A. 	Maintain	blood	glucose	levels	under	180	mg/dL
B. 	Manage	hypoxia	by	increasing	PEEP	instead	of	FiO2
C. 	Prophylactically	hyperventilate	to	maintain	intracranial	pressure
D. 	Reduce	caloric	input	when	patients	are	sedated

3. 	Which	of	the	following	is	correct	regarding	prognosis	determinations	for
patients	with	traumatic	brain	injury	(TBI)?

A. 	Critical	care	physicians	report	moderate-to-high	confidence	in
prognostication	ability
B. 	Bilaterally	unreactive	pupils	on	presentation	predict	100%	mortality
C. 	Intact	somatosensory	evoked	potentials	(SSEPs)	predict	a	positive
prognosis
D. 	Prognosticators	tend	to	avoid	extremes	in	prediction	and	favor
middle	estimates

Answers

1.	The	correct	answer	is	D.
Rationale:	 Hypertonic	 saline	 solutions	 including	 3%,	 7%,	 and	 23.4%

concentrations	 are	 useful	 for	 the	 management	 of	 cerebral	 edema	 after	 TBI
(choice	 D	 is	 correct).	 Lactated	 Ringer	 should	 be	 avoided	 because	 it	 is
hyponatremic	(choice	C	is	 incorrect).	Andexanet	alpha	is	 indicated	for	reversal
of	anticoagulation	with	apixaban	and	rivaroxaban	when	there	is	bleeding,	though
its	 cost	 limits	 widespread	 use	 (choice	 A	 is	 incorrect).	 Steroids	 are
contraindicated	during	TBI	management	(choice	B	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	 While	 lower	 blood	 glucose	 targets	 may	 be	 indicated	 for	 other

critical	 care	 populations,	 during	 traumatic	 brain	 injury	 microdialysis	 data
suggests	 cerebral	 metabolism	 may	 be	 compromised	 by	 tight	 glucose	 control.



Therefore,	 180	 mg/dL	 is	 a	 reasonable	 goal	 (choice	 A	 is	 correct).	 Untreated
hypoxia	 has	 a	 severe	 effect	 on	 intracranial	 pressure	 (ICP)	 and	 cerebral	 blood
flow,	 so	 the	 authors	 recommend	 judicious	 use	 of	 PEEP	 which	 can	 reduce
cerebral	blood	(choice	B	is	incorrect).	Hyperventilation	lowers	ICP	rapidly,	but
at	 the	 cost	 of	 cerebral	 vasoconstriction	 and	 reduced	 perfusion,	 and	 it’s	 use	 is
discouraged	during	early	TBI	management	(choice	C	is	incorrect).	TBI	patients
tend	to	be	catabolic	and	require	more	calories	and	protein	compared	to	general
populations	despite	sedation,	and	indirect	calorimetry	is	suggested	to	tailor	each
patient’s	regimen	(choice	D	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	It	is	important	to	keep	in	mind	that	the	most	common	predictor	of

mortality	 is	 withdrawal	 of	 life	 support	 itself.	 SSEPs	 can	 be	 useful	 as	 central
conduction	 times	 are	 not	 affected	 significantly	 by	 level	 of	 consciousness,
hypothermia,	or	sedative	use.	Intact	values	support	a	positive	prognosis	(choice
C	 is	 correct),	 though,	 more	 accurately,	 their	 absence	 usually	 means	 a	 poor
outcome.	 Physicians’	 prognostications	 are	 often	 found	 to	 be	 either	 overly
optimistic	or	overly	pessimistic	(choice	D	is	incorrect)	and	surveyed	physicians
report	they	are	uncertain	in	their	ability	to	accurately	predict	outcomes	(choice	A
is	 incorrect).	 Bilaterally	 unreactive	 pupils	 portend	 a	 70%	 to	 90%	 not	 a	 100%
mortality	rate	(choice	B	is	incorrect).
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Chapter	41
Spinal	Cord	Trauma
Ryan	M.	Schiedo,	Hanbing	Zhou,	Christian	P.	Dipaola

KEY	POINTS:
1.	 Spinal	column	stability	is	one	of	the	most	important	considerations	in

the	management	of	spinal	trauma.	The	Subaxial	Cervical	Spine
Injury	Classification	(SLIC)	system	and	Thoracolumbar	Injury
Classification	and	Severity	(TLICS)	Score	are	two	classification
systems	that	account	for	bony,	ligamentous,	and	neurologic	injury	to
the	spine	and	can	help	guide	treatment.

2.	 Assessment	of	neurologic	injury	should	be	done	using	the	American
Spinal	Injury	Association	(ASIA)	scoring	system.	Providers	should
have	a	thorough	understanding	of	this	grading	system	to	easily
communicate	spinal	cord	injuries.

3.	 Multiple	incomplete	spinal	cord	injury	syndromes	exist,	including
anterior	cord	syndrome,	central	cord	syndrome,	posterior	cord
syndrome,	Brown-Sequard	syndrome,	conus	medullaris	syndrome,
and	cauda	equina	syndrome.	Providers	should	know	these	patterns
of	injury.

4.	 Spinal	shock	and	neurogenic	shock	are	life-threatening	and	can
occur	in	patients	with	an	injury	cranial	to	T6.	Hallmark	findings	are
bradycardia	and	hypotension.	Phenylephrine,	norepinephrine,	and
dopamine	are	pharmacological	methods	to	treat	these	types	of
shock.

5.	 There	are	two	major	components	of	spinal	cord	injury,	the	initial
trauma	to	the	cord	and	the	secondary	injury	cascade.	Newer
research	is	focused	on	reducing	the	secondary	injury	cascade;
however,	no	gold	standard	treatment	or	strong	recommendations



exist.	Blood	pressure	augmentation	is	something	to	be	considered,
with	MAP	goals	of	85	to	90	for	5	to	7	days.	Methylprednisolone	is	no
longer	recommended.

6.	 The	goals	of	surgical	intervention	for	patients	with	spinal	cord	injury
are	to	achieve	spinal	stability,	to	correct	deformity,	to	reduce
compressive	pathology,	to	aid	in	neurologic	recovery,	to	assist	in
pain	control,	and	to	allow	for	rehabilitation.

INTRODUCTION
The	 incidence	 of	 traumatic	 spinal	 cord	 injury	 (SCI)	 in	 the	 United	 States	 is
approximately	54	SCIs	per	one	million	people,	or	about	17,810	new	SCI	cases
each	year.1	Most	traumatic	spinal	cord	trauma	(78%)	occurs	in	males.	There	has
been	an	increase	in	the	average	age	of	injury	since	the	1970s	from	29	to	43	years
in	2015.	This	is	owing	to	an	increase	in	people	older	than	65	years	in	the	general
population	 and	 a	 decrease	 in	 childhood	 trauma.1	 Traumatic	 SCI	 in	 the	 United
States	 occurs	 from	 motor	 vehicle	 accidents	 (38.6%),	 falls	 (32.2%),	 personal
violence	 (14.0%),	 sports	 injuries	 (7.8%),	 medical/surgical	 (4.2%),	 and	 other
sources	(3.2%).1

Cervical	 injuries	 (C1-C7)	 account	 for	 approximately	 55%	 of	 all	 traumatic
SCIs.	The	most	common	location	for	fractures	in	the	thoracic	and	lumbar	region
is	between	T12	and	L2,	with	SCI	occurring	 in	10%	to	25%.2	Thoracic	fracture
patients	with	 less	 severe	 neurologic	 deficits	 have	more	 favorable	 prognosis	 in
the	 recovery	 of	 overall	 general	 health	 status	 compared	 to	 those	 with	 more
significant	neurologic	deficits.3

The	 trauma	 surgeon	 works	 as	 a	 part	 of	 a	 multidisciplinary	 team.	 A	 high
degree	of	 suspicion	 for	 spinal	 column	 injury	with	neurologic	 impairment	must
be	 maintained	 upon	 evaluation	 of	 most	 trauma	 patients.	 As	 the	 trauma	 team
leader,	he	or	she	must	be	able	to	appropriately	identify	the	pertinent	history	and
physical	 exam	 features,	 provisionally	 stabilize	 the	 patient	 and	 the	 spine,	 and
order	 appropriate	 imaging	 to	 identify	 or	 rule	 out	 injuries	 that	 may	 require
orthopedic	or	neurosurgical	consultation.

In	 order	 to	 execute	 these	 key	 fundamentals,	 a	 surgeon	must	 understand	 the
relevant	 anatomy,	 injury	 mechanisms,	 injury	 patterns,	 pathophysiology,	 and
associated	 physical	 findings.	 Familiarity	with	 “first	 responder”	 and	 in-hospital
provisional	 spinal	 stabilization	 methods,	 patient	 resuscitation	 measures,	 and
monitoring	is	the	key	to	proper	treatment.



ANATOMY

Spinal	Column
The	 normal	 spinal	 column	 consists	 of	 33	 vertebrae,	 including	 7	 cervical,	 12
thoracic,	 5	 lumbar,	 5	 fused	 sacral,	 and	 4	 fused	 coccygeal	 vertebrae.	 When
anatomy	is	normal,	the	cervical	and	lumbar	spines	are	lordotic,	and	the	thoracic
and	sacral	 spines	are	kyphotic.	These	curvatures	help	 to	balance	 the	 spine	and
evenly	distribute	forces.

C1,	which	is	also	called	the	atlas,	has	neither	a	vertebral	body	nor	a	spinous
process	(Figure	41.1).	It	is	a	ringlike	structure	with	anterior	and	posterior	arches
separated	by	lateral	masses	on	each	side.	It	has	two	superior	concave	facets	that
articulate	with	the	occipital	condyles,	accounting	for	approximately	50%	of	the
neck	flexion	and	extension.4

	

Figure	 41.1 	 Anatomy	 of	 C1	 (Atlas)	 and	 C2	 (Axis).(Redrawn
from	 Rechtine	 GR,	 Conrad	 BP,	 Bearden	 BG,	 et	 al.	 Biomechanical
analysis	 of	 cervical	 and	 thoracolumbar	 spine	 motion	 in	 intact	 and
partially	and	completely	unstable	cadaver	spine	models	with	kinetic
bed	 therapy	 or	 traditional	 log	 roll.	 J	 Trauma.	 2007;62(2):383-388;
discussion	388.)



C2,	which	is	also	called	the	axis,	has	an	odontoid	process	(dens)	and	vertebral
body	(Figure	41.1).	It	articulates	with	C1	(atlantoaxial)	and	accounts	for	50%	of
cervical	rotation.	There	is	a	vascular	watershed	area	between	the	apex	and	base
of	 the	C2,	and	 this	 limited	blood	supply	 is	 thought	 to	affect	healing	 in	Type	II
odontoid	fractures.	The	dens	articulates	with	the	posterior	aspect	of	the	anterior
ring	of	C1	and	is	stabilized	by	the	transverse	ligament.	There	is	no	intervertebral
disc	at	either	the	atlanto-occipital	or	the	C1-C2	joints.

C1	 to	 C7	 vertebrae	 typically	 have	 a	 transverse	 foramen,	 and	 the	 vertebral
artery	 travels	 through	 the	 transverse	 foramen	 of	 C1	 to	 C6	 in	 the	 majority	 of
individuals	and	is	often	absent	in	the	C7	transverse	foramen.	C7	has	a	prominent
spinous	process	and	is	a	useful	landmark	during	physical	examination.

In	the	thoracic	spine,	the	articulations	with	the	ribs	lead	to	increased	rigidity.
Therefore,	more	 force	 is	 required	 to	 produce	 a	 fracture	 in	 the	 thoracic	 region
than	the	cervical	or	lumbar	region.

The	 cervicothoracic	 junction	 represents	 a	 region	 that	 transitions	 from	 the
fairly	 mobile	 cervical	 spine	 to	 the	 fairly	 rigid	 thoracic	 spine.	 Furthermore,	 it
represents	a	 transition	 from	 the	 lordotic	cervical	 spine	 to	 the	kyphotic	 thoracic
spine.	Disruptions	 of	 this	 anatomical	 region	 by	 trauma	 can	 lead	 to	 significant
instability.	 Similarly,	 at	 the	 thoracolumbar	 junction,	 the	 vertebral	 column
transitions	from	a	relatively	stiff	construct	in	the	thoracic	spine	to	a	more	flexible
construct.	 This	 transition	 point,	 especially	 T11	 to	 L2,	 acts	 as	 a	 zone	 of	 stress
concentration	and	 is	more	 susceptible	 to	 injury	 than	other	 adjacent	portions	of
the	spine.

Spinal	Cord
The	 spinal	 cord	 is	 extends	 from	 the	 brainstem	 and	 terminates	 as	 the	 conus
medullaris	 typically	at	L1	or	L2	 in	adults.	Extending	 from	 the	distal	 tip	of	 the
conus	medullaris,	the	cauda	equina	consists	of	the	lumbar	and	sacral	nerve	roots
and	filum	terminale	surrounded	by	dura.	The	spinal	cord	relays	neuronal	signals
from	the	brain	to	the	rest	of	the	body	and	vice	versa.	Specific	neural	fibers	with
similar	function	form	“tracts.”	Ascending	tracts	relay	sensory	information	from
the	 body	 to	 the	 brain	 and	 the	 descending	 tracts	 relay	motor	 function	 from	 the
brain	to	the	body.

Ascending	tracts	include	the	dorsal	columns,	lateral	spinothalamic	tract,	and
ventral	 spinothalamic	 tract.	 The	 dorsal	 columns	 convey	 deep	 touch,
proprioception,	and	vibratory	sensation.	The	lateral	spinothalamic	tract	conveys
pain	 and	 temperature	 and	 the	 ventral	 spinothalamic	 tract	 conveys	 light	 touch.
Descending	tracts	are	composed	of	lateral	and	ventral	corticospinal	tracts,	which



carry	voluntary	motor	signals	to	the	body.
The	 blood	 supply	 to	 the	 spinal	 cord	 originates	 from	 the	 segmental	 vessels,

which	are	branches	of	the	great	vessels	at	the	neck,	thorax,	and	abdomen.	These
segmental	 vessels	 divide	 into	 anterior	 and	 posterior	 radicular	 arteries,	 which
transverse	 the	neuroforamen	along	with	 the	 segmental	nerve	 root.	The	anterior
and	 posterior	 radicular	 arteries	 finally	 terminate	 as	 the	 anterior	 and	 posterior
spinal	 artery.	 The	 anterior	 spinal	 artery	 is	 the	 primary	 blood	 supply	 of	 the
anterior	 two-thirds	 of	 the	 spinal	 cord,	 which	 includes	 the	 lateral	 and	 ventral
corticospinal	tracts.	The	posterior	spinal	artery	is	the	primary	blood	supply	to	the
dorsal	sensory	columns.5

SPINAL	COLUMN:	CLASSIFICATION	OF	INJURY
AND	ASSESSMENT	OF	SPINAL	STABILITY
The	 vertebral	 column	 serves	 to	 transmit	 loads,	 permit	motion,	 and	 protect	 the
spinal	 cord.	Spinal	 stability	 is	 one	of	 the	most	 important	 considerations	 in	 the
management	of	spinal	trauma.	White	and	Panjabi	defined	spinal	stability	as	the
“ability	of	the	spine	under	physiologic	loads	to	limit	patterns	of	displacement	so
as	 not	 to	 damage	 or	 irritate	 the	 spinal	 cord	 or	 nerve	 roots	 and,	 in	 addition,	 to
prevent	incapacitating	deformity	or	pain	due	to	structural	changes.”6

An	 ideal	 spinal	 column	 injury	 classification	 should	 be	 both	 descriptive	 and
prognostic.	The	system	should	have	consistent	radiographic	measures	and	guide
clinical	 decision-making.	 There	 are	 a	 number	 of	 historical	 spinal	 trauma
classification	schemes	utilized	 to	assess	 the	stability	of	 the	spine.	The	majority
of	 them	are	not	validated	and	based	on	 retrospective	views	and	experiences	of
individual	surgeons.	These	systems	are	typically	based	on	either	mechanistic	or
anatomic	 description	 of	 spinal	 column	 injuries.	 Although	 there	 are	 numerous
proposed	 injury	 classifications,	 many	 of	 them	 are	 not	 prognostic	 and	 do	 not
guide	clinical	decision-making.7

The	Denis	classification	is	an	example	of	a	three-column	theory	based	on	an
anatomic	description	of	 thoracolumbar	 fractures.	This	system	divides	 the	spine
into	anterior,	middle,	and	posterior	columns.	The	anterior	column	consists	of	the
anterior	half	of	the	vertebral	body,	the	anterior	half	of	the	intervertebral	disk,	and
the	anterior	 longitudinal	 ligament.	The	middle	column	consists	of	 the	posterior
half	of	 the	vertebral	body,	 the	posterior	half	of	 the	 intervertebral	disk,	 and	 the
posterior	 longitudinal	 ligament.	The	 posterior	 column	 consists	 of	 the	 posterior
arch,	 the	 facet	 joint	 complex,	 the	 interspinous	 ligament,	 the	 supraspinous



ligament,	and	the	ligamentum	flavum.	The	spine	is	considered	unstable	if	two	or
more	columns	are	disrupted.	The	Denis	classification	system	does	provide	for	an
anatomic	 description	 of	 the	 zones	 of	 injury	 for	 thoracolumbar	 trauma	 but
unfortunately	does	not	account	for	neurologic	status	or	guide	clinical	 treatment
decision	making.

Holdsworth	 described	 the	 first	 mechanistic	 classification	 of	 spinal	 injuries
based	on	experiences	of	over	1000	patients	by	categorizing	fractures	as	simple
wedge,	 dislocation,	 rotational	 fracture-dislocation,	 extension,	 burst,	 and	 shear.7
This	 was	 the	 first	 classification	 to	 highlight	 the	 importance	 of	 the	 posterior
ligamentous	 complex	 (PLC).	 Allen	 and	 Ferguson,8	 later	 in	 1982,	 proposed	 a
classification	of	subaxial	spine	fractures	based	on	radiographic	appearance	and
the	 inferred	 mechanism	 of	 disruptions.	 This	 classification	 has	 six	 groups
including	 (1)	 flexion	 compression,	 (2)	 vertical	 compression,	 (3)	 flexion
distraction,	 (4)	extension	compression,	 (5)	extension	distraction,	and	(6)	 lateral
flexion.	 Mechanistic	 classifications	 have	 limited	 clinical	 application	 because
they	 are	mainly	 based	 on	 inferred	mechanisms	 of	 injury	 rather	 than	 objective
injury	morphology.	Furthermore,	similar	to	anatomic	descriptive	classifications,
neurologic	 status	of	 the	patient	 is	not	 included,	which	 is	 essential	 in	 treatment
decision-making.7

1 	 Because	 of	 the	 lack	 of	 clinical	 relevance	 of	 the	 previously	 established
classification	 systems	 and	 an	 overall	 “gold	 standard”	 system,	 Vaccaro	 et	 al9
proposed	 the	Subaxial	Cervical	 Spine	 Injury	Classification	 (SLIC)	 system	 and
Thoracolumbar	Injury	Classification	and	Severity	(TLICS)10	Score	system	that	is
based	on	injury	morphology,	 integrity	of	 the	discoligamentous	complex	(SLIC)
(Table	 41.1)	 or	 PLC	 (TLICS)	 (Table	 41.2)	 and	 neurologic	 status.	 These	 two
systems	 were	 designed	 to	 incorporate	 key	 anatomic	 and	 clinical	 predictors	 of
stability	 and	 severity	 of	 injury.	 The	 goal	 of	 these	 systems	 is	 to	 simplify
communication,	 to	 help	 guide	 treatment,	 and	 to	 provide	 a	 common	 language
upon	which	further	study	can	be	performed.

TABLE	41.1

Subaxial	Cervical	Spine	Injury	Classification	System	(SLIC)

Points

Morphology



No	abnormality 0

Compression 1

Burst +1	=	2

Distraction	(eg,	facet	perch,	hyperextension) 3

Rotation/translation	(eg,	facet	dislocation,	unstable	teardrop	or
advanced	staged	flexion	compression	injury)

4

Discoligamentous	complex

Intact 0

Indeterminate	(eg,	isolated	interspinous	widening,	MRI	signal
change	only)

1

Disrupted	(eg,	widening	of	disc	space,	facet	perch	or	dislocation) 2

Neurologic	Status

Intact 0

Root	injury 1

Complete	cord	injury 2

Incomplete	cord	injury 3

Continuous	cord	compression	in	setting	of	neuro	deficit	(neuro
modifier)

+1

MRI,	magnetic	resonance	imaging.
Derived	from	Vaccaro	AR,	Hulbert	RJ,	Patel	AA,	et	al.	The	subaxial	cervical	spine	injury
classification	system:	a	novel	approach	to	recognize	the	importance	of	morphology,	neurology,
and	integrity	of	the	disco-ligamentous	complex.	Spine	(Phila	Pa	1976).	2007;32(21):2365-2374.

TABLE	41.2

Thoracolumbar	Injury	Classification	and	Severity	(TLICS)
Score



Points

Morphology

Compression	fracture 1

Burst	fracture 2

Translational/rotational 3

Distraction 4

Neurologic	involvement

Intact 0

Nerve	root 2

Cord,	conus	medullaris

Incomplete 3

Complete 2

Cauda	Equina 3

Posterior	ligamentous	complex

Intact 0

Injury	suspected/indeterminate 2

Injured 3

From	Patel	AA,	Vaccaro	AR,	Albert	TJ,	et	al.	The	adoption	of	a	new	classification	system:	time-
dependent	variation	in	interobserver	reliability	of	the	thoracolumbar	injury	severity	score
classification	system.	Spine	(Phila	Pa	1976).	2007;32(3):E105-E110.

1 	 The	 three	 components	 of	 the	 SLIC	 system	 include	 morphology,
discoligamentous	complex,	and	neurologic	status.	Each	component	is	assigned	a
weighted	score.	The	overall	injury	score	is	the	sum	of	the	weighted	score	of	each
component.	 Nonoperative	 treatment	 may	 be	 considered	 for	 a	 score	 <4,	 and
operative	treatment	may	be	considered	for	score	>4.	If	the	score	=	4,	then	either
nonoperative	or	operative	treatment	may	be	considered.

The	 three	 components	 of	 the	TLICS	 system	 include	morphology,	PLC,	 and
neurologic	 involvement.	 Similar	 to	 SLIC	 system,	 each	 component	 has	 a



weighted	score	and	the	overall	injury	score	is	the	sum	of	the	three	components.
Nonoperative	treatment	may	be	considered	for	score	<4,	and	operative	treatment
may	 be	 considered	 for	 score	 >4.	 If	 score	 =	 4,	 then	 either	 nonoperative	 or
operative	treatment	may	be	considered.

SLIC	and	TLICS	systems	are	built	on	three	components	that	are	independent
determinants	 of	 prognosis	 and	 optimal	 treatment.	 They	 are	 the	 first
comprehensive	 spinal	 trauma	 classification	 systems	 that	 account	 for	 the
neurologic	status	of	the	patient.	Most	importantly,	the	SLIC	and	TLICS	systems
overcame	 the	 shortcomings	 of	 the	 previous	 classification	 systems	 by
demonstrating	good	interobserver	reliability	and	validity.10	Furthermore,	Patel	et
al	demonstrated	that	these	systems	can	be	easily	incorporated	into	a	large	clinical
practice	 with	 physicians	 of	 different	 levels	 of	 experience	 from	 attending
surgeons	to	fellows	and	residents.11

Neurologic	Injury
Assessing	the	neurologic	exam	is	the	key	to	determining	the	level	and	severity	of
injury	 to	 the	 spinal	 cord.	The	 extent	 of	 the	 injury	 can	determine	 the	 treatment
options	 and	 overall	 prognosis.	 Motor	 examination	 includes	 strength
measurement	 (Grade	 0-5)	 of	 five	 key	 upper	 extremity	 and	 lower	 extremity
myotomes.	The	upper	extremity	myotomes	include	C5,	elbow	flexion;	C6,	wrist
extension;	C7,	 elbow	 extension;	C8,	 long	 finger	 flexion;	T1,	 finger	 abductors.
The	lower	extremity	myotomes	include	L2,	hip	flexion;	L3,	knee	extension;	L4,
ankle	 dorsiflexion;	 L5,	 great	 toe	 extension;	 S1,	 ankle	 plantar	 flexion.	 Sensory
examination	 comprises	 light	 touch	 and	 pinprick	 sensation	 along	 the
dermatomes.12

The	 ASIA	 (American	 Spinal	 Injury	 Association)	 scoring	 system13,14	 was
proposed	to	allow	for	easy	classification	of	neurologic	impairment.	The	scoring
system	is	based	on	motor,	sensory,	reflex,	and	rectal	function	(Figure	41.2).	For
a	complete	neurologic	examination,	it	is	important	to	consider	if	the	patient	is	in
spinal	shock	by	checking	the	bulbocavernosus	reflex.	This	reflex	is	characterized
by	anal	sphincter	contraction	in	response	to	squeezing	the	glans	penis	or	tugging
on	an	indwelling	Foley	catheter.



	

Figure	41.2 	American	Spinal	Injury	Association	(ASIA)	scoring
system	documents	 the	motor	 and	 sensory	 function	 to	 determine	 the
severity	of	the	neurologic	injury.The	motor	score	is	composed	of	10
key	 muscles	 groups	 as	 seen	 on	 the	 left	 column	 of	 the	 figure.	 The
sensory	score	 for	 light	 touch	and	pinprick	 is	composed	of	sensation
within	 28	 dermatomes.	 Perianal	 sensation	 and	 anal	 contraction
assessment	 is	critical	 to	determine	 the	functional	preservation	in	 the
lowest	 sacral	 segments,	 S4-S5.	 An	 AIS	 (ASIA	 impairment	 score)
grade	 is	 determined	 based	 on	 these	 neurologic	 findings.(American
Spinal	 Injury	Association:	 International	 Standards	 for	Neurological
Classification	of	Spinal	Cord	Injury,	revised;	2019.)

2 	The	neurologic	level	of	injury	is	defined	as	the	lowest	segment	with	intact
sensation	and	antigravity	(grade	3	or	more)	motor	function.	In	the	regions	where
there	is	no	myotome	to	test,	motor	level	is	presumed	to	be	the	same	as	sensory
level.	 Another	 key	 component	 of	 the	 neurologic	 assessment	 is	 to	 determine
whether	the	injury	is	complete	or	incomplete.	Complete	injury	is	defined	as	no
anal	 contraction,	 0/5	 distal	 motor	 score,	 0/2	 distal	 sensory	 score,	 and	 present
bulbocavernosus	 reflex.	 Incomplete	 is	 defined	 as	voluntary	 anal	 contraction	or
present	 perianal	 sensation,	 or	 palpable/visible	 muscle	 contraction	 below	 the
neurologic	level.

The	ASIA	 scoring	 system	yields	 an	ASIA	 Impairment	Score,	which	groups
each	injury	into	five	categories	(A-E)	based	on	severity	(Figure	41.3).	Grade	A
is	 a	 complete	 neurologic	 injury	 with	 no	 motor	 or	 sensation	 preserved	 in	 the
sacral	segments	(S4–S5).	Grades	B,	C,	and	D	are	incomplete	neurologic	injures.
Grade	B	is	defined	as	preserved	sensory	function	but	not	motor	function	below



the	 neurologic	 level	 and	 includes	 the	 sacral	 segments	 (S4-S5).	 Grade	 C	 has
preserved	motor	function	below	the	neurologic	level	and	more	than	half	of	key
muscles	below	the	neurologic	level	have	a	muscle	grade	less	than	3.	Grade	D	has
preserved	motor	function	below	the	neurologic	level	with	at	least	half	of	the	key
muscles	below	the	neurologic	level	have	a	muscle	grade	of	3	or	more.	Grade	E
has	normal	neurologic	function.

	

Figure	 41.3 	 ASIA	 Impairment	 Score	 (AIS)	 neurologic	 severity
grading	 scale,	 A	 through	 E.(American	 Spinal	 Injury	 Association:
International	 Standards	 for	 Neurological	 Classification	 of	 Spinal
Cord	Injury,	revised;	2019.)

The	AIS	has	prognostic	value	for	determination	of	functional	recovery.	Fisher
et	 al	 found	 that	 patients	 with	 ASIA	 A	 (complete)	 SCI	 had	 no	 distal	 lower
extremity	 functional	 recovery	 2	 years	 after	 the	 injury.15	 By	 comparison,
approximately	half	 of	 patients	with	AISA	B	 injuries,	 three	quarters	 of	 patients
with	ASIA	C	injuries,	and	nearly	all	patients	with	ASIA	D	injuries	will	achieve
ambulatory	status.12,16	Younger	patients	 tend	to	have	a	better	prognosis	as	well.
Burns	 et	 al	 found	 91%	 of	 patients	 younger	 than	 50	 years	 with	 ASIA	C	were
ambulatory	at	discharge	compared	to	42%	of	patients	older	than	50	years.17

There	are	several	 incomplete	neurologic	 injuries	based	on	specific	 locations
of	the	spinal	cord	that	have	predictable	patterns	of	neurologic	findings.

3Anterior	cord	syndrome	is	characterized	by	loss	of	motor	and	loss	of	pain
and	 temperature	 sensation	 below	 the	 level	 of	 the	 injury.	 Vibratory	 sense	 and
proprioception	 are	 preserved.	 This	 is	 usually	 a	 result	 of	 flexion/compression



injury	 that	 led	 to	 either	 direct	 compression	 of	 the	 anterior	 spinal	 cord	 or
disruption	 of	 anterior	 spinal	 artery	 (supplies	 anterior	 two-thirds	 spinal	 cord).
Additionally,	it	can	occur	after	a	vascular	procedure	or	thrombosis	of	a	vascular
graft.	This	injury	carries	the	worst	prognosis	of	incomplete	SCI.

3Central	 cord	 syndrome	 is	 the	 most	 common	 incomplete	 cord	 injury.	 It
often	occurs	in	the	elderly	with	extension	injury	mechanisms.	It	is	believed	to	be
caused	 by	 spinal	 cord	 compression	 and	 central	 cord	 edema	 with
injury/destruction	of	lateral	corticospinal	tract	white	matter.	The	classical	finding
on	 physical	 examination	 is	 more	 pronounced	 motor	 deficits	 in	 the	 upper
extremities	 compared	 to	 the	 lower	 extremities.	 Hands	 typically	 have	 more
pronounced	motor	 deficits	 than	 arms.	This	 is	 owing	 to	 the	 fact	 that	 hands	 are
more	 “centrally”	 located	 in	 the	 corticospinal	 tract.	 Patients	 with	 central	 cord
syndrome	 have	 a	 good	 prognosis	 but	 full	 functional	 recovery	 is	 rare.	 Lower
extremity	 function	 typically	 recovers	 first,	 and	 hand	 function	 is	 the	 last	 to
recover,	if	at	all.18

3Posterior	cord	syndrome	is	very	rare	and	examination	findings	include	loss
of	 proprioception	with	 preserved	motor,	 pain	 and	 light	 touch.	 It	 is	 a	 result	 of
direct	 injury	 to	 the	 dorsal	 columns.	 Stabbing	 injuries	 to	 the	 back	 commonly
cause	this	injury	pattern.

3Brown-Sequard	syndrome	is	a	complete	cord	hemitransection	as	a	result	of
penetrating	 trauma	 or	 direct	 lateral	 injuries	 to	 the	 spinal	 cord.	 Patients	 on
examination	have	ipsilateral	deficits	in	motor,	vibratory	sense	and	proprioception
below	 the	 level	 of	 the	 injury	 and	 contralateral	 loss	 of	 pain	 and	 temperature
sensation.	These	patients	have	excellent	overall	prognosis	with	 the	majority	of
patients	able	to	ambulate	at	final	follow-up.

3Conus	 medullaris	 syndrome	 presents	 with	 symmetric	 lower	 extremity
motor	 deficits	 and	 bowel	 and	 bladder	 dysfunction.	 Patients	 typically	 have
significant	back	pain,	symmetric	perineal	or	“saddle”	loss	of	sensation.	This	is	a
result	of	injuries	to	the	conus	medullaris	at	the	thoracolumbar	junction.	Injuries
at	the	level	of	T12	to	L2	are	most	likely	to	result	in	conus	medullaris	syndrome.
Patients	 present	 with	 a	 combination	 of	 upper	 and	 lower	 motor	 neuron
dysfunction.	Due	 to	damage	of	upper	motor	neurons,	patients	are	 less	 likely	 to
recover	neurologically	compared	to	nerve	root	injury	(ie,	involving	lower	motor
neurons).

3Cauda	 equina	 syndrome	 is	 defined	 by	 symptoms	 that	 result	 from	 nerve
root	compression	in	 the	lumbosacral	region.	This	 is	most	commonly	caused	by
disc	herniation	but	in	trauma	patients	this	nerve	root	compression	can	result	from
retropulsion	of	 fracture	 fragments	or	 fracture	dislocation	of	 the	vertebrae.	Key
features	of	cauda	equina	syndrome	include	bilateral	leg	pain,	bowel	and	bladder



dysfunction,	saddle	anesthesia,	and	lower	extremity	motor	and	sensory	deficits.
Certain	lesions	may	affect	the	transition	level	between	the	conus	medullaris	and
cauda	equina,	and	symptoms	may	overlap.	Cauda	equina	is	predominantly	lower
motor	neuron	dysfunction,	and	deep	tendon	reflexes	will	be	 intact	 in	 the	levels
cranial	 to	 the	 level	 of	 injury.	 Patients	 with	 conus	 medullaris	 syndrome	 have
predominantly	 upper	 motor	 neuron	 dysfunction,	 such	 as	 spasticity	 or
hyperreflexia.	Both	syndromes	are	a	surgical	emergency	and	should	quickly	be
identified	with	appropriate	treatment	rendered	within	48	hours.

Pathophysiology

Blunt	Trauma
Damage	 to	 the	 spinal	cord	 from	blunt	 trauma	 injury	occurs	 in	 two	stages.	The
primary	 injury	 phase	 includes	 a	 combination	 of	mechanical	 factors	 that	 cause
direct	injury	to	the	spinal	cord.	This	leads	to	direct	neurologic	dysfunction	at	and
below	 the	 level	 of	 the	 injury.	 This	 direct	mechanical	 disruption	 and	 persistent
pressure	 on	 the	 spinal	 cord	 leads	 to	 secondary	 events	 that	 worsen	 the	 initial
damage.19

Within	 seconds	 to	 minutes	 after	 the	 injury	 (immediate	 phase),	 there	 is
disruption	 of	 microvasculature	 that	 leads	 to	 possible	 hemorrhage	 in	 the	 gray
matter,	and	edema	in	the	white	matter	of	 the	spinal	cord.19,20	This	increases	the
extracellular	fluid	and	pressure,	which	leads	to	decreased	perfusion	in	the	spinal
cord.	 This	 decrease	 in	 perfusion	 ultimately	 results	 in	 ischemia	 owing	 to
thrombosis	and	vasospasm.21

After	 the	 immediate	 phase	 is	 the	 early	 acute	 phase,	 which	 occurs	 from	 2
hours	 to	 2	 days	 after	 the	 initial	 injury.	 There	 is	 further	 damage	 from	 ionic
dysregulation	and	excitotoxicity.	Intracellular	sodium	concentration	increases	as
a	 result	 of	 trauma-induced	 activation	 of	 voltage-sensitive	 sodium	 channels.21
This	 increase	 in	 sodium	 is	 accompanied	 by	 influx	 of	 calcium	 through	 the
sodium-calcium	 exchanger,	 which	 leads	 to	 intracellular	 acidosis	 and	 cytotoxic
edema.	 Furthermore,	 this	 influx	 of	 sodium	 and	 calcium	 triggers	 release	 of	 the
excitatory	neurotransmitter	glutamate	in	the	presynaptic	neurons.	This	excessive
accumulation	 of	 glutamate	 leads	 to	 amplification	 and	 propagation	 of
depolarization,	which	eventually	leads	to	postsynaptic	neuron	edema	and	death.
Furthermore,	 there	 is	 increased	 infiltration	 of	 neutrophils,	 free	 radicals,	 and
inflammatory	mediators	in	this	phase	that	contribute	to	neuronal	damage.22

In	 the	subacute	phase,	which	is	from	2	days	 to	2	weeks	post	 injury,	 there	 is



increased	 phagocytosis	 and	 apoptosis	 of	 the	 neuronal	 cells,	 and	 demyelination
followed	by	cyst	formation.22

Penetrating	Trauma
Penetrating	SCI	 comprises	 a	 distinct	mechanism	of	 spinal	 injury	 that	 deserves
special	 consideration.	 Gunshot	 wounds	 and	 stabbings	 account	 for	 the	 greatest
proportion	of	penetrating	SCI	followed	by	injuries	from	falls	onto	sharp	objects
and	industrial	accidents.23

Gunshot	missiles	 impart	damage	in	 three	ways:	(1)	direct	 tissue	destruction,
(2)	 pressure	 or	 shockwave	 effect,	 and	 (3)	 temporary	 cavitation.	 The	 extent	 of
tissue	damage	 from	a	gunshot	missile	 is	 related	 to	 the	 energy	 imparted	by	 the
projectile.	Kinetic	energy	(KE)	is	calculated	based	on	the	equation	KE	=	1/2	mv2
(m	=	mass	and	v	=	velocity).	Based	on	this	principle,	increases	in	velocity	impart
an	exponential	increase	in	kinetic	energy,	which	transfers	into	a	greater	degree	of
tissue	destruction.	In	general,	guns	with	muzzle	velocity	below	2000	feet/sec	are
considered	 “low	 velocity”	 (civilian	 pistols)	 and	 those	 over	 2000	 feet/sec	 are
considered	“high	velocity”	(military	rifles	or	assault	weapons).	Shotguns	impart
a	low	velocity	but	high	energy	owing	to	the	large	mass	of	the	pellets	or	slug	that
is	delivered.	It	is	important	to	identify	the	of	weapons	used	as	it	will	dictate	the
extent	 of	 soft-tissue	 damage	 and	 help	 guide	 treatment.	 Furthermore,	 the	 path
which	the	bullet	passes	 through	or	comes	to	a	complete	stop	within	the	patient
can	also	affect	 the	extent	of	 the	damage.	Bullets	 that	are	 jacketed	 tend	 to	pass
through	 targets,	whereas	 bullets	 that	 yaw	 (wobble)	 often	 enter	 the	 target	 at	 an
angle	thus	resulting	in	a	greater	cross-sectional	area	of	damage	and	larger	tissue
cavitation.

SCI	 from	 stabbings	 involve	 cervical	 and	 thoracic	 locations	 in	 80%	 of	 the
cases,	and	are	 split	 equally	 in	prevalence.24	 “Cord	hemisection”	 injury	 is	more
commonly	seen	in	stabbing	injuries	owing	to	the	spinal	column	bony	anatomy.
The	 penetrating	 object	 typically	 finds	 the	 path	 of	 least	 resistance	 in	 the	 gutter
between	the	transverse	process	and	spinal	process.	Because	of	the	orientation	of
the	 spinous	 process	 (caudal	 and	 sagittal),	 the	 knife	 typically	 is	 blocked	 from
crossing	 the	 midline.	 This	 results	 in	 Brown–Sequard	 syndrome	 with	 loss	 of
ipsilateral	motor	and	proprioception	and	contralateral	pain	and	temperature.

Acute	Management
Early	management	of	 a	patient	with	potential	 spinal	 cord/spinal	 column	 injury
should	begin	immediately	at	the	scene	of	the	accident.	Pathologic	motion	of	the



injured	vertebrae	can	lead	to	worsening	neurologic	injury.	It	is	estimated	that	3%
to	25%	of	SCIs	deteriorate	neurologically	after	the	initial	trauma	owing	to	transit
or	early	management	of	the	patient.12,25	There	has	been	dramatic	improvement	in
the	 neurologic	 status	 of	 trauma	 patients	 since	 the	 establishment	 of	 spinal
immobilization	protocols	that	stabilize	patients	from	the	scene	of	the	accident	to
the	 hospital.	 Current	 recommendations	 for	 spinal	 immobilization	 consist	 of	 a
rigid	 cervical	 collar,	 lateral	 supports,	 and	 tape	 and	 body	 straps	 to	 secure	 the
patient	to	a	backboard	to	immobilize	the	entire	spine.	Unwanted	motion	can	still
occur	 during	 transport	 or	 logrolling	 the	 patient,	 resulting	 in	 neurologic
deterioration.12,25	It	also	should	be	emphasized	that	a	rigid	cervical	orthosis	does
not	eliminate	all	cervical	motion.26

Physicians	 should	 review	 the	 details	 of	 the	 accident,	 the	 energy	 and
mechanism	 of	 injury,	 and	 the	 general	 condition	 of	 the	 patient	 at	 the	 scene.
Patients	with	closed	head	injuries	and	facial	trauma	should	raise	suspicion	for	a
cervical	spine	injury	owing	to	transmission	of	force.	Patients	with	an	abdominal
“seat	belt	 sign”	may	have	a	 thoracolumbar	spine	 injury	consistent	with	 flexion
distraction	 of	 the	 spine	 about	 the	 fulcrum	 of	 the	 seatbelt.	 Patients	 who	 have
fallen	from	height	may	have	lumbar	burst	fractures	with	other	distracting	injuries
such	as	open	calcaneus	or	tibial	plafond	fractures.	Physicians	must	be	aware	of
certain	patient	populations	 such	as	pediatric	patients	or	 adults	with	preexisting
kyphotic	 deformities	 that	 require	 special	 attention	 during	 prehospital
management.	In	pediatric	patients,	the	head	size	is	disproportionally	larger	than
the	 body.	 Anterior	 translation/flexion	 injury	 may	 occur	 if	 the	 patient	 is
positioned	on	 a	 flat	 surface.	An	occipital	 recess	or	 a	 towel	placed	beneath	 the
scapulae	 is	 needed	 to	 maintain	 neutral	 spinal	 alignment.	 In	 patients	 with
suspected	neurologic	injury	without	radiographic	(plain	radiograph	or	computed
tomographic	[CT]	scan)	abnormality	(SCIWORA),	magnetic	resonance	imaging
(MRI)	 is	 recommended.	 In	 adult	 patients	 suspected	 of	 having	 ankylosing
spondylitis	 (AS)	 or	 diffuse	 idiopathic	 skeletal	 hyperostosis	 (DISH),	 physicians
must	 be	 aware	 of	 a	 preexisting	 kyphotic	 deformity	 as	 well	 as	 the	 very	 rigid
mechanical	nature	of	their	spines.12	Placing	a	cervical	collar	and	taping	the	head
to	 a	 flat	 backboard	 can	 worsen	 an	 extension-distraction	 injury,	 resulting	 in
further	neurologic	damage.	Patients	with	AS	and	advanced	kyphosis	may	require
their	heads	to	be	propped	up	to	maintain	the	preexisting	deformities	rather	than
cause	an	iatrogenic	deformity	that	may	lead	to	neurologic	impairment.12

4 	 Initial	 evaluation	 of	 a	 patient	 should	 follow	 the	 Advanced	 Trauma	 Life
Support	(ATLS)	protocols,	including	Airway	(A),	Breathing	(B),	Circulation	(C),
Disability	(D),	and	Exposure	(E).	Airway	management	is	essential	in	the	trauma
patient.	 In	 case	 of	 emergent	 intubation,	 in-line	 immobilization	 and	 neutral



cervical	 position	 should	 be	 maintained	 at	 all	 times.	 Patients	 with	 neurologic
injury	 at	 or	 above	 C3	 often	 experience	 acute	 respiratory	 arrest	 and	 require
mechanical	ventilation.12	Lower-level	cervical	or	thoracic	injuries	may	also	lead
to	 difficulty	 with	 breathing	 owing	 to	 impaired	 intercostal	 muscle	 function.
Maintaining	oxygenation	and	perfusion	should	be	a	priority	 in	 trauma	patients.
Hypotension	 should	 be	 treated	 aggressively	 and	 the	 etiology	 of	 suspected
hemorrhage	 should	 be	 investigated	 thoroughly.	 Patients	 with	 seatbelt	 injures
have	 increased	 risk	 of	 intra-abdominal	 pathologies	 along	 with	 thoracolumbar
flexion-distraction	injury.12	Furthermore,	one	should	suspect	neurogenic	shock	in
the	setting	of	a	hypotensive	and	bradycardic	patient.	Neurogenic	shock	occurs	in
approximately	20%	of	cervical	SCIs	and	is	a	result	of	 loss	of	sympathetic	tone
on	 the	 peripheral	 vasculature.27,28	 Neurogenic	 shock	 often	 occurs	with	 injuries
above	 the	T6	 level,	 and	hypotension	 should	 be	 aggressively	 treated	 to	 prevent
further	 ischemic	 cord	 damage.	 Pharmacologic	 interventions	 should	 be	 used	 in
cases	of	hypotension	not	 responsive	 to	 fluid	 resuscitation.	Alpha-agonists	 such
as	 phenylephrine	 can	 be	 used,	 however,	 it	 does	 not	 treat	 the	 associated
bradycardia,	 therefore	 norepinephrine	 is	 often	 preferred	 which	 has	 both	 alpha
and	 beta	 properties.	Dopamine	 is	 another	medication	 that	 can	 be	 used	 to	 treat
neurogenic	shock.12

Radiographic	Assessment
The	goal	of	cervical	spine	clearance	is	to	safely	and	efficiently	rule	out	an	injury
that	might,	if	missed,	lead	to	neurologic	injury	or	late	instability.12	Patients	with
neck	 pain,	 tenderness,	 and	 neurologic	 deficits	 and	 obtunded	 patients	 require
radiologic	evaluation.	Patients	who	are	temporarily	cognitively	impaired	should
be	 protected	 with	 spinal	 precautious	 until	 a	 definitive	 clinical	 examination	 is
completed.

Diagnostic	 imaging	 modalities	 utilized	 to	 assess	 spinal	 column/spinal	 cord
pathologies	 include	 plain	 radiographic	 films,	 CT	 scans,	 and	 MRI	 scans.	 Two
decision	 guidelines	 have	 previously	 been	 established	 to	 minimize	 use	 of
unnecessary	 imaging	 in	 trauma	 patients.	 NEXUS	 (National	 Emergency	 X-
radiography	 Utilization	 Study)	 Low-Risk	 Criteria29	 were	 designed	 to	 identify
patients	who	do	not	need	diagnostic	 imaging	 to	exclude	a	clinically	significant
cervical	spine	injury.	Cervical	spine	radiographs	are	indicated	unless	the	patients
fit	 all	 of	 the	 following	 criteria:	 alert	 and	 not	 intoxicated,	 no	 posterior	midline
tenderness,	no	neurologic	indications	of	injury,	and	have	no	distracting	injuries.
CCR30	 (Canadian	 C-spine	 rule)	 guidance	 states,	 “the	 patients	 who	 meet	 the
following	 criteria	 do	 not	 require	 radiographic	 study:	 fully	 alert	 and	 oriented,



involved	in	low-energy	trauma,	no	neurologic	symptoms,	no	midline	tenderness,
can	actively	 rotate	head	45	degrees	 in	both	directions,	 and	have	no	distracting
injuries”	(Figure	41.4).

	

Figure	41.4 	The	Canadian	C-Spine	Rule.(Adapted	from	Stiell	IG,
Wells	GA,	Vandemheen	KL,	 et	 al.	 The	Canadian	C-Spine	Rule	 for
radiography	 in	 alert	 and	 stable	 trauma	 patients.	 JAMA.
2001;286:1841-1848;	and	Stiell	 IG,	Clement	CM,	McKnight	RD,	et
al.	The	Canadian	C-spine	rule	versus	the	NEXUS	low-risk	criteria	in
patients	with	trauma.	N	Engl	J	Med.	2003;349:2510;	and	Barash	PG,
Cahalan	MK,	 Cullen	 BF,	 eds.	Clinical	 Anesthesia.	 8th	 ed.	 Wolters
Kluwer;	2018.	Figure	53.2.)

Plain	 radiographs	 provide	 information	 on	 bony	 integrity	 and	 overall
alignment.	Upright	plain	radiographs	including	flexion/extension	films	are	often
used	 to	 assess	 spinal	 column	 alignment	 under	 physiologic	 load.	 CT	 scans
provide	a	more	sensitive	and	specific	modality	for	evaluation	of	bony	pathology.
CT	 has	 enhanced	 resolution	 compared	 to	 plain	 radiographs	 and	 allows
visualization	of	the	occipitocervical	and	cervicothoracic	junctions.

Patients	with	a	known	diagnosis	of	AS	or	DISH	should	be	treated	with	extra
caution.12	 Owing	 to	 fusion	 of	 multiple	 spinal	 segments	 (especially	 in	 patients
with	AS),	nondisplaced	fractures	behave	like	diaphyseal	long	bone	fractures	and
are	potentially	highly	unstable.	Previously	mentioned	scoring	systems	to	assess



stability	 do	 not	 apply	 to	 these	 patients	 and	 missed	 diagnosis	 can	 have
catastrophic	results.	Patients	with	AS	who	have	been	in	even	a	minor	trauma	that
have	 back/neck	 pain	 should	 have	CT/MRI	 to	 rule	 out	 fracture.	Negative	 plain
radiographs	 are	 not	 sufficient	 to	 make	 a	 definite	 diagnosis.12	 A	 prior	 study
demonstrated	 a	 high	 rate	 of	 neurologic	 deterioration	 if	 fractures	 are	missed	 in
this	patient	population.31

MRI	has	become	the	gold	standard	for	 imaging	neurologic	tissues	including
the	 spinal	 cord.	When	 a	 patient’s	 neurologic	 examination	 does	 not	 match	 the
fracture	pattern	seen	on	CT	scan,	MRI	should	be	 the	utilized	 in	 the	evaluation
process.	 MRI	 allows	 better	 visualization	 of	 the	 spinal	 cord,	 ligaments,	 discs,
vessels,	and	other	soft	tissues.	Patients	with	cervical	spine	injuries	have	high	rate
of	 disc	 herniation	 (36%)	 on	 MRI,	 along	 with	 posterior	 ligamentous	 injuries
(64%).32	 Furthermore,	 MRI	 allows	 the	 surgeon	 to	 plan	 surgically	 and
prognosticate	in	the	setting	of	SCIs.

Four	MRI	imaging	patterns	of	SCIs	have	been	described,	and	include	normal
cord,	single-level	edema,	multilevel	edema,	and	mixed	hemorrhage	and	edema.
Patients	 with	 single-level	 edema	 had	 overall	 improvement	 of	 two	 grades	 in
ASIA	score	compared	to	an	improvement	of	one	for	patients	with	diffuse	edema.
Single-level	 edema	 patients	 had	 higher	 chance	 of	 returning	 to	 ASIA	 E	 grade
compared	 to	 those	 with	 diffuse	 edema.	 Patients	 with	 edema	 and	 hemorrhage
have	 the	worst	prognosis,	with	95%	classified	as	ASIA	A	at	 the	 time	of	 initial
presentation.	These	patients	improved	one	ASIA	grade	only	5%	of	the	time.32

TREATMENT

Nonoperative
Patients	 with	 SCI	 often	 benefit	 from	 multidisciplinary	 nonoperative	 intensive
care	 unit	 (ICU)	 care.	 Previous	 studies	 have	 shown	 improved	management	 and
lower	 morbidity	 and	mortality	 following	 acute	 SCI	 with	 ICU	monitoring	 and
aggressive	medical	management.33,34	Nonoperative	SCI	care	can	be	described	in
two	 categories19:	 neuroprotective	 measures	 and	 indirect	 reduction	 with
immobilization.

Neuroprotective	Measures
5 	Maintenance	of	adequate	oxygenation	and	perfusion	to	the	spinal	cord	may	be



neuroprotective	 against	 secondary	 SCI.	 Hypotension	 in	 animal	models	 of	 SCI
results	in	worse	neurologic	outcome.33	No	randomized	controlled	trials	of	blood
pressure	 augmentation	 in	 patients	 with	 SCI	 exist.	 Previous	 observational	 and
retrospective	 studies	 have	 had	MAP	 goals	 of	 85	 to	 90	mm	Hg	with	 durations
ranging	from	24	hours	to	7	days.	Dopamine,	norepinephrine,	and	phenylephrine
were	 the	 agents	 most	 frequently	 used.	 Systematic	 review	 of	 blood	 pressure
augmentation	 has	 yielded	 inconclusive	 evidence.	However,	 in	 two	 prospective
studies,	neurologic	outcomes	were	stable	to	improved	using	this	approach.	Based
on	the	evidence	available	from	these	2	prospective	studies,	MAP	goals	of	85	to
90	mm	Hg	for	a	duration	of	5	 to	7	days	should	be	considered.	Norepinephrine
for	cervical	and	upper	thoracic	injuries	and	phenylephrine	or	norepinephrine	for
mid-	 to	 lower	 thoracic	 injuries	should	be	considered.	More	complications	have
been	associated	with	dopamine	use	than	with	other	vasopressors.35

5 	Pharmacological	intervention	for	SCI	aims	to	minimize	the	secondary	zone
of	 injury.36	 The	 most	 publicized	 intervention	 was	 the	 use	 of	 high-dose
methylprednisolone	 for	 SCI.	 NASCIS37-39	 (National	 Acute	 Spinal	 Cord	 Injury
Studies)	 II	 and	 III	 studies	 found	 extremely	modest	 yet	 inconsistent	 neurologic
improvement	 with	 high-dose	 methylprednisolone.	 However,	 the	 complication
rates	 were	 significant	 and	 include	 wound	 infection,	 hyperglycemia,	 GI
hemorrhage,	 sepsis,	 steroid	 induced	 myopathy,	 and	 death.	 High-dose
methylprednisolone	can	also	significantly	alter	immune	response	with	decreased
T-cell	counts,	and	 this	 treatment	was	associated	with	higher	 rate	of	pneumonia
and	 longer	hospital	stays.40	Pooled	evidence	does	not	demonstrate	a	significant
long-term	benefit	for	patients	with	acute	 traumatic	SCIs	but	does	show	harm.41
Accordingly,	 the	 authors	 do	 not	 recommend	 the	 use	 of	 corticosteroid	 in	 the
setting	of	traumatic	SCI.

GM-1	 ganglioside	 (Sygen)	 is	 another	 drug	 with	 promising	 results	 in	 early
studies.	This	compound	is	found	indigenously	in	cell	membranes	of	mammalian
central	 nervous	 system	 tissue	 and	 thought	 to	 have	 antiexcitotoxic	 activity,	 to
potentiate	 the	 effects	 of	 nerve	 growth	 factor,	 and	 to	 prevent	 apoptosis.	 A
multicenter	study	randomized	797	patients	within	72	hours	of	 injury	to	receive
either	GM-1	ganglioside	or	placebo.	Although	patients	with	ASIA	grade	C	and
D	 SCI	 treated	 with	 GM-1	 ganglioside	 demonstrated	 significant	 neurologic
improvement	compared	to	placebo-treated	patients	at	4	and	8	weeks	after	injury,
the	advantage	was	lost	at	subsequent	follow-up	visits.	No	difference	was	noted
in	 any	 of	 the	 outcome	 measures	 at	 1	 year.40	 A	 number	 of	 promising
pharmacological	 therapies	are	currently	under	 investigation	 for	neuroprotective
effect	 in	 animal	 models	 with	 recent	 human	 clinical	 trials	 underway.	 These
include	 the	 glutamatergic	 modulator	 Riluzole,	 the	 tetracycline	 derivative



minocycline,	 the	 fusogen	 copolymer	 polyethylene	 glycol,	 and	 the	 tissue-
protective	hormone	erythropoietin.19,42-45

Indirect	Reduction	and	Spinal	Immobilization
The	goals	 of	SCI	 treatment	 are	 to	 prevent	 neurologic	 deterioration,	 reestablish
spinal	column	stability,	and	regain	neurologic	function.	Neurologic	deterioration
is	 a	 real	 risk	 once	 the	 patient	 has	 come	 under	 the	 care	 of	 medical	 personal.
Understanding	the	functions	and	limitations	of	spine	orthoses	is	critical	to	limit
those	 occurrences.	 SCI	 patients	 should	 first	 be	 immobilized	with	 bed	 rest	 and
“spine	 precautious.”	 All	 cervical	 fracture	 patients	 should	 be	 protected	 by
cervical	 orthosis.	 Previous	 cadaver	 studies	 have	 shown	 that	 specimens	 with
cervical	collar	had	similar	cervical	spine	motion	compared	to	those	who	did	not
during	 bed-to-bed	 transfer.	 For	 this	 reason,	 extra	 caution	must	 be	 used	 during
patient	transfer	despite	the	presence	of	cervical	orthosis.46	For	patients	with	high
cervical	 injuries	 including	 occipitocervical	 dissociation,	 rigid	 cervical	 collars
may	not	adequately	immobilize	those	spinal	segments.	The	halo	vest	remains	the
orthosis	 of	 choice	 for	 these	 patients.	 A	 halo	 vest	 is	 the	 most	 rigid	 cervical
external	immobilizer.	It	restricts	up	to	75%	of	flexion/extension	at	C1-C2	level
and	 has	 superior	 control	 of	 lateral	 bending	 and	 rotation	 compared	 to	 other
cervical	orthoses.	Halo	vests	should	not	be	used	for	patients	with	advanced	age,
chest	 trauma,	 cranial	 fractures,	 infection,	 or	 soft-tissue	 damage	 around	 the
proposed	 pin	 sites.47	 Certain	 fracture/dislocations	 of	 the	 cervical	 spine	 may
require	 in-line	 cervical	 traction	 with	 Gardner-Wells	 tongs	 to	 achieve	 fracture
reduction.	 The	 patient	 should	 be	 awake/alert	 and	 positioned	 in	 reverse
Trendelenburg	 position	 with	 shoulder	 straps	 attached	 to	 the	 end	 of	 the	 bed.
Gardner-Wells	tongs	are	typically	applied	1	cm	superior	to	the	pinna	of	the	ears.
Traction	weight	should	be	applied	and	increased	gradually	and	incrementally.	At
every	 step,	 a	 neurologic	 examination	 and	 lateral	 cervical	 x-ray	 must	 be
performed.	If	reduction	is	successful,	a	postreduction	CT	or	MRI	scan	should	be
done.43	 KTT	 (kinetic	 therapy	 treatment)	 is	 a	 laterally	 rotating	 bed	 created	 to
substitute	frequent	patient	positioning	in	order	to	minimize	the	complications	of
long-term	 bed	 rest.	 Previous	 cadaver	 studies	 have	 shown	 that	 KTT	 generated
significantly	 less	 cervical	 and	 thoracolumbar	 spine	 motion	 in	 comparison	 to
logroll.46	 The	 authors	 recommend	 that	 KTT	 should	 be	 used	 for	 initial
immobilization	for	patients	with	cervical,	thoracic,	or	lumbar	instability.

Medical	Management	of	Spinal	Cord–Injured	Patients



SCI	 may	 cause	 dysfunctions	 in	 multiple	 organ	 systems,	 leading	 to	 increased
mortality	 and	 decreased	 quality	 of	 life.48	 SCI	 above	 T6	 vertebra	 disrupts	 the
descending	pathways	to	the	sympathetic	neurons	in	the	intermediolateral	column
of	the	spinal	cord	from	T1	to	L2.	Loss	of	sympathetic	control	results	in	increased
sympathetic	 activity	 below	 the	 injury	 and	 loss	 of	 inhibition	 by	 the
parasympathetic	nervous	system	above	the	level	of	injury.48

Sympathetic	neurons	in	the	upper	thoracic	spinal	cord	(T1-T5)	innervate	the
vessels	of	the	upper	body	and	heart.48	Neurogenic	shock,	which	is	characterized
by	hypotension	and	bradycardia,	 is	a	 result	of	 intact	parasympathetic	 influence
via	 the	vagal	 nerve	with	 a	 loss	 of	 sympathetic	 tone.	Treatments	 of	 neurogenic
shock	 include	 fluid	 resuscitation	 for	 hypotension,	 atropine	 in	 the	 setting	 of
bradycardia,	and	vasopressors	such	as	dopamine	or	norepinephrine	in	the	setting
of	severe	hemodynamic	instability.33	Owing	to	decreased	transmission	of	cardiac
pain	 (T4),	patients	with	SCI	above	 that	 level	may	have	 impaired	perception	of
chest	pain	 in	case	of	 ischemic	cardiac	events.48	During	the	acute	phase	of	SCI,
vagal	nerve	disturbance	can	last	2	to	3	weeks;	in	certain	cases,	pacemakers	are
required	to	maintain	a	functional	cardiac	rhythm.48

Autonomic	dysreflexia	 (AD)	 is	 a	 sudden	uncontrolled	 sympathetic	 response
resulting	in	uncontrolled	arterial	blood	pressure.	This	typically	occurs	in	patients
with	SCI	above	T6.	This	is	a	life-threatening	event,	with	blood	pressures	above
250	mm	Hg	reported.49	The	incidence	of	AD	was	found	to	be	10%	to	11%	during
the	 first	 3	 years	 post	 injury.49	 The	 most	 common	 offending	 trigger	 is	 bladder
distention	owing	to	urinary	retention	or	catheter	blockage.	Other	triggers	include
constipation,	urinary	tract	infection,	and	traumatic/painful	stimuli.	The	mainstay
of	 treatment	 for	 AD	 is	 prevention	 and	 avoidance	 of	 common	 triggers.
Pharmacological	 interventions	 should	 include	 drugs	 that	 have	 rapid	 onset	with
short	duration,	that	is,	nifedipine,	hydralazine,	or	sodium	nitroprusside.50

Respiratory	insufficiency	and	pulmonary	dysfunction	are	common	after	SCI,
especially	 in	 the	 high	 cervical	 level	 owing	 to	 phrenic	 nerve	 denervation	 (C3-
C5).33	 Early	 initiation	 of	 vigorous	 pulmonary	 therapy	 after	 acute	 SCI	 is
associated	 with	 increased	 survival,	 reduced	 incidence	 of	 pulmonary
complications,	and	decreased	need	for	ventilator	support.33	Aggressive	secretion
clearance,	pulmonary	toilet,	and	chest	physiotherapy	are	highly	recommended	to
lower	 the	 rate	of	pulmonary	complications.	 In	 the	 thoracic	SCI	population,	 the
location	 of	 injury	 is	 a	 predictor	 of	 the	 incidence	 of	 pulmonary	 complications.
Maung	et	 al	 found	 a	higher	 rate	of	 pneumonia	 in	high	 thoracic	 injury	patients
(T1-T6)	 compared	 to	 low	 thoracic	 injury	 patients	 (T7-T12),	 43.3%	 vs	 25.4%,
respectively.51,52

SCI	often	leads	to	bladder	dysfunction.	This	dysfunction	can	be	classified	as



either	an	upper	motor	neuron	or	 lower	motor	neuron	syndrome.48	Upper	motor
neuron	 syndrome	 leads	 to	 detrusor	 hyperactivity,	 where	 the	 bladder	 wall
contracts	 in	 response	 to	minor	 stretch	without	 any	 voluntary	 external	 urethral
sphincter	 control.	 This	 results	 in	 frequent,	 involuntary	 voiding.	 Lower	 motor
neuron	syndrome	leads	to	decreased	or	absent	detrusor	contractility	(flaccidity)
with	 a	 distended	bladder.	Bladder	management	 in	SCI	patients	 includes	 sterile
intermittent	 catheterization	 in	 the	 hospital,	 and	 clean	 intermittent	 self-
catheterization	 outside	 the	 hospital.48	 Anticholinergic	 medications	 may	 be
helpful	with	spastic	bladder.

The	incidence	of	venothromboembolic	events	(VTE)	in	the	untreated	patients
with	SCI	is	high,	ranging	from	7%	to	100%.53,54	There	is	a	high	rate	of	morbidity
and	 mortality	 associated	 with	 occurrence	 of	 VTE	 in	 this	 population.
Thromboembolic	events	are	 responsible	 for	9.7%	of	all	deaths	 in	 the	 first	year
following	 SCI.	 Furthermore,	 SCI	 patients	 have	 500-fold	 increased	 risk	 of
pulmonary	 embolism	 related	 death	 in	 the	 first	 month	 following	 the	 injury.54
Previous	systematic	review	has	suggested	that	 low-molecular-weight	heparin	 is
more	effective	than	unfractionated	heparin	in	preventing	deep	vein	thrombosis	in
the	SCI	population.54	IVC	filters	are	not	recommended	as	a	routine	prophylactic
measure,	but	are	recommended	for	patients	who	failed	or	are	not	candidates	for
anticoagulation	therapy.

Operative	Management	of	Spinal	Cord–Injured	Patients
6 	Operative	treatment	in	patients	with	spine	fractures	has	typically	been	utilized
for	 unstable	 fractures,	 progressive	 neurologic	 deficits,	 and	 patients	 unable	 to
tolerate	 bracing	 (i.e.,	 obesity,	 skin	 lesions,	 visceral	 injury,	 multiextremity
injuries).

The	 goal	 of	 surgical	 intervention	 in	 patients	 with	 SCI	 is	 to	 achieve	 spinal
stability,	deformity	correction,	neurologic	recovery,	and	pain	control,	and	allow
for	 early	 mobilization	 and	 rehabilitation.55	 This	 procedure	 may	 include
corpectomy	(removal	of	a	portion	of	the	vertebra	and	the	adjacent	intervertebral
discs)	and	strut	grafting	using	allograft,	autograft,	metal	cages,	or	a	combination
of	 these.	 Corpectomy	 is	 usually	 supplemented	 with	 additional	 posterior
instrumentation	for	increased	spinal	column	stability.	The	posterior	approach	can
achieve	 spinal	 cord	 decompression	 by	 either	 directly	 removing	 retropulsed
vertebra	through	a	transpedicular	approach	or	via	ligamentotaxis	by	restoring	the
vertebral	height	and	alignment	with	posterior	instrumentation.

Optimal	 timing	 of	 surgical	 intervention	 to	 achieve	 maximal	 neurologic
recovery	 remains	 a	 controversial	 topic.	Most	 of	 the	 studies	 performed	 on	 the



timing	of	surgical	decompression	classify	the	interventions	as	either	early	(<72
hours)	or	late	(>72	hours).	This	time	delineation	is	based	on	a	number	of	early
retrospective	 studies	 that	 showed	 that	 early	 decompression	 of	 acute	 SCI	 (<72
hours)	could	lead	to	improved	neurologic	function.56	Additionally,	previous	data
suggested	that	white	matter	 is	more	resilient	and	damage	is	reversible	up	to	72
hours	 after	 injury,	 compared	 to	 irreversible	 damage	 to	 the	 gray	 matter.55
Unfortunately,	however,	in	randomized	clinical	trials,	there	is	no	clear	evidence
to	support	early	surgical	decompression	for	improving	neurologic	outcomes.	In	a
review	of	the	available	evidence,	Dimar	et	al	noted	no	benefit	with	early	surgery
compared	 with	 late	 surgery	 in	 a	 randomized	 controlled	 trial	 of	 cervical	 spine
injury.56	 Cengiz	 et	 al57	 performed	 a	 prospective	 randomized	 clinical	 trial	 on
thoracic	 fractures,	which	did	demonstrate	 improved	neurologic	 recovery	 in	 the
early	surgery	group;	however,	the	study	was	small,	and	exclusion	of	polytrauma
patients	limited	generalizability.

If	the	goal	of	surgery	is	for	spine	stabilization	only,	retrospective	studies	have
shown	 early	 surgical	 stabilization	 (<72	 hours)	 does	 lead	 to	 improved
nonneurologic	 outcomes.	 A	 review	 by	 Bellabarba	 et	 al58	 found	 seven	 studies
reporting	 decreased	 hospital	 length	 of	 stay	 (LOS)	with	 early	 stabilization,	 and
decreased	ICU	stay	with	thoracic	spine	stabilization.	In	his	review,	Dimar	et	al56
concluded	 that	 when	 neurologic	 recovery	 is	 not	 considered	 an	 outcome	 of
interest,	 previous	 studies	 have	 consistently	 shown	 shorter	 hospital	 LOS,	 ICU
LOS,	fewer	days	on	mechanical	ventilation,	and	lower	pulmonary	complications
among	 patients	who	 had	 undergone	 early	 stabilization,	with	 early	 stabilization
leading	 to	 lower	 overall	 cost	 compared	 to	 the	 late	 stabilization	 cohorts.
Unfortunately,	 these	 retrospective	 studies	 have	 many	 confounding	 factors
including	significant	associated	injuries	and	baseline	patient	comorbidities56	and
the	 optimal	 timing	 of	 surgical	 stabilization	 of	 patients	 with	 spinal	 column
injuries	thus	remains	unsettled.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	68-year-old	man	is	being	evaluated	after	slipping	in	the	bathroom	and
striking	his	forehead	on	the	sink.	In	the	emergency	room	his	vital	signs	are
stable.	CT	of	the	head	and	cervical	spine	show	no	hemorrhage	or	injury.	The	CT
does	note	significant	degenerative	changes	throughout	the	cervical	spine.	On



examination	he	has	weakness	in	his	bilateral	hands	with	2/5	strength	in	finger
flexors	and	interosseous	muscles,	and	4/5	elbow	flexion/extension.	He	has	good
strength	in	his	legs	with	only	mild	(4/5)	weakness	with	hip	flexion.	He	has
normal	sensation	throughout	bilateral	upper	and	lower	extremities,	including
perianal	sensation.	What	incomplete	spinal	cord	injury	does	this	patient	most
likely	have?

A. 	Anterior	cord	syndrome
B. 	Brown-Sequard	syndrome
C. 	Central	cord	syndrome
D. 	Posterior	cord	syndrome

2. 	A	46-year-old	woman	is	admitted	to	the	ICU	for	acute	on	chronic
respiratory	failure.	She	has	a	history	of	a	C4	complete	spinal	cord	injury	from
2	years	ago	and	breathes	with	the	assistance	of	a	ventilator.	The	nurse	notifies
you	that	her	blood	pressure	is	now	220/106.	You	go	to	examine	the	patient	who
does	not	appear	to	be	in	any	discomfort.	You	notice	the	Foley	catheter	has	been
inadvertently	dislodged.	What	is	the	most	appropriate	next	step	in	management?

A. 	Administer	hydralazine
B. 	Bag	mask	ventilate	the	patient
C. 	Obtain	bladder	ultrasound
D. 	Replace	Foley	catheter

3. 	A	29-year-old	man	presents	to	the	ED	after	diving	into	shallow	water.	On
primary	exam	a	forehead	contusion	is	noted,	he	has	no	other	apparent	injuries.
Abdominal	ultrasound	(FAST	exam)	is	negative,	lactate	is	1.7,	and	hematocrit	is
40.5.	His	heart	rate	is	54	and	blood	pressure	86/54.	He	is	given	1L	of	normal
saline	with	no	change	in	his	blood	pressure.	On	exam,	he	is	unable	to	move	his
arms	or	legs.	Anal	sphincter	contraction	is	present	when	the	indwelling	catheter
is	pulled.	What	is	the	most	likely	diagnosis	in	this	patient?

A. 	Adrenal	insufficiency
B. 	Cardiogenic	shock
C. 	Hemorrhagic	shock
D. 	Neurogenic	shock

4. 	A	54-year-old	man	presents	with	severe	neck	pain	after	being	an
unrestrained	driver	in	a	motor	vehicle	collision.	He	is	hemodynamically	stable



and	respiring	without	difficulty.	He	is	found	to	have	normal	strength	in	his	elbow
flexors,	mild	weakness	(4/5)	in	wrist	extensors,	and	no	motor	function	in	his
elbow	extensors,	hands	or	bilateral	lower	extremities.	He	has	normal	sensation
over	the	lateral	aspect	of	his	arms	and	his	thumbs,	but	is	otherwise	insensate.
Bulbocavernosus	reflex	is	intact.	Which	of	the	following	best	describes	this
patient’s	American	Spinal	Cord	Injury	Association	(ASIA)	Impairment	Scale
score?

A. 	ASIA	A
B. 	ASIA	B
C. 	ASIA	C
D. 	Cannot	be	determined	with	information	provided

Answers

1.	The	correct	answer	is	C.
Rationale:	 Central	 cord	 syndrome	 is	 the	 most	 common	 incomplete	 spinal

cord	injury	and,	as	in	this	case,	is	usually	seen	in	patients	who	have	sustained	a
hyperextension	 injury	 with	 preexisting	 cervical	 stenosis	 (choice	 C	 is	 correct).
The	key	clinical	exam	findings	are	upper	extremity	weakness	greater	than	lower
extremity	weakness,	often	with	hands	affected	more	than	arms.	The	central	part
of	 the	 spinal	 cord	 is	 typically	 affected,	preferentially	 the	motor	 tract	 closest	 to
midline,	which	 are	 the	 lateral	 corticospinal	 tracts.	 Sensation	 is	 rarely	 affected.
Anterior	cord	syndrome	(choice	A	is	incorrect)	would	be	characterized	by	motor
and	sensory	dysfunction	below	 the	 injured	 level	with	preserved	proprioception
and	vibratory	sensation.	Brown-Sequard	syndrome	(choice	B	is	incorrect)	in	the
setting	 of	 trauma	 is	 due	 to	 a	 penetrating	 injury	 and	 would	 have	 decreased
strength,	sensation,	and	proprioception	on	the	injured	side	with	contralateral	loss
of	pain	and	temperature.	Posterior	cord	syndrome	(choice	D	is	incorrect)	is	rare
and	 presents	with	 intact	 strength	 and	 sensation,	 but	 absent	 proprioception	 and
vibratory	sensation.	While	not	listed	here	as	choices,	cauda	equina	syndrome	and
conus	 medullaris	 syndrome	 would	 not	 affect	 the	 upper	 extremities.	 Common
symptoms	 include	 lower	 extremity	 weakness,	 decreased	 sensation,	 loss	 of
bowel/bladder	function,	and	saddle	anesthesia.

2.	The	correct	answer	is	A.
Rationale:	 Autonomic	 dysreflexia	 (AD)	 is	 a	 sudden,	 uncontrolled

sympathetic	 response	 resulting	 in	uncontrolled	arterial	blood	pressure,	and	 is	a



life-threatening	 event.	AD	 typically	 only	 occurs	 in	 patients	with	 a	 spinal	 cord
injury	higher	than	T6.	Common	causes	include	bladder	distension,	constipation,
UTI,	or	traumatic/painful	stimuli;	however,	the	first	line	of	treatment	would	be	to
control	this	patient’s	profound	hypertension	by	administering	a	medication	with
rapid	onset	 and	 short	 duration	 such	 as	 hydralazine	 (choice	A	 is	 correct);	 other
pharmacologic	options	would	include	nifedipine	or	sodium	nitroprusside.	After
controlling	 the	 patient’s	 blood	 pressure	 it	 would	 be	 reasonable	 to	 locate	 the
inciting	 factor,	 which	 for	 this	 patient	 is	 likely	 the	 inadvertent	 removal	 of	 her
indwelling	Foley	catheter	(choice	D	is	not	the	first	action	to	take)	regardless	of
bladder	 ultrasound	 findings	 (choice	 C	 is	 incorrect).	 The	 patient	 is	 in	 no
respiratory	distress	(choice	B	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 This	 patient	 is	 presenting	 in	 neurogenic	 shock	 (choice	 D	 is

correct),	with	no	obvious	signs	of	hemorrhage.	The	next	best	treatment	modality
after	 fluid	 resuscitation	 would	 be	 to	 start	 him	 on	 vasopressors.	 Dopamine,
Norepinephrine,	and	phenylephrine	are	vasoactive	medications	commonly	used
to	 treat	 neurogenic	 shock.	 The	 presence	 of	 a	 bulbocavernosus	 reflex	 signifies
that	he	is	not	in	“spinal”	shock,	but	the	treatment	would	be	the	same.	Neurogenic
shock	results	from	loss	of	sympathetic	tone	which	only	occurs	in	cervical	or	high
thoracic	 spine	 injuries.	 It	 is	 due	 to	 a	 lack	 of	 sympathetic	 tone,	 decreased
systemic	 vascular	 resistance,	 and	 pooling	 of	 blood	 in	 the	 extremities,	 which
causes	the	hypotension	as	seen	in	this	patient.

4.	The	correct	answer	is	A.
Rationale:	In	order	to	determine	a	patient’s	ASIA	classification,	they	must	be

out	of	spinal	shock	which	is	signified	by	return	of	the	bulbocavernosus	or	anal
wink	reflex.	Next	the	level	of	neurologic	injury	must	be	determined,	which	is	the
lowest	neurologic	segment	with	intact	sensation	AND	muscle	function	strength
greater	than	movement	against	gravity	(=	3	or	more	out	of	5).	In	regions	where
there	 is	 no	 myotome	 to	 test,	 such	 as	 the	 thoracic	 spine,	 the	 motor	 level	 is
presumed	 to	 be	 the	 same	 as	 the	 sensory	 level.	 Finally,	 determine	 if	 it	 is	 a
complete	or	 incomplete	 injury.	Complete	 injury	 is	defined	as	no	sacral	 sparing
AND	 no	motor	 or	 sensory	 below	 the	 injured	 level.	 An	 incomplete	 injury	 has
voluntary	 anal	 contraction	 (sacral	 sparing),	 palpable	 or	 visible	 skeletal	muscle
contraction,	or	perianal	sensation	present.	In	this	patient	with	a	complete	spinal
cord	injury	with	>3/5	strength	in	the	C6	myotome	(wrist	extensors),	but	unable
to	extend	at	the	elbow	(C7	myotome)	they	would	best	be	classified	as	a	C6	ASIA
A	(choice	A	is	correct).	See	qFigure	1.
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Chapter	42
Thoracic	and	Cardiac	Trauma
Bruce	J.	Simon,	Scott	B.	Johnson,	John	G.	Myers

KEY	POINTS:
1.	 A	screening	chest	radiograph	and	physical	examination	reveal

abnormalities	associated	with	life-threatening	thoracic	injuries.
2.	 Chest	CT	angiogram,	however,	has	a	higher	sensitivity	for	the

detection	of	serious	thoracic	injury	including	aortic	injury	than	chest
radiograph	(up	to	11%	of	patients	with	aortic	injury	have	a	normal
screening	chest	radiograph).

3.	 Rib	fractures	are	the	most	common	thoracic	injury	whose
complications	are	related	to	the	development	of	pneumonia,
pneumothorax,	as	well	their	associated	injuries	(pulmonary
contusion).

4.	 The	number	of	rib	fractures	correlates	with	increased	morbidity	and
mortality,	particularly	in	older	patients	who	have	twice	the
complication	rate.

5.	 Blunt	cardiac	injury	(formerly	cardiac	contusion)	includes	myocardial
contusion	(most	common),	wall	rupture,	papillary	muscle	and	valve
injury.	A	normal	troponin	and	normal	ECG	rule	out	myocardial
contusion	(most	common	blunt	cardiac	injury),	which	if	present,	is
managed	with	symptomatic	treatment.

INTRODUCTION
Trauma	continues	to	be	the	leading	cause	of	death	in	the	first	4	decades	of	life	in
the	 United	 States;	 130,000	 to	 150,000	 deaths	 per	 year	 are	 trauma	 associated.
Thoracic	 trauma	 is	 responsible	 for	20%	 to	25%	of	 these	deaths.	Two-thirds	of



thoracic-related	deaths	occur	in	the	prehospital	setting,	usually	due	to	significant
cardiac,	 great	 vessel,	 or	 tracheobronchial	 injuries.	 In	 a	 study	 of	 over	 1300
patients	presenting	to	a	level	I	 trauma	center	with	thoracic	trauma,	Kulshrestha
and	 colleagues	 reported	 an	 overall	 mortality	 rate	 of	 9.4%,	 with	 56%	 of	 these
occurring	 within	 the	 initial	 24	 hours.	 While	 the	 two	 strongest	 predictors	 of
mortality	 were	 a	 low	 Glasgow	 Coma	 Scale	 and	 increased	 age,	 other	 factors
including	penetrating	injury,	liver	or	spleen	injury,	long	bone	fracture,	and	more
than	five	rib	fractures	also	predicted	in-hospital	mortality.1	In	a	study	of	trauma-
related	 hospital	 deaths	 at	 an	 urban	 level	 I	 trauma	 center,	 Demetriades	 and
colleagues	found	that	penetrating	mechanism,	age	more	than	60	years,	and	chest
Abbreviated	Injury	Scale	>	3	to	be	significant	variables	that	were	associated	with
patients	who	had	no	blood	pressure	or	pulse	on	admission.2

Overall,	 motor	 vehicle	 collisions	 account	 for	 70%	 to	 80%	 of	 all	 thoracic
injuries.	The	incidence	of	penetrating	injuries	varies	widely	but	is	usually	more
prevalent	in	urban	centers.	The	majority	of	thoracic	injuries	can	be	treated	with
careful	observation	or	tube	thoracostomy.	It	is	historically	reported	that	12%	to
15%	 of	 patients	with	 thoracic	 injury	will	 require	 a	 thoracotomy.	 In	 a	Western
Trauma	Association	multicenter	review,	only	1%	of	all	trauma	patients	required
nonresuscitative	 thoracotomy.3	With	 the	 improvements	 in	 prehospital	 care	 and
transport,	more	severely	injured	patients,	who	would	have	previously	died	at	the
scene,	 are	 arriving	 at	 the	 hospital	 alive.	 Success	 of	 the	 management	 of	 these
injuries	rests	on	having	a	high	index	of	suspicion	for	the	life-threatening	thoracic
trauma	and	prompt	recognition	and	treatment	of	associated	injuries.

INDICATIONS	FOR	URGENT	SURGICAL
INTERVENTION

Bleeding
Hemothorax	 is	 second	 only	 to	 rib	 fractures	 as	 the	 most	 common	 associated
finding	of	thoracic	trauma,	being	present	in	approximately	25%	of	patients	with
thoracic	trauma.	Bleeding	can	arise	from	the	chest	wall,	lung	parenchyma,	major
thoracic	vessels,	heart,	or	diaphragm.	A	small	or	moderate-size	hemothorax	that
stops	bleeding	immediately	after	placement	of	a	tube	thoracostomy	and	full	lung
inflation	 can	 usually	 be	 managed	 conservatively.	 However,	 if	 the	 patient
continues	 to	 bleed	 at	 a	 rate	 of	 more	 than	 200	 cc	 per	 hour,	 exploration	 is
indicated.	In	addition,	the	accumulation	of	more	than	1500	cc	of	blood	within	a



pleural	 space	 is	 considered	 a	 massive	 hemothorax	 that	 is	 likely	 due	 to	 larger
thoracic	vessel	injury	and	is	an	indication	for	exploration.	If	the	patient	becomes
hemodynamically	unstable	at	any	time	and	an	intrathoracic	source	is	suspected,
emergent	thoracotomy	should	be	performed	irrespective	of	chest	tube	drainage.
A	chest	radiograph	should	always	be	obtained	after	placing	a	tube	thoracostomy
to	 ensure	 proper	 positioning	 of	 the	 tube	 and	 complete	 drainage	 of	 the	 pleural
space.	Video-assisted	 thoracoscopic	 surgery	 (VATS)	 can	 be	 considered	 for	 the
stable	patient	with	retained	hemothorax	or	for	a	stable	patient	who	continues	to
bleed	 at	 a	 slow	 but	 steady	 rate;	 however,	 the	 surgeon	 should	 not	 hesitate	 to
convert	 to	 open	 thoracotomy	 if	 visualization	 is	 inadequate	 or	 drainage	 and
evacuation	of	the	pleural	space	is	incomplete.

Cardiovascular	Collapse
The	 indications	 for	 resuscitative	 emergency	 department	 thoracotomy	 (EDT)
continue	 to	be	debated.	Penetrating	 thoracic	 injuries,	 specifically	 stab	wounds,
have	 the	 highest	 rate	 of	 survival.	 Data	 for	 blunt	 trauma	 are	 much	 less
encouraging	but	should	not	be	used	as	a	deterrent,	as	there	are	several	functional
survivors	 in	 most	 reported	 series.	 A	 retrospective	 study	 of	 959	 patients
undergoing	resuscitative	thoracotomy	concluded	that	EDT	in	blunt	trauma	with
more	 than	 5	 minutes	 or	 penetrating	 trauma	 with	 more	 than	 15	 minutes	 of
prehospital	 cardiopulmonary	 resuscitation	 (CPR)	 is	 futile.4	 A	 wide	 range	 of
institutional	 protocols	 has	 been	 developed.	 However,	 evidence	 indicates	 that
almost	 all	 survivors	 are	 among	 the	 group	of	 patients	with	 penetrating	 thoracic
trauma	who	 have	 signs	 of	 life	 on	 arrival.5,6	 These	 patients	 generally	 have	 not
exsanguinated	but	have	a	penetrating	cardiac	injury	with	tamponade,	which	can
often	 be	 treated	 effectively	 by	 drainage	 of	 the	 pericardium	 and	 repair	 of	 the
injury.	In	general,	EDT	is	not	indicated	for	patients	who	have	no	signs	of	life	or
in	blunt	trauma	patients	who	have	only	cardiac	rhythm	without	pulses,	as	these
patients	have	likely	exsanguinated.	When	performed,	resuscitative	 thoracotomy
should	 be	 done	 early.	 Discovered	 tamponade	 should	 be	 released;	 massive
pulmonary	 bleeding	 should	 be	 quickly	 controlled	 with	 staplers,	 clamping,	 or
manual	 compression,	 and	 hemorrhage	 from	 cardiac	 wounds	 should	 be
controlled.	 With	 no	 intrathoracic	 source,	 the	 aorta	 should	 be	 clamped	 and
internal	cardiac	massage	continued.

Some	 groups	 have	 successfully	 used	 resuscitative	 endovascular	 balloon
occlusion	of	 the	 aorta	 (REBOA)	 in	 lieu	 of	EDT	as	 a	 temporizing	measure	 for
penetrating	thoracic	trauma.7	The	balloon	is	passed	up	the	femoral	artery	from	an
incision	in	the	groin	and	ideally	positioned	by	estimation	or	fluoroscopy	above



the	 presumed	 injury.	 This	 technique	 requires	 specialized	 training	 and	 requires
experience	 for	 rapid	application.	 Its	applicability	 to	 thoracic	 trauma	remains	 to
be	fully	defined.

Massive	Air	Leak
Findings	 on	 initial	 presentation	 of	 significant	 subcutaneous	 emphysema,
persistent	 pneumothorax	 after	 chest	 tube	 placement,	 a	 subsequent	 large	 or
persistent	 air	 leak,	 or	 pneumomediastinum	 should	 alert	 the	 clinician	 to	 the
presence	 of	major	 tracheobronchial	 injury.	 This	 injury	 is	 potentially	 lethal	 but
relatively	rare	and	was	found	in	only	2%	to	5%	of	patients	with	thoracic	trauma.
Significant	tracheobronchial	injuries	may	result	in	a	massive	air	leak,	leading	to
hypoventilation.	 In	 this	 situation,	 maneuvers	 to	 stabilize	 the	 patient	 should
include	 decreasing	 airway	 pressures	 to	minimize	 leak.	 Contralateral	mainstem
intubation	 can	 also	 be	 attempted.	 Major	 tracheobronchial	 injuries	 generally
should	be	repaired	as	early	as	the	patient’s	condition	allows.	For	patients	who	are
too	 unstable	 for	 surgery,	 temporizing	 measures	 for	 ventilator	 support	 include
high	frequency	oscillator	ventilation	and	independent	lung	ventilation.8

Tamponade
Cardiac	tamponade	results	when	fluid	or	air	collects	within	an	intact	pericardial
sac,	 resulting	 in	 compression	of	 the	 right	 heart	with	 subsequent	 obstruction	of
venous	return	and	cardiovascular	collapse.	Potential	 findings	upon	presentation
include	 tachycardia	 and	 hypotension,	 cervical	 cyanosis,	 jugular	 venous
distension,	 muffled	 heart	 sounds,	 and	 pulsus	 paradoxus.	 The	 diagnosis	 is
confirmed	 with	 beside	 ultrasound,	 or	 at	 the	 time	 of	 emergent	 thoracotomy.
Treatment	requires	prompt	resuscitation	and	decompression	of	the	pericardium,
followed	by	repair	of	the	bleeding	source	and	pericardial	window	placement.

DIAGNOSTICS
Diagnostic	 imaging	plays	 a	key	 role	 in	 the	management	of	patients	 after	 chest
trauma	and	has	a	considerable	impact	on	therapeutic	decision-making.	The	chest
radiograph	(CXR)	has	traditionally	been	and	remains	the	initial	imaging	study	of
choice	 to	 be	 obtained	 in	 patients	with	 suspected	 chest	 injury.	 In	many	 trauma
centers,	 the	 thoracic	 component	 of	 the	 bedside	 ultrasound	 (extended	 FAST)
exam	 precedes	 the	 conventional	 x-ray	 as	 an	 immediate	method	 of	 identifying



pneumothorax	and	massive	hemothorax.9,10	Computed	 tomography	 (CT)	of	 the
chest,	 however,	 is	 commonly	 used	 to	more	 accurately	 identify	 the	 nature	 and
severity	 of	 chest	 trauma.	 CT	 can	 be	 useful	 in	 assessing	 suspected	 traumatic
aortic,	 pulmonary,	 airway,	 skeletal,	 and	 diaphragmatic	 injuries.11,12	 Magnetic
resonance	 imaging	 (MRI)	 on	 the	 other	 hand	 has	 a	 limited	 role	 in	 the	 initial
evaluation	 of	 any	 patient	 with	 suspected	 chest	 trauma.	 However,	 in	 selected
patients	who	 are	 hemodynamically	 stable,	MRI	may	 be	 particularly	 useful	 for
the	 evaluation	 of	 vertebral	 ligamentous	 injury	 and	 spinal	 cord	 injury.	 Other
imaging	 modalities	 available	 to	 the	 clinician	 include	 echocardiography,
angiography,	 and	 VATS,	 which	 can	 be	 both	 diagnostic	 and	 therapeutic	 when
appropriately	indicated.

Plain	Chest	Radiograph
1 	 The	 frontal	 chest	 radiograph	 has	 traditionally	 been	 the	 initial	 radiographic
study	 to	 obtain	 for	 the	 evaluation	of	 patients	with	 suspected	 chest	 injury.	This
study	 is	 particularly	 useful	 in	 helping	 rule	 out	 major	 injury.	 Ideally,	 the
radiograph	should	be	obtained	with	the	patient	in	the	upright	position	because	of
mediastinal	 widening	 that	 is	 typically	 seen	 in	 the	 supine	 position.	 Chest
radiography	 has	 a	 98%	 negative	 predictive	 value	 and	 is	 therefore	 quite	 useful
when	normal.	However,	abnormal	findings	may	be	subtle	and	quite	nonspecific.
Radiographic	findings	that	may	indicate	mediastinal	injury,	such	as	major	aortic
disruption,	include	abnormal	contour	or	indistinctness	of	the	aortic	knob,	apical
pleural	cap,	rightward	deviation	of	 the	nasogastric	 tube,	 thickening	of	 the	right
paratracheal	 stripe,	 downward	 displacement	 of	 the	 left	 mainstem	 bronchus,
rightward	 deviation	 of	 the	 trachea,	 and,	 not	 uncommonly,	 nonspecific
mediastinal	widening.	Most	life-threatening	injuries	can	be	screened	by	the	plain
chest	radiograph	and	a	careful	physical	exam.	Blunt	thoracic	injuries	detected	by
CT	alone	infrequently	require	immediate	therapy.	Rather,	if	immediate	therapy	is
needed,	 findings	 will	 usually	 be	 visible	 on	 plain	 radiographs	 or	 obvious	 on
clinical	 exam.	 Although	 a	 plain	 upright	 chest	 radiograph	 remains	 one	 of	 the
basic	 imaging	 studies	 routinely	 performed	 on	 initial	 screening,	 it	 may	 be
overutilized.	A	 recent	 study	suggests	 that	 in	 the	presence	of	a	normal	physical
exam	 in	 the	 hemodynamically	 stable	 patient,	 obtaining	 a	 routine	 chest
radiograph	is	actually	unnecessary,	since	it	rarely,	if	ever,	changes	clinical	care.13

Chest	Computed	Tomography



2 	CT	 is	 highly	 sensitive	 in	 detecting	 thoracic	 injuries	 after	 blunt	 chest	 trauma
and	 is	 superior	 to	 routine	CXR	for	visualizing	 lung	contusions,	pneumothorax,
and	 hemothorax,	 and	 it	 can	 often	 alter	 initial	 therapeutic	 management	 for	 a
significant	 number	 of	 patients	 with	 suspected	 chest	 trauma.	 It	 has	 also	 been
shown	 to	 detect	 unexpected	 injuries	 and	 abnormalities,	 resulting	 in	 altered
management	in	a	substantial	number	of	patients	when	applied	appropriately.14	It
can	 be	 particularly	 useful	 in	 screening	 for	major	 intrathoracic	 aortic	 injury.	 In
one	 study,	 contrast-enhanced	 CT	 scanning	 (“CT	 angiogram”)	 was	 100%
sensitive	 for	 detecting	major	 thoracic	 aortic	 injury	 based	 on	 clinical	 follow-up
and	was	99.7%	specific,	with	89%	positive	and	100%	negative	predictive	values
for	 an	 overall	 diagnostic	 accuracy	 of	 99.7%.15	 An	 unequivocally	 normal
mediastinum	 at	 CT,	 with	 no	 hematoma	 and	 a	 regular	 aorta	 surrounded	 by	 a
normal	 fat	 pad,	 has	 essentially	 a	 100%	 negative	 predictive	 value	 for	 aortic
injury.15-18	It	has	also	been	shown	that	CT	scanning	detects	11%	of	thoracic	aortic
injuries	that	are	not	detected	by	routine,	plain	chest	radiography	alone.19

CT	 scanning	 can	 also	 be	 useful	 for	 detecting	 hemopericardium	 and/or
hemothorax	 from	 any	 cause,	 injury	 to	 the	 brachiocephalic	 vessels,
pneumothorax,	 rib	 fractures,	 pulmonary	 parenchymal	 contusion,	 and	 sternal
fractures.	 It	 can	 also	 be	 useful	 for	 detecting	 pneumomediastinum	 caused	 by
interstitial	lung	injury,	bronchial	or	tracheal	rupture	(commonly	associated	with
pneumothorax),	 esophageal	 rupture,	 iatrogenic	 barotrauma	 from	 mechanical
ventilation,	or	traumatic	intubation.	In	addition,	CT	scanning	can	detect	injuries
otherwise	 missed	 by	 routine	 plain	 radiograph.	 In	 one	 study	 comparing	 CT
scanning	with	 plain	 radiography,	CT	 scanning	 detected	 serious	 injuries	 among
65%	 of	 those	 patients	 not	 found	 to	 have	 injury	 by	 plain	 film.	 These	 injuries
included	 (in	 decreasing	 order	 of	 frequency)	 lung	 contusions,	 pneumothoraces,
hemothoraces,	 diaphragmatic	 ruptures,	 and	 myocardial	 rupture.20	 Even	 for
patients	 without	 suspected	 chest	 trauma,	 CT	 scanning	 of	 the	 abdomen,	 which
commonly	 includes	 the	 lower	 portion	 of	 the	 thorax,	 often	 yields	 important
information	 when	 intrathoracic	 injury	 is	 present.	 In	 one	 study,	 hematoma
surrounding	the	intrathoracic	aorta	near	the	level	of	the	diaphragmatic	crura	seen
on	strike	 intra-abdominal	CT	scanning	was	 found	 to	be	a	 relatively	 insensitive
but	highly	specific	sign	for	thoracic	aortic	injury	after	blunt	trauma.	Therefore,
the	 presence	 of	 this	 sign	 seen	 on	 abdominal	CT	 imaging	 should	 prompt	more
specific	 imaging	 of	 the	 thoracic	 aorta	 to	 evaluate	 potential	 thoracic	 aortic
injury.21	CT	scanning	has	also	been	shown	to	be	useful	to	help	define	the	extent
of	 pulmonary	 contusion	 and	 identify	 patients	 at	 high	 risk	 for	 acute	 respiratory
failure	among	patients	with	a	PaO2/FiO2	 (partial	pressure	of	oxygen/fraction	of
inspired	 oxygen)	 lower	 than	 300.	Digitally	 processed	 3D	 reconstruction	 views



from	 CT	 scans	 have	 also	 been	 shown	 to	 be	 useful	 for	 diagnosing	 and
determining	the	severity	of	sternal	fractures.22	With	the	advent	of	high	resolution
CT	 scanners	 that	 can	 reconstruct	 axial,	 coronal,	 and	 sagittal	 images,	 even
penetrating	diaphragmatic	 injuries,	which	are	difficult	 to	 image	preoperatively,
can	be	diagnosed	with	a	relatively	high	sensitivity	and	specificity.23	Despite	 its
usefulness,	 thoracic	CT	scanning	is	not	routinely	indicated	for	all	patients	with
chest	wall	trauma.	In	addition,	although	there	has	been	a	dramatic	increase	in	the
utilization	 of	 CT	 scanning	 in	 the	 last	 decade,	 its	 usefulness	 for	 detecting
clinically	relevant	injury	has	recently	come	into	question,	especially	for	patients
with	a	normal	screening	plain	chest	radiograph.24

Ultrasonography	(Extended	FAST	Exam	and
Transesophageal	Echocardiogram)
Over	the	last	10	years,	the	traditional	focused	abdominal	sonogram	for	trauma	or
“FAST”	 exam	 has	 evolved	 to	 include	 bedside	 assessment	 for	 thoracic	 injuries
and	is	now	referred	 to	as	 the	extended	FAST	exam	or	“eFAST.”	This	modality
can	 provide	 immediate	 real-time	 assessment	 for	 pneumothorax	 by	 looking	 for
secondary	 signs	 of	 lung	 inflation	 such	 as	 “sliding”	 of	 pleural	 surfaces	 and
“comet	 tails”	 artifacts	 at	 the	 visceral	 pleura.9,10	 In	 some	 situations,	 the	 eFAST
lung	exam	obviates	 the	need	 for	a	 screening	chest	x-ray,	particularly	when	 the
patient	is	to	have	a	chest	CT	scan.	eFAST	can	also	identify	large	hemothoraces
and	 can	 assess	 the	 pericardium,	 identifying	 hemopericardium	 and	 tamponade.
The	results	from	eFAST	are	operator	dependent	with	a	significant	learning	curve.
However,	 the	 results	 are	 reproducible	among	 those	 trained	 to	use	 the	modality
and	 this	 has	 become	 part	 of	 the	 trauma	 armamentarium	 at	 most	 centers	 (see
Chapter	36	for	eFAST	videos).

A	 recent	 study	 of	 1300	 patients	 indicated	 that	 the	 combination	 of	 physical
exam,	CXR,	and	extended	FAST	ultrasound	was	not	as	sensitive	as	CT	scan	for
detecting	 thoracic	 injuries.25	The	sensitivity	 for	 the	combination	of	 studies	was
less	 than	 or	 equal	 to	 73%.	 Thus,	 currently,	 CT	 scan	 with	 contrast	 or	 “CT
angiogram”	 is	 the	 de	 facto	 gold	 standard	 for	 diagnosing	 thoracic	 injuries	 in
stable	patients	at	many	institutions.	However,	the	combination	of	eFAST,	CXR,
and	 physical	 exam	 remains	 extremely	 useful	 in	 the	 emergent	 detection	 of
immediately	life-threatening	injury.

Transesophageal	 echocardiography	 (TEE)	 has	 also	 been	 shown	 to	 be	 an
important	 diagnostic	 tool	 for	 examining	 the	 thoracic	 aorta	 and	 is	 valuable	 for
identifying	aortic	injury	among	high-risk	trauma	patients	who	are	too	unstable	to



undergo	transport	to	the	aortography	suite.

Angiography
Thoracic	 aortography	 historically	 has	 been	 the	 gold	 standard	 for	 diagnosing
thoracic	aortic	injury	and	for	defining	the	extent	of	the	injury	and	involvement	of
branch	 disease,	 when	 it	 is	 present.	 However,	 aortography	 has	 largely	 been
supplanted	by	dynamic	thin-cut	contrast	CT	scanning	or	CT	angiography.12	This
modality	involves	a	rapid	high-resolution	CT	scan	with	timed	contrast	injection
and	subsequent	computerized	processing	of	the	study.	The	accuracy	of	this	study
and	its	specificity	for	defining	the	anatomy	of	the	aortic	injury	has	made	it	more
than	adequate	for	planning	surgical	or	endovascular	interventions.	Aortography
is	occasionally	required	for	the	rare	situation	when	the	CT	scan	is	equivocal.

	Video-Assisted	Thoracoscopic	Surgery
The	 role	 of	 thoracoscopy	 in	 trauma	 has	 been	 explored	 by	 a	 number	 of
investigators.	Prior	 to	 the	modern	video	era,	Jones	et	al	described	management
of	36	patients	with	 thoracoscopy	under	 local	 anesthesia	 as	 a	diagnostic	 tool	 to
define	intrathoracic	injuries	and	to	visualize	ongoing	hemorrhage.26	Four	patients
in	 their	 series	 were	 spared	 abdominal	 exploration	 when	 the	 diaphragm	 was
found	 devoid	 of	 injury.	 More	 recently,	 Ochsner	 et	 al27	 and	 Mealy	 et	 al	 have
demonstrated	the	usefulness	of	VATS	as	a	diagnostic	tool	for	the	assessment	of
diaphragmatic	 integrity	among	cases	of	penetrating	and	blunt	 thoracic	 injuries,
respectively.28	 VATS	 has	 become	 an	 acceptable	 surgical	 modality	 for	 the
diagnostic	evaluation	of	suspected	diaphragmatic	injury	and	has	been	shown	to
have	therapeutic	benefit	when	evacuation	of	clotted	hemothoraces	is	able	to	be
performed	 in	 stable	 patients	 with	 penetrating	 chest	 injuries.29	 The	 main
indications	 for	 VATS	 include	 diagnosis	 of	 and	 treatment	 for	 diaphragmatic
injuries,	 diagnosis	 of	 persistent	 hemorrhage,	 management	 of	 retained	 thoracic
collections,	 assessment	 of	 cardiac	 and	 mediastinal	 structures,	 diagnosis	 of
bronchopleural	 fistulas,	 and	 diagnosis	 of	 and	 treatment	 for	 persistent
posttraumatic	pneumothorax.	In	these	situations,	VATS	has	been	shown	to	be	a
useful	 alternative	 to	 an	 open	 thoracotomy	 for	 selected	 patients.	 In	 select
situations,	VATS	has	been	used	as	the	primarily	modality	of	treatment	for	acute
traumatic	 thoracic	 hemorrhage	 meeting	 the	 criteria	 for	 thoracotomy	 among
hemodynamically	 stable	 patients.30	 Because	 lung	 deflation	 with	 single-lung
ventilation	 is	 a	 critical	 component	 of	 the	 technique,	 VATS	 is	 relatively



contraindicated	 in	 patients	 unable	 to	 tolerate	 this.	 Caution	 should	 be	 used	 in
patients	with	suspected	obliteration	to	their	pleural	cavity	secondary	to	previous
infection	(“pleurisy”)	or	surgery.	VATS	should	have	no	role	in	the	management
of	unstable	patients	and	is	relatively	contraindicated	in	those	patients	unable	to
tolerate	formal	thoracotomy	for	any	reason.	Whether	VATS	should	be	considered
as	the	initial	approach	in	the	evaluation	of	all	stable	chest	trauma	patients	when
an	 intrathoracic	 injury	 is	 suspected	 is	 still	 debated,	 and	 appropriate	 patient
selection	remains	important.

SPECIFIC	INJURIES

Chest	Wall

Rib	Fractures
3 	 4 	Rib	fractures	are	the	most	common	injury	to	the	thorax	occurring	from	blunt
trauma	 and	 are	 often	 associated	 with	 other	 injuries.	 Rib	 fractures	 themselves
may	 cause	 only	 minor	 problems	 in	 the	 young	 and	 otherwise	 healthy	 patient;
however,	 they	 may	 be	 a	 marker	 of	 more	 severe	 injury,	 and	 it	 may	 be	 the
underlying	pulmonary	contusion	that	often	accompanies	the	rib	fracture	that	may
be	more	 clinically	 relevant.	A	 study	by	Flagel	 et	 al	 showed	 that	 13%	of	 those
patients	 in	 the	National	Trauma	Data	Bank	who	had	one	or	more	 rib	 fractures
(n	 =	 64,750)	 developed	 complications	 including	 pneumonia,	 acute	 respiratory
distress	 syndrome,	 pulmonary	 embolus,	 pneumothorax,	 aspiration	 pneumonia,
empyema,	 and	 the	 need	 for	 mechanical	 ventilation.	 They	 also	 showed	 that
increasing	number	of	rib	fractures	correlated	directly	with	increasing	pulmonary
morbidity	and	mortality.	The	overall	mortality	rate	for	patients	with	rib	fractures
was	 10%.	 The	mortality	 rates	 were	 higher	 (P	 <	 .02)	 with	 each	 additional	 rib
fracture,	 independent	 of	 patient	 age.	 This	 ranged	 from	 5.8%	 for	 a	 single	 rib
fracture	to	10%	in	the	case	of	five	fractured	ribs.	The	mortality	rates	increased
dramatically	 for	 the	 groups	with	 6,	 7,	 and	 8	 or	more	 fractured	 ribs	 to	 11.4%,
15.0%,	and	34.4%,	respectively.31	It	has	been	shown	that	rib	fractures	occurring
in	 the	 very	 young	 should	 alert	 the	 clinician	 to	 possible	 nonaccidental	 trauma
(NAT).	In	one	study	by	Barsness	et	al,	rib	fractures	in	children	under	3	years	of
age	had	a	positive	predictive	value	of	NAT	of	95%,	and	rib	fracture	was	the	only
skeletal	 manifestation	 of	 NAT	 in	 29%	 of	 the	 children.32	 With	 regards	 to	 the
elderly,	 it	 has	 been	 shown	 that	 there	 is	 a	 linear	 relationship	 between	 age	 and



complications,	 including	mortality.	It	has	been	shown	that	elderly	patients	with
rib	 fractures	 have	 up	 to	 twice	 the	 mortality	 of	 younger	 patients	 with	 similar
injuries.33	In	addition,	this	increase	in	mortality	may	begin	to	be	seen	in	patients
as	early	as	45	years	of	age	when	more	than	four	ribs	are	involved.34	The	location
of	 the	 rib	 fracture(s)	 is	 also	 important,	 as	 it	 has	been	 shown	 that	 left-sided	 rib
fractures	 are	 associated	 with	 splenic	 injuries	 and	 right-sided	 rib	 fractures	 are
associated	with	liver	injuries.	Isolated	rib	fractures	have	an	associated	incidence
of	vascular	injury	for	only	3%	of	cases.	A	first	rib	fracture	along	with	findings	of
a	 widened	 mediastinum,	 upper	 extremity	 pulse	 deficit,	 brachial	 plexus	 injury,
and/or	 expanding	 hematoma	 should	 prompt	 workup	 for	 a	 possible	 subclavian
arterial	injury.

Recent	work	indicates	that	bicortically	displaced	rib	fractures	may	behave	in
a	manner	that	is	more	similar	to	true	flail	chest	than	to	“simple”	fractures,	with
increased	rates	of	pneumonia	and	acute	 respiratory	distress	syndrome	(ARDS),
and	 the	 need	 for	 tracheostomy,	 even	 when	 correcting	 for	 the	 severity	 of
associated	 injuries.35	A	number	of	 bicortically	 displaced	 fractures	may	warrant
increased	attention	and	aggressive	therapy	as	that	for	flail	chest.

Pain	 control	 and	 effective	 respiratory	 secretion	 clearance	 remain	 the
mainstays	 of	 therapy	 for	 rib	 fractures.	 Adequacy	 of	 pain	 control	 can	 be
monitored	by	the	ability	to	perform	incentive	spirometry.	Regional	analgesia	by
epidural	 or	 paraspinal	 catheter	 is	 appropriate	when	narcotics	 are	 inadequate	 to
allow	 adequate	 lung	 volumes	 or	 are	 accompanied	 by	 unacceptable	 levels	 of
sedation,	 particularly	 among	 the	 elderly.36-38	 In	 Flagel’s	 study	 noted	 earlier,
epidural	 analgesia	was	 associated	with	 a	 reduction	 in	mortality	 for	 all	 patients
sustaining	rib	fractures,	particularly	those	with	more	than	four	fractures.31	Since
this	was	not	a	prospective	randomized	study,	it	 is	difficult	to	tell	if	 there	was	a
confounding	correlation	between	patients	that	received	epidural	catheters	having
overall	 lower	 injury	 severity	 scores.	 However,	 in	 one	 prospective	 randomized
trial	by	Bulger	et	al,	in	which	trauma	patients	with	rib	fractures	were	randomized
to	either	receive	epidural	anesthesia	or	intravenous	opioids	for	pain	relief,	it	was
shown	 that	 those	 patients	 with	 epidural	 anesthesia	 had	 a	 lower	 incidence	 of
nosocomial	 pneumonia	 and	 shorter	 duration	 of	 mechanical	 ventilation.39	 The
number	of	patients	that	could	receive	epidural	anesthesia	was	limited,	however,
due	 to	 strict	 inclusion	 criteria.	 The	 age	 of	 the	 patient	 sustaining	 rib	 fractures
should	be	 taken	 into	account,	 as	well	 as	 the	 location	of	 the	 fractures.	 In	many
protocols,	 patients	 with	 multiple	 rib	 fractures	 above	 a	 certain	 age	 threshold,
ranging	 from	 55	 to	 65	 years,	 receive	 epidural	 analgesia	 proactively	 as	 their
preferred	modality	of	pain	control.36-38

Determination	of	 the	need	 for	 intensive	care	unit	 (ICU)	admission	has	been



challenging,	 especially	 in	 these	 times	 of	 scarce	 resources.40	 Various
methodologies	have	been	used	such	as	assessing	number	of	fractures	and	age,	or
more	complex	methodologies	that	look	at	fracture	patterns	and	locations.41	Some
methods	 have	 looked	 at	 physiology	 such	 as	 the	 forced	 vital	 capacity
measurements40	 or	 incentive	 spirometry	 results.42	No	method	 has	 been	 perfect,
and	 a	 combination	 of	 physiologic	 parameters,	 clinical	 status	 and	 judgment	 are
needed.

Flail	Chest
Flail	 chest	 occurs	 when	 multiple	 adjacent	 ribs	 are	 broken	 in	 two	 locations,
thereby	 allowing	 that	 portion	 of	 the	 chest	 wall	 to	 move	 independently	 of
respiration.	The	anatomic	definition	of	flail	chest	is	the	fracture	of	at	least	three
consecutive	 ribs	 in	 two	 or	 more	 places;	 however,	 the	 clinical	 or	 functional
definition	 requires	 a	 disjointed,	 “free-floating”	 segment	 of	 chest	 wall,	 which
does	 not	 contribute	 to	 normal	 ventilatory	 excursion.	 This	 gives	 rise	 to	 the
classical	“paradoxical	respiration”	whereby	the	flail	segment	is	“sucked	inward”
by	the	negative	pressure	of	inspiration	as	the	rest	of	the	rib	cage	moves	upward
and	outward.	This	is	a	mechanical	problem	in	which	negative	pressure	generated
during	 inspiration	 within	 the	 thorax	 is	 dissipated	 by	 movement	 of	 the	 flail
segment	 inward.	 This	 movement	 equalizes	 the	 intrathoracic	 pressure,	 which
would	normally	be	accomplished	by	the	movement	of	air	into	the	lungs.	Despite
this	mechanical	impairment,	the	major	mortality	and	morbidity	of	flail	chest	can
be	 attributed	 to	 the	 usual	 underlying	 pulmonary	 contusion,	 which	 leads	 to	 a
ventilation	perfusion	mismatch,	contributing	to	the	hypoxia;	the	pain	associated
with	multiple	 rib	 fractures	 can	 lead	 to	 splinting	and	contribute	 to	 lack	of	deep
breathing,	atelectasis,	compromised	secretion	clearance,	and	further	hypoxemia.
Fortunately,	large	segment	flail	chest	occurs	relatively	infrequently.	Flagel	et	al
showed	 an	 overall	 incidence	 of	 flail	 chest	 of	 4.0%	 in	 patients	 with	 six	 rib
fractures,	4.8%	in	those	with	seven	rib	fractures,	and	6.4%	in	those	with	eight	or
more	rib	fractures.31

As	 for	 simple	 rib	 fracture,	 pain	 control	 remains	 the	 main	 therapy	 for	 flail
chest	 so	 as	 to	 allow	 optimal	 ventilatory	 excursion	 and	 self-clearance	 of
respiratory	 secretions	 by	 deep	 breathing	 and	 coughing.	 Obligatory	 ventilatory
support	 to	 provide	 “internal	 pneumatic	 stabilization”	 of	 the	 fractures,	 first
described	 in	1956,	has	given	 a	way	 to	 selective	ventilatory	 support	 as	needed,
with	 subsequent	 improved	 outcomes.39,43-45	 Surgical	 stabilization	 of	 the	 chest
wall	with	flail	has	been	shown	to	be	of	benefit	with	regard	to	shorter	length	of
ventilator	dependency,	 lower	rates	of	pneumonia,	and	shorter	ICU	and	hospital



stays.46,47	 A	 number	 of	 proprietary	 systems	 for	 rib	 fracture	 fixation	 have	 been
developed	 after	 biomechanical	 studies	 of	 the	 stresses	 on	 ribs	 in	 vivo	 (ie,	Rib-
Loc,	 Acute	 Innovations,	 Hillsboro,	 OR,	 United	 States;	 Biomet	 System,
Jacksonville,	 FL,	 United	 States).	 The	 indications	 for	 rib	 fracture	 repair	 are
evolving	and	remain	 to	be	fully	defined.	 In	 fact,	 in	a	 recent	multicenter	cohort
study,	 surgical	 rib	 stabilization	 was	 shown	 to	 be	 an	 independent	 predictor	 of
decreased	mortality	even	 in	octogenarians	and	nonagenarians.48	Additionally,	 a
statistically	significant	decrease	in	30-day	mortality	has	been	shown	for	multiple
rib	 fractures	 combined	 with	 severe	 traumatic	 brain	 injury	 when	 surgical
stabilization	 is	 done	 early	 on.113	 Pain	 control	 continues	 to	 be	 an	 important
adjunct	in	any	treatment	regimen.

Sternal	Fracture
Sternal	 fractures	 have	 been	 shown	 to	 decrease	 the	 stability	 of	 the	 thorax	 in
cadavers.49	 They	 usually	 occur	 as	 a	 deceleration	 force	 during	 traffic	 accidents
together	with	blunt	force	trauma	from	foreign	objects,	such	as	steering	wheels,
although	they	have	been	reported	as	a	complication	of	CPR,	which	interestingly
was	 found	 in	 14%	 of	 medical	 autopsy	 cases	 that	 had	 received	 chest
compressions	prior	to	death.50	Traffic	accidents	are	the	cause	of	sternal	fractures
in	 almost	 90%	 of	 cases,	 with	 approximately	 25%	 of	 fractures	 graded	 as
moderately	 to	 severely	 displaced.	 Approximately	 30%	 of	 patients	 will	 have
associated	injuries,	with	craniocerebral	 trauma	and	rib	fractures	being	the	most
commonly	 associated	 injuries.51	 Displaced	 fractures	 are	 more	 likely	 to	 have
associated	 thoracic	 and	cardiac	 injuries	 and	are	more	 likely	 to	 require	 surgical
fixation.

However,	the	majority	of	patients	can	be	safely	observed	and	even	discharged
home	as	 long	as	 the	 following	criteria	are	met:	 (1)	 the	 injury	 is	not	one	of	 the
high-velocity	impacts,	(2)	the	fracture	is	not	severely	displaced,	(3)	there	are	no
clinically	 significant	 associated	 injuries,	 and	 (4)	 complex	 analgesia	 is	 not
required.	Most	serious	complications	and	deaths	that	occur	among	patients	with
sternal	 fractures	 are	 not	 due	 to	 the	 fracture	 itself	 but	 rather	 are	 related	 to	 the
associated	 injuries,	 such	 as	 flail	 chest,	 head	 injury,	 or	 pulmonary	 or	 cardiac
contusion.	 Although	 approximately	 22%	 of	 patients	 will	 exhibit
electrocardiographic	 changes,	 elevated	 cardiac	 injury	 enzymes,	 or
echocardiographic	abnormalities,	only	approximately	6%	of	patients	will	exhibit
a	 clinically	 significant	 myocardial	 contusion.	 In	 addition	 to	 myocardial
contusion,	 other	 complications	 of	 sternal	 fracture	 such	 as	mediastinal	 abscess,
mediastinitis,	 and	 acute	 tamponade	 have	 all	 been	 reported.	 Indications	 for



operative	 sternal	 fixation	 are	 certainly	 not	 absolute	 and	 should	 be	 judged
individually.	Generally	 accepted	 criteria	 include	 severe	 pain,	 sternal	 instability
causing	 respiratory	 compromise,	 and	 severe	 displacement.	 Only	 a	 small
percentage	 of	 patients	 (2%	 in	 one	 series)	 actually	 require	 sternal	 fixation.52	 A
lack	of	consensus	among	surgeons	on	how	to	treat	these	injuries,	in	addition	to	a
lack	 of	 randomized	 trials	 concerning	 their	 optimal	 approach,	 has	 led	 to	 this
variability	of	practice.

Scapular	Fracture
Scapular	fractures	are	relatively	rare	and	were	once	presumed	to	be	an	indicator
of	severe	underlying	trauma	and	subsequent	higher	mortality.	They	occur	in	only
approximately	 1%	 to	 4%	 of	 blunt	 trauma	 patients	 who	 presented	 to	 a	 level	 I
trauma	 center	 and	 are	 associated	 with	 a	 higher	 incidence	 of	 thoracic	 injury
compared	to	those	patients	who	sustain	blunt	trauma	without	a	scapular	fracture.
However,	more	recent	studies	have	indicated	that	although	patients	with	scapular
fractures	 tend	 to	 have	 more	 severe	 chest	 injuries	 and	 a	 higher	 overall	 injury
severity	 score,	 their	 length	 of	 ICU	 stay,	 length	 of	 hospital	 stay,	 and	 overall
mortality	 are	 not	 necessarily	 increased.53,54	 Treatment	 is	 usually	 conservative
and,	 most	 of	 the	 time,	 aimed	 at	 the	 associated	 injuries	 that	 are	 commonly
present.

Scapulothoracic	Dissociation
Scapulothoracic	 dissociation	 is	 an	 infrequent	 injury	 with	 a	 potentially
devastating	outcome.	Scapulothoracic	dissociation	results	from	massive	traction
injury	to	the	anterolateral	shoulder	girdle	with	disruption	of	the	scapulothoracic
articulation.	 Identification	of	 this	 injury	requires	a	degree	of	clinical	suspicion,
based	 upon	 the	 injury	 mechanism	 and	 physical	 findings.	 Assessment	 of	 the
degree	 of	 trauma	 to	 the	 musculoskeletal,	 neurologic,	 and	 vascular	 structures
should	be	made.	Based	upon	clinical	findings,	a	rational	diagnostic	approach	can
be	 navigated	 and	 appropriate	 surgical	 intervention	 planned.	 Scapulothoracic
dissociation	 is	 frequently	 associated	 with	 acromioclavicular	 separation,	 a
displaced	 clavicular	 fracture,	 subclavian	 or	 axillary	 vascular	 disruption,	 and	 a
sternoclavicular	 disruption.	 Clinically,	 patients	 usually	 present	 with	 a	 laterally
displaced	 scapula,	 a	 flail	 extremity,	 an	 absent	 brachial	 pulse,	 and	 massive
swelling	of	 the	 shoulder.	Vascular	 injury	occurs	 in	88%	of	patients	 and	 severe
neurologic	 injuries	occur	 in	94%	of	patients.	Many	of	 these	patients	have	poor
outcomes	and	present	with	a	flail,	flaccid	extremity	that	usually	results	in	early



amputation	and	have	an	overall	mortality	of	10%.	One	of	 the	most	devastating
aspects	of	scapulothoracic	dissociation	is	the	brachial	plexus	injuries	that	occur,
which	 are	 typically	 proximal,	 involving	 the	 roots	 and	 cords— brachial	 plexus
avulsions	are	not	unusual.	Attempts	at	repair	of	complete	brachial	plexus	injuries
with	 grafts	 or	 nerve	 transfers	 have	 generally	 been	 unsuccessful.55	 Treatment
includes	 arterial	 and	 venous	 ligation	 to	 stop	 exsanguination	 if	 present,
orthopedic	stabilization,	and	consideration	for	elective	above-elbow	amputation
to	 allow	 for	 a	 more	 useful	 extremity	 if	 brachial	 plexus	 avulsion	 is	 present.
Overall	prognosis	for	limb	recovery	is	poor.

Pleural	Space

Pneumothorax
This	 section	 will	 only	 focus	 on	 pneumothoraces	 associated	 with	 trauma.	 For
further	 general	 discussion	 of	 pneumothorax	 in	 the	 critically	 ill,	 readers	 are
referred	to	Chapter	176.	For	in	depth	discussion	of	imaging	studies	on	the	topic
of	 pneumothorax,	 readers	 are	 referred	 to	 Chapters	 13	 and	 179.	 A	 traumatic
pneumothorax	 occurs	 from	 either	 blunt	 or	 penetrating	 trauma,	 with	 resultant
direct	injury	to	the	pleura.	Rib	fractures	may	or	may	not	be	present.	Mechanical
ventilation	can	also	be	considered	a	traumatic	cause	of	pneumothorax	and	has	an
overall	 associated	 incidence	 of	 5%.	 This	 incidence	 increases	 dramatically	 in
patients	with	 underlying	 lung	 diseases,	 such	 as	 chronic	 obstructive	 pulmonary
disease	or	ARDS.	Iatrogenic	causes	of	pneumothorax	also	occur	in	the	hospital
setting.	 Central-line	 insertions	 are	 associated	 with	 a	 3%	 to	 6%	 incidence	 of
pneumothorax.

With	 more	 small	 pneumothoraces	 being	 identified	 by	 CT	 scanning,	 the
question	arises	as	to	which	require	tube	thoracostomy.	Certainly,	the	patient	must
have	 a	 stable	 respiratory,	 hemodynamic,	 and	 neurologic	 status	 and	 not	 on
mechanical	ventilation	to	consider	observational	management.	There	must	be	no
radiologic	 signs	 of	 tension.	 Some	 have	 also	 added	 a	 specific	 size	 cutoff	 for
pneumothoraces	that	can	safely	be	observed,	such	as	35	mm	from	lung	edge	to
chest	wall	for	patients	not	on	mechanical	ventilation.56

All	 types	 of	 pneumothorax	may	 progress	 to	 tension	 pneumothorax	 and	 can
occur	 at	 any	 stage	 of	 treatment.	 As	 tension	 pneumothorax	 is	 a	 rapidly
progressive	 condition,	 early	 identification	 is	 essential	 and	 immediate
decompression	should	be	performed	when	the	clinical	suspicion	is	high.

Tension	pneumothorax	is	a	clinical	diagnosis,	and	treatment	should	never	be



delayed	 to	 obtain	 a	 confirmatory	 x-ray.	Open	 pneumothorax	 is	 caused	when	 a
penetrating	 chest	 injury	 opens	 the	 pleural	 space	 to	 the	 atmosphere.	 Negative
pressure	 cannot	 be	 generated	 to	 inflate	 the	 lung	 on	 inspiration,	 leading	 to	 a
collapsed	 lung	and	a	 “sucking”	chest	wound.	Open	pneumothorax	 is	 an	 injury
commonly	seen	on	the	battlefield.	In	civilian	life,	impalement	by	an	object	is	a
common	cause.	For	injuries	in	which	the	chest	wall	wound	diameter	approaches
two-thirds	of	the	diameter	of	the	trachea,	air	will	preferentially	enter	the	pleural
space	 through	 the	 wound	 during	 inspiration,	 thereby	 inhibiting	 normal
ventilation	 through	 the	 upper	 airway,	 leading	 to	 profound	 hypoventilation	 and
subsequent	hypoxia.	Changes	in	venous	return	can	occur	similar	to	that	seen	in	a
tension	pneumothorax	because	the	injured	side	is	now	at	atmospheric	pressure,
while	the	normal	side	has	negative	pressure,	creating	a	mediastinal	shift.	This	in
turn	 can	 lead	 to	 hemodynamic	 instability.	 The	 presence	 of	 a	 “sucking”	 chest
wound	makes	the	diagnosis	obvious.	External	wound	size	may	not	correlate	with
the	degree	of	compromise,	as	it	is	the	size	of	the	atmospheric-pleural	connection
that	correlates	best.

Treatment	 includes	 appropriate	 resuscitative	 maneuvers,	 starting	 with	 the
placement	 of	 a	 sterile	 occlusive	 dressing	 over	 the	 wound	 to	 allow	 effective
negative	pressure	ventilation	 to	 resume.	 If	 this	does	not	suffice,	 intubation	and
positive	 pressure	 mechanical	 ventilation	 may	 be	 necessary	 to	 correct	 the
ventilatory	 and	 hemodynamic	 dysfunction.	 A	 standard	 method	 of	 coverage
involves	 placing	 a	 nonporous	 dressing	 over	 the	 wound	 and	 taping	 it	 on	 three
sides,	 allowing	 it	 to	 act	 as	 a	 one-way	 valve,	 allowing	 air	 to	 escape	 during
expiration	 but	 occlusive	 during	 negative	 pressure	 inspiration.	 A	 chest	 tube	 is
routinely	inserted	at	a	separate	site	away	from	the	injury	to	treat	any	ongoing	air
leak	that	might	arise	from	concurrent	lung	injury.	The	wound	should	be	treated
with	 local	 measures	 and	 associated	 injuries	 should	 be	 sought	 and	 treated
appropriately.

Hemothorax
After	 rib	 fractures,	 hemothorax	 is	 the	 second	 most	 common	 complication	 of
chest	 trauma.	 It	 can	be	 caused	by	bleeding	 from	anywhere	 in	 the	 chest	 cavity,
including	 the	 chest	 wall,	 lung	 parenchyma,	 major	 thoracic	 vessels,	 heart,	 or
diaphragm.	 It	 presents	 in	 approximately	 25%	 of	 patients	 with	 chest	 trauma.
Patients	with	hemothorax	typically	have	decreased	breath	sounds	and	dullness	to
percussion	 over	 the	 affected	 side	 with	 associated	 dyspnea	 and	 tachypnea.
Depending	on	the	amount	of	blood	loss,	they	may	have	hemodynamic	changes.
The	major	cause	of	significant	hemothorax	is	usually	due	to	a	laceration	to	the



lung	or	bleeding	from	an	injured	intercostal	vessel	or	internal	mammary	artery.
Radiographic	films	may	not	reveal	a	fluid	collection	of	less	than	300	mL.	Small
hemothoraces	 usually	 resolve	 within	 few	 days.	 Accumulation	 of	 more	 than
1500	 mL	 of	 blood	 within	 a	 pleural	 space	 is	 considered	 massive,	 is	 more
commonly	 seen	 on	 the	 left	 side,	 and	 is	 usually	 due	 to	 aortic	 rupture	 (blunt
trauma)	or	pulmonary	hilar	or	major	vessel	 injury	(penetrating	 trauma).	Severe
blunt	 trauma	where	highly	displaced	 rib	 fracture	 fragments	puncture	deep	 into
the	 lung	 parenchyma	 may	 also	 lead	 to	 a	 massive	 hemothorax.	 Massive
hemothorax	 can	 lead	 to	 hemodynamic	 instability	 including	 hypotension	 and
circulatory	collapse.	Neck	veins	may	be	flat	or	distended,	depending	on	whether
or	not	blood	loss	or	increased	intrathoracic	pressure	predominates.	A	mediastinal
shift	 with	 tracheal	 deviation	 is	 typically	 opposite	 from	 the	 side	 of	 blood
accumulation.

Treatment	 for	acute	hemothorax	 includes	supplemental	oxygen	 therapy	and,
in	 most	 cases,	 the	 insertion	 of	 a	 large-bore	 (ie,	 32-36F)	 tube	 thoracostomy
anterior	to	the	midaxillary	line	at	the	fifth	or	sixth	intercostal	space.	A	moderate-
size	 hemothorax	 (500-1500	 mL)	 that	 stops	 bleeding	 immediately	 after	 a	 tube
thoracostomy	 can	 usually	 be	 managed	 conservatively	 with	 a	 closed	 drainage
system.	Bleeding	from	pulmonary	parenchymal	injuries	 that	do	not	 involve	the
hilum	usually	will	 stop	spontaneously	because	of	 the	 low	pulmonary	pressures
and	high	concentrations	of	tissue	thromboplastin	within	the	lung.57	If,	however,
the	 patient	 continues	 to	 bleed	 at	 a	 rate	 of	 100	 to	 200	 mL	 per	 hour,	 then
exploration	 is	 indicated.	 Likewise,	 if	 the	 patient	 bleeds	 more	 than	 1500	 mL
initially	 through	 the	chest	 tube,	exploration	 is	 indicated.	VATS	exploration	has
been	successfully	utilized	to	control	acute	thoracic	bleeding	in	patients	who	are
stable.30	If	the	patient	is	hemodynamically	unstable	at	any	time,	and	intrathoracic
bleeding	 is	 suspected	 as	 the	 cause,	 emergent	 thoracotomy	 should	 be	 done
regardless	 of	 chest	 tube	 output.	A	 chest	 radiograph	 should	 always	 be	 obtained
after	placing	a	tube	thoracostomy	to	check	position	of	the	tube	and	to	make	sure
that	the	pleural	space	is	adequately	drained.

Once	the	patient	is	stable	and	acute	bleeding	has	ceased,	retained	hemothorax
may	still	be	a	problem	when	a	large	amount	of	retained	blood	and	clot	remains
within	 the	 pleural	 space	 for	 24	 to	 48	 hours	 after	 tube	 thoracostomy,	 and
semielective	exploration	with	open	evacuation	should	be	considered.	VATS	is	an
option	 for	 the	 stable	 patient	 with	 retained	 hemothorax.	 However,	 the	 surgeon
should	 not	 hesitate	 to	 convert	 to	 an	 open	 thoracotomy	 if	 visualization	 is
inadequate	or	drainage	and	evacuation	of	the	pleural	space	is	incomplete.	If	the
retained	hemothorax	is	not	massive,	nonoperative	therapy	can	be	considered	as
these	 may	 lyse	 with	 time.	 Alternatively,	 it	 has	 been	 shown	 that	 a	 retained



hemothorax	can	be	successfully	treated	with	instillation	of	thrombolytics	into	the
pleural	space.	This	has	been	deemed	safe	even	for	patients	who	have	sustained
multiple	trauma.58	However,	the	use	of	thrombolytics	for	trauma	patients	remains
debated	with	some	reports	of	 reactivation	of	 thoracic	bleeding	after	 instillation
of	 thrombolytics	 into	 the	 pleural	 space.	 The	 chance	 of	 developing	 retained
hemothorax	 has	 been	 found	 by	 prospective	 analysis	 to	 be	 related	 to	 initial
hemothorax	volume	and	the	failure	of	initial	thoracostomy	drainage.59

Lung

Pulmonary	Contusion
Pulmonary	contusion	is	a	common	injury	found	among	patients	sustaining	blunt
chest	 trauma,	 with	 an	 approximate	 incidence	 of	 30%	 to	 75%.	 Mortality	 is
between	10%	and	25%.	Hemorrhage	and	interstitial	edema	result	from	injury	to
the	 lung.	 This	 can	 lead	 to	 alveolar	 collapse	 and	 the	 typical	 parenchymal
consolidation	seen	on	the	radiograph.	Injury	to	the	parenchyma	from	blunt	force
trauma	is	thought	to	be	caused	by	a	combination	of	events	that	includes	alveolar
stretching,	 parenchymal	 tearing,	 and	 concussive	 forces.	 Lung	 injury	 in	 the
absence	of	identifiable	rib	fractures	typically	exhibits	diffuse	injury,	whereas	rib
fractures	 and	 flail	 chest	 are	 associated	 with	 more	 localized	 injuries.	 The
extravasation	of	blood	 into	 the	alveolar	space	causes	subsequent	consolidation,
which	can	then	lead	to	an	intrapulmonary	shunt.	A	flail	chest	may	be	associated
with	 pulmonary	 contusion(s)	 approximately	 three-fourths	 of	 the	 time,	 which
more	 than	 doubles	 the	 morbidity	 and	 mortality.	 Hypoxemia,	 although
nonspecific,	 is	 the	 most	 common	 clinical	 finding	 associated	 with	 pulmonary
contusions.	Typical	chest	radiographic	findings	in	the	appropriate	clinical	setting
remain	 the	mainstay	of	diagnosis.	Typical	 findings	usually	demonstrate	a	 focal
or	 diffuse	 consolidative	 process	 that	 does	 not	 typically	 follow	 anatomical
segments	 or	 lobes.	Rib	 fractures	 are	 the	most	 common	bony	 injuries	 seen	 and
should	 raise	 suspicion	 for	 the	 diagnosis	 of	 pulmonary	 contusion,	 even	 if	 other
clinical	signs	are	absent	at	the	time.	While	the	respiratory	effects	of	pulmonary
contusion	may	 occur	 soon	 after	 injury,	 they	may	 not	 become	 radiographically
apparent	for	up	to	48	hours	post	injury,	with	an	average	delay	of	6	hours.	On	the
other	hand,	CT	scanning	of	the	chest	has	been	shown	to	be	able	to	demonstrate
the	 presence	 of	 pulmonary	 contusion	 almost	 immediately	 post	 injury.60-63	 In
addition,	it	can	help	estimate	the	total	volume	of	injured	lung	present.	This	can
be	helpful	 for	predicting	 the	need	 for	 eventual	ventilatory	 support.	 It	 has	been



shown	 that	when	pulmonary	contusion	 involves	28%	or	more	of	 the	 total	 lung
volume,	 essentially	 all	 patients	 eventually	 require	 mechanical	 ventilation,
whereas	 when	 18%	 or	 less	 of	 the	 lung	 volume	 is	 involved,	 the	 need	 for
mechanical	ventilatory	support	is	unlikely.64	Treatment	for	pulmonary	contusion
is	 generally	 supportive.	 Close	 respiratory	 monitoring	 and	 frequent	 clinical
examination	 is	 important,	 as	 approximately	 half	 of	 all	 respiratory	 failures
secondary	 to	pulmonary	contusion	occur	within	 the	first	 few	hours	post	 injury.
Once	coexistent	injuries	are	treated,	and	the	need	for	emergent	surgery	is	ruled
out	 or	 performed	 as	 required,	 the	 patient	with	 pulmonary	 contusion	 should	 be
transferred	to	a	monitored	bed.	Optimal	respiratory	secretion	clearance	should	be
employed	and	may	be	achieved	 through	several	mechanisms,	 including	airway
suctioning,	 chest	 physiotherapy,	 and	postural	 drainage.	This	 helps	 to	minimize
atelectasis	 and	 clear	 respiratory	 secretions.	 If	 patients	 are	 still	 unable	 to	 clear
their	secretions	adequately,	bronchoscopy	can	be	helpful.	Adequate	analgesia	for
associated	 chest	 wall	 injuries	 is	 also	 important	 for	 maintaining	 adequate
secretion	 clearance	 as	 the	 effects	 of	 the	 contusions	 and	 chest	wall	 injuries	 are
additive.	 Pain	 control	 can	 be	 achieved	 through	 systemic	 opioids	 or	 regional
analgesia.	 Preferred	 methods	 of	 regional	 analgesia	 include	 nerve	 blocks,	 and
epidural	 or	 paravertebral	 catheters.	 Inadequate	 analgesia	 as	determined	by	 low
vital	capacity	 (<15	mL	per	kg	 in	otherwise	healthy	 individual)	or	oversedation
from	 opioids	 are	 indications	 for	 regional	 analgesia36-38	 (see	 “Rib	 Fractures”
section).	 Mechanical	 ventilation	 can	 minimize	 edema	 and	 increase	 functional
residual	 capacity,	 which	 in	 turn	 can	 decrease	 shunt	 and	 reduce	 hypoxemia.
Positioning	patients	with	the	injured	lung	in	the	nondependent	position	may	also
improve	oxygenation,	especially	for	those	patients	refractory	to	other	measures.
Fluid	 administration	 should	 be	 done	 judiciously,	 as	 hypervolemia	may	worsen
fluid	 extravasation	 into	 the	 alveolar	 spaces	 and	 increase	 parenchymal
consolidation,	 and	 because	 capillary	 permeability	 is	 already	 compromised.
However,	 underresuscitation	 should	 also	 be	 avoided,	 as	 this	 may	 lead	 to
thickened	 secretions	 and	 possible	 systemic	 effects	 if	 hypovolemia	 occurs.
Obviously,	fluid	administration	in	these	patients	can	be	a	difficult	balancing	act,
and	 good	 clinical	 judgment	 is	 important.	 Positive	 end	 expiratory	 pressure
(PEEP)	 should	 be	 maintained	 at	 the	 minimum	 value	 necessary	 to	 ensure
adequate	 oxygenation,	 because	 excessive	 PEEP	 may	 actually	 worsen	 gas
exchange	 and	 can	 actually	 extend	 the	 area	 of	 injury.	 Atelectasis	 can	 allow
bacterial	 growth	 that	 can	 lead	 to	 pneumonia,	which	 typically	 develops	 several
days	after	the	injury.	Pulmonary	infections	may	develop	in	up	to	50%	of	patients
with	pulmonary	contusions.	While	used	by	some,	diuresis	has	not	been	shown	to
decrease	 hypoxia	 or	 ventilator	 days	 in	 pulmonary	 contusion	when	 cardiogenic



pulmonary	edema	is	not	concurrent.	ARDS	can	complicate	pulmonary	contusion
in	 5%	 to	 20%	 of	 cases,	 and	 respiratory	 dysfunction	 is	 a	 common	 sequela.
Dyspnea	may	affect	as	many	as	90%	of	patients	during	the	first	6	months	post
injury.	In	addition,	functional	residual	capacity	has	been	found	to	be	diminished
as	late	as	4	years	after	injury,	with	the	majority	of	patients	demonstrating	subtle
changes	on	chest	CT	scans.65

Tracheobronchial	Injury/Lung	Laceration
Tracheobronchial	injury	can	be	a	challenge	to	diagnose,	manage,	and	definitively
treat.	The	true	incidence	of	tracheobronchial	injury	is	difficult	to	establish,	as	a
large	 proportion	 (30%-80%)	 of	 these	 patients	 will	 die	 before	 reaching	 the
hospital.	 It	 is	 estimated	 on	 the	 basis	 of	 autopsy	 reports	 that	 2.5%	 to	 3.2%	 of
patients	 who	 die	 as	 a	 result	 of	 trauma	 may	 have	 associated	 tracheobronchial
injury.66,67	 More	 than	 80%	 of	 tracheobronchial	 injury	 due	 to	 blunt	 trauma	 is
located	 within	 2.5	 cm	 of	 the	 carina.	 Resuscitation	 of	 a	 patient	 with
tracheobronchial	 injury	 can	 be	 difficult,	 since	 obtaining	 adequate	 ventilation
may	 require	novel	 approaches	 to	 securing	 the	airway.	Patients	with	 tracheal	or
bronchial	 injuries	 make	 this	 initial	 assessment	 particularly	 challenging.	 The
majority	 of	 patients	 with	 tracheobronchial	 injury	 seen	 in	 the	 emergency
department	 have	 some	 degree	 of	 respiratory	 difficulty	 and	 require	 emergent
measures	 to	 secure	 and	 control	 the	 airway,	 but	 some	 may	 have	 an	 initially
innocuous	 presentation	 with	 subtle	 signs.	 However,	 several	 abnormalities	 can
alert	the	physician	to	the	diagnosis.	Tachypnea	and	subcutaneous	emphysema	are
common.	 Pneumothorax	 may	 or	 may	 not	 be	 seen	 on	 a	 plain	 radiograph.	 The
liberal	 use	 of	 bronchoscopy	 is	 mandatory	 for	 identifying	 tracheobronchial
injuries	 and	 constitutes	 the	 gold	 standard	 for	 diagnosis.	 Findings	 that	 can
typically	be	seen	on	bronchoscopy	include	obstruction	of	the	airway	with	blood
and	 inability	 to	 visualize	 the	 more	 distal	 lobar	 bronchi	 because	 of	 collapsed
proximal	bronchi.	Visualization	of	a	bronchial	tear	is	confirmatory.

Orotracheal	 intubation	is	 the	most	common	method	used	for	airway	control.
If	possible,	the	intubation	should	be	done	over	a	fiber	optic	bronchoscope	so	that
the	injury	can	be	identified,	avoided,	and	clearly	bypassed	with	the	endotracheal
tube.	 It	 should	 be	 noted	 that	merely	 identifying	 the	 glottic	 opening	 and	 vocal
cords	does	not	ensure	proper	placement	of	the	endotracheal	tube	as	there	may	be
complete	 discontinuity	 distally.	 Patients	 with	 cervical	 injuries	 and	 open	 neck
wounds	 can	 be	 intubated	 through	 the	 open	 wound	 to	 secure	 the	 airway	 if
necessary.

Associated	injuries	are	common	and	are	usually	related	to	the	mechanism	and



location	 of	 the	 tracheobronchial	 injury.	 The	 injury	most	 commonly	 associated
with	penetrating	tracheobronchial	injury	is	esophageal	perforation.	Most	repairs
of	cervical	tracheal	injuries	are	approached	through	a	collar	incision.	For	patients
with	 injuries	 high	 in	 the	 mediastinal	 trachea	 or	 with	 suspected	 great-vessel
injury,	 a	median	 sternotomy	may	 be	 necessary.	When	 the	 injury	 is	 associated
with	a	unilateral	pneumothorax	or	a	bronchial	injury	is	diagnosed	preoperatively,
an	ipsilateral	posterolateral	thoracotomy	is	the	incision	of	choice.	For	injuries	to
the	 mediastinal	 trachea,	 an	 approach	 by	 a	 right	 posterolateral	 thoracotomy
(usually	high	through	the	fourth	intercostal	space)	is	reasonable.	Since	the	initial
report	 by	Shaw	 and	 colleagues,	 primary	 repair	 of	 the	 injured	 tracheobronchial
tree	has	been	encouraged.66,68-72	Most	patients	can	undergo	primary	repair	of	their
tracheobronchial	 injury	using	tailored	surgical	 techniques	specific	 to	the	injury.
When	 a	 major	 bronchus	 is	 disrupted,	 lobectomy	 is	 the	 preferred	 method	 of
treatment,	with	closure	of	 the	bronchial	 stump	debrided	back	 to	healthy	 tissue.
With	 injuries	 to	 the	 mainstem	 bronchi,	 primary	 repair	 is	 preferred	 over
pneumonectomy	whenever	possible,	due	to	the	higher	mortality	associated	with
pneumonectomy,	 especially	 in	 the	 trauma	 setting.	 Injury	 to	 the	 trachea	 can	 be
either	primarily	repaired	or	converted	to	a	tracheostomy	if	necessary	for	airway
control.	Nonoperative	management	of	tracheobronchial	injury	has	been	reported
to	be	successful	in	selected	cases.	Those	patients	that	seem	most	appropriate	for
this	 approach	 are	 those	 with	 membranous	 injuries.	 Patients	 that	 have
cartilaginous	 injuries	 are	 more	 likely	 to	 require	 operative	 repair.
Tracheobronchial	 injury	 encompasses	 a	 heterogeneous	 group	 of	 injuries	 that
requires	 skillful	 airway	 management,	 careful	 diagnostic	 evaluation,	 and
operative	 repairs	 that	 are	 often	 creative	 and	 necessarily	 unique	 to	 the	 given
injury.

Heart

Blunt	Cardiac	Injury
5 	 Blunt	 cardiac	 injury,	 formerly	 referred	 to	 as	 myocardial	 contusion,	 is	 now
recognized	as	a	continuum	of	injury	from	minor	contusion	through	fatal	cardiac
rupture.73-76	 Most	 blunt	 cardiac	 injuries	 are	 not	 serious.	 However,	 moderately
severe	 cardiac	 injuries	 may	 cause	 arrhythmias	 or	 result	 in	 low-output	 cardiac
failure.	 The	 clinical	 significance	 of	 myocardial	 contusion	 following	 blunt
thoracic	 trauma	 is	 still	 largely	 unknown.	 In	 one	 study	 by	 Lindstaedt	 et	 al,
approximately	20%	of	patients	who	were	admitted	to	a	surgical	ICU	because	of



their	 injuries	 met	 the	 criteria	 for	 diagnosis	 of	 myocardial	 contusion.77	 Their
criteria	 include	 pathologic	 findings	 on	 ECG	 known	 not	 to	 be	 present	 prior	 to
injury;	 echocardiographic	 evidence	 of	 a	 kinetic	 wall	 motion	 abnormalities;
combination	 of	 regional	 wall	 motion	 abnormality,	 significant	 isoenzyme
elevation	(CK-MB	[creatine	kinase	MB]	>7%),	and	ECG	abnormality;	regional
wall	 motion	 abnormality	 in	 the	 baseline	 echocardiogram	 and	 in	 the	 control
echocardiogram	 at	 follow-up;	 or	 confirmation	 of	 myocardial	 contusion	 at
autopsy	 or	 intraoperatively.	 Even	 though	 the	 prevalence	 of	 the	 injury	 was
significant	 in	 their	 population,	 the	 overall	 prognosis	 was	 excellent,	 and	 the
authors	recommend	that	specific	diagnostic	and	therapeutic	measures	should	be
limited	 to	 cases	 where	 cardiac	 complications	 develop.	 The	 combination	 of	 a
normal	ECG	and	normal	serum	troponin	levels,	drawn	at	the	time	of	presentation
and	8	 hours	 later,	 essentially	 rules	 out	 significant	myocardial	 contusion	 and	 is
sufficient,	 in	the	absence	of	other	reasons	for	hospitalization,	to	discharge	such
patients	safely	home.78	However,	 patients	with	 an	 abnormal	ECG	and	elevated
troponin	should	be	monitored	for	at	least	24	hours.	Cardiac	contusion	may	lead
to	 cardiogenic	 shock	 resistant	 to	 inotropic	 support.	 The	 use	 of	 intra-aortic
balloon	counterpulsation	as	a	mechanical	means	of	augmenting	cardiac	function
following	 cardiac	 contusion	 is	 rarely	 indicated	 but	 has	 been	 reported	 with
success	even	in	elderly	patients.79

At	the	other	end	of	the	severity	spectrum,	high	energy	injuries	to	the	heart	can
result	 in	cardiac	rupture.	Atrial	and/or	ventricular	rupture	can	occur,	 leading	 to
profound	 hemodynamic	 compromise.	 Rapid	 recognition	 of	 such	 injuries	 is
necessary	for	successful	treatment.	Associated	injuries	are	common	and	include
closed	head	injury,	pulmonary	contusion	and/or	laceration,	multiple	rib	fractures,
liver	 and	 spleen	 injury,	 and	 traumatic	 aortic	 injury;	 these	 account	 for
approximately	25%	of	 fatalities	 seen	 in	patients	 after	blunt	 cardiac	 injury.	The
usual	clinical	presentation	of	cardiac	rupture	is	cardiac	tamponade	secondary	to
hemopericardium,	 although	 less	 than	 15%	 of	 these	 patients	 actually	 manifest
physiological	evidence	of	tamponade.	Associated	pericardial	tears	may	allow	for
decompression	 of	 intrapericardial	 hemorrhage	 through	 the	 pleural	 space,
preventing	the	development	of	cardiac	tamponade	but	leading	to	exsanguinating
hemothorax.	 Pericardial	 rupture	 is	 rare,	 but	 can	 occur	 in	 isolation	 or	 with
associated	 injuries	such	as	blunt	cardiac	or	diaphragmatic	 rupture,	which	has	a
high	 mortality.	 Hypotension	 is	 usually	 present,	 and	 the	 diagnosis	 of	 cardiac
rupture	should	be	considered	for	any	patient	who	has	hypotension	in	the	absence
of	 overt	 blood	 loss.	 The	 chest	 radiograph	 may	 not	 show	 evidence	 of	 cardiac
injury,	 even	 in	 the	 face	 of	 tamponade	 and	 hemodynamic	 compromise,	 since	 a
rapid	 accumulation	 of	 blood	 into	 the	 pericardial	 space	 can	 occur	 without



significantly	altering	the	cardiac	silhouette.	The	extended	FAST	ultrasound	exam
can	be	useful	for	diagnosing	pericardial	 tamponade.	Diagnosis	of	blunt	cardiac
rupture	 should	 be	 strongly	 suspected	 when	 hemopericardium	 is	 seen	 by
ultrasound	 in	 the	 setting	 of	 blunt	 trauma.	 The	 diagnostic	 dependability	 of
pericardiocentesis	 is	 limited	 in	 the	 assessment	 of	 traumatic	 hemopericardium
and	 potential	 cardiac	 rupture	 because	 of	 significant	 false-negative	 and	 false-
positive	 results.	 Performing	 a	 pericardial	 window	 in	 the	 operating	 room,
however,	 can	 be	 both	 diagnostic	 and	 therapeutic,	 and	 it	 can	 confirm
hemopericardium	 and	 allow	 for	 rapid	 decompression	 and	 median	 sternotomy.
Nevertheless,	 the	 diagnosis	 of	 blunt	 cardiac	 rupture	 requires	 a	 fair	 degree	 of
clinical	suspicion,	particularly	in	the	setting	of	hypotension	that	does	not	respond
to	adequate	volume	resuscitation.	Perchinsky	et	al	reviewed	a	consecutive	series
of	27	patients	seen	between	1984	and	1993	with	blunt	cardiac	rupture.	Overall
survival	 rate	 was	 41%.	 Of	 note	 was	 that	 three	 out	 of	 nine	 (33%)	 patients
presenting	 to	 the	 emergency	department	with	no	 identifiable	blood	pressure	or
viable	electrical	heart	rhythm	survived	resuscitation,	surgery,	and	initial	hospital
care.	 No	 patient	 survived	 rupture	 of	 two	 or	 more	 cardiac	 chambers	 in	 their
series,	 however.80	 Although	 cardiac	 exploration	 should	 be	 performed	 with
cardiopulmonary	 bypass	 support	 nearby,	 repair	 of	 cardiac	 rupture	 does	 not
necessarily	require	its	use.

Cardiac	Valvular	Injuries
Blunt	 cardiac	 injury	 may	 rarely	 result	 in	 valvular	 insufficiency.	 The	 right
ventricle	 is	 immediately	 behind	 the	 sternum,	 which	 makes	 it	 particularly
vulnerable	 to	 injury.	 Acute	 severe	 elevation	 of	 right	 intraventricular	 pressures
has	 been	 shown	 to	 result	 in	 injury	 of	 the	 tricuspid	 valvular	 apparatus.74,81	The
most	 common	 injury	 is	 chordal	 rupture,	 followed	 by	 rupture	 of	 the	 anterior
papillary	muscle	 and	 leaflet	 tears.	 Posttraumatic	 aortic	 valve	 regurgitation	 has
also	 been	 reported	 and	 affects	 all	 ages	 and	 is	 often	 found	 in	 association	with
sternal	or	multiple	rib	fractures.82	Traumatic	mitral	valve	insufficiency	has	been
shown	 to	 present	 with	 either	 complete	 papillary	 muscle	 avulsion	 from	 its
ventricular	 attachment	or	with	chordal	 tears	 and/or	 leaflet	damage.	Those	with
papillary	 muscle	 avulsion	 typically	 present	 with	 severe	 regurgitation.	 Those
patients	with	less	severe	injuries	to	the	mitral	valve,	such	as	chordal	tears	and/or
leaflet	 damage,	 usually	 present	 with	 less	 severe	 symptoms	 and	 may	 even	 be
asymptomatic.	 Not	 only	 can	 blunt	 cardiac	 injury	 cause	 acute	 valvular
incompetence,	 but	 it	 can	 also	 predispose	 patients	 to	 delayed	 valvular
dysfunction.	 In	a	 study	performed	by	 Ismailov	et	al	 looking	at	hospital	patient



discharges,	patients	who	sustained	blunt	cardiac	injury	had	an	associated	12-fold
increased	 risk	 for	 developing	 tricuspid	 valve	 insufficiency	 and	 a	 3.4-fold
increased	 risk	 of	 developing	 aortic	 valvular	 insufficiency	 later	 in	 life,	 which
appeared	to	be	independent	of	age,	race,	sex,	and	injury	severity	score.83	There
was	 no	 correlation	 found	 with	 increased	 risk	 for	 mitral	 valve	 insufficiency,
however.	 Traumatic	 valve	 insufficiency,	 depending	 on	 severity	 and	 valve
involved,	may	necessitate	surgical	treatment.

Penetrating	Cardiac	Injury
The	 clinical	 presentation	 of	 penetrating	 cardiac	 injury	 ranges	 from	 one	 of
hemodynamic	 stability	 to	 complete	 cardiopulmonary	 arrest.	 Beck	 triad
represents	 the	 classical	 presentation	 of	 the	 patient	 arriving	 in	 the	 emergency
department	 in	 pericardial	 tamponade	 and	 includes	 venous	 hypertension	 with
distended	neck	veins,	arterial	hypotension,	and	muffled	heart	sounds.	Kussmaul
sign:	 paradoxical	 increased	 jugular	 venous	 distention	 seen	 with	 inspiration	 is
another	 classic	 sign	 attributed	 to	 pericardial	 tamponade,	 though	 it	 may	 not
necessarily	 be	 appreciated	 in	 the	 acute	 trauma	 setting.	 The	 physiology	 of
pericardial	 tamponade	 is	 related	 to	 the	 relative	 inelastic	 and	 noncompliant
pericardium.	Sudden	acute	loss	of	intracardiac	blood	volume	into	the	pericardial
sac	 leads	 to	 an	 acute	 pressure	 rise	 and	 compression	 of	 the	 thin-walled	 right
ventricle	and	atria.	This	decreases	the	heart’s	ability	to	fill,	resulting	in	decreased
left	 ventricular	 filling	 and	 ejection	 fraction,	 thus	 decreasing	 cardiac	 output.
Subxiphoid	 pericardial	window	 remains	 the	 gold	 standard	 for	 the	 diagnosis	 of
cardiac	injury,	though	today	more	cases	are	being	diagnosed	almost	immediately
upon	patient	arrival	by	the	Extended	FAST	ultrasound	examination.	Jimenez	et
al	 showed	 that	echocardiography	had	90%	accuracy,	97%	specificity,	and	90%
sensitivity	in	detecting	penetrating	cardiac	injuries.84	The	usefulness	of	the	FAST
cardiac	echo	may	be	in	its	ability	to	identify	obvious	hemopericardium,	thereby
allowing	the	trauma	surgeon	to	proceed	directly	to	median	sternotomy	and	thus
eliminating	the	need	for	a	subxiphoid	pericardial	window	in	many	cases.

A	 pericardial	window	 can	 also	 be	 therapeutic	 and	 can	 be	 done	 under	 local
anesthesia	 in	 the	 operating	 room	 to	 allow	 release	 of	 tamponade	 prior	 to	 the
induction	of	general	anesthesia.	If	blood	is	found,	then	the	surgeon	can	proceed
immediately	 to	 median	 sternotomy	 and	 cardiorrhaphy.	 For	 relatively	 stable
patients	 who	 do	 not	 require	 emergency	 department	 thoracotomy,	 median
sternotomy	 is	 the	 incision	 of	 choice	 to	 repair	 penetrating	 cardiac	 wounds.85,86
Transthoracic	echocardiography	has	clearly	emerged	as	the	technique	of	choice
for	the	diagnosis	of	penetrating	cardiac	injuries.	Suspected	or	proven	pericardial



tamponade	 with	 loss	 of	 vital	 signs	 due	 to	 penetrating	 thoracic	 trauma	 is	 the
major	 indications	 to	 perform	EDT.6	 Recently,	 some	 cases	 of	 hemopericardium
due	 to	 penetrating	 trauma	 have	 been	managed	 by	 urgent	 rather	 than	 emergent
surgery	for	stable	patients.87

Esophagus
Iatrogenic	injuries	to	the	esophagus	are	the	most	common,	particularly	those	of
iatrogenic	 esophageal	 perforation.	 Traumatic	 injury	 and	 Boerhaave	 syndrome
account	for	most	of	the	rest.

Patients	who	 present	with	 esophageal	 perforation	 usually	 complain	 of	 pain.
Findings	may	include	fever	and	subcutaneous	or	mediastinal	air.	Crepitus	in	the
neck	is	relatively	common	following	perforations	of	the	cervical	esophagus	and
can	 be	 detected	 on	 physical	 exam	 in	 approximately	 60%	 of	 patients.	 Pleural
effusions	 are	 present	 in	 more	 than	 50%	 of	 patients	 with	 perforations	 of	 their
thoracic	 esophagus.	 Radiologic	 studies	 are	 important	 for	 diagnosing	 patients
with	esophageal	perforation.	A	plain	chest	 radiograph	may	 show	subcutaneous
emphysema,	 pneumomediastinum,	 pleural	 effusion,	 pneumothorax,	 or
mediastinal	 air-fluid	 levels	 (hydropneumothorax).	 Radiographic	 abnormalities
can	be	found	in	as	many	as	90%	of	patients	on	plain	film.	Contrast	studies	are
performed	 to	 confirm	 the	diagnosis	of	perforation	and	 to	define	 the	exact	 site.
The	 appropriate	 of	 contrast	 agent	 to	 use	 for	 this	 study	 remains	 controversial.
Water-soluble	 contrast	 agents	 such	 as	 Gastrografin	 have	 been	 the	 preferred
agents	of	choice	because	if	 leakage	through	the	perforation	occurs,	 the	leakage
will	not	seed	the	mediastinum	with	particulate	matter	that	serves	as	a	nidus	for
infection.	However,	Gastrografin	can	cause	severe	pneumonitis	if	aspirated	into
the	 lungs,	 and	 its	use	may	not	demonstrate	 small	 leaks.	Because	of	 this,	 some
prefer	to	use	thin	barium,	as	it	is	more	inert	in	the	lungs	and	is	better	at	detecting
smaller	 leaks.	CT	scanning	can	be	particularly	helpful	 for	showing	mediastinal
findings	such	as	air,	inflammation,	and	fluid	collections	when	the	perforation	has
already	sealed.

The	 optimal	 management	 of	 esophageal	 perforation	 is	 patient	 specific	 and
should	take	into	account	the	clinical	setting.88	This	includes	consideration	of	the
patient’s	underlying	disease	process,	the	degree	of	sepsis,	if	any,	the	location	of
the	perforation,	and	whether	or	not	the	perforation	is	contained.	A	nonoperative
approach	may	be	considered	 for	patients	with	minimal	symptoms	and	physical
findings	 who	 do	 not	 appear	 septic	 and	 have	 a	 small,	 contained	 leak.
Nonoperative	management	should	include	the	use	of	broad-spectrum	intravenous
antibiotics	 and	 nothing	 to	 eat	 or	 drink	 by	 mouth	 (NPO).	 A	 nasogastric	 tube



should	be	specifically	avoided.	There	is	no	clear	consensus	as	to	generally	how
long	a	patient	with	a	contained	leak	should	be	left	NPO	or	how	long	intravenous
antibiotics	 should	 be	 continued.	 However,	 clear	 liquids	 can	 usually	 be	 safely
started	within	a	few	days	and	the	diet	advanced	cautiously,	especially	when	no
further	extravasation	is	seen	on	repeat	contrast	study.

Surgery	 should	 be	 performed	 if	 the	 patient	 appears	 septic,	 the	 leak	 freely
communicates	 with	 either	 the	 peritoneal	 or	 thoracic	 cavities,	 or	 there	 is	 an
associated	 mediastinal	 abscess.	 Primary	 repair	 can	 be	 done	 regardless	 of	 the
timing	of	the	injury,	as	long	as	the	tissues	appear	healthy	at	the	time	of	surgery.
Drainage	 alone	 can	 be	 done	 for	 cervical	 perforations,	 especially	 if	 the
perforation	 cannot	 be	 found	 at	 the	 time	 of	 operation,	which	 is	 not	 infrequent.
Primary	repair	with	drainage	is	the	preferred	method	when	possible;	however,	if
the	esophageal	tissues	do	not	appear	viable	to	hold	sutures,	drainage	alone,	with
or	without	proximal	diversion	may	be	necessary.	It	is	important	when	primarily
repairing	the	esophagus	that	the	mucosal	edges	are	defined,	as	the	injury	seen	in
the	muscle	layer	is	often	only	the	“tip	of	the	iceberg,”	and	closure	of	the	entire
mucosal	defect	is	necessary	if	adequate	healing	is	to	occur.

Esophagectomy	 is	 rarely	 necessary	 or	 safe	 in	 the	 acute	 trauma	 setting.	 If
resection	must	be	done,	diversion	should	be	done	and	esophageal	reconstruction
deferred	until	sepsis	and	the	acute	catabolic	state	have	resolved.	In	these	cases,	it
is	better	to	create	an	end	cervical	esophagostomy	and	oversew	the	gastric	stump
with	 the	 placement	 of	 an	 enteral	 feeding	 catheter.	 Esophageal	 injuries	 due	 to
penetrating	trauma	are	rare,	with	most	series	averaging	only	a	handful.89-91	They
result	 most	 commonly	 from	 transmediastinal	 gunshot	 wounds.	 Asensio	 et	 al
reported	 their	 experience	 consisting	 of	 43	 penetrating	 esophageal	 injuries
managed	over	a	period	of	6	years.	Overall,	28	of	their	32	survivors	(88%)	were
managed	 by	 primary	 repair	 alone.92	 The	 overall	 mortality	 for	 their	 series	 was
26%.	The	authors	also	reported	that	these	mortality	figures	were	consistent	with
others	reported	in	the	literature,	which	have	remained	high	and	relatively	stable
for	 the	 last	20	years,	 thus	attesting	 to	 the	critical	nature	of	 these	 injuries.	Only
Symbas	 et	 al	 (48	 cases)	 and	 Defore	 et	 al	 (77	 cases)	 have	 reported	 larger
experiences	 but	 over	 much	 longer	 spans	 of	 time,	 15	 and	 22	 years,
respectively.89,90	 Penetrating	 esophageal	 injuries	 are	 not	 easily	 detected	 and
require	a	high	 index	of	 suspicion.	Delay	 in	diagnosis	 is	associated	with	higher
mortality.	 However,	 mortality	 can	 exceed	 20%	 even	 for	 patients	 who	 are
promptly	 diagnosed.	 Esophagoduodenoscopy	 (EGD)	 is	 a	 sensitive	 and	 safe
diagnostic	 test	 for	 the	detection	of	esophageal	 injury.	A	study	by	Flowers	et	al
showed	 that	 EGD	 had	 a	 sensitivity	 of	 100%,	 a	 specificity	 of	 96%,	 and	 an
accuracy	 of	 97%	 in	 detecting	 penetrating	 esophageal	 injuries.93	 There	 was	 no



morbidity	 related	 to	 the	 examination,	 and,	 most	 importantly,	 no	 esophageal
injuries	were	missed.	The	authors	commented	that	the	most	significant	potential
weakness	of	flexible	EGD	for	esophageal	 trauma	is	 that	 it	actually	may	be	 too
sensitive.	EGD	is	most	helpful	for	excluding	esophageal	injury	in	patients	who
require	 a	 surgical	 procedure	 for	 another	 injury.	When	 found,	 prompt	 primary
repair	is	the	treatment	of	choice.

Thoracic	Aortic	Injury
Traumatic	 disruption	 of	 the	 thoracic	 aorta	 immediately	 leads	 to	 death	 in	 the
majority	of	 the	patients	and	 is	a	common	 finding	of	autopsy	series	 from	high-
speed	 motor	 vehicle	 accidents.	 These	 horizontal	 acceleration/deceleration
injuries	 usually	 result	 from	 a	 disruption	 of	 the	 integrity	 of	 the	 aortic	wall	 just
distal	to	the	ligamentum	arteriosum.	Patients	fortunate	enough	to	survive	initial
injury	usually	do	so	because	the	aortic	adventitial	tissues	are	able	to	tamponade
the	tear,	thereby	creating	an	expanding	pseudoaneurysm	and	thus	preventing	or
delaying	 fatal	 intrathoracic	 exsanguination.	 The	 risk	 of	 rupture	 depends	 on
multiple	 factors,	 including	 the	 ability	 of	 the	 adventitial	 tissues	 to	 contain	 the
leak,	 the	 patient’s	 systemic	 blood	 pressure,	 and	 the	 size	 of	 the	 contained
pseudoaneurysm.

While	 emergent	 operative	 repair	 of	 thoracic	 aortic	 tears	 has	 long	 been	 the
standard	 of	 care,	 after	 1997	 there	 has	 been	 emerging	 evidence	 that	 not	 all
thoracic	 aortic	 tears	 should	 be	 treated	 equally.	 In	 addition,	 associated	 injuries
such	as	pulmonary	contusions,	 intracranial	hemorrhage,	and/or	 intra-abdominal
hemorrhage	(which	are	common	in	these	patients)	may	take	precedence	and	may
render	major	 aortic	 surgery	 particularly	 hazardous.	 For	 these	 cases,	 the	 aortic
injury	 can	 be	 acutely	managed	medically	 and	 definitive	 treatment	 delayed,	 so
long	as	certain	criteria	are	met.	With	careful	medical	management	(strict	blood
pressure	control,	minimization	of	dP/dT),	it	has	been	shown	that	many	thoracic
aortic	 injuries	 can	 undergo	 delayed	 repair,	 perhaps	 resulting	 in	 superior
outcomes	when	compared	with	those	patients	undergoing	emergent	repair.94,95	A
recent	prospective,	observational	study	sponsored	by	the	American	Association
for	 the	 Surgery	 of	 Trauma	 (AAST)	 looked	 at	 the	 subgroup	 of	 patients	 that
underwent	immediate	repair	versus	those	that	underwent	delayed	repair.96	Those
patients	 that	 underwent	 delayed	 repair	 of	 stable	 thoracic	 aortic	 injury	 actually
had	 improved	 survival	 regardless	 of	 the	 presence	 of	major	 associated	 injuries,
although	 their	 length	 of	 ICU	 stay	was	 longer.	 It	 should	 be	 noted	 that	 patients
with	 no	 major	 associated	 injuries	 who	 underwent	 delayed	 repair	 had	 a
significantly	 higher	 complication	 rates	 when	 compared	 to	 those	 patients



undergoing	 immediate	 repair.	 Although	 there	 has	 not	 been	 a	 randomized,
controlled	trial	of	early	versus	delayed	repair,	these	results	probably	are	affected
by	 selection	 bias.	 However,	 selection	 bias,	 which	 reflects	 the	 “art”	 of	 clinical
treatment	planning,	should	not	be	underscored	when	making	decisions	regarding
these	 often	 multiply	 injured	 patients.	 In	 addition,	 successful	 nonoperative
therapy	of	descending	thoracic	aortic	injury	has	been	reported.97	Justification	for
nonoperative	therapy	includes	favorable	anatomy	of	the	injury	(contained,	small
injury,	 hemodynamic	 stability)	 as	 well	 as	 the	 presence	 of	 coexisting	 injuries,
which	would	render	the	operative	risk	prohibitively	high.	These	include	patients
with	spinal	cord	injury	that	might	make	lateral	decubitus	positioning	dangerous,
patients	 with	 pulmonary	 contusions	 that	 may	 make	 single	 lung	 ventilation
difficult,	and	patients	with	closed	head	 injury,	solid	abdominal	organ	 injury,	or
major	 fractures	 in	 which	 systemic	 heparinization	 would	 be	 ill-advised.	 One
accepted	method	of	operative	repair	is	the	“clamp-and-sew”	technique,	in	which
the	proximal	and	distal	aorta	are	simply	clamped,	thereby	isolating	the	injury	so
that	either	primary	repair	or	 interposition	grafting	can	be	performed.	Operative
mortality	 is	 generally	 reported	 to	 be	 10%	 to	 20%	 in	 most	 series,	 with	 major
morbidity	including	renal	failure	and	paraplegia,	which	appears	to	increase	with
prolonged	 (ie,	 >30	 minutes)	 clamp	 times.98	 Another	 accepted	 method	 of
operative	repair	utilizes	bypass	of	the	injured	segment	during	repair,	either	with
partial	 left	 heart	 bypass	 or	with	 proximal	 to	 distal	 aortic	 shunt	 placement	 (ie,
Gott	shunt).	Partial	left	heart	bypass	(with	cannulae	in	the	left	atrium	and	distal
aorta)	 allows	controlled	off-loading	of	 the	 left	heart	 in	addition	 to	maintaining
distal	 aortic	 perfusion,	 especially	 to	 the	 kidneys,	 that	 may	 decrease	 (but	 not
negate)	the	incidence	of	paraplegia,	especially	when	prolonged	clamp	times	are
anticipated.	Since	there	has	not	been	a	randomized	controlled	trial	comparing	the
two	 techniques,	 and	 there	 is	 no	 conclusive	 evidence	 that	 one	 technique	 is
superior	over	 the	other	 in	 terms	of	outcome,	both	methods	are	acceptable,	 and
their	performance	is	usually	based	on	surgeon	preference.

The	need	for	operative	repair,	however,	which	was	once	considered	the	gold
standard,	 is	 now	 being	 supplanted	 by	 endovascular	 repair.	 There	 are	 many
reports	 showing	 that	 “TEVAR”	 (Thoracic	 Endovasclar	 Aneurysmal	 Repair)
endovascular	stent	grafting	of	selected	patients	may	be	superior	to	that	of	open
operative	repair.99-101	A	 prospective,	multicenter	 study	 sponsored	 by	 the	AAST
was	 recently	 published	 that	 clearly	 shows	 the	 early	 efficacy	 and	 safety	 of
endovascular	 stent	 grafting	 in	 selected	 patients	 with	 traumatic	 thoracic	 aortic
injuries.101	The	patients	who	underwent	stent	grafting	had	a	significantly	 lower
mortality	 (adjusted	odds	 ratio:	8.42;	95%	confidence	 interval	 [CI]:	2.76-25.69;
adjusted	P	value	<	.001)	and	fewer	blood	transfusions	(adjusted	mean	difference:



4.98;	95%	CI:	0.14-9.82;	adjusted	P	value	<.046)	compared	to	those	patients	that
underwent	 operative	 repair.	 In	 addition,	 among	 the	 patients	 with	 major
extrathoracic	injuries,	a	significantly	higher	mortality	and	pneumonia	rate	were
found	in	the	operative	group	(adjusted	P	values	0.04	and	0.03,	respectively).	The
major	drawback	seen	for	patients	undergoing	stent	grafting	were	device-related
complications,	which	 developed	 among	 20%	 of	 the	 patients.	 Their	 conclusion
was	that	stent	grafting	of	thoracic	aortic	injuries	is	now	more	commonly	chosen
by	surgeons	as	the	preferred	method	of	repair	and	is	associated	with	significantly
lower	 mortality	 but	 that	 there	 is	 a	 considerable	 risk	 of	 serious	 device-related
complications.	The	rate	of	device	related	complications	is	continually	decreasing
in	 recent	 literature	 as	 vascular	 surgeons	 gain	 more	 experience	 with	 the
technique.	Additionally,	the	rate	of	paraplegia	has	ranged	between	1%	and	3%,
significantly	less	than	any	open	surgical	method.99	Also,	systemic	heparinization,
a	major	 risk	 in	 trauma	 patients,	 is	 not	 required.	 TEVAR	 has	 now	 become	 the
method	 of	 choice	 in	 many	 centers	 for	 repair	 of	 most	 major	 thoracic	 aortic
transection	 as	 long	 as	 the	 location	 is	 such	 that	 it	 can	 be	 accomplished	 from	 a
technical	perspective.	Mortality	with	blunt	thoracic	aortic	injury	has	been	shown
to	be	double	for	cases	done	after	24	hours	even	when	corrected	for	overall	injury
severity.102	 Additionally,	 recent	 studies	 have	 also	 shown	 that	 the	 outcome	 in
terms	of	aortic-related	mortality	of	TEVAR	is	equivalent	to	medical	management
for	 minimal	 thoracic	 aortic	 injuries	 (grades	 I	 and	 II).103	 Better	 outcomes	 are
occurring	at	institutions	that	see	overall	higher	volumes	of	TEVAR	cases	and	of
vascular	trauma,	in	general.104

Traumatic	Asphyxia
Traumatic	asphyxia	occurs	as	a	result	of	a	sudden	or	severe	compression	injury
of	 the	 thorax	or	 upper	 abdomen.	 It	 is	most	 often	 associated	with	blunt	 trauma
secondary	 to	 a	 crush	 injury.	 Entrapment	 of	 children	 under	 automatic	 garage
doors	 is	 a	 prime	 example,	 as	 reported	 by	Kriel	 et	 al.105	 The	 true	 incidence	 of
traumatic	asphyxia	is	unknown,	but	it	is	considered	to	be	a	relatively	rare	event.
The	diagnosis	 is	usually	made	based	on	 the	mechanism	of	 injury	and	physical
examination.	 Associated	 injuries	 are	 common	 and	 therefore	 should	 be
investigated.	The	usual	physical	findings	consist	of	facial	edema,	cyanosis,	and
petechial	hemorrhages	of	the	upper	torso,	neck,	and	face.	The	petechiae	usually
occur	within	the	conjunctiva	and	oral	mucosa	and	become	most	prominent	a	few
hours	after	the	initial	injury.	Neurologic	findings	are	not	rare	and	are	thought	to
be	 secondary	 to	 anoxic	 injury,	 as	 well	 as	 possible	 cerebral	 edema	 and
hemorrhage.	 The	 exact	 pathophysiology	 is	 thought	 to	 relate	 to	 prolonged



elevation	of	central	venous	pressure.	Prolonged	application	of	high	pressure	 to
the	 mediastinum	 causes	 the	 heart	 to	 force	 blood	 out	 of	 the	 right	 atrium
retrograde	into	the	valveless	innominate	and	jugular	venous	system.	In	addition,
a	sudden	reflexive	inspiration	is	thought	to	occur	against	a	closed	glottis,	which
may	elevate	 the	 intrathoracic	pressures	 to	high	 levels.	This	 results	 in	a	 sudden
and	 rapid	 increase	 in	 the	 pressure	 of	 the	 small	 veins	 of	 the	 face	 and	 neck,
resulting	in	the	typical	petechial	hemorrhages	that	are	observed.

Treatment	is	generally	supportive.	Specific	therapy	for	traumatic	asphyxia	is
based	 on	 physiologic	 techniques	 to	 decrease	 intracranial	 pressure	 (ICP),
including	elevation	of	the	head	of	the	bed	and	oxygen	therapy.	If	there	is	altered
mental	status,	CT	scanning	of	 the	head	should	be	done.	 If	 there	 is	evidence	of
increased	ICP,	ICP	monitoring	and	treatment	of	intracranial	hypertension	may	be
needed.	 Laryngeal	 edema	 may	 occur,	 necessitating	 airway	 control	 by
endotracheal	 intubation	 or	 emergent	 cricothyroidotomy.	 The	 need	 to
concurrently	 treat	 associated	 injuries	 is	 also	 likely.	 Commonly	 associated
injuries	 include	 rib	 fractures,	 pulmonary	 contusions,	 extremity	 fractures,
pneumothorax,	 hemothorax,	 flail	 chest,	 and	 blunt	 pelvic	 and	 intra-abdominal
injuries	 (ie,	 splenic	 and/or	 liver	 lacerations).	 The	 prognosis	 for	 patients	 with
traumatic	 asphyxia	 is	 generally	 good,	 as	 long	 as	 the	 patient	 did	 not	 sustain
prolonged	 apnea	 or	 hypoxia.	 The	 majority	 of	 fatalities	 are	 usually	 from
associated	 injuries	 and	 their	 complications.	When	 death	 does	 occur,	 it	 usually
occurs	in	patients	who	have	sustained	a	prolonged	compression,	causing	massive
irreversible	neurologic	insult	from	the	resultant	apnea	and	hypoxia.

Respiratory	Complications
As	a	result	of	either	primary	lung	contusion	or	from	the	treatment	necessary	to
treat	generalized	traumatic	injury	(massive	transfusions,	mechanical	ventilation,
etc),	the	lungs	are	susceptible	to	acute	injury.	Complications,	which	can	develop,
include	 transfusion	 related	 lung	 injury	 (TRALI),	 ventilator-associated
pneumonia,	or	ARDS.	For	an	 in	depth	discussion	of	 these	 three	complications,
readers	are	referred	to	Chapters	88,	163,	and	181.

UTILITY	OF	ULTRASONOGRAPHY	FOR
EVALUATION	OF	THORACIC	AND	CARDIAC
TRAUMA



Ultrasonography	 is	 valuable	 for	 the	 immediate	 assessment	 of	 the	 critically	 ill
patient	 with	 thoracic	 and	 cardiac	 trauma	 in	 the	 form	 of	 the	 extended	 FAST
examination.106	Chest	CT	and	angiography	are	useful	 for	definitive	 imaging	of
thoracic	and	cardiac	trauma	but	cannot	be	used	on	an	emergency	basis.	For	some
applications,	ultrasonography	is	superior	to	standard	supine	chest	radiography.

The	 ultrasonography	 examination	 is	 performed	 by	 a	 single	 member	 of	 the
trauma	 team,	 while	 other	 key	 elements	 of	 initial	 resuscitation	 are	 ongoing.
Modern	 bedside	 ultrasonography	machines	 are	 small	 enough	 that	 they	 can	 be
brought	to	the	bedside	without	blocking	access	to	the	patient	by	other	members
of	the	trauma	team.	The	machine	has	multiple	uses	beyond	examination	for	life-
threatening	 complications	 of	 thoracic	 trauma	 such	 as	 vascular	 access,	 airway
management,	and	assessment	for	alternative	causes	for	shock.

Equipment	Requirements
The	 extended	 FAST	 examination	 is	 performed	 using	 a	 phased	 array	 cardiac
probe	(2.0-5.0	MHz).	For	the	thoracic	assessment,	the	probe	is	configured	with
abdominal	 preset.	 The	 machine	 is	 switched	 back	 to	 cardiac	 preset	 when
examining	 the	 heart.	 Many	 portable	 ultrasound	 machines	 have	 full	 TEE
capability,	so	it	is	feasible	to	use	TEE	as	an	immediate	imaging	modality	at	point
of	care.

Scanning	Technique
With	the	patient	in	supine	position,	the	operator	examines	the	anterior	and	lateral
chest	with	 the	probe	held	perpendicular	 to	 the	 chest	wall	 and	 adjusted	 to	 scan
through	 the	 intercostal	 spaces.	 A	 series	 of	 scan	 lines	 are	 performed	 over	 the
anterior	and	lateral	chest,	while	the	probe	is	moved	over	adjacent	rib	interspaces.
Generally,	it	suffices	to	perform	one	scan	line	in	the	anterior	midclavicular	line,
the	anterior	axillary	line,	and	the	posterior	axillary	line.	In	each	intercostal	space,
the	 operator	 checks	 for	 lung	 sliding/pulse,	A	 lines,	B	 lines,	 consolidation,	 and
pleural	 fluid	 (Chapter	 11:	 “Lung	 Ultrasonography”	 and	 Chapter	 12:
“Thoracentesis”).	 Following	 the	 thoracic	 examination,	 the	 operator	 obtains	 a
subcostal	 long	 axis	 view	 of	 the	 heart	 in	 order	 to	 evaluate	 for	 the	 presence	 of
pericardial	 fluid	 (Chapter	17:	Pericardiocentesis).	 If	 indicated,	 the	 examination
can	be	extended	to	include	the	abdomen	(Chapter	36:	Resuscitation	from	Shock
Following	Hemorrhage).



Examination	for	Pneumothorax
The	presence	of	 lung	sliding,	 lung	pulse,	or	B	 lines	 rules	out	pneumothorax	at
the	 site	 of	 the	 examination	 (Chapter	 11:	 “Lung	 Ultrasonography”).	 Multiple
intercostal	 spaces	 can	 be	 examined	 in	 a	 short	 period	 time	 in	 order	 to	 exclude
pneumothorax	with	a	high	level	of	certainty	in	the	patient	with	thoracic	trauma.
If	 lung	 sliding	 is	 absent	 with	 the	 presence	 of	 A	 line	 pattern,	 there	 is	 a	 high
probability	 of	 a	 pneumothorax.	 Identification	 of	 a	 lung	 point	 verifies	 the
presence	 of	 pneumothorax	 (Chapter	 11:	 “Lung	 Ultrasonography”).	 However,
lung	point	requires	a	skilled	operator.	It	is	highly	specific	for	pneumothorax,	but
its	sensitivity	depends	on	the	skill	of	the	examiner.107	Ultrasonography	is	similar
or	 superior	 to	 standard	 supine	 chest	 radiography	 for	 evaluation	 for
pneumothorax.108,109	Its	performance	characteristics	are	such	that	it	may	replace
chest	radiography	for	this	purpose.9	CT	scan	remains	 the	gold	standard,	but,	 in
comparison,	 ultrasonography	 gives	 similar	 results	 and	 offers	 the	 advantage	 of
being	a	point	of	care	technique.

Examination	for	Hemothorax
Hemothorax	is	readily	detected	with	ultrasonography.110,111	The	hemothorax	will
accumulate	in	the	dependent	thorax,	so	the	examination	is	focused	on	the	lateral
and	 posterolateral	 intercostal	 spaces.	A	 very	 recent	 hemothorax	 has	 a	 swirling
characteristic	and	significant	echogenicity	(Chapter	12:	“Thoracentesis”).	Within
a	 short	 period	 of	 time,	 blood	 becomes	 progressively	 more	 hypoechoic.	 The
cellular	 elements	 within	 the	 blood	 collection	 undergo	 gravitational
sedimentation;	 so	 it	 is	 common	 to	 see	 a	 clear	 sedimentation	 effect	 with	 an
anechoic	space	clearly	demarcated	from	a	dependent	more	echoic	area.	This	has
been	 termed	 “hematocrit”	 sign.	 The	 blood	 may	 eventually	 form	 a	 mobile
thrombus	 that	 is	visualized	as	a	distinct	structure	 floating	 in	 the	anechoic	 fluid
collection.	If	a	hemothorax	is	present,	ultrasonography	allows	for	identification
of	a	safe	site	for	chest	tube	insertion.

Examination	for	Lung	Contusion
Ultrasonography	can	detect	lung	contusion	related	to	thoracic	trauma.	Contused
lung	 appears	 as	 B	 lines	 or	 areas	 of	 alveolar	 consolidation,	 depending	 on	 the
severity	 of	 the	 injury.	 It	 may	 be	 focal,	 multifocal,	 unilateral,	 or	 bilateral	 in
distribution	 (Chapter	 11:	 “Lung	 Ultrasonography”).	 The	 injury	 may	 appear
rapidly	following	the	trauma	and	may	evolve	in	severity	over	time.	The	finding



of	B	lines	and	alveolar	consolidation	is	not	diagnostic	of	 lung	contusion.	Their
presence	is	a	nonspecific	finding	indicating	lung	injury	of	some	(eg,	aspiration,
pneumonia,	ARDS);	the	diagnosis	of	lung	contusion	remains	a	clinical	diagnosis
that	 may	 be	 supported	 by	 the	 ultrasonography	 findings.	 The	 severity	 of	 lung
contusion	detected	by	ultrasonography	is	predictive	of	 the	need	for	mechanical
ventilatory	support.112

Examination	for	Cardiac	Injury
The	 extended	 FAST	 examination	 includes	 the	 subcostal	 long	 axis	 view	 of	 the
heart.	 This	 view	 is	 designed	 to	 detect	 a	 pericardial	 effusion.	 The	 finding	 of	 a
pericardial	 effusion	 in	 the	 thoracic	 trauma	 patient	 with	 hemodynamic
compromise	 requires	 consideration	 of	 pericardial	 tamponade	 requiring
immediate	 decompression.	 An	 acute	 hemopericardium	 is	 relatively	 echogenic
(Chapter	 17:	 “Pericardiocentesis”).	 The	 operator	 who	 is	 competent	 at	 goal
directed	echocardiography	is	able	to	recognize	pericardial	fluid,	but,	lacking	skill
at	 advanced	 critical	 care	 echocardiography,	 cannot	 make	 more	 advanced
measurements	that	indicate	the	presence	of	tamponade	physiology.	These	are	not
relevant	to	the	patient	who	is	near	death	from	thoracic	trauma	with	a	pericardial
effusion.	In	 this	situation,	 the	finding	of	 the	pericardial	effusion	is	sufficient	 to
take	 definitive	 action	 to	 drain	 the	 fluid	 either	 percutaneously	 or	 with	 surgical
intervention.	 Examination	 for	 cardiac	 contusion,	 valvular	 injury,	 and/or
penetrating	 cardiac	 injury	 requires	 training	 in	 advanced	 critical	 care
echocardiography.	As	goal	directed	echocardiography	is	not	designed	to	reliably
detect	 this	 of	 injury,	 the	 management	 team	 obtains	 immediate	 consultative
echocardiography,	if	there	is	clinical	indication	to	do	so.

SUMMARY
In	summary,	most	thoracic	trauma	can	be	managed	without	surgery	or,	at	most,
with	 minimally	 invasive	 interventions.	Multiply	 injured	 patients	 with	 thoracic
injuries	need	to	be	comprehensively	evaluated	and	their	injuries	prioritized	and
as	a	result,	their	successful	care	often	requires	a	multidisciplinary	approach.	The
treatment	for	thoracic	injuries	is	evolving	and	requires	a	working	knowledge	of	a
number	of	both	diagnostic	and	therapeutic	modalities.	As	with	almost	all	other
traumatic	injuries,	the	key	to	optimal	treatment	and	outcomes	is	dependent	upon
having	a	high	index	of	suspicion	for	the	injury	and	to	identify	it	early.	The	ability
to	competently	manage	all	aspects	of	a	critically	injured	patient	is	also	important



in	effecting	a	successful	overall	outcome.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	An	otherwise	healthy	nonsmoking	40-year-old	man	slips	on	a	wet	floor
striking	his	right	chest	on	a	cabinet,	incurring	right	lateral	#4	through	#7
nondisplaced	rib	fractures.	There	is	no	flail	segment	and	no	hemothorax	or
obvious	associated	pulmonary	contusion	on	chest	CT,	and	no	other	injuries.	In
the	emergency	department	his	oxygen	saturation	is	98%	on	room	air.	He
expresses	some	mild	chest	discomfort	and	his	incentive	spirometry	exhaled
volume	20	mL	per	kilogram.	What	is	the	most	appropriate	management	for	his
pain?

A. 	Epidural	catheter	regional	anesthesia
B. 	Monitoring	in	intensive	care	unit	and	give	intravenous	analgesia
C. 	Multimodal	oral	analgesia
D. 	Surgical	reduction	of	rib	fractures	with	intraoperative	nerve	block

2. 	An	otherwise	healthy	55-year-old	man	is	involved	in	a	motor	vehicle
collision	into	a	pole	at	40	mph.	There	is	heavy	front-end	car	damage	and	the
victim	must	be	extricated	from	the	vehicle.	He	denies	loss	of	consciousness.	In
the	field	and	in	the	trauma	bay	the	patient	is	awake	and	alert	and	complaining
only	of	left	lower	leg	pain.	He	denies	neck,	chest	or	abdominal	pain.	Vital	signs
are	normal.	Exam	is	significant	only	for	a	tender	deformed	left	ankle.	His	chest
is	nontender.	Radiologic	studies	done	include	chest	and	pelvis	x-rays,	eFAST
(extended	FAST	exam),	and	left	leg	survey.	The	positive	findings	are	a	left	distal
tibia-fibula	fracture	and	an	opacity	at	the	left	lung	apex.	The	tibia-fibula	fracture
is	splinted.	What	diagnosis	must	be	ruled	out	because	of	the	chest	radiograph?

A. 	Aspiration	pneumonia
B. 	Hemothorax
C. 	Subclavian	artery	injury
D. 	Thoracic	aorta	transection

3. 	A	20-year-old	man	is	brought	into	the	trauma	area	after	incurring	a
gunshot	wound	or	wounds	to	the	chest.	He	was	intubated	in	the	field	for	altered



mentation	and	hypotension.	He	received	a	liter	of	normal	saline	in	transport.	On
arrival	his	vital	signs	are	BP	75/50,	HR	120	bpm,	respirations	18	on	ventilator
with	SaO2	=	98%	on	100%	FiO2.	While	“ABC’s”	are	being	assessed,	it	is	noted
he	has	an	entrance	wound	on	the	right	side	anterior	axillary	line	at	approximately
the	fifth	intercostal	space	and	what	appears	to	be	an	exit	wound	similarly	located
on	the	left.	There	are	no	other	apparent	wounds.	He	has	a	16	gauge	intravenous
line	in	each	arm	started	by	EMS	which	are	infusing	well	with	normal	saline.
What	is	the	first	thing	you	should	do	next	in	management?

A. 	Placement	of	bilateral	chest	tubes
B. 	Placement	of	a	subclavian	central	venous	catheter
C. 	Resuscitative	thoracotomy	in	the	emergency	room
D. 	Ultrasound	guided	pericardiocentesis

Answers

1.	The	correct	answer	is	C.
Rationale:	Multimodal	 oral	 analgesia	 is	 the	most	 important	 intervention	 in

this	 patient	 as	 an	 initial	mode	 of	 pain	 control	 (choice	C	 is	 correct).	 This	may
involve	 any	 combination	 of	 acetaminophen,	 a	 nonsteroidal	 anti-inflammatory
drug,	gabapentin,	a	muscle	relaxant	and	lidocaine	patch	with	an	oral	narcotic	for
breakthrough.	This	patient	is	young,	without	comorbidities;	is	comfortable;	and
has	normal	oxygen	saturation	and	incentive	spirometry	of	greater	than	15	mL/kg.
Some	institutions	have	protocols	for	“prophylactic”	epidural	catheter	placement
(choice	A)	 for	 patients	with	 spirometry	 below	 certain	 levels	 and/or	mandatory
ICU	 admission	 (choice	B)	 for	 patients	 above	 a	 certain	 age	 and	 number	 of	 rib
fractures.	However,	 this	 patient	would	 not	 have	 qualified	 under	most	 of	 these
protocols.	 The	 indication	 for	 surgical	 fixation	 of	 rib	 fractures	 (choice	 D)	 is
evolving.	Currently,	the	only	definite	indication	is	for	patients	who	are	ventilator
dependent	due	 to	 flail	 chest	 or	multiple	 rib	 fractures,	where	 the	procedure	has
been	shown	to	reduce	ICU	stay,	hospital	stay,	ventilator	 time,	and	incidence	of
ventilator-associated	 pneumonia.	 Generally,	 patients	 who	 are	 stable	 off	 the
ventilator	 are	 not	 offered	 this	 procedure,	 though	 some	 institutions	 are
researching	expanded	indications.

2.	The	correct	answer	is	D.
Rationale:	 Traumatic	 aortic	 transection	 is	 generally	 a	 fatal	 injury	 if	 not

detected	 in	 a	 timely	 fashion.	 The	 risk	 factor	 is	 sudden	 deceleration	 as	 in	 this



case.	This	 is	 a	painless	 injury,	 and	 contrary	 to	myth,	 it	 does	not	 require	direct
impact	 or	 associated	 rib	 fractures.	 In	 survivors	 that	 reach	 the	 emergency
department,	 the	 outer	 layer	 of	 the	 aorta,	 the	 adventitia,	 remains	 intact.	 This
injury	is	suspected	by	chest	radiograph,	with	the	most	common	finding	being	a
widened	or	abnormal	superior	mediastinum.	Other	secondary	findings	that	may
occur	alone	or	 in	combination	are	depression	of	 left	main	bronchus,	 rightward
deviation	of	a	gastric	tube	and,	as	in	this	case,	an	opacity	at	the	apex	of	the	lung
known	 as	 “apical	 cap.”	 This	 represents	 mediastinal	 blood	 tracking	 upward
external	to	the	pleural	space	(choice	D	is	correct).	Diagnosis	is	confirmed	by	CT
angiogram.	 It	 has	 been	 found	 at	 times	 as	 an	 isolated	 injury.	 This	 injury	 was
classically	 treated	 by	 open	 surgery	 but	 for	 the	 most	 part	 is	 now	 treated	 by
endovascular	 techniques.	 Pulmonary	 aspiration	 (choice	 A)	 is	 unlikely	 in	 a
patient	who	did	not	lose	consciousness.	The	radiographic	appearance	is	different
than	hemothorax	(choice	B)	which	tends	to	be	basilar.	Subclavian	artery	injury
(choice	C)	may	give	the	same	radiologic	picture	but	is	unlikely	in	the	absence	of
rib	fractures	or	displaced	clavicle	fracture.

3.	The	correct	answer	is	A.
Rationale:	This	injury	is	referred	to	as	“transmediastinal	gunshot	wound”	and

is	of	course	a	high-risk	injury	for	lethality.	This	patient	is	likely	severely	injured
as	evidenced	by	mechanism	and	resultant	hypotension.	Such	patients	are	treated
presumptively	 immediately,	 generally	 without	 imaging	 guidance,	 since	 the
likelihood	 of	 injury	 is	 so	 high.	 The	 first	 step	 is	 placement	 of	 bilateral
thoracostomy	 tubes	 which	 will	 assess	 and	 treat	 pneumothorax,	 tension
pneumothorax	 and/or	 hemothorax	 (choice	 A	 is	 correct).	 The	 addition	 of	 an
autotransfuser	 to	 the	 chest	 drainage	 system	 will	 allow	 for	 resuscitative
transfusion	of	shed	blood.	If	this	is	unproductive,	the	next	intervention	would	be
pericardiocentesis	(choice	D)	which	can	be	ultrasound	guided.	A	central	venous
catheter	 placement	 (choice	 B)	 is	 not	 immediately	 needed,	 as	 the	 patient	 has
satisfactory	peripheral	venous	access	to	accept	a	rapid	autotransfuser;	however,
such	 a	 line	might	 be	 placed	 later.	 The	 patient	 does	 not	 require	 a	 resuscitative
thoracotomy	 in	 the	 emergency	 room	 (choice	 C)	 as	 he	 is	 not	 in	 arrest	 or
immediately	near	arrest.
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Chapter	43
Critical	Care	of	the	Patient	With
Abdominal	Trauma
Jon	D.	Dorfman

KEY	POINTS:
1.	 Delayed	hemorrhage	from	liver	injuries	typically	occurs	within	24

hours,	while	bile	leak	occurs	days	later.
2.	 The	risk	of	delayed	hemorrhage	from	splenic	injuries	extends

6	weeks	with	the	highest	risk	period	in	the	first	10	days.
Angioembolization	increases	the	success	of	nonoperative
management	of	splenic	injuries	with	active	extravasation.

3.	 Full-thickness	bowel	injury	is	uncommon;	ischemia	from	bowel
mesenteric	injury	may	lead	to	gangrene,	peritonitis,	and	sepsis.

4.	 Injury	mechanism	and	pattern	such	as	handle	bar	injuries	with
duodenal	injuries	and	pelvic	fracture	with	genitourinary	injuries
predicts	the	possible	associated	injuries	and	complications.

5.	 If	a	patient	fails	to	improve	with	resuscitation,	consider	the	possibility
of	ongoing	uncontrolled	hemorrhage,	“missed”	injuries	such	as	bowel
or	pancreatic	injuries	as	well	as	abdominal	compartment	syndrome.

INTRODUCTION
The	 success	 of	 nonoperative	 treatments	 and	 the	 availability	 of	 high-resolution
computed	 tomography	 (CT)	 scans	 have	 changed	 the	management	 strategies	 of
traumatic	injuries.	This	chapter	will	focus	on	complications	of	abdominal	trauma
that	an	intensivist	should	recognize.	Few	areas	of	the	human	body	are	as	difficult
to	 assess	 following	 injury	 as	 is	 the	 abdomen,	 particularly	 in	 the	 obtunded	 or
intubated	patient.	Much	of	the	morbidity	and	mortality	due	to	abdominal	injury



results	 from	 delay	 in	 recognizing	 conditions	 that	 can	 be	 corrected	 once
identified.	 Once	 the	 patient	 is	 admitted	 to	 the	 intensive	 care	 unit	 (ICU),	 the
ability	to	follow	changes	occurring	within	the	abdomen	diminishes.

ICU	ADMISSION
In	previous	years,	trauma	patients	arriving	in	the	ICU	were	assumed	to	have	had
all	 their	 injuries	 identified	 and	 definitively	 treated,	 frequently	 in	 the	 operating
room	 (OR).	 Today,	 the	 ICU	 plays	 a	 different	 role	 in	 the	 care	 of	 blunt	 trauma
patients.	For	the	majority	of	blunt	trauma	patients,	who	frequently	are	managed
nonoperatively,	the	ICU	must	carefully	follow	the	patients	for	signs	of	failure	of
nonoperative	 management	 and	 monitor	 for	 the	 potential	 complications	 of
“missed”	 injuries.	 Patients	 who	 do	 have	 operations	 may	 undergo	 “damage
control”	surgery;	these	patients	have	staged	operations	with	resuscitation	in	the
ICU	between	operations.

Trauma	 surgeons	 have	 traditionally	 separated	 injured	 patients	 into	 those
injured	by	blunt	mechanisms	such	as	car	crashes	and	falls	and	those	injured	by
penetrating	 mechanisms,	 which	 are	 subdivided	 into	 gunshot	 wounds	 or
stabbings.	Blunt	 trauma	 patients	 are	more	 frequently	managed	 nonoperatively,
whereas	penetrating	 trauma,	particularly	gunshots	wounds,	more	often	 requires
operative	intervention.

Operative	 trauma	 patients	 will	 have	 had	 a	 laparotomy,	 and	 their	 injuries
should	have	been	defined.	However,	there	still	exists	a	rate	of	missed	injuries	of
up	to	10%.1	There	will	be	a	tendency	for	the	intensivist	to	consider	these	patients
identical	to	the	elective	general	surgical	patient	who	has	undergone	a	comparable
operation.	Although	 there	are	certainly	areas	of	commonality,	 there	are	critical
differences	 that	 must	 be	 considered.	 The	 general	 surgical	 patient	 will	 usually
have	 only	 a	 single	 acute	 problem	 unlike	 the	 trauma	 patient	 who	 may	 have
sustained	injuries	to	multiple	body	regions	and	possibly	more	than	one	organ	in
the	 abdomen.	 These	 differences	 often	 lead	 to	 management	 problems	 and
complications	that	would	not	be	expected	of	the	general	surgical	patient.

Many	blunt	 injury	patients	and	selective	penetrating	 injury	patients	are	now
managed	with	the	intention	of	not	operating	on	them.	This	approach	has	grown
out	 of	 the	 recognition	 that	 some	 trauma	 laparotomies	 are	 nontherapeutic	 as
opposed	 to	 negative.	 For	 example,	 a	 laparotomy	 for	 hemoperitoneum	 that
identifies	a	small	liver	laceration	and	a	minor	tear	in	the	mesentery	is	certainly
not	 a	 “negative”	 laparotomy,	 but	 if	 both	 injuries	 have	 stopped	 bleeding
spontaneously,	 it	 is	 difficult	 to	 argue	 that	 the	 surgery	 was	 therapeutic.



Nontherapeutic	 laparotomies	 are	 not	 without	 consequences.	 Operations	 are
painful;	 they	 expose	 the	 patient	 to	 complications	 rates	 in	 older	 series	 of	 up	 to
41%2	 and	 in	 more	 recent	 studies	 of	 14%.3	 Complications	 include	 wound
infections,	 pneumonia,	 deep	 venous	 thrombosis	 as	 well	 as	 ileus,	 bowel
obstruction,	and	incisional	hernias.	Thus,	the	risks	and	benefits	of	operating	must
be	balanced	by	trauma	surgeons.

NONOPERATIVE	MANAGEMENT
Nonoperative	management	of	intra-abdominal	injury	is	so	widely	practiced	that
trauma	 surgeons	 often	 feel	 compelled	 to	 attempt	 nonoperative	management	 or
justify	why	 they	want	 to	operate	on	a	splenic	or	 liver	 laceration.	Nonoperative
management	 of	 abdominal	 solid-organ	 injury	 is	 appropriate	 only	 for
hemodynamically	 stable	 patients	 whose	 injuries	 are	 identified	 by	 imaging.
Hemodynamic	 stability	 is	 not	 as	 easy	 to	 define	 as	 it	 would	 appear.	 Different
patient	populations	exhibit	different	signs	and	symptoms	of	hemorrhagic	shock.
Younger	 patients	 and	 physically	 fit	 patients	may	 compensate	 for	 hypovolemia
with	 minimal	 signs	 initially.	 The	 elderly,	 in	 particular,	 have	 an	 increase	 in
mortality	with	systolic	blood	pressures	lower	than	110	to	120	mm	Hg.4	Certainly,
patients	 who	 require	 ongoing	 resuscitation	 with	 blood	 and	 blood	 products	 to
maintain	normotension	are	not	 considered	 stable.	Another	 factor	 to	consider	 is
that	 shock	may	be	better	assessed	by	base	deficit	 and	not	heart	 rate	and	blood
pressure.5	 Factors	 that	 should	 be	 considered	 before	 a	 decision	 to	 attempt
nonoperative	 management	 is	 made	 include	 medical	 conditions	 such	 as	 portal
hypertension	or	 the	use	of	anticoagulants.	Patients	with	severe	head	 injuries	or
ischemic	 heart	 disease	 are	 often	 considered	 to	 be	 at	 high	 operative	 risk,	 but	 a
failure	of	nonoperative	management	also	poses	a	high	risk	of	mortality.6,7

As	imaging	has	 improved,	 trauma	surgeons	have	been	given	a	more	precise
determination	 of	 the	 anatomic	 location	 and	 severity	 of	 the	 injury	 prior	 to
deciding	whether	or	not	an	operation	is	indicated.	This	information	has	allowed
the	 construction	 of	 a	 number	 of	 models	 intended	 to	 predict	 the	 success	 of
nonoperative	management.8	CT-based	 injury	grading	systems	have	been	shown
to	 correlate	 with	 clinical	 outcomes	 but,	 as	 with	 most	 scoring	 systems,	 work
better	for	analyzing	populations	than	for	predicting	the	outcome	of	an	individual
patient.9,10

BLUNT	TRAUMA



Spleen
2 	The	current	practice	of	managing	splenic	 injury	nonoperatively	derives	 from
the	experience	that	many	splenic	 injuries	require	no	intervention	as	well	as	 the
immunologic	 importance	 of	 the	 spleen	 and	 the	 risk	 of	 overwhelming
postsplenectomy	 sepsis	 (1	 case	 in	 every	 500	 person	 years).11	 The	 practice	 of
nonoperative	management	 began	 in	 pediatrics	 and	has	 gradually	 extended	 into
the	adult	population,	 for	whom	nonoperative	management	 is	not	as	 successful.
Nonoperative	 failure	 rates	 range	 from	 3%	 to	 14%.12	 In	 prior	 studies,	 20%	 of
these	 failures	 occur	 within	 2	 days,	 and	 almost	 95%	 of	 the	 failures	 occurred
within	 10	 days.13	 Predictors	 of	 failure	 of	 nonoperative	 management	 include
American	 Association	 for	 the	 Surgery	 of	 Trauma	 (AAST)	 grades	 of	 injury—
grade	III	10%	to	30%	failure,	grade	IV	and	V	injuries	over	40%.14	Other	factors
associated	 with	 failure	 of	 nonoperative	 management	 include	 active	 contrast
extravasation,	transfusion	of	more	than	4	units	of	packed	red	blood	cells,	amount
of	 hemoperitoneum,	 and	 older	 age.12,14,15	 Patients	 with	 isolated	 lower-grade
injuries	 are	 unlikely	 to	 be	 admitted	 to	 the	 ICU,	 as	 the	 risk	 of	 failure	 of
nonoperative	management	and	the	risk	of	mortality	are	low.	If	low-grade	injury
patients	are	admitted	to	the	ICU,	it	is	most	likely	due	to	concomitant	injuries	or
significant	 patient	 comorbidities.	 The	 intensivist	 should	 remember	 that	 even
low-grade	splenic	injuries	have	a	risk	of	hemorrhage	(<3%)	that	would	require
intervention.12

The	 nonoperative	 management	 of	 a	 ruptured	 spleen	 must	 be	 a	 joint	 effort
between	 the	 surgical	 and	 the	 ICU	 teams.	 Parameters	 that	 change	 the
management	strategy	should	be	agreed	upon	in	advance.	In	general,	any	sign	of
ongoing	hemorrhage	should	 lead	 to	 immediate	surgery	and	splenectomy.	 If	 the
patient	experiences	a	steadily	falling	hemoglobin	level	but	never	manifests	any
change	in	vital	signs,	 there	should	be	prior	agreement	regarding	the	number	of
units	of	packed	red	blood	cells	(PRBCs)	to	be	transfused	before	intervening.	The
absolute	 number	 will	 vary	with	 the	 estimated	 operative	 risk	 and	 other	 factors
predicting	success	or	failure.

Splenic	 embolization	may	 be	 an	 option	 in	 some	 facilities	 for	 those	 patients
whose	 CT	 demonstrates	 a	 contrast	 blush	 within	 the	 spleen.	 Nonoperative
management	 failure	 rates	 after	 embolization	 are	 as	 high	 as	 10%.15	 Patients
admitted	to	the	ICU	for	nonoperative	management	of	a	higher-grade	(AAST	III
to	 V)	 splenic	 injury	 should	 receive	 their	 planned	 immunizations,	 including
pneumococcal,	 meningococcal,	 and	 Haemophilus	 influenzae	 vaccines,	 since
there	is	evidence	that	these	vaccines	are	more	effective	with	the	spleen	in	situ.11

Other	 elements	 of	 the	 patient’s	 care	 are	 determined	 in	 conjunction	with	 the



trauma	 surgeon	 or	 institution.	Many	 centers	 have	 protocols	 that	 determine	 the
frequency	 of	 hemoglobin	 blood	 draws,	 the	 advancement	 of	 activity,	 when	 to
change	 the	 diet,	 and	 when	 to	 start	 venothromboembolism	 (VTE)
chemoprophylaxis.	Although	many	studies	have	been	performed,	 the	data	have
not	 been	 conclusive	 enough	 to	 guide	 the	 initiation	 of	 these	 measures.	 Most
centers	start	VTE	prophylaxis	within	48	hours	of	injury,	assuming	hemodynamic
stability,	and	significant	bleeding	has	ceased.14

Other	 major	 complications	 include	 infection	 involving	 the	 injured	 splenic
parenchyma	 or	 the	 perisplenic	 hematoma	 resulting	 in	 either	 splenic	 or
subphrenic	abscess.13	Unexplained	fever,	leukocytosis,	or	pleural	effusion	should
lead	 to	 consideration	 for	 an	 abdominal	 CT	 scan	 looking	 for	 evidence	 of
infection.	 Most	 infections	 can	 be	 effectively	 treated	 with	 antibiotics	 and
percutaneous	 drainage,	 but	 failure	 to	 respond	 promptly	 should	 result	 in
exploration,	evacuation	of	the	infected	hematoma,	and	splenectomy.

Liver
The	other	commonly	injured	abdominal	organ	from	blunt	trauma	is	the	liver.	As
in	splenic	injuries,	nonoperative	management	of	liver	injuries	has	a	high	success
rate	(>80%).	Although	the	surgical	options	differ	from	the	spleen,	the	decision	to
operate	 should	 be	 based	 on	 similar	 considerations.	 The	 first	 criterion	 for
successful	 nonoperative	 management	 is	 hemodynamic	 stability.	 Unstable
patients	 should	 be	 taken	 to	 the	OR	 for	 hemorrhage	 control	with	 cauterization,
and	 suture	 repair.	 Formal	 liver	 resection	 has	 a	 high	 mortality	 rate	 and	 is	 not
recommended	 during	 the	 initial	 operative	 intervention.	 Treatment	 can	 also	 be
staged	with	 placement	 of	 perihepatic	 packing	 (to	 be	 removed	within	 48	 hours
due	 to	 the	 risk	 of	 sepsis)	 with	 or	 without	 interventional	 radiology
angioembolization.

Patients	who	remain	normotensive	or	who	are	successfully	resuscitated	in	the
trauma	 bay	 will	 likely	 receive	 a	 CT	 scan	 with	 intravenous	 contrast.	 Contrast
extravasation	into	the	peritoneum	on	CT	scan	is	likely	to	require	an	intervention
(operative	 or	 angiographic),	 because	 these	 patients	 may	 become
hemodynamically	unstable.16	High-grade	injury	may	be	considered	an	indication
for	 angioembolization	 as	 CT	 scan	 may	 not	 detect	 arterial	 blush.17
Angioembolization	 is	 not	 without	 risks,	 however.	 The	 risks	 include	 hepatic
necrosis—ranging	 widely	 from	 0%	 to	 42%17—which	 may	 require	 surgical
debridement,	 and,	 more	 commonly,	 gallbladder	 ischemia	 requiring
cholecystectomy.18,19	Patients	with	liver	injuries	in	the	setting	of	cirrhosis,	portal
hypertension,	 or	 coagulopathy	 are	 much	 more	 likely	 to	 fail	 nonoperative



management	than	comparable	injured	patients	lacking	these	comorbidities.
1 	Complications	 of	 nonoperative	management	 occur	 in	 up	 to	 15%	of	 cases

and	 include	 delayed	 hemorrhage,	 hemobilia,	 biloma,	 biliary	 ascites,	 hepatic
necrosis	 or	 abscess,	 and	 abdominal	 compartment	 syndrome.20	 Higher	 grades
(AAST	 IV	and	V,	on	a	 scale	of	 I-V)	of	 liver	 injury	are	 associated	with	higher
rates	 of	 complications.	Delayed	 bleeding	 from	a	 liver	 laceration	 is	 uncommon
(range	 2%-6%)	 and	 usually	 occurs	 within	 24	 hours	 postinjury.	 Biliary
complications	occur	later	than	hemorrhage.	Rising	bilirubin,	fevers,	tachycardia,
and	worsening	abdominal	pain	are	an	indication	for	repeat	imaging	with	CT	scan
or	hepatobiliary	 iminodiacetic	 acid	 scan.	Management	of	biliary	 complications
includes	percutaneous	drainage	of	symptomatic	bilomas,	endoscopic	retrograde
cholangiopancreatography	 (ERCP)	 with	 biliary	 stenting,	 and	 laparoscopy	 or
laparotomy.	Frequently,	multimodality	treatment	is	necessary.	Routine	follow-up
CT	 scans	 are	 not	 recommended	 and	 should	 be	 obtained	 based	 on	 concerning
signs	or	symptoms.20

Hemobilia	 is	 an	 uncommon	 complication.	 Most	 cases	 are	 associated	 with
penetrating	rather	than	blunt	hepatic	trauma.	The	classic	triad	of	gastrointestinal
hemorrhage,	jaundice,	and	right	upper	quadrant	pain	may	suggest	the	diagnosis,
although	 all	 three	 signs	 and	 symptoms	 are	 infrequently	 present.	 It	 may	 occur
within	days	of	the	injury	to	years	later.	Diagnosis	is	often	difficult	and	delayed.
The	bleeding	may	be	intermittent	so	that	diagnostic	endoscopy	may	demonstrate
no	source	for	the	bleeding.	Hepatic	angiography	with	embolization	is	considered
the	first-line	therapy,	although	rarely	operative	intervention	is	required.21

Kidney
Renal	injury	is	most	often	the	result	of	blunt	trauma	and	uncommonly	occurs	in
isolation.	 Management	 is	 usually	 determined	 by	 hemodynamic	 status.
Hemodynamic	 instability	 due	 to	 a	 renal	 injury,	 typically	 a	 high-grade
renovascular	 injury	 (AAST	 Grade	 V,	 on	 a	 scale	 of	 I-V),	 usually	 results	 in
nephrectomy,	as	surgical	repair	is	usually	unsuccessful	but	should	be	considered
for	patients	with	a	single	functional	kidney.22	For	hemodynamically	stable	high-
grade	 IV	 and	 V	 injuries,	 nonoperative	 management	 is	 highly	 successful	 in
greater	than	80%	of	cases.23	Failure	of	nonoperative	management	during	the	first
24	hours	is	<5%.24

Early	 complications	within	 the	 first	month	 include	 hemorrhage,	 urine	 leak,
and	 abscess.24	 Hypertension	 related	 to	 renal	 injury	 is	 uncommon.	 Gross
hematuria	is	common	but	can	be	impressive	when	it	occurs.	The	severity	of	the
gross	 hematuria	 and	 the	 degree	 of	 the	 renal	 injury	 are	 often	 discordant.	Most



renal	 bleeding	 resolves	 without	 intervention	 while	 in	 some	 persistent	 cases,
angioembolization	 may	 be	 necessary.	 Hemorrhage	 requiring	 an	 operation	 can
occur	up	to	4	days	postinjury	in	some	series.23

Urine	 leak	 from	an	 injured	kidney	spontaneously	 resolves	 for	up	 to	85%	of
cases.25	Clinical	signs	include	ileus,	flank	pain,	and	rising	creatinine.	Abdominal
CT	scans	with	delayed	images	(more	than	10	minutes)	are	the	diagnostic	study
of	 choice.25	 Extravasated	 contrast	 within	 Gerota	 fascia	 does	 not	 mandate
intervention	 and	 urine	 leakage	 beyond	 Gerota	 fascia	 may	 resolve.	 Persistent
urine	 leakage	 or	 urinoma	 (in	 some	 series	 of	 high-grade	 AAST	 renal	 IV	 or	 V
injuries	 this	 occurs	 in	 10%	 of	 cases)23	 may	 require	 intervention.	 Treatment
options	include	ureteral	stents,	a	nephrostomy	tube,	or	percutaneous	drainage.

Pancreas
Blunt	 pancreatic	 injury	 is	 typically	 the	 result	 of	 high-energy	 impact	 to	 the
epigastrium	from	such	mechanisms	as	handle	bar	injury	of	bicyclists	or	steering
wheel	 injury	during	a	motor	vehicle	crash.	 Initial	physical	 findings	are	usually
minimal.	Pancreatic	injury	rarely	occurs	by	itself	and	is	usually	associated	with
injury	to	adjacent	structures	such	as	the	liver,	kidneys,	or	spleen.	Injury	to	these
organs	 should	 heighten	 your	 vigilance.	 The	 challenge	 for	 detection	 is	 that
laboratory	and	imaging	studies	are	often	nondiagnostic,	while	mortality	rates	of
up	to	40%	are	reported	from	high-grade	injuries.	Injury	to	the	pancreas	is	one	of
the	classic	“missed	injuries”	that	may	not	become	apparent	for	days.

Serum	amylase	 and	 lipase	may	be	monitored	 after	blunt	 abdominal	 trauma.
Amylasemia,	 however,	 is	 not	 specific	 to	 pancreatic	 injuries	 but	 can	 be	 found
after	 traumatic	brain	 injury	or	 salivary	gland	 injury.	Serum	amylase	 sensitivity
and	specificity	are	low	and	do	not	correlate	with	the	extent	of	pancreatic	injury.
Lipase	is	also	not	predictive	of	injury.26,27

Imaging	 of	 the	 pancreas	 also	 has	 limitations.	 Abdominal	 CT	 scans	 with
intravenous	contrast	are	normal	in	up	to	40%	of	patients	with	a	pancreatic	injury.
Pancreatic	findings	may	be	nonspecific	and	may	not	appear	for	12	hours	or	more
after	injury.	These	findings	include	pancreatic	swelling,	lacerations,	hematomas,
or	peripancreatic	inflammation	or	“stranding.”28

The	 critical	 factor	 that	 determines	 the	 management	 strategy	 of	 pancreatic
injuries	is	whether	or	not	the	main	pancreatic	duct	is	 injured.	AAST	low-grade
injuries	 (I	 and	 II)	 do	 not	 involve	 the	 duct,	whereas	 high-grade	 injuries	 (III-V)
have	main	ductal	injury.	If	pancreatic	ductal	disruption	is	present,	distal	resection
or	 internal	 drainage	 produces	 much	 less	 morbidity	 than	 simple	 drainage	 or
noninvasive	management.29	If	no	definitive	reason	for	surgical	exploration	exists



but	there	is	reason	to	suspect	or	diagnose	a	pancreatic	injury,	it	is	imperative	to
evaluate	the	ductal	integrity.	If	there	is	any	suggestion	of	instability	or	peritoneal
signs,	this	should	be	performed	at	the	time	of	abdominal	exploration.	Otherwise,
the	 patient	 may	 be	 a	 candidate	 for	 ERCP	 or	 magnetic	 resonance
cholangiopancreatography,	which	has	high	sensitivity	for	pancreatic	duct	injury,
particularly	 in	 the	pancreatic	head.28	CT	has	 low	 sensitivity	 and	 specificity	 for
detecting	 main	 pancreatic	 duct	 injuries.	 Delay	 in	 diagnosing	 and	 providing
definitive	 therapy	 for	 a	 ductal	 injury	 may	 have	 devastating	 consequences.
Complications	include	fistula	(up	to	35%),	abscess	(less	than	20%),	pancreatitis
(up	to	10%),	pseudocysts,	and,	infrequently,	multiorgan	failure	and	death.28

Pelvic	Fracture
Pelvic	fractures	may	be	the	result	of	low-energy	falls	in	the	osteoporotic	elderly
or	high-energy	 trauma	 in	a	young	motorcyclist.	 In	one	multicenter	 trial,	pelvic
fractures	can	lead	to	significant	hemorrhage	and	mortality	of	10%	of	patients	and
up	to	30%	in	those	patients	who	presented	with	signs	of	shock.30	Of	the	multiple
classification	 systems	 for	 pelvic	 fractures,	 Young	 and	 Burgess	 is	 commonly
utilized	to	categorize	the	fracture	on	the	basis	of	four	impact	patterns—anterior-
posterior	 compression	 (APC),	 lateral	 compression	 (LC),	 vertical	 shear,	 and
complex—for	 pelvic	 fractures	 that	 do	 not	 fit	 simply	 into	 one	 of	 the	 previous
categories.	APC	and	LC	have	3	subtypes.	The	Young	and	Burgess	system	aids	in
understanding	the	stability	of	the	fracture	and	the	potential	complications.

Hemorrhage	 can	 be	 significant;	 the	 source	 of	 the	 hemorrhage	 and
hypotension	may	not	initially	be	certain,	given	the	association	of	pelvic	fractures
with	intra-abdominal	solid-organ	injuries	and	long	bone	fractures.	Other	sources
of	bleeding	must	be	considered,	 identified,	and	dealt	with	accordingly.31	Pelvic
fracture–associated	bleeding	can	be	from	injured	pelvic	arteries	(10%),	disrupted
veins	 (85%),	 particularly	 of	 the	 sacral	 plexus,	 and	 even	 the	 fractured	 pelvic
bones	themselves.	The	fracture	pattern	has	some	association	with	potential	blood
loss;	 APC2	 and	APC3	 fractures	 as	 well	 as	 LC3	 and	 vertical	 shear	 are	 higher
blood	 loss	 fracture	 patterns;	 APC3	 fractures	 can	 require	 10	 units	 or	 more	 of
PRBCs	for	resuscitation.32	Management	options	include	reducing	the	pelvic	ring
in	 APC2	 and	 APC3	 fracture	 patients	 who	 are	 hemodynamically	 unstable.
Wrapping	the	pelvis	at	the	greater	trochanters	can	achieve	temporary	closure	of
the	 pelvic	 ring	 and	 effectively	 reduce	 the	 pelvic	 volume.	 External	 fixation	 by
orthopedic	 surgery	 can	 be	 performed	 in	 the	 OR.	 Embolization	 of	 arterial
extravasation	 is	 also	 an	 option;	 however,	 not	 all	 patients	 who	 have	 active
extravasation	 on	 CT	 scan	 necessarily	 require	 embolization.33	 Hemodynamic



instability	and	ongoing	blood	 transfusion	 requirements	due	 to	a	pelvic	 fracture
are	 indications	 for	 angiography.34	 Performing	 embolization,	 however,	 is	 not
without	 potential	 complications.	 Gluteal	 muscle	 and	 skin	 necrosis	 have	 been
reported	 along	 with	 soft	 tissue	 infection	 requiring	 debridement.35	 For
uncontrolled	 venous	 hemorrhage,	 preperitoneal	 pelvic	 packing	 is	 advocated	 at
some	 trauma	 centers.36	 Large-volume	 resuscitation	 places	 patients	 at	 risk	 for
abdominal	compartment	syndrome.

4 	 Associated	 injuries	 with	 pelvic	 fracture	 include	 long	 bone	 fractures	 and
intra-abdominal	 injury.	 Intra-abdominal	 solid	 and	 hollow	 viscus	 organ	 injury
will	be	addressed	 separately.	Here,	 it	 is	 important	 to	discuss	genitourinary	and
rectal	injuries,	which	are	more	commonly	associated	with	“open	book”	fractures,
APC2	 and	 APC3.	 Urethral	 injuries	 are	 relatively	 uncommon	 (2%).	 Men	 are
more	 likely	 to	 sustain	 a	 urethral	 injury	 than	women.	 Suspicion	 for	 this	 injury
should	 be	 elevated	 if	 blood	 is	 noted	 at	 the	 urethral	meatus	 or	 there	 is	 a	 high-
riding	prostate	on	rectal	examination.	A	retrograde	urethrogram	can	confirm	the
injury;	 if	 found,	 this	 injury	 is	 treated	 with	 placement	 of	 a	 urinary	 catheter	 or
temporized	with	a	suprapubic	tube.	Bladder	injury	can	occur	as	well	and	should
be	considered	if	gross	hematuria	is	noted.	CT	cystogram	confirms	the	diagnosis
and	 determines	 whether	 the	 injury	 to	 the	 bladder	 leads	 to	 intraperitoneal	 or
extraperitoneal	 urine	 leakage.	 Intraperitoneal	 leakage	 requires	 operative	 repair
and	 prolonged	 bladder	 decompression	 with	 a	 urinary	 catheter.	 Extraperitoneal
leakage	 may	 be	 managed	 with	 only	 a	 urinary	 catheter	 for	 2	 weeks.37	 Rectal
injury	should	also	be	considered	 for	all	pelvic	 fractures	but	 is	most	commonly
associated	with	APC2	 and	APC3.	Blood	 on	 rectal	 examination	 should	 prompt
rigid	sigmoidoscopy	and	consideration	for	diverting	colostomy.	Untreated	rectal
injuries	may	lead	to	abscess	formation	and	pelvic	sepsis.

Other
Nonoperative	management	of	abdominal	injuries	is	the	treatment	strategy	for	the
solid	 organs,	 including	 the	 liver	 and	 spleen,	 as	 previously	 discussed.	 Hollow
viscus	injuries	are	usually	managed	with	an	intervention	except	in	two	particular
circumstances.	These	two	exceptions	are	intramural	hematoma	of	the	duodenum
and	extraperitoneal	rupture	of	the	bladder.

4 	 Blunt	 duodenal	 injuries	 are	 primarily	 the	 result	 of	 a	 blunt	 force	 to	 the
epigastrium	 such	 as	 from	 the	 steering	 wheel,	 seat	 belt,	 or	 handle	 bars.	 In	 the
AAST	 grading	 system,	 duodenal	 hematomas	 are	 either	 grade	 I	 or	 II	 injuries,
depending	on	the	length	of	the	duodenum	involved.38	Symptoms,	when	present,
will	usually	be	those	of	gastric	outlet	obstruction.	Diagnosis	is	made	from	a	CT



scan	with	oral	contrast	or	an	upper	gastrointestinal	study.	The	patient	should	be
carefully	evaluated	for	any	evidence	of	a	concomitant	pancreatic	injury.	If	there
are	 no	 associated	 injuries,	 nonoperative	 management	 is	 recommended	 with
gastric	 decompression	via	 a	 nasogastric	 tube	 and	nutritional	 support	with	 total
parenteral	 nutrition.	 Periodic	 radiographic	 reevaluation	 should	 occur	 to
determine	 whether	 the	 obstruction	 has	 resolved.	 If	 it	 has	 not	 resolved	 within
several	weeks,	evaluation	for	possible	stricture	should	be	considered.

4 	 Approximately	 80%	 of	 bladder	 injuries	 occur	 in	 the	 setting	 of	 pelvic
fracture,	although	only	about	5%	of	pelvic	fractures	are	associated	with	bladder
injuries.39	Bladder	 injuries	are	often	extraperitoneal	and	result	 from	perforation
of	 the	bladder	by	bone	 fragments	 from	fractures	of	 the	parasymphyseal	pelvis.
This	 may	 occur,	 even	 though	 the	 final	 position	 of	 the	 bone	 fragments,	 as
demonstrated	on	radiographs,	does	not	appear	near	the	bladder.	Bladder	injury	is
also	 suggested	by	 the	 inability	 to	void,	 incomplete	 return	of	catheter	 irrigation
into	the	bladder,	and	gross	hematuria.	Any	pelvic	fracture	associated	with	gross
hematuria	 requires	 a	 cystogram—retrograde	 contrast	 injection	 into	 the	 bladder
with	images	taken	in	both	the	anteroposterior	and	lateral	views	and	postvoiding.
CT	 scan	 with	 contrast	 can	 also	 give	 a	 high-quality	 image	 of	 the	 bladder	 by
clamping	 the	 Foley	 catheter	 to	 distend	 the	 bladder.	 Extraperitoneal	 injuries
typically	 will	 heal	 with	 bladder	 decompression	 by	 a	 urinary	 catheter	 for	 7	 to
14	days.	Prior	to	removal	of	the	catheter,	a	repeat	cystogram	should	be	obtained
to	confirm	resolution	of	the	injury.	Persistent	extravasation	may	require	surgical
repair	of	the	bladder.

PENETRATING	INJURY
In	 some	 institutions,	 patients	 with	 penetrating	 trauma	 may	 be	 selected	 for
nonoperative	 management	 and	 admitted	 to	 the	 ICU	 for	 close	 monitoring.	 As
with	blunt	trauma,	the	fundamental	requirement	for	nonoperative	management	is
hemodynamic	 stability	 and	 the	 absence	 of	 peritonitis.	 Any	 hemodynamic
instability	or	the	development	of	peritoneal	signs	mandates	exploration.

Stab	 wounds	 are	 much	 more	 likely	 to	 be	 monitored	 nonoperatively	 than
gunshot	 wound,	 as	 they	 have	 a	 lower	 incidence	 of	 penetrating	 the	 posterior
abdominal	 fascia,	 and	 even	 if	 penetration	 occurs,	 only	 a	 fraction	 of	 stabbings
cause	 an	 injury	 that	 requires	 repair.	 The	 ICU	 team	 will	 monitor	 for
hemodynamic	 changes,	 a	 change	 in	 abdominal	 examination,	 and	 signs	 of
abdominal	sepsis.40

Gunshot	wounds	are	infrequently	managed	nonoperatively	if	the	bullet	enters



the	 peritoneal	 cavity	 because	 of	 the	 higher	 probability	 of	 visceral,	 particularly
hollow	viscus,	 injury.	However,	CT	 imaging	 is	now	allowing	 the	nonoperative
management	 of	 highly	 selected	 abdominal	 gunshot	 wounds.	 These	 cases	 are
primarily	patients	who	are	hemodynamically	stable,	have	no	peritoneal	signs	on
examination,	or	for	whom	the	entire	 tract	of	 the	missile	appears	 to	 lie	within	a
solid	 organ	 (liver,	 spleen,	 kidney,	 retroperitoneum).	 Such	 patients	 should	 be
monitored	 in	a	manner	 similar	 to	blunt	 trauma	patients	with	 the	exception	 that
hollow	viscus	injury	is	still	a	concern.41

MISSED	INJURIES
Missed	 injuries	 may	 be	 a	 misnomer	 because	 the	 injury	 may	 not	 have	 been
detectable	 at	 the	 time	 of	 arrival	 at	 the	 hospital.	 Furthermore,	 no	 matter	 how
careful	 the	 initial	 evaluation	 of	 the	 trauma	 patient,	 almost	 all	 series	 report	 an
approximately	10%	incidence	of	missed	injuries	that	are	discovered	in	a	delayed
fashion.42	Most	of	these	are	minor	extremity	fractures	discovered	as	the	patient
begins	to	increase	activity	and	reports	pain.	The	delay	in	diagnosis	is	generally
inconsequential.	However,	a	delay	of	the	diagnosis	of	a	hollow	viscus	injury	may
have	 serious	 consequences.	 Avoiding	 delays	 in	 diagnosis	 requires	 the
cooperation	 of	 the	 entire	 team	 providing	 care	 to	 the	 patient.	 The	 initial
assessment	should	be	 thorough	and	 take	 into	account	 the	mechanism	of	 injury,
external	 signs	 of	 trauma,	 patient	 complaints,	 and	 laboratory	 and	 radiographic
findings.	 In	 spite	 of	 such	 a	 detailed	 and	 comprehensive	 evaluation,	 additional
information	will	often	become	available	over	 the	 first	24	 to	48	hours.	Bruises,
abrasions,	 and	 seat	 belt	 marks	 will	 often	 be	 more	 apparent	 the	 next	 day.
Laboratory	and	even	imaging	studies	are	less	sensitive	when	the	patient	arrives
at	 the	 trauma	 center	within	 a	 few	 hours	 of	 injury.	 These	 facts	 have	 led	many
trauma	 centers	 to	 institute	 a	 formal	 tertiary	 survey	 within	 24	 hours	 of
admission.43	 During	 the	 tertiary	 survey,	 the	 patient	 should	 be	 carefully
reexamined	from	head	to	toe	for	new	evidence	of	traumatic	injury.	Radiographs
should	 be	 reexamined	 and	 compared	 with	 the	 now	 dictated	 radiology
interpretation.	 Tertiary	 surveys	 are	 even	 more	 important	 when	 the	 patient	 is
initially	 unstable,	 and	 examiners	 may	 be	 distracted	 by	 the	 urgency	 of	 the
situation.	 Furthermore,	 patients	 who	 had	 altered	 mental	 status	 from	 traumatic
brain	 injury	 or	 intoxication	may	now	 relay	 new	 symptoms.	Patients	who	were
intubated	 and	 unable	 to	 communicate	 may	 provide	 important	 subjective
complaints	 once	 extubated.	 Repeat	 focused	 assessment	 with	 sonography	 in
trauma	(FAST)	or	CT	scan	should	be	considered	if	there	is	any	change	in	status.



Injuries	such	as	pancreatic	or	small	bowel	 injuries	may	be	more	apparent	on	a
CT	scan	performed	at	24	hours	postinjury	than	on	the	initial	scan.

Bowel
3 	One	of	 the	major	concerns	is	 the	possibility	of	a	missed	bowel	injury.	Direct
full-thickness	bowel	 rupture	 from	blunt	 trauma	 is	uncommon.	Typically,	 injury
occurs	 to	 the	 mesentery;	 therefore,	 the	 blood	 supply	 to	 a	 segment	 of	 small
intestine	 is	 compromised.	 The	 segment	 of	 intestine	 supplied	 by	 injured
mesentery	becomes	ischemic	over	 time	and	may	proceed	to	necrosis.	A	patient
who	has	a	bowel	injury	will	likely	not	have	peritoneal	signs	initially.	Peritoneal
signs	develop	over	time	but	may	not	be	apparent	in	a	patient	who	has	a	traumatic
brain	injury,	 is	 intoxicated,	 is	 intubated	on	sedation,	or	has	a	distracting	injury.
On	examination,	a	“seat	belt”	 sign	or	abdominal	wall	 injury	 from	 the	seat	belt
has	 been	 associated	with	 blunt	 bowel	 injury	 and	 should	 increase	 the	 index	 of
suspicion.44

5 	Injuries	can	also	be	missed	at	the	time	of	surgical	exploration.	Although	the
mesenteric	 injury	 to	 the	 small	 intestine	 may	 be	 apparent,	 the	 retroperitoneal
colon	injury	from	a	seat	belt	would	not	be	obvious	in	the	OR.	The	intensive	care
team	must	be	cognizant	of	the	possibility	of	missed	injury	and	have	a	heightened
vigilance	 for	 the	 signs	 and	 symptoms	 in	 patients	 who	 are	 not	 progressing	 or
improving	 as	would	 be	 expected.	 Patients	 arriving	with	 “negative”	 abdominal
CT	 scans	 and	 the	 patient	 admitted	 following	 abdominal	 exploration	 must	 be
reevaluated	for	bowel	injury	if	they	show	signs	of	unexplained	sepsis,	prolonged
ileus,	rising	white	blood	cell	count,	or	failure	to	clear	their	acidosis.

Patients	 admitted	 to	 the	 ICU	 for	 planned	 nonoperative	 management	 are	 at
particular	risk.	The	sensitivity	and	specificity	of	CT	scanning	are	low	for	hollow
viscus	injury.45	Trauma	CT	scan	protocols	use	intravenous	contrast	without	oral
contrast.	Even	with	oral	contrast,	the	free	leak	of	oral	contrast	into	the	peritoneal
cavity	 is	 a	 relatively	 infrequent	 finding.	 Free	 air	may	be	 demonstrated,	 but	 its
absence	 certainly	 cannot	 exclude	 bowel	 injury.	 Furthermore,	 all	 free
intraperitoneal	 air	 is	 not	 related	 to	 bowel	 injury.	 Cases	 of	 free	 air	 due	 to
pneumothorax,	 chest	 tube	 insertion	 and	 diaphragmatic	 injury	 have	 been
reported.44	 An	 area	 of	 localized	 thickening	 of	 the	 bowel	wall	 is	 suggestive	 of
injury,	whereas	a	diffuse	thickening	is	more	compatible	with	either	excess	fluid
administration	or	poor	perfusion.	Other	findings	include	reduced	enhancement	of
focal	 segments	 of	 the	 abdominal	 wall.44	 CT	 findings	 that	 cause	 concern	 are
intraperitoneal	hemorrhage	without	evidence	of	a	solid-organ	 injury	 to	account
for	 the	 bleeding	 and	 signs	 of	 mesenteric	 injury.	 There	 is	 a	 debate	 about	 how



much	free	fluid	(hemorrhage)	is	enough	to	create	concern	for	bowel	injury.	Some
consider	 this	 sufficient	 evidence	 for	 exploration,	 whereas	 others	 disagree.46
Recent	 studies	 attempted	 to	 devise	 scoring	 systems	 based	 on	 CT-graded
mesenteric	 injury,	 abdominal	 tenderness,	 and	 extent	 of	 leukocytosis;	 however,
nearly	16%	of	patients	still	required	a	delayed	laparotomy.47	Associated	injuries
are	 also	 predictive	 of	 the	 possibility	 of	 bowel	 injury—patients	 who	 sustain
Chance	 fractures,	 and	 have	 3	 or	 more	 abdominal	 solid	 organs	 injured	 have	 a
higher	risk.44

Any	 mesenteric	 injury	 that	 is	 not	 explored	 surgically	 must	 be	 monitored
carefully	 in	 the	 postinjury	 period	 to	 allow	 the	 recognition	 of	 ischemic	 bowel
prior	to	perforation.	Even	with	penetrating	trauma,	there	is	a	missed	injury	rate.
Urgency	 of	 hemorrhage	 control	may	 lead	 to	 oversight.	 An	 apparently	 straight
missile	tract	may	not	have	been	so	straight.	Bowel	may	have	been	in	a	different
configuration	at	the	time	of	penetration.	Tangential	injuries	to	the	intestine	on	the
mesenteric	 border	 that	 appeared	 not	 to	 have	 injured	 the	 intestine	 are	 a	 classic
location	of	missed	injury.	Areas	of	bowel	 injury	that	did	not	appear	 transmural
may	have	been	deeper	than	was	realized.	Areas	that	did	not	appear	injured	such
as	 the	 retroperitoneum	 may	 not	 have	 been	 explored.	 It	 is	 incumbent	 on	 the
operating	 surgeon	 to	 explore	 the	 abdomen	 thoroughly,	 but	 in	 spite	 of	 this,
injuries	will	at	times	be	missed.	Neither	the	operating	surgeon	nor	the	intensivist
caring	for	the	patient	in	the	ICU	should	dismiss	this	possibility	when	the	patient
is	not	recovering	as	anticipated.

Pancreas
Signs	 and	 symptoms	 of	 pancreatic	 injury	 may	 not	 manifest	 immediately.	 As
previously	 explained,	 serum	 amylase	 and	 serum	 lipase	will	 not	 be	 elevated	 if
checked	 within	 3	 hours	 of	 the	 injury.	 CT	 scan	 findings	 may	 be	 minimal	 or
completely	 lacking	 within	 12	 to	 24	 hours	 of	 the	 injury.	 Fluid	 collections
(pseudocysts),	pancreatic	ascites,	pancreatitis,	and	sepsis	may	develop	days	after
the	injury.

Renal	Collecting	System
Injuries	 to	 the	 renal	 collecting	 system,	 including	 the	 renal	 pelvis,	 ureters,	 and
bladder,	 may	 present	 as	 a	 rising	 blood	 urea	 nitrogen	 without	 obvious
explanation,	as	new-onset	nonhemorrhagic	ascites	without	evidence	of	cirrhosis,
as	drainage	of	serosanguineous	fluid	from	the	incision,	or	as	a	mass	in	the	flank



or	 pelvis.	 The	 diagnosis	 is	 usually	 not	 difficult	 as	 long	 as	 a	 urine	 leak	 is
considered.	 CT	 with	 intravenous	 contrast	 with	 appropriately	 timed	 delayed
images	will	usually	establish	the	diagnosis.	Any	unexplained	fluid	collection	in
the	abdomen	that	is	aspirated	should	be	analyzed	for	creatinine	and	compared	to
the	 serum	 level.	 Most	 injuries	 that	 are	 diagnosed	 late	 can	 be	 managed	 with
decompression	or	stenting,	although	complete	transection	of	a	ureter	will	require
operative	repair.

Solid	Organs
The	probability	of	missing	a	solid-organ	injury	if	the	patient	has	received	a	CT
scan	 with	 intravenous	 contrast	 is	 low.	 CT	 scans	 with	 intravenous	 contrast
identify	approximately	98%	of	solid-organ	injuries.	The	probability	of	missing	a
significant	solid-organ	injury	is	even	lower.	However,	solid-organ	injuries	can	be
missed	if	the	patient	does	not	receive	a	CT	scan	on	the	basis	of	what	is	perceived
to	be	a	normal	physical	examination	with	a	false	negative	FAST	examination.	As
previously	discussed,	many	reasons	exist	for	an	erroneous	physical	examination.
Blood	 in	 the	peritoneal	 cavity	may	not	 cause	peritoneal	 irritation	 immediately.
Intoxication,	 traumatic	 brain	 injury,	 or	 distracting	 injuries	 can	 alter	 the
abdominal	examination.	FAST	examinations	are	intended	to	assess	the	presence
or	absence	of	free	fluid	in	the	abdomen,	not	injury	to	solid	organs.	Some	liver,
spleen,	 or	 kidney	 lacerations	 produce	 little	 or	 no	 free	 fluid	 on	 initial
examination.	 Patients	 admitted	 to	 the	 ICU	without	 abdominal	 CT	 scanning	 or
with	 a	 noncontrast	 CT	 should	 be	 monitored	 closely.	 Any	 unexplained
deterioration	in	vital	signs	or	change	in	hemoglobin	should	prompt	an	immediate
FAST	 examination	 or	 a	 CT	 scan	 if	 the	 patient	 is	 sufficiently	 stable	 to	 be
transported	to	radiology.

ABDOMINAL	COMPARTMENT	SYNDROME
Abdominal	 compartment	 syndrome	 (ACS)	 is	 a	 recognized	 complication	 of
traumatic	 injury	and	 resuscitation,	but	 the	diagnosis	may	be	delayed	or	missed
all	 together.	 Recognition	 of	 ACS	 began	 in	 the	 1800s	 with	 reports	 of	 the
deleterious	 results	 of	 intra-abdominal	 hypertension,	 but	 the	 clinical	 diagnosis
was	imprecise,	unreliable,	and	infrequently	made.	With	the	publication	by	Kron
et	al48	of	the	indirect	measurement	of	intra-abdominal	pressure	(IAP)	by	bladder
pressure,	diagnosis	of	ACS	became	feasible	and	quantifiable.	A	complete	review
of	 ACS	 is	 presented	 in	 Chapter	 51	 Abdominal	 Compartment	 Syndrome),



including	 current	 definitions,	 pathophysiology,	 systemic	 consequences,
measuring	techniques,	and	management.	We	discuss	it	briefly	here,	as	it	relates
specifically	to	abdominal	trauma.

Pathophysiology
The	 fundamental	 physiology	 of	 ACS	 does	 not	 differ	 from	 any	 other
compartment	syndrome.	It	may	occur	as	a	result	of	bleeding,	edema,	or	packing
within	the	abdomen,	referred	to	as	primary	compartment	syndrome,	or	as	a	result
of	 ischemia-reperfusion	 and	 capillary	 leak	 associated	 with	 other	 disease
processes	 such	 as	 major	 burns	 or	 systemic	 sepsis.	 This	 is	 referred	 to	 as
secondary	compartment	syndrome.	Pressure	within	the	abdominal	compartment
increases	 until	 the	 perfusion	 pressure	 is	 inadequate	 to	 meet	 the	 oxygen	 and
nutrient	 needs	 of	 the	 tissues	 within	 the	 abdomen	 or	 extra-abdominal	 organ
failure	results.

As	 IAP	 increases,	 the	 abdomen	 distends	 until	 it	 can	 expand	 no	 further.
Although	 the	 most	 direct	 measurement	 technique	 involves	 the	 insertion	 of
catheter	directly	 into	 the	peritoneal	cavity,	 this	 is	not	practical	or	necessary	for
injured	patients.	The	accepted	clinical	 technique	is	an	indirect	measurement	by
the	bladder	pressure.

When	IAP	rises	to	a	critical	level,	not	only	does	it	compromise	blood	flow	to
intra-abdominal	 organs,	 but	 it	 also	 negatively	 impacts	 the	 respiratory,
cardiovascular,	 and	 central	 nervous	 systems.	 ACS	 is	 defined	 as	 an	 abdominal
pressure	 of	more	 than	 20	mm	Hg,	with	 one	 or	more	 organs	 showing	 signs	 of
dysfunction.49

Clinical	Manifestations
Increases	in	IAP	impact	virtually	every	organ	system.	Often,	the	first	measurable
finding	involves	the	respiratory	system,	where	increased	IAP	is	often	the	cause
of	hypercarbia	due	to	decreased	minute	ventilation.	In	a	pressure	control	mode,
the	 tidal	 volumes	 will	 decrease.	 In	 a	 volume	 control	 setting,	 peak	 inspiratory
pressures	 will	 rise.	 These	 changes	 may	 be	 subtle	 initially,	 but	 then	 dramatic
changes	will	occur	 rapidly.50,51	Other	possible	 causes	 are	 frequently	 considered
first,	such	as	pulmonary	edema	and	acute	lung	injury;	however,	ACS	should	not
be	 forgotten	 on	 the	 differential	 diagnosis,	 or	 it	 will	 be	 missed	 and	 the
consequences	will	be	dire.

Increased	 IAP	 increases	 renal	vein	pressure	with	elevations	 in	plasma	 renin



and	aldosterone	as	well	as	decreased	renal	blood	flow,	glomerular	filtration,	and
urine	 output.52	 The	 result	 is	 oliguria	 and	 then	 anuria.	 During	 a	 trauma
resuscitation,	 oliguria	 could	 easily	 be	 misinterpreted	 as	 hypovolemia	 and	 the
need	for	additional	resuscitation,	which	could	exacerbate	the	problem.

The	 increase	 in	 IAP	 results	 in	 an	 elevated	 central	 venous	 pressure	 and
pulmonary	 capillary	 wedge	 pressure.	 In	 spite	 of	 this,	 actual	 venous	 return
declines,	 leading	 to	 decreased	 cardiac	 output	 and	 increased	 systemic	 and
pulmonary	 vascular	 resistance.	 An	 increase	 in	 central	 venous	 pressure	 is
transmitted	 to	 the	 central	 nervous	 system,	 resulting	 in	 increased	 intracranial
pressure	and	decreased	cerebral	perfusion	pressure.

Management	of	Intra-Abdominal	Hypertension
In	patients	judged	to	be	at	high	risk	for	the	development	of	ACS,	the	risk	may	be
reduced	by	leaving	the	abdomen	open	at	the	time	of	surgery.	Anytime	there	is	a
suspicion	of	ACS,	 the	 initial	diagnostic	step	should	be	 the	measurement	of	 the
bladder	pressure.	If	the	bladder	pressure	is	elevated,	the	therapeutic	choices	are
to	 either	 reduce	 the	 volume	 of	 the	 abdominal	 contents	 by	 removing	 space
occupying	lesions	or	to	enlarge	the	abdominal	compartment.	Bedside	ultrasound
allows	the	determination	of	whether	there	is	a	significant	quantity	of	free	fluid	in
the	abdomen.	If	so,	either	a	paracentesis	or	the	insertion	of	a	drain	may	remove
enough	simple	fluid	to	reduce	the	abdominal	pressure.	Large	quantities	of	fluid
or	gas	within	distended	bowel	 loops	may	be	 removed	with	 a	nasogastric	 tube.
IAP	may	also	be	 reduced	 in	 some	patients	with	 the	use	of	 improved	analgesia
and	even	neuromuscular	blockade.	Although	these	few	special	cases	should	not
be	 overlooked,	 many	 cases	 of	 ACS	 will	 require	 surgical	 decompression	 with
some	form	of	temporary	abdominal	closure.

Open	Abdomen
Patients	whose	 abdomen	 is	 opened	 to	 prevent	 or	 treat	ACS	will	 require	 some
alternative	method	of	closure	to	prevent	evisceration,	to	manage	fluid	loss,	and
to	prevent	loss	of	domain	of	the	abdominal	viscera.	One	of	the	simplest	forms	of
temporary	abdominal	wall	closure	that	allows	expansion	of	the	abdominal	cavity
is	the	towel	clip	closure.	This	technique	is	based	on	the	closure	of	the	skin	only
with	multiple	 surgical	 towel	 clips.53	Although	 it	 is	 inexpensive	 and	 fast,	 towel
clip	 closure	 has	 largely	 been	 abandoned	 in	 recent	 years	 because	 it	 has	 been
recognized	 that	 a	 significant	 number	 of	 patients	 developed	 recurrent



compartment	 syndrome.	 Other	 methods	 of	 temporary	 closure	 that	 allow
expansion	 of	 the	 abdominal	 cavity	 include	 placing	 absorbable	 mesh	 or	 gauze
packing.54	Additional	techniques	have	been	based	on	the	silo	idea	similar	to	that
used	for	newborns	with	gastroschisis.53	Several	materials	have	been	utilized	for
the	silo,	from	3	L	bags	of	fluid	to	adhesive	drapes	to	sterile	Silastic	sheets.

Currently,	 the	 most	 popular	 management	 of	 the	 open	 abdomen	 is	 negative
pressure	 wound	 therapy.55	 The	 fundamental	 principle	 is	 the	 application	 of	 a
nonadherent	barrier	over	 the	bowel,	 followed	by	negative	pressure	connection,
and	 then	 a	 closed,	 sealed	 covering	 over	 the	 abdomen.	 The	 benefits	 of	 such	 a
negative	pressure	dressing	 include	 reduced	wound	 care,	 removal	 of	 fluid	 from
the	 peritoneal	 cavity,	 and	 the	 collapse	 of	 any	 free	 space	 in	 the	 abdomen.	 The
negative	 pressure	 may	 also	 minimize	 the	 retraction	 of	 the	 abdominal	 wall
muscles.	 A	 number	 of	 homemade	 devices	 have	 been	 described,	 and	 several
commercial	systems	are	also	available	now.

Once	the	patient	has	been	resuscitated	and	abdominal	injuries	addressed,	the
next	 priority	 is	 abdominal	 closure.	The	 longer	 the	 abdomen	 remains	 open,	 the
greater	will	be	the	difficulty	in	achieving	closure	as	well	as	the	greater	the	risk	of
enteroatmospheric	 fistula	 formation.	To	 achieve	 closure	 of	 the	 abdominal	wall
will	require	coordination	between	the	surgical	and	ICU	teams,	the	patient	should
have	a	negative	 fluid	balance,	 and	diuretics	 should	be	administered	as	needed.
Reapproximation	of	 the	midline	fascia	may	require	 the	use	of	pharmacological
muscle	relaxants,	multiple	trips	to	the	OR	to	partially	close	the	abdominal	wall
each	time,	or	more	complex	surgical	techniques	such	as	component	separation.56
In	some	cases,	fascial	closure	cannot	be	obtained,	and	coverage	by	closing	skin
only	or	placement	of	a	split	thickness	graft	will	be	required.	This	method	is	not
ideal	because	 it	will	 lead	 to	 a	ventral	hernia	 that	will	 require	 repair	months	 to
years	later	once	the	patient	has	recovered.

Prolonged	 exposure	 of	 the	 bowel	 by	 any	 of	 these	 techniques	 results	 in	 a
substantial	risk	of	enteroatmospheric	fistula	formation.	Fistula	formation	greatly
complicates	 the	 wound	 management	 as	 well	 as	 fluid	 and	 nutritional
management.	The	primary	goal	of	this	phase	of	open	abdominal	management	is
to	 achieve	 some	 form	 of	 wound	 closure	 before	 enteroatmospheric	 fistula
formation	occurs.

DAMAGE	CONTROL	RESUSCITATION

Damage	Control	Surgery



Historically,	 trauma	 surgeons	 attempted	 a	 single	 definitive	 operation.	 For
patients	 with	 large	 injury	 burdens	 or	 serious	 physiological	 derangements,
recognition	 of	 the	 benefits	 of	 staging	 the	 operation	 has	 occurred.	 For	 these
carefully	selected	patients,	this	damage	control	philosophy	attempts	to	abort	the
cycle	of	the	“triad	of	death”57	in	which	hypothermia,	acidosis,	and	coagulopathy
worsen	 until	 the	 patient	 expires.	 This	 technique	 has	 become	 widely	 used	 and
applied	for	traumatic	and	nontraumatic	abdominal	catastrophes.	Damage	control
has	 been	 advocated	 in	 the	 following	 circumstances:	 if	 more	 than	 10	 units	 of
blood	has	been	 transfused;	base	excess	of	–18	mmol/L	or	 less	 if	patient	 is	 less
than	 55	 years	 old;	 base	 excess	 of	 –8	mmol/L	 or	 less	 if	 patient	 is	 greater	 than
55	years	old;	lactic	acidosis	greater	than	5	mmol/L;	hypothermia	of	less	than	35
°C.58	Damage	control	surgery,	as	generally	practiced,	consists	of	three	phases:

1.	 Limited	operative	intervention	aimed	at	controlling	hemorrhage	and	at
controlling	contamination.	Little	or	no	repair	or	reconstruction	is	performed
at	this	stage.	Abdominal	closure	is	rapid	and	temporary.

2.	 Resuscitation	in	the	ICU	to	correct	hypovolemia	with	blood	products,
hypothermia	by	active	warming,	and	coagulopathy	by	replacement	of
coagulation	factors.

3.	 Planned	return	to	the	OR	to	look	for	additional	injuries,	perform	definite
surgical	procedure,	remove	packs,	and	close	the	abdominal	wall.	This	phase
should	take	place	only	when	the	physiological	derangements	described
earlier	have	been	corrected.

5 	 Inability	 to	 resuscitate	 the	patient	and	correct	 the	physiological	deficits	of
acidosis,	 hypovolemia,	 hypothermia,	 and	 coagulopathy	 may	 reflect	 continued
bleeding	or	an	injury	that	needs	to	be	addressed.	It	is	not	difficult	to	overlook	a
surgical	 bleeding	 site	 when	 it	 is	 obscured	 by	 diffuse	 nonsurgical	 bleeding.
Furthermore,	vessels	may	spasm	and	once	hypotension	is	corrected	in	the	ICU,
may	 hemorrhage	 again.	 Making	 the	 decision	 to	 return	 to	 the	 OR	 before
correction	of	the	deficits	is	a	difficult	one.	Various	criteria	have	been	described
for	emergent	 return	 to	 the	OR,59	but	 in	practice,	 the	decision	 is	often	based	on
progress	or	the	lack	thereof.	If	the	temperature,	the	pH,	the	coagulation	studies,
and	 the	 vital	 signs	 are	 getting	 better,	 it	 is	 usually	 worth	 continuing	 with
resuscitation	in	the	ICU.	If	there	are	signs	of	ongoing	bleeding	and	physiological
parameters	 are	worsening,	 it	may	 be	worth	 the	 risk	 of	 transporting	 the	 patient
back	to	the	OR	for	another	look	or	considering	angioembolization	if	the	surgical
team	 feels	 that	 an	operative	 intervention	will	 not	be	of	benefit,	 for	 example,	 a
liver	injury	that	has	been	packed	already.



Acidosis
Hypovolemic	 shock	 of	 the	 severely	 injured	 patient	 produces	 a	 metabolic
derangement	that	will	not	have	disappeared	with	the	restoration	of	normal	vital
signs.	One	manifestation	of	this	metabolic	failure	is	a	lactic	acidosis.	A	variety
of	end	points	for	resuscitation	have	been	proposed,	but	none	have	been	shown	to
be	more	reliable	than	resolution	of	the	lactic	acidosis.	The	role	of	crystalloid	as	a
resuscitative	 fluid	 has	 changed	 over	 the	 past	 decades.	 Intravenous	 fluid	 is
acidotic,	 and	 only	 a	 fraction	 remains	 intravascular.	 Crystalloid	 causes	 cellular
swelling,	 organ	 edema,	 and	 dysfunction,	 and	 is	 proinflammatory.60	 The
resuscitative	volume	expander	of	choice	in	patients	with	hemorrhagic	shock	has
become	blood	and	blood	products	with	limited	crystalloid	administration.	Recent
data	suggest	that	resuscitation	of	blood	and	blood	products	with	lower	ratios	(ie,
of	red	cells	to	plasma	and	platelets)	improves	outcomes	of	patients	with	severe
trauma	and	major	bleeding.61,62

Severe	 acidosis	 increases	 the	 risk	 of	 cardiac	 arrhythmias,	 reduces	 the
effectiveness	 of	 endogenous	 and	 exogenous	 catecholamines,	 and	 worsens
coagulopathy.	The	enzymes	of	the	coagulation	cascade	do	not	function	as	well	in
pH	 ranges	 outside	 of	 homeostasis;	 furthermore,	 platelet	 dysfunction	 occurs.
Thus,	 it	 may	 be	 appropriate	 to	 use	 alkalinizing	 agents	 such	 as	 sodium
bicarbonate	 to	 raise	 the	pH	above	7.2.63	There	 is	no	clinical	proof	of	mortality
benefit,	however,	 from	this	practice	of	correcting	 the	acidosis	with	alkalinizing
agents.

Hypothermia
Hypothermia	 and	 traumatic	 injury	 are	 a	 lethal	 combination.	 Hypothermia	 in
trauma	begins	at	36	°C	as	opposed	to	isolated	hypothermia	from	environmental
exposure,	which	begins	at	35	°C.	Mortality	rates	are	as	high	as	40%	in	trauma
patients	 with	 temperatures	 of	 34	 °C	 and	 approach	 100%	 when	 the	 patient’s
temperature	is	less	than	32	°C.58	Hypothermia	of	the	abdominal	trauma	patient	is
usually	 multifactorial.	 Patients	 may	 arrive	 hypothermic	 from	 exposure	 and
shock.	Further	exposure	to	cold	environments	in	the	emergency	department	(ED)
or	the	OR	worsens	this	problem;	other	factors	include	the	infusion	of	cold	fluids
and	blood	products,	and	an	open	peritoneal	cavity	in	the	OR.	Inadequate	oxygen
delivery	 leads	 to	 a	 failure	 of	 heat	 production.	 Vasodilation	 from	 either
intoxicants	 or	 anesthetic	 agents	 and	 loss	 of	 shivering	 ability	 from	 muscle
relaxants	also	aggravate	the	situation.	It	is	critical	to	prevent	the	development	of
hypothermia	because	it	is	difficult	to	correct	once	present.



However,	despite	efforts	in	the	ED	and	the	OR,	many	damage	control	patients
will	be	delivered	to	the	ICU	already	hypothermic.	Many	of	the	same	techniques
for	 rewarming	 nontraumatic	 environmental	 hypothermic	 patients	may	 be	 used
including	 raising	 the	 room	 temperature,	 ensuring	 the	 patient	 is	 covered	 with
blankets,	 warming	 blankets,	 and	 warming	 all	 intravenous	 fluids	 and	 blood
products	administered.	Lavage	of	the	pleural	cavity	via	the	chest	tube	with	warm
saline	 solution	may	 be	 considered.	 In	 severe	 cases	 of	 hypothermia,	 it	may	 be
appropriate	 to	 utilize	 dialysis	 or	 continuous	 arteriovenous	 rewarming.64	 The
inability	 to	correct	hypothermia	 if	 these	measures	have	been	employed	usually
indicates	a	failure	of	adequate	resuscitation.

Coagulopathy
The	 cause	 of	 coagulopathy	 of	 trauma,	 as	 with	 many	 other	 conditions,	 is
multifactorial.	 The	 attributed	 etiologies	 include	 consumption	 of	 coagulation
factors	 from	 hemorrhage	 as	 well	 as	 dilution	 from	 infusion	 of	 crystalloids.
Hypothermia	 and	 acidosis	 play	 an	 important	 part	 in	 the	 coagulation	 cascade
because	enzymatic	processes	function	poorly	outside	of	the	homeostatic	normal,
as	 was	 discussed	 in	 previous	 sections.	 Hypothermia	 and	 acidosis	 should	 be
corrected	to	reduce	the	coagulopathy.

However,	 blunt	 trauma,	 in	 particular,	 crush	 injury,	 is	 associated	 with
coagulopathy	 from	 tissue	 injury.	 These	 patients	 may	 arrive	 at	 the	 hospital
already	coagulopathic.	 In	 fact,	up	 to	25%	of	patients	arrive	coagulopathic;	 this
coagulopathy	is	associated	with	higher	injury	severity	scores	and	predicts	worse
outcomes.65

On	arrival	in	the	ICU	from	the	initial	phase	of	damage	control	surgery,	blood
should	 immediately	 be	 sent	 to	 the	 laboratory	 for	 prothrombin	 time,	 activated
partial	 thromboplastin	 time,	 platelet	 count,	 and	 fibrinogen	 level.
Thromboelastography	has	become	more	widely	used	and	is	advocated	by	some
centers	 as	 a	 better	 and	 more	 rapid	 assessment	 of	 coagulopathy	 and	 a	 way	 to
determine	 which	 components	 of	 the	 coagulation	 and	 fibrinolytic	 cascades	 to
address.

SUMMARY
This	 chapter	 focuses	 on	 the	 unique	 aspects	 of	 critically	 ill	 abdominal	 trauma
patients.	 With	 the	 increased	 use	 of	 nonoperative	 management	 and	 damage
control	 resuscitation,	 the	 role	 of	 the	 intensivist	 has	 changed.	 The	 ICU	 must



monitor	 closely	 for	 hemorrhage,	 signaling	 the	 failure	 of	 nonoperative
management	 of	 solid-organ	 injuries.	All	 injuries	may	 not	 have	 been	 identified
prior	to	admission	to	the	ICU,	and	a	high	index	of	suspicion	must	be	maintained
for	missed	injuries	that	are	not	readily	apparent	at	presentation	and	are	not	easily
found	on	the	initial	CT	scan.	For	damage	control	resuscitation,	the	correction	of
hypovolemia,	 hypothermia,	 acidosis,	 and	 coagulopathy	 occurs	 as	 the	 patient
transitions	between	the	ED,	the	OR,	and	the	ICU.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	45-year-old	man	in	a	motor	vehicle	crash	sustains	a	grade	2	liver	injury,
grade	4	splenic	injury	without	active	extravasation,	and	multiple	bilateral	rib
fractures.	He	undergoes	splenic	artery	embolization.	On	hospital	day	6,	he	has
acute-onset	abdominal	pain,	with	sudden	hypotension.	His	vitals	are	temperature
of	37.4,	HR	110,	BP	85/60	mm	Hg,	and	RR	28.	An	upright	chest	x-ray	obtained
is	unremarkable,	including	no	free	air	under	the	diaphragm.	What	is	the	most
likely	explanation	for	the	deterioration?

A. 	Delayed	hemorrhage	from	liver	injury
B. 	Delayed	hemothorax
C. 	Delayed	splenic	rupture	and	hemorrhage
D. 	Sepsis	from	biloma	from	the	liver	injury

2. 	A	50-year-old	man	was	the	restrained	driver	in	a	motor	vehicle	crash.	In
the	trauma	bay,	he	is	intubated	for	airway	protection	given	a	GCS	score	of	7	and
resuscitated	with	3	units	of	packed	red	blood	cells	and	2	units	of	fresh	frozen
plasma	for	hypotension	and	a	base	excess	of	−8.	He	responds	to	the
resuscitation,	and	eFAST	reveals	fluid	within	the	abdomen	leading	to	workup
with	CT	scan	imaging.	Injuries	identified	on	CT	scan	include	bilateral	small
subarachnoid	hemorrhage,	bilateral	rib	fracture	(no	pneumothorax,	no
hemothorax),	8	cm	liver	laceration	(grade	2)	without	active	extravasation	of
contrast	and	bilateral	renal	lacerations	as	well	as	a	mesenteric	hematoma.	On
hospital	day	3,	he	remains	intubated	with	GCS	13	and	prior	to	extubation
develops	fever,	tachycardia,	abdominal	pain,	and	hypotension.	He	continues	to
have	hematuria.	What	is	the	most	appropriate	next	step	in	management?



A. 	Angioembolization	of	renal	injuries
B. 	Angioembolization	of	liver	injuries
C. 	CT	scan	of	the	abdomen
D. 	Laparotomy	for	missed	bowel	injury

Answers

1.	The	correct	answer	is	C.
Rationale:	 Delayed	 splenic	 rupture	 can	 occur	 for	 up	 to	 6	 weeks,	 and	 the

highest	 risk	 of	 rupture	 is	 within	 the	 first	 week	 (choice	 C	 is	 correct).	 Delayed
bleeding	from	the	injured	liver	can	occur.	However,	it	is	less	likely	from	a	low-
grade	 liver	 injury	 (grade	 II	on	a	scale	of	 I-V)	and	hemorrhage	would	 typically
occur	within	24	hours	(choice	A	is	 incorrect).	Bile	 leaks	and	bilomas	do	occur
from	liver	injuries	and	become	clinically	apparent	after	day	3.	However	they	are
uncommon	 for	 such	 a	 low-grade	 liver	 injury	 (choice	D	 is	 incorrect).	 Delayed
hemothorax	 can	 occur,	 but	 a	 large	 enough	 hemothorax	 to	 cause	 hypotension
would	be	visible	on	chest	radiograph	(choice	B	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 This	 patient	 has	 3	 solid-organ	 injuries	 (liver	 and	 both	 kidneys),

which	places	him	at	an	elevated	risk	for	hollow	viscus	injury	and	laparotomy	is
indicated	(choice	D	is	correct).	Typically	hollow	viscus	injury	is	an	injury	to	the
mesentery	of	the	intestine	(which	was	identified	on	this	patient’s	admission	CT
scan).	As	the	mesentery	is	the	location	of	the	blood	supply	to	the	intestine,	this
may	lead	to	ischemia	and	eventually	intestinal	necrosis.	This	process	occurs	over
time—within	 3	 days	 for	 most	 patients.	 Gross	 hematuria	 may	 be	 visually
impressive	and	persistent	but	uncommonly	leads	to	hypotension	or	even	the	need
for	 transfusion	 (choice	 A	 is	 incorrect).	 Liver	 hemorrhage	 even	when	 delayed,
most	commonly	occurs	in	the	first	24	hours.	The	patient	in	this	scenario	has	been
hospitalized	 for	 3	 days	 and	 is	 outside	 of	 the	 highest	 risk	 period	 (choice	 B	 is
incorrect).	CT	scans	are	highly	accurate	 for	 the	diagnosis	of	solid-organ	 injury
and	would	detect	higher-grade	injuries	which	are	at	risk	for	delayed	hemorrhage.
He	has	signs	of	sepsis	and	surgical	 intervention	is	warranted.	Another	CT	scan
delays	 intervention	 (choice	C	 is	 incorrect);	 even	 if	 the	CT	scan	does	not	 show
definite	 signs	 of	 intestinal	 injury,	 surgical	 exploration	 is	 indicated	 in	 a	 patient
with	worsening	hypotension	and	abdominal	pain.
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Chapter	44
Orthopedic	Injury
Sravya	T.	Challa,	Vivek	Venugopal,	John	J.	Wixted

KEY	POINTS:
1.	 Orthopedic	injuries	are	common	among	polytraumatized	patients

and	a	collaborative	team	including	a	specifically	trained	orthopedic
trauma	service	is	associated	with	improved	outcomes	in	the	care	of
these	patients.

2.	 Open	fractures	pose	a	significant	challenge	in	terms	of	infection	rate,
wound	coverage,	and	limb	salvage.

3.	 The	current	recommendations	for	antibiotic	prophylaxis	in	open
fractures	include	gram-positive	coverage	and	additional	gram-
negative	coverage	for	type	III	fractures	as	well	as	high-dose
penicillins	for	barnyard	injuries.

4.	 Significant	pelvic	ring	injuries,	especially	when	associated	with	other
life-threatening	injuries	and	hemodynamic	instability	result	in
mortality	rates	as	high	as	40%	to	60%.

5.	 Early	stabilization	of	pelvic	fractures	may	be	performed	at	the	scene
of	the	injury	by	emergency	medical	personnel,	by	the	application	of	a
circumferential	sheet,	pelvic	binder,	or	other	compressive	garment.
Circumferential	wrapping	helps	stabilize	clots	from	bony	surfaces
and	vascular	structures	more	so	than	the	effect	it	has	on	overall
pelvic	volume.

6.	 Femoral	shaft	fractures	can	contribute	significantly	to	morbidity	and
mortality	in	polytrauma	patients.	In	severely	injured	patients	with	an
Injury	Severity	Score	(ISS)	≥18,	most	hemodynamically	stable
patients	with	a	femoral	shaft	fracture	without	hypothermia	and	with	a
lactate	stabilized	to	the	range	of	2.2	mmol/L	can	be	treated	safely



with	definitive	fixation	without	undue	stress.	In	contrast,	patients	who
are	unstable	after	resuscitation	and	in	extremis	may	benefit	from
temporary	stabilization	with	external	fixation	instead.

7.	 Compartment	syndrome	is	a	problem	that	can	arise	among	patients
who	have	sustained	high-energy	injuries,	typically	fractures,
dislocations,	crush	injuries,	and	prolonged	episodes	of	limb
ischemia.	The	syndrome	can	also	develop	after	reperfusion	of	a
dysvascular	limb	which	occurs	after	a	revascularization	procedure	or
after	a	manipulative	reduction	of	a	fracture	which	reduces	kinking
and	occlusion	of	vessels.	Excessive	pain	with	passive	stretch	of
muscles	within	each	compartment	should	alert	the	examiner	to
evolving	compartment	syndrome.

8.	 Prophylaxis	of	trauma	patients,	especially	those	with	pelvic	and
acetabular	fractures,	is	important	to	reduce	the	risk	of	deep	vein
thrombosis	(DVT).	Trauma	patients	have	been	shown	to	have	lower
rates	of	DVT	when	both	chemical	and	mechanical	means	of
prophylaxis	are	utilized.

EPIDEMIOLOGY
1 	 With	 an	 annual	 attributable	 mortality	 of	 more	 than	 100,000	 people	 in	 the
United	 States,	 blunt	 and	 penetrating	 trauma	 is	 a	 leading	 cause	 of	 death	 for
Americans	 younger	 than	 45	 years	 of	 age	 and	 results	 in	 staggering	 losses	 of
health	 among	 surviving	 patients.1	 Trauma	 evacuation	 systems	 have	 improved
dramatically	 over	 the	 past	 few	 decades,	 and	 patients	 are	much	more	 likely	 to
survive	 injuries	 that	 would	 have	 previously	 resulted	 in	 early	 mortality.	 Many
polytraumatized	patients	sustain	significant	orthopedic	injuries.	These	need	to	be
recognized	and	addressed	appropriately	 to	minimize	 consequent	morbidity	 and
mortality.	 A	 dedicated	 orthopedic	 trauma	 service,	 specifically	 constructed	 to
manage	patients	with	complex	fractures	and	dislocations	in	the	setting	of	other
systemic	 injuries,	 may	 be	 associated	 with	 improved	 outcomes	 for	 trauma
patients.2	 The	 orthopedic	 traumatologist	 is	 not	 only	 trained	 in	 the	 surgical
management	 of	 the	 individual	 orthopedic	 injuries	 but	 is	 also	 comfortable
functioning	as	a	member	of	a	multidisciplinary	team	that	may	include	emergency
physicians,	 anesthesiologists,	 general	 surgeons,	 neurosurgeons,	 urologists,	 and
plastic	surgeons.



Musculoskeletal	 injuries	 of	 trauma	 patients	 come	 in	 many	 varieties.	 Long
bone	 fractures	 can	have	direct	 impact	upon	a	patient’s	 early	mortality	 and	 late
morbidity.	 Pelvic	 fractures	 are	 associated	 with	 early	 mortality,	 and	 their
recognition	and	acute	management	is	vital	as	part	of	the	lifesaving	efforts	of	the
trauma	team.	Open	fractures	are	associated	with	the	development	of	sepsis	if	not
properly	 managed.	 Articular	 (joint)	 fractures	 represent	 complex	 injuries
requiring	 prolonged	 reconstruction;	 although	 they	 routinely	 occur	 among
polytraumatized	 patients,	 their	 management	 is	 beyond	 the	 scope	 of	 this
discussion.	Compartment	 syndrome,	a	 sequela	of	 severe	extremity	 trauma,	 is	a
soft	tissue	condition	that	can	result	in	early	morbidity,	associated	with	the	impact
of	 myonecrosis	 on	 renal	 function,	 as	 well	 as	 late	 disability,	 associated	 with
fibrosis	of	one	or	more	muscles	 important	for	activities	of	daily	 living.	Venous
thromboembolism	(VTE)	is	a	danger	for	all	trauma	patients,	and	the	risk	of	VTE
has	been	shown	to	be	increased	significantly	among	patients	with	pelvic	and	hip
fractures.	 Finally,	 lesser	 fractures	 can	 have	 dramatic	 implications	 on	 future
function	 for	 trauma	 patients;	 it	 has	 been	 shown	 that	 failure	 to	 identify	 and/or
address	complex	injuries	of	the	foot,	for	example,	is	associated	with	poor	long-
term	outcomes	among	patients	who	survive	major	trauma.3

In	this	chapter,	we	will	introduce	challenges	and	share	knowledge	associated
with	 multiple	 problems	 that	 affect	 trauma	 patients:	 Open	 fractures,	 pelvic
fractures,	 long	bone	 fractures,	 knee	dislocations,	 compartment	 syndrome,	 deep
vein	 thrombosis	 (DVT),	 and	 neurological	 injury.	 It	 is	 our	 goal	 to	 discuss
orthopedic	 treatment	 considerations	 for	 all	 of	 these	 trauma	 sequelae	 such	 that
they	can	be	integrated	into	 the	management	of	 the	patient	who	is	 the	victim	of
polytrauma.

OPEN	FRACTURES
2 	 Open	 fractures,	 or	 fractures	 with	 associated	 skin	 wounds	 allowing
communication	of	the	external	environment	with	the	fractured	bone	surfaces,	are
present	 in	 a	 high	percentage	of	 polytraumatized	patients.	These	wounds	 are	 at
high	risk	for	infection	without	adequate	and	early	treatment	of	the	open	wound.
Depending	on	the	severity	of	injury,	infection	rates	range	from	1.8%	in	Gustilo-
Anderson	 type	 I	 fractures	 to	 42.9%	 in	 type	 IIIB	 open	 tibia	 fractures.	 In	 these
more	 severe	 injuries,	 rates	 of	 amputation	may	 reach	 up	 to	 17.6%.4	 The	 basic
treatment	protocol	 for	open	 fractures	 includes	antibiotic	administration,	wound
debridement,	wound	irrigation,	fracture	stabilization,	and	wound	closure.

Initially	published	in	1976,5	the	Gustilo-Anderson	classification	scheme	is	an



imperfect	 but	 widely	 utilized	 classification	 for	 open	 fractures.	 Type	 I	 open
fractures	are	 fractures	with	a	clean	wound	measuring	 less	 than	1	cm	in	 length.
Type	II	open	fractures	are	fractures	with	a	laceration	measuring	more	than	1	cm
in	length	and	without	extensive	soft	 tissue	damage.	Type	III	open	fractures	are
fractures	with	extensive	soft	tissue	damage	or	an	open	segmental	fracture	(a	two-
level	fracture	of	the	same	long	bone).	Type	III	fractures,	therefore,	represented	a
highly	 heterogeneous	 group	 of	 severe	 open	 fractures;	 a	 modification	 of	 the
classification	 scheme	 for	 type	 III	 open	 fractures	 was	 therefore	 developed	 and
published	in	1981.6	Type	IIIA	open	fractures	have	extensive	soft	tissue	damage
but	 adequate	 soft	 tissue	 coverage,	 or	 are	 the	 result	 of	 high-energy	 trauma
irrespective	 of	 laceration	 size.	 Type	 IIIB	 open	 fractures	 entail	 extensive	 soft
tissue	loss,	periosteal	stripping,	bone	exposure,	and	massive	contamination.	No
mention	of	requirement	for	muscle	flap	fracture	coverage	is	made	by	the	authors
(though	 many	 of	 these	 wounds	 indeed	 do	 require	 flap	 coverage);	 this	 is	 a
modification	 of	 the	 classification	 that	 has	 been	 propagated	 over	 the	 years,7
although	it	was	suggested	by	Gustilo	himself	in	a	subsequent	letter	to	the	editors
of	 the	Journal	of	Bone	and	Joint	Surgery.8	 Type	 IIIC	 open	 fractures	 are	 those
associated	with	a	vascular	injury	that	requires	repair.	An	important	point	must	be
made	 about	 this	 classification	 scheme:	 It	 is	 best	 utilized	 during	 operative
debridement	 of	 the	 open	 fracture.	The	 presence	 of	 a	 small	 open	wound	 in	 the
skin	 may	 belie	 the	 extensive	 soft	 tissue	 injury	 underneath,	 leading	 to	 a
misclassification	 of	 the	 open	 fracture.	 The	 reliability	 of	 this	 classification
scheme	 has	 hence	 been	 questioned.9-11	Regardless,	 this	 system	 continues	 to	 be
used	at	many	institutions.

3 	 As	 infection	 is	 a	 feared	 complication	 of	 open	 fractures,	 antibiotic
administration	 is	crucial	 for	decreasing	rates	of	 infection	after	open	fractures.12
The	 timing	 of	 initial	 antibiotic	 prophylaxis	 is	 of	 utmost	 importance,	with	 data
showing	that	time	of	antibiotics	from	injury	greater	than	66	minutes	is	predictive
of	 infection	 and	 immediate	 antibiotic	 prophylaxis	 agreed	 upon	 widely	 as	 the
most	 important	 factor	 to	 mitigating	 infection	 risk.13,14	 The	 current
recommendations	 for	 antibiotic	 prophylaxis	 in	 open	 fractures	 include	 gram-
positive	coverage	and	additional	gram-negative	coverage	for	type	III	fractures	as
well	as	high-dose	penicillins	for	barnyard	injuries.	Evidence	shows	clear	benefit
of	using	cephalosporins	for	gram-positive	coverage	within	1	hour	of	presentation
after	 injury.	 In	 more	 severe	 injuries,	 addition	 of	 aminoglycosides	 for	 gram-
negative	 coverage	 is	 widely	 accepted	 with	 the	 caveat	 of	 nephrotoxicity.	 In
patients	 with	 type	 III	 fractures	 and	 risk	 factors	 for	 kidney	 injuries,
fluoroquinolones	 should	 be	 considered.15	 No	 current	 evidence	 supports
prophylactic	 gram-negative	 coverage	 of	 all	 open	 fractures.15	 With	 regard	 to



duration	of	antibiotics,	there	is	no	benefit	for	continuation	of	antibiotics	beyond
24	hours	after	definitive	wound	coverage	or	coverage	with	sterile	dressing	after
debridement.16	Moreover,	studies	showed	that	even	in	severe	soft	tissue	injuries
such	as	type	III	fractures,	antibiotic	regimens	of	24	to	48	hours	are	equivalent	to
those	 longer	 than	 72	 hours	 in	 terms	 of	 infection	 risk.17	 Updated
recommendations	state	that	for	type	III	fractures,	antibiotics	should	be	continued
for	 72	 hours	 after	 the	 injury	 or	 not	 >24	 hours	 after	 successful	 soft	 tissue
coverage.18

Surgical	debridement	of	open	fracture	wounds	in	a	complete	and	expeditious
manner	 is	 an	 important	 additional	 factor	 for	 successful	 management.	 Sharp
debridement	should	be	meticulous,	and	all	foreign	material	removed.	Bone	ends
should	be	delivered	into	the	wound,	and	complete	exploration	of	the	injury	zone
is	 necessary.	 Long	 longitudinal	 extensions	 of	 the	 traumatic	 wound	 are	 often
necessary	 for	 adequate	 exploration.	 All	 tissue	 that	 is	 completely	 devitalized,
including	 bone	 fragments	 devoid	 of	 soft	 tissue	 attachments,	 should	 be
removed.19,20	 Judgments	 related	 to	 the	 removal	 of	 large	 articular	 (ie,	 joint
surface)	fragments	may	be	required	to	balance	the	risk	of	severe	disability	from
the	loss	of	said	fragments	vs	the	risk	of	infection	with	their	retention.	Devitalized
extra-articular	 fragments	 can	 be	 cleaned	 and	 used	 as	 a	 reduction	 aid
intraoperatively	when	fixation	is	proceeding	immediately,	or	they	may	be	stored
and	utilized	later	when	fixation	is	delayed.21	In	general,	therefore,	it	is	better	not
to	discard	bone	fragments	from	open	fractures	until	the	patient	has	arrived	in	the
operating	room	for	definitive	management.

An	ongoing	source	of	debate	for	the	management	of	open	fractures	relates	to
the	 timing	 of	 debridement.	 The	 previous	 benchmark	 that	 had	 been	 followed
internationally	is	for	open	fractures	to	undergo	urgent	irrigation	and	debridement
procedures	 within	 6	 hours.	 However,	 various	 clinical	 studies	 have	 failed	 to
support	 a	 threshold	 up	 to	 12	 hours	 with	 respect	 to	 infection	 or	 nonunion.	 A
recent	 meta-analysis	 showed	 that	 progressive	 delay	 in	 debridement	 increases
infection	risk	and	specifically	that	debridement	later	than	24	hours	is	associated
with	 a	 twofold	 increase	 in	 the	 likelihood	 of	 infection	 in	 type	 III	 fractures.22
Although	 urgency	 of	 treatment	 for	 open	 fractures	 associated	 with	 massive
contamination,	 vascular	 injury,	 and/or	 limb	 crush	 is	 self-evident,	 routine
emergent	management	 does	 not	 appear	 to	 be	 required	 for	 open	 fractures,	 and
after-hours	surgery	done	in	a	hurried	fashion	by	underexperienced	practitioners
and	teams	may	result	in	increased	rates	of	minor	complications.23	However,	it	is
generally	accepted	among	the	international	community	that	treatment	of	an	open
fracture	is	not	an	elective	procedure.24

Wound	 irrigation	 follows	 sharp	 debridement.	 Irrigation	 solutions	 generally



are	based	upon	normal	saline	(0.9%	NaCl).	Additives	historically	have	included
bacitracin,	 cefazolin,	 neomycin,	 soaps,	 bleach,	 Betadine,	 and	 other	 antiseptics
(such	as	benzalkonium	chloride).	Some	of	these,	such	as	antiseptics,	have	been
shown	 to	 be	 detrimental	 to	 wound	 viability.25	 Antibiotics	 appear	 to	 offer	 no
benefit	over	normal	 saline	alone26	 and	may	 increase	 the	 risk	of	wound-healing
problems.27	 The	 FLOW	 trial,	 a	 landmark	 randomized	 control	 trial	 comparing
three	irrigation	pressures	and	saline	vs	soap	for	irrigation,	showed	that	pressure
did	not	affect	 reoperation	rates	and	 that	 reoperation	was	significantly	higher	 in
patients	 irrigated	with	 soap	 vs	 saline.28	 Therefore,	 low-pressure	 irrigation	 is	 a
safe	and	economically	viable	option	for	irrigation	of	open	wounds.	No	consensus
exists	 on	 the	 volume	 of	 irrigant.	 Protocols	 vary	 between	 institutions	 and	 even
within	institutions,	based	on	surgeon	preference.	Up	to	9	L	of	irrigant	is	utilized
at	 some	 centers,	 but	 there	 is	 no	 scientific	 evidence	 upon	 which	 a
recommendation	can	be	based.	Ultimately,	it	is	the	opinion	of	most	surgeons	that
wound	debridement	is	the	most	critical	aspect	of	treating	open	fracture	wounds,
and	 that	 the	 irrigation	 component	 of	 this	 treatment	 is	 of	 relatively	 less
importance.

Methods	of	 fixation	 for	open	 fractures	are	variable.	Historically,	 acute	open
reduction	 and	 internal	 fixation	 of	 open	 fractures	 was	 contraindicated,	 without
good	 scientific	 evidence.	 However,	 the	 Harborview	 group	 in	 Seattle
demonstrated	 that	 acute	 open	 reduction	 and	 internal	 fixation	 of	 open	 ankle
fractures	 is	 a	 safe	 and	 effective	 method	 of	 treatment.29	 External	 fixation	 is
relatively	 rapid	 and	 fixation	 points	 can	 be	 kept	 out	 of	 the	 zone	 of	 injury.
Mobilization	 of	 fracture	 ends	 can	 be	 accomplished	 at	 the	 time	 of	 future
debridement,	 if	necessary,	and	staged	open	reduction	and	internal	fixation	with
external	fixator	removal	is	safe	and	effective.30-32	Plate	or	unreamed	nail	fixation
at	the	time	of	irrigation	and	debridement	is	also	safe	and	effective29,33,34	but	limits
the	 surgeon’s	 ability	 to	 redisplace	 bone	 ends	 for	 wound	 exploration	 if	 repeat
debridement	 is	 indicated.	Further	 techniques	for	fixation	 include	 the	Masquelet
technique	 combined	 with	 acute	 muscle	 flap	 or	 acute	 shortening	 followed	 by
distraction	osteogenesis,35,36	but	discussions	of	these	are	beyond	the	scope	of	this
chapter.

Early	wound	closure	or	coverage	is	preferred,	as	this	appears	to	limit	rates	of
infection	 of	 open	 fracture	 wounds.37	 Acute	 primary	 closure	 of	 open	 fracture
wounds	after	debridement	and	fixation,	if	possible,	has	been	shown	to	be	a	safe
method	of	treatment.38	One	study	showed	fewer	deep	infections	and	nonunions
in	 Gustilo-Anderson	 -IIIa	 fractures	 in	 patients	 undergoing	 immediate	 wound
closure	 vs	 delayed	 soft	 tissue	 coverage.39,40	 Early	 coverage	 of	 open	 fracture
wounds	that	are	unable	to	be	closed	primarily	has	also	been	shown	to	be	safe	and



effective.41	For	such	injuries,	flap	reconstruction	within	72	hours	has	historically
been	 shown	 to	 have	 much	 lower	 infection	 rates.42	 Newer	 evidence	 suggests
significantly	lower	infection	rates	among	patients	undergoing	free	flap	coverage
within	7	days	of	injury	(27%	vs	60%)43	as	well	as	a	higher	overall	complication
rate	for	flap	coverage	after	7	days.44	Adjuncts	to	wound	closure,	especially	in	the
setting	 of	 skin	 tension,	 include	 “pie-crusting”	 of	 skin	 about	 the	wound(s)45	 or
performing	 open	 wound	management	 with	 a	 vessel	 loop	 closure	 technique	 to
reapproximate	 wound	 edges46	 and/or	 use	 of	 negative	 pressure	 wound
dressings.47,48	 Also,	 if	 doubts	 about	 the	 safety	 of	 closure	 at	 the	 time	 of	 initial
debridement	 and	 fixation	 persist,	 then	 open	 wound	 management	 and	 repeat
debridement	 are	 appropriate	 until	 closure	 or	 coverage	 is	 considered	 safe.
Negative	pressure	wound	dressings	can	be	utilized	successfully	for	open	fracture
wounds	 as	 a	 bridge	 to	 delayed	 closure	 with	 successful	 reduction	 of	 infection
rates	in	some	series,49	or	as	a	bridge	to	delayed	free	tissue	transfer	with	reduction
of	 infection	rates	as	compared	to	 traditional	dressings,50	perhaps	allowing	for	a
possible	reduction	of	the	need	for	free	tissue	transfer.51	However,	this	may	be	a
limited	process,	and	earlier	wound	closure	or	flap	coverage	may	reduce	infection
rates	 over	 late	 wound	 closure	 or	 coverage,	 despite	 utilization	 of	 the	 negative
pressure	 dressing.52	 For	 closed	 wounds,	 a	 recent	 randomized	 controlled	 trial
showed	no	difference	between	standard	dressing	and	incisional	negative	pressure
wound	therapy	in	terms	of	deep	surgical	infection	rates.53

Occasionally,	 the	 polytraumatized	 patient	 who	 sustains	 high-energy	 open
fractures	may	not	be	a	candidate	for	fixation,	instead	requiring	amputation.	For
patients	with	open	 tibia	 fractures	and	considerable	 soft	 tissue	 injuries,	 a	 recent
study	showed	that	about	2.2%	of	the	patients	undergo	an	amputation	during	the
index	hospitalization.54	Properly	indicated,	a	well-executed	amputation	can	be	a
lifesaving	 procedure	 that	 can	 shorten	 rehabilitation	 times	 associated	 with
prolonged	 reconstruction	 of	 a	mangled	 extremity.	 The	 debate	 often	 centers	 on
whether	a	 limb	might	be	amenable	 to	salvage	vs	amputation	at	 the	 time	of	 the
patient’s	 arrival	 to	 the	 hospital.	 Errors	 in	 judgment	 regarding	 this	 can	 have
devastating	 effects	 on	 the	 patient’s	 outcome,	 both	 physiologically	 and
psychologically.	 Multiple	 assessment	 tools	 have	 been	 developed	 to	 assist
surgeons	with	making	decisions	regarding	limb	salvage	vs	amputation,	including
the	Mangled	Extremity	Severity	Score	(MESS)55,56	(Table	44.1).	However,	many
of	 these	 tools	 are	mediocre	 at	 best	 with	 regard	 to	 their	 predictive	 value.	 One
example	is	 the	Lower	Extremity	Assessment	Project	(LEAP).57,58	A	historically
held	 indication	 for	acute	amputation	 in	 the	 setting	of	a	mangled	extremity,	 the
lack	of	plantar	foot	sensation,	has	been	refuted	by	the	LEAP	study	team;	many
patients	 presenting	 with	 absent	 plantar	 foot	 sensation	 recovered	 it	 completely



over	 time,	 indicating	 that	 the	 most	 tibial	 nerve	 injuries	 are	 neurapraxias	 (as
opposed	 to	complete	disruptions).59	Another	 recent	 study	 found	 that	 the	Ganga
Hospital	 Score	 performed	 better	 than	 the	MESS,	 limb	 salvage	 index,	 and	 the
Orthopedic	 Trauma	Association	Open	 Fracture	 Classification	 likely	 because	 it
was	 developed	 for	 type	 IIIB	 injuries,	which	 are	 in	 the	 gray	 zone	 of	 decision-
making.60	Ultimately,	each	injured	patient	must	be	carefully	scrutinized,	and	no
particular	 physical	 examination	 finding	 or	 trauma	 scale	 has	 been	 shown	 to	 be
absolutely	 predictive	 of	 the	 success	 or	 failure	 of	 attempts	 at	 limb	 salvage.
Therefore,	thoughtful	interpretation	of	trauma	scores	combined	with	assessment
of	the	patient’s	functional	goals	is	imperative	prior	to	making	the	choice	between
salvage	 and	 amputation.	 Recent	 evidence	 shows	 that	 in	 carefully	 chosen
amputations	 for	 severe	 trauma,	patients	can	have	better	 functional	and	quality-
of-life	results	compared	to	limb	salvage.61

TABLE	44.1

Mangled	Extremity	Severity	Score

Type Characteristics Injuries Points

Skeletal/Soft	Tissue	Group

1 Low	energy Stab	wound,	simple	closed	fracture,
small-caliber	GSW

1

2 Medium	energy Open	or	multilevel	fractures,
dislocations,	moderate	crush	injury

2

3 High	energy Shotgun	blast,	high-velocity	GSW 3

4 Massive	crush Logging,	railroad,	oil	rig	accidents 4

Shock	Group

1 Normotensive BP	stable	in	field	and	OR 0

2 Transiently
hypotensive

BP	unstable	in	field,	responsive	to	IV
fluids

1

3 Prolonged
hypotension

Systolic	BP	<90	mm	Hg	in	field	and
unresponsive	to	IV	fluids

2



Ischemia	Group

1 None Pulsatile	limb,	no	sign	of	ischemia 0a

2 Mild Diminished	pulses,	no	sign	of	ischemia 1a

3 Moderate No	pulse	via	U/S,	sluggish	CR,
paresthesia,	diminished	motor

2a

4 Advanced Pulseless,	cool,	paralyzed,	numb	limb
without	CR

3a

Age	Group

1 <30	years 0

2 30-50	years 1

3 >50	years 2

MESS	equals	sum	of	scores	for	each	of	the	group	types;	minimum	score	is	1,	maximum	score	is
14.
aPoints	×	2	if	ischemic	time	>6	h.

BP,	blood	pressure;	CR,	capillary	refill;	GSW,	gunshot	wound;	IV,	intravenous;	MESS,	mangled
extremity	severity	score;	OR,	operating	room;	U/S,	ultrasound.
Adapted	from	Helfet	DL,	Howey	T,	Sanders	R,	et	al.	Limb	salvage	versus	amputation:	preliminary
results	of	the	Mangled	Extremity	Severity	Score.	Clin	Orthop.	1990;256:80-86.

PELVIC	FRACTURES

Evaluation
The	 pelvis	 contains	 the	 acetabulae,	 which	 represent	 the	 articulations	 with	 the
lower	 extremities,	 and	 the	 lumbosacral	 junction,	 representing	 the	 articulation
with	 the	spine.	Composed	of	 three	bones	(two	hip	bones	and	 the	sacrum)	with
three	 articulations	 (two	 sacroiliac	 joints	 and	 the	 pubic	 symphysis),	 the	 pelvic
ring	 is	 designed	 to	 distribute	 the	 weight	 of	 the	 upper	 body	 onto	 the	 legs	 for
bipedal	 ambulation.	 The	 sacroiliac	 joints	 and	 pubic	 symphysis	 are	 thought	 to
have	minimal	 motion	 and	 are	 connected	 by	 stout	 ligaments.	 Incompetence	 of
these	 joints	 can	 lead	 to	 laxity	 and	 chronic	 pain.	 This	may	 occur	 after	 trauma,



complicated	vaginal	birth	 in	 females,	or	 idiopathically.62,63	 Further	 ligamentous
connection	 between	 the	 posterior	 and	 anterior	 pelvis	 is	 provided	 by	 the
sacrospinous	and	sacrotuberous	ligaments.	The	transverse	processes	of	the	fifth
lumbar	 vertebra	 are	 attached	 to	 the	 posterior	 iliac	 crests	 by	 the	 iliolumbar
ligaments.

4 	 Disruption	 of	 the	 pelvic	 ring	 of	 young	 patients	 requires	 a	 high-energy
mechanism,	 such	as	a	motor	vehicle	collision	or	 fall	 from	a	 significant	height.
Significant	 pelvic	 ring	 injuries,	 especially	 when	 associated	 with	 other	 life-
threatening	injuries	and	hemodynamic	instability,	result	in	mortality	rates	of	40%
to	 60%.64	 As	 the	 pelvis	 is	 functionally	 a	 single	 rigid	 ring,	 the	 discovery	 of	 a
single	break	is	a	harbinger	for	others.	For	example,	pubic	ramus	fractures,	in	the
anterior	 aspect	 of	 the	 pelvic	 ring,	 may	 be	 obvious	 on	 plain	 radiographs,	 but
associated	sacral	fractures	may	not	be	readily	apparent	on	plain	radiographs	due
to	the	overlying	bowel	gas,	radiopaque	contrast	agents	in	the	bowel	or	bladder,
or	 bony	 anatomy.	 A	 high	 index	 of	 suspicion	must	 be	maintained,	 and	 further
injury	may	be	visible	on	computed	tomography	(CT)	scanning.	It	should	also	be
emphasized	that	transverse	acetabular	fractures	often	represent	a	component	of	a
pelvic	ring	disruption,	and	suspicion	that	such	disruption	has	occurred	should	be
maintained	with	these	fracture	patterns.

Multiple	 classification	 schemes	 exist	 that	 describe	various	 aspects	of	 pelvic
ring	 injuries.	 The	Young	 and	Burgess65	 classification	 (Table	 44.2)	 is	 the	most
commonly	utilized	descriptive	scheme	for	pelvic	ring	injuries,	in	which	they	are
classified	 as	 anteroposterior	 compression	 (APC)	 injuries,	 lateral	 compression
(LC)	 injuries,	 vertical	 shear	 (VS)	 injuries,	 and	 “complex	 patterns.”	 This
classification	 can	 be	 helpful	 for	 identification	 of	 other	 problems	 that	 can	 be
associated	with	the	pelvic	ring	injury,	such	as	increased	incidence	of	head	trauma
with	LC	injuries	and	of	abdominal	and	chest	trauma	with	APC	injuries,66	and	it
can	be	predictive	of	 transfusion	 requirements	 in	 trauma	patients.67,68	 It	may	be
useful	to	predict	mortality	of	nonorthopedic	injuries	when	further	stratified	into
stable	 (APC1,	 LC1)	 injuries	 and	 unstable	 (APC2,	 APC3,	 LC2,	 LC3,	 VS,
complex)	 injuries.	Other	 commonly	 utilized	 classification	 schemes	 include	 the
Tile	 classification69	 and	 the	 American	 Orthopedic	 (AO)/Orthopedic	 Trauma
Association	classification.70	 There	 is	 no	 significant	 difference	 in	 the	 predictive
value	of	the	Tile	or	Young	and	Burgess	systems	in	terms	of	mortality,	transfusion
requirements,	or	concomitant	injuries.71	No	pelvic	fracture	classification	scheme,
however,	 possesses	 all	 seven	 of	 the	 following	 requisites	 for	 universally
applicable	schemes:	ease	of	use,	prognostic	value	(outcomes),	descriptive	value
(describe	the	injury),	therapeutic	value	(direct	treatment),	research	value	(allows
direct	 comparison	 between	 groups),	 intraobserver	 reliability,	 and	 interobserver



reliability.

TABLE	44.2

Young	and	Burgess	Classification	System

Type APC LC VS

I APC	I—symphysis	widening
<2.5	cm

LC	I—pubic	ramus
fracture	and
ipsilateral	anterior
sacral	ala
compression	fracture

VS—
posterior
and
superior
directed
force

II APC	II—symphysis	widening
>2.5	cm	anterior	SI	joint
diastasis.	Disruption	of
sacrotuberous	and	sacrospinous
ligament

LC	II—rami	fracture
and	ipsilateral
posterior	ilium
fracture-dislocation

III APC	III—SI	dislocation	with
associated	vascular	injury

LC	III—ipsilateral
lateral	compression
and	contralateral
APC

APC,	anterior	posterior	compression;	LC,	lateral	compression;	SI,	sacroiliac;	VS,	vertical	shear.

Orthopedic	 examination	 of	 the	 pelvic	 fracture	 patient	 is	 similar	 to	 the
orthopedic	 examination	 of	 all	 polytraumatized	 patients,	 covering	 the	 entire
musculoskeletal	 system	 in	 a	 methodical	 manner.	 Focused	 examination	 of	 the
pelvis	 includes	 observation	 of	 limb	 deformity;	 abnormal	 limb	 rotation	 or
shortening	 in	 the	 setting	 of	 pelvis	 injury	 may	 be	 secondary	 either	 to	 pelvic
deformity	or	to	hip	dislocation	(with	or	without	associated	acetabular	fracture),
or	to	extrapelvic	lower	extremity	fracture.	Skin	about	the	pelvis,	including	about
the	perineum,	must	be	carefully	examined	for	lacerations	that	can	be	associated
with	open	pelvic	 fractures.	Open	wounds	may	be	present	within	 folds	of	 skin,
and	a	thorough	examination	is	necessary.	Lacerations	may	lurk	within	the	fold	of



skin	 inferior	 to	 the	 scrotum	 in	males,	 and	 examination	 of	 this	 area	 cannot	 be
neglected.	 Extensive	 ecchymosis	 should	 be	 noted;	 these	 may	 be	 indicative	 of
degloving	injuries	(ie,	Morel-Lavallee	lesion).	Blood	emanating	from	the	anus	or
vagina	can	be	an	indicator	of	open	pelvic	fracture.	Digital	rectal	examination	is
therefore	 required	 to	 detect	 occult	 open	 fractures	 into	 the	 rectum,	 and	 vaginal
examination	 should	 be	 performed	 in	 a	 safe	 manner	 to	 detect	 open	 fractures
violating	the	vaginal	vault.	Speculum	examination	is	not	generally	performed	in
the	 trauma	 bay.	 Urethral	 disruptions	 can	 also	 occur	 with	 pelvic	 fracture,	 and
blood	 at	 the	 urethral	 meatus	 can	 be	 indicative	 of	 such	 an	 injury.	 Manual
palpation	 of	 the	 pelvis	 and	 gentle	 compression	 of	 the	 iliac	 crests	 may	 detect
abnormal	motion	or	crepitus	associated	with	an	unstable	disruption	of	the	pelvic
ring,	 although	 this	 manipulation	 lacks	 sensitivity	 and	 specificity.72	 Pelvic
manipulations	must	be	undertaken	 judiciously;	unstable	pelvic	 ring	disruptions
can	 cause	 life-threatening	 hemorrhage,	 which	 can	 be	 exacerbated	 by	 repeated
examinations.	Repeated	examinations	also	can	induce	severe	patient	discomfort.
A	 neurovascular	 examination	 of	 both	 legs,	 as	 well	 as	 examination	 of	 anal
sphincter	tone	and	of	the	bulbocavernosus	reflex,	is	routine.

Standard	radiography	of	the	pelvis	begins	with	the	anteroposterior	view.	The
inlet	 radiograph,	 with	 the	 beam	 tilted	 approximately	 40°	 caudal,	 can	 detect
anteroposterior	 translation	 of	 the	 hemipelvis	 and	 rotational	 hemipelvic
deformities.	 The	 outlet	 radiographs,	 with	 the	 beam	 tilted	 approximately	 40°
cephalad,	 can	detect	 “vertical”	 translation	 (more	often,	 a	 flexion	deformity)	of
the	hemipelvis	and	 is	useful	 for	visualizing	sacral	 fractures.	 Judet	 radiographs,
with	 the	 patient	 or	 x-ray	 beam	 tilted	 approximately	 45°	 to	 either	 side,	 are
reserved	 for	 patients	 with	 acetabular	 fractures	 detected	 on	 anteroposterior
radiographs.	CT	has	become	routine	for	polytraumatized	patients,	and	provides
extensive	 information	 regarding	 the	 bony	 anatomy	 of	 a	 pelvic	 fracture	 and/or
dislocation.	In	the	setting	of	pelvic	and	acetabular	fractures,	CT	scanning	is	also
invaluable	for	planning	of	the	surgical	reconstruction.	The	CT	scan	is	of	limited
utility,	however,	for	acetabular	fractures	if	the	hip	remains	dislocated	during	the
scan.	 Therefore,	 it	 is	 desirable	 to	 reduce	 fracture-dislocations	 of	 the	 hip
(acetabulum)	 prior	 to	 CT	 scanning	 of	 the	 pelvis	 for	 adequate	 delineation	 of
fracture	anatomy	and	for	preoperative	planning.

Acute	Management
5 	 Pelvic	 fracture	 patients	 often	 have	multiple	 associated	 injuries,	 all	 of	which
may	 contribute	 to	 the	 overall	 physiological	 condition	 of	 the	 patient.	 Early
mortality	 of	 patients	 with	 pelvic	 fractures	 may	 be	 related	 to	 patient	 age	 and



occurs	 as	 a	 result	 of	 catastrophic	 hemorrhage,	 head	 injury,	 or	 multiple	 organ
system	 failure.73,74	 As	 the	 pelvic	 fracture	may	 contribute	 directly	 to	morbidity
and	 mortality,	 early	 stabilization	 is	 preferred.	 The	 American	 Academy	 of
Orthopedic	 Surgeons	 (AAOS)	 algorithm	 for	 management	 of	 the
hemodynamically	 unstable	 patient	 with	 a	 closed	 pelvic	 fracture	 and	 current
AAOS	recommendations	are	shown75	in	Figure	44.1.	Early	stabilization	may	be
performed	 at	 the	 scene	 of	 the	 injury	 by	 emergency	medical	 personnel,	 by	 the
application	 of	 a	 circumferential	 sheet,	 pelvic	 binder,	 or	 other	 compressive
garment.	Circumferential	wrapping	helps	stabilize	clots	from	bony	surfaces	and
vascular	 structures	 more	 so	 than	 the	 effect	 it	 has	 on	 overall	 pelvic	 volume.76
Sheets	are	readily	available,	 inexpensive,	and	easy	to	apply.77	The	sheet	should
be	applied	at	 the	level	of	 the	greater	 trochanters	with	minimal	wrinkling	of	the
sheet,	which	may	cause	skin	compromise	and	it	should	be	secured	with	clamps
to	 avoid	 pressure	 associated	 with	 knots.75,78,79	 Over	 compression	 of	 the	 pelvic
ring	 must	 be	 avoided,	 as	 the	 exact	 nature	 of	 the	 pelvic	 injury	 is	 unknown;
overcompression	 of	 certain	 types	 of	 unstable	 fracture	 patterns	 may	 lead	 to
laceration	 of	 the	 bladder,	 rectum,	 vagina,	 or	 other	 intrapelvic	 structures.
Although	 circumferential	 pelvic	 wraps	 may	 assist	 with	 patient	 transport	 and
comfort	 and	 can	 successfully	 reduce	 some	 types	 of	 pelvic	 ring	 disruptions,80
some	 studies	 fail	 to	 demonstrate	 decreases	 of	 mortality,	 transfusion
requirements,	 or	 the	 need	 for	 pelvic	 angiography	 by	 their	 use.81	 Moreover,
prolonged	 use	 of	 binders	 and	 sheets	 can	 lead	 to	 necrosis	 of	 underlying	 soft
tissue.82

	

Figure	44.1 	Algorithm	for	the	management	of	hemodynamically
unstable	 patients	 with	 closed	 pelvic	 fractures.FFP,	 fresh	 frozen
plasma;	 ICU,	 intensive	 care	 unit;	 OR,	 operating	 room;	ORIF,	 open



reduction	and	internal	fixation;	PRBCs,	packed	red	blood	cells.(From
Langford	J,	Burgess	A,	Liporace	F,	Haidukewych	G.	Pelvic	fractures:
part	1.	evaluation,	classification,	and	resuscitation.	J	Am	Acad	Orthop
Surg.	2013;21:448-457.	Figure	5.)

Upon	 arrival	 at	 the	 trauma	 center,	 all	 circumferential	 clothing	 (including
pelvic	wraps/binders)	is	removed	to	allow	for	examination	of	the	lower	abdomen
and	pelvis.	Binders	can	be	reapplied	after	examination,	and	an	effort	should	be
made	to	keep	patients	warm	to	avoid	coagulopathy.	Although	sheets	are	a	good
alternative	for	initial	circumferential	wrapping,	evidence	shows	that	binders	and
c-clamps	are	associated	with	a	 lower	 incidence	of	pelvic	bleeding	compared	 to
sheets.83	It	may	be	prudent	to	transition	the	patient	to	a	binder	or	c-clamp	after
initial	evaluation	at	the	trauma	center.	Some	studies	suggest	that	the	presence	of
a	pelvic	binder	during	CT	scan	has	the	potential	to	mask	the	severity	of	unstable
injuries	and	recommend	manual	stress	exam	under	anesthesia	and	fluoroscopy	in
these	 circumstances.84	 Although	 pelvic	 fractures	 may	 be	 associated	 with
catastrophic	 hemorrhage,	 ongoing	 hemodynamic	 instability	 can	 arise	 from	 a
number	of	causes	unrelated	to	the	specific	pelvic	injury.	Grossly	unstable	pelvic
injuries	can	be	treated	provisionally	with	the	application	of	skeletal	traction,	on
the	same	side(s)	of	 the	pelvic	injury(ies),	 through	either	 the	distal	femur	or	the
proximal	 tibia	 as	 the	 side	 of	 pelvic	 instability.	 Skeletal	 traction	 is	 also	 used
routinely	 for	 the	 provisional	 stabilization	 of	 acetabular	 fractures	 prior	 to
definitive	treatment	in	the	operating	room;	traction	can	minimize	contact	of	the
femoral	head	with	rough	acetabular	fracture	edges.

4 	 Patients	 with	 pelvic	 ring	 disruptions	 may	 demonstrate	 hemodynamic
instability	 that	 is	 refractory	 to	 volume	 resuscitation.	 An	 ongoing	 search	 for
sources	 of	 blood	 loss	 is	 vital.	 One	 publication	 demonstrated	 that,	 at	 a	 single
trauma	 center,	 21%	 of	 patients	 with	 pelvic	 fractures	 and	 hemodynamic
instability	 (systolic	 blood	 pressure	 <	 90	mm	Hg)	 refractory	 to	 a	 2	 L	 bolus	 of
saline	 ultimately	 expired,	 and	 75%	 of	 those	 patients	 expired	 as	 a	 result	 of
exsanguination.64	 Unstable	 pelvic	 fractures	 are	 more	 highly	 associated	 with
pelvic	 hemorrhage	 than	 are	 stable	 pelvic	 fractures.	 Therefore,	 investigation	 of
other	 potential	 sources	 of	 hemorrhage	 is	 vital,	 especially	 for	 the
hemodynamically	unstable	trauma	patient	with	a	stable	pelvic	fracture	pattern.85
Transfusion	 requirements	 are	 highest	 in	 patients	 with	 unstable	 APC	 injuries,
followed	 by	 those	 patients	 with	 VS	 or	 complex	 mechanism	 pelvic	 ring
disruptions,	and	lastly	by	those	with	LC	injuries.67,86,87	However,	fracture	pattern
may	 not	 always	 be	 indicative	 of	 transfusion	 requirements	 or	 the	 need	 for
angiographic	arterial	embolization.88



Pelvic	 fracture-associated	 bleeding	 comes	 from	 three	 sources:	 Fracture
surfaces,	 lacerated	 or	 ruptured	 veins,	 or	 lacerated	 or	 ruptured	 arteries.	 In	 a
majority	of	patients	with	these	injuries,	the	source	of	bleeding	is	from	disruption
of	the	presacral	venous	plexus	and	bony	fracture	sites89,90	Distinguishing	between
major	 sources	 of	 pelvic	 hemorrhage—arterial	 or	 venous—represents	 a
challenging	but	important	task,	and	prior	studies	have	examined	multiple	factors
that	 may	 be	 associated	 with	 successful	 angiographic	 embolization,	 used	 for
arterial	hemorrhage,	including	patient	age,	trauma	scores,	shock	on	arrival	to	the
trauma	 center,	 and	 fracture	 pattern.91	 Venous	 hemorrhage	 after	 pelvic	 fracture
can	 be	 adequately	 treated	 with	 pelvic	 stabilization,	 either	 by	 circumferential
pelvic	wrap	or	by	external	fixation,	while	arterial	hemorrhage	can	be	addressed
with	angiographic	embolization.92	Transient	response	to	initial	resuscitation,	lack
of	response	to	provisional	pelvic	stabilization,	and	presence	of	a	contrast	blush
on	pelvic	CT	scanning	in	the	presence	of	clinical	signs	of	ongoing	bleeding	are
all	 thought	 to	 be	 indicative	 of	 arterial	 hemorrhage	 that	 may	 be	 amenable	 to
angiographic	embolization.93-96

Pelvic	 packing	 has	 been	 used	 for	 control	 of	 severe	 hemorrhage	 in
hemodynamically	unstable	patients.	Since	patients	with	unstable	pelvic	 injuries
suffer	more	commonly	from	venous	bleeding,	it	has	been	proposed	that	packing
may	be	a	more	reliable	and	effective	method	of	 treating	severe	pelvic	fracture-
associated	 hemorrhage	 than	 angiographic	 embolization	 with	 regard	 to
controlling	 continued	 hemorrhage	 and	 limiting	 patient	 death	 due	 to
exsanguination.90,97	 Angiography	 may	 also	 be	 delayed,	 and	 emergency
stabilization	of	 the	fracture	along	with	or	without	pelvic	packing	may	be	more
reliable	 at	 controlling	 severe	 fracture-associated	 hemorrhage.98	A	 recent	 quasi-
randomized	trial	showed	that	compared	to	angioembolization,	pelvic	packing	has
a	shorter	time	both	to	and	of	the	intervention	and	is	thus	a	more	rapid	treatment
of	 hemodynamically	 unstable	 patients	 with	 pelvic	 injuries.99	 Another	 series
documented	 a	 30-day	 survival	 rate	 for	 pelvic	 fracture	 patients	 treated	 with
extraperitoneal	 pelvic	 packing	 of	 72%,	 and	 subsequent	 angiography	 was
successful	in	detecting	arterial	hemorrhage	in	80%	of	the	patients	after	packing.
Immediate	increases	in	systolic	blood	pressure	after	packing	were	also	noted.100
Importantly,	 both	 angiography	 and	pelvic	 packing	must	 be	 used	 in	 a	 judicious
fashion	to	help	minimize	complications	related	to	both	(such	as	gluteal	necrosis).

Genitourinary	injuries	occur	in	a	small	subset	of	patients	with	pelvic	fracture.
This	frequency	has	been	shown	to	approximate	4.6%	in	the	US	National	Trauma
Data	Bank.101	Another	recent	study	estimated	a	genitourinary	injury	rate	of	6.8%
in	pelvic	fractures;	importantly,	23%	of	these	injuries	were	missed	at	the	time	of
initial	evaluation.102	Urological	injuries	most	commonly	take	the	form	of	urethral



disruption,	 and	 extraperitoneal	 or	 intraperitoneal	 bladder	 rupture.	 Diagnosis	 is
often	 by	 retrograde	 cystourethrogram,	 with	 careful	 attention	 to	 postdrainage
images	to	detect	bladder	ruptures	not	detectable	when	the	bladder	is	filled	with
contrast.103	 Urethral	 disruption	 appears	 to	 occur	 distal	 to	 the	 urogenital
diaphragm,	contrary	to	classical	teaching.104	Primary	realignment,	when	possible,
is	accomplished	endoscopically	followed	by	threading	of	the	urinary	catheter	by
the	Seldinger	technique.105	This	repair	may	be	accomplished	at	the	time	of	pelvic
fracture	repair,	using	a	team	approach.106	Routine	use	of	suprapubic	catheters	for
the	management	 of	 urethral	 disruptions	 is	 discouraged,	 as	 it	may	 increase	 the
rate	of	infection,	especially	in	the	setting	of	open	reduction	and	internal	fixation
of	 anterior	 pelvic	 ring	 injuries.107	 Bladder	 injuries	 are	 more	 commonly
extraperitoneal.	Nearly	all	present	with	gross	hematuria.	Intraperitoneal	bladder
ruptures	are	generally	treated	with	surgical	exploration	to	repair	the	injury,	and
with	Foley	 (preferred	 if	open	 reduction	and	 internal	 fixation	of	 the	pelvic	 ring
fractures	will	be	accomplished)	or	suprapubic	catheter	drainage.	Extraperitoneal
ruptures	may	be	managed	with	Foley	catheters	only;	the	bulk	of	these	require	no
formal	 repair.108	However,	 if	 open	 reduction	 and	 internal	 fixation	of	 the	pelvic
fracture	 is	 planned,	 then	 primary	 repair	 of	 the	 extraperitoneal	 rupture	 is	 also
accomplished	at	the	same	time,	with	low	rates	of	infection.109

Open	 pelvic	 fractures	 represent	 a	 subset	 of	 severe	 injuries	with	 historically
high	 mortality	 rates.	 A	 recent	 systematic	 review	 calculated	 the	 composite
mortality	 in	open	pelvic	 fracture	patients	across	multiple	published	series	prior
to	 1991	 as	 30%,	 and	 since	 1991	 as	 18%,	 with	 the	 decrease	 likely	 owing	 to
aggressive	management	 of	 the	 pelvic	 fracture,	 selective	 diversion	 of	 the	 fecal
stream,	and	advances	 in	critical	care	medicine.110	These	open	 fractures	may	be
occult,	 localized	 within	 the	 rectum	 or	 vagina.	 Visual	 as	 well	 as	 digital
exploration	 is	mandatory	 in	 these	 patients.	 Examination	 of	 bowel	 contents	 for
gross	 or	 occult	 blood	 is	 also	 necessary.	 While	 selective	 fecal	 diversion	 does
appear	beneficial	 for	open	pelvic	 fracture	patients	with	perineal	wounds	or	 for
patients	with	extensive	or	posterior	wounds,	routine	use	of	fecal	diversion	does
not	 appear	 to	 reduce	 infection	 rates	 among	 patients	 with	 open	 pelvic
fractures.111,112

LONG	BONE	FRACTURES

Femoral	Shaft	Fractures



Femoral	shaft	fractures	often	occur	in	conjunction	with	other	injuries	after	high-
velocity	 blunt	 or	 penetrating	 trauma.	 Fracture	 of	 the	 femur	 is	 associated	 with
significant	morbidity	of	the	polytraumatized	patient;	significant	hemorrhage	can
occur,	even	in	the	absence	of	open	wounds.	Bilateral	femoral	shaft	fractures	are
associated	with	 higher	mortality	 rates	 than	 are	 seen	 in	 patients	with	 unilateral
femoral	shaft	 fractures.113	Open	femoral	shaft	 fractures	are	unusual	and	require
significant	 energy	 to	 create	 the	 situation	 where	 the	 fracture	 fragments	 travel
through	the	robust	soft	tissue	envelope	of	the	thigh.

Initial	 management	 of	 femoral	 shaft	 fractures	 often	 entails	 placement	 of
traction	devices	 in	 the	 field.	These	 devices	 are	meant	 to	 be	 portable,	 and	 they
rest	against	the	ischial	tuberosity,	against	which	they	provide	traction	through	the
ankle	or	 the	 foot.	Splinting	of	 femoral	shaft	 fractures	 is	marginally	effective	at
best,	 as	 it	 requires	 a	 splint	 to	 include	 the	 trunk	 for	 effective	 immobilization.
Portable	 traction	 devices	 should	 be	 removed	 as	 quickly	 as	 possible	 to	 prevent
sciatic	nerve	pressure	injury	or	skin	ulceration.	Skin	or,	more	commonly,	skeletal
traction	 is	 routinely	 applied	 in	 the	 emergency	 department,	 as	 a	 temporizing
measure	 prior	 to	 transport	 to	 the	 operating	 room	 and	 to	 allow	 for	 continued
evaluation	 of	 the	 patient	 for	 other	 injuries.	 This	 traction	 provides	 patient
comfort,	provides	immobilization	for	the	fracture,	and	limits	fracture	shortening.
It	can	also	function	as	a	temporary	treatment	modality	in	the	setting	of	operating
room	unavailability.	Evaluation	of	the	patient	prior	to	transport	to	the	operating
room	 should	 include	 an	 investigation	 of	 the	 ipsilateral	 femoral	 neck	 with
thorough	radiographic	imaging.	A	high	percentage	of	femoral	neck	fractures	are
missed	in	the	setting	of	ipsilateral	femoral	shaft	fractures,	and	CT	scans	do	not
appear	 to	 be	 100%	 sensitive	 for	 their	 diagnosis.114	 Further	 investigation	 with
intraoperative	 fluoroscopy	 at	 the	 time	 of	 fixation	 of	 the	 femoral	 shaft	 fracture
improves	the	likelihood	of	diagnosing	femoral	neck	fractures.114,115

Operative	management	is	the	mainstay	of	therapy	for	fractures	of	the	femoral
shaft.	 In	 the	 United	 States,	 definitive	 treatment	 of	 the	 femoral	 shaft	 fracture
patient	 in	skeletal	 traction	 is	of	historical	 interest	only.	A	distinct	advantage	of
femur	 fracture	stabilization	 includes	 the	ability	 to	mobilize	 the	patient,	 thereby
avoiding	 complications	 associated	with	 prolonged	bed	 rest	 in	 critically	 injured
patients,	 such	 as	 pneumonia,	 pressure	 ulcers,	 and	DVT.	The	 gold	 standard	 for
treatment	 of	 closed	 fractures	 of	 the	 femoral	 shaft	 is	 reamed,	 statically	 locked,
antegrade	 (from	 the	 hip	 region)	 intramedullary	 nailing	 (IMN).	This	method	 of
treatment	has	been	demonstrated	to	be	highly	effective	in	numerous	studies,116-118
and	 it	 can	 allow	 for	 early	 unprotected	 weight-bearing.119	 Reaming	 prior	 to
nailing	appears	to	improve	healing	rates	of	femoral	shaft	fractures,120,121	although
an	older	report	suggested	this	may	result	in	increased	pulmonary	injury	that	may



be	important	in	chest-injured	patients.122
Other	methods	of	fixation	for	femoral	shaft	fractures	include	open	reduction

and	internal	fixation	with	a	plate-and-screw	construct	and	external	fixation.	Plate
fixation	 is	 often	 reserved	 for	 extremely	 proximal	 or	 extremely	 distal	 femoral
shaft	 fractures	 and	 for	 fractures	 in	 which	 intramedullary	 fixation	 is
contraindicated	(eg,	the	presence	of	device,	such	as	a	total	hip	arthroplasty	stem,
within	 the	 femoral	 canal).	 Plate	 fixation	 has	 been	 employed	 successfully	 for
polytraumatized	patients	with	femoral	shaft	fractures.123

6 	 Early	 femoral	 shaft	 stabilization	 is	 associated	 with	 improved	 outcomes
among	 polytraumatized	 patients.124	 The	method	 of	 stabilization	 is	 unimportant
for	these	early	outcomes;	medullary	nailing,	plate-and-screw	fixation,	or	external
fixation	provides	benefit.125	Controversy	remains	regarding	 the	optimal	method
of	 early	 femur	 fracture	 stabilization	 for	 the	 polytraumatized	 patient,	 including
chest-	and	head-injured	patients.	The	Hannover	group	has	published	extensively
regarding	 the	 second-hit	 phenomenon	 of	 femoral	 nailing	 in	 polytraumatized
patients,	 and	 has	 made	 recommendations	 that	 pulmonary-	 and	 head-injured
patients	 perhaps	 undergo	 acute	 “damage-control	 orthopedic	 surgery”	 with
external	fixation	of	a	femoral	shaft	fracture,	followed	by	staged	conversion	from
external	fixation	to	medullary	nailing	when	the	patient’s	condition	has	improved
and	 resuscitation	has	been	completed.126-128	However,	 some	 recent	 studies	have
demonstrated	that	reduced	rates	of	adult	 respiratory	distress	syndrome	(ARDS)
can	 be	 achieved	with	 acute	 nailing	 of	 femoral	 shaft	 fractures,	 instead	 of	with
damage-control	orthopedics,	for	polytraumatized	patients.129-131	In	contrast	to	the
earlier	 report,122	 the	 utilization	 of	 reaming	 was	 not	 shown	 to	 create	 increased
rates	of	ARDS	among	polytraumatized	patients	undergoing	medullary	nailing	of
femur	fractures,	as	compared	to	patients	undergoing	nailing	without	reaming.129
Adequate	resuscitation	has	been	shown	to	be	important	prior	to	nailing.129	Recent
studies	show	that	most	patients	who	have	a	femoral	shaft	fracture	and	an	Injury
Severity	 Score	 (ISS)	 ≥	 18,	 that	 do	 not	 have	 hypothermia	 and	 are
hemodynamically	 stable,	 with	 a	 lactate	 stabilized	 below	 2.2	 mmol/L	 can	 be
treated	safely	with	IMN.	In	contrast,	patients	who	are	unstable	after	resuscitation
or	 in	 extremis	 may	 be	 best	 treated	 with	 temporary	 stabilization	 with	 external
fixation	instead.131,132

Tibial	Shaft	Fractures
7 	Fractures	of	 the	 tibial	 shaft	 are	common	among	polytraumatized	 individuals.
Tibial	fractures	have	a	higher	likelihood	of	being	open,133,134	perhaps	secondary
to	 the	 thin	 soft	 tissue	 envelope	 surrounding	 the	 human	 tibia.	 This	 soft	 tissue



envelope	 may	 also	 play	 a	 role	 for	 the	 increased	 likelihood	 of	 infection	 and
nonunion	 for	 tibial	 fractures;	 infected	 nonunion	 is	 more	 common	 after	 tibial
fracture	 than	 after	 any	 other	 fracture	 of	 a	 long	 bone.135	 Acute	 compartment
syndrome	 (ACS)	 is	 also	 common	after	high-energy	 fractures	of	 the	 tibia,	 even
when	the	fractures	are	open.11	Some	retrospective	studies	have	showed	that	ACS
occurs	 in	 about	1.7%	of	 the	patients	with	 tibial	 shaft	 fractures	 and	age	greater
than	 14	 years.	 Risk	 factors	 for	 ACS	 include	 higher	 body	 mass	 index,	 motor
vehicle	 accidents,	 comminuted	 or	 segmental	 fractures,	 ipsilateral	 fibular
fractures.135	 Similar	 to	 bilateral	 femoral	 shaft	 fractures,	 bilateral	 tibial	 shaft
fractures	 increase	 the	 risk	 of	 pulmonary	 organ	 failure,	 even	 in	 less	 severely
injured	patients	with	ISS	<25.136

Principles	of	treatment	for	tibial	shaft	fractures	are	similar	to	those	of	femoral
shaft	 fractures:	 provide	 comfort,	 restore	 length,	 alignment,	 and	 rotation,	 and
allow	 for	 early	 mobilization.	 Tibial	 fractures	 are	 commonly	 treated	 with
medullary	nailing	techniques,	unless	there	is	intra-articular	involvement.	Nailing
of	tibial	fractures	can	provide	sufficient	stability	to	allow	for	full	weight-bearing
after	surgery.137	 Plating	of	 tibial	 fractures	 is	 often	done	 for	 those	 fractures	 that
involve	the	articular	surfaces	of	the	tibia.	External	fixation	is	most	often	utilized
in	 a	 temporary	 fashion,	 especially	 with	 large	 open	 wounds	 requiring	 repeat
debridement,	of	complex	fractures	involving	the	tibial	plateau	or	tibial	plafond,
or	 for	patients	with	significant	physiological	 instability.	Conversion	of	external
fixation	to	nailing	is	safe,	when	the	patient’s	condition	permits.31,32

Tibial	fractures	in	patients	sustaining	multisystem	trauma	can	be	stabilized	in
a	delayed	fashion,	after	the	physiological	condition	of	the	patient	has	improved.
Unlike	 femoral	 shaft	 fractures,	 tibial	 fractures	 can	 be	 effectively	 treated
temporarily	 with	 long-leg	 splints.	 However,	 splinted	 tibial	 fractures	 must	 be
carefully	 monitored	 for	 skin	 breakdown	 from	 the	 splinting	 material,
compartment	syndrome,	and	impending	skin	compromise	from	unstable	fracture
ends.

Humeral	Shaft	Fractures
Fractures	of	the	humeral	shaft	are	a	source	of	morbidity	among	polytraumatized
patients.	 They	 have	 implications	 for	 early	 rehabilitation	 as	 well	 as	 for	 future
function.	 Humeral	 shaft	 fractures	 can	 be	 complicated	 by	 brachial	 artery	 and
nerve	 injuries;	 the	radial	nerve	 is	particularly	susceptible	 to	concomitant	 injury
with	 humeral	 shaft	 fracture.	Management	 of	 humeral	 shaft	 fractures	 and	 their
sequelae	is	based	upon	the	overall	condition	of	the	patient	and	on	the	nature	of
the	injury.



Isolated	 humeral	 shaft	 fractures	 are	 particularly	 amenable	 to	 closed
management.	Splinting,	casting,	and	fracture	bracing	have	all	been	noted	 to	be
highly	 successful	 in	 achieving	 union	 of	 humerus	 fractures,138,139	 and	 long-term
outcomes	 (at	 a	 minimum	 of	 1	 year)	 are	 thought	 to	 be	 as	 good	 as	 those	 after
surgical	repair.140,141	Considerations	for	the	management	of	humerus	fractures	of
polytraumatized	 patients,	 however,	 likely	 are	 different.	 Open	 injury,	 vascular
injury,	 floating	 shoulder,	 progressive	 radial	 nerve	 deficit,	 segmental	 fractures,
and	 distal	 third	 fractures	 are	 all	 relative	 indications	 for	 operative
management.142,143

Polytraumatized	 patients	 often	 require	 the	 use	 of	 both	 arms	 for	 effective
mobilization	 and	 rehabilitation.	 They	 are	 subjected	 to	 prolonged	 bed	 rest,	 and
may	be	incapable	of	the	frequent	fracture	brace	adjustment	that	is	advocated	by
Sarmiento	and	colleagues.138	As	fracture	braces	are	not	generally	utilized	during
the	 acute	 phase	 after	 fracture	 (delay	 of	 1-3	 weeks	 prior	 to	 application	 is
common),	 early	 splints	 can	 be	 cumbersome	 and	 unwieldy	 for	 patients	 and
caregivers	and	are	not	generally	removable	for	the	purposes	of	skin	monitoring
and	 vascular	 access.	 Obtunded	 patients	 also	 cannot	 complain	 about	 pressure
points	beneath	a	nonremovable	splint,	and	they	do	not	routinely	change	position
in	 an	 effort	 to	 alleviate	 pressure	 points.	 Skin	 necrosis	 can	 be	 a	 danger	 in	 this
setting.	 For	 all	 of	 these	 reasons,	 management	 of	 humeral	 shaft	 fractures	 for
polytraumatized	 patients	 is	 typically	 operative.	 While	 there	 is	 no	 significant
difference	in	fracture	union,	time	to	weight	bearing	was	significantly	shorter	in
polytraumatized	patients	with	ISS	≥	17	with	operative	management	compared	to
nonoperative	management	of	a	humeral	shaft	fracture.144

Humerus	 fractures	 can	 be	 treated	 either	 with	 open	 reduction	 and	 internal
fixation,	 utilizing	 a	 plate-and-screw	 construct,	 or	 with	 medullary	 nailing.
Advocates	of	plate-and-screw	fixation	cite	 the	ability	of	humeral	 shaft	 fracture
patients	 to	utilize	 their	arms	 for	assistance	with	ambulation	 (ie,	weight-bearing
on	 crutches	 or	 a	 walker)	 after	 fixation.145	 Advocates	 of	 medullary	 nailing	 for
humeral	 shaft	 fractures	 have	 demonstrated	 good	 outcomes,146	 although	 no
literature	exists	that	provides	evidence	regarding	immediate	weight-bearing	after
nailing	of	humerus	fractures.	Some	literature	exists	that	appears	to	favor	plating
vs	nailing	for	humeral	shaft	fractures,	as	shoulder	impingement	and	reoperation
risk	appear	to	be	lower	with	plating,147-149	although	there	is	no	definitive	answer
regarding	optimal	surgical	treatment	of	humeral	shaft	fractures.	In	the	setting	of
radial	 nerve	 palsy,	 present	 between	 8%	 and	 11%	 of	 the	 time,150,151	 nerve
exploration	can	also	occur	at	the	time	of	surgery.	However,	radial	nerve	palsy	is
not	 an	 indication	 for	 operative	 exploration	 of	 the	 nerve152;	 the	 bulk	 of	 radial
nerve	palsies	appear	to	be	neurapraxias,	and	one	study	reported	that	89%	recover



normal	 distal	 neurological	 function	 after	 closed	 humeral	 shaft	 fracture
management.153

Forearm	Fractures
Forearm	 fractures,	 while	 not	 often	 a	 contributing	 factor	 to	 mortality	 of	 the
polytraumatized	 patient,	 are	 a	 source	 of	 long-term	 morbidity	 if	 not	 properly
addressed.	 The	 forearm	 functions	 as	 a	mobile	 unit	 that	 is	 dependent	 upon	 the
anatomy	of	the	radius	and	the	ulna.	The	radius	and	ulna	are	“parallel”	but	curved
bones,	and	this	anatomy	is	vital	for	the	maintenance	of	proper	forearm	pronation
and	supination.	The	maximal	radial	bow	has	been	shown,	in	anatomical	studies,
to	 be	 approximately	 16	mm	and	 located	 near	 the	 junction	 between	 the	middle
and	distal	one-thirds	of	the	forearm	length.154	Encroachment	of	either	bone	or	of
foreign	 material	 into	 this	 region	 may	 have	 adverse	 consequences	 on	 forearm
rotation,	and	may	create	limitations	of	pronation,	supination,	or	both.

Fracture	of	one	bone	of	the	adult	forearm	often	leads	to	injury	associated	with
the	 other	 bone,	 whether	 it	 is	 fracture	 or	 dislocation	 of	 the	 other	 bone.
Dislocation,	when	 it	occurs,	 is	either	at	 the	elbow	(radius)	or	wrist	 (ulna).	The
anatomical	 connections	 between	 the	 radius	 and	 ulna	 include	 the	 proximal	 and
distal	radioulnar	joints	and	the	interosseous	ligaments;	deformation	of	one	bone,
due	 to	 fracture,	 that	 is	 not	 “compensated”	 by	 fracture	 of	 the	 other	 bone	 will
cause	 the	 other	 bone	 to	 be	 drawn	 in	 the	 direction	 of	 the	 deformation,	 causing
dislocation.	 Typical	 patterns	 include	 displaced	 proximal	 ulnar	 shaft	 fractures
associated	 with	 dislocations	 of	 the	 radial	 head	 from	 the	 capitellum	 (the
“Monteggia”	 fracture-dislocation)	 and	 displaced	 distal	 radial	 shaft	 fractures
associated	with	dislocations	of	the	ulnar	head	from	the	distal	radioulnar	joint	(the
“Galeazzi”	fracture-dislocation).

Careful	scrutiny	of	the	elbow,	forearm,	and	wrist	is	vital	for	the	detection	of
these	 injuries,	 which	 may	 be	 overlooked	 in	 the	 setting	 of	 multiple	 traumas.
Failure	to	recognize	these	injuries	acutely	can	result	in	increased	difficulty	with
surgical	 reconstruction	 (if	 accomplished	 late)	 or	 significant	 disability	 (if
reconstruction	is	never	accomplished).	Forearm	fractures	tend	to	shorten,	due	to
the	powerful	 investing	musculature	of	 the	 forearm,	and	 surgical	 repair	 is	often
more	straightforward	when	it	can	be	undertaken	within	a	few	days	of	injury.	The
repaired	forearm	is	often	protected	and	weight-bearing	is	restricted	for	a	number
of	 weeks.	 However,	 “platform”	 walkers	 or	 crutches	 may	 be	 utilized	 for
assistance	with	ambulation	for	many	cases;	the	weight	of	assisted	ambulation	is
borne	 through	 the	 elbow	 (as	 opposed	 to	 the	 wrist	 and	 forearm)	 with	 these
devices.



COMPARTMENT	SYNDROMES
Muscle	groups	are	divided	into	compartments	by	layers	of	noncompliant	fascia.
Injury	 to	 a	 particular	 muscular	 compartment	 can	 induce	 edema	 and/or
hemorrhage	 within	 the	 compartment,	 leading	 to	 increased	 intracompartmental
pressures.	Increased	intracompartmental	pressure	can	lead	to	venous	congestion
and	resultant	muscle	ischemia	within	the	involved	compartment(s).	This	scenario
is	 termed	 “compartment	 syndrome.”	 The	 number	 of	 muscle	 compartments	 is
variable	 based	 on	 location	 in	 the	 body.	 The	 brachium	 has	 two	 muscular
compartments	 (anterior	 and	 posterior),	 the	 forearm	 has	 three	 muscular
compartments	 (dorsal,	 volar,	 and	 mobile	 wad),	 the	 thigh	 has	 three	 muscular
compartments	(anterior,	posterior,	and	adductor),	and	the	leg	has	four	muscular
compartments	(anterior,	 lateral,	superficial	posterior,	and	deep	posterior)	(Table
44.3).	The	exact	number	of	muscular	compartments	in	the	hand	and	the	foot	are
a	matter	of	debate.	Hand	compartments	 include	 the	 interosseous	compartments
as	 well	 as	 the	 thenar	 and	 hypothenar	 compartments,	 and	 foot	 compartments
include	 the	 interosseous	 compartments	 as	 well	 as	 the	 abductor	 and	 adductor
compartments.

TABLE	44.3

Muscle	Compartments

Region Compartment Muscles Nerves Vasculature

Lower
leg

Anterior Extensor
digitorum	longus,
extensor	hallucis
longus,	tibialis
anterior

Deep	peroneal
nerve

Anterior
tibial	artery

Lower	leg:
lateral

Peroneus	longus,
Peroneus	brevis

Superficial
peroneal	nerve,
proximal	portion
of	deep	peroneal
nerve

Peroneal
artery



Posterior	deep Popliteus,	tibialis
posterior,	flexor
hallucis	longus,
flexor	digitorum
longus

Tibial	nerve Posterior
tibial	artery,
peroneal
artery

Posterior
superficial

Gastrocnemius,
soleus,	plantaris

Branches	tibial
nerve	branches

Posterior
tibial	artery,
popliteal
artery,
peroneal
artery,	sural
arteries

Upper
leg

Anterior Sartorius,	rectus
femoris,	vastus
lateralis,	vastus
intermedius,
vastus	medialis,
articularis	genus

Femoral	nerve Femoral
artery

Medial Pectineus,
external	obturator,
gracilis	adductor
longus,	adductor
brevis,	adductor
magnus

Obturator	nerve Deep	femoral
artery,
obturator
artery

Posterior Biceps	femoris,
semitendinosus,
semimembranosus

Sciatic/tibial
nerve.	Short	head
of	biceps	femoris
innervated	by
common	peroneal
nerve

Deep	femoral
artery

Arm Anterior Biceps	brachii,
brachialis,
coracobrachialis

Musculocutaneous
nerve

Brachial
artery

Posterior Triceps	brachii, Radial	nerve Deep	brachial



anconeus artery

Forearm Volar Flexor	carpi
radialis,	pronator
teres,	policis
longus,	flexor
digitorum
superficialis,
flexor	carpi
ulnaris,	flexor
digitorum
profundus

Median	nerve,
ulnar	nerve

Ulnar	artery

Dorsal Extensor	carpi
ulnaris,	extensor
digiti	minimi,
extensor
digitorum,
Supinator

Radial	nerve Radial	artery

Mobile	wad Brachioradialis,
extensor	carpi
radialis	longus,
extensor	carpi
radialis	brevis

Branches	of	radial
nerve

Radial	artery

The	absolute	intracompartmental	pressure	at	which	a	compartment	syndrome
exists	 continues	 to	 be	 a	 matter	 of	 debate.	 Some	 authors	 have	 previously
advocated	 threshold	 intracompartmental	 pressures,	 such	 as	 absolute	 values	 of
30	mm	Hg	or	40	mm	Hg,	as	diagnostic	of	compartment	syndrome.	However,	a
differential	between	intracompartmental	pressure	and	diastolic	blood	pressure	is
thought	to	be	a	more	reliable	indicator	of	evolving	compartment	syndrome.	The
pressure	differential	 (δP)	 thought	 to	be	diagnostic	of	compartment	syndrome	is
commonly	 accepted	 to	 be	 30	 mm	 Hg.155	 The	 improved	 reliability	 of	 δP
measurements,	 as	 opposed	 to	 absolute	 measurements	 of	 intracompartmental
pressures	alone,	was	recently	illustrated	in	a	series	of	101	tibial	fracture	patients.
In	 this	 series,	 41	 patients	 had	 continuous	 leg	 intramuscular	 compartment
pressures	more	than	30	mm	Hg	for	over	6	hours	in	the	setting	of	a	satisfactory
δP.	No	difference	of	outcome	 regarding	 return	 to	 function	and	muscle	 strength



was	 noted,	 as	 compared	 to	 a	 control	 group	 of	 60	 patients	 without	 elevated
intramuscular	pressures.156	While	perfusion	pressure	greater	 than	30	mm	Hg	 is
considered	 safe	 for	 ruling	 out	 compartment	 syndrome	 by	 some	 studies,	 the
current	 practice	 guidelines	 recommend	 against	 the	 use	 of	 perfusion	 pressure
alone	 in	 the	 diagnosis	 of	 compartment	 syndrome	 without	 consideration	 of
physical	exam	findings.157

7 	 Compartment	 syndrome	 is	 a	 problem	 that	 can	 arise	 among	 patients	 who
have	 sustained	 high-energy	 injuries.	 Typical	 injuries	 associated	 with
development	 of	 compartment	 syndrome	 include	 fractures,	 dislocations,	 crush
injuries,	 and	 prolonged	 episodes	 of	 limb	 ischemia.	 The	 syndrome	 can	 also
develop	 after	 reperfusion	 of	 a	 dysvascular	 limb	 that	 occurs	 after	 a
revascularization	procedure	or	 after	 a	manipulative	 reduction	of	 a	 fracture	 that
reduces	kinking	and	occlusion	of	vessels.	Penetrating	 injuries,	 such	as	gunshot
and	stab	wounds,	can	 lacerate	arteries	within	a	single	compartment	or	multiple
compartments,	 leading	 to	 hemorrhage	 under	 pressure	 into	 a	 confined
environment	 and	 creating	 a	 compartment	 syndrome.	 The	 presence	 of	 a
penetrating	 injury	 or	 open	 fracture	 (which	 results	 in	 fascial	 disruption)	 should
not	 create	 a	 false	 sense	 that	 compartment	 syndrome	 will	 not	 develop;
compartment	 syndromes	 have	 been	 documented	 to	 occur	 in	 the	 setting	 of
penetrating	injury	or	open	fracture.158

Compartment	syndrome	can	also	develop	after	stabilization	of	a	fracture,	such
as	after	nailing	a	 tibial	 fracture,	once	 the	compartment	has	been	returned	 to	 its
preinjury	 length	 and	 its	 available	 volume	 is	 thereby	 diminished.	 This	 “finger-
trap”	 phenomenon	 was	 initially	 described	 in	 the	 literature	 by	 Matsen	 and
Clawson.159	 Tibial	 traction	 or	 fracture	 reduction	 in	 the	 setting	 of	 tibial	 shaft
fractures	raises	compartment	pressures.160	A	fracture	situation	in	which	excessive
shortening	 is	 corrected,	 or	 vigorous	 traction	 is	 required	 to	maintain	 reduction,
should	perhaps	prompt	increased	vigilance	for	the	development	of	compartment
syndrome.	This	 risk	must	be	balanced,	however,	during	staged	management	of
severe	fractures,	as	the	consequence	of	initial	inadequate	limb-length	restoration
may	be	increased	difficulty	of	the	definitive	reconstructive	procedure	at	the	time
of	formal	open	reduction	and	internal	fixation.

Missed	 compartment	 syndromes	 can	 lead	 to	 significant	 morbidity.	 Frank
muscle	necrosis	 is	a	normal	 sequela	of	compartment	 syndrome,	and	associated
joint	 contractures	 have	 been	 extensively	 described	 in	 the	 literature.	 Elevated
levels	 of	 serum	 creatine	 phosphokinase	 or	 the	 appearance	 of	 myoglobinuria
(which	can	be	misinterpreted	as	hematuria)	are	associated	with	muscle	necrosis,
and	have	been	utilized	in	the	past	as	diagnostic	tools	for	evolving	compartment
syndromes.161,162	However,	no	evidence	was	 found	 to	support	using	biomarkers



to	 diagnose	 compartment	 syndrome	 and	 their	 use	 is	 not	 recommended	 by	 the
current	 practice	 guideline.157	 Delayed	 treatment	 of	 compartment	 syndrome	 is
fraught	 with	 complications.163	 Infection	 rates	 are	 dramatically	 increased	 when
fasciotomy	 for	 compartment	 syndrome	 is	 delayed.164	 Fasciotomy	 revision,
performed	in	a	delayed	fashion	for	inadequate	index	fasciotomy	(and	failure	to
relieve	 compartment	 syndrome),	 has	 been	 associated	 with	 increased	 rates	 of
mortality	and	major	amputation.165	Often,	it	is	not	possible	to	determine	the	exact
time	 of	 onset	 for	 a	 compartment	 syndrome.	 Therefore,	 the	 recommendation	 is
that	 fasciotomy	 be	 undertaken	 as	 expeditiously	 as	 possible	 after	 diagnosis	 of
compartment	syndrome,	and	that	a	high	index	of	suspicion	for	the	development
of	 compartment	 syndrome	 should	 be	 maintained	 in	 patients	 with	 high-energy
trauma	or	trauma	patients	who	are	obtunded.

7 	Compartment	syndromes	should	be	diagnosed	during	 the	evolution	phase.
A	high	clinical	suspicion	should	be	maintained	for	any	patient	who	has	sustained
a	 high-energy	 injury.	 Pain	 out	 of	 proportion	 to	 the	 injury	 should	 alert	 the
examiner	 to	 the	 possibility	 of	 impending	 compartment	 syndrome.	 Orthopedic
injuries	 are	very	painful	by	 their	nature,	 and	patients	often	have	differing	pain
tolerances	(sometimes	affected	by	chronic	narcotic	use/abuse),	so	 the	examiner
should	be	 sensitive	 to	changes	 in	pain	 level	as	 reported	by	 the	 injured	patient.
Traditionally,	the	“five	P’s”	have	been	utilized	in	the	awake,	responsive	patient
for	 examination	 of	 the	 leg	 and	 ruling	 out	 compartment	 syndrome:	 Pain	 with
palpation	of	the	compartment,	pallor,	paresthesia,	pain	with	passive	stretch,	and
pulselessness	 are	 commonly	 quoted	 as	 signs	 of	 compartment	 syndrome.
Pulselessness,	 however,	 is	 an	 extreme	 late	 finding,	 as	 it	 requires	 excessive
pressures	in	excess	of	systolic	pressure	to	occlude	arteries,	and	likely	associated
with	complete	myonecrosis	within	compartments	involved.	Excessive	pain	with
passive	stretch	of	muscles	within	each	compartment	should	alert	the	examiner	to
evolving	 compartment	 syndrome.	Awareness	 of	 the	 patient’s	 injuries	 and	 their
direct	contribution	to	pain	with	the	motion	of	a	joint	(eg,	intra-articular	fracture)
should	 be	 considered.	All	 compartments	 of	 a	 traumatized	 extremity	 should	 be
examined.	Muscle	compartments	tend	to	be	very	firm	in	the	setting	of	evolving
compartment	syndrome.

Direct	 monitoring	 of	 intracompartmental	 pressure	 is	 possible	 utilizing	 the
wick	 catheter	 technique,	 an	 arterial	 pressure	 line	 setup,	 or	 a	 variety	 of
commercially	available	devices.	These	methods	provide	direct	measurements	of
intracompartmental	pressures	in	mm	Hg	that	can	be	correlated	with	the	patient’s
diastolic	 blood	 pressure	 to	 calculate	 the	 perfusion	 pressure.	 It	 should	 be
emphasized,	 however,	 that	 compartment	 syndrome	 is	 primarily	 a	 clinical
diagnosis.	Physical	examination	findings	consistent	with	evolving	compartment



syndrome	 should	 prompt	 surgical	 intervention,	 even	 in	 the	 setting	 of
compartment	 pressure	 measurements	 that	 indicate	 normal	 δP,	 as	 the
consequences	 of	 missed	 compartment	 syndrome	 include	 myonecrosis	 and
irreversible	 neurological	 injury.	 Complete	 reliance	 upon	 direct
intracompartmental	measurements	may	result	in	undertreatment	or	overtreatment
of	 compartment	 syndrome.	 Intracompartmental	 pressure	 measurements	 have
been	shown	to	be	highest	within	5	cm	of	the	fracture,	and	measurements	taken
outside	of	this	zone	may	be	spuriously	low	and	lead	to	undertreatment.166	Also,
there	 is	 a	 documented	 decrease	 in	 diastolic	 blood	 pressure	 after	 induction	 of
general	 anesthesia;	 intracompartmental	 pressure	 measurements	 obtained	 in	 a
patient	under	anesthetic	must	be	 interpreted	cautiously	as	 the	δP	value	may	be
spuriously	 low	 and	 lead	 to	 overtreatment.167	 Diagnosis	 of	 compartment
syndrome	 is	 difficult,	 even	 at	 large	 trauma	 centers,168	 and	 high	 indices	 of
suspicion	need	to	be	maintained	in	order	to	correctly	identify	and	treat	patients.

For	 obtunded	 patients,	 serial	 exams	 should	 be	 vigilantly	 completed.	 The
examiner	 should	 note	 compartment	 firmness	 and	 proceed	 appropriately.
Significant	 degrees	 of	 subcutaneous	 edema	 can	 mask	 tense	 compartments.
Compartment	pressure	monitoring	with	commercially	available	devices	or	with
an	 arterial	 pressure	 line	 setup	 may	 be	 utilized	 for	 diagnosis	 in	 the	 obtunded
patient,	 especially	 if	 the	 patient	 exhibits	 no	 response	 to	 painful	 stimuli	 and	 if
physical	 examination	 of	 compartment	 tightness	 is	 impeded	 by	 extensive
surrounding	edema	(eg,	with	anasarca).

Techniques	 of	 fasciotomy	 have	 been	 described	 extensively.	 Adequate
decompression	of	all	compartments	in	the	affected	portion	of	the	extremity	is	the
goal.	During	 fasciotomy,	 nonviable	muscle	 is	 debrided.	 Following	 fasciotomy,
closure	 of	 the	 fascia	 is	 not	 indicated	 and	 skin	 closure	 should	 be	 undertaken
cautiously.	 It	 is	 imperative	 to	 verify	 that	 all	 compartments	 of	 the	 affected
extremity	 have	 been	 released,	 regardless	 of	 the	 surgical	 approach	 utilized.
Anatomy	may	 be	 distorted	 due	 to	 fracture	 deformity,	 excessive	 hematoma,	 or
soft	tissue	avulsion,	and	it	occasionally	can	be	difficult	to	discern	fascial	planes.
Negative	pressure	wound	therapy	devices	may	also	be	beneficial	for	promoting
growth	 of	 granulation	 tissue	 within	 a	 fasciotomy	 bed,	 in	 anticipation	 of	 skin
grafting,	or	in	maintaining	smaller	wound	dimensions,	in	anticipation	of	delayed
primary	closure.169,170

Fasciotomy	is	an	efficacious	treatment	for	compartment	syndrome171	but	can
be	 associated	with	 both	 acute	 and	 long-term	morbidity.	Complications	 include
delayed	wound	closure,	need	for	skin	grafting,	pain	and	nerve	injury,	permanent
muscle	 weakness	 and	 chronic	 venous	 insufficiency.172	 Multiple	 neurovascular
structures	can	be	 injured	during	 fasciotomy.	Risk	can	be	minimized	by	careful



and	 meticulous	 dissection	 technique,	 maintaining	 nerves	 and	 vessels	 within	 a
cutaneous	flap	(if	possible),	and	assuring	that	neither	 is	directly	exposed	to	 the
environment	 (dressing)	 at	 the	 conclusion	 of	 the	 case.	 At	 least	 one	 case	 of
profound	 hemorrhage	 after	 erosion	 of	 an	 artery	 beneath	 a	 negative	 pressure
wound	 therapy	 device	 has	 been	 reported.173	 Analysis	 of	 long-term	 outcomes
related	 to	 fasciotomy	 is	 difficult	 in	 the	 trauma	 setting	 due	 to	 the	 concomitant
injuries	 that	 have	 invariably	 occurred	 and	 which	 can	 have	 an	 effect	 upon
function.	 Nevertheless,	 a	 retrospective	 analysis	 of	 40	 patients	 undergoing	 leg
fasciotomy	for	a	variety	of	reasons	has	been	published.174	Complications	of	 leg
fasciotomy	 were	 common,	 and	 included	 neurological	 injury,	 hemorrhage,	 and
infection.	Only	45%	of	legs	healed	with	a	good	functional	result,	and	27.5%	had
a	 severely	 disabled	 leg	 at	 the	 time	 of	 final	 healing.	 Another	 report	 indicated
frequent	 patient	 complaints	 related	 to	 fasciotomy	wounds,	 including	decreased
sensation,	 tethering	 of	 tendons,	 and	 recurrent	 ulceration.174	 Other	 known	 side
effects	 of	 compartment	 release	 include	 pruritus,	 reflex	 sympathetic	 dystrophy,
temperature	 sensitivity,	 venous	 stasis,	 and	 chronic	 edema.	 Furthermore,
fasciotomy	increases	 the	cost	of	medical	care.175,176	Despite	 these	concerns,	 the
morbidity	 and	 potential	 mortality	 of	 an	 untreated	 compartment	 syndrome	 is
likely	to	be	much	higher.	Also,	a	number	of	published	reports,	reviewed	by	Bong
et	al,177	indicate	that	outcomes	of	fasciotomy	for	chronic	exertional	compartment
syndrome	(in	the	absence	of	trauma)	are	reliably	good.	These	reports,	however,
require	 cautious	 interpretation	 for	 their	 application	 to	 trauma,	 as	 they	 did	 not
include	 patients	 who	 required	 fasciotomy	 for	 trauma-related	 compartment
syndrome.

OTHER	SEQUELAE	OF	ORTHOPEDIC	TRAUMA

Deep	Vein	Thrombosis
Polytraumatized	 patients	 with	 lower	 extremity	 or	 pelvic	 fractures	 often	 are
subjected	to	prolonged	periods	of	immobilization	or	reduced	mobility.	They	are
at	 risk	 for	 development	 of	DVT	 and	 subsequent	 pulmonary	 thromboembolism
(PE).	Management	of	 the	orthopedic	 trauma	patient	must	 take	 into	account	 the
increased	propensity	for	these	patients	to	develop	VTE	disease.

There	 has	 been	much	 debate	 in	 the	 literature	 about	 appropriate	methods	 of
DVT	prophylaxis	for	orthopedic	trauma	patients.	The	Eastern	Association	for	the
Surgery	of	Trauma	(EAST)	states	that	the	greatest	risk	factors	in	trauma	patients



for	development	of	VTE	are	spinal	fractures	and	spinal	cord	injury.	EAST	also
states	that	insufficient	evidence	exists	regarding	risk	of	VTE	in	trauma	patients
as	it	relates	directly	to	 long	bone	fracture	or	pelvic	fracture.178	Trauma	patients
with	 pelvic	 and	 acetabular	 fractures	 are	 thought	 to	 have	 an	 increased	 risk	 of
VTE.179	Age	older	than	60	years,	associated	injuries,	and	time	to	surgery	longer
than	2	weeks	were	identified	as	risk	factors	for	DVT	in	patients	with	pelvic	and
acetabular	fractures	by	one	recent	study.180	However,	there	is	limited	high-quality
evidence	in	the	literature,	regarding	the	best	method	of	DVT	prophylaxis.181

8 	Prophylaxis	of	trauma	patients,	especially	those	with	pelvic	and	acetabular
fractures,	 is	 important	 to	 reduce	 the	 risk	 of	 DVT.	 Trauma	 patients	 have	 been
shown	to	have	lower	rates	of	DVT	when	both	chemical	and	mechanical	means	of
prophylaxis	 are	 utilized.182	 Mechanical	 DVT	 prophylaxis	 can	 consist	 of	 foot
pumps	 or	 pneumatic	 compression	 devices.	 Chemical	 DVT	 prophylaxis	 often
consists	 of	 low-molecular-weight	 heparin	 (LMWH)	 for	 hospital	 inpatients;	 for
patients	 thought	 to	 be	 at	 higher	 risk	 of	 VTE	 and	 who	 are	 awaiting	 surgical
intervention	for	fracture	repair,	chemical	prophylaxis	does	not	need	to	be	halted
in	anticipation	of	surgery.183	Despite	adequate	prophylaxis,	however,	patients	are
still	at	risk	for	development	of	DVT.183

As	there	are	not	any	high-quality	studies	that	dictate	practice	guidelines,	the
Orthopedic	 Trauma	 Association	 put	 together	 the	 recommendations	 based	 on
expert	opinion	after	a	survey	of	current	practices	found	significant	variability	in
practices	of	orthopedic	 surgeons	across	 the	 country.184	These	 recommendations
include	the	following:

1.	 The	optimal	form	of	VTE	prophylaxis	is	LMWH	and	should	be	initiated	for
those	patients	who	do	not	have	contraindications	within	24	hours.

2.	 LMWH	should	be	held	for	12	hours	prior	and	subsequent	to	surgery.
3.	 The	use	of	unfractionated	low	dose	heparin,	aspirin	and	warfarin	are

recommended	over	no	prophylaxis	when	LMWH	is	contraindicated,	not
available,	or	prohibitive	to	the	patient	due	to	cost	or	choice.

4.	 Patients	should	be	started	on	combined	pharmacological	and	pneumatic
compression	devices	if	able.

5.	 If	pharmacological	prophylaxis	is	contraindicated,	pneumatic	compression
devices	should	be	used.

6.	 In	patients	with	risk	factors,	prolonged	VTE	chemoprophylaxis	is
recommended.

7.	 Chemical	prophylaxis	is	not	recommended	for	patients	with	isolated	lower
extremity	fractures	without	other	risk	factors.

8.	 For	patients	at	high	risk	for	VTE,	the	panel	recommended	4	weeks	of



prophylaxis.
9.	 Routine	screening	for	DVT	is	not	recommended	for	asymptomatic	patients

with	musculoskeletal	injuries.
10.	 Patients	at	a	high	risk	for	PE	or	documented	history	of	VTE/PE	with

contraindications	to	an	acceptable	anticoagulant	should	be	considered
candidates	for	IVC	filter	placement.

11.	 Low-risk	patients	do	not	require	routine	inferior	vena	cava	(IVC)	filter
placement.

12.	 Although	patients	with	hemodynamically	stable	solid-organ	injuries	can
safely	be	anticoagulated	after	24	hours,	provided	there	is	no	ongoing	blood
loss,	consultation	with	the	general/trauma/acute	care	surgeon	is
recommended.

13.	 Though	patients	with	closed	head	injuries	with	stable	neurological	exams
and	stable	head	CT	can	be	anticoagulated	in	24	to	48	hours,	a	neurosurgical
consultation	is	recommended.

While	these	are	current	expert	recommendations,	the	panel	recommended	that
further	high-quality	studies	are	required.184

Peripheral	Nerve	Injury
The	bulk	of	peripheral	nerve	injuries	that	occur	as	a	consequence	of	trauma	are
neurapraxias,	which	often	will	 recover	with	 time.	Typical	neurological	 injuries
include	 radial	 nerve	 palsies	 in	 association	with	 humeral	 shaft	 fractures,	 sciatic
nerve	 palsies	 (peroneal	 branch,	 in	 particular)	 in	 association	 with	 pelvic	 and
acetabular	 fractures,	 and	 brachial	 plexopathies	 in	 association	 with
scapulothoracic	dissociation.

Radial	 nerve	 palsies	 occur	 after	 approximately	 12%	 of	 humeral	 shaft
fractures.185	 An	 early	 description	 of	 radial	 nerve	 palsy	 in	 association	 with
humeral	shaft	 fracture	was	published	by	Holstein	and	Lewis,	and	describes	 the
association	 with	 a	 spiral	 fracture	 of	 the	 humeral	 shaft	 located	 at	 the	 junction
between	 the	middle	 and	 distal	 one-thirds	 of	 the	 diaphysis.186	 The	 radial	 nerve
supplies	motor	innervation	to	the	extensors	of	the	hand	and	wrist;	patients	with
radial	nerve	motor	palsies	will	lack	the	ability	to	extend	the	wrist	or	hyperextend
the	interphalangeal	joint	of	the	thumb,	which	is	mediated	by	the	extensor	pollicis
longus.	 The	 extensor	 digitorum	 communis	 (EDC),	 also	 supplied	 by	 the	 radial
nerve,	 extends	 the	 metacarpophalangeal	 joints	 of	 the	 hand,	 but	 patients	 may
recruit	other	muscles	or	perform	other	functions	(such	as	wrist	flexion)	that	will
serve	 to	 extend	 the	 digits,	 even	 though	 the	 EDC	 is	 not	 functional.	 The



interphalangeal	 joints	of	 the	fingers	(index,	 long,	ring,	and	small)	are	extended
by	 the	 intrinsic	muscles	 of	 the	 hand,	which	 are	 innervated	 by	 the	median	 and
ulnar	nerves,	and	therefore	are	not	affected	by	radial	nerve	palsy.	Radial	nerve–
mediated	 sensation	 includes	 the	 dorsal	 surfaces	 of	 the	 forearm	 and	 hand;	 the
most	specific	 location	 for	 radial	nerve	sensation	 is	 the	dorsum	of	 the	 first	web
space	on	the	hand.

Most	radial	nerve	palsies	are	thought	to	be	traction	injuries	(neurapraxias),	as
opposed	 to	 complete	 disruptions	 (neurotmesis)	 or	 impalings	 on	 bone	 edges.185
Rarely,	the	radial	nerve	may	become	entrapped	within	the	humeral	fracture	site,
creating	neurological	deficits.153	In	the	setting	of	high-velocity	penetrating	injury
(gunshot	wounds),	a	 radial	nerve	palsy	may	be	secondary	 to	blast	effect	of	 the
projectile	(as	opposed	to	nerve	transaction).	Radial	nerve	palsy	at	presentation	of
a	 patient	 with	 a	 humeral	 shaft	 fracture	 is	 not	 considered	 an	 indication	 for
surgery,	 either	 for	 nerve	 exploration	 or	 humeral	 shaft	 fracture	 fixation.	 In	 the
past,	humeral	shaft	fracture	patients	presenting	with	intact	radial	nerve	function,
which	 then	 is	 lost	 after	 manipulation	 of	 the	 fracture	 (eg,	 for	 reduction),	 was
considered	 an	 indication	 for	 operative	 nerve	 exploration;	 it	 has	 been	 shown,
however,	that	the	bulk	of	these	“iatrogenic”	radial	nerve	palsies	resolve	on	their
own,	with	no	 residual	deficit,	 and	 that	 fracture	 fixation	or	nerve	exploration	 is
not	indicated	in	these	patients	either.153	Humeral	shaft	fracture	fixation	should	be
undertaken	for	patients	who	would	benefit	(or	who	specifically	request	fixation),
after	thorough	risk	and	benefit	discussions	with	the	patients	and/or	their	families,
and	 should	 not	 be	 prompted	 by	 the	 presence	 of	 a	 radial	 nerve	 deficit.
Electromyography	 and	 nerve	 conduction	 studies	 are	 not	 helpful	 in	 the	 acute
setting,	and	have	low	sensitivity	and	specificity	regarding	the	etiology	of	radial
nerve	 palsy	 immediately	 after	 injury.	Ultrasonic	 examination,	 however,	 can	be
beneficial	to	detect	nerve	laceration	or	entrapment,	when	utilized	by	experienced
practitioners.187

Although	radial	nerve	palsies	are	most	often	transient,	their	recovery	can	take
many	weeks	 to	months.	During	 this	 time,	 flexion	contractures	of	 the	wrist	and
digits	 can	 occur.	 Splinting	 and	 occupational	 therapy,	 with	 daily	 manual
stretching	exercises,	are	beneficial	to	minimize	this	problem.	Electromyography
and	 nerve	 conduction	 studies	 may	 be	 performed	 between	 6	 and	 12	 weeks
following	 the	 onset	 of	 the	 radial	 nerve	 palsy	 if	 there	 has	 been	 absolutely	 no
recovery	 of	 function	 after	 the	 injury.185	 Functional	 recovery	 is	 slow;	 rapid
recovery	 should	not	be	 expected.	A	good	 rule	of	 thumb	 is	 that	nerve	 recovery
progresses	at	approximately	1	mm	per	day.188	Therefore,	an	injury	to	 the	radial
nerve	at	the	midshaft	of	the	humerus	should	be	expected	to	result	in	dorsal	hand
sensory	deficits	for	many	weeks.



Sciatic	 nerve	 palsies	 can	 occur	 in	 conjunction	 with	 pelvic	 or	 acetabular
fractures.	 Acetabular	 fractures	 with	 posterior	 dislocation	 of	 the	 hip	 have	 an
association	with	 the	development	of	 sciatic	nerve	palsy.189	Pelvic	or	 acetabular
fractures,	with	extensions	of	fracture	lines	into	the	sciatic	buttress	at	the	greater
sciatic	notch,	can	 result	 in	direct	 laceration	of	 the	 sciatic	nerve;	 this	pattern	of
fracture	 can	 also	 result	 in	 catastrophic	 hemorrhage	 due	 to	 laceration	 of	 the
superior	 and/or	 inferior	 gluteal	 arteries.	 Pelvic	 ring	 disruptions,	 with	 wide
displacement	 of	 the	 hemipelvis,	 can	 also	 cause	 sciatic	 nerve	 palsies	 or
lumbosacral	plexopathies,190	perhaps	due	either	 to	avulsion	of	nerve	roots	or	 to
neurapraxia.191,192	 Nerve	 roots	 may	 be	 lacerated	 in	 association	 with	 sacral
fractures.193	 The	 peroneal	 division	 of	 the	 sciatic	 nerve	 is	 more	 commonly
affected	than	the	tibial	division194;	it	has	been	postulated	that	this	has	to	do	with
more	 points	 at	 which	 the	 peroneal	 nerves	 are	 tethered	 down	 in	 the	 lower
extremity	than	the	tibial	nerves.

The	bulk	of	sciatic	nerve	palsies	are	also	neurapraxias.191	Prognosis	of	these,
however,	is	poorer	than	that	for	radial	nerve	palsy,	perhaps	secondary	to	the	long
distance	across	which	recovery	must	occur	(the	nerve	bud	must	travel	from	the
pelvis	to	at	least	the	superior	leg,	where	innervation	of	the	peroneal	muscles	and
ankle	 and	 toe	 dorsiflexors	 occurs).194	 Electromyography	 and	 nerve	 conduction
studies	 are	 useful	 for	 characterizing	 the	 injury,	 and	 many	 patients	 with	 mild
injuries	regain	good	function.195

SCAPULOTHORACIC	DISSOCIATION
Scapulothoracic	 dissociation,	 likened	 to	 a	 closed	 forequarter	 amputation,196
occurs	when	the	shoulder	girdle	and	upper	extremity	are	pulled	away	from	the
midline.197	Prompt	recognition	of	this	injury	complex	is	vital.	Significant	degrees
of	scapulothoracic	dissociation	can	result	in	the	rupture	of	subclavian	or	axillary
vessels.196,198	 The	 injury	 complex	 can	 have	 devastating	 effects	 upon	 the
neurological	 function	 of	 the	 upper	 extremity,	 due	 to	 the	 stretch	 of	 nerves	 or
brachial	plexus,	or	due	to	the	avulsion	of	nerve	roots	from	the	cervical	spine.196
The	degree	of	neurological	injury	and	prognosis	for	recovery	correlates	with	the
location	of	vascular	injury;	more	proximal	vascular	injury	correlates	with	more
severe	 neurological	 compromise	 and	 a	 poorer	 prognosis.199	 Evidence	 of
expanding	hematoma	within	 the	 axilla	 of	 a	 patient	with	 such	 an	 injury	 should
prompt	emergent	vascular	surgical	consultation.	Careful	attention	to	the	vascular
status	of	the	distal	upper	extremity	must	be	paid	to	any	patient	with	a	distracted
clavicular	fracture,	a	significantly	displaced	scapular	fracture,	or	a	clear	increase



in	distance	on	anteroposterior	 chest	 radiograph	between	 the	 thoracic	 spine	and
the	 medial	 border	 of	 the	 scapula,	 known	 as	 the	 scapular	 index.200	 CT	 is	 of
questionable	 benefit	 for	 initial	 diagnosis,	 as	 the	 axis	 of	 the	 beam	may	 not	 be
perfectly	 perpendicular	 to	 the	 axial	 skeleton,	 and	 therefore	 determination	 of
scapular	 index	 may	 be	 unreliable.	 Recovery	 of	 brachial	 plexus	 function	 after
scapulothoracic	 dissociation	 is	 unreliable	 at	 best,	 especially	 after	 nerve	 root
avulsion.198,199,201

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	23-year-old	man	was	the	helmeted	rider	in	a	motorcycle	crash	sustaining
multisystem	injury.	He	remains	intubated	with	a	significant	subdural	hematoma
managed	nonoperatively,	a	grade	3	splenic	injury	that	has	required	no
intervention,	and	right	tibial	plateau	fracture	that	will	require	operative
intervention.	When	performing	a	physical	examination	on	morning	ICU	rounds,
the	right	calf	is	erythematous,	tense	without	foot	edema,	the	patient	appears	to
move	his	toes	to	painful	stimulation,	and	dorsalis	pedis	and	posterior	tibialis
pulses	are	present,	symmetric	with	the	contralateral	uninjured	lower	extremity.
What	is	the	next	most	appropriate	step	in	management?

A. 	Consult	orthopedic	surgery	emergently	for	fasciotomy
B. 	Continue	distal	pulse	checks	and	order	serum	creatine	phosphokinase
C. 	Monitor	compartment	pressures	every	4	hours
D. 	Obtain	lower	extremity	duplex	ultrasound

2. 	A	40-year-old	woman	is	the	restrained	driver	in	a	head	on	motor	vehicle
crash	and	sustains	multiple	bilateral	rib	fractures,	a	hemothorax,	a
pneumothorax,	liver	laceration	and	an	open	left	femur	fracture.	The	external	skin
laceration	is	3	cm,	without	gross	contamination	of	the	wound,	and	palpable	distal
pulses	are	present.	The	patient	received	cefazolin	in	the	trauma	bay,	and
orthopedic	surgery	placed	a	traction	pin	to	place	the	limb	to	length,	with	a	plan
for	operative	debridement	and	fixation	the	next	morning.	What	is	the	most
appropriate	antibiotic	management?

A. 	Add	gentamicin	to	the	cefazolin
B. 	Change	cefazolin	to	high-dose	penicillin



C. 	Continue	cefazolin	for	7	days
D. 	Discontinue	cefazolin	24	hours	after	surgery

3. 	A	68-year-old	man	undergoes	right	lower	extremity	intramedullary	nailing
of	a	right	femur	fracture	that	occurred	after	a	fall	from	a	ladder.	Which	of	the
following	statements	is	correct	regarding	the	prevention	of	deep	vein
thromboembolism	(DVT)	in	this	patient?

A. 	Chemoprophylaxis	should	be	discontinued	at	hospital	discharge
B. 	Low-molecular-weight	heparin	is	the	preferred	chemoprophylaxis
C. 	Screening	duplex	ultrasound	is	recommended	on	hospital	day	7
D. 	Unfractionated	subcutaneous	heparin	should	be	initiated	within	72
hours

Answers

1.	The	correct	answer	is	A.
Rationale:	This	patient	 is	at	high	risk	for	compartment	syndrome	given	risk

factors	 (location	 is	 tibia	 in	 a	 patient	 older	 than	 14	 years).	 Compartment
syndrome	is	a	clinical	diagnosis	of	a	 tense	compartment,	as	 this	patient	has	on
physical	examination,	and	orthopedic	surgery	should	be	emergently	consulted	to
evaluate	(choice	A	is	correct).	Loss	of	pulses	is	a	late	finding	and	associated	with
limb	 loss.	Monitoring	 serum	 creatinine	 phosphokinase	 has	 not	 been	 shown	 to
correlate	with	compartment	syndrome	and	will	be	unreliable	in	this	multisystem
trauma	 patient	 (choice	 B	 is	 incorrect).	 Other	 physical	 examination	 findings
include	pain	with	passive	motion,	worsening	or	changing	pain,	and	sensory	loss
between	the	great	toe	and	second	toe	(in	the	case	of	calf	compartment	syndrome)
which	 would	 be	 difficult	 to	 evaluate	 in	 an	 intubated,	 traumatic	 brain	 injured
patient.	While	 compartment	 pressures	 may	 be	 checked,	 no	 absolute	 threshold
(30-40	mm	Hg)	 exists,	 and	 it	 remains	 controversial	 whether	 the	 difference	 in
diastolic	 pressure	 and	 compartment	 pressure	 is	 more	 reliable	 (choice	 C	 is
incorrect).	 Trauma	 patients	 are	 at	 risk	 for	 deep	 vein	 thrombosis,	 but	 physical
exam	 is	 not	 suggestive,	 and	 compartment	 syndrome	 must	 be	 addressed	 first
(choice	D	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	Open	fractures	require	antibiotic	administration	within	1	hour	and

continuation	of	antibiotics	until	washout	and	debridement	(choice	D	is	correct).
The	 initial	 antibiotic	 choice	 is	 dependent	 upon	 the	 severity	 of	 the	 soft	 tissue



injury.	Most	open	fractures	(type	I	with	less	than	1	cm	laceration	and	type	II	with
greater	 1	 cm	 laceration	 but	 without	 extensive	 soft	 tissue	 injury)	 require
cephalosporins	 only.	 Type	 III	 open	 fractures	 with	 extensive	 soft	 tissue	 injury,
segmental	 fractures,	massive	 contamination,	 and/or	vascular	 injury	 should	 also
receive	 gentamicin	 (choice	A	 is	 incorrect	 for	 this	 degree	 of	 injury).	Antibiotic
duration	should	not	extend	beyond	24	hours	after	operative	debridement	for	type
I	and	II	fractures,	and	for	up	to	72	hours	or	for	up	to	24	hours	after	soft	 tissue
coverage	 for	 type	 III	 open	 fractures	 (choice	 C	 is	 incorrect).	 Open	 fractures
should	undergo	washout	and	debridement	as	soon	as	possible	but	not	more	than
24	 hours	 after	 injury	 depending	 upon	 patient	 stability.	 High-dose	 penicillin	 is
only	 recommended	 in	 the	 cases	 of	 farmyard	 injuries,	 which	 are	 at	 risk	 for
clostridium	species	from	feces	or	soil	contamination	(choice	B	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 Low-molecular-weight	 heparin	 is	 the	 preferred	 venous

thromboembolism	 prophylaxis,	 unless	 poor	 renal	 function	 or	 other	 associated
injuries	prohibit	 its	use	 (choice	B	 is	 correct).	 It	may	be	held	12	hours	prior	 to
surgery.	Deep	vein	thromboembolism	prophylaxis	should	be	initiated	as	soon	as
safely	 possible,	 either	 immediately	 or	 within	 24	 to	 48	 hours	 of	 admission
depending	 upon	 the	 patient’s	 bleeding	 risk	 (choice	D	 is	 incorrect).	Discussion
with	 other	 involved	 services	 such	 as	 trauma	 surgery	 and	 neurosurgery	 should
occur	 if	 there	 are	 any	 bleeding	 concerns.	 The	 risk	 of	 deep	 vein	 thrombosis
extends	 out	 several	 weeks,	 so	 chemoprophylaxis	 should	 often	 continue	 even
after	discharge	(choice	A	is	incorrect).	Screening	duplex	remains	a	controversial
topic,	and	no	consensus	exists	(choice	C	is	incorrect).
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Chapter	45
Burn	Management
Naveen	F.	Sangji,	Sean	Figy,	Joyce	K.	Mcintyre,	Mark	R.	Hemmila

KEY	POINTS:
1.	 Fluid	management	for	large	burns	(>20%	total	body	surface	area	for

adults)	requires	titration	of	fluid	to	end	points	of	resuscitation	such	as
urine	output.

2.	 Inhalation	injury	increases	burn	mortality.
3.	 Third-	and	fourth-degree	burns	typically	outstrip	the	body’s

regenerative	capacity,	and	early	excision	and	grafting	(within	5	days)
reduces	burn	mortality.

4.	 Topical	wound	care	is	appropriate	for	small,	partial-thickness	burns.
5.	 High-voltage	electrical	injuries	require	cardiac	evaluation.
6.	 Frostbite	should	be	managed	with	multidisciplinary	protocols	that

include	interventional	radiology	services.

DEFINITION	AND	GENERAL	CONSIDERATIONS
Patients	 with	 inappropriate	 or	 excessive	 exposure	 to	 thermal,	 chemical,
electrical,	 or	 radioactive	 agents	 are	 burned.	The	 degree	 of	 injury	 and	depth	 of
burn	 are	 proportional	 to	 the	 amount	 of	 energy	 delivered	 to	 the	 tissue	 and
duration	of	exposure	to	the	offending	agent.

In	 2016,	 approximately	 486,000	 burn-related	 injuries	 were	 reported	 in	 the
United	States,	necessitating	approximately	40,000	hospitalizations	and	resulting
in	3275	deaths.1

All	human	tissue	is	susceptible	to	burn	injury,	although	skin	and	aerodigestive
tissues	 are	 commonly	 involved.	 The	 embryologically	 distinct	 epidermal	 and
dermal	 layers	 of	 skin	 behave	 differently	 when	 burned.	 Ectodermally	 derived
epidermis	 is	 vital	 for	 fluid	 management,	 pigmentation,	 and	 protective



immunologic	functions,	but	the	epidermis	has	little	structural	integrity	at	7	cells
thick.	What	the	epidermis	lacks	in	thickness	it	makes	up	for	with	its	regenerative
properties;	 the	 layer’s	 abundant	 stem	 cells	 heal	 isolated	 injury	 of	 this	 layer
without	 scar.	 The	 dermis,	 in	 contrast,	 is	 derived	 from	mesenchymal	 cells	 and
forms	abundant	scar	while	healing.	The	dermis	gives	skin	its	strong	mechanical
integrity	and	as	such	is	the	focus	of	much	of	acute	burn	care.2

Burn	thickness	may	range	from	superficial	epidermal	involvement	to	char	of
the	 deepest	 bone.	 Accurate	 burn	 depth	 assessment	 is	 critical	 for	 the	 patient’s
clinical	management	but	 remains	a	qualitative	appraisal.	Significant	“bench-to-
bedside”	work	has	been	performed	using	both	 laser	Doppler	and	hyperspectral
imaging	 to	quantify	 tissue	 injury;	however,	clinical	 judgment	 remains	 the	gold
standard.3

3 	Burn	depth	occurs	on	a	spectrum:	superficial	or	first-degree	burns	involve
the	 thin	 epidermis	 only;	 partial-thickness	 or	 second-degree	 burns	 disrupt	 the
epidermis’	 basement	 membrane	 and	 encroach	 into	 the	 dermis,	 resulting	 in
blisters;	the	dermis	is	burned	in	full-thickness	or	third-degree	burns,	which	often
look	pale,	 ashen,	 and	 leathery.	Fourth-degree	burns	 involve	 the	underlying	 fat,
fascia,	 or	 bone.	 Third-	 and	 fourth-degree	 burns	 typically	 outstrip	 the	 body’s
regenerative	 capacity	 and	 require	 operative	 excision	 of	 damaged	 tissues	 and
restoration	of	skin	integrity.

Because	of	 the	body’s	 inflammatory	 response	 to	 the	 initial	 traumatic	 insult,
burn	depth	may	change	over	 time,	colloquially	described	as	“deepening.”	Pink
burned	 tissue	with	weepy	 blisters	 on	 the	 day	 of	 presentation	may	 progress	 to
appear	white	and	dry—a	full-thickness	injury—and	much	of	acute	burn	care	is
directed	toward	preventing	this	conversion.

A	 burn	 patient	 is	 a	 trauma	 patient	 and	 should	 initially	 be	 evaluated	 in
accordance	 with	 Advanced	 Trauma	 Life	 Support	 (ATLS)	 principles.	 Airway
should	 be	 evaluated	 and	 secured	 when	 appropriate	 to	 facilitate	 breathing	 and
ongoing	 oxygenation,	 followed	 by	 an	 evaluation	 of	 the	 patient’s	 circulation.
Primary	traumatic	survey	should	encompass	evidence	of	head	injury,	long	bone
trauma,	 and	 acute	 hemorrhage.	 Evaluation	 of	 the	 burned	 tissue	 is	 part	 of	 the
secondary	survey.

Accurate	information	around	the	mechanism	of	burn	and	location	(closed	or
open	space)	inform	the	clinician’s	suspicion	about	concomitant	injuries	such	as
inhalational	 injury,	 deep	muscle	 injury	 from	 electrocution	 or	 fractures	 from	 a
high	 fall.	 The	 initial	 depth	 of	 the	 burn	 and	 total	 body	 surface	 area	 (TBSA)
affected	 should	 be	 documented	 in	 the	 medical	 record.	 Please	 see	 the	 section
“Inhalational	Injury”	for	further	management	of	the	burned	airway.

TBSA	can	be	calculated	with	the	“rule	of	nines”	and	the	Lund-Browder	scales



(useful	for	contiguous	injury),	whereas	the	palmar	surface	of	the	patient’s	hand,
representing	 1%	 TBSA,	 is	 used	 as	 a	 guide	 in	 noncontiguous	 injuries.4	 TBSA
should	include	only	partial-	and	full-thickness	burns;	superficial	burns	confined
to	the	epidermis	(first	degree)	are	not	included	in	this	calculation.5

Overall	 morbidity	 and	 mortality	 are	 influenced	 by	 TBSA,	 patient’s	 age,
medical	 comorbidities,	 and	 presence	 of	 inhalational	 injury.	 Burn	 patients	with
greater	 than	 20%	 TBSA	 and	 those	 with	 inhalational	 injury	 are	 at	 risk	 for
development	of	burn	shock	(see	section	“Burn	Shock”).	Age	of	the	patient	is	of
vital	importance	when	predicting	a	patient’s	mortality;	with	increasing	age,	risk
of	death	is	greater	with	lower	total	body	burn	surface	area.	The	Baux	Score	is	a
combination	 of	 TBSA	 and	 age,	 and	 is	 predictive	 of	 burn	 mortality	 for	 burns
greater	than	15%.6

2 	 The	 predicted	 mortality	 for	 a	 burn	 patient	 rises	 to	 over	 90%	 when	 the
patient	 is	older	than	60	years,	TBSA	burned	is	more	than	40%,	and	the	patient
has	an	inhalational	injury;	when	two	factors	are	present,	calculated	mortality	is
roughly	33%.	Death	is	usually	caused	in	such	cases	by	multisystem	organ	failure
as	a	 result	of	 sepsis.	Burn	care	before	 the	1980s	 focused	on	 topical	 antibiotics
and	delayed	excision	and	grafting.	Shifting	of	the	clinical	paradigm	toward	early
surgical	 excision	 and	grafting	 (within	5	days)	 in	 conjunction	with	 advances	 in
critical	care	have	dramatically	improved	the	survival	from	burn	injury.7	Because
of	 the	interdisciplinary	care	required	to	 take	care	of	 the	burned	patient,	prompt
transfer	to	certified	burn	centers	in	accordance	with	American	Burn	Association
guidelines	 has	 been	 shown	 to	 have	 the	 best	 outcomes,	 especially	 in	 cases	 of
inhalational	burns.8

Pediatric	Patients
Burns	are	the	fifth	leading	cause	of	unintentional	nonfatal	injury	among	infants
and	 the	 third	 leading	cause	of	 fatal	 injury	 for	newborns	 to	 children	9	years	 of
age.	Scald	burns	caused	by	hot	liquids	are	the	most	common	cause	of	pediatric
burns.9-11	Intentional	burns	account	for	around	10%	of	all	cases	of	child	abuse.12
Scalds	 from	 hot	 bath	 immersion	 are	 the	 most	 frequent	 cause	 of	 these	 cases.
Other	 common	 etiologies	 of	 intentional	 burns	 include	 contact	 with	 heated
objects	 including	 cigarettes,	 irons,	 and	 heated	 kitchen	 utensils.	 Children	 have
special	 considerations	 that	 must	 be	 taken	 into	 account	 for	 fluid	 resuscitation.
Please	see	section	“Burn	Shock”.

Geriatric	Patients



Overall,	 burns	 are	 the	 fourth	 leading	 cause	 of	 mortality	 among	 the	 elderly
population.	 The	 burn-related	 mortality	 rate	 increases	 greatly	 for	 adults	 aged
60	years	or	older.	The	mortality	 rate	 for	a	>20%	TBSA	burn	 is	15%	for	 those
>60	 years	 and	 >60%	 for	 those	 >80	 years.9	 Individuals	 over	 the	 age	 of	 65
comprise	12%	of	all	burn	unit	admissions.	The	average	age	of	those	admitted	is
76	±	7	years.13	Elderly	burn	patients	treated	for	scald	burns	have	relatively	small
burns	 (<13%	of	TBSA)	but	high	mortality	 rates	 (30%).12,14,15	Geriatric	 patients
may	 have	 delayed	 donor	 site	 wound	 healing,	 particularly	 in	 the	 presence	 of
comorbid	conditions.

BURN	SHOCK
1 	 Burn	 shock	 is	 a	 form	 of	 vasodilatory	 shock	 and	 creates	 a	 significant	 initial
fluid	 volume	 resuscitation	 requirement	 for	 the	 burned	 patient.	 Large	 volume
repletion	 is	 usually	 necessary	 only	 for	 patients	 with	 burns	 exceeding	 20%
TBSA.16

This	 fluid	 need	 comes	 from	 the	 body’s	 systemic	 response	 to	 burned	 tissue.
Kinins,	 serotonin,	 histamine,	 prostaglandins,	 and	 oxygen	 radicals	 are	 the
vasoactive	 mediators	 released	 in	 response	 to	 the	 burn	 injury	 and	 stimulate
systemic	vascular	permeability.	These	mediators	increase	vascular	permeability,
with	 resultant	 decreased	 capillary	oncotic	pressure	 and	 subsequent	 severe	 total
body	 edema,	 even	 for	 nonburned	 tissues.	Albumin	 is	 functionally	 lost	 into	 the
interstitium,	thereby	increasing	extravascular	oncotic	pressure,	compounding	the
edema.17

The	burned	patient’s	fluid	“requirement”	should	be	thought	of	as	that	volume
needed	 to	 optimize	 organ	 function	 and	 tissue	 perfusion.	 The	 Parkland	 or
Consensus	Formula	 is	most	 commonly	used	 to	 estimate	 fluid	 requirements	 for
the	 first	 24	hours	 and	 should	be	 used	 to	 guide	 initial	 fluid	 infusion	 rates.	 It	 is
extremely	important	to	note	the	original	time	of	the	injury	is	what	is	used	for	the
calculation,	not	the	time	of	initial	presentation	to	care	providers.

Consensus	Formula:	First	24	hour	requirement	=	2-4	cc	×	%TBSA	×	weight
(kg)

1 	 Half	 of	 this	 fluid	 volume	 is	 administered	 in	 the	 first	 8	 hours	 after	 burn
injury	 and	 the	 second	 half	 is	 administered	 over	 the	 next	 16	 hours.	 Lactated
Ringer	 crystalloid	 solution	 is	 recommended	 as	 the	 first-choice	 fluid	 to	 avoid
complications	 associated	with	metabolic	 acidosis	when	 using	 normal	 saline	 or
abnormal	fluid	shifts	with	colloid	fluids.18	Goal-directed	therapy	is	the	standard
of	care,	aiming	for	a	urine	output	of	0.5	to	1	mL/kg/h,	and	the	calculated	fluid



requirements	should	serve	only	as	a	general	guide	 for	meeting	 this	goal.	 If	 the
patient’s	 urine	 output	 is	 greater	 than	 1	 mL/kg/h,	 the	 infusion	 rate	 should	 be
decreased	 and	 titrated	 appropriately.	 If	 urine	 output	 remains	 high,	 urine
electrolytes	 and	 glucose	 should	 be	 evaluated,	 with	 specific	 attention	 to
glycosuria	secondary	to	the	burn	hypermetabolism.

For	patients	who	are	difficult	to	resuscitate,	that	is,	require	substantially	more
fluid	 administration	 than	 estimated	 by	 the	 Parkland	 Formula	 (>1.5	 times),
albumin	can	be	given	after	the	first	8	hours.19,20

Pediatric	 fluid	 resuscitation	 has	 some	 differences	 with	 regards	 to	 fluid
management.	Due	 to	 the	 limited	reserve	 in	children	under	20	kg,	an	additional
glucose-based	 maintenance	 fluid	 is	 recommended.	 Additionally,	 their	 fluid
requirements	may	be	as	high	as	6	mL/kg	per	TBSA	and	their	urine	output	should
be	1.0	to	1.5	mL/kg/h.21	Transfer	to	a	burn	center	is	recommended	for	TBSA	>
10%	for	children.

Central	 venous	 access	 may	 be	 necessary	 to	 deliver	 the	 appropriate
resuscitation	 in	 a	 timely	 manner	 and	 is	 ideally,	 but	 not	 essentially,	 placed
through	nonburned	 tissue.22	The	use	of	pressors	 requires	clinical	 judgment	and
should	be	employed	only	in	settings	of	persistent	hypotension	despite	adequate
fluid	resuscitation	with	both	crystalloid	and	colloid	rescue	therapy.	For	patients
with	 persistent	 oliguria,	 preexisting	 renal	 failure,	 or	 congestive	 heart	 failure,	 a
pulmonary	 artery	 catheter	 or	 the	 equivalent	 measuring	 tool	 to	 quantify
hemodynamics	and	cardiac	index	is	advised.23

In	 the	 acutely	 burned	 patient,	 central	 shunting	 of	 blood	 compensates	 for
anhydremia,	yet	deprives	peripherally	injured	tissue	of	vital	perfusion.	This	low
blood	flow	to	skin	keeps	essential	nutrients	and	gas	exchange	from	partly	burned
tissue,	resulting	in	conversion	of	partial-thickness	injury	to	full-thickness	tissue
loss.	Excessive	fluid	resuscitation,	however,	has	the	same	result	by	compounding
extravascular	tissue	edema.17

The	 gastrointestinal	 tract	 is	 an	 underutilized	 resuscitative	 venue.	 Enteral
nutrition	and	resuscitation	may	begin	on	 the	day	of	 injury,	with	 the	caveat	 that
patients	 in	 shock	 or	 requiring	 vasopressors	 can	 develop	 bowel	 ischemia	 and
enteral	feeds	may	increase	the	metabolic	needs	of	the	gut,	contributing	to	bowel
ischemia	 and	 necrosis.	 This	 risk	 can	 be	 minimized	 by	 initiating	 enteral
rehydration	 and	 nutrition	 within	 24	 hours	 of	 the	 initial	 burn.24	 Patients	 not
tolerating	 enteral	 feeds	 or	 those	 with	 abdominal	 hypertension	 (Chapter	 51:
Abdominal	Compartment	Syndrome)	should	be	given	total	parenteral	nutrition.

Typically,	 by	 the	 third	 postburn	 day,	 the	 patient’s	 systemic	 inflammatory
response	has	dampened	and	vascular	integrity	is	returning,	with	decreased	fluid
requirements.	 After	 this	 point,	 it	 is	 reasonable	 to	 limit	 fluid	 replacement	 to



maintenance	 levels	 and	 allow	 the	 patient	 to	 autodiurese	 or	 judiciously	 use
diuretics	in	the	elderly	or	cardiac-compromised	patient.16

CARDIOVASCULAR	RESPONSE
Unresuscitated	 burn	 victims	 die	 of	 hypovolemic	 shock.	 An	 untreated	 victim
would	show	progressively	decreasing	preload	and	cardiac	output.	Unfortunately,
during	 the	 initial	 4-	 to	 24-hour	 postinjury	 period,	 even	 “adequate”	 volume
repletion	 will	 not	 maintain	 baseline	 cardiac	 output,	 and	 decreased	 cardiac
contractility	 and	 diastolic	 dysfunction	 prevail.	 This	 decrease	 of	 contractility	 is
more	pronounced	among	those	with	an	inhalational	injury	and	is	related	to	both
increased	 pulmonary	 vascular	 resistance	 and	 increased	 systemic	 nitric	 oxide
production.	 This	 temporary	 and	 seemingly	 maladaptive	 cardiac	 dysfunction
improves	as	time	elapses	from	the	initial	injury	and	is	followed	by	tachycardia,
which	is	often	maintained	for	weeks	after	burn.25,26

Given	 this	 hyperdynamic	 response,	 the	 elderly	 and	 patients	 with	 preinjury
cardiac	 compromise	 are	 more	 susceptible	 to	 heart	 failure	 in	 this	 period.
Laboratory	 workup	may	 reveal	 elevations	 in	 cardiac	 enzymes,	 including	 both
creatine	phosphokinase	(CPK)	and	troponin-I,	and	although	myocardium	may	be
at	 risk,	 the	 evaluation	 of	 elevated	 cardiac	 labs	 in	 burn	 shock	 patients	 goes
beyond	a	single	lab	value.	Elevated	troponins	should	not	be	used	as	an	indication
for	 emergent	 cardiac	 catheterization	without	 other	 signs	 or	 symptoms	of	 acute
cardiac	ischemia,	such	as	electrocardiogram	changes.25

INHALATIONAL	INJURY
2 	 An	 inhalational	 injury	 occurs	 when	 toxic	 chemicals	 in	 smoke	 have	 been
inhaled,	 causing	 a	 systemic	 inflammatory	 response	 and	 local	 injury	 of	 the
bronchial	 pulmonary	 tree.	 History	 of	 fire	 or	 explosion	 in	 a	 closed	 space	 and
findings	 of	 singed	 facial	 structures,	 carbonaceous	 sputum,	 and	 respiratory
distress	 often	 corroborate	 the	 diagnosis.	 Approximately	 3.5%	 of	 adult	 burn
admissions	have	inhalational	injury,	which	increases	mortality	rate	for	like	burn
size;	 however,	 larger	 burns	 have	 an	 incidence	 of	 inhalational	 injury	 closer	 to
15%.9	Concurrent	inhalational	injury	intensifies	burn	shock	and	may	require	up
to	50%	more	fluid	for	adequate	resuscitation.

Clinically,	 in	 the	 acutely	 burned	 patient	 with	 an	 inhalational	 injury,	 airway
management	is	paramount.	The	clinician	should	look	for	signs	of	upper	airway



obstruction	secondary	to	edema,	which	often	develops	hours	after	initial	injury.
Stridorous	 patients	 should	 be	 intubated	 urgently,	 preferably	 with	 an	 8-Fr
endotracheal	 tube	 to	 allow	 for	 bronchoscopy	 and	 removal	 of	 respiratory	 tract
secretions.	Bronchoscopy	is	most	useful	to	characterize	the	presence	or	absence
of	tracheobronchial	inflammation	and	provide	therapeutic	pulmonary	lavage.27

Immediate	 threats	 include	 carbon	 monoxide	 poisoning	 and	 cyanide	 (CN−)
toxicity.	 Generally,	 the	 lethal	 level	 is	 >60%	 carboxyhemoglobin	 (COHgb).
Breathing	100%	oxygen	by	mask	or	endotracheal	tubes	should	bring	the	half-life
of	 COHgb	 to	 about	 60	 minutes.28	 CN−	 poisoning	 causes	 cytochrome	 oxidase
inhibition	and	loss	of	hypoxic	pulmonary	vasoconstriction,	increasing	lung	dead
space.	CN−	 is	 lethal	 at	 levels	 over	 1	 µg/mL,	while	 0.02	 µg/mL	 occurs	 among
healthy	 nonsmokers.	 For	 practical	 purposes,	 a	 normal	 COHgb	 rules	 out	 CN−

toxicity.28
Inhalational	 injury	 has	 multiple	 sequelae,	 including	 endobronchial	 and

interstitial	 edema,	 alveolar	 damage,	 mucociliary	 dysfunction,	 endobronchial
slough	with	cast	formation,	functional	pulmonary	shunting,	and	decreased	lung
compliance.	Increased	bronchial	blood	flow	causes	increased	interstitial	edema.
Bronchial	 epithelium	 sloughs	 and	 combines	 with	 exudates	 and	 fibrin	 to	 form
“plugs”	that	nurture	bacterial	growth	and	create	mechanical	airway	obstructions.
Aerosolized	 heparin	 in	 conjunction	 with	 N-acetyl-cysteine	 may	 prevent	 cast
formation	and	has	been	shown	to	decrease	lung	injury	scores	and	ventilator	days
and	 has	 been	 especially	 helpful	 for	 pediatric	 patients	 where	 narrow	 airways
easily	obstruct.29,30

Although	burn	patients	are	at	 increased	 risk	 for	pneumonia	because	of	 their
immunocompromised	 state,	 immobility,	 and	 inability	 to	 clear	 secretions,
prophylactic	antibiotics	are	not	recommended.	Pneumonia	and	tracheobronchitis
should	 be	 treated	 by	 culture-directed	 therapy,	 using	 Gram	 stain,	 culture	 of
sputum,	or	bronchoscopy	specimens	and	incorporate	a	hospital’s	known	bacterial
sensitivities.31	 Aspiration	 risks	 should	 be	 minimized,	 and	 lung	 protective
ventilator	 settings	 should	 be	 used.	 Patients’	 overall	 condition	 and	 pulmonary
performance	by	way	of	usual	weaning	parameters	dictate	extubation	time.32	The
risk	 of	 upper	 airway	 obstruction	 before	 extubation	 should	 be	 assessed	 by
deflating	 the	 balloon	 and	 appreciation	 of	 air	 leak.	 If	 no	 air	 leak	 is	 present,
extubation	should	not	be	performed.	For	 further	discussion	of	 the	air	 leak	 test,
please	refer	to	Chapter	168	(Discontinuation	of	Mechanical	Ventilation).

METABOLIC	AND	NUTRITIONAL



CONSIDERATIONS
The	 insensible	 fluid	 and	 protein	 losses	 from	 burn	 wounds	 are	 extraordinary.
Protein	 catabolism,	 compounded	 by	 losses	 through	 the	 wound	 bed	 and	 the
interstitium,	results	in	severe	hypoproteinemia,	and	the	hypermetabolic	response
that	 occurs	 after	 a	 thermal	 injury	 is	more	 than	 that	 observed	 after	most	 other
forms	of	trauma	or	sepsis.	The	loss	of	regulated	vasomotor	tone,	possibly	in	an
effort	 to	 provide	maximal	 nutrient	 delivery	 and	 gas	 exchange	 to	 the	wounded
tissues,	 results	 in	significant	evaporative	heat	 loss.	Hypothermia	 from	weeping
wounds	 and	 dwindling	 energy	 supplies	 from	 the	 catabolic,	 muscle-wasting
condition	of	burn	shock	 is	easily	avoided	with	external	warming.	The	ambient
temperature	 in	 the	 patient’s	 room	 should	 be	 kept	 warm,	 90°	 to	 100	 °F,	 in	 an
effort	to	shunt	calories	away	from	being	used	in	thermostasis,	which	some	burn
units	 accomplish	with	 the	 use	 of	 special	 curtains	 around	 the	 patient’s	 bed	 that
retain	heat,	 though	 this	may	not	be	practical	 for	most	 burn	units	 due	 to	 issues
with	ventilation,	infection	control,	and	staff	compliance;	instead,	a	combination
of	 a	Bair	Hugger	 device	 and	 raising	 the	 room	 temperature	may	 serve	 to	 keep
patients	normothermic.

Muscle	wasting,	 a	 difficult	 complication	of	 the	hypermetabolism	associated
with	burn	wounds,	can	be	ameliorated	through	anabolic	enhancement.	The	two
most	common	approaches	are	recombinant	human	growth	hormone	(HGH)	and
oxandrolone.	HGH	 is	 associated	with	 hyperglycemia	 requiring	 insulin	 support
and	has	largely	been	supplanted	by	oxandrolone,	which	must	be	given	enterally
at	0.2	mg/kg/d	(max	dose	20	mg)	divided	twice	daily,	thereby	limiting	its	use	in
patients	with	ileus.33,34

The	 patient	with	 a	major	 thermal	 injury	 has	 a	metabolism	 characterized	 by
increased	muscle	proteolysis,	 lipolysis,	and	gluconeogenesis.	Burn	wounds	use
glucose	 in	 greatly	 increased	 quantities.	 Hyperglycemia	 is	 common	 with	 burn
catabolism,	 may	 exacerbate	 muscle	 wasting,	 and	 should	 be	 tightly	 controlled
with	 insulin.	 Nitrogen	 loss	 should	 also	 be	 supplemented	 to	 combat	 muscle
wasting	and	to	enhance	the	immune	system.35

Burn	 patients	 need	 two	 to	 three	 times	 their	 basal	 energy	 expenditure	 in
calories.35	 Significant	 burn	 injuries	 require	 2	 g/kg	 protein,	 glucose	 should
contribute	50%	to	60%	of	 the	calories,	and	 the	calorie-to-nitrogen	 ratio	should
approach	150:1.	All	attempts	should	be	made	to	feed	the	patient	enterally,	and,
ideally,	 enteral	 nutrition	 should	 be	 initiated	 within	 24	 hours	 of	 admission.
Prompt	enteral	 feeding	has	been	shown	 to	decrease	patient’s	 length	of	hospital
stay	as	well	as	burn	wound	infection	and	is	thought	to	maintain	the	integrity	of



the	gastrointestinal	track.36

BURN	WOUND	SEPSIS
Burn	victims	develop	multiple	defects	in	their	immune	system	both	mechanical
and	immunologic	that	predispose	them	to	an	increased	risk	of	infection.	Topical
antimicrobials	 (e.g.,	 silver	 sulfadiazine	 or	 mafenide	 acetate)	 in	 the	 context	 of
good	overall	wound	care	help	decrease	the	incidence	of	burn	wound	infections.
However,	 primary	 treatment	 of	 infected	 burns	 remains	 surgical	 excision	 and
tissue	coverage	with	autograft	or	skin	substitute	(see	section	“Early	Excision	and
Grafting”).

The	 signs	 of	 burn	 wound	 sepsis	 typically	 present	 as	 a	 greenish	 gray
discoloration	of	the	burn,	purulent	fluid	from	the	wound,	and	eschar	separation
along	 with	 cellulitis	 in	 the	 surrounding	 unburned	 skin.	 If	 not	 treated	 at	 the
earliest	possible	time,	systemic	sepsis	will	ensue.	Diagnosis	can	be	confirmed	by
biopsy	of	the	wound	with	quantitative	culture	but	should	not	preclude	total	and
urgent	excision.37	Systemic	antibiotics	are	started	if	florid	infection	is	suspected
and	tailored	or	stopped	once	burn	biopsies	for	quantitative	bacterial	counts	and
blood	culture	results	are	obtained.

Immunity	and	Infection
Significant	burn	injury	that	induces	a	systemic	inflammatory	response	may	also
induce	a	compensatory	anti-inflammatory	response	syndrome.	This	combination
can	 lead	 to	 persistent	 inflammation-immunosuppression	 catabolism	 syndrome.
As	such,	large	surface	area	burn	patients	are	at	high	risk	for	infection,	which	is
often	 the	precipitating	cause	of	 late	deaths.38	The	pulmonary	 tree	 and	 the	burn
wound	beds	themselves	are	 the	most	common	sites	and	foci	for	fatal	 infection.
Early	 wound	 infections,	 within	 10	 days	 of	 injury,	 are	 typically	 gram-positive
organisms.	 Later,	Pseudomonas	 is	 a	 common	 and	 potentially	 lethal	 organism,
although	 fungal	 infections	 may	 occur	 in	 the	 subacute	 period	 and	 are	 often
ominous.	Central	lines	and	urinary	catheters	should	also	be	evaluated	as	possible
infectious	 nidi.	 A	 growing	 and	 considerable	 body	 of	 evidence	 links	 bacterial
translocation	from	the	gut	as	a	source	of	unexplained	bacteremia.25	Presence	of
gut	bacteria	and	endotoxins	in	the	lymphatic	system	supports	this	theory.19	This
risk	may	be	decreased	by	enteral	feedings	and	supplementation	with	glutamine.
Immunoenhancing	regimens	are	an	area	of	intense	study.39



SURGICAL	CONSIDERATIONS

Escharotomies
Burned	tissue	has	significantly	less	compliance	than	normal	unburned	tissue	and
may	acutely	 restrict	breathing	as	well	as	blood	 flow	 to	 the	extremities.	During
the	initial	evaluation	period,	it	is	important	to	evaluate	respiratory	status	as	well
as	 peripheral	 perfusion.	 Poor	 oxygenation	 can	 be	 a	 sign	 of	 frankly	 restrictive
respiratory	physiology	secondary	to	a	burned	torso,	and	acute	limb	ischemia	can
also	 develop	 from	 a	 badly	 burned	 limb.	 The	 treatment	 for	 both	 of	 these
conditions	 is	 immediate	 escharotomy	 at	 the	 affected	 site.	 Torso	 escharatomies
will	 improve	 excursion	of	 the	 chest	wall,	 and	 limb	escharatomies	 alleviate	 the
functional	venous	tourniquet	of	a	significant	burn,	equivalent	to	a	fasciotomy	for
acute	 compartment	 syndrome.	 On	 the	 torso,	 escharotomy	 incisions	 are	 made
along	the	anterior	axillary	line	and	connect	at	the	level	of	the	second	rib	and	the
xiphoid.	 In	 the	 extremities,	 incisions	 are	 made	 along	 the	 medial	 and	 lateral
aspects	 of	 the	 appendage.	 In	 rare	 situations,	 orbital	 pressures	 can	 be	 elevated
secondary	to	retro-orbital	edema,	necessitating	lateral	canthotomies.

Abdominal	Compartment	Syndrome
The	 inflammatory	cascade	and	changing	oncotic	pressures	 in	a	patient	with	an
acute	 burn	 undergoing	 resuscitation	 can	 lead	 to	 abdominal	 compartment
syndrome.	 Abdominal	 hypertension	 is	 typically	 first	 identified	 by	 decreased
urine	output	and	restrictive	airway	dynamics.	Transurethral	bladder	pressures	in
a	chemically	paralyzed	patient	greater	than	20	cm	H2O	are	considered	diagnostic
for	 abdominal	hypertension.	A	diagnosis	of	 abdominal	 compartment	 syndrome
requires	 new	 or	 worsening	 organ	 dysfunction.	 Failure	 to	 identify	 and	 treat
abdominal	compartment	syndrome	can	have	devastating	consequences	including
renal	and	respiratory	failure	as	well	as	abdominal	organ	 ischemia	secondary	 to
abdominal	 vasculature	 compression.	 Definitive	 treatment	 is	 decompressive
laparotomy.40	Please	refer	 to	Chapter	51	for	a	detailed	discussion	of	abdominal
compartment	syndrome.

Early	Excision	and	Grafting
3 	 Since	 the	 1980s,	 the	 operative	 paradigm	 had	 shifted	 toward	 early	 (within



5	days)	excision	of	full-thickness	burns	to	limit	the	inflammatory	forces	driving
“burn	 shock.”	 In	 the	 operating	 room,	 excision	 of	 full-thickness	 burns	 is
performed	to	the	level	of	healthy	bleeding	tissue.

Once	an	area	has	been	grafted	with	autologous	 tissue,	 shear	 forces	must	be
minimized	because	the	grafted	skin	initially	lives	by	diffusion	of	nutrients	from
the	 underlying	 wound	 bed	 and	 imbibition	 until	 inosculation	 and
neovascularization	 can	 take	 place.	 Shear	 can	 be	 minimized	 with	 the	 use	 of
bolster	dressings	or	negative	pressure	wound	therapy	devices.

TOPICAL	WOUND	CARE
4 	There	are	a	variety	of	burn	wound	dressing	materials.	Patient	factors	such	as
burn	wound	depth,	condition,	location	of	the	burn,	and	comfort	during	dressing
changes	dictate	the	choice	of	topical	wound	care	utilized.18	Topical	wound	care
alone	is	appropriate	for	small,	partial-thickness	burns.

Silvadene	(silver	sulfadiazine)	is	a	silver-containing	cream	that	has	broad-
spectrum	coverage	against	both	gram-negative	and	gram-positive	bacteria.
Silvadene	is	commonly	used	on	the	skin	of	both	partial-	and	full-thickness
burn	injuries.	Its	use	is	contraindicated	for	patients	with	sulfa	allergies	and
over	wounds	near	the	eyes.41	A	self-limited	leukopenia	is	commonly	seen
during	the	initial	days	of	Silvadene	treatment,	but	its	use	can	be	continued	as
leukocyte	counts	recover	quickly	without	intervention.
Sulfamylon	(mafenide	acetate)	is	an	analogous	agent	that	is	used	over
cartilaginous	areas	such	as	the	nose	or	ear	due	to	increased	tissue	penetration
compared	to	other	topical	agents.	Both	the	cream	and	a	5%	solution	of
Sulfamylon	are	equally	effective.42	Sulfamylon	cream	is	useful	for	ear	burns
when	there	is	risk	of	cartilage	exposure.	Sulfamylon	may	cause	increased	pain
in	the	burn	wound.	Patients	receiving	large	surface	area	Sulfamylon	dressings
should	be	monitored	for	complications	such	as	hyperchloremic	metabolic
acidosis	that	can	occur	due	to	its	mechanism	of	action	as	a	carbonic	anhydrase
inhibitor.
Silver	nitrate	can	also	be	used	by	soaking	dressings	in	a	0.5%	to	1.0%
concentration	solution	and	applied	3	to	4	times	a	day.43	Antimicrobial
coverage	includes	fungus	in	addition	to	bacteria.	The	use	remains	slightly
controversial,	as	nitrates	are	toxic	to	tissues	and	wound	healing	may	be
delayed	by	its	use.	Furthermore,	it	can	cause	leaching	of	cations,	causing
hyponatremia.



Bacitracin	and	Xeroform	are	additional	examples	of	antimicrobial	dressing
regimens	and	can	be	used	after	the	first	dressing	takedown.	Bacitracin	is	also
used	commonly	for	facial	burns.
Acticoat	is	mainly	used	for	partial-thickness	burn	injuries.	This	dressing
consists	of	silver-impregnated	sheets	that	have	antimicrobial	properties	and
can	be	changed	less	frequently,	reducing	pain	and	cost.44
Mepilex	is	an	antimicrobial	silver	dressing	that	maintains	wound	moisture	and
that	adheres	gently	with	mild	adhesive	within	the	dressing.	This	dressing	can
be	changed	every	5	to	7	days.	Limited	data	show	Mepilex	to	be	tolerated	by
patients	much	better	than	Xeroform	for	donor	sites,	with	possibly	fewer	donor
site	infections	(unpublished	data	from	authors’	institution).

SPECIFIC	INJURIES

Electrical	Injury
The	magnitude	of	electrical	 injuries	varies	depending	on	 the	voltage	of	current
delivered	 to	 human	 tissue.	 Low-voltage	 (less	 than	 1000	 V)	 injuries	 create
thermal	burns,	injuring	tissue	from	the	outside	in,	whereas	high	voltage	(greater
than	1000	V)	can	initially	be	deceiving	in	their	devastation	because	a	significant
portion	 of	 the	 injury	 is	 not	 cutaneous	 but	 rather	 to	 the	 underlying	muscle	 and
bone.	Very	high-voltage	injuries	will	have	both	extensive	deep	tissue	injury	and
obvious	cutaneous	injury.45

5 	 Immediate	 life-threatening	 conditions	 related	 to	 electrical	 injuries	 include
cardiac	 dysrhythmias	 and	 spinal	 cord	 injury,	 either	 from	 direct	 injury,	 fall,	 or
because	 of	 tetany,	 resulting	 in	 spinal	 column	 fracture	 and	 cord	 injury.	 Low-
voltage	 injuries	 do	 not	 require	 inpatient	 admission	 in	 the	 setting	 of	 a	 normal
electrocardiogram	and	no	 loss	of	consciousness.46	ATLS	recommends	24	hours
of	monitoring	 after	 high	voltage	 injuries.	However,	 newer	 data	 suggest	 that	 in
the	absence	of	electrocardiographic	abnormalities,	a	24-hour	monitoring	period
may	not	be	necessary.47

Exit	and	entry	wounds	should	be	identified	when	possible,	because	this	will
help	 identify	 potentially	 affected	 tissue.	 Compartment	 syndrome	 from
myonecrosis	 is	common,	especially	 in	 the	upper	extremity,	and	patients	should
be	monitored	closely	for	this	complication	in	the	first	24	hours.	Limbs	injured	by
electricity	with	resultant	compartment	syndrome	require	fasciotomies	rather	than
simple	escharotomies.48



Aggressive	 fluid	 resuscitation	 should	 be	 initiated	 quickly	 to	 limit	 the	 renal
effects	 of	myonecrosis	 and	myoglobinuria.	Maintaining	 high	 urine	 output	 can
help	prevent	kidney	injury	associated	with	myoglobin	crystallization	in	the	renal
tubules.	Daily	monitoring	of	CPK	may	be	beneficial	 in	 identifying	potential	or
ongoing	muscle	necrosis.	Persistently	high	levels	may	indicate	muscle	necrosis
and	need	for	surgical	debridement.49

Chemical	Injury
Acids	and	alkali	bases	injure	tissues	by	different	mechanisms.	Alkali	bases	burn
tissue	 by	 liquefactive	 necrosis	 of	 subcutaneous	 fat,	 thrombosing	 perfusing
vessels.	 Acids	 in	 turn	 burn	 by	 coagulation	 necrosis	 and	 as	 such	 are	 typically
more	superficial	in	their	penetration	of	tissue.50	Hydrofluoric	acid	(HF)	burns	are
unique,	however,	because	HF	is	a	strong	calcium	and	magnesium	chelator.	This
can	lead	to	devastating	cardiac	dysrhythmias	and	cardiac	arrest	owing	to	severe
hypocalcemia.	Topical	calcium	gluconate	slurries	are	a	mainstay	of	treatment	for
HF	burns.	Systemically,	 intravenous	calcium	gluconate	 is	 frequently	necessary,
and	intra-arterial	infusions	have	been	effective	for	pain	relief	and	preservation	of
tissue	in	extremity	burns	caused	by	HF.51

Frostbite
6 	 Frostbite	 injuries	 frequently	 result	 in	 severe	 ischemic	 damage	 of	 distal
extremities.	Current	treatment	paradigms	for	patients	with	frostbite	include	rapid
rewarming	 of	 affected	 area	 in	 104°	 to	 108	 °F	 water	 bath,	 ibuprofen	 400	mg,
elevation	 of	 the	 limb,	 tetanus	 prophylaxis,	 and	 appropriate	 referral.	When	 the
patient	has	severe	frostbite	sustained	within	the	last	24	hours,	the	patient	should
be	transferred	to	a	center	with	interventional	radiology	expertise	for	intra-arterial
tissue	 plasminogen	 activator,	 which	 treats	 the	 microvascular	 thrombosis.52
Patients	 require	 repeat	 infrared	 assessment	 12	 to	 24	 hours	 after	 the	 initial
intervention.

PSYCHIATRIC	AND	ANALGESIC
CONSIDERATIONS
Beyond	 the	 physiologic	 stress	 induced	 by	 burns,	 the	 burned	 patient	 undergoes
significant	psychological	 stress.	Posttraumatic	 stress	disorder	 (PTSD)	has	been



reported	 in	 up	 to	 45%	 of	 burn	 patients,53	 and	 previous	 psychiatric	 history	 has
been	shown	to	be	a	risk	factor	for	PTSD	in	the	broadly	studied	burn	population.
Self-immolation	 accounts	 for	 only	 4%	 of	 burn	 admission;	 however,	 these
patients	 present	 complex	 patient	 care	 problems,	 because	 there	 is	 typically
significant	psychopathology	that	may	hinder	recovery.54

Adequate	 pain	 control	 during	 their	 hospitalizations	 and	 during	 dressing
changes	 has	 been	 shown	 to	 limit	 the	 long-term	 psychiatric	 effects	 of	 burn
trauma.55	 Opiates,	 benzodiazepines,	 and	 the	 full	 range	 of	 dissociative
medications	are	indicated.	Unlike	other	critically	ill	patients,	“sedation	holidays”
are	 not	 commonly	 used	 because	 these	 breaks	 of	 regular	 analgesia	 can	 create
undue	 physiological	 and	 psychological	 stress	 for	 the	 patient	 and	 increase
catabolism,	cardiovascular	stress,	and	risk	for	development	of	PTSD.56	Once	the
burn	has	been	treated,	wounds	closed,	and	shock	resolved,	tapering	of	sedatives
and	 narcotics	 can	 be	 initiated	 such	 that	 the	 patient	 may	 be	 weaned	 from	 the
ventilator	 and	 avoid	 withdrawal	 symptoms.	 Among	 patients	 with	 extremity
burns,	 long-acting	 regional	 anesthetics	may	 be	 beneficial	 for	 pain	 control	 and
permit	better	burn	care	and	therapy.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	75-year-old	man	with	COPD	on	home	oxygen	of	2	L/min	by	nasal
cannula	was	smoking	when	he	sustained	a	flash	burn	to	his	face,	chest,	and
bilateral	upper	extremities.	He	was	admitted	for	airway	monitoring	and	wound
care.	He	has	areas	of	partial-	and	full-thickness	burns	and	was	given	topical
treatment	while	awaiting	operative	debridement.	On	hospital	day	3,	he	is	noted
to	have	a	decrease	in	his	serum	white	blood	cell	(WBC)	count	from	11,000	to
2,400/µL.	Which	topical	antimicrobial	treatment	was	being	used	that	would	have
caused	such	leukopenia?

A. 	Nanocrystalline	dressings
B. 	Silver	nitrate	solution
C. 	Silver	sulfadiazine
D. 	Sulfamylon

2. 	An	83-year-old	woman	presented	after	spilling	boiling	water	on	her	torso.
She	sustained	25%	full-thickness	burns	to	her	chest,	abdomen,	and	bilateral



thighs.	All	the	following	are	risk	factors	for	her	mortality	EXCEPT:

A. 	Age
B. 	Depth	of	burn	wound
C. 	Size	of	burn	wound
D. 	Use	of	empiric	systemic	antibiotics

Answers

1.	The	correct	answer	is	C.
Rationale:	Silver	 has	 been	used	 as	 an	 antimicrobial	 since	 the	1800s,	 but	 its

use	 declined	 with	 discovery	 of	 systemic	 antibiotics.	 Silver	 sulfadiazine
(Silvadene)	 is	 known	 to	 cause	 leukopenia,	 with	 onset	 generally	 within	 2	 to
4	days	 (choice	C	 is	correct).	The	WBC	count	 recovers	with	discontinuation	of
the	drug.	The	cause	is	a	decrease	in	neutrophils.	Nanocrystalline	silver	dressings
are	composed	of	a	urethane	 film	embedded	with	elemental	 silver	 that	provides
sustained	release	of	silver	into	the	wound	and	is	not	associated	with	leukopenia
(choice	A	is	incorrect).	The	other	answer	choices	do	have	side	effects	to	keep	in
mind	 but	 are	 not	 associated	with	 leukopenia	 (choices	 C	 and	D	 are	 incorrect).
Sulfamylon	 can	 cause	 metabolic	 acidosis.	 And	 silver	 nitrate	 can	 cause
hyponatremia.

2.	The	correct	answer	is	D.
Rationale:	 Age,	 size,	 and	 depth	 of	 wound	 and	 the	 presence	 of	 inhalation

injury	 are	 all	 factors	 associated	with	 burn	mortality	 (choices	A,	 B,	 and	C	 are
true).	Use	of	systemic	antibiotics	is	not	(choice	D	is	the	answer	as	it	is	false).
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Section	5

SURGICAL	PROBLEMS	IN	THE
INTENSIVE	CARE	UNIT
JENNIFER	LAFEMINA

Chapter	46
Surgeon	and	Intensivist	Collaboration	in
the	Care	of	the	ICU	Patient
Gustavo	G.	Angaramo,	Bushra	Abdul	Aleem,	Craig	M.	Lilly

KEY	POINTS:
1.	 The	open	intensive	care	unit	(ICU)	model	is	an	ICU	where	patients

are	admitted	under	the	care	of	an	internist,	family	physician,
surgeon,	or	another	primary	attending,	with	intensivists	often
available	to	provide	expertise	via	elective	consultation.

2.	 In	a	closed	ICU	model,	admitted	patients	are	transferred	to	the	care
of	an	intensivist	assigned	to	the	ICU	after	approval	by	the	intensivist.

3.	 Conflict	has	been	associated	with	lower	quality	patient	care,	higher
rates	of	serious	medical	errors,	staff	burnout,	and	greater	direct	and
indirect	costs	of	care.

4.	 Two	dominant	mechanisms	described	and	categorized	in	analyses	of
conflict	are	“the	perception	of	ownership”	and	the	“process	of	trade.”

5.	 Individual	ownership	is	a	dominant	issue	and	includes	instances
where	members	recognized	their	own	or	other’s	skill;	this	recognition
is	part	of	the	team’s	smooth	collaborative	functioning.

6.	 Surgeons	who	reported	higher	rates	of	conflict	had	fewer	years	in
practice	and	worked	in	an	academic	setting.	Surgeons	with	more



experience	may	be	more	accepting	and	have	developed	coping
strategies	for	unwanted	outcomes.	Additionally,	surgeons	who
practice	in	a	closed	ICU	reported	higher	rates	of	conflict	about	goals
of	care.

7.	 Consensus	is	founded	on	the	team	members’	assent	and	sometimes
requires	vetting,	discussion,	and	negotiation.

8.	 Including	key	personnel	like	the	surgeon	on	interdisciplinary	rounds
is	one	of	the	best	methods	for	managing	the	consensus-building
process.

9.	 In	this	context,	“including”	means	listening	and	valuing	input	from	all
stakeholders	and,	on	occasion,	soliciting	the	opinions	of	those	who
may	disagree	with	the	care	plan.

10.	 The	most	crucial	consensus-building	skill	for	an	ICU	team	leader	is
to	value	team	members’	dissenting	opinions,	particularly	those	of	the
operating	surgeon	and	nursing	staff.

INTRODUCTION
The	modern	intensive	care	unit	(ICU)	is	teeming	with	technology;	however,	it	is
probably	the	hospital’s	most	stressful	place.1	Advanced	technology	has	brought
sophisticated	 instrumentation	 and	 databases	 to	 the	 bedside,2	 but	 changing
staffing	patterns	have	compromised	 traditional	methods	of	 communication	and
have	required	new	approaches.3,4	The	 increasing	sophistication	of	care	delivery
invariably	 leads	 to	 increased	 complexity.	 This	 complexity	 poses	 opportunities
along	 with	 potential	 hazards.2	 Patient	 turnover	 is	 rapid,	 and	 survival	 rates
continue	 to	 improve.	Many	 caregivers	 are	 involved,	 and	 they	 expect	 a	 role	 in
care	 plan	 optimization.	Meanwhile,	 the	 designated	 provider(s)	 responsible	 for
the	overall	care	plan	do	this	best	when	using	efficient,	inclusive	communication
strategies	 that	 minimize	 conflict	 and	 promote	 respectful	 communications.	 A
significant	 source	 of	 conflict	 arises	when	 the	 operating	 surgeon’s	 expectations
diverge	from	those	of	 the	patient,	family,	and	ICU	team.5	 In	the	clinical	world,
success	 is	 defined	 as	 survival;	 however,	 in	 the	 moral	 world	 of	 families	 and
friends,	success	often	means	a	patient	returning	to	an	adequate	quality	of	life.	It
is	increasingly	clear	that	better	communication	with	ICU	providers	is	associated
with	 better	 surgical	 outcomes6	 and	 tools	 are	 available	 which	 have	 improved
communication	quality.7



DEFINITION	OF	ICU	MODELS	AND	LEVELS	OF
CARE
1 	 The	 open	 ICU	 model	 is	 where	 patients	 are	 admitted	 under	 the	 care	 of	 an
internist,	 family	 physician,	 surgeon,	 or	 another	 primary	 attending,	 with
intensivists	often	available	providing	expertise	via	elective	consultation.8

3 	 Intensivist	 comanagement	 is	 an	 open	 ICU	model	 where	 all	 ICU	 patients
receive	 mandatory	 consultation	 from	 an	 intensivist.	 The	 internist,	 family
physician,	or	surgeon	is	the	coattending	of	record,	with	intensivists	collaborating
in	ICU	patient	management.

2 	In	a	closed	ICU	model,	admitted	patients	are	transferred	to	an	intensivist’s
care	assigned	to	 the	ICU	on	a	full-time	basis.	Patients	are	accepted	 to	 the	ICU
after	approval	by	the	intensivist.	For	periods	ranging	from	1	week	to	1	month	at
a	time,	the	intensivist’s	clinical	duties	consist	of	caring	for	ICU	patients,	with	no
other	clinical	responsibilities.

A	mixed	ICU	model	may	consist	of	directorship	and	daily	ICU	rounds	by	the
intensivist	 (closed	 unit	 and/or	 comanagement)	 or	 the	 presence	 of	 a	 full-time
intensivist	in	the	ICU	(including	examples	of	all	three	models).

The	American	College	of	Critical	Care	Medicine	has	described	three	levels	of
hospital-based	 critical	 care	 centers	 to	 optimally	 match	 services	 and	 personnel
with	community	needs9:

1.	 Level	I	critical	care	centers	have	ICUs	that	provide	comprehensive	care	for
a	wide	range	of	disorders	requiring	intensive	care.	They	require	the
continuous	availability	of	sophisticated	equipment,	specialized	nurses,	and
critical	care	physicians.

2.	 Level	II	critical	care	centers	can	provide	comprehensive	critical	care	but
may	not	have	resources	to	care	for	specific	populations	(eg,	cardiothoracic,
neurosurgery,	trauma).

3.	 Level	III	critical	care	centers	may	provide	initial	stabilization	of	critically	ill
patients	but	are	limited	in	providing	comprehensive	critical	care.

COMMUNICATION	AMONG	ICU	TEAM
MEMBERS
3 	 Interprofessional	 tensions	 can	 threaten	 the	 delivery	 of	 quality	 care	 in	 the
hospital.	 Such	 tensions	 have	 been	 documented	 at	 several	 clinical	 locations,



including	the	ICU.10	The	ICU	is	a	nexus	for	interspecialty	tensions	because	of	its
unique	role	in	the	care	of	the	hospital’s	most	critically	ill	patients.11	Conflict	 in
the	 ICU	 is	 frequent;	 more	 than	 70%	 of	 ICU	 clinicians	 report	 experiencing
conflict	weekly.12,13	The	combination	of	caring	for	acutely	ill	patients,	end-of-life
decision-making,	 and	 coordination	of	 large	 interprofessional	 teams	 can	 lead	 to
frustration,	communication	breakdown,	and	discord	among	the	health	care	team
members.	The	epidemiology	of	this	conflict	has	been	described	in	the	Conflicus
study.12	Conflict	has	been	associated	with	 lower-quality	patient	 care,14,15	higher
rates	of	serious	medical	errors,16	 staff	burnout,17	and	greater	direct	and	 indirect
costs	of	care.18	ICU	conflict	can	occur	between	the	health	care	team	and	patients’
families,	 the	 ICU	 team	 members,	 and	 clinician	 groups	 caring	 for	 the	 patient,
most	notably	between	surgeons	and	intensivists.

4 	 Lingard	 et	 al.11	 studied	 the	 forces	 governing	 the	 interactions	 among
professions	(nurses	and	physicians)	and	specialties	(ICU	team	and	consultants).
They	 found	out	 that	 the	 level	of	collaboration	or	conflict	within	 the	 ICU	 team
and	between	ICU	and	other	specialties	 fluctuated,	with	six	 important	catalysts:
authority,	 education,	 patient	 needs,	 knowledge,	 resources,	 and	 time.	 Two
dominant	 mechanisms	 were	 described	 and	 categorized	 in	 their	 analysis	 as
“perception	of	ownership”	and	“process	of	trade.”

5 	Ownership	was	perceived	as	both	collective	(ICU	team)	and	individual.11	It
promoted	 collaboration	 between	 the	 ICU	 team	 members	 and	 was	 often
established	 in	 contrast	 to	 those	 outside	 of	 the	 core	 team,	 such	 as	 surgeons,
internists,	or	floor	nurses.	Individual	ownership	is	a	dominant	issue	and	includes
instances	where	members	recognized	their	own	or	others’	skill;	this	recognition
is	part	of	the	team’s	smooth	collaborative	functioning.

Within	 the	 process	 of	 trade,	 team	 members	 traded	 valued	 commodities
including	 equipment,	 resources,	 respect,	 goodwill,	 and	 knowledge	 as	 they
negotiated	their	collaborative	work.9

The	forces	of	ownership	and	trade	have	a	central	role	in	the	daily	negotiations
that	constitute	teamwork	in	the	ICU	setting.	When	ownership	is	not	attended	to,
or	one	commodity	 is	not	offered	 in	 trade	 for	 another,	 tensions	accumulate	 and
collaboration	is	compromised.11

The	Surgeon’s	Perspective
The	 qualities	 that	 define	 a	 surgical	 personality	 have	 been	 described	 by
anthropologist	 Joan	 Cassell18,19	 as	 decisiveness,	 control,	 confidence,	 and
certitude.	 The	 surgeon	 often	 views	 their	 relationship	 with	 the	 patient	 as	 a
covenant	 to	 cure.	 Actions	 that	 threaten	 this	 covenant	 such	 as	 relinquishing



responsibility	for	patient	care	to	another	practitioner,	losing	control	over	critical
decisions,	 and	 proposals	 toward	 comfort	with	 the	 expectation	 of	 death	 can	 be
strongly	 rejected	 by	 the	 surgeon.20	 This	 ownership	 searching	 for	 an	 ideal
outcome	 is	 valuable	 because	 the	 patient	 has	 a	 strong	 advocate	 to	 facilitate
recovery;	however,	surgical	obstinacy	concerning	sharing	responsibility	for	care,
and	 reluctance	 to	 direct	 efforts	 toward	 comfort,	 can	 deny	 the	 dying	 patient
dignity	and	control.21

6 	Olson	et	 al.	 reported	 in	a	 study	on	conflict	of	postoperative	goals	of	 care
that	 40%	 of	 surgeons	 who	 routinely	 perform	 high-risk	 operations	 reported
conflict	with	critical	care	physicians	and	nurses	regarding	 the	goals	of	care	for
their	patients	with	poor	postoperative	outcomes.22	Surgeons	who	reported	higher
rates	of	conflict	had	fewer	years	in	practice	and	worked	in	an	academic	setting.
Surgeons	 with	 more	 experience	 may	 be	 more	 accepting	 and	 have	 developed
coping	strategies	for	unwanted	outcomes.	Additionally,	surgeons	who	practice	in
a	closed	ICU	reported	higher	rates	of	conflict	about	goals	of	care.

The	Intensivist’s	Perspective
In	 contrast	 to	 the	 surgeon’s	perspective,	 the	 intensivist’s	outlook	 is	more	often
focused	 on	 symptom	 relief	 and	 comfort.	 This	 different	 perspective	 does	 not
mean	 that	 intensivists	 are	 any	 less	 goal	 oriented	 than	 surgeons;	 rather,
intensivists	embrace	goal-directed	care.21

From	the	surgeon’s	perspective,	persistence	in	the	face	of	overwhelming	odds
is	 seen	as	 a	noble	obligation.	From	 the	 intensivist’s	perspective,	persistence	 in
the	 face	 of	 overwhelming	 odds	 can	 be	 costly,	 painful,	 and	 disrespectful,
particularly	if	the	patient	has	expressed	any	wish	to	avoid	heroic	measures.

The	effectiveness	of	a	dedicated	intensivist	caring	for	ICU	patients	has	been
highlighted	 in	multiple	 reviews.23	 The	 presence	 of	 an	 intensivist-directed	 team
can	 identify	 and	 treat	 problems	 before	 catastrophic	 complications	 occur.
Understanding	 sepsis	 and	 optimal	 mechanical	 ventilatory	 support	 for	 acute
respiratory	 distress	 syndrome	 (ARDS)	 have	 led	 to	 protocol-driven	 care	 and
improved	survival.24

Young	and	Birkmeyer25	have	provided	estimates	of	 the	relative	reduction	of
annual	ICU	mortality	resulting	from	conversion	of	urban	ICUs	to	an	intensivist
model	of	management.	Assuming	an	ICU	mortality	of	12%,	and	estimating	that
85%	of	urban	 ICUs	are	not	 currently	 intensivist	managed,	 they	 calculated	 that
approximately	360,000	deaths	were	preventable	annually	in	United	States’	urban
ICUs	 that	 lack	 intensivists.	 A	 conservative	 projection	 of	 a	 15%	 reduction	 in
mortality	 resulting	 from	 intensivist-managed	 ICUs	 yields	 a	 predicted	 annual



saving	of	nearly	54,000	lives.

The	ICU	Nurse’s	Perspective
The	 ICU	 nurse	 has	 a	 fundamental	 role	 in	 supporting	 and	 comforting	 ICU
patients	 and	 their	 families.	Nurses	 spend	 the	most	 time	with	 ICU	patients	 and
family	 members	 and	 are	 a	 valuable	 resource	 for	 identifying	 the	 patient	 and
family	 understanding	 and	 evaluating	 the	 communication	 effectiveness.
Moreover,	 nurses	 act	 as	 the	 medical	 intermediary	 for	 families	 and	 the	 link
between	 providers,	 particularly	 when	 surgeons	 and	 ICU	 physicians
disagree.19,26,27

METHODS	FOR	ACHIEVING	AND	MAINTAINING
ICU	TEAM	CONSENSUS
7 	 Consensus	 is	 a	 process-based	 concept	 that	 is	 a	 core	 element	 of	 high-
performing	 teams.	 It	 allows	 essential	 communication	 that	 enables	 teams	 to
perform	 high-fidelity	 tasks	 effectively.	 Consensus	 is	 founded	 on	 the	 team
members’	 assent	 and	 sometimes	 requires	 vetting,	 discussion,	 and	 negotiation.
Establishing	a	process	where	consensus	 is	consistently	achieved	 is	an	essential
skill	 for	 ICU	team	leaders.	Consensus	 is	a	state	of	acquiescence	 to	 team-based
decisions	that	does	not	require	that	all	team	members	are	in	complete	agreement
with	all	of	the	details	of	a	decision,	but	rather	that	all	key	members	assent	to	the
critical	 concepts	 of	 the	decision.28	 In	 the	 context	 of	 patient	 care,	 it	 is	 better	 to
maintain	a	state	of	consensus	than	to	attempt	 to	build	 it	after	disagreement	has
festered.29	A	summary	of	helpful	communication	strategies	is	presented	in	Table
46.1.

TABLE	46.1

Strategies	for	Achieving	and	Maintaining	Team	Consensus

Include	the	surgeon	in	all	decision-making	sessions	with	the	patient	and
family

Include	the	surgeon	on	interprofessional	rounds.



Before	all	decision-making	sessions:	Value	the	surgical	opinion	and	identify
points	of	agreement.

Before	all	decision-making	sessions:	Leverage	consultants	and	diagnostic
studies	to	resolve	differences	of	opinion	with	regard	to	the	medical	facts.

Have	the	patient	or	their	medical	decision	maker	participate	in
interprofessional	rounds.

Share	medical	images	with	the	patient	or	medical	decision	maker	in	the
presence	of	the	surgeon.

When	the	surgeon	believes	that	continued	aggressive	care	will	lead	to	healing,
agree	on	a	time-limited	trial	of	continued	aggressive	care.

Discuss	the	functional	outcome	in	the	context	of	the	patient’s	goals	and
values.

Discuss	whether	continued	aggressive	care	or	a	comfort-oriented	plan	is	more
consistent	with	the	patient’s	values.

Carefully	assess	how	much	unfavorable	information	the	patient	and	the
surgeon	are	ready	to	accept.	Allow	adequate	time	for	processing	difficult
information.

8 	 9 	 One	 effective	 approach	 to	 building	 and	 maintaining	 consensus	 is
including	 key	 team	 members	 in	 interprofessional	 rounding	 process.30	 In	 this
context,	“including”	means	listening	and	valuing	input	from	all	stakeholders	and,
on	 occasion,	 soliciting	 the	 opinions	 of	 those	 who	may	 disagree	 with	 the	 care
plan.	Including	key	personnel	like	the	surgeon	on	interdisciplinary	rounds	is	one
of	 the	 best	 methods	 for	 managing	 the	 consensus-building	 process.31-33	 An
increasing	 number	 of	 ICU	 teams	 have	 found	 that	 including	 the	 patient	 and
family	 members	 on	 bedside	 rounds	 helps	 prevent	 and	 resolve	 differences	 of
opinion	regarding	the	patient’s	goals	for	minimal	functional	outcomes.34-38	This
approach	 has	 the	 advantage	 of	 removing	 the	 nurse	 or	 intensivist	 from	 the
messenger	role	and	allowing	a	more	balanced	discussion	of	alternative	goals	for
the	care	plan.	Establishing	clear	patient-centered	goals	 is	helpful	 for	 achieving
consensus	on	specific	care	plan	elements	and	increasing	the	comfort	of	reluctant
team	members	to	assent	to	a	comfort-oriented	care	plan.39

1 	 0 	The	process	of	avoiding	confrontational	and	emotion-laden	disagreements
involves	active	listening	skills	and	thoughtful	inclusion	of	consultants,	review	of



medical	 advanced	 testing	 and	 imaging,	 and	 inclusion	 of	 the	 patient	 or	 their
medical	 decision	 maker	 in	 team	 discussions.	 The	 most	 crucial	 consensus-
building	 skill	 for	 an	 ICU	 team	 leader	 is	 to	 value	 team	 members’	 dissenting
opinions,	 particularly	 those	 of	 the	 operating	 surgeon	 and	 nursing	 staff.
Adaptation	 of	 the	 patient-focused	 V.A.L.U.E.	 system,	 developed	 at	 the
University	 of	 Washington	 for	 difficult	 communication,	 can	 be	 helpful	 in	 the
context	of	team	communication.40	In	this	context,	“V”	is	for	valuing	comments
made	 by	 dissenting	 team	 members,	 “A”	 is	 for	 acknowledging	 the	 emotions
associated	 with	 their	 point	 of	 view,	 “L”	 is	 for	 actively	 listening,	 “U”	 is	 for
understanding	 the	 dissenters,	 and	 “E”	 represents	 eliciting	 their	 comments	 by
creating	 safe	 space	 for	 their	 expression.	This	 approach	 can	be	highly	 effective
when	 routinely	 employed,	 and	 team	 members	 learn	 to	 present	 their	 opinions
efficiently.	One	key	concept	is	a	proactive	ICU	team	approach	that	prepares	for
managing	 compromised	 critical	 care	 functional	 outcomes	 before	 they	 have
occurred.

Proactive	 management	 starts	 by	 identifying	 gaps	 between	 the	 patient’s	 or
surgeon’s	 goals	 for	 functional	 outcomes	 and	 those	 likely	 to	 be	 achieved.
Identifying	 the	gap	 in	 expectations	 can	be	managed	 in	 several	ways	 and	 starts
with	attaining	agreement	on	the	medical	facts.39,40	When	the	medical	facts	are	not
clear,	 consultants,	 pathologic	 evaluation	 of	 specimens,	 laboratory	 studies,	 and
radiologic	testing	can	help	achieve	consensus	regarding	the	diagnosis	and	define
achievable	 alternative	 therapies.	 Establishing	 the	 medical	 facts	 and	 options
allows	the	team	to	discuss	alternative	care	plans	and	the	metrics	by	which	their
success	or	failure	can	be	judged.

Team	 consensus,	 including	 that	 of	 the	 surgeon,	 allows	 implementation	 of	 a
time-limited	 plan	 of	 aggressive	 care	 using	 a	 specific	 approach.	 Including
“clinical	milestones”	or	objective	metrics	by	which	the	success	or	failure	of	the
plan	will	 be	 judged	 allows	 presentation	 of	 the	 plan	 to	 the	 patient	 and	medical
decision	makers	with	a	date	for	a	“difficult	discussion”	should	the	care	plan	not
achieve	 the	milestones.39	 This	 approach	 has	 been	 shown	 to	 improve	 outcomes
and	 support	 patient-defined	 values	 because	 it	 encourages	 team	 members	 that
favor	a	comfort-only	approach	to	contribute	fully	to	an	aggressive	care	trial	and
those	who	 favor	aggressive	care	 to	 transition	 to	a	comfort-oriented	approach.41
Time-limited	 trials	 of	 aggressive	 care	 that	 use	 clinical	milestones	 that	medical
decision	makers	can	easily	identify	have	the	advantage	that	ICU	team	members
spend	 less	 time	 explaining	 unpleasant	 information	 and	 are	 better	 able	 to
advocate	for	comfort	and	dignity	at	the	end	of	life.	This	approach	also	supports
physiologically	improving	patients	because	prescheduled	communication	events
can	 be	 used	 to	 discuss	 preparation	 for	 the	 process	 of	 physical	 and	 emotional



rehabilitation	after	severe	critical	illness	when	continued	aggressive	care	leads	to
improvement.

The	adoption	of	collaborative	interprofessional	 teams	that	are	led	by	critical
care	 professionals	 who	 adopt	 a	 proactive	 approach	 that	 is	 supported	 by
V.A.L.U.E.-based	communication	will	 rarely	require	an	ethics	consultant42	or	a
palliative	 care	 specialist43	 to	 work	 on	 resolving	 refractory	 value-based
differences	among	interprofessional	team	members	or	between	the	ICU	team	and
the	patient	or	medical	decision	maker.

SUMMARY
The	 ICU	 structure	 can	 pose	 a	 barrier	 to	 the	 surgeon-patient	 relationship’s
continuity	 and	 contributes	 to	 conflict	 when	 the	 surgeon	 is	 replaced	 as	 the
primary	decision	maker	for	their	patients	by	an	intensivist.14,21,22,44	Clearly,	some
ICU	models	described	earlier	can	promote	conflict	with	clinicians’	juxtaposition
with	unmanaged	competing	interests.	This	is	where	valuing	the	surgeon’s	input
can	have	the	greatest	impact	by	ensuring	that	patients	receive	an	adequate	trial	of
aggressive	care.	The	surgeon	who	communicates	their	wishes	and	participates	in
patient-focused	 discussions	 of	 alternative	 approaches	 is	 a	 valued	 ICU	 team
member	and	patient	advocate.19

Conflict	is	a	significant	public	health	problem	that	diminishes	quality	of	care
for	critically	ill	patients.	Consequences	of	conflict	underscore	the	importance	of
surgeon-patient	 preoperative	 discussion	 of	 goals	 and	 values	 to	 guide
postoperative	 decisions	 in	 the	 event	 of	 an	 undesired	 outcome.20,22,45,46	 In	 the
absence	 of	 cooperation,	 conflict	 can	 affect	 patients	 and	 families,	 leading	 to
decreased	satisfaction	with	care	and	increased	stress.12,14,47

It	 is	 time	 to	move	 from	 the	 rhetoric	 of	 team	 collaboration	 toward	 a	 clearer
understanding	 of	 the	 skills	 required	 to	 function	 in	 the	 interprofessional	 health
care	team’s	competitive	setting.	These	findings	have	educational	implications	for
both	 trainees	 and	 intensivists.	 As	 a	 result,	 medical	 schools	 have	 adapted	 by
requiring	 competence	 in	 communication	 and	 collaboration	 within	 the	 medical
team.48

Communication	 is	 the	most	 important	 factor	 for	 the	 intensivist	who	ensures
that	 adverse	 events	 are	 reported	 in	 a	 timely	 fashion,	 important	 decisions	 are
discussed,	 and	 surgeons	 are	 included	 in	 the	 process.	 The	 surgeon	 should	 be
willing	 to	 discuss	 rather	 than	 dictate	 and	 consider	 different	 approaches.21
Clinicians	from	all	backgrounds	should	focus	on	streamlining	communication	to
allow	energies	to	be	spent	more	productively	on	better	care	for	our	critically	ill



postoperative	patients.22
Further	 research,	 particularly	 regarding	 efficient	 and	 conflict-free

communication	methods	among	surgeons,	intensivists,	ICU	nurses,	patients,	and
families,	is	needed.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	surgeon	is	requesting	a	bed	for	a	postoperative	case	in	your	unit,	which
is	a	“closed	ICU	model.”	How	will	the	patient	be	managed?

A. 	Attending	of	record	is	based	on	patient	diagnosis
B. 	The	intensivist	is	the	primary	manager	of	care
C. 	The	surgeon	is	the	primary	manager	of	care
D. 	The	surgeon	and	intensivist	equally	manage	the	patient

2. 	What	is	a	known	strategy	for	achieving	and	maintaining	management
consensus	when	a	patient	has	both	medical	and	surgical	problems	in	the	ICU?

A. 	Ensure	the	medical	team	speaks	to	the	family	before	the	surgeon
does
B. 	Have	the	social	worker	or	other	patient	advocate	lead	discussions
C. 	Include	the	surgeon	on	interprofessional	rounds
D. 	Start	rounds	when	argumentative	relatives	are	not	around

3. 	What	is	the	dominant	mechanism	that	governs	the	interactions	among
professions	and	specialties	within	the	ICU?

A. 	Ad	hoc	team	building	exercises
B. 	Perception	of	ownership	and	process	of	trade
C. 	Debate	during	rounds
D. 	Time	spent	in	clinical	areas

Answer

1.	The	correct	answer	is	B.



Rationale:	In	a	closed	ICU	model,	patients	admitted	to	the	unit	are	transferred
to	the	care	of	an	intensivist	assigned	to	the	ICU	on	a	full-time	basis	(choice	B	is
correct	 and	 choice	C	 is	 incorrect).	 Patients	 are	 accepted	 to	 the	 ICU	only	 after
approval	by	the	intensivist.	This	is	in	contrast	to	open	models,	where	patients	are
managed	 by	 the	 admitting	 physician	 with	 an	 intensivist	 who	 may	 serve	 as	 a
consultant.	 Intensivist	 comanagement	 (incorrect	 choices	 A	 and	 D)	 is	 an	 open
ICU	 model	 in	 which	 all	 patients	 receive	 mandatory	 consultation	 from	 an
intensivist.	 The	 internist,	 family	 physician,	 or	 surgeon	 is	 the	 coattending	 of
record,	with	intensivists	collaborating	in	the	management	of	all	ICU	patients.

2.	The	correct	answer	is	C.
Rationale:	 Consensus	 is	 a	 process-based	 concept	 that	 is	 a	 core	 element	 of

high-performing	teams.	It	allows	essential	communication	that	enables	teams	to
effectively	 perform	 high-fidelity	 tasks.	 Consensus	 is	 founded	 on	 assent	 of	 the
team	members	and	sometimes	requires	vetting,	discussion,	and	even	negotiation.
Including	the	surgeon	on	interprofessional	rounds	is	one	of	the	main	strategies	to
improve	 communication	 and	 achieve	 and	 maintain	 consensus	 (choice	 C	 is
correct).	Including	social	workers	and	family	in	meetings	is	often	helpful	but	is
best	 done	 after	 medical	 and	 surgical	 consensus	 is	 reached	 (A	 and	 B	 are
incorrect).	Exclusion	is	not	a	consensus-building	fundamental	(D	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 There	 can	 be	 interspecialty	 and	 interdisciplinary	 tensions	 in	 the

ICU,	 given	 the	 many	 interactions	 required	 to	 care	 for	 the	 critically	 ill.	 The
perception	of	ownership	of	patients’	care	governs	this	and	can	be	both	collective
(ownership	by	the	ICU	team)	and	individual	(such	as	a	physician	or	nurse	on	that
team).	Shared	perception	of	collective	ownership	is	a	foundation	of	the	group’s
identity	 and	 interactions	 with	 others	 (choice	 B	 is	 correct).	 The	 ICU	 team
distinguishes	 itself	 from	others	 such	as	 surgeons,	 internists,	or	nurses	 from	 the
wards.	Process	of	trade	refers	to	team	members	trading	valued	commodities	such
as	 equipment,	 resources,	 respect,	 goodwill,	 and	 knowledge	 as	 they	 negotiate
their	 collaborative	 work.	 Debate,	 location,	 and	 team	 building	 processes	 are
important	 but	 are	 less	 influential	 than	 process	 of	 trade	 (A,	 C,	 and	 D	 are
incorrect).

References

Key	references	are	highlighted	in	gray.



1.	Barie	PS.	Advances	in	critical	care	monitoring.	Arch	Surg.	1997;132(7):734-
739.

2.	Barie	PS,	Bacchetta	MD,	Eachempati	SR.	The	contemporary	surgical
intensive	care	unit.	Structure,	staffing,	and	issues.	Surg	Clin	North	Am.
2000;80(3):791-804.	vii.

3.	Gotlib	Conn	L,	Haas	B,	Rubenfeld	GD,	Scales	DC,	et	al.	Exclusion	of
residents	from	surgery-intensive	care	team	communication:	a	qualitative
study.	J	Surg	Educ.	2016;73(4):639-647.

4.	Newcomb	A,	Liu	C,	Smith	G,	Lita	E,	et	al.	Family	survey	of	understanding
and	communication	of	patient	prognosis	in	the	intensive	care	unit:
identifying	training	opportunities.	J	Surg	Educ.	2020;77(6):e154-e163.

5.	Newcomb	AB,	Allred	C,	Grove	C,	Newcomb	H,	et	al.	Surgeon
communication	and	family	understanding	of	patient	prognosis	in	critically	ill
surgical	patients:	a	qualitative	investigation	informs	resident	training.	J	Surg
Educ.	2019;76(6):e77-e91.

6.	Goransson	K,	Lundberg	J,	Ljungqvist	O,	Ohlsson	E,	et	al.	Safety	hazards	in
abdominal	surgery	related	to	communication	between	surgical	and	anesthesia
unit	personnel	found	in	a	Swedish	nationwide	survey.	Patient	Saf	Surg.
2016;10:2.

7.	Aponte-Patel	L,	Sen	A.	Improved	perception	of	communication	and
compliance	with	a	revised,	intensive	care	unit-specific	bedside
communication	sheet.	Am	J	Med	Qual.	2015;30(6):578-583.

8.	RothschildJ.	A	Critical	Analysis	of	Patient	Safety	Practices	Quality	AfHRa.
“Closed”	intensive	care	units	and	other	models	of	care	for	critically	ill
patients.

9.	Haupt	MT,	Bekes	CE,	Brilli	RJ,	Carl	LC,	et	al.	Guidelines	on	critical	care
services	and	personnel:	recommendations	based	on	a	system	of
categorization	of	three	levels	of	care.	Crit	Care	Med.	2003;31(11):2677-
2683.

10.	Hawryluck	LA,	Espin	SL,	Garwood	KC,	Evans	CA,	et	al.	Pulling	together
and	pushing	apart:	tides	of	tension	in	the	ICU	team.	Acad	Med.	2002;77(10
suppl):S73-S76.

11.	Lingard	L,	Espin	S,	Evans	C,	Hawryluck	L.	The	rules	of	the	game:
interprofessional	collaboration	on	the	intensive	care	unit	team.	Crit	Care.
2004;8(6):R403-R408.

12.	Azoulay	E,	Timsit	JF,	Sprung	CL,	Soares	M,	et	al.	Prevalence	and	factors	of



intensive	care	unit	conflicts:	the	conflicus	study.	Am	J	Respir	Crit	Care	Med.
2009;180(9): 853-860.

13.	Fassier	T,	Azoulay	E.	Conflicts	and	communication	gaps	in	the	intensive
care	unit.	Curr	Opin	Crit	Care.	2010;16(6):654-665.

14.	Danjoux	Meth	N,	Lawless	B,	Hawryluck	L.	Conflicts	in	the	ICU:
perspectives	of	administrators	and	clinicians.	Intensive	Care	Med.
2009;35(12):2068-2077.

15.	Studdert	DM,	Mello	MM,	Burns	JP,	Puopolo	AL,	et	al.	Conflict	in	the	care
of	patients	with	prolonged	stay	in	the	ICU:	types,	sources,	and	predictors.
Intensive	Care	Med.	2003;29(9):1489-1497.

16.	Baldwin	DC,	Jr,	Daugherty	SR.	Interprofessional	conflict	and	medical
errors:	results	of	a	national	multi-specialty	survey	of	hospital	residents	in	the
US.	J	Interprof	Care.	2008;22(6):573-586.

17.	Moss	M,	Good	VS,	Gozal	D,	Kleinpell	R,	et	al.	An	official	critical	care
societies	collaborative	statement-burnout	syndrome	in	critical	care	health-
care	professionals:	a	call	for	action.	Chest.	2016;150(1):17-26.

18.	Brinkert	R.	A	literature	review	of	conflict	communication	causes,	costs,
benefits	and	interventions	in	nursing.	J	Nurs	Manag.	2010;18(2):145-156.

19.	Cassell	J.	Life	and	Death	in	Intensive	Care.	Temple	University	Press;	2005.
20.	Schwarze	ML,	Bradley	CT,	Brasel	KJ.	Surgical	“buy-in”:	the	contractual
relationship	between	surgeons	and	patients	that	influences	decisions
regarding	life-supporting	therapy.	Crit	Care	Med.	2010;38(3):843-848.

21.	Penkoske	PA,	Buchman	TG.	The	relationship	between	the	surgeon	and	the
intensivist	in	the	surgical	intensive	care	unit.	Surg	Clin	North	Am.
2006;86(6):1351-1357.

22.	Paul	Olson	TJ,	Brasel	KJ,	Redmann	AJ,	Alexander	GC,	et	al.	Surgeon-
reported	conflict	with	intensivists	about	postoperative	goals	of	care.	JAMA
Surg.	2013;148(1):29-35.

23.	Gasperino	J.	The	Leapfrog	initiative	for	intensive	care	unit	physician
staffing	and	its	impact	on	intensive	care	unit	performance:	a	narrative	review.
Health	Pol.	2011;102(2-3):223-228.

24.	Acute	Respiratory	Distress	Syndrome	N,	Brower	RG,	Matthay	MA,	Morris
A,	et	al.	Ventilation	with	lower	tidal	volumes	as	compared	with	traditional
tidal	volumes	for	acute	lung	injury	and	the	acute	respiratory	distress
syndrome.	N	Engl	J	Med.	2000;342(18):1301-1308.

25.	Young	MP,	Birkmeyer	JD.	Potential	reduction	in	mortality	rates	using	an



intensivist	model	to	manage	intensive	care	units.	Effect	Clin	Pract.
2000;3(6):284-289.

26.	Aslakson	RA,	Wyskiel	R,	Shaeffer	D,	Zyra	M,	et	al.	Surgical	intensive	care
unit	clinician	estimates	of	the	adequacy	of	communication	regarding	patient
prognosis.	Crit	Care.	2010;14(6):R218.

27.	Asch	DA,	Shea	JA,	Jedrziewski	MK,	Bosk	CL.	The	limits	of	suffering:
critical	care	nurses’	views	of	hospital	care	at	the	end	of	life.	Soc	Sci	Med.
1997;45(11):1661-1668.

28.	Collins	SA,	Bakken	S,	Vawdrey	DK,	Coiera	E,	et	al.	Agreement	between
common	goals	discussed	and	documented	in	the	ICU.	J	Am	Med	Inform
Assoc.	2011;18(1):45-50.

29.	Davidson	JE,	Powers	K,	Hedayat	KM,	Tieszen	M,	et	al.	Clinical	practice
guidelines	for	support	of	the	family	in	the	patient-centered	intensive	care
unit:	American	College	of	Critical	Care	Medicine	Task	Force	2004-2005.
Crit	Care	Med.	2007;35(2):605-622.

30.	Mosenthal	AC,	Murphy	PA,	Barker	LK,	Lavery	R,	et	al.	Changing	the
culture	around	end-of-life	care	in	the	trauma	intensive	care	unit.	J	Trauma.
2008;64(6):1587-1593.

31.	Pronovost	PJ,	Jenckes	MW,	Dorman	T,	Garrett	E,	et	al.	Organizational
characteristics	of	intensive	care	units	related	to	outcomes	of	abdominal	aortic
surgery.	JAMA.	1999;281(14):1310-1317.

32.	Puntillo	KA,	McAdam	JL.	Communication	between	physicians	and	nurses
as	a	target	for	improving	end-of-life	care	in	the	intensive	care	unit:
challenges	and	opportunities	for	moving	forward.	Crit	Care	Med.	2006;34(11
suppl):S332-S340.

33.	DeKeyser	Ganz	F,	Engelberg	R,	Torres	N,	Curtis	JR.	Development	of	a
model	of	interprofessional	shared	clinical	decision	making	in	the	ICU:	a
mixed-methods	study.	Crit	Care	Med.	2016;44(4):680-689.

34.	Cypress	BS.	Family	presence	on	rounds:	a	systematic	review	of	literature.
Dimens	Crit	Care	Nurs.	2012;31(1):53-64.

35.	McPherson	G,	Jefferson	R,	Kissoon	N,	Kwong	L,	et	al.	Toward	the
inclusion	of	parents	on	pediatric	critical	care	unit	rounds.	Pediatr	Crit	Care
Med.	2011;12(6):e255-261.

36.	Mangram	AJ,	McCauley	T,	Villarreal	D,	Berne	J,	et	al.	Families’	perception
of	the	value	of	timed	daily	“family	rounds”	in	a	trauma	ICU.	Am	Surg.
2005;71(10):886-891.



37.	Harris	GM.	Family-centered	rounds	in	the	neonatal	intensive	care	unit.
Nurs	Women’s	Health.	2014;18(1):18-27.

38.	Stickney	CA,	Ziniel	SI,	Brett	MS,	Truog	RD.	Family	participation	during
intensive	care	unit	rounds:	goals	and	expectations	of	parents	and	health	care
providers	in	a	tertiary	pediatric	intensive	care	unit.	J	Pediatr.
2014;165(6):1245-1251	e1241.

39.	Lilly	CM,	De	Meo	DL,	Sonna	LA,	Haley	KJ,	et	al.	An	intensive
communication	intervention	for	the	critically	ill.	Am	J	Med.
2000;109(6):469-475.

40.	Lautrette	A,	Darmon	M,	Megarbane	B,	Joly	LM,	et	al.	A	communication
strategy	and	brochure	for	relatives	of	patients	dying	in	the	ICU.	N	Engl	J
Med.	2007;356(5):469-478.

41.	Lilly	CM,	Sonna	LA,	Haley	KJ,	Massaro	AF.	Intensive	communication:
four-year	follow-up	from	a	clinical	practice	study.	Crit	Care	Med.	2003;31(5
suppl):S394-S399.

42.	Luce	JM.	End-of-life	decision	making	in	the	intensive	care	unit.	Am	J
Respir	Crit	Care	Med.	2010;182(1):6-11.

43.	Villarreal	D,	Restrepo	MI,	Healy	J,	et	al.	A	model	for	increasing	palliative
care	in	the	intensive	care	unit:	enhancing	interprofessional	consultation	rates
and	communication.	J	Pain	Symptom	Manage.	2011;42(5):676-679.

44.	Buchman	TG,	Cassell	J,	Ray	SE,	Wax	ML.	Who	should	manage	the	dying
patient?	rescue,	shame,	and	the	surgical	ICU	dilemma.	J	Am	Coll	Surg.
2002;194(5):665-673.

45.	Redmann	AJ,	Brasel	KJ,	Alexander	CG,	Schwarze	ML.	Use	of	advance
directives	for	high-risk	operations:	a	national	survey	of	surgeons.	Ann	Surg.
2012;255(3):418-423.

46.	Sudore	RL,	Fried	TR.	Redefining	the	“planning”	in	advance	care	planning:
preparing	for	end-of-life	decision	making.	Ann	Intern	Med.	2010;153(4):256-
261.

47.	Breen	CM,	Abernethy	AP,	Abbott	KH,	Tulsky	JA.	Conflict	associated	with
decisions	to	limit	life-sustaining	treatment	in	intensive	care	units.	J	Gen
Intern	Med.	2001;16(5):283-289.

48.	CanMEDS	Roles	(Canadian	Medical	Education	Directions	for	Specialists),
Royal	College	of	Physicians	and	Surgeons	of	Canada.	Accreditation	and
Postgraduate	Training	Guidelines.	Available	at:
http://www.royalcollege.ca/rcsite/canmeds-eSpecalists.

http://www.royalcollege.ca/rcsite/canmeds-eSpecalists


Chapter	47
Surgical	Infections	in	the	Intensive	Care
Unit
Suraj	Panjwani,	Ann-Kristin	U.	Friedrich,	Mitchell	Cahan

KEY	POINTS:
1.	 Peritonitis	is	a	generalized	inflammatory	reaction	that	may	involve

the	partial	or	entire	peritoneal	cavity.	It	can	be	classified	as	primary,
secondary,	or	tertiary	peritonitis.

2.	 Secondary	peritonitis	is	a	frequently	encountered	problem	in	surgical
intensive	care	patients.

3.	 Enterococcus	is	frequently	isolated	from	patients	with
nonappendiceal	peritonitis	and	is	associated	with	the	pathogenesis
of	many	surgical	abdominal	infections.	It	has	also	been	identified	as
an	independent	risk	factor	for	bacteremia.

4.	 Computed	tomography	can	be	a	useful	tool	for	evaluating	deep
surgical	site	infections,	especially	as	image	quality	can	be	optimized
by	the	application	of	intravenous,	oral,	or	rectal	contrast.

5.	 In	order	to	optimize	outcomes,	controlling	the	source	of	bacterial
contamination	and	removal	of	infectious	foci	should	be	performed	in
a	timely	fashion.

INTRODUCTION
Surgical	 infections	 present	 challenges	 for	 diagnosis	 and	 management	 in	 the
intensive	 care	 unit	 (ICU)	 setting.	 Abdominal	 infections	 are	 the	 third	 most
common	 cause	 of	 sepsis	 in	 the	 ICU	 and	 the	 most	 common	 cause	 of	 surgical
sepsis.1,2	They	are	associated	with	high	morbidity	and	mortality	 rates.3	Patients
who	develop	 surgical	 site	 infections	may	have	multiple	 comorbidities;	may	be



hemodynamically	 unstable,	 or	 septic	 with	 concurrent	 failure	 of	 one	 or	 more
organs;	 and	 are	 at	 high-risk	 of	 treatment	 failure.4	 Early	 recognition	 and
appropriate	 treatment	 are	 crucial	 in	 order	 to	mitigate	 and	 control	 a	 potentially
lethal	infection.

PATHOGENESIS

Etiology	of	Surgical	Infections
Surgical	 infections	 in	 the	 ICU	 population	 represent	 a	 complex	 clinical	 entity
with	several	etiologic	and	contributory	factors.	This	can	be	seen	as	a	result	of	an
inability	 of	 the	 host	 to	 adequately	 respond	 to	 a	 high	 number	 of	 pathogens	 of
varying	 virulence.	 Patient-associated	 factors	 therefore	 play	 a	 significant	 role,
including:	malnutrition	 (as	manifested	by	a	 low	serum	albumin	concentration),
older	 age,	 obesity,	 smoking,	 diabetes	 mellitus,	 high	 American	 Society	 of
Anesthesiologists	 (ASA)	 score,	 localized	 malperfusion	 caused	 by	 vascular
disease	or	a	history	of	radiation	to	the	site,	and	generalized	malperfusion	caused
by	 peri-	 or	 intraoperative	 shock.5,6	 In	 addition,	 inadequate	 surgical	 technique,
emergency	surgery,	prolonged	procedure	time,	or	breaks	in	sterile	technique	may
cause	 or	 contribute	 to	 the	 development	 of	 a	 surgical	 infection.7	 Foreign	 body
presence	 in	 the	 surgical	 field	may	 help	 organisms	 to	 fester,	 as	 the	 number	 of
bacteria	required	to	cause	a	clinically	significant	 infection	may	be	lower	in	 the
presence	 of	 such	 a	 nidus.5	 In	 addition	 to	 skin	 flora	 as	 the	 source	 of	 causative
organisms,	 surgical	 infections	 can	 be	 caused	 by	 spillage	 of	 enteric	 content	 or
anastomotic	 leaks.	Blunt	 abdominal	 trauma	 can	 also	 lead	 to	 perforation	 of	 the
intestine	 or	 simple	 translocation	 of	 bacteria	 into	 the	 peritoneal	 cavity	 in	 the
setting	 of	 intestinal	 wall	 hematoma	 or	 ischemia.8	 In	 an	 immunocompromised
patient,	this	abdominal	seeding	may	lead	to	peritonitis	and	infection,	similar	to	a
deep	organ	space	surgical	site	infection.

Peritonitis
1 	Peritonitis	is	a	generalized	inflammatory	reaction	that	may	involve	the	partial
or	 entire	 peritoneal	 cavity	 and	 can	 be	 classified	 as	 primary,	 secondary,	 or
tertiary.9

Primary	Peritonitis



Infection	of	the	peritoneum	without	obvious	source	or	localized	infection	within
the	abdominal	cavity	is	classified	as	primary	peritonitis.10	Obvious	disruption	of
the	gastrointestinal	 (GI)	or	genitourinary	 (GU)	 tract	anatomic	barrier	 is	absent.
Primary	 peritonitis	 tends	 to	 be	 a	 community-acquired	 disease	 in	 patients	 with
previously	 existing	 ascites	 due	 to	 cirrhotic	 liver	 disease	 and	 is	 an	 uncommon
occurrence	 in	 the	 surgical	 ICU.	 A	 single	 causative	 organism	 can	 usually	 be
isolated.	 GI	 flora	 such	 as	 Enterococcus	 and	 gram-negative	 bacilli	 tend	 to	 be
responsible.11	 In	 the	 ICU,	 cirrhosis	 is	 a	 predisposing	 factor	 for	 acquired
immunodeficiency	and	 thus,	 increased	 risk	of	 fungal	peritonitis.12	On	 the	other
hand,	 spontaneous	 peritonitis	 is	 also	 frequently	 responsible	 for	 sepsis-induced
acute	 on	 chronic	 liver	 failure.13	 Other	 causes	 of	 primary	 peritonitis	 include
infection	 of	 an	 indwelling	 peritoneal	 dialysis	 catheter,	 as	well	 as	 rare	 cases	 of
primary	 peritonitis	 in	 otherwise	 healthy	 patients,	 primarily	 caused	 by	 group	A
Streptococcus.14,15

Secondary	Peritonitis
2 	Peritonitis	in	the	setting	of	perforation	of	a	hollow	viscus	is	called	secondary
peritonitis.	Gross	 spillage	of	GI	or	GU	 flora	 into	 the	peritoneal	 cavity	 follows
this	 disruption	 of	 the	 anatomic	 barrier.	 Causes	 include	 anastomotic	 leak,
inflammation,	malignancy,	necrosis,	fistula,	and	blunt	and/or	penetrating	trauma.
Secondary	peritonitis	 is	 a	 frequently	encountered	problem	 in	 surgical	 intensive
care	 patients.	 Reported	 mortality	 rates	 associated	 with	 secondary	 peritonitis
range	 from	 6%	 to	 34%,	 which	 varies	 based	 on	 the	 presence	 of	 simultaneous
sepsis	 or	 shock,	 as	well	 as	 comorbid	 disease	 processes.16-19	When	 isolation	 of
microbial	 pathogens	 is	 successful,	 cultures	 are	 usually	 polymicrobial.20
Outcomes	 from	 secondary	 peritonitis	 are	 dependent	 on	 adequate	 and	 timely
treatment,	source	control,	and	the	host	immune	system.21

Tertiary	Peritonitis
Persistent	 peritonitis	 in	 the	 setting	 of	 exhaustive	 medical	 and	 interventional
management	 beyond	 48	 hours	 is	 conventionally	 referred	 to	 as	 tertiary
peritonitis.22,23	 The	 range	 of	 patients	 who	 progress	 from	 secondary	 to	 tertiary
peritonitis	 can	 be	 as	 high	 as	 20%.24	 It	 is	 important	 to	 differentiate	 tertiary
peritonitis	from	ongoing	secondary	peritonitis	in	the	setting	of	inadequate	source
control	(eg,	failure	to	drain	or	evacuate	existing	abscesses	or	nidi	of	infection).

Tertiary	peritonitis	has	been	associated	with	a	high	incidence	of	nosocomial,
multidrug-resistant	 (MDR)	organisms	as	well	 as	 immunologic	dysfunction	and



altered	endocrine	stress	 response.25	With	an	 increasing	number	of	 reoperations,
the	 frequency	 of	 encountering	 MDR	 strains	 increases.26	 Different	 disease
processes	 seem	 to	 be	more	 or	 less	 prone	 to	 progress	 to	 tertiary	 peritonitis;	 for
example,	 necrotizing	 pancreatitis	 has	 been	 associated	 with	 a	 high	 progression
rate.24	Tertiary	peritonitis	is	linked	to	higher	mortality,	longer	ICU	stay,	and	more
severe	stage	of	end-organ	impairment.27,28

Pathogens
The	spectrum	of	causative	pathogens	in	surgical	infections	is	broad	and	depends
on	the	underlying	site	of	the	primary	disease	as	well	as	the	clinical	course	of	the
patient.	 Community-acquired	 diseases	 that	 lead	 to	 surgical	 postoperative
infections	often	start	with	an	obstructive	disease	pattern	and	eventually	become
superinfected	by	GI	flora;	classic	examples	include	acute	calculous	cholecystitis
or	 appendicitis.	 The	 causative	 pathogens	 vary	 depending	 on	 the	 area	 of
perforation.	 De	 Ruiter	 et	 al	 analyzed	 peritoneal	 fluid	 of	 221	 patients	 with
abdominal	sepsis	due	to	perforated	viscus	at	the	time	of	the	primary	operation.9
They	 most	 commonly	 observed	 aerobic	 and	 gram-negative	 bacteria	 in
appendiceal	 and	 colonic	 perforations;	 gram-positive	 bacteria	were	 encountered
with	 colorectal	 disease.	 Gastroduodenal	 perforations	 were	 associated	 with
Candida	species,	most	commonly	Candida	albicans.

Nosocomial	 infection	 causing	 pathogens	 tend	 to	 be	 less	 susceptible	 to
antibiotic	 regimens	 and	 may	 be	 multiresistant	 and	 institution-specific.29,30	 In
addition	 to	 this,	 the	 patient’s	 host	 response	may	be	 impaired,	 or	 their	GI	 flora
may	 have	 been	 altered	 in	 the	 setting	 of	 prior	 antibiotic	 treatments,	 including
potential	overpopulation	of	virulent,	ICU-acquired	organisms.	An	increased	risk
of	infection	and	subsequent	multiorgan	failure	is	observed	among	patients	who
are	 colonized	 with	 pathogens	 such	 as	 Candida	 species,	 Staphylococcus
epidermidis,	Pseudomonas	aeruginosa,	and	Enterococcus	faecalis.29,31

3Enterococcus	 is	 frequently	 isolated	 from	 patients	 with	 nonappendiceal
peritonitis	and	 is	associated	with	 the	pathogenesis	of	many	surgical	abdominal
infections.32,33	 It	 has	 also	 been	 identified	 as	 an	 independent	 risk	 factor	 for
bacteremia34.	 Its	 involvement	 has	 been	 directly	 correlated	with	 the	 severity	 of
disease	in	the	setting	of	anastomotic	leakage.35

Another	 challenge	 of	 surgical	 site	 infections	 is	 that	 caused	 by	 fungal
pathogens.	 Fungal	 organisms	 benefit	 from	 decreased	 selection	 pressure	 from
bacteria,	 especially	 after	 multiple	 courses	 of	 broad-spectrum	 antibiotics,	 and
have	 been	 associated	with	 the	 development	 of	 tertiary	 peritonitis.36,37	 Age	 and
abdominal	 source	 of	 candidemia	 are	 associated	 with	 development	 of	 septic



shock	and	high	mortality,	 especially	 in	 an	 ICU	setting.38,39	Unfortunately,	 even
adequate	 treatment	 of	 Candida	 species	 has	 not	 always	 been	 associated	 with
improved	 outcomes.40	 It	 is	 not	 clear	 whether	 Candida	 species	 isolated	 from
abdominal	 sources	 are	 true	 causative	 pathogens	 or	 a	 symptom	 of	 poor	 host
immune	response	and	severity	of	underlying	disease.

DIAGNOSIS

Clinical	Examination
Suspicion	 for	 a	 surgical	 site	 infection	 can	 be	 raised	 by	 clinical	 examination.
Erythema,	drainage,	or	dehiscence	are	 the	 first	 signs	of	 a	 superficial	 infection.
Rebound	and	guarding	on	exam	as	well	as	inappropriate	tenderness	to	palpation
can	be	signs	of	peritonitis	or	intra-abdominal	abscesses.	It	is	important	to	realize
that	clinical	examination	findings	can	be	obscured	by	coexisting	diseases,	altered
level	 of	 consciousness,	 clinical	 deterioration,	 or	 the	 presence	 of	 sedating	 or
paralyzing	agents.	Significant	 infections	can	also	cause	a	change	in	vital	signs,
including	 repeated	 febrile	 episodes,	 tachycardia,	 hypotension,	 and	 tachypnea.
Prompt	recognition	can	reduce	the	rate	of	progression	to	sepsis	and	septic	shock.
Vital	sign	derangements	may	be	the	only	reliable	indication	of	an	infection.

Laboratory	Analysis
Persistent	or	increasing	leukocytosis,	often	associated	with	an	increased	count	of
segmented	 neutrophils	 or	 thrombocytopenia,	 should	 also	 raise	 suspicion	 of	 an
infection	in	surgical	and	postoperative	ICU	patients.41	Other	parameters	that	are
especially	 valuable	 for	monitoring	 the	 clinical	 course	 of	 the	 infectious	 disease
process	 include	 acute	 phase	 proteins	 such	 as	 C-reactive	 protein	 and
procalcitonin,	a	precursor	of	the	hormone	calcitonin.42	Organ-specific	parameters
may	also	prove	helpful	 in	potentially	 locating	an	abscess,	 such	as	altered	 liver
function	tests	in	the	setting	of	an	intrahepatic	abscess.

Cultures	can	assist	in	tailoring	antibiotic	regimens	and	assessing	the	course	of
disease.	Blood	cultures	 should	be	drawn	 in	 the	 setting	of	presumed	 sepsis	 and
unexplained	 febrile	 episodes.	 Fluid	 draining	 from	 seromas,	 hematomas,	 or
aspirates	from	superficial	and	deep	abscesses	can	be	cultured.20	When	possible,
the	 isolation	 of	 a	 target	 organism	 and	 subsequent	 susceptibility	 testing	 are
invaluable	tools	for	the	diagnosis	and	treatment	of	surgical	infections.



Radiology
Different	 imaging	modalities	 play	 a	 vital	 role	 in	 the	 setting	 of	 a	 surgical	 site
infection.	Radiographs	 can	 reveal	 free	 air,	 bowel	wall	 pneumatosis	 (indicating
ischemia	or	necrosis),	 or	gas	 in	 the	 soft	 tissue	 (indicating	a	potential	 localized
infection).	Ultrasound	 can	 be	 a	 helpful	mobile	 bedside	 tool	 to	 evaluate	 for	 an
abscess,	although	it	is	dependent	upon	the	ability	of	the	ultrasonographer	and	the
patient’s	body	habitus.	It	can	also	be	significantly	limited	for	evaluation	of	deep
organ	 spaces	 as	 air-filled	 bowel	 loops	 may	 obstruct	 the	 view	 of	 a	 potential
collection.

4 	Computed	tomography	(CT)	can	be	a	very	useful	 tool	for	evaluating	deep
surgical	 site	 infections,	 especially	 as	 image	 quality	 can	 be	 optimized	 by	 the
application	of	intravenous,	oral,	or	rectal	contrast.	CT	scanning	has	a	sensitivity
rate	close	 to	97%	for	diagnosing	 secondary	peritonitis	pathology.43	Limitations
include	 inability	 to	obtain	 the	study	in	hemodynamically	unstable	patients	who
may	 not	 be	 safely	 transported,	 and	 potential	 nephrotoxicity	 with	 intravenous
contrast.

Magnetic	resonance	imaging	(MRI)	may	be	a	helpful	modality	for	evaluating
compartments	 in	patients	whose	 radiation	exposure	 should	be	minimized,	 such
as	 pregnant	 or	 pediatric	 patients.	 The	MRI	 utility	 has	 been	 somewhat	 limited
historically	 due	 to	 the	 relatively	 long	 duration	 of	 the	 examination	 and	 the
suboptimal	 image	 quality	 resulting	 from	 cardiac,	 respiratory,	 and	 flow	motion
artifacts.	However,	 faster	 imaging	 time	along	with	novel	artifact	 reduction	and
motion	 correction	 tools	 are	 being	 integrated	 into	 MRI	 to	 improve	 image
quality.44

THERAPY

Antimicrobial	Treatment
The	general	principles	of	antibiotic	 therapy	apply	 in	 the	setting	of	surgical	site
infections.	Antibiotic	treatment	should	commence	as	early	as	possible.	Initially,
broad-spectrum	 empiric	 coverage	 should	 be	 chosen	 and	 tailored	 to	 the	 likely
site(s)	of	infection,	local	bacterial	epidemiology,	known	resistance	patterns,	and
severity	of	the	surgical	infection.45	This	will	typically	include	coverage	of	gram
negatives,	 gram	 positives,	 and	 anaerobes.	 One	 may	 also	 consider	 covering
Candida	 in	a	high-risk	setting.	As	a	secondary	step,	antibiotic	coverage	can	be
tailored	 to	 culture	 and	 susceptibility	 results	 so	 as	 to	 prevent	 the	 emergence	 of



MDR	 bacterial	 strains,	 the	 prevalence	 of	 which	 is	 around	 26%.46,47	 Historical
institutional	 microbial	 trends	 should	 be	 considered	 for	 appropriate	 antibiotic
selection.30	Deescalation	can	be	performed	in	most	cases,	and	antibiotic	coverage
should	not	be	prolonged	unless	necessary,	such	as	in	the	setting	of	failed	source
control	or	superinfection.

Source	Control
5 	 Despite	 adequate	 anti-infectious	 coverage,	 patient	 mortality	 rates	 due	 to
surgical	infection	may	be	high	without	proper	source	control.38	Source	control	is
defined	as	“all	physical	measures	undertaken	to	eliminate	a	source	of	infection,
control	ongoing	contamination,	and	restore	premorbid	anatomy	and	function.”48
To	 optimize	 outcomes,	 controlling	 the	 source	 of	 bacterial	 contamination	 and
removal	of	infectious	foci	should	be	performed	in	a	timely	fashion.49	Ideally,	the
patient	should	be	medically	optimized	before	source	control	measures;	necessary
medical	 treatment	 may	 include	 fluid	 resuscitation,	 establishment	 of	 adequate
intravenous	 access,	 transfusion	 of	 blood	 products,	 and	 optimization	 of
coagulation.	 However,	 adequate	 source	 control	 should	 not	 be	 postponed	 for
lengthy	diagnostic	or	radiologic	studies.	Depending	on	the	underlying	extent	of
infection,	 source	 control	 measures	 may	 include	 drainage	 via	 either	 the	 open
surgical	or	percutaneous	technique,	debridement	of	infected	and	necrotic	tissue,
decompression,	diversion,	or	restoration	of	anatomy	and	organ	function.	Clinical
judgment	and	experience	of	the	intensivist	and	surgeon	are	important	to	ensure
timely	 intervention	 to	 control	 the	 ongoing	 cause	 of	 infection	 without	 causing
further	harm	to	the	patient.	The	ideal	treatment	approach	to	surgical	infections	is
thus	multimodal.

PROGNOSIS
Prognosis	of	surgical	infection	is	dependent	on	the	extent	of	infection,	resulting
organ	 dysfunction,	 adequacy	 of	 source	 control	 and	 antibiotic	 treatment,	 and
patient	 factors	 such	 as	 age	 and	 immunologic	 competence.	 Origin	 of	 surgical
infection	may	also	influence	outcomes;	for	example,	appendiceal	perforation	as
the	 origin	 of	 infection	 has	 been	 found	 to	 be	 associated	 with	 better	 outcomes
compared	 to	 those	 associated	 with	 other	 abdominal	 perforations.18	 Increased
knowledge	about	appropriate	resuscitation	and	improved	antibiotic	use	have	also
contributed	to	improving	overall	mortality	rates.50	Surgical	infections	in	the	ICU
remain	 a	 challenge,	 but	 timely	 diagnosis	 and	 appropriate	 management	 will



minimize	complications	and	enhance	rates	of	survival.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	An	88-year-old	woman	with	history	of	dementia	is	admitted	to	medical
ICU	with	acute	hypoxic	respiratory	failure	due	to	aspiration	pneumonia.	On
hospital	day	7,	the	patient	has	elevated	total	and	direct	bilirubin	along	with
altered	liver	function	enzymes	levels.	CT	scan	abdomen/pelvis	reveals
acalculous	cholecystitis.	What	is	the	most	appropriate	management?

A. 	Cholecystectomy
B. 	Interventional	radiology	referral	for	percutaneous	drainage
C. 	Intravenous	antibiotics
D. 	Supportive	care	alone,	as	spontaneous	resolution	is	likely

2. 	A	75-year-old	man	with	multiple	comorbidities	admitted	to	ICU	status
post	emergent	Hartmann	procedure	for	perforated	diverticulitis	is	slow	to
recover	due	to	postoperative	ileus.	On	day	5,	he	spikes	a	fever	to	102.5		°F.	He
continues	to	have	abdominal	pain	and	persistent	leukocytosis	to	21,000.	What	is
the	most	appropriate	imaging	study	to	further	evaluate?

A. 	Chest	x-ray,	KUB,	and	upright	plain	films
B. 	CT	scan	abdomen/pelvis
C. 	MRI	abdomen/pelvis
D. 	Ultrasound	abdomen

3. 	A	75-year-old	man	underwent	a	hand	assisted	laparoscopic	sigmoidectomy
for	diverticular	disease.	On	postoperative	day	5,	he	develops	severe	abdominal
pain.	On	evaluation,	his	HR	is	115	and	BP	is	94/48	mm	Hg.	On	examination,	he
has	diffuse	abdominal	tenderness.	WBC	count	is	19,000.	What	of	peritonitis
does	this	patient	have?

A. 	Primary	peritonitis
B. 	Secondary	peritonitis
C. 	Tertiary	peritoniti
D. 	Quaternary	peritonitis



Answers

1.	The	correct	answer	is	B.
Rationale:	This	patient	requires	drainage	of	her	gallbladder	for	source	control

and	 decompression.	 Percutaneous	 drainage	 has	 a	 high	 rate	 of	 success	 (B	 is
correct)	 with	 lower	 risks	 than	 cholecystectomy	 (A	 is	 incorrect).	 Intravenous
antimicrobials	and	supportive	care	alone	are	not	forms	of	source	control	(C	and
D	are	incorrect).

2.	The	correct	answer	is	B.
Rationale:	CT	scan	abdomen/pelvis	will	be	most	 accurate	and	 fastest	of	 the

above	options	to	diagnose	pathology	that	localizes	to	the	abdomen	(B	is	correct).
An	MRI	 can	 also	 help	 identify	 the	 etiology,	 however	 is	 time	 consuming	 (C	 is
incorrect),	 may	 not	 be	 universally	 available,	 and	 has	 more	 motion	 artifact.
Abdominal	 ultrasound	 is	 user	 dependent	 and	 can	 sometimes	 be	 limited	 due	 to
overlying	air	filled	loops	of	bowel	(D	is	incorrect).	Plain	x-rays	may	detect	free
air	and	ileus	but	will	not	clarify	the	underlying	problem	(A	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 This	 patient	 most	 likely	 has	 an	 anastomotic	 leak	 after	 colon

resection.	Gross	spillage	of	GI	flora	 into	peritoneal	cavity	following	disruption
of	anatomic	barrier	classifies	as	secondary	peritonitis	(B	is	correct).	Disruption
of	 GI	 anatomic	 barrier	 is	 absent	 in	 primary	 peritonitis	 (A	 is	 incorrect).
Inadequate	source	control	of	peritonitis	is	termed	as	tertiary	peritonitis.	Tertiary
peritonitis	 can	 be	 defined	 as	 the	 persistence	 or	 recurrence	 of	 intra-abdominal
infection	 with	 multiple	 organ	 failure	 and	 a	 systemic	 inflammatory	 response,
following	adequate	therapy	of	primary	or	secondary	peritonitis	(C	is	incorrect).
There	is	no	such	concept	as	quaternary	peritonitis	(D	is	incorrect).
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Chapter	48
Care	of	the	Patient	with	Necrotizing
Fasciitis
Bankole	Samuel,	Chloe	H.	Williams,	Brandon	Colvin,	Hongyi	Cui

KEY	POINTS:
1.	 Necrotizing	fasciitis	(NF)	is	a	rapidly	progressive	disease	associated

with	widespread	tissue	destruction,	systemic	toxicity,	and	high
morbidity	and	mortality.

2.	 Prompt	diagnosis	and	urgent	surgical	intervention	are	crucial	to
achieve	the	best	outcome.

3.	 NF	is	more	common	among	elderly	patients	with	comorbidities	(eg,
diabetes;	obesity;	malnutrition;	immunosuppression;	cancer;
peripheral	vascular	disease;	and	chronic	liver,	renal,	and	lung
diseases).

4.	 Polymicrobial	infection	is	most	commonly	identified	in	NF	cases.
Monomicrobial	infections	most	commonly	involve	group	A	β-
hemolytic	Streptococcus.	The	first-line	empiric	antibiotics	regimen
usually	includes	a	β-lactam	antibiotic	+/−	β-lactamase	inhibitor
(penicillin,	piperacillin/tazobactam),	anaerobic	coverage	with
clindamycin/metronidazole,	and	methicillin-resistant	Staphylococcus
aureus	coverage	with	vancomycin.

5.	 Diagnosis	can	be	difficult,	as	many	cases	may	have	nonspecific
examination,	laboratory,	and	radiologic	findings.	Operative
confirmation	of	fascial	involvement	may	be	the	only	opportunity	to
confirm	the	diagnosis.

6.	 While	antibiotics	and	other	adjuncts	can	aid	in	the	treatment,	wide
surgical	excision	and	removal	of	all	involved	tissues	is	the	mainstay



of	therapy.	Multiple	returns	to	the	operating	room	are	often	required.

INTRODUCTION
1 	Necrotizing	 fasciitis	 (NF)	 is	 an	 aggressive	 disease	with	 significant	mortality
rates	if	early	diagnosis	and	therapy	are	delayed.	It	is	described	in	lay	terms	as	a
condition	involving	flesh-eating	bacteria.	NF	is	part	of	the	broader	spectrum	of
necrotizing	 soft	 tissue	 infections	 (NSTI)	 that	 occur	 in	 the	 soft	 tissue
compartment	from	the	epidermis	down	to	and	including	the	muscular	layer	and
specifically	 spreads	 along	 the	 fascial	 planes	 at	 an	 aggressive	 rate.	 In	 addition,
administration	 of	 antibiotics	 alone	 does	 not	 cure	 this	 disease,	making	 it	 a	 true
surgical	emergency.

During	the	period	of	the	American	Civil	War,	a	confederate	physician	named
Joseph	 Jones	 identified	 an	 organism,	 specifically	 a	 bacillus,	 as	 the	 cause	 of
multiple	 cases	 of	 gangrene.	 After	 the	 war,	 Jones	 published	 documentation	 of
over	2600	cases	of	gangrene.	Weaponry	and	physical	battle	site	 (eg,	 farmland)
were	believed	to	contribute	to	numerous	accounts	of	gas	gangrene,	which	led	to
one	of	the	largest	contemporaneous	retrospective	studies	on	gas	gangrene.	In	his
paper,	he	gave	the	first	description	of	what	we	currently	call	NF,	with	a	mortality
rate	 nearing	 50%.	 A	 variant	 of	 NF,	 Fournier	 gangrene,	 is	 attributed	 to	 Jean
Alfred	 Fournier,	 a	 French	 dermatologist	 who	 documented	 five	 cases	 of	 tissue
necrosis	of	the	perineum	in	the	1880s.	NF	became	known	as	Meleney	gangrene
after	 Dr.	 Frank	 L	Meleney	 discovered	 an	 association	 with	 the	 disease	 and	 β-
hemolytic	Streptococcus	 in	the	1920s.	In	the	1950s,	Dr.	Ben	Wilson	coined	the
term	necrotizing	fasciitis	as	an	appropriate	descriptive	term.1-6

1 	 2 	 Throughout	 history,	 despite	 our	 advances	 in	 medicine,	 mortality	 rates
remain	high	 in	NSTI:	 reports	 range	 in	 the	 literature	 from	25%	to	60%.	One	of
the	 contributing	 factors	 to	 this	 high	 mortality	 rate	 is	 the	 nonspecificity	 of
symptoms,	 rendering	 early	 diagnosis	 difficult	 and	 delaying	 lifesaving	 surgical
intervention.	 Prompt	 and	 accurate	 diagnosis	 with	 early	 intervention	 is	 key	 to
optimizing	outcomes.	Many	approaches	have	been	developed	to	predict	the	risk
of	an	infection	being	truly	NF.	The	most	commonly	used	is	the	Laboratory	Risk
Indicator	for	Necrotizing	Fasciitis	(LRINEC)	score.6

EPIDEMIOLOGY	AND	RISK	FACTORS
3 	 The	 current	 incidence	 of	 NF	 in	 the	 United	 States	 is	 4.0	 to	 15.5	 cases	 per



100,000	 population.1,7,8	 Comorbidities	 are	 a	 major	 risk	 factor	 for	 the
development	of	NF,	and	the	most	common	risk	factors	include	diabetes	mellitus;
age	>50	years;	obesity;	malnutrition;	chronic	liver,	renal,	or	pulmonary	disease;
human	 immunodeficiency	 virus	 infection;	 immunosuppression;	 peripheral
vascular	disease;	cancer;	and	intravenous	drug	abuse	(IVDA).9

The	literature	has	repeatedly	demonstrated	that	delayed	surgical	intervention,
generally	considered	to	be	>24	hours	after	diagnosis,	is	the	main	risk	factor	for
mortality.	 Other	 significant	 mortality	 factors	 recognized	 are	 Clostridium	 spp
infection,	 presence	 of	 sepsis,	 chronic	 renal	 disease,	 cardiac	 or	 pulmonary
disease,	IVDA,	and	malignancy.1,9-11

ETIOLOGIES
NF	is	most	commonly	reported	in	the	lower	extremities,	perineum,	and	genitalia
but	 can	 occur	 anywhere	 on	 the	 body.	 Documented	 sources	 of	 NF	 are	 skin
infections	 including	 abscesses,	 trauma,	 infected	 foot	 ulcers,	 surgical	 wounds,
animal	and	insect	bites,	needle	sticks	(IVDA	or	subcutaneous	insulin	injection),
percutaneous	 procedures,	 infected	 grafts,	 pressure	 ulcers	 (eg,	 sacral	 decubitus
ulcers),	and	burns.	While	most	cases	of	NF	are	 trauma-related,	anywhere	from
15%	 to	 52%	 are	 idiopathic.1,2,4,6,9,10,12,13	 Specific	 cases	 of	 NF	 in	 the	 abdominal
wall	 and	 adjacent	 tissues	 due	 to	 perforated	 viscus	 (eg,	 perforated	 appendicitis,
diverticulitis,	or	bowel	secondary	to	incarcerated	inguinal/femoral	hernias)	have
been	described	(Figure	48.1).14,15

	

Figure	 48.1 	A)	 A	 patient	 with	 right	 thigh	 necrotizing	 fasciitis
secondary	to	perforated	appendicitis	in	a	strangulated	femoral	hernia.
(B)	The	 same	patient	 after	wide	 surgical	debridement,	 exposing	 the



hernia	sac	containing	the	perforated	appendix.

PATHOPHYSIOLOGY
The	 disease	 course	 is	 similar	 regardless	 of	 the	 etiology	 or	 location.	 Once	 the
pathogen	has	been	inoculated	into	the	subcutaneous	tissue,	it	begins	to	replicate.
The	severity	of	infection	is	also	determined	by	other	factors	including	the	size	of
the	 inoculum,	 virulence	 of	 the	 pathogen,	 blood	 flow	 to	 the	 tissue,	 presence	 of
foreign	 bodies,	 as	 well	 as	 host	 response.	 Pathogens	 that	 are	 more	 virulent,	 if
polymicrobial,	 work	 synergistically,	 allowing	 for	 rapid	 reproduction	 in	 an
anaerobic	 environment.	 Enzymes	 begin	 to	 necrose	 the	 hypodermis	 and	 cause
vascular	thrombosis	of	the	nutrient	vessels	located	there,	leading	to	ischemia	and
necrosis.	 Ischemia	 of	 the	 nerves	 causes	 hypoesthesia,	 anesthesia,	 and
hyperesthesia	 (pain	 out	 of	 proportion	 to	 physical	 examination).	 Crepitus	 on
physical	 examination	 and	 subcutaneous	 air	 seen	 on	 imaging	 is	 caused	 by	 gas-
forming	anaerobic	pathogens.	The	hypodermis	is	more	likely	to	develop	necrosis
leading	to	the	expected	later	finding	of	overlying	epidermal	and	dermal	changes
once	the	cutaneous	circulation	has	thrombosed.	This	leads	to	erythema,	edema,
both	serous	and	hemorrhagic	bullae,	and	frank	necrosis.1,2,7-9

CLASSIFICATION
4 	NF	can	be	classified	under	two	main	types.	These	classifications	are	based	on
the	 bacteria	 as	 well	 as	 the	 different	 types	 of	 bacteria	 causing	 NF.	 These
classifications	are	also	important	for	directing	antimicrobial	treatment.

Type	I:	Polymicrobial
This	is	by	far	the	most	common	of	NF,	accounting	for	upward	of	70%	of	cases.
Type	 I	 is	 generally	 seen	 in	 the	 elderly	 population	 and	 those	 with	 multiple
comorbidities.	Most	of	these	infections	are	located	in	the	trunk	or	perineum.	At
least	 two	 pathogens	 are	 detected	 in	 the	 surgical	 specimen	 culture,	 with	 an
average	 of	 over	 four	 species	 identified.	 In	 historical	 terms,	 Clostridium	 spp
played	 a	 large	 role	 in	 type	 I	 NF.	 In	 more	 recent	 years,	 the	 incidence	 of
Clostridium	has	declined	significantly	and	is	rare,	a	change	that	is	thought	to	be
due	to	improved	sanitation,	hygiene,	and	sterilization	techniques.	Clostridium	is



commonly	found	in	soil	in	endemic	areas	of	the	United	States	and	of	the	world
with	rates	around	10%.1-3,7-9,13,16

Fournier	gangrene	(Figure	48.2)	is	considered	a	subof	type	I	NF	because	it	is
a	polymicrobial	infection.	Fournier	gangrene	was	first	described	as	a	necrotizing
infection	 of	 the	 penis	 and	 scrotum.	 Today’s	 definition	 is	 broader	 and	 now
includes	 the	 genitalia	 of	 both	men	 and	women,	 perineum,	 and	 perianal	 areas.
Particular	 considerations	 with	 this	 of	 NF	 are	 that	 Scarpa	 fascia	 is	 continuous
with	Colles	fascia	and	dartos	fascia.	This	allows	for	the	disease	to	spread	easily
superiorly	from	the	groin	to	the	anterior	abdominal	wall,	making	control	of	this
disease	more	difficult.1-3,7-9,13

	

Figure	 48.2 	A)	 A	 case	 of	 scrotal	 necrotizing	 fasciitis	 (Fournier
gangrene),	 requiring	 extensive	 wide	 debridement	 of	 affected	 tissue
(B).	Cultures	demonstrated	a	polymicrobial	infection.

Fungi	(mainly	Candida	species)	have	also	been	described	in	certain	cases	and
are	mainly	associated	with	type	I	NF.	Patients	with	positive	fungal	cultures	have
higher	mortality	rates.17

NF	can	 affect	 the	head	 and	neck	 as	well.	These	 are	 also	polymicrobial	 and
usually	 involve	 anaerobes.	 Cases	 of	 NF	 in	 the	 head	 and	 neck	 typically	 occur
after	a	breach	in	mucosal	integrity,	such	as	after	a	procedure	or	instrumentation
or	as	a	sequela	of	dental	infection.

Type	II:	Monomicrobial	Gram	Positive	(Group	A	β-hemolytic
Streptococcus	Alone	or	with	Methicillin-Sensitive	and
Methicillin-Resistant	Staphylococcus	Aureus)
Group	 A	 β-hemolytic	 Streptococcus	 (gram-positive	 catalase-negative	 cocci	 in
pairs	or	 chains),	 also	 referred	 to	as	GAS,	 is	 the	hallmark	of	 type	 II	NF.	 It	 can



either	 occur	 by	 itself	 or	 in	 conjunction	 with	 Staphylococcus	 aureus	 (gram-
positive	catalase-positive	cocci	 in	clusters),	 including	both	methicillin-sensitive
and	methicillin-resistant	S.	aureus	(MRSA).	GAS	(Streptococcus	pyogenes)	has
evolved	several	mechanisms	to	increase	its	toxicity.	Perhaps	the	most	important
of	these	is	the	M	protein,	which	allows	GAS	to	bind	and	activate	T-cell	receptors
in	 a	 much	 larger	 number	 than	 would	 normally	 be	 activated.	 This	 causes	 an
extremely	large	inflammatory	response,	with	release	of	inflammatory	cytokines
including	interleukin	1,	interleukin	6,	and	tumor	necrosis	factor	α.	The	M	protein
also	 leads	 to	 decreased	 phagocytosis	 by	 neutrophils.	 In	 addition,	 GAS	 has
exotoxins	 that	 lead	 to	 neutrophil	 damage,	 decreased	 phagocytosis,	 and
breakdown	of	connective	tissue.	Panton-Valentine	leukocidin	is	a	virulent	factor
seen	 with	 some	 S.	 aureus	 that	 is	 currently	 being	 studied	 and	 is	 thought	 to
contribute	 to	 the	 severity	 of	 disease	 as	 well	 as	 resistance	 to	 certain	 antibiotic
therapies.4	 With	 Staphylococcus	 spp,	 infection	 can	 also	 lead	 to	 toxic	 shock
syndrome,	 tissue	 necrosis	 and	 leukocyte	 destruction.	 This	 of	 NF	 is	 more
common	in	the	extremities	in	young	healthy	patients	and	is	commonly	caused	by
local	 trauma	including	surgery	and	IVDA.	Mortality	rates	of	 types	I	and	II	NF
are	comparable.2,8,9

Another	 important	 cause	 of	 type	 II	NF	 is	Vibrio	 or	Aeromonas	 spp.	Vibrio
vulnificus	(gram-negative	motile	bacilli)	is	the	most	common	Vibrio	species	seen
in	NF	that	is	typically	related	to	upper	extremity	trauma	in	patients	with	hepatic,
renal,	or	adrenal	failure.	These	bacteria	are	found	in	warmer	marine	water,	hence
an	increase	in	incidence	during	the	summer	months.	Aeromonas	hydrophila	and
Aeromonas	veronii	biovar	sobria	(gram-negative	rods	or	bacilli)	are	also	aquatic,
usually	found	in	fresh	water	or	brackish	water	but	also	in	normal	human	flora.
Usually	 infection	with	Aeromonas	 spp	 leads	 to	 gastroenteritis,	 but	 it	 can	 also
cause	NF.1,8,9,18,19

SIGNS	AND	SYMPTOMS
Physical	examination	is	of	utmost	importance	for	patients	with	NF.	Attention	to
detail	 is	 extremely	 important,	 especially	 with	 change	 or	 worsening	 conditions
within	a	short	time	period.	Pertinent	signs	and	symptoms	are	listed	here.	These
are	not	specific	to	NF	but	can	be	suggestive	of	this	disease.

Symptoms
Pain	out	of	proportion	to	exam



Swelling	of	the	affected	area
Nausea,	vomiting,	and	diarrhea
Chills

Signs
Skin	erythema	and	induration,	which	are	common	in	many	skin	conditions
and	are	more	sensitive	than	specific
Bullae,	blistering,	dermal	sloughing,	or	necrosis	(Figure	48.3)

	

Figure	 48.3 	 Extensive	 skin	 discoloration,	 bullae,	 dermal
sloughing,	 and	 necrosis	 in	 a	 patient	 with	 lower	 extremity
necrotizing	fasciitis.

Crepitus	(more	common	with	Clostridium	or	other	gas-forming	bacteria)
Wound	discharge,	classically	dishwater	in	character	but	can	be	serous
Fever
Tachycardia	with	or	without	hypotension
Mental	status	changes

As	 the	 disease	 progresses,	 patients	 develop	 systemic	 inflammatory	 response
syndrome	(SIRS).	SIRS	criteria	include	at	least	two	of	the	following:	heart	rate
>90	 beats	 per	 minute,	 white	 blood	 cell	 (WBC)	 count	 <4000	 or	 >12,000	 per
microliter,	or	bands	>10%,	temperature	>38	°C	or	<36	°C,	respiratory	rate	>20
breaths	per	minute,	or	PaCO2	<32	mmHg.	This	progresses	 to	 septic	 shock	and
multisystem	 organ	 dysfunction	 without	 surgical	 intervention,	 though	 this	 may
occur	even	with	surgical	debridement.



DIAGNOSTICS
In	 addition	 to	 the	 aforementioned	physical	 exam	 findings,	 additional	 tools	 can
assist	in	making	the	diagnosis.

Radiographic	Imaging
Plain	film	x-ray	may	show	air	within	subcutaneous	tissue	and	musculature	with
edema.	Radiography	 tends	 to	 be	more	 useful	with	Clostridium	 or	 gas-forming
bacterium	 due	 to	 the	 subcutaneous	 emphysema	 that	 develops.	 CT	 (computed
tomography)	 can	 be	 helpful	 in	making	 a	 diagnosis,	 especially	 in	 coordination
with	 patient	 history	 and	 examination.	 Stranding	 on	 CT	 is	 suggestive	 of
inflammation	 and	 air	 within	 fascial	 planes	 can	 be	 better	 visualized	 by	 CT
(Figure	 48.4).20	 Magnetic	 resonance	 imaging	 (MRI)	 is	 the	 most	 sensitive
imaging	modality,	 but	MRI	 is	 often	 the	 least	 efficient.	 If	 the	 diagnosis	 is	 still
uncertain	despite	 review	of	both	 laboratory	values	and	physical	examination,	a
CT	 scan	 should	 be	 obtained,	 saving	 both	 cost	 and	 time	 compared	 to	 MRI.
Despite	the	availability	of	these	diagnostic	modalities,	it	may	still	be	difficult	to
differentiate	NF	from	other	soft	tissue	infections.

	

Figure	48.4 	Extensive	subcutaneous	air	and	 tissue	necrosis	seen
on	 CT	 scan	 in	 a	 patient	 with	 Fournier	 gangrene.CT,	 computed
tomography.

Laboratory	Analyses
Delay	in	diagnosis	and	time	to	the	operating	room,	along	with	a	paucity	of	rapid



and	accurate	imaging	modalities,	increase	mortality	in	patients	with	NF.	In	2004,
the	LRINEC	scoring	 system	was	proposed	 to	define	 laboratory	criteria	 to	help
differentiate	 NF	 from	 other	 soft	 tissue	 infections	 with	 a	 certain	 degree	 of
reliability.	 This	 system	 utilizes	 serum	 sodium,	 creatinine,	 glucose,	 C-reactive
protein	(CRP),	WBC,	and	hemoglobin.	The	LRINEC	score	was	very	suggestive
of	NF	if	 the	patient	scored	≥6.	However,	about	10%	of	patients	with	scores	<6
were	also	found	to	have	NF.6	LRINEC	is	currently	the	accepted	scoring	system
for	NF	 but	 has	mixed	 results	with	 external	 validation	 studies	 and	 some	 noted
barriers	 including	 the	 fact	 that	 CRP	 is	 not	 routinely	 obtained	 as	 part	 of	 a
workup.21	If	clinical	suspicion	for	NF	is	high,	definitive	management	should	not
be	delayed	to	calculate	the	LRINEC	score.

Microbiology
Drainage	 from	 the	wound	 can	be	 sent	 for	Gram	 stain	 and	 culture.	The	 culture
can	take	24	to	72	hours	to	identify	the	pathogen,	though	if	Gram	stain	is	positive
for	 gram-positive	 cocci	 and/or	 bacilli,	 this	 will	 aid	 in	 making	 the	 diagnosis,
especially	 in	 conjunction	 with	 other	 signs	 and	 symptoms	 exhibited	 by	 the
patient.

Surgical	Biopsy
5 	This	can	be	done	at	the	bedside	or	in	the	operating	room	if	clinical	suspicion	is
high.	The	main	objective	is	to	evaluate	the	fascia.	Discoloration	and	peeling	of
unhealthy	fascia	is	pathognomonic	for	NF.	Surgery	is	the	only	definitive	method
to	diagnose	NF,	as	it	is	the	only	way	to	truly	evaluate	fascial	involvement.

TREATMENT

Surgery
6 	The	main	goal	when	treating	NF	is	early,	wide	debridement	with	removal	of	all
involved	tissues.	Wide	surgical	excision	is	the	mainstay	of	therapy	and	the	only
definitive	 treatment.	 Patients	 usually	 require	 multiple	 returns	 to	 the	 operating
room	to	evaluate	the	wound	and	to	ensure	all	involved	tissue	is	excised.	Wounds
may	be	left	open	and	allowed	to	heal	by	secondary	intention.	Often	multiple	wet
to	dry	dressing	changes	are	required	to	adequately	debride	the	tissue.	Iodine	or



Dakin’s	solution	can	be	added	to	the	early	wet	to	dry	dressings	to	help	decrease
the	bacterial	load	in	the	wound.	Often,	the	inflammatory	burden	from	the	wound
drives	a	prolonged	SIRS	response,	even	after	the	infection	has	resolved.	Patients
may	ultimately	require	skin	grafts	if	the	area	of	debridement	is	extensive	(Figure
48.5).

	

Figure	 48.5 	A,	 A	 patient	 with	 Fournier	 gangrene	 after	 surgical
debridement	 of	 the	 scrotum.	 The	 wound	 was	 not	 amenable	 for
primary	closure.	B,	Split	thickness	skin	graft	application	to	cover	part
of	a	large	defect	in	the	upper	thigh.

Antibiotics
Once	diagnosis	is	suspected,	antibiotics	are	started	to	help	control	the	spread	of
the	 infection.	 Early,	 broad-spectrum	 antibiotic	 coverage	 should	 be	 started
targeting	the	most	common	organisms.	Once	surgical	cultures	have	resulted,	the
of	NF	can	be	identified	and	antibiotic	therapy	can	be	tailored.	The	recommended
empiric	 regimen	 consists	 of	 a	 β-lactam	 antibiotic	 +/−	 β-lactamase	 inhibitor
(penicillin,	 piperacillin/tazobactam),	 anaerobic	 coverage	 with
clindamycin/metronidazole,	 and	 MRSA	 coverage	 with	 vancomycin.	 Other
studies	 recommend	use	 of	meropenem	plus	 clindamycin	 or	 ciprofloxacin,	 or	 a
clindamycin	and	metronidazole	combination	for	broad-spectrum	coverage	which
is	 indicated	 for	 those	 who	 are	 not	 able	 to	 tolerate	 a	 β-lactam	 antibiotic.
Clindamycin	 is	 important	 initially	 because	 it	 has	 been	 shown	 to	 decrease	 the
release	of	Clostridium	α	toxin	as	well	as	the	Streptococcal	M	protein.9,13

Intravenous	Immune	Globulin



The	use	 of	 intravenous	 immune	globulin	 (IVIG)	 for	NF	 is	 supported	 by	 some
case	 reports	 and	mainly	 as	 an	 adjunct	 in	 cases	 of	 GAS	 infections.	 It	 is	 not	 a
widely	accepted	option	for	treatment	and	requires	more	research	to	evaluate	its
efficacy.9,22

Hyperbaric	Oxygen	Therapy
The	 role	 of	 hyperbaric	 oxygen	 in	 NF	 therapy	 remains	 controversial.9	 Some
retrospective	 studies	 have	 shown	 an	 additional	 benefit	 in	 patients	 treated
primarily	with	surgical	debridement	and	antibiotics.	At	the	current	time,	there	is
no	 randomized	prospective	 trial	evaluating	 the	benefit	of	hyperbaric	oxygen	 in
patients	with	NF.

Negative	Pressure	Wound	Therapy
Negative	 pressure	 wound	 therapy	 (NPWT)	 placed	 after	 adequate	 surgical
debridement	has	become	more	popular	for	the	treatment	of	large	wounds.	It	has
been	shown	 that	NPWT	decreases	 the	 long-term	cost	of	 therapy	and	decreases
time	 to	 complete	 wound	 healing.23	 More	 recently,	 there	 are	 case	 reports	 of
adding	 a	 pure	 hypochlorous	 acid	 solution	 0.01%	 (NeutroPhase,	 NovaBay
Pharmaceuticals	 Inc,	 Emeryville,	 CA)	 for	 the	 treatment	 of	 NF.	 Hypochlorous
acid	inactivates	S.	aureus	and	S.	pyogenes	 toxins.16	Silver	 is	another	adjunct	 to
NPWT	 that	 may	 decrease	 hospital	 length	 of	 stay.	 Silver	 is	 thought	 to	 be
antimicrobial	by	disabling	enzymes	responsible	for	bacterial	growth.24

Nutritional	Support
Following	 surgical	 debridement,	 surviving	 patients	 are	 often	 left	 with	 a
significant	wound	 burden.	 Fluid	 shifts	 and	 continuous	 protein	 and	 fluid	 losses
from	 the	 wound	 occur	 and	 merit	 careful	 attention.	 Nutritional	 support	 is
paramount	 to	 optimize	 wound	 healing.	 Supplemental	 enteral	 or	 parenteral
nutrition	 may	 be	 needed	 and	 should	 be	 started	 early	 in	 the	 course.	 Patients
recovering	from	NF	have	increased	energy	requirements	that	may	be	up	to	124%
of	 their	 basal	 needs.25	 Supplementation	 with	 vitamins	 A	 and	 C	 is	 also
beneficial.26

SUMMARY



NF	 is	 a	 true	 surgical	 emergency.	 The	 earlier	 that	 diagnosis	 and	 intervention
occur,	the	better	the	potential	outcome	for	the	patient,	though	mortality	remains
high.	Surgery	involves	excision	of	all	involved	tissue	and	is	the	only	known	cure
for	all	types	of	NF.	Antibiotics,	IVIG,	and	other	adjuncts	can	aid	in	the	treatment
but	 are	not	 sufficient	 alone.	Many	 factors	 are	 involved	 in	predicting	mortality,
including	time	of	diagnosis,	time	to	surgery,	patient	comorbidities	and	operative
risk,	and	level	of	 illness	(SIRS,	severe	sepsis,	septic	shock,	etc).	NF	can	easily
be	confused	with	other	soft	 tissue	 infections,	but	a	good	physical	examination,
attention	 to	 details,	 potential	 use	 of	 imaging	 and	 laboratory	 studies,	 and	 early
surgical	 consultation	 in	 suspected	 cases	 constitute	 the	 preferred	 approach	 for
making	 the	 diagnosis.	 NF	 patients	 often	 require	 prolonged	 intensive	 care	 unit
and	hospital	care	following	surgical	intervention.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	imaging	modalities	excludes	necrotizing	fasciitis?

A. 	CT	scan
B. 	MRI
C. 	Plain	films	(x-ray)
D. 	None	of	the	above

2. 	A	66-year-old	woman	is	recovering	from	an	exploratory	laparotomy	and
colostomy	procedure	performed	24	hours	ago	for	perforated	sigmoid
diverticulitis.	She	was	admitted	to	the	ICU	postoperatively	and	required	IV	fluid
resuscitation.	However,	within	the	last	6	hours,	her	clinical	status	has
deteriorated.	Repeat	labs	show	a	WBC	of	20,000	despite	intravenous	cefoxitin
antibiotic.	The	patient	is	now	requiring	pressors.	On	exam,	she	has	a	gray-
colored	liquid	discharge	from	a	midline	laparotomy	incision.	There	is	no
purulence.	A	decision	is	made	to	return	to	the	operating	room	for	possible
necrotizing	fasciitis.	What	antibiotic	changes,	if	any,	should	be	made?

A. 	Add	doxycycline
B. 	Add	linezolid
C. 	Change	to	cefazolin	and	clindamycin
D. 	Change	to	meropenem



3. 	A	54-year-old	insulin-requiring	diabetic	man	presents	to	the	emergency
room	with	a	12-hour	history	of	abdominal	pain,	nausea,	and	fever.	Vital	signs	are
BP	85/60,	RR	24,	Temp	102.5	F,	and	HR	110.	On	exam,	he	has	an	area	of
erythema	over	his	right	abdomen	with	tenderness	out	of	proportion	to	exam.	No
crepitus	is	appreciated	on	palpation.	Serum	studies	show	WBC	is	18,000,
creatinine	1.3,	lactic	acid	3,	and	sodium	132.	In	addition	to	intravenous	fluids,
what	is	the	most	appropriate	next	step	in	management.

A. 	Abdominal	x-ray
B. 	CT	scan	of	abdomen	and	pelvis	with	oral	contrast
C. 	Intravenous	penicillin
D. 	Operating	room	for	abdominal	wall	exploration

Answers

1.	The	correct	answer	is	D.
Rationale:	Imaging	can	aid	with	diagnosis	of	necrotizing	fasciitis	but	cannot

be	relied	upon	to	rule	out	this	clinical	syndrome	(choice	D	is	correct).	CT,	MRI,
and	plain	films	can	be	helpful	but	are	insufficient	to	exclude	necrotizing	fasciitis.

2.	The	correct	answer	is	D.
Rationale:	 Initial	 antibiotic	 coverage	 for	 a	 patient	with	 necrotizing	 fasciitis

must	 cover	 gram-positive,	 gram-negative	 and	 anaerobic	 organisms.	 Of	 all	 the
antibiotic	options	listed	in	the	question,	meropenem	provides	the	best	coverage
for	 these	 organisms	 (choice	 D	 is	 correct;	 choices	 A,	 B,	 and	 C	 are	 incorrect
because	their	spectrums	of	coverage	are	narrower).

3.	The	correct	answer	is	D.
Rationale:	 The	 patient’s	 presentation	 is	 concerning	 for	 necrotizing	 fasciitis.

The	 patient	 is	 a	 diabetic,	 and	 this	most	 likely	 arose	 from	 insulin	 injections	 as
inferred	from	the	question.	He	is	hemodynamically	unstable.	CT	scan	with	oral
contrast	will	only	delay	his	treatment	(choices	A	and	B	are	incorrect);	starting	IV
penicillin	 alone	 will	 be	 inadequate	 antimicrobial	 coverage	 (choice	 C	 is
incorrect).	 Going	 to	 the	 operating	 room	 will	 confirm	 his	 diagnosis	 and	 also
increase	his	chances	of	survival	(choice	D	is	correct).
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Chapter	49
The	ICU	Management	of	Patients
Undergoing	Major	Surgery	for
Gastrointestinal	Cancers
Kate	H.	Dinh,	Ricardo	J.	Bello,	Jennifer	Lafemina

KEY	POINTS:
1.	 Conservative	management	is	the	mainstay	of	treatment	for	low-

grade	postoperative	pancreatic	fistulas.
2.	 If	recognized	and	treated	expeditiously,	mortality	from

gastroduodenal	artery	pseudoaneurysm	after
pancreaticoduodenectomy	can	be	reduced	from	90%	to	15%.

3.	 Delayed	gastric	emptying	is	a	common	complication	after	pancreatic,
esophageal,	and	gastric	resections.

4.	 A	Gastrografin	swallow	study	can	evaluate	presence	and	size	of	an
anastomotic	leak.	When	a	significant	leak	occurs	after
esophagectomy	or	gastrectomy,	reexploration	with	drainage	should
be	considered	for	unstable	patients	or	those	failing	conservative
management.

5.	 Minimally	invasive	approaches,	such	as	endoscopic	stenting	or
endovascular	embolization,	have	been	successfully	used	for
gastrointestinal	anastomotic	leak,	gastroduodenal	artery
pseudoaneurysm,	and	chyle	leak.

INTRODUCTION
Patients	 undergoing	 major	 surgical	 procedures	 for	 cancer	 are	 at	 high	 risk	 for
perioperative	 morbidity	 and	 mortality.	 This	 chapter	 highlights	 operations	 for



common	gastrointestinal	(GI)	cancers	requiring	perioperative	intensive	care.	We
focus	 on	 the	 complications	 specific	 to	 these	 operations	 which	 can	 have
significant	implications	for	perioperative	management	and	outcomes.

PANCREATIC	RESECTION
Pancreatic	cancer	is	the	third	leading	cause	of	cancer	death	in	the	United	States
with	 a	 stable	 incidence	 over	 the	 years.	 Survival	 remains	 dismal	 with	 little
improvement	in	recent	decades,	and	early	detection	and	resection	offer	the	best
option	 for	 long-term	 survival	 and	 cure.	Resection	 largely	 depends	 upon	 tumor
size,	location,	and	vascular	involvement.	Common	standard	segmental	resections
for	pancreatic	cancer	include	pancreaticoduodenectomy	(PD;	also	known	as	the
Whipple	 procedure)	 and	 distal	 pancreatectomy	 (DP).	Total	 pancreatectomy	 for
neoplastic	purposes	may	be	considered	for	selected	cases,	particularly	for	main
duct	intraductal	papillary	mucinous	neoplasm.

Perioperative	management	remains	largely	surgeon	and	institution	dependent.
Early	 ambulation,	 pulmonary	 secretion	 clearance,	 and	 pain	 control	 are
paramount	 during	 the	 early	 postoperative	 period.	 Following	 PD,	 nasogastric
decompression	 may	 be	 helpful.	 Once	 gastric	 decompression	 is	 discontinued,
there	 is	 slow	 advancement	 of	 the	 diet	 paired	 with	 close	 glucose	 monitoring,
insulin	 supplementation,	 and	 thromboembolism	 prophylaxis.	 Feeding
jejunostomies	and	parenteral	nutrition	are	generally	unnecessary.

Contemporary	series	of	PD	report	an	overall	complication	rate	of	31%	to	38%
and	 mortality	 rate	 of	 1%	 to	 4%.1-7	 The	 most	 common	 complications	 include
pancreatic	 fistula,	 pseudoaneurysms,	 hemorrhage,	 delayed	 gastric	 emptying
(DGE),	 and	 exocrine	 and	 endocrine	 insufficiency.	 Additional	 complications
include	 wound	 infections,	 other	 anastomotic	 leakage	 (biliary,	 gastric,	 or
duodenal),	 cholangitis,	 pancreatitis,	 and	 complications	 of	 other	 organ	 systems
such	 as	 deep	 venous	 thrombosis,	 pulmonary	 embolism,	 cardiopulmonary
complications,	 stroke,	 gastroduodenal	 arterial	 pseudoaneurysms,	 and	 urinary
tract	infection.

Postoperative	Pancreatic	Fistula
1 	 Postoperative	 pancreatic	 fistula	 (POPF;	 also	 known	 as	 pancreatic	 leak)
remains	 a	 difficult	 management	 dilemma,	 which	 contributes	 significantly	 to
postoperative	 morbidity	 and	 mortality.	 The	 reported	 incidence	 of	 POPF	 is
variable,	 ranging	 from	 2%	 to	 16%.1-6	 The	 International	 Study	 Group	 on



Pancreatic	 Fistula	 (ISGPF)	 defines	 POPF	 as	 “failure	 of	 healing/sealing	 of	 the
pancreatic-enteric	anastomosis	or	a	parenchymal	leak	not	directly	related	to	the
anastomosis”7	 and	 a	 drain	 fluid	 amylase	 level	 more	 than	 three	 times	 the
concurrent	serum	amylase	on	 the	 third	postoperative	day.	POPFs	are	graded	A
through	C	based	on	clinical	severity	(Table	49.1),	and	conservative	management
is	the	mainstay	of	therapy.	Grade	A	fistulas	are	short-lived	and	of	little	clinical
significance.	These	do	not	result	in	changes	in	management,	other	than	delaying
removal	 of	 intraperitoneal	 drains.	 Grade	 B	 fistulas	 require	 changes	 in
management,	 such	 as	 alteration	 in	 diet	 and	 use	 of	 parenteral	 nutrition,
antibiotics,	or	somatostatin	analogues.	Grade	C	fistulas	occur	in	clinically	unwell
patients	 who	 may	 be	 septic.	 These	 patients	 are	 at	 high	 risk	 for	 severe
complications,	 including	 death,	 and	 require	 major	 changes	 in	 management
including	 reoperation	 and	 delay	 in	 discharge.	 Grade	 B-C	 fistulas	 require
bowel/pancreatic	rest;	total	parenteral	nutrition	(TPN)	may	be	necessary.

TABLE	49.1

Summary	of	Postoperative	Pancreatic	Fistula	Grades

Postoperative	Pancreatic	Fistula
Grade A B C

Clinical	condition Well Often
well

Unwell

Management	alterationa No Possible Yes

Imaging	findings No Possible Yes

Prolonged	drainage No Possible Yes

Reoperation No No Yes

Mortality No No Possible

Readmission No Possible Possible

Infection/sepsis No/no Yes/no Yes/yes

aIncludes	change	in	diet,	use	of	parenteral	nutrition,	antibiotics,	somatostatin	analogues,	minimal



invasive	drainage.

Derived	from	Bassi	C,	Dervenis	C,	Butturini	G,	et	al.	Postoperative	pancreatic	fistula:	an
international	study	group	(ISGPF)	definition.	Surgery.	2005;138(1):8-13.

Routine	use	of	postoperative	TPN	is	not	necessary	and	has	been	associated
with	a	higher	risk	of	major	complications.8	When	postoperative	fluid	collections
are	 present,	 drains	 (whether	 placed	 surgically	 or	 postoperatively	 via	 a
percutaneous	 or	 endoscopic	 approach)	 allow	 for	 control	 of	 contamination.
Antibiotics	should	be	introduced	for	signs	of	infection	or	sepsis.	Reoperation	is
uncommon	 but	 should	 be	 considered	 for	 unstable	 patients	 or	 those	 failing
conservative	management.

The	 role	 of	 octreotide	 in	 the	 prevention	 and	 treatment	 of	 POPF	 remains
controversial.9-14	 Octreotide	 is	 a	 somatostatin	 analogue	 that	 inhibits	 pancreatic
secretion.	While	 initial	 reports	 showed	 a	 decrease	 in	 POPF	 rates	with	 routine
octreotide	 administration,	 two	 studies	 performed	 in	 the	United	States	 failed	 to
demonstrate	a	significant	impact	of	octreotide	on	complications	including	POPF
following	PD.11,14	More	recently,	pasireotide	has	shown	potential	to	decrease	the
rate	of	clinically	significant	POPF.15

There	 is	 an	 extensive	 body	 of	 literature	 reporting	 technical	 methods	 for
decreasing	 the	 incidence	 of	 POPF.	 Careful	 handling	 of	 the	 pancreas	 and
preservation	of	the	blood	supply	are	critical	to	minimize	morbidity.	Variations	in
the	 construction	 of	 the	 pancreatic	 anastomosis	 have	 been	 explored.	 Multiple
studies	 have	 failed	 to	 demonstrate	 differences	 in	 fistula	 rates	 comparing
pancreaticojejunostomy	 to	 pancreaticogastrostomy.16-19	 Variations	 in
reconstruction,	with	 “binding”	 techniques,	 “invagination”	 techniques,	 and	 duct
obliteration	 have	 shown	 mixed	 results.20-24	 No	 single	 method	 of	 pancreatic
reconstruction	or	control	of	the	duct	appears	definitively	superior	to	others.25

Whether	operatively	placed	drains	should	be	routinely	used,	particularly	after
PD,	remains	controversial.	In	a	single-institution	randomized	trial,	intraoperative
drain	 placement	 did	 not	 increase	 overall	 complications	 but	 did	 increase	 the
incidence	 of	 intra-abdominal	 collections.26	 The	 authors	 evaluated	 their	 more
recent	 experience,	 again	 demonstrating	 a	 longer	 hospital	 stay,	 increased
morbidity	 (including	 fistula	 rates),	 and	 increased	 readmission	 rates	 with
operatively	placed	drains.27	Conversely,	however,	a	multicenter,	randomized	trial
recently	 demonstrated	 that	 subjects	 who	 did	 not	 have	 routine	 intraoperative
drainage	 had	 a	 higher	 incidence	 of	 gastroparesis,	 intra-abdominal	 fluid
collections,	severe	diarrhea,	need	for	additional	drainage,	and	prolonged	length
of	stay.28



Hemorrhage	Related	to	Pseudoaneurysm
2 	 Pseudoaneurysm,	 particularly	 of	 the	 gastroduodenal	 artery	 (GDA)	 following
PD,	 is	 a	 life-threatening	 surgical	 emergency.	 Patients	 with	 GDA
pseudoaneurysms	 present	 with	 abdominal	 pain,	 massive	 GI	 hemorrhage
(presenting	 as	 hematemesis,	 melena,	 or	 hematochezia),	 hemoperitoneum,	 and
hemodynamic	instability.	Patients	often	first	develop	a	discrete	“sentinel	bleed,”
which	 spontaneously	 self-stabilizes	 for	 several	 hours	 prior	 to	 progressing	 into
massive	 hemoperitoneum.	 The	 risk	 of	 postpancreatectomy	 hemorrhage
significantly	 increases	 in	 the	 presence	 of	 a	 pancreatic	 fistula,	 likely	 due	 to
erosion	 of	mesenteric	 vessels	 by	 pancreatic	 enzymes.29	 Computed	 tomography
angiogram	 may	 confirm	 the	 diagnosis,	 and	 embolization	 by	 interventional
radiology	 can	 control	 the	 hemorrhage.	 If	 embolization	 fails	 or	 the	 patient
remains	 unstable,	 exploration	 and	 control	 of	 hemorrhage	 is	 warranted.	 It	 is
critically	 important	 to	 have	 a	 high	 level	 of	 suspicion	 for	 this	 complication.	 If
recognized	 and	 treated	 expeditiously,	 mortality	 may	 be	 up	 to	 15%;	 but	 if
untreated,	mortality	approaches	90%.30

Delayed	Gastric	Emptying
3 	The	International	Study	Group	of	Pancreatic	Surgery	(ISGPS)	defines	DGE	as
“the	 inability	 to	 return	 to	 a	 standard	 diet	 by	 the	 end	 of	 the	 first	 postoperative
week.”	DGE	includes	prolonged	nasogastric	tube	(NGT)	use31	and	occurs	in	7%
to	 16%	 of	 PD	 cases.1-6	 The	 pathologic	 mechanisms	 are	 poorly	 understood
following	 duodenal	 resection.	 Remnant	 duodenal	 length,	 denervation	 (ie,	 the
duodenal	 intestinal	 pacemaker),	 changes	 in	 motilin	 levels,	 and	 mechanical
narrowing	 at	 the	 anastomosis	 may	 all	 contribute	 to	 DGE.	 If	 DGE	 occurs,
additional	 contributing	 etiologies,	 such	 as	 a	 POPF	 or	 an	 intra-abdominal
collection,	 should	 be	 ruled	 out.	 Multiple	 trials	 have	 failed	 to	 demonstrate	 a
difference	 in	DGE	rates	based	on	pylorus	preservation	or	 resection,32-34	 though
several	 studies	 have	 suggested	 a	 higher	 incidence	 of	 DGE	 after	 pylorus-
preserving	PD.31

Gastric	 decompression	 with	 an	 NGT	 is	 an	 important	 component	 of
management,	 particularly	 for	 a	 vomiting	 patient	 at	 risk	 of	 aspiration.	Motility
agents	such	as	metoclopramide	and	erythromycin	are	first-line	agents.	The	latter
has	 been	 shown	 to	 reduce	 the	 incidence	 of	DGE	 from	30%	 to	 19%	 following
resection.35	 If	 DGE	 is	 prolonged,	 enteral	 nutrition	 via	 a	 nasojejunostomy	 or
gastrostomy	 tube,	or	via	parenteral	nutrition,	 should	be	considered	 to	optimize
nutritional	status.	When	mechanical	obstruction	is	identified,	endoscopic	dilation



should	be	considered.

Endocrine	and	Exocrine	Pancreatic	Insufficiency
The	estimated	incidence	of	new	onset	diabetes	following	PD	ranges	from	11%	to
54%.	 The	 risk	 of	 exocrine	 insufficiency	 following	 PD	 ranges	 from	 24%	 to
78%.36-42	The	incidence	of	exocrine	and	endocrine	insufficiency	may	be	as	high
as	50%	following	DP.43,44	Postoperative	endocrine	insufficiency	is	managed	with
oral	 hypoglycemic	 agents	 or	 insulin.	 Postoperative	 exocrine	 insufficiency	may
be	detected	by	continued	postoperative	weight	 loss	or	 steatorrhea,	 and	may	be
treated	with	oral	enzyme	supplementation.

ESOPHAGEAL	RESECTION
Esophageal	 and	 gastroesophageal	 junction	 (GEJ)	 cancers	 remain	 therapeutic
challenges	 with	 5-year	 survival	 of	 approximately	 18%.45	 There	 has	 been
increasing	 interest	 in	 nonsurgical	 options,	 including	 endoscopic	 mucosal
resection,	 endoscopic	 ablation,	 and	 definitive	 chemoradiotherapy.46	 However,
esophagectomy	remains	the	best	option	for	long-term	survival	and	cure	in	early-
stage	disease	and	to	achieve	local	control	of	locally	advanced	disease.

Common	 operative	 approaches	 include	 the	 Ivor	 Lewis	 esophagectomy,
McKeown	 esophagectomy,	 transhiatal	 esophagectomy,	 Sweet	 procedure	 (left-
sided	 thoracotomy),	 and	 left	 thoracoabdominal	 approach.	 Operative	 approach
depends	 on	 tumor	 location	 and	 stage,	 extent	 of	 lymphadenectomy,	 conduit
options,	patient	characteristics,	and	surgeon	preference.	There	is	ongoing	debate
about	 the	 role	 of	minimally	 invasive	 surgery,	 the	 extent	 of	 lymphadenectomy,
and	the	location	of	the	anastomosis	(cervical	vs	thoracic).

Chest	 physiotherapy,	 pain	 control	 optimization,	 early	 ambulation,	 incentive
spirometry,	 careful	 fluid	management,	 and	 early	 extubation	when	 possible	 are
paramount	 to	 minimize	 postoperative	 morbidity.	 Chest	 tubes	 and	 nasogastric
decompression	are	commonly	employed,	the	latter	to	reduce	risk	of	regurgitation
and	aspiration.	The	use	of	feeding	jejunostomy	or	nasoduodenal	tube	placement
for	 perioperative	 enteral	 feeding	 is	 variable.	 Some	 advocate	 for	 placement	 to
allow	 nutritional	 optimization,	 particularly	 if	 delayed	 diet	 advancement	 is
anticipated.	While	some	surgeons	will	proceed	with	diet	advancement	based	on
the	patient’s	 clinical	 picture,	 a	 swallow	 study	with	Gastrografin	 contrast	 is	 the
gold	standard	for	diagnosis	of	esophageal	leak	and	may	be	pursued	prior	to	diet
advancement.



Common	 complications	 specific	 to	 esophagectomy	 include	 esophageal
anastomotic	leak,	DGE,	dumping	syndrome,	anastomotic	stricture,	regurgitation
and	reflux,	chylothorax,	and	recurrent	laryngeal	nerve	injury.

Esophageal	Anastomotic	Leak
High-volume	center	series	report	leak	rates	of	approximately	10%,47-50	compared
to	over	30%	for	low-volume	centers.51	Differences	in	operative	techniques,	such
as	 stapled	 or	 hand-sewn	 anastomosis,	 have	 not	 significantly	 reduced	 these
rates.52

Within	 the	 first	 48	 hours	 of	 surgery,	 if	 a	 patient	 develops	 shock,	 one	must
consider	 hemorrhage	 or	 a	 fulminant	 leak	 due	 to	 anastomotic	 necrosis	 or
gangrene.	A	chest	x-ray	(CXR)	or	CT	(in	stable	patients)	may	help	differentiate
between	etiologies	and	localize	bleeding.	Exploration	 is	generally	 indicated	for
unstable	 patients.	 Should	 the	 anastomosis	 be	 the	 culprit,	 anastomotic	 resection
with	 preservation	 of	maximal	 esophageal	 length,	 cervical	 esophagostomy,	 and
wide	drainage	is	performed.

4 	More	 commonly,	 esophageal	 leaks	may	 be	 detected	 on	 radiologic	 studies
(such	 as	 planned	Gastrografin	 swallow)	 or	may	 be	 clinically	 apparent	 about	 a
week	 after	 surgery,	manifesting	 as	 fevers,	 tachycardia,	 tachypnea,	 shortness	 of
breath,	and/or	shoulder	pain.	In	the	setting	of	a	cervical	anastomosis,	neck	pain,
or	 cellulitis	may	 be	 present.	 The	 diagnosis	may	 be	 confirmed	 on	Gastrografin
swallow	or	CT	of	 the	chest	and/or	neck	with	oral	contrast,	which	may	show	a
pleural	effusion	or	pooling	of	oral	contrast.	If	a	chest	tube	is	in	place,	drainage
may	be	foul-smelling	or	turbid.

4 	In	hemodynamically	stable	patients,	management	may	be	conservative	with
drainage,	nutrition	optimization,	and	antibiotics	based	on	cultures.	Proton	pump
inhibitors	 may	 help	 to	 reduce	 gastric	 acid	 secretion.	 Endoscopic	 stenting	 has
been	increasingly	used	as	an	alternative	to	reexploration	for	stable	patients.53	 If
conservative	management	 fails	 or	 if	 the	 patient	 is	 unstable,	 reexploration	with
drainage	 should	 be	 considered.	 Primary	 repair	 may	 not	 be	 possible	 in	 this
setting.	 For	 cervical	 anastomotic	 leaks	 in	 a	 stable	 patient,	 the	 leak	 may	 be
drained	 by	 opening	 the	 wound.	When	 a	 leak	 is	 believed	 to	 be	 healed,	 repeat
Gastrografin	swallow	study	can	confirm	resolution	prior	to	diet	initiation.	Upon
diet	 advancement,	 instillation	 of	methylene	 blue	 dye	 in	 clear	 liquids	will	 also
allow	for	determination	of	an	active	leak.

Delayed	Gastric	Emptying



3 	 DGE	 following	 esophagectomy	 is	 common	 and	 can	 occur	 due	 to	 several
proposed	 mechanisms,	 including	 the	 presence	 of	 vagotomy,	 reduced	 volume,
inadequate	 gastric	 conduit	 emptying,	 gastric	 conduit	 spiraling,	 diaphragmatic
hiatus	narrowing,	and	 inadequate	pyloromyotomy	or	pyloroplasty.	Pyloroplasty
appears	 to	 improve	DGE	rates	compared	 to	pyloromyotomy.48	Similar	 to	DGE
associated	 with	 pancreatic	 resection,	 motility	 agents	 may	 be	 used	 to	 alleviate
symptoms.	Endoscopic	pyloric	balloon	dilation,	with	or	without	botulinum	toxin
injection,	may	be	useful	if	an	intact	pylorus	is	contributing.

Chylothorax
Chylothorax	occurs	 in	approximately	3%	of	cases48	 and	arises	 from	 leakage	of
chyle	 from	 the	 thoracic	 duct	 or	 its	 branches	 with	 intrapleural	 accumulation.
While	 uncommon,	 it	 leads	 to	 significant	 morbidity	 and	 mortality	 related	 to
sepsis,	 acute	 respiratory	 distress	 syndrome,	 pneumonia,	 and	 need	 for
reintubation.	 Signs	 of	 chylothorax	 include	 drainage	 of	 large-volume	 straw	 or
cream-colored	 fluid,	 a	 contralateral	 pleural	 effusion,	 or	 milky	 fluid	 after
initiation	 of	 enteral	 nutrition.	 The	 fluid	 has	 a	 characteristic	 lymphocytic
predominance	and	high	triglyceride	levels	(>110	mg/dL).	If	the	triglyceride	level
is	 <110	 mg/dL,	 the	 presence	 of	 chylomicrons	 can	 confirm	 the	 diagnosis.
Lymphangiography	may	be	used	 to	diagnose	and	assess	 the	degree	of	 thoracic
duct	leak.

First-line	 management	 is	 conservative,	 including	 adequate	 pleural	 drainage
and	 lung	 reexpansion,	 such	 as	 with	 a	 chest	 tube,	 and	 nutrition	 modification.
Medications	such	as	octreotide	and	somatostatin	are	 rarely	used.	A	reduced-fat
diet	 (<10	 g/d),	 substituting	 long-chain	 triglycerides	 with	 medium-chain
triglycerides,	 and	 consideration	 of	 parenteral	 nutrition	 are	 recommended.	 If
nonoperative	 management	 fails,	 operative	 ligation	 of	 the	 thoracic	 duct	 or
chemical	 pleurodesis	 should	 be	 considered.	 There	 are	 increasing	 reports	 on
percutaneous	embolization	via	the	cisterna	chyli	as	an	effective	treatment,	with
up	 to	 a	 70%	 success	 rates.54	 If	 these	 surgical	 options	 fail,	 pleuroperitoneal	 or
pleurovenous	shunts	may	prove	beneficial.

Anastomotic	Stricture
Dysphagia	 after	 esophagectomy	 is	 a	 commonly	 reported	 complication,	 partly
because	of	 its	 subjective	nature.	Postoperative	dysphagia	may	be	 functional	or
mechanical,	 the	 latter	 due	 to	 anastomotic	 stricture.	 The	 diagnosis	 may	 be



suspected	 from	 clinical	 history	 and	 from	 upper	 endoscopy	 or	 upper	 GI
radiography.	Early	strictures	are	generally	benign,	due	to	etiologies	such	as	scar
tissue.	 If	 required,	 esophageal	 dilation	 later	 in	 the	 postoperative	 course	 can
ameliorate	 symptoms.	 Late	 strictures	warrant	 suspicion	 of	 recurrent	 cancer.	 In
these	 situations,	 upper	 endoscopy	 and	 staging	 studies	 may	 help	 elucidate	 the
cause.

Dumping	Syndrome
Following	 esophagectomy	 and	 gastrectomy,	 dumping	 syndrome	 can	 be	 a
common	complication,	presenting	as	a	spectrum	of	disease	severity.	Symptoms
result	 when	 hypertonic	 enteral	 feeds	 cause	 the	 translocation	 of	 fluid	 into	 the
intestine,	 resulting	 in	 hypovolemic	 symptoms	 and/or	 GI	 symptoms	 such	 as
diarrhea	and	bloating.

First-line	 management	 involves	 dietary	 modification,	 including	 a
postgastrectomy	 diet	 of	 six	 small	 meals	 per	 day,	 limitation	 of	 foods	 high	 in
monosaccharides,	 substitution	 of	 monosaccharides	 with	 polysaccharides,
avoidance	of	dairy	products,	and	limitation	of	excessive	fluid	intake	after	meals.

Recurrent	Laryngeal	Nerve	Injury
Recurrent	laryngeal	nerve	injury	is	uncommon	in	cervical	anastomoses,	with	an
incidence	as	 low	as	3%	in	high-volume	centers.48	 It	 should	be	diagnosed	early
due	 to	 risk	 of	 pulmonary	 complications.	 The	 diagnosis	 may	 be	 made	 with
bedside	laryngoscopy.	Treatment	initially	is	supportive	and	includes	assessment
by	 speech	 pathology;	 vocal	 cord	 injection	may	 improve	 glottic	 closure.	 If	 this
fails,	surgical	intervention	can	accomplish	vocal	cord	medialization.

GASTRIC	RESECTION
Gastric	 cancer	 is	 the	 third	 leading	 cause	 of	 cancer	 deaths	 worldwide.	 In	 the
United	States,	surgical	resection	with	neoadjuvant	or	adjuvant	therapy	provides
the	best	 likelihood	of	 long-term	survival	 and	cure.55	Total	gastrectomy	 (TG)	 is
used	 for	 high-risk	 patients	 (ie,	 in	 CDH1	 mutation)	 as	 well	 as	 GEJ,
proximal/middle	 stomach,	 or	 diffuse	 tumors.	 TG	morbidity	 and	 mortality	 can
approach	 40%	 and	 11%,	 respectively.55	 Complications	 include	 wound	 issues,
anemia,	 cardiopulmonary	 complications,	 thromboembolic	 events,	 and
anastomotic	stricture.



Extent	 of	 resection	 is	 based	 upon	 the	 site	 and	 extent	 of	 the	 primary	 tumor.
More	 limited	 resections	 involving	 a	 proximal	 or	 subtotal	 resection	 may	 be
employed	 if	margins	are	adequate	and	oncologic	outcome	is	not	compromised.
The	 extent	 of	 lymphadenectomy	 and	 its	 impact	 on	 oncologic	 outcome	 remain
controversial.	A	D2	lymph	node	dissection	is	the	current	standard.

4 	Perioperatively,	early	ambulation,	pulmonary	secretion	clearance,	judicious
fluid	 management,	 and	 multimodal	 pain	 control	 are	 paramount.	 Postoperative
pain	 control	with	 epidural	 analgesia	 should	 be	 considered.	There	 is	 variability
regarding	 the	 use	 of	NGTs	based	on	 the	 extent	 of	 resection,	 though	NGTs	 are
generally	employed	after	TG.	Similar	 to	esophagectomy,	Gastrografin	 swallow
study	remains	 the	gold	standard	 to	 rule	out	anastomotic	 leaks.	Some	clinicians
elect	 to	 forgo	 such	 a	 study	 for	 asymptomatic	 patients,	 as	 a	 leak	 in	 an
asymptomatic	 patient	 is	 unlikely	 to	 be	 clinically	 significant.	 Diet	 is	 generally
advanced	to	a	postgastrectomy	diet	(see	“Dumping	Syndrome”	section).	The	use
of	a	surgically	placed	feeding	jejunostomy	tube	is	variable.	When	used,	enteral
feeding	may	be	 initiated	 and	 advanced	 slowly	 until	 the	 patient’s	 oral	 intake	 is
sufficient.

Esophagojejunal	Anastomotic	Leak
A	 substantial	 contribution	 of	 morbidity	 and	 mortality	 after	 TG	 arises	 from
leakage	from	the	esophagojejunal	(EJ)	anastomosis	following	TG	with	Roux-en-
Y	EJ.	EJ	leak	rates	range	from	0.5%	to	13%	and	can	be	associated	with	mortality
as	high	as	18%.	Variations	of	surgical	techniques	have	been	evaluated	to	reduce
the	risk	of	EJ	 leakage	(ie,	open	vs	 laparoscopic,	circular	vs	 linear	staplers)	but
appear	largely	comparable.56

If	an	EJ	leak	is	suspected	in	a	stable	patient,	Gastrografin	upper	GI	swallow
study	may	confirm	the	leak	as	an	area	of	extravasation.	CT	scan	of	the	chest	and
abdomen	 with	 Gastrografin	 oral	 contrast	 may	 confirm	 pooling	 or	 leakage	 of
contrast	from	the	anastomotic	site.	Patients	with	a	small,	contained	leak	may	be
managed	 conservatively	 with	 nothing	 by	 mouth	 and	 parenteral	 nutrition.
Antibiotics	 should	 be	 considered	 with	 suspected	 infection.	 Once	 healing	 is
confirmed,	often	with	a	Gastrografin	swallow	study,	oral	diet	may	be	resumed.

Reoperation	 may	 be	 necessary	 for	 unstable	 patients,	 or	 patients	 with
peritonitis	 or	 failure	 to	 resolve	 nonoperatively.	 In	 certain	 circumstances,	 wide
drainage	with	enteral	feeding	access	(jejunostomy	tube	vs	nasojejunal	tube)	may
be	sufficient.	However,	 if	a	complete	EJ	dehiscence	 is	 identified,	EJ	 takedown
with	creation	of	 cervical	 esophagostomy	with	a	 feeding	 jejunostomy	 tube	may
be	necessary.



5 	Esophageal	stents	as	an	alternative	to	reoperation	in	high-risk	patients	have
been	 increasingly	 reported.	 Stents	may	 allow	 for	 early	 enteral	 nutrition,	 lower
morbidity	 than	 reoperation	 and,	 compared	 to	 nonstent	 endoscopic	 therapies
(such	as	fibrin	glue	and	endoscopically	placed	clips),	may	have	a	greater	sealing
rate.57

Duodenal	Stump	Leak
Duodenal	 stump	 leak	 (DSL)	 is	 uncommon	 (up	 to	 3%)	 but	 can	 be	 severe	 and
result	 in	 substantial	 morbidity	 and	 mortality.58,59	 Risk	 factors	 include	 age,
inadequate	 stump	 closure,	 devascularization,	 duodenal	 distension	 (ie,	 afferent
loop	 syndrome),	 and	 local	 irritation	 from	 inflammation	 (ie,	 pancreatitis)	 or
hematoma.58,60	DSL	reports	are	becoming	less	common,	particularly	with	fewer
resections	 for	 peptic	 ulcer	 disease.	 First-line	 therapy	 is	 conservative
management.	 As	 with	 other	 complications,	 nutritional	 optimization	 improves
healing.	If	an	intraabdominal	abscess	is	identified,	percutaneous	drainage	should
be	 considered.	 If	 feasible,	 percutaneous	 biliary	 decompression	may	 reduce	 the
fistula	output.

When	unsuccessful,	if	the	patient	is	unstable	(ie,	hemorrhage	or	sepsis),	or	if
peritonitis	is	present,	exploration	with	washout	and	drainage	is	indicated.58	Tube
duodenostomy	 or	 Roux-en-Y	 duodenojejunostomy	 (particularly	 if	 a	 disrupted
stump	 cannot	 be	 closed	 or	 if	 a	 tube	 duodenostomy	 cannot	 be	 placed)	may	 be
considered	based	on	the	degree	of	contamination	and	inflammation.	The	former
option	converts	a	DSL	to	a	controlled	fistula	and	should	be	considered	if	primary
closure	 of	 the	 duodenal	 stump	 is	 tenuous	 or	 not	 feasible.	 In	 the	 setting	 of	 a
hostile	abdomen,	complex	operations	such	as	PD	are	generally	avoided.

COLORECTAL	RESECTION
Colorectal	 cancer	 is	 the	 second	 leading	 cause	 of	 cancer	 death	 in	 the	 United
States	with	an	overall	lifetime	risk	of	about	4%.	Mortality	has	been	declining	in
recent	 years,	 in	 part	 due	 to	 screening	 colonoscopy	 and	 precancerous	 polyp
removal.

Surgical	 resection,	 chemotherapy,	 and	 radiotherapy	may	 be	 used	 in	 various
combinations	based	on	 the	 tumor	 location	 (colon	vs	 rectum),	 tumor	 stage,	 and
patient	characteristics.	Colectomy,	which	may	be	partial	(segmental)	or	total,	can
be	performed	for	colonic	cancers.	Low	anterior	resection	and	abdominoperineal
resections	may	be	used	for	more	distal	colon	and	rectal	cancers	not	amenable	to



local	 resection.	 Minimally	 invasive	 techniques	 such	 as	 laparoscopic,
laparoscopic-assisted,	or	robotic	approaches	are	increasingly	employed.

Typically,	 due	 to	 the	 high	 bacterial	 load	 in	 the	 colon,	 preoperative	 bowel
preparation	 is	 indicated.	 There	 is	 controversy	 on	 what	 constitutes	 a	 bowel
preparation	 and	 specifically,	 the	 role	 of	 a	 mechanical	 bowel	 preparation,
preoperative	oral	antibiotics,	and	perioperative	parenteral	antibiotics.	However,
most	would	agree	that	a	bowel	preparation,	of	some	type,	is	indicated.61

The	complications	of	surgery	for	colorectal	cancer	are	similar	to	those	noted
earlier.	 However,	 some	 complications,	 such	 as	 anastomotic	 leaks	 as	 well	 as
sexual	and	urinary	dysfunction,	deserve	specific	note.

Anastomotic	Leak
Anastomotic	 leakage	will	occur	 in	up	 to	20%	of	cases,	usually	within	 the	 first
7	days	after	surgery.	Signs	and	symptoms	include	fevers,	tachycardia,	increasing
abdominal	 pain,	 peritonitis,	 or	 the	 presence	 of	 a	 fistula.	When	 suspected,	 the
diagnosis	may	be	confirmed	on	an	upright	CXR	showing	free	air.	A	CT	scan	of
the	abdomen	and	pelvis	might	demonstrate	a	postoperative	fluid	collection	with
air	bubbles,	possibly	with	accumulation	of	passed	oral	contrast.	While	awaiting
confirmation,	 patients	 should	 have	 nothing	 by	 mouth,	 and	 broad-spectrum
parenteral	antibiotics	may	be	initiated.

Anastomotic	 leaks	 may	 be	 managed	 conservatively	 with	 bowel	 rest,
intravenous	antibiotics,	 and	percutaneous	drainage	 for	clinically	 stable	patients
without	 peritonitis.	 However,	 for	 unstable	 patients,	 those	 with	 peritonitis,	 or
those	 failing	 nonoperative	management,	 exploration,	 abdominal	washout,	wide
drainage,	and	diverting	ileostomy	or	colostomy	should	be	considered.

Genitourinary	Dysfunction
Inadvertent	 injury	to	the	sacral	splanchnic	and	hypogastric	nerves	during	rectal
mobilization	 may	 lead	 to	 urinary	 and	 sexual	 dysfunction	 following	 rectal
surgery.	Radiation	may	further	compound	sexual	dysfunction.	More	than	50%	of
patients	 will	 have	 a	 reduced	 sexual	 function	 and	 about	 one-third	 will	 have
alterations	 in	 urinary	 function.	 Sexual	 dysfunction	may	manifest	 as	 impotence
and	difficulties	with	ejaculation	in	men	and	dyspareunia	and	vaginal	dryness	in
women.	These	known	complications	carry	with	 them	a	significant	 reduction	 in
psychosocial	well-being	and	quality	of	 life.62	 It	 remains	unclear	 if	 laparoscopic
resection	 offers	 any	 benefits	 compared	 to	 open	 surgery	 regarding	 these



complications.
If	urinary	dysfunction	is	a	concern,	particularly	if	there	is	involvement	of	the

membranous	urethra,	Foley	catheterization	should	be	continued	for	an	extended
duration	 in	 the	 perioperative	 period.	 Patients	may	 be	 discharged	with	 a	 Foley
catheter	 in	 place	 for	 later	 removal.	 For	 sexual	 dysfunction	 in	 men,	 once
recovered,	a	penile	prosthetic	device	can	be	considered.

EMERGING	ADVANCES
While	 prospective	 data	 are	 still	 evolving,	 ERAS	 (enhanced	 recovery	 after
surgery)	 pathways	 are	 being	 implemented	 in	 the	 recovery	 of	 patients	 having
surgery	for	GI	cancers.63-69	The	use	of	robotic	surgery	also	continues	 to	mature
for	GI	malignancies.	As	it	relates	to	complications	and	management	of	the	ICU
patient,	 the	use	of	 this	 technology	may	decrease	 length	of	 stay	 and	blood	 loss
without	compromise	to	oncologic	outcome,	but	without	evidence	yet	supporting
consistent	reduction	in	major	complications.70-75

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	29-year-old	woman	is	on	postoperative	day	1	from	total	gastrectomy
done	for	cancer	risk	due	to	CDH1	mutation.	In	the	ICU,	she	becomes
hypotensive	and	tachycardic.	She	has	peritonitis	on	physical	exam.	In	addition	to
ongoing	resuscitation,	what	is	the	most	appropriate	next	step	in	management?

A. 	Bowel	rest	with	use	of	parenteral	nutrition
B. 	CT	scan	of	chest,	abdomen,	and	pelvis	with	IV	contrast
C. 	Initiate	broad-spectrum	antibiotics
D. 	Return	to	operating	room	for	exploratory	laparotomy

2. 	A	71-year-old	woman	undergoes	Ivor	Lewis	esophagectomy	for
esophagogastric	adenocarcinoma.	On	postoperative	day	8,	milky	output	is
noticed	from	her	chest	tube.	Her	vital	signs	remain	stable.	What	is	the	most
appropriate	next	step	in	the	evaluation	of	this	operative	complication?

A. 	Chest	x-ray



B. 	Fluoroscopic	Gastrografin	swallow	study
C. 	Percutaneous	lymphangiogram
D. 	Pleural	fluid	chylomicrons	and	triglycerides

3. 	A	68-year-old	man	on	postoperative	day	4	after	pancreaticoduodenectomy
has	bloody	emesis	associated	with	change	in	surgical	drain	output	from
serosanguineous	to	sanguineous.	He	is	hemodynamically	stable.	What	is	the
most	appropriate	next	step	in	management?

A. 	Bowel	rest,	acid	suppression,	and	serial	monitoring
B. 	CT	angiogram	of	abdomen	and	pelvis
C. 	Exploratory	laparotomy
D. 	Upper	and	lower	endoscopy

Answers

1.	The	correct	answer	is	D.
Rationale:	Although	antibiotics,	bowel	rest,	and	CT	scan	would	likely	be	part

of	the	bundle	of	treatments	for	this	suspected	anastomotic	leak	(choices	B	and	C
are	not	the	best	answers),	this	unstable	patient	with	peritoneal	signs	of	physical
exam	should	prompt	reoperation	without	delay	(choice	D	is	correct).	Parenteral
nutrition	would	be	an	inappropriate	treatment	now	even	if	this	patient	may	well
end	up	requiring	it	further	along	her	postoperative	course	(choice	A	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 Choosing	 pleural	 fluid	 chylomicrons	 and	 triglycerides

demonstrates	recognition	of	concern	for	chylothorax	in	the	question	stem	(choice
D	 is	 correct).	 Swallow	 study	 and	 physical	 exam	 would	 be	 inadequate	 for
diagnosis	 (choice	B	 is	 incorrect).	Chest	 x-ray	 or	CT	may	 show	 the	 side	 of	 an
effusion	but	not	confirm	etiology	or	location	of	leak	(choices	A	and	B	are	not	the
best	 answers).	 Lymphangiogram	 would	 be	 invasive,	 and	 the	 risks	 would	 not
outweigh	 benefits	 without	 a	 prior	 confirmation	 of	 chylothorax	 (choice	 C	 in
incorrect).

3.	The	correct	answer	is	B.
Rationale:	CT	angiogram	of	abdomen	and	pelvis	evaluates	for	presence	of	a

mesenteric	 vessel	 pseudoaneurysm,	 leading	 to	 potential	 treatment	 of	 this	 life-
threatening	 complication	 (choice	 B	 is	 correct).	 Reoperation	 would	 not	 be	 the
best	 next	 step	 for	 a	 hemodynamically	 stable	 patient	 (choice	 C	 is	 incorrect).



Bowel	rest,	acid	suppression,	and	endoscopy	would	not	lead	to	correction	of	the
underlying	problem	(choices	A	and	D	are	not	the	best	answers).

References

Key	references	are	highlighted	in	gray.

1.	Balcom	JH,	Rattner	DW,	Warshaw	AL,	et	al.	Ten-year	experience	with	733
pancreatic	resections:	changing	indications,	older	patients,	and	decreasing
length	of	hospitalization.	Arch	Surg.	2001;136(4):391-398.

2.	Buchler	MW,	Friess	H,	Wagner	M,	et	al.	Pancreatic	fistula	after	pancreatic
head	resection.	Br	J	Surg.	2000;87(7):883-889.

3.	Kazanjian	KK,	Hines	OJ,	Eibl	G,	et	al.	Management	of	pancreatic	fistulas
after	pancreaticoduodenectomy:	results	in	437	consecutive	patients.	Arch
Surg.	2005;140(9):849-854.

4.	Mullen	JT,	Lee	JH,	Gomez	HF,	et	al.	Pancreaticoduodenectomy	after
placement	of	endobiliary	metal	stents.	J	Gastrointest	Surg.	2005;9(8):1094-
1104.

5.	Schmidt	CM,	Powell	ES,	Yiannoutsos	CT,	et	al.	Pancreaticoduodenectomy:	a
20-year	experience	in	516	patients.	Arch	Surg.	2004;139(7):718-725.

6.	Cameron	JL,	He	J.	Two	thousand	consecutive	pancreaticoduodenectomies.	J
Am	Coll	Surg.	2015;220(4):530-536.

7.	Bassi	C,	Dervenis	C,	Butturini	G,	et	al.	Postoperative	pancreatic	fistula:	an
international	study	group	(ISGPF)	definition.	Surgery.	2005;138(1):8-13.

8.	Brennan	MF,	Pisters	PW,	Posner	M,	et	al.	A	prospective	randomized	trial	of
total	parenteral	nutrition	after	major	pancreatic	resection	for	malignancy.	Ann
Surg.	1994;220(4):436-441.

9.	Buchler	M,	Friess	H,	Klempa	I,	et	al.	Role	of	octreotide	in	the	prevention	of
postoperative	complications	following	pancreatic	resection.	Am	J	Surg.
1992;163(1): 125-130.

10.	Friess	H,	Beger	HG,	Sulkowski	U,	et	al.	Randomized	controlled	multicentre
study	of	the	prevention	of	complications	by	octreotide	in	patients	undergoing
surgery	for	chronic	pancreatitis.	Br	J	Surg.	1995;82(9):1270-1273.

11.	Lowy	AM,	Lee	JE,	Pisters	PW,	et	al.	Prospective,	randomized	trial	of
octreotide	to	prevent	pancreatic	fistula	after	pancreaticoduodenectomy	for
malignant	disease.	Ann	Surg.	1997;226(5):632-641.



12.	Montorsi	M,	Zago	M,	Mosca	F,	et	al.	Efficacy	of	octreotide	in	the
prevention	of	pancreatic	fistula	after	elective	pancreatic	resections:	a
prospective,	controlled,	randomized	clinical	trial.	Surgery.	1995;117(1):26-
31.

13.	Pederzoli	P,	Bassi	C,	Falconi	M,	et	al.	Efficacy	of	octreotide	in	the
prevention	of	complications	of	elective	pancreatic	surgery.	Italian	Study
Group.	Br	J	Surg.	1994;81(2):265-269.

14.	Yeo	CJ,	Cameron	JL,	Lillemoe	KD,	et	al.	Does	prophylactic	octreotide
decrease	the	rates	of	pancreatic	fistula	and	other	complications	after
pancreaticoduodenectomy?	Results	of	a	prospective	randomized	placebo-
controlled	trial.	Ann	Surg.	2000;232(3):419-429.

15.	Allen	PJ,	Gonen	M,	Brennan	MF,	et	al.	Pasireotide	for	postoperative
pancreatic	fistula.	N	Engl	J	Med.	2014;370(21):2014-2022.

16.	Bassi	C,	Falconi	M,	Molinari	E,	et	al.	Reconstruction	by
pancreaticojejunostomy	versus	pancreaticogastrostomy	following
pancreatectomy:	results	of	a	comparative	study.	Ann	Surg.	2005;242(6):767-
771.

17.	Duffas	JP,	Suc	B,	Msika	S,	et	al.	A	controlled	randomized	multicenter	trial
of	pancreatogastrostomy	or	pancreatojejunostomy	after
pancreatoduodenectomy.	Am	J	Surg.	2005;189(6):720-729.

18.	Keck	T,	Wellner	UF,	Bahra	M,	et	al.	Pancreatogastrostomy	versus
pancreatojejunostomy	for	RECOnstruction	after	PANCreatoduodenectomy
(RECOPANC,	DRKS	00000767):	perioperative	and	long-term	results	of	a
multicenter	randomized	controlled	trial.	Ann	Surg.	2015;263(3):440-449.

19.	Yeo	CJ,	Cameron	JL,	Maher	MM,	et	al.	A	prospective	randomized	trial	of
pancreaticogastrostomy	versus	pancreaticojejunostomy	after
pancreaticoduodenectomy.	Ann	Surg.	1995;222(4):580-588.

20.	Berger	AC,	Howard	TJ,	Kennedy	EP,	et	al.	Does	of	pancreaticojejunostomy
after	pancreaticoduodenectomy	decrease	rate	of	pancreatic	fistula?	A
randomized,	prospective,	dual-institution	trial.	J	Am	Coll	Surg.
2009;208(5):738-747.

21.	Peng	SY,	Wang	JW,	Lau	WY,	et	al.	Conventional	versus	binding
pancreaticojejunostomy	after	pancreaticoduodenectomy:	a	prospective
randomized	trial.	Ann	Surg.	2007;245(5):692-698.

22.	Suc	B,	Msika	S,	Fingerhut	A,	et	al.	Temporary	fibrin	glue	occlusion	of	the
main	pancreatic	duct	in	the	prevention	of	intra-abdominal	complications



after	pancreatic	resection:	prospective	randomized	trial.	Ann	Surg.
2003;237(1):57-65.

23.	Tran	K,	Van	Eijck	C,	Di	Carlo	V,	et	al.	Occlusion	of	the	pancreatic	duct
versus	pancreaticojejunostomy:	a	prospective	randomized	trial.	Ann	Surg.
2002;236(4):422-428.

24.	Chou	FF,	Sheen-Chen	SM,	Chen	YS,	et	al.	Postoperative	morbidity	and
mortality	of	pancreaticoduodenectomy	for	periampullary	cancer.	Eur	J	Surg.
1996;162(6):477-481.

25.	Diener	MK,	Seiler	CM,	Rossion	I,	et	al.	Efficacy	of	stapler	versus	hand-
sewn	closure	after	distal	pancreatectomy	(DISPACT):	a	randomised,
controlled	multicentre	trial.	Lancet.	2011;377(9776):1514-1522.

26.	Conlon	KC,	Labow	D,	Leung	D,	et	al.	Prospective	randomized	clinical	trial
of	the	value	of	intraperitoneal	drainage	after	pancreatic	resection.	Ann	Surg.
2001;234(4):487-493.

27.	Correa-Gallego	C,	Brennan	MF,	D’angelica	M,	et	al.	Operative	drainage
following	pancreatic	resection:	analysis	of	1122	patients	resected	over	5
years	at	a	single	institution.	Ann	Surg.	2013;258(6):1051-1058.

28.	Van	Buren	G,	Bloomston	M,	Hughes	SJ,	et	al.	A	randomized	prospective
multicenter	trial	of	pancreaticoduodenectomy	with	and	without	routine
intraperitoneal	drainage.	Ann	Surg.	2014;259(4):605-612.

29.	Yekebas	EF,	Wolfram	L,	Cataldegirmen	G,	et	al.	Postpancreatectomy
hemorrhage:	diagnosis	and	treatment	–	an	analysis	in	1669	consecutive
pancreatic	resections.	Ann	Surg.	2007;246(2):269-280.

30.	Lu	M,	Weiss	C,	Fishman	EK,	et	al.	Review	of	visceral	aneurysms	and
pseudoaneurysms.	J	Comput	Assist	Tomogr.	2015;39(1):1-6.

31.	Wente	MN,	Bassi	C,	Dervenis	C,	et	al.	Delayed	gastric	emptying	(DGE)
after	pancreatic	surgery:	a	suggested	definition	by	the	International	Study
Group	of	Pancreatic	Surgery	(ISGPS).	Surgery.	2007;142(5):761-768.

32.	Seiler	CA,	Wagner	M,	Bachmann	T,	et	al.	Randomized	clinical	trial	of
pylorus-preserving	duodenopancreatectomy	versus	classical	Whipple
resection-long	term	results.	Br	J	Surg.	2005;92(5):547-556.

33.	Lin	PW,	Shan	YS,	Lin	YJ,	et	al.	Pancreaticoduodenectomy	for	pancreatic
head	cancer:	PPPD	versus	Whipple	procedure.	Hepato-Gastroenterology.
2005;52(65):1601-1604.

34.	Tran	KT,	Smeenk	HG,	van	Eijck	CH,	et	al.	Pylorus	preserving
pancreaticoduodenectomy	versus	standard	Whipple	procedure:	a	prospective,



randomized,	multicenter	analysis	of	170	patients	with	pancreatic	and
periampullary	tumors.	Ann	Surg.	2004;240(5):738-745.

35.	Yeo	CJ,	Barry	MK,	Sauter	PK,	et	al.	Erythromycin	accelerates	gastric
emptying	after	pancreaticoduodenectomy.	A	prospective,	randomized,
placebo-controlled	trial.	Ann	Surg.	1993;218(3):229-237.

36.	Jimenez	RE,	Fernandez-del	Castillo	C,	Rattner	DW,	et	al.	Outcome	of
pancreaticoduodenectomy	with	pylorus	preservation	or	with	antrectomy	in
the	treatment	of	chronic	pancreatitis.	Ann	Surg.	2000;231(3):293-300.

37.	Martin	RF,	Rossi	RL,	Leslie	KA.	Long-term	results	of	pylorus-preserving
pancreatoduodenectomy	for	chronic	pancreatitis.	Arch	Surg.
1996;131(3):247-252.

38.	Riediger	H,	Adam	U,	Fischer	E,	et	al.	Long-term	outcome	after	resection
for	chronic	pancreatitis	in	224	patients.	J	Gastrointest	Surg.	2007;11(8):949-
959.

39.	Rumstadt	B,	Forssmann	K,	Singer	MV,	et	al.	The	Whipple	partial
duodenopancreatectomy	for	the	treatment	of	chronic	pancreatitis.	Hepato-
Gastroenterology.	1997;44(18):1554-1559.

40.	Sakorafas	GH,	Farnell	MB,	Nagorney	DM,	et	al.	Pancreatoduodenectomy
for	chronic	pancreatitis:	long-term	results	in	105	patients.	Arch	Surg.
2000;135(5):517-523.

41.	Sohn	TA,	Campbell	KA,	Pitt	HA,	et	al.	Quality	of	life	and	long-term
survival	after	surgery	for	chronic	pancreatitis.	J	Gastrointest	Surg.
2000;4(4):355-364.

42.	Traverso	LW,	Kozarek	RA.	Pancreatoduodenectomy	for	chronic
pancreatitis:	anatomic	selection	criteria	and	subsequent	long-term	outcome
analysis.	Ann	Surg.	1997;226(4):429-435.

43.	Howard	TJ,	Maiden	CL,	Smith	HG,	et	al.	Surgical	treatment	of	obstructive
pancreatitis.	Surgery.	1995;118(4):727-734.

44.	Sakorafas	GH,	Sarr	MG,	Rowland	CM,	et	al.	Postobstructive	chronic
pancreatitis:	results	with	distal	resection.	Arch	Surg.	2001;136(6):643-648.

45.	National	Cancer	Institute.	Cancer	Stat	Fact	Sheets:	Esophageal	Cancer.
2015.	Accessed	February	1,	2017.
http://seer.cancer.gov/statfacts/html/esoph.html

46.	Luketich	JD,	Pennathur	A,	Awais	O,	et	al.	Outcomes	after	minimally
invasive	esophagectomy:	review	of	over	1000	patients.	Ann	Surg.
2012;256(1):95-103.

http://seer.cancer.gov/statfacts/html/esoph.html


47.	Kamarajah	SK,	Bundred	J,	Spence	G,	Kennedy	A,	Dasari	BVM,	Griffiths
EA.	Critical	appraisal	of	the	impact	of	oesophageal	stents	in	the	management
of	oesophageal	anastomotic	leaks	and	benign	oesophageal	perforations:	an
updated	systematic	review.	World	J	Surg.	2020;44(4):1173-1189.

48.	Bailey	SH,	Bull	DA,	Harpole	DH,	et	al.	Outcomes	after	esophagectomy:	a
ten-year	prospective	cohort.	Ann	Thorac	Surg.	2003;75(1):217-222.

49.	Luketich	JD,	Alvelo-Rivera	M,	Buenaventura	PO,	et	al.	Minimally	invasive
esophagectomy:	outcomes	in	222	patients.	Ann	Surg.	2003;238(4):486-494.

50.	Orringer	MB,	Marshall	B,	Iannettoni	MD.	Transhiatal	esophagectomy	for
treatment	of	benign	and	malignant	esophageal	disease.	World	J	Surg.
2001;25(2):196-203.

51.	Swanson	SJ,	Batirel	HF,	Bueno	R,	et	al.	Transthoracic	esophagectomy	with
radical	mediastinal	and	abdominal	lymph	node	dissection	and	cervical
esophagogastrostomy	for	esophageal	carcinoma.	Ann	Thoracic	Surg.
2001;72(6):1918-1924.

52.	Birkmeyer	JD,	Sun	Y,	Wong	SL,	et	al.	Hospital	volume	and	late	survival
after	cancer	surgery.	Ann	Surg.	2007;245(5):777-783.

53.	Law	SYK,	Wong	J.	Esophagogastrectomy	for	carcinoma	of	the	esophagus
and	gastric	cardia	and	the	esophageal	anastomosis,	Chapter	63.	In:	Fischer
JE,	ed.	5th	ed.	Lippincott,	Williams	&	WIlkins;	2001:752-771.	Mastery	of
Surgery

54.	Itkin	M,	Kucharczuk	JC,	Kwak	A,	et	al.	Nonoperative	thoracic	duct
embolization	for	traumatic	thoracic	duct	leak:	experience	in	109	patients.	J
Thoracic	Cardiovasc	Surg.	2010;139(3):584-589.

55.	Selby	LV,	Vertosick	EA,	Sjoberg	DD,	et	al.	Morbidity	after	total
gastrectomy:	analysis	of	238	patients.	J	Am	Coll	Surg.	2015;220(5):863-871
e2.

56.	LaFemina	J,	Vinuela	EF,	Schattner	MA,	et	al.	Esophagojejunal
reconstruction	after	total	gastrectomy	for	gastric	cancer	using	a	transorally
inserted	anvil	delivery	system.	Ann	Surg	Oncol.	2013;20(9):2975-2983.

57.	Shim	C,	Kim	HI,	Hyung	WJ,	et	al.	Self-expanding	metal	stents	or	nonstent
endoscopic	therapy:	which	is	better	for	anastomotic	leaks	after	total
gastrectomy?	Surg	Endosc.	2014;28(3):833-840.

58.	Aurello	P,	Sirimarco	D,	Magistri	P,	et	al.	Management	of	duodenal	stump
fistula	after	gastrectomy	for	gastric	cancer:	systematic	review.	World	J
Gastroenterol.	2015;21(24):7571-7576.



59.	Cozzaglio	L,	Coladonato	M,	Biffi	R,	et	al.	Duodenal	fistula	after	elective
gastrectomy	for	malignant	disease:	an	Italian	retrospective	multicenter	study.
J	Gastrointest	Surg.	2010;14(5):805-811.

60.	Kim	KH,	Kim	MC,	Jung	GJ.	Risk	factors	for	duodenal	stump	leakage	after
gastrectomy	for	gastric	cancer	and	management	technique	of	stump	leakage.
Hepato-Gastroenterology.	2014;61(133):1446-1453.

61.	Dellinger	EP.	Should	a	scheduled	colorectal	operation	have	a	mechanical
bowel	prep,	preoperative	oral	antibiotics,	both,	or	neither?	Ann	Surg.
2015;261(6):1041-1043.

62.	Lange	MM,	van	de	Velde	CJ.	Urinary	and	sexual	dysfunction	after	rectal
cancer	treatment.	Nat	Rev	Urol.	2011;8(1):51-57.

63.	Melloul	E,	Hübner	M,	Scott	M,	et	al.	Guidelines	for	perioperative	care	for
liver	surgery:	enhanced	recovery	after	surgery	(ERAS)	society
recommendations.	World	J	Surg.	2016;40(10):2425-2440.

64.	Lee	Y,	Yu	J,	Doumouras	AG,	et	al.	Enhanced	recovery	after	surgery
(ERAS)	versus	standard	recovery	for	elective	gastric	cancer	surgery:	a	meta-
analysis	of	randomized	controlled	trials.	Surg	Oncol.	2020;32:75-87.

65.	Low	DE,	Allum	W,	De	Manzoni	G,	et	al.	Guidelines	for	perioperative	care
in	esophagectomy:	enhanced	recovery	after	surgery	(ERAS®)	society
recommendations.	World	J	Surg.	2019;43(2):299-330.

66.	Barton	JG.	Enhanced	recovery	pathways	in	pancreatic	surgery.	Surg	Clin
North	Am.	2016;96(6):1301-1312.

67.	Melloul	E,	Lassen	K,	Roulin	D,	et	al.	Guidelines	for	perioperative	care	for
pancreatoduodenectomy:	enhanced	recovery	after	surgery	(ERAS)
recommendations	2019.	World	J	Surg.	2020;44(7):2056-2084.

68.	Kagedan	DJ,	Ahmed	M,	Devitt	KS,	Wei	AC.	Enhanced	recovery	after
pancreatic	surgery:	a	systematic	review	of	the	evidence.	HPB.
2015;17(1):11-16.

69.	Ni	X,	Jia	D,	Chen	Y,	et	al.	Is	the	enhanced	recovery	after	surgery	(ERAS)
program	effective	and	safe	in	laparoscopic	colorectal	cancer	surgery?	A
meta-analysis	of	randomized	controlled	trials.	J	Gastrointest	Surg.
2019;23(7):1502-1512.

70.	Shi	Y,	Jin	J,	Qiu	W,	et	al.	Short-term	outcomes	after	robot-assisted	vs	open
pancreaticoduodenectomy	after	the	learning	curve.	JAMA	Surg.
2020;155(5):389-394.

71.	Girgis	MD,	Zenati	MS,	King	JC,	et	al.	Oncologic	outcomes	after	robotic



pancreatic	resections	are	not	inferior	to	open	surgery.	Ann	Surg.
2021;274(3):e262-e268.

72.	Asbun	HJ,	Moekotte	AL,	Vissers	FL,	et	al.	The	miami	international
evidence-based	guidelines	on	minimally	invasive	pancreas	resection.	Ann
Surg.	2020;271(1): 1-14.

73.	Witek	TD,	Melvin	TJ,	Luketich	JD,	Sarkaria	IS.	Open,	minimally	invasive,
and	robotic	approaches	for	esophagectomy:	what	is	the	approach	algorithm?.
Thorac	Surg	Clin.	2020;30(3):269-277.

74.	Harbison	GJ,	Vossler	JD,	Yim	NH,	Murayama	KM.	Outcomes	of	robotic
versus	non-robotic	minimally-invasive	esophagectomy	for	esophageal
cancer:	an	American	College	of	Surgeons	NSQIP	database	analysis.	Am	J
Surg.	2019;218(6):1223-1228.

75.	Peterson	CY,	Weiser	MR.	Robotic	colorectal	surgery.	J	Gastrointest	Surg.
2014;18(2):398-403.



Chapter	50
The	ICU	Approach	to	the	Acute	Abdomen
James	E.	Carroll	Jr,	Nicole	B.	Cherng

KEY	POINTS:
1.	 History	and	physical	exam	are	often	less	reliable	for	the	diagnosis	of

an	acute	abdomen	in	critically	ill	patients.
2.	 Imaging	studies	are	critical	to	evaluate	for	intra-abdominal

pathologies,	such	as	acalculous	cholecystitis	and	acute	mesenteric
ischemia,	both	of	which	are	common	causes	of	an	acute	abdomen	in
the	intensive	care	unit.

3.	 Early	resuscitation,	broad-spectrum	antibiotics,	and	source	control
are	vital	to	prevent	morbidity	and	mortality.

INTRODUCTION
While	 definitions	 of	 the	 “acute	 abdomen”	 differ,	 most	 clinicians	 will	 use	 this
term	to	describe	the	sudden	onset	of	severe	abdominal	pain	of	unclear	etiology
that	indicates	the	presence	of	a	surgical	pathology.	Under	ideal	circumstances,	a
detailed	history,	a	 thorough	physical	examination,	appropriate	 laboratories,	and
targeted	 imaging	 reveal	 the	 source	 of	 the	 symptoms.	 The	 challenge	 for	 the
intensive	 care	 physician	 begins	 with	 potential	 obstacles	 to	 early	 diagnosis,
including	altered	patient	sensorium,	inability	to	communicate	due	to	mechanical
ventilation,	 concurrent	 antibiotic	 therapy,	 and	 the	masking	 of	 reliable	 physical
examination	signs.

Abdominal	 catastrophes	 for	 intensive	 care	 unit	 (ICU)	 patients	 occur
frequently	 among	 patients	 admitted	 for	 nonsurgical	 problems,	 such	 as
pulmonary,	cardiovascular,	renal,	or	multisystem	disorders.1	An	acute	abdomen
in	the	critically	ill	patient	portends	high	mortality,	especially	for	patients	meeting
criteria	 of	 severe	 sepsis,	 with	 derangements	 of	 more	 than	 one	 organ	 system



associated	 with	 widespread	 cellular	 dysfunction.	 Management	 of	 the	 acute
abdomen	for	critically	 ill	adults	relies	upon	clinician-dependent	factors	such	as
sharp	clinical	acumen,	early	collaborative	efforts,	and	diagnostic	expediency,	as
much	 as	 evidence-based	 algorithms.	 Despite	 improvements	 in	 data	 collection
and	 the	 integration	of	dedicated	specialists	 into	patient	care	plans,	high-quality
evidence	and	specific	clinical	guidelines	are	still	inadequate.2

EPIDEMIOLOGY
In	 a	 5-year	 retrospective	 cohort	 study	 of	 6000	 medical	 ICU	 admissions,	 77
patients	 were	 identified	 with	 acute	 abdominal	 syndromes	 requiring	 surgical
intervention,	suggesting	it	may	be	a	rare	occurrence	among	critically	ill	patients.3
Mortality	 of	 this	 group	 peaked	 at	 63%,	more	 than	 doubling	APACHE	 (Acute
Physiology	 and	 Chronic	 Health	 Evaluation)	 III-predicted	 mortality	 (31%).	 In
contrast,	 a	 2-month	 prospective,	 observation	 cohort	 of	 484	 ICU	 patients	 from
mainland	China	with	severe	sepsis	demonstrated	abdominal	sites	(18%)	to	be	the
second	 most	 common	 source	 of	 infection	 and	 associated	 with	 high	 mortality
(∼25%);	 only	 pulmonary	 sources	 were	 more	 common.4	 Mesenteric	 ischemia
was	associated	with	both	early	and	late	mortality	in	a	single-center,	retrospective
study	of	543	patients	over	6	years,	causing	6.4%	of	early	ICU	deaths	and	16.6%
of	 late	 ICU	 deaths.5	 An	 observational	 study	 of	 3665	 patients	 in	 10	 Chinese
surgical	ICUs	found	the	abdomen	to	be	the	most	common	source	of	severe	sepsis
among	 critically	 ill	 patients	 (72.3%).	 Diagnoses	 included	 severe	 acute
pancreatitis,	 intestinal	 or	 gastric	 perforation,	 bowel	 obstruction,	 and	 biliary
infection,	all	of	which	were	associated	with	high	hospital	mortality,	ranging	from
33.2%	to	65.4%.6	The	75-country	EPIC	II	(Extended	Prevalence	of	Infection	in
the	ICU)	study	established	that	19.6%	of	more	than	7000	patients	were	found	to
have	an	abdominal	source	of	infection	using	International	Sepsis	Forum	criteria
and	showed	a	higher	mortality	rate	for	abdominal	infections	than	for	infections
of	other	systems	(29.4%	vs	24.4%).7

HISTORY
When	clinical	parameters	permit	(eg,	hemodynamic	stability),	a	focused	history
should	 be	 obtained	 from	 the	 patient.	 Special	 attention	 should	 be	 paid	 to	 prior
medical	 and	 surgical	 history,	 medications,	 and	 social	 history.	 Overall,	 the
sensitivity	and	specificity	of	a	history	for	the	diagnosis	of	abdominal	pain	is	poor



and	 may	 be	 limited	 in	 those	 who	 are	 critically	 ill.	 However,	 the	 information
obtained	from	the	patient	may	be	used	to	identify	risk	factors	for	specific	intra-
abdominal	processes	(see	Table	50.1).

TABLE	50.1

Representative	Historical	Elements	and	Associated
Abdominal	Pathology

Historical	Elements Associated	Diagnoses

Review	of	Systems

Fevers	and/or	chills Infectious	processes	(eg,	appendicitis,
cholecystitis,	diverticulitis,	intra-abdominal
abscess)

Unintentional	weight	loss,
change	in	stool	caliber,
night	sweats

Malignancy	(eg,	colon,	esophageal,	or	gastric
cancer)

Hematochezia Arteriovenous	malformations,	diverticular
disease,	malignancy,	mesenteric	ischemia

Vaginal	discharge,	multiple
sexual	partners

Pelvic	inflammatory	disease,	tubo-ovarian
abscess

Prior	Medical	History

Atrial	fibrillation Mesenteric	ischemia,	infarct

Venous	thromboembolism Mesenteric	or	portal	vein	thrombosis

Diabetes	mellitus Any	intra-abdominal	infection

Clostridium	difficile
infection

Toxic	megacolon

Prior	Surgeries

Gastric	bypass Closed	loop	obstruction,	internal	hernia



Any	intra-abdominal
procedure

Adhesions,	small	bowel	obstruction

Social	History

Chronic	alcohol	use Pancreatitis,	esophageal/gastric	cancer

Intravenous	drug	use Hepatitis,	intra-abdominal	abscess

Medications

Anticoagulation	(warfarin,
dabigatran,	apixaban,
rivaroxaban)

Intra-abdominal	hemorrhage,	rectus	sheath
hematoma,	retroperitoneal	hematoma

Corticosteroids Peptic	ulcer	disease,	perforated	viscus,	intra-
abdominal	abscess

Immunosuppression Any	intra-abdominal	infection,	certain	agents
associated	with	increased	risk	of	perforation	(eg,
bevacizumab)

Digoxin Mesenteric	ischemia

PHYSICAL	EXAMINATION
1 	Physical	examination,	 similar	 to	obtaining	 the	history,	can	be	 less	 reliable	 in
the	 critically	 ill	 population	 secondary	 to	 sedation,	 obtundation,	 delirium,	 and
immunosuppression,	making	the	diagnosis	of	acute	abdomen	in	this	population
even	 more	 challenging.	 The	 traditional	 abdominal	 examination	 begins	 with
inspection,	 which	 may	 reveal	 prior	 surgical	 scars,	 ecchymosis,	 areas	 of
discoloration,	and	visible	abdominal	or	groin	hernias.	Long	regarded	an	essential
part	of	the	abdominal	examination,	auscultation	is	neither	specific	nor	sensitive.8
Percussion	 may	 elicit	 tympany,	 suggesting	 ileus	 or	 obstruction.	 Tenderness	 is
elicited	 through	 palpation,	 with	 rebound	 and	 guarding	 indicating	 peritonitis.
Frequently,	multiple	 signs	occur	 simultaneously;	 in	one	 study,	95%	of	patients
with	abdominal	complications	in	a	medical	ICU	had	findings	of	abdominal	pain,
while	73%	had	abdominal	distention	and	38%	had	documented	peritoneal	signs.3
Rectal	 and	 pelvic	 examination	 should	 be	 performed	 as	 indicated	 by	 the
symptoms	 and	 findings.	 Comorbid	 conditions	 such	 as	 diabetes	 and	 chronic



immunosuppression	 may	 blunt	 examination	 findings	 associated	 with	 intra-
abdominal	pathologies.

IMAGING
2 	 Physical	 examination	 findings	 may	 fail	 to	 provide	 clinical	 clues	 regarding
abdominal	 pathologies	 of	 the	 critically	 ill	 patient.	 Diagnostic	 imaging	 may
provide	 additional	 critical	 clinical	 data	 in	 this	 population,	 particularly	 when
examination	may	be	limited.

Radiographs
Abdominal	 radiographs	 are	 rapidly	 and	 widely	 available,	 inexpensive	 studies
that	 are	 frequently	 obtained	 for	 patients	 with	 abdominal	 pain.	 However,	 the
utility	of	abdominal	radiography	is	highest	when	applied	for	specific	indications.
The	American	College	of	Radiology	recommends	that	abdominal	radiography	be
used	 to	 evaluate	 for	 the	 following	 conditions	 in	 adults:	 pneumoperitoneum,
bowel	obstruction	or	ileus,	intra-abdominal	foreign	bodies,	urinary	tract	calculi,
and	medical	device	placement.9	After	open	surgical	exploration,	free	air	should
not	persist	for	more	than	48	to	72	hours.	Contrast-enhanced	x-rays	can	be	used
to	confirm	 the	placement	of	gastrostomy	and	 jejunostomy	 tubes	or	 to	 evaluate
bowel	motility.

Abdominal	Pelvic	Computed	Tomography
Computed	tomography	(CT)	is	the	preferred	imaging	modality	for	the	diagnosis
of	 intra-abdominal	 catastrophes.	 Moreover,	 CT	 plays	 an	 essential	 role	 for
limiting	the	number	of	unnecessary	exploratory	laparotomies	performed	among
critically	 ill	 patients;	 unnecessary	 laparotomy	 is	 associated	with	morbidity	 for
22%	 of	 these	 patients.10	 Intra-abdominal	 processes	 like	 free	 air,	 pancreatitis,
diverticulitis,	 infections	 (eg,	 abscesses),	 inflammation	 (eg,	 colitis),	 acute
mesenteric	 ischemia,	 and	 bowel	 obstructions	 are	 all	 readily	 identified	 by
abdominal	pelvic	CT.11	Improvements	in	CT	technology	have	obviated	the	need
for	oral	contrast	for	most	patients;	oral	contrast	should	be	considered	for	patients
with	a	history	of	gastric	bypass,	evaluation	of	anastomotic	leaks,	and	in	patients
with	inflammatory	bowel	disease.	When	not	contraindicated	by	allergy	or	renal
insufficiency,	 intravenous	 contrast	 should	 be	 administered	 to	 evaluate	 vascular
supply.	Hemodynamic	instability	may	preclude	transport	of	ICU	patients	for	CT



imaging.

Ultrasound
Ultrasound	 offers	 distinct	 advantages	 for	 evaluating	 abdominal	 pathologies	 of
the	 critically	 ill	 patient.	 Bedside	 ultrasonography	 is	 immediately	 available	 at
most	centers	and	may	be	used	to	assess	a	variety	of	acute	findings,	including	free
fluid,	pneumothorax,	pericardial	effusions,	gallbladder	disease,	aortic	aneurysm,
intrauterine	pregnancy,	hydronephrosis,	bladder	volume,	and	inferior	vena	cava
diameter	(as	a	marker	of	volume	resuscitation).	Ultrasonography	remains	the	test
of	choice	for	biliary	tract	pathologies.	Technical	limitations	to	ultrasound	include
morbid	obesity	and	the	presence	of	bowel	gas.

SPECIFIC	CAUSES	OF	ABDOMINAL	PAIN
2 	The	differential	 diagnosis	 for	 abdominal	pain	 is	 extensive.	Acute	mesenteric
ischemia	 and	 acalculous	 cholecystitis	 are	 discussed	 in	 detail	 here,	 as	 these	 are
common	 reasons	 for	 surgical	 consultation	 for	 critically	 ill	 adults.	 Abdominal
compartment	 syndrome,	 surgical	 infections,	 and	 necrotizing	 fasciitis	 (Fournier
gangrene)	are	separately	covered	within	this	section.

Acute	Mesenteric	Ischemia
Acute	mesenteric	 ischemia	can	be	a	difficult	diagnosis	 to	make,	 and	clinicians
must	maintain	 a	high	degree	of	 suspicion	particularly	 for	 elderly	patients	with
severe	 abdominal	 pain.	 There	 are	 several	 etiologies	 for	 mesenteric	 ischemia,
including	superior	mesenteric	artery	(SMA)	embolism,	SMA	thrombus,	superior
mesenteric	vein	(SMV)	thrombosis,	and	nonocclusive	mesenteric	 ischemia	(the
latter	of	which	is	frequently	associated	with	low-flow	states).	The	risk	factors	are
different	 for	each	process.	Atrial	 fibrillation,	valvular	heart	disease,	 congestive
heart	 failure	 (CHF),	 myocardial	 infarction	 (MI),	 and	 recent	 vascular	 surgery
increase	the	risk	of	SMA	embolism.	In	these	cases,	the	embolus	is	nearly	always
generated	in	the	heart,	 then	lodges	in	the	SMA	due	to	its	angle	of	takeoff	from
the	aorta.12	Cases	 of	 SMA	 thrombosis	 are	 frequently	 associated	with	 smoking,
peripheral	vascular	disease,	and	coronary	artery	disease.	Risk	 factors	 for	SMV
thrombosis	 include	 recent	 abdominal	 surgery,	 hypercoagulable	 states,	 oral
contraceptive	use,	and	prior	history	of	venous	thromboembolism.	Nonocclusive
mesenteric	ischemia	risk	factors	include	low-flow	states	(eg,	hypotension),	CHF,



end-stage	renal	disease,	and	digoxin	or	vasopressor	use.13
Regardless	 of	 the	 etiology,	 diagnosis	 and	 treatment	 of	 acute	 mesenteric

ischemia	 are	 challenging.	With	 bacterial	 translocation	 occurring	 6	 hours	 after
disruption	 of	 ischemic	 mucosal	 barrier,	 correcting	 the	 subsequent	 physiologic
insults	 is	 challenging,	 because	 the	 diagnosis	 takes	 an	 average	 of	 8	 hours	 and
treatment	 can	 take	 another	 2.5	 hours.14	 Even	 with	 prompt	 initiation	 of
anticoagulation	 for	 thromboembolic	 events	 (such	as	with	 intravenous	heparin),
morbidity	and	mortality	are	substantial.	Among	patients	for	whom	the	diagnosis
is	delayed	by	24	hours,	mortality	nearly	doubles	from	36%	to	69%.13

Cholecystitis
Acalculous	 cholecystitis	 reflects	 ischemic	 or	 inflammatory	 changes	 to	 the
gallbladder	secondary	to	obstruction	of	the	cystic	duct,	bile	stasis,	or	distension,
and	is	more	frequent	among	the	critically	ill	 than	typical	stone-based	disease.15
Risk	 factors	 include	 older	 age,	 male	 gender,	 diabetes	 mellitus,	 hemodialysis,
CHF,	 cardiac	 arrest,	 or	 cardiopulmonary	 resuscitation.1	 Acute	 acalculous
cholecystitis	is	frequently	diagnosed	among	patients	with	an	admission	diagnosis
of	 sepsis16	 and	 should	 be	 considered	 for	 any	 ICU	 patient	 with	 right	 upper
quadrant	pain,	fevers,	and	worsening	leukocytosis.	The	most	common	modality
for	the	evaluation	of	acalculous	cholecystitis	is	ultrasound;	however,	the	absence
of	stones	can	decrease	the	sensitivity	of	this	test.17	Definitive	therapy	with	open
or	 laparoscopic	 cholecystectomy	 is	 associated	 with	 increased	 perioperative
mortality	 among	 critically	 ill	 patients	 leading	 to	 alternative	 treatment	 options
(eg,	 percutaneous	 cholecystostomy	 tube	 placement).1	 A	 retrospective
observational	 study	 of	 56	 patients	 treated	 for	 acalculous	 cholecystitis	 with
percutaneous	cholecystostomy	demonstrated	an	efficacy	of	over	80%	with	 low
rates	 of	 associated	 complications,	 mortality,	 or	 need	 for	 subsequent
cholecystectomy.18	 Often	 representing	 a	 further	 progression	 of	 multisystem
organ	 failure,	 acute	 acalculous	 cholecystitis	 requires	 prompt	 intervention	 with
low-risk	surgical	interventions	available	that	can	accommodate	patients	unfit	for
anesthesia	or	transport.19

Extra-Abdominal	Causes	of	Abdominal	Pain
Several	extra-abdominal	medical	emergencies	can	present	with	abdominal	pain,
including	 MI,	 pneumonia,	 and	 diabetic	 ketoacidosis.	 Clinicians	 must	 remain
vigilant	 for	 extra-abdominal	 sources	 of	 pain,	 particularly	 when	 abdominal



imaging	is	unremarkable	or	equivocal.

SPECIAL	POPULATIONS
Abdominal	emergencies	 impact	 the	elderly	with	particular	 frequency.	 Impaired
or	 dwindling	 physiologic	 reserves	 exacerbate	 failing	 organ	 systems	 and
potentiate	comorbidities.20	Multidisciplinary	approaches	involving	palliative	care
teams,	 geriatricians,	 primary	 care	 physicians,	 as	 well	 as	 the	 surgeon	 and
intensivist	enable	the	identification	of	cases	where	a	comfort-oriented	care	plan
is	appropriate.

MANAGEMENT
3 	Given	the	possible	uncertainty	amid	a	wide	spectrum	of	differential	diagnoses
for	abdominal	sources	of	sepsis	of	the	critically	ill	patient,	early	administration
of	 broad-spectrum	 antibiotics,	 volume	 resuscitation,	 and	 rapid	 source	 control
must	 occur	 immediately	 to	 prevent	 mortality	 related	 to	 delay	 of	 treatments.
Evidence-supported	 interventions	 include	 quantitative	 resuscitation	 with
appropriate	 reevaluation	 of	 end	 points,	 acquisition	 of	 blood	 cultures	 prior	 to
initiation	 of	 broad-spectrum	 antibiotics,	 prompt	 ancillary	 imaging,	 and	 source
control	 by	 an	 appropriate	 modality	 (with	 consideration	 of	 risks	 and	 benefits)
within	12	hours.

Hemodynamic	 lability	 in	 such	 circumstances	may	prevent	 patient	 transport,
increasing	 the	 burden	 on	 the	 clinician	 to	 work	 with	 physical	 examination,
available	laboratories,	and	other	bedside	diagnostics.	High	clinical	suspicion	of
intra-abdominal	 sepsis	 in	 these	 circumstances	warrants	 exploratory	 laparotomy
and	 its	 associated	 high	 mortality	 and	 morbidity.11	 When	 associated	 with
hypothermia,	 acidosis,	 and	 coagulopathy,	 the	 mortality	 risk	 becomes	 nearly
prohibitive.	 Wide	 surgical	 source	 control	 of	 devitalized	 tissues,	 perforated
viscus,	or	anastomotic	failures	remain	a	priority	to	reduce	both	bacterial	load	and
source.21	Bowel	edema	secondary	to	resuscitation,	ongoing	contamination	from	a
perforated	 or	 compromised	 viscus,	 and	 clear	 anticipation	 of	 abdominal
compartment	syndrome	may	warrant	leaving	the	abdomen	open	with	placement
of	 a	 negative	 pressure	 wound	 device.22	 Use	 of	 open	 abdomenal	 wound
management	 in	 nontrauma	 patients	 have	 become	 more	 widely	 described	 in
recent	years	with	concerns	noted	for	high	mortality	and	enterocutaneous	fistula
formation,	but	with	 the	caveat	 that	many	of	 these	 scenarios	are	predisposed	 to



both	 outcomes	 as	 expected	 sequelae	 of	 inflamed,	 swollen	 bowel	 and	 severe
sepsis.23,24	 During	 these	 initial	 procedures	 to	 obtain	 source	 control	 (damage
control)	 with	 debridement	 of	 devitalized	 tissues,	 removal	 of	 infected	 foreign
bodies,	 irrigation	 and	 drainage	 of	 contaminated	 surfaces,	 and	 abdominal
decompression,	 subsequent	 restoration	 of	 anatomic	 function	 is	 a	 secondary
priority.25	 Emerging	 literature	 has	 embraced	 delayed	 reconstruction	 of	 bowel
continuity,	 with	 some	 indication	 that	 resuscitation	 and	 optimization	 of
anastomosis	creation	may	lead	to	improved	survival	and	fewer	complications.26

CONCLUSIONS
Intra-abdominal	 source	 control,	 prompt	 administration	 of	 antibiotics,	 and
application	of	due	diligence	to	fluid	resuscitation	and	correction	of	physiologic
derangements	 represent	 the	 cornerstones	 of	 an	 ICU	 approach	 to	 the	 acute
abdomen.	 Impediments	 to	 the	 pragmatic	 approach	 and	 treatment	 of	 the	 acute
abdomen	 include	 patient	 complexity,	 limitations	 in	 obtaining	 history	 and
conducting	 a	 reliable	 examination,	 and	 delays	 in	 diagnosis	 secondary	 to
confounding	 from	 coexisting	 conditions.	 A	multifaceted	 approach	 designed	 to
maximize	 utilization	 of	 physical	 examination	 findings,	 laboratory	 results,
imaging	 modalities,	 and	 collaborative	 clinical	 judgment	 results	 in	 the	 best
opportunity	for	early	intervention	and	improved	outcomes.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	true	regarding	the	utility	of	the	physical
examination	in	the	assessment	of	the	acute	abdomen	of	critically	ill	compared	to
non–critically	ill	adults?

A. 	It	is	more	sensitive	in	the	critically	ill
B. 	It	is	less	sensitive	in	the	critically	ill
C. 	It	is	more	specific	in	the	critically	ill
D. 	It	is	less	specific	in	the	critically	ill

2. 	When	an	acute	abdomen	has	not	been	ruled	out	by	a	directed	history	and
physical	examination,	what	is	the	most	appropriate	next	step?



A. 	Diagnostic	imaging
B. 	Laparotomy
C. 	Paracentesis	attempt
D. 	Serial	abdominal	examinations

3. 	The	following	are	top	priorities	in	the	management	of	a	critically	ill
patient	with	an	acute	abdomen,	EXCEPT:

A. 	Broad-spectrum	antibiotics
B. 	ICU	admission
C. 	Source	control
D. 	Volume	resuscitation

Answers

1.	The	correct	answer	is	B.
Rationale:	Physical	examination	can	be	less	sensitive	(lower	detection)	in	the

critically	ill	population	secondary	to	patient	sedation,	obtundation,	delirium,	and
immunosuppression,	making	the	diagnosis	of	acute	abdomen	in	this	population
even	more	challenging	 (choice	B	 is	correct).	The	presence	of	positive	 findings
(specificity)	 is	approximately	 the	 same	 for	both	critically	and	non–critically	 ill
patients.

2.	The	correct	answer	is	A.
Rationale:	 Diagnostic	 imaging	 focused	 on	 the	 clinical	 findings	 is	 the	 best

next	step	(choice	A	is	correct).	While	emergent	laparotomy	may	infrequently	be
required,	 diagnostic	 imaging	 should	 be	 performed	 whenever	 possible.	 Blind
paracentesis	 in	 the	 absence	 of	 ascites	 is	 not	 appropriate.	 Serial	 abdominal
examinations	 are	 indicated	 to	 gauge	 disease	 progression	 but	 should	 follow
appropriate	diagnostic	imaging.

3.	The	correct	answer	is	B.
Rationale:	 Transfer	 of	 the	 patient	 to	 a	 nonprocedural	 area	 is	 not	 key	 to

reducing	morbidity	and	mortality	(choice	B	is	the	correct	“wrong”	answer).	The
top	 three	 priorities	 are	 volume	 resuscitation,	 administration	 of	 broad-spectrum
antimicrobials,	and	source	control.
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Chapter	51
Abdominal	Compartment	Syndrome
Jon	D.	Dorfman,	Clark	R.	Murray

KEY	POINTS:
1.	 Intra-abdominal	hypertension	and	abdominal	compartment

syndrome	are	common	and	likely	underrecognized	in	critically	ill
medical	and	surgical	patients.

2.	 Intravesicular	pressure	monitoring	is	the	gold	standard	for	assessing
intra-abdominal	pressure.	Physical	examination	may	correspond
poorly	to	intra-abdominal	pressures.

3.	 Intra-abdominal	hypertension	has	broad	effects	on	physiology
affecting	most	organ	systems	with	the	classic	findings	of	renal	and
respiratory	failure.

4.	 Early	decompressive	laparotomy	is	the	most	effective	treatment	for
abdominal	compartment	syndrome,	but	mortality	rates	remain
greater	than	50%.

INTRODUCTION
1 	 Since	 intra-abdominal	 hypertension	 (IAH)	 and	 abdominal	 compartment
syndrome	 (ACS)	 were	 first	 recognized,	 their	 incidence	 and	 importance	 have
resulted	 in	 an	 increasing	 body	 of	 research	 and	 the	 formation	 of	 a	 society
dedicated	to	this	 topic.	Despite	an	increasing	understanding	of	ACS,	only	60%
of	 intensivists	 on	 an	 international	 survey	 had	 knowledge	 of	 the	 Abdominal
Compartment	Society	2013	guidelines.1	Normal	abdominal	pressure	is	typically
<7	mm	Hg.	Once	pressures	 are	>12	mm	Hg,	 the	patient	 is	 considered	 to	have
IAH.	 Pressures	 >	 20	 mm	 Hg	 with	 new-onset	 organ	 failure	 are	 considered
characteristic	of	ACS;	pressures	>	25	mm	Hg	are	significant	enough	to	consider
intervention.2



INCIDENCE
Intra-abdominal	 pressures	 (IAPs)	 vary	 during	 the	 day	when	 serially	measured
and	 one	 elevated	 pressure	may	 or	may	 not	 be	 significant.	 Study	 definition	 of
IAH	 varies:	 some	 studies	 use	 the	 maximum	 daily	 measured	 intravesicular
pressure,	 while	 other	 studies	 calculate	 a	 mean	 daily	 pressure.	 Using	 the
maximum	 daily	 pressure	 versus	 the	 mean	 pressure	 more	 than	 doubled	 the
incidence	of	IAH.3	The	Abdominal	Compartment	Society	recommends	pressures
>12	mm	Hg	on	more	than	one	occasion	to	diagnose	IAH.2

The	 risk	 factors	 for	 developing	 IAH	 and	 ACS	 also	 vary	 among	 studies.
Increased	 body	 mass	 index	 (BMI)	 correlates	 with	 increased	 IAP	 due	 to
decreased	 abdominal	 wall	 compliance.4	 For	 example,	 patients	 with	 BMI
52	±	1	kg/m2	had	measured	IAPs	of	13.2	±	0.5	mm	Hg	as	compared	with	patients
with	a	BMI	24	±	2	kg/m2	whose	measured	pressures	were	5.1	±	1.2	mm	Hg.5
Fluid	resuscitation	impacts	the	development	of	elevated	IAPs,	with	positive	fluid
balances	 in	 the	 first	 days	 of	 intensive	 care	 unit	 (ICU)	 admission	 being
significantly	 different	 both	 statistically	 and	 clinically	 between	 patients	 with
elevated	 intravesicular	 pressures	 and	 those	 patients	 with	 normal	 measured
pressures.3,6	 The	 administered	 volume	 associated	 with	 IAH	 and	 ACS	 varies
widely	 between	 studies	 from	 3.5	 L	 to	 greater	 than	 15	 L.3,7	 Other	 factors
associated	with	 elevated	 IAP	 include	mechanical	 ventilation,	 acute	 respiratory
distress	 syndrome	 (ARDS),6	 abdominal	 surgery,	 ileus,	 and	 liver	 failure.7
Systemic	diseases	such	as	severe	trauma,	major	burn	injury,	as	well	as	sepsis	and
multiorgan	 failure	 (as	determined	by	 the	Sequential	Organ	Failure	Assessment
score	[SOFA])	also	place	patients	at	risk	of	IAH/ACS.2

1 	Overall,	 30%	 to	 49%	 of	 surgical	 and	medical	 ICU	 patients	 develop	 IAH
with	ACS	occurring	in	6.1%	of	 these	patients.8	As	risk	factors	are	nonspecific,
identifying	 patients	 for	 IAP	 monitoring	 may	 be	 difficult,	 leading	 to
underrecognition	 in	 the	 ICU	population.	No	clear	 recommendations	have	been
published.	Of	 the	highest	 risk	populations	for	 IAH,	severe	 trauma,	major	burn,
severe	 pancreatitis,	 and	 liver	 failure	 patients	 should	 be	 considered	 for
monitoring.9

MEASUREMENT	OF	INTRA-ABDOMINAL
PRESSURE
2 	 Intravesicular	pressure	 remains	 the	gold	standard	 to	diagnose	IAH	and	ACS.



Quantitative	 techniques	 including	gastric,	bladder,	 rectal,	 femoral	vein,	 inferior
vena	 cava	 (IVC),	 and	 direct	 intraperitoneal	 pressure	 monitoring	 have	 been
evaluated.10	 However,	 due	 to	 its	 less	 invasive	 nature	 and	 lower	 risks,
intravesicular	 pressure	monitoring	 as	 a	 surrogate	 for	 IAP	 is	 now	 the	 standard.
Intravesicular	 pressure	 monitors	 correlate	 highly	 with	 direct	 intraperitoneal
pressure	 monitoring	 with	 a	 less	 than	 1	 mm	 Hg	 difference	 between	 the	 two
methods.11	The	technique	involves	instilling	25	mL	saline	into	a	urinary	catheter
followed	 by	 catheter	 clamping	 between	 the	 culture	 aspiration	 port	 and	 the
urometer.	 After	 waiting	 for	 30	 to	 60	 seconds	 to	 allow	 equilibration	 of
temperature	 (instillation	 of	 room	 temperature	 isotonic	 saline	 raises	 IAP	due	 to
contraction	of	the	bladder	muscle),	 the	culture	aspiration	port	 is	connected	to	a
pressure	monitor.	The	pressure	monitor	is	zeroed	at	the	midaxillary	line	and	the
iliac	 crest	 with	 the	 patient	 in	 the	 supine	 position,	 and	 it	 is	 measured	 at	 end
expiration.	The	validity	of	this	technique	has	been	widely	studied.2

2 	A	recent	prospective	study	of	128	consecutive	surgical	patients	admitted	to
the	ICU	compared	the	clinician’s	examination	(with	the	abdominal	examination
scored	as	normal,	moderately	tense,	or	markedly	tense)	against	the	gold	standard
intravesicular	pressure	(classified	as	<18	mm	Hg	[unremarkable],	18	to	25	mm
Hg	 [elevated],	 and	>25	mm	Hg	 [markedly	 elevated]).	 In	 this	 cohort,	 in	which
20%	were	found	to	have	elevated	intravesicular	pressures	and	1%	had	markedly
elevated	pressures,	the	clinical	examination	had	a	sensitivity	of	61%,	specificity
of	 81%,	 and	 positive	 predictive	 value	 of	 only	 45%.12	Other	 series	 confirm	 the
finding	that	physical	examination	poorly	predicts	IAH/ACS.13

PHYSIOLOGY
ACS	can	be	 termed	primary	or	 secondary.	Primary	ACS	occurs	 from	an	 intra-
abdominal	 process,	 eg,	 pancreatitis,	 liver	 failure,	 or	 abdominal	 trauma.
Secondary	ACS	 is	 the	 result	 of	 illness	 not	 directly	 related	 to	 the	 abdomen	 or
pelvis.	 This	 secondary	 form	 is	 caused	 by	 severe	 systemic	 illness	 and	 the
resultant	 capillary	 leak	 and	 typically	 is	 related	 to	 large	 volume	 resuscitation.14
The	classic	compartment	syndrome	occurs	in	the	cranium.	The	cranium	is	a	rigid
enclosed	 space	whose	bounds	 are	 the	 cranial	 bones;	 the	 intracranial	 volume	 is
fixed.	Within	the	cranium	lies	cerebral	spinal	fluid,	blood	within	the	arterial	and
venous	systems,	and	brain	parenchyma.	If	any	of	these	components	increase	in
volume	 (eg,	 the	 amount	 of	 intracranial	 blood	 from	 a	 subdural	 hematoma),
intracranial	pressure	 then	 increases.	The	cerebral	perfusion	pressure	equals	 the
mean	arterial	pressure	minus	the	intracranial	pressure	and	is	an	important	factor



in	oxygen	delivery	to	the	brain.
The	abdominal	compartment	has	a	different	structure.	The	volume	is	not	fixed

and	 can	 expand.	 This	 difference	 plays	 an	 important	 role	 in	 treatment	 options.
Inferiorly	and	posteriorly	 the	pelvis	and	the	spine	create	a	rigid	barrier,	 though
the	 anterior	 and	 superior	 bounds	 are	 not	 rigid.	 The	 diaphragmatic	 muscles
contract	and	relax	with	inspiration	and	expiration.	The	anterior	abdominal	wall
musculature,	which	 lies	between	 the	anterior	axillary	 lines,	 is	composed	of	 the
paired	 recti	muscles	medially	 and	 the	 external	 obliques,	 internal	 obliques,	 and
the	 transversus	 abdominis	 laterally;	 these	 muscles	 also	 can	 contract	 or	 relax
changing	the	intra-abdominal	volume.10

Within	 the	 abdomen	 there	 are	 the	 solid	 organs	 and	 the	 arterial-venous
systems;	there	is	also	the	intraperitoneal	space	or	third	space	where	ascites	can
develop.	Within	 the	 lumen	of	 the	gastrointestinal	 tract,	air	and	succus	can	 take
up	 a	 significant	 volume,	 for	 example	 from	 an	 ileus	 or	 Ogilvie	 syndrome.	 An
increase	in	the	volume	of	any	of	these	components	can	increase	the	IAP.	Similar
to	 the	 intracranial	 space,	 the	 abdominal	 perfusion	 pressure	 (APP)	 is	 directly
related	to	the	effects	of	IAH.	The	APP	equals	the	mean	arterial	pressure	minus
the	IAP.

ABDOMINAL	COMPARTMENT	SYNDROME
3 	Increased	IAP	can	broadly	induce	systemic	physiologic	changes	of	most	organ
systems,	 most	 classically	 manifest	 in	 renal	 and	 respiratory	 failure.	 Once	 new
organ	 failure	 results	 from	 IAH,	 the	 patient	 is	 considered	 to	 have	 ACS.	 The
pressure	 at	 which	 IAH	 causes	 ACS	 varies	 from	 patient	 to	 patient.	 Pressures
<	 20	mm	Hg	 are	 unlikely	 to	 cause	 organ	 failure;	 organ	 failure	 is	much	more
likely	to	occur	at	pressures	>25	mm	Hg.14	This	section	will	examine	each	organ
system	that	may	be	affected.

Renal	Failure
Renal	dysfunction	commonly	occurs	in	ACS.	The	challenge	for	diagnosis	is	that
acute	renal	failure	is	also	common	in	the	critical	illnesses	associated	with	ACS
including	 sepsis,	 pancreatitis,	 and	 burns.	 Therefore,	 oliguria	 from	 ACS	 can
easily	be	attributed	to	other	factors.

Increased	 abdominal	 pressure	 leads	 to	 decreased	 renal	 venous	 flow.
Ultimately,	 decreased	 renal	 venous	 flow	 causes	 ischemia,	 tubular	 dysfunction,
and	oliguria.	Decreased	cardiac	output	 from	ACS	may	also	contribute	 to	acute



renal	 failure.	 In	 a	 study	 of	 healthy	 volunteers,	 IAH	 (as	 measured	 by	 gastric
pressure)	was	generated	by	an	external	binder,	positive	pressure	ventilation,	or
by	both	methods.	Ultrasound	was	used	 to	assess	renal	arterial	 resistance	which
significantly	 increased	 with	 IAH.15	 Dalfino	 et	 al16	 measured	 intravesicular
pressure	 in	 consecutive	critically	 ill	 patients	 and	 found	 that	 IAH	>	12	mm	Hg
was	 predictive	 of	 acute	 renal	 failure,	 though	 other	 studies	 in	 postoperative
patients	 have	 reported	 a	 higher	 IAP	 (mean	 27	mm	Hg)	 associated	 with	 acute
renal	failure.17

Further	compounding	the	problem	is	the	kidney’s	physiological	responses	to
decreased	 perfusion.	 Antidiuretic	 hormone	 (ADH)	 is	 released	 and	 the	 renin-
angiotensin	 pathway	 is	 activated	 leading	 to	 reabsorption	 of	 sodium	 and	water.
The	 increase	 in	 serum	 ADH	 has	 been	 confirmed	 in	 human	 studies.	 Among
patients	undergoing	laparoscopic	donor	nephrectomy	with	a	pneumoperitoneum
of	 12	 mm	 Hg,	 serum	 ADH	 levels	 were	 increased	 from	 the	 patient’s
preinsufflation	baseline	as	well	as	from	open	nephrectomy	controls.18	 Increased
water	and	sodium	reabsorption	may	lead	to	further	third	space	fluid	volume	and
edema	and	further	increase	IAH.

Respiratory	Failure
As	intra-abdominal	volume	and	pressure	increase,	the	diaphragm	is	elevated	into
the	 thorax.	 This	 upward	 pressure	 leads	 to	 compression	 and	 atelectasis	 of	 the
lungs	and	an	overall	decrease	in	chest	wall	compliance19	and	lung	volumes.	Due
to	the	ventilation	and	perfusion	mismatch,	hypoxia	occurs.

Among	 intubated	 patients,	 plateau	 pressures	 and	 peak	 inspiratory	 pressures
can	 increase,	 though	 IAH	has	 little	 influence	on	 transpulmonary	pressures	 that
are	 thought	 to	 be	 responsible	 for	 ventilator-induced	 lung	 injury.19	 In	 a	 swine
animal	model	of	IAH,	50%	of	 the	IAH	was	transmitted	to	 the	plateau	pressure
under	conditions	of	positive	end-expiratory	pressure	of	1	or	10	cm	H2O.20	When
a	 pressure	 control	mode	 of	 ventilation	 is	 used,	 tidal	 volumes	may	 insidiously
decrease	 as	 abdominal	 pressures	 increase.	When	minute	 ventilation	 decreases,
hypercarbia	will	occur,	and	hypoxemia	can	result	from	perfusion	of	the	collapsed
lung.	 These	 signs—hypoxia,	 hypercarbia,	 and	 increased	 plateau	 pressure—are
nonspecific,	and	their	relation	to	increased	IAP	may	not	be	appreciated.21	Among
patients	with	ARDS,	 elevated	peak	 inspiratory	pressures	 and	plateau	pressures
can	be	misinterpreted	as	being	caused	by	worsening	ARDS	rather	than	evolving
ACS.



Cardiovascular	Effects
The	 cardiovascular	 effects	 of	 increased	 IAP	 are	 numerous.	 In	 experimental
models,	the	transmission	of	IAH	to	the	thoracic	cavity	has	been	estimated	to	be
approximately	50%.22	Cardiac	dysfunction	and	decreased	output	occur	because
of	the	effects	on	preload,	contractility,	and	afterload.

Increased	intrathoracic	pressure	leads	to	decreased	inflow	from	the	IVC	and
subsequently	decreased	cardiac	preload.	Elevation	of	the	diaphragm	also	reduces
the	 size	 of	 its	 caval	 opening	 and	 can	 constrict	 the	 IVC	 that	 further	 decreases
venous	 return.23	 Parameters	 that	 have	 been	 commonly	 used	 to	 assess	 volume
responsiveness	for	 the	critically	 ill	may	be	unreliable	 in	patients	with	IAH	and
ACS.	For	example,	bedside	ultrasound	to	assess	the	IVC	size	and	collapsibility
may	no	longer	be	useful	 to	assess	volume	responsiveness	as	inferior	vena	cava
dimensions	can	be	altered	by	IAH.15,24

Pulse	 pressure	 variability	 and	 stroke	 volume	 variation	 have	 been	 used	 to
predict	 patient	 responsiveness	 to	 volume	 loading.	 However,	 limited	 evidence
suggests	 that	 the	 predictive	 power	 of	 these	 parameters	may	 be	 reduced	 in	 the
presence	of	IAH/ACS.	In	an	IAH	animal	model,	stroke	volume	variation	was	no
longer	 found	 to	 be	 predictive	 of	 responsiveness.	 Pulse	 pressure	 variability
remained	predictive	if	>20.5%	rather	 than	the	conventional	cutoff	of	>11.5%.25
Contractility	of	both	 the	right	and	 left	ventricles	can	also	be	 impaired	by	IAH.
With	 increased	 thoracic	 pressure	 and	 decreased	 thoracic	 volume,	 pulmonary
arterial	 pressures	 can	 increase.	 The	 rise	 of	 pulmonary	 pressures	 can	 be	 large
enough	 to	 cause	 significant	 increases	 in	 right	 ventricular	 afterload.	 The
combination	 of	 reduced	 venous	 return	 and	 increased	 pulmonary	 vascular
resistance	can	cause	right	ventricular	failure.	Due	to	ventricular	interdependence,
compromised	right	ventricle	function	can	impair	 left	ventricular	function.26	For
humans,	 decreased	 left	 ventricular	 function	has	been	noted	on	 transesophageal
echocardiography	 when	 IAH	 is	 caused	 by	 intra-abdominal	 insufflation	 during
laparoscopic	surgery.27

Not	only	can	preload	and	contractility	decrease,	but	 increased	afterload	can
occur,	 further	 impairing	 blood	 flow.	 Afterload	 increases	 result	 from	 two
mechanisms.	First,	vascular	resistance	increases	directly	from	increased	thoracic
pressure	 on	 the	 aorta	 and	 pulmonary	 vessels	 as	well	 as	 direct	 pressure	 on	 the
intra-abdominal	 organs	 from	 IAH.	 Second,	 due	 to	 decreased	 cardiac	 output,
there	 is	 a	 resultant	 increase	 of	 systemic	 vascular	 resistance.	Decreased	 arterial
blood	flow	affects	numerous	abdominal	organ	systems.	There	 is	a	 reduction	of
mesenteric	 arterial	 blood	 flow	 and	 compression	 of	mesenteric	 venous	 outflow
and	 lymphatic	 outflow,	 leading	 to	 a	 vicious	 cycle	 of	 intestinal	 edema	 causing



worsening	bowel	ischemia.	The	abdominal	wall	receives	reduced	blood	flow	as
well,	 resulting	 in	 ischemia,	 edema,	 and	 reduced	 compliance	 and	 further
exacerbating	IAH.28

Neurological	Effects
The	 systemic	 effects	 of	 IAH	 extend	 beyond	 the	 abdomen	 and	 chest	 and	 also
impact	 the	 central	 nervous	 system.	 IAH	 causes	 increased	 intrathoracic	 venous
pressure	 that	 leads	 to	 elevated	 jugular	 venous	 pressure.	 The	 higher	 jugular
venous	 pressure	 leads	 to	 decreased	 venous	 outflow	 and	 a	 rise	 in	 intracranial
pressure	in	both	animal	and	human	studies.

An	observational	trial	of	trauma	patients	with	intracranial	monitors	measured
intra-abdominal,	 central	 venous,	 and	 internal	 jugular	 venous	 pressures.
Placement	of	a	15	L	fluid-filled	bag	externally	on	the	abdominal	wall	simulated
increased	 IAH	 and	 resulted	 in	 statistically	 increased	 intracranial	 pressures.
Temporally,	 pressures	 increased	 with	 the	 placement	 of	 a	 15	 L	 bag	 on	 the
abdominal	wall;	however,	the	increase	did	not	have	a	linear	correlation	between
IAP	 and	 intracranial	 pressure.29	 These	 findings	 have	 been	 confirmed	 in
nontraumatic	 neurologically	 impaired	 patient	 populations30	 and	 in	 case	 reports
about	decompressive	laparotomy	to	relieve	ACS	that	also	result	in	a	concomitant
reduction	in	measured	intracranial	pressure.31

TREATMENT	OPTIONS

Medical	Management
Management	 strategies	 for	 ACS	 depend	 on	 the	 etiology	 and	 vary	 with	 the
clinical	 scenario.	 While	 many	 recommendations	 exist,	 the	 clinical	 context	 is
important	and	should	be	individualized	to	the	patient.

The	patient	should	have	a	 functional	nasogastric	 tube	(NGT)	 to	decompress
the	 stomach.	 A	 NGT	 is	 particularly	 important	 when	 small	 bowel	 ileus	 is	 the
primary	 cause	 of	 IAH.	 If	 the	 patient	 has	 Ogilvie	 syndrome,	 a	 rectal	 tube,
colonoscopic	 decompression,	 or	 neostigmine	 should	 be	 considered.	 A	 urinary
indwelling	catheter	should	also	be	placed	 to	monitor	 IAPs	and	urine	output,	 to
decompress	the	bladder,	and	to	reduce	abdominal	volume.

Negative	fluid	balance	has	been	proposed	as	a	useful	method	to	reduce	IAPs.
Continuous	 venovenous	 hemodialysis	 and	 slow	 extended	 daily	 dialysis	 have



been	 studied	 in	 a	 small	 series.	 A	 study	 of	 nine	 patients	 with	 heterogeneous
causes	of	critical	 illness,	 found	 that	 IAP	decreased	by	a	statistically	significant
difference	 but	 only	 from	 12	 to	 10	mm	Hg	with	 volume	 removal.32	With	 such
limited	 data,	 no	 recommendation	 regarding	 hemodialysis	 was	 made	 by	 the
Abdominal	Compartment	Society.2

Drainage	 of	 intra-abdominal	 fluid	 is	 also	 an	 important	 adjunct	 in	 selected
patients.	Ascites	can	develop	 from	 liver	 failure,	 severe	pancreatitis,	or	massive
volume	 resuscitation.	 However,	 hemorrhage	 and	 resultant	 clot	 formation	 is
difficult	to	percutaneously	drain.	In	an	observational	matched	case	control	trial,
31	surgical	ICU	patients	who	had	percutaneous	treatment	of	IAH	were	compared
with	patients	who	had	decompressive	laparotomy.	Bedside	ultrasound	was	used
to	identify	IAH/ACS	patients	with	free	fluid	and	to	facilitate	placement	of	a	14F
catheter	 under	 ultrasound	 guidance.	 Percutaneous	 drainage	 was	 successful	 for
81%	 of	 the	 patients	 with	 the	 remaining	 19%	 of	 the	 patients	 requiring	 a
decompressive	 laparotomy.	 Important	 predictors	 of	 failure	 of	 percutaneous
drainage	 were	 drainage	 of	 <1000	 mL	 via	 the	 catheter	 and	 failure	 to	 reduce
measured	IAP	by	9	mm	Hg.	It	is	important	to	note	that	during	the	study	period,
during	which	31	patients	were	eligible	for	percutaneous	drainage,	decompressive
laparotomy	 was	 performed	 for	 ACS	 in	 265	 patients	 who	 were	 not	 eligible.
Therefore,	percutaneous	drainage	was	appropriate	for	a	minority	of	patients;	of
these	patients,	19%	subsequently	required	decompressive	laparotomy	after	failed
percutaneous	drainage.33

Given	 that	 the	 abdominal	 cavity	 is	 not	 completely	 rigid,	 another	 medical
management	 technique	 may	 include	 increasing	 the	 abdominal	 volume	 by
relaxing	 the	 abdominal	 musculature	 with	 heavy	 sedation	 and	 neuromuscular
blockade.	 In	 a	 prospective	 cohort	 study,	 assessing	 the	 effect	 of	 neuromuscular
blockade	on	nine	patients	with	IAH,	a	single	dose	of	cisatracurium	reduced	IAH
from	18	to	14	mm	Hg	at	15	and	30	minutes,	respectively.34

Surgical	Management
4 	 Decompressive	 laparotomy	 remains	 the	 standard	 of	 care	 when	 medical
therapies	 fail.	However,	 the	mortality	 remains	 as	high	 as	50%	despite	 surgical
decompression.35	 The	 mortality	 remains	 elevated	 as	 ACS	 is	 usually	 not	 the
primary	cause	of	 the	patient’s	 critical	 illness.	Furthermore,	 abdominal	pressure
remains	elevated	when	measured	after	decompression.35	Pulmonary	and	cardiac
parameters	 improve	 but	 do	 not	 necessarily	 normalize.	 Additionally,	 ACS	 has
been	described	in	spite	of	the	abdomen	remaining	open.36	Vigilance	is	therefore
still	required	after	surgical	decompression,	and	it	may	be	prudent	to	continue	to



monitor	 abdominal	 pressures.	 Decompressive	 laparotomy	 is	 not	 without	 risks.
Enterocutaneous	 fistula,	 intra-abdominal	 abscesses,	 and	 organ	 failure	 are
associated	with	 an	 open	 abdomen.37	 The	 inability	 to	 close	 the	 abdominal	wall
may	lead	to	a	large	ventral	hernia.

After	laparotomy,	a	variety	of	techniques	have	been	employed	for	coverage	of
the	abdominal	viscera	to	prevent	the	development	of	enteroatmospheric	fistulae,
control	 fluid	 losses,	 and	 allow	 reexploration.	One	 of	 the	 easiest	methods	 is	 to
close	the	skin	while	leaving	the	fascia	open	beneath,	though	this	does	not	expand
the	abdominal	volume	as	effectively,	leading	to	a	higher	rate	of	recurrent	ACS.

Other	techniques	include	repurposing	sterile	equipment	as	a	temporary	cover
of	the	abdominal	viscera.	Sterile	3	L	infusion	bags	or	the	Bogata	bag	is	used	by
some	centers.	The	use	of	sterile	plastics	covers	for	radiology	cassettes	has	been
described.38	The	drawback	to	these	techniques	is	that	peritoneal	fluid	loss	is	not
well	controlled.

Negative	pressure	wound	 therapy	 is	now	commonly	employed.	While	 there
are	 commercially	 available	 products	 and	 suction	 devices,	 standard	 operating
room	equipment	can	be	fashioned	into	a	system.	The	benefit	of	this	technique	is
that	 it	 (1)	 prevents	 the	 intra-abdominal	 viscera	 from	becoming	 adherent	 to	 the
abdominal	 wall;	 (2)	 the	 negative	 pressure	 controls	 and	 removes	 fluid;	 (3)	 the
negative	 pressure	 may	 prevent	 fascial	 retraction	 allowing	 for	 easier	 delayed
abdominal	 wall	 closure;	 (4)	 dressing	 changes	 can	 be	 performed	 every	 3	 to
4	days,	thereby	simplifying	wound	management.	However,	cost	remains	a	major
drawback.	Reported	delayed	closure	rates	vary	widely	in	the	literature.

Abdominal	 closure	 can	 be	 facilitated	 by	 placing	 tension	 on	 the	 fascia	 to
prevent	 fascial	 retraction.39	 Protocols	 that	 specify	 scheduled	 reexploration	 and
partial	closure	with	each	trip	to	operating	room	have	been	advocated.	Sequential
closure	use	has	been	associated	with	abdominal	wall	closure	rates	up	to	100%,40
balanced	 against	 the	 need	 for	multiple	 operations	 over	 a	week	 or	more.	Other
techniques	 to	 obtain	 closure	 include	 acute	 component	 separation	 or	 planned
hernia	 with	 delayed	 component	 separation.	 Current	 recommendations	 include
reserving	 component	 separation	 for	 elective	 repairs	 in	 medically	 optimized
patients	 as	 the	 acutely	 critically	 ill	 patients	 are	 often	 malnourished	 and	 have
higher	 failure	 rates.41	 If	 the	 decision	 is	 to	 allow	 the	 patient	 to	 have	 a	 large
abdominal	wall	hernia,	coverage	of	the	abdominal	viscera	with	a	split	thickness
skin	graft	or	skin-only	closure	will	usually	be	required.

PREVENTION



Prevention	 of	ACS	 is	 an	 important	 strategy.	Damage	 control	 resuscitation	 has
been	 advocated	 for	 trauma	 patients.	 Among	 these	 patients,	 low	 normal	 blood
pressure	is	permitted,	and	overresuscitation	is	avoided.	This	concept	emphasizes
early	 control	 of	 hemorrhage,	 transfusion	 of	 blood	 and	 blood	 products,	 and
reduced	administration	of	crystalloids.42

The	 of	 fluid	 as	 well	 as	 the	 volume	 infused	 may	 prove	 consequential	 for
secondary	 compartment	 syndrome.	The	use	of	 albumin	has	been	examined	 for
burn	patients.	While	a	single-center	study	showed	no	change	in	 the	occurrence
of	 ACS	 by	 including	 albumin	 along	 with	 crystalloids	 in	 burn	 resuscitation,43
another	prospective	study	showed	decreased	IAPs.44	A	meta-analysis	suggested
albumin	 use	 decreased	 the	 occurrence	 of	 all	 compartment	 syndromes,	 but	 this
study	did	not	differentiate	between	the	types	of	compartment	syndromes.45	The
use	of	fluid	types	other	than	crystalloids	and	the	impact	of	fluid	types	on	other
patient	populations	remain	unclear	for	the	development	of	ACS.

Damage	control	surgery	and	deciding	not	 to	close	the	abdomen	at	 the	index
operation	is	also	an	important	part	of	prevention,	though	data	remain	limited.	For
trauma	 patients,	 major	 liver	 injury	 or	 any	 other	 injury	 requiring	 packing	 for
hemostasis	is	one	consideration.	The	occurrence	of	ACS	was	reduced	from	80%
to	 <24%	 in	 a	 retrospective	 cohort	 trial	 of	 severely	 injured	 trauma	 patients.46
Current	 societal	 recommendations	 for	 trauma	 and	 emergency	 surgery	 patients
suggest	 the	 following	 intraoperative	markers	 to	 consider	 leaving	 the	 abdomen
open:	 large	volume	 resuscitation	defined	as	 transfusion	of	>10	units	of	packed
red	 blood	 cells	 or	 the	 administration	 of	 >15	 L	 of	 crystalloid.	Other	 factors	 to
consider	 include	 hypothermia	 (temperature	 <	 35	 °C)	 and	 acidosis	 with	 a
pH	<	7.2.47

SUMMARY
IAH	 and	 ACS	 are	 common	 among	 surgical	 and	 medical	 patients,	 have
significant	 detrimental	 physiological	 effects,	 and	 are	 associated	with	 increased
mortality.	Many	 risk	 factors	 for	 the	 development	 of	 IAH	 and	ACS	 have	 been
described.	Selection	of	particular	patients	for	intravesicular	pressure	monitoring
remains	unclear.	The	accuracy,	feasibility,	and	low	cost	of	intravesicular	pressure
monitoring	 should	 make	 underrecognized	 IAH	 and	 ACS	 less	 common.	 The
many	 medical	 and	 surgical	 treatments	 available	 should	 be	 tailored	 to	 the
individual	 patient.	 Decompressive	 laparotomy	 remains	 the	 most	 common
treatment	option	for	ACS	with	organ	dysfunction.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	70-year-old	obese	man	is	admitted	to	the	ICU	in	septic	shock	secondary
to	pyelonephritis.	Due	to	persistent	hypotension	and	vasopressor	requirements	he
has	received	10L	of	crystalloid	in	the	emergency	department	over	the	past	12
hours.	Upon	arrival	to	the	ICU	he	is	noted	to	have	labored	breathing	and	is
hypercapnic	requiring	intubation.	He	remains	hypotensive	with	increasing
vasopressor	requirements.	You	suspect	abdominal	compartment	syndrome
(ACS).	What	is	most	appropriate	next	diagnostic	step?

A. 	Evaluate	peak	inspiratory	pressures	on	ventilator
B. 	Measurement	of	bladder	pressure
C. 	Monitor	urine	output
D. 	Physical	examination	of	the	patient	at	bedside

2. 	A	55-year-old	man	with	a	history	of	cirrhosis	complicated	by	ascites	and
hepatic	encephalopathy	is	admitted	to	the	ICU.	Due	to	agitation	and	altered
mental	status	from	alcohol	withdrawal,	the	patient	is	intubated.	The	patient
usually	undergoes	weekly	paracentesis	but	missed	his	last	appointment.	He	is
currently	hemodynamically	stable	with	a	steady,	appropriate	urine	output.	If
bladder	and	airway	pressures	were	to	be	monitored	in	this	patient,	which	of	the
following	are	findings	are	most	likely?

A. 	12	mm	Hg	bladder	pressure	and	high	peak	airway	pressures
B. 	15	mm	Hg	bladder	pressure	and	low	peak	airway	pressures
C. 	20	mm	Hg	bladder	pressure	and	high	peak	airway	pressures
D. 	25	mm	Hg	bladder	pressure	and	low	peak	airway	pressures

3. 	A	62-year-old	woman	with	history	of	alcohol	abuse	is	admitted	to	the	ICU
for	acute	pancreatitis.	Over	the	first	24	hours	in	the	ICU,	she	requires	aggressive
fluid	resuscitation	totaling	12	L	of	crystalloid.	She	becomes	hypoxic	requiring
intubation,	and	her	urine	output	continues	to	decline.	She	remains	persistently
hypotensive	and	is	started	on	vasopressors.	Her	peak	airway	pressure	is	33	mm
Hg	on	the	ventilator,	and	she	is	requiring	increasing	amounts	of	positive	end-
expiratory	pressure	(PEEP)	to	maintain	her	oxygen	saturation.	Bladder	pressure
is	measured	at	24	mm	Hg.	What	is	most	appropriate	treatment?



A. 	Addition	of	neuromuscular	blocking	agents
B. 	Initiation	of	hemodialysis
C. 	Placement	of	an	intraperitoneal	drain
D. 	Surgical	consultation	for	decompressive	laparotomy

Answers

1.	The	correct	answer	is	B.
Rationale:	 The	 defining	 feature	 of	 abdominal	 compartment	 syndrome	 is

elevated	 abdominal	 pressures	 with	 end-organ	 failure—most	 notably	 renal	 and
respiratory	 dysfunction,	 although	 all	 organ	 systems	 are	 involved.	 Measuring
intra-abdominal	pressure	via	bladder	pressure	is	 the	best	next	step	(choice	B	is
correct)	 and	 will	 confirm	 it	 as	 the	 cause	 of	 persistent	 hypotension.	 Physical
examination	has	been	studied	and	is	unreliable	to	detect	this	syndrome	(choice	D
is	incorrect).	Decreased	urine	output	and	high	peak	airway	pressures	can	and	do
occur,	but	there	are	multiple	other	possible	explanations	for	such	problems	in	the
ICU.	 For	 example,	 decreased	 urine	 output	 can	 be	 related	 to	 hypovolemia,
hemorrhage,	sepsis,	and	hepatorenal	syndrome	(choices	A	and	C	are	incorrect).

2.	The	correct	answer	is	B.
Due	to	the	patient’s	comorbidities	and	missed	paracentesis	he	likely	has	intra-

abdominal	 hypertension	 defined	 as	 greater	 than	 12	 mm	 Hg.	 However,	 it	 is
unlikely	 he	 has	 abdominal	 compartment	 syndrome	 given	 his	 hemodynamic
stability	and	steady	urine	output	(choice	B	is	correct).	Decreased	urine	output	is
often	 one	 of	 the	 first	 signs	 of	 increasing	 intra-abdominal	 hypertension	 and
abdominal	compartment	syndrome.	As	such,	he	is	unlikely	to	have	elevated	peak
airway	pressures	secondary	to	his	 intra-abdominal	hypertension	(choices	A	and
C	are	incorrect).	An	intra-abdominal	pressure	of	20	mm	Hg	is	grade	3	and	that
level	or	higher	would	likely	have	an	effect	on	the	urine	output	(choices	C	and	D
are	incorrect).

3.	The	correct	answer	is	D.
Rationale:	This	 patient	 has	 abdominal	 compartment	 syndrome	due	 to	 intra-

abdominal	 pressure	 greater	 than	 20	 mm	 Hg	 with	 evidence	 of	 end-organ
dysfunction.	The	most	effective	treatment	for	relieving	abdominal	compartment
syndrome	 is	 decompressive	 laparotomy	 (choice	D	 is	 correct).	 The	 addition	 of
neuromuscular	 blocking	 agents	 may	 transiently	 decrease	 the	 intra-abdominal
pressure	due	to	increased	abdominal	wall	compliance,	but	this	is	only	temporary



(choice	 A	 is	 not	 the	 best	 answer).	 Hemodialysis	 has	 not	 been	 shown	 to	 be
effective	 in	 reducing	 intra-abdominal	 hypertension	 quickly	 and	 requires	 time
which	 is	 not	 available	 in	 this	 unstable	 patient	 (choice	 B	 is	 incorrect).	 An
intraperitoneal	 drain	 may	 help	 remove	 the	 “third	 space”	 fluid	 that	 is	 likely
developing	 in	 the	 abdomen,	but	 in	 an	unstable	patient,	 this	 is	 risky	and	not	 as
effective	as	decompressive	laparotomy	(choice	C	is	not	the	best	answer).
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Chapter	52
Management	of	the	Obstetrical	Patient	in
the	Intensive	Care	Setting
Anne	Garrison

KEY	POINTS:
1.	 Though	overall	maternal	mortality	is	decreasing	worldwide,	maternal

mortality	in	the	United	States	is	increasing.
2.	 There	are	racial	disparities	in	maternal	morbidity	and	mortality	that

have	persisted	over	time.	Black	as	well	as	American	Indian	and
Alaska	Native	(AI/AN)	women	are	two	to	three	times	more	likely	to
die	from	pregnancy-related	causes	than	white	women.

3.	 Normal	pregnancy	causes	both	structural	and	physiologic	changes
to	major	organ	systems,	including	the	cardiovascular,	pulmonary,
hematologic,	and	renal	systems.	Understanding	the	normal
physiologic	changes	is	critical	in	the	care	of	the	critically	ill	pregnant
patient.

4.	 Imaging	of	the	critically	ill	pregnant	patient	should	weigh	the	risks	of
the	imaging	study	with	the	potential	change	in	management	the
study	could	impact.

5.	 Though	all	of	the	complications	of	preeclampsia	can	be	treated,	the
ultimate	treatment	for	preeclampsia	is	delivery.	Severe	hypertension,
seizures,	disseminated	intravascular	coagulation,	and	pulmonary
edema	are	complications	of	preeclampsia	which	may	require	ICU
level	care.

6.	 The	causes	of	antepartum	obstetrical	hemorrhage	are	dependent	on
gestational	age.

7.	 The	most	common	cause	of	postpartum	hemorrhage	is	uterine	atony



and	is	managed	by	a	combination	of	medical	and	surgical
management.

8.	 Trauma	is	the	most	common	cause	of	non–obstetric-related	mortality
during	pregnancy.

INTRODUCTION
1 	 2 	 Up	 to	 300,000	women	 died	worldwide	 in	 2017	 as	 a	 result	 of	 pregnancy-
related	 conditions.1	 Maternal	 mortality	 has	 been	 decreasing	 each	 year	 since
1990,	with	the	greatest	reductions	in	these	deaths	coming	in	developed	countries.
However,	 the	 overall	 rate	 in	 the	 United	 States	 has	 increased.2	 In	 2013,	 the
maternal	mortality	 ratio	was	18.5	per	 100,000	 live	births,	 an	 increase	of	 1.7%
from	the	rate	in	1990.3	It	is	unknown	if	this	difference	is	due	to	an	improvement
of	 identifying	 and	 coding	 for	 pregnancy-related	 deaths,4	 or	 if	 it	 should	 be
attributed	 to	 increases	 in	 maternal	 age,	 body	 mass	 index,	 and	 comorbidities.
There	 are	 racial	 disparities	 in	 maternal	 morbidity	 and	 mortality	 that	 have
persisted	 over	 time.	 Black	 and	 American	 Indian	 and	 Alaska	 Native	 (AI/AN)
women	are	two	to	three	times	more	likely	to	die	from	pregnancy-related	causes
than	white	women.

The	leading	cause	of	maternal	mortality	in	the	United	States	is	cardiovascular
disease	 and	 cardiomyopathy.	 Other	 common	 causes	 of	 mortality	 include
thromboembolic	events,	hemorrhage,	 infections,	 and	amniotic	 fluid	embolism.5
It	 is	 not	 surprising	 that,	 because	 the	 intensive	 care	 unit	 (ICU)	 is	 a	 common
setting	for	care	of	these	patients,	both	maternal	and	fetal	mortality	are	high	when
a	pregnant	patient	is	admitted	to	the	ICU.6-8

This	chapter	will	 review	 the	maternal	anatomic	and	physiologic	adaptations
to	pregnancy,	 considerations	of	 potential	 fetal	 harm	 from	diagnostic	 studies	 or
medication	 administration,	 and	 specific	 pregnancy	 disease	 states	 that	 may
complicate	 the	 care	 of	 the	 critically	 ill	 pregnant	 patient	 such	 as	 preeclampsia,
eclampsia,	obstetric	hemorrhage,	and	 trauma.	Specifics	 related	 to	 the	diagnosis
and	 treatment	 of	 respiratory	 failure	 and	 other	 common	 medical	 problems	 in
pregnancy	is	discussed	elsewhere.

MATERNAL	PHYSIOLOGIC	ADAPTATIONS	TO
PREGNANCY



3 	Structural	and	physiologic	changes	to	the	major	organ	systems,	including	the
cardiovascular,	 pulmonary,	 hematologic,	 and	 renal	 systems	 occur	 during
pregnancy.	Understanding	the	normal	physiologic	changes	is	integral	in	the	care
of	the	critically	ill	pregnant	patient	(Table	52.1).

TABLE	52.1

Physiologic	Maternal	Adaptation	to	Pregnancy

System Alterations

Cardiovascular Cardiac	output	increased	20%-30%

Blood	pressure	decreased

Peripheral	vascular	resistance	decreased

Pulmonary Tidal	volume	increased

Respiratory	rate	increased

Functional	residual	capacity	reduced

Renal Renal	artery	perfusion	increased

Glomerular	filtration	rate	increased

Creatinine	clearance	increased

BUN,	serum	creatinine,	serum	uric	acid	decreased

Urinary	stasis	increased

Dilated	renal	pelvises	and	ureters

Hematologic Plasma	volume	increased	>	RBC	volume	increase

Leukocytosis

Increased	liver-produced	clotting	factors

Increased	fibrinogen

Hypercoagulable	state



BUN,	blood	urea	nitrogen;	RBC,	red	blood	cell.

Cardiovascular	Adaptations
The	 cardiovascular	 system	 undergoes	 significant	 alteration	 during	 pregnancy.
The	 major	 changes	 seen	 include	 an	 increase	 in	 cardiac	 output,	 blood	 volume
expansion,	 and	 reductions	 in	 systemic	 vascular	 resistance	 (SVR)	 and	 blood
pressure	(BP).	These	changes	start	early	in	the	first	trimester,	peak	in	the	second
trimester,	 and	 remain	 constant	 until	 delivery.9	 Hemodynamic	 changes
surrounding	labor	and	delivery	are	also	significant.

Cardiac	output	rises	up	to	50%	above	baseline	during	pregnancy,	with	half	of
this	 rise	 coming	 in	 the	 first	 trimester.	 Cardiac	 output	 increases	 by	 several
mechanisms	 including	 (1)	 increasing	 preload	 (rise	 in	 blood	 volume),	 (2)
decreasing	 afterload	 (decrease	 in	 vascular	 resistance),	 and	 (3)	 increasing	 heart
rate.10	 Initially,	 the	 increase	 in	 cardiac	 output	 comes	 from	 the	 rise	 in	 stroke
volume,	 and	 later	 in	pregnancy,	heart	 rate	 is	 the	major	 factor.	This	 increase	 in
workload	 can	 cause	 heart	 disease	 in	women	 to	 decompensate	 during	 the	 latter
part	of	pregnancy.	Both	plasma	volume	and	red	blood	cell	mass	expand	during
pregnancy;	 however,	 there	 is	 greater	 plasma	 expansion	 than	 red	 blood	 cell
production,	resulting	in	a	physiologic	anemia	of	pregnancy.11	Both	systolic	and
diastolic	BPs	fall	early	in	pregnancy	and	average	5	to	10	mm	Hg	below	baseline.
In	the	third	trimester,	BP	normalizes.12	The	drop	in	BP	is	induced	by	a	reduction
in	SVR,	the	mechanism	of	which	is	not	completely	understood,	though	both	are
likely	to	be	hormonally	and	placentally	mediated.

Respiratory	Adaptations
The	 respiratory	 physiology	 and	 chest	 wall	 configuration	 undergo	 profound
changes	during	pregnancy.	Progesterone	is	a	known	stimulant	of	both	respiration
and	 respiratory	 drive.13	 Hyperventilation	 therefore	 occurs	 during	 pregnancy.
Minute	ventilation	rises	almost	50%	by	term,	largely	secondary	to	an	increase	in
tidal	volume.14	Functional	residual	capacity	decreases	by	20%	due	to	an	upward
shift	 of	 the	 diaphragm.	 Expiratory	 reserve	 volume	 and	 residual	 volume	 also
decrease.	However,	 inspiratory	 capacity	 increases,	 resulting	 in	 only	minimally
decreased	 total	 lung	capacity.15	There	 is	 an	 increase	 in	PaO2	 and	a	decrease	 in
PaCO2.	 This	 respiratory	 alkalosis	 leads	 to	 a	 compensatory	 excretion	 of
bicarbonate	 by	 the	 kidneys,	 resulting	 in	 a	 relatively	 normal	 pH	 (7.4-7.45).16



Measurements	 of	 pulmonary	 function	 and	 disease	 should	 be	 interpreted	 in	 the
context	of	the	aforementioned	changes.17

Hematologic	Adaptations
Plasma	volume	during	pregnancy	 increases	by	50%	 from	prepregnancy	 levels.
The	 red	 cell	mass	will	 increase	 to	 a	 lesser	degree.	This	phenomenon	has	been
termed	the	physiologic	anemia	of	pregnancy.18,19

Increased	 catecholamine	 and	 steroid	 levels	 during	 pregnancy	 cause	 a
demargination	 of	 mature	 leukocytes	 from	 the	 endothelium.	 This	 leads	 to	 a
physiologic	leukocytosis	of	pregnancy.18,19

Pregnancy	 is	 associated	 with	 changes	 in	 several	 clotting	 factors	 including
resistance	to	activated	protein	C,	decreases	in	protein	S,	and	increases	in	factors
I,	 II,	V,	VII,	X,	and	XII.	This	 results	 in	a	 reduction	 in	prothrombin	and	partial
thromboplastin	 times.20,21	The	net	effect	 is	 the	production	of	a	hypercoagulable
state.	Venous	 thromboembolism	 occurs	more	 frequently	 during	 pregnancy	 and
presents	 a	 three	 to	 fourfold	 higher	 risk	 in	 the	 peripartum	 period	 than	 during
pregnancy.22

Renal	Adaptations
Normal	pregnancy	provides	both	anatomic	and	 functional	 changes	 to	 the	 renal
system.	The	kidneys	 increase	 in	 size.	Hydronephrosis	 and	hydroureter	may	be
seen	in	up	to	80%	of	women.23	Glomerular	filtration	rate	rises	markedly	during
pregnancy	due	to	increases	in	cardiac	output	and	renal	blood	flow.	This	results	in
a	 decrease	 in	 serum	 creatinine	 concentration.	A	 small	 rise	 in	 serum	 creatinine
usually	reflects	a	marked	reduction	in	renal	function.	Hence,	careful	attention	to
small	 fluctuations	 of	 serum	 creatinine	 is	 required	 to	 detect	 renal	 injury	 during
pregnancy.

DIAGNOSTIC	RADIATION	EXPOSURE
4 	 When	 caring	 for	 any	 critically	 ill	 patient,	 diagnostic	 imaging	 is	 critically
important.	When	the	patient	is	pregnant,	care	must	be	taken	to	weigh	the	risk	of
the	imaging	study	with	the	potential	change	in	management	given	the	outcome
of	that	study.

It	is	important	to	remember	that	there	are	no	studies	of	humans	to	evaluate	the
risk	 of	 radiation.	 Most	 evidence	 derives	 from	 case	 reports	 and	 data	 from



survivors	of	nuclear	bombings/accidents.24,25
The	effect	of	radiation	on	a	fetus	depends	on	the	gestational	age	at	the	time	of

exposure	and	the	dose	of	radiation	to	which	the	fetus	is	exposed.	The	majority	of
diagnostic	 procedures	 expose	 the	 fetus	 to	 <0.05	 Gy	 of	 radiation.	 There	 is	 no
evidence	 that	 this	 level	 of	 exposure	 increases	 the	 risk	 of	 fetal	 anomalies,
disability,	 growth	 restriction,	 or	 pregnancy	 loss,	 though	 these	 low	 levels	 may
increase	 the	 risk	 of	 childhood	 leukemia.26,27	 The	 threshold	 at	 which	 a	 fetus
sustains	risk	is	not	completely	known,	though	evidence	suggests	that	the	risk	of
malformations	increases	at	doses	>0.1	Gy.

The	 timing	 of	 exposure	 is	 also	 important.	 The	 fetus	 is	 most	 sensitive	 to
radiation	 exposure	 early	 in	 pregnancy.	 In	 early	 pregnancy,	 the	 “all	 or	 none”
phenomenon	 applies,	 which	 means	 that	 the	 fetus	 either	 survives	 intact	 or	 is
resorbed.28	In	the	first	trimester,	the	most	common	abnormalities	seen	are	growth
restriction	or	central	nervous	system	abnormalities.29	Radiation	levels	needed	for
these	 mutations	 are	 0.1	 to	 0.2	 Gy	 prior	 to	 16	 weeks	 and	 0.5	 to	 0.7	 Gy	 after
16	weeks	of	gestation.30	Growth	restriction	usually	is	not	seen	until	>1	Gy.	After
20	weeks,	the	fetus	is	resistant	to	the	teratogenic	effects	of	radiation.31

There	 are	 no	 known	 fetal	 effects	 from	 exposure	 to	 ultrasound	 or	magnetic
resonance	 imaging.	 Contrast	 agents	 should	 be	 avoided	 during	 the	 first
trimester.32,33

If	a	significant	alteration	in	management	is	to	be	undertaken	as	a	result	of	the
information	 obtained	 from	 the	 procedure,	 the	 potential	 fetal	 risk	 should	 be
considered.	Table	52.2	outlines	 the	potential	 fetal	effects	of	 radiation	exposure
which	is	generally	well	above	that	of	common	imaging	studies.

TABLE	52.2

Radiation	Dose	and	Fetal	Effects

Radiation	Dose	to
Fetus	(cGy) Theoretical	or	Actual	Fetal	Effect

0-5 No	reported	malformation;	potential	for
oncogenesis,	and	increased	cancer	risk

5-10 Potential	for	oncogenesis;	potential	for	IUGR

10-20 Microcephaly,	IUGR,	2.4%	mental	retardation



20-50 Microcephaly,	IUGR,	fetal	death,	mental	retardation

50-100 Microcephaly,	IUGR,	18%	mental	retardation,	fetal
death

IUGR,	intrauterine	growth	retardation.
From	Gianopoulos	JG,	Breast	disease	in	pregnancy.	In:	Isaccs	JH,	ed.	Textbook	of	Breast
Disease.	Mosby-Year	Book;	1992:131,	with	permission.

MEDICATIONS	AND	PREGNANCY

Analgesic	Agents
Opiate	narcotic	agents	administered	for	short	periods	of	time	have	been	shown	to
be	 safe	 during	 pregnancy.	 They	 have	 shown	 no	 adverse	 fetal	 effects.	 Chronic
opiate	 use	 during	 pregnancy	 has	 been	 associated	 with	 intrauterine	 growth
restriction	and	neonatal	abstinence	syndrome.34

Nonsteroidal	 anti-inflammatory	 agents	may	 decrease	 fetal	 renal	 blood	 flow,
leading	 to	 oligohydramnios.	 They	 also	will	 lead	 to	 the	 in	 utero	 closure	 of	 the
ductus	 arteriosus,	 producing	 fetal	 pulmonary	 hypertension	 after	 32	 weeks	 of
gestation.	 Short	 courses	 of	 indomethacin	 may	 be	 used	 with	 caution	 prior	 to
32	weeks	of	gestation.

Antibiotics
Penicillins,	 cephalosporins,	 erythromycin,	 clindamycin,	 and	 vancomycin	 are
considered	 safe	 during	 pregnancy.	 Aminoglycosides	 have	 been	 implicated	 in
fetal	 ototoxicity,	 though	 gentamicin	 has	 not	 been	 reported	 to	 have	 significant
ototoxicity	 and	 is	 used	 commonly	 during	 pregnancy.33	 Sulfonamides	 compete
with	bilirubin-binding	sites.	While	 safe	 in	 the	second	 trimester,	use	 in	 the	 first
trimester	can	cause	birth	defects;	use	in	the	third	trimester	may	lead	to	neonatal
kernicterus.	 Tetracycline	 is	 teratogenic,	 leading	 to	 brown	 teeth	 and	 abnormal
long	bone	development35-37	(Table	52.3).

TABLE	52.3



Antibiotics	During	Pregnancy

Antibiotics	Safe	in	Pregnancy

Penicillins/cephalosporins

Fosfomycin

Nitrofurantoin

Vancomycin

Clindamycin

Azithromycin,	erythromycin

Antibiotics	Posing	Risk	in	Pregnancy

Aminoglycosides:	renal	and	ototoxic,	acceptable	in	life-threatening	conditions

Tetracycline:	bone	demineralization	and	teeth	staining

Sulfonamides:	acceptable	in	second	trimester;	risk	of	birth	defects	in	first
trimester	and	kernicterus	in	third	trimester

Fluoroquinolones:	toxic	to	cartilage	development

Anticoagulants
Unfractionated	heparin,	because	of	its	molecular	size	and	ionic	negative	charge,
has	 been	 shown	 not	 to	 cross	 the	 placental	 membrane.38	 Therefore,	 it	 is	 the
anticoagulant	 of	 choice	 in	 all	 trimesters	 of	 pregnancy	 and	 may	 be	 used	 with
relative	 fetal	 safety.	 Similarly,	 fractionated	 heparins	 do	 not	 cross	 the	 placental
membrane	 and	 may	 be	 used	 throughout	 pregnancy.	 However,	 if	 fractionated
heparins	 are	 used	 during	 pregnancy,	 it	 is	 advised	 to	 change	 to	 unfractionated
heparin	 late	 in	 the	 third	 trimester	 because	 unfractionated	 heparin	 may	 be
reversed	with	protamine	sulfate	 if	 surgical	 intervention	 is	needed,	and	 regional
anesthesia	 can	 also	 be	 used	 after	 reversal.39	 Warfarin	 and	 its	 derivatives	 are
contraindicated	 during	 the	 first	 trimester	 as	 these	 agents	 are	 teratogenic,
producing	 midline	 defects	 such	 as	 clefts,	 cardiac	 septal	 defect,	 and	 limb	 bud
abnormalities.40-42	 In	 some	 selected	 cardiac	 patients	 (particularly	 those	 with
mechanical	 valves),	 warfarin	 may	 be	 used	 during	 the	 second	 and	 early	 third



trimesters.	 Fetal	 intracranial	 bleeding	 has	 been	 observed	 with	 warfarin	 use
during	the	late	third	trimester.

Antihypertensives
Pregnant	 patients	 will	 require	 acute	 antihypertensive	 intervention	 when	 the
systolic	 BP	 >	 160	 mm	 Hg	 or	 diastolic	 BP	 >	 110	 mm	 Hg.	 For	 the	 acute
management	 of	 hypertensive	 crisis	 in	 pregnancy,	 labetalol	 or	 hydralazine	 is
recommended.43,44	 Hydralazine	 is	 dosed	 as	 10	 mg	 intravenous	 (IV)	 push.
Labetalol	is	given	as	a	10	mg	dose	IV,	followed	by	a	20	mg	dose	at	10	minutes	if
no	response	is	observed.	If	still	no	response	in	BP	is	observed,	the	dose	may	be
increased	 to	 40	mg	 in	 10	minutes	 and	 followed	by	 80	mg	 in	 10	minutes.	The
80	 mg	 dose	 may	 be	 repeated	 one	 time.	 The	 total	 dose	 should	 not	 exceed
220	mg.45,46

Angiotensin-converting	 enzyme	 inhibitors	 and	 angiotensin	 receptor	 blocker
agents	 are	 contraindicated	 during	 pregnancy.	 They	 have	 been	 associated	 with
fetal	 anomalies	 and	 intrauterine	 fetal	 death	 secondary	 to	 fetal	 cardiovascular
collapse.

SPECIFIC	PREGNANCY	DISORDERS

Hypertensive	Disorders	of	Pregnancy
Preeclampsia	 is	 most	 commonly	 defined	 as	 hypertension	 (>140/90)	 in
combination	 with	 proteinuria	 (>300	 mg/d)	 beginning	 after	 the	 20th	 week	 of
pregnancy	in	a	previously	normotensive	person.	Eclampsia	is	defined	as	meeting
the	 criteria	 for	 preeclampsia	 with	 the	 addition	 of	 seizures.	 Preeclampsia	 and
eclampsia	are	multisystem	diseases	that	develop	only	during	pregnancy	or	in	the
postpartum	period.	Preeclampsia	is	defined	as	being	“with”	or	“without”	severe
features.	 Severe	 features	 are	 defined	 as	BP	 >	 160/110	mm	Hg	 or	 evidence	 of
end-organ	disease.47

The	 underlying	 cause	 of	 preeclampsia	 is	 not	 fully	 understood	 but	 likely
involves	 maternal,	 fetal,	 and	 placental	 factors.	 Abnormalities	 of	 blood	 vessel
development	 can	 result	 in	 placental	 underperfusion,	 hypoxia,	 and	 ischemia.48
The	severity	of	disease	is	influenced	not	only	by	maternal	and	placental	factors
but	also	likely	by	paternal	and	environmental	factors.49

It	 is	 the	complications	of	preeclampsia	 that	usually	 indicate	 ICU	admission.



Sequelae	include	refractory	hypertension,	neurologic	manifestations	(eg,	seizure,
intercranial	 hemorrhage,	 elevated	 intracranial	 pressure),	 renal	 failure,	 liver
failure	or	rupture,	pulmonary	edema,	hemolysis,	elevated	liver	enzymes,	and	low
platelets	(HELLP)	syndrome,	or	disseminated	intravascular	coagulation	(DIC).8

5 	Though	all	of	the	complications	of	preeclampsia	can	be	treated,	the	ultimate
treatment	for	preeclampsia	is	delivery.	If	a	patient	who	develops	preeclampsia	is
near	 term,	prompt	delivery	 is	 recommended.	Patients	who	are	preterm	without
evidence	of	severe	 features	can	be	managed	expectantly	with	close	monitoring
until	 term	 gestation	 is	 reached	 (37	 weeks)	 or	 severe	 features	 develop.	 For
selected	patients	remote	from	term	with	severe	features,	expectant	management
can	be	undertaken	at	a	tertiary	care	center.47	Patients	remote	from	term	should	be
given	steroids	to	enhance	fetal	pulmonary	maturity.	Patients	with	severe	features
should	be	treated	with	IV	magnesium.	It	has	been	shown	to	be	superior	to	other
antiepileptics	for	the	prevention	of	seizure	activity.50,51	Magnesium	is	given	as	a
4	g	bolus	IV	over	the	first	hour,	then	at	2	g/h	until	24	hours	post	delivery	with
monitoring	of	reflexes	and	magnesium	levels.

ICU	care	involves	managing	the	complications	of	preeclampsia:

1.	 Severe	hypertension:	BP	>	160/110	mm	Hg	is	generally	treated	with	IV
antihypertensives.	Labetalol	and	hydralazine	are	the	drugs	of	choice.52
Exact	dosing	is	the	same	as	the	algorithm	earlier	(see	“Antihypertensives”
section).

2.	 Seizures:	Eclamptic	seizures	are	treated	with	IV	magnesium.	In	cases
unresponsive	to	magnesium,	benzodiazepines	may	be	used.	When	the
seizure	activity	persists,	the	next	agent	of	choice	is	phenytoin.	In	severe
refractory	cases,	continuous	EEG	monitoring,	general	anesthesia,	and
ventilatory	support	may	be	needed.50

3.	 DIC:	Treatment	of	DIC	involves	identifying	the	underlying	cause.	Placental
abruption	is	a	common	cause	among	those	with	preeclampsia.	Aggressive
resuscitation	with	blood	products	to	reverse	coagulopathy	may	be	needed.

4.	 Pulmonary	edema:	Pulmonary	edema	may	present	with	dyspnea	or	acute
respiratory	failure.	Supportive	management	includes	supplemental	oxygen
and	fluid	restriction.	Diuresis	is	indicated	when	there	is	fluid	overload,
although	this	is	rare	because	most	patients	are	volume	depleted.

Obstetrical	Hemorrhage
Vaginal	 bleeding	 during	 pregnancy	 is	 a	 common	 event.	 The	 source	 of	 the
bleeding	 is	 almost	 always	maternal.	The	evaluation,	differential	diagnosis,	 and



management	of	bleeding	differ	by	trimester	and	volume.	Vaginal	bleeding	during
the	 third	 trimester	 can	 be	 a	medical	 emergency.	When	 significant	 hemorrhage
occurs,	prompt	medical	or	surgical	intervention	is	needed.

Antepartum	Hemorrhage
6 	 Antepartum	 causes	 of	 hemorrhage	 vary	 based	 on	 gestational	 age.	 The	most
common	cause	of	bleeding	during	the	first	trimester	is	miscarriage.	Miscarriage
is	 common	 (up	 to	 25%	 of	 pregnancies);	 significant	 bleeding	 requiring
transfusion,	 while	 rare,	 does	 occur.53	 Another	 less	 prevalent	 (∼2%	 of
pregnancies)	cause	of	hemorrhage	during	the	first	trimester	is	ectopic	pregnancy.
Rupture	 of	 an	 ectopic	 pregnancy	 can	 be	 a	 life-threatening	 emergency	 and
aggressive	 monitoring	 of	 hemodynamic	 status,	 fluid	 resuscitation,	 and
administration	 of	 blood	 products	 may	 be	 required.	 Vaginal	 bleeding	 in	 the
second	 and	 third	 trimester	 is	 less	 common	 but	 may	 be	 a	 medical	 emergency
dependent	on	etiology;	the	possibilities	are	described	here.

Placenta	Previa
Placenta	 previa	 is	 defined	 as	 the	 placental	 tissue	 extending	 to	 or	 covering	 the
cervical	os.	This	diagnosis	is	uncommon,	occurring	in	∼4/1000	births54	but	can
be	associated	with	severe	bleeding.	Classically,	the	patient	with	placenta	previa
will	present	with	painless	vaginal	bleeding;	however,	some	women	will	present
with	pain	or	contractions	 in	association	with	bleeding.55,56	Any	woman	without
an	ultrasound	documenting	placental	location	who	presents	with	bleeding	should
undergo	 ultrasound	 evaluation	 for	 placental	 location.	 Ultrasound	 should	 be
performed	 prior	 to	 digital	 examination	 of	 the	 cervix	 to	 avoid	 palpation	 of	 the
placenta	and	severe	hemorrhage.

Women	with	placenta	previa	are	at	 increased	 risk	of	hemorrhage	during	 the
antepartum,	 intrapartum,	 and	 postpartum	 periods.57	 They	 are	 more	 likely	 to
undergo	 blood	 transfusion,	 peripartum	 hysterectomy,	 uterine	 artery
embolization,	 or	 to	 have	 a	 placenta	 accreta.58	Maternal	mortality	 secondary	 to
previa	is	low	in	resource-rich	countries;	however,	in	the	third	world,	this	remains
a	 high	 risk	 of	 maternal	 mortality.58	 Because	 the	 risk	 of	 severe	 bleeding	 and
emergent,	unscheduled	delivery	outweigh	the	risks	of	late	preterm	birth,	delivery
of	patients	with	known	previa	is	recommended	by	cesarean	section	between	36
and	37	weeks	of	gestation.59,60

Though	an	 actively	bleeding	placenta	previa	 is	 a	potential	 emergency,	most
cases	of	 acute	bleeding	are	 self-limited.	Patients	 should	be	 admitted;	 complete



blood	 count	 and	 and	 screen	 should	 be	 sent.	 Fetal	 monitoring	 should	 be
employed.	If	the	bleeding	is	active,	both	the	mother	and	fetus	should	be	closely
monitored,	 and	 supportive	 care	 provided.	 Indications	 for	 emergent	 cesarean
delivery	 include	 refractory,	 life-threatening	 hemorrhage,	 nonreassuring	 fetal
status,	or	a	significant	bleed	after	34	weeks	of	gestation.	If	the	bleeding	episode
is	self-limited,	the	patient	can	be	monitored	in	the	hospital.	A	course	of	antenatal
corticosteroids	should	be	given	for	 fetal	benefit	given	 the	potential	 for	preterm
delivery.	If	the	patient	is	Rh	negative,	RhoGAM	should	be	given.	When	delivery
occurs,	close	coordination	and	planning	with	anesthesia	should	be	undertaken	as
the	 presence	 of	 previa	 increases	 the	 risk	 of	 hemorrhage	 as	 well	 as	 placenta
accreta	and	percreta.

Placental	Abruption
Placental	abruption	 is	 the	premature	 separation	of	 the	placenta	 from	 the	uterus
(prior	to	the	delivery	of	the	infant).	Abruption	occurs	in	up	to	1%	of	pregnancies
and	 may	 be	 small	 and	 not	 clinically	 significant	 or	 may	 lead	 to	 severe	 life-
threatening	bleeding	and	DIC.

The	 clinical	 presentation	 of	 abruption	 is	 vaginal	 bleeding	 with	 associated
uterine	pain	or	contractions.	There	may	or	may	not	be	associated	fetal	distress.
In	 severe	cases,	DIC	and	coagulopathy	occur.	The	bleeding	may	be	vaginal	or
confined	 to	 the	 uterus,	 so	 the	 amount	 of	 vaginal	 bleeding	 is	 not	 a	 reliable
indicator	of	severity.	Ultrasound	is	not	a	reliable	 indicator	of	abruption	as	only
2%	 of	 abruptions	 are	 visualized	 on	 ultrasound.	 If	 coagulopathy	 occurs,
resuscitation	 with	 blood-replacement	 products	 such	 as	 fresh	 frozen	 plasma	 or
cryoprecipitate	 should	 occur.61	 The	 definitive	 management	 is	 delivery	 and
resuscitation.	If	the	patient	is	preterm	and	the	abruption	is	limited	and	fetal	status
is	 not	 affected,	 potential	 inpatient	 surveillance	 can	 be	 undertaken.	 Antenatal
corticosteroids	are	given	for	fetal	lung	maturity.

Postpartum	Hemorrhage
7 	Significant	hemorrhage	postpartum	occurs	among	2%	to	5%	of	deliveries.	The
most	common	cause	is	uterine	atony.	Other	causes	include	retained	products	of
conception,	 lacerations	 of	 the	 cervix	 and	 vagina,	 and	 unrecognized
coagulopathies.62	 Blood	 loss	 >500	 mL	 at	 vaginal	 delivery	 or	 1000	 mL	 at
cesarean	section	is	classified	as	postpartum	hemorrhage.	Delayed	hemorrhage,	3
to	 7	 days	 post	 partum,	 is	 most	 often	 due	 to	 retained	 placental	 fragments	 or
unrecognized	congenital	coagulopathies.62



The	 initial	 assessment	 should	 include	 a	 determination	 of	 the	 cause	 of
hemorrhage.	 Careful	 examination	 of	 the	 cervix	 and	 vagina	 to	 assess	 for
unrecognized	 lacerations	 is	 warranted.	 Manual	 exploration	 of	 the	 uterus	 is
performed	both	to	assess	tone	and	to	apply	uterine	massage	if	atony	is	noted.	If
uterine	atony	is	encountered,	uterotonics	are	given.	Pitocin	(oxytocin)	is	usually
first	line	and	is	given	IV	with	20	to	40	units	mixed	in	IV	fluids.62-64

If	 uterine	 atony	 persists,	 several	 other	 uterotonics	 may	 be	 given.
Methylergonovine	 maleate	 (Methergine),	 misoprostol,	 and	 carboprost
tromethamine	(Hemabate)	may	all	be	used,	and	the	order	in	which	they	are	used
does	not	appear	to	be	important.	Methergine	is	an	ergot	derivative.	It	is	given	as
0.2	 mg	 intramuscularly	 (IM)	 and	 is	 contraindicated	 for	 patients	 with
hypertension	 as	 significant	 elevations	 in	 BP	 may	 occur.	 Hemabate	 and
misoprostol	are	prostaglandins.	Hemabate	is	given	as	250	µg	IM.65	Misoprostol
is	 given	 rectally	 at	 400	 to	 800	 µg.	 Hemabate	 may	 cause	 significant
bronchospasm	and	is	contraindicated	for	patients	with	asthma.

If	medical	management	 of	 postpartum	hemorrhage	 is	 unsuccessful,	 surgical
intervention	 is	 indicated.	 An	 intrauterine	 examination	 under	 anesthesia	 for
retained	products	and	dilatation	and	uterine	curettage	may	be	performed.	If	still
unresponsive,	 uterine	 artery	 embolization	 may	 be	 attempted.	 In	 cases	 of
unresponsive	atony,	laparotomy	and	uterine-constricting	B-Lynch	suture	may	be
performed.	If	all	measures	have	failed	to	resolve	the	bleeding,	hysterectomy	may
be	employed	as	a	last	resort.66-68

Amniotic	Fluid	Embolism
Amniotic	fluid	embolism	is	an	extremely	rare	event.	Incidence	is	1	to	12	cases
per	 100,000	 deliveries.69	 Clinically,	 patients	 present	 with	 sudden	 onset	 of
cardiovascular	and	respiratory	collapse	at	or	around	the	time	of	delivery.70	When
amniotic	 fluid	 enters	 the	 intervascular	 space,	 vasoactive	 and	 fibrinolytic
components	 precipitate	 cardiovascular	 collapse	 and	 respiratory	 failure.
Immediate	 identification	 and	 aggressive	 treatment	 are	 required.	 Despite	 this,
mortality	rates	are	still	as	high	as	50%.71

Intubation	and	mechanical	ventilation	with	positive	end-expiratory	pressure	is
employed.	 Inotropic	 and	 vasoconstrictor	 agents	 are	 needed	 for	 cardiac	 and
vascular	support.	Invasive	right-sided	cardiac	monitoring	may	also	be	indicated.
These	 patients	 will	 often	 experience	 a	 rapid	 and	 fulminant	 DIC,	 requiring
resuscitation	with	fresh	frozen	plasma	and	cryoprecipitate.	These	patients	require
intensive	monitoring	 and	 support.	 Extra	 corporeal	 membrane	 oxygenation	 has
been	used	to	rescue	patients	with	refractory	cardiorespiratory	collapse.	Patients



who	survive	the	initial	insult,	Often	fully	recover.72,73

Trauma	Complicating	Pregnancy
8 	 Trauma	 is	 the	 most	 common	 cause	 of	 non–obstetric-related	 death	 during
pregnancy.	Motor	vehicle	collisions	and	domestic	violence	make	up	the	majority
of	 cases;	 however,	 there	 are	 many	 other	 potential	 causes	 of	 trauma.	 Though
trauma	 is	 a	 common	occurrence	 during	pregnancy,	<1%	of	 those	 affected	will
require	hospitalization.74

The	 physiologic	 alterations	 of	 pregnancy	 are	 discussed	 in	 detail	 earlier.
Because	of	 these,	particularly	the	increased	blood	volume,	 the	pregnant	 trauma
patient	 is	 less	 likely	 to	 immediately	 manifest	 signs	 of	 shock.	 The	 abdominal
position	of	the	uterus	in	the	third	trimester	makes	this	organ	more	susceptible	to
both	 blunt	 and	 penetrating	 trauma.	As	 the	 uterus	 grows,	 the	 bladder	 is	 pulled
superior	and	rendered	more	susceptible	to	traumatic	injury	in	pregnancy.

Motor	 vehicle	 collisions	 account	 for	 60%	 of	 injuries	 in	 pregnancy.	 The
pregnancy	outcome	 is	 directly	 related	 to	 the	 severity	 of	maternal	 injuries.	The
most	common	cause	of	fetal	death	is	maternal	death.75,76

Following	 blunt	 injury	 secondary	 to	 a	 motor	 vehicle	 accident,	 placental
abruption	 is	 the	 most	 common	 complication	 associated	 with	 the	 pregnancy.
Placental	 abruption	 occurs	 among	 2%	 to	 4%	 of	 patients	 with	 these	 injuries.
Ultrasound	 to	 detect	 placental	 abruption	 is	 not	 sensitive.76-78	 Contraction
monitoring	with	a	tocometer	has	a	high	negative	predictive	value	for	abruption,
and	 most	 abruptions	 will	 occur	 during	 the	 first	 4	 to	 8	 hours	 post	 injury.	 No
consensus	 exists	 as	 to	 the	 length	 of	 the	 posttrauma	monitoring	 interval	 but	 at
least	 4-hours	 is	 recommended.79,80	 Patients	 can	 be	 screened	 with	 a	 Kleihauer-
Betke	assay	to	assess	for	fetal-maternal	bleeding.81	If	positive,	a	longer	period	of
observation	may	 be	 indicated.	As	 small	 amounts	 of	 fetal	 blood	may	 enter	 the
maternal	 circulation,	 all	 patients	 require	 blood	 and	 screen,	 and	 Rh-negative
patients	 should	 receive	 RhoGAM.	 Continuous	 fetal	 monitoring	 should	 occur.
The	 usual	markers	 of	 severity	 of	maternal	 illness—BP,	 heart	 rate,	 hematocrit,
and	 arterial	 partial	 pressure	 of	 carbon	 dioxide—are	 not	 predictive	 of	 fetal
outcomes.	Imaging	with	ultrasound	is	the	first	line	of	assessment.	In	the	second
and	third	trimesters,	computed	tomography	scans	of	the	abdomen	and	pelvis	may
be	 undertaken	when	 indicated.	 In	 severe	 cases,	 cesarean	 section	may	 improve
maternal	 outcomes,	 by	 removing	 the	 placental	 arteriovenous	 shunt.82	 Potential
maternal	lifesaving	cesarean	delivery	can	be	performed	at	∼4	to	5	minutes	into
maternal	 code	 to	 attempt	 to	 remove	placental	 blood	 flow	and	 restore	maternal
circulation,	as	well	as	to	potentially	save	a	viable	fetus.



Penetrating	injuries	of	pregnant	patients	most	commonly	are	gunshot	wounds
or	 knife	 wounds.	 Pregnant	 patients	 have	 a	 better	 prognosis	 after	 penetrating
abdominal	 trauma	 as	 the	 large	muscular	 uterus	 protects	maternal	 vital	 organs.
Maternal	 visceral	 injuries	 complicate	 19%	 of	 penetrating	 abdominal	 trauma
cases	with	a	3.9%	maternal	mortality	rate.83	The	anterior	and	central	location	of
the	 uterus	 subjects	 the	 fetus	 to	 significant	 risk	 from	 penetrating	 wounds.	 The
fetus	 is	 injured	 in	 66%	 of	 these	 cases	 with	 a	 high	 (40%-70%)	 fetal	 mortality
rate.84	 The	management	 of	 these	 injuries	 remains	 controversial.	Many	 experts
advocate	 surgical	 exploration.	 Conservative	 management	 with	 imagining	 and
observation	may	 also	 be	 considered.	 A	 coordinated	 effort	 between	 the	 trauma
surgeon	and	obstetrician	 is	 important	 for	 achieving	 the	best	outcomes	 for	both
mother	and	fetus.83-85

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	most	common	cause	of	vaginal	bleeding	during	the	first
trimester	of	pregnancy?

A. 	Ectopic	location
B. 	Miscarriage
C. 	Placenta	previa
D. 	Placental	abruption

2. 	Which	of	the	following	is	true?

A. 	Amniotic	fluid	embolism	is	common
B. 	Amniotic	fluid	embolism	is	no	longer	associated	with	high	mortality
rates
C. 	Amniotic	fluid	embolism	is	associated	with	sudden	cardiorespiratory
collapse
D. 	Amniotic	fluid	embolism	can	accurately	be	predicted	by	machine
learning	techniques

3. 	All	of	the	following	are	commonly	seen	with	preeclampsia,	EXCEPT:

A. 	Acute	fatty	liver	of	pregnancy	(AFLP)



B. 	Disseminated	intravascular	coagulation	(DIC)
C. 	Pulmonary	edema
D. 	Seizures
E. 	Severe	hypertension

Answers

1.	The	correct	answer	is	B.
Rationale:	Miscarriage	is	the	most	common	cause	of	vaginal	bleeding	during

the	 first	 trimester	 of	 pregnancy,	 affecting	 25%	 of	 pregnancies	 (choice	 B	 is
correct)	 followed	 by	 ectopic	 pregnancy	 which	 affects	 2.5%	 of	 pregnancies
(choice	A	in	incorrect).	Placenta	previa	and	placental	abruption	occur	during	the
second	and	third	trimesters	of	pregnancy	(choices	C	and	D	are	incorrect).

2.	The	correct	answer	is	C.
Rationale:	Patients	with	amniotic	 fluid	embolism	present	with	sudden	onset

of	 cardiovascular	 and	 respiratory	 collapse	 at	 or	 around	 the	 time	 of	 delivery
(choice	 C	 is	 correct)	 when	 amniotic	 fluid’s	 vasoactive	 and	 fibrinolytic
components	precipitate	enter	the	intervascular	space.	Amniotic	fluid	embolism	is
an	extremely	rare	event.	Incidence	is	1	to	12	cases	per	100,000	deliveries	(choice
A	is	 incorrect).	 Immediate	 identification	and	aggressive	 treatment	are	 required.
Despite	 this,	 mortality	 rates	 are	 still	 as	 high	 as	 50%	 (choice	 B	 is	 incorrect).
Currently	available	models	do	not	have	good	predictive	value	for	amniotic	fluid
embolism	(choice	D	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	 Preeclampsia	 is	 associated	 with	 severe	 hypertension,	 seizures,

DIC,	and	pulmonary	edema.	Acute	fatty	liver	of	pregnancy	(AFLP)	is	a	rare	but
serious	 complication	 of	 late	 pregnancy	 characterized	 by	 the	 accumulation	 of
triglycerides	and	fatty	acids	in	hepatocytes,	and	not	specifically	associated	with
preeclampsia	(choice	C	is	the	“correct”,	wrong	answer).
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Chapter	53
Acute	Limb	Ischemia	in	the	ICU
Population
Dejah	R.	Judelson,	Bing	Shue,	William	P.	RobinsonIII

KEY	POINTS:
1.	 The	most	common	causes	of	acute	limb	ischemia	(ALI)	are

embolism	and	thrombosis;	understanding	the	cause	is	integral	to
define	the	next	steps	in	evaluation	and	management.

2.	 Emboli	most	commonly	arise	from	cardiac	causes	including	atrial
fibrillation.	Whereas	emboli	that	are	cardiac	in	origin	typically	lodge
at	arterial	bifurcations,	peripherally	derived	emboli	can	migrate	to	the
distal	vasculature	(blue	toe	syndrome).

3.	 Thrombosis	of	native	arteries	occurs	among	patients	with	significant
preexisting	atherosclerotic	disease	burden;	these	patients	typically
have	signs	and	symptoms	of	peripheral	arterial	disease.	Thrombosis
of	native	arteries	or	previously	placed	stents	or	grafts	is	an
increasingly	common	cause	of	ALI.	Common	sites	of	thrombosis
correlate	with	the	location	of	preexisting	lesions	such	as	the	iliac	or
superficial	femoral	arteries.

4.	 To	determine	the	diagnosis	and	duration	of	ALI,	the	six	“P’s”	need	to
be	evaluated:	pain,	paresthesia,	pulselessness,	pallor,
poikilothermia,	and	paralysis.	Ischemic	symptoms	tend	to	occur	one
vascular	bed	distal	to	the	level	of	obstruction	and	physical	exam	may
help	determine	the	site	of	thrombosis.

5.	 Treatment	involves	medical	or	surgical	intervention	and	can	be
guided	by	the	Rutherford	criteria.	For	ICU	patients,	medical	status
will	help	guide	appropriateness	for	revascularization,	if	indicated.



6.	 The	standard	open	operation	for	ALI	secondary	to	embolism	is
surgical	exploration	with	Fogarty	balloon	thromboembolectomy;	if
significant	preexisting	atherosclerotic	occlusive	disease	exists,	an
endarterectomy	with	patch	angioplasty	may	be	a	necessary	adjunct
if	distal	flow	is	patent.

7.	 Catheter-directed	thrombolysis	(CDT)	may	be	used	in	the	critical
care	population	to	restore	blood	flow	while	avoiding	a	major	open
surgical	operation.	CDT	is	most	effective	in	the	setting	of	newly
formed	thrombi	(<14	days)	and	is	contraindicated	in	patients	at	risk
of	hemorrhagic	complications.

8.	 Postoperative	management	of	the	revascularized	acute	limb
ischemia	ICU	patient	focuses	on	resuscitation	and	anticoagulation,
the	former	aimed	to	prevent	systemic	complications	of	ischemia-
reperfusion	injury.

9.	 First-line	treatment	for	upper	extremity	ALI	is	anticoagulation.	If
surgery	is	performed,	it	is	generally	approached	via	brachial	artery
exploration	and	Fogarty	balloon	thromboembolectomy.

INTRODUCTION
Acute	limb	ischemia	(ALI)	occurs	due	to	sudden	inadequate	arterial	perfusion	to
an	extremity	resulting	in	both	local	and	systemic	manifestations.	This	occurs	in
1.5	 cases	 per	 10,000	 persons	 per	 year.1	 ALI	 also	 commonly	 develops	 in	 the
setting	 of	 systemic	 illness	 and	 is	 especially	 an	 issue	 in	 the	 intensive	 care	 unit
(ICU)	 setting	 in	 which	 concomitant	 conditions	 such	 as	 myocardial	 infarction
(MI),	 hypercoagulable	 states,	 or	 hypotension	 requiring	 pharmacologic	 support,
play	 a	 role	 in	 both	 the	 etiology	 and	 disease	 progression.2	 Furthermore,
revascularization	 can	 lead	 to	 ischemia-reperfusion	 injury	 causing
rhabdomyolysis	and	impacting	multiple	organ	systems	as	toxic	by-products	are
introduced	into	the	systemic	circulation.

ALI	is	one	of	the	most	prevalent	debilitating	vascular	emergencies,	resulting
in	high	rates	of	amputation	(11%-37%)	and	mortality	(16%-42%).3	This	chapter
reviews	 the	 etiology,	 evaluation,	 and	 management	 of	 both	 upper	 and	 lower
extremity	ALI	in	critically	ill	patients.



ETIOLOGY
1 	 2 	The	most	common	causes	of	ALI	are	embolism	and	thrombosis	accounting
for	 more	 than	 90%	 of	 ALI	 cases.4,5	 Less	 common	 etiologies	 include	 aortic
dissection	and	low	flow	states	secondary	to	poor	cardiac	output.	Embolic	events
typically	 originate	 from	 a	 cardiac	 cause	 such	 as	 atrial	 fibrillation,	 alternative
cardiac	 sources	 include	MI	 leading	 to	mural	 thrombus,	 valvular	 heart	 disease,
and	endocarditis.6,7	MI	and	endocarditis	are	especially	challenging	causes	of	ALI
as	these	patients	are	extremely	high-risk	surgical	candidates	due	to	the	coexisting
medical	comorbidities.

2 	Less	common	causes	of	peripheral	emboli	include	paradoxical	emboli	from
a	deep	vein	thrombosis	(DVT),	aortic	mural	thrombus,	and	arterial	atheroemboli.
The	presence	of	a	patent	foramen	ovale	allows	the	thrombus	to	traverse	from	the
deep	 venous	 to	 arterial	 circulation	 leading	 to	 an	 ALI	 event	 and	 should	 be
suspected	 among	 patients	 with	 concomitant	 DVT	 and	 ALI	 without	 other
cardioembolic	 risk	 factors.8	 Aortic	 mural	 thrombus	 typically	 presents	 as	 an
asymptomatic	 finding	 and	 is	 commonly	 seen	 in	 the	 setting	of	hypercoagulable
states	such	as	malignancy	or	underlying	aortic	pathology.	Atheroembolic	events
occur	 because	 of	 disruption	 to	 a	 cholesterol	 plaque	 related	 to	 vessel
manipulation	 from	 recent	 interventions	 such	 as	 cardiac,	 cerebral,	 or	 peripheral
vascular	 interventions.	 It	 can	 also	 be	 spontaneous	 in	 the	 setting	 of	 significant
aortic	 atherosclerotic	 disease.	 Atheroemboli	 often	 migrate	 to	 the	 distal
vasculature	resulting	in	blue	toe	syndrome.9	This	contrasts	with	cardiac	sources
of	 emboli,	 which	 typically	 lodge	 at	 arterial	 bifurcations	 due	 to	 the	 change	 in
vessel	 caliber	 at	 these	 locations.	 Over	 half	 of	 cardioemboli	 occur	 in	 the
iliofemoral	arteries;	the	popliteal	and	brachial	arteries	are	less	common	areas	of
embolization.10

3 	 Thrombosis	 of	 native	 arteries	 or	 previously	 placed	 stents	 or	 grafts	 is	 an
increasingly	common	cause	of	ALI.	In	situ	thrombosis	of	native	arteries	occurs
among	patients	with	significant	preexisting	atherosclerotic	disease	burden.	Most
patients	will	have	risk	factors	for	peripheral	arterial	disease	(PAD)	and	a	portion
will	 have	 a	 discernible	 history	 of	 claudication,	 rest	 pain,	 or	 nonhealing	 ulcers
prior	to	their	acute	thrombotic	event.	Common	sites	of	thrombosis	correlate	with
the	location	of	preexisting	lesions;	these	typically	include	the	iliac	or	superficial
femoral	 arteries.11	 Low	 flow	 states,	 hypercoagulability,	 and	 endothelial	 injury
lead	 to	 disruption	 of	 atherosclerotic	 plaques	 and	 thrombus	 formation.	 This
pathophysiology	 is	 exacerbated	 for	 the	 critically	 ill	 patient	 who	 suffers	 from
cardiac	compromise,	 sepsis,	 and	vasopressor	dependence.	Critically	 ill	patients



exhibit	elevated	 levels	of	 inflammatory	markers,	such	as	 tumor	necrosis	factor,
which	have	been	shown	to	affect	atherosclerotic	plaque	stability	and	increase	the
risk	 of	 thrombosis.12	 Critically	 ill	 patients	 also	 exhibit	 increased	 levels	 of
procoagulant	 activity,	 especially	 in	 the	 setting	 of	 sepsis,	 heparin-induced
thrombocytopenia,	 and	 disseminated	 intravascular	 coagulation.13	 These	 risk
factors	also	have	a	significant	impact	on	the	patency	of	previously	placed	arterial
stents	 or	 bypasses.	 Therefore,	 a	 detailed	 history	 of	 both	 endovascular	 and
surgical	revascularizations	should	be	taken,	as	the	presence	of	prior	interventions
will	influence	both	the	diagnosis	and	subsequent	management.

Less	common	causes	of	ALI	 include	arterial	dissection,	nonthrombotic	 limb
ischemia	 secondary	 to	 low	 flow	 state,	 and	 traumatic	 arterial	 injury.	 Arterial
dissection	can	occur	spontaneously	or	as	a	result	of	iatrogenic	injury	secondary
to	 arterial	 catheterization.	 Non-thrombotic	 limb	 ischemia	 often	 occurs	 in	 the
setting	of	low	cardiac	output	or	vasopressor	dependence.	In	these	instances,	the
vessels	remain	patent;	however,	perfusion	is	 limited	by	severe	vasoconstriction
at	 the	 arteriole	 and	 capillary	 level.14	 Blunt	 limb	 distraction	 injuries	 such	 as
fractures	and	dislocations,	or	penetrating	trauma	from	stabs	or	gunshot	wounds,
can	 lead	 to	 arterial	 injury.	These	can	have	a	delayed	presentation,	 so	high-risk
patients	should	be	monitored	with	serial	vascular	examinations.15

1 	 The	 etiology	 of	 an	 ALI	 event	 is	 critical	 for	 determining	 the	 subsequent
evaluation	and	management.	Patients	who	suffer	embolic	events	typically	do	not
have	robust	collateral	peripheral	circulation	and	can	quickly	develop	permanent
deficits	 if	 left	 untreated.	 Alternatively,	 thrombosis	 of	 native	 vessels	 is	 better
tolerated	due	to	the	preexisting	presence	of	collateral	circulation	in	the	setting	of
PAD.	 However,	 these	 patients	 often	 require	 more	 extensive	 revascularizations
due	 to	 a	 heavier	 burden	 of	 underlying	 disease.	 Finally,	 patients	 with
nonthrombotic	ALI	secondary	to	low	cardiac	output	or	vasopressor	dependence
often	improve	with	treatment	of	the	underlying	condition.

EVALUATION	AND	DIAGNOSIS	OF	ACUTE	LIMB
ISCHEMIA	IN	THE	ICU	POPULATION
A	 detailed	 history	 and	 physical	 examination	 to	 elicit	 the	 etiology	 of	 ALI	 is
critical	 for	 the	overall	management	and	prognosis.	Assessment	of	 the	etiology,
determining	the	extent	of	ischemia	and	neuromuscular	damage,	and	establishing
an	 appropriate	 treatment	 plan	 must	 be	 performed	 rapidly	 to	 minimize	 the
ischemia	 time.	 ICU	 patients	 often	 cannot	 participate	 in	 their	 history	 and



physical;	 therefore,	 a	 thorough	 examination	 of	 their	 documented	 history	 and
interviewing	 the	 family	 and	 critical	 care	 staff	 is	 often	 necessary	 to	 ascertain	 a
complete	 picture.	 Medical	 records	 should	 be	 reviewed	 for	 key	 comorbidities
including	 history	 of	 atrial	 arrhythmias,	 coagulation	 disorders,	 recent
percutaneous	 interventions,	 history	 of	 PAD,	 and	 previous	 revascularizations.
Examining	previous	imaging	including	echocardiograms,	computed	tomography
(CT)	 scans	 (eg,	 for	 aneurysmal	 disease	 or	 mural	 thrombus),	 and	 prior
angiograms	 should	 be	 performed	 to	 understand	 possible	 etiologies	 or	 baseline
disease.

4 	 To	 determine	 the	 diagnosis	 and	 duration	 of	 ALI,	 the	 six	 “Ps”	 of	 acute
ischemia	 need	 to	 be	 evaluated:	 pain,	 paresthesia,	 pulselessness,	 pallor,
poikilothermia,	and	paralysis.	Bilateral	lower	extremities	should	be	evaluated	to
determine	if	there	are	signs	of	underlying	chronic	PAD,	such	as	dependent	rubor
with	 elevation	pallor,	 sparse	 hair	 growth,	 dystrophic	 nail	 growth,	 ulceration	or
nonhealing	 lesions,	and	 lack	of	palpable	pulses.	The	extent	of	pallor,	coolness,
sensory	 and/or	motor	 deficits,	 and	mottling	 often	 indicate	 the	 level	 of	 arterial
obstruction.	 Ischemic	 symptoms	 tend	 to	 occur	 one	 vascular	 bed	 distal	 to	 the
level	 of	 obstruction—for	 example,	 mottling	 in	 the	 foot	 and	 calf	 implies	 an
obstruction	in	the	superficial	femoral	artery.

Bilateral	 pulse	 examination	 is	 a	 reliable	 method	 to	 determine	 the	 level	 of
arterial	obstruction	including	the	femoral,	popliteal,	dorsalis	pedis,	and	posterior
tibial	 arteries.	 When	 pulses	 are	 nonpalpable,	 continuous	 wave	 Doppler
examination	 should	 be	 performed	 at	 the	 bedside.	 Assessing	 the	 quality	 of	 the
pulse	and	the	phasicity	of	the	signal	is	important;	comparing	the	affected	to	the
unaffected	 side	 is	 also	 critical.	 Bedside	 ankle-brachial	 indices	 should	 be
performed	and	compared	to	the	contralateral	limb	and	to	any	baseline	values.	A
“water	 hammer”	 pulse	will	 indicate	 pulsation	 against	 an	 obstruction	 such	 as	 a
recent	 embolus	 or	 thrombus.	 Evaluating	 for	 pulsatility,	 a	 palpable	 thrill,	 or	 an
audible	bruit	can	indicate	an	iatrogenic	pseudoaneurysm	or	arteriovenous	fistula
in	 the	 setting	 of	 recent	 percutaneous	 intervention	 such	 as	 central	 line,	 arterial
stick,	or	angiogram.

The	need	for	additional	imaging	will	depend	on	the	severity	and	acuity	of	the
ischemia.	Often	a	physical	examination	alone	is	enough	to	determine	location	of
disease.	 If	 the	 patient	 is	 stable	 and	 the	 limb	 is	 not	 immediately	 threatened,
additional	imaging	such	as	a	CT	angiogram	can	precisely	identify	the	location	of
disease	and	define	the	arterial	lesions.	Duplex	ultrasound	can	also	be	utilized	if
readily	 available	 within	 a	 short	 timeframe	 and	 can	 be	 extremely	 helpful	 for
operative	planning.	 In	 cases	where	emergent	 revascularization	 is	 indicated	and
the	 burden	 of	 disease	 is	 not	 clear	 from	 clinical	 evaluation,	 a	 formal	 on-table



angiogram	 in	 the	 operating	 room	 is	 a	 rapid	way	 to	 define	 the	 lesion	 and	 plan
revascularization.

TREATMENT	OF	ACUTE	LIMB	ISCHEMIA	IN	THE
ICU	POPULATION
Treatment	 of	ALI	 in	 the	 critical	 care	 population	 requires	 understanding	 of	 the
etiology	of	the	ischemia,	the	viability	of	the	affected	limb,	and	determination	of
the	patient’s	overall	medical	status.

The	 treatment	modalities	 of	ALI	 can	be	 divided	 into	medical	 and	operative
management	strategies.	Medical	management	includes	systemic	anticoagulation
and	supportive	care.	A	heparin	infusion,	with	a	goal	partial	thromboplastin	time
(PTT)	 of	 60	 to	 80	 sec,	 should	 be	 initiated	 immediately	 to	 prevent	 thrombus
propagation.	 However,	 in	 the	 cases	 of	 heparin-induced	 thrombocytopenia	 or
heparin	allergy,	a	direct	 thrombin	inhibitor,	such	as	argatroban,	can	be	used.	In
many	 instances	of	ALI	 in	a	critical	care	setting,	 these	patients	 require	multiple
pressors	 for	 blood	 pressure	 support.	Weaning	 pressors	 as	 tolerated,	 supporting
intravascular	volume,	placing	the	patient	in	a	reverse	Trendelenburg	position	to
allow	for	 the	benefits	of	gravity,	and	utilizing	a	Bair	Hugger	are	all	supportive
measures	that	can	be	effective	adjuncts	to	systemic	anticoagulation.

5 	 Treatment	 of	 ALI	 can	 be	 guided	 by	 the	 revised	 Rutherford	 Criteria
proposed	 by	 The	 Society	 for	 Vascular	 Surgery	 and	 International	 Society	 for
Cardiovascular	Surgery	(SVS/ISCVS)	which	stratifies	levels	of	severity	of	ALI
(Table	53.1).16	 Category	 I,	 or	 viable,	 limbs	 have	 no	 sensory	 or	motor	 deficits.
These	 patients	 are	 appropriate	 for	 observation	 or	 systemic	 anticoagulation,
possible	 angiogram	 and	 thrombolysis	 if	 appropriate.	Category	 II	 limbs	 are	 the
most	difficult	to	differentiate	and	are	separated	into	two	categories,	IIa	and	IIb.
Category	 IIa	 limbs	 are	marginally	 threatened;	 they	 have	minimal	 sensory	 loss
and	revascularization	can	be	directed	by	expeditious	angiography	after	systemic
anticoagulation.	 Diagnostic	 imaging	 such	 as	 duplex	 ultrasonography,	 CT
angiogram,	 or	 magnetic	 resonance	 angiogram	 are	 all	 excellent	 modalities	 to
precisely	identify	the	location	of	the	lesion	and	to	plan	an	intervention.	Category
IIb	 limbs	 are	 immediately	 threatened	with	 both	motor	 and	 sensory	 deficits;	 if
these	patients	do	not	undergo	immediate	operative	revascularization,	they	are	at
a	high	risk	of	limb	loss.	These	patients	are	often	taken	directly	to	the	operating
room	without	additional	 studies.	Category	 III	 limbs	have	sustained	 irreversible
damage;	 these	patients	are	often	 insensate	with	profound	paralysis	of	 the	 limb;



primary	amputation	for	pain	control	and	avoidance	of	sepsis	is	 the	mainstay	of
therapy.	Attempts	at	revascularization	will	not	only	fail	to	result	in	limb	salvage
but	 can	 be	 hazardous	 and	 precipitate	 multiorgan	 system	 dysfunction	 due	 to
severe	ischemia-reperfusion	injury.

TABLE	53.1

Clinical	Categories	of	Acute	Limb	Ischemia

Category Description/Prognosis Sensory
Loss

Muscle
Weakness

Doppler
Signal
(Arterial)

I.	Viable Not	immediately
threatened

None None Audible

II.	Threatened

a.	Marginally Salvageable	if	promptly
treated

Minimal
(toes)	or
none

None Inaudible

b.	Immediately Salvageable	with
immediate
revascularization

More	than
toes,
associated
with	rest
pain

Mild,
moderate

Inaudible

III.	Irreversible Major	tissue	loss	or
permanent	nerve	damage
inevitable

Profound,
anesthetic

Profound
paralysis
(rigor)

Inaudible

Adapted	from	reporting	criteria	recommended	by	the	Society	for	Vascular	Surgery	and	the
International	Society	for	Cardiovascular	Surgery,	Vascular	Surgery,	the	North	American	Chapter
and	Rutherford	RB,	Baker	JD,	Ernst	C,	et	al.	Recommended	standards	for	reports	dealing	with
lower	extremity	ischemia:	Revised	version.	J	Vasc	Surg.	1997;26:517-538.

5 	 For	 ICU	 patients,	 their	 overall	 medical	 status	 is	 a	 guiding	 factor	 to
determine	 if	 they	 are	 appropriate	 for	 revascularization.	 If	 the	 patient	 is
hemodynamically	 unstable	 or	 experiencing	 profound	 cardiopulmonary	 or



multisystem	 organ	 dysfunction,	 surgical	 revascularization	 or	 even	 aggressive
endovascular	 revascularization	might	 precipitate	 the	 patient’s	 demise.	 In	 these
instances,	revascularization	should	be	delayed	or	deferred	altogether	to	save	“life
over	 limb.”	 Systemic	 anticoagulation,	 ongoing	 observation,	 and	 conservative
measures	 become	 the	mainstays	 of	 treatment.	 In	 rare	 instances	 of	 category	 III
limb	ischemia,	primary	amputation	of	a	densely	ischemic	or	secondarily	infected
limb	is	necessary	to	prevent	failure	of	other	organs.

OPEN	SURGICAL	REVASCULARIZATION
6 	Open	surgical	revascularization	offers	the	advantage	of	immediate	reperfusion
to	 the	 affected	 extremity.	 The	 standard	 open	 operation	 for	 ALI	 secondary	 to
embolism	is	surgical	exploration	with	Fogarty	balloon	thromboembolectomy	.17
Typically,	 a	 femoral	 exploration	 is	 performed	 for	 suspected	 aortic,	 iliac,	 or
femoral	 thromboemboli,	 while	 a	 below	 the	 knee	 popliteal	 exploration	 is
performed	for	suspected	popliteal	or	tibial	thromboemboli.

If	 there	 is	 significant	 preexisting	 atherosclerotic	 occlusive	 disease,	 an
endarterectomy	 with	 patch	 angioplasty	 may	 be	 a	 necessary	 adjunct	 to	 an
embolectomy.	 This	 is	 seen	 commonly	 with	 in	 situ	 thrombosis	 of	 a	 diseased
common	 femoral	 artery.	 When	 thrombosis	 of	 a	 significant	 arterial	 segment
occurs	 such	 that	 flow	 cannot	 be	 adequately	 restored	 by	 a	 focal
thromboendarterectomy,	 a	 surgical	 bypass	 is	 generally	 necessary.	 In	 these
instances,	 definition	 of	 a	 distal	 target	 for	 bypass	with	 preoperative	 or	 on-table
angiography	 is	 exceedingly	 helpful.	 The	 of	 bypass	 is	 dictated	 by	 the	 clinical
scenario.	For	example,	when	there	is	bilateral	ALI,	an	aortic	occlusion	or	saddle
emboli	 is	 suspected.	 If	 bilateral	 femoral	 thromboembolectomy	 does	 not
adequately	restore	perfusion,	an	axillobifemoral	bypass	may	be	undertaken.

ENDOVASCULAR	ANGIOGRAPHY	AND
THROMBOLYSIS
7 	 Catheter-directed	 thrombolysis	 (CDT)	 for	 ALI	 was	 first	 introduced	 in	 the
1990s.18	The	goal	of	thrombolytic	therapy	is	to	restore	flow	through	the	occluded
arterial	segment	and	“uncover”	the	underlying	culprit	 lesion	which	can	then	be
definitively	addressed	via	standard	open	surgical	or	endovascular	methods.	The
major	 advantages	 of	 using	 CDT	 to	 restore	 blood	 flow	 in	 the	 critical	 care
population	 are	 avoidance	 of	 a	 major	 open	 surgical	 operation	 and	 gradual



reestablishment	 of	 blood	 flow	 to	 the	 affected	 extremity	 avoiding	 ischemia-
reperfusion	injury.	The	most	appropriate	candidates	for	thrombolysis	are	patients
with	 category	 I	 or	 IIa	 disease	 or	 in	 situ	 thrombosis.	 Patients	with	 imminently
threatened	 limbs	 who	 may	 lose	 neurologic	 function	 without	 immediate
revascularization	are	not	 appropriate	 candidates	 as	 thrombolysis	may	 take	2	 to
3	days	to	restore	blood	flow.

The	general	procedure	is	as	follows:

1.	 Endovascular	access	is	gained	utilizing	the	Seldinger	technique	under
ultrasound	guidance.

2.	 Angiogram	is	accomplished	to	elucidate	the	location	and	extent	of	disease.
3.	 The	occluded	arterial	segment	is	traversed	with	a	guidewire.
4.	 A	lysis	catheter	is	placed	across	the	occluded	segment.
5.	 A	thrombolytic	agent	is	administered	as	a	bolus	and	a	continuous	infusion	is

started.
6.	 Serial	laboratory	testing	as	well	as	neurovascular	examinations	are	done.
7.	 Reimaging	is	done	in	24	hours	to	ascertain	the	success	of	the	thrombolysis

and	angioplasty/stenting	can	be	performed	at	the	conclusion	of
thrombolytic	therapy.

Monitoring	of	patients	undergoing	thrombolysis	is	critical.	After	the	initiation
of	 thrombolysis,	 patients	 are	 returned	 to	 the	 ICU.	Serial	 laboratory	 studies	 are
performed	 to	 reduce	 the	 risk	 of	 a	 systemic	 thrombolytic	 state	 which	 would
increase	 the	 risk	 of	 intracerebral	 hemorrhage	 (ICH)	 or	 other	 spontaneous
bleeding.	 During	 fibrinolysis,	 thrombus	 dissolves,	 and	 the	 body	 recruits
coagulation	 factors	 to	 reform	 the	 thrombus;	 coagulation	 factors	 and	 fibrinogen
are	consumed.	Laboratory	values	monitored	include	fibrinogen,	complete	blood
count,	prothrombin	time	(PT)/international	normalized	ratio	(INR),	and	PTT.	A
decrease	 in	 fibrinogen	 by	 >50%	 or	 <100	 mg/dL	 implies	 an	 excessive
consumption	of	coagulation	 factors	 leading	 to	an	 increased	 risk	of	 ICH.	Serial
PT/INR	 and	 PTT	 should	 be	 assessed	 to	 reduce	 the	 risk	 of	 systemic
anticoagulation.	 In	 the	 United	 States,	 the	 most	 commonly	 used	 thrombolytic
drugs	 are	 urokinase	 and	 recombinant	 tissue	 plasminogen	 activator,	 usually
marketed	as	alteplase.

7 	 There	 are	 two	 multicenter	 randomized	 clinical	 trials	 that	 established	 the
efficacy	of	CDT.19,20	Thrombolytic	 therapy	 is	most	effective	for	 freshly	formed
thrombus.	 The	 trials	 demonstrated	 poor	 efficacy	 for	 patients	 who	 had	 limb
ischemia	of	a	duration	of	>14	days.

Several	 professional	 societies	 have	 published	 consensus	 guidelines	 on	 the



surgical	 management	 of	 ALI.	 The	 2012	 CHEST	 guidelines	 recommend	 open
surgery	as	 compared	 to	CDT	 (level	1B	evidence),	yet	CDT	 is	 a	 recommended
modality	 for	 appropriate	 patients.21	 In	 2005,	 the	 American	 College	 of
Cardiology/American	Heart	Association	 guidelines	 on	 PAD	were	 published	 in
collaboration	 with	 cardiology,	 vascular	 surgery,	 vascular	 medicine,	 and
interventional	radiology.	Their	conclusion	was	CDT	is	an	effective	option	for	a
select	 patient	 group	 and	 is	 contraindicated	 for	 patients	 at	 high	 risk	 of
hemorrhagic	 complications.	 There	 are	 several	 contraindications	 to	 treatment
with	 thrombolytic	 therapy	 (Table	 53.2).22	 When	 patients	 are	 selected
appropriately,	 approximately	 1%	 of	 patients	 will	 have	 a	 life-threatening
hemorrhage,	most	ominously	an	ICH.

TABLE	53.2

Absolute	and	Relative	Contraindications	to	Treatment	With
Thrombolytic	Therapy

Contraindications	to	Thrombolytic	Therapy

Absolute

1.	 Established	cerebrovascular	event	(including	TIAs)	within	last	2	mo
2.	 Active	bleeding	diathesis
3.	 Recent	gastrointestinal	bleeding	(<10	d)
4.	 Neurosurgery	(intracranial,	spinal)	within	last	3	mo
5.	 Intracranial	trauma	within	last	3	mo

Relative	major

1.	 Cardiopulmonary	resuscitation	within	last	10	d
2.	 Major	nonvascular	surgery	or	trauma	within	last	10	d
3.	 Uncontrolled	hypertension:	>180	mm	Hg	systolic	or	>110	mm	Hg

diastolic
4.	 Puncture	of	noncompressible	vessel
5.	 Intracranial	tumor
6.	 Recent	eye	surgery

Relative	minor



1.	 Hepatic	failure,	particularly	those	with	coagulopathy
2.	 Bacterial	endocarditis
3.	 Pregnancy
4.	 Diabetic	hemorrhagic	retinopathy

TIA,	transient	ischemic	attack.
Adapted	from	Working	Party	on	Thrombolysis	in	the	Management	of	Limb	Ischemia.	Thrombolysis
in	the	management	of	lower	limb	peripheral	arterial	occlusion--a	consensus	document.	J	Vasc
Interv	Radiol.	2003;14(9	Pt	2):S337-349.	doi:10.1016/s1051-0443(07)61244-5

There	 are	 several	 adjunctive	 measures	 to	 improve	 the	 success	 of
thrombolysis,	 notably	mechanical	 thrombectomy	and	 aspiration	 thrombectomy.
AngioJet	 and	 the	 Trellis	 Thrombectomy	 system	 are	 the	 most	 commonly	 used
U.S.	Food	and	Drug	Administration	(FDA)-approved	mechanical	thrombectomy
devices,	 which	 can	 diminish	 thrombosis	 by	 reducing	 clot	 burden	 and	 more
rapidly	 restoring	 perfusion.	 The	 most	 used	 FDA-approved	 aspiration
thrombectomy	device	is	Penumbra’s	Indigo	device.	In	a	single	setting,	thrombus
can	be	removed	and	blood	flow	restored	without	the	risks	of	CDT.23

POSTOPERATIVE	CARE
8 	 Postoperative	 management	 of	 the	 revascularized	 acute	 limb	 ICU	 patient
focuses	 on	 resuscitation	 and	 anticoagulation.	 These	 patients	 must	 be
aggressively	 resuscitated	 to	 prevent	 systemic	 complications	 of	 ischemia-
reperfusion	 injury.	Additionally,	systemic	anticoagulation	must	be	continued	as
rethrombosis	or	recurrent	embolism	occurs	among	6%	to	46%	of	patients.24,25

MANAGEMENT	OF	ISCHEMIA-REPERFUSION
INJURY	AND	RHABDOMYOLYSIS
Ischemia-reperfusion	 injury	 may	 result	 in	 limb	 and	 multisystem	 organ
dysfunction.	 As	 ischemic	 muscle	 is	 reperfused,	 cellular	 edema	 and	 interstitial
fluid	shifts	may	occur.	Symptoms	 include	pain,	hypoesthesia,	and	weakness	of
the	 involved	 limb.	 Rhabdomyolysis	 may	 occur;	 as	 the	 muscle	 groups	 are
reperfused,	 the	 ischemic	muscle	 is	 broken	 down	 and	 by-products	 are	 released
into	 the	 bloodstream	 (ie,	 myoglobin	 and	 potassium).	 Elevated	 potassium	 can



lead	 to	 cardiac	 arrhythmias;	 the	 myoglobin	 can	 cause	 acute	 kidney	 injury.
Treatment	is	mainly	supportive	via	aggressive	fluid	resuscitation	with	an	isotonic
fluid;	 occasionally,	 a	 bicarbonate	 drip	 is	 indicated	 to	 alkalinize	 the	 urine.	 In
cases	 of	 severe	 hyperkalemia,	 calcium	 gluconate	 may	 help	 to	 stabilize	 the
cardiac	myocyte	membrane	while	IV	insulin	and	D50W	can	help	to	redistribute
potassium	into	cells.	Patients	can	become	profoundly	acidotic	and	in	rare	cases,
require	hemodialysis.26

COMPARTMENT	SYNDROME
Compartment	syndrome	occurs	when	the	reperfused	muscle	swells	 inside	fixed
fascial	compartments.	When	compartment	pressures	exceed	25	to	30	mm	Hg,	the
extravascular	 pressure	 exceeds	 capillary	 pressure,	 and	 blood	 flow	 is	 restricted
leading	to	tissue	infarction.	The	first	signs	are	pain,	numbness,	and	paresthesia.
Of	the	four	compartments	in	the	distal	lower	extremity,	the	anterior	compartment
is	 the	 most	 susceptible	 to	 compartment	 syndrome.	 Symptoms	 are	 focused	 on
deep	 peroneal	 nerve	 injury	 and	 include	 numbness	 to	 the	 first	 web	 space	 and
decreased	 foot	 dorsiflexion.	 Management	 is	 operative;	 immediate	 four-
compartment	fasciotomies	are	necessary	to	prevent	any	further	nerve	or	muscle
damage.

UPPER	EXTREMITY	ACUTE	LIMB	ISCHEMIA
Upper	 extremity	 ALI	 is	 far	 less	 commonly	 encountered	 than	 lower	 extremity
ALI	and	typically	results	from	cardioembolic	events.	Emboli	 typically	lodge	at
the	brachial	or	axillary	artery.	The	clinical	presentation	can	be	similar	 to	 lower
extremity	 ALI;	 more	 commonly,	 patients	 with	 upper	 extremity	 ALI	 report
decreased	 sensation	 and	 strength	 without	 pain.	 Upper	 extremity	 ALI	 can	 be
diagnosed	with	history	and	physical	examination	alone,	though	duplex	imaging
or	 CT	 angiogram	 of	 the	 chest	 and	 upper	 extremities	 are	 useful	 adjuncts	 for
determining	the	anatomic	location	of	 the	occlusion	and	to	assist	with	operative
planning.1,27

9 	 First-line	 treatment	 for	 upper	 extremity	 ALI	 is	 anticoagulation.	 Most
patients	 report	 a	 significant	 improvement	 in	 symptoms	 with	 anticoagulation
alone.	The	upper	extremities	have	robust	collateral	circulation	compared	to	 the
lower	 extremities	 so	 the	 risk	 for	 tissue	 loss	 is	 less;	 however,	 patients	 who
develop	upper	extremity	ALI	are	at	risk	of	developing	chronic	arm	claudication



or	 even	 severe	 neuromuscular	 dysfunction	 with	 incidence	 rates	 of	 50%.
Therefore,	 patients	who	 are	medically	 able	 to	 tolerate	 surgery	 should	 undergo
revascularization.28

Surgical	 treatment	of	upper	extremity	ALI	 is	generally	performed	 through	a
brachial	artery	exploration	and	Fogarty	balloon	thromboembolectomy.	This	can
be	performed	under	regional	anesthesia	with	sedation	if	the	patient	is	unable	to
tolerate	 general	 anesthesia.	 Postoperatively,	 the	 patient	 should	 remain
anticoagulated	and	undergo	serial	neurovascular	examinations.	Upper	extremity
compartment	syndrome	is	 less	common	so	prophylactic	fasciotomies	are	rarely
performed.	However,	 careful	neurological	monitoring	 is	 indicated	 to	 identify	a
developing	compartment	syndrome.	In	addition,	a	full	workup	including	cardiac
echocardiogram	 and	 CT	 angiography	 of	 the	 chest	 should	 be	 performed	 to
determine	 the	 etiology	 of	 the	 ALI	 event.	 Patency	 rates	 for	 upper	 extremity
revascularizations	are	high	and	amputation	rates	are	negligible.	However,	studies
have	shown	overall	mortality	rates	of	patients	with	upper	extremity	ALI	to	be	as
high	as	50%	over	5	years	due	to	the	incidence	of	multiple	medical	comorbidities
in	this	population.29

RECOMMENDATIONS
In	general,	recommendations	are	as	follows:

Systemic	anticoagulation	is	a	mainstay	in	the	management	of	ALI	in	all
patients	to	minimize	propagation	of	thrombosis	and	prevent	recurrent	events
after	revascularization.
Immediate	surgical	revascularization	is	indicated	for	patients	with	an
immediate	threatened	limb	(Rutherford	classification	IIb)	to	avoid	an
unacceptable	delay	in	reperfusion.
In	patients	with	a	marginally	threatened	limb,	CDT	is	an	appropriate	treatment
modality.
For	patients	at	risk	for	complications	of	CDT,	aspiration	thrombectomy	can	be
considered	for	Rutherford	IIa	or	IIb	disease.
Primary	amputation	is	indicated	for	patients	with	an	irreversibly	ischemic
limb.
In	hemodynamically	unstable	patients	or	those	with	severe	multisystem
dysfunction,	the	mortality	risk	of	revascularization	may	be	prohibitive.	In
these	patients,	conservative	medical	management	with	a	“life	over	limb”
approach	may	be	appropriate.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	An	84-year-old	male	smoker	with	a	history	coronary	bypass	graft	surgery
is	admitted	to	the	ICU	after	emergency	laparotomy	for	perforated	gastric	ulcer.
He	is	on	broad-spectrum	antibiotics,	given	the	copious	succus	noted,	with	a
serum	white	blood	cell	count	of	24,000.	On	admission	physical	exam,	he	did	not
have	palpable	pedal	pulses	but	did	have	palpable	femoral	pulses.	On
postoperative	day	2,	he	requires	initiation	of	pressors	for	hypotension;	shortly
thereafter,	he	develops	left	foot	pain	with	intact	motor	and	sensory	function.
Imaging	demonstrates	a	short	segment	superficial	femoral	artery	(SFA)
occlusion	in	the	left	leg.	In	addition	to	weaning	pressors	when	possible,	what	is
the	most	appropriate	management?

A. 	Add	clopidogrel
B. 	Add	systemic	heparinization
C. 	Refer	for	catheter-directed	thrombolysis
D. 	Refer	for	thrombectomy	and	stenting	of	the	SFA

2. 	A	64-year-old	woman	with	a	history	of	hypertension	is	admitted	to	the
ICU	in	hypertensive	crisis	(BP	210/140).	Esmolol	and	nicardipine	drips	are
initiated.	Overnight,	she	has	multiple	episodes	of	arrhythmias;	in	retrospect,	she
recalls	episodes	of	feeling	like	her	heart	was	racing	over	the	past	several	weeks.
The	next	morning,	she	wakes	up	with	right	hand	numbness	and	pain.	There	has
been	no	recent	trauma	or	travel.	Physical	exam	reveals	a	cool	right	hand	with	4/5
motor	strength	and	diminished	sensation	as	well	as	a	“water	hammer”	brachial
pulse.	There	are	no	radial,	ulnar,	or	palmar	pulse	signals.	No	other	abnormalities
are	noted	on	exam.	What	is	the	most	appropriate	management?

A. 	CT	angiogram	of	the	chest	and	titrate	medications	to	keep	systolic
BP	<	90	mmHg
B. 	Emergent	head	CT	followed	by	administration	of	intravenous
thrombolytics
C. 	Systemic	heparinization	and	right	arm	surgical	thromboembolectomy
D. 	Systemic	heparinization	and	right	arm	catheter-directed	thrombolysis

3. 	A	45-year-old	otherwise	healthy	man	is	admitted	to	the	ICU	with	COVID-



19	pneumonia	and	respiratory	failure.	His	clinical	status	deteriorates,	and	he	is
intubated,	sedated,	and	proned	to	improve	oxygenation.	He	is	on	multiple
medications	for	hemodynamic	support	including	norepinephrine,	vasopressin,
and	phenylephrine.	After	48	hours,	his	right	leg	is	cooler	than	the	left	with
progressive	mottling	and	no	audible	arterial	signals	in	the	foot.	His	left	foot	has
biphasic	signals	with	no	mottling	but	is	cool	to	touch.	What	is	the	most
appropriate	management?

A. 	Prophylactic	dose	low	molecular	weight	heparin	and	sequential
compression	boots
B. 	Start	catheter-directed	thrombolysis	within	the	next	12	hours
C. 	Therapeutic	systemic	anticoagulation	starting	with	heparin	bolus
D. 	Transfer	now	to	operating	room	for	thromboembolectomy

Answers

1.	The	correct	answer	is	B.
Rationale:	 This	 patient	 developed	 in	 situ	 thrombosis	 with	 decreased

peripheral	 flow	 secondary	 to	 sepsis	 and	 hypotension	 in	 the	 setting	 of	 a
preexisting	 lesion.	 He	 has	 Rutherford	 class	 1	 acute	 ischemia,	 which	 can	 be
treated	initially	with	systemic	anticoagulation	(choice	B	is	correct).	Antiplatelet
agents	are	insufficient	(choice	A	is	incorrect).	In	addition,	given	his	leukocytosis
and	sepsis,	it	is	not	recommended	to	insert	a	prosthetic	device	unless	the	limb	is
imminently	 threatened	 (choice	 D	 is	 incorrect).	 He	 is	 a	 poor	 candidate	 for
thrombolysis	given	his	recent	surgery	(choice	C	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	The	exam	is	most	consistent	with	embolization	to	the	right	upper

extremity	 secondary	 to	 atrial	 fibrillation.	 The	 loss	 of	 motor	 function	 warrants
emergent	 operative	 intervention	 (choice	 C	 is	 correct;	 choice	 D	 would	 be
insufficient).	Malperfusion	from	an	aortic	dissection	would	have	resulted	in	loss
of	the	brachial	pulse	too	(choice	A	is	incorrect).	A	stroke	would	have	presented
with	additional	signs	and	symptoms	and	would	not	account	for	the	arm	findings
(choice	B	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	 This	 patient	 is	 critically	 ill	 and	 likely	 has	 developed	 in	 situ

thrombosis	of	his	right	lower	extremity.	Ischemia	is	in	part	pressor	induced,	with
improvement	 unlikely	 until	 those	 medications	 are	 weaned.	 Maximal	 medical



management	should	be	initiated	in	the	form	of	anticoagulation	and	treatment	of
his	underlying	condition	(choice	C	is	correct).	The	anticoagulation	may	also	act
as	a	local	vasodilator.	Deep	venous	thrombosis	prophylaxis	and	prevention	steps
are	inadequate	(choice	A	is	incorrect).	Given	his	pressor	dependence	and	tenuous
respiratory	status,	it	is	not	recommended	to	attempt	operative	intervention	due	to
the	 low	 likelihood	 of	 success	 and	 the	 high	 mortality	 (choice	 D	 is	 incorrect).
Emergent	thrombolysis	is	not	indicated	(choice	B)	and	could	be	dangerous,	since
monitoring	for	complications	such	as	CNS	hemorrhage	would	be	difficult	given
his	deep	sedation.
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Chapter	54
Palliative	Surgery	in	the	Intensive	Care
Unit
Laura	A.	Lambert,	Sarah	Childs

KEY	POINTS:
1.	 The	presence	and	duration	of	patient-acknowledged	symptom	relief

are	being	studied	as	better	outcome	measures	for	palliative	surgery
than	morbidity	and	mortality.

2.	 The	“palliative	triangle”	and	the	“best	case/worse	case”	are
approaches	to	patient	selection	for	palliative	surgery	that	takes	into
account	the	goals	of	the	patient,	family	and	the	surgeon.1,2

3.	 Malignant	bowel	obstruction	is	the	most	common	reason	for	a
palliative	surgery.	Options	for	palliation	of	malignant	bowel
obstruction	include	surgery	(resection,	bypass,	or	diversion),
stenting,	decompression,	and	medical	management.	The	best	option
needs	to	be	determined	on	an	individual	basis	that	takes	into
account	the	etiology,	patient	clinical	status,	patient	and	family	goals,
and	overall	prognosis.

4.	 The	complex	nature	of	palliative	surgery	consults	can	lead	to	moral
distress	among	surgeons	and	affiliated	providers.

5.	 The	Arbinger	Influence	Pyramid©	offers	a	systematic,	mindset-based
approach	to	efficiently	building	an	influential	relationship	with
patients	and	their	families	that	can	aid	with	shared	decision-making
and	decreased	moral	distress.3

6.	 Early	palliative	care	consultation	is	essential	for	optimal
management	of	patients	in	the	ICU	for	whom	a	palliative	surgery
consult	has	been	requested.4



INTRODUCTION
1 	Surgeons	play	an	essential	role	in	providing	optimal	palliative	care	for	patients
and	 families.	 Palliative	 surgery	 is	 best	 defined	 as	 the	 deliberate	 use	 of	 a
procedure	 in	 the	 setting	 of	 incurable	 disease	 for	 the	 intention	 of	 relieving
symptoms,	minimizing	patient	 distress	 and	 improving	quality	 of	 life.5	Because
the	goal	of	the	surgery	is	not	curative	but	rather	the	alleviation	of	suffering,	the
decision	 to	 proceed	 requires	 not	 only	 technical	 judgment	 but	 also	 an	 accurate
understanding	of	the	patient’s	symptoms,	the	clinical,	emotional,	psychological,
and	 social	 situation,	 and	 the	 goals	 of	 care	 of	 both	 the	 patient	 and	 family.
Typically,	surgical	outcomes	are	measured	in	 terms	of	morbidity	and	mortality.
However,	given	the	stated	goals	of	palliative	surgery,	morbidity	and	mortality	are
not	necessarily	the	most	effective	measures	of	success.	Rather	outcomes	such	as
the	presence	and	duration	of	patient-acknowledged	symptom	relief	may	be	much
more	salient.6,7	Treatment	plans	that	effectively	achieve	these	goals	must	balance
the	potential	benefit	of	durable	symptom	relief	with	the	risk	of	treatment	toxicity,
while	considering	the	patient’s	medical	condition,	performance	status,	prognosis,
life	 expectancy,	 other	 medical	 treatment	 options,	 and	 cost-effectiveness.	 The
complex	 decisions	 required	 to	 manage	 these	 patients	 can	 challenge	 even	 the
most	experienced	surgeons.

This	 chapter	 reviews	 the	 current	 status	 of,	 and	 evolving	 approach	 to,
palliative	 surgery,	 as	 well	 as	 the	 management	 of	 some	 of	 the	 more	 common
indications	for	palliative	surgery	consults	in	the	intensive	care	unit	(ICU).	It	will
also	address	ways	to	improve	communication	and	decrease	moral	distress	among
surgeons	 related	 to	 interactions	 with	 patients	 and	 families	 in	 the	 end-of-life
setting.

CURRENT	STATUS	OF	PALLIATIVE	SURGERY
The	greatest	experience	with	palliative	surgery	revolves	largely	around	its	use	in
patients	with	advanced	malignancies.	Palliative	surgical	consultations	have	been
reported	 to	 represent	up	 to	40%	of	all	 inpatient	 surgical	consultations	at	major
cancer	 centers.8	 Studies	 from	 two	 stand-alone	 cancer	 centers,	 the	 Memorial
Sloan	Kettering	Cancer	Center	(MSKCC)	in	New	York,	New	York,	and	the	City
of	Hope	Cancer	Center	in	Duarte,	California,	showed	that	6%	and	12.5%	of	all
surgical	procedures	were	performed	for	palliation,	respectively.9,10	In	the	largest
study	looking	at	outcomes	for	palliative	surgery	from	the	MSKCC,	Miner	et	al10
reported	on	the	results	of	1022	palliative	surgeries	performed	over	1	year	from



July	2002	to	June	2003.	During	that	time,	palliative	interventions	exceeded	the
combined	 number	 of	 esophagogastrectomies,	 gastrectomies,	 pancreatectomies,
and	hepatectomies.	The	most	common	indications	for	palliative	surgery	consults
included	gastrointestinal	obstruction	(34%),	neurological	symptoms	(23%),	pain
(12%),	dyspnea	(9%),	and	jaundice	(7%).	Symptom	improvement	or	resolution
was	achieved	in	80%	of	patients	by	30	days	with	a	median	duration	of	symptom
control	 of	 135	 days.	 Not	 unexpectedly,	 postoperative	 complications	 had	 a
negative	 impact	 and	 reduced	 the	 likelihood	of	 symptom	 improvement	 to	 17%.
Median	 survival	 from	 the	 time	 of	 the	 palliative	 procedure	was	 194	 days.	 The
authors	 concluded	 that	 there	 is	 an	 opportunity	 for	 a	 significant	 number	 of
patients	 to	 achieve	 durable	 improvement	 in	 quality	 of	 life	 given	 the	 median
symptom-free	 survival	of	135	days	and	a	median	 survival	of	194	days.	Others
have	shown	similar	 findings	 including	an	 improved	overall	 survival	associated
with	symptom	improvement	in	one	study	(Table	54.1).5,10-12

TABLE	54.1

Outcomes	in	Palliative	Surgery

Author/Year Consultations
(N)

Surgical
procedure
N	(%)

Surgical
morbidity
(%)

Surgical
mortality
(%)

Miner	et	al1 227 106	(46.7) 16.7a 3.9

Badgwell	et
al8

202 Nonprocedural
81	(40)
Surgical
86	(43)
Procedural	
35	(17)

43 9

Krouse	et	al9 240 Major
170	(71)
Minor

Major
25.9
Minor

12.2



70	(29) 10

Miner	et	al10 1022 Operative	
713	(70)
Endoscopic	
309	(30)

29 11

Podnos	et	al12 106 35	(33) 17 0

aGrade	3/4	major	surgical	morbidity	only.
NR,	not	reported;	QOL,	quality	of	life.

Because	the	primary	goal	of	palliative	surgery	is	to	improve	quality	of	life	or
relieve	symptoms,	it	has	been	argued	that	traditional	surgical	outcome	measures
such	as	morbidity,	mortality,	disease	recurrence,	and	survival	are	not	sufficient	to
determine	the	success	or	failure	of	a	palliative	intervention.	While	understanding
the	risks	of	a	procedure	 is	 important,	 it	 is	equally	 important	 to	assess	potential
benefits.	 Because	 the	 impact	 of	 different	 specific	 palliative	 interventions	 can
vary	 significantly—i.e.,	 the	 impact	 of	 an	 indwelling	 catheter	 for	 a	 refractory
pleural	effusion	may	be	significantly	greater	than	that	of	a	venting	gastrostomy
—it	is	difficult	to	quantify	and	compare	the	benefits	of	different	procedures.

One	 approach	 to	 addressing	 this	 issue	 is	 the	 use	 of	 patient-reported
outcomes.6	Patient-reported	outcomes	are	surveys	used	to	assess	a	patient’s	well-
being	from	the	patient’s	perspective.	These	surveys	often	include	assessment	of
health-related	 quality	 of	 life,	 or	 symptoms	 and	 are	 appropriate	 for	 assessing	 a
surgical	 intervention	 intended	 to	 improve	 quality	 of	 life	 or	 relieve	 symptoms.
However,	 currently,	 there	 are	 no	 validated	 quality-of-life	 instruments	 solely
focused	on	palliative	 surgical	outcomes,	making	 it	difficult	 to	 identify	patients
who	 benefit	 from	 these	 interventions.5,13	 One	 prospective	 pilot	 study	 using



standardized,	validated	 instruments	demonstrated	 the	challenges	of	 interpreting
outcomes	after	palliative	interventions	due	to	the	continued	loss	of	global	health
status	during	the	end	of	life.5	In	a	second	study,	the	authors	found	that	the	death
rate	of	40%	prior	to	study	completion	at	90	days	post	procedure	had	a	significant
impact	 on	 the	 questionnaire	 response,	 clearly	 demonstrating	 the	 challenge	 of
measuring	 the	 success	 of	 interventions	 in	 actively	 dying	 patients.14	 Validating
these	 interventions	 is	 essential,	 given	 the	 high	 proportion	 of	 interventions	 that
are	 palliative	 and	 the	 relatively	 high	 mortality	 rate,	 which	 can	 significantly
impact	 the	 overall	 operative	mortality	 of	 an	 institution.	 In	 this	 age	 of	 quality-
based	 reimbursement,	 this	 impact	 cannot	 be	 ignored	 and	 a	 means	 of
incorporating	palliative	intent	as	a	specific	data	element	for	comparing	surgical
outcomes	needs	to	be	devised.

As	 with	 any	 treatment—surgical	 or	 medical—another	 opportunity	 for
improving	 the	 outcomes	 of	 palliative	 surgery	 is	 through	 optimal	 patient
selection.	 The	 end-of-life	 setting	 presents	 a	 unique	 set	 of	 circumstances
requiring	 difficult	 decisions	 with	 limited	 data.	 Using	 an	 open-ended
questionnaire,	Collins	et	al15	investigated	the	patient	reasoning	behind	treatment
choices	 after	 palliative	 surgical	 consultation.	 Of	 98	 patients	 enrolled	 in	 this
prospective	 study,	 54	 were	 treated	 nonoperatively,	 and	 44	 were	 treated	 with
surgery.	Symptom	relief	and/or	quality	of	life	were	the	reason	for	the	treatment
choice	 in	 only	 46%	of	 patients;	 40%	made	 their	 choice	 based	 on	 the	 doctor’s
recommendation.	 Twenty	 percent	 opted	 for	 care	 in	 hopes	 of	 prolonging	 their
lives.	 This	 study	 demonstrates	 the	 powerful	 influence	 of	 the	 physician	 in	 the
decision-making	 of	 patients	 at	 this	 stage	 of	 life,	 and	 the	 need	 for	 clear
communication	about	goals	and	expectations	between	all	parties.

2 	Another	vital	participant	in	these	decisions	is	 the	patient’s	family.	To	help
surgeons	 navigate	 this	 challenging	 dynamic,	 Miner	 et	 al5	 have	 previously
proposed	 and	 studied	 the	 use	 of	 the	 “palliative	 triangle”	 as	 an	 approach	 to
improving	 patient	 selection	 and	 patient-acknowledged	 outcomes	 for	 palliative
surgery	 (Figure	 54.1).	 Through	 the	 dynamics	 of	 the	 triangle,	 the	 patient’s
complaints,	values,	and	emotional	support	are	taken	into	account	while	weighing
the	 medical	 and	 surgical	 alternatives.	 In	 addition,	 the	 triangle	 offers	 an
opportunity	 to	 learn	 about	 and	address	 a	patient’s	 and/or	 family’s	 expectations
regarding	the	intent	of	the	proposed	procedure,	thereby	helping	to	moderate	any
incongruent	expectations	between	surgeon,	patient,	and	family	members.	Miner
et	 al1	 prospectively	 investigated	 the	 use	 of	 the	 palliative	 triangle	 technique
during	 palliative	 surgery	 consultation	 in	 227	 patients	 with	 symptomatic,
advanced,	 incurable	 cancer.	 This	 is	 one	 of	 the	 few	 studies	 that	 included	 both
patients	 who	 did	 and	 did	 not	 undergo	 a	 palliative	 procedure.	 More	 than	 half



(53.3%)	of	the	patients	did	not	undergo	a	procedure.	Reasons	cited	included	low
symptom	 severity,	 decision	 for	 nonoperative	 palliation,	 patient	 preference,	 and
concerns	 about	 complications.	 Of	 the	 patients	 who	 did	 undergo	 a	 palliative
procedure,	90.7%	reported	symptom	resolution	or	improvement.	The	morbidity
and	 mortality	 associated	 with	 these	 procedures	 were	 20.1%	 and	 3.9%,
respectively.	The	median	survival	was	212	days.	The	authors	concluded	that	use
of	the	palliative	triangle	can	help	improve	patient	selection	which	is	associated
with	 significantly	 better	 symptom	 resolution	 and	 fewer	 postoperative
complications	 compared	 with	 previously	 published	 results.	 The	 authors	 have
also	postulated	that	building	this	strong	relationship	may	explain	the	observation
of	high	patient	satisfaction	toward	surgeons	after	a	palliative	operation—even	if
there	is	no	demonstrable	benefit.5

	

Figure	 54.1 	 The	 palliative	 triangle.The	 palliative	 triangle
facilitates	 interactions	 between	 patients,	 families,	 and	 surgeons	 and
helps	guide	patients	to	the	best	decisions	regarding	palliative	surgery.
(Reprinted	 from	 Thomay	 AA,	 Jaques	 DP,	 Miner	 TJ.	 Surgical
palliation:	getting	back	to	our	roots.	Surg	Clin	North	Am.	2009;89:33,
with	permission	from	Elsevier.)

MANAGEMENT	OF	COMMON	PALLIATIVE



SURGERY	CONSULTATIONS
This	 section	 reviews	management	options	 for	 some	common	palliative	 surgery
consults	 for	 ICU	patients.	While	 this	 list	 is	 not	 comprehensive,	 it	 does	offer	 a
framework	 for	 approaching	 any	 palliative	 surgery	 situation.	 Management	 of
other	specific	surgical	problems	encountered	in	the	ICU	is	discussed	elsewhere
in	the	text.	When	surgery	is	not	an	option,	it	is	important	to	know	how	to	palliate
common	symptoms	in	patients	with	advanced	illness.

Bowel	Obstructions
3 	One	of	the	most	common	palliative	surgical	consults	is	for	bowel	obstruction.
Bowel	obstructions	can	occur	at	any	 level	of	 the	gastrointestinal	 tract	 from	the
stomach	 to	 rectum.	 Depending	 upon	 the	 etiology	 (eg,	 adhesions,	 cancer,
stricture),	management	 can	 vary	 from	nonoperative	 nasogastric	 decompression
and	 bowel	 rest	 to	 bowel	 resection	 and/or	 intestinal	 diversion.	 In	 the	 setting	 of
advanced	 illness	 such	 as	 cancer,	 and	 for	 patients	 who	 are	 in	 the	 ICU,
management	 can	 be	 complicated	 and	 multimodal.	 Regardless	 of	 the	 etiology,
initial	 management	 of	 a	 patient	 with	 a	 bowel	 obstruction	 should	 include
appropriate	intravenous	fluid	resuscitation	based	upon	the	degree	of	dehydration
and	 the	 site	 of	 the	 obstruction	 and	 correction	 of	 any	metabolic	 abnormalities.
The	 bowel	 should	 be	 decompressed	 with	 a	 nasogastric	 tube	 if	 the	 patient	 is
vomiting,	 and	 the	 patient	 should	 not	 be	 allowed	 to	 eat	 or	 drink	 to	 decrease
gastrointestinal	 stimulation	 and	 secretions.	 Serial	 abdominal	 examinations	 for
signs	or	symptoms	of	peritonitis	are	essential.	 Imaging	studies	 (i.e.,	abdominal
series	 and/or	 a	 computed	 tomography	 scan	 of	 the	 abdomen	 and	 pelvis)	 are
helpful	 to	 determine	 the	 level	 and	 nature	 of	 the	 obstruction.	 They	 can	 also
demonstrate	 the	 presence	 of	 extraluminal	 air	 suggesting	 a	 perforation,	 and	 the
presence	or	absence	of	ascites.

Patients	who	 are	 hemodynamically	 stable,	 who	 do	 not	 have	 peritonitis	 and
have	 a	 normal	 or	 only	 mildly	 elevated	 white	 blood	 count	 (especially	 in	 the
setting	 of	 dehydration),	 can	 initially	 be	 monitored	 closely	 (with	 the	 measures
mentioned	 earlier)	 and	 given	 a	 chance	 for	 the	 obstruction	 to	 resolve	 without
surgery.	 Signs	 and	 symptoms	 of	 peritonitis	 or	 an	 imaging	 study	 suggesting	 a
“closed	loop”	obstruction	(a	loop	of	intestine	twisted	around	its	mesentery)	are
indications	 for	 a	 more	 urgent	 surgical	 intervention.	 Surgery	 may	 include
resecting	 the	 section	of	obstructed	 intestine	 if	 it	 appears	 to	be	 an	 isolated	 site,
performing	 an	 intestinal	 bypass	 if	 the	 site	 cannot	 be	 resected,	 performing	 a



diverting	ostomy	(either	small	or	 large	bowel	depending	on	 the	 location	of	 the
obstruction),	 or	 placing	 a	 decompression	 gastrostomy	 tube	 for	 venting	 the
stomach	 if	 the	 obstruction	 cannot	 otherwise	 be	 relieved.	 In	 the	 setting	 of	 a
malignancy,	 these	 operations	 can	 be	 challenging,	 both	 from	 technical	 and
decision-making	 perspectives	 and	 pose	 a	 high	 risk	 for	 perioperative	morbidity
and	mortality.16

If	the	obstruction	is	located	in	the	rectum	or	rectosigmoid	colon	or	duodenum,
it	is	reasonable	to	consider	an	endoscopic	stent	placement	rather	than	surgery	as
the	initial	intervention.	While	the	presence	of	carcinomatosis	has	been	shown	to
increase	the	risk	of	failure	of	endoscopic	stent	placement	for	colonic	obstruction,
there	is	a	77%	to	85%	success	rate.17-20	For	patients	with	a	limited	prognosis,	an
opportunity	 to	avoid	an	operation	 involving	 intestinal	diversion	and	ostomy	or
venting	gastrostomy	tube	is	an	important	consideration.	For	patients	in	whom	it
is	felt	that	surgical	or	endoscopic	relief	of	the	bowel	obstruction	is	not	feasible,	it
is	 reasonable	 to	 evaluate	 for	 a	 percutaneous	 endoscopic	 gastrostomy	 tube
placement	for	gastric	drainage.

Surgical	decision-making	becomes	more	challenging	 for	 end-of-life	patients
who	 are	 not	 stable	 and	 require	 a	 decision	 regarding	 an	 emergent	 operation.	 It
may	be	argued	that	this	is	not	a	purely	palliative	surgery	consult	as	the	surgical
intervention	 has	 the	 potential	 to	 rescue	 the	 patient	 from	 a	 life-threatening
complication	 of	 their	 life-limiting	 illness.	 On	 the	 other	 hand,	 it	 may	 also	 be
considered	 palliative	 as	 it	 will	 not	 cure	 the	 patient	 of	 the	 underlying	 disease
process.	 Needless	 to	 say,	 this	 is	 often	 an	 emotionally	 charged	 time,	 even	 for
patients	 with	 long-standing	 illness	 such	 as	 advanced	 cancer,	 because	 they	 are
now	 faced	with	 the	 imminent	 risk	 of	 dying.	 A	 recent	 study	 by	 Cauley	 et	 al21
reported	 the	 results	of	 a	 retrospective	cohort	 study	of	875	disseminated	cancer
patients	undergoing	emergency	surgery	for	obstruction	or	perforation.	Of	the	376
patients	who	underwent	emergency	surgery	for	obstruction,	the	30-day	mortality
rate	was	18%	with	a	41%	morbidity	rate;	60%	were	discharged	to	an	institution.
Dependent	 functional	 status	 and	 ascites	 were	 independent	 preoperative
predictors	 of	 death	 at	 30	 days.	 Only	 4%	 of	 patients	 had	 “do	 not	 resuscitate”
orders	in	place	prior	to	surgery.	Further	underscoring	the	dismal	prognosis	in	this
particular	 situation,	 a	 study	 by	 Pameijer	 et	 al22	 showed	 that	 patients	 with
metastatic	 cancer	 who	 presented	 with	 obstructive	 symptoms	 had	 a	 median
survival	of	3	months	regardless	of	operative	or	nonoperative	management.

While	most	 patients	will	 survive	 the	 initial	 operation,	 a	 substantial	 number
will	die	soon	after	the	surgery	and	many	experience	postoperative	complications,
reoperations,	 and	 nursing	 home	 or	 hospital	 readmissions.	 Such	 events	 clearly
impact	 the	 patient’s	 quality	 of	 life.	 These	 data	 are	 helpful	 for	 surgeons	 and



caregivers	 to	 advise	 patients	 of	 the	 risks	 of	 surgery,	 set	 expectations	 for	 the
postoperative	 experience,	 discharge	 location,	 and	 overall	 survival,	 both	 at	 the
time	 when	 the	 decisions	 are	 made	 for	 surgery	 and	 if	 complications	 occur.
However,	data	regarding	whether	the	goals	of	the	patients	and	families	were	met
and	whether	or	not	 they	would	make	 the	same	choice	again	are	 lacking	at	 this
time.

Gastric	Outlet	and	Duodenal	Obstruction
Obstruction	of	the	gastric	outlet	and/or	duodenum	is	another	common	indication
for	 palliative	 surgical	 consultation.	 Most	 patients	 present	 with	 nausea	 and
vomiting	of	undigested	 food.	Physical	examination	usually	demonstrates	upper
abdominal	 distension	 and	 tympani.	 Imaging	 studies	 often	 reveal	 a	 distended
stomach	with	 retained	 enteric	 contents.	As	with	 a	 lower	 intestinal	 obstruction,
acute	 symptoms	 should	 be	 initially	 managed	 with	 nasogastric	 decompression,
bowel	 rest,	 and	 intravenous	 resuscitation,	 including	 aggressive	 electrolyte
repletion.	 For	 patients	with	 chronic	 gastric	 outlet	 obstruction,	 special	 attention
should	be	paid	to	chloride	replacement,	as	chloride	is	lost	in	large	quantities	with
emesis	of	gastric	secretions.	If	significant	weight	loss	is	present	or	if	there	may
be	 a	delay	 in	definitive	 treatment,	 one	may	consider	 parenteral	 nutrition	while
planning	additional	palliative	measures.

Options	for	managing	upper	gastrointestinal	obstructions	include	intraluminal
stenting,	surgical	bypass,	and	decompression	gastrostomy	with	possible	feeding
jejunostomy.	 Similar	 to	 colonic	 stenting,	 the	 potential	 benefits	 of	 duodenal
stenting	 include	 immediate	 palliation	 of	 nausea	 and	 vomiting	 with	 a	 less
invasive	 procedure	 than	 surgical	 bypass	 and	 earlier	 return	 to	 oral	 nutrition.23,24
Restoring	 a	 person’s	 ability	 to	 eat	 and	 drink	 is	 one	 of	 the	 most	 rewarding
palliative	 interventions.	 Stents	 may	 be	 particularly	 useful	 for	 patients	 with
advanced	 malignancy,	 who	 are	 at	 increased	 risk	 of	 surgical	 complications	 or
whose	disease	 is	 technically	 inoperable.	Stenting	has	been	 shown	 to	provide	 a
comparable	survival	outcome	and	equivalent	morbidity	and	mortality	to	surgical
bypass.25	 In	a	systematic	review	of	the	literature	from	1990	to	2008	comparing
endoscopic	stenting	with	open	surgical	bypass,	Ly	et	al25	found	that	endoscopic
stenting	was	more	likely	to	result	in	tolerance	of	oral	intake	(OR	2.6;	P	=	.002)
in	a	shorter	period	of	time	(mean	difference	of	6.9	days,	P	<	.001)	with	a	shorter
hospital	 stay	 (mean	 difference	 11.8	 days,	 P	 <	 .001)	 as	 compared	 with	 open
surgical	 bypass.	 Similar	 findings	 were	 reported	 by	 Zheng	 et	 al.26	 The	 major
limiting	factor	for	the	endoscopic	approach	is	inability	to	pass	the	scope	through
the	 obstruction.	 Major	 complications	 reported	 are	 gastric	 ulceration,	 bowel



perforation,	 biliary	 obstruction,	 stent	 dysfunction,	 and	 stent	 migration.	 Stent
placement	would	be	contraindicated	in	patients	with	multiple	levels	of	intestinal
obstruction	 and	 should	 be	 considered	 carefully	 for	 patients	 with	 peritoneal
carcinomatosis	who	are	at	risk	of	more	distal	obstructions.

When	 stenting	 is	 not	 an	 option,	 surgical	 bypass	 can	 relieve	 both	 the
symptoms	of	 the	 obstruction	 and	 allow	 the	 patient	 to	 resume	 enteral	 nutrition.
Surgical	bypass,	most	commonly	in	the	form	of	a	gastrojejunostomy,	can	either
be	 performed	 laparoscopically	 or	 through	 a	 relatively	 small	 upper	 midline
incision.	The	estimated	risk	of	morbidity	and	mortality	from	these	procedures	is
25%	to	60%	and	0%	to	25%,	respectively.25,26	While	surgical	bypass	 is	usually
technically	 successful,	 patient	 selection	with	 regard	 to	 preoperative	 nutritional
status	and	life	expectancy	is	imperative	to	the	palliative	success	of	this	approach.
For	example,	in	addition	to	general	surgical	risks	such	as	bleeding	or	infection,	a
patient	with	chronic	gastric	outlet	or	duodenal	obstruction	who	is	malnourished
is	 at	 increased	 risk	 of	 a	 leak	 from	 the	 intestinal	 anastomosis.	 Other	 potential
complications	 specific	 to	 gastric	 bypass	 include	 dumping	 syndrome,	 alkaline
reflux	gastritis,	and	delayed	gastric	emptying.

Placement	 of	 a	 gastrostomy	 tube	 for	 decompression	 is	 another	 option	 for
palliation	of	gastric	outlet,	duodenal	and	nonoperable	 small	bowel	obstruction,
or	profound	gastrointestinal	dysmotility	from	carcinomatosis.	Gastrostomy	tubes
can	 be	 placed	 either	 endoscopically,	 fluoroscopically,	 or	 surgically	 (either
laparoscopic	 or	 open).	 Decompression	 gastrostomy	 tubes	 provide	 patients	 the
ability	to	drain	the	stomach	for	nausea	and	to	avoid	vomiting.	It	also	allows	them
to	 drink	 liquids	 and	 eat	 some	 soft	 foods	 for	 pleasure	 and	 comfort.	 It	 does	 not
allow	for	the	enteric	maintenance	of	nutrition.	Many	endoscopists,	surgeons,	and
interventional	radiologists	are	leery	of	placing	gastrostomy	tubes	in	the	setting	of
malignant	 ascites.	 They	 are	 concerned	 about	 the	 risk	 of	 infecting	 the	 ascites,
intraperitoneal	 leakage	from	the	stomach	due	 to	poor	apposition	 to	 the	anterior
abdominal	wall,	 as	well	as	 leakage	of	ascites	 from	around	 the	 tube.	There	 is	a
growing	body	of	literature	demonstrating	the	safety	of	placing	gastrostomy	tubes
in	patients	with	malignant	ascites	from	a	variety	of	tumors.27-29	Paracentesis	prior
to	 or	 concurrent	 with	 gastrostomy	 placement	 is	 advisable.	 Consideration	 of
placing	a	peritoneal	drainage	catheter	at	the	time	of	gastrostomy	may	also	help
lower	 any	 risk	 associated	 with	 the	 ascites.	 As	 gastrostomy	 may	 be	 the	 only
viable	palliative	option	 for	 these	patients,	 all	 efforts	 to	manage	 the	ascites	 and
increase	the	safety	of	gastrostomy	placement	are	warranted.

Ascites	and	Pleural	Effusions



Two	other	common	palliative	surgical	consultations	for	 the	ICU	patient	are	for
management	 of	 peritoneal	 ascites	 and	 pleural	 effusions.	 Unfortunately,	 while
symptom	relief	from	a	paracentesis	or	thoracentesis	is	immediately	helpful,	it	is
usually	 temporary.	 For	 patients	 requiring	 frequent	 drainage	 of	 either	 the
peritoneal	 or	 pleural	 cavity,	 a	 tunneled	 intraperitoneal	 catheter	 that	 can	 be
intermittently	connected	to	a	self-contained	vacuum	drainage	system	is	a	helpful
option.30	Another	option	 for	 the	 treatment	of	malignant	ascites	 is	hyperthermic
intraperitoneal	chemotherapy	(HIPEC).	A	number	of	studies	have	demonstrated
the	efficacy	of	HIPEC	in	the	treatment	of	malignant	ascites.31,32	As	there	is	often
no	 cytoreductive	 surgery	 involved,	 this	 can	 be	 done	 laparoscopically,	 which,
although	less	invasive,	does	require	general	anesthesia.	This	option	may	be	less
appropriate	for	patients	who	are	in	the	ICU	and	should	typically	be	reserved	for
patients	with	a	longer	life	expectancy	and	higher	performance	status.

Similarly,	an	alternative	treatment	option	for	patients	with	recurrent	malignant
pleural	effusion	is	pleurodesis.	Pleurodesis	can	be	performed	using	a	number	of
different	agents	including	talc,	chemotherapy,	or	abrasion.	The	intent	is	to	create
an	 inflammatory	 reaction	 within	 the	 pleural	 cavity	 resulting	 in	 fusion	 of	 the
visceral	 and	 parietal	 pleura,	 thereby	 obliterating	 the	 pleural	 space,	 eliminating
the	 opportunity	 for	 fluid	 reaccumulation.	 Talc	 has	 been	 shown	 to	 be	 the	most
effective	 pleurodesis	 agent	 in	 randomized	 clinical	 trials,	with	 reported	 success
rates	of	60%	to	90%.33	While	these	procedures	can	be	done	at	the	bedside,	they
do	require	the	placement	of	a	larger-bore	chest	tube	and	can	be	rather	painful.34

Intestinal	Perforation
Intestinal	perforation	due	to	a	complication	of	a	life-limiting	illness	can	be	one
of	 the	most	 challenging	 consults	 at	 the	 end	 of	 life	 in	 the	 ICU	 setting.	 Unlike
patients	 with	 a	 bowel	 obstruction,	 patients	 with	 a	 perforated	 viscus	 are	 more
likely	to	have	pain	from	peritonitis,	adding	another	element	of	consideration	to
both	 the	 decision-making	 process	 and	 the	 emotional	 charge	 of	 the	 situation.
Currently,	 there	 is	a	small	but	growing	body	of	 literature	supporting	 the	use	of
nonsurgical	 management	 for	 bowel	 perforation	 in	 select	 patients	 (eg,
hemodynamically	 stable,	 nonperitonitic).	 Some	 studies	 have	 reported	 a	 >90%
success	 rate	 in	 nonsurgical	 management	 of	 patients	 with	 perforated
diverticulitis.35	 Unfortunately,	 for	 patients	 with	 advanced	 cancer,	 who	 are	 not
stable,	have	peritonitis,	and	undergo	emergent	surgery,	 the	outcomes	are	worse
than	for	those	with	a	bowel	obstruction.	In	the	study	by	Cauley	et	al,21	among	the
499	 patients	who	 underwent	 surgery	 for	 perforation,	 the	 30-day	mortality	was
34%	 with	 a	 morbidity	 rate	 of	 67%;	 52%	 of	 patients	 were	 discharged	 to	 an



institution.	Similar	to	the	patients	who	presented	with	a	bowel	obstruction,	only
4%	 had	 a	 “do	 not	 resuscitate”	 order	 in	 place	 prior	 to	 surgery	 despite	 the
advanced	 nature	 of	 their	 cancer.	 While	 data	 from	 studies	 like	 this	 may	 help
surgeons	answer	questions	about	the	risks	associated	with	surgical	interventions
and	guide	some	patients	in	their	decisions,	in	a	society	in	which	people	are	not
prepared	for	dying,	these	data	can	often	make	things	harder	for	the	surgeon	who
is	asked	to	operate	in	the	face	of	such	overwhelming	odds.

Avoiding	Moral	Distress
4 	 Caught	 between	 patients	 who	 are	 suddenly	 facing	 their	 own	 mortality	 and
families	who	are	not	 ready	 to	 let	go,	 the	 smallest	 amount	of	hope	 that	 surgery
offers	makes	even	the	most	daunting	risks	seem	worth	taking.	This	is	a	setting	in
which	 surgeons,	 and	 other	 affiliated	 providers,	 experience	 moral	 distress.
Professionalism	demands	 that	 the	 surgeon	make	 a	 sincere	 effort	 to	 understand
and	 be	 understanding	 of	 the	 perspective	 of	 the	 patient	 and	 family—without
realistic	 expectation	of	 the	 same	 in	 return.	 In	 the	name	of	 “full	 disclosure	 and
informed	 consent,”	 some	 surgeons	 paint	 as	 bleak	 a	 picture	 as	 possible	 for	 the
patient	 and	 family	 so	 as	 to	dissuade	 the	patient	 from	choosing	 surgery.	When,
despite	 these	 efforts,	 the	 patient	 and	 family	 ask	 for	 surgery,	 some	 surgeons
expect	 a	 tacit	 agreement	 that	 the	 patient	will	 endure	 to	 the	 end,	 including	 any
additional	 procedures	 or	 maneuvers	 that	 may	 be	 required—surgery,	 feeding
tubes,	 tracheotomy,	 dialysis,	 rehabilitation,	 etc.36	 There	 is	 often	 a	 sense	 of
frustration	and	betrayal	on	the	part	of	the	surgeon	when	within	a	few	days	after
the	index	surgery,	the	family	decides	to	stop	any	further	life-prolonging	care.	It
is	for	this	reason	that	understanding	the	perspective	of	the	patient	and	family	is
critical	 to	 both	 the	 outcome	 of	 the	 encounter	 and	 the	 surgeon’s	 well-being
(Chapter	 33:	 Effective	 Communication	 and	 Ethical	 Decision-Making	 in	 the
ICU).

Best	Case/Worse	Case	(BC/WC)	scenario	planning,	proposed	by	Taylor	et	al,
is	a	useful	approach	particularly	for	surgeons	in	challenging	clinical	situations.2
The	aim	of	the	BC/WC	framework	is	to	clarify	the	limits	of	what	is	possible	so
patients	 and	 families	 can	 manage	 uncertainty	 and	 prepare	 for	 poor	 outcomes.
This	 approach	 uses	 narrative	 description	 and	 a	 handwritten	 graphic	 aid	 to
illustrate	 choices	between	 treatments	 and	engage	patients	 and	 families	 (Figure
54.2).	Scenarios	allow	patients	and	families	to	explore	possible	futures	and	see
the	 course	 from	 the	 current	 situation	 to	 the	 future	 outcome.	 Using	 such
scenarios,	 patients	 and	 families	 gain	 a	 new	 way	 of	 seeing	 beyond	 their
immediate	 “needs,”	 incorporate	 their	 goals	 and	 values,	 and	 think	 strategically



and	make	decisions	based	on	what	is	most	important	to	them.2	Using	the	bc/WC
scenarios,	preoperative	advance	care	planning,	including	explicit	discussion	and
agreement	on	 the	extent	or	 limitations	on	postoperative	care,	often	 including	a
time-limited	 trial	 defined	 by	 a	 specific	 goal-concordant	 outcome,	 can	 be
achieved.	Understanding	the	perspective	of	the	patient	and	family	is	critical	for
both	the	outcome	of	the	encounter	and	the	surgeon’s	well-being.

	

Figure	 54.2 	 Illustration	 of	 a	 best	 case/worst	 case	 hand-drawn
graphic	aid	 that	 the	surgeon	could	create	and	use	during	a	decision-
making	discussion	for	a	serious	surgical	situation.In	this	case,	an	85-
year-old	 man	 presented	 with	 a	 life-threatening	 hemorrhage	 from	 a
liposarcoma.	 The	 box	 represents	 the	 worst-case	 scenario,	 the	 star
represents	 the	 best-case	 scenario,	 and	 the	 oval	 indicates	 the	 most
likely	outcome.

5 	Similarly,	 the	palliative	 triangle	can	also	be	helpful	 in	 situations	 like	 this.
As	 described	 earlier,	 use	 of	 the	 palliative	 triangle	 can	 help	 create	 a	 space	 in
which	all	three	parties	are	given	a	chance	to	express	their	concerns	and	be	heard.
It	is	also	significant	in	that	it	helps	the	surgeon	separate	the	patient’s	goals	and
understanding	 from	 that	 of	 the	 family’s	 and	 vice	 versa.	 It	 also	 gives	 the
surgeon’s	goals	and	understanding	equal	weight	in	the	decision-making.	Success
of	 either	 approach—the	 BC/WC	 scenarios	 or	 the	 palliative	 triangle—is
predicated	on	the	surgeon’s	mindset.	If	the	surgeon	truly	hopes	to	influence	the



behavior	 of	 the	 patient	 and	 family	 in	 an	 efficient	 and	 professional	manner,	 an
outward	mindset,	in	which	the	patient’s	and	family’s	objectives	matter	just	as	the
surgeon’s	objectives	matter,	is	essential.	The	Arbinger	Influence	Pyramid©	is	a
proven	leadership	approach	to	influencing	behavior,	which	is	readily	applicable
to	patient-family-physician	interactions3	(Figure	54.3).	Starting	at	the	base	of	the
pyramid,	the	surgeon	must	adjust	their	mindset	to	an	outward	mindset	in	which
the	goals	and	objectives	of	the	patient	and	family	matter	equally	with	theirs.	The
outward	mindset	will	 facilitate	 relationship	building	with	 the	patient	 and	 those
who	have	influence	on	the	patient	(ie,	the	family).	Building	this	relationship	can
happen	simply	through	introductions	and	a	sincere	expression	of	empathy	for	the
challenging	situation	which	the	patient	and	family	are	facing.	Next,	the	surgeon
needs	 to	 listen	and	 learn	what	 the	patient	 and	 family	know	about	 the	 situation
and	 understand	 their	 hopes,	 goals,	 and	 objectives.	Afterward,	 the	 surgeon	 can
teach	 the	 patient	 and	 family	what	 they	 need	 to	 know,	 correct	misconceptions,
answer	questions,	review	the	risks,	benefits,	and	indications	for	surgery	as	well
as	alternatives,	and	make	an	engaged	recommendation	based	upon	the	goals	of
all	parties.	The	surgeon,	patient,	and	family	can	then	usually	come	to	a	mutually
agreed	upon	goal	and	care	plan	 (see	“Family	Meetings	and	GOC	Discussions”
section	in	Chapter	33:	Effective	Communication	and	Ethical	Decision-Making	in
the	 ICU).	One	key	point	 about	 using	 the	 Influence	Pyramid©	 is	 that	 time	 and
effort	 spent	 at	 the	 lower	 levels	 of	 the	 pyramid	 ensure	 effectiveness	 at	 higher
levels;	 the	 effectiveness	 at	 each	 level	 of	 the	 pyramid	 depends	 on	 the
effectiveness	 of	 the	 level	 below	 and	 ultimately	 on	 the	 deepest	 level	 of	 the
pyramid—the	mindset.



	

Figure	 54.3 	 The	 Arbinger	 Influence	 Pyramid©.The	 Influence
Pyramid	is	a	proven	framework	designed	to	help	influence	behavior
and	improve	results	beginning	with	a	shift	in	mindset.(Adapted	with
permission	 from	 The	 Arbinger	 Institute:	 The	 Anatomy	 of	 Peace—
Resolving	 the	 Heart	 of	 Conflict.	 Berrett-Koehler	 Publishers,	 Inc.,
2015;	 permission	 conveyed	 through	 Copyright	 Clearance	 Center,
Inc.)

BENEFITS	OF	EARLY	PALLIATIVE	CARE
CONSULTS
6 	 Initiation	 of	 a	 palliative	 surgery	 consultation	 is	 an	 appropriate	 time	 for
initiating	 a	 palliative	 care	 consultation	 as	 well,	 if	 one	 has	 not	 already	 been
obtained.	While	 some	physicians	and	patients	view	a	palliative	care	consult	as
“giving	up,”	this	could	not	be	further	from	the	truth.	In	fact,	early	involvement
of	 palliative	 care	 for	 patients	 with	 advanced	 lung	 cancer	 has	 been	 shown	 to
improve	overall	survival	up	to	3.5	months	despite	less	cancer-directed	therapy.37
Similar	benefits	have	also	been	shown	in	patients	undergoing	high-risk	surgery
at	 the	 end	 of	 life.4	 Unlike	 hospice	 (which	 is	 a	 medical	 insurance	 benefit	 that
requires	 a	 life	 expectancy	 of	 <6	 months	 if	 the	 life-threatening	 disease	 is
untreated	 and	 the	 patient	 forgoes	 disease-directed	 treatment),	 all	 patients	 with



symptoms	from	an	illness	or	 its	 treatment	are	eligible	for	and	can	benefit	 from
palliative	 care.	 It	 is	 preferable	 to	 initiate	 a	 palliative	 care	 consultation	 before
these	 symptoms	 become	 unmanageable,	 as	 this	 will	 make	 it	 seem	 less	 like
“giving	 up”	when	 there	 is	 an	 acute	 need	 for	 the	 expertise	 of	 a	 palliative	 care
provider.

One	way	to	overcome	the	inertia	of	referring	patients	to	palliative	care	early
is	 to	 normalize	 it.	 Many	 institutions	 have	 made	 it	 part	 of	 their	 cancer	 center
protocols	 to	 refer	 all	 patients	with	 advanced	 cancer	 to	 palliative	 care	 from	 the
initial	cancer	center	visit.	This	allows	the	palliative	care	team	to	tell	patients	and
their	 families	 that	all	patients	with	advanced	cancer	are	 seen	by	palliative	care
and	 that	 it	 is	 simply	 part	 of	 the	 multidisciplinary	 team	 effort	 to	 care	 for	 the
patient	 and	 family.	 Similar	 efforts	 can	 also	 be	 made	 in	 the	 ICU	 for	 selected
patients	(Chapter	32:	Palliative	Care	in	the	ICU).	Palliative	care	consultation	can
help	 relieve	 some	 of	 the	 burden	 of	 the	 primary	 specialist	 for	 conducting	 the
harder	conversations	around	goals	of	care	and	advanced	directives	and	allowing
them	to	focus	on	the	plan	of	treatment.	Having	these	difficult	conversations	early
is	 essential	 for	 the	 comprehensive	 management	 of	 life-threatening	 illness	 and
should	not	be	avoided	due	to	provider	unease.

Earlier	palliative	care	involvement	can	also	help	with	the	transition	to	hospice
when	 appropriate.	 Recognition	 of	 that	 time	 may	 come	 first	 to	 the	 primary
specialist	when	further	illness-directed	treatment	is	likely	to	do	more	harm	than
good	 to	 the	 patient	 and	 family.	 Families	 may	 also	 decide	 that	 the	 burden	 of
treatment	is	not	worth	the	limited	potential	for	more	time.	Unfortunately,	it	is	not
infrequent	 that	 both	 parties	 do	 simultaneously	 come	 to	 this	 conclusion.	 The
treating	physician	may	find	it	easier	 to	continue	to	 treat	 the	patient	who	insists
on	continuing	to	“fight”	even	knowing	that	“fighting”	may	take	time	away	from
the	patient.	Similarly,	the	patient	may	find	it	easier	to	continue	treatment	rather
than	 “disappoint”	 the	 treating	 physician	 by	 stopping.	With	 an	 early	 palliative
care	 intervention,	 conversations	 about	 hospice	 as	 a	 potential	 option	 can	 be
started	early,	 leaving	plenty	of	 time	 to	 correct	 any	misconceptions.	 It	 can	help
dispel	other	concerns,	such	as	losing	contact	with	the	primary	care	provider,	not
being	allowed	to	go	to	the	hospital	 if	necessary,	not	being	allowed	to	come	off
hospice	 if	 a	 new	 treatment	 becomes	 available,	 etc.	 They	 will	 also	 learn	 that
hospice	 provides	 support	 to	 both	 the	 patient	 and	 the	 family	 through	 an
interdisciplinary	team	of	providers	including	physicians,	nurses,	social	workers,
chaplains,	and	volunteers.	Hospice	care	helps	families	prepare	for	their	loss	and
provides	bereavement	programs	for	the	families	after	the	patient’s	death.	Patients
who	understand	their	poorer	prognosis	near	the	end	of	life	are	unlikely	to	choose
invasive	treatments	that	can	prolong	suffering	and	time	away	from	home.38-40	A



palliative	care	consultant	who	is	an	expert	in	communication	can	be	a	significant
asset	with	this	aspect	of	the	patient’s	care	(Chapter	33:	Effective	Communication
and	Ethical	Decision-Making	in	the	ICU).

SUMMARY
Surgery	 and	 surgeons	 are	 an	 essential	 component	 of	 comprehensive	 palliative
care.	Surgical	decision-making	for	palliation	in	the	end	of	life	setting	is	complex
and	 challenging.	 These	 situations	 often	 demand	 the	 highest	 level	 of	 surgical
judgment.	 In	 addition	 to	 consideration	 of	 the	 risks	 in	 terms	 of	 the	 traditional
surgical	outcomes	measures	such	as	morbidity	and	mortality,	decisions	must	also
include	end	points	such	as	 the	probability	and	duration	of	symptom	resolution,
the	 impact	 on	 overall	 quality	 of	 life,	 functional	 status,	 pain	 control,	 and	 cost-
effectiveness.	Regardless	of	 the	 indication	for	a	palliative	surgery	consultation,
deliberations	 over	 surgical	 palliation	 must	 consider	 the	 clinical	 condition	 and
performance	 status	 of	 the	 patient,	 prognosis,	 availability	 and	 success	 of
nonoperative	management,	and	the	patient’s	quality	of	life,	life	expectancy,	and
goals	of	care.	Clinicians	must	remain	flexible	to	meet	the	ever-changing	needs	of
the	patient	and	family.	Use	of	a	tool	such	as	the	palliative	care	triangle	and	the
Influence	 Pyramid©	 can	 facilitate	 the	 difficult	 conversations	 that	 often
accompany	 these	 consults	 and	 help	 guide	 the	 patient,	 family,	 and	 surgeon	 to
make	 the	 optimal	 choice	 for	 the	 patient.	 Early	 palliative	 care	 consultation	 has
been	shown	to	improve	outcomes	in	terms	of	quality	of	life,	overall	survival,	and
cost-effectiveness	 and	 to	mitigate	 some	 of	 the	moral	 distress	 that	 can	 arise	 in
these	emotionally	charged	situations.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	20-year-old	woman	presents	with	several	months	of	refractory	nausea
and	vomiting	and	30-pound	unintentional	weight	loss.	She	is	admitted	to	the
ICU	for	severe	dehydration	and	malnutrition.	Imaging	demonstrates	a	duodenal
outlet	obstruction,	an	omental	cake,	and	diffuse	peritoneal	carcinomatosis.	Upper
endoscopy	identifies	a	signet	ring	cell	gastric	cancer.	A	surgical	consult	is
requested	for	management	of	the	duodenal	obstruction.	The	surgeon	should



recommend	a	palliative	care	referral	because:

A. 	Consultation	improves	outcomes
B. 	Hospice	is	required	as	there	are	no	therapeutic	options
C. 	Palliative	care	clinicians	are	better	communicators
D. 	Surgeon	involvement	is	not	appropriate

2. 	The	family	of	a	young	patient	with	advanced	cancer	is	upset	to	hear	that
there	are	no	surgical	treatment	options.	Who	should	have	a	candid	discussion
about	goals	and	values	of	care	according	to	the	“palliative	triangle”	approach?

A. 	Family,	her	surgeon,	and	the	palliative	care	team
B. 	Patient,	her	family,	and	the	surgeon
C. 	Patient,	her	family,	and	the	palliative	care	team
D. 	Patient,	her	surgeon,	and	the	palliative	care	team

3. 	An	otherwise	healthy	83-year-old	man	is	admitted	to	the	ICU	because	of
life-threatening	intra-abdominal	bleeding	from	a	newly	diagnosed
retroperitoneal	liposarcoma.	A	surgical	consult	is	called.	Upon	review	of	the	CT
scan,	it	is	clear	that	the	tumor	is	not	resectable,	and	there	are	no	meaningful
surgical	options	to	help	stop	the	bleeding.	What	is	the	next	best	step	for	the
consulting	surgeon	using	the	“Influence	Pyramid”	approach?

A. 	Call	palliative	care	consult	team	to	see	the	patient	instead
B. 	Communicate	through	the	primary	service	that	surgery	is	not	an
option
C. 	Decline	consultation	based	on	futility	and	use	of	resources
D. 	See	the	patient	and	evaluate	their	individual	goals

Answers

1.	The	correct	answer	is	A.
Rationale:	 Current	 national	 consensus	 and	 ASCO	 guidelines	 recommend

palliative	 care	 consultation,	 when	 available,	 for	 any	 patient	 with	 a	 newly
diagnosed	 advanced	 cancer.	 This	 has	 been	 shown	 to	 help	 normalize	 the
involvement	of	palliative	care	and	with	the	transition	to	hospice	should	the	need
arise.	Early	involvement	of	palliative	care	in	patients	with	advanced	cancer	has
been	 shown	 to	 prolong	 survival	 despite	 receiving	 less	 cancer-directed	 therapy
(choice	 A	 is	 correct).	 Choice	 B	 is	 not	 the	 best	 answer	 because	 there	 are



therapeutic	options	available	including	systemic	therapy.	Even	though	there	may
be	no	indicated	surgical	options,	it	is	helpful	for	patients	and	families	to	hear	this
directly	from	a	surgeon,	and	often	surgeons	can	think	of	other	procedural	options
that	 can	 be	 either	 palliative	 or	 therapeutic	 (choice	 D	 is	 incorrect).	 Although
palliative	 care	 providers	 are	 trained	 in	 complex	 communication,	 they	 are	 not
necessarily	 trained	 in	 the	 medical	 and	 surgical	 management	 of	 the	 clinical
problem	as	 that	aspect	of	 the	patient’s	care	 is	not	 their	 focus.	The	surgeon	and
the	 rest	 of	 the	 medical	 team	 should	 be	 involved	 and	 can	 be	 highly	 effective
communicators	(choice	C	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	The	patient,	the	family,	and	the	surgeon	represent	the	three	points

of	 the	 palliative	 triangle	 as	 described	 by	Miner	 et	 al	 (choice	B	 is	 correct).	By
creating	 space	 and	 time	 for	 equal	 sharing	 of	 the	 concerns	 and	 values	 of	 each
party,	 the	 palliative	 triangle	 has	 been	 shown	 to	 improve	 patient	 selection	 and
patient	satisfaction	for,	and	after,	palliative	surgery.	Discussions	should	not	occur
without	the	patient	that	is	able	to	participate	(choice	A	is	incorrect)	nor	exclude
the	family	(choice	D	is	incorrect).	Choice	C	is	also	not	the	best	answer	because
this	will	prevent	establishment	of	rapport	with	the	surgeon	which	is	an	essential
part	of	the	therapeutic	effect	created	by	using	the	palliative	triangle.

3.	The	correct	answer	is	D.
Rationale:	 When	 using	 the	 Influence	 Pyramid	 to	 help	 facilitate	 a	 difficult

situation,	the	most	important	step	is	to	establish	an	outward	mindset—eg,	seeing
the	 patient	 and	 family	 as	 people	 rather	 than	 as	 problems	 to	 fix	 (choice	 D	 is
correct).	This	shift	in	mindset	will	lead	to	a	natural	curiosity	about	the	goals	and
values	 of	 the	 patient	 and	 family	 and	 help	 shift	 the	 treatment	 discussion	 away
from	wants	and	desires	to	more	meaningful	options	that	still	provide	hope.	This
will	also	naturally	guide	the	provider	up	through	the	other	levels	of	the	Pyramid
and	 will	 lead	 to	 building	 a	 relationship	 based	 on	 respect,	 fostered	 by	 active
listening,	and	facilitate	the	imparting	of	valuable	information	that	will	be	better
received.	Choices	B	and	C	are	not	the	best	answers	because	they	put	the	patient
at	risk	for	feeling	abandoned	while	also	putting	the	primary	service	in	a	difficult
position.	Palliative	care	consultation	will	be	appropriate	as	part	of	the	treatment
plan,	but	the	best	first	step	is	to	establish	an	outward	mindset,	which	will	guide
the	discussion	in	a	better	way	(choice	A	is	incorrect).
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Section	6

TRANSPLANTATION
STEPHANIE	M.	LEVINE

Chapter	55
Management	of	the	Organ	Donor
Christoph	Troppmann

KEY	POINTS:
1.	 The	clinical	diagnosis	of	brain	death	rests	on	the	irreversibility	of	the

neurologic	insult,	and	the	absence	of	clinical	evidence	of	both
cerebral	and	brain	stem	function.

2.	 The	most	important	goal	in	the	management	of	organ	donors	is	to
optimize	organ	perfusion	and	tissue	oxygen	delivery.

3.	 Organ	viability	and	function	after	transplantation	are	closely
correlated	with	adequacy	of	resuscitation	and	hemodynamic	stability
during	the	organ	donor	maintenance	phase.

INTRODUCTION
In	2022,	over	11,000	patients	on	the	national	organ	transplant	waiting	list	in	the
United	States	died	or	had	to	be	removed	from	the	waiting	list	because	they	had
become	 too	 ill	 before	 a	 suitable	 donor	 organ	 became	 available.1	 Almost
assuredly,	 this	 number	 underestimates	 the	 actual	 magnitude	 of	 the	 problem.
Many	patients	with	end-stage	organ	failure	are	currently	not	even	considered	for
transplantation	 (and	 consequently	 are	 not	 listed)	 because	 of	 the	 strict	 recipient
selection	 criteria	 that	 are	 applied—in	 part	 as	 a	 result	 of	 the	 severe,	 ongoing
organ	 shortage.	 The	 gap	 between	 available	 deceased	 donor	 organs	 and	 the



number	of	patients	waiting	 is	 a	 result	 of	 the	 explosive,	 increased	use	of	organ
transplantation	therapy	over	the	past	50	years	(Tables	55.1	and	55.2),	with	which
the	deceased	donor	pool	has	not	kept	pace	(Figure	55.1).1,2

TABLE	55.1

Number	of	Solid-Organ	Transplants	From	Deceased
Donors	Per	Year	in	the	United	States:	1982	vs	2022

Organ 1982 2022

Kidney 3,681 19,636

Liver 62 8925

Pancreas 38 918

Heart 103 4111

Heart-lung 8 51

Lung —a 2632

Intestine —a 82

aNo	lung	or	intestinal	transplants	were	performed	in	1982.
Data	from	https://optn.transplant.hrsa.gov/data/.	Accessed	October	1,	2021;	Organ	Procurement
and	Transplantation	Network	(OPTN)	and	Scientific	Registry	of	Transplant	Recipients	(SRTR):
2019	Annual	Data	Report.	Scientific	Registry	of	Transplant	Recipients,	2021.	Accessed	October	1,
2021.	https://srtr.transplant.hrsa.gov/annual_reports/Default.aspx;	Report	of	the	Task	Force	on
Organ	Transplantation:	Organ	Transplantation:	Issues	and	Recommendation.	US	Department	of
Health	and	Human	Services;	1986:36;	and	Heffron	TG.	Organ	procurement	and	management	of
the	multiorgan	donor.	In:	Hall	JB,	Schmidt	GA,	Wood	LDH,	eds.	Principles	of	Critical	Care.
McGraw-Hill;	1992:891.

TABLE	55.2

One-Year	Graft	Survival	Rates	(Deceased	Donors):	1982	vs
2021

https://optn.transplant.hrsa.gov/data/
https://srtr.transplant.hrsa.gov/annual_reports/Default.aspx


Organ 1982	(%)a 2021	(%)

Kidney 80 94

Liver 35 91

Pancreas 23 90

Heart 65 92b

Lung —c 89b

Intestine —c 76

aResults	without	cyclosporin	A-based	immunosuppression.
bOne-year	patient	survival	rate.
cNo	lung	or	intestinal	transplants	were	performed	in	1982.
Data	from	Heffron	TG.	Organ	procurement	and	management	of	the	multiorgan	donor.	In:	Hall	JB,
Schmidt	GA,	Wood	LDH,	eds.	Principles	of	Critical	Care.	McGraw-Hill;	1992:891;	Najarian	JS,
Strand	M,	Fryd	DS,	et	al.	Comparison	of	cyclosporine	versus	azathioprine-antilymphocyte	globulin
in	renal	transplantation.	Transplant	Proc.	1983;15(suppl	1):2463;	Starzl	TE,	Iwatsuki	S,	Van	Thiel
DH,	et	al.	Report	of	Colorado-Pittsburgh	liver	transplantation	studies.	Transplant	Proc.
1983;15(suppl	1):2582-2585;	Sutherland	DER:	Pancreas	transplantation:	overview	and	current
status	of	cases	reported	to	the	registry	through	1982.	Transplant	Proc.	1983;15(suppl	1):2597;
Oyer	PE,	Stinson	EB,	Jamieson	SW,	et	al.	Cyclosporine	in	cardiac	transplantation:	a	2½-year
follow-up.	Transplant	Proc.	1983;15(suppl	1):2546;	https://optn.transplant.hrsa.gov/data/.
Accessed	October	1,	2021;	and	Organ	Procurement	and	Transplantation	Network	(OPTN)	and
Scientific	Registry	of	Transplant	Recipients	(SRTR):	2019	Annual	Data	Report.	Scientific	Registry
of	Transplant	Recipients,	2021.	Accessed	October	1,	2021.
https://srtr.transplant.hrsa.gov/annual_reports/Default.aspx.

	

Figure	55.1 	 Evolution	 of	 the	 number	 of	 overall	 deceased	 organ
donors,	of	donors	after	circulatory	death,	and	of	living	kidney	donors

https://optn.transplant.hrsa.gov/data/
https://srtr.transplant.hrsa.gov/annual_reports/Default.aspx


between	1982	and	2020	in	the	United	States.COVID-19,	coronavirus
disease	 2019;	 WHO,	 World	 Health	 Organization.(Data	 from
https://optn.transplant.hrsa.gov/data/.	 Accessed	 October	 1,	 2021;
Organ	 Procurement	 and	 Transplantation	 Network	 (OPTN)	 and
Scientific	 Registry	 of	 Transplant	 Recipients	 (SRTR):	 2019	 Annual
Data	 Report.	 Scientific	 Registry	 of	 Transplant	 Recipients,	 2021.
Accessed	 October	 1,	 2021.
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the	 Task	 Force	 on	 Organ	 Transplantation:	 Organ	 Transplantation:
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The	single	most	 important	 factor	 that	has	been	 identified	 in	 this	equation	 is
the	 failure	 to	maximize	 the	 conversion	 of	 potential	 deceased	 donors	 to	 actual
donors,	primarily	because	of	 the	 inability	 to	obtain	consent	for	organ	recovery.
The	rates	of	consent	granted	by	families	of	potential	deceased	donors	range	from
0%	 to	 75%	 and	 appear	 to	 vary	 widely	 among	 geographic	 regions	 and	 ethnic
groups.10-12	 Lack	 of	 dissemination	 and	 poor	 presentation	 of	 information	 to	 the
public,	misperceptions	in	the	general	population	regarding	the	beneficial	nature
of	 organ	 transplantation,	 and	 the	 necessity	 of	 organ	 recovery	 from	 deceased
donors,	 as	 well	 as	 inappropriate	 coordination	 of	 the	 approach	 to	 families	 of
potential	donors,	contribute	to	the	stagnation	of	the	organ	supply.11-13

The	 role	 of	 physicians	 who	 care	 for	 critically	 ill	 patients	 in	 altering	 this
current	situation	is	crucial.14	It	is	their	responsibility	to	minimize	deceleration	of
the	critical	care	provided	to	patients	that	have	suffered	a	catastrophic	brain	injury
in	both	emergency	department	and	intensive	care	unit	(ICU)	settings,	to	identify
potential	 donors,	 to	 seek	 their	 early	 referral	 to	 an	 organ	 procurement
organization	 (OPO),	 and	 to	 ensure	 that	 families	 are	 adequately	 approached
(Table	 55.3).14	 This	 will	 maximize	 families’	 opportunities	 to	 donate	 a	 family
member’s	organs	and	allow	 the	 families	 to	experience	 the	beneficial	 effects	of
donation	for	the	bereavement	process.14,15

https://srtr.transplant.hrsa.gov/annual_reports/Default.aspx


TABLE	55.3

Identification	of	Potential	Organ	Donors:	Guidelines	for
Referral	to	the	Local	Organ	Procurement	Organization

Clinical
triggers

All	patients	with	a	severe	nonrecoverable	neurologic	injury	on	a
ventilator	with	any	of	the	following	conditions:

Head	trauma

Cerebral	hemorrhage

Primary	brain	tumor

Hypoxic	insult	(including	prolonged	cardiopulmonary
resuscitation,	near-drowning,	drug	overdose,	poisoning,	cerebral
edema,	seizures,	and	asphyxiation	injuries)

Referral
guidelines

Refer	patients	within	1	h	of	meeting	one	or	more	clinical
triggers.

Refer	all	patients	who	meet	clinical	triggers	regardless	of	age
and	underlying/associated	diagnosis.

Refer	all	patients	who	meet	clinical	triggers	prior	to	approaching
the	family	regarding	end-of-life	decisions.

Refer	patients	prior	to	brain	death	evaluation.

Refer	patients	if	the	family	raises	the	subject	of	donation.

Coroner	case	status	does	not	constitute	an	exclusion	criterion.

It	 is	 estimated	 that	 in	 the	United	States	 alone,	 over	250,000	additional	 life-
years	 could	 be	 saved	 annually	 if	 consent	 rates	 for	 potential	 deceased	 donors
could	be	increased	to	100%.16	Intensive	care	and	emergency	medicine	physicians
are	 obligated	 ethically	 and	morally	 to	 provide	 the	 best	 possible	 outcome	 for	 a
very	 ill	 patient.	However,	 after	 a	 potential	 donor	 has	 been	 identified,	 they	 are
also	 obligated	 to	 seek	 the	 best	 possible	 outcome	 for	 patients	 with	 end-stage
failure	of	a	vital	organ	waiting	for	a	transplant	by	attempting	to	ensure	that	organ
donation	 occurs.14	 It	 is	 becoming	 increasingly	 evident	 that	 implementation	 of



critical	 pathways	 and	 standardized	 donor	 management	 protocols	 play	 an
important	 role	 in	 this	 context.14,17-22	 Unfortunately,	 there	 is	 an	 overall	 lack	 of
high-level,	randomized,	controlled	studies	of	interventions	aimed	at	the	general
public	and	providers,	and	that	could	lead	to	more	evidence-based	approaches	to
maximize	donor	registration,	donor	recruitment	and	donation	consent	rates.23

DONOR	CLASSIFICATION	BASED	ON	THE
CRITERIA	USED	FOR	DETERMINATION	OF
DEATH

Brain-Dead	Deceased	Donors
Death	 is	determined	based	on	neurologic	criteria.	Donation	after	brain	death	 is
the	most	common	of	organ	donation	(currently	over	60%	of	all	donors	belong	to
this	 category).1,2	 In	 most	 Western	 developed	 countries,	 brain	 death	 is	 legally
equated	with	death.	The	diagnosis	of	brain	death	rests	on	the	irreversibility	of	the
neurological	 insult	 and	 the	 absence	 of	 clinical	 evidence	 of	 cerebral	 and	 brain
stem	 function.	 The	 details	 of	 the	 clinical	 examination	 that	 is	 required	 to
unequivocally	 establish	 brain	 death	 are	 described	 in	 this	 chapter.	 Organ
procurement	proceeds	only	after	brain	death	has	been	diagnosed	and	death	has
been	declared.

Donation	After	Circulatory	Death	Donors
Death	is	determined	based	on	circulatory	and	respiratory	criteria.	The	number	of
donors	 in	 this	 category	 has	 considerably	 increased	 over	 recent	 years	 (Figure
55.1).1,2,24-27	 Currently,	 over	 30%	of	 all	 donors	 belong	 to	 this	 category.1,2	Most
commonly,	families	of	unconscious	patients	with	severe	irreversible	traumatic	or
cerebrovascular	brain	injury,	who	do	not	fulfill	the	formal	criteria	of	brain	death,
decide	 to	 forgo	 any	 further	 care	 and	wish	 to	donate	 the	organs	of	 their	 family
member.	 Under	 more	 rare	 circumstances,	 patients	 with	 advanced,	 progressive
neurological	 diseases	 (eg,	 amyotrophic	 lateral	 sclerosis)	 choose	 to	 terminate
respiratory	support,	or	patients	with	a	terminal	chronic	illness	choose	to	proceed
with	 euthanasia	 (as	 is	 possible	 in	 Canada).24,25	With	 either	 of	 these	 scenarios,
time	 and	 place	 of	 death	 are	 controlled.	 Circulatory	 and	 respiratory	 support
technologies	are	discontinued	in	the	critical	care	unit	or	the	operating	room,	and



organ	recovery	 is	 initiated	once	death	has	been	pronounced	by	a	physician	not
belonging	to	the	organ	recovery	and	transplant	team.26

An	 alternative,	 by	 far	 less	 common	 donation	 after	 circulatory	 death	 (DCD)
scenario—uncontrolled	death—involves	 a	patient	who	expires,	 for	 example,	 in
the	emergency	room	following	massive	trauma	or	a	sudden	cardiovascular	event.
In	 the	 interest	 of	 minimizing	 warm	 ischemia	 time,	 flushing	 cannulas	 may	 be
inserted,	 and	possibly	even	perfusion	of	 internal	organs	with	cold	preservation
solution	might	already	be	started	while	consent	to	proceed	with	organ	donation
is	obtained	from	the	patient’s	family.	The	discussion	that	surrounds	this	category
of	 DCD	 donors	 includes	 concerns	 centered	 on	 when	 to	 stop	 the	 resuscitation
effort	 and	 whether	 it	 is	 appropriate	 to	 perform	 a	 procedure	 (ie,	 insertion	 of
flushing	 cannulas)	 that	 presumes	 consent	 before	 actually	 obtaining	 it	 from	 the
family.	 In	 light	 of	 the	 severe	 organ	 donor	 shortage,	 there	 is	 renewed	 public
debate	 about	 more	 systematically	 considering	 uncontrolled	 DCD	 at	 a	 larger
scale.28

Other	 considerations	 that	 pertain	 to	 both	 controlled	 and	 uncontrolled	 DCD
donors	 include:	 variability	 of	 the	 definition	 of	 death	 after	 discontinuing
circulatory	and	respiratory	support	(there	is	no	standardized	definition	of,	eg,	the
minimal	 duration	 of	 asystole	 after	 the	 patient	 expires	 following	withdrawal	 of
circulatory	 and	 respiratory	 support	 before	 death	 can	 be	 pronounced;	 this	 is
currently	subject	to	considerable	interinstitutional	variation),	and	the	possibility
of	 the	 patient	 at	 least	 temporarily	 surviving	 the	withdrawal	 of	 circulatory	 and
respiratory	support	technologies	(backup	plans	must	be	clearly	defined	by	each
individual	institutional	DCD	donor	protocol).	Nevertheless,	these	considerations
must	be	balanced	with	 the	 right	of	 self-determination	based	on	an	 individual’s
previously	documented	preferences	and	the	final	wishes	of	a	competent	patient
family.	Further	debate	by	the	medical	community	and	general	public	is	crucial	to
address	these	complex	ethical	issues	and	to	maximize	acceptance	of	DCD	organ
donation.28,29	Without	such	 thorough	consideration,	 the	deceased	donor	concept
and	 the	 donation	 system	 that	 is	 currently	 in	 place	 might	 be	 harmed	 or
discredited.

CURRENT	STATUS	OF	SOLID-ORGAN
TRANSPLANTATION
The	 increased	number	of	 solid-organ	 transplant	procedures	performed	over	 the
past	50	years	has	paralleled	the	significant	improvements	in	outcomes	including



rates	of	patient	and	graft	survival	(Table	55.2).	In	2022,	the	US	has	surpassed	the
threshold	 of	 overall	 1,000,000	 solid	 organ	 transplants.1	 This	 phenomenon	 has
been	attributed	to	a	variety	of	factors	that	include	(1)	the	introduction	in	the	early
1980s	of	the	powerful	immunosuppressive	agent	cyclosporin	A,	followed	over	a
decade	 later	 by	 tacrolimus,	 mycophenolate	 mofetil,	 and	 other	 new
immunosuppressants;	 (2)	 the	 availability	 of	 antilymphocyte	 antibody
preparations	 to	 prevent	 and	 treat	 rejection	 episodes	 (eg,	 antilymphocyte	 and
antithymocyte	 globulin);	 (3)	 improvements	 in	 organ	 preservation	 (eg,	 use	 of
University	 of	Wisconsin	 solution,	 in	 situ	 regional	 normothermic	 perfusion,	 ex
vivo	 machine	 perfusion	 of	 donor	 organs);	 (4)	 thorough	 preoperative
transplantation	 candidate	 screening	 for	 the	 presence	 of	 comorbid	 disease
processes;	 and	 (5)	 increasing	 sophistication	of	 the	 postoperative	 intensive	 care
for	 regular	 and	 high-risk	 recipients.	 In	 addition,	 the	 availability	 of	 potent,	 yet
nontoxic,	antibacterial,	antifungal,	and	antiviral	agents	has	allowed	infections	of
immunocompromised	 transplant	 patients	 to	 be	 treated	 more	 effectively.	 In
combination	with	the	refinement	of	surgical	techniques,	these	factors	have	led	to
increasing	success	of	solid-organ	replacement	therapy.

Thus,	 transplantation	has	become	 the	 treatment	of	 choice	 for	many	patients
with	end-stage	failure	of	the	kidneys,	liver,	endocrine	pancreas,	heart,	lungs,	and
small	 bowel.	 Albeit	 much	 less	 commonly	 performed,	 successful	 hand,	 arm,
larynx,	face,	abdominal	wall,	penis,	and	uterus	transplants	from	deceased	donors
have	also	been	reported.1,30-33	Currently,	the	only	patients	who	are	excluded	from
undergoing	 transplantation	 are	 those	 with	 malignancies	 (metastatic	 or	 at	 high
risk	 for	 recurrence)	 and	 uncontrolled	 infections,	 those	 who	 are	 unable	 to
withstand	 the	 transplant	operation	or	 subsequent	 recovery	phase,	 or	 those	who
have	 a	 significantly	 shortened	 life	 expectancy	 owing	 to	 disease	 processes
unrelated	to	their	target	organ	dysfunction	or	failure.

Kidney
Patients	 that	 receive	kidney	 transplants	 from	deceased	donors	exhibit	excellent
graft	survival	rates	(Table	55.2).	Renal	transplantation	dramatically	improves	life
expectancy	and	quality	of	life,	decreases	cardiovascular	morbidity	and	mortality,
and	rehabilitates	the	recipients	from	a	social	perspective.	Kidney	transplants	are
also	less	expensive	than	chronic	hemodialysis	from	a	socioeconomic	standpoint.
For	pediatric	patients	with	chronic	renal	failure,	a	functioning	renal	allograft	 is
the	 only	way	 to	 preserve	 normal	 growth	 and	 ensure	 adequate	 central	 nervous
system	(CNS),	mental,	and	motor	development.



Liver
Patients	with	 end-stage	 liver	 failure	 die	 unless	 they	 receive	 a	 transplant.	Liver
transplants	 are	 an	 effective	 treatment	 for	 many	 patients,	 pediatric	 and	 adult,
regardless	 of	 the	 cause	 of	 liver	 failure:	 congenital	 (ie,	 structural	 or	 metabolic
defects),	 acquired	 (ie,	 due	 to	 infection,	 trauma,	 or	 toxins),	 or	 idiopathic	 (eg,
cryptogenic	 cirrhosis,	 autoimmune	 hepatitis).	 Highly	 selected	 patients	 with
hepatocellular	carcinoma,	cholangiocellular	carcinoma,	or	neuroendocrine	tumor
disease	(many	of	whom	still	possess	sufficient	hepatic	reserve)	can	also	benefit
from	a	liver	transplantation.

Liver	 graft	 survival	 improved	 dramatically	 with	 the	 introduction	 of
cyclosporin	A	(Table	55.2).	Currently,	there	are	no	reliable	means	to	substitute,
even	 temporarily,	 for	 a	 failing	 liver	 other	 than	 with	 a	 transplantation.
Extracorporeal	perfusion,	using	either	animal	livers	or	bioartificial	liver	devices
(eg,	 hepatocytes	 suspended	 in	 bioreactors),	 may	 someday	 bridge	 the	 gap
between	 complete	 liver	 failure	 and	 liver	 transplantation,	 but	 these	 therapeutic
modalities	 are	 still	 investigational	 and	are	 far	 from	becoming	 standard	 clinical
tools.	Hepatocyte	and	stem	cell	transplants	to	treat	fulminant	liver	failure	and	to
correct	congenital	enzyme	deficiencies	are	being	studied	but	are	presently	not	a
clinical	reality.

Intestine
Small	bowel	 transplants	are	performed	for	patients	with	congenital	or	acquired
short	 gut,	 especially	 if	 liver	 dysfunction	 occurs	 because	 of	 long-term
administration	of	total	parenteral	nutrition	and	when	difficulty	in	establishing	or
maintaining	 central	 venous	 access	 is	 limiting.	 If	 liver	 disease	 is	 advanced,	 a
combined	 liver–small	 bowel	 or,	 in	 highly	 selected	 cases,	 a	 multivisceral
transplant	 (liver,	 stomach,	 intestine,	 with	 or	 without	 pancreas)	 can	 be
performed.34

Pancreas	and	Islets
Primary	prevention	of	1	insulin-dependent	diabetes	mellitus	is	not	possible,	but
transplantation	of	the	entire	pancreas	or	isolated	pancreatic	islets	can	correct	the
endocrine	insufficiency	once	it	occurs.	Glucose	sensor	systems	that	continuously
monitor	 blood	 sugar	 levels	 coupled	 with	 real-time	 command	 of	 an	 insulin
delivery	system	(implantable	pump)	and	bioartificial	and	hybrid	biomechanical
insulin-secreting	devices	are	not	yet	universally	available	for	routine	clinical	use.



The	 only	 effective	 current	 option	 to	 consistently	 restore	 continuous	 near-
physiological	 normoglycemia,	 is	 transplantation	 of	 a	 pancreas.35-37	 Good
metabolic	 glycemic	 control	 decreases	 the	 incidence	 and	 severity	 of	 secondary
diabetic	 complications	 (neuropathy,	 retinopathy,	 gastropathy	 and	 enteropathy,
and	nephropathy).	Most	pancreas	transplantations	are	performed	simultaneously
with	 a	 kidney	 transplantation	 for	 preuremic	 patients	 with	 significant	 renal
dysfunction	or	for	uremic	patients	with	end-stage	diabetic	nephropathy.	Selected
nonuremic	 patients	 with	 brittle	 1	 diabetes	 mellitus	 (with	 progression	 of	 the
autonomic	 neuropathy	 or	 recurrent	 severe	 hypoglycemic	 episodes,	 and	 with
repetitive	episodes	of	diabetic	ketoacidosis)	can	benefit	from	a	solitary	pancreas
transplant	(without	a	concomitant	kidney	transplant)	to	improve	their	quality	of
life	 and	 to	 prevent	 the	 manifestation	 and	 progression	 of	 secondary	 diabetic
complications.	 Evidence	 suggests	 that	 a	 successful	 pancreas	 transplant	 can
achieve	 these	 goals	 for	 uremic	 and	 for	 nonuremic	 recipients	 and	 decrease
mortality.35	 Islet	 transplants	 are	 undergoing	 intensive	 clinical	 investigation.
Results	of	transplanting	alloislets	from	deceased	donors	were	encouraging	in	the
short	term36;	however,	long-term	results	are	less	favorable.37

Heart
Heart	 transplantation	 is	 the	 treatment	 of	 choice	 for	 patients	 with	 end-stage
congenital	and	acquired	parenchymal	and	vascular	diseases	and	is	recommended
generally	after	all	conventional	medical	or	surgical	options	have	been	exhausted.
After	 a	 widely	 publicized	 start	 in	 1967,	 poor	 results	 were	 observed	 over	 the
ensuing	 decade.	 In	 the	 1980s,	 however,	 the	 field	 of	 cardiac	 transplantation
experienced	dramatic	growth	(Table	55.1)	because	of	significant	 improvements
in	outcomes,	probably	most	directly	 related	 to	 immunosuppressive	 therapy	and
to	 refinements	 in	 diagnosis	 and	 treatment	 of	 rejection	 episodes.38	Mechanical
pumps,	 such	as	 implantable	ventricular	 assist	 devices	or	 the	bioartificial	 heart,
have	contributed	to	this	success	because	they	can	also	serve	as	a	bridge	during
the	time	between	end-stage	cardiac	failure	and	a	transplant.

Heart-Lung	and	Lung
Heart-lung	and	lung	transplantations	are	an	effective	treatment	for	patients	with
advanced	pulmonary	parenchymal	or	vascular	disease,	with	or	without	primary
or	secondary	cardiac	involvement.	This	field	has	evolved	rapidly	since	the	first
single-lung	 transplant	 with	 long-term	 success	 was	 performed	 in	 1983	 (Table



55.1).	The	significant	increase	of	lung	transplantations	is	mainly	due	to	technical
improvements	 resulting	 in	 fewer	 surgical	 complications,	 as	 well	 as	 to	 the
extremely	 limited	 availability	 of	 heart-lung	 donors.	 Previously,	 many	 patients
with	 end-stage	 pulmonary	 failure	would	 have	waited	 for	 an	 appropriate	 heart-
lung	 donor.	 Now,	 they	 undergo	 a	 single	 or	 a	 bilateral	 single-lung	 transplant
instead.	 Bilateral	 single-lung	 transplants	 are	 specifically	 indicated	 for	 patients
with	septic	lung	diseases	(eg,	cystic	fibrosis,	α1-antitrypsin	deficiency)	in	which
the	 remaining	 native	 contralateral	 lung	 could	 cross-contaminate	 a	 single
transplanted	lung.	Double	en	bloc	lung	transplants	have	been	abandoned	because
of	 technical	 difficulties	 related	 to	 the	 bronchial	 anastomotic	 blood	 supply.
Mechanical	 ventilation	 or	 extracorporeal	membrane	 oxygenation	 (ECMO)	 can
be	 used	 as	 a	 temporary	 bridge	 to	 this	 of	 transplantation,	 but	 none	 of	 these
modalities	obviates	the	need	for	definitive	organ	replacement	therapy.

CURRENT	STATUS	OF	ORGAN	DONATION
Current	 organ	 supply	 does	 not	 meet	 demand	 owing	 to	 the	 insufficient
augmentation	of	the	donor	pool	(Tables	55.1	and	55.2;	Figure	55.1).	Over	time,
the	55-mile/h	speed	limit,	stricter	seat	belt	and	helmet	laws,	advances	in	critical
care,	as	well	as	the	trend	toward	early	deceleration	of	care	of	patients	that	have
suffered	 a	 catastrophic	 brain	 injury	 have	 all	 had	 significant	 impacts	 on	 the
number	of	brain-dead	organ	donors.1	In	2022,	the	three	leading	causes	of	death
among	deceased	donors	in	the	United	States	were	cerebral	anoxia	(eg,	due	to	a
cardiac	 arrest	 or	 a	 drug	 intoxication),	 a	 cerebrovascular	 accident	 (eg,	 due	 to	 a
stroke	or	 an	 intracranial	 aneurysmal	 bleed),	 and	 traumatic	 brain	 injury.1,2	Over
the	 past	 decade,	 the	 drug-abuse	 epidemic	 in	 the	 United	 States	 has	 led	 to	 a
sharply	 increased	 number	 of	 donors	 that	 died	 from	 drug	 intoxication.39	 These
deaths	 have	 significantly	 contributed	 to	 the	overall	 increase	of	 deceased	organ
donors	 in	 the	 United	 States	 which	 has	 been	 observed	 over	 that	 time	 period
(Figure	55.1).39

Another	 positive	 trend	 in	 organ	 donation	 is	 the	 increasing	 number	 of	DCD
donors	 over	 the	 past	 decade	 (Figure	 55.1).2	 These	 donors	 constitute	 currently
over	 30%	of	 the	 overall	 deceased	 donor	 pool	 (Figure	55.1).2	 In	DCD	 donors,
refined	surgical	techniques	allow	for	fast	insertion	of	cannulas	and	perfusion	of
vital	 organs,	 while	 these	 are	 rapidly	 excised.	 Innovative	 approaches,	 such	 as
withdrawal	of	circulatory	and	respiratory	support	technologies	in	the	ICU	(rather
than	in	 the	operating	room),	 in	 the	presence	of	 the	donor’s	family,	may	further
increase	 acceptance	 of	 DCD	 donation	 among	 potential	 donors’	 families	 and



health	care	professionals.26,29	Moreover,	ongoing	refinements	of	organ	perfusion
and	preservation	techniques,	including	in	situ	regional	normothermic	perfusion,
maintenance	of	 the	DCD	donor	on	ECMO	until	organ	recovery	can	occur,	and
placement	 of	 the	 recovered	 organs	 on	 hypothermic	 or	 normothermic	 machine
perfusion	during	the	transport	and	preservation	phase,	all	result	in	less	ischemic
organ	 injury	 and	 also	 allow	 for	 better	 organ	 preservation	 and	 increased
utilization	 of	 DCD	 donor	 organs.24,40-43	 Currently,	 kidneys	 and	 livers	 are	 the
organs	most	commonly	recovered	and	transplanted	from	DCD	donors.2

Based	on	a	recent	analysis,	 there	 is	a	potential	 for	 increasing	 the	number	of
deceased	donors	per	year	in	the	United	States	by	over	60%	when	extrapolating
the	best	OPOs’	performances.12	According	to	another	study,	the	overall	consent
rate	 (the	 number	 of	 families	 agreeing	 to	 donate	 divided	 by	 the	 number	 of
families	 asked	 to	 donate)	was	 only	 54%	 in	 the	United	 States,	 and	 the	 overall
conversion	rate	(the	number	of	actual	donors	divided	by	the	number	of	potential
donors)	 was	 only	 42%.10	 The	 single	 most	 important	 reason	 for	 lack	 of	 organ
recovery	from	45%	to	60%	of	the	potential	donor	pool	is	the	inability	to	obtain
consent.10	Several	studies	have	shown	that	family	refusal	to	provide	consent	and
the	 inability	 to	 identify,	 locate,	 or	 contact	 family	 members	 to	 obtain	 consent
within	an	appropriate	time	frame	are	the	leading	causes	for	the	nonuse	of	many
organs	 from	 potential	 donors.10,11,13	 A	 Gallup	 public	 opinion	 poll	 showed	 that
69%	of	respondents	would	be	very	or	somewhat	willing	to	donate	their	organs,
and	93%	would	honor	the	expressed	wishes	of	a	family	member.	However,	only
52%	 of	 these	 individuals	 had	 communicated	 their	 wishes	 to	 their	 family.
Moreover,	 37%	 of	 respondents	 did	 not	 comprehend	 that	 a	 brain-dead	 person
should	 be	 considered	 dead	 and	 unable	 to	 recover,	 and	 59%	 either	 believed	 or
were	 unsure	 whether	 or	 not	 organs	 can	 be	 bought	 and	 sold	 on	 the	 “black
market.”	 Also,	 42%	 did	 not	 realize	 that	 organ	 donation	 does	 not	 cause	 any
financial	cost	to	the	family	of	the	deceased	in	the	United	States.44	Finally,	racial
differences	which	are	likely	based	on	historical	distrust	in	the	health	care	system
may	 adversely	 impact	 donation	 rates	 as	 well.	 For	 instance,	 African	American
families	 have	 been	 consistently	 found	 to	 be	 less	 willing	 to	 consent	 to	 organ
donation	than	white	families.44,45

Correcting	these	misperceptions	and	attempting	to	increase	awareness	of	the
importance	of	organ	transplantation	must	remain	the	focus	of	public	educational
campaigns.29	The	family’s	knowledge	of	the	patient’s	previous	wishes	is	central
to	 decision-making.11,13	 Such	 efforts	 can	 be	 successful,	 especially	 among
minorities,	 among	 whom	mistrust	 and	 the	 perception	 of	 inequitable	 access	 to
medical	care	and	organ	transplant	therapy	have	led	to	disappointingly	low	organ
donation	 and	 recovery	 rates.44,45	 It	 is	 very	 important	 that	 adequate



communication,	empathy,	and	an	informative,	humane	approach	to	the	family	of
the	deceased	occur	to	ensure	reasonable	consideration	of	donation.	Families	are
more	 likely	 to	donate	 if	 they	are	approached	by	an	OPO	coordinator,	view	 the
requestor	 as	 sensitive	 to	 their	 needs,	 and	 experience	 an	 optimal	 request
pattern.11,13	Educational	efforts	to	enhance	organ	donation	must	therefore	also	be
directed	 at	 health	 care	 professionals	 and	 medical	 students,	 whose	 views	 and
knowledge	of	these	issues	are	often	inconsistent	and	limited.29,46	Physicians,	too,
must	be	better	 trained	 to	 recognize	and	refer	potential	organ	donors	and	 to	not
discuss	 organ	donation	until	 a	member	of	 the	 local	OPO	has	 approached	 their
families.11,13	As	a	 result,	 since	1998,	Conditions	of	Participation	of	 the	Centers
for	Medicare	and	Medicaid	Services	(CMS)	require	hospitals	to	use	“designated
requestors”	 to	 obtain	 family	 authorization.	 Finally,	 the	 potential	 for	 financial
compensation	 or	 other	 rewards	 for	 deceased	 donor	 families	 (eg,	 compensation
for	 funeral	 expenses)	 has	 been	 considered	 as	 a	 means	 to	 increase	 donation
rates.46	But	the	potential	effects	of	such	an	intervention	on	donation	rates	remain
unclear.23

OTHER	OPTIONS	TO	INCREASE	ORGAN
AVAILABILITY
Additional	 mechanisms	 that	 might	 help	 to	 increase	 the	 number	 of	 available
organs	 for	 transplantation	 include	 (1)	 optimization	 and	 maximal	 use	 of	 the
current	actual	donor	pool;	(2)	increasing	the	number	of	living	donor	transplants,
including	 the	 provision	 of	 incentives	 for	 live	 donation;	 (3)	 enacting	 presumed
consent	 laws;	 (4)	 allowing	 the	 use	 of	 organs	 from	executed	 prisoners;	 and	 (5)
xenotransplants	 (eg,	use	of	animal	organs	as	a	potentially	unlimited	supply	 for
transplantation	 into	 humans,	 particularly	 after	 genetic	 engineering).	 Only	 the
first	two	options	are,	however,	of	practical	interest	at	this	time.

Optimal	Use	of	the	Current	Donor	Pool
As	a	result	of	the	ongoing	organ	shortage,	transplant	surgeons	have	attempted	to
refine	procurement	 techniques	so	 that	maximal	use	of	 the	available	donor	pool
occurs.47	 On	 average,	 more	 than	 three	 organs	 are	 recovered	 and	 transplanted
from	each	deceased	donor.2

Marginal	 donors—elderly	 patients,	 patients	 with	 a	 history	 of	 hypertension,
poisoning	victims,	patients	with	significant	organ	injury	(eg,	liver	laceration	due



to	blunt	 injury)	or	complications	of	brain	death	 (eg,	hypotension,	acute	kidney
injury	 with	 oliguria	 or	 anuria,	 disseminated	 intravascular	 coagulation)—are
routinely	 used	 for	 recovery	 of	 kidneys	 and	 extrarenal	 organs.1,2,24,39	 Organ
recovery	techniques	also	have	been	adapted	to	facilitate	use	of	older	donors	with
significant	 aortic	 atherosclerosis.48	 Ex	 vivo	 hypothermic	 kidney	 perfusion	 and
recently	 introduced	techniques	such	as	 in	situ	regional	normothermic	perfusion
of	deceased	donors,	and	ex	vivo	hypothermic	or	normothermic	perfusion	of	liver
grafts	are	important	adjuncts	for	maximizing	the	utilization	of	organs	from	more
marginal	donors	(including	from	DCD	donors).42,43

Organs	 with	 anatomic	 abnormalities	 (eg,	 multiple	 renal	 arteries	 or	 ureters,
horseshoe	kidney,	annular	pancreas)	also	are	being	used	routinely.	Improvements
in	 operative	 technique	 permit	 the	 en	 bloc	 transplantation	 of	 two	 kidneys	 from
very	 young	 (eg,	 infant)	 donors	 that	 would	 have	 been	 too	 small	 to	 be	 used
separately	in	one	recipient.49-51	Similarly,	transplantation	of	both	kidneys	from	an
adult	 donor	 into	 one	 recipient	 is,	 on	 occasion,	 done	 to	 avoid	 discarding
suboptimal	kidneys	with	an	 insufficient	 individual	nephron	mass.	To	maximize
the	use	of	livers,	adult	donor	livers	can	be	split	and	the	two	size-reduced	grafts
transplanted	into	two	recipients	(eg,	a	pediatric	and	an	adult	recipient).	A	similar
principle	has	 also	been	proposed	 for	 the	pancreas	 and	has	been	 reported	on	 at
least	one	occasion.52

Explanted	 livers	 from	 patients	 undergoing	 liver	 transplantation	 for	 hepatic
metabolic	 disorders	 that	 cause	 systemic	 disease	 without	 affecting	 other	 liver
functions	 (eg,	 familial	 amyloidotic	polyneuropathy,	hereditary	oxalosis)	 can	be
used	 for	 transplanting	 other	 patients	 (“domino	 transplant”)	 who	 are	 not
candidates	 for	 deceased	 livers	 because	 of	 graft	 shortage	 (eg,	 cirrhotic	 patients
with	 hepatocellular	 carcinoma	 confined	 to	 the	 liver	 who	 are	 not	 in	 the	 group
with	 good	 expected	 survival).53	 The	 combination	 of	 split-liver	 and	 domino
transplantation	can	even	result	in	transplantation	of	three	adult	patients	with	one
deceased	donor	graft.54

The	 advent	 of	 single-lung	 transplants	 has	made	 it	 possible	 to	 distribute	 the
heart	and	lungs	of	one	donor	to	three	recipients.	Formerly,	transplanting	a	heart-
lung	bloc	into	one	recipient	was	the	treatment	of	choice	for	end-stage	pulmonary
disease.	 If	 the	 native	 heart	 of	 a	 heart-lung	 recipient	 is	 healthy,	 a	 domino
transplant	can	be	performed:	The	heart-lung	recipient	donates	his	or	her	heart	to
another	patient	in	need	of	a	heart	transplant.

In	 an	 attempt	 to	 optimize	 use	 of	 scarce	 donor	 resources,	 the	 reuse	 of
previously	 transplanted	 hearts,	 kidneys,	 and	 livers	 has	 also	 been	 reported.
However,	all	these	methods	allow	only	for	better	use	of	organs	from	the	already
existing	donor	pool.	The	cornerstone	for	an	effective	increase	in	the	number	of



organ	 donors	 remains	 heightened	 awareness	 and	 education	 of	 the	 public,
physicians,	 and	 other	 health	 care	 professionals	 to	 improve	 consent	 and
conversion	rates.11,13,24,29

Living	Donation
The	 use	 of	 organs	 from	 living	 donors,	 traditionally	 limited	 to	 kidney
transplantation,	 has	 been	 expanded	 to	 the	 liver,	 small	 bowel,	 pancreas,	 and
lung.1,2	 In	 the	more	distant	past,	most	 living	donors	were	genetically	 related	 to
the	 recipient—siblings,	 parents,	 and	 adult	 children.	 As	 a	 result	 of	 the	 organ
shortage,	the	use	of	living	unrelated	kidney	donors,	who	are	emotionally,	but	not
genetically,	 related	 to	 the	 recipient	 (eg,	 spouses,	 close	 friends),	 or	 are
emotionally	 and	 genetically	 unrelated	 to	 the	 recipient	 (ie,	 nondirected,	 “Good
Samaritan”	donors),	has	considerably	 increased	over	 the	past	30	years	 (Figure
55.1).1,2,55	In	order	to	increase	the	number	of	live	donor	transplants	even	further,
paired-kidney-exchange	programs	and	living	donor	chain	transplants	have	been
implemented.56,57	In	that	setting,	the	supply	of	organs	is	increased	for	instance	by
exchanging	 kidneys	 from	 living	 donors	 who	 are	 ABO	 or	 crossmatch
incompatible	with	their	intended	recipients,	but	ABO	or	crossmatch	compatible
with	another	donor-recipient	pair	(donor	A	would	provide	a	kidney	to	[ABO	or
crossmatch	 compatible]	 recipient	 B,	 and	 donor	 B	 would	 provide	 a	 kidney	 to
[ABO	or	crossmatch	compatible]	recipient	A).56,57	In	cases	when	paired-kidney-
exchange	 or	 donor	 chain	 transplants	 are	 not	 available	 or	 feasible,	 it	 is
alternatively	 possible	 to	 precondition	 (desensitize)	 the	 intended	 recipient	 of	 an
ABO	 or	 crossmatch	 incompatible	 kidney	 (by	 use	 of	 plasmapheresis	 and/or
intravenous	 (IV)	 immunoglobulin	 and	 pharmacologic	 intervention)	 to	 still
facilitate	a	successful	living	donor	kidney	transplant.

Currently,	 there	 is	 considerable	 public	 debate	 on	 providing	 incentives	 for
living	kidney	donation.58-61	The	debate	centers	on	concerns	 that	 reimbursement
might	lead	to	the	commercialization	of	organ	donation,	with	the	inherent	risk	of
turning	potential	donors	and	 transplantable	organs	 into	a	commodity.59-61	 In	 the
United	States,	those	in	support	of	compensating	live	donors	stress	that	an	Organ
Procurement	 and	 Transplantation	 Network	 (OPTN)-run	 transparent	 system	 of
paid	living	donation	would	ensure	that	donors	are	compensated	fairly,	eliminate
transplant	 tourism	 to	 other	 countries,	 greatly	 diminish	 the	 currently	 existing
black	 market	 for	 organs	 in	 those	 countries,	 and	 emphasize	 any	 potentially
interested	 donor’s	 autonomy—while	 at	 the	 same	 time	 increasing	 the	 organ
supply.58,61	In	any	case,	paid	living	donation,	while	a	reality	in	certain	regions	of
the	 world,	 remains	 currently	 unlawful	 in	 the	 United	 States	 and	most	Western



countries.	Even	when	assuming	that	(1)	public	attitudes	toward	living	donation
will	 continue	 to	 evolve	 favorably	 (Figure	 55.1),	 (2)	 innovative	 approaches	 as
described	 above	will	 be	 increasingly	 used,	 and	 (3)	 other	 alternative	means	 for
finding	 living	 donors,	 such	 as	 donor	 solicitation	 via	 social	 media,	 would
ultimately	 prove	 to	 be	 successful,	 only	 relatively	 modest	 increases	 of	 the
absolute	number	of	living	kidney	donors	could	be	expected.58-63

Finally,	 compared	with	 renal	 transplantation,	 the	 proportion	 of	 living	 donor
transplants	for	extrarenal	organs	is	much	smaller	(less	than	6%	for	liver	and	less
than	0.5%	for	pancreas,	lung,	and	small	bowel).1

Most	recently,	the	number	of	live	donor	transplants	in	the	United	States	has—
hopefully	 only	 temporarily—decreased	 owing	 to	 the	 COVID-19	 pandemic
(Figure	55.1).1,2	Thus,	living	donor	transplants	will	continue	to	help	alleviate	the
organ	shortage	for	certain	organs	(kidney,	liver)	to	some	extent,	but	will	never	be
able	 to	 completely	 compensate—even	 under	 the	 best	 circumstances—for	 the
severe	lack	of	deceased	donors.

Presumed	Consent	Laws
Presumed	consent	laws	have	been	implemented	in	many	areas	of	the	world,	most
notably	 in	 several	 countries	 in	 Europe.	 These	 laws	 permit	 organ	 procurement
unless	 the	 potential	 donor	 has	 objected	 explicitly.	 A	 permanently	 and	 easily
accessible	registry	of	objectors	is	a	prerequisite	for	such	a	system.	In	the	United
States,	proposals	 for	presumed	consent	 legislation	have	not	had	broad	support.
Moreover,	 presumed	 consent	 would	 not	 alleviate	 the	 problem	 of	 insufficient
donor	identification	and	referral.12

The	beneficial	 impact	 that	 such	 laws	 can	have	became	 evident	 in	Spain.	 In
that	country,	presumed	consent	laws	coupled	with	the	creation	of	a	decentralized
network	 of	 mostly	 hospital-based,	 specifically	 trained	 transplant	 coordinators
(most	of	them	physicians	in	intensive	care	units)	in	the	early	1990s	led	not	only
to	 more	 efficient	 identification	 of	 eligible	 deceased	 donors	 but	 also	 to	 higher
consent	 rates.	 Accordingly,	 the	 annual	 donation	 rate	 in	 Spain	 rose	 from	 14.3
donors	 per	 million	 population	 (pmp)	 in	 1989	 to	 40.8	 pmp	 in	 2021.64-66
Interestingly,	 a	 similar	 approach	 (without	 the	 presumed	 consent	 component)
using	 in-house	 coordinators	 at	 some	 hospitals	 in	 the	 United	 States	 did	 yield
greater	 consent	 and	conversion	 rates,	 too,	 and	underscored	 the	advantages	 that
such	a	system	could	have	if	implemented	at	a	larger	scale.67

Organs	from	Executed	Prisoners



Certain	countries	(eg,	China)	routinely	use	organs	from	executed	prisoners.	This
practice	has	been	and	remains	strongly	rejected	by	the	national	and	international
transplantation	community.68	Moreover,	 proposals	 to	use	organs	 from	executed
prisoners	would	engender	a	very	passionate,	emotional	debate	that	would	have	a
negative	 impact	 on	 public	 opinion	 and	 thereby	 decrease	 overall	 organ
availability.

Xenotransplantation
Xenotransplantation	 of	 organs	 and	 tissues	 from	 animals	 into	 humans	 offers	 a
potentially	 unlimited	 supply	 of	 donors.	 The	 few	 clinical	 xenotransplants	 that
have	thus	far	been	carried	out	in	the	more	distant	as	well	as	in	the	more	recent
past	 have	 all	 received	 significant	 public	 attention,	 but	 numerous	 practical
problems	 remain	before	 this	procedure	 could	become	a	 clinical	 reality.	Ethical
concerns	regarding	 the	use	of	animal	organs	for	 transplantation	have	also	been
raised.	 Immunological	 concerns	 include	 hyperacute	 rejection	 (mediated	 by
circulating,	 preformed	 natural	 antibodies),	which	 occurs	 in	 vascularized	 solid-
organ	 transplantation	 between	 virtually	 all	 discordant	 species.	 Also,	 the
biocompatibility	 of	 proteins	 synthesized	 by	 an	 animal	 liver	 and	 the	 human
organism	is	not	fully	established,	and	infectious	diseases	(eg,	caused	by	porcine
endogenous	 retroviruses)	 could	be	 transmitted	when	using	nonhuman	primates
or	pigs	as	donors.	Genetic	engineering	of	animals	before	their	use	as	donors	to
overcome	 the	 immunological	 barriers	 is	 an	 area	 of	 intensive	 investigation.
Significant	 experimental	 progress	 in	 this	 area	 could	 fundamentally	 change	 the
field	of	organ	transplantation.

REGULATION	AND	ORGANIZATION	OF	ORGAN
PROCUREMENT	AND	ALLOCATION
In	 the	 early	 1980s,	 the	 introduction	 of	 new	 immunosuppressive	 agents
engendered	a	rise	in	organ	transplantation	activity.	Tissue	matching	(eg,	by	use
of	 living	 related	 donor-recipient	 combinations)	 became	 less	 important,	 and	 the
use	 of	 brain-dead	 donors	 increased	 (Figure	 55.1).	 In	 the	 wake	 of	 these
developments,	 consolidation	 and	 national	 regulation	 of	 the	 organ	 sharing	 and
allocation	organizations,	which	had	previously	functioned	mainly	at	a	local	and
regional	level,	became	necessary.

In	the	United	States,	the	National	Organ	Transplant	Act	of	1984	called	for	a



national	system	to	ensure	equitable	access	to	transplant	therapy	for	all	patients,	a
major	 component	 of	which	was	 fair	 organ	 allocation.	 The	 federal	 government
commissioned	a	task	force	on	organ	transplantation	to	define	such	an	allocation
system.	This	task	force,	whose	members	were	appointed	by	the	U.S.	Department
of	 Health	 and	 Human	 Services,	 resolved	 that	 human	 organs	 are	 a	 “national
resource	to	be	used	for	public	good”	and	recommended	the	creation	of	a	national
OPTN.3	 In	1986,	 the	U.S.	Department	of	Health	and	Human	Services	awarded
the	OPTN	contract	to	the	United	Network	for	Organ	Sharing	(UNOS).	Pursuant
to	the	contract,	UNOS	was	asked	to	design	a	network	to	achieve	balance	in	the
goals	 of	 equity	 in	 organ	 access	 and	 distribution	 and	 in	 optimal	 medical
outcome.69	In	1986,	the	Omnibus	Budget	Reconciliation	Act	mandated	that	only
hospital	 members	 of	 the	 OPTN	 could	 perform	 Medicare-	 and	 Medicaid-
reimbursed	 transplantation	 procedures.	 In	 1988,	 the	 Organ	 Transplant
Amendments	 reaffirmed	 the	 federal	 interest	 in	 equitable	 organ	 allocation	 by
locating	authority	in	UNOS	as	opposed	to	local	transplant	organizations.

The	national	OPTN	is	currently	still	operated	under	contract	by	UNOS,	which
is	 accountable	 to	 the	 U.S.	 Department	 of	 Health	 and	 Human	 Services.	 All
transplant	candidates	are	 registered	with	UNOS,	which	maintains	a	centralized
computer	system	linking	all	OPOs	and	transplant	centers.	The	United	States	has
been	 divided	 into	 11	 regions	 for	 organ	 procurement,	 allocation,	 and	 sharing
purposes	 (Figure	 55.2).	 Organs	 are	 registered,	 shared,	 and	 allocated	 through
UNOS,	 which	 generates	 a	 computerized	 list	 of	 recipients	 for	 each	 available
organ.	Patients	awaiting	deceased	donor	transplantation	are	ranked	according	to
UNOS	policies,	based	on	medical	and	scientific	criteria	that—depending	on	the
organ—may	 include	blood	 type,	 tissue	 type,	 length	of	 time	waiting	on	 the	 list,
recipient	age	 (pediatric	vs	adult),	 level	of	presensitization	 (percentage	of	panel
reactive	antibody),	location	of	the	donor	hospital,	and	medical	status.



	

Figure	55.2 	United	Network	for	Organ	Sharing	(UNOS)	regions
in	 the	United	 States	 (24-hour	 access	 number:	 1-800-292-9537).The
United	 States	 has	 been	 divided	 into	 11	 regions	 for	 organ
procurement,	allocation,	and	sharing	purposes.

LEGAL	ASPECTS	OF	ORGAN	DONATION	AND
BRAIN	DEATH

Uniform	Anatomical	Gift	Act
The	Uniform	Anatomical	Gift	Act,	adopted	in	1968	and	in	force	throughout	the
United	States,	 allows	any	adult	 individual	 (over	 age	18	years)	 to	donate	 all	 or
part	 of	 their	 body	 for	 transplantation,	 research,	 or	 education.	 This	 act	 also
provides	 the	 legal	basis	 for	 recovery	of	organs	from	both	DCD	and	brain-dead
(vide	infra)	donors.	Explicit	consent	is	required.	The	act	also	specifies	who	may
give	consent	(eg,	legal	next	of	kin)	for	donation.70

The	 2006	 Revised	 Uniform	 Anatomical	 Gift	 Act	 honors	 the	 choice	 of	 an
individual	to	be	or	not	to	be	a	donor	and	strengthens	the	language	barring	others
from	overriding	a	donor’s	first-person	authorization	to	make	an	anatomical	gift.
The	revised	act	also	empowers	minors	that	apply	for	a	driver’s	license	to	become
donors	and	encourages	and	establishes	standards	for	donor	registries.71

Uniform	Determination	of	Death	Act



Over	 the	past	5	decades,	brain	death	has	 legally	become	equated	with	death	 in
most	Western	developed	countries.72	Brain	death	means	that	all	brain	and	brain
stem	 function	 has	 irreversibly	 ceased.	 The	 recognition	 of	 brain	 death	 became
possible	only	after	substantial	advances	in	intensive	care	medicine	(eg,	provision
of	 cardiovascular	 support,	 prolonged	mechanical	 ventilation).	 The	 first	 classic
description	 of	 brain	 death	was	 published	 in	 1959	 in	 France	 and	 termed	 coma
dépassé	(beyond	coma).	An	ad	hoc	commission	of	the	Harvard	Medical	School
defined	brain	 death	 criteria	 in	 the	United	States	 in	 1968.73	 These	 criteria	were
judged	 by	 some	 as	 being	 too	 extensive	 and	 too	 exclusive.	 In	 1981,	 the
President’s	 Commission	 for	 the	 Study	 of	 Ethical	 Problems	 in	 Medicine	 and
Biomedical	and	Behavioral	Research	formulated	the	Uniform	Determination	of
Death	Act,	which	 established	 a	 common	ground	 for	 statutory	 and	 judicial	 law
related	to	the	diagnosis	of	brain	death.	The	commission	stated	that	“an	individual
who	has	 sustained	…	irreversible	cessation	of	all	 functions	of	 the	entire	brain,
including	 the	 brainstem,	 is	 dead,”	 and	 left	 the	 criteria	 for	 diagnosis	 to	 be
determined	by	“accepted	medical	standards.”

Those	 standards	 were	 defined	 in	 a	 related	 report	 to	 the	 President’s
Commission	on	the	diagnosis	of	death	by	56	medical	consultants	in	1981.74	The
guidelines	in	that	report	have	now	been	accepted	as	the	standard	for	determining
brain	death	 in	 the	United	States.	They	are	as	follows:	“Cessation	 is	 recognized
when:	(1)	all	cerebral	functions	and	(2)	all	brain	stem	functions	are	absent.	The
irreversibility	is	recognized	when:	(1)	the	cause	of	the	coma	is	established	and	is
sufficient	 to	 account	 for	 the	 loss	 of	 brain	 functions,	 (2)	 the	 possibility	 of	 the
recovery	of	any	brain	functions	is	excluded,	and	(3)	the	cessation	of	cerebral	and
brain	stem	function	persists	for	an	appropriate	period	of	observation	and/or	trial
of	therapy.”74	As	nearly	60	years	have	elapsed	since	the	Harvard	Report	was	first
published,	the	concept	of	brain	death	is	widely	considered	to	have	withstood	the
test	 of	 time.73,75	 Still,	 confusion	 regarding	 this	 well-founded	 and	 accepted
medicolegal	 concept	 of	 the	 equivalence	 of	 brain	 death	 and	 death	 of	 a	 human
persists	to	this	date	among	some	physicians	and	other	health	care	professionals,
and	 among	 some	 in	 the	 general	 public.11,13	 Specifically,	 in	 the	 field	 of
transplantation,	it	should	be	unequivocally	clear	to	the	potential	donor’s	family,
and	 anyone	 involved	 in	 the	 patient’s	 care	 that	 the	 time	 of	 death	 is	 the	 time	 at
which	 the	 diagnosis	 of	 brain	 death	 is	 established	 and	 not	 the	 time	 of	 cardiac
arrest	 during	 the	 organ	 recovery.	 Providing	 education	 targeted	 specifically	 at
these	 groups	 and	 society	 at	 large	 is	 therefore	 of	 paramount	 importance	 to
optimize	consent	rates.11,13



Required	Request
Required	request	laws	have	now	been	enacted	in	all	states	in	the	United	States.
They	 obligate	 hospitals	 to	 notify	 an	OPO	 of	 potential	 donors	 and	 to	 offer	 the
option	 of	 donation	 to	 the	 families	 of	 potential	 donors	 (brain-dead	 and	 DCD
donors).	In	order	to	optimize	this	process,	the	CMS′	Conditions	of	Participation
have	been	requiring	hospitals	since	1998	to	use	“designated	requestors”	to	obtain
authorization	from	legal	next	of	kin	for	donation.76

Clinical	Diagnosis	of	Brain	Death
1 	The	clinical	diagnosis	of	brain	death	rests	on	three	criteria:	(1)	irreversibility	of
the	neurological	insult,	(2)	absence	of	clinical	evidence	of	cerebral	function,	and,
most	importantly,	(3)	absence	of	clinical	evidence	of	brain	stem	function	(Table
55.4).72,77-80	 Irreversibility	 is	 established	 if	 structural	 disease	 (eg,	 trauma,
intracranial	hemorrhage)	or	an	irreversible	metabolic	alteration	is	known	to	have
occurred.	 Hypothermia,	 medication	 side	 effects,	 drug	 overdose,	 and	 alcohol
ingestion	and	intoxication	must	be	ruled	out	when	testing	for	brain	death.	Plasma
concentrations	 of	 sedative	 or	 analgesic	 drugs	 sometimes	 correlate	 poorly	with
cerebral	effects.	Therefore,	residual	effects	of	those	drugs	can	be	excluded	only
by	passage	of	time,	if	any	doubts	exist.	As	no	evidence-based	recommendations
for	 a	 minimal	 waiting	 time	 prior	 to	 the	 first	 brain	 death	 examination	 can	 be
made,	good—individualized—clinical	 judgment	 is	paramount.	The	observation
period	 between	 two	 sequential	 brain	 death	 examinations	 should	 be	 at	 least	 6
hours	 for	structural	causes	and	preferably	12	 to	24	hours	 for	metabolic	causes,
drug	overdose,	or	 intoxication.72,77-80	Even	with	potentially	 reversible	metabolic
alterations	 (eg,	 hepatic	 or	 uremic	 encephalopathy),	 recovery	 has	 not	 been
described	after	duration	of	 the	brain	death	state	 for	more	 than	12	hours	and	as
long	 as	 all	 criteria	 in	 Table	 55.4	 (which	 are	 based	 on	 the	 1995	 American
Academy	 of	 Neurology	 medical	 standards	 for	 death	 determination	 using
neurologic	criteria	as	well	as	on	its	2010	update)	are	met.78,79	Clinical	testing	of
cerebral	and	brain	stem	function	is	detailed	in	Table	55.4.77-81	Although	pediatric
donors	 are	 not	 the	 focus	 of	 this	 chapter,	 it	 should	 be	 noted	 that	 brain	 death
criteria	 are	 more	 stringent	 for	 very	 young	 pediatric	 patients,	 particularly
newborns,	 in	 whom	 criteria	 for	 brain	 death	 also	 include	 demonstration	 of	 the
absence	of	blood	flow	on	cerebral	flow	studies.

TABLE	55.4



1 	Brain	Death	Criteria	and	Clinical	Diagnosis	of	Brain	Death

Irreversible,	well-defined	etiology	of	coma

Structural	disease	or	metabolic	cause	(requires	documentation	by
neuroimaging)

Exclusion	of	significant	hypothermia	(defined	as	core	temperature	<33	°C);
hypotension	(systolic	blood	pressure	must	be	>100	mm	Hg);	severe
electrolyte,	endocrine,	or	acid-base	disturbance;	and	drug,	alcohol	or
substance	intoxication	(may	require	toxicology	screen;	if	barbiturates	are
present,	their	serum	level	must	be	<10	μg/mL)
No	spontaneous	respirations
Absence	of	residual	paralyzing	agents

Sufficient	observation	period	(at	least	6	h)	between	two	brain	death
examinations

No	clinical	evidence	of	cerebral	function

No	spontaneous	movement,	eye	opening,	or	movement	or	response	after
auditory,	verbal,	or	visual	commands

No	movement	elicited	by	painful	stimuli	to	the	face	and	trunk	(eg,	sternal	rub,
pinching	of	a	nipple	or	fingernail	bed)	other	than	spinal	cord	reflex
movements

No	clinical	evidence	of	brain	stem	function:

No	pupillary	reflex:	pupils	are	fixed	and	midposition;	no	change	of	pupil	size
in	either	eye	after	shining	a	strong	light	source	in	each	eye	sequentially	in	a
darkened	room

No	corneal	reflex:	no	eyelid	movement	after	touching	the	cornea	with	a	sterile
cotton	swab	or	tissue	(strike	with	cotton	swab	from	the	conjunctiva	toward
and	on	the	cornea)	or	after	squirting	sterile	water	on	the	cornea

No	gag	reflex:	no	retching	or	movement	of	the	uvula	after	touching	the	back
of	the	pharynx	with	a	tongue	depressor,	a	gloved	finger,	or	after	moving	the
endotracheal	tube

No	cough	reflex:	no	coughing	with	deep	tracheal	irrigation	and	suctioning



No	oculocephalic	reflex	(doll’s	eyes	reflex):	no	eye	movement	in	response	to
brisk	turning	of	the	head	from	side	to	side	with	the	head	of	the	supine	patient
elevated	30°

No	oculovestibular	reflex	(caloric	reflex):	no	eye	movements	within	3	min
after	removing	earwax	and	irrigating	each	tympanic	membrane	(if	intact)
sequentially	with	50	mL	ice-cold	water	for	30-45	s	while	the	head	of	the
supine	patient	is	elevated	30°

No	integrated	motor	response	to	pain:	no	localizing	or	withdrawal	response
(face;	all	four	limbs),	no	extensor	or	flexor	posturing

No	respiratory	efforts	on	apnea	testing	(PaCO	2	>60	mm	Hg	or	20	mm	Hg
higher	than	the	normal	baseline	value):	The	patient	is	preoxygenated	with	an
FiO2	of	1.0	for	10-15	min	to	reach	a	PaO2	>	100	mm	Hg	(preferably	with	an
arterial	line	in	place	for	rapid	blood	gas	measurements)	while	adjusting
ventilatory	rate	and	volume	such	that	the	PaCO2	reaches	∼40-45	mm	Hg.
After	a	baseline	arterial	blood	gas	value	is	obtained	and	the	patient	is
disconnected	from	the	ventilator,	O2	at	6-8	L/min	is	delivered	through	a
cannula	advanced	20-30	cm	into	the	endotracheal	tube	(cannula	tip	at	the	level
of	the	carina).	Continuous	pulse	oximetry	is	used	for	early	detection	of
desaturation,	which	does	not	usually	occur	when	using	this	protocol.	In	most
cases,	a	PaCO2	>	60	mm	Hg	is	achieved	within	3-5	min	after	withdrawal	of
ventilatory	support;	at	this	point,	the	patient	should	be	reconnected	to	the
ventilator	(or	earlier,	should	hemodynamic	instability,	desaturation,	or
spontaneous	breathing	movements	occur).	Obtaining	an	arterial	blood	gas
sample	immediately	before	reinstitution	of	mechanical	ventilation	is
mandatory.	If	there	is	no	evidence	of	spontaneous	respirations	before
reinstitution	of	mechanical	ventilation	in	the	presence	of	a	PaCO2	>
60	mm	Hg	or	an	increase	of	>20	mm	Hg	from	the	normal	baseline	value,	the
criteria	for	a	positive	apnea	test	are	met.
In	patients	on	ECMO,	in	order	to	reach	the	above	diagnostic	PaCO2	targets,
CO2	should	be	blended	into	the	sweep	gas	(preferred	option).	If	blending	is
not	available	or	feasible,	PaCO2	can	only	be	increased	by	markedly
diminishing	sweep	gas	flow	through	the	oxygenator	(albeit	at	the	risk	of
inducing	hypoxia).	Confirmatory	testing	(vide	infra)	is	required	in	patients	on
ECMO	if	the	apnea	test	cannot	be	completed.

Other	points:



Spinal	reflexes,	such	as	deep	tendon	reflexes	and	triple	flexion	responses,	can
be	preserved	and	do	not	exclude	the	diagnosis	of	brain	death

Shivering,	piloerection,	arm	movements,	reaching	of	the	hands	toward	the
neck,	forced	exhalation,	and	thoracic	respiratorylike	movements	are	possible
after	brain	death	and	are	likely	to	release	phenomena	of	the	spinal	cord,
including	the	upper	cervical	cord.	All	these	findings	are	compatible	with	the
diagnosis	of	brain	death.

Confirmatory	tests	should	be	used	in	cases	in	which	the	observation	period
needs	to	be	shortened	(eg,	unstable	donors);	if	the	apnea	test	had	to	be
aborted,	particularly	in	patients	on	ECMO;	in	children	younger	than	1	y	old;
in	equivocal	situations;	or	if	one	of	the	potential	pitfalls	(Table	55.6)	cannot	be
ruled	out	(confirmatory	tests	include	demonstration	of	absence	of	intracranial
circulation	by	conventional	four-vessel	cerebral	catheter	angiogram,	Tc-99m
hexamethylpropyleneamine	oxime	single-photon	emission	computed
tomography	[HMPAO-SPECT],	or	computed	tomography	cerebral	perfusion
scan).

ECMO,	extracorporeal	membrane	oxygenation;	FiO2,	fraction	of	inspired	oxygen;	PaCO2,	partial
arterial	carbon	dioxide	pressure;	PaO2,	partial	arterial	oxygen	pressure.

From	Wijdicks	EFM.	How	I	do	a	brain	death	examination:	the	tools	of	the	trade.	Crit	Care.
2020;24(1):648;	The	Quality	Standards	Subcommittee	of	the	American	Academy	of	Neurology:
Practice	parameters	for	determining	brain	death	in	adults.	Neurology.	1995;45:1012-1014;
Wijdicks	EF,	Varelas	PN,	Gronseth	GS,	et	al.	American	Academy	of	Neurology:	evidence-based
guideline	update:	determining	brain	death	in	adults.	Report	of	the	Quality	of	Standards
Subcommittee	of	the	American	Academy	of	Neurology.	Neurology.	2010;74:1911-1918;	Wijdicks
E.	Pitfalls	and	slip-ups	in	brain	death	determination.	Neurol	Res.	2013;35:169-173;	Plourde	G,
Briard	JN,	Shemie	SD,	Shankar	JJS,	Chassé	M.	Flow	is	not	perfusion,	and	perfusion	is	not
function:	ancillary	testing	for	the	diagnosis	of	brain	death.	Can	J	Anaesth.	2021;68:953-961;
Saposnik	G,	Bueri	JA,	Maurino	J,	et	al.	Spontaneous	and	reflex	movements	in	brain	death.
Neurology.	2000;54:221-223;	and	Migdady	I,	Stephens	RS,	Price	C,	et	al.	The	use	of	apnea	test
and	brain	death	determination	in	patients	on	extracorporeal	membrane	oxygenation:	a	systematic
review.	J	Thorac	Cardiovasc	Surg.	2021;162:867-877.

After	 brain	 death,	 the	 pupils	 become	 fixed	 in	 midposition	 because
sympathetic	and	parasympathetic	input	is	lost.	Decerebrate	(abnormal	extension)
and	 decorticate	 (abnormal	 flexion)	 responses	 to	 painful	 stimuli	 imply	 the
presence	of	some	brain	stem	function	and	are	incompatible	with	the	diagnosis	of
brain	 death.	 In	 contrast,	 spinal	 cord–mediated	 tendon	 reflexes,	 automatic
stepping,	and	other	complex	motor	activities	(which	can	also	occur	during	apnea
testing)	 are	 compatible	 with	 brain	 death.79,80,82	 The	 occurrence	 of	 these



movements	can	be	quite	distressing	if	observed	by	the	next	of	kin;	therefore,	it	is
advisable	 that	 they	not	be	present	during	 the	apnea	 test.	Very	rarely,	ascending
acute	 reversible	 inflammatory	 polyneuropathy	 (Guillain-Barré	 syndrome)	 can
simulate	 brain	 death	 and	 inhibit	 all	 motor	 functions,	 including	 pupillary
reactions	 and	 brain	 stem	 reflexes.	 The	 typical	 clinical	 history,	 coupled	 with
evidence	 of	 progressive	 weakness,	 should	 yield	 the	 correct	 diagnosis	 and
preclude	a	diagnosis	of	brain	death	from	being	established.77-80

The	American	Academy	 of	 Neurology	 has	 stated	 that	 special	 confirmatory
tests	 are	 not	 necessary	 to	 diagnose	 brain	 death	 for	 the	 vast	majority	 of	 cases.
Only	for	equivocal	or	questionable	circumstances	does	a	study	demonstrating	the
absence	of	 intracranial	 blood	 flow	 (and	 ideally	 of	 tissue	perfusion)	 need	 to	 be
performed.77-81	 Currently,	 the	 most	 sensitive	 and	 specific	 test	 for	 assessing
intracranial	 blood	 flow	 is	 four-vessel	 catheter	 cerebral	 arteriography.
Alternatively,	Tc-99m	hexamethylpropyleneamine	oxime	single-photon	emission
computed	tomography	(HMPAO-SPECT)	may	be	used.79,81	Other	ancillary	tests
are	either	less	sensitive	(eg,	digital	subtraction	angiography,	transcranial	Doppler
ultrasonography),	 less	 specific	 (eg,	 brain	 stem	 acoustic	 evoked	 potentials),	 or
measure	 only	 hemispheric	 flow.81	 Computer	 tomography	 perfusion	 scanning
awaits	 further	validation	 in	a	currently	ongoing	 large	prospective	 trial;	 it	holds
the	 potential	 to	 become	 the	 confirmatory	 study	 of	 choice	 given	 its	 reportedly
high	sensitivity	and	specificity	for	assessing	flow	and	perfusion	of	the	cerebrum
and	brain	stem.81

Four-vessel	cerebral	catheter	arteriography	is	indicated	for	all	conditions	that
can	 temporarily	 cause	 an	 isoelectric	 electroencephalogram	 (eg,	 extreme
intoxication).	If	the	indication	for	cerebral	arteriography	is	unclear,	the	benefits
must	be	weighed	against	 the	potential	 risks	of	 transporting	an	unstable	patient.
Confirmatory	 tests	 may	 serve	 to	 shorten	 the	 waiting	 period	 between	 the	 two
brain	death	examinations,	should	donor	hemodynamic	instability	occur.	Certain
potential	pitfalls	exist	 for	clinical	brain	death	 testing,	and	 the	diagnosis	 should
not	 be	 considered	 to	 have	 been	 established	 until	 these	 all	 have	 been	 excluded
(Table	 55.5).80	 If	 these	 cannot	 be	 excluded,	 confirmatory	 testing	 is
mandatory.80,81

TABLE	55.5

1 	Pitfalls	in	Clinical	Brain	Death	Testing	and	Potential
Remedial	Measuresa



Pitfalls Remedial	Measure(s)

Hypotension,	shock Institute	fluid	resuscitation,	use
pressor	agents

Current	hypothermia Use	warmed	fluids,	ventilatory
warmer

Recent	treatment	with	therapeutic
hypothermia

Increase	time	under
normothermic	conditions	until
performance	of	first	brain	death
exam	(several	days	may	be
necessary	to	clear	all	previously
administered	muscle	relaxants
and	mood	or	consciousness-
altering	drugs)

Intoxication,	alcohol	ingestion	or	drug
overdose

Check	drug	and	alcohol	levels
and	toxicology	screens	or
increase	waiting	time	between
brain	death	examinations

Presence	of	neuromuscular-inhibiting
agents	and	sedative	drugs,	which	can
interfere	with	elicitation	of	motor
responses

Discontinue	muscle	relaxants
and	mood-	or	consciousness-
altering	medications,	increase
waiting	time	between	brain
death	examinations

Pupillary	fixation,	which	may	be	caused	by
anticholinergic	drugs	(eg,	atropine	given
during	a	cardiac	arrest),	neuromuscular
blocking	agents,	or	preexisting	disease

Discontinue	anticholinergic
medications	and	muscle
relaxants,	increase	waiting	time
between	brain	death
examinations,	obtain	careful
patient	history

Corneal	reflexes	absent	due	to	overlooked
contact	lenses

Remove	contact	lenses	before
brain	death	examination

Oculovestibular	reflexes	diminished	or
abolished	after	prior	use	of	ototoxic	drugs
(eg,	aminoglycosides,	loop	diuretics,

Obtain	careful	medication
history	and	patient	history



vancomycin)	or	agents	with	suppressive
side	effects	on	the	vestibular	system	(eg,
tricyclic	antidepressants,	anticonvulsants,
and	barbiturates)	or	due	to	preexisting
disease

aIf	one	of	the	listed	conditions	cannot	be	ruled	out,	confirmatory	testing	(cerebral	flow	studies	or
electroencephalography)	is	necessary	before	brain	death	is	declared.

In	summary,	the	diagnosis	of	brain	death	can	be	established	by	performance
of	routine	neurological	examinations,	including	cold	caloric	and	apnea	testing	on
two	 separate	 occasions,	 coupled	 with	 prior	 establishment	 of	 the	 underlying
diagnosis	and	prognosis	in	most	cases.76-80	More	sophisticated	tests	are	required
in	 cases	 in	 which	 the	 diagnosis	 cannot	 be	 unequivocally	 established.78,80
However,	 brain	 death	 must	 always	 be	 diagnosed	 in	 accordance	 with	 local
regulations	 and	 state	 laws.72	 Details	 on	 the	 locally	 prevailing	 regulations	 are
available	through	the	state	medical	board	and	the	local	OPO.

ORGAN	DONATION	PROCESS
The	three	key	elements	leading	to	successful	organ	donation	are	(1)	early	referral
of	 potential	 donors,	 (2)	 a	well-coordinated	 approach	 to	 informing	 and	 dealing
with	 the	 potential	 donor’s	 family	 to	 request	 and	 obtain	 consent,	 and	 (3)
appropriate	critical	care	 therapy	of	 the	donor.11,13	The	optimal	 course	of	 events
for	both	brain-dead	and	DCD	donors	is	summarized	in	Table	55.6.

TABLE	55.6

Organ	Donation	Algorithm

1. 	Early	identification	of	the	potential	donor	by	the	critical	care
physician	or	health	care	professional	(Table	55.3).

2. 	Early	contact	with	the	local	or	regional	OPO	for	medical,	legal,	and
logistic	assistance.	If	the	local	OPO’s	address	or	phone	number	is
unknown,	a	24-h	access	number	to	UNOS	is	available:	1-800-292-
9537.



3. 	Completion	of	the	preliminary	screening	by	the	OPO	(if	necessary	in
consultation	with	the	transplant	surgeon	for	decisions	regarding
marginal	donors).

4a.	For	potential	DCD	donors:	await	family	decision	regarding
withdrawal	of	care.	Proceed	only	if	family	decides	to	do	so.

4b.	For	potential	brain-dead	donors:	brain	death	diagnosis	and
confirmation	(Tables	55.4	and	55.5),	certification	of	death.	Family
notification	and	explanation	of	brain	death	with	its	legal	and	medical
implications.	Sufficient	time	for	acceptance	must	be	allowed.

5. 	Request	for	organ	donation.	Must	be	made	after,	and	in	clear
temporal	separation,	from	step	4a	or	4b.

6. 	After	consent	for	organ	donation	is	obtained,	the	focus	switches	from
treatment	of	elevated	intracranial	pressure	and	cerebral	protection	to
preservation	of	organ	function	and	optimization	of	peripheral	oxygen
delivery	(Table	55.8).

7. 	All	remaining	laboratory	and	serologic	studies	as	well	as	any	further
studies	and	tests	required	in	equivocal	situations	are	performed	at	this
point.

8. 	Final	organ	allocation	by	the	OPO	and	UNOS,	coordination	of	the
organ	recovery	operation,	notification	of	the	abdominal	and	thoracic
surgical	teams.	Modification	of	the	final	steps	may	become	necessary
under	special	circumstances,	for	example,	in	hemodynamically
unstable	donors.

9. 	For	controlled	DCD	donors:	Circulatory	and	respiratory	support	is
withdrawn	and	death	is	certified	(in	the	ICU	or	in	the	operating
room).

10.	Organ	recovery	operation	(brain-dead	and	DCD	donors).

DCD,	donation	after	circulatory	death;	OPO,	organ	procurement	organization;	UNOS,	United
Network	for	Organ	Sharing.

Steps	4,	5,	and	9	should	not	involve	physicians	who	are	part	of	the	transplantation	team.

Early	Donor	Referral
Early	 referral	 of	 any	 potential	 donor	 to	 the	 local	 OPO	minimizes	 the	 loss	 of
transplantable	organs	due	to	unexpected	cardiac	arrest	and	death,	hemodynamic
instability,	 serious	 nosocomial	 infection,	 or	 complications	 related	 to	 intensive
care.83,84	 For	 example,	 an	 inverse	 correlation	 exists	 between	 the	 duration	 of



mechanical	ventilation	and	the	suitability	of	the	donor	for	lung	donation.
The	evidence	is	substantial	that	brain	death	eventually	leads	to	cardiac	arrest,

even	when	cardiorespiratory	support	 is	maintained.84,85	Cardiac	arrest	occurs	 in
4%	to	28%	of	potential	donors	in	the	maintenance	phase,	and	as	many	as	50%	of
all	 potential	 donors	 die	 within	 24	 hours	 without	 appropriate	 circulatory	 and
respiratory	support.84,85

The	previously	 outlined	 clinical	 triggers	 for	 early	 referral	 to	 the	 local	OPO
should	 therefore	be	applied	 to	any	neurologically	 severely	 injured	patient	after
admission	to	the	hospital	or	intensive	care	unit	(Table	55.3).	Early	contact	with
the	 OPO	 is	 essential	 as	 the	 latter	 will	 assist	 with	 further	 screening	 and	 the
evaluation	of	any	patient	who	might	potentially	become	a	donor.

Donor	Evaluation

General	Guidelines
During	 the	 initial	 contact	 with	 the	 OPO,	 the	 physician	 should	 provide	 the
potential	 donor’s	 name,	 age,	 sex,	 height,	weight,	 and	 blood	 type.	Also	 needed
are	the	date	of	admission	and	diagnosis,	the	nature	and	extent	of	any	trauma,	a
concise	medical	 and	 social	 history,	 and	 the	 time	of	brain	death	 (if	 applicable).
Whether	local	investigative	agencies	(eg,	medical	examiner,	coroner)	need	to	be
notified	 should	 also	 be	 specified.	 The	 current	 medical	 status,	 including	 vital
signs,	 urine	 output,	 cardiorespiratory	 status,	 medications,	 and	 culture	 results,
must	 be	 communicated.	 Basic	 laboratory	 results	 should	 be	 obtained:	 arterial
blood	gas	determinations;	blood	urea	nitrogen,	creatinine,	and	electrolyte	values;
hemoglobin,	hematocrit,	white	blood	cell	and	platelet	counts,	and	tests	for	serum
amylase,	 total	 bilirubin,	 alkaline	 phosphatase,	 alanine	 aminotransferase,	 and
aspartate	 aminotransferase;	 coagulation	 profile	 (including	 prothrombin	 time	 or
international	 normalized	 ratio);	 and	 urinalysis	 and	 urine	 culture,	 along	 with
electrocardiogram	 and	 chest	 radiograph	 results.	 In	 the	 case	 of	 potential	 lung
donors,	chest	circumference	and	radiographic	thoracic	measurements,	as	well	as
the	results	of	an	oxygenation	challenge	(partial	arterial	oxygen	pressure	[PaO2]
measurement	after	ventilation	for	10	minutes	with	a	fraction	of	inspired	oxygen
[FiO2]	of	1.0,	ie,	P/F	ratio),	are	helpful.

The	OPO	provides	further	procedural,	administrative,	legal,	and	logistic	help.
Most	 importantly,	 the	 OPO	 coordinates	 how	 the	 family	 is	 approached.	 All
further	 OPTN-mandated	 testing	 (including	 human	 leukocyte	 antigen	 tissue
typing;	 infectious	 disease	 testing	 for	 cytomegalovirus	 [CMV],	 for	 hepatitis	 B
and	C	viruses	[HBV	and	HCV]	[including	nucleic	acid	tests],	for	SARS-CoV-2



[severe	acute	respiratory	syndrome	coronavirus	2;	required	for	lung	donors	only;
requires	a	nucleic	acid	test	performed	on	a	lower	respiratory	specimen	{ie,	from
within	 the	 trachea	 or	 lower}],	 for	 human	 immunodeficiency	 virus	 [HIV]
[including	a	nucleic	acid	 test],	 for	Epstein-Barr	virus,	 for	syphilis,	 toxoplasma,
as	 well	 as	 blood,	 sputum,	 and	 urine	 cultures)	 is	 then	 coordinated	 through	 the
OPO	if	the	donor	passes	the	preliminary	screening	tests.86	Currently,	organ	donor
assessment	 for	 infectious	 diseases	 beyond	 the	 aforementioned	 tests	 (eg,	 for
rabies	 and	 Zika	 virus,	 for	 Strongyloides,	 for	 SARS-CoV-2	 of	 extrapulmonary
organ	 donors)	 is	 not	 standardized	 and	 therefore	 subject	 to	 considerable	 inter-
OPO	variability.

The	 organ	 allocation	 process	 begins	 only	 after	 the	 family	 has	 decided	 to
withdraw	 circulatory	 and	 respiratory	 support	 technologies	 (DCD	 donors)	 or
brain	 death	 has	 been	 declared	 and	 consent	 has	 been	 obtained.	 If	 prospective
tissue	typing	(ie,	prior	 to	organ	recovery)	 is	 to	be	done,	 it	may	occasionally	be
necessary	to	perform	a	bedside	surgical	excision	of	several	inguinal	lymph	nodes
at	 the	donor	hospital—after	 consent	 for	organ	donation	has	been	obtained,	but
before	proceeding	with	the	actual	organ	recovery.

The	medical	status	and	the	life	expectancy	of	the	potential	recipient	without
the	organ	transplant	are	taken	into	account	when	considering	the	risks	associated
with	 a	 specific	 donor’s	 medical	 characteristics	 and	 the	 final	 decision	 about
transplantation	 of	 a	 specific	 donor	 organ	 is	 made.	 The	 ultimate	 decision
regarding	 the	use	of	 a	donor	organ	 is	 thus	made	by	 the	 transplant	 surgeon.	At
this	 stage,	 the	 transplant	 center	may	 need	 to	 obtain	 further	 tests	 to	 assess	 the
functional	status	of	one	or	more	organ	systems.	For	example,	if	the	heart	is	to	be
recovered,	 an	 echocardiogram	 is	 obtained.	 For	 selected	 donors,	 coronary
angiography	 is	 performed.	 Pulmonary	 status	 can	 be	 further	 assessed	 by
bronchoscopy	after	considering	the	results	of	the	chest	radiograph,	oxygenation
challenge,	and	sputum	cultures.	For	potential	liver	donors	who	might	have	fatty
liver	disease,	a	percutaneous	bedside	liver	biopsy	can	be	performed.	If	concern
over	the	suitability	of	organs	arises,	direct	inspection	by	the	transplant	surgeon	is
necessary	at	the	time	of	the	organ	procurement	operation.	In	some	cases,	an	open
biopsy	(eg,	for	kidney	or	liver)	and	frozen	section	pathologic	analysis	obtained
at	 the	 time	 of	 organ	 recovery	 also	 help	 in	 the	 final	 decision-making.	 Direct
inspection	also	is	important	for	organ	donors	who	suffered	a	blunt	injury	to	the
head	and	 trunk	 (eg,	motor	vehicle	 accident).	Under	 these	 circumstances,	 intra-
abdominal	 organs	 have	 been	 used	 successfully	 despite	 the	 presence	 of
parenchymal	 tears	 or	 subcapsular	 hematomas	 in	 either	 the	 liver	 or	 the	 kidney.
Significant	injuries	to	the	pancreas	preclude	its	use.

In	 summary,	 each	 patient	with	 a	 severe	 nonrecoverable	 neurological	 injury



should	 be	 referred	 to	 the	 local	OPO	 as	 a	 potential	 donor,	 regardless	 of	 the	 of
brain	injury	(eg,	trauma,	stroke),	history,	age,	or	medical	condition	(Table	55.3).
With	 few	 exceptions	 (vide	 infra),	 organ	 donation	 should	 never	 be	 excluded	 a
priori	 because	 of	 the	 clinical	 situation,	 the	 results	 of	 imaging	 studies,	 or	 the
magnitude	of	 an	 injury,	without	 first	 having	contacted	 the	 local	OPO	 (24-hour
access	number:	1-800-292-9537).

Organ-Specific	Considerations
The	use	of	kidneys	from	older	donors,	donors	dying	of	cardiovascular	disease,	or
donors	requiring	large	doses	of	inotropic	drugs	for	cardiovascular	support	entails
a	higher	rate	of	delayed	graft	function	and	can	be	associated	with	decreased	graft
survival.87	Nevertheless,	 organs	 from	 these	marginal	 donors	 are	 routinely	 used
given	the	current	prolonged	periods	(which	can	exceed	8-10	years	in	some	areas
in	the	US)	that	some	recipients	may	wait	for	available	organs,	during	which	time
their	medical	condition	may	deteriorate.1,2	Marginal	donor	kidneys	benefit	from
preservation	 on	 a	 pulsatile	 perfusion	 pump,	 which	 was	 shown	 to	 improve
preservation	quality,	quality	of	early	graft	function,	and	long-term	outcomes.42	In
equivocal	cases	 (eg,	donors	with	elevated	baseline	serum	creatinine	 levels	or	a
history	 of	 hypertension),	 renal	 biopsies	 at	 the	 time	 of	 organ	 recovery	 may
quantify	the	amount	of	preexisting	parenchymal	disease.	The	critical	shortage	of
organs	 has	 led	 to	 increasing	 relaxation	 of	 exclusion	 criteria,	 with	 satisfactory
long-term	results	in	many	recipients.

Livers	from	donors	with	an	abnormal	liver	enzyme	or	coagulation	profile	can
frequently	 still	 be	 transplanted.	 Elevated	 hepatic	 enzyme	 levels	 may	 reflect
transient	hepatic	 ischemia	at	 the	 time	of	 resuscitation.	The	 trends	observed	 for
the	results	of	serial	hepatic	enzyme	levels	can	be	more	informative	than	absolute
values.	 Abnormal	 coagulation	 test	 results	 may	 be	 due	 to	 disseminated
intravascular	coagulation	(commonly	a	result	of	brain	injury,	not	primary	hepatic
dysfunction).	Significant	donor	hypernatremia	(eg,	>155	mg/dL),	as	commonly
observed	 in	 underresuscitated	 brain-dead	 donors	 with	 significant	 diabetes
insipidus,	may	be	a	risk	factor	for	primary	liver	graft	nonfunction	posttransplant.
Aggressive	 intervention	 prior	 to	 procurement	 is	 warranted	 and	will	 ultimately
allow	 for	 safe	 transplantation	 of	 liver	 grafts	 from	 these	 hypernatremic	 donors.
The	decision	to	use	a	liver	from	a	marginal	donor	has	to	be	made	on	the	basis	of
relatively	 limited	 information.	Often,	 only	 direct	 inspection,	with	 or	without	 a
biopsy	 of	 the	 liver,	 at	 the	 time	 of	 organ	 recovery	 provides	 a	 final	 answer	 and
may	 be	 the	 only	 way	 to	 assess	 a	 donor	 with	 a	 history	 of	 significant	 ethanol
intake.	 Severe	 macrovesicular	 hepatic	 steatosis	 is	 one	 of	 the	 most	 significant



factors	predictive	of	early	posttransplant	hepatic	dysfunction	or	failure.
In	general,	donors	older	than	60	years	of	age	are	not	considered	for	pancreas

donation.	 However,	 donors	 with	 hyperglycemia,	 caused	 by	 peripheral	 insulin
resistance,	 particularly	 after	 brain	 death	 (see	 “Endocrine	Therapy”	 section);	 or
with	 hyperamylasemia,	 which	 can	 be	 a	 consequence	 of	 severe	 head	 injury
without	 actual	 pancreatitis,	 are	 not	 to	 be	 excluded	 a	 priori	 from	 pancreas
donation,	because	 these	factors	do	not	necessarily	 influence	posttransplantation
outcomes.88	 A	 pancreas	 transplant	 registry	 analysis	 noted	 a	 slightly	 higher
incidence	 of	 graft	 thrombosis	 for	 pancreas	 transplants	 that	 had	 been	 procured
from	donors	treated	with	desmopressin	(vs	those	that	did	not).89	Clearly,	further
study	 of	 this	 possible	 association	 is	 necessary	 to	 confirm	 or	 refute	 this
observation	 and	 to	 determine	 its	 clinical	 significance.	 Currently,	 the	 only
absolute	contraindications	to	pancreas	donation	are	a	history	of	impaired	glucose
tolerance	 or	 insulin-dependent	 diabetes	 mellitus,	 direct	 blunt	 or	 penetrating
trauma	to	the	pancreas,	or	the	finding	of	acute	or	chronic	pancreatitis	at	the	time
of	the	donor	operation.

Regarding	 heart	 donation,	 an	 important	 criterion	 is	 good	 donor	 heart
ventricular	 function	 immediately	 before	 retrieval,	 as	 judged	 by	 the	 cardiac
surgeon’s	 visual	 inspection	 during	 organ	 recovery.	 Ideally,	 no	 potential	 heart
donor	should	be	excluded	solely	on	the	basis	of	echocardiographic	wall	motion
abnormalities,	 a	 borderline	 or	 abnormal	 ejection	 fraction,	 inotropic	medication
requirements,	 or	 heart	 murmurs,	 arrhythmias,	 or	 other	 electrocardiographic
changes	 (which	 often	 occur	 in	 brain-dead	 individuals	 in	 whom	 no	 cardiac
disease	is	present).

Risk	 factors	 associated	 with	 poorer	 outcomes	 after	 lung	 transplantation
include	 a	 history	 of	 smoking,	 aspiration,	 purulent	 secretions	 observed	 during
bronchoscopy,	 an	 abnormal	 chest	 radiograph,	 or	 an	unsatisfactory	oxygenation
challenge	(PaO2	less	than	300	mm	Hg	after	10	minutes	of	ventilation	with	FiO2

of	1.0	and	low	positive	end-expiratory	pressure	[PEEP]	of	5	cm	H2O)	alone	or	in
combination	in	lung	donors.	However,	even	lungs	with	these	characteristics	have
been	 successfully	 transplanted.90	 Bronchoscopy	 often	 is	 performed	 as	 a	 final
preoperative	 confirmatory	 test	 in	 the	 operating	 room	 by	 the	 lung	 recovery
surgeon.	 Direct	 intraoperative	 inspection	 of	 the	 lungs	 determines	 whether
significant	contusions	are	present,	which	could	preclude	use	of	the	organs.

In	conclusion,	the	traditional	donor	criteria	have	been	considerably	expanded
over	 recent	years,	 for	both	 thoracic	and	abdominal	organs,	due	 to	 the	ongoing,
severe	donor	shortage.



Transmission	of	Infectious	Diseases
Transmission	of	bacterial	or	 fungal	 infection	 through	organ	 transplantation	can
potentially	be	due	to	a	donor	infection	or	contamination	of	the	organ	itself	during
organ	 procurement	 or	 storage.	 Published	 evidence	 suggests	 that	 organs
transplanted	 from	 donors	with	 bacteremic	 bacterial	meningitis	 do	 not	 transmit
bacterial	infection	or	result	in	poorer	recipient	outcomes	provided	that	donor	and
recipient(s)	 are	 adequately	 treated	with	 antibiotics.18,91	 Similarly,	 positive	 urine
cultures	do	not	preclude	renal	donation	and	transplantation.	Organs	from	donors
with	 serologic	 evidence	 of	 syphilis	 can	 be	 used	 as	 long	 as	 the	 recipients	 are
given	adequate	antibiotic	prophylaxis.

Successful	transplantation	of	lungs	and	extrapulmonary	organs	from	selected
deceased	donors	that	were	SARS-CoV-2	RNA	positive	has	now	been	reported.92
SARS-CoV-2	 RNA	 positivity	 in	 potential	 organ	 donors	 should	 therefore	 not
preclude	 these	 individuals	 from	 being	 referred	 and	 considered	 for	 organ
donation.92

Seropositivity	 for	HIV	no	 longer	 constitutes	 an	 absolute	 contraindication	 to
organ	 donation	 in	 the	 United	 States,	 as	 the	 federal	 ban	 on	 transplantation	 of
organs	from	HIV-positive	individuals	was	lifted	in	2013.	Initial	results	of	HIV-
positive	deceased	donor	to	HIV-positive	recipient	kidney	transplants	obtained	in
a	prospective	study	are	extremely	encouraging.93

Organs	from	donors	that	fulfill	the	Public	Health	Service’s	behavioral	criteria
for	being	at	increased	risk	for	having	acquired	HBV,	HCV,	or	HIV	infection	are
frequently	 transplanted	 following	 careful	 case-by-case	 consideration	 and	 after
obtaining	 specific	 recipient	 consent.94	 Decision-making	 by	 the	 OPOs	 and
transplant	 centers	 regarding	 the	 use	 of	 organs	 from	 these	 high-risk	 donors	 has
been	greatly	facilitated	by	the	now	routine	use	of	nucleic	acid	testing	for	those
viral	pathogens.86

Potential	 donors	 that	 test	 positive	 for	 the	 HBV	 surface	 antigen,	 the	 HBe
antigen,	 or	 for	 HBV-DNA	 are	 usually	 precluded	 from	 donating.	 Serologic
positivity	for	the	hepatitis	B	core	antigen	antibody,	however,	does	not	constitute
an	absolute	contraindication	to	proceed	with	donation.95	Acceptable	organs	from
donors	with	serologic	evidence	of	HBV	are	usually	transplanted	into	recipients
that	have	demonstrated	immunity	against	HBV	(ie,	HBsAb	positivity).95	Selected
recipients	 may	 also	 receive	 HBV	 immunoglobulin	 or	 an	 antiviral	 agent	 (eg,
entecavir)	 or	 both,	 beginning	 at	 the	 time	 of	 transplant.95	 Ideally,	 however,	 all
potential	 organ	 transplant	 recipients	 should	 have	 received	 HBV	 immunization
prior	to	their	pretransplant	evaluation.

The	 use	 of	 HCV-seropositive	 donors	 for	 selected	 recipients	 has	 become



routine.96	 For	 adequate	 identification	 and	 characterization	 of	 HCV-positive
donors,	OPOs	routinely	perform	HCV	antibody	testing	and	nucleic	acid	testing
for	HCV-RNA.	Livers	and	kidneys	from	HCV-positive	donors	do	not	convey	a
worse	outcome	than	HCV-negative	grafts	when	transplanted	into	selected	HCV-
negative	and	HCV-positive	recipients.96	The	final	decision	regarding	 the	use	of
an	HCV	 serology–positive	 donor	must	 be	made	 on	 an	 individual	 basis	 by	 the
transplanting	surgeon.	Factors	that	are	considered	in	such	circumstances	include
the	 likelihood	 of	 disease	 transmission,	 the	 recipient’s	 current	 medical	 and
serologic	 status,	 life	 expectancy	 without	 receiving	 a	 transplant,	 and	 the
availability	of	modern,	highly	effective	drugs	 for	 the	 treatment	and	eradication
of	HCV.96

CMV	 can	 also	 be	 transmitted	 by	 donor	 tissue,	 particularly	 to	 CMV-
seronegative	 patients.	 Effective	 prophylaxis	 against,	 and	 treatment	 of,	 CMV
disease	 has	 become	 routine	 because	 of	 the	 availability	 of	 highly	 effective
antiviral	agents	such	as	ganciclovir	and	valganciclovir.	Positive	CMV	serologies
do	therefore	not	preclude	organ	donation	but	have	been	used	to	identify	high-risk
donor-recipient	combinations	(ie,	CMV-seropositive	donor	to	CMV-seronegative
recipient)	where	enhanced	prophylaxis	 should	be	used	and	careful	 surveillance
for	CMV	disease	is	important.

However,	organ	donation	is	contraindicated	when	potential	donors	exhibit	or
develop	active	bacterial	or	fungal	sepsis	that	is	unresponsive	to	adequate	source
control	and	antibiotic	therapy.	Similarly,	active	tuberculosis	is	a	contraindication
to	organ	donation.	Absolute	contraindications	to	donation	also	include	evidence
of	 significant	 acute	 viral	 infections	 (eg,	 viral	 encephalitis,	 systemic	 herpes
simplex	virus	 infections,	acute	viral	HAV,	HBV,	or	HCV).	For	similar	 reasons,
donation	should	not	proceed	for	patients	who	do	not	have	a	definitive	etiology
for	their	febrile	illness,	encephalitis,	meningitis,	or	flaccid	paralysis.

Transmission	of	Malignancy
The	risk	for	transmission	of	a	donor	malignancy	to	a	solid-organ	recipient	is	low
overall.97	 In	 that	 regard,	 appropriate	 selection	 of	 donors	with	 a	 current	 or	 past
history	of	cancer	is	paramount.18,97	If	a	potential	donor	has	had	successful	cancer
treatment	in	the	past,	the	transplant	surgeon	must	weigh	the	primary	tumor	(and
its	 tumor-specific	 recurrence	 risk)	 and	 the	 potential	 risk	 of	 transmitting
micrometastases	against	discarding	a	potentially	lifesaving	organ.18,97	In	general,
patients	with	a	history	of	malignancy	with	little	propensity	to	recur	after	therapy
(eg,	 small,	 noninvasive	 lesions	 treated	 by	 complete	 surgical	 excision)	 are
considered	as	organ	donors,	particularly	if	they	have	remained	without	evidence



of	 recurrence	 for	more	 than	 5	 years.	 Patients	who	 have	 experienced	 cancer	 in
which	 a	 substantial	 risk	 of	 late	 recurrence	 exists	 (eg,	 breast	 cancer,	malignant
melanoma,	 lung	cancer),	 particularly	 if	 a	 large	 lesion	was	 initially	present	 and
chemotherapy	 or	 radiation	 therapy	 was	 used,	 should	 not	 be	 considered	 for
donation.	Similarly,	patients	with	a	history	of	leukemia	or	lymphoma	should	not
be	considered	as	donors.

Individuals	 with	 low-grade	 skin	malignancies	 such	 as	 basal	 cell	 carcinoma
and	most	squamous	cell	carcinomas,	and	with	an	in	situ	carcinoma	of	the	uterine
cervix	are	routinely	used	as	donors.18,97

Patients	with	tumors	of	the	CNS	can	be	considered	for	donation	on	a	case-by-
case	basis.18,97,98	It	is	important	to	ensure	that	a	CNS	tumor	does	not	represent	a
focus	of	metastatic	disease	from	an	extracerebral	primary	site.	Metastases	from
choriocarcinomas,	 bronchial	 or	 renal	 malignancies,	 and	 malignant	 melanomas
may	present	as	what	appears	 to	be	a	primary	brain	 tumor	or	may	bleed	and	be
mistaken	for	an	intracranial	hemorrhage.18,97,98	Previous	treatment	of	a	neoplasm,
menstrual	 irregularities	 after	 a	 pregnancy	 or	 a	 spontaneous	 abortion	 among
women	 of	 childbearing	 age	 (suggestive	 of	 a	 choriocarcinoma),	 or	 evidence	 of
suspicious	 lesions	 at	 other	 sites	 in	 the	 patient	 with	 a	 purported	 primary	 CNS
malignancy	should	preclude	organ	donation.	Donors	with	primary	CNS	tumors
should	 not	 be	 used	 if	 they	 have	 undergone	 radiotherapy,	 chemotherapy,
ventriculoperitoneal	or	ventriculoatrial	shunting,	or	craniotomies,	because	these
treatments	either	are	associated	with	high-grade	malignancies	or	create	potential
pathways	for	the	systemic	dissemination	of	tumor	cells.18,97,98

Patients	with	low-grade	CNS	tumors	(grades	I	to	II)	should	be	considered	as
acceptable	 donors	 as	 long	 as	 they	 were	 not	 subjected	 to	 any	 of	 the
aforementioned	interventions.18,97,98	Those	with	a	high-grade	(grades	III	and	IV)
CNS	malignancy	and/or	one	of	the	aforementioned	interventions	are	at	a	higher
risk	 for	 malignancy	 transmission.	 In	 those	 cases,	 the	 transplant	 surgeon	 must
therefore	carefully	assess	the	risk	of	malignancy	transmission	vs	the	risk	to	the
potential	recipient	of	not	receiving	the	organ.18,97,98

Required	Request	for	Organ	Donation	and	Consent
After	the	OPO	determines	the	suitability	of	a	potential	donor,	the	next	important
steps	are	 the	brain	death	examination	(in	patients	considered	for	donation	after
brain	 death)	 and	 the	 legally	 required	 request	 for	 organ	 donation	 (Table	 55.6).
Those	 steps	 should	 not	 involve	 any	 of	 the	 physicians	 associated	 with	 the
transplantation	 team,	 as	 this	would	 represent	 a	potential	 conflict	of	 interest.	 In
1987,	 federal	 required	 request	 legislation	 became	 effective	 and	 has	 since	 been



adopted	by	every	 state	 in	 the	United	States.	This	 requirement	has	been	 further
strengthened	 by	 the	 CMS’s	 1998	 Conditions	 of	 Participation	 (vide	 supra).76
Required	 request	 laws	 mandate	 that	 the	 family	 of	 a	 potential	 organ	 donor	 be
offered	the	option	of	organ	donation.	The	hospital	must	notify	the	local	OPO	of
the	presence	of	a	potential	organ	donor.	Several	studies	have	shown	that	consent
rates	 are	 highest	 when	 an	 OPO	 coordinator—rather	 than	 a	 member	 of	 the
patient’s	ICU	team	such	as	a	physician	or	a	nurse—approaches	the	family	about
organ	donation.11-14

Brain-Dead	Donors
For	brain-dead	donors,	 it	 is	of	utmost	 importance	 to	ensure	 that	 (1)	 the	 family
understands	 and	 accepts	 the	 concept	 of	 brain	 death,	 including	 its	 legal	 and
medical	equivalence	with	death;	(2)	the	request	for	organ	donation	not	be	made
at	the	same	time	that	brain	death	is	explained	(unless	the	family	voiced	the	wish
to	consider	donation	earlier	during	the	hospitalization);	and	(3)	the	approach	and
request	be	made	by	an	OPO	representative	(rather	than	a	member	of	the	potential
donor’s	 care	 team).	 Sufficient	 time	must	 be	 given	 to	 the	 next	 of	 kin	 to	 begin
coping	with	this	information	and	to	accept	the	loss	of	the	family	member.	Only
then,	 in	 clear	 temporal	 separation	 from	 the	 explanation	 of	 death,	 should	 the
subject	of	organ	donation	be	broached,	and	an	appropriate	request	be	made.11,13,14
Also,	 the	 family	 must	 be	 informed	 that,	 after	 declaration	 of	 brain	 death	 and
consenting	to	organ	donation,	all	hospital	costs	relating	to	donation	will	be	paid
by	the	OPO.

DCD	Donors
Families	of	patients	with	severe,	irreversible	brain	injuries	who	do	not	fulfill	the
formal	 criteria	 of	 brain	 death	might	 decide	 to	 forgo	 any	 further	 life-sustaining
treatment.	 Only	 then	 can	 the	 subject	 of	 organ	 donation	 be	 broached	 with	 the
family.	As	discussed	earlier,	it	is	paramount	that	the	approach	to	the	family	and
the	request	for	organ	donation	be	made	by	an	OPO	representative.11,13,14,26,27,99,100

Consent
For	 those	 individuals	 that	 have	 not	 expressed	 in	 a	 legally	 binding	 form	 their
desire	 to	 become	 an	 organ	 donor	 (“first-person	 authorization”),	 the	 Uniform
Anatomical	Gift	Act	of	1968	specifies	 the	 legal	next-of-kin	priority	 for	donors
over	age	18	years	in	the	following	order:	(1)	spouse,	(2)	adult	son	or	daughter,



(3)	either	parent,	 (4)	adult	brother	or	sister,	and	 (5)	 legal	guardian.71	 Similarly,
the	order	of	priority	for	donors	under	age	18	years	is	as	follows:	(1)	both	parents,
(2)	one	parent	(if	both	parents	are	not	available	and	no	wishes	to	the	contrary	of
the	absent	parent	are	known),	(3)	the	custodial	parent	(if	the	parents	are	divorced
or	 legally	separated),	and	(4)	 the	 legal	guardian	(if	 there	are	no	parents).71	The
Revised	Anatomical	Gift	Act	of	2006	provides	stipulations	that	bar	others	from
overriding	a	donor’s	first-person	authorization	and	empowers	minors	that	apply
for	 a	 driver’s	 license	 to	 become	donors	 (vide	 supra).71,100	 First-person	 advance
authorization	may	be	provided	by	signing	up	with	the	national	or	one	of	the	state
donor	registries	(which	is	now	possible	online	in	all	50	States),	notation	on	the
driver’s	 license,	 a	 donor	 card,	 or	 documentation	 of	 preferences	 (1)	 with	 a
primary	care	provider,	 (2)	 in	a	durable	power	of	attorney,	or	 (3)	 in	an	advance
directive.101	 In	 part	 as	 a	 result	 of	 these	 now	 available	 options,	 an	 increasing
proportion	 of	 patients	 will	 have	 previously	 expressed	 preference	 for	 organ
donation	(ie,	will	have	provided	first-person	authorization).	In	2021	for	instance,
56%	of	 all	 solid-organ	donors	 in	 the	US	had	provided	 authorization	 through	a
consent	 previously	 registered	 with	 a	 donor	 registry	 (first-person
authorization).101	 Critical	 care	 professionals	 must	 be	 aware	 that	 occasionally
conflicts	may	arise	from	discrepancies	between	a	donor’s	wishes	expressed	in	a
first-person	 authorization	 and	 the	 views	 of	 their	 family	 members	 or	 other
surrogates.	 These	 sensitive	 situations	 require	 resolution	 through	 collaboration
involving	OPO	representatives,	ICU	physicians,	hospital	representatives,	and	the
patient’s	surrogates.

PERIOPERATIVE	CRITICAL	CARE	OF	THE
BRAIN-DEAD	ORGAN	DONOR
2 	 3 	There	is	an	overall	lack	of	randomized,	controlled	studies	that	could	lead	to	a
more	evidence-based	approach	to	 the	care	of	 these	patients.20	The	 levels	of	 the
evidence	provided	by	these	studies	are	generally	low,	and	the	published	studies’
findings,	 at	 times,	 contradict	 each	 other.20	 It	 is	 therefore	 important	 to
acknowledge	 that	 some	 of	 the	 following	 recommendations	 may	 undergo
substantial	revision	as	additional,	new	evidence	may	emerge	in	the	future	(Table
55.7).

TABLE	55.7



2 	3 	Management	of	the	Deceased	Organ	Donor:	Selected
Evidence	Published	1993–2021a

Study
Design Study Outcome No.	of

Cases Reference

Effect	of	Medical	(Primarily	Nonpharmacologic)	Interventions	and	of	Donor
Management	Protocols

Case-control
study

Effect	of	critical
donor	pathway
(including	hormonal
resuscitation	protocol
component)

Significant
increase	of
organs
procured,
organ	quality
unchanged

270 Rosendale	et
al19

Case-control
study

Impact	of	hospital-
based	OPO
coordinators	on
conversion	rates

Higher	donor
conversion	rate
in	hospitals
with	hospital-
based	OPO
coordinators

NA Shafer	et	al

Prospective
case	series
with
historical
controls

Impact	of	aggressive
lung	management
strategies	(incl.
recruitment
maneuvers,	fluid
restriction,	diuresis,
aspiration	precautions)
on	lung	recovery	rates
and	transplant
outcomes

Significant
increase	of
lungs
recovered
without
adverse	effect
on	transplant
outcomes

711 Angel	et	al

RCT Effect	of
multipronged	lung-
protective	strategy
(incl.	low	tidal
volume,	higher	PEEP)
vs	conventional

Lung-
protective
strategy	nearly
doubled	the
lung	recovery
rate

118 Mascia	et	al



strategy	on	lung
recovery	rate

RCT Impact	of	mild
hypothermia	(target:
34-35	°C)	in	stable,
low-risk	brain-dead
kidney	donors	on	early
posttransplant	graft
function

Significant
DGF	reduction
in	kidney
grafts	from
hypothermic
donors,	but	no
clinically
significant
effect	on
kidney	graft
survival

370 Niemann	et
al104

Effect	of	Interventions	in	Donors—Single	Pharmacologic	Agents

Dopamine

RCT Effect	of	continuous
low-dose	dopamine
infusion	(4	µg/kg/min)
in	stable	kidney	donors
with	normal	renal
function	on	early
posttransplant
outcomes

Decreased
DGF	(also,
greater	DGF
decreases	with
longer
dopamine
infusion
times);	no
effect	on
rejection	and
short-term
kidney	graft
survival

264 Schnuelle	et
al105

Steroids—Kidney	and	Liver

RCT Effect	of	one	single
high-dose	steroid
bolus	vs	placebo	>3	h
prerecovery	in	kidney
donors	on	early	and
late	posttransplant

No	effect	on
posttransplant
early	kidney
graft	function
and	long-term
outcomes

306 Reindl-
Schwaighofer
et	al106



outcomes

RCT Effect	of	one	single
high-dose	steroid
bolus	vs	placebo	>3	h
prerecovery	in	liver
donors	on	early
posttransplant
outcomes

No	effect	on
early	outcomes
(graft	function,
rejection)	after
liver
transplantation

83 Amatschek	et
al107

Steroids—Lung

Case-control
study

High-dose	steroids
and	aggressive
management	of
marginal	donors
deemed	initially
unsuitable	for	lung
donation

Successful
conversion	of
initially
unsuitable
lung	donors
yielded	no
survival
differences	for
lung	grafts
from	marginal
vs	standard
donors

194 Straznicka	et
al108

RCT Effect	of	intensive
lung	donor
management
protocol	+	(steroids	or
T3	or	[steroids	+	T3]
or	placebo)	on
prerecovery	lung
quality	and	lung	yield

No	effect	of
single-agent
pharmacologic
prerecovery
interventions
on	lung	yield;
significantly
less
extravascular
lung	water
accumulation
in	groups	that
received
steroids

60 Venkateswaran
et	al22

Desmopressin	and	Vasopressin



Retrospective
cohort	study

Effect	of	use	of
various	individual
drugs	on	organ	yield
(UNOS	donor
database)

Desmopressin
or	steroid	use
(but	not	T4)
associated
with	higher
organ	yield

15,601 Selck	et	al

Retrospective
cohort	study

Effect	of	prerecovery
desmopressin	use	on
pancreas	graft
thrombosis	rates
(UNOS	recipient
database)

Desmopressin
use	associated
with	higher
pancreas	graft
thrombosis
rates

2804 Marques	et	al

RCT Effect	of	low-dose
vasopressin	vs	saline
on	donor
hemodynamics	and
inotrope	use

Higher	arterial
blood	pressure
and	decreased
inotrope	use	in
donors
receiving
vasopressin

24 Pennefather	et
al110

Thyroid	Hormone

Retrospective
cohort	study

Effect	of	T3	or	T4
administration	on
donor	organ	yield
(UNOS	donor	database
analysis;	37%	of	cases
excluded	due	to
incomplete	data)

T3	or	T4	use
associated
with	higher
(+15%)	organ
yield	(except
for	livers),	but
no	apparent
adverse	T3
and	T4	effect
on
posttransplant
outcomes

63,593 Novitzky	et
al111

RCT Effect	of	T3	infusion
(limited	to	the	duration
of	the	organ

No	differences
for
posttransplant

25 Randell	and
Höckerstedt



procurement
operation)	vs	no	T3

liver	graft
function

RCT Effect	of	T3	infusion
(within	<5	h	of	organ
recovery)	vs	none	on
donor	hemodynamics
and	adenine	nucleotide
concentration
measured	in	graft
biopsy	tissue

No	differences
in	donor
hemodynamics
and	graft
adenine
nucleotide
levels

52 Perez-Blanco
et	al113

Effect	of	Interventions	in	Donors—Combination	Hormonal	Replacement
Therapy

Retrospective
cohort	study

Effect	of	T3	+
steroids	+	insulin	on
need	for	inotropic
support	and	organ
yield	in	unstable
donors

Hormonal
treatment
associated
with	improved
hemodynamics
in	unstable
donors	but
similar	organ
yield	as
compared	to
stable	donors

47 Roels	et	al

Case-control
study

Impact	of	(T3	or
thyroxine)	+
steroids	+	vasopressin
vs	none	on	organ	yield

Hormonal
replacement
therapy
associated
with	increased
yield	of
kidneys,	livers,
pancreata,
hearts,	and
lungs

270 Rosendale	et
al19

RCT Effect	of	intensive
lung	donor
management	protocol

No	effect	of
steroids	+	T3
on	donor	lung

60 Venkateswaran
et	al22



and	(steroids	or	T3	or
[steroids	+	T3]	or
placebo)	on	lung
quality	and	yield

quality	and
yield

RCT Effect	of	T3	vs
steroids	vs	(T3	+
steroids)	vs	placebo
on	donor	cardiac
function	and	heart
yield

T3	and
steroids	(alone
and	in
combination)
did	not	affect
donor
cardiovascular
function	or
heart	yield

80 Venkateswaran
et	al115

aStudies’	level	of	evidence	(high	to	low):	RCT(s);	nonrandomized	controlled	cohort	studies;
retrospective	cohort	studies,	case-control	studies	(incl.	historical	controls),	case-series.
DGF,	delayed	kidney	graft	function;	NA,	not	applicable;	OPO,	organ	procurement	organization;
RCT,	randomized	controlled	trial;	T3,	triiodothyronine;	T4,	thyroxine;	UNOS,	United	Network	for
Organ	Sharing.

From	Levels	of	evidence	that	apply	to	this	table	based	on	current	guidelines	published	by	the
Oxford	Centre	for	Evidence-Based	Medicine	(www.cebm.net)	(highest	to	lowest):	Level	2:	RCT(s);
Level	3:	nonrandomized	controlled	cohort	studies;	Level	4:	retrospective	cohort	studies,	case–
control	studies	(incl.	historical	controls),	case-series.

Pathophysiology	of	Brain	Death
The	majority	 of	 our	 knowledge	 of	 the	 pathophysiological	 changes	 during	 and
after	 brain	 death	 has	 been	 derived	 from	 experiments	 performed	 using	 animal
models.	 Hemodynamic	 instability	 during	 the	 phase	 of	 impending	 brain
herniation	is	the	result	of	autonomic	dysregulation	secondary	to	the	progressive
loss	 of	 central	 neurohumoral	 regulatory	 control	 of	 vital	 functions.	 The
continuous	increase	of	intracranial	pressure	with	worsening	brain	ischemia	leads
to	severe	systemic	hypertension	(Cushing	response)	and	frequently	is	associated
with	 tachyarrhythmias.	This	process	 is	mediated	by	an	 increase	 in	 sympathetic
activity	and	an	excess	of	circulating	catecholamines	(“autonomic	storm”).116-118	A
brief	 period	of	 transient	 bradycardia	 associated	with	 the	hypertensive	 response
can	be	seen	in	the	early	phase	of	brain	herniation	(Cushing	reflex).

During	 the	 phase	 of	 increased	 sympathetic	 activity,	 there	 is	 evidence	 that
coronary	 blood	 flow	 is	 significantly	 impaired,	 resulting	 in	 cardiac



microinfarctions.	 Furthermore,	 decreased	 hepatic	 perfusion	 due	 to	 increased
intrahepatic	 shunting	 has	 been	 demonstrated	 as	 a	 result	 of	 the	 excessive
sympathetic	activity.	Neurogenic	pulmonary	edema	is	thought	to	develop	during
the	autonomic	storm	phase	secondary	 to	 the	 temporary	elevation	of	pulmonary
venous	 pressures	 over	 the	 level	 of	 pulmonary	 arterial	 and	 alveolar	 capillary
pressures.	This	causes	massive	 transudation	of	 fluid	 from	 the	microvasculature
into	 the	 alveoli	 and	 hemorrhage.116-118	 Within	 approximately	 15	 minutes	 after
brain	 herniation	 and	 brain	 death,	 catecholamines	 decrease	 to	 below	 baseline
values.

The	 resting	 vagal	 tone	 is	 abolished	 because	 of	 destruction	 of	 the	 nucleus
ambiguus,	 eliminating	 all	 chronotropic	 effects	 of	 atropine	 administered	 after
brain	death.	The	total	carbon	dioxide	production	after	brain	death	is	low,	because
of	 the	 absence	 of	 cerebral	 metabolism	 and	 the	 presence	 of	 hypothermia	 and
decreased	muscle	tone.	The	subsequent	chronic	maintenance	phase	of	brain-dead
donors	 is	 frequently	 characterized	 by	 hypotension,	 resulting	 mainly	 from
complete	 arterial	 and	 venous	 vasomotor	 collapse	 with	 significant	 peripheral
venous	pooling.

Experimental	 and	 clinical	 evidence	 also	 shows	 that	 brain	 death	 leads	 to
activation	 of	 proinflammatory	 and	 immunoregulatory	 pathways.105,118-122
Messenger	ribonucleic	acid	and	protein	expression	within	peripheral	solid	organs
of	brain-dead	donors	is	significantly	increased	for	cytokines	(eg,	interleukin	1β,
interleukin	 6,	 tumor	 necrosis	 factor	 α,	 interferon	 γ,	 tumor	 growth	 factor	 β),
adhesion	 molecules	 (eg,	 selectin	 P	 and	 selectin	 E),	 and	 vasoconstrictors	 (eg,
endothelin).106,118-122	 Importantly,	 brain	 death	 has	 also	 been	 associated	 with
enhanced	 expression	 of	 immunoregulatory	 molecules	 such	 as	 major
histocompatibility	 complex	 class	 I	 and	 II	 proteins.	 Consistent	 with	 these
findings,	increased	immunogenicity	and	accelerated	rejection	were	noted	among
kidneys	and	hearts	transplanted	from	brain-dead	rodents.118,119

Routine	Care	and	Monitoring
Regular	 nursing	 care	must	 be	 continued	 after	 brain	 death.	 Frequent	 turning	 to
prevent	decubitus	ulcers,	skin	care,	dressing	changes,	urinary	and	 intravascular
catheter	care,	and	catheter	site	care	must	be	meticulous	to	minimize	the	risk	of
infection.	 Other	 indwelling	 devices	 should	 be	 removed,	 if	 possible	 (eg,
ventriculostomies	and	ventriculoatrial	or	ventriculoperitoneal	shunts,	which	may
have	 been	 inserted	 in	 certain	 patients	 for	 monitoring	 or	 treating	 of	 elevated
intracranial	 pressure).	 Any	 urinary	 and	 intravascular	 catheters	 that	 may	 have
been	inserted	under	suboptimal,	emergent	conditions	without	appropriate	aseptic



technique	at	 the	 time	of	original	 injury	 should	be	 replaced.	A	nasogastric	 tube
should	 always	 be	 inserted	 for	 gastric	 decompression	 and	 prevention	 of
aspiration.

Arterial	 lines	should	be	 inserted	preferentially	 into	peripheral	arteries	of	 the
upper	extremities	because	femoral	arterial	 line	readings	can	become	inaccurate
from	 surgical	manipulation	 of	 the	 abdominal	 aorta	 during	 organ	 procurement.
Similarly,	 central	 venous	 catheters	 should	 not	 be	 inserted	 through	 the	 femoral
vein	because	dissection	and	manipulation	of	the	interior	vena	cava	occur	during
organ	 procurement.	 In	 addition,	 venous	 catheters	 inserted	 through	 the	 femoral
vein	 can	 cause	 iliac	 vein	 thrombosis.	 This	 increases	 the	 risk	 of	 pulmonary
embolization,	 particularly	 during	 surgical	 venous	 dissection.	 Thrombosis	 can
also	 render	 the	 iliac	 veins	 unsuitable	 for	 use	 during	 vascular	 reconstruction,
which	 may	 be	 necessary	 for	 some	 types	 of	 abdominal	 or	 thoracic	 organ
transplants.

The	following	parameters	must	be	determined	routinely	and	frequently	for	all
organ	 donors	 using	 various	monitoring	 devices:	 core	 temperature	 (esophageal,
rectal,	or	indwelling	bladder	catheter	temperature	probes),	heart	rate	(continuous
electrocardiographic	 monitoring),	 systemic	 blood	 pressure	 (arterial	 catheter),
central	 venous	 blood	 pressure	 (subclavian	 or	 internal	 jugular	 central	 venous
catheter),	 arterial	 oxygen	 saturation	 (pulse	 oximetry),	 and	 hourly	 urine	 output
(Foley	catheter).	Use	of	pulmonary	artery	catheters	for	measurement	of	cardiac
output,	 cardiac	 index,	 pulmonary	 arterial	 and	 pulmonary	 arterial	 occlusion
(wedge)	pressure,	and	central	venous	oximetry	 is	not	routinely	necessary;	 their
use	 is	 typically	 reserved	 for	 selected	 unstable	 donors	 whose	 volume	 status	 is
uncertain	 or	 who	 exhibit	 persistent	 acidosis	 with	 evidence	 of	 tissue
hypoperfusion.	Laboratory	parameters	also	must	be	checked	regularly,	including
arterial	 blood	 gas,	 serum	 electrolytes,	 blood	 urea	 nitrogen,	 creatinine,	 lactate,
and	 liver	 enzyme	 values;	 total	 bilirubin;	 and	 hemoglobin,	 hematocrit,	 platelet
count,	and	coagulation	tests.	Testing	is	adapted	to	the	individual	clinical	situation
—for	example,	frequent	electrolyte	determinations	if	diabetes	insipidus	has	been
diagnosed,	 lactate	 monitoring	 in	 acidotic	 donors,	 and	 repeated	 coagulation
profiles	in	the	presence	of	disseminated	intravascular	coagulation.

If	infection	is	suspected,	blood,	urine,	sputum,	cerebrospinal	fluid,	and	wound
drainage	cultures	must	be	obtained.	Routine	surveillance	cultures	(usually	blood
and	urine	cultures)	may	be	required,	depending	on	the	protocol	of	the	local	OPO
and	 the	 organ	 type.	 Blood	 cultures	 should	 be	 obtained	 using	 fresh	 peripheral
venipunctures,	 rather	 than	 arterial	 or	 central	 venous	 catheters,	 to	 avoid
contamination.	Prophylactic	antibiotics	should	only	be	administered	immediately
before	 the	 organ	 recovery	 procedure.	 Any	 source	 of	 infection	 should	 be



identified,	 characterized	 from	 a	 microbiologic	 standpoint,	 and	 treated	 with
pathogen-specific	agents.

General	Management	Goals
2 	 3 	The	most	important	overall	goal	in	the	management	of	brain-dead	multiple-
organ	donors	 is	 to	optimize	organ	perfusion	and	 tissue	oxygen	delivery.	Organ
viability	and	function	after	transplantation	are	closely	correlated	with	adequacy
of	resuscitation	and	hemodynamic	stability	during	the	organ	donor	maintenance
phase.

The	events	associated	with	the	cause	of	brain	death	(eg,	hemorrhagic	shock,
cardiac	 arrest)	 can	 lead	 to	 significant	 physiologic	 abnormalities.	 Head	 injury
preceding	brain	death	is	known	to	induce	a	hypermetabolic	response,	equivalent
to	 that	 observed	 after	 a	 second-	 or	 third-degree	 burn	 involving	 approximately
40%	of	the	total	body	surface	area.	Significant	metabolic	stress	and	impairment
of	organ	perfusion	occur	during	brain	herniation,	and	both	events	are	related	to
excessive	catecholamine	 release.	Any	additional	circulatory	compromise	 in	 the
time	period	afterward	potentiates	the	deleterious	consequences	of	these	previous
adverse	events.	Posttransplant	organ	function	can	be	negatively	affected	by	such
episodes	of	cardiovascular	dysregulation,	particularly	in	such	ischemia-sensitive
organs	 as	 the	 heart	 and	 liver.	 For	 example,	 even	 with	 optimal	 heart	 donor
management,	 the	 recipient	 often	 needs	 inotropic	 support	 and	 may	 exhibit
subendocardial	myocyte	necrosis	on	biopsy	specimens	obtained	during	the	early
posttransplant	period.119	Anticipating	 these	changes	associated	with	brain	death
and	 providing	 optimal	management	 should	 they	 occur	 during	 the	 organ	 donor
maintenance	 phase,	 as	 well	 as	 optimizing	 organ	 function,	 are	 of	 utmost
importance.18,21

2 	Parameters	associated	with	adequate	tissue	perfusion	in	stable	donors	in	the
absence	of	lactic	acidosis	are	listed	in	Table	55.8.	They	include	a	mean	arterial
pressure	of	>60	and/or	a	systolic	blood	pressure	of	100	to	120	mm	Hg,	central
venous	pressure	of	6	to	8	mm	Hg,	oxygen	saturation	of	the	arterial	blood	>95%,
core	 temperature	 >35	 °C,	 and	 hemoglobin	 of	 8	 to	 10	 g/dL,18,19,21	 the	 latter
balancing	the	slightly	decreased	oxygen	transport	capacity	of	the	red	blood	cell
mass	 with	 the	 beneficial	 effects	 of	 low	 viscosity	 on	 blood	 flow.	 Maintaining
adequate	 hemoglobin	 concentration	 is	 also	 essential	 in	 preparation	 for	 organ
recovery,	 in	which	 hemodynamic	 stability	 throughout	 the	 operation	 is	 crucial,
especially	if	blood	loss	occurs.

Measurement	of	urine	output	alone	as	a	means	of	assessing	adequacy	of	fluid
resuscitation	 is	 notoriously	 unreliable	 in	 brain-dead	 donors.	 A	 mean	 arterial



pressure	 >60	mm	Hg	 and	 the	 absence	 of	 metabolic	 acidosis	 (with	 or	 without
infusion	of	a	small	amount	of	dopamine)	with	concurrent	adequate	urine	output
(at	least	1-2	mL/kg/h)	are	usually	better	indirect	indicators	of	donor	stability	and
sufficient	oxygen	delivery	 to	organs	and	 tissues	(Table	55.8).	 It	 is	 important	 to
remember,	however,	 that	 the	use	of	vasoconstrictor	or	 inotropic	agents	 is	not	a
substitute	 for	 adequate	 fluid	 resuscitation.	 Thus,	 proper	 fluid	 management
remains	the	cornerstone	of	successful	donor	management.

TABLE	55.8

2 	2 	3 	Maintenance	Therapy	End	points	for	Brain-Dead
Organ	Donors

Variable Therapeutic	End	point

Arterial	blood	pressure 100-120	mm	Hg	(systolic)	or	mean	arterial
pressure	>60	mm	Hg

Central	venous	pressure 6-8	mm	Hg

Urine	output >1	mL/kg/h

Core	temperature >35	°C

Partial	arterial	oxygen
pressure

80-100	mm	Hg

Systemic	arterial	oxygen
saturation

95%

pH 7.37-7.45

Hemoglobin 8-10	g/dL

The	 use	 of	 vasopressors	 should	 be	minimized	 if	 at	 all	 possible,	 because	 of
their	 splanchnic	 vasoconstrictive	 effects.	 Efforts	 to	 elevate	 blood	 pressure
beyond	the	normal	range	can	adversely	affect	outcomes	and	should	be	avoided.
High	 doses	 of	 vasopressors	 can	 cause	 arrhythmias	 and	 increase	 myocardial
oxygen	consumption,	and	pulmonary	edema	after	excessive	fluid	administration
can	 render	 lungs	 unsuitable	 for	 transplantation.	After	 the	 lung,	 the	 pancreas	 is



the	organ	most	prone	to	tissue	edema.	Normal	central	venous	pressure	and	PEEP
help	maintain	an	adequate	perfusion	gradient	across	the	hepatic	microcirculatory
bed	 (ie,	 that	 between	 the	 portal	 vein	 and	 hepatic	 artery	 on	 one	 side	 and	 the
inferior	vena	cava	and	right	atrium	on	the	other).

Selective	 use	 of	 pulmonary	 artery	 catheterization	 must	 be	 considered	 for
donors	 who	 do	 not	 respond	 to	 routine	 management	 and	 continue	 to	 exhibit
hypotension	 or	 persistent	 lactic	 acidosis	 after	 adequate	 volume	 loading,
particularly	 in	 those	 in	 whom	 this	 occurs	 despite	 use	 of	 moderate	 doses	 of
dopamine.	 Determining	 pulmonary	 artery	 and	 pulmonary	 artery	 occlusion
pressures,	cardiac	output	and	 index,	pulmonary	and	systemic	vascular	 resistive
indices,	 oxygen	 availability	 and	 consumption,	 and	 other	 parameters	 helps	 to
differentiate	 the	 cause	 of	 instability.	 In	 selected	 patients,	 echocardiographic
assessment	of	the	left	ventricular	ejection	fraction	may	prove	useful.	Appropriate
therapy	 can	 then	 be	 administered	 (eg,	 fluid	 balance	 correction	 or	 PEEP
adjustments,	additional	 inotropic	support,	preload	or	afterload	reduction).	Once
the	hemodynamic	instability	has	resolved,	pulmonary	artery	catheters	should	be
removed	 to	 eliminate	 the	 inherent	 risks	 of	 infection,	 induction	 of	 arrhythmias,
and	mechanical	endomyocardial	damage.

Cardiovascular	Support
3 	 Hypotension	 is	 the	most	 common	 hemodynamic	 abnormality	 seen	 in	 brain-
dead	organ	donors.	The	usual	cause	is	hypovolemia,	because	of	a	combination	of
vasomotor	 collapse	 after	 brain	 death	 and	 the	 effects	 of	 treatment	 protocols	 to
decrease	intracranial	pressure,	both	of	which	require	minimization	of	hydration
and	 use	 of	 osmotic	 diuretics	 (Tables	 55.9	 and	 55.10).	 After	 brain	 death	 is
declared,	adequate	volume	resuscitation	of	the	donor	can	require	several	liters	of
fluid.	Until	a	euvolemic	state	is	achieved,	dopamine	(greater	than	3	µg/kg/min)
can	 be	 used	 temporarily;	 the	 dose	 should	 be	 titrated	 to	 maintain	 an	 adequate
systolic	 blood	 pressure.18	 Infusion	 rates	 greater	 than	 10	 µg/kg/min	 have	 been
associated	with	 increased	 rates	of	delayed	kidney	graft	 function	and	decreased
renal	allograft	survival.	High	 infusion	rates	also	 lead	 to	decreased	perfusion	of
other	organs	because	of	splanchnic	vasoconstriction.

TABLE	55.9

2 	Differential	Diagnosis	of	Hypotension	in	the	Brain-Dead



Organ	Donor

Diagnosis Common	Underlying	Cause(s)

Hypovolemia See	Table	55.10

Hypothermia Loss	of	central	temperature	control,	administration	of	room
temperature	intravenous	fluids	and	blood	products,	heat	loss
during	laparotomies	and	thoracotomies

Cardiac
dysfunction

Arrhythmia	(ischemia,	catecholamines,	hypokalemia,
hypomagnesemia)

Acidosis

Hypooxygenation

Excessive	positive	end-expiratory	ventilatory	pressure

Congestive	heart	failure	due	to	excessive	fluid	administration

Hypophosphatemia

Causes	related	to	the	injury	leading	to	brain	death	(cardiac
tamponade,	myocardial	contusion)

Myocardial	sequelae	of	autonomic	storm

Preexisting	cardiac	disease

Drug	side
effect	or
overdose

Long-acting	β-blockers,	calcium	channel	antagonists,
antihypertensive	agents

Hypocalcemia Transfusions,	hypomagnesemia	(eg,	secondary	to	osmotic
diuresis),	acute	renal	failure

TABLE	55.10

2 	Differential	Diagnosis	of	Hypovolemia	in	the	Brain-Dead
Organ	Donor



Arterial	and	venous	vasomotor	collapse	due	to	loss	of	central	neurohumoral
control

Dehydration	(fluid	restriction	to	treat	head	injury)

Insufficient	resuscitation	after	the	injury	leading	to	brain	death	(eg,	ongoing
hemorrhagic	shock	with	coagulopathy	after	trauma)

Polyuria

Osmotic	diuresis	(mannitol,	hyperglycemia)

Diabetes	insipidus

Hypothermia

Administration	of	other	diuretics

Massive	third	spacing	in	response	to	the	original	injury

Decreased	intravascular	oncotic	pressure	after	excessive	resuscitation	with
crystalloid	fluids

Low-dose	 arginine	 vasopressin	 should	 be	 considered	 as	 a	 first-line
vasopressor	 agent	 if	 hemodynamic	 instability	 persists	 after	 fluid	 resuscitation
and	adequate	volume	loading.	It	enhances	vascular	sensitivity	to	catecholamines
and	 causes	 vasoconstriction	 through	 multiple	 effector	 pathways;	 it	 may	 thus
allow	minimizing	catecholamine	dose	and	side	effects.110,114,123	Effective	arginine
vasopressin	doses	for	improving	hemodynamic	stability	range	from	0.01	to	0.07
IU/min	 (starting	 dose:	 0.01-0.04	 IU/min)	 given	 as	 continuous	 IV
infusion.18,110,124,125	Higher	doses	 (up	 to	0.07	 IU/min)	may	be	 tried	with	caution
given	the	drug’s	coronary	and	splanchnic	vasoconstrictive	side	effects.18,124	The
use	of	arginine	vasopressin	for	brain-dead	organ	donors	has	been	associated	with
improvement	of	cardiac	performance	and	increased	rates	of	organ	recovery.123

Drugs	with	 α-adrenergic	 agonist	 effects	 such	 as	 phenylephrine	 (IV	 infusion
0.15-0.75	 µg/kg/min)	 and	 norepinephrine	 (IV	 infusion	 up	 to	 0.05	 µg/kg/min)
should	 be	 added	 if	 vasodilation-related	 hypotension	 persists	 in	 the	 face	 of
euvolemia	 and	 titration	 of	 vasopressin	 to	 the	 maximal	 rate.	 Alternatively,
infusion	 of	 dopamine	 up	 to	 15	 µg/kg/min	 may	 be	 considered.	 Use	 of
isoproterenol	and	dobutamine	should	be	avoided	in	this	context	because	of	their
vasodilatory	effects.

α-Adrenergic	 agonists	 can	 cause	 severe	 peripheral	 vasoconstriction,	 reduce



renal	 and	 hepatic	 perfusion,	 and	 may	 predispose	 to	 increased	 pulmonary
capillary	 permeability.	 For	 these	 reasons,	 they	must	 be	 used	 judiciously.	Once
these	 drugs	 are	 used,	 the	 need	 for	 their	 continued	 use	 must	 be	 frequently
reassessed.18,21	For	the	majority	(>80%)	of	donors,	adequate	hemodynamic	goals
can	be	achieved	with	volume	resuscitation	and	low	to	moderate	doses	of	a	single
vasopressor	agent	(preferably	vasopressin).

In	 one	 randomized	 trial,	 administration	 of	 low-dose	 dopamine	 infusion	 to
brain-dead	 patients	 at	 a	 fixed	 infusion	 rate	 (4	 µg/kg/min)	 exerted	 a	 beneficial
impact	 on	 early	 posttransplant	 kidney	 graft	 function	 and	 graft	 survival.105
Various	potential	mechanisms	have	been	invoked	to	explain	these	observations,
including	 favorable	 modulatory	 effects	 on	 ischemia-reperfusion	 and	 on
upregulation	 of	 adhesion	 molecules	 that	 results	 from	 the	 inflammatory	 state
induced	by	brain	death.105

When	 attempting	 to	 determine	 the	 etiology	 of	 hypotension	 for	 an	 organ
donor,	underlying	cardiac	disease	(eg,	coronary	artery	disease,	valve	defects)	and
factors	 related	 to	 the	 cause	 of	 brain	 death	 (eg,	 myocardial	 infarction,	 cardiac
tamponade,	 or	 myocardial	 contusion)	 must	 be	 included	 in	 the	 differential
diagnosis.	 Electrolyte	 abnormalities	 such	 as	 hypophosphatemia,	 hypocalcemia,
hypokalemia,	 and	 hypomagnesemia	 are	 common	 in	 brain-dead	 organ	 donors.
The	 presence	 of	 these	 entities	 must	 also	 be	 considered	 when	 hemodynamic
instability	is	encountered,	and	frequent	testing	and	correction	of	these	significant
electrolyte	imbalances	are	important.	Hypophosphatemia	and	hypocalcemia	can
decrease	myocardial	contractility	and	provoke	hypotension126;	hypokalemia	and
hypomagnesemia	can	also	impair	hemodynamics	by	causing	arrhythmias.

For	 the	 treatment	 of	 arrhythmias	 or	 hypertension,	medications	 that	 possess
rapid	 reversibility	 and	 a	 short	 half-life	 are	 preferred.	Hemodynamic	 instability
can	be	pronounced	after	brain	death,	with	wide	swings	between	the	extremes	of
hypotension	and	hypertension,	rendering	the	brain-dead	donor	more	susceptible
to	 cardiovascular	 drug	 effects.	 Hypertension	 can	 be	 treated	 with	 short-acting
vasodilatory	 agents	 (eg,	 nitroprusside)	 or	 a	 rapidly	 reversible	 β-adrenergic
antagonist	 (eg,	 esmolol	 hydrochloride),	 because	 hypertension	 is	 usually
associated	 with	 increased	 circulating	 catecholamines.	 Other	 drugs,	 such	 as
calcium	 channel	 blockers	 (eg,	 verapamil)	 or	 longer-acting	 β-blockers	 (eg,
labetalol,	 propranolol),	 should	 be	 avoided	 because	 of	 their	 negative	 inotropic
effects	 and	 the	 inability	 to	 titrate	 them	 precisely.	Bradyarrhythmias	 during	 the
early	 phase	 of	 brain	 herniation	 are	 part	 of	 Cushing	 reflex	 and	 do	 not	 usually
require	any	treatment,	unless	they	are	associated	with	hypotension	and	asystole.
Because	of	the	lack	of	chronotropic	effects	by	atropine	after	brain	death,	use	of
either	 isoproterenol	 or	 epinephrine	 is	 required	 to	 treat	 hemodynamically



significant	bradyarrhythmias.
Tachyarrhythmias	 are	 associated	 with	 the	 increased	 catecholamine	 release

that	 occurs	 during	 and	 immediately	 after	 brain	 herniation.	 Administration	 of
short-acting	 β-blockers	 (eg,	 esmolol	 hydrochloride)	 serves	 not	 only	 to	 treat
arrhythmias	but	also	 to	mitigate	hypertension	during	 the	autonomic	storm.	Use
of	 additional	 short-acting	 IV	 antiarrhythmics	 (eg,	 lidocaine)	 may	 become
necessary	 if	 tachyarrhythmias	 do	 not	 resolve	 after	 β-blocker	 therapy.	 Calcium
channel	 blockers	 (eg,	 verapamil)	 must	 be	 avoided	 under	 these	 circumstances
because	of	their	negative	inotropic	effects.	Cardiac	glycosides	(eg,	digoxin)	also
should	not	be	used	because	they	can	induce	and	potentiate	bradyarrhythmias	and
tachyarrhythmias,	and	they	also	have	splanchnic	vasoconstrictive	side	effects.

Cardiac	arrest	can	occur	 in	up	 to	25%	of	all	donors	during	 the	maintenance
phase	 after	 brain	 death	 and	 should	 be	 treated	 by	 routine	 measures,	 with	 the
exception	that	isoproterenol	or	epinephrine	must	be	substituted	for	atropine.82,83
If	 these	 measures	 fail	 to	 result	 in	 the	 return	 of	 a	 cardiac	 rhythm,	 external
(transcutaneous)	 pacing	may	 be	 considered.	However,	 the	 efficacy	 of	 external
pacing	 for	 asystole	 associated	 with	 brain	 death	 is	 unknown.	 No	 intracardiac
injections	 should	 be	 given	 during	 cardiopulmonary	 resuscitation	 because	 they
can	render	the	heart	unsuitable	for	transplantation.

Respiratory	and	Acid-Base	Maintenance
2 	 3 	Use	of	endotracheal	suctioning	is	usually	minimized	during	the	treatment	of
cerebral	 edema	 to	 avoid	 any	 unnecessary	 stimulation	 that	 would	 increase
intracranial	 pressure.	 In	 contrast,	 after	 brain	 death	 is	 declared,	 vigorous
tracheobronchial	 toilet	 is	 important,	 with	 frequent	 suctioning	 using	 sterile
precautions.	Percussion	and	turning	for	postural	drainage	are	instituted	as	well.
Even	if	the	lungs	are	unsuitable	for	donation,	it	is	important	to	minimize	the	risk
of	 atelectasis	 and	 infection.	 Preventing	 atelectasis	 facilitates	 oxygenation	 and
may	obviate	the	need	for	detrimental	high	levels	of	PEEP.	Steroids	administered
to	 some	 patients	 as	 part	 of	 the	 treatment	 for	 increased	 intracranial	 pressure
predispose	 to	pulmonary	 infectious	 complications.	The	presence	of	pneumonia
can	 preclude	 donation	 of	 the	 lungs	 as	 well	 as	 other	 organs,	 depending	 on	 its
severity	 and	 association	 with	 systemic	 sepsis.	 Routine	 respiratory	 care	 of	 all
donors	also	includes	the	use	of	5	cm	H2O	PEEP	to	increase	alveolar	recruitment
and	prevent	microatelectasis.18,19

The	 etiology	of	 pulmonary	 edema	among	organ	donors	 can	be	 cardiogenic,
neurogenic,	 aspiration	 induced,	 a	 result	 of	 trauma	 or	 fluid	 overload,	 or	 a



combination	of	these	factors.	Neurogenic	pulmonary	edema	can	preclude	lung	or
combined	 heart-lung	 donation,	 but	 not	 donation	 of	 other	 organs	 (eg,	 heart,
kidney,	 liver,	 pancreas).	The	 treatment	 for	pulmonary	 edema	 is	 supportive	 and
should	 be	 directed	 at	maintaining	 adequate	 arterial	 oxygenation	without	 using
very	 high	 levels	 of	 PEEP.	 Fluids	 must	 be	 administered	 carefully	 to	 maintain
organ	perfusion	while	avoiding	exacerbation	of	the	edema.

For	potential	lung	donors,	the	endotracheal	tube	should	not	be	advanced	more
than	 several	 centimeters	 into	 the	 trachea,	 to	prevent	damage	 to	 areas	 that	may
become	 part	 of	 an	 anastomosis.	 A	 sample	 of	 sputum	 should	 be	 obtained	 for
Gram’s	stain	and	cultures	to	exclude	the	presence	of	infection.	The	samples	can
be	obtained	using	bronchoscopy,	 a	procedure	 that	 is	 often	 routinely	performed
before	lung	donation.

Traditionally,	tidal	volumes	of	10	to	12	mL/kg	and	relatively	low	PEEP	target
ranges	(3-5	cm	H2O)	have	been	recommended.	However,	there	is	now	evidence
that	lung-protective	ventilatory	strategies	that	have	become	standard	of	care	for
regular	ICU	patients—that	 is,	 tidal	volumes	of	6	to	8	mL/kg	and	PEEP	of	8	to
10	cm	H2O—are	also	beneficial	for	the	management	of	the	often-injured	lungs	of
brain-dead	 donors.18,21,127,128	 In	 a	 randomized	 trial,	 the	 number	 of	 transplanted
lungs	doubled	when	a	lung-protective	strategy	was	pursued.102	Aggressive	living
donor	 management	 protocols	 aimed	 at	 improving	 alveolar	 recruitment	 and
oxygenation	 have	 proven	 successful	 with	 high	 rates	 of	 conversion	 from
unacceptable	 to	 acceptable	 PaO2/FiO2	 ratios.102	 For	 potential	 lung	 donors,	 the
lowest	FiO2	 that	 is	 capable	of	maintaining	a	PaO2	 of	greater	 than	100	mm	Hg
should	 be	 selected.	 If	 oxygenation	 is	 insufficient,	 PEEP	 should	 be	 increased
rather	than	increasing	the	FiO2.	Very	high	levels	of	PEEP	may	negatively	affect
cardiac	 output,	 which	 should	 be	 carefully	 monitored	 in	 this	 setting.	 If
hypotension	occurs,	PEEP	should	be	reduced.	Under	these	circumstances,	use	of
pulmonary	 artery	 catheterization	 should	 be	 considered	 to	 balance	 PEEP
requirements	against	those	of	organ	perfusion.	In	contrast,	to	correct	insufficient
arterial	 oxygenation	 in	 nonlung	 donors,	 an	 increase	 in	 FiO2	 is	 preferred	 over
high	levels	of	PEEP.

There	 is	 no	 direct	 evidence	 stemming	 from	 controlled	 trials	 that	 would
support	a	specific	fluid	management	strategy	in	prospective	lung	donors.	Indirect
evidence	from	studies	that	involved	ICU	patients	with	acute	respiratory	distress
syndrome,	 as	 well	 as	 prospective	 lung	 donors,	 supports	 a	 conservative	 fluid
management	 approach	 with	 prospective	 donors.102,129	 To	 date,	 there	 is	 no
evidence	 that	 such	 a	 conservative	 fluid	 management	 approach	 in	 donors
adversely	impacts	the	function	of	kidney	grafts	obtained	from	the	same	donor.130



Excessive	 use	 of	 crystalloid	 fluids	 during	 the	 initial	 resuscitation	 after	 brain
death	is	declared	can	render	the	lungs	unsuitable	for	transplantation.	If	relatively
large	 amounts	 of	 fluid	 are	 required	 for	 resuscitation	 and	 hemodynamic
stabilization,	 colloids	 (ie,	 albumin	 solutions)	 or	 blood	 transfusions	 (if	 the
hemoglobin	is	less	than	8	g/dL)	should	be	considered	in	addition	to	the	infusion
of	crystalloid	solutions.18

Respiratory	alkalosis	can	develop	among	brain-dead	organ	donors	secondary
to	 mechanical	 hyperventilation	 as	 part	 of	 the	 treatment	 protocol	 for	 elevated
intracranial	 pressure.	 After	 brain	 death,	 the	 arterial	 pH	 should	 be	 adjusted	 to
normal	 values	 because	 alkalosis	 has	 many	 undesirable	 side	 effects,	 such	 as
increased	cardiac	output,	systemic	vasoconstriction,	bronchospasm,	and	a	shift	to
the	 left	 of	 the	 oxyhemoglobin	 dissociation	 curve.	 The	 latter	 decreases	 oxygen
unloading	in	the	tissues	and	impairs	oxygen	delivery,	thereby	diminishing	tissue
oxygenation	and	metabolism.	Lactic	metabolic	acidosis	is	frequent	in	brain-dead
donors;	 it	should	be	treated	by	compensation	with	a	slight	respiratory	alkalosis
until	 the	 underlying	 abnormality	 has	 been	 corrected	 (eg,	 dehydration,	 tissue
ischemia).	Administration	 of	 sodium	bicarbonate	 should	 be	 contemplated	 only
when	the	 increased	minute	ventilation	necessary	 to	 induce	respiratory	alkalosis
leads	 to	 a	 decrease	 in	 cardiac	 output.	 In	 either	 situation,	 the	 most	 important
aspect	 of	 managing	 metabolic	 acidosis	 is	 to	 treat	 the	 underlying	 cause.	 For
selected	patients	this	may	require	pulmonary	artery	catheterization	to	assess	the
adequacy	of	hydration,	cardiac	output,	and	tissue	oxygen	delivery.

2 	 3 	Renal	Function	and	Fluid	and	Electrolyte	Management
Maintaining	adequate	systemic	perfusion	pressure	while	minimizing	 the	use	of
vasopressors	contributes	to	good	renal	allograft	function	and	reduces	the	rate	of
delayed	graft	function	after	transplantation.	If	the	urine	production	is	insufficient
(eg,	 less	 than	 0.5	 mL/kg/h)	 after	 adequate	 volume	 loading,	 loop	 diuretics
(furosemide,	ethacrynic	acid,	bumetanide)	or	osmotic	diuretics	(mannitol)	can	be
considered	 to	 initiate	 diuresis.	 Nephrotoxic	 drugs	 (eg,	 aminoglycosides)	 and
agents	 that	may	exert	adverse	effects	on	 renal	perfusion	 (eg,	nonsteroidal	anti-
inflammatory	 drugs)	 are	 contraindicated.	 Cephalosporins,	 monobactams,
carbapenems,	 and	 quinolones	 are	 examples	 of	 less	 nephrotoxic	 but	 highly
effective	antibiotics	that	can	be	used	when	infection	occurs.

Polyuria	in	brain-dead	donors	is	a	frequent	finding.	It	can	be	due	to	diabetes
insipidus,	 osmotic	 diuresis	 (induced	 by	 mannitol	 administered	 to	 decrease
elevated	 intracranial	 pressures	 or	 hyperglycemia),	 physiologic	 diuresis	 due	 to
previous	 massive	 fluid	 administration	 during	 resuscitation	 after	 the	 original



injury	 with	 return	 of	 third-space	 fluid	 into	 the	 intravascular	 space,	 or
hypothermia.	 Diabetes	 insipidus	 often	 heralds	 brain	 death	 in	 head-injured
patients.	 It	 is	 the	 most	 frequent	 cause	 of	 polyuria	 during	 the	 organ	 donor
maintenance	phase.	Found	in	up	to	80%	of	all	brain-dead	bodies,	it	is	related	to
insufficient	blood	 levels	of	antidiuretic	hormone	 (vasopressin),	 resulting	 in	 the
production	of	large	quantities	of	dilute	urine.

Diabetes	insipidus	should	be	suspected	when	urine	volumes	exceed	300	mL/h
(or	 7	mL/kg/h)	 in	 conjunction	with	hypernatremia	 (serum	 sodium	greater	 than
150	mEq/dL),	elevated	serum	osmolality	(greater	than	310	mOsm/L),	and	a	low
urinary	 sodium	 concentration.	 In	 addition	 to	 hypernatremia,	 other	 electrolyte
abnormalities	 frequently	 observed	 during	 diabetes	 insipidus	 include
hypokalemia,	hypocalcemia,	and	hypomagnesemia.	The	appropriate	replacement
of	 these	electrolyte	 losses	can	be	guided	by	urinary	electrolyte	determinations,
which	easily	 allow	calculation	of	 the	 amount	of	 the	 electrolyte	 to	be	 replaced.
Because	 diabetes	 insipidus	 is	 so	 common,	 mannitol	 administration	 should	 be
discontinued	after	brain	death	is	declared.	Other	supportive	care	of	patients	with
diabetes	 insipidus	 includes	 replacing	 urine	 output	 milliliter	 for	 milliliter	 with
free	water	(eg,	5%	solution	of	dextrose	in	water	IV).

Once	urine	output	due	to	diabetes	insipidus	exceeds	300	mL/h,	desmopressin
(desamino-8-d-arginine	 vasopressin),	 a	 synthetic	 analog	 of	 vasopressin	 (or
arginine	vasopressin),	should	be	administered.	Desmopressin	has	a	long	duration
of	 action	 (6-20	 hours)	 and	 a	 high	 antidiuretic-to-pressor	 ratio,	 without	 the
undesirable	coronary	and	splanchnic	vasoconstrictive	effects	that	may	occur	with
administration	 of	 normal-	 and	 high-dose	 arginine	 vasopressin.18,21,124,131	 For
example,	after	an	initial	IV	desmopressin	bolus	dose	of	1	to	4	μg,	additional	IV
bolus	 doses	 of	 1	 to	 2	 μg	 desmopressin	 can	 be	 safely	 administered	 IV	 every	 6
hours	to	achieve	a	urine	output	less	than	300	mL/h.18,21,131	Desmopressin	can	also
be	effectively	administered	subcutaneously,	intramuscularly,	and	intranasally.

For	 donors	 with	 diabetes	 insipidus	 that	 are	 also	 hypotensive	 due	 to	 low
systemic	vascular	resistance,	an	arginine	vasopressin	IV	infusion	can	be	started
at	0.01	to	0.04	international	units	per	minute	and	titrated	with	caution	(given	the
drug’s	 coronary	 and	 splanchnic	 vasoconstrictive	 effects)	 up	 to	 0.07	 IU/min,
targeting	a	urine	output	of	0.5	to	3	mL/kg/h	and	a	serum	sodium	of	135	to	145
mEq/L.18	Compared	to	desmopressin,	arginine	vasopressin	is	easily	titrated	and
adds	beneficial	hemodynamic	effects	in	hypotensive	donors.

The	 choice	 of	 the	 resuscitation	 fluid	 depends	 on	 the	 clinical	 circumstances
and	 the	 donor’s	 electrolyte,	 osmolar,	 and	 acid-base	 state.	 Generally,	 for
intravascular	volume	replacement,	an	 isotonic	crystalloid	 is	preferred	(ie,	0.9%
saline	 solution	 [in	 hypoosmolar	 patients]	 or	 lactated	 Ringer	 solution	 [in	 the



setting	of	hyperchloremic	metabolic	acidosis]).	For	correction	of	hypernatremia
in	 euvolemic	 or	 near-euvolemic	 patients,	 hypotonic	 fluids	 (eg,	D5W	or	 0.45%
saline	 solution)	 can	 be	 administered	 (eg,	 during	 the	 initial	 resuscitation	 phase
after	brain	death	is	declared).18,21	For	intravascular	volume	expansion	to	address
acute	 hypotension,	 albumin	 5%	 is	 the	 preferred	 colloid.	 Use	 of	 low-	 or	 high-
molecular-weight	 hydroxyethyl	 starch	 (HES)	 is	 contraindicated	 as	 it	 is
associated	 with	 acute	 kidney	 injury	 and	 coagulopathy	 because	 it	 is	 trapped
within	 the	 hepatic	 reticuloendothelial	 system.	 Consistent	 with	 these	 concerns,
HES	use	in	donors	was	shown	to	result	in	higher	delayed	kidney	graft	function
and	failure	rates.132

Subsequently,	maintenance	 fluid	 should	 consist	 of	 5%	 dextrose	 in	 0.45%
sodium	chloride	with	20	mEq	potassium	added	 to	 each	 liter,	 administered	at	 a
rate	 of	 2	 mL/kg/h	 during	 the	 maintenance	 phase	 if	 urine	 output	 is	 adequate
(greater	 than	 1-2	mL/kg/h).	 If	 the	 urine	 output	 is	 greater	 than	 2	mL/kg/h,	 IV
fluids	 should	 be	 administered	 at	 a	 rate	 equal	 to	 the	 urine	 output	 during	 the
previous	 hour	 (IV	 intake	 =	 urine	 output).	 If	 the	 serum	 sodium	 concentration
exceeds	 150	 mEq/dL,	 the	 maintenance	 fluid	 should	 consist	 of	 5%	 dextrose
solution	 with	 20	 mEq	 potassium	 added	 to	 each	 liter.	 Should	 the	 hourly	 fluid
administration	 rate	 exceed	 500	 mL/h,	 the	 dextrose	 concentration	 of	 the
maintenance	fluid	should	be	decreased	to	1%	to	avoid	excessive	hyperglycemia.
IV	maintenance	 fluids	 administered	 to	brain-dead	organ	donors	 should	contain
glucose,	which	is	important	to	maintain	intrahepatic	glycogen	stores	that	appear
to	be	associated	with	normal	 liver	allograft	 function	 in	 the	early	posttransplant
period.	 In	 hypernatremic	 patients,	 the	 sodium	 content	 of	 certain	 IV	 fluids	 and
plasma	expanders	(eg,	albumin	solutions)	must	also	be	taken	into	consideration.

3 	Hormonal	Therapy
According	 to	 prior	 studies,	 pituitary	 hormone	 blood	 levels	 do	 not	 uniformly
decrease	after	brain	death.	Diabetes	insipidus	develops	in	approximately	80%	of
brain-dead	donors	as	a	result	of	low	or	absent	blood	levels	of	vasopressin.	These
findings	 are	 a	 direct	 consequence	 of	 brain	 death,	which	 abolishes	 vasopressin
production	 in	 the	 hypothalamic	 nuclei	 (supraoptic	 and	 paraventricular	 nuclei)
and	vasopressin	storage	and	release	 in	 the	posterior	pituitary.	 In	contrast,	near-
normal	 levels	 of	 anterior	 pituitary	 hormones,	 such	 as	 thyroid-stimulating
hormone,	 adrenocorticotropic	 hormone,	 and	 growth	 hormone,	 have	 been
documented	after	brain	death	in	some	studies.133-136	Their	persistence	is	probably
due	 to	 the	preservation	of	 small	 subcapsular	 areas	 in	 the	anterior	pituitary,	 the
blood	 supply	 of	 which	 is	 derived	 from	 small	 branches	 of	 the	 inferior



hypophyseal	artery.	The	latter	arises	from	the	extradural	 internal	carotid	artery,
which	 is	 relatively	protected	 from	 increases	 in	 intracranial	pressure.137	Clinical
evidence,	 however,	 suggests	 deficient	 adrenal	 cortisol	 secretion	 after	 dynamic
stimulation	 in	 brain-dead	 donors,	 irrespective	 of	 the	 level	 of	 pituitary
dysfunction.138

The	 principle	 of	 the	 administration	 of	 the	 deficient	 (posterior	 pituitary)
vasopressin	 after	 brain	 death	 is	 well	 established—for	 treatment	 of	 diabetes
insipidus	 once	 it	 is	 diagnosed	 and	 of	 hemodynamic	 instability	 (vide
supra).18,19,21,110,123	 A	 retrospective	 UNOS	 database	 analysis	 demonstrated	 a
significant	 association	 between	 desmopressin	 use	 in	 donors	 and	 organ	 yield
(Table	55.7).110	In	a	randomized	trial,	low-dose	vasopressin	was	shown	to	exert
beneficial	 hemodynamic	 effects	 in	 brain-dead	 donors	 (Table	 55.7).110
Importantly,	 antidiuretic	 hormone	 administration	 does	 not	 appear	 to	 impact
quality	of	early	graft	function.111

In	contrast,	controversy	still	exists	regarding	the	benefits	of	supplementation
with	 triiodothyronine	 (T3)	 and	 thyroxine	 (T4),	 which	 are	 synthesized	 under
anterior	pituitary	control	(Table	55.7).18,19,109,111-114,139-148	 Initially,	 the	presence	of
low	T3	blood	levels	was	demonstrated	after	brain	death	in	animal	experiments.149
Administration	 of	 exogenous	 T3	 to	 donor	 animals	 improved	 a	 variety	 of
metabolic	parameters	before	and	after	organ	preservation,150-152	as	well	as	organ
function	 after	 transplantation.153	 These	 findings	 suggested	 potentially	 positive
effects	of	T3	also	 in	human	donors.	A	 limited	number	of	uncontrolled	 clinical
studies	 and	 analyses	 suggested	 favorable	 influences	 of	 donor	 treatment	 with
thyroid	 hormone	 on	 donor	 organ	 yield	 and	 hemodynamic	 and	 metabolic
parameters	during	 the	donor	maintenance	phase85,111,154,155	 and	on	outcome	after
heart	transplantation.156-158	But	a	number	of	other	investigators	failed	to	observe
and	 confirm	 any	 significant	 benefit	 of	 thyroid	 hormone	 administration	 on
biochemical	 and	 hemodynamic	 donor	 parameters	 and	 on	 posttransplant
outcomes	(Table	55.7).23,112,113,115,159,160

The	 latter	 outcomes	 could	 be	 explained	 at	 least	 in	 part	 by	 the	 findings	 of
some	studies	which	have	suggested	that	the	low	T3	levels	of	human	brain-dead
donors	 do	 not	 correlate	 with	 the	 presence	 of	 hemodynamic	 instability161,162	 or
with	outcomes	after	transplantation.163-166	The	typical	thyroidal	hormonal	pattern
after	brain	death	consists	of	decreased	T3,	normal	or	decreased	 thyroxine,	 and
normal	 thyroid-stimulating	 hormone.	 This	 pattern	 is	 not	 consistent	 with	 acute
insufficiency	 of	 the	 hypothalamic-pituitary-thyroid	 axis	 or	 clinically	 overt
hypothyroidism	but	is	similar	to	changes	(euthyroid	sick	syndrome)	observed	in
other	groups	of	critically	ill	individuals.	Thyroid	hormone	administration	to	such
patients	may	not	only	be	 ineffective	but	may	 theoretically	even	be	detrimental



for	some	cases.145,146
In	 summary,	 there	 is	 no	 conclusive	 evidence	 available	 at	 present	 that	 the

costly	 supplementation	 of	 organ	 donors	 with	 thyroid	 hormone	 yields	 a
significant	 clinical	 benefit.142	 Nonetheless,	 as	 per	 a	 current	 consensus
recommendation	 by	 leading	U.S.	 critical	 care	medicine	 societies	 and	 the	U.S.
Association	of	OPOs,	thyroid	hormone	replacement	therapy—either	alone	or	as
part	 of	 a	 combination	 protocol—should	 be	 considered	 for	 hemodynamically
unstable	donors	with	abnormal	(<45%)	left	ventricular	ejection	fraction	(T4:	20-
μg	 IV	 bolus,	 followed	 by	 an	 IV	 infusion	 at	 10	 μg/h;	 or	 T3:	 4.0-μg	 IV	 bolus,
followed	by	an	 IV	 infusion	at	3	μg/h).18,21	By	contrast,	 in	 the	United	Kingdom
and	Canada,	current	brain-dead	donor	management	guidelines	no	longer	advise
routine	thyroid	hormone	administration	to	stable	and	unstable	donors.20,21

Similarly,	 there	 is	 no	 high-level	 evidence	 supporting	 the	 routine
administration	 of	 corticosteroids.18,20,21,106,107,167	 Normal	 human	 serum
adrenocorticotropic	 hormone	 and	 cortisol	 levels	 have	 been	 demonstrated	 after
brain	death	in	several	studies,	whereas	others	have	observed	dysfunction	of	the
hypothalamic-pituitary-adrenal	 axis	 among	 patients	 with	 traumatic	 brain
injury.133-136	 Based	 on	 pathophysiological	 considerations	 and	 observational
studies,	 low-dose	 hydrocortisone	 therapy	 (eg,	 50	 mg	 hydrocortisone	 given
intravenously	every	6	hours)	may	be	considered	for	hemodynamically	unstable
donors	 given	 the	 steroids’	 positive	 vasopressor	 effects.21,167	 Randomized
controlled	 trials	 have	 failed	 to	 demonstrate	 a	 clear	 beneficial	 effect	 of	 steroid
administration	in	brain-dead	donors	on	posttransplantation	outcomes	for	kidney
and	 liver	 recipients.106,107	 In	 uncontrolled	 studies,	 administration	 of	 high-dose
steroids	was	clinically	noted	 to	stabilize	and	 improve	 lung	 function,	 leading	 to
higher	probability	of	lung	recovery	from	brain-dead	patients	that	had	previously
not	 been	 considered	 for	 lung	 donation,	 and	 to	 increase	 organ	 yield	 (Table
55.7).19,108-110,168	In	summary,	there	is	no	clear	indication	for	routine	corticosteroid
treatment	of	organ	donors	until	high-level	evidence	becomes	available.

Published	 retrospective,	 very	 low-level	 evidence	 suggests	 that	 institution	 of
empiric	 donor	 management	 protocols	 that	 incorporate	 combination	 treatment
with	 arginine	 vasopressin,	 high-dose	 corticosteroids,	 thyroid	 hormone,	 and
insulin	may	stabilize	and	improve	cardiac	function	among	brain-dead	donors	and
may	 result	 in	 increased	 probability	 of	 kidney,	 heart,	 liver,	 lung,	 and	 pancreas
recovery	 and	 transplantation	 and	may	 improve	 posttransplant	 outcomes	 (Table
55.7).19,22,114,115	However,	given	the	uncertainty	regarding	potentially	adverse	side
effects	 and	 the	 absence	 of	 high-level	 evidence,	 large	 prospective	 randomized
trials	 are	 necessary	 before	 routine	 administration	 of	 hormonal	 combination
therapy	can	be	recommended	for	all	donors––particularly	because,	for	example,



excellent	lung	procurement	rates	from	marginal	donors	and	good	posttransplant
outcomes	 have	 also	 been	 described	 without	 hormonal	 supplementation	 (Table
55.7).169	Moreover,	the	optimal	dose	and	combination,	as	well	as	the	contribution
of	 each	 individual	 hormone	 to	 the	 observed	 overall	 outcome	 remain	 yet	 to	 be
studied	and	elucidated.

Although	 brain	 death	 is	 not	 associated	 with	 primary	 pancreatic	 endocrine
dysfunction,	hyperglycemia	is	frequent	in	brain-dead	donors.	Hyperglycemia	can
be	caused	by	increased	catecholamine	release,	altered	carbohydrate	metabolism,
steroid	administration	for	treatment	of	cerebral	edema,	infusion	of	large	amounts
of	 dextrose-containing	 IV	 fluids,	 or	 peripheral	 insulin	 resistance.	 Treating
hyperglycemia	 in	 brain-dead	 donors	 appears	 to	 be	 important	 with	 regard	 to
pancreatic	islet	cell	function.	Experimental	evidence	suggests	 that	high	glucose
levels	 may	 produce	 transient	 or	 irreversible	 damage	 to	 beta	 cells	 in	 the
pancreatic	islets,	 in	vitro	and	in	vivo.170,171	This	glucose	toxicity	was	attenuated
during	 in	 vivo	 experiments	 by	 correcting	 hyperglycemia.172	 Clinical	 studies	 of
pancreas	transplant	recipients	have	demonstrated	that	donor	hyperglycemia	is	a
risk	factor	for	decreased	graft	survival.88	It	was	not	established	in	these	studies,
however,	 whether	 donor	 hyperglycemia	 was	 indicative	 of	 marginal	 or
insufficient	 beta-cell	 mass	 or	 whether	 impaired	 pancreatic	 graft	 function	 was
related	to	islet	cell	dysfunction	as	a	result	of	hyperglycemia.

Hyperglycemia	in	and	of	itself	is	known	to	cause	insulin	resistance.173	Studies
of	 brain-dead	 donors	 have	 suggested	 that	 a	 state	 of	 hyperinsulinemia	 coupled
with	 peripheral	 insulin	 resistance	 exists,	 as	 evidenced	 by	 elevated	 C-peptide-
glucose	molar	ratios.174

For	 all	 the	 above	 reasons,	 it	 is	 prudent	 to	maintain	 blood	 glucose	 levels	 in
donors	between	120	and	180	mg/dL.175	Insulin	should	be	administered	as	needed
according	to	the	blood	glucose	values	to	mitigate	any	potential	adverse	effects	of
hyperglycemia	 on	 pancreatic	 islets,	 which	 could	 impair	 glucose	 homeostasis
after	 transplantation.175	 If	 hyperglycemia	 persists	 despite	 initial	 bolus	 insulin
therapy,	continuous	IV	insulin	infusion	should	be	instituted	to	facilitate	titration
of	glucose	levels.	As	in	other	critical	care	patients,	good	glycemic	control	is	also
good	 standard	 practice	 for	 brain-dead	 donors,	 because	 it	 acts	 to	 prevent
ketoacidosis	and	osmotic	diuresis,	both	of	which	can	be	significant	problems	in
the	 management	 of	 brain-dead	 donors,	 and	 because	 it	 may	 contribute	 to
improved	overall	organ	recovery	and	transplantation	rates.18,21,176

3 	Hypothermia
After	 brain	 death,	 the	 body	 becomes	 poikilothermic	 because	 of	 the	 loss	 of



thalamic	 and	 hypothalamic	 central	 temperature	 control	 mechanisms,	 and
hypothermia	usually	ensues.177	Systemic	vasodilation	causes	additional	heat	loss.
Hypothermia	 can	 be	 aggravated	 by	 administering	 room	 temperature	 IV	 fluids
and	 cold	 blood	 products.	 Adverse	 effects	 of	 significant	 hypothermia	 include
decreased	 myocardial	 contractility,	 hypotension,	 cardiac	 arrhythmias,	 cardiac
arrest,	 hepatic	 and	 renal	 dysfunction,	 and	 acidosis	 and	 coagulopathy.178-180
Therefore,	donor	core	temperature	should	be	maintained	at	or	above	35	°C.	It	is
usually	 sufficient	 to	use	humidified,	heated	ventilator	gases,	warmed	 IV	 fluids
and	blood	products,	and	warming	blankets,	in	order	to	achieve	rewarming	and	to
maintain	an	adequate	body	 temperature.	Rewarming	with	peritoneal	dialysis	or
bladder	irrigation	should	generally	not	be	performed	in	organ	donors.

In	a	randomized	trial,	a	mildly	hypothermic	target	temperature	range	of	34	to
35	 °C	 in	 stable,	 medically	 low-risk	 brain-dead	 patients	 was	 associated	 with
significantly	decreased	delayed	graft	function	rates	among	recipients	of	kidneys
from	 these	 donors	 (Table	 55.7).104	 But	 in	 a	 subsequent	 randomized	 trial,
therapeutic	mild	hypothermia	was	significantly	inferior	to	hypothermic	machine
perfusion	 of	 recovered	 kidneys	with	 respect	 to	 delayed	 graft	 function	 rates	 in
kidney	 recipients.181	 Also,	 the	 effect	 of	 mild	 therapeutic	 hypothermia	 on
extrarenal	 donor	 organs,	 remains	 unknown	 as	 it	 is	 awaiting	 further	 formal,
controlled,	 dedicated	 prospective	 studies.	 It	 is	 therefore	 premature	 to	 formally
recommend	 a	mildly	 hypothermic	 core	 temperature	 target	 range	 for	 all	 brain-
dead	donors.

Coagulation	System
Coagulopathy	and	disseminated	intravascular	coagulation	are	common	findings
in	brain-dead	donors,	particularly	after	head	injuries.	Pathologic	activation	of	the
coagulation	 cascade	 occurs	 when	 brain	 tissue,	 which	 is	 very	 rich	 in	 tissue
thromboplastin,	 comes	 in	 contact	 with	 blood	 after	 trauma.	 Massive	 blood
transfusions	can	produce	dilutional	 thrombocytopenia,	and	subsequent	ongoing
hemorrhage,	 hypothermia,	 and	 acidosis	 are	 all	 able	 to	 trigger	 or	 further
aggravate	 coagulopathy.	 Clinical	 findings	 can	 include	 pathologic	 bleeding,
abnormal	 prothrombin	 time,	 thrombocytopenia,	 hypofibrinogenemia,	 and
increased	 levels	 of	 fibrin/fibrinogen	 degradation	 products.	 Treatment	 of
coagulopathy	 entails	 use	 of	 blood	 components	 such	 as	 platelets,	 fresh	 frozen
plasma,	or	cryoprecipitate	and	correction	of	the	underlying	pathophysiology	(eg,
hypothermia,	 acidosis,	 surgical	 hemorrhage).	 ε-Aminocaproic	 acid	 and
tranexamic	 acid	 should	 not	 be	 used	 because	 of	 their	 potential	 for	 inducing
microvascular	 thrombosis,	 thereby	 rendering	 organs	 potentially	 unsuitable	 for



transplantation.182

Other	Aspects
Brain	 death	 may	 also	 adversely	 affect	 the	 donor’s	 nutritional	 status.
Experimental	 studies	 have	 suggested	 a	 hypercatabolic	 state	 and	 decreased
hepatic	 intracellular	 ATP	 levels.183	 Moreover,	 a	 suboptimal	 organ	 energy	 and
redox	status	along	with	the	inflammatory	changes	that	result	from	the	chemokine
and	 cytokine	 release	 associated	 with	 brain	 death	 may	 exert	 a	 deleterious
influence	on	 the	magnitude	of,	 and	 recovery	 from,	 ischemia-reperfusion	 injury
and	 on	 posttransplant	 organ	 function	 in	 the	 recipient.	 Appropriate	 nutritional
support	 of	 the	 donor	 may	 be	 able	 to	 prevent	 depletion	 of	 micro-	 and
macronutrients	 and	 may	 attenuate	 oxidative	 stress	 and	 ischemia-reperfusion
injury.	However,	currently,	there	are	no	clinical	data	available	that	would	directly
support	 routine	nutritional	 supplementation	of	brain-dead	donors.	For	potential
small	bowel	donors,	 it	may	be	 justified	 to	continue	any	already	 instituted	 tube
feedings	 given	 the	 beneficial	 effects	 of	 the	 latter	 for	 the	 maintenance	 of	 the
intestinal	mucosa’s	integrity.18,34

3 	 Various	 pharmacologic	 donor	 treatment	 protocols	 to	 optimize	 donor	 and
transplant	 outcomes	 have	 been	 reported.	 The	 potential	 clinical	 effects	 of
administration	of	catecholamines,	vasopressin	(or	its	analog	desmopressin),	and
of	 steroids	 on	 both	 donor	 and	 posttransplantation	 outcomes	 have	 already	 been
discussed	 in	 detail	 (Table	 55.7).	 Finally,	 donor	 treatment	 with
immunosuppressants	 (other	 than	 steroids)	 may	 have	 a	 favorable	 impact	 by
preventing	upregulation	of	proinflammatory	pathways	and	increased	expression
of	major	histocompatibility	complex	molecules	 that	have	been	demonstrated	 to
occur	after	brain	death.120-122	The	 latter	 treatment	modalities,	however,	must	be
investigated	 more	 extensively	 before	 they	 could	 be	 recommended	 for	 clinical
use.

Multiple-Organ	Recovery	Operation	of	the	Brain-Dead
Organ	Donor
After	consent	is	obtained,	the	OPO	schedules	and	organizes	the	organ	recovery
operation.	Often,	several	surgical	teams	from	different	locations	participate;	their
transportation	and	the	preparation	of	the	recipients	in	the	various	hospitals	must
be	meticulously	 coordinated.	After	 certification	of	death	 according	 to	 the	 state
laws	 occurs,	 the	 brain-dead	 donor	 is	 brought	 to	 the	 operating	 room.	 Full



cardiovascular	 and	 ventilatory	 support	 is	maintained	 throughout	 the	 operation,
until	 the	 organs	 are	 flushed	 and	 cooled.	 The	 principles	 of	 brain-dead	 donor
management	 should	 be	 reviewed	with	 the	 anesthesiologist,	 unless	 he	 or	 she	 is
familiar	 with	 the	 specific	 clinical	 aspects	 of	 cardiovascular	 and	 ventilatory
support	for	brain-dead	organ	donors.	Hemodynamic	stability	must	be	maintained
during	the	surgical	organ	retrieval,	which	is	the	equivalent	of	a	combined	major
abdominal	 and	 thoracic	 operation	 and	 can	 last	 up	 to	 several	 hours.	 Transient
tachycardia	 and	 hypertension	 may	 occur	 while	 the	 surgical	 incision	 is	 being
made;	they	most	likely	reflect	spinal	reflexes	causing	vasoconstrictive	responses
and	 adrenal	 stimulation.	 Subsequently,	 consideration	 must	 be	 given	 to	 the
increased	heat	loss	caused	by	the	wide	abdominal	and	thoracic	incisions	and	the
duration	 of	 the	 surgery.	 Neuromuscular	 blocking	 agents	 (eg,	 vecuronium,
cisatracurium,	 or	 rocuronium)	 should	 be	 used	 to	 inhibit	 reflex	 muscular
contractions.82	Tubocurarine	(which	is	not	available	anymore	in	many	countries)
should	 also	 not	 be	 used	 for	 brain-dead	 donors	 because	 of	 its	 association	with
hypotension	 as	 a	 consequence	 of	 histamine	 release	 and	 ganglionic	 blockade.
Maintenance	 fluid	 administration	 throughout	 the	 operation	 must	 take	 into
account	 the	 significant	 intraoperative	 fluid	 losses	 resulting	 from	 extensive
dissection	with	 evaporation	 and	 blood	 loss,	 transection	 of	 lymphatic	 channels,
and	massive	third-space	fluid	loss.

All	 organs	 to	 be	 recovered	 are	 completely	 mobilized,	 and	 their	 vascular
pedicles	are	dissected	free.	At	the	end	of	the	operation,	systemic	heparinization
occurs	and	cannulas	are	inserted	(depending	on	the	organs	to	be	procured)	into
the	abdominal	aorta,	inferior	vena	cava,	portal	vein,	aortic	arch,	and	pulmonary
artery.	Only	 then	 is	 circulatory	 and	 respiratory	 support	 terminated.	The	organs
are	 flushed	 in	 situ	with	 preservation	 solution	 to	 remove	 blood	 and	 to	 cool	 the
organs	to	a	temperature	of	4	to	7	°C.	Simultaneously,	topical	external	cooling	is
provided	by	the	application	of	sterile	ice	slush.	The	organs	are	then	individually
removed,	by	dividing	the	remaining	attachments	and	vascular	pedicles,	and	then
packaged.47	Storage	in	preservation	solution	at	4	to	7	°C	in	a	cooler	surrounded
by	crushed	ice	allows	maximal	preservation	times	of	4	to	6	hours	for	heart	and
lungs,	 approximately	30	hours	 for	 livers	 and	pancreas,	 and	about	40	hours	 for
kidneys.	 These	 preservation	 constraints	 are	 taken	 into	 consideration	 as	 organs
are	 allocated.	 Critical	 care	 of	 the	 donor	 ends	 when	 controlled	 cardiac	 arrest
occurs	 at	 the	 completion	 of	 the	 surgical	 organ	 recovery.	 This	 finality	 is
ephemeral,	however,	because	it	results	in	the	start	of	new	lives	for	the	recipients
after	a	successful	organ	transplant.



PERIOPERATIVE	CRITICAL	CARE	OF	THE	DCD
ORGAN	DONOR

Preoperative	Care	of	the	Potential	DCD	Donor	(Prior	to
Obtaining	Consent	for	Organ	Donation)
Therapy	in	those	patients	must	remain	primarily	aimed	at	treating	the	underlying
pathology	(eg,	head	trauma,	cerebrovascular	accident).	Any	premature	(ie,	prior
to	the	family	having	made	the	decision	to	withdraw	care	and	prior	to	obtaining
consent)	change	of	therapeutic	objectives	would	be	unethical	and	may	ultimately
lead	 to	 overall	 lower	 consent	 rates,	 thereby	 further	 exacerbating	 the	 current
donor	organ	shortage.26,27

Preoperative	Care	of	the	Actual	DCD	Donor	(After	Having
Obtained	Consent	for	Organ	Donation)
Once	 consent	 to	 proceed	 with	 organ	 donation	 has	 been	 obtained,	 the	 focus
switches	 from	 cerebral	 protection	 to	 preservation	 of	 organ	 function	 and
optimization	of	peripheral	oxygen	delivery.26,27	Maintenance	 therapy	end	points
in	 DCD	 donors	 are	 identical	 to	 those	 that	 apply	 for	 brain-dead	 organ	 donors
(Table	55.8).	Because	DCD	donors	do	not	exhibit	 the	same	pathophysiological
characteristics	 as	 brain-dead	 donors,	 general	 management	 principles	 for	 DCD
donors	are	more	akin	to	those	that	apply	to	non–brain-dead	patients	in	the	ICU
that	are	described	elsewhere	in	this	book.	Organ-specific	considerations	(eg,	use
of	catecholamines)	are	the	same	as	those	described	earlier	for	brain-dead	donors.

Preterminal	and	Intraoperative	Care	of	DCD	Donors
Maintenance	 therapy	 as	 outlined	 earlier	 is	 continued	 until	 circulatory	 and
respiratory	support	is	withdrawn	and	the	patient	is	extubated	(either	in	the	ICU
or	in	the	operating	room).	Any	additional	premortem	interventions	(eg,	surgical:
insertion	of	 femoral	cannulas	 in	preparation	of	organ	recovery;	pharmacologic:
administration	of	intravenous	heparin,	opioids,	and	phentolamine)	must	occur	in
strict	accordance	with	local	OPO/hospital	DCD	protocols	and	policies.26,27,97,184,185
Death	 is	 then	 pronounced	 by	 a	 physician	 (usually	 the	 patient’s	 intensive	 care
physician)	not	belonging	to	the	organ	recovery	or	transplant	teams,	according	to
criteria	that	are	specified	by	the	local	OPO/hospital	DCD	protocol.



Next,	after	an	additional	2-	to	5-minute	waiting	time,	surgical	organ	recovery
begins.26,185	 For	 DCD	 donors,	 the	 use	 of	 a	 rapid	 procurement	 technique	 is
mandatory	 in	order	 to	minimize	warm	 ischemia	 time,	particularly	when	highly
ischemia-sensitive	 organs	 such	 as	 the	 liver,	 pancreas,	 or	 lungs	 are	 to	 be
recovered	as	well.

Disposition	 of	 the	 patient,	 when	 death	 does	 not	 occur	 within	 the	 specified
waiting	 time	 (which	 typically	 ranges	 between	 30	 and	 90	 minutes)	 after
withdrawal	 of	 circulatory	 and	 respiratory	 support,	 is	 determined	 by	 the	 local
protocol	 (eg,	 return	 of	 patient	 to	 a	 non–intensive	 care	 unit	 hospital	 floor	 for
comfort	 care	only).	This	aspect	 is	particularly	 important	because	as	a	 result	of
the	 global	 efforts	 to	 maximize	 DCD,	 an	 increase	 in	 the	 numbers	 of
“unsuccessful”	 withdrawals	 of	 circulatory	 and	 respiratory	 support	 is	 to	 be
expected	 (and	must	 be	 acceptable	 to	 the	 providers	 that	 care	 for	 these	 patients
during	their	terminal	hospital	admission).

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	most	commonly	frequently	present	in	the	brain-
dead	organ	donor?

A. 	Hypercoagulability
B. 	Hypernatremia
C. 	Hyperthermia
D. 	Hyperthyroidism

2. 	What	is	the	most	common	of	organ	donation	in	the	United	States?

A. 	Brain-dead	deceased	organ	donation
B. 	Donation	after	circulatory	death
C. 	Living-related	organ	donation
D. 	Xenotransplantation

3. 	Which	of	the	following	is	an	absolute	contraindication	to	organ	donation?

A. 	Active	tuberculosis	infection
B. 	Cytomegalovirus	serologic	positivity



C. 	Hepatitis	C	serologic	positivity
D. 	HIV	serologic	positivity

Answers

1.	The	correct	answer	is	B.
Rationale:	 After	 brain	 death,	 there	 is	 significant	 autonomic	 dysregulation.

Hypernatremia	 from	 the	 development	 of	 diabetes	 insipidus	 is	 one	 of	 the	most
common	 clinical	 findings,	 developing	 in	 approximately	 80%	 of	 brain-dead
donors	(choice	B	is	correct).	Brain	death	abolishes	both	vasopressin	production
in	 the	 hypothalamic	 nuclei	 (supraoptic	 and	 paraventricular	 nuclei)	 and
vasopressin	 storage	 and	 release	 in	 the	 posterior	 pituitary.	 Desmopressin	 or
vasopressin	 administration	 is	 often	 required.	 In	 contrast,	 near-normal	 levels	 of
anterior	 pituitary	 hormones,	 such	 as	 thyroid-stimulating	 hormone,
adrenocorticotropic	hormone,	and	growth	hormone	have	been	documented	after
brain	 death	 in	 some	 studies,	 although	 supplementation	 with	 steroids	 and/or
thyroid	 hormone	 is	 sometimes	 recommended	 (choice	 D	 is	 incorrect).
Hypothermia,	 and	 coagulation	 defects	 are	 also	 common,	 but	 not	 hyperthermia
and	 hypercoagulability	 (choices	A	 and	C	 are	 incorrect).	After	 brain	 death,	 the
body	becomes	poikilothermic	because	of	the	loss	of	thalamic	and	hypothalamic
central	 temperature	 control	 mechanisms,	 and	 hypothermia	 usually	 ensues.
Systemic	 vasodilation	 causes	 additional	 heat	 loss.	 Hypothermia	 can	 be
aggravated	 by	 administering	 room	 temperature	 IV	 fluids	 and	 cold	 blood
products.	 Adverse	 effects	 of	 significant	 hypothermia	 include	 decreased
myocardial	 contractility,	 hypotension,	 cardiac	 arrhythmias,	 cardiac	 arrest,
hepatic	 and	 renal	 dysfunction,	 acidosis	 and	 coagulopathy.	 Coagulopathy	 and
disseminated	 intravascular	 coagulation	 are	 common	 findings	 in	 brain-dead
donors,	particularly	after	head	injuries.	Pathologic	activation	of	the	coagulation
cascade	 occurs	when	 brain	 tissue,	which	 is	 very	 rich	 in	 tissue	 thromboplastin,
comes	 in	 contact	 with	 blood	 after	 trauma.	 Massive	 blood	 transfusions	 can
produce	 dilutional	 thrombocytopenia	 and	 subsequent	 ongoing	 hemorrhage,
hypothermia,	and	acidosis,	which	can	trigger	or	further	aggravate	coagulopathy.
Clinical	 findings	 include	 pathologic	 bleeding,	 abnormal	 prothrombin	 time,
thrombocytopenia,	hypofibrinogenemia,	and	increased	levels	of	fibrin/fibrinogen
degradation	 products.	 Treatment	 of	 coagulopathy	 entails	 use	 of	 blood
components	 such	 as	 platelets,	 fresh	 frozen	 plasma,	 or	 cryoprecipitate,	 and
correction	 of	 the	 underlying	 pathophysiology	 (eg,	 hypothermia,	 acidosis,
surgical	hemorrhage).



2.	The	correct	answer	is	A.
Rationale:	Donation	after	brain	death	is	the	most	common	of	organ	donation

(60%)	 (choice	A	 is	 correct).	 In	most	Western	 countries,	 brain	 death	 is	 legally
equated	with	death.	The	diagnosis	of	brain	death	rests	on	the	irreversibility	of	the
neurologic	insult	and	the	absence	of	clinical	evidence	of	cerebral	and	brain	stem
function.	Organ	procurement	proceeds	only	after	brain	death	has	been	diagnosed
and	 death	 has	 been	 declared.	 Choices	 B,	 C,	 and	 D	 are	 less	 common	 donor
sources.	 In	 the	 case	 of	 donation	 after	 circulatory	 death,	 death	 is	 determined
based	 on	 circulatory	 and	 respiratory	 criteria.	 The	 number	 of	 donors	 in	 this
category	has	considerably	increased	over	recent	years.	Most	commonly,	families
of	 unconscious	 patients	 with	 severe	 irreversible	 traumatic	 or	 cerebrovascular
brain	 injury	decide	 to	 forgo	 any	 further	 care	 and	wish	 to	donate	 the	organs	of
their	family	member.	With	either	of	these	scenarios,	time	and	place	of	death	are
controlled.	Circulatory	and	respiratory	support	 technologies	are	discontinued	in
the	critical	care	unit	or	the	operating	room,	and	organ	recovery	is	initiated	once
death	has	been	pronounced	by	a	physician	not	belonging	to	the	organ	recovery
and	transplant	team.	The	use	of	organs	from	living	donors,	traditionally	limited
to	kidney	transplants,	has	been	expanded	to	the	liver,	small	bowel,	pancreas,	and
lung	but	 still	 comprises	a	 small	percentage.	Xenotransplantation	of	organs	and
tissues	from	animals	into	humans	offers	a	potentially	unlimited	supply	of	donors.
Past	attempts	have	received	significant	public	attention,	but	numerous	practical
problems	 remain	before	 this	procedure	 could	become	a	 clinical	 reality.	Ethical
concerns	 regarding	 the	use	of	animal	organs	for	 transplantation	have	also	been
raised.	 Immunologic	 concerns	 include	 hyperacute	 rejection	 (mediated	 by
circulating,	 preformed	 natural	 antibodies),	which	 occurs	 in	 vascularized	 solid-
organ	 transplantation	between	discordant	 species.	Also,	 the	biocompatibility	of
protein	 synthesized	 by	 an	 animal	 liver	 in	 humans	 is	 not	 fully	 established,	 and
infectious	diseases	 (eg,	 porcine	 endogenous	 retroviruses)	 could	be	 transmitted.
Genetic	 engineering	 of	 animals	 before	 their	 use	 as	 donors	 to	 overcome
immunologic	 barriers	 is	 an	 area	 of	 intensive	 investigation.	 Significant
experimental	progress	in	this	area	could	fundamentally	change	the	field	of	organ
transplantation.

3.	The	correct	answer	is	A.
Rationale:	 Organ	 donation	 is	 contraindicated	 if	 potential	 donors	 exhibit	 or

develop	active	bacterial	or	fungal	sepsis	that	is	unresponsive	to	adequate	source
control	 and	 antibiotic	 therapy.	 Similarly,	 active	 tuberculosis	 would	 be	 a
contraindication	 to	 organ	 donation	 (choice	 A	 is	 correct).	 Absolute
contraindications	 to	 donation	 also	 include	 evidence	 of	 significant	 acute	 viral



infections	(eg,	viral	encephalitis,	systemic	herpes	simplex	virus	infections,	acute
viral	HAV,	HBV,	or	HCV).	For	similar	reasons,	donation	should	not	proceed	for
patients	 in	 whom	 a	 definitive	 etiology	 for	 their	 febrile	 illness,	 encephalitis,
meningitis,	or	flaccid	paralysis	 is	not	ascertainable.	All	 the	other	choices	 listed
may	 be	 considered	 a	 relative	 contraindication	 but	 have	 clear	 data	 supporting
good	outcomes,	particularly	with	CMV	and	hepatitis	C	virus	(choices	B	and	C
are	 incorrect).	 Seropositivity	 for	 HIV	 no	 longer	 constitutes	 an	 absolute
contraindication	 to	 organ	 donation	 in	 the	United	 States,	 as	 the	 federal	 ban	 on
transplantation	 of	 organs	 from	 HIV-positive	 individuals	 was	 lifted	 in	 2013
(choice	D	 is	 incorrect).	 Initial	 results	 of	HIV-positive	 deceased	 donor	 to	HIV-
positive	 recipient	 kidney	 transplants	 obtained	 in	 a	 prospective	 study	 are
extremely	 encouraging.	 The	 use	 of	 HCV-seropositive	 donors	 for	 selected
recipients	has	become	 routine.	For	 adequate	 identification	and	characterization
of	 HCV-positive	 donors,	 HCV	 antibody	 testing	 and	 nucleic	 acid	 testing	 for
HCV-RNA	 are	 routinely	 performed.	 Livers	 and	 kidneys	 from	 HCV-positive
donors	 do	 not	 convey	 a	 worse	 outcome	 than	 HCV-negative	 grafts	 when
transplanted	into	selected	HCV-negative	and	HCV-positive	recipients.	CMV	can
also	be	 transmitted	by	donor	 tissue,	particularly	 to	CMV-seronegative	patients.
Effective	 prophylaxis	 against,	 and	 treatment	 of,	 CMV	 disease	 has	 become
routine	 because	 of	 the	 availability	 of	 highly	 effective	 antiviral	 agents	 such	 as
ganciclovir	 and	 valganciclovir.	 Positive	 CMV	 serologies	 do	 not	 therefore
preclude	 organ	 donation,	 but	 are	 used	 to	 identify	 high-risk	 donor-recipient
combinations	 (ie,	 CMV-seropositive	 donor	 to	 CMV-seronegative	 recipient)
where	enhanced	prophylaxis	should	be	used	along	with	careful	surveillance	for
CMV	disease.
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Chapter	56
Critical	Care	Problems	in	Kidney
Recipients
Elizabeth	L.	Godfrey,	Abbas	A.	Rana,	Rainer	W.G.	Gruessner

KEY	POINTS:
1.	 Transplantation	outcomes	have	improved	year	over	year	throughout

the	modern	era	of	transplantation,	despite	the	increasing	medical
complexity	of	patients	listed	for	and	receiving	renal	allografts.	Renal
transplantation	is	a	highly	beneficial	operation	in	terms	of	both
morbidity	and	mortality	for	patients	with	end-stage	renal	disease,	but
some	patients	are	at	a	significant	risk	of	requiring	intensive	care	in
the	immediate	posttransplant	period.

2.	 Pretransplantation	screening	and	optimization	is	the	bedrock	of
posttransplantation	success	and	favorable	outcomes.	Screening	for
cardiac	comorbidities,	especially	coronary	disease	and/or	ischemic
injury,	is	the	most	important	component	of	this	process.

3.	 Maintaining	adequate	fluid	balance	and	perfusion	posttransplant	is
crucial	for	both	optimizing	a	patient’s	chances	of	early	graft	function
and	detecting	delayed	graft	function	when	it	is	present	so	that	it	can
be	monitored	and	treated	early.

4.	 Operative-complications	such	as	vascular	thrombosis	are	rare	but
can	be	catastrophic.	Infection,	conversely,	is	more	common—but	can
also	be	catastrophic,	and	also	tends	to	be	occult	in	the
immunosuppressed	patient.	Constant	vigilance	and	a	high	index	of
suspicion	that	any	change	in	status	could	have	an	infectious	cause
are	necessary	to	ensure	that	renal	transplant	recipients	have	the
best	outcomes.



5.	 Early	imaging	and	diagnostics,	early	antibiotics,	and	often	early
surgical	intervention	are	the	key	recommendations	for	management
of	any	complication	in	renal	transplant	recipients.

INTRODUCTION
Kidney	 transplantation	 (KTx)	 is	 more	 than	 a	 life-enhancing	 endeavor;	 it	 is
lifesaving.	A	 recent	 study	 estimated	 that	more	 than	1.3	million	 life-years	 have
been	saved	from	over	300,000	KTx	recipients	in	the	United	States	over	the	past
25	years.1	Other	studies	have	calculated	a	projected	10-year	survival	benefit	for
an	 average	 cadaveric	 KTx	 recipient.2	 More	 than	 just	 survival	 benefit,	 a
successful	 transplantation	 can	 free	 a	 patient	 from	 the	 demands	 of	 dialysis	 and
provide	a	higher	quality	of	life	at	a	fraction	of	the	overall	cost	compared	to	those
not	 transplanted.3	 In	 the	 United	 States,	 transplantation	 outcomes	 continue	 to
improve	year	by	year;	 the	cumulative	1-year	graft	survival	rate	as	of	2017	was
93.0%	for	deceased	donor	recipients	and	96.9%	for	living	donor	recipients;	and
5-year	graft	survival	rates	were	76.7%	for	deceased	donor	recipients	and	85.0%
for	 living	 donor	 recipients.4	 The	most	 recently	 studied	 renal	 allograft	 half-life
projections	 range	 from	 8.8	 to	 13.8	 years	 for	 deceased	 donor	 recipients	 as	 of
2005;	 for	 living-related	 donor	 recipients,	 estimated	 half-life	 ranges	 from	12	 to
21.6	 years.5,6	 Enthusiasm	 for	 KTx	 is	 undoubtedly	 fueled	 by	 these	 promising
outcomes;	 however,	 a	 donor	 shortage	 crisis	 remains.	 The	 total	 number	 of
individuals	on	the	kidney	transplant	waiting	list	has	decreased	slightly	to	78,675
in	 2018,	 after	 peaking	 in	 2014	 at	 over	 88,000.	 Comparatively,	 the	 number	 of
kidney	 transplants	 in	 the	 United	 States	 in	 the	 same	 year	 reached	 an	 all-time
annual	high	of	over	22,000	in	2018,	an	impressive	rate	that	still,	unfortunately,	is
outstripped	by	demand.4,7	Among	individuals	listed	in	2013,	the	median	waiting
time	was	4.1	years	which	increased	from	2.7	years	in	1998.4,8	These	protracted
waiting	times	subject	our	patients	to	a	great	deal	of	harm	from	the	ill	effects	of
uremia	and	dialysis.	Critical	care	providers,	 therefore,	 face	a	cohort	of	patients
awaiting	KTx	who	are	sick	and	getting	sicker.	This	chapter	discusses	the	salient
points	of	critical	care	to	optimize	outcomes	after	KTx.

PRETRANSPLANT	EVALUATION
In	 addition	 to	 the	 aforementioned	 ill	 effects	 of	 prolonged	 dialysis,	 kidney
transplant	 candidates	 are	 commonly	 plagued	 with	 significant	 comorbidities,



often	 the	 etiology	 of	 their	 renal	 failure,	 including	 hypertension,	 diabetes,	 and
cardiovascular	disease.	It	is	therefore	imperative	that	the	pretransplant	evaluation
should	be	exhaustive	(covering	cardiovascular,	gastrointestinal	[GI],	pulmonary,
neurologic,	genitourinary,	and	infection	disease	concerns).	The	goal	is	not	only
that	the	patient	survives	the	operation	and	hospitalization	but	also	survives	in	the
long	 term	 so	 that	 there	 is	 a	 realization	 of	 the	 potential	 graft	 life	 of	 the	 donor
allograft.

The	cardiovascular	examination	is	the	most	important	because	cardiac	events
constitute	 the	 most	 common	 cause	 of	 death	 in	 the	 perioperative	 and
postoperative	 periods.9	 Ironically,	 preoperative	 screening	 with	 noninvasive
cardiac	stress	testing	is	notoriously	unreliable.	In	a	meta-analysis,	the	sensitivity
of	 the	pretransplant	cardiac	perfusion	study	for	myocardial	 infarction	was	only
0.7;	and	for	cardiac	death,	only	0.8.10,11	Nevertheless,	electrocardiography	(ECG)
and	chest	radiograph	are	recommended	by	all	major	guidelines,	and	noninvasive
stress	 testing	 is	 recommended	 for	 those	with	 cardiac	 risk	 factors—which	may
include	less	obvious	risk	factors	such	as	history	of	cytomegalovirus	(CMV),	and
historical	 or	 prospective	 immunosuppression.12-14	 The	 onus	 remains	 on	 the
transplant	 clinician	 to	 have	 a	 high	 index	 of	 suspicion	 for	 potential	 cardiac
morbidity,	even	in	younger	patients	with	prolonged	renal	failure.	Abnormalities
detected	by	 stress	 testing	 require	 coronary	angiography	 to	 investigate	 the	need
for	coronary	stenting	or	even	coronary	artery	bypass.	It	may	also	be	reasonable
to	 perform	 coronary	 angiography	 on	 high-risk	 patients	 with	 significant
comorbidities	 or	 a	 pronounced	 history	 of	 cardiac	 problems	with	 unremarkable
stress	testing.

Carotid	duplex	ultrasound	should	be	used	to	screen	candidates	with	a	history
of	 stroke,	 transient	 ischemic	 attacks	 (TIAs),	 or	 other	 significant	 peripheral
vascular	 or	 occlusive	 disease	 for	 critical	 carotid	 stenosis.	 Pulmonary	 function
testing	should	be	used	to	screen	patients	with	any	history	of	pulmonary	disease
including	chronic	obstructive	pulmonary	disease	and	asthma.	Since	hepatitis	C
exposure	 is	 so	 common	 in	 the	 hemodialysis	 (HD)	 population,	 screening	 with
liver	 function	 and	 hepatitis	C	 testing	 should	 be	 conducted.15	Abnormal	 results
should	 prompt	 consultation	 with	 a	 hepatologist	 and	 further	 testing.	 Since	 GI
diseases	 are	 more	 common	 among	 patients	 with	 end-stage	 renal	 disease,	 any
upper	 GI	 symptoms	 should	 elicit	 an	 esophagogastroduodenoscopy	 (EGD).
Screening	 with	 colonoscopy	 is	 mandatory	 for	 candidates	 older	 than	 50	 years.
Recurrent	 urinary	 tract	 infections	 (UTIs)	 or	 bladder	 dysfunction	 requires
urodynamic	 testing	 and	 urology	 consultation;	 anuria	 or	 oliguria	 alone
predisposes	patients	to	bladder	pathology,	which	may	compromise	graft	survival
after	 transplantation.16,17	 Candidates	 with	 any	 history	 of	 hypercoagulability



should	undergo	a	complete	 thrombophilia	evaluation.	Abnormal	 results	 require
hematology	consultation	and	a	plan	for	therapeutic	measures	in	the	perioperative
period.

PERIOPERATIVE	CARE

Pretransplant	Preparation
2 	Careful	preparation	in	the	days	and	hours	before	transplantation	is	essential	to
achieve	ideal	outcomes.	For	HD-dependent	patients,	a	routine	HD	session	on	the
day	prior	to	transplant	would	be	acceptable.	If	this	is	not	the	case,	HD	should	be
performed	in	the	hours	prior	to	surgery.	An	electrolyte	panel	should	be	checked
within	hours	of	anesthetic	induction.	Dialysis	catheter	sites	should	be	inspected
for	infection	for	patients	on	HD.	Peritoneal	fluid	should	be	obtained	for	culture
and	 Gram	 stain	 for	 patients	 on	 peritoneal	 dialysis.	 In	 addition	 to	 electrolyte
screening,	 a	 complete	 history	 and	 physical	 examination,	 electrocardiogram,
chest	x-ray	(CXR),	and	laboratory	examination	should	be	performed	just	prior	to
the	 operation	 to	 uncover	 any	 possible	 health	 derangements	 since	 the	 last
physician	 visit.	 The	 history	 should	 include	 a	 comprehensive	 review	 of	 the
medication	list.	Anticoagulants	should	be	held	including	warfarin	and	Plavix.	β-
Blockade	should	be	continued	through	the	perioperative	period.

Intraoperative	Care
The	degree	of	invasive	monitoring	during	the	operation	should	reflect	the	extent
of	 the	 recipient’s	 comorbidities.	 Central	 venous	 catheters	 are	 commonly
introduced	to	provide	intraoperative	and	postoperative	fluid	management	and	to
administer	vasoactive	medications.	This	access	is	also	essential	to	administer	the
most	commonly	used	induction	agent,	thymoglobulin.	Continuous	arterial	blood
pressure	 monitoring	 is	 also	 quite	 common	 and	 facilitates	 blood	 pressure
management	 during	 the	 case.	 It	 can	 also	 be	 instrumental	 for	 optimizing	 the
recipient’s	 blood	 pressure	 just	 prior	 to	 reperfusion.	 Pulmonary	 artery	 pressure
monitoring	 is	 used	much	more	 selectively.	 It	 is	 justified	when	 recipients	 have
significant	cardiac	dysfunction,	valvular	abnormalities,	or	significant	pulmonary
artery	 hypertension.	 A	 20F	 three-way	 Foley	 catheter	 is	 useful	 to	 inflate	 the
bladder	 with	 saline	 which	 greatly	 facilitates	 the	 ureteroneocystostomy.	 After
completion	of	this	anastomosis,	urine	output	is	checked	frequently	as	a	guide	for



fluid	 resuscitation.	Compression	 stockings	 and	 sequential	 compression	 devices
provide	deep	venous	thrombosis	(DVT)	prophylaxis.

3 	 Optimizing	 the	 immediate	 perfusion	 of	 the	 allograft	 is	 vital	 to	maximize
graft	 function.	 This	 is	 achieved	 by	maintaining	 adequate	 intravascular	 volume
with	a	central	venous	pressure	(CVP)	between	10	and	15	mm	Hg.	The	goal	is	a
systolic	blood	pressure	of	greater	than	120	mm	Hg	at	the	time	of	reperfusion.	If
this	 is	not	 achieved	with	appropriate	volume	 loading,	 then	 low-dose	dopamine
can	 be	 used.	 Other	 vasopressors	 should	 be	 avoided	 since	 they	 can	 effectively
reduce	 perfusion	 of	 the	 allograft.	 Another	 strategy,	 shown	 to	 decrease	 the
incidence	 of	 acute	 tubular	 necrosis	 (ATN),	 is	 to	 give	 mannitol	 (1	 g/kg)	 with
furosemide	prior	 to	reperfusion	to	 increase	urine	flow.18	Optimizing	 the	chance
of	 immediate	 graft	 function	 requires	 careful	 communication	 and	 coordination
between	 anesthesiology	 and	 surgical	 teams.	 Immediate	 graft	 function	 is
important	because	delayed	graft	function	(DGF)	has	been	found	to	increase	rates
of	 rejection,	 tying	 it	 to	short-term	graft	 failure	and	patient	mortality.	DGF	also
has	 been	 found	 to	 be	 associated	with	 long-term	 graft	 failure,	 although	 less	 so
than	previously	feared.19-22

Immediate	Postoperative	Care
Recipients	with	significant	comorbidities	may	require	admission	to	the	intensive
care	 unit	 (ICU)	 for	 optimal	 monitoring	 and	 fluid	 resuscitation.	Most	 patients,
however,	can	receive	appropriate	care	on	a	solid-organ	transplant	ward	provided
there	is	mechanism	for	proper	fluid	resuscitation.	This	can	be	challenging,	with
the	 voluminous	 urine	 output	 often	 encountered	with	 immediate	 graft	 function.
The	 basis	 of	 the	 resuscitation	 is	 the	 equivalent	 replacement	 of	 urine	 output
milliliter	 for	 milliliter,	 which	 is	 measured	 hourly.	 A	 5%	 dextrose	 and	 0.45%
normal	saline	solution	should	be	administered;	potassium	replacement	may	also
be	 necessary	 but	 should	 not	 exceed	 0.3	mEq/kg/h.	 For	 recipients	with	 cardiac
dysfunction,	replacement	should	be	lower	at	0.5	mL	of	replacements	for	1	mL	of
urine.	After	24	hours,	the	fluid	replacements	are	converted	to	a	continuous	rate
between	 100	 and	 150	mL	 per	 hour	 based	 on	 the	 recipient	 weight	 and	 kidney
function.

Serial	blood	counts,	coagulation	profiles,	and	chemistries	should	be	obtained
in	 the	postoperative	period.	Electrolyte	abnormalities,	 especially	hyperkalemia,
hypokalemia,	hypomagnesemia,	and	hypocalcamia,	are	common	and	should	be
corrected.	Serial	troponins	should	be	obtained	to	exclude	myocardial	ischemia	in
select	 recipients	 with	 significant	 cardiac	 comorbidity.	 CXR	 and
electrocardiograms	are	obtained	in	the	immediate	postoperative	period.



ICU	monitoring	 can	 become	 necessary	 at	 any	 time	 if	 complications	 should
develop.	Kidney	transplant	recipients	are	prone	to	complications	owing	to	their
significant	 comorbidities,	 intense	 immunosuppression,	 and	 variable	 graft
function.	 It	 is	 estimated	 that	 between	 15%	 and	 30%	 of	 high-risk	 transplant
candidates	 will	 require	 specific	 critical	 care,	 and	 studies	 suggest	 anywhere
between	6.6%	and	20%	of	all	recipients	require	ICU	care.23,24

CRITICAL	EVALUATION	OF	DYSFUNCTIONAL
GRAFTS
3 	 5 	Immediate	graft	function	is	reliably	indicated	with	the	combination	of	brisk
diuresis	(>100-200	mL/h)	and	a	consistent	downward	trend	in	serum	creatinine.
Diuresis	 on	 its	 own	may	 be	 a	 result	 of	 the	 urine	 produced	 by	 the	 recipient’s
native	 kidneys	 or	 the	 residual	 effect	 of	 diuretics	 infused	 during	 the	 operation.
DGF	 is	 affected	 by	 a	 multitude	 of	 factors	 including	 prolonged	 cold	 ischemia
time,	 advanced	 donor	 age,	 and	 donor	 or	 recipient	 diabetes,	 among	 a	 host	 of
others.25,26	 While	 rare	 with	 living	 donor	 transplants,	 the	 incidence	 of	 DGF	 in
cadaveric	donors	 is	about	25%.27	Most	allografts	with	DGF	start	 to	 recover	by
10	days.	Doppler	ultrasound	plays	a	vital	role	in	the	surveillance	of	the	allograft
in	 DGF	 or	 for	 allografts	 with	 immediate	 function	 that	 abruptly	 changes.
Intensivists	 must	 be	 aware	 that	 Doppler	 ultrasound	 can	 rule	 out	 surgical
complications	that	require	immediate	therapeutic	maneuvers	to	salvage	the	graft
including	clearing	of	arterial	or	venous	thromboses.

Medical	Complications	Leading	to	Early	Graft	Dysfunction

Acute	Tubular	Necrosis
There	are	a	variety	of	medical	and	surgical	causes	of	impaired	kidney	function
after	 transplantation.	The	most	 common	 culprit	 is	ATN,	which	 fortunately	 has
the	best	prognosis.	 It	 is	estimated	 that	up	 to	35%	of	deceased	donor	 recipients
have	ATN,	but	it	 is	rare	in	living	donor	recipients.27-30	About	95%	of	recipients
with	ATN	will	eventually	recover	kidney	function,	although	in	some	cases	they
may	 require	 HD	 for	 several	 weeks.	 The	 causes	 of	 ATN	 are	 many	 and	 often
multifactorial,	 with	 the	 most	 common	 cause	 being	 prolonged	 ischemia	 times.
Other	 indicators	 of	 poor	 donor	 quality	 such	 as	 advanced	 donor	 age	 and	donor
diabetes	 mellitus	 are	 also	 common	 culprits.	 Donor	 and	 recipient	 instability



requiring	 the	 use	 of	 vasopressors	 can	 contribute.	 There	 is	 a	 host	 of
immunological	risk	factors	for	ATN,	as	well,	including	human	leukocyte	antigen
mismatching	and	donor-specific	antibodies.

Although	most	recipients	with	ATN	recover,	ATN	has	a	detrimental	effect	on
graft	 function	 and	 graft	 survival.	 ATN	 has	 been	 tied	 to	 a	 higher	 incidence	 of
rejection	and	chronic	allograft	nephropathy.31

ATN	 is	 a	 diagnosis	 of	 exclusion.	Most	 importantly,	 surgical	 complications
need	to	be	ruled	out,	most	notably,	thrombosis	with	a	Doppler	ultrasound.	Next,
the	clinician	is	obligated	to	rule	out	urologic	complications	and	rejection.

Acute	Rejection
Acute	rejection	after	KTx	is	of	great	significance,	but	a	comprehensive	review	is
beyond	the	scope	of	this	chapter.	There	are	two	types	of	acute	rejection,	cellular
rejection	 and	 antibody-mediated	 rejection	 (ABMR);	 both	 can	 diminish	 graft
function	and	survival.32	At	present,	this	diagnosis	must	be	secured	with	a	kidney
biopsy,	 although	 among	 other	 avenues	 of	 investigation,	 cell-free	 DNA	 is	 an
emerging	 non-invasive	 diagnostic	 test	 that	 has	 demonstrated	 some	 utility	 in
detecting	ABMR.33,34	After	vascular	 thrombosis	and	urologic	complications	are
ruled	 out,	 the	 next	 step	 is	 often	 a	 biopsy	 to	 rule	 out	 rejection.	 Acute	 cellular
rejection,	 which	 is	 a	 lymphocytic	 attack	 against	 donor	 tissue,	 is	 most	 often
treated	 with	 a	 course	 of	 steroids	 or	 thymoglobulin,	 in	 addition	 to	 modulating
immunosuppression	 dosage.35	 ABMR,	 which	 may	 occur	 in	 conjunction	 with
acute	cellular	rejection	or	occur	on	its	own,	is	most	often	treated	with	a	course	of
plasmapheresis	 and	 intravenous	 (IV)	 immunoglobulin	 and	 in	 some	 cases
rituximab.	 Recurrent	 ABMR	 may	 be	 treated	 additionally	 with	 bortezomib	 or
eculizumab,	 but	 this	 is	 unlikely	 to	 be	 a	 consideration	 in	 the	 acute
posttransplantation	 period.35	 In	 ABMR,	 preformed	 or	 de	 novo	 alloantibodies
target	capillary	endothelium	and	by	activating	the	complement	system	can	result
in	rapid	destruction	of	the	allograft.

Recurrence	of	Kidney	Disease
Most	 types	of	kidney	diseases	 rarely	 recur	 in	 the	 acute	 setting;	however,	 focal
segmental	glomerulosclerosis	(FSGS)	and	hemolytic	uremic	syndrome	(HUS)	are
exceptions	that	can	cause	early	and	profound	graft	dysfunction.	Nephrotic	range
proteinuria	 (ie,	 >3.5	 g/d)	 in	 a	 transplant	 recipient	 with	 known	 FSGS	 should
prompt	 an	 immediate	 biopsy.	 Diffuse	 foot	 process	 effacement	 on	 biopsy	 is
diagnostic.	 Early	 graft	 dysfunction	 with	 laboratory	 evidence	 of	 microvascular



trauma	including	low	haptoglobin	levels,	elevated	lactate	dehydrogenase	levels,
and	the	presence	of	schistocytes	on	blood	smear	should	elicit	suspicion	of	HUS
and	prompt	a	biopsy	as	well.	It	may	be	recurrent	or	de	novo,	with	the	patient’s
calcineurin	 inhibitor	 (CNI)	 being	 a	well-known	 causative	 agent.36	 Eculizumab
has	emerged	in	recent	years	as	an	effective	prophylactic	and	therapeutic	agent	to
address	the	recurrence	of	atypical	HUS.37,38

Surgical	Complications	Leading	to	Early	Graft	Dysfunction
Hemorrhage	after	surgery	 is	always	a	possibility	but	 is	 rare	after	KTx	because
the	 surgical	 field	 is	 confined	 to	 the	 retroperitoneal	 space,	 so	 bleeding	 usually
tamponades.	Reexploration	is	uncommon.	Bleeding	is	suspected	if	the	patient	is
tachycardic,	hypotensive,	oliguric,	and	requiring	blood	transfusions.	Subcapsular
bleeding	in	the	allograft,	usually	associated	with	allograft	biopsy,	 is	an	entirely
different	matter,	as	it	can	lead	to	compression,	arterial	hypertension	(sometimes
associated	 with	 Page	 kidney,	 a	 hypoperfusion	 syndrome	 resulting	 from
parenchymal	compression),	and	quick	deterioration	of	allograft	function.	If	this
is	 recognized	on	Doppler	ultrasound	with	evidence	of	compression,	 immediate
reexploration	is	imperative	to	release	the	hematoma.39,40

Arterial	thrombosis	is	a	devastating	complication	in	KTx,	as	the	renal	arteries
are	 end	 arteries	without	 collateralization.	Therefore,	 arterial	 thrombosis	 almost
invariably	 results	 in	graft	 loss;	however,	 fortunately,	 it	 is	 rare	 (0.7%-5%).41	As
mentioned	earlier	 in	the	chapter,	 impaired	graft	function	or	a	sudden	change	in
urine	output	should	elicit	a	Doppler	ultrasound,	which	is	usually	diagnostic	when
thrombosis	is	present.	If	discovered	early,	within	hours,	graft	salvage	is	possible,
although	 most	 cases	 result	 in	 irreparable	 damage,	 necessitating	 transplant
nephrectomy.	Unidentified	 intimal	 flaps,	 allograft	 damage	 in	 the	 procurement,
donor-recipient	 size	 discrepancy,	 hypotension,	 and	 technical	 difficulty	 with
multiple	 arteries	 in	 the	 donor	 or	 diseased	 iliac	 vessels	 in	 the	 recipient	 are	 all
identified	causative	factors.41

Renal	 vein	 thrombosis	 is	 equally	 devastating	 and	 uncommon	 and	 occurs	 in
0.3%	to	4.2%	of	recipients.	It	is	most	often	diagnosed	within	a	few	days	after	the
transplantation	and	is	characterized	by	sudden	onset	of	pain	and	graft	swelling,
hematuria,	 and,	 in	 the	 case	 of	 iliofemoral	 thrombosis,	 an	 edematous	 leg.	 In
addition	to	the	vein	thrombosis,	the	Doppler	ultrasound	often	shows	reversal	of
the	 diastolic	 flow	 in	 the	 arterial	 system	 and	 an	 enlarged	 kidney	 possibly
surrounded	 by	 hematoma.	 Urgent	 allograft	 nephrectomy	 is	 necessary	 in
complete	 thrombosis	 to	 prevent	 kidney	 rupture	 and	 devastating	 hemorrhage.
Partial	 thrombosis	 is	 an	 indication	 for	 urgent	 surgical	 thrombectomy	 or



thrombolytic	 therapy;	 successful	 salvage	 has	 been	 reported	 for	 cases	 in	which
diagnosis	and	treatment	are	prompt.42	 It	 is	most	often	caused	by	kinking	of	the
anastomosis,	 intimal	 injury	 during	 organ	 procurement,	 pressure	 on	 the	 vein
secondary	 to	 a	 fluid	 collection	 (ie,	 lymphocele,	 urinoma,	 or	 hematoma),
compartment	syndrome,	and	extension	of	an	iliofemoral	thrombosis.43

Other	 vascular	 complications	 include	 aneurysms	 and	 renal	 artery	 stenosis.
Aneurysms	 can	 be	 anastomotic	 (pseudoaneurysm)	 or	 infected	 (mycotic)	 and
require	surgical	repair.	Recipients	with	renal	artery	stenosis	require	percutaneous
balloon	dilation,	or	if	unsuccessful,	surgical	repair.

Urological	 complications	 are	 much	 more	 common	 than	 vascular
complications	but,	if	addressed	systematically,	rarely	threaten	the	viability	of	the
allograft.	Urologic	complications,	including	hematuria,	urine	leaks,	and	ureteral
stenosis,	range	from	5%	to	14%.44

Hematuria	is	not	uncommon	after	operating	on	the	distal	ureter	and	bladder,
and	 often	 resolves	 within	 24	 hours;	 however,	 clot	 formation	 leading	 to
obstructive	 uropathy	 can	 occur,	 especially	 with	 poor	 initial	 urine	 flow.	 Close
monitoring	 of	 the	 urine	 output	 is	 necessary	 and	 any	 changes	 can	 indicate
obstruction.	Large	clots	can	cause	suprapubic	pain	and	bladder	spasms.	Catheter
irrigation	 can	 often	 remedy	 the	 situation.	 If	 unsuccessful,	 manual	 evacuation
using	a	20F	six-eye	Foley	catheter	can	be	used.	Occasionally,	hematuria	can	be
caused	by	posttransplant	biopsies	with	blood	clots	forming	in	the	renal	pelvis.	In
these	situations,	a	percutaneously	placed	nephrostomy	tube	may	be	necessary.

Urine	 leaks	 are	 caused	 by	 technical	 errors	 with	 the	 ureteroneocystostomy,
presenting	 in	 the	 first	 few	 postoperative	 days,	 or	 from	 ureteral	 ischemia	 and
necrosis,	 presenting	 in	 the	 first	 few	 weeks.	 Rarely,	 they	 can	 also	 occur	 as
complications	of	allograft	biopsy.	The	presentation	can	be	quite	varied,	including
wound	drainage,	persistent	tenderness,	fevers,	or	general	swelling.	They	are	also
commonly	 diagnosed	 on	 surveillance	 Doppler	 ultrasound	 where	 a	 large
perinephric	 fluid	 collection	 is	 aspirated	 and	 found	 to	 have	 a	 high	 creatinine
content.	 Nephroscintigraphy	 or	 retrograde	 cystography	 can	 confirm	 the
diagnosis.	Minor	 leaks	 can	 spontaneously	 resolve	with	 bladder	 decompression
over	 several	 weeks.	 More	 significant	 leaks	 are	 approached	 with	 immediate
exploration	and	reimplantation	of	the	ureter	or	with	percutaneous	maneuvers	to
maximize	 drainage	 for	 4	 to	 8	 weeks.	 Both	 strategies	 have	 their	 advocates.
Proponents	of	the	percutaneous	approach	report	success	rates	of	90%,	avoiding
significant	morbidity	from	a	reoperation,	but	as	the	length	of	the	necrotic	ureter
portion	 increases,	 so	 too	 do	 the	 odds	 of	 requiring	 more	 invasive	 surgical
correction.45

Ureteral	stenosis	usually	becomes	evident	months	after	transplantation	when



an	elevated	creatinine	leads	to	a	Doppler	ultrasound	that	reveals	hydronephrosis.
Percutaneous	nephrostomy	elucidates	the	location	and	degree	of	stenosis	as	well
as	 allows	 for	 therapeutic	 maneuvers	 including	 balloon	 dilatation	 with	 a
temporary	stent	tube.	If	 this	approach	fails,	reoperation	with	operative	repair	 is
necessary.	 Extensive	 adhesions	 and	 lack	 of	 graft	mobility	make	 this	 operation
quite	difficult.	On	some	occasions,	reimplanting	the	distal	ureter	is	possible,	but
in	most	 cases	 a	 ureteroureterostomy	 (to	 native	 ureter)	 or	 a	 ureteropyelostomy
(native	ureter	to	the	graft’s	renal	pelvis)	is	necessary.45

Perinephric	 fluid	 collections	 after	 transplantation	 are	 common	 and	 often
innocuous.	However,	on	occasion,	they	can	cause	compression	of	the	iliac	veins,
leading	to	leg	edema,	or	compression	of	the	ureter,	leading	to	hydronephrosis.	In
these	 cases,	 percutaneous	 decompression	 is	 imperative.	 Most	 collections	 are
residual	hematomas	or	seromas	and	are	self-limited.	Lymphoceles,	caused	from
disruption	of	lymphatic	vessels	along	the	external	iliac	artery,	are	the	exception
and	 can	 be	 quite	 persistent.	While	 aspiration	 may	 be	 an	 economical	 and	 less
invasive	 first	 step,	 recurrence	 is	 common,	 and	 in	 the	 case	 of	 recurrence	 or	 an
early	or	particularly	severe	presentation,	a	surgically	created	peritoneal	window
must	 be	 created	 to	 drain	 the	 leakage	 and	 can	 often	 be	 approached
laparoscopically.46

NONRENAL	POSTTRANSPLANTATION
COMPLICATIONS

Cardiovascular	Complications
2 	 Cardiac	 complications	 are	 the	 most	 common	 cause	 of	 death
posttransplantation.47	For	this	reason,	clinicians	are	often	very	particular	with	the
cardiac	 clearance	 prior	 to	 transplantation,	 but	 despite	 careful	 preoperative
evaluation,	 cardiac	 complications	 remain	 common	 following	 transplantation.
The	immediate	function	of	the	transplanted	kidney	has	a	strong	influence	on	the
incidence	of	cardiac	complications.	 Immediate	 function	corrects	uremia	 that	 in
turn	improves	cardiac	index,	stroke	volume,	and	ejection	fraction.	On	the	other
hand,	DGF	can	exacerbate	fluid	shifts	and	fluid	overload,	as	well	as	electrolyte
derangements,	which	can	tip	the	patients	into	congestive	heart	failure.48	In	these
cases,	 expedient	 HD	 is	 essential.	 Patients	 who	 are	 at	 high	 risk	 for	 cardiac
complications	 need	 careful	 ICU	 monitoring	 in	 the	 perioperative	 setting,
especially	for	cases	of	DGF.	This	includes	patients	with	long-standing	diabetes,



hypertension,	coronary	artery	disease,	and	impaired	ventricular	function.	Further
monitoring	with	a	pulmonary	artery	catheter	for	optimal	fluid	management	may
be	prudent	 for	 the	highest-risk	patients	with	diabetes	and	significant	history	of
cardiac	morbidity.

5 	 Although	 somewhat	 uncommon	 in	 the	 perioperative	 period,	 myocardial
infarction	 is	 one	 of	 the	major	 causes	 of	 death	 in	 the	 long	 term.	 Perioperative
myocardial	 infarctions	 are	more	 common	 among	 patients	 with	 diabetes	 and	 a
history	 of	 coronary	 artery	 disease.	 Clinicians	 should	maintain	 a	 high	 index	 of
suspicion	with	 this	 subgroup,	monitoring	 continuous	 hemodynamic	 parameters
and	serial	troponins	in	an	ICU	setting.	High-risk	patients	with	DGF	should	have
HD	initiated	expeditiously.	 In	 the	 longer	 term,	studies	suggest	 that	maintaining
the	hematocrit	above	30%	in	diabetic	patients	reduces	cardiac	morbidity	by	24%
in	the	initial	6	months	postoperatively.49

Pericarditis	 following	 KTx	 occurs	 in	 1%	 to	 3%	 of	 patients.50	 The	 most
common	 culprit	 is	 uremia,	 but	 there	 are	 other	 possible	 etiologies	 including
infections	 (eg,	 cytomegalovirus),	 fluid	 overload,	 and	 medications	 (minoxidil).
Less	frequently,	bacterial	pericarditis	develops	in	recipients	with	advanced	septic
complications.	 In	 addition	 to	 antibiotics,	 bacterial	 pericarditis	 causing	 cardiac
failure,	 hypotension,	 or	 tamponade	 requires	 urgent	 surgical	 or	 percutaneous
decompression.	Pericarditis	may	also	contribute	to	graft	dysfunction	if	it	causes
sufficient	 hypoperfusion.51	 Any	 evidence	 of	 tamponade	 requires	 ICU
monitoring.

Exacerbation	of	underlying	hypertension	can	be	an	issue	in	the	postoperative
period.	In	addition	to	allograft	vascular	compromise,	which	should	be	ruled	out
when	evaluating	early	postoperative	hypertension,	fluid	overload	and	CNIs	can
also	induce	considerable	hypertension.	Systolic	blood	pressures	above	180	mm
Hg	or	diastolic	pressures	above	100	mm	Hg	require	intensive	monitoring,	which
often	 includes	 ICU	 monitoring	 with	 IV	 antihypertensive	 infusions	 (sodium
nitroprusside).	 The	 patient’s	 home	 regimen	 should	 be	 restarted,	 and	 abrupt
cessation	 of	 antihypertensives	 should	 be	 avoided,	 with	 the	 exception	 of
angiotensin-converting	 enzyme	 inhibitors.	 Calcium-channel	 blockers	 appear	 to
be	 the	 best	 at	 obviating	 the	 renal	 vasoconstriction	 induced	 by	 CNIs.52	 The
mechanism	 of	 CNI-induced	 hypertension	 is	 multifactorial,	 including	 vascular
constriction	 by	 reducing	 prostacyclin	 and	 nitric	 oxide	 production	 while
increasing	serum	levels	of	endothelin-1.	Vasoconstriction	of	the	kidney	enhances
sodium	retention	and	exacerbates	hypertension.53

3 	Hypotension	can	be	catastrophic	to	the	newly	transplanted	allograft	and	can
lead	 to	 graft	 loss	 or	 severe	 dysfunction.	 More	 than	 just	 ATN,	 significant
hypotension	 can	 perpetuate	 vascular	 thrombosis.	 In	 the	 operating	 room	 (OR),



hypotension	can	be	related	to	volume	depletion	or	anesthetic	agents	and	should
be	 avoided	 with	 appropriate	 fluid	 loading	 using	 CVP	 monitoring.	 Induction
immunosuppression	 with	 thymoglobulin	 can	 also	 lead	 to	 hypotension,	 which
should	 be	 reversed	 by	 slowing	 the	 infusion	 rate.	 In	 the	 postoperative	 period,
brisk	 diuresis	 with	 immediate	 graft	 function	 can	 lead	 to	 inadequate	 fluid
replacement.	Cardiac	dysfunction	and	bleeding	can	also	be	contributing	causes
of	hypotension.

Uremic	 patients	 have	 a	 greater	 incidence	 of	 DVT	 compared	 to	 the	 general
population,	ranging	from	1%	to	4%,	to	up	to	8	or	9%	in	single-center	studies	of
renal	 transplant	 recipients.54,55	 This	 risk	 is	 linked	 to	 a	 hypercoagulable	 state
secondary	 to	 decreased	 fibrinolytic	 activity	 and	 increase	 in	 plasminogen
activation	inhibitors,	and	exacerbated	by	high-dose	corticosteroid	therapy	in	the
perioperative	period.56	Other	factors	contributing	to	the	development	of	DVT	are
postoperative	 immobilization,	 increased	 blood	 viscosity	 from	 posttransplant
erythrocytosis,	cyclosporine,	and	perinephric	fluid	collections	that	can	diminish
the	venous	return	from	the	leg.	Two-thirds	of	the	time,	DVT	occurs	on	the	side
of	 the	 graft.	 Since	 the	 kidney	 allograft	 is	 a	 high-flow	 organ,	 DVT	 usually
terminates	 at	 the	 level	of	or	 just	 distal	 to	 the	 renal	vein	 anastomosis.	Elevated
hemoglobin	levels	in	conjunction	with	other	risk	factors	such	as	old	recipient	age
or	 diabetes	 are	 thought	 to	 predispose	 to	 DVT	 and	 aggressive	 therapeutic
phlebotomy	should	be	used	to	maintain	the	hematocrit	level	at	less	than	55%.

In	 the	 immediate	 posttransplant	 period,	 thromboprophylaxis	 is	 generally
indicated	 for	 the	 prevention	 of	 DVT;	many	 centers	 use	 a	 combination	 of	 low
molecular	 weight	 heparin	 and	 compression	 stockings	 or	 devices	 if	 not
contraindicated.	Since	both	major	chemoprophylactic	agents	carry	certain	risks,
thromboprophylaxis	 should	 be	 selected	 based	 on	 the	 patient’s	 individual	 risk
profile,	 but	 at	 least	 one	 study	 suggests	 prophylactic	 dosing	 of	 low	 molecular
weight	heparin	has	a	favorable	risk-benefit	ratio.57-59	Once	a	diagnosis	of	DVT	is
established,	just	as	with	any	other	patient,	therapeutic	doses	of	systemic	heparin
are	administered,	followed	by	3	to	6	months	of	anticoagulation	with	warfarin.	If
there	is	a	contraindication	to	anticoagulation,	an	inferior	vena	cava	filter	can	be
inserted.	 In	 the	 very	 rare	 instance	 that	 phlegmasia	 cerulea	 dolens	 develops,
venous	thrombectomy	and	fasciotomy	must	be	performed.

Pulmonary	embolism	is	rare	(<1%),	but	there	is	an	increased	risk	after	KTx.
This	 is	 because	 the	 coagulation	 system	 is	 activated	 in	 the	 uremic	 patient	 after
transplantation.	One-week	posttransplantation,	 the	 rate	of	pulmonary	embolism
is	 near	 pretransplant	 rates.	Although	 rare,	 if	 a	 recipient	 develops	 a	 pulmonary
embolism,	the	mortality	rate	is	about	40%.



Pulmonary	Complications
It	 is	 not	 common	 for	 kidney	 transplant	 recipients	 to	 require	 postoperative
ventilator	support.	Those	who	do,	often	have	pulmonary	dysfunction	secondary
to	fluid	overload,	cardiac	dysfunction,	or	underlying	lung	disease.

Overresuscitation	 in	 the	OR	 in	 conjunction	with	 a	 poorly	 functioning	 graft
can	lead	to	pulmonary	edema.	Inadequate	pretransplant	HD	may	also	contribute.
As	discussed	previously,	 poor	 early	 graft	 function	 requires	much	more	precise
fluid	management	 to	 optimize	 volume	 status	 for	 the	 graft,	without	 placing	 the
recipient	 at	 unacceptable	 risk	 for	 cardiopulmonary	 complications.	 Chest
radiography	in	the	recovery	room	to	assess	pulmonary	status	should	be	routine
and	 may	 help	 guide	 fluid	 resuscitation.	 A	 patient	 with	 pulmonary	 edema	 and
DGF	should	prompt	consideration	for	HD.	Recurrent	pulmonary	edema	may	be
an	atypical	manifestation	of	a	kidney	graft	renal	artery	stenosis.
Pulmonary	hypertension	(PHT),	although	a	profound	risk	factor	for	death	in

liver	 transplant	 recipients,	has	not	been	 found	 to	be	an	 independent	 risk	 factor
for	mortality	 after	kidney	 transplant.	Nevertheless,	 kidney	 transplant	 recipients
with	 known	 PHT	 may	 require	 ICU	 care	 postoperatively,	 guided	 by	 PAC
monitoring.60
Acute	respiratory	distress	syndrome	(ARDS)	in	kidney	transplant	recipients	is

very	 rare,	 affecting	 0.2%	 of	 all	 patients	 in	 the	 United	 States.	 A	 precipitating
factor	 can	 be	 induction	 immunosuppression	 with	 antithymocyte	 globulin.	 The
mortality	rate	of	KTx	recipients	with	ARDS	is	prohibitive	at	well	over	50%.61

Metabolic	Complications
Hyperkalemia	 is	 frequently	 encountered	 and	 can	 be	 quite	 dangerous	 in	 the
perioperative	 setting,	 making	 serial	 serum	 potassium	 levels	 and	 appropriate
treatment	 indispensable.	 In	 the	OR,	 surgical	 trauma	 and	 transfusion	 of	 banked
blood	 can	 cause	 hyperkalemia.	 Postoperatively,	 hyperkalemia	 can	 develop
quickly	in	the	setting	of	DGF.	In	addition	to	impaired	glomerular	filtration	rate
and	 decreased	 plasma	 aldosterone	 levels,	 ATN	 in	 the	 distal	 tubules	 can
contribute	to	hyperkalemia	since	the	distal	tubules	are	a	major	site	of	potassium
secretion.	Medications	are	also	common	culprits.	CNIs	cause	vasoconstriction	of
the	afferent	arterioles	and	damage	to	the	distal	tubules	leading	to	hyperkalemia.
Other	 medications	 that	 decrease	 potassium	 excretion	 include	 trimethoprim-
sulfamethoxazole	 (TMP-SMX),	 ACE	 inhibitors,	 angiotensin-2	 receptor-
antagonists,	 and	 nonsteroidal	 anti-inflammatory	 agents.	 β-blockers	 cause
hyperkalemia	by	impeding	intracellular	potassium	entry.	The	standard	therapy	is



to	give	IV	glucose,	insulin,	and	bicarbonate	to	rapidly	decrease	serum	potassium,
but	this	does	not	change	the	total	body	potassium	content.	A	potassium-binding
resin	actually	 removes	potassium	from	 the	body	but	 is	 slow	acting.	Recipients
with	hyperkalemia	from	poor	graft	function	often	require	HD.

The	 brisk	 diuresis	 from	 immediate	 graft	 function	 can	 lead	 to	 hypokalemia.
Recipients	 requiring	 more	 than	 0.3	 mEq/kg/h	 should	 be	 placed	 on	 a	 cardiac
monitor.	 Hypomagnesemia	 and	 hypophosphatemia	 can	 also	 result	 from	 high-
output	 diuresis.	 Other	 causes	 of	 hypomagnesemia	 include	 drug-related	 renal
wasting	 (eg,	 cyclosporine,	 tacrolimus,	 diuretics,	 aminoglycosides,	 and
amphotericin	B),	poor	dietary	intake,	and	malabsorption	from	the	GI	tract.	Other
causes	 of	 hypophosphatemia	 include	 secondary	 hyperparathyroidism,
glucocorticoids	 (inhibit	 the	 tubular	 reabsorption	 of	 phosphate),	 and	 antacids
(which	bind	phosphate	in	the	GI	tract).

Infectious	Complications
Infectious	diseases	can	be	very	complex	for	solid-organ	transplant	recipients.	A
comprehensive	 review	 is	 beyond	 the	 scope	 of	 this	 chapter,	 but	 we	will	 try	 to
cover	 the	 germane	 points	 for	 the	 immediate	 posttransplantation	 period.	 The
earliest	 infections	are	caused	by	bacterial	 infection	of	breached	anatomic	sites,
including	 the	 lungs,	 blood	 (indwelling	 catheters),	 superficial	 wounds,	 and	 the
perinephric	 space.	 Viral	 and	 fungal	 infections	 can	 occur	 in	 the	 immediate
postoperative	course	but	are	more	common	in	later	periods.62

The	most	 common	 infection	 posttransplantation	 is,	 not	 surprisingly,	 a	UTI;
incidence	was	more	than	30%	in	past	decades	but	has	improved	somewhat,	with
recent	 data	 suggesting	 incidence	 by	 center	 ranges	 from	 0%	 to	 14%.63	 UTIs
progress	 to	 the	 more	 sinister	 pyelonephritis	 and	 bacteremia	 in	 about	 10%	 of
recipients.	 Gram-negative	 bacilli	 are	 the	 cause	 70%	 of	 the	 time,	 but
Enterococcus,	Staphylococcus,	and	Candida	are	other	causative	pathogens.	Risk
factors	 include	 prolonged	 bladder	 catheterization,	 neurogenic	 bladder,	 ureteral
stent	placement,	and	ureteral	complications.	It	is	paramount	to	initiate	antibiotic
therapy,	even	in	cases	of	asymptomatic	bacteriuria.	If	the	infection	persists,	the
ureteral	stent	should	be	removed	and	further	diagnostic	tests	ordered,	including
voiding	cystourethrogram	and	computed	tomography	(CT)	scan.64

Kidney	transplant	recipients	have	a	wound	infection	rate	of	3.2%	in	a	recent
US	study,	although	intercenter	variability,	as	with	UTI,	ranges	widely	from	0%
to	 17%.63	 Every	 effort	 should	 be	made	 to	 prevent	 wound	 infections	 including
thorough	 skin	 preparation	 with	 chlorhexidine,	 prophylactic	 antibiotics,	 and
irrigation	 of	 the	 urinary	 bladder	with	 an	 antibiotic	 solution.	Wound	 infections



should	be	 treated	according	 to	 the	 standard	 surgical	principles	of	drainage	and
antimicrobial	therapy.65

Pneumonia	 is	 a	 formidable	 problem	 in	 the	 posttransplantation	 period,
developing	in	16%	of	kidney	transplant	recipients	and	carrying	a	mortality	rate
of	10%	to	13%.	In	this	period,	90%	of	infections	with	an	identified	organism	are
bacterial,	usually	caused	by	Staphylococcus,	nosocomial	gram-negative	species,
or	 Streptococcus	 pneumoniae	 if	 community	 acquired.	 Fungal	 pneumonias	 are
less	 likely	 but	 occur,	 most	 commonly	 in	 patients	 with	 a	 more	 intensive
immunosuppressive	 regimen	 or	 who	 had	 a	 prolonged	 prior	 course	 of
antibiotics.66-69

The	diagnosis	of	bacterial	pneumonia	is	not	always	clear-cut.	There	are	many
noninfectious	 causes	 of	 fever	 including	 atelectasis	 and	medications.	 If	 a	CXR
reveals	an	infiltrate,	a	chest	CT	may	delineate	the	pneumonia.	Although	there	is
no	consensus	on	the	role	of	bronchoalveolar	lavage	(BAL),	it	may	be	prudent	to
obtain	 a	 BAL	 in	 recipients	 with	 pneumonia	 who	 do	 not	 respond	 to	 antibiotic
therapy	in	48	to	72	hours.	If	a	patient	has	suspected	pneumonia,	broad-spectrum
antibiotics	 need	 to	 be	 initiated	 immediately;	 antimicrobial	 therapy	 cannot	wait
for	culture	results	in	solid-organ	transplant	recipients.	Antifungal	therapy	should
be	initiated	in	appropriate	situations.	Surveillance	cultures	should	be	reviewed	to
exclude	the	presence	of	multidrug-resistant	bacteria.	Antibiotics	should	later	be
tailored	to	culture	results.67

Since	 kidney	 transplant	 recipients	 have	 indwelling	 catheters,	 arteriovenous
fistulae,	 or	 arteriovenous	 grafts,	 they	 are	 at	 risk	 for	 bloodstream	 infections.
Catheters	 should	 be	 removed	 as	 soon	 as	 possible.	 Staphylococcal	 species	 and
gram-negative	 bacilli	 are	 the	 most	 likely	 pathogens	 and	 should	 be	 treated
aggressively	with	IV	antibiotics.	Persistent	bacteremia	should	prompt	suspicions
for	 infective	 endocarditis,	 which	 is	 confirmed	 by	 cardiac	 valve	 vegetations
visualized	by	echocardiography.	Treatment	is	with	prolonged	antibiotics.

Viral	infections	can	play	a	sinister	role	in	the	later	posttransplant	period.	The
predominant	 offenders	 are	 from	 the	 herpesvirus	 genus,	 including
cytomegalovirus	 (CMV),	 Epstein-Barr	 virus	 (EBV),	 herpes	 simplex	 virus
(HSV),	and	varicella-zoster	virus	(VZV;	herpes	zoster	virus).

Primary	 infections	by	HSV	are	 rare,	but	 reactivations	 are	 common,	with	 an
incidence	as	high	as	30%	for	adult	and	8%	for	pediatric	recipients.	Diagnosis	is
confirmed	by	tissue	culture	or	direct	immunofluorescent	antibody	staining	using
the	Tzanck	preparation.	A	polymerase	chain	reaction	(PCR)	test	is	now	available
that	 is	 thought	 to	 be	 up	 to	 two	 times	 more	 sensitive	 than	 tissue	 cultures.
Symptomatic	 HSV	 infections	 are	 common	 with	 orofacial	 and	 genital	 lesions.
Although	much	less	common,	conjunctivitis	or	corneal	ulcerations	may	develop.



Topical	 5%	 acyclovir	 ointment	 shortens	 the	 duration	 of	 viral	 shedding.	 Oral
acyclovir	(200	mg	five	times	per	day)	is	also	effective.	IV	acyclovir	(5.0	mg/kg
every	8	hours	for	7-14	days)	is	used	in	cases	of	disseminated	disease.70

CMV	infections	are	rare	in	the	first	month	posttransplantation	but	can	infect
up	 to	 as	 many	 as	 60%	 of	 recipients	 and	 by	 some	 estimates,	 cause	 invasive
disease	 in	 up	 to	 25%.	 Most	 infections	 occur	 within	 the	 first	 year	 and	 are	 of
serious	 concern.	 Studies	 have	 shown	 that	 CMV	 infections	 decrease	 graft	 and
patient	 survival.	 We	 risk-stratify	 patients	 based	 on	 seropositivity.	 Donor-
seropositive	(D+),	recipient-seronegative	(R−)	is	the	highest-risk	group	with	an
incidence	of	up	to	60%.	D+R+	and	D−R+	groups	have	a	lower	risk	profile	with
an	incidence	between	20%	and	40%.	CMV	infections	are	possible	in	the	D−R−
group	 when	 they	 occur	 as	 primary	 infections	 or	 reactivations.71,72	 Prophylaxis
with	 parenteral	 9-[(1,3-dihydroxy-2-propoxy)methyl]guanine	 (DHPG)
(ganciclovir)	or	enteral	(valganciclovir)	forms	have	successfully	reduced	rates	of
infection.	Recipients	in	the	D+R−	(high-risk)	group	should	receive	prophylactic
oral	DHPG	for	at	least	6	months	posttransplantation.

In	 addition	 to	 generalized	 symptoms	 of	 fever,	 malaise,	 myalgia,	 and
headache,	 70%	 of	 infected	 patients	 have	 leukopenia.	 CMV	 infections	 can
manifest	 in	 many	 different	 sites,	 including:	 neuritis,	 gastritis,	 colitis,	 retinitis,
hepatitis,	 pancreatitis,	 and	 nephritis.	 Most	 infections	 occur	 within	 the	 first
6	 months.	 PCR	 techniques	 are	 now	 in	 common	 use	 to	 assess	 for	 viremia	 in
immunocompromised	patients;	they	can	detect	rising	viral	loads	within	48	hours,
allowing	 for	 prompt	 initiation	 of	 treatment.73	 The	 treatment	 for	 an	 established
infection	 is	 IV	DHPG	 (5	mg/kg	 every	 12	hours	 if	 creatinine	<1.5	mg/dL	with
dose	 adjustment	 according	 to	 graft	 function).	 Treatment	 can	 be	 limited	 by
leukopenia	 (white	 blood	 cell	 count	 <3000	 cells	 per	 μL)	 or	 thrombocytopenia
(platelet	 count	 <100,000	 per	 μL),	 requiring	 dose	 reduction	 or	 temporary
cessation.	 The	 treatment	 course	 is	 14	 days	 of	 IV	 DHPG	with	 the	 addition	 of
CMV	hyperimmune	globulin	for	severe	cases.	Oral	DHPG	is	then	continued	for
6	months.

EBV	 infections	 are	 often	 associated	 with	 mononucleosis-like	 symptoms:
malaise,	 fevers,	 headaches,	 and	 sore	 throat.	 At	 its	 worst	 manifestation,	 it	 can
present	 as	 widespread	 posttransplant	 lymphoproliferative	 disease	 (PTLD),	 a
form	 of	 B-cell	 lymphoma.	 This	 usually	 occurs	 months	 to	 years
posttransplantation.	 Immunosuppression	 impairs	 the	 ability	 of	 virus-specific
cytotoxic	T	lymphocytes	to	control	the	expression	of	EBV-infected	transformed
B	 cells,	 leading	 to	 polyclonal	 and	 monoclonal	 proliferation	 of	 lymphocytes
(which	 constitutes	 PTLD).	 Treatment	 entails	 cessation	 of	 immunosuppression
accompanied	 by	 anti-CD-20	 antibodies	 (rituximab),	 and	 antiviral	 therapy	 (eg,



ganciclovir,	 acyclovir,	 or	 anti-CMV	 immune	 globulin).	 Suboptimal	 responses
necessitate	conventional	lymphoma	treatment.

Varicellazoster	virus	usually	presents	as	dermatomal	skin	lesions.	Therapy	is
a	7-day	course	of	acyclovir.	VZV	immune	globulin	is	indicated	for	seronegative
recipients.	Recipients	are	at	risk	for	other	viruses	as	well,	including	adenoviruses
and	 influenza,	 papovaviruses,	 and	 hepatitis.	 Human	 papillomavirus	 infections
are	also	increased,	leading	to	higher	incidence	of	cervical	cancer.

Fungal	 infections	 are	 quite	 frequent	 and	 occur	 in	 14%	of	 kidney	 transplant
recipients.	Translocation	of	Candida	from	the	GI	tract	is	a	common	source.	The
most	 common	 infection	 is	 oropharyngeal	 candidiasis	 that	 can	 be	 treated	 with
oral	 nystatin.	 Aspergillus	 species	 infections	 are	 common	 and	 can	 be	 serious.
Systemic	fungal	infections	are	usually	quite	serious	and	occur	in	significantly	ill
patients.	 Often,	 recipients	 are	 on	 broad-spectrum	 antibacterials	 and	 have	 poor
graft	 function.	Superinfections	have	a	dismal	prognosis.	Patients	with	cerebral,
pulmonary,	or	visceral	involvement	require	significant	reduction	or	cessation	of
immunosuppression.74

Azole	antifungals	(eg,	fluconazole)	are	the	first-line	therapy	given	their	safety
profile.	For	life-threatening	fungemia,	stronger	agents	such	as	an	echinocandin-
like	caspofungin,	or	amphotericin	B	should	be	used,	especially	for	non-albicans
Candida.75	 The	 liposomal	 form	 of	 amphotericin	 B	 can	 mitigate	 some	 of	 the
agent’s	notorious	nephrotoxicity.	Specific	fungal	complications	include	mycotic
pseudoaneurysm	from	Candida,	which	often	requires	graft	nephrectomy	and	IV
amphotericin	B.	Cryptococcus	and	Aspergillus	can	cause	severe	pulmonary	and
cerebral	 infections	 requiring	 systemic	 or	 intrathecal	 amphotericin	 B.
Pneumocystis	 jirovecii	 (formerly	known	as	Pneumocystis	carinii)	 can	manifest
as	interstitial	pneumonia.	Pneumocystis	pneumonia	is	rare	now	that	TMP-SMX
prophylaxis	 is	 the	 standard	 of	 care,	 but	 it	 can	 be	 seen	 with	 heavily
immunosuppressed	patients,	presenting	with	fever,	dyspnea,	and	nonproductive
cough.	Therapy	consists	of	IV	TMP-SMX	with	pentamidine	or	dapsone	serving
as	 alternatives.	 Reduction	 of	 immunosuppression	 or	 temporary	 cessation	 may
also	be	necessary.
Mycobacterium	 tuberculosis	 infection	 is	 uncommon,	 infecting	 about	 1%	 of

kidney	 transplant	 recipients	 and	 is	 often	 a	 result	 of	 reactivation	 of	 a	 prior
infection.	 Symptoms	 include	 fevers,	 malaise,	 night	 sweats,	 and	 weight	 loss.
Sputum	and	blood	samples	should	be	used	to	identify	acid-fast	bacilli.	Treatment
should	be	aggressive	since	mortality	rates	are	high;	6	months	of	a	two-	to	three-
drug	 regimen	 or	 a	 longer	 regimen	 is	 often	 required.	 Treatment	 agents	 include
isoniazid,	 rifampin,	 pyrazinamide,	 ethambutol,	 and	 ciprofloxacin.	 As	many	 of
the	 antituberculous	 medications	 have	 interactions	 with	 immunosuppressive



regimens,	it	is	more	difficult	to	safely	eradicate	tuberculosis	posttransplantation,
so	patients	should	be	screened	prior	to	transplantation.

Gastrointestinal	and	Pancreaticobiliary	Complications
Gastrointestinal	tract	complications	are	a	major	cause	of	morbidity	and	mortality
for	the	kidney	transplant	population.

Peptic	 ulcer	 disease	 (PUD)	 with	 its	 associated	 complications	 (perforation,
bleeding)	is	the	most	common	GI	tract	complication.	There	is	some	evidence	to
suggest	 that	 the	 prevalence	 of	 PUD	 is	 higher	 among	 renal	 failure	 patients
compared	 to	 the	 general	 population.	 Historically,	 it	 was	 not	 uncommon	 for
kidney	transplant	recipients	to	have	suffered	from	severe	upper	GI	bleeding;	up
to	 10%	 of	 recipients	 had	 significant	 bleeding.76	 These	 problems	 declined
considerably	with	the	use	of	H2	blockers	and	proton	pump	inhibitors.	 If	severe
upper	 GI	 tract	 bleeding	 does	 occur,	 the	 standard	 treatment	 algorithm	 should
apply.	 ICU	 monitoring	 and	 resuscitation	 should	 be	 instituted	 immediately	 to
stabilize	 the	 patient	 followed	 by	 conservative	 treatments	with	 endoscopy	with
mucosal	 control	measures	 including	 submucosal	 injection	of	epinephrine	when
indicated.	 If	 the	 patient	 is	 still	 bleeding,	 angiographic	 embolization	 should	 be
performed	 which	 often	 requires	 embolization	 of	 two	 arteries.	 If	 all	 of	 these
measures	are	unsuccessful,	as	a	last	resort,	emergency	gastric	surgery	should	be
performed	 with	 resection	 and	 vagotomy.	 Immunosuppression	 should	 be
minimized	during	the	perioperative	period.	A	high	incidence	of	CMV	infection
has	 been	 observed	 in	 peptic	 ulcers	 from	 kidney	 transplant	 recipients.	 Tissue
samples	 should	 be	 tested	 for	 CMV	 and	 if	 positive,	 IV	 DHPG	 and	 anti-CMV
immune	globulin	treatments	initiated.

Small-bowel	 obstruction	 can	 occur	 following	 intra-abdominal	 placement	 of
organs	 as	 is	 done	 with	 pediatric	 KTx	 or	 simultaneous	 pancreas-kidney
transplantation	 in	 adults.	 The	 vast	 majority	 of	 adult	 KTxs	 are	 placed	 in	 the
retroperitoneum,	 so	 small-bowel	 obstructions	 are	 usually	 not	 related	 to	 the
operation;	however,	 small	bowel	can	 incarcerate	 through	an	 inadvertent	 tear	 in
the	peritoneum	made	during	the	dissection.	More	likely,	obstruction	is	related	to
previous	intra-abdominal	procedures,	infections,	or	PTLD	in	the	small	bowel	or
mesentery.

5 	Colonic	perforation	and	 lower	GI	 tract	hemorrhage	are	 the	most	common
lower	GI	tract	complications	encountered,	but	have	a	very	low	incidence	overall.
Colonic	 perforation	 occurs	 in	 1%	 to	 2%	 of	 KTx	 recipients	 and	 is	 most
commonly	due	to	diverticulitis,	ischemic	colitis,	CMV	colitis,	and,	occasionally,



stercoral	 ulceration.	 Colonic	 perforation	 in	KTx	 recipients	 carries	 a	 very	 high
mortality	 rate—20%	 to	 38%.	 Immunosuppression	 complicates	 the	 diagnostic
picture	and	 is	associated	with	high	mortality	 rates.	Peritoneal	 signs	are	usually
absent	 in	 immunosuppressed	 kidney	 transplant	 recipients.	 The	 progression	 to
septic	shock	can	be	very	rapid.	A	successful	outcome	depends	on	maintaining	a
high	index	of	suspicion,	liberal	use	of	imaging	studies,	and	a	low	threshold	for
exploration.	 Diverting	 colostomies	 have	 been	 associated	 with	 better	 outcomes
than	are	other	approaches.77-80

Kidney	 transplant	 recipients,	 especially	 patients	 with	 polycystic	 kidney
disease,	 have	 a	 greater	 incidence	 of	 colonic	 diverticulitis	 with	 higher	 rates	 of
perforation.	Steroids	are	thought	to	be	responsible	for	this	difference	since	they
not	 only	 mask	 the	 symptoms	 but	 impair	 the	 patient’s	 ability	 to	 localize	 and
contain	 the	 infection.	 Historically,	 diverticular	 perforations	 had	 a	 disastrous
prognosis,	 but	 recent	 experience	 suggests	 decreasing	 mortality	 rates.	 This	 is
likely	 owing	 to	 the	 widespread	 acceptance	 of	 the	 principle	 that
immunosuppressed	patients	need	prompt	surgical	intervention.	It	may	be	prudent
to	perform	sigmoid	resections	with	a	Hartmann	pouch	and	diverting	colostomy
compared	 to	 the	 general	 population	 where	 primary	 anastomosis	 is	 often
advocated.	Given	the	significant	morbidity	from	diverticulitis	in	this	population,
some	 surgeons	 advocate	 sigmoidectomy	prior	 to	 transplantation	 for	 candidates
with	a	single	episode	of	diverticulitis.62,81,82

Ischemic	 colitis	 is	 associated	 with	 significant	 arterial	 disease,
immunosuppression,	 antibiotic	 therapy,	 and	 hypotension—so	 it	 is	 no	 surprise
that	 there	 is	 a	 higher	 incidence	 in	 the	 kidney	 transplant	 population.	 On	 rare
occasions,	 even	young	 transplant	 recipients	without	 significant	 risk	 factors	can
have	 ischemic	 colitis,	 with	 no	 apparent	 explanation.	 Ischemic	 colitis	 may	 be
segmental	or	pancolic.83,84

Pseudomembranous	 colitis	 caused	 by	 Clostridium	 difficile	 also	 requires
prompt	 recognition	 and	 is	 a	 significant	morbidity	 risk	 affecting	 approximately
4%	 to	 9%	 of	 recipients	 in	 the	 first	 year	 posttransplantation.85,86	 Due	 to
immunosuppression,	it	can	rapidly	progress	to	toxic	megacolon	and	perforation
with	 a	 grim	 prognosis.	 Stool	 assays	 in	 conjunction	 with	 the	 clinical	 picture
confirm	 the	 diagnosis.	On	 occasion,	 visualization	 of	 the	 pseudomembranes	 on
colonoscopy	 is	 necessary.	 Patients	 can	 be	 treated	 conservatively	 with	 oral
vancomycin	(125	mg	every	6	hours	for	10	days)	or	fidaxomicin	(200	mg	every
12	hours	 for	10	days),	with	metronidazole	as	a	 second-line	or	adjunct	 therapy,
but	there	should	be	a	low	threshold	for	colonic	resection	when	a	patient’s	clinical
condition	deteriorates.87

Neutropenic	enterocolitis	or	typhlitis	is	associated	with	profound	neutropenia



and	 invasion	 by	 clostridial	 organisms,	 most	 commonly,	Clostridium	 septicum.
Treatment	 is	 with	 metronidazole	 and	 again,	 a	 low	 threshold	 for	 surgical
intervention.	 Infectious	 colitis	 is	 frequently	 owing	 to	 CMV	 infections	 but	 can
also	 be	 due	 to	 bacterial,	 viral	 (eg,	 herpes),	 or	 fungal	 pathogens.	 Diagnosis	 is
confirmed	 by	 stool	 cultures,	 and	 if	 necessary,	 endoscopic	 biopsies.	 Empiric
antibiotics	should	be	started	quickly	with	later	tailoring	of	the	regimen	based	on
culture	results.	In	most	cases	of	infectious	colitis,	surgical	intervention	should	be
avoided.88,89

Ogilvie	 syndrome	 or	 acute	 colonic	 pseudo-obstruction	 has	 an	 incidence	 of
1.5%	among	kidney	transplant	recipients.	It	is	a	paralytic	colonic	ileus	that	can
cause	pronounced	cecal	dilation	and	eventual	rupture.	The	first	line	of	therapy	is
conservative	 with	 nasogastric	 decompression,	 and	 neostigmine.	 If	 this	 fails,
endoscopic	 colonic	 decompression	 can	 be	 tried.	 The	 last	 line	 of	 therapy	 is
surgical	 resection.	 Again,	 the	 principle	 of	 prompt	 surgical	 intervention	 holds.
Immunosuppression	should	be	reduced.	Rejection	is	very	uncommon	in	patients
with	severe	infections	or	who	present	in	extremis.90

In	 addition	 to	 the	 common	 causes	 of	 lower	 GI	 tract	 bleeding,	 transplant-
specific	pathologies	are	common	in	this	population,	including	CMV	ulcerations;
CMV	 colitis	 is	 the	most	 common	 cause	 of	 lower	GI	 bleed	 in	 renal	 transplant
recipients.91	H2	blockers	and	antacids	that	promote	fungal	overgrowth	owing	to
achlorhydria	 can	 promote	 fungal	 ulceration.	 Steroids	 can	 also	 promote	 ulcers
and	 impair	 the	 reparative	mechanisms	 of	 the	 bowel	wall.	Additionally,	 uremia
and	diabetes	result	in	colonic	distention	and	impaction	promoting	colonic	ulcers.
Prompt	 diagnostic	 colonoscopy	 and	 treatment	 is	 essential.92	 In	 some	 cases,
shifting	to	an	immunosuppressive	regimen	that	does	not	include	mycophenolate
mofetil	may	be	beneficial.91

Pancreatitis	 has	 historically	 been	 more	 common	 in	 the	 kidney	 transplant
population	 compared	 to	 the	 general	 population;	 although	 recent	 research
suggests	 adjusted	 incidence	 may	 not	 be	 any	 higher	 among	 renal	 transplant
recipients,	mortality	and	morbidity	when	 it	does	occur	are	higher.93	One	 to	 six
percent	of	recipients	suffer	from	an	episode	of	pancreatitis.94	There	are	numerous
transplant-specific	 risk	 factors,	 including	 (1)	 immunosuppressants	 (eg,
corticosteroids,	 azathioprine,	 cyclosporine)	 and	 diuretics	 (eg,	 furosemide,
thiazide	diuretics);	(2)	hypercalcemia	with	or	without	hyperparathyroidism95;	(3)
infections	(eg,	CMV,	HSV)96;	(4)	previous	episodes	of	pancreatitis	(uremia);	and
(5)	 cholelithiasis	 (ie,	 related	 to	 cyclosporine).	 There	 is	 also	 speculation	 of	 a
phenomenon	called	rejection	pancreatitis	where	host	antibodies	react	not	only	to
the	 graft	 (vascular	 rejection)	 but	 also	 with	 antigens	 on	 the	 surface	 of	 the
pancreas	cells	(vascular	pancreatitis).	The	most	frequent	causes	of	pancreatitis	in



the	general	population,	biliary	tract	disease	and	alcoholism,	are	not	as	common
in	the	kidney	transplant	population.97,98

Since	 hyperamylasemia	 is	 not	 uncommon	 in	 uremic	 patients,	 owing	 to
reduced	 amylase	 clearance	 from	 the	 kidneys,	 the	 amylase/creatinine	 clearance
ratio	is	a	more	sensitive	index	of	pancreatitis.	The	degree	of	hyperamylasemia	in
not	thought	to	be	a	prognostic	factor.	A	contrast-enhanced	CT	scan	is	important
for	 staging.	 Conservative	 therapy	 should	 be	 initiated.	 Any	 evidence	 of
hemorrhagic	 or	 necrotizing	 pancreatitis	 requires	 ICU	 monitoring	 and	 careful
fluid	 resuscitation	 with	 cardiac	 monitoring.	 Additionally,	 immunosuppression
should	 be	 reduced	 and	 broad-spectrum	 antibiotics	 initiated	 when	 infection	 is
suggested	 by	 imaging	 studies.	 Percutaneous	 drainage	 or	 aggressive	 surgical
therapy	should	be	pursued	if	there	is	any	evidence	of	infected	necrosis,	including
removal	 of	 all	 necrotic	material	 in	multiple	 trips	 to	 the	OR	 that	 is	 sometimes
necessary	 to	 achieve	 sufficient	 drainage	 by	 irrigation	 of	 the	 abdominal	 cavity.
Overwhelming	 sepsis	 is	 the	 common	 cause	 of	 death.	Given	 the	 high	mortality
rate	 for	 posttransplant	 pancreatitis,	 therapy	 must	 be	 initiated	 as	 promptly	 as
possible.

There	 is	 no	 clear	 evidence	 for	 prophylactic	 cholecystectomy	 for
asymptomatic	cholelithiasis	in	the	pretransplant	screening.	In	the	posttransplant
period,	 acute	 cholecystitis	 should	 always	 be	 considered	 for	 patients	 with
abdominal	pain	and	sepsis.	Acalculous	cholecystitis	 should	be	considered	with
complicated	posttransplant	courses	and	prolonged	hospital	stays.	Ultrasound	of
the	biliary	system	can	be	diagnostic	and	biliary	scintigraphy	may	be	necessary	to
establish	 the	diagnosis.	 If	 a	patient	 is	not	clinically	 stable	enough	 for	a	 formal
operation,	image-guided	cholecystostomy	drainage	should	be	pursued.

Neurological	Complications
The	 incidence	 of	 central	 nervous	 system	 (CNS)-related	 complications	 in	 the
posttransplantation	period	is	reported	to	range	between	10%	and	30%,	although
many	 of	 these	 complications	 may	 occur	 beyond	 the	 immediate	 postoperative
hospitalization.99-103	The	patient	population	is	prone	to	comorbidities	that	are	risk
factors	 for	 cerebrovascular	 events,	 including	 diabetes,	 hypertension,
hyperlipidemia,	 hypercoagulability,	 uremia,	 and	 advanced	 age.	 The	 most
common	 cerebrovascular	 events—infarct,	 TIA,	 and	 hemorrhage—peak	 during
the	 first	 few	 months	 postoperatively.	 The	 prognosis	 for	 hemorrhage	 is	 grim.
Patients	with	strokes	and	TIAs	should	be	treated	immediately	with	heparin	and
aspirin.	 If	 there	 is	 an	 ulcerated	 carotid	 lesion	 or	 a	 stenosis	 that	 is	 severe	 but
accessible,	a	carotid	endarterectomy	should	be	pursued.



CNS	 infections	 have	 a	 wide	 spectrum	 of	 severity,	 but	 all	 are	 considered
serious.	 Infections	 are	 caused	 by	 bacteria	 (eg,	 Listeria	 monocytogenes,
Pseudomonas	 species),	 viruses	 (eg,	 CMV,	 HSV),	 fungi	 (eg,	 Cryptococcus,
Aspergillus,	Mucor),	and	parasites	(Toxoplasma).	L.	monocytogenes	 is	 the	most
common	infectious	organism	and	usually	causes	meningitis.	Aspergillus	species
can	 cause	 brain	 abscesses.	 Rhinocerebral	 mucormycosis	 infection	 can	 cause
cavernous	sinus	thrombosis	and	rapid	death.	Dissemination	of	CMV	may	include
the	CNS,	although	the	overall	incidence	is	low.104	Acute	polyradiculoneuritis	has
also	been	associated	with	CMV	infections.	Similarly,	dissemination	of	the	VZV
can	 involve	 the	CNS	or	 facial	 nerve	 (Ramsay-Hunt	 syndrome).	 It	 is	 crucial	 to
diagnose	 and	 treat	 these	 infections	 early	 and	 aggressively.	 Intrathecal
administration	 of	 antimicrobial	 drugs	 or	 drainage	 for	 recipients	 with	 brain
abscesses	may	be	necessary.
Seizures	 are	 most	 commonly	 associated	 with	 excessively	 high	 CNI	 serum

levels.	Hypertension	and	hypomagnesemia	may	predispose	recipients	to	seizure
activity.	Diagnosis	can	be	confirmed	with	a	brain	MRI	showing	PRES	(posterior
reversible	 encephalopathy	 syndrome).	 PRES	 occurs	 in	 about	 0.35%	 of	 kidney
transplant	 recipients.105	 Treatment	 includes	 a	 reduction	 in	 CNI	 dosing	 or
switching	to	a	non-CNI	immunosuppressant,	in	addition	to	anticonvulsants.	ICU
monitoring	 is	 mandatory.	 Tacrolimus	 more	 frequently	 causes	 neurologic
problems	 than	 cyclosporine.	Other	 forms	of	CNI	neurotoxicity	 include	 tremor,
headaches,	paralysis,	quadriplegia,	and	coma.

CURRENT	CHALLENGES	IN	KIDNEY
TRANSPLANTATION
Despite	 the	 many	 advances	 in	 KTx,	 several	 challenges	 remain	 (Table	 56.1).
During	the	decade	from	2009	to	2019,	the	proportion	of	candidates	currently	on
the	KTx	waiting	list	>50	years	of	age	has	increased	from	60.6%	to	67.7%	and	of
those	with	diabetes	(comorbid	or	primary	diagnosis)	has	increased	from	41.0%
to	 46.8%.106	 To	 maintain	 excellent	 short-term	 outcomes,	 an	 exhaustive
pretransplantation	 cardiovascular	 evaluation	 followed	 by	 intense
posttransplantation	 critical	 care	 has	 become	 mandatory	 for	 this	 high-acuity
cohort	of	patients.10,11

TABLE	56.1



Current	Challenges	in	Kidney	Transplantation

Clinical	Dilemma Management

Higher-acuity	KTx
waiting	list

Exhaustive	pretransplant	evaluation

Age	>50:	58% Intense	posttransplant	critical	care	and	subspecialty
consultation

Diabetic:	28% Desensitization	protocols

Hypertensive:	22% Innovative	recipient	immunomodulation

Waiting	list	mortality Complement	modulation

Organ	scarcity Live	donor	paired	kidney	exchange

Sensitized	recipients National	live	donor	registries

KTx,	kidney	transplantation.

Mortality	 on	 the	 waiting	 list	 continues	 to	 stimulate	 the	 adoption	 of
innovative	 desensitization	 protocols	 to	 allow	 high-risk	 recipients	 a
transplantation	opportunity.	This,	 in	 turn,	must	be	met	with	 equally	 innovative
therapies	 when	 ABMR	 occurs	 in	 the	 early	 postoperative	 period.	 Attempts	 at
modulating	 the	 complement	 system	 are	 underway	 to	 mitigate	 early
posttransplant	injury	in	the	allograft.107

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	66-year-old	man	presents	for	evaluation	for	kidney	transplant	(KTx).	He
has	been	dialysis	dependent	for	2	years	due	to	diabetic	renal	disease	and
undergoes	dialysis	three	times	weekly	via	an	arteriovenous	fistula.	He	was	first
diagnosed	with	diabetes	in	his	50s	and	his	A1c	is	6.1	on	two	oral	diabetes
medications.	His	blood	pressure	is	consistently	in	the	130s/70s	by	office	and
home	monitoring	and	he	takes	a	daily	ACE	inhibitor.	He	underwent	internal



fixation	of	a	broken	tibia	in	his	late	50s	with	no	complications.	He	takes	no	other
medications.	He	has	never	smoked	and	power	walks	two	miles	a	day	with	his
spouse	for	exercise.	He	denies	any	cardiac	complaints	such	as	chest	pain	or
shortness	of	breath,	although	his	father	died	of	a	heart	attack	at	age	74.	He
mentions	in	the	review	of	systems	that	he	has	been	experiencing	worsening
nighttime	heartburn	and	cough	over	the	past	few	months	which	have	not
responded	to	over-the-counter	heartburn	medications.	Which	of	the	following
would	be	the	most	appropriate	pretransplant	screening	plan	for	this	patient?

A. 	Cardiac	evaluation	with	ECG	and	noninvasive	stress	testing;	chest	x-
ray;	gastrointestinal	evaluation	with	colonoscopy,	liver	function	testing	and
hepatitis	serologies
B. 	Cardiac	evaluation	with	ECG	and	noninvasive	stress	testing;	chest	x-
ray;	gastrointestinal	evaluation	with	colonoscopy	and
esophagogastroduodenoscopy,	liver	function	testing	and	hepatitis	serologies
C. 	Cardiac	evaluation	with	ECG	and	noninvasive	stress	testing;	chest	x-
ray	and	pulmonary	function	testing;	gastrointestinal	evaluation	with
colonoscopy	and	esophagogastroduodenoscopy,	liver	function	testing	and
hepatitis	serologies;	screening	for	coagulopathies
D. 	Cardiac	evaluation	with	ECG;	chest	x-ray	and	pulmonary	function
testing;	gastrointestinal	evaluation	with	colonoscopy	and
esophagogastroduodenoscopy,	liver	function	testing	and	hepatitis
serologies;	screening	for	coagulopathies

2. 	A	66-year-old,	72	kg	man	with	end-stage	renal	disease	from	diabetes	and
hypertension	receives	a	deceased	donor	kidney.	He	experiences	no	intraoperative
complications,	and	the	transplanted	kidney	begins	to	produce	urine	immediately.
Postoperatively	in	the	ICU,	his	urine	output	is	590	mL	over	3	hours.	His	blood
glucose	levels	have	been	difficult	to	control,	but	he	otherwise	looks	and	feels
well.	Which	of	the	following	would	be	the	most	reasonable	intravenous	fluid
regimen	for	this	patient?

A. 	111	cc/h	of	D5	½	NS
B. 	111	cc/h	of	NS
C. 	197	cc/h	of	D5	½	NS
D. 	197	cc/h	of	NS

3. 	A	55-year-old	woman	who	had	a	deceased	donor	kidney	transplant
yesterday	is	suspected	to	have	delayed	graft	function	(DGF).	She	appears	to	be



mildly	fluid	overloaded	and	is	oliguric.	Doppler	ultrasound	demonstrates
adequate	graft	perfusion,	and	her	urinary	catheter	is	working.	Her	other	medical
history	includes	diabetes	and	heart	failure	(ejection	fraction	40%)	with
percutaneous	revascularization	of	two	coronary	arteries	as	part	of	her
pretransplant	evaluation.	Her	vital	signs	and	laboratory	studies	are	all	within	the
target	range.	Which	of	the	following	is	the	most	appropriate	level	of	care	and
monitoring	strategy	for	this	patient?

A. 	ICU;	continuous	hemodynamic	monitoring
B. 	ICU;	hourly	electrolyte	levels	and	serial	chest	radiographs
C. 	Medical	floor;	strict	fluid	intake	and	output	measurements
D. 	Telemetry;	strict	fluid	intake	and	output	measurements

Answers

1.	The	correct	answer	is	B.
Rationale:	 For	 this	 pretransplant	 patient,	 who	 is	 over	 age	 65	 with

hypertension	 and	 diabetes,	 even	 well	 controlled,	 at	 least	 non-invasive	 cardiac
testing	 is	 indicated	 (choice	 D	 is	 eliminated	 as	 incorrect).	 If	 the	 clinician	 was
concerned	 that	 his	 dyspepsia	 was	 actually	 atypical	 cardiac	 symptoms,	 then
progressing	straight	to	coronary	angiography	might	also	be	reasonable.	With	his
persistent	dyspepsia,	an	EGD	is	 indicated	(choice	B	is	correct,	and	choice	A	is
eliminated	as	incorrect).	Pulmonary	function	could	be	reasonable	if	the	clinician
had	concerns	that	the	nighttime	cough	could	represent	asthma,	but	in	this	active,
nonsmoker,	 it	may	not	be	 strictly	necessary	 (choices	C	and	D	are	not	 the	best
answers).	Screening	for	coagulopathy	is	likely	not	indicated,	given	history	of	a
relatively	 recent,	well-tolerated	major	surgery	 (making	choice	C	and	D	not	 the
best	answers).	Of	note,	in	a	patient	on	dialysis,	hepatitis	screening	should	always
be	 a	 part	 of	 pretransplant	 evaluation	 along	 with	 other	 broad	 laboratory
evaluation.

2.	The	correct	answer	is	C.
Rationale:	During	 the	first	24	hours	after	 renal	 transplant,	 fluid	replacement

should	 be	 approximately	 one-to-one	 with	 urine	 output,	 unless	 the	 patient	 has
cardiac	 dysfunction	 necessitating	 lower	 intravascular	 volume,	 significant
pulmonary	 edema,	 or	 other	 contraindications.	 However,	 fluid	 management
should	 be	 individualized	 to	 patient	 clinical	 status	 including	 vital	 signs,	with	 a
urine	output	of	590	mL	in	3	hours,	197	mL/h	would	be	an	appropriate	estimate



(eliminating	choices	A	and	B).	The	rate	of	111	mL/h	represents	instead	the	“4-2-
1”	 formula	 used	 as	 a	 back-of-napkin	 estimate	 for	 many	 general	 inpatients
(4	mL/kg/h	 for	 the	 first	 10	 kg	 of	 weight,	 2	 mL/kg/h	 for	 the	 next	 10	 kg,	 and
1	 mL/kg/h	 for	 each	 kilogram	 thereafter),	 but	 this	 would	 not	 be	 appropriate
immediately	 following	 renal	 transplantation.	 Renal	 transplantation	 experts	 do
not	 recommend	 normal	 saline	 in	 the	 posttransplant	 period	 and	 instead
recommend	D5	½	NS	 (choice	 C	 is	 correct),	 although	 the	 amount	 of	 dextrose
being	given	may	 require	 adjustment	 if	 the	blood	glucose	cannot	be	 effectively
controlled.

3.	The	correct	answer	is	A.
Rationale:	Because	of	this	patient’s	delayed	graft	function	(DGF)	and	cardiac

risk	 factors,	 ICU-level	 care	 is	 the	 most	 appropriate	 (choices	 C	 and	 D	 are
incorrect).	While	electrolytes	and	vitals	should	be	checked	with	some	frequency,
there	 is	 a	 higher	 level	 of	 concern	 for	 this	 high-risk	 patient	 with	 diabetes	 and
heart	 failure	 with	 a	 history	 of	 revascularization.	 Continuous	 hemodynamic
monitoring	would	be	recommended	for	such	an	individual	(choice	A	is	correct).
Serial	troponins	may	even	be	considered	by	the	clinician	in	some	cases	to	assess
for	myocardial	ischemia.
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Chapter	57
Critical	Care	of	Liver	Transplant
Recipients	and	Live	Liver	Donors
Han	Li,	Paulo	N.	Martins,	Nicole	M.	Theodoropoulos,	Babak	Movahedi

KEY	POINTS:
1.	 Liver	transplant	offers	a	potential	lifesaving	intervention	for	patients

with	decompensated	cirrhosis,	acute	hepatic	failure,	certain
malignancies	and	metabolic	disorders.

2.	 Liver	allograft	is	allocated	based	on	severity	of	the	liver	disease,
calculated	by	MELD	(model	for	end-stage	liver	disease)	score,	the
highest	possible	MELD	score	is	40.

3.	 The	most	common	indication	for	liver	transplantation	is	alcoholic
cirrhosis,	instead	of	hepatitis	C	cirrhosis	two	decades	earlier.

4.	 Extended	criteria	donor	and	donation	after	cardiac	death	(DCD)
donors	are	frequently	utilized	for	selected	patients	due	to	deceased-
donor	organ	shortage.

5.	 Three	drugs	combination	are	the	most	common	immunosuppression
maintenance	modality	consisting	of	a	corticosteroid,	a	calcineurin
inhibitor	and	a	cell	cycle	inhibitor.

6.	 Primary	graft	nonfunction	is	a	life-threatening	condition	early	after
liver	transplantation;	vascular	and	biliary	complications	are	also
contributors	to	early	postoperative	morbidity	and	mortality.

7.	 Infection	monitoring	is	mandatory	in	the	setting	of
immunosuppression.

8.	 Living	donors	are	otherwise	healthy	individuals	donating	part	of	their
liver;	their	remnant	liver	will	grow	rapidly	starting	in	the	early
postoperative	period.



INTRODUCTION
1 	 From	 early	 experimental	 animal	models	 conducted	 in	 the	 1950s	 to	 the	 first
successful	liver	transplant	performed	by	Dr.	Starzl	in	1963,	liver	transplantation
has	 evolved	 to	 become	 a	 safe	 and	widely	 accepted	 treatment	 for	 patients	with
end-stage	liver	disease	(ESLD)1.	The	current	1-year	survival	rate	in	recipients	of
deceased-donor	 organs	 is	 approximately	 93%,	 due	 in	 part	 to	 improvements	 in
surgical	 procurement	 and	 transplantation	 techniques,	 more	 potent
immunosuppressive	regimens,	individualized	approaches	to	immunosuppression,
improved	perioperative	and	postoperative	critical	care,	and	improvements	in	the
management	of	rejection	and	infection.2

Despite	 these	 substantial	 improvements,	 liver	 transplantation	 is	 a	 major
abdominal	 surgical	 procedure	 that	 confers	 significant	 risk	 for	 a	 variety	 of
postsurgical	 and	medical	 complications.	 The	 content	 of	 this	 chapter	 addresses
the	 critical	 care	 of	 these	 complex,	 often	 critically	 ill	 patients,	 from	 the
intraoperative	 through	 the	 immediate	 postoperative	 period,	 reviewing	 the
management	of	select	posttransplant	complications.	Care	of	the	live	donor	is	also
described.	 Detailed	 discussions	 regarding	 care	 of	 the	 patient	 with	 ESLD,
approaches	 to	 immunosuppression	 management,	 and	 the	 diagnosis	 and
management	of	 rejection,	 infection	and	malignancy	 in	 transplant	 recipients	 are
found	in	other	sections	of	this	textbook.

ORGAN	ALLOCATION	AND	DISPARITY

Expanding	the	Donor	Pool
As	 liver	 transplant	 outcomes	 have	 improved,	 the	 indications	 for	 liver
transplantation	have	expanded	and	the	number	of	individuals	waitlisted	for	liver
transplant	 has	 increased	 dramatically.	 According	 to	 Organ	 Procurement	 and
Transplantation	Network	(OPTN)	data,	there	were	11,530	patients	listed	for	liver
transplant	 as	 of	 February	 5,	 2022.	 In	 the	 United	 States	 in	 2021,	 8667	 liver
transplants	were	performed;	approximately	7%	of	liver	transplants	performed	are
from	live	donors.2

Given	 the	 growing	 problem	 of	 disparity	 between	 the	 number	 of	 liver
transplant	 candidates	 and	 available	 donor	 organs,	 there	 has	 been	 increased
interest	 in	expansion	of	 the	donor	pool.	Donors	with	 livers	 that	are	considered
marginal	are	now	allocated	 for	carefully	 selected	 recipients,	whereas	 they	may



not	have	been	deemed	acceptable	for	transplantation	in	the	past.	While	these	so-
called	 extended	 criteria	 donors	 have	 created	 opportunities	 for	 candidates	 who
may	 not	 otherwise	 have	 received	 an	 organ,	 they	 are	 associated	 with	 higher
morbidity,	including	an	increased	rate	of	primary	nonfunction	(PNF).3

In	 2006,	 a	 retrospective	 study	of	more	 than	 20,000	donors	 identified	 a	 few
factors	associated	with	an	increased	risk	of	graft	loss.4	This	work	contributed	to
the	development	of	a	DRI	(donor	risk	index),	which	was	proposed	to	predict	the
rate	of	graft	survival.	Characteristics	associated	with	a	relative	risk	of	at	least	1.5
for	liver	graft	loss	include	donor	age	over	60,	donation	after	cardiac	death,	and
use	of	partial/split	grafts.	Other	donor	factors	including	age	between	40	and	60,
African-American	race,	and	cerebrovascular	accident	are	also	associated	with	an
increased	 risk	 for	 graft	 loss,	 though	 to	 a	 lesser	 extent.	 Use	 of	 the	 donor	 risk
index	 may	 help	 to	 optimize	 donor/recipient	 matching.	 Innovative	 surgical
procedures	 have	 also	 been	 used	 to	 increase	 the	 donor	 pool,	 including	 living-
donor	 liver	 transplantation	 (LDLT)	 and	 split-liver	 transplantation	 (SLT).	These
procedures	are	each	associated	with	unique	problems,	as	will	be	discussed	later.

DCD	Organs
4 	In	recent	years,	the	use	of	organs	from	donors	after	cardiac	death	(DCD)	has
emerged	as	an	important	source	of	grafts.5	Organs	from	DCD	donors	have	severe
neurological	 injury	 without	 meeting	 criteria	 for	 brain	 death.6-8	 In	 the	 United
States	in	2009,	4.6%	of	liver	transplants	performed	were	from	DCD	donors,	up
from	 3%	 in	 2004.5-8	 Kidneys	 from	 DCD	 donors,	 despite	 their	 higher	 rate	 of
delayed	graft	function,	provide	similar	graft	survival	as	kidneys	from	brain	death
donors.9	Results	for	liver	transplantation	with	grafts	from	DCD	donors	has	been
mixed	and	individual	centers	have	reported	outcomes	ranging	from	excellent	to
very	poor.	An	SRTR	review	of	over	1500	DCD	liver	 transplants	between	2001
and	 2009,	 revealed	 a	 3-year	 patient	 survival	 of	 64.9%.	 Furthermore,	 13.6%
required	retransplantation.10	The	principal	problem	with	the	use	of	DCD	livers	is
the	 risk	 of	 biliary	 complications	 and	 the	 development	 of	 ischemic
cholangiopathy,	which	has	been	reported	to	occur	in	16%	to	29%	of	cases,	often
requiring	retransplantation.11

Reduced-Size	and	Split-Liver	Transplantation
During	 reduced-size	 liver	 transplantation,	 a	 whole	 deceased-donor	 graft	 is
tailored	 to	 fit	 the	 recipient.	 A	 portion	 of	 the	 liver,	 such	 as	 the	 right	 lobe,	 is



resected	 and	 discarded,	 and	 the	 remaining	 left	 lateral	 segment	 is	 used	 for	 the
transplant.	In	SLT,	an	adult	deceased-donor	liver	is	divided	into	two	grafts:	 the
left	lateral	segment	and	the	remaining	right	trisegment	(right	lobe	plus	segment
4).	 Both	 segments	 can	 then	 be	 utilized	 for	 transplantation.	 For	 most	 adult
recipients	 with	 ESLD,	 the	 small	 graft	 size	 with	 this	 approach	 would	 not	 be
sufficient	functionally.	Thus,	while	this	approach	may	be	beneficial	for	pediatric
transplantation,	it	does	not	serve	to	significantly	increase	the	adult	donor	pool.12
With	 appropriate	 donor	 and	 recipient	 selection	 criteria,	 however,	 SLT	may	 be
considered	for	two	adult	recipients,	especially	with	the	donor	liver	divided	into
right	and	left	lobe	instead	of	lateral	segment	only.

Living-Donor	Liver	Transplantation
LDLT	 involves	 removing	 a	 segment	 of	 the	 liver	 from	 an	 adult	 donor	 and
transplanting	 the	 segment	 into	 a	 carefully	 selected	 recipient.	 This	 approach
typically	 provides	 sufficient	 liver	 tissue	 for	 a	 recipient.	 With	 LDLT,	 the
transplantation	 is	optimally	performed	before	 the	 recipient’s	health	deteriorates
significantly,	 thereby	 shortening	 the	 wait	 time.	 For	 LDLTs	 for	 pediatric
recipients,	 the	 left	 lateral	 segment	 is	 used;	 for	 adult	 recipients,	 however,
depending	on	 the	donor	and	 recipient	 size	and	 the	 liver	volume	either	 right	or
left	lobe	could	be	considered.	In	2001,	524	LDLTs	were	performed	in	the	United
States,	of	the	5630	liver	transplants	performed	that	year	(9.3%),	an	all-time	high.
Approximately	 250	 liver	 transplants	 each	 year	 have	 been	 LDLT,	 with	 LDLTs
cases	 gradually	 increased	 over	 the	 last	 few	 years;	 in	 2021,	 569	 of	 the	 8667
(6.6%)	liver	transplants	performed	were	from	live	donors.2

7 	The	main	disadvantage	with	LDLT	is	the	peri-	and	postoperative	risk	to	an
otherwise	 healthy	 donor.	 All	 potential	 live	 liver	 donors	 are	 very	 carefully
evaluated	 through	 a	 detailed	 screening	 process,	 involving	 evaluation	 by	 a
hepatologist,	 donor	 surgeon,	 independent	 donor	 advocate,	 social	 worker,
psychiatrist,	and	other	providers	as	indicated	during	the	evaluation.	Standardized
radiologic	 and	 laboratory	 evaluation	 are	 performed	 in	 order	 to	 detect	 the
presence	 of	 any	 underlying	medical	 issues.	 This	 detailed	 screening	 process	 is
conducted	in	order	 to	ensure	 that	 the	donor	 is	medically	healthy	and	able	from
both	a	physical	and	psychosocial	perspective	 to	undergo	 liver	 resection	 for	 the
purpose	 of	 donation.	 The	 decision	 to	 proceed	 with	 live	 liver	 donation	 occurs
following	 this	 extensive	 evaluation	 is	 made	 after	 careful	 consideration	 and
discussion	of	the	risks	and	potential	complications	of	liver	donation.



Hepatitis	B-Positive	Donors
Careful	allocation	of	organs	from	donors	with	hepatitis	B	virus	(HBV)	infection
may	 safely	 expand	 the	 donor	 pool.	 The	 risk	 of	 transmission	 of	 HBV	 varies
depending	upon	the	serologic	status	of	both	donor	and	recipient,	with	the	highest
risk	 observed	 in	 transplantation	 of	 grafts	 from	 donors	 with	 active	 HBV
(HBsAg+	or	HBV	DNA+	donors)	into	naïve	recipients.	Liver	graft	recipients	are
at	highest	 risk	for	acquisition	of	de	novo	HBV,	as	compared	with	recipients	of
other	 grafts.	 Prevention	 of	 transmission	 includes	 use	 of	 universal	 prophylaxis
with	newer	generation	antivirals	such	as	entecavir,	and	occasionally	the	targeted
use	 of	 hepatitis	 B	 immune	 globulin	 (HBIg)	 intra-	 and	 postoperatively,	 for	 a
specified	duration.	These	 strategies	 significantly	 lower	 the	 risk	of	 transmission
of	HBV,	and	make	this	a	reasonable	approach,	particularly	for	patients	who	may
not	 otherwise	 receive	 a	 standard	 graft	 in	 a	 timely	 manner.	 With	 the	 use	 of
antiviral	 prophylaxis,	 with	 or	 without	 HBIg,	 excellent	 outcomes	 have	 been
demonstrated	with	transplantation	of	HBV	core	antibody	positive	donor	grafts	to
immune	 (vaccinated	or	natural	 immunity)	 recipients.	The	 risks	of	 transmission
of	 HBV	 must	 be	 discussed	 with	 the	 transplant	 candidate	 in	 advance	 of
transplantation,	 and	 the	 candidate	 must	 provide	 informed	 consent	 for	 the
transplantation	 of	 organs	 from	 donors	 with	 past	 or	 active	 HBV	 infection.	 A
comprehensive	 consensus	 guideline	 provides	 guidance	 with	 regard	 to	 the
management	of	recipients	of	grafts	from	donors	with	active	or	prior	HBV.13

Hepatitis	C	Virus	Viremic	Donors
Since	 the	 development	 of	 highly	 effective	 direct-acting	 antivirals	 (DAA),
transplants	 from	 hepatitis	C	 virus	 (HCV)	 viremic	 donors	 into	HCV-uninfected
recipients	 has	 become	 more	 commonplace.	 Both	 clinical	 trial	 and	 real-world
data	 show	 that	 transplantation	 of	 HCV	 viremic	 donor	 livers	 into	 previously
infected	 or	 uninfected	 recipients	 is	 safe	 and	 posttransplant	 HCV	 is	 curable,
especially	 when	 DAA	 therapy	 is	 started	 early	 after	 transplant.14-19	 Guidelines
from	the	American	Association	for	the	Study	of	Liver	Disease	and	the	Infectious
Diseases	Society	of	America	currently	recommend	that	DAA	therapy	be	started
in	 uninfected	 recipients	 of	 HCV	 viremic	 donor	 livers	 within	 2	 weeks	 of
transplant.20

Donors	With	Risk	for	Acute	HIV,	HBV,	and/or	HCV
Infections



The	Public	Health	Service	(PHS)	developed	a	list	of	risk	factors	that	if	present	in
a	 donor	 in	 the	 30	 days	 prior	 to	 organ	 donation	 will	 increase	 the	 risk	 of
transmission	of	HIV,	HBV,	and/or	HCV	to	their	organ	recipients.21	Since	March
2021,	all	organ	donors	must	be	tested	for	HIV,	HBV,	and	HCV	by	both	serology
and	 nucleic	 acid	 tests	 (NAT).	 Also,	 all	 organ	 recipients	 must	 be	 screened	 for
these	 viruses	 immediately	 prior	 to	 transplant	 by	 serology	 and	 at	 4	 to	 8	weeks
post	 transplant	 with	 nucleic	 acid	 tests,	 regardless	 of	 donor	 risk	 factors.22
Transmissions	 of	 these	 viruses	 have	occurred	 despite	 negative	 donor	 serologic
and/or	NAT,	since	very	recent	viral	exposure	may	not	be	measurable	by	tests	for
at	 least	 1	 week.23-26	 Donors	 with	 specific	 risk	 factors	 for	 infection,	 especially
donors	 with	 recent	 nonmedical	 injection	 drug	 use,	 are	 considered	 to	 be	 at	 a
higher	risk	for	 transmission	of	HIV,	HBV,	and/or	HCV	and	potential	recipients
should	be	educated	about	the	small	but	possible	risk	of	transmission.	Given	the
currently	 available	 antiviral	 therapies	 and	 advances	 in	 treatment,	 the	 risk	 of
possible	transmission	is	usually	outweighed	by	the	risk	of	death	or	morbidity	by
remaining	on	the	waitlist	for	another	donor	organ.

CAUSES	OF	LIVER	FAILURE	AND	LIVER
TRANSPLANT	CANDIDATE	SELECTION

Indications	for	Liver	Transplant
Within	 the	 array	 of	 available	 options	 in	management	 of	 patients	 with	 chronic
liver	 disease,	 liver	 transplant	 is	 the	 most	 definitive	 one.	 However,	 not	 every
patient	may	benefit	 from	a	 transplantation,	 and	 the	 risks	 and	benefits	of	 either
option	should	be	carefully	evaluated	for	each	individual	patient.	Typically,	well-
compensated	 cirrhotics	 have	 a	 low	 mortality	 risk	 secondary	 to	 their	 liver
diseases	 and	 are	 managed	 medically.	 However,	 patients	 with	 signs	 of	 hepatic
decompensation	 have	 a	 poor	 prognosis	 without	 a	 transplant	 and	 should	 be
considered	 for	 transplantation.	Furthermore,	well-selected	 patients	with	 certain
malignancies	confined	to	the	liver	 itself	may	benefit	from	liver	 transplantation.
Patients	with	hepatocellular	carcinoma	(HCC)	have	excellent	long-term	disease-
free	outcome	after	liver	transplantation.

As	 hepatic	 fibrosis	 progresses	 and	 liver	 function	 deteriorates,	 signs	 and
symptoms	 of	 decompensated	 liver	 disease	 appear.	 Decompensated	 cirrhosis	 is
defined	as	the	presence	of	any	one	of	the	following,	which	leads	to	an	acute	care
hospitalization:	 (1)	portosystemic	encephalopathy,	 (2)	variceal	hemorrhage,	 (3)



spontaneous	 bacterial	 peritonitis	 (SBP),	 (4)	 hepatorenal	 syndrome	 (HRS)	 or
acute	kidney	injury	in	the	setting	of	cirrhosis,	or	(5)	hepatic	hydrothorax.	Critical
care	 of	 patients	 with	 decompensated	 cirrhosis	 and	 fulminant	 hepatic	 failure
(FHF)	 is	 addressed	 in	 Chapter	 208.	 Portal	 hypertension	 can	 lead	 to	 the
development	 of	 esophageal	 varices	 and	 portal	 hypertensive	 gastropathy	 and
eventually	hemorrhage.	Ascites	may	require	large	volume	paracenthesis	and	can
be	further	complicated	by	SBP.	As	portal	blood	is	shunted	away	from	the	liver
and	 ammonia	 is	 insufficiently	 cleared	 from	 the	 circulation,	 hepatic
encephalopathy	 develops.	 Other	 complications	 of	 ESLD	 include	 HRS,
hepatopulmonary	 syndrome	 (HPS),	 portopulmonary	 syndrome,	 protein
malnutrition	and	muscle	wasting,	and	severe	weakness	and	fatigue.	 Identifying
and	 managing	 patients	 with	 decompensated	 cirrhosis	 or	 FHF	 who	 may	 be
candidates	 for	 orthotopic	 liver	 transplant	 (OLT)	 is	 a	 complex	 process,	 with
interprofessional	 collaboration	 between	 medical	 and	 surgical	 services.	 For
patients	 who	 may	 be	 hospitalized	 with	 decompensated	 cirrhosis	 and	 who
undergo	a	transplant	evaluation	while	in	the	hospital,	coordinated	care	involving
the	transplant	and	critical	care	teams	is	crucial	to	facilitate	candidate	evaluation
and	selection,	and	to	optimize	care	in	the	pretransplant	period.

Causes	of	Chronic	Liver	Disease
3 	 A	 variety	 of	 chronic	 liver	 diseases	 are	 potentially	 treatable	 by	 a	 liver
transplant,	 and	account	 for	 the	majority	of	 indications	 for	 liver	 transplant.	The
most	common	causes	of	chronic	liver	disease	in	North	America	include	alcohol-
associated	 cirrhosis,	HCV	 infection,	 and	 nonalcoholic	 steatohepatitis	 (NASH).
Autoimmune	causes	may	also	 lead	 to	chronic	hepatitis	and	cirrhosis,	primarily
among	women.	Cirrhosis	due	to	autoimmune	causes	may	develop	either	acutely
or	over	a	period	of	years.27	Cholestatic	disorders	are	also	an	important	cause	of
chronic	 liver	 disease.	 In	 adults,	 the	 most	 common	 causes	 are	 primary	 biliary
cirrhosis	 and	primary	 sclerosing	 cholangitis.	Among	children,	 biliary	 atresia	 is
the	most	common	cause	of	cholestatic	liver	disease.	Metabolic	diseases	that	can
cause	chronic	liver	injury	and	cirrhosis	include	hereditary	hemochromatosis,	α1-
antitrypsin	deficiency,	and	Wilson	disease.28

HCC	may	develop	as	a	complication	of	cirrhosis,	is	most	commonly	seen	in
patients	with	HBV	infection,	HCV	infection,	hemochromatosis,	and	tyrosinemia.
The	best	 transplant	 candidates	are	 those	with	a	 single	 lesion	 less	 than	5	cm	 in
size	or	with	no	more	than	three	lesions,	the	largest	no	greater	than	3	cm	in	size
(known	as	the	Milan	criteria).	Transplantation	outside	of	these	criteria	is	usually



associated	 with	 higher	 recurrence	 rates,	 though	 some	 centers	 have	 shown
acceptable	5-year	survival	of	patients	 that	have	 tumors	 that	 slightly	exceed	 the
Milan	criteria.29,30	Other	diseases	 that	may	 lead	 to	chronic	 liver	 failure	and	are
potentially	 amenable	 to	 treatment	 with	 a	 transplant,	 include	 Budd-Chiari	 and
polycystic	liver	disease.

In	order	to	determine	the	cause	of	ESLD,	if	not	already	known,	and	to	begin
the	liver	transplant	evaluation	process,	a	comprehensive	laboratory	evaluation	is
performed	including	an	infectious	disease	work	up	(Table	57.1).

TABLE	57.1

Pretransplant	Infectious	Disease	Evaluation	of	the	Organ
Transplant	Candidate

Routine	Testing	of	Candidates Optional	Testing/Special
Situations

Cytomegalovirus	(CMV)	IgG	antibody
Epstein-Barr	virus	(EBV)	VCA	antibody
HIV	testing	with	a	CDC-recommended
laboratory	HIV	testing	algorithm
Hepatitis	C	antibody
Hepatitis	C	NAT
Hepatitis	B	surface	antigen	and	antibody;
hepatitis	B	core	antibody	(total)
Syphilis	testing	with	one	of	the	following:
Rapid	plasma	reagin	(RPR),	Fluorescent
Treponema	antibody	absorption	(FTA‐ABS),
Treponema	pallidum	particle	agglutination
(TPPA),	T.	pallidum	enzyme	immunoassay

Herpes	simplex	virus
(HSV)	1/2	IgG	antibody
(center	specific,
important	if	your	center
does	not	provide
universal	antiviral
prophylaxis)
Human	T-cell
lymphotropic	virus
(HTLV)-I/II	antibody
recipients	from	endemic
areas	(eg,	Japan,	sub-
Saharan	Africa,



(TP‐EIA),	Venereal	Disease	Research
Laboratory	(VDRL)
PPD	or	interferon-γ	release	assay	(IGRA)	for
latent	tuberculosis
Toxoplasma	IgG	antibody

Recipients	should	be	screened	for	protective
antibody	to	vaccine-preventable	viral
infections,	particularly	varicella,	measles	and
mumps,	hepatitis	A	(total	IgG).
A	thorough	history	should	be	completed	to
identify	potential	exposures	to	infections	with	a
latent	or	chronic	phase	which	could	reactivate
on	immunosuppressive	therapy.	Such	infections
include	Mycobacterium	tuberculosis,	endemic
fungi	such	as	Coccidioides,	and	Strongyloides
(see	“Optional	Testing”).
Should	an	infection	be	identified	in	the
screening	of	the	potential	organ	transplant
recipient,	consultation	with	an	infectious
disease	specialist	may	be	indicated	to	guide
pretransplant	treatment,	timing	of
transplantation	when	delay	is	possible,	and/or
posttransplant	monitoring.
Transplant	candidates	should	be	screened	for
active	SARS-CoV-2	infection	with	a
nasopharyngeal	PCR	test.	This	remains	an
evolving	situation	as	of	February	2022	and	is

Caribbean)
Trypanosoma	cruzi
antibody	in	recipients
from	endemic	areas	(eg,
Mexico,	Central
America,	South
America)
Coccidioides	antibody	in
recipients	from	endemic
areas	(eg,	southwestern
United	States,	Mexico,
Central	America,	South,
America)
Strongyloides	antibody
in	recipients	from
endemic	areas	(eg,
Appalachian	United
States,	Central,	America,
South	America,	sub-
Saharan	Africa,
Southeast,	Asia,	Eastern
Europe)
Human	herpes	virus	8
(HHV-8)	serology
(consider	in	candidates
from	endemic	areas	such
as	equatorial	Africa)



subject	to	change.

CDC,	Centers	for	Disease	Control	and	Prevention;	HIV,	human	immunodeficiency	virus;	IgG,
immunoglobulin	G;	NAT,	nucleic	acid	testing;	PCR,	polymerase	chain	reaction;	PPD,	purified
protein	derivative;	SARS-CoV-2,	severe	acute	respiratory	syndrome	coronavirus	2;	VCA,	viral
capsid	antigen.

Causes	of	Fulminant	Hepatic	Failure
FHF	 is	 defined	 as	 the	 development	 of	 hepatic	 encephalopathy	 and	 profound
coagulopathy	 occurring	 rapidly	 after	 the	 onset	 of	 initial	 symptoms,	 such	 as
jaundice,	 in	patients	without	preexisting	 liver	disease.	UNOS	(United	Network
for	 Organ	 Sharing)	 criteria	 for	 FHF	 (OPTN	 Policy	 9.1.A)	 include	 all	 of	 the
following:

1.	 Age	at	least	18	years	old	at	the	time	of	registration	for	transplant,	and
2.	 Life	expectancy	without	a	liver	transplant	of	less	than	7	days	and	at	least

one	of	the	following	conditions:
a.	 Acute	decompensated	Wilson	disease	or
b.	 Fulminant	liver	failure,	without	preexisting	liver	disease	and	currently

in	the	intensive	care	unit	(ICU),	defined	as	the	onset	of	hepatic
encephalopathy	within	8	weeks	of	the	first	symptoms	of	liver	disease,
and	has	at	least	one	of	the	following	criteria:
i.	 Ventilator	dependency
ii.	 Requiring	dialysis,	continuous	venovenous	hemofiltration,	or

continuous	venovenous	hemodialysis	(CVVHD)
iii.	 Has	an	international	normalized	ratio	(INR)	greater	than	2.0

Alternative	 criteria	 for	 FHF	 include	 the	 King’s	 College	 criteria,	 which	 are
listed	in	Table	57.2.

TABLE	57.2

King’s	College	Criteria	for	ALF

Acetaminophen-Induced	ALF



1.	 Strongly	consider	OLT	listing	if	arterial	lactate	>3.5	mmol/L	after	early
fluid	resuscitation

2.	 List	for	OLT	if	pH	<	7.3	or	arterial	lactate	>3	mmol/L	after	adequate	fluid
resuscitation

3.	 List	for	OLT	if,	within	a	24-h	period,	all	of	the	following	are	present:
presence	of	grade	3	or	4	hepatic	encephalopathy	and	INR	>	6.5	and
creatinine	>3.4	mg/dL

Non–acetaminophen-Induced	ALF

1.	 List	for	OLT	if	INR	>	6.5	(with	encephalopathy	present,	irrespective	of
grade)

2.	 List	for	OLT	if	any	three	of	the	following	(with	encephalopathy	present,
irrespective	of	grade):
Age	<10	or	>40	y
Jaundice	for	>7	d	before	development	of	encephalopathy
INR	>	3.5
Serum	bilirubin	>	17.6	mg/dL
Unfavorable	etiology	(Wilson	disease,	idiosyncratic	drug	reaction,
seronegative	hepatitis)

ALF,	acute	liver	failure;	INR,	international	normalized	ratio;	OLT,	orthotopic	liver	transplant.

The	 most	 common	 causes	 of	 FHF	 in	 the	 Western	 world	 include
acetaminophen	overdose,	 acute	 viral	 hepatitis,	 various	drugs	 and	hepatotoxins,
and	Wilson	disease;	often,	however,	 no	cause	may	be	 identified	 at	 the	 time	of
diagnosis	 of	FHF.31	Treatment	 consists	 of	 appropriate	 critical	 care	 support	 and
providing	patients	time	for	spontaneous	recovery.	The	prognosis	for	spontaneous
recovery	 depends	 on	 the	 patient’s	 age	 (those	 younger	 than	 10	 and	 older	 than
40	years	have	a	poor	prognosis),	the	underlying	cause,	and	the	severity	of	liver
injury	 (as	 indicated	 by	 degree	 of	 hepatic	 encephalopathy,	 coagulopathy,	 and
kidney	dysfunction).32,33	A	subset	of	patients	may	have	delayed	onset	of	hepatic
decompensation	 that	occurs	8	weeks	 to	6	months	after	 the	onset	of	 symptoms.
This	 condition	 is	 often	 referred	 to	 as	 subacute	 hepatic	 failure;	 these	 patients
rarely	recover	without	a	transplant.



MELD	and	PELD
2 	The	severity	of	illness	and	prognosis	of	patients	with	chronic	liver	disease	can
be	 estimated	 by	 a	 few	 different	 scoring	 models	 including	 the	 Child-Pugh-
Turcotte	score	and	the	MELD	score.	The	latter	is	now	widely	used	in	the	United
States	for	the	allocation	of	organs.	It	is	based	on	a	predicted	3-month	mortality
for	patients	awaiting	a	 liver	 transplant	and	uses	 three	 laboratory	values	 (serum
bilirubin,	serum	creatinine	and	INR)	to	generate	a	score	that	determines	priority
for	liver	transplantation.	As	of	January	2016,	MELD	calculation	was	updated	to
include	sodium.	Hyponatremia	is	a	marker	of	severity	of	cirrhosis	and	inclusion
of	sodium	increases	the	accuracy	of	the	score	in	predicting	mortality	on	the	wait
list.

For	pediatric	patients,	 the	 scoring	 system	 is	 somewhat	different.	The	PELD
(pediatric	end-stage	liver	disease)	score	is	calculated	using	the	following	factors:
serum	bilirubin,	albumin,	and	INR,	the	age	of	the	patient	(additional	points	if	the
patient	is	<1-year-old),	and	growth	trajectory	(additional	points	if	the	patient	has
growth	 failure).34	 MELD	 and	 PELD	 calculators	 can	 be	 readily	 found	 online,
including	on	the	OPTN	website	(https://optn.transplant.hrsa.gov/data/allocation-
calculators/meld-calculator/).

Contraindications	for	Transplant
Absolute	 contraindications	 to	 liver	 transplantation	 are	 few	 and	 have	 decreased
with	time	as	liver	transplant	outcome	continues	to	improve.	There	are	no	specific
age	or	weight	limits	for	recipients.	Contraindications	include	irreversible	cardiac
or	 pulmonary	 disease,	 uncontrolled	 active	 systemic	 infection	 and	 active
extrahepatic	malignancy.	HCC	patients	with	metastatic	disease,	obvious	vascular
invasion,	or	significant	tumor	burden	are	not	good	transplant	candidates.	Patients
with	other	types	of	extrahepatic	malignancy	should	be	deferred	for	up	to	5	years
after	completing	curative	therapy	before	a	transplant	is	attempted.

Currently,	 the	most	common	contraindication	 in	 the	United	States	 to	a	 liver
transplant	 is	ongoing,	active	substance	abuse.	Before	considering	patients	for	a
transplant,	 most	 centers	 require	 a	 documented	 period	 of	 abstinence,
demonstration	 of	 compliant	 behavior,	 and	 willingness	 to	 pursue	 a	 chemical
dependency	program.

Unique	 to	 patients	 with	 chronic	 liver	 disease,	 a	 transplant	 may	 be
contraindicated	 in	 the	 presence	 of	 severe	 treatment	 resistant	 portopulmonary
syndrome	 or	 pulmonary	 hypertension.	 HPS	 is	 characterized	 by	 impaired	 gas
exchange,	 resulting	 from	 intrapulmonary	 arteriovenous	 shunts.	 These	 shunts



may	 lead	 to	 severe	 hypoxemia,	 especially	 when	 patients	 are	 in	 the	 upright
position	 (orthodeoxia).	 A	 transplant	 may	 be	 contraindicated	 when
intrapulmonary	 shunting	 is	 severe,	 as	 manifested	 by	 hypoxemia	 that	 is	 only
partially	 improved	 with	 high	 inspired	 oxygen	 concentrations.	 Pulmonary
hypertension	 (mean	 pulmonary	 artery	 pressure	 [mPAP]	 >25	 mm	 Hg	 in	 the
setting	 of	 portal	 hypertension)	 is	 seen	 in	 a	 small	 proportion	 of	 patients	 with
established	 cirrhosis.	 Its	 exact	 cause	 is	 unknown.35	 Diagnosing	 pulmonary
hypertension	pretransplant	 is	 critical,	 because	major	 surgical	 procedures	 in	 the
presence	 of	 nonreversible	 pulmonary	 hypertension	 are	 associated	 with	 a	 very
high	 risk	 of	 mortality.	 The	 initial	 screening	 is	 usually	 performed	 with
transthoracic	 Doppler	 echocardiography	 (TTE)	 that	 can	 estimate	 pulmonary
arterial	systolic	pressure	when	tricuspid	regurgitation	is	present.	TTE	presents	a
sensitivity	of	97%	and	specificity	of	77%	in	diagnosing	pulmonary	hypertension
in	 the	 setting	 of	 liver	 failure.	 For	 patients	 with	 elevated	 pulmonary	 arterial
systolic	 pressure	 (>50	 mm	 Hg),	 a	 more	 invasive	 assessment	 (right	 heart
catheterization)	is	recommended.	It	has	been	shown	that	perioperative	mortality
is	 directly	 proportional	 to	 the	 mPAP	 and	 pulmonary	 vascular	 resistance.	 For
these	 reasons,	 most	 transplantation	 centers	 consider	 an	 mPAP	 greater	 than
35	mm	Hg	to	be	an	absolute	contraindication	for	transplant.	When	the	mPAP	can
be	 lowered	 below	 that	 value	 using	 medications	 (epoprostenol,	 sildenafil),	 the
patient	can	be	considered	for	transplantation.35

Another	absolute	contraindication	for	 liver	 transplantation,	 in	cases	of	acute
liver	 failure,	 is	 the	 presence	 of	 unresponsive	 cerebral	 edema	 with	 sustained
elevation	 of	 intracranial	 pressure	 (>50	 mm	 Hg)	 and	 a	 persistent	 decrease	 of
cerebral	perfusion	pressure	(<40	mm	Hg).

INTRAOPERATIVE	MANAGEMENT
The	liver	transplant	operation	itself	may	be	divided	into	three	phases:	recipient
hepatectomy,	 anhepatic	 phase,	 and	 implantation/reperfusion.	 The	 recipient
hepatectomy	 phase	 involves	 mobilizing	 of	 the	 recipient’s	 diseased	 liver	 in
preparation	 for	 its	 removal.	Adequate	 exposure	 is	 crucial	 for	 the	 safety	 of	 the
procedure.	 The	 most	 commonly	 used	 incision	 is	 a	 bisubcostal	 incision	 with
upper	midline	extension.	This	allows	for	sufficient	exposure	of	the	liver	hilum,
inferior	 vena	 cava	 (IVC),	 and	 most	 of	 the	 abdominal	 aorta,	 in	 case	 access	 is
needed	 during	 the	 procedure.	 The	 initial	 step	 during	 hepatectomy	 includes
dissection	 of	 the	 hepatoduodenal	 ligament.	Branches	 of	 the	 hepatic	 artery	 and
the	 common	 bile	 duct	 are	 ligated	 and	 transected	 close	 to	 the	 liver.	 The	 portal



vein	is	then	isolated.	There	are	two	major	approaches	to	recipient	hepatectomy;
the	conventional	 technique	entails	 removal	of	 the	hepatic	portion	of	 the	native
IVC	and	replacing	it	with	the	donor	IVC.	This	requires	temporary	interruption	of
portal	 and	 inferior	 caval	 flow,	 causing	 decreased	 venous	 return	 to	 the	 heart.
Many	centers	routinely	employ	a	venovenous	bypass	(VVB)	system	during	this
time:	 blood	 is	 drawn	 from	 the	 lower	 body	 and	 bowels	 via	 a	 cannula	 in	 the
common	 femoral	 vein	 and	 portal	 vein	 and	 returned	 through	 a	 central	 venous
cannula	 in	 the	 upper	 body.	 Potential	 advantages	 of	 bypass	 include	 improved
hemodynamic	 stability,	 reduction	 of	 bleeding	 and	 bowel	 edema	 from	 an
engorged	portal	system,	and	avoidance	of	elevated	venous	pressures	in	the	renal
veins.	However,	many	 centers	 selectively	 use	VVB	 for	 patients	without	 portal
hypertension	 or	 for	 those	 patients	 who	 demonstrate	 hemodynamic	 instability
with	a	trial	of	caval	clamping.	The	added	complexity	of	VVB	combined	with	its
potential	 complications,	 which	 include	 air	 embolism,	 thromboembolism,
hypothermia,	 hemodilution,	 cannula	 and	 incision-related	 morbidity,	 trauma	 to
vessels,	 and	 incremental	 costs,	 has	 led	 to	 development	 of	 a	 cava	 preserving
technique.	Here	the	liver	is	dissected	off	the	IVC	and	all	the	short	hepatic	veins
entering	the	IVC	are	individually	ligated	and	transected.	The	main	hepatic	veins
(right,	 middle	 and	 left)	 are	 then	 isolated	 and	 transected	 after	 placement	 of	 a
vascular	 clamp.	 Although	 use	 of	 either	 technique	 is	 mainly	 dictated	 by	 the
preference	of	the	individual	surgeon,	a	recent	randomized	study	did	demonstrate
increased	 risk	 of	 posttransplant	 renal	 dysfunction	 using	 the	 conventional
technique.36

Given	 the	 presence	 of	 existing	 coagulopathy	 and	 portal	 hypertension
associated	 intra-	 and	 retroperitoneal	 varices	 within	 the	 recipient,	 the
hepatectomy	may	be	very	challenging	and	provoke	excessive	blood	loss.	Rapid
infusion	 devices	 and	 use	 of	 intraoperative	 cell	 salvage	machines	 are	 therefore
extremely	 helpful.	 Liver	 transplantation	 is	 by	 necessity	 a	 team	 effort.	 Good
communication	 between	 the	 surgeons	 and	 the	 anesthesia	 team	 is	 imperative
throughout	the	case.

Once	 the	 in-	 and	 outflow	 of	 the	 liver	 are	 obstructed,	 the	 recipient	 liver	 is
removed	and	the	patient	is	considered	anhepatic.	At	this	time,	the	majority	of	the
bleeding	 has	 subsided,	 and	 the	 induction	 immunosuppression	 is	 administered.
Next,	 the	donor	 liver	 is	anastomosed	 to	 the	appropriate	structures,	 to	place	 the
new	 liver	 in	 an	 orthotopic	 position.	 The	 suprahepatic	 caval	 anastomosis	 is
performed	 first,	 followed	 by	 the	 infrahepatic	 cava.	 In	 case	 of	 the	 piggyback
technique,	 the	 donor’s	 suprahepatic	 cava	 is	 anastomosed	 to	 recipient’s
confluence	of	the	hepatic	veins.	Once	the	portal	vein	anastomosis	is	performed,
the	caval	and	portal	clamps	are	removed,	allowing	reperfusion	of	the	new	liver.



The	hepatic	artery	is	then	anastomosed.
The	 reperfusion	 phase	 may	 be	 associated	 with	 dramatic	 changes	 in	 the

patient’s	hemodynamics,	with	hypotension	and	the	potential	 for	serious	cardiac
arrhythmia.	Many	centers	routinely	flush	the	graft	through	the	portal	vein	prior
to	reperfusion	to	remove	excessive	potassium	and	accumulated	metabolites	from
the	graft,	 in	order	 to	 reduce	risk	of	postreperfusion	syndrome	(PRS).	Although
there	are	no	standard	rinsing	protocols,37	we	routinely	use	cold	 lactated	Ringer
solution.	 Furthermore,	 severe	 coagulopathy	 may	 also	 develop	 because	 of	 the
release	of	 natural	 anticoagulants	 from	 the	 ischemic	 liver	 or	 active	 fibrinolysis.
Clot	 firmness	 measured	 by	 thromboelastometry	 is	 an	 excellent	 tool	 for
assessment	 of	 intraoperative	 coagulopathy	 and	 helps	 to	 guide	 treatment.	 Fresh
frozen	 plasma	 (FFP),	 platelet	 concentrate,	 and	 fibrinogen	 are	 often	 needed	 to
correct	the	postreperfusion	coagulopathy.38

For	pediatric	patients	(particularly	infants	and	small	children),	 the	chance	of
finding	 a	 size-matched	 cadaver	 graft	 may	 be	 very	 small;	 the	 vast	 majority	 of
cadaver	 donors	 are	 adults.	 Reduced-size	 liver	 transplants,	 living	 related	 liver
transplants,	and	SLTs	are	used	to	size-adjust	the	donor	liver	to	the	recipient	body.

For	LDLT,	 the	 recipient	operation	 is	not	greatly	different	 from	whole-organ
deceased-donor	 liver	 transplants.	 The	 recipient	 hepatectomy	 is	 performed	 in
cava	preserving	fashion.	The	LD	graft	typically	has	a	single	hepatic	vein	that	is
anastomosed	to	the	recipient’s	right	hepatic	vein	orifice	or	directly	anastomosed
to	the	IVC.	Furthermore,	the	graft	often	has	segmental	veins	(segments	5	and	8
in	 case	 of	 right	 lobe	 graft)	 that	may	 require	 reconstruction	 to	 ensure	 adequate
outflow	 and	 avoid	 venous	 congestion.	 Many	 centers	 perform	 portosystemic
shunts	for	all	or	selected	patients,	in	order	to	protect	the	partial	graft	against	high
portal	 flow	 and	 pressure,	 which	 can	 increase	 the	 risk	 of	 hepatic	 artery
thrombosis	(HAT).	Inflow	to	the	graft	can	be	reestablished	by	anastomosing	the
donor’s	portal	vein	and	hepatic	artery	branch	to	the	corresponding	structures	in
the	 recipient.	 Bile	 duct	 anastomosis	 is	 performed	 between	 the	 graft’s	 hepatic
duct(s)	and	patient’s	common	bile	duct	or	hepatic	duct	branches.	Alternatively,	a
Roux-en-Y	hepaticojejunostomy	can	be	used	for	biliary	drainage.

POSTOPERATIVE	MANAGEMENT
The	 postoperative	 course	 after	 liver	 transplantation	 can	 range	 from	 very
straightforward	to	extremely	challenging.	Several	factors	influence	the	pace	and
progression	 of	 recovery;	 among	 the	most	 important	 ones	 are	 the	 preoperative
status	 of	 the	 patient	 (MELD	 score,	 presence	 of	HRS,	HPS,	 and	malnutrition),



graft	 quality	 (graft	 size,	 degree	 of	 steatosis,	 ischemic	 insult	 and	 ischemia
reperfusion	 injury),	 and	 development	 of	 postoperative	 complications.	 Early
postoperative	 care	 for	 all	 liver	 recipients	 includes	 (1)	 initial	 resuscitation	 and
supportive	care	 for	 the	recovery	of	major	organ	systems,	 (2)	assessment	of	 the
graft	 function	 and	 institution	 of	 immunosuppression,	 and	 (3)	 monitoring	 and
treatment	of	postoperative	complications.

Initial	Resuscitation	and	Recovery	of	Major	Organ	Systems
Transplant	surgery	typically	provokes	a	major	physiological	stress	to	otherwise
very	 sick	 patients.	 Patients	 with	 ESLD	 often	 have	 portal	 hypertension,
coagulopathy,	thrombocytopenia,	and	dysfunction	involving	organ	systems	other
than	 the	 liver.	 The	 surgery	 itself	 causes	 rapid	 hemodynamic	 changes,	massive
fluid	shifts,	and	alterations	of	electrolyte	and	acid-base	balances.	Hence,	patients
are	usually	kept	under	sedation,	mechanically	ventilated	and	closely	monitored
in	 an	 intensive	 care	 setting	 for	 several	 hours	 following	 transplantation.	 This
delay	of	extubation	is	intended	to	achieve	and	maintain	adequate	equilibrium	in
all	 organ	 systems	 in	 a	 highly	 controlled	 setting,	while	 the	 newly	 grafted	 liver
supersedes	the	previously	dysfunctional	cirrhotic	liver.

When	the	patient	is	hemodynamically	stable	and	sufficient	liver	function	has
been	established,	 sedation	 is	discontinued,	 and	 the	patient	 is	 allowed	 to	 regain
consciousness.	Once	the	patient	demonstrates	ability	to	protect	their	airway	and
maintain	 sufficient	 ventilation	 and	 oxygenation,	 the	 endotracheal	 tube	 is
removed.	 Adequate	 fluid	 management,	 respiratory	 physiotherapy,	 incentive
spirometry,	 and	 early	 ambulation	 will	 help	 to	 reduce	 the	 risk	 of	 respiratory
complications.

The	function	of	 the	heart	and	 liver	are	closely	related.	Chronic	heart	 failure
can	cause	liver	dysfunction	due	to	congestion;	similarly,	certain	conditions	that
lead	to	cirrhosis,	such	as	chronic	alcohol	abuse	and	hemochromatosis,	can	also
affect	the	hart.	The	state	of	cirrhosis	itself	impacts	the	heart	as	well.39	A	study	of
a	 cohort	 of	 403	 liver	 transplant	 recipients	 revealed	 a	 7%	 risk	 of	 myocardial
infarction	 within	 the	 first	 30	 days	 post	 transplant.40	 To	 minimize	 this	 risk,
continuous	 hemodynamic	 surveillance	 is	 recommended;	 ECG	 and	 blood
pressure	 monitoring	 through	 an	 arterial	 line,	 volume	 monitoring	 by	 use	 of	 a
pulmonary	 artery	 catheter,	 transesophageal	 echocardiography,	 or	 pulse	 dye
densitometry	 should	 be	 considered.	 Information	 obtained	 should	 be	 used	 to
ensure	adequate	perfusion	of	 the	graft	and	other	vital	organs.	The	preoperative
hyperdynamic	 circulatory	 state	will	 often	 persist	 into	 the	 postoperative	 period.
Later,	as	hepatic	function	improves,	the	cardiac	index	progressively	declines	and



the	SVR	increases	toward	normal	values.	However,	the	myocardial	dysfunction
that	is	often	seen	early	during	the	reperfusion	phase	may	persist,	with	decreased
compliance	 and	 contractility	 of	 the	 ventricles.	 The	 cause	 of	 this	 myocardial
depression	is	unclear	but	may	be	related	to	the	release	of	vasoactive	substances
after	 reperfusion	 of	 the	 ischemic	 liver	 and	 decompression	 of	 the	 portal
circulation.	 The	 usual	 treatment	 is	 to	 optimize	 preload	 and	 afterload,	 and	 use
inotropic	agents	such	as	dopamine	or	dobutamine,	as	indicated.

To	 assess	 for	 possible	 bleeding,	 hemoglobin	 and	 hematocrit	 should	 be
measured	 frequently,	 initially	 every	 4	 to	 6	 hours.	 Coagulation	 parameters
(prothrombin	 time,	 partial	 thromboplastin	 time,	 thrombin	 time)	 need	 to	 be
carefully	 monitored	 because	 of	 frequent	 coagulopathy,	 most	 likely	 related	 to
intraoperative	blood	loss	and	temporary	 ischemic	damage	in	 the	revascularized
new	 liver.	 Other	 laboratory	 values	 that	 must	 be	 monitored	 include	 serum
transaminases	 and	 serum	 bilirubin.	 Normalization	 of	 these	 values,	 along	 with
improvement	in	mental	status	and	renal	function,	are	valuable	indicators	of	good
graft	function.

Fluid	 management,	 electrolyte	 status,	 and	 renal	 function	 require	 frequent
evaluation	 after	 surgery.	 Most	 liver	 transplant	 recipients	 have	 a	 reduced
intravascular	 volume	 as	 a	 result	 of	 insufficient	 correction	 of	 intraoperative
bleeding,	 ongoing	 postoperative	 hemorrhage,	 and/or	 fluid	 shifts	 through	 third
spacing.	 Hypovolemia	 should	 be	 corrected	 using	 volume	 resuscitation.	 In
contrast	 to	 nontransplant	 critical	 care	 patients,	 liver	 transplant	 recipients	 may
benefit	 more	 from	 blood	 transfusions	 and	 albumin.41	 The	 osmotic	 effect	 of
blood	and	colloids	promote	the	shift	of	fluids	from	the	extravascular	space	into
the	 circulation,	 thereby	 improving	 organ	 perfusion	 while	 reducing	 graft
congestion.	 Attention	 should	 be	 given	 to	 potassium,	 calcium,	 magnesium,
phosphate,	and	glucose	levels.	Potassium	may	be	elevated	because	of	poor	renal
function,	 residual	 reperfusion	 effect,	 or	 immunosuppressive	 medications.
Diuretics	may	be	required	 to	 remove	excess	 fluid	acquired	 intraoperatively	but
may	result	in	hypokalemia	and	may	not	be	effective	in	patients	with	acute	kidney
injury	or	in	those	with	a	history	of	HRS.	Magnesium	levels	should	be	kept	above
2	mg/dL	to	prevent	seizures,	particularly	 in	presence	of	 tacrolimus,	which	may
lower	 the	 seizure	 threshold.	 Normal	 phosphate	 levels	 are	 needed	 for	 proper
support	of	the	respiratory	and	alimentary	tracts.	Patients	with	a	partial	graft,	such
as	 living-donor	 recipients,	 often	 have	 low	 phosphate	 levels.	 Marked
hyperglycemia	may	be	seen	secondary	to	steroids	and	should	be	treated	with	an
insulin	drip.	Hypoglycemia	is	often	an	indication	of	poor	hepatic	function.

Nasogastric	suction	can	usually	be	discontinued	during	the	first	postoperative
day;	patients	with	a	choledochojejunostomy	may	need	more	time.	Some	form	of



prophylaxis	 for	 gastrointestinal	 (GI)	 bleeding	 should	 be	 maintained,	 as	 the
physiological	 stress	 after	 a	 liver	 transplant	 may	 lead	 to	 gastric	 erosions	 and
ulcerations.	The	GI	tract	can	be	used	for	nutrition	early	on	after	liver	transplant,
often	by	the	second	postoperative	day.	Patients	with	ESLD	are	frequently	protein
malnourished;	 hence,	 there	 should	 be	 a	 low	 threshold	 for	 placing	 a	 Dobbhoff
tube	for	supplemental	enteral	nutrition.

8 	As	 soon	as	 the	patient	 enters	 the	 ICU,	prevention,	 prophylaxis,	 and	 close
monitoring	 for	 possible	 infections	 should	 begin.	 Given	 the	 magnitude	 of	 the
operation,	 the	 often-poor	 pretransplant	 medical	 status,	 and	 the	 need	 for
immunosuppression,	 it	 is	not	 surprising	 that	more	 than	50%	of	 liver	 recipients
develop	 some	 of	 infection.	 Close	 attention	 must	 be	 given	 to	 all	 invasive
monitoring	 lines,	 which	 should	 be	 removed	 or	 changed	 every	 5	 to	 7	 days.
Aggressive	 pulmonary	 toilet	 is	 needed,	 as	 the	 lung	 is	 a	 common	 source	 of
infection.

Graft	Function	and	Immunosuppression
A	 crucial	 aspect	 of	 postoperative	 care	 is	 the	 repeated	 evaluation	 of	 graft
function,	which	in	fact	begins	intraoperatively,	soon	after	the	liver	is	reperfused.
Signs	of	hepatic	function	include	good	texture	and	color	of	the	graft,	evidence	of
bile	 production,	 and	 restoration	 of	 hemodynamic	 stability.	 Once	 the	 patient
arrives	in	the	ICU,	evaluation	of	hepatic	function	is	continued	based	on	clinical
signs	 and	 laboratory	values.	The	patient	who	 rapidly	 awakens	 from	anesthesia
and	whose	mental	 status	 progressively	 improves	 likely	 has	 a	 well-functioning
graft.	Laboratory	values	that	corroborate	good	function	include	normalization	of
the	 coagulation	 profile,	 resolution	 of	 hypoglycemia,	 and	 clearance	 of	 serum
lactate.	 Bilirubin	 levels	 may	 rise	 for	 a	 few	 days	 before	 trending	 down.
Hemolysis	 of	 transfused	 and	 recycled	 blood,	 and	 ischemia	 reperfusion	 injury
may	 lead	 to	 postoperative	 hyperbilirubinemia	 in	 the	 presence	 of	 a	 functioning
graft.	Adequate	urine	production	and	good	output	of	bile	through	the	biliary	tube
(if	present)	are	also	indicators	of	good	graft	function.	Serum	transaminase	levels
will	usually	rise	during	the	first	48	to	72	hours	following	transplant	secondary	to
preservation	 injury,	 and	 then	 should	 fall	 rapidly	 over	 the	 subsequent	 24	 to	 48
hours.

7 	 5 	Induction	immunosuppression	post	transplant	varies	from	center	to	center.
Many	programs	use	a	triple	immunosuppressive	regimen	based	on	a	calcineurin
inhibitor	 (CNI;	 cyclosporine	 or	 tacrolimus),	 antimetabolite	 (mycophenolate
mofetil	 or	 azathioprine),	 and	 prednisone.	 Some	 centers	 also	 use	 antibody
induction	 such	 as	 antilymphocyte	 antibody	 or	 rituximab,42	 either	 for	 all



recipients	or	only	for	those	with	renal	dysfunction.	Other	humanized	monoclonal
antibodies	 such	 as	 basiliximab	 and	 daclizumab	 are	 also	 being	 used	 as	 part	 of
steroid	 sparing	protocols	or	 to	 reduce	 the	CNI	dose.43	A	detailed	discussion	of
immunosuppression	for	transplant	recipients	can	be	found	in	Chapter	62.

POSTTRANSPLANT	SURGICAL
COMPLICATIONS
Posttransplant	 surgical	 complications	 are	 common,	given	 the	magnitude	of	 the
surgical	 procedure.	 Surgical	 complications	 related	 directly	 to	 the	 operation
include	postoperative	hemorrhage,	problems	with	any	of	the	anastomoses	(up	to
five	vascular	and	one	biliary),	and	wound	complications.

Biliary	Complications
Biliary	 complications	 are	 considered	 the	 technical	 “Achilles’	 heel”	 of	 liver
transplantation	because	of	their	morbidity	and	frequent	occurrence.	They	include
leakage,	 anastomotic	 strictures,	 nonanastomotic	 strictures,	 and	 ampullary
dysfunction.	In	early	reports,	morbidity	rates	of	up	to	50%,	and	related	mortality
rates	 of	 up	 to	 25%	 to	 30%	were	 reported.44,45	 Recent	 improvements	 of	 organ
selection,	preservation,	 immunosuppression	and	standardization	of	 the	methods
of	 biliary	 reconstruction,	 have	 all	 contributed	 to	 reduce	 the	 incidence	 of	 these
complications.	 A	 recent	 meta-analysis	 showed	 that	 the	 overall	 incidence	 of
biliary	 stricture	 is	 13%	 (12%	 among	 deceased-donor	 liver	 transplant	 (DDLT)
recipients,	 and	 19%	 among	 LDLT	 recipients),	 and	 the	 overall	 incidence	 of
biliary	leakage	is	8.2%	(7.8%	among	DDLT	and	9.5%	among	LDLT).	The	main
risk	factors	for	biliary	complications	include	small	size	of	bile	ducts,	HAT,	older
donor	 age,	 prolonged	 ischemic	 times,	 and	 immunological	 response	 (eg,	 ABO
incompatibility).46	 The	 incidence	 of	 strictures	 after	 DCD	 transplantation	 is
particularly	high	(20%-40%	compared	to	5%	in	grafts	from	brain-dead	donors),
possibly	 due	 to	 significant	 ischemic	 damage	 to	 the	 biliary	 ducts	 before
transplantation.47-49

The	 management	 of	 biliary	 complications	 consists	 of	 (1)	 endoscopic
retrograde	cholangiogram	(ERCP)	stenting,	(2)	percutaneous	transhepatic	biliary
drainage,	(3)	surgical	revision,	and	(4)	retransplantation.	An	endoscopic	strategy
is	 the	 first	 choice	 for	 biliary	 complications;	 treatment	 of	 biliary	 stricture	with
endoscopic	modalities	has	a	success	rate	of	57%.46



Biliary	Leaks
Biliary	 leaks	 typically	 occur	 early	 and	 are	 diagnosed	 by	 presence	 of	 a	 biliary
fistula	or	on	routine	cholangiography.	Increased	inflammatory	markers	or	fever
might	occur	in	the	case	of	a	biloma.	The	majority	of	bile	leaks	occur	either	in	the
first	month	after	liver	transplant	or	after	T-tube	removal.	Late	onset	of	bile	leaks
up	to	6	months	after	transplant	occasionally	occurs.	Risk	factors	for	biliary	leaks
include	small	size	of	bile	ducts,	discrepancy	between	donor	and	recipient	ducts
size,	ischemic	injury,	and	devascularization	of	the	bile	duct.

T-tube	removal	is	a	common	cause	of	biliary	leak	and	is	reported	to	occur	in
5%	 to	 33%	 of	 cases.46	 Because	 of	 this	 concern,	many	 transplant	 centers	 have
stopped	 using	 T-tubes,	 although	 this	 change	 in	 practice	 has	 not	 been
demonstrated	 to	 decrease	 the	 incidence	of	 biliary	 leakage	 (4.7%	vs	 6.3%	with
and	without	a	T-tube,	respectively).46

The	 management	 of	 biliary	 leaks	 varies	 according	 to	 the	 location	 and	 the
severity.	Conservative	treatment	can	be	attempted	for	select	cases	when	there	is	a
small	 leak	 at	 the	 cut	 surface	 of	 split-liver	 grafts	 or	 grafts	 from	 living	 donors.
Most	biliary	leaks	can	be	treated	by	ERCP	papillotomy	and	biliary	stenting.	For
some	cases,	a	primary	surgical	revision	is	indicated,	particularly	with	early	leaks
(<1-2	 weeks	 after	 liver	 transplant),	 large	 defects,	 or	 if	 bile	 duct	 necrosis	 is
suspected.	 Surgical	 intervention	 is	 also	 indicated	 after	 failure	 of	 endoscopic
therapy.	 Duct	 to	 duct	 repairs	 are	 not	 always	 feasible	 and	 a	 bilioenteric
anastomosis	 is	 often	 required,	 especially	when	 periductal	 infection	 and/or	 bile
duct	necrosis	is	present.50

Biliary	Strictures
Biliary	strictures	can	be	anastomotic	and	nonanastomotic.	Anastomotic	strictures
are	 much	 more	 common	 and	 are	 associated	 with	 technical	 failure.	 Biliary
stenoses	 often	 cause	 jaundice,	 increased	 cholestatic	 enzymes,	 and	 fever.
Ultrasound	is	 less	sensitive	after	 liver	 transplantation,	because	severe	dilatation
of	the	intrahepatic	bile	ducts	is	absent	among	>60%	of	patients	with	anastomotic
stenosis,	while	an	ERCP	is	able	to	detect	the	cause	of	biliary	obstruction	for	95%
and	 the	 site	 of	 bile	 leaks	 for	 90%	 of	 cases.50	 The	 use	 of	 a	 T-tube	 to	 prevent
anastomotic	 biliary	 strictures	 is	 controversial.	However,	 a	 recent	meta-analysis
indicated	 that	 the	 incidence	 of	 biliary	 stricture	 was	 9.7%	 with	 a	 T-tube	 and
12.5%	without	a	T-tube.46

Nonanastomotic	 strictures,	 also	 called	 ischemic-biliary	 lesions	 (ITBL),	 or
ischemic	 cholangiopathy,	 are	 the	 most	 troublesome	 biliary	 complication	 after



liver	 transplantation.	 ITBL	 is	 a	 radiological	 diagnosis,	 characterized	 by
intrahepatic	 strictures	 and	 dilatations	 on	 a	 cholangiogram,	 in	 the	 absence	 of
HAT.	 The	 exact	 mechanisms	 are	 not	 known,	 but	 most	 likely	 it	 is
multifactorial.51,52	 The	 risk	 of	 ischemic	 cholangiopathy	 of	 grafts	 from	 DCD
donors	 is	 10	 times	 higher	 than	 for	 brain	 dead	 donors.49	 Although	 the	 risk	 of
ITBL	 is	 directly	 correlated	with	 the	 degree	 of	 ischemia,	 currently,	 there	 is	 no
way	 to	 predict	 which	 grafts	 will	 display	 ITBL,	 and	 no	 pharmacological
approaches	 to	 prevent	 its	 development.	 Available	 therapeutic	 approaches
(endoscopic	 dilation/stenting,	 hepaticojejuno	 anastomosis,	 liver	 resection	 or
retransplant)	 are	 performed	 only	 when	 complications	 are	 already	 present.
Eventually,	 up	 to	 50%	 of	 patients	 with	 ITBL	 will	 die	 or	 require
retransplantation.53

The	 treatment	 of	 anastomotic	 stenosis	 is	 easier	 and	 typically	 achieved	 by
ERCP	repetitive	balloon	dilatation	(every	2-3	months)	and	stenting.	Severe	and
long	 anastomotic	 strictures	 are	 usually	 not	 amenable	 to	 endoscopic	 treatment,
requiring	 surgical	 correction	 instead.	For	patients	with	bilioenteric	anastomotic
strictures,	balloon	dilatation	is	performed	percutaneously	(PTC).

ERCP	 and	 balloon	 dilation	 with	 or	 without	 stenting	 is	 the	 first	 choice	 of
treatment	 for	biliary	 stricture	 in	 the	majority	of	centers	 (58%)	and	 is	 indicated
for	83%	of	patients.	The	success	rate	of	is	approximately	57%.

Sphincter	of	Oddi	Dysfunction/Papillary	Stenosis
Outflow	obstruction	at	the	papillary	region	occurs	in	2%	to	7%	of	patients	after
liver	 transplantation	 and	 is	 thought	 to	 be	 associated	 with	 manipulation,
denervation	 of	 the	 recipient	 bile	 duct,	 and	 inflammation	 or	 scarring	 of	 the
sphincter	 of	 Oddi.54	 Clinical	 manifestations	 include	 increased	 cholestatic
parameters	and	biliary	dilatation.	Endoscopic	sphincterotomy	is	the	treatment	of
choice	and	effective	in	the	vast	majority	of	patients.55,56

Vascular	Complications
Vascular	 complications	 following	 liver	 transplantation	 include	 bleeding,
thromboembolic	 events,	 and	 anastomotic	 failures	 (stenosis	 and	 thrombosis).
Patients	 with	 ESLD	 are	 concurrently	 coagulopathic,	 hypercoagulable,	 and
hyperfibrinolytic.57

Bleeding



Despite	 advances	 of	 surgical	 technique	 and	 anesthetic	management,	 extensive
bleeding	 is	 still	 very	 common	 during	 and	 after	 liver	 transplantation.	 Bleeding
negatively	affects	outcomes	and	the	cost-effectiveness	of	liver	transplantation.58-
61	Because	of	changes	 in	procoagulant	and	anticoagulant	 factors	with	cirrhosis,
cirrhotic	 patients	 are	 both	 at	 increased	 risk	 of	 bleeding	 and	 thromboembolic
events.	The	most	common	source	of	bleeding	after	 liver	 transplant	 is	 from	 the
vascular	anastomosis,	but	it	can	also	arise	from	varices,	the	retroperitoneum,	or
the	liver	graft.	The	incidence	of	posttransplantation	abdominal	bleeding,	defined
as	 any	 hemorrhage	 requiring	 radiologic	 intervention	 or	 laparotomy	within	 the
first	month,	is	9%,	occurring	at	a	mean	of	6.1	days	(range,	day	1-21	days)	post
transplant.	 Active	 bleeding	 is	 controlled	 by	 endovascular	 interventional
techniques	in	39%,	by	surgical	ligation	or	vascular	reconstruction	in	46%,	or	by
sequential	combinations	of	endovascular	intervention	and	surgery	in	15%.62

Important	 risk	 factors	 for	 bleeding	 include	 SLT,	 retransplantation,	 previous
abdominal	 operations,	 severe	 portal	 hypertension,	 and	 thrombocytopenia.	 The
risk	 of	 bleeding	 can	 be	 minimized	 by	 meticulous	 surgical	 dissection	 and
bleeding	control.	The	use	of	procoagulants	remains	controversial.63-65

Thromboembolic	Events
Despite	 prolonged	 coagulation	 times	 and	 thrombocytopenia	 associated	 with
ESLD,	 formation	 of	 thrombi	 in	 the	 circulation	 occurs	more	 frequently	 during
liver	 transplantation	 than	 during	 any	 other	 of	 major	 surgery.	 For	 a	 long	 time
there	 has	 been	 a	 dogma	 that	 cirrhosis	 is	 associated	with	 a	 bleeding	 tendency.
Recent	 literature	 has	 challenged	 this	 dogma,	 showing	 that	 the	 coagulation
system	 of	 cirrhotic	 patients	 is	 dysfunctional	 and	 also	 associated	 with	 a
hypercoagulability	 tendency.66-68	The	 incidence	of	deep	vein	 thrombosis	 (DVT)
or	pulmonary	embolism	(PE)	among	cirrhotic	patients	 is	0.5%,	despite	21%	of
patients	receiving	some	form	of	DVT	prophylaxis.68	 In	ESLD,	 the	 low	number
of	 platelets	 and	 reduced	 synthesis	 of	 procoagulant	 factors	 are	 compensated	 by
deficient	 hepatic	 clearance	 of	 activated	 procoagulants	 and	 reduced	 hepatic
synthesis	 of	 anticoagulant	 proteins	 (protein	 S	 and	C,	 antithrombin	 III,	 heparin
cofactor	 II,	 and	 α2-macroglobulin),	 low	 levels	 of	 plasminogen,	 and	 elevated
levels	of	von	Willebrand	factor	and	factor	VIII.57,66,68

In	 addition	 to	 the	 inherent	 hypercoagulability	 associated	 with	 ESLD,
thromboembolism	 is	more	common	during	 liver	 transplantation	due	 to	surgical
factors	associated	with	this	procedure,	including	the	excessive	activation	of	the
coagulation	 system	 secondary	 to	 injury	 to	 a	 large	 capillary	 bed	 during
hepatectomy,	venous	stasis	during	clamping	of	the	portal	vein	and	IVC,	ischemic



injury	 to	 the	 intestines,	 release	 of	 coagulation	 activators	 from	 the	 graft,	 and
massive	 blood	 transfusion	 or	 administration	 of	 blood	 products.69	 Other	 factors
that	 may	 contribute	 to	 thromboembolic	 complications	 include	 concomitant
cancer	(HCC),	venovenous	bypass,	and	use	of	vascular	catheters.57

The	 overall	 incidence	 of	 massive	 embolism	 associated	 with	 liver
transplantation	ranges	from	1.5%	to	6.2%.57	Although	the	estimated	incidence	of
significant	 PE	 or	 intracardiac	 thrombosis	 among	 liver	 transplant	 recipients	 is
low,	 these	 complications	 are	 potentially	 fatal,	 and	 therefore	 of	 great	 clinical
relevance.57,69	 Thromboembolic	 events	 can	 occur	 during	 any	 phase	 of	 the
transplant	(37%	during	reperfusion	vs	30%	preanhepatic	vs	33%	anhepatic).70

Vascular	Anastomosis	Failures
Although	 bleeding,	 stenosis,	 and	 thrombosis	 can	 arise	 at	 any	 of	 the	 vascular
anastomoses,	HAT	and	portal	vein	thrombosis	(PVT)	are	the	most	common.

Hepatic	Artery	Thrombosis
The	consequences	of	HAT	are	often	life-threatening,	causing	interruption	of	the
graft	blood	supply,	leading	to	early	graft	loss,	long-term	dysfunction,	or	patient
death.	Early	HAT	(within	the	first	3	weeks)	commonly	causes	graft	failure.	Even
if	the	graft	is	not	lost,	there	will	be	long-term	graft	dysfunction.	The	biliary	ducts
are	 exclusively	 supplied	 by	 arterial	 blood,71	 and	 interruption	 of	 arterial	 blood
leads	 to	 ischemic	 cholangiopathy,	 which	 leads	 to	 biliary	 strictures,	 abscesses,
biliary	cast	formation,	and	potentially	sepsis.49	HAT	is	reported	to	complicate	4%
to	 15%	 of	 OLTs	 and	 is	 generally	 more	 frequent	 after	 pediatric	 liver
transplantation	and	LDLT.72

Factors	 associated	 with	 HAT	 include	 small	 diameter	 (pediatric	 and	 living-
donor	graft),	dissection	of	the	hepatic	arterial	wall,	anastomotic	technical	failures
(leading	 to	 kinking,	 stenosis,	 or	 intima	 exposure),	 atherosclerosis	 (older	 donor
age),	 and	 celiac	 stenosis	 or	 compression	 by	 the	 median	 arcuate	 ligament.
Aberrant	 donor	 or	 recipient	 arterial	 anatomy;	 complex	 backtable	 arterial
reconstruction	 of	 the	 allograft;	 and	 nonsurgical	 causes,	 such	 as	 transarterial
chemoembolization,	 and	 high-resistance	 microvascular	 arterial	 outflow	 caused
by	 severe	 ischemia-reperfusion	 injury,	 cytomegalovirus	 (CMV)	 infection,
hypotension,	 hypercoagulable	 disorder,	 and	 rejection	 are	 also	 important
considerations.72-76

Treatment	 of	 these	 complications	 has	 traditionally	 involved	 reexploration,
surgical	thrombectomy,	and	anastomotic	revision.	Failure	of	successful	revision
usually	requires	retransplantation	as	a	lifesaving	procedure.	Early	HAT	should	be



treated	 with	 surgical	 exploration	 and	 thrombectomy.	 More	 recently,	 catheter-
based	and	medical	anticoagulant	or	thrombolytic	interventions	are	available,	but
the	 results	 are	 inferior.	However,	 it	 has	been	 reported	up	 to	50%	graft	 salvage
rates	 using	 catheter-based	 treatment	 of	HAT.77	A	 single-center	 experience	with
4200	 liver	 transplants	 showed	 that	 graft	 salvage	 after	 early	 HAT	 requiring
surgical	revision,	thrombectomy,	and	reanastomosis	was	only	10.5%.	Among	all
patients	experiencing	HAT,	retransplantation	was	required	in	75%	of	patients.72

Portal	Vein	Thrombosis
PVT	 complicates	 3%	 to	 7%	 of	 liver	 transplantations	 and,	 similar	 to	 HAT,
significantly	reduces	both	graft	and	patient	survival.78,79	Factors	associated	with
posttransplant	 PVT	 include	 technical	 issues,	 preexisting	 PVT	 requiring
thromboendovenectomy	 at	 the	 time	 of	 transplantation,	 small	 portal	 vein	 size
(<5	 mm),	 previous	 splenectomy,	 and	 use	 of	 venous	 conduits	 for	 portal	 vein
reconstruction.	 Presentation	 of	 PVT	 can	 include	 portal	 hypertension	 with	 GI
bleeding,	 ascites,	 elevated	 transaminases,	 and	 acute	 graft	 failure.72,80,81	 65%	 of
PVT	 cases	 occurs	 early,	 and	 35%	 of	 those	 occurs	 late	 post	 transplant.72
Retransplantation	for	PVT	is	not	always	technically	possible	because	it	requires
patent	mesenteric	graft	inflow	to	provide	hepatotrophic	factors	to	the	graft.	For
patients	with	extensive	and	organized	PVT,	this	is	not	always	possible,	even	with
construction	of	a	venous	conduit.72,82,83

Wound	Complications
Wound	 complications	 are	 common	 following	 liver	 transplantation	 and	 may
contribute	 to	 significant	 morbidity	 in	 the	 liver	 transplant	 recipient.	 Wound
complications	 include	 infections	 and	hematomas.	Conventional	 risk	 factors	 for
wound	 infections	 are	 all	 present	 among	 liver	 transplant	 recipients,	 including
longer	operative	 times,	 contamination	with	 bowel	 or	 biliary	 contents,	 need	 for
transfusion	of	blood	products,	poor	nutritional	status	prior	to	transplantation,	and
steroid	 administration	 for	 immunosuppression	 to	 prevent	 rejection.	 Wound
infections	 typically	develop	after	 the	 first	week	 following	 liver	 transplantation,
often	 presenting	 with	 fever,	 chills,	 erythema,	 and	 purulent	 drainage	 from	 the
wound.	 Given	 the	 presence	 of	 immunosuppression,	 signs	 and	 symptoms	 of
infection	may	 be	 subtle,	with	 the	 absence	 of	 typical	 features	 of	 inflammation.
Management	 includes	 opening	 the	 wound	 to	 allow	 appropriate	 drainage	 of
collections,	 frequent	 dressing	 changes,	 and	 allowing	 healing	 by	 secondary
intention.	Intravenous	antibiotics	may	be	necessary	in	the	presence	of	significant



cellulitis,	deeper	involvement,	or	systemic	symptoms.	Complicated	skin	and	soft
tissue	infections,	including	necrotizing	fasciitis	have	been	reported,	and	require
rapid,	aggressive	debridement	together	with	appropriate	selection	of	intravenous
antibiotics.

POSTTRANSPLANTATION	MEDICAL
COMPLICATIONS
Medical	 complications	 following	 liver	 transplantation	 are	 quite	 common,
considering	 the	 comorbidities	 and	 often	 poor	 functional	 status	 of	 transplant
candidates	at	the	time	of	transplantation,	together	with	the	impact	of	significant
immunosuppression.	 Medical	 complications	 in	 the	 early	 posttransplant	 period
may	involve	almost	any	organ	system.

Nontechnical	Graft	Dysfunction
In	addition	to	the	surgical	complications	listed	earlier,	hepatic	graft	dysfunction
may	occur	 early	 following	 transplant,	 unrelated	 to	 technical	 factors.	Causes	of
nontechnical	 liver	 dysfunction	 after	 transplant	 include	 PNF	 or	 primary
dysfunction	(PDF)	of	the	graft,	acute	rejection,	and	infection.

Primary	Nonfunction	and	Primary	Dysfunction
6 	Hepatic	PNF/PDF	is	one	of	 the	most	serious	complications	 in	 the	 immediate
postoperative	period,	and	 is	defined	as	a	severe	form	of	reperfusion	 injury	 that
results	 in	 irreversible	 graft	 failure	without	 underlying	 surgical	 complication	 or
rejection.84	 Early	 detection	 is	 key	 to	 improving	 outcomes.	 PNF	 is	 the	 most
common	 reason	 for	 early	 retransplantation,	 occuring	 in	 up	 to	 5.8%	of	DDLTs,
and	 conferring	 a	 mortality	 rate	 of	 approximately	 80%	 in	 the	 absence	 of
retransplantation.	Unrecognized	PNF	may	cause	recipient	death	within	a	week	of
transplantation.	 Several	 factors	 have	 been	 described	 in	 association	 with	 PNF,
including	donor	gender	(female	donors),	advanced	donor	age	(>50	years),	donor
hospital	 length	 of	 stay	 in	 the	 ICU	 before	 organ	 procurement	 (>3	 days),
macrosteatosis	(>30%),	prolonged	cold	ischemia	time	(>12	hours),	DCD	donor
status,	the	duration	in	the	operating	room,	and	retransplantation.85	PNF	should	be
considered	in	recipients	who	have	signs	of	continued	poor	hepatic	function	after
admission	 to	 the	 ICU,	 including	persistent	hemodynamic	 instability,	worsening



acidosis,	 persistent	 coagulopathy,	 poor	 bile	 production,	 worsening	 renal
function,	persistent	hypoglycemia,	or	persistent	altered	mental	status.	There	is	no
effective	 medical	 treatment	 for	 PNF	 other	 than	 supportive	 care;	 ultimately
retransplantation	 may	 be	 required	 for	 survival.	 Outcomes	 are	 typically	 better
when	retransplantation	is	performed	early,	before	the	development	of	significant
multiorgan	dysfunction.86

Rejection
Graft	rejection	affects	up	to	30%	of	liver	transplant	recipients	at	some	point	post
transplantation.	A	detailed	discussion	of	the	diagnosis	and	management	of	graft
rejection	 is	addressed	 in	Chapter	64.	Rejection	 typically	manifests	as	elevation
of	serum	bilirubin	and/or	transaminase	levels,	occasionally	with	mild	fever	and
malaise.	The	differential	diagnosis	of	rejection	includes	vascular	thrombosis,	bile
leaks,	 and	 underlying	 infection.	 Biopsy	 is	 required	 to	 confirm	 a	 diagnosis	 of
rejection.	Mild	 episodes	 may	 be	 managed	 by	 increasing	 the	 baseline	 level	 of
immunosuppression,	 whereas	 moderate	 or	 severe	 rejection	 episodes	 usually
require	treatment	with	a	pulse	of	high-dose	intravenous	corticosteroids.

Neurological	Complications
Neurological	 complications	 are	 relatively	 common	 post	 transplant,	 affecting
15%	 to	30%	of	 liver	 transplant	 recipients.	Neurological	 issues	may	develop	 at
any	time	during	the	posttransplantation	period,	and	include	alterations	in	level	of
consciousness,	 seizures,	 cerebrovascular	 accidents,	 central	 nervous	 system
(CNS)	 infections,	 and	 central	 pontine	 myelinolysis	 (CPM).	 Pretransplant
conditions,	 such	 as	 hepatic	 encephalopathy,	 sepsis,	 multiorgan	 failure,	 and
substance	abuse	may	also	have	an	impact	on	posttransplantation	recovery.87

Alterations	 of	 the	 level	 of	 consciousness	 may	 result	 from	 medications
administered	 for	 pain	 control	 or	 sedation,	 with	 reduced	 clearance	 due	 to
impaired	 liver	and/or	 renal	 function.	 Immunosuppressants	may	also	contribute,
particularly	the	CNIs	such	as	tacrolimus	and	cyclosporine.	The	CNIs,	and	rarely
the	 mTor	 inhibitors	 (sirolimus,	 everolimus)	 may	 cause	 posterior	 reversible
encephalopathy	 syndrome	 (PRES),	 which	 develops	 in	 <1%	 of	 solid-organ
transplant	 recipients	 and	 can	 manifest	 with	 headaches,	 alterations	 in
consciousness	 and/or	 seizures.	 Brain	 magnetic	 resonance	 imaging	 (MRI)	 will
have	 typical	 findings,	 specifically	 increased	 T2-signal	 in	 the	 posterior	 white
matter.	PRES	most	commonly	develops	in	the	first	2	months	after	transplant	and
is	 managed	 by	 switching	 immunosuppressive	 medications	 and	 providing



supportive	care.88
Hepatic	encephalopathy	may	persist	following	transplantation	due	to	PDF	or

PNF,	pretransplant	metabolic	derangements	that	are	slow	to	resolve,	medications
(as	 described	 earlier),	 CNS	 infections,	 evolving	 sepsis,	 or	 uremia	 when	 renal
failure	 is	 present.	 Significant	 perioperative	 hypotension	 may	 cause	 hypoxic-
ischemic	 encephalopathy,	 or	 even	 ischemic	 cerebrovascular	 accidents	 (CVAs).
The	latter	are	not	common	after	 liver	 transplantation,	occuring	in	2%	to	4%	of
transplant	recipients.	Older	recipients	or	those	with	diabetes	mellitus	may	be	at
increased	risk	for	CVAs.87

CPM	 or	 extrapontine	 myelinolysis	 may	 develop	 in	 1%	 to	 2%	 of	 liver
transplant	 recipients,	 in	 the	 setting	 of	 significant	 fluid	 shifts	 and	 excessively
rapid	 correction	 of	 hyponatremia.87	 Factors	 that	 may	 confer	 increased	 risk
include	 pretransplant	 hyponatremia	 or	 severe	 hepatic	 dysfunction	 prior	 to
transplant.	 Manifestations	 include	 decreased	 levels	 of	 consciousness	 and
spasticity.	MRI	 of	 the	 brain	may	 reveal	 characteristic	T2	 hyperintensity	 in	 the
central	pons.

Acute	changes	of	mental	status	or	development	of	focal	neurological	findings
should	 prompt	 urgent	 imaging	 to	 rule	 out	 a	 CNS	 hemorrhage	 or	 infection.
Coagulopathy	 due	 to	 hepatic	 dysfunction	 pretransplantation	 may	 occasionally
cause	intracranial	bleeding.	Immunosuppressive	medications	confer	an	increased
risk	for	meningitis,	meningoencephalitis,	or	brain	abscess.	Early	posttransplant,
donor-derived	 infections	 must	 be	 considered	 (including	 lymphocytic
choriomeningitis,	 a	 viral	 infection	 transmitted	 from	 rodents),	 as	 well	 as
reactivation	 of	 infections	 in	 the	 recipient,	 including	 viruses	 such	 as	 herpes
simplex	virus	(HSV),	CMV,	and	varicella	zoster	virus.	The	risk	of	CNS	infection
increases	 after	 the	 first	 month	 following	 transplant,	 with	 etiologies	 reflecting
both	new	exposures	and	reactivation	of	latent	infections	acquired	via	travel	and
endemic	exposures.	Potential	etiologies	include	cryptococcal	meningitis	or	other
endemic	mycoses,	nocardiosis	and	listeriosis.	A	detailed	discussion	of	infections
following	transplantation	is	included	later	and	in	Chapter	74.

Posttransplantation	 seizures	 have	 variable	 etiologies,	 depending	 upon	 the
timing	of	onset	following	transplantation.	In	the	first	few	weeks	post	transplant,
seizures	 are	 typically	 the	 result	 of	 metabolic	 derangements	 or	 adverse	 effects
from	 medications.	 However,	 it	 is	 crucial	 to	 also	 consider	 and	 rule	 out	 other
causes,	 including	 a	 cerebrovascular	 accident,	 CNS	 bleeding,	 or	 infectious
processes	 (meningitis,	 encephalitis,	 or	 an	 intracranial	 abscess).	 CNS	 imaging
should	be	obtained	routinely	for	patients	with	new	onset	seizures,	 to	rule	out	a
mass	lesion	or	bleed.



Cardiovascular	Complications
Cardiovascular	 (CV)	 complications	 may	 develop	 among	 recipients	 with
previously	diagnosed	cardiac	disease	but	may	also	occur	among	those	not	known
to	 have	 preexisting	 cardiac	 comorbidities.	As	 the	mean	 age	 of	 liver	 transplant
recipients	 increases,	 strategies	 to	 reduce	 the	 risk	 of	 cardiac	 events,	 and
optimization	 of	 medical	 management	 prior	 to	 liver	 transplant	 are	 essential,	 in
order	 to	minimize	 the	 risk	 of	CV	 complications	 during	 the	 posttransplantation
period.	The	hemodynamic	 and	metabolic	 profiles	 associated	with	 liver	 disease
differ	from	those	seen	among	other	 transplant	candidates	and	alter	 the	risk	and
manifestation	of	CV	events	following	transplantation.	These	differences	include
lower	systemic	blood	pressure,	lower	peripheral	vascular	resistance,	lower	serum
cholesterol	 levels,	and	relatively	 less	atherosclerotic	vascular	disease.89	Despite
this	 lowered	 overall	 risk,	 CV	 events	 are	 reported	 to	 be	 a	 significant	 cause	 of
morbidity	and	mortality	among	liver	transplant	recipients,	contributing	to	12%	to
16%	 of	 deaths	 post	 transplantation	 in	 the	 United	 States.	 CV-attributable
mortality	is	usually	late	onset,	beyond	the	first	year	post	transplantation.90

The	period	after	liver	reperfusion	is	a	time	when	most	intraoperative	cardiac
complications	 develop.	 Transient	 hypotension	 during	 liver	 reperfusion	 may
cause	a	PRS,	which	is	defined	as	a	decrease	of	mean	arterial	pressure	(MAP)	of
at	least	30%	for	1	minute,	during	the	first	5	minutes	following	reperfusion.	The
drop	of	MAP	is	accompanied	by	decreased	myocardial	contractility	 (decreased
heart	rate,	increased	CVP	and	PCWP)	and	a	drop	of	SVR.	PRS	occurs	in	up	to
30%	 of	 liver	 transplantation	 recipients,	 and	 is	 likely	 due	 to	 multiple	 factors,
including	 hyperkalemia	 and	 acidosis.	 Additionally,	 factors	 released	 from	 the
ischemic	 graft	 upon	 reperfusion,	may	 effectively	 depress	myocardial	 function.
While	this	phenomenon	is	usually	transient,	resolving	within	5	minutes,	 it	may
have	 significant	 and	 lasting	 impact,	 particularly	 for	 patients	 with	 preexisting
cardiac	disease.	The	bradycardia	and	hypotension	may	lead	to	cardiac	arrest	and
malignant	cardiac	arrhythmias,	such	as	ventricular	tachycardia	and	fibrillation.

Postoperative	 myocardial	 ischemia	 may	 occur	 among	 up	 to	 13%	 of	 liver
transplant	 recipients.	 In	 order	 to	 minimize	 the	 risk	 for	 cardiac	 complications,
liver	 transplantation	 candidates	 with	 previously	 diagnosed	 coronary	 artery
disease	 (CAD),	 or	 those	 with	 risk	 factors	 for	 CAD	 identified	 during	 the
pretransplant	 evaluation,	 should	 be	 evaluated	 by	 a	 cardiologist	 prior	 to
transplantation,	 in	 order	 to	maximize	medical	management	 of	CV	 risk	 factors.
Pharmacological	 cardiac	 stress	 testing	 is	 now	 the	 standard	 of	 care	 during	 the
pretransplantation	evaluation	of	liver	transplant	candidates	who	have	risk	factors
for	 CAD.	 Transplantation	 candidates	 with	 positive	 results	 on	 pharmacological



stress	testing	should	be	referred	to	a	cardiologist	for	consideration	of	diagnostic
coronary	 angiography,	 in	 order	 to	 determine	 whether	 further	 intervention	 is
indicated	prior	to	transplantation.

Pulmonary	Complications
Pulmonary	complications	after	liver	transplantation	are	quite	common,	reported
in	40%	to	47%	of	liver	transplant	recipients,	and	may	be	due	to	both	infectious
and	noninfectious	etiologies.91	Noninfectious	causes	predominate	during	the	first
week	 post	 transplant,	 due	 to	 fluid	 shifts,	 fluid	 overload,	 decreased	 respiratory
drive	due	to	the	use	of	sedative	and	narcotic	medications	to	manage	pain,	and	as
a	result	of	complications	associated	with	mechanical	ventilation.	With	increasing
time	 following	 the	 transplant	 procedure,	 infectious	 pulmonary	 complications
become	more	prevalent.	 In	one	 study,	 causes	of	pulmonary	 infiltrates	 included
pulmonary	 edema	 in	 40%,	 pneumonia	 in	 38%,	 atelectasis	 in	 10%,	 and	 acute
respiratory	distress	syndrome	in	8%.92	In	this	study,	87%	of	cases	of	pneumonia
among	 critically	 ill	 recipients,	 occurred	 among	 patients	 who	 had	 been
mechanically	ventilated.

Most	 liver	 transplant	 recipients	 are	 extubated	 within	 the	 first	 48	 hours
following	 transplant.	 Recipients	 with	 prolonged	 hospitalizations	 prior	 to
transplant	 or	 preexisting	 pulmonary	 disease,	 those	 who	 are	 significantly
malnourished	at	the	time	of	transplantation,	and	those	with	significant	infectious
or	hepatic	complications	post	transplantation	may	require	a	prolonged	course	of
mechanical	ventilation	following	liver	 transplantation.	A	recent	review	of	early
respiratory	 complications	 following	 liver	 transplantation	 highlighted	 the	 most
common	 preoperative	 risk	 factors	 for	 post–liver	 transplant	 pulmonary
complications,	 including	 recipient	 age,	 female	 gender,	 history	 of	 tobacco	 use,
severity	of	 liver	dysfunction,	presence	of	pretransplant	hepatic	encephalopathy,
mental	 status	 changes,	 acute	 renal	 failure,	 preexisting	 pulmonary	 disease,
preoperative	 ventilatory	 support,	 and	 pretransplantation	 diabetes	 mellitus.91
Preoperative	mechanical	ventilation	is	a	significant	risk	factor,	due	in	part	to	the
increased	risk	of	 lower	respiratory	tract	 infection,	and	reflective	of	 the	severity
of	 liver	 disease	 during	 the	 immediate	 pretransplant	 period.	 Intraoperative	 risk
factors	for	pulmonary	complications	are	primarily	related	to	fluid	shifts	and	fluid
overload	 related	 to	 resuscitation	 during	 surgery,	 and	 the	 abdominal	 surgical
procedure	itself,	decreasing	respiratory	compliance	and	making	extubation	more
difficult.91

Postoperative	 factors	 associated	 with	 an	 increased	 risk	 for	 complications
include	 the	residual	effects	of	anesthetics	used	during	 the	 transplant,	decreased



hepatic	 and	 renal	 clearance	 of	 narcotic	 medications	 used	 to	 control	 pain,	 and
continued	 fluid	 overload.	 Persistent	 large	 volume	 abdominal	 ascites	 may
contribute	to	atelectasis	and	a	50%	to	60%	decrease	in	vital	capacity.	This	may
result	 in	 difficulty	 with	 weaning	 ventilatory	 support	 and	 extubation.93	 While
phrenic	nerve	recovery	does	occur,	it	can	often	be	a	prolonged	process.	Hepatic
dysfunction,	 the	need	 for	 reoperation/abdominal	exploration	 for	various	 issues,
and	 continued	 poor	 nutritional	 status	 can	 all	 lead	 to	 a	 delay	 in	weaning	 from
mechanical	ventilation.

Posttransplantation	 pneumonia,	 classified	 as	 either	 healthcare	 associated
and/or	 ventilator	 associated,	 may	 develop	 in	 up	 to	 38%	 of	 liver	 transplant
recipients.	 The	 incidence	 is	 highest	 between	 7	 and	 10	 days	 after	 transplant,
declining	 thereafter,	 unless	 additional	 risk	 factors	 remain.	 These	 include
prolonged	ventilatory	 support,	 poor	nutritional	 status,	 severity	of	 liver	 disease,
pretransplant	 hospitalization,	 and	 medical	 comorbidities	 such	 as	 diabetes
mellitus	and	preexisting	pulmonary	disease.	Each	of	these	factors	will	contribute
to	 the	 increased	risk	of	pneumonia	during	 the	posttransplant	period.	 If	a	health
care–associated	pneumonia	is	suspected,	it	is	imperative	to	identify	the	causative
organism,	 in	 order	 to	 tailor	 antimicrobial	 coverage	 appropriately.	 Liver
transplant	candidates	may	be	colonized	with	resistant	nosocomial	gram-negative
organisms,	 by	 virtue	 of	 the	 frequency	 of	 their	 interactions	with	 the	 healthcare
environment,	 exposure	 to	 antimicrobial	 agents,	 the	 duration	 of	 pretransplant
hospitalization,	 as	 well	 as	 the	 presence	 of	 prolonged	 mechanical	 ventilatory
support.	Adequate	sputum	samples	should	be	obtained	and	sent	for	Gram	stain
and	culture	to	identify	bacterial	pathogens.	Bronchoscopy	with	bronchoalveolar
lavage	 may	 be	 necessary	 to	 identify	 a	 causative	 organism.	 Empiric
antimicrobials	should	be	chosen	based	on	 the	antibiogram	of	 the	 local	 ICU,	as
the	 microbiology	 and	 sensitivity	 patterns	 vary	 signficantly	 between	 different
hospitals	and	even	between	different	units	within	a	hospital.

HPS	 is	 characterized	 by	 severe	 hypoxemia,	 significantly	 increased	 alveolar
arterial	oxygen	gradient,	and	intrapulmonary	vascular	dilatations	in	the	setting	of
chronic	liver	disease.	HPS	may	be	reversible	in	up	to	90%	of	patients	after	liver
transplantation,	usually	within	a	year	following	transplantation.94

Renal	Complications
Many	 liver	 transplant	 recipients	have	 some	degree	of	 renal	dysfunction	during
the	posttransplantation	period.	Renal	dysfunction	may	be	acute	or	chronic,	with
up	 to	 10%	of	 liver	 transplant	 recipients	 requiring	 dialysis	 post	 transplantation.
Abnormalities	may	be	due	to	complications	from	the	surgical	procedure	itself	or



from	the	effects	of	immunosuppression,	specifically	the	CNIs.	Renal	dysfunction
may	also	be	present	prior	to	transplantation,	for	example	due	to	preexisting	HRS,
and	 may	 persist	 or	 progress	 after	 transplantation.	 Renal	 complications	 post
transplantation,	 whether	 new	 or	 progressive,	 increase	 transplant-associated
morbidity,	and	may	have	a	significant	negative	impact	on	both	patient	and	graft
survival.95

Preexisting	kidney	disease	due	to	HRS	or	ATN	may	improve	after	restoration
of	 normal	 hepatic	 function,	 but	 they	 may	 also	 confer	 a	 greater	 risk	 for	 the
development	 of	 chronic	 kidney	 disease	 (CKD)	 after	 transplantation.	 Factors
associated	 with	 a	 greater	 risk	 of	 progression	 to	 CKD	 include	 need	 for	 renal
replacement	therapy	(RRT)	before	transplant,	hemodynamic	compromise	during
the	 transplant	 surgery,	 and	 CNI	 toxicity	 post	 transplantation.	 Sepsis	 and
multiorgan	dysfunction	during	the	post-transplant	interval	may	also	contribute	to
an	 increased	 risk	 for	 progressive	 renal	 disease.	 Drug-related	 nephrotoxicity	 is
most	commonly	due	 to	 the	CNIs	 (cyclosporine	or	 tacrolimus)	but	may	also	be
due	 to	 other	 agents,	 including	 antimicrobials	 such	 as	 vancomycin,
aminoglycosides,	 and	 amphotericin	 B.	 Individuals	 who	 were	 dependent	 on
dialysis	 before	 transplant	 are	 unlikely	 to	 regain	 significant	 renal	 function	 after
liver	transplant	and	may	be	candidates	for	a	combined	liver-kidney	transplant.

Management	 of	 renal	 dysfunction	 following	 liver	 transplantation,	 with	 the
goal	 of	 preserving	 residual	 renal	 function,	 can	 be	 achieved	 with	 appropriate
hemodynamic	 monitoring,	 maintenance	 of	 normotension	 through	 the	 use	 of
resuscitation	with	fluids	and/or	blood	products	as	 indicated,	and	administration
of	 antihypertensive	 agents	 as	 required.	 Additionally,	 the	 use	 of	 nephrotoxic
agents	should	be	minimized.

Gastrointestinal	Complications
GI	 complications	 are	 common	 after	 liver	 transplantation,	 and	may	 result	 from
technical	 complications,	 stress	 related	 to	 the	 postsurgical	 state,	 bleeding,	 or
infections.	 Upper	 GI	 bleeding	 following	 liver	 transplantation	 may	 be	 due	 to
peptic	 ulcer	 disease,	 persistent	 bleeding	 from	 esophageal	 varices,	 or	 stress
gastritis.	Diffuse	gastritis	secondary	to	surgical	stress	is	uncommon	in	the	current
era,	 due	 to	 the	 use	 of	 routine	 prophylaxis	with	 proton	 pump	 inhibitors.	 Peptic
ulcer	 disease	 remains	 a	 potential	 cause	 of	 upper	 GI	 bleeding,	 occurring	 most
commonly	 during	 the	 first	month	 post	 transplant,	 perhaps	 related	 to	 relatively
higher	doses	of	steroids.	More	unusual	causes	of	GI	bleeding	include	hemobilia
after	 liver	 biopsy	 (incidence	 of	 0.03%)	 and	 bleeding	 from	 the	 Roux-en-Y
anastomosis	in	those	patients	who	required	choledochojejunostomy.



Lower	 GI	 bleeding	 following	 liver	 transplant	 is	 often	 secondary	 to	 colitis,
typically	due	to	an	infection	such	as	CMV	or	Clostridium	difficile.	Noninfectious
ulcers	may	 also	 cause	 colonic	 bleeding,	 perhaps	 related	 to	 the	 effects	 of	 high-
dose	steroids	used	in	induction	therapy.

Bowel	perforation	is	a	devastating	complication	and	is	associated	with	a	high
mortality	rate.	The	signs	and	symptoms	that	are	typically	associated	with	acute
peritonitis,	 including	high	 fever	and	severe	abdominal	pain,	may	be	attenuated
by	the	effects	of	immunosuppressive	agents.	Perforation	may	occur	in	the	small
or	large	bowel,	with	the	latter	associated	with	a	higher	mortality	rate,	due	to	the
high	 risk	 of	 infection	 from	 heavy	 bacterial	 colonization	 of	 the	 large	 bowel.
Unrecognized	 injury	 to	 the	bowel	wall	during	 the	 transplant	 is	uncommon,	but
when	it	occurs	it	may	later	present	as	a	perforation	with	peritonitis.	Perforations
may	also	be	spontaneous;	these	occur	more	commonly	in	children,	generally	1	to
2	weeks	post	transplant,	and	may	be	related	to	the	effects	of	high-dose	steroids.
As	 with	 perforation	 in	 nontransplant	 patients,	 early	 diagnosis	 with	 prompt
reexploration	 and	 copious	 irrigation	 to	 decrease	 the	 degree	 of	 bacterial
contamination	is	the	best	option.

Infectious	Complications
While	 infections	 are	 common	 after	 all	 organ	 transplants,	 the	 incidence	 is
relatively	high	in	liver	transplant	recipients,	due	to	operative	factors,	the	risk	of
biliary	and	enteric	contamination	during	surgery,	and	the	poor	nutritional	status
and	 presence	 of	 medical	 comorbidities	 that	 are	 commonly	 present	 in	 patients
with	ESLD.96	 Infectious	 complications	 following	 transplantation	 in	 general	 are
discussed	in	detail	in	Chapter	74.

While	 the	 incidence	 of	 infection	 remains	 high	 after	 liver	 transplantation,
mortality	 rates	attributable	 to	 infections	have	decreased,	due	 to	 improved	post-
transplant	 critical	 care,	 reduced	 use	 of	 venovenous	 bypass,	 careful	 use	 of
appropriate	 antimicrobials,	 and	 judicious	 titration	 of	 immunosuppression.
Despite	 these	 improvements,	 infectious	 complications	 continue	 to	 have	 a
significant	 impact	 on	 both	 patient	 and	 graft	 survival,	 as	 well	 as	 on	 hospital
length	of	stay	following	transplantation.	Identification	of	risk	factors,	preventive
measures	and	effective	prophylaxis,	rapid	diagnosis,	and	prompt	and	appropriate
treatment	are	all	crucial.

Pretransplantation	Evaluation
For	 patients	 with	 FHF	 or	 with	 high	 MELD	 scores,	 the	 pretransplantation



evaluation	 may	 take	 place	 in	 the	 ICU.	 The	 evaluation	 should	 include	 an
assessment	 for	 evidence	 of	 active	 or	 latent	 infectious	 diseases.	 Pretransplant
infectious	 disease	 testing	 is	 outlined	 in	 Table	 57.1.97	 Active	 infections	 that
require	 treatment	 pretransplant	 or	 that	 might	 delay	 transplantation	 should
optimally	 be	 identified	 and	 addressed	 prior	 to	 candidate	 listing.	 Patients	 with
ESLD	 have	 increased	 susceptibility	 to	 infectious	 complications	 before
transplantation,	 by	 virtue	 of	 the	 relative	 immune	 compromise	 due	 to	 cirrhosis
and	 splenomegaly,	 when	 present.	 These	 infections	 include	 SBP,	 cholangitis,
recurrent	sinopulmonary	infections,	and	cryptococcal	infection	(cryptococcemia
and	meningitis).

Perioperative	Prevention	of	Infections
Perioperative	 antibiotics	 with	 activity	 against	 biliary	 tract	 pathogens	 are
administered	prior	to	surgical	 incision;	the	choice	of	agent	varies	by	center	but
may	 include	 ceftriaxone,	 ampicillin-sulbactam,	 or	 piperacillin-tazobactam.98
Fluconazole	may	be	added	for	28	days	 to	prevent	 the	development	of	 invasive
fungal	 infection	 (IFI)	 in	patients	 at	 increased	 risk	 for	 this	 complication.98	 Risk
factors	 for	 IFI	 are	 well-established	 and	 include	 preexisting	 renal	 dysfunction,
duration	 of	 operative	 procedure,	 transfusion	 of	 significant	 volume	 of	 blood
products	 during	 the	 transplant,	 retransplantation,	 abdominal	 or	 intrathoracic
reoperations,	 cytomegalovirus	 infection,	 roux-en-Y	 hepaticojejunostomy,	 and
colonization	 with	 yeast	 at	 the	 time	 of	 transplantation.99-101	 All	 transplant
recipients	 will	 typically	 receive	 trimethoprim-sulfamethoxazole	 for	 1	 year	 or
more,	 to	 prevent	 infection	 due	 to	 Pneumocystis	 jirovecii	 (patients	 with	 sulfa
allergy	 may	 receive	 dapsone	 or	 atovaquone	 as	 alternatives)	 and	 either
valganciclovir	(if	donor	or	recipient	is	CMV	IgG	positive)	or	acyclovir	(if	both
donor	 and	 recipient	 are	 CMV	 IgG	 negative)	 to	 prevent	 infection	 due	 to
herpesviruses.102-104	Nystatin	is	provided	for	a	short	period,	usually	1	to	3	months
post	 transplant,	 for	 those	 recipients	 who	 do	 not	 meet	 criteria	 for	 systemic
antifungal	(fluconazole)	prophylaxis.101

Postoperative	Assessment	for	Infection
The	 development	 of	 fever	 following	 transplantation	 should	 prompt	 a	 thorough
evaluation	 for	 infection,	 including	 a	 detailed	 physical	 examination,	with	 close
attention	to	the	surgical	wound,	the	entry	sites	for	indwelling	catheters,	and	the
presence	of	urinary	catheters	or	other	foreign	bodies.	Liver	transplant	recipients,
as	 with	 all	 solid-organ	 transplant	 recipients,	 develop	 typical	 postoperative



complications	such	as	 line	 infections,	pneumonias,	urinary	 tract	 infections,	and
wound	 infections.	The	most	 common	 infections	 following	 liver	 transplantation
are	 pulmonary	 infections,	 superficial	 incisional	 wound	 infections	 and	 deeper,
organ	space	intra-abdominal	infections.105	As	part	of	the	initial	evaluation	for	the
source	of	 infection,	 cultures	 should	be	obtained	 from	blood	and	any	other	 site
identified	 as	 a	 possible	 source	 of	 infection	 through	 history,	 clinical	 exam,
laboratory	 testing	 or	 imaging.	 A	 good	 quality	 chest	 radiograph	 should	 be
obtained	 in	 order	 to	 rule	 out	 a	 pulmonary	 source	 of	 fever,	 understanding	 that
plain	 radiography	may	not	 be	 sensitive	 enough	 to	 reveal	 an	 etiology	 for	 some
patients,	 and	 that	 chest	 CT	 may	 be	 required	 to	 more	 adequately	 assess	 any
infiltrates	 present	 on	 a	 plain	 chest	 radiograph.	Wound	 infections	 may	 present
with	 typical	 signs	 of	 infection,	 such	 as	 increased	 drainage,	 erythema,	 or
fluctuance,	 or	 they	may	be	 subtle,	with	only	minimal	 findings	 (fever,	 elevated
white	 blood	 cell	 count,	 or	 hemodynamic	 instability)	 because	 of	 induction
immunosuppression.	Management	of	wound	 infections	 requires	opening	of	 the
wound,	irrigation	and	drainage	as	indicated,	serial	dressing	changes,	healing	by
secondary	intention,	and	administration	of	systemic	antibiotics,	depending	upon
the	 severity	 and	 depth	 of	 the	 infection.	 If	 physical	 examination	 and	 initial
laboratory	 and	 radiographic	 evaluation	 do	 not	 reveal	 a	 source	 of	 infection,
abdominal	imaging	with	a	CT	scan	may	be	necessary	to	identify	fluid	collections
that	 could	 be	 a	 source	 of	 infection.	 Fluid	 collections	 identified	 on	 imaging
should	 be	 sampled	 to	 rule	 out	 the	 presence	 of	 an	 abscess.	 Initiation	 of	 broad-
spectrum	empiric	antimicrobials	should	be	considered	if	the	recipient	is	febrile,
even	 before	 a	 source	 is	 identified,	 as	 the	 risk	 of	 rapid	 clinical	 deterioration	 is
significant	 in	 transplant	 recipients.	 Reasonable	 initial	 coverage	 will	 include
broad-spectrum	antimicrobials	that	have	activity	against	biliary	pathogens.

A	 detailed	 description	 of	 infectious	 complications	 after	 solid-organ
transplantation	is	provided	in	Chapter	74,	including	a	summary	of	the	timeline	of
infectious	 complications	 early	 and	 late	 after	 transplantation.	 Infectious
complications	 following	 solid-organ	 transplantation	 are	 broadly	 categorized	 as
occurring	early	(within	1	month),	between	1	and	6	months	after	transplant,	and
beyond	 6	 months	 post	 transplant,	 and	 are	 dependent	 upon	 the	 “net	 state	 of
immunosuppression”	of	the	recipient.106

Among	 liver	 transplant	 recipients,	 bacterial	 and	 fungal	 organisms	 are	 the
most	 common	 causes	 of	 infection	 during	 the	 first	month	 following	 transplant,
and	 are	 typically	 related	 to	 surgical	 complications,	 initial	 graft	 function,	 and
recipient	 pretransplant	 comorbidities.	 Risk	 factors	 for	 early	 post-transplant
infections	 include	increasing	duration	of	 the	 transplantation	surgical	procedure,
large-volume	blood	transfusions,	retransplantation	and	surgical	reexploration	for



bleeding	or	bile	leaks.	Donor-derived	infections,	while	rare,	are	also	a	potential
cause	of	early	posttransplantation	infections	and	should	be	considered	when	the
etiology	 for	graft	dysfunction	or	 fevers	 is	unclear.107	Following	 the	 first	month
post	 transplant,	 the	 “net	 state	 of	 immunosuppression”	 becomes	 an	 important
factor	 contributing	 to	 the	 risk	 for	 infection.	Opportunistic	 pathogens	 are	more
commonly	 seen	 during	 this	 period,	 including	 viral,	 fungal,	 and	 parasitic
pathogens.	The	risk	of	infection	due	to	these	organisms	increases	with	both	the
amount	 and	 the	 duration	 of	 immunosuppression.	 Administration	 of	 increased
immunosuppression	to	treat	acute	rejection	episodes	with	either	bolus	high-dose
steroids	 or	 antilymphocyte	 agents	 will	 augment	 the	 risk	 of	 infection	 due	 to
opportunistic	pathogens.

CARE	OF	THE	LIVING	LIVER	DONOR
Living	 liver	 donation	 surgery	 is	 a	 partial	 hepatectomy,	 involving	 surgical
removal	 of	 up	 to	 60%	 to	 70%	 of	 the	 liver.	 If	 at	 any	 point	 the	 surgical	 team
believes	 that	 the	donor	 is	at	 risk	or	 that	 the	segment	of	 the	donor’s	 liver	 is	not
appropriate	 for	 transplantation,	 the	 surgery	 is	 stopped.	 This	 happens	 in	 the
United	States	at	least	5%	of	the	time.	Following	surgery,	the	donor	is	admitted	to
the	Intensive	Care	Unit	for	at	least	1	day	for	observation.	Live	liver	donors	may
be	 discharged	 approximately	 5	 to	 7	 days	 after	 surgery.	 The	 postoperative
recovery	period	is	from	4	to	6	weeks.	Most	donors	return	to	their	usual	activities
within	12	weeks	and	may	begin	more	demanding	activities	6	months	after	their
surgery.

Surgical	Risks	for	Living	Donors
Although	living	liver	donation	is	highly	successful,	complications	for	the	donor
and	the	recipient	may	arise.	The	overall	 incidence	of	donor	complications	after
living-donor	 liver	donation	 ranges	 from	5%	 to	10%.	There	 is	 also	a	 small	 risk
(<0.5%)	of	 death.108,109	 Of	 note,	mortality	 is	 higher	 for	 adult-to-adult	 donation
(0.24%-0.4%)	 compared	 with	 adult-to-child	 donation	 (0.09%-0.2%).	 This	 is
explained	by	the	fact	that	adult-to-child	donation	usually	involves	removal	of	a
smaller	portion	of	the	liver.

Adverse	reactions	may	occur	in	response	to	anesthesia,	or	other	medications
administered	 at	 the	 time	 of	 surgery.	 Bleeding	 may	 occur	 post-operatively,
possibly	 requiring	 blood	 transfusion(s).	Other	 complications	 include	 infections
(wound,	urinary	tract,	pneumonia),	blood	clots	in	the	legs,	pulmonary	embolism,



GI	problems	(bowel	obstruction,	nausea/vomiting,	constipation),	incisional	pain,
numbness	around	the	incision,	and	abnormal	sensation	of	the	upper	extremities.
Other	complications	after	donor	surgery	may	include	incisional	problems	such	as
hernias.	 The	 risk	 of	 DVT	 and	 PE	 is	 the	 same	 as	 for	 other	 major	 abdominal
procedures.	A	 rare	 but	 serious	 complication	 is	 liver	 failure	 that	may	 require	 a
liver	transplant	to	correct	(this	occurs	in	about	2	transplants	per	1000	living	liver
donor	 surgeries),	 and	 death.	 The	mortality	 rate	 of	 a	 living	 liver	 donor	 is	 5	 in
1000.

Bile	duct	problems	are	the	most	worrisome	complication	after	donor	surgery.
The	 rate	of	 this	happening	across	 the	 country	 ranges	 from	5%	 to	15%.	At	our
center,	5%	of	patients	undergoing	liver	resection	operations	similar	to	live	donor
liver	 surgeries	 have	 had	 bile	 leaks.	 Bile	may	 leak	 from	 the	 cut	 surface	 of	 the
liver	or	from	the	site	where	the	bile	duct	is	divided.	That	site	may	later	become
strictured.	 Generally,	 bile	 leaks	 resolve	 spontaneously	 with	 simple	 drainage.
Strictures	and	occasionally	bile	leaks	may	require	an	ERCP	and	stenting.	If	the
foregoing	 measures	 fail,	 a	 reoperation	 may	 be	 required.	 Intra-abdominal
infections	developing	in	donors	are	usually	related	to	a	biliary	problem.

Biliary	strictures	 (narrowing	of	 the	 large	ducts	 that	drain	 the	 liver)	can	also
occur	after	live	donor	partial	hepatectomy.	These	strictures	confer	potential	long-
term	complications.	Current	data	suggest	 that	 these	strictures	are	 rare,	and	 that
some	of	 them	can	be	 fixed	without	 additional	 surgery.	Another	 rare	 event	 that
may	 happen	 is	 injury	 to	 the	 spleen	 during	 the	 surgery.	 If	 this	 complication
occurs,	the	spleen	will	be	removed.

Postoperative	ICU	Care
Once	the	patient	is	stable,	he/she	is	preferred	to	be	positioned	on	their	left	side
with	right	side	up	during	the	first	48	hours	post-operatively	whenever	the	patient
is	in	bed.	Jackson	Pratt	drains	are	placed	intraoperatively	and	monitored	for	the
presence	 of	 normal	 (serosanguineous)	 vs.	 abnormal	 (bilious,	 bloody,	 purulent)
drainage.	The	donor	typically	has	a	nasogastric	tube	to	low	continuous	suction,
with	 the	 duration	 of	 placement	 determined	 by	 the	 donor	 transplant	 surgeon.
Worsening	 abdominal	 pain	 warrants	 a	 thorough	 abdominal	 assessment	 for
possible	signs	of	bleeding,	gastric	dilatation,	or	pleuritic	symptoms.	As	with	the
transplant	recipient,	the	donor	receives	medications	for	stress	ulcer	prophylaxis.
Additionally,	 anticoagulation	 and	 venodyne	 boots	 are	 provided	 for	 DVT
prophylaxis	in	accordance	with	published	guidelines.

Complications	 following	 live	donor	partial	 hepatectomy	 include	but	 are	not
limited	 to	 acute	 hemorrhage	 (manifest	 as	 hypotension,	 mental	 status	 changes,



decreased	 hematocrit,	 tachycardia,	 and	 increasing	 abdominal	 pain),	 infection
(wound	 infection	 or	 pneumonia	 most	 commonly),	 gastric	 dilatation	 (often
developing	by	postoperative	day	3	or	4,	and	manifest	as	bloating	with	nausea),
hypophosphatemia	(commonly	developing	around	postoperative	day	3-4),	CNS
abnormalities,	and	rarely	renal,	hepatic,	cardiac,	and	respiratory	dysfunction.

In	 order	 to	 decrease	 the	 risk	 of	 complications,	 the	 donor	 should	 receive
continued	 education	 regarding	 hospital	 expectations	 throughout	 their	 inpatient
stay.	Donors	should	be	 instructed	on	 the	correct	use	of	an	 incentive	spirometer
and	encouraged	to	cough	and	deep	breathe	frequently	with	a	therapeutic	cough
pillow.	The	donor’s	diet	is	advanced	as	his/her	condition	allows.	The	team	will
optimize	 the	 donor’s	 nutrition	 to	meet	 their	 needs	 for	wound	 healing.	 Donors
may	 typically	 be	 assisted	 out	 of	 bed	 to	 chair	 on	 postoperative	 day	 1,	 and
advanced	to	ambulation	as	tolerated.

Expected	ICU	Course
Patients	 are	 managed	 with	 isotonic	 crystalloid	 (normal	 saline)	 with	 close
monitoring.	 A	 low	 CVP	 is	 preferred,	 to	 minimize	 intra-	 and	 postoperative
bleeding.	 Volume	 expansion	 in	 the	 postoperative	 period	 is	 expected	 to	 be
associated	with	modest	declines	in	the	Hb	levels.	Urine	output	of	0.5	cc/kg/h	is
desired	 and	 additional	 boluses	 and	 rates	of	125	mL/h	are	not	unexpected.	The
post-operative	INR	is	expected	to	be	in	the	1	to	1.5	range	and	may	rise	as	high	as
2.5	 in	 the	early	postoperative	period.	This	 is	managed	with	vitamin	K	in	some
cases.	FFP	transfusions	are	not	given.	The	platelet	count	is	not	expected	to	fall
significantly.	Transfusion	 is	not	 expected	and	 the	hematocrit	 rarely	 falls	below
25.	Postoperative	pain	is	managed	with	a	narcotic	PCA	pump.	Additional	small
intravenous	doses	(50	µg	fentanyl,	1	mg	morphine,	0.5	mg	Dilaudid)	of	narcotic
are	sometimes	required.	Patients	are	treated	with	a	first-generation	cephalosporin
for	24	hours	beginning	at	the	time	of	incision	but	are	generally	not	needed	after
the	initial	24	hours.

Postdonation	Care
Live	Liver	Donors	 are	 followed	 by	 the	 transplant	 program	 for	 follow-up	 care,
including	evaluations	such	as	blood	pressure,	lab	studies,	and	other	routine	tests.
Transplant	 Centers	 are	 required	 to	 report	 follow-up	 information	 on	 all	 living
donors	for	2	years	after	the	donation.



SUMMARY
Care	 of	 liver	 transplant	 recipients,	 before,	 during,	 and	 after	 surgery	 is	 a
significant	challenge,	given	the	comorbidities	and	complications	associated	with
ESLD.	 These	 patients	 are	 typically	 quite	 debilitated	 and	 deconditioned	 going
into	 transplantation,	 and	 a	 variety	 of	 medical	 and	 surgical	 complications	 can
occur	 following	 transplantation.	 Despite	 dramatic	 advances	 in	 the	 field,	 liver
transplantation	 remains	 a	 major	 undertaking	 with	 the	 possibility	 of
complications	 affecting	 every	 major	 organ	 system.	 A	 systematic	 approach	 is
necessary	 to	 prevent,	 minimize,	 and	 manage	 these	 complications.	 Intensive
medical	care	in	an	ICU	setting	may	be	necessary	even	pretransplant,	particularly
for	 patients	 with	 FHF	 or	 severely	 decompensated	 chronic	 liver	 disease.
Optimizing	 the	 overall	 medical	 status	 of	 the	 transplantation	 candidates	 with
chronic	 liver	 failure	 is	 essential	 to	 decrease	 the	 likelihood	 of	 postoperative
problems.	 Immediately	 post	 transplant,	 intensive	 monitoring	 in	 a	 critical	 care
setting	by	providers	with	experience	in	 the	care	of	 liver	 transplant	recipients	 is
necessary	 to	 ensure	 a	 successful	 outcome.	A	 thorough	 knowledge	 of	 potential
complications	is	required	to	allow	for	rapid	diagnosis	and	appropriate	treatment.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Liver	grafts	from	DCD	donors	are	associated	with:?

A. 	Increased	risk	of	nonanastomotic	biliary	strictures
B. 	Increased	risk	of	primary	nonfunction
C. 	Increased	risk	of	acute	cellular	rejection
D. 	A	and	B

2. 	All	of	the	following	are	components	of	the	MELD	score	that	assesses	risk
of	death	from	acute	hepatic	failure,	EXCEPT:

A. 	INR
B. 	Serum	albumin
C. 	Serum	bilirubin
D. 	Serum	creatinine



3. 	Which	combination	of	immunosuppressant	agents	is	most	likely	to	be
recommended	to	prevent	rejection	after	allogeneic	liver	transplantation?

A. 	Antithymocyte	globulin,	a	calcineurin	inhibitor,	and	a	cell	cycle
inhibitor
B. 	Corticosteroid,	a	calcineurin	inhibitor,	and	a	cell	cycle	inhibitor
C. 	Corticosteroid,	a	macrolide,	and	a	cell	cycle	inhibitor
D. 	Corticosteroid,	an	mTOR	inhibitor,	and	a	cell	cycle	inhibitor

Answers

1.	The	correct	answer	is	D.
Rationale:	DCD	organs	are	associated	with	10	times	higher	risk	of	ischemic

cholangiopathy	and	an	increased	risk	of	primary	nonfunction.	There	is	however
not	an	increased	risk	of	rejection.

2.	The	correct	answer	is	B.
Rationale:	The	model	for	end-stage	liver	disease	(MELD)	is	a	prospectively

developed	 and	 validated	 cirrhosis	 severity	 scoring	 system	 that	 uses	 a	 patient’s
laboratory	 values	 for	 serum	 bilirubin,	 serum	 creatinine,	 and	 the	 international
normalized	ratio	(INR)	to	predict	3-month	survival.	Serum	albumin	is	not	part	of
that	calculation	(choice	B	is	the	“correct”,	wrong	answer).

3.	The	correct	answer	is	B.
Rationale:	 A	 combination	 of	 immunosuppressives	 with	 independent

mechanisms	 of	 action	 is	 recommended	 for	 the	 prevention	 of	 hepatic	 graft
rejection,	and	generally	 includes	a	corticosteroid,	a	calcineurin	 inhibitor,	 and	a
cell	 cycle	 inhibitor	 (choice	 B	 is	 correct).	While	 the	 substitution	 of	 an	mTOR
inhibitor	for	a	calcineurin	inhibitor	is	not	the	most	common	approach,	it	can	be
effective	and	better	tolerated	by	some	recipients	(choice	D	is	less	correct).	Most
regimes	include	a	corticosteroid	(choice	A	is	incorrect).	Macrolides	are	known	to
have	 immunosuppressant	 properties	 but	 are	 not	 generally	 part	 of	 post–liver
transplantation	immunosuppressive	regimens	(choice	C	is	incorrect).

References

Key	references	are	highlighted	in	gray.



1.	Moore	FD,	Wheele	HB,	Demissianos	HV,	et	al.	Experimental	whole-organ
transplantation	of	the	liver	and	of	the	spleen.	Ann	Surg.	1960;152(3):374-
387.

2.	OPTN/SRTR	Annual	Data	Report:	Liver.	2022.
https://www.srtr.org/reports/optnsrtr- annual-data-report/

3.	deLemos	AS,	Vagefi	PA.	Expanding	the	donor	pool	in	liver	transplantation:
extended	criteria	donors.	Clin	Liver	Dis.	2013;2(4):156-159.

4.	Feng	S,	Goodrich	NP,	Bragg-Gresham	JL,	et	al.	Characteristics	associated
with	liver	graft	failure:	the	concept	of	a	donor	risk	index.	Am	J	Transplant.
2006;6(4):783-790.

5.	Monbaliu	D,	Pirenne	J,	Talbot	D.	Liver	transplantation	using	donation	after
cardiac	death	donors.	J	Hepatol.	2012;56(2):474-485.

6.	Selck	FW,	Grossman	EB,	Ratner	LE,	Renz	JF.	Utilization,	outcomes,	and
retransplantation	of	liver	allografts	from	donation	after	cardiac	death:
implications	for	further	expansion	of	the	deceased-donor	pool.	Ann	Surg.
2008;248(4):599-607.

7.	Reich	DJ,	Mulligan	DC,	Abt	PL,	et	al.	ASTS	recommended	practice
guidelines	for	controlled	donation	after	cardiac	death	organ	procurement	and
transplantation.	Am	J	Transplant.	2009;9(9):2004-2011.

8.	de	Vera	ME,	Lopez-Solis	R,	Dvorchik	I,	et	al.	Liver	transplantation	using
donation	after	cardiac	death	donors:	long-term	follow-up	from	a	single
center.	Am	J	Transplant.	2009;9(4):773-781.

9.	Locke	JE,	Segev	DL,	Warren	DS,	Dominici	F,	Simpkins	CE,	Montgomery
RA.	Outcomes	of	kidneys	from	donors	after	cardiac	death:	implications	for
allocation	and	preservation.	Am	J	Transplant.	2007;7(7):1797-1807.

10.	Mathur	AK,	Heimbach	J,	Steffick	DE,	Sonnenday	CJ,	Goodrich	NP,	Merion
RM.	Donation	after	cardiac	death	liver	transplantation:	predictors	of
outcome.	Am	J	Transplant.	2010;10(11):2512-2519.

11.	Mourad	MM,	Algarni	A,	Liossis	C,	Bramhall	SR.	Aetiology	and	risk
factors	of	ischaemic	cholangiopathy	after	liver	transplantation.	World	J
Gastroenterol.	2014;20(20):6159-6169.

12.	Renz	JF,	Emond	JC,	Yersiz	H,	Ascher	NL,	Busuttil	RW.	Split-liver
transplantation	in	the	United	States:	outcomes	of	a	national	survey.	Ann	Surg.
2004;239(2):172-181.

13.	Huprikar	S,	Danziger-Isakov	L,	Ahn	J,	et	al.	Solid	organ	transplantation
from	hepatitis	B	virus-positive	donors:	consensus	guidelines	for	recipient



management.	Am	J	Transplant.	2015;15(5):1162-1172.
14.	Bethea	E,	Arvind	A,	Gustafson	J,	et	al.	Immediate	administration	of
antiviral	therapy	after	transplantation	of	hepatitis	C-infected	livers	into
uninfected	recipients:	implications	for	therapeutic	planning.	Am	J
Transplant.	2020;20(6):1619-1628.

15.	Cotter	TG,	Paul	S,	Sandıkcı	B,	et	al.	Increasing	utilization	and	excellent
initial	outcomes	following	liver	transplant	of	hepatitis	C	virus	(HCV)-
Viremic	donors	into	HCV-negative	recipients:	outcomes	following	liver
transplant	of	HCV-viremic	donors.	Hepatology.	2019;69(6):2381-2395.

16.	Kwong	AJ,	Wall	A,	Melcher	M,	et	al.	Liver	transplantation	for	hepatitis	C
virus	(HCV)	non-viremic	recipients	with	HCV	viremic	donors.	Am	J
Transplant.	2019;19(5):1380-1387.

17.	Bohorquez	H,	Bugeaud	E,	Bzowej	N,	et	al.	Liver	transplantation	using
hepatitis	C	virus-viremic	donors	into	hepatitis	C	virus-aviremic	recipients	as
standard	of	care.	Liver	Transpl.	2021;27(4):548-557.

18.	Terrault	NA,	Burton	J,	Ghobrial	M,	et	al.	Prospective	multicenter	study	of
early	antiviral	therapy	in	liver	and	kidney	transplant	recipients	of	HCV-
viremic	donors.	Hepatology.	2021;73(6):2110-2123.

19.	Aqel	B,	Wijarnpreecha	K,	Pungpapong	S,	et	al.	Outcomes	following	liver
transplantation	from	HCV-seropositive	donors	to	HCV-seronegative
recipients.	J	Hepatol.	2021;74(4):873-880.

20.	AASLD.	HCV	Guidance:	Recommendations	for	Testing,	Managing,	and
Treating	Hepatitis	C.	Accessed	July	21,	2019.	www.hcvguidelines.org

21.	Jones	JM,	Kracalik	I,	Levi	ME,	et	al.	Assessing	solid	organ	donors	and
monitoring	transplant	recipients	for	human	immunodeficiency	virus,
hepatitis	B	virus,	and	hepatitis	C	virus	infection:	U.S.	Public	health	Service
guideline,	2020.	MMWR	Recomm	Rep	(Morb	Mortal	Wkly	Rep).
2020;69(4):1-16.

22.	OPTN	Policy	2.9.	Required	Deceased	Donor	Infectious	Disease	Testing.
Accessed	August	7,	2020.
https://optn.transplant.hrsa.gov/media/1200/optn_policies.pdf

23.	Suryaprasad	A,	Basavaraju	SV,	Hocevar	SN,	et	al.	Transmission	of	hepatitis
C	virus	from	organ	donors	despite	nucleic	acid	test	screening.	Am	J
Transplant.	2015;15(7):1827-1835.

24.	Bixler	D,	Annambholta	P,	Abara	WE,	et	al.	Hepatitis	B	and	C	virus
infections	transmitted	through	organ	transplantation	investigated	by	CDC,

http://www.hcvguidelines.org
https://optn.transplant.hrsa.gov/media/1200/optn_policies.pdf


United	States,	2014-2017.	Am	J	Transplant.	2019;19(9):2570-2582.
25.	Kaul	DR,	Tlusty	SM,	Michaels	MG,	Limaye	AP,	Wolfe	CR.	Donor-derived
hepatitis	C	in	the	era	of	increasing	intravenous	drug	use:	a	report	of	the
Disease	Transmission	Advisory	Committee.	Clin	Transplant.
2018;32(10):e13370.

26.	Theodoropoulos	NM,	La	Hoz	RM,	Wolfe	C,	et	al.	Donor	derived	hepatitis
B	virus	infection:	analysis	of	the	organ	procurement	&	transplantation
network/united	Network	for	organ	sharing	ad	hoc	disease	transmission
advisory	committee.	Transpl	Infect	Dis.	2021;23(1):e13458.

27.	Obermayer-Straub	P,	Strassburg	CP,	Manns	MP.	Autoimmune	hepatitis.	J
Hepatol.	2000;32(1	suppl):181-197.

28.	Brewer	GJ.	Recognition,	diagnosis,	and	management	of	Wilson’s	disease.
Proc	Soc	Exp	Biol	Med.	2000;223(1):39-46.

29.	Mazzaferro	V,	Regalia	E,	Doci	R,	et	al.	Liver	transplantation	for	the
treatment	of	small	hepatocellular	carcinomas	in	patients	with	cirrhosis.	N
Engl	J	Med.	1996;334(11):693-699.

30.	Yao	FY,	Ferrell	L,	Bass	NM,	Bacchetti	P,	Ascher	NL,	Roberts	JP.	Liver
transplantation	for	hepatocellular	carcinoma:	comparison	of	the	proposed
UCSF	criteria	with	the	Milan	criteria	and	the	Pittsburgh	modified	TNM
criteria.	Liver	Transpl.	2002;8(9):765-774.

31.	Ostapowicz	G,	Lee	WM.	Acute	hepatic	failure:	a	Western	perspective.	J
Gastroenterol	Hepatol.	2000;15(5):480-488.

32.	Williams	R.	Classification,	etiology,	and	considerations	of	outcome	in	acute
liver	failure.	Semin	Liver	Dis.	1996;16(4):343-348.

33.	O’Grady	JG,	Alexander	GJ,	Hayllar	KM,	Williams	R.	Early	indicators	of
prognosis	in	fulminant	hepatic	failure.	Gastroenterology.	1989;97(2):439-
445.

34.	McDiarmid	SV,	Merion	RM,	Dykstra	DM,	Harper	AM.	Selection	of
pediatric	candidates	under	the	PELD	system.	Liver	Transpl.	2004;10(10
suppl	2):S23-S30.

35.	Singh	C,	Sager	JS,	Pulmonary	complications	of	cirrhosis.	Med	Clin	North
Am.	2009;93(4):871-883,	viii.

36.	Brescia	MDG,	Massarollo	PCB,	Imakuma	ES,	Mies	S.	Prospective
randomized	trial	comparing	hepatic	venous	outflow	and	renal	function	after
conventional	versus	piggyback	liver	transplantation.	PLoS	One.
2015;10(6):e0129923.



37.	Houben	P,	Manzini	G,	Kremer	M,	et	al.	Graft	rinse	prior	to	reperfusion	in
liver	transplantation:	literature	review	and	online	survey	within	the
Eurotransplant	community.	Transpl	Int.	2015;28(11):1291-1298.

38.	Sabate	A,	Dalmau	A,	Koo	M,	Aparicio	I,	Costa	M,	Contreras	L.
Coagulopathy	management	in	liver	transplantation.	Transplant	Proc.
2012;44(6):1523-1525.

39.	Ripoll	C,	Yotti	R,	Bermejo	J,	Banares	R.	The	heart	in	liver	transplantation.
J	Hepatol.	2011;54(4):810-822.

40.	Safadi	A,	Homsi	M,	Maskoun	W,	et	al.	Perioperative	risk	predictors	of
cardiac	outcomes	in	patients	undergoing	liver	transplantation	surgery.
Circulation.	2009;120(13):1189-1194.

41.	Rozga	J,	Piątek	T,	Małkowski	P.	Human	albumin:	old,	new,	and	emerging
applications.	Ann	Transplant.	2013;18:205-217.

42.	Mangus	RS,	Fridell	JA,	Vianna	RM,	Kwo	PY,	Chen	J,	Tector	AJ.
Immunosuppression	induction	with	rabbit	anti-thymocyte	globulin	with	or
without	rituximab	in	1000	liver	transplant	patients	with	long-term	follow-up.
Liver	Transpl.	2012;18(7):786-795.

43.	Lupo	L,	Panzera	P,	Tandoi	F,	et	al.	Basiliximab	versus	steroids	in	double
therapy	immunosuppression	in	liver	transplantation:	a	prospective
randomized	clinical	trial.	Transplantation.	2008;86(7):925-931.

44.	Calne	RY,	McMaster	P,	Portmann	B,	Wall	WJ,	Williams	R.	Observations	on
preservation,	bile	drainage	and	rejection	in	64	human	orthotopic	liver
allografts.	Ann	Surg.	1977;186(3):282-290.

45.	Starzl	TE,	Putnam	CW,	Hansbrough	JF,	Porter	KA,	Reid	HA.	Biliary
complications	after	liver	transplantation:	with	special	reference	to	the	biliary
cast	syndrome	and	techniques	of	secondary	duct	repair.	Surgery.
1977;81(2):212-221.

46.	Akamatsu	N,	Sugawara	Y,	Hashimoto	D.	Biliary	reconstruction,	its
complications	and	management	of	biliary	complications	after	adult	liver
transplantation:	a	systematic	review	of	the	incidence,	risk	factors	and
outcome.	Transpl	Int.	2011;24(4):379-392.

47.	op	den	Dries	S,	Westerkamp	AC,	Karimian	N,	et	al.	Injury	to	peribiliary
glands	and	vascular	plexus	before	liver	transplantation	predicts	formation	of
non-anastomotic	biliary	strictures.	J	Hepatol.	2014;60(6):1172-1179.

48.	Martins	PNA.	Normothermic	machine	preservation	as	an	approach	to
decrease	biliary	complications	of	DCD	liver	grafts.	Am	J	Transplant.



2013;13(12):3287-3288.
49.	Jay	CL,	Lyuksemburg	V,	Ladner	DP,	et	al.	Ischemic	cholangiopathy	after
controlled	donation	after	cardiac	death	liver	transplantation:	a	meta-analysis.
Ann	Surg.	2011;253(2):259-264.

50.	Seehofer	D,	Eurich	D,	Veltzke-Schlieker	W,	Neuhaus	P.	Biliary
complications	after	liver	transplantation:	old	problems	and	new	challenges.
Am	J	Transplant.	2013;13(2):253-265.

51.	Op	den	Dries	S,	Sutton	ME,	Lisman	T,	Porte	RJ.	Protection	of	bile	ducts	in
liver	transplantation:	looking	beyond	ischemia.	Transplantation.
2011;92(4):373-379.

52.	Buis	CI,	Hoekstra	H,	Verdonk	RC,	Porte	RJ.	Causes	and	consequences	of
ischemic-biliary	lesions	after	liver	transplantation.	J	Hepatobiliary	Pancreat
Surg.	2006;13(6):517-524.

53.	Verdonk	RC,	Buis	CI,	Porte	RJ,	Haagsma	EB.	Biliary	complications	after
liver	transplantation:	a	review.	Scand	J	Gastroenterol	Suppl.
2006;2006(243):89-101.

54.	Gholson	CF,	Zibari	G,	McDonald	JC.	Endoscopic	diagnosis	and
management	of	biliary	complications	following	orthotopic	liver
transplantation.	Dig	Dis	Sci.	1996;41(6):1045-1053.

55.	Pfau	PR,	Kochman	ML,	Lewis	JD,	et	al.	Endoscopic	management	of
postoperative	biliary	complications	in	orthotopic	liver	transplantation.
Gastrointest	Endosc.	2000;52(1):55-63.

56.	Thuluvath	PJ,	Pfau	PR,	Kimmey	MB,	Ginsberg	GG.	Biliary	complications
after	liver	transplantation:	the	role	of	endoscopy.	Endoscopy.
2005;37(9):857-863.

57.	Warnaar	N,	Molenaar	IQ,	Colquhoun	SD,	et	al.	Intraoperative	pulmonary
embolism	and	intracardiac	thrombosis	complicating	liver	transplantation:	a
systematic	review.	J	Thromb	Haemost.	2008;6(2):297-302.

58.	Feltracco	P,	Brezzi	M,	Barbieri	S,	et	al.	Blood	loss,	predictors	of	bleeding,
transfusion	practice	and	strategies	of	blood	cell	salvaging	during	liver
transplantation.	World	J	Hepatol.	2013;5(1):1-15.

59.	Esmat	Gamil	M,	Pirenne	J,	Van	Malenstein	H,	et	al.	Risk	factors	for
bleeding	and	clinical	implications	in	patients	undergoing	liver
transplantation.	Transplant	Proc.	2012;44(9):2857-2860.

60.	Testa	G,	Malago	M,	Broelsch	CE.	Bleeding	problems	in	patients
undergoing	segmental	liver	transplantation.	Blood	Coagul	Fibrinolysis.



2000;11(suppl	1):S81-S85.
61.	Roullet	S,	Biais	M,	Millas	E,	Revel	P,	Quinart	A,	Sztark	F.	Risk	factors	for
bleeding	and	transfusion	during	orthotopic	liver	transplantation.	Ann	Fr
Anesth	Reanim.	2011;30(4):349-352.

62.	Jung	SW,	Hwang	S,	Namgoong	JM,	et	al.	Incidence	and	management	of
postoperative	abdominal	bleeding	after	liver	transplantation.	Transplant
Proc.	2012;44(3):765-768.

63.	Bechstein	WO,	Neuhaus	P.	Bleeding	problems	in	liver	surgery	and	liver
transplantation.	[Article	in	German].	Chirurg.	2000;71(4):363-368.

64.	Neuhaus	P,	Bechstein	WO,	Lefebre	B,	Blumhardt	G,	Slama	K.	Effect	of
aprotinin	on	intraoperative	bleeding	and	fibrinolysis	in	liver	transplantation.
Lancet.	1989;2(8668):924-925.

65.	Gurusamy	KS,	Pissanou	T,	Pikhart	H,	Vaughan	J,	Burroughs	AK,	Davidson
BR.	Methods	to	decrease	blood	loss	and	transfusion	requirements	for	liver
transplantation.	Cochrane	Database	Syst	Rev.	2011;2011(12):CD009052.

66.	Lisman	T,	Porte	RJ.	Antiplatelet	medication	after	liver	transplantation:	does
it	affect	outcome?	Liver	Transpl.	2007;13(5):644-646.

67.	Porte	RJ.	Coagulation	and	fibrinolysis	in	orthotopic	liver	transplantation:
current	views	and	insights.	Semin	Thromb	Hemost.	1993;19(3):191-196.

68.	Northup	PG,	McMahon	MM,	Ruhl	AP,	et	al.	Coagulopathy	does	not	fully
protect	hospitalized	cirrhosis	patients	from	peripheral	venous
thromboembolism.	Am	J	Gastroenterol.	2006;101(7):1524-1528.	quiz	1680.

69.	Gologorsky	E,	De	Wolf	AM,	Scott	V,	Aggarwal	S,	Dishart	M,	Kang	Y.
Intracardiac	thrombus	formation	and	pulmonary	thromboembolism
immediately	after	graft	reperfusion	in	7	patients	undergoing	liver
transplantation.	Liver	Transpl.	2001;7(9):783-789.

70.	Lerner	AB,	Sundar	E,	Mahmood	F,	Sarge	T,	Hanto	DW,	Panzica	PJ.	Four
cases	of	cardiopulmonary	thromboembolism	during	liver	transplantation
without	the	use	of	antifibrinolytic	drugs.	Anesth	Analg.	2005;101(6):1608-
1612.

71.	Stapleton	GN,	Hickman	R,	Terblanche	J.	Blood	supply	of	the	right	and	left
hepatic	ducts.	Br	J	Surg.	1998;85(2):202-207.

72.	Duffy	JP,	Hong	JC,	Farmer	DG,	et	al.	Vascular	complications	of	orthotopic
liver	transplantation:	experience	in	more	than	4,	200	patients.	J	Am	Coll
Surg.	2009;208(5):896-903.	discussion	903-905.

73.	Mourad	MM,	Liossis	C,	Gunson	BK,	et	al.	Etiology	and	management	of



hepatic	artery	thrombosis	after	adult	liver	transplantation.	Liver	Transpl.
2014;20(6):713-723.

74.	Pastacaldi	S,	Teixeira	R,	Montalto	P,	Rolles	K,	Burroughs	AK.	Hepatic
artery	thrombosis	after	orthotopic	liver	transplantation:	a	review	of
nonsurgical	causes.	Liver	Transpl.	2001;7(2):75-81.

75.	Stringer	MD,	Marshall	MM,	Muiesan	P,	et	al.	Survival	and	outcome	after
hepatic	artery	thrombosis	complicating	pediatric	liver	transplantation.	J
Pediatr	Surg.	2001;36(6):888-891.

76.	Yao	FY,	Kinkhabwala	M,	LaBerge	JM,	et	al.	The	impact	of	pre-operative
loco-regional	therapy	on	outcome	after	liver	transplantation	for
hepatocellular	carcinoma.	Am	J	Transplant.	2005;5(4	pt	1):795-804.

77.	Boyvat	F,	Aytekin	C,	Harman	A,	Sevmiş	S,	Karakayali	H,	Haberal	M.
Endovascular	stent	placement	in	patients	with	hepatic	artery	stenoses	or
thromboses	after	liver	transplant.	Transplant	Proc.	2008;40(1):22-26.

78.	Englesbe	MJ,	Schaubel	DE,	Cai	S,	Guidinger	MK,	Merion	RM.	Portal	vein
thrombosis	and	liver	transplant	survival	benefit.	Liver	Transpl.
2010;16(8):999-1005.

79.	Qi	X,	Dai	J,	Jia	J,	et	al.	Association	between	portal	vein	thrombosis	and
survival	of	liver	transplant	recipients:	a	systematic	review	and	meta-analysis
of	observational	studies.	J	Gastrointestin	Liver	Dis.	2015;24(1):51-59.	4	p
following	59.

80.	Charco	R,	Fuster	J,	Fondevila	C,	Ferrer	J,	Mans	E,	Garcia-Valdecasas	JC.
Portal	vein	thrombosis	in	liver	transplantation.	Transplant	Proc.
2005;37(9):3904-3905.

81.	Wang	JT,	Zhao	HY,	Liu	YL.	Portal	vein	thrombosis.	Hepatobiliary
Pancreat	Dis	Int.	2005;4(4):515-518.

82.	Llado	L,	Fabregat	J,	Castellote	J,	et	al.	Management	of	portal	vein
thrombosis	in	liver	transplantation:	influence	on	morbidity	and	mortality.
Clin	Transplant.	2007;21(6):716-721.

83.	Kishi	Y,	Sugawara	Y,	Matsui	Y,	Akamatsu	N,	Makuuchi	M.	Late	onset
portal	vein	thrombosis	and	its	risk	factors.	Hepato-Gastroenterology.
2008;55(84):1008-1009.

84.	Lock	JF,	Schwabauer	E,	Martus	P,	et	al.	Early	diagnosis	of	primary
nonfunction	and	indication	for	reoperation	after	liver	transplantation.	Liver
Transpl.	2010;16(2):172-180.

85.	Uemura	T,	Randall	HB,	Sanchez	EQ,	et	al.	Liver	retransplantation	for



primary	nonfunction:	analysis	of	a	20-year	single-center	experience.	Liver
Transpl.	2007;13(2):227-233.

86.	Kamath	GS,	Plevak	DJ,	Wiesner	RH,	et	al.	Primary	nonfunction	of	the	liver
graft:	when	should	we	retransplant?	Transplant	Proc.	1991;23(3):1954.

87.	Zivković	SA.	Neurologic	complications	after	liver	transplantation.	World	J
Hepatol.	2013;5(8):409-416.

88.	Bartynski	WS,	Tan	HP,	Boardman	JF,	Shapiro	R,	Marsh	JW.	Posterior
reversible	encephalopathy	syndrome	after	solid	organ	transplantation.	AJNR
Am	J	Neuroradiol.	2008;29(5):924-930.

89.	Luca	LD,	Westbrook	R,	Tsochatzis	EA.	Metabolic	and	cardiovascular
complications	in	the	liver	transplant	recipient.	Ann	Gastroenterol.
2015;28(2):183-192.

90.	Watt	KDS,	Pedersen	RA,	Kremers	WK,	Heimbach	JK,	Charlton	MR.
Evolution	of	causes	and	risk	factors	for	mortality	post-liver	transplant:
results	of	the	NIDDK	long-term	follow-up	study.	Am	J	Transplant.
2010;10(6):1420-1427.

91.	Feltracco	P,	Carollo	C,	Barbieri	S,	Pettenuzzo	T,	Ori	C.	Early	respiratory
complications	after	liver	transplantation.	World	J	Gastroenterol.
2013;19(48):9271-9281.

92.	Singh	N,	Gayowski	T,	Wagener	MM,	Marino	IR.	Pulmonary	infiltrates	in
liver	transplant	recipients	in	the	intensive	care	unit.	Transplantation.
1999;67(8):1138-1144.

93.	McAlister	VC,	Grant	DR,	Roy	A,	et	al.	Right	phrenic	nerve	injury	in
orthotopic	liver	transplantation.	Transplantation.	1993;55(4):826-830.

94.	Krowka	MJ,	Cortese	DA.	Hepatopulmonary	syndrome.	Current	concepts	in
diagnostic	and	therapeutic	considerations.	Chest.	1994;105(5):1528-1537.

95.	Bahirwani	R,	Reddy	KR.	Outcomes	after	liver	transplantation:	chronic
kidney	disease.	Liver	Transpl.	2009;15(suppl	2):S70-S74.

96.	Haidar	G,	Green	M;	American	Society	of	Transplantation	Infectious
Diseases	Community	of	Practice.	Intra-abdominal	infections	in	solid	organ
transplant	recipients:	guidelines	from	the	American	Society	of
Transplantation	Infectious	Diseases	Community	of	Practice.	Clin	Transplant.
2019;33(9):e13595.

97.	Malinis	M,	Boucher	HW,	AST	Infectious	Diseases	Community	of	Practice.
Screening	of	donor	and	candidate	prior	to	solid	organ	transplantation-
guidelines	from	the	American	society	of	transplantation	infectious	diseases



community	of	practice.	Clin	Transplant.	2019;33(9):e13548.
98.	Abbo	LM,	Grossi	PA;	AST	ID	Community	of	Practice.	Surgical	site
infections:	guidelines	from	the	American	society	of	transplantation	infectious
diseases	community	of	practice.	Clin	Transplant.	2019;33(9):e13589.

99.	Collins	LA,	Samore	MH,	Roberts	MS,	et	al.	Risk	factors	for	invasive	fungal
infections	complicating	orthotopic	liver	transplantation.	J	Infect	Dis.
1994;170(3):644-652.

100.	Patel	R,	Portela	D,	Badley	AD,	et	al.	Risk	factors	of	invasive	Candida	and
non-Candida	fungal	infections	after	liver	transplantation.	Transplantation.
1996;62(7):926-934.

101.	Aslam	S,	Rotstein	C;	AST	Infectious	Disease	Community	of	Practice.
Candida	infections	in	solid	organ	transplantation:	guidelines	from	the
American	Society	of	Transplantation	Infectious	Diseases	Community	of
Practice.	Clin	Transplant.	2019;33(9):e13623.

102.	Fishman	JA,	Gans	H;	AST	Infectious	Diseases	Community	of	Practice.
Pneumocystis	jiroveci	in	solid	organ	transplantation:	guidelines	from	the
American	society	of	transplantation	infectious	diseases	community	of
practice.	Clin	Transplant.	2019;33(9):e13587.

103.	Razonable	RR,	Humar	A.	Cytomegalovirus	in	solid	organ	transplant
recipients-guidelines	of	the	American	Society	of	Transplantation	Infectious
Diseases	Community	of	Practice.	Clin	Transplant.	2019;33(9):e13512.

104.	Lee	DH,	Zuckerman	RA;	AST	Infectious	Diseases	Community	of
Practice.	Herpes	simplex	virus	infections	in	solid	organ	transplantation:
guidelines	from	the	American	society	of	transplantation	infectious	diseases
community	of	practice.	Clin	Transplant.	2019;33(9):e13526.

105.	Kusne	S,	Dummer	JS,	Singh	N,	et	al.	Infections	after	liver	transplantation.
An	analysis	of	101	consecutive	cases.	Medicine	(Baltimore).
1988;67(2):132-143.

106.	Fishman	JA.	Infection	in	solid-organ	transplant	recipients.	N	Engl	J	Med.
2007;357(25):2601-2614.

107.	Wolfe	CR,	Ison	MG;	AST	Infectious	Diseases	Community	of	Practice.
Donor-derived	infections:	guidelines	from	the	American	Society	of
Transplantation	Infectious	Diseases	Community	of	Practice.	Clin	Transplant.
2019;33(9):e13547.

108.	Trotter	JF,	Wachs	M,	Everson	GT,	Kam	I.	Adult-to-adult	transplantation	of
the	right	hepatic	lobe	from	a	living	donor.	N	Engl	J	Med.



2002;346(14):1074-1082.
109.	Brown	RS,	Jr,	Russo	MW,	Lai	M,	et	al.	A	survey	of	liver	transplantation
from	living	adult	donors	in	the	United	States.	N	Engl	J	Med.
2003;348(9):818-825.



Chapter	58
Critical	Care	of	the	Lung	Transplant
Recipient
Jake	G.	Natalini,	Luis	F.	Angel,	Stephanie	M.	Levine

KEY	POINTS:
1.	 Lung	transplantation	(LT)	offers	a	potentially	lifesaving	intervention

for	patients	with	advanced	pulmonary	parenchymal	and	vascular
disease.

2.	 LT	should	be	considered	for	any	patient	with	a	high	risk	of	death
from	lung	disease	within	2	years	if	LT	is	not	performed,	a	high
likelihood	of	surviving	at	least	90	days	after	transplantation,	and	a
high	likelihood	of	5-year	posttransplant	survival	from	a	general
medical	perspective,	provided	there	is	adequate	graft	function.

3.	 Donor	lungs	are	allocated	according	to	a	need-based	lung	allocation
score,	which	takes	into	account	waitlist	urgency	and	expected
duration	of	posttransplant	survival.

4.	 Maintenance	immunosuppression	after	LT	is	most	commonly	a
three-drug	combination	consisting	of	a	corticosteroid,	a	calcineurin
inhibitor,	and	a	cell	cycle	inhibitor.

5.	 The	most	common	cause	of	mortality	among	LT	recipients	is	graft
failure	(including	primary	graft	dysfunction)	during	the	first	30	days
after	transplant,	noncytomegalovirus	infections	in	the	first	year	after
transplant,	and	chronic	rejection	for	all	subsequent	time	intervals.

6.	 Primary	graft	dysfunction,	a	form	of	acute	lung	injury	occurring	after
LT	characterized	by	hypoxemia	and	the	presence	of	alveolar
infiltrates	in	the	allograft(s)	which	develop	within	72	hours	after
reperfusion,	remains	a	leading	contributor	to	early	postoperative



morbidity	and	mortality.
7.	 Because	of	the	lack	of	revascularization	of	the	bronchial	circulation,

anastomotic	complications	such	as	bronchial	dehiscence,	bronchial
stenosis,	and	bronchial	infection	are	the	main	airway	complications
reported	in	the	first	few	weeks	to	months	after	LT.

8.	 Graft	rejection	is	categorized	clinically	according	to	the	time	of	onset
after	transplantation	and	the	histopathologic	pattern.	The	three	types
of	rejection	are	antibody-mediated	rejection,	which	can	rarely	appear
as	a	form	of	hyperacute	rejection;	acute	cellular	rejection;	and
chronic	rejection.

9.	 The	two	different	phenotypes	of	chronic	lung	allograft	dysfunction
are	bronchiolitis	obliterans	syndrome,	which	is	the	obstructive
phenotype,	and	restrictive	allograft	syndrome,	which	is	the	restrictive
phenotype.

INTRODUCTION
1 	 For	 over	 3	 decades,	 lung	 transplantation	 (LT)	 has	 served	 as	 a	 successful
therapeutic	 option	 for	 patients	 with	 end-stage	 pulmonary	 parenchymal	 or
vascular	disease.	 In	 the	early	era	of	LT,	primary	complications	associated	with
the	 procedure	 were	 dehiscence	 and	 impaired	 healing	 of	 the	 bronchial
anastomosis,	as	well	as	early	graft	failure.	These	complications	occurred	in	most
patients	 who	 survived	 for	 more	 than	 1	 week.	 Improvements	 in	 donor	 and
recipient	selection,	organ	allocation	and	availability,	and	surgical	techniques;	the
development	 of	 new	 immunosuppressive	 therapies;	 and	 better	management	 of
postoperative	complications	such	as	primary	graft	dysfunction	(PGD),	rejection,
and	 infection	 have	 all	 contributed	 to	 advancing	 the	 field	 (Table	 58.1).	Despite
these	 advances,	 LT	 is	 still	 associated	 with	 numerous	 complications,	 often
requiring	intensive	care	management.

TABLE	58.1

Major	Advances	or	Changes	in	Lung	Transplantation	Over
the	Past	Decade



Topic Change Reference(s)

Selection	of	lung
transplant	candidates

A	new	consensus	document	for
the	selection	of	transplant
candidates

1

Increased	donor	pool
with	protocols	for
donor	management

Increasing	the	use	of	extended
donors	and	the	use	of	low	tidal
volume	ventilation	strategies	in
potential	lung	donors

2-4

DCDD	donors Increased	use	of	DCDD	donors
with	comparable	outcomes

5-7

Ex	vivo	lung	perfusion Increasing	the	use	of
marginal/extended	donor	lungs
with	comparable	outcomes

8-10

ECMO	as	bridge	to
lung	transplantation

Considered	as	a	viable	option	for
end-stage	pulmonary	patients
awaiting	lung	transplantation

11-14

Improved	short-term
survival	and	decreasing
waiting	time	for	lung
transplant	recipients

Experienced	centers	now	with
over	90%	survival	at	1	year	and
waiting	times	under	4	months

15,16

Acute	antibody-
mediated	rejection
after	lung
transplantation

A	new	consensus	document	that
standardizes	diagnostic	criteria	for
antibody-mediated	rejection

17

CLAD	definitions	and
treatment	approaches

Defines	and	provides	treatment
recommendations	for	both	CLAD
phenotypes,	BOS	and	RAS

18,19

Use	of	hepatitis	C
virus-positive	donors

Increased	utilization	of	HCV-
positive	donors	with	good	overall
results	following	early	initiation	of
antiviral	therapy	after	transplant

20-22



BOS,	bronchiolitis	obliterans	syndrome;	CLAD,	chronic	lung	allograft	dysfunction;	DCDD,
donation	after	circulatory	determination	of	death;	ECMO,	extracorporeal	membrane	oxygenation;
HCV,	hepatitis	C	virus;	RAS,	restrictive	allograft	syndrome.

According	 to	 a	 2019	 report	 from	 the	 International	 Society	 for	 Heart	 and
Lung	 Transplantation	 (ISHLT),	 nearly	 3900	 adult	 lung	 transplants	 were
performed	worldwide	 in	2017.15	Based	on	 ISHLT	Registry	 data,	 1-	 and	5-year
survival	rates	for	lung	transplant	recipients	have	steadily	improved	over	the	past
decade,	 currently	 estimated	 at	 85	 and	 59%,	 respectively.15,23	 Among	 patients
transplanted	 from	 2010	 onward,	 median	 survival	 is	 estimated	 at	 6.7	 years.
However,	 there	 is	 a	 marked	 difference	 in	 survival	 rates	 according	 to	 the	 of
transplant	 procedure,	 with	 a	 median	 survival	 of	 7.8	 years	 for	 bilateral	 lung
transplantation	 (BLT)	 compared	 to	 4.8	 years	 for	 single-lung	 transplantation
(SLT).15	Recipients	who	 survive	 to	 1	 year	 after	 primary	 transplantation	have	 a
conditional	median	survival	of	8.9	years	(10.2	years	for	BLT	and	6.5	years	for
SLT).15	 It	 is	 important	 to	mention	 that	 there	 is	also	high	variability	of	 survival
rates	among	different	LT	programs.	 If	one	examines	US-specific	data	 from	the
Scientific	Registry	of	Transplant	Recipients,	 survival	 rates	at	1	year	are	higher
than	88%,	with	experienced	centers	achieving	1-year	survival	rates	>90%	and	3-
year	survival	rates	over	75%.16	These	higher	survival	rates	may,	 in	part,	 reflect
advances	in	critical	care	management	of	lung	transplant	recipients.

5 	The	most	common	causes	of	mortality	are	graft	failure	(including	primary
graft	 dysfunction)	 during	 the	 first	 30	 days	 following	 transplantation,
noncytomegalovirus	(CMV)	infection	in	the	first	year	following	transplantation,
and	chronic	rejection	in	the	subsequent	years	following	transplantation.15

INDICATIONS
The	 steady	 increase	 in	 the	 number	 of	 LTs	 performed	 annually	 over	 the	 past
10	years	has	been	due	to	a	significant	increase	in	the	number	of	BLT	procedures,
now	representing	more	than	75%	of	the	total	number	of	LTs.	The	most	frequent
indications	for	BLT	are	obstructive	nonsuppurative	lung	diseases	such	as	chronic
obstructive	pulmonary	disease	(COPD)	related	to	 tobacco	use	(26%	of	all	BLT
procedures	 reported	 to	 the	 ISHLT	 Registry)	 and	 α1-antitrypsin	 deficiency
(A1ATD)	 (5%),	 followed	 by	 suppurative	 pulmonary	 diseases	 such	 as	 cystic
fibrosis	(CF)	(22%)	and	non-CF	bronchiectasis	(4%).	Other	common	indications
include	 idiopathic	 interstitial	 pneumonias	 (IIPs)	 such	 as	 idiopathic	 pulmonary
fibrosis	 (IPF)	 (21%),	 non-IIP	 interstitial	 lung	 diseases	 such	 as	 drug-induced
pulmonary	 fibrosis	 or	 occupational	 lung	 disease	 (6%),	 idiopathic	 pulmonary



arterial	 hypertension	 (PAH)	 (4%),	 sarcoidosis	 (3%),	 and	 retransplantation
(4%).15	Of	note,	more	 than	90%	of	 transplants	 for	pulmonary	hypertension	are
BLT	procedures.

Similarly,	 the	 most	 frequent	 indication	 for	 SLT	 was	 obstructive
nonsuppurative	 lung	disease	due	 to	COPD	 (39%	of	 all	SLT)	or	A1ATD	 (4%).
Other	common	indications	included	IIP	(38%),	non-IIP	interstitial	lung	diseases
such	 as	 drug-induced	 pulmonary	 fibrosis	 or	 occupational	 lung	 disease	 (6%),
sarcoidosis	(2%),	and	retransplantation	(5%).15

Heart-lung	 transplantation	 (HLT)	 is	performed	at	only	a	 few	 transplantation
centers	and	should	be	reserved	for	patients	who	cannot	be	treated	by	LT	alone.
The	most	frequent	indications	for	HLT	are	Eisenmenger	syndrome	with	a	cardiac
anomaly	 that	 cannot	 be	 corrected	 surgically	 and	 severe	 end-stage	 lung	 disease
with	concurrent	severe	heart	disease.	HLT	is	discussed	in	more	detail	in	Chapter
59.

GUIDELINES	FOR	RECIPIENT	SELECTION
2 	A	2014	ISHLT	consensus	document	recently	updated	the	previous	consensus-
based	 guidelines	 (1998	 and	 2006)	 for	 the	 selection	 of	 lung	 transplant
candidates.1	LT	should	be	considered	for	any	patient	with	chronic	end-stage	lung
disease	who	meets	all	the	following	criteria:	high	(>50%)	risk	of	death	from	lung
disease	 within	 2	 years	 if	 LT	 is	 not	 performed,	 high	 (>80%)	 likelihood	 of
surviving	at	least	90	days	after	transplantation,	and	high	(>80%)	likelihood	of	5-
year	 posttransplant	 survival	 from	 a	 general	 medical	 perspective	 provided	 that
there	is	adequate	graft	function.

The	consensus	document	also	specifies	age	>65	years	in	association	with	low
physiologic	 reserve	 as	 a	 relative	 contraindication	 regardless	 of	 procedure	 and
age	>75	years	 as	 an	 absolute	 contraindication	 to	LT.1	More	 specific	 individual
patient	considerations	are	outlined	here.

Relative	Contraindications
Patients	with	 active	 sites	 of	 infection	 are	 not	 considered	 to	 be	good	 transplant
candidates.	Treated	tuberculosis	and	fungal	disease	pose	a	particular	problem	but
are	 not	 absolute	 contraindications	 for	 LT.	 Many	 centers	 will	 not	 consider
performing	 a	 transplantation	 for	 a	 patient	 who	 is	 chronically	 colonized	 with
Burkholderia	 cenocepacia,	 Burkholderia	 gladioli,	 or	 multidrug-resistant
Mycobacterium	 abscessus,	 unless	 sufficiently	 treated	 preoperatively	 with



reasonable	 expectation	 for	 adequate	 control	 postoperatively.	 Even	 then,
evaluation	should	occur	at	centers	with	significant	experience	in	managing	these
infections	 in	 the	 peritransplant	 setting.	 If	 considered,	 these	 patients	 are
candidates	 only	 for	BLT	 procedures	 since	 the	 remaining	 colonized	 lung	 could
pose	 a	 serious	 threat	 to	 the	 new	 graft	 in	 the	 case	 of	 an	 SLT.	 This	 issue
disproportionately	affects	CF	patients	who	are	often	infected	with	one	or	many
drug-resistant	 organisms.	 Both	 Burkholderia	 cenocepacia	 and	 Burkholderia
gladioli	 are	 of	 particular	 concern	 given	 prior	 data	 demonstrating	 poor
posttransplant	outcomes	among	colonized	patients.24

As	 patients	 are	 now	 allocated	 lungs	 for	 transplantation	 according	 to	 the
severity	 of	 their	 disease.	 Invasive	 mechanical	 ventilatory	 support	 and
extracorporeal	 life	 support	 are	 more	 frequently	 being	 utilized	 as	 a	 means	 of
bridging	patients	to	transplant.	During	this	critical	period,	patients	usually	have
multiple	 acute	 changes	 that	 pose	 a	 relative	 or	 absolute	 contraindication	 to
transplantation,	and	 their	candidacy	for	LT	should	be	assessed	on	a	continuous
basis.11,12,25	 In	one	small	 series	of	mechanically	ventilated	patients,	 there	was	a
longer	time	on	postoperative	mechanical	ventilation	and	a	longer	intensive	care
unit	 (ICU)	 stay	 following	 LT.	 Rates	 of	 PGD,	 survival,	 and	 total	 hospital	 stay
were	similar	to	those	in	patients	undergoing	LT	not	on	mechanical	ventilation.25
Recently,	venovenous	and/or	venoarterial	extracorporeal	membrane	oxygenation
(ECMO)	have	been	increasingly	utilized	as	a	bridge	 to	 transplantation	for	end-
stage	 lung	 disease	 patients	 with	 good	 short-term	 functional	 outcomes	 and
survival	 rates.11,12	 In	 a	 large	 retrospective	 study	of	 a	United	Network	of	Organ
Sharing	(UNOS)	database	of	patients	undergoing	LT	on	mechanical	respiratory
support	 (586	 on	mechanical	 ventilation	 and	 51	 on	 ECMO	 as	 a	 bridge	 to	 LT),
patients	on	mechanical	ventilation	or	ECMO	had	lower	survival	rates	following
LT	compared	with	those	not	requiring	mechanical	support.26	A	small	study	of	25
patients	receiving	ECMO	as	a	bridge	to	 transplant	showed	that	 the	duration	on
ECMO	was	 associated	 with	 mortality	 (which	 increased	 steadily	 with	 time	 on
ECMO)	and	morbidity	(ICU	length	of	stay,	days	on	mechanical	ventilation,	and
hospital	 length	of	stay)	following	LT.13	More	recently,	however,	a	retrospective
study	 of	 70	 patients	 successfully	 bridged	 to	 transplant	 using	 ECMO
demonstrated	comparable	outcomes	to	those	not	requiring	pretransplant	ECMO
support,14	 suggestive	 of	 improvements	 in	 managing	 ECMO-associated
complications	 and	 better	 identification	 of	 patients	 deemed	 suitable	 ECMO
candidates.	 Noninvasive	 ventilatory	 support	 is	 not	 considered	 a	 relative
contraindication	to	transplantation.

To	 be	 considered	 for	 transplantation,	 patients	 should	 have	 an	 ideal	 body
weight	 of	 >70%	 or	 <130%	 predicted	 (or	 BMI	 ranging	 18-30	 kg/m2).	 Patients



with	poor	nutritional	status	may	be	too	weak	to	withstand	the	surgical	procedure.
Conversely,	 patients	 who	 are	 obese	 (BMI	 30-35	 kg/m2)	 are	 often	 more
technically	difficult	surgical	candidates	and	may	have	higher	mortality	rates	than
nonobese	patients.1

Prior	 thoracotomy	 or	 pleurodesis	 was	 once	 considered	 to	 be	 a	 relative
contraindication	to	transplantation	due	to	increased	difficulty	with	the	transplant
pneumonectomy,	 as	 well	 as	 increased	 risk	 of	 bleeding.	 Extensive	 prior	 chest
surgery	with	 lung	 resection	 remains	 a	 relative	 contraindication	 to	 LT.	 Despite
this,	 transplantation	 can	 be	 successfully	 performed	 for	 these	 patients,	 and	 for
many	 of	 them	 SLT	 may	 be	 a	 better	 option.	 Other	 relative	 contraindications
include	 human	 immunodeficiency	 virus	 (HIV)	 disease,	 unless	 well-controlled,
and	hepatitis	B	or	C	without	active	cirrhosis.1

Advanced	 atherosclerotic	 disease	 is	 also	 considered	 a	 relative
contraindication,	 unless	 this	 can	 be	 corrected	 before	 or,	 in	 very	 select	 cases,
concurrently,	with	transplantation.	Osteoporosis	is	already	a	significant	problem
after	 LT	 given	 the	 prolonged	 need	 for	 corticosteroids;	 thus,	 preexisting
symptomatic	osteoporosis	is	also	considered	a	relative	contraindication.1

Transplantation	 was	 previously	 thought	 to	 be	 relatively	 contraindicated	 in
patients	 with	 systemic	 autoimmune	 rheumatic	 diseases	 such	 as	 scleroderma,
systemic	 lupus	 erythematous,	 dermato-	 and	 polymyositis,	 and	 rheumatoid
arthritis	 due	 to	 the	 concern	 that	 extrapulmonary	 manifestations	 of	 their
underlying	autoimmune	disease	may	limit	long-term	survival.	However,	several
studies	have	demonstrated	comparable	outcomes	after	LT	for	carefully	selected
patients	 with	 connective	 tissue	 disease-associated	 interstitial	 lung	 disease	 and
pulmonary	hypertension	 in	comparison	 to	 IPF	and	 idiopathic	PAH,	 two	widely
accepted	indications	for	transplant.27-29

Absolute	Contraindications
The	2014	international	guidelines	identified	several	absolute	contraindications	to
LT	including	untreatable	major	organ	dysfunction,	uncorrectable	atherosclerotic
disease,	acute	medical	instability,	and	uncorrectable	bleeding	diatheses.1	Active
malignancy	 within	 the	 prior	 2	 years	 is	 also	 an	 absolute	 contraindication	 to
transplantation;	 however,	 some	 patients	 with	 early-stage	 resected	 tumors	 (eg,
breast	or	kidney)	or	with	low	risk	of	progression	(eg,	prostate)	are	considered	for
transplantation.	For	patients	with	a	history	of	breast	cancer	greater	than	stage	2,
colon	cancer	greater	than	Dukes	A	stage,	renal	carcinoma,	or	melanoma	greater
than	or	equal	to	level	2,	the	waiting	period	should	be	at	least	5	years.	Restaging
is	suggested	before	transplantation	listing.



Severe	 nonosteoporotic	 skeletal	 disease	 such	 as	 kyphoscoliosis	 is	 often	 an
absolute	 contraindication	 to	 transplantation	 primarily	 because	 of	 the	 technical
difficulties	encountered	during	surgery	and	 the	 residual	 restrictive	 lung	disease
that	often	persists	after	transplantation.

Drug	 abuse	 and	 alcoholism	 are	 considered	 contraindications	 to
transplantation	 because	 patients	 with	 these	 conditions	 have	 a	 higher	 risk	 for
nonadherence.	 Patients	 who	 continue	 to	 smoke	 despite	 having	 end-stage
pulmonary	disease	are	not	candidates	for	LT.	Transplant	centers	require	patients
to	abstain	from	cigarette	smoking,	alcohol	use,	or	narcotics	use	for	6	months	to
2	years	before	being	considered	for	lung	transplant	evaluation.

The	patient	must	be	motivated	and	emotionally	capable	of	withstanding	 the
extreme	stress	of	 the	pretransplantation	and	perioperative	periods.	A	history	of
nonadherence,	 significant	 psychiatric	 illness,	 or	 lack	 of	 an	 adequate	 support
system	 is	 an	 absolute	 contraindication.	 In	 addition,	 lack	 of	 potential	 for
rehabilitation	 or	 extreme	 obesity	 (body	 mass	 index	 >	 35	 kg/m2)	 is	 also	 an
absolute	contraindication	to	LT.	Chronic	infection	with	panresistant	organisms	or
active	Mycobacterium	tuberculosis	infection	also	precludes	LT.

DONOR	ALLOCATION	AND	SELECTION
3 	 Until	 the	 spring	 of	 2005,	 as	 established	 by	 UNOS,	 lungs	 were	 allocated
primarily	by	time	on	the	waiting	list	and	not	by	necessity.	In	the	spring	of	2005,
the	system	for	donor	allocation	for	lungs	was	revised	and	priority	was	assigned
for	 lung	 offers	 on	 the	 basis	 of	 a	 benefit-	 or	 need-based	 lung	 allocation	 score
(LAS).30,31	 The	 LAS	 is	 calculated	 using	 the	 following	 measures:	 (1)	 waitlist
urgency	 measure	 (ie,	 the	 expected	 number	 of	 days	 lived	 without	 a	 transplant
during	an	additional	year	on	the	waitlist),	(2)	posttransplant	survival	measure	(ie,
the	expected	number	of	days	lived	during	the	1st	year	after	transplant),	and	(3)
the	 transplant	 benefit	 measure	 (ie,	 the	 posttransplant	 survival	 measure	 minus
waitlist	urgency	measure).31	Now,	over	15	years	 later,	many	of	 the	goals	of	 the
system	 (decreased	 waiting	 list	 deaths	 and	 times	 and	 prioritizing	 patients	 by
urgency	 rather	 than	 time	on	 the	 list)	 are	being	accomplished,	with	 comparable
survival	 rates	 except	 among	 those	 with	 very	 high	 LAS	 scores	 at	 the	 time	 of
transplant.32-35	 For	 example,	 one	 large	 single-center	 study	 demonstrated	 lower
survival	rates	at	30	days,	90	days,	1	year,	and	3	years	(93%,	88%,	72%,	and	52%
vs	 97%,	 94%,	 83%,	 and	 74%,	 respectively)	 among	 patients	 with	 LAS	 scores
>50,	 as	 well	 as	 increased	 morbidity	 including	 prolonged	 need	 for	 ventilatory
support,	 need	 for	 tracheotomy,	 and	 longer	 ICU	 stays.35	 A	 retrospective	 study



utilizing	UNOS	registry	data	similarly	demonstrated	increased	morbidity	among
patients	with	higher	LAS	scores,	including	more	frequent	dialysis,	increased	risk
for	infections,	and	longer	lengths	of	stay.36	There	also	appears	 to	be	a	stepwise
decline	 in	 posttransplantation	 survival	 as	 the	 LAS	 increases.	 Since	 the
implementation	of	the	LAS,	the	distribution	of	patient	diagnoses	on	the	list	and
those	 transplanted	 has	 also	 shifted	 from	 a	 majority	 of	 COPD	 patients	 to	 an
increasing	 number	 of	 patients	 with	 pulmonary	 fibrosis.	 In	 addition,	 sicker
patients	are	now	being	transplanted.

In	the	United	States,	donor	lungs	are	first	distributed	locally,	then	regionally,
and	 finally	 nationally.	 Currently,	 the	 median	 time	 to	 transplant	 for	 waitlist
patients	 is	 approximately	 2.3	 months,	 with	 shorter	 waiting	 periods	 observed
among	patients	with	higher	LAS	scores	(median	0.7	months	for	candidates	with
an	LAS	of	50-100,	1.5	months	for	40-50,	3.1	months	for	35-40,	and	4.4	months
for	 <35).16	 Given	 the	 variability	 in	 waiting	 periods,	 actively	 listed	 patients
require	 close	 monitoring.	 Even	 so,	 a	 small	 percentage	 of	 patients	 die	 while
awaiting	transplantation.

A	shortage	of	donor	organs	remains	the	primary	factor	limiting	the	number	of
LTs	 performed.	 Contributing	 to	 this	 shortage	 is	 the	 estimate	 that	 lungs	 for
transplantation	 are	 procured	 from	 only	 28%	 of	 multiorgan	 donors.37	 The	 vast
majority	of	 transplanted	 lungs	 are	 from	brain-dead	donors.	A	 small	 number	of
LT	procedures	involving	living	related	donors	and	an	increasing	number	of	lung
donors	 from	 donation	 after	 circulatory	 determination	 of	 death	 (DCDD),
previously	 referred	 to	 as	 “donation	 after	 cardiac	 death”	 or	 “non-beating	 heart
donation,”	 have	 been	 performed	 at	 institutions	 specializing	 in	 these
procedures.5,6	In	a	recent	meta-analysis	of	DCDD	donation	involving	271	DCDD
donors	and	2369	donation	after	brain	death	(DBD)	donors,	no	differences	were
found	in	1-year	survival,	incidence	of	PGD,	or	acute	rejection.5	In	another	study
utilizing	 an	 ISHLT	 registry	 of	DCDD	donors,	 306	DBD	 transplantations	were
compared	to	3992	DCDD	transplantations.	The	study	found	that	30-day,	1-year,
and	3-year	survival	rates	were	comparable	between	the	two	groups.	The	DCDD
recipients	 had	 a	 slightly	 longer	 hospital	 stay	 following	 transplantation	 (18	 vs
16	 days).6	 In	 a	 subsequent	 6-year	 single-center	 study	 of	 60	 transplants	 from
DCDD	 donors,	 there	 was	 a	 higher	 incidence	 of	 PGD	 and	 a	 higher	 risk	 of
bronchiolitis	obliterans	syndrome	(BOS)	during	long-term	follow-up.	However,
overall	cumulative	survival	was	not	different.7

The	 usual	 donor	 selection	 criteria	 are	 age	 younger	 than	 60	 to	 65	 years,	 no
history	of	clinically	significant	lung	disease,	normal	results	from	a	sputum	Gram
stain,	and	a	limited	history	of	smoking	(less	than	20	pack-years).	The	lung	fields
should	be	clear	as	demonstrated	by	chest	radiograph.	In	addition,	gas	exchange



should	 be	 adequate	 based	 on	 a	 partial	 pressure	 of	 arterial	 oxygen	 (PaO2)
>300	mm	Hg	while	receiving	fractional	inspired	oxygen	(FiO2)	equal	to	1	(ie,	a
PaO2/FiO2	ratio	>300)	and	positive	end-expiratory	pressure	(PEEP)	of	5	cm	H2O.
Bronchoscopy	is	also	part	of	 the	evaluation	of	 the	donor.	The	main	goal	of	 the
endobronchial	evaluation	is	to	rule	out	gross	aspiration	or	purulent	secretions	in
the	distal	airways.	Lungs	 from	extended	donors	 (ie,	 those	who	do	not	meet	all
the	 criteria	 listed	 earlier)	 are	 now	 more	 frequently	 being	 transplanted	 in	 an
attempt	 to	expand	the	donor	pool.	Commonly	extended	criteria	 include	 the	use
of	 lungs	 from	 older	 donors	 and	 those	 from	 smokers.38,39	 In	 the	 European
transplant	 community,	 lungs	 from	 extended	 donors	 have	 been	 used	 for	 rescue
offers	with	comparable	outcomes.40

Some	 centers	 are	 actively	 engaged	 in	 developing	 protocols	 for	 optimizing
marginal	donor	lungs,	thereby	rendering	them	transplantable.2,3,41	By	instituting	a
protocol	 for	 donor	 management	 interventions	 and	 by	 modifying	 donor
classification	and	selection	criteria,	a	single	organ	procurement	organization	was
able	 to	 increase	 the	 percentage	 of	 lungs	 procured	 from	 12%	 to	 23%	 with	 an
increase	 in	 the	 number	 of	 procedures	 performed,	 without	 adverse	 recipient
outcomes.3	A	 similar	 study	using	a	protocol	of	protective	ventilation	 including
ventilator	 recruitment	 maneuvers,	 high	 levels	 of	 PEEP,	 fluid	 restriction,	 and
hormonal	 resuscitation	 therapy	 also	 showed	 increased	 procurement	 rates	 from
20%	to	50%	without	compromised	survival	or	a	higher	incidence	of	PGD.41	The
use	of	lung-protective	ventilation	strategies	such	as	low	tidal	volume	ventilation
to	 limit	 lung	 injury	 is	 now	 recommended	 when	 managing	 the	 potential	 lung
donor.4,42	 A	 multicenter	 randomized	 controlled	 trial	 of	 potential	 organ	 donors
receiving	lung-protective	ventilation	versus	conventional	ventilator	management
demonstrated	a	significant	increase	in	the	number	of	eligible	(95%	vs	54%)	and
harvested	 (54%	 vs	 27%)	 lungs	 among	 donors	 receiving	 lung-protective
ventilation.	 There	 were	 no	 differences	 in	 6-month	 survival	 among	 recipients
receiving	lungs	from	donors	ventilated	by	either	strategy.2

A	 new	 development	 in	 lung	 donation	 has	 been	 the	 use	 of	 ex	 vivo	 lung
perfusion	 (EVLP),	which	 in	 essence	 “reconditions”	 lungs	 that	 have	previously
not	been	acceptable	for	transplantation.	In	a	prospective	nonrandomized	clinical
trial	 from	 the	 Toronto	 Lung	 Transplant	 Program	 examining	 high-risk	 donor
lungs	 transplanted	after	4	hours	of	EVLP,	similar	outcomes	were	noted	among
recipients	 of	 EVLP	 donor	 lungs	 and	 conventionally	 selected	 donor	 lungs,
including	 incidence	 of	 PGD,	 30-day	 and	 1-year	 mortality,	 bronchial
complications,	duration	of	mechanical	ventilation,	and	hospital	and	ICU	length
of	 stay.8	 Other	 studies	 of	 EVLP	 have	 demonstrated	 similar	 results,	 as	 well	 as



comparable	 incidences	 of	 acute	 rejection	 and	 infection.9,43	 More	 recently,	 the
Toronto	program	reported	similar	long-term	outcomes	for	transplant	recipients	of
both	EVLP-treated	and	non–EVLP-treated	lungs	(73%	vs	72%	at	3	years;	62%
vs	58%	at	5	years;	and	50%	vs	44%	at	9	years),	as	well	as	similarities	in	time	to
chronic	 lung	allograft	dysfunction	 (CLAD)	diagnosis	 (70%	vs	72%	at	3	years;
56%	vs	56%	at	5	years;	and	53%	vs	36%	at	9	years).10

Donors	 are	 excluded	 from	 potential	 lung	 donation	 if	 there	 is	 evidence	 of
active	infection,	HIV,	or	malignancy.	Hepatitis	C	virus-infected	organ	donors	are
now	 more	 commonly	 accepted	 at	 some	 transplant	 centers	 with	 good	 overall
results	 following	 early	 posttransplant	 treatment	 of	 uninfected	 recipients	 with
antiviral	 medications.20-22	 Donor	 and	 recipient	 compatibility	 is	 assessed	 by
matching	A,	B,	and	O	blood	types	and	chest	wall	size.	Human	leukocyte	antigen
(HLA)	 matching	 is	 not	 routinely	 performed	 in	 LT	 except	 in	 patients	 with	 a
history	of	preformed	HLA	antibodies.

SURGICAL	TECHNIQUES
Initially,	 double-lung	 transplantation	 was	 the	 procedure	 of	 choice	 with	 the
anastomosis	 placed	 at	 the	 level	 of	 the	 trachea.	 However,	 the	 rate	 of	 ischemic
airway	complications	was	prohibitive.	Now,	SLT	or	BLT	(essentially	sequential
SLT)	 with	 anastomoses	 at	 the	 level	 of	 the	 mainstem	 bronchi	 is	 the	 preferred
surgical	 technique.	 At	 the	 time	 of	 donor	 harvest,	 the	 donor	 lung	 is	 usually
removed	through	a	median	sternotomy.	The	pulmonary	veins	are	detached	from
the	heart	with	a	residual	5-mm	cuff	of	left	atrium.	Each	pulmonary	artery	and	the
mainstem	 bronchus	 are	 transected	 between	 two	 staple	 lines.	 During
transportation	 to	 the	 recipient	 site,	 the	 partially	 inflated	 donor	 lung	 graft	 is
placed	into	preservation	solution,	usually	a	low-potassium	dextran	solution	with
extracellular	electrolyte	composition	or	a	modified	Euro-Collins	solution	with	an
intracellular	electrolyte	composition	at	4	°C.

For	 SLT,	 the	 recipient	 surgery	 is	 performed	 more	 commonly	 through	 a
posterolateral	 thoracotomy	or	on	occasion	 through	a	midsternotomy	or	vertical
axillary	muscle-sparing	minithoracotomy.	Most	centers	 start	with	 the	bronchial
anastomosis,	without	a	vascular	anastomosis	of	 the	bronchial	circulation	of	 the
recipient	and	donor	lungs.	Most	anastomoses	are	performed	with	an	end-to-end
single	suture	in	the	membranous	portion	and	a	single	or	continuous	suture	in	the
cartilaginous	portion,	without	omental	wrap,	and	telescoping	is	performed	when
the	 donor	 and	 recipient	 bronchi	 differ	 in	 size	 and	 there	 is	 a	 natural,	 unforced
telescoping	 of	 both	 bronchi.44	 After	 the	 bronchial	 anastomosis	 has	 been



performed,	 the	 donor	 pulmonary	 veins	 are	 anastomosed	 end-to-end	 to	 the
recipient’s	 left	 atrium,	 and	 the	pulmonary	arteries	 are	 attached	with	 an	 end-to-
end	anastomosis.44

BLT	is	usually	performed	through	a	transverse	thoracosternotomy	(clamshell
incision),	 bilateral	 anterior	 thoracotomies,	 or	 less	 frequently	 with	 median
sternotomy	 followed	 by	 sequential	 single-lung	 procedures.	 Cardiopulmonary
bypass	 or	 ECMO	 support	 may	 be	 required	 for	 patients	 with	 pulmonary
hypertension	 or	 those	who	 cannot	 tolerate	 single-lung	 ventilation	 or	 perfusion
and	who	 experience	marked	 hypoxemia	 or	 hemodynamic	 instability.	Although
center	specific,	an	increasing	number	of	cases	(nearly	50%	of	LT	procedures	at
some	 institutions)	 is	 performed	 with	 the	 use	 of	 cardiopulmonary	 bypass	 or
ECMO	support.44

GENERAL	POSTOPERATIVE	MANAGEMENT
After	 LT,	 patients	 remain	 intubated,	 require	 mechanical	 ventilation,	 and	 are
transferred	 to	 the	 ICU.	Most	 patients	 are	 ventilated	 in	 a	 volume	 assist-control
mode,	although	in	recent	years	some	transplant	centers	have	changed	to	pressure
assist-control	ventilation.	In	general,	 low	tidal	volume	ventilation	strategies	are
used.	 Airway	 pressures	 are	 kept	 as	 low	 as	 possible	 so	 that	 barotrauma	 and
anastomotic	 dehiscence	 can	 be	 avoided.	 Many	 institutions	 use	 routine
pharmacological	sedation.	Patients	are	generally	maintained	with	 tidal	volumes
of	6	to	8	mL/kg	postoperatively.	At	most	institutions,	a	low	level	of	PEEP	(5.0-
7.5	cm	H2O)	is	applied	immediately	after	lung	expansion	in	the	operating	room
and	is	continued	after	transplantation.	Early	extubation	is	one	of	the	main	goals
after	LT,	and	lung	transplant	recipients	who	do	not	experience	complications	are
extubated	within	the	first	12	to	24	hours	postoperatively	if	they	meet	commonly
accepted	weaning	 criteria.	Both	postural	 drainage	 and	 chest	 physiotherapy	 can
be	 routinely	 employed	 without	 concern	 for	 mechanical	 complications	 at	 the
anastomosis,	 and	 patients	 should	 perform	 incentive	 spirometry	 soon	 after
extubation.

A	 recent	 international	 survey	 of	 mechanical	 ventilation	 practices	 after	 LT
revealed	that	pressure	assist-control	ventilation	was	used	by	37%	of	respondents
and	 volume	 assist-control	 ventilation	 by	 35%.	 Tidal	 volumes	 were	 based	 on
recipient,	not	donor,	characteristics,	and	most	 respondents	selected	6	mL/kg	of
recipient	ideal	body	weight	as	a	target.	Most	respondents	favored	limiting	FiO2

over	PEEP	(69%	vs	31%).	The	median	minimum	PEEP	used	was	5	cm	H2O	and



median	maximum	was	11.5	cm	H2O.	In	the	setting	of	PGD,	the	plateau	pressure
limit	for	adjusting	tidal	volume	was	30	cm	H2O.45

Certain	 patient	 populations	 require	 special	 ventilator	 management.	 Most
patients	with	pulmonary	hypertension	undergo	BLT;	however,	 at	 a	 few	centers
some	patients	undergo	SLT	for	pulmonary	hypertension	with	an	increased	risk	of
reperfusion	pulmonary	edema	because	nearly	all	of	the	cardiac	output	is	going	to
the	newly	implanted	lung.

Patients	with	obstructive	lung	disease	can	encounter	problems	if	the	delivered
tidal	 volume	 or	 the	 required	 levels	 of	 PEEP	 are	 high.	 Occasionally,	 clinically
significant	 acute	native	 lung	hyperinflation	can	occur	and	can	compromise	 the
newly	 transplanted	 lung	and	 lead	 to	hypotension	and	hemodynamic	 instability.
To	reduce	this	problem,	some	transplant	centers	avoid	higher	PEEP	for	patients
undergoing	 SLT	 for	 obstructive	 disease.	 However,	 the	 problem	 is	 magnified
when	 patients	 develop	 primary	 graft	 dysfunction	 or	 pneumonia	 after
transplantation;	 in	 such	 cases,	 the	 compliance	 of	 the	 transplanted	 lung	 is
decreased	 and	 higher	 PEEP	 is	 required	 for	 maintaining	 oxygenation.	 As	 a
consequence,	 the	more	compliant	emphysematous	 lung	becomes	overexpanded
and	can	herniate	toward	the	contralateral	hemithorax.46	Attempts	to	prevent	this
possible	complication	by	using	selective	independent	ventilation	with	a	double-
lumen	endotracheal	tube	have	been	made.	Lung	hyperinflation	is	associated	with
a	 significantly	 longer	 stay	 in	 the	 ICU,	 a	 longer	 duration	 of	 mechanical
ventilation,	and	a	trend	toward	higher	mortality.47

Pain	 control	 is	 usually	 provided	 by	 opiates,	 usually	 fentanyl,	 administered
intravenously,	 or	 morphine	 sulfate	 via	 an	 epidural	 catheter	 with	 a	 patient-
regulated	pain	control	system.

Because	many	patients	 are	nutritionally	depleted	before	 transplantation	as	 a
result	 of	 their	 underlying	 disease,	 postoperative	 nutrition	 is	 important.	 Ideally,
enteral	nutrition	should	be	provided	as	soon	as	tolerated.

Antibiotics	 are	 routinely	 administered	 for	 the	 first	 48	 to	 72	 hours	 after
transplantation.	Antibiotic	regimens	include	broad-spectrum	antibiotic	coverage
for	 both	 gram-negative	 and	 gram-positive	 bacteria.	Most	 centers	 advocate	 for
empiric	anaerobic	coverage.	Gram	stains	and	cultures	of	sputum	from	the	donor
and	the	recipient	may	be	used	when	available	to	guide	the	choice	of	appropriate
antibiotics.	 Many	 centers	 routinely	 use	 antifungal	 agents	 such	 as	 inhaled
amphotericin	 B,	 voriconazole,	 posaconazole,	 or	 isavuconazonium
postoperatively.	 Most	 transplantation	 programs	 administer	 valganciclovir	 for
CMV	prophylaxis	if	either	the	patient	or	donor	CMV	immunoglobulin	G	(IgG)
serology	is	positive	before	surgery.



IMMUNOSUPPRESSION
4 	 Maintenance	 immunosuppression	 after	 LT	 is	 most	 commonly	 a	 three-drug
combination	 consisting	 of	 a	 corticosteroid	 (initially	 methylprednisolone	 and
subsequently	 prednisone),	 a	 calcineurin	 inhibitor	 (either	 tacrolimus	 or
cyclosporine),	 and	 a	 cell	 cycle	 inhibitor	 (either	 mycophenolate	 mofetil	 or
azathioprine).48	 Corticosteroids	 are	 administered	 in	 the	 operating	 room	 as
intravenous	methylprednisolone	0.5	 to	1	g	 (usually	administered	at	 the	 time	of
reperfusion	 as	 part	 of	 an	 induction	 immunosuppression	 regimen)	 and	 then	 at
doses	of	1	 to	3	mg/kg	daily	 for	 the	next	3	days,	 followed	by	0.5	 to	0.8	mg/kg
daily,	which	is	then	converted	to	an	equivalent	oral	prednisone	dose.	Prednisone
can	 then	 be	 reduced	 to	 0.5	 mg/kg	 daily	 for	 the	 1st	 month	 and	 subsequently
tapered	by	5	mg/wk	over	the	next	few	months	to	a	final	maintenance	dose	of	5	to
10	mg	daily.	A	minority	of	transplantation	programs	completely	discontinue	the
administration	of	prednisone	approximately	1	year	after	transplantation.

Tacrolimus	is	typically	dosed	at	approximately	0.1	mg/kg	orally	daily	in	two
divided	 doses,	 or	 as	 a	 single	 dose	 with	 the	 slow-release	 formulation,	 and
adjusted	 to	 maintain	 serum	 trough	 level	 concentrations	 of	 8	 to	 15	 ng/mL.
Cyclosporine	is	generally	dosed	at	5	mg/kg	orally	daily	in	two	divided	doses	and
adjusted	to	maintain	serum	concentrations	of	250	to	350	ng/mL.	Mycophenolate
mofetil	is	dosed	at	1	to	3	g	daily	in	two	divided	doses,	and	azathioprine	is	dosed
at	1	to	2	mg/kg	daily	(adjusted	to	maintain	a	leukocyte	count	higher	than	4000-
4500	per	µL).	The	role	of	sirolimus	and	everolimus,	both	mTOR	inhibitors,	after
LT	remains	to	be	established.	It	is	recommended	that	neither	agent	be	used	in	the
early	perioperative	period	(<10-12	weeks)	due	to	concerns	for	 impaired	wound
healing	and	bronchial	anastomosis	breakdown.

Many	 centers	 currently	 use	 interleukin	 (IL)-2	 receptor	 blockers	 (eg,
basiliximab)	 for	 induction	 immunosuppression	 (along	 with	 high-dose
methylprednisolone).	A	retrospective	registry	analysis	of	the	impact	of	induction
therapy	on	 survival	 following	LT	showed	a	 survival	 advantage	with	 the	use	of
IL-2	 receptor	 antagonists	 in	 both	SLT	 and	BLT	 recipients	 and	with	 the	 use	 of
anti-thymocyte	 globulin	 (ATG),	 another	 less	 commonly	 used	 induction
immunosuppressive	agent,	in	BLT	recipients.49

Physicians	 caring	 for	 transplant	 recipients	 must	 be	 aware	 of	 the	 numerous
drugs	 that	 can	 interact	 with	 tacrolimus	 and	 cyclosporine.	 For	 example,	 azoles
cause	 a	 significant	 increase	 in	 the	 serum	 concentrations	 of	 tacrolimus	 and
cyclosporine.	Likewise,	discontinuing	azole	agents	without	 increasing	 the	dose
of	tacrolimus	or	cyclosporine	can	cause	an	acute	and	life-threatening	decrease	in



the	 therapeutic	 concentrations	 of	 these	 drugs.	 Interactions	 with	 macrolide
antibiotics,	calcium	channel	blockers,	and	gastric	motility	drugs	have	also	been
reported.	 The	 concentrations	 of	 tacrolimus	 or	 cyclosporine	 are	 decreased	 by
rifampin	and	anticonvulsants.

POSTOPERATIVE	COMPLICATIONS

Primary	Graft	Dysfunction
5 	 6 	 Perhaps	 the	 most	 serious	 problem	 in	 the	 postoperative	 period	 after	 LT	 is
PGD.50	 PGD	 is	 a	 form	 of	 acute	 lung	 injury	 occurring	 after	 transplantation
characterized	 by	 hypoxemia	 and	 the	 presence	 of	 alveolar	 infiltrates	 in	 the
allograft(s)	 which	 develop	 within	 72	 hours	 after	 reperfusion.51,52	 In	 2005,	 the
ISHLT	 proposed	 a	 standardized	 definition	 on	 the	 basis	 of	 gas	 exchange
quantified	using	a	PaO2/FiO2	 ratio	 and	 the	presence	of	 radiographic	 infiltrates,
allowing	for	consistent	classification	in	subsequent	studies.51	An	updated	ISHLT
consensus	statement	was	released	in	2017,	which	largely	maintained	the	existing
definition	and	severity	grading	system.52	However,	it	also	provided	an	alternative
grading	schema	using	a	ratio	of	SaO2/FiO2	 in	cases	where	a	PaO2	measurement
was	 unobtainable	 with	 adjusted	 cutoffs	 of	 235	 and	 315,	 extracted	 from	 prior
studies	of	acute	respiratory	distress	syndrome	(Table	58.2).52,53

TABLE	58.2

Grading	of	the	Severity	of	Primary	Graft	Dysfunction

PGD
Grade

Pulmonary	Edema	on	Chest
Radiograph

PaO2/FiO2

Ratio
SpO2/FiO2

Ratioa

0 No >300 >315

1 Yes >300 >315

2 Yes 200-300 235-315

3 Yes <200 <235



aIf	PaO2	measurement	is	not	readily	available.

FiO2,	fraction	of	inspired	oxygen;	PaO2,	partial	pressure	of	arterial	oxygen;	PGD,	primary	graft
dysfunction;	SpO2,	peripheral	capillary	oxygen	saturation.

Adapted	from	Christie	JD,	Carby	M,	Bag	R,	Corris	P,	Hertz	M,	Weill	D.	Report	of	the	ISHLT
Working	Group	on	Primary	Lung	Graft	Dysfunction,	part	II:	definition	—	a	consensus	statement	of
the	International	Society	for	Heart	and	Lung	Transplantation.	J	Heart	Lung	Transplant.
2005;24:1454-1459	and	Snell	GI,	Yusen	RD,	Weill	D,	et	al.	Report	of	the	ISHLT	Working	Group	on
Primary	Lung	Graft	Dysfunction,	part	I:	Definition	and	grading-A	2016	Consensus	Group
statement	of	the	International	Society	for	Heart	and	Lung	Transplantation.	J	Heart	Lung
Transplant.	2017;36:1097-1103.

Prior	 to	 a	more	 uniform	 definition,	 the	 incidence	 of	 PGD	was	 difficult	 to
quantify,	with	 early	 estimates	 ranging	 from	15%	 to	 57%.54	 Subsequent	 studies
applying	 the	 ISHLT	 consensus	 classification	 schema	 reported	 an	 incidence	 of
approximately	30%	overall	and	an	incidence	of	grade	3	PGD	between	48	and	72
hours	of	15%	to	20%.55-57	PGD	is	a	diagnosis	of	exclusion;	the	condition	usually
occurs	within	48	hours	after	LT,	whereas	rejection	and	infection	more	commonly
develop	beyond	the	first	48	hours	after	LT.	A	stenosis	at	the	venous	anastomosis
presents	with	similar	signs	and	symptoms,	but	this	diagnosis	can	be	excluded	by
transesophageal	 echocardiography.	 However,	 because	 the	 timing	 of	 these
disorders	can	vary,	differentiation	may	be	difficult.

5 	 PGD	 can	 persist	 to	 various	 degrees	 for	 days	 after	 LT.	Clinically,	 PGD	 is
characterized	 by	 the	 appearance	 of	 new	 alveolar	 or	 interstitial	 infiltrates	 on
radiographs,	 a	 decrease	 in	 pulmonary	 compliance,	 an	 increase	 in	 pulmonary
vascular	resistance,	and	a	disruption	in	gas	exchange.	The	radiographic	findings
of	these	patients	include	a	perihilar	haze,	patchy	alveolar	consolidations,	and,	in
the	most	severe	form,	dense	perihilar	and	basilar	alveolar	consolidations	with	air
bronchograms	 (Figure	 58.1).	 Pathology	 reports	 from	 biopsy	 specimens,
autopsies,	 or	 lung	 explants	 removed	 during	 retransplantation	 indicate	 diffuse
alveolar	 damage.	 PGD	 usually	 stabilizes	 over	 the	 next	 2	 to	 4	 days	 and	 then
begins	to	resolve,	although	PGD	is	the	single	most	common	cause	of	mortality	in
the	first	30	days	following	transplantation.



	

Figure	 58.1 	 Severe	 primary	 graft	 dysfunction	 following	 a	 right
single-lung	 transplant	 for	 chronic	 obstructive	 pulmonary	 disease	 at
(A)	 0	 hours,	 (B)	 24	 hours,	 (C)	 48	 hours,	 and	 (D)	 72	 hours	 after
reperfusion.(Reprinted	 from	 Lee	 JC,	 Christie	 JD.	 Primary	 graft
dysfunction.	Clin	Chest	Med.	2011;32:279-293,	with	permission	from
Elsevier.)

PGD	 is	 managed	 supportively	 with	 diuretics	 and	 mechanical	 ventilation,
often	 with	 protective	 ventilatory	 strategies	 and	 in	 more	 severe	 cases	 with
venovenous	ECMO	support.50	Despite	 the	widespread	use	of	 low	 tidal	 volume
ventilation,	 tidal	volumes	are	frequently	selected	with	consideration	only	given
to	recipient	characteristics	and	not	donor	characteristics.45,58	Because	endogenous
nitric	oxide	(NO)	activity	decreases	after	LT,	there	are	several	reports	on	the	use
of	inhaled	NO	both	for	the	prevention	and	treatment	of	PGD.59-62	For	example,	in
one	 randomized,	 placebo-controlled	 trial	 (84	 patients),	 the	 prophylactic
inhalation	of	NO	10	minutes	after	reperfusion	and	for	a	minimum	of	6	hours	was
not	 shown	 to	 be	 beneficial	 for	 hemodynamic	 variables,	 reperfusion	 injury,
oxygenation,	time	to	extubation,	length	of	intensive	care	or	hospital	stay,	or	30-
day	mortality.59	Although	likely	not	beneficial	for	preventing	PGD,	inhaled	NO
has	 been	 demonstrated	 to	 be	 an	 effective	 salvage	 therapy	 for	 cases	 of	 severe
PGD	and	refractory	hypoxemia.60-62

The	 use	 of	 artificial	 surfactant	 replacement	 has	 also	 been	 examined.63,64	An
open	randomized	prospective	trial	studying	the	use	of	instilled	bovine	surfactant
immediately	after	establishment	of	the	bronchial	anastomosis	showed	improved
oxygenation	and	decreased	PGD,	shortened	intubation	time,	and	enhanced	early
post-LT	recovery	in	the	treatment	group,	although	an	unusually	high	incidence	of



PGD	was	found	in	the	control	group.63
More	commonly,	venovenous	ECMO	is	being	used	 to	 support	patients	who

have	severe	PGD	following	LT,	with	better	outcomes	reported	in	cases	of	early
ECMO	initiation,	preferably	within	the	first	24	hours	after	transplantation.65-67	In
a	 study	 of	 the	 Extracorporeal	 Life	 Support	Organization	 (ELSO)	 registry,	 151
patients	with	 PGD	 on	 ECMO	were	 identified.	Among	 them,	 42%	 survived	 to
hospital	discharge.	Death	most	commonly	was	attributed	to	multiorgan	failure.66
Finally,	 retransplantation	 has	 been	 performed	 in	 cases	 of	 severe	 PGD	 and
allograft	 failure,	 although	 it	 is	 generally	 not	 recommended	 given	 that	 survival
outcomes	are	quite	poor.68

PGD	remains	a	leading	contributor	to	early	morbidity	and	mortality	following
LT.	The	highest	grade	of	PGD,	grade	3,	has	been	associated	with	 significantly
longer	durations	of	mechanical	ventilation	and	posttransplant	hospital	 length	of
stay,	 as	 well	 as	 increased	 90-day	 and	 1-year	 mortality	 compared	 to	 absent	 or
lower	grades	of	PGD.50,52	Specifically,	in	a	study	of	1255	patients	enrolled	in	the
Lung	Transplant	Outcomes	Group	(LTOG)	registry	between	the	years	2002	and
2010,	 grade	 3	 PGD	 at	 48	 or	 72	 hours	 was	 associated	 with	 a	 23%	 90-day
mortality	rate	compared	to	5%	among	patients	without	grade	3	PGD	and	a	34%
1-year	mortality	rate	compared	to	23%	among	patients	without	grade	3	PGD.55

In	 addition,	 multiple	 studies	 have	 shown	 an	 association	 between	 PGD	 and
risk	 for	 the	 subsequent	 development	 of	 CLAD.69-71	 In	 a	 single-center
retrospective	 cohort	 study	 of	 334	 adult	 lung	 transplant	 recipients,	 severity	 of
PGD	 was	 independently	 associated	 with	 increasing	 risk	 of	 BOS,	 the	 primary
obstructive	 phenoof	 CLAD,	 regardless	 of	 history	 of	 acute	 rejection	 or
community-acquired	viral	infections	(both	of	which	are	independent	risk	factors
for	the	development	of	CLAD).69

Although	 the	 mechanisms	 of	 PGD	 have	 not	 been	 completely	 delineated,
several	 contributing	 factors	 have	 been	 postulated,	 including	 the	 disruption	 of
lymphatics,	 bronchial	 vasculature,	 or	 nerves,	 and	 lung	 injury	 occurring	 either
during	preservation	of	the	graft	or	after	reperfusion.72	Most	likely,	PGD	is	due	to
ischemia-reperfusion	 injury	 leading	 to	 increased	 capillary	 permeability	 and
noncardiogenic	pulmonary	edema.

Multiple	risk	factors	may	be	associated	with	the	development	of	PGD	and	can
be	 subdivided	 into	 donor-related,	 recipient-related,	 perioperative,	 and
postoperative	risk	factors.	Previously	reported	donor-related	risk	factors	include
donor	 age,	 prior	 smoking	history,	 chronic	 alcohol	 use,	African	American	 race,
either	aspiration	or	head	trauma	as	a	mechanism	of	death,	donor	chest	trauma	or
pulmonary	 contusion,	 smoke	 exposure,	 prolonged	 mechanical	 ventilation,
hemodynamic	instability	after	brain	death,	and	massive	donor	transfusion.55,56,73-



75	 Recipient	 variables	 previously	 identified	 as	 risk	 factors	 for	 PGD	 include
overweight	and	obesity,	pulmonary	hypertension	(either	primary	or	secondary),
diagnoses	 of	 IPF	 or	 sarcoidosis,	 female	 sex,	 and	 left	 ventricular	 diastolic
dysfunction.55,56,76,77	A	number	of	perioperative	risk	factors	have	been	identified
in	 large	multicenter	 cohort	 studies,	 including	 higher	 allograft	 reperfusion	FiO2

(>40%),	SLT,	use	of	cardiopulmonary	bypass,	use	of	Euro-Collins	preservation
solution,	 prolonged	 ischemic	 time,	 transfusion	 volumes	 exceeding	 1	 L,	 and
delayed	chest	closure.50,55	Several	early	posttransplant	complications	have	been
identified	 as	 additional	 risk	 factors	 for	 PGD,	 including	 aspiration,	 volume
overload,	 vascular	 anastomotic	 complications,	 hypotension,	 mechanical
ventilation	(particularly	the	use	of	high	tidal	volumes),	and	pneumonia.52

Airway	Complications
7 	 Because	 of	 the	 lack	 of	 revascularization	 of	 the	 bronchial	 circulation,
anastomotic	complications,	such	as	bronchial	dehiscence,	bronchial	stenosis,	and
bronchial	infection,	are	the	main	airway	complications	reported	in	the	first	few
weeks	 to	months	 after	LT.78,79	 The	 incidence	 of	 anastomotic	 complications	 has
decreased	 as	 surgical	 techniques	 have	 improved	 and	 surgeons	 have	 gained
experience	 with	 the	 procedure.	 The	 reported	 incidence	 of	 this	 complication
ranges	 widely.	 More	 recent	 series	 suggest	 a	 range	 of	 7%	 to	 18%	 with	 an
associated	mortality	 of	 2%	 to	 4%.80	 Several	 risk	 factors	 have	 been	 associated
with	 airway	 complications,	with	 compromised	 blood	 flow	 as	 a	 suspected	 final
common	 pathway	 for	 many	 but	 not	 all	 of	 these	 risk	 factors.	 Consistently
identified	 risk	 factors	 for	 airway	 complications	 include	 ischemia	 of	 the	 donor
bronchus	 during	 the	 posttransplantation	 period	 due	 to	 loss	 of	 bronchial	 blood
flow	(only	the	pulmonary	vessels	are	revascularized	during	LT	surgery),	peri-	or
postoperative	hypotension,	certain	surgical	techniques	for	the	anastomosis,	right-
sided	 anastomoses	 (which	 are	 more	 than	 twice	 as	 likely	 to	 develop	 airway
complications	compared	to	left-sided	anastomoses),	length	of	the	donor	bronchi,
PGD,	 acute	 cellular	 rejection,	 and	 microbiologic	 contamination,	 particularly
Aspergillus,	Candida,	Rhizopus,	and	Mucor	species.79

Airway	 complications	 can	 be	 classified	 as	 early	 or	 late.	 Early	 airway
complications	usually	occur	during	the	first	4	 to	12	weeks	after	 transplantation
and	 manifest	 as	 a	 partial	 or	 complete	 anastomotic	 dehiscence	 or	 a	 fungal	 or
bacterial	 (usually	 Staphylococcus	 or	 Pseudomonas	 species)	 anastomotic
infection.	These	conditions	can	subsequently	 result	 in	anastomotic	strictures	or
bronchomalacia.	Clinically,	bronchial	dehiscence	may	cause	prolonged	air	leaks



in	 the	early	posttransplantation	period.	 In	some	cases,	 the	dehiscence	may	also
lead	 to	 infections	 such	 as	 mediastinitis	 or	 empyema	 or	 the	 formation	 of
peribronchial	abscesses	or	fistulas.	Findings	on	chest	radiographs	and	computed
tomography	 (CT)	 scans	 are	 usually	 nonspecific;	 however,	 the	 appearance	 of
extraluminal	air	on	chest	CT	scans	is	very	sensitive	and	specific	for	the	diagnosis
of	anastomotic	dehiscence.

Bronchoscopy	is	the	preferred	diagnostic	method	for	evaluating	the	bronchial
anastomosis.	The	initial	bronchoscopies	are	done	usually	before	extubation	and
again	before	discharge.	 In	addition,	 the	anastomosis	 is	also	evaluated	carefully
during	surveillance	or	clinically	 indicated	bronchoscopy	particularly	during	 the
1st	year.	The	 integrity	of	 the	mucosa	 should	be	assessed	according	 to	 recently
proposed	ISHLT	consensus	guidelines	consisting	of	four	components:	 ischemia
and	necrosis,	dehiscence,	stenosis,	and	malacia.79	In	addition,	specimens	from	a
bronchial	wash	or	brush	should	be	sent	for	cultures	and	cytologic	examination.	If
there	 is	 any	 evidence	 of	 infection,	 antibiotics	 and	 antifungals	 (usually
voriconazole,	posaconazole,	or	isavuconazonium)	should	be	administered	on	the
basis	of	culture	results.

Late	bronchial	anastomotic	complications,	including	stenosis	(most	common),
bronchomalacia,	and	development	of	exophytic	granulation	tissue,	are	often	the
result	 of	 ischemia,	 infection,	 or	 dehiscence	 during	 the	 early	 weeks	 after
transplantation.	These	complications	manifest	themselves	as	cough,	shortness	of
breath,	 wheezing,	 dyspnea	 on	 exertion,	 and	 worsening	 obstruction	 as
documented	by	pulmonary	function	testing.	The	characteristic	flow-volume	loop
demonstrates	 a	 concave	 appearance	 in	 both	 the	 inspiratory	 loop	 and	 the
expiratory	 loop.	 Bronchial	 strictures	 or	 stenosis	 may	 also	 be	 seen	 on	 chest
radiographs	 or	 CT	 scans,	 or	 by	 bronchoscopy.	 Therapeutic	 options	 for
anastomotic	 complications	 include	 balloon	 dilation	 of	 a	 stricture,	 stent
placement,	 cryotherapy,	 argon	 beam	 coagulation,	 laser	 procedures,	 and,	 rarely,
surgery.

Rejection
8 	 Graft	 rejection	 is	 categorized	 clinically	 according	 to	 the	 time	 of	 onset	 after
transplantation	and	the	histopathologic	pattern.	The	 three	 types	of	rejection	are
antibody-mediated	 rejection	 (AMR)	 that	 can	 rarely	 appear	 as	 a	 form	 of
hyperacute	rejection,	acute	cellular	rejection,	and	chronic	rejection.

Hyperacute	Rejection	and	Antibody-Mediated	Rejection



Hyperacute	rejection	is	an	acute	form	of	AMR	caused	by	preexisting	anti-HLA
antibodies	 that	 bind	 to	 the	 donor	 vascular	 epithelium	 and	 lead	 to	 vessel
thrombosis	 because	 of	 complement	 activation.	 Because	 of	 significant
advancements	in	HLA	antibody	testing,	hyperacute	rejection	now	rarely	occurs.

AMR	or	humoral	rejection	is	currently	an	area	of	active	research	in	the	field
of	LT.81,82	AMR	is	characterized	by	local	complement	activation	or	the	presence
of	antibody	to	donor	HLAs	and	may	be	a	 risk	factor	 for	BOS.83	Establishing	a
clinical	 diagnosis	 of	AMR	can	 be	 challenging,	 especially	 given	 donor-specific
antibodies	(DSAs)	may	not	always	be	serologically	present.	Recently,	the	ISHLT
proposed	both	a	definition	and	diagnostic	criteria	for	clinical	AMR	based	on	five
different	 parameters:	 evidence	 of	 allograft	 dysfunction	 (broadly	 defined	 as
alterations	 in	 pulmonary	 physiology,	 gas	 exchange	 properties,	 radiologic
features,	 or	 deteriorating	 functional	 performance),	 lung	 histopathology
demonstrating	capillary	injury,	positive	C4d	staining	using	immunofluorescence
or	immunoperoxidase	assays,	presence	of	circulating	DSAs,	and	the	exclusion	of
other	 causes.17	 Treatment	 of	 AMR	 includes	 plasmapheresis,	 intravenous
immunoglobulin,	 proteasome	 inhibitors	 such	 as	 bortezomib	 and	 carfilzomib,
and/or	rituximab,	a	monoclonal	antibody	against	the	CD20	antigen.

Acute	Cellular	Rejection
Acute	 cellular	 rejection	 is	 the	 predominant	 of	 acute	 lung	 transplant	 rejection,
mediated	 by	 T-lymphocyte	 recognition	 of	 foreign	 major	 histocompatibility
complexes	 (MHC)	 or	 other	 antigens.	 As	 many	 as	 50%	 to	 55%	 of	 patients
experience	acute	rejection	during	the	first	postoperative	months,	and	as	many	as
90%	will	experience	at	least	one	episode	of	acute	rejection	within	the	1st	year.82
Acute	 rejection	 usually	 occurs	 between	 10	 and	 90	 days	 after	 LT.	 It	 is	 not
uncommon	(20%	of	lung	transplant	recipients)	for	a	single	patient	to	experience
either	 recurrent	 (more	 than	 two	 episodes)	 and/or	 persistent	 (failure	 to	 resolve
with	 standard	 therapy)	 rejection.	 Acute	 rejection	 usually	 does	 not	 occur	 as
frequently	after	 the	first	postoperative	year.	Risk	factors	 for	acute	 rejection	are
poorly	defined,	but	HLA	mismatches	may	be	correlated	with	its	occurrence.84,85

Clinically,	 acute	 rejection	 manifests	 itself	 as	 cough,	 shortness	 of	 breath,
malaise,	and	fever.	Occasionally,	the	presentation	is	asymptomatic.	The	majority
of	 transplantation	centers	advocate	surveillance	bronchoscopy	 for	 the	detection
of	 this	 condition,	 although	 outcome	 data	 are	 not	 available.48	 Physical
examination	may	detect	rales	or	wheezing.	The	usefulness	of	chest	radiography
depends	 on	 the	 time	 since	 transplantation.	Typically,	 during	 the	 1st	month	 the
results	 of	 chest	 radiography	 can	 be	 abnormal	 in	 as	many	 as	 75%	 of	 rejection



episodes;	 however,	 the	 results	 of	 radiography	 are	 abnormal	 in	 only	 25%	 of
rejection	episodes	that	occur	more	than	1	month	after	transplantation.	The	most
common	 radiographic	 patterns	 associated	 with	 acute	 rejection	 are	 a	 perihilar
flare,	 and	 alveolar	 or	 interstitial	 localized	or	 diffuse	 infiltrates	with	 or	without
associated	 pleural	 effusion.	 In	 addition,	 CT	may	 show	 ground-glass	 opacities,
septal	thickening,	and	volume	loss.	New	pleural	fluid	or	increases	in	the	amount
of	 pleural	 fluid	 produced	 during	 the	 2nd	 to	 6th	 week	 after	 LT	 are	 common
among	 patients	 with	 acute	 lung	 rejection.	 The	 characteristics	 of	 the	 fluid	 are
consistent	with	those	of	an	exudate,	and	the	total	lymphocyte	count	is	often	more
than	80%	of	the	total	number	of	white	blood	cells.

Physiological	 findings	 during	 periods	 of	 acute	 rejection	 include	 hypoxemia
and	deterioration	 in	pulmonary	 function.	Pulmonary	 function	abnormalities	are
characterized	by	at	least	a	10%	to	15%	decline	in	FEV1	from	baseline	and/or	at
least	a	20%	decline	in	forced	expiratory	flow	(FEF)	over	25%	to	75%	of	expired
vital	 capacity.	Once	again,	 these	changes	are	nonspecific	 and	can	also	be	 seen
with	infectious	processes	and	graft	complications.

Because	 clinical	 criteria	 alone	 cannot	 differentiate	 acute	 rejection	 from
infection	 and	 less	 common	 graft	 complications,	 transbronchial	 biopsy	 (TBBx)
with	 bronchoalveolar	 lavage	 (BAL)	 has	 become	 the	 primary	 diagnostic
procedure.	The	 sensitivity	 of	 diagnosing	 acute	 rejection	by	TBBx	 ranges	 from
61%	 to	 94%,	 and	 the	 specificity	 ranges	 from	 90%	 to	 100%.	 A	 histological
grading	system	for	acute	pulmonary	rejection	was	proposed	in	1990	and	revised
in	 1996	 and	 2007.86	 Pathologically,	 acute	 rejection	 is	 characterized	 by
perivascular,	 mononuclear	 lymphocytic	 infiltrates	 with	 or	 without	 airway
inflammation;	histologically,	it	is	graded	from	A0	to	A4	on	the	basis	of	the	degree
of	 perivascular	 inflammation.	 In	 addition,	 the	 airway	 can	 be	 involved	 by
lymphocytic	bronchitis	or	bronchiolitis,	which	is	graded	(B0,,	B1,	B2,	and	Bx).	As
rejection	 progresses,	 the	 perivascular	 lymphocytic	 infiltrates	 surrounding	 the
venules	 and	 arterioles	 become	 dense	 and	 extend	 into	 the	 perivascular	 and
peribronchiolar	alveolar	septa.	Severe	rejection	may	involve	the	alveolar	space;
parenchymal	necrosis,	hyaline	membranes,	and	necrotizing	vasculitis	have	been
described;	and	respiratory	failure	requiring	mechanical	ventilation	can	occur.

Once	 acute	 rejection	 has	 been	 diagnosed,	 treatment	 consists	 of	 augmenting
the	level	of	immunosuppression.	Intravenous	methylprednisolone	(10-15	mg/kg
daily	 for	 3	 days)	 followed	 by	 an	 increase	 in	 the	 maintenance	 regimen	 of
prednisone	back	up	to	0.5	to	1	mg/kg	daily,	with	tapering	over	the	next	several
weeks,	is	a	standard	treatment	regimen.	Maintenance	immunosuppression	should
also	 be	 augmented.	 Typically,	 symptoms	 resolve	 in	 days,	 and	 histological



follow-up	 3	 to	 4	 weeks	 later	 should	 demonstrate	 resolution.	 Recurrent	 or
persistent	 acute	 rejection	 may	 require	 alteration	 of	 the	 baseline
immunosuppressive	 regimen.	 Cytolytic	 therapy	 (ATG),	 alemtuzumab,
methotrexate,	 extracorporeal	 photopheresis,	 total	 lymphoid	 irradiation,	 inhaled
cyclosporine,	and	cyclophosphamide	have	all	been	used	with	varied	success.87-90

Chronic	Lung	Allograft	Dysfunction
9 	CLAD	encompasses	varied	presentations	of	progressive	allograft	dysfunction
with	obstructive	and	restrictive	physiology.18	The	most	common	form	of	CLAD
has	been	equated	with	 the	histologic	 finding	of	obliterative	bronchiolitis	 (OB).
This	 form	 of	 chronic	 rejection,	 referred	 to	 as	 BOS,	 is	 a	 primary	 cause	 of
morbidity	and	mortality	after	LT	and	the	leading	single	cause	of	death	more	than
1	year	after	 transplantation.23	The	 incidence	of	BOS	ranges	 from	35%	to	50%.
BOS	 has	 been	 defined	 clinically	 by	 an	 obstructive	 functional	 defect	 and
histologically	by	obliteration	of	the	terminal	bronchioles.	BOS	generally	occurs
at	 a	 mean	 of	 16	 to	 20	 months	 after	 LT,	 but	 it	 has	 been	 reported	 as	 early	 as
3	 months	 after	 transplantation.	 More	 than	 50%	 of	 recipients	 will	 experience
some	degree	of	BOS	by	5	years	after	transplantation.23

The	causes	of	and	risk	factors	for	BOS	remain	unclear.	Several	possible	risk
factors	have	been	proposed,	including	uncontrolled	acute	rejection,	lymphocytic
bronchiolitis,	 CMV	 pneumonitis,	 CMV	 infection	 without	 pneumonitis,
community-acquired	respiratory	viruses,	gastroesophageal	 reflux	disease,	PGD,
AMR,	human	leukocyte	antigen	A	(HLA-A)	mismatches,	total	HLA	mismatches,
absence	 of	 donor	 antigen-specific	 hyporeactivity,	 non-CMV	 infection,	 older
donor	 age,	 and	 bronchiolitis	 obliterans	 with	 organizing	 pneumonia.69,91,92	 The
most	 consistently	 identified	 risk	 factor	 is	 acute	 rejection,	 particularly	 among
those	patients	who	experience	recurrent,	high-grade	episodes	of	acute	rejection.

Clinically,	BOS	can	manifest	itself	as	an	upper	respiratory	tract	infection	and
can	be	mistakenly	treated	as	such.	Other	patients	exhibit	no	clinical	symptoms,
but	 pulmonary	 function	 testing	 demonstrates	 gradual	 obstructive	 dysfunction.
FEV1	 has	 been	 the	 standard	 spirometric	 parameter	 used	 for	 diagnosis,	 but
midexpiratory	flow	rates	may	be	a	more	sensitive	parameter	for	early	detection.

BOS	is	generally	considered	a	diagnosis	of	exclusion.	Chest	radiographs	are
not	helpful	in	the	diagnosis	of	BOS	because	radiographic	findings	are	generally
unchanged	 from	baseline	posttransplant	 radiographs.	High-resolution	CT	 scans
may	show	peripheral	bronchiectasis,	patchy	consolidation,	decreased	peripheral
vascular	markings,	mosaic	attenuation	due	 to	air	 trapping,	 tree-in-bud	changes,



or	bronchial	dilation.	Collectively,	these	findings	may	aid	with	the	diagnosis	of
BOS.93	Air	trapping	on	end-expiratory	high-resolution	CT	scans	has	been	shown
to	be	a	sensitive	 (91%)	and	accurate	 (86%)	radiologic	 indicator	of	BOS,	but	 it
may	not	be	able	to	provide	an	early	diagnosis.	TBBx	can	aid	in	the	diagnosis	of
BOS	but	is	predominantly	used	to	exclude	other	causes	of	lung	function	decline
(eg,	acute	rejection).	The	classic	pathologic	finding	is	constrictive	bronchiolitis.
Unfortunately,	the	sensitivity	of	TBBx	for	diagnosing	BOS	is	low,	ranging	from
15%	to	87%.

BOS	 is	 graded	 physiologically	 on	 the	 basis	 of	 the	 degree	 of	 change	 in
pulmonary	 function	 (forced	 expiratory	 volume	 in	 1	 second	 [FEV1])	 from
baseline.18,91	 Because	 of	 the	 variability	 in	 obtaining	 bronchioles	 by	 TBBx,	 the
ISHLT	 has	 established	 a	 staging	 system	 for	 BOS.	 This	 staging	 is	 based	 on	 a
reduction	 in	FEV1	of	more	 than	20%	from	baseline	after	 transplantation	and	 is
associated	 with	 a	 decrease	 in	 the	 FEF	 25%	 to	 75%,	 with	 or	 without	 the
pathologic	documentation	of	OB.91

Once	 BOS	 has	 been	 diagnosed	 histologically	 or	 clinically	 by	 excluding
alternative	 diagnoses,	 treatment	 involves	 administering	 high-dose
methylprednisolone	 followed	 by	 a	 tapering	 course	 of	 oral	 corticosteroids.
Therapy	 may	 stabilize	 pulmonary	 function,	 but	 it	 only	 rarely	 results	 in
substantial	 improvement.	 Alternative	 immunosuppressants	 such	 as	 sirolimus
have	also	been	associated	with	stabilization	of	pulmonary	function	when	used	as
rescue	 treatment	 for	BOS.	Lymphocytic	 depleting	 agents	 such	 as	ATG	are	 the
most	 commonly	 used	 rescue	 medications	 if	 there	 is	 no	 clinical	 response	 to
corticosteroids.	 Several	 studies	 have	 shown	 prevention,	 stabilization,	 and/or
improvement	in	BOS	when	azithromycin	is	added	to	a	treatment	regimen	or	used
prophylactically,	 likely	 due	 to	 the	 immunomodulating	 effects,	 and	 its	 use	 in
patients	with	clinically	diagnosed	BOS	or	a	number	of	BOS	risk	factors	has	now
become	widespread	practice.94,95	Other	alternatives	with	limited	clinical	success
include	 montelukast,	 alemtuzumab,	 basiliximab,	 methotrexate,	 aerosolized
cyclosporine,	total	lymphoid	irradiation,	and	extracorporeal	photopheresis.96-98

Strategies	for	mechanically	ventilating	a	patient	with	BOS	should	be	aimed	at
prolonging	expiratory	time	and	minimizing	risk	for	dynamic	hyperinflation,	akin
to	 ventilatory	 strategies	 in	 severe	 asthma	 exacerbations.	 Infection,	 including
bronchiectasis,	frequently	complicates	intensive	immunosuppression	for	OB	and
may	 result	 in	 death.	 Pseudomonas	 is	 a	 common	 offender,	 and	 aerosolized
aminoglycoside	 antibiotics	 or	 suppressive	 quinolone	 treatment	 may	 be
considered.	Because	most	cases	of	OB	can	only	be	stabilized,	strategies	directed
at	prevention,	early	diagnosis,	and	treatments	are	necessary	for	the	preservation



of	 lung	 function.	 Retransplantation	 has	 been	 performed	 with	 varied	 results.
Survival	 rates	 are	 somewhat	 lower	 than	 those	 after	 the	 initial	 transplantation.
However,	if	indicated,	outcomes	are	superior	when	performed	more	than	1	year
following	 the	 initial	 transplant	 and	 when	 a	 BLT	 is	 performed	 (1	 year,	 71%;
3	years,	46%;	and	5	years,	34%).23,99

9 	A	 less	common	form	of	CLAD,	 the	 restrictive	allograft	 syndrome	 (RAS),
contributes	 to	 approximately	 25%	 to	 35%	 of	 the	 reported	 cases	 and	 carries	 a
worse	 prognosis	 than	 BOS.19	 It	 is	 characterized	 by	 various	 stages	 of	 diffuse
alveolar	 damage	 and	 extensive	 fibrosis	 in	 the	 alveolar	 interstitium,	 visceral
pleura,	 and	 interlobular	 septae.	 RAS	 presents	 radiologically	 as	 upper	 lobe–
dominant	 fibrosis	 and/or	 interstitial	 opacities	 may	 be	 seen	 with	 associated
pleural	 thickening	and	with	a	restrictive	pattern	in	the	lung	function	tests	(total
lung	capacity	below	90%	of	the	best	baseline	posttransplant).19,100,101

Infectious	Complications
Infections	are	an	important	cause	of	early	and	late	morbidity	and	mortality	after
transplantation	and	are	the	leading	single	specific	cause	of	death	during	the	first
year	 following	 the	 transplantation	procedure.23,102	 The	 incidence	 of	 infection	 is
significantly	higher	among	recipients	of	 lung	transplants	 than	among	recipients
of	most	other	solid	organ	transplants.	This	higher	incidence	may	be	related	to	the
continuous	 exposure	 of	 the	 allograft	 to	 environmental	 insults	 and	 pathogens.
Other	 predisposing	 factors	 include	 a	 diminished	 cough	 reflex	 because	 of
denervation,	 poor	 lymphatic	 drainage,	 decreased	 mucociliary	 clearance,
recipient-harbored	 infection,	 and,	 occasionally,	 transfer	 of	 infection	 from	 the
donor	organ.	Nosocomial	infections,	such	as	urinary	tract	infections,	ventilator-
assisted	 pneumonia,	 and	 infections	 at	 the	 site	 of	 the	 surgical	 wound	 or	 at	 a
vascular	access	site,	also	occur	during	the	early	postoperative	period.	However,
in	most	circumstances,	the	allograft(s)	is/are	the	primary	site	of	infection.

Bacterial	Infections
Bacterial	pneumonia	is	the	most	common	life-threatening	infection	that	develops
during	 the	 early	 postoperative	 period.	 Its	 incidence	 during	 the	 first	 two
postoperative	weeks	is	reported	to	be	as	high	as	35%,102-105	and	in	a	single-center
retrospective	 cohort	 study,	 68%	 of	 patients	 developed	 at	 least	 one	 episode	 of
pneumonia.106	 In	 another	 single-center	 study,	 12%	 of	 patients	 suffered	 a
ventilator-associated	pneumonia,	resulting	in	increases	in	hospital	length	of	stay



and	 duration	 of	 mechanical	 ventilation	 and	 an	 increase	 in	 hospital	 mortality.
Pseudomonas	 and	 Enterobacteriaceae	 were	 the	 most	 common	 pathogens,
followed	 by	 Staphylococcus	 aureus.	 Gastroparesis	 was	 associated	 with	 the
development	 of	 pneumonia	 in	 this	 study.107	 The	 incidence	 of	 perioperative
bacterial	 pneumonia	 has	 been	 reduced	 to	 as	 low	 as	 10%	 by	 prophylaxis	 with
broad-spectrum	 antibiotics,	 usually	 an	 antipseudomonal	 cephalosporin	 and
clindamycin,	 and	 by	 routine	 culture	 of	 the	 trachea	 of	 both	 the	 donor	 and	 the
recipient	 at	 the	 time	 of	 transplantation.	 Prophylactic	 antibiotics	 are	 usually
discontinued	after	3	days	 if	 the	 results	of	cultures	are	negative;	 if	positive,	 the
antibiotics	are	 tailored	 to	 the	cultured	organisms.	For	 transplant	recipients	with
bronchiectasis,	 postoperative	 bacterial	 prophylaxis	 is	 usually	 continued	 for
14	days.	The	incidence	of	bacterial	pneumonia	is	high	during	the	first	6	months
after	 transplantation	 but	 decreases	 thereafter,	 although	 a	 second	 late	 peak	 of
incidence	often	occurs	when	immunosuppression	is	augmented	for	the	treatment
of	 acute	 or	 chronic	 rejection.	 During	 the	 early	 posttransplantation	 period,
bacterial	 infection	due	to	Staphylococcus	or,	 less	commonly,	Pseudomonas	can
develop	at	or	distal	to	the	site	of	the	anastomosis.

It	 is	 often	 difficult	 to	 distinguish	 pneumonia	 from	 other	 early	 graft
complications,	such	as	reperfusion	injury,	pulmonary	edema,	rejection,	and	other
causes	 of	 infection.	 In	 addition,	 differentiating	 between	 colonization	 and
invasion	 may	 be	 difficult	 and	 often	 requires	 invasive	 procedures	 such	 as
bronchoscopy	with	BAL,	quantitative	sterile	brush	sampling,	or	TBBx.

Viral	Infections
Viral	 infections	 are	 a	 primary	 cause	 of	 morbidity	 and	 mortality	 among	 lung
transplant	 recipients.	 During	 the	 first	 6	 months	 after	 transplantation,	 CMV
accounts	 for	 most	 of	 the	 viral	 infections	 among	 these	 patients.102,105,108	 The
typical	 time	 period	 for	 the	 development	 of	 CMV	 infection	 is	 30	 to	 150	 days
postoperatively;	 the	 incidence	 of	 illness	 (ie,	 infection	 and	 disease)	 is
approximately	 50%.	 Risk	 factors	 for	 CMV	 disease	 depend	 on	 the	 CMV	 IgG
serology	 status	of	 the	donor	 and	 the	 recipient	 and	on	 the	 use	 of	 high-intensity
immunosuppressive	therapy,	including	cytolytic	therapy.	Approximately	15%	to
35%	of	CMV-positive	patients	who	receive	grafts	from	either	CMV-positive	or
CMV-negative	donors	experience	CMV	disease,	whereas	approximately	55%	of
CMV-negative	 patients	 who	 receive	 a	 graft	 from	 a	 CMV-positive	 donor	 may
experience	 CMV	 disease.	 Most	 studies	 indicate	 that	 CMV	 pneumonitis
contributes	to	the	development	of	chronic	rejection.91

CMV	 can	 cause	 a	 wide	 spectrum	 of	 disease,	 ranging	 from	 asymptomatic



infection,	 such	 as	 shedding	 of	 the	 virus	 in	 the	 urine	 or	 BAL,	 to	 widespread
dissemination.	The	most	common	presentation	of	CMV	among	 lung	 transplant
recipients	 is	 pneumonitis,	 but	 the	 infection	may	also	present	 as	gastroenteritis,
hepatitis,	 or	 colitis.	 CMV	 pneumonitis	 can	 often	 be	 confused	 with	 acute
rejection.	 Clinical	 findings	 of	 CMV	 pneumonitis	 include	 fever,	 cough,	 flulike
illness,	 hypoxemia,	 an	 interstitial	 or	 alveolar	 infiltrate,	 and	 leukopenia.	 A
definitive	diagnosis	of	invasive	disease	requires	cytologic	or	histologic	changes
in	 a	 cell	 preparation	 or	 in	 tissue.	 Therefore,	 diagnosis	 often	 requires	 flexible
bronchoscopy	with	TBBx	and	BAL;	this	combination	can	detect	60%	to	90%	of
CMV	 pneumonias.	 Currently,	 plasma-based	 polymerase	 chain	 reaction	 (PCR)
assays	 are	 used	 to	 screen	 patients	 and	 to	 detect	CMV	 infection.109	 The	 risk	 of
CMV	pneumonitis	after	LT	is	usually	related	to	the	serum	concentration	of	CMV
DNA,	 and	 this	 measure	 is	 used	 in	 many	 programs	 for	 the	 preemptive
management	of	CMV.

The	 pathological	 hallmark	 of	 CMV	 infection	 is	 a	 cytomegalic	 250-nm	 cell
containing	 a	 large	 central	 basophilic	 intranuclear	 inclusion.	 This	 inclusion	 is
referred	to	as	an	“owl’s	eye”	because	it	is	separated	from	the	nuclear	membrane
by	 a	 halo.	 Identifying	 CMV	 cytologically	 is	 very	 specific	 (98%)	 but	 lacks
sensitivity	 (21%)	 for	 detecting	 the	 presence	 of	 infection.	 Other	 pathologic
findings	 in	 the	 lung	 parenchyma	 of	 patients	 with	 CMV	 pneumonia	 include	 a
lymphocytic	and	mononuclear-cell	interstitial	pneumonitis.

Intravenous	ganciclovir	and	oral	valganciclovir	are	currently	the	mainstays	of
therapy	for	invasive	CMV	disease.108	Bone	marrow	toxicity	is	one	of	the	primary
limiting	side	effects	of	ganciclovir	therapy	and	may	necessitate	conversion	to	an
alternative	 agent	 such	 as	 foscarnet	 or	 letermovir.	Most	 centers	 also	 use	CMV-
specific	hyperimmunoglobulin	to	treat	CMV	disease.

Prophylaxis	 against	 CMV	 infections	 has	 become	 an	 important	 strategy	 at
most	 transplantation	 centers.	 Initially,	 some	 centers	 attempted	 to	match	CMV-
negative	 recipients	 with	 CMV-negative	 donors;	 however,	 the	 limited	 donor
supply	did	not	allow	the	continuation	of	this	practice.	The	use	of	CMV-negative
blood	 products	 is	 also	 advised.	 Prophylaxis	with	 ganciclovir	 or	 valganciclovir
seems	to	be	effective	in	delaying	the	onset	of	CMV	infection.	Most	centers	give
prophylaxis	 to	 all	 patients	 except	 CMV-negative	 recipients	who	 receive	 grafts
from	 CMV-negative	 donors.	 Prophylaxis	 is	 usually	 recommended	 for	 at	 least
90	days,	but	the	majority	of	centers,	particularly	for	CMV-negative	recipients	of
grafts	from	CMV-positive	donors,	will	continue	prophylaxis	for	at	least	1	year.	A
randomized,	 controlled,	 multicenter	 study	 examined	 the	 efficacy	 of	 extending
valganciclovir	 prophylaxis	 from	 the	 standard	 3	 to	 12	months	 in	 at-risk	 (either
donor	or	recipient	CMV-positive)	patients.	The	investigators	found	a	significant



reduction	 in	 CMV	 infection,	 disease,	 and	 disease	 severity	 without	 increased
ganciclovir	 resistance	 or	 toxicity	 among	 those	 patients	 receiving	 the	 longer
course	of	therapy.110	More	recently,	 letermovir	has	been	shown	to	be	a	suitable
alternative	 to	 valganciclovir	 or	 ganciclovir	 prophylaxis,	 particularly	 among
patients	who	develop	myelosuppression	on	either	of	these	agents.111,112	However,
prophylactic	 valacyclovir	 or	 acyclovir	 must	 be	 used	 in	 combination	 with
letermovir	 as	 it	 lacks	 activity	 against	 herpes	 simplex	 virus.	 In	 addition,
tacrolimus	 dose	 reduction	 is	 frequently	 required	 for	 patients	 initiated	 on
prophylactic	 letermovir.113	 For	 patients	 at	 highest	 risk	 of	 infection,	 CMV
hyperimmunoglobulin	may	be	added	to	the	regimen.	Preemptive	strategies,	such
as	initiating	treatment	when	a	high	level	of	CMV	DNA	is	detected	by	PCR,	may
also	 delay	 and	 decrease	 the	 severity	 of	 CMV	 infection	 and	 has	 become	 the
standard	of	care	at	many	centers.

Other	 viruses	 that	 affect	 lung	 transplant	 recipients	 include	 herpes	 simplex
virus	 (early	 after	 transplantation)	 and	 community-acquired	 respiratory	 viruses
such	 as	 respiratory	 syncytial	 virus,	 other	 paramyxoviruses	 (such	 as
parainfluenza),	 influenza	 virus,	 metapneumovirus,	 and	 adenovirus.114	 Most
transplantation	programs	 initiate	prophylaxis	with	valacyclovir	or	acyclovir	 for
herpes	 infection	 after	 the	 discontinuation	 of	 ganciclovir	 or	 valganciclovir.
Ribavirin	 has	 been	 used	 to	 treat	 respiratory	 syncytial	 virus	 infection	 in	 both
nebulized	and	oral	 form,	although	 the	 former	 is	 associated	with	bronchospasm
and	potential	teratogenicity	to	health	care	workers.

Fungal	Infections
Fungal	 infections	 are	 more	 common	 among	 recipients	 of	 LTs	 than	 among
recipients	of	some	other	solid	organ	transplantations.115,116	The	overall	incidence
of	 invasive	fungal	 infection	after	LT	ranges	from	15%	to	35%.	Such	infections
usually	 develop	 during	 the	 first	 few	 months	 after	 transplantation.	 Fungal
infections	carry	 the	highest	morbidity	and	mortality	 rates	of	all	 infections	after
transplantation;	mortality	rates	can	range	from	40%	to	70%.
Aspergillus	 species	 such	as	A.	 fumigatus,	A.	 flavus,	A.	 terreus,	 and	A.	 niger

can	be	 colonizing	organisms;	 can	 cause	 an	 infection	 that	 suggests	 an	 indolent,
progressive	 pneumonia;	 or	 can	 cause	 an	 acute	 fulminant	 infection	 that
disseminates	rapidly.	Aspergillus	can	invade	blood	vessels	and	may	appear	as	an
infarct	on	chest	imaging	or	present	with	hemoptysis.	The	radiographic	findings
of	 pulmonary	 aspergillosis	 include	 focal	 lower	 lobe	 infiltrates,	 patchy
bronchopneumonic	 infiltrates,	 single	 or	 multiple	 nodules	 with	 or	 without
cavitation,	 thin-walled	 cavities,	 or	 opacification	 of	 the	 entire	 lung	 graft.	High-



resolution	CT	scans	may	reveal	a	halo	sign	that	is	believed	to	be	pathognomonic
for	angioinvasive	fungal	infections	such	as	aspergillosis.	Other	manifestations	of
Aspergillus	 infection	 include	 pseudomembranous	 tracheobronchitis,	 often	 at
and/or	 distal	 to	 the	 site	 of	 the	 anastomosis.	 Diagnosing	 invasive	 aspergillosis
requires	 identifying	 organisms	 within	 tissues.	 These	 organisms	 can	 appear	 as
septate	hyphae	that	branch	at	acute	angles	and	can	be	detected	on	hematoxylin-
eosin	and	methenamine	silver	stains.

Survival	rates	for	patients	with	Aspergillus	 infection	have	been	improved	by
the	 early	 initiation	 of	 broad-spectrum	 azoles	 (such	 as	 voriconazole,
posaconazole,	 and,	 more	 recently,	 isavuconazonium),	 sometimes	 with	 the
addition	of	an	echinocandin	and/or	a	reduction	in	immunosuppressive	therapy.117
In	 patients	 with	 airway	 involvement	 with	 Aspergillus	 and	 for	 short-term
prophylaxis	 following	 transplantation,	 inhaled	 amphotericin	may	 be	 used.	 It	 is
now	 rare	 to	 require	 systemic	 amphotericin	 or	 the	 less	 nephrotoxic	 liposomal
formulation	of	amphotericin	B.	Prophylaxis	with	azoles	or	less	commonly	with
aerosolized	 amphotericin	 for	 3	 to	 6	months	 has	 shown	promise	 for	 decreasing
the	incidence	of	Aspergillus	infection	after	transplantation.

Candidal	 infections	 may	 occur	 during	 the	 early	 postoperative	 period	 but
usually	 do	 not	 cause	 invasive	 disease.	Candida	 species	 can	 cause	 a	 variety	 of
syndromes	 among	 LT	 recipients;	 these	 syndromes	 include	 mucocutaneous
disease,	 line	 sepsis,	 wound	 infection,	 and,	 rarely,	 pulmonary	 involvement
(including	 pleural-based	 diseases	 such	 as	 empyema).	 Fluconazole	 and
caspofungin	have	emerged	as	effective	alternatives	for	treating	infections	caused
by	 Candida	 albicans.	 Fluconazole	 appears	 to	 be	 less	 active	 against	 other
Candida	species	such	as	C.	glabrata	and	C.	krusei.

Less	 common	 causes	 of	 fungal	 infections	 among	 lung	 transplant	 recipients
include	 Cryptococcus	 neoformans	 and	 the	 dimorphic	 fungi	 (Coccidioides,
Histoplasma,	and	Blastomyces).	The	broad-spectrum	azole	agents	are	the	initial
therapeutic	 choices	 for	 treating	 serious	 infections	 with	 the	 invasive	 mycoses.
Amphotericin	 B	 can	 be	 used	 for	 disseminated	 disease.	 The	 dose,	 duration	 of
therapy,	and	alternative	therapies	differ	depending	on	the	organism.

Other	Infections
Atypical	 pneumonias,	 including	 those	 due	 to	 Legionella,	 Mycobacteria,	 and
Nocardia,	are	uncommon	during	 the	first	month	after	 transplantation	but	occur
among	 2%	 to	 9%	 of	 recipients	 of	 lung	 or	 heart-lung	 transplants.	 At
transplantation	centers	that	routinely	administer	prophylaxis	with	trimethoprim-
sulfamethoxazole	 during	 the	 1st	 year	 after	 transplantation	 and	 continue	 or



reinitiate	 it	 when	 immunosuppression	 is	 augmented,	 the	 incidence	 of
Pneumocystis	pneumonia	is	less	than	1%.

Most	 opportunistic	 infections	 occur	 within	 6	 months	 after	 transplantation.
Sustained	 immunosuppression	 leading	 to	a	decrease	 in	cell-mediated	 immunity
predisposes	 patients	 to	 infections	 with	 opportunistic	 organisms	 such	 as
Aspergillus,	Mycobacterium,	Nocardia,	and	geographically	endemic	fungi.

Miscellaneous	Complications
All	immunosuppressants	are	associated	with	toxicity	and	drug	interactions.118,119
The	details	of	these	complications	are	discussed	in	Chapter	62.	A	unique	toxicity
of	 the	 calcineurin	 agents	 particularly	 when	 used	 with	 sirolimus	 includes
thrombotic	microangiopathy.120

Another	 possible	 complication	 of	 LT	 is	 postoperative	 hemorrhage,	 often
requiring	reexploration.	One	of	 the	early	clues	to	this	diagnosis	 is	radiographic
evidence	 of	 a	 hemothorax	 or	 what	 appears	 to	 be	 a	 retained	 clot,	 or	 a	 large
volume	of	blood	draining	from	the	thoracostomy	tubes.	This	complication	may
occur	more	frequently	among	patients	who	require	cardiopulmonary	bypass	with
its	 attendant	 requirement	 for	 anticoagulation	 or	 among	 patients	 with	 pleural
adhesions	 from	 previous	 procedures	 such	 as	 pleurodesis	 or	 diagnostic	 or
therapeutic	 lung	 surgery.	 Persistent	 air	 leaks	 can	 occasionally	 occur	 but	 are
unlikely,	 unless	 the	 bronchial	 anastomosis	 loses	 its	 integrity	 because	 the	 lung
parenchyma	is	normally	not	entered	during	a	routine	LT	procedure.

In	 addition	 to	 the	 bronchial	 anastomotic	 complications	 discussed	 earlier,
vascular	 anastomotic	 complications	 can	 occur.	 A	 stenosis	 at	 the	 venous
anastomosis	 is	 indicated	 by	 radiographic	 evidence	 of	 pulmonary	 edema	 and
infiltrates;	this	condition	can	be	confused	with	PGD	and	is	usually	diagnosed	by
transesophageal	 echocardiography.	 A	 stenosis	 at	 the	 arterial	 anastomosis	 is
suggested	 by	 unexplained	 gas	 exchange	 abnormalities	 and	 pulmonary
hypertension.121	 Phrenic	 nerve	 dysfunction	 and	 diaphragmatic	 paralysis,	which
occur	 in	conjunction	with	other	 types	of	cardiothoracic	surgery,	occur	after	LT
with	 an	 incidence	 of	 3%	 to	 9%	 and	 are	 associated	with	 a	 prolongation	 in	 the
number	 of	 days	 for	 which	 mechanical	 ventilation	 is	 required,	 an	 increase	 in
length	 of	 stay	 in	 the	 ICU,	 an	 increase	 in	 the	 use	 of	 ICU	 resources,	 and	 an
increase	 in	 the	need	 for	 tracheostomy.122	An	 inability	 to	wean	 the	patient	 from
mechanical	 ventilation	 may	 indicate	 phrenic	 nerve	 dysfunction;	 the	 diagnosis
can	be	confirmed	by	phrenic	nerve	conduction	studies.	For	patients	who	do	not
require	ventilation,	the	diagnosis	of	phrenic	nerve	dysfunction	can	be	made	with
a	fluoroscopic	“sniff	test”	and	more	recently	with	the	use	of	bedside	ultrasound.



If	the	injury	is	the	result	of	stretching	of	the	phrenic	nerve	or	trauma	to	the	nerve
during	the	surgical	procedure	but	the	nerve	is	not	completely	transected,	a	slow
recovery	 can	 be	 anticipated.	 Complete	 transection	 is	 rare,	 but	 the	 damage	 is
permanent.	Diaphragmatic	plication	or	pacing	can	be	performed	in	some	cases.

Pleural	effusions	can	develop	and/or	persist	following	LT.	The	characteristics
of	 these	 effusions	 are	 usually	 lymphocyte-predominant	 exudates	 and	 can	 be
associated	early	on	with	severing	of	the	lymphatics	(ie,	chylous	effusion)	or	with
rejection.	 A	 single-center	 study	 of	 a	 large	 number	 of	 lung	 transplant	 patients
found	 that	27%	of	pleural	effusions	 in	 these	patients	 required	drainage.	Of	 the
effusions,	96%	were	exudates	and	27%	of	patient	had	infected	pleural	effusions
with	organisms	such	as	fungal	pathogens	(specifically	Candida	most	commonly),
followed	by	bacterial	etiologies.	These	infected	effusions	were	characterized	by
high	 lactate	 dehydrogenase	 levels	 and	 neutrophilia.123	 Other	 causes	 of	 pleural
effusions	 include	heart	 failure,	pulmonary	embolism,	and	 trapped	 lung.	Rarely,
pleurodesis	or	decortication	may	be	required.

Lung	 transplant	 recipients	 also	 experience	 gastroparesis,	 severe
gastroesophageal	 reflux	 resulting	 in	 aspiration	 pneumonia,	 and	 an	 increased
incidence	 of	 gastrointestinal	 emergencies.	 These	 conditions	 include	 colonic
perforation,	 small	 bowel	 obstruction,	 diverticulitis,	 CMV	 colitis,	 megacolon,
prolonged	 ileus,	 ischemic	 bowel,	 and	 pancreatitis.124	 Gastroesophageal	 reflux
may	be	more	severe	among	transplant	recipients	with	CF.

Renal	 insufficiency	 is	 also	 a	 frequent	 complication	 among	 lung	 transplant
recipients.	 This	 complication	 can	 arise	 from	 a	 number	 of	 potential	 insults
including	 ischemic	 or	 sepsis-mediated	 acute	 tubular	 necrosis	 and	 medication
nephrotoxicity.	 Another	 study	 reported	 an	 incidence	 of	 acute	 renal	 failure
postoperatively	 in	 39%	 of	 patients	 and	 identified	 the	 use	 of	 aprotinin	 and
bilateral	lung	procedures	as	risk	factors.	Acute	renal	failure	was	not	predictive	of
late	renal	dysfunction	or	decreased	long-term	survival.125

Cardiac	 arrhythmias,	 especially	 atrial	 arrhythmias	 such	 as	 atrial	 fibrillation,
commonly	develop	in	the	perioperative	period	with	an	incidence	of	25%	in	one
study	 with	 resulting	 increase	 in	 length	 of	 hospital	 stay	 and	 increased	 1-year
mortality.	 Risk	 factors	 for	 their	 development	 included	 older	 age,	 diagnosis	 of
pulmonary	 fibrosis,	 right	 ventricular	 dysfunction,	 right	 ventricle	 enlargement,
elevated	 right	atrial	pressure,	 left	 atrial	 enlargement,	diastolic	dysfunction,	and
history	of	coronary	artery	disease.126	Another	study	found	an	incidence	of	atrial
fibrillation	of	35%,	which	was	 associated	with	older	 age	 and	cardiopulmonary
bypass,	 with	 resulting	 increase	 in	 hospital	 length	 of	 stay	 but	 no	 increase	 in
mortality,	ICU	length	of	stay,	or	days	on	mechanical	ventilation.127

In	 one	 series	 of	 lung	 transplant	 recipients,	 the	 incidence	 of	 deep	 venous



thrombosis	and	pulmonary	embolism	was	reported	to	be	9%.	This	complication
was	 believed	 to	 be	 related	 to	 alterations	 in	 coagulability	 leading	 to	 a
hypercoagulable	state	or	hypercoagulability	due	to	their	underlying	disease.128,129

Posttransplant	 lymphoproliferative	 disease	 (PTLD)	 and	 other	 malignancies
can	 occur	 among	 lung	 transplant	 recipients.	 The	 incidence	 of	 PTLD	 after	 LT
reportedly	ranges	from	2%	to	9%.130,131	PTLD	comprises	a	heterogeneous	group
of	 lymphoid	 proliferations,	 usually	 of	 the	 B-cell	 form,	 that	 are	 strongly
associated	with	 the	Epstein-Barr	virus	 (EBV).	Patients	 for	whom	the	results	of
pretransplantation	 serologic	 studies	 are	 negative	 for	 EBV	 but	 who	 receive	 an
organ	from	an	EBV-positive	donor	and	experience	seroconversion	are	at	a	higher
risk	 of	 PTLD.	 Clinically,	 PTLD	 usually	 occurs	 during	 the	 first	 year	 after
transplantation;	 it	 involves	 the	 allograft	 and	 manifests	 itself	 as	 radiographic
findings	of	solitary	or	multiple	pulmonary	nodules.	Treatment	includes	reducing
the	 level	 of	 immunosuppression,	 institution	 of	 antiviral	 therapy,	 and
administering	 the	 anti-CD20	 monoclonal	 antibody	 rituximab.	 In	 some	 cases,
chemotherapy	or	surgery	may	be	indicated.

Hyperammonemia	 syndrome	 after	 LT	 is	 a	 rare	 but	 highly	 morbid	 and
potentially	 fatal	 complication,	 occurring	 in	 1%	 to	 4%	 of	 lung	 transplant
recipients	 and	 resulting	 in	 75%	 mortality.132,133	 Because	 of	 its	 rarity,	 the
pathophysiology	 remains	unclear,	 although	previous	 reports	have	hypothesized
that	 hyperammonemia	 may	 be	 caused	 by	 an	 unmasking	 of	 partial	 urea	 cycle
disorders	 under	 the	 metabolic	 stress	 of	 transplantation	 or	 may	 be	 related	 to
immunosuppressive	 agents,	 particularly	 calcineurin	 inhibitors.	 Systemic
infections	 with	Mycoplasma	 hominis	 or	 Ureaplasma	 species	 have	 also	 been
implicated,	as	these	microbes	metabolize	urea	as	an	energy	source	and	produce
ammonia	 as	 a	 by-product.	 The	 decision	 to	 initiate	 treatment	 for
hyperammonemia	after	transplantation	should	be	individualized	and	dictated	by
clinical	symptoms	as	well	as	blood	ammonia	concentrations.	Treatment	options
generally	 include	bowel	decontamination,	 amino	acid	 supplementation,	 and,	 in
severe	cases,	nitrogen	scavenger	therapy	and	renal	replacement	therapy.

ICU	OUTCOMES
Few	data	are	available	for	predicting	outcomes	and	length	of	ICU	stay	after	LT.
It	is	known	that	the	duration	of	mechanical	ventilation	is	prolonged	and	the	ICU
mortality	 increased	for	patients	who	experience	PGD.	One	study	found	 that	an
immediate	postoperative	PaO2/FiO2	ratio	of	less	than	200	predicted	an	ICU	stay
of	5	days	or	more.134	Another	study	examined	the	value	of	intravascular	volume



status	 and	 central	 venous	 pressure	 (CVP)	 for	 predicting	 ICU	 outcomes;	 the
results	 indicated	 that	 a	 CVP	 higher	 than	 7	 mm	 Hg	 after	 transplantation	 was
associated	 with	 a	 longer	 duration	 of	 mechanical	 ventilation,	 longer	 ICU	 and
hospital	 stays,	and	higher	2-month	mortality	 rates.135	Among	patients	 requiring
prolonged	 ICU	 stays,	 those	who	 underwent	 tracheostomy	were	more	 likely	 to
have	 undergone	 BLT,	 required	 cardiopulmonary	 bypass	 during	 the	 procedure,
experienced	 postoperative	 pneumonia,	 had	more	 severe	 PGD	 at	 48	 hours,	 had
longer	 initial	periods	of	mechanical	ventilation,	and	required	reintubation	more
often.136

In	general,	 the	number	of	 lung	transplant	recipients	who	are	admitted	to	 the
ICU	is	expected	to	increase	as	the	number	of	long-term	survivors	increases.	The
postoperative	 mortality	 rate	 has	 decreased	 because	 of	 improved	 surgical
techniques	 and	 perioperative	 care,	 and	 approximately	 97%	 of	 patients	 are
discharged	 alive	 after	 transplantation.137	 However,	 after	 this	 immediate
posttransplantation	period,	 lung	 transplant	 recipients	are	more	 likely	 than	other
types	 of	 solid-organ	 transplant	 recipients	 to	 experience	 complications	 such	 as
infection	or	rejection	that	necessitate	readmission	to	the	ICU.

Nearly	25%	of	lung	transplant	recipients	require	an	ICU	admission	after	their
initial	hospital	discharge.	The	most	common	admission	diagnoses	are	respiratory
failure	 and	 sepsis.	 These	 patients	 frequently	 require	 mechanical	 ventilation
(53%),	and	their	mortality	rate	is	generally	close	to	40%.	Prognostic	factors	for
mortality	 include	 higher	 acute	 physiology	 and	 chronic	 health	 evaluation
(APACHE)	 scores,	 a	 FEV1	 lower	 than	 the	 patient’s	 best	 posttransplantation
FEV1,	 nonpulmonary	 organ	 dysfunction,	 low	 serum	 albumin	 level,	 and	 longer
duration	of	mechanical	ventilation.138	Patients	admitted	with	a	diagnosis	of	BOS
who	require	mechanical	ventilation	are	at	the	highest	risk	of	mortality.	In	a	large
single-center	study	examining	all	admissions	to	the	MICU	in	patients	>30	days
out	from	LT,	reasons	for	admission	included	respiratory	failure	in	51%	and	acute
rejection	 in	 16%.	 One	 quarter	 of	 patients	 required	 hemodialysis,	 and	 54%
required	mechanical	ventilation.	In	the	study	cohort,	hospital	survival	was	87%,
but	6-month	survival	was	only	56%.	Predictors	of	hospital	survival	were	a	lower
APACHE	 score	 on	 admission	 and	 SLT.	 Functional	 status	 at	 discharge	was	 an
independent	predictor	of	6-month	survival.139	In	another	study,	again	examining
ICU	admissions	at	>30	days	post-LT	patients	with	diagnoses	of	 IPF	or	COPD,
93%	required	mechanical	ventilation.	Septic	shock	was	the	reason	for	admission
in	55%	of	patients.	ICU	mortality	was	63%.	Mortality	was	associated	with	more
frequent	 hospital	 admissions,	 a	 high	 Sequential	 Organ	 Failure	 Assessment
(SOFA)	score,	a	diagnosis	of	sepsis,	and	requirement	for	mechanical	ventilation.



There	 was	 a	 higher	 incidence	 of	 BOS	 among	 nonsurvivors.140	 The	 long-term
survival	 of	 patients	 who	 recover	 from	 an	 ICU	 stay	 is	 also	 compromised;
however,	a	high	percentage	of	patients	(50%)	can	still	enjoy	long-term	survival
after	an	ICU	admission.

SUMMARY
Significant	advances	have	been	made	in	the	field	of	LT	since	its	inception	more
than	30	years	ago,	allowing	this	procedure	to	be	a	successful	therapeutic	option
for	 patients	 with	 end-stage	 pulmonary	 parenchymal	 or	 vascular	 lung	 disease.
However,	despite	these	improvements,	numerous	complications,	many	of	which
are	managed	 by	 critical	 care	 professionals,	 can	 arise	 in	 this	 group	 of	 patients.
Therefore,	it	is	crucial	that	intensivists	maintain	an	understanding	of	the	unique
aspects	of	their	care.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	47-year-old	woman	with	a	history	of	sarcoidosis	who	underwent
bilateral	lung	transplantation	2	months	prior	without	complication	presents	with
acute	hypoxemic	respiratory	failure	and	patchy	multifocal	consolidations	on
high-resolution	chest	CT.	Bacterial	cultures	from	bronchoscopy	with	BAL	are
negative.	Transbronchial	biopsies	confirm	the	presence	of	A2	acute	cellular
rejection.	What	is	the	most	appropriate	treatment?

A. 	Alemtuzumab
B. 	Anti-thymocyte	globulin
C. 	Extracorporeal	photopheresis
D. 	Methylprednisolone

2. 	A	57-year-old	man	undergoes	bilateral	lung	transplantation	for	idiopathic
pulmonary	fibrosis	off	cardiopulmonary	bypass.	His	postoperative	course	is
complicated	by	severe	hypoxemic	respiratory	failure	with	a	PaO2	of	100	mm	Hg
despite	mechanical	ventilation	with	an	FiO2	of	80%	and	PEEP	of	10	cm	H2O.
His	chest	radiograph	shows	bilateral	airspace	opacities.	A	bronchoscopy	with



BAL	is	performed,	and	bacterial	cultures	are	negative.	Which	of	the	following	is
the	most	appropriate	next	step	in	management?

A. 	Empiric	initiation	of	treatment-dose	IV	ganciclovir	while	awaiting
serum	CMV	PCR	testing
B. 	Implementation	of	low	tidal	volume	ventilation	and	administration	of
inhaled	nitric	oxide
C. 	Initiation	of	broad-spectrum	antibiotics	for	presumed	ventilator-
associated	pneumonia
D. 	Transesophageal	echocardiography	to	examine	the	patency	of	the
pulmonary	venous	anastomoses

3. 	Which	of	the	following	candidates	has	an	absolute	contraindication	to	lung
transplantation?

A. 	37-year-old	woman	with	cystic	fibrosis	complicated	by	chronic
Pseudomonas	aeruginosa	colonization
B. 	49-year-old	woman	with	idiopathic	pulmonary	arterial	hypertension
complicated	by	severely	reduced	right	ventricular	systolic	function
C. 	52-year-old	woman	with	connective	tissue	disease–associated
interstitial	lung	disease	and	prior	stage	2B	breast	cancer	in	remission	for
2	years
D. 	71-year-old	man	with	chronic	obstructive	pulmonary	disease	who
quit	smoking	3	years	ago

Answers

1.	The	correct	answer	is	D.
Rationale:	The	most	appropriate	treatment	for	a	first	episode	of	acute	cellular

rejection	 is	 pulse-dose	 methylprednisolone	 (generally	 10	 mg/kg	 for	 3	 days),
followed	 by	 a	 prolonged	 prednisone	 taper	 (choice	D).	 The	 other	 agents	 listed
may	 be	 considered	 in	 cases	 of	 refractory	 rejection	 despite	 administration	 of
glucocorticoids	but	would	not	be	used	to	treat	a	first	episode	of	rejection.

2.	The	correct	answer	is	B.
Rationale:	The	most	likely	diagnosis	is	primary	graft	dysfunction.	Treatment

for	 primary	 graft	 dysfunction	 is	 primarily	 supportive	 with	 the	 use	 of	 lung-
protective	ventilation	and	inhaled	nitric	oxide	to	improve	oxygenation	(choice	B
is	 correct).	 Choice	 A	 is	 incorrect	 given	 CMV	 pneumonitis	 does	 not	 typically



occur	 in	 the	 first	 few	 days	 after	 transplant.	 It	 is	 unlikely	 this	 patient	 has
pneumonia	given	the	findings	on	bronchoscopy;	thus,	empiric	antibiotics	(choice
C)	are	not	necessary.	Choice	D	is	incorrect	given	pulmonary	venous	thrombosis
typically	 presents	 as	 unilateral	 airspace	 opacities.	 Although	 not	 listed	 here,
diuretics	 would	 also	 not	 be	 helpful,	 since	 primary	 graft	 dysfunction	 is
noncardiogenic	in	etiology.

3.	The	correct	answer	is	C.
Rationale:	 The	 patient	 in	 choice	 C	 has	 only	 been	 in	 cancer	 remission	 for

2	years.	A	patient	with	stage	2	breast	cancer	should	be	in	remission	for	at	least
5	 years	 prior	 to	 undergoing	 transplantation	 given	 the	 high	 risk	 for	 recurrence
after	 transplantation.	Pseudomonas	 aeruginosa	 colonization	 (choice	 A)	 would
only	 be	 a	 contraindication	 to	 transplantation	 if	 it	 is	 pan-resistant.	 Right
ventricular	dysfunction	generally	improves	after	transplantation	and	is	thus	not	a
contraindication	 (choice	 B	 is	 incorrect).	 Prior	 tobacco	 use	 disorder	 is	 not	 a
contraindication	to	transplantation	as	long	as	the	patient	quit	smoking	more	than
2	 years	 ago,	 and	 patients	 up	 to	 age	 75	 years	 can	 be	 considered	 for
transplantation,	 assuming	 they	 do	 not	 have	 other	 significant	 comorbidities
(choice	D	is	incorrect).

References

Key	references	are	highlighted	in	gray.

1.	Weill	D,	Benden	C,	Corris	PA,	et	al.	A	consensus	document	for	the	selection
of	lung	transplant	candidates:	2014--an	update	from	the	pulmonary
transplantation	council	of	the	international	society	for	heart	and	lung
transplantation.	J	Heart	Lung	Transplant.	2015;34:1-15.

2.	Mascia	L,	Pasero	D,	Slutsky	AS,	et	al.	Effect	of	a	lung	protective	strategy	for
organ	donors	on	eligibility	and	availability	of	lungs	for	transplantation:	a
randomized	controlled	trial.	JAMA.	2010;304:2620-2627.

3.	Angel	LF,	Levine	DJ,	Restrepo	MI,	et	al.	Impact	of	a	lung	transplantation
donor-management	protocol	on	lung	donation	and	recipient	outcomes.	Am	J
Respir	Crit	Care	Med.	2006;174:710-716.

4.	Kotloff	RM,	Blosser	S,	Fulda	GJ,	et	al.	Management	of	the	potential	organ
donor	in	the	ICU:	society	of	critical	care	medicine/American	college	of	chest
physicians/association	of	organ	procurement	organizations	consensus
statement.	Crit	Care	Med.	2015;43:1291-1325.



5.	Krutsinger	D,	Reed	RM,	Blevins	A,	et	al.	Lung	transplantation	from
donation	after	cardiocirculatory	death:	a	systematic	review	and	meta-
analysis.	J	Heart	Lung	Transplant.	2015;34:675-684.

6.	Cypel	M,	Levvey	B,	Van	Raemdonck	D,	et	al.	International	society	for	heart
and	lung	transplantation	donation	after	circulatory	death	registry	report.	J
Heart	Lung	Transplant.	2015;34:1278-1282.

7.	Sabashnikov	A,	Patil	NP,	Popov	AF,	et	al.	Long-term	results	after	lung
transplantation	using	organs	from	circulatory	death	donors:	a	propensity
score-matched	analysis†.	Eur	J	Cardio	Thorac	Surg.	2016;49:46-53.

8.	Cypel	M,	Yeung	JC,	Machuca	T,	et	al.	Experience	with	the	first	50	ex	vivo
lung	perfusions	in	clinical	transplantation.	J	Thorac	Cardiovasc	Surg.
2012;144:1200-1206.

9.	Fildes	JE,	Archer	LD,	Blaikley	J,	et	al.	Clinical	outcome	of	patients
transplanted	with	marginal	donor	lungs	via	ex	vivo	lung	perfusion	compared
to	standard	lung	transplantation.	Transplantation.	2015;99:1078-1083.

10.	Divithotawela	C,	Cypel	M,	Martinu	T,	et	al.	Long-term	outcomes	of	lung
transplant	with	ex	vivo	lung	perfusion.	JAMA	Surg.	2019;154:1143-1150.

11.	Chiumello	D,	Coppola	S,	Froio	S,	Colombo	A,	Del	Sorbo	L.	Extracorporeal
life	support	as	bridge	to	lung	transplantation:	a	systematic	review.	Crit	Care.
2015;19:19.

12.	Hakim	AH,	Ahmad	U,	McCurry	KR,	et	al.	Contemporary	outcomes	of
extracorporeal	membrane	oxygenation	used	as	bridge	to	lung	transplantation.
Ann	Thorac	Surg.	2018;106:192-198.

13.	Crotti	S,	Iotti	GA,	Lissoni	A,	et	al.	Organ	allocation	waiting	time	during
extracorporeal	bridge	to	lung	transplant	affects	outcomes.	Chest.
2013;144:1018-1025.

14.	Tipograf	Y,	Salna	M,	Minko	E,	et	al.	Outcomes	of	extracorporeal
membrane	oxygenation	as	a	bridge	to	lung	transplantation.	Ann	Thorac	Surg.
2019;107:1456-1463.

15.	Chambers	DC,	Cherikh	WS,	Harhay	MO,	et	al.	The	international	thoracic
organ	transplant	registry	of	the	international	society	for	heart	and	lung
transplantation:	thirty-sixth	adult	lung	and	heart-lung	transplantation	report-
2019;	focus	theme	–	donor	and	recipient	size	match.	J	Heart	Lung
Transplant.	2019;38:1042-1055.

16.	Valapour	M,	Lehr	CJ,	Skeans	MA,	et	al.	OPTN/SRTR	2019	annual	data
report:	lung.	Am	J	Transplant.	2021;21(suppl	2):441-520.



17.	Levine	DJ,	Glanville	AR,	Aboyoun	C,	et	al.	Antibody-mediated	rejection	of
the	lung:	a	consensus	report	of	the	international	society	for	heart	and	lung
transplantation.	J	Heart	Lung	Transplant.	2016;35:397-406.

18.	Verleden	GM,	Glanville	AR,	Lease	ED,	et	al.	Chronic	lung	allograft
dysfunction:	definition,	diagnostic	criteria,	and	approaches	to	treatment-A
consensus	report	from	the	Pulmonary	Council	of	the	ISHLT.	J	Heart	Lung
Transplant.	2019;38:493-503.

19.	Glanville	AR,	Verleden	GM,	Todd	JL,	et	al.	Chronic	lung	allograft
dysfunction:	definition	and	update	of	restrictive	allograft	syndrome-A
consensus	report	from	the	Pulmonary	Council	of	the	ISHLT.	J	Heart	Lung
Transplant.	2019;38:483-492.

20.	Aslam	S,	Grossi	P,	Schlendorf	KH,	et	al.	Utilization	of	hepatitis	C	virus-
infected	organ	donors	in	cardiothoracic	transplantation:	an	ISHLT	expert
consensus	statement.	J	Heart	Lung	Transplant.	2020;39:418-432.

21.	Woolley	AE,	Singh	SK,	Goldberg	HJ,	et	al.	Heart	and	lung	transplants	from
HCV-infected	donors	to	uninfected	recipients.	N	Engl	J	Med.
2019;380:1606-1617.

22.	Cypel	M,	Feld	JJ,	Galasso	M,	et	al.	Prevention	of	viral	transmission	during
lung	transplantation	with	hepatitis	C-viraemic	donors:	an	open-label,	single-
centre,	pilot	trial.	Lancet	Respir	Med.	2020;8:192-201.

23.	Yusen	RD,	Edwards	LB,	Kucheryavaya	AY,	et	al.	The	registry	of	the
international	society	for	heart	and	lung	transplantation:	thirty-second	official
adult	lung	and	heart-lung	transplantation	report--2015;	focus	theme	–	early
graft	failure.	J	Heart	Lung	Transplant.	2015;34:1264-1277.

24.	Stephenson	AL,	Sykes	J,	Berthiaume	Y,	et	al.	Clinical	and	demographic
factors	associated	with	post-lung	transplantation	survival	in	individuals	with
cystic	fibrosis.	J	Heart	Lung	Transplant.	2015;34:1139-1145.

25.	Vermeijden	JW,	Zijlstra	JG,	Erasmus	ME,	van	der	Bij	W,	Verschuuren	EA.
Lung	transplantation	for	ventilator-dependent	respiratory	failure.	J	Heart
Lung	Transplant.	2009;28:347-351.

26.	Mason	DP,	Thuita	L,	Nowicki	ER,	Murthy	SC,	Pettersson	GB,	Blackstone
EH.	Should	lung	transplantation	be	performed	for	patients	on	mechanical
respiratory	support?	The	US	experience.	J	Thorac	Cardiovasc	Surg.
2010;139:765-773.e1.

27.	Courtwright	AM,	El-Chemaly	S,	Dellaripa	PF,	Goldberg	HJ.	Survival	and
outcomes	after	lung	transplantation	for	non-scleroderma	connective	tissue-



related	interstitial	lung	disease.	J	Heart	Lung	Transplant.	2017;36:763-769.
28.	Crespo	MM,	Bermudez	CA,	Dew	MA,	et	al.	Lung	transplant	in	patients
with	scleroderma	compared	with	pulmonary	fibrosis:	short-	and	long-term
outcomes.	Ann	Am	Thorac	Soc.	2016;13:784-792.

29.	Bernstein	EJ,	Bathon	JM,	Lederer	DJ.	Survival	of	adults	with	systemic
autoimmune	rheumatic	diseases	and	pulmonary	arterial	hypertension	after
lung	transplantation.	Rheumatology	(Oxford).	2018;57:831-834.

30.	Organ	Procurement	and	Transplant	Network.	Lung	Allocation	Score	(LAS)
Calculator.	Accessed	April	27,	2021.
http://optn.transplant.hrsa.gov/resources/allocation-calculators/las-calculator/

31.	Davis	SQ,	Garrity	ER,	Jr.	Organ	allocation	in	lung	transplant.	Chest.
2007;132:1646-1651.

32.	Liu	V,	Zamora	MR,	Dhillon	GS,	Weill	D.	Increasing	lung	allocation	scores
predict	worsened	survival	among	lung	transplant	recipients.	Am	J
Transplant.	2010;10:915-920.

33.	Merlo	CA,	Weiss	ES,	Orens	JB,	et	al.	Impact	of	U.S.	Lung	Allocation	Score
on	survival	after	lung	transplantation.	J	Heart	Lung	Transplant.
2009;28:769-775.

34.	Egan	TM,	Edwards	LB.	Effect	of	the	lung	allocation	score	on	lung
transplantation	in	the	United	States.	J	Heart	Lung	Transplant.	2016;35:433-
439.

35.	Horai	T,	Shigemura	N,	Gries	C,	et	al.	Lung	transplantation	for	patients	with
high	lung	allocation	score:	single-center	experience.	Ann	Thorac	Surg.
2012;93:1592-1597.	discussion	7.

36.	Russo	MJ,	Iribarne	A,	Hong	KN,	et	al.	High	lung	allocation	score	is
associated	with	increased	morbidity	and	mortality	following	transplantation.
Chest.	2010;137:651-657.

37.	Organ	Procurement	and	Transplant	Network.	Data.	Accessed	April	27,
2021.	https://optn.transplant.hrsa.gov/data/

38.	Taghavi	S,	Jayarajan	SN,	Komaroff	E,	et	al.	Single-lung	transplantation	can
be	performed	with	acceptable	outcomes	using	selected	donors	with	heavy
smoking	history.	J	Heart	Lung	Transplant.	2013;32:1005-1012.

39.	Baldwin	MR,	Peterson	ER,	Easthausen	I,	et	al.	Donor	age	and	early	graft
failure	after	lung	transplantation:	a	cohort	study.	Am	J	Transplant.
2013;13:2685-2695.

40.	Sommer	W,	Kühn	C,	Tudorache	I,	et	al.	Extended	criteria	donor	lungs	and

http://optn.transplant.hrsa.gov/resources/allocation-calculators/las-calculator/
https://optn.transplant.hrsa.gov/data/


clinical	outcome:	results	of	an	alternative	allocation	algorithm.	J	Heart	Lung
Transplant.	2013;32:1065-1072.

41.	Miñambres	E,	Coll	E,	Duerto	J,	et	al.	Effect	of	an	intensive	lung	donor-
management	protocol	on	lung	transplantation	outcomes.	J	Heart	Lung
Transplant.	2014;33:178-184.

42.	Bansal	R,	Esan	A,	Hess	D,	et	al.	Mechanical	ventilatory	support	in	potential
lung	donor	patients.	Chest.	2014;146:220-227.

43.	Boffini	M,	Ricci	D,	Bonato	R,	et	al.	Incidence	and	severity	of	primary	graft
dysfunction	after	lung	transplantation	using	rejected	grafts	reconditioned
with	ex	vivo	lung	perfusion.	Eur	J	Cardio	Thorac	Surg.	2014;46:789-793.

44.	Hayanga	JW,	D’Cunha	J.	The	surgical	technique	of	bilateral	sequential	lung
transplantation.	J	Thorac	Dis.	2014;6:1063-1069.

45.	Beer	A,	Reed	RM,	Bölükbas	S,	et	al.	Mechanical	ventilation	after	lung
transplantation.	An	international	survey	of	practices	and	preferences.	Ann
Am	Thorac	Soc.	2014;11:546-553.

46.	Ahya	VN,	Kawut	SM.	Noninfectious	pulmonary	complications	after	lung
transplantation.	Clin	Chest	Med.	2005;26:613-622.	vi.

47.	Anglès	R,	Tenorio	L,	Roman	A,	Soler	J,	Rochera	M,	de	Latorre	FJ.	Lung
transplantation	for	emphysema.	Lung	hyperinflation:	incidence	and	outcome.
Transpl	Int.	2005;17:810-814.

48.	Levine	SM.	A	survey	of	clinical	practice	of	lung	transplantation	in	North
America.	Chest.	2004;125:1224-1238.

49.	Hachem	RR,	Edwards	LB,	Yusen	RD,	Chakinala	MM,	Alexander	Patterson
G,	Trulock	EP.	The	impact	of	induction	on	survival	after	lung
transplantation:	an	analysis	of	the	International	Society	for	Heart	and	Lung
Transplantation	Registry.	Clin	Transplant.	2008;22:603-608.

50.	Shah	RJ,	Diamond	JM.	Primary	graft	dysfunction	(PGD)	following	lung
transplantation.	Semin	Respir	Crit	Care	Med.	2018;39:148-154.

51.	Christie	JD,	Carby	M,	Bag	R,	Corris	P,	Hertz	M,	Weill	D.	Report	of	the
ISHLT	working	group	on	primary	lung	graft	dysfunction,	part	II:	definition
—a	consensus	statement	of	the	international	society	for	heart	and	lung
transplantation.	J	Heart	Lung	Transplant.	2005;24:1454-1459.

52.	Snell	GI,	Yusen	RD,	Weill	D,	et	al.	Report	of	the	ISHLT	working	group	on
primary	lung	graft	dysfunction,	part	I:	definition	and	grading-A	2016
consensus	group	statement	of	the	international	society	for	heart	and	lung
transplantation.	J	Heart	Lung	Transplant.	2017;36:1097-1103.



53.	Rice	TW,	Wheeler	AP,	Bernard	GR,	Hayden	DL,	Schoenfeld	DA,	Ware	LB.
Comparison	of	the	SpO2/FIO2	ratio	and	the	PaO2/FIO2	ratio	in	patients	with
acute	lung	injury	or	ARDS.	Chest.	2007;132:410-417.

54.	Christie	JD,	Bavaria	JE,	Palevsky	HI,	et	al.	Primary	graft	failure	following
lung	transplantation.	Chest.	1998;114:51-60.

55.	Diamond	JM,	Lee	JC,	Kawut	SM,	et	al.	Clinical	risk	factors	for	primary
graft	dysfunction	after	lung	transplantation.	Am	J	Respir	Crit	Care	Med.
2013;187:527-534.

56.	Diamond	JM,	Arcasoy	S,	Kennedy	CC,	et	al.	Report	of	the	international
society	for	heart	and	lung	transplantation	working	group	on	primary	lung
graft	dysfunction,	part	II:	epidemiology,	risk	factors,	and	outcomes-A	2016
consensus	group	statement	of	the	international	society	for	heart	and	lung
transplantation.	J	Heart	Lung	Transplant.	2017;36:1104-1113.

57.	Christie	JD,	Bellamy	S,	Ware	LB,	et	al.	Construct	validity	of	the	definition
of	primary	graft	dysfunction	after	lung	transplantation.	J	Heart	Lung
Transplant.	2010;29:1231-1239.

58.	Currey	J,	Pilcher	DV,	Davies	A,	et	al.	Implementation	of	a	management
guideline	aimed	at	minimizing	the	severity	of	primary	graft	dysfunction	after
lung	transplant.	J	Thorac	Cardiovasc	Surg.	2010;139:154-161.

59.	Meade	MO,	Granton	JT,	Matte-Martyn	A,	et	al.	A	randomized	trial	of
inhaled	nitric	oxide	to	prevent	ischemia-reperfusion	injury	after	lung
transplantation.	Am	J	Respir	Crit	Care	Med.	2003;167:1483-1489.

60.	Date	H,	Triantafillou	AN,	Trulock	EP,	Pohl	MS,	Cooper	JD,	Patterson	GA.
Inhaled	nitric	oxide	reduces	human	lung	allograft	dysfunction.	J	Thorac
Cardiovasc	Surg.	1996;111:913-919.

61.	Adatia	I,	Lillehei	C,	Arnold	JH,	et	al.	Inhaled	nitric	oxide	in	the	treatment
of	postoperative	graft	dysfunction	after	lung	transplantation.	Ann	Thorac
Surg.	1994;57:1311-1318.

62.	Macdonald	P,	Mundy	J,	Rogers	P,	et	al.	Successful	treatment	of	life-
threatening	acute	reperfusion	injury	after	lung	transplantation	with	inhaled
nitric	oxide.	J	Thorac	Cardiovasc	Surg.	1995;110:861-863.

63.	Amital	A,	Shitrit	D,	Raviv	Y,	et	al.	The	use	of	surfactant	in	lung
transplantation.	Transplantation.	2008;86:1554-1559.

64.	Strüber	M,	Fischer	S,	Niedermeyer	J,	et	al.	Effects	of	exogenous	surfactant
instillation	in	clinical	lung	transplantation:	a	prospective,	randomized	trial.	J
Thorac	Cardiovasc	Surg.	2007;133:1620-1625.



65.	Wigfield	CH,	Lindsey	JD,	Steffens	TG,	Edwards	NM,	Love	RB.	Early
institution	of	extracorporeal	membrane	oxygenation	for	primary	graft
dysfunction	after	lung	transplantation	improves	outcome.	J	Heart	Lung
Transplant.	2007;26:331-338.

66.	Fischer	S,	Bohn	D,	Rycus	P,	et	al.	Extracorporeal	membrane	oxygenation
for	primary	graft	dysfunction	after	lung	transplantation:	analysis	of	the
Extracorporeal	Life	Support	Organization	(ELSO)	registry.	J	Heart	Lung
Transplant.	2007;26:472-477.

67.	Bermudez	CA,	Adusumilli	PS,	McCurry	KR,	et	al.	Extracorporeal
membrane	oxygenation	for	primary	graft	dysfunction	after	lung
transplantation:	long-term	survival.	Ann	Thorac	Surg.	2009;87:854-860.

68.	Kawut	SM,	Lederer	DJ,	Keshavjee	S,	et	al.	Outcomes	after	lung
retransplantation	in	the	modern	era.	Am	J	Respir	Crit	Care	Med.
2008;177:114-120.

69.	Daud	SA,	Yusen	RD,	Meyers	BF,	et	al.	Impact	of	immediate	primary	lung
allograft	dysfunction	on	bronchiolitis	obliterans	syndrome.	Am	J	Respir	Crit
Care	Med.	2007;175:507-513.

70.	Fisher	AJ,	Wardle	J,	Dark	JH,	Corris	PA.	Non-immune	acute	graft	injury
after	lung	transplantation	and	the	risk	of	subsequent	bronchiolitis	obliterans
syndrome	(BOS).	J	Heart	Lung	Transplant.	2002;21:1206-1212.

71.	Whitson	BA,	Prekker	ME,	Herrington	CS,	et	al.	Primary	graft	dysfunction
and	long-term	pulmonary	function	after	lung	transplantation.	J	Heart	Lung
Transplant.	2007;26:1004-1011.

72.	Schnickel	GT,	Ross	DJ,	Beygui	R,	et	al.	Modified	reperfusion	in	clinical
lung	transplantation:	the	results	of	100	consecutive	cases.	J	Thorac
Cardiovasc	Surg.	2006;131:218-223.

73.	de	Perrot	M,	Bonser	RS,	Dark	J,	et	al.	Report	of	the	ISHLT	working	group
on	primary	lung	graft	dysfunction	part	III:	donor-related	risk	factors	and
markers.	J	Heart	Lung	Transplant.	2005;24:1460-1467.

74.	Borders	CF,	Suzuki	Y,	Lasky	J,	et	al.	Massive	donor	transfusion	potentially
increases	recipient	mortality	after	lung	transplantation.	J	Thorac	Cardiovasc
Surg.	2017;153:1197-1203.e2.

75.	Pelaez	A,	Mitchell	PO,	Shah	NS,	et	al.	The	role	of	donor	chronic	alcohol
abuse	in	the	development	of	primary	graft	dysfunction	in	lung	transplant
recipients.	Am	J	Med	Sci.	2015;349:117-123.

76.	Porteous	MK,	Ky	B,	Kirkpatrick	JN,	et	al.	Diastolic	dysfunction	increases



the	risk	of	primary	graft	dysfunction	after	lung	transplant.	Am	J	Respir	Crit
Care	Med.	2016;193:1392-1400.

77.	Porteous	MK,	Lee	JC,	Lederer	DJ,	et	al.	Clinical	risk	factors	and	prognostic
model	for	primary	graft	dysfunction	after	lung	transplantation	in	patients
with	pulmonary	hypertension.	Ann	Am	Thorac	Soc.	2017;14:1514-1522.

78.	Machuzak	M,	Santacruz	JF,	Gildea	T,	Murthy	SC.	Airway	complications
after	lung	transplantation.	Thorac	Surg	Clin.	2015;25:55-75.

79.	Crespo	MM,	McCarthy	DP,	Hopkins	PM,	et	al.	ISHLT	Consensus
Statement	on	adult	and	pediatric	airway	complications	after	lung
transplantation:	definitions,	grading	system,	and	therapeutics.	J	Heart	Lung
Transplant.	2018;37:548-563.

80.	Santacruz	JF,	Mehta	AC.	Airway	complications	and	management	after	lung
transplantation:	ischemia,	dehiscence,	and	stenosis.	Proc	Am	Thorac	Soc.
2009;6:79-93.

81.	Hachem	R.	Antibody-mediated	lung	transplant	rejection.	Curr	Respir	Care
Rep.	2012;1:157-161.

82.	Martinu	T,	Howell	DN,	Palmer	SM.	Acute	cellular	rejection	and	humoral
sensitization	in	lung	transplant	recipients.	Semin	Respir	Crit	Care	Med.
2010;31:179-188.

83.	Witt	CA,	Gaut	JP,	Yusen	RD,	et	al.	Acute	antibody-mediated	rejection	after
lung	transplantation.	J	Heart	Lung	Transplant.	2013;32:1034-1040.

84.	Martinu	T,	Pavlisko	EN,	Chen	DF,	Palmer	SM.	Acute	allograft	rejection:
cellular	and	humoral	processes.	Clin	Chest	Med.	2011;32:295-310.

85.	McManigle	W,	Pavlisko	EN,	Martinu	T.	Acute	cellular	and	antibody-
mediated	allograft	rejection.	Semin	Respir	Crit	Care	Med.	2013;34:320-335.

86.	Stewart	S,	Fishbein	MC,	Snell	GI,	et	al.	Revision	of	the	1996	working
formulation	for	the	standardization	of	nomenclature	in	the	diagnosis	of	lung
rejection.	J	Heart	Lung	Transplant.	2007;26:1229-1242.

87.	Iacono	AT,	Johnson	BA,	Grgurich	WF,	et	al.	A	randomized	trial	of	inhaled
cyclosporine	in	lung-transplant	recipients.	N	Engl	J	Med.	2006;354:141-150.

88.	Ross	HJ,	Gullestad	L,	Pak	J,	Slauson	S,	Valantine	HA,	Hunt	SA.
Methotrexate	or	total	lymphoid	radiation	for	treatment	of	persistent	or
recurrent	allograft	cellular	rejection:	a	comparative	study.	J	Heart	Lung
Transplant.	1997;16:179-189.

89.	Dall’Amico	R,	Murer	L.	Extracorporeal	photochemotherapy:	a	new
therapeutic	approach	for	allograft	rejection.	Transfus	Apher	Sci.



2002;26:197-204.
90.	Reams	BD,	Musselwhite	LW,	Zaas	DW,	et	al.	Alemtuzumab	in	the
treatment	of	refractory	acute	rejection	and	bronchiolitis	obliterans	syndrome
after	human	lung	transplantation.	Am	J	Transplant.	2007;7:2802-2808.

91.	Meyer	KC,	Raghu	G,	Verleden	GM,	et	al.	An	international
ISHLT/ATS/ERS	clinical	practice	guideline:	diagnosis	and	management	of
bronchiolitis	obliterans	syndrome.	Eur	Respir	J.	2014;44:1479-1503.

92.	Weigt	SS,	Wallace	WD,	Derhovanessian	A,	et	al.	Chronic	allograft
rejection:	epidemiology,	diagnosis,	pathogenesis,	and	treatment.	Semin
Respir	Crit	Care	Med.	2010;31:189-207.

93.	de	Jong	PA,	Dodd	JD,	Coxson	HO,	et	al.	Bronchiolitis	obliterans	following
lung	transplantation:	early	detection	using	computed	tomographic	scanning.
Thorax.	2006;61:799-804.

94.	Corris	PA,	Ryan	VA,	Small	T,	et	al.	A	randomised	controlled	trial	of
azithromycin	therapy	in	bronchiolitis	obliterans	syndrome	(BOS)	post	lung
transplantation.	Thorax.	2015;70:442-450.

95.	Ruttens	D,	Verleden	SE,	Vandermeulen	E,	et	al.	Prophylactic	azithromycin
therapy	after	lung	transplantation:	post	hoc	analysis	of	a	randomized
controlled	trial.	Am	J	Transplant.	2016;16:254-261.

96.	Del	Fante	C,	Scudeller	L,	Oggionni	T,	et	al.	Long-term	off-line
extracorporeal	photochemotherapy	in	patients	with	chronic	lung	allograft
rejection	not	responsive	to	conventional	treatment:	a	10-year	single-centre
analysis.	Respiration.	2015;90:118-128.

97.	Ruttens	D,	Verleden	SE,	Demeyer	H,	et	al.	Montelukast	for	bronchiolitis
obliterans	syndrome	after	lung	transplantation:	a	randomized	controlled	trial.
PLoS	One.	2018;13:e0193564.

98.	Benden	C,	Haughton	M,	Leonard	S,	Huber	LC.	Therapy	options	for	chronic
lung	allograft	dysfunction-bronchiolitis	obliterans	syndrome	following	first-
line	immunosuppressive	strategies:	a	systematic	review.	J	Heart	Lung
Transplant.	2017;36:921-933.

99.	Thomas	M,	Belli	EV,	Rawal	B,	Agnew	RC,	Landolfo	KP.	Survival	after
lung	retransplantation	in	the	United	States	in	the	current	era	(2004	to	2013):
better	or	worse?	Ann	Thorac	Surg.	2015;100:452-457.

100.	Verleden	GM,	Raghu	G,	Meyer	KC,	Glanville	AR,	Corris	P.	A	new
classification	system	for	chronic	lung	allograft	dysfunction.	J	Heart	Lung
Transplant.	2014;33:127-133.



101.	Sato	M,	Waddell	TK,	Wagnetz	U,	et	al.	Restrictive	allograft	syndrome
(RAS):	a	novel	form	of	chronic	lung	allograft	dysfunction.	J	Heart	Lung
Transplant.	2011;30:735-742.

102.	Burguete	SR,	Maselli	DJ,	Fernandez	JF,	Levine	SM.	Lung	transplant
infection.	Respirology.	2013;18:22-38.

103.	Fishman	JA.	Infection	in	solid-organ	transplant	recipients.	N	Engl	J	Med.
2007;357:2601-2614.

104.	Lease	ED,	Zaas	DW.	Complex	bacterial	infections	pre-	and	posttransplant.
Semin	Respir	Crit	Care	Med.	2010;31:234-242.

105.	Remund	KF,	Best	M,	Egan	JJ.	Infections	relevant	to	lung	transplantation.
Proc	Am	Thorac	Soc.	2009;6:94-100.

106.	Palacio	F,	Reyes	LF,	Levine	DJ,	et	al.	Understanding	the	concept	of	health
care-associated	pneumonia	in	lung	transplant	recipients.	Chest.
2015;148:516-522.

107.	Riera	J,	Caralt	B,	López	I,	et	al.	Ventilator-associated	respiratory	infection
following	lung	transplantation.	Eur	Respir	J.	2015;45:726-737.

108.	Zamora	MR,	Davis	RD,	Leonard	C.	Management	of	cytomegalovirus
infection	in	lung	transplant	recipients:	evidence-based	recommendations.
Transplantation.	2005;80:157-163.

109.	Hadaya	K,	Wunderli	W,	Deffernez	C,	et	al.	Monitoring	of	cytomegalovirus
infection	in	solid-organ	transplant	recipients	by	an	ultrasensitive	plasma	PCR
assay.	J	Clin	Microbiol.	2003;41:3757-3764.

110.	Palmer	SM,	Limaye	AP,	Banks	M,	et	al.	Extended	valganciclovir
prophylaxis	to	prevent	cytomegalovirus	after	lung	transplantation:	a
randomized,	controlled	trial.	Ann	Intern	Med.	2010;152:761-769.

111.	El	Helou	G,	Razonable	RR.	Letermovir	for	the	prevention	of
cytomegalovirus	infection	and	disease	in	transplant	recipients:	an	evidence-
based	review.	Infect	Drug	Resist.	2019;12:1481-1491.

112.	Aryal	S,	Katugaha	SB,	Cochrane	A,	et	al.	Single-center	experience	with
use	of	letermovir	for	CMV	prophylaxis	or	treatment	in	thoracic	organ
transplant	recipients.	Transpl	Infect	Dis.	2019;21:e13166.

113.	Winstead	RJ,	Kumar	D,	Brown	A,	et	al.	Letermovir	prophylaxis	in	solid
organ	transplant-assessing	CMV	breakthrough	and	tacrolimus	drug
interaction.	Transpl	Infect	Dis.	2021;23(4)e13570.

114.	Kumar	D,	Erdman	D,	Keshavjee	S,	et	al.	Clinical	impact	of	community-
acquired	respiratory	viruses	on	bronchiolitis	obliterans	after	lung	transplant.



Am	J	Transplant.	2005;5:2031-2036.
115.	Hosseini-Moghaddam	SM,	Husain	S.	Fungi	and	molds	following	lung
transplantation.	Semin	Respir	Crit	Care	Med.	2010;31:222-233.

116.	Solé	A,	Salavert	M.	Fungal	infections	after	lung	transplantation.	Curr
Opin	Pulm	Med.	2009;15:243-253.

117.	Limper	AH,	Knox	KS,	Sarosi	GA,	et	al.	An	official	American	Thoracic
Society	statement:	treatment	of	fungal	infections	in	adult	pulmonary	and
critical	care	patients.	Am	J	Respir	Crit	Care	Med.	2011;183:96-128.

118.	Baughman	RP,	Meyer	KC,	Nathanson	I,	et	al.	Monitoring	of	nonsteroidal
immunosuppressive	drugs	in	patients	with	lung	disease	and	lung	transplant
recipients:	American	College	of	Chest	Physicians	evidence-based	clinical
practice	guidelines.	Chest.	2012;142:e1S-e111S.

119.	Taylor	JL,	Palmer	SM.	Critical	care	perspective	on	immunotherapy	in	lung
transplantation.	J	Intensive	Care	Med.	2006;21:327-344.

120.	Hachem	RR,	Yusen	RD,	Chakinala	MM,	Aloush	AA,	Patterson	GA,
Trulock	EP.	Thrombotic	microangiopathy	after	lung	transplantation.
Transplantation.	2006;81:57-63.

121.	Siddique	A,	Bose	AK,	Özalp	F,	et	al.	Vascular	anastomotic	complications
in	lung	transplantation:	a	single	institution’s	experience.	Interact	Cardiovasc
Thorac	Surg.	2013;17:625-631.

122.	Ferdinande	P,	Bruyninckx	F,	Van	Raemdonck	D,	Daenen	W,	Verleden	G.
Phrenic	nerve	dysfunction	after	heart-lung	and	lung	transplantation.	J	Heart
Lung	Transplant.	2004;23:105-109.

123.	Wahidi	MM,	Willner	DA,	Snyder	LD,	Hardison	JL,	Chia	JY,	Palmer	SM.
Diagnosis	and	outcome	of	early	pleural	space	infection	following	lung
transplantation.	Chest.	2009;135:484-491.

124.	Lyu	DM,	Zamora	MR.	Medical	complications	of	lung	transplantation.
Proc	Am	Thorac	Soc.	2009;6:101-107.

125.	Jacques	F,	El-Hamamsy	I,	Fortier	A,	et	al.	Acute	renal	failure	following
lung	transplantation:	risk	factors,	mortality,	and	long-term	consequences.	Eur
J	Cardio	Thorac	Surg.	2012;41:193-199.

126.	Orrego	CM,	Cordero-Reyes	AM,	Estep	JD,	et	al.	Atrial	arrhythmias	after
lung	transplant:	underlying	mechanisms,	risk	factors,	and	prognosis.	J	Heart
Lung	Transplant.	2014;33:734-740.

127.	Raghavan	D,	Gao	A,	Ahn	C,	et	al.	Contemporary	analysis	of	incidence	of
post-operative	atrial	fibrillation,	its	predictors,	and	association	with	clinical



outcomes	in	lung	transplantation.	J	Heart	Lung	Transplant.	2015;34:563-
570.

128.	Izbicki	G,	Bairey	O,	Shitrit	D,	Lahav	J,	Kramer	MR.	Increased
thromboembolic	events	after	lung	transplantation.	Chest.	2006;129:412-416.

129.	Yegen	HA,	Lederer	DJ,	Barr	RG,	et	al.	Risk	factors	for	venous
thromboembolism	after	lung	transplantation.	Chest.	2007;132:547-553.

130.	Neuringer	IP.	Posttransplant	lymphoproliferative	disease	after	lung
transplantation.	Clin	Dev	Immunol.	2013;2013:430209.

131.	Reams	BD,	McAdams	HP,	Howell	DN,	Steele	MP,	Davis	RD,	Palmer	SM.
Posttransplant	lymphoproliferative	disorder:	incidence,	presentation,	and
response	to	treatment	in	lung	transplant	recipients.	Chest.	2003;124:1242-
1249.

132.	Leger	RF,	Silverman	MS,	Hauck	ES,	Guvakova	KD.	Hyperammonemia
post	lung	transplantation:	a	review.	Clin	Med	Insights	Circ	Respir	Pulm	Med.
2020;14.	1179548420966234.

133.	Krutsinger	D,	Pezzulo	A,	Blevins	AE,	Reed	RM,	Voigt	MD,	Eberlein	M.
Idiopathic	hyperammonemia	after	solid	organ	transplantation:	primarily	a
lung	problem?	A	single-center	experience	and	systematic	review.	Clin
Transplant.	2017;31:1-9.

134.	Guillén	RV,	Briones	FR,	Marín	PM,	Jover	AS,	Represa	JM,	Colom	AP.
Lung	graft	dysfunction	in	the	early	postoperative	period	after	lung	and	heart
lung	transplantation.	Transplant	Proc.	2005;37:3994-3995.

135.	Pilcher	DV,	Scheinkestel	CD,	Snell	GI,	Davey-Quinn	A,	Bailey	MJ,
Williams	TJ.	High	central	venous	pressure	is	associated	with	prolonged
mechanical	ventilation	and	increased	mortality	after	lung	transplantation.	J
Thorac	Cardiovasc	Surg.	2005;129:912-918.

136.	Padia	SA,	Borja	MC,	Orens	JB,	Yang	SC,	Jhaveri	RM,	Conte	JV.
Tracheostomy	following	lung	transplantation	predictors	and	outcomes.	Am	J
Transplant.	2003;3:891-895.

137.	Scientific	Registry	of	Transplant	Recipients.	Patient	survival	after	lung
transplantation.	Accessed	December	14,	2015.	http://www.srtr.org

138.	Hadjiliadis	D,	Steele	MP,	Govert	JA,	Davis	RD,	Palmer	SM.	Outcome	of
lung	transplant	patients	admitted	to	the	medical	ICU.	Chest.	2004;125:1040-
1045.

139.	Banga	A,	Sahoo	D,	Lane	CR,	et	al.	Characteristics	and	outcomes	of
patients	with	lung	transplantation	requiring	admission	to	the	medical	ICU.

http://www.srtr.org


Chest.	2014;146:590-599.
140.	Cohen	J,	Singer	P,	Raviv	Y,	et	al.	Outcome	of	lung	transplant	recipients
requiring	readmission	to	the	intensive	care	unit.	J	Heart	Lung	Transplant.
2011;30:54-58.

141.	Lee	JC,	Christie	JD.	Primary	graft	dysfunction.	Clin	Chest	Med.
2011;32:279-293.



Chapter	59
Critical	Care	Problems	in	Heart	and
Heart-Lung	Transplant	Recipients
Matthew	Soule,	Rishav	Aggarwal,	Sara	J.	Shumway

KEY	POINTS:
1.	 The	cardiac	transplant	waitlist	is	maintained	by	UNOS,	and	aims	to

minimize	waitlist	mortality	in	the	setting	of	ever-increasing	numbers
of	transplant	candidates.

2.	 Thoracic	transplant	waitlist	prioritization	is	determined	by	severity	of
patient	illness,	with	the	most	recent	cardiac	listing	criteria
implemented	in	2018.

3.	 Ventricular	assist	devices	have	proven	superior	to	optimal	medical
therapy	for	patients	with	systolic	heart	failure,	as	determined	by
symptom	relief,	quality	of	life,	and	survival.

4.	 Many	of	the	known	complications	of	ventricular	assist	devices	have
been	reduced	with	new	device	technology	and	innovation,	leading	to
improved	patient	outcomes.

5.	 Heart-lung	transplantation	has	become	increasingly	uncommon,	as
treatment	of	the	underlying	conditions	has	improved,	and	the
management	paradigms	have	shifted	for	end-stage	disease.

INTRODUCTION
The	 advent	 of	 thoracic	 organ	 transplantation	 brought	 new	 hope	 to	 patients
afflicted	by	end-stage	cardiopulmonary	diseases.	The	 first	heart	 transplant	was
performed	 on	 December	 3,	 1967.	 Fourteen	 years	 passed	 before	 the	 first
successful	 heart-lung	 transplant	 was	 performed	 on	March	 9,	 1981.	 Heart-lung
transplantation	 established	 the	 potential	 for	 lung	 transplantation	 as	 a	 viable



therapeutic	option,	and	the	first	successful	single-lung	transplant	was	performed
in	1983.1

HEART	TRANSPLANTATION
1 	 The	United	Network	 for	Organ	Sharing	 (UNOS)	 is	 a	 nonprofit	 organization
that	 maintains	 the	 nation’s	 transplant	 waiting	 list.	 Patients	 awaiting	 cardiac
transplantation	are	listed	according	to	severity	of	illness.	The	current	adult	heart
allocation	policy	was	implemented	in	2018,	aiming	to	better	stratify	candidates
and	 reduce	 waitlist	 mortality.	 The	 number	 of	 new	 listings	 has	 increased	 33%
between	 2009	 and	 2018,	 with	∼3700	 new	 listings	 in	 2017.	 As	 a	 result,	 the
general	trend	has	been	an	increasing	number	of	annual	transplants,	with	roughly
3000	 annually	 in	 the	United	 States.	 The	 number	 of	 active	 candidates	 has	 also
increased	 40%	 since	 2009,	 with	 nearly	 2600	 patients	 waiting.	 The	 average
waitlist	time	from	2011	to	2014	for	status	1A,	1B,	and	status	2	was	2.9	months,
8.4	months,	and	24.2	months,	respectively.	Expectations	for	further	reduction	of
waitlist	 time	 are	 anticipated	 following	 implementation	 of	 a	 new	 allocation
paradigm	in	2018.2

2 	 Status	 1	 heart	 candidates	 have	 the	 highest	 medical	 urgency,	 often	 with
support	devices	that	preclude	hospital	discharge,	combined	with	evolving	critical
illness.	 Status	 2	 includes	 patients	 with	 mechanical	 support	 and	 high	 risk	 of
deterioration	 and/or	 stable	 mechanical	 support	 requiring	 inpatient	 care.	 The
remaining	 classification	 scheme	 represents	 a	 progressive	 diminution	 of	 illness
severity.	The	current	allocation	criteria	were	instituted	in	2018,	and	represent	a
simplification	and	redistribution	of	the	pre-existing	system	(see	Table	59.1).3

TABLE	59.1

Schematic	Depiction	of	Previous	and	Current	Heart
Allocation



From	Parker	WF,	Garrity	ER	Jr,	Fedson	S,	Churpek	MM.	Potential	impact	on	a	shock	requirement
for	adult	heart	allocation.	J	Heart	Lung	Transplant.	2017;36(9):1013-1016.

Between	2007	and	2017,	pretransplant	mortality	declined	from	16.6	to	10.8
deaths	per	100	waitlist	years.	Mortality	was	lowest	for	candidates	aged	18	to	34
and	those	listed	as	status	2.	During	the	same	time	period,	pretransplant	mortality
for	 left	ventricular	 assist	device	 (LVAD)	candidates	decreased	 from	38	 to	10.2
deaths	 per	 100	waitlist	 years,	 as	 utilization	 for	 bridge	 to	 transplant	 (BTT)	 has
increased.

In	2018,	61.4%	of	transplants	were	performed	for	cardiomyopathy,	31.4%	in
patients	with	coronary	artery	disease,	and	3.9%	for	congenital	heart	disease.	This
same	 population	 reveals	 46.2%	 with	 prior	 ventricular	 assist	 device	 (VAD)
support,	 up	 from	 28%	 in	 2008.	 Cardiac	 retransplantation	 accounted	 for	 only
3.2%	of	patients	in	2018.4

Patient	Selection
Many	of	the	critical	care	problems	seen	among	thoracic	organ	recipients	can	be
reduced	by	careful	patient	selection.	In	well-compensated	patients,	a	week-long
outpatient	evaluation	is	performed.	This	applies	to	approximately	80%	to	90%	of
patients	 seen	at	a	cardiac	 transplant	center.	The	 remainder	are	 individuals	who
are	critically	ill	and	undergo	an	urgent	evaluation.

The	recipient	evaluation	consists	of	a	general	examination,	an	assessment	of
functional	 and	 hemodynamic	 status,	 and	 a	 psychosocial	 appraisal.	 For	 those
patients	who	 are	 capable	 of	 performing	 an	oxygen	 consumption	 treadmill	 test,
there	 are	 excellent	 data,	 which	 demonstrate	 that	 peak	 oxygen	 consumption	 of
less	 than	 12	 mL/kg/min	 is	 associated	 with	 poor	 1-year	 survival	 without
transplant.	 Individuals	 with	 a	 peak	 oxygen	 consumption	 of	 ≤14	 mL/kg/min



should	be	considered	for	listing.5,6	The	assessment	then	proceeds	with	a	general
examination.	The	patient’s	medical	history	is	reviewed	to	determine	the	cause	of
the	patient’s	heart	disease.	Laboratory	tests	are	performed,	including	a	creatinine
clearance.	 Individuals	 with	 a	 creatinine	 clearance	 of	 less	 than	 50	 mL/min	 do
have	an	 increased	need	 for	dialysis	postoperatively	and	 lower	 rates	of	 survival
than	 those	 with	 normal	 renal	 function.	 Individuals	 with	 severely	 abnormal
creatinine	clearance	would	be	excluded	from	heart	 transplant	or	considered	for
heart-and-kidney	transplantation.

Nutritional	 status	 is	 also	 crucial.	Those	 individuals	with	 a	body	mass	 index
(BMI)	less	than	20	kg/m2	or	greater	than	35	kg/m2	would	be	asked	to	normalize
their	weight,	as	patients	at	the	extremes	of	BMI	have	higher	rates	of	mortality	in
the	postoperative	period.7,8

The	 hemodynamic	 evaluation	 consists	 of	 an	 echocardiogram	 to	 evaluate
function	and	anatomy	and	a	cardiac	catheterization.	The	cardiac	catheterization
includes	evaluation	of	heart	function	by	a	right	heart	catheterization	as	well	as	a
coronary	 angiogram.	 In	 this	 assessment,	 the	 patient’s	 coronary	 anatomy	 is
examined	 for	 potential	 intervention,	 and	 any	 abnormalities	 in	 the	 filling
pressures,	 pulmonary	 capillary	 occlusion	 pressure,	 or	 pulmonary	 vascular
resistance	are	identified.

Patients	with	heart	failure	and	pulmonary	hypertension	are	a	group	who	are	of
special	interest.	Pulmonary	arterial	and	capillary	wedge	pressures	are	measured
to	 determine	 the	 degree	 to	 which	 a	 patient	 has	 secondary	 pulmonary
hypertension	 and	 if	 it	 is	 reversible.	 The	 patient’s	 hemodynamics	 should	 be
optimized	 in	 the	 catheterization	 laboratory	making	 an	 attempt	 to	 decrease	 the
pulmonary	 arterial	 pressures	 to	 normal	 levels,	 and	 100%	oxygen,	 nitric	 oxide,
and	 other	 pulmonary	 vasodilators	 can	 be	 used	 to	 test	 the	 reactivity	 of	 the
pulmonary	vasculature.	The	absolute	exclusion	criteria	for	heart	 transplantation
are	a	fixed	pulmonary	vascular	resistance	greater	than	4	Wood	units	(WU)	and,
more	importantly,	a	transpulmonary	gradient	greater	than	15	mm	Hg.	Individuals
with	results	beyond	these	values	would	then	be	listed	for	heart-lung	transplant,
or	be	given	a	trial	of	pulmonary	vasodilators.9

The	patient’s	ABO	blood	and	panel-reactive	antibody	(PRA)	level	are	tested
to	 determine	 the	 presence	 of	 pre-existing	 antibodies	 and	 sensitization	 to	 the
general	population.	If	class	II	(locus	D)	is	greater	than	20%,	it	is	recommended
that	a	preoperative	cross	match	be	performed.	The	patient’s	HLA	typing	is	also
done	 at	 that	 time,	 and	 if	 the	 PRAs	 are	 significantly	 elevated,	 the	 laboratory
should	be	able	 to	 identify	 the	particular	human	 leukocyte	antigen	 to	which	 the
individual	 is	 reacting.	 Sensitization	 may	 occur	 because	 of	 prior	 pregnancy,
between	 sexual	 partners,	 from	 prior	 transplantation,	 or	 from	 previous	 blood



product	transfusion.	Individuals	who	carry	a	high	PRA	level	have	been	treated	in
the	past	with	plasmapheresis,	 intravenous	 immunoglobulin,	 cyclophosphamide,
and	mycophenolate	mofetil	(MMF).	Recent	studies	from	a	nationwide	sample	of
the	 UNOS	 database	 demonstrated	 that	 ABO-compatible	 versus	 ABO-identical
transplantation	 recipients	 did	 not	 have	 significant	 differences	 in	 survival
rates.10,11

The	psychosocial	assessment	is	centered	on	evaluating	not	only	the	transplant
recipient,	 but	 also	 their	 family	 support.	 This	 is	 performed	 by	 a	 qualified
professional	experienced	in	social	work	and,	when	indicated,	other	mental	health
professionals	who	have	a	keen	understanding	of	the	demands	made	on	a	cardiac
transplantation	recipient.	Patients	need	to	be	medically	compliant,	have	adequate
neurocognitive	 function	 for	 the	 postoperative	 regimen,	 and	 adequate	 social
support.

The	 patient	 is	 also	 evaluated	 for	 any	 contraindication	 for	 heart
transplantation.	 Relative	 contraindications	 include	 age	 greater	 than	 70	 years,
previous	chronic	substance	abuse,	limited	social	support,	limited	adaptive	ability,
renal	 dysfunction,	 active	 peptic	 ulcer	 disease,	 cachexia,	 obesity,	 and	 cigarette
smoking.	Notably,	 individuals	who	smoke	are	required	to	complete	a	smoking-
cessation	 program	 and	 may	 also	 be	 tested	 for	 chemical	 evidence	 of	 smoking
while	on	the	waitlist.12

Absolute	 contraindications	 to	 cardiac	 transplantation	 include	 ongoing
substance	 abuse,	 refractory	 psychiatric	 conditions,	 suicidal	 behavior,	 severe
personality	 disorder,	 issues	 with	 ongoing	 medical	 noncompliance,	 inadequate
neurocognitive	 ability,	 irreversible	 hepatic	 or	 renal	 dysfunction,	 severe
peripheral	 or	 cerebral	 vascular	 disease,	 systemic	 disease	 that	 limits
rehabilitation,	 insulin-dependent	 diabetes	 with	 severe	 end-organ	 damage,	 or
evidence	of	severe,	fixed	pulmonary	hypertension.12-14

Implantable	Cardiac	Assist	Devices
VADs	represent	 the	greatest	advance	in	 the	treatment	of	end-stage	heart	failure
and	the	field	of	heart	 transplantation	in	the	past	15	years	(Table	59.2).	With	an
assist	 device	 implanted,	 patients	 are	 now	 living	 independently	 at	 home	 with
improved	 quality	 of	 life	 and	 functional	 status	 until	 a	 suitable	 organ	 becomes
available.

TABLE	59.2



Advances	of	Ventricular	Assist	Devices	in	Heart	Failure
Treatment

Topic Finding Reference

Destination	therapy
trial	with	pulsatile
pumps

Improved	survival	at	1	y	with
mechanical	assist	device	vs	medical
management	for	Class	III	and	IV	heart
failure

11

Bridge	to	transplant
trial	with
continuous-flow
pumps

HeartMate	II	provides	effective	support
to	transplant	for	at	least	6	mo	with	75%
survival

12

Improved	survival
with	continuous-
flow	pumps

Effective	support,	improved	functional
status,	and	quality	of	life	with	72%
survival	at	18	mo

48–50

As	 of	 2018,	 46.2%	 of	 transplant	 recipients	 had	 a	 VAD	 at	 time	 of
transplantation,	 an	 increase	 from	 35.6%	 in	 2012.	 Concomitant	 to	 this,	 the
number	of	patients	reliant	on	inotropic	support	had	decreased	from	36%	to	33%
in	the	same	time	frame.	Interestingly,	these	numbers	remain	dynamic	in	relation
to	 the	 new	 heart	 allocation	 policy	 implemented	 in	 2018,	 with	 overall	 fewer
numbers	 of	 transplant	 recipients	 having	 a	 VAD	 as	 bridging	 therapy	 since	 its
initiation.15-17

With	 increased	 use,	 a	 corpus	 of	 terminology	 has	 evolved	 to	 categorize	 and
describe	 the	 devices	 themselves	 and	 technical	 aspects	 of	 their	 function	 and
performance.	Most	devices	are	designed	to	assist	the	left	ventricle	and	hence	are
called	 LVADs.	 However,	 some	 models	 are	 made	 to	 be	 implanted	 in	 either
ventricle	 and	 when	 implanted	 on	 the	 right	 side	 are	 referred	 to	 as	 a	 right
ventricular	 assist	 device	 (RVAD).	 When	 both	 ventricles	 are	 mechanically
assisted,	each	with	its	own	pump,	the	whole	system	together	is	referred	to	as	a
biventricular	assist	device,	or	BIVAD.

There	are	two	broad	categories	of	devices	in	use	based	on	pump	mechanism:
pulsatile	 devices	 that	 employ	 some	 of	 pneumatic	 pump,	 and	 continuous	 flow
devices	that	involve	a	spinning	propeller.	The	cycles	of	the	pulsatile	device	are
measured	 in	beats	per	minute	 (bpm)	and	 that	of	 the	continuous-flow	pumps	 in
revolutions	 per	minute.	 Each	 device	 has	 an	 inflow	 cannula	 through	which	 the



patient’s	 blood	 is	 drawn	 from	 the	 heart	 and	 into	 the	 pump	 and	 an	 outflow
cannula	that	directs	the	blood	back	into	the	patient’s	circulation.

For	 both	 pulsatile	 pumps	 and	 continuous-flow	 pumps,	 there	 are	 two	 more
classifications	 that	 can	 be	 described	 on	 the	 basis	 of	 the	 location	 of	 the	 pump
when	implanted:	intracorporeal,	wherein	the	entire	pump	is	implanted	inside	the
body	with	 the	 exception	 of	 the	 drive-line	 that	 powers	 the	 device;	 the	 other	 is
paracorporeal,	or	extracorporeal,	wherein	the	pump	sits	outside	the	body	and	the
inflow	and	outflow	cannulae	exit	the	skin	below	the	costal	margin.	Most	LVADs
involve	an	inflow	cannula	placed	in	the	apex	of	the	left	ventricle	and	the	outflow
cannula	in	the	ascending	aorta.18

The	 only	 Food	 and	 Drug	 Administration	 (FDA)–approved	 device	 for
prolonged	 RVAD	 support	 is	 the	 Thoratec	 PVAD,	 a	 pulsatile	 extracorporeal
pump.	Multiple	other	devices	are	available	for	temporary	RV	support,	including
TandemHeart,	 Centrimag,	 Impella	 RP,	 etc.19,20	 Durable	 LVAD	 pumps	 are
implanted	for	RV	support	in	select	circumstances,	albeit	as	an	off-label	use.

Devices	 are	 also	 categorized	 based	 upon	 the	 intended	 therapeutic	 goal	 for
each	patient.	BTT	indicates	that	the	patient	is	or	will	become	a	heart	transplant
candidate	and	the	device	is	intended	to	improve	survival	and	other	physiological
parameters	 until	 an	 organ	 is	 available.	Destination	 therapy	 (DT)	 indicates	 that
the	patient	 is	not	a	 transplant	candidate	but	 the	device	 is	 implanted	 to	 improve
survival	 and	 quality	 of	 life.	 Bridge	 to	 recovery	 refers	 to	 the	 patient	 who	 is
expected	to	recover	from	heart	failure	and	the	device	is	used	to	sustain	life	until
recovery	occurs.	Bridge	 to	decision	 refers	 to	patients	 for	whom	survival	 is	not
certain	 and	 a	 temporary	 assist	 device	 is	 used	 to	 prolong	 life	 until	 it	 can	 be
determined	 whether	 the	 patient	 should	 be	 implanted	 with	 durable	 mechanical
support	or	proceed	to	end	of	life	care.

3 	 The	 superior	 efficacy	 of	 VADs	 over	 optimal	 medical	 management	 for
improving	survival	of	end-stage,	New	York	Heart	Association	Class	3	or	4	heart-
failure	patients	was	proven	by	the	REMATCH	trial:	patients	implanted	with	the
Thoratec	HeartMate	VE	had	a	52%	survival	at	1	year	compared	 to	25%	in	 the
medically	 managed	 group.21	 Subsequently,	 the	 FDA	 approved	 the	 HeartMate
XVE	 for	DT.	The	Thoratec	HeartMate	 II	 continuous-flow	 pump	 demonstrated
efficacy	 for	 bridge	 to	 transplantation	 with	 75%	 survival	 at	 6	 months
postimplantation	and	68%	survival	at	1	year.22	It	received	approval	by	the	FDA
in	April	 2008	 for	bridge	 to	 transplantation	and	was	 subsequently	 approved	 for
DT	in	January	2010.

4 	 Unfortunately,	 the	 long-term	 success	 of	 these	 devices	 has	 been	 partially
limited	by	infections,	neurological	complications,	and	pump	thromboses.	In	the
current	 era,	 this	 appears	 to	 be	 mitigated	 with	 use	 of	 the	 HeartMate	 3,	 a



magnetically	 levitated	 centrifugal	 flow	 pump	 engineered	 to	 improve	 fluid
dynamics	and	create	large	blood	flow	passages	to	decrease	thrombogenesis.	The
MOMENTUM	3	trial	demonstrated	noninferiority	of	the	HM3	compared	to	the
HMII,	 with	 subsequent	 analysis	 revealing	 less	 pump	 thrombosis,	 less
neurological	 events,	 decreased	 need	 for	 pump-related	 reoperation,	 and
anticipated	improvements	of	survival	as	a	result.	Functional	status	and	quality	of
life	 improved	 similarly	 for	 both	 groups,	 and	 other	 adverse	 events,	 such	 as
bleeding	and	driveline	infection,	were	also	similar.23

Familiarity	 with	 VAD	 management	 is	 an	 important	 part	 of	 the
pretransplantation	 care	 of	 the	 recipient.	 Because	 these	 patients	 are
anticoagulated,	 it	 is	 important	 not	 to	 reverse	 anticoagulation	 until	 the	 plan	 for
transplantation	 is	 certain.	 Unnecessary	 administration	 of	 blood	 products	 will
only	sensitize	the	recipient	and	increase	the	PRA	for	any	subsequent	offers.24

Several	studies	have	examined	posttransplantation	survival	and	recent	studies
have	 shown	 that	 recipients	 of	 VADs	 have	 had	 equivalent	 or	 better
posttransplantation	 outcomes.25,26	 One	 exception	 is	 the	 patient	 who	 had	 VAD-
related	 sepsis	 prior	 to	 transplantation,	 as	 these	 patients	 had	 a	 trend	 to	 slightly
poorer	post	transplantation	rates	of	survival	than	those	patients	who	did	not	have
an	infection.27

With	recent	changes	in	heart	allocation	criteria,	it	has	been	noted	that	durable
VAD	 support	 has	 become	 less	 common	 in	 patients	 admitted	 for	 heart
transplantation.15-17	Concomitantly,	 the	use	of	 temporary	assist	devices,	 ranging
from	 catheter-based	 therapies	 (intra-aortic	 balloon	 pump,	 Impella)	 to	 extra
corporeal	 membrane	 oxygenation,	 has	 increased	 in	 the	 immediate
pretransplantation	period.

Donor	Criteria
The	donor	 evaluation	begins	with	 affirmation	of	 brain	 death.	The	 local	 organ-
procurement	 agency	will	 obtain	 consent	 for	 donation	 and	 proceed	with	 donor
evaluation.	This	 evaluation	consists	of	 taking	a	history	of	 any	 illnesses	or	 risk
factors	 such	 as	 heart	 disease,	 hypertension,	 diabetes,	 or	 cigarette	 smoking.
Specifics	 are	 gathered	 surrounding	 the	 time	 and	 mode	 of	 death	 to	 determine
whether	 there	 is	 any	 potential	 cardiac	 injury,	 down	 time,	 cardiopulmonary
resuscitation,	or	cardioversion.	The	organ-procurement	specialists	will	initiate	a
hemodynamic	evaluation	of	the	patient	as	well,	consisting	of	measuring	central
venous	 pressures	 and,	 potentially,	 full	 hemodynamic	 profiles	when	 pulmonary
artery	 catheter	measurement	 capability	 exists	 at	 the	 donor	 hospital.	 The	 initial
stabilization	 phase	 may	 include	 endocrine	 support	 with	 the	 administration	 of



levothyroxine	 and	 corticosteroids,	 reduction	 of	 inotropic	 support	 if	 it	 is
appropriate,	 and,	 potentially,	 diuresis	 or	 transfusion	when	 indicated.	A	 surface
echocardiogram	 is	 obtained	 to	 ensure	 the	 heart	 is	 structurally	 normal	 and	 that
function	 is	 normal.	 A	 12-lead	 electrocardiogram	 is	 also	 obtained.	 It	 is	 not
uncommon	to	find	subtle	ST	changes	among	individuals	who	are	brain-dead.	It
is	 generally	 accepted	 that	 a	 cardiac	 catheterization	will	 be	 necessary	 for	male
donors	more	 than	40	years	old	and	 female	donors	more	 than	45	years	old,	but
catheterization	should	also	be	performed	for	younger	donors	when	the	donor	has
a	 significant	 history	 of	 hypertension,	 cigarette	 smoking,	 diabetes,	 or	 alcohol
abuse.	 Cardiac	 enzymes	 need	 to	 be	 carefully	 evaluated	 and	 correlated	 to	 any
severe	 hemodynamic	 instability,	 the	 use	 of	 cardiopulmonary	 resuscitation,	 as
well	as	the	time	of	herniation.28

A	 number	 of	 studies	 have	 demonstrated	 correlations	 between	 elevations	 of
troponin	 and	 early	 graft	 failure.29,30	 In	 one	 study,	 a	 cardiac	 troponin	 I	 value
greater	than	1.6	µg/L	was	a	predictor	of	early	graft	failure,	with	a	sensitivity	of
73%	and	a	specificity	of	94%.29	These	data	should	be	analyzed	closely	with	the
donor’s	hemodynamic	function	and	echocardiographic	findings.

A	transplant	center	may	request	that	a	second	echocardiogram	be	performed	if
the	first	echocardiogram	was	performed	shortly	after	herniation.	Catecholamine-
induced	left	ventricular	dysfunction	can	 improve	significantly	 in	a	short	period
of	time	and	not	preclude	excellent	short-	and	long-term	outcomes.	One	must	also
take	into	consideration	the	ischemic	time	that	will	be	incurred	with	procurement
and	travel.	The	majority	of	 transplant	centers	are	willing	to	accept	an	ischemic
time	up	to	4	hours	for	adult	donors	but	no	more	than	6	hours.

The	advent	of	ex	vivo	perfusion	offers	the	possibility	of	warm,	nonischemic,
preservation	 of	 thoracic	 allografts.	 The	 technology	 is	 currently	 commercially
available	in	Europe	and	is	under	FDA	investigation	for	cardiac	transplantation	in
the	 United	 States.	 Ex	 vivo	 perfusion	 uses	 warm	 oxygenated	 blood	 and	 an
extracorporeal	 pump	 to	 perfuse	 organs	 during	 transport	 and	 preservation.	 This
technology	 offers	 the	 potential	 for	 longer	 extracorporeal	 periods,	 possibly
altering	 the	 paradigm	 of	 cold	 preservation,	 and	 utilization	 of	 donation	 after
circulatory	death.	The	PROCEED	II	trial	was	a	noninferiority	study	confirming
that	 TransMedics	 Organ	 Care	 System	 warm	 perfusion	 versus	 cold-storage	 of
heart	 allografts	 had	 comparable	 30-day	 patient	 and	 graft	 survival.31	 Further
studies	have	shown	promise	for	this	new	technology,	and	outcomes	of	ongoing
trials	will	guide	its	future	utilization.32,33

Operative	Techniques



Donor	Operation
Following	 donor	 arrival	 in	 the	 operating	 room,	 a	 median	 sternotomy	 is
performed.	 If	 the	 lungs	 are	 being	 harvested,	 both	 pleural	 spaces	 are	 opened.
After	cardiac	exposure,	one	should	palpate	 the	coronary	arteries	 to	discern	any
calcifications	 and	 also	 palpate	 the	 aortic	 root	 for	 calcifications.	 External
evaluation	 of	 the	 heart	 is	 not	 a	 reliable	 evaluation	 of	 function	 unless	 there	 is
something	 grossly	 abnormal,	 such	 as	 severe	 bruising	 from	 a	 myocardial
contusion	 or	 a	 dilated	 right	 ventricle.	 Once	 it	 is	 determined	 that	 the	 heart	 is
appropriate	 for	 transplantation	 and	 all	 of	 the	 other	 organ	 teams	 are	 ready,	 the
donor	 is	 heparinized	 and	 cannulated.	 A	 cardioplegia	 cannula	 is	 placed	 in	 the
ascending	 aorta	 for	 cardiac	 procurement.	 If	 the	 lungs	 are	 being	 harvested,	 a
pulmonary	artery	cannula	will	be	placed	in	the	main	pulmonary	artery.	Once	all
teams	are	ready,	the	superior	vena	cava	(SVC)	is	occluded	and	the	inferior	vena
cava	(IVC)	transected	at	the	diaphragm.	The	aorta	is	cross-clamped	and	between
1	and	2	L	of	cold	cardioplegic	solution	is	administered.	The	heart	is	vented	via
the	 left	 atrial	 appendage	 and	 open	 IVC,	 and	 cardiectomy	 is	 completed	 with
division	of	the	great	vessels	and	left	atrial	cuff	once	flush	solution	is	complete.
The	heart	is	then	submerged	in	ice	slush	saline,	packaged	sterilely,	and	placed	in
a	cooler	for	rapid	transport	to	the	center	caring	for	the	recipient.

Recipient	Operation
Following	recipient	preparation,	median	sternotomy	is	performed	and	 the	heart
is	 dissected	 free	 of	 any	 adhesions,	 and	 then	 cardiopulmonary	 bypass	 is
established.

The	 recipient	 is	 placed	 on	 total	 cardiopulmonary	 bypass,	 before	 the	 cross-
clamp	is	applied	to	the	aorta,	and	the	heart	is	excised	along	the	atrioventricular
groove.	 The	 great	 vessels	 are	 divided	 just	 above	 their	 respective	 semilunar
valves.	The	anastomoses	are	performed	in	the	following	order:	left	atrial,	inferior
vena	 caval,	 pulmonary	 arterial,	 aortic,	 and	 superior	 vena	 caval.34	 Temporary
pacing	wires	 are	 placed	on	 the	 right	 atrium	and	ventricle	 of	 the	 allograft.	The
organ	 is	 reperfused	 and	 separated	 from	 bypass	 once	 the	 patient	 is	 stable.
Typically,	 the	 patient	 may	 require	 epinephrine	 and	 vasopressors	 for
postoperative	support.	Isoproterenol	is	used	to	maintain	an	appropriate	heart	rate
when	 bradycardia	 is	 a	 problem	 or	 the	 heart	 is	 paced.	 The	 pulmonary	 artery
catheter	 should	 be	 floated	 through	 the	 new	 heart	 for	 monitoring	 and	 early
detection	of	right	heart	failure.



POSTOPERATIVE	CARE
The	 immediate	 postoperative	 management	 of	 a	 heart	 transplant	 recipient	 is
largely	 similar	 to	 that	 of	 other	 cardiac	 surgery	 patients.	 Drips	 and	 temporary
pacing	leads	are	modified	to	optimize	cardiac	index	and	end-organ	perfusion.	A
pulmonary	artery	catheter	 is	used	with	continuous	mixed	venous	oximetry	and
preload	is	optimized	with	either	volume	or	diuretic.	Usually,	patients	come	out
of	 the	 operating	 room	 on	 isoproterenol	 to	 stimulate	 the	 heart	 rate	 and/or	 the
temporary	pacemaker	 is	 set	 to	a	back-up	rate	of	90	 to	100	bpm	or	higher.	The
ideal	heart	rate	for	these	patients	in	the	first	few	days	postoperatively	is	100	to
120	 bpm.	 After	 the	 first	 several	 days,	 the	 heart	 rate	 is	 allowed	 to	 drift	 to	 its
baseline	as	the	cardiac	index	allows.	Occasionally,	patients	exhibit	a	distributive
shock	 postoperatively,	 characterized	 by	 low	 systemic	 vascular	 resistance,	 and
afterload	agents	(eg,	vasopressin,	phenylephrine)	are	utilized	as	needed.

Ventilatory	management	varies	from	patient	to	patient.	In	a	hemodynamically
stable	recipient	with	no	signs	of	surgical	bleeding,	extubation	may	occur	within	a
few	hours.	Sometimes,	patients	with	right	ventricular	failure	owing	to	pulmonary
hypertension	 need	 to	 be	 treated	 with	 inhaled	 nitric	 oxide	 or	 epoprostenol
(Flolan)	and	thus	mechanical	ventilation	is	continued.

Patients	with	a	prior	VAD	frequently	have	had	at	 least	one	prior	sternotomy
and	 arrive	 at	 the	 hospital	 on	 oral	 anticoagulation.	 These	 patients	 have	 a
perioperative-bleeding	diathesis	and	one	should	have	a	low	threshold	to	return	to
the	operating	room	for	exploration	if	bleeding	persists.

Serious	ventricular	failure	after	cardiac	transplantation	is	unusual	and	can	be
related	 to	 poor	 donor-organ	 selection,	 poor	 graft	 preservation,	 a	 long	 ischemia
time,	or	rejection	owing	to	the	presence	of	preformed	antibodies.	Early	rejection
is	 often	 heralded	 by	 atrial	 fibrillation	 and	 the	 manifestation	 of	 arrhythmias
should	prompt	an	immediate	workup	and	treatment.	Plasmapheresis	can	be	very
effective	 in	 removing	 preformed	 antibodies	 responsible	 for	 humoral	 rejection.
Inotropes	 and	 pulmonary	 vasodilators	 are	 also	 often	 used	 to	manage	 the	 right
heart	failure	that	frequently	accompanies	rejection,	with	the	addition	of	an	intra-
aortic	 balloon	 pump	 if	 necessary.	 In	 cases	 of	 severe	 graft	 dysfunction,
extracorporeal	 membrane	 oxygenation	 can	 support	 the	 patient	 until	 either	 the
donor	 heart	 recovers	 or	 decision	 is	 made	 for	 transition	 to	 temporary	 VAD	 or
listing	for	retransplantation.

Immunosuppression



Balanced	 triple-drug	 immunosuppression	 is	 still	 the	 most	 commonly	 used
protocol,	 consisting	 of	 calcineurin	 inhibitors,	 an	 antimetabolite,	 and
corticosteroids	(Table	59.3).	The	calcineurin	inhibitors	include	cyclosporine	and
tacrolimus.	Cyclosporine	 is	 largely	 recognized	as	 the	agent	 that	moved	cardiac
transplant	 from	 a	 feasible	 medical	 option	 to	 an	 acceptable	 medical	 treatment.
The	physicians	at	Stanford	University	performed	a	randomized	controlled	trial	in
cardiac	 transplant	 patients	 that	 demonstrated	 that	 cyclosporine
immunosuppression	improved	1-year	survival	to	80%	from	the	mid-50%	range.35
Patients	 receiving	 either	 cyclosporine	 or	 tacrolimus	 have	 similar	 survival	 rates
after	heart	transplantation,	both	long	and	short	term.36-38	However,	in	a	controlled
clinical	 trial	 by	 Kobashigawa	 et	 al	 in	 2006,	 studying	 343	 de	 novo	 cardiac
transplant	patients,	tacrolimus	in	combination	with	either	MMF	or	sirolimus	had
fewer	 occurrences	 of	 grade	 3	 A	 or	 greater	 rejection	 or	 hemodynamic
compromise	 rejection	 at	 1	 year	 when	 compared	 to	 cyclosporine	 and
mycophenolate.39	 In	 addition,	 median	 serum	 creatinine	 and	 triglyceride	 levels
were	 lowest	 in	 the	 tacrolimus	 and	mycophenolate	 group.	Cyclosporine	 is	well
known	to	also	cause	postoperative	hypertension,	nephrotoxicity,	hepatotoxicity,
gingival	 hyperplasia,	 hypertrichosis,	 and	 tremor.	 Tacrolimus	 also	 causes
nephrotoxicity	and	many	of	the	other	side	effects	of	cyclosporine	but	to	a	lesser
extent,	 in	 particular,	 posttransplant	 hypertension	 and	 gingival	 hyperplasia.	 A
review	 article	 from	 Stanford	 confirmed	 improved	 survival	 with	 the	 use	 of
tacrolimus	and	improved	postoperative	infection	prophylaxis.40

TABLE	59.3

Balanced	Triple-Drug	Immunosuppression	Protocol

Drug Perioperative Maintenance Taper Maintenance

Corticosteroids

Methylprednisolone 10	mg/kg
intraoperatively
or
perioperatively;
125	mg	IV	q8	h
3	doses
postoperatively



Prednisone 0.5	mg/kg
IV/PO	qd	in	2
divided	doses

0.5	mg/kg
IV/PO	qd	in	2
divided	doses

Decrease
dose	by
5	mg/d
until	total
daily	dose
is
0.3	mg/kg/d

1st	mo:
0.3	mg/kg/d
2nd	mo:
0.2	mg/kg/d
3rd	mo:
0.1	mg/kg/d
4th	mo:
0.05	mg/kg/d
(or	2.5	mg	PO
qd)

Calcineurin	Inhibitors

Tacrolimus 0.05	mg/kg	PO
preoperatively;
0.1	mg/kg	PO
qd	in	2	divided
doses;	dose
target	levels	0-
1	mo,	10-15

Dose	target
levels
2-6	mo,	10-12
7-12	mo,	10-
12
12+	mo,	8-12

Cyclosporine 2	mg/kg	PO
preoperatively;
1	mg/kg	IV
over	24	h,	then
3-5	mg/kg	PO
qd	in	2	divided
doses	(based	on
renal	function);
dose	target
levels	0-1	mo,
200-250

Dose	target
levels
2-6	mo,	150-
225
7-12	mo,	125-
175
12+	mo,	100-
125

Antimetabolite

Mycophenolate
mofetil

1000	mg	PO
preoperatively;
2-3	g	IV/PO	qd
in	2	divided
doses;	dosage

2-3	g	PO	qd	in
2	divided
doses



to	keep	white
blood	cell
count	>4.0

Azathioprine 34	mg/kg	PO
preoperatively;
3	mg/kg	IV/PO
qd
postoperatively

1-3	mg/kg	PO
qd

IV,	intravenously;	PO,	orally.
Data	from	Rose	EA,	Gelijns	AC,	Moskowitz	AJ,	et	al.	Long-term	use	of	a	left	ventricular	assist
device	for	end-stage	heart	failure.	N	Eng	J	Med.	2001;345(20):1435-1443;	Miller	LW,	Pagani	FD,
Russell	SD,	et	al.	Use	of	a	continuous-flow	device	in	patients	awaiting	heart	transplantation.	N
Eng	J	Med.	2007;357(9):885-896;	Heately	G,	Sood	P,	Mehra	MR,	et	al.	Clinical	trial	design	and
rationale	of	the	Multicenter	Study	of	MagLev	Technology	in	Patients	Undergoing	Mechanical
Circulatory	Support	Therapy	With	HeartMate	3	(MOMENTUM	3)	investigational	device	exemption
clinical	study	protocol.	J	Heart	Lung	Transplant.	2016;35(4):528-536;	John	R,	Lietz	K,	Schuster	M,
et	al.	Immunologic	sensitization	in	recipients	of	left	ventricular	assist	devices.	J	Thoracic
Cardiovasc	Surg.	2003;125(3):578-591;	and	Jaski	BE,	Kim	JC,	Naftel	DC,	et	al.	Cardiac
transplant	outcome	of	patients	supported	on	left	ventricular	assist	device	vs	intravenous	inotropic
therapy.	J	Heart	Lung	Transplant.	2001;20(4):449-456.

The	 antimetabolites	 include	 MMF	 and	 azathioprine.	 These	 inhibit	 purine
synthesis	 and	 thus	 block	 the	 proliferation	 of	 both	 T	 and	 B	 cells.	 They	 are
complementary	 to	 the	calcineurin	 inhibitors.	Kobashigawa	et	al41	demonstrated
considerable	 benefits	 to	 MMF	 over	 azathioprine	 when	 coupled	 with
cyclosporine.	 MMF	 is	 currently	 the	 most	 widely	 used	 antimetabolite	 in	 heart
transplantation.38

Corticosteroids	remain	a	cornerstone	of	therapy.	There	are	multiple	regimens
for	 early	 corticosteroid	 taper	 to	 avoid	 the	 serious	 associated	 side	 effects
including	systemic	hypertension,	obesity,	osteoporosis,	and	glucose	intolerance.
In	spite	of	the	negative	side	effects,	in	2004,	approximately	75%	of	patients	were
still	taking	corticosteroids	1	year	following	their	transplantations.42	Monotherapy
consisting	of	tacrolimus	is	currently	being	studied	in	heart	transplant	recipients.
In	one	 study,	75%	of	 recipients	were	 successfully	 converted	 to	monotherapy.43
Results	 from	 the	 group	 at	 Stanford	 confirm	 that	 therapy	 with	 tacrolimus	 and
limited	corticosteroid	are	linked	to	improved	recipient	and	graft	survival.40

The	use	of	IL-2	receptor	blockade	has	become	more	prevalent	during	the	last
4	 to	 5	 years.	 These	 proliferation	 signal	 inhibitors,	 sirolimus	 and	 everolimus,
block	the	activation	of	the	T	cell	by	binding	the	IL-2	receptor.	They	have	shown
promise	in	significantly	reducing	the	severity	of	cardiac	allograft	vasculopathy,



the	main	threat	of	 long-term	graft	survival.	But	 they	remain	only	an	adjunct	 to
the	 calcineurin	 inhibitors	 that	 are	 still	 more	 effective	 for	 preventing	 acute
rejection.43

Outcomes
One-year	survival	rates	for	cardiac	transplantation	have	improved	from	89%	in
2008	 to	 92%	 in	 2016.	 In	 a	 recent	 annual	 report	 from	 UNOS/OPTN	 (Organ
Procurement	and	Transplantation	Network),	early	survival	was	similar	among	all
age	groups.	However,	survival	at	2	and	5	years	was	greatest	among	patients	age
50	 to	 64,	 at	 87.6%	 and	 80.2%	 respectively.	 Recipients	 age	 18	 to	 35	 had	 the
lowest	5-year	survival	rate	at	77.3%.

Over	 time,	 the	median	survival	rate	has	also	improved,	from	8.6	years	from
1982	to	1991,	to	10.5	years	from	1992	to	2001,	to	12.2	years	from	2002	to	2008.
Another	significant	improvement	is	that	seen	for	cardiac	retransplantation,	with
current	1-year	survival	of	86.5%.44

General	Complications	of	Heart	Transplantation

Right	Heart	Failure	and	Pulmonary	Hypertension
Acute	 right	 heart	 failure	 in	 the	 postoperative	 heart	 transplant	 patient	 is	 often
secondary	to	pulmonary	hypertension.	As	mentioned,	patient	selection	is	crucial
in	identifying	those	recipients	with	fixed	pulmonary	hypertension.	Those	with	a
pulmonary	 vascular	 resistance	 >4	 WU,	 a	 systolic	 pulmonary	 artery	 pressure
>60	mm	Hg,	 or	 a	 transpulmonary	 gradient	 >15	mm	Hg	 that	 does	 not	 reverse
with	vasodilator	therapy,	such	as	inhaled	nitric	oxide	or	a	prostacyclin	analogue
such	 as	 epoprostenol,	 should	 not	 receive	 a	 heart	 transplantation.	 Despite	 this,
there	are	still	recipients	who	will	have	some	degree	of	pulmonary	hypertension
that	will	cause	right	heart	strain	post	transplantation.

Though	 right	 heart	 failure	 is	 frequently	 accompanied	 by	 pulmonary
hypertension,	 other	 causes	 include	 donor	 selection,	 poor	 preservation,	 or
prolonged	 ischemia	 time.	 The	main	 principles	 of	management	 for	 all	 cases	 of
right	heart	failure	are	to	preserve	coronary	perfusion,	optimize	RV	preload,	and
reduce	 afterload	 by	 using	 high	 inspired	 oxygen	 concentrations,	 inhaled	 nitric
oxide,	and/or	prostacyclin.31	Finally,	for	severe	cases	of	right	heart	failure	in	the
acute	 postoperative	 setting,	 a	 temporary	 RVAD	 is	 used	 to	 bridge	 the	 heart	 to
recovery.	The	need	for	mechanical	assistance	typically	lasts	only	a	few	days	to	a



week	and	a	low	threshold	should	be	kept	for	implanting	a	device.45

Rejection
Surveillance	for	rejection	of	the	transplanted	heart	by	evaluating	endomyocardial
biopsies	 of	 the	 right	 ventricle,	 obtained	 via	 transvenous	 access,	 is	 performed
frequently	during	the	first	year	and	eventually	lessens	to	two	to	three	times	per
year.	There	are	four	types	of	rejection:	hyperacute,	acute	cellular,	acute	humoral,
and	chronic.	The	grading	scale	for	rejection	was	revised	for	simplification,	and
also	because	there	appeared	to	be	little	clinical	difference	between	grade	1A	and
1B	 rejection	 in	 the	 old	 classification.	 There	was	 evidence	 of	 a	 benign	 clinical
course	 for	grade	2	 rejection	 in	 the	prior	 scheme	as	well.46	The	current	grading
system	is	shown	in	Table	59.4.

TABLE	59.4

ISHLT	Cardiac	Biopsy	Grading	for	Acute	Cellular	Rejection

Grade

0R No	rejection

1R,	mild Interstitial	and/or	perivascular	infiltrate	with	up	to	one	focus	of
myocyte	damage

2R,
moderate

Two	or	more	foci	of	infiltrate	with	associated	myocyte	damage

3R,
severe

Diffuse	infiltrate	with	multifocal	myocyte	damage	±	edema,	±
hemorrhage,	±	vasculitis

ISHLT,	International	Society	for	Heart	and	Lung	Transplantation.
Data	from	Stewart	S,	Winters	GL,	Fishbein	MC,	et	al.	Revision	of	the	1990	working	formulation	for
the	standardization	of	nomenclature	in	the	diagnosis	of	heart	rejection.	J	Heart	Lung	Transplant.
2005;24:1710.

The	 mainstay	 of	 treatment	 is	 pulse	 corticosteroids	 administered
intravenously	for	3	days.	In	the	case	of	hemodynamically	significant	rejection	or
suspected	 acute	 humoral	 rejection,	 ultrafiltration	 is	 used,	 and	 intravenous



immunoglobulin	 administered,	 to	 diminish	 circulating	 antibody	 levels.	 The
addition	 of	 methotrexate	 or	 cyclophosphamide	 should	 also	 be	 considered.
Photopheresis	has	been	used	to	treat	patients	who	have	pre-existent	high	levels
of	PRA.47	Late	chronic	rejection	manifests	as	cardiac	allograft	vasculopathy.	It	is
thought	to	be	due	to	a	combination	of	humoral	and	cellular	rejection,	and	is	the
greatest	threat	to	long-term	survival.	When	a	patient	has	no	other	options	to	treat
chronic,	unrelenting	rejection,	the	last	resort	is	retransplantation.

Infection	and	Pneumonia
With	 posttransplant	 immunosuppression,	 patients	 are	 susceptible	 to	 bacterial,
fungal,	 and	 viral	 infections.	 The	 most	 morbid	 viral	 infection	 is	 caused	 by
cytomegalovirus	 (CMV).48	 Transmission	 of	 CMV	 by	 a	 donor	 organ	 is	 very
common,	 and	 patients	who	 are	 seronegative	 at	 the	 time	 of	 transplantation	 and
receive	a	graft	from	a	seropositive	donor	sustain	the	highest	rate	of	infection	and
exhibit	 the	most	 severe	 form	of	CMV	disease.	Ganciclovir	 is	 the	 treatment	 of
choice.

Pulmonary	 complications	 occur	 among	 approximately	 a	 third	 of	 heart
transplant	recipients48,49	and	is	the	most	common	infectious	complication.	In	the
first	 6	 months,	 hospital-acquired	 bacterial	 pneumonia	 is	 the	 most	 common
pulmonary	 complication	 followed	 by	 Aspergillus	 pneumonia.	 The	 overall
mortality	associated	with	pneumonia	is	35%	to	55%	and	accounts	for	40%	of	all-
cause	 mortality.	 Risk	 factors	 for	 pulmonary	 complications	 are	 older	 recipient
age,	moderate-to-severe	 rejection,	 and	 development	 of	CMV	 antigenemia	 in	 a
previously	CMV-seronegative	recipient.48

Coronary	Allograft	Vasculopathy
The	 development	 of	 coronary	 allograft	 vasculopathy	 can	 lead	 to	 myocardial
infarction	 and	 sudden	death	 in	 the	 cardiac	 transplant	 recipient.	Routine	 annual
coronary	 angiography	with	 intravascular	 ultrasound	 is	 performed	 to	 permit	 an
accurate	 assessment	 of	 the	 time	 of	 onset	 and	 rate	 of	 progression	 of	 coronary
artery	 disease.	 Graft	 atherosclerosis	 occurs	 in	 30%	 to	 40%	 of	 transplant
recipients	 after	 3	 years	 and	 in	 40%	 to	 60%	 of	 patients	 by	 5	 years	 after
transplantation.50	 It	 remains	 the	major	obstacle	 to	 long-term	survival	 in	cardiac
transplant	 recipients.	 A	 correlation	 between	 CMV	 infection	 and	 accelerated
allograft	 atherosclerosis	 has	 also	 been	 identified.51	 Immunologically	 mediated
endothelial	damage	has	been	proposed	as	a	stimulus	for	the	development	of	graft
atherosclerosis.	 Treatment	 can	 be	 temporizing	 in	 the	 form	 of	 angioplasty	 for



focal	lesions;	however,	when	the	disease	involves	tapering	of	the	distal	vessels,
cardiac	retransplantation	may	be	the	only	option.

Renal	Failure
Renal	 failure	 in	 the	 perioperative	 period	 is	 often	 transient,	 and	 it	 may	 be	 the
direct	result	of	nephrotoxic	immunosuppressive	drugs.	Mild	impairment	of	renal
function	preoperatively	 is	acceptable	as	 long	as	 the	 risk	of	acute	kidney	 injury
during	 the	 postoperative	 period	 is	 recognized	 as	 a	 possible	 complication.	 For
suitable	 patients,	 combined	 heart-and-kidney	 transplant	 can	 be	 considered	 if
there	is	pre-existing	renal	disease.	It	is	also	possible	for	a	patient	to	be	listed	for
a	kidney	transplant	following	thoracic	organ	transplantation.

POSTTRANSPLANT	LYMPHOPROLIFERATIVE
DISEASE
Posttransplant	 lymphoproliferative	 disease	 (PTLD)	 is	 a	 common	 cause	 of	 late
death	 following	 solid-organ	 transplantation.	 It	 is	 more	 commonly	 seen	 in	 the
pediatric	 population	 and	 is	 associated	with	 exposure	 to	 the	 Epstein-Barr	 virus
(EBV).	 Those	 at	 greatest	 risk	 for	 PTLD	 are	 individuals	 who	 are	 EBV-
seronegative	 before	 transplant	who	 convert	 after	 their	 transplant.	Management
includes	vigilant	monitoring	of	the	patient’s	EBV	status,	EBV	polymerase	chain
reaction	testing,	and	regular	examinations	of	lymph	node	beds	for	enlargement.
Therapy	once	this	problem	occurs	has	not	been	standardized	and	includes	the	use
of	antiviral	agents,	reduction	of	immunosuppression,	anti-CD20	antibodies	(such
as	 rituximab),	 chemotherapy,	 and	 radiation	 therapy.	Many	 of	 these	 have	 been
used	in	combination.

Gastrointestinal	Problems
Approximately	 40%	 of	 patients	 experience	 gastrointestinal	 complications
posttransplantation.	 The	 majority	 is	 related	 to	 drug	 side	 effects,	 most	 notably
MMF,	 that	 can	 cause	 nausea,	 vomiting,	 and	 diarrhea.52	 These	 are	 most	 often
managed	with	 dose	 adjustments.	 Serious	 complications	 of	 the	 alimentary	 tract
following	heart	 and	heart-lung	 transplantation	have	been	well	documented	and
remain	a	major	source	of	morbidity	and	mortality.53	For	that	reason,	patients	with
active	peptic	ulcer	disease	or	diverticular	disease	are	not	considered	for	thoracic



organ	 transplantation,	 at	 least	 until	 these	 problems	 have	 resolved.	 Mild	 liver
dysfunction	 as	 evidenced	 by	 elevation	 of	 serum	 transaminase	 values	 and
hyperbilirubinemia	may	occur	 in	patients	receiving	high	doses	of	cyclosporine.
This	 is	 a	 chemical	 hepatitis	 that	 usually	 responds	 to	 a	 decrease	 in	 the	 dosage.
Other	 immunosuppressants	 such	 as	 azathioprine	 have	 been	 implicated	 in	 a
similar	process.	Hepatitis	may	also	be	secondary	to	concomitant	viral	 infection
(eg,	hepatitis	B	or	C,	herpes	simplex).

Biliary	 tract	 disease	 is	 common	 among	 the	 thoracic	 organ	 transplant
population.	 In	 a	 series	 of	 heart	 transplant	 recipients,	 the	 incidence	 of
cholelithiasis	ranged	from	30%	to	39%,	which	is	more	than	twice	that	expected
for	 age-	 and	 gender-matched	 controls.54	 The	 primary	 cause	 of	 this	 problem	 is
thought	 to	 be	 gallbladder	 stasis	 and	 the	 side	 effects	 of	 specific
immunosuppressants.55

Cardiac	Retransplantation
Cardiac	 retransplantation	 represents	 a	 small	 fraction	 of	 the	 transplants	 that	 are
performed	 annually,	 comprising	 only	 3.4%	 of	 adult	 heart	 transplants	 in	 2019.
The	 current	 1-year	 survival	 for	 retransplant	 is	 86.2%,	 closely	 approaching	 the
survival	rate	for	initial	transplant	at	91%.4

The	primary	indications	for	retransplantation	appear	to	be	early	graft	failure,
and	in	later	time	periods,	chronic	rejection	or	graft	atherosclerosis.

HEART-LUNG	TRANSPLANTATION
Heart-lung	 transplants	 are	 performed	 almost	 exclusively	 in	 patients	 with
surgically	 uncorrectable	 congenital	 heart	 disease	 and	Eisenmenger	 physiology.
Patients	with	unrelated	severe	cardiomyopathy	and	pulmonary	disease	may	also
be	 candidates	 for	 heart-lung	 transplantation.	With	 the	 difficulty	 of	 obtaining	 a
heart-lung	block	and	the	outcomes	of	these	procedures,	many	surgeons	repair	the
congenital	heart	defect	and	transplant	only	the	lungs.56,57	Increasing	numbers	of
patients	 with	 primary	 pulmonary	 hypertension	 are	 being	 treated	 with	 bilateral
single-lung	transplant	rather	than	with	heart-lung	transplantation.

5 	There	has	been	a	constant	decline	 in	 the	number	of	heart-lung	 transplants
performed	since	 the	mid-1990s,	both	nationally	and	 internationally,	with	 fewer
than	60	being	performed	annually	from	2013	to	2018.58



Donor	Criteria	and	Organ	Procurement
The	donor	criteria	are	similar	to	the	criteria	used	for	heart	(as	listed	previously)
and	 lung	 transplantation	 (see	 Chapter	 58).	 The	 procurement	 of	 the	 heart-lung
block	entails	simultaneous	use	of	techniques	that	are	otherwise	used	to	procure
these	same	organs	separately.

Operative	Technique
After	 opening	 the	 chest	 and	 exposing	 the	 relevant	 structures,	 the	 recipient	 is
placed	on	cardiopulmonary	bypass.	The	recipient	heart	is	excised	first,	and	then
each	 lung	 is	 removed.	 The	 phrenic	 neurovascular	 bundles	 are	 protected
bilaterally.	 The	 left	 recurrent	 laryngeal	 nerve	 is	 also	 at	 risk	 for	 damage	 in	 the
region	 of	 the	 ligamentum	 arteriosum.	 For	 that	 reason,	 some	 surgeons	 leave	 a
portion	of	the	main	and	left	pulmonary	artery	in	situ.	The	tracheal	anastomosis	is
performed	first.	Although	it	can	be	wrapped	with	omentum,	it	does	not	need	to
be,	 because	 the	 coronary-bronchial	 collateral	 circulation	 is	 generally	 excellent.
Performance	of	 the	right	atrial	anastomosis	or	bicaval	anastomoses	 is	 followed
by	 the	 aortic	 anastomosis.	 Large	 aortopulmonary	 collaterals	 and	 bronchial
vessels	 can	 develop	 in	 patients	 with	 chronic	 cyanosis	 and	 Eisenmenger
physiology.	Extreme	care	must	be	taken	during	the	operative	procedure	in	these
patients	 to	 avoid	 postoperative	 bleeding.	 Blood	 pressure	 augmentation	 and
cardiac	 filling	 are	 useful	 provocative	 maneuvers	 to	 identify	 surgical	 bleeding
prior	to	weaning	from	cardiopulmonary	bypass.

POSTOPERATIVE	CARE
Postoperative	 care	 of	 patients	who	 have	 had	 heart-lung	 transplantation	 can	 be
quite	complex.	Potential	complications	from	the	heart	or	the	lungs	can	arise.	The
standard	postoperative	care	most	closely	resembles	that	of	a	lung	transplantation
patient,	 and	 is	 discussed	 in	 Chapter	 58.	 Postoperative	 bleeding	 can	 be	 quite
profound	 among	 this	 subset	 of	 patients,	 even	with	 careful	 operative	 control	 of
collateral	vessels.

Outcomes
As	 of	 2015,	 current	 International	 Society	 for	 Heart	 and	 Lung	 Transplantation
registry	database	demonstrates	a	1-year	survival	 rate	of	80.9%,	3-year	of	58%,



and	 5-year	 of	 49%	 for	 patients	 undergoing	 heart-lung	 transplantation.	Median
survival	 was	 4.5	 years,	 and	 conditional	 median	 survival	 was	 11.2	 years	 for
patients	 between	 1992	 and	 2017.	 In	 the	 era	 from	 2010	 to	 2017,	 the	 median
survival	improved	to	6.5	years.59

Early	mortalities	due	to	technical	complications,	graft	failure,	and	non-CMV
infections	accounted	for	>70%	of	the	deaths.	Mortality	that	occurred	beyond	the
first	 year	was	 attributed	 to	 chronic	 lung	 rejection	with	bronchiolitis	 obliterans,
whereas	cardiac	rejection	or	coronary	vasculopathy	played	a	minimal	role.

In	 the	 field	 of	 heart-lung	 transplantation,	 it	 was	 initially	 thought	 that
endomyocardial	 biopsy	 would	 be	 the	 appropriate	 diagnostic	 test	 to	 detect
rejection.60,61	However,	with	two	organ	systems	involved,	the	lungs	often	display
rejection	despite	normal	 findings	on	endomyocardial	biopsy.56	During	both	 the
perioperative	 period	 and	 later,	 complications	 in	 the	 lung	 allograft	 may	 be
suggested	when	there	are	changes	on	chest	radiograph	or	in	pulmonary	function
studies,	 and	 should	 be	 evaluated	 with	 transbronchial	 biopsy.62	 Treatment	 of
recurrent	 lung	 rejection	 consists	 of	 pulse	 corticosteroids.	 Alternate	 therapies
including	 lympholytic	 agents,	 photopheresis,	 methotrexate,	 or
cyclophosphamide	may	be	used	for	refractory	cases	of	rejection.63

CONCLUSION
Many	major	advances	have	been	made	in	the	discipline	of	heart	transplantation
over	the	past	5	decades.	Despite	changes	in	recipient	criteria,	including	a	greater
number	of	potential	recipients	who	are	more	than	60	years	of	age,	on	inotropic
support,	 or	 using	 mechanical	 assist	 devices,	 the	 outcomes	 of	 heart
transplantation	have	improved	with	each	passing	year.	The	field	has	also	enjoyed
a	 decrease	 in	 candidate	waiting	 times	 on	 the	 list	 and	 the	 evolution	 of	 cardiac
assist	devices	 to	 improve	 functional	status	and	quality	of	 life	of	candidates	 for
heart	 transplant.	 Clearly,	 knowledge	 of	 cardiac	 transplantation	 is	 rapidly
evolving	and	directly	 related	 to	 the	ongoing	accumulation	of	experimental	and
clinical	 experience.	 It	 is	 expected	 that,	 as	 understanding	 continues	 to	 expand,
long-term	survival	of	transplant	recipients	will	continue	to	increase.

MULTIPLE	CHOICE	QUESTIONS

Questions



1. 	A	58-year-old	man	is	4	days	status	post	LVAD	explantation	and	orthotopic
heart	transplant	for	familial	cardiomyopathy.	He	remains	on	isoproterenol	as
well	as	a	low	dose	of	norepinephrine,	and	he	was	extubated	on	the	second
postoperative	day.	His	cardiac	index	has	largely	been	adequate,	and	he	has	no
other	end-organ	dysfunction	related	to	his	postoperative	state.	On	morning
rounds,	he	is	noted	to	be	in	new	atrial	fibrillation	with	rapid	ventricular	response,
with	resultant	hypotension	and	a	cardiac	index	of	1.8.	What	is	the	most	likely
cause	of	this	new	rhythm	abnormality	and	the	appropriate	management?

A. 	Acute	rejection:	patient	should	be	evaluated	and	immunosuppression
modulated	accordingly
B. 	Retained	blood	products	adjacent	to	the	atrium:	patient	should	be
taken	to	the	operating	room	for	washout
C. 	Supratherapeutic	dose	of	isoproterenol:	offending	drug	should	be
rapidly	tapered
D. 	Technical	complication	of	left	atrial	anastomosis,	creating	aberrant
electrical	pathways:	patient	should	have	EP	study

2. 	What	is	the	proper	sequence	when	harvesting	a	heart	from	a	donor?

A. 	Aortic	clamping,	left	atrial	venting,	transection	of	SVC,	opening	of
right	atrium,	division	of	pulmonary	artery,	cardioplegia	flush
B. 	Excision	of	left	atrial	appendage,	cardioplegia	flush,	aortic	clamping,
ligation	of	IVC,	venting	of	pulmonary	artery,	left	atrial	cuff	creation
C. 	Ligation/clamping	of	SVC,	transection	of	IVC,	aortic	clamping,
cardioplegia	flush,	left	atrial	venting,	transection	of	pulmonary	artery
D. 	Transection	of	SVC,	clamping	of	IVC,	placement	of	cardioplegia
needle,	excision	of	left	atrial	appendage,	division	of	great	vessels,	left	atrial
division

3. 	Existing	evidence	has	revealed	the	primary	advantage	of	the	current
HeartMate	3	centrifugal	flow	ventricular	assist	device	(VAD)	over	the	prior
generation	axial	flow	device,	to	be:

A. 	Decreased	risk	of	right	heart	failure
B. 	Increased	functional	status	and	quality	of	life
C. 	Reduced	thromboembolic	events
D. 	Reduced	infectious	complications



Answers

1.	The	correct	answer	is	A.
Rationale:	Unlike	other	post	cardiotomy	patients,	atrial	fibrillation	after	heart

transplant	is	far	more	concerning	as	it	is	may	indicate	evolving	acute	rejection.	It
is	critical	that	appropriate	evaluation	and	immunosuppression	take	place	to	avoid
irreversible	 allograft	 damage	 (choice	 A	 is	 correct).	 Blood	 outside	 of	 atrium
would	 be	 less	 likely	 to	 cause	 the	 current	 syndrome	 (choice	 B	 is	 incorrect).
Isoproterenol	 is	 at	 a	 low	 dose,	 and	 while	 it	 causes	 vasodilation,	 it	 would	 be
expected	 to	 increase	 and	 not	 decrease	 cardiac	 index	 (choice	 C	 is	 incorrect).
While	 an	 EP	 study	 could	 be	 considered,	 the	 priority	 is	 first	 to	 address	 acute
rejection	(choice	D	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	 Venting	 of	 the	 right	 heart	 is	 the	 critical	 first	 step	 during

cardiectomy	to	minimize	transpulmonary	flow	to	the	left	heart.	The	aortic	clamp
must	 be	 applied	 prior	 to	 cardioplegic	 flush	 to	 ensure	 flow	 down	 the	 coronary
arteries	(choice	C	is	the	best	answer).	This	is	followed	by	venting	the	left	heart
to	 ensure	 no	LV	distention.	Once	 the	 cardioplegia	 is	 complete,	 division	 of	 the
great	 vessels	 and	 creation	 of	 the	 left	 atrial	 cuff	 is	 performed,	 completing	 the
donor	cardiectomy.

3.	The	correct	answer	is	C.
Rationale:	The	centrifugal-flow	HeartMate	3	LVAD	performed	significantly

better	 than	 the	 axial-flow	 HeartMate	 II	 system	 with	 regards	 to	 reductions	 in
pump	thrombosis	and	the	need	for	device	replacement	(choice	C	is	correct)	and
there	were	also	reductions	in	all	 types	and	severity	of	stroke,	reductions	in	any
bleeding	 (especially	 gastrointestinal),	 reductions	 in	 cardiac	 arrhythmias
(particularly	 ventricular	 arrhythmias),	 and	 reductions	 in	 rehospitalizations	 and
total	number	of	days	spent	in	the	hospital	when	readmitted.	Effects	on	right	heart
failure,	function,	quality	of	life,	and	rates	of	infection	were	less	significant	than
effects	on	thrombotic	complications.
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Chapter	60
Care	of	the	Pancreas	Transplant
Recipient
Colleen	L.	Jay,	Robert	J.	Stratta,	Alan	Farney,	Jeffrey	Rogers,	Giuseppe
Orlando

KEY	POINTS:
1.	 Indications	for	pancreas	transplantation	include	insulin-dependent	1

and	appropriately	selected	2	diabetes	mellitus	patients	with	(1)
impending	or	existing	end-stage	renal	failure,	(2)	hypoglycemic
unawareness,	or	(3)	inability	to	effectively	manage	or	failure	of
insulin	therapy.	See	Table	60.1.

TABLE	60.1

Summary	of	American	Diabetes	Association
Recommendations	for	Indications	for	Pancreas
Transplants

Indications	for	Pancreas	Transplants

1.	 Imminent	or	established	end-stage	renal	disease	in	patients	who
have	had,	or	plan	to	have,	a	kidney	transplant

2.	 History	of	frequent,	acute,	and	severe	metabolic	complications	(eg,
hypoglycemia,	hyperglycemia,	ketoacidosis)

3.	 Incapacitating	clinical	and	emotional	problems	with	exogenous



insulin	therapy

4.	 Consistent	failure	of	insulin-based	management	to	prevent	acute
complications

5.	 Islet	cell	transplantation	is	experimental	and	should	be	performed
only	within	the	setting	of	controlled	research	studies

2.	 Currently,	both	simultaneous	pancreas-kidney	(SPK),	and	living
donor	kidney	(LDKT)	with	pancreas	after	kidney	(PAK)
transplantation	are	considered	first-line	therapeutic	options	for
diabetic	patients	with	stage	4	or	5	chronic	kidney	disease	and	are
associated	with	comparable	survival.

3.	 Enteric	drainage	of	pancreatic	exocrine	secretions	has	replaced
bladder	drainage	as	the	preferred	technique	given	problems
associated	with	bladder	drainage	including	cystitis,	urethritis,
hematuria,	development	of	bladder	calculi,	urethral	strictures,
refractory	metabolic	acidosis,	reflux	pancreatitis,	and	dehydration.
Systemic	drainage	via	the	iliacs	has	become	the	dominant	method	of
venous	drainage,	but	portal	drainage	continues	to	be	performed	at
select	centers	and	is	utilized	in	approximately	10%	of	pancreas
transplants.

4.	 Pancreatic	graft	thrombosis	remains	a	dreaded	complication	of
pancreas	transplantation	and	represents	the	primary	cause	of	early
graft	failure.	Rates	have	decreased	over	time	with	current	rates	of
5%-8%	depending	on	of	pancreas	transplant	(SPK	vs	pancreas
alone).	Risks	include	donor	(such	as	advanced	donor	age,	high	BMI,
and	prolonged	ischemic	time)	and	recipient	factors	(patients	with
propensity	for	developing	thrombosis,	vascular	disease,	or	obesity)
as	well	as	technical	considerations.

INTRODUCTION
Insulin-dependent	 diabetes	 mellitus	 has	 two	 primary	 treatment	 options:	 (1)
exogenous	 insulin	 administration	 or	 (2)	 beta-cell	 replacement	 by	 pancreas	 or



islet	 transplantation.	 Despite	 the	 introduction	 of	 many	 new	 and	 improved
modalities	for	insulin	administration	and	glucose	monitoring,	optimal	treatment
with	 exogenous	 insulin	 requires	 complex	 regimens,	 frequent	 serum	 glucose
checks,	 potential	 lag	 time	 between	 glycemic	 excursion	 and	 insulin
administration,	 attention	 to	 diet	 and	 exercise,	 and	 behavioral	modification	 and
lifestyle	changes.	Each	of	these	requires	responsiveness	from	the	patient,	which
may	make	 conventional	 diabetes	management	 burdensome	 to	 the	 point	 that	 it
impairs	 quality	 of	 life.	Often,	 patients	 face	 a	 choice	 between	 subpar	 glycemic
control,	which	predisposes	them	to	long-term	secondary	complications	including
retinopathy,	 neuropathy,	 and	 nephropathy,	 and	 too	 tight	 control,	 which	 may
precipitate	hypoglycemia	which	is	life-threatening,	can	lead	to	unawareness,	and
dramatically	impacts	quality	of	life.

Pancreas	 and	 islet	 transplantation,	 when	 successful,	 produces	 a	 more
physiological	euglycemic	state	and	effectively	prevents	hypoglycemia	as	well	as
hyperglycemia	 episodes.	 Studies	 utilizing	 continuous	 glucose	 monitors	 have
shown	 a	 decrease	 in	 the	 frequency	 of	 both	 high	 and	 low	 glycemic	 excursions
after	pancreas	transplantation	as	well	as	significant	improvements	in	the	amount
of	 time	 spent	 in	 the	 euglycemic	 (glucose	 70-180	 mg/dL)	 range.1	 Pancreas
transplantation	 also	 benefits	 patients	 who	 have	 developed	 secondary
complications	 of	 diabetes	 including	 retinopathy,	 cardiovascular	 disease,
nephropathy,	or	neuropathy.	The	progression	of	many	of	 these	sequelae	can	be
halted	if	not	improved	by	a	functioning	pancreas	graft.

The	 long-term	 effectiveness	 in	 terms	 of	 insulin	 independence	 of	 islet
transplantation	 remains	 inferior	 compared	 to	 whole-pancreas	 transplantation.
Consequently,	 islet	 transplantation	 remains	 an	 investigational	 procedure	 in	 the
United	States	and	is	offered	only	at	a	few	centers.	Successful	islet	transplantation
often	 requires	 more	 islets	 than	 can	 be	 supplied	 by	 a	 single	 pancreas,	 with
resultant	 donor	 scarcity	 and	 cost	 implications,	 and	 the	 insulin	 independence,
especially	long	term,	is	more	fragile	than	that	attained	by	a	solid-organ	pancreas
graft.	 Alternatively,	 whole-pancreas	 transplantation	 requires	 a	 laparotomy	 in
which	perioperative	 risks	may	be	compounded	by	 the	comorbidities	 frequently
seen	 in	 patients	 with	 long-standing	 diabetes.	 When	 a	 patient	 is	 uremic	 and
requires	 immunosuppression	 for	 a	 kidney	 transplant,	 the	 additional	 risks	 of
pancreas	 transplant	 are	 related	 to	 the	 surgery	only,	but	 for	 an	 islet	 or	pancreas
only	transplantation,	 the	risks	of	 immunosuppression	must	be	warranted	by	the
risks	of	diabetes	alone.

1 	The	indications	for	pancreas	transplantation	have	evolved	over	the	years	as
results	 have	 improved.	 The	 position	 statement	 of	 the	 American	 Diabetes
Association	on	indications	for	a	pancreas	transplant	(Table	60.1)	was	published



in	2000.2	It	included	patients	with	impending	or	existing	end-stage	renal	failure,
frequent	 and	 severe	metabolic	 complications	 such	as	hypoglycemia	 (especially
hypoglycemic	unawareness),	incapacitating	clinical	or	emotional	problems	with
insulin	therapy,	and/or	failure	of	insulin	therapy	to	prevent	acute	complications.
However,	 this	 position	 statement	 may	 be	 outdated,	 as	 selection	 criteria	 for
pancreas	 transplantation	 have	 expanded	 to	 include	 selected	 insulin-requiring
patients	 with	 a	 2	 diabetes	 phenotype.	 Characteristics	 of	 this	 phenoinclude
absence	 of	 autoantibodies	 or	 episodes	 of	 ketoacidosis,	 older	 age	 of	 onset	 of
diabetes,	 shorter	 duration	 of	 insulin-requiring	 diabetes	 or	 not	 immediately
insulin-requiring	at	the	time	of	initial	diagnosis,	presence	of	detectable	c-peptide,
higher	 body	 weight	 and	 body	 mass	 index,	 and	 higher	 proportion	 of	 African
Americans	and	other	minorities.

There	 are	 three	 broad	 categories	 of	 pancreas	 transplants:	 simultaneous
pancreas-kidney	 (SPK)	 transplant,	 pancreas	 after	 kidney	 (PAK)	 transplant,	 and
pancreas	 transplant	 alone	 (PTA).	With	major	 advances	 in	 donor	 and	 recipient
selection	 and	 management,	 organ	 procurement	 and	 preservation,
immunosuppression,	 and	 technical	 aspects	 of	 pancreas	 transplantation,	 success
rates	 have	 progressively	 increased	 over	 time.	 Currently,	 the	 1-year	 patient
survival	 rate	 in	 the	 United	 States	 is	 95%-98%	 after	 pancreas	 transplantation,
with	 10-year	 survival	 rates	 exceeding	 75%	 for	 all	 types	 of	 pancreas
transplantation.3	One,	five,	and	10-year	pancreas	graft	survival	rates	were	91%,
80%,	 and	 68%	 for	 SPK	 transplantation;	 86%,	 62%,	 and	 46%	 for	 PAK
transplantation;	and	86%,	59%,	and	39%	for	PTA.4,5	At	present,	the	majority	of
pancreas	transplant	recipients	will	be	rendered	insulin	free	for	at	least	5-10	years
following	transplantation.

2 	 Arguably,	 the	 majority	 of	 patient	 survival	 benefit	 that	 occurs	 after	 SPK
transplantation	 is	 derived	 from	 the	 restoration	 of	 renal	 function	 and	 liberation
from	 dialysis.	 Early	 studies	 demonstrated	 a	 survival	 advantage	 with	 SPK
transplant	compared	to	deceased	donor	kidney	transplant	alone	in	patients	with
diabetes,	 but	 this	 difference	 appeared	 to	 be	 secondary	 to	 a	 younger	 donor	 and
recipient	 pool	 in	SPK	 transplants	 based	on	 adjusted	 analyses	 and	 in	 large	part
represents	the	impact	of	access	to	a	better	donor	organ	pool	and	shorter	waiting
time	 associated	 with	 multiorgan	 transplants.6,7	 Living	 donor	 kidney
transplantation	 (LDKT)	 has	 been	 associated	 with	 graft	 survival	 and	 patient
survival	comparable	to	SPK	transplantation	in	part	due	to	shorter	waiting	times
and	 reduced	 dialysis	 exposure.8	 However,	 eugylcemia	 after	 transplant	 is
associated	 with	 reduced	 cardiovascular	 death	 and	 improved	 long-term	 kidney
graft	survival.7	A	successful	pancreas	transplant	halts	the	progression	of	diabetic
changes	 in	 the	 new	 kidney	 transplant,	 and	 several	 studies	 have	 demonstrated



improvement	 of	 nephropathy	 following	 either	 PAK	 or	 PTA.9-11	 Long-term
normoglycemia	 due	 to	 a	 functioning	 pancreas	 transplant	 led	 to	 reversal	 of
characteristic	 diabetic	 glomerular	 lesions	 that	 occurred	 in	 nonuremic	 PTA
recipients	who	had	 established	nephropathy.10,12	 In	 addition	 to	 improvement	 in
glomerular	 architecture,	 these	 studies	 also	 showed	 a	 reversibility	 of	 cortical
interstitial	 expansion	 and	 reabsorption	 of	 atrophic	 renal	 tubules	 10	 years	 after
PTA.10,13	These	changes	in	renal	architecture	may	explain	the	reduction	in	blood
pressure,	albuminuria,	and	nephrotic	range	proteinuria	that	some	PTA	recipients
demonstrate,10,14,15	but	creatinine	clearance	can	still	deteriorate	and	is	affected	by
the	 need	 for	 calcineurin	 inhibitors	 long	 term	 after	 pancreas	 transplantation.
These	 benefits	 are	 important	 reasons	 to	 consider	 pancreas	 transplant	 (either
simultaneously	or	sequentially)	to	achieve	glycemic	control	in	addition	to	kidney
transplantation	 for	 insulin-requiring	 diabetic	 patients	 with	 end-stage	 renal
disease.	 Currently,	 both	 SPK	 transplantation	 and	 LDKT	 with	 PAK
transplantation	are	considered	first-line	therapeutic	options	for	diabetic	patients
with	stage	4	or	5	chronic	kidney	disease.16

Potentially,	 the	most	 subjective	outcome	 following	pancreas	 transplantation,
improved	quality	of	life,	may	be	the	most	important.10	One	study	compared	the
quality	of	life	of	diabetic	patients	who	underwent	SPK	transplantation	with	that
of	 those	 receiving	 a	 kidney	 transplants	 alone	 and	 noted	 that	 SPK	 transplant
recipients	reported	improved	quality	of	life	related	to	chronic	symptoms,	effects
of	kidney	disease,	cognitive	function,	pain,	physical	activity,	and	overall	health.17
Addition	of	a	pancreas	to	a	kidney	transplant	has	been	associated	with	a	greater
sense	of	well-being,	independence,	autonomy,	and	control	over	one’s	destiny.

Despite	these	benefits	and	successes,	the	number	of	pancreas	transplantations
performed	in	the	United	States	declined	by	more	than	30%	from	2005	to	2015.3,4
The	causes	cited	for	this	decline	include	lack	of	primary	referral	source,	lack	of
acceptance	 among	 greater	 diabetic	 care	 medical	 community,	 improvements	 in
insulin	 monitoring	 and	 delivery	 modalities,	 changing	 donor	 and	 recipient
characteristics	including	progressive	obesity	prevalence	among	both	populations,
inadequate	 surgical	 training	 opportunities,	 and	 increasing	 risk	 aversion	 among
centers	 related	 to	 regulatory	 scrutiny.18	 However,	 since	 2015,	 the	 number	 of
pancreas	transplants	performed	in	the	United	States	has	stabilized	and	recovered
to	 some	 extent,	 and	 currently	 about	 1000	 pancreas	 transplants	 are	 performed
annually.	 The	 majority	 (85%)	 of	 pancreas	 transplants	 are	 performed	 as	 SPK
transplants.

Most	 pancreas	 transplants	 are	 performed	 for	 1	 diabetics	with	 impending	 or
chronic	 renal	 failure.	 However,	 in	 recent	 years,	 there	 has	 been	 an	 increasing
number	 of	 pancreas	 transplantations	 performed	 for	 patients	 categorized	 as



having	 2	 diabetes.	 In	 2019,	 approximately	 20%	 of	 pancreas	 transplants	 in	 the
United	States	were	performed	for	patients	with	a	2	diabetes	phenotype.3	Multiple
reports	have	demonstrated	comparable	survival	rates	with	patients	characterized
as	 having	 either	 1	 or	 2	 diabetes.19-22	 Consequently,	 in	 2019,	 body	mass	 index
(BMI)	and	C-peptide	criteria	were	removed	from	the	requirements	for	listing	for
pancreas	transplantation	in	the	United	States.

TECHNICAL	ASPECTS	OF	PANCREAS
TRANSPLANTATION
The	 first	 clinical	 pancreas	 transplantation	 was	 performed	 at	 the	 University	 of
Minnesota	 in	1966	as	a	duct-ligated,	segmental	graft.23,24	However,	 the	next	11
pancreas	 transplantations	 performed	 at	 the	University	 of	Minnesota	were	 SPK
transplants	 using	 whole-organ	 pancreaticoduodenal	 grafts.	 Many	 techniques
have	 been	 tried,	 adopted,	 and	 several	 aborted	 since	 then.	 In	 1983,	 Sollinger
reported	 the	 use	 of	 direct	 bladder	 drainage	 to	 manage	 pancreatic	 exocrine
secretions.25	 The	 ease	 of	 measuring	 urinary	 amylase	 activity	 as	 a	 marker	 for
rejection	episodes	contributed	 to	 the	popularity	of	 this	 technique	over	 the	next
decade.23,26,27

3 	 Bladder	 drainage	 was	 associated	 with	 cystitis,	 urethritis,	 hematuria,
development	of	bladder	calculi,	urethral	strictures,	refractory	metabolic	acidosis,
reflux	 pancreatitis,	 and	 dehydration.28-30	 This	 led	 to	 the	 eventual	 adoption	 of
enteric	drainage	as	the	dominant	preferred	management	for	exocrine	drainage	by
the	 mid-1990s.	 The	 transition	 from	 bladder	 to	 enteric	 exocrine	 drainage	 was
facilitated	in	part	by	the	success	of	enteric	conversion	of	many	bladder-drained
pancreas	 transplants	 for	 persistent	 urologic,	 metabolic,	 or	 infectious
complications.23,31	Enteric	 drainage	became	 the	more	 common	 technique	much
earlier	 for	SPK	 transplant	 compared	 to	 solitary	 (PAK	or	PTA)	 transplantations
because	 the	 kidney	 allograft	 could	 be	 used	 to	monitor	 for	 rejection.	However,
with	improving	success	and	fewer	complications	associated	with	this	technique
compared	to	bladder	drainage,	enteric	drainage	eventually	became	the	preferred
technique	for	all	types	of	pancreas	transplantation.32

3 	Venous	drainage	of	the	pancreas	has	also	evolved	over	time.	According	to
the	 International	 Pancreas	 Transplant	Registry	 (IPTR)	 data	 published	 in	 2020,
systemic	 venous	 drainage	 is	 now	 the	 dominant	 method	 used,	 whereas	 portal
venous	drainage	was	utilized	in	12%	of	SPK	transplants,	5%	of	PAK	transplants,
and	10%	of	PTA	transplants.4	Proponents	of	portal	drainage,	which	involves	an



anastomosis	 between	 the	 donor	 portal	 vein	 and	 recipient	 superior	 mesenteric
vein,	 cite	 theoretical	 metabolic	 advantages	 through	 creation	 of	 a	 more
physiological	delivery	of	insulin	with	associated	“first	pass”	hepatic	degradation
and	 a	 potential	 immunological	 advantage,	 as	 hepatic	macrophages	 scavenging
allograft-shed	antigens	could	induce	immunological	hyporesponsiveness.	Critics
of	 portal	 drainage	 note	 technical	 risks	 of	 thrombosis	 and	 leak	 with	 initial
reported	 experiences.	 Currently,	 the	 choice	 is	 typically	 center	 and	 surgeon
dependent	with	no	differences	in	survival	outcomes.33

PRETRANSPLANT	EVALUATION
The	pretransplant	workup	should	include	a	comprehensive	medical,	surgical,	and
psychosocial	evaluation.	Cardiac	risk	assessment	is	mandatory	because	diabetes
and	 chronic	 kidney	 disease	 are	 major	 risk	 factors	 for	 coronary	 artery	 disease
(CAD).	Cardiologists	vary	on	the	of	test	to	screen	for	CAD	in	pretransplantation
diabetic	patients.	The	minimum	cardiac	evaluation	for	consideration	of	pancreas
transplant	 candidacy	 should	 include	 an	 electrocardiogram,	 chest	 radiograph,
echocardiogram,	 and	 cardiac	 stress	 test.11	 Coronary	 angiograms	 are	 also
frequently	performed	for	many	candidates,	especially	those	over	45	years	of	age.
Noninvasive	 tests	 are	 not	 always	 predictive	 for	 CAD	 and	 subsequent
postoperative	 events	 among	 patients	 with	 long-standing	 diabetes.	 Risks	 of
contrast-induced	nephropathy	 for	 patients	with	 residual	 renal	 function	must	 be
balanced	against	the	potential	benefits	of	accurate	cardiac	risk	stratification	and
intervention	 when	 indicated.	 Revascularization	 by	 angioplasty,	 stenting,	 or
bypass	 surgery	 may	 be	 indicated	 for	 eligible	 patients	 to	 address	 reversible
ischemic	cardiac	disease.

A	 detailed	 physical	 examination	 must	 be	 done	 to	 rule	 out	 vascular
insufficiency	of	the	lower	extremities	as	peripheral	vascular	disease	is	common
in	 this	 group	 of	 patients.	 If	 vascular	 insufficiency	 is	 found,	 it	 too	 may	 need
pretransplantation	 correction	 with	 angioplasty,	 endarterectomy,	 or
revascularization,	 because	 the	 transplantation	 procedure	 usually	 entails	 an
anastomosis	 to	 the	 iliac	 artery.	 Additionally,	 this	 can	 help	 avoid
posttransplantation	 complications	 including	 amputation	 and	 infection.
Consequently,	iliac	duplex	studies	as	well	as	noncontrast	computed	tomographic
(CT)	 scans	 of	 the	 abdomen	 and	 pelvis	may	 be	 needed	 to	 provide	 an	 adequate
roadmap	for	surgical	planning.	Carotid	duplex	is	also	frequently	warranted	given
the	 risks	of	 stroke	 in	 this	patient	population	especially	 in	older	patients	or	any
with	a	history	of	stroke	or	transient	ischemic	attack.



Pulmonary	 function	 tests	 may	 be	 necessary	 for	 patients	 with	 a	 history	 of
smoking	 or	 a	 history	 of	 pulmonary	 disease.	 Postoperative	 intensive	 care	 unit
monitoring	and	perioperative	bronchodilator	 therapy	may	be	 indicated	 in	some
patients.	 Some	 transplantation	 centers	 require	 smoking	 cessation	 for
consideration	 for	 listing.	Absence	of	alcohol	abuse	and	drug	abuse	are	general
requirements	for	transplant	candidacy;	however,	restrictions	regarding	marijuana
use	are	center	specific.	Liver	function	tests	should	be	checked	to	rule	out	hepatic
insufficiency	 and	 viral	 hepatitis.	 The	 diagnosis	 of	 viral	 hepatitis	 (especially
hepatitis	 C)	 is	 associated	 with	 worse	 long-term	 outcomes	 after	 extrahepatic
transplantation.	 The	 presence	 of	 cirrhosis	 is	 a	 contraindication	 for	 pancreas
transplant	(unless	the	patient	is	a	candidate	for	a	multiorgan	transplantation).

Autonomic	dysfunction	 in	 terms	of	autonomic	neuropathy	and	gastroparesis
are	frequent	complications	of	 long-standing	diabetes.	In	some	cases,	symptoms
of	 these	can	be	unmasked	or	aggravated	during	 the	early	postoperative	period.
Some	 immunosuppressive	 medications	 may	 also	 worsen	 gastrointestinal	 (GI)
dysfunction;	 mycophenolate	 mofetil	 can	 have	 significant	 GI	 side	 effects,	 and
steroids	may	induce	an	ileus.	Prokinetic	agents,	such	as	metoclopramide,	may	be
indicated	to	treat	gastroparesis	or	bowel	dysmotility.

CONTRAINDICATIONS
Relative	and	absolute	contraindications	include	those	for	most	other	transplants,
such	as	extremes	of	age,	prohibitive	cardiovascular	and	pulmonary	risk,	severe
hepatic	 disease,	 recent	 or	 inadequately	 treated	 malignancy,	 active	 acute	 and
chronic	infections,	severe	persistent	coagulation	disorder,	inability	to	understand
or	 comply	with	 the	necessary	posttransplant	 care,	 and	 inadequate	psychosocial
support.	 Candidates	 with	 advanced	 vascular	 disease	 have	 increased	 risks	 of
surgical	 complications,	 yet	 those	 patients	 who	 do	 well	 after	 pancreas
transplantation	greatly	benefit	from	stabilization	of	their	cardiovascular	risk.

DONOR	SELECTION
According	 to	 IPTR	 data,	 the	 following	 donor	 variables	 are	 associated	with	 an
increased	 risk	 of	 pancreas	 allograft	 thrombosis:	 (1)	 age	 >	 40	 years,	 (2)
nontraumatic	 cause	 of	 brain	 death,	 and	 (3)	 pancreas	 preservation	 time	 greater
than	 18-24	 hours.34,35	 Donor	 BMI	 >	 30	 kg/m2	 and	 fatty	 infiltration	 of	 the
pancreas	 gland	 on	 visual	 inspection	 also	 increase	 the	 risks	 of	 graft



thrombosis.36,37	Elevated	donor	sodium	levels	(Na	>	160	mg/dL)	is	considered	a
relative	 contraindication	 by	 some	 (but	 not	 all)	 centers	 due	 to	 concerns	 for
pancreatic	 edema	 and	 risks	 of	 graft	 pancreatitis	 and	 thrombosis	 following
reperfusion.	Elevated	donor	serum	amylase	and	lipase	levels	are	considered	risk
factors	by	many	centers,	but	care	must	be	taken	in	interpreting	amylase	levels	as
these	are	frequently	elevated	in	donors	with	a	head	injury.	A	pancreas	donor	risk
index	score	has	been	developed	by	Axelrod	et	al	using	multivariate	regression	of
donor	 risk	 factors	 to	predict	 pancreas	graft	 survival	 after	 transplantation	based
on	donor	age,	gender,	race,	BMI,	height,	cause	of	death,	donation	after	cardiac
death	status,	and	elevated	serum	creatinine.38

Donors	 after	 cardiac	 death	 are	 being	 used	 increasingly	 and	 successfully	 to
expand	the	donor	pool.	One	survey	showed	equivalent	patient	and	graft	survival
at	1,	3,	and	5	years	in	SPK	transplant	recipients	from	donors	after	cardiac	death
compared	with	ideal	donors	after	brain	death.39	However,	many	centers	still	do
not	utilize	donation	after	cardiac	death	donors.	In	general,	a	pancreas	from	a	so-
called	marginal	donor	may	be	associated	with	good	outcomes	if	the	pancreas	is
noted	to	be	normal	on	gross	inspection	and	warm	and	cold	ischemia	are	kept	to	a
minimum.39,40

IMMUNOLOGY
The	 impact	 of	 human	 leukocyte	 antigen	 (HLA)	 matching	 on	 outcomes	 is
variable.	 HLA-matching	 appears	 to	 have	 minor	 effects	 on	 patient,	 kidney,	 or
pancreas	 graft	 survival	 rates	 after	 pancreas	 transplantation	 in	 the	 setting	 of
contemporary	immunosuppression.4,41,42	However,	some	studies	have	reported	an
increased	rate	of	acute	rejection	with	increased	HLA-mismatches.43-45	Currently,
more	than	50%	of	pancreas	transplants	are	performed	with	5-6	HLA-mismatches
present.	This	is	a	reality	predicated	on	the	success	of	T-cell-depleting	induction
therapy	 and	 current	maintenance	 immunosuppressive	 regimens.3	 Some	 centers
strive	 to	 achieve	 some	degree	 of	HLA	match	 for	 solitary	 pancreas	 transplants,
where	immunological	risk	may	be	higher,	counterbalancing	this	against	risks	of
prolonging	the	wait	time.	A	few	centers	offer	desensitization	to	highly	sensitized
pancreas	 transplant	 candidates	 based	 on	 the	 administration	 of	 intravenous
immunoglobulin	 (IVIG)	 and	 plasmapheresis46;	 however,	 this	 is	 not	 routine
practice	 or	 not	 available	 at	 most	 transplantation	 centers.	 In	 general,	 pancreas
transplantation	 is	 performed	 after	 confirmation	 of	 a	 negative	 T-	 and	 B-cell
lymphocyte	crossmatch,	which	can	now	be	accurately	predicted	based	on	solid-
phase	 assays	 that	 can	 identify	 preformed	 HLA	 antibodies	 known	 as	 a	 virtual



crossmatch.	Despite	the	accuracy	of	virtual	or	“paper”	crossmatches,	however,	it
is	 still	 common	 practice	 to	 wait	 for	 a	 negative	 physical	 crossmatch	 based	 on
flow	 cytometry	 at	 many	 transplant	 centers	 before	 proceeding	 with
transplantation.

ANESTHETIC	CONSIDERATIONS	FOR	THE
RECIPIENT
A	 patient	 with	 brittle	 diabetes	 and	 secondary	 complications	 (eg,	 CAD,
autonomic	 neuropathy)	 can	 pose	 special	 problems	 for	 the	 anesthesiologist.
Dysautonomic	 response	 to	 drugs	 or	 hypoxia	 can	 lead	 to	 significant	morbidity
and	 even	 death.	 Awareness	 of	 these	 risks	 and	 use	 of	 an	 experienced
anesthesiology	 team	 can	 help	 to	 decrease	 morbidity	 and	 mortality.	 A	 major
vascular	 procedure	 such	 as	 a	 solitary	 pancreas	 or	 SPK	 transplantation	 is	 often
prolonged	 and	 can	 be	 associated	 with	 significant	 fluid	 shifts	 and	 insensible
losses.	 Prompt	 replacement	with	 balanced	 crystalloid	 or	 colloid	 solutions	 (and
blood	components	when	indicated)	should	be	 instituted	 to	avoid	hypoperfusion
or	 hemodynamic	 instability	 because	 pancreas	 hypoperfusion	 can	 lead	 to
thrombosis.	 Recent	 preference	 has	 been	 given	 to	 either	 Ringer	 lactate	 or
Plasmalyte/Normosol	 preferentially	 in	 the	 anesthesia	 literature	 because	 of
increased	pH	derangements	and	metabolic	acidosis	with	use	of	normal	saline.	In
addition,	 5%	 albumin	 may	 be	 used	 for	 volume	 supplementation	 because	 the
patient	 will	 have	 an	 open	 abdomen	 for	 a	 few	 hours.	 Judicious	 use	 of
vasopressors	 and	 intravenous	 (IV)	 calcium	 (particularly	 following	 organ
reperfusion)	may	 be	 indicated	 to	 prevent	 hypotension.	We	 no	 longer	mandate
placement	 of	 a	 central	 venous	 catheter,	 unless	 the	 patient	 has	 limited	 venous
access,	although	a	radial	arterial	catheter	is	placed	routinely.

A	urethral	catheter	and	nasogastric	tube	are	placed	routinely.	Although	some
centers	may	remove	the	nasogastric	tube	at	the	end	of	the	procedure,	this	is	not	a
common	practice.	Although	 there	 is	 a	wide	variation	 in	 surgical-site	 antibiotic
prophylaxis,	 we	 use	 a	 first-generation	 cephalosporin	 that	 is	 continued	 for	 24
hours	postoperatively.

Immunosuppression	 induction	 includes	 IV	 steroids	 given	 prior	 to	 T-cell-
depleting	therapy,	and	an	antibody	induction	agent,	either	rabbit	anti-thymocyte
globulin	 infusion	 or	 a	 single	 dose	 of	 alemtuzumab	 administered	 either	 IV	 or
subcutaneously.

In	 the	 intra-	 and	 perioperative	 periods,	 close	 serum	 glucose	 monitoring	 is



essential	 (at	 least	 hourly	 during	 the	 procedure	 and	 in	 the	 first	 24	 hours
postoperatively).	 Serum	 glucose	 levels	 may	 be	 affected	 in	 the	 immediate
postoperative	 period	 by	 high-dose	 steroids	 and	 perioperative	 stress,	 so
supplemental	 insulin	 therapy	 is	 utilized	 by	 some	 centers	 to	 control
hyperglycemia	 even	 in	 the	 setting	 of	 a	 functioning	 graft	 (so-called	 resting	 the
pancreas	allograft).	Additionally,	some	centers	advocate	avoiding	dextrose	in	the
IV	fluids	either	intraoperatively	or	postoperatively	in	order	to	prevent	iatrogenic
hyperglycemia	and	permit	prompt	diagnosis	of	an	early	vascular	problem	based
on	 hyperglycemia.	 Perioperative	 beta-blockade	 should	 be	 continued	 for	 those
patients	on	 these	 agents	before	 transplantation.	Other	 anesthetic	 considerations
include	utilization	of	warming	devices	to	maintain	body	temperature,	pneumatic
compression	 hose	 to	 prevent	 deep	 venous	 thrombosis,	 ensuring	 adequate
relaxation	with	muscle	relaxants,	and	close	oxygen	saturation	monitoring.

INTRAOPERATIVE	TECHNIQUES

Donor	Graft	Preparation
See	 Figure	 60.1.	 Back	 table	 preparation	 of	 the	 pancreas	 organ	 is	 necessary
before	implantation,	including	these	steps:

	

Figure	 60.1 	 Completed	 backbench	 preparation	 of	 whole-organ



pancreas	 that	 demonstrates	 preservation	 of	 most	 of	 duodenum,
dissection	 of	 portal	 vein,	 common	 iliac	 artery	 bifurcation	 “Y”-graft
reconstruction	of	dual-artery	blood	supply,	and	graft	splenectomy.

1.	 Tailoring	the	donor	duodenum	without	damage	to	the	main	or	accessory
pancreatic	ducts,	including	suture	inversion	of	the	proximal	and	distal
duodenal	staple	lines

2.	 Ligation	and	oversewing	of	the	mesocolic	and	mesenteric	stumps	on	the
anterior	aspect	of	the	pancreas	without	compromising	the	inferior
pancreaticoduodenal	arcade

3.	 Excision	of	excessive	lymphatic	and	ganglionic	tissue	in	the	periportal	area
4.	 Reconstruction	of	the	splenic	and	superior	mesenteric	arteries	with	a	donor

Y	graft	including	the	common	iliac	artery	bifurcation	(to	provide	for	a
single-arterial	anastomosis	in	the	recipient)

5.	 Mobilization	of	the	portal	vein	to	the	superior	mesenteric	and	splenic	vein
confluence

6.	 Double	ligation	of	the	bile	duct,	gastroduodenal	artery,	and	inferior
mesenteric	vein	stumps

7.	 Donor	splenectomy	(taking	care	to	avoid	injury	to	the	tail	of	the	pancreas)
with	separate	double	ligation	of	the	splenic	artery	and	vein	in	the	splenic
hilum

Recipient	Procedure	(Figures	60.2-60.5):



	

Figure	 60.2 	 Bladder-drained	 pancreaticoduodenal	 transplant
alone	from	a	cadaveric	donor.

	



Figure	 60.3 	 Enteric-drained	 simultaneous	 pancreas	 and	 kidney
transplant	 from	 a	 cadaveric	 donor	 with	 systemic	 venous	 drainage,
contralateral	kidney	transplant.

	

Figure	 60.4 	 Enteric-drained	 simultaneous	 pancreas	 and	 kidney
transplant	with	portal	 venous	drainage	of	 the	pancreas	 graft	 via	 the
superior	mesenteric	vein,	contralateral	kidney	transplant.



	

Figure	 60.5 	 Ipsilateral	 technique	 of	 simultaneous	 pancreas	 and
kidney	 transplant	 with	 systemic-enteric	 drainage	 with	 pancreas
positioned	“head-up.”

1.	 Exposure:	Several	techniques	have	been	described	for	the	recipient
operation.47	The	techniques	vary	based	on	whether	a	solitary	pancreas
transplant	(PTA,	PAK)	or	a	combined	transplant	(SPK)	is	performed.	Most
pancreas	transplantations	are	performed	through	a	midline	intra-abdominal
approach.	It	is	rare	that	pancreas	transplantations	are	performed	through	an
iliac	retroperitoneal	incision	(potentially	bilateral	for	SPK	transplant)	in	the
current	era.	For	SPK	transplantation	through	a	midline	approach,	the	kidney
can	be	placed	ipsilateral	(inferior	on	the	right	iliac	vessels)	or	contralateral
(on	the	left	iliac	vessels),	as	the	pancreas	is	typically	placed	on	the	right.
This	is	true	both	for	portal	and	systemic	venous	drainage	of	the	pancreas,
although	positioning	of	both	grafts	on	the	right	iliac	vessels	may	be	more
challenging	in	the	setting	of	an	ipsilateral	SPK	transplant	with	systemic
venous	drainage.	Both	“head	up”	and	“head	down”	positioning	related	to
the	placement	of	the	allograft	duodenum	have	been	described	and	continue



to	be	utilized	for	the	pancreas	graft.
2.	 Venous	drainage:	As	described	earlier,	systemic	venous	drainage	remains

the	most	common	technique	although	portal	venous	drainage	continues	to
be	performed	routinely	according	to	center	and	surgeon	preference.	For
portal	venous	drainage,	an	anterior	approach	to	the	superior	mesenteric	vein
(pancreas	positioned	above	the	small	bowel	mesentery)	is	performed,	as	the
venous	outflow	is	identified	just	below	the	root	of	the	transverse	colon
mesentery.	For	systemic	venous	drainage,	the	donor	portal	vein	is	typically
anastomosed	end	to	side	either	to	the	distal	vena	cava	or	the	proximal	right
common	iliac	vein.

3.	 Exocrine	drainage:	Enteric	drainage	has	become	the	predominant	approach,
with	bladder	drainage	being	performed	in	<10%	of	cases	at	present
regardless	of	of	pancreas	transplant.4	Enteric	drainage	is	typically
performed	by	creating	a	side-to-side	duodeno-enterostomy	between	the
donor	duodenum	and	either	the	proximal	jejunum	or	ileum	in	the	recipient
(most	commonly	without	a	diverting	Roux	limb,	unless	the	pancreas
reperfuses	poorly).	Newer	techniques	of	enteric	drainage,	practiced
primarily	outside	of	the	United	States,	include	anastomosing	the	donor
duodenum	to	either	the	recipient	duodenum	or	stomach	to	permit
endoscopic	surveillance	and	access	for	biopsy.	Enteric	anastomosis	is	most
commonly	performed	hand	sewn,	and	frequently	a	locking	stitch	may	be
used	to	minimize	risks	of	anastomotic	bleeding,	as	opportunities	for
endoscopic	access	later	are	negligible.

4.	 Arterial	inflow:	For	both	portal	and	systemic	venous	drainage,	the	arterial
anastomosis	is	typically	performed	to	the	recipient’s	right	common	iliac
artery.	On	the	back	table,	the	pancreas	dual	artery	blood	supply,	consisting
of	the	superior	mesenteric	artery	and	splenic	artery,	is	usually	reconstructed
with	a	donor	iliac	“Y”	graft.	For	patients	with	portal	venous	drainage,	a
longer	common	arterial	conduit	can	be	created	by	utilizing	the	length	of
unneeded	donor	distal	external	iliac	artery	to	allow	for	the	necessary
traverse	from	above	the	small	bowel	mesentery	to	the	recipient	right
common	iliac	artery	after	creating	a	window	in	the	distal	ileal	mesentery.

POSTOPERATIVE	CARE
After	 an	uncomplicated	pancreas	 transplantation,	 the	 recipient	 is	 transferred	 to
the	postanesthesia	care	unit	or	the	surgical	intensive	care	unit.	Centers	that	have
a	 specialized	 transplant	 unit	 (with	 close	monitoring	 capabilities)	 transition	 the



postoperative	 recipients	 through	 the	 postanesthesia	 care	 unit	 to	 the	 transplant
unit.	Other	centers	may	rely	on	monitoring	patients	in	the	surgical	intensive	care
unit	 for	 the	 first	24	hours	or	 longer	as	needed.	Care	during	 the	 first	 few	hours
posttransplant	 is	 similar	 to	 care	 following	 any	 major	 laparotomy.	 Close
monitoring	of	vital	signs	include	continuous	blood	pressure	monitoring	through
an	 arterial	 line.	 Systolic	 blood	 pressure	 goals	 are	 typically	 <180	mm	Hg	 and
>110	 mm	 Hg,	 with	 many	 advocates	 of	 moderate	 permissive	 hypertension	 to
minimize	 concerns	 related	 to	 pancreatic	 graft	 thrombosis	 secondary	 to
hypotension	 and	 potential	 graft	 hypoperfusion.	 In	 addition,	 careful	 fluid
resuscitation	includes	maintenance	fluids	as	well	as	urine	replacement	for	those
patients	who	receive	a	kidney	transplant.	Close	monitoring	of	oxygen	saturation,
urine	output,	and	laboratory	parameters	is	also	crucial.	The	following	factors	are
unique	to	pancreas	recipients	and	should	be	attended	to:

Perfusion:	Assessment	of	adequacy	of	perfusion	of	both	pancreas	and	kidney
allografts	according	to	duplex	ultrasound	is	typically	performed	routinely	in
the	early	postoperative	setting	(first	24	hours),	and	any	concerns	about
inadequacy	of	inflow	or	outflow	should	prompt	immediate	reexploration.
Additionally,	any	abrupt	change	of	graft	function	(decreased	urine	output	or
hyperglycemia)	or	clinical	status	(hypotension,	abdominal	distension,
uncontrollable	pain)	should	also	prompt	repeat	imaging	and/or	immediate
reexploration.
Serum	glucose	levels:	Typically,	glucose	based	on	point	of	care	checks	should
be	monitored	hourly	for	the	first	24	hours.	Any	sudden,	unexplained	increase
in	serum	glucose	levels	should	raise	the	suspicion	of	graft	thrombosis.	An
urgent	duplex	ultrasound	should	be	considered	to	assess	blood	flow	to	the
graft.	Some	centers	advocate	that	maintenance	of	tight	glucose	control	(less
than	150	mg/dL)	using	an	IV	insulin	drip	is	important	to	“rest”	the	pancreas	in
the	early	postoperative	period,	but	this	practice	may	blunt	the	ability	to
diagnose	an	evolving	thrombosis	in	a	timely	fashion.
Intravascular	volume:	Because	the	pancreas	is	a	“low-flow”	organ,
intravascular	volume	must	be	maintained	to	provide	adequate	perfusion	to	the
graft.	Central	venous	pressure	monitoring	can	be	used	to	monitor	intravascular
volume	status	although	is	no	longer	routinely	required	at	many	transplant
centers.	In	rare	cases,	such	as	patients	with	depressed	cardiac	function,
pulmonary	artery	catheter	monitoring	may	be	required	during	the	first	24	to	48
hours.	If	hypovolemia	is	associated	with	low	hemoglobin	levels,	then	packed
red	cell	transfusions	should	be	given.	Otherwise,	crystalloid	(and	sometimes
colloid)	replacement	should	be	used	to	treat	hypovolemia.	Transfusion



thresholds	have	changed	over	time,	but	most	centers	will	consider
administration	of	packed	red	blood	cells	if	the	hemoglobin	level	is	<7-8
gm/dL.	Diagnosis	of	active	hemorrhage	is	critically	important	in	the	setting	of
refractory	anemia.
Maintenance	IV	fluid	therapy:	The	choice	of	IV	fluid	therapy	is	center
dependent	and	may	or	may	not	include	dextrose.	In	SPK	transplant	recipients,
replacement	fluids	based	on	urine	output	should	not	include	dextrose	because
hyperglycemia	may	cause	an	osmotic	diuresis,	leading	to	worsening
hypovolemia.	Bicarbonate	may	be	included	in	maintenance	or	replacement
fluids,	particularly	in	patients	with	acidemia.
Antimicrobial	therapy:	Antibiotic	therapy	(whether	preference	is	first-
generation	cephalosporin	or	broad	spectrum)	is	instituted	in	the	perioperative
period,	the	former	usually	for	24	to	72	hours.	Antifungal	prophylaxis	(either
fluconazole	or	nystatin	swish	and	swallow)	is	frequently	utilized	and
continued	for	the	first	1	to	4	weeks.	Antiviral	prophylaxis	is	similar	to	that	for
other	solid	organs	and	is	driven	by	donor	and	recipient	cytomegalovirus
(CMV)	status	and	is	usually	started	in	the	first	week	posttransplant	and
continued	for	3	to	6	months	according	to	donor	and	recipient	seropositivity.
Prophylaxis	for	Pneumocystis	jirovecii	pneumonia	(most	commonly
sulfamethoxazole/trimethoprim)	is	typically	started	during	hospitalization	or
at	the	time	of	discharge	and	continued	for	a	prolonged	duration	after.
Anticoagulation:	Many	centers	use	protocols	that	include	aspirin	325	mg
started	in	the	immediate	postoperative	period	and	continued	indefinitely.
Some	protocols	may	call	for	a	maintenance	dose	of	81	mg	daily	long	term.
Recipients	of	solitary	pancreas	transplants	or	those	at	“high-risk,”	including
nonuremic	SPK	transplants,	also	may	receive	an	intraoperative	dose	of
heparin	(such	as	2000-3000	units),	followed	by	a	postoperative	regimen	of	a
low-dose,	continuous	IV	heparin,	such	as	300-500	units	per	hour	for	24	to	72
hours.	These	heparin	infusions	are	typically	not	adjusted	according	to	a	partial
thromboplastin	time	as	therapeutic	ranges	are	not	to	be	achieved.	Our
experience	is	that	therapeutic	doses	of	heparin	frequently	lead	to	excessive
postoperative	hemorrhage	that	may	require	red	cell	transfusion	or	reoperation.
Monitoring	of	partial	thromboplastin	time	is	typically	performed	only	to
ensure	that	the	level	is	not	“too	high.”
Immunosuppression:	Immunosuppressive	regimens	have	made	great	strides
over	the	years,	and	current	strategies	have	been	largely	stable	over	the	past
few	years.	T-cell-depleting	induction	(either	multidose	rabbit	anti-thymocyte
globulin	or	single-dose	alemtuzumab)	is	most	commonly	utilized	with
pancreas	transplantation	(90%	of	patients)	because	avoidance	of	these	agents



is	associated	with	a	higher	rate	of	acute	rejection.3,4	The	majority	of	patients
are	maintained	on	a	calcineurin	inhibitor,	typically	tacrolimus,	and
mycophenolate,	an	antiproliferative	agent.	At	present,	about	30%	of	pancreas
transplant	recipients	are	maintained	on	a	steroid-free	regimen	potentially
reflecting	concerns	about	diabetogenic	side	effects	of	these	agents.3,4	In	2019,
only	about	2.6%	of	pancreas	recipients	in	the	United	States	were	treated	under
an	alternate	regimen,	most	commonly	a	mTOR	inhibitor–based	regimen	to
reduce	the	nephrotoxicity	associated	with	calcineurin	inhibitors.3	This	of
protocol	is	more	common	in	PTA	(to	preserve	native	renal	function)
transplants,	accounting	for	15%	of	patients,	compared	with	5%	to	6%	of	SPK
and	PAK	transplant	recipients	in	2014	according	to	the	IPTR	data.4

SURGICAL	COMPLICATIONS

Intraoperative
Prevention,	 rather	 than	 treatment	 of	 surgical	 complications,	 has	 critical
implications	 on	 both	 pancreas	 graft	 and	 patient	 survival	 rates,	 as	 well	 as	 a
significant	 financial	 impact	 associated	 with	 reoperations	 and	 extended
postoperative	 care.	 Early	 diagnosis	 and	management	 of	 surgical	 complications
can	 limit	 morbidity,	 whereas	 a	 delayed	 diagnosis	 and	 treatment	 of	 surgical
complications	can	lead	not	only	to	pancreas	graft	loss	but	also	kidney	graft	loss
or	even	mortality.48,49

Recipient	 arterial	 (either	 direct	 or	 vascular	 clamp	 injury,	 intimal	 dissection,
arterial	 thrombosis)	 or	 venous	 (hemorrhage	 from	 internal	 iliac	 vein,	 venous
thrombosis)	 vascular	 complications	 can	 occur	 during	 pancreas	 transplantation.
Arterial	 injuries	 typically	 mandate	 immediate	 repair	 (eg,	 by	 direct	 repair,
reconstruction	 with	 donor	 iliac	 vessels,	 synthetic	 or	 bovine	 graft	 placement,
endarterectomy,	or	possibly	even	stenting	in	the	right	circumstance).	Clearly,	it	is
preferable	 to	 avoid	 such	 complications	 through	 meticulous	 surgical	 technique
and	 preoperative	 imaging.	 A	 noncontrast	 CT	 scan	 and/or	 duplex	 ultrasound
during	 the	 pretransplant	 evaluation	 process	 can	 provide	 a	 valuable	 “roadmap”
pursuant	 to	 recipient	 arterial	 disease	 and	 help	 plan	 a	 safe	 site	 for	 arterial
implantation.	Common	iliac	vein	mobilization	may	be	necessary	for	the	venous
anastomosis	between	the	donor	portal	vein	and	recipient	right	 iliac	vein	(either
distal	 inferior	 vena	 cava,	 common	 iliac,	 or	 external	 iliac	 vein).	 Mechanical
thrombectomy	 and	 anticoagulation	 should	 be	 considered	 for	 any	 venous



thrombosis	that	is	recognized	intraoperatively.
The	 pancreas	 allograft	 can	 also	 suffer	 intraoperative	 injury.	 Reperfusion

hemorrhagic	pancreatitis,	which	may	be	technical	or	idiopathic,	may	necessitate
immediate	 allograft	 pancreatectomy	 if	 hemostasis	 cannot	 be	 achieved.	 In	 less
severe	cases,	drainage	and	close	postoperative	monitoring	can	be	attempted	with
a	 low	 threshold	 to	 reexplore	 if	 there	 are	 ongoing	 transfusion	 requirements.	 In
some	cases,	a	“second	look”	laparotomy	may	be	necessary.	Intraoperative	graft
thrombosis	can	occur.	If	it	appears	macrovascular,	it	should	be	treated	by	either
direct	 removal	 of	 thrombus	 or	 balloon	 catheter	 thrombectomy,	 graft	 flushing
with	 heparinized	 saline,	 and	 systemic	 anticoagulation.	 However,	 if	 diffuse
parenchymal	 microvascular	 thrombosis	 is	 apparent,	 then	 immediate
pancreatectomy	 is	 indicated.	 Avoidance	 of	 hypotension	 and	 adequate	 fluid
management	are	necessary	key	components	of	the	intraoperative	management	to
avoid	 thrombotic	 and	 cardiovascular	 complications.	 If	 there	 is	 any	question	or
concern	 regarding	 the	 reperfusion	 characteristics	 of	 the	 pancreas	 (segmental
ischemia,	 severe	 pancreatitis,	 discolored	 or	 edematous	 duodenum),	 performing
exocrine	 drainage	 with	 a	 diverting	 Roux-en-Y	 limb	 reconstruction	 should	 be
considered	 to	 defunctionalize	 and	 protect	 the	 anastomosis	 from	 the	 enteric
stream.

Bowel	 injury	 associated	with	 enterolysis	 can	be	 repaired	primarily	 but	may
influence	 perioperative	 management	 decisions	 such	 as	 placement	 of	 drains	 as
well	 as	 duration	 of	 bowel	 rest	 and	 nasogastric	 tube	 decompression.	 In	 our
experience,	we	 recommend	 nasogastric	 tube	 decompression	 for	 a	minimum	of
36	 to	 48	 hours	 following	 transplantation	 and	 placement	 of	 a	 surgical	 drain
adjacent	to	the	pancreas	and	posterior	to	the	exocrine	anastomosis	for	3	to	5	days
(in	SPK	transplant	recipients,	we	place	a	second	drain	adjacent	to	the	kidney	and
into	the	rectovesical	space).	However,	practices	regarding	nasogastric	tubes	and
surgical	 drains	 are	 by	 no	 means	 universal.	 Drainage	 fluid	 can	 be	 monitored
postoperatively	for	amylase	level	as	well	as	 the	color,	consistency,	and	volume
of	drainage.

Other	 concomitant	 procedures	may	 be	 performed	 at	 the	 time	 of	 transplant,
including	 peritoneal	 dialysis	 catheter	 removal,	 appendectomy,	 excision	 of	 a
Meckel	diverticulum,	or	hernia	repair.	In	general,	however,	“less	is	more”	and	it
is	recommended	that	an	efficient	procedure	be	performed	to	minimize	cold	and
warm	ischemia	of	the	pancreas	and	maintain	gentle	handling	of	tissues.

Postoperative
The	 risk	 of	 mortality,	 most	 commonly	 from	 cardiovascular	 or	 infectious



etiologies,	and	graft	loss	following	pancreas	transplantation	is	highest	in	the	first
3	months	post	transplant.	After	this	time,	the	mortality	rate	drops	markedly	and
becomes	 lower	 than	 the	 risk	 of	 death	 on	 the	waiting	 list	 (2.9%	with	 pancreas
transplant	 vs	 6.8%	 on	 the	 waiting	 list).50	 Risk	 factors	 for	 mortality	 following
transplantation	 include	 recipient	 age	 >	 45	 years,	 need	 for	 and	 duration	 of
pretransplant	dialysis,	and	early	pancreas	or	kidney	transplant	graft	 loss.51	Risk
factors	 for	 pancreas	 graft	 loss	 include	 donor	 factors	 (donor	 age	 >	 45	 years,
cerebrovascular	cause	of	death,	donor	BMI	>	30	kg/m2),	transplant	factors	(low
volume	 center,	 extended	 cold	 ischemia,	 nondepleting	 antibody	 induction,
tacrolimus/sirolimus/mycophenolate	 avoidance),	 and	 recipient	 factors	 (younger
age,	 female	 gender,	 high	BMI,	HLA	 sensitization,	 retransplantation).4,35-37	 It	 is
worth	reemphasizing	that	 the	key	to	minimizing	postoperative	complications	 is
to	(1)	select	appropriate	donors	and	recipients,	(2)	inspect	the	organ	for	damage
or	anatomic	abnormalities	that	may	predispose	to	complications	such	as	a	fatty
pancreas,	 (3)	 perform	 meticulous	 bench	 and	 intraoperative	 surgical	 work,	 (4)
minimize	cold	and	warm	ischemia,	(5)	provide	appropriate	medical	management
including	selective	anticoagulation	and	evidence-based	immunosuppression,	(6)
practice	prudent	use	of	perioperative	antibiotics,	and	(7)	maintain	close	follow-
up	postoperatively	to	address	complications	in	a	timely	fashion.

Radiologic	evaluation	is	often	useful	for	evaluation	of	surgical	complications.
Duplex	Doppler	ultrasound	is	typically	the	first-line	study	given	its	availability,
lower	 cost,	 lack	 of	 ionizing	 radiation,	 and	 noninvasive	 nature.	 It	 is	 especially
helpful	 to	 diagnose	 vascular	 complications	 and	 fluid	 collections/abscesses.
Abdominal	and	pelvic	CT	scan	with	or	without	oral	or	IV	contrast	is	frequently
useful	for	most	early	and	late	complications,	even	in	the	setting	of	renal	allograft
dysfunction.	Patients	may	be	at	risk	for	acute	kidney	injury	following	IV	contrast
administration	 given	 that	 most	 undergo	 SPK	 transplant	 and	 are	 receiving
tacrolimus-based	therapy	for	maintenance	immunosuppression.	Renal	protection
maneuvers	(IV	hydration	with	normal	saline	or	sodium	bicarbonate,	withholding
nephrotoxic	medications,	 and	use	of	 low	or	 iso-osmolar	 contrast	 or	procedural
methods	 for	 reducing	 contrast	 dose)	 can	 be	 implemented	 to	 minimize
detrimental	effect	on	kidney	function.	While	administration	of	N-acetylcysteine
prior	 to	 IV	 contrast	 was	 popular	 historically,	 evidence	 of	 its	 effectiveness	 in
actually	 preventing	 contrast-induced	 nephropathy	 remains	 unproven.52	 Recent
evidence	 suggests	 that	 the	 risk	 of	 contrast-induced	 acute	 kidney	 injury	 is	 low
(<10%),	 and	 consequently,	 IV	 contrast	 when	 indicated	 should	 be	 considered.
Oral	contrast	can	be	added	to	CT	scans	to	rule	out	enteric	leaks	in	enteric	drained
grafts,	while	retrograde	bladder	contrast	(CT-cystogram)	can	be	added	to	rule	out
leaks	 in	 bladder-drained	 grafts.	 Depending	 on	 the	 location	 of	 the	 exocrine



anastomosis	 in	 patients	with	 enteric	 drainage	 (proximal	 or	 distal	 GI	 tract),	 an
enteroclysis	study	can	be	utilized.	Because	enteric	exocrine	drainage	 is	usually
performed	into	the	middle	third	of	the	GI	tract,	direct	visualization	may	not	be
possible	by	either	upper	or	lower	endoscopy.	Magnetic	resonance	imaging	with
IV	gadolinium	had	been	contraindicated	secondary	to	renal	dysfunction	and	the
risk	for	nephrogenic	systemic	fibrosis,	but	use	of	newer	agents	with	lower	risks
may	 represent	 an	 option	 after	 careful	 consultation	 with	 a	 radiologist.
Conventional	 angiography	 and	 nuclear	 medicine	 scintigraphy	 are	 rarely
required.	Many	transplant	surgeons	believe	that	the	optimal	imaging	modality	is
direct	 visualization	 of	 the	 pancreas	 allograft	 at	 the	 time	 of	 relaparotomy	 for
diagnosis	and	treatment.

The	 following	 sections	 will	 discuss	 the	 relevant	 complications	 associated
specifically	with	pancreas	transplantation.

Early	Posttransplant	Pancreas	Graft	Thrombosis	and
Technical	Failure
4 	Graft	 thrombosis	 is	 the	primary	cause	of	early	pancreatic	graft	 failure	 in	 the
first	3	months	post	transplant;	whereas	immunologic	graft	loss	(acute	or	chronic
rejection)	and	death	with	a	functioning	graft	are	the	predominant	causes	of	graft
loss	beyond	3	months	post	transplant.	Fortunately,	the	early	technical	failure	rate
has	 steadily	 decreased	 over	 time	 with	 current	 rates	 ranging	 from	 5%	 to	 8%
depending	 on	 pancreas	 transplant	 category.4,53	 An	 IPTR	 report	 compared
complications	 over	 two	 time	 periods	 (2005-2009	 vs	 2010-2014)	 and	 found
declining	 rates	 of	 early	 graft	 thrombosis	 in	 all	 three	 categories	 of	 pancreas
transplantation	over	time	(SPK:	7.4%	vs	5.4%,	P	=	.0003;	PAK:	10.9%	vs	7.1%,
P	=	 .03;	PTA:	9.1%	vs	5.9%,	P	=	 .08,	 respectively).4	 In	 the	most	 recent	 IPTR
report	(reviewing	cases	performed	from	2015	to	2019),	rates	of	early	thrombosis
have	continued	to	decrease	to	3.8%	in	SPK	and	3.2%	in	PAK,	but	were	slightly
higher	in	PTA	(7%).	Reasons	for	the	improvements	over	time	are	likely	related
to	 more	 stringent	 donor	 and	 recipient	 selection	 criteria.	 In	 addition,	 several
studies	have	demonstrated	 that	early	vascular	 thrombosis	can	be	minimized	by
keeping	 pancreas	 cold	 ischemia	 times	 to	 12	 hours	 or	 less.35,36	 There	 are	 no
differences	 in	 early	 technical	 failures	 when	 comparing	 bladder	 with	 enteric
drainage,	and	similarly	no	differences	when	comparing	systemic	to	portal	venous
drainage.	 However,	 there	 remains	 a	 small	 albeit	 higher	 risk	 of	 thrombosis
associated	 with	 solitary	 pancreas	 transplantation	 (PAK	 or	 PTA)	 compared	 to
SPK	 transplantation	 perhaps	 due	 to	 the	 lack	 of	 uremia.	 For	 this	 reason,	 we
recommend	 some	 form	 of	 anticoagulation	 for	 all	 solitary	 pancreas	 transplant



recipients	 and	 selective	 use	 of	 anticoagulation	 prophylaxis	 for	 SPK	 cases,
particularly	 when	 patients	 are	 undergoing	 preemptive	 renal	 transplant.	 We
administer	aspirin	to	all	pancreas	recipients	immediately	after	surgery.

Early	thrombosis	is	most	commonly	venous	in	origin54	(Figure	60.6).	Venous
thrombosis	presents	earlier	and	was	more	likely	to	result	in	need	for	reoperation
and	 graft	 loss.55	 In	 many	 cases,	 early	 graft	 thrombosis	 is	 not	 related	 to
anastomotic	or	other	technical	problems,	but	rather	to	the	low-flow	state	of	the
pancreas,	 pancreatic	 edema	 further	 impairing	 microcirculation,	 local	 and
systemic	 hypercoagulability,	 and	 a	 host	 of	 donor	 and	 recipient	 factors.56	 The
pancreas	allograft	is	uniquely	predisposed	to	vascular	complications	because	of
(1)	 the	dual	artery	blood	supply	 that	 requires	a	complex	arterial	 reconstruction
(ie,	Y	graft),	(2)	intrinsically	low	microcirculatory	pancreatic	blood	flow,	and	(3)
the	 need	 to	 rely	 on	 collateral	 flow	 through	 the	 inferior	 pancreaticoduodenal
artery	 to	 perfuse	 the	 head	 of	 the	 pancreas	 and	 donor	 duodenum	 because	 of
ligation	 of	 the	 gastroduodenal	 artery.	 Portal	 venous	 outflow	 may	 be	 reduced
related	 to	 splenectomy	 and	 elimination	 of	 the	 mesenteric	 venous	 return.
Reperfusion	injury,	cellular	apoptosis,	tissue	edema,	and	pancreatitis	can	further
result	 in	 increased	 capillary	 resistance	 and	 viscosity,	 leading	 to	 a
hypercoagulable	 environment	 within	 the	 pancreas	 graft	 with	 a	 substantially
increased	risk	for	microvascular	thrombosis.	The	prothrombotic	state	associated
with	 underlying	 diabetes	 in	 association	with	 direct	 endothelial	 injury	 incurred
during	 organ	 recovery	 and	 transplantation	 may	 also	 promote	 macrovascular
thrombosis.	In	addition,	the	pro-inflammatory	background	associated	with	brain
death,	 resuscitation,	 organ	 preservation,	 and	 ischemia-reperfusion	 stimulates
platelet	aggregation	and	deposition.

	

Figure	60.6 	Swollen,	edematous	pancreas	allograft	 indicative	of
venous	thrombosis.(Courtesy	of	J	Fridell.)



4 	Putative	risk	factors	for	thrombosis	include	donor	factors	 (age	>	45	years,
cerebrovascular	 cause	 of	 death,	 donation	 after	 cardiac	 death,	 massive	 volume
resuscitation	leading	to	pancreatic	edema,	fatty	infiltration	of	 the	pancreas,	and
donor	BMI	>	30	kg/m2),	recipient	factors	(nonuremic,	hypercoagulable	states	or
history	of	thrombosis,	vascular	disease,	and	BMI	>	30	kg/m2),	surgical-anatomic
factors	 (suboptimal	 surgical	 technique,	 small	 vessels,	 excessive	 flush	 pressure
and	 volume,	 use	 of	 histidine-tryptophan-ketoglutarate	 (HTK)	 solution,
prolonged	preservation	time	>15	hours,	segmental	pancreas	grafts,	and	surgeon
inexperience),	 and	 postoperative	 factors	 (prolonged	 or	 severe	 pancreatitis,
hypotension,	 use	 of	 IV	 cyclosporine	 or	 tacrolimus,	 inadequate	 induction
immunosuppression,	 and	 early	 administration	 of	 IVIG).35-37,56	 We	 obtain
thrombophilia	screening	for	all	potential	pancreas	transplantation	candidates	and
surveillance	imaging	with	ultrasound	duplex	early	posttransplantation.	The	most
common	 form	 of	 hypercoagulable	 state	 in	 the	Western	 population	 is	 factor	 V
Leiden	mutation,	with	an	incidence	ranging	from	2%	to	50%	(in	patients	with	a
history	of	vascular	thrombosis).57	Other	causes	of	hypercoagulable	states	include
antithrombin	 III	 deficiency,	 protein	 C	 or	 S	 deficiency,	 activated	 protein	 C
resistance,	 antiphospholipid	 syndrome,	 and	 anticardiolipin	 antibodies.58	 The
transplant	 team	must	have	a	high	 index	of	suspicion	 for	 these	hypercoagulable
states	and	treat	them	aggressively	to	prevent	pancreas	graft	thrombosis.

Diseases	 precluding	 the	 use	 of	 the	 donor	 liver	 (eg,	 alcoholic	 cirrhosis,
steatosis)	 usually	 also	 affect	 the	 pancreas	 (and	 its	 thrombosis	 propensity);
therefore,	the	condition	of	the	liver	can	serve	as	a	surrogate	indicator	of	pancreas
graft	 quality.	 Similarly,	 renal	 function	 of	 the	 donor	 is	 a	 good	 “barometer”	 of
donor	 stability	 and	 can	 likewise	 be	 used	 as	 a	 surrogate	 for	 pancreas	 quality.
Some	 have	 cited	 portal	 venous	 drainage	 as	 a	 risk	 factor	 for	 graft	 thrombosis;
however,	best	evidence	indicates	no	increased	risk	compared	to	systemic	venous
drainage.33,59	Whether	low	transplant	center	volume	is	an	independent	risk	factor
for	early	thrombosis	is	controversial,	but	extending	pancreas	preservation	times
beyond	12	 to	14	hours	appears	 to	be	a	more	 significant	 risk	 factor	 than	center
volume	with	respect	to	rates	of	thrombosis.36,60	For	this	reason,	our	practice	is	to
implant	 the	 pancreas	 allograft	 before	 the	 kidney	 in	 SPK	 transplantation	 to
minimize	 pancreas	 cold	 ischemia	 time.	 Moreover,	 having	 the	 pancreas
revascularized	 for	 1	 to	 3	 hours	 prior	 to	 wound	 closure	 may	 allow	 for	 better
assessment	 of	 early	 bleeding	 and	 clotting	 complications.	 For	 example,	 as	 the
pancreas	is	reperfused	and	becomes	normothermic,	vasodilatation	occurs	which
may	manifest	either	bleeding	or	pancreatitis.

Venous	thrombosis	can	be	partial	or	 total	with	the	former	often	successfully
managed	with	anticoagulation.	Partial	venous	 thrombosis	may	be	an	 incidental



finding	 on	 surveillance	 duplex	 ultrasonography.61	 CT	 or	 magnetic	 resonance
angiography	(MRA)	can	be	helpful	for	further	delineating	the	pertinent	vascular
anatomy.54,55	 Complete	 venous	 thrombosis	 necessitates	 urgent	 laparotomy	 that
most	 often	 results	 in	 allograft	 pancreatectomy	 if	 mechanical	 thrombectomy	 is
unsuccessful	or	if	the	graft	is	already	infarcted.	Indications	for	consideration	of
perioperative	 anticoagulation	 include	 solitary	pancreas	 transplantation	 (PAK	or
PTA),	preemptive	SPK	transplant,	extended	donor	or	recipient	criteria	(age	>	45-
50	years,	BMI	>	30	kg/m2),	cerebrovascular	cause	of	donor	death,	donation	after
cardiocirculatory	death,	prolonged	cold	ischemia	(>15	hours),	aberrant	vascular
anatomy,	 small	 or	diseased	vessels	of	 the	donor	or	 recipient,	 retransplantation,
suboptimal	reperfusion	characteristics,	hypotension,	history	of	prior	thrombosis,
or	positive	thrombophilia	screen	in	the	recipient.	Anticoagulation	protocols	vary
by	center,	but	typically	involve	an	intraoperative	bolus	of	heparin	(30-50	U/kg)
followed	by	a	low-dose	heparin	infusion	postoperatively	(5-10	U/kg/h)	for	1	or
more	 days.	 Therapeutic	 anticoagulation	 is	 not	 routinely	 recommended	 for
prophylaxis	because	of	the	risk	for	subsequent	bleeding	and	need	for	laparotomy
and	prothombotic	risks	associated	with	aggressive	correction	of	coagulopathies
once	 clinically	 significant	 bleeding	 has	 occurred.	 Some	 centers	 recommend
monitoring	 with	 thromboelastography	 to	 guide	 decision-making	 regarding
anticoagulation.62	As	 imaging	 studies	 have	 improved,	 the	 incidence	 of	 “partial
thrombosis”	 has	 increased,	 but	 decisions	 regarding	 treatment	 should	 take	 into
account	the	entire	clinical	picture.

Clinically,	 venous	 thrombosis	 presents	 with	 sudden	 onset	 of	 otherwise
unexplained	 hyperglycemia	 or	 hyperamylasemia.	 Occasionally,	 new-onset
abdominal	 pain,	 graft	 tenderness,	 or	 unexplained	hemoperitoneum	can	be	 seen
secondary	 to	 inflammation	 and	 swelling	 from	 the	 ischemic	 graft.	 For	 bladder-
drained	 grafts,	 dark	 hematuria	 and	markedly	 decreased	 urinary	 amylase	 levels
can	 occur.	 For	 some	 recipients,	 a	 secondary	 deep	 venous	 thrombosis	 of	 the
ipsilateral	 iliofemoral	 venous	 system	 may	 develop	 (by	 retrograde	 venous
thrombus	 propagation);	 this	 may	 even	 be	 the	 initial	 presenting	 symptom.
Diagnosing	acute	vascular	graft	thrombosis	may	at	times	be	difficult	because	the
clinical	symptoms	are	nonspecific.	Time	is	of	the	essence	for	graft	salvage,	with
salvage	 attempts	 frequently	 being	 futile	 once	 clinical	 signs	 develop.	 Color
duplex	 Doppler	 ultrasonography	 is	 the	 first-line	 imaging	 modality	 in	 this
scenario,	with	 the	diagnosis	often	being	suggested	or	confirmed	by	absence	of
arterial	 inflow,	 venous	 outflow,	 or	 both.	 Importantly,	 severe	 pancreatitis	 or
rejection	may	 also	 present	with	markedly	 diminished	 and	 at	 times	 difficult	 to
detect	 Doppler	 flow.	 Moreover,	 body	 habitus	 and	 surrounding	 bowel	 may
obscure	 the	 findings.	As	 a	 consequence,	 at	 centers	 in	which	 early	 surveillance



ultrasonography	 is	 performed,	 absence	 of	 detectable	 flow	 in	 the	 pancreas
allograft	may	subsequently	result	in	a	negative	laparotomy	but	harm	related	to	an
negative	 laparotomy	may	 be	 considered	 less	 than	 the	 harm	 cause	 by	 a	missed
opportunity	 to	 intervene	 and	 salvage	 a	 pancreatic	 allograft	 with	 impending
thrombosis.63	 In	 ambiguous	 cases,	 contrast-enhanced	ultrasonography,	CT	 scan
with	 IV	 contrast,	 conventional	 angiography,	 or	 nuclear	 medicine	 scintigraphy
can	 be	 considered54,55	 but	 are	 usually	 not	 necessary	 because	 immediate
relaparotomy	 is	 often	 indicated	 for	 definitive	 diagnosis	 and	 treatment.	Venous
thrombosis	 may	 lead	 to	 subsequent	 arterial	 thrombosis	 if	 not	 diagnosed	 and
treated	 promptly.	 However,	 primary	 venous	 thrombosis	 will	 present	 with	 an
enlarged,	edematous	allograft,	whereas	primary	arterial	thrombosis	presents	with
a	small,	infarcted	allograft.

Treatment	 of	 early	 graft	 thrombosis	 usually	 necessitates	 relaparotomy	 with
allograft	pancreatectomy,	with	occasional	case	reports	of	salvage	depending	on
the	extent	and	nature	of	thrombosis	and	the	state	of	the	pancreatic	parenchyma.
Graft	salvage	is	possible	in	the	setting	of	partial	thrombosis	and	ischemia	but	not
when	complete	thrombosis	and	infarction	have	occurred.	Urgency	is	necessary	to
prevent	 a	 partial	 thrombosis	 progressing	 to	 complete	 thrombosis.	 At	 time	 of
laparotomy,	 surgical	 thrombectomy	 and/or	 partial	 resection	 of	 the
thrombosed/ischemic	 region	 of	 the	 pancreas	 may	 be	 required.	 In	 addition	 to
surgical	options,	treatment	options	include	systemic	anticoagulation,	particularly
for	partial	venous	 thromboses,	and	percutaneous	 interventional	 thrombolysis	or
thrombectomy	 with	 or	 without	 stenting.	 Generally,	 salvage	 results	 for
symptomatic	 thrombosis	 are	 dismal,	 with	 allograft	 pancreatectomy	 ultimately
frequently	required	despite	these	heroic	attempts.	Thrombosis	remains	the	most
common	indication	for	allograft	pancreatectomy.56

Because	 early	 diagnosis	 is	 critical	 to	 graft	 salvage,	 most	 perioperative
management	protocols	 involve	 frequent	 (every	hour)	glucose	monitoring	 for	at
least	 24	 hours,	 surveillance	 imaging	 (such	 as	 duplex	 ultrasonography)	 of	 the
allograft	within	 24	 hours,	 and	 some	method	 of	 thrombosis	 prevention	 such	 as
aspirin	 or	 low-dose	 heparin	 infusions.56	 Avoiding	 perioperative	 hypotension	 is
also	 important,	 particularly	 in	 diabetic	 patients	 who	 are	 prone	 to	 orthostasis
secondary	to	autonomic	neuropathy.	Careful	perioperative	management	to	avoid
hypovolemia	 probably	 helps	 to	 reduce	 the	 risk	 of	 graft	 thrombosis	 related	 to
hypotension.	 Supplemental	 IV	 fluids,	 sodium	 bicarbonate	 replacement,	 use	 of
fludrocortisone,	and	administration	of	vasoactive	agents	such	as	midodrine	may
be	employed	to	minimize	positional	changes	in	blood	pressure.



Posttransplantation	Bleeding
Early	 postoperative	 bleeding	 is	 one	 of	 the	 most	 frequent	 indications	 for
relaparotomy,	 estimated	 to	 occur	 in	 up	 to	 16%	 of	 pancreas	 transplantations.
Fortunately,	 bleeding	 rarely	 results	 in	 graft	 loss	 with	 less	 than	 0.3%	 of	 all
pancreas	grafts	lost	to	bleeding.64,65	Clinically,	postoperative	bleeding	can	occur
intra-abdominally,	in	the	GI	tract	(with	enteric	drainage)	or	in	the	urinary	bladder
(with	 bladder	 drainage).	 Early	 postoperative	 bleeding	 may	 occur	 from	 the
recipient	vascular	dissection,	the	allograft	vascular	anastomoses,	the	gland	itself,
or	 from	 the	 exocrine	 anastomoses.	Postoperative	 bleeding	may	be	 exacerbated
by	 the	 use	 of	 perioperative	 anticoagulation.	 Sites	 of	 bleeding	 from	 the	 gland
include	the	tail	of	the	pancreas	(ligated	ends	of	the	splenic	artery	and	vein),	the
stapled	 and	 oversewn	 root	 of	 the	 small	 bowel	 mesentery,	 the	 stapled	 and
oversewn	ends	of	the	duodenum,	the	ligated	middle	colic	vessels	in	proximity	to
the	 proximal	 duodenal	 closure,	 the	 ligated	 inferior	 mesenteric	 vein	 or
gastroduodenal	 artery	 stumps,	 or	 bleeding	 from	 perivascular	 lymphatic	 tissue.
Although	 cessation	 of	 anticoagulation	 and	 blood	 product	 administration	 may
treat	 the	 underlying	 problem,	 it	 is	 advisable	 to	 reoperate	 in	 many	 cases	 to
evacuate	any	hematoma	and	ensure	adequate	hemostasis.	Packed	red	blood	cells
should	be	 administered	 if	 the	 recipient	 has	 clinically	 significant	 anemia,	 but	 if
hemorrhage	 continues	 early	 operative	 intervention	 is	 indicated.	 Bleeding	 from
the	 simultaneous	 kidney	 transplant	 should	 also	 be	 considered	 in	 SPK	 cases.
Enteric	 anastomotic	 bleeding	 can	 often	 be	 managed	 nonoperatively	 (eg,	 by
cessation	 of	 antiplatelet	 agents,	 anticoagulants,	 and	 administration	 of	 blood
products	 when	 necessary),	 whereas	 bleeding	 from	 a	 bladder	 exocrine
anastomosis	may	be	treated	with	bladder	decompression	and	direct	cystoscopic
fulguration.	 Rarely,	 takedown	 and	 revision	 of	 the	 exocrine	 anastomosis	 is
required	for	persistent	bleeding.	Many	surgeons	believe	that	stapled	anastomoses
are	 at	 higher	 risk	 for	 bleeding	 compared	 to	 hand-sewn	 anastomoses.	 With
bladder	 drainage,	 stapled	 anastomoses	 are	 contraindicated	 because	 of	 the
potential	 for	 stone	 formation.	 For	 enteric	 anastomoses,	 we	 perform	 a	 2-layer
hand-sewn	 anastomosis	 using	 a	 running	 locking	 suture	 on	 the	 inner	 layer	 to
reduce	the	risk	of	anastomotic	bleeding.

Intra-Abdominal	Bleeding
Intra-abdominal	 bleeding	 typically	 occurs	 very	 early	 post	 transplantation,	 is
often	surgical	in	nature,	and	may	occur	in	the	sites	noted	above	for	intraoperative
bleeding.	 It	 is	 more	 common	 in	 the	 setting	 of	 perioperative	 anticoagulation.
Progressive	 decline	 of	 hemoglobin	 levels	 on	 serial	 laboratory	 evaluations	 is



often	seen,	but	more	brisk	postoperative	bleeding	can	present	with	hemodynamic
instability	 that	 requires	 urgent	 relaparotomy.	 At	 our	 center,	 we	 place	 surgical
drains	 around	 the	 transplanted	 organs,	 but	 the	 absence	 of	 sanguineous	 output
from	 drains	 does	 not	 preclude	 significant	 hemorrhage	 as	 drains	 may	 become
obstructed	 due	 to	 presence	 of	 clot.	 In	 some	 cases,	 imaging	 with	 Doppler
ultrasound	may	 be	 obtained	with	 the	 goal	 of	 ruling	 out	 graft	 thrombosis	 as	 a
cause	 of	 bleeding.	 CT	 scans	 with	 IV	 contrast	 or	 contrast-enhanced
ultrasonography	 are	 more	 sensitive	 than	 ultrasound	 at	 identifying	 the	 site	 of
bleeding	 and	 can	 be	 considered	 in	 select	 cases	 of	 suspected	 intra-abdominal
hemorrhage	 when	 conventional	 ultrasound	 results	 are	 ambiguous	 and	 patients
are	hemodynamically	 stable.	 Intra-abdominal	bleeding	can	be	 self-limited	with
early	treatment	in	hemodynamically	stable	patients	aimed	at	supportive	care	(ie,
reversal	of	anticoagulation,	close	monitoring,	and	blood	product	administration).
Relaparotomy	 is	 mandated	 for	 hemodynamically	 unstable	 patients	 or	 patients
who	 fail	 supportive	 care,	 with	 interventional	 radiologic	 techniques	 less
commonly	utilized.	Other	causes	of	hypotension,	such	as	myocardial	 infarction
and	 sepsis,	 should	 be	 considered	 when	 indicated	 before	 proceeding	 with
relaparotomy.	Late	intra-abdominal	bleeding	is	rare,	but	potentially	catastrophic,
particularly	 if	 related	 to	 a	 pseudoaneurysm.65	 Angiography	 and	 percutaneous
endovascular	stenting	has	become	the	treatment	of	choice	for	pseudoaneurysms
with	the	potential	for	graft	salvage.

Enteric	drainage	of	exocrine	secretions	can	lead	to	GI	bleeds,	both	early	and
late.	GI	bleeding	is	not	a	frequent	complication,	but	it	can	result	in	graft	loss	and
rarely	 be	 a	 life-threatening	 condition	 that	 may	 occur	 early	 or	 late	 following
pancreas	 transplantation.	 Within	 the	 first	 few	 weeks	 posttransplantation,	 GI
bleeds	 may	 arise	 from	 the	 enteric	 anastomotic	 suture	 line	 and	 manifest	 with
hematochezia	or	melena	with	a	decline	in	hemoglobin	level.66	Early	anastomotic
hemorrhage	 may	 be	 related	 in	 part	 to	 thromboprophylaxis	 used	 to	 prevent
pancreas	 graft	 thrombosis	 and	 has	 been	 reported	 in	 up	 to	 11%	 of	 cases.66,67
Unlike	bladder	drainage,	however,	anastomotic	bleeding	with	enteric	drainage	is
more	occult	and	harder	to	diagnose	given	its	locations.	In	the	literature,	the	data
on	 GI	 bleeding	 following	 pancreas	 transplantation	 are	 imprecise	 and	 may	 be
underreported	because	most	enteric	anastomoses	are	created	in	the	middle	third
of	 the	 GI	 tract,	 and	 endoscopic	 confirmation	 and	 treatment	 is	 typically	 not
applicable.	 Whether	 the	 site	 of	 anastomosis	 may	 contribute	 to	 bleeding	 risk
because	of	variations	in	submucosal	vascularity	 in	different	 locations	of	 the	GI
tract	 is	uncertain.	Fortunately,	most	 cases	of	 early	GI	bleeding	are	 self-limited
and	 respond	 to	 supportive	 measures	 (such	 as	 decompression	 of	 the	 GI	 tract,
administration	of	blood	products,	and	correction	of	coagulation	parameters)	with



close	 monitoring	 and	 escalation	 of	 investigations	 if	 conservative	 management
fails.	Diagnosis	is	typically	clinical,	with	endoscopy	and	radiologic	studies	only
reserved	for	persistent	cases.	However,	upper	and	 lower	GI	endoscopy	may	be
required	to	rule	out	other	causes	of	GI	bleeding.	Rarely,	early	postoperative	GI
bleeding	can	originate	from	gastric	or	duodenal	ulcers,	often	from	or	exacerbated
by	 high	 dose	 steroids	 administered	 peritransplant	 especially	 in	 patients	 not	 on
proton	pump	inhibitor	prophylaxis.	Relaparotomy	may	be	required	in	up	to	25%
of	cases	of	early	GI	bleeding,	and	 revision	of	 the	enteric	anastomosis	 (with	or
without	Roux-en-Y	 limb	diversion)	may	be	 indicated	 for	 anastomotic	bleeding
that	 fails	 to	 respond	 to	 nonoperative	 measures	 or	 results	 in	 hemodynamic
instability.	 In	 cases	 of	 persistent	 and	 significant	 lower	 (or	 rarely	 upper)	 GI
bleeding,	administration	of	octreotide	or	other	somatostatin	derivatives	may	be
helpful	 by	 inducing	vasoconstriction.	For	 severe	GI	bleeding	 that	 occurs	more
than	1	week	post	transplant,	however,	one	must	not	assume	that	it	is	secondary	to
anastomotic	 bleeding.	 In	 this	 setting,	 it	 is	 imperative	 to	 rule	 out	 a	 leaking
pseudoaneurysm,	 which	 is	 best	 diagnosed	 and	 treated	 by	 angiographic
techniques.68

Genitourinary	Bleeding
Bladder	drainage	of	the	exocrine	secretions	can	lead	to	hematuria,	both	early	and
late.	 Early	 bleeding	 is	 often	 anastomotic	 and	 typically	 self-limited	 with
supportive	 management	 including	 urethral	 catheter	 drainage	 and	 continuous
bladder	irrigation	(with	additives	such	as	alum,	which	functions	as	an	astringent,
as	needed).69	It	is	important	in	cases	of	hematuria	to	perform	Doppler	ultrasound
of	the	pancreas	(and	the	kidney	in	SPK	recipients)	to	rule	out	venous	thrombosis
of	either	graft,	which	can	also	present	in	this	manner.

Intra-Abdominal	Infection
Intra-abdominal	 infections	 have	 historically	 led	 to	 high	 rates	 of	 graft	 loss	 and
mortality.49,69	 Owing	 to	 improved	 surgical	 techniques,	 optimized	 antimicrobial
and	 immunosuppressive	 perioperative	management,	 minimizing	 cold	 ischemic
time,	 and	 selective	 acceptance	 of	 donors	 and	 recipients,	 current	 estimates	 of
graft	loss	secondary	to	intra-abdominal	infections	are	0.5%,	0.5%,	and	0.3%	for
SPK,	PAK,	and	PTA,	respectively.4	Although	practiced	by	some	transplantation
centers,	 prolonged	 (>24	 hours)	 administration	 of	 broad-spectrum	 perioperative
antibiotics	 is	 not	 well-supported	 by	 evidence	 and	 may	 result	 in	 an	 increased
incidence	of	 drug-resistant	 pathogens	 including	 fungal	 infections.	Our	practice
has	 been	 to	 administer	 a	 first-generation	 cephalosporin	 every	 3	 hours



intraoperatively	 followed	 by	 two	 additional	 doses	 at	 8-hour	 intervals
postoperatively.	Bacterial	 infections	 are	most	 common	and	present	 earlier	 than
fungal	 infections.	 Fungal	 infections	 are	 most	 commonly	 Candida	 albicans,
which	 can	 be	 more	 challenging	 to	 diagnose	 and	 treat.	 Given	 the	 devastating
impact	 of	 fungal	 intra-abdominal	 infections,	 many	 centers	 will	 administer
targeted	 antifungal	 prophylaxis	 (most	 commonly	 fluconazole)	 for	 the	 first	 few
weeks	 following	 pancreas	 transplantation.	 Risk	 factors	 for	 intra-abdominal
infections	 include	 older	 donor	 age,	 PAK	 transplant	 (chronically
immunosuppressed	 patient),	 retransplantation,	 higher	 donor	 and	 recipient	BMI
(>30	kg/m2),	pretransplant	peritoneal	dialysis	 (particularly	with	prior	history	of
peritonitis),	 extended	preservation	 time,	 pancreatitis,	 enteric	 drainage,	multiple
previous	 laparotomies,	 higher	 levels	 of	 immunosuppression,	 and	 sirolimus
use.49,70,71	The	 typical	 timeline	for	patient	presentation	 is	within	 the	first	month
following	 pancreas	 transplantation	 and	 may	 or	 may	 not	 include	 fever,
leukocytosis,	 abdominal	 pain,	 ileus,	 or	 peritonitis.	 Superficial	wound	 infection
may	also	be	present	and	may	herald	a	deep	infection.	CT	scan	with	oral	contrast
and	with	or	without	IV	contrast	or	with	retrograde	bladder	contrast	for	bladder-
drained	grafts	can	be	obtained	to	identify	any	sites	of	infection	and	to	rule	out	an
anastomotic	leak,	which	may	be	present	in	up	to	30%	of	cases.49	Intra-abdominal
infections	 can	 be	 localized	 abscesses,	 treated	 with	 antimicrobial	 agents	 and
percutaneous	 drainage,	 or	 diffuse	 with	 widespread	 intra-abdominal
contamination.	 The	 latter	 situation	 typically	 mandates	 broad-spectrum
antimicrobial	coverage	and	 laparotomy	 for	washout	and	 inspection,	 repair,	 and
drainage	of	the	pancreas	allograft.	In	addition	to	an	anastomotic	leak,	other	risk
factors	for	intra-abdominal	infection	include	severe	reperfusion	pancreatitis	and
early	 relaparotomy	 for	 any	 reason	 (often	 bleeding	 or	 thrombosis).	 Intra-
abdominal	 infections	 may	 result	 in	 substantial	 morbidity	 (including	 repeated
laparotomies	 or	 interventional	 procedures)	 and	 an	 increased	 mortality	 risk.	 If
initial	 conservative	 treatment	 fails	 or	 if	 the	 patient	 become	 clinically	 unstable,
relaparotomy	with	 open	 abscess	 and	 infection	 drainage	 is	 needed.	 In	 cases	 of
severe	 intra-abdominal	 infection,	 the	 treatment	 focus	 should	 switch	 early	 from
salvaging	 the	 graft	 to	 saving	 the	 patient’s	 life	 with	 a	 low	 threshold	 for
performing	 an	 allograft	 pancreatectomy.	 Fortunately,	 improved	 imaging
techniques	 resulting	 in	 earlier	 diagnosis	 and	 specific	 delineation	 of	 pathology
coupled	 with	 less	 invasive	 treatment	 options	 (including	 percutaneous	 catheter
drainage	of	abscesses	and	use	of	vacuum-assisted	wound	closure	devices)	have
contributed	considerably	to	better	outcomes.	In	addition,	improvements	of	donor
and	recipient	selection,	pancreas	recovery	and	preservation,	surgical	techniques,
and	immunosuppression	have	all	had	a	salutary	benefit	on	decreasing	the	overall



risk	 of	 intra-abdominal	 infections	 to	 a	 greatly	 reduced	 level.	 Another
consideration	 that	 may	 minimize	 intra-abdominal	 infections	 is	 minimal
manipulation	of	the	allograft	duodenum	both	on	the	backbench	and	in	situ	during
implantation.	Moreover,	preventing	or	controlling	spillage	of	duodenal	contents
into	 the	 peritoneal	 cavity	 and	 performing	 the	 exocrine	 anastomosis	 quickly
following	 reperfusion	 to	 reduce	 contamination	 and	 subsequent	 risk	 of	 intra-
abdominal	infection	seems	prudent.

Exocrine	Anastomotic	Leak
Anastomotic	 leaks	 recognized	 and	 managed	 in	 a	 timely	 fashion	 may	 avoid
negative	impacts	on	graft	or	patient	survival	rates	with	allograft	duodenal	leak,
representing	 the	 etiology	of	 only	<0.5%	of	 graft	 losses.4	 Interestingly,	 rates	 of
anastomotic	 leak	 are	 higher	 for	 bladder-drained	 grafts	 compared	 to	 enteric-
drained	grafts	(12%	vs	5%,	respectively).4	However,	enteric	leaks	may	be	harder
to	 diagnose	 so	 their	 true	 incidence	 may	 be	 underreported.	 In	 addition,	 many
early	enteric	 leaks	may	be	self-contained	and	seal	before	clinically	manifesting
later	as	an	abscess.	Nonetheless,	enteric	leaks	are	associated	with	a	higher	rate	of
relaparotomy,	graft	loss,	and	mortality	compared	to	bladder	leaks.72

Enteric-Drained	Grafts
Early	leaks,	defined	as	occurring	within	4	weeks	post	transplant,	are	most	likely
from	 the	 ends	 of	 the	 duodenal	 cuff	 or	 the	 enteric	 anastomosis	 secondary	 to
technical	 issues	or	 ischemia.	Leaks	after	4	weeks	 typically	arise	 from	the	graft
duodenum	but	 are	more	 likely	 due	 to	 perforation	 related	 to	CMV	 infection	 or
ulceration.	 Noninfectious	 perforations	 occur	 most	 frequently	 at	 the
antimesenteric	proximal	duodenal	border,	which	is	the	most	distal	area	supplied
by	 the	 inferior	 pancreaticoduodenal	 artery.	A	 rare	 cause	 of	 a	 late	 leak	may	 be
duodenal	 ischemia	 and	 necrosis	 secondary	 to	 severe	 rejection	 or	 CMV
infection.73	 Clinical	 symptoms	may	 include	 fever,	 ileus,	 nausea	 and	 vomiting,
leukocytosis,	 hyperamylasemia,	 hyperglycemia,	 abdominal	 distension,	 sepsis,
acute	kidney	injury,	or	peritonitis.	A	CT	scan	with	oral	contrast	may	be	helpful
in	diagnosing	an	enteric	leak.	Because	the	allograft	duodenum	is	denervated	and
atonic,	 the	duodenal	cuff	 itself	can	be	misinterpreted	as	an	abscess	on	CT	scan
because	 one	 may	 see	 an	 air-fluid	 level	 in	 a	 distended	 space	 without	 contrast
material.	Additionally,	duodenal	atony	leads	to	duodenal	distension,	which	may
play	 a	 role	 in	 the	 development	 of	 allograft	 duodenal	 stump	 leaks.	 The
development	 of	 a	 distal	 bowel	 obstruction,	 severe	 constipation,	 colonic
dysmotility,	 or	 acute	 angulation	 of	 the	 efferent	 limb	 may	 result	 in	 either	 an



anastomotic	or	duodenal	“blow-out.”	Other	unusual	causes	of	anastomotic	leaks
secondary	to	distal	obstruction	include	internal	hernias	associated	with	either	the
exocrine	 anastomosis	 or	 vascular	 reconstruction.	 If	 a	 Roux-en-Y	 limb
reconstruction	 was	 performed,	 leaks	 of	 the	 enteroenterostomy	 must	 also	 be
considered	although	they	are	rare	given	the	excellent	blood	supply	of	the	native
small	 bowel.	 However,	 an	 internal	 hernia	 can	 occur	 if	 the	 mesenteric	 defect
created	by	the	enteroenterostomy	is	not	closed.	When	a	leak	is	either	confirmed
or	 suspected,	 relaparotomy	 is	 often	 indicated.	 Management	 usually	 involves
washout	of	intra-abdominal	contents,	revision/repair	of	the	enteric	anastomosis,
and	frequently	creation	of	a	Roux-en-Y	limb	(to	divert	the	enteric	stream)	with
placement	 of	 drains.	 Bowel	 rest,	 nasogastric	 tube	 decompression,	 prolonged
drainage,	 and	 occasional	 use	 of	 octreotide	 or	 total	 parenteral	 nutrition	may	 be
indicated	to	allow	time	for	adequate	healing.	Drains	are	removed	when	sufficient
time	has	passed	to	allow	for	recovery	with	no	ongoing	signs	of	leak	or	infection.
In	some	cases,	a	sinogram	through	the	drain	may	help	to	assess	for	obliteration
of	the	abscess	cavity	and	absence	of	communication	with	either	the	GI	tract	or
allograft	duodenum.	Broad-spectrum	antibiotics	are	typically	used	in	these	cases,
and	 allograft	 pancreatectomy	 is	 reserved	 for	 cases	 in	 which	 revision	 is	 not
possible.	The	superficial	abdominal	wound	is	often	left	open	with	placement	of	a
vacuum-assisted	closure	device.

Bladder-Drained	Grafts
Bladder	 drainage	 of	 the	 exocrine	 secretions	 avoids	 the	 inherent	 bacterial
contamination	 (eg,	 peritonitis)	 that	 occurs	 with	 enteric	 drainage	 leaks,	 which
may	 be	 associated	 with	 considerable	 morbidity	 and	 mortality.	 Consequently,
anastomotic	leaks	of	bladder-drained	grafts	follow	a	more	benign	course	and	are
associated	 with	 a	 lower	 incidence	 of	 intra-abdominal	 infections	 and	 sepsis
(because	 of	 the	 relative	 sterility	 of	 the	 lower	 urinary	 tract).	 Similar	 to	 enteric-
drainage,	 early	 leaks	 (<4	 weeks	 post	 transplant)	 are	 often	 from	 the	 exocrine
anastomosis	 (duodenocystostomy)	 or	 the	 duodenal	 stumps	 secondary	 to
technical	or	 ischemia	 issues,	whereas	 late	 leaks	 (>4	weeks	post	 transplant)	 are
typically	 related	 to	 allograft	 duodenal	 pathology.	 Clinical	 presentation	 may
include	 fever,	 abdominal	 distension,	 nausea	 and	 vomiting,	 decreased	 urine
output,	 acute	 kidney	 injury,	 hyperamylasemia,	 hyperglycemia,	 hematuria,	 or
peritonitis.	Early	ureteral	anastomotic	leaks	should	be	included	in	the	differential
diagnosis	of	bladder-drained	SPK	recipients	that	develop	abdominal	symptoms.
Diagnosis	can	be	made	by	performing	a	low-pressure	cystogram	or	CT	scan	with
retrograde	 bladder	 contrast	 (CT-cystogram).	 Initial	 attempts	 at	 nonoperative



management	 with	 prolonged	 bladder	 decompression	 with	 urethral	 catheter
drainage,	 appropriate	 antibiotic	 coverage,	 and	 percutaneous	 drainage	 of	 any
intra-abdominal	 fluid	 collections	 can	 prove	 successful	 in	many	 circumstances.
Decompression	 of	 the	 atonic	 allograft	 duodenum	 by	 direct	 urethral	 catheter
drainage	 may	 play	 a	 key	 role	 in	 the	 management	 of	 leaks	 in	 bladder-drained
recipients.	 When	 treatment	 of	 the	 root	 cause	 or	 conservative	 measures	 fail,
relaparotomy	with	either	direct	duodenal	or	anastomotic	revision,	or	conversion
to	 enteric	 drainage,	 is	 indicated.	 In	 severe	 cases	 of	 allograft	 duodenum
compromise	or	 ischemia,	 the	head	of	 the	pancreas	 can	be	 invaginated	 into	 the
bladder	 as	 a	 salvage	 maneuver	 following	 subtotal	 allograft	 duodenectomy	 in
which	 a	 rim	 of	 duodenum	 (duodenal	 button)	 around	 the	 ampulla	 of	 Vater	 is
preserved.	After	graft	duodenectomy,	if	the	surgical	field	is	relatively	clean	and
uninfected,	 former	duct	management	 techniques	can	be	employed	such	as	duct
ligation	or	injection	(use	of	sterile	glue	such	as	that	found	in	a	Hickman	catheter
repair	kit).	Allograft	 pancreatectomy	 is	 rarely	necessary	but	 reserved	 for	 cases
when	the	leak	or	infection	cannot	be	controlled	by	lesser	procedures.

Allograft	Pancreatitis
Pancreatic	 inflammation	 is	 common	 (and	 expected)	 following	 pancreas
transplantation,	with	posttransplant	hyperamylasemia	occurring	in	up	to	35%	of
all	 patients.49,74	 This	 phenomenon	 is	 most	 commonly	 related	 to	 ischemia-
reperfusion	 injury	 and	 is	 usually	 self-limiting.	 However,	 the	 severity	 of	 early
allograft	 pancreatitis	 may	 predispose	 to	 several	 other	 complications	 such	 as
vascular	 thrombosis,	 bleeding,	 peripancreatic	 fluid	 collections	 (including
pseudocysts),	 exocrine	 leaks,	 and	 intra-abdominal	 infection.	 Elevated	 serum
pancreatic	enzymes	are	markers	of	increased	risk	for	pancreas	graft	thrombosis.
At	 relaparotomy,	 intraoperative	 findings	 include	 saponification,	 adhesions,	 and
peripancreatic	 fluid	 collections.	 Rates	 of	 technical	 failure	 related	 to	 graft
pancreatitis	have	decreased	dramatically	over	time	with	current	technical	failure
rates	 directly	 related	 to	 pancreatitis	 estimated	 to	 be	 0.2%,	 0.2%,	 and	0.3%	 for
SPK,	 PAK,	 and	 PTA,	 respectively.4	 Complications	 related	 to	 graft	 pancreatitis
include	 deep	 wound	 infections,	 abscess	 formation,	 pancreatic	 necrosis,
peripancreatic	 fluid	 collections,	 and	 pseudocysts.	 Risk	 factors	 for	 developing
early	 graft	 pancreatitis	 include	 donor	 factors	 (older	 age,	massive	 resuscitation,
hemodynamic	 instability,	 ‘fatty’	 infiltration	 of	 the	 pancreas),	 surgical	 factors
(excessive	 surgical	 manipulation	 or	 damage	 at	 recovery,	 excessive	 flushing
particularly	 with	 HTK	 solution),	 extended	 warm	 or	 cold	 ischemia	 prior	 to
implantation,	or	the	presence	of	an	early	vascular	complication.49,70,71	Symptoms



can	 range	 from	 variable	 or	 even	 nonexistent.	 Hyperamylasemia	 or
hyperlipasemia	may	be	 the	only	 initial	 signs.	Clinically	 significant	pancreatitis
may	 cause	 ileus,	 abdominal	 distension,	 nausea,	 vomiting,	 tenderness,	 and
general	malaise.	 In	cases	of	severe	pancreatitis,	patients	can	deteriorate	rapidly
because	of	underlying	sepsis	and	a	systemic	inflammatory	response.	Laparotomy
may	be	indicated,	and	allograft	pancreatectomy	must	be	considered	if	antibiotic
therapy,	drainage,	or	washouts	fail	to	improve	the	patient’s	condition.	Octreotide,
which	 works	 by	 inhibiting	 the	 pancreatic	 graft	 exocrine	 secretions,	 has	 been
utilized	with	limited	success.74	However,	universal	application	of	this	medication
has	not	been	adopted	secondary	to	a	lack	of	high-level	evidence	for	its	use	and
concern	 that	 it	 might	 reduce	 mesenteric	 blood	 flow.	 Oral	 pancreatic	 enzyme
administration	 may	 also	 have	 a	 beneficial	 effect	 on	 “pancreatic	 enzymemia,”
possibly	through	a	paracrine-mediated	negative	feedback	inhibition	mechanism.
Inadvertent	 ligation	 or	 obstruction	 of	 the	 pancreatic	 duct,	 occurring	 during
procurement	 or	 backbench	 preparation,	 can	 lead	 to	 such	 cases	 of	 severe
pancreatitis.	 It	 is	 important	 to	 note	 that	 extensive	 backbench	 dissection	 of	 the
allograft	duodenum	to	create	a	short	duodenal	segment	can	place	the	pancreatic
duct	 and	 ampulla	 of	 Vater	 at	 risk	 for	 direct	 injury	 leading	 to	 pancreatic	 duct
obstruction	and	resultant	pancreatitis.

Pancreatic	necrosis,	peripancreatic	abscesses,	pseudocysts,	pancreatic	ascites,
and	pancreatic	 fistulas	can	result	 from	recurrent	or	severe	episodes	of	allograft
pancreatitis.	 Symptoms	 may	 include	 abdominal	 pain,	 distension,	 graft
tenderness,	 nausea,	 vomiting,	 or	 ileus.	 Endocrine	 secretory	 function	 is	 often
preserved.	Diagnosis	 is	 typically	made	 by	CT	 scan	with	 IV	 contrast	 to	 assess
parenchymal	viability	and	rule	out	either	a	leak	or	vascular	problem.	Biopsy	may
be	performed	to	rule	out	rejection,	and	laboratory	evaluation	for	CMV	infection
should	be	 considered.	Treatment	 involves	 addressing	 the	underlying	 cause	 and
supportive	 care.	 Enteric-drained	 grafts	 often	 benefit	 from	 bowel	 rest	 with	 or
without	 nasogastric	 decompression,	 IV	 fluid	 and	 electrolyte	 replacement,	 and
possibly	 total	 parenteral	 nutrition,	 whereas	 bladder-drained	 grafts	 typically
benefit	 from	 prolonged	 urethral	 catheter	 drainage.	 If	 laparotomy	 is	 needed,
debridement	of	necrotic	tissue	may	be	necessary	with	segmental	or	total	allograft
pancreatectomy	 considered	 for	 the	most	 severe	 cases.	 Graft	 explant	 with	 islet
preparation	and	then	islet	infusion	has	been	reported	in	this	situation.

Other	Surgical	Complications

Renal	Pedicle	Torsion



Vascular	 torsion	of	 the	kidney	 allograft	merits	mention	because	 it	 is	 unique	 to
SPK	 recipients.75,76	 Unlike	 a	 kidney	 alone	 procedure,	 the	 kidney	 in	 an	 SPK
transplant	is	typically	placed	in	the	intraperitoneal	space.	Long	kidney	vascular
pedicles	with	long	ureters,	and	placement	of	the	kidney	graft	on	either	side	of	the
pelvis,	may	predispose	the	patient	to	this	complication.	This	may	involve	kidney
grafts	 somewhat	more	 commonly	 on	 the	 right	 than	 kidneys	 placed	 in	 the	 left
pelvis	 where	 the	 sigmoid	 colon	 restricts	 movement.	 Onset	 of	 symptoms	 may
occur	anytime.	Symptoms	can	indicate	acute	graft	dysfunction,	hydronephrosis,
or	 partial	 or	 complete	 renal	 vein	 thrombosis,	with	 sudden	 onset	 of	 hematuria,
pain	over	the	kidney	graft,	or	sudden	cessation	of	urine	output.	If	renal	pedicle
torsion	 is	 suspected	 clinically,	 rapid	 confirmation	 by	 color	 duplex	 Doppler
ultrasonography	(showing	absent	or	compromised	venous	flow)	should	be	made.
Immediate	 relaparotomy	 may	 salvage	 the	 kidney	 graft	 and	 prevent	 allograft
nephrectomy.	 At	 our	 center,	 we	 routinely	 secure	 or	 “pexy”	 the	 colon	 to	 the
lateral	peritoneum	overlying	the	transplanted	kidney	in	order	 to	prevent	kidney
mobility.	Alternatively,	one	may	pexy	 the	kidney	 in	place	 to	 achieve	 the	 same
effect.	Another	approach	is	to	create	a	retroperitoneal	pocket	for	the	kidney	that
can	be	developed	 through	 the	midline	 incision,	effectively	 isolating	 the	kidney
graft	and	limiting	risk	of	rotation	and	torsion.

Bowel	Obstruction
After	 pancreas	 transplantation,	 multiple	 adhesions	 may	 develop	 between	 the
allograft	 pancreas	 and	 surrounding	 viscera.	Whether	 this	 is	 a	 consequence	 of
pancreatitis	 or	 in	 response	 to	 ischemia,	 it	 is	 not	 uncommon	 for	 loops	of	 small
bowel	 to	 become	 densely	 adherent	 to	 the	 allograft	 pancreas	 and	 duodenum.
Consequently,	partial	small	bowel	obstruction	may	occur,	which	is	best	managed
nonoperatively	 when	 possible.	 As	 noted	 previously,	 various	 types	 of	 internal
hernias	 associated	with	 the	 pancreas	 allograft	may	 occur	 as	well	 and	 result	 in
bowel	obstruction.

Wound	Infection
Obesity	when	present	augments	the	risk	of	superficial	and	deep	wound	healing
problems.77	 In	 addition,	 there	 is	 some	 evidence	 to	 suggest	 that	 a	 pancreas
allograft	 in	 direct	 contact	 with	 the	 healing	 incision	 may	 increase	 the	 risk	 of
superficial	 and	 deep	 wound	 infections,	 which	 may	 further	 cause	 a	 wound
dehiscence	or	 an	 incisional	hernia.	Whether	pretransplant	peritoneal	dialysis	 is
an	 additional	 risk	 factor	 for	 wound	 complications	 is	 debated.78-80	 In	 order	 to
minimize	 incision	 size	 and	 keep	 the	 pancreas	 allograft	 away	 from	 the	 healing



wound,	 robotic	 pancreas	 transplantation	 has	 been	 proposed	 as	 a	 method	 to
reduce	wound	complications,	particularly	in	obese	recipients.81

Fever	of	Unknown	Origin
Unexplained	fever	is	a	well-established	phenomenon	that	occurs	in	the	first	few
weeks	following	pancreas	transplantation,	which	may	be	related	to	occult	intra-
abdominal	 infection,	 pancreatic	 inflammation	 (idiopathic,	 secondary	 to
obstruction,	or	related	to	rejection),	depleting	antibody	induction,	or	some	other
ill-defined	 cause	 such	 as	 subclinical	 graft	 versus	 host	 disease.	 Up	 to	 25%	 of
pancreas	transplant	recipients	may	manifest	culture-negative	fever	in	this	setting.
In	 the	 past,	 relaparotomy	 was	 the	 procedure	 of	 choice	 for	 diagnosis	 and
treatment.	 However,	 many	 of	 these	 cases	 had	 “negative	 laparotomies.”	 The
current	 philosophy	 is	 to	 consider	 a	 course	 of	 supportive	 care	 and	 potentially
high-dose	 steroids	 in	 patients	 who	 are	 not	 deteriorating	 clinically,	 have	 been
deemed	 not	 infectious	 with	 negative	 cultures,	 and	 do	 not	 have	 any	 localizing
signs	 or	 symptoms,	 with	 the	 assumption	 that	 an	 immunologic	 noninfectious
process	such	as	subclinical	rejection	or	graft	versus	host	disease	is	occurring.

Entering	the	new	millennium,	surgical	complication	rates	following	pancreas
transplantation	 ranged	 from	 25%	 to	 50%.	 Although	 surgical	 complications
remain	 problematic,	 the	 frequency	 has	 decreased	 over	 time	 to	 10%-25%.
Additionally,	 the	morbidity	 of	 these	 complications	 has	 improved	with	 rates	 of
early	technical	failures	(defined	as	pancreas	graft	failure	within	the	first	90	days)
having	 reached	new	 lows,	occurring	 in	 less	 than	5%	of	SPK,	6%	of	PAK,	and
7%	of	PTA	(Table	60.2).	Aside	from	graft	losses,	surgical	complications	increase
morbidity,	mortality,	costs,	and	may	affect	the	kidney	allograft	as	well.	The	best
strategy	 to	 limit	 complications	 is	 multifactorial	 and	 includes	 (1)	 optimizing
donor	and	recipient	selection;	 (2)	gentle	handling	of	 the	pancreas	during	organ
recovery,	preservation,	backbench	preparation,	and	implantation;	(3)	minimizing
warm	 and	 cold	 ischemia	 times;	 (4)	 performing	 meticulous	 and	 efficient	 back
table	preparation	of	 the	graft;	(5)	using	consistent	 implantation	techniques;	and
(6)	 providing	 assiduous	 postoperative	 care	 which	 includes	 judicious	 use	 of
anticoagulation,	 robust	 immunosuppression,	proactive	graft	monitoring,	 careful
fluid	and	electrolyte	management,	antiinfective	prophylaxes,	and	intense	follow-
up.	By	adhering	 to	 these	basic	principles,	 in	 the	past	4	years,	our	 incidence	of
early	 relaparotomy	 has	 been	 reduced	 by	 half,	 with	 no	 early	 graft	 losses
attributable	 to	 surgical	 complications.	 When	 complications	 occur,	 timely
assessment,	diagnosis,	and	treatment	are	vital	to	minimize	morbidity	and	prevent
the	need	for	allograft	pancreatectomy.



TABLE	60.2

Reasons	for	Early	Technical	Grafts	Failure	(Within	First
90	days),	US	Primary	Deceased	Donor	Pancreas
Transplants,	January	1,	2015	–	December	31,	2019

Simultaneous
Pancreas-Kidney

Pancreas
After	Kidney

Pancreas
Transplant
Alone

n 3400 218 278

Graft
thrombosis

3.8% 3.2% 6.5%

Infection 0.4% 0.9% 0.0%

Pancreatitis 0.2% 0.4% 0.0%

Anastomotic
leak

0.3% 0.5% 0.4%

Bleeding 0.2% 0.5% 0.0%

Nonsurgical	Complications

Rejection
The	 incidence	 of	 acute	 rejection	 ranges	 from	 10%	 to	 30%,	 and	 rates	 of
immunologic	 graft	 loss	 range	 from	 2%	 to	 4%	 for	 all	 types	 of	 pancreas
transplants	 at	 1	 year.82	 The	 diagnosis	 is	 usually	 based	 on	 increased	 serum
amylase	 and	 lipase	 levels	 and	 decreased	 urinary	 amylase	 levels	 (in	 bladder-
drained	recipients).	Other	signs	and	symptoms	include	tenderness	over	the	graft,
unexplained	 fever,	 and	 hyperglycemia	 (which	 is	 usually	 a	 late	 finding).
Diagnosis	 of	 rejection	 can	 be	 suspected	 by	 a	 hypoechoic,	 enlarged	 graft	 by
ultrasound	or	an	enlarged,	edematous	graft	by	abdominal	CT	scan.	Diagnosis	of
rejection	 can	 be	 confirmed	 by	 a	 percutaneous	 pancreas	 biopsy.83	 In	 cases	 in
which	 percutaneous	 biopsy	 is	 not	 possible	 due	 to	 technical	 reasons,	 empiric
therapy	 for	 rejection	 may	 be	 initiated.	 In	 SPK	 recipients,	 the	 kidney	 can	 be



biopsied	 as	 a	 surrogate	 marker	 for	 detecting	 pancreas	 allograft	 rejection	 in	 a
patient	 with	 pancreas	 dysfunction.	 However,	 concurrent	 rejection	 is	 found	 in
only	 60%	 of	 SPK	 recipients	 who	 undergo	 biopsy	 of	 both	 organs.84,85
Additionally,	a	positive	kidney	biopsy	only	predicted	pancreas	rejection	in	86%
of	 patients	 with	 pancreatic	 graft	 dysfunction.85	 Finally,	 in	 patients	 with
“concordant”	 rejection	 of	 both	 grafts,	 36%	 had	 differences	 in	 the	 of	 rejection
(cellular,	antibody,	or	mixed)	relevant	to	consideration	of	needed	treatment.84	In
SPK	 recipients,	 isolated	 pancreas	 transplant	 rejection	 portends	 a	 worse	 renal
allograft	survival	than	in	patients	who	experience	no	rejection.86

Other	Nonsurgical	Complications
Other	 risks	 include	 infectious	 complications	 such	 as	 cytomegalovirus,	 extra-
abdominal	 bacterial	 or	 fungal	 infections,	 posttransplant	 malignancy	 such	 as
posttransplant	lymphoproliferative	disorder,	and	other	rare	complications	such	as
graft-vs-host	 disease.	 Many	 catheter	 infections	 are	 due	 to	 gram-positive
organisms,	 with	 methicillin	 resistant	 coagulase	 negative	 isolates	 being	 quite
common.87	The	diagnosis	and	management	of	these	complications	are	similar	to
those	of	other	solid-organ	transplantation	recipients.

Radiologic	Studies
Ultrasonography:	This	is	the	most	frequent	study	used	in	pancreas	recipients.
Noninvasive,	portable,	and	relatively	inexpensive,	it	provides	prompt
information	regarding	blood	flow	to	the	pancreas,	the	presence	of	arterial	or
venous	stenosis	or	occlusion,	thrombosis,	pseudoaneurysms,	arteriovenous
fistula,	resistance	to	blood	flow	within	the	pancreas	(suggestive	of	either
rejection	or	pancreatitis)	and	peripancreatic	fluid	collections.
CT	scan:	A	CT	scan	provides	more	detail	of	pancreatic	and	surrounding
anatomy.	Use	of	oral,	IV,	and	bladder	contrast	(in	bladder-drained	recipients)
is	often	beneficial.	A	CT	scan	is	frequently	used	as	a	guide	in	pancreas
biopsies	or	in	placement	of	percutaneous	drains	for	IAI.
Fluoroscopy:	A	contrast	cystogram	can	be	performed	under	fluoroscopy	and
can	be	used	instead	of,	or	in	addition	to,	a	CT	cystogram	to	look	for	a	bladder
leak.	The	combination	of	the	tests	increases	the	sensitivity	for	detecting
bladder	leaks.
Magnetic	resonance	angiogram	(MRA):	A	MRA	can	be	done	if	vascular
abnormalities	are	suspected	on	the	ultrasound,	and	IV	CT	contrast	is
contraindicated.	MRA	provides	accurate	information	about	pancreatic



vascular	patency	but	is	inferior	to	standard	angiography	in	providing	fine
vascular	detail.
Angiography:	is	the	gold	standard	test	for	evaluating	arterial	anatomy	in	and
around	the	pancreas.	However,	it	is	rarely	employed,	except	in	cases	in	which
angiographic	intervention	such	as	angioplasty,	stenting	of	a	stenotic	segment,
or	coiling	of	an	arteriovenous	fistula	or	pseudoaneurysm	is	planned.	Contrast
nephropathy	is	a	concern	in	pancreas	transplant	recipients	and	reasonable
alternatives	(such	as	ultrasound)	are	available	if	the	suspicion	for	needed
intervention	is	not	sufficiently	high.

SUMMARY

Future	Directions
In	 1	 diabetic	 patients	 with	 kidney	 dysfunction,	 an	 SPK	 or	 LDKT	 with	 PAK
transplantation	is	the	current	standard	of	care.	Appropriately	selected	2	diabetic
patients	also	benefit	from	pancreas	transplantation	and	have	comparable	survival
outcomes	 to	 those	 patients	 with	 1	 diabetes.	 Much	 of	 the	 recent	 increase	 in
volume	 of	 annual	 pancreas	 transplants	 performed	 in	 the	 United	 States	 has
occurred	among	patients	with	a	2	diabetes	phenotype.

PTA	 continues	 to	 be	 less	 frequently	 utilized	 because	 the	 long-term	 risks	 of
diabetes	are	weighed	against	the	short-term	surgical	risks	and	the	long-term	risks
of	immunosuppression,	despite	evidence	of	many	benefits	for	some	patients.	A
successful	pancreas	transplant	can	improve	existing	neuropathy	and	nephropathy
and	quality	of	life	in	diabetic	patient	recipients,	and	the	survival	after	a	solitary
pancreas	 transplant	 is	better	 than	 that	of	 remaining	on	 the	waiting	 list.51	 If	 the
risks	 of	 immunosuppression	 decrease	 with	 novel	 methods	 of	 tolerance	 and
immunomodulation,	 the	 balance	 may	 tilt	 in	 favor	 of	 performing	 pancreas
transplants	 in	 more	 patients	 before	 they	 develop	 chronic	 kidney	 disease.	 The
limiting	 factor	would	 then	 be	 organ	 shortage,	which	 could	 one	 day	 be	 tackled
through	 a	 regenerative	 medicine	 approach.	 In	 fact,	 the	 first	 2	 decades	 of	 this
millennium	 have	 witnessed	 intense	 research	 and	 formidable	 progress	 in	 the
fields	of	stem	cell	engineering	toward	beta-cell	lineages	and	biomaterial	science
to	 improve	 islet	 viability,	 function,	 and	 life	 span.88-90	 Despite	 the	 many
challenges	still	to	be	faced	before	stem	cell	derived	beta	cells	will	replace	whole-
pancreas	 (and	 islet)	 transplantation,	 clinical	 translation	 has	 already	 occurred;
progress	 has	 been	 broad-based	 and	 tangible,	 and	 many	 groups	 are	 working



toward	early	phase	trials	in	the	near	term.88,91
Research	 in	 the	 field	 of	 islet	 transplant	 remains	 robust.	 Ultimately,	 islet

transplantation	can	provide	 the	benefits	of	pancreas	 transplantation	without	 the
risks	 of	 major	 operation.	 Improvements	 in	 islet	 isolation,	 islet	 viability,	 islet
functionality,	 islet	 implantation,	 and	 immunotherapy	 will	 help	 improve	 islet
outcomes	 so	 that	 only	 one	 donor	 will	 be	 necessary	 to	 achieve	 insulin
independence.92	 Xenotransplantation	 of	 islets	 may	 be	 more	 readily	 achievable
using	 encapsulation	 than	 with	 other	 organ	 transplantation.	 Prolonged	 diabetes
reversal	after	 intraportal	xenotransplant	in	primates	has	been	documented93	and
may	 pave	 the	 way	 for	 human	 xenotransplant	 trials.	 Also,	 stem	 cells	 from
numerous	 sources	 (eg,	 bone	 marrow,	 adipose,	 or	 cord	 blood)	 may	 be
manipulated	 to	 differentiate	 into	 islets	 in	 order	 to	 provide	 a	 rich	 supply	 for
transplantation,	 and	 islet	 transplants	can	be	combined	with	 immunomodulation
and	 tolerogenic	 strategies	 to	minimize	or	 eliminate	 immunosuppression.92	 This
combination	would	provide	for	minimally	invasive	islet	cell	transplants	for	all	1
diabetic	patients,	without	 the	need	for	 long-term	immunosuppression.	The	only
scenario	that	would	be	better	is	the	thwarting	of	autoimmunity	before	the	onset
of	isletitis,	thereby	preventing	the	development	of	1	diabetes	mellitus.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	All	of	the	following	are	features	of	bladder-drained	pancreas	transplants
EXCEPT:

A. 	Cystitis
B. 	Hematuria
C. 	Metabolic	acidosis
D. 	Urinary	amylase	increase	during	rejection

2. 	A	45-year-old	man	with	a	BMI	30	kg/m2	and	a	pretransplant	c-peptide	of
4	ng/mL	with	end-stage	renal	disease	on	peritoneal	dialysis	for	3	years
undergoes	a	simultaneous	pancreas-kidney	transplant	from	a	40-year-old	brain
death	donor	with	cold	ischemic	time	of	12	hours.	Postoperative	day	1,	the
glucose	has	increased	to	200	mg/dL.	What	is	the	most	appropriate	next	step	in
management?



A. 	CT	angiogram	of	abdomen	and	pelvis
B. 	Pancreas	ultrasound	with	Doppler
C. 	Reduce	steroid	dose
D. 	Start	insulin	drip	to	allow	pancreatic	rest

3. 	A	30-year-old	woman	underwent	simultaneous	pancreas-kidney	transplant
12	hours	ago.	Pretransplant,	she	had	been	on	hemodialysis	for	5	years	making
minimal	amounts	of	urine.	The	flow	crossmatch	was	negative,	and	the	patient
received	anti-thymocyte	globulin	for	induction.	The	transplant	was	performed
via	a	midline	incision	with	both	grafts	placed	on	the	right	iliac	vessels	with	the
kidney	allograft	on	the	external	iliac	artery	and	vein,	and	positioned	laterally	to
the	vessels	below	the	pancreas.	Initial	urine	output	was	more	than	100	mL/h.	In
the	past	2	hours,	urine	output	has	declined	to	less	than	10	mL/h	and	appearance
is	dark	and	bloody.	What	is	most	likely	cause	of	her	oliguria?

A. 	Early	acute	antibody-mediated	rejection
B. 	Renal	vein	obstruction
C. 	Serum	sickness	from	anti-thymocyte	globulin
D. 	Urine	leak

Answers

1.	The	correct	answer	is	D.
Rationale:	Choice	A,	B,	and	C	are	all	common	complications	associated	with

a	 bladder-drained	 pancreas,	 causing	 a	 shift	 toward	 performing	 enteric-drained
pancreatic	 allografts	 in	 recent	 years.	 Initially,	 a	 urinary	 amylase	measurement
decrease	was	 used	 to	 identify	 rejection	 (NOT	 increase,	 as	 in	D),	 but	 now	 the
majority	of	pancreas	transplants	are	combined	with	kidney,	 thus	enabling	close
following	 of	 the	 serum	 creatinine	 for	 rejection.	 Additionally,	 rejection	 after
pancreas	transplant	can	be	monitored	through	increases	in	serum	amylase/lipase
levels,	 measurement	 of	 donor-specific	 antibodies,	 utilization	 of	 donor-derived
cell-free	DNA	tests,	 and	potentially	protocol	biopsies,	making	urinary	amylase
decreases	less	important.

2.	The	correct	answer	is	B.
Rationale:	Abrupt	change	in	glucose	should	always	prompt	urgent	evaluation

of	 perfusion	 of	 the	 pancreatic	 allograft.	Ultrasound	with	Doppler	 (choice	B	 is
correct)	is	the	preferred	modality	to	evaluate	the	arterial	and	venous	flow,	as	well
as	the	anastomoses,	and	avoids	contrast	nephropathy	risks	associated	with	a	CT



angiogram	(choice	A).	Reducing	steroids	during	possible	rejection	(choice	C)	or
masking	 poor	 graft	 function	 with	 exogenous	 insulin	 (choice	 D)	 would	 not	 be
appropriate.

3.	The	correct	answer	is	B.
Rationale:	Abrupt	change	 in	urine	output	after	 initial	good	urine	production

should	prompt	consideration	of	a	 change	 in	position	 like	 renal	pedicle	 torsion.
Intraperitoneal	 placement	 of	 renal	 allografts	 increases	 the	 risk	 of	 this.	 Dark
hematuria	 in	 the	 urine	 is	 suggestive	 of	 renal	 vein	 obstruction	 or	 thrombosis
(choice	B	is	correct).	Negative	crossmatch	and	T-cell-depleting	induction	makes
acute	 rejection	 unlikely	 (choice	 A).	 Serum	 sickness	 (choice	 C)	 is	 a	 clinical
diagnosis.	 Symptoms	 include	 fever,	 arthralgia,	 lymphadenopathy,	 and	 rash.
Urine	leak	(choice	D)	is	common	and	may	manifest	itself	as	swelling,	pain,	high
drain	output,	sepsis,	ileus,	and	eventual	graft	loss,	but	not	dark	hematuria.
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Chapter	61
Critical	Care	of	Intestinal	Transplant
Recipients
Robert	M.	Esterl	Jr,	Ruy	J.	Cruz	Jr,	Abhinav	Humar

KEY	POINTS:
1.	 Intestinal	failure	is	defined	as	the	inability	of	the	intestine	to	maintain

nutrition	or	fluid	and	electrolyte	balance	without	long-term	total
parenteral	nutrition	(TPN).

2.	 The	most	common	cause	of	intestinal	failure	is	short	bowel
syndrome	(SBS).	The	causes	of	SBS	vary	significantly	between
pediatric	and	adult	populations.

3.	 The	most	common	intestinal	transplant	is	an	isolated	intestinal
transplant.	Hepatic	function	should	be	evaluated	carefully	in	a	patient
with	intestinal	failure;	if	there	is	evidence	of	significant	hepatic
dysfunction,	the	patient	may	be	a	candidate	for	an	intestine-liver
transplant	or	a	multivisceral	transplant.

4.	 An	ileostomy	is	usually	created	during	the	intestinal	transplant	to
facilitate	endoscopy/biopsy,	which	is	the	only	reliable	method	to
monitor	the	allograft	and	diagnose	rejection.

5.	 Most	intestinal	transplant	recipients	receive	induction	therapy	(T-cell-
depleting	agents	or	interleukin	2	receptor	antagonists)	followed	by
maintenance	immunosuppression	with	a	combination	of	tacrolimus
and	steroids.

6.	 Regardless	of	immunosuppressive	regimens,	intestinal
transplantation	carries	a	high	risk	of	acute	rejection.

7.	 Infectious	complications	are	common	after	intestine	transplants	and
are	leading	causes	of	morbidity/mortality	and	hospital	readmissions.



8.	 There	is	evidence	that	intestinal	transplantation	likely	improves	the
quality	of	life	over	chronic	TPN	in	carefully	selected	patients.

9.	 The	number	of	new	patients	added	to	the	intestine	waitlist	decreased
steadily	over	the	past	decade	as	did	the	number	of	intestinal
transplants.

10.	 The	number	of	recipients	alive	with	a	functional	intestinal	transplant
increased	steadily	over	the	past	decade.

INTRODUCTION
The	 first	 experimental	 intestinal	 transplant	was	 performed	 by	Alexis	Carrel	 in
1901,	when	he	 implanted	a	segment	of	bowel	 into	 the	neck	of	a	dog.	The	first
human	 intestinal	 transplants	 occurred	 in	 the	 1960s,	 but	 these	 transplants	were
suspended	at	that	time	because	of	dismal	graft	and	patient	survival	owing	to	the
lack	of	effective	immunosuppressive	protocols.	The	widespread	introduction	of
calcineurin	 inhibitors	 (cyclosporine	 in	 the	 1980s	 and	 tacrolimus	 in	 the	 1990s)
renewed	 interest	 in	 intestinal	 transplantation	 as	 a	 viable	 surgical	 option	 for
patients	with	short	bowel	syndrome	(SBS)	who	otherwise	required	chronic	total
parenteral	 nutrition	 (TPN).	 Newer	 immunosuppressive	 regimens,	 advances	 in
organ	preservation,	 better	 donor	 and	 recipient	 selection,	 refinement	of	 surgical
techniques,	 earlier	 detection	 and	 treatment	 of	 infections,	 and	 improved
postoperative	 critical	 care	management	 have	 all	 played	 significant	 roles	 in	 the
success	 of	 intestinal	 transplants	 since	 the	 mid-1990s.	 Although	 intestinal
transplants	remain	the	least	frequent	of	all	transplants,	1-year	graft	survival	rates
have	 significantly	 improved	 and	 now	 approach	 those	 of	 other	 extrarenal
transplants.	 As	 graft	 losses	 due	 to	 technical	 reasons	 have	 diminished	 greatly,
immunological	and	infectious	issues	remain	primary	challenges	facing	the	field
today.	As	the	largest	lymphoid	organ	in	the	human	body	and	a	host	for	potential
infectious	 pathogens,	 the	 small	 bowel	 continues	 to	 be	 the	most	 difficult	 solid
organ	to	transplant.1-10

Pretransplant	Evaluation
1 	 2 	 Intestinal	 failure	 is	 defined	 as	 the	 inability	 of	 the	 intestine	 to	 maintain
nutrition	or	fluid	and	electrolyte	balance	without	long-term	TPN.2,4,6-8	Causes	of
intestinal	 failure	 can	 be	 divided	 into	 two	 broad	 groups:	 (a)	 SBS	 (due	 to
insufficient	 bowel	 length)	 and	 (b)	 functional	 disorders	 (impaired	 intestinal



motility	 or	 absorption	 with	 otherwise	 sufficient	 intestinal	 length	 and	 surface
area).	Currently,	the	Centers	for	Medicare	&	Medicaid	Services	(CMS)	approves
coverage	for	intestinal	transplants	for	patients	with	SBS	who	require	TPN	with
these	 complications:	 (a)	 impending	 or	 overt	 liver	 failure	 related	 to	 TPN,	 (b)
thrombosis	of	major	venous	access	sites,	(c)	frequent	central	line	infections	and
sepsis	 requiring	 hospitalizations	 (more	 than	 two	 episodes	 per	 year),	 and	 (d)
severe	and	frequent	episodes	of	electrolyte	imbalance	and/or	dehydration	despite
intravenous	 fluid	 supplementation	 in	 addition	 to	 TPN.3,8,11	 Many	 feel	 that
patients	 who	 are	 stable	 on	 TPN	 without	 such	 complications	 are	 usually	 not
considered	 intestinal	 transplant	 candidates,	 because	 their	 estimated	 annual
survival	rate	could	be	higher	with	TPN	support	than	transplantation.	Others	have
suggested	 that	 patients	 with	 ultrashort	 bowel	 remnants,	 complete
portomesenteric	thrombosis,	slow-growing	tumors	involving	the	mesenteric	root,
pseudo-obstruction,	 and	 frozen	 abdomen	 may	 have	 indications	 for	 intestinal
transplantation.4,8	 CMS	 has	 not	 revised	 its	 indications	 to	 cover	 intestinal
transplants	since	its	original	guidelines	were	published	in	2000.	Many	argue	that
improved	 graft	 and	 patient	 survivals	 after	 intestinal	 transplants	 over	 the	 last
20	 years	 mandate	 revision	 of	 guidelines	 and	 consideration	 of	 expanding
indications.

A	common	cause	of	SBS	requiring	an	intestinal	transplant	includes	extensive
surgical	 resection	 of	 the	 small	 bowel.	 Uncommon	 indications	 for	 intestinal
transplants	 for	 patients	 with	 intestinal	 failure	 but	 without	 SBS	 are	 (a)	 severe
gastrointestinal	 myopathy	 or	 neuropathy	 (hollow	 visceral	 myopathy,	 total
intestinal	 aganglionosis,	 and	 pseudo-obstruction	 syndrome),	 (b)	 gut
malabsorption	syndromes	(microvillous	inclusion	disease,	radiation	enteritis,	and
selective	autoimmune	enteropathy),	(c)	neoplastic	syndromes	involving	the	root
of	 the	 mesentery	 (neuroendocrine	 and	 desmoid	 tumors,	 often	 associated	 with
familial	 adenomatous	 polyposis	 or	 Gardner	 syndrome),	 and	 (d)	 diffuse
portomesenteric	thrombosis	with	high	risk	of	gastrointestinal	hemorrhage.2,4,7-9,12

2 	The	causes	of	intestinal	failure	and	intestinal	transplantation	are	different	in
adult	 versus	 pediatric	 populations.	 Gastroschisis,	 necrotizing	 enterocolitis,
malrotation	with	midgut	volvulus,	and	atresias	are	 the	most	common	causes	 in
pediatric	 patients,	 whereas	 mesenteric	 arterial	 thrombosis/embolism,	 trauma,
Crohn	 disease,	 and	 adhesions	 are	 the	most	 frequent	 causes	 in	 adult	 patients.10
Most	patients	(44.14%)	who	wait	for	an	intestinal	transplant	have	an	underlying
diagnosis	of	SBS.9	The	development	of	SBS	depends	not	only	on	 the	 resected
length	of	bowel	but	also	on	the	location	of	 the	resection	and	on	the	retainment
(or	 not)	 of	 the	 ileocecal	 valve	 and/or	 the	 colon.	 As	 a	 rough	 guideline,	 most
patients	 can	 tolerate	 up	 to	 50%	 resection	 of	 their	 intestine	 with	 subsequent



adaptation,	 avoiding	 the	need	 for	 long-term	TPN.	Loss	of	greater	 than	70%	of
the	 intestine,	 however,	 usually	 necessitates	 some	 of	 parenteral	 nutritional
support.	Some	patients	with	ultrashort	gut	syndrome	(defined	as	 less	 than	10%
of	predicted	small	bowel	length)	may	achieve	adaptation	with	combined	surgical
therapy	 (restoration	 of	 gastrointestinal	 continuity)	 and	 hormonal	 therapy
(glucagon-like	peptide	2	analogue	 teduglutide);	 for	 these	patients,	 the	presence
of	 an	 intact	 colon,	 especially	with	 an	 ileocecal	valve,	 improves	 the	chances	of
adaptation	after	surgical	reconstruction.13	The	development	of	TPN-induced	liver
failure	 is	 much	 more	 rapid	 among	 children	 than	 adults.	 For	 these	 reasons,
pediatric	 patients	 with	 SBS	 should	 be	 referred	 early	 for	 isolated	 intestinal
transplantation	 evaluation	 before	 the	 development	 of	 irreversible	TPN-induced
liver	injury.2,5,7,14

The	pretransplant	evaluation	is	not	too	different	from	that	of	other	solid-organ
transplants.	 The	 typical	 laboratory	 evaluation	 includes	 ABO	 type,	 human
leukocyte	 antigen	 type,	 panel	 reactive	 antibody,	 complete	 blood	 count,
comprehensive	basic	metabolic	profile,	and	coagulation	profile.	Serology	studies
should	be	performed	 for	HIV,	hepatitis	B	and	C,	cytomegalovirus	 (CMV),	and
Epstein-Barr	 virus	 (EBV).	 A	 clear	 picture	 of	 the	 anatomy	 of	 the	 patient’s
gastrointestinal	tract	is	essential.2	An	upper	gastrointestinal	 tract	contrast	series
and	abdominal	 and	pelvic	 computed	 tomography	 scan	 are	 always	necessary	 in
order	 to	 plan	 gastrointestinal	 tract	 reconstruction	 during	 the	 transplant.	 It	 is
important	to	estimate	actual	bowel	length	and	function	(transit	 time	with	upper
gastrointestinal	 series).	 Hepatic	 function	 should	 be	 evaluated	 carefully,	 and	 a
transjugular	or	percutaneous	liver	biopsy	is	often	required.	If	there	is	evidence	of
significant	 liver	 dysfunction,	 a	 combined	 intestine-liver	 or	 multivisceral
transplant	 may	 be	 indicated.5,14	 Duplex	 sonography	 of	 the	 liver	 and	 intra-
abdominal	 vascular	 system	 is	 useful,	 and	magnetic	 resonance	 venography	 has
been	 recommended	 as	 a	 comprehensive	 method	 to	 assess	 the	 central	 venous
system	 in	 pediatric	 patients.	 Patients	 with	 thrombotic	 disorders	 need	 specific
hematological	 testing	 to	define	hypercoagulable	states	such	as	protein	C	and	S
deficiency,	 prothrombin	 G20210	 A	 and	 factor	 V	 Leiden	 mutation,	 and
hyperhomocysteinemia.2	 Conventional	 abdominal	 visceral	 angiography	 and	 a
comprehensive	 evaluation	 of	 the	 upper	 and	 lower	 central	 venous	 system	 are
mandatory	for	high-risk	patients	and	those	with	 thrombotic	disorders.	Absolute
contraindications,	such	as	advanced	malignancy,	severe	systemic	disease,	active
infection,	acquired	immune	deficiency	syndrome,	and	marked	cardiopulmonary
insufficiency,	must	be	ruled	out.2,6



Surgical	Procedure
3 	Unfortunately,	the	nomenclature	to	describe	the	technical	aspects	of	intestinal
transplantation	 has	 been	 inconsistent	 in	 the	 literature,	 particularly	 when	 other
organs	are	transplanted	with	the	intestinal	graft.8	The	three	most	common	types
of	 intestinal	 transplants	 include	 (a)	 an	 isolated	 intestinal	 transplant,	 (b)	 a
combined	 intestine-liver	 transplant,	 and	 (c)	 a	 full	 or	 modified	 multivisceral
transplant.1-8	 The	 most	 common	 intestinal	 transplant	 is	 the	 isolated	 intestinal
graft	that	includes	the	entire	deceased	donor	jejunum	and	ileum,	and	is	used	for
patients	 with	 intestinal	 failure	 that	 is	 limited	 to	 the	 small	 bowel.	 The	 arterial
anastomosis	is	based	on	the	recipient	superior	mesenteric	artery	or	the	use	of	a
jump	graft	from	the	infrarenal	aorta.	Venous	outflow	is	usually	achieved	with	the
anastomosis	 of	 the	 donor	 superior	 mesenteric	 vein	 to	 the	 native	 superior
mesenteric	 vein	 or	 splenic	 vein;	 however,	 in	 some	 cases,	 systemic	 venous
drainage	to	the	inferior	vena	cava	is	required.	Gastrointestinal	continuity	occurs
with	a	primary	anastomosis	between	 the	recipient	and	donor	proximal	 jejunum
followed	 by	 the	 creation	 of	 a	 distal	 Bishop-Koop	 or	 loop	 ileostomy	 with	 or
without	 anastomosis	 to	 the	 recipient	 colon.	 In	 living	 donation	 or	 in	 a	 case	 of
severe	 donor-to-recipient	 size	 mismatch	 (deceased	 donor	 adult	 to	 pediatric
recipient),	a	200-cm	length	of	distal	small	bowel	 is	used;	 inflow	to	 the	graft	 is
via	 the	 ileocolic	 artery,	 and	outflow	 is	via	 the	 ileocolic	vein.	For	patients	with
combined	pancreatic	dysfunction	(eg,	cystic	fibrosis,	type	I	diabetes,	or	chronic
pancreatitis),	 the	 inclusion	 of	 the	 pancreas	 should	 be	 considered	 with	 the
intestinal	transplant.

The	second	most	common	technique	combines	the	liver	and	pancreas	organs
with	the	intestinal	transplant.1-8	The	liver,	pancreas,	and	intestine	(including	the
duodenum)	are	procured	en	bloc	from	the	donor	and	are	transplanted	en	bloc	in
the	 recipient.	 In	 the	 en	 bloc	 donor	 allograft,	 the	 arterial	 inflow	 is	 based	 on	 an
aortic	conduit	 that	 includes	 the	celiac	 trunk	and	 the	superior	mesenteric	artery,
and	the	venous	outflow	is	based	on	the	hepatic	veins	or	the	inferior	vena	cava.	In
the	recipient	operation,	an	arterial	anastomosis	occurs	between	the	donor	aortic
conduit	and	the	recipient	suprarenal	or	infrarenal	aorta;	a	vena	caval	anastomosis
occurs	 via	 standard	 caval	 replacement	 or	 by	 piggyback	 technique.
Gastrointestinal	continuity	is	reestablished	with	a	primary	anastomosis	between
the	proximal	donor	and	recipient	duodenum	or	jejunum	followed	by	the	creation
of	 a	 distal	 Bishop-Koop	 or	 loop	 ileostomy	 with	 or	 without	 connection	 to	 the
recipient	colon.	The	clear	advantage	of	the	en	bloc	liver,	pancreas,	and	intestine
transplant	 is	 avoidance	 of	 hilar	 dissection	 and	 fewer	 donor-related	 arterial	 or
biliary	complications	that	can	occur,	especially	among	pediatric	patients.8	In	this



of	 transplant,	 there	 is	 a	 need	 for	 a	 portocaval	 shunt	 to	 decompress	 venous
outflow	 from	 the	 remaining	 native	 organs	 (eg,	 stomach,	 duodenum,	 pancreas,
and	spleen).

The	third	of	 transplant	 including	the	intestine	is	 the	multivisceral	 transplant.
In	 this	 of	 transplant,	 additional	 gastrointestinal	 organs	 can	 be	 transplanted	 in
continuity	with	the	intestine,	including	the	donor	stomach,	duodenum,	pancreas,
and	 colon	 with	 or	 without	 the	 liver.	 Common	 indications	 for	 a	 multivisceral
transplant	 include,	 but	 are	 not	 limited	 to,	 hollow	 visceral	 myopathy	 or
neuropathy,	 pseudo-obstruction	 syndrome,	 extensive	 gastrointestinal	 polyposis,
neuroendocrine	 tumors,	 and	 symptomatic	 total	 splanchnic	vascular	 thrombosis.
The	 operation	 involves	 complete	 splanchnic	 evisceration	 and	 en	 bloc
transplantation	of	the	stomach,	duodenum,	pancreas,	liver,	and	small	bowel,	and,
on	occasion,	the	right	and	transverse	colon	(full	multivisceral	transplant).	If	the
stomach	 is	 involved	 in	 the	 upper	 abdominal	 evisceration,	 gastrointestinal
continuity	 is	 achieved	 by	 connecting	 the	 donor	 stomach	 to	 the	 recipient	 distal
esophagus	or	small	gastric	 remnant.	For	patients	with	preserved	 liver	 function,
the	native	liver	is	left	intact	(modified	multivisceral	transplant).	In	patients	with
chronic	or	 impending	 renal	 failure,	 a	 renal	graft	 (usually	 the	 right	kidney)	 can
also	be	included	in	the	multivisceral	transplant.

Early	 series	 suggested	 that	 inclusion	 of	 the	 colon	 increases	 the	 risk	 of
infectious	complications,	but	more	 recent	 reports	describe	 that	 inclusion	of	 the
colon	 is	 not	 only	 safe	 but	 may	 lead	 to	 better	 absorption	 of	 water	 from	 stool,
resulting	 in	 fewer	 episodes	 of	 dehydration	 from	 diarrhea	 and	 hospital
readmissions.8	The	inclusion	of	the	stomach	is	also	a	controversial	topic,	in	that
some	centers	universally	apply	 this	 technique	and	other	centers	 rarely	or	never
do.	 Evidence	 regarding	 the	 benefit	 or	 risk	 of	 including	 the	 stomach	 in	 the
multivisceral	transplant	is	limited.8

The	recipient	operation	can	be	a	challenging	procedure	due	to	the	presence	of
adhesions	 from	 multiple	 previous	 abdominal	 operations,	 stomas,
gastrojejunostomies,	reduced	abdominal	space,	and,	in	some	cases,	considerable
portal	 hypertension	 (if	 the	 patient	 requires	 a	 liver	 transplant).	 The	 loss	 of
abdominal	 domain	 is	 a	 unique	 problem	 with	 intestinal	 transplants	 unless	 the
patient	has	significant	ascites	from	liver	failure	or	hollow	visceral	myopathy	or
neuropathy	 (eg,	 pseudo-obstruction	 syndrome).	Loss	 of	 abdominal	 domain	has
been	 addressed	 with	 several	 innovative	 techniques,	 including	 placement	 of
mesh,	transplantation	of	the	abdominal	wall,	placement	of	tissue	expanders,	and
staged	closure	of	the	abdominal	wall	and	musculocutaneous	free	flaps.8

4 	 Gastrojejunostomy	 tubes	 are	 almost	 always	 placed	 intraoperatively,
permitting	gastric	decompression	and	enteral	nutrition	in	the	early	postoperative



period.2,6,15	A	Bishop-Koop	or	loop	ileostomy	is	used	to	decompress	the	terminal
ileum	and	to	facilitate	enteroscopy/biopsy,	which	is	the	only	reliable	method	to
monitor	the	graft	and	to	diagnose	acute	rejection.	The	ileostomy	is	usually	taken
down	 within	 1	 year	 after	 the	 transplant	 if	 there	 is	 little	 need	 to	 continue
monitoring	 of	 the	 intestine	 for	 rejection.	 Of	 note,	 a	 prophylactic	 (donor	 or
native)	 appendectomy	and	 (donor	or	native)	 cholecystectomy	are	performed	 in
all	 cases	 to	 avoid	 associated	 postoperative	 complications.	 Finally,	 in	 the
multivisceral	 transplant,	 a	donor	pyloroplasty	 should	be	performed	 to	 facilitate
gastric	emptying.

Several	factors	should	be	considered	in	appropriate	matching	of	the	donor	and
the	recipient	for	an	intestinal	transplant.	Usually,	ABO-identical	grafts	are	used;
ABO	nonidentical	but	compatible	grafts	are	usually	avoided	because	of	a	higher
risk	of	graft-versus-host	disease.	Donors	are	typically	young,	hemodynamically
stable,	brain-dead	but	heart-beating	donors.	Donors	should	usually	be	of	similar
or	 smaller	 size	 than	 the	 recipients,	 because	 the	 latter	 usually	 have	 contracted
peritoneal	 cavities	 so	 that	 a	 smaller	 graft	may	be	more	 appropriate	 because	of
space	 constraints.	 Selective	 bacterial	 and	 fungal	 decontamination	 of	 the	 gut
(amphotericin	 B,	 polymyxin	 B,	 and	 gentamicin)	 through	 a	 nasogastric	 tube
should	be	attempted	for	all	donors.	CMV	enteritis	can	be	a	devastating	problem
in	 intestinal	 transplant	 recipients,	 and	 so,	 if	 possible,	CMV-negative	 recipients
should	receive	CMV-negative	intestinal	grafts.	If	possible,	similar	viral	matching
should	 be	 performed	 for	 EBV,	 because	 of	 the	 risk	 for	 posttransplant
lymphoproliferative	disorder	(PTLD).2

Postoperative	Care
The	early	posttransplant	care	is,	in	many	ways,	similar	to	that	of	other	transplant
recipients.	Postoperative	care	for	 intestinal	 transplant	recipients	can	be	difficult
and	 complicated,	 especially	 for	 those	 recipients	 who	 present	 with
deterioration/malnutrition	and	various	organ	system	failures,	when	sequelae	can
persist	 postoperatively	 even	 with	 improving	 graft	 function.	 Postoperative
management	 often	 requires	 an	 aggressive,	 interprofessional	 approach	 by
medical,	nursing,	and	ancillary	health	care	providers.2	Initial	care	is	usually	in	a
critical	 care	 setting	 so	 that	vital	 signs,	urine	output,	 fluid	and	electrolytes,	 and
blood	 product	 replacement	 can	 be	 carefully	 monitored.	 Serial	 hemoglobin
measurements	are	performed	to	monitor	for	any	evidence	of	hemorrhage.	Serum
pH	 and	 lactate	 should	 also	 be	 followed	 for	 evidence	 of	 intestinal	 ischemia	 or
injury.	For	patients	who	receive	intestine-liver	or	multivisceral	grafts,	pancreatic
enzymes	 and	 liver	 function	 tests	 should	 be	 assessed	 daily	 to	 track	 organ



functional	 status.	Selective	bacterial	 and	 fungal	gut	decontamination	 through	a
nasogastric	tube	or	gastrojejunostomy	tube	postoperatively	should	continue	until
enteral	 nutrition	 begins.	 Broad-spectrum	 antibiotics	 against	 bacteria	 and	 fungi
are	 routinely	 administered	 given	 the	 high	 risk	 for	 infectious	 complications.	 In
general,	routine	prophylaxis	should	also	be	administered	against	CMV,	EBV,	and
Pneumocystis	 jirovecii	 infection.2	 In	 P.	 jirovecii	 prophylaxis,	 patients	 with
allergies/intolerance	to	sulfa	medication	should	receive	monthly	inhaled	dapsone
or	pentamidine.

Continuous	 intravenous	 fluids	 are	 administered	 during	 the	 postoperative
period	 until	 the	 patient	 is	 stable	 from	 a	 surgical	 viewpoint.2	 Postoperative
nutritional	 support	 initially	 occurs	 by	 resumption	 of	 standard	 TPN	 solutions.
When	 the	gastrointestinal	 function	begins	 to	 recover	and	upper	gastrointestinal
contrast	 studies	 confirm	 the	 integrity	 of	 gastrointestinal	 anastomoses,	 enteral
nutrition	 is	 initiated	 via	 the	 gastrojejunostomy	 tube.	 Most	 tube	 feedings	 are
polymeric	 formulas	 containing	 whole	 complex	 components	 instead	 of	 a
predigested	 product	 which	 can	 be	 switched	 to	 fiber-containing	 formulas	 if
significant	diarrhea	develops.15	This	switch	from	parenteral	to	enteral	nutrition	is
gradual	 and	 usually	 occurs	 in	 the	 first	 2	 weeks	 after	 the	 transplant.	 As	 tube
feeding	 is	 slowly	 decreased	 and	 removed,	 oral	 intake	 is	 increased
proportionately	 to	 an	 unrestricted	 diet,	 except	 in	 patients	 with	 a	 chylous	 leak
who	should	receive	a	low-fat	diet.	All	patients	receive	antiulcer	prophylaxis	with
proton	 pump	 inhibitors,	 and	 some	 patients	 require	 antidiarrheal	 (loperamide
hydrochloride,	 diphenoxylate	 hydrochloride	 and	 atropine	 sulfate,	 opiates,	 or
soluble	 fiber	 supplements)	 or	 prokinetic	 agents	 (metoclopramide	 or
erythromycin)	 to	modulate	 stool	 or	 stoma	output,	 once	 rejection	 or	 enteritis	 is
ruled	out.2

Most	 patients	 can	 be	 weaned	 from	 TPN	 and	 remain	 TPN	 free	 after	 an
intestinal	transplantation.8	Matarese	reported	that	enteral	nutrition	began	through
a	 jejunostomy	 tube	 at	 a	 mean	 10.3	 days	 after	 transplant,	 that	 TPN	 was
discontinued	 at	 a	 mean	 30.8	 days	 after	 transplant,	 and	 that	 most	 patients
achieved	 a	 regular	 oral	 diet	 at	 a	mean	 57	 days	 after	 transplant.15	 In	 the	 early
postoperative	period,	some	patients	who	receive	a	multivisceral	transplant	do	not
take	appropriate	oral	nutrition.	This	eating	disorder,	usually	seen	in	the	pediatric
population,	is	caused	by	many	etiologies,	including	(a)	some	patients	never	had
the	opportunity	to	eat	food	before	the	transplant	and	never	learned	the	mechanics
of	 food	 consumption,	 (b)	 some	 patients	 have	 associated	 the	 act	 of	 food
consumption	 with	 disagreeable	 and	 distasteful	 sentiments	 with	 accompanying
nausea,	 vomiting,	 diarrhea,	 and	 abdominal	 distension	 and	 pain,	 and	 (c)	 some
patients	develop	a	hyperactive	gag	 reflex	evoked	by	 food	consumption.2	Many



of	these	are	learned	behaviors,	and	these	patients	require	cognitive	redirection	of
their	 beliefs	 and	 perceptions	 around	 food	 consumption.	 They	 need	 regular
emotional	 support	 and	 nutritional	 guidance	 after	 the	 intestinal	 transplantation.
They	 often	 require	 very	 slow	 introduction	 of	 new	 foods.	 The	 use	 of	 small
frequent	meals,	prokinetic	and	antidiarrheal	agents,	and	appetite	stimulants	aid	in
the	 transition	 to	 regular	 diets	 for	 patients	 with	 early	 satiety,	 diarrhea,	 or
anorexia.15

Some	intestinal	recipients	exhibit	 renal	dysfunction	during	the	postoperative
period	 as	 a	 result	 of	 inadequate	 intraoperative	 resuscitation,	 dehydration	 from
diarrhea/increased	stomal	output,	and	high-dose	tacrolimus	immunotherapy.	All
patients	in	the	immediate	postoperative	period	have	a	urinary	catheter	to	monitor
the	adequacy	of	resuscitation	and	appropriate	urine	output.	The	increased	use	of
induction	 immunotherapy	 for	 intestinal	 transplants	 has	 led	 to	 delayed
introduction/decreased	target	levels	for	tacrolimus	which	hopefully	translates	to
recovery	of	renal	function	in	the	immediate	postoperative	period	and	preserved
long-term	renal	function.8

5 	 Immunosuppression	 should	 be	 initiated	 in	 the	 immediate	 postoperative
period.2	 A	 number	 of	 different	 immunosuppressive	 protocols	 have	 been
described.	 The	 OPTN/SRTR	 (Organ	 Procurement	 and	 Transplantation
Network/Scientific	Registry	of	Transplant	Recipients)	2019	Annual	Data	Report
noted	 that	 the	 use	 of	 induction	 therapy	 has	 increased	 over	 the	 past	 decade.	 In
2019,	 74.1%	 of	 intestinal	 recipients	 received	 induction	 therapy	 (eg,	 T-cell-
depleting	 agents	 or	 interleukin	 2	 receptor	 antagonists),	 yet	 25.9%	 received	 no
induction	 therapy.	 In	 this	 report,	 the	 most	 common	 initial	 maintenance
immunosuppressive	regimen	after	an	intestinal	transplant	was	a	combination	of
tacrolimus	 and	 steroids	 (44.1%	 of	 recipients).	 Most	 patients	 (>80%)	 are	 still
maintained	on	oral	steroids	1	year	after	the	intestinal	transplantation	procedure.9
Target	 trough	 levels	 for	 tacrolimus	 in	 the	 whole	 blood	 are	 typically	 12	 to
14	ng/mL	in	the	first	postoperative	month,	followed	by	levels	of	8	to	12	ng/mL
in	the	next	3	months.

6 	Regardless	of	the	immunosuppressive	regimen,	intestinal	transplants	clearly
have	a	high	risk	of	rejection.	The	ORPN/SRTR	2019	Annual	Data	Report	noted
that	 the	 incidence	 of	 the	 first	 acute	 rejection	 episode	 within	 the	 first
postoperative	 year	 varied	 by	 age	 group	 and	 transplant	 type.	 The	 incidence	 of
acute	 rejection	 was	 highest	 among	 pediatric	 intestine	 only	 recipients	 (62.5%)
and	lowest	among	adult	 intestine‐liver	recipients	(25.9%).	The	incidence	of	the
first	 acute	 rejection	 episode	 for	 all	 intestinal	 recipients	 within	 the	 first
postoperative	year	approached	nearly	40%.	Surprisingly,	there	were	fewer	acute
rejection	episodes	within	 the	 first	postoperative	year	when	no	 induction	agents



were	used	compared	to	when	induction	agents	were	used,	perhaps	because	there
was	 delayed	 introduction	 of	 tacrolimus	 for	 maintenance	 immunosuppression
with	 the	 use	 of	 induction	 agents.9	 Although	 the	 use	 of	 induction	 agents	 and
tacrolimus-based	maintenance	 therapy	has	markedly	 reduced	episodes	of	 acute
rejection	in	intestinal	transplants,	the	consequences	of	steroid-resistant	rejection
carry	 a	 50%	 mortality	 for	 adult	 intestinal	 transplant	 recipients	 mainly	 due	 to
sepsis.8,16

Although	 traditional	 treatment	 for	acute	 rejection	aims	 to	control	 the	T-cell-
mediated	 response	 in	 the	 intestinal	 graft	 with	 steroid	 bolus	 or	 antilymphocyte
therapy,	 recent	 attention	 has	 been	 paid	 to	 the	 role	 of	 antibody-mediated
mechanisms	in	intestinal	graft	rejection.8	Antibody-mediated	rejection	continues
to	 be	 a	 problem	 for	 intestinal	 transplants,	 because	 it	 is	 relatively	 resistant	 to
corticosteroid	 therapy,	but	donor-specific	antibodies	 in	particular	are	becoming
recognized	as	causes	of	chronic	rejection	and	late	graft	 loss.17	This	 recognition
has	 followed	 the	 widespread	 introduction	 and	 implementation	 of	 new
immunological	 technologies,	 namely,	 single	 antigen	 fluorescent	 bead	 assays	 to
detect	 donor-specific	 antibodies.	 The	 presence	 of	 preformed	 donor-specific
antibody	and/or	 increased	panel	 reactive	antibody	correlates	with	 rejection	and
graft	 loss.8,17	Both	preformed	and	de	novo	donor-specific	antibodies	have	been
associated	 with	 antibody-mediated	 rejection	 and	 decreased	 graft	 survival;
patients	with	donor-specific	antibodies	before	and	after	 the	 intestinal	 transplant
appear	 to	have	 the	 lowest	 long-term	graft	 survival	due	not	only	 to	episodes	of
acute	 rejection	 but	 also	 chronic	 allograft	 enteropathy.	 Important	 features	 of
chronic	 allograft	 enteropathy	 are	 mucosal	 atrophy	 and	 ulceration,	 mesenteric
lymphoid	depletion,	and	mesenteric	fibrosis	and	sclerosis,	caused	by	mesenteric
vasculopathy	 which	 is	 highly	 dependent	 on	 donor-specific	 antibodies.17	 The
presence	of	CD4	and	direct	evidence	of	other	antibody	and	complement	activity
in	 mesenteric	 vasculopathy	 associated	 with	 chronic	 allograft	 enteropathy	 are
lacking	 in	 the	 literature,	 largely	 because	 they	 are	 best	 seen	 on	 full-thickness
intestinal	 biopsies	 and	 not	 the	 typical	 mucosal	 biopsies	 taken	 by	 endoscopy.
Finally,	 complement	 activation	 appears	 to	 play	 a	 significant	 role	 in	 the
development	 of	 late	 intestinal	 dysfunction	 and	 chronic	 allograft	 enteropathy.17
Donor-specific	 antibodies	 can	 bind	 to	 the	 C1q	 component	 of	 complement,
activating	the	full	complement	cascade.	Of	note,	 inclusion	of	the	liver	with	the
intestine	 seems	 to	 protect	 the	 recipient	 from	 intestinal	 rejection,	 either	 by
inducing	 a	 tolerogenic	 state	 in	 the	 antigen-presenting	 cells	 in	 the	 liver	 or	 by
providing	a	reservoir	to	sequester	sensitized	T	cells	and/or	antibodies	against	the
intestine.	Larger	 studies	are	necessary	 to	define	 the	use	of	 immunosuppressive
medications/therapies	 to	 target	 these	various	mediators	 of	 rejection:	 preformed



donor-specific	 antibodies	 (plasmapheresis	 and	 immunoglobulin),	 cytokines
(infliximab),	B	cells	(rituximab),	plasma	cells	(bortezomib),	and	early	activation
of	the	complement	cascade	(eculizumab).8,17

In	 a	 patient	with	 intestinal	 dysfunction,	 it	 is	 very	 important	 to	 differentiate
enteritis	 (mostly	 caused	 by	 Clostridium	 difficile,	 adenovirus,	 CMV,	 and
calicivirus)	from	rejection,	since	both	conditions	may	be	characterized	by	 low-
grade	 fever,	 abdominal	 distension	 and	 pain,	 and	 diarrhea	 (or	 increased	 stoma
output).	The	stoma,	 if	present,	 should	be	carefully	examined	 for	color,	 texture,
and	 friability;	 in	 the	 face	 of	 rejection,	 the	 stoma	 may	 appear	 edematous,
erythematous,	 pale,	 congested,	 dusky,	 or	 friable.	 Endoscopy	 should	 be
performed	for	inspection	of	the	mucosa	and	for	purposes	of	biopsy	of	the	most
suspicious	 areas.	 Endoscopic	 features	 of	 erythema,	 friability,	 granularity,	 and
ulceration	 alone	 are	 insufficient	 for	 a	 diagnosis	 of	 acute	 rejection.18	 Instead,
endoscopy	with	biopsy	is	the	primary	method	to	diagnose	allograft	rejection,	and
careful	 evaluation	 of	 the	 biopsy	 by	 an	 experienced	 pathologist	 is	 always
necessary.2	 Histological	 features	 of	 acute	 rejection	 include	 architectural
distortion,	 inflammation	 in	 the	 lamina	 propria,	 crypt	 apoptosis,	 and	 epithelial
injury.	 Treatment	 for	 acute	 rejection	 is	 dictated	 by	 the	 patient’s	 clinical
presentation	 and	 laboratory	 values	 in	 addition	 to	 endoscopic	 and	 histological
findings.	Finally,	serial	endoscopies	and	biopsies	are	often	necessary	to	evaluate
the	results	of	antirejection	therapies.18

Because	 surveillance	 and	 diagnostic	 endoscopy	 and	 biopsy	 are	 costly	 and
invasive	procedures,	 there	 is	 increased	 interest	 to	 identify	potential	biomarkers
of	 intestinal	 rejection.8	 Recent	 studies	 have	 shown	 that	 several	 molecules,
namely,	calprotectin	and	citrulline,	measured	in	the	stool/ileostomy	effluent	and
blood	 respectively,	 are	 reliable	 markers	 of	 moderate	 and	 severe	 intestinal
rejection.	Calprotectin	is	an	S100	protein	released	by	infiltrating	neutrophils	and
macrophages	 into	 the	gut	 lumen;	 increased	calprotectin	 levels	have	been	noted
prior	 to	 the	onset	of	histological	 changes	of	 acute	 rejection,	 and	normal	 levels
are	 consistently	 seen	 with	 normal	 intestinal	 allograft	 biopsies.8,19	 Varkey	 uses
calprotectin	 levels	for	surveillance	purposes	 in	asymptomatic	patients	 in	whom
endoscopy	 is	 problematic.	 Furthermore,	 routine	 measurements	 of	 calprotectin
may	be	helpful	to	guide	further	diagnosis	and	management	in	the	advent	of	high
calprotectin	levels	in	the	presence	of	normal	endoscopy.18	Citrulline	is	an	amino
acid	 found	 almost	 exclusively	 in	 enterocytes,	 so	 decreased	 levels	 in	 the	 blood
reflect	decreased	functional	mass	of	enterocytes.19	Hibi	et	al	noted	that	citrulline
levels	 were	 inversely	 proportional	 to	 the	 severity	 of	 acute	 cellular	 rejection.20
Negative	 predictive	 values	 for	 any	 of	 acute	 cellular	 rejection	 (cutoff	 was
20	 µmol/L)	 and	 moderate/severe	 acute	 cellular	 rejection	 (cutoff,	 10	 µmol/L)



were	95%	and	99%,	respectively.	Subgroup	analysis	showed	a	strong	correlation
of	citrulline	 levels	 (obtained	up	 to	1	week	prior	 to	biopsy)	with	 the	severity	of
acute	rejection	on	intestinal	biopsy;	as	the	citrulline	level	decreased,	the	grade	of
rejection	on	biopsy	worsened.	This	group	concluded	 that	 citrulline	 is	 a	potent,
noninvasive	 indicator	 for	 acute	 cellular	 rejection	 with	 excellent	 negative
predictive	values	for	long-term	follow-up	after	 intestinal	 transplants.	Gondolesi
et	al	noted	significantly	lower	plasma	citrulline	levels	during	the	first	2	months
after	 intestinal	 transplants	 which	 gradually	 began	 to	 normalize	 by	 the	 third
month.	 This	 group	 cautioned	 attributing	 early	 low	 citrulline	 levels	 to	 acute
allograft	 rejection,	 which	 is	 also	 common	 during	 the	 initial	 3	 months,	 and
suggested	more	definitive	diagnostic	evaluation	for	acute	rejection.21	Girlanda	et
al	used	liquid	chromatography	to	examine	the	metabolomic	profile	of	ileostomy
effluent	of	patients	who	had	intestinal	graft	rejection	versus	no	rejection.22	These
investigators	 noted	 the	 highest-fold	 change	 in	 the	 proinflammatory	 mediator
leukotriene	E4	in	patients	with	rejection,	and	high-fold	changes	in	taurocholate
and	 water-soluble	 vitamins	 B2,	 B5,	 and	 B6	 in	 patients	 with	 rejection.
Metabolomic	 analysis	 could	 be	 a	 promising	 tool	 to	 characterize	 the
pathophysiological	mechanisms	 of	 intestinal	 allograft	 rejection	 and	 to	 identify
some	potential	early	noninvasive	biomarkers	of	graft	dysfunction.	Larger	studies
are	 needed	 on	 all	 of	 these	 potential	 biomarkers	 in	 order	 to	 be	 used	widely	 in
clinical	practice.

Short-term	 results	 have	 improved	 dramatically,	 mainly	 because	 of
improvements	 of	 surgical	 techniques	 and	 immunosuppression	 regimens.
Nonetheless,	 intestinal	 transplants	 are	 still	 associated	with	 fairly	 high	 surgical
complication	 rates.	 Potential	 complications	 include	 enteric	 leaks	 with
generalized	 peritonitis	 or	 localized	 intra-abdominal	 abscesses,	 chylous	 ascites,
biliary	 leakage	 and	 stricture	 (in	 intestine-liver	 and	 multivisceral	 transplants),
vascular	 thrombosis/stenosis,	 and	 life-threatening	 intraoperative	 and
postoperative	hemorrhage.2

7 	 Infectious	 complications	 are,	 unfortunately,	 very	 common	 after	 intestinal
transplants	 and	 are	 leading	 causes	 of	 morbidity/mortality	 and	 hospital
readmissions.2,8	 There	 are	 several	 factors	 that	 contribute	 to	 these	 infectious
issues.	 The	 intestinal	 graft	 itself	 is	 a	 significant	 source	 of	 bacteria,	 and	 any
process	 which	 compromises	 containment	 of	 these	 bacteria	 (intraoperative
spillage	of	gastrointestinal	contents	or	postoperative	anastomotic	leak)	can	lead
to	 a	 localized	 abscess	 or	 systemic	 infection.	 Because	 of	 the	 higher	 risk	 of
rejection,	 intestinal	 transplant	 recipients	 generally	 receive	 higher	 levels	 of
immunosuppression	compared	with	other	organ	recipients	and	they	are	at	greater
risk	 for	 severe	 infections,	 including	 transplant-associated	 infections	 (CMV	 or



EBV)	 and	 community-acquired	 pathogens	 (respiratory	 syncytial	 virus	 or
influenza).	The	presence	of	uncorrected	surgical/technical/mechanical	problems
(eg,	 biliary	 leak	 or	 stricture	 for	 liver	 transplants,	 gastrointestinal	 anastomotic
leak,	 vesicoureteral	 reflux	 for	 kidney	 transplants)	 may	 predispose	 intestinal
recipients	to	persistent	or	recurrent	infections.23	If	rejection	causes	disruption	of
the	intestinal	mucosal	barrier,	bacteria	and	fungi	can	translocate	across	the	graft
directly	 into	 the	 peritoneal	 cavity,	 leading	 to	 spontaneous	 bacterial	 peritonitis.
Bacteria	 can	 also	 spread	 directly	 into	 the	 portal	 circulation,	 and	 subsequently
disseminate	 to	 distant	 sites.	 Mesh-related	 abdominal	 infection	 is	 also	 a
significant	 risk	 in	 intestinal	 recipients.	 Although	 a	 mesh-related	 infection	 is
usually	 not	 life	 threatening,	 it	 can	 be	 a	 considerable	 source	 of	 morbidity
requiring	 surgical	 reintervention,	 need	 for	 indwelling	 catheters	 for	 antibiotic
administration,	 and	 prolonged	 hospitalization.24	 Patients	 with	 indwelling
catheters	 (central	 venous	 catheters	 for	 TPN/antibiotics/immunosuppression	 or
gastrojejunostomy	tubes	for	enteral	nutrition)	are	at	increased	risk	for	infectious
complications	 until	 the	 need	 for	 the	 catheter	 is	 no	 longer	 necessary.23	 Finally,
immunosuppression	 attenuates	 the	 native	 immune	 response	 to	 vaccines	 in	 the
postoperative	period;	when	a	higher	level	of	immunosuppression	is	required	for
intestinal	 transplants	 (eg,	 rejection	 treatment),	 it	 puts	 pediatric	 patients	 at	 a
significantly	 higher	 risk	 for	 vaccine-associated	 diseases.	 Live	 viral	 vaccines
remain	 a	 contraindication	 for	 intestinal	 recipients	 in	 the	 postoperative	 period,
placing	pediatric	patients	at	risk	for	varicella	in	addition	to	measles,	mumps,	and
rubella	if	they	have	exposure	to	these	viruses.23

Bacterial	 infections	 are	 extremely	 common	 in	 the	 immediate	 postoperative
period	after	an	 intestinal	 transplant.	 In	a	study	of	40	adult	 intestinal	 recipients,
Premeggia	 et	 al	 reported	 a	 30-day	 postoperative	 infection	 rate	 of	 58%	with	 a
mean	time	to	first	infection	of	11	days.25	In	this	study,	23	patients	developed	36
bacterial	 infections;	 of	 patients	 with	 infections,	 57%	 developed	 one	 infection,
30%	developed	 two	 infections,	 and	13%	developed	 three	 infections.	The	most
common	site	of	infection	was	the	abdomen,	followed	by	infections	in	the	blood,
urine,	lung,	and	surgical	site.	Of	the	microbial	isolates,	49%	were	gram-negative
bacteria,	 39%	 were	 gram-positive	 bacteria,	 and	 11%	 were	 fungi.	 The	 most
common	bacterial	 isolates	 included	Pseudomonas	 (19%),	Enterococcus	 (15%),
and	Escherichia	coli	 (13%).	Of	 note,	 47%	 of	 these	 infections	were	 caused	 by
multidrug-resistant	pathogens.	Silva	et	al	reported	on	infectious	complications	of
69	 patients	 (19	 adult	 and	 50	 pediatric	 patients)	 who	 underwent	 87	 intestinal
transplantatons	(22	adult	and	65	pediatric	 transplants)	between	2004	and	2013.
Overall,	 81	 of	 87	 intestinal	 recipients	 (93.1%)	 developed	 263	 episodes	 of
postoperative	 infections,	 with	 no	 significant	 differences	 between	 adult	 and



pediatric	patients.	The	median	time	from	the	intestinal	transplant	to	the	diagnosis
of	 the	first	bacterial	 infection	was	37	days.	Of	 the	263	infections,	125	(47.5%)
were	considered	bacterial	 in	nature.	Of	 the	125	bacterial	 infections,	most	were
catheter-related	 bloodstream	 infections	 (32%)	 followed	 by	 surgical	 site
infections	 (13.4%),	 half	 of	which	 involved	 surgical	mesh.	Of	 35	 patients	who
required	 surgical	mesh,	 9	 patients	 (25.7%)	 developed	mesh	 infections.	 Of	 the
125	 bacterial	 infections,	 coagulase-negative	 staphylococcus	 was	 the	 most
common	 gram-positive	 organism	 (21.6%),	 usually	 in	 the	 form	 of	 a	 catheter-
related	 bloodstream	 infection,	 and	 Pseudomonas	 aeruginosa	 was	 the	 most
frequently	 isolated	 gram-negative	 organism	 (15.8%).	 Among	 gram-negative
bacilli,	 65%	 of	 P.	 aeruginosa	 isolates,	 50%	 of	 Escherichia	 coli	 isolates,	 and
100%	of	Acinetobacter	baumanni	isolates	were	described	as	multidrug-resistant
organisms;	 both	 Staphylococcus	 aureus	 isolates	 were	 determined	 to	 be
methicillin	 resistant.	 Of	 the	 125	 bacterial	 infections,	 there	were	 8	 episodes	 of
infectious	 enteritis	 (3.2%),	 half	 of	 which	were	Clostridium	 difficile-associated
diarrhea	and	the	other	half	were	Campylobacter	enteritis.	There	was	one	case	of
disseminated	Mycobacterium	 tuberculosis	 in	 a	 pediatric	 patient	 diagnosed	 at
475	days	and	another	case	of	disseminated	Mycobacterium	avium	 in	a	pediatric
patient	 diagnosed	 at	 104	 days,	 making	 donor-related	 transmission	 unlikely	 in
both	cases.24	 Postoperative	 bacterial	 infections	 remain	 important	 complications
in	 intestinal	 recipients,	 and	 multidrug-resistant	 pathogens	 have	 emerged	 as	 a
significant	clinical	challenge.

Fungal	 infections	 remain	 important	 infectious	 complications	 after	 intestinal
transplants,	 but	 data,	 particularly	 for	 pediatric	 recipients,	 are	 lacking	 in	 the
literature.	In	a	series	of	98	pediatric	intestinal	recipients,	Florescu	et	al	reported
that	25	patients	developed	59	episodes	of	Candida	infections	and	four	episodes
of	invasive	Aspergillus	infections.26	Of	the	candidal	species,	37%	were	Candida
albicans,	and	63%	were	non-albicans.	Of	all	fungal	infections,	66%	were	in	the
blood,	29%	were	in	the	intra-abdominal	space,	3%	were	in	the	urinary	tract,	and
2%	were	 in	 the	pleural	 space.	Of	 the	candidal	 intra-abdominal	 infections,	41%
developed	in	the	first	postoperative	month,	whereas	80%	of	fungemia	developed
after	 more	 than	 6	 months.	 Median	 time	 from	 intestinal	 transplant	 to	 fungal
infection	 was	 9	 days	 for	 intra-abdominal	 infections	 versus	 153	 days	 for
fungemia.	 Fungal	 infections	 occurred	 among	 approximately	 25%	 of	 pediatric
intestinal	 recipients,	 and	 C.	 albicans	 was	 the	 most	 common	 species.	 Intra-
abdominal	fungal	infections	occurred	much	earlier	than	fungemia	after	pediatric
intestinal	 transplants.	Silva	et	al	 reported	18	of	87	 intestinal	 recipients	(20.7%)
who	 developed	 22	 episodes	 of	 invasive	 fungal	 disease.	 Of	 the	 22	 fungal
infections,	most	(63.6%)	were	caused	by	candidal	species,	including	12	episodes



of	 bloodstream	 infections,	 1	 episode	 of	 cutaneous	 abscess,	 and	 1	 episode	 of
severe	 esophagitis.	 In	 addition	 to	 candidal	 infections,	 there	 were	 3	 cases	 of
invasive	 pulmonary	 aspergillosis,	 2	 cases	 of	 mucormycosis	 (fasciitis	 and
sinusitis),	1	case	of	Cladosporium	pneumonia,	1	case	of	Pneumocystis	 jirovecii
pneumonia,	and	1	case	of	Histoplasma	capsulatum	enteritis.23

In	 addition	 to	 bacterial	 infections,	 viral	 infections	 are	 also	 common	 in
intestinal	transplants,	of	which	CMV	and	EBV	receive	the	most	attention	in	the
literature.2,8,27	CMV	is	the	most	important	viral	infection	in	intestinal	recipients.
Not	only	does	CMV	cause	tissue-invasive	disease,	but	it	is	also	an	independent
risk	 factor	 for	 secondary	 bacterial	 and	 fungal	 infections.	 It	 can	 also	 induce
intestinal	 graft	 injury	 and	 rejection	 through	 indirect	 immunomodulatory
mechanisms.	The	patients	who	are	at	highest	risk	for	CMV	infection	are	CMV-
negative	 recipients	who	 receive	CMV-positive	 intestinal	 organs.	CMV-positive
recipients	are	also	at	risk	of	CMV	infections	due	to	reactivation	of	latent	virus.
Antilymphocyte	 induction	 therapy	 only	 further	 enhances	 the	 risk	 of	 CMV
infection.	In	patients	who	receive	no	prophylaxis,	CMV	occurs	most	often	within
the	 first	 3	 months	 after	 an	 intestinal	 transplant,	 and	 can	 present	 as	 an
asymptomatic	 infection	 or	 as	 a	 syndrome,	 including	 fever,	 leukopenia,
encephalitis,	 retinitis,	 pneumonitis,	 hepatitis,	 or	 enteritis/graft	 involvement.
Antiviral	 therapy	 is	 effective	 for	 the	 prevention	 and	 treatment	 of	 CMV.	 For
prevention	of	CMV,	patients	can	receive	either	universal	prophylactic	therapy	or
preemptive	 therapy.	Most	 experts	 recommend	universal	 prophylaxis	 for	CMV-
negative	 recipients	 who	 receive	 CMV-positive	 intestinal	 organs,	 and	 universal
prophylaxis	or	preemptive	therapy	for	CMV-positive	recipients	for	3	to	6	months
postoperatively	 or	 during	 intensified	 immunosuppressive	 treatments	 for
rejection.	CMV-negative	recipients	who	receive	CMV-negative	intestinal	organs
are	at	the	lowest	risk	of	CMV	infection,	and	many	experts	recommend	no	CMV-
specific	antiviral	prophylaxis.27	Historic	reports	noted	CMV	to	occur	in	24%	of
intestinal	 recipients,	 but	 in	 a	 recent	 study	 of	 pediatric	 intestinal	 transplants,
Florescu	et	al	reported	an	11%	incidence	of	CMV	viremia	and	a	7%	incidence	of
CMV	disease;	in	those	patients	with	CMV	disease,	there	was	a	high	rate	of	CMV
disease	relapse	and	an	11-fold	increased	risk	of	postoperative	mortality.28	Silva	et
al	reported	22	of	87	intestinal	recipients	(25.7%)	who	developed	107	episodes	of
viral	 infection.	 Of	 the	 107	 viral	 infections,	 there	 were	 23	 episodes	 of	 CMV
disease,	including	7	cases	of	viral	syndromes	and	15	cases	of	end-organ	disease.
End-organ	disease	included	11	cases	of	enteritis,	2	cases	of	hepatitis,	1	case	of
pneumonitis,	 1	 case	 of	 chorioretinitis,	 and	1	 case	 of	 complicated	hepatitis	 and
pneumonitis.	The	median	time	from	intestinal	transplantation	to	the	diagnosis	of
CMV	 disease	 was	 150.5	 days.	 Significantly,	 however,	 13	 of	 23	 CMV	 cases



(56.5%)	 were	 diagnosed	 within	 the	 first	 6	 months	 after	 the	 intestinal
transplantation,	and	two	pediatric	recipients,	both	of	whom	were	CMV	positive
prior	to	the	intestinal	transplant,	developed	CMV	disease	within	the	first	month.
Of	 the	 13	 early	 CMV	 cases,	 8	 recipients	 were	 on	 CMV	 prophylaxis	 with
ganciclovir	or	valganciclovir,	while	the	remaining	5	recipients	were	on	no	CMV
prophylaxis.	Although	only	1	patient	died	directly	 from	CMV	disease,	8	of	23
eventually	succumbed	to	other	infectious	complications.	Non-CMV	viruses	were
responsible	 for	 84	 episodes,	 of	 which	 47	 were	 enteritides	 and	 18	 were
respiratory	 infections.	 Of	 note,	 all	 but	 one	 of	 the	 viral	 enteritides	 occurred	 in
pediatric	intestinal	recipients	and	the	numbers	of	non-CMV	viral	infections	were
significantly	greater	in	pediatric	than	adult	intestinal	recipients.24

EBV	is	also	an	important	viral	infection,	especially	in	pediatric	patients	who
have	 received	an	 intestinal	 transplant.2,8,27	Like	CMV,	patients	with	 the	highest
risk	for	EBV	infections	are	EBV-negative	recipients	who	receive	EBV-positive
intestinal	organs.	EBV-positive	recipients	are	at	increased	risk	for	reactivation	of
the	 latent	 virus	 which	 occurs	 2	 to	 3	 months	 postoperatively.	 EBV	 typically
causes	 a	 syndrome	 which	 can	 include	 fever,	 leukopenia,	 thrombocytopenia,
hepatitis,	 pneumonitis,	 or	 PTLD.	 PTLD	 can	 present	 as	 a	 spectrum	of	 diseases
ranging	from	infectious	mononucleosis	to	frank	lymphoma	that	can	be	nodal	or
extranodal,	 localized	or	disseminated.	A	positive	polymerase	chain	reaction	for
EBV	 in	 a	 patient	 with	 signs/symptoms	 of	 PTLD	 suggests	 the	 diagnosis,	 but
tissue	 biopsy	 is	 confirmatory.	 Decreasing	 the	 immunosuppression	 by
approximately	 50%	 is	 the	 primary	 treatment	 which	 can	 result	 in	 lesion
regression.	Other	treatment	options	can	include	surgical	resection	and	radiation
therapy	 for	 local	 disease,	 in	 addition	 to	 rituximab	 (if	 CD20	 positive)	 and
chemotherapy	 for	 disseminated	 disease.	 Some	 centers	 routinely	 use	 antiviral
prophylaxis	 for	 EBV-negative	 recipients	 who	 received	 EBV-positive	 intestinal
organs.27	Silva	et	al	reported	15	episodes	of	PTLD,	of	which	12	cases	were	EBV
related	and	3	were	non-EBV	related.	The	median	time	from	intestinal	transplant
to	diagnosis	of	PTLD	was	136.5	days.	There	were	no	significant	differences	in
PTLD	in	relationship	to	patient	age	or	of	induction	therapy.	In	4	cases	of	EBV-
related	PTLD,	an	episode	of	CMV	disease	preceded	the	diagnosis	of	PTLD	at	a
median	interval	of	66.5	days.24

8 	There	 is	 some	evidence	 that	 intestinal	 transplantation	 improves	quality	 of
life	compared	to	chronic	TPN.	In	a	study	of	33	patients	on	chronic	TPN	vs	22
patients	with	intestinal	transplants,	Pironi	et	al	noted	that	the	intestinal	recipients
had	 better	 scores	 on	 treatment-specific	 quality	 of	 life	 questionnaires	 in	 the
following	 categories:	 ability	 to	 vacation/travel,	 fatigue,	 gastrointestinal
symptoms,	 stoma	 management/bowel	 movements,	 and	 global	 health



status/quality	of	life.	Subgroup	analyses	of	patients	who	were	employed	showed
that	 intestinal	 recipients	had	better	 scores	 in	 the	ability	 to	 secure	and	maintain
employment	and	emotional	function.	These	data	would	suggest	that	a	successful
intestinal	 transplantation	 was	 associated	 with	 less	 uncertainty	 about	 an
employment	 situation	 and,	 consequently,	 less	 anxiety	 and/or	 depression.29	 In
another	 study,	Sogawa	 et	 al	 examined	quality	 of	 life	measures,	 socioeconomic
status,	 and	 overall	 functional	 performance	 in	 patients	 who	 received	 intestinal
transplants	 for	 irreversible	 gut	 failure	 requiring	 home	 TPN	 due	 to	 chronic
intestinal	 pseudo-obstruction	 (CIPO).	 In	 this	 study	 of	 55	 patients	 (23	 children
and	 32	 adults)	 who	 underwent	 intestinal	 transplantation	 for	 CIPO,	 33	 (60%)
recipients	 were	 alive	 (10	 children	 and	 23	 adults)	 at	 a	 mean	 follow	 up	 of
61	 months	 (range	 2-94	 months).	 Twenty-three	 (70%)	 of	 the	 33	 recipients
maintained	nutritional	 autonomy	with	normal	or	 increased	body	mass	 index	 in
adults	 and	 positive	 growth	 of	 children.	 Health-related	 quality-of-life	 metrics
were	 measured	 in	 adults	 with	 a	 validated	 Quality	 of	 Life	 Inventory	 and	 an
examination	 of	 socioeconomic	 status.	 The	 inventory	 was	 a	 voluntary	 self-
assessment	containing	125	questions	which	addressed	25	different	domains.	The
quality-of-life	metrics	in	children	were	limited	to	a	global	health	assessment	that
focused	 on	 educational	 attainment,	 level	 of	 independence,	 and	 functional
performance	by	the	Karnofsky/Lansky	scale.	Adult	patients	(n	=	15)	with	CIPO
answering	 the	 pretransplant	 inventory	 described	 worse	 digestive	 symptoms,
pain/discomfort,	 drug	 use,	 depression,	 cognitive/emotional	 disorders,	 anxiety,
and	 physical	 mobility	 compared	 to	 non-CIPO	 patients.	With	 a	 4-year	 median
follow-up,	 9	 adult	 recipients	 who	 completed	 both	 pre-and	 posttransplant
inventories	experienced	significant	improvement	in	15	(60%)	of	the	25	domains
pertaining	 to	 various	 digestive,	 psychosocial,	 and	 emotional	 items.
Posttransplantation	 socioeconomic	 status	 was	 measured	 by	 educational
attainment,	marital	 status,	 employment,	 and	 functional	 performance.	Of	 the	23
recipients	with	 intact	 allografts,	 17	were	 adults	who	 completed	high	 school	 or
college	education;	the	remaining	6	children	attained	various	levels	of	education,
3	 of	 whom	 required	 homeschooling.	 Posttransplant	 marriage	 occurred	 in	 7
(25%)	 recipients	 (1	 female	 gave	 birth	 to	 a	 healthy	 child).	 Of	 the	 17	 adult
recipients,	 12	 (71%)	 achieved	 total	 independence;	 of	 these	 12	 recipients,	 6
(50%)	 achieved	 part-time	 or	 full-time	 employment,	 5	 (41%)	 served	 as
homemakers,	 and	 1	 did	 not	 seek	 employment	 due	 to	 fears	 of	 losing	 Social
Security	 benefits.	Measured	 by	 Karnofsky/Lansky	 scales,	 18	 (78%)	 of	 the	 23
recipients	 achieved	 overall	 functional	 performance	 scores	 of	 80%	 to	 100%
(maintenance	 of	 normal	 activity	 and	 employment	 with	 no	 special	 care	 needs)
and	the	remaining	5	(22%)	achieved	slightly	lower	scores.12



Outcomes
9 	 The	 OPTN	 database	 reported	 that	 approximately	 3200	 intestinal	 transplants
have	been	performed	in	the	United	States	over	the	last	30	years.10	Medical	and
surgical	advances	in	the	treatment	of	intestinal	failure	over	the	past	decade	have
resulted	 in	 fewer	 patients	 added	 to	 the	 intestine	 waitlist	 and	 fewer	 intestinal
transplants	 performed.	The	 success	 in	 treatment	 for	 intestinal	 failure	 is	 largely
due	 to	 the	 development	 of	 intestinal	 rehabilitation	 programs	 that	 provide
comprehensive,	 interprofessional	 care	 to	 this	 unique	 patient	 population.	 The
OPTN/SRTR	2019	Annual	Data	Report	indicated	that	only	15	centers	performed
at	least	one	intestinal	transplant	in	calendar	year	2019.9	According	to	this	report,
the	 most	 common	 cause	 for	 intestinal	 failure	 was	 short	 gut	 syndrome	 (SGS;
47%),	caused	by	a	host	of	congenital	and	noncongenital	etiologies.	The	number
of	 new	patients	 added	 to	 the	 intestine	waitlist	 decreased	 steadily	 over	 the	past
decade,	reaching	a	new	low	of	103	patients	compare	to	a	high	of	267	patients	in
2008.	Of	 these	103	new	patients,	 47	 (45.6%)	were	 added	 to	 the	 intestine	only
waitlist	and	56	(54.4%)	were	added	to	the	intestine-liver	waitlist.	At	the	end	of
2019,	 349	 patients	 waited	 for	 an	 intestinal	 transplant,	 of	 which	 188	 (53.9%)
waited	for	an	intestine	transplant	only	and	151	(46.1%)	waited	for	an	intestine-
liver	transplant.	Over	the	past	decade,	the	age	distribution	of	patients	who	waited
for	 an	 intestine	 transplant	 shifted	 to	 an	 increasing	proportion	of	 adult	 patients,
although	 in	2019,	59%	of	patients	who	waited	 for	 an	 intestine	 transplant	were
pediatric	patients	(<18	years	old)	and	41%	were	adult	patients.	The	gender	and
racial/ethnic	 distributions	 for	 patients	 who	 waited	 for	 an	 intestine	 transplant
remained	 relatively	 constant	 over	 the	 past	 decade;	 white	 patients	 represented
60%	of	all	patients	who	waited	for	an	intestine	transplant.9

According	 to	 the	OPTN/SRTR	2019	Annual	Report,	of	 the	60	patients	who
were	removed	from	the	 intestine	only	waitlist,	41	(68.3%)	received	a	deceased
donor	 transplant,	4	 (6.7%)	died	on	 the	waitlist,	7	 (11.7%)	had	 improvement	 in
their	 condition,	 and	 1	 (1.7%)	 was	 too	 ill	 to	 receive	 a	 transplant.	 Of	 the	 65
patients	who	were	removed	from	the	intestine-liver	waitlist,	40	(61.5%)	received
a	 deceased	 donor	 intestine-liver	 transplant,	 11	 (15.9%)	 died	 on	 the	 waitlist,	 6
(9.2%)	had	improvement	in	their	condition,	and	4	(6.2%)	were	too	ill	to	receive
a	transplant.	Among	patients	who	were	listed	for	an	intestine	only	transplant	in
2015,	 69.2%	 underwent	 a	 deceased	 donor	 intestine	 transplant	 within	 3	 years,
4.1%	died	on	the	waitlist,	10.9%	were	removed	from	the	waitlist,	and	14.8%	still
waited	 through	 2019.	Among	 intestine‐liver	 patients	who	were	 listed	 in	 2015,
62.9%	underwent	a	deceased	donor	intestine-liver	transplant,	10.3%	died	on	the
waitlist,	 17.4%	were	 removed	 from	 the	waitlist,	 and	9.3%	still	waited	 through



2019.	Among	transplants	in	2019,	65.9%	of	intestine	only	recipients	and	87.5%
of	 intestine‐liver	 recipients	waited	 less	 than	1	year.	The	overall	mortality	 rates
for	 patients	 on	 the	 intestine	waitlist	was	 7.1	 deaths	 per	 100	waitlist	 years	 and
rates	varied	by	age.	In	2019,	pretransplant	mortality	was	higher	for	adult	patients
than	pediatric	patients	(14.5	deaths	per	100	waitlist‐years	vs	3.1	per	100	waitlist‐
years	 respectively).	 Regarding	 transplant	 type,	 pretransplant	 mortality	 was
higher	for	patients	on	the	intestine‐liver	waitlist	than	for	patients	on	the	intestine
only	waitlist	 (13.0	 deaths	 per	 100	waitlist	 years	 vs	 2.9	 death	 per	 100	waitlist
years	respectively).9

According	to	the	OPTN/SRTR	2019	Annual	Report,	the	number	of	intestinal
transplants	declined	to	its	lowest	level	over	the	past	decade.9	In	2019,	a	total	of
81	intestinal	transplants	were	performed	with	almost	equal	numbers	of	intestine
only	 transplants	 (41)	 and	 intestine‐liver	 transplants	 (40).	 In	 2019,	 only	 15
programs	 in	 the	United	States	performed	 intestinal	 transplants	 (4	programs	 for
pediatric	 patients	 only,	 4	 programs	 for	 adult	 patients	 only,	 and	7	programs	 for
both	pediatric	and	adult	patients).	In	2019,	the	median	annual	program	transplant
volume/program	 was	 only	 3	 intestine	 transplants.	 In	 2019,	 a	 program	 which
performed	17	intestine	transplants	achieved	a	95th	percentile	transplant	volume.
In	2019,	63.0%	of	 intestine	 transplants	occurred	at	programs	performing	10	or
more	 intestine	 transplants/year,	 22.2%	 at	 programs	 performing	 3	 to	 9
transplants/year,	 and	 13.8%	 at	 programs	 performing	 1	 to	 2	 transplants/year.
While	 the	 numbers	 of	 intestinal	 transplants	 declined	 over	 the	 past	 decade,	 the
distribution	 by	 age	 remained	 relatively	 stable	 with	 more	 adult	 patients	 than
pediatric	patients	receiving	intestinal	transplants.	Pediatric	intestinal	transplants
declined	 from	 62	 in	 2010	 to	 32	 in	 2019,	 and	 adult	 intestinal	 transplants
decreased	from	89	to	49	over	that	same	time	frame.	In	2019,	of	the	40	intestine-
liver	 transplants,	 21	 (52.5%)	 were	 performed	 in	 pediatric	 patients	 (<18	 years
old)	and	19	 (47.5%)	were	performed	 in	adult	patients;	of	 the	41	 intestine	only
transplants,	 11	 (26.8%)	 were	 performed	 in	 pediatric	 patients	 and	 30	 (73.2%)
were	performed	in	adult	patients.9	Some	of	 the	factors	 that	have	contributed	 to
decreased	 intestinal	 transplants	 over	 the	 past	 decade	 include	 (a)	 inadequate
reimbursement,	(b)	success	of	intestinal	rehabilitation	centers	to	avoid	or	resolve
intestine	 and	 liver	 failure,	 (c)	 confounding	psychosocial	 aspects	 of	 this	 unique
patient	population,	(d)	narrow	risk-benefit	ratio	for	intestinal	transplant	in	an	era
of	improved	outcomes	with	long-term	TPN,	(e)	enhanced	efficacy	of	TPN	with
omega-3	 lipid	 formulation	 and	 ethanol	 locks	 (to	 reduce	 catheter-related	 sepsis
without	 antibiotic	 resistance),	 (f)	 increased	 utilization	 of	 autologous
reconstruction	and	bowel	 lengthening	procedures,	 and	 (g)	development	of	new
drugs	 for	 SGS,	 and	 the	 recent	 approval	 of	 several	 enterocyte	 growth	 factors,



including	 growth	 hormones	 and	 teduglutide	 (an	 analogue	 of	 glucagon-like
peptide	2)	to	enhance	gut	adaptation	and	achieve	nutritional	autonomy.30-32

1 	 0 	 Per	 the	 OPTN/SRTR	 2019	 Annual	 Report,	 intestinal	 allograft	 failure
plateaued	over	the	past	decade.9	In	2019,	the	graft	failure	rates	among	intestine
only	 recipients	 were	 18.4%	 at	 6	 months,	 23.7%	 at	 1	 year,	 43.1%	 at	 3	 years,
56.3%	 at	 5	 years,	 and	 61.9%	 at	 10	 years	 after	 transplant.	 In	 2019,	 the	 graft
failure	rates	among	intestine‐liver	transplant	recipients	were	41.4%	at	6	months,
48.3%	at	1	year,	46.9%	at	3	years,	60.0%	at	5	years,	and	72.7%	at	10	years	after
transplant.	For	adult	patients	who	received	any	intestine	transplant	from	2012	to
2014,	1‐year	and	5‐year	graft	survival	rates	were	68.9%	and	44.7%	respectively.
For	pediatric	patients	who	received	any	intestine	transplant	from	2012	to	2014,
1‐year	and	5‐year	graft	survival	rates	were	81.1%	and	60.8%,	respectively.	For
intestine	 only	 recipients	 from	2012	 to	 2014,	 1‐	 and	 5‐year	 graft	 survival	 rates
were	75.6%	and	45.6%,	respectively;	for	intestine-liver	recipients	from	2012	to
2014,	1-	and	5-year	graft	survival	rates	were	72.4%	and	57.5%,	respectively.	The
number	 of	 recipients	 alive	 with	 a	 functioning	 intestine	 graft	 continued	 to
increase	 steadily	 over	 the	 decade	 to	 1207	 total,	 and	 pediatric	 intestine‐liver
transplant	 recipients	 were	 the	 predominant	 group	 (526	 of	 1207	 patients).	 The
incidence	 of	 first	 acute	 rejection	 in	 the	 first	 posttransplant	 year	 varied	 by	 age
group	 and	 transplant	 type.	 Among	 recipients	 in	 2017‐2018,	 the	 incidence	 of
acute	 rejection	 was	 highest	 for	 pediatric	 intestine	 only	 patients	 (62.5%)	 and
lowest	 for	 adult	 intestine‐liver	 patients	 (25.9%).	 For	 intestine	 transplants	 from
2012	 to	 2014,	 patient	 survival	 rates	were	 similar	 by	 transplant	 type;	 1‐	 and	5‐
year	patient	 survival	 rates	 for	 intestine	only	 recipients	were	82.0%	and	57.3%,
respectively,	and	1-	and	5-year	patient	survival	rates	for	intestine-liver	recipients
were	77.6%	and	63.2%,	respectively.9

SUMMARY
Intestinal	 transplantation	 is	a	viable	option	 for	patients	who	suffer	 irreversible,
life-threatening	intestinal	failure	(see	Table	61.1).	The	causes	of	intestinal	failure
vary	greatly	 in	 the	pediatric	compared	 to	 the	adult	population.	Evaluation	of	 a
patient	who	requires	an	intestinal	transplant	is	similar	to	the	evaluation	of	other
solid-organ	 recipients,	 but	 a	 very	 clear	 picture	 of	 the	 patient’s	 gastrointestinal
tract	 and	 vascular	 system	 is	 essential.	 It	 is	 important	 to	 rule	 out	 whether	 the
patient	 also	 has	 hepatic,	 pancreatic,	 or	 renal	 dysfunction	 that	 warrants	 more
detailed	 investigation.	 There	 are	 several	 surgical	 options	 available	 to	 patients,
including	 an	 isolated	 intestinal	 transplant,	 an	 intestine-liver	 transplant,	 and	 a



multivisceral	transplant.	These	operations	can	be	complex	and	challenging	with
potential	 for	 significant	 medical	 and	 surgical	 postoperative	 complications.	 A
systematic	 interprofessional	approach	is	mandatory	 to	manage	these	patients	 in
the	 preoperative,	 intraoperative,	 and	 postoperative	 settings.	Despite	 significant
improvements	 in	 immunosuppressive	 therapy,	 acute	 rejection	 of	 the	 intestinal
graft	remains	a	significant	complication.	Greater	attention	has	been	given	to	the
role	of	donor-specific	antibodies	and	complement	in	causes	of	chronic	allograft
enteropathy	and	graft	loss,	and	to	potential	noninvasive	biomarkers	to	diagnose
acute	 allograft	 rejection.	 Because	 intestinal	 recipients	 require	 higher	 levels
immunosuppression	to	prevent	rejection,	they	are	at	increased	risk	for	bacterial,
fungal,	 and	 viral	 infections.	 Multidrug-resistant	 bacteria,	Candida,	 CMV,	 and
EBV	 can	 be	 particularly	 problematic	 in	 the	 postoperative	 period.	 The
demographics	of	intestinal	transplant	have	changed	over	the	past	decade	with	an
increased	 age	 of	 recipients	 and	 equalizing	 frequencies	 of	 intestine	 only	 and
intestine-liver	 transplants.	 Despite	 increased	 numbers	 of	 recipients	 alive	 with
functioning	 intestinal	 transplants,	 it	 seems	counterintuitive	 that	 the	numbers	of
intestinal	transplants	have	decreased	to	new	lows	over	the	past	decade.	With	so
few	US	centers	performing	pediatric	or	adult	 intestinal	 transplants,	 there	could
be	 issues	 of	 access	 to	 care	 and	 financial	 coverage	 of	 medical	 care/surgical
procedures.	 In	 addition,	 adequate	 training	 for	 future	 transplant	 surgeons,
intensivists,	and	clinicians,	and	novel	research	in	the	field	are	causes	for	concern
if	 the	 numbers	 of	 intestinal	 transplants	 continue	 to	 dwindle.33	 In	 conclusion,
intestinal	 transplantation	 is	 an	 attractive	 alternative	 option	 to	 long-term
maintenance	 therapy	 with	 TPN.	 The	 future	 for	 intestinal	 transplantation	 will
likely	 see	 improvements	 in	 surgical	 techniques	 and	newer	medications	 to	 treat
rejection	 and	 infections,	 which	 translate	 into	 better	 graft	 and	 patient	 survival.
Care	 of	 these	 patients	 in	 the	 perioperative	 period	 remains	 a	 crucial	 aspect	 of
ensuring	a	successful	outcome.

TABLE	61.1

Advances	in	Intestinal	Transplantation

Issue Major	Advance References

Indications	for
intestinal

Expanded	indications	for	intestinal
transplantation	over	and	above	CMS

4,8,12



transplantation approval	include	ultrashort	bowel
remnants,	complete	portomesenteric
thrombosis,	slow-growing	tumors
involving	the	mesenteric	root,
pseudo-obstruction,	and	frozen
abdomen.

Surgical	options	for
intestinal
transplantation

The	three	most	common	types	of
intestinal	transplants	include	(1)
isolated	intestinal	transplant,	(2)
combined	intestine-liver	transplant,
and	(3)	full	or	modified
multivisceral	transplant.

1-8

Immunosuppression Standard	immunosuppressive
regimens	improve	graft/patient
survival.

9

Postoperative
infections

There	exist	better	methods	for
prophylaxis,	diagnosis,	and
treatment	of	transplant-associated
infections,	namely,	CMV	and	EBV.

2,8,23-28

Biomarkers	for	the
diagnosis	of	acute
rejection

Intestinal	biopsy	remains	the	most
reliable	method	to	diagnose	and
monitor	rejection.	There	is	an
increased	need	to	identify
biomarkers	of	intestinal	rejection.

8,18-22

Donor-specific
antibodies/complement
activation

There	is	increased	attention	to	the
role	of	donor-specific
antibodies/complement	in	chronic
allograft	enteropathy	and	graft	loss
and	the	development	of
medications/treatments	to	target
various	mediators	of	rejection.

8,17

Quality	of	life Treatment-specific	surveys	indicate
improved	global	health
status/quality	of	life	with	intestinal

12,29



transplants	over	chronic	TPN.

Outcomes Over	the	past	decade,	fewer	patients
were	added	to	the	waitlist	and	fewer
intestinal	transplants	were
performed	due	primarily	to	the
success	of	interprofessional
intestinal	rehabilitation	centers.
Intestinal	graft	failure	plateaued
over	the	past	decade.	The	number	of
recipients	alive	with	functional
grafts	increased	over	the	past
decade.

9

CMS,	Centers	for	Medicare	&	Medicaid	Services;	CMV,	cytomegalovirus;	EBV,	Epstein-Barr	virus;
TPN,	total	parenteral	nutrition.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	40-year-old	woman	with	a	history	of	new	onset	atrial	fibrillation
developed	full	thickness	necrosis	of	75%	of	her	small	bowel	from	a	mesenteric
embolus,	and	she	underwent	an	isolated	intestinal	transplant.	She	did	well	until
one	month	post	transplant	when	she	complained	of	low-grade	fever	(100.7	°F),
mild	abdominal	distension,	and	increased	ileostomy	output.	You	are	the
transplant	physician	and	are	suspicious	for	acute	rejection.	What	is	the	most
appropriate	test	to	confirm	acute	rejection	in	this	patient?

A. 	CT	scan	of	the	abdomen	and	pelvis	with	oral	and	intravenous
contrast
B. 	Donor-specific	antibodies
C. 	Enteroscopy	with	biopsy
D. 	Stomal	effluent	analysis	for	increased	neutrophils,	macrophages,	and
lymphocytes

2. 	A	two-year-old	boy	undergoes	an	intestine-liver	transplant	after	massive



small	bowel	resection	for	necrotizing	enterocolitis.	At	the	time	of	the	transplant,
the	recipient	was	CMV	negative	and	he	received	size-matched	liver	and
intestinal	organs	from	a	3-year-old,	CMV-positive	male	who	died	from	traumatic
injuries	from	an	automobile	crash.	He	received	antilymphocyte	induction
therapy	followed	by	maintenance	immunosuppression	with	tacrolimus	and
steroids.	He	also	received	appropriate	CMV	prophylactic	therapy	with
valganciclovir.	Two	months	after	the	intestinal	transplant,	the	child	develops
fever	to	101	°F,	increased	stomal	output,	leukopenia,	and	increased	liver	function
tests.	You	are	the	pediatric	transplant	physician	and	suspect	CMV	infection.
Which	of	the	following	is	true	of	CMV	infection	in	such	patients?

A. 	Antilymphocyte	induction	therapy	does	not	affect	risk
B. 	CMV	infection	is	unlikely	given	CMV	prophylaxis
C. 	CMV	infection	will	be	limited	to	the	intestine	and	liver
D. 	Risk	is	highest	in	CMV-negative	recipients	receiving	CMV-positive
organs

3. 	You	have	received	a	referral	from	an	intestinal	rehabilitation	team	to
evaluate	a	45-year-old	woman	for	a	small	bowel	transplant	who	has	developed
hepatic	failure	from	prolonged	total	parenteral	nutrition	(TPN)	use.	You
carefully	review	the	patient’s	chart,	obtain	a	complete	history,	and	perform	a
thorough	physical	examination.	All	of	the	following	are	absolute
contraindications	to	intestinal	transplantation	EXCEPT:

A. 	Antithrombin	III	or	Protein	C/S	deficiency
B. 	Human	immunodeficiency	virus	(HIV)
C. 	Marked	cardiopulmonary	insufficiency
D. 	Metastatic	cancer

4. 	Surveillance	and	diagnostic	endoscopy	and	biopsy	are	costly	and	invasive
procedures	for	intestinal	transplant	patients.	There	is	interest	in	potential
biomarkers	as	possible	alternatives.	Several	studies	have	shown	that	calprotectin
and	citrulline	are	reliable	markers	of	moderate	and	severe	intestinal	rejection.
Which	of	the	flowing	is	true	about	these	biomarkers?

A. 	High	levels	of	calprotectin	in	ileostomy	effluent	are	seen	with
normal	intestinal	allograft	biopsies
B. 	Low	calprotectin	levels	are	seen	just	prior	to	acute	intestinal	allograft
rejection



C. 	Serum	citrulline	levels	increase	as	acute	rejection	severity	increase	as
measured	on	biopsy
D. 	Serum	citrulline	levels	correlate	with	functional	enterocytic	mass

Answers

1.	The	correct	answer	is	C.
Rationale:	Enteroscopy	with	biopsy	is	the	gold	standard	to	diagnose	intestinal

allograft	rejection	(choice	C	is	correct),	and	careful	evaluation	of	the	biopsy	by	a
transplant	 experienced	 pathologist	 is	 always	 recommended.	 Some	 have	 also
suggested	zoom	magnification	(100×)	endoscopy	to	assess	for	early	changes	in
mucosa,	 and	 serum	 citrulline	 and	 fecal	 calprotectin	 levels.	 Donor-specific
antibodies	 may	 be	 baseline	 prognostic	 markers	 but	 are	 not	 used	 to	 diagnose
acute	rejection	(choice	B	is	incorrect).	Stomal	effluent	cell	counts	and	abdominal
imaging	 can	 detect	 inflammation	 but	 lack	 sensitivity	 and	 specificity	 for	 graft
rejection	(choices	A	and	D	are	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 Patients	 who	 are	 at	 highest	 risk	 for	 CMV	 infection	 are	 CMV-

negative	recipients	who	receive	CMV-positive	organs	(choice	D	is	correct).	Most
experts	 recommend	universal	prophylaxis	 for	 these	patients,	which	will	 reduce
the	risk	of	developing	CMV	disease	but	does	not	eliminate	the	risk	completely
(choice	B	 is	 incorrect).	Antilymphocyte	 induction	 therapy	 increases	 the	 risk	of
CMV	 infection	 in	 these	 patients	 (choice	 A	 is	 incorrect).	 CMV	 infection	 is	 a
systemic	infection	(choice	C	is	incorrect).	CMV-positive	transplant	recipients	are
also	 at	 risk	 for	 infection	 by	 reactivation	 of	 latent	 virus	 after	 introduction	 of
immunosuppression.

3.	The	correct	answer	is	A.
Rationale:	 Absolute	 contraindications	 for	 intestinal	 transplants	 include	 (1)

advanced	 malignancies,	 (2)	 severe	 systemic	 diseases,	 (3)	 active,	 untreated
infections,	 and	 (4)	 acquired	 immune	 deficiency	 syndrome.	 Hypercoagulable
states,	 such	 as	 antithrombin	 III	 Protein	 C/S	 deficiency,	 are	 not	 absolute
contraindications	for	intestinal	transplants	(choice	A	is	correct),	but	patients	with
thrombotic	 disorders	 need	 careful	 hematological	 evaluations	 to	 determine	 the
causes	 of	 the	 hypercoagulable	 states.	 Prolonged	 anticoagulation	 is	 usually
mandatory	 for	 these	 patients,	 and	 transplantation	 of	 a	 liver	 with	 the	 intestine
often	is	associated	with	normalization	of	antithrombin	III	and	protein	C/S	levels.



4.	The	correct	answer	is	D.
Rationale:	 Recent	 studies	 have	 shown	 that	 stool/ileostomy	 calprotectin	 and

serum	citrulline	are	reliable	markers	of	moderate	and	severe	intestinal	rejection.
Calprotectin	 is	 an	 S100	 protein	 released	 by	 infiltrating	 neutrophils	 and
macrophages	into	the	gut	lumen;	increased	calprotectin	levels	occur	prior	to	the
onset	 of	 histological	 changes	 of	 acute	 rejection	 (choice	 B	 is	 incorrect),	 and
normal	calprotectin	 levels	are	consistently	seen	with	normal	 intestinal	allograft
biopsies	 (choice	 A	 is	 incorrect).	 Citrulline	 is	 a	 nonprotein	 amino	 acid	 found
almost	 exclusively	 in	 enterocytes,	 so	 decreased	 citrulline	 levels	 in	 the	 blood
reflect	 decreased	 residual	 functional	 enterocytic	 mass	 (choice	 D	 is	 correct).
Citrulline	 levels	 are	 inversely	 proportional	 to	 the	 severity	 of	 acute	 cellular
rejection	 in	 intestinal	 transplants;	when	 citrulline	 levels	 decrease,	 the	 grade	 of
rejection	on	biopsy	typically	worsens	(choice	C	is	incorrect).
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Chapter	62
Immunosuppression	in	Solid-Organ
Transplantation
Hasan	Al-Harakeh,	Bishoy	Emmanuel,	Sundaram	Hariharan,	Abhinav
Humar,	Martin	N.	Wijkstrom

KEY	POINTS:
1.	 The	side	effect	of	immunosuppressive	agents	continues	to	present	a

major	problem.	With	an	increased	use	of	tacrolimus	(TAC),	steroid-
free	protocols	have	been	used	successfully.

2.	 In	kidney	transplantation,	long-term	outcomes	have	been	affected	by
the	nephrotoxicity	of	calcineurin	inhibitors	(CNIs).	In	nonrenal
transplant	recipients,	CNI	toxicity	has	led	to	renal	insufficiency	and
failure	in	a	significant	number	of	instances.

3.	 Development	of	nonnephrotoxic	agents	like	sirolimus	(SRL),
mycophenolate	mofetil	(MMF),	belatacept,	and	Janus	kinase	3
(JAK3)	inhibitors	and	their	use	in	combination	may	eventually	lead	to
the	successful	use	of	CNI-free	immunosuppression	(IS).

4.	 Immunosuppressive	agents	can	now	be	tailored	for	the	individual
patient.	Patients	with	drug-specific	toxicity	can	be	switched	to
another	drug	with	similar	efficacy	but	differing	side	effects.

INTRODUCTION
It	 was	 not	 until	 5	 decades	 after	 the	 surgical	 techniques	 for	 solid-organ
transplantation	were	described	by	Alexis	Carrel	in	the	early	1900s	that	the	first
successful	 clinical	 transplant	was	performed.1	During	 that	 interval,	 it	gradually
became	 apparent	 that	 early,	 rapid	 destruction	 of	 allografts	 occurs	 due	 to	 an
immune	process,	which	came	to	be	known	as	rejection.



Organ	 transplantation	 is	 now	 routine	 clinical	 care,	 as	 outcomes	 have
improved	 remarkably	 with	 the	 use	 of	 more	 potent	 and	 targeted
immunosuppressive	 agents.	 Besides	 developments	 in	 techniques	 and
immunosuppression	(IS)	protocols,	progress	in	tissue	typing	and	cross-matching,
single	 antigen	 beads	 for	 detection	 of	 human	 leukocyte	 antigen–specific
antibodies,	 organ	 preservation	 allowing	 for	 their	 transportation,	 tests	 including
viral	 nucleic	 acid	 amplification	 testing,	 and	 antiviral	 medications	 have	 played
major	 roles	 in	 the	 rapid	 development	 of	 organ	 transplantation.	 This	 chapter
reviews	 the	 mechanisms	 of	 action,	 clinical	 evidence-based	 use,	 and	 adverse
reactions	associated	with	commonly	used	immunosuppressive	agents.

IMMUNOSUPPRESSIVE	STRATEGIES
1 	Immunosuppressive	strategies	must	balance	the	risk	of	acute	rejection	with	its
short-	and	 long-term	negative	consequences	on	graft	 function	and	survival	and
the	side	effects	of	IS,	including	increased	risk	of	infections	and	cancers,	as	well
as	 individual	 side	 effects	 of	 the	 immunosuppressive	 agents.	 The	 relative
importance	 of	 each	 factor	may	 vary	 depending	 on	 the	 transplanted	 organ.	 For
example,	an	episode	of	acute	rejection	is	a	major	risk	factor	for	chronic	rejection
for	 kidney	 recipients;	 hence,	 strategies	 must	 minimize	 the	 incidence	 of	 acute
rejection.	 For	 liver	 recipients,	 an	 acute	 rejection	 episode	 is	 usually	 easily
reversed	and	has	little	long-term	significance;	therefore,	lower	initial	doses	of	IS
can	 be	 initiated	 and	 then	 increased	 in	 those	 patients	 who	 suffer	 a	 rejection
episode.	 Dialysis	 provides	 a	 backup	 if	 a	 kidney	 graft	 fails	 and	 insulin	 may
substitute	the	function	of	a	failing	pancreatic	graft,	whereas	there	is	no	recourse
(other	than	a	retransplant)	for	failure	of	many	other	solid-organ	grafts.	Therefore,
particularly	 for	 heart	 and	 lung	 recipients,	 early	 aggressive	 immunosuppressive
strategies	are	warranted.

Thus,	no	single	IS	protocol	applies	uniformly	across	all	transplanted	organs.
Immunosuppressive	agents	can	be	categorized	according	to	their	use:	induction
—those	used	for	a	limited	interval	at	the	time	of	transplantation;	maintenance—
those	used	long	term	for	maintenance;	and	antirejection—those	used	for	a	short
time	or	in	high	doses	to	reverse	an	acute	rejection	episode.	Considerable	overlap
exists	 among	 these	 categories,	 however.	 For	 example,	 monoclonal	 antibodies
(mAbs)	 and	 polyclonal	 antibodies	 can	 be	 used	 for	 induction	 or	 rejection
treatment;	steroids	are	used	in	high	doses	for	induction	or	antirejection	therapy,
but	in	lower	doses	for	maintenance	therapy.

Finally,	 many	 transplant	 programs	 individualize	 IS	 depending	 on	 the



perceived	immunologic	risk	of	rejection	and	graft	loss	for	individual	recipients.
For	 example,	 for	 kidney	 recipients,	 immunosuppressive	 protocols	 at	 a	 single
center	may	vary	for	perfectly	matched	living	donor	recipients,	low-risk	cadaver-
donor	 recipients,	 and	 high-risk	 recipients	 (eg,	 Blacks;	 those	 with	 high	 panel-
reactive	antibodies,	delayed	graft	function,	or	retransplantation).

Induction
Except	 for	 identical-twin	 recipients	 or	 those	 fully	 chimeric	 following	 a	 bone
marrow	 transplantation	 from	 the	 same	 donor,	 all	 recipients	 need	 IS.	 Many
transplant	centers	begin	with	the	same	IS	that	is	used	for	long-term	maintenance.
Other	 centers	 begin	 using	 induction	 therapy	 with	 polyclonal	 antibodies	 (eg,
Thymoglobulin,	 ATGAM)	 or	 mAbs	 (eg,	 basiliximab,	 alemtuzumab).	 The
purpose	of	induction	is	to	provide	powerful	IS	at	the	time	of	antigen	exposure,
with	the	goal	of	reducing	the	overall	incidence	of	rejection,	and	if	needed,	permit
a	 delay	 in	 introducing	 other	maintenance	 agents	 such	 as	 calcineurin	 inhibitors
(CNIs)	 that	 may	 add	 to	 graft	 dysfunction.	 The	 incidence	 of	 acute	 rejection
episodes	 is	 reduced	 with	 induction	 therapy;	 however,	 these	 treatments	 are
expensive,	 and	a	 long-term	benefit	has	not	been	well	documented	 for	 low-risk
recipients,	 while	 the	 risk	 for	 posttransplant	 proliferative	 disorder	 (PTLD)	 and
viral	infections	are	increased.

Maintenance	Therapy
With	 the	 introduction	 of	multiple	 new	 agents	 in	 the	 1990s,	 IS	 protocols	 have
become	 more	 varied.	 At	 most	 centers,	 CNIs	 form	 the	 basis	 of	 IS	 protocols.
These	drugs	have	been	used	as	monotherapy	or	in	combination	with	steroids	or
an	antimetabolite.	Prospective	randomized	 trials	have	shown	a	 lower	 incidence
of	 acute	 rejection	 when	 combined	 with	 mycophenolate	 mofetil	 (MMF)	 vs
azathioprine	(AZA).2-4

2 	 3 	Of	interest,	CNI-free	protocols	have	been	devised	mainly	to	avoid	CNI-
associated	 nephrotoxicity.	 The	 combination	 of	 sirolimus	 (SRL)	 and	MMF	 has
been	used	to	achieve	these	results;	however,	in	recipients	randomized	to	receive
standard-dose	 cyclosporine	 (CSA),	 MMF,	 and	 corticosteroids,	 or	 daclizumab
(withdrawn	 from	 market	 in	 2009)	 induction,	 MMF,	 and	 corticosteroids	 in
combination	with	low-dose	CSA,	low-dose	tacrolimus	(TAC),	or	low-dose	SRL,
the	 rate	 of	 biopsy-proven	 acute	 rejection	was	 lower	 in	 patients	 receiving	 low-
dose	 TAC	 than	 that	 in	 those	 receiving	 standard-dose	 CSA,	 low-dose	 CSA,	 or



low-dose	SRL.5	 In	 other	 randomized	 trials	 of	 CNI-free	 protocols,	 belatacept6-8
and	tofacitinib9,10	have	been	used.

PHARMACOLOGIC	AGENTS

Calcineurin	Inhibitors
CSA	and	TAC,	although	structurally	dissimilar,	both	 interfere	with	 the	cellular
pathway	for	cytokine	production	and	T-cell	proliferation.	The	protein	calcineurin
has	been	validated	as	part	of	the	calcium-dependent	signal	transduction	pathway
of	 interleukin-2	 (IL-2)	 production	 in	 T	 cells.11	 CSA	 and	 TAC	 bind	 to	 two
intracellular	 receptors,	 cyclophilin	 A	 and	 FK-506	 binding	 protein	 (FKBP12),
respectively;	 the	 resulting	 receptor	 complex	 binds	 to	 calcineurin,	 blocking	 its
phosphatase	ability	and	thereby	interrupting	the	production	of	IL-2.11

Cyclosporine
CSA	 is	 produced	 by	 the	 fungus	Tolypocladium	inflatum	 and	was	 isolated	 first
from	a	soil	sample	in	Norway.	Its	first	formulation,	Sandimmune,	was	oral	and
was	 approved	by	 the	U.S.	Food	and	Drug	Administration	 (FDA)	 in	1983;	 this
was	 later	 modified	 to	 the	 microemulsion	 (ME)	 formulation,	 Neoral,	 and	 was
approved	by	the	FDA	in	1995.

CSA	is	a	 lipophilic	peptide	consisting	of	11	amino	acids	 in	a	ring	structure.
Sandimmune	is	dependent	on	the	presence	of	bile	in	the	upper	small	intestine	for
absorption,	which	makes	its	use	tricky	in	liver	transplant	recipients.	Neoral	self-
emulsifies	 in	 water,	 making	 absorption	 much	 more	 reliable.12	 The	 side-effect
profiles	 were	 unchanged.	 The	 oral	 bioavailability	 of	 the	 ME-CSA	 is
approximately	30%.	CSA	is	extensively	metabolized	to	multiple	metabolites	via
the	cytochrome	P450	3A4	enzyme	system	 that	 is	 found	 in	 the	 liver	 and	 in	 the
cells	 lining	 the	 intestine;	 so	 CSA	 levels	 can	 change	 with	 changes	 in	 gut
absorption	 or	 liver	metabolism.13	Because	 very	 little	 drug	 is	 eliminated	 by	 the
kidney,	 renal	 failure	 does	 not	 change	 CSA	 elimination.14	Most	 centers	 initiate
CSA	 therapy	 at	 4	 to	 8	 mg/kg/d	 orally	 within	 24	 hours	 of	 transplantation.
Initiation	may	be	delayed	if	the	transplanted	kidney	shows	signs	of	delayed	graft
function.	Monitoring	CSA	levels	 is	vital	due	 to	 its	narrow	therapeutic	window.
Azole	derivative	antifungals	may	also	decrease	the	metabolism	of	CSA	and	it	is
generally	 recommended	 to	 reduce	 the	 dose	 of	 CSA	 when	 azoles	 are



coadministered.	CSA	generally	has	extensive	side	effects.	Of	most	concern	is	its
acute	 and	 chronic	 nephrotoxicity.	 Acute	 nephrotoxicity	 from	 CSA	 initially	 is
characterized	 by	 vasoconstriction	 of	 the	 intrarenal	 arterioles,	 resulting	 in	 a
reduced	 glomerular	 filtration	 rate.15	 CSA-induced	 thrombotic	 microangiopathy
(TMA)	 was	 first	 reported	 in	 liver	 allograft	 recipients	 and	 then	 in	 kidney	 and
heart	 recipients.16	 TMA	 can	 present	 as	 a	 full-blown	 syndrome	 consisting	 of
hemolytic	anemia,	thrombocytopenia,	neurologic	abnormalities,	fever,	and	renal
failure.	Discontinuation	of	CSA	is	an	important	step	in	management	along	with
plasmapheresis	 and	 fresh	 frozen	 plasma	 replacement.	 TAC	 or	 SRL	 can	 be
substituted	as	 immunosuppressive	agents,	although	TMA	can	occur	with	either
of	 these	 agents.	 Even	 in	 extrarenal	 transplant	 recipients,	 CSA	 can	 lead	 to
proteinuria	and	end-stage	renal	disease.17	Biopsies	of	 the	native	kidneys	 reveal
wrinkling	 and	 thickening	 of	 the	 glomerular	 basement	 membrane,	 with	 some
exhibiting	 microthrombotic	 angiopathy	 and	 fibrosis.	 Many	 patients	 receiving
CSA	 develop	 hypertension,	 the	 mechanism	 for	 which	 is	 primarily	 related	 to
small-vessel	vasoconstriction,	partly	caused	by	increased	endothelin	production.
Treatment	 of	 hypertension	 has	 focused	 on	 calcium-channel	 blockers	 (CCBs)
because	 calcium-channel	 activation	 induces	 endothelin	 vasoconstriction	 and
increases	 blood	 pressure.	 Of	 note	 is	 that	 nondihydropyrimidine	 CCBs	 may
decrease	 the	 clearance	 of	 CSA,	 and	 vice	 versa.	 Moreover,	 CSA	 has	 been
associated	 with	 several	 neurologic	 toxicities,	 including	 headaches,	 tremors,
seizures,	 and	 encephalopathy.	 Reversible	 posterior	 leukoencephalopathy	 can
occur	 after	 CSA	 use	 and	 affects	 the	 posterior	 white	matter,	 frontal	 lobes,	 and
gray	matter.18	 It	manifests	with	 confusion,	 coma,	 cortical	 blindness,	 cerebellar
syndrome,	 hemiplegia,	 and	 flaccid	 paralysis	 or	 various	 combinations	 of	 these
features.	Hypertrichosis	and	gingival	hyperplasia	may	reduce	patient	compliance
to	CSA.	Electrolyte	 imbalances	may	occur	with	CSA,	 including	hyperkalemia,
hyperuricemia,	 and	 hypomagnesemia.	 CSA	 can	 increase	 cholesterol	 and
triglyceride	 levels,	 sometimes	 requiring	 treatment	 with	 lipid-lowering
medications,	 which	 should	 be	 used	 in	 lower	 doses,	 as	 CSA	may	 increase	 the
serum	concentration	of	many	statins.14	In	addition,	CSA	may	increase	bone	loss
due	to	aggravation	of	bone	turnover.

Tacrolimus
With	 the	 success	 of	 CSA,	 researchers	 looked	 around	 the	 world	 for	 another
compound	 that	 might	 display	 immunosuppressive	 properties.	 TAC,	 initially
known	 as	FK-506,	was	 isolated	 from	 a	 soil	 sample	 in	Tsukuba,	 Japan	 in	May
1984	 from	 the	 fungus	 Streptomyces	 tsukubensis19	 and	 was	 FDA-approved	 in



1994.	 It	 is	 a	 macrolide	 antibiotic,	 with	 few	 differences	 on	 the	 cellular	 level
between	it	and	TAC.	The	FKBP12-TAC	complex	is	10	to	100	times	as	potent	as
CSA,	possibly	because	of	greater	affinity	for	its	binding	protein.20

The	pharmacokinetic	profile	of	TAC	 is	 similar	 to	 that	of	CSA.	TAC	has	an
extremely	lipophilic,	macrocytic	lactone	structure.	Its	oral	bioavailability	ranges
anywhere	 from	4%	 to	93%	(average	25%).	One	significant	difference	between
CSA	and	TAC	is	that	with	TAC,	the	presence	or	absence	of	bile	in	the	digestive
tract	 does	 not	 significantly	 alter	 absorption.	 The	metabolism	 is	 also	 similar	 to
CSA,	with	the	cytochrome	P450	3A4	system	as	the	primary	metabolic	pathway.
The	 elimination	 half-life	 ranges	 from	 eight	 to	 46	 hours,	 depending	 on	 the
population	studied	and	whether	immediate	vs	extended	release	formulations	are
used.21

The	adverse	event	profile	of	TAC	is	similar	 to	CSA	in	many	respects.	TAC
appears	 to	 have	 the	 same	 nephrotoxicity	 as	 that	 seen	 with	 CSA,	 and	 the
mechanism	also	appears	to	be	the	same.	However,	in	one	study,	mean	or	median
serum	creatinine	levels	in	renal	transplant	recipients	were	lower	in	TAC-treated
patients	with	5-year	follow-up	than	in	patients	treated	with	CSA-ME.22	As	with
CSA,	the	nephrotoxicity	of	TAC	is	concentration-dependent,	making	drug	level
monitoring	equally	important.23	Hypertension	has	also	been	reported	with	TAC.
IS	with	 TAC-based	 regimens	 is	 associated	with	 better	 lipid	 profiles	 than	with
CSA-based	 regimens.	Neurotoxicity	appears	 to	be	 somewhat	worse	with	TAC;
headache,	 tremor,	 neuropathy,	 seizures,	 blindness,	 coma,	 posterior
leukoencephalopathy,	 and	 various	 other	 neurologic	 complaints	 have	 been	 seen
with	TAC.24	Patients	usually	recover	when	the	drug	is	stopped.	The	incidence	of
hyperkalemia	appears	to	be	similar	to	that	with	CSA,	although	hypomagnesemia
is	more	likely	to	occur	with	TAC-treated	patients.25	TAC-associated	TMA	has	a
reported	 incidence	of	between	1%	and	4.7%.26	The	 incidence	of	posttransplant
diabetes	 mellitus	 was	 significantly	 higher	 among	 TAC-treated	 patients	 than
among	 CSA-treated	 patients	 (9.8%	 vs	 2.7%)	 according	 to	 a	 meta-analysis.27
Many	 patients	 with	 posttransplant	 diabetes	 mellitus	 have	 reversal	 of	 diabetes
mellitus	with	eventual	discontinuation	of	 insulin.	In	a	US	trial	combining	TAC
with	MMF	and	corticosteroids,	the	10-year	incidence	was	6.5%,	and	the	1-year
prevalence	was	2.2%.28

TAC	is	metabolized	through	the	same	pathway	as	CSA	and	is	subject	to	the
same	interactions	with	the	cytochrome	P450	3A4	system.	As	with	CSA,	careful
blood	concentration	monitoring	is	 required;	TAC	also	has	a	narrow	therapeutic
range.	 The	 current	 suggested	 therapeutic	 range	 for	 TAC	 is	 5	 to	 20	 ng/mL;
however,	 this	 range	 is	 still	 controversial	 and	 under	 study.20	 TAC	 is	 usually
initiated	at	a	dose	of	0.05	to	0.15	mg/kg/d	in	two	divided	doses.	As	with	CSA,



TAC	may	be	delayed	after	a	kidney	transplant	 in	 the	presence	of	delayed	graft
function	 or	 in	 the	 presence	 of	 acute	 native	 kidney	 injury,	 especially	 under	 the
cover	of	induction	therapy.

In	studies	of	TAC	and	CSA	in	kidney	recipients,	results	have	been	similar	to
those	 with	 liver	 recipients	 (ie,	 same	 graft	 and	 patient	 survival	 rates,	 fewer
rejection	 episodes).29	 This	 pattern	 has	 also	 been	 seen	 in	 higher-risk	 patient
populations,	 such	 as	 Black	 recipients.30	 Other	 transplant	 categories	 with
historically	higher	rates	of	rejection,	such	as	pancreas	transplant	recipients,	have
seen	benefit	with	TAC-based	immunosuppressive	regimens.25	TAC	continues	to
be	the	primary	maintenance	immunosuppressive	agent	in	heart,	lung,	and	bowel
recipients	and	was	approved	by	the	FDA	for	heart	transplantation	in	2006.31-34

Recently,	two	formulations	of	TAC	with	daily	administration	were	approved
by	 the	FDA.	Astagraf	XL,	an	extended	 release	capsule,	was	approved	 in	2013
for	 kidney	 transplant	 recipients	 also	 receiving	MMF	 and	 prednisone.	Astagraf
XL	 was	 associated	 with	 a	 10%	 increased	 mortality	 in	 female	 liver	 transplant
recipients	at	12-month	follow-up,	and	its	use	is	not	approved	in	liver	transplant
patients.	Envarsus	XL	was	FDA-approved	in	July	2015	for	maintenance	IS	after
conversion	for	once	daily	TAC.	It	is	possible	that	extended	release	formulations
have	improved	side-effect	profile	and	bioavailability.35	Phase	IV	evaluation	will
further	determine	 their	 impact	on	graft	and	patient	survival.	 In	addition,	 if	oral
intake	 is	 not	 possible,	 switching	 from	 the	 extended	 release	 forms	 to	 the
immediate	 release	 form	 by	 dissolving	 the	 capsule	 contents	 of	 the	 immediate
release	 form	 in	 water	 and	 flushing	 them	 through	 a	 nasogastric	 tube	 with	 an
increase	 of	 20%	 to	 30%	 in	 dose	 may	 be	 reasonable.	 The	 contents	 of	 the
immediate	 release	capsule	may	also	be	applied	sublingually,	with	most	centers
starting	with	50%	of	the	oral	dose.

ANTIPROLIFERATIVE	AGENTS
Antiproliferative	 agents	 have	 been	 part	 of	 transplant	 protocols	 since	 the	 first
transplant	was	 performed	 in	 the	 1960s.	 Early	 antiproliferative	 agents	 included
radiation,	azaserine,	actinomycin	D,	and	cyclophosphamide.	AZA,	developed	in
the	 early	 1960s,	 was	 part	 of	 the	 first	 successful	 transplant	 series	 reported	 in
1963.	It	continues	to	be	used	today	in	maintenance	immunosuppressive	regimens
and	 for	 autoimmune	 diseases.	A	major	 advance	 in	 antiproliferative	 agents	 has
been	 the	development	and	use	of	MMF,	which	was	 released	 for	clinical	use	 in
1995.	MMF	is	now	a	component	of	most	new	transplant	regimens.



Azathioprine
AZA	 is	 a	 prodrug	 of	 6-mercaptopurine,	 which	 interrupts	 de	 novo	 purine
synthesis,	 leading	 to	 inhibition	 of	 leukocyte	 function.	 It	 is	 rapidly	 absorbed,
metabolized	 by	 xanthine	 oxidase,	 and	 excreted	 into	 the	 kidneys.	 AZA	 is
relatively	well	tolerated	by	most	patients.	The	most	common	side	effect	is	dose-
dependent	 myelosuppression,	 usually	 limited	 to	 the	 white	 blood	 cells,	 but
occasionally	red	cell	aplasia	is	observed.	Liver	function	tests	must	be	regularly
monitored;	AZA	has	 been	 reported	 to	 cause	 hepatic	 necrosis	 and	 liver	 failure.
Pancreatitis	or	 skin	 rash	may	 indicate	 an	allergic	 reaction,	 in	which	case	AZA
may	 need	 to	 be	 stopped.	 Hair	 loss	 is	 bothersome	 to	 some	 patients	 but	 is
reversible.	 Gastrointestinal	 (GI)	 disturbances,	 including	 nausea	 and	 vomiting,
are	mild	and	usually	tolerable.	Most	recipients	are	maintained	on	a	daily	dose	of
1.0	to	2.5	mg/kg.	Some	centers	switched	all	their	recipients	from	AZA	to	MMF
when	MMF	became	available,	 but	 some	are	 still	maintained	on	AZA	due	 to	 a
significant	cost	advantage	over	MMF,	or	due	to	improved	GI	toxicity	profile.

Mycophenolic	Acid
MMF	 (CellCept)	 was	 approved	 by	 the	 FDA	 in	 1995	 to	 prevent	 rejection	 in
kidney	 recipients.	 Its	use	has	grown	 to	 include	 liver,	heart,	 lung,	 and	pancreas
recipients.	It	has	been	a	major	addition	to	the	immunosuppressive	arsenal.	MMF
is	 also	 a	 prodrug,	 quickly	 metabolized	 to	 the	 active	 compound	mycophenolic
acid	 (MPA).	 In	 2004,	 Myfortic	 (EC-MPA),	 an	 enteric-coated	 formulation	 of
MPA,	was	 FDA	 approved.	MPA	 acts	 as	 a	 noncompetitive	 inhibitor	 of	 inosine
monophosphate	dehydrogenase,	thereby	blocking	de	novo	purine	synthesis.	The
oral	bioavailability	 for	MPA	approaches	100%	and	 is	primarily	excreted	 in	 the
urine.36

MMF	 can	 cause	 significant	 GI	 problems,	 including	 nausea,	 vomiting,
diarrhea,	 abdominal	 pain,	 and	 gastroesophageal	 reflux.	 Persistent	 diarrhea	 not
accompanied	 by	 fever	may	be	 associated	with	 an	 erosive	 enterocolitis	 causing
malabsorption	of	nutrients	 that	has	been	attributed	 to	a	 toxic	action	of	 the	acyl
mycophenolic	 acid	 glucuronide	 metabolite	 on	 absorptive	 cells.37	 Dividing	 the
total	daily	dose	 into	four	doses	 instead	of	 two	may	be	effective	 in	reducing	GI
problems	 in	 some	 recipients.	 EC-MPA	 was	 developed	 to	 mitigate	 the	 GI
toxicities;	 patients	 who	 had	 GI	 intolerance	 on	 MMF	 administration	 required
fewer	 dose	 changes	 of	 EC-MPA.	 Neutropenia	 and	 thrombocytopenia	 can	 also
occur	with	MPA,	requiring	a	dosage	reduction.	At	2	g	daily,	the	occurrence	rate
in	the	major	trials	was	comparable	to	AZA.	Coadministration	with	CSA	lowers



MPA	concentrations.38	In	contrast,	coadministration	with	TAC	tends	to	increase
MPA	levels	because	of	inhibition	of	MPA	metabolism.39	Cholestyramine,	a	bile
acid	resin,	decreases	cholesterol	by	interfering	with	its	enterohepatic	cycling	and
decreases	the	total	area	under	the	curve	by	40%,	and	antacids	reduce	absorption
of	MMF	by	20%.

The	 success	 of	 MPA	 has	 allowed	 it	 to	 generally	 replace	 AZA	 in	 many
transplant	centers.	The	results	of	 three	major	 trials	were	 instrumental.	The	US,
tricontinental,	 and	 European	 trials	 compared	MMF,	 in	 combination	with	 CSA
and	steroids,	with	conventional	IS.	The	US	and	tricontinental	trials	randomized
patients	to	receive	MMF	at	a	low	(2	g/d)	or	high	dose	(3	g/d)	vs	AZA,	whereas
the	 European	 study	 used	 a	 placebo	 instead	 of	 AZA.2-4	 All	 three	 trials	 saw
significantly	 reduced	 rejection	 in	 the	 MMF	 arm	 at	 6	 months	 post	 transplant.
Whether	long-term	MMF	changes	survival	rates	is	still	controversial.	The	3-year
data	 from	 the	 US	 trial	 periods	 do	 not	 yet	 show	 a	 statistically	 significant
difference	 in	 patient	 or	 graft	 survival.2	 A	 European	 study	 using	 the	ME-CSA
showed	 only	modest,	 insignificant	 reductions	 in	 acute	 rejection	 episodes	 with
MMF	compared	with	AZA,	questioning	the	value	of	using	 the	costlier	MMF.40
These	findings,	which	are	drawn	on	low	immunological	risk	patients,	ought	to	be
applied	 cautiously	 in	 other	 situations.	 A	 subgroup	 analysis	 of	 the	 higher
immunological	 risk	Black	patients	enrolled	 in	 the	US	pivotal	 trial	 showed	 that
the	benefit	for	Black	vs	White	recipients	was	restricted	to	the	MMF	3	g	dose	vs
the	MMF	2	g	dose	or	AZA	cohorts.41	Thus,	Black	recipients	should	receive	3	g/d
unless	 they	 are	 unable	 to	 tolerate	 that	 dose.	 In	 a	 multicenter	 trial,	 using	 a
combination	of	TAC	with	MMF,	an	MMF	dose	of	2	g/d	reduced	the	incidence	of
acute	 rejection	 episodes	 compared	 with	 MMF	 1	 g/d	 or	 AZA—the	 low	 acute
rejection	 rate	 of	 8.6%	 using	 a	 combination	 with	 MMF	 2	 g/d	 suggests	 that	 a
combination	with	TAC	produced	superior	results	compared	with	a	combination
with	 CSA.42	 EC-MPA	 was	 demonstrated	 to	 be	 therapeutically	 equivalent	 to
MMF.43	The	combination	of	TAC	and	MMF	is	the	most	prevalent	in	the	United
States;	in	2013,	almost	95%	of	patients	were	maintained	on	this	combination.44
Based	on	initial	pharmacokinetics	studies,	MMF	doses	have	not	been	based	on
recipient	body	weight.45	Determination	of	MPA	levels	is	not	clinically	routine.

Sirolimus
Sirolimus,	 formerly	 known	 as	 rapamycin,	 belongs	 to	 a	 class	 of	 compounds
known	 as	 the	 mammalian	 target	 of	 rapamycin	 (mTOR)	 inhibitors	 and	 was
approved	 in	 1999	 to	 prevent	 rejection	 in	 kidney	 recipients.	 It	 is	 produced	 by
Streptomyces	 hygroscopicus,	 a	 fungus	 isolated	 from	 a	 soil	 sample	 found	 on



Easter	Island	(Rapa	Nui).	SRL	was	the	first	mTOR	inhibitor	 to	be	approved	in
the	United	States.	A	derivative	of	rapamycin,	everolimus,	was	approved	by	the
FDA	 in	 2004.	 SRL	 binds	 to	 FKBP-12,	 the	 same	 binding	 protein	 as	 TAC;
however,	the	target	of	SRL	is	not	calcineurin,	but	rather	mTOR.46	The	inhibition
of	mTOR	prevents	cell	cycle	progression	from	G1	to	S	in	T	lymphocytes;	thus,
SRL	blocks	the	rejection	pathway	at	a	later	stage	than	CSA	or	TAC.	It	is	rapidly
absorbed,	 but	 the	 systemic	 bioavailability	 of	 the	 current	 formulation	 is	 only
approximately	15%.47	 The	 primary	 pathway	 for	metabolism	 is	 the	 cytochrome
P450	3A4	enzyme	system.	SRL	has	a	much	longer	half-life	than	CSA	or	TAC,
with	an	average	 terminal	half-life	of	approximately	60	hours,	allowing	 it	 to	be
dosed	daily.

SRL	has	a	different	profile	of	adverse	events	 than	other	 immunosuppressive
drugs.	It	is	less	kidney-toxic	and	diabetogenic	than	CSA	or	TAC.	TMA	may	also
occur.48	 Proteinuria	 is	 a	 common	 manifestation	 of	 SRL	 toxicity	 in	 patients
converted	 from	 CNI	 for	 renal	 impairment.	 It	 usually	 occurs	 in	 patients	 with
preexisting	renal	damage,	which	may	be	necessary	before	proteinuria	manifests,
and	 it	 is	 reversible.49	Hypertriglyceridemia	 and	 hypercholesterolemia	 are	 dose-
related	adverse	events	of	SRL	that	may	be	exacerbated	by	the	use	of	steroids	or
CNIs.50	A	study	showed	that	lipid-lowering	agents	were	required	in	53%	of	SRL-
treated	 patients	 compared	 with	 24%	 in	 the	 CSA	 group.	 SRL	 causes	 dose-
dependent	thrombocytopenia	and	leukopenia,	particularly	during	initial	therapy;
their	 incidence	 is	 variable	 and	 usually	 self-limiting,	 usually	 only	 at
supertherapeutic	serum	concentrations	of	≥16	ng/mL.51	The	incidence	of	anemia
is	also	increased	with	the	use	of	mTOR	inhibitors	and	was	observed	in	16%	of
recipients	taking	2	mg/d	and	27%	of	recipients	taking	5	mg/d	of	SRL.52	During
clinical	 trials,	other	adverse	events	associated	with	SRL	included	hypertension,
rash,	acne,	hypokalemia,	diarrhea,	aphthous	ulcers,	and	arthralgias.53	 Interstitial
pneumonitis	 can	occur	 any	 time	after	SRL	 treatment;	mortality	up	 to	12%	has
been	described.54	Other	 common	 adverse	 effects	 that	 occur	with	 de	 novo	SRL
use	in	transplant	recipients	include	wound	healing	problems	and	lymphoceles.55
Most	of	the	drug	interactions	that	have	been	reported	for	SRL	are	related	to	P450
enzyme	 inhibition	or	 induction—the	 same	 list	 of	 drugs	 that	 interact	with	CSA
and	TAC.	SRL,	like	TAC,	also	increases	exposure	to	MPA.

The	 phase	 II	 trials	 conducted	 in	 Europe	were	 among	 the	 earliest	 that	 used
SRL	 as	 a	 principal	 immunosuppressant.	Higher	 glomerular	 filtration	 rates	 and
similar	rejection	rates	were	seen	compared	to	CSA.56,57	The	two	large	phase	III
studies	of	SRL,	one	conducted	in	the	United	States58	and	the	other	worldwide,52
revealed	much	about	how	best	to	use	SRL	and	its	drawbacks—higher	incidence
of	lymphocele	formation	and	wound	infections.	It	was	also	found	that	the	renal



function	of	patients	on	a	combination	of	SRL	and	CSA	was	worse	than	patients
on	 CSA	 alone.	 Regarding	 the	 combination	 of	 SRL	 with	 TAC,	 registry	 data
suggest	poorer	graft	survival	compared	to	the	combination	of	TAC	with	MMF.59
Phase	III	studies	indicated	that	the	combination	of	either	1.5	mg/d	or	3	mg/d	of
everolimus	 was	 better	 than	 MMF	 in	 the	 prevention	 of	 acute	 renal	 allograft
rejection	 when	 combined	 with	 CSA	 and	 steroids	 after	 kidney	 transplantation.
The	combination	of	everolimus/CSA	was	associated	with	poorer	renal	function
than	MMF/CSA	 combination.60	 The	 lowest	 rates	 of	 renal	 dysfunction,	 wound
healing	 events,	 peripheral	 edema,	 new-onset	 diabetes	 mellitus,
hypercholesterolemia,	and	hypertriglyceridemia	were	observed	with	everolimus
trough	concentration	in	the	range	3	to	8	ng/mL	and	CsA	<100	ng/mL.61

Inhibitors	of	mTOR	are	known	 to	prevent	 tumor	 cell	 growth.	Temsirolimus
(and	in	some	cases	everolimus),	both	SRL	derivatives,	have	been	used	in	clinical
trials	 of	 advanced	 renal	 carcinoma,	 breast	 cancer,	 prostate	 cancer,	 pancreatic
cancer,	 glioblastoma,	 and	 lymphoma.	A	multivariate	 analysis	 of	 posttransplant
malignancies	 in	 renal	 allograft	 recipients	 showed	 a	 lower	 incidence	 of
malignancy	 in	 patients	 taking	 mTOR	 inhibitors	 alone	 or	 in	 combination	 with
CNI	 compared	 to	 those	 taking	 CNI	 alone.62	 SRL	 has	 also	 been	 found	 to	 be
effective	 in	 the	 treatment	 of	 PTLD63	 and	Kaposi	 sarcoma.64	 It	 is	 also	 used	 to
limit	 scarring	 on	 coronary	 stents.	 Due	 to	 its	 efficacy/side	 effect	 profile,	 the
clinical	 use	 of	 mTOR	 inhibitors	 has	 decreased	 from	 about	 20%	 of	 kidney
recipients	in	the	early	2000s	to	about	5%	of	recipients	at	1	year	post	transplant.44
Drug	level	monitoring	is	important,	especially	for	newer	protocols	that	may	not
contain	CNI	or	steroids;	target	trough	levels	are	between	5	and	15	ng/mL.

Corticosteroids
Steroids	have	been	a	part	of	 transplantation	since	 its	 inception.	 It	soon	became
clear,	 however,	 that	 the	 toxicities	 of	 steroids	 could	 overshadow	 their	 benefits.
The	role	of	steroids	in	transplantation	is	changing	as	experience	is	being	gained
in	 the	 use	 of	 newer	 immunosuppressive	 medications	 that	 are	 serving	 to	 limit
corticosteroid	use.	Steroids	have	many	different	effects	on	the	immune	system;
they	 inhibit	T-cell	proliferation,	T-cell-dependent	 immunity,	and	 the	expression
of	 various	 cytokines,	 especially	 IL-2,	 IL-6,	 interferon-γ,	 and	 tumor	 necrosis
factor-α	 (TNF-α).65	 They	 also	 suppress	 antibody	 formation	 and	 the	 delayed
hypersensitivity	response	found	in	allograft	rejection.66

For	 years,	 steroids	 have	 been	 part	 of	 any	 immunosuppressive	 regimen	 to
prevent	and	treat	rejection.	For	use	in	standard	IS,	recipients	typically	begin	on	a
high	 initial	dose	 (up	 to	500	mg	IV	(intravenous)	methylprednisolone	 [MP])	on



the	 day	 of	 the	 transplant,	 and	 then	 taper	 over	 weeks	 to	 months	 to	 their	 final
maintenance	 dose.	 Some	 centers	 maintain	 recipients	 on	 5	 to	 10	 mg	 daily.
Steroids	 at	 high	 doses	 have	 successfully	 reversed	 rejection	 episodes.67	 Most
centers	 use	 250	 to	 500	 mg	 of	 IV	MP	 for	 three	 (or	 more)	 doses	 to	 reverse	 a
suspected	 or	 documented	 rejection	 episode.	 Steroid	 use	 is	 associated	 with	 a
number	of	problems,	acute	and	long	term,	and	typically	dose	dependent.	Acute
toxicities	 of	 corticosteroids	 include	 sodium	 retention,	 glucose	 intolerance,
mental	 status	 changes,	 and	 increase	 in	 appetite,	 acne,	 and	 gastritis.	 Long-term
side	 effects	 include	 cataracts,	 hypertension,	 osteoporosis,	 and	 diabetes.
Hypertension,	 hyperlipidemia,	 and	 steroid-induced	 diabetes	 may	 be	 partly
responsible	 for	 increasing	 the	 risk	 of	 cardiovascular	 death	 among	 transplant
recipients.	 Accordingly,	 many	 transplant	 centers	 are	 switching	 to	 steroid-
withdrawal/steroid-free	protocols	for	many	of	their	recipients.

1 	 A	meta-analysis	 of	 trials	 where	 steroid	withdrawal	 had	 been	 done	 in	 the
first	 year	 after	 kidney	 transplantation	 showed	 that	 although	 the	 risk	 of	 acute
rejection	was	more	 than	 twofold	when	 steroids	were	withdrawn,	 there	was	 no
significant	 difference	 in	 the	 incidence	 of	 graft	 failure.68	 The	 European
TAC/MMF	 study	 group	 randomly	 assigned	 immunologically	 low-risk	 patients
who	 had	 undergone	 transplantation	 3	months	 earlier	 to	 continue	 triple	 therapy
(TAC,	MMF,	 and	 steroids),	withdraw	 steroid,	 or	withdraw	MMF.	 Incidence	of
acute	 rejection	 was	 similar	 in	 all	 three	 groups	 at	 6	 months69	 suggesting	 TAC
enables	more	effective	steroid	sparing	than	CSA.	Graft	and	patient	survival	and
the	 incidence	 of	 acute	 rejection	 were	 similar	 between	 groups	 at	 3	 years,	 and
serum	creatinine	levels	remained	stable.70	A	3-year	analysis	of	a	large	trial	was
done	of	300	patients	receiving	basiliximab	induction,	CNI,	and	MMF	or	SRL,	in
which	patients	were	assigned	to	have	steroids	withdrawn	on	day	2	or	to	continue
steroids.	No	 difference	was	 noted	 in	 graft	 function,	 patient	 and	 graft	 survival,
biopsy	proven	acute	rejection,	or	chronic	allograft	nephropathy	between	the	two
groups.71	Use	of	MMF	or	SRL,	with	a	CNI,	may	allow	safe	early	withdrawal	of
steroids.	 In	 one	 prospective	 randomized	 multicenter	 trial,	 Belatacept-treated
patients	demonstrated	an	 increase	 in	biopsy-proved	acute	cellular	 rejection	and
reduced	 neurologic	 and	metabolic	 adverse	 event	 and	 no	 increase	 in	 antibody-
mediated	 rejection	 (ABMR),	mixed	 acute	 rejection,	 or	 de	 novo	 donor-specific
anti-HLA	antibodies.72

BIOLOGIC	IMMUNOSUPPRESSION
Various	 antibody	 preparations,	 both	 of	 polyclonal	 and	 monoclonal	 origin,	 are



currently	used	in	clinical	IS.	Polyclonal	antibodies	directed	against	lymphocytes
were	developed	first	and	have	been	used	in	transplantation	since	the	1960s.	The
production	 of	 mAbs	 was	 later	 made	 possible	 and,	 in	 turn,	 allowed	 for	 the
development	 of	 targeted	 therapy.	 A	 number	 of	 different	 mAbs	 are	 currently
under	 development	 or	 in	 various	 phases	 of	 clinical	 testing;	 several	 have	 been
tested	and	are	now	in	clinical	use.

Human	 immunoglobulin	 G	 (IVIG)	 has	 advantages	 over	 murine-based
antibody	 preparations	 including	 very	 long	 half-life,	 reduced	 immunogenicity,
and	 the	potential	 for	 indefinite	 and	 repeated	use	 to	 confer	 effects	over	months
rather	 than	 days.73	 Owing	 to	 their	 efficacy,	 biological	 induction	 agents	 are
currently	used	in	about	85%	of	all	kidney	transplants	in	the	United	States.44

Polyclonal	Antibodies
Polyclonal	 preparations	 consist	 of	 a	 wide	 variety	 of	 antibodies	 and	 detect
specificities	 including	many	 T-cell	 molecules	 involved	 in	 antigen	 recognition.
After	administration,	 the	 transplant	 recipient’s	 total	 lymphocyte	count	will	 fall;
hence,	these	are	known	as	depleting	antibodies.	Lymphocytes,	especially	T	cells,
are	 then	 lysed	 and	 cleared	 from	 the	 circulation.	 Alternatively,	 their	 surface
antigen	 may	 be	 covered	 by	 the	 antibody.	 Polyclonal	 antibodies	 have	 been
successfully	used	to	prevent	rejection	and	to	treat	acute	rejection	episodes.	Two
main	 polyclonal	 antibody	 agents	 are	 available	 for	 clinical	 use	 in	 the	 United
States:	ATGAM	and	Thymoglobulin.

ATGAM
ATGAM	 is	 obtained	 by	 immunizing	 horses	 with	 human	 thymocytes.
Cytomegalovirus	infection	is	generally	more	common	after	the	use	of	ATGAM
and	other	antibody	preparations.74

Thymoglobulin
Thymoglobulin	 (antithymocyte	 globulin	 [ATG])	 is	 obtained	 by	 immunizing
rabbits	with	human	thymocytes.	Initial	kidney	transplantation	studies	show	ATG
to	be	statistically	superior	to	ATGAM	in	reversing	acute	rejection	and	preventing
recurrent	 rejection	 in	 renal	 transplant	 recipients.75,76	 Administration	 before
reperfusion	 is	 advocated	 to	maximize	 anti-adhesion	molecule	 effects.	The	 side
effect	 profiles	 of	 ATG	 and	 ATGAM	 are	 similar.	 With	 ATG,	 leukopenia	 and



thrombocytopenia	may	be	quite	 significant.	 If	a	 significant	drop	 in	platelets	or
white	blood	cells	is	noted,	the	dosage	should	be	halved,	or	the	drug	temporarily
withheld.

Monoclonal	Antibodies
The	 hybridization	 of	 murine	 antibody–secreting	 B	 lymphocytes	 with	 a
nonsecreting	myeloma	cell	 line	produces	mAbs.	A	number	of	mAbs	are	active
against	different	stages	of	the	immune	response.

Anti-Interleukin-2	Monoclonal	Antibodies
IL-2	is	a	cytokine	required	for	the	proliferation	of	cytotoxic	T	cells.	Two	mAbs
were	developed	to	target	the	IL-2	receptor	α-chain	(IL-2Rα;	CD25):	daclizumab
(Zenapax)	was	FDA-approved	in	1997,	and	basiliximab	(Simulect)	the	following
year.	Daclizumab	was	withdrawn	from	clinical	use	in	2009,	leaving	basiliximab
the	only	available	agent	for	clinical	use.	Basiliximab	is	humanized	(75%	of	the
antibody	is	of	human	origin),	with	a	half-life	of	about	7	days.

Clinical	trials	in	kidney	recipients	have	shown	these	agents	to	be	effective	in
preventing	acute	rejection,77	but	they	are	not	indicated	for	the	treatment	of	acute
rejection	 episodes.	 For	 basiliximab,	 two	 IV	doses	 of	 20	mg	 (one	 administered
preoperatively	 and	 the	 other	 on	 postoperative	 day	 4)	 are	 recommended.
Comparable	 outcomes	 have	 been	 seen	 in	 studies	 comparing	 basiliximab	 and
polyclonal	 antibodies	 and	maintenance	 IS	 regimens	 consisting	 of	CSA,	MMF,
and	 steroids.78	 Steroid-free	 maintenance	 regimens	 have	 also	 been	 used	 during
kidney	 transplantation	with	 anti-CD25	 induction.79	 In	 all	 clinical	 trials	 to	 date,
basiliximab	 has	 been	 shown	 to	 be	 remarkably	 safe,	 with	minimal	 side	 effects
ascribed	directly	to	its	use.

Alemtuzumab	(Campath)
The	CD52-specific	humanized	mAb	alemtuzumab	has	the	advantages	of	ease	of
administration,	 consistency	 of	 mAbs,	 and	 the	 benefits	 of	 humanization.
Alemtuzumab	 rapidly	 and	 durably	 depletes	 CD52-expressing	 lymphocytes
centrally	 and	 peripherally,	 resulting	 in	 near-total	 T-cell	 depletion	 with	 lesser
depletion	of	B	cells	 and	monocytes.80	 It	 stopped	 being	 commercially	 available
for	 transplantation	 in	 September	 2012	 but	 remains	 available	 for	 appropriate
patients	via	the	producer	(Genzyme).	Alemtuzumab	is	currently	being	marketed



as	Lemtrada	for	the	indication	of	multiple	sclerosis.
Although	alemtuzumab	depletes	 all	T-cell	 subsets,	 its	 action	 is	 selective	 for

naive	cell	types.81	The	T	cells	that	are	not	depleted	exhibit	a	memory	phenoand
are	 most	 susceptible	 to	 CNI.	 Maintenance	 regimens	 using	 CNI	 work	 best
following	alemtuzumab	induction	vs	basiliximab	or	rabbit	ATG.82	Alemtuzumab
facilitates	reduced	maintenance	IS	requirements	without	an	increase	in	infections
or	malignant	complications	in	kidney,	pancreas,	lung,	and	liver	transplantations
as	compared	to	historical	controls.83-87

Rituximab	(Humanized	Anti-CD20)
This	is	a	chimeric	mAb	specific	for	CD20,	a	cell	surface	glycoprotein	present	on
B	cells	(from	pre-B	cells,	but	not	on	terminally	differentiated	B	cells).	Rituximab
rapidly	clears	CD20+	cells	from	the	circulation.

Rituximab	 has	 been	 used	 as	 an	 induction	 agent	 in	 lieu	 of	 recipient
splenectomy	 in	 patients	 undergoing	 donor	 desensitization	with	 plasmapheresis
and/or	 intravenous	 immunoglobulin.88	Use	of	 rituximab	 in	high-grade	 rejection
remains	 investigational.	 Its	 role	 in	 ABO-incompatible	 transplant	 remains
unclear,	 as	 similar	 outcomes	 are	 achieved	 without	 its	 use.	 Rituximab	 is	 not
efficacious	for	ABMR/chronic	ABMR.89-91	Rituximab	plays	a	role	for	Banff	2	or
3	grade	severity	rejection	and	for	reducing	antibody	formation.92	A	recent	review
indicated	the	paucity	of	data	supporting	its	use	in	transplantation.93

The	 most	 important	 indication	 for	 the	 area	 of	 rituximab	 in	 organ
transplantation	is	as	treatment	of	PTLD,	as	part	of	R-CHOP	chemotherapy.

Fusion	Proteins
These	are	made	by	the	fusion	of	a	single	receptor	 targeting	a	 ligand	of	 interest
with	 a	 secondary	 molecule,	 which	 is	 typically	 the	 Fc	 portion	 of	 an
immunoglobulin	G	molecule.	 Fusion	 proteins	 can	 be	 composed	 of	 humanized
components,	 limiting	 their	 immune	 clearance	 and	 allowing	 prolonged
administration.

Costimulation-Based	Agents
Costimulatory	 molecules	 alter	 the	 threshold	 for	 activation	 of	 naive	 T
lymphocytes	without	having	a	primary	activating	or	inhibitory	function.	Fusion
proteins	have	been	developed	that	act	by	blocking	costimulation	pathways.	The



two	 costimulatory	 receptors	 on	 T	 cells	 are	 CD28	 and	 CD152;	 these	 serve
reciprocal	roles—CD28	facilitates	a	T-cell	response,	whereas	CD152	reduces	it.
These	fusion	proteins	act	by	 inhibiting	costimulation-based	pathways	and	have
been	 studied	 in	 renal	 transplantation,	 where	 they	 have	 seen	 shown	 to	 inhibit
CD28	and	CD152	signaling,	leading	to	IS.

Belatacept	 (investigative	 name	 LEA29Y)	 is	 a	 second-generation	 (first
generation	 being	 Abatacept)	 costimulation-blockade	 agent	 that	 has	 two	 amino
acid	 substitutions	 that	 produce	 a	 slower	 dissociation	 rate	 for	 binding	 to	 the
ligands	 of	CD28.	 The	BENEFIT	 study	 reported	 the	 primary	 outcomes	 from	 a
randomized,	 phase	 III	 study	 of	 belatacept	 vs	 CSA	 in	 kidney	 transplant
recipients.6	 At	 12	 months,	 belatacept	 regimens	 demonstrated	 superior	 renal
function	and	similar	patient/graft	survival	vs	CSA,	despite	an	 increase	 in	acute
rejection	in	the	early	posttransplant	period.	It	has	also	been	studied	in	recipients
of	 extended	 criteria	 donor	 organs.7	 Belatacept	 is	 a	 promising,	 nonnephrotoxic
option	 for	kidney	 transplant	 recipients	 and	 is	 being	developed	with	 the	 aim	of
providing	CNI	avoidance.94	It	was	tested	as	a	maintenance	therapy	together	with
SRL	 (attempted	wean	 at	 1	 year)	 IS	 in	 low-risk	 patients	with	 or	without	 donor
bone	 marrow	 and	 Campath	 induction.8	 The	 role	 of	 bone	 marrow	 was	 not
established,	but	rejection	was	avoided	in	this	CNI-free	regimen.

It	is	intended	for	use	as	an	induction	agent	as	well	as	for	maintenance	IS	but
may	 have	 increased	 risk	 of	 acute	 rejection.	 Belatacept	 use	 has	 been	 limited
owing	 to	 cost,	 monthly	 IV	 infusions,	 and	 high	 incidence	 of	 acute	 rejection,
especially	grade	2	and	above.

TREATMENT	OF	ACUTE	REJECTION
Acute	 rejection	 can	 be	 either	 T-cell-mediated	 rejection	 (TCMR)	 or	 ABMR.
Thymocyte-induction	 in	 living	 donor	 renal	 transplantation	 was	 found	 to	 be
associated	 with	 a	 low	 incidence	 of	 acute	 rejection.95,96	 In	 a	 UNOS	 (United
Network	 for	Organ	 Sharing)	 survey	 of	 kidney	 transplant	 program	 directors	 in
2017	 in	 treatment	 practices	 of	 acute	 rejection	 in	 the	 United	 States,
thymoglobulin	was	reported	as	the	most	commonly	used	induction	agent	at	84%,
72%	 did	 rapid	 steroid	 withdrawal,	 and	 MPA	 was	 the	 major	 antimetabolite
(100%).97	 The	 treatment	 of	 clinical	 and	 subclinical	 TCMR	 included	 steroids.
ABMR	 is	most	 commonly	 treated	with	 plasmapheresis	 and	 IVIG.	 The	 use	 of
rituximab,	bortezomib,	and	eculizumab	increased	from	C4D-ABMR	to	recurrent
ABMR.	 IVIG	 as	 a	 desensitizing	 agent	 showed	 improved	 transplantation	 and
lower	 acute	 rejection	 rates	 for	 highly	 sensitized	 patients.98	Later,	 a	 protocol	 of



low-dose	IVIG	and	plasma	exchange	demonstrated	a	significant	survival	benefit
for	patients	with	HLA	sensitization	who	underwent	living	donor	transplantation
in	 comparison	 to	 patients	 who	 remained	 on	 dialysis	 or	 underwent	 HLA-
compatible	 transplantation,	 and	 this	 survival	 advantage	more	 than	 doubled	 by
8	 years.99	 Furthermore,	 a	 phase	 2b,	 multicenter	 double-blind	 randomized
placebo-controlled	pilot	study	to	evaluate	 the	use	of	human	plasma-derived	C1
esterase	 inhibitor	 as	 add-on	 therapy	 to	 the	 standard	 of	 care	 which	 includes
plasmapheresis	and	IVIG	for	ABMR	suggested	that	C1	esterase	inhibitors	may
be	useful	 in	 the	 treatment	of	ABMR.100	Bortezomib	was	also	 found	 to	provide
effective	treatment	of	ABMR	and	acute	cellular	rejection	with	minimal	toxicity
and	 provides	 sustained	 reduction	 in	 donor-specific	 antibody	 levels.101	 In
addition,	 inhibition	 of	 terminal	 complement	 activation	 with	 eculizumab
decreases	 the	 incidence	 of	 early	 ABMR	 in	 sensitized	 renal	 transplant
recipients.102

SUMMARY
2 	 Since	 1992,	 following	 the	 introduction	 of	 several	 new	 immunosuppressive
agents,	 short-term	 graft	 and	 patient	 outcomes	 have	 improved	 considerably.
However,	 the	 side	 effect	 of	 immunosuppressive	 agents	 continues	 to	 present	 a
major	problem.	With	an	increased	use	of	TAC,	steroid-free	protocols	were	used
successfully.	 In	kidney	 transplantation,	 long-term	outcomes	have	been	affected
by	the	nephrotoxicity	of	CNI.	In	nonrenal	transplant	recipients,	CNI	toxicity	has
led	 to	 renal	 insufficiency	 and	 failure	 in	 a	 significant	 number	 of	 instances.
Development	of	nonnephrotoxic	agents	 like	SRL,	MMF,	belatacept,	 and	JAK3
inhibitors	and	their	use	in	combination	may	eventually	lead	to	the	successful	use
of	CNI-free	IS.	A	summary	of	some	of	the	advances	in	the	field	of	IS	is	shown	in
Table	62.1.

TABLE	62.1

Advances	in	Immunosuppression	of	Solid-Organ
Transplantation



1.	 Major	emphasis	has	been	on	reduction	of	toxicities	of
immunosuppressive	agents/combinations.

2.	 With	the	increasing	use	of	tacrolimus,	steroid-free	protocols	have	been
used	successfully.

3.	 To	circumvent	the	nephrotoxicity	of	CNIs,	several	nonnephrotoxic	agents
like	sirolimus,	mycophenolate,	belatacept,	and	JAK3	inhibitors	have
been	developed.	Use	of	IL-2	receptor	blockers	as	induction	therapy	along
with	a	combination	of	nonnephrotoxic	agents	might	one	day	lead	to
successful	CNI-free	immunosuppression.

4.	 Use	of	rituximab	in	the	treatment	of	B-cell	(CD20+)-mediated	rejection
(uncertain	efficacy).

CNIs,	calcineurin	inhibitors;	IL-2,	interleukin-2;	JAK3,	Janus	kinase	3.

4 	Another	major	advantage	of	the	availability	of	several	immunosuppressive
agents	 is	 that	 IS	 can	 now	 be	 tailored	 for	 the	 individual	 patient.	 Patients	 with
drug-specific	toxicity	can	be	switched	to	another	drug	with	similar	efficacy	but
differing	side	effects.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	54-year-old	heart	transplant	recipient	takes	cyclosporine,	azathioprine,
and	prednisone	for	immunosuppression,	along	with	enalapril	and	valganciclovir.
Which	one	of	these	drugs	selectively	interferes	with	transcription	factors
involved	in	IL-2	production?

A. 	Azathioprine
B. 	Cyclosporine
C. 	Prednisone
D. 	Valganciclovir



2. 	Cyclosporine	and	tacrolimus	both	selectively	inhibit	calcineurin,	thereby
impairing	the	transcription	of	interleukin	(IL)	2	and	several	other	cytokines	that
activate	T	lymphocytes.	Calcineurin	inhibitors	have	been	the	mainstay	of
immunosuppression	for	solid-organ	transplantation	for	over	three	decades.
Compared	with	tacrolimus,	cyclosporine	is	more	often	associated	with	which	of
the	following?

A. 	Gingival	hypertrophy
B. 	Impaired	wound	healing
C. 	Nephrotoxicity
D. 	New	onset	of	diabetes

3. 	All	of	the	following	are	part	of	standard,	maintenance	immunosuppression
after	solid-organ	transplant	EXCEPT:

A. 	Basiliximab
B. 	Calcineurin	inhibitors
C. 	Corticosteroids
D. 	Mycophenolate	mofetil

Answers

1.	The	correct	answer	is	B.
Rationale:	Cyclosporine	binds	the	intracellular	protein	cyclophilin,	forming	a

complex	 that	 selectively	 inhibits	 the	 intracellular	phosphatase	calcineurin.	This
prevents	calcineurin	from	activating	a	cytoplasmic	transcription	factor	which	in
turn	 enters	 the	 nucleus	 and	 activates	 the	 transcription	 of	 IL-2	 (choice	 B	 is
correct).	 IL-2	 increases	 the	 cell	 killing	 activity	 of	 both	 natural	 killer	 cells	 and
cytotoxic	T	cells.	Azathioprine	on	the	other	hand	is	an	antimetabolite	that	blocks
purine	synthesis	and	hence	is	cytotoxic	to	replicating	lymphocytes	(choice	A	is
incorrect).	Prednisone	is	a	corticosteroid	that	changes	the	transcription	of	several
genes,	 causing	decreased	 synthesis	 of	COX-2,	PL-A2,	 and	other	 inflammatory
mediators	which	induces	immunosuppression	(choice	C	is	not	the	best	answer).
Valganciclovir	 inhibits	 viral	 DNA	 polymerase	 and	 replication	 of
cytomegalovirus,	a	virus	that	commonly	causes	infections	in	immunosuppressed
patients	 after	 heart	 transplantation	 (choice	 D	 is	 incorrect).	 Enalapril	 in	 this
patient	is	treating	hypertension	associated	with	prednisone	and	cyclosporine,	and
its	mechanism	is	inhibition	of	angiotensin-converting	enzyme.



2.	The	correct	answer	is	A.
Rationale:	The	side	effects	of	tacrolimus	are	for	the	most	part	similar	to	that

of	 cyclosporine.	 However,	 cyclosporine	 can	 cause	 gingival	 hyperplasia	 and
hirsutism	 (choice	 A	 is	 correct,	 and	 choices	 B,	 C,	 and	 D	 are	 incorrect),	 while
tacrolimus	 can	 result	 in	 alopecia.	 In	 earlier	 studies,	 researchers	 observed
posttransplant	insulin-dependent	diabetes	in	patients	administered	tacrolimus.	In
case	 reports,	 the	 gingival	 hypertrophy	 of	 cyclosporine	 may	 be	 treated	 with	 2
weeks	of	metronidazole,	azithromycin,	or	by	substituting	tacrolimus.

3.	The	correct	answer	is	A.
Rationale:	 Immunosuppression	 agents	 can	 be	 classified	 as	 induction	 agents

and	maintenance	 agents.	 Induction	 agents	 such	 as	 antithymocyte	 globulin	 and
basiliximab	 deplete	 lymphocyte	 stores	 or	 prevent	 T-cell	 activation.	 Prolonged
use	is	associated	with	lymphoma	and	increased	risk	of	opportunistic	infections,
so	they	are	not	used	for	maintenance	therapy	(choice	A	is	the	“correct”,	wrong
answer).	Calcineurin	 inhibitors,	 corticosteroids,	mycophenolate	mofetil	 are	 the
mainstay	 for	 maintenance	 of	 immunosuppression	 after	 solid-organ
transplantation.
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Hematopoietic	Cell	Transplantation
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KEY	POINTS:
1.	 Hematopoietic	cell	transplantation	(HCT)	is	potentially	curative

treatment	for	high-risk	forms	of	leukemia,	lymphoma,
myelodysplasia,	and	multiple	myeloma,	as	well	as	life-threatening
forms	of	nonmalignant	diseases,	such	as	aplastic	anemia,
hemoglobinopathies,	and	congenital	immune	deficiencies.	In
selected	cases,	HCT	may	also	have	a	role	in	the	treatment	of	solid
tumors	and	as	a	of	immunosuppression	for	patients	with	life-
threatening	autoimmune	diseases.	During	the	course	of	HCT,
patients	often	require	intensive	care.1,2

2.	 Transplant-related	complications	include	infections,	regimen-related
toxicity,	and	alloimmune-mediated	graft	rejection	and	graft-vs-host
disease	(GVHD),	and	multiple	organs	can	be	involved.3-9

3.	 Chimeric	antigen	receptor	(CAR)	T	cells	have	emerged	as	another
form	of	cell	therapy	for	treatment	of	hematologic	malignancies.	CAR
T	cells	have	been	genetically	engineered	to	express	a	tumor	antigen
recognition	moiety	on	the	cell	surface	which	is	coupled	to	an
intracellular	signaling	complex.10	These	agents	can	have	unique
toxicities.11

GENERAL	PRINCIPLES

Hematopoietic	Cell	Transplantation



Hematopoietic	 cell	 transplantation	 (HCT)	 is	 performed	 for	 patients	 with	 life-
threatening	 disorders	 of	 the	 hematopoietic	 system.	 The	 procedure	 has
considerable	 risks	 of	 transplant-related	 morbidity	 and	 mortality	 with	 a
substantial	 proportion	 of	 patients	 requiring	 intensive	 medical	 care.1,2	 Thus,
knowledge	 of	 the	 basic	 principles	 of	 the	 transplant	 procedure	 and	 an
understanding	 of	 potential	 complications	 are	 important	 for	 improving	 the
outcomes	of	critically	ill	patients	after	transplantation.

1 	 HCT	 is	 potentially	 curative	 treatment	 for	 high-risk	 forms	 of	 leukemia,
lymphoma,	myelodysplasia,	 and	multiple	myeloma,	 as	well	 as	 life-threatening
forms	 of	 nonmalignant	 diseases,	 such	 as	 aplastic	 anemia,	 hemoglobinopathies,
and	 congenital	 immune	 deficiencies.	 In	 selected	 cases,	 HCT	may	 also	 have	 a
role	in	the	treatment	of	solid	tumors	and	as	a	of	immunosuppression	for	patients
with	 life-threatening	 autoimmune	 diseases.	 In	 preparation	 for	 HCT,
chemotherapy	alone,	or	combined	with	 irradiation	 therapy,	 is	used	 to	eradicate
the	 underlying	 disease	 and	 to	 induce	 transient	 immunosuppression	 in	 the
recipient	 to	 prevent	 graft	 rejection,	 a	 possible	 complication	 mediated	 by
immunological	 host-vs-graft	 reactions	 after	 allogeneic	 HCT.	 The	 preparative
regimen	 is	 followed	 by	 intravenous	 infusion	 of	 the	 graft,	 which	 contains
hematopoietic	stem	cells	(HSC)	that	home	to	the	bone	marrow	and	reconstitute
the	 hematopoietic	 system	 of	 the	 patient.	 Allogeneic	 HCT	 also	 requires
prophylactic	measures	 to	prevent	or	mitigate	graft-vs-host	disease	(GVHD),	an
inflammatory	syndrome	that	primarily	affects	the	skin,	gastrointestinal	(GI)	tract,
and	liver.

3 	Chimeric	antigen	receptor	(CAR)	T	cells	have	emerged	as	another	form	of
cell	therapy	for	treatment	of	hematologic	malignancies.	CAR	T	cells	have	been
genetically	engineered	to	express	a	tumor	antigen	recognition	moiety	on	the	cell
surface	which	is	coupled	to	an	intracellular	signaling	complex.10	When	the	CAR
T	 cell	 engages	 with	 the	 tumor	 antigen,	 the	 intracellular	 signaling	 complex
initiates	 activation	 and	 expansion	 of	 the	 CAR	 T	 cells	 resulting	 in	 cytotoxic
killing	of	tumor	cells.	The	currently	approved	CAR	T-cell	products	are	directed
toward	 the	 CD19	 antigen,	 expressed	 on	 leukemias	 and	 lymphomas	 of	 B	 cell
origin,	or	the	B-cell	maturation	antigen	(BCMA)	expressed	on	malignant	plasma
cells.	CAR	T	cells	generally	are	administered	after	a	lymphodepleting	regimen,
such	as	fludarabine	and	cyclophosphamide.

Forms	of	HCT
HCT	can	be	categorized	according	to	 the	source	of	stem	cells,	 the	of	donor,	or
the	 intensity	 of	 the	 preparative	 regimen.	 The	 approach	 used	 for	 an	 individual



patient	is	a	complex	decision	based	on	the	patient’s	age,	diagnosis,	disease	stage,
prior	treatments,	donor	availability,	and	presence	of	comorbidities.

Stem	Cell	Source
HSCs	capable	of	 reconstituting	hematopoiesis	after	HCT	can	be	obtained	from
bone	marrow,	 peripheral	 blood,	 or	 umbilical	 cord	 blood	 (UCB).	The	 stem	cell
products	 obtained	 from	 each	 of	 these	 sources	 are	 characterized	 by	 distinct
kinetics	of	 engraftment	 and	 recovery	of	 immune	 function	after	 transplantation.
These	 features	may	affect	 the	 risks	of	developing	 infectious	complications	and
GVHD	during	the	posttransplant	period.

Bone	Marrow
Bone	marrow	was	historically	 the	most	common	source	of	stem	cells	 for	HCT
but	is	now	used	less	frequently.	Bone	marrow	is	harvested	from	the	iliac	crests	of
appropriate	 volunteer	 donors	 under	 general	 anesthesia.	 Engraftment	 after	 bone
marrow	transplant	occurs	between	3	and	4	weeks	after	 transplant	as	evidenced
by	rising	neutrophil	and	platelet	counts.

“Mobilized”	Peripheral	Blood
Growth	 factor–mobilized	 peripheral	 blood	 stem	 cells	 (PBSCs)	 are	 now	 the
predominant	source	of	HSC	for	allogeneic	HCT	in	adults	and	are	almost	always
used	 as	 HSC	 rescue	 for	 autologous	 HCT.12	 Engraftment	 after	 PBSC
transplantation	 occurs	 approximately	 1	 week	 earlier	 compared	 with	 bone
marrow	transplantation.	PBSC	allografts	contain	approximately	10	times	more	T
cells	than	do	marrow	grafts,	which	influences	the	development	of	GVHD,	graft
rejection,	 and	 rate	 of	 relapse	 for	malignancies	 after	HCT.	Randomized	 studies
have	shown	a	higher	risk	for	relapse	and	 lower	risk	for	chronic	GVHD	among
recipients	of	marrow	compared	with	PBSC.13,14

Umbilical	Cord	Blood
UCB	contains	HSC	sufficient	for	reconstitution	of	hematopoiesis,	which	can	be
collected	 from	 the	placenta	and	umbilical	 cord	 immediately	after	delivery	of	a
baby.	T	cells	contained	in	UCB	are	immunologically	naive,	which	allows	for	less
stringent	 human	 leukocyte	 antigen	 (HLA)	 matching	 between	 donor	 and
recipient.	 There	 generally	 are	 smaller	 numbers	 of	HSC	 in	 a	 typical	UCB	 unit
compared	 with	 bone	 marrow	 or	 PBSC	 harvest,	 which	 may	 increase	 the
possibility	 for	delayed	engraftment,	graft	 rejection,	or	 infection.15	The	 infusion



of	two	UCB	units	may	mitigate	the	risk	for	graft	rejection,	in	part	by	increasing
the	total	number	of	HSC	delivered	to	the	patient.16

Donor	Type

Autologous
Transplantation	 of	 HSC	 previously	 collected	 from	 the	 patient	 is	 termed
autologous	HCT.	Most	commonly,	autologous	PBSC	are	cryopreserved	and	then
thawed	 and	 reinfused	 once	 the	 high-dose	 preparative	 therapy	 has	 been
completed.	High-dose	chemoradiation	is	given	to	kill	tumor	cells	that	may	not	be
susceptible	 to	 conventional-dose	 cytotoxic	 therapy.	 The	 success	 of	 the
autologous	 transplant	 procedures	 relies	 exclusively	 on	 the	 tumor-eradicating
potential	of	 the	preparative	 regimen.17	The	effect	 the	conditioning	 regimen	has
on	 extrahematopoietic	 tissues	 determines	 the	 dose-limiting	 toxicity	 of	 the
procedure.	Relapse	after	autologous	HCT	may	occur	from	tumor	cells	that	have
survived	 the	 conditioning	 therapy	 or	 from	 those	 that	 contaminated	 the	 graft,
although	the	former	mechanism	appears	to	be	more	important.

Allogeneic
Transplantation	 of	 HSCs	 cells	 donated	 by	 another	 individual	 is	 termed
allogeneic	HCT.	 Allogeneic	 HCT	 requires	 availability	 of	 an	 HLA-compatible
related	 or	 unrelated	 donor.	 Because	 of	 the	 inheritance	 pattern	 of	 HLA
haplotypes,	 the	 statistical	 likelihood	 of	 two	 siblings	 being	 genotypically	 HLA
identical	is	25%.	Donor-recipient	HLA	genotypic	identity	is	associated	with	the
lowest	risks	for	immunologically	mediated	complications	such	as	graft	rejection
and	GVHD.	Approximately	 70%	of	 all	 patients	 do	not	 have	 an	HLA-identical
sibling	donor	and	will	require	an	alternative	donor.	HCT	from	a	HLA-matched
unrelated	 donor	 is	 associated	with	 higher	 risks	 of	 transplant-related	morbidity
and	mortality	compared	with	HCT	from	HLA-identical	related	donors.18	Use	of
unrelated	 donors	 who	 are	 matched	 using	 molecular	 HLA	 typing	methods	 can
improve	outcomes	considerably,	and,	for	some	diseases,	survival	of	patients	with
unrelated	grafts	has	approached	that	with	HLA-identical	sibling	grafts.19	Another
alternative	source	of	HSC	is	a	HLA-haploidentical	relative,	such	as	a	parent	or
child,	defined	by	the	inheritance	of	one	identical	haploand	mismatching	of	one
or	more	HLA	 loci	 with	 the	 noninherited	 haplotype.	When	more	 than	 a	 single
HLA	antigen	disparity	is	present,	depletion	of	T	cells	from	the	graft	is	necessary
to	prevent	 life-threatening	GVHD.	Depletion	of	T	 cells	 from	 the	graft	may	be
accomplished	 ex	 vivo	 by	 using	 immunologic	 or	 physical	 methods	 to	 separate



HSC	 from	T	 cells,	 or	 in	 vivo	 by	 administering	 cyclophosphamide	 3	 to	 4	 days
after	the	transplant.20,21	Because	T	cells	play	an	 important	role	 in	establishment
of	 the	 graft,	 early	 immune	 reconstitution,	 and	 tumor	 control,	 ex	 vivo	 T-cell
depletion	 has	 been	 associated	 with	 higher	 rates	 of	 graft	 failure,	 opportunistic
infections,	and	relapse.

Intensity	of	the	Preparative	Regimen

Myeloablative
Myeloablative	conditioning	(MAC)	regimens	ablate	the	hematopoietic	system	of
the	 patient	 resulting	 in	 profound	 myelosuppression	 with	 pancytopenia.	 The
transplanted	HSC	reconstitute	the	ablated	hematopoietic	system	in	the	recipient.
The	aim	of	MAC	therapy	is	to	overcome	the	genetic	heterogeneity	of	tumors	by
employing	agents	such	as	 total	body	 irradiation	and/or	 intensive	chemotherapy
that	have	different	mechanisms	of	action.	Although	the	MAC	regimens	used	for
autologous	 HCT	 typically	 consist	 of	 drugs	 that	 provide	 maximum	 tumor
eradication	with	 tolerable	 toxicity	 to	 the	 patient,	 regimens	 used	 for	 allogeneic
HCT	also	must	provide	sufficient	recipient	immunosuppression	to	prevent	graft
rejection.	 MAC	 regimens	 are	 associated	 with	 substantial	 risks	 of	 transplant-
related	 toxicity	 and	 mortality,	 particularly	 among	 older	 or	 medically	 ill
patients.22

Reduced	Intensity	and	Nonmyeloablative
The	development	of	reduced-intensity	conditioning	(RIC)	and	nonmyeloablative
conditioning	(NMC)	regimens	has	opened	up	opportunities	for	older	patients	and
those	 with	 comorbidities	 to	 undergo	 HCT.	 NMC	 regimens	 are	 mainly
immunosuppressive	 and	 aimed	 at	 preventing	 graft	 rejection.	 The	 underlying
malignancy	 is	 eliminated	 through	 the	 ensuing	 immunologic	 graft-vs-tumor
effects,	provided	the	tumor	expresses	antigens	that	make	it	a	target	for	immune
attack.	 Compared	 with	 myeloablative	 allogeneic	 HCT,	 the	 extrahematopoietic
toxicity	 from	 NMC	 regimens	 is	 considerably	 milder.	 Typical	 post-HCT
complications	 such	 as	 GVHD	 and	 infections,	 however,	 are	 not	 prevented	 by
NMC	 regimens	 but	 may	 have	 a	 delayed	 onset.	 RIC	 regimens	 combine	 lower
doses	of	traditional	conditioning	agents	or	substitute	less	toxic	agents,	resulting
in	fewer	complications	after	HCT,	although	in	advanced	leukemia	the	trade-off
may	 be	 a	 greater	 rate	 of	 post-HCT	 relapse.23	 RIC	 regimens	 are	 highly
immunosuppressive,	 but	 also	 include	 agents	 that	 have	 marrow-suppressive
effects.	RIC	regimens	are	generally	associated	with	less	morbidity	and	mortality



compared	with	MAC	regimens,	yet	may	have	greater	antitumor	effect	compared
with	NMC	regimens.

Epidemiology
During	 2020,	 approximately	 25,000	HCT	 procedures	were	 registered	with	 the
Center	for	International	Blood	and	Marrow	Transplant	Research	(CIBMTR),	of
which	approximately	40%	were	allogeneic.	Allogeneic	HCT	is	most	commonly
performed	in	adults	using	PBSC	grafts.	In	contrast,	children	now	predominantly
receive	cord	blood	or	marrow	grafts	(NMDP	website:	http://www.marrow.org/).
PBSC	is	used	less	often	for	children	because	of	the	difficulties	harvesting	PBSC
from	young	children	and	because	of	its	increased	risk	for	chronic	GVHD.

Risk	Factors	for	Transplant-Related	Morbidity	and	Mortality
2 	 The	 likelihood	 of	 developing	 transplant-related	 complications	 depends	 on
patient	 age,	 the	 and	 stage	 of	 the	 underlying	 disease,	 the	 presence	 of
comorbidities	 and	 the	 intensity	 of	 the	 preparative	 regimen.	 Prognosis	 is	 most
heavily	 influenced	 by	 the	 underlying	 disorder.	 Patients	 with	 chronic
malignancies	and	nonmalignant	disorders,	such	as	aplastic	anemia,	have	a	higher
likelihood	of	 survival	 compared	with	 those	with	aggressive	malignancies,	who
have	 a	 greater	 tendency	 to	 relapse	 following	 HCT.	 Mortality	 caused	 by	 the
transplant	 procedure,	 and	 not	 from	 disease	 relapse,	 termed	 transplant-related
mortality,	 ranges	 from	 15%	 to	 40%	 for	 allogeneic	 HCT	 recipients	 compared
with	5%	 to	10%	for	autologous	HCT	recipients.	HLA	disparity	between	donor
and	 recipient	 increases	 the	 risk	 of	 transplant-related	 mortality	 owing	 to	 the
greater	 likelihood	 of	 developing	 GVHD	 and	 graft	 rejection.24	 The	 risk	 for
mortality	increases	significantly	with	age,	although	improvements	in	supportive
care	 and	 donor	 selection	 and	 the	 introduction	 of	 nonmyeloablative	 preparative
regimens	 have	 increased	 the	 proportion	 of	 patients	 older	 than	 60	 years	 who
benefit	 from	 allogeneic	HCT.	 Pretransplant	 assessment	 of	 comorbidities	 using
simple	 comorbidity	 scoring	 systems	 has	 improved	 the	 ability	 to	 predict
subsequent	transplant-related	mortality	and	survival.22,25

TRANSPLANT-RELATED	COMPLICATIONS
2 	 Transplant-related	 complications	 include	 infections,	 regimen-related	 toxicity
(RRT),	 and	 alloimmune-mediated	 graft	 rejection	 and	 GVHD.	 More	 intense

http://www.marrow.org/


conditioning	regimens	and	higher	degrees	of	donor-recipient	HLA	disparity	are
associated	 with	 greater	 risk	 for	 infection.	 Regimen-related	 toxicities	 include
profound	cytopenias	and	organ	damage	that	follow	myeloablative	conditioning.
The	complications	seen	after	allogeneic	HCT	that	may	occur	irrespective	of	the
intensity	of	the	conditioning	regimen	include	rejection,	GVHD,	and	hemolysis.

Regimen-Related	Pancytopenia
Reconstitution	 of	 hematopoiesis	 after	 HCT	 occurs	 in	 an	 orderly	 pattern;	 in
general,	neutrophil	 recovery	occurs	 first,	 followed	by	 recovery	of	platelets	and
red	 blood	 cells	 (RBCs).	 The	 tempo	 of	 hematopoietic	 reconstitution	 varies
according	to	the	of	HSC	product,	being	earlier	after	PBSC	grafts	and	later	after
UCB	grafts,	compared	with	marrow	grafts.	Transfusions	of	platelets	and	RBCs
often	are	needed	until	there	is	marrow	recovery.	Transfusion	of	RBCs	should	be
determined	 by	 the	 clinical	 condition	 of	 the	 patient,	 including	 hemodynamic
stability	 and	 presence	 of	 active	 hemorrhage.	 RBC	 transfusions	 generally	 are
indicated	 when	 the	 hemoglobin	 falls	 below	 8	 g/dL.	 Platelet	 transfusions	 are
indicated	when	the	platelet	count	falls	below	10,000	cells	per	µL	to	minimize	the
risk	 for	 spontaneous	 bleeding.26	 Transfusion	 thresholds	 should	 be	 increased
before	invasive	procedures	or	for	patients	with	bleeding	to	a	level	appropriate	for
any	 other	 intensive	 care	 unit	 (ICU)	 patient.	 Platelet	 consumption	 may	 be
increased	 in	 patients	with	 fever,	 disseminated	 intravascular	 coagulation	 (DIC),
sinusoidal	 obstruction	 syndrome	 (SOS),	 or	 splenomegaly.	 Patients	 who	 have
become	alloimmunized	to	platelet	antigens	demonstrate	poor	response	to	platelet
transfusions	 and	may	achieve	higher	platelet	 counts	by	 limiting	 the	number	of
donor	exposures,	controlling	fever	or	DIC,	or	use	of	nonpooled	(single-donor)	or
HLA-matched	platelets.27

Precautions	 should	 be	 taken	 during	 preparation	 of	 blood	 products	 for
transfusion	into	HCT	patients	because	passenger	lymphocytes	may	cause	GVHD
and	 latent	 viruses	may	 be	 transferred	 through	 leukocytes.	 Except	 for	 the	 stem
cell	graft,	all	other	blood	product	components	should	be	irradiated	at	a	dose	of
1500	 to	 3000	 cGy	 to	 inactivate	 or	 eliminate	 contaminating	 lymphocytes.
Depletion	 of	 leukocytes	 or	 use	 of	 blood	 components	 that	 test	 seronegative	 for
cytomegalovirus	 (CMV)	 are	 effective	 for	 prevention	 of	 CMV	 transmission	 to
CMV-seronegative	recipients.28	Removal	of	white	blood	cells	 from	platelet	and
RBC	products	also	decreases	the	risk	for	alloimmunization	of	the	patient.

Regimen-Related	Toxicity



High-dose	cytotoxic	chemotherapy	with	or	without	doses	of	TBI	exceeding	6	Gy
may	severely	disrupt	mucosal	integrity	and	has	the	potential	to	cause	RRT	in	the
skin,	 GI	 tract,	 liver,	 bladder,	 lung,	 heart,	 kidney,	 and	 nervous	 system.	 RRT
occurs	predominantly	within	the	first	3	to	4	weeks	after	conditioning	and	is	more
common	after	MAC	than	RIC	regimens.	RRT	increases	the	risk	for	opportunistic
infection,	 which	 is	 already	 high	 because	 of	 concomitant	 profound
immunosuppression	and	regimen-related	cytopenias.	This	section	will	 focus	on
the	noninfectious	complications	of	 individual	organs	specifically	attributable	 to
conditioning	 toxicity.	 Opportunistic	 infection	 or	 GVHD	 must	 strongly	 be
considered	 as	 etiologies	 for	 organ	 dysfunction	 in	 the	 differential	 diagnosis	 of
RRT.	These	 alternative	 diagnoses	 are	 covered	 elsewhere	 under	 the	 appropriate
subsection.

Skin
Generalized	skin	erythema	is	common	after	doses	of	TBI	exceeding	12	Gy	but	is
self-limiting	and	rarely	associated	with	skin	breakdown.	Regimens	 that	contain
cytosine	 arabinoside	 (Ara-C),	 thiotepa,	 busulfan,	 treosulfan,	 fludarabine,
etoposide,	 and	 carmustine	 may	 also	 cause	 erythema.	 Hyperpigmentation
typically	 follows	 the	 inflammatory	 dermatitis,	 with	 skin	 folds	 often	 being
particularly	 noticeable.	 Skin	 biopsies	 during	 the	 first	 3	 weeks	 after	 transplant
often	 show	 nonspecific	 inflammatory	 changes	 irrespective	 of	 cause,	 making
them	 frequently	 unhelpful	 in	 distinguishing	 between	 RRT,	 drug	 allergies,	 or
acute	GVHD.

Gastrointestinal	Tract

Mucositis
Most	patients	who	receive	MAC	regimens	develop	mucositis.	Symptoms	include
inflammation,	 desquamation,	 and	 edema	 of	 the	 oral	 and	 pharyngeal	 epithelial
tissue	that	typically	presents	within	the	first	several	days	after	HCT	and	usually
resolves	by	the	third	week.	Severe	mucositis	places	patients	at	risk	for	aspiration
and,	occasionally,	airway	compromise	and	the	need	for	endotracheal	intubation.
Damage	 to	 the	 mucosa	 of	 the	 lower	 GI	 tract	 results	 in	 secretory	 diarrhea,
cramping	 abdominal	 pain,	 and	 anorexia,	 and	 it	 facilitates	 translocation	 of
intestinal	bacteria	with	sepsis.29	Anorexia,	nausea,	or	other	 intestinal	symptoms
that	persist	after	day	21	are	more	likely	to	be	caused	by	GVHD	or	infection.

Mucositis	 is	 treated	 supportively	 with	 total	 parenteral	 nutrition,



administration	of	intravenous	fluids,	and	intravenous	narcotics	for	pain	control.
It	is	important	to	recognize	an	iatrogenic	narcotic	bowel	syndrome,	characterized
by	abdominal	pain	and	bowel	dilatation,	which	occasionally	may	be	a	side	effect
of	efforts	to	control	painful	symptoms	of	mucositis	or	SOS.

Acute	Upper	Esophageal	Bleeding
The	combination	of	mucositis,	thrombocytopenia,	and	severe	retching	may	result
in	 a	Mallory-Weiss	 tear,	 or	 esophageal	 hematoma.30	 The	 latter	 condition	 may
have	 associated	 symptoms	 of	 dysphagia	 and	 retrosternal	 pain,	 and	 can	 be
diagnosed	 by	 computed	 tomography	 (CT)	 scan.	 These	 conditions	 are	 treated
supportively	with	transfusions	to	maintain	platelet	counts	of	greater	than	50,000
per	µL	and	optimal	management	of	nausea	and	vomiting.

Liver
Sinusoidal	obstruction	syndrome	(SOS),	formerly	referred	to	as	veno-occlusive
disease,	develops	in	10%	to	60%	of	patients	and	is	a	clinical	diagnosis	based	on
the	triad	of	tender	hepatomegaly,	jaundice,	and	unexplained	weight	gain	usually
within	 30	 days	 after	 HCT	 and	 in	 the	 absence	 of	 other	 explanations	 for	 these
symptoms	and	signs.31,32

Elevations	of	total	serum	bilirubin	and	serum	transaminases	are	sensitive	but
nonspecific	 markers	 for	 SOS,	 and	 urinary	 sodium	 levels	 are	 typically	 low.	 A
hepatobiliary	ultrasound	may	show	hepatomegaly,	ascites,	and	dilatation	of	 the
hepatic	vein	or	biliary	system.33	Doppler	ultrasonography	may	show	attenuation
or	reversal	of	hepatic	venous	flow,	but	absence	of	this	pattern	does	not	exclude
SOS.34	 If	 the	 diagnosis	 remains	 unclear,	 a	 transvenous	 liver	 biopsy	 may	 be
helpful,	 and	 simultaneous	measurement	 of	 hepatic	 venous	 pressure	 showing	 a
gradient	of	greater	than	10	mm	Hg	is	highly	specific	for	SOS.35

Other	causes	of	jaundice	after	HCT	seldom	lead	to	renal	sodium	avidity,	rapid
weight	gain,	or	hepatomegaly.	Cyclosporine,	methotrexate,	 and	 total	parenteral
nutrition	 are	 iatrogenic	 causes	 of	 hyperbilirubinemia,	 although	 rarely	 cause
levels	greater	than	4	mg/dL.	Combinations	of	illnesses	that	may	mimic	SOS	are
cholangitis	 lenta	 (cholestatic	 effects	 of	 endotoxin,	 especially	 when	 combined
with	renal	insufficiency),	cholestatic	liver	disease	with	hemolysis	and	congestive
heart	failure,	GVHD,	and	sepsis	syndrome.

Once	 SOS	 is	 established,	 mathematical	 models	 can	 be	 used	 to	 predict
prognosis,	based	on	rates	of	increase	in	serum	bilirubin	and	weight	according	to
the	 elapsed	 time	 after	 transplantation.36	 The	 treatment	 for	 the	 70%	 to	 85%	 of
patients	 who	 are	 predicted	 to	 have	 a	 mild	 or	 moderate	 course	 is	 largely



supportive,	with	attention	to	management	of	sodium	and	water	balance	to	avoid
fluid	 overload.37,38	 Diuretics	 must	 be	 used	 judiciously	 to	 avoid	 depletion	 of
intravascular	 volume	 and	 renal	 hypoperfusion.	 Paracentesis	 is	 indicated	 if	 the
degree	of	ascites	threatens	respiratory	function.	There	is	no	universally	effective
therapy	 for	 severe	SOS.	Defibrotide	 is	 approved	 for	 treatment	 of	SOS	 in	both
pediatric	 and	adult	 patients	with	 renal	or	pulmonary	dysfunction.39	Defibrotide
must	be	used	with	caution	in	patients	with	low	platelet	counts	or	other	conditions
that	 predispose	 to	 hemorrhage.31	 There	 is	 no	 support	 for	 insertion	 of
peritoneovenous	 shunts	 and	 limited	 support	 for	 use	of	 portosystemic	 shunts	 to
reduce	ascites.

Lung
Pulmonary	 complications	 occur	 in	 up	 to	 40%	 of	 patients	 after	 HCT.40
Noninfectious	 pulmonary	 problems	 that	 may	 occur	 within	 30	 days	 from	 the
transplant	 include	 idiopathic	 pneumonia	 syndrome	 (IPS),	 diffuse	 alveolar
hemorrhage,	pulmonary	edema	due	to	excessive	sodium	and	fluid	administration
or	associated	with	SOS,	or	acute	cardiomyopathy	induced	by	cyclophosphamide,
and	 sepsis	 with	 acute	 respiratory	 distress	 syndrome	 (ARDS).3,40,41	 These
complications	 occur	more	 frequently	 among	 older	 patients,	 those	who	 receive
higher-dose	 conditioning	 regimens,	 and	 those	 with	 allogeneic	 donors,
particularly	 HLA-disparate	 donors.	 Although	 the	 incidence	 of	 life-threatening
pulmonary	 infections	 has	 decreased	 over	 the	 past	 decade	 owing	 to	 the
introduction	 of	 routine	 antimicrobial	 prophylaxis	 and	 reduced	 intensity
conditioning	regimens,	pulmonary	complications	continue	to	be	a	leading	cause
of	death.

Idiopathic	Pneumonia	Syndrome
IPS	 is	 defined	 as	 an	 idiopathic	 syndrome	 of	 pneumopathy	 after	 HCT,	 with
evidence	 of	widespread	 alveolar	 injury	 and	 in	which	 infectious	 etiologies	 and
cardiac	dysfunction,	 acute	 renal	 failure,	or	 iatrogenic	 fluid	overload	have	been
excluded.42	 IPS	 has	 been	 reported	 in	 up	 to	 10%	of	 patients	 and	 occurs	with	 a
median	 onset	 of	 2	 to	 3	 weeks	 after	 myeloablative	 allogeneic	 HCT,	 with	 later
onset	after	autologous	HCT.	The	clinical	symptoms	cannot	be	distinguished	from
infection	 and	 may	 include	 fever,	 nonproductive	 cough,	 and	 tachypnea.
Hemoptysis	 is	 infrequent	 and	more	 likely	 related	 to	 invasive	 fungal	 disease	or
diffuse	alveolar	hemorrhage.	Radiographic	imaging	shows	diffuse	interstitial	or
multifocal	 intra-alveolar	 infiltrates.	 Arterial	 blood	 gases	 show	 hypoxemia	 and
the	alveolar-arterial	oxygen	gradient	is	increased.	In	the	occasional	patient	who



is	 not	 too	 ill	 to	 attempt	 lung	 function	 studies,	 a	 new	 restrictive	 pattern	 or	 a
reduced	diffusing	capacity	 is	characteristic.	Measurements	of	pulmonary	artery
occlusion	 pressure	 or	 echocardiography	may	 be	 useful	 to	 rule	 out	 cardiogenic
pulmonary	edema.	Bronchoalveolar	lavage	(BAL)	or	lung	biopsy	is	necessary	to
exclude	 bacterial,	 fungal,	 or	 viral	 infection	 because	 IPS	 is	 a	 diagnosis	 of
exclusion	 and	 results	 of	 BAL	 change	 medical	 management	 in	 approximately
60%	of	patients.	Multifocal	bronchiolitis	obliterans	with	organizing	pneumonia
(BOOP),	also	known	as	cryptogenic	organizing	pneumonia	 (COP),	may	mimic
late-onset	IPS	and	has	been	more	commonly	associated	with	chronic	GVHD.43

Management	 of	 IPS	 is	 mainly	 supportive,	 including	 judicious	 diuresis	 to
decrease	 pulmonary	 edema,	 transfusions	 of	 blood	 components	 to	 reverse
bleeding	diathesis,	 support	of	oxygenation,	and	administration	of	antibiotics	 to
prevent	superinfection	with	mold	and	bacteria,	particularly	for	patients	receiving
high-dose	 glucocorticoids.	 Effective	 therapy	 for	 idiopathic	 pneumonia	 has	 not
been	demonstrated.	High-dose	glucocorticoids	 (1-2	mg/kg)	have	been	 reported
to	 have	 an	 adjunctive	 role	 in	 treatment	 of	 diffuse	 alveolar	 hemorrhage	 or
idiopathic	 pneumonia.44,45	 While	 evidence	 supports	 the	 role	 of	 inflammatory
cytokines	 in	 the	 pathogenesis	 of	 IPS,	 the	 results	 of	 clinical	 trials	 have	 been
inconclusive	as	to	the	benefit	of	adding	etanercept	to	glucocorticoid	therapy.

Diffuse	Alveolar	Hemorrhage
Diffuse	Alveolar	Hemorrhage	(DAH)	is	defined	as	a	form	of	IPS	characterized
by	BAL	results	showing	progressively	bloodier	return	on	serial	lavages	or	≥20%
hemosiderin-laden	macrophages	or	blood	in	at	least	30%	of	alveolar	surfaces.46,47
Symptoms	 and	 radiographic	 findings	 are	 similar	 to	 IPS,	 and	 hemoptysis	 is
uncommon.	 BAL	 should	 be	 performed	 early	 to	 evaluate	 for	 concomitant
infection,	which	may	be	detected	in	about	one-third	of	patients	with	DAH.48	The
treatment	is	largely	supportive,	including	platelet	transfusions	and	correction	of
coagulopathies	 with	 plasma	 or	 cryoprecipitate;	 however,	 several	 studies	 have
also	suggested	a	role	for	both	corticosteroids	and	soluble	 tumor	necrosis	factor
receptor.45,49

Acute	Respiratory	Distress	Syndrome
ARDS	occurs	in	up	to	5%	of	patients	within	the	first	100	days	after	allogeneic	or
autologous	 HCT	 and	 is	 associated	 with	 a	 high	 mortality	 rate.50	 Sepsis	 is	 a
common	 cause	 of	 ARDS;	 however,	 an	 ARDS-like	 syndrome	 has	 also	 been
described	 as	 a	 presenting	 feature	 of	 acute	 GVHD,	 typically	 early-onset
(hyperacute)	 GVHD.	 Recovery	 depends	 on	 aggressive	 treatment	 of	 associated



infections	 and	 support	 of	 respiratory	 and	 cardiac	 function.	An	 elevated	 serum
galactomannan,	 (1-3)-β-D-glucan,	 or	 serum	 creatine	 indicate	 a	 higher	 risk	 for
failing	 noninvasive	 ventilation	 support.4	 The	 use	 of	 extracorporeal	 membrane
oxygenation	 has	 limited	 usefulness	 in	 improving	 survival,	 particularly	 for
patients	 diagnosed	 with	 ARDS	 within	 the	 first	 6	 months	 after	 HCT.51	 The
diagnosis	of	ARDS	is	often	complicated	by	the	presence	of	other	illnesses,	such
as	SOS,	hemorrhage,	or	disseminated	intravascular	hemolysis,	which	can	cause
difficulties	 with	 fluid	management	 for	 which	 pulmonary	 artery	 catheterization
can	be	helpful.

Heart
Cardiac	 complications	 occur	 in	 up	 to	 25%	 of	 patients	 after	 HCT,	 most	 often
subclinical	 and	 death	 from	cardiac	 failure	 is	 uncommon.52	Cardiac	 injury	with
hemorrhagic	myocardial	necrosis	is	a	rare	but	known	adverse	effect	of	high-dose
cyclophosphamide,	 one	 of	 the	 most	 commonly	 used	 chemotherapy	 agents	 in
conditioning	regimens.	Risk	factors	for	cyclophosphamide	cardiotoxicity	include
the	use	of	doses	equal	to	or	greater	than	120	mg/kg,	an	underlying	diagnosis	of
lymphoma,	prior	radiation	to	the	mediastinum	or	left	chest	wall,	older	age,	and
prior	 abnormally	 low	 cardiac	 ejection	 fraction.	 Patients	 who	 had	 prior
cumulative	anthracycline	exposures	of	550	mg/m2	doxorubicin	equivalents	are	at
an	increased	risk	for	developing	heart	failure.	Signs	and	symptoms	of	congestive
heart	 failure	 may	 occur	 within	 a	 few	 days	 of	 receiving	 cyclophosphamide,
whereas	 anthracycline-related	 cardiomyopathy	may	 have	 a	 delayed	 onset.	 The
electrocardiogram	 (ECG)	 may	 show	 voltage	 loss	 or	 arrhythmia,	 and
echocardiography	 may	 reveal	 systolic	 dysfunction,	 pericardial	 effusion,	 or
tamponade.	 Patients	 with	 pericardial	 effusion	 should	 also	 be	 evaluated	 for
thrombotic	 microangiopathy.53	 The	 approach	 to	 management	 of	 cardiac
complications	in	HCT	patients	is	similar	to	other	patient	populations	with	respect
to	attention	to	fluid	and	sodium	balance,	afterload	reduction,	and	inotropes.

Pulmonary	 hypertension	 is	 an	 uncommon	but	 serious	 complication	 of	HCT
that	may	lead	to	right	ventricular	failure.54	It	may	be	caused	by	pulmonary	veno-
occlusive	 disease	 (PVOD),	 as	 well	 as	 other	 more	 typical	 causes	 of	 increased
pulmonary	 artery	 pressure.	 The	 diagnosis	 is	 made	 by	 cardiac	 catheterization.
Pulmonary	biopsy	may	be	helpful	in	differentiating	PVOD	from	other	causes.

Kidney	and	Bladder



Acute	Renal	Failure
Acute	renal	failure	(ARF)	occurs	in	30%	to	50%	of	all	patients	during	the	first
100	days	after	HCT,	and	most	often	during	the	first	10	to	30.5	Occasionally,	ARF
develops	during	conditioning	or	infusion	of	HSC,	as	a	consequence	of	tumor	or
red	cell	lysis.	ARF	occurs	frequently	in	the	setting	of	SOS	and	is	characterized
by	low	urinary	sodium	concentration	and	high	blood	urea	nitrogen-to-creatinine
ratio,	 similar	 to	 the	 hepatorenal	 syndrome.	 ARF	 also	 may	 result	 from	 renal
hypoperfusion,	caused	by	acute	hemorrhage,	sepsis,	or	high-volume	diarrhea,	or
from	 nephrotoxic	 drugs	 such	 as	 cyclosporine,	 tacrolimus,	 all	 amphotericin
products,	 and	 aminoglycosides.	 Mortality	 approaches	 50%	 for	 patients	 who
require	 continuous	 renal	 replacement	 therapy	 after	 HCT,	 especially	 for	 those
with	hypotension	or	fluid	overload	at	time	of	pediatric	ICU	admission.55

Thrombotic	 microangiopathy	 (TMA),	 endothelial	 damage	 caused	 by
chemoradiotherapy,	cyclosporine,	tacrolimus,	or	sirolimus	occurs	in	5%	to	20%
of	patients,	more	frequently	in	allograft	recipients.56,57	The	hallmark	of	TMA	is
RBC	 fragmentation	 (schistocytes)	 associated	 with	 increased	 RBC	 turnover
(increased	 reticulocytes;	 elevations	of	 serum	 lactate	dehydrogenase	 (LDH)	and
indirect	 bilirubin)	 without	 evidence	 for	 immune-mediated	 hemolysis	 or	 DIC.
The	syndrome	ranges	from	subclinical	hemolysis	to	a	life-threatening	hemolytic
syndrome.	 Risk	 factors	 include	 receipt	 of	 busulfan	 and	 cyclophosphamide
conditioning	 or	 GVHD	 prophylaxis	 using	 the	 combination	 of	 sirolimus	 with
cyclosporine	 or	 tacrolimus	 (calcineurin	 inhibitors	 [CNIs]).	High-therapeutic	 or
supratherapeutic	 serum	 levels	 of	 CNIs	 or	 sirolimus	 are	 more	 prone	 to	 be
associated	 with	 TMA.57	 Diagnosis	 of	 TMA	 is	 based	 on	 observation	 of
schistocytosis,	elevated	LDH,	anemia	and	thrombocytopenia,	and	elevated	sC5b-
9	with	normal	PT	and	PTT.53,58	Proteinuria	 and	hypertension	also	are	observed
early	 in	 the	 course	 of	 TMA	 and	 renal	 biopsy	 histology	 may	 be	 diagnostic.
Patients	 without	 proteinuria	 or	 elevated	 sC5b-9	 can	 be	 managed	 expectantly,
with	 discontinuation	 or	 adjustment	 of	 the	 levels	 of	 the	 offending	 drug(s).
Patients	with	 elevated	 sC5b-9	 have	mortality	 of	 >80%,	 thus	 should	 be	 treated
with	complement	modifying	drugs	 such	as	 eculizumab.53	Plasma	exchange	has
limited	value	for	correction	of	TMA	in	the	post-HCT	setting.

Hypertension
Hypertension	develops	in	approximately	60%	of	patients	after	HCT,	more	often
among	patients	given	CNIs	for	GVHD	prophylaxis.	Glucocorticoid	therapy	also
contributes	to	the	development	of	hypertension.	Uncontrolled	hypertension	may
lead	 to	 fatal	 intracerebral	 bleeding	 in	 thrombocytopenic	 patients.	 Therefore,



hypertension	 should	 be	 anticipated	 and	 controlled	 medically.	 Most	 patients
respond	 to	 conventional	 antihypertensive	 therapy,	 such	 as	 a	 calcium	 channel
blocker,	 angiotensin-converting	 enzyme	 inhibitor,	 or	 β-blocker.	 Correction	 of
hypomagnesemia,	which	often	confounds	CNI	therapy,	may	improve	control	of
hypertension.

Hemorrhagic	Cystitis
High-dose	cyclophosphamide	is	commonly	used	for	conditioning,	and	one	of	its
toxic	 metabolites,	 acrolein,	 accumulates	 in	 the	 urine	 and	 may	 cause	 a
hemorrhagic	 chemical	 cystitis	 during	 the	 conditioning	 regimen	 or	 later	 after
HCT.59	 Measures	 to	 prevent	 hemorrhagic	 cystitis	 include	 aggressive	 fluid
hydration	to	increase	urine	volume	that	dilutes	and	minimizes	contact	of	acrolein
with	the	mucosa,	and	administration	of	the	drug	mesna,	which	provides	free	thiol
groups	 to	 detoxify	 acrolein.	 Viral	 infections,	 particularly	 adenovirus	 and	 BK
virus,	have	also	been	implicated	in	the	development	of	hemorrhagic	cystitis,	and
the	diagnosis	is	established	by	viral	culture	or	polymerase	chain	reaction	(PCR)
test	of	a	urine	sample.60	Unless	there	is	evidence	of	disseminated	infection,	viral
cystitis	 is	 managed	 with	 supportive	 therapy,	 including	 hydration	 and	 platelet
transfusions.	Severe	hemorrhagic	cystitis	caused	by	adenovirus	or	BK	virus	that
proves	refractory	to	supportive	therapy	may	respond	to	therapy	with	cidofovir.60

Central	Nervous	System
Noninfectious	 central	 nervous	 system	 (CNS)	 complications,	 including
cerebrovascular	 events	 and	 encephalopathies	 due	 to	 metabolic,	 toxic,	 and
immune-mediated	causes,	occur	in	<5%	of	patients	after	HCT.61	Focal	symptoms
are	 more	 indicative	 of	 infectious	 or	 cerebrovascular	 mechanisms,	 whereas
diffuse	symptoms	such	as	delirium	or	coma	may	have	metabolic	causes.	Fever	is
not	necessarily	associated	with	CNS	 infections.	 Infection	should	be	considered
as	the	cause	of	any	neurologic	symptom	and	should	prompt	evaluation,	including
obtaining	 CT	 or	 magnetic	 resonance	 imaging	 (MRI)	 scans	 of	 the	 head	 and	 a
sample	of	cerebrospinal	fluid	for	appropriate	cultures,	cytochemistry	stains,	and
PCR	tests	should	be	undertaken.

Cerebrovascular	Events
Thrombocytopenia	 poses	 a	 risk	 for	 intracranial	 hemorrhage,	 which	 usually
presents	 as	 abrupt	 onset	 of	 focal	 neurologic	 deficit	 or	 mental	 status	 changes.
Patients	with	sickle	cell	disease	have	a	predisposition	to	CNS	hemorrhage	after



HCT	 and	 should	 be	 managed	 carefully	 by	 ensuring	 sufficient	 platelet	 and
magnesium	 levels	 and	 strict	 control	 of	 hypertension.62	 Ischemic	 stroke	 is	 an
unusual	 complication	 after	 HCT,	 but	 has	 been	 reported	 in	 patients	 with
Aspergillus	infections,	hypercoagulable	states,	or	TMA.

Toxic	Encephalopathies
Several	 agents	 used	 in	 conditioning	 regimens	 may	 cause	 encephalopathy,
including	high-dose	busulfan	and	high-dose	cytarabine.	Seizure	prophylaxis	with
Keppra,	 Ativan,	 or	 phenytoin	 should	 be	 considered	 during	 conditioning	 with
high-dose	 busulfan	 or	 carmustine,	 particularly	 for	 young	 children.	 High-dose
cyclophosphamide	 can	 be	 associated	 with	 the	 syndrome	 of	 inappropriate
antidiuretic	hormone	(SIADH),	causing	acute	decline	 in	 the	serum	sodium	that
may	prompt	seizures.	A	rare	syndrome	of	encephalopathy	and	hyperammonemia
without	other	chemical	evidence	of	 liver	failure	has	been	reported	after	HCT.63
Contributing	 factors	 may	 include	 hypercatabolism	 induced	 by	 conditioning,
glucocorticoids,	 or	 sepsis,	 and	 high	 nitrogen	 loads	 associated	 with	 parenteral
nutrition	or	intestinal	hemorrhage.	The	syndrome	is	difficult	to	reverse	and	has	a
high	 mortality	 rate.	 Treatment	 involves	 hemodialysis	 and	 administration	 of
ammonia-trapping	 agents,	 such	 as	 sodium	 benzoate	 or	 sodium	 phenylacetate.
Metabolic	 encephalopathy	 may	 also	 be	 associated	 with	 gram-negative	 sepsis,
hypoxic	 encephalopathy	with	 IPS,	 and	 hepatic	 encephalopathy	 due	 to	 SOS	 or
GVHD.	 Glucocorticoid	 therapy	 may	 be	 associated	 with	 psychosis,	 mania,	 or
delirium	 in	 a	 dose-dependent	 fashion.	 Seizures	 or	 altered	 sensorium	 may	 be
associated	with	 the	 use	 of	 sedative-hypnotic	 drugs	 and	 have	 been	 reported	 as
adverse	 side	 effects	 of	 many	 of	 the	 commonly	 used	 antibiotics	 and	 antiviral
agents.	 Treatment	 of	 metabolic	 encephalopathies	 should	 be	 directed	 at	 the
underlying	problem	and	discontinuation	of	any	offending	drugs.

CNIs	 tend	 to	 accumulate	 in	 nervous	 tissues	 owing	 to	 their	 lipophilic
characteristics,	thus	can	cause	a	range	of	neurologic	toxicities	including	tremor,
neuropathic	pain,	seizures,	headaches,	or	visual	disturbances.64	 Seizures	 should
be	managed	with	anticonvulsant	therapy	and	cessation	of	the	drug.	When	CNIs
are	essential	for	management	of	GVHD,	substitution	of	one	agent	for	the	other,
or	reinstitution	of	the	offending	agent	at	a	lower	dose,	may	be	feasible.	A	unique
and	 usually	 reversible	 syndrome	 of	 cortical	 blindness	 has	 been	 reported	 as	 a
complication	of	cyclosporine	treatment;	hypertension	and	hypomagnesemia	may
be	 predisposing	 factors.	 Toxicity	 due	 to	 CNI	 therapy	 may	 occur	 with
“therapeutic”	 drug	 levels,	 and	 clinical	 suspicion	 is	 often	 confirmed	 by	 MRI
scans	that	show	multifocal	areas	of	signal	hyperintensity	on	T2	(time	for	63%	of



transverse	 relaxation)	 and	 fluid-attenuated	 inversion	 recovery	 (FLAIR)
sequences,	most	often	in	the	occipital	lobe	white	matter.

Hemolysis
RBC	hemolysis	may	be	encountered	after	HCT	and	may	include	more	than	one
etiology.	 TMA	 may	 present	 as	 mild	 hemolysis	 or	 as	 a	 more	 severe	 form,	 as
described	 previously.	 Hemolysis	 mediated	 by	 major	 or	 minor	 blood	 group
incompatibilities	 is	 only	 seen	 in	 recipients	 of	 allografts.	 Major	 ABO
incompatibility	 occurs	 in	 30%	 of	 allograft	 recipients	 and	 is	 defined	 by	 the
presence	of	 isohemagglutinins	within	recipient	plasma	 that	are	directed	against
donor	 A	 or	 B	 antigens.	 Minor	 ABO	 incompatibility	 also	 occurs	 in	 30%	 of
recipients	 and	 is	 defined	 by	 presence	 of	 isohemagglutinins	 within	 the	 donor
plasma	directed	against	recipient	A	or	B.	Bidirectional	ABO	incompatibility	may
be	present	as	 in	 the	case	of	a	 type	A	recipient	and	 type	B	donor	or	vice	versa.
After	successful	donor	engraftment,	 the	conversion	of	 recipient	 to	donor	blood
may	take	weeks	to	months	because	of	the	relatively	long	half-life	of	RBCs.

Management	 of	 blood	 product	 transfusions	 after	 HCT	 depends	 on	 the
direction	 of	ABO	 incompatibility.	Management	 of	major	ABO	 incompatibility
includes	 the	 transfusion	 of	 group	 O	 RBCs,	 donor-platelets,	 and	 donor-plasma
until	 isohemagglutinins	 against	 donor-s	 disappear.	Major	ABO	 incompatibility
also	poses	a	serious	risk	of	severe	hemolytic	reactions	at	the	time	of	infusion	of
the	 HSC	 product	 if	 preventative	 steps	 are	 not	 taken.65	 Immediate	 hemolytic
reactions	 are	 more	 likely	 in	 the	 presence	 of	 high-level	 isoagglutinin	 titers.
Therefore,	RBCs	are	most	commonly	removed	from	the	graft	before	infusion	to
avoid	 life-threatening	 hemolysis.	 Delayed	 recovery	 of	 donor	 hematopoiesis	 or
hemolysis	 may	 occur	 because	 recipient	 plasma	 cells	 continue	 to	 produce
isohemagglutinins	for	up	to	several	months	after	HCT.	In	this	case,	the	diagnosis
relies	 on	 detection	 of	 a	 positive	 direct	 antiglobulin	 test	 and	 the	 presence	 of
isohemagglutinins	 directed	 against	 donor-s.	 In	 the	 rare	 cases	 of	 ongoing
hemolysis	 due	 to	 persistence	 of	 donor-directed	 isohemagglutinins,	 additional
therapy	with	immunosuppressive	agents,	erythropoietin,	plasma	exchange,	anti-
B-cell	antibodies	(rituximab),	or	plasma	exchange	may	be	considered.66

Minor	ABO	incompatibility	poses	a	risk	for	mild	and	self-limited	hemolysis
at	 the	 time	 of	 infusion.65	 Delayed	 hemolysis,	 mediated	 by	 clonally	 expanded
donor	 “passenger	 lymphocytes,”	 can	 present	 as	 an	 abrupt	 and	 potentially	 fatal
hemolytic	transfusion	reaction	typically	at	1	to	2	weeks	after	HCT.	In	contrast	to
major	ABO	 incompatibility,	 pretransplant	 donor	 isohemagglutinin	 titers	 do	not
predict	 the	severity	of	hemolysis	 following	minor	ABO-mismatched	HCT.	The



diagnosis	relies	again	on	the	detection	of	a	positive	direct	antiglobulin	test	and
the	 presence	 of	 isohemagglutinins	 directed	 against	 recipient-s.	 To	 prevent
hemolysis,	 plasma	 should	 be	 removed	 from	 the	 donor	 HSC	 product	 if	 donor
hemagglutinin	 titers	 are	 high.	 Emergence	 of	 donor-derived	 RBC	 and
isohemagglutinin	titers	should	be	monitored	after	allogeneic	HCT.	Management
of	minor	ABO	incompatibility	after	HCT	includes	supportive	care	with	judicious
fluid	 management	 aimed	 at	 preventing	 ARF,	 and	 the	 transfusion	 of	 group	 O
RBCs	 and	 recipient-platelets	 and	 plasma.	 There	 is	 no	 convincing	 evidence	 to
support	the	use	of	plasma	exchange.

Infection
Conditioning	 regimens	 and	 GVHD	 severely	 impair	 host	 defense	 mechanisms,
and	the	process	of	immune	reconstitution	requires	many	months	for	completion.
Together,	 these	 factors	 place	 patients	 at	 high	 risk	 for	 acquisition	 of	 severe
infections.	 Proper	 medical	 care	 of	 patients	 after	 HCT	 includes	 measures	 to
monitor	and	prevent	infection,	as	it	is	a	leading	cause	of	death.

Prevention	 of	 infection	 is	 of	 vital	 importance	 to	 the	 success	 of	 HCT
procedures	 and	 the	 most	 recent	 Center	 for	 Disease	 Control	 and	 Prevention
guidelines	 can	 be	 found	 at
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr4910a1.htm.	 Hospitalized
patients	 should	 be	 housed	 in	 single	 rooms	 that	 have	positive-pressure	 air	 flow
and	ventilation	systems	with	 rapid	air	exchange	and	high-efficiency	particulate
air	 filtration.67	 Strict	 visitation,	 hand	washing,	 and	 isolation	 policies	 should	 be
instituted	 to	 prevent	 introduction	 or	 spread	 of	 communicable	 disease.	 A	 daily
program	of	skin	and	oral	care	should	include	bathing	all	skin	surfaces	with	mild
soap,	 brushing	 teeth	with	 a	 soft	 brush,	 frequent	 rinsing	of	 the	oral	 cavity	with
saline,	 and	 good	 perineal	 hygiene.	 The	 diet	 should	 exclude	 foods	 known	 to
contain	bacteria	or	 fungi,	 and	patients	 should	 avoid	 exposure	 to	dried	or	 fresh
plants	or	flowers.	Caregivers	should	be	trained	in	the	proper	handling	of	central
venous	catheters.

Immunologic	reconstitution	after	HCT	can	broadly	be	categorized	into	three
phases,	 which	 are	 characterized	 by	 a	 spectrum	 of	 opportunistic	 infections.
Recommendations	for	antimicrobial	prevention	of	opportunistic	 infections	after
HCT	are	outlined	in	Table	63.1.

TABLE	63.1

https://www.cdc.gov/mmwr/preview/mmwrhtml/rr4910a1.htm


Prevention	of	Opportunistic	Infections	After	Allogeneic
Hematopoietic	Cell	Transplantation

Recommendations	for	Prophylaxis

Infection All	Patients Patients	With
Chronic	GVHD

Bacteria Broad-spectrum	antibiotic(s)
during	period	of	neutropenia
(ANC	<500/µL).	Choices	include
a	single	agent,	such	as
levofloxacin	or	ceftazidime,	or	a
combination	of	agents,	such	as
piperacillin	with	an
aminoglycoside.

Penicillin	VK	twice	daily
for	encapsulated
organisms.	Alternatives:
TMP/SMX	daily,
azithromycin	three	times
per	week.

Patients	with
hypogammaglobulinemia:
Intravenous	immunoglobulin
administered	at	1-	to	4-wk
intervals	depending	on	level.

Patients	with
hypogammaglobulinemia
or	repeated
sinopulmonary
infections:	Intravenous
immunoglobulin
administered	at	monthly
intervals	depending	on
level.

Fungi Posaconazole	or	other	azole	from
start	of	conditioning	to	day	75
(allogeneic	HCT)	or	day	30
(autologous	HCT).	Alternatives:
echinocandins

Mold-active	agents,	such
as	posaconazole	when
prednisone	dose	is
>1	mg/kg.

PJP TMP/SMX	starting	1-2	wk
before	transplant	until	48	h
before	HCT,	then	from
engraftment	until	6	mo	after	HCT
if	no	chronic	GVHD.
Alternatives:	dapsone,

TMP/SMX	in	a	variety
of	schedules



atovaquone,	pentamidine

HSV
(seropositive
patients)

Acyclovir	prophylaxis	from	start
of	conditioning	until	day	30.
Alternatives:	valacyclovir

Not	indicated

VZV
(seropositive)

Acyclovir	prophylaxis	from	start
of	conditioning	until	1	y	after
HCT	for	those	with	a	history	of
natural	infection.	Alternative:
valacyclovir

Acyclovir	from	start	of
immune	suppression
until	completion.
Alternatives:
valacyclovir

CMV
(seropositive)

Ganciclovir	prophylaxis	or
preemptive	therapy	based	on
plasma	CMV	DNA	detection	by
PCR	between	engraftment	and
day	100.	Foscarnet	is	an	equally
effective	alternative	to
ganciclovir	for	preemptive
therapy

Valganciclovir	therapy
based	on	plasma	CMV
DNA	detection	by	PCR
until	dose	of	prednisone
is	<1	mg/kg

CMV
(seronegative)

Preferential	use	of	preemptive
therapy	with	ganciclovir	or
foscarnet	as	outlined	for
seropositive	patients

Not	indicated

ANC,	absolute	neutrophil	count;	CMV,	cytomegalovirus;	DS,	double	strength;	GVHD,	graft-vs-host
disease;	HCT,	hematopoietic	cell	transplantation;	HSV,	herpes	simplex	virus;	IgG,	immunoglobulin
G;	IV,	intravenous;	max,	maximum	dose;	MTX,	methotrexate;	PJP,	Pneumocystis	jirovecii
pneumonia;	PCR,	polymerase	chain	reaction;	SMX,	sulfamethoxazole;	TMP,	trimethoprim;	VK,	V
potassium;	VZV,	varicella	zoster	virus.

Before	Engraftment	Period
The	 period	 before	 engraftment	 (less	 than	 30	 days	 post	 transplant)	 is
characterized	 by	 neutropenia	 and	 oral	 and	 GI	 mucosal	 damage.	 The	 most
common	 infections	 are	 bacterial	 and	 fungal.	 The	 use	 of	 indwelling	 central
venous	 catheters	 heightens	 the	 risk	 of	 blood	 infections	 with	 organisms	 that
colonize	the	skin,	such	as	coagulase-negative	staphylococci	or	Candida	spp,	and
GI	mucosal	damage	increases	the	risk	of	infections	with	enteric	organisms,	such
as	Escherichia	coli.	Clostridium	difficile	toxic	colitis	can	be	a	common	infection



in	transplant	patients,	particularly	those	patients	in	ICUs.	Patients	with	a	history
of	prolonged	neutropenia	before	HCT	are	at	risk	for	developing	fungal	infections
involving	 the	 skin,	 lung,	 and	 sinuses,	 which	 are	 typically	 a	 mold	 such	 as
Aspergillus,	or	the	liver	and	spleen,	typically	Candida	spp.	The	most	likely	viral
infection	 during	 this	 period	 is	 herpes	 simplex	 virus.	 Fever	 of	 unknown	 origin
also	 occurs	 commonly	 during	 the	 neutropenic	 period.	 Prophylactic	 systemic
antibiotics	 are	 conventionally	 administered	 to	 reduce	 the	 risk	 of	 bacteremia
during	 the	 neutropenic	 period.67,68	 Administration	 of	 growth	 factors,	 such	 as
granulocyte	colony-stimulating	factor,	shortens	the	duration	of	neutropenia,	but
there	is	little	evidence	for	improvement	of	outcomes	after	allogeneic	HCT.

Following	Engraftment	Period
The	 period	 following	 engraftment	 (30-100	 days	 post	 transplant)	 of	 allogeneic
HSC	 is	 characterized	 by	 skin	 and	mucosal	 damage	 and	 compromised	 cellular
immunity	 related	 to	 GVHD	 and	 its	 treatment.	 Viral	 (CMV)	 and	 fungal
(Aspergillus,	Pneumocystis	 jirovecii)	 infections	predominate	during	 this	period.
Gram-negative	 bacteremia	 related	 to	 GVHD-associated	 mucosal	 damage	 and
gram-positive	 infection	due	 to	 indwelling	catheters	remain	a	risk.	Other	causes
of	 fever	 of	 unknown	 origin	 after	 engraftment	 include	 occult	 sinusitis,
hepatosplenic	candidiasis,	and	pulmonary	or	disseminated	Aspergillus	infection.

Late	Phase
The	 late	 phase	 (greater	 than	100	days	post	 transplant)	 after	 allogeneic	HCT	 is
characterized	 by	 a	 persistently	 impaired	 cellular	 immunity	 in	 patients	 with
chronic	GVHD.	Patients	with	chronic	GVHD	are	highly	susceptible	to	recurrent
bacterial	 infections,	 especially	 from	 encapsulated	 bacteria,	 including
Streptococcus	pneumonia,	Haemophilus	 influenzae,	 and	Neisseria	meningitides
(functional	 asplenia).	 Patients	 with	 active	 chronic	 GVHD	 should	 receive
prophylaxis	 for	 P.	 jirovecii	 pneumonia	 (PJP)	 with	 trimethoprim-
sulfamethoxazole	 and	 for	 encapsulated	 organisms	 with	 daily	 trimethoprim-
sulfamethoxazole,	 penicillin,	 or	 azithromycin.	 Bronchopulmonary	 infections,
septicemia,	 and	 ear,	 nose,	 and	 throat	 infections	 occur.	 Common	 nonbacterial
infections	at	this	time	include	varicella	zoster,	CMV,	P.	jiroveci,	and	Aspergillus.

Evaluation	and	Treatment
Signs	 and	 symptoms	 of	 infection	may	 be	 diminished	 among	 patients	who	 are



neutropenic	or	receiving	immunosuppressive	drugs.	Thus,	preemptive	antibiotic
therapy	 should	 be	 instituted	 promptly	 for	 any	 fever	 during	 the	 neutropenic
period	because	infections	can	progress	rapidly	to	a	fatal	outcome.69,70	The	febrile
patient	should	be	examined	thoroughly	for	source	of	infection,	including	the	oral
cavity,	perianal	tissue,	and	skin	surrounding	the	central	venous	catheter.	Cultures
should	 be	 obtained	 of	 blood,	 urine,	 and	 stool	 if	 diarrhea	 is	 present;	 and	 chest
radiograph	 should	 be	 performed.	 Antibiotic	 therapy	 should	 provide	 empiric
coverage	for	 the	most	common	organisms,	gram-positive	bacteria	 that	colonize
the	 skin	 and	 oral	 cavity,	 as	well	 as	 the	 less	 common	 but	more	 virulent	 gram-
negative	bacteria	that	arise	from	the	GI	tract.	Broad-spectrum	antibiotic	therapy
should	be	continued	through	the	duration	of	neutropenia,	even	if	fever	resolves.
If	 fever	 persists,	 the	 antibiotic	 regimen	 should	 be	 broadened	 after	 4	 days	 to
provide	empiric	treatment	of	fungi.	C.	difficile	infection	should	be	considered	for
patients	 with	 diarrhea	 and	 can	 be	 treated	 with	 oral	 metronidazole	 or	 oral
vancomycin.	Critically	 ill	 septic	patients	 should	be	managed	per	 ICU	standard
procedures,	 including	 close	 monitoring	 for	 organ	 dysfunction	 and	 treatments
directed	 toward	 supporting	 volume	 status	 and	 blood	 pressure.70	 Consultation
with	 the	 Infectious	 Disease	 service	 is	 strongly	 recommended	 for	 critically	 ill
patients	 or	 those	 with	 persistent	 signs	 of	 infection	 despite	 broad-spectrum
antibiotic	therapy.

Evaluation	 of	 persistent	 fevers	 after	 granulocyte	 recovery	 should	 consider
occult	sources	of	bacterial	infection,	such	as	sinuses,	perirectal	tissue,	or	central
venous	lines,	as	well	as	viral	or	fungal	etiologies.	Removal	of	the	central	venous
catheter	is	occasionally	required.	Viral	infections	must	be	considered	in	patients
with	GI	symptoms	and	may	involve	the	esophagus,	upper	and	lower	intestines,
or	 liver.	 The	 diagnosis	 is	 established	 by	 biopsy	 or	 brushings	 taken	 from	 the
center	of	 the	 lesions	so	as	 to	 include	infected	endothelial	cells	and	submucosal
tissue.

Infectious	 causes	 of	 pulmonary	 infiltrates	 must	 be	 differentiated	 from
noninfectious	causes	to	ensure	prompt	institution	of	appropriate	therapy.71	BAL
should	be	performed	without	delay	to	establish	the	etiology	of	diffuse	infiltrates,
unless	clearly	related	to	pulmonary	edema.6,72	BAL	specimens	should	be	assayed
for	 the	 presence	 of	 common	 nosocomial	 bacteria	 as	 well	 as	 Legionella,
mycobacteria,	 and	 Nocardia;	 P.	 jirovecii;	 fungi	 other	 than	 PJP;	 respiratory
viruses;	 and	herpes	group	viruses	by	 cultures	 and	 immunocytochemical	 stains.
Focal	pulmonary	infiltrates	that	occur	after	HCT	are	most	frequently	caused	by
infection,	 particularly	 fungal	 infection.	 Evaluation	 of	 a	 focal	 infiltrate	 should
include	a	CT	scan	to	delineate	the	number	and	extent	of	infiltrates.	BAL	should
be	 performed	 as	 a	 first	 step	 because	 the	 procedure	 is	 minimally	 invasive	 and



historically	 has	 produced	 a	 diagnosis	 in	 50%	 of	 patients	 with	 fungal	 lesions
using	standard	diagnostic	approaches,	although	the	predictive	value	of	negative
results	was	 poor.6	 The	 increasing	 use	 of	more	 sensitive	 diagnostic	 approaches
like	galactomannan	antigen	testing	or	molecular	methods	to	detect	fungi	or	viral
pathogens	continues	to	improve	the	yield	of	BAL.73	Transbronchial	biopsy	is	not
recommended	 because	 it	 has	 not	 been	 shown	 to	 improve	 sensitivity	 in	 these
situations,	 and	 often	 thrombocytopenia	 precludes	 the	 ability	 to	 perform	 the
procedure	safely.	Percutaneous	 fine-needle	aspiration	 is	 indicated	 for	diagnosis
of	peripheral	infiltrates	that	cannot	be	evaluated	by	BAL.	Fine-needle	aspiration
has	a	sensitivity	of	approximately	67%	for	diagnosis	of	 fungal	 infection,	but	 it
has	 a	 poor	 negative	 predictive	 value.	 If	 the	 diagnosis	 is	 not	 ascertained	 after
BAL	 or	 fine-needle	 aspiration,	 a	 biopsy	 is	 required.74	 Specimens	 should	 be
evaluated	histologically	and	undergo	 testing	 for	bacteria,	 fungi,	 and	viruses	by
appropriate	 cultures	 and	 immunocytochemical	 stains	 as	 noted	 previously.
Surgical	resection	of	a	solitary	fungal	lesion	may	improve	the	chances	for	cure.

Opportunistic	Infections

Pneumocystis	jirovecii	Pneumonia
Inadequate	 cell-mediated	 immunity	 poses	 a	 risk	 for	 development	 of	 PJP
infection	 after	 HCT.75	 Recommendations	 for	 prevention	 of	 PJP	 are	 found	 in
Table	63.1.67

Fungal	Infections
Factors	that	predispose	to	invasive	yeast	infections	include	neutropenia,	mucosal
barrier	 disruption,	 and	broad-spectrum	antibiotics	 that	 promote	 colonization	of
the	GI	mucosa.	Candida	infections	generally	occur	within	the	first	3	weeks	after
HCT,	coinciding	with	the	period	of	neutropenia,	although	a	second	period	of	risk
occurs	 during	 treatment	 for	 chronic	GVHD.	 Invasive	 candidiasis	may	 involve
the	 liver	 and	 spleen,	with	 potential	 for	 dissemination	 to	 kidneys	 or	 rarely,	 the
CNS.76	The	diagnosis	of	invasive	candidiasis	is	difficult	because	blood	cultures
are	 negative	 in	 approximately	 one-half	 of	 the	 cases	 with	 organ	 involvement.
Recommendations	 for	 prevention	 of	 candidiasis	 are	 found	 in	 Table	 63.1.67,77
Echinocandins	 (eg,	 micafungin,	 anidulafungin,	 caspofungin)	 should	 be
considered	 as	 first-line	 choices	 for	 invasive	 candidal	 infection	 before	 species
identification.	 Liposomal	 amphotericin	 has	 similar	 efficacy	 but	 less	 favorable
safety	 profile.	 After	 species	 identification,	 treatment	 should	 be	 based	 on



susceptibility	 testing	 results,	which	may	 indicate	 a	 switch	 to	 an	 azole,	 such	 as
fluconazole	or	voriconazole.	Removal	of	 the	central	venous	catheter	 should	be
considered	when	Candida	sp.	is	isolated	from	blood	cultures.	Echocardiography
should	be	considered	to	evaluate	for	fungal	vegetations	on	heart	valves.

Although	the	era	of	improved	fungal	prophylaxis	has	reduced	the	incidence	of
invasive	 mold	 infections	 after	 HCT	 to	 <5%	 among	 affected	 patients,	 the
mortality	remains	high.7	The	incidence	of	Aspergillus	infections	is	highest	within
the	first	month	after	HCT,	and	there	 is	a	second	peak	incidence	during	chronic
GVHD.	 Aspergillus	 infections	 have	 been	 difficult	 to	 diagnose	 by	 standard
methods,	and	more	than	20%	of	the	cases	have	been	diagnosed	only	at	autopsy.
Cultures	of	BAL	fluid	are	negative	in	50%	of	pulmonary	disease;	therefore,	the
diagnosis	 frequently	 requires	 a	 biopsy	 of	 affected	 tissues.	 The	 Aspergillus
galactomannan	 enzyme	 immunoassay	 detects	 a	 polysaccharide	 secreted	 from
Aspergillus	hyphae	and	 is	a	useful	 screening	 tool,	with	a	 sensitivity	of	50%	to
65%	 and	 specificity	 of	 95%.78	 High-risk	 patients,	 such	 as	 those	 with	 severe
GVHD	treated	with	high-dose	corticosteroids,	should	be	given	prophylaxis	with
agents	 like	 voriconazole	 or	 posaconazole,	which	 is	 active	 against	 aspergillosis
and	certain	other	molds.	Because	invasive	aspergillosis	is	associated	with	a	high
mortality	 rate,	 documented	 or	 suspected	 infections	 should	 be	 treated
aggressively	with	voriconazole,	isavuconazole,	or	lipid-complexed	amphotericin
products.77	 Surgical	 removal	 of	 infected	 tissue	 should	 be	 restricted	 to	 cases	 of
circumscribed	disease.79	Other	invasive	mold	infections,	such	as	mucormycosis,
cause	serious	infections	and	may	be	difficult	to	diagnosis.	Management	includes
treatment	 with	 liposomal	 amphotericin	 or	 posaconazole	 as	 well	 as	 surgical
debridement	when	feasible.77

Viral	Infections

Cytomegalovirus
Protection	 from	 exposure	 by	 use	 of	 seronegative	 or	 leukocyte-reduced	 blood
components	 has	 reduced	 the	 incidence	 of	 CMV	 infection	 among	 seronegative
patients,	 whereas	 ganciclovir	 has	 been	 shown	 to	 be	 an	 effective	 agent	 for
prevention	 of	 CMV	 disease	 in	 seropositive	 patients	 (see	 Table	 63.1).	 Two
approaches	have	proven	successful	 for	 reducing	 the	 incidence	of	CMV	disease
post	HCT:	 (1)	 ganciclovir	 prophylaxis	 initiated	 after	 engraftment,	with	 careful
monitoring	of	the	patient	for	marrow	suppression,	or	(2)	weekly	monitoring	for
CMV	 reactivation	 with	 serum	 PCR	 assays,	 followed	 by	 prompt	 institution	 of
ganciclovir	 when	 the	 CMV	 copy	 number	 reaches	 a	 positive	 threshold.8,80



Generally,	surveillance	CMV	PCR	testing	 is	performed	weekly	from	transplant
day	0	 through	day	100;	 however,	monitoring	generally	 is	 continued	 for	CMV-
positive	patients	on	high-dose	corticosteroids.

Although	 prophylaxis	 greatly	 reduces	 the	 risk	 for	 CMV	 disease,	 severe
pneumonitis,	gastroenteritis,	hepatitis,	or	bone	marrow	failure	continue	to	occur
in	a	small	proportion	of	patients.8,80	The	diagnosis	of	CMV	pneumonitis	can	be
established	 in	most	 patients	 by	 PCR	 assay	 or	 rapid	 shell	 vial	 culture	 of	 BAL
fluid.	CMV	 enteritis	 is	 often	 indistinguishable	 from	GVHD	 clinically,	 and	 the
diagnosis	relies	on	endoscopic	evaluation.	CMV	enteritis	appears	as	ulcerations
of	 the	esophagus,	 stomach,	or	 intestines.	Viral	cultures	and	histologic	stains	of
the	 affected	 tissue	 are	 used	 to	 establish	 the	 diagnosis.	 Treatment	 of	 CMV
infection	includes	ganciclovir	(foscarnet	or	cidofovir	are	acceptable	alternatives)
in	 combination	 with	 immune	 globulin.8	 Foscarnet	 can	 be	 used	 in	 place	 of
ganciclovir	if	significant	marrow	toxicity	occurs	or	drug	resistance	is	identified.

Herpes	Simplex	Virus
Herpes	simplex	virus	(HSV)	is	the	most	common	cause	of	infectious	mucositis
after	HCT	and	may	cause	 life-threatening	encephalitis,	hepatitis,	or	pneumonia
in	 immunocompromised	 patients.	 HSV	 pneumonitis	 or	 hepatitis	 is	 associated
with	high	mortality	rates;	although	less	serious,	HSV	mucositis	produces	severe
local	 pain	 and	 swelling.	 Acyclovir	 prophylaxis	 has	 been	 shown	 to	 be	 very
effective	 for	 prevention	 of	 HSV	 reactivation	 in	 seropositive	 patients	 and	 for
treatment	of	established	disease81	(see	Table	63.1).	Patients	who	do	not	respond
after	1	week	of	acyclovir	should	be	tested	for	resistant	HSV	and	early	switch	to
an	alternative	antiviral	should	be	considered.82

Varicella	Zoster	Virus
Varicella	 zoster	 virus	 (VZV)	 causes	 life-threatening	 disease	 in
immunocompromised	 patients	 as	 a	 primary	 infection	 or	 reactivation	 of
endogenous	virus.	Exposed	 seronegative	patients	 should	 receive	VZV	 immune
globulin	within	96	hours	if	available,	and	acyclovir	should	be	administered	from
days	 3	 to	 22	 after	 exposure.83	 Among	 seropositive	 patients,	 VZV	 reactivation
occurs	 in	up	 to	50%,	with	 the	highest	 incidence	around	5	months	after	HCT.84
Prophylaxis	with	acyclovir	is	recommended	for	seropositive	patients	until	1	year
after	HCT	or	until	complete	discontinuation	of	 immunosuppressive	 therapy	 for
chronic	 GVHD	 immunity85	 (see	Table	 63.1).	 VZV	 infection	 typically	 causes
local	skin	involvement,	but	it	can	disseminate	in	immunocompromised	patients,
resulting	 in	 pneumonitis,	 esophagitis,	 pancreatitis,	 hepatitis,	 or	 encephalitis.



VZV	hepatitis	may	present	as	a	syndrome	of	fever,	severe	abdominal	pain,	and
elevated	 aminotransferase	 levels,	 and	 because	 it	 is	 associated	 with	 a	 high
mortality	rate,	 it	should	be	 treated	presumptively	with	high-dose	acyclovir.	For
localized	infection,	a	short	course	of	intravenous	acyclovir	for	24	to	48	hours	can
be	followed	by	oral	valacyclovir	for	the	duration	of	therapy.

Respiratory	Viruses
Respiratory	viruses	may	spread	quickly	within	HCT	patient	populations,	causing
epidemics	 of	 life-threatening	 infection.	 Respiratory	 syncytial	 virus	 (RSV),
influenza,	 and	 parainfluenza	 are	 the	 most	 frequently	 encountered	 respiratory
viruses	in	these	situations,	however	a	broad	spectrum	of	respiratory	viruses	can
produce	 serious	 bronchiolitis	 or	 pneumonitis	 requiring	 ICU	 support.86,87
Symptoms	 of	 upper	 respiratory	 infection	 should	 prompt	 cultures	 of
nasopharyngeal	 secretions,	 careful	 monitoring	 for	 progression	 of	 disease,	 and
isolation	 to	 prevent	 spread	 to	 other	 patients.	 Patients	 in	 the	 period	 before
engraftment	 are	 at	 greatest	 risk	 for	 progression	 to	 lower-tract	 disease.	 Once
lower-tract	disease	occurs,	however,	mortality	is	high	regardless	of	engraftment
status.	 If	 lower-tract	 disease	 is	 suspected,	BAL	 should	 be	 performed	 to	 obtain
samples	for	viral	fluorescence	antibody	and	PCR	tests	and	viral	cultures.

Recipients	of	allogeneic	HCT	may	be	particularly	susceptible	 to	COVID-19
(coronavirus	 disease	 2019)	 infections.	 Current	 recommendations	 for
management	 of	 patients	 have	 mainly	 focused	 on	 pretransplant	 screening	 and
vaccination,	and	treatment	strategies	such	as	remdesivir	are	based	on	studies	in
the	general	population.88,89

Adenovirus
Adenovirus	and	polyoma	BK	virus	are	common	causes	of	hemorrhagic	cystitis
after	 HCT.90	 When	 disseminated,	 adenovirus	 can	 cause	 hemorrhagic
enterocolitis,	 interstitial	 pneumonitis,	 myocarditis,	 nephritis,
meningoencephalitis,	 or	 severe	 hepatitis.	 Adenoviral	 infections	 occur	 more
commonly	 in	 children	 and	 after	 allogeneic	 grafts.	 Patients	 with	 poor	 T-cell
function,	such	as	recipients	of	T-cell-depleted	grafts	or	those	receiving	intensive
immune-suppressing	 therapies,	 are	 at	 greatest	 risk	 for	 disseminated	 infection.
Disseminated	 infections	are	often	difficult	 to	detect	by	viral	cultures,	and	PCR
assays	 may	 be	 more	 useful.	 The	 most	 promising	 treatment	 results	 have	 been
reported	 after	 administration	 of	 cidofovir,	 although	 renal	 insufficiency	 is	 a
potential	side	effect.91	Polyoma	BK	virus	should	be	considered	in	the	differential
diagnosis	of	renal	insufficiency	in	patients	on	chronic	immune	suppression	and



can	be	diagnosed	by	renal	biopsy.

Epstein-Barr	Virus
Epstein-Barr	virus	(EBV)	seropositive	immunocompromised	patients	are	at	risk
for	 development	 of	 life-threatening	 lymphoproliferative	 disease	 (LPD)	 after
HCT.	 The	 risk	 for	 EBV-LPD	 is	 highest	 among	 patients	 who	 receive	 T-cell-
depleted	grafts	or	who	are	given	intensive	immune	suppression	for	treatment	of
GVHD.	The	diagnosis	is	made	by	biopsy	of	enlarged	nodes	or	affected	tissue.	A
presumptive	 diagnosis	 can	 be	 made	 in	 high-risk	 patients	 who	 have	 clinical
symptoms	 and	 elevated	 plasma	 or	 cellular	 EBV	 DNA	 copy	 number.	 The
mainstay	of	therapy	is	reduction	or	elimination	of	immunosuppressive	therapy	to
allow	reconstitution	of	EBV-specific	T-cell	immunity.92,93	However,	it	may	not	be
feasible	to	eliminate	immunosuppression	therapy	without	risking	a	flare	of	life-
threatening	 GVHD.	 Some	 studies	 have	 shown	 encouraging	 results	 with	 mAb
directed	 against	 CD20,	 which	 targets	 EBV-infected	 B	 cells.	 EBV-LPD	 that
develops	 in	 recipients	of	T-cell-depleted	grafts	may	be	ameliorated	by	 infusion
of	donor	T	lymphocytes.

Graft	Rejection
Graft	rejection	presents	as	failure	to	recover	hematopoiesis	after	transplantation,
termed	primary	graft	failure,	or	as	the	loss	of	an	established	donor	graft,	termed
secondary	graft	failure.	Persistence	of	neutropenia	(an	absolute	neutrophil	count
of	 less	 than	100	cells	per	µL)	after	day	26	 is	associated	with	 increased	 risk	of
early	 mortality.	 Although	 the	 molecular	 and	 cellular	 mechanisms	 are	 not
completely	understood,	graft	 rejection	appears	 to	be	mediated	preferentially	by
recipient	 T	 cells.	 Natural	 killer	 cells	 and	 host	 alloantibodies	 also	 have	 been
implicated	in	graft	rejection.	Graft	rejection	is	more	common	after	RIC	or	after
transplant	 of	 T-cell-depleted	 grafts,	 UCB	 grafts,	 and	 grafts	 containing
insufficient	numbers	of	HSC.

Quantitation	 of	 donor	 engraftment	 (donor	 chimerism),	 using	 PCR-based
techniques	 to	detect	donor-specific	variable	nucleotide	 tandem	repeats	(VNTR)
sequences,	may	help	to	determine	whether	the	graft	has	been	rejected,	in	which
case	the	peripheral	blood	T	cells	will	be	primarily	of	host	origin,	or	whether	the
donor	graft	is	not	functioning,	in	which	case	the	cells	will	be	of	donor	origin.	In
the	latter	case,	other	causes	of	graft	suppression	should	be	considered,	including
relapse,	 drugs	 such	 as	 ganciclovir,	 trimethoprim-sulfamethoxazole,	 or
mycophenolate	mofetil,	or	viral	infections	such	as	CMV,	human	herpes	virus	6,



or	parvovirus	B19.	In	either	case,	graft	failure	after	myeloablative	conditioning
is	 a	 life-threatening	 complication	 because	 autologous	 reconstitution	 is
uncommon	and	death	occurs	from	hemorrhage	or	infection.	A	range	of	cellular
therapies	have	been	used	to	overcome	rejection	ranging	from	donor	lymphocyte
infusions	 in	 the	 case	 of	 declining	 donor	 T-cell	 chimerism,	 possibly	 combined
with	 immunosuppressive	 therapy.	 In	 fulminant	 rejection,	 retransplantation	 is
necessary,	using	the	same	or	another	donor	with	a	high	graft	cell	dose.

Graft-vs-Host	Disease
2 	 The	most	 significant	 immunological	 barrier	 to	 successful	 allogeneic	HCT	 is
the	 graft-vs-host	 reaction	 that	 can	 result	 in	 life-threatening	 inflammation	 and
tissue	destruction.	Donor	T	cells	 that	 recognize	disparate	 recipient	alloantigens
are	 the	central	mediators	of	GVHD.	The	most	 important	alloantigens	are	 those
encoded	by	 the	major	histocompatibility	complex,	or	HLA	system.	Despite	 the
significance	of	GVHD	as	a	complication	of	HCT,	patients	who	develop	GVHD
have	 lower	 relapse	 rates	 than	 do	 patients	 without	 GVHD,	 which	 can	 be
explained	 by	 an	 immunologically	 mediated	 graft-vs-tumor	 effect	 that	 helps
eradicate	the	underlying	malignancy.

Acute	GVHD
The	incidence	and	severity	of	acute	GVHD	(AGVHD)	are	determined	primarily
by	 the	 degree	 of	 HLA	 disparity	 and	 influenced	 by	 the	 nature	 of	 GVHD
prophylaxis.	 Severe	 AGVHD	 (grades	 III-IV)	 develops	 in	 15%	 of	 recipients
transplanted	 from	HLA-identical	 sibling	 donors	 and	 in	 a	 greater	 proportion	 of
those	given	unrelated	or	mismatched	grafts.	AGVHD	typically	begins	abruptly
at	2	 to	4	weeks	after	myeloablative	HCT	and	generally	occurs	before	day	100,
but	 the	 onset	 may	 be	 delayed	 after	 nonmyeloablative	 HCT.	 The
clinicopathologic	 syndrome	 is	 consistent	 with	 various	 combinations	 of
inflammatory	 dermatitis,	 enteritis,	 and	 hepatitis,	 which	 reflect	 the
pathophysiology	 of	T-cell	 activation	with	 generation	 of	 cytotoxic	 lymphocytes
and	 elaboration	 of	 inflammatory	 cytokines	 that	 cause	 tissue	 damage.94	 The
severity	of	AGVHD	in	the	three	main	target	organs	(skin,	liver,	and	GI	tract)	is
staged	 1	 through	 4	 on	 the	 basis	 of	 accepted	 criteria	 that	 primarily	 include	 the
extent	of	rash,	magnitude	of	hyperbilirubinemia,	and	volume	of	diarrhea.	While
there	 are	 several	 grading	 systems,	 each	 takes	 into	 consideration	 the	 various
combinations	of	skin,	liver,	and	GI	involvement	used	to	assign	an	overall	grade
of	 AGVHD:	 grade	 I	 being	 mild	 and	 grade	 IV	 being	 life-threatening	 (Table



63.2).95,96	When	cellular	injury	is	severe,	AGVHD	of	the	skin	may	manifest	with
bulla	formation	and	skin	ulceration.	In	the	GI	tract,	symptoms	range	from	mild
anorexia,	 to	 nausea	 and	 vomiting,	 or	 to	 severe	 bloody	 diarrhea	with	 cramping
periumbilical	pain.

TABLE	63.2

Classification	of	Acute	GVHD

Acute	GVHD	Organ	Staging

Organ Stage Scores Description

Skin 1 <25%	body	surface	area	with	maculopapular
rash

2 25%-50%	body	surface	area	with
maculopapular	rash

3 >50%	body	surface	area	with	maculopapular
rash	or	erythroderma

4 Generalized	erythroderma	with	bullae

Liver 1 Bilirubin	2.0-3.0	mg/dL

2 Bilirubin	3.0-5.9	mg/dL

3 Bilirubin	6.0-14.9	mg/dL

4 Bilirubin	rise	to	>15	mg/dL

GI
tract

Stage	is	assigned	according	to	a	total	GI	score
based	on	volume	of	diarrhea,	presence	of
bloody	stool,	and	abdominal	pain	or	cramping

1 Total	GI	score	of	1

2 Total	GI	score	of	2

3 Total	GI	score	of	3-4



4 Total	GI	score	of	5-7

GI
scoring

Diarrhea	volume	averaged	over	3	d

Adult	(mL/d),	childa	(mL/kg/d)

+1 	>500-999,	>10-20

+2 1000-1499,	>20-30

+3 >1500,	>30

+2 Score	additional	2	points	for	presence	of
abdominal	pain	or	cramping

+2 Score	additional	2	points	for	presence	of	bloody
stools

Acute	GVHD
Overall	Grade

Skin
Stage

Liver	Stage GI	Stage

I 1-2 0 0

II 3	or 1	or 1

III 2-3 2-3

IV 4	or 4	or 4

GI,	gastrointestinal;	GVHD,	graft-vs-host	disease.
Adapted	from	Martin	PJ,	Nelson	BJ,	Applebaum	FR,	et	al.	Evaluation	of	a	CD5-specific
immunotoxin	for	treatment	of	acute	graft-versus-host	disease	after	allogeneic	marrow
transplantation.	Blood.	1996;88(3):962-969,	with	permission.
aChildren	<17	years	of	age	who	are	<1.73	m2.

Chronic	GVHD
Chronic	GVHD	 (CGVHD)	occurs	 in	 approximately	30%	 to	60%	of	 transplant
recipients,	more	often	when	the	donor	is	not	an	HLA-identical	sibling	and	when
there	 is	 a	 history	 of	 acute	 GVHD.97	 There	 is	 a	 higher	 risk	 for	 developing
CGVHD	 with	 growth	 factor–mobilized	 PBSC	 grafts	 compared	 with	 marrow
grafts.	CGVHD	is	also	more	likely	when	the	recipient	or	donor	is	older	or	CMV
seropositive,	or	in	a	male	patient	who	receives	HSC	from	a	multiparous	female



donor.	 Risk	 factors	 for	mortality	 at	 the	 time	 of	 diagnosis	 of	 CGVHD	 include
platelet	counts	 less	 than	100	×	109	per	L,	greater	 than	0.5	mg/kg/d	prednisone,
serum	total	bilirubin	greater	than	34	µmol/L,	older	recipient,	prior	acute	GVHD,
older	donor,	and	graft-vs-host	HLA	mismatching.

CGVHD	is	defined	without	reference	to	time	after	HCT,	but	by	the	presence
of	 hallmark	 CGVHD	 features,	 which	 resemble	 autoimmune	 diseases	 such	 as
systemic	 sclerosis,	 Sjögren	 syndrome,	 primary	 biliary	 cirrhosis,	 wasting
syndrome,	 bronchiolitis	 obliterans,	 immune	 cytopenias,	 and	 chronic
immunodeficiency	 (Table	 63.3).98,99	 The	 overall	 severity	 of	 CGVHD	 is
determined	by	a	0-	to	3-point	score	(none,	mild,	moderate,	severe)	that	reflects
the	clinical	effect	of	CGVHD	on	the	patient’s	functional	status	in	any	number	of
different	 organs.100	 CGVHD	 frequently	 involves	 the	 skin,	 liver,	 eyes,	 mouth,
upper	 respiratory	 tract,	 lungs,	and	esophagus.	Less	 frequently,	serosal	surfaces,
lower	 GI	 tract,	 female	 genitalia,	 or	 fascia	 are	 involved.	 Major	 causes	 of
morbidity	 include	 scleroderma,	 contractures,	 ulceration,	 keratoconjunctivitis,
strictures,	obstructive	pulmonary	disease,	and	weight	loss.	Uncontrolled	chronic
GVHD	 interferes	 with	 immune	 reconstitution	 and	 is	 strongly	 associated	 with
increased	risks	of	opportunistic	infections	and	death.

TABLE	63.3

Classification	of	Symptoms	and	Signs	of	Chronic	GVHD

Organ	or
Site Diagnostic Distinctivea Commonb

Skin Poikiloderma Depigmentation Erythema

Lichen	planus–like
features

Maculopapular
rash

Sclerotic	features Pruritis

Morphealike
features

Lichen	sclerosis–
like	features



Nails Dystrophy

Longitudinal
ridging,	splitting,	or
brittle	features

Onycholysis

Pterygium	unguis

Nail	lossc

Scalp	and
body	hair

New	onset	of	scalp
alopecia

Scaling,
papulosquamous
lesions

Mouth Lichen	planus–like
features

Xerostomia Gingivitis

Hyperkeratotic
plaques
Restriction	of	mouth
opening

Mucocele Mucositis

Mucosal	atrophy Erythema

Pseudomembranesc Pain

Ulcersc

Eyes New	onset	dry,
gritty,	or	painfuld

Cicatricial
conjunctivitis

Keratoconjunctivitis
siccad

Confluent	punctate
keratopathy

Genitalia Lichen	planus–like
features
Vaginal	scarring	or

Erosionsc

Fissuresc



stenosis

Ulcersc

GI	tract Esophageal	web Anorexia,
nausea
vomiting,
diarrhea

Esophageal
strictures	or	stenosis
in	upper	to	mid-
thirdc

Failure	to
thrive

Liver Bilirubin
>2	×	ULN

Alk	Phosp
>2	×	ULN

AST/ALT
>2	×	ULN

Lung Bronchiolitis
obliterans	based	on
lung	biopsy

Bronchiolitis
obliterans	based	on
PFTs	+	radiologyd

COP

Muscles,
fascia,	joints

Fasciitis Myositis	or
polymyositis

Joint	stiffness	or
contractures
secondary	to
sclerosis

Features	Acknowledged	as	Part	of	Chronic	GVHD	Symptomatology	if	the
Diagnosis	is	Already	Confirmed

Skin Sweat	impairment,	ichthyosis,	keratosis	pilaris,
hypopigmentation,	hyperpigmentation

Hair Thinning	scalp	hair,	typically	patchy,	coarse,	dull	not



explained	by	endocrine	or	other	causes,	premature	gray	hair

Eyes Photophobia,	periorbital	hyperpigmentation,	blepharitis

GI	tract Exocrine	pancreatic	insufficiency

Muscles/joints Edema,	muscle	cramps,	arthralgia,	or	arthritis

Hematology Thrombocytopenia,	eosinophilia,	lymphopenia

Immune Lymphopenia,	hypo-	or	hypergammaglobulinemia,
autoantibodies	(AIHA,	ITP)

Other Pericardial/pleural	effusions,	ascites,	peripheral	neuropathy,
nephrotic	syndrome,	myasthenia	gravis,	cardiac	conduction
abnormality,	or	cardiomyopathy

AIHA,	autoimmune	hemolytic	anemia;	ALT,	alanine	aminotransferase;	AST,	aspartate
aminotransferase;	COP,	cryptogenic	organizing	pneumonia;	GI,	gastrointestinal;	GVHD,	graft-vs-
host	disease;	ITP,	idiopathic	(immune)	thrombocytopenic	purpura;	PFTs,	pulmonary	function	tests;
ULN,	upper	limit	of	normal	range	for	age.
Modified	from	Filipovich	AH,	Weisdorf	D,	Pavletic	S,	et	al.	National	Institutes	of	Health	consensus
development	project	on	criteria	for	clinical	trials	in	chronic	graft-versus-host	disease:	I.	Diagnosis
and	Staging	Working	Group	report.	Biol	Blood	Marrow	Transplant.	2005;11(12):945-956,	with
permission.
aSeen	in	chronic	GVHD,	but	are	insufficient	alone	to	establish	the	diagnosis.
bSeen	in	both	acute	and	chronic	GVHD	alone	to	establish	a	diagnosis	of	chronic	GVHD.
cIn	all	cases	must	exclude	infection,	drug	effects,	malignancy,	or	other	causes.
dDiagnosis	of	chronic	GVHD	requires	biopsy	or	radiology	confirmation	(or	Schirmer	test	for	eyes).

Confirming	the	Diagnosis	of	GVHD
Unlike	CGVHD,	 the	 clinical	 signs	 of	AGVHD	 are	 not	 considered	 sufficiently
pathognomonic	to	establish	the	diagnosis,	especially	when	there	is	isolated	organ
involvement.	 However,	 the	 combination	 of	 rash,	 nausea,	 and	 voluminous
diarrhea,	occurring	at	 the	 time	of,	or	early	after,	neutrophil	engraftment	makes
the	 diagnosis	 very	 likely.	 The	 differential	 diagnosis	 involves	 ruling	 out	 other
causes	of	rash,	diarrhea,	or	liver	toxicity	as	listed	in	Table	63.4.	Tissue	biopsies
of	the	skin,	liver,	or	stomach	are	recommended	to	confirm	a	histologic	diagnosis
of	AGVHD	and,	most	importantly,	to	exclude	opportunistic	infection;	however,
the	interpretation	of	biopsies	performed	within	3	weeks	of	myeloablative	therapy



may	be	problematic	because	it	is	difficult	to	separate	cellular	injury	induced	by
chemoradiotherapy	from	AGVHD.	The	gastric	antral	mucosa	provides	the	most
sensitive	site	 for	evaluation	of	 intestinal	AGVHD	and	 is	preferred	 to	duodenal
biopsy	 because	 there	 is	 less	 risk	 for	 bleeding	 complications.	 The	 histologic
hallmark	of	AGVHD-induced	cellular	injury	is	apoptosis,	observed	in	epidermal
basal	 keratinocytes,	 bile	 duct,	 or	 intestinal	 crypt	 epithelial	 cells,	 and	 is	 often
associated	with	infiltration	by	lymphocytes.99	Biopsy	is	unnecessary	to	confirm
the	 presence	 of	 CGVHD	 if	 at	 least	 one	 diagnostic	 feature	 is	 present,	 but
histologic	 confirmation	 or	 other	 pertinent	 testing	 is	 necessary	 when	 CGVHD
features	are	only	distinctive	or	suggestive	(see	Table	63.3).

TABLE	63.4

Differential	Diagnosis	of	AGVHD

AGVHD
Manifestation Differential	Diagnosis

Rash Drug	reaction
Allergic	reaction
Infection
Regimen-related	toxicity

Diarrhea Infection	(viral,	fungal)
Narcotic	bowel	syndrome	(opiate	withdrawal)

Abdominal	pain Acute	pancreatitis
Acute	cholecystitis	(biliary	sludge,	stones,
infection)
Narcotic	bowel	syndrome	(opiate	withdrawal)

Elevated	liver	enzymes Sinusoidal	obstruction	syndrome
Medication	toxicities	(eg,	cyclosporine)
Cholangitis	lenta	(sepsis)
Biliary	sludge	syndrome
Viral	infections	(CMV,	EBV,	hepatitis	B)
Hemolysis

AGVHD,	acute	graft-vs-host	disease;	CMV,	cytomegalovirus;	EBV,	Epstein-Barr	virus.



Prevention	of	GVHD
GVHD	 prevention	 strategies	 are	 almost	 always	 incorporated	 into	 the	 overall
treatment	plan,	and	these	include	optimizing	the	choice	of	allogeneic	donor	and
stem	cell	product	based	on	known	risk	factors	for	GVHD,	T-cell	depletion	of	the
donor	 HSC	 graft	 as	 discussed	 earlier,	 or,	 most	 commonly,	 posttransplant
immunosuppression.	 Ursodeoxycholic	 acid	 should	 be	 given	 to	 all	 patients
irrespective	 of	 the	 approach	 to	 GVHD	 prophylaxis	 because	 it	 improves	 liver
function	and	reduces	the	incidence	of	hepatic	GVHD.101

T-cell	depletion	of	the	hematopoietic	cell	product	or	in	vivo	serotherapy	with
antibodies	to	T	cells,	such	as	rabbit	anti-thymocyte	globulin	(rATG)	are	effective
methods	to	decrease	the	incidence	of	GVHD.9	In	the	absence	of	T-cell	depletion,
posttransplant	 immune	 suppression	 must	 be	 administered	 to	 control	 donor
alloreactive	 T	 cells.	 Most	 GVHD	 prophylaxis	 regimens	 include	 a	 CNI
(cyclosporine	or	 tacrolimus)	 in	combination	with	one	or	 two	additional	agents,
such	 as	 methotrexate,	 mycophenolate	 mofetil	 (MMF),	 or	 sirolimus.	 Another
approach	 is	 to	 administer	 cyclophosphamide	 on	 days	 3	 and	 4	 after	 HCT,
followed	 by	 prophylaxis	with	 a	CNI	 and	MMF.21	 Steady-state	 serum	CNI	 and
sirolimus	 levels	 require	 monitoring.	 Dose	 reductions	 should	 be	 made	 when
toxicities	 emerge	 or	 when	 serum	 trough	 levels	 exceed	 the	 upper	 limit	 of	 the
therapeutic	range.

Treatment	of	GVHD
Despite	GVHD	prophylaxis	regimens,	30%	to	80%	of	allogeneic	HCT	recipients
develop	acute	GVHD	and	require	additional	therapy	with	glucocorticoids.

Acute	GVHD
Glucocorticoids	have	been	the	mainstay	of	primary	therapy	for	AGVHD.	Initial
starting	 doses	 should	 be	 calibrated	 to	 the	 severity	 and	 extent	 of	 organ
involvement.9,102	For	the	one-third	of	patients	who	develop	GVHD	without	liver
involvement,	and	whose	GI	symptoms	are	defined	as	stage	1	(anorexia,	nausea,
or	vomiting	with	peak	stool	volume	less	than	1000	mL/d),	with	or	without	rash
involving	less	than	50%	of	the	body	surface,	treatment	may	reasonably	begin	at
1	mg/kg/d	methylprednisolone	 (or	 oral	 equivalent)	 combined	with	 topical	 and
minimally	absorbed	glucocorticoids	(beclomethasone	and/or	budesonide).	When
there	 is	 liver	 involvement,	or	when	 intestinal	 and	 skin	GVHD	are	greater	 than
defined	above,	methylprednisolone	is	typically	begun	at	a	dose	of	2	mg/kg/d	for
up	 to	 14	 days.	 Once	 the	 symptoms	 (rash,	 diarrhea,	 abdominal	 pain,	 and	 liver



dysfunction)	 are	 controlled,	 a	 glucocorticoid	 taper	 should	 be	 instituted.	 For
treatment	of	 symptoms	 that	 do	not	 respond	 to	 the	 initial	 treatment,	 there	 is	no
benefit	 for	 administration	 of	 doses	 greater	 than	 2	 mg/kg/d	 of
methylprednisolone.

Steroid-Refractory	GVHD
Glucocorticoids	often	 fail	 to	 control	AGVHD	manifestations	 such	 that	 40%	 to
60%	of	patients	have	steroid-refractory	(SR)	AGVHD.103	SR-AGVHD	has	been
defined	operationally	as	 the	progression	of	AGVHD	symptoms	beyond	3	days
after	starting	methylprednisolone.104	Persistence	of	AGVHD	beyond	7	to	14	days
should	also	be	considered	failure	of	response.	The	prognosis	of	AGVHD	can	be
related	to	its	overall	severity	(grade)	and	response	to	glucocorticoids.	Grade	III
and	 IV	 SR-AGVHD,	 especially	 with	 visceral	 involvement,	 requires	 urgent
initiation	of	effective	secondary	therapy.

The	Janus	kinase	 (JAK)	 inhibitor,	 ruxolitinib,	was	 recently	approved	by	 the
U.S.	 Food	 and	Drug	Administration	 (FDA)	 for	 treatment	 of	 steroid-refractory
acute	 GVHD.105,106	 Approval	 was	 based	 on	 results	 of	 a	 randomized	 trial	 that
compared	 outcome	 with	 ruxolitinib	 to	 that	 of	 best	 available	 therapy	 as
determined	by	the	investigator.	Compared	to	control	patients,	ruxolitinib	treated
patients	had	a	better	overall	response	(62%	vs	39%;	P	<	.001),	as	well	as	a	better
complete	 response,	 durable	 overall	 response,	 and	 failure	 free	 survival.105	 The
recommended	starting	dose	of	ruxolitinib	is	5	mg	twice	daily.

Unfortunately,	 if	 SR-AGVHD	 is	 unresponsive	 to	 ruxolitinib,	 there	 is	 no
generally	accepted	alternative	therapy.	Participation	in	a	clinical	trial	is	strongly
recommended.	 Absent	 the	 availability	 of	 a	 clinical	 trial,	 various	 secondary
GVHD	therapies	that	have	been	explored	are	listed	in	Table	63.5.9,107	Polyclonal
antithymocyte	globulins	(ATG)	or	monoclonal	antibodies	are	often	used	to	treat
life-threatening	visceral	manifestations	where	urgent	control	of	SR	acute	GVHD
is	necessary.	Unfortunately,	longer	term	survival	has	been	unusual	when	visceral
manifestations	 are	 severe	 because	 progressive	 organ	 dysfunction	 is	 often
irreversible	 and	 because	 second-line	 therapies	 constitute	 a	 “second	 hit”	 to	 an
immune	system	that	has	already	been	impaired	by	cumulative	exposure	to	high-
dose	prednisone.	In	this	regard,	high	daily	prednisone	doses	increase	the	risk	for
CMV	viremia	and	invasive	aspergillosis.

TABLE	63.5



Therapy	Options	for	Steroid-Refractory	Acute	Graft-vs-
Host	Disease

Therapy Comments

Systemic

Ruxolitinib Janus	kinase	(JAK)	inhibitor	blocks	immune-activation
signaling

Polyclonal

Antithymocyte
globulin	(ATGAMa,
Thymoglobulinb)

Delayed	use	appears	to	be	very	ineffective.	Skin
responds	best

Monoclonal

Anti-IL2
(daclizumab,c
basiliximabe)

Depletes	conventional	and	regulatory	T	cells

Anti-TNFα
(infliximabe)

Consider	early	for	refractory	lower	GI	tract

Anti-CD52
(alemtuzumabc)

Depletes	T	and	B	cells	(lower-risk	EBV	PTLD)

Fusion	proteins

Anti-IL2
(denileukin	diftitox)

Anti-T	cell	but	also	depletes	regulatory	T	cells

Anti-TNFα
(etanercept)

TNF	inhibitor

Macrolides	and	antimetabolites

Tacrolimus Inhibits	conventional	and	regulatory	T	cells

Sirolimus Inhibits	conventional	but	not	regulatory	T	cells

Mycophenolate Enteric-coated	formulation	may	minimize	toxicity	but



mofetil liquid	formulation	not	available

Pentostatin Universal	lymphopenia	and	late	infections	were	dose
limiting.	Best	responses	in	skin

Extracorporeal
photopheresis

Mechanism	includes	facilitation	of	regulatory	T	cells;
particularly	effective	in	skin,	infrequently	associated
with	opportunistic	infections

Mesenchymal	stem
cells

Mechanism	poorly	understood	but	thought	to	modulate
tissue	repair

Topical

Glucocorticoids

Budesonside Useful	as	steroid-sparing	agent	in	lower	GI	tract

Beclomethasoned Useful	as	steroid-sparing	agent	in	upper	GI	tract

PUVA Useful	for	skin-only	involvement

GI,	gastrointestinal;	EBV,	Epstein-Barr	virus;	PTLD,	posttransplant	lymphoproliferative	disease,
PUVA,	psoralen	and	ultraviolet	A.
Adapted	from	Carpenter	PA,	Macmillan	ML.	Management	of	acute	graft-versus-host	disease	in
children.	Pediatr	Clin	North	Am.	2010;57:273-295,	with	permission	from	Elsevier.
aEquine.
bRabbit.
cHumanized.
dNot	commercially	available.
eChimeric	murine-human.

Chronic	GVHD
In	 practice,	 systemic	 therapy	 is	 considered	when	 chronic	GVHD	 is	 present	 in
more	 than	 two	organs	or	when	 there	are	moderate	 to	severe	abnormalities	of	a
single	 organ	 with	 functional	 impairment	 (Table	 63.6).	 In	 contrast,	 systemic
therapy	is	generally	not	warranted	for	patients	with	mild	abnormalities	of	one	or
two	 organs	 that	 do	 not	 cause	 functional	 impairment.	 However,	 mild	 chronic
GVHD	does	warrant	systemic	therapy	when	either	thrombocytopenia	or	steroid
treatment	is	present	at	diagnosis.



TABLE	63.6

Indication	for	Systemic	Immunosuppression	at	Day	80

Global	Severity	of	Chronic
GVHD

High-Risk
Featuresa

Systemic
Therapy

None Yes Noneb

Mild	(<3	sitesc,	no	lung) No No

Mild Yes Yes

Moderated	(or	mild	lung)	or
severee

Yes	or	no Yes

GVHD,	graft-vs-host	disease.
aLess	than	100,000	platelets/µL,	progressive	onset	(on	prednisone).
bNeed	to	balance	risks	and	benefits	of	graft-vs-tumor	against	risks	of	developing	more	severe
chronic	GVHD	based	on	the	coexistence	of	risk	factors,	including	unrelated	or	mismatched-
related	donor,	female	donor,	and	peripheral	blood	stem	cell	transplant.
cNo	clinically	significant	functional	impairment	(score	<1	in	each	site).
dAt	least	one	site	functionally	impaired	without	major	disability	(Score	2	or	3)	or	more	sites	without
clinically	significant	functional	impairment	(each	with	score	<1).
eMajor	disability	at	any	site	(score	3,	or	score	>2	in	lung).

Standard	primary	therapy	for	clinical	extensive	CGVHD	usually	begins	with
glucocorticoids	 and	 extended	 administration	 of	 a	 CNI.	 After	 newly	 diagnosed
CGVHD	 manifestations	 have	 been	 controlled	 by	 daily	 glucocorticoids,	 the
judicious	 use	 of	 glucocorticoids	 at	 the	 lowest	 effective	 dose	 and	 alternate-day
administration	can	minimize	steroid-related	side	effects.	The	median	duration	of
systemic	 immunosuppression	 for	 the	 treatment	 of	 CGVHD	 approximates	 2	 to
3	years.108	 Longer	 therapy	 tends	 to	 be	 required	 for	 recipients	 of	 PBSCs,	male
patients	 with	 female	 donors,	 multiple	 organ	 involvement	 at	 the	 onset	 of
CGVHD,	graft-vs-host	HLA	mismatch,	and	hyperbilirubinemia.	Infection	from	a
broad	 array	 of	 pathogens	 is	 a	 major	 cause	 of	 mortality	 among	 patients	 with
CGVHD;	therefore,	antibiotic	prophylaxis	to	prevent	infection	(Table	63.1)	and
supportive	 care	 to	 minimize	 morbidity	 and	 prevent	 disability	 are	 critically
important	components	of	CGVHD	management.109

In	 contrast	 to	 SR-AGVHD,	 when	 CGVHD	 becomes	 refractory	 to	 steroids



secondary	 therapy	 generally	 avoids	 potent	 antibody	 therapies	 unless	 the
manifestations	overlap	with	the	disease	features	of	severe	AGVHD.	The	time	to
complete	resolution	of	classical	CGVHD	manifestations	is	in	the	order	of	weeks
to	 months,	 and	 total	 duration	 of	 therapy	 spans	 months	 to	 years.	 Therefore,
secondary	therapies	for	SR-CGVHD	must	try	to	avoid	profound	T-cell	depletion
and	must	be	more	easily	delivered	chronically	in	the	outpatient	setting.	Ideally,
second-line	 agents	 should	 promote	 transplantation	 tolerance	 so	 that	 the
morbidity	 associated	 with	 prolonged	 use	 of	 glucocorticoids	 and	 other
immunosuppressive	agents	can	be	minimized.

Recently,	 several	 agents	 have	 received	 FDA	 approval	 for	 treatment	 of	 SR
CGVHD.	Ruxolitinib	was	shown	to	be	effective	for	treatment	of	SR	CGHVD	as
well	 as	SR	AGVHD	and	was	approved	 in	2021	 for	patients	who	had	 failed	at
least	 one	 line	 of	 therapy110
(https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/202192s023lbl.pdf).
The	 most	 common	 adverse	 reactions	 are	 anemia,	 thrombocytopenia,	 and
infections.	 Ibrutinib,	 an	 inhibitor	 of	 Bruton	 tyrosine	 kinase	 involved	 in
regulation	of	both	B	and	T	cell	survival	and	activation	was	approved	based	on	an
ORR	 of	 67%.111	 The	 most	 common	 side	 effects	 were	 fatigue	 and	 diarrhea.
Belumosudil,	 an	 inhibitor	 of	 an	 isoform	 of	 the	 Rho-associated	 coiled-coil
kinases	(ROCK2),	is	the	most	recent	drug	to	be	approved,	based	on	an	ORR	of
75%	 in	 patients	 with	 CGVHD	 refractory	 to	 two	 lines	 of	 therapy
(https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/214783s000lbl.pdf).
The	most	 common	 adverse	 reactions	 include	 infections,	 asthenia,	 nausea,	 and
diarrhea.

Many	 other	 agents	 or	 strategies	 have	 been	 used	 off-label	 to	 treat	 CGVHD,
and	 particularly	 when	 fibrotic	 or	 sclerotic	 manifestations	 are	 present.	 These
include	sirolimus,	extracorporeal	photophoresis,	rituximab,	low-dose	interleukin
(IL)	 2,	 and	 imatinib.	 A	 number	 of	 ancillary	 measures,	 such	 as	 topical
corticosteroids	 or	 tacrolimus	 applied	 to	 the	 skin,	 or	 oral	 beclomethasone	 to
deliver	topical	 therapy	to	the	GI	mucosa,	are	often	used	to	avoid	systemic	side
effects.

COMPLICATIONS	OF	T	CELL	THERAPIES
3 	Clinical	trials	have	brought	to	attention	unique	toxicities	related	to	the	biologic
activity	 of	 engineered	 T	 cells.11	 It	 is	 not	 yet	 known	 whether	 the	 toxicities
observed	in	trials	of	CD19-and	BCMA-directed	T	cells	will	be	observed	with	T
cells	directed	 toward	other	 tumor	antigens	or	with	other	 types	of	engineered	T

https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/202192s023lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/214783s000lbl.pdf


cell	therapies,	since	these	toxicities	may	be	driven	by	the	antigen	in	addition	to
the	 consequences	 of	 generalized	 T	 cell	 activation.	 Specific	 to	 the	 individual
tumor	antigen	will	be	the	potential	for	on-target	off-tumor	effects,	such	as	the	B
cell	aplasia	observed	with	CD19-directed	 therapy.	To	 the	extent	 that	 the	 tumor
antigen	 expression	 is	 unique	 to	 the	 tumor	 cells,	 off-tumor	 effects	 will	 be
minimized.

Toxicities	 that	 result	 from	 T-cell	 activation	 and	 proliferation	 become	 a
potential	 concern	 for	 any	 engineered	 T	 cell.	 In	 the	 studies	 that	 supported
approval	of	CAR	T-cell	products,	a	dose-toxicity	relationship	was	observed,	such
that	a	greater	proportion	of	patients	and	a	higher	grade	of	toxicity	were	observed
in	 patients	 given	 higher	 CAR	 T-cell	 doses.	 The	 most	 important	 toxicities
reported	 for	 these	 patients	 include	 cytokine	 release	 syndrome	 (CRS),	 immune
effector	cell	associated	neurotoxicity	(ICANS),	macrophage	activation	syndrome
(MAS),	and	prolonged	cytopenias.11

CRS	 represents	 the	 double-edged	 sword	 of	 T	 cell	 therapies,	 because	 it	 is
associated	with	T	cell	 activity	and	 is	observed	 to	 some	extent	 in	most	patients
who	 have	 tumor	 response.	 Onset	 of	 the	 symptoms	 correlate	 with	 in	 vivo
expansion	and	proliferation	of	activated	T	cells	and	usually	occur	within	a	week
after	 infusion	 of	 the	T	 cell	 product.	 The	 hallmark	 of	CRS	 is	 fever	 (>38.0	 °C)
which	 occurs	 in	 all	 patients.	 CRS	 can	 progress	 to	 a	 state	 of	 vasodilation	 and
capillary	 leak,	 resulting	 in	 hypotension,	 and	 respiratory	 distress.113	 A
standardized	 grading	 system	 is	 used	 to	 aid	 in	 diagnosis	 and	 management	 of
patients.114	The	symptoms	are	caused	by	release	of	inflammatory	cytokines	from
activated	T	 cells,	 including	 IL-6,	 IL-2,	 IL-10,	 IL-15,	 and	 IL-18.115	Markers	 of
inflammation	are	often	elevated,	including	ferritin,	C-reactive	protein,	lactic	acid
dehydrogenase,	 interferon	 gamma	 (IFNγ),	 and	 soluble	 IL-2	 receptor.
Management	 of	 CRS	 involves	 supportive	 care	 and	 judicious	 medical
intervention	 guided	 by	 staging	 criteria	 and	 accepted	 algorithms.114,116	 The
primary	treatment	is	tocilizumab,	an	IL6	receptor	antagonist	that	is	approved	by
the	FDA	for	 treating	CRS.117,118	Dexamethasone	can	be	added	 for	patients	who
do	not	respond	to	tocilizumab	or	other	anti-IL-6	agents.

ICANS	 is	 a	 pathologic	 process	 involving	 the	 central	 nervous	 system
following	 any	 immune	 therapy	 that	 results	 in	 the	 activation	 or	 engagement	 of
endogenous	or	 infused	T	cells	and/or	other	 immune	effector	cells.114,119	 ICANS
was	 observed	 initially	 in	 trials	 of	CD19	CAR	T	 cells	 and	 later	 in	 the	BCMA
CAR	 T-cell	 trials.120	 ICANS	 is	 characterized	 by	 speech	 difficulties,	 tremor,
dysgraphia,	 cognitive	 difficulties,	 and/or	 altered	 level	 of	 consciousness.121
Symptoms	 typically	 occur	within	 the	 first	week	 after	 infusion	 of	CAR	T	 cells
and	range	 from	mild	 to	severe.	Similar	 to	CRS,	a	standardized	grading	system



has	been	developed	to	aid	in	diagnosis	and	management	of	ICANS.114	While	it	is
likely	that	inflammatory	cytokines	play	an	important	role	in	the	development	of
ICANs,	it	appears	treatment	aimed	toward	inhibiting	IL-6	may	not	be	sufficient
for	 control,	 some	 evidence	 even	 suggests	 that	 tocilizumab	 paradoxically
contributes	 to	 worsening	 ICANS;	 therefore	 treatment	 relies	 upon	 supportive
care,	control	of	seizures	and	corticosteroids.121,122

MAS	 is	 another	 potentially	 life-threatening	 complication	 of	 CAR	 T-cell
therapy,	observed	in	1%	to	5%	of	CAR	T-cell	recipients,	and	may	be	difficult	to
differentiate	 from	CRS,	 as	 a	markedly	 elevated	 serum	 ferritin	 is	 associated	 in
both	disorders.	Once	diagnosed,	MAS	that	follows	CAR	T-cell	therapy	is	treated
similarly	 to	 hematophagocytic	 lymphohistiocytosis	 or	 autoimmune-associated
MAS,	with	etoposide	and	high-dose	corticosteroids	[reviewed	in	123].

Recipients	 of	CAR	T	 cells	 also	 are	 at	 risk	 for	 serious	 infections,	 including
bacterial,	viral,	 and	 fungal	 infections,	as	a	consequence	of	diminished	 immune
function	 related	 to	 their	 malignancy	 as	 well	 as	 the	 lymphodepleting
chemotherapy.124	 The	 risk	 for	 infection	 is	 higher	 among	 patients	who	 develop
CRS	or	ICANS,	thus	patients	presenting	with	fever	cannot	be	presumed	to	have
CRS	alone.	The	highest	risk	period	for	infections	is	the	first	month	after	CAR	T-
cell	infusion.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	viruses	is	closely	associated	with	the	development
of	posttransplant	lymphoproliferative	disease	(PTLD)	following	hematopoietic
cell	transplantation	(HCT)?

A. 	Adenovirus
B. 	Cytomegalovirus
C. 	Epstein-Barr	virus
D. 	Respiratory	syncytial	virus

2. 	Which	of	the	following	clinical	findings	is	well	described	with	chronic	but
not	acute	graft	versus	host	disease	(GVHD)	after	hematopoietic	cell
transplantation	(HCT)?

A. 	Bronchiolitis	obliterans



B. 	Diarrhea
C. 	Elevated	bilirubin
D. 	Maculopapular	rash

3. 	Cytokine	release	syndrome	(CRS)	from	chimeric	antigen	receptor	(CAR)-
T	cell	therapy	is	best	treated	with	a	regimen	including	which	of	the	following
agents?

A. 	Azathioprine
B. 	Mycophenolate	mofetil
C. 	Rituximab
D. 	Tocilizumab

Answers

1.	The	correct	answer	is	C.
Rationale:	 Epstein-Barr	 virus	 (EBV)	 seropositive	 immunocompromised

patients	 are	 at	 risk	 for	 developing	 life-threatening	 posttransplant
lymphoproliferative	 disease	 (PTLD)	 after	 stem	 cell	 transplant	 (choice	 C	 is
correct).	The	risk	is	highest	among	patients	who	receive	T-cell–depleted	grafts	or
who	are	given	 intensive	 immune	suppression	for	 treatment	of	graft	versus	host
disease	 (GVHD).	The	diagnosis	 is	made	by	biopsy	of	 enlarged	nodes	or	 other
affected	tissue.	A	presumptive	diagnosis	can	be	made	for	high-risk	patients	who
have	clinical	symptoms	and	elevated	plasma	or	cellular	EBV	DNA	copy	number.
The	 mainstay	 of	 therapy	 is	 reduction	 or	 elimination	 of	 immunosuppressive
therapy	 to	 allow	 reconstitution	 of	 EBV-specific	 T-cell	 immunity.	 However,	 it
may	not	be	 feasible	 to	eliminate	 immunosuppression	 therapy	without	 risking	a
flare	 of	 life-threatening	GVHD.	Some	 studies	 have	 shown	 encouraging	 results
with	monoclonal	antibodies	directed	against	CD20,	which	target	EBV-infected	B
cells,	 eg,	 rituximab.	 EBV-PTLD	 that	 develops	 in	 recipients	 of	 T-cell-depleted
grafts	may	be	ameliorated	by	infusion	of	donor	T	lymphocytes.	The	other	viruses
listed	 can	 all	 infect	 HCT	 recipients.	 Adenovirus,	 Cytomegalovirus,	 and
Respiratory	syncytial	virus	can	cause	serious	infections	after	transplantation	but
are	not	associated	with	PTLD	(choices	A,	B,	and	D	are	incorrect).

2.	The	correct	answer	is	A.
Rationale:	Chronic	GVHD	(CGVHD)	occurs	 in	approximately	30%	to	60%

of	 transplant	 recipients,	 more	 often	 when	 the	 donor	 is	 not	 an	 HLA-identical
sibling	and	when	there	is	a	history	of	acute	GVHD.	CGVHD	is	also	more	likely



when	the	recipient	or	donor	is	older	or	CMV	seropositive,	or	a	male	patient	who
receives	stem	cells	from	a	multiparous	female	donor.	CGVHD	is	defined	without
reference	to	 time	after	HCT,	but	by	the	presence	of	hallmark	CGVHD	features
(which	 resemble	 autoimmune	 diseases	 such	 as	 systemic	 sclerosis,	 Sjogren’s
syndrome,	primary	biliary	cirrhosis)	are	wasting	syndrome,	immune	cytopenias,
chronic	 immunodeficiency,	 and	 bronchiolitis	 obliterans	 (choice	 A	 is	 correct).
Bronchiolitis	obliterans	typically	presents	with	dyspnea,	obstruction	on	PFTs	and
air	 trapping	 noted	 on	 expiratory	 chest	 CT	 images.	 The	 overall	 severity	 of
CGVHD	 is	 determined	by	 a	 0	 to	 3	 point	 score	 (none,	mild,	moderate,	 severe)
that	 reflects	 the	 clinical	 effect	 of	CGVHD	on	 the	patient’s	 functional	 status	 in
any	 number	 of	 different	 organs.	 CGVHD	 frequently	 involves	 the	 skin,	 liver,
eyes,	 mouth,	 upper	 respiratory	 tract,	 lungs,	 and	 esophagus.	 Less	 frequently,
serosal	 surfaces,	 lower	GI	 tract,	 female	genitalia,	or	 fascia	have	 lesions.	Major
causes	 of	 morbidity	 include	 scleroderma,	 contractures,	 ulceration,
keratoconjunctivitis,	 strictures,	obstructive	pulmonary	disease,	and	weight	 loss.
Uncontrolled	 CGVHD	 interferes	 with	 immune	 reconstitution	 and	 is	 strongly
associated	 with	 increased	 risks	 of	 opportunistic	 infection	 and	 death.	 The
incidence	and	severity	of	acute	GVHD	(AGVHD)	are	determined	primarily	by
the	degree	of	HLA	disparity	and	influenced	by	the	nature	of	GVHD	prophylaxis.
Severe	AGVHD	(grades	III-IV)	develops	in	15%	of	recipients	transplanted	from
HLA-identical	 sibling	 donors	 and	 in	 a	 greater	 proportion	 of	 those	 given
unrelated	 or	 mismatched	 grafts.	 AGVHD	 typically	 begins	 abruptly	 at	 2	 to
4	weeks	after	myeloablative	HCT	and	generally	occurs	before	day	100,	but	the
onset	 may	 be	 delayed	 after	 nonmyeloablative	 HCT.	 The	 clinicopathologic
syndrome	 is	 consistent	 with	 various	 combinations	 of	 inflammatory	 dermatitis,
enteritis,	 and	 hepatitis,	 which	 reflect	 the	 pathophysiology	 of	 T-cell	 activation
with	 generation	 of	 cytotoxic	 lymphocytes	 and	 elaboration	 of	 inflammatory
cytokines	 that	cause	 tissue	damage.	The	severity	of	AGVHD	in	 the	 three	main
target	 organs	 (skin,	 liver,	 and	 GI	 tract)	 is	 staged	 1	 through	 4	 on	 the	 basis	 of
accepted	 criteria	 that	 primarily	 include	 the	 extent	 of	 rash,	 magnitude	 of
hyperbilirubinemia,	and	volume	of	diarrhea	 (choices	B,	C,	and	D	are	 incorrect
because	they	apply	to	acute	GVHD).	When	cellular	injury	is	severe,	AGVHD	of
the	 skin	 may	 manifest	 with	 bulla	 formation	 and	 skin	 ulceration.	 GI	 tract
symptoms	range	from	mild	anorexia	to	nausea	and	vomiting,	or	to	severe	bloody
diarrhea	with	cramping	periumbilical	pain.

3.	The	correct	answer	is	D.
Rationale:	 Cytokine	 release	 syndrome	 (CRS)	 is	 an	 acute	 systemic

inflammatory	 response	 syndrome	 characterized	 by	 fever,	 with	 or	 without



multiple	 organ	 dysfunction	 that	 is	 associated	 with	 chimeric	 antigen	 receptor
(CAR)-T	 cell	 therapy,	 other	 forms	 of	 immunotherapy,	 or	 haploidentical
hematopoietic	 cell	 transplantation	 (HCT).	 CRS	 represents	 the	 double-edged
sword	 of	 T-cell	 therapies	 because	 it	 is	 associated	 with	 T	 cell	 activity	 and	 is
observed	to	some	extent	in	most	patients	who	have	tumor	response.	Onset	of	the
symptoms	correlate	with	in	vivo	expansion	and	proliferation	of	activated	T	cells
and	 usually	 occur	 within	 a	 week	 after	 infusion	 of	 the	 T	 cell	 product.	 The
hallmark	 of	 CRS	 is	 fever	 (>38.0	 °C)	 which	 occurs	 in	 all	 patients.	 CRS	 can
progress	 to	 a	 state	of	vasodilation	and	capillary	 leak,	 resulting	 in	hypotension,
and	 respiratory	 distress.	 A	 standardized	 grading	 system	 is	 used	 to	 aid	 in
diagnosis	and	management	of	patients.	The	symptoms	are	caused	by	release	of
inflammatory	cytokines	from	activated	T	cells,	 including	IL-6,	IL-2,	IL-10,	IL-
15,	and	IL-18.	Markers	of	inflammation	are	often	elevated,	including	ferritin,	C-
reactive	 protein,	 lactic	 acid	 dehydrogenase,	 interferon	 gamma	 (IFN-γ),	 and
soluble	 IL-2	 receptor.	 Management	 of	 CRS	 involves	 supportive	 care	 and
judicious	 medical	 intervention	 guided	 by	 staging	 criteria	 and	 accepted
algorithms.	The	primary	treatment	is	tocilizumab,	an	IL6	receptor	antagonist	that
is	approved	by	the	FDA	for	treating	CRS	(choice	D	is	correct).	Dexamethasone
can	be	added	for	patients	who	do	not	respond	to	tocilizumab	or	other	anti-IL-6
agents.	 For	 severe	 CRS	 caused	 by	 CAR	 T-cell	 therapy,	 initial	 treatment	 with
tocilizumab	 plus	 a	 glucocorticoid	 is	 recommended	 because	 the	 combination	 is
associated	with	more	 rapid	 response	 and	 complete	 control	 than	 treatment	with
either	 agent	 alone.	 Mycophenolate	 mofetil,	 Azathioprine,	 and	 Rituximab	 are
immunosuppressants	 that	 lack	 activity	 for	 the	 mediators	 of	 cytokine	 release
syndrome	(choices	A,	B,	and	C	are	incorrect).
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Chapter	64
Management	of	Graft-vs-Host	Disease,
Infection,	Malignancy,	and	Rejection	in
Transplant	Recipients
Elizabeth	L.	Godfrey,	Adrish	Anand,	Vaughn	E.	Whittaker,	Abbas	A.
Rana,	David	L.	Dunn,	Rainer	W.	G.	Gruessner

KEY	POINTS:
1.	 Modulation	of	immunosuppression	is	the	clinician’s	single	most

important	tool	in	the	posttransplant	period—increasing	dose	and
intensity	of	the	regimen	to	treat	rejection,	and	decreasing	the	dose	or
changing	agents	to	treat	almost	everything	else,	from	infection	to
malignancy.

2.	 Therapy	for	graft-vs-host	disease	(GvHD)	follows	innovations	in	the
hematopoietic	stem	cell	transplant	population,	with	some	efficacy
noted	in	repurposed	treatments;	however,	GvHD	remains	very
difficult	to	manage.

3.	 All	immune-related	complications	after	transplantation	typically
present	in	an	insidious	manner,	from	rejection	to	infection	to
malignancy;	lack	of	inflammatory	response	blunts	and
dedifferentiates	most	conventional	signs	and	symptoms.	For	this
reason	and	the	diametrically	opposed	immunosuppression
modulation	indicated,	careful	diagnosis	usually	including	tissue	or
microbiologic	confirmation	of	infection,	malignancy,	and	rejection	are
necessary	to	ensure	the	best	odds	of	graft	and	patient	survival.

4.	 Bacterial	infections	remain	the	greatest	threat	to	patient	survival	post
transplantation;	appropriate	surveillance	and	prophylaxis,	a	high
index	of	suspicion	for	infection,	and	swift	empiric	therapy	are	critical.



5.	 Management	and	outcomes	for	individuals	with	viral	diseases	such
as	hepatitis	B,	hepatitis	C,	and	HIV	have	transformed	over	the	past
five	to	7	years.	Hepatitis	C	is	now	largely	curable,	with	pursuant
reduction	in	HCV-related	end-stage	liver	disease,	and	HIV	is
increasingly	treated	as	a	manageable	chronic	condition	that	no
longer	is	an	absolute	contraindication	to	donation	or	receipt	of	solid-
organ	allografts.

6.	 Malignancy	still	occurs	at	elevated	rates	in	solid-organ	transplant
recipients	relative	to	the	general	population,	but	to	a	lesser	degree
than	in	the	past.	Recurrent	malignancy	in	patients	with	a	history	of
malignancy	prior	to	transplantation	has	particularly	decreased.
Improvements	in	stable	immunosuppression,	requiring	fewer	periods
of	intensified	or	pulse-dose	immunosuppression,	likely	contribute,	as
do	immunosuppressive	regimens	including	agents	with	specifically
antitumoral	effects,	such	as	mTOR	inhibitors.

7.	 Optimal	immunosuppression	to	prevent	and	treat	rejection	is	still
elusive;	lymphocyte-depleting	induction	is	now	a	cornerstone	of
immunosuppression,	and	an	ever-growing	arsenal	of	biologics
continue	to	be	tested	and	investigated	as	part	of	the	ongoing	search
for	regimens	that	could	minimize	in	particular	the	negative	effects	of
calcineurin	inhibitors.	Nevertheless,	traditional	triple-drug
maintenance	therapy	with	calcineurin	inhibitors,	antiproliferative
agents,	and	steroids	remains	the	most	validated	and	effective
regimen,	generally	also	with	lymphocyte	depletion	induction.

INTRODUCTION
The	 goal	 of	 solid-organ	 transplantation	 is	 maximizing	 graft	 survival	 while
minimizing	the	morbidity	and	mortality	associated	with	the	immunosuppressive
regimen	necessary	to	prevent	rejection,	infection,	malignancy,	and	graft-vs-host
disease	 (GvHD).	 Allograft	 rejection	 in	 transplant	 recipients	 is	 the	 feared
outcome	of	the	complex	and	intricate	mammalian	immune	system.

The	history	of	solid-organ	transplantation	has	demonstrated	that	graft	survival
depends	 on	 successfully	 manipulating	 the	 immune	 system.	 However,	 any
modification	of	the	host’s	defense	mechanism	can	bring	unwanted	consequences,



such	as	rejection,	 infection,	malignancy,	and	GvHD.	In	the	early	days	of	solid-
organ	 transplantation	 during	 the	 1960s,	 it	 became	 clear	 that	 suppressing	 the
immune	 system	 of	 the	 prospective	 host	 would	 be	 required	 for	 sustained	 graft
function.	Acute	 rejection	 (AR)	 and	 graft	 loss	 are	 now	 largely	 preventable	 and
effectively	 treated	 complications	 of	 transplantation	 in	 contrast	 to	 the	 earliest
experiences	just	over	half	a	century	ago.

Successful	 antirejection	 treatment	 and,	 more	 importantly,	 the	 ability	 to
markedly	 reduce	 the	 incidence	 of	 rejection	 through	 preventive	 strategies	 with
effective	 immunosuppressive	 agents	 has	 allowed	 solid-organ	 transplantation	 to
become	 routine	 in	 clinical	 practice.	 Initially,	 successful	 allogeneic	 renal
transplantation	was	achieved	using	a	combination	of	a	high-dose	corticosteroid
and	 azathioprine.1	 Contemporaneous	 observations	 in	 the	 very	 first	 transplant
recipients	demonstrated	that	nonselective	immunosuppressive	therapy	prolonged
graft	 (and	 patient)	 survival	 but	 led	 to	 an	 increased	 susceptibility	 to	 infection,
often	with	 unusual,	 opportunistic	 pathogens.2	 Furthermore,	 immunosuppressed
transplant	 recipients	 were	 noted	 to	 have	 an	 increased	 susceptibility	 to
malignancy.3

In	 the	 over	 50	 years	 since	 the	 report	 of	 the	 initial	 12	 recipients	 treated	 for
rejection	 of	 allogeneic	 renal	 grafts,	 solid-organ	 transplantation	 has	 become
mainstream.	Kidney,	 liver,	heart,	and	lung	transplants	are	now	standard-of-care
therapies	 for	 end-stage	 renal,	 hepatic,	 cardiac,	 and	 pulmonary	 disease,
respectively.	 Pancreas	 and	 pancreatic	 islet-cell	 transplants	 restore	 the	 β-cell
function	 in	 patients	 with	 diabetes	 mellitus.	 The	 small	 bowel	 has	 also	 been
successfully	 transplanted	 as	 a	 treatment	 for	 patients	 with	 short	 gut	 syndrome.
Such	 strides	 have	been	made	possible	 by	 the	 accumulated	 advances	 in	 critical
care,	 organ	 procurement	 and	 preservation,	 surgical	 techniques,	 anesthesia
management,	 tissue	 typing,	 immunosuppressive	 therapy,	 and	 the	 use	 of
antibacterial,	antifungal,	and	antiviral	agents	for	both	prophylaxis	and	treatment
of	posttransplant	 infection.	Table	64.1	 lists	 some	of	 the	major	 advances	 in	 the
management	 of	 GvHD,	 infection,	 malignancy,	 and	 rejection	 in	 transplant
recipients.

TABLE	64.1

Major	Advances	in	Management	of	Rejection,	Infection,
and	Malignancy	in	Transplant	Recipients



Topic Major	Advances

Graft	rejection Different	types	of	plasmapheresis4

Desensitization	protocols	for	patients	with	DSA5-7

Flow	cytometry,	Luminex-based	cross-match8,9

Induction	therapy	and	biologics	reduce	rejections.10-12

Fungal
infection

Echinocandins	and	next-generation	antifungals
(voriconazole)13,14

Viral	infection PCR	for	CMV	and	EBV	detection15

Preemptive	CMV	therapy15,16

Liver	transplants	for	patients	with	HBV	or	HCV17,18	
Direct-acting	antiviral	therapy	for	HCV19,20

Improved	outcomes	for	recipients	with	HIV

Malignancy Chemotherapy	and	rituximab	beneficial	for	PTLD21

HHV-8	and	posttransplant	Kaposi	sarcoma22

Liver	transplant	for	patients	with	HCC23

Abbreviations:	CMV,	cytomegalovirus;	DSA,	donor-specific	antibody;	EBV,	Epstein-Barr	virus;
HBV,	hepatitis	B	virus;	HCC,	hepatocellular	carcinoma;	HCV,	hepatitis	C	virus;	HHV,	human
herpes	virus;	HIV,	human	immunodeficiency	virus;	PCR,	polymerase	chain	reaction;	PTLD,
posttransplant	lymphoproliferative	disorder.

Yet	even	with	the	expanded	immunosuppressive	armamentarium	of	the	21st
century,	it	remains	difficult	to	finely	balance	the	suppression	of	the	host	immune
system	 (to	 allow	 acceptance	 and	 even	 tolerance	 of	 the	 graft)	 without
oversuppressing	 immune	 function	 (and	 thereby	 leaving	 the	 host	 vulnerable	 to
opportunistic	infection	and	malignancy).	This	chapter	reviews	the	complications
(namely,	 GvHD,	 infection,	 malignancy,	 and	 graft	 rejection)	 of	 solid-organ
transplantation	 on	 either	 side	 of	 this	 delicate	 balance.	 Special	 attention	 is
directed	toward	opportunistic	infections	and	unusual	malignancies	that	occur	in
the	immunosuppressed	patient	population.

This	 chapter	 focuses	 on	 complications	 among	 solid-organ	 transplant



recipients.	There	are	also	individual	chapters	devoted	to	each	solid	organ.	Many
of	 the	 complications	 seen	 in	 solid-organ	 transplantation	 can	 be	 seen	 in
hematopoietic	 transplant	 recipients,	 as	well.	 However,	 these	 complications	 are
discussed	 specifically	 in	 relation	 to	 hematopoietic	 transplant	 recipients	 in
Chapter	63.

GRAFT-VS-HOST	DISEASE
GvHD	is	the	phenomenon	characterized	by	the	immunocompetent	donor’s	cells
attacking	 the	 tissues	 of	 the	 immunocompromised	 host.	 Depending	 on	 the
allograft	 type,	 it	has	an	 incidence	of	0.04%	(lung)	 to	approximately	5%	(small
intestine),	with	a	mortality	rate	as	high	as	75%.24,25	It	is	much	more	common	in
patient	with	bone	marrow	transplant	but	still	occurs	in	patients	with	solid-organ
transplants.26,27	 It	manifests	as	 fever,	 rash,	diarrhea,	native	 liver	dysfunction,	or
hematocytopenia.26,28

1 	The	condition	typically	occurs	2	to	6	weeks	after	solid-organ	transplantation
as	 typified	 in	 liver	 or	 intestinal	 transplant	 recipients,	 but	 may	 occur	 up	 to
4	months	following	the	transplant.29	The	mechanism	is	 thought	 to	be	related	to
the	engraftment	of	T	cells	from	the	donor	graft.29	There	is	no	standard	treatment
for	GvHD.	Steroid	 therapy	 is	 the	 predominant	 treatment	 in	 use,	 but	 attempted
salvage	and	second-line	therapies	have	included	almost	complete	withdrawal	of
immunosuppressive	 agents,	 increased	 immunosuppressive	 agents,	 antibody
therapies,	 and	 different	 types	 of	 plasmapheresis.	 A	 review	 of	 GvHD	 in	 liver
allograft	recipients	compared	reported	salvage	therapies	and	found	that	steroids
alone	or	 increased	 immunosuppression	was	 ineffective;	while	 IL-2	antagonists,
TNF-α	inhibitors,	and	the	now-discontinued	Alefacept	showed	promise,	sample
sizes	were	so	small	as	to	be	anecdotal.25

2 	The	greatest	experience	is	from	bone	marrow	transplant	recipients	in	whom
aside	 from	 steroid	 therapy,	 extracorporeal	 photopheresis	 and	 the	 recently
approved	 ruxolitinib	 have	 demonstrated	 substantial	 therapeutic	 benefits	 and
become	 accepted	 second-line	 therapies.	 Extracorporeal	 photopheresis	 involves
subjecting	the	peripheral	blood	to	phototherapy	in	an	effort	to	induce	apoptosis
of	 mononuclear	 cells,	 though	 this	 mechanism	 of	 action	 has	 not	 been	 fully
validated.4	 While	 very	 limited	 prospective	 controlled	 trial	 data	 are	 available,
photopheresis	in	stem	cell	recipients	with	GvHD	appears	to	elicit	a	response	in
27%	 to	 100%	 of	 individuals	 who	 did	 not	 respond	 to	 corticosteroid	 therapy.30
Ruxolitinib	 is	 a	 Janus	 kinase	 1	 and	 2	 inhibitor	 that	 improved	 survival	 in
refractory	GvHD	in	a	 randomized	controlled	 trial	 to	11.1	months,	compared	 to



6.5	for	 the	control	group,	although	it	carries	a	risk	of	 thrombocytopenia.	As	of
yet,	 the	 only	 data	 on	 ruxolitinib	 in	 solid-organ	 transplant–related	 disease	 is	 a
case	study	in	which	three	solid-organ	transplant	recipients	with	steroid-refractory
GvHD	 had	 at	 least	 an	 early	 response	 to	 ruxolitinib,	 and	 one	 of	 those	 three
continued	to	do	well	as	of	20	months	post	transplantation.31,32

INFECTIONS
The	 suppression	 of	 the	 host	 immune	 response	 is	 required	 to	 establish	 and
maintain	 a	 functioning	 solid-organ	 graft.	 The	 development	 of
immunosuppressive	therapies	has	been	impressive,	leading	to	the	widespread	use
of	 solid-organ	 transplantation	 as	 the	 primary	 therapy	 for	 a	 number	 of	 organ
failure	syndromes.	This	success	is	associated	with	an	increased	susceptibility	for
a	number	of	serious	infectious	complications.	Depending	on	the	organ,	and	with
some	variability	 between	 transplant	 centers	 and	 locations,	 infections	 are	 either
the	most	or	 one	of	 the	most	 frequent	 causes	of	morbidity	 and	mortality	 in	 the
transplant	 population.	 A	 large	 Swiss	 cohort	 study	 by	 van	 Delden	 et	 al	 of	 all
solid-organ	transplant	recipients	recently	demonstrated	an	infection	rate	of	80%
in	the	first	year	post	transplantation,	a	number	that	may	be	higher	in	areas	with
more	limited	access	to	care	and	follow-up,	although	only	55%	were	considered
clinically	relevant.33

The	 range	 of	 potential	 pathogens	 that	 can	 cause	 disease	 in	 the
immunosuppressed	 host	 is	 impressive.	 Not	 only	 are	 the	 common	 endogenous
and	nosocomial	flora	involved,	but	“opportunistic”	or	“atypical”	pathogens	must
also	 be	 considered	 in	 the	 differential	 diagnosis	 of	 a	 solid-organ	 transplant
recipient	 who	 has	 evidence	 of	 infection.	 In	 considering	 the	 epidemiology	 of
infectious	 complications	 posttransplant,	 the	 clinician	 must	 assess	 numerous
factors,	including	the	time	post	transplant,	the	organ	transplanted,	the	and	level
of	 immunosuppression,	 the	 need	 for	 antirejection	 therapy,	 and	 the	 potential
incidence	of	surgical	complications.

1 	 4 	The	highest	risk	of	infection	corresponds	with	the	period	of	most	intense
immunosuppression,	 which	 is	 characteristically	 within	 the	 first	 year	 post
transplant,	 concentrated	 in	 the	 first	 month,	 and	 after	 antirejection	 therapy,
particularly	for	recurring	episodes	of	AR.33	Modern	studies	have	confirmed	and
recharacterized	 periods	 post	 transplant	 during	 which	 certain	 infection	 patterns
have	 historically	 been	 found,	 and	 how	 they	 continue	 to	 be	 observed	 in	 recent
years:	 a	 first	 phase	 of	 nosocomial	 infection,	 out	 to	 1	month	 post	 transplant;	 a
second	 phase	 of	 opportunistic	 infections	 out	 to	 6	months;	 and	 the	 final	 phase



through	the	first	year	and	then	onward,	of	 increased	risk	for	 infections	 that	are
common	 to	 the	 general	 population.33-35	 Infectious	 complications	 in	 the	 first
month	post	 transplant	 are	 typically	 caused	by	 endogenous	or	 nosocomial	 flora
that	would	 cause	 disease	 in	 an	 immunocompetent	 host,	 including	 (a)	 bacterial
surgical	site	infections;	(b)	postoperative	or	ventilator-associated	pneumonia;	(c)
urinary	 tract	 infections	 (UTIs)	 associated	 with	 prolonged	 indwelling	 urinary
catheters;	 (d)	 intra-abdominal	 infections	 related	 to	 surgical	 complications;	 and
(e)	central	venous	catheter	infections.

Infections	among	 transplant	 recipients	may	be	classified	as	 those	 that	affect
the	graft	and	those	that	are	systemic	in	nature.	Systemic	viral	infections	such	as
polyoma	 virus,	 BK	 virus,	 and	 cytomegalovirus	 (CMV)	 commonly	 affect	 the
graft	as	well.	CMV	may	affect	other	organ	systems	other	 than	 the	 transplanted
graft.	Historical	data	divided	viral	infections	into	an	early	cluster,	peaking	at	2	to
3	months	 post	 transplant	 and	 including	CMV,	 adenovirus,	 the	 hepatitides,	 and
human	herpes	virus	(HHV)	6;	and	a	late	cluster	peaking	between	4	and	9	months
post	 transplant,	 included	varicella-zoster	 virus	 (VZV)	and	polyoma	virus,	with
Epstein-Barr	 virus	 (EBV)	 occurring	 at	 any	 time.34,36-38	 While	 modern	 data
confirm	that	CMV	and	the	herpesviruses	tend	to	occur	early,	modern	prophylaxis
and	changes	in	immunosuppressive	regimens	make	this	bimodal	distribution	less
distinctive.33	Opportunistic	fungal	 infections,	however,	occur	in	much	the	same
distribution	 as	 in	 the	 past:	 Candida	 and	 Aspergillus	 spp	 typically	 cause
infections	 in	 the	 first	2	 to	3	months	post	 transplant,33,38	whereas	Cryptococcus,
histoplasmosis,	 coccidioidomycosis,	 and	 P.	 jirovecii	 most	 often	 occur	 later
during	the	first	year.39

4 	 3 	After	the	first	6	to	12	months,	most	transplant	recipients	exhibit	patterns
of	 infectious	 disease	morbidity	 that	mirrors	 the	 rest	 of	 the	 general	 population,
with	 frequent	 respiratory	 infections	 secondary	 to	 pneumococcal	 infections	 and
influenza,	as	well	as	uncomplicated	UTIs.	However,	opportunistic	infections	can
occur	 at	 any	 time.	 Increased	 immunosuppression	 secondary	 to	 AR	 treatment
may	 slightly	 increase	 transplant	 recipients’	 susceptibility	 to,	 and	 alter	 the
temporal	 pattern	 of,	 various	 pathogens.	 When	 assessing	 immunosuppressed
transplant	 recipients	 for	 infectious	diseases,	 the	 clinician	must	maintain	 a	high
index	 of	 suspicion	 at	 all	 times.	 The	 typical	 localizing	 signs	 of	 infection	 and
inflammation	may	be	blunted,	or	even	absent,	because	of	the	anti-inflammatory
action	of	immunosuppressive	regimens.

A	 key	 and	 critical	 component	 of	 the	 solid-organ	 transplant	 process	 is	 the
preoperative	assessment	of	both	the	recipient	and	the	donor	for	any	underlying
infections,	 or	 any	 disease	 processes	 that	 predispose	 to	 infections,	 that	 could
manifest	 subsequent	 to	 administration	 of	 immunosuppressive	 agents.	 For	 the



donor,	apart	from	the	serologies	including	HIV,	hepatitis	C,	and	HBV,	the	most
important	evaluation	is	the	determination	of	CMV	and	EBV	status	because	these
two	 agents	 are	 most	 easily	 transmitted	 to	 a	 seronegative	 recipient.	 For	 the
recipient,	a	thorough	pretransplant	history	and	physical	examination	are	essential
to	minimize	the	risk	of	infectious	complications	secondary	to	a	latent	or	indolent
infectious	 process.	 Routine	 viral	 studies	 should	 be	 obtained,	 vaccinations
updated,	and	prophylaxis	administered	where	indicated	(eg,	gut	decontamination
in	 liver	 transplant	 candidates	 with	 end-stage	 liver	 disease	 or	 prophylactic
antibiotics	in	patients	with	cystic	fibrosis).

Bacterial	Infections
In	the	first	30	days	post	transplant,	bacterial	infections	are	common.	Even	in	the
immunocompetent	 patient	 population,	 bacterial	 infections	 are	 common
complications	of	surgery.	The	risk	of	a	nosocomial	bacterial	infection	is	related
to	the	site	of	surgery	as	well	as	to	the	continued	presence	of	any	catheters,	lines,
endotracheal	 tubes,	 or	 other	 breaks	 in	 the	 skin.	 The	 most	 common	 sites	 of
infection	are	the	urinary	tract,	 the	surgical	site,	 the	lungs,	and	the	bloodstream.
The	 risk	 of	 nosocomial	 bacterial	 infections	 is	 directly	 related	 to	 host	 factors
(including	underlying	diseases	such	as	diabetes	or	cirrhosis,	obesity,	and	chronic
pulmonary	 disease)	 as	well	 as	 to	 technical	 and	management	 factors	 (including
the	 length	 and	 technique	 of	 the	 operation,	 the	 development	 of	 a	 hematoma	 or
seroma,	 and	 the	 need	 for	 prolonged	 urinary	 catheterization,	 mechanical
ventilation,	or	central	venous	catheterization).

4 	 Renal	 and	 bladder-drained	 pancreas	 transplant	 recipients	 are	 particularly
prone	 to	UTIs.	UTI	has	occurred	 in	46.8%	of	US	renal	 recipients	according	 to
national	 data	 analysis,	 although	 individual	 centers	 may	 vary.40	 Up	 to	 63%	 of
bladder-drained	pancreas	 recipients	may	experience	UTIs	 in	 the	 first	 year	post
transplantation,	 compared	 to	 20%	 of	 enteric-drained	 recipients.41,42	With	 UTIs
come	 an	 attendant	 increased	 risk	 of	 systemic	 sepsis	 and	wound	 infection.	The
most	 common	pathogens	 are	gram-negative	 aerobes,	 enterococci,	 and	Candida
spp.	 Risk	 factors	 associated	 with	 an	 increased	 incidence	 of	 UTIs	 include
prolonged	 or	 frequent	 catheterization,	 female	 recipient	 sex,	 and	 small
preoperative	bladder	size	associated	with	prolonged	hemodialysis.41,43-45

3 	Diagnosis	 of	 a	UTI	 in	 transplant	 recipients	 is	 based	 on	 clinical	 suspicion
and	on	urinalysis	and	culture	results.	The	typical	findings	of	dysuria,	hesitancy,
and	frequency	may	be	absent;	the	only	clinical	manifestations	might	be	minimal
fever	 or	 an	 elevated	 white	 blood	 cell	 count.	 Treatment	 is	 often	 empiric	 and,
because	 of	 the	 risk	 of	 bacteremia,	 should	 generally	 consist	 of	 intravenous



administration	 of	 a	 third-generation	 cephalosporin	 or	 a	 quinolone.	 A	 different
class	of	 antibiotics	 than	 that	used	 for	prophylaxis	 should	be	utilized.	Once	 the
offending	 organism	 has	 been	 identified	 and	 antimicrobial	 sensitivity	 data	 are
available,	 treatment	 should	 be	 targeted.	 Whether	 to	 treat	 asymptomatic
bacteriuria	 is	 a	 question	 under	 increasing	 scrutiny,	 although	 it	 was	 previously
common	practice.46,47

For	 recipients	 of	 solid-organ	 grafts	 besides	 the	 kidney	 and	 bladder-drained
pancreas	 who	 do	 not	 require	 a	 long	 duration	 of	 urinary	 catheterization,	 an
increased	risk	of	bacterial	or	fungal	UTIs	is	not	seen.

Infections	 of	 the	 surgical	 site	 are	 potentially	 another	 source	 of	 major
morbidity	 and	 occasionally	 graft	 loss	 and	 mortality	 in	 solid-organ	 transplant
recipients.	 Surgical	 site	 or	 wound	 infections	 are	 classified	 according	 to	 the
structures	involved.	Infections	above	the	fascia	are	superficial,	infections	below
the	 fascia	 are	 deep,	 and	 combined	 infections	 involve	 elements	 of	 both	 the
superficial	and	the	deep	compartments	of	the	wound.48

4 	For	all	solid-organ	transplant	recipients,	immediately	before	their	operation
begins,	a	single	dose	of	an	antibiotic	should	be	administered	within	an	hour	of
skin	 incision,	 to	decrease	 the	risk	of	surgical	site	 infections.	 In	renal	 transplant
recipients,	 the	surgical	 site	 infection	 rate	 is	estimated	 to	 fall	 in	 the	3%	to	15%
range,	likely	closer	to	3%	to	5%,	although	rates	are	higher	among	patients	with
obesity.49-52	 However,	 other	 transplant	 procedures	 are	 associated	 with	 higher
rates	 of	 infection.	 In	 pancreas,	 bowel,	 lung,	 and	 liver	 transplant	 recipients,
significant	 degrees	 of	 wound	 contamination	may	 occur,	 and	 so	 antibiotics	 are
typically	 administered	 for	 24	 to	 72	 hours	 post	 transplant,	 although	 data	 to
support	 this	 practice	 are	 lacking.53	 The	 wound	 infection	 rate	 after	 heart
transplantation	is	typically	around	8%	or	lower.	The	rate	of	wound	infections	is
higher	 after	 lung	 and	 heart-lung	 transplantation.54-56	 The	 rate	 after	 liver
transplantation	of	overall	infection	is	high,	currently	estimated	around	30%	and
ranging	 from	10%	 to	37%.48,57	Deep	 infection	 rate	 after	 liver	 transplantation	 is
higher	 than	 superficial	 surgical	 site	 infection,	 in	 part	 because	 the	 bowel	 is
entered	 for	 choledochojejunostomy,	 with	 one	 large	 study	 from	 Israel
demonstrating	a	deep	infection	rate	of	37.4%,	almost	three	times	the	superficial
rate	of	13.8%.58	The	rate	of	wound	infections	after	pancreas	and	renal-pancreas
transplants	 is	 even	 higher	 but	 variable,	 ranging	 from	 9%	 to	 almost	 50%
anywhere,	and	from	6%	to	27%	of	recipients	may	have	deep	 infections,	which
are	 generally	more	 common	 after	 enteric	 drained	 allografting.59-62	 Such	wound
infections	 confer	 substantial	 morbidity,	 are	 associated	 with	 mortality	 in	 some
cases,	and	require	a	very	aggressive	approach	to	diagnosis	and	therapy.

Pathogenic	microorganisms	are	predictable,	according	to	the	of	procedure.	In



renal	transplant	recipients,	wound	infections	are	caused	by	the	endogenous	flora
of	 the	 skin	 (gram-positive	 aerobes)	 and	 the	 bladder	 (gram-negative	 aerobes),
with	occasional	Candida	spp	and	enterococci.

In	heart	transplant	recipients,	wound	infections	are	almost	always	due	to	skin
flora	such	as	Staphylococcus	aureus	 and	Staphylococcus	epidermidis,	 although
some	fungal	and	unusual	pathogens	are	found.

Lung	 transplants	 introduce	 respiratory	 flora	 and	 the	 potential	 for	 grave
infections	with	Pseudomonas	aeruginosa.

In	 liver	 transplant	 recipients,	wound	 infections	are	 typically	associated	with
either	skin	or	biliary	flora,	although	any	preexisting	cirrhosis	and	end-stage	liver
disease	may	result	in	colonization	with	drug-resistant	nosocomial	pathogens.

In	 pancreas	 transplant	 recipients,	 wound	 infections	 are	 invariably
polymicrobial,	 with	 gram-positive,	 fungal,	 and	 resistant	 gram-negative
pathogens	 frequently	 present.	 Treatment	 generally	 requires	 opening	 of	 the
wound,	 reexploration,	 and/or	 administration	 of	 broad-spectrum	 antimicrobial
therapy	 (with	 carbapenem	 or	 extended-spectrum	 penicillin,	 a	 β-lactamase
inhibitor,	and	vancomycin)	and	often	antifungal	coverage.

3 	Wound	 infections	 are	 often	 understated	 in	 presentation;	 findings	 may	 be
limited	 to	 fever,	 elevated	 white	 blood	 cell	 count,	 or	 wound	 drainage	 with	 a
deceptively	innocuous	appearance.	Any	wound	drainage	should	be	examined	by
Gram	stain	and	culture;	any	suspicion	or	evidence	of	infections	should	result	in
opening	of	the	superficial	wound.	Additionally,	imaging	should	be	undertaken	to
rule	out	 infections	 in	 the	deep	surgical	space;	 if	a	 fluid	collection	 is	 identified,
percutaneous	 drainage	 or	 prompt	 exploration	 is	 needed.	 Prolonged,	 broad-
spectrum	antimicrobial	therapy	is	used,	and	immunosuppression	is	significantly
reduced	in	the	face	of	potentially	life-threatening	infections.

4 	The	development	of	postoperative	pneumonia	varies	with	the	of	transplant
and	 is	 associated	 with	 a	 high	 death	 rate	 (20%-60%).	 Renal	 transplants	 are
associated	 with	 the	 lowest	 incidence	 of	 postoperative	 nosocomial	 pneumonia
(4.5%-16%)	and	lung	transplants	with	the	highest.	Studies	present	a	wide	range
of	 incidence	 rates	depending	on	 their	 criteria,	 but	pulmonary	 infection	 rates	 in
lung	recipients	may	be	as	high	as	60%,	although	other	studies	report	rates	in	the
20%	 to	 30%	 range.	 The	 most	 common	 pathogens	 are	 gram-negative	 aerobes,
staphylococci,	and	Legionella	spp.63	Frequently,	Candida	 spp.	or	CMV	may	be
identified	along	with	bacterial	pathogens,	particularly	in	the	first	2	to	3	months
post	transplantation.

Factors	 predisposing	 to	 the	 development	 of	 pneumonia	 among	 solid-organ
transplant	recipients	include	prolonged	mechanical	ventilation,	thoracic	surgery,
pulmonary	 edema,	 and	 intense	 immunosuppression	 or	 treatment	 for	AR.	Lung



transplant	 recipients	 are	 at	 increased	 risk,	 because	 of	 their	 lungs’	 preexisting
colonization	with	endogenous	flora	as	well	as	the	loss	of	mucociliary	clearance
function	associated	with	denervation.64	The	evaluation	of	suspected	pneumonia
in	 lung	 transplant	 recipients	 should	 be	 thorough,	 including	 bronchoscopy	with
biopsies	 and	 bronchoalveolar	 lavage	 (BAL)	 to	 rule	 out	 rejection,	 as	 will	 be
described.	 Pleural	 effusions	 should	 be	 drained	 and	 cultured	 because	 the
progression	 of	 an	 infected	 effusion	 to	 empyema	 after	 lung	 transplantation	 is
associated	with	a	very	high	mortality	rate.

3 	 4 	 Bacteremia	 in	 the	 transplant	 population,	 as	 in	 the	 general	 hospital
patients,	may	occur	secondary	to	seeding	along	a	vascular	access	device	or	as	a
result	 of	 hematogenous	 spread	 from	 another	 source;	 or	 it	 may	 be	 primary
(without	a	source	being	identified).	UTIs,	wound	infections,	and	pneumonia	are
risk	 factors	 for	 the	 development	 of	 bacteremia,	 as	 is	 prolonged	 vascular
catheterization.	 Other	 risk	 factors	 include	 receiving	 a	 deceased	 donor	 graft,
leukopenia,	and	antirejection	therapy.	Bacteremia	in	immunosuppressed	patients
may	 present	 as	 fever,	 leukocytosis,	 leukopenia,	 or	 hypotension	 without	 other
significant	manifestations.	Consequently,	routine	blood	cultures	should	be	part	of
any	workup	for	fever	in	this	population.	Suspicion	of	bacteremia	should	prompt
removal	and	culture	of	intravascular	devices	and	judicious	search	for	a	source	of
other	sites	of	infection.	Bacterial	sepsis	and	septic	shock	mortality	in	transplant
recipients	 once	 exceeded	 50%;	 although	 incident	 mortality	 rates	 have
approached	 that	 of	 the	 general	 public	 in	 recent	 years,	 estimated	 by	 one	 recent
study	at	32%,	solid-organ	transplant	recipients	are	far	more	prone	to	episodes	of
bacteremic	sepsis	and	septic	shock,	so	 it	 remains	 the	 leading	cause	of	death	 in
transplant	 recipients.65	 Consequently,	 the	 use	 of	 broad-spectrum	 antimicrobial
therapy,	 an	 aggressive	 approach	 to	 source	 control,	 and	 the	 minimization	 of
immunosuppression	are	indicated.

3 	There	are	several	atypical	bacterial	infections	that	occur	in	the	solid-organ
transplant	 recipients,	 including	 mycobacteria	 such	 as	 Mycobacterium
tuberculosis,	Nocardia	 spp,	 and	 Listeria	 monocytogenes.	 Such	 infections	 are
associated	 with	 high	 rates	 of	 morbidity	 and	 mortality.	 Tuberculosis	 (TB)
infections	 occur	 somewhere	 from	 25	 to	 50	 times	 more	 frequently	 in	 the
transplant	 population	 than	 in	 the	 general	 population,	with	 an	 overall	mortality
hovering	 around	 20%	 (half	 of	which	 is	 typically	 attributable	 to	 TB	 itself).66-68
Infections	are	typically	due	to	reactivation	of	latent	disease	or	transmission	from
the	 transplanted	 graft.	 The	most	 susceptible	 graft	 is,	 unsurprisingly,	 the	 lungs.
Their	diagnosis	is	complicated	by	the	typical	lack	of	reaction	to	testing	seen	with
immunosuppression.	Consequently,	a	high	index	of	clinical	suspicion	is	needed.
If	 mycobacterial	 pulmonary	 infection	 is	 suspected,	 bronchoscopic	 evaluation



with	 biopsy,	 acid-fast	 staining,	 and	 culture	 should	 be	 performed.	 Treatment
consists	 of	 multidrug	 therapy	 with	 isoniazid,	 ethambutol,	 pyrazinamide,	 and
rifampin.	 Preventive	 strategies	 should	 be	 considered	 for	 patient	 populations	 in
whom	infections	are	common,	in	patients	with	a	history	of	significant	exposure
without	 subsequent	 therapy,	 and	 in	 patients	 with	 a	 history	 of	 serious	 or
inadequately	treated	infections.

3 	 Nontuberculous	 mycobacteria	 (NTM)	 such	 as	 Mycobacterium	 avium
complex,	M	ulcerans,	and	M	xenopi	are	environmental	mycobacteria	that	rarely
caused	disease	in	humans	until	the	AIDS	epidemic	of	the	1980s.	NTM	infections
typically	 manifest	 as	 insidious	 pulmonary	 or	 soft	 tissue	 infections	 in
immunosuppressed	patients.	 If	NTM	 infections	 are	 suspected,	 repeat	 isolations
by	 bronchoscopy	 or	 tissue	 biopsy	 are	 required	 to	 improve	 the	 chance	 of
diagnosis.	 In	 addition	 to	 acid-fast	 staining,	 a	 special	 culture	 for	 an	 atypical
mycobacterium	should	be	obtained.	Besides	continuing	antimicrobial	treatment,
wide	 debridement	 of	 the	 infected	 site	 may	 be	 required	 to	 eradicate	 such
infections.

3Listeria	 monocytogenes	 infection	 may	 be	 associated	 with	 pneumonia,
bacteremia,	or,	most	worryingly,	cerebromeningitis	in	the	transplant	population.
Rates	of	 listeriosis	 are	 still	 relatively	 low	even	among	 transplant	 recipients—a
cohort	study	of	3815	transplant	recipients	in	a	large	German	center	demonstrated
an	 incidence	of	 listeriosis	of	only	0.1%.69	Listeriosis	of	 transplant	 recipients	 is
also	 more	 likely	 to	 be	 observed	 as	 bacteremia	 (possibly	 in	 part	 because	 of
increased	 surveillance	 rather	 than	 purely	 greater	 susceptibility	 in	 this
population).70	 However,	 mortality	 can	 be	 high—in	 renal	 transplant	 recipients,
Listeria	 spp	have	been	associated	with	a	mortality	 rate	of	 approximately	18%.
Consequently,	 if	 listeriosis	 (pulmonary	 or	 meningitis)	 is	 suspected	 in	 any
immunosuppressed	 patient,	 a	 thorough	 evaluation	must	 be	 performed.	Empiric
therapy	 for	 meningitis	 should	 include	 suitable	 targeted	 coverage,	 such	 as
ampicillin	 plus	 an	 aminoglycoside.71	 The	 extended-spectrum	 penicillins	 also
provide	adequate	coverage.

4 	 3 	Nocardial	infections	most	commonly	manifest	with	pulmonary	symptoms
and	signs,	but	disseminated	disease	may	involve	the	skin,	eyes,	and	brain,	alone
or	 in	 concert.	 The	 clinical	 manifestations	 are	 nonspecific	 and	 include	 fever,
chills,	malaise,	 occasional	 cough,	 dyspnea,	 headache,	 or	mental	 status	 change.
Incidence	 in	 the	 United	 States	 has	 been	 reported	 as	 2.65%	 of	 solid-organ
transplant	recipients,	although	that	study,	out	of	Arizona,	likely	overestimates	the
national	 rate,	 as	 the	 Southwest	 is	 known	 to	 have	 somewhat	 higher	 rates	 of
nocardiosis,	 attributable	 to	 weather	 conditions	 that	 favor	 inhalation	 of
aerosolized	 organisms.72,73	Mortality	 of	 nocardiosis	 only	 a	 decade	 ago	 was	 an



average	of	 26%	across	 the	 literature;	more	 recent	 data	 from	 the	 same	Arizona
study	 showed	 an	 overall	mortality	 of	 17%.72,74	 However,	 that	mortality	 rate	 is
with	treatment—nocardiosis	must	be	aggressively	diagnosed	and	treated	to	attain
even	those	rates.	The	diagnosis	is	made	by	microscopic	examination	of	sputum
or	 lung	 (or	occasionally	brain)	biopsy	 tissue,	or	by	aspiration	of	a	 skin	nodule
using	routine,	Kinyoun,	and	Ziehl-Neelsen	staining.	Treatment	consists	of	high-
dose	 intravenous	 trimethoprim-sulfamethoxazole	 (TMP-SMX),	 generally	 in
combination	 with	 an	 aminoglycoside,	 such	 as	 amikacin,	 with	 continued
treatment	 with	 oral	 TMP-SMX,	 if	 possible	 for	 life.	 Concurrently,
immunosuppression	 should	 be	 abridged,	 particularly	 during	 treatment	 of
aggressive,	disseminated	infections.

Fungal	Infections
Solid-organ	transplants	are	associated	with	a	significant	risk	of	fungal	infections.
In	 the	era	of	broad-spectrum	antibacterial	prophylaxis	and	empiric	 therapy,	 the
incidence	of	fungi	as	pathogens	is	increasing.	It	is	associated	with	an	increased
incidence	 of	 resistance	 to	 azoles	 as	 well.	 The	multicenter	 TRANSNET	 group
assesses	 the	 rate	 of	 invasive	 infection	 in	 the	 first	 year	 post	 transplantation	 as
highest	for	small	bowel	and	lung	transplant	(11.6%	and	8.6%),	lowest	in	kidney
transplant	 (1.3%),	 and	 in	 between	 for	 other	 graft	 types.75	 Rates	 of	 clinically
significant	 fungal	 infection	 in	 the	 first	 year	 form	 Switzerland	 demonstrate,
similarly,	 that	 lung	 recipients	 have	 the	 highest	 rates	 of	 infection	 (12%)	 and
kidney	 recipients	 the	 lowest	 (5%),	 although	 heart	 recipients	 have	 a	 slightly
higher	 incidence	 of	 fungal	 infection	 than	 even	 lung	 recipients	 in	 their	 cohort
(13%).33	 Fungal	 infections	 are	 serious,	 with	 an	 attendant	 mortality	 rate
associated	with	invasive	disease	of	27%	to	41%.75	As	described	previously,	most
fungal	 infections	 occur	 during	 the	 first	 3	 to	 4	 months	 post	 transplant,	 when
immunosuppression	is	greatest.	The	source	of	most	fungal	pathogens	is	the	oral
cavity,	the	gastrointestinal	(GI)	tract,	or	the	environment.

Candidal	 overgrowth	 of	 the	 oral	 and	 GI	 tract	 is	 common,	 and	 prophylaxis
consisting	 of	 topical	 nystatin	 or	 clotrimazole	 is	 often	 used.	 Invasive	 candidal
disease	 is	 more	 common	 among	 patients	 with	 risk	 factors	 such	 as	 diabetes,
neutropenia,	 intense	 immunosuppression,	 and	 prolonged	 administration	 of
antibacterial	 antibiotics,	 particularly	 broad-spectrum	 agents.	 Long-term	 TMP-
SMX	 prophylaxis	 has	 not	 been	 associated	 with	 fungal	 infections.	 Despite
prophylaxis,	 invasive	 candidiasis	 does	 occur,	 most	 often	 among	 transplant
recipients	with	a	perforation	of	the	GI	tract,	an	anastomotic	breakdown,	a	deep
surgical	 site	 infection,	 or	 a	 concomitant	 GI	 infection,	 such	 as	 CMV



gastroenteritis	or	colitis.
Increasing	 use	 of	 triazoles	 such	 as	 fluconazole	 has	 led	 to	 more	 frequent

isolation	 of	 resistant	Candida	 species,	 such	 as	C.	glabrata	 and	C.	 krusei.	 The
presence	 of	more	 resistant	 strains	 has	 necessitated	 the	 need	 for	most	 invasive
candidal	 infections	 to	 be	 treated	 with	 amphotericin	 B	 or	 echinocandins.
Echinocandins	act	to	block	the	synthesis	of	1,3-β-D-glucan,	an	essential	element
of	 the	 fungal	 cell	 wall.	 They	 are	 generally	 well	 tolerated,	 with	 a	 side-effect
profile	 that	 compares	 favorably	 to	 amphotericin	 B.	 Echinocandins	 and
amphotericin	B	appear	to	act	in	an	additive	manner,	and	cross-resistance	has	not
been	 identified.	 Clinical	 trials	 of	 caspofungin	 vs	 amphotericin	 demonstrated
equivalent	outcomes	for	the	treatment	of	candidemia.76	Micafungin,	in	the	same
class,	 has	 been	 shown	 to	 be	 an	 effective	 alternative	 to	 fluconazole	 for	 fungal
prophylaxis	 in	 high	 risk	 individuals.77	 New	 triazole	 drugs,	 itraconazole	 and
voriconazole,	remain	effective	against	Aspergillus	spp;	voriconazole	is	first	line
therapy,	while	echinocandins	 including	caspofungin	are	also	effective	and	may
play	 a	 role.78	 Voriconazole	 should	 be	 avoided	 with	 sirolimus
immunosuppression.

3 	Most	patients	with	invasive	aspergillosis	present	with	what	appears	to	be	a
bacterial	pneumonia.	In	high-risk	lung	or	liver	transplant	recipients,	or	in	lower
risk	 patients	 whose	 supposed	 pneumonia	 fails	 to	 respond	 to	 appropriate
antibiotic	 therapy,	 an	 aggressive	 diagnostic	 approach	 is	 urgently	 needed.
Approximately	 1	 in	 8	 patients	 with	 invasive	 aspergillosis	 presents	 with	 or
progresses	 to	disseminated	disease,	with	 a	mortality	 rate	 in	 excess	of	 80%.13,79
Aspergillosis	 is	 diagnosed	 initially	 by	 microscopic	 examination	 of	 samples
obtained	 via	 bronchoscopy	 and	 BAL	 revealing	 the	 presence	 of	 filamentous
hyphae.	 Agents	 approved	 by	 the	 U.S.	 Food	 and	 Drug	 Administration	 against
invasive	 aspergillosis	 include	 liposomal	 amphotericin	 B,	 itraconazole,
voriconazole,	posaconazole,	and	caspofungin;	multidrug	 regimens	are	 typically
reserved	for	salvage	therapy,	but	may	be	considered	even	as	an	initial	regimen	in
disseminated	or	otherwise	severe	disease.	Dissemination	 to	 the	central	nervous
system	 (CNS)	 may	 result	 in	 brain	 abscesses,	 which	 in	 the	 past	 were	 nearly
uniformly	fatal,	but	more	recently	have	been	successfully	treated	with	antifungal
agents	such	as	voriconazole.	Some	require	neurosurgical	resection.80

Infections	 due	 to	 a	 number	 of	 other	 fungi	 occur	 in	 solid-organ	 transplant
recipients,	 including	 Cryptococcus	 neoformans,	 Coccidioides	 immitis,
Blastomyces	 dermatitidis,	Histoplasma	 capsulatum,	 and	 Zygomycetes,	Mucor,
and	Rhizopus	spp.	Infections	caused	by	those	fungi	occur	in	specific	settings	and
present	 as	 specific	 clinical	 courses	 that	 should	 be	 considered	 by	 the	 clinician
caring	for	immunosuppressed	patients.



C.	 neoformans	 is	 the	 second	 leading	 cause	 of	 invasive	 fungal	 infections
among	 liver	 transplant	 recipients,	 and	 a	 leading	 cause	 of	 fungal
meningoencephalitis	 in	 transplant	 recipients	 overall.75,81	 This	 pathogen	 may
cause	pneumonia	or	meningitis,	and	patients	with	pulmonary	disease	often	have
CNS	involvement	as	well.	A	high	index	of	suspicious	should	be	maintained,	and
it	 is	 recommended	 that	 immunocompromised	 patients	 with	 cryptococcal
infection	should	undergo	lumbar	puncture	even	if	asymptomatic	neurologically.
Skin	 nodules	 are	 occasionally	 seen.	 The	 diagnosis	 is	 confirmed	 by	 India	 ink
staining	and	by	testing	for	cryptococcal	antigen	in	cerebrospinal	fluid	or	sputum.
Treatment	 consists	 of	 amphotericin	 B	 and	 flucytosine,	 followed	 by	 long-term
oral	 fluconazole,	 bearing	 in	mind	 there	 is	 increasing	 resistance	 to	 fluconazole
over	time.82,83

3 	Histoplasmosis,	blastomycosis,	and	coccidiomycosis	constitute	the	endemic
mycoses	 in	 the	 United	 States.	 Histoplasmosis	 is	 the	 most	 common	 endemic
mycosis.	 Histoplasmosis	 and	 blastomycosis	 occur	 in	 endemic	 areas	 in	 the
Midwest	 United	 States,	 the	 Mississippi,	 and	 Ohio	 River	 valleys,75	 while
coccidiomycosis,	 caused	 by	Coccidioides	 immitis,	 occurs	 in	 the	 southwestern
United	States	and	in	Mexico.	Invasive	disease	caused	by	any	of	these	organisms,
whether	reactivation	of	latent	fungi	or	new	infection,	occurs	in	about	4%	to	5%
of	solid-organ	 transplant	 recipients,	with	 the	highest	 incidence	 in	 those	areas.75
Invasive	histoplasmosis	and	blastomycosis	often	present	and	progress	similarly,
spreading	from	the	lungs	to	the	skin	and	bone	marrow.	Biopsy	and	samples	for
culture	 analysis	 may	 be	 obtained	 from	 skin	 lesions	 or	 from	 a	 bone	 marrow
aspirate.	Amphotericin	B	or	itraconazole	are	appropriate	therapeutic	agents.39

3 	Coccidiomycosis	 has	 a	 slightly	 higher	 regional	 rate,	with	 an	 incidence	of
between	 1.4%	 and	 6.9%	 among	 solid-organ	 transplant	 recipients	 residing	 in
endemic	areas,	and	an	associated	mortality	 rate	of	approximately	33%.84,85	The
presentation	of	disease	is	variable,	as	multiple	organ	systems	may	be	involved.
The	diagnosis	must	be	made	by	microscopy,	antigen	detection,	or	tissue	culture.
Lifelong	fluconazole	prophylaxis	for	solid-organ	transplant	recipients	who	reside
in	endemic	areas	is	advocated	by	some	centers,	though	long-term	outcome	data
are	 lacking.	 A	 beneficial	 adjunct	 for	 tackling	 this	 disease	 is	 a	 reduction	 of
calcineurin	 inhibitor	 dosage.	 The	 treatment	 is	 prolonged	 amphotericin	 B
administration	or	azole	therapy.

3Mucor	and	Rhizopus	spp	in	the	Zygomycetes	class	are	soil	fungi	that,	when
inhaled,	 may	 cause	 a	 highly	 morbid,	 invasive	 rhinocerebral	 infection	 in
profoundly	 immunosuppressed	 patients	 and	 in	 diabetic	 patients	 with	 poor
glycemic	control.	Liver	transplant	recipients	are	at	highest	risk.81	The	diagnosis
is	 established	 by	 biopsy;	 aggressive	 surgical	 debridement	 is	 the	 treatment	 of



choice	 with	 adjuvant	 antifungal	 therapy	 (amphotericin	 B	 with	 the	 occasional
addition	of	5-flucytosine,	itraconazole,	or	rifampin).	Mortality	varies	depending
on	invasiveness	and	therapy;	overall	mortality	has	been	assessed	at	40%	to	50%,
although	 in	 a	 review	 of	 published	 mucormycosis	 cases,	 patients	 able	 to	 be
treated	with	combined	debridement	and	medical	 therapy	had	far	better	survival
(70.2%)	than	patients	treated	with	one	or	the	other.86,87

3Pneumocystis	jirovecii	pneumonia	(PJP)	is	a	common	cause	of	pneumonia	in
immunosuppressed	patients.	PJP	is	associated	with	profound	defects	 in	cellular
immunity	and	is	normally	seen	with	CD4+	T-cell	counts	lower	than	200	per	μL.
Those	 indices	 are	 historically	 seen	 with	 OKT3	 therapy	 for	 AR,	 which	 is
currently	 not	 in	 use.	 Prophylaxis	 with	 TMP-SMX	 or	 atovaquone	 (if	 sulfa
allergic)	 makes	 PJP	 a	 rare	 entity;	 however,	 transplant	 recipients	 who	 have	 a
respiratory	 illness	 but	 did	 not	 receive	 prophylaxis	 (eg,	 because	 of	 allergy	 or
noncompliance)	should	be	evaluated	promptly	for	PJP.	Untreated	PJP	has	a	very
high	mortality	rate.	The	diagnosis	is	generally	established	by	bronchoscopy	and
BAL,	with	 staining	of	washings,	 or	 by	 transbronchial	 biopsy.	Normal	 findings
should	 not	 delay	 further	 evaluation	 and	 therapy,	 which	 should	 be	 started
empirically	 (the	 characteristic	 alveolar	 and	 interstitial	 changes	 seen	 on	 a	 chest
radiograph	are	late	findings).	This	consists	of	intravenous	TMP-SMX	or	inhaled
pentamidine.	Dapsone	can	be	used	for	patients	with	sulfa	sensitivity.

Viral	Infections
Viral	 infections	 have	 frequently	 been	 recognized	 as	 important	 causes	 of
morbidity	 and	 mortality	 in	 solid-organ	 transplant	 recipients.	 Viruses	 that	 are
endemic	 and	 of	 little	 clinical	 concern	 in	 the	 general	 patient	 population	 may
produce	 overwhelming	 life-threatening	 infections	 in	 the	 host	 with	 suppressed
cellular	 immunity.	The	 recent	 appreciation	of	 the	 immunomodulatory	 effect	 of
several	 opportunistic	 viral	 pathogens	 gives	 even	 more	 reason	 for	 continued
development	 of	 effective	 prophylaxis,	 diagnosis,	 and	 treatment	 modalities	 for
this	 class	 of	 infectious	 agents.	 Immunosuppressed	 transplant	 recipients	 may
develop	serious	viral	infections	by	reactivation	of	latent	virus,	by	transmission	of
the	 virus	 from	 the	 donor	 graft	 or	 via	 blood	 transfusion,	 or	 by	 exposure	 to	 the
virus	in	the	environment.

Pathogens	 known	 as	 the	HHVs	 are	 important	 for	 the	 solid-organ	 transplant
population	(Table	64.2).	These	viruses	commonly	cause	disease	during	periods
of	 greatest	 immunosuppression,	 particularly	 early	 post	 transplant	 and	 after
antirejection	therapy.	They	include	many	of	the	most	important	viral	pathogens
facing	 immunosuppressed	 patients,	 including	 CMV,	 EBV,	 the	 herpes	 simplex



viruses	(HSVs),	and	the	VZV.

TABLE	64.2

Human	Herpes	Viruses

Virus Eponym Clinical	Syndromes

HHV-
1

Herpes	simplex	virus
1

Mucocutaneous	disease

Primarily	oral-labial	symptoms

Ocular	keratitis

Herpes	simplex	virus	encephalitis

HHV-
2

Herpes	simplex	virus
2

Mucocutaneous	disease

Primarily	genital	symptoms

Ocular	keratitis

HHV-
3

Varicella-zoster	virus Chickenpox,	shingles

Pneumonitis,	encephalitis

HHV-
4

Epstein-Barr	virus Infectious	mononucleosis

Hepatitis,	pneumonitis

Posttransplant	lymphoproliferative
disorder

Burkitt	lymphoma

HHV-
5

Cytomegalovirus Mononucleosis,	pneumonitis

Hepatitis,	gastroenteritis,	retinitis

HHV-
6

Roseola	(6B) Childhood	febrile	exanthema

Mononucleosis,	encephalitis

Pneumonitis,	disseminated	disease



HHV-
7

No	clear	clinical	entities

HHV-
8

Kaposi	agent Cutaneous	lymphomas

Abbreviation:	HHV,	human	herpes	virus.

3 	 CMV	 infection	 and	 disease	 affects	 somewhere	 between	 6%	 and	 30%	 of
solid-organ	 transplant	 recipients	 in	 recent	 years,	 primarily	 within	 2	 weeks	 to
3	months	post	transplant.	Single	and	multiorgan	transplants	involving	the	lungs
or	pancreas	have	historically	been	assessed	as	the	highest	risk	graft	 types,	with
rates	 in	 the	1990s	 and	early	2000s	 reported	at	 greater	 than	50%,	 although	 this
has	likely	significantly	improved	with	modern	antivirals.88,89	The	highest	hazard
for	CMV	infection	is	 in	a	CMV-seronegative	recipient	receiving	a	graft	from	a
CMV-seropositive	donor	(the	D+/R−	graft),	which	is	 thought	to	increase	risk	by
about	50%.33,88	The	most	 severe	CMV	disease	 is	 also	primary	 infection	 in	 that
same	 D+/R−	 population.	 Superinfection	 (due	 to	 concurrent	 reactivation	 of	 an
endogenous	strain	and	transmission	of	a	serotypically	distinct	strain	of	CMV)	is
typically	intermediate	in	severity,	whereas	reactivation	of	latent	disease	is	most
often	 comparatively	 mild.90	 The	 range	 of	 clinical	 disease	 is	 vast:	 from
asymptomatic	 infections	 (detected	 solely	 by	 a	 change	 in	 anti-CMV	 titer	 or	 by
shedding	 of	 virus	 or	 viral	DNA	 in	 blood,	 urine,	 or	 sputum)	 to	 tissue-invasive
disease	 (which	 may	 affect	 the	 lungs,	 liver,	 or	 intestine).	 Clinically,	 a	 mild
infection	produces	a	mononucleosis-like	syndrome,	including	fever,	malaise,	and
myalgias,	 often	 accompanied	 by	 leukopenia.	 More	 severe	 disease	 clinically
manifests	 with	 differing	 signs	 and	 symptoms,	 depending	 on	 the	 site(s)	 of
invasive	 infection.	 GI	 ulceration	 with	 occasional	 hemorrhage	 is	 seen	 in	 GI
disease.	 CMV	 pneumonitis	 may	 produce	 respiratory	 insufficiency	 and	 failure.
CMV	 hepatitis	 may	 lead	 to	 liver	 failure,	 severe	 pancreatitis,	 and	 critical
deterioration	 of	 clinical	 course.	 CMV	 retinitis	 may	 produce	 vision	 changes,
leading	to	blindness.

Given	 the	 high	 prevalence	 and	 significant	 morbidity	 of	 CMV	 disease,
prophylaxis	 with	 ganciclovir,	 valacyclovir	 (kidney	 recipients	 only),	 or
valganciclovir	 for	 3	 to	 6	 months	 post	 transplant	 is	 common,	 particularly	 for
high-risk	 patients.	 Valganciclovir	 is	 generally	 the	 preferred	 agent.	 Additional
prophylaxis	is	routinely	begun	with	initiation	of	antirejection	therapy.91

A	second	approach	to	this	problem	is	the	routine	close	monitoring	of	at-risk
patients	with	 protocol	 antigenemia	 or	 polymerase	 chain	 reaction	 (PCR)	 assays



followed	 by	 empiric	 (so-called	 preemptive)	 therapy,	 if	 levels	 rise	 above	 a
predetermined	 threshold.	 This	 approach,	 though	 somewhat	more	 cumbersome,
does	reduce	drug	toxicity.	Prophylaxis	has	been	shown	in	other	studies—almost
all	in	liver	and	kidney	recipients—to	reduce	the	rate	of	CMV	viremia	compared
to	preemptive	therapy,	but	a	recent	randomized	trial	demonstrated	a	reduction	in
CMV	 disease	 compared	 to	 prophylaxis	 in	 D+/R−	 liver	 recipients,	 due	 to	 a
reduction	in	postprophylaxis	“late-onset”	CMV	infection.15,92	Beyond	that	study,
rates	 of	 clinically	 significant	 disease	 or	 CMV	 syndrome	 and	 patient	 and	 graft
survival	 outcomes	 do	 not	 differ	 between	 the	 strategies.36	 Ganciclovir	 and
valganciclovir	 prophylaxis	 is	 used	 for	 lung,	 heart-lung,	 and	 heart	 transplant
recipients	as	well,91	but	data	on	surveillance,	preemptive	therapy,	and	efficacy	in
such	recipients	are	limited.	Prophylaxis,	preemptive	therapy,	or	a	combination	of
both	based	on	calculated	risk	remain	a	carefully	crafted	and	variable	component
of	 peritransplantation	 management	 of	 most	 transplant	 centers.	 There	 is	 also
evidence	 that	 there	 is	 a	 tendency	 toward	 less	 CMV	 disease	 with	 the	 use	 of
mammalian	target	of	rapamycin	(mTOR)	inhibitors.93

Foscarnet	 (trisodium	 phosphonoformate)	 or	 cidofovir	 are	 second-line
therapies	used	in	those	instances	where	ganciclovir-resistant	strains	of	CMV	are
isolated.	 Both	 are	 associated	 with	 a	 higher	 rate	 of	 adverse	 effects	 (eg,
nephrotoxicity).90	 Letermovir	 is	 a	 newer	 agent	 currently	 under	 investigation,
primarily	 in	 hematopoietic	 stem	 cell	 transplantation,	 which	 has	 shown	 some
efficacy	 in	 reducing	CMV	infections	and	mortality	 in	phase	3	 trials,	but	 is	not
yet	available	or	recommended	for	widespread	use.94	Maribavir	 is	another	agent
still	under	 trial,	with	good	 initial	 efficacy	even	 in	 refractory	or	 resistant	CMV,
but	some	questions	about	durability	of	effect	remain.95

3 	 1 	The	HSVs	(HSV-1	and	HSV-2)	commonly	cause	mucocutaneous	disease
of	 the	 oropharynx	 (HSV-1)	 and	 the	 genitalia	 (HSV-2).	 In	 profoundly
immunosuppressed	 patients,	 they	 may	 cause	 widespread	 disease,	 including
hepatitis,	encephalitis,	and	pneumonitis.	Most	such	infections	are	thought	to	be
reactivation	of	latent	virus.96	The	diagnosis	is	established	by	identification	of	the
virus	by	immunofluorescent	monoclonal	antibody	staining	or	by	Tzanck	smear.
Culture	and	rising	anti-HSV	antibody	titers	provide	evidence	as	well.	Treatment
consists	 of	 acyclovir;	most	 epidermal	 lesions	 respond	 to	 oral	 therapy,	 but	 any
evidence	of	 disseminated	disease	 requires	 high-dose	 intravenous	 acyclovir	 and
minimization	of	immunosuppression.

3 	 1 	 Infections	associated	with	EBV	are	commonly	detectable	 in	solid-organ
transplant	 recipients.	 The	 most	 common	 manifestations	 include	 the	 typical
mononucleosis-syndrome,	 pneumonitis,	 and	 hepatitis.	 The	 diagnosis	 of	 EBV
infections	 is	made	 by	 detection	 of	 heterophile	 immunoglobin	M	 antibodies	 in



serum	or	by	 following	 titers	 of	 antibodies	 to	viral	 capsid	 antigen.	PCR	 is	 also
used	 to	 monitor	 viral	 activity	 and	 response	 to	 therapy.	 Treatment	 consists	 of
acyclovir	 (or	 ganciclovir,	 when	 a	 CMV	 infection	 is	 also	 suspected).
Immunosuppressive	 deescalation	 is	 necessary	 in	 disseminated	 disease.
Belatacept	may	confer	increased	risk	of	early	posttransplant	lymphoproliferative
disorder	(PTLD)	in	EBV-naive	recipients	compared	with	calcineurin	 inhibitors,
although	overall	survival	remains	similar.97	Some	centers	attempt	to	use	antiviral
prophylaxis	 to	 reduce	 risk	of	EBV	 related	disease,	 but	meta-analyses	 have	not
borne	out	an	advantage	to	this	strategy.98

VZV	 commonly	 emerges	 from	 latency	 in	 immunosuppressed	 transplant
recipients	 and	 causes	 an	 episode	 of	 shingles.99	 More	 rarely,	 VZV	 may	 cause
disseminated	 infections,	 such	 as	 pneumonitis	 and	 encephalitis.	 Pediatric
transplant	patients	are	routinely	inoculated	with	the	varicella	vaccine,	which	has
markedly	 reduced	 this	 of	 disease;	 live-attenuated	 varicella	 vaccine	 is
recommended	 pretransplant	 for	 all	 seronegative	 pediatric	 and
nonimmunosuppressed	transplant	candidates.	The	adjuvant	subunit	herpes	zoster
vaccine	is	recommended	pretransplant	for	all	seropositive	adult	candidates.	VZV
infections	are	treated	with	acyclovir,	or	alternatively	valacyclovir	or	famciclovir
if	 clinically	 appropriate;	with	 severe	disseminated	disease,	 immunosuppression
is	 reduced	 as	 an	 adjunct.100,101	 Antivaricella	 immunoglobulin	 is	 generally	 only
appropriate	 for	 postexposure	 prophylaxis	 in	 eligible	 posttransplant	 individuals,
not	for	 treatment	purposes;	 if	 it	 is	contraindicated,	current	guidelines	suggest	a
course	of	valacyclovir	as	an	alternative	for	postexposure	prophylaxis.

Coinfection	with	HHV-6	and	association	with	severe	CMV	disease	has	been
reported,	 but	 understanding	 causality	 in	 this	 context	 is	 difficult.	 Treatment	 of
neurologic	 diseases	 related	 to	 HHV-6,	 including	 limbic	 encephalitis	 typically
more	 common	 in	 stem	 cell	 transplant	 but	 also	 identified	 in	 solid-organ
transplant,	typically	includes	ganciclovir,	cidofovir,	and	foscarnet,	either	alone	or
in	combination.102	Otherwise,	HHV-6	DNAemia	has	been	associated	with	but	not
proven	 to	 cause	 a	 nonspecific	 viral-like	 syndrome	 characterized	 by	 fever,
vomiting,	 lethargy,	 splenomegaly,	bone	marrow	suppression,	 and	 transaminitis;
other	 presentations	 have	 been	 reported	 but	 attribution	 to	 HHV-6	 remains	 a
diagnosis	of	exclusion.	Symptomatic	HHV-6	appears	to	be	relatively	rare,	even
among	 children	 who	 may	 be	 primarily	 infected	 (adults	 are	 usually
seropositive).103	HHV-7	is	not	yet	clearly	associated	with	clinical	syndromes	that
pose	major	problems	in	solid-organ	transplant	recipients	other	than	a	nonspecific
febrile	 syndrome	with	 thrombocytopenia	 and	 bone	marrow	 suppression,	 but	 if
treatment	 is	 desired,	 foscarnet	 and	 cidofovir	 are	 the	 treatments	 of	 choice.104
HHV-8	is	linked	to	the	development	of	Kaposi	sarcoma	(KS)	among	transplant



recipients,	which	is	here	discussed	under	the	heading	of	malignancy.
Viral	 hepatitis	 is	 a	 significant	 problem,	 particularly	 among	 liver	 transplant

recipients,	who	may	have	developed	end-stage	liver	disease	as	a	result	of	HBV
or	 HCV	 infections.	 Primary	 HBV	 or	 HCV	 infections	 may	 occur	 during	 the
transplant	 operation	 itself	 because	 of	 donor	 graft	 or	 blood	 transfusion
transmission.

5 	 Would-be	 donors	 positive	 for	 hepatitis	 B	 surface	 antigen	 and/or	 anti-
hepatitis	 B	 core	 antibodies	 (HBcAbs)	 are	 often	 excluded	 from	 donating	 any
organ	 or	 tissue.105	 Organs	 other	 than	 the	 liver	 have	 been	 transplanted	 from
isolated	HBcAb-positive	donors,	without	evidence	of	transmission,	and	the	risk
for	 transmission	 is	 very	 low	 from	 a	 review	 of	 the	 literature.106	 HCV-positive
donors	are	normally	allowed	to	donate	their	livers	and	kidneys	to	recipients	who
are	 also	HCV-positive.	Liver	 transplant	 candidates	with	HBV	or	HCV	disease
are	 transplanted;	 currently,	 their	 graft	 and	patient	 survival	 rates,	 particularly	 in
the	 short	 term,	 are	 comparable	 to	 those	 for	 recipients	 without	 HBV	 or	 HCV
disease.	 HBV	 disease	 is	 no	 longer	 a	 contraindication	 to	 a	 liver	 transplant;
however,	 the	 use	 of	 lamivudine	 and	 HBV	 immune	 globulin	 has	 significantly
reduced	 the	 burden	 of	 recurrent	 HBV	 disease17	 and	 has	 allowed	 hundreds	 of
patients	with	 end-stage	 liver	 disease	 secondary	 to	HBV	 to	 undergo	 successful
transplantation.	Continuing	HBV	prophylactic	therapy	appears	to	be	the	optimal
duration	strategy	in	ensuring	low	or	absent	viral	levels.17

Up	to	25%	of	hepatitis	C-positive	transplant	recipients	accelerate	to	cirrhosis
within	5	to	10	years	post	transplant,	likely	related	to	immunosuppressive	therapy
and	rejection.107	The	care	of	transplant	candidates	with	HCV	includes	extending
the	 donor	 pool,	 tailoring	 antiviral	 treatment	 before	 and	 after	 transplant,	 and
offering	a	living	donor	transplant.18	Hepatitis	C	therapy	has	gone	through	a	sea
change	in	the	past	decade;	direct-acting	antiviral	regimens	such	as	paritaprevir,
ritonavir,	ombitasvir,	and	dasabuvir,	or	sofosbuvir	and	ledispasvir,	have	provided
sustained	virologic	responses	with	substantial	advantages	in	short-	and	long-term
outcomes	for	patients	with	HCV.19	While	 this	 reduces	progression	 to	end-stage
liver	 disease,	HCC,	 and	 other	HCV-related	 conditions,	 and	may	 provide	 some
improvement	 in	 function	 even	 for	 patients	 awaiting	 liver	 transplantation	 for
HCV	 cirrhosis,	 it	 also	 is	 beginning	 to	 open	 the	 door	 to	 transplantation	 of
hepatitis	 C-positive	 grafts,	 although	 this	 is	 still	 an	 emerging	 practice	 typically
limited	to	special	circumstances.108

The	transmission	of	HIV	via	an	organ	transplant	from	an	HIV-positive	donor
was	 described	 over	 2	 decades	 ago,	 and	 until	 the	 HOPE	 Act,	 HIV-positive
individuals	were	 excluded	 from	 organ	 donation	 and,	 generally,	 from	 receiving
transplants,	 due	 to	 concerns	 related	 to	 infection	 and	 superinfection	 as	 well	 as



worsening	clinical	 status	with	 immunosuppression.109	 Since	 the	 introduction	of
highly	 active	 antiretroviral	 therapy	 (HAART),	 HIV	 infection	 has	 increasingly
been	 approached	 as	 a	 chronic	 condition,	 and	 longer	 life	 expectancy	 in	 those
individuals	with	HIV	has	gone	hand-in-hand	with	greater	frequency	of	end-organ
failure	 and	 need	 for	 transplantation.	 In	 today’s	 post-HAART,	 post–HOPE	Act
era,	HIV-positive	status	is	no	longer	a	contraindication	to	donating	or	receiving
transplant	 allografts,	 and	 recipient	 short-	 and	 long-term	 survival	 has	 been
excellent.

Outcomes	 for	 HIV-positive	 transplant	 recipients	 have	 been	most	 studied	 in
renal	transplantation,	and	have	been	good	and	continue	to	improve,	with	stable
CD4+	counts	and	viral	load,	as	well	as	excellent	1-	to	3-year	outcomes:	a	16-year
study	 of	 120	 HIV-positive	 kidney	 recipients	 at	 an	 HIV-experienced	 center
demonstrated	current	1-year	patient	and	graft	survival	and	3-year	patient	survival
of	 100%,	 with	 only	 slightly	 lower	 graft	 survival	 at	 3	 years	 of	 96%.110	 Graft
rejection	 rates	were	high,	particularly	 in	early	years,	and	continue	 to	be	a	 risk,
but	 can	 be	 managed	 with	 close	 monitoring;	 continuing	 ART	 is	 generally	 the
priority	to	preserve	patient	survival	even	at	the	risk	of	graft	loss,	which	must	at
times	 be	 considered	 in	 the	 setting	 of	 drug	 interactions	 between	 ART	 and
immunosuppression.	 Even	 patients	 coinfected	with	HCV	 can	 experience	 good
outcomes,	 particularly	 now	 that	 direct-acting	 antiviral	 therapy	 is	 an	 option	 for
either	 pre-	 or	 posttransplantation	 management.110,111	 While	 kidney	 and	 liver
recipients	 are	 the	 most	 comprehensively	 studied,	 HIV-positive	 recipients	 are
increasingly	receiving	thoracic	and	other	grafts;	a	new	study	of	heart	transplant
recipients	with	HIV	found	that	patient	and	graft	survival	was	noninferior	in	the
first	3	years	to	HIV-negative	recipients,	albeit	with	an	increased	risk	of	rejection
episodes.112

The	HOPE	in	Action	trials	describe	the	emerging	experience	of	HIV-positive
donation;	 thus	 far,	 only	 kidney	 and	 liver	 grafts	 have	 been	 studied,	 primarily
focusing	 on	 overall	 patient	 and	 graft	 survival,	 and	 risk	 of	 superinfection	with
drug-resistant	mutations.	In	the	United	States,	42%	of	HIV-positive	donors	have
had	 identified	major	drug-resistant	mutations,	which	poses	 some	concerns,	 but
so	far,	integrase	inhibitor	resistance	has	been	rare	(4%),	which	is	reassuring	as	to
the	 safety	 of	 D+/R+	 transplantation.	 A	 small	 but	 not	 insignificant	 percentage
displayed	 multiclass	 resistance	 (13%),	 but	 many	 of	 those	 donors	 were
nevertheless	successfully	virally	suppressed	on	their	ART	regimen.113	Early	data
from	other	HOPE	in	Action	trials	detected	no	instances	of	HIV	superinfection	in
the	 recipient	 population,	 and	 1-year	 renal	 and	 liver	 graft	 survival	 exceeded
90%.114,115	This	demonstrates	that	careful	HIV	and	ART	history	and	genotyping
is	crucial	to	successful	posttransplantation	management,	but	good	outcomes	are



attainable.113
3 	 3 	The	polyomavirus,	 including	BK	virus	 (BKV),	John	Cunningham	virus,

and	simian	virus	40,	is	an	omnipresent	pathogen	that	has	no	clinical	significance
in	 immunocompetent	 hosts.	 BKV	 is	 tropic-specific	 for	 human	 transitional	 and
renal	 tubular	 epithelial	 cells.	 Primary	 infection	 occurs	 early	 in	 life;	 BKV
establishes	 lifelong	 latency	 in	 the	 host’s	 renal	 cells.	 Reactivation	 takes	 place
when	 the	host’s	 immune	 system	 is	 compromised,	 such	as	during	pregnancy	or
posttransplant	immunosuppression.	The	diagnosis	is	made	by	detecting	free	viral
particles	in	the	urine,	blood,	or	intranuclear	viral	inclusion-bearing	cells	(decoy
cells)	 in	 urine	 cytology	 specimens.	 BKV	 nephropathy	 (BKN)	 has	 been
increasingly	 recognized	 as	 an	 important	 entity	 among	 kidney	 transplant
recipients	since	the	mid-1990s;	BK	viremia	is	estimated	to	occur	in	10%	to	15%
of	recipients	post	transplant,	and	BKN	in	3%	to	5%.116	Depending	on	the	severity
of	renal	tubular	injury,	clinical	presentations	of	BKN	can	include	fatigue,	fever,
mild	 hydronephrosis,	 or	marked	 graft	 dysfunction.	 In	 bone	marrow	 transplant
recipients,	 hemorrhagic	 cystitis	 has	 been	 described.	 The	 diagnosis	 of	 BKV
reactivation	is	made	by	urinary	cytology,	quantitative	PCR	analysis	 to	measure
the	viral	load	in	urine	or	plasma,	and	kidney	biopsy.117	Surveillance	on	a	monthly
and	 then	 gradually	 less	 frequent	 schedule	 in	 the	 early	 posttransplant	 period	 is
recommended	 by	 most	 transplant	 societies	 to	 potentially	 avert	 progression	 of
viruria	 and/or	 viremia	 to	 nephropathy.116	 The	 mainstays	 of	 caring	 for	 patients
with	 BKN	 are	 to	 reduce	 immunosuppression	 and	 to	 closely	 monitor	 disease
progression.	Given	 the	 lack	of	 specific	 antiviral	 agents	 against	BKV,	 low-dose
cidofovir	or	 leflunomide	or	 intravenous	 immune	globulin	 (IVIG)	have	all	been
utilized,	with	mixed	results.	IVIG	may	play	a	role	in	salvage	therapy.118	Despite
historical	use,	 fluoroquinolones	are	not	 recommended,	as	no	appreciable	effect
has	been	observed.119,120

3 	Human	 papilloma	 viruses	may	 cause	 disease	 through	 the	 development	 of
tissue-specific	 growth,	 leading	 to	 benign	 or	 malignant	 processes,	 including
cervical	 cancer,	 cancer	 of	 the	 vulva	 and	 perineum,	 condyloma	 acuminatum,
laryngeal	 polyposis,	 and	 nonmelanotic	 skin	 cancer	 (vide	 infra).	 Respiratory
syncytial	virus	may	produce	a	fulminant	pneumonia	in	both	adult	and	pediatric
transplant	 recipients.	The	diagnosis	 is	made	by	nasopharyngeal	washing.	More
severe	cases	may	be	treated	with	ribavirin.

Parasitic	Infections
Numerous	 common	 parasitic	 infections	 are	 seen	 among	 immunosuppressed
solid-organ	transplant	recipients.	Toxoplasma	gondii	presents	as	a	brain	abscess



with	 neurological	 changes.121	 It	 is	 seen	 late	 post	 transplant,	 whereas	 a	 brain
abscess	 in	 the	 early	 posttransplant	 period	 is	more	 likely	 to	 be	 fungal.122	 Heart
transplant	recipients	seem	to	be	at	greatest	risk,	possibly	due	to	the	presence	of
T.	 gondii	 cysts	 in	 donor	 myocardial	 tissue.	 Positive	 Toxoplasma	 is	 a	 not	 a
contraindication	 for	 organ	 donation.	 However,	 if	 the	 heart	 donor	 was
seropositive	 for	 T.	 gondii,	 or	 the	 recipient	 is	 felt	 to	 be	 at	 high	 risk	 for	 other
reasons,	the	recipient	normally	undergoes	prophylactic	treatment;	TMP-SMX	is
the	most	common	prophylactic	choice,	although	other	regimens	such	as	dapsone,
atovaquone,	 and	pyrimethamine	 and	 sulfadiazine,	 alone	or	 in	 combination,	 are
also	 used.	 Treatment	 of	 T	 gondii	 infections	 consists	 of	 pyrimethamine	 and
sulfadiazine	for	at	least	4	to	6	weeks;	the	mortality	rate	is	high	among	transplant
recipients	who	exhibit	CNS	disease,	and	treatment	response	is	variable.123

MALIGNANCY
6 	Solid-organ	transplant	recipients	have	a	distinctly	increased	risk	of	developing
malignancy	post	transplantation.	The	Israel	Penn	International	Transplant	Tumor
Registry	initiated	and	has	maintained	an	extensive	data	collection	that	tracks	the
epidemiology	 of	 tumors	 in	 transplant	 recipients.124	 The	 increased	 incidence	 of
malignancy	is	multifactorial,	probably	due	to	a	combination	of	the	activation	of
latent	 viruses	 with	 oncogenic	 potential,	 the	 direct	 oncogenic	 effect	 of
immunosuppressive	 drugs	 such	 as	 cyclosporine,	 and,	 perhaps,	 environmental
factors.125	 Strong	 but	 indirect	 evidence	 points	 to	 the	 loss	 of	 immunological
surveillance	 as	 a	 mechanism	 of	 increased	 oncogenesis.	 The	 most	 common
neoplasms	 of	 solid-organ	 transplant	 recipients	 are	 skin	 cancers,	 PTLD,	 lung
cancer,	 KS,	 and	 carcinoma	 of	 the	 cervix.	 Of	 those	 neoplasms,	 lung	 cancer
appears	 to	 occur	 at	 the	 same	 frequency	 as	 in	 the	 general	 population,	with	 the
exception	 of	 occurring	 at	 increased	 rates	 among	 lung	 recipients;	 the	 other
neoplasms	 occur	 at	 increased	 incidence	 in	 solid-organ	 transplant	 recipients.126
PTLD	presents	 the	greatest	challenge	 in	 terms	of	attendant	high	morbidity	and
mortality	rates.

Posttransplant	Lymphoproliferative	Disorder
PTLD	 encompasses	 a	 very	 broad	 range	 of	 pathologies,	 from	 simple	 lymphoid
hyperplasia	 to	 very	 aggressive	monoclonal	B-cell	 lymphomas.	 EBV	 infections
play	a	central	causal	role.	In	particular,	primary	EBV	infections	post	transplant
(EBV	 D+/R−	 match)	 and	 immunosuppression	 markedly	 increase	 the	 risk	 of



PTLD.38	 Other	 risk	 factors	 include	 active	CMV	 disease,90	 CMV	D+/R−	match,
and	increasing	intensity	of	immunosuppression.

PTLD	 is	 least	 common	 in	 adult	 kidney	 transplant	 recipients	 and	 most
common	in	pediatric	small-bowel	transplant	recipients.	It	is	most	common	early
post	 transplant,	 concurrent	with	 the	greatest	 period	of	 immunosuppression	 and
with	 the	 use	 of	 anti-T-cell	 therapy	 for	 AR,	 particularly	 repeated	 courses.
However,	a	subset	of	PTLD	occurs	late	(several	years)	post	transplant.	These	late
occurring	neoplasms	appear	to	be	related	to	patient	age,	duration,	and	intensity
of	immunosuppression,	and	of	graft	than	to	the	more	typical	risk	factors	seen	in
early-onset	disease.

The	clinical	presentation	of	PTLD	varies	widely,	as	might	be	expected	from
the	 wide	 range	 of	 pathology	 encountered	 with	 this	 entity.	 Many	 patients
experience	 fever,	 sweats,	 and	 myalgias	 as	 the	 only	 symptoms.	 Weight	 loss,
diarrhea,	and	upper	respiratory	infection	are	common	symptoms;	some,	but	not
all,	patients	have	lymphadenopathy.	CNS	involvement	is	at	present	estimated	to
occur	 among	 9%	 to	 13%	 of	 patients	with	 PTLD	 and	may	manifest	 as	mental
status	changes.127	GI	disease	may	be	silent	or	may	present	as	abdominal	pain,	GI
bleeding,	 and	 perforation	 with	 peritonitis,	 or	 bowel	 obstruction.	 Intrathoracic
PTLD	 has	 a	 characteristic	 radiographic	 appearance	 of	 multiple	 circumscribed
pulmonary	 nodules,	 which	 may	 or	 may	 not	 be	 accompanied	 by	 mediastinal
lymphadenopathy.	 PTLD	 in	 the	 graft	 itself	 can	 present	 very	 similarly	 to	 AR;
because	the	therapeutic	approach	to	those	two	entities	is	diametrically	opposed,	a
correct	diagnosis	by	biopsy	is	essential.

3 	 The	 gold	 standard	 for	 establishing	 the	 diagnosis	 of	 suspected	 lesions	 in
PTLD	 is	 biopsy.	 These	 specimens	 are	 histologically	 graded	 (based	 on	 cell
morphology	 and	 nodal	 architecture)	 and	 assessed	 for	 clonality	 (polyclonal	 or
monoclonal)	and	for	the	presence	of	an	EBV	genome	and	copy	number.	Specific
cell	marker	 studies	 are	 required	 to	 establish	 the	 clonality,	 but	most	 lesions	 are
EBV	 positive	 and	 of	 B-cell	 lineage.	 Experienced	 pathologists	 with	 working
knowledge	of	PTLD	as	well	as	with	graft	rejection	and	opportunistic	infections
should	 review	 the	 biopsy.	 At	 present,	 the	 classification	 system	 used	 is,	 by
consensus,	the	World	Health	Organization	2017	classification	system	for	tumors
of	hematopoietic	and	lymphoid	tissues.128	EBV	serology	does	not	 typically	add
to	 the	 diagnostic	workup	 of	 PTLD,	with	many	 false	 negatives	 among	 patients
with	 established	 primary	EBV	 infections.	 Similarly,	 peripheral	 cytology	 is	 not
helpful	in	making	the	diagnosis	and	molecular	techniques	need	to	be	employed.21
Potentially	 useful	 molecular	 testing	 adjuncts	 are	 emerging	 and	 include	 EBV
clonality,	sequencing	and	profiling	of	oncogenes,	etc,	and	lytic	and	latent	EBV
gene	expression.128	If	PTLD	is	suspected,	patients	should	undergo	imaging	of	the



head,	 thorax,	 and	 abdomen.	 Fluorodeoxyglucose-positron	 emission
tomography/computed	 tomography	 (CT)	 scanning	 has	 high	 specificity	 as	 a
diagnostic	and/or	staging	tool	and	in	follow-up	studies	of	PTLD	patients.21

1 	Currently,	there	is	little	information	to	provide	direction	regarding	optimal
prophylaxis	 for	PTLD.	Clearly,	 it	 is	 important	 to	 identify,	and	closely	monitor,
high-risk	 patients	 (eg,	 children;	 liver	 and	 small-bowel	 transplant	 recipients;
EBV-negative	 transplant	 recipients,	 particularly	 those	 with	 an	 EBV-positive
donor;	 transplant	 recipients	 on	 intense	 antilymphocyte	 therapy	 for	 rejection).
Both	 antiviral	 agents	 and	 passive	 immune	 transfer	 with	 CMV-IVIG	 immune
globulin	have	been	used	as	prophylaxis	against	PTLD,	with	anecdotal	efficacy
that	 has	 never	 been	 borne	 out	 in	 larger	 studies.	 Reduction	 of	 the
immunosuppressive	 regimen	with	 evidence	 of	 rising	 EBV	 titer,	 particularly	 in
individuals	who	are	EBV-seronegative	at	transplant,	has	shown	to	be	helpful	and
is	recommended	by	consensus.21	Rituximab	may	be	helpful	for	cases	refractory
to	 immunosuppression	 reduction,	 but	 there	 is	 not	 enough	 data	 for	 consensus
recommendations	to	be	made.128

1 	Treatment	of	established	PTLD	depends	on	each	patient’s	clinical	situation
and	 histological	 diagnosis.	 With	 few	 trials	 to	 guide	 therapy,	 a	 gradual,
individualized	 approach	 is	 taken.	Ordinarily,	 immunosuppression	 is	 reduced	 to
the	barest	minimum,	and	specific	therapy	is	directed	at	the	neoplasm.	In	25%	to
50%	of	patients,	PTLD	regresses	after	immunosuppression	is	reduced;	however,
this	does	incur	a	substantial	risk	of	acute	AR	(32%	in	one	larger	study).21,129

Medical	 approaches	 to	 treating	PTLD	 include	 (a)	 antiviral	medications	 (eg,
acyclovir,	 ganciclovir);	 (b)	 interferon-α2b;	 (c)	 immunoglobulins	 (d)	 standard,
low-dose,	 and	 high-dose	 cytotoxic	 chemotherapy	 protocols;	 and	 (e)	 most
recently,	monoclonal	antibodies	directed	against	B-cell	surface	markers,	such	as
CD19	and	CD20	(rituximab).	At	present,	 rituximab	 is	generally	considered	 the
next	 best	 step	 to	 take	 after	 reduction	 of	 immunosuppression,	 with	 strong
evidence	that	 it	 increases	rates	of	remission	and	progression-free	survival.130	 In
recent	years,	 immunomodulatory	 therapy	with	adoptive	 transfer	of	 cytotoxic	T
cells	sensitized	to	EBV	has	been	attempted	with	some	success;	a	small	phase	II
trial	 involving	 33	 patients	 who	 had	 failed	 immunosuppression	 reduction	 and
rituximab	 reported	 a	 52%	 response	 rate	 at	 6	 months,	 and	 a	 more	 recent
retrospective	study	of	pediatric	recipients	reported	an	80%	response	rate.128,131,132

Surgical	 intervention	 is	 clearly	 indicated	 for	 patients	 with	 GI	 PTLD	 that
manifests	as	aggressive	disease	(eg,	viscus	obstruction	or	perforation).	Surgical
debulking	 of	 the	 tumor	 burden	 has	 also	 been	 used	 in	 amenable	 cases,	 as	 has
radiotherapy.	Isolated	CNS	disease	initially	should	be	treated	with	external	beam
irradiation.21	 It	 may	 be	 a	 marker	 for	 refractory	 PTLD,	 given	 the	 relatively



immune-privileged	site.	In	a	series	of	14	patients	with	primary	CNS	PTLD,	all
but	 three	 had	 a	 partial	 or	 complete	 response	 to	 a	 combined	 regimen	 of
immunosuppression	reduction,	rituximab,	and	external	beam	radiation;	the	other
three	were	lost	to	follow-up	or	died	before	completion	or	treatment.	However,	a
total	of	8	of	the	14	died,	mostly	of	infectious	causes.133

Late-onset	PTLD,	occurring	more	than	1	to	2	years	post	transplant,	often	does
not	 respond	 to	 the	reduction	 in	 immunosuppression	and	 to	 the	medical	 therapy
typically	 used	 in	 patients	 with	 early-onset	 disease.	 Often	 EBV-negative,	 late-
onset	 PTLD	 is	 difficult	 to	 treat	 because	 of	 side	 effects,	 including	 infectious
complications	 of	 the	 aggressive	 chemotherapy	 that	 is	 often	 required.	Whether
recurrent	 or	 simply	 late-onset	 disease,	 biopsy	 and	 pathologic	 diagnosis	 should
always	be	pursued,	as	the	PTLD	may	be	of	a	different	or	origin	compared	to	a
prior	manifestation.21,128

Skin	Cancer
6 	Nonmelanotic	 skin	cancers	 are	 the	most	 common	neoplasms	associated	with
transplantation	 and	 immunosuppression.	 Increased	 incidence	 is	 associated	with
increasing	 time	 post	 transplantation,	 sun	 exposure,	 white	 race,	 male	 sex,	 and
thoracic	 transplantation.	 It	 also	 appears	 to	 be	more	 common	 in	more	 recently
transplanted	 cohorts	 after	 adjustment.	Well-known	 historical	 studies	 showed	 a
prevalence	 of	 66%	 in	 transplant	 recipients	 in	 Australia	 after	 24	 years	 of
surveillance134	 and	 40%	 after	 20	 years	 in	 the	 Netherlands135;	 a	 modern
multicenter	US	study	suggests	an	incidence	of	8%	with	59,923	person-years	of
follow-up	over	a	10-year	study	period.	This	corresponds	to	a	25.3:1	observed-to-
expected	ratio	of	skin	cancer	incidence	among	transplant	recipients.136

6 	 Squamous	 cell	 carcinoma	 is	 the	 most	 common	 skin	 cancer	 among
transplant	 recipients.	 Many	 recipients	 develop	 multiple	 lesions;	 the	 transplant
patients	 are	 generally	 younger	 when	 compared	 with	 members	 of	 general
population.	 The	 incidence	 of	 melanoma	 is	 also	 much	 higher	 than	 the	 general
population,	 with	 an	 incidence	 rate	 of	 125	 compared	 to	 9	 to	 18	 per	 100,000
person-years.136	 Even	 nonmelanotic	 squamous	 cell	 carcinomas	 behave	 more
aggressively	in	transplant	recipients,	with	earlier	metastasis	and	an	SCC-specific
mortality	rate	of	about	9%.137	On	identification	of	skin	lesions,	prompt	surgical
excision	should	be	undertaken.	Solid-organ	transplant	recipients	are	instructed	to
avoid	 direct	 exposure	 to	 sunlight	 for	 any	 prolonged	 period	 of	 time	 and	 to
liberally	 use	 sunblock.	 Clearly,	 close	 dermatologic	 counseling,	 education,	 and
follow-up	are	warranted	in	this	patient	population.138



Kaposi	Sarcoma
KS	 is	 a	 nodular	 vascular	 neoplasm	 commonly	 seen	 cutaneously	 but	 may	 be
multicentric	involving	visceral	tissues	(such	as	the	lungs	and	GI	tract).	Endemic
in	the	Mediterranean	region	and	Middle	East,	it	is	strongly	associated	with	either
endogenous	or	exogenous	immunosuppression,	as	a	result	both	of	AIDS	and	of
immunosuppressive	 therapy.	 The	 incidence	 of	 this	 disease	 in	 US	 transplant
recipients	 is,	 at	 most	 recent	 count,	 0.06%,	 which	 represents	 a	 rate	 dozens	 to
hundreds	of	times	higher	than	the	basal	rate	in	the	population	at	large.139,140	The
HHV-8	 virus	 is	 generally	 the	 causal	 agent	 in	KS;	 over	 80%	of	 cases	 occur	 in
patients	who	were	HHV-8	seropositive	prior	to	transplantation.140

1 	 6 	Cutaneous	KS	is	easily	identified	by	clinical	appearance	and	biopsy.	But
patients	with	only	visceral	KS	often	present	with	more	advanced	disease,	usually
GI	 bleeding	 or	 viscus	 perforation,	 sometimes	 dyspnea	 related	 to	 pulmonary
disease.	 Immunosuppression	 should	 be	 reduced	 to	 the	 greatest	 extent	 possible,
after	which	about	30%	to	55%	of	patients	will	experience	remission,	 including
those	with	visceral	disease.141	Transition	to	mTOR	inhibitors	has	been	shown	to
have	 some	 additional	 effects	 for	 patients	 who	 do	 not	 respond	 to	 reduction	 of
immunosuppression	alone.	Chemotherapy	 is	 reserved	 for	patients	with	visceral
KS	 and	 for	 those	 who	 do	 not	 experience	 remission	 after	 their
immunosuppression	is	reduced.	A	multicenter	retrospective	study	out	of	Europe
demonstrated	 treatment	 response	 to	any	or	a	 combination	of	 these	 therapies	of
80%,	in	a	group	with	50%	visceral	KS	and	50%	nonvisceral	KS.141	Historically,
however,	mortality	 from	 visceral	 KS	 has	 been	 45%	 to	 50%;	mortality	 among
transplant	recipients	may	be	somewhat	lower	because	of	the	option	to	modulate
immunosuppression.142	 Anecdotal	 evidence	 indicates	 that	 certain	 patients	 may
respond	 to	 antiviral	 agents,	 including	ganciclovir,	 cidofovir,	 and	 foscarnet,	 but
none	of	these	therapies	have	well-substantiated	efficacy.104

Cervical	Cancer
6 	 3 	 Recent	 data	 suggests	 an	 estimated	 11.9%	 incidence	 of	 lower	 genital	 tract
dysplasia	in	the	first	five	to	10	years	after	transplantation,	and	9.6%	incidence	of
cervical	dysplasia,	with	3.6%	presenting	as	high-grade	dysplasia	or	carcinoma.143
Cervical	carcinoma	was	seen	in	10%	of	all	women	with	posttransplant	cancer	in
the	Transplant	Tumor	Registry.124	Close	surveillance	by	pelvic	examination	and
Papanicolaou	smear	is	essential	in	this	population,	given	the	increased	incidence
of	 disease;	 thorough	 surveillance	 of	 the	 rest	 of	 the	 lower	 genital	 tract	 is	 also
recommended,	as	co-occurrence	of	cervical	dysplasia	may	be	seen	with	anal	or



vaginal	 dysplasia	 or	 cancer.	 In	 the	 posttransplant	 patient	 with	 potentially
advanced	cervical	cancer,	there	is	no	standardized	approach.

Transmitted	and	Recurrent	Malignancy
Thankfully,	the	transmissions	of	malignancy	from	grafts	are	not	widespread,	but
when	 it	 does	 occur	 it	 is	 potentially	 devastating.	 Case	 reports	 have	 described
patients	 who	 received	 grafts	 that	 harbored	 malignant	 cells,	 leading	 to	 the
development	of	malignancy.	Transmissions	to	transplant	recipients	of	renal	cell
carcinoma,	 metastatic	 cancer	 of	 the	 breast	 or	 lung,	 and	 melanoma	 have	 been
reported.	 Currently,	 cancer	 or	 recent	 history	 of	 cancer	 is	 a	 contraindication	 to
organ	 donation,	 with	 the	 possible	 exception	 of	 some	 low-grade	 skin	 cancers,
noninvasive	CNS	neoplasms,	and	small,	limited	cancers	that	have	been	excised
and	 are	 not	 likely	 to	 recur	 or	 spread.	 Nonetheless,	 some	 grafts	 are	 found	 to
contain	 foci	 of	 neoplasia,	which	 develop	 into	 a	 clinically	 significant	 cancer	 in
recipients.	 This	 finding	 emphasizes	 the	 need	 for	 a	 thorough	 examination	 of
donors	 during	 organ	 procurement,	 particularly	 considering	 the	 present	 trend
toward	the	use	of	older	donors.

6 	Patients	with	a	history	of	malignancy	are	at	risk	for	recurrent	disease	post
transplantation,	 presumably	 due	 to	 the	 use	 of	 immunosuppression.	 Historical
data	 from	 the	 Transplant	 Tumor	 Registry	 showed	 a	 21%	 recurrence	 rate;
however,	a	more	modern	meta-analysis	suggests	 that	 the	risk	 is	still	significant
but	much	 lower,	at	about	5.0%.144,145	Lung,	GI,	and	cervical	cancers	are	on	 the
higher	 end	 of	 recurrence	 rates,	 while	 prostate,	 testicular,	 and	 hematologic
malignancies	have	lower	recurrence.	Kidney	transplant	recipients	are	most	likely
to	experience	recurrence	while	liver	transplant	recipients	are	least	likely.	Tumors
are	 persistently	 less	 likely	 to	 recur	 if	 more	 than	 5	 years	 had	 passed	 between
cancer	treatment	and	the	transplantation	across	both	historical	and	modern	data.
However,	there	is	a	trade-off	between	decreasing	risk	of	cancer	recurrence,	and
increased	 risk	 of	 non–cancer-related	 death	 associated	 with	 increasing	 these
patients’	wait	 times.	Recipients	with	prior	malignancy	are	 likely	 to	wait	 longer
and	 receive	 less	 optimal	 grafts;	mandatory	waiting	 times	 are	 unlikely	 to	 fully
capture	and	accommodate	 the	clinical	complexity	of	 transplant	candidates	with
prior	malignancies.146

5 	Liver	transplantation	to	treat	patients	with	primary,	well-circumscribed	liver
tumors	 represents	 a	 special	 case.	 In	 this	 population,	 liver	 tumor	 size	 and	 the
number	 of	 liver	 tumors	 are	 considered	 indicative	 of	 the	 likelihood	 of	 disease
recurrence	and	patient	 survival	post	 transplantation.	Adjuvant	 techniques,	 such
as	 cryoablation	 and	 radiofrequency	 ablation,	 to	 reduce	 the	 tumor	 burden



pretransplantation	 have	 been	 utilized;	 sorafenib	 had	 previously	 been	 studied,
with	 survival	 benefit	 noted	 in	 early	 data,	 but	 ultimately	 no	 benefit	 was
demonstrated	 in	 a	 phase	 III	 double-blind	 trial.147	 Multiple	 studies	 supported
mTOR	 inhibitors	 as	potentially	 reducing	 recurrence	 in	 individuals	 transplanted
for	hepatocellular	carcinoma,	but	a	multicenter	randomized	trial	did	not	confirm
any	 benefit;	 current	 trials	 continue	 to	 explore	 this	 question.148	 Currently,	 there
are	 no	 validated	 protocols	 for	 prevention	 of	 recurrence.	 Risk	 factors	 for
recurrence	 include	 tumor	 size	 >6	 cm,	 number	 of	 nodules	 >5,	 and	 vascular
invasion	per	the	final	pathology	report.149	Clearly,	tumor	biology	dictates	the	risk
of	 disease	 recurrence.23	 Early	 in	 the	 direct-acting	 antiviral	HCV	 treatment	 era,
DAA	therapy	seemed	to	be	related	to	elevated	rates	of	recurrence	or	new	HCC,
but	 recent	 multicenter	 studies	 of	 thousands	 of	 veterans	 with	 hepatitis	 C
demonstrated	 overall	 improved	 HCC	 outcomes	 for	 those	 undergoing	 DAA
therapy	relative	to	their	age	and	advanced	liver	disease.20,150,151

REJECTION
The	 human	 immune	 system	 is	 an	 evolutionarily	 more	 advanced,	 adaptive,
efficient,	“specific,”	and	versatile	host	defense	mechanism	against	 the	 invasion
of	 pathogens	 as	 compared	 with	 the	 nonspecific	 innate	 immune	 system	 of
invertebrates.	However,	a	side	effect	of	the	ability	of	the	host	immune	system	to
recognize	 and	 attack	 “non-self”	 tissues	 is	 rejection	 of	 grafted	 tissues	 post
transplantation.	 That	 side	 effect	 was	 observed	 clinically	 for	 centuries	 before
Medawar	 demonstrated	 that	 it	 was	 an	 intrinsic	 property	 of	 the	 host	 immune
system	 in	 response	 to	 foreign	 tissue.152	 The	 exogenous	modulation	 of	 the	 host
immune	system	to	allow	sustained	graft	function	has	proceeded	along	with—and
often	 preceded—our	 understanding	 of	 the	 physiologic	mechanism	 of	 rejection
and	tolerance.

Understanding	 the	 immune	 system	 is	 integral	 to	 our	 understanding	 of
rejection.	 The	 immunologic	 disparity	 among	members	 of	 the	 same	 species	 of
mammals	 that	 leads	 to	 lack	 of	 recognition	 of	 “self”	 tissue	 and	 to	 rejection	 of
nonself	 tissue	 is	 based	 on	 the	 differences	 in	 cell	 surface	 molecules	 that	 are
expressed.	 In	 humans,	 these	 major	 histocompatibility	 antigens	 were	 first
identified	 on	 leukocytes,	 and	 hence	 are	 termed	 human	 leukocyte	 antigens
(HLAs).	HLAs	 are	 subdivided	 into	 two	 classes:	 class	 I	 (HLA-A,	 -B,	 and	 -C),
expressed	on	the	surface	of	all	nucleated	cells,	and	class	II	(HLA-DR,	-DQ,	and
-DP),	 expressed	 on	 the	 surface	 of	 antigen-presenting	 cells	 (APCs).	 The
recognition	 of	 nonself	 tissue	 occurs	 via	 two	 distinct	 immunologic	 pathways:



direct	and	indirect	allorecognition.	Direct	allorecognition	consists	of	recipient	T-
helper	 cells	 recognizing	 donor	 HLA	 disparity	 expressed	 on	 the	 donor	 cell
surface.	 Indirect	 allorecognition	 consists	 of	 recipient	 APCs	 (eg,	 activated
macrophages,	 dendritic	 cells,	 B	 lymphocytes)	 phagocytosing	 donor	 cellular
debris,	including	HLAs,	which	are	then	processed	and	re-presented	on	the	APC
surface	to	be	recognized	by	recipient	T-helper	cells	(CD4+	lymphocytes)	(Figure
64.1).

	

Figure	64.1 	Direct,	indirect	pathways	of	allorecognition.Signal	1
is	 delivered	 through	 the	 T-cell	 receptor	 after	 engagement	 by	 a
peptide-HLA	complex.	Signal	2,	also	known	as	costimulatory	sign,	is
delivered	by	an	array	of	 cell	 surface	molecules	on	 the	T-helper	 cell
and	the	antigen-presenting	cell	(APC).	D-APC,	donor	APC;	R-APC,
recipient	 APC;	 Tc,	 cytotoxic	 T	 lymphocytes;	 TH,	 T-helper
lymphocyte.

In	either	pathway,	costimulation	signals	between	CD4+	T-helper	lymphocytes
and	CD8+	cytotoxic	T	 lymphocytes	 trigger	a	cascade	of	 immunological	events.
Interleukin	 (IL)-2,	 an	 important	 and	 early	 signal	 in	 immune	 activation,	 is
secreted	 by	 activated	CD4+	 T-helper	 lymphocytes,	 stimulating	 increased	T-cell
responsiveness,	clonal	expansion	of	alloreactive	T	lymphocytes,	and	acquisition
of	 the	 cytolytic	phenoby	host	T	 lymphocytes.	Direct	 allorecognition	 leads	 to	 a
more	 immediate	 and	 vigorous	 immune	 response	 against	 foreign	 tissue,	 but,	 in
both	pathways,	additional	helper	T	lymphocytes	are	recruited	and	secrete	a	wide
array	 of	 cytokines	 (eg,	 IL-1,	 interferon-γ,	 tumor	 necrosis	 factor-α),	 facilitating
the	 further	 recruitment	 of	 cytotoxic	 T	 lymphocytes,	 natural	 killer	 cells,	 and	B
lymphocytes.	Then,	B	lymphocytes	begin	to	secrete	antibody	directed	against	the
allogeneic	tissue	in	ever-increasing	quantities.	Rejection	mechanistically	occurs
by	 infiltration	 of	 the	 graft	 by	 effector	 cells,	 the	 binding	 of	 antibody,	 and	 the
activation	of	complement.	Unchecked,	the	phenomenon	inexorably	leads	in	graft
loss	(Table	64.1).

Donor-recipient	 mismatches	 between	 HLAs	 may	 produce	 an	 immune



response	 by	 either	 the	 direct	 or	 indirect	 pathways;	 however,	 minor	 non-HLA
mismatches	typically	produce	an	immune	response	by	the	indirect	pathway	only.

Rejection	 is	 classified	 according	 to	 the	 temporal	 relation	 between	 the
implantation	of	the	graft	and	its	dysfunction	supported	by	the	histologic	features
seen	in	allograft.	The	three	main	types	of	rejection	are	hyperacute	(HAR),	AR,
and	 chronic	 (CR).	 Each	 is	 mediated	 by	 a	 different	 host	 immune	 mechanism.
Consequently,	 each	 poses	 different	 problems	 for	 the	 patient,	 clinicians,	 and
pathologists.

Hyperacute	Rejection
HAR	occurs	within	 a	 few	minutes	 to	 a	 few	 hours	 after	 the	 reperfusion	 of	 the
graft.	 Preformed	 antibodies	 directed	 against	 antigens	 presented	 by	 the	 graft
mediate	activation	of	complement,	activation	of	endothelial	cells,	and	formation
of	microvascular	thrombi,	leading	to	graft	thrombosis	and	loss.153	The	process	is
irreversible;	 currently,	 no	 treatment	 is	 available.	Because	HAR	 is	mediated	 by
circulating	 preformed	 antibodies	 normally	 directed	 against	 ABO	 system
(comprising	the	four	main	blood	types,	ie,	A,	B,	AB,	and	O)	antigens	or	against
major	HLA	 antigens,	 thorough	 screening	 of	 potential	 transplant	 recipients	 and
strict	adherence	to	ABO	verification	policies	should	prevent	nearly	all	HAR.

The	panel-reactive	antibody	(PRA)	assay	is	a	screening	test	that	examines	the
ability	of	serum	from	potential	transplant	recipients	to	lyse	lymphocytes	from	a
panel	 of	 HLA-typed	 donors.	 A	 numerical	 value,	 expressed	 as	 a	 percentage,
indicates	 the	 likelihood	 of	 a	 positive	 cross-match	 to	 the	 donor	 population.
Therefore,	patients	lacking	preformed	antibodies	to	random	donor	lymphocytes
are	defined	as	having	a	PRA	of	0%	and	have	a	very	low	probability	of	eliciting	a
positive	 lymphocyte	 cross-match	 to	 any	 donor.	 The	 finding	 of	 a	 higher	 PRA
identifies	patients	at	higher	immunologic	risk	for	a	positive	cross-match	and	thus
for	HAR	and	for	subsequent	graft	loss.	Most	often,	such	patients	were	previously
sensitized	by	childbirth,	blood	transfusions,	or	prior	transplantation.

Before	transplantation,	cross-match	testing	is	performed	to	identify	preformed
antibodies	against	class	I	HLAs	(T-lymphocyte	cross-match	testing)	and	class	II
HLAs	 (B-lymphocyte	 cross-match	 testing).	 In	 renal	 and	 pancreas
transplantation,	 a	 strong	 positive	 class	 I-HLA	 cross-match	 immediately	 before
transplant	 is	ordinarily	an	absolute	contraindication.	At	most	centers,	heart	and
liver	 transplantations	are	performed	without	a	cross-match,	unless	 the	recipient
is	highly	sensitized	or	has	previously	received	a	graft	possessing	major	antigens
in	 common	 with	 the	 current	 donor	 (ie,	 donor-specific	 antibody	 [DSA]).	 A
positive	 B-lymphocyte	 cross-match	 indicates	 preformed	 antibodies	 directed



against	 class	 II	HLAs	 and	 is	 a	 relative,	 but	 not	 absolute,	 contraindication	 to	 a
transplant.	Recent	studies	confirmed	the	efficacy	of	plasmapheresis	followed	by
administration	of	immune	globulin	to	reduce	PRA	levels	and	to	convert	strongly
positive	 cross-match	 results	 to	 weakly	 positive	 or	 negative	 results,	 thereby
allowing	 organs	 to	 be	 transplanted	 across	what	were	 previously	 considered	 as
strong	immunologic	barriers.5

Cross-match	 testing	 helps	 clinicians	 to	 identify	 the	 presence	 of	 antibodies
against	potential	donor	antigens	and	to	assess	the	risks	of	posttransplant	rejection
and	 subsequent	 graft	 loss.	 However,	 these	 cross-matching	 assays	 are	 not
standardized.	 Since	 the	 mid-1960s,	 cross-match	 testing	 was	 based	 on	 the
complement-dependent	 cytotoxicity	 (CDC)	 assay.	 The	CDC	 assay	was	 further
refined	 by	 adding	 a	wash	 step	 and	 an	 antihuman	 globulin	 step,	 to	 increase	 its
sensitivity	 and	 specificity.	 Then,	with	 the	 introduction	 of	 technology	 based	 on
flow	cytometry	(FC),	the	presence	of	recipient	antibody	on	the	surface	of	donor
lymphocytes	could	be	detected	independent	of	complement	binding.

Over	 the	 last	 decade,	 bead-based	 assays	 utilizing	 the	 Luminex
fluorocytometer	have	become	the	gold	standard	for	HLA	antibody	testing.	This
method	avoids	using	viable	donor	cells,	by	comparing	the	patient’s	alloantibody
profile	 to	 the	 donor’s	 HLA	 typing	 (virtual	 cross-match).154,155	 Although	 this
technology	 has	 revolutionized	 transplantation,	 there	 is	 still	 between-center
variability	 in	 determining	 thresholds	 of	 defining	 false-negative	 results	 (results
that	 could	 deny	 recipients	 with	 high	 PRA	 levels	 a	 chance	 for	 a	 potential
lifesaving	transplant).	Currently,	it	is	up	to	an	individual	transplantation	center	to
implement	 its	 own	HLA	 typing	and	cross-matching	policies,	 depending	on	 the
center’s	experience,	clinical	outcomes,	and	risk	tolerance.

Although	screening	has	all	but	eliminated	HAR	as	a	clinical	problem,	active
investigation	 is	 nonetheless	 directed	 at	 dissecting	 the	 underlying
pathophysiological	 mechanisms	 of	 HAR.	 Another	 research	 focus	 is	 on	 the
similar	 rapid	 rejection	 of	 xenoreactive	 antigens	 that	 serve	 as	 a	 barrier	 to	 the
development	of	xenotransplantation.

Acute	Rejection
AR	 is	 the	 most	 common	 form	 of	 graft	 rejection	 in	 modern	 clinical
transplantation.	It	may	develop	at	any	time	but	is	most	frequent	during	the	first
several	months	post	transplant.	Rarely,	it	occurs	within	the	first	several	days	post
transplant,	 a	 process	 termed	 accelerated	 acute	 rejection,	 most	 likely	 a
combination	 of	 amnestic	 immune	 response	 driven	 by	 sensitized	 memory	 B
lymphocytes	 and	 activation	 of	 the	 direct	 allorecognition	 pathway.	 Under	 such



circumstances,	the	donor	antigen	exposure	often	occurred	in	the	distant	past,	and
so	 the	 level	 of	 circulating	 DSAs	 would	 have	 been	 too	 low	 to	 be	 detected	 by
conventional	 cross-matching	 techniques.	 Once	 challenged	 by	 the	 same	 donor
antigens	 introduced	 by	 the	 organ	 transplant,	 dormant	 memory	 lymphocytes
reactivate,	 replicate,	 and	 differentiate.	 Within	 several	 days,	 large	 numbers	 of
antibodies	are	directed	against	the	donor	allograft	resulting	in	graft	rejection.

AR	may	 be	 cell	mediated,	 antibody	mediated	 (AMR),	 or	 very	 occasionally
mixed.	However,	 they	are	not	mutually	exclusive.	Histologically,	AR	generates
an	 infiltration	of	 activated	T	 lymphocytes	 into	 the	 graft,	 resulting	 in	 gradually
progressive	 endothelial	 damage,	 microvascular	 thrombosis,	 and	 parenchymal
necrosis.	Pathologic	grading	schemes	have	been	developed	regarding	the	extent
to	which	AR	involves	vascular	damage,	cellular	infiltration,	or	a	combination	of
both.	Vascular	AR	is	thought	to	be	mediated	by	the	presence	of	DSAs,	albeit	not
in	sufficient	numbers	 to	cause	HAR.	C4d,	a	complement	split	product	detected
immunohistochemically	in	the	capillaries	of	biopsied	graft	specimens,	is	highly
correlated	with	AMR.156	Without	intervention,	AR	inevitably	progresses	to	graft
loss.	The	clinical	presentation	of	AR	varies	markedly,	depending	on	the	specific
organ,	 on	 the	 level	 of	 immunosuppression,	 and	 on	 the	 attendant	 level	 of
inflammation	in	the	affected	tissues.

7 	 Unless	 the	 host	 immune	 system	 is	 adequately	 suppressed
pharmacologically,	 transplantation	 inevitably	 leads	 to	 AR.	 A	 combination	 of
immunosuppressive	agents	is	typically	used	chronically	to	prevent	AR,	including
a	 lymphocyte	 antagonist	 (usually	 a	 calcineurin	 inhibitor	 [CNI]	 such	 as
cyclosporine	or	 tacrolimus)	and	an	antiproliferative	agent	(such	as	azathioprine
or	 mycophenolate	 mofetil),	 with	 or	 without	 corticosteroids.	 Antilymphocyte
antibody	 therapy	 is	often	added	during	 induction	of	 immunosuppression	or	 for
treatment	of	“steroid-resistant”	AR.

7 	In	the	last	2	decades,	immunosuppression	for	transplant	recipients	has	been
undergoing	a	paradigm	shift.	Since	the	mid-1990s,	the	use	of	antibody	induction
in	 solid-organ	 transplant	 recipients	 has	 increased	 from	 25%	 to	 over	 90%.10
Usage	of	a	variety	of	 induction	 regimens	have	 improved	 rates	of	AR	but	have
been	 associated	 with	 risk	 of	 toxicity	 and	 adverse	 reactions	 (Table	 64.3).
Recently,	monoclonal	antibodies	such	as	basiliximab	and	daclizumab	(both	anti-
CD25	 [IL-2	 receptor])	 usage	 has	 declined,	 while	 polyclonal	 lymphocyte-
depleting	 antibody	 thymoglobulin	 usage	 has	 increased	 to	 over	 50%	 of
cases.157,158	Strategies	such	as	corticosteroid	avoidance	and	CNI-reduced	or	CNI-
free	 maintenance	 immunosuppression	 continue	 to	 attain	 only	 mixed	 efficacy
compared	 to	 traditional	 triple-drug	 maintenance.159,160	 The	 widespread	 use	 of
CNI-free	or	reduced	immunosuppression	will	be	dependent	on	the	development



of	biologic	agents	that	can	be	used	concurrently	to	improve	efficacy	and	safety
of	CNI-free	regimens.

TABLE	64.3

Immunosuppressive	Medications,	Mechanisms	of	Action,
and	Common	Side	Effects

Medications Mechanisms	of	Action Side	Effects

Corticosteroids Upregulate	IκB Cushing	syndrome,
cataracts

Decrease	IL-1,	TNF-α,	IFN-γ Bone
demineralization

Exert	anti-inflammatory	effects

Azathioprine Acts	as	an	antimetabolite Marrow	suppression

GI,	liver	toxicity

Mycophenolate
mofetil

Acts	as	an	antimetabolite	and
specifically	affects	lymphocytes

Marrow	suppression
GI	intolerance

Cyclosporine Acts	as	a	calcineurin	inhibitor Nephrotoxicity

Downregulates	IL-2 Neurologic
symptoms

Tacrolimus
(FK506)

Acts	as	a	calcineurin	inhibitor Nephrotoxicity

Downregulates	IL-2,	IFN-γ Neurotoxicity

Diabetogenic

Sirolimus
(rapamycin)

Blocks	IL-2R,	IL-4,	IL-6,
platelet-derived	growth	factor
signaling

Impaired	wound
healing

Hypertriglyceridemia

Antilymphocyte Act	as	a	cytolytic	antibody Leukopenia



globulins
Block	and	deplete	T	cells Thrombocytopenia

“Serum	sickness”

IL-2	receptor
blocker	(or
basiliximab)

Blocks	IL-2R Minimal	impact

Inhibits	T-cell	activation

Abbreviations:	GI,	gastrointestinal;	IFN,	interferon;	IL,	interleukin;	TNF,	tumor	necrosis	factor.

Chronic	Rejection
CR	 is	 a	 largely	 frustrating	 and	 poorly	 understood	 clinical	 phenomenon,	 with
slightly	different	manifestations	in	each	of	graft.	Over	time,	the	accumulation	of
microvascular	injury	in	a	graft	degrades	graft	function,	with	eventual	graft	loss.
This	process	 appears	 to	be	mediated	by	multiple	mechanisms,	 likely	 including
both	 immune	 and	 nonimmune	 factors.	 Evidence	 for	 the	 contribution	 to	CR	 of
immune	factors	includes	the	observation	that	AR	episodes	significantly	increase
the	 likelihood	 of	 CR	 as	 well	 as	 the	 correlation,	 observed	 in	 renal	 transplant
recipients,	 between	 a	 poor	 response	 to	 AR	 treatment	 and	 the	 subsequent
development	 of	 CR.161	 A	 similar	 association	 between	 a	 poor	 response	 to	 AR
treatment	 and	 the	 subsequent	 development	 of	 CR	 has	 been	 observed	 in	 liver
transplant	 recipients,	 although	 reversible	 AR	 has	 little	 impact.	 Nonimmune
factors	 also	 likely	 contribute	 to	 the	 development	 and	 progression	 of	 CR,
including	 the	 toxic	 effects	 of	 immunosuppressive	 medication	 and	 cumulative
injury	 from	 infection	 such	 as	 that	 caused	 by	 CMV.162	 CR	 nearly	 always
eventuates	in	graft	loss,	although	the	rapidity	of	the	process	varies	considerably.

Renal	Grafts
In	 the	 last	 20	 years,	 AR	 has	 occurred	 in	 10%	 to	 20%	 of	 renal	 transplant
recipients.163	 Because	most	 episodes	 are	 clinically	 silent,	 the	 diagnosis	 of	 AR
must	 be	 considered	 among	 recipients	 whose	 serum	 creatinine,	 blood	 urea
nitrogen,	 and	 urinary	 output	 values	 have	 normalized	 and	whose	 graft	 function
has	been	stable	 in	 the	outpatient	setting,	but	whose	serum	creatinine	and	blood
urea	nitrogen	values	subsequently	rise	while	their	urinary	output	decreases.	The
presence	 of	 hypovolemia,	 drug	 nephrotoxicity	 (eg,	 high	 calcineurin	 levels),
ureteral	obstruction	or	leak,	lymphocele,	or	vascular	anastomotic	complications



should	be	excluded,	and	the	diagnosis	of	AR	should	be	established	via	histologic
examination	 of	 a	 percutaneous	 graft	 biopsy	 specimen.	 Rarely,	 tenderness	 and
swelling	around	the	graft	occur,	and	occasionally	fever	or	other	signs	of	systemic
inflammation,	although	such	findings	used	to	be	common.

3 	A	high	degree	of	clinical	suspicion	should	be	maintained	for	recipients	who
experience	 delayed	 graft	 function,	 as	 up	 to	 30%	 exhibit	 evidence	 of	 AR	 on
biopsy	at	6	months,	with	increased	risk	of	AR	associated	with	longer	periods	of
delayed	 graft	 function.164	 Recent	 studies	 have	 provided	 data	 that	 may	 allow
prediction	 of	 individual	 risk	 of	 AR,	 with	 the	 potential	 for	 individualizing
immunomodulatory	 therapy.	 For	 example,	 a	 combination	 of	 high	 levels	 of
fractalkine,	 IP-10,	 and	 interferon	 γ	 within	 1	 week	 of	 transplant	 is	 strongly
associated	 with	 an	 increased	 incidence	 of	 AR	 post	 transplantation,	 with	 a
sensitivity	of	86.8%	and	specificity	of	89.8%.165

3 	The	diagnostic	workup	for	AR	includes	studies	that	may	identify	alternative
causes	 of	 recipient	 graft	 dysfunction	 (Table	 64.4).	 It	 is	 vital	 to	 consider
alternative	 diagnoses,	 particularly	 in	 the	 early	 postoperative	 period,	 including
vascular	problems	with	the	arterial	or	venous	anastomoses,	ureteral	obstruction,
or	urinary	leak.	Other	common	causes	of	apparent	graft	dysfunction	include	the
acute	 tubular	necrosis	associated	with	delayed	graft	 function,	hypovolemia	and
attendant	 prerenal	 azotemia,	 and	 the	 nephrotoxic	 effects	 of	 cyclosporine	 and
tacrolimus.	To	rule	out	the	vascular	and	ureteral	problems	discussed	previously,
a	 duplex	 ultrasound	 study	 of	 the	 renal	 graft	 is	 commonly	 obtained.	 Several
ultrasound	findings	may	suggest	the	diagnosis	of	AR:	increased	size	of	the	graft,
loss	of	corticomedullary	differentiation,	enlargement	of	the	renal	pyramids,	and
decreased	 graft	 renal	 artery	 blood	 flow.166	 The	 resistive	 index	 has	 not	 been
shown	to	be	significant	in	helping	with	the	diagnosis.167,168	The	diagnosis	of	AR
is	 clearly	 established	 by	 percutaneous	 allograft	 biopsy	 and	 histologic
examination.	 Biopsy	 is	 generally	 safe	 when	 performed	 by	 an	 experienced
practitioner;	 however,	 complications	 include	 bleeding,	 hematoma,	 and
arteriovenous	fistula	formation,	and	ureteral	or	major	vascular	injury.

TABLE	64.4

Basic	Workup	of	Recipients	With	Graft	Dysfunction	or
Acute	Rejection

History	and	Physical



Examination Establish	and	Order	Differential	Diagnosis

Doppler	ultrasound Rule	out	vascular	surgical	complication.

Rule	out	leak	(eg,	biliary,	ureteral).

Serum	chemistry Evaluate	relative	blood	urea	nitrogen	and
creatinine,	amylase,	bilirubin,	etc.

Detect	and	treat	electrolyte	abnormalities.

Drug	levels Evaluate	for	potential	drug	toxicity.

Detect	inadequate	drug	levels.

Blood	cell	count,	cultures Evaluate	for	potential	infection.

Graft	biopsy Firmly	establish	and	grade	graft	rejection.

3 	Rejection	is	graded	according	to	the	modified	Banff	Criteria,	which	may	be
used	to	guide	therapy	that	has	been	expanded	to	include	C4d-negative	antibody-
mediated	 rejection	 and	 histological	 definition	 of	 transplant	 glomerulitis	 and
transplant	 glomerulopathy.169	 Fine-needle	 aspiration	 biopsy	 has	 been	 used	 by
some	centers	to	establish	the	diagnosis	of	AR;	however,	some	consider	the	loss
of	 microstructural	 data,	 as	 compared	 with	 traditional	 core	 biopsy,	 to	 be	 a
weakness	 of	 the	 technique.	 In	 particular,	 the	 diagnoses	 of	 acute	 vascular
rejection	and	CR	are	difficult	to	make	using	fine-needle	aspiration	biopsy.

1 	The	 treatment	of	AR	in	renal	 transplant	 recipients	 is	not	standardized	and
varies	between	centers.	High-dose	methylprednisolone	(500-1000	mg/d	or	every
other	day	 [2-3	doses]	 is	 common)	 is	often	 the	 initial	 approach.	Corticosteroid-
resistant	AR,	or	AR	that	 is	histologically	graded	as	severe	or	vascular,	 is	often
treated	 with	 potent	 depleting	 antilymphocyte	 antibodies	 such	 as	 polyclonal
antithymocyte	globulin	 (antithymocyte	gamma	globulin,	 thymoglobulin).	Since
some	 AR	 episodes	 occurred	 while	 the	 recipients	 were	 on	 stable
immunosuppression,	their	maintenance	therapy	was	switched	from	cyclosporine
to	tacrolimus	or	from	azathioprine	to	mycophenolate	mofetil.	Most	AR	episodes
are	reversible	with	current	therapies;	however,	as	noted	previously,	the	long-term
outlook	 for	 preservation	 of	 graft	 function	 is	 lessened	 with	 each	 episode,
especially	when	 the	posttreatment	serum	creatinine	 level	does	not	 return	 to	 the
pre-AR	baseline.

CR	in	renal	transplant	recipients	is	a	frustrating	clinical	problem	and	appears



to	be	multifactorial,	with	immunologic	and	nonimmunologic	factors	driving	the
gradual	 loss	 of	 graft	 function.	 As	 described	 earlier,	 minimizing	 the	 frequency
and	severity	of	AR	episodes	is	important	in	decreasing	the	likelihood	of	eventual
CR.	Nonimmunologic	factors	thought	to	contribute	to	CR	include	(a)	episodes	of
infection,	 particularly	 due	 to	 CMV	 and	 BK	 virus	 (vide	 infra);	 (b)	 the
nephrotoxicity	of	CNI	therapy;	(c)	ischemia-reperfusion	injury	and	delayed	graft
function	 in	 the	peritransplant	 period;	 and	 (d)	 innate	 cell	 senescence	within	 the
graft	 from	 donor-derived	 factors.170	 Attention	 is	 being	 directed	 toward
identifying	 inflammatory	activity	within	 the	graft,	 in	 response	 to	both	 immune
and	nonimmune	 insults	 that	may	contribute	 to	 the	development	of	CR.	One	of
the	 leading	 causes	 of	 kidney	 retransplants	 is	 CR.	 It	 remains	 a	 formidable
problem	 that	 is	 still	 poorly	 understood.	 Chapter	 56	 is	 devoted	 to	 kidney
transplantation.

Hepatic	Grafts
The	transplanted	liver	is	immunologically	“privileged”	in	that	evidence	of	some
degree	 of	 immune	 tolerance	 occurs	 in	 a	 substantial	 number	 of	 liver	 transplant
recipients	over	 time.	Despite	 that	observation,	 all	 forms	of	 rejection	can	occur
post	 transplant.	Unlike	 the	renal	graft,	 the	hepatic	graft	undergoes	HAR	over	a
number	of	days,	not	minutes	to	hours,	probably	secondary	to	its	ability	to	absorb
a	 large	 amount	 of	 antibody	 and	 its	 functional	 reserve	 before	 the	 onset	 of	 the
significant	microthrombosis	and	vascular	damage	seen	 in	HAR.	Recently,	with
increased	usage	of	plasmapheresis	and	aggressive	 immunosuppression,	 rates	of
AMR,	especially	in	ABO	incompatible	transplants,	have	decreased;	yet	when	it
does	occur,	patients	continue	to	face	high	rates	of	morbidity	and	mortality.171

7 	Although	rates	of	AR	have	decreased	from	around	60%	to	80%	in	previous
decades	 to	 20%	 to	 40%	 in	 recent	 years,	 AR	 remains	 an	 important	 clinical
problem	 in	 liver	 transplantation.172	 Use	 of	 standard	 multiagent
immunosuppression,	 consisting	 of	 monoclonal	 anti-IL2	 receptor	 agents	 along
with	 CNIs	 and	 steroids,	 has	 contributed	 to	 the	 decline	 in	 incidence	 of	 AR.
Regimens	using	IL-2	receptor	antibodies	have	also	shown	decreased	risk	of	AR
(OR	=	0.80),	when	compared	to	regimens	consisting	of	only	steroids	and	CNIs;
however,	there	was	no	difference	in	survival	rates.173

3 	The	diagnosis	of	AR	in	liver	transplant	recipients	is	normally	suggested	by
elevated	 levels	 of	 transaminases,	 bilirubin,	 or	 alkaline	 phosphatase.	 Among
patients	 with	 T-tube	 drainage	 (which	 is	 increasingly	 uncommon),	 the	 biliary
drainage	may	be	seen	to	thicken,	darken,	and	decrease	in	amount.	The	suspicion
of	AR	mandates	graft	 biopsy	 and	 studies	 to	 eliminate	other	possible	 causes	of



early	 hepatic	 graft	 failure	 such	 as	 infection	 or	 ischemic	 reperfusion	 injury.
Duplex	 ultrasonography	 and,	 in	 some	 cases,	 cholangiography	 are	 increasingly
being	 replaced	 by	 magnetic	 resonance	 imaging	 and	 CT.	 Biopsy	 findings	 are
classified,	 according	 to	 a	 standardized	 set	 of	 criteria,	 as	mild,	moderate,	 and
severe,	with	clear	 implications	 for	prognosis.174,175	AR	 is	normally	 treated	with
high-dose	 corticosteroids,	 but	 up	 to	 15%	 of	 cases	 are	 steroid	 resistant;	 such
recipients	 are	 then	 treated	 with	 an	 antilymphocyte	 antibody	 or	 tacrolimus	 at
higher	levels.

CR	in	liver	transplant	recipients	is	characterized	by	vascular	obliteration	and
cholestatic	dysfunction	with	ductopenia.	This	is	seen	in	up	to	20%	of	recipients
and	 is	 less	 common	 in	 patients	 using	 tacrolimus	 for	 long-term
immunosuppression.	 Tacrolimus	 has	 been	 used	 to	 salvage	 grafts	 in	 recipients
with	 CR	 on	 cyclosporine-based	 immunosuppression,	 with	 a	 73%	 success
rate.175,176	Chapter	57	is	devoted	to	liver	transplantation.

Pancreas	Grafts
7 	 Diabetic	 patients	 undergo	 pancreas-alone,	 pancreas-after-kidney,	 or
simultaneous	 pancreas-kidney	 transplants	 and	 receive	 more	 potent
immunosuppression	 than	 do	 renal	 transplant	 recipients,	 supported	 by	 initial
studies	demonstrating	a	higher	rate	of	AR	after	pancreas	transplantation.	Overall
success	 rates	 continue	 to	 improve:	 the	 risk	 of	 AR	 has	 been	 reduced	 by
standardized	 induction	 therapy	with	antilymphocyte	antibody	preparations,	and
it	 may	 be	 further	 reduced	 with	 mTOR	 inhibitors	 and/or	 with	 IL-2	 receptor
monoclonal	antibodies.177

Establishing	 the	 diagnosis	 of	 AR	 for	 pancreas	 transplant	 recipients	 can	 be
difficult.	Elevated	pancreatic	enzymes	are	sensitive	for	monitoring	AR;	however,
they	are	not	specific	and	may	be	elevated	in	other	illnesses.	Hyperglycemia	is	a
late	 finding	 that	 only	occurs	with	 substantial	 loss	of	 functional	 islet-cell	mass.
By	 the	 time	 hyperglycemia	 is	 seen,	 it	may	 be	 too	 late	 to	 salvage	 a	 functional
graft.	A	recent	study	showed	that	peripheral	blood	eosinophil	to	monocyte	ratio
may	 be	 predictive	 of	 AR	 with	 sensitivity	 of	 100%	 and	 specificity	 76.2%.
Combining	both	cell	 counts	 in	blood	and	pancreatic	enzymes	may	prove	 to	be
the	best	clinical	marker	available	at	this	time	for	AR	in	pancreas	transplants.178

For	pancreas	grafts	 transplanted	along	with	a	 renal	graft,	 a	 rising	creatinine
level	is	often	used	as	a	surrogate	marker	of	rejection,	with	antirejection	therapy
aimed	at	both	 the	pancreas	 and	 the	 renal	 allograft.	However,	 isolated	pancreas
graft	 rejection	 is	 observed	 in	 up	 to	 20%	 of	 simultaneous	 pancreas-kidney
transplant	recipients	who	have	AR.179,180



For	bladder-drained	pancreas	transplants,	low	levels	of	amylase	are	indicative
of	graft	rejection.181	For	intestinal	drainage,	a	combination	of	exocrine	(amylase,
lipase,	 trypsin)	 and	 endocrine	 (glucose	metabolism	 rate)	markers	 can	 be	 used,
but	still	lack	high	specificity.182

3 	 The	 diagnosis	 of	 pancreas	 graft	 rejection	 is	 confirmed	 by	 biopsy,	 which
may	 be	 performed	 percutaneously	 or,	 in	 bladder-drained	 recipients,	 through	 a
cystoscopic,	 transduodenal	 approach.	 Complications	 (bleeding,	 arteriovenous
fistula	 formation,	graft	pancreatitis)	have	been	described,	but	most	biopsies	do
not	lead	to	complications.	Pancreas	transplant	recipients	with	early	evidence	of
graft	 dysfunction	 should	 undergo	 Doppler	 ultrasonography	 to	 rule	 out	 graft
thrombosis,	which	occurs	in	up	to	5%	to	15%	of	grafts.183,184

Treatment	of	AR	for	pancreas	transplantation	recipients	is	similar	to	that	for
renal	 or	 liver	 transplantation	 recipients.	 High-dose	 corticosteroids	 are	 given
initially,	 with	 a	 low	 threshold	 maintained	 for	 possibly	 switching	 to	 antibody-
based	therapy,	given	the	relatively	common	steroid	resistance.	Most	AR	episodes
are	reversed	with	treatment.	Chapter	60	is	devoted	to	pancreas	transplantation.

Intestinal	Grafts
There	is	no	serum	test	for	intestinal	transplantation	rejection.	As	a	result,	biopsy
of	the	intestinal	allograft	is	the	gold	standard	for	diagnosis	(via	ostomy	initially).
It	has	the	highest	rates	of	AR	and	GvHD	among	all	solid-organ	transplants,	with
GvHD	 occurring	 in	 5%	 to	 10%	 of	 transplants.28	 The	 results	 have	 markedly
improved	over	 the	past	2	decades:	at	1	year,	patient	 survival	 rates	of	 intestinal
transplants	 alone	 are	 >80%	 and	 of	 multivisceral	 transplants	 are	 >70%;	 the
respective	 graft	 survival	 rates	 are	 >70%	 and	 >60%.185	 Although	 treatment
protocols	for	AR	have	significantly	improved,	chronic	rejection	remains	a	major
issue	 because	 of	 its	 poorly	 understood	 nature	 in	 intestinal	 transplantation.
Chapter	61	is	devoted	to	intestinal	transplantation.

Cardiac	Grafts
Rejection	 of	 heart	 transplant	 recipients	 is	 a	 significant	 cause	 of	morbidity	 and
mortality	among	these	patients	and	accounts	for	up	to	a	third	of	the	deaths.	All
forms	of	rejection	are	seen	in	heart	transplant	recipients.	Albeit	rare,	HAR	due	to
preformed	antigraft	antibodies	occurs	within	minutes	 to	days;	 it	manifests	with
rapid	 deterioration	 of	 cardiac	 function,	 with	 prolonged	 need	 for	 inotropic
support.	In	recipients	whose	grafts	fail	to	recover	rapidly,	an	attempt	to	reverse



HAR	 by	 plasmapheresis	 may	 be	 made,	 but	 success	 is	 uncommon,	 and	 an
immediate	retransplant	is	usually	required.

3 	AR	among	heart	transplant	recipients	is	common	and	usually	occurs	in	the
first	 3	 to	 4	months	 post	 transplantation.	At	 one	 time,	 the	 diagnosis	was	made
because	 of	 the	 development	 of	 congestive	 heart	 failure	 or	 the	 elaboration	 of
electrocardiographic	abnormalities.	However,	the	present-day	routine	of	protocol
endomyocardial	 biopsies	 has	 eliminated	 such	 late	 findings	 of	 AR,	 except	 in
noncompliant	 recipients.	 Most	 centers	 use	 frequent	 percutaneous	 transjugular
right	ventricular	endomyocardial	biopsies	as	part	of	a	standardized	surveillance
protocol.	 Biopsies	 are	 evaluated	 histologically,	 according	 to	 an	 international
grading	system,186	and	therapy	is	directed	accordingly.

Several	investigators	have	developed	noninvasive	approaches	to	establishing
the	diagnosis	of	AR,	including	electrocardiographic	frequency	analysis,	nuclear
scintigraphic	 techniques,	 and	 echocardiography;	 however,	 no	 approach	 has
attained	 sufficient	 sensitivity	 to	 eliminate	 the	 need	 for	 protocol	 biopsies.	 The
need	 for	 continued	 endomyocardial	 biopsies	 later	 than	 1-year	 post
transplantation	 is	 controversial	 and	 center	 specific,	 with	 most	 choosing	 to
discontinue	 performance	 of	 biopsies	 at	 1	 year	 unless	 indicated	 on	 clinical
grounds.

The	 treatment	 of	 AR	 is	 based	 on	 histological	 findings.	 High-dose	 steroid
bolus	 therapy	 is	 used	 in	 lower-grade	 rejection	 without	 hemodynamic
compromise;	 oral	 prednisone	 therapy	 for	 mild	 AR	 also	 has	 been	 used	 with
success.187	 Salvage	 therapy	 with	 an	 antilymphocyte	 antibody	 agent	 is	 most
common	 in	 recipients	 with	 histologic	 findings	 of	 more	 severe	 rejection,	 in
recipients	 with	 steroid-resistant	 rejection,	 and	 in	 recipients	 with	 signs	 of
hemodynamic	compromise.

Other	approaches	include	usage	of	photopheresis	 to	deactivate	T-cells	 in	the
recipient’s	 blood.	 Recent	 studies	 have	 shown	 that	 patients	 treated	 with	 triple
drug	 immunosuppression	 along	 with	 photopheresis	 have	 less	 AR	 episodes	 at
6	 months	 compared	 to	 recipients	 who	 receive	 only	 triple	 drug
immunosuppression	 (0.91	 vs	 1.44).	 Photopheresis	 was	 also	 proven	 to	 be
efficacious	in	high-risk	patients.188

CR	 manifests	 in	 heart	 transplantation	 recipients	 as	 cardiac	 allograft
vasculopathy	(CAV),	an	entity	that	is	the	major	cause	of	late-term	morbidity	and
mortality.	The	pathologic	findings	of	CAV	include	concentric	 thickening	of	 the
intima	 and	media	 of	 both	 arteries	 and	 veins,	 which	 begins	 distally	 within	 the
cardiac	vasculature.	It	is	associated	with	the	loss	of	response	to	endogenous	(and
pharmacologic)	vasodilators.187	CAV	is	thought	to	be	immunologically	mediated
because	HLA	donor-related	matching	is	clearly	associated	with	reduced	rates	of



CAV	 and	 it	 could	 be	 ameliorated	 with	 the	 use	 of	 sirolimus.189	 In	 addition,
nonimmunologic	 mechanisms	 are	 thought	 to	 be	 involved;	 identifiable	 risk
factors	for	CAV	include	noncompliance	with	immunosuppressives,	hypertension,
elevated	HbA1c,	and	hyperlipidemia.190	Another	nonimmunologic	risk	factor	for
CAV	is	ischemic	time	during	the	peritransplant	period.	Chapter	59	is	devoted	to
heart	transplantation.

Lung	Grafts
The	lung	graft	is	highly	immunologic	organ	and	as	a	result	prone	to	rejection—
nearly	 all	 lung	 transplant	 recipients	 experience	 at	 least	 one	 AR	 episode.	 The
clinical	difficulty	posed	by	rejection	is	in	distinguishing	it	from	other	causes	of
decreased	graft	function,	most	commonly	infection.

HAR	of	the	lung	graft191	is	mediated	by	recipient-preformed	antibodies	to	the
donor	 graft,	 in	 a	 fashion	 similar	 to	 other	 organs.	 The	 clinical	manifestation	 is
similar	 to	 the	more	 common	 ischemia-reperfusion	 injury,	which,	 unlike	HAR,
usually	 resolves.	 HAR	 of	 the	 lung	 graft	 is	 rare	 and	 only	 described	 in	 case
reports.	 HAR	 is	 uniformly	 fatal	 in	 lung	 transplant	 recipients.	 It	 must	 be
prevented	 via	 initial	 cross-match	 testing	 and	 exclusion	 of	 immunologically
unsuitable	donor	organs	and	strict	adherence	to	ABO	verification	policies.

Most	AR	episodes	occur	during	 the	first	3	 to	6	months	post	 transplantation.
Some	 recipients	 experience	 symptoms,	 including	 fever,	 cough,	 and	 dyspnea.
Early	diagnosis	of	AR	in	lung	transplant	recipients	is	essential:	untreated	AR	can
lead	 to	 respiratory	 insufficiency	 or	 failure,	 and	 repeated	 AR	 episodes	 are
associated	with	 an	 increased	 risk	 of	 bronchiolitis	 obliterans	 and	 eventual	 graft
failure.191

3 	Transbronchial	biopsy	is	the	gold	standard	for	establishing	the	diagnosis	of
AR,	 although	 less	 invasive	 techniques	 continue	 to	 be	 assessed.191	 BAL	 is	 also
performed	to	rule	out	infection	before	increasing	immunosuppression;	infection
(19.6%)	 is	 the	 second	 highest	 cause	 of	 mortality	 within	 30	 days	 of
transplantation,	 after	 graft	 failure	 (24.7%).	 Ruling	 out	 infection	 is	 key	 to
properly	managing	AR.192	Early	diagnosis	of	AR	may	be	aided	by	 spirometry;
decreases	 in	 timed	 forced	 expiratory	 volume,	 in	 pulmonary	 capillary	 blood
volume,	 and	 in	 the	 diffusing	 capacity	 of	 the	 lungs	 for	 carbon	 monoxide	 are
associated	with	AR	 and	 should	 prompt	 investigation.	Radiography	 is	 not	 very
sensitive.	The	histologic	findings	of	AR	include	lymphocytic	infiltrates	into	the
perivascular	 and	 interstitial	 spaces;	 AR	 is	 graded	 according	 to	 histologic
findings.193



1 	 The	 initial	 treatment	 of	 AR	 in	 lung	 transplant	 recipients	 is	 pulse	 dose
glucocorticoids,	 as	 with	 other	 types	 of	 graft;	 however,	 there	 is	 evidence	 that
pulse	 dose	 steroids	 are	 more	 effective	 in	 early	 AR.	 If	 steroid	 induction	 is
unsuccessful,	 switching	 to	maintenance	 immunosuppression	with	 cyclosporine
or	tacrolimus	if	CNIs	are	not	already	in	use	is	recommended.	Antibody	therapy
is	 used	 for	 more	 refractory	 cases.194	 Many	 recipients	 initially	 respond	 to	 the
steroid	pulse	 therapy,	yet	 it	may	not	completely	clear	 their	AR,	and	 secondary
episodes	 are	 common;	 additional	 therapy	 may	 be	 required.	 For	 that	 reason,
surveillance	 bronchoscopy	 with	 transbronchial	 biopsies	 and	 BAL	 is	 common
after	initial	treatment.191

CR	 in	 lung	 transplant	 recipients	 is	 extremely	 common,	 affecting	 between
45%	and	50%	of	recipients	between	1	and	5	years	after	transplant.194	Long-term
survival	 in	 lung	 transplant	 recipients	 is	 limited	 because	 of	 chronic	 allograft
dysfunction,	with	bronchiolitis	obliterans	syndrome	(BOS)	leading	the	cause	of
late	 morbidity	 and	 mortality.	 Around	 50%	 of	 lung	 recipients	 will	 experience
BOS	within	5	years	of	 transplant,	with	a	median	 survival	 time	of	3	 to	5	years
after	 diagnosis.195	 A	 definitive	 histological	 diagnosis	 of	 early	 bronchiolitis
obliterans	may	be	difficult	 to	obtain,	and	so	a	high	degree	of	clinical	suspicion
must	 be	 maintained.	 Radiography,	 again,	 is	 not	 specific.	 Typical	 presenting
symptoms	are	cough,	progressive	dyspnea,	and	loss	of	exercise	tolerance.	There
is	a	myriad	of	therapeutic	modalities	that	have	been	attempted	for	recipients	with
bronchiolitis	obliterans,	but	with	little	success.	Increases	in	immunosuppression,
antilymphocyte	antibody	 therapy,	and	 inhaled	cyclosporine	have	all	been	 tried.
Ultimately,	the	progress	of	bronchiolitis	obliterans	is	inexorable,	with	continued
loss	of	graft	function	and	subsequent	death.	A	lung	retransplantation	is	the	only
viable	option.191	Chapter	58	is	devoted	to	lung	transplantation.

SUMMARY
For	more	 than	 half	 a	 century,	 substantial	 advances	 in	 the	 field	 of	 solid-organ
transplantation	 have	 propelled	 the	 clinical	 practice	 from	 an	 experimental	 to	 a
standardized	and	 routine	 stage.	Dramatic	 improvements	of	 surgical	 techniques,
immunosuppressive	 therapy,	 and	medical/critical	 care	have	made	 it	 possible	 to
increase	the	pool	of	potential	recipients	and	now	include	those	who	would	have
been	considered	too	sick	or	with	too	many	comorbidities	even	a	few	years	ago.
However,	 despite	 this	 progress,	 until	 medical	 science	 can	 develop
immunosuppressive	drugs	and	regimens	without	side	effects,	or	achieve	routine
tolerance	 induction,	 the	predominant	challenges	 for	 transplantation	will	 remain



the	 prevention,	 diagnosis,	 and	 treatment	 of	 GvHD,	 infection,	malignancy,	 and
rejection.	 These	 clinical	 problems	 have,	 however,	 improved	 in	 the	 nearly
6	decades	 since	 the	 first	 successful	 kidney	 transplant	was	 performed;	 but	 they
may	become	more	 complex	 throughout	 the	 21st	 century	 as	we	 now	 transplant
many	more	complicated	patients.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	When	evaluating	for	acute	graft	rejection,	each	transplanted	organ	poses
unique	clinical	challenges	and	opportunities.	Which	of	the	following	correctly
matches	a	transplanted	organ	with	its	commonly	used	diagnostic	indicator	of
rejection?

A. 	Heart:	nuclear	scintigraphy
B. 	Liver:	transaminases
C. 	Renal	transplant:	urinary	amylase	levels
D. 	Small	intestine:	CA-9	marker	levels

2. 	Screening	for	posttransplant	malignancy	is	important.	Which	of	the
following	is	most	likely	to	find	a	cancer?

A. 	Colonoscopy
B. 	CT	scan	of	head,	chest,	abdomen,	and	pelvis
C. 	Pap	smear	and	pelvic	examination
D. 	Skin	examination

3. 	A	40-year-old	CMV-negative,	EBV-positive	woman	received	a	deceased
donor	liver	transplant	with	a	CMV-positive,	EBV-positive	graft	for	primary
biliary	cirrhosis	8	weeks	ago.	She	tolerated	the	procedure	well	and	had	no
significant	intraoperative	or	in-hospital	complications;	her	CMV	viral	load
remained	undetected	during	her	hospital	course	and	in	all	her	follow-up
appointments	thus	far,	and	she	has	not	been	on	CMV	prophylaxis.	She	is	in	the
transplant	clinic	today	for	another	follow-up	appointment	and	mentions	that	she
is	experiencing	a	vague	sense	of	fatigue,	malaise,	and	some	mild	aching	pain—
she	is	not	sure	if	the	pain	is	more	associated	with	muscles	or	joints.	Her
temperature	is	98.9	°F.	What	is	the	most	likely	etiology	of	her	symptoms?



A. 	Acute	CMV	infection
B. 	Infectious	mononucleosis	(EBV)
C. 	Occult	intra-abdominal	bacterial	infection
D. 	Posttransplant	lymphoproliferative	disorder	(PTLD)

Answers

1.	The	correct	answer	is	B.
Rationale:	Transaminase	elevations	are	often	sentinel	indicators	of	liver	graft

rejection	 (Choice	 B	 is	 correct).	 For	 heart	 transplant	 recipients,	 rejection
screening	 in	 the	 first	 year	 post	 transplantation	 is	 performed	 by	 scheduled
percutaneous	transjugular	endomyocardial	biopsy;	nuclear	scintigraphy	has	been
studied	but	has	not	performed	well	enough	 to	 replace	protocol	biopsy.	Urinary
amylase	 levels	 are	 indicators	 of	 pancreas,	 not	 kidney,	 transplant	 function;
declining	 levels	 in	 an	 individual	 with	 a	 bladder-drained	 pancreas	 suggests
rejection.	Finally,	there	is	no	serum	test	for	intestinal	graft	rejection.	Only	biopsy
is	 available.	 CA-9	 marker	 levels	 are	 more	 often	 used	 for	 surveillance	 of
abdominal	cancers.	Biopsy	is	ultimately	the	gold	standard	diagnostic	evaluation
for	all	forms	of	rejection	and	better	characterizes	the	and	severity	of	the	rejection
present.

2.	The	correct	answer	is	D.
Rationale:	The	most	common	malignancy	in	solid-organ	transplant	recipients

are	 nonmelanoma	 skin	 cancers	 (choice	 D	 is	 correct).	 Choice	 A,	 colonoscopy,
should	be	 performed	 as	 a	 regular	 screening	 in	 transplant	 recipients.	Choice	B,
CT	scans,	would	assist	in	diagnosis	of	either	post-transplant	lymphoproliferative
disease	 (PTLD)	 lung	 cancer,	 or	 other	 cancers	 that	 are	 common	 in	 transplant
recipients.	However,	CT	scans	are	generally	performed	only	to	evaluate	patients
when	there	is	a	clinical	suspicion	of	malignancy,	not	as	a	screening	test.	Choice
C,	 pap	 smear,	 should	 be	 performed	 as	 a	 regular	 screening	 in	 recipients	 with
female	 anatomy.	 As	 an	 aside,	 serum	 tumor	 marker	 labs	 would	 also	 not	 be
sensitive	as	a	screening	tool.

3.	The	correct	answer	is	A.
Rationale:	 The	 rate	 of	 CMV	 infection	 in	 a	 D+/R−	 (donor	 CMV	 positive,

recipient	 CMV	 negative)	 liver	 transplant	 recipient	 is	 extremely	 high	 and	 is
concentrated	 in	 the	 first	 few	months	 after	 transplant	 (choice	A	 is	 correct);	 her
vague	symptoms	are	typical	of	a	milder	presentation.	CMV	prophylaxis	is	often



administered	empirically	to	such	patients,	although	monitoring	with	PCR	testing
is	also	an	option.	While	infection	with	a	new	strain	of	EBV	is	also	plausible	even
in	an	EBV-positive	recipient,	it	is	not	as	common	as	acute	CMV	infection	in	this
high-risk	individual	(choice	B	is	incorrect)	Occult	bacterial	infections	(choice	C)
are	 always	 possible,	 and	 given	 her	 presentation,	 she	 should	 undergo	 a	 full
infectious	workup.	While	this	patient	is	also	at	risk	for	PTLD	in	the	long	run,	it
would	be	 somewhat	unusual	 to	present	 this	 early	 and	 is	 far	 less	 common	 than
acute	CMV	(choice	D	is	incorrect).
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Chapter	65
Rheumatologic	Diseases	in	the	Intensive
Care	Unit
Elena	Gkrouzman,	Nancy	Y.	N.	Liu

KEY	POINTS:
1.	 Most	admissions	to	the	ICU	in	established	rheumatology	patients	are

due	to	infectious	etiologies.
2.	 Infection	can	coexist	with	crystalline	arthritis	and	thus	must	be

excluded	in	acute	monoarticular	or	polyarticular	arthritis.
3.	 Acute	pulmonary	disease	may	be	the	first	presentation	of	many

rheumatic	diseases	and	search	for	underlying	diagnosis	includes
clinical	history,	physical	exam,	laboratory	studies,	and	imaging.

4.	 Patients	with	systemic	lupus	erythematosus	have	increased	risk	of
early	atherosclerosis	due	to	a	combination	of	traditional	risk	factors,
lupus	disease	activity,	and	use	of	medications	such	as
glucocorticoids.

5.	 Pulmonary	involvement	is	a	major	cause	of	death	in	systemic
sclerosis.	Interstitial	lung	disease	and	pulmonary	hypertension	are
the	two	main	pulmonary	complications	of	systemic	sclerosis.



6.	 Triple	therapy	with	anticoagulation	plus	high-dose	glucocorticoids
plus	plasma	exchange	and/or	intravenous	immunoglobulin	(IVIG)
has	the	best	survival	data	for	catastrophic	antiphospholipid
syndrome,	which	requires	close	and	timely	collaboration	among
multiple	treating	teams/specialties.

7.	 Along	with	clinical	findings	and	histopathology,	myositis-specific
antibody	(MSA)	and	myositis-associated	antibody	(MAA)	can	help
establish	specific	myositis	diagnosis,	potential	complications,	and
more	targeted	therapies.

INTRODUCTION
1 	 Patients	 with	 established	 rheumatologic	 diseases	 are	 rarely	 admitted	 to	 the
intensive	care	unit	(ICU)	because	of	their	inflammatory	joint	disease.	However,
because	 many	 of	 these	 diseases	 include	 systemic	 involvement,	 organ	 system
failure	 and	 complications	 of	 therapy	 are	 common	 reasons	 for	 ICU	 admission.
Other	 musculoskeletal	 problems	 frequently	 encountered	 in	 the	 intensive	 care
setting	 include	 (a)	 patients	 whose	 underlying	 rheumatic	 diseases	 may	 pose
certain	 problems	 in	 the	 planning	 and	 execution	 of	 certain	 critical	 care
procedures,	 such	 as	 endotracheal	 intubation,	 or	 (b)	 patients	 in	 whom	 acute
rheumatic	 syndromes	 develop	 during	 their	 hospitalization.	 An	 overview	 of
pertinent	 clinical	 trials	 and	 strength	 of	 evidence	 for	management	 of	 rheumatic
diseases	is	provided	in	Table	65.1.

TABLE	65.1

Management	of	Rheumatic	Diseases:	Available	Trials	and
Strength	of	Evidence

Treatment	Recommendations
Strength
of
evidencea

Gout Anakinra	was	noninferior	to	standard
treatment	of	acute	gout1

A



Rheumatoid
arthritis

Nintedanib	effective	preventing
progression	of	fibrosis	in	UIP	of	RA-ILD2

A

Systemic	lupus
erythematosus
(SLE):	Lupus
nephritis	(LN)

MMF	is	as	effective	as	IVCY	in	induction
of	remission	of	class	III	and	IV	LN
without	differences	in	toxicity;	MMF
more	effective	than	IVCY	in	patients	of
Hispanic	or	African	origin3

A

Equivalency	of	MMF	up	to	3	g	per	day
compared	to	monthly	IVCY	as	induction
therapy	for	class	III,	IV,	or	V	LN3

A

Superiority	of	voclosporin	(23.7	mg	bid)
in	combination	with	MMF
(2	g/day)	and	low-dose	steroids	vs	MMF
and	low-dose	steroid	alone	in	LN	class	III,
IV,	or	V4

A

Higher	rates	of	primary	efficacy	renal
response	and	complete	renal	response	at
week	104	in	patients	receiving	standard	of
care	(MMF	for	induction	and	maintenance
or	IVCY	for	induction	followed	by	AZA
for	maintenance,	and	steroids)	with
belimumab	(10	mg/kg	IV	monthly)
compared	to	placebo5

A

Superiority	of	MMF	to	AZA	in	preventing
renal	relapse	and	maintaining	response6

A

Low-dose	IVCY	is	equivalent	to	high-
dose	IVCY	efficacy	for	induction,
sustained	stabilization,	toxicity	profile
over	10	y	in	LN	(Class	III,	IV,	V)7

A

MMF	is	equivalent	to	IVCY	in	induction
of	remission	of	Class	V	LN

A

SLE:
Neuropsychiatric
(NSPLE)

IVCY	is	more	effective	than	pulse
methylprednisolone	alone	for	severe
NPSLE8

A



SLE:
Thrombocytopenia

Rituximab	is	effective	for	idiopathic
thrombocytopenia	in	conjunction	with	or
after	failure	to	respond	to	glucocorticoid9

A

Antiphospholipid
syndrome	(APS):

High-intensity	warfarin	therapy	is	not
superior	to	moderate	intensity	warfarin
therapy	in	patients	with	APS10

B

Asymptomatic,	persistently	aPL-positive
individuals	do	not	benefit	from	low-dose
aspirin	for	primary	thrombosis
prophylaxis11

B

Systemic	sclerosis
(SSc):	Raynaud
phenomena	(RP)

Intravenous	prostanoids	are	effective	in
healing	digital	ulcers	in	patients	with	SSc
RP

A

Bosentan	is	effective	in	preventing	new
digital	ulcers	in	patients	with	SSc	RP12

A

Sildenafil	reduces	the	frequency	and
severity	of	attacks	and	promotes	healing
of	digital	ulcers	in	SSc	RP

B

SSc:	Interstitial
lung	disease

Both	IVCY	and	oral	CY	provide	modest
improvement	in	SSc	lung	function,
dyspnea,	and	skin	scores	compared	to
placebo13,14

A

Tocilizumab	slows	the	rate	of	FVC	decline
in	patients	with	diffuse	SSc15

A

Nintedanib	slows	the	rate	of	FVC	decline
in	patients	with	SSC	ILD16

A

Inflammatory
muscle	disease

Rituximab	may	provide	improvement	and
suggested	efficacy	in	DM/PM	patients
who	failed	prednisone	and	other
therapies17

A

Efficacy	of	IVIG	in	patients	with A



dermatomyositis18

aStrength	of	Evidence	(based	on	Ebell	MH,	Siwek	J,	Weiss	BD,	et	al.	Strength	of
Recommendation	Taxonomy	(SORT):	A	patient-centered	approach	to	grading	evidence	in	the
medical	literature.	Am	Fam	Physician.	2004;69:548-556).

Level	A	recommendation	is	based	on	consistent	and	good-quality	patient-oriented	evidence;	Level
B	recommendation	is	based	on	inconsistent	or	limited-quality	patient-oriented	evidence.
DM/PM,	dermatomyositis/polymyositis;	FVC,	forced	vital	capacity;	ILD,	interstitial	lung	disease;
IVCY,	intravenous	cyclophosphamide;	MMF,	mycophenolate	mofetil;	NPSLE,	Neuropsychiatric
systemic	lupus	erythematosus;	RA,	rheumatoid	arthritis;	UIP,	usual	interstitial	pneumonia.

ACUTE	RHEUMATIC	DISEASES	IN	THE
INTENSIVE	CARE	SETTING
Several	 acute	 musculoskeletal	 disorders	 occur	 with	 increasing	 frequency	 in
selected	 populations	 of	 hospitalized	 patients,	 including	 those	 in	 the	 ICU.	 The
most	 common	 is	 crystal-induced	 arthritis	 due	 to	 monosodium	 urate,	 calcium
pyrophosphate	 dihydrate	 (CPPD),	 basic	 calcium	 phosphate	 (BCP)-
hydroxyapatite,	or	calcium	oxalate	crystals.	Two	other	acute	arthritides	 include
septic	 arthritis	 from	 bacteremia	 and	 spontaneous	 hemarthrosis	 due	 to
complications	from	anticoagulation	therapy	or	bleeding	diathesis.

Gout

Pathogenesis
Gout	 is	 characterized	 by	 initial	 intermittent	 attacks	 of	 mono-	 or	 polyarticular
arthritis	 in	 the	 setting	 of	 prolonged	 hyperuricemia.	 Over	 many	 years,	 attacks
become	 more	 frequent	 and	 chronic	 arthropathy	 may	 develop.	 Acute	 gout	 is
triggered	by	precipitation	or	shedding	of	monosodium	urate	crystals	in	the	joint
space	 or	 nearby	 soft	 tissues,	 provoking	 an	 intense	 inflammatory	 reaction.
Regardless	 of	 a	 primary	 or	 secondary	 etiology	 of	 hyperuricemia,	 marked
fluctuations	in	serum	urate	levels	increase	the	risk	of	acute	gout.

Although	the	specific	triggering	event	that	initiates	an	isolated	attack	may	be
difficult	 to	define,	many	factors	cause	serum	urate	fluctuations	and	result	 in	an
increased	incidence	of	secondary	gout	in	ICU	patients.	A	reduction	in	glomerular
filtration	 rate	 (GFR)	 from	 either	 intrinsic	 renal	 disease	 or	 decreased	 effective
arteriolar	 blood	 volume	 will	 result	 in	 reduced	 filtered	 load	 of	 urate,



hyperuricemia,	and	an	increased	risk	of	gout.	In	addition,	a	reduction	in	effective
arteriolar	blood	volume	results	in	enhanced	tubular	reabsorption	of	urate.	Since
organic	 acids	 such	 as	 lactic	 acid,	 β-hydroxybutyric	 acid,	 and	 acetoacetic	 acid
may	competitively	inhibit	 the	renal	 tubular	secretion	of	uric	acid,	conditions	in
which	 these	 acids	 accumulate	will	 also	 lead	 to	 hyperuricemia.	Mechanisms	 of
hyperlacticacidemia	in	the	critically	ill	patient	are	multiple.

Drug-induced	hyperuricemia	is	a	common	cause	of	gout	in	both	hospitalized
and	 nonhospitalized	 patients.	 Diuretic	 therapy	 decreases	 effective	 arteriolar
blood	 volume	 and	 also	 directly	 inhibits	 renal	 tubular	 secretion	 or	 promotes
reabsorption	 of	 uric	 acid.	 Thiazide	 and	 loop	 diuretics	 are	 the	 most	 common
diuretics	 that	 cause	 hyperuricemia	 and	 gout.	 Furosemide	 also	 can	 induce
hyperlacticacidemia	that	will	suppress	tubular	excretion.

In	 addition	 to	 diuretics,	 other	 drugs	 associated	 with	 hyperuricemia	 include
low-dose	 salicylates	 (less	 than	 2.0	 g	 per	 day),	 pyrazinamide,	 cyclosporine,
tacrolimus,	 nonglucose	 carbohydrate	 in	 total	 parenteral	 nutrition	 (fructose,
xylitol),	 nicotinic	 acid,	 and	 lactate	 infusion.	 Due	 to	 the	 uricosuric	 effect	 of
radiocontrast	media,	a	contrast	 study	might	precipitate	an	attack	of	acute	gout.
Finally,	a	hyperuricemic	patient	who	undergoes	any	surgical	procedure	is	at	risk
for	postoperative	gout.

Clinical	Features
Gout	is	easily	identifiable	and	treatable.	Classically,	the	patient	with	acute	gout
complains	 of	 sudden	 onset	 of	 an	 exquisitely	 painful	 joint	 that	 involves	 one	 or
more	 sites	 in	 an	 asymmetric	pattern.	The	 attack	 is	 sometimes	 accompanied	by
low-grade	 fever,	 particularly	 in	 a	 polyarticular	 presentation.	 The	 great	 toe	 is
involved	 in	 more	 than	 50%	 of	 the	 initial	 acute	 attacks	 and	 in	 90%	 of	 acute
attacks	 at	 some	 time	 in	 the	 course	 of	 the	 disease.	 Other	 common	 sites	 of
involvement	 in	 order	 of	 observed	 frequency	 include	 insteps,	 ankles,	 knees,
wrists,	 fingers,	 and	 elbows.	 Periarticular	 sites	 of	 urate	 deposition	 in	 bursae,
tendons,	and	soft	 tissues	may	be	similarly	 inflamed	during	an	acute	attack.	On
examination,	the	involved	area	is	erythematous,	swollen,	warm,	and	exquisitely
painful	on	palpation,	and	sometimes	with	joint	motion.	The	overlying	erythema
and	 edema	 often	 extends	 beyond	 the	 joint	 capsule	 and	 can	mimic	 cellulitis	 or
bursitis.

The	presence	of	lymphangitis	or	lymphadenopathy	and	the	absence	of	pain	on
joint	 motion	 are	 more	 consistent	 with	 cellulitis.	 Bursitis	 can	 be	 distinguished
from	 true	 arthritis	 since	 full	 joint	 extension	 is	 preserved	 in	 bursitis,	 and	 the
region	of	erythema	is	not	within	the	borders	of	the	joint	compartment.	If	clinical



suspicion	 of	 joint	 infection	 is	 low,	 then	 diagnostic	 arthrocentesis	 should	 be
avoided	until	a	therapeutic	trial	of	appropriate	antibiotics	for	cellulitis	has	been
completed.	Otherwise,	there	may	be	a	risk	of	introducing	organisms	into	a	sterile
joint.	However,	 if	motion	 is	 restricted	or	 if	 radiography	suggests	an	effusion,	a
diagnostic	 arthrocentesis	 should	 be	 performed	 before	 the	 institution	 of	 any
therapy.

The	 diagnosis	 of	 gout	 is	 confirmed	 when	 aspirated	 synovial	 fluid	 or	 soft-
tissue	 site	 reveals	 negatively	 birefringent	 monosodium	 urate	 crystals	 within
polymorphonuclear	 neutrophils	 (PMNs)	 under	 polarizing	 light	 microscopy.
Gouty	synovial	 fluid	 is	 inflammatory,	with	more	 than	2000	 leukocytes	per	μL,
occasionally	 as	 high	 as	 100,000	 per	 μL,	 and	 PMNs	 predominate	 in	 the	 cell
differential.	Because	gout	and	septic	arthritis	have	similar	clinical	 features	and
can	coexist,	aspirated	synovial	 fluid	should	always	be	Gram	stained	for	micro-
organisms	and	cultured.	Elevations	in	erythrocyte	sedimentation	rate	(ESR),	C-
reactive	protein	(CRP),	and	peripheral	leukocytosis	cannot	distinguish	gout	from
other	 inflammatory	 states.	Serum	urate	may	be	normal	during	 an	 acute	 attack,
while	 an	 elevated	 level	 does	 not	 confirm	 the	 diagnosis	 without	 crystal
identification.

Therapy
Once	the	diagnosis	of	acute	gout	is	established,	the	immediate	aim	of	therapy	is
to	terminate	the	attack	by	interruption	of	the	inflammatory	response.	Long-term
management	 (eg,	 prevention	 of	 recurrent	 attacks,	 sequelae	 of	 tophaceous
disease,	or	renal	stones)	need	not	be	considered	in	 the	ICU	setting.	In	fact,	 the
initiation	or	discontinuation	of	any	drugs	 that	alter	urate	 levels	 (ie,	allopurinol,
febuxostat,	 probenecid,	 or	 lesinurad)	 may	 prolong	 the	 acute	 attack	 without
prophylaxis.	Asymptomatic	hyperuricemia	should	not	be	treated.

Corticosteroids.	 Systemic	 and	 intra-articular	 steroids	 are	 effective	 for	 the
treatment	 of	 gout.	 Intravenous	 (IV)	methylprednisolone	 (0.5-2	mg/kg	 IV	daily
for	 3-5	 days	 depending	 on	 severity	 and	 number	 of	 joints	 involved)	 is	 the
preferred	agent	in	critically	ill	patients.19	Oral	prednisone	may	also	be	effective
in	doses	0.5	mg/kg	 initially	 and	 tapered	over	7	 to	14	days	with	decrements	of
10	 mg	 every	 2	 days.19	 Potential	 complications	 of	 steroid	 treatment	 include
hyperglycemia,	 fluid	 retention	 secondary	 to	 mineralocorticoid	 effects,	 and
hypothalamic-pituitary-adrenal	 suppression.	 Intra-articular	 corticosteroid
injection	is	an	excellent	choice	for	acute	gouty	arthritis	if	few	joints	are	involved
since	 systemic	 side	 effects	 are	 avoided.	 Steroid	 injection	 provides	 rapid
resolution	 of	 symptoms,	 usually	 within	 12	 to	 24	 hours,	 but	 if	 infection	 is



suspected,	 corticosteroid	 injection	 should	 be	 delayed	 until	 culture	 results	 are
available.	 Dosing	 ranges	 from	 10	 to	 60	 mg	methylprednisolone	 or	 equivalent
triamcinolone,	depending	on	the	size	of	the	joint	involved.

Colchicine.	Colchicine	is	one	of	the	established	treatments	for	gout.	Its	main
mechanism	of	action	involves	formation	of	a	reversible	complex	with	the	tubulin
subunit	 of	microtubules	 leading	 to	 reduced	activation	 and	migration	of	PMNs.
Oral	 colchicine	 is	 absorbed	 in	 the	 small	 intestine	 and	 excreted	 in	 the	 bile	 and
urine,	reaching	a	peak	serum	level	in	2	hours.	Gastrointestinal	side	effects,	most
notably	 diarrhea,	 occur	 in	 up	 to	 80%	 of	 patients,	 resulting	 in	 electrolyte
imbalances	and	fluid	losses.	In	the	critically	ill	patient,	oral	colchicine	may	not
be	 feasible	 and	 is	 potentially	 toxic.	 Renal	 and	 hepatic	 insufficiencies	 are	 risk
factors	 for	colchicine-related	neuromyopathy	and	bone	marrow	suppression.	 In
addition,	 potential	 drug-drug	 interactions,	 including	 macrolide	 antibiotics,	 3-
hydroxy-3-methyl-glutaryl-coenzyme	A	(HMG-CoA)	reductase	inhibitors,	fibric
acid	 derivatives,	 verapamil	 and	 diltiazem,	 and	 cyclosporine,	 may	 potentiate
colchicine	toxicities.

If	 an	 ICU	patient	with	 an	 acute	onset	 of	gout	has	normal	 renal	 and	hepatic
function	 and	 is	 able	 to	 take	oral	 colchicine,	 treatment	 of	 acute	 gout	with	 low-
dose	colchicine	(1.2	mg	orally	followed	in	1	hour	by	another	0.6	mg	orally,	then
0.6	 mg	 daily	 to	 BID	 the	 following	 days)	 is	 preferred.20	 In	 addition,	 the
gastrointestinal	side	effects	are	significantly	reduced	with	the	low-dose	regimen.
However,	 if	 there	 is	 renal	 insufficiency,	 dose	 adjustment	 is	 necessary	 and
colchicine	is	probably	best	avoided	when	creatinine	clearance	is	less	than	10	mL
per	 minute.	 A	 more	 appropriate	 use	 of	 oral	 colchicine	 is	 the	 prevention	 of
subsequent	 attacks	 once	 the	 acute	 attack	 is	 treated.	 Dosages	 of	 0.6	mg	 orally
once	 or	 twice	 a	 day	 have	 been	 effective	 (again	 dose	 adjustment	 is	 necessary
based	 on	 GFR).	 The	most	 common	 side	 effects	 include	 nausea,	 diarrhea,	 and
proximal	 myopathy	 with	 elevated	 creatinine	 kinase	 levels.	 The	 risk	 of
myotoxicity	correlates	with	a	creatinine	clearance	of	less	than	50	mL	per	minute.

Nonsteroidal	 Anti-inflammatory	 Drugs.	 Nonsteroidal	 anti-inflammatory
drugs	 (NSAIDs)	 are	 effective	 for	 the	 treatment	 of	 acute	 gout.	 However,	 the
mechanism	of	action	involves	prostaglandin	inhibition,	which	can	interfere	with
gastric	mucosal	integrity	and	worsen	renal	function	by	reducing	renal	perfusion
in	the	setting	of	volume	contraction.	NSAIDs	may	also	cause	other	side	effects,
including	decreased	coronary	flow	and	mental	status	changes.	Given	the	fact	that
many	patients	in	the	ICU	have	some	degree	of	renal	or	cardiac	disease	and	are	at
risk	 for	 gastrointestinal	 bleeding,	 NSAIDs	 are	 rarely	 a	 first-line	 agent	 in	 the
treatment	of	gout	in	the	ICU.

Anti-IL-1	 therapy.	 Recent	 small	 studies	 have	 compared	 the	 use	 of



interleukin	 (IL)-1	 receptor	 antagonist,	 anakinra	 (100	mg	 subcutaneously	 daily
for	 5	 days)	 to	 standard	 of	 care	 (colchicine,	 naproxen,	 or	 prednisone)	 or
triamcinolone	for	acute	gout	and	found	it	noninferior.1	Given	the	lack	of	adverse
events	 such	 as	 exacerbation	 of	 diabetes,	 hypertension,	 renal	 failure,	 sodium
retention,	gastric	irritation,	or	coronary	artery	complications,	there	may	be	a	role
of	anti-IL-1	therapy	in	the	sick	ICU	patient	with	acute	gout.

Urate-lowering	 agents.	 In	 the	 ICU,	 initiation	 of	 a	 urate-lowering	 agent	 is
usually	not	recommended.	However,	if	the	patient	continues	with	recurrent	gouty
attacks	or	ongoing	inflammation,	allopurinol	(preferred	over	febuxostat)	can	be
started	 despite	 acute	 gout.	 The	 recommendations	 are	 to	 start	 with	 the	 lowest
possible	 dose	 and	 slowly	 titrate	 upwards,	 especially	 in	 the	 setting	 of	 renal
insufficiency	and	diuretics.	Checking	for	HLA-B	5801,	which	confers	150%	to
500%	 greater	 risk	 for	 severe	 hypersensitivity	 reactions	 to	 allopurinol,	 is
recommended	 for	 patients	 of	 Korean,	 Han,	 or	 Thai	 decent	 as	 well	 as	 African
Americans.	 Febuxostat,	 another	 xanthine	 oxidase	 inhibitor,	 is	 used	 only	 if
allopurinol	 is	 not	 an	 option	 but	 has	 a	 warning	 from	 the	 Food	 and	 Drug
Administration	(FDA)	in	regards	to	risk	of	higher	cardiovascular	(CV)	death	in
patients	with	CV	disease.

Other	Microcrystalline	Arthropathies
Although	 gout	 is	 the	 best-defined	 and	 most	 common	 crystalline	 arthropathy,
several	other	crystalline-induced	syndromes	may	mimic	gout	and	cause	potential
diagnostic	 confusion.	 These	 include	 CPPD,	 BCP-hydroxyapatite,	 or	 calcium
oxalate	crystals.

Pathogenesis
The	 pathophysiology	 of	 these	 entities	 appears	 to	 be	 similar	 to	 that	 of	 gouty
arthritis,	 involving	 a	 complex	 series	 of	 biochemical	 reactions	 that	 lead	 to	 an
inflammatory	response	within	the	involved	joint	or	periarticular	region.

The	acute,	self-limited	form	of	CPPD	deposition	(also	known	as	pseudogout)
may	 be	 precipitated	 by	 surgery	 of	 any	 and	 is	 related	 to	 downward	 fluxes	 in
serum	 calcium	 levels	 that	 lead	 to	 crystal	 shedding	 into	 intra-articular	 spaces.
Attacks	commonly	occur	several	days	postoperatively	and	often	involve	the	knee
or	 wrist.	 Severe	 medical	 illnesses,	 such	 as	 ischemic	 heart	 disease,	 cerebral
infarction,	and	thrombophlebitis,	may	also	provoke	attacks	of	CPPD	arthritis.

Patients	on	chronic	 intermittent	peritoneal	dialysis	have	a	high	 incidence	of
acute	 arthritis	 that	 is	 secondary	 to	CPPD	or	BCP-hydroxyapatite	 deposition	 in



articular	cartilage.	In	contrast,	chronic	hemodialysis	patients	are	at	risk	for	acute
arthritis	from	calcium	oxalate	crystals.

Clinical	Features
Clinically,	 each	of	 the	above	crystalline	arthropathies	 is	 indistinguishable	 from
acute	 gout.	 The	 presence	 of	 radiographic	 calcification	 in	 hyaline	 or	 articular
cartilage	of	 the	 involved	 joint	 (ie,	 chondrocalcinosis)	 suggests	 the	diagnosis	of
pseudogout,	 but	 the	 diagnosis	 is	 confirmed	 by	 visualizing	 weakly	 positively
birefringent,	rhomboid-shaped	CPPD	crystals	within	synovial	fluid	PMNs	under
polarizing	 microscopy.	 Calcium	 oxalate	 crystals,	 likewise,	 are	 positively
birefringent,	but	they	are	pleomorphic,	bipyramidal,	or	rodlike	in	shape.	Smaller
BCP-hydroxyapatite	 crystals,	 however,	 are	 not	 visible	 under	 polarizing
microscopy,	and	a	presumptive	diagnosis	is	made	given	the	clinical	setting,	the
exclusion	 of	 other	 diagnoses,	 and	 the	 occasional	 presence	 of	 periarticular,
amorphous	calcifications	on	radiographs.

Therapy
Therapeutic	 options	 are	 limited	 in	 the	 ICU	 patient	 if	 NSAIDs	 are
contraindicated.	Isolated	joints	can	be	aspirated	and	injected	with	corticosteroids
once	 infection	 is	 excluded.	Alternatively,	 a	 regimen	of	 tapering	 corticosteroids
similar	to	acute	gout	is	effective.	Pseudogout	may	also	respond	dramatically	to
colchicine	in	dosing	similar	to	gout.	Low-dose	colchicine	is	also	used	to	prevent
recurrent	attacks	in	patients	who	have	frequent	events.

Septic	Arthritis
Joint	 infection	 is	 the	most	 critical	 diagnosis	 to	 establish	 and	 treat	 in	 any	 ICU
patient	who	develops	acute	mono-	or	oligoarthritis.	A	delay	in	the	diagnosis	and
treatment	of	septic	arthritis	may	lead	to	destruction	of	articular	cartilage	and	loss
of	 joint	 function.	Furthermore,	a	diagnosis	of	 septic	arthritis	may	help	 identify
and	initiate	early	treatment	of	the	source	of	septicemia,	such	as	endocarditis	(see
Chapter	78:	Infections	Associated	with	Vascular	Catheters).

Pathogenesis
Risk	factors	for	development	of	septic	arthritis	include	pre-existing	joint	disease
(such	 as	 rheumatoid	 arthritis	 [RA],	 osteoarthritis	 [OA],	 gout,	 prosthetic	 joint),



diabetes	 mellitus,	 skin	 disease	 or	 infections,	 IV	 drug	 abuse,	 end-stage	 liver
disease,	 and	 immunosuppression.21	 In	 addition,	 patients	 in	 the	 ICU	often	 have
multiple	 invasive	 procedures,	 indwelling	 lines,	 or	 catheters	 that	 are	 potential
portals	of	 infection.	Acute	septic	arthritis	usually	develops	from	hematogenous
seeding	from	another	site	of	infection.	Direct	inoculation	or	local	extension	from
adjacent	 soft-tissue	 infection	 or	 osteomyelitis	 is	 less	 common.	 Prosthetic	 or
damaged	 joints	 are	 particularly	 susceptible	 to	 hematogenous	 seeding.	Once	 an
infection	 is	 established	 within	 a	 joint,	 a	 complex	 cascade	 of	 physiologic
responses	 occurs	 that	 leads	 to	 a	 severe	 inflammatory	 reaction	with	 subsequent
cartilage	 degradation	 and	 bone	 destruction.	 The	 rapidity	 and	 severity	 of	 this
process	depends	on	the	virulence	of	the	organism	and	the	length	of	delay	before
appropriate	antibiotics	are	started.

Clinical	Features
2 	Clinically,	septic	arthritis	may	be	indistinguishable	from	crystalline	arthritis	or
other	 inflammatory	 joint	 diseases.	 The	 presentation	 is	 often	 acute	 and
monoarticular	 with	 physical	 findings	 of	 warmth,	 swelling,	 tenderness,	 and
erythema	within	 the	 confines	 of	 the	 joint	margins,	 and	markedly	 limited	 joint
motion.	 The	 knee	 is	 the	 most	 commonly	 affected	 joint	 followed	 by	 the	 hip,
ankle,	elbow,	wrist,	and	shoulder.	Atypical	joints	such	as	the	sternoclavicular	or
sacroiliac	 joints	 and	 the	 symphysis	 pubis	 are	 common	 sites	 of	 infection	 in
younger	patients	or	those	with	a	history	of	IV	drug	use.	Polyarticular	infections
occur	 in	up	to	20%	of	cases,21	particularly	among	patients	with	RA.	Fever	 is	a
variable	finding	and	when	present,	it	may	be	low	grade.

High	clinical	suspicion	remains	essential	for	the	diagnosis	of	septic	arthritis.
Unless	physical	examination	indicates	extra-articular	features	(eg,	cellulitis),	any
ICU	 patient	 with	 an	 acutely	 swollen,	 painful	 joint	 needs	 a	 diagnostic
arthrocentesis	to	exclude	infection.	In	the	case	of	suspected	cellulitis,	appropriate
antibiotics	 should	 be	 administered	 and	 arthrocentesis	 performed	 only	 if
symptoms	or	findings	do	not	 improve	within	48	hours.	The	diagnosis	of	septic
arthritis	 is	 supported	 by	 an	 elevated	white	 blood	 cell	 (WBC)	 count,	ESR,	 and
CRP,	 but	 these	 studies	 cannot	 reliably	 differentiate	 infection	 from	 other
inflammatory	processes.	Conversely,	the	absence	of	fever	or	normal	ESR	or	CRP
cannot	 exclude	 septic	 arthritis.	 Synovial	 fluid	 analysis	 can	 confirm	 septic
arthritis	and	identify	organisms	on	Gram	stain	or	in	culture.	The	fluid	should	be
transferred	 immediately	 to	 the	 laboratory,	 both	 anaerobic	 and	 aerobic	 cultures
should	be	ordered	routinely,	and	special	requests	for	fungus	or	other	organisms
that	 require	 a	 special	 growth	 medium	 (eg,	Neisseria	 gonorrhoeae)	 should	 be



ordered	if	clinically	indicated.	In	addition,	synovial	fluid	analysis	for	WBC	with
differential	 and	 crystal	 search	 may	 support	 a	 diagnosis	 of	 infection	 before
microbiology	results	are	available.	Although	leukocyte	counts	under	20,000	per
μL	have	been	associated	with	septic	arthritis,	the	WBC	generally	exceeds	50,000
per	μL	and	on	occasion	may	be	as	high	as	200,000	per	μL	with	a	marked	PMN
predominance.	 The	 likelihood	 ratio	 of	 septic	 arthritis	 increases	 incrementally
with	higher	synovial	 leukocyte	counts.	However,	since	septic	arthritis	has	been
associated	 with	WBC	 as	 low	 as	 2000	 per	 μL	 to	 50,000	 per	 μL,	 the	 absolute
number	cannot	differentiate	septic	arthritis	from	other	inflammatory	states	such
as	rheumatoid,	psoriatic,	or	crystalline	arthritis.

Although	 initial	 radiographs	of	 the	 infected	 joint	 are	often	normal,	 baseline
X-rays	are	useful	to	identify	pre-existing	joint	abnormalities	and	for	comparison
to	identify	subsequent	damage.	Classic	late	radiographic	findings	include	juxta-
articular	osteopenia,	joint	space	narrowing,	or	subchondral	bone	loss.	Magnetic
resonance	imaging	(MRI)	imaging	is	the	most	useful	modality	to	evaluate	joints
that	are	difficult	 to	assess	clinically	 (ie,	 spine,	 sacroiliac,	or	hip)	or	 to	exclude
early	 osteomyelitis,	 soft-tissue	 abscesses	 or	 surrounding	 sinus	 tracts.	 The
addition	of	gadolinium	to	the	MRI	can	enhance	the	soft	tissue	findings	but	may
be	contraindicated	in	ICU	patients	with	renal	insufficiency.	CT	scan	is	preferred
for	identifying	late	changes	of	chronic	osteomyelitis.

Therapy
Treatment	of	septic	arthritis	requires	adequate	drainage	in	addition	to	appropriate
antibiotics.	N.	 gonorrhoeae	 is	 the	 most	 common	 cause	 of	 septic	 arthritis	 in
patients	 under	 the	 age	 of	 30,	 but	 overall,	 Staphylococcus	 aureus	 (S.	 aureus),
including	methicillin-resistant	S.	aureus	(MRSA),	is	the	most	common	organism
in	 the	 immunocompetent	 patient,	 followed	 in	 frequency	 by	 Streptococcal
species.	Gram-negative	and	anaerobic	organisms	occur	less	frequently	but	must
be	 suspected	 in	 patients	 at	 risk	 (elderly,	 immunocompromised,	 recent
hospitalization	or	surgery,	prior	antibiotics,	and	possible	urogenital	or	abdominal
infections).21	 In	 the	 critically	 ill	 patient	 with	 multiple	 risk	 factors,	 broad-
spectrum	antibiotic	coverage	against	Staphylococcus	 and	Streptococcus,	Gram-
negative	bacteria,	and	Pseudomonas	should	be	initiated	until	culture	results	are
available.	Fungal	or	mycobacterial	 septic	arthritis	 is	often	subacute	or	chronic,
but	should	be	considered	in	patients	failing	broad-spectrum	antibiotics.	Candida
organisms	have	caused	acute	arthritis	and	the	Gram	stain	may	be	positive	before
cultures	are	available.	The	duration	of	antibiotic	therapy	varies	according	to	the
clinical	 situation,	 but	 antibiotics	 should	be	 continued	 intravenously	 for	 at	 least



2	 weeks.	 Further	 route	 and	 duration	 of	 therapy	 depend	 on	 the	 specific	 and
sensitivity	 of	 the	 identified	 organism	 and	 the	 patient’s	 clinical	 response.	 The
length	of	treatment	is	usually	at	least	3	weeks	for	nongonococcal	septic	arthritis.
Please	refer	to	Chapter	72	for	appropriate	antibiotic	treatment	for	presumptive	or
identified	infectious	organisms.

Drainage	 of	 the	 infected	 joint	 with	 either	 serial	 percutaneous	 needle
aspirations	 or	 surgical	 intervention	 is	 also	 crucial.	 Because	 there	 are	 no
prospective	 studies	 comparing	 these	 options,	 controversy	 exists	 regarding	 the
optimal	 approach.	The	physical	 removal	of	 inflammatory	cells,	 cellular	debris,
lysosomal	 enzymes,	 and	bacterial	 by-products	 reduces	 the	potential	 damage	 to
the	 joint.	 Prosthetic	 joints	 and	 other	 native	 joints	 such	 as	 hip,	 shoulder,	wrist,
finger,	 sacroiliac,	 or	 sternoclavicular	 joints	 require	 immediate	 surgical
intervention,	 while	 native	 septic	 knees	 may	 respond	 to	 serial	 percutaneous
needle	 aspiration.	 Arthroscopy	 or	 arthrotomy	 has	 the	 advantage	 of	 more
complete	 debridement	 of	 fibrin,	 infected	 synovium,	 and	 loculations.	However,
percutaneous	drainage	may	be	the	only	option	for	a	critically	 ill	patient	who	is
not	stable	for	surgery.	Indications	for	surgical	intervention	include	initial	delay	in
diagnosis,	established	joint	damage	from	RA	or	OA,	failure	to	sterilize	the	joint
fluid	 after	 3	 to	 5	 days	 of	 antibiotics,	 difficult	 percutaneous	 aspirations	 due	 to
loculations,	or	infection	with	Gram-negative	bacterium.	Thus,	the	ideal	approach
is	 to	 consult	 both	 the	 orthopedic	 surgeon	 and	 rheumatologist	 at	 the	 time	 of
diagnosis	to	decide	on	optimal	management.

The	 infected	 joint	 should	 be	 immobilized	 in	 functional	 position	 during	 the
first	few	days.	Once	antibiotics	are	given	and	drainage	has	been	performed,	early
physical	therapy	with	passive	range	of	motion	and	graduation	to	active	range	of
motion	will	improve	outcomes.

Because	septic	arthritis	usually	occurs	as	a	consequence	of	bacteremia	from	a
distant	primary	source	of	infection,	investigation	for	these	sites	must	be	pursued.
Unless	an	obvious	site	of	local	inoculation	is	present,	cultures	from	blood,	urine,
and	 sputum	 should	 be	 obtained	 before	 the	 institution	 of	 antibiotics	 and
indwelling	 lines	 and	 catheters	 are	 removed.	 Further	 imaging	 studies	 such	 as
echocardiography	and	computed	tomography	(CT)	may	be	necessary.

Septic	Arthritis	in	the	Prosthetic	Joint
Rates	 of	 prosthetic	 joint	 infections	 (PJIs)	 are	 generally	 quite	 low,	 about	 1.5
infections	 per	 1000	 person	 joint	 years,	 with	 total	 knee	 joint	 infections	 more
common	 than	 hip	 joints.22	 However,	 RA	 patients	 have	 an	 increased	 risk	 of
developing	 infected	 prosthetic	 joints.	 Risk	 factors	 are	 similar	 for	 native	 joint



septic	 arthritis	 discussed	 previously	 and	 also	 include	 prior	 infection	 of	 a
prosthetic	joint	at	the	same	site	or	revision	arthroplasty.	Early	infection,	usually
within	 3	 months	 of	 surgery,	 is	 usually	 due	 to	 S	 aureus	 or	 more	 virulent
organisms	such	as	Gram	negatives	from	direct	inoculation	at	the	time	of	surgery;
delayed	 infection	 (3-12	months	after	 surgery)	and	 late	onset	 infection	 (after	1-
2	 years	 after	 surgery)	 typically	 are	 due	 to	 less	 aggressive	 bacterium	 including
coagulase-negative	 staphylococci,	 Enterococcus,	 and	 beta-hemolytic
streptococci.	Bacteremia	with	 seeding	 of	 a	 prosthetic	 joint	 can	 occur	 anytime.
Causative	 organisms	 for	 PJI	 are	 predominantly	 Gram-positive	 cocci	 (65%);
aerobic	 Gram-negative	 bacilli	 and	 anaerobes	 contribute	 10%,	 while	 20%	 are
polymicrobial	 infections.22	Atypical	organisms	such	as	Cutibacterium	 are	more
common	in	shoulder	PJI.

Clinical	 features	 of	 acute	 PJI	 include	 localized	 pain,	 fever	 (occurring	 in
<50%),	and	elevation	of	ESR,	while	more	chronic	 infections	may	present	with
only	 pain	 and	 loosening	 of	 hardware	 on	 radiograph.	 Plain	 radiographs	 cannot
distinguish	 aseptic	 periprosthetic	 loosening	 from	 infection.	 CT	 and	 magnetic
imaging	may	be	distorted	by	ferromagnetic	prostheses.	Synovial	fluid	studies	are
as	useful	in	the	diagnosis	of	PJI	as	they	are	for	native	joint	infections.	A	synovial
fluid	 WBC	 more	 than	 3000	 cells	 per	 μL	 from	 the	 prosthetic	 joint	 with
predominantly	PMNs	is	enough	to	suggest	infection,5	but	in	early	PJI,	WBC	may
be	 elevated	 due	 to	 recent	 surgery	 and	 thus	WBC	>10,000	 are	 felt	 to	 be	more
concerning.	Elevated	CRP	is	considered	to	be	more	useful	than	ESR,	especially
during	the	early	acute	infection	period,	while	both,	if	elevated,	are	also	helpful	in
delayed	 or	 late	 onset	 infections.	 If	 aspiration	 is	 not	 done	 before	 surgery,	 then
intraoperative	 sampling	 of	multiple	 periprosthetic	 tissue	 sites	will	 increase	 the
diagnostic	yield.	Culture	of	the	removed	prosthesis	may	also	provide	important
microbial	information.

Treatment	 of	 suspected	 PJI	 should	 initially	 cover	 both	 Gram-negative	 and
Gram-positive	 organisms	 with	 a	 regimen	 such	 as	 vancomycin	 and	 an
aminoglycoside	 until	 microbiology	 results	 and	 antibiotic	 sensitivities	 are
available	(see	Chapter	73:	Life-Threatening	Community-Acquired	Bacterial	and
Parasitic	Infections).	Infectious	disease	consultation	will	help	guide	therapy.

Antibiotic	therapy	alone	without	surgical	intervention	is	rarely	successful.	If
the	 patient	 is	 a	 surgical	 candidate,	 options	 include	 the	 following:	 (1)	 resection
arthroplasty,	 (2)	 one-	 or	 two-stage	 surgery	 with	 prosthesis	 removal	 and
reimplantation,	 or	 (3)	 surgical	 debridement,	 antibiotic,	 and	 irrigation	 with
retention	of	 prosthesis	 (DAIR)	with	 long-term	oral	 antibiotic	 suppression.	The
first	 option	 is	 rarely	 performed	 unless	 the	 patient	 has	 failed	 previous	 surgical
attempts	 at	 eradicating	 the	 infection	 or	 is	 likely	 to	 have	 minimal	 functional



improvement	after	replacement.	The	most	definitive	and	successful	treatment	of
chronic	 PJI	 requires	 resection	 arthroplasty	 with	 two-stage	 exchanges.	 This
entails	 removal	 of	 the	 infected	 prosthesis,	 treatment	with	 antibiotics,	 systemic
and	intra-articular,	with	or	without	an	antibiotic	loaded	spacer	for	a	period	of	6
to	 12	 weeks,	 and	 then	 subsequent	 observation	 and	 re-evaluation	 for	 signs	 of
infection	 and	 then	 reimplantation.	 Debridement	 with	 retention	 of	 the	 infected
prosthesis	 (DAIR)	 is	 an	 option	 only	 if	 (i)	 age	 of	 the	 prosthesis	 is	 less	 than
3	months;	(ii)	symptoms	have	been	present	for	less	than	3	weeks;	(iii)	absence	of
sinus	 tract	 communicating	 with	 joint	 space;	 (iv)	 no	 radiographic	 evidence	 of
prosthetic	 loosening;	 (v)	 infection	 not	 involving	 S	 aureus,	 Pseudomonas
aeruginosa,	 enterococcus,	 fungi,	 or	 multi–drug-resistant	 organisms;	 and	 (vi)
absence	 of	 comorbidities	 such	 as	 diabetes	 and	 RA.	 Prolonged	 oral	 antibiotics
(3	months	for	hips	and	6	months	for	knees)	are	recommended	in	patients	treated
with	debridement	with	implant	retention.5

Hemarthrosis
In	the	absence	of	an	underlying	inherited	disorder	of	coagulation,	hemarthrosis
in	 the	 intensive	 care	 setting	 is	 most	 likely	 a	 complication	 of	 anticoagulation
therapy,	 most	 frequently	 described	 in	 patients	 receiving	 an	 oral	 anticoagulant
(sodium	warfarin	or	direct	acting	oral	anticoagulants).	Since	hemarthrosis	may
occur	 spontaneously	 in	 an	 anticoagulated	 patient,	 a	 history	 of	 trauma	 is	 often
absent.	 Clinically,	 a	 patient	 develops	 a	monoarticular,	 painful,	 swollen,	warm,
and	 tense	 effusion.	 Prolongation	 of	 coagulation	 parameters	 suggests	 the
diagnosis,	but	diagnostic	 arthrocentesis	 is	 essential	 to	 confirm	 the	diagnosis	of
hemarthrosis	 and	 exclude	 septic	 arthritis,	 crystalline	 disease,	 or	 other	 causes.
When	 performed	 aseptically	 and	 carefully,	 arthrocentesis	 is	 safe	 and	 free	 of
significant	 long-term	morbidity.	 It	 is	 unnecessary	 to	 reverse	 the	 anticoagulant
state	prior	to	arthrocentesis.

A	 precise	 definition	 of	 hemarthrosis	 has	 not	 been	 established,	 but	 the
diagnosis	 is	suggested	by	a	synovial	 fluid	hematocrit	exceeding	3%.	Causes	of
hemarthrosis	 other	 than	 anticoagulation	 include	 trauma	 (especially	 with	 intra-
articular	 fracture),	 blood	 dyscrasias,	 Charcot	 joint,	 synovial	 tumors	 such	 as
pigmented	 villonodular	 synovitis	 or	 other	 primary	 or	 metastatic	 neoplasms,
myeloproliferative	disease,	CPPD	arthropathy,	septic	arthritis,	sickle	cell	trait	or
disease,	and	scurvy.

Despite	 the	 fact	 that	 hemophiliac	 patients	 with	 repeated	 hemarthrosis	 have
significant	joint	abnormalities,	an	isolated	episode	of	spontaneous	hemarthrosis
has	 a	 benign	 prognosis.	 Treatment	 of	 hemarthrosis	 from	 hemophilia	 or	 other



bleeding	diathesis	is	discussed	elsewhere	(see	Chapters	88:	Transfusion	Therapy:
Blood	 Components	 and	 Transfusion	 Complications;	 and	 89:	 Anemia	 in	 the
Critical	 Care	 Setting).	 Management	 of	 spontaneous	 hemarthrosis	 from
anticoagulation	 consists	 of	 immobilization,	 analgesia,	 and	 if	 possible,
temporarily	reducing	or	correcting	clotting	parameters	with	fresh	frozen	plasma
if	the	patient	is	not	at	high	risk	of	thromboembolism.	If	the	patient	is	at	high	risk
(ie,	prosthetic	valve),	allowing	the	prothrombin	time/international	ratio	(INR)	to
drift	 toward	 the	 lower	 therapeutic	 range	 is	 one	 option.	 Arthrocentesis	 may
reduce	the	pressure	of	joint	distension.

ASPECTS	OF	RHEUMATIC	DISEASES
COMPLICATING	INTENSIVE	CARE
PROCEDURES
Difficult	 endotracheal	 intubations	 may	 be	 encountered	 in	 patients	 with	 RA,
juvenile	 idiopathic	 arthritis	 (JIA),	 ankylosing	 spondylitis	 (AS),	 or	 systemic
sclerosis	 (SSc).	 Involvement	 of	 the	 cervical	 spine,	 temporomandibular	 or
cricoarytenoid	 joints,	 or	 oral	 aperture	 may	 limit	 adequate	 positioning,
visualization,	 or	 successful	 endotracheal	 intubation	 with	 conventional	 direct
laryngoscopy.	 Advanced	 airway	 techniques	 including	 fiberoptic	 intubation,
video	laryngoscopy,	and	nasotracheal	intubation	enable	safe	airway	placement	in
most	 patients	 with	 difficult	 airways	 (see	 Chapter	 8:	 Airway	Management	 and
Endotracheal	 Intubation).	Laryngeal	mask	 airway	 is	 a	 possible	 rescue	measure
for	 patients	 who	 cannot	 be	 intubated	 but	 can	 be	 ventilated	 and	 is	 a	 good
alternative	 to	 bag	 mask	 ventilation.	 A	 surgical	 airway,	 cricothyroidotomy,	 or
tracheostomy	 is	 required	 in	 emergent	 situations	 when	 safe	 intubation	 is	 not
possible	 and	 the	 patient	 cannot	 be	 adequately	 ventilated	 (see	 Chapter	 9:
Tracheostomy).

The	 prevalence	 of	 atlantoaxial	 instability	 in	 RA	 patients	 is	 estimated	 to	 be
anywhere	 from	 23%	 to	 60%	 depending	 on	 the	 subpopulation	 studied	 and	 is
associated	with	duration	and	severity	of	disease.	This	 instability	also	occurs	 in
certain	subgroups	of	patients	with	JIA	and	AS.	Although	the	majority	of	patients
with	 cervical	 spine	 involvement	 are	 asymptomatic,	 forced	manipulation	 of	 the
neck	(eg,	during	intubation,	endotracheal	suctioning,	nasogastric	tube	placement,
bronchoscopy,	or	endoscopy)	may	precipitate	symptoms	and	signs	of	spinal	cord
compression.

Cervical	instability	and	dislocations	most	commonly	occur	at	the	atlantoaxial



(first	 and	 second	 cervical	 vertebrae)	 junction	 due	 to	 laxity	 or	 erosion	 of	 the
transverse	 ligament	 caused	 by	 synovitis.	 Subsequently,	 the	 odontoid	 (superior
peg	 of	 the	 axis)	 moves	 more	 freely	 and	 can	 protrude	 posteriorly,	 particularly
during	 neck	 flexion,	 and	 compress	 the	 spinal	 cord,	 lower	 medulla,	 or
vertebrobasilar	 arteries.	 Fracture	 or	 erosive	 destruction	 of	 the	 odontoid	 may
allow	 the	 atlas	 to	 slide	 posteriorly	 on	 the	 axis,	 a	 process	 termed	 posterior
atlantoaxial	 subluxation.	 Destruction	 of	 the	 lateral	 atlantoaxial	 joints	 and	 the
bones	of	the	foramen	magnum	may	allow	the	axis	to	sublux	cephalad,	so-called
vertical	 subluxation.	 Symptoms	 suggestive	 of	 cervical	 myelopathy	 include
Lhermitte	sign,	neck	pain	radiating	up	to	the	occiput,	paresthesias	in	the	hands	or
feet,	loss	of	arm	or	leg	strength,	and	urinary	incontinence	or	retention.

Atlantoaxial	instability	is	identified	with	lateral	cervical	spine	radiographs	in
flexed	and	extended	views.	The	normal	distance	between	 the	odontoid	process
and	 the	 arch	 of	 the	 atlas	 is	 less	 than	 4	mm.	 If	 this	 distance	 is	 exceeded,	 care
should	be	taken	to	avoid	sudden	or	forced	neck	flexion	during	any	intensive	care
procedure.	A	soft	cervical	collar	 to	maintain	 the	neck	 in	 slight	extension	helps
prevent	sudden	forced	flexion	and	is	a	reminder	to	all	caregivers	that	any	neck
manipulation	 should	 proceed	 with	 caution.	 Open-mouth	 posterior-to-anterior
views	will	exclude	odontoid	fracture	and	severe	subluxation,	but	MRI	scanning
is	the	best	imaging	procedure	to	exclude	cord	compression.

In	 patients	 with	 AS	 with	 multilevel	 cervical	 fusion,	 large	 anterior	 cervical
osteophytes	 can	 prevent	 adequate	 visualization	 of	 the	 larynx	 or	 successful
endotracheal	 intubation	 using	 standard	 techniques.	 Fixed	 cervical	 flexion
deformities	 can	 hinder	 appropriate	 neck	 positioning	 for	 intubation.	 The
ankylosed	 spine	 is	 often	 osteoporotic	 and	 brittle.	 Minor	 forces	 in	 flexing	 or
extending	 the	 neck	 can	 result	 in	 inadvertent	 fracture.	 Thus,	 plain	 radiographic
imaging	 with	 lateral	 views	 before	 any	 procedure	 can	 help	 establish	 potential
barriers	 to	 endotracheal	 intubation	 and	 the	 need	 for	 advanced	 intubation
techniques.	In	addition,	patients	with	AS	may	have	limited	chest	wall	expansion
due	 to	 fusion	 of	 the	 costovertebral	 joints,	 ankylosis	 of	 the	 thoracic	 spine,	 and
involvement	 of	 the	 anterior	 chest	 wall	 joints,	 relying	 more	 on	 use	 of	 the
diaphragm	 for	 breathing.	 Attention	 should	 be	 drawn	 to	 bowel	 movements
postoperatively	as	increased	intra-abdominal	pressure	may	affect	diaphragmatic
excursion.

Patients	 with	 JIA	 (and	 less	 commonly	 RA)	may	 have	micrognathia	 due	 to
temporomandibular	 joint	 disease	 that	 restricts	 lower	 jaw	 motion	 and	 limits
access	 to	 the	oropharynx.	Micrognathia	may	 also	 cause	upper	 respiratory	 tract
obstruction	 and	 sleep	 apnea,	 both	 of	which	 occur	more	 commonly	 in	 patients
with	 JIA.	 In	 contrast,	 patients	 with	 SSc	 may	 have	 facial	 tissue	 fibrosis	 and



atrophy	that	reduce	the	oral	aperture	and	make	orotracheal	intubation	difficult	or
impossible.	 In	 these	 situations,	 early	 awareness	 of	 the	 need	 for	 nasotracheal
intubation	 or	 other	 advanced	 airway	 techniques	 will	 prevent	 potential
complications	in	routine	or	emergency	endotracheal	intubation.

Nearly	50%	to	75%	of	patients	with	 long-standing	RA	have	 involvement	of
the	 cricoarytenoid	 joints	 on	 CT	 scans,	 but	 only	 half	 have	 symptoms.	 These
synovial	joints	allow	adduction	and	abduction	of	the	vocal	cords.	Symptoms	of
cricoarytenoid	involvement	include	throat	pain,	sensation	of	a	foreign	object	in
the	throat,	odynophagia,	dysphagia,	hoarseness,	shortness	of	breath,	and	stridor.
As	a	result	of	acute	or	chronic	inflammation,	the	vocal	cords	may	become	fixed
in	adduction,	 resulting	 in	upper	airway	obstruction	and	 respiratory	 failure.	The
diagnosis	may	be	distinguished	from	recurrent	laryngeal	nerve	paralysis,	tumor,
and	 thyroiditis	 by	 visualizing	 the	 vocal	 cords	 by	 either	 direct	 laryngoscopy	 or
fiberoptic	nasopharyngoscopy.	 In	 the	patient	with	chronically	 restricted	motion
of	the	cricoarytenoid	joints,	a	superimposed	insult,	like	an	upper	respiratory	tract
infection	 or	 trauma	 from	 intubation,	 may	 cause	 laryngospasm	 or	 soft-tissue
swelling	with	resultant	airway	obstruction.	Treatment	of	life-threatening	airway
obstruction	 includes	 establishing	 an	 airway	 by	 cricothyroidotomy	 or
tracheostomy,	and	administration	of	high-dose	systemic	corticosteroids,	systemic
antirheumatic	therapy,	or	topical	aerosolized	corticosteroids.

RHEUMATOID	ARTHRITIS
RA	is	a	chronic,	autoimmune,	inflammatory	disorder	that	affects	synovial	joints
and	extra-articular	organ	 systems.	 In	 the	patients	with	 established	RA,	 reasons
for	admission	to	the	ICU	may	include	airway	obstruction	due	to	cricoarytenoid
arthritis	 or	 atlantoaxial	 subluxation	 (discussed	 previously);	 septic	 arthritis;
respiratory	 distress	 from	 large	 pleural	 effusions	 or	 parenchymal	 lung	 disease;
cardiac	dysfunction	due	to	pericardial,	myocardial,	or	endocardial	involvement;
necrotizing	 vasculitis;	 or	mononeuritis.	 The	 approach	 to	 the	RA	 patient	 in	 the
ICU	includes	knowledge	of	the	diverse	complications	of	rheumatoid	disease	and
the	 potential	 toxicities	 of	 RA	 medications	 including	 NSAIDs,	 corticosteroids,
nonbiologic,	and	biologic	disease	modifying	agents.	In	addition,	RA	may	be	in
the	 differential	 of	 an	 acutely	 ill	 ICU	 patient	 with	 various	 organ	 system
involvements,	and	thus,	consultation	with	a	rheumatologist	is	most	helpful.

Pathogenesis



RA	is	characterized	by	chronic	synovial	inflammation	with	subsequent	articular
cartilage	 and	 bone	 destruction	 in	 a	 genetically	 susceptible	 host.	 The	 initial
triggering	 antigen,	whether	 exogenous	 or	 self,	 has	 not	 been	 identified,	 but	 the
initial	 activation	 of	 innate	 immunity	 and	 the	 subsequent	 stimulation	 of	T	 cells
initiate	 the	 process	 of	 recruitment	 of	 other	 cells	 to	 the	 synovium,	 including
macrophages,	 neutrophils,	 and	 B	 cells.	 Fibroblast-like	 and	 macrophage-like
synovial	cells	perpetuate	synovial	inflammation	through	elaboration	of	cytokines
that	have	paracrine	and	autocrine	activity.	In	addition	to	cytokines,	the	products
of	several	cell	types	also	induce	adhesion	molecules	and	stimulate	angiogenesis.
Activated	 synovial	 cells	 also	 release	 metalloproteinases	 responsible	 for
degradation	 of	 articular	 cartilage	 and	 erosion	 of	 bone.	 The	 disease	 is
characterized	 by	 the	 presence	 of	 rheumatoid	 factor	 (RF)	 and	 anti–citrullinated
protein	 antibodies	 (ACPAs).	 This	 latter	 antibody	 is	 more	 specific	 for	 RA	 and
higher	 titers	 are	 associated	with	more	 severe	 disease	 and	 some	 extra-articular
organ	involvement.

Joint	Infections	Complicating	Rheumatoid	Arthritis
One	 indication	 for	 admission	 of	 the	 RA	 patient	 to	 an	 ICU	 is	 sepsis	 that	 can
involve	 seeding	 of	 joints	 as	 one	 complication	 of	 bacteremia.	 RA	 patients	 are
more	 susceptible	 to	 developing	 septic	 arthritis,	 often	 polyarticular	 and	 more
severe	 than	 in	 patients	 without	 RA.	 A	 variety	 of	 factors,	 including
immunosuppressive	 drugs,	 predisposition	 to	 pulmonary	 infections	 due	 to
underlying	 lung	 disease,	 and	 general	 debility	 can	 predispose	 the	 rheumatoid
patient	 to	 developing	 bacterial	 infections	 which	 then	 hematogenously	 seed
inflamed/damaged	 rheumatoid	 joints	 or	 prosthetic	 joints.	 Normal	 protective
mechanisms,	 PMN	 leukocyte	 bacterial	 killing,	 PMN	 chemotaxis,	 and
complement	and	serum	bactericidal	activity	are	all	decreased	in	the	rheumatoid
joint.	Although	joint	sepsis	after	arthrocentesis	or	intra-articular	steroid	injection
is	 a	 rare	 complication,	 infection	 has	 been	 reported	 in	 this	 context	 and	may	be
more	resistant	to	treatment.

2 	 A	 delay	 in	 diagnosing	 joint	 sepsis	 in	 RA	 patients	may	 also	 contribute	 to
their	 increased	 morbidity	 and	 mortality.	 Other	 factors	 include	 (1)	 masking	 of
joint	 pain	 and	 inflammation	 by	 NSAIDs,	 corticosteroids,	 and
immunosuppressive	medications;	 (2)	generalized	debility	and	malnutrition;	and
(3)	attributing	the	joint	 inflammation	to	RA	rather	than	infection	by	the	patient
or	 physician.	 Failure	 to	 recognize	 septic	 arthritis	 complicating	 RA	 may	 have
disastrous	results.	When	a	single	or	few	joints	are	more	inflamed	than	others	in	a
rheumatoid	 patient,	 joint	 sepsis	 should	 be	 excluded	 by	 arthrocentesis,	 Gram



stain,	and	cultures	of	synovial	fluid,	blood,	and	other	appropriate	sites	guided	by
the	patient’s	signs	and	symptoms.	Inspection	of	the	skin	for	a	possible	portal	of
bacterial	entry	and	a	thorough	general	examination	are	of	the	utmost	importance.

The	microbiology	of	septic	arthritis	complicating	RA	includes	a	wide	range	of
organisms,	 but	 in	 approximately	80%	of	 cases,	 the	organism	 is	S.	aureus	 with
increasing	 proportion	 of	 MRSA	 infections.	 Streptococcal	 species	 are	 also
common	pathogens.	Gram-negative	organisms	(P.	aeruginosa,	Escherichia	coli,
Proteus	 mirabilis,	 and	 others),	 anaerobes,	 fungi,	 mycobacterium,	 and
polymicrobial	infection	all	have	been	reported	as	causes	of	septic	arthritis	in	the
rheumatoid	joint.

Management	of	septic	arthritis	in	a	rheumatoid	patient	is	identical	to	patients
without	 RA.	 However,	 the	 septic	 rheumatoid	 joint	 more	 frequently	 fails
percutaneous	needle	aspiration.	Early	surgical	drainage	with	synovectomy	may
be	 the	 preferred	 treatment	 since	 there	 is	 more	 proliferative	 synovitis	 and	 an
increased	tendency	for	loculations	to	develop	in	this	population.

Pulmonary	Involvement	in	Rheumatoid	Arthritis
The	 respiratory	 system	 in	 the	 patient	 with	 RA	 can	 be	 involved	 in	 numerous
ways,	 including	 upper	 airway,	 bronchi,	 pleura,	 parenchyma,	 vasculature,	 and
diaphragmatic	 muscles.	 Pulmonary	 infections	 are	 common,	 particularly	 in	 the
patient	 with	 poor	 mucociliary	 clearance,	 ineffective	 cough,	 on
immunosuppressive	 therapy,	 or	with	 associated	 Sjögren	 syndrome.	Table	 65.2
summarizes	 respiratory	 tract	 involvement	 in	 RA	 and	 other	 connective	 tissue
disorders.	 In	addition,	certain	antirheumatic	drugs	are	associated	with	potential
pulmonary	toxicities.	Angioedema	and	bronchospasm	induced	or	aggravated	by
aspirin	 or	 other	 NSAIDs	 is	 most	 common,	 followed	 by	 hypersensitivity
pneumonitis	from	methotrexate,	sulfasalazine,	and	biologics.	Interstitial	fibrosis
from	methotrexate	is	now	felt	to	be	a	rare	complication.

TABLE	65.2

Respiratory	Involvement	in	Connective	Tissue	Diseases

Common Rare	(<10%)

Upper	airway	involvement



Cricoarytenoid	arthritis RA SLE

Laryngeal	nodules RA

Bronchial	tree

Obliterative	bronchiolitis RA

Bronchiectasis SSc RA,	SS,	SLE

Follicular	or	constrictive
bronchiolitis

RA,	SS

Parenchyma

Interstitial	lung	disease RA,	SSc,	SS,
PM/DM

SLE

Acute	pneumonitis SLE,	PM/DM

Cryptogenic	organizing	pneumonia RA,	SLE,
PM/DM,	SSc

Rheumatoid	nodules	±	cavitation RA

Aspiration SSc,	PM/DM RA

Drugs:	methotrexate,	sulfasalazine,
minocycline

All

Infections All

Pleura

Pleuritis RA,	SLE

Pleural	effusions RA,	SLE

Pleural	thickening RA SLE

Respiratory	muscle	disease

Myositis PM/DM RA

Diaphragm	dysfunction PM/DM SLE

Vascular



Pulmonary	hypertension SSc SLE,	RA,
PM/DM,	APS

Vasculitis SLE PM/DM,	RA

Diffuse	alveolar	hemorrhage SLE,	RA,
PM/DM,	APS

Pulmonary	Embolism APS,	SLE

APS,	antiphospholipid	syndrome;	PM/DM,	polymyositis/dermatomyositis;	RA,	rheumatoid	arthritis;
SLE,	systemic	lupus	erythematosus;	SS,	Sjögren	syndrome;	SSc,	systemic	sclerosis.

Pleural	Disease
Pleuritis	and	interstitial	disease	are	the	most	common	pulmonary	manifestations
of	RA,	 and	 the	 former	 is	most	 common	 in	 a	 subset	 of	male	 patients	who	 are
seropositive	 and	 have	 nodules.	 Although	 involvement	 may	 be	 asymptomatic,
acute	 febrile	 pleurisy	 or	 large	 pleural	 effusions	 impairing	 respiratory	 function
may	occur	and	result	in	ICU	admission.	The	differential	diagnoses	of	the	pleural
effusions	include	malignancy,	pulmonary	infarction,	viral	or	bacterial	infection,
tuberculosis,	 and	 empyema.	 Infectious	 empyema	 occurs	 with	 increased
frequency	 among	 patients	 with	 pre-existing	 rheumatoid	 pleural	 effusions	 and
should	 be	 suspected	 in	 debilitated,	 anemic,	 or	 hypoproteinemic	 patients	 who
have	 been	 treated	 with	 corticosteroids	 and	 have	 persistent	 fever	 and	 pleural
effusions.	 For	 patients	 on	 anti–tumor	 necrosis	 factor	 alpha	 (anti-TNFα)
therapies,	reactivation	of	(or	new	infection	with)	tuberculosis	is	of	major	concern
and	may	need	to	be	excluded	with	pleural	biopsy.

Pleural	effusion	and	 sterile	 empyema	associated	with	RA	are	 exudative	 and
have	characteristic	features:	elevated	lactic	dehydrogenase	(often	>700	IU	per	L)
and	 total	 protein	 (>4	 g	 per	 dL),	 low	glucose	 (<40	mg	 per	 dL),	 and	 pH	<	 7.2.
Other	 characteristics	 include	 clear	 yellow	 to	 green-yellow	 appearance,	 WBC
count	of	100	to	7000	cells	per	μL	but	occasionally	very	elevated	to	50,000	per
µL	 (predominantly	 lymphocytes),	 and	 elongated	 or	 giant	 multinucleated
macrophages	 and	 necrotic	 debris.	 Chylous	 effusions	 may	 occur	 if	 necrotic
subpleural	nodules	rupture	into	the	pleural	space.

Once	 infections	 including	 tuberculosis	 and	 malignancy	 are	 excluded,
symptomatic	pleural	effusions	are	managed	with	NSAIDs	and	thoracentesis.	 In
recurrent	 pleuritis	 or	 sterile	 empyema,	 intrapleural	 corticosteroids,	 systemic



corticosteroids	 in	moderate	doses,	 and	 additional	 disease	modifying	 agents	 are
recommended.	Rarely,	surgical	pleurodesis	or	decortication	is	required	if	chronic
adhesive	 fibrothorax	 develops.	 There	 are	 no	 prospective	 trials	 to	 evaluate	 the
efficacy	 of	many	 of	 these	 recommendations.	 High-dose	 corticosteroid	 therapy
may	not	be	effective	and	carries	an	increased	risk	of	an	empyema.

Lung	Disease
RA–associated	interstitial	lung	disease	(RA-ILD)	occurs	in	up	to	40%	to	60%	of
patients	depending	on	the	subpopulations	studied	and	the	of	screening	tests	used
to	make	the	diagnosis,	but	ILD	is	clinically	significant	in	only	5%	to	10%.	It	has
become	the	second	most	common	cause	of	mortality	in	RA	patients	behind	CV
disease.	 In	a	 recent	 retrospective	claims	database	analysis	 in	 the	United	States,
the	 prevalence	 of	 RA-ILD	 has	 increased	 from	 2003	 to	 2014,	 but	 incidence
remains	 stable	 and	 mortality	 remains	 high.23	 Males	 and	 females	 were	 nearly
equally	 affected.	 Risk	 factors	 for	 poor	 prognosis	 included	 high-titer	 RF	 and
ACPA,	smoking	in	males,	and	extent	of	lung	involvement	on	high-resolution	CT
(HRCT)	 scans.24	 Pathologically,	 usual	 interstitial	 pneumonia	 (UIP)	 is	 more
common	(up	to	60%),	followed	by	non–specific	interstitial	pneumonitis	(NSIP)
up	to	32%.	Organizing	pneumonia	(OP)	and	acute	interstitial	pneumonia	are	less
common,	 while	 lymphocytic	 interstitial	 pneumonitis	 (LIP)	 and	 desquamative
interstitial	pneumonia	are	rare	in	RA.

Symptoms	 include	 progressive	 dyspnea	 on	 exertion,	 cough,	 and	 chest
discomfort.	 Physical	 and	 laboratory	 findings	 include	 dry	 crackles,	 diminished
diffusion	 capacity,	 and	 restrictive	 physiology,	 as	 well	 as	 desaturation	 with
exercise.	Chest	radiographs	may	show	an	interstitial	pattern,	but	HRCT	scanning
is	the	most	sensitive	test	for	diagnosing	UIP	and	NSIP.	The	findings	of	fibrotic
changes	with	honeycombing	and	traction	bronchiectasis	are	more	suggestive	of
UIP,	while	alveolar	infiltrates	and	ground-glass	changes	are	more	suggestive	of
NSIP,	 acute	 hemorrhage,	 or	 interstitial	 pneumonia.	 These	 patterns	 on	 HRCT
correlate	 well	 with	 histopathological	 diagnosis	 and	 may	 not	 need	 biopsy
confirmation.	 UIP	 is	 more	 common	 in	 RA-ILD	 (40%-60%)	 than	 NSIP
(11%-32%).	 However,	 in	 ICU	 patients,	 other	 differentials	 must	 be	 considered
and	 bronchoalveolar	 lavage	 (BAL)	 can	 exclude	 infection,	 hemorrhage,	 or
malignancy,	while	thoracoscopy-guided	lung	biopsy	provides	the	best	pathologic
details	 and	 may	 be	 needed	 if	 diagnosis	 is	 unclear.	 Treatment	 of	 RA-ILD	 is
challenging	 since	 there	 are	 no	 randomized	 trials	 and	 often	 therapies	 are
extrapolated	 from	 idiopathic	 ILD	or	 treatment	 for	 lung	disease	associated	with
connective	 tissue	 diseases	 such	 as	 SSc.	 Some	 patients	 may	 respond	 to



corticosteroids	 alone,	 but	 the	 progressive	 nature	 of	 the	 disease	 may	 require
treatment	with	immunosuppressive	medications.	In	patients	with	NSIP	pattern	on
HRCT	scanning,	mycophenolate	mofetil	(MMF),	rituximab	(RTX),	abatacept,	or
cyclophosphamide	 can	 be	 considered.25	 In	 RA-ILD	 patients	 with	 rapidly
progressive	 UIP,	 nintedanib	 has	 been	 shown	 to	 be	 effective	 for	 preventing
further	forced	vital	capacity	(FVC)	deterioration	over	the	course	of	52	weeks	in
a	double- blind	randomized	controlled	trial.2

Other	 less	 common	manifestations	 of	 rheumatoid	 lung	 disease	may	 require
treatment	 in	 the	 ICU	when	patients	develop	 respiratory	distress.	These	 include
OP,	 obliterative	 bronchiolitis	 (OB),	 pulmonary	 vasculitis,	 spontaneous
pneumothorax,	 and	 lung	 toxicity	 secondary	 to	 antirheumatic	 therapy.	 It	 is
particularly	important	to	distinguish	OP	from	ILD	and	OB,	and	only	lung	biopsy
will	provide	histological	distinction.

OB	 is	 a	 rare	 complication	 of	 RA,	 characterized	 by	 the	 abrupt	 onset	 of
dyspnea	 and	 a	 dry	 cough	 with	 inspiratory	 crackles,	 sometimes	 with	 a	 mid-
inspiratory	 squeak,	 a	 clear	 chest	 radiograph	 or	 finding	 of	 hyperinflation,
irreversible	 airflow	obstruction	 at	 low	volumes	on	pulmonary	 function	 testing,
mild-to-moderate	 arterial	 hypoxemia	 with	 a	 respiratory	 alkalosis,	 and
progressive	 obliteration	 of	 small	 airways	 (1-6	 mm	 in	 diameter).	 There	 is	 a
female	predominance	and	a	recent	study	suggested	that	the	course	can	be	slowly
progressive	 with	 mortality	 around	 25%	 over	 5-year	 period.	 The	 prognosis	 is
generally	 poor	 with	 a	 fairly	 rapid	 rate	 of	 progressive	 airflow	 obstruction.26
Despite	 the	 lack	 of	 adequate	 therapeutic	 trials,	 when	 patients	 present	 with
rapidly	 progressive	 deterioration,	 recommendations	 based	 on	 expert	 opinion
include	bronchodilators	and	inhaled	and	IV	corticosteroids	(1	mg	per	kg	of	ideal
body	weight	 per	 day)	 and	macrolides.	Pulse	 IV	 cyclophosphamide	 (IVCY),	 or
etanercept	(with	methotrexate),	may	be	considered	as	second-line	therapy.27

In	contrast,	patients	with	OP	present	with	more	systemic	symptoms	of	fever,
malaise,	 weight	 loss,	 and	 dyspnea	 and	 are	 more	 responsive	 to	 corticosteroid
therapy.	Rarely,	chronic	vasculitis	may	involve	pulmonary	as	well	as	bronchial
arterioles	 and	 result	 in	 pulmonary	 hypertension	 and	 cor	 pulmonale.	 Therapy
consists	of	corticosteroids	in	combination	with	cytotoxic	agents.

Although	 pulmonary	manifestations	 of	RA	 are	 frequent,	 they	 are	 rarely	 the
primary	 reason	 for	 admission	 to	 the	 ICU.	 Infectious	 pneumonia	 is	 particularly
frequent	 and	 the	 major	 cause	 of	 mortality	 in	 rheumatoid	 patients.	 Since	 the
development	and	widespread	use	of	anti-TNFα	and	other	biologic	medications,
atypical	 infections	and	 reactivation	of	 tuberculosis	have	been	of	great	concern.
Drug-induced	pneumonitis	must	 also	 be	 excluded	 since	many	of	 the	 drugs	 for
treatment	of	RA	have	pulmonary	toxicities	including	methotrexate,	leflunomide,



sulfasalazine,	and	less	commonly,	anti-TNFα,	tocilizumab,	and	RTX.

Rheumatoid	Cardiac	Involvement
RA	 may	 involve	 all	 structures	 of	 the	 heart	 as	 a	 result	 of	 granulomatous
proliferation	 or	 vasculitis.	 Pericarditis,	 myocarditis,	 endocarditis	 (valvulitis),
coronary	 arteritis,	 aortitis,	 and	 cardiac	 conduction	 abnormalities	 have	 all	 been
reported.	 Cardiac	 involvement	 may	 be	 the	 principal	 reason	 for	 intensive	 care
hospitalization	 or	 may	 complicate	 the	 course	 of	 the	 rheumatoid	 patient
hospitalized	 in	 the	 ICU	 for	other	medical	or	 surgical	problems.	 It	 is	unclear	 if
there	is	an	increased	incidence	of	atrial	fibrillation	in	RA	patients.28

Pericarditis,	 the	most	common	of	 the	rheumatoid	cardiac	manifestations	(up
to	 30%	 by	 echocardiography	 but	 as	 high	 as	 50%	 by	 autopsy	 studies),	 rarely
causes	 clinical	 symptoms.	 However,	 constrictive	 pericarditis	 or	 a	 large
pericardial	effusion	may	cause	cardiac	tamponade.	The	pericardial	fluid	has	the
same	characteristics	as	pleural	fluid	(see	the	section	Pulmonary	Involvement	in
Rheumatoid	Arthritis).	 Pericarditis	 generally	 responds	 to	 the	 administration	 of
moderate-	 to	 high-dose	 steroids	 (0.5	 to	 1	 mg/kg),	 depending	 on	 severity	 of
cardiac	 impairment.	Corticosteroids	 alone	 are	 less	 likely	 to	 be	 effective	 in	 the
setting	 of	 cardiac	 tamponade.	 Pericardiocentesis	 should	 be	 performed	 early	 if
tamponade	 is	 suspected	 (see	 Chapter	 17:	 Pericardiocentesis)	 or	 if	 there	 is	 a
question	of	septic	or	suppurative	pericarditis.	Aspiration	of	pericardial	fluid	may
temporarily	 improve	 cardiac	 function,	 but	 often	 the	 viscosity	 of	 the	 fluid,
loculations,	 and	 thickness	 of	 the	 pericardium	 necessitate	 pericardiectomy.	 In
cases	of	constrictive	pericarditis,	pericardiectomy	is	the	only	effective	therapy.

The	myocardium	may	be	affected	by	granulomatous	inflammation	that	results
in	 heart	 failure,	 valvular	 insufficiency,	 or	 conduction	 abnormalities.	 Although
myocarditis	 is	 clinically	 rare,	 cardiac	 MRI	 imaging	 with	 enhancement
techniques	 suggests	 that	 myocardial	 fibrosis	 and	 inflammation	 exist	 in	 many
asymptomatic	 RA	 patients.	 Arteritis	 may	 affect	 the	 coronary	 arteries	 and	 the
aorta.	 In	patients	with	 active	 systemic	vasculitis,	 coronary	 arteritis	may	be	 the
cause	of	myocardial	 infarction.	 Involvement	of	 the	aorta,	by	either	 rheumatoid
granulomas	or	inflammation	of	the	aortic	vasa	vasorum,	may	result	in	dilatation
of	 the	 aortic	 root	 and	 aortic	 valvular	 insufficiency.	Management	 of	 these	 rare
complications	of	myocarditis	or	coronary	arteritis	would	include	corticosteroids
followed	 by	 immunosuppressive	 agents	 such	 as	 azathioprine	 (AZA),
cyclophosphamide,	or	biologics.	However,	it	 is	known	that	high-dose	anti-TNF
agents	were	associated	with	worsening	heart	failure	and	mortality	and	should	be
avoided	in	moderate-to-severe	heart	failure.



RA	patients	die	prematurely	 from	CV	events	 that	 include	 (i)	 ischemic	heart
disease,	 often	 silent;	 (ii)	 congestive	 failure,	 often	 in	 the	 setting	 of	 preserved
ejection	 fraction;	 and	 (iii)	 sudden	 death.	When	 compared	 to	 non-RA	 patients,
these	 increased	CV	 complications	 and	mortality	 (more	 than	 twice	 the	 non-RA
population)	 are	 not	 explained	 by	 traditional	 risk	 factors	 alone.	 Other	 factors
including	chronic	inflammation	accelerating	atherosclerosis,	various	drugs	used
in	 the	 treatment	 of	 RA	 that	 affect	 thrombotic	 or	 lipid	 profiles,	 and	 rarely
coronary	 vasculitis	 contribute	 to	 premature	 cardiac	 deaths.	 Thus,	 in	 the	 ICU
setting,	silent	CV	disease	with	atypical	presentations	must	be	considered	in	the
rheumatoid	patient.

Rheumatoid	Vasculitis
Rheumatoid	vasculitis	(RV)	is	a	pan-arteritis	involving	typically	medium	size	to
small	arterioles	and	postcapillary	venules	with	mononuclear	cell	infiltrates	in	all
layers	 of	 the	 involved	 blood	 vessels,	 fibrinoid	 necrosis	 in	 active	 lesions,	 and
thrombosis	 associated	 with	 intimal	 proliferation.	 Although	 earlier	 and	 more
aggressive	 treatment	 for	RA	 has	 improved	 outcomes	 and	 likely	 contributed	 to
decreasing	 prevalence	 of	 RV,	 a	 retrospective	 review	 of	 RV	 in	 a	 single	 large
center	 characterized	RV	 patients	 as	 having	more	 severe,	 erosive	RA	 of	 longer
duration.	 Other	 risk	 factors	 included	 male	 sex,	 presence	 of	 subcutaneous
nodules,	 high-titer	 RF	 or	 ACPA,	 active	 smoking	 at	 time	 of	 diagnosis,	 and
coexisting	 CV	 disease.29	 The	 clinical	 features	 of	 RV	 are	 variable	 and	 include
palpable	purpura,	cutaneous	ulcerations,	distal	arteritis	ranging	from	fingernail-
fold	 infarcts	 and	 splinter	 hemorrhages	 to	 digital	 gangrene,	 and	 vasculitic
neuropathies.	 Arteritis	 of	 other	 major	 organs	 including	 the	 heart	 (see	 above),
gastrointestinal	tract	(mesenteric	arteritis,	ischemic	bowel	perforation),	kidneys,
and	 lungs	 is	 clinically	 similar	 to	 polyarteritis	 nodosa.	 Patients	 with	 RV	 often
present	with	constitutional	symptoms	of	malaise,	weight	loss,	and	fever	and	have
elevated	 inflammatory	markers,	 anemia,	 leukocytosis,	 hypocomplementia,	 and
elevated	RF	and/or	ACPA.	Mortality	remains	high	in	RV	and	necrotizing	forms
of	 RV	 are	 associated	 with	 a	 poor	 prognosis	 and	 are	 treated	 aggressively	 with
high-dose	corticosteroids	and	cytotoxic	agents	such	as	cyclophosphamide,	RTX
or	anti-TNF	agent.29

Neurological	Complications	of	Rheumatoid	Arthritis
All	 components	 of	 the	 nervous	 system	 can	 be	 affected	 by	RA.	 The	 brain	 and



meninges,	 spinal	 cord,	 peripheral	 nerves,	 and	 muscles	 may	 be	 involved	 with
granulomatous	 inflammation	 in	 the	 form	 of	 rheumatoid	 nodules	 or	 vasculitis.
Hypertrophic	pachymeningitis,	central	nervous	system	(CNS)	vasculitis,	cranial
nerve	 palsies,	 and	 compression	 of	 the	 spinal	 cord	 by	 skeletal	 and	 soft-tissue
structures	are	all	rare	but	possible	manifestations.

Spinal	cord	compression,	one	of	the	most	common	neurologic	complications
in	 patients	 with	 RA,	 is	 discussed	 in	 a	 previous	 section.	 Manifestations	 that
require	immediate	intervention	include	the	sensation	of	anterior	instability	of	the
head	during	neck	flexion,	drop	attacks,	loss	of	urinary	bladder	and	anal	sphincter
control,	dysphagia,	vertigo,	hemiplegia,	dysarthria,	nystagmus,	changes	in	level
of	 consciousness,	 and	 peripheral	 paresthesias	without	 evidence	 of	 a	 peripheral
cause.	 Although	 RA	 patients	 may	 have	 radiographic	 evidence	 of	 cervical
subluxation	 without	 symptoms,	 once	 signs	 of	 cord	 compression	 become
apparent,	myelopathy	may	progress	rapidly.	For	patients	with	manifestations	of
spinal	 cord	 and	 brainstem	 compression,	 surgical	 stabilization	 is	 indicated.	 For
the	nonsurgical	candidate,	a	 firm	collar	can	be	used	 in	an	effort	 to	 immobilize
the	neck	and	prevent	further	subluxation.

SYSTEMIC	LUPUS	ERYTHEMATOSUS
Systemic	 lupus	 erythematosus	 (SLE)	 is	 an	 autoimmune	 disease	 whose
pathogenesis	 is	 likely	multifactorial	 involving	genetic	predisposition,	hormonal
factors,	 environmental	 triggers,	 and	 immune	 dysregulation.	 The	 resultant
excessive	autoantibody	production	and	immune	complex	deposition	in	multiple
organ	 systems	 manifest	 in	 tremendous	 clinical	 variations	 ranging	 from
arthralgias,	rash,	and	fatigue	to	life-threatening	renal,	CNS,	cardiac,	pulmonary,
or	 hematological	 manifestations.	 The	 2019	 European	 League	 Against
Rheumatism/American	College	of	Rheumatology	classification	criteria	for	SLE
may	 support	 a	 diagnosis	 of	 SLE,	 with	 the	 caveat	 that	 they	 are	 not	 diagnostic
criteria	but	rather	a	tool	to	define	relatively	homogeneous	groups	of	patients	with
SLE	for	research	purposes.30

Mortality	of	SLE	patients	admitted	to	the	ICU	is	much	higher	than	the	general
ICU	 population	 and	 is	 associated	 with	 high	 Acute	 Physiology	 and	 Chronic
Health	Evaluation	scores,	older	age,	multisystem	dysfunction,	and	cytopenias.31
In	the	ICU	patient	with	established	SLE,	it	is	essential	to	differentiate	problems
caused	 directly	 by	 SLE	 activity	 from	 those	 with	 secondary	 causes	 such	 as
infections,	drug-induced	lupus	(DIL),	NSAID-induced	renal	dysfunction,	aseptic
meningitis,	and	corticosteroid-induced	psychosis.	Diseases	associated	with	SLE



include	 avascular	 necrosis,	 hypertensive	 encephalopathy,	 pseudotumor	 cerebri,
amyloidosis,	 myasthenia	 gravis,	 and	 thrombotic	 thrombocytopenic	 purpura
(TTP).	 In	 ICU	 patients	 without	 a	 prior	 history	 of	 autoimmune	 disease,	 SLE
should	 be	 considered	 in	 the	 differential	 diagnosis	 of	 patients	 presenting	 with
acute	 renal	 failure,	 seizures,	 myocarditis,	 acute	 pulmonary	 deterioration,
hemolytic	anemia,	or	thrombocytopenia.

Renal	Disease
Renal	 involvement	 is	 the	 major	 cause	 of	 disease-related	 mortality	 in	 SLE
patients.	 The	 frequency	 of	 renal	 involvement	 ranges	 from	38%	 to	 nearly	 80%
depending	 on	 definition,	 but	 clinical	 lupus	 nephritis	 (LN)	 occurs	 in
approximately	 50%	 of	 the	 patients.	 Advances	 in	 diagnostic	 and	 therapeutic
modalities	have	dramatically	improved	the	survival	of	lupus	patients	with	renal
disease,	 but	 10%	 to	 20%	 of	 patients	 will	 develop	 end-stage	 disease.	 LN
constitutes	approximately	3%	of	all	end-stage	renal	failure	in	patients	on	dialysis
or	 requiring	 transplantation.	 Recurrence	 of	 LN	 after	 renal	 transplantation	 has
been	reported	to	be	around	2.4%	in	surveillance	data	with	risk	factors	including
African	American	race,	young	age,	and	female	gender.32

Classification	 of	 LN	 is	 based	 on	 histopathologic,	 immunofluorescent,	 and
electron	microscopic	changes	according	to	the	2018	revised	classification	by	the
International	 Society	 of	 Nephrology	 and	 the	 Renal	 Pathology	 Society
(ISN/RPS).33	The	classification	 includes	Class	 I:	minimal	mesangial	LN;	Class
II:	mesangial	proliferative	LN;	Class	III:	focal	proliferative	LN;	Class	IV:	diffuse
proliferative	LN;	Class	V:	membranous	LN;	and	Class	VI:	advanced	sclerosing
LN.	 Classes	 III	 and	 IV	 are	 divided	 into	 active	 or	 chronic,	 while	 Class	 IV	 is
further	 subdivided	 into	 segmental	 or	 global.	 Renal	 lesions	 are	 commonly
pleomorphic,	 vary	 from	 one	 glomerulus	 to	 another,	 and	 temporally	 transition
from	one	class	to	another	over	time.	The	tubulointerstitium	and	vasculature	are
often	 involved.	 Semiquantitative	 scoring	 to	 define	 activity	 and	 chronicity	may
provide	 information	 on	 prognosis	 and	 guidelines	 for	 therapeutic	 options.	 In
particular,	the	presence	of	proliferative	lesions	and	chronic	lesions	is	associated
with	greater	mortality.

Other	 SLE	 renal	 manifestations	 aside	 from	 immune-mediated	 glomerular
disease	 include	 tubulointerstitial	 disease	 (usually	 occurring	 concurrently	 with
LN	 but	 may	 exist	 in	 isolation)	 and	 vascular	 disease	 (vasculitis,	 thrombotic
microangiopathy	(TMA)	related	to	lupus	anticoagulant	(LA)	or	antiphospholipid
(aPL)	 antibodies,	 atherosclerosis,	 or	 thromboembolism).	 Diagnosis	 of	 these
processes	may	require	histopathology	since	 treatment	may	differ	 from	 immune



complex–mediated	LN.
The	 clinical	 manifestations	 of	 renal	 involvement	 vary	 from	 rapidly

progressive	renal	failure	with	attendant	fluid	overload,	to	congestive	heart	failure
or	 accelerated	 hypertension,	 and	 are	 common	 events	 precipitating	 an	 ICU
admission.	A	 sudden	 deterioration	 in	 an	 SLE	 patient’s	 renal	 function	warrants
careful	 consideration	 of	 other	 causes	 of	 acute	 renal	 insufficiency	 (see	Chapter
201:	Renal	Replacement	Therapy	in	 the	Intensive	Care	Unit)	before	attributing
the	 deterioration	 to	 active	 SLE.	 In	 particular,	 hypovolemia,	 drug-induced
interstitial	 nephritis	 or	 renal	 insufficiency,	 renal	 vein	 thrombosis,	 and	 contrast-
induced	 acute	 tubular	 necrosis	 must	 be	 excluded.	 Physical	 examination	 may
reveal	 evidence	 of	 SLE	 activity	 in	 other	 organ	 systems.	 Laboratory	 studies
should	 include	 routine	 tests	 to	 assess	 renal	 status	 and	 fluid	 balance	 and
immunologic	 studies	 including	 double-stranded	DNA	 (dsDNA)	 antibody,	 total
hemolytic	complement,	third	(C3)	and	fourth	(C4)	complement	components,	and
ESR.	 Active	 serologies	 suggest	 SLE	 flare,	 but	 normal	 values	 do	 not	 exclude
active	 disease.	 Renal	 biopsy	 is	 often	 necessary	 for	 diagnosis	 and	 therapeutic
decisions.

Management	 of	 LN	 depends	 on	 the	 patient’s	 renal	 histopathology	 and
functional	 parameters.	 Thus,	 a	 patient	 with	 Class	 I	 or	 II	 LN	 with	 normal
creatinine	 clearance	 requires	 no	 specific	 therapy,	 whereas	 a	 patient	 with
increasing	azotemia,	active	urinary	sediment,	and	impaired	creatinine	clearance
requires	 aggressive	 therapy.	 For	 patients	 with	 severe	 glomerulonephritis
(ISN/RPS	Class	III	or	IV),	induction	therapy	includes	the	combination	of	high-
dose	 corticosteroids	 with	 IVCY	 or	 oral	 MMF	 for	 6	 months	 followed	 by
maintenance	 therapy	 to	 stabilize	 renal	 function	 and	 improve	 survival.	 Several
studies	have	confirmed	the	equivalence	of	both	induction	regimens	for	Class	III,
IV,	 and	 V	 LN.	 A	 large	 international	 trial	 conducted	 by	 the	 ALMS	 group
(Aspreva	 Lupus	 Management	 Study)	 confirmed	 the	 equivalence	 of	 both
induction	regimens	at	the	end	of	24	weeks	with	a	response	rate	of	56%	in	each
group.3	 However,	 only	 8%	 from	 either	 treatment	 group	 reached	 complete
remission.	 In	 addition,	 patients	 of	 Hispanic	 and	 African	 descent	 had	 a	 much
better	 response	 to	 MMF	 than	 IVCY	 (60%	 vs	 38%),	 while	 whites	 and	 Asian
patients	 responded	 equally	 to	 either	 regimen.	The	 risk	 for	 gonadal	 failure	was
less	 with	 MMF,	 but	 other	 toxicities	 such	 as	 infections	 were	 similar.	 Another
option	 for	 IVCY	 induction	 is	 the	 low-dose	 regimen	 from	 the	 Euro-Lupus
Nephritis	 Trial,	 which	 demonstrated	 equal	 efficacy	 and	 less	 gonadal	 toxicity
between	 low-dose	 IVCY	 (500	mg	every	2	weeks	 for	 six	doses)	 and	high-dose
IVCY	 (0.5	 g/m2	 body	 surface	 area	 with	 maximum	 of	 1500	 mg	 monthly	 for
6	months).34	Both	groups	 then	 received	AZA	at	 2	mg/kg/day	 for	maintenance.



The	 long-term	 outcomes	 measured	 by	 death,	 end-stage	 renal	 disease,	 and
doubling	of	serum	creatinine	were	similar	in	both	groups	after	10	years.7

Although	maintenance	dosing	is	not	a	pressing	decision	in	SLE	patient	with
acute	 nephritis	 in	 the	 ICU,	 current	 recommendations	 once	 induction	 is
completed	 include	 either	 AZA	 or	 MMF.	 A	 large	 randomized	 double-blind,
double	dummy	trial	for	36	months	demonstrated	superiority	of	MMF	to	AZA	in
preventing	renal	relapse	and	maintaining	response.6

In	an	acutely	ill	ICU	patient	with	LN	and/or	other	organ	system	involvement,
IVCY	 or	 oral	 MMF	 (2-3	 g/day	 in	 two	 divided	 doses)	 along	 with	 pulse	 IV
methylprednisolone	 at	 250	mg	 to	 1000	mg	 daily	 for	 3	 days	 followed	 by	 oral
prednisone	at	0.6	 to	1	mg/kg/day	with	 tapering	may	be	 the	 regimen	of	choice.
Dose	 adjustments	 for	 renal	 insufficiency	 are	 outlined	 and	 subsequent	monthly
dosing	 is	 based	 on	 nadir	WBC	 counts	 at	 14	 days	 postinfusion.	An	 alternative
regimen	 would	 be	 the	 low-dose	 Euro-Lupus	 regimen.34	 Voclosporin,	 a	 novel
calcineurin	inhibitor,	has	received	FDA	approval	in	January	2021	to	be	used	in
induction	treatment	of	LN	(Classes	III,	IV,	and	V)	along	with	MMF	at	2	g/day
and	 low-dose	 steroids,	 as	 it	 showed	 superior	 complete	 renal	 response	 at
52	 weeks	 in	 a	 phase	 3	 trial	 (AURORA	 1)	 compared	 to	 MMF	 and	 low-dose
steroids	 (41%	vs	23%).4	Additionally,	belimumab,	 a	 recombinant	human	 IgG1-
lambda	monoclonal	 antibody	 that	 inhibits	 B	 cell	 activation,	 has	 also	 received
FDA	approval	in	December	2020	to	be	used	in	active	LN	along	standard	therapy
(MMF	or	 IVCY	and	 steroids),	 as	patients	on	 the	 treatment	arm	of	 the	phase	3
trial	(BLISS	LN)	achieved	higher	rates	of	complete	renal	response	at	2	years	of
follow-up	 (30%	 vs	 20%).5	 Initial	 open	 label	 studies	 and	 case	 reports	 suggest
promising	 results	 with	 the	 use	 of	 RTX,	 an	 anti–CD20	 B-cell	 depleting
monoclonal	antibody,	for	reducing	SLE	activity.	Surprisingly,	a	randomized	trial
comparing	RTX	to	placebo	with	a	background	of	MMF	for	active	proliferative
LN	 revealed	 no	 additional	 benefit,	 and	 another	 study	 on	 active	 nonrenal	 SLE
was	also	negative.35

Membranous	glomerulonephritis	(Class	V),	which	constitutes	20%	of	LN,	is
less	aggressive	than	Class	IV	glomerulonephritis.	While	renal	survival	rate	is	at
80%	 at	 10	 years,	 it	 is	 still	 associated	 with	 significant	 comorbidities	 of
hyperlipidemia,	 CV,	 and	 thromboembolic	 diseases.	 Angiotensin-converting
enzyme	 (ACE)	 inhibitors	 have	 been	 used	 successfully	 to	 reduce	 proteinuria.
Treatment	with	corticosteroids,	AZA,	and	cyclosporine	has	been	studied	in	small
series.	In	a	pooled	subset	of	Class	V	patients	from	two	prospective	randomized
studies	 on	 treatment	 of	 glomerulonephritis,	 MMF,	 and	 IVCY	 had	 equivalent
efficacy	 and	 safety	 profiles.36	 Adjunctive	 renoprotective	 therapies	 that	 include
aspirin,	statins,	ACE	inhibitors,	or	angiotensin	receptor	blockers	should	also	be



instituted.

Neuropsychiatric	Disease
Neuropsychiatric	 systemic	 lupus	 erythematosus	 (NPSLE),	 which	 encompasses
involvement	 of	 the	 central,	 peripheral,	 and	 autonomic	 nervous	 systems	 along
with	psychiatric	syndromes,	occurs	in	25%	to	80%	of	SLE	patients	depending	on
the	 criteria	 applied	 or	 methods	 used	 for	 diagnosis.	 Although	 NPSLE	 was
considered	a	poor	prognostic	indicator	in	the	older	literature,	it	does	not	seem	to
have	 significant	 impact	 on	 survival	 rates.	 Active	 CNS	 disease	 contributed
primarily	or	secondarily	to	death	in	only	a	small	percentage	of	patients.

Neuropsychiatric	manifestations	of	SLE	can	be	classified	into	central	versus
peripheral	 nervous	 system	 involvement.	 Due	 to	 the	 limitations	 of	 the	 ACR
classification	 criteria	 of	 CNS	 involvement,	 an	 ad	 hoc	 neuropsychiatric	 lupus
nomenclature	committee	of	the	American	College	of	Rheumatology	defined	19
manifestations	 that	 included	 12	 in	 the	 CNS	 and	 7	 in	 the	 peripheral	 nervous
system	(Table	65.3).37	The	wide	range	of	prevalence	for	 the	more	diffuse	CNS
syndromes	 (cognitive	 dysfunction,	 anxiety,	 acute	 confusional	 states,	 and
psychosis)	and	headache	is	due	to	the	variable	definitions,	criteria,	or	diagnostic
parameters	 used	 in	 reported	 studies.	 This	 proposed	 nomenclature	 attempts	 to
define	the	spectrum	of	NPSLE	but	is	not	a	substitute	for	clinical	diagnosis.	An
individual	 SLE	patient	may	 have	multiple	 neuropsychiatric	manifestations	 and
these	 can	 develop	 prior	 to	 the	 formal	 diagnosis	 of	 SLE	 or	 during	 an	 inactive
disease	 state.	 Frank	 psychosis	 is	 relatively	 rare,	 estimated	 at	 5%.	 Often,	 it	 is
difficult	to	separate	active	lupus	psychosis	from	other	causes	such	as	functional
disorders,	 uremia,	 illicit	 drugs,	 metabolic	 disturbances,	 medications,	 or
infections.

TABLE	65.3

Neuropsychiatric	Manifestations	of	Systemic	Lupus
Erythematosus

Central	Nervous	System
Diffuse	neuropsychiatric	syndromes



Cognitive	dysfunction	(50%-80%)
Anxiety	disorders	(7%-70%)
Mood	disorders	(14%-57%)
Psychosis	as	defined	by	DSM-IV	related	to	medical	condition	(5%-8%)
Acute	confusional	state	(4%-7%)

Focal	neurological	syndromes
Headache	(24%-72%):	range	from	migraine,	tension,	or	benign
intracranial	hypertension
Seizures	(15%-35%):	grand	mal,	petit	mal,	temporal	lobe,	focal
Cerebrovascular	disorders	(5%-18%):	infarcts,	transient	ischemic	attacks
Movement	disorders	(<1%):	chorea
Transverse	myelitis	(<1%)
Demyelinating	syndrome	(<1%)
Aseptic	meningitis	(<1%)

Peripheral	Nervous	System
Peripheral	neuropathy
Polyneuropathy	(3%-28%)
Mononeuropathy,	single	or	multiplex
Plexopathy	(<1%)

Cranial	neuropathies	(4%-49%)
Acute	inflammatory	demyelinating	polyradiculoneuropathy	(Guillain-Barré
syndrome)	(<1%)
Autonomic	neuropathy	(<1%)
Myasthenia	gravis	(<1%)

Adapted	from	The	ACR	nomenclature	and	case	definitions	for	neuropsychiatric	lupus	syndromes.
Arthritis	Rheum.	1999;42:599-608;	Hanly	JG.	Neuropsychiatric	lupus.	Rheum	Dis	Clin	N	Am.
2005;31:273.

Focal	 CNS	 disease,	 including	 seizures	 that	 occur	 in	 15%	 to	 35%	 of	 SLE



patients,	 can	 antedate	 the	 diagnosis	 of	 SLE	 or	 develop	 any	 time	 during	 the
disease	 course.	 Grand	 mal	 seizures	 are	 the	 most	 common,	 but	 essentially	 all
types	 have	 been	 reported.	 Secondary	 causes	 of	 seizures	 must	 be	 sought.	 In
several	prospective	studies	of	SLE	patients	with	neurologic	events,	a	majority	of
seizures	were	due	 to	 associated	 infection,	 uremia,	 hypertension,	 and	metabolic
abnormalities.

Cerebrovascular	 accidents	 (5%-18%)	 include	 infarctions	 secondary	 to
intracranial	 hemorrhage	 or	 arteritis,	 thrombosis	 from	 LA	 or	 aPL	 antibody–
associated	 hypercoagulable	 states	 (see	 “Antiphospholipid	 Syndrome”	 section),
or	 embolism	 from	 Libman-Sacks	 endocarditis.	 Movement	 disorders	 including
chorea,	ataxia,	and	hemiballismus	are	rare.	Transverse	myelitis	is	an	unusual	but
devastating	complication	of	SLE	characterized	by	acute	or	subacute	paraplegia
or	 quadriplegia	 associated	 with	 a	 sensory	 level	 deficit	 and	 loss	 of	 sphincter
control.	 Cerebrospinal	 fluid	 (CSF)	 analysis	 reveals	 pleocytosis,	 low	 CSF
glucose,	 and	 high	 CSF	 protein.	 T2-weighted	 MRI	 usually	 demonstrates
increased	 signal	 intensity	 and	 cord	 edema.	Meningitis,	 usually	 infectious,	may
develop	 in	 SLE	 patients.	 However,	 aseptic	 meningitis	 can	 be	 idiopathic	 or
secondary	to	administration	of	ibuprofen	or	AZA.

Peripheral	nervous	system	syndromes	include	cranial	neuropathies	(4%-49%)
such	 as	 facial	 palsies	 and	 ocular	 muscle	 dysfunction.	 Pure	 sensory	 or	 motor
abnormalities	 based	 on	 electromyography	 (EMG)/nerve	 conduction	 studies
occur	 in	 up	 to	 47%,	 but	 plexopathy,	 Guillain-Barré	 syndrome,	 and	 autonomic
neuropathy	are	rare.

The	 differentiation	 of	 NPSLE	 from	 other	 CNS	 disorders	 is	 difficult	 and
remains	 a	 process	 of	 elimination.	 CSF	 pleocytosis	 and	 low	 glucose	 require
exclusion	of	 infections.	Electroencephalography	generally	 reveals	diffuse	brain
wave	 slowing,	 but	 focal	 activity	 suggests	 seizures.	 The	 presence	 of	 serum
antiribosomal	P(phosphorylated	protein)	antibodies	is	not	useful	for	confirming
lupus	 psychosis	 but	 rather	 just	 the	 diagnosis	 of	 SLE.	 The	 gold	 standard	 for
imaging	 the	CNS	 in	SLE	 is	 conventional	MRI	with	 gadolinium.	CT	 scans	 are
less	 sensitive	 and	 should	 be	 reserved	 for	 patients	 in	 whom	 MRI	 is
contraindicated	 or	 for	 emergent	 situations	 to	 document	 bleed,	 infarct,	 cerebral
edema,	 or	 masses.	 Focal	 lesions	 in	 the	 subcortical	 white	 matter	 are	 the	 most
common	MRI	findings	and	correlate	with	ischemic	changes.	Changes	in	the	gray
matter	that	brighten	on	T2-weighted	imaging	suggest	more	acute	events	and	may
improve	 with	 therapy.	 However,	 it	 is	 often	 difficult	 to	 distinguish	 acute	 from
chronic	MRI	lesions,	and	subcortical	lesions	are	found	in	up	to	50%	of	patients
without	 any	 neuropsychiatric	 symptoms.	 Angiography	 is	 invasive	 and	 rarely
results	 in	 an	 accurate	 diagnosis	 of	 active	 CNS	 lupus.	 Since	 the	 sensitivity	 of



MRI	in	patients	with	cognitive	or	affective	symptoms	is	low,	additional	imaging
techniques	 have	 been	 evaluated.	 Single-photon	 emission	 computerized
tomography,	which	measures	functional	cerebral	blood	flow,	has	low	specificity.
Magnetic	 angiography,	 magnetic	 resonance	 spectroscopy,	 magnetic	 transfer
imaging,	and	perfusion	and	diffusion-weighted	imaging	are	still	viewed	only	as
research	tools	and	their	roles	in	assessment	of	NPSLE	remain	to	be	determined.

Management	 of	 SLE	 patients	 with	 neuropsychiatric	 manifestations	 should
focus	 on	 specific	 neurological	 symptoms.	 Non-SLE	 causes	 of	 CNS	 disease,
including	infections,	uremia,	hypertension,	metabolic	disturbances,	hypoxia,	and
drug	toxicities,	must	be	identified	and	treated	appropriately.	If	lupus	cerebritis	is
suspected,	 a	 brief	 doubling	 of	 the	 steroid	 dose	 for	 3	 days	 may	 exclude	 the
possibility	 of	 a	 diffuse	 CNS	 syndrome.	 If	 there	 is	 no	 improvement	 or	 no
evidence	of	active	lupus,	the	steroid	dose	should	be	tapered.	Seizures	are	treated
with	 appropriate	 anticonvulsant	medications.	 Status	 epilepticus	 is	 treated	 with
anticonvulsants	 and	 high-dose	 steroids.	 Psychotic	 patients	 should	 receive
antipsychotic	 agents.	 High-dose	 steroids	 have	 been	 recommended	 for
neuropsychiatric	 lupus	 when	 an	 immune/inflammatory	 cause	 is	 suspected;
dosages	range	from	1.0	to	1.5	mg/kg/day,	or	its	equivalent.	In	severe	cases,	pulse
IV	 methylprednisolone	 in	 a	 dose	 of	 1000	 mg	 per	 day	 for	 3	 days	 can	 be
considered.	 As	 for	 immunosuppressive	 agents,	 few	 prospective	 studies	 of
treatment	 of	 NPSLE	 have	 been	 performed.	 A	 Cochrane	 database	 review	 of
therapy	 for	 neuropsychiatric	 lupus	 found	 only	 one	 controlled	 clinical	 trial	 that
suggested	better	outcomes	with	monthly	IVCY	than	steroids	alone.8	Limited	case
reports	 of	RTX	 therapy	 in	NPSLE	 suggest	 efficacy	but	 no	 randomized	 studies
are	 available.	 Transverse	 myelitis	 has	 been	 treated	 successfully	 with	 pulse
methylprednisolone,	IVCY,	and	plasmapheresis.

Pulmonary	Disease
3 	The	pleuropulmonary	manifestations	of	SLE	are	common	and	can	involve	the
pleura,	parenchyma,	vasculature,	diaphragm,	or	airways	(see	Table	65.2).	Acute
pulmonary	 symptoms	 can	 be	 the	 initial	 presentation	 of	 SLE	 that	 results	 in	 an
ICU	 admission,	 while	 the	 prevalence	 of	 long-term	 lung	 damage	 (11.6%	 by
10	years	of	disease	duration)	can	contribute	to	SLE	morbidity	and	mortality.38

Pleuritis	 with	 or	 without	 effusions	 has	 been	 reported	 in	 60%	 to	 90%	 of
patients	 with	 SLE,	 depending	 on	 the	 method	 of	 study	 (ie,	 clinical	 history,
radiograph	 findings,	 or	 autopsy	 findings).39	 Pleural	 effusions	 are	 usually	 small
and	bilateral,	but	massive	collections	can	occur.	Thoracentesis	is	indicated	when
the	 etiology	 of	 the	 fluid	 is	 uncertain	 or	 if	 respiratory	 compromise	 is	 present.



Pleural	fluid	is	characteristically	exudative	with	high	protein,	pH	is	variable	but
can	be	 low,	 and	glucose	 is	 slightly	 decreased	 in	 contrast	 to	 the	 uniformly	 low
glucose	and	pH	seen	in	rheumatoid	pleural	effusions.	WBC	counts	are	elevated
and	 consist	 predominantly	 of	 PMNs	 or	 lymphocytes.	 Mild	 pleuritis	 usually
responds	to	NSAIDs	or	low-dose	corticosteroids	(0.5	mg/kg/d	prednisone	or	its
equivalent).	The	latter	is	used	only	after	infection	has	been	excluded.

3 	Acute	 lupus	 pneumonitis	 (ALP),	 although	uncommon	 (0%-14%),	may	be
the	 initial	 presentation	 of	 SLE	 and	 can	 be	 life	 threatening.	 It	 cannot	 be
differentiated	 from	 other	 forms	 of	 bronchopneumonia,	 and	 thus	 infectious
etiologies	should	be	excluded	by	appropriate	studies.	Clinically,	patients	present
with	fever,	severe	dyspnea,	tachypnea,	and	hypoxemia.	Chest	radiographs	reveal
patchy	 alveolar	 infiltrates,	 usually	 basilar	 in	 location.	 Mortality	 is	 as	 high	 as
50%.	 Transbronchial	 brushings	 with	 biopsies	 and	 BAL	 may	 help	 exclude
infections	 and	 malignancies.	 High	 frequency	 of	 anti-SSA/SSB	 antibodies	 has
been	associated	with	ALP.	Given	the	poor	prognosis,	therapy	requires	high-dose
corticosteroids	 (1-2	mg/kg/day)	 or	 pulse	 IV	methylprednisolone	 (1000	mg	 IV
daily	for	3	days)	along	with	broad-spectrum	antibiotics	until	final	cultures	return.
Case	 reports	 suggest	 the	 use	 of	 IVCY,	 AZA,	 RTX,	 or	 IVIG	 in	 patients	 who
respond	poorly	to	steroids.

Pulmonary	 hemorrhage	 is	 a	 rare	 but	 potentially	 fatal	 complication.	 Patients
characteristically	 present	 with	 acute	 dyspnea,	 tachycardia,	 severe	 hypoxemia,
rales,	 sudden	drop	 in	hematocrit,	 and	hemoptysis.	Rarely,	 diagnosis	 is	 delayed
due	to	the	absence	of	hemoptysis.	BAL	provides	the	most	reliable	confirmation
with	 the	 presence	 of	 bloody	 fluid,	 hemosiderin-laden	 macrophages,	 purulent
sputum,	 and	 absence	 of	 pathogenic	 organisms	 on	 culture	 and	 Gram	 stain.
Pathologic	 findings	 include	 intra-alveolar	 hemorrhage	 sometimes	 associated
with	interstitial	pneumonitis	or	capillaritis,	but	pathology	may	show	only	bland
hemorrhage.	 Immunopathologic	 studies	 may	 reveal	 granular	 deposition	 of
immunoglobulin	G	 (IgG)	 in	 alveolar	 septal	walls	 and	 pulmonary	 vessels,	 thus
suggesting	a	possible	 immune	complex-mediated	process.	Therapy	 is	generally
aggressive	with	IV	methylprednisolone	at	1000	mg	daily	for	3	days	followed	by
tapering	 high-dose	 oral	 (1	 mg/kg/day)	 corticosteroids.	 The	 addition	 of	 IVCY
should	 be	 considered	 in	 patients	 who	 are	 critically	 ill	 or	 fail	 pulse
corticosteroids.	Plasmapheresis	has	been	evaluated	in	case	reports,	but	whether	it
offers	 any	additional	benefit	 is	unclear.	Mortality	 remains	high	at	80%	despite
such	 treatment.	 (See	Chapter	 176:	Pleural	Diseases	of	 the	Critically	 Ill	Patient
for	 an	 in-depth	discussion	of	 intrapulmonary	hemorrhage	 and	pulmonary-renal
syndromes.)

The	 prevalence	 of	 ILD	 is	 less	 than	 3%	 in	 several	 studies	 and	 may	 occur



before	 or	 after	 ALP.	 Patients	 usually	 present	 with	 dyspnea	 on	 exertion,
productive	 cough,	 pleuritis,	 and	 rales.	 Pulmonary	 function	 tests	 reveal	 a
restrictive	 pattern	 and	marked	 reduction	 in	 diffusing	 capacity.	 High-resolution
thin-section	CT	may	differentiate	earlier-stage	alveolitis	from	end-stage	fibrosis.
The	presence	of	dense	alveolar	opacities	or	“ground-glass”	appearance	suggests
active	 inflammation	 and	 may	 guide	 therapy.	 The	 pathology	 of	 SLE	 ILD	 is
similar	to	that	seen	in	RA	and	includes	NSIP,	LIP,	and	OP.	Treatment	for	ILD	is
challenging	as	there	are	no	prospective	randomized	trials	specific	for	SLE	ILD,
but	management	 is	 similar	 to	 rheumatoid	 lung	 disease	 or	 idiopathic	 interstitial
pneumonia.	 Therapy	 for	 symptomatic	 disease	 begins	 with	 high-dose
corticosteroid	 therapy	and	IVCY,	AZA,	and	MMF	have	been	used	 in	clinically
progressive	ILD	or	for	steroid	sparing.

Pulmonary	arterial	hypertension	 (PAH)	 in	SLE	 is	 the	 second	most	 common
connective	 tissue	 disease	 related	 PAH	 after	 SSc	 but	 is	 a	 rare	 complication	 of
SLE,	 estimated	 at	 4%	 when	 other	 causes	 of	 pulmonary	 hypertension	 are
excluded.40	 Patients	 usually	 present	 with	 severe	 dyspnea	 on	 exertion,
palpitations,	 and	 fatigue.	 Pathologically,	 changes	 of	 intimal	 thickening	 and
fibrosis,	medial	hypertrophy,	altered	elastic	laminae,	and	periadventitial	fibrosis
are	 similar	 to	 changes	 seen	 in	 idiopathic	 pulmonary	 hypertension,	 but
inflammatory	 cell	 infiltrates	 and	 immune	 deposits	 also	 have	 been	 reported.
Factors	associated	with	PAH	in	lupus	patients	include	the	presence	of	Raynaud
phenomenon	(RP)	and	aPL.	Symptoms	often	develop	late	in	the	clinical	course,
and	 thus	 assessment	 with	 Doppler	 echocardiography	 is	 useful	 to	 monitor	 for
progressive	disease	requiring	therapy.

Therapy	for	primary	pulmonary	hypertension	is	evolving	rapidly	with	the	use
of	 prostacyclin	 agonists,	 endothelin	 receptor	 antagonists,	 phosphodiesterase
inhibitors,	soluble	guanylate	cyclase	stimulator,	or	combination	therapies.	Most
of	 the	 drug	 studies	 for	 pulmonary	 hypertension	 have	 included	 patients	 with
connective	 disease–associated	 PAH	 (see	 the	 section	 Systemic	 Sclerosis	 and
Chapter	 174:	 Pulmonary	 Hypertension	 in	 the	 Intensive	 Care	 Unit).	 Given	 the
pathological	findings	of	inflammation	and	immune	deposits	in	SLE-related	PAH,
immunosuppression	with	 steroids,	 cyclophosphamide,	 and	 even	RTX	has	 been
suggested	 for	 early-stage	 PAH	 along	 with	 conventional	 therapy,	 but	 these	 are
based	on	limited	case	series.39

Pulmonary	 embolism	 and	peripheral	 vaso-occlusive	 disease	 are	well-known
risks	 in	 SLE.	 One	 prospective	 study	 documented	 the	 risk	 of	 deep	 vein
thrombosis	at	approximately	12%,	with	a	9%	risk	for	pulmonary	embolism.	The
risk	of	 thromboembolic	events	 is	 increased	in	patients	with	LA	and	other	aPLs
(see	“Antiphospholipid	Syndrome”	section).



Other	rare	pulmonary	syndromes	occur	in	SLE.	Dyspnea	from	shrinking	lung
syndrome	can	be	either	acute	or	chronic	and	has	a	prevalence	of	0.5%-0.9%.41
Postulated	 mechanisms	 include	 myopathy	 of	 respiratory	 skeletal	 muscles	 or
diaphragm,	 phrenic	 neuropathy,	 and	 pleural	 inflammation.	 Pulmonary	 function
tests	reveal	reduced	total	lung	volumes	with	a	restrictive	pattern,	while	imaging
reveals	low	lung	volumes	and	atelectasis,	but	no	evidence	of	ILD.	Treatment	is
usually	with	corticosteroids,	but	 immunosuppressive	agents	have	been	used	for
refractory	cases.	Acute	reversible	hypoxemia,	possibly	secondary	to	pulmonary
leukocyte	 aggregation,	 has	 been	 described	 in	 acutely	 ill	 SLE	patients.	 Patients
present	with	severe	hypoxemia,	hypocapnia,	and	increased	alveolar-arterial	PO2

gradient	without	 obvious	 parenchymal	 lung	 disease.	 Treatment	with	 high-dose
glucocorticoids	improves	oxygenation.	Cricoarytenoid	or	laryngeal	involvement
causing	upper	airway	obstruction	varies	 from	0.3%	to	30%.42	Bronchiectasis	 is
common	but	usually	clinically	asymptomatic.

Cardiac	Disease
Cardiovascular	involvement	in	SLE	ranges	from	29%	to	66%.	This	tremendous
range	 reflects	 whether	 data	 are	 based	 on	 clinical	 parameters	 or	 pathologic
findings	at	autopsy.	Often,	the	latter	studies	document	significant	findings	in	the
heart	without	clinical	correlation.	However,	a	meta-analysis	of	studies	from	1950
to	2016	suggests	CV	disease	remains	a	major	cause	of	mortality.43

Pericardial	disease	is	by	far	the	most	common	cardiac	manifestation	of	SLE
but	 less	 common	 than	 lupus	 pleuritis,	 and	 subclinical	 pericarditis	 is	 often
documented	 only	 at	 autopsy.	 Pericarditis	 usually	 presents	 in	 association	 with
other	 organ	 system	 activity,	 rather	 than	 as	 an	 initial	 manifestation	 of	 SLE.
Symptoms,	physical	exam	findings,	and	diagnostic	cardiac	testing	are	similar	to
idiopathic	 pericarditis,	 but	 some	 SLE	 patients	 may	 have	 relatively	 normal
findings.

Life-threatening	complications	of	pericarditis	include	cardiac	tamponade	and
constriction.	 Both	 entities	 are	 rare	 and	 thus	 pericardiocentesis	 fluid	 data	 are
limited.	Typically,	pericardial	fluid	is	exudative	with	high	protein	and	normal-to-
low	glucose,	compared	with	serum.	The	total	WBC	counts	from	various	reports
have	ranged	from	544	to	199,600	cells	per	μL,	with	predominantly	PMN	cells.44
Therefore,	 suppurative	 pericarditis	 becomes	 a	 significant	 and	 important
differential	 in	 SLE	 patients	 with	 pericarditis.	 Other	 reported	 pericardial	 fluid
features	 of	 low	 or	 absent	 complement	 levels,	 lupus	 erythematosus	 cells	 on
Wright	 stains,	 and	 antinuclear	 antibody	 (ANA)	 titers	 are	 not	 clinically	 useful.



Constrictive	 pericarditis	may	 develop	 after	 successful	 treatment	 of	 pericarditis
with	or	without	corticosteroids.

Once	other	causes	of	pericarditis,	including	uremia,	drugs,	or	viral	infections,
have	been	eliminated,	hemodynamically	stable	but	symptomatic	pericarditis	can
be	 successfully	 treated	 with	 NSAIDs	 or,	 occasionally,	 moderate-dose	 oral
corticosteroids	 (0.5	 mg/kg/day).	 If	 fever	 is	 present	 and	 the	 etiology	 of	 the
pericardial	effusion	is	not	clear,	a	diagnostic	pericardiocentesis	may	be	necessary
to	 rule	 out	 bacterial	 or	 opportunistic	 infections.	 Hemodynamically
compromising	 effusions	 require	 pericardiocentesis	 and	 high-dose	 IV
corticosteroids	(eg,	equivalent	of	1	mg/kg/day)	and	rarely,	pericardial	window	or
pericardiectomy	may	be	required.

Another	 common	 cardiac	 manifestation	 of	 SLE	 is	 valvular	 heart	 disease
involving	 the	 mitral,	 aortic,	 or	 tricuspid	 valves,	 often	 asymptomatic	 and
discovered	 on	 echocardiography.	 Thickened	 leaflets	 are	 common
echocardiographic	 findings	 but	 nonbacterial,	 verrucous	 lesions	 (Libman-Sacks
endocarditis)	may	result	in	embolic	events,	secondary	infectious	endocarditis,	or
valvular	insufficiency	or	stenosis.	At	autopsy,	15%	to	60%	of	SLE	patients	have
lesions	 composed	of	 immune	complexes,	 fibrin,	 platelets,	 and	 fibrotic	 changes
on	the	ventricular	surface	of	the	mitral	valve	(and	less	commonly,	aortic	valve),
ventricular	endocardium,	chordae	tendineae,	and	papillary	muscle.	Clinically,	the
presence	of	these	lesions	does	not	correlate	with	murmurs.	Prevalence	varies	but
transesophageal	echocardiography	is	more	sensitive	for	picking	up	lesions.	In	a
large	 meta-analysis	 to	 assess	 the	 association	 of	 aPL	 and	 valvular
disease/Libman-Sacks	endocarditis	in	SLE	patients,	there	was	a	threefold	higher
risk	for	any	heart	valve	lesion	in	SLE	patients	with	aPL	than	those	without	aPL
and	 a	 5.3-fold	 risk	 for	 those	 patients	 who	 have	 both	 LA	 and	 IgG	 aPL.45	 In
patients	 with	 aPL	 and	 valvular	 disease,	 antiplatelet	 medications	 are
recommended,	 while	 full	 anticoagulation	 is	 recommended	 in	 those	 with
documented	 embolic	 events.	 If	 significant	 valvular	 dysfunction	 occurs,	 valve
repair	 or	 replacement	 may	 be	 required,	 but	 complications	 include	 rapid
calcification	of	the	repaired	valve	or	bioprosthesis.

Myocardial	involvement	in	SLE	is	the	least	frequent	manifestation	of	cardiac
disease	and	should	be	categorized	as	primary	or	secondary.	Primary	myocarditis
is	 rare,	 clinically	 occurring	 in	 10%	 of	 SLE	 patients.44	 Myocarditis	 has	 been
defined	 as	 unexplained	 tachycardia,	 congestive	 heart	 failure,	 ventricular
arrhythmias,	 conduction	 defects,	 ST-	 or	 T-wave	 changes,	 or	 cardiomegaly
without	 evidence	 of	 valvular	 or	 pericardial	 disease.	 Congestive	 heart	 failure
from	 myocarditis	 is	 rare	 and	 is	 estimated	 to	 occur	 in	 4%	 of	 cases.
Echocardiogram	 may	 reveal	 global	 hypokinesis,	 while	 cardiac	 MRI	 with



gadolinium	 shows	 delayed	 contrast	 enhancement.	 Secondary	 myocardial
dysfunction	in	SLE	includes	systemic	hypertension,	valvular	disease,	pulmonary
disease,	coronary	artery	 ischemia	(see	following	discussion),	drug	 toxicity,	and
amyloidosis.	These	 secondary	 causes	 are	often	more	 important	 than	 true	 lupus
myocarditis.	 Management	 of	 patients	 with	 evidence	 of	 carditis	 rests	 on
distinguishing	 primary	 from	 secondary	 disorders.	 In	 the	 rare	 patient	 who	 has
myocarditis	 from	SLE,	 high-dose	 corticosteroids	 are	 indicated.	Data	 regarding
the	use	of	immunosuppressive	agents	are	scarce.

Primary	 coronary	 artery	 involvement	 in	 SLE	 includes	 embolic	 events,
thromboses,	or	a	true	vasculitis	of	the	vessels	as	opposed	to	secondary	changes
of	premature	atherosclerosis.	Coronary	arteritis	is	rare	and	difficult	to	distinguish
from	 atherosclerosis	 on	 arteriographic	 studies	 unless	 repetitive	 studies	 are
performed.	It	can	occur	in	the	absence	of	extracardiac	SLE	activity.	Thrombosis
associated	with	aPL	may	contribute	to	myocardial	ischemia.

4 	 Accelerated	 atherosclerosis,	 however,	 is	 the	 most	 serious	 cause	 of
morbidity	and	mortality	in	SLE	patients	and	especially	in	the	age	group	between
35	and	44	years.	A	systemic	review	on	the	epidemiology	of	atherosclerotic	CV
disease	 (including	 coronary	 artery	 disease,	 peripheral	 vascular	 disease,
congestive	heart	failure,	and	cerebral	vascular	disease)	in	SLE	patients	revealed
two	to	threefold	risk	compared	to	the	general	population	and	even	higher	risk	for
young	 SLE	 patients	 (age	 <45	 years).46	 Traditional	 risk	 factors	 including
smoking,	 diabetes,	 hypertension,	 hyperlipidemia,	 obesity,	 family	 history,	 and
sedentary	life	style	are	common	in	the	SLE	population,	but	the	additional	effects
of	 medications	 such	 as	 glucocorticoids,	 chronic	 inflammation,	 and
hypercoagulability	may	 also	 contribute	 to	 the	 significantly	 higher	 risk	 for	 CV
disease.	The	initial	management	of	SLE	patients	with	acute	myocardial	ischemia
should	 be	 similar	 to	 any	 patient	 with	 atherosclerotic	 coronary	 artery	 disease.
However,	the	etiology	of	the	ischemia	must	be	determined	since	management	of
coronary	arteritis	differs	from	management	of	atherosclerotic	disease.	Evidence
of	extracardiac	SLE	activity	may	be	helpful.	Laboratory	 tests,	 including	ANA,
anti-dsDNA,	 complement	 levels,	 complete	 blood	 count	 with	 differential,	 and
platelet	counts	may	provide	some	indicators	of	SLE	activity.	LA	and	aPL	should
be	checked.	Coronary	arteriogram	may	be	helpful	for	separating	thrombosis	and
vasculitis	from	atherosclerosis.	However,	arteriographic	distinction	of	 the	 latter
two	 may	 be	 difficult.	 If	 arteriography	 reveals	 thrombosis	 without	 evident
atherosclerosis	and	the	presence	of	aPL	is	documented,	therapy	should	consist	of
anticoagulation	and	antiplatelet	medications.

Conduction	abnormalities	and	arrhythmias	due	 to	SLE	are	usually	clinically
insignificant.	The	 incidence	of	atrioventricular	nodal	block	 is	estimated	at	5%.



Sinus	tachycardia	without	underlying	pathology	(fever,	dehydration,	congestive
heart	failure,	thyroid	disease,	drug	abuse)	may	be	a	subtle	manifestation	of	lupus
activity.	 If	 acute	 conduction	 disease	 is	 suspected	 clinically	 to	 be	 secondary	 to
myocarditis	or	 arteritis,	 a	 short	 trial	of	 corticosteroids	 could	be	 initiated	 in	 the
hemodynamically	compromised	patient.

Hematologic	Disease
Hematological	abnormalities	constitute	one	of	the	major	criteria	for	SLE.	These
include	 hemolytic	 anemia,	 thrombocytopenia,	 leukopenia,	 and	 lymphopenia.
Anemia	 is	 present	 in	 the	 majority	 of	 SLE	 patients,	 with	 anemia	 of	 chronic
disease	being	 the	most	 common	etiology.	Other	 causes	of	 anemia	 include	 iron
deficiency	 (blood	 loss	 from	 menses	 or	 gastrointestinal	 tract	 or	 poor	 iron
absorption	 due	 to	 increased	 hepcidin	 levels),	 autoimmune	 hemolytic	 anemia
(AIHA),	 drug	 induced	 (cyclophosphamide	 or	AZA),	 pure	 red	 cell	 aplasia,	 and
chronic	 renal	 insufficiency.	 Rarely,	 other	 syndromes	 including	 TTP	 and
macrophage	activation	syndrome	have	been	reported	in	SLE	patients	who	have
more	than	two	cell	lines	affected.

Only	8%	to	28%	of	lupus	patients	develop	AIHA	sometime	during	the	course
of	 their	 disease.	 While	 18%	 to	 65%	 of	 SLE	 patients	 have	 a	 positive	 direct
Coombs	 assay,	 significant	 hemolytic	 anemia	 develops	 in	 only	 10%.47	 The
presence	of	warm	IgG	autoantibodies	and	complement	on	the	red	cell	surface	is
characteristic	 of	 SLE	AIHA.	Clinically,	AIHA	 is	 accompanied	 by	 an	 elevated
reticulocyte	 count	 and	 indirect	 bilirubin	 and	 decreased	 haptoglobin	 levels.
Severe	hemolytic	anemia,	defined	as	hemoglobin	less	 than	8	g	per	dL,	 is	often
associated	with	concomitant	 seizures,	nephritis,	 serositis,	 and	other	cytopenias.
In	 addition,	74%	of	patients	with	AIHA	will	have	aPLs.	Over	75%	 to	96%	of
patients	with	AIHA	respond	rapidly	to	high-dose	corticosteroids	(60-100	mg/day
prednisone	orally	or	with	IV	methylprednisolone	at	1.5	mg/kg/day).47	Prednisone
is	tapered	slowly	after	4	weeks,	based	on	laboratory	results.	If	active	hemolysis
persists	 after	 4	 weeks,	 other	 therapeutic	 modalities	 include	 danazol,
immunosuppressive	 agents,	 and	 splenectomy;	 however,	 splenectomy	 induces
permanent	 remission	 in	 fewer	 than	50%	of	patients.	Combination	of	high-dose
steroids	 and	 danazol,	 800	 to	 1200	mg	 per	 day,	 is	 an	 alternative	 treatment	 for
severe	AIHA,	with	subsequent	gradual	steroid	tapering.	The	efficacy	of	IVIG	is
short	term	and	not	sustained.	Uncontrolled	trials	or	case	reports	with	AZA,	RTX,
MMF,	or	cyclophosphamide	have	shown	therapeutic	response.

TMA	 hemolytic	 anemia	 may	 occur	 in	 isolation	 in	 SLE,	 or	 it	 may	 be
associated	with	thrombocytopenia,	renal	and	neurologic	involvement,	and	fever



fulfilling	 the	 criteria	 for	 TTP.	 Markedly	 reduced	 ADAMTS13	 protease	 (A
Disintegrin	And	Metalloprotease	with	a	ThromboSpondin	1	motif,	member	13),
results	 in	 persistence	 of	 ultra	 large	 von	 Willebrand	 factor	 multimers	 on	 the
endothelial	surface	which	 is	credited	 to	cause	TMA.	In	SLE,	 this	deficiency	 is
acquired	 due	 to	 the	 presence	 of	 an	 inhibitor	 against	 the	 protease.	 Initial
presumptive	diagnosis	is	based	on	the	clinical	presentation	of	microangiopathic
features,	 thrombocytopenia,	 fever,	 nervous	 system	 involvement	 with	 mental
status	 changes,	 and	 renal	 insufficiency	 since	 ADAMTS13	 results	 may	 be
delayed.	Immediate	treatment,	similar	to	idiopathic	TTP,	with	high-dose	steroids
and	plasma	exchange	is	lifesaving.
Leukopenia,	defined	as	a	total	WBC	count	of	less	than	4000	per	μL,	occurs	in

50%	 to	 60%	 of	 SLE	 patients,	 but	 is	 rarely	 associated	 with	 infectious
complications	 unless	 CD4	 counts	 are	 below	 200.	 In	 the	 febrile,	 severely
neutropenic	patient,	granulocyte-stimulating	factor	has	been	used.	Lymphopenia,
defined	as	counts	lower	than	1500	per	μL,	is	seen	in	84%	of	SLE	patients	during
active	disease.
Thrombocytopenia,	or	platelet	counts	lower	than	100,000	per	μL,	is	observed

in	20%	to	40%	of	SLE	patients	and	is	severe	(less	than	50,000	per	μL)	in	10%	of
patients.	 Idiopathic	 thrombocytopenic	 purpura	 (ITP)	 may	 be	 the	 initial
presentation	 of	 SLE.	 In	 evaluating	 any	 patient	 with	 thrombocytopenia,
underlying	 causes	 including	 drug	 toxicities,	 ineffective	 thrombopoiesis,
congestive	splenomegaly,	dilutional	effects,	and	abnormal	platelet	destruction	by
disseminated	 intravascular	 coagulation	 (DIC),	 antiphospholipid	 syndrome
(APS),	 TTP,	 hemolytic	 uremic	 syndrome	 (HUS),	 vasculitis,	 drug-induced
infection,	or	other	hematological	disorders	should	be	excluded.	The	pathologic
mechanism	is	usually	antiplatelet	antibodies,	with	resultant	splenic	sequestration
and	decreased	platelet	life	span,	although	there	is	association	with	elevated	aPL
as	 well.	 A	 bone	 marrow	 biopsy	 is	 helpful	 in	 distinguishing	 various	 forms	 of
thrombocytopenia.	SLE-associated	ITP	is	characterized	by	an	increased	number
of	megakaryocytes.

Once	 TTP,	 HUS,	 DIC,	 and	 drug	 toxicities	 are	 excluded,	 therapy	 of	 severe
SLE-associated	 ITP	 (less	 than	 30,000	 per	 μL)	 is	 similar	 to	 that	 of	 idiopathic
autoimmune	 thrombocytopenia.	 Corticosteroid	 therapy	 at	 1	 mg/kg/day	 is	 the
recommended	 initial	 therapy.	Subsequent	 tapering	 is	guided	by	platelet	 counts.
Administration	of	 IVIG	may	 result	 in	 a	 rapid	 increase	 in	 platelet	 counts	when
patients	 are	 having	 acute	 bleeding	 or	 need	 invasive	 procedures	 but	 usually
response	 is	not	sustained.	Recommended	dose	 is	1.0	g	per	day	for	2	 to	3	days
based	 on	 platelet	 counts.	 Splenectomy	 is	 an	 option	 for	 SLE	 patients	 who	 fail
medical	 therapy.	 Some	 of	 these	 patients	 had	 partial	 response	 and	 required



additional	medical	 therapy.	For	refractory	disease,	danazol	800	to	1200	mg	per
day	 alone	 or	 in	 conjunction	 with	 corticosteroids	 has	 been	 effective	 in	 several
studies.	 In	 a	 metaanalysis,	 RTX	 was	 shown	 to	 be	 effective	 for	 idiopathic
thrombocytopenia	 in	 conjunction	 with	 or	 after	 failure	 to	 respond	 to
glucocorticoids	 and	 is	 considered	 second-line	 therapy.9	 Other	 second-line
immunosuppressive	agents	include	cyclophosphamide,	MMF,	and	AZA.

LA	 interferes	with	 the	 activation	 of	 prothrombin	 activator	 complex	 (factors
Xa	and	V,	Ca2+,	 and	phospholipid)	of	 the	 intrinsic	and	extrinsic	pathways.	The
laboratory	 findings	 are	 markedly	 prolonged	 partial	 thromboplastin	 time	 and
normal	 or	 mildly	 prolonged	 prothrombin	 time	 that	 cannot	 be	 corrected	 by
mixing	with	 normal	 plasma.	 In	 addition,	 patients	may	 also	 have	 false-positive
reactions	 in	 the	 test	 for	 syphilis	 (venereal	 disease	 research	 laboratory	 test).
(Please	 see	 the	 section	 Antiphospholipid	 Syndrome	 for	 clinical	 details.)
Although	many	SLE	 patients	 have	 both	LA	 and	 aPL,	 subsets	 of	 patients	 have
only	 one	 or	 the	 other	 laboratory	 abnormality	 and	 still	 develop	 clinical
manifestations	of	APS.

Gastrointestinal	Disease
The	 gastrointestinal	 involvement	 in	 SLE	 is	 not	 frequently	 considered	 because
many	 gastrointestinal	 symptoms	 can	 be	 attributed	 to	 complications	 of	 drug
therapy,	 particularly	 salicylates,	 NSAIDs,	 corticosteroids,	 hydroxychloroquine,
and	AZA.	 SLE-related	 gastrointestinal	 disease	 varies	 from	 of	 8%	 to	 22%	 and
includes	serositis,	mesenteric	vasculitis	or	thrombosis,	pancreatitis,	cholecystitis,
inflammatory	 bowel	 disease,	 protein	 losing	 enteropathy,	 intestinal	 pseudo-
obstruction,	and	pneumatosis	intestinalis.48

The	 most	 serious	 but	 rare	 (<1%)	 gastrointestinal	 complication	 of	 SLE	 is
mesenteric	 vasculitis	 or	 thrombosis	 with	 subsequent	 large	 or	 small	 intestinal
ischemia.	The	 severity	 and	 extent	 of	 involvement	 vary	 and	 symptoms	may	 be
chronic	or	 acute	 in	presentation.	 Intestinal	 involvement	 ranges	 from	segmental
edema	 or	 ulcerations	 to	 perforations.	 Evaluation	 should	 include	 plain	 films,
paracentesis	 (to	 rule	 out	 perforation	 or	 bacterial	 peritonitis),	 CT	 scans,	 or
angiography.	 Although	 features	 of	 dilated	 bowel,	 bowel	 wall	 edema	 or
enhancement,	or	edema	of	the	mesentery	or	its	vessels	are	nonspecific,	multiple
vessel	 involvement,	 often	 in	 the	 areas	 of	 ileum	 and	 jejunum,	 is	 found	 in	 SLE
mesenteric	vasculitis.	However,	angiographic	results	may	be	normal	due	to	small
vessel	 disease.	 Direct	 visualization	 with	 endoscopy	 or	 colonoscopy	 may	 also
provide	useful	information.

Lupus	peritonitis	is	less	devastating	but	often	quite	dramatic	in	presentation.



Peritoneal	fluid	may	be	present,	and	is	usually	transudative	and	sterile	with	a	low
cell	 count.	 Other	 causes	 of	 ascites	 must	 be	 ruled	 out,	 including	 constrictive
pericarditis,	 nephrotic	 syndrome,	 and	 spontaneous	 bacterial	 peritonitis.
Pancreatitis	attributed	to	active	SLE	is	rare	and	more	often	related	to	 the	usual
causes	 of	 pancreatitis	 in	 non-SLE	 patients	 (eg,	 drugs,	 hepatobiliary	 infection,
alcohol,	etc.).	Protein	losing	enteropathy	and	intestinal	pseudo-obstruction	were
the	most	common	gastrointestinal	manifestations	in	hospitalized	SLE	patients.48

Management	 of	 the	 SLE	 patient	 with	 abdominal	 pain	 does	 not	 differ
significantly	 from	 that	 for	non-SLE	patients.	 In	patients	with	mild-to-moderate
pain	 with	 a	 chronic	 course,	 medications	 and	 intercurrent	 disease	 should	 be
considered	 first	 as	 the	 cause	 of	 pain	 and	 surgical	 consultation	 obtained.	 If	 no
etiology	 is	 found,	peritonitis	should	be	considered	and	 treated	with	a	moderate
increase	 in	 steroids.	 In	patients	who	present	acutely,	 supportive	care	 should	be
started	and	appropriate	 laboratory	and	 imaging	studies	performed.	Paracentesis
should	be	done	 to	exclude	perforated	viscus	or	 infection.	A	 therapeutic	 trial	of
high-dose	 steroids	 can	 then	 be	 instituted	 if	 mesenteric	 vasculitis	 is	 suspected.
Rapid	(12-48	hours)	response	usually	is	consistent	with	vasculitis	or	peritonitis,
although	complete	response	is	often	delayed;	if	a	patient	deteriorates	clinically,
exploratory	 laparotomy	 is	 necessary.	 If	 studies	 suggest	 mesenteric	 vasculitis,
IVCY	may	be	necessary	along	with	the	corticosteroids.

Drug-Induced	Lupus
The	 syndrome	 of	 DIL	 should	 be	 considered	 for	 ICU	 patients	 with	 systemic
symptoms	of	fever,	arthralgias,	arthritis,	pleuropericarditis,	and	less	commonly,
rash.	 Because	 many	 ICU	 patients	 receive	 medications	 that	 potentially	 induce
SLE	 (see	 Table	 65.4),	 the	 diagnosis	 must	 be	 excluded.	 Although	 some
medications,	 particularly	 procainamide,	 hydralazine,	 and	 TNFα	 inhibitors,
produce	positive	ANA	tests,	this	does	not	necessarily	imply	that	DIL	is	present.
Symptoms	typically	develop	several	months	after	the	institution	of	the	offending
medication.	 Although	 CNS	 and	 renal	 manifestations	 are	 rare,	 cases	 of	 more
atypical	DIL	have	been	reported.	Males	and	females	are	equally	susceptible.	DIL
is	more	common	in	older	patients,	except	for	minocycline-related	DIL	(younger
and	more	females).	Laboratory	values	reveal	an	elevated	ESR,	mild	leukopenia
or	 thrombocytopenia,	 and	 positive	 ANA;	 antihistone	 antibodies	 are	 present	 in
90%	of	patients;	and	specific	antibodies	to	dsDNA	and	Smith	(Sm)	antigen	are
uncommon.	 However,	 TNFα	 inhibitors	 such	 as	 etanercept	 or	 infliximab	 have
been	 associated	 with	 anti-dsDNA,	 anti-Ro,	 anti-Sm,	 and	 antineutrophil
cytoplasmic	antibodies.	Complements	are	normal	in	DIL.



TABLE	65.4

Medications	Associated	With	Drug-Related	Lupus

Type Definite Possible Rarea

Cardiovascular Methyldopa Captopril Reserpine

Hydralazine Beta-blockers Minoxidil

Procainamide Hydrochlorothiazide Chlorthalidone

Quinidine Amiodarone Clonidine

Practolol Ticlopidine HMG-CoA
inhibitors

Diltiazem Spironolactone

Disopyramide

Prazosin

Anticonvulsants
or	neurologic
medications

Phenytoin
mephenytoin
Primidone
Carbamazepine

Levodopa
Ethosuximide
Valproate

Trimethadione

Psychiatric Chlorpromazine Lithium	carbonate Lamotrigine

Antibiotics Isoniazid Sulfonamides Streptomycin

Minocycline Nitrofurantoin Tetracycline

Rifampin Penicillin

Terbinafine Nalidixic	acid

Griseofulvin

Endocrine Methimazole Tolazamide



Propylthiouracil,
Methylthiouracil

Glyburide

Rheumatic Penicillamine Sulfasalazine Gold	salts

TNFα	inhibitors Allopurinol

p-Aminosalicylic
acid

NSAIDs:
tolmetin,
ibuprofen,
sulindac,
diclofenac,
tolmetin

Others Interferon	α Danazol,	dapsone Psoralen

Interferon	γ Quinine

Docetaxel Leuprolide
acetate

PPI Promethazine

Timolol	eye
drops

Olsalazine,
mesalamine

Zafirlukast

Interleukin	2

aRare:	usually	case	reports.

Subacute	 cutaneous	 lupus	 (SCLE),	 with	 characteristic	 annular	 or
psoriasiform	lesions	 that	are	photosensitive,	 is	associated	with	drugs	 that	differ
in	 frequency	 from	 those	 listed	 in	Table	65.4.	On	 a	 review	of	 all	 patients	with



SCLE,	 about	 38%	 had	 exposure	 to	 the	 following	 drugs	 that	 were	 felt	 to	 be
causative:	terbinafine,	TNFα	inhibitors,	ACE	inhibitors,	thrombocyte	inhibitors,
proton	 pump	 inhibitors,	 antiepileptics,	 and	 NSAIDs.49	 Discontinuation	 of	 the
offending	medication	results	in	gradual	diminution	of	symptoms	that	may	last	as
long	as	a	year.	NSAIDs	or	low-dose	steroids	may	control	the	symptoms,	and	in
patients	with	severe	organ	system	involvement,	treatment	is	similar	to	idiopathic
lupus.	 Most	 rheumatologists	 believe	 that	 patients	 with	 idiopathic	 SLE	 who
require	hydralazine,	procainamide,	 isoniazid,	phenytoin,	beta-blockers,	or	other
medication	 that	can	potentially	 induce	 lupus	can	 take	 these	medications.	TNFα
inhibitors,	 however,	 are	 relatively	 contraindicated	 in	 SLE.	 It	 is	 advisable	 to
document	 the	 clinical	 and	 serologic	 status	 of	 the	 patient	 before	 starting	 the
medication.

ANTIPHOSPHOLIPID	SYNDROME
APS	 is	 characterized	 by	 thrombosis	 (venous	 and/or	 arterial)	 and/or	 pregnancy
morbidity	in	patients	with	persistently	positive	aPL	antibodies.	APS	may	present
as	a	primary	condition	or	 in	the	setting	of	another	autoimmune	disease	such	as
SLE.

The	Updated	Sapporo	Classification	Criteria	(Table	65.5)	have	been	used	as	a
guide	 for	 diagnosis;	 however,	 the	 clinical	 manifestations	 described	 may	 not
represent	 the	 full	 spectrum	of	APS,	as	 the	criteria	mainly	serve	 the	purpose	of
defining	 homogeneous	 groups	 of	 patients	 for	 research	 purposes.	 Other	 less
common	presentations	of	APS	include	microvascular	events	involving	the	skin,
kidney,	 heart	 and	 lung,	 and	 nonthrombotic	 manifestations	 such	 as	 mild
thrombocytopenia,	 cardiac	 valve	 vegetations,	 and	 Coombs-positive	 hemolytic
anemia.	Presence	of	APS	may	be	suspected	 in	patients	who	develop	arterial	or
venous	 thrombotic	 events	 at	 a	 young	 age	 (<50	 years)	 that	 are	 mostly
unprovoked,	 have	 unusual	 sites	 of	 thromboses,	 late	 pregnancy	 losses,	 a
prolonged	 aPTT	 (assuming	 no	 use	 of	 anticoagulation),	 or	 a	 falsely	 positive
syphilis	test.

TABLE	65.5

Updated	Sapporo	Classification	Criteria	for
Antiphospholipid	Syndrome



Clinical	Criteria

1.	 One	or	more	clinical	episodes	of	arterial,	venous,	or	small	vessel
thrombosis	in	any	tissue	or	organ

2.	 Pregnancy	complications
a.	 Three	or	more	sequential	spontaneous	miscarriages	before	10	wk

gestation	(without	obvious	causes)
b.	 One	or	more	unexplained	death	of	normal	fetus	beyond	10	wk

gestation
c.	 Preterm	delivery	of	normal	fetus	<34	wk	due	to	preeclampsia,

eclampsia,	or	placental	insufficiency

Laboratory	Criteria	(Measured	at	Least	on	Two	Occasions,	12	Wk	Apart)

1.	 Moderate-to-high	titer	IgM	or	IgG	anticardiolipin	antibodies	by	ELISA
2.	 Lupus	anticoagulant
3.	 IgM	or	IgG	anti-β2	glycoprotein-I	by	ELISA	(>99th	percentile)

Diagnosis	is	based	on	the	presence	of	one	clinical	and	one	laboratory	criteria.
The	laboratory	finding	should	not	be	less	than	12	wk	or	more	than	5	y	apart
from	the	clinical	event.

ELISA,	enzyme-linked	immunosorbent	assay.

Adapted	from	Miyakis	S,	Lockshin	MD,	Atsumi	T,	et	al.	International	consensus	statement	on	an
update	of	the	classification	criteria	for	definite	antiphospholipid	syndrome.	J	Thromb	Haemost.
2006;4(2):295-306.

The	 aPL	 tests	 that	 are	 currently	 used	 for	 diagnosis	 and	 are	 part	 of	 the
Updated	Sapporo	Classification	Criteria	 include	anticardiolipin	antibody	 (aCL)
IgG	and	IgM,	and	anti–β2-glycoprotein-I	(aβ2GPI)	IgG	and	IgM.	Presence	of	aPL
serves	 as	 a	 risk	 factor	 for	 APS-related	 events,	 in	 addition	 to	 traditional	 risk
factors	for	thrombosis.

It	 is	 important	 to	 recognize	 that	 not	 every	 positive	 aPL	 test	 is	 clinically
meaningful.	 Persistence	 of	 aPL	 positivity	 at	 12	 weeks,	 of	 aPL	 positivity,	 titer
(low	or	moderate-to-high),	and	iso(IgG	vs	IgM	vs	IgA)	are	all	important	factors
when	determining	whether	a	positive	aPL	profile	is	contributory	to	the	patient’s
manifestations.	 aPL	 antibodies	 are	 known	 to	 become	 transiently	 positive	 with
infections	at	low	titers	and	are	usually	not	associated	with	thrombotic	events.	For
this	 reason,	 confirmation	 of	 persistence	 of	 aPL	 at	 12	 weeks	 is	 necessary.



Additionally,	 LA	 may	 be	 falsely	 positive	 or	 negative	 in	 the	 setting	 of
anticoagulation,	and	 it	may	become	positive	 in	 the	setting	of	an	elevated	CRP.
The	aPL	profile	can	be	classified	as	low-,	moderate-,	and	high	risk	depending	to
its	association	with	thrombotic	events.50.	LA	positivity	and	triple	aPL	positivity
(positive	 LA	 and	 moderate-to-high	 titers	 of	 aCL	 and	 aβ2GPI	 IgG	 or	 M)	 are
associated	with	highest	risk	for	APS-related	events.

APS	 patients	 with	 acute	 venous	 thromboembolic	 events	 are	 treated	 with
heparin	 (unfractionated	 or	 low	molecular	 weight)	 anticoagulation	 followed	 by
conversion	to	warfarin	with	an	INR	target	of	2.0	to	3.0.	Lifelong	anticoagulation
is	 supported	 by	 a	 high	 incidence	 of	 recurrent	 thrombosis	 when	 warfarin	 is
discontinued.	Therapeutic	doses	of	 low	molecular	weight	heparin	may	be	used
instead	of	warfarin	in	women	who	plan	to	become	pregnant	or	are	pregnant	and
have	 history	 of	 thrombotic	APS.	Moderate-intensity	 anticoagulation	 (INR	2.0-
3.0)	is	comparable	to	high-intensity	anticoagulation	(INR	3.1-4.0)	for	preventing
further	 venous	 thromboses	 and	 equal	 in	 bleeding	 complications.10	 However,
controversy	still	exists	as	to	whether	high-intensity	anticoagulation	is	necessary
for	patients	with	arterial	clots.	Some	experts	recommend	high-intensity	warfarin,
whereas	others	recommend	standard-intensity	warfarin	with	or	without	low-dose
aspirin	 depending	 on	 presence	 of	 traditional	 CV	 risk	 factors.	 Direct	 oral
anticoagulants	 are	generally	not	 recommended	 in	management	of	APS	as	 they
are	 considered	 less	 effective	 than	 warfarin,	 especially	 for	 patients	 with	 prior
arterial	 events.	 For	APS	patients	with	 recurrent	 thrombosis	 despite	 therapeutic
anticoagulation,	 treatment	 options	 include	 standard	 intensity	 warfarin	 plus	 an
antiplatelet	 agent,	 high-intensity	 warfarin,	 or	 switch	 to	 low	 molecular	 weight
heparin.	Addition	of	 a	 statin	 or	 hydroxychloroquine	 apart	 from	changes	 in	 the
anticoagulation	regimen	can	be	considered.

Approximately	1%	of	patients	with	APS	develop	catastrophic	APS	(CAPS),	a
rapidly	progressing	form	of	APS	that	is	characterized	by	widespread	thrombosis
in	 small,	 medium,	 and/or	 large	 vessels	 leading	 to	 multiorgan	 failure.	 Most
affected	organs	include	the	kidney,	lungs,	brain,	heart,	and	skin.	TMA	which	is
characterized	 by	 thrombocytopenia,	 microangiopathic	 hemolytic	 anemia	 with
schistocytes,	and	organ	 failure	 (commonly	kidney)	may	be	present.	Triple	aPL
positivity	 is	 common	 among	 patients	 with	 CAPS	 (around	 80%	 for	 all	 three
tests).	The	 validated	Preliminary	Classification	Criteria	 for	CAPS	 are	 listed	 in
Table	65.6.51	Half	of	patients	with	CAPS	develop	this	catastrophic	presentation
as	a	 first	clinical	manifestation	of	APS52;	however,	CAPS	may	also	develop	 in
patients	 with	 established	 APS	 diagnosis	 even	 when	 receiving	 therapeutic
anticoagulation.	 In	 more	 than	 half	 of	 CAPS	 cases,	 a	 precipitating	 factor	 is
identified,	 most	 commonly	 infections.	 Other	 precipitating	 factors	 include	 in



decreasing	order	of	 frequency:	surgery,	malignancy,	use	of	estrogen	containing
contraceptives,	pregnancy,	drugs,	and	SLE	flare.53	CAPS	may	occur	in	patients
with	primary	APS	without	the	presence	of	underlying	autoimmune	diseases,	and
in	patients	with	SLE.	Patients	with	SLE	who	develop	CAPS	are	usually	younger
and	 have	 higher	 mortality	 (48%	 vs	 33%).	 They	 are	 also	 more	 likely	 to	 have
thrombocytopenia,	brain,	heart,	and	skin	involvement.53

TABLE	65.6

Classification	Criteria	for	Catastrophic	Antiphospholipid
Syndrome

All	four	criteria	present	

1.	 Evidence	of	involvement	of	three	or	more	organs,	systems,	and/or	tissues
2.	 Development	of	manifestations	simultaneously	or	in	less	than	a	week
3.	 Confirmation	by	histopathology	of	small	vessel	occlusion	in	at	least	one

organ	or	tissue
4.	 Laboratory	confirmation	of	the	presence	of	antiphospholipid	antibodies

(lupus	anticoagulant,	anticardiolipin	antibodies,	and/or	anti–β2-
glycoprotein-I)

Probable	CAPS	
•	All	four	criteria,	except	for	only	two	organs,	systems,	and/or	tissues
involvement
•	All	four	criteria,	except	for	the	absence	of	laboratory	confirmation	at	least
12	wk	apart	due	to	the	early	death	of	a	patient	never	tested	for
antiphospholipid	antibodies	before	the	catastrophic	APS
•	1,	2,	and	4
•	1,	3,	and	4	and	the	development	of	a	third	event	in	more	than	a	week	but	less
than	a	month,	despite	anticoagulation

APS,	Antiphospholipid	syndrome;	CAPS,	catastrophic	antiphospholipid	syndrome.
Adapted	from	Asherson	RA,	Cervera	R,	de	Groot	PG,	et	al.	Catastrophic	antiphospholipid
syndrome:	international	consensus	statement	on	classification	criteria	and	treatment	guidelines.
Lupus.	2003;12(7)	530-534.	Copyright	©	2003.	Reprinted	by	Permission	of	SAGE	Publications.

Manifestations	of	CAPS	may	overlap	with	conditions	characterized	by	TMA



such	 as	 HUS,	 TTP,	 HELLP	 (hemolysis	 elevated	 liver	 enzymes	 low	 platelets)
syndrome,	 and	 heparin	 induced	 thrombocytopenia.	 DIC	 characterized	 by
prolonged	 prothrombin	 time,	 low	 fibrinogen,	 elevated	 fibrin	 degradation
products	and	d-dimer,	and	thrombocytopenia	has	been	noted	in	11%	of	patients
with	 CAPS	 without	 significant	 differences	 in	 presentation	 except	 for	 higher
frequency	 of	 thrombocytopenia	 in	 patients	 with	 CAPS	 and	 DIC	 compared	 to
those	without	DIC	(100%	vs	59%).54	These	conditions	may	overlap	in	the	same
patient	and	differential	diagnosis	can	be	challenging.

Complement	activation	is	thought	to	play	an	important	role	in	the	thrombotic
manifestations	of	APS	and	CAPS.	Patients	with	CAPS	have	been	found	to	have
higher	frequency	of	germline	mutations	in	complement	regulatory	genes	(60%	of
patients)	 similar	 to	 atypical	 HUS	 (50%),	 and	 compared	 to	 patients	 with	 APS
(22%),	 SLE	 (29%),	 and	 normal	 controls	 (23%).	 These	 mutations	 have	 been
hypothesized	to	act	as	a	“second	hit”	in	patients	with	presence	of	pathogenic	aPL
that	 may	 result,	 when	 triggered,	 in	 uncontrolled	 complement	 activation	 and	 a
CAPS	phenotype.55

6 	Due	 to	 the	 fast	pace	of	CAPS	and	 its	 increased	mortality,	 a	high	 level	of
suspicion	 should	 be	 maintained.	 Close	 collaboration	 and	 communication	 of
primary	treating	team	and	consulting	subspecialties	is	necessary.	Triple	therapy
with	 anticoagulation	 (usually	 IV	 unfractionated	 heparin)	 plus	 high-dose
glucocorticoids	 plus	 plasma	 exchange	 and/or	 IVIG	 has	 the	 best	 survival	 data
compared	 to	 different	 combinations	 of	 the	 components	 of	 triple	 therapy	 or	 no
treatment.56	 In	patients	with	CAPS	and	TMA,	plasmapheresis	 is	preferred	over
IVIG.57	Case	series	support	the	use	of	RTX	(monoclonal	antibody	against	CD20
antigen	expressed	on	surface	of	B	cells)	for	refractory	disease,	especially	when
immune	 thrombocytopenia	 and	microthrombotic	manifestations	 are	 present.	 In
refractory	cases	where	a	TMA	presentation	 is	prominent,	eculizumab	(terminal
complement	 inhibitor)	 may	 be	 considered.	 Cyclophosphamide	 can	 be	 used	 in
patients	who	 present	with	 CAPS	 in	 the	 setting	 of	 an	 SLE	 flare.51	 Antiplatelet
agents	 may	 be	 used	 as	 an	 add-on	 treatment,	 or	 when	 anticoagulation	 is
contraindicated	for	reasons	other	than	bleeding.53

SYSTEMIC	SCLEROSIS
SSc,	 or	 scleroderma,	 is	 an	 immune-mediated	 disease	 characterized	 by
progressive	fibrosis	of	the	vasculature	and	viscera	resulting	in	end-organ	damage
of	 the	 skin,	 heart,	 lungs,	 kidneys,	 and	 gastrointestinal	 tract.	 There	 are	 two
subsets	of	scleroderma:	(a)	limited	cutaneous	disease,	often	associated	with	the



anticentromere	 antibody,	 and	 (b)	 systemic/diffuse	 disease,	 associated	 with	 the
presence	 of	 antitopoisomerase	 1	 (SCL-70)	 or	 anti-RNA	 polymerase	 III.	 Both
subsets	 have	 potential	 end-organ	 complications	 that	 result	 in	 ICU	 admission,
including	 severe	 digital	 ischemia	 from	 RP,	 respiratory	 failure,	 cardiac
dysfunction,	or	renal	insufficiency.	The	following	discussion	is	limited	to	these
areas.

Severe	Raynaud	Phenomenon
Although	primary	RP	 is	 common	 in	 the	general	population	 (up	 to	5%),	 severe
secondary	RP	associated	with	connective	tissue	disease	often	is	more	difficult	to
treat	 and	 digital	 ulceration	 or	 gangrene	 may	 occur	 in	 25%	 of	 SSc	 patients.
Dihydropyridine-calcium	 channel	 blockers	 (CCBs),	 usually	 nifedipine,	 reduce
the	frequency	and	severity	of	RP	attacks	and	are	considered	first-line	therapy.58
For	 patients	 with	 an	 inadequate	 response	 to	 CCBs,	 sildenafil	 and	 other
phosphodiesterase-5	inhibitors	reduce	the	frequency	and	severity	of	attacks	and
promote	 healing	 of	 digital	 ulcers.	 Bosentan,	 a	 dual	 endothelin	 receptor
antagonist,	is	effective	in	reducing	the	number	of	new	digital	ulcers	but	unclear
role	 in	 healing	 ulcers.12	 Topical	 nitrates,	 ACE	 inhibitors,	 and	 α-adrenergic
receptor	 blockade	 are	 additional	 therapies	 with	 modest	 benefit.	 There	 is
continued	 interest	 in	 the	 use	 of	 botulinum	 toxin	 with	 several	 small	 studies
showing	 pain	 reduction	 and	 improved	 ulcer	 healing	 but	 a	 recent	 trial	 did	 not
show	significant	benefit	 compared	 to	placebo.59	 IV	prostacyclin	 (epoprostenol)
or	iloprost	(a	prostacyclin	analogue)	is	effective	for	patients	with	critical	digital
ischemia	 refractory	 to	 other	 therapies	 (Table	 65.7).62	 Oral	 prostanoids	 are	 less
effective.	 Use	 of	 IV	 prostaglandins	 should	 be	 avoided	 in	 patients	 with
pulmonary	 hypertension	 unless	 closely	 monitored.	 Chemical	 digital
sympathectomy	 with	 lidocaine	 provides	 short-term	 pain	 relief,	 and	 surgical
digital	sympathectomy	is	a	last	alternative	when	medical	therapies	fail.

TABLE	65.7

DRUG	Therapy	for	Severe	Raynaud	phenomenon	in	SSc

Drug Route	of
Administration Dose Side	Effects



Epoprostenol Continuous,
intravenous

2	ng/kg/min
titrated	up	to	4-
8	ng/kg/min	over
5	d

Catheter	related;
flushing,	nausea,	jaw
pain,	diarrhea,
depression

Iloprost Intravenous 0.5-2	ng/kg/d	for
6	h	for	over	3-
5	d

Infusion	site	pain,
headache,	nausea,
diarrhea,	vomiting,
jaw	pain

Treprostinil Continuous
infusion,	or
subcutaneous

2	ng/kg/min
titrated	up	to
40	ng/kg/min
(case	reports)

Jaw	pain,	headache,
diarrhea,	nausea,
infusion	site	pain

Bosentan Oral 62.5	mg	b.i.d.
then	increased	to
125	mg	b.i.d.

Hepatotoxicity,
anemia,	edema,	male
infertility,
teratogenicity

Sildenafil Oral 50	mg	b.i.d. Headache,	diarrhea,
dyspepsia,	flushing

Botulinum Injection	of	digit
or	palm

Varies,	up	to	100
units/hand

Pain	at	the	injection
site,	ecchymosis,	or
intrinsic	muscle
weakness

SSc,	systemic	sclerosis.

Pulmonary	Disease
5 	Pulmonary	involvement	occurs	in	25%	to	90%	of	patients	with	SSc	and	is	now
the	major	 cause	 of	 death	 (more	 than	 50%).63	 ILD	and	PAH	are	 the	 two	major
pulmonary	 complications	 of	 SSc.	 Patients	with	 diffuse	 SSc	 are	more	 likely	 to
develop	 ILD,	 while	 isolated	 PAH	 is	 more	 common	 in	 limited	 scleroderma,
associated	 with	 anticentromere	 antibodies.	 Clinically	 significant	 disease	 from
interstitial	fibrosis	or	PAH	is	estimated	at	40%	(see	Table	65.2).

Exertional	dyspnea,	cough,	and	basilar	crackles	are	 the	predominant	clinical
features	 of	 ILD.	 Radiographs	 may	 reveal	 pulmonary	 fibrosis	 with	 a



characteristic	basilar	reticulonodular	or	honeycombing	pattern.	HRCT	scans	are
more	 sensitive	 in	documenting	 the	 reticular	 and	ground-glass	opacities	of	 ILD
when	 plain	 radiographs	 are	 relatively	 normal.	 Pulmonary	 function	 tests	 may
reveal	 restrictive	 lung	 disease	 (decreased	 total	 lung	 capacity	 and	 FVC)	 even
before	radiographic	or	clinical	findings.	A	decrease	in	diffusing	capacity	(DLCO)
may	occur	in	either	ILD	or	PAH	and	has	been	reported	in	isolation	without	other
pulmonary	 function	 test	 abnormalities.	 Patients	 with	 ILD	 may	 develop
secondary	PAH,	but	the	degree	of	PAH	is	disproportionate	to	the	degree	of	ILD.

Prevention	 of	 progressive	 fibrotic	 disease	 is	 the	 goal	 of	 treatment	 for	 SSc-
associated	 ILD.	 In	 one	 study,	 the	 extent	 of	 disease	 on	 CT	 was	 predictive	 of
mortality	 and	 FVC	 decline,	 suggesting	 that	 patients	 with	 more	 advanced	 CT
abnormalities	should	be	treated.62	Patients	with	less	extensive	disease	should	be
monitored	closely	and	treated	if	there	is	evidence	of	radiographic	progression	or
decline	 in	 pulmonary	 function.	 BAL	 cellularity	 does	 not	 predict	 disease
progression	 or	 response	 to	 treatment,	 and	 currently	 has	 a	 limited	 role	 in	 the
evaluation	 of	 ILD,	 but	 is	 useful	 to	 rule	 out	 infection.	A	 randomized,	 placebo-
controlled	study	of	oral	cyclophosphamide	(1	mg/kg/day	titrated	to	maximum	of
2	mg/kg/day)	found	small	but	statistically	significant	improvement	in	FVC,	skin
score,	and	subjective	symptoms.13	Another	randomized,	placebo-controlled	study
of	 IVCY	 (0.5-0.7	 g	 per	 m2	 monthly)	 demonstrated	 improvement	 in	 FVC.14
Although	there	are	no	controlled	trials	to	compare	efficacy	of	oral	versus	IV	CY,
the	IV	route	is	most	practical	initially	for	the	critically	ill	ICU	patient.	Low-dose
glucocorticoids	(equivalent	to	prednisone	10	mg	per	day	or	less)	are	usually	used
with	 CY.	 Although	 debate	 exists	 as	 to	 the	 benefit	 of	 concomitant	 high-dose
prednisone	 or	 prednisolone,	 high-dose	 glucocorticoids	 are	 usually	 avoided
because	 of	 the	 increased	 risks	 of	 infection	 and	 scleroderma	 renal	 crisis	 (SRC)
and	the	lack	of	clinical	trial	data.

A	 large	double-blind	 randomized	clinical	 trial	 (the	Scleroderma	Lung	Study
II)	comparing	oral	CY	with	MMF	suggested	that	both	are	effective	therapies	for
SSc	 ILD	 with	 fewer	 side	 effects	 in	 the	 MMF	 group.60	 Because	 of	 the	 better
safety	profile	of	MMF,	it	is	usually	preferred	over	CY	for	treatment	of	SSc	ILD.
Two	 additional	 medications,	 tocilizumab	 and	 nintedanib,	 were	 recently	 FDA-
approved	for	SSc	ILD	to	slow	the	rate	of	pulmonary	function	decline.	Patients
with	 early,	 active	 diffuse	 cutaneous	 SSc	 treated	 with	 weekly	 subcutaneous
injections	of	tocilizumab,	an	antagonist	of	the	IL-6	receptor,	showed	less	decline
in	FVC	compared	to	placebo	at	week	48	in	a	phase	III,	multicenter,	randomized,
double-blind,	 placebo-controlled	 study.15	 Similarly,	 the	 oral	 antifibrotic
nintedanib,	 a	 tyrosine	kinase	 inhibitor,	 used	 in	 patients	with	SSc	with	 ILD	 (of
which	approximately	48%	were	on	MMF)	showed	a	 lower	rate	of	annual	FVC



change.16	No	benefit	was	noted	with	use	of	either	 tocilizumab	or	nintedanib	 in
the	skin	manifestations	of	SSc.

For	patients	with	refractory	disease,	one	small	study	reported	improvement	in
FVC	and	DLCO	when	RTX	was	given	to	patients	previously	treated	with	CYC
or	 MMF.64	 A	 highly	 selected	 group	 of	 patients	 with	 severe	 and	 rapidly
progressive	 SSc	 despite	 standard	 of	 care	 treatments,	 and	 at	 a	 relatively	 early
stage	 of	 disease,	 may	 qualify	 for	 hematopoietic	 stem	 cell	 transplantation	 at
specialized	centers.	Patients	with	progressive	ILD	despite	medical	 therapy	may
be	candidates	for	lung	transplantation.

Pulmonary	vasospasm	and	endothelial	cell	activation	with	subsequent	arterial
wall	 proliferative	 changes	 contribute	 to	 the	 development	 of	 PAH.	 Symptoms
include	 exertional	 dyspnea,	 fatigue,	 reduced	 exercise	 tolerance,	 chest	 pain,
syncope,	and	lower	extremity	edema,	but	patients	may	be	asymptomatic	until	the
disease	 is	 advanced.	The	most	 sensitive	 tests	 are	 decreased	 diffusing	 capacity,
often	 with	 preserved	 lung	 volumes,	 and	 Doppler	 echocardiography	 showing
increased	 pulmonary	 pressures	 and	 right	 atrial	 and	 ventricular	 hypertrophy.
Right	 heart	 catheterization	 is	 the	 gold	 standard	 for	 confirmation	 of	 suspected
PAH	 and	 allows	 vasodilator	 trials	 to	 assess	 the	 degree	 of	 pulmonary	 vascular
responsiveness	 to	 iloprost	 or	 epoprostenol,	 inhaled	 nitric	 oxide,	 or	 adenosine.
General	measures	include	the	use	of	supplemental	oxygen	for	hypoxic	patients,
diuretics	 for	 management	 of	 volume	 overload,	 and	 inotropes.	 No	 specific
immunomodulatory	treatments	have	been	found	effective	for	SSc	PAH.	A	small
proof-of-concept	trial	of	57	patients	with	SSc	PAH	on	standard	therapy	showed
improvement	of	the	6–minute	walk	distance	at	48	but	not	24	weeks	with	use	of
RTX	compared	to	placebo,	but	larger	studies	are	necessary.65	Please	refer	to	the
section	on	PAH	in	Chapter	174:	Pulmonary	Hypertnesion	in	the	Intensive	Care
Unit	for	further	discussion	of	treatment.

Cardiac	Disease
Cardiac	 involvement	 in	 SSc	 may	 be	 a	 primary	 process	 within	 the	 heart	 or
secondary	 to	 other	 major	 organ	 involvement	 (ie,	 pulmonary,	 renal,	 vascular,
thyroid).	Primary	cardiac	disease	in	SSc	includes	pericardial	disease,	myocardial
disease,	conduction	abnormalities,	and	arrhythmias.	Because	 the	most	common
symptoms	are	dyspnea,	orthopnea,	atypical	chest	pain,	palpitations,	fatigue,	and
dizziness,	 the	 clinical	 manifestations	 of	 cardiac	 disease	 can	 be	 confused	 with
those	of	other	organ	systemic	involvement.	There	is	also	an	increased	burden	of
atherosclerotic	coronary	disease	in	SSc.66

Pericardial	disease	is	the	most	common	cardiac	manifestation,	and	as	in	SLE,



asymptomatic	pericardial	disease	based	on	autopsy	series	or	echocardiographic
data	 has	 a	 much	 higher	 prevalence	 than	 symptomatic	 disease	 (33%-71%	 vs
7%-20%).	Pericardial	effusions	are	usually	small	and	do	not	influence	prognosis.
Larger	 effusions	 (>200	 mL),	 however,	 are	 associated	 with	 poor	 prognosis.
Pericardial	 tamponade	 with	 hemodynamic	 compromise	 is	 rare.
Pericardiocentesis	 is	 rarely	 required	 unless	 the	 patient	 is	 hemodynamically
compromised	or	febrile	and	an	infectious	etiology	must	be	excluded.	Pericardial
fluid	tends	to	be	serous	with	a	wide	range	of	leukocyte	counts	and	with	normal
complement	levels.	Corticosteroids	are	rarely	required	for	treatment.

Myocardial	involvement	is	the	most	common	cardiac	finding	among	patients
with	SSc	at	autopsy,	ranging	from	12%	to	89%;	however,	symptomatic	disease
occurs	 less	 frequently	 than	 pericarditis.67	 Pathologically,	 the	 most	 common
findings	 are	 patchy,	 focal	 myocardial	 fibrosis	 equally	 distributed	 in	 both
ventricles	and	all	 three	 layers	of	 the	heart.	Autonomic	cardiac	neuropathy	may
also	contribute	to	cardiac	morbidity	in	SSc	patients.

Clinically,	myocardial	disease	may	result	 in	cardiomyopathy,	 left	ventricular
diastolic	dysfunction,	congestive	heart	failure,	angina,	conduction	abnormalities,
or	 malignant	 arrhythmias.	 A	 high	 percentage	 of	 SSc	 patients	 without	 cardiac
symptoms	have	an	abnormal	resting	electrocardiogram	(ECG),	chest	radiograph,
Holter	monitor,	 or	 echocardiogram.	 Electrophysiological	 studies	 reveal	 a	 high
incidence	 of	 re-entrant	 supraventricular	 tachyarrhythmias	 and	 atrioventricular
conduction	delays.	Ventricular	tachycardia	occurs	in	10%	to	13%	of	patients	and
may	 be	 the	 cause	 of	 sudden	 death.	 Advanced	myocardial	 fibrosis,	 rather	 than
selective	 fibrosis	 of	 the	 conduction	 system,	 appears	 to	 be	 responsible	 for
conduction	abnormalities	and	arrhythmias.

Evaluation	 of	 acutely	 ill	 SSc	 patients	 for	 suspected	 heart	 disease	 should
include	a	routine	ECG	and	chest	radiograph.	Doppler	echocardiography	provides
information	 regarding	 the	pericardium,	valvular	 function,	 systolic	and	diastolic
ventricular	 function,	 chamber	 size,	 wall	 thickness,	 and	 the	 presence	 of
pulmonary	 hypertension.	 Nuclear	 scanning	 may	 reveal	 subclinical	 myocardial
disease;	 cardiac	 catheterization	 is	 useful	 for	 accurate	 assessment	of	 pulmonary
arterial	 pressures	 but	 is	 otherwise	 unremarkable	 unless	 the	 patient	 has
arteriosclerosis.	 Negative	 endomyocardial	 biopsies	 cannot	 exclude	 myocardial
fibrosis	since	the	pathologic	process	tends	to	be	patchy.

Treatment	 of	 SSc	 cardiac	 disease	 is	 tailored	 to	 the	 specific	 syndrome.
Pericarditis	is	treated	similarly	to	pericarditis	due	to	other	causes	with	NSAIDs
or	colchicine.	Corticosteroids	are	generally	avoided	due	to	the	increased	risk	of
renal	 crisis,	 but	 low-dose	 corticosteroids	 can	 be	 used	 in	 refractory	 cases.
Diuresis	 should	 be	 pursued	 with	 caution	 for	 patients	 with	 large	 pericardial



effusions.	 Renal	 failure	 has	 been	 reported	 in	 patients	 after	 vigorous	 diuresis,
presumably	 secondary	 to	 hypovolemia	 superimposed	 on	 low	 cardiac	 output
resulting	 in	 decreased	 renal	 cortical	 blood	 flow.	 Congestive	 heart	 failure	 is
treated	as	outlined	in	Chapter	190:	Management	of	Acute	Decompensated	Heart
Failure.	However,	if	echocardiography	reveals	evidence	of	diastolic	dysfunction,
ACE	inhibitors	or	CCBs	may	be	more	appropriate	than	inotropic	agents.	A	high
index	 of	 suspicion	 for	 coronary	 artery	 disease	 and	 aggressive	management	 of
modifiable	risk	factors	are	important	aspects	of	therapy	for	all	patients.

Renal	Disease
In	 addition	 to	 cardiac	 and	 pulmonary	 involvement	 in	 diffuse	 scleroderma,
significant	 morbidity	 and	 mortality	 result	 from	 renal	 disease.	 The	 onset	 of
accelerated	 hypertension	 accompanied	 by	 signs	 of	microangiopathic	 hemolytic
anemia,	 hyperreninemia,	 and	 rapidly	 progressive	 renal	 failure	 describes	 a
syndrome	referred	to	as	SRC.	SRC	may	develop	in	up	to	10%	of	patients	with
diffuse	 scleroderma.68	 SRC	 typically	 occurs	 early	 in	 the	 course	 of	 disease	 in
patients	 with	 diffuse	 disease,	 often	 in	 the	 setting	 of	 other	 organ	 system
involvement.	Predictors	for	development	of	SRC	include	high	skin	score,	 large
joint	 contractures,	 tendon	 friction	 rubs,	 prednisone	 use,	 and	 anti-RNA
polymerase	III	antibodies.

Although	the	pathophysiology	of	SRC	is	unknown,	several	factors	contribute
to	 its	evolution.	The	primary	event	 is	endothelial	cell	 injury,	 leading	 to	 intimal
proliferation	 and	 luminal	 narrowing.	Combined	with	other	 contributing	 factors
such	as	vasospasm,	decreased	renal	blood	flow	leads	to	 increased	renin	release
and	clinical	development	of	malignant	hypertension	and	SRC.	Moderate-to-high
dose	 corticosteroid	 use	 is	 associated	 with	 the	 development	 of	 SRC,	 possibly
because	of	the	inhibition	of	prostacyclin	production.

The	diagnosis	of	SRC	should	be	strongly	considered	in	the	SSc	patient	with
accelerated	hypertension,	although	SRC	may	occur	rarely	among	normotensive
patients.	 In	 addition	 to	 accelerated	 hypertension,	 proposed	 diagnostic	 criteria
also	 include	 increase	 in	 serum	 creatinine	 >50%	 over	 baseline,	 proteinuria,
hematuria,	 thrombocytopenia,	 hemolytic	 anemia,	 and	 hypertensive
encephalopathy.68

Since	 the	 advent	 of	 aggressive	 management	 with	 ACE	 inhibitors,
conservation	or	 improvement	 in	 renal	 function	 is	 possible.	 It	 is	 now	clear	 that
this	class	of	drugs	is	the	standard	of	care	for	SRC.	Short-acting	ACE	inhibitors
should	 be	 titrated	 upward	 every	 6	 to	 12	 hours.	 Blood	 pressure	 should	 be
controlled	within	 48	 hours.	Additional	 antihypertensives,	 including	CCBs,	 can



be	added.	In	many	patients	treated	with	ACE	inhibitors,	there	may	be	a	transient
reduction	in	GFR	and	a	rise	in	serum	creatinine.

Although	ACE	inhibitors	have	markedly	improved	outcomes	of	SRC,	1-year
mortality	is	as	high	as	36%	and	25%	remain	on	dialysis	1	year	after	SRC	onset.67
Survival	data	of	patients	with	good	outcomes	(not	requiring	dialysis)	after	SRC
are	similar	 to	those	of	SSc	patients	without	renal	crisis.	For	patients	with	good
outcomes	 after	 the	 initial	 renal	 crisis,	 continuing	 ACE	 inhibitors	 indefinitely
may	provide	further	benefit	 to	maintain	renal	function.	There	is	no	evidence	to
support	 the	 use	 of	 ACE	 inhibitors	 for	 primary	 prevention	 of	 SRC.	 In	 fact,
exposure	 to	ACE	inhibitors	prior	 to	onset	of	SRC	is	associated	with	a	 twofold
increased	risk	of	mortality.69

Gastrointestinal	Disease
Gastrointestinal	 tract	 involvement	 is	common	in	SSc,	affecting	50%	to	80%	of
patients.	 Severe	 gastrointestinal	 disease	 is	 associated	 with	male	 sex,	 myositis,
and	more	extensive	skin	disease.	The	most	common	physiological	abnormalities,
esophageal	dysmotility	and	decreased	 lower	esophageal	 sphincter	pressure,	 are
manifested	 by	 symptoms	 of	 dysphagia	 and	 heartburn,	 respectively.	 Impaired
microvascular	 perfusion	 initially	 alters	 myoelectrical	 function	 of	 the	 smooth
muscle	 layer	 and	 results	 in	 fibrotic	 changes	 in	 muscularis,	 submucosa,	 and
lamina	 propria.70	 Dysphagia	 and	 heartburn	 are	 treated	 symptomatically	 with
prokinetic	agents	(metoclopramide	and	macrolide	antibiotics)	and	proton	pump
inhibitors.	Serious	complications	include	strictures	and	Barrett	esophagus.

Gastric	 involvement	 is	 less	 common	 but	 can	 include	 gastroparesis	 and
bleeding.	Gastroparesis,	with	symptoms	of	early	satiety,	bloating,	and	vomiting,
can	 lead	 to	 malnutrition.	 Treatment	 of	 gastroparesis	 includes	 dietary
modification,	antiemetics,	and	prokinetic	agents.	Telangiectasias	are	a	common
source	of	gastrointestinal	blood	loss.	Gastric	antral	vascular	ectasia	(GAVE),	or
“watermelon	 stomach,”	 may	 present	 with	 acute	 bleeding	 and	 antedate	 the
diagnosis	 of	 SSc.	 Telangiectasias	 and	 GAVE	 are	 managed	 with	 endoscopic
coagulation.	Partial	or	total	gastrectomy	may	be	required	for	refractory	disease.
Supportive	measures	 include	 iron	 supplements,	 blood	 transfusions,	 and	 proton
pump	inhibitors.

Small	 and	 large	 intestinal	 involvement	 usually	 occurs	 concomitantly	 and
results	in	malabsorption	with	symptoms	of	bloating,	cramping,	and	intermittent
or	severe	diarrhea.	Hypomotility	due	to	progressive	smooth	muscle	atrophy	and
fibrosis	 results	 in	bacterial	 overgrowth.	 In	 addition,	 adynamic	 ileus	or	pseudo-
obstruction	may	occur.	Although	barium	studies	reveal	wide-mouth	sacculation



or	 diverticula	 on	 the	 antimesenteric	 border,	 most	 patients	 have	 relatively	 few
symptoms.	Fecal	incontinence	and	constipation	are	common	but	underreported.
Rare	complications	include	obstruction	due	to	fecal	 impaction,	megacolon,	and
volvulus.	Pneumatosis	cystoides	 intestinalis	(PCI),	or	 intramural	air-filled	cysts
in	 the	 small	 or	 large	 intestines,	may	be	 found	 incidentally	 or	 cause	 abdominal
pain,	 diarrhea,	 or	 bloody	 rectal	 discharge.	 Rupture	 of	 these	 cysts	 results	 in
pneumoperitoneum	without	peritonitis.

Prokinetic	 agents	 have	 been	 reported	 to	 be	 useful	 for	 the	 treatment	 of
intestinal	disease.	Intestinal	malabsorption	has	been	treated	with	antibiotics,	low-
residue	 diets,	 medium-chain	 triglycerides,	 fat-soluble	 vitamins,	 and	 total
parenteral	 nutrition.	 Octreotide	 improves	 intestinal	 peristalsis	 in	 pseudo-
obstruction,	and	in	combination	with	erythromycin	may	have	additive	benefits.
Prucalopride,	 a	 selective	 5	 hydroxy	 tryptamine	 receptor	 agonist,	 improved
symptoms	and	gut	transport	in	SSc	in	a	case	report.71	It	is	now	approved	in	the
United	 States	 for	 use	 in	 idiopathic	 constipation.	 PCI	 is	 usually	 managed
conservatively	 without	 surgery.	 Malabsorption	 and	 PCI	 are	 poor	 prognostic
indicators.

Primary	biliary	cirrhosis	(PBC)	is	the	most	common	liver	disease	associated
with	 SSc.	 Up	 to	 18%	 of	 patients	 with	 PBC	 have	 SSc,	 usually	 the	 limited
cutaneous	 form,	 whereas	 8%	 of	 all	 SSc	 patients	 have	 antimitochondrial
antibodies.	 PBC	 most	 often	 follows	 the	 diagnosis	 of	 SSc	 but	 can	 be	 the
presenting	symptom.

IDIOPATHIC	INFLAMMATORY	MYOPATHIES
7Polymyositis	(PM),	dermatomyositis	(DM),	inclusion	body	myositis	(IBM),	and
immune-mediated	necrotizing	myopathy	(IMNM)	are	the	most	common	acquired
inflammatory	 myopathies,	 characterized	 by	 progressive	 muscle	 weakness	 and
elevated	 muscle	 enzymes,	 and	 some	 are	 associated	 with	 other	 organ	 system
involvement.	 Each	 subalso	 has	 unique	 clinical,	 histologic,	 and	 autoantibody
features.	Recently,	IMNMs	are	subdivided	further	based	on	antibody	profiles:	a)
anti–signal	 recognition	 particles	 (SRPs)	 positive,	 b)	 anti–3-hydroxy-3-
methylglutaryl-coenzyme	A	reductase	(anti-HMGCR)	positive,	and	c)	antibody-
negative	IMNM.72	 The	 onset	 is	 usually	 subacute	 but	 can	 be	 acute	with	 highly
elevated	creatine	phosphokinase	and	present	to	the	ICU	without	prior	diagnosis.

Table	 65.8	 summarizes	 the	 various	 clinical,	 laboratory,	 histopathologic,	 and
serologic	features	of	these	idiopathic	inflammatory	myopathies.



TABLE	65.8

Features	of	Inflammatory	Myopathies

Polymyositisa Dermatomyositisa
Inclusion
Body
Myositisa

Mean	age	at
onset

45 Childhood	or	40 65

Sex	(M:F) 1:2 1:2 2:1

Mode	of	onset Subacute	over
months

Subacute	over
months

Insidious	over
years

Distribution	of
Muscle
Involvement

Proximal>>distal,
symmetric

Proximal>>distal,
symmetric

Variable;
distal>proximal
asymmetric,
finger	flexors,
facial

Dermatologic
findings	(see
text)

No Yes No

Raynaud
phenomenon

Yes Yes No

Pulmonary
Disease

Yes Yes No

Cardiac	disease Yes,	rare Yes,	rare No

Arthritis Yes Yes No

Gastrointestinal
tract

Yes Yes Cricopharyngeal
dysfunction

Creatine	kinase Highly	elevated Highly	elevated— Normal	to



classic	DM
Normal	in
amyopathic	DM

mildly	elevated
(<10x	normal)

EMG/NCS Myopathic
features

Myopathic	features Myopathic
features	but	also
neurogenic
changes

Histopathology Endomysial	CD8b
cells	invading
normal	muscle
fibers	expressing
MHC	class	I,	no
vascular
inflammation	or
vacuoles

Perivascular,
perifascicular,
perimysial
inflammatory
infiltrates;	late
complements	(C	5-9
membrane	attack
complex);
perifascicular
atrophy

Similar	to	PM
but	also	fiber
size	variability;
ragged-red
fibers;	rimmed
vacuoles	and
amyloid
deposits;
electron
microscopy	with
tubulofilaments

Antibodies Anti-tRNA
synthetaseb	such
as	Jo-1	(20%),
U1-RNPd	(10%),
PM-Scle	(10%),
Anti-SRPf	(<5%)

Anti-MDA-5g;	Anti-
SAE	(8%)h;	Anti	Jo-
1	(5%);	Anti-Mi-
2i(10%),	anti-TIF-1j;
anti-NXP-2k;	U1-
RNP	(5%);	anti-PM-
Scl	(0.5%)

Rare
NT5C1Al

Malignancy
association

Yes	(twofold
increase)

Yes	(sixfold
increase)

No

Response	to
therapy

Good Good Poor

aPolymyositis	(PM);	Dermatomyositis	(DM);	Inclusion	body	myositis	(IBM);	Immune-mediated
necrotizing	myopathy	(IMNM).
bAntisynthetases	include	Jo-1,	PL7,	PL-12,	EJ,	OJ,	KS,	Zo,	Ha.



cUnless	related	connective	tissue	disease	such	as	systemic	sclerosis,	mixed	connective	disease.
dribonuclear	protein	(RNP).
epolymyositis	scleroderma	(PM-Scl).
fanti–signal	recognition	peptide	(anti-SRP).
ganti–melanoma	differentiation	associated	protein-5	(anti-MDA-5).
hanti–small	ubiquitin-like	modifier	activating	enzyme	(anti-SAE).
ianti-Mi2.
janti-transcriptional	intermediary	factor	γ	(anti-TIF-1).
kanti–nuclear	matrix	protein	2	(anti-NXP-2).
lanti–cytosolic	5’nucleotidase	1A.
manti–3-hydroxy-3-methylglutaryl-coenzyme	A	reductase	(anti-HMGCR).

Anti-tRNA,	antitransfer	RNA;	EMG/NCS,	electromyography/nerve	conduction	study;	MHC,	major
histocompatibility	complex.

7 	 Skin	 involvement	 is	 the	most	 visible	 characteristic	 finding	 in	 DM,	with
classic	 findings	 that	 may	 include	 heliotrope	 rash	 (erythema	 or	 violaceous
changes	 on	 the	 upper	 eyelids),	 Gottron	 papules	 (scaly	 erythematous	 patches)
overlying	the	metacarpophalangeal	and	proximal	interphalangeal	joints,	Gottron
sign	(similar	to	Gottron	papules	but	located	on	the	extensor	surfaces	of	the	knees
and	elbows),	erythema	or	papules	 typically	 in	a	V	shape	or	mantle	distribution
on	 the	neck	 and	chest,	 or	 scaly	 lesions	 in	 the	 scalp.	Autoantibodies	 associated
with	 DM	 include	 anti–small	 ubiquitin-like	 modifier	 activating	 enzyme	 (anti-
SAE),	 anti–Mi-2	 (alpha	 or	 beta)	 and	 anti–melanoma	 differentiation	 associated
genes-5	(anti-MDA5).	Patients	with	anti-SAE	will	have	classic	cutaneous	DM,
often	with	dysphagia,	while	those	with	anti–Mi-2	also	have	classic	DM,	but	with
more	favorable	prognosis.	The	presence	of	anti–MDA-5	is	often	associated	with
more	 severe	 skin	 than	muscle	 disease	 but	 rapidly	 progressive	 ILD	 is	 a	major
concern.	 Malignancy-associated	 autoantibodies	 in	 DM	 include	 anti–
transcriptional	 intermediary	 factor	 1	 γ	 (anti-TIF	 1	 γ)	 and	 anti–nuclear	 matrix
protein	2	(anti-NXP-2).

Antisynthetase	syndrome	is	a	group	of	diseases	 that	 include	variable	degree
of	 myositis	 and	 skin	 findings	 of	 “mechanic’s	 hands”	 (rough,	 scaly,	 cracked
lesions	on	the	palm	or	lateral	aspects	of	the	fingers),	RP,	ILD,	and	inflammatory
arthritis.	Autoantibodies	against	t-aminoacyl-transfer	RNA	(tRNA)	include	Jo-1,
PL7,	PL12,	EJ,	OJ,	KS,	Zo,	and	Ha.	The	most	common	are	Jo-1,	PL7,	and	PL12
and	are	highly	associated	with	ILD.

Connective	 tissue	associated	myositis	 is	often	classified	as	overlap	myositis
and	 grouped	with	 the	 antisynthetase	 subgroup	 or	 under	 IMNM.	 Polymyositis-
scleroderma	 overlap	 (PM-SCL)	 has	 features	 of	 myositis	 and	 significant	 lung



disease.	Myositis-associated	autoantibodies	(MAAs)	include	anti-PM-SCL,	anti-
ku,	anti-U1RNP,	anti-SSA/B.	IMNM	may	have	associated	skin	features	if	related
to	SSc	or	mixed	connective	tissue	disease	(MCTD).

IBM	 differs	 from	 PM/DM	 due	 to	 older	 age	 of	 onset	 with	 more	 indolent
course.	Muscle	 involvement	 is	 often	 asymmetric	 and	 includes	 distal	 extremity
muscles	 and	 facial	muscles	which	 are	 typically	 spared	 in	DM/PM.	Atrophy	of
quadriceps,	 forearm,	 or	 intrinsic	 hand	muscles	 can	 be	 present.	Creatine	 kinase
(CK)	is	often	only	mildly	elevated	and	other	organ	system	involvement	is	rare.
Recently,	cytosolic	5’nucleotidase	1A	antibody	has	been	found	to	be	associated
with	 IBM	 although	 its	 presence	 has	 to	 be	 correlated	 with	 typical	 clinical	 and
pathologic	findings.

IMNM	 is	 characterized	 by	 severe	 proximal	 muscle	 weakness,	 sometimes
accompanied	by	myalgias.	IMNM	can	be	idiopathic,	associated	with	statin	use,
viral	 infections	 such	 as	 human	 immunodeficiency	 virus	 (HIV)	 or	 hepatitis	 C,
scleroderma	 or	 MCTD,	 or	 malignancies	 such	 as	 adenocarcinoma	 of	 colon	 or
lung	cancers	(both	small	and	nonsmall	cell)	and	other	cancers.	Subdivisions	of
IMNMs	are	based	on	antibody	profiles	as	mentioned	above.	Symptom	onset	 is
usually	 subacute	 but	 can	 be	 acute	 and	 CKs	 are	 highly	 elevated.	 Other	 organ
systems	 are	 rarely	 involved	 except	 for	 the	 subgroup	 associated	with	 anti-SRP
which	 has	 ILD,	 RP,	 dysphagia,	 possible	 myocardial	 involvement,	 and	 poor
prognosis.	The	presence	of	anti-HMGCR	is	usually	associated	with	prior	statin
use,	 but	 there	 are	 patients	 without	 known	 exposure.	 In	 addition,	 despite
discontinuation	 of	 the	 offending	 drug,	 severe	 myositis	 may	 persist	 unless
aggressively	treated.

The	 diagnosis	 of	 PM/DM,	 IBM,	 and	 IMNM	 is	 based	 on	 characteristic
clinical,	 electromyographic,	 histopathologic,	 and	 autoantibody	 profiles.	 Other
causes	of	myopathy	or	myositis	need	to	be	excluded.	CK	is	elevated	anywhere
from	 10	 to	 50	 times	 normal,	 but	 rhabdomyolysis	 is	 rare.	 EMG	 will	 identify
involved	muscles	 and	 distinguish	myopathic	 features	 from	 neurogenic	 causes,
but	cannot	differentiate	 the	various	 types	of	 inflammatory	myopathies,	or	even
distinguish	inflammatory	myopathy	from	toxic	myopathy	or	dystrophies.	Muscle
biopsy	 may	 not	 be	 required	 for	 patients	 who	 present	 with	 classic	 DM	 skin
lesions,	 proximal	 muscle	 weakness,	 and	 elevated	 CKs.	 However,	 for	 any
presentation	that	is	not	classic	for	DM,	a	muscle	biopsy	is	important	to	establish
the	diagnosis	and	exclude	other	causes	of	muscle	weakness	(including	PM,	IBM,
or	IMNM).	The	biopsy	should	be	taken	from	a	muscle	that	is	affected	on	exam,
usually	 the	 quadriceps	 or	 deltoid.	 T2-weighted	 MRI	 with	 fat	 suppression	 is
useful	for	identifying	edema,	suggestive	of	actively	inflamed	muscle	for	biopsy.
The	 histopathology	 of	 DM	 is	 characterized	 by	 a	 vascular	 process	 with



perifascicular	 atrophy	 due	 to	 perivascular	 inflammation	 and	 deposition	 of
complements	 (membrane	 attack	 complex)	 on	 the	 endothelial	 cell	 wall	 of	 the
endomysium.	 PM	 and	 IBM	 biopsies,	 however,	 reveal	 inflammation	 of	 the
perivascular	 areas	 and	 within	 the	 endomysium	 that	 is	 CD8+T-cell	 dominant.
Inflammatory	cells	are	seen	 throughout	 the	normal	muscle	fibers	and	fascicles.
IBM	also	has	characteristic	inflammatory	cells	in	nonnecrotic	muscle	fibers	and
presence	 of	 rimmed	 vacuoles,	 ragged	 fibers,	 and	 inclusion	 bodies	 on	 electron
microscopy.	 In	 contrast,	 IMNM	 histology	 will	 reveal	 the	 same	 findings	 of
necrosis	present	in	PM	but	only	few	inflammatory	cell	infiltrates	in	the	muscle
fibers.	 There	 may	 be	 major	 histocompatibility	 complex	 (MHC)	 Class	 I
expression	 on	 noninvolved	muscle	 fibers.	 In	 addition	 to	 the	 clinical,	 imaging,
and	 pathologic	 information,	 myositis-specific	 antibodies	 (MSAs)	 and	 MAAs
have	provided	diagnostic	and	prognostic	information	along	with	specific	clinical
presentations.75

Inflammatory	myositis	is	also	an	associated	inborn	errors	of	metabolism,	lipid
storage	disease,	and	mitochondrial	myopathies,	but	 these	will	not	be	discussed
here.	 Numerous	 drugs	 can	 cause	 myopathy	 or	 myositis	 that	 is	 sometimes
difficult	 to	distinguish	 from	 inflammatory	myositis.	These	drugs	 include	 lipid-
lowering	 agents,	 glucocorticoids,	 antipsychotics,	 antimalarials,	 colchicine,
nucleoside	 reverse	 transcriptase	 inhibitors,	 alcohol,	 and	 cocaine.	 Bacterial
infections	(S.	aureus,	Streptococcus	pyogenes,	Clostridium	perfringens,	Borrelia
burgdorferi)	and	viruses	(coxsackievirus	A	and	B,	echovirus,	influenza	A	and	B,
adenovirus	 2	 and	 21,	 hepatitis	B	 and	C,	 and	HIV)	 can	 cause	 a	myopathy	 that
may	be	confused	with	PM	or	DM.	Parasites	including	trichinosis,	toxoplasmosis,
cysticercosis,	 toxocariasis,	 and	 amebiasis	 may	 all	 cause	 myositis.	 Muscular
dystrophies,	neuropathic	disease,	and	metabolic/endocrine	diseases	also	need	to
be	excluded	in	patients	with	muscle	weakness.

PM,	 DM,	 and	 IMNM	 are	 primary	 disorders	 of	 skeletal	 muscle,	 but
involvement	 of	 the	 pulmonary,	 cardiac,	 articular,	 gastrointestinal,	 or	 vascular
systems	 sometimes	 leads	 to	 catastrophic	 illness	 requiring	 support	 in	 an	 ICU.
Moreover,	 organ	 dysfunction	 may	 occur	 in	 patients	 with	 overlap	 syndromes.
Respiratory	 failure,	 cardiac	 abnormalities,	 or	 comorbidities	 related	 to
immunosuppression	 are	 the	 most	 common	 reasons	 for	 ICU	 admission.	 A
complete	discussion	of	the	presentation,	diagnosis,	management,	and	differential
diagnosis	is	beyond	the	scope	of	this	chapter,	but	excellent	reviews	exist.72,74

Pulmonary	Involvement
Lung	disease	 in	PM/DM	patients	 is	common	(10%-40%	of	patients;	 see	Table



65.2)	and	includes	(a)	respiratory	insufficiency	due	to	weakness	of	intercostal	or
diaphragmatic	 muscles;	 (b)	 aspiration	 pneumonia;	 (c)	 pneumonia	 from	 either
bacterial,	 viral,	 or	 opportunistic	 infection;	 and	 (d)	 ILD.	 Pulmonary	 vasculitis,
pleuritis,	 pulmonary	 edema,	 alveolar	 hemorrhage,	 secondary	 pulmonary
hypertension,	 and	 OP	 have	 also	 been	 reported	 but	 are	 uncommon.	 Dyspnea,
cough,	and	chest	pain	are	the	usual	symptoms.

Respiratory	 failure	 from	 intercostal	 muscle	 weakness	 or	 diaphragmatic
dysfunction	 occurs	 in	 7%	 of	 PM/DM	 patients.	 Pulmonary	 mechanics
(spirometry,	 inspiratory	 force)	 should	be	evaluated	when	 respiratory	symptoms
develop.	 Serial	 measurements	 often	 predict	 impending	 respiratory	 failure	 that
might	 necessitate	 intubation	 and	 mechanical	 ventilation.	 Management	 of
respiratory	 failure	 resulting	 from	 muscle	 weakness	 is	 supportive	 (oxygen,
mechanical	ventilation)	and	accompanied	by	therapy	directed	at	 the	underlying
myositis	(see	Chapter	165:	Extrapulmonary	Causes	of	Respiratory	Failure).

Bronchopneumonia	 occurs	 in	 up	 to	 24%	 of	 PM/DM	 patients.	 Contributing
factors	 include	 pharyngeal	 incompetence	 and	 poor	 airway	 protection	 with
subsequent	 aspiration,	 iatrogenic	 immunosuppression,	 and	 often	 a	 weakened
cough.	Infectious	agents	include	virulent	bacteria	and	opportunistic	organisms	in
the	setting	of	acquired	immunodeficiency	further	expand	the	possible	spectrum
of	 infectious	 agents.	 Respiratory	 symptoms	 should	 be	 evaluated	 aggressively
with	 chest	 radiographs,	 CT	 scans,	 and	 routine	 and	 specialized	 microbiologic
techniques	 (culture	 for	 bacteria,	 mycobacteria,	 fungi,	 and	 testing	 for
Pneumocystis	jirovecii).

The	most	 common	 of	 parenchymal	 lung	 disease	 in	 PM/DM	 is	 ILD	with	 a
prevalence	of	20%	to	60%.	Patients	develop	progressive	dyspnea	with	or	without
a	 nonproductive	 cough	 and	 bibasilar	 rales.	 Pulmonary	 function	 tests	 reveal
decreased	 FVC	 and	 reduced	 diffusing	 capacity.	 Ground-glass	 opacities,
reticulonodular	 infiltrates,	 or	 patchy	 consolidations	 may	 be	 present	 on	 HRCT
scans	and	suggest	possible	diagnoses.	However,	histopathology	 is	necessary	 to
diagnose	NSIP,	UIP,	OP,	or	less	commonly,	acute	interstitial	pneumonia.	Patients
with	 Jo-1	 and	 other	 anti–aminoacyl-tRNA	 synthetase	 antibodies	 have	 a	 high
incidence	 of	 ILD	 and	 features	 of	 antisynthetase	 syndrome	 (see	 above).
Fulminant	 ILD	 has	 occurred	 in	 amyopathic	 DM,	 highly	 associated	 with	 anti-
MDA5.

Myocardial	Involvement
Cardiac	 and	 pulmonary	 diseases	 along	 with	 cancer	 are	 the	 main	 prognostic
factors	for	PM/DM	mortality.75	Up	to	70%	of	patients	have	cardiac	abnormalities



on	 noninvasive	 testing,	 but	 clinically,	 less	 than	 10%	 are	 symptomatic.
Myocarditis	 may	 manifest	 as	 heart	 failure,	 arrhythmias,	 cardiac	 arrest,	 or
myocardial	 infarction.	 It	 is	difficult	 to	diagnose	since	 levels	of	CK	and	muscle
brain	fractions	are	elevated	as	a	result	of	skeletal	muscle	inflammation.	Cardiac
troponin	 I	 is	 the	 most	 specific	 marker	 for	 myocardial	 involvement.	 Cardiac
magnetic	resonance	provides	a	more	sensitive	way	to	detect	myositis	or	perhaps
early	 changes,	 but	 clinical	 correlation	 to	 the	 gold	 standard	 of	 endomyocardial
biopsy	is	not	available.

The	 extent	 to	 which	 any	 cardiac	 abnormality	 is	 iatrogenic	 or	 arises	 as	 a
complication	of	 the	disease	is	unclear.	For	example,	steroid	therapy	accelerates
atherosclerosis	 and	 may	 exacerbate	 hypertension,	 diabetes	 mellitus,	 and
electrolyte	 disturbances.	 Similarly,	 hypoxia	 from	 pulmonary	 involvement
contributes	 to	 arrhythmias,	 axis	 shifts,	 and	 strain	 patterns	 on	 ECG.	 However,
DM	and	PM	patients	have	three-	to	fourfold	higher	risk	for	myocardial	infarction
than	controls	matched	for	age	and	other	risk	factors.

Other	Organ	System	Involvement
The	 major	 gastrointestinal	 manifestation	 of	 inflammatory	 myopathies	 is
weakness	 of	 the	 upper	 pharyngeal	 striated	 muscles,	 resulting	 in	 dysphonia,
dysphagia,	and	regurgitation	of	fluids.	Smooth	muscle	involvement	of	the	distal
esophagus	is	rare,	and	intestinal	vasculitis,	commonly	seen	in	childhood	DM,	is
also	uncommon.

Renal	 failure	 and	 its	 attendant	 metabolic	 abnormalities	 are	 the	 result	 of
rhabdomyolysis,	myoglobinemia,	and	subsequent	myoglobinuria.	Myoglobinuric
renal	 failure	 is	 rare	 but	 tends	 to	 occur	 in	 patients	 with	 acute	 or	 hyperacute
presentations	 as	 a	 result	 of	 widespread	 muscle	 necrosis	 and	 release	 of
sarcoplasmic	 materials,	 including	 myoglobin.	 Therapy	 is	 directed	 toward	 the
underlying	muscle	disease	while	maintaining	an	adequate	urinary	output.

Malignancy
The	 relationship	 of	 PM/DM	 to	 malignancy	 has	 been	 established	 by	 multiple
epidemiologic	studies	from	different	countries.	Several	reports	and	meta-analysis
studies	in	the	literature	confirm	DM	is	strike	associated	here	twice	as	likely	to	be
associated	with	malignancy	than	PM	(odds	ratio	of	4	vs	2,	 respectively).76	The
malignancy	may	 precede,	 be	 concurrent	with,	 or	 follow	 the	 onset	 of	myositis.
The	 risk	 decreases	with	 time,	 but	 even	 at	 5	 years,	 the	 risk	 is	 still	measurable.



Identified	 risk	 factors	 include	 later	 age	 at	 diagnosis,	 cutaneous	 necrosis	 and
leukocytoclastic	vasculitis,	 capillary	damage	on	muscle	biopsy,	 and	dysphagia.
Common	 malignancies	 associated	 with	 DM/PM	 include	 adenocarcinoma	 of
lungs,	breast,	ovarian,	colon,	gastric,	pancreatic,	and	hematologic	malignancies
including	 lymphoma.	Nasopharyngeal	 cancers	 are	more	common	 in	Asia.	Two
MSAs,	anti-TIF	1	γ	and	anti-NXP-2,	have	been	associated	with	malignancy.

Treatment
High-dose	corticosteroids	are	the	first-line	therapy	for	PM/DM	and	IMNM	based
on	 consensus	 of	 expert	 opinion	 since	 there	 are	 no	 controlled	 trials.	 Initial
treatment	 is	usually	with	prednisone	1	mg/kg/day,	maximum	of	80	mg	per	day
for	6	to	8	weeks	and	then	tapered	based	on	clinical	response.	At	the	same	time,	a
steroid-sparing	 agent	 (methotrexate	 or	 AZA,	 but	 MMF	 may	 be	 preferable	 if
there	 is	 ILD)	 should	 be	 started	 to	 facilitate	 steroid	 tapering	 and	 maintenance
therapy.	In	more	severe	cases	(dysphagia,	alveolitis,	myocarditis,	or	 impending
respiratory	failure	from	muscle	weakness),	IV	methylprednisolone	may	be	given
at	 a	 dose	 of	 1000	 mg	 daily	 for	 3	 days	 followed	 by	 the	 usual	 high-dose	 oral
corticosteroid	 regimen.	 IVIG	 in	 addition	 to	 steroids	 can	be	 initiated	 for	 severe
disease.77	Recent	FDA	approval	of	IVIG	in	treatment	of	adult	DM	was	based	on
a	 prospective	 randomized	 placebo-controlled	 Phase	 III	 trial	 that	 showed
statistically	 significant	 improvement	of	both	myositis	and	cutaneous	disease	 in
IVIG-treated	 patients	 (2	 g/kg	 over	 2-5	 days	 every	 4	 weeks)	 over	 placebo.18
Second-line	therapy	can	include	calcineurin	inhibitors	or	combination	therapies
of	methotrexate	and	azathioprine	 is	 recommended.	Third-line	 therapies	 include
RTX	and	cyclophosphamide	if	there	is	severe	lung	disease,	while	IVIG	is	more
effective	 for	 HMGCR,	 cutaneous	 disease,	 or	 dysphagia.	 Although	 a	 placebo-
controlled	 trial	 of	 RTX,	 given	 either	 early	 or	 late	 to	 PM	 or	 DM	 patients
unresponsive	 to	 steroids	 or	 alternative	 agents,	 did	 not	 meet	 its	 primary
endpoints,	 nearly	 80%	 of	 all	 patients	 satisfied	 the	 definition	 of	 improvement,
suggesting	RTX	efficacy.17	There	are	case	reports	on	efficacy	of	abatacept,	Janus
kinase	inhibitors	and	tocilizumab	as	well.

As	 for	 progressive	 or	 severe	 ILD,	 initial	 high-dose	 corticosteroids	 with
cyclophosphamide,	 calcineurin	 inhibitors,	 or	 RTX	 can	 be	 used.	 Determining
presence	of	myositis	specific	autoantibodies	helps	to	determine	the	likelihood	of
more	 severe	 ILD,	 other	 organ	 system	 involvement,	 or	 risk	 for	 malignancy.73
Lundberg	provides	an	excellent	review	and	algorithm	on	management	of	patients
with	refractory	myositis	that	includes	lung	disease.78

Therapy	 for	 IBM	 is	more	 difficult	 since	 it	 responds	 to	 steroids	 poorly	 and



slowly.	IVIG	and	methotrexate	have	not	been	effective	in	double-blind,	placebo-
controlled	 trials.	Current	 recommendations	 include	a	 trial	of	 steroids	 if	muscle
biopsies	 reveal	 significant	 inflammation	 and	physical	 therapy	 to	 help	maintain
strength	and	function.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	75-year-old	Korean	man	is	admitted	to	the	ICU	for	fever,	shortness	of
breath,	bilateral	knee	and	wrist	joint	pains,	and	a	rash.	He	has	a	prior	history	of
coronary	artery	disease,	hypertension,	diabetes,	stage	2	chronic	kidney	disease,
and	chronic	anticoagulation	for	atrial	fibrillation.	He	was	diagnosed	with	gout
due	to	recurrent	first	metatarsophalangeal	(MTP)	pain	by	his	physician	who
started	him	on	allopurinol	300	mg	daily	several	weeks	ago.	On	exam,	he	is
febrile,	dyspneic,	and	has	a	diffuse	erythematous	rash	covering	most	of	his	body.
His	left	wrist	and	bilateral	knees	are	red,	swollen,	and	painful	to	movement.
There	are	signs	of	mild	congestive	heart	failure.	Which	of	the	following
statements	is	most	correct?

A. 	The	diagnosis	of	gout	has	been	established
B. 	The	ethnicity	of	the	patient	puts	him	at	risk	for	adverse	drug
reactions
C. 	The	joints	can	be	aspirated	and	injected	with	corticosteroids	at	the
same	time
D. 	The	polyarticular	inflammation	can	be	treated	with	low	dose
colchicine

2. 	A	54-year-old	woman	with	a	diagnosis	of	seropositive,	erosive	rheumatoid
arthritis	on	infliximab	infusion	and	methotrexate	presents	to	the	emergency
department	with	complaints	of	joint	pain	and	swelling,	a	new	rash,	and	difficulty
breathing	with	chest	pain	on	deep	inspiration.	These	symptoms	developed	over
the	past	few	weeks.	She	denies	cough	or	other	upper	respiratory	symptoms.	She
reports	low-grade	fever	at	home	for	the	past	week.	She	has	been	on	methotrexate
for	the	past	10	years.	Infliximab	infusion	was	added	about	a	year	ago	when	she
was	experiencing	frequent	rheumatoid	arthritis	flares.	Her	last	infliximab
infusion	was	7	weeks	ago.	On	exam,	her	vital	signs	are	normal	including
respiratory	rate	and	oxygen	saturation.	She	has	swelling	of	her	wrists	and



metacarpophalangeal	joints	in	both	hands.	She	has	a	maculopapular	rash	on	her
upper	chest	and	arms.	A	CT	angiography	of	her	chest	is	negative	for	pulmonary
embolism	but	reveals	small	bilateral	pleural	effusions	without	other	pulmonary
findings.	Which	of	the	following	is	the	most	likely	diagnosis?

A. 	Anti–TNFα-induced	systemic	lupus	erythematosus
B. 	Methotrexate-induced	pneumonitis
C. 	Hypersensitivity	reaction	to	infliximab
D. 	Rheumatoid	arthritis	flare

3. 	A	45-year-old	man	with	history	of	antiphospholipid	syndrome,
hypertension,	recent	onset	atrial	fibrillation,	and	2	diabetes	mellitus,	was	sent	to
the	emergency	department	(ED)	from	an	outpatient	electrophysiology	clinic,
where	he	was	being	worked	up	for	atrial	fibrillation	ablation,	after	a	chest	CT
had	an	incidental	finding	of	diffuse	bilateral	ground-glass	opacities.	The	patient
admits	to	worsening	dyspnea	on	exertion	after	walking	a	block,	and	lower
extremity	swelling.	Review	of	systems	was	positive	for	left	upper	quadrant
abdominal	pain,	but	he	denied	fever,	cough,	sick	contacts,	hemoptysis,	chest
pain,	paroxysmal	nocturnal	dyspnea,	headache,	or	joint	pain.He	was	diagnosed
with	antiphospholipid	syndrome	5	years	ago	after	developing	left	lower
extremity	deep	venous	thrombosis	with	massive	clot	burden	after	a	long	airplane
flight.	At	the	time,	workup	for	coagulation	disorders	revealed	positive	high-titer
anticardiolipin	antibody	(aCL)	and	anti–β2-glycoprotein-I	(aβ2GPI)	IgG	and
IgM.	Lupus	anticoagulant	was	not	tested	as	he	was	already	on	treatment	with
warfarin	for	deep	venous	thrombosis.	Two	years	later,	repeat	Doppler	ultrasound
of	the	left	lower	extremity	showed	resolution	of	the	clot,	and	the	patient	was
taken	off	anticoagulation	as	he	was	thought	to	have	had	a	provoked	event.On
physical	examination,	the	patient	was	speaking	in	full	sentences	without	using
accessory	muscles,	saturating	92%	on	room	air,	with	irregular	heart	rate	of	96
beats	per	minute,	and	blood	pressure	of	137/75	mmHg.	He	had	1+	pitting	edema
up	to	his	knees.	Livedo	reticularis	was	noted	on	upper	back	and	arms.	He	had
chronic	venous	stasis	skin	changes	in	his	left	lower	extremity,	and	an	ulcer	at	the
inner	aspect	of	his	right	leg	that	was	painful	to	palpation	but	had	a	clean	base
and	was	without	pus.	Laboratory	tests	showed	a	hemoglobin	of	8.7	g/dL	from	a
prior	baseline	of	10.5	g/dL,	WBC	count	of	6800/μL,	platelets	of	120,000/μL
(previously	normal),	creatinine	of	2.5	mg/dL	(with	normal	value	2	months	ago),
spot	urine	protein/creatinine	ratio	of	2.3	g/g	with	2	WBCs	and	3	RBCs,	and
albumin	of	2.7	g/dL.	His	liver	function	tests	were	normal.	He	had	positive	aCL
IgG	at	142	units	and	IgM	at	67	units,	positive	aβ2GPI	IgG	at	150	units,	IgM	at	89



units,	and	a	positive	lupus	anticoagulant	test.	ANA	and	anti–double-stranded
DNA	were	negative	and	C3	and	C4	were	normal.	A	repeat	CT	chest	confirmed
presence	of	bilateral	ground-glass	opacities	suspicious	for	diffuse	alveolar
hemorrhage	and	showed	an	incidental	finding	of	a	splenic	infarct.What	is	the
most	likely	precipitating	factor	for	this	patient’s	current	clinical	presentation?

A. 	Infection
B. 	Lupus	flare
C. 	Malignancy
D. 	Medication

4. 	A	70-year-old	man	is	admitted	for	malaise,	weight	loss,	worsening
shortness	of	breath,	and	new	painful	dark	lesions	on	his	fingertips,	toes,	and
non–healing	leg	ulcer.	He	was	diagnosed	with	rheumatoid	arthritis	(RA)	many
years	ago	and	saw	a	rheumatologist	who	prescribed	methotrexate.	He	took	the
medication	for	2	months,	did	not	find	it	helpful,	stopped	the	drug,	and	never	saw
another	rheumatologist	again.	He	was	treating	his	joint	pains	with	varying	doses
of	ibuprofen.	He	continues	to	work	on	his	farm	and	only	recently	noted
progressive	dyspnea	on	exertion.	He	has	noted	the	development	of	“bumps”	over
the	hands	and	elbows,	but	they	have	never	become	red	or	painful.	He	was	told	he
had	Raynaud	phenomenon,	but	he	managed	this	with	conservative	therapy.	He
has	smoked	50	pack-years	of	cigarettes	but	drinks	alcohol	rarely.	On	exam,	he	is
afebrile,	dyspneic,	and	thin.	Lung	exam	with	crackles	one	third	up	from	the
bases.	Cardiac	exam	normal	and	lower	extremities	without	peripheral	edema.
Abdomen	scaphoid	but	nontender.	Joint	exam	reveals	synovial	thickening	at	the
MCPs	with	ulnar	deviation.	Wrists	and	elbows	with	decreased	range	of	motion.
Feet	with	valgus	changes	and	cock-up	toe	deformities.	Skin	with	nodules	over
olecranon	regions	and	some	hand	PIPs	as	well	as	Achilles	tendons.	There	are
necrotic	lesions	at	the	fingers	near	the	nail	beds	and	scattered	lesions	on	his	toes
as	well.	There	is	a	nonhealing	ulcer	in	the	right	lower	extremity.	Labs	are
remarkable	for	hemoglobin	of	10	mg/dL,	normal	WBC,	and	platelets;	CMP
normal.	ESR	70	mm/hr	and	CRP	of	50	mg/L.	Rheumatoid	factor	150	IU/mL	and
anti-CCP	>250	units.	CXR	shows	multiple	5	to	10	mm	nodules	and	interstitial
changes	in	lower	lobes.	High-resolution	chest	CT	confirms	fibrotic	changes	with
honeycombing,	traction	bronchiectasis,	and	multiple	cavitary	nodules,	some
pleural	based.	What	is	the	most	likely	diagnosis?

A. 	Malignancy
B. 	Nonspecific	interstitial	pneumonia	(NSIP)



C. 	Raynaud	phenomenon	with	ischemia
D. 	Rheumatoid	vasculitis

5. 	A	55-year-old	previously	healthy	woman	developed	an	erythematous	rash
over	her	eyebrows,	cheeks,	anterior	chest,	and	dorsum	of	her	hands	after
spending	a	week	on	a	cruise	to	the	Caribbean	islands.	After	returning	home,	the
rash	persisted.	She	then	noted	the	onset	of	joint	pain,	swelling,	and	shortness	of
breath	and	persistent	cough.	She	saw	her	dermatologist	who	noted	the	rash
distribution.	A	biopsy	of	one	of	the	skin	lesions	revealed	changes	consistent	with
dermatomyositis	or	systemic	lupus	erythematosus.	CPK	was	elevated	to	1200
U/L	and	myositis	specific	antibody	(MSA)	and	myositis-associated	antibody
(MAA)	panels	were	ordered.	Due	to	her	progressive	shortness	of	breath	and
cough,	she	was	sent	to	the	ER	and	subsequently	admitted	due	to	respiratory
distress.	After	her	admission,	the	results	of	the	myositis	panels	returned.	Which
of	the	following	myositis	antibodies	would	be	most	associated	with	rapidly
progressive	interstitial	lung	disease?

A. 	Anti–melanoma	differentiation–associated	genes-5	(anti-MDA5)
B. 	Anti–Mi-2	alpha
C. 	Anti–polymyositis-scleroderma	(PM-ScL)
D. 	Anti–3-hydroxy-3-methylglutaryl	coenzyme	A	reductase	(HMGCR)

Answers

1.	The	correct	answer	is	B
Rationale:	Current	recommendation	for	allopurinol	initiation	is	to	begin	with

the	low	dose	and	slowly	titrate	upwards.	However,	given	his	ethnic	background,
he	is	likely	to	be	at	greater	risk	for	severe	allopurinol	hypersensitivity	reactions
due	 higher	 prevalence	 of	 HLA	 B*5801	 in	 this	 population	 (as	 well	 as	 Han
Chinese,	 Thai,	 and	African	American	 population)	 (choice	B	 is	 correct).	 Thus,
there	 are	 current	 recommendations	 to	 check	 this	 gene	 before	 initiating
allopurinol	 in	 these	patients	 at	 risk.	The	diagnosis	of	gout	 is	 confirmed	by	 the
presence	of	intracellular	monosodium	urate	crystals	from	synovial	fluid	analysis.
Although	 first	 MTP	 pain	 is	 often	 the	 initial	 joint	 presentation	 of	 gout,	 other
etiologies	 of	 podagra	 include	 osteoarthritis,	 pseudogout,	 and	 hallux	 rigidus.
Thus,	it	is	unclear	that	his	diagnosis	of	gout	was	ever	“crystal	proven”	(choice	A
is	 incorrect).	 In	 the	 ICU	setting	of	 fever	 and	 significant	diabetes,	 aspiration	of
the	 affected	 joints	 along	 with	 blood	 cultures	 is	 the	 necessary	 initial	 step	 to



exclude	 infection.	 Crystalline	 arthritis	 can	 coexist	 with	 infection	 and	 thus	 all
aspirated	fluid	and	peripheral	blood	should	be	sent	for	culture	before	any	steroid
injection	 (choice	 C	 is	 incorrect).	 Once	 infection	 is	 excluded	 and	 gout	 (or
pseudogout)	is	established	on	synovial	fluid	aspiration,	the	best	management	of
acute	 crystalline	 arthritis	 in	 this	 case	 is	 intra-articular	 injection	 with	 steroids.
Even	 low-dose	 colchicine	would	 be	 relatively	 contraindicated	 due	 to	 his	 renal
insufficiency	 (choice	 D	 is	 incorrect).	 NSAIDs	 are	 not	 an	 option	 due	 to	 his
cardiac	 and	 renal	 status.	Parenteral	 steroids	 are	 an	 alternative	 for	 gout,	 and	he
may	 need	 it	 now	 for	 his	 severe	 cutaneous	 hypersensitivity	 drug	 reaction	 to
allopurinol.

2.	The	correct	answer	is	A.
Rationale:	The	use	of	TNFα	inhibitors	can	rarely	result	in	emergence	of	drug-

induced	 systemic	 lupus	 erythematosus	 characterized	 by	 skin	 and	 joint
involvement,	 myalgias,	 and	 serositis	 (choice	 A	 is	 correct).	 Central	 nervous
system	 involvement	 and	 lupus	 nephritis	 are	 unlikely	 to	 be	 observed.	 Patients
with	 such	 presentation	may	 have	 positive	ANA,	 anti-dsDNA,	 and	 anti-histone
antibodies.	Hypocomplementemia	 is	 an	uncommon	 finding.	Symptoms	usually
develop	 within	 the	 first	 year	 of	 anti-TNFα	 use.	 Withdrawal	 of	 the	 offending
medication	may	be	enough	for	resolution	of	symptoms	in	a	matter	of	weeks	to
months	 although	 some	 patients	 may	 require	 treatment	 with	 systemic	 steroids.
Methotrexate-induced	pneumonitis	 is	more	commonly	observed	within	the	first
year	of	treatment	and	is	characterized	by	dyspnea,	cough,	chest	pain,	and	fever.
Imaging	 findings	 include	 diffuse	 lung	 parenchymal	 opacities.	 This	 patient	 has
been	 on	methotrexate	 for	 a	 decade,	 which	makes	 this	 condition	 less	 probable
(choice	 B	 is	 incorrect).	 Hypersensitivity	 reactions	 can	 be	 observed	 usually
during	 or	 within	 2	 hours	 of	 infliximab	 infusion	 and	 are	 characterized	 by
urticaria,	 dyspnea,	 and/or	 hypotension.	 Serum-sickness	 like	 reactions	 (fever,
rash,	 headache,	 sore	 throat,	 myalgias,	 polyarthralgias,	 hand	 and	 facial	 edema,
and/or	 dysphagia)	 can	 be	 observed	 after	 initial	 treatment	 with	 infliximab,	 for
example	after	second	or	subsequent	doses	(choice	C	is	incorrect).	A	rheumatoid
arthritis	 flare	 would	 be	 less	 likely	 as	 the	 patient,	 apart	 from	 arthritis,	 has
additional	 findings	 of	 a	 rash	 and	 pleuritic	 chest	 pain	 that	 suggests	 serositis
(choice	D	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	 The	 patient	 has	 known	 history	 of	 antiphospholipid	 syndrome

(APS)	 characterized	 by	 deep	 venous	 thrombosis	 and	 positive	 antiphospholipid
antibodies	 at	 high	 titer.	 He	 currently	 presents	 with	 worsening	 dyspnea	 on



exertion	 and	 suspicion	 for	 diffuse	 alveolar	 hemorrhage,	 a	 splenic	 infarct,	 skin
ulcer,	worsening	kidney	function,	acute	on	chronic	anemia,	and	new	onset	mild
thrombocytopenia	 that	 developed	 over	 a	 brief	 period.	 This	 constellation	 of
findings	 is	 worrisome	 for	 catastrophic	 antiphospholipid	 syndrome	 (CAPS),
which	can	present	in	patients	with	established	APS,	or	be	the	first	manifestation
of	 APS.	 CAPS	 is	 characterized	 by	 large,	 medium,	 and/or	 small	 vessel
thromboses.	 Thrombocytopenia,	 microangiopathic	 hemolytic	 anemia	 with
schistocytes,	 and	 organ	 failure	 (commonly	 kidney)	may	 be	 part	 of	 CAPS.	An
international	 registry	 of	 CAPS	 patients	 has	 reported	 that	 in	more	 than	 half	 of
cases	a	precipitating	factor	 is	 identified,	most	commonly	infection	(choice	A	is
correct).	 Other	 precipitating	 factors	 include,	 in	 decreasing	 order	 of	 frequency,
surgery,	 malignancy,	 use	 of	 estrogen-containing	 contraceptives,	 pregnancy,
drugs,	 and	 lupus	 flare.	 Presence	 of	 infection	 should	 be	 actively	 sought	 and
treated.	 Triple	 therapy,	 namely	 anticoagulation	 plus	 high-dose	 glucocorticoids
plus	plasma	exchange	and/or	IVIG,	has	the	best	survival	data	for	CAPS.	CAPS
is	a	 rare	condition	 that	 requires	high	 level	of	suspicion	and	close	collaboration
among	 treating	 teams/specialties	 given	 its	 rapidly	 progressive	 course	 and
increased	mortality.

4.	The	correct	answer	is	D.
Rationale:	 Although	 the	 incidence	 of	 rheumatoid	 vasculitis	 has	 decreased

with	more	aggressive	treatment	of	RA,	patients	at	risk	include	older	males	with
severe	 nodular	 disease	 of	 longer	 duration.	 Patients	 can	 present	 with
constitutional	symptoms	of	malaise,	weight	loss,	and	fever.	It	is	also	associated
with	patients	who	smoke,	have	high-titer	RF,	and/or	anti-CCP.	In	this	patient,	he
has	not	been	treated	for	his	RA	and	the	lesions	on	his	fingers	and	toes	along	with
the	cutaneous	leg	ulcer	are	very	suggestive	of	vasculitis	and	a	skin	biopsy	would
confirm	 (choice	D	 is	 correct).	Although	Raynaud	phenomenon	 can	occur	with
any	 connective	 tissue	 disease,	 it	 is	 less	 common	 in	 RA	 and	 usually	 does	 not
cause	 severe	 ischemic	 events	 that	 occur	 in	 systemic	 sclerosis	 or	 mixed
connective	 tissues	 (choice	 C	 is	 incorrect).	 In	 addition,	 the	 cutaneous	 leg
ulceration	would	not	be	seen	in	Raynaud	phenomenon	since	that	involves	small-
to	 medium-sized	 vessels.	 His	 dyspnea	 is	 likely	 due	 to	 progressive	 usual
interstitial	 pneumonia	 (UIP),	 the	 most	 common	 of	 RA-ILD,	 and	 given	 the
characteristic	description	on	the	high-resolution	CT	scan	and	not	NSIP	(choice	B
is	incorrect).	Lung	cancer,	or	any	other	malignancy,	is	a	consideration	given	the
multiple	 pulmonary	 nodules,	 but	 further	 evaluation	with	 PET	 scan	 and	 biopsy
would	 further	 evaluate.	 Rarely,	 malignancy-associated	 vasculitis	 can	 occur
(choice	A	is	incorrect).



5.	The	correct	answer	is	A.
Rationale:	 The	 various	 MSA	 and	 MAA	 antibodies	 are	 helpful	 in

differentiating	 the	of	 inflammatory	myositis	along	with	potential	complications
of	 other	 organ	 system	 involvement.	 This	 patient	 has	 classic	 skin	 findings	 of
dermatomyositis,	which	 is	often	associated	with	anti-SAE,	anti-Mi-2,	and	anti-
MDA5.	Anti-SAE	is	anti–small	ubiquitin-like	modifier	activating	enzyme.	Anti-
Mi-2	 (alpha	 or	 beta)	 is	 associated	 with	 typical	 cutaneous	 and	 muscle	 disease
with	better	prognosis	(choice	B	is	incorrect),	while	anti-MDA5	has	more	severe
skin	 than	 muscle	 disease	 and	 rapidly	 progressive	 interstitial	 lung	 disease	 that
requires	 aggressive	 therapy	 (choice	 A	 is	 correct).	 This	 patient’s	 rash	 is	 not
typical	of	scleroderma	(choice	C	is	incorrect)	and	thus	she	is	unlikely	to	have	a
connective	 tissue	 myositis.	 Patients	 with	 immune-mediated	 necrotizing
myopathy	associated	with	anti-HMGCR	do	not	have	skin	involvement	(choice	D
is	incorrect).
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Chapter	66
Vasculitis	in	the	Intensive	Care	Unit
Paul	F.	Dellaripa,	Donough	Howard

KEY	POINTS:
1.	 Vasculitis	can	present	with	severe	life-threatening	manifestations

that	typically	include	respiratory	and/or	renal	failure,	as	well	as
severe	gastrointestinal	and	neurological	complications.

2.	 Early	recognition	and	treatment	is	critical	to	avoid	end	organ	failure.
3.	 Plasmapheresis	does	not	appear	to	offer	efficacy	for	ANCA-related

vasculitis.
4.	 While	high-dose	steroids	are	still	the	cornerstone	of	initial	therapy	for

many	types	of	vasculitis,	emerging	biologic	agents	are	now	available
to	limit	the	morbidity	associated	with	high	dose	steroids.

5.	 In	the	context	of	a	patient	with	known	vasculitis	who	deteriorates,
concern	for	infection	in	addition	to	exacerbation	of	the	underlying
vasculitis	needs	to	be	considered.

INTRODUCTION
1 	 2 	The	vasculitides	 are	 a	 group	of	 disorders	 characterized	by	 the	presence	of
destructive	inflammation	in	vessel	walls.1-4	The	possibility	of	systemic	vasculitis
should	be	considered	for	a	patient	with	systemic	complaints	and	dysfunction	of
one	or	more	organ	systems,	frequently	in	the	context	of	constitutional	symptoms
such	as	fever,	malaise,	and	weight	loss	(Table	66.1).	Patients	hospitalized	in	the
intensive	 care	 unit	 (ICU)	 may	 present	 with	 symptoms	 related	 to	 the	 clinical
features	 associated	 with	 a	 specific	 vasculitis,	 or	 with	 a	 known	 vasculitis	 and
complications	of	their	prior	or	ongoing	treatment,	most	notably	infection.	Early
recognition	and	 treatment	of	vasculitis	or	 infection	are	critical	 to	avoid	 further
organ	damage	and	optimize	outcomes.



TABLE	66.1

Notable	Physical	Signs,	Symptoms,	and	Laboratory
Features	of	Different	Vasculitic	Syndromes

Constitutional	symptoms	(GPA,	MPA,
EGPA,	BS,	TA,	PAN,	GCA)

Pulmonary	infiltrates/nodules	(GPA,
MPA,	EGPA)

Sinusitis/epistaxis	(GPA,	MPA,	EGPA) Pulmonary	hemorrhage	(GPA,
MPA,	rarely	EGPA,	BS,	Cryo)

Cough,	hemoptysis	(GPA,	MPA,
EGPA,	rarely	Cryo)

Subglottic	stenosis	(GPA)

Otitis/hearing	loss	(GPA) Cardiac	involvement	(EGPA,	PAN,
GPA,	TA)

Ocular	involvement	(GPA,	BS,	GCA,
TA)

Mononeuritis	(GPA,	PAN,	MPA,
Cryo)

Cutaneous	lesions	(GPA,	PAN,	MPA,
Cryo,	EGPA,	BS)

Glomerulonephritis	(GPA,	MPA,
rarely	Cryo)

Claudication	(TA,	GCA) Hypertension	(PAN,	TA)

Arthritis/arthralgia	(GPA,	EGPA,	MPA,
Cryo,	PAN)

ANCA	positivity	(GPA,	MPA,
EGPA)

Abdominal	pain/GI	bleeding	(PAN,
CSS,	BS,	MPA)

Angiographic	abnormalities	(PAN,
TA)

ANCA,	antineutrophil	cytoplasmic	antibody;	BS,	Behcet	syndrome;	Cryo,	cryoglobulinemia;	CSS,
Churg-Strauss	syndrome;	EGPA,	eosinophilic	granulomatosis	with	polyangiitis;	GCA,	giant	cell
arteritis;	GPA,	granulomatosis	with	polyangiitis;	MPA,	microscopic	polyangiitis;	PAN,	polyarteritis
nodosa;	TA,	Takayasu	arteritis.

Vasculitic	syndromes	typically	are	classified	by	the	size	of	vessel	 involved.
Although	 there	 may	 be	 an	 overlap	 in	 the	 vessel	 size,	 diseases	 may	 affect
predominately	 large	 vessels	 (Takayasu	 arteritis),	medium-size	 arteries	 (such	 as
polyarteritis	 nodosa	 [PAN]	 and	 central	 nervous	 system	 [CNS]	 vasculitis),	 and
small	 vessels	 (granulomatosis	 with	 polyangiitis	 [GPA],	 formerly	 known	 as
Wegener	 granulomatosis;	 microscopic	 polyangiitis	 [MPA];	 eosinophilic



granulomatosis	 with	 polyangiitis	 [EGPA],	 also	 known	 as	 Churg-Strauss
syndrome	 [CSS];	 cryoglobulinemia;	 and	 drug-induced	 vasculitis).	 These
particular	 vasculitides	 are	 the	 focus	 of	 this	 chapter.	 For	 a	 more	 general
discussion	of	vasculitis,	other	references	are	provided.1-4

Disorders	 not	 discussed	 but	 that	 may	 simulate	 presentation	 of	 vasculitis
include	embolism	due	to	endocarditis,	cardiac	myxoma,	hypercoagulable	states
including	 the	 antiphospholipid	 antibody	 syndrome,	 hyperviscosity	 syndromes,
chronic	 ergotism,	 radiation	 arteriopathy,	 Ehlers-Danlos	 syndrome,
neurofibromatosis,	 Sweet	 syndrome,	 pseudoxanthoma	 elasticum,	 Köhlmeier-
Danlos	diseases,	and	VEXAS	syndrome,	among	others.5,6

POLYARTERITIS	NODOSA
PAN	 is	 a	 systemic	 necrotizing	 arteritis	 involving	 predominately	 medium-size
vessels,	 although	 sometimes	 affecting	 smaller	 vessels.	 Vasculitic	 lesions
characteristically	occur	at	 the	bifurcations	or	branches	of	vessels	and	are	often
segmental.	Almost	any	organ	can	be	involved,	but	frequently	the	skin,	peripheral
nerves,	 kidneys,	 gastrointestinal	 (GI)	 tract,	 and	 joints	 are	 the	 principal	 organs
affected.7

Clinical	 manifestations	 include	 malaise;	 weight	 loss;	 fevers,	 abdominal	 or
lower-extremity	 pain;	 myalgias;	 or	 arthralgias.	 Clinical	 parameters	 include
hypertension	 and	 azotemia	 with	 proteinuria	 but	 rarely	 glomerulonephritis.
Peripheral	neuropathy	occurs	in	up	to	60%	of	cases,	usually	involving	a	mixed
sensorimotor	and	mononeuritis	multiplex.8	Sudden	onset	paresthesia	associated
with	 motor	 deficits	 is	 a	 common	 manifestation.	 CNS	 involvement,	 including
seizures,	 focal	 events,	 and	 altered	 mental	 status,	 is	 less	 common.9
Musculoskeletal	 symptoms	 including	 arthralgias	 (50%)	 and,	 less	 frequently,
arthritis	 can	occur.7	Vasculitis	 of	 skeletal	muscles	may	 cause	 severe	myalgias,
and	muscle	biopsy	can	be	useful	diagnostically.10	Abdominal	 pain	may	have	 a
variety	 of	 causes,	 including	 intestinal	 angina,	 mesenteric	 thrombosis,	 or
localized	 gallbladder	 or	 liver	 disease.	 Acute	 GI	 bleeding,	 perforation,	 and
infarction	are	rare	but	are	associated	with	a	high	mortality	if	the	diagnosis	is	not
established	promptly.11	Cardiac	involvement,	observed	in	nearly	60%	of	autopsy
series,	is	often	clinically	silent	and	includes	congestive	heart	failure,	pericarditis,
myocardial	 infarctions,	 and	 conduction	 abnormalities.12,13	 Cutaneous	 lesions
include	nonspecific	palpable	purpura,	 livedo	 reticularis,	 tender	nodular	 lesions,
digital	 infarcts,	 and	 ulcers.14	 Arteritis	 of	 the	 eye,	 testes,	 pancreas,	 ovaries,
breasts,	and	involvement	of	the	temporal	arteries	may	develop	rarely.



The	pathogenesis	of	polyarteritis	is	unknown.	Hepatitis	B	surface	antigen	has
been	 found	 in	 a	 minority	 of	 patients	 with	 PAN.	 The	 presence	 of	 circulating
immune	 complexes	 of	 hepatitis	 B	 surface	 antigen	 and	 deposition	 of	 surface
antigen	 and	 immunoglobulin	 in	 vessel	 walls	 has	 suggested	 that	 immune
mechanisms	may	play	a	role	for	some	forms	of	polyarteritis.15,16	Hepatitis	C	has
rarely	 been	 associated	 with	 PAN.17	 Pathologically,	 fibrinoid	 necrosis	 and
pleomorphic	 cellular	 infiltration,	 predominantly	 with	 lymphocytes,
macrophages,	and	varying	degrees	of	polymorphonuclear	leukocytes,	involve	the
entire	wall	of	small	and	medium	muscular	arteries.	Thromboses	and	aneurysms
can	 be	 found	 in	 lesions.18	 Laboratory	 abnormalities	 of	 PAN	 usually	 include
elevated	 sedimentation	 rate,	 elevated	 C-reactive	 protein,	 and	 thrombocytosis.
Antineutrophil	cytoplasmic	antibody	(ANCA),	antinuclear	antibody	(ANA),	and
rheumatoid	factor	are	not	 typically	present	 in	PAN.	Mesenteric	angiography	or
CT	angiography	can	show	evidence	of	aneurysms	 involving	 the	 renal,	hepatic,
and	mesenteric	arteries,	and	areas	of	arterial	stenosis	alternating	with	normal	or
dilated	 vessels.18	 Sural	 nerve	 biopsies	 are	 easily	 accessible	 sources	 of	 nerve
tissue	when	a	mononeuritis	 is	present,	 although	 the	 location	of	biopsy	may	be
guided	by	electromyography.

Although	 there	 is	 no	 consensus	 regarding	 the	 treatment	 of	 PAN,
administration	of	corticosteroids	(CS)	at	1	mg/kg/d	orally	is	indicated	for	nearly
all	 cases	 where	 there	 is	 moderate	 to	 severe	 disease	 which	 is	 defined	 as	 the
presence	 of	 active	 renal,	 GI,	 neurologic,	 or	 cardiac	 disease.	 For	 fulminant
disease,	 daily	 intravenous	 (IV)	 methylprednisolone,	 1	 g/d	 for	 3	 days,	 is
reasonable	followed	by	daily	oral	or	IV	CS.	In	the	presence	of	GI	involvement,
IV	 dosing	may	 need	 to	 be	 continued	 especially	 for	 life-threatening	 cases.	 The
use	 of	 a	 second	 drug	 like	 azathioprine	 or	 mycophenolate	 is	 guided	 by	 the
severity	of	presentation	 and	when	 there	 is	 failure	 to	 respond	 to	 steroids	 alone.
One	 prospective	 trial	 among	 several	 retrospective	 cohorts	 suggests	 that	 those
with	 more	 severe	 illness	 benefit	 from	 the	 use	 of	 cyclophosphamide	 in
combination	 with	 CS.19	 Cyclophosphamide	 may	 be	 given	 orally,	 usually
2	mg/kg/d,	though	adjustment	should	be	made	for	renal	failure	(Table	66.2),	or
by	 IV	 dosing	 of	 500	 to	 1000	 mg/m2	 monthly	 (see	 Table	 66.3	 on
Immunomodulation)	or	using	 the	 IV	 regimen	 similar	 to	 treatment	of	GPA	 (see
below).	Plasmapheresis	in	combination	with	antiviral	therapy	may	be	beneficial
in	hepatitis	B-associated	PAN.28,29

TABLE	66.2



Dosage	Adjustments	of	Oral	Cyclophosphamide	With
Renal	Impairment

Creatinine	Clearance
(mL/min)

Oral	Cyclophosphamide	Dose
(mg/kg/d)

>100 2.0

50-99 1.5

25-49 1.2

15-24 1.0

<15	or	on	dialysis 0.8

Reprinted	from	WGET	Research	Group.	Design	of	the	Wegener’s	Granulomatosis	Etanercept
Trial	(WGET).	Control	Clin	Trials.	2002;23(4):450-468,	with	permission	from	Elsevier.

TABLE	66.3

Selected	Randomized	Trials	in	the	Treatment	of	Vasculitis

Study Types	of
Vasculitis Study	Design Results Comment

DeVita
et	al20

cryoglobulinemia Randomized
controlled	trial
with	crossover
comparing
monotherapy
RTX	to	standard
therapies	for
cryoglobulinemic
vasculitis

RTX	was
superior	at
month	24	in
terms	of	the
proportion	of
patients	taking
initial	therapy
and
improvement	in
vasculitic
activity	score.

Most	of	the	non-
RTX	patients
either	failed
standard	therapy
or	had	AEs	and
crossed	over	to
RTX

Walsh	et GPA,	MPA Randomized	trial PE	offered	no A	reduced	dose



al21 examining	effect
of
Plasmapheresis
(PE)	on	rate	of
death	or	end-
stage	kidney
disease	(ESKD)
in	severe	ANCA
vasculitis

benefit	in	rate
of	death	or
development	of
ESKD

glucocorticoid
was	not	inferior	in
terms	of	death	or
ESKD

Gaskin
et	al22

GPA,	MPA	all
with	renal	failure

Randomized
controlled	trial
using	either
plasmapheresis
or	pulse	CS	in
addition	to
standard
CS/CYC

Lower	rate	of
dialysis
dependence	in
plasmapheresis-
treated	group

1	year	follow-up
data	only

Wechsler
et	al23

EGPA Randomized
placebo	control
trial	using
mepolizumab	in
relapsing	or
refractory	EGPA

Patients
receiving
mepolizumab
had	greater
frequency	and
duration	of
remission
compared	to
controls

Only	about	50%
of	patients	in
mepolizumab
achieved
remission

Jayne	et
al24

GPA,	MPA Randomized	trial
comparing
avacopan	vs	oral
corticosteroids	in
ANCA	vasculitis.

Avacopan	was
not	inferior	in
terms	of
remission
compared	to
steroids	at	week
26	and	superior
at	week	52.

All	patients
received
background
rituximab	or
cyclophosphamide

deGroot
et	al25

ANCA-
associated

Prospective
randomized

No	difference
in	time	to

Total	dose	of
CYC	less	in	IV



vasculitis controlled	trial
using	oral	or	IV
CYC	for
induction	of
remission

remission	or
proportion	of
patients	who
achieved
remission

group.	Study	not
powered	to	detect
differences	in
relapse	rates
among	the	two
groups.

Jones
RB	et
al26

GPA,	MPA:
nephritis	only

Prospective,
open	label,
multicenter,
parallel	trial
comparing	RTX
to	standard
intravenous	CYC
for	induction
therapy

Sustained
remission	rates
were	similar	in
both	groups	and
adverse	events
in	both	groups
were	similar

12	mo	follow-up;
small	number	(44
pts)
Patients	in	RTX
group	also
received	IV	CYC
15	mg/kg	with
first	and	third
infusions

Stone	et
al27

GPA,	MPA Randomized,
double-blinded,
double-dummy
multicenter	trial
comparing	RTX
to	oral	CYC	for
induction	therapy

RTX	is
equivalent	to
oral	CTX	in
remission
induction;	no
difference	in
adverse	events;
RTX	may	be
superior	to
CYC	in
relapsing
disease

6	mo	follow-up
only	and	data	on
maintenance	of
remission	with
AZA	not
available,	yet	197
patients	total

AAV,	ANCA-associated	vasculitis;	AEs,	adverse	events;	AZA,	azathioprine;	CS,	corticosteroid;
CYC,	cyclophosphamide;	EGPA,	eosinophilic	granulomatosis	with	polyangiitis;	GPA,
granulomatosis	with	polyangiitis,	IVIG,	intravenous	immunoglobulin;	MPA,	microscopic
polyangiitis;	MTX,	methotrexate;	PAN,	polyarteritis;	RTX,	rituximab.

A	 variety	 of	 drugs,	 viral	 infections,	 connective	 tissue	 diseases	 such	 as
rheumatoid	 arthritis,	 and	 underlying	 malignancies	 may	 cause	 a	 necrotizing
angiitis	that	may	be	indistinguishable	from	polyarteritis.30-35



MICROSCOPIC	POLYANGIITIS
MPA	is	a	necrotizing	vasculitis	that	involves	small	vessels,	including	arterioles,
capillaries,	 and	 venules.	 Clinical	 presentations	 may	 involve	 concomitant
capillaritis	 with	 or	 without	 alveolar	 hemorrhage	 and	 rapidly	 progressive
glomerulonephritis,	 the	 so-called	 pulmonary	 renal	 syndrome,	 although	 more
indolent	 and	 slower	 presentations	 have	 been	 described.	 Glomerulonephritis
occurs	in	nearly	all	cases,	and	pulmonary	involvement	ranging	from	cough	and
dyspnea	 to	 frank	 hemoptysis	 occurs	 in	 up	 to	 30%	 of	 cases.	 Neuropathy	 and
cutaneous	vasculitis	occur	in	up	to	50%	of	cases.	ANCA	is	found	in	about	75%
of	 cases,	 mostly	 specific	 for	 myeloperoxidase	 (MPO),	 though	 occasionally
ANCA	for	proteinase	3	(PR3)	has	been	described.14,34,35

3 	 4 	Diagnosis	is	typically	made	with	a	biopsy	of	lung,	kidney,	skin,	or	nerve
in	conjunction	with	a	positive	ANCA	result.	Most	clinical	trials	for	treatment	of
ANCA	 associated	 vasculitis	 included	 both	 GPA	 and	 microscopic	 PAN.	 Thus,
treatment	 is	 identical	 with	 CS	 (prednisone	 at	 1	 mg/kg/d	 orally	 or	 IV
methylprednisolone),	 and	 IV	 rituximab	 or	 cyclophosphamide	 given	 orally	 or
intravenously26,35,36	(please	refer	to	the	following	section	on	treatment	of	GPA	for
details).	Plasmapheresis	does	not	 appear	 to	offer	 significant	benefit	 in	ANCA-
related	vasculitis	regarding	the	development	of	end-stage	kidney	disease	or	death
though	there	were	older	data	suggesting	benefit	in	terms	of	renal	function.21,22	In
relapsing	 disease,	 the	 role	 of	 IV	 immunoglobulin	 is	 uncertain	 but	 may	 be
beneficial	 for	 select	 patients	 with	 ANCA-related	 vasculitis.37	 Novel	 biological
therapies	 including	 C5	 receptor	 inhibitors	 are	 now	 available	 that	 may	 allow
treatment	of	ANCA-related	vasculitis	with	limited	use	of	CS.24

Eosinophilic	Granulomatosis	With	Polyangiitis	(Churg-
Strauss	Syndrome)
4 	 EGPA,	 formerly	 CSS,	 is	 characterized	 by	 the	 presence	 of	 eosinophilic
infiltrates	 and	 granulomas	 in	 the	 respiratory	 tract	 and	 necrotizing	 vasculitis	 in
the	 setting	 of	 asthma	 and	 peripheral	 eosinophilia.	 Typically,	 patients	 have	 a
preceding	history	of	asthma	and	allergic	rhinitis	and	then	develop	constitutional
symptoms	of	 fatigue	 and	weight	 loss	 followed	 by	 systemic	 symptoms	 such	 as
mononeuritis	 multiplex,	 cardiomyopathy,	 pulmonary	 infiltrates,	 or	 abdominal
pain.14	 Pulmonary	 disease	 includes	 fleeting	 or	 diffuse	 infiltrates	 and	 nodular
lesions.38	 The	 diagnosis	 of	 eosinophilic	 pneumonia	 may	 be	 suggested	 in	 the
context	 of	 peripheral	 infiltrates	 and	 peripheral	 eosinophilia.	 Rarely	 alveolar



hemorrhage	may	occur.	Peripheral	neuropathy	occurs	 in	up	 to	75%	of	patients
with	 EGPA,	 whereas	 renal	 involvement	 is	 less	 common	 than	 with	 MPA	 and
GPA.	 Other	 sources	 of	 morbidity	 and	 mortality	 include	 GI	 involvement	 with
bleeding	 and	 bowel	 perforation,	 cardiac	 involvement	 causing	 arrhythmias,
myocarditis,	pericarditis,	and	congestive	heart	failure.38,39	The	etiology	of	EGPA
is	 unknown.	 ANCA	 is	 positive	 among	 approximately	 38%	 to	 60%	 of	 cases,
mostly	 MPO.40-42	 Distinguishing	 between	 EGPA	 and	 other	 types	 of
hypereosinophilic	 syndromes	 can	 be	 a	 challenge	 clinically.	 CS	 alone	 in	 high
doses	 are	 effective	 treatment	 although	 with	 severe	 organ	 involvement	 other
agents	such	as	cyclophosphamide	are	utilized.19	Rituximab	may	be	effective	for
severe	 cases	 of	 EGPA	 especially	 when	 ANCA	 is	 positive.43	 Biological	 agents
that	 target	 interleukin	 5	 may	 be	 of	 benefit	 for	 patients	 with	 refractory	 or
relapsing	EGPA.23

CRYOGLOBULINEMIC	VASCULITIS
Cryoglobulins	 are	 immunoglobulins	 that	 precipitate	 below	 37	 °C.	 There	 are
three	 types:	 Type	 I,	 seen	 in	 myeloproliferative	 disorders;	 type	 II,	 or	 mixed
essential	cryoglobulins;	and	type	III,	mixed	polyclonal.	Types	II	and	III	are	most
closely	 associated	 with	 hepatitis	 C	 infection.	 Typical	 involvement	 includes
cutaneous	 vasculitis,	 arthritis,	 and	 peripheral	 neuropathy.	 Abnormal	 liver
enzymes	 suggest	 hepatitis	 C	 infection;	 complement	 levels,	 especially	 C4,	 are
decreased.44,45	 Infrequently,	cryoglobulinemic	vasculitis	may	be	 life	 threatening
with	 severe	 renal,	 GI,	 and	 pulmonary	 involvement	 including	 alveolar
hemorrhage.46,47	Therapy	 for	 severe	 cases	 consists	of	CS	and	 rituximab	or	 less
frequently	cyclophosphamide	in	conjunction	with	antiviral	therapy	for	those	that
are	related	to	hepatitis	C,	with	careful	attention	to	the	potential	risk	of	increased
hepatitis	 C	 replication.20	 For	 severe	 cases	 involving	 progressive
glomerulonephritis,	 plasmapheresis	 or	 cryo-filtration	 may	 be	 of	 additional
benefit.48-50

Granulomatosis	With	Polyangiitis
GPA,	 formerly	 Wegener	 granulomatosis,	 is	 a	 disease	 of	 unknown	 etiology
characterized	 by	 granulomatous	 vasculitis	 of	 the	 upper	 and	 lower	 respiratory
tract,	segmental	necrotizing	glomerulonephritis,	and	systemic	vasculitis	of	small
blood	 vessels.51	 A	 subset	 of	 patients	 may	 have	 disease	 isolated	 to	 the	 upper
respiratory	 tract	 or	 have	 less	 severe	 organ	 involvement	 and	 are	 referred	 to	 as



having	 “limited”	 GPA.52,53	 Patients	 most	 frequently	 require	 intensive	 care
treatment	 for	 severe	 pneumonitis,	 glomerulonephritis,	 stroke,	 myocardial
infarction,	 multiorgan	 system	 dysfunction	 secondary	 to	 necrotizing	 vasculitis,
infection	due	 to	 immunosuppression,	 and	 anatomic	 abnormalities	 secondary	 to
the	granulomatous	inflammation.

The	 etiology	 of	GPA	 is	 unknown.	 Possible	 infectious	 etiologic	 associations
with	Staphylococcus	aureus	have	been	proposed	but	are	yet	unproven.54	ANCA
is	present	in	more	than	90%	of	patients	with	systemic	GPA	and	in	70%	to	80%
with	active	limited	disease.	In	GPA,	the	pattern	noted	on	immunofluorescence	is
C-ANCA	or	cytoplasmic	staining,	and	 the	specific	antigen	 in	most	cases	 is	 the
PR3	 antigen,	 although	 in	 10%	 of	 cases	 or	more,	 there	may	 be	 a	 P-ANCA	 or
perinuclear	 staining	with	MPO	as	 the	 specific	 antigen.55	Correlation	of	ANCA
titers	 with	 clinical	 remission	 is	 controversial,	 with	 the	 most	 recent	 data
suggesting	 that	 relapse	 is	 unlikely	 in	 treated	 patients	 with	 negative	 titers,
whereas	 those	 with	 rising	 or	 recurrently	 positive	 titers	 have	 a	 higher	 risk	 of
relapse,	 although	 the	 timing	of	 relapse	 is	not	predictable.56-58	The	pathology	of
the	 vasculitis	 includes	 fibrinoid	 necrosis	 with	 inflammatory	 mononuclear	 cell
infiltrates	of	vessel	walls,	focal	destruction	of	the	elastic	lamina,	and	narrowing
or	 obliteration	 of	 vessel	 lumens.	 Granulomatous	 lesions	 are	 characterized	 by
areas	 of	 central	 necrosis	 surrounded	 by	 epithelial	 fibroblasts	 and	 scattered
multinucleated	 giant	 cells.59	 Granulomatous	 vasculitis	 may	 involve	 the	 lung,
skin,	CNS,	peripheral	nerves,	heart,	and	other	organs.

Most	patients	present	with	symptoms	referable	to	the	upper	respiratory	tract,
including	 sinusitis,	 nasal	 obstruction,	 rhinitis,	 otitis,	 hearing	 loss,	 ear	 pain,
gingival	 inflammation,	 epistaxis,	 sore	 throat,	 laryngitis,	 and	 nasal	 septal
deformity.	Fever,	in	addition	to	being	caused	by	the	underlying	disease,	may	be
due	to	suppurative	otitis	or	S.	aureus	sinusitis.60	Granulomatous	vasculitis	of	the
upper	 respiratory	 tract	may	 lead	 to	 damage	 of	 nasal	 cartilage,	 resulting	 in	 the
“saddle-nose”	deformity,	 a	 sore	 throat,	 and	oral	 and	nasal	mucosal	 ulcers.61	 In
addition,	 chondritis	 of	 the	 nose	 or	 ear	 may	 develop.62	 Laryngeal	 involvement
may	 result	 in	 severe	 narrowing	 of	 the	 upper	 respiratory	 tract.63-65	 Unusual
manifestations	 of	 GPA	 include	 distinctive	 punched-out	 ulcerative	 skin	 lesions
appearing	as	pyoderma	gangrenosum	and	painless	subcutaneous	nodules.66

Although	 only	 one	 third	 of	 patients	 present	 with	 symptomatic	 lung
involvement	 (including	 cough,	 sputum	 production,	 dyspnea,	 chest	 pain,
hemoptysis,	and	even	life-threatening	pulmonary	hemorrhage),	lower	respiratory
tract	 disease	 is	 found	 in	 almost	 all	 patients	 after	 evaluation.	The	 characteristic
chest	 radiographic	 findings	 are	 multiple,	 nodular,	 bilateral	 cavitary	 infiltrates,
but	infiltrates	without	sharp	margins	occur	more	frequently	than	distinct	nodules.



Cavitation	 may	 occur	 in	 distinct	 nodules	 and	 in	 infiltrates	 with	 less-defined
borders.	Nodules	may	have	thick	or	thin	walls.	Infiltrates	may	involve	the	lower
or	 upper	 lobes.	 In	 approximately	 50%	 of	 patients,	 the	 infiltrates	 are	 bilateral.
Infiltrates	may	be	 transient.65,67	 Less	 common	 chest	 radiographic	 abnormalities
include	 paratracheal	 masses,	 large	 cavitary	 lesions,	 a	 miliary	 pattern,	 massive
pleural	 effusion,	 calcified	 nodule,	 and	 masses	 between	 the	 trachea	 and
esophagus.68	 GPA	 may	 also	 be	 associated	 with	 inflammation	 and	 subsequent
scarring/stenosis	 of	 the	 subglottic	 region	 in	 about	 25%	 of	 patients.69	 This
complication	 is	 distinctly	 more	 common	 in	 younger	 adult	 and	 pediatric
populations	 and	 may	 sometimes	 be	 difficult	 to	 differentiate	 from	 relapsing
polychondritis	 where	 tracheal	 and	 subglottic	 inflammation	 is	 the	 major
presenting	feature.

Although	 renal	 manifestations	 are	 often	 asymptomatic,	 urinalysis	 reveals
renal	 involvement	 among	 approximately	 80%	 of	 patients	 at	 presentation.	 The
typical	renal	lesion	is	segmental	necrotizing	glomerulonephritis.	Functional	renal
impairment	 may	 progress	 rapidly	 if	 appropriate	 therapy	 is	 not	 instituted
promptly.70,71

The	 vasculitis	 of	GPA	may	 cause	 a	 variety	 of	 other	 clinical	manifestations,
including	arthralgias	and	less	commonly	arthritis,	most	frequently	affecting	 the
knees72,73;	perinephric	hematoma;	renal	artery	aneurysms;	ureteral	obstruction74;
a	 variety	 of	 cutaneous	 lesions,	 including	 ulcers,	 papules,	 vesicles,	 and
subcutaneous	nodules67;	episcleritis;	conjunctivitis;	scleritis;	uveitis;	optic	nerve
vasculitis75;	 mononeuritis	 multiplex	 or	 polyneuritis;	 cranial	 nerve	 dysfunction;
meningitis76;	 cerebral	 infarction77;	 subarachnoid	 hemorrhage;	 abdominal	 pain;
intestinal	perforation;	and	diarrhea.78

Typically,	 diagnosis	 is	 based	 on	 the	 clinical	 findings	 of	 upper	 and	 lower
respiratory	 tract	 noninfectious	 inflammation79	 with	 glomerulonephritis	 and
positive	 anti-PR3	 antibodies	 and	 rarely	MPO	 antibodies.	 For	 cases	with	more
limited	involvement	or	where	ANCA	titers	are	negative	or	show	the	less	typical
MPO	specificity,	tissue	diagnosis	may	be	necessary.

Treatment	of	GPA	has	led	to	the	development	of	a	biphasic	approach	with	an
initial	remission-induction	phase	using	either	rituximab	or	cyclophosphamide	in
combination	with	CS	until	remission	(usually	within	3-6	months)	followed	by	a
remission-maintenance	phase	using	either	 rituximab	as	maintenance	 therapy	or
other	agents	such	as	methotrexate,	azathioprine,	or	mycophenolate.36,80,81	Overall,
rituximab	 is	 increasingly	 utilized	 preferentially	 for	 induction,	 although	 some
experts	 favor	 cyclophosphamide.	 There	may	 be	 compelling	 reasons	 to	 choose
one	agent	over	another	including	fertility	concerns,	a	risk	of	malignancy,	specific
infectious	risks,	such	as	inability	to	generate	antibody	response	to	vaccines	with



rituximab.	 In	selected	patients	with	early	and	 less	severe	disease,	methotrexate
may	be	used	for	induction	although	with	a	higher	risk	of	relapse.82

Initial	 treatment	with	CS	 is	generally	given	as	prednisone	1	mg/kg/d	orally.
For	the	critically	ill	patient	with	severe	systemic	involvement,	pulse	CS	with	IV
methylprednisolone	 1	 g/d	 for	 3	 days	 is	 advocated,	 transitioning	 to	 prednisone
1	mg/kg/d	orally	or	its	IV	equivalent.	Prednisone	therapy	is	maintained	at	60	mg
for	 1	month	 and	 then	 weaned	 to	 20	mg	 over	 2	 to	 3	months	 and	 then	 slowly
tapered	thereafter.	As	mentioned	earlier	with	MPA,	novel	therapies	including	C5
receptor	inhibitors	are	now	available	that	may	allow	treatment	of	ANCA	related
vasculitis	with	limited	use	of	CS.24

Two	 randomized	 trials	 explore	 the	 efficacy	 and	 safety	 of	 rituximab	 vs
cyclophosphamide	(one	study	with	IV	dosing	and	the	second	with	oral	dosing)
as	induction	therapy	for	ANCA-associated	vasculitis.	The	results	of	both	studies
suggest	 equivalency	 for	 inducing	 remission	 and	 similar	 severe	 adverse	 event
profiles.26,27	 The	 precise	 role	 of	 rituximab	 for	 rapidly	 progressive	 ANCA
vasculitis	 of	 the	 critically	 ill	 patient	 (ie,	 severe	 renal	 failure	 or	 pulmonary
hemorrhage)	is	unknown	because	this	was	not	the	focus	of	the	two	prospective
trials	 utilizing	 this	 agent.	 Patients	 should	 be	 screened	 for	 past	 exposure	 to
hepatitis	B	as	rituximab	can	cause	fulminant	reactivation	of	latent	hepatitis	B.

Cyclophosphamide	can	be	administered	as	IV	boluses	or	as	a	daily	oral	dose.
Both	approaches	have	 shown	similar	 rates	of	 remission-induction	at	6	months,
78%	 with	 daily	 oral	 treatment	 vs	 89%	 with	 monthly	 IV	 boluses.9	 However,
relapse	rates	were	much	higher	among	the	IV	group,	52%	compared	with	18%	in
the	daily	oral	group.	Follow-up	of	this	group	after	a	mean	of	4.3	years	revealed
that	despite	the	higher	relapse	rate	of	the	IV	group,	renal	morbidity	and	overall
mortality	was	equal.	The	cumulative	dose	of	cyclophosphamide	in	the	IV	group
was	about	50%	less	than	that	in	the	oral	group,	and	leukopenia	was	less	frequent.
Development	of	malignancies	was	not	 different,	 but	 the	duration	of	 study	was
likely	not	long	enough	to	detect	changes.

For	 the	 critically	 ill	 patient,	 initial	 treatment	 should	 be	 with	 IV
cyclophosphamide	 or	 rituximab.	 Given	 the	 concern	 for	 delay	 in	 action	 of
rituximab,	 some	 clinicians	 will	 offer	 both	 cyclophosphamide	 and	 rituximab
together	initially	and	then	based	on	improvement	will	continue	therapy	only	with
rituximab.	 One	 regimen	 starts	 with	 cyclophosphamide	 15	 mg/kg	 (maximum
dose:	1200	mg)	every	2	weeks	for	three	doses,	followed	by	continued	pulses	of
either	 15	 mg/kg	 IV	 (maximum	 dose:	 1200	 mg)	 every	 3	 weeks,	 or	 2.5	 to
5	mg/kg/d	 orally	 on	 days	 1,	 2,	 and	 3	 every	 3	weeks	 until	 remission	 has	 been
achieved,	and	then	continued	for	additional	3	months	after	remission.25	Another
similar	 regimen	 recommends	 0.5	 g/m2	 every	 2	 weeks	 for	 3	 to	 6	months	 until



remission.	 The	 dose	 can	 be	 increased	 to	 0.75	 g/m2	 or	 lowered	 based	 on	 nadir
WBC	and	absolute	neutrophil	counts.	If	the	oral	regimen	is	chosen,	the	dose	is
2	mg/kg/d	in	a	single	am	dose	until	remission,	and	then	dosing	may	be	decreased
to	1.5	mg/kg	daily	for	additional	3	months.25	Both	oral	and	IV	doses	need	to	be
adjusted	for	renal	impairment.	Table	66.2	outlines	the	renal	adjustments	in	oral
cyclophosphamide	 doses.	 If	 cyclophosphamide	 is	 given	 during	 an	 ICU	 stay,
ensuring	 urine	 output	 >100	 mL/h,	 or	 bladder	 irrigation,	 or	 use	 of	 sodium	 2-
mercaptoethane	sulfonate	(MESNA)	in	patients	with	renal	impairment,	will	help
prevent	 hemorrhagic	 cystitis	 due	 to	 the	 cyclophosphamide	 acrolein	metabolite
(see	Chapter	67:	Therapeutics	in	Immune-Mediated	Rheumatic	Diseases).

Cyclophosphamide	therapy	is	associated	with	significant	morbidity	including
a	2.4-fold	increase	of	malignancy	with	11-fold	increase	in	the	risk	of	leukemia	or
lymphoma	and	a	significant	increased	risk	of	bladder	cancer	occurring	in	1%	to
3%	of	GPA	patients	 treated	with	 cyclophosphamide.83	Hemorrhage	 cystitis	 has
been	 reported	 in	 12%	 to	 43%	 of	 patients	 treated	 for	 GPA.	 In	 one	 National
Institutes	 of	 Health	 study,	 57%	 of	 women	 of	 childbearing	 years	 became
infertile.83	Opportunistic	 infection,	particularly	with	Pneumocystis	 jiroveci,	was
reported	 among	 6%	 of	 patients	 in	 initial	 trials	 with	 combination
cyclophosphamide	and	CS	and	it	 is	now	the	standard	of	care	for	patients	 to	be
prophylactically	 treated	 with	 double	 strength	 trimethoprim/sulfamethoxazole
three	times	weekly,	or	atovaquone	or	dapsone	for	those	intolerant	of	sulfa	drugs.

In	 the	 case	 of	 symptomatic	 subglottic	 stenosis,	 optimal	 treatment	 of	 this	 is
best	 achieved	 with	 localized	 treatment,	 with	 bronchoscopic	 mechanical
dilatation,	and	transbronchial	CS	injection	of	the	involved	area.69

DRUG-INDUCED	VASCULITIS
Cases	of	vasculitis	associated	with	the	use	of	certain	drugs,	vaccines,	and	toxins
have	long	been	recognized.	Previously	these	were	described	as	hypersensitivity
reactions	 causing	 small	 vessel	 vasculitis.84	 Cases	 ranging	 from	 self-limiting
cutaneous	 involvement	 to	 severe	 multiorgan	 failure	 have	 been	 reported.
Diagnosis	 is	 based	 simply	 on	 the	 development	 of	 vasculitis	 where	 a	 causal
drug/agent	 can	 be	 identified,	 which	 in	 most	 cases	 leads	 to	 resolution	 of	 the
vasculitis	 after	 drug	 discontinuation.	 There	 is	 great	 variation	 in	 the	 length	 of
drug	exposure	before	symptoms	develop,	with	many	reports	of	years	of	exposure
before	the	apparent	sudden	onset	of	vasculitis.

The	 most	 commonly	 reported	 medications	 causing	 drug-induced	 vasculitis
include	 propylthiouracil,	 allopurinol,	 hydralazine,	 cefaclor,	 minocycline,	 D-



penicillamine,	phenytoin,	isotretinoin,	and	methotrexate	with	colony-stimulating
factors85;	 quinolone	 antibiotics	 and	 leukotriene	 inhibitors	 have	 been	 more
recently	 added	 to	 the	 list.86	 Other	 cases	 have	 been	 reported	 following
vaccination,	particularly	with	hepatitis	B87	and	influenza88	vaccines.

The	pathophysiology	of	drug-induced	vasculitis	 appears	 to	be	varied.	Cases
of	 drug-induced	 vasculitis	 have	 been	 shown	 to	 be	 associated	 with	 temporary
production	 of	ANCA	 antibodies,	 typically	 against	 the	MPO	 antigen,	 and	most
notable	 with	 propylthiouracil,	 allopurinol,	 minocycline,	 and	 levamisole-
contaminated	cocaine.89	 Antibody	 titers	 also	 decrease	 in	 these	 cases	 following
the	discontinuation	of	medication,	supporting	a	causal	role.90

Drug-induced	vasculitis	 can	 involve	medium	or	 small	 vessels	 and	 therefore
can	present	with	a	variety	of	clinical	features	depending	on	the	site	and	size	of
vessel	involved.	Drug-induced	vasculitis	can	present	with	clinical	manifestations
similar	 to	 any	 other	 systemic	 vasculitis,	 and	 there	 are	 no	 clinical	 findings
specific	to	the	syndrome.	Skin	involvement	is	common,	most	commonly	in	the
form	 of	 palpable	 purpura.	 Although	 33%	 of	 patients	 have	 no	 symptoms
associated	 with	 the	 lesions,	 40%	 complain	 of	 burning	 or	 pain.	 Bowel	 and
nervous	system	involvement	are	also	well	recognized	along	with	arthralgias	and
myalgias.	Renal	involvement	is	present	in	40%	of	cases.

Treatment	 involves	 the	withdrawal	 of	 potential	 causative	medications.	With
mild	 skin	 involvement	 alone,	 no	 specific	 treatment	 is	 advocated.	Where	 either
skin	breakdown	occurs	or	 skin	 lesions	are	very	symptomatic,	or	 internal	organ
involvement	 is	 identified,	 treatment	 with	 CS	 is	 beneficial.	 For	 rare	 cases,
particularly	 those	associated	with	ANCA	production,	other	 immunosuppressive
agents	may	be	necessary	but	usually	only	for	short	periods	of	time.

CNS	VASCULITIS
CNS	vasculitis	is	a	rare	condition	that	can	present	as	a	primary	form	confined	to
the	CNS,	 known	 as	 primary	 angiitis	 of	 the	CNS	 (PACNS),	 or	 as	 a	 secondary
form	 associated	with	 a	 systemic	 vasculitis	 or	 other	 systemic	 illness.	Although
many	of	the	systemic	vasculitides	and	rheumatologic	diseases	can	result	in	CNS
involvement	and	are	discussed	briefly	in	other	sections,	 this	section	focuses	on
the	CNS	manifestations	 of	PACNS.	Other	 secondary	 causes	 of	CNS	vasculitis
and	syndromes	mimicking	CNS	vasculitis	include	sarcoidosis,	antiphospholipid
antibody	 syndrome,	 lymphoma,	 atrial	 myxoma,	 atheroemboli,	 reversible
vasoconstrictive	 syndrome,	 Lyme	 disease,	 HIV	 infection,	 herpes	 zoster,
tuberculosis,	 and	 use	 of	 drugs	 including	 cocaine,	 methamphetamines,



ergotamine,	pseudoephedrine,	and	heroin.91
The	 clinical	 presentation	 associated	 with	 PACNS	 is	 broad	 and	 includes

subacute	memory	loss,	acute	encephalopathy,	and	other	cognitive	and	behavioral
changes.	 Seizures,	 cranial	 nerve	 abnormalities,	 focal	 deficits	 involving	 the
cerebrum,	 cerebellum,	 and	 brainstem,	 and	 spinal	 cord	 lesions	 can	 occur.
Meningismus,	 headache,	 auditory	 and	 vestibular	 disturbances,	 intracranial	 or
subarachnoid	hemorrhage,	and	reduced	visual	acuity	or	blindness	due	to	retinal
and	 optic	 nerve	 vasculitis	 have	 been	 described.92,93	 Frequently,	 patients	 have
hypertension	 that	 aggravates	 their	 underlying	disease	 or	 raises	 questions	 about
their	 primary	 diagnosis.	Disease	manifestations	may	 develop	 precipitously	 but
often	 can	 present	 with	 a	 long	 prodrome	 over	 months	 involving	 subtle	 mental
status	changes	and	cognitive	dysfunction.92,93	The	disease	has	a	predilection	for
the	small	and	medium	vessels,	especially	of	the	leptomeninges	and	appears	more
common	in	men.

The	 diagnostic	 approach	 to	 CNS	 vasculitis	 includes	 careful,	 frequently
repeated	neurological	 examinations;	 laboratory	 studies	 including	 cultures,	 viral
and	 bacterial	 serologies,	 ANCA,	 cryoglobulins,	 ANAs,	 antiphospholipid
antibodies,	and	complement	levels	may	help	establish	secondary	causes	of	CNS
vasculitis	 related	 to	 infections,	 connective	 tissue	 disorders,	 and	 systemic
vasculitides.	 CSF	 abnormalities	 seen	 in	 PACNS,	 including	 elevated	 protein
levels	and	elevated	cell	counts,	mostly	lymphocytes,	occur	in	80%	of	patients.93
Angiographic	 changes	 showing	 alternating	 areas	 of	 stenosis	 and	 ectasia	 are
suggestive	 of	 the	 disease	 but	 can	 be	 seen	 with	 other	 diagnoses	 including
vasospasm	and	 infection.	 In	 biopsy	proven	 cases	 of	PACNS,	 angiography	was
normal	 among	 40%	 of	 cases.93,94	 Magnetic	 resonance	 imaging	 (MRI)	 can
additionally	be	suggestive	of	ischemic	lesions	due	to	vasculitis	when	lesions	are
seen	 in	different	vascular	distributions,	although	 this	 finding	 is	not	specific	 for
PACNS.	 A	 negative	 MRI	 and	 normal	 CSF	 make	 CNS	 vasculitis	 less	 likely,
although	 cases	 of	 PACNS	 have	 been	 described	 with	 a	 negative	 MRI.95,96	 For
most	 cases,	 unless	 angiography	 is	 highly	 suggestive	 in	 the	 correct	 clinical
context,	pathological	confirmation	is	necessary.	Biopsy	of	the	leptomeninges	and
other	areas	guided	by	previous	imaging	is	necessary	to	rule	out	other	diagnoses
including	 infection,	 malignancy,	 and	 sarcoidosis,	 among	 other	 diagnoses.	 For
PACNS,	 the	 inflammatory	 infiltrate	 is	 predominately	 mononuclear	 cells,	 but
neutrophils,	plasma	cells,	and	histiocytes	may	also	be	noted.97

Treatment	of	PACNS	involves	CS	as	 the	initial	 treatment	of	choice,	ranging
from	doses	of	1	mg/kg/d	orally	to	1	g	intravenously	daily	for	3	days	followed	by
oral	CS.	Cyclophosphamide	 is	used	 for	most	cases	or	 rituximab	based	on	case
reports	although	absolute	recommendations	are	limited	by	a	lack	of	prospective



trials.98
There	are	other	vasculitic	syndromes	that	can	cause	similar	presentations,	as

discussed	above,	although	they	typically	will	present	with	CNS	manifestations	in
the	 context	 of	 other	 systemic	 features	 such	 as	 fever,	 weight	 loss,	 peripheral
neuropathy,	 glomerulonephritis,	 arthritis,	 or	 other	 organ	 involvement.	 PAN,
GPA,	and	EGPA	can	all	present	with	CNS	involvement	including	seizure,	cranial
nerve	deficit,	cerebral	vascular	events,	and	subarachnoid	hemorrhage.9,99-101

OTHER	VASCULITIDES
Takayasu	 arteritis	 is	 a	 large	 vessel	 vasculitis	 that	 affects	 the	 aortic	 arch	 and
branches,	affecting	mainly	women	up	to	the	age	of	50.	Patients	typically	present
with	 constitutional	 symptoms	 of	 fatigue,	 weight	 loss,	 elevated	 erythrocyte
sedimentation	 rate,	 and	 evidence	 of	 limb	 claudication	 and	 bruits.	 Patients	 can
present	 with	 stroke	 due	 to	 inflammation	 and	 subsequent	 stenosis	 of	 the
extracranial	 vessels.102	 Behcet	 disease	 is	 characterized	 by	 aphthous	 stomatitis,
genital	ulcers,	and	can	sometimes	present	with	vasculitis	that	can	affect	various-
sized	blood	vessels.	Meningoencephalitis,	seizure,	 intracranial	hemorrhage,	and
cerebral	vascular	events	have	been	reported.103	Connective	 tissue	diseases	 such
as	SLE,	 rheumatoid	 arthritis,	 and	Sjogren	 disease	 can	 all	 be	 associated	with	 a
variety	 of	 CNS	 manifestations	 including	 stroke,	 seizure,	 encephalopathy,	 and
aseptic	meningitis.102-106

CHOLESTEROL	EMBOLISM
Cholesterol	 crystal	 embolization	 can	 produce	 a	 clinical	 picture	 very	 similar	 to
that	 of	 a	 systemic	 vasculitis107,108	 with	 the	 gradual	 onset	 of	 peripheral	 skin
lesions,	 typically	 blue	 toe	 or	 livedo	 reticularis,109	 with	 worsening	 renal
function.110	Bowel	ischemia,	acute	confusional	states,111	and	retinal	embolization
may	also	be	present.

The	 syndrome	occurs	due	 to	 the	 release	of	cholesterol	 crystals	 from	eroded
atherosclerotic	 plaques.	 It	 occurs	 most	 frequently	 following	 percutaneous
endovascular	interventions,112,113	but	spontaneous	episodes	or	episodes	following
anticoagulant114	or	thrombolytic	therapy115	have	been	reported.

The	 chronology	 of	 impaired	 renal	 function	 after	 angiography	 may	 help
distinguish	 radiocontrast	 dye-induced	 renal	 failure	 from	 renal	 failure	 due	 to
atheromatous	microemboli.	Renal	 failure	 caused	 by	 radiocontrast	 dye	 tends	 to



appear	soon	after	 the	study,	 reaches	maximal	severity	within	7	 to	10	days,	and
then	improves,	with	renal	function	returning	to	baseline	over	several	weeks.	In
contrast,	renal	failure	due	to	atheromatous	microemboli	to	the	kidney	generally
develops	over	1	to	4	weeks	or	even	over	several	months	after	the	angiographic
procedure	and	may	not	be	reversible.

To	 establish	 the	 diagnosis	 of	 atheromatous	 emboli,	 one	 must	 have	 a	 high
degree	of	suspicion	based	on	the	clinical	presentation,	history,	physical	findings,
and	 laboratory	 results.	 The	 diagnosis	 is	 confirmed	 by	 the	 demonstration	 on
histologically	examined	samples	of	biopsied	skin,	muscle,	kidney,	or	amputated
tissue	 with	 the	 characteristic	 biconvex	 needle-shaped	 clefts	 representing	 the
“ghosts”	 of	 the	 cholesterol	 crystals	 within	 arteries	 and	 arterioles	 that	 were
dissolved	 during	 routine	 histological	 preparation.116	 With	 special	 histological
preparation,	 the	 cholesterol	 crystals	 display	 birefringence	when	 viewed	with	 a
polarized	light	microscope.

Treatment	 of	 atheromatous	 emboli	 consists	 of	 controlling	 pain	 and	 blood
pressure	 and	 measures	 to	 increase	 local	 blood	 flow	 with	 topical	 glyceryl
trinitrate	(2%	Nitrol)	ointment,	sympathetic	blockade,	calcium	channel	blockers
to	 reduce	 vasospasm,	 and	 perhaps	 pentoxifylline	 to	 improve	 the	 rheostatic
properties	 of	 red	 blood	 cells.	 Newer	 vasodilator	 agents	 such	 as	 iloprost	 and
phosphodiesterase	inhibitors	are	also	being	tried.117,118	There	are	also	case	reports
of	 improvements	 of	 cholesterol	 emboli–associated	 renal	 disease	with	 statins.119
CS	therapy	has	also	been	reported	to	be	helpful	by	several	case	reports.120	There
are,	however,	no	controlled	trials	to	support	the	use	of	any	of	these	agents.

A	 number	 of	 modalities	 are	 ineffective	 for	 the	 treatment	 of	 atheromatous
emboli,	 including	 the	 use	 of	 antiplatelet	 drugs	 and	 low-molecular-weight
dextran.	The	use	of	heparin	and	warfarin	is	controversial.	The	general	consensus,
however,	 is	 that	 these	 drugs	 are	 contraindicated	 because,	 by	 preventing	 the
formation	 of	 an	 organized	 thrombus	 over	 ulcerated	 atheromatous	 plaques,
anticoagulants	may	allow	continued	breakdown	and	embolization	of	material.121
For	 cases	 of	 chronic	 distal	 embolization	 from	 an	 abdominal	 aortic	 aneurysm,
surgical	 repair	 or	 endovascular	 stent-graft	 repair	 usually	 leads	 to	 definitive
resolution.122

TREATMENT	STRATEGIES	IN
UNDIFFERENTIATED	RHEUMATIC	DISEASES
PRESENTING	WITH	CRITICAL	ILLNESS	AND



RELAPSE	OR	WORSENING	KNOWN
RHEUMATIC	DISEASE
Among	 certain	 circumstances,	 patients	 present	 to	 the	 hospital	 or	 ICU	 with
overwhelming	 respiratory	 failure	 or	 hemodynamic	 instability	 without	 a
previously	defined	 rheumatic	disorder.	For	example,	patients	with	undiagnosed
SLE	or	vasculitis	may	present	with	respiratory	failure,	alveolar	hemorrhage,	and
rapidly	 progressive	 renal	 failure	 but	 no	 specific	 historical	 clues	 or	 previous
serologic	data	supporting	any	particular	diagnosis,	and	the	results	of	laboratory
studies	or	tissue	evaluation	biopsy	may	not	yet	be	available.	In	this	situation,	one
cannot	 be	 certain	 whether	 the	 underlying	 process	 is	 an	 immune	 complex–
mediated	disease,	such	as	SLE,	Goodpasture	syndrome,	or	cryoglobulinemia,	or
a	 pauci-immune	 process	 such	 as	 GPA	 or	 MPA.	 The	 appropriate	 laboratory
evaluation	would	include	an	ANCA,	ANA,	anti–glomerular	basement	membrane
antibody,	 and	 cryoglobulins	 prior	 to	 initiating	 therapy.	 Initial	 therapy	 might
include	 plasmapheresis	 especially	 if	 GBM	 or	 SLE	 is	 suspected,	 which	 may
transiently	 remove	 autoantibodies,	 cytokines,	 and	 complement	 associated	with
the	 inflammatory	 process,	 as	 well	 as	 high-dose	 methylprednisolone,	 1	 g
intravenously	 per	 day	 for	 3	 days,	 and	 then	 initiation	 of	 IV	 or	 oral
cyclophosphamide	 or	 rituximab.123,124	 The	 benefits	 of	 IV	 immunoglobulin	 for
relapsing	 or	 life-threatening	 vasculitis	 are	 not	 well	 understood	 because	 of	 a
paucity	of	controlled	trials.125,126

5 	 In	 the	 face	 of	 known	 rheumatic	 disease	 or	 vasculitis	 treatment	 failure,
caution	 must	 be	 exercised	 to	 exclude	 infectious	 sources	 that	 may	 mimic
worsening	of	 the	underlying	disease	process.	Especially	 among	patients	 taking
chronic	or	high-dose	CS	and	or	cyclophosphamide,	particular	attention	must	be
paid	to	exclude	opportunistic	infections	such	as	P.	jiroveci	and	fungal	infections
such	 as	Aspergillus	 while	 deciding	 whether	 disease	 activity	 is	 escalating	 and
becoming	 unresponsive	 to	 therapy.	 Once	 infection	 has	 been	 thoroughly
excluded,	 one	 can	 consider	 either	 higher	 doses	 of	 a	 standard	 or	 novel
immunosuppressive	agent.

Owing	 to	 the	 rarity	 of	 systemic	 vasculitis,	 there	 have	 previously	 been	 few
prospective	clinical	trials	evaluating	accepted	treatments.	With	the	establishment
of	 several	 investigator	 consortiums	 in	 recent	 years,	 multicenter	 prospective
studies	are	now	beginning	to	be	performed.	The	most	important	of	these	studies
are	summarized	in	Table	66.3.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	66-year-old	woman	has	a	history	of	mild	to	moderate	asthma	for
20	years,	managed	with	steroid	inhalers	and	intermittent	use	of	beta	agonists.
Over	the	past	year,	her	asthma	has	become	more	active,	requiring	several	oral
corticosteroid	bursts.	She	has	also	had	fatigue	and	10-lb	weight	loss	over	this
time.	Now	she	has	palpable	nodules	on	her	legs	and	worsening	dyspnea	with
exertion	with	pedal	edema.	Her	laboratory	evaluation	shows	15%	eosinophilia
and	serum	creatinine	of	1.7	mg/dL	with	red	cell	casts	in	the	urine.	ANCA	is
positive	in	a	P	ANCA	pattern	with	a	low	titer	myeloperoxidase.	An
echocardiogram	shows	ejection	fraction	of	45%	with	cardiac	MRI	indicating	late
gadolinium	enhancement.	The	patient	is	admitted	to	the	cardiac	ICU	for	heart
failure.	In	addition	to	high-dose	glucocorticoids,	what	is	the	most	appropriate
therapy?

A. 	Azathioprine	2	mg/kg	orally	daily
B. 	Cyclophosphamide	15	mg/kg	every	3	weeks
C. 	Mepolizumab	750	mg	IV	dosed	monthly
D. 	Rituxan	1000	mg	dosed	twice,	2	weeks	apart

2. 	A	60-year-old	previously	healthy	man	presents	with	hemoptysis,	fatigue,
nausea,	epistaxis,	low-grade	fever,	and	weight	loss.	In	the	emergency	room,	he
has	dyspnea	and	an	oxygen	saturation	of	82%	on	room	air,	which	improves	to
mid	90s	when	on	a	nonrebreather	mask.	A	chest	x-ray	shows	diffuse	fluffy
infiltrates.	He	is	in	acute	renal	failure,	with	serum	creatinine	of	5.0	mg/dL	and
blood	and	red	cell	casts	on	analysis	of	a	spun	urine.	Bronchoscopy	done	in	the
ICU	shows	diffuse	bloody	secretions	that	do	not	clear	with	serial	aliquots.
Cultures	of	lavage	fluid	are	pending.	After	sending	serologies	(including	ANCA,
ANA,	anti-GBM,	and	antiphospholipid	antibodies),	what	is	the	most	appropriate
next	step	in	management?

A. 	Await	serology	and	culture	results
B. 	Intravenous	corticosteroids	plus	intravenous	rituximab
C. 	Intravenous	corticosteroids	plus	oral	cyclophosphamide	150	mg
daily
D. 	Intravenous	corticosteroids	plus	plasmapheresis



3. 	A	50-year-old	previously	healthy	man	presents	with	fatigue,	15-lb	weight
loss	over	6	months,	and	recurrent	palpable	purpura	and	nodules	on	his	legs.
Biopsy	of	these	skin	lesions	confirms	small-	and	medium-sized	vessel	vasculitis.
His	abdominal	pain	becomes	severe	and	he	is	admitted	to	the	ICU	where	he	is
found	to	have	a	blood	pressure	of	190/100	and	small	bowel	wall	thickening	on
abdominal	CT	scan.	Serum	creatinine	is	2.0	with	proteinuria	on	urinalysis.
Testing	comes	back	negative	for	ANA,	ANCA,	rheumatoid	factor,	complement,
cryoglobulin,	HIV	Hep	B	and	C	antibody,	and	blood	cultures.	In	addition	to	pain
and	blood	pressure	management,	what	is	the	most	appropriate	next	step	in
management?

A. 	Mesenteric	angiogram	and	surgical	consult
B. 	MR	or	CT	angiogram	plus	intravenous	corticosteroids
C. 	No	further	imaging,	but	give	intravenous	corticosteroids
D. 	No	further	imaging,	but	give	intravenous	corticosteroids	plus
intravenous	cyclophosphamide

Answers

1.	The	correct	answer	is	B.
Rationale:	 Eosinophilic	 granulomatosis	 with	 polyangiitis	 (EGPA)	 is	 a	 rare

vasculitic	disorder	characterized	by	a	history	of	asthma	with	the	development	of
systemic	 clinical	 features	 that	 often	 include	 peripheral	 eosinophilia	 or	 organ
infiltration	 by	 eosinophils.	 The	 “5	 factor	 score”	 (FFS)	 adapted	 for	 EGPA
includes	 age	 >65,	 cardiac	 insufficiency,	 gastrointestinal	 involvement,	 renal
insufficiency	(stabilized	peak	plasma	creatinine	concentration	>1.7	mg/dL	[150
µmol/L]),	and	absence	of	ear,	nose,	and	throat	(ENT)	manifestations.	An	FFS	of
2	 or	more	 correlates	with	worse	 prognosis,	 and	 the	 presence	 of	 cardiac	 or	GI
involvement	and	older	age	also	portend	a	worse	prognosis.	This	case	represents
severe	 disease	 with	 cardiac,	 renal,	 and	 skin	 disease	 in	 a	 patient	 over	 65,	 and
therefore	 aggressive	 therapy	with	high-dose	 steroids	 plus	 cyclophosphamide	 is
generally	 recommended	 (choice	 B	 is	 correct).	 While	 this	 patient	 is	 ANCA
positive,	the	role	of	rituximab	is	less	well	defined	in	clinical	trials	(choice	D	is
incorrect)	 and	 azathioprine	 or	 mepolizumab	 is	 used	 mostly	 for	 less	 severe
disease	or	in	step	down	therapy	after	more	aggressive	treatment	(choices	A	and
C	are	incorrect).

2.	The	correct	answer	is	B.



Rationale:	This	clinical	presentation	is	one	of	life-threatening	respiratory	and
renal	 failure.	 The	 disorders	 that	 can	 present	 with	 such	 “pulmonary	 renal
syndromes”	 include	 granulomatosis	 with	 polyangiitis	 (GPA),	 microscopic
polyangiitis,	 systemic	 lupus	 erythematosus,	 Goodpasture	 syndrome,	 and,
infrequently,	 the	antiphospholipid	syndrome.	This	patient	 likely	has	GPA	given
the	 upper	 and	 lower	 respiratory	 tract	 disease	 in	 addition	 to	 active
glomerulonephritis.	With	 the	 rapidly	 progressive	 clinical	 deterioration,	waiting
for	 laboratory	 evaluation	 before	 treatment	 could	 lead	 to	 permanent	 organ
dysfunction,	 especially	 renal	 failure	 requiring	 dialysis	 (choice	 A	 is	 incorrect).
The	 use	 of	 rituximab	 was	 shown	 to	 be	 noninferior	 to	 cyclophosphamide	 in
clinical	 trials	 (choice	 D	 is	 correct).	 Intravenous	 cyclophosphamide	 could	 be
considered,	but	oral	form	would	be	less	effective	and	poorly	tolerated	due	to	the
patient’s	ongoing	nausea	(choice	C	is	incorrect).	In	some	cases,	both	rituximab
and	cyclophosphamide	together	can	be	given	as	cyclophosphamide	may	have	a
more	 rapid	onset	of	action.	Plasmapheresis	 is	generally	no	 longer	supported	 in
ANCA-associated	vasculitis	given	recent	clinical	trials	that	showed	no	difference
in	outcome	(choice	D	is	incorrect).	However,	if	the	patient	turned	out	to	be	GBM
antibody	 positive	 in	 addition	 to	 being	 ANCA	 positive,	 then	 addition	 of
plasmapheresis	may	be	a	consideration.

3.	The	correct	answer	is	D.
Rationale:	 Polyarteritis	 nodosa	 is	 a	 rare	 disease	 that,	 in	 the	 past,	 has	 been

more	 frequently	 associated	 with	 hepatitis	 B	 and,	 rarely,	 hepatitis	 C.	 In	 the
absence	of	viral	infection,	which	should	be	assessed	prior	to	therapy	when	PAN
is	 suspected,	 the	 treatment	 of	 PAN	 usually	 involves	 corticosteroids	 in	 milder
cases.	However,	 if	 there	 is	 significant	 organ	 involvement,	 such	 as	 the	 renal	 or
gastrointestinal	vasculitis	as	in	this	case,	then	a	second	agent	is	typically	added
(steroid	 monotherapy,	 choice	 C,	 is	 incorrect).	 Cyclophosphamide	 needs	 to	 be
considered	 for	 use	 as	 that	 second	 agent	 given	 disease	 severity	 (choice	 D	 is
correct).	Given	 that	 the	 skin	 biopsy	 confirmed	 the	 diagnosis	 of	 vasculitis,	 and
that	other	possibilities	of	lupus,	other	autoimmune	disorders,	and	infections	have
essentially	been	excluded,	any	additional	imaging	is	unlikely	to	add	information
that	would	change	management.	The	contrast	studies	would	also	risk	worsening
renal	failure	(choices	A	and	B	are	incorrect).	Furthermore,	surgical	intervention
in	 the	 face	 of	 active	 vasculitis	 should	 be	 avoided	 unless	 bowel	 infarction	 is
suspected.
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Chapter	67
Therapeutics	in	Immune-Mediated
Rheumatic	Diseases
Ilirjana	Duka,	Peggy	Wu

KEY	POINTS:
1.	 For	most	critical	care	settings,	use	of	NSAIDs	is	contraindicated	due

to	their	potential	toxicities	including	gastrointestinal	bleeding,
exacerbation	of	cardiac	and	renal	dysfunction,	and	need	for
avoidance	for	those	on	anticoagulation.

2.	 For	critically	ill	patients,	the	benefits	vs	risk	of	corticosteroid	use	for	a
rheumatic	condition	must	be	considered	given	increased	concerns
for	gastrointestinal	bleeding	and/or	perforation,	fluid	retention,
infection,	anxiety,	arrhythmias,	and	psychosis	with	higher	doses.

3.	 Patients	on	chronic	steroids	equivalent	to	or	greater	than	prednisone
10	mg	daily	may	need	stress	dose	steroids.

4.	 Certain	rheumatologic	conditions	with	severe	acute	life-threatening
presentations	may	require	pulse	dose	intravenous	steroids	followed
by	the	initiation	of	oral	corticosteroids	with	subsequent	taper.

5.	 Most	biologics	and	DMARDs	aside	from	perhaps	hydroxychloroquine
and	apremilast	have	immunosuppressive	properties	and	are	held
during	periods	of	acute	and/or	severe	illness.

6.	 Cyclophosphamide	can	be	given	in	conditions	like	lupus	or	vasculitis
that	present	with	severe	life-threatening	organ	system	involvement.

7.	 Several	therapeutics	in	rheumatology	are	being	investigated	for	use
in	COVID-19.	Tocilizumab	has	been	authorized	for	use	in	COVID-19
with	studies	showing	improved	outcome	and	possibly	mortality	as
well	as	a	lower	likelihood	of	advancing	toward	mechanical



ventilation.	Two	JAK	inhibitors	(tofacitinib	and	baricitinib)	are	also
being	evaluated	for	use	in	COVID-19.

8.	 Rituximab	(RTX)	is	a	B	cell	depleting	agent	used	to	treat	rheumatoid
arthritis,	vasculitis	with	organ	threatening	disease,	and	also	off	label
for	the	treatment	of	other	systemic	inflammatory	conditions	like	lupus
and	myositis.	Atypical	infections	such	as	progressive	multifocal
leukoencephalopathy	have	been	reported	with	RTX.

9.	 IVIG	is	used	not	only	in	the	setting	of	increased	infections	with
hypogammaglobulinemia	but	sometimes	for	conditions	such	as
inflammatory	myositis,	vasculitis,	and	catastrophic	antiphospholipid
antibody	syndrome.

10.	 During	pregnancy,	most	DMARDs	with	the	exception	of
hydroxychloroquine,	sulfasalazine,	and	azathioprine	are	teratogens
and	should	be	discontinued	prior	to	conception.	TNF-α	inhibitors	can
be	continued	for	the	most	part	through	preconception,	conception,
and	pregnancy,	but	the	2020	American	College	of	Rheumatology
(ACR)	guidelines	recommend	stopping	most	other	biologics	once	a
woman	discovers	she	is	pregnant.

11.	 In	the	scenario	of	a	pregnant	patient	with	critical	illness,	rituximab
may	be	continued	or	utilized	if	indicated.

INTRODUCTION
The	rapid	expansion	of	biologic	medical	therapies	in	addition	to	more	traditional
immunosuppressive	 therapy	 has	 affected	 all	 areas	 of	 medicine	 and	 most
dramatically	 the	 fields	 of	 hematology/oncology,	 rheumatology,	 dermatology,
gastroenterology,	 neurology,	 and	 allergy/immunology.	 Some	 of	 the	 following
medications	were	initially	U.S.	Food	and	Drug	Administration	(FDA)	approved
for	 rheumatological	 conditions	 then	 subsequently	 approved	 for	 indications	 in
other	 fields	 of	 medicine.	 To	 review	 all	 the	 biologic	 and	 immunosuppressive
agents	 in	 the	 various	 subspecialties	 is	 beyond	 the	 scope	 of	 this	 chapter.	 Some
medications	not	discussed	in	this	chapter	are	addressed	in	other	sections	of	this
textbook.	 We	 will	 focus	 here	 on	 medications	 approved	 for	 the	 systemic
inflammatory	disorders	of	rheumatology.



NONSTEROIDAL	ANTI-INFLAMMATORY	DRUGS
1 	 Nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs)	 are	 commonly	 used	 for
rheumatological	diseases	 for	 their	 analgesic,	 anti-inflammatory,	 and	antipyretic
effects.	There	 are	 numerous	NSAIDs	with	 variable	 dosing	 regimens	 available.
However,	 use	 may	 be	 limited	 in	 the	 intensive	 care	 setting	 given	 the
comorbidities	of	critically	ill	patients.	NSAIDs	are	often	contraindicated	due	to
their	 potential	 toxicities	 including	 gastrointestinal	 (GI)	 bleeding,	 and/or
exacerbation	of	cardiac	and	 renal	dysfunction.	They	also	 should	be	avoided	 in
those	on	anticoagulation.

CORTICOSTEROID	THERAPY
2 	 3 	 Like	 NSAIDs,	 corticosteroids	 are	 commonly	 given	 for	 many	 rheumatic
diseases	 for	 their	 potent	 anti-inflammatory	 effects.	 Toxicities	 can	 occur	 with
short	term	and	longer	term	use	of	corticosteroids	and	include	GI	bleeding	and/or
perforation,	 fluid	 retention,	 dyslipidemia,	 increased	 risk	 for	 infection,
osteonecrosis,	 osteoporosis,	 anxiety,	 arrhythmias,	 and	 psychosis	 with	 higher
doses.	 The	 body	 typically	 produces	 5.7	 mg/m2/d	 of	 cortisol1	 and	 exogenous
corticosteroids	 at	 a	 dose	 equivalent	 of	 prednisone	 5.0	 to	 7.5	 mg/d	 inhibit	 the
hypothalamic-pituitary-adrenal	 axis.	 Guidelines	 vary	 but	 most	 suggest	 stress
dose	supplementation	(perioperatively	or	during	serious	medical	illness)	in	those
on	chronic	prednisone	or	 its	 equivalent	10	mg	daily	 for	more	 than	3	weeks	as
well	 as	 in	 those	with	 a	Cushingoid	 appearance.	 Patients	 on	 less	 than	 5	mg	 of
prednisone	or	its	equivalent	daily	or	on	alternate	day	dosing	may	not	need	stress
doses.

4 	This	knowledge	is	relevant	because	patients	with	newly	diagnosed	systemic
rheumatological	 disorders	 with	 major	 organ	 involvement	 (ie,	 myositis,	 lupus,
vasculitis,	 etc)	 typically	 require	 extended	 courses	 of	 medium-	 to	 high-dose
steroids.	 Several	 corticosteroid	 preparations	 are	 available	 which	 differ	 in
potency,	 half-life,	 and	mineralocorticoid	 activity,	 but	 the	 dosage	 and	mode	 of
administration	 depend	 on	 the	 indication	 of	 treatment.	Acutely	 ill	 patients	may
first	receive	pulse	intravenous	(IV)	methylprednisolone	at	500	to	1000	mg	daily
for	1	to	3	consecutive	days	prior	to	initiating	a	regimen	of	1	to	1.5	mg/kg	daily.
Tapering	regimens	vary	depending	on	disease.

DISEASE-MODIFYING	ANTIRHEUMATIC	DRUGS



Disease-modifying	 antirheumatic	 drugs	 (DMARDs)	 were	 initially	 used	 in
rheumatic	diseases	as	steroid-sparing	agents.	However,	these	agents	themselves
can	 produce	 dramatic	 improvement,	 prevent	 disease	 progression,	 and	 at	 times
induce	remission.	The	most	commonly	used	drugs	include	hydroxychloroquine,
sulfasalazine,	 methotrexate,	 leflunomide,	 azathioprine,	 mycophenolate	 mofetil
(MMF),	and	cyclophosphamide.	The	calcineurin	inhibitors	namely	cyclosporine
and	 tacrolimus	are	used	after	 transplantation,	but	 tacrolimus	has	been	 found	 to
be	 potentially	 effective	 for	 treating	 lupus	 nephritis.2	 Voclosporin,	 another
calcineurin	 inhibitor,	was	 FDA	 approved	 in	 January	 2021	 for	 the	 treatment	 of
lupus	 nephritis.3	 Gold	 is	 an	 older	 medication	 once	 used	 to	 treat	 rheumatoid
arthritis	 (RA),	 but	 it	 has	 fallen	out	 of	 favor	 as	 newer	 agents	with	 less	 toxicity
have	emerged.	As	such,	it	will	not	be	addressed	in	this	chapter.

5 	 DMARDs	 typically	 have	 immunosuppressive	 effects	 except	 for
hydroxychloroquine,	 a	 medication	 previously	 used	 to	 prevent	 malaria.	 In	 the
intensive	care	unit	 (ICU)	setting,	patients	are	severely	 ill	with	active	 infection,
sepsis,	 cytopenias,	 major	 organ	 failure,	 and/or	 issues	 potentially	 requiring
surgery.	In	all	of	 these	cases,	cytotoxic	 therapy	is	 typically	held	until	 the	acute
issues	 are	 resolved.	 If	 the	 rheumatologic	 disease	 becomes	 active	 while	 the
DMARD	 is	 held,	 glucocorticoids	 can	 be	 given	 in	 the	 lowest	 effective	 dose
necessary	 assuming	 there	 is	 no	 contraindication.	 If	DMARDs	are	 continued	 in
the	 acute	 care	 setting,	 adjustments	 to	 conventional	 dosing	 may	 be	 necessary
based	on	renal	or	hepatic	function.	Additionally,	drug	interactions	are	important
considerations.

Mechanism	of	Action	and	Metabolism
Hydroxychloroquine	 is	used	for	systemic	lupus	erythematosus	(SLE)	and	RA.
The	 medication	 works	 by	 elevating	 the	 pH	 within	 intracellular	 vacuoles	 thus
altering	 the	 environment	 required	 for	 antigenic	 protein	 digestion	 and	 the
molecular	 assembly	 of	 peptide-MHC	protein	 complexes.	When	 the	 complexes
are	 not	 allowed	 to	 form,	 CD4+	 T	 cells	 are	 not	 stimulated	 and	 thus	 there	 is
downregulation	 of	 the	 immune	 response	 against	 autoantigenic	 peptides.	 Most
recently,	hydroxychloroquine	was	proposed	to	be	a	mortality	reducing	treatment
option	 for	 coronavirus	 disease	 2019	 (COVID-19),	 but	 recent	 randomized
controlled	 studies	 demonstrated	 that	 hydroxychloroquine	 did	 not	 decrease
mortality	further	than	standard	care	alone.4

The	following	DMARDs	interfere	with	the	cell	cycle.	Cytotoxic	effects	occur
through	inhibition	of	cell	division.



Sulfasalazine	 is	 used	 for	RA	 and	 as	 a	 steroid	 sparing	medication	 for	 other
rheumatological	 disorders.	 The	 drug	 is	 a	 combination	 of	 sulfapyridine	 and	 5-
aminosalicylic	 acid	 linked	 by	 a	 diazo	 bond.	 Sulfasalazine	 alters	 neutrophil
function,	inhibits	the	cytotoxicity	of	the	natural	killer	cells,	and	decreases	levels
of	 IL-1,	 TNF-α,	 and	 IL-6.	 Sulfasalazine	 also	 inhibits	matrix	metalloproteinase
synthesis.

Methotrexate	 (MTX)	 is	 used	 for	 RA,	 psoriasis	 and	 as	 also	 as	 a	 steroid
sparing	 medication.	 MTX	 inhibits	 dihydrofolate	 reductase,	 thus	 reducing
intracellular	 tetrahydrofolate	 levels	 and	 interfering	 with	 tetrahydrofolate
dependent	 metabolic	 pathways,	 which	 include	 purine	 and	 pyrimidine
metabolism.	 Potential	mechanisms	whereby	MTX	 exerts	 an	 anti-inflammatory
effect	 include	 increased	 extracellular	 adenosine	 concentrations,	 reduction	 of
inflammatory	 cytokines	 (IL-1B	 and	 IL-6),	 inhibition	 of	 cyclooxygenase	 and
lipoxygenase	activity,	and	 induction	of	apoptosis.	MTX	and	 its	metabolites	are
excreted	 by	 the	 kidney	 so	 should	 not	 be	 used	 for	 patients	 whose	 estimated
glomerular	filtration	rate	is	less	than	30	mL/min.

Leflunomide	 (LEF)	 is	 used	 RA	 and	 selectively	 inhibits	 dihydroorotate
dehydrogenase,	 an	 enzyme	 critical	 in	 the	 de	 novo	 synthesis	 of	 pyrimidine
ribonucleosides.	 By	 reducing	 the	 pyrimidine	 pool	 and	 thus	 inhibiting	 DNA
synthesis,	LEF	is	postulated	to	modulate	pathogenic	T-cell	proliferation	and	the
subsequent	 inflammatory	 cascade.	 LEF	 has	 a	 very	 long	 half-life,	 is	 highly
protein	bound,	undergoes	enterohepatic	recirculation,	and	is	eliminated	by	the	GI
tract	and	kidneys.	It	should	not	be	used	for	patients	with	hepatic	impairment.

Azathioprine	 (AZA)	 is	 used	 primarily	 as	 a	 steroid	 sparing	medication	 for
different	rheumatologic	conditions	such	as	lupus	nephritis	and	vasculitis	and	also
has	indications	for	use	in	RA.	AZA	is	a	prodrug	that	is	metabolized	in	the	liver
to	 6-mercaptopurine	 and	 then,	 through	 the	 enzyme	 thiopurine	 S-
methyltransferase	 (TMPT),	 to	 its	 active	 metabolites,	 thereby	 preventing	 the
biosynthesis	 of	 purine	 bases.	 A	 genetic	 polymorphism	 of	 TMPT	 results	 in
variable	 enzyme	 activity	 and	 predicts	 greater	 risk	 of	 myelosuppression	 in
patients	 with	 low	 or	 absent	 levels.	 Thus,	 TMPT	 genotesting	 is	 recommended
prior	 to	 initiating	AZA	therapy.5	Since	45%	of	 the	prodrug	 is	 renally	excreted,
the	 dose	 should	 be	 reduced	 for	 patients	 with	 renal	 insufficiency.	 AZA	 should
also	 be	 avoided,	 or	 the	 dose	markedly	 reduced,	 in	 patients	 taking	 allopurinol,
which	interferes	with	AZA	metabolism	by	inhibiting	xanthine	oxidase.

MMF	is	commonly	used	after	transplantation	medicine	but	for	rheumatologic
diseases	 is	 typically	 used	 like	 AZA—as	 a	 steroid-sparing	 medication	 for
rheumatologic	 conditions	 such	 as	 lupus	 nephritis	 and	 vasculitis.	 MMF	 is	 a
reversible	 inhibitor	 of	 inosine	 monophosphate	 dehydrogenase,	 resulting	 in



reduced	 purine	 synthesis	 and	 consequent	 inhibition	 of	 T-	 and	 B-cell
proliferation.	Other	potential	mechanisms	of	MMF-induced	immunosuppression
include	 the	 induction	 of	 T	 lymphocyte	 apoptosis	 and	 inhibition	 of	 adhesion
molecule	 expression.	Most	of	 the	MMF	dose	 (approximately	90%)	 is	 excreted
renally	 and	 the	 remainder	 by	 enterohepatic	 elimination.	 As	 a	 result,	 dose
adjustment	is	necessary	for	patients	with	renal	insufficiency.

Cyclophosphamide	(CY)	 is	an	alkylating	agent	that	can	be	given	by	mouth
or	IV.	It	binds	to	DNA,	prevents	cell	replication,	and	is	cytotoxic	to	both	resting
and	dividing	lymphocytes.	CY	also	globally	reduces	T-cell	function	and	reduces
B-cell	 numbers	 and	 antibody	 production.	 CY	 is	 metabolized	 by	 the	 liver	 to
several	active	and	inactive	compounds	that	are	also	excreted	in	the	urine.	Dose
adjustment	 is	 recommended	 for	 patients	 with	 renal	 insufficiency	 but	 hepatic
impairment	does	not	appear	to	alter	CY	clearance.

6 	 CY	 is	 given	 for	 rheumatic	 conditions	 with	 severe	 life-threatening	 organ
system	involvement	such	as	in	lupus	or	vasculitis	affecting	the	renal,	pulmonary,
or	 central	 nervous	 system.	 Dosing	 regimens	 for	 these	 diseases	 vary	 and	 are
beyond	the	scope	of	this	chapter	but	most	experts	prefer	the	Euro-Lupus	protocol
for	lupus	nephritis	which	gives	500	mg	IV	CY	once	every	2	weeks	for	a	total	of
6	doses.6	 In	addition,	CY	can	be	given	by	mouth	or	 IV.	Mode	of	delivery	will
vary	 based	 on	 the	 patient’s	 condition,	 but	 oral	 CY	 has	 been	 associated	 with
greater	risk	for	adverse	events	including	potential	for	hemorrhagic	cystitis	when
compared	 to	 the	 IV	 formulation.2,7	 If,	 in	 the	 rare	 event,	 CY	 has	 to	 be	 given
during	 an	 ICU	 stay,	 caregivers	 would	 need	 to	 ensure	 that	 there	 is	 adequate
catheter	 drainage	 to	 protect	 the	 bladder	 and	 that	 urine	 output	 is	 greater	 than
100	mL/h.	Continuous	 bladder	 irrigation	 through	 a	 three-way	 catheter	may	 be
needed	when	patients	have	a	lower	urine	output.	In	addition,	clinicians	need	to
be	 aware	 that	CY	 inhibits	 plasma	pseudocholinesterase	 (PSC)	 activity,	 thereby
leading	 to	 the	 potential	 for	 prolonged	 neuromuscular	 blockade	 if	 given
concomitantly	with	succinylcholine,	which	is	otherwise	rapidly	hydrolyzed	and
inactivated	by	PSC.

Similar	 to	 CY,	 the	 calcineurin	 inhibitors	 (tacrolimus,	 cyclosporine,	 and
voclosporin)	are	also	used	for	rheumatological	diseases	and	have	in	recent	years
been	 used	 for	 the	 treatment	 of	 lupus	 nephritis.	 These	 medications	 are	 more
commonly	 used	 for	 organ	 transplant	 rejection	 prophylaxis.	 In	 addition,
cyclosporine	 was	 historically	 used	 for	 RA,	 but	 this	 practice	 has	 fallen	 out	 of
favor	as	newer	and	more	effective	medications	have	been	developed	with	fewer
side	effects.	The	calcineurin	 inhibitors	work	by	binding	with	high	affinity	 to	a
family	of	cytoplasmic	proteins	present	in	most	cells.	These	complexes	then	bind
to	and	inhibit	calcineurin,	a	calcium	dependent	phosphatase	ultimately	leading	to



reduced	 transcriptional	 activation	 of	 specific	 cytokine	 genes	 and	 ultimately
reduced	proliferation	of	T	lymphocytes.

Tacrolimus	has	been	used	in	combination	with	CY	or	MMF	for	induction	and
maintenance	treatment	for	lupus	nephritis,7,8	and	a	more	recent	study	has	shown
the	drug	to	be	well	tolerated	and	effective	over	5	years.2	Similarly,	voclosporin
was	 FDA	 approved	 January	 2021	 to	 be	 used	 in	 combination	 with	 MMF	 and
glucocorticoids	 for	 the	 treatment	 of	 lupus	 nephritis.3	 When	 compared	 to
cyclosporine,	 voclosporin	 is	 a	 next	 generation	 calcineurin	 inhibitor	 and	 is
structurally	 similar	 to	 cyclosporine	 but	 more	 potent	 and	 does	 not	 require
monitoring	of	drug	levels.

Toxicities
Hydroxychloroquine	 is	 the	 only	 DMARD	 that	 does	 not	 cause
immunosuppression.	However,	it	has	its	own	major	adverse	effects	including	GI
issues,	rash,	rare	myopathy,	and	retinal	toxicity	(typically	starting	around	5	years
of	 use	 and	 still	 very	 low	 at	 <1%	 risk	 according	 to	 the	American	Academy	 of
Ophthalmology).	 Additionally,	 hydroxychloroquine	 does	 not	 need	 to	 be	 held
during	infection	nor	does	it	need	to	be	discontinued	prior	to	a	surgical	procedure.

Toxicities	 common	 to	 the	 other	 aforementioned	 immunosuppressive	 agents
include	 infection	 that,	 less	commonly,	 involve	opportunistic	organisms	such	as
Pneumocystis	jirovecii	(PJP),	cryptococcosis,	and	disseminated	herpes	zoster.	In
addition,	 all	 of	 the	 aforementioned	 DMARDs	 (with	 the	 exception	 of	 the
calcineurin	inhibitors)	have	been	associated	with	bone	marrow	suppression	and
GI	 irritation.	 Bone	 marrow	 toxicity	 may	 occur	 anytime	 during	 treatment.
Infections	 secondary	 to	 immunosuppression	 occur	 with	 any	 drug	 but	 do	 not
necessarily	correlate	with	the	degree	of	leukopenia,	duration	of	drug	therapy,	or
concomitant	corticosteroid	therapy.

Specific	 toxicities	of	AZA	include	pancreatitis	and	hypersensitivity	hepatitis
with	transaminitis	and	cholestasis	that	usually	resolve	after	drug	discontinuation,
though	 irreversible	 damage	 has	 been	 reported.	 Azoospermia,	 anovulation,	 and
teratogenesis	are	unusual.	TPMT	levels	do	not	predict	these	toxicities,	in	contrast
to	the	known	association	of	low	enzyme	level	with	risk	of	myelosuppression.	It
is	 uncertain	whether	 neoplasia	 occurs	 at	 a	 greater	 incidence	 among	 rheumatic
patients	treated	with	AZA	as	compared	to	transplant	patients.	However,	relative
risk	 of	 lymphoproliferative	 disorders	 among	 RA	 patients	 receiving	 AZA	 is
estimated	at	2.2%	to	8.7%.

The	toxicity	profile	of	MMF	is	similar	to	AZA	and	includes	hepatoxicity	and
cytopenias.	 Hepatic	 fibrosis	 is	 an	 infrequent	 but	 concerning	 complication.	 GI



intolerance	 with	 nausea,	 vomiting,	 and	 diarrhea	 may	 improve	 over	 time	 and
seldom	 requires	 drug	 discontinuation.	 Rarely,	 an	 enterocolitis	 has	 been
associated	 with	 MMF.	 A	 delayed	 release	 formulation	 (mycophenolic	 acid)	 is
available	that	may	be	better	tolerated	by	those	who	have	GI	intolerance	to	MMF.
As	with	other	immunosuppressive	medications,	there	may	be	an	increased	risk	of
malignancies,	including	lymphoma.

MTX	 has	 similar	 adverse	 effects	 including	 cytopenias,	 hepatotoxicity,
alopecia,	 and	 skin	 photosensitivity	 as	 well	 as	 more	minor	 toxicities	 including
nausea,	vomiting,	anorexia,	diarrhea,	weight	loss,	and	stomatitis.	MTX	can	also
be	 associated	 with	 pulmonary	 toxicities,	 most	 commonly	 hypersensitivity
pneumonitis	 which	 usually	 improves	 with	 discontinuation	 of	 methotrexate,
supportive	 care	 and	 glucocorticoids	 when	 needed.	 Other	 pulmonary	 toxicities
include	 interstitial	 fibrosis,	 pleuritis,	 noncardiogenic	 pulmonary	 edema,	 and
increased	 pulmonary	 nodulosis.	 Risk	 factors	 for	 MTX	 toxicity	 include	 renal
insufficiency,	 viral	 infections,	 folic	 acid	 deficiency,	 and	 concurrent	 use	 of
trimethoprim-sulfamethoxazole	and	probenecid.	For	MTX	overdose,	folinic	acid
(leucovorin),	 in	 a	 dose	 equal	 to	 the	MTX	 dose,	 should	 be	 given	 every	 4	 to	 6
hours	until	the	serum	MTX	level	is	no	longer	detectable.

Small	series	have	also	reported	development	of	lymphoproliferative	disorders
among	MTX-treated	patients	though	patients	with	RA	are	already	at	greater	risk
for	 lymphoma	 than	 the	 general	 population.	 Reassuringly,	 a	 study	 reviewing	 a
national	data	bank	for	rheumatic	disease	in	over	18,000	patients	did	not	identify
a	significantly	higher	risk	of	lymphoma	among	patients	treated	with	MTX.9

Toxicities	associated	with	LEF	include	diarrhea,	alopecia,	rash,	hypertension,
weight	 loss,	 hepatotoxicity,	 and	 anemia.	 Hepatoxicity	 can	 be	 significant	 and
there	 have	 been	 reports	 of	 hepatic	 failure	 and	death.	The	 extended	half-life	 of
LEF	can	be	problematic	especially	in	patients	who	experience	severe	side	effects
or	 who	 wish	 to	 become	 pregnant.	 In	 these	 cases,	 elimination	 of	 LEF	 and	 its
metabolites	can	be	accelerated	by	the	administration	of	cholestyramine,	8	g	three
times	a	day	for	11	days.

CY	shares	similar	toxicities	to	the	other	DMARDs	but	can	have	further	major
side	 effects	 including	 infertility,	 bladder	 toxicity	 as	 mentioned	 earlier,	 and
carcinogenicity.	Oral	 and	 IV	 regimens	 can	 induce	gonadal	 dysfunction	 in	men
and	women	because	of	injury	to	germinal	epithelium.	Azoospermia	in	males	and
amenorrhea	in	premenopausal	women	is	dose	related	and	is	usually	permanent.
The	 risk	 may	 be	 reduced	 by	 the	 induction	 of	 gonadal	 quiescence	 during	 CY
treatment,	such	as	using	leuprolide	to	preserve	ovarian	function	for	women	with
lupus	nephritis	treated	with	CY.10	Leuprolide	was	ineffective	for	men,	but	a	small
study	 has	 shown	 a	 reduced	 risk	 of	 azoospermia	 in	 men	 treated	 with



testosterone.11	 Sperm	 banking	 is	 also	 recommended	 for	 men	 undergoing	 CY
therapy.	Cryopreservation	of	ova	or	embryos	can	sometimes	be	impractical,	as	it
entails	hormonal	manipulation	and	significant	delays	of	treatment.

Hemorrhagic	 cystitis	 due	 to	 acrolein,	 a	metabolite	 of	CY,	occurs	 in	 20%	 to
30%	of	patients	receiving	oral	CY.	Bladder	carcinoma	occurs	in	10%	of	patients
who	receive	long-term	CY	therapy,	even	20	years	after	exposure	though	IV	CY
may	 have	 fewer	 bladder	 complications	 than	 the	 oral	 regimen.	 Adequate
hydration	 for	 all	 patients	 and	 concomitant	 use	 of	 sodium	 2-mercaptoethane
sulfonate	(MESNA)	during	IV	CY	infusion	for	patients	with	renal	insufficiency
should	 help	 to	 reduce	 the	 risk	 of	 hemorrhagic	 cystitis.	 Skin	 and	 hematologic
malignancies	 and	 premalignant	 and	 malignant	 changes	 of	 the	 cervix	 are	 also
associated	with	CY.	Hepatotoxicity	is	rare,	but	nausea	or	vomiting	with	IV	CY	is
common.	 Other	 toxicities	 include	 infections,	 cardiomyopathy,	 and	 pulmonary
fibrosis.	 In	 addition,	 PJP	 prophylaxis	 is	 recommended	 for	 all	 patients	 treated
with	CY.

The	 calcineurin	 inhibitors	 have	 similar	 toxicities	 to	 other	 DMARDs	 noted
earlier	 including	 increased	 risk	 of	 infection,	 increased	 malignancy	 risk
(especially	 skin	 cancers	 and	 lymphoproliferative	 disorders),	 and	 GI	 upset.
However	 adverse	 effects	 more	 specific	 to	 the	 calcineurin	 inhibitors	 include
gingival	 hyperplasia,	 hirsutism,	 nephrotoxicity	 (largely	 reversible	 by	 reducing
the	 dose),	 occasionally	 chronic	 progressive	 kidney	 disease,	 as	 well	 as
hypertension	 likely	 related	 to	 renal	 vasoconstriction	 and	 sodium	 retention,
neurotoxicity	 (including	 mild	 tremor,	 headaches),	 and	 other	 metabolic
abnormalities.

BIOLOGIC	MODIFIERS
In	 addition	 to	 the	 aforementioned	 traditional	 immunosuppressive	 agents,	 there
has	 been	 continued	 growth	 in	 the	 development	 of	 biologic	 modifiers	 for	 the
treatment	of	rheumatic	disease.	The	mechanisms	of	action	vary	and	include	anti-
cytokine	 therapies,	 T-cell	 costimulation	 blockade,	 B-cell	 depletion	 and
inhibition,	 phosphodiesterase	 4	 (PDE4)	 inhibition,	 and	 Janus	 kinase	 (JAK)
enzyme	blockade	(see	Table	67.1).	Biologic	agents	are	increasingly	used	to	treat
RA,	 psoriatic	 arthritis	 (PsA),	 ankylosing	 spondylitis,	 inflammatory	 bowel
disease	and	even	SLE.	It	 is	unlikely	 that	 the	ICU	physician	will	 initiate	any	of
these	agents	for	therapeutic	indications.	However,	if	a	patient	is	receiving	one	of
these	 agents	 chronically,	 it	 is	 important	 for	 the	 ICU	 team	 to	 understand	 the
mechanism	 of	 action	 and	 the	 potential	 complications	 or	 toxicities	 of	 these



therapies.12

TABLE	67.1

Biologic	Agents	Used	in	the	Treatment	of	Rheumatic
Diseases

Drug Mechanism
of	Action

Half-
Life Side	Effects

Infliximab Chimeric
IgG1κ
monoclonal
antibody
against	TNF-α

7-
12	d

Infusion	reaction,	hypersensitivity
reaction,	TB	reactivation,
opportunistic	infections	including
fungal	and	mycobacterial	infections,
demyelinating	syndromes,	drug-
induced	lupus,	pancytopenia,
hepatotoxicity,	CHF,	possible
increased	risk	of	lymphoma	and
nonmelanoma	skin	cancer

Infliximab
biosimilars:	-
dyyb,	-abda,	-
qbtx,	-axxq

Chimeric
monoclonal
antibody
against	TNF-α

7-
12	d

Same	as	infliximab

Etanercept Soluble	form
of	p75	TNF-α
receptor
fusion	protein

3-5	d Injection	site	reaction,	TB
reactivation,	opportunistic
infections	including	fungal	and
mycobacterial	infections,
demyelinating	syndromes,	drug-
induced	lupus,	pancytopenia,
hepatotoxicity,	CHF,	possible
increased	risk	of	lymphoma	and
nonmelanoma	skin	cancer

Adalimumab Human	IgG1
monoclonal
antibody

10-
20	d

Same	as	etanercept



against	TNF-α

Golimumab Human	IgG
monoclonal
antibody
against	TNF-α

14	d Same	as	etanercept

Certolizumab
pegol

Pegylated
humanized
antibody	Fab’
fragment	of
TNF-α
monoclonal
antibody

14	d Same	as	etanercept

Abatacept CTLA4-Ig
soluble	fusion
protein,
inhibits	T-cell
activation	by
blocking
costimulatory
signal

8-
25	d

Injection	site/infusion	reactions,
infections	similar	to	TNF-α
inhibitors,	COPD	exacerbations,
possible	increased	risk	melanoma
skin	cancers

Tocilizumab Humanized
IgG1	IL-6
receptor
antibody

6-
13	d

Injection	site/infusion	reactions,
infections	similar	to	TNF-α
inhibitors,	hypertension,
hypercholesterolemia,	transaminitis,
gastrointestinal	perforation

Sarilumab Humanized
IgG1	IL-6
receptor
antibody

8-
10	d

Same	as	tocilizumab

Anakinra Human
recombinant
IL-1	receptor
antagonist

4-6	h Injection	site	reactions,	infections
similar	to	TNF-α	inhibitors,
neutropenia,	hypersensitivity
reactions

Canakinumab Human 23- Same	as	anakinra



monoclonal
antibody	that
binds	with	to
IL-1

26	d

Rilonacept Dimeric
fusion	protein
consisting	of
IL-1R1	and
IL1RAcP
extracellular
domains	fused
to	the	Fc
region	of
IgG1

7-9	d Same	as	anakinra

Secukinumab Human	IgG1
monoclonal
antibody
against	IL-
17A

22-
31	d

Injection	site/infusion	reactions.
Infections	similar	to	TNF-α
inhibitors,	hypersensitivity
reactions,	development	or
reactivation	of	inflammatory	bowel
disease

Ixekizumab Humanized
IL-17	A
inhibitor

13	d Same	as	secukinumab

Ustekinumab Human
IgG1K
monoclonal
antibody
against	the
subunit	of	IL-
12	and	IL-23

15-
45	d

Infusion/injection	site	reactions,
increased	risk	for	atypical	infections
including	herpes	zoster,
nonmelanoma	skin	cancers,
reversible	posterior
leukoencephalopathy	syndrome
(rare),	hypersensitivity	reactions

Guselkumab Human	IgG1λ
monoclonal
antibody	with
selective
inhibition	of

5-
18	d

Injection	site	reactions,	increased
risk	for	common	and	atypical
infections,	and	hypersensitivity
reactions



p19	subunit	of
IL-23

Risankizumab Human	IgG1
monoclonal
antibody	with
selective
inhibition	of
p19	subunit	of
IL-23

28	d Same	as	guselkumab

Rituximab B-cell
depleting
chimeric
monoclonal
CD20
antibody

18	d
with
range
of	5-
78	d

Infusion	reactions,	cytopenias,
infections	including	PML	and	new
or	reactivated	viral	infections	like
fulminant	hepatitis	B

Tofacitinib JAK	inhibitor
with	potent
inhibition	of
JAK3,	JAK1,
and	to	a	minor
degree	JAK2

3	h Cytopenias,	dyslipidemia,
elevations	in	creatinine	and
transaminases,	infections	(atypical
and	common),	herpes	zoster,
thrombotic	risk.	Also	possible
increased	risk	of	cardiovascular
events	and	malignancies.

Baricitinib JAK	inhibitor
that	primarily
inhibits	JAK1
and	JAK2

12.5
h

Same	as	tofacitinib

Upadacitinib JAK	inhibitor
that	primarily
inhibits	JAK1

9-14
h

Same	as	tofacitinib	and	baricitinib

Apremilast Small
molecule
inhibitor	of
PDE4

6-9	h Diarrhea,	nausea,	depression,
suicidal	ideation,	and
hypersensitivity

Belimumab Human	IgG1λ 19	d Infusion	reaction	or	injection	site



monoclonal
antibody	that
inhibits	B-
lymphocyte
stimulator
(BLyS)

reactions.	Nausea,	vomiting,
diarrhea,	abdominal	pain,	insomnia,
headaches,	myalgias,	fever,
leukopenia,	cough,	sore	throat

Anifrolumab Human
monoclonal
antibody	that
binds	to
subunit	1	of
type	I	IFN
receptor

1-7	d Infusion	reactions,	infections
including	herpes	zoster,	and
hypersensitivity	reactions.
Malignancy	risk	has	not	yet	been
defined.

CHF,	congestive	heart	failure;	COPD,	chronic	obstructive	pulmonary	disease;	CTLA4,	cytotoxic	T
lymphocyte-associated	antigen;	Fab,	fragment	antigen	binding;	IFN,	interferon;	IgG,
immunoglobulin	G;	IL,	interleukin;	IL-1R1,	human	interleukin-1	receptor	component;	IL-1RAcP,	IL-
1	receptor	accessory	protein;	JAK,	Janus	kinase;	PML,	progressive	multifocal
leukoencephalopathy;	TB,	tuberculosis;	TNF,	tumor	necrosis	factor

Treatments	 for	RA	 are	 diverse	 and	 include	 six	TNF-α	 inhibitors,	 two	 IL-6
inhibitors,	 three	 JAK	 inhibitors,	 agents	 that	work	 through	T-cell	 costimulation
blockade,	 and	 B-cell	 depletion.	 There	 are	 also	 three	 IL-1	 antagonists,	 though
these	are	used	less	commonly.

The	 TNF-α	 inhibitors	 are	 also	 used	 to	 treat	 spondyloarthropathies,	 such	 as
PsA	and	ankylosing	 spondylitis.	However,	newer	agents	have	emerged	 to	 treat
these	diseases.	These	agents	work	through	PDE4	inhibition	and	the	inhibition	of
cytokines	 IL-12,	 IL-23,	 and	 IL-17A.	 A	 brief	 summary	 on	 the	 mechanism	 of
action	and	toxicity	for	each	agent	follows.

TNF-α	Inhibitors
Five	TNF-α	inhibitors	(infliximab	and	its	biosimilars	[infliximab-dyyb,	-abda,	-
qbtx,	 -axxq],	adalimumab,	etanercept,	golimumab,	and	certolizumab	pegol)	are
currently	 approved	 for	 the	 treatment	 of	 moderate-to-severe	 RA,	 psoriatic
arthritis,	 plaque	 psoriasis,	 ankylosing	 spondylitis,	 and	 inflammatory	 bowel
disease.	There	are	other	biosimilars	for	adalimumab	and	etanercept	which	have
received	 FDA	 approval,	 but	 none	 of	 these	 biosimilars	 have	 launched	 yet.	 The
delay	has	been	attributed	 to	various	 issues	 including	postponed	primary	patent



expiration	dates	and	differences	in	dose	concentration	compared	to	original	drug.
Of	note,	a	biosimilar	is	a	product	that	is	essentially	“interchangeable”	or	“highly
similar”	 to	 the	 reference	product	 in	 terms	of	mechanism	of	action,	dosage	and
strength,	and	route	of	administration.	The	biosimilar	product	must	not	have	any
clinically	meaningful	 differences	 of	 efficacy	 or	 safety	 profile	 compared	 to	 the
reference	drug.

The	 TNF-α	 inhibitors	 work	 by	 blocking	 TNF-α,	 a	 potent	 inflammatory
cytokine	 that	 binds	 to	 one	 of	 its	 receptors,	 p55	 or	 p75,	 on	 chondrocytes,
fibroblasts,	and	osteoclasts	in	the	rheumatoid	synovium.	This	binding	stimulates
the	 production	 of	 metalloproteinases	 and	 other	 effector	 molecules	 that	 can
damage	 the	 joint.	 By	 inhibiting	 TNF-α,	 these	medications	 help	 slow	 down	 or
stop	 disease	 activity,	 thereby	 preventing	 further	 disease	 progression	 and	 joint
damage.	Here,	we	will	briefly	discuss	each	of	these	medications.

Etanercept	 is	 a	 fusion	 protein	 composed	 of	 two	 recombinant	 p75-soluble
TNF-α	 receptors	 combined	 with	 the	 Fc	 portion	 of	 human	 IgG.	 The	 drug	 is
administered	 by	 subcutaneous	 (SQ)	 injection	 (25	 mg	 twice	 a	 week	 or	 50	 mg
weekly).	 Adalimumab	 and	 golimumab	 are	 recombinant	 human	 IgG1

monoclonal	antibodies	against	TNF-α.	Adalimumab	is	administered	as	a	40	mg
SQ	injection	every	other	week	and	golimumab	is	given	as	a	50	mg	SQ	injection
once	 every	 month.	Certolizumab	 is	 a	 pegylated	 human	 anti-TNF-α	 antibody
Fab’	that	is	given	SQ	every	2	to	4	weeks.

Infliximab	and	its	biosimilars	are	chimeric	(human	and	mouse)	monoclonal
antibodies	 against	 TNF-α.	 Infliximab	 is	 administered	 IV	 at	 doses	 that	 can	 be
titrated	up	from	3	mg/kg	to	a	maximum	of	10	mg/kg	every	4	to	8	weeks	for	RA
depending	 on	 the	 severity	 of	 a	 patient’s	 disease.	 The	 dosage	 for	 ankylosing
spondylitis,	 psoriatic	 arthritis,	 and	 psoriasis	 is	 fixed	 at	 5	mg/kg	 IV	 every	 6	 to
8	weeks	after	loading	doses.

MTX	 is	 recommended	 in	 combination	 with	 infliximab	 and	 adalimumab	 to
reduce	 the	 frequency	 of	 neutralizing	 human/antichimeric	 antibodies	 or
human/antihuman	antibodies,	respectively.	However,	 the	role	of	MTX	use	with
golimumab	and	certolizumab	to	prevent	these	sorts	of	antibodies	is	not	as	clear.
Studies	 have	 previously	 shown	 that	 the	 combination	 of	 MTX	 with	 these
biologics	works	better	than	either	one	alone	but	the	self-injections	are	now	often
used	as	monotherapy.

Short-term	 toxicities	 of	 etanercept,	 adalimumab,	 golimumab,	 and
certolizumab	 include	 injection	 site	 reactions	 with	 local	 urticarial	 lesions	 that
often	 resolve	with	 subsequent	 repeated	 dosing.	Mild	 hypersensitivity	 reactions
with	 infliximab	 infusions	 occur	 in	 20%	 of	 patients,	 but	 2%	 will	 experience
severe	infusion	reactions.	There	is	an	increased	risk	of	serious	infections	among



patients	 taking	 all	 TNF-α	 inhibitors,	 including	 opportunistic,	 fungal,	 and
mycobacterial	 infections.	 All	 patients	 should	 be	 tested	 for	 latent	 TB	 prior	 to
initiating	 therapy	with	 a	TNF-α	 inhibitor	 and	 patients	with	 known	 hepatitis	 B
infection	should	not	receive	these	drugs.

Demyelinating	syndromes	have	been	reported	in	patients	treated	with	TNF-α
inhibitors.	 Immunogenicity,	 low-titer	 anti-dsDNA	 antibody,	 and	 drug-induced
lupus	 syndromes	 have	 been	 documented	 among	 patients	 treated	 with	 TNF-α
inhibitors.	 Pancytopenia,	 aplastic	 anemia,	 elevated	 liver	 function	 tests,	 and
exacerbation	of	preexisting	or	new	onset	congestive	heart	 failure	have	all	been
reported.	 Long-term	 toxicities,	 including	 concerns	 for	 increased	 risk	 for
malignancy	 continue	 to	 be	 evaluated.	 Initial	 surveillance	 suggested	 a	 higher
incidence	 of	 nonmelanoma	 skin	 cancers	 and	 perhaps	 lymphomas	 but	 a	 large
study	reassuringly	showed	no	increase	of	lymphoma	risk	among	RA	patients	on
TNF	inhibitors.13	In	addition,	a	Cochrane	review	looking	at	the	adverse	effects	of
biologics	 (including	not	only	TNF-α	 inhibitors	but	also	abatacept,	 tocilizumab,
rituximab,	 and	 anakinra)	 revealed	 that	 there	 was	 no	 statistically	 significant
difference	 in	 the	 rate	of	 lymphoma	compared	 to	 controls.14	Other	 studies	 from
large	patient	data	bank	registries	from	the	United	States15	and	Europe16	have	also
not	shown	increased	malignancy	rates	associated	with	TNF-α	inhibitors.

Interleukin	1	Inhibitors
IL-1,	 produced	 by	 rheumatoid	 synovial	macrophages,	 acts	 synergistically	with
TNF-α	on	synovial	fibroblasts,	chondrocytes,	endothelial	cells,	and	osteoclasts.
These	interactions	promote	the	influx	of	polymorphonuclear	cells	into	the	joint,
release	 of	 metalloproteinases	 and	 collagenases	 from	 chondrocytes,	 and
activation	of	osteoclastic	bone	resorption.	IL-1	binds	to	two	types	of	cell-surface
receptors,	but	only	the	IL-1	type	I	receptor	is	capable	of	intracellular	activation.
IL-1	 inhibition	 has	 had	 modest	 benefits	 for	 RA	 but	 has	 been	 found	 to	 be
effective	 primarily	 for	 a	 group	 of	 rare,	 inherited,	 autoinflammatory	 diseases
called	the	cryopyrin-associated	periodic	syndromes	(CAPS).

There	 are	 three	medications	 that	 inhibit	 IL-1—anakinra,	 canakinumab,	 and
rilonacept.	Anakinra	 is	 a	 recombinant	 IL-1	 receptor	 antagonist,	 which	 blocks
the	 biologic	 activity	 of	 both	 IL-1α	 and	 IL-1β	 by	 competitively	 inhibiting	 IL-1
binding	to	the	IL-1	1	receptor.	Anakinra	is	given	once	daily	and	approved	for	the
treatment	 of	 moderate	 to	 severe	 RA	 and	 neonatal-onset	 multisystem
inflammatory	disease	(NOMID).	Canakinumab	 is	 a	human	monoclonal	 IL-1β
antibody,	 which	 targets	 IL-1β,	 thereby	 blocking	 its	 interaction	 with	 IL-1
receptors	 and	 neutralizing	 IL-1β	 activity.	Canakinumab	 is	 given	 once	 a	month



and	is	approved	for	periodic	fever	syndromes	(TNF	receptor	associated	periodic
syndrome,	 hyperimmunoglobulin	 D	 syndrome,	 familial	 Mediterranean	 fever),
adult-onset	 Still	 disease,	 and	 systemic	 juvenile	 idiopathic	 arthritis	 (SJIA).
Rilonacept	consists	of	the	extracellular	domains	of	the	IL-1	receptor	accessory
protein	(IL-1-RAcP)	and	the	IL-1	receptor	(IL-1-R1)	fused	to	the	Fc	portion	of	a
human	 IgG1.	 It	 binds	 IL-1β	and	 IL-1α	with	high	 affinity	 and	potently	 inhibits
IL-1	 activity	 responsible	 for	 mediating	 the	 pro-inflammatory	 response.	 It	 is
given	once	weekly	and	approved	to	treat	CAPS	as	well	as	recurrent	pericarditis.

Toxicities	 for	 all	 of	 the	 IL-1	 inhibitors	 include	 injection	 site	 reactions
especially	with	 anakinra,	 immunosuppression	 leading	 to	 an	 increase	 in	 serious
infections,	cytopenias,	and	hepatotoxicity.

Of	 note,	 IL-1	 inhibition	 is	 thought	 to	 have	 potential	 in	 treating	COVID-19
based	 on	 therapeutic	 rationale,	 but	 data	 thus	 far	 have	 to	 be	 interpreted	 with
caution	due	to	variable	protocols	used	and	patient	populations	studied.17

IL-6	Inhibitors
IL-6,	a	proinflammatory	cytokine	expressed	in	RA	synovial	tissues,	promotes	the
activation	 of	B-cells,	 T-cells,	 and	macrophages,	 as	well	 as	 the	 upregulation	 of
endothelial	 adhesion	 molecule	 expression.	 IL-6	 also	 stimulates	 osteoclast
maturation	and	promotes	bone	erosion.	Currently,	 there	are	two	FDA-approved
IL-6	inhibitors—tocilizumab	and	sarilumab.

Tocilizumab,	 a	humanized	 IgG1	anti-IL-6	 receptor	monoclonal	 antibody,	 is
approved	 for	 the	 treatment	of	moderate-to-severe	RA,	polyarticular	 JIA,	SJIA,
and	systemic	sclerosis-associated	interstitial	lung	disease.	Typically,	it	is	used	for
patients	who	 fail	 to	 respond	 to	DMARDs	 and	TNF-α	 inhibitors.	Then	 in	May
2017,	tocilizumab	was	approved	for	the	treatment	of	giant	cell	arteritis	and	with
this	patients	have	been	able	 to	 significantly	decrease	 their	cumulative	doses	of
prednisone.	During	a	phase	3	 trial,	 tocilizumab	 in	 conjunction	with	 a	26-week
prednisone	taper	was	superior	to	treatment	with	prednisone	alone	in	maintaining
disease	remission.18	Tocilizumab	can	be	administered	as	a	monthly	IV	infusion
or	as	an	injection	every	1	to	2	weeks	(depending	on	patient	weight	and	severity
of	disease)	either	alone	or	in	combination	with	weekly	methotrexate.

7 	As	of	June	2021,	tocilizumab	was	authorized	for	emergency	use	(EUA)	in
the	treatment	of	COVID-19—only	for	hospitalized	adults	and	pediatric	patients
(2	 years	 of	 age	 and	 older)	 receiving	 systemic	 corticosteroids	 and	 requiring
supplemental	 oxygen,	 noninvasive	 or	 invasive	 mechanical	 ventilation,	 or
extracorporeal	membrane	oxygenation	 (ECMO).	Tocilizumab	 is	 not	 authorized
for	use	in	outpatients	with	COVID-19.	This	EUA	was	based	on	four	studies19-21



and	 one	 other,	 REMDACTA,	 which	 looks	 at	 the	 efficacy	 and	 safety	 of
remdesivir	 plus	 tocilizumab	 compared	 with	 remdesivir	 plus	 placebo	 for
hospitalized	participants	with	severe	COVID-19	pneumonia,	which	has	not	been
published	 yet.	 One	 study	 demonstrated	 patients	 hospitalized	 with	 COVID-19
pneumonia	 who	 received	 tocilizumab	 have	 a	 lower	 likelihood	 of	 requiring
mechanical	 ventilation	 and	 of	 dying	 in	 the	 hospital.21	 However,	 another	 study
also	 indicated	 that	patients	with	 severe	COVID-19	pneumonia	did	not	have	an
improved	clinical	outcome	or	lower	mortality	when	given	tocilizumab.20

Sarilumab,	another	humanized	IgG1	anti-IL-6	receptor	monoclonal	antibody,
is	primarily	used	for	the	treatment	of	moderate	to	severe	RA.	Sarilumab	binds	to
both	 membrane-bound	 and	 soluble	 IL-6Rα	 with	 high	 affinity.	 Sarilumab	 was
developed	in	mice	engineered	to	produce	human	antibodies	with	a	15	to	22-fold
higher	 affinity	 for	 the	 human	 IL-6R	 than	 tocilizumab.22	 It	 is	 administered	 SQ
200	mg	every	2	weeks	and	can	be	given	as	monotherapy	or	with	conventional
DMARDs	such	as	methotrexate.

Toxicities	 for	 IL-6	 inhibitors	 are	 similar	 to	 those	 of	 other	 biologic	 agents
including	 risk	 of	 serious	 infection	 including	 tuberculosis,	 as	 well	 as	 common
infections	 such	 as	 nasopharyngitis,	 upper	 respiratory	 tract	 infections,	 and	 skin
and	 soft	 tissue	 infections.	 In	 addition	 to	 these	 typical	 adverse	 effects,	 IL-6
inhibitors	 have	 been	 associated	with	 changes	 in	 the	 lipid	 panel,	 elevated	 liver
transaminases,	 and	 rare	 cases	 of	 intestinal	 perforation.	 To	 date,	 there	 is	 no
evidence	of	an	 increased	 incidence	of	malignancies	among	RA	patients	 treated
with	IL-6	inhibitors.

IL-12	and/or	IL-23	Inhibitors
Ustekinumab	is	a	human	monoclonal	antibody	directed	against	the	p40	subunit
common	 to	 IL-12	 and	 IL-23.	 Ustekinumab	 was	 initially	 studied	 for	 psoriasis
since	 concentrations	 of	 IL-12	 and	 IL-23	 were	 higher	 in	 psoriatic	 lesions.	 In
addition,	 cytokines	 induced	 by	 IL-12	 (interferon	 [IFN]-γ)	 and	 IL-23	 (IL-17A,
IL-17F,	 and	 IL-22)	 are	 also	 elevated	 in	 psoriatic	 plaques.23	 Further	 studies
demonstrated	 that	ustekinumab	also	benefited	PsA,	 so	 it	was	 then	approved	 to
treat	both	psoriasis	and	PsA.	Ustekinumab	is	given	by	SQ	injection	as	a	loading
dose	weeks	0	and	4,	and	then	as	maintenance	every	12	weeks.

Two	 other	 more	 selective	 monoclonal	 antibodies	 to	 IL-23	 have	 since	 been
developed—guselkumab	 and	 risankizumab.	 Guselkumab	 is	 a	 fully	 human
monoclonal	 IgG1λ	 antibody	 that	 selectively	 binds	 to	 the	 p19	 subunit	 of	 IL-23
and	 inhibits	 its	 interaction	with	 the	 IL-23	 receptor.	Guselkumab	has	 also	 been
approved	 for	use	 in	both	psoriasis	and	PsA,	and	 the	dose	 is	100	mg	SQ	every



8	weeks	after	two	loading	doses	on	weeks	0	and	4.	Studies	have	shown	it	to	be
an	efficacious	medication	for	the	treatment	of	psoriatic	arthritis	for	patients	naïve
to	 biologic	 treatment.24	 Similarly,	 risankizumab	 is	 a	 humanized	 IgG1
monoclonal	 antibody	 that	 selectively	 inhibits	 the	 p19	 subunit	 of	 IL-23	 and	 is
given	at	150	mg	SQ	every	12	weeks	after	two	loading	doses	on	weeks	0	and	4.
Risankizumab	 has	 been	 FDA	 approved	 only	 for	 psoriasis.	 Both,	 like
ustekinumab,	 can	 be	 administered	 in	 combination	 with	 other	 conventional
DMARDs.

Adverse	events	for	the	IL-12	and/or	IL-23	inhibitors	are	similar	to	the	other
biologic	agents	and	 include	 injection	site	 reactions,	 increased	 risk	 for	common
and	 atypical	 infections	 including	 reactivation	 of	 tuberculosis,	 and
hypersensitivity	 reactions.	 There	 also	 appears	 to	 be	 a	 rare	 risk	 for	 antibody
formation	in	these	medications	which	can	sometimes	affect	their	efficacy.	There
also	does	not	appear	to	be	an	increased	risk	of	malignancies	with	guselkumab	or
risankizumab.	 Ustekinumab	 has	 the	 additional	 risk	 of	 possible	 increased
nonmelanoma	 skin	 cancers,	 rare	 reversible	 posterior	 leukoencephalopathy
syndrome,	and	herpes	zoster	infection.

IL-17A	Inhibitors
Secukinumab	and	ixekizumab	are	both	high-affinity	human	IgG1	monoclonal
antibodies	that	selectively	bind	to	and	neutralize	IL-17A.	Cells	that	produce	IL-
17A	 are	 increased	 in	 the	 circulation,	 joints,	 and	 skin	 plaques	 in	 patients	 with
PsA.25,26	In	addition,	levels	of	IL-17+CD8+	T	cells	have	been	shown	to	correlate
with	disease	activity	measures	and	erosions/structural	 joint	damage.25	Both	 are
approved	 for	 the	 treatment	 of	 moderate	 to	 severe	 plaque	 psoriasis,	 psoriatic
arthritis,	ankylosing	spondylitis,	and	axial	(nonradiographic)	spondyloarthritis.27

Adverse	 reactions	 include	 injection	 site	 reactions,	 more	 frequent	 common
infections	such	as	nasopharyngitis	and	upper	respiratory	tract	infections,	atypical
infections	 such	 as	 tuberculosis	 or	 fungal	 infections,	 neutropenia,	 and
hypersensitivity	 reactions.	 The	 side	 effect	 that	 differentiates	 the	 IL-17A
inhibitors	 from	 other	 biologics	 is	 that	 these	medications	 can	 potentially	 cause
significant	 GI	 issues	 including	 exacerbation	 of	 or	 development	 of	 new	 onset
inflammatory	bowel	disease.

B-cell	Depletion
8Rituximab	 (RTX)	 is	a	chimeric	monoclonal	antibody	 to	CD20	 that	 results	 in
the	depletion	of	mature	B	cells	and	disruption	of	T-cell	activation.	RTX	is	now



approved	 for	 three	 rheumatologic	 conditions—moderate-to-severe	 RA	 in	 a
patient	who	has	failed	other	DMARDS	and	a	TNF	inhibitor,	granulomatosis	with
polyangiitis	 (previously	 known	 as	 Wegener	 granulomatosis),	 and	 microscopic
polyangiitis.	Aside	from	the	aforementioned	approved	indications,	Rituximab	is
also	 used	 off	 label	 for	 the	 treatment	 of	 SLE,	 Sjögren	 syndrome,	 systemic
sclerosis,	 and	 inflammatory	 myopathies.	 Rituximab	 is	 usually	 given	 with
methotrexate	 when	 used	 for	 RA.	 Toxicities	 include	 infusion	 reactions,
cytopenias,	 hypogammaglobulinemia,	 and	 elevated	 transaminases.	 Infections
can	occur	including	potentially	fatal	ones	such	as	the	reactivation	of	hepatitis	B
with	 fulminant	 hepatitis	 and	 rare	 cases	 of	 progressive	 multifocal
leukoencephalopathy	which	have	led	to	death.	Interestingly,	no	increased	risk	of
tuberculosis	 or	 malignancies	 has	 been	 reported	 in	 the	 limited	 follow-up	 of
treated	RA	patients.	Data	from	the	non–Hodgkin	lymphoma	database	as	well	as
a	 national	 registry	 looking	 primarily	 at	 the	 use	 of	 rituximab	 for	 autoimmune
diseases	have	been	reassuring	in	that	serious	adverse	events	were	infrequent.28

Rituximab	dosing	 regimens	differ	based	on	 the	disease	entity	being	 treated.
For	RA,	RTX	can	be	given	as	two	separate	1000	mg	doses	2	weeks	apart	every
24	 weeks.29	 When	 used	 for	 treatment	 of	 antineutrophil	 cytoplasmic	 antibody
(ANCA)-positive	 vasculitis	 (MPA	 and	 GPA)	 or	 renal	 limited	 vasculitis,	 we
typically	complete	induction	therapy	with	a	combination	of	glucocorticoids	and
RTX	375	mg/m2	once	weekly	for	4	weeks.30	Follow-up	maintenance	dosing	can
vary,	but	the	regimen	most	commonly	used	by	vasculitis	protocols	is	500	mg	IV
separated	by	2	weeks,	followed	by	a	500	mg	IV	every	6	months	thereafter.31

B-lymphocyte	Stimulator	Inhibition
Belimumab	 is	a	human	IgG1λ	monoclonal	antibody	that	effectively	targets	the
soluble	 form	 of	 B-lymphocyte	 stimulator	 (BlyS),	 which	 in	 turn	 inhibits	 the
development	and	homeostasis	of	B	lymphocytes.27	This	 inhibition	is	 thought	 to
block	 autoantibody	 production	 responsible	 for	 the	 clinical	 features	 of	 lupus.27
Belimumab	was	approved	by	the	FDA	in	2011	for	the	treatment	of	active	SLE	in
patients	currently	receiving	standard	therapy	(eg,	glucocorticoids,	antimalarials,
immunosuppressants,	and	NSAIDs).	Standard	IV	dosing	is	10	mg/kg	IV	on	days
0,	14	and	28,	and	then	every	28	days	thereafter.	Belimumab	can	also	be	given	by
SQ	 route	 at	 200	 mg	 weekly.	 Phase	 III	 trials	 (BLISS-76	 and	 BLISS-52)	 have
shown	that	belimumab	decreases	severe	flares	and	steroid	use	while	 improving
overall	 SLE	 disease	 activity	 of	 the	 most	 common	 musculoskeletal	 and
mucocutaneous	organ	domains.32	In	2020,	the	FDA	also	approved	belimumab	for
the	treatment	of	lupus	nephritis.33	In	studies,	belimumab	was	given	IV	10	mg/kg



in	 conjunction	 with	 either	 CY	 induction	 followed	 by	 AZA,	 or	 with	MMF	 as
induction	 and	 maintenance.	 Subjects	 with	 nervous	 system	 involvement	 were
excluded	 from	 these	 trials.	 Belimumab	 has	 been	 well	 tolerated	 with	 a	 safety
profile	that	is	comparable	to	placebo	in	terms	of	infection	and	malignancies.

Type	1	Interferon	Receptor	antagonist
In	 August	 2021,	 the	 FDA	 approved	 anifrolumab	 for	 the	 treatment	 of	 adult
patients	with	moderate	 to	 severe	 SLE	who	 are	 receiving	 standard	 therapy	 (ie,
corticosteroids,	antimalarials,	or	other	immunosuppressives).	This	approval	was
based	on	several	studies.34-37	Two	pivotal	phase	III	studies	(TULIP	[Treatment	of
Uncontrolled	Lupus	via	the	Interferon	Pathway]	1	and	2)	looked	at	the	efficacy
and	safety	of	anifrolumab	vs	placebo.	The	initial	TULIP-1	trial	did	not	meet	its
end	point	based	on	using	the	SLE	Responder	Index	4	(SRI4)	composite	measure,
but	 TULIP-2	 did	 meet	 its	 end	 point	 using	 the	 BICLA	 response	 (BILAG
combined	 lupus	assessment).34,37	Patients	who	 received	anifrolumab	were	more
likely	to	have	decreases	in	their	glucocorticoid	dose	and	improved	skin	disease
than	were	 patients	who	 received	 placebo.37	However,	 swollen	 and	 tender	 joint
counts	between	the	two	groups	as	well	as	the	annualized	rate	of	SLE	flares	were
not	significantly	different.37	Efficacy	for	patients	with	major	organ	involvement
such	as	lupus	nephritis	or	central	nervous	system	lupus	has	not	been	evaluated.

Anifrolumab	is	a	fully	human	monoclonal	antibody	that	binds	to	subunit	1	of
type	I	IFN	receptors,	blocking	the	activity	of	type	I	IFNs	such	as	IFN-α,	IFN-β,
and	 IFN-κ,	 which	 are	 cytokines	 involved	 in	 regulating	 the	 inflammatory
pathways	 implicated	 in	SLE.	Anifrolumab	 is	given	 IV	300	mg	every	4	weeks.
Side	 effects	 include	 infusion	 reactions,	 infections	 including	 herpes	 zoster,	 and
hypersensitivity	reactions.	Malignancy	risk	has	not	yet	been	defined.

T-cell	Costimulation	Blockade
Abatacept,	 a	 selective	 modulator	 of	 T-cell	 activation,	 is	 approved	 for	 the
treatment	 of	 moderate-to-severe	 RA	 for	 patients	 who	 have	 an	 inadequate
response	 to	methotrexate,	other	DMARDs,	or	TNF-α	 inhibitors.	Abatacept	 is	a
soluble	fusion	protein	composed	of	the	extracellular	domain	of	CTLA4	and	the
Fc	portion	of	IgG1	(CTLA4-Ig)	that	interferes	with	T-cell	activation	by	binding
to	CD80/86,	thereby	inhibiting	the	required	costimulatory	signal.	It	can	be	given
IV	or	by	SQ	injection	once	weekly.	Toxicities	include	infusion	reactions	if	given
by	 IV,	 hypersensitivity	 reactions,	 infections,	 and	 exacerbation	 of	 COPD	 or
underlying	 lung	 disease.	 Studies	 on	 malignancy	 have	 been	 reassuring	 with



comparable	 risk	 to	 other	 biologics	 but	 one	 study	 showed	 possible	 increased
association	with	melanoma.38	This	makes	sense	given	abatacept’s	mechanism	of
action	 (CTLA-4	 agonist),	 which	 is	 the	 opposite	 of	 certain	 medications	 (like
ipilimumab,	 an	 antibody	 against	 CTLA-4)	 approved	 to	 treat	 malignant
melanoma.

Janus	Kinase	Inhibition
Tofacitinib	was	the	first	JAK	inhibitor	to	be	approved	by	the	FDA	in	November
2012	 for	 RA39	 followed	 by	 approval	 in	 2017	 for	 the	 treatment	 of	 psoriatic
arthritis.40	Tofacitinib	is	given	as	a	tablet	5	mg	twice	daily	(immediate	release)	or
11	mg	once	daily	(extended	release).	The	drug	works	by	entering	immune	cells
and	binding	to	the	ATP	binding	cleft	of	JAK1	and	JAK3.	This	binding	inhibits
the	 autophosphorylation	 and	 phosphorylation	 of	 tyrosine	 residues,	 thereby
preventing	 the	activation	of	 the	 signal	 transducer	and	activator	of	 transcription
(STAT)	molecules.	When	STAT	molecules	are	not	activated,	gene	 transcription
and	 cytokine	 production	 are	 inhibited	 leading	 to	 decreased	 synovial
inflammation	and	structural	joint	damage	in	RA	patients.

Since	 2017,	 two	 more	 JAK	 inhibitors	 have	 been	 approved	 for	 use	 in	 RA.
Baricitinib	 given	 as	 a	 2	 mg	 tablet	 once	 daily	 was	 approved	 by	 the	 FDA	 in
2018,41	 and	 it	 primarily	 inhibits	 JAK1	 and	 JAK2.	 Upadacitinib	 was
subsequently	 approved	 in	 2019	 and	 is	 a	 second	 generation	 JAK	 inhibitor	 that
selectively	targets	JAK1.	It	is	given	as	a	15	mg	daily	tablet	and	has	been	shown
to	be	beneficial	in	the	treatment	of	RA	refractory	to	biologic	DMARDs.42

7 	Two	JAK	inhibitors	 (baricitinib	and	 tofacitinib)	at	 the	 time	of	 this	writing
have	 been	 recommended	 by	 National	 Institutes	 of	 Health’s	 COVID-19
guidelines	 for	 use	 with	 dexamethasone	 or	 dexamethasone	 plus	 remdesivir	 in
patients	 on	 high-flow	 oxygen	 or	 requiring	 noninvasive	mechanical	 ventilation.
Tofacitinib	 showed	 a	 lower	 risk	of	 death	or	 respiratory	 failure	 through	day	28
than	 placebo.43	 Baricitinib	 in	 conjunction	 with	 remdesivir	 was	 found	 to	 be
superior	 to	 remdesivir	 alone	 for	 decreasing	 recovery	 time	 and	 expediting
improvement	of	clinical	status	among	patients	with	COVID-19,	primarily	those
receiving	high-flow	oxygen	or	noninvasive	ventilation.44

Toxicities	 related	 to	 JAK	 inhibition	 include	 cytopenias,	 dyslipidemia,
elevations	 in	 creatinine,	 transaminitis,	 immunosuppressive	 effects	 including
reactivation	 of	 latent	 tuberculosis	 and	 herpes	 zoster,	 GI	 perforation,	 and
increased	 risk	 of	 thromboses.	 Earlier	 in	 2021,	 the	 FDA	 announced	 in	 a
postmarketing	safety	study	(ORAL	Surveillance	[NCT02092467])	that	Xeljanz,
at	both	the	5	and	10	mg	twice-daily	doses,	failed	to	demonstrate	noninferiority	to



tumor	necrosis	 factor	 inhibitor	 treatment	 in	 regard	 to	 the	risk	of	major	adverse
cardiovascular	events	and	malignancies	(excluding	nonmelanoma	skin	cancer).45
Studies	 are	 ongoing	 to	 further	 evaluate	 these	 findings.	 Of	 note,	 the	 JAK
inhibitors	 (especially	 tofacitinib	 and	 upadacitinib)	 are	 also	 metabolized	 via
CYP3A4	and	clinicians	should	be	aware	of	potential	drug	interactions.

Phosphodiesterase	4	Inhibition
Apremilast	is	an	oral	small-molecule	inhibitor	of	PDE4	that	is	approved	for	the
treatment	 of	 moderate	 to	 severe	 plaque	 psoriasis,	 psoriatic	 arthritis,	 and	 the
treatment	 of	 oral	 ulcerations	 in	 Behcet	 disease.46	 As	 mentioned,	 apremilast
inhibits	 PDE4,	 thereby	 blocking	 the	 degradation	 of	 cyclic	 adenosine
monophosphate	 (cAMP).	 As	 a	 result,	 elevated	 levels	 of	 cAMP	 downregulate
pro-inflammatory	 cytokines	 such	 as	 IL-12,	 IL-23,	 TNF-α,	 and	 IFN-γ,	 thus
decreasing	inflammation.	Benefit	to	skin	psoriasis	is	more	modest,	though	PDE4
is	 expressed	 in	 cell	 types	 present	 in	 the	 joints	 and	 skin.47	 The	most	 common
adverse	 events	 are	GI	 (typically	 diarrhea	 and	 nausea)	 that	 usually	 occur	 early
and	are	self-limiting.	Serious	reactions	include	depression,	suicidal	ideation,	and
hypersensitivity.	There	has	been	no	significant	increase	of	major	adverse	cardiac
events,	 serious	 or	 opportunistic	 infections,	 malignancies	 or	 laboratory
abnormalities	 compared	 with	 placebo.48	 The	 favorable	 infection	 profile	 and
decreased	need	for	regular	lab	monitoring	makes	this	drug	desirable.

INTRAVENOUS	IMMUNOGLOBULIN
9Immunoglobulin	therapy	 is	a	blood	product	made	of	pooled	polyvalent	 IgG
antibodies	 extracted	 from	 the	 serum	of	 a	 large	 number	 of	 donors.	 Intravenous
immunoglobulin	 (IVIG)	 is	 the	mainstay	 therapy	 for	patients	with	hereditary	or
acquired	 immunodeficiency.	 In	 addition,	 IVIG	 has	 been	 used	 to	 treat	 several
immune	 mediated	 diseases.	 There	 is	 good	 supporting	 evidence	 for	 use	 in
Kawasaki	 disease,	 immune	 thrombocytopenic	 purpura,	 chronic	 demyelinating
polyneuropathy	 (CIDP),	 and	 Guillain-Barré	 syndrome.	 IVIG	 is	 also	 used	 as
second-line	therapy	for	dermatomyositis	and	polymyositis,	necrotizing	myositis,
and	in	some	cases	of	ANCA-associated	vasculitis.49	The	mechanism	of	action	is
thought	 to	be	 complex	 and	not	 completely	understood.	 IVIG	has	been	used	 in
antiphospholipid	 antibody	 syndrome	 and	 catastrophic	 antiphospholipid
syndrome	 (CAPS),	 but	 the	 evidence	 does	 not	 support	 its	 use	 in	 CAPS	 unless
complicated	by	significant	autoimmune	thrombocytopenia.49



The	 dosing	 of	 IVIG	 varies	 depending	 on	 the	 disease	 being	 treated.	 For
immunodeficiency	 states,	 dosing	 is	 usually	 300	 to	 800	 mg/kg	 every	 3	 to
4	weeks.	In	contrast,	a	typical	regimen	may	be	2	g/kg	over	5	days	for	CIDP	or
polymyositis.	 IVIG	 is	 generally	 considered	 safe	 therapy,	 but	 immediate	 side
effects	 can	 include	malaise,	 fatigue,	 headache,	 arthralgias,	 myalgias,	 flushing,
chest	 tightness,	 fever,	 chills,	 GI	 upset,	 changes	 in	 blood	 pressure,	 and
anaphylactic	 reactions.50	 Late	 adverse	 reactions	 are	 quite	 rare	 but	 can	 include
thromboembolic	events	in	up	to	2%	of	patients.50	Slowing	down	the	infusion	rate
and	giving	a	lower	concentration	of	IVIG	can	decrease	this	risk.

DMARDS,	BIOLOGICS,	AND	PREGNANCY
In	2020,	the	American	College	of	Rheumatology	(ACR)	put	forth	guidelines	on
the	 management	 of	 reproductive	 health	 in	 rheumatic	 and	 musculoskeletal
diseases.51	Based	on	these	guidelines,	the	authors	have	categorized	medications
into	 three	 groups—compatible	 for	 use	 during	 pregnancy,	 conditionally
recommended	for	use	during	pregnancy,	and	strongly	recommended	against	use
in	pregnancy.	The	following	suggestions	are	based	on	these	guidelines.

1 	 0 	 Most	 DMARDs	 are	 teratogens	 and	 contraindicated	 during	 pregnancy.
However,	the	ACR	agrees	that	hydroxychloroquine,	sulfasalazine,	and	AZA	are
compatible	 during	 preconception,	 pregnancy,	 and	 breastfeeding.	 Interestingly,
AZA,	though	rated	as	class	D	(positive	evidence	of	risk),	is	considered	safer	than
many	 other	 immunosuppressive	 agents	 during	 pregnancy	 based	 on	 literature
from	the	transplant	population.

Prednisone	 at	 doses	 less	 than	 20	 mg	 daily	 and	 calcineurin	 inhibitors
(specifically	 tacrolimus	 and	 cyclosporine)	 are	 conditionally	 recommended	 for
those	 with	 severe	 disease	 where	 the	 benefits	 outweigh	 the	 risks.	 Similarly,
NSAIDs	 are	 conditionally	 recommended	 during	 preconception	 with
recommendations	 to	 stop	 if	 difficulty	 conceiving.	 Women	 can	 also	 continue
NSAIDs	during	the	1st	and	2nd	trimester	but	should	stop	in	the	3rd	trimester.

MTX,	 LEF,	 CY,	 and	 MMF	 are	 all	 rated	 as	 pregnancy	 class	 X
(contraindicated,	 risk	 outweighs	 benefits),	 and	 should	 not	 be	 used	 during
preconception,	pregnancy,	or	breastfeeding.	Because	of	leflunomide’s	long	half-
life,	 use	 of	 the	 drug	 for	 women	 of	 child-bearing	 age	 is	 discouraged.	 In	 fact,
patients	on	leflunomide	will	sometimes	use	cholestyramine	(8	g	by	mouth	up	to
three	times	daily	for	11	days)	to	accelerate	the	elimination	of	drug	prior	to	trying
to	 conceive	 or	 if	 they	 inadvertently	 become	 pregnant	 while	 on	 leflunomide.
Those	on	MTX	should	discontinue	drug	 if	disease	 is	well-controlled	3	months



prior	 to	 attempting	 to	 conceive.	Often	 those	 on	MMF	with	 active	 disease	will
switch	to	AZA	if	there	is	no	contraindication.

1 	 0 	Data	regarding	the	safety	of	biologic	agents	during	pregnancy	is	limited
primarily	 to	 case	 reports	 largely	 looking	 at	 TNF-α	 inhibitors.	 However,
collective	evidence	suggests	that	exposure	to	TNF-α	inhibitors	at	conception	or
during	 the	 first	 trimester	 does	 not	 result	 in	 an	 increased	 risk	 of	 adverse
pregnancy	and	fetal	outcomes.52	The	ACR	finds	certolizumab	to	be	compatible
during	preconception,	the	entire	pregnancy,	and	breastfeeding	likely	because	it	is
a	 larger	 (pegylated)	molecule	 that	 limits	maternal	 transfer	 across	 the	 placenta.
The	 other	 TNF-α	 inhibitors	 (infliximab,	 etanercept,	 adalimumab,	 and
golimumab)	 are	 recommended	 conditionally	 during	 preconception	 and
pregnancy	(1st	two	trimesters)	and	unconditionally	in	breastfeeding.

1 	 1 	 Other	 biologics—anakinra,	 belimumab,	 abatacept,	 tocilizumab,
secukinumab,	and	ustekinumab—can	be	used	during	 the	conception	period	but
should	be	discontinued	once	a	woman	discovers	she	is	pregnant.	There	is	higher
maternal-fetal	 transfer	 found	 during	 the	 second	 half	 of	 pregnancy	 and	 only
limited	safety	data	exist.	And	finally,	2020	ACR	reproductive	guidelines	indicate
treatment	with	rituximab	can	be	conditionally	continued	during	conception	and
in	cases	of	severe	life-	or	organ-threatening	maternal	disease.51,53

Unfortunately,	 the	 authors	 who	 developed	 these	 guidelines	 were	 unable	 to
make	 recommendations	 on	 JAK	 inhibitors	 due	 to	 lack	 of	 data.	However,	 they
mention	the	small	molecular	size	of	the	medications	does	suggest	transfer	across
the	placenta	and	into	breast	milk.

SUMMARY
A	critically	ill	ICU	patient	who	has	recently	received	one	of	the	aforementioned
DMARDs	or	biologic	agents	should	be	treated	as	an	immunocompromised	host.
Most	 of	 the	 abovementioned	 medications	 are	 immunosuppressive	 except	 for
perhaps	hydroxychloroquine	and	apremilast.	Atypical	or	opportunistic	infections
are	 high	 on	 the	 differential	 when	 the	 patient	 is	 febrile.	 In	 addition,	 other
toxicities	 of	 these	 drugs	 can	 include	 cytopenias,	 liver	 function	 abnormalities,
congestive	 heart	 failure,	 increased	 risk	 for	 thromboses,	 and	 GI	 perforation.
Given	 the	 critical	 nature	 of	 the	 illness	 that	 requires	 ICU	 care,	 it	 is	 prudent	 to
postpone	 patients’	 scheduled	 doses	 of	 these	DMARDs	or	 biologic	 agents	 until
their	medical	status	is	more	stable.	Having	said	that,	with	the	advent	of	COVID-
19,	it	is	interesting	that	several	of	our	biologic	agents	are	being	studied	and	used
to	 treat	 or	 lessen	 the	 severity	 of	 the	 inflammatory	 sequelae	 of	 COVID-19	 as



well.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	56-year-old	smoking	man	(30-pack-year	history)	with	seropositive
rheumatoid	arthritis	diagnosed	3	years	ago	on	adalimumab	and	methotrexate
since	that	time	presents	to	clinic	with	a	2-week	history	of	fevers,	chills,	night
sweats,	shortness	of	breath,	and	cough.	He	traveled	to	India	to	visit	family
3	months	ago.	He	has	lost	8	lb	in	the	last	month.	His	rheumatoid	arthritis	has
been	well	controlled	on	his	current	regimen.	He	does	not	recall	any	sick	contacts
but	was	in	many	crowded	areas	during	his	travels.	His	chest	x-ray	is	shown	in
qFigure	67.1.

	

Which	of	the	following	is	the	most	likely	diagnosis?

A. 	Acute	exacerbation	of	chronic	obstructive	pulmonary	disease
B. 	Infectious	granulomatous	disease
C. 	Interstitial	lung	disease	from	rheumatoid	arthritis
D. 	Malignancy



E. 	Methotrexate-associated	pneumonitis

2. 	Which	adverse	effect	is	unique	to	the	interleukin	(IL)-17	inhibitors	when
compared	to	immunomodulators	that	inhibit	tumor	necrosis	factor	(TNF)	α,	IL-
1,	IL-6,	IL12/IL23,	and	Janus	kinase	(JAK)?

A. 	Congestive	heart	failure
B. 	Deep	venous	thrombosis
C. 	Exacerbation	of	or	de	novo	cases	of	inflammatory	bowel	disease
D. 	Malignancy
E. 	Shingles	(herpes	zoster)

3. 	A	33-year-old	woman	with	rheumatoid	arthritis	well	controlled	on
tocilizumab	presents	to	your	clinic	for	preconception	counseling.	The	American
College	of	Rheumatology	allows	for	continuation	of	tocilizumab	up	until
conception	but	then	recommends	stopping	during	pregnancy.	If	her	rheumatoid
arthritis	becomes	poorly	controlled	during	her	pregnancy,	which	would	be	the
safest	of	the	following	options?

A. 	Certolizumab
B. 	Leflunomide
C. 	Methotrexate
D. 	Prednisone
E. 	Restart	tocilizumab

Answers

1.	The	correct	answer	is	B.
Rationale:	Adalimumab	and	methotrexate	both	suppress	the	immune	system

and	can	 increase	 risk	of	 infection.	TNF-α	 inhibitors	have	been	associated	with
serious	infectious	granulomatous	disease	due	to	tuberculosis	or	fungal	infection.
He	is	exhibiting	signs	of	active	infection	and	chest	x-ray	(CXR)	shows	a	cavitary
lesion	in	the	left	upper	lobe.	Further	evaluation	would	include	sputum	sampling
and,	if	needed,	bronchoscopy	looking	for	tuberculosis	(TB)	which	is	endemic	in
India,	 as	 well	 as	 fungal	 infections	 and	 organisms	 associated	 with	 community
acquired	 pneumonia	 (choice	 B	 is	 correct).	 Chronic	 obstructive	 pulmonary
disease	 (COPD)	 exacerbation	 is	 a	 possibility	 given	 the	 patient’s	 significant
smoking	 history,	 but	 his	 symptoms	 are	 new,	 and	 include	 fever	 along	with	 the
specific	CXR	findings	shown	(choice	A	is	incorrect).	Interstitial	lung	disease	is



an	extra-articular	manifestation	of	rheumatoid	arthritis.	However,	 the	acuteness
of	symptoms	with	fevers	along	with	 the	travel	history	and	CXR	findings	make
infection	 more	 likely	 (choice	 C	 is	 incorrect).	 Similarly,	 malignancy	 is	 a
possibility	with	weight	 loss,	 night	 sweats,	 and	 pulmonary	 symptoms,	 and	 can
cause	 a	 cavitary	 lung	 lesion,	 but	 infection	 still	 is	 more	 likely	 (choice	 D	 is
incorrect).	 Finally,	methotrexate	 associated	pneumonitis	 is	 a	 possibility	 though
low	on	 the	differential	as	 this	 typically	occurs	within	 the	first	1	 to	2	years	and
this	patient	has	been	on	the	medication	for	3	years	(choice	E	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	The	IL-17	inhibitors	(secukinumab	and	ixekizumab)	both	have	the

unique	 side	 effect	 of	 exacerbation	of	 or	 de	novo	 cases	 of	 inflammatory	bowel
disease	 (choice	C	 is	 correct).	The	mechanisms	underlying	 these	 events	 are	not
well	understood.	Type	I	 interferon	derived	from	plasmacytoid	dendritic	cells	 is
suspected	 to	 contribute	 to	 this	 process,	 resulting	 in	 a	 hyperactive	 innate
inflammatory	process.	Congestive	heart	failure	has	been	associated	with	use	of
TNF-α	 inhibitors,	 not	 IL-17	 inhibitors,	 and	 it	 is	 recommended	 to	 avoid	use	of
these	 medications	 in	 those	 with	 class	 III	 or	 IV	 heart	 failure	 (choice	 A	 is
incorrect).	Most	all	biologics	used	in	rheumatology	can	have	an	increased	risk	of
shingles	but	use	of	JAK	inhibitors	in	particular	have	been	associated	with	higher
risk	 (choice	 E	 is	 incorrect).	 JAK	 inhibitors	 have	 also	 been	 found	 to	 have
increased	 rates	of	 thrombosis	 (choice	B	 is	 incorrect).	 In	addition,	 recent	 safety
data	 have	 noted	 increased	 rates	 of	 malignancies,	 especially	 lung	 cancer,	 and
cardiovascular	 events	 including	 myocardial	 infarction	 with	 JAK	 inhibitors
(choice	 D	 is	 incorrect).	 These	 data	 were	 based	 on	 preliminary	 results	 from
ORAL	Surveillance,	a	postmarketing	safety	clinical	trial	ordered	by	the	FDA	in
2021	when	it	first	approved	tofacitinib	for	rheumatoid	arthritis.	Further	analysis
is	needed	for	the	FDA	to	make	more	concrete	recommendations.

3.	The	correct	answer	is	A.
Rationale:	The	American	College	of	Rheumatology	published	guidelines	 in

2020	 looking	 at	 the	management	 of	 reproductive	health	 in	 rheumatic	 diseases.
These	 guidelines	 conditionally	 recommend	 continuing	 tumor	 necrosis	 factor
(TNF)	 inhibitor	 therapy	 like	 certolizumab	 prior	 to	 and	 during	 pregnancy.
Certolizumab	is	felt	to	be	the	safest	within	the	TNF	inhibitors	because	it	does	not
contain	an	Fc	chain	and	thus	has	minimal	placental	transfer	(choice	A	is	correct).
The	 majority	 of	 biologics	 used	 in	 rheumatic	 disease	 contain	 an	 Fc	 IgG1
construct	 that	 does	 not	 cross	 into	 the	 fetal	 circulation	 in	 significant
concentrations	until	the	second	trimester.	Use	of	TNF	inhibitors	with	an	Fc	IgG1



construct	have	been	found	to	result	in	high	levels	of	placental	transfer	during	the
3rd	trimester	resulting	in	significant	drug	levels	for	the	neonate.	For	this	reason,
most	 physicians	 recommend	 stopping	 these	 medications	 during	 the	 third
trimester	 when	 rheumatic	 disease	 is	 under	 good	 control.	 Regarding	 other
biologics	 such	 as	 tocilizumab,	 there	 are	 limited	 data	 in	 pregnancy.	Given	 that
these	agents	likely	do	not	cross	the	placenta	until	the	second	trimester,	the	panel
conditionally	recommends	that	non–TNF	inhibitor	IgG-based	molecules	can	be
used	 during	 the	 periconception	 period	 but	 should	 be	 discontinued	 during
pregnancy	 (choice	 E	 is	 incorrect).	 Methotrexate	 is	 a	 known	 teratogen	 and	 is
sometimes	 used	 to	 treat	 ectopic	 pregnancy.	Methotrexate	 needs	 to	 be	 stopped
one	to	3	months	prior	to	conception	(choice	C	is	incorrect).	Leflunomide	is	also
a	known	teratogen	with	a	very	long	half-life.	In	fact	patients	on	leflunomide	who
wish	 to	 become	 pregnant	 must	 discontinue	 leflunomide	 24	 months	 prior	 to
conception	 or	 check	 serum	 metabolite	 levels	 and	 treat	 with	 cholestyramine
washout	 if	 needed	 (choice	 B	 is	 incorrect).	 Taking	 prednisone	 throughout	 the
duration	of	pregnancy	can	result	 in	a	 low	chance	of	cleft	 lip,	preterm	delivery,
and	low	birth	weight	in	addition	to	the	other	common	side	effects	of	long-term
steroid	 use	 including	 weight	 gain,	 increased	 appetite,	 immunosuppression,
adrenal	suppression,	and	osteoporosis	(choice	D	is	incorrect).
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Chapter	68
Anaphylaxis
Priya	Katari,	Frederic	F.	Little

KEY	POINTS:
1.	 Early	recognition	and	prompt	treatment	of	anaphylaxis	are	critical.
2.	 First-line	therapy	for	anaphylaxis	is	epinephrine	with	initial

resuscitation	measures	such	as	fluid	resuscitation	and	securing	the
airway	taking	precedence	over	adjunctive	treatments	such	as
steroids	and	antihistamines.	

INTRODUCTION
1 	 Anaphylaxis	 is	 the	most	 severe	 and	 potentially	 fatal	 form	 of	 the	 immediate
hypersensitivity	 reactions.	The	 term	anaphylaxis	 (antiphylaxis)	 is	derived	 from
the	Greek	and	means	“against	protection.”	It	describes	the	shock-like	state	that	is
caused	 by	 contact	 with	 a	 substance	 and	 contrasts	 with	 the	 term	 prophylaxis,
which	 denotes	 a	 beneficial	 or	 protective	 state	 resulting	 from	 contact	 with	 a
substance.

The	clinical	features	of	anaphylactic	reactions	are	the	physiological	sequelae
of	 rapid	 release	 of	 chemical	 mediators	 from	 tissue-based	 mast	 cells	 and
circulating	 basophils	 and	 include	 a	 potential	 for	 life-threatening	 vascular
collapse	 and	 respiratory	 obstruction.1,2	 A	 clinically	 and	 physiologically
indistinguishable	 hypersensitivity	 reaction,	 which	 is	 called	 an	 anaphylactoid
reaction,	differs	from	anaphylactic	reactions	only	because	the	generally	identical
chemical	 mediators	 are	 triggered	 by	 nonimmunologic,	 specifically	 non–IgE-
mediated	mechanisms.	Because	the	clinical	features	are	indistinguishable,	along
with	the	potential	for	misperception	that	“anaphylactoid”	is	a	less	severe	clinical
syndrome,	both	will	be	referred	to	collectively	as	anaphylactic	reactions.3

Estimation	of	the	annual	incidence	of	anaphylactic	reactions	is	hampered	by
complex	 coding	 and	 incomplete	 reporting.	 Anaphylaxis	 is	 frequent,	 with



approximately	 50	 to	 103	 cases	 occurring	 per	 100,000	 person-years,4	 though	 a
more	 recent	 systematic	 review	 focusing	 on	 pediatric	 anaphylaxis	 has	 shown	 a
much	 broader	 range,	 with	 an	 increasing	 trend	 of	 anaphylaxis	 incidence.5	 The
case	 fatality	 rate	 from	 anaphylaxis	 is	 estimated	 at	 0.25%	 to	 0.33%	 of
hospitalizations	and	emergency	department	visits	for	anaphylaxis.6	In	a	separate
study,	 examination	 of	 a	 US	 database	 identified	 2458	 deaths	 from	 anaphylaxis
from	1999	to	2010.7

PATHOPHYSIOLOGY	OF	ANAPHYLACTIC
REACTIONS

Mechanisms	of	Release	of	Chemical	Mediators
For	humans,	 anaphylaxis	 involves	a	 series	of	 steps	 that	 result	 in	 the	 release	of
chemical	mediators	from	tissue-based	mast	cells	and	circulating	basophils.	First,
contact	 with	 an	 antigen	 stimulates	 the	 generation	 of	 antibodies	 of	 the
immunoglobulin	E	(IgE)	class.	Next,	the	IgE	molecules	bind	by	way	of	their	Fc
receptor	to	a	glycoprotein	receptor	on	the	cell-surface	membrane	of	tissue	mast
cells	and	blood-borne	basophils,	 the	so-called	 target	cells.	As	many	as	4000	 to
100,000	IgE	molecules	normally	bind	to	a	single	target	cell,	and	up	to	100,000	to
500,000	in	atopic	individuals.7,8	This	binding	may	remain	for	weeks	to	months.
When	 two	 IgE	 molecules	 with	 the	 same	 Fab	 binding	 (antigen	 recognition)
specificity	are	in	close	proximity	on	the	surface	of	mast	cells	and	basophils,	the
cells	are	termed	sensitized.

For	subsequent	antigenic	exposure	to	stimulate	the	release	of	mediators	from
mast	cells	and	basophils,	the	specific	antigen	must	bind	to	the	Fab	portion	of	two
IgE	molecules	 fixed	 to	 the	 surface	of	 the	 target	 cell.	This	bridging	of	 two	 IgE
molecules	 initiates	 a	 series	 of	 biochemical	modifications	 called	 the	 activation-
secretion	response	(Figure	68.1).	This	 sequence	causes	 secretion	of	preformed
primary	 mediators	 of	 anaphylaxis	 from	 cytoplasmic	 granules	 in	 target	 cells,
including	 histamine,	 serotonin,	 eosinophil	 chemotactic	 factor	 of	 anaphylaxis
(ECF-A),	 heparin,	 neutrophil	 chemotactic	 factor,	 and	 proteolytic	 enzymes	 that
include	tryptase.2



	

Figure	 68.1 	 Triggers	 of	 key	 components	 of	 the	 cellular	 and
mediator	 response	 leading	 to	 signs	 and	 symptoms	 of	 immediate
hypersensitivity	 and	 in	 its	 most	 severe	 manifestation,
anaphylaxis.Mast	 cell	 (and	 basophil)	 activation	 can	 occur	 via	 IgE-
and	 non–IgE-mediated	 mechanisms.	 Mast	 cells	 can	 be	 activated
directly	or	indirectly,	with	response	modifiers	as	shown,	leading	to	a
cascade	of	intravascular	events	resulting	in	the	release	of	bradykinin,
histamine,	 leukotrienes,	 platelet-activating	 factors,	 and	 other
mediators	 which	 lead	 to	 vasodilatation,	 bronchoconstriction,	 and
vascular	 leak,	 all	 contributing	 to	 immediate-hypersensitivity.	 In
parallel,	 as	 discussed	 in	 text	 and	 depicted	 in	 the	 upper	 right,
complement	 can	 be	 directly	 activated	 with	 release	 of	 the
anaphylotoxins	C3a	 and	C5a,	which	 also	 contribute	 to	 the	 resulting
signs	 and	 symptoms	 of	 immediate-hypersensitivity.	 CRH,
corticotropin-releasing	 hormone;	 HK,	 high-molecular-weight
kininogen;	 MP,	 macrophage;	 MRGPRX2,	 Mas-related	 G	 protein-
coupled	 receptor	 X2;	 PAF,	 platelet-activating	 factor;	 PMN,
polymorphonuclear	 cell;	 LNP,	 lipid	 nanoparticle;	 IgE,
immunoglobulin	E;	 IgG,	 immunoglobulin	G;	 IgM,	 immunoglobulin
M;	TNF,	tumor	necrosis	factor.(Reprinted	from	Risma	KA,	Edwards
KM,	 Hummell	 DS,	 et	 al.	 Potential	 mechanisms	 of	 anaphylaxis	 to
COVID-19	 mRNA	 vaccines.	 J	 Allergy	 Clin
Immunol.2021;147(6):2075-2082.e2.	Figure	2,	with	permission	from
Elsevier.)

The	activation-secretion	 response	also	 stimulates	 synthesis	of	kallikrein	and
newly	 generated,	 secondary	 lipid	 mediators,	 which	 include	 platelet-activating
factor	 (PAF);	 prostaglandin	 D2	 (PGD2),	 a	 product	 of	 the	 cyclooxygenase



pathway	 of	 arachidonic	 acid	 metabolism;	 and	 leukotrienes	 C4,	 D4,	 and	 E4
(LTC4,	LTD4,	and	LTE4),	products	of	the	lipoxygenase	pathway	of	arachidonic
acid	metabolism.2,9	Several	cytokines	are	also	released	after	activation,	including
interleukins	 (IL-1,	 IL-2,	 IL-3,	 IL-4,	 IL-5,	 and	 IL-6),	 tumor	 necrosis	 factor,
endothelin-1,	and	granulocyte-macrophage	colony	stimulating	factor	9.

A	 variety	 of	 substances	 can	 induce	 IgE	 antibody	 formation	 and,	 on
subsequent	 challenge,	 provoke	 anaphylactic	 reactions.10	 The	 most	 common
substances	are	drugs,	insect	venoms,	foods,	and	allergen	extracts	used	in	specific
immunotherapy	(SIT).10-12	These	and	other	less	common	causes	of	IgE-mediated
anaphylaxis	are	outlined	in	Table	68.1.

TABLE	68.1

Causes	of	Immunoglobulin	E–Mediated	Anaphylaxisa

Type Agent Example

Proteins Allergen
extracts

Pollen,	dust	mite,	mold

Vaccines Influenza,	pneumococcal

Venoms Hymenoptera

Heterologous
serum

Tetanus	antitoxin,12	antithymocyte	globulin,
snake	antivenom

Others Heparin,	latex,10	thiobarbiturates,	seminal	fluid

Hormones Insulin,13	ACTH,	TSH,12	progesterone,	salmon
calcitonin

Haptens Antibiotics β-Lactams,11	ethambutol,	nitrofurantoin,
sulfonamides,	streptomycin,	vancomycin14

Disinfectants Ethylene	oxide

Local
anestheticsb

Benzocaine,	tetracaine,	lidocaine,
mepivacaine12

Others Aminopyrine,	sulfobromophthalein



ACTH,	adrenocorticotropic	hormone;	TSH,	thyroid-stimulating	hormone.
aNumbers	in	brackets	are	reference	citations.
bPrecise	mechanism	not	established.

Non–IgE-mediated	 anaphylaxis	 occurs	 when	 certain	 ingested	 or	 infused
substances	cause	direct	mast	cell	and	basophil	activation.	Clinically	significant
examples	 of	 non–IgE-mediated	 anaphylaxis	 are	 noted	 in	 Table	 68.2.	 The
administration	 of	 blood,	 serum,	 or	 immunoglobulins	 to	 patients	 who	 are
immunoglobulin	 A	 (IgA)	 deficient	 can	 result	 in	 immune	 complex	 formation
between	 donor	 IgA	 and	 recipient	 IgG	 anti-IgA	 antibodies.3,16	 These	 immune
complexes	 fix	 complement	 causing	activation	of	 the	complement	 cascade	with
release	 of	 the	 C3a	 and	 C5a	 complement	 fragments.	 C3a	 and	 C5a	 are
anaphylatoxins	and	can	directly	activate	mast	cells	and	basophils,	as	depicted	in
Figure	68.1.

TABLE	68.2

Causes	of	Non–Immunoglobulin	E-Mediated	Anaphylaxisa;
(Reviewed	in	Cianferoni)15

Complement	activation
Blood	product	transfusion	in	IgA-deficient	patient16

Vaccines146

Direct	release	of	chemical	mediators	of	anaphylaxis16

Protamine17,b

Radiographic	contrast	media18

Dextran19,b

Hydroxyethyl	starch20

Muscle	relaxants
Ketamine21

Local	anesthetics22,b



Codeine	and	other	opiate	narcotics12

Highly	charged	antibiotics,	including	amphotericin	B14

Generation	of	leukotrienes
Nonsteroidal	anti-inflammatory	drugs12

Indomethacin23

Acetylsalicylic	acid	(aspirin)24

Sulindac25

Zomepirac	sodium
Tolmetin	sodium26

Other
Antineoplastic	agents	(eg,	platinum-based27,28)
Sulfiting	agents
Exercise29

Idiopathic	recurrent	anaphylaxis30	including	mast	cell	disorders

IgA,	immunoglobulin	A.
aNumbers	in	brackets	are	reference	citations.
bPrecise	mechanism	not	established.

Reprinted	from	Cianferoni	A.	Non-IgE-mediated	anaphylaxis.	J	Allergy	Clin	Immunol.
2021;147(4):1123-1131,	with	permission	from	Elsevier.

Physiological	Properties	of	the	Chemical	Mediators	of
Anaphylaxis
The	most	important	chemical	mediators	of	anaphylaxis	are	histamine,	cysteinyl
leukotrienes	 (LTC4,	 LTD4,	 and	 LTE4),	 PAF,	 and	 bradykinin.	 Physiologically,
these	 substances	 increase	 arteriolar	 vasodilatation,	 enhance	 capillary
permeability,	 recruit	 other	 inflammatory	 cells,	 and	 precipitate
bronchoconstriction.31	 The	 contribution	 of	 multiple	 mediators	 other	 than
histamine	 explains	 the	 limited	 benefit	 of	 antihistamines	 alone	 in	 treating
anaphylaxis.

Histamine31	 acts	 to	 (a)	 increase	 capillary	 permeability	 by	 stimulating
terminal	arteriolar	dilatation	and	contraction	of	endothelial	cells	in	postcapillary



venules	which	opens	intercellular	gaps	and	as	a	result	causes	the	development	of
urticaria	 and	 angioedema;	 (b)	 increase	 secretion	 from	 nasal	 and	 bronchial
mucous	 glands;	 (c)	 stimulate	 contraction	 of	 smooth	 muscle;	 (d)	 enhance
prostaglandin	synthesis;	(e)	chemotactically	modulate	eosinophil	migration;	and
(f)	 regulate	 parasympathetic	 afferent	 nerve	 stimulation	 (a	 process	 blocked	 by
atropine),	 which	 increases	 airway	 resistance	 and	 decreases	 lung	 compliance.
Studies	 of	 histamine	 infusion	 into	 normal	 human	 volunteers	 suggest	 that
vasodilatation	 is	 mediated	 by	 both	 H1	 and	 H2	 receptors,	 whereas
bronchoconstriction	and	tachycardia	are	mediated	by	H1	receptors	alone.32

In	anaphylaxis,	LTC4,	LTD4,	and	LTE4	 (a)	 induce	a	prolonged	constrictive
effect	 on	bronchial	 smooth	muscle,	which	 affects	 the	peripheral	more	 than	 the
central	 airways,	 (b)	 increase	 vascular	 permeability,	 and	 (c)	 act	 as	 chemotactic
agents	for	other	inflammatory	cells.33,34	In	fact,	leukotrienes	are	far	more	potent
bronchoconstrictors	 than	histamine.	The	anaphylatoxins	C3a	and	C5a,	as	noted
earlier,	 are	 not	 direct	 vasodilators	 but	 primarily	mediate	 their	 activity	 through
direct	mast	cell	activation;	they	are	also	direct	bronchoconstrictors	in	addition	to
their	role	as	chemoattractants	of	varied	immune	cells.35,36

Two	additional	modulators	of	anaphylaxis	are	bradykinin,	which	stimulates	a
slow,	 sustained	 contraction	 of	 bronchial	 and	 vascular	 smooth	 muscles	 while
increasing	 vascular	 permeability	 and	 secretion	 from	mucous	 glands,	 and	 PAF,
which	 induces	 platelet	 aggregation,	 recruits	 eosinophils,	 and	 can	 directly
increase	vascular	permeability.2,37

Thus,	 the	 physiological	 consequences	 of	 chemical-mediator	 release	 during
anaphylaxis	are	(a)	increased	vascular	permeability;	(b)	increased	secretion	from
nasal	 and	 bronchiolar	 mucous	 glands;	 (c)	 smooth	 muscle	 contraction	 of	 the
blood	 vessels,	 the	 bronchioles,	 the	 gastrointestinal	 tract,	 and	 the	 uterus;	 (d)
migration-attraction	 of	 eosinophils	 and	 neutrophils;	 (e)	 bradykinin	 generation
stimulated	by	kallikrein	substances;	and	(f)	induction	of	platelet	aggregation	and
degranulation.	 These	 events	 coordinate	 to	 increase	 the	 vascular	 permeability,
which	 in	 turn	 permits	 the	 access	 of	 a	 variety	 of	 plasma	 proteins	 (antibodies,
complement,	 kinins,	 and	 coagulation	 proteins)	 to	 tissue	 sites	 which	 further
contributes	 to	 the	 observed	 inflammation.	 Substances	 such	 as	 PAF	 potentially
contribute	 to	 local	 coagulation	 abnormalities,	 which	 may	 also	 be	 seen	 in
anaphylactic	reactions.2

CLINICAL	AND	LABORATORY	FEATURES
Mast	 cells	 are	 concentrated	 in	 the	 skin,	 in	 the	 mucous	 membranes	 of	 the



respiratory	 and	 gastrointestinal	 tracts,	 and	 in	 the	 perivenular	 tissue,	 while
basophils	 are	 located	 in	 the	 bloodstream,	 all	 of	 which	 are	 potential	 sites	 of
exposure	 to	 offending	 antigens	 (eg,	 food,	 drugs,	 insect	 venom,	 and	 diagnostic
agents).9	These	sites	are	also	most	commonly	involved	in	the	manifestations	of
anaphylaxis.	 Urticaria,	 angioedema,	 respiratory	 obstruction	 (cough,	 wheezing,
stridor,	or	breathlessness),	and	vascular	collapse	are	the	most	important	clinical
features	 of	 anaphylaxis,	 and	 these	 signs	 and	 symptoms	 are	 due	 to	 the	 direct
effects	of	mast	cell-	and	basophil-derived	mediators	on	affected	organ	systems,
Table	 68.3.	 Other	 clinical	manifestations	may	 include	 (a)	 a	 sense	 of	 fright	 or
impending	 doom,	 (b)	 weakness	 or	 dizziness,	 (c)	 sweating,	 (d)	 sneezing,	 (e)
rhinorrhea,	(f)	conjunctivitis,	(g)	generalized	pruritus	and	swelling,	(h)	flushing,
(i)	 hypoxemia,	 (j)	 choking,	 (k)	 dysphagia,	 (l)	 vomiting	 or	 diarrhea,	 (m)
abdominal	 pain,	 (n)	 incontinence,	 (o)	 uterine	 cramps,	 and	 (p)	 loss	 of
consciousness.

TABLE	68.3

Clinical	Manifestations	of	Anaphylactic	Reactions

System Reaction Symptoms Signs

Respiratory
tract

Rhinitis Nasal
congestion
and	itching

Mucosal	edema

Laryngeal	edema Dyspnea Laryngeal	stridor,
edema	of	vocal
cords

Bronchoconstriction Cough,
wheezing,
and	sensation
of	chest
tightness

Crackles,	respiratory
distress,	tachypnea,
and	wheezes

Cardiovascular Hypotension Syncope,
feeling	of
faintness

Hypotension,
tachycardia



Arrhythmias Palpitations ECG	changes:
nonspecific	ST
segment	and	T-wave
changes,	nodal
rhythm,	and	atrial
fibrillation

Skin Urticaria Pruritus,
hives

Urticarial	lesions

Angioedema Nonpruritic
swelling	of
extremity	or
perioral,	or
periorbital
region

Nonpruritic,
frequently
asymmetric	swelling
of	extremity,
perioral,	or
periorbital	region

Gastrointestinal
tract

Smooth	muscle
contraction,
mucosal	edema

Nausea,
vomiting,
abdominal
pain,	and
diarrhea

Abdominal
tenderness,
distention

Eye Conjunctivitis Ocular
itching,
lacrimation

Conjunctival
inflammation

ECG,	electrocardiogram.14

Reprinted	from	Wong	JT,	Ripple	RE,	MacLean	JA,	Marks	DR,	Bloch	KJ.	Vancomycin
hypersensitivity:	synergism	with	narcotics	and	“desensitization”	by	a	rapid	continuous	intravenous
protocol.	J	Allergy	Clin	Immunol.	1994;94(2	Pt	1):189-194,	with	permission	from	Elsevier.

Profound	 hypotension	 and	 shock	may	 develop	 due	 to	 significant	 arteriolar
vasodilatation,	 increased	 vascular	 permeability,	 cardiac	 arrhythmias,	 or
irreversible	 cardiac	 failure,	 even	 in	 the	 absence	 of	 respiratory	 or	 other
symptoms.2,11	Furthermore,	transient	or	sustained	hypotension	may	result	in	local
tissue	ischemia,	stroke,	myocardial	infarction,	or	death.11

Anaphylaxis-induced	 fatalities	 most	 often	 result	 from	 involvement	 of	 the
respiratory	tract.38,39	Structures	throughout	the	respiratory	tract	may	be	affected,
but	 respiratory	 failure	 is	 generally	 the	 result	 of	 upper	 respiratory	 tract
obstruction	 due	 to	 laryngeal	 edema	 or	 obstruction	 of	 small	 airways	 due	 to



bronchoconstriction,	 mucosal	 edema,	 and	 hypersecretion	 of	 mucus.40,41	 Intra-
alveolar	 hemorrhage	 and	 acute	 respiratory	 distress	 syndrome	 have	 been
reported.41,42

The	 physical	 examination	 of	 a	 patient	 with	 anaphylactic	 shock	may	 reveal
one	 or	more	 of	 the	 following:	 a	 rapid,	weak,	 irregular,	 or	 unobtainable	 pulse;
tachypnea;	 respiratory	 distress;	 cyanosis;	 hoarseness,	 stridor,	 or	 dysphagia;
diminished	 breath	 sounds;	 crackles;	 cough;	 wheezes;	 hyperinflated	 lungs;
urticaria;	angioedema;	or	conjunctival	edema	(Table	68.3).10	A	given	patient	may
manifest	only	a	subset	of	these	findings,	sometimes	only	cardiovascular	collapse
or	only	stridor	and	breathlessness.

Laboratory	findings	 in	anaphylaxis	are	varied.	Biochemical	abnormalities	 in
anaphylaxis	 include	 elevation	 of	 plasma	 histamine,	 serum	 or	 plasma	 tryptase,
and	 depression	 of	 intact	 serum	complement	 components,	 though	 there	may	be
resultant	 elevation	 of	 cleavage	 products	 (eg,	 C3a).10,11,43	 Although	 these
biochemical	 abnormalities	 codify	 our	 understanding	 of	 the	 pathophysiology	 of
anaphylaxis,	 they	 are	 rarely	 evaluated	 in	 the	 acute	 management	 of	 clinically
established	anaphylaxis.	Plasma	histamine	peaks	by	15	minutes	after	the	onset	of
anaphylaxis	and	returns	to	baseline	by	60	minutes;	measurement	is	generally	not
feasible,	 unless	 anaphylaxis	 develops	 in	 the	 hospital.	As	 discussed	 in	 the	 next
section,	 serum	 or	 plasma	 tryptase	 may	 be	 helpful	 retrospectively	 when	 the
diagnosis	is	uncertain.10,44

Although	 there	 have	 been	 no	 systematic	 reviews	 of	 electrocardiographic
findings,	 reports	 describe	 disturbances	 in	 rate,	 rhythm,	 repolarization,	 and
ectopy45-47	 as	 well	 as	 myocardial	 infarction.48,49	 Chest	 radiography	may	 reveal
hyperinflation	caused	by	severe	bronchoconstriction.

DIAGNOSIS	AND	DIFFERENTIAL	DIAGNOSIS	OF
ANAPHYLAXIS

Diagnostic	Criteria
Development	 of	 the	 characteristic	 clinical	 features	 of	 anaphylaxis	 shortly	 after
exposure	to	an	antigen	or	other	inciting	agent	usually	establishes	the	diagnosis	of
an	anaphylactic	 reaction.1,10,50	The	 setting	 is	 often	 suggestive	 as	well:	 a	 patient
who	 has	 just	 received	 an	 antibiotic	 injection	 or	 radiographic	 contrast	 media
infusion	or	one	who	presents	to	the	emergency	department	after	a	yellow	jacket
sting.	 Clinical	 criteria	 have	 been	 developed	 to	 help	 clinicians	 recognize	 the



variable	presentations	of	anaphylaxis.1,50	They	are	more	convergent	than	distinct.
Of	 note,	 the	 Brighton	 Collaborative	 developed	 criteria	 specific	 to	 vaccine
anaphylaxis	 with	 levels	 of	 diagnostic	 certainty	 based	 on	 degree(s)	 of	 organ
system	 involvement	 by	 subjective	 and	 objective	 measures.51,52	 These	 criteria
attribute	 any	 orofacial	 (including	 lip)	 angioedema	 to	 respiratory	 system
involvement	 even	 in	 the	 absence	 of	 laryngeal/tongue	 edema,	which	 presents	 a
source	 of	 debate	 among	 allergists.	 Setting	 aside	 the	 varied	 stringency	 of
diagnostic	criteria	for	“anaphylaxis”	from	different	guidelines,	the	diagnosis	of	a
severe	 allergic	 reaction	 including	 anaphylaxis	 is	 likely	 when	 any	 one	 of	 the
following	three	criteria	is	present:	(1)	the	rapid	onset	(minutes	to	several	hours)
of	 an	 illness	 with	 involvement	 of	 skin	 and/or	 mucosa	 (angioedema,	 flushing,
pruritus,	 urticaria),	 and	 either	 respiratory	 compromise	 (dyspnea,	 wheeze,
decreased	 peak	 flow,	 stridor,	 hypoxemia)	 or	 hypotension	 or	 end-organ
dysfunction	 (collapse,	 syncope,	 incontinence);	 (2)	 onset	 of	 two	or	more	of	 the
following	 features	 after	 exposure	 to	 a	 likely	 allergen:	 skin	 and/or	 mucosa
(angioedema,	 flushing,	 pruritus,	 urticaria),	 respiratory	 compromise	 (dyspnea,
wheeze,	 decreased	 peak	 flow,	 stridor,	 hypoxemia),	 hypotension	 or	 end-organ
dysfunction	 (collapse,	 syncope,	 incontinence),	 or	 persistent	 gastrointestinal
symptoms	 (vomiting,	 crampy	 abdominal	 pain,	 diarrhea);	 or	 (3)	 onset	 of
hypotension	minutes	to	several	hours	after	exposure	to	a	known	allergen	for	that
patient.50	 Recognition	 of	 the	 early	 signs	 and	 symptoms	 of	 anaphylaxis	 and
prompt	treatment	are	imperative	in	preventing	progression	to	irreversible	shock
and	death.10

Laboratory	Testing
Initial	 laboratory	 testing	 often	 is	 not	 helpful	 diagnostically,	 except	 to	 exclude
other	causes	of	the	clinical	presentation.	However,	samples	obtained	during	the
acute	 episode	 can	 be	 assayed	 subsequently	 for	 serum	or	 plasma	 total	 tryptase.
Total	 tryptase	 levels	 include	both	α-	 and	β-tryptase;	 the	 former	 is	 increased	 in
systemic	 mastocytosis,	 and	 the	 latter	 can	 be	 elevated	 for	 up	 to	 6	 hours	 after
suspected	 anaphylaxis	 onset.44	 They	 are	 critical	 to	 be	 assayed	 due	 to	 the
specificity	 of	 an	 elevated	 serum	 tryptase	 in	 the	 context	 of	 any	 suspected
immediate-hypersensitivity	reaction	as	essentially	confirmatory	in	the	absence	of
known	preexisting	mastocytosis	or	mast	cell	activation	syndrome.

Thus,	a	tryptase	level	is	suggested,	ideally,	within	4	hours	of	a	reaction.	The
positive	 predictive	 value	 of	 an	 elevated	 serum	 tryptase	 is	 high	 (93%),	 but	 the
negative	 predictive	 value	 is	 low	 (17%).	 Notably,	 several	 studies	 have
demonstrated	 association	 between	 elevated	 tryptase	 levels	 and	 severity	 of



anaphylaxis.53	 Commercial	 immunoassays	 do	 not	 distinguish	 between	 baseline
tryptase	 and	 β-tryptase	 (released	 at	 the	 time	 of	 activation).	 Increases	 of	 serum
tryptase	 above	 the	 normal	 range	 of	 11.4	 ng/mL	 are	 indicative	 of	 acute	 mast
cell/basophil	 activation.	 Patients	 with	 low	 baseline	 tryptase	 levels	 can	 have
increases	 during	 anaphylaxis	 that	 do	 not	 reach	 normal	 range,	 and	 levels	 of
2	ng/ML	plus	1.2	times	baseline	are	considered	significantly	increased	for	these
patients.	If	a	serum	tryptase	of	a	patient	presenting	with	anaphylaxis	is	elevated,
a	 repeat	measurement	of	 serum	 tryptase	should	be	performed	when	 the	patient
has	returned	to	baseline.10,54

The	 sensitivity	 of	 β-tryptase	 is	 suboptimal,	 as	 levels	 can	 be	 normal	 after
documented	 anaphylaxis,	 especially	 when	 caused	 by	 foods.10	 There	 is	 a	 clear
role	for	serial	measurements	documenting	the	course	of	systemic	mast	cell	and
basophil	degranulation.10	As	noted	earlier,	histamine	is	rarely	assessed	clinically
because	 it	must	 be	 obtained	within	 the	 first	 hour	 after	 a	 reaction	 and	 requires
special	 handling.	 In	 addition,	 serum	 measurements	 of	 cleaved	 complement
products	 (C3a	 and	C5a)	 can	be	 elevated	but	 require	 special	 handling	 and,	 like
histamine,	are	impractical	outside	of	the	research	setting.

Retrospectively,	measurement	of	antigen	(allergen)-specific	IgE	antibodies	by
an	 ImmunoCAP	 (or	 similar	 assay,	 which	 have	 replaced	 RAST
[radioallergosorbent	 test]),	may	be	 helpful.	 Specific	 skin	 tests	may	 also	 define
allergic	 sensitivity.	 Skin	 testing	must	 be	 done	 in	 a	 carefully	 controlled	 setting
due	to	the	risk	of	provoking	another	severe	reaction.	Cutaneous	assessment	for
the	presence	of	antigen-specific	 IgE	may	be	negative	 for	up	 to	28	days	after	a
reaction,	because	mast	cell	and	basophil	degranulation	at	 the	time	of	 the	 initial
reaction	may	lead	to	a	refractory	period.	This	can	be	avoided	by	delaying	testing
for	 4	 to	 6	 weeks,55	 though	 for	 stinging	 insect	 anaphylaxis	 where	 specific
immunotherapy	 (allergy	 shots)	 is	 protective	 and	 earlier	 initiation	 is	 indicated,
there	is	evidence	supporting	testing	for	venom-specific	IgE	with	skin	testing	and
serum	IgE	testing	within	a	week	of	a	systemic	reaction.55	Similar	findings	have
been	 found	 when	 determining	 the	 cause	 of	 perioperative	 anaphylaxis	 when
surgical	 intervention	 is	 time-sensitive.56	 While	 generally	 unfounded	 from	 an
immunologic	 perspective,	 there	 remains	 some	 hesitance	 to	 assaying	 serum
allergen-specific	IgE	soon	after	a	severe	systemic	allergic	reaction.	Our	practice
is	to	recommend	that	these	be	assayed	promptly,	as	they	can	be	repeated	at	the
time	 of	 allergy/immunology	 consultation	 to	 resolve	 any	 suspected
inconsistencies	on	negative	results,	when	indicated.

Differential	Diagnosis



The	clinical	disorders	that	may	be	confused	with	anaphylaxis	are	sudden,	acute
bronchoconstriction	in	an	asthmatic,	vasovagal	syncope,	tension	pneumothorax,
mechanical	 airway	 obstruction,	 pulmonary	 edema,	 cardiac	 arrhythmias,
myocardial	 infarction	 with	 cardiogenic	 shock,	 aspiration	 of	 a	 food	 bolus,
pulmonary	embolism,	seizures,	acute	drug	toxicity,	septic	shock,	and	toxic	shock
syndrome.11,50	 Particularly	 relevant	 syndromes	 in	 the	 differential	 diagnosis	 are
the	 non–ingestion/medication-triggered	 urticaria/angioedema	 disorders—
angiotensin-converting	 enzyme	 inhibitor	 (ACEI)-induced,	 idiopathic
(spontaneous),	 hereditary,	 and	 acquired.	 These	 can	 present	with	 several	 of	 the
concerning	manifestations	of	anaphylaxis,	including	respiratory	failure	requiring
intensive	care.	While	 the	 initial	management	 is	 similar	 to	 that	 for	anaphylaxis,
there	 are	 several	 key	 differentiating	 clinical	 and	 laboratory	 features	 to	 aid	 in
accurate	diagnosis.

An	 important	 anaphylaxis	 “mimic”	 that	 can	 be	 challenging	 to	 identify	 and
manage	in	the	acute	setting	is	vocal	cord	dysfunction	syndrome,57	during	which
there	 is	 dysfunctional	 vocal	 cord	 adduction	 during	 inspiration.	 Because	 a
significant	proportion	of	these	patients	have	coexistent	asthma,58	in	the	setting	of
a	suspected	ingestion	trigger,	there	can	be	progressive	respiratory	failure	that	in
some	 cases	 will	 lead	 to	 endotracheal	 intubation	 due	 to	 challenges	 in
differentiating	 this	 syndrome	 from	 status	 asthmaticus.	 Notable	 findings	 are
stridor,	apparent	response	to	nebulized	β-agonists	±	injectable	epinephrine	with
recurrence	 of	 respiratory	 distress	 minutes	 after	 initial	 response,	 and	 if	 an
endotracheal	 tube	 is	placed	with	appropriate	 sedation,	unexpected	 facility	with
ventilation	 and	 relative	 absence	 of	 significant	 evidence	 of	 lower	 airway
obstruction	 with	 no	 significant	 peak	 to	 plateau	 airway	 pressure	 difference.	 A
differentiating	 factor	 for	 these	 patients	 is	 the	 absence	of	 urticaria	 and/or	 facial
angioedema,	which	are	present	in	>80%	of	individuals	with	anaphylaxis.	Other
syndromes	in	the	differential	diagnosis	of	anaphylaxis	are	also	discussed	under
“Specific	Agents	and	Precipitants”	section	later	in	this	chapter.

CLINICAL	COURSE	OF	ANAPHYLACTIC
REACTIONS
The	constellation	of	clinical	symptoms	as	well	as	their	severity	and	duration	are
variable	 but	 will	 depend	 to	 some	 extent	 on	 the	 mode	 of	 antigen	 exposure.
Anaphylaxis	 may	 occur	 within	 seconds	 following	 parenteral	 introduction	 of
antigen	 and	 usually	 occurs	 within	 30	 minutes.9,10,59	 In	 contrast,	 the	 onset	 of



anaphylaxis	 that	 follows	oral	administration	of	an	antigen	ranges	from	minutes
to	several	hours.60	 In	a	 series	of	164	 fatal	episodes	of	anaphylaxis,	 the	median
time	between	onset	of	symptoms	and	cardiac	or	respiratory	arrest	was	5	minutes
for	 iatrogenic	 anaphylaxis,	 15	minutes	 for	 stinging	 insect	 anaphylaxis,	 and	 30
minutes	for	food-induced	anaphylaxis.59

Generally,	the	more	rapid	the	onset	of	symptoms,	the	more	severe	will	be	the
reaction.9	Mild	systemic	reactions	often	last	for	several	hours,	rarely	more	than
24	hours.	Severe	manifestations,	such	as	laryngeal	edema,	bronchoconstriction,
and	 hypotension,	 if	 not	 fatal,	may	 persist	 or	 recur	 for	 several	 days.	However,
even	severe	manifestations	may	resolve	within	minutes	of	treatment.	Up	to	20%
of	 patients	 will	 experience	 biphasic	 or	 protracted	 anaphylaxis,	 with	 signs	 and
symptoms	 recurring	 up	 to	 24	 hours	 or	 persisting	 beyond	 24	 hours	 after	 initial
presentation.61	 This	 highlights	 the	 need	 for	 close	 observation	 after	 initial
response	to	treatment.

TREATMENT	OF	ANAPHYLAXIS
2 	 The	 key	 to	 successful	 treatment	 of	 anaphylaxis	 is	 prompt	 intervention	 to
support	 cardiopulmonary	 function	 and	 prevent	 further	 exposure	 to	 the	 inciting
stimulus	when	possible.	The	prompt	administration	of	epinephrine	is	critical	and
should	 be	 supplemented,	 when	 needed,	 with	 aggressive	 use	 of	 vasopressors,
fluid	replacement,	and	medications	to	counteract	the	effects	of	released	chemical
mediators.10	 Injectable	 epinephrine,	 tourniquets,	 intravenous	 (IV)	 infusion
materials	 and	 fluids,	 antihistamines,	 intubation	 equipment,	 a	 tracheostomy	 set,
and	 individuals	 trained	 to	use	 these	materials	 should	be	available	 (Table	68.4).
Because	 symptoms	 of	 a	 systemic	 anaphylactic	 reaction	 may	 be	 followed	 by
potentially	 fatal	 manifestations,	 patients	 must	 be	 serially	 examined	 and
continuously	 monitored.10	 Many	 therapeutic	 and	 diagnostic	 agents	 frequently
employed	 in	 intensive	care	settings	 (eg,	antibiotics,	 radiographic	contrast)	may
induce	 anaphylactic	 reactions.	 Thus,	 the	 anticipation	 and	 the	 preparedness	 to
deal	with	these	potential	reactions	are	very	important.

TABLE	68.4

Treatment	of	Anaphylaxis	in	Adults9,10,48



Mandatory	and	Immediate
General	measures
Aqueous	epinephrine	(1:1000)	0.2-0.5	mL	IM;	up	to	3	doses	at	1-	to	5-
min	intervals
Tourniquet	proximal	to	antigen	injection	or	sting	site
Aqueous	epinephrine	(1:1000)	0.1-0.3	mL	infiltrated	into	antigen
injection	or	sting	site	(unless	anatomic	region	with	terminal
circulation,	eg,	fingertip)

For	laryngeal	obstruction	or	respiratory	arrest
Establish	airway:	endotracheal	intubation,	cricothyroidotomy,	or
tracheotomy
Supplemental	oxygen
Mechanical	ventilation

After	Clinical	Appraisal
General	measures
Diphenhydramine,	1.25	mg/kg	to	maximum	of	50	mg,	IV	or	IM
Aqueous	hydrocortisone,	200	mg,	or	methylprednisolone,	50	mg,	IV
every	6	h	for	24-48	h
Ranitidine,	150	mg,	IV	over	3-5	min

For	hypotension
Aqueous	epinephrine	(1:1000)	1	mL	in	500	mL	of	saline	at	0.5-
2.0	mL/min,	or	1-4	μg/min,	preferably	by	a	central	venous	line
Normal	saline,	lactated	Ringer,	or	colloid	volume	expansion
Glucagon,	if	patient	is	receiving	β-blocker	therapy	and	hypotension	is
refractory,	1	mg/mL	IV	bolus	or	infusion	of	1	mg/L	of	D5W	at	a	rate
of	5-15	mL/min

For	bronchoconstriction
Supplemental	oxygen



Albuterol	(0.5%),	0.5	mL	in	2.5	mL	of	saline,	by	nebulizer
Aminophylline,	only	if	patient	not	in	shock	and	unresponsive	to
albuterol	and	epinephrine,	5	mg/kg	to	maximum	or	500	mg	IV	over	20
min,	then	0.3-0.8	mg/kg/h	IV

D5W,	dextrose	in	5%	water;	IM,	intramuscular;	IV,	intravenous.

From	Adkinson	NF,	Middleton	E.	Middleton’s	Allergy:	Principles	and	Practice.	8th	ed.
Elsevier/Saunders;	2014;	Lieberman	P,	Nicklas	RA,	Randolph	C,	et	al.	Anaphylaxis—a	practice
parameter	update	2015.	Ann	Allergy	Asthma	Immunol.	2015;115(5):341-384;	and	Triggiani	M,
Patella	V,	Staiano	RI,	Granata	F,	Marone	G.	Allergy	and	the	cardiovascular	system.	Clin	Exp
Immunol.	2008;153	Suppl	1(Suppl	1):7-11.

Emergency	Measures
The	evaluation	of	individuals	who	are	suspected	of	having	anaphylaxis	must	be
performed	 rapidly.	 The	 cause	 and	 mechanism	 of	 antigen	 exposure	 should	 be
ascertained	to	assess	how	long	the	inciting	antigen	has	been	present	and,	when
possible,	 to	 limit	 further	 absorption	 (eg,	 immediately	 stopping	 infusion	 of	 a
medication	 or	 contrast	 media).	 Epinephrine	 should	 be	 administered
intramuscularly,	 as	 soon	 as	 anaphylaxis	 is	 identified.	 The	 patient	 should	 be
placed	in	a	recumbent	position	with	the	legs	elevated;	pregnant	patients	may	be
placed	in	the	left	lateral	decubitus	position	if	inferior	vena	cava	compression	is	a
concern.	 Intravenous	 access	 with	 one	 or	 two	 large-bore	 catheters	 should	 be
achieved	for	fluid	resuscitation.

A	 history	 of	 previous	 allergic	 reactions	 and	 former	 treatment	 may	 help	 to
guide	immediate	therapy,	obviating	the	need	to	try	previously	failed	regimens	in
a	life-threatening	situation.62

Supportive	Cardiopulmonary	Measures
Particular	 attention	 to	 the	 respiratory	 and	 cardiovascular	 systems	 is	 paramount
and	must	 include	 assessment	 for	 laryngeal	 edema	 and	 bronchoconstriction,	 as
well	as	monitoring	of	oxygenation,	blood	pressure,	and	cardiac	rhythm.50

Ensuring	 adequate	 ventilation	 and	 oxygenation	 is	 essential.	 Supplemental
oxygen	 should	 be	 administered	 and	 pulse	 oximetry	monitored.	 Intubation	 and
assisted	ventilation	may	be	necessary	in	cases	of	severe	bronchoconstriction,	and
ventilator	 management	 strategies	 such	 as	 those	 used	 for	 treatment	 of	 status
asthmaticus	 may	 be	 necessary.	 These	 techniques	 are	 discussed	 in	 Chapters	 8:



Airway	 Management	 and	 Endotracheal	 Intubation	 and	 167:	 Non-Invasive
Mechanical	Ventilation	for	the	Adult	Hospitalized	Patient.

Oral	or	nasal	endotracheal	intubation	is	usually	feasible,	but	rarely	edema	of
the	 tongue,	 larynx,	or	vocal	cords	may	obstruct	 the	upper	airway	and	preclude
oropharyngeal	or	nasopharyngeal	 intubation.	To	ensure	a	patent	airway	in	such
instances,	 cricothyroidotomy	 or	 tracheotomy	 may	 be	 necessary	 (Chapter	 9:
Tracheostomy).	 Given	 currently	 available	 advanced	 airway	 techniques,	 in	 the
setting	 of	 anaphylaxis	 with	 laryngeal	 edema	 a	 surgical	 airway	 is	 infrequently
necessary.	 Contraindications	 to	 cricothyroidotomy	 include	 a	 suspected	 neck
fracture	or	a	serious	injury	to	the	larynx	or	cricoid	cartilage.

Electrocardiographic	 monitoring	 with	 telemetry	 is	 indicated	 because	 the
sequelae	 of	 anaphylaxis	 and	 its	 therapy	 are	 both	 potentially	 arrhythmogenic.10
Hypotension,	 acidosis,	 hypoxia,	 vasopressors,	 and	 bronchodilators	 are	 well-
described	 predisposing	 factors	 for	 cardiac	 arrhythmias	 (Chapter	 197:
Management	 of	 Cardiac	 Devices	 in	 the	 ICU).	 Adequate	 IV	 access	 should	 be
established	as	soon	as	possible,	initially	with	two	18-gauge	or	larger	peripheral
catheters.

Pharmacological	Therapies
The	mainstay	 of	 therapy	 is	 parenteral	 epinephrine	 (adrenaline),	 which	 acts	 on
bronchial	 and	 cardiac	 β-receptors,	 causing	 bronchial	 dilatation	 and	 both
chronotropic	 and	 inotropic	 cardiac	 stimulation.	An	 equally	 important	 effect	 of
epinephrine	 is	 stimulation	 of	 α-adrenergic	 receptors	 on	 blood	 vessels,	 which
causes	 vasoconstriction.	 This	 is	 important	 in	 reversing	 anaphylaxis-induced
hypotension.50	In	addition,	epinephrine	increases	the	intracellular	levels	of	cyclic
adenosine	 monophosphate	 (AMP)	 and	 thereby	 diminishes	 the	 activation	 of
tissue-based	 mast	 cells	 and	 circulating	 basophils.2,32	 Inhaled	 β2-adrenergic
agents,	such	as	albuterol	(salbutamol),	complement	the	actions	of	epinephrine	by
reversing	 bronchoconstriction	 and	 reducing	 bronchial	 mucus	 secretion	 and
remains	a	primary	therapy	to	treat	bronchoconstriction.10	It	should	be	noted	that
in	 circumstances	where	 there	 is	 severe	 bronchospasm	and	 poor	 air	movement,
even	nebulized	β2	agonists	may	have	limited	delivery	to	the	lower	airways,	and
even	in	the	absence	of	hypotension	systemic	β2-agonism	with	intramuscular	or
IV	epinephrine	may	be	indicated.

Antihistamines,	 particularly	 the	 H1-receptor	 blocker	 diphenhydramine,	 are
useful	 for	 treating	 cutaneous	 manifestations	 of	 anaphylaxis,	 but	 are	 slower	 in
onset	 than	epinephrine	and	completely	ineffective	for	addressing	hemodynamic
compromise.	Thus,	they	are	considered	adjunctive	therapy	to	epinephrine.	Given



their	beneficial	safety	profile,	they	may	be	administered	empirically	unless	there
is	a	specific	contraindication	(eg,	known	prior	hypersensitivity).	 In	 this	 regard,
the	authors	have	managed	a	case	of	prolonged	anaphylaxis	that	was	treated	with
repeated	doses	of	diphenhydramine	with	 little	effect	 in	a	patient	who	was	 later
found	to	have	diphenhydramine	hypersensitivity.63	Glucocorticoids,	although	not
immediately	active	for	anaphylactic	shock,	are	effective	pharmacological	agents
that	are	capable	of	increasing	tissue	response	reported	to	occur	in	up	to	20%	of
anaphylactic	reactions	in	spite	of	glucocorticoid	therapy.61,64	In	this	report,	after
an	initial	response	to	therapy,	life-threatening	symptoms	recurred	up	to	8	hours
later.	Whether	glucocorticoid	therapy	helped	prevent	recurrences	after	8	hours,	is
not	 known.	Because	 of	 the	 possibility	 of	 a	 late	 recurrence,	 patients	 should	 be
monitored	 closely	 for	 8	 to	 12	 hours	 after	 resolution	 of	 symptoms	 in	 the
appropriate	 clinical	 setting	 based	 on	 severity	 of	 initial	 presentation.	 Roughly
30%	 of	 anaphylaxis	 cases	 may	 have	 protracted	 symptoms	 for	 5	 to	 32	 hours
despite	vigorous	therapy	including	glucocorticoids.61

PREVENTION	OF	ANAPHYLACTIC	REACTIONS
In	 view	 of	 the	 potential	 morbidity	 and	 mortality	 from	 anaphylactic	 reactions,
prevention	 is	 of	 primary	 importance.	 Prevention	 includes	 obtaining	 a	 careful
history	 to	 identify	 possible	 precipitants	 of	 anaphylaxis.	 Both	 physicians	 and
patients	 should	 be	 aware	 of	 potential	 cross-reacting	 agents.	 For	 example,
individuals	 with	 anaphylaxis	 secondary	 to	 aspirin	 are	 frequently	 sensitive	 to
nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs),	 such	 as	 ibuprofen,	 naproxen,
ketorolac,	 and	 sulindac.	 Preservatives,	 such	 as	metabisulfite,	 ethylenediamine,
and	 methylparaben,	 have	 been	 associated	 with	 anaphylactic	 reactions.	 It	 is
therefore	 helpful	 to	 review	 the	 inactive	 ingredients	 contained	 in	 medications
temporally	 associated	 with	 anaphylaxis.65	 In	 some	 instances,	 combined
precipitants	 can	 trigger	 anaphylaxis,	 as	 in	 food-exercise–	 or	NSAID-exercise–
induced	 anaphylaxis	 (discussed	 here),	 where	 each	 precipitant	 alone	 does	 not
trigger	anaphylaxis	but	the	combined	stress,	particularly	if	temporally	close,	can
cause	 anaphylaxis.	 Prevention	 in	 these	 settings	 involves	 specific
recommendations,	usually	related	to	adequate	time	separation	of	triggers.29

Prevention	of	reactions	to	specific	agents	(eg,	antibiotics)	is	discussed	here.	In
general,	 patients	 with	 a	 history	 of	 anaphylaxis	 should	 wear	 emergency	 alert
jewelry,	which	details	offending	precipitants	and	potential	cross-reacting	agents.
In	 addition,	 patients	 should	 be	 provided	 with	 and	 instructed	 in	 the	 use	 of
anaphylaxis	kits	 (eg,	EpiPen)	 for	prompt	 treatment	 in	 future	 reactions.	Finally,



consultation	with	an	allergist	can	clarify	the	offending	trigger	(if	unknown)	and
guide	 appropriate	 evaluation	 and	 treatment	 plans.	 These	 three	 actions	 are	 the
most	 relevant	 elements	 of	 postanaphylaxis	 care	 from	 the	 intensive	 care
perspective.

MANAGEMENT	OF	ANAPHYLAXIS	TO	SPECIFIC
AGENTS	AND	PRECIPITANTS

β-Lactam	Antibiotic	Anaphylaxis
One	of	the	most	common	causes	of	anaphylaxis	in	the	United	States	is	penicillin.
Systemic	 reactions	 complicate	 approximately	 1%	 to	 2%	 of	 penicillin	 courses.
Approximately	10%	of	the	population	will	have	positive	skin	tests	to	penicillin.
Thus,	 a	 substantial	 portion	 of	 the	 population	 is	 at	 risk	 for	 developing
anaphylactic	 reactions	 to	 the	 drug.	 About	 10%	 of	 these	 reactions	 are	 life-
threatening	and	2%	to	10%	are	fatal.12	Seventy-five	percent	of	the	patients	who
die	of	penicillin	anaphylaxis	have	experienced	previous	allergic	reactions	to	the
drug.	 As	 with	 other	 medications,	 the	 risk	 of	 a	 severe	 reaction	 is	 greater	 with
parenteral	 administration	 than	 with	 oral	 administration.12	 On	 the	 other	 hand,
about	85%	to	90%	of	 individuals	who	report	penicillin	allergy	are	 found	 to	be
nonallergic	on	subsequent	evaluation.66

Skin	 testing	 for	 penicillin	 hypersensitivity	 with	 the	 major	 determinant
benzylpenicilloyl-poly-l-lysine	 (BPO,	 PRE-PEN,	 and	 ALK-Abelló)	 and	 minor
determinants	benzylpenicillin	 (Pen-G),	benzylpenicilloate,	 and	benzylpenilloate
are	 effective	 at	 detecting	 IgE-mediated	 sensitivity	 and	 thereby	 identifying
individuals	 at	 risk	 for	 developing	 acute	 allergic	 reactions	 to	 penicillin.12	 The
minor	 determinant	 mixture	 (MDM)	 of	 the	 aforementioned	 substances	 is	 not
commercially	 available,	 and	 it	 is	 accepted	 that	 Pen-G	 with	 the	 addition	 of
ampicillin	are	adequate	to	represent	the	minor	determinants	and	oral	challenge	to
amoxicillin	 is	 usually	 performed	 if	 skin	 testing	 is	 negative.	 The	 negative
predictive	 value	 of	 skin	 testing	 when	 both	 major	 and	 minor	 determinants	 of
penicillin	 are	 used	 is	 excellent	 for	 immediate	 hypersensitivity	 reactions	 to
penicillin.67	 This	 testing	 does	 not	 evaluate	 other	 types	 of	 sensitivity,	 such	 as
serum	sickness	reactions,	morbilliform	rashes,	hemolytic	anemia,	and	interstitial
nephritis	 (Table	68.5).	 In	addition,	 it	does	not	evaluate	patients	who	may	have
specific	allergy	to	a	β-lactam	side	chain	of	a	penicillin	derivative,	for	example,
cephalosporins	 or	 carbapenems.68	 Cross-reactivity	 between	 β-lactams	 and



monobactams,	 for	 example,	 aztreonam,	 is	 rare.	 For	 critically	 ill	 patients,	 who
need	 a	 β-lactam	 drug	 and	 who	 have	 a	 convincing	 history	 of	 severe	 β-lactam
antibiotic	 allergy,	 the	 best	 strategy	 is	 to	 use	 an	 alternate,	 non–cross-reacting
antibiotic	 or	 to	 proceed	 with	 a	 rapid	 desensitization	 protocol.69	 These	 have
become	well	established	in	clinical	practice,	and	vary	slightly	from	institution	to
institution.	The	essentials,	 as	described,12	 are	a	 series	of	 infusions	of	gradually
increasing	 concentrations	 (hence	 drug	 amount)	 over	 several	 hours	 with
observation	 between	 infusions	 ending	 in	 infusion	 of	 desired/target	 dose	 of
medication.	A	retrospective	review	of	antibiotic	desensitization	for	IgE-mediated
allergy	found	that	it	was	successful	in	75%	of	patients.70,71	Patients	with	a	remote
or	 uncertain	 history	 of	 β-lactam	 allergy	 can	 be	 considered	 for	 a	 graded
challenge:	10%	of	 the	 target	dose	administered	followed	by	observation	for	30
minutes,	 and	 the	 remainder	 administered	with	 observation.	 The	 benefit	 of	 this
approach,	 if	 applicable,	 is	 that	 a	 successful	 graded	 challenge	 demonstrates
tolerance	 to	the	antibiotic,	namely,	that	allergy	has	been	disproved.	In	contrast,
desensitization	success	does	not	disprove	allergy.

TABLE	68.5

Management	of	Anaphylaxis—Quality	of	the	Evidence9

History	of	exposures	and	timing	is	the	most	important	information	to
determine	whether	a	set	of	symptoms	was	due	to	anaphylaxis	and	what	trigger
precipitated	the	event.	(C)
The	appropriate	dose	of	epinephrine	should	be	administered	promptly	at	the
onset	of	anaphylaxis.	(A/D)
Intravenous	infusion	of	crystalloid	or	colloid	is	essential	for	patients	who	are
unstable	or	refractory	to	initial	therapy	with	epinephrine.	(B)
Specific	situations	
The	extent	of	allergic	cross-reactivity	between	penicillin	and	cephalosporins	is
low.	(C)
Aztreonam	cross-reacts	with	ceftazidime	by	shared	R-group	side	chain.	(B)



The	three	groups	at	increased	risk	for	latex	anaphylaxis	are	health	care

workers,	children	with	spina	bifida	and	genitourinary	problems,	and	workers
with	occupational	exposure	to	latex.	(B)

Precautions	for	latex-allergic	patients	undergoing	anesthesia	include	avoiding
latex	gloves,	latex	blood	pressure	cuffs,	latex	tourniquets,	latex	intravenous
tubing	ports,	and	rubber	stoppers	on	vials.	(B)

The	greatest	number	of	anaphylactic	reactions	in	children	has	involved
peanuts,	tree	nuts,	fish,	shellfish,	milk,	and	eggs.	(C)

Anaphylactic	reactions	to	foods	almost	always	occur	immediately	but	may
recur	hours	later.	(A)

Strength	of	recommendation

A.	 Directly	based	on	meta-analysis	of	randomized	controlled	trials	or	from
at	least	one	randomized	controlled	trial	or	systematic	review	of
randomized	controlled	trials/body	of	evidence.

B.	 Directly	based	on	at	least	one	controlled	trial	without	randomization	or	at
least	one	other	of	quasi-experimental	study	or	extrapolated
recommendation	from	A.

C.	 Directly	based	on	at	least	one	other	of	quasi-experimental	or
descriptive/comparative	study	or	extrapolated	recommendation	from	A	or
B.

D.	 Directly	based	on	evidence	from	an	expert	committee	report	or	opinions
or	clinical	experience	of	respected	authorities	or	both.

From	Adkinson	NF,	Middleton	E.	Middleton’s	Allergy:	Principles	and	Practice.	8th	ed.
Elsevier/Saunders;	2014.	From	Summarized	from	Lieberman	P,	Nicklas	RA,	Randolph	C,	et	al.
Anaphylaxis—a	practice	parameter	update	2015.	Ann	Allergy	Asthma	Immunol.	2015;115(5):341-
384	and	others.

The	 incidence	of	anaphylactic	 reactions	 to	cephalosporins	 is	 infrequent	but



increasing.72	 Patients	with	 a	history	of	 penicillin	 allergy	have	been	 reported	 to
have	allergic	reactions	to	cephalosporins	at	a	rate	of	5.4%	to	16.5%,	compared
with	patients	with	a	negative	history,	whose	reaction	rate	was	1%	to	2%.71,73	The
rate	of	cross-reactivity	is	lower	with	second-	and	third-generation	than	with	first-
generation	cephalosporins.	However,	not	all	of	these	reactions	reflect	true	cross-
reactivity,	 as	 only	 15%	 to	 40%	 of	 patients	 with	 a	 positive	 history	 react	 to
penicillin	 on	 subsequent	 testing.71,74	 In	 a	 study	 of	 30	 patients	with	 immediate-
hypersensitivity	reactions	to	second-	and	third-generation	cephalosporins,	25	of
36	 reactions	were	 anaphylactic	 shock.75	 Only	 13%	 of	 individuals	 had	 either	 a
positive	 skin	 test	 or	 in	 vitro	 evidence	 of	 antigen-specific	 IgE	 to	 penicillin
determinants,	while	all	but	 three	 reactions	were	correlated	with	a	positive	 skin
test	 to	 culprit	 cephalosporins.	 Unfortunately,	 skin	 testing	 with	 cephalosporin
derivatives	 is	 not	 reliable;	 severe	 allergic	 reactions	 have	 occurred	 in	 patients
with	negative	cephalosporin	skin	tests	and	cephalosporin	antigenic	determinants
for	 skin	 testing	 have	 not	 been	 standardized.	 On	 the	 other	 hand,	 patients	 with
negative	 penicillin	 skin	 tests	 have	 no	 greater	 risk	 of	 allergic	 reaction	 to
cephalosporins	 than	 the	 general	 population.73	 Several	 protocols	 for
desensitization	 to	 cephalosporins	 have	 been	 outlined	 in	 a	 review.76	 Cross-
reactivity	between	cephalosporins	appears	related	 to	 the	degree	of	similarity	of
the	 R1	 side	 chains;	 these	 similarities	 do	 not	 explicitly	 predict	 reactivity	 but
rather	 guide	 the	 choice	 of	 an	 alternate	 cephalosporin	 with	 a	 different	 R1	 side
chain.	 Ninety	 percent	 of	 patients	 allergic	 to	 second-	 and	 third-generation
cephalosporins	do	not	react	to	penicillin	derivatives.72

As	noted	earlier,	monobactams	(eg,	aztreonam)	do	not	show	cross-reactivity
with	penicillin,	 but	do	 show	some	cross-reactivity	with	 the	 cephalosporins	 (ie,
ceftazidime).72	Carbapenems	 (eg,	 imipenem,	meropenem),	 in	comparison,	have
historically	 shown	 significant	 in	 vivo	 cross-reactivity	 with	 penicillin,	 and
desensitization	in	penicillin-allergic	patients	was	recommended	when	there	was
no	 reasonable	 alternative.77,78	 Several	 highly	 informative	 reports	 in	 penicillin
skin	test–positive	patients	have	suggested	that	carbapenems	can	be	given	safely
to	 young79	 and	 adult80	 patients,	 who	 have	 negative	 skin	 tests	 to	 the	 proposed
carbapenem.	 In	urgent	 settings	and/or	where	 skin	 testing	and	graded	challenge
are	 not	 feasible,	 a	 graded	 challenge	 or	 desensitization	 protocol	 should	 be
employed	with	the	same	precautions	as	if	giving	the	patient	penicillin.12

Food	Anaphylaxis
Food	 allergy	 occurs	 in	 approximately	 6%	 of	 children	 and	 3.7%	 of	 adults60;
however,	 fatal	 anaphylactic	 reactions	 are	much	 less	 common.	Due	 to	 variable



patterns	 of	 absorption,	 biphasic	 and/or	 prolonged	 anaphylaxis	 occur	 in	 about
20%	of	cases.	However,	the	delayed	phase	is	rarely	associated	with	a	mild	acute
phase,	 where	 hypotension	 and	 bronchoconstriction	 are	 readily	 apparent.81	 A
review	 of	 fatal	 and	 severe	 nonfatal	 anaphylactic	 reactions	 to	 foods	 revealed
several	 important	 features	 of	 the	 fatal	 anaphylactic	 reactions:	 all	 occurred	 in
patients	with	asthma,	all	were	in	a	public	setting	rather	than	in	the	home,	and	all
were	 associated	with	 delayed	 or	 nonadministration	 of	 epinephrine.1	 The	 foods
that	 caused	 these	 severe	 reactions	 were	 peanuts,	 cashews,	 milk,	 filberts
(hazelnuts),	walnuts,	and	eggs.	 In	another	 review	of	 the	causes	of	anaphylaxis,
the	 five	most	 common	 foods	were	pine	nuts,	 peanuts,	 soy,	 shellfish,	 and	other
nuts.82	A	survey	of	food-related	anaphylactic	fatalities	reported	to	an	association
registry	confirmed	the	association	between	asthma	and	severe	anaphylaxis;	90%
of	 fatalities	 in	 this	 group	 were	 due	 to	 peanuts	 and	 tree	 nuts.39	 A	 methodical
approach	 to	 the	 diagnosis	 and	 treatment	 of	 food	 hypersensitivity	 has	 been
outlined	by	Sicherer	and	Sampson,60	and	reviewed	more	comprehensively	in	an
expert	panel	report.18

Processed	foods	may	contain	significant	amounts	of	milk	products,	despite	a
lack	 of	 mention	 of	 this	 on	 the	 label	 ingredient	 lists.83	 This	 is	 important	 to
remember	for	patients	with	milk	allergy	who	appear	to	experience	a	cryptogenic
anaphylactic	episode.	Standards	for	food	labeling	instituted	in	2006	by	the	U.S.
Food	and	Drug	Administration	have	assisted	patients	with	food	allergy	and	their
providers	by	 requiring	 identification	of	 possible	 trace	 allergen	 contaminants	 in
processed	 foods.	 Other	 food	 additives,	 such	 as	 preservatives,	 have	 been
implicated	as	causes	of	anaphylaxis.84	 In	 the	critical	 care	 setting,	 evaluation	of
likely	cause,	if	cryptic,	can	begin	with	serum	testing	for	allergen	(food)-specific
IgE	(ImmunoCAP,	others)	to	a	broad	range	of	suspected	culprits.	However,	there
is	 no	 role	 for	 skin	 testing	 in	 the	 acute	 setting	 as	 these	 can	 be	 negative	 or
misleading	in	the	first	4	to	6	weeks	following	documented	anaphylaxis.

Anesthetic	Anaphylaxis
Immediate	 hypersensitivity	 reactions	 to	 local	 anesthetics	 are	 rare,	 despite	 their
being	 one	 of	 the	most	 commonly	 used	 groups	 of	 drugs	 in	medicine.85,86	 Cell-
mediated	reactions	that	manifest	as	contact	dermatitis	are	more	common.	Local
anesthetics	are	divided	into	two	classes:	group	I	(para-aminobenzoic	acid	ester)
consists	of	benzocaine,	tetracaine,	and	procaine;	group	II	(non–ester-containing)
consists	 of	 Xylocaine,	 mepivacaine,	 dibucaine,	 and	 cyclomethycaine.	 Cross-
reactivity	between	the	 two	groups	 is	very	rare	and	cross-reactivity	between	the
amides	is	also	rare.87,88	Skin	testing,	using	a	progressive	challenge	protocol,	can



help	determine	whether	sensitivity	exists	and	which	drugs	are	likely	to	be	safe	in
the	future.86,88

General	 anesthetics,	 such	 as	 neuromuscular	 blocking	 agents	 and
thiobarbiturates,	 also	 cause	 anaphylaxis.89	 A	 skin	 test	 protocol	 has	 been
described	 for	 evaluating	 patients	with	 possible	 allergy	 to	 general	 anesthetics.90
Other	etiologies	of	perioperative	anaphylaxis	include	allergy	to	antibiotics,	latex,
glutaraldehyde,	and	opioids.

Because	 neuromuscular	 blocking	 agents	 are	 used	 in	 intensive	 care	 units,
anaphylaxis	to	these	agents	should	be	considered	in	the	differential	diagnosis	of
unexplained	hypotension	in	the	intensive	care	unit.

Chemotherapy/Monoclonals
More	 drugs	 have	 been	 implicated	 in	 hypersensitivity	 reactions	 in	 the	 past
20	years	including	chemotherapy	agents	and	biologics	(specifically	monoclonal
antibody	[mAb]	therapies).

The	 National	 Cancer	 Institute	 Common	 Terminology	 Criteria	 for	 Adverse
Events	 (CTCAE)	 is	 a	 standardized	 classification	 system	 for	 classification	 of
reactions	and	grading	of	 severity	of	 reactions	 from	grade	1	 (mild	 reactions)	 to
grade	 5	 (most	 severe).	 The	 CTCAE	 distinguishes	 between	 infusion-related
reactions,	 IgE-mediated	 allergic	 reactions,	 and	 reactions	 secondary	 to	cytokine
release	syndrome.	Despite	 this	classification,	moderate	 to	severe	reactions	may
exhibit	 overlapping	 clinical	 features	 including	 bronchospasm,	 hypotension	 and
cardiac	dysfunction.91,92

Among	 mAbs,	 chimeric	 mAbs	 such	 as	 rituximab	 and	 infliximab	 are
associated	with	the	highest	incidence	of	adverse	reactions,	but	even	fully	human
mAbs	 such	 as	 adalimumab	 and	 ofatumumab	 have	 been	 associated	 with
anaphylaxis.	 Anaphylaxis	 at	 first	 exposure	 has	 been	 seen	 with	 cetuximab	 in
patients	with	preformed	carbohydrate	galactose-α-1,3-galactose	 (present	on	 the
cetuximab	 heavy	 chain)	 IgE	 antibodies	 due	 to	 tick	 exposure	 to	 Amblyomma
americanum	(lone	star	tick).	Type	1	reactions	to	platinum	based	anti-neoplastic
drugs	(“platins”)	typically	require	repeated	exposures	and	manifest	with	classical
symptoms	 associated	 with	 anaphylaxis.	 Reactions	 to	 the	 taxane	 class	 of
chemotherapy	can	cause	similar	reactions	with	atypical	symptoms	such	as	back
pain	through	IgE-	and	non–IgE-mediated	mechanisms.

Most	 infusion	 reactions	 to	 mAbs	 are	 due	 to	 cytokine	 release	 triggered	 by
binding	of	the	mAb	to	the	target	cell	rather	than	IgE-mediated	reactions.	These
reactions	 typically	 occur	with	 the	 first	 infusion	but	 can	occur	with	 subsequent
reactions	and	are	more	likely	to	occur	with	higher	rates	of	infusion.	Risk	of	these



reactions	can	be	reduced	with	pretreatment	with	antihistamines,	acetaminophen
and	 corticosteroids.	 Management	 of	 these	 infusion	 reactions	 depends	 on	 the
severity	of	reaction;	mild	to	moderate	reactions	may	be	managed	by	slowing	the
rate	of	 infusion	or	pausing	until	 symptoms	resolve	but	 infusions	should	not	be
readministered	in	the	setting	of	moderate-to-severe	reactions.93

A	 newly	 recognized	 form	 of	 anaphylaxis	 among	 patients	 receiving	 some
chemotherapies	 and	 mAbs	 and	 has	 been	 described.	 These	 reactions	 exhibit
features	of	both	 IgE-	and	non–IgE-mediated	anaphylaxis.53	These	reactions	are
theorized	to	possibly	be	due	to	off	target	effects	with	binding	to	Fc	receptors	on
T	cells,	monocytes	and	macrophages	and	can	be	associated	with	chills,	fever	and
hypotension.	 These	 reactions	 can	 occur	 at	 first	 exposure	 to	 an	 agent	 but	 have
also	 been	 seen	 after	 several	 repeat	 exposures.	 When	 mixed	 reactions	 occur,
chills,	fever,	and	hypotension	can	occur	with	associated	pruritis	and	hives.

Radiocontrast	Media	Anaphylaxis
Radiocontrast	 dye	 studies	 are	 frequently	 necessary	 for	 managing	 critically	 ill
patients,	so	it	is	important	to	know	when	a	reaction	is	likely	to	occur	and	how	to
prevent	 it.	 Unfortunately,	 the	 likelihood	 of	 an	 anaphylactic	 reaction	 to
radiocontrast	 dye	 cannot	 be	 predicted	 by	 pretesting	with	 oral,	 conjunctival,	 or
intradermal	skin	 tests.94	Although	 the	overall	adverse	reaction	rate	 ranges	from
1%	 to	 12%,95	 patients	 with	 a	 history	 of	 a	 previous	 anaphylactic	 reaction	 to
radiocontrast	 dye	have	a	 repeat	 reaction	 rate	of	35%	 to	60%.96	Patients	with	 a
general	history	of	allergies,	whether	to	inhalant	allergens,	foods,	or	medications,
also	 have	 an	 increased	 reaction	 rate	 of	 serious	 reactions	 compared	 with
nonallergic	 individuals.97	 The	 majority	 of	 contrast	 dye	 reactions	 are	 non–IgE
mediated,	 although	 evidence	 is	 accumulating	 to	 suggest	 that	 an	 IgE-mediated
mechanism	may	be	contributory	 to	 some	cases.98,99	Although	exceedingly	 rare,
there	have	been	several	confirmed	reports	of	anaphylactic	reactions	to	iodinated
oral	 contrast:	 Gastrografin	 (diatrizoate	 sodium	 and	 diatrizoate	 meglumine),
Hypaque	 (sodium	 diatrizoate),	 barium	 sulfate,	 and	 gadolinium.100-104
Radiocontrast	media	reactions	are	not	related	to	shellfish	allergies.	There	is	also
no	 cross-reactivity	 between	 povidone	 iodine	 and	 iodinated	 contrast	 agent	 as
iodine	 is	not	 the	etiology	of	 the	allergy.	No	 testing	or	premedication	 is	needed
for	patients	with	shellfish	allergy	receiving	contrast.54

Nonionic,	 low-osmolal	radiocontrast	agents	have	largely	replaced	high	ionic
contrast	media	 due	 to	 a	 decreased	 incidence	 of	 overall	 adverse	 reactions,105,106
although	not	 all	 studies	have	 found	 a	 reduction	 in	 life-threatening	 reactions	or
death.106,107	Currently,	for	patients	who	have	had	a	prior	anaphylactic	reaction	to



contrast	 media	 and	 who	 require	 a	 contrast	 study,	 the	 use	 of	 nonionic,	 low-
osmolal	 contrast	 is	 recommended	 in	 addition	 to	 pretreatment	 with
glucocorticoids,	 diphenhydramine	 with	 or	 without	 ephedrine,11,108	 as	 outlined
here.	 Iso-osmolal	 and	 noniodinated	 contrast	 are	 also	 being	 explored	 as
alternatives	to	low-osmolal	agents.108,109

Pretreatment	protocols	have	been	developed	 for	patients	with	a	history	of	a
prior	 anaphylactic	 reaction	 who	 require	 additional	 intravascular	 dye
studies.94,96,110	 In	 one	 study	 of	 192	 procedures	 in	 patients	 with	 previous
anaphylactic	 reactions	 to	 contrast	media,	 pretreatment	with	 prednisone,	 50	mg
orally	at	13	hours,	7	hours,	and	1	hour	before	the	procedure,	diphenhydramine,
50	mg	orally	or	intramuscularly	at	1	hour	before	the	procedure,	and	ephedrine	(if
available),	25	mg	orally	at	1	hour	before	the	procedure	resulted	in	a	reaction	rate
of	 3.1%.97	 A	 multicenter	 study	 of	 nonselected	 patients	 receiving	 IV	 contrast
media	 reported	 a	 reaction	 rate	 of	 5.4%	 among,2,5,16	 patients	 given	 oral
methylprednisolone,	 32	 mg	 at	 12	 hours	 and	 again	 at	 2	 hours	 before	 the
procedure.111	 In	 this	 same	study,	a	single	dose	of	methylprednisolone,	32	mg	2
hours	before	 the	procedure,	was	no	better	 than	placebo,	with	a	 reaction	rate	of
9.4%	 in	 1759	 patients.	 This	 finding	 raises	 the	 question	 of	 how	 to	 manage
patients	 with	 a	 prior	 history	 of	 anaphylaxis	 requiring	 an	 urgent	 radiocontrast
study.	 In	 a	 small	 study,	 nine	 such	 patients	 were	 treated	 with	 hydrocortisone,
200	mg	 intravenously	 immediately	 and	 every	 4	 hours	 until	 the	 procedure	was
completed,	 and	 diphenhydramine,	 50	 mg	 intravenously	 1	 hour	 before	 the
procedure.96	Roughly	half	 of	 the	patients	 received	one	dose	of	 hydrocortisone,
and	 the	other	half	 received	 two	doses.	No	 reactions	occurred	 in	 these	patients.
Given	that	this	study	evaluated	only	nine	patients,	it	remains	unknown	whether
additional	 therapy	 with	 ephedrine	 or	 an	 H2-receptor	 blocking	 agent,	 or	 both,
would	provide	better	protection.

Latex-Induced	Anaphylaxis
Latex	 allergy,	 caused	 by	 sensitivity	 to	 Hevea	 brasiliensis	 proteins,	 can	 take
several	 forms:	 contact	 dermatitis,	 asthma,	 urticaria,	 and	 anaphylaxis.
Perioperative	 anaphylaxis	 caused	 by	 latex	 exposure	 has	 been	 described	 in
several	 children	 with	 spina	 bifida	 and	 in	 patients	 with	 a	 history	 of	 multiple
surgical	 procedures.112	 In	 addition,	 latex	 allergy	 has	 become	 an	 occupational
hazard	 in	 the	health	profession	 since	 the	 institution	of	universal	precautions,113
though	 alternatives	 to	 latex	 gloves	 are	 nearly	 universal	 (see	 later	 also).
Sensitivity	seems	to	be	increased	in	atopic	individuals	with	frequent	exposure	to



latex.	Unexplained	perioperative	or	nosocomial	urticaria,	bronchoconstriction,	or
hypotension	should	raise	concern	for	latex	anaphylaxis.	Mucosal	and	parenteral
exposures	have	the	highest	risk	of	anaphylaxis.

Patients	with	latex	allergy	often	have	cross	sensitivity	with	certain	fruits	and
vegetables,	 including	 banana,	 kiwi,	 avocado,	 chestnut,	 papaya,	 potato,	 and
tomato.	Latex	is	found	in	a	wide	spectrum	of	health	care	products,114-117	 though
with	prevalent	awareness	of	latex	allergy	many	health	care	facilities	are	moving
toward	being	“latex-free,”	with	the	exception	that	surgical	practitioners	typically
prefer	latex	gloves	for	technical	reasons.

Establishing	a	diagnosis	of	latex	allergy	for	a	patient	who	is	at	high	risk	based
on	prior	exposures	or	who	may	have	had	latex-induced	anaphylaxis	is	important
to	guide	future	prevention	efforts.	Due	to	the	unavailability	of	latex	extracts	for
skin	 testing,	 the	 preferred	 testing	 method	 is	 serum	 testing	 for	 specific	 IgE	 to
latex	(ImmunoCAP,	others)	that	have	about	80%	sensitivity.115

The	most	 important	 steps	 for	 prevention	 of	 future	 anaphylactic	 reactions	 to
latex	are	careful	patient	education	and	inhospital	latex	avoidance	through	the	use
of	alert	bracelets	and	latex-free	kits.89	Verbal	and	written	information	should	be
provided	regarding	potential	sources	of	latex	exposure	and	sources	of	latex-free
gloves	 for	 patients	 to	 take	 to	 dentist	 and	 doctor	 visits.	 In	 addition,	 patients
should	understand	the	importance	of	alerting	health	care	professionals	who	may
care	for	them	in	the	future	and	consider	carrying	injectable	epinephrine	in	case
of	inadvertent	exposure.

Stinging	Insect	Venom	Anaphylaxis	and	Mast	Cell
Disorders
Venom	 extracts	 for	 yellow	 jacket,	 white-faced	 hornet,	 yellow-faced	 hornet,
wasp,	 honeybee,	 and	 fire	 ant	 are	 available	 for	 skin	 testing	 to	 confirm	 specific
IgE	 mediation	 and	 for	 desensitization.	 Results	 with	 venom	 desensitization
suggest	more	 than	95%	protection	against	 anaphylaxis	on	 subsequent	 stings.118
The	 duration	 of	 desensitization	 therapy	 necessary	 for	 long-term	 protection	 is
probably	 5	 years.118,119	 The	 geographic	 distribution	 of	 fire	 ants	 is	 expanding,
making	systemic	allergic	reactions	to	these	insects	a	growing	concern.120

Patients	 with	 mastocytosis	 appear	 to	 be	 at	 greater	 risk	 for	 developing
anaphylaxis	 from	Hymenoptera	 stings	 (even	 in	 the	 absence	 of	 IgE	mediation)
and	from	mast	cell	degranulating	agents	(see	Table	68.2).

Hereditary	 alpha	 tryptasemia	 (HAT)	 is	 another	 condition	 that	 is	 associated
with	 an	 increased	 risk	 of	 anaphylaxis.	 HAT	 is	 caused	 by	 inheritance	 of	 an



autosomal	dominant	genetic	trait	that	causes	elevated	basal	serum	tryptase	(sBT
>	 8	 ng/mL).	 Patients	 with	 this	 trait	 inherit	 an	 extra	 germline	 copy	 of	 the	 α-
tryptase	gene	(TPSAB1).	Studies	suggest	that	this	trait	is	found	in	4%	to	6%	of
the	general	population.	Given	this	high	prevalence,	HAT	should	be	considered	in
patients	presenting	with	multiple	and/or	severe	episodes	of	anaphylaxis.

Patients	 with	 mast	 cell	 disorders	 including	 mastocytosis	 and	 HAT	 should
carry	 an	 epinephrine	 kit	 during	 Hymenoptera	 season.	 Administration	 of
diagnostic	and	therapeutic	agents	that	might	cause	mast	cell	activation	should	be
avoided	for	these	patients.121,122

Exercise-Induced	Anaphylaxis
Exercise-induced	 anaphylaxis	 syndrome	 is	 distinct	 from	 cold	 and	 cholinergic
urticaria	and	exercise-induced	asthma	and	usually	occurs	among	individuals	who
engage	 in	 vigorous	 exercise.29,123	 A	 subgroup	 of	 these	 patients	 is	 allergic	 to	 a
specific	 food	 (wheat	 is	 the	 most	 common),	 which	 acts	 as	 a	 cofactor;
manifestations	 of	 anaphylaxis	 only	 occur	 if	 ingestion	 of	 the	 specific	 food	 is
accompanied	by	exercise.	Other	potential	 cofactors	 include	NSAIDs,	 alcoholic
beverages,	and	exposure	to	high	pollen	counts.124,125	Typically,	these	patients	can
either	ingest	the	food/NSAID	or	perform	the	exercise	without	adverse	effect.

Anaphylaxis	 can	 be	 prevented	 by	 delaying	 exercise	 by	 at	 least	 2	 and
preferably	4	hours	after	eating	(48	hours	after	ingesting	a	known	food	cofactor)
and	stopping	exercise	at	the	onset	of	pruritus.	When	NSAIDs	are	a	cofactor,	they
should	 not	 be	 taken	 for	 at	 least	 24	 hours	 prior	 to	 exercise.	 Exercising	 with
someone	 who	 is	 capable	 of	 administering	 epinephrine	 is	 also	 recommended.
Antihistamines	 and/or	 leukotriene	modifiers	 (montelukast,	 zileuton,	 others)	 are
occasionally	of	benefit	for	prevention.

Idiopathic	(Spontaneous)
Urticaria/Angioedema/Anaphylaxis
A	 group	 of	 patients	 has	 been	 described	who	 experience	 recurrent	 anaphylaxis
without	 an	 identifiable	 precipitant,	 the	 so-called	 idiopathic	 anaphylaxis.30	 In
these	 patients,	 a	 careful	 review	 of	 all	 foods,	 preservatives,	 and	 drugs	 ingested
prior	to	the	episodes,	as	well	as	physical	factors	such	as	exercise,	fails	to	reveal	a
cause	 for	 recurrent	 life-threatening	 anaphylaxis.	 These	 patients	 should	 be
evaluated	 for	possible	 systemic	mastocytosis.126	 Idiopathic	 anaphylaxis	 is	most
likely	 on	 the	 spectrum	 of	 diseases	 of	 excess	 mast	 cell	 activity	 with	 resultant



signs	and	symptoms	of	excess	histamine	release	and	its	consequences,	whether
from	 autoantibodies	 to	 the	 high-affinity	 IgE	 receptor	 on	 mast	 cells	 or	 other
unknown	 triggers.127,128	 These	 patients	 can	 have	 diffuse	 hives,	 angioedema
including	 airway	 involvement,	 and	 typically	 both.	 Maintenance	 therapy	 is
directed	 at	 reducing	 histamine	 responsiveness	 as	 well	 as	 oral	 glucocorticoids,
and	 in	 refractory	 cases,	 anti-IgE	 therapy	 (omalizumab).129,130	 Second-line
additional	 agents	 (cyclosporine,	 dapsone,	 hydroxychloroquine)	 have	 been	used
in	individual	patients.131

Bradykinin/Complement-Mediated	Angioedema:
Angiotensin-Converting	Enzyme	Inhibitor,	Hereditary,	and
Acquired
Severe,	 potentially	 life-threatening	 facial	 and	 oropharyngeal	 angioedema	 may
occur	 in	 individuals	 with	 hypersensitivity	 to	 ACEIs.132	 Onset	 of	 angioedema
usually	 starts	 within	 the	 first	 several	 hours	 or	 up	 to	 a	 week	 after	 beginning
therapy,	 but	 angioedema	 can	 develop	 after	 months	 to	 years	 of	 asymptomatic
usage.133	Subsequent	episodes	may	recur	days	to	weeks	after	discontinuation	and
are	not	a	manifestation	of	a	new	etiology	of	angioedema,	and	in	some	cases	may
require	ICU	level	of	care.	A	late	onset	of	symptoms,	12	to	24	hours	after	the	last
dose,	has	been	reported	with	the	long-acting	ACEIs	lisinopril	and	enalapril.134	As
with	ACEI-induced	 cough,	 cross-reactivity	 is	 the	 rule	 among	 different	ACEIs.
The	mechanism	 is	 unknown	 but	 is	 suspected	 to	 be	 related	 to	 an	 alteration	 in
bradykinin	metabolism	leading	to	excess	bradykinin	and	resultant	vasodilatation
or,	 possibly,	 an	 interaction	 with	 components	 of	 the	 complement	 cascade	 (eg,
complement	1-esterase	inhibitor).133,135

Diagnostic	 testing	is	not	available,	so	the	diagnosis	 is	made	clinically	based
on	 the	 characteristic	 pattern	 of	 angioedema	 in	 a	 patient	 taking	 an	 ACEI.	 An
important	distinguishing	 feature	of	bradykinin/complement	angioedema	 is	 that,
as	a	rule,	there	is	no	associated	urticaria	or	pruritis.	Treatment	includes	cessation
of	ACEI	therapy	and	assessment	and	maintenance	of	airway	patency.	In	general,
epinephrine,	 antihistamines,	 and	 systemic	 glucocorticoids	 are	 of	 minimal
benefit,	 although	 a	 few	 studies	 have	 suggested	 an	 earlier	 time	 to	 extubation
among	patients	treated	with	antihistamines.	For	patients	with	severe	or	persistent
airway	swelling,	some	studies	have	reported	benefit135	and	others	not136,137	with
agents	 that	 are	 approved	 for	 use	 in	 hereditary	 angioedema	 (HAE),	 such	 as
icatibant	 (off-label,	 30	 mg	 given	 by	 slow	 infusion	 subcutaneously,	 may	 be
repeated	 in	 6	 hours),	 fresh	 frozen	 plasma	 (2	 units),	 and	 purified	 C1	 inhibitor



concentrate	(off-label,	dosing	per	package	insert).133,135
HAE	 is	 the	 result	 of	 dysfunction	 or	 low	 levels	 of	 C1	 esterase	 inhibitor,

causing	 unchecked	 complement	 activation	 and	 (1)	 excess	 C3a,	 C4a,	 and	C5a,
and	(2)	excess	bradykinin,	resulting	in	angioedema.	The	disorder	is	inherited	in
an	 autosomal	 dominant	 fashion,	 but	 up	 to	 15%	 of	 cases	 are	 new	 mutations
without	 ancestral	 history.	 Onset	 of	 disease	 is	 typically	 in	 early	 to	 late
adolescence	and	is	marked	with	3	main	types	of	crises:	extremity,	facial/airway,
and	 abdominal.	While	 crises	 can	 be	 spontaneous,	 trauma	 is	 a	well-recognized
precipitant,	 specifically	 for	 extremity	 and	 facial/airway	 crises.	 Of	 particular
relevance	 is	 the	development	of	facial	and	airway	angioedema	within	24	hours
after	invasive	dental	work	or	oral	surgery,	as	this	can	be	readily	misidentified	as
local	 anesthetic	 allergy	 since	 these	 are	 usually	 coadministered	 in	 these
procedures.	Abdominal	 crises	 are	 characterized	 by	 subacute	 or	 acute	 onset	 of
crampy	abdominal	pain	associated	with	nausea	and	vomiting.	Due	to	bowel	wall
edema,	there	is	often	initial	constipation	from	peristaltic	dysfunction	that	can	be
followed	by	diarrhea.	Of	note,	these	patients	can	present	with	an	acute	abdomen
and	 radiographic	 findings	 suggestive	 of	 ischemic	 bowel.	 Careful	 clinical
judgment	is	needed,	as	episodes	are	typically	self-limited	and	abdominal	surgery,
as	a	traumatic	trigger,	could	further	exacerbate	visceral	angioedema.

Acquired	angioedema	(AAE)	occurs	in	the	setting	of	autoimmune	disease	(eg,
rheumatoid	 arthritis)	 or	 hematologic	 malignancy,	 where	 there	 is	 either	 excess
complement	 component	 C1	 activation	 or	 autoantibodies	 against	 C1	 esterase
inhibitor,	 leading	 to	angioedema	 from	 the	same	downstream	mechanisms	as	 in
HAE.	These	patients	typically	present	after	their	fourth	decade	of	life,	in	contrast
to	patients	with	HAE.

Diagnostic	 laboratory	 evaluation	 is	warranted	 for	patients	who	present	with
angioedema	 without	 urticaria	 and	 no	 clear	 trigger,	 especially	 if	 there	 is
suggestive	underlying	autoimmune	or	lymphoproliferative	disorder	and	no	clear
ingested	 trigger.	 In	 patients	with	HAE	or	AAE,	 complement	 component	C4	 is
typically	decreased	at	all	 times,	while	C2	is	more	 typically	 low	during	attacks.
Tests	for	quantitative	and	functional	C1	esterase	inhibitor	should	be	sent,	as	well
as	 complement	 component	 C1q,	 as	 the	 latter	 is	 decreased	 in	 AAE	 but	 not	 in
HAE.	 As	 a	 rule,	 C3	 levels	 are	 of	 little	 benefit	 as	 they	 remain	 normal	 in
HAE/AAE	even	during	attacks,	and	a	low	C3	should	lead	to	inquiry	of	potential
comorbid	 or	 alternate	 causes.	 Of	 note,	 a	 subof	 HAE	 (HAE-III)	 has	 been
identified,	more	frequently,	but	not	exclusively	in	women,	with	a	similar	clinical
presentation	 as	 other	 forms	 of	HAE,	 but	whose	 laboratory	 evaluation	 detailed
earlier	is	normal.	This	rare	disorder,	in	which	∼25%	of	patients	have	been	found
to	 have	 a	 mutation	 in	 the	 F12	 gene	 (encoding	 for	 coagulation	 factor	 XII)138



among	other	 genes139	 is	 beyond	 the	 scope	 of	 the	 current	 chapter	 and	 has	 been
reviewed	elsewhere.132

Beyond	 immediate	 supportive	measures,	 use	of	 epinephrine,	 antihistamines,
and	 systemic	 glucocorticoids	 are	 of	 minimal	 benefit	 as	 in	 ACEI-induced
angioedema.	 Several	 agents	 have	 been	 approved	 for	 use	 in	 acute	 attacks	 of
HAE/AAE,	focusing	on	airway	crises,	 including	concentrated	(plasma	derived)
C1	esterase	inhibitor	(eg,	Berinert,	Cinryze),	bradykinin	B2	receptor	antagonists
(icatibant	 [Firazyr]),	 and	 kallikrein	 inhibitor	 (ecallantide	 (Kalbitor).140	 In	 the
absence	of	 ready	 availability	 of	 these	 agents,	 2	 units	 of	 fresh	 frozen	plasma141
with	 the	 intent	 to	 provide	 functional	 exogenous	 C1	 esterase	 inhibitor	 can	 be
used,	 typically	 to	 avert	 the	 need	 to	 establish	 an	 emergency	 airway	 for	 severe
laryngeal	 edema.	The	approach	 to	 treatment	of	 attacks	of	AAE	 is	 similar	with
respect	to	clinical	assessment	and	therapeutic	measures.

Aspirin	and	Nonsteroidal	Anti-Inflammatory	Drugs
Acetylsalicylic	acid	 (aspirin)	and	NSAIDs	cause	urticaria,	 flares	of	urticaria	 in
patients	with	 chronic	 idiopathic	 urticaria,	 anaphylaxis,	 and	 aspirin-exacerbated
respiratory	 disease	 (AERD).12,23,25,26,142	 Most	 patients	 have	 either	 the
urticaria/anaphylaxis	pattern	or	the	respiratory	disease	pattern,	but	a	few	patients
have	both.	Some	patients	with	 the	urticaria/anaphylaxis	pattern	 appear	 to	have
sensitivity	to	a	particular	NSAID,	but	most	have	cross-sensitivity	that	is	related
to	 an	 abnormality	 of	 prostaglandin/leukotriene	 metabolism.143	 Desensitization
protocols	 for	 patients	 with	 coronary	 artery	 disease,	 who	 need	 the	 antiplatelet
effects	of	aspirin,	have	been	published.144,145

It	is	important	for	the	intensivist	to	know	that	aspirin	desensitization	protocols
for	immediate-hypersensitivity	(most	commonly	for	patients	with	CAD	needing
aspirin)	and	AERD	are	quite	different.	In	addition,	while	the	former	is	typically
performed	 in	 the	critical	 care	 setting,	 the	 latter	has	been	safely	performed	 in	a
monitored,	 non–critical	 care	 setting,	 depending	 on	 individual	 institutional
protocols.

Anaphylaxis	to	Vaccinations	Including	Vaccinations	for
COVID-19
Vaccine-related	 severe	 allergic	 reactions	 including	 anaphylaxis	 can	 be	 IgE
mediated	or	non–IgE	mediated.146	Severe	adverse	reactions	to	vaccines	are	rare.
IgE-mediated	anaphylaxis	to	vaccines	is	caused	by	presence	of	existing	IgE	in	a



patient	 to	 an	 antigen	 contained	 within	 the	 vaccination.	 These	 reactions	 are
typically	 rapid	 in	 onset	 (∼15	 minutes	 after	 administration).	 Mimics	 of
immediate	hypersensitivity	 reactions	 include	vasovagal	 syncope	 and	hypotonic
hyporesponsive	 episodes.	 Delayed-onset	 urticaria,	 drowsiness	 and	 febrile
seizures	are	examples	of	adverse	events	that	are	often	falsely	labeled	as	allergic
reactions.	When	 compared	with	 hypersensitivity	 reactions	 to	 drugs,	 excipients
are	 a	 major	 contributor	 to	 IgE-mediated	 reactions	 to	 vaccines,	 with	 the	 most
common	 mechanism	 of	 immediate	 hypersensitivity	 being	 existing	 allergy	 to
excipients	such	as	egg,	gelatin,	and	α-1,3-galactose	(alpha	gal).	The	presence	of
specific	 IgE	 to	 vaccine	 antigens	 in	 patients	 who	 have	 experienced	 vaccine
anaphylaxis	has	also	been	described.147-149

Recently,	more	attention	has	been	drawn	to	vaccine	allergy	with	the	advent	of
COVID-19	vaccines	 in	 the	setting	of	 the	SARS-CoV-2	pandemic.	The	Vaccine
Adverse	 Event	 Reporting	 Systems	 (VAERS),	 a	 national	 passive	 surveillance
system	 for	 adverse	 events	 after	 immunization	 reported	 the	 rate	 of	 anaphylaxis
from	COVID-19	mRNA	vaccinations	for	COVID-19	at	2	to	5	times	the	rate	of
other	 commonly	 administered	 vaccines	 in	 February	 2021.	 Occurrence	 of
anaphylaxis	on	first	exposure	to	the	COVID-19	vaccine	implies	either	antibody
mediated	 (preexisting	 allergy)	 to	 a	 component	 of	 the	 vaccine,	 versus	 a
pseudoallergic	 response	 independent	 of	 previous	 exposure.	 There	 are
nonclassical	pathways	such	as	antibody	 independent	activation	of	complement,
and	 IgG-mediated	 mast	 cell	 activation	 via	 Fc	 gamma	 receptors	 or
(pseudoallergic)	 direct	 activation	 of	 mast	 cells	 through	 G	 protein-coupled
receptor	complement	activation	that	have	been	hypothesized15	(see	Figure	68.1).
Contact	 reactions	 to	 naked	 RNA,	 direct	 activation	 of	 mast	 cells,	 as	 well	 as
complement	reactions	to	the	“stealth,”	nanoparticles	designed	to	package	mRNA
in	order	to	decrease	reactivity	and	protect	the	nucleic	acids	(in	mRNA	COVID-
19	 vaccines)	 from	 degradation.”	 Recent	 evidence	 suggests	 that	 reactions	 to
polyethylene	glycol	and	polysorbate,	excipients	in	the	mRNA	and	DNA	vaccines
respectively	may	be	 IgE-mediated,	 though	 the	 tolerance	of	a	second	dose	after
an	 initial	 severe	allergic	 reaction	 (detailed	here)	 suggests	predominant	non-IgE
mechanisms	 for	 COVID-19	 vaccine	 anaphylaxis.	 These	 compounds	 are
commonly	 used	 as	 fillers	 in	 many	 foods,	 cosmetics	 and	 medications	 in	 the
United	States.150

In	 a	 multicenter	 study	 of	 189	 patients	 reporting	 first-dose	 reactions	 to	 an
mRNA	vaccine	for	COVID-19,	19	patients	meeting	anaphylaxis	criteria	(of	159
patients	who	received	a	second	dose),	tolerated	a	2nd	dose	without	reaction;	this
suggests	that	anaphylaxis	to	the	first	dose	of	a	mRNA	COVID-19	vaccine	may
not	be	a	contraindication	to	receiving	a	second	dose	and	patients	presenting	with



anaphylaxis	after	 the	first	dose	of	an	mRNA	COVID-19	vaccine	would	benefit
from	referral	for	evaluation	with	an	allergist-immunologist.150

Miscellaneous	Causes	of	Anaphylaxis
Insulin	 therapy	 has	 been	 associated	 with	 an	 increased	 risk	 of	 anaphylaxis,
particularly	when	a	patient	on	insulin	therapy	has	a	history	of	local	wheal-and-
flare	reactions	at	 the	site	of	 insulin	 injections	and	interrupts	 insulin	 therapy	for
more	than	48	hours	and	then	resumes	it.12	Anaphylaxis	has	also	been	described
with	 recombinant	 DNA	 insulin151	 and	 to	 protamine	 in	 neutral	 protamine
Hagedorn	insulin.152

The	injection	of	heterologous	serum	carries	a	significant	risk	of	anaphylaxis.
Human	serum	(homologous)	should	be	used	whenever	available.	If	heterologous
serum	must	 be	 used	 (antitoxin	 for	 snake	 bites,	 passive	 rabies	 immunization	 in
developing	 countries,	 and	 antilymphocytic	 serum	 for	 organ	 transplantation),
patients	 are	 usually	 evaluated	 for	 cutaneous	 sensitivity	 by	 first	 performing	 a
scratch	test	with	antitoxin	or	normal	horse	serum.	If	there	is	no	reaction,	0.02	mL
of	a	1:10	serum	dilution	can	be	injected	intradermally.	As	with	all	skin	testing,
the	physician	must	be	prepared	to	treat	any	systemic	reactions	that	arise.9

Perioperative	anaphylaxis	 tends	 to	be	severe	and	has	a	higher	mortality	 rate
than	 anaphylaxis	 in	 other	 settings.	 This	 may	 be	 due	 to	 late	 recognition	 of
anaphylaxis	 in	 the	 perioperative	 setting.	Neuromuscular	 blocking	 agents,	 latex
products,	and	antibiotics	are	the	most	common	culprits.	Increasingly	implicated
in	these	settings	are	chlorhexidine,	dyes	such	as	isosulfan	blue	and	sugammadex,
a	reversal	agent	for	neuromuscular	agents	such	as	rocuronium.53

The	quality	of	evidence	and	recommendations	for	diagnosis	and	management
of	anaphylaxis	are	summarized	in	Table	68.5.
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MULTIPLE	CHOICE	QUESTIONS

Questions



1. 	A	25-year-old	woman	with	asthma	presents	to	the	emergency	department
with	wheezing,	diffuse	urticaria	and	hypotension.	She	was	running	in	the	park
and	felt	a	sharp	sting	on	her	arm	and	had	symptoms	within	15	minutes.	She	used
her	inhaler	with	only	mild	relief	and	called	911.	The	responding	emergency
medical	technician	administered	0.3	mg	IM	epinephrine.	She	recalls	a	similar
episode	when	she	was	7	years	old.	On	arrival,	she	is	in	moderate	respiratory
distress	with	overt	stridor.	Vital	signs	are	T37.2C,	BP	85/52,	P115,	R24,	SpO2

97%	on	ambient	air.	There	is	a	diffuse	urticaria	rash	and	no	facial	swelling.	Air
movement	is	fair,	with	diffuse	wheezes.	She	improves	after	another	0.3	mg	IM
epinephrine,	IV	diphenhydramine,	nebulized	albuterol,	and	125	mg	IV
methylprednisolone,	and	is	transferred	to	the	ICU	for	further	monitoring.
However,	4	hour	later	she	has	worsening	bronchospasm	and	hypotension,
requiring	another	0.3	mg	IM	epinephrine	and	continuous	albuterol	nebulizer.
Then	again,	18	hours	later,	symptoms	recur.	With	treatment	she	recovers	and	is
discharged.	Which	of	the	following	is	the	most	appropriate	testing	strategy	if
this	patient	were	to	come	back	to	the	ER	again	with	a	similar	presentation?

A. 	Serum	tryptase	at	presentation,	day	2,	and	day	14
B. 	Serum-specific	IgE	testing	(ImmunoCAP,	“RAST”)	to	stinging
insects	during	hospitalization
C. 	Skin	testing	to	stinging	insects	during	her	hospital	stay
D. 	Total	IGE,	CBC	with	diff	at	admission,	day	2,	and	day	14

2. 	A	46-year-old	man	with	a	history	of	severe	persistent	asthma	on
ICS/LABA	and	montelukast,	hypertension	on	an	ACEI,	and	peanut	allergy,
presents	to	the	emergency	room	with	a	suspected	allergic	reaction	after	eating	at
a	new	restaurant.	About	30	minutes	after	completing	his	meal	he	developed	lip
swelling,	dyspnea	with	wheeze	not	responsive	to	albuterol,	and	lightheadedness.
He	self-injected	0.3	mg	IM	epinephrine	and	was	brought	into	the	hospital	by	a
friend.	Vitals	signs	are	T36.8C,	BP	85/50,	R26,	SpO2	93%	on	ambient	air.	On
exam,	he	is	somnolent	but	arousable,	in	visible	respiratory	distress	with	audible
wheeze,	and	visible	lip	and	tongue	swelling,	but	no	stridor	or	urticaria.	Heart
sounds	are	normal	with	tachycardia.	Lungs	have	diminished	breath	sounds	with
wheeze.	Abdomen	is	soft.	He	is	given	O2	by	nasal	cannula,	repeat	0.3	mg	IM
epinephrine,	albuterol	nebulization,	and	IV	diphenhydramine	and
methylprednisolone.	An	arterial	blood	gas	shows	7.24/59/96.	He	is	intubated	and
placed	on	mechanical	ventilation.	Initial	ventilator	settings	on	AC	are	Vt	500
(7	cc/kg	IBW),	Rate	16,	PEEP	5,	FiO2	100%.	On	these	settings	his	PIPs	are	45



and	there	is	a	prolonged	expiratory	phase	and	as	you	are	concerned	about
dynamic	hyperinflation,	so	you	check	an	autoPEEP	which	is	12.	He	remains
hypotensive	and	is	getting	continuous	albuterol	in-line.	A	serum	lactate	is	6.
What	is	the	most	appropriate	next	step	in	management?

A. 	Dopamine	infusion,	titrating	to	MAP	>	65	and	glucagon	IM
B. 	Epinephrine	0.3	mg	IM	now	then	epinephrine	infusion,	titrating	to
MAP	>	65
C. 	Epinephrine	0.3	mg	IM,	repeating	every	15	to	20	minutes	as	needed
D. 	Norepinephrine	infusion,	titrating	to	MAP	>	65

3. 	A	17-year-old	otherwise	healthy	man	presents	to	the	emergency
department	with	lip	and	tongue	swelling	over	the	prior	6	hours,	progressing	to
dyspnea	described	as	difficulty	with	inhalation	and	exhalation.	Yesterday,	he
underwent	tooth	extraction	due	to	an	apical	abscess	and	was	prescribed
penicillin	VK,	of	which	he	had	taken	4	doses	as	of	the	time	of	presentation.	He
takes	no	other	medications.	He	denies	throat	pain	but	the	tooth	extraction	site	is
still	sore.	He	also	notes	a	6	month	history	of	intermittent	abdominal	pains.	On
exam,	the	patient	is	in	mild	respiratory	distress	and	his	voice	is	muffled.	There	is
audible	stridor.	Vitals	are	T37.1C,	BP	165/84,	P105,	R24,	SpO2	97%	on	ambient
air.	He	has	no	rash.	His	breath	sounds	are	shallow	and	coarse,	with	transmitted
upper	airway	sounds.	Abdomen	is	soft.	He	is	given	0.3	mg	IM	epinephrine,
intravenous	diphenhydramine	and	methylprednisolone,	and	racemic	epinephrine
by	nebulization.	Ten	minutes	later	his	stridor	is	not	improved.	Vital	signs	are
now	BP	172/86,	P115,	R26,	SpO2	98%	on	2L	O2.	An	otolaryngologist	performs	a
transnasal	fiberoptic	laryngoscopy	and	reports	here	is	mild	epiglottic	edema
without	erythema	and	swelling	of	false	and	true	vocal	cords	and	recommends
prompt	transport	to	the	operating	room	for	possible	tracheostomy.	A	blood	gas
drawn	prior	to	ENT	exam	comes	back	as	7.32/49/102.	In	addition	to	expediting
transfer	to	the	operating	room	and	then	ICU,	what	is	the	most	appropriate	next
step	in	management?

A. 	Administer	ceftriaxone,	discontinue	penicillin	and	list	it	as	an	allergy
B. 	Give	2	units	of	fresh	frozen	plasma,	and	call	for	an
Allergy/Immunology	Consult
C. 	Repeat	0.3	mg	IM	epinephrine	and	diphenhydramine,	add	IV	H-2
blocker
D. 	Repeat	0.3	mg	IM	epinephrine,	continue	racemic	epi



4. 	A	22-year-old	man	presents	with	an	urticaria	and	hypotension	shortly	after
physical	activity.	He	correlates	symptoms	with	consumption	of	a	store-bought
frozen	burrito	containing	beef,	cheese,	tomato,	lettuce,	and	wheat	flour	tortilla.
He	usually	tolerates	this	brand	without	any	symptoms,	and	when	he	exercises
vigorously	in	the	morning	prior	to	eating	he	does	not	experience	these
symptoms.	Which	of	the	following	is	the	most	likely	diagnosis?

A. 	Cow’s	milk	allergy
B. 	Food-dependent	exercise-induced	anaphylaxis
C. 	Tomato	allergy
D. 	Wheat	flour	allergy

5. 	Which	of	the	following	is	most	likely	part	of	the	past	medical	history	for	a
patient	presenting	with	anaphylaxis	due	to	latex	allergy?

A. 	Autoimmune	disease
B. 	Cephalosporin	allergy
C. 	Meat	allergy
D. 	Spina	bifida

Answers

1.	The	correct	answer	is	A.
Rationale:	 This	 patient	 has	 a	 childhood	 history	 suggestive	 of	 anaphylaxis

involving	 two	 organ	 systems	 as	 a	 child	 to	 a	 stinging	 insect	 and	 prolonged
anaphylaxis	 as	 an	 adult	 needing	 repeated	 dosing	 of	 parenteral	 epinephrine	 for
hypotension.	 This	 raises	 the	 possibility	 of	 a	 coexistent	mast	 cell	 disorder	 and
severe	venom	hypersensitivity.	Assessing	serum	tryptase,	a	marker	of	mast	cell
degranulation,	both	on	presentation,	24	hours	later,	and	once	recovered	would	be
the	 most	 appropriate	 testing	 strategy	 (choice	 A	 is	 correct).	 In	 addition	 to
assessing	 for	 mastocytosis	 or	 mast	 cell	 disorders,	 serum	 tryptase	 performed
within	4	hours	of	symptoms	 is	quite	specific	but	not	sensitive	 for	anaphylaxis.
Histamine	 is	 a	 prominent	 mast	 cell	 product	 but	 is	 very	 short-lived	 and	 not
routinely	available	in	hospital	laboratories.	While	total	IgE	and	CBC	with	diff	is
useful	to	assess	the	general	allergic/atopic	status	of	a	patient,	it	has	little	role	in
initial	 or	 future	 management	 of	 anaphylaxis	 (choices	 B	 and	 D	 are	 incorrect).
This	causative	stinging	insect	should	definitely	be	identified,	as	she	would	meet
the	criteria	for	 immunotherapy	(allergy	shots).	However,	 the	general	consensus
is	that	skin	testing	within	2	weeks	of	a	systemic	allergic	reaction	can	lead	to	false



negatives	due	to	“mast	cell	exhaustion”	(choice	C	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	This	patient	has	severe,	prolonged	food	anaphylaxis,	which	may	in

part	be	related	to	ongoing	systemic	allergen	exposure	as	food	is	digested.	He	has
refractory	 hypotension	 and	 status	 asthmaticus	 based	 on	 response	 to	 ventilator
settings	 and	 acute	 hypercarbia.	An	 additional	 complicating	 factor	 is	 his	ACE-
inhibitor	use,	which	by	incompletely	understood	mechanisms,	blunts	the	normal
physiologic	 response	 to	 the	 consequences	 of	 a	 systemic	 allergic	 reaction	 and
response	to	therapy.	Due	to	this	life-threatening	condition,	severely	affecting	two
organ	 systems,	 the	most	 appropriate	 next	 step	 is	 to	 repeat	 IM	epinephrine	 and
start	 an	 epinephrine	 infusion	 (choice	 B	 is	 correct).	 A	 continuous	 epinephrine
infusion	will	improve	the	β2	agonism	needed	to	treat	bronchoconstriction.	In	this
regard,	repeating	IM	epinephrine	and	monitoring	would	be	insufficient	(choice	C
is	incorrect).	Norepinephrine	has	less	β-agonist	effect	than	epinephrine	(choice	D
is	 incorrect).	Unfortunately,	 there	are	no	 reversal	agents	 to	 improve	vasoactive
infusion	 response	 in	 the	 setting	 of	ACE-inhibitor	 use,	 so	while	 dopamine	 has
been	 shown	 to	 be	 effective	 in	 patients	 not	 responding	 to	 epinephrine,	 this	 has
been	described	in	patient	on	β-blockers.	Similarly,	glucagon	may	be	effective	to
improve	epinephrine	response	in	patients	on	β-blockers;	it	has	not	been	shown	in
patients	on	ACE	inhibitors	(choice	A	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 This	 patient	 is	 presenting	 with	 the	 gradual	 onset	 of	 progressive

respiratory	 failure	 from	 upper	 airway	 obstruction	 with	 facial	 and	 laryngeal
edema	 in	 the	 context	 of	 recent	 antibiotic	 use	 to	 which	 he	 may	 be	 allergic.
Despite	 his	 airway	 obstruction,	 the	 gradual	 onset	 over	 hours,	 absence	 of
rash/hypotension/other	 organ	 dysfunction,	 and	 lack	 of	 response	 to	 typically
effective	 therapies	 should	 raise	 the	 clinician	 to	 question	 the	 diagnosis	 of	 an
immediate-hypersensitivity	 reaction	 (anaphylaxis/anaphylactoid).	 In	 this
instance	of	an	anaphylaxis	“mimic,”	consideration	for	a	bradykinin/complement
disorder	 should	 be	 given	 and	 empiric	 treatment	 provided.	 The	 two	 main
circumstances	that	would	be	consistent	with	this	presentation,	given	the	patient’s
general	 age	 (<30)	 would	 be	 hereditary	 angioedema	 (HAE)	 or	 ACE-inhibitor
induced	angioedema.	The	 latter	 is	 excluded	as	he	 is	otherwise	healthy	and	not
taking	 ACEI.	 In	 an	 older	 patient	 with	 known	 hematologic	 malignancy	 or
autoimmune	 disease,	 acquired	 angioedema	 (AAE),	 which	 has	 similar	 clinical
and	 laboratory	 features	as	HAE,	would	be	a	 reasonable	consideration.	Patients
with	HAE	have	a	quantitative	or	 functional	defect	 in	C1	esterase	 inhibitor	and



typically	present	in	teenage	years	and	can	have	airway,	extremity,	and	abdominal
crises.	This	patient’s	intermittent	abdominal	pain	is	suggestive.	While	HAE	is	an
autosomal	dominant	disease,	about	15%	of	patients	present	with	a	new	mutation
in	 the	 gene	 that	 codes	 for	 C1	 esterase	 inhibitor	 (SERPING1)	 and	 there	 is	 an
absence	of	an	ancestral	history	of	HAE.	The	most	appropriate	immediate	step	is
to	 provide	 2U	 FFP	 as	 this	 will	 provide	 functional	 exogenous	 C1	 esterase
inhibitor	 and	 possibly	 accelerate	 bradykinin	 breakdown	 (choice	 B	 is	 correct).
There	 is	 a	 theoretical	 concern	 that	 FFP	 could	 “fuel	 the	 fire”	 by	 providing
additional	 substrate	 for	 bradykinin	 generation,	 but	 his	 has	 not	 been	 shown	 in
varied	 anecdotal	 reports.	 As	 the	 patient	 progressed	 despite	 conventional
treatment	 for	 consequences	 of	 disseminated	 mast	 cell	 and	 basophil
degranulation,	 repeating	 epinephrine	or	 adding	more	 antihistamine	blockade	 is
not	appropriate	(choices	C	and	D	are	incorrect)	though	relatively	benign.	As	the
patient	did	not	complain	of	throat	pain,	was	afebrile,	and	did	not	have	signs	of
epiglottitis	 on	 fiberoptic	 exam,	 continued	 antibiotic	 treatment	 would	 not	 be
urgent	(choice	A	is	incorrect).	Without	a	known	diagnosis	of	HAE,	it	would	be
premature	 to	 provide	 disease-specific	 therapy	 (eg,	 C1	 esterase-inhibitor
concentrate	or	related	treatments)	due	to	cost.	Disease-targeted	therapy	would	be
appropriate	under	the	direction	of	an	allergist/immunologist	in	collaboration	with
an	intensivist	in	the	acute	setting.

4.	The	correct	answer	is	B.
Rationale:	Food-dependent	exercise-induced	anaphylaxis	occurs	when	food	is

eaten	within	2	 to	4	hours	of	vigorous	exercise	 (choice	B	 is	correct).	While	 the
mechanism	is	not	fully	understood,	typically	protein-containing	foods	are	more
prominent	risk	factors,	with	wheat	specifically	being	the	most	common	culprit.
This	syndrome	can	be	avoided	by	separating	the	food	ingestion	and	the	vigorous
exercise	 by	more	 than	 6	 hours.	Of	 note,	 a	 similar	 syndrome,	NSAID-exercise
induced	anaphylaxis,	has	also	been	described.

5.	The	correct	answer	is	D.
Rationale:	 Patients	 with	 spina	 bifida	 have	 typically	 undergone	 repeated

operative	 interventions	 with	 significant	 exposure	 to	 latex	 from	 sterile	 gloves,
with	both	surface	and	subcutaneous	exposure.	These	patients	will	have	presence
of	 serum	 latex-specific	 IgE,	 and	 can	 often	 have	 clinically	 relevant	 cross-
reactivity	to	avocado,	banana,	and	kiwi	(among	others)	and	should	be	tested	for
this	 to	 provide	 appropriate	 counseling.	 This	 cross-reactive	 pattern	 can	 be
reciprocal	where	patients	with	fruit	allergy	noted	earlier	should	be	screened	for
latex	allergy	(choice	D	is	correct).
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Chapter	69
Dermatology	in	the	Intensive	Care	Unit
Bina	Kassamali,	Nathaniel	Goldman,	Kristen	G.	Berrebi,	Dori	Goldberg,
Mary	E.	Maloney,	Avery	H.	LaChance

KEY	POINTS:
1.	 Cutaneous	manifestations	of	systemic	disease	are	not	uncommon.	A

careful	skin	exam	can	provide	diagnostic	clues	pointing	toward
underlying	systemic	disorders.

2.	 Patients	with	severe	dermatological	disease	may	present	to	the
intensive	care	unit	requiring	prompt	diagnosis,	evaluation,	and
treatment.	Familiarity	with	these	disorders	and	appropriate
management	will	improve	patient	outcomes.

3.	 Understanding	the	clinical	progression	of	various	dermatoses	should
prompt	appropriate	screening	and	follow-up	to	prevent	long-term
sequelae	of	disease.

INTRODUCTION
1 	Patients	in	the	intensive	care	unit	(ICU)	often	present	with	cutaneous	findings
that	range	in	manifestations	and	levels	of	severity.	The	reason	for	admission	to
the	 ICU	may	 be	 primarily	 dermatological,	 or	 patients	may	 have	 skin	 findings
that	 provide	 diagnostic	 clues	 to	 their	 internal	 disease.	 An	 appreciation	 of
characteristic	skin	lesions	that	patients	present	with	may	both	suggest	the	correct
diagnosis	and	allow	prompt	 institution	of	 lifesaving	 treatments.	 In	 this	chapter,
we	 give	 an	 overview	 of	 serious	 illnesses	 with	 prominent	 cutaneous	 findings,
including	 drug	 eruptions,	 exfoliative	 erythrodermas,	 infections,	 blistering
disorders,	 vascular	 disorders,	 and	 autoimmune	 skin	 disease.	 In	 addition,	 we
provide	a	brief	description	of	more	common	but	less	serious	dermatoses	that	are
observed	 among	 the	 critically	 ill,	 with	 suggestions	 for	 their	management.	 For



each	 disease,	 we	 will	 walk	 systematically	 through	 disease	 (1)	 etiology,	 (2)
clinical	features,	(3)	differential	diagnosis,	(4)	evaluation,	and	(5)	treatment.

We	also	emphasize	the	importance	of	morphology	(ie,	the	shape,	color,	size,
arrangement,	 and	 distribution	 of	 skin	 lesions)	 for	 helping	 make	 the	 correct
diagnosis.	Table	69.1	provides	a	list	of	skin	diseases	arranged	by	morphology	to
assist	with	formulating	a	differential	diagnosis.

TABLE	69.1

Differential	Diagnosis	of	Skin	Eruptions	by	Morphology

Fever	and	Rash

Infectious	disease	(bacterial,	fungal,	viral)
Rheumatologic	disease	(SLE,	rheumatoid	arthritis,	juvenile	rheumatoid
arthritis,	Still	disease,	mixed	connective	tissue	disease)
Pustular	psoriasis
Drug	eruption
Leukemia/lymphoma
Lofgren	syndrome	(acute	sarcoidosis	with	erythema	nodosum,	hilar
adenopathy,	fever,	and	arthritis)
Sweet	syndrome
Polyarteritis	nodosa

Morbilliform	(maculopapular)

Drug	eruption
Viral	exanthem
Graft-vs-host	disease
Rickettsial	infections

Generalized	Erythema

Staphylococcal	scalded	skin	syndrome
Exfoliative	erythroderma
Localized	Erythematous	Papules	and	Plaques
Psoriasis
Seborrheic	dermatitis
Contact	dermatitis
Pityriasis	rosea



Tinea
Scabies
Dermatomyositis
Lupus	erythematosus
Secondary	syphilis
Urticaria
Still	disease
Disseminated	candidiasis
Erythema	nodosum
Grover	disease

Annular	(Ring-Shaped)	Erythematous	Lesions

Tinea
Erythema	multiforme
Urticaria
Granuloma	annulare
Sarcoid
Subacute	cutaneous	lupus	eryhtematosus
Sweet	syndrome
Erythema	chronicum	migrans	(Lyme	disease)
Leprosy

Pustules

Pustular	psoriasis
Steroid	acne
Folliculitis
Acute	generalized	exanthematous	pustulosis	(AGEP)

Vesicles/Bullae

Herpes	simplex
Varicella	zoster
Miliaria
Bullous	infections	(impetigo,	tinea,	cellulitis)
Erythema	multiforme/Stevens-Johnson	syndrome/TEN
Pemphigus
Paraneoplastic	pemphigus
Bullous	pemphigoid
Linear	IgA	dermatosis
Epidermolysis	bullosa	acquisita



Porphyria	cutanea	tarda
Dermatitis	herpetiformis

Purpura

Vasculitis
Purpura	fulminans
Calciphylaxis
Heparin	or	coumadin	necrosis
Cryoglobulinemia
Cholesterol	emboli
Myeloproliferative	disease
Antiphospholipid	syndrome

Ulcers

Vasculopathy
Infectious
Neoplastic
Bullous	disorders
Panniculitis
Neuropathy
Bites
Aphthae
Trauma

IgA,	immunoglobulin	A;	SLE,	systemic	lupus	erythematosus;	TEN,	toxic	epidermal	necrolysis.

Dermatology	consultation	is	often	helpful	for	diagnosis	and	management	of
skin	 diseases	 of	 ICU	 patients.	 The	 dermatology	 consultant	may	 play	 a	 crucial
role	in	assisting	with	diagnosis	via	inspection	of	morphology,	skin	biopsy,	or	use
of	 other	 diagnostic	 tests	 (skin	 scrapings	 for	 scabies;	 potassium	 hydroxide
preparations	 for	 fungus,	 viral,	 and	 bacterial	 cultures;	 and	 direct	 fluorescent
antibody	[DFA]	tests	for	viral	infections).	Because	morphology	evolves	with	the
natural	course	of	disease	and	with	attempted	therapeutic	measures,	 it	 is	helpful
to	request	consultation	early	during	the	course	of	cutaneous	disease.

DRUG	ERUPTIONS



Cutaneous	drug	reactions	are	frequently	encountered	among	ICU	patients.	Each
of	 these	 drug	 eruptions	 classically	 occurs	 at	 distinct	 and	varied	 timelines	 after
starting	 a	 medication,	 which	 helps	 to	 distinguish	 between	 different	 types	 of
cutaneous	 drug	 reactions.1	 These	 rashes	 also	 range	 from	 self-limited	 to	 more
serious	 systemic	 reactions	 associated	 with	 significant	 risk	 of	 morbidity	 and
mortality.	 Early	 dermatology	 consultation	 can	 be	 crucial	 to	 help	 with	 prompt
diagnosis	and	discontinuation	of	the	offending	agent.

Exanthematous	or	Morbilliform	Drug	Eruption
The	exanthematous	drug	eruption,	also	called	morbilliform	drug	eruption,	is	the
most	common	of	drug	eruption	(Figure	69.1).	It	is	a	form	of	delayed	cutaneous
hypersensitivity	 that	 typically	 appears	 7	 to	 14	 days	 after	 introduction	 of	 the
offending	 agent.	 The	 most	 common	 offending	 agents	 include	 antibiotics,
antiepileptics,	 allopurinol,	 nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs),
anxiolytics,	 antihypertensives,	 and	 diuretics.1	 However,	 morbilliform	 drug
eruptions	can	result	from	a	wide	range	of	agents	beyond	this	list.

	

Figure	 69.1 	 Morbilliform	 drug	 eruptions	 are	 characterized	 by
pink	to	erythematous	macules	and	papules	that	often	coalesce	to	form
larger	 patches	 and	 plaques.The	 trunk,	 extremities,	 and	 flexural
surface	are	often	involved.

Clinical	Findings



Clinically,	morbilliform	drug	eruptions	appear	as	pink	or	red	symmetric	macules
and	papules	on	the	trunk	and	upper	extremities	that	may	coalesce	to	form	larger
plaques.	 The	 hands,	 feet,	 axilla,	 groin,	 and	 mucous	 membranes	 are	 typically
spared.	The	rash	may	be	associated	with	low-grade	fever	and	pruritus.1

Differential	Diagnosis
The	differential	diagnosis	 includes	viral	 exanthem,	Kawasaki	disease,	graft-vs-
host	disease	(GVHD),	and	the	more	serious	drug	reactions	discussed	here	(toxic
epidermal	 necrolysis	 (TEN)/Stevens-Johnson	 syndrome	 [SJS],	 drug	 rash	 with
eosinophilia	 and	 systemic	 symptoms	 [DRESS],	 and	 acute	 generalized
exanthematous	 pustulosis	 [AGEP]).	 Facial	 edema,	mucosal	 lesions,	 blisters	 or
sloughing	 of	 the	 skin,	 and	 laboratory	 abnormalities	 such	 as	 neutrophilia,
eosinophilia,	and	elevated	liver	function	tests	(LTFs)	may	indicate	the	presence
of	a	more	serious	drug	reaction.

Workup
Morbilliform	drug	eruptions	can	be	diagnosed	based	on	morphology	and	history
alone	for	most	cases.	The	patient	history	and	drug	timeline	are	key	to	identifying
the	culprit	drug.	Drug	charts	that	list	all	medications	a	patient	is	currently	on	and
when	they	were	introduced	can	be	particularly	important	and	helpful	for	patients
on	 numerous	 medications.	 Laboratory	 tests	 including	 a	 complete	 blood	 count
and	 comprehensive	metabolic	 panel	 may	 be	 performed	 to	 rule	 out	 other	 drug
eruptions.	Skin	biopsy	may	show	superficial	and	deep	perivascular	infiltrate	and
interstitial	spongiotic	and	psoriasiform	dermatitis.1

Treatment
Withdrawal	 of	 the	 offending	 drug	 is	 the	 treatment	 of	 choice	 for	 morbilliform
drug	 eruptions,	 and	 the	 eruption	 subsequently	 resolves	 without	 sequelae	 1	 to
2	 weeks	 later.	 For	 patients	 who	 are	 hospitalized	 and	 on	 multiple	 new
medications	started	in	the	preceding	1	to	2	weeks,	medications	are	typically	held
based	on	most	likely	culprits.	Additionally,	medication	lists	should	be	reviewed
to	 discontinue	 any	 unnecessary	 medications	 a	 patient	 is	 on.	 While	 it	 is
recommended	 to	 stop	 the	 culprit	 agent	 wherever	 possible,	 in	 certain	 cases	 of
morbilliform	drug	eruption,	the	patient	may	continue	to	use	the	causative	agent
with	close	clinical	monitoring	when	 the	suspected	culprit	medication	 is	crucial
for	 management	 of	 another	 disease	 and	 no	 alternative	 therapy	 exists.	 Topical



corticosteroids	and	oral	antihistamines	may	be	used	for	symptomatic	relief.

Drug	Rash	with	Eosinophilia	and	Systemic	Symptoms
DRESS,	 also	 called	 drug-induced	 hypersensitivity	 syndrome,	 is	 a	 potentially
fatal	 hypersensitivity	 reaction	 to	 medication.	 While	 anticonvulsants	 are	 most
commonly	 implicated	 in	DRESS,	 akin	 to	morbilliform	 drug	 eruptions,	 a	wide
range	of	medications	have	been	 implicated.2	 It	 is	 thought	 to	occur	with	higher
frequencies	in	patients	of	African	ancestry.3	Although	the	etiology	of	DRESS	is
not	 understood	 completely,	 alteration	 of	 drug	 detoxification	 pathways,
reactivation	 of	 herpesviruses,	 association	 with	 certain	 HLA	 alleles,	 and
immunological	 mechanisms	 are	 all	 implicated	 for	 its	 pathogenesis.2	 The	most
common	 culprit	 medications	 are	 the	 aromatic	 anticonvulsants,	 including
phenobarbital,	 phenytoin,	 and	 carbamazepine.	Of	 note,	 these	 drugs	may	 cross-
react;	therefore,	close	attention	should	be	paid	to	identify	possible	cross-reacting
agents	 prior	 to	 introducing	 new	 medications	 to	 a	 patient	 with	 a	 history	 of
DRESS.	Other	common	causes	 include	allopurinol,	sulfonamides,	minocycline,
and	 dapsone.	 In	 contrast	 to	 other	 drug	 reactions,	 which	 often	 occur	 after	 a
relatively	short	 time	frame	after	exposure	 to	 the	offending	agent,	DRESS	most
commonly	 develops	 4	 to	 6	 weeks	 after	 the	 offending	 medication	 has	 been
introduced.

Clinical	Features
The	 rash	 associated	 with	 DRESS	 is	 usually	 morbilliform	 in	 nature,	 though
erythroderma,	pustules,	vesicles,	and	purpura	may	also	be	present	in	some	cases.
Additionally,	 the	 hallmark	 features	 of	 DRESS	 include	 high	 fever	 and	 facial
edema.	Initial	systemic	involvement	may	include	pharyngitis,	lymphadenopathy,
hepatosplenomegaly,	 peripheral	 eosinophilia,	 abnormal	 LTFs,	 atypical
lymphocytes,	 arthralgias,	 pulmonary	 infiltrates,	 and	 interstitial	 nephritis.3	 Late
sequelae	 involving	 the	 endocrine	 system,	 commonly	 the	 thyroid	 and	 pancreas,
may	 develop	 weeks	 to	 months	 after	 drug	 withdrawal	 or	 rebound	 during
corticosteroid	 taper.	 Septic	 shock	 is	 a	 significant	 cause	 of	 mortality	 among
patients	with	DRESS.	Although	end-organ	involvement	is	more	common	among
older	patients,	young	patients	are	more	likely	to	develop	autoimmune	sequelae,
such	 as	 autoimmune	 thyroiditis	 and	 1	 diabetes.4	 In	 fact,	 several	 other
autoimmune	 diseases	 such	 as	 systemic	 lupus	 erythematous,	 alopecia	 areata,
reactive	arthritis,	 and	vitiligo	have	been	 reported	 in	patients	after	 resolution	of
DRESS.5	 Furthermore,	 fulminant	 myocarditis	 is	 underrecognized	 and	 can



present	initially	or	months	later.	See	Figure	69.2.

	

Figure	 69.2 	 Facial	 swelling	 is	 commonly	 associated	 with	 drug
reaction	with	eosinophilia	and	systemic	symptoms	(DRESS).

Differential	Diagnosis
The	 differential	 diagnosis	 of	 DRESS	 includes	 morbilliform	 drug	 eruptions,
AGEP,	 SJS/TEN,	 Kawasaki	 disease,	 other	 causes	 of	 erythroderma,	 and
hypereosinophilic	 syndrome.	 The	 history	 of	 initiation	 of	 a	 suspect	 drug	 4	 to
6	weeks	prior	to	presentation,	facial	swelling,	high	fevers,	lymphadenopathy,	and
lab	abnormalities	can	all	help	point	to	a	diagnosis	of	DRESS.

Evaluation
The	patient	may	have	 elevated	LTFs,	 abnormal	 serum	creatinine	 or	 urinalysis,
and	 the	 presence	 of	 circulating	 atypical	 lymphocytes.6	 Peripheral	 eosinophilia



may	 also	 be	 present,	 and	 several	 case	 series	 have	 shown	 that	 high	 eosinophil
count	 is	 a	 poor	 prognostic	 factor.	Other	 indications	 of	 poor	 prognosis	 include
pancytopenia,	 thrombocytopenia,	 and	 multiple	 medical	 comorbidities.
Importantly,	histopathology	of	skin	biopsies	taken	from	patients	with	DRESS	is
variable	and	therefore	not	diagnostic.

Various	diagnostic	criteria	have	been	proposed	and	can	be	used	to	aid	with	the
diagnosis	 of	DRESS.	For	 example,	 the	Registry	 of	Severe	Cutaneous	Adverse
Reaction	 (RegiSCAR)	 developed	 diagnostic	 criteria	 for	 DRESS	 among
hospitalized	patients.	The	required	criteria	for	the	RegiSCAR	are	hospitalization,
reaction	suspected	to	be	drug	related,	and	acute	rash.	Furthermore,	 three	out	of
four	 of	 the	 following	 are	 required:	 fever	 greater	 than	 38	 °C,	 enlarged	 lymph
nodes	in	two	or	more	sites,	involvement	of	at	least	one	internal	organ,	and	blood
count	abnormalities.	This	developed	into	the	RegiSCAR	scoring	system	used	to
define	DRESS	more	accurately.7

Treatment
2 	 Prompt	 diagnosis	 is	 crucial	 and	 cessation	 of	 the	 offending	 drug	 as	 well	 as
supportive	 care	 are	 central	 to	 the	 treatment	of	DRESS.	Mild	 forms	of	DRESS
may	 be	 managed	 without	 systemic	 steroids.8	 In	 these	 cases,	 the	 cutaneous
eruption	can	be	treated	with	topical	steroids	for	symptom	relief.	For	more	severe
disease,	 and	 in	 the	majority	of	cases,	 in	addition	 to	withdrawing	 the	offending
drug,	systemic	glucocorticoids	(eg,	prednisone)	are	administered	and	should	be
withdrawn	 slowly	 (over	 8-12	 weeks)	 to	 prevent	 recurrence.	 Specifically,	 a
moderate-to-high	dose	(0.5	to	1	mg/kg	per	day)	is	given	until	either	the	patient
clinically	improves	or	the	patient’s	labs	normalize.9	Additionally,	an	alternative
regimen	 for	 severe	 cases	 includes	 administering	 intravenous	 (IV)
methylprednisolone	(250	to	500	mg	per	day	for	2-4	days)	then	oral	1	mg/kg	per
day.10	Although	there	are	no	controlled	clinical	trials	investigating	the	risks	and
benefits	 of	 systemic	 corticosteroids	 or	 other	 systemic	 treatments,	 there	 is
consensus	 among	 experts	 to	 use	 systemic	 corticosteroids	 as	 the	 treatment	 of
choice	to	manage	severe	DRESS.11

Primary	 and	 secondary	 prevention	 of	DRESS	 is	 of	 utmost	 importance,	 and
knowledge	 of	 the	 most	 common	 causative	 drugs	 is	 crucial.	 It	 is	 important	 to
include	 a	 multidisciplinary	 team	 and	 monitor	 for	 long-term	 sequelae	 such	 as
deterioration	 of	 kidney	 function,	 thyroid	 disease,	 and,	 most	 commonly,	 liver
injury.2,5



Stevens-Johnson	Syndrome/Toxic	Epidermal	Necrolysis
SJS	and	TEN	are	entities	on	a	 spectrum	of	 severe	cutaneous	 reactions	causing
full-thickness	 skin	necrosis	and	cutaneous	 sloughing	 leading	 to	high	morbidity
and	mortality.	The	distinction	between	SJS	and	TEN	is	based	on	the	percentage
of	 body	 surface	 area	 involved,	 with	 SJS	 being	 <10%,	 TEN	 being	 >30%,	 and
SJS/TEN	 overlap	 being	 10%	 to	 30%	 of	 the	 body	 surface	 area	 affected.	 The
cumulative	combined	incidence	of	these	entities	has	been	estimated	at	2	to	7	per
million	 people	 annually.	 SJS/TEN	 occur	 in	 all	 age	 groups;	 however,	 TEN	 is
more	 common,	 among	 women,	 and	 the	 incidence	 increases	 with	 age	 and
immunosuppression.12	Human	immunodeficiency	virus	(HIV)	infection	increases
the	 risk	of	SJS/TEN	with	 the	 incidence	of	TEN	among	HIV	patients	 receiving
trimethoprim-sulfamethoxazole	at	8.4	per	100,000	exposures	as	opposed	 to	2.6
per	 100,000	 exposures	 in	 non–HIV-infected	 individuals.13	 Certain	 human
leukocyte	 antigen	 (HLA)	 genotypes	 render	 patients	 more	 susceptible	 to
SJS/TEN.	 The	 FDA	 recommends	 HLA-B*1502	 testing	 for	 most	 East	 Asian
patients	prior	to	prescribing	carbamazepine	and	HLA-B*5701	testing	of	all	HIV-
positive	 patients	 prior	 to	 receiving	 abacavir.14	 Ninety-five	 percent	 of	 patients
with	TEN	have	a	history	of	drug	exposure	and	there	is	a	clear	relationship	to	a
drug	 among	 80%	 of	 cases.	 The	 most	 common	 causative	 medications	 include
trimethoprim-sulfamethoxazole,	 carbamazepine,	 NSAIDs,	 corticosteroids,
phenytoin,	allopurinol,	phenobarbital,	valproic	acid,	cephalosporins,	quinolones,
and	 aminopenicillins,	 with	 more	 recent	 reports	 implicating	 lamotrigine,
rituximab,	imatinib,	and	lenalidomide.15	The	time	from	drug	ingestion	to	clinical
symptoms	 is	 generally	 1	 to	 3	 weeks,	 except	 for	 the	 aromatic	 anticonvulsants
which	can	take	up	to	2	months	to	cause	disease.16	The	mortality	rate	for	SJS	and
TEN	 is	 5%	and	 30%,	 respectively,	 and	 is	 directly	 related	 to	 the	 percentage	 of
skin	involved.

Clinical	Findings
The	cutaneous	eruption	of	SJS/TEN	may	be	preceded	by	a	1-	to	3-day	prodrome
of	 fever	 and	 flulike	 symptoms.	 The	 initial	 cutaneous	 findings	 often	 include
irregularly	shaped	erythematous	to	purpuric	macules	distributed	on	the	face	and
trunk.	These	may	evolve	into	flaccid	blisters	that	may	easily	enlarge	with	lateral
pressure	(Nikolsky	sign).	The	skin	can	become	gray,	which	usually	heralds	full-
thickness	epidermal	necrosis	and	sloughing.	Severe	blistering	and	sloughing	of
skin	 can	 progress	 rapidly	 to	 involve	 a	 high	 body	 surface	 area.	 Mucosal
involvement	 is	 present	 in	 90%	 of	 patients	 with	 SJS	 and	 TEN,	 with	 the	 most



common	 affected	 sites	 including	 the	 conjunctiva,	 oral	 cavity,	 and	 genitalia.
Symptoms	 include	 severe	 skin	 pain	 and	 difficulty	 swallowing	 and	 urinating.
Respiratory	epithelium	may	also	be	involved	with	resultant	dyspnea,	pulmonary
edema,	and	hypoxia.	See	Figure	69.3.

	

Figure	 69.3 	 Mucosal	 involvement	 is	 a	 prominent	 feature	 of
Stevens-Johnson	syndrome	and	toxic	epidermal	necrolysis.

Differential	Diagnosis
The	 differential	 diagnosis	 includes	 staphylococcal	 scalded	 skin	 syndrome
(SSSS),	 AGEP,	 severe	 acute	 GVHD,	 drug-induced	 linear	 immunoglobulin	 A
(IgA)	bullous	dermatosis,	 paraneoplastic	 pemphigus,	 and	Mycoplasma-induced
rash	and	mucositis.

Workup



Disease	morphology,	history,	and	skin	biopsy	easily	differentiate	SJS/TEN	from
the	 aforementioned	 entities	 in	 the	 differential	 diagnosis.	 Skin	 biopsy	 of	 early
lesions	 demonstrates	 necrotic	 keratinocytes,	 whereas	 advanced	 lesions	 reveal
full-thickness	epidermal	necrosis.15

Risk	of	mortality	can	be	predicted	using	the	severity-of-illness	score	for	TEN
(SCORTEN)	 algorithm.	 One	 point	 each	 is	 assigned	 for	 the	 presence	 of	 the
following	seven	criteria:	age	>40	years,	presence	of	malignancy,	heart	rate	>120,
initial	epidermal	detachment	>10%,	serum	urea	nitrogen	>10	mmol	per	L,	serum
glucose	>14	mmol	per	L,	and	serum	bicarbonate	<20	mmol	per	L.	The	points	are
added	 and	 the	 predicted	 mortality	 based	 upon	 this	 total	 is	 0	 to	 1	 (3.2%),	 2
(12.1%),	 3	 (35.8%),	 4	 (58.3%),	 and	 5	 or	 more	 (90%).17	 Another	 more	 recent
predictor	 of	 inhospital	 mortality	 is	 called	 the	 ABCD-10	 (age,	 bicarbonate,
cancer,	dialysis,	10%	body	surface	area),	which	shows	a	predicted	mortality	rate
that	 is	slightly	higher	but	not	significantly	different	than	what	was	predicted	in
SCORTEN.18	 Table	 69.2	 compares	 common	 and	 unique	 prognostic	 factors
included	in	these	two	scoring	systems.

TABLE	69.2

Comparison	of	SCORTEN	and	ABCD-10	Scoring	Systems
for	Prediction	of	Mortality	in	SJS/TEN

SCORTEN ABCD-10

Common
prognostic
factors

Presence	of	malignancy
Initial	epidermal	detachment
>10%	of	body	surface	area
Serum	bicarbonate
<20	mmol/L

Presence	of	malignancy
Epidermal	detachment
>10%	of	body	surface
area
Serum	bicarbonate
<20	mmol/L

Unique
prognostic
factors

Age	>40	years
Heart	rate	>120
Serum	urea	nitrogen
>10	mmol/L
Serum	glucose	>14	mmol/L

Age	≥50	years
Dialysis	prior	to
admission



Date	of	initial
publication

2000 2019

ABCD-10,	age,	bicarbonate,	cancer,	dialysis,	10%	body	surface	area;	SCORTEN,	score	for	toxic
epidermal	necrolysis;	SJS,	Stevens-Johnson	syndrome;	TEN,	toxic	epidermal	necrolysis.

Treatment
Prompt	 diagnosis	 and	 rapid	 cessation	 of	 the	 causative	 medication	 along	 with
supportive	 therapy	 is	 the	 cornerstone	of	 treatment.	Careful	monitoring	of	 fluid
volume,	electrolytes,	 renal	 function,	nutritional	 status,	 and	evaluation	 for	 signs
of	 sepsis	 are	 crucial	 for	 patients	 with	 SJS/TEN.	 For	 extensive	 body	 surface
involvement,	care	should	be	provided	in	an	ICU	setting	or	burn	unit	with	nursing
staff	accustomed	 to	caring	 for	patients	with	 fragile	and	denuded	skin	 requiring
careful	 and	 frequent	wound	 care.	Uninvolved	 skin	 should	 not	 be	manipulated,
whereas	involved	skin	should	be	covered	with	nonadherent	dressings.	Vaseline-
impregnated	 gauzes	 have	 traditionally	 been	 the	 dressing	 of	 choice	 for	 patients
with	 SJS/TEN.	 However,	 newer	 nonadherent	 wound	 care	 dressings	 including
nonadherent	nanocrystalline	gauze	materials	and	biosynthetic	skin	substitutes	are
being	used	with	increased	frequency.19

Of	note,	multidisciplinary	 care	 is	 often	 required	 for	patients	with	SJS/TEN.
Patients	 should	 be	 followed	 closely	 by	 ophthalmology	 to	 guide	 ocular
management	 to	 prevent	 conjunctival	 scarring.	 Additionally,	 urology	 and
gynecology	 can	 help	 provide	 guidance	 to	 prevent	 strictures	 and	 permanent
scarring	along	the	urethra	and	vaginal	cavity.

Monitoring	for	signs	and	symptoms	of	infection	is	crucial	for	all	patients	with
SJS/TEN	 as	 sepsis	 is	 the	most	 common	 cause	 of	mortality	 among	 patients	 on
this	 disease	 spectrum.	Bacterial	 cultures	 of	 involved	 skin,	mucosa,	 blood,	 and
urine	can	assist	in	diagnosis	for	any	patient	in	whom	superinfection	is	suspected.
There	are	no	data	to	support	the	use	of	prophylactic	antibiotics	in	patients	with
SJS/TEN.	Given	this,	systemic	antibiotics	should	not	be	started	unless	signs	of
sepsis	are	present	to	prevent	promotion	of	antibiotic-resistant	organisms.

Currently,	 supportive	 therapy	 is	 the	 only	 universally	 accepted	 treatment	 for
SJS/TEN.20	 Some	 evidence	 exists	 to	 suggest	 that	 systemic	 corticosteroid	 pulse
therapy	 early	 in	 the	 disease	 course	 has	 been	 shown	 to	 have	 benefits	 for
preventing	ocular	complications,	and	topical	high	potency	corticosteroids	appear
to	 prevent	 corneal	 epithelial	 stem	 cell	 loss	 and	 scarring.21	 Furthermore,
additional	 studies	 suggest	 that	 high-dose	 (1.5	 mg/kg/d)	 pulse	 corticosteroids
decreased	 TEN-associated	 mortality.22	 However,	 the	 need	 for	 systemic



corticosteroids	 is	 not	 universally	 accepted,	 and	 data	 for	 adjuvant	 or	 steroid
sparing	 therapies,	 such	 as	 intravenous	 immunoglobulin	 (IVIG),	 cyclosporine,
and	tumor	necrosis	factor	inhibitors,	remains	equivocal.20	A	survey	study	of	111
US	 burn	 centers	 found	 that	 IVIG	 and	 systemic	 corticosteroids	 are	 the	 most
commonly	used	therapeutic	interventions,	with	decision	to	treat	based	upon	the
degree	 and	 severity	 of	 skin/mucosal	 involvement	 as	 well	 as	 the	 likelihood	 of
ongoing	 infection.22	 Evidence	 is	 further	 clouded	 because	 SJS/TEN	 is	 a	 self-
limited	 disease,	 with	 maximal	 detachment	 occurring	 at	 approximately	 8	 days
after	the	onset	of	symptoms	complicating	studies	evaluating	treatment	outcomes
in	 this	 disease.23	 The	 Society	 of	 Dermatology	 Hospitalists	 recently	 released
guidelines	 for	 the	 management	 of	 SJS/TEN	 and	 collectively	 recommends
prompt	 transfer	 to	 the	 ICU	or	burn	unit	 for	patients	with	SJS/TEN,	with	close
monitoring	for	airway	involvement.24

3 	 Healing	 of	 sloughed	 epidermis	 usually	 takes	 3	 weeks;	 however,	 patients
with	 SJS/TEN	 may	 experience	 delayed	 ocular	 scarring	 and	 visual	 loss
necessitating	 consultation	 and	 long-term	 follow-up	with	 ophthalmology.	 If	 the
causative	medication	is	reintroduced,	the	disease	may	recur	in	less	than	48	hours.
Notably,	 a	 patient	 who	 experiences	 TEN	 to	 one	 class	 of	 medication	 is	 not
predisposed	 to	 TEN	 in	 response	 to	 other	 medication	 classes;	 however,	 cross-
reactivity	 may	 be	 seen	 between	 related	 drug	 classes	 such	 as	 penicillins	 and
cephalosporins.	 Counseling	 patients	 to	 discuss	 their	 history	 of	 SJS/TEN	 with
their	care	providers	prior	to	the	introduction	of	new	medications	is	key.

Acute	Generalized	Exanthematous	Pustulosis
AGEP,	 also	 known	 as	 toxic	 pustuloderma	 or	 pustular	 drug	 rash,	 is	 a	 rare
cutaneous	drug	eruption	with	an	estimated	mortality	rate	of	close	to	4%.25	AGEP
occurs	 more	 frequently	 in	 females	 and	 can	 occur	 at	 any	 age.	 Drugs	 are
responsible	for	at	least	90%	of	AGEP	cases.	In	a	report	of	97	cases	from	Europe,
aminopenicillins	 (odds	 ratio	 [OR]	 =	 23),	 macrolides	 (OR	 =	 11),	 quinolones
(OR	=	33),	hydroxychloroquine	(OR	=	39),	calcium	channel	blockers	(OR	=	15),
anticonvulsants	(OR	=	8),	and	corticosteroids	(OR	=	12)	were	the	most	common
causative	agents.26	Although	drug	related	 in	 the	vast	majority	of	cases,	 there	 is
some	 evidence	 showing	 the	 reaction	 is	 not	 always	 related	 to	 medication
administration.	 For	 examples,	 spider	 bites	 have	 been	 reported	 as	 triggers	 in
addition	to	possible	viral	causes.27,28

Clinical	Features



AGEP	presents	with	fever,	leukocytosis,	and	multiple	pustules	on	a	background
of	 generalized	 erythema.	The	 eruption	 is	 frequently	 of	 sudden	 onset	 and	most
cases	 appear	 within	 24	 hours	 to	 several	 days	 after	 exposure	 to	 the	 offending
agent.	 Classically,	 fever	 is	 followed	 by	 the	 appearance	 of	 tiny	 non-follicular
pustules	 on	 a	 background	 of	 generalized	 erythema	 and	 edema.	 Petechiae,
purpura,	vesicles,	or	 target	 lesions	may	be	present.	The	 face	and	 intertriginous
areas	are	the	most	common	presenting	locations,	with	dissemination	to	the	trunk
and	extremities	progressing	from	there.	See	Figure	69.4.

	

Figure	 69.4 	 Acute	 generalized	 exanthematous	 pustulosis	 is
characterized	 by	 numerous	 pustules	 on	 a	 background	 of
erythema.The	 face	 is	 a	 common	presenting	 location	 for	 this	disease
state.	Of	note,	background	erythema	may	be	more	subtle	 in	patients
with	skin	of	color.

Differential	Diagnosis



The	 differential	 diagnosis	 includes	 pustular	 psoriasis,	 subcorneal	 pustular
dermatosis,	 drug	 reaction	with	 eosinophilia	 and	 systemic	 symptoms	 (DRESS),
and	in	severe	cases,	SJS/TEN.	An	acute	onset	and	clinical	history	of	a	new	drug
in	 the	 few	days	preceding	symptom	onset	 favor	AGEP	over	pustular	psoriasis.
DRESS	and	TEN	exhibit	more	pronounced	systemic	involvement	and	present	in
a	more	delayed	fashion	following	exposure	to	the	offending	agent.

Evaluation
Neutrophilia	occurs	among	90%	and	eosinophilia	among	30%	of	patients.	LTFs
are	usually	normal	and	typically	AGEP	does	not	have	any	systemic	involvement;
however,	lymphadenopathy	is	sometimes	seen.	Patch	testing	with	the	offending
agent	 is	 frequently	 positive,	 reflecting	 the	 dominant	 role	 of	 T	 cells	 in	 the
disorder.	Pustules	are	sterile	when	culture	is	performed	which	helps	distinguish
AGEP	 from	 an	 infectious	 cause.	Biopsy	 shows	 superficial	 subcorneal	 pustules
with	epidermal	 spongiosis	 and	a	mixed	 inflammatory	 infiltrate	 in	 the	papillary
dermis	with	occasional	eosinophils.

Treatment
Discontinuation	of	the	causative	drug	is	the	definitive	treatment	for	AGEP,	and
prognosis	with	drug	cessation	 is	excellent.	Once	 the	diagnosis	 is	made	and	 the
causative	medication	 is	 stopped,	 the	pustules	will	 resolve	 in	 less	 than	15	days
with	desquamation.	Antipyretics	may	be	used	for	symptomatic	treatment	of	the
fever,	 and	 topical	 steroids	may	be	used	 for	 symptomatic	 treatment	of	 the	 rash,
although	neither	will	hasten	the	resolution	of	the	eruption.

Exfoliative	Erythroderma
Erythroderma	 (Figure	 69.5)	 is	 a	 rare,	 life-threatening	 skin	 condition
characterized	by	erythema	involving	at	least	90%	of	the	body	surface	area	with
variable	 degrees	 of	 scaling.29	 Although	 age	 at	 presentation	 varies	 with	 the
underlying	cause,	patients	are	typically	over	40	or	45	years	old.	Male-to-female
ratio	 and	 reported	 incidence	 are	 also	 variable,	 and	 there	 is	 no	 racial
predilection.30



	

Figure	69.5 	Widespread	erythema	and	varying	degrees	of	scaling
are	seen	in	patients	with	exfoliative	erythroderma.

The	 causes	 of	 erythroderma	 may	 be	 categorized	 into	 preexisting	 skin
conditions	 (psoriasis,	 atopic	 dermatitis,	 contact	 dermatitis,	 pityriasis	 rubra
pilaris,	 and	 seborrheic	 dermatitis),	 drug	 reactions,	 malignancy,	 skin	 infections
and	 infestations,	 and	 idiopathic	 etiology.30	 Over	 60	 topical	 and	 systemic
medications	 have	 been	 implicated	 for	 erythroderma,	 including	 angiotensin-
converting	 enzyme	 inhibitors,	 anticonvulsants,	 penicillin,	 vancomycin,
antifungals,	and	barbiturates.31	Leukemias	and	lymphomas	constitute	up	to	40%
of	malignancy-related	erythrodermas.	Cutaneous	T-cell	 lymphoma	(CTCL)	and
Sezary	 syndrome	 represent	 most	 of	 these	 cases.	 Primary	 blood	 vessel
malignancy	 and	 solid-organ	 cancers	 are	 also	 reported	 in	 association	 with
erythroderma.29	 Staphlyococcus	 scalded	 skin	 syndrome	 (SSSS),	 HIV
seroconversion,	 superficial	 dermatophyte	 and	 candidal	 infections,	 scabies
infestation,	lupus	erythematosus,	sarcoidosis,	and	mastocytosis	may	rarely	cause
erythroderma	 as	 well.	 Roughly	 30%	 of	 cases	 have	 no	 identifiable	 trigger.31
Regardless	 of	 the	 underlying	 cause,	 relapses	 of	 erythroderma	 are	 common.



Mortality	rates	range	from	4.6%	to	64%	and	are	influenced	by	advanced	age	and
comorbidities.30

Clinical	Features
Varying	degrees	of	scaling,	which	often	begin	at	flexural	surfaces,	follow	intense
widespread	erythema	within	2	to	6	days.	Erythroderma	associated	with	psoriasis
and	 atopic	 dermatitis	 has	 a	 more	 indolent	 course	 than	 the	 more	 rapidly
progressive	 form	 linked	 to	malignancy,	 drugs,	 and	SSSS.31	Along	with	 intense
erythema,	patients	may	have	 fever,	 hyperkeratosis	of	 the	palms	and	 soles,	 nail
dystrophy,	 cheilitis,	 alopecia,	 edema	 of	 the	 face	 and	 legs,	 dermatopathic
lymphadenopathy,	hepatomegaly,	 and	 splenomegaly.30,31	Erythrodermic	patients
have	dramatic	disturbances	in	the	body’s	regulatory	mechanisms.	Complications
include	 electrolyte	 imbalance,	 thermoregulation,	 dehydration,	 high-output
cardiac	failure,	and	secondary	infections.

Evaluation
Increased	cutaneous	blood	flow	results	in	exaggerated	heat	and	fluid	losses	with
a	compensatory	increase	in	the	body’s	basal	metabolic	rate.	This,	in	conjunction
with	 the	 shedding	 of	 20	 to	 30	 g/day	 of	 proteinaceous	 scale,	 can	 result	 in	 a
hypoalbuminemia	that	exacerbates	edema	and	nutritional	deficits.31	The	dramatic
fluid	shifts	that	can	occur	in	this	disease	state	prompt	careful	monitoring	of	vitals
and	electrolytes	for	patients	with	active	erythroderma.

Although	 often	 difficult,	 efforts	 to	 determine	 the	 under- lying	 trigger	 are
crucial	 in	 the	 evaluation	 and	management	 of	 erythrodermic	patients.	A	 careful
history	 from	 patients	 (and/or	 family	 members)	 can	 help	 unveil	 preexisting
dermatologic	 conditions	 that	may	 lead	 to	 an	 erythrodermic	 state.	Additionally,
early	examination	of	the	skin	with	corroborating	evidence	from	skin	biopsy	may
be	 helpful	 in	 establishing	 the	 etiology,	 but	 in	 the	majority	 of	 adult	 cases,	 the
underlying	 dermatosis	 is	 obscured	 by	 widespread	 erythema	 and	 scaling.	 Skin
biopsy	has	been	shown	to	be	more	useful	in	detecting	some	underlying	triggers
for	infantile	and	neonatal	cases	of	erythroderma.32

Treatment
Erythroderma	should	be	managed	as	a	dermatological	emergency	in	the	inpatient
setting.	 Initial	 treatment,	 regardless	 of	 the	 underlying	 cause,	 consists	 of
temperature	regulation	(despite	the	skin	being	warm	or	hot	to	the	touch,	patients



can	 rapidly	 become	 hypothermic),	 hemodynamic	 support	 and	monitoring,	 and
skin	 care.	 Topical	 therapies	 include	 low-to-moderate	 potency	 corticosteroids
such	as	triamcinolone	0.025%	to	0.1%	or	mometasone	cream	or	ointment	under
wet	dressings.	Tap	water–soaked	gauze	dressings	may	be	changed	every	2	to	3
hours,	 and	 tepid	 baths	 may	 provide	 additional	 relief.	 As	 the	 skin	 condition
improves,	 emollients	 can	 be	 substituted	 for	 corticosteroids.	 Systemic
corticosteroids	can	be	helpful	but	must	be	used	with	caution	in	atopic	dermatitis
and	are	contraindicated	in	infection	and	psoriasis.	Additional	therapy	is	targeted
to	the	triggering	disease	such	as	cyclosporine,	systemic	retinoids,	methotrexate,
or	biologics	for	patients	with	erythrodermic	psoriasis.31

INFECTIONS
Infections	 of	 the	 skin	 are	 common	 and	 have	 a	wide	 range	 of	 severity.	Certain
infections	 such	 as	 necrotizing	 fasciitis	 (NF)	 are	 life-threatening	 and	 should	 be
identified	 immediately	 (Chapter	 48).	 This	 section	will	 provide	 an	 overview	of
the	 diagnosis,	workup,	 and	management	 of	 some	 of	 the	most	 common	 and/or
severe	infections	of	the	skin	in	hospitalized	patients.

Cellulitis	and	Erysipelas
Cellulitis	 is	 a	 relatively	 common	 acute	 bacterial	 infection	 of	 the	 skin	 and
subcutaneous	 tissues.	The	lower	extremities	are	most	common	site	of	 infection
(73%	 of	 cases),	 followed	 by	 the	 upper	 extremities	 (19%),	 and	 head	 and	 neck
(7%).33	 Cellulitis	 is	 usually	 caused	 by	 group	 A	 β-hemolytic	 streptococci	 or
Staphylococcus	 aureus,	 including	 methicillin-resistant	 S	 aureus	 (MRSA),
although	 it	 may	 also	 be	 caused	 by	 group	 B	 streptococci,	 Haemophilus
influenzae,	 Pseudomonas	 aeruginosa,	 and	 other	 bacteria	 in	 certain	 settings.34
Infection	 following	 aquatic	 injury	 is	 often	 gram-negative	 and	 polymicrobial,
though	nontuberculous	mycobacterial	infections	should	also	be	considered.35

Predisposing	factors	for	cellulitis	include	venous	stasis	disease,	lymphedema,
lower	 extremity	 ulceration,	 surgical	 wounds,	 tinea	 pedis,	 chronic	 dermatoses,
and	 obesity.	Bacteria	 on	 the	 skin	 surface	 enter	 through	 breaks	 in	 the	 skin	 and
proliferate	in	the	dermis	and	subcutaneous	tissues,	causing	inflammation.

Erysipelas	is	a	more	superficial	skin	infection	that	involves	the	upper	dermis
and	 often	 superficial	 lymphatics.	 It	 is	 distinguished	 from	 cellulitis	 and	 other
infections	by	 its	very	 sharply	demarcated	borders	 and	 induration.	Erysipelas	 is
almost	always	caused	by	group	A	streptococci.



Clinical	Features
Patients	 with	 cellulitis	 present	 with	 poorly	 demarcated	 erythema,	 swelling,
warmth,	 and	 tenderness.	Cellulitis	 of	 the	 lower	 extremity	 commonly	occurs	 in
the	 setting	 of	 leg	 edema	 or	 dermatitis.	 If	 a	 line	 is	 drawn	 around	 the	 involved
area,	 the	 area	 of	 redness	 is	 often	 seen	 to	 spread	 outward	 over	 hours	 to	 days.
Patients	 frequently	 have	 tender	 local	 lymphadenopathy	 and/or	 lymphangitis.
Fever	or	myalgias	are	sometimes	present.	In	erysipelas,	the	skin	is	bright	red	and
the	borders	are	elevated	and	sharply	demarcated	from	the	uninvolved	skin.

Differential	Diagnosis
Cellulitis	 has	 a	 broad	 differential	 diagnosis,	 including	 contact	 dermatitis,
superficial	thrombophlebitis,	deep	venous	thrombosis,	NF,	lipodermatosclerosis,
and	 insect	 bites	 or	 stings.36	 One	 of	 the	 most	 commonly	 confused	 entities,
particularly	in	hospitalized	patients,	is	stasis	dermatitis,	which	is	usually	bilateral
with	scaling	and	hyperpigmentation	of	the	distal	lower	extremities	in	addition	to
erythema	and	edema.	Additionally,	stasis	dermatitis	is	usually	not	tender,	unless
ulceration	is	present.

Evaluation
Cellulitis	 (particularly	 stasis	 dermatitis	 mistaken	 for	 “bilateral	 cellulitis”)	 is
commonly	 misdiagnosed	 in	 the	 inpatient	 setting	 and	 early	 involvement	 of	 a
dermatologist	 is	 encouraged	 to	 improve	 diagnostic	 accuracy	 and	 decrease
unnecessary	 antibiotic	 use.37	 Diagnosis	 of	 cellulitis	 and	 erysipelas	 is	 generally
made	 based	 on	 clinical	 presentation.	 Cultures	 of	 blood,	 cutaneous	 aspirates,
biopsies,	 and	 swabs	 are	 not	 routinely	 recommended	 except	 in	 patients	 with
neutropenia,	 cell-mediated	 immunodeficiency,	 history	 of	 immersion	 injury,
animal	bites,	or	malignancy	receiving	chemotherapy.38	Radiographic	studies	are
usually	unnecessary,	although	plain	films	or	computed	tomography	(CT)	may	be
of	value	 to	evaluate	underlying	osteomyelitis,	and	magnetic	resonance	 imaging
(MRI)	 may	 be	 used	 to	 differentiate	 cellulitis	 from	 NF.36	 If	 NF	 is	 strongly
suspected,	 surgical	 debridement	 and	 IV	 antibiotics	 should	 be	 initiated
immediately	 without	 waiting	 for	 radiologic	 or	 microbiologic	 studies	 (see
Chapter	48).

Treatment



Empiric	 treatment	 of	 cellulitis	 is	 directed	 at	 the	 most	 likely	 bacterial	 causes,
streptococci	and	S	aureus.	Initial	treatment	of	the	hospitalized	patient	is	with	β-
lactamase-resistant	penicillins	or	cephalosporins	such	as	cefazolin	1	g	IV	every	6
hours,	nafcillin	1	to	1.5	g	IV	every	4	to	6	hours,	or	ceftriaxone	1	g	IV	every	24
hours.	Coverage	for	MRSA	should	be	added	if	 there	 is	evidence	of	penetrating
trauma,	 MRSA	 infection	 elsewhere,	 nasal	 colonization	 with	 MRSA,	 injection
drug	use,	signs	of	sepsis,	or	if	the	patient	is	immunocompromised.	Treatment	for
MRSA	 can	 be	 with	 IV	 vancomycin,	 linezolid,	 daptomycin,	 telavancin,	 or
clindamycin	 and	 should	 be	 started	 empirically	 for	 hospitalized	 patients	 with
complicated	infections.38	A	recent	study	showed	that	patients	with	obesity	are	at
risk	of	treatment	failure	secondary	to	inadequate	dosing	of	antimicrobial	therapy;
therefore,	adjusting	antimicrobial	dosing	to	patient	weights	is	key.39	As	cellulitis
begins	to	resolve	and	the	patient	becomes	afebrile,	patients	for	whom	MRSA	is
not	suspected	may	be	converted	to	oral	dicloxacillin	or	cephalexin	500	mg	every
6	hours,	for	a	total	course	of	7	to	14	days.36	Otherwise	healthy	patients	without
systemic	 signs	 of	 infection	 can	 be	 treated	 with	 oral	 antibiotics	 as	 outpatients
starting	at	the	point	of	diagnosis.

Prognosis	 of	 patients	 with	 uncomplicated	 cellulitis	 is	 excellent,	 but
recurrences	can	occur.	Patients	with	chronic	tinea	pedis	as	the	probable	cause	of
leg	 cellulitis	 should	 receive	 treatment	 for	 underlying	 fungal	 infections.
Additionally,	venous	stasis	or	 lymphedema	should	be	 treated	with	compression
stockings	 or	 devices	 to	 prevent	 recurrences.36	 Current	 guidelines	 recommend
considering	prophylactic	antimicrobial	therapy	for	patients	with	3	to	4	episodes
of	recurrent	cellulitis	per	year.40

Disseminated	Herpes	Simplex	Virus
Herpes	simplex	virus	 (HSV),	a	member	of	 the	human	herpes	virus	 family,	 is	a
common	cause	of	dermatologic	disease.	HSV-1	and	HSV-2	have	seroprevalence
rates	as	high	as	80%	and	25%	of	US	adults,	respectively.33	Infection	is	spread	by
close	physical	contact	of	mucous	membranes,	open	skin	with	infected	fluids,	or
skin	 that	 is	 actively	 shedding	 virus.	 After	 initial	 infection,	 the	 virus	 remains
latent	 in	 the	 dorsal	 root	 ganglion.	 Reactivation	 may	 be	 triggered	 by	 stress,
illness,	trauma	(including	procedures	such	as	intubation),	intense	UV	exposure,
and	pregnancy.	Immunocompromised	patients	(HIV,	malignancy,	medications,	or
pregnancy)	 have	more	 frequent	 and	more	 severe	 reactivations	 and	 there	 is	 an
increased	risk	of	disseminated	cutaneous	and	visceral	disease.41	Reactivation	of
genital	HSV	in	immunocompromised	and	pregnant	individuals	is	associated	with
an	 increased	 risk	 of	 visceral	 dissemination	 and	 high	 mortality.	 Patients	 with



disrupted	skin	secondary	to	eczema,	toxic	epidermal	necrolysis,	burns,	and	other
dermatologic	diseases	including	Grover	disease,	Darier	disease,	and	pemphigus
vulgaris	 are	 at	 risk	 of	 disseminated	 cutaneous	 disease	 known	 as	 Kaposi
varicelliform	eruption	or	eczema	herpeticum.42

Clinical	Features
Grouped	 vesicles	 on	 an	 erythematous	 base,	 often	 with	 associated	 pain	 or
pruritus,	 appear	 with	 reactivation.	 Rupture	 of	 vesicles	 leaves	 characteristic
punched-out	 ulcers	 with	 scalloped	 edges.33	 Infection	 of	 immunocompetent
patients	is	typically	self-limited.	Alternatively,	immunocompromised	patients	are
at	 increased	risk	of	recalcitrant	or	disseminated	disease.	Patients	with	vesicular
eruptions	 should	 be	 examined	 carefully	 for	 clustered	 lesions	 or	 erosions
suspicious	 of	HSV.	A	high	 index	 of	 suspicion	 is	 essential	 for	 all	 patients	with
vesicular	eruptions.

Differential	Diagnosis
The	 differential	 diagnosis	 includes	 herpes	 zoster	 virus,	 varicella,	 contact
dermatitis,	bullous	impetigo,	and	other	causes	of	vesiculation	of	the	skin.

Evaluation
Confirmatory	tests	 include	Tzanck	smear,	DFA	assay,	viral	culture,	polymerase
chain	 reaction	 (PCR),	 and	 enzyme-linked	 immunosorbent	 assay	 (ELISA).	 All
studies	 are	most	 sensitive	when	performed	on	vesicles	 less	 than	 48	 hours	 old.
HSV	PCR	is	the	preferred	test	when	possible	and	has	a	sensitivity	and	specificity
of	close	to	95%.43

Treatment
Although	 there	 are	 no	 controlled	 studies	 for	 treatment	 of	 disseminated	disease
and	no	evidence	that	treatment	decreases	mortality,	IV	acyclovir	at	10	mg	per	kg
every	8	hours	is	considered	first	line	therapy.44	The	dose	is	adjusted	for	patients
with	 renal	 insufficiency.	 Alternatives	 for	 acyclovir-resistant	 cases	 include
foscarnet,	 vidarabine,	 and	 cidofovir.41	 Secondary	 bacterial	 infection	 may
complicate	 the	course	of	HSV	infection	and	should	be	 treated	with	appropriate
antibiotic	 therapy.	 For	 patients	 with	 localized	 disease,	 often	 in	 the	 outpatient
setting,	the	use	of	oral	antivirals	is	well	established.33



Disseminated	Herpes	Zoster	Virus
Varicella	zoster	virus	(VZV)	causes	both	chicken	pox	(varicella),	representing	a
primary	 infection,	 and	 shingles	 (zoster),	 a	 manifestation	 of	 reactivated	 latent
infection	(Figure	69.6).	After	initial	exposure,	the	virus	remains	dormant	in	the
dorsal	 root	 ganglion	 or	 in	 cranial	 nerve	 root	 ganglia.45	 Medications,	 aging,
malignancy,	 bone	 marrow	 transplantation,	 organ	 transplantation,	 HIV,
rheumatologic	 disease,	 stress,	 and	poor	 nutrition	 can	 affect	 immune	 status	 and
thereby	 increase	 the	 risk	 of	 reactivation.	 Since	 the	 introduction	 of	 the	 herpes
zoster	vaccine	 for	patients	over	 the	age	of	60	who	are	not	 immunosuppressed,
the	 incidence	 of	 VZV	 infection	 in	 the	 United	 States	 has	 decreased	 by	 up	 to
90%.46

	

Figure	69.6 	Varicella	zoster	virus	infections	classically	present	as
grouped	 vesicles	 on	 an	 erythematous	 base	 following	 a	 dermatomal
distribution.In	 immunosuppressed	 or	 immunocompromised	 patients,
these	 lesions	 can	 disseminate	 7	 to	 14	 days	 after	 the	 classical
dermatomal	zoster	presentation.

Disseminated	zoster	occurs	among	2%	of	the	general	population	and	has	been
observed	 in	 as	 many	 as	 35%	 of	 hospitalized	 immunocompromised	 patients.
Disseminated	 zoster	 is	 seven	 times	more	 frequent	 among	 patients	with	HIV.47
The	mortality	for	disseminated	zoster	is	between	5%	and	15%,	with	most	deaths
attributable	to	pneumonia.48



Clinical	Presentation
Upon	 reactivation,	 VZV	 tracks	 along	 sensory	 nerves	 to	 affect	 a	 particular
dermatome,	most	commonly	the	ophthalmic	division	of	the	trigeminal	nerve	(V1)
and	the	thoracic	dermatome.	A	prodrome	of	pain,	pruritus,	and	paresthesia	in	the
affected	dermatome	is	noted	by	up	to	half	of	the	patients.	This	is	followed	by	an
eruption	 of	 erythematous	 macules	 and/or	 papules.	 Over	 24	 hours,	 the	 lesions
begin	to	vesiculate,	and	over	the	next	48	to	72	hours,	crust	over	(Figure	69.6).
Pain	is	the	most	common	symptom,	present	in	90%	to	95%	of	patients.	Prior	to
the	 onset	 of	 skin	 lesions,	 involvement	 of	 the	 thoracic	 dermatome	 may	 be
mistaken	for	acute	coronary	syndrome.

Immunocompromised	 hosts	 may	 have	 atypical	 presentations	 with	 unusual
lesion	 morphology,	 distribution,	 greater	 ulceration,	 and	 dissemination.
Disseminated	disease	presents	7	to	14	days	after	classical	dermatomal	zoster	and
is	 defined	 as	 more	 than	 20	 lesions	 outside	 the	 primary	 dermatome,	 in	 either
multiple	 contiguous	 or	 noncontiguous	 dermatomes.	Visceral	 dissemination	 can
involve	 the	 lung,	 liver,	 and	 brain.49	 Cases	 of	 VZV	 reactivation	 and	 visceral
dissemination	without	cutaneous	lesions	have	been	rarely	reported.50

Uveitis,	keratitis,	 corneal	ulcers,	 and	blindness	may	 result	 from	reactivation
along	 the	ophthalmic	division	of	 the	 trigeminal	 nerve.	Myelitis	 or	 encephalitis
may	result	in	weakness	and	altered	mental	status.	Rarely,	motor	nerves	may	be
involved	with	resulting	weakness.47	Patients	are	contagious	until	lesions	become
crusted.	Transmission	is	via	direct	contact	or	airborne	from	respiratory	secretions
or	aerosolized	skin	lesions.	Airborne	transmission	is	more	likely	among	patients
with	 disseminated	 disease	 and	 these	 patients	 should	 be	 under	 strict	 isolation
precautions.51

Differential	Diagnosis
Differential	 diagnosis	 includes	 HSV	 infections,	 bullous	 drug	 eruption,	 contact
dermatitis,	and	erythema	multiforme.	The	dermatomal	distribution	 is	unique	 to
VZV	reactivation.

Evaluation
Tzanck	 smear	 cannot	 differentiate	 VZV	 from	 other	 herpesviruses	 and	 has	 a
limited	sensitivity;	therefore,	it	should	not	be	used	to	rule	out	disease.47	PCR	for
viral	 DNA	 is	 the	 most	 sensitive	 and	 specific	 diagnostic	 test	 and	 can	 be
performed	 on	 vesicular	 fluid,	 crusted	 lesions,	 blood,	 plasma,	 CSF,	 and



bronchoalveolar	lavage.	PCR	takes	about	1	day	to	result.	DFA	testing	performed
on	scrapings	from	noncrusted	vesicular	lesions,	has	a	high	sensitivity	(90%)	and
specificity	 (95%),	 and	 results	 can	 return	 in	 several	hours	where	 available.	The
sensitivity	of	viral	culture	is	poor	and	serological	testing	is	not	helpful	for	acute
disease.52	Patients	with	disseminated	zoster	should	be	tested	for	HIV.47

Treatment
For	any	patient	 for	whom	VZV	infection	 is	suspected,	 treatment	should	not	be
delayed	 while	 awaiting	 confirmatory	 test	 results.	 Patients	 should	 be	 treated	 if
they	 present	 within	 1	 week	 of	 onset	 of	 their	 lesions	 or	 if	 they	 still	 have	 any
lesions	that	have	not	crusted	over.49

Oral	acyclovir	or	valacyclovir	is	appropriate	for	healthy	individuals	who	can
take	 oral	 treatment	 and	 for	 uncomplicated	 cases	 in	 immunocompromised
patients.	 The	 dosing	 regimen	 is	 1	 g	 of	 valacyclovir	 or	 500	mg	 of	 famciclovir
every	8	hours,	or	acyclovir	800	mg	5	times	a	day,	with	dose	adjustment	for	renal
insufficiency.	 The	 duration	 of	 treatment	 is	 7	 to	 10	 days.	 IV	 acyclovir	 is	 the
treatment	 of	 choice	 for	 immunocompromised	 patients	 with	 ophthalmic,
disseminated,	 or	 HIV-associated	 disease	 or	 those	 with	 significant
comorbidities.47,49	 Acyclovir	 resistance	 is	 more	 prevalent	 among
immunocompromised	 populations	 and	 should	 be	 suspected	 if	 new	 lesions	 are
forming	 on	 acyclovir	 or	 a	 related	 drug	 (famciclovir,	 valacyclovir).	 Viral
sensitivities	should	be	checked	in	this	setting.	Resistant	strains	are	 treated	with
foscarnet,	 180	mg/kg/d	 divided	 into	 two	 or	 three	 doses	 and	 renally	 adjusted.49
CNS,	 ophthalmologic,	 or	 atypical	 cutaneous	 presentations	 should	 trigger
neurology,	ophthalmology,	and	dermatology	consultation.47,49

Meningococcemia
Neisseria	meningitidis	 is	 a	major	 cause	 of	meningitis	 and	 sepsis	 in	 the	United
States,	with	an	annual	incidence	of	approximately	1	in	100,000.	Meningococcal
disease	 is	 often	 rapidly	 fatal	 due	 to	 shock	 and	multiorgan	 failure.	Most	 cases
occur	 in	 winter	 and	 early	 spring	 and	 the	 disease	 peaks	 among	 infants	 and
teenagers.	Meningococcal	disease	often	causes	localized	outbreaks	at	schools	or
military	 barracks.53	 Most	 affected	 patients	 were	 previously	 healthy,	 but	 those
with	 HIV,	 immunoglobulin	 deficiencies,	 asplenia,	 or	 inherited	 and	 acquired
deficiencies	of	 terminal	complement	components	C5-C9	are	at	 increased	risk.53
The	overall	case	fatality	of	meningococcal	disease	is	now	around	10%,	though	it
remains	40%	for	those	with	sepsis.	Up	to	19%	of	survivors	have	severe	sequelae



such	as	deafness	or	limb	loss.53
N	 meningitidis	 is	 an	 aerobic	 gram-negative	 diplococcus	 that	 only	 infects

humans.	Thirteen	serotypes	have	been	identified;	the	major	pathogens	are	groups
A,	B,	C,	Y,	and	W-135.	A	vaccine	against	types	A,	C,	Y,	and	W-135	is	available
for	 high-risk	 individuals.	 The	 bacteria	 inhabit	 the	 respiratory	 mucosa	 and	 are
spread	 through	 respiratory	secretions.	Virulence	 factors	allow	 invasion	 through
the	 respiratory	 epithelium	 and	 into	 the	 bloodstream	 where	 they	 damage	 the
endothelium	 directly	 and	 release	 lipopolysaccharide	 endotoxin,	 provoking
massive	release	of	tumor	necrosis	factor	α,	interleukins	1	and	6,	and	interferon	γ.
These	 cytokines	 promote	 vascular	 permeability,	 hypotension,	 and	 eventually
multiorgan	failure	and	disseminated	intravascular	coagulation	(DIC).53

Clinical	Features
Mild	 cases	 may	 manifest	 as	 a	 viral	 syndrome	 with	 fever,	 headache,	 nausea,
vomiting,	 and	 arthralgias,	whereas	 in	 fulminant	 cases,	 patients	 are	 severely	 ill
with	high	fever,	hypotension,	and	a	hemorrhagic	rash.	Half	of	the	cases	will	have
meningitis	with	headache,	 stiff	 neck,	 and	photophobia.	Cutaneous	 findings	 are
prominent	 in	 as	 many	 as	 60%	 of	 patients	 with	 meningococcemia.	 Skin
involvement	often	begins	with	petechiae	or	purpura	at	points	of	pressure	on	the
trunk	 and	 extremities,	 spreading	 to	 involve	 any	 body	 area.	 Urticarial	 and
maculopapular	 lesions	 may	 also	 be	 observed	 early	 in	 the	 clinical	 course.	 As
meningococcemia	progresses,	large	areas	of	irregular	gunmetal	gray	hemorrhage
and	necrosis	may	develop	because	of	DIC.	Waterhouse-Friderichsen	 syndrome
may	 occur	 in	 10%	 to	 20%	 of	 children	 with	 meningococcemia,	 a	 syndrome
characterized	by	purpura	fulminans	(PF)	in	combination	with	multiorgan	failure
and	adrenal	hemorrhage.54

Differential	Diagnosis
The	 differential	 diagnosis	 of	 meningococcemia	 includes	 Rocky	 Mountain
spotted	fever	(RMSF),	leukocytoclastic	vasculitis,	toxic	shock	syndrome	(TSS),
erythema	 multiforme,	 and	 other	 forms	 of	 bacterial	 sepsis.	 Culture	 data	 and
workup	here	can	help	to	distinguish	between	these	disease	entities.

Evaluation
Diagnosis	 is	 usually	 based	 on	 blood	 or	 cerebrospinal	 fluid	 (CSF)	 cultures.	 In
cases	 of	 meningococcal	 meningitis,	 Gram	 staining	 of	 CSF	 is	 up	 to	 90%



sensitive.	Newer	PCR	 tests	 for	meningococcus	 are	 available,	 including	 the	 IS-
1106,	nspA,	and	ctrA	TaqMan	tests.54

Treatment
Prompt	 treatment	 is	critical	given	that	meningococcal	sepsis	progresses	rapidly
and	has	 a	 case	 fatality	 rate	 of	 up	 to	 40%.	First-line	 empiric	 therapy	 for	 adults
aged	 18	 to	 50	 is	 a	 broad-spectrum	 cephalosporin,	 such	 as	 ceftriaxone	 (2	 g	 IV
every	12	h).	 In	adults	over	50	years	of	 age,	 ampicillin	 is	given	concomitantly.
Once	 the	 diagnosis	 of	 meningococcemia	 is	 confirmed,	 patients	 in	 the	 United
States	may	 be	 switched	 to	 penicillin	G	 (4	million	 units	 IV	 every	 4	 hours),	 as
penicillin-resistant	strains	are	not	prevalent.54	 Intensive	supportive	care	with	IV
fluids,	 pressors,	 and	 ventilatory	 support	 is	 usually	 needed.	 The	 prognosis	 for
untreated	 cases	 is	 poor,	 with	 70%	 of	 patients	 dying	 before	 antibiotics	 were
available.

Necrotizing	Fasciitis
NF	 is	 a	 rapidly	 progressive	 infection	 involving	 the	 subcutis	 and	 fascia	 that
typically	occurs	among	the	elderly	as	well	as	 in	patients	with	diabetes,	alcohol
abuse,	 cirrhotic	 liver	 disease,	 chronic	 cardiac	 disease,	 peripheral	 vascular
disease,	 or	 immunosuppression	 including	 cancer,	 organ	 transplant,	 HIV,	 and
neutropenia.55	 However,	 it	 is	 also	 increasing	 in	 frequency	 among	 young,
previously	healthy	individuals.	NF	may	occur	de	novo,	after	surgery	or	injection
therapy,	injection	drug	use,	or	after	penetrating	or	blunt	trauma.56	An	extremity	is
the	 most	 common	 site	 of	 involvement;	 however,	 NF	 can	 present	 in	 other
anatomic	 locations	as	well.	When	NF	originates	 in	 the	scrotum,	 it	 is	known	as
Fournier	gangrene.	Most	cases	result	from	a	polymicrobial	infection.	Pathogens
may	 include	 streptococci,	 S.	 aureus,	 enterococci,	 Escherichia	 coli,
Pseudomonas,	Bacteroides,	 and	Clostridium	 spp.	 Community-acquired	MRSA
has	been	reported	more	recently.57	Invasive	group	A	Streptococcus	is	implicated
among	previously	healthy	patients	and	has	been	reported	among	patients	with	a
history	of	outpatient	liposuction	surgery.58	Other	less	frequent	pathogens	include
P.	 aeruginosa,	 Aeromonas	 hydrophila,	 Vibrio	 vulnificus,	 and	 Haemophilus
influenzae	b.

Clinical	Features
The	skin	in	NF	is	 initially	shiny,	erythematous,	hot,	 tender,	swollen,	and	tense.



Pain	is	out	of	proportion	to	physical	findings.	Within	24	to	36	hours,	skin	color
changes	from	red	to	dusky	gray-blue,	and	bullae	may	develop.	Deeper	soft	tissue
may	 feel	 firm.	 With	 the	 destruction	 of	 cutaneous	 nerves,	 skin	 becomes
anesthetic.	The	area	becomes	gangrenous	by	the	fourth	or	fifth	day,	and	patients
appear	toxic	with	fever,	chills,	tachycardia,	shock,	and	leukocytosis.

NF	 may	 be	 difficult	 to	 differentiate	 from	 cellulitis,	 especially	 early	 in	 the
course	of	disease.	Features	 that	 suggest	NF	 include	 severe	pain	which	may	be
out	of	proportion	to	physical	findings,	anesthesia	of	involved	skin,	rapid	spread,
edema	 and	 bulla	 formation,	 associated	 varicella	 infection,	 signs	 of	 shock,
elevated	 creatine	 phosphokinase	 (CPK)	 level,	 or	 NSAID	 use.	 NSAID	 use	 is
implicated	in	disease	progression	through	attenuation	of	signs	and	symptoms	of
inflammation	which	leads	to	a	delay	of	diagnosis	and	treatment.

Evaluation
MRI	 is	 the	 preferred	 diagnostic	 imaging	 technique	 as	 CT	 changes	 may	 be
minimal	 early	 on.55	 A	 tool	 called	 the	 laboratory	 risk	 indicator	 for	 NF	 uses	 a
scoring	system	based	on	C-reactive	protein,	total	white	cell	count,	hemoglobin,
sodium,	 creatinine,	 and	 glucose	 levels	 to	 help	 distinguish	 between	 necrotizing
soft	 tissue	 infections	 and	 nonnecrotizing	 infections	 and	 was	 noted	 to	 predict
mortality	and	amputation	rates.59

Treatment
Early	fasciotomy	and	immediate	IV	antimicrobial	therapy	based	on	initial	Gram
stain	 are	 crucial.	 Initial	 therapy	 involves	 vancomycin	 or	 linezolid	 plus	 either
piperacillin-tazobactam,	 a	 carbapenem	 or	 both	 ceftriaxone	 and	 metronidazole.
Penicillin	 and	 clindamycin	 should	 be	 used	 for	 the	 treatment	 of	 documented
group	 A	 Streptococcus	 infection.38	 Hyperbaric	 oxygen	 therapy	 for	 anaerobic
gram-negative	 infection	 is	 controversial.	 Supportive	 care	 and	 attention	 to
nutrition	 are	 important	 in	 optimizing	 postoperative	 wound	 healing.	 Even	with
early	 treatment,	 mortality	 may	 be	 between	 9%	 and	 25%.60	 Poor	 prognostic
factors	 include	 older	 age,	 liver	 cirrhosis,	 soft	 tissue	 air,	Aeromonas	 infection,
>10%	 bands,	 bacteremia,	 creatinine	 >2,	 peripheral	 vascular	 disease,	 hospital-
acquired	 infection,	 multifocal	 disease,	 and	 severe	 sepsis	 or	 septic	 shock	 on
admission.61

Rocky	Mountain	Spotted	Fever



RMSF	is	a	 life-threatening	 tick-borne	febrile	 illness	caused	by	 the	 intracellular
pathogen	 Rickettsia	 rickettsii.	 Despite	 its	 name,	 RMSF	 is	 most	 commonly
reported	 in	 the	 Southeast	 to	 Midwest	 states.	 Cases	 occur	 most	 often	 in	 the
summer	months	when	 tick	 exposures	 are	most	 likely.	RMSF	 is	 a	 rare	 disease,
with	 an	 annual	 incidence	 of	 seven	 cases	 per	million,	most	 commonly	 seen	 in
children.	 Case	 fatality	 rates	 range	 from	 0.5%	 to	 2.6%,	 highest	 on	 Native
American	reservations,	in	the	elderly,	and	the	very	young.	Untreated	RMSF	has
a	 mortality	 of	 25%,	 whereas	 patients	 receiving	 appropriate	 treatment	 within
5	days	of	symptom	onset	have	a	mortality	of	5%.62
R.	 rickettsii,	 a	 pleomorphic	 coccobacillary	 obligate	 intracellular	 parasite,	 is

transmitted	to	humans	by	the	American	dog	tick	(Dermacentor	variabilis)	in	the
Eastern	 United	 States	 and	 the	 wood	 tick	 (Dermacentor	 andersoni)	 in	 the
mountainous	west.	R.	rickettsii	infects	vascular	endothelium	and	smooth	muscle
cells	where	it	can	replicate	and	spread	to	other	cells,	causing	vascular	and	tissue
injury.	 Vasculitis	 may	 occur	 in	 the	 gastrointestinal	 (GI)	 tract,	 lungs,	 kidneys,
liver,	 heart,	 brain,	 and	 skin,	 leading	 to	 multiorgan	 failure.	 In	 addition,	 R.
rickettsii	 promotes	 the	 coagulation	 cascade,	 leading	 to	 hypercoagulability	 and
thrombocytopenia.

Clinical	Features
Most	patients	with	RMSF	present	within	14	days	of	a	 tick	bite	with	 fever	and
severe	 headache.	 Rash	 usually	 occurs	 2	 to	 5	 days	 later.	 Roughly	 half	 of	 all
patients	will	present	with	the	classic	triad	of	fever,	rash,	and	headache.	The	rash
of	 RMSF	 is	 initially	 blanching	 pink	 to	 red	macules	 on	 the	wrists	 and	 ankles,
spreading	to	the	palms	and	soles	and	then	to	the	arms,	legs,	and	trunk.	The	face
is	usually	spared.	In	addition	to	fever	and	headache,	patients	frequently	present
with	 abdominal	 pain,	 nausea	 and	 vomiting,	myalgias,	 and	 shortness	 of	 breath.
Respiratory	 failure,	 myocardial	 edema,	 renal	 failure,	 liver	 dysfunction,	 and
altered	mental	status	may	occur.63

Differential	Diagnosis
The	 differential	 diagnosis	 of	 RMSF	 includes	 other	 febrile	 illnesses	 with	 rash,
such	 as	 ehrlichiosis,	 meningococcemia,	 TSS,	 measles,	 drug	 fever,	 idiopathic
thrombocytopenic	purpura,	and	various	viral	syndromes.	In	cases	where	no	rash
occurs,	the	differential	diagnosis	would	include	appendicitis,	gastroenteritis,	and
other	causes	of	acute	abdominal	pain.



Evaluation
Several	diagnostic	tests	are	helpful;	however,	empiric	therapy	should	be	initiated
as	 soon	 as	 RMSF	 is	 suspected.	 The	 indirect	 fluorescent	 antibody	 test	 for	 R.
rickettsi	 is	 94%	 sensitive	 and	 specific	 but	 requires	 7	 to	 14	 days	 to	 become
positive.	Skin	biopsy	shows	a	lymphohistiocytic	vasculitis	with	extravasation	of
red	 blood	 cells	 and	 occasional	 fibrin	 thrombi.	 R.	 rickettsii	 may	 be	 identified
intracellularly	 by	 Giemsa	 staining.	 Nonspecific	 laboratory	 findings	 include
thrombocytopenia	 and	 elevated	 transaminases.	 Of	 note,	 patients	 not
uncommonly	 present	 with	 more	 than	 one	 tick-borne	 illness	 and	 a	 tick-borne
panel	should	be	sent	in	patients	in	whom	tick-borne	disease	is	suspected.

Treatment
Treatment	of	RMSF	is	with	doxycycline	100	mg	twice	daily	(or	3	mg	per	kg	of
body	weight,	whichever	is	higher)	for	at	least	7	days,	given	orally	for	outpatients
and	intravenously	for	hospitalized	patients.	Doxycycline	should	be	used	even	for
children	(at	a	dose	of	4.4	mg/kg/d	divided	into	BID	[twice	a	day]	doses),	as	the
risk	of	tooth	staining	has	been	shown	to	be	quite	low	for	short-term	therapy.	This
regimen	 will	 cover	 other	 tick-borne	 illnesses	 such	 as	 Lyme	 disease	 and
ehrlichiosis.	 Chloramphenicol	 (at	 a	 dose	 of	 50-75	 mg/kg/d	 divided	 into	 four
doses)	 is	 an	 alternative	 choice	 for	 pregnant	 women	 and	 patients	 with
documented	 allergy	 to	 doxycycline	 but	 is	 reportedly	 less	 effective.	 Treatment
should	be	continued	until	the	patient	has	been	afebrile	for	2	to	3	days.64

Staphylococcal	Scalded	Skin	Syndrome
SSSS	 is	 a	 blistering,	 desquamative	 skin	 condition	 caused	 by	 the	 exfoliative
toxins	of	S.	aureus.	Infants	and	young	children	are	the	most	commonly	affected,
likely	because	of	their	immature	immune	and	renal	function,	resulting	in	a	lack
of	antitoxin	antibodies	and	accumulation	of	exfoliative	toxin.	A	few	cases	have
been	 reported	 in	 adults	 and	 are	 generally	 reported	 in	 adult	 patients	 with
underlying	 renal	 impairment	 or	 immunosuppression.65	 Although	 the	 disease	 is
rarely	 fatal	 in	 children,	mortality	 in	 adults,	 even	with	 treatment,	 is	 upward	 of
50%	to	60%,	when	there	are	serious	underlying	medical	conditions.65

Two	 toxins,	 exfoliative	 toxin	 A	 (ETA)	 and	 exfoliative	 toxin	 B,	 have	 been
detected	in	human	disease,	with	the	majority	caused	by	ETA.	These	toxins	bind
to	and	cleave	desmoglein	1,	a	desmosomal	protein	 in	 the	superficial	epidermis
critical	 for	 binding	 between	 keratinocytes.	 Cleavage	 of	 this	 protein	 causes



separation	between	keratinocytes	in	the	upper	layers	of	the	epidermis	and	also	of
the	 superficial	 epidermis	 from	deeper	 layers,	with	 resulting	 fragile	blisters	 and
denuded	skin.65

In	 the	 localized	 form	 of	 SSSS,	 bullous	 impetigo,	 S.	 aureus	 enters	 the	 skin
through	 a	 break	 or	 tear	 and	 introduces	 exfoliative	 toxin	 which	 results	 in	 the
development	of	blisters.	Spread	of	toxin	is	prevented	by	antibodies	to	the	toxin.
In	generalized	SSSS,	the	focus	of	infection	is	at	a	distant	site,	such	as	an	abscess,
pneumonia,	 osteomyelitis,	 or	 endocarditis.	 Frequently,	 however,	 a	 focus	 of
infection	is	not	found.	A	lack	of	protective	antibodies	allows	the	toxin	to	reach
the	epidermis	by	hematogenous	spread	and	causes	widespread	skin	disease.65,66

Clinical	Features
Whereas	 bullous	 impetigo	 has	 no	 associated	 systemic	 symptoms,	 generalized
SSSS	is	associated	with	a	prodrome	of	fever,	malaise,	and	generalized	erythema.
This	is	followed	by	the	formation	of	large	bullae	with	clear	or	purulent	fluid	that
easily	 rupture,	 leaving	 extensive	 areas	 of	 denuded	 skin.	 The	 degree	 of	 skin
involvement	 may	 vary	 from	 focal	 blistering	 to	 entire	 body	 exfoliation.
Significant	 pain	 and	 tenderness,	 hypothermia,	 fluid	 losses,	 secondary	 infection
with	Pseudomonas	and	other	species,	bacteremia,	and	sepsis	may	complicate	the
disease	course.65

Differential	Diagnosis
SSSS	 should	 be	 considered	 for	 any	 presentation	 of	 fever	 and	 diffuse	 skin
erythema.	Although	the	main	differential	diagnosis	 is	TEN,	other	conditions	 to
consider	 include	pemphigus	foliaceus,	scalding	or	chemical	burns,	GVHD,	and
epidermolysis	bullosa.

Evaluation
A	thorough	evaluation	should	include	determination	of	the	degree	of	denudation,
identification	 of	 the	 source	 of	 infection,	 determination	 of	 fluid	 status,	 and	 a
search	for	signs	of	secondary	infection.	Skin	biopsy	is	the	most	useful	diagnostic
test,	as	it	further	distinguishes	between	SSSS	and	TEN.	SSSS	shows	cleavage	in
the	 mid-epidermis	 with	 minimal	 associated	 inflammation.	 In	 TEN,	 cleavage
occurs	 at	 the	 dermoepidermal	 junction	 and	 there	 is	 cellular	 necrosis	 of	 the
epidermis.	TEN	can	also	be	distinguished	clinically	by	the	presence	of	mucosal
involvement,	 a	 finding	 that	 is	 not	 seen	 in	 SSSS.	 Pemphigus	 foliaceus,	 an



autoimmune	blistering	disorder	caused	by	autoantibodies	against	desmoglein	1,
can	 also	 be	 difficult	 to	 distinguish	 both	 clinically	 and	 by	 routine	 histology.65
Direct	 immunofluorescence	will	 demonstrate	 anti-desmoglein	 antibodies	 in	 the
epidermis	of	pemphigus	foliaceus	patients.

Culture	 and	 Gram	 stain	 of	 the	 skin	 and	 focus	 of	 infection	 may	 identify	 S
aureus	but	when	used	alone	do	not	confirm	the	diagnosis	of	SSSS.	ELISA	can
detect	production	of	exotoxin	from	isolated	S	aureus	species	but	should	be	used
as	 confirmation	 of	 SSSS	 only,	 as	 false	 negatives	 can	 easily	 result	 if	 the
pathogenic	 strain	 of	 bacteria	 is	 not	 detected	 on	 culture.	 Blood	 cultures	 are
frequently	positive	in	adults	with	SSSS.65

Treatment
Treatment	 of	 generalized	 SSSS	 is	 with	 IV	 antibiotics	 targeting	 penicillin-
resistant	 S.	 aureus.	 Aminoglycosides	 may	 be	 added	 if	 there	 are	 signs	 of
secondary	infection.	Analgesia,	fluid	resuscitation,	and	wound	care	are	other	key
elements	of	treatment.	Use	of	steroids	is	contraindicated.65	Exfoliation	continues
for	 24	 to	 48	 hours	 after	 institution	 of	 appropriate	 antibiotics.	MRSA	must	 be
considered	for	any	patient	not	responding	to	therapy	after	this	time.

Toxic	Shock	Syndrome
TSS	is	an	acute	febrile	illness	caused	by	toxin-producing	strains	of	S.	aureus.	A
similar	 syndrome	 caused	 by	 Streptococcus	 pyogenes	 has	 also	 been	 described,
known	as	streptococcal	toxic	shock	syndrome	(STSS).67	TSS	was	originally	seen
in	young	women	and	was	associated	with	tampon	use.	Although	it	is	now	seen	in
multiple	settings,	it	is	still	worthwhile	to	be	sure	that	in	menstruating	women,	a
tampon	 has	 not	 been	 left	 in	 place.	 Pathophysiology	 of	 both	 entities	 involves
massive	release	of	cytokines	due	to	bacterial	toxins	acting	as	superantigens.	TSS
has	a	case	fatality	rate	of	less	than	5%,	whereas	mortality	in	STSS	ranges	from
30%	 to	 70%,	 and	 significant	morbidity,	 including	 renal	 failure,	 amputation,	 or
hysterectomy,	may	also	occur.68

Clinical	Features
Both	 TSS	 and	 STSS	 present	 with	 high	 fever,	 headache,	 nausea,	 vomiting,
myalgias,	 and	arthralgias.	Hypotension,	metabolic	 acidosis,	 acute	 renal	 failure,
elevated	 transaminases,	 thrombocytopenia,	 leukocytosis,	DIC,	 cardiomyopathy,
and	 acute	 respiratory	 distress	 syndrome	 (ARDS)	 are	 often	 seen.	Most	 patients



with	TSS	do	not	have	an	obvious	localized	S.	aureus	infection.	In	contrast,	80%
of	patients	with	STSS	have	a	clinically	evident	painful	streptococcal	soft	tissue
infection,	often	NF,	usually	of	an	extremity.68

Skin	 findings	are	especially	prominent	with	TSS,	which	classically	presents
with	generalized	macular	 erythema.	A	 scarlatiniform	 rash	with	accentuation	of
the	flexures	can	also	be	seen.	Erythema	of	the	palms	and	soles,	conjunctivae,	and
mucous	 membranes	 is	 also	 observed.	 The	 patient	 may	 develop	 a	 bright	 red
“strawberry”	 tongue.	 The	 eruption	 is	 followed	 by	 desquamation	 1	 to	 2	weeks
later,	especially	of	the	palms	and	soles.

Differential	Diagnosis
The	differential	diagnosis	includes	RMSF,	meningococcemia,	Kawasaki	disease,
SSSS,	scarlet	fever,	drug	reaction	with	eosinophilia	and	systemic	symptoms,	and
SJS/TEN.

Evaluation
Blood	cultures	are	positive	in	60%	of	cases	of	STSS,	less	often	in	TSS	(<15%).68
Diagnosis	is	on	clinical	grounds	and	requires	four	major	criteria	(fever	>38.9	°C,
erythroderma,	 desquamation	1-2	weeks	 later,	 hypotension,	 and	poor	 peripheral
perfusion)	and	at	least	three	minor	criteria	(vomiting	or	diarrhea;	severe	myalgia
or	 CPK	 twice	 normal;	 hyperemic	 mucous	 membranes;	 elevated	 urea	 or
creatinine;	 elevated	 bilirubin,	 alanine	 transaminase,	 or	 aspartate
aminotransferase;	 platelets	 <100	 ×	 109	 per	 L;	 and	 disorientation	 or	 altered
consciousness).	TSS	also	has	a	specific	T-cell	signature	with	early	depletion	of
the	 V	 β-2	 subset	 followed	 by	 massive	 expansion,	 which	 can	 aid	 in	 early
diagnosis.69	Skin	biopsy	shows	a	neutrophilic	and	eosinophilic	perivascular	and
interstitial	infiltrate	with	scattered	necrotic	keratinocytes.

Treatment
Mainstays	 of	 treatment	 include	 supportive	 care	 (IV	 fluids	 and	 vasopressors),
penicillinase-resistant	 antibiotics,	 and	 IVIG	or	 fresh	 frozen	 plasma	 (FFP).	The
current	 recommendation	 is	 that	 all	 patients	 with	 suspected	 TSS	 and	 STSS	 be
treated	with	empiric	clindamycin	 (900	mg	 IV	every	8	hours)	plus	vancomycin
(15-20	mg/kg/dose	every	8-12	hours)	until	sensitivities	are	known.	In	addition,
prompt	surgical	exploration	and	drainage	of	suspected	deep	 tissue	 infections	 is
critical	in	cases	of	STSS	in	which	NF	may	be	present.



BLISTERING	DISEASES
Pemphigus	 vulgaris,	 paraneoplastic	 pemphigus,	 and	 bullous	 pemphigoid	 (BP)
are	autoimmune	blistering	disorders	characterized	by	autoantibodies	directed	at
cell-cell	 adhesion	 molecules	 or	 components	 of	 the	 basement	 membrane	 zone.
This	 section	 will	 review	 these	 three	 diseases	 in	 depth	 to	 allow	 the	 reader	 to
distinguish	and	manage	each	disease.

Bullous	Pemphigoid
BP	 is	 a	 chronic	 subepidermal	 blistering	disorder	most	 prevalent	 in	 the	 elderly,
with	an	incidence	of	6	to	7	cases	per	million.	BP	often	requires	long-term	use	of
immunosuppressive	agents,	which	can	lead	to	both	morbidity	and	mortality.	BP
is	characterized	as	an	autoimmune	blistering	disease.	The	subepidermal	blisters
in	BP	result	from	autoantibodies	directed	against	 the	hemidesmosomal	proteins
BP180	and	BP230,	located	at	the	epidermal-dermal	junction.	BP	is	thought	to	be
induced	 by	 an	 environmental	 stimulus	 (ie,	 viral	 triggers)	 in	 genetically
predisposed	 individuals.	 Additionally,	 BP	 may	 be	 induced	 by	 certain
medications,	 particularly	 aldosterone	 antagonists,	 DPP-4	 inhibitors,
anticholinergics,	 and	 dopaminergic	medications.70	 BP	 typically	 follows	 a	more
benign	 disease	 course	 and	 can	 classically	 be	 controlled	 more	 easily	 than
pemphigus.

Clinical	Features
BP	 has	 a	 variety	 of	 clinical	manifestations,	 including	 a	 nonbullous	 prodromal
phase	characterized	by	severe	pruritus,	either	alone	or	associated	with	excoriated
eczematous	 or	 urticarial	 lesions.	 The	 bullous	 phase	 is	 characterized	 by	 tense
vesicles	 and	 bullae	 on	 normal	 or	 erythematous	 skin	 (Figure	 69.7).	 Unlike	 in
pemphigus,	 the	 blisters	 in	 BP	 are	 classically	 intact,	 also	 described	 as	 “tense”
rather	 than	 “flaccid”	bulla.	The	 lesions	 are	 frequently	 symmetric	 and	 are	most
commonly	found	in	flexural	areas	on	the	limbs,	the	lower	trunk,	and	abdomen.
The	oral	mucosa	is	involved	in	10%	to	30%	of	patients.71



	

Figure	69.7 	The	bullous	phase	of	bullous	pemphigoid	is	defined
by	 the	 presence	 of	 tense	 vesicles	 and	 bullae.Here	 we	 can	 see	 one
large	 tense	 bulla	 on	 a	 background	 of	 erythema	 as	 well	 as	 several
round	erosions	with	a	collarette	of	scale	indicative	of	prior	bullae.

Differential	Diagnosis
The	 differential	 diagnosis	 includes	 pemphigus	 vulgaris,	 bullous	 lupus
erythematosus,	 dermatitis	 herpetiformis,	 bullous	 erythema	 multiforme,
cicatricial	 pemphigoid,	 linear	 IgA	 dermatosis,	 and	 epidermolysis	 bullosa
acquisita.

Evaluation
Diagnosis	 is	 made	 by	 skin	 biopsy	 from	 the	 edge	 of	 a	 blister,	 which	 shows	 a
subepidermal	 blister	 with	 an	 eosinophil-rich	 dermal	 inflammatory	 infiltrate.
Direct	 immunofluorescence	 of	 perilesional	 skin	 shows	 linear	 deposits	 of
immunoglobulin	 G	 (IgG)	 and/or	 C3	 along	 the	 basement	 membrane	 zone.
Indirect	 immunofluorescence	 will	 detect	 circulating	 autoantibodies	 in	 60%	 to
80%	of	patients.71

Treatment
Treatment	with	 high	 potency	 topical	 corticosteroids	 can	 be	 effective	 for	more
mild	cases	with	fewer	side	effects	than	oral	corticosteroids.72	The	combination	of
nicotinamide	and	minocycline	or	 tetracycline	has	been	successful	 in	small	case



series	and	is	another	consideration	for	more	mild	disease.73	In	a	case	series	from
five	academic	centers,	dupilumab	has	been	shown	to	lead	to	disease	clearance	in
over	90%	of	patients.74	Other	 immunosuppressive	 agents	 such	 as	 azathioprine,
mycophenolate	mofetil,	cyclophosphamide,	and	methotrexate	may	be	added	for
recalcitrant	 cases	 or	 for	 steroid	 sparing	 in	 patients	 with	 long-term	 disease.
Dapsone,	 IVIG,	 plasmapheresis,	 and	 extracorporeal	 photopheresis	 have	 been
reported	 to	 be	 effective,	 and	 rituximab	 has	 shown	 promise	 for	 recalcitrant
disease	in	multiple	case	series.75

Pemphigus	Vulgaris
Pemphigus	vulgaris	is	a	rare	but	potentially	fatal	bullous	disorder	that	affects	the
skin	and	mucous	membranes.	The	worldwide	incidence	is	0.76	to	5	per	million
population.	However,	the	incidence	has	been	reported	to	be	much	higher	in	those
of	 Jewish	 ancestry.45	 Pemphigus	 typically	 affects	 middle-aged	 or	 older
individuals.	 It	 is	 caused	 by	 autoantibodies	 against	 the	 desmosomal	 proteins,
desmoglein	1	and	3,	which	are	 required	 to	maintain	cellular	 adhesion	between
keratinocytes	 in	 the	 epidermis.	 Current	 mortality	 rate	 is	 about	 5%	 to	 15%,
mostly	due	to	complications	from	immunosuppressive	therapy	such	as	sepsis.45

Clinical	Features
The	 presenting	 sign	 of	 pemphigus	 is	 usually	 painful	 oral	 lesions	 that	 occur	 in
virtually	all	patients.	Hoarseness	and	dysphagia	may	be	a	sign	of	pharyngeal	and
esophageal	 involvement,	 respectively.	Mucosal	 and	 laryngeal	 involvement	 can
make	 intubation	 and	 endotracheal	 tube	maintenance	more	 difficult.	 Cutaneous
lesions	develop	in	more	than	half	of	the	patients,	usually	after	the	onset	of	oral
erosions,	 with	 fragile	 vesicles	 or	 bullae	 that	 rupture	 easily	 as	 blistering	 is
confined	to	the	epidermis.	Consequently,	it	is	more	likely	to	encounter	erosions
rather	than	intact	blisters	on	the	skin	of	patients	with	pemphigus.	Blistering	may
be	 induced	 by	 rubbing	 intact,	 normal	 appearing	 skin	 adjacent	 to	 areas	 of
blistering,	 a	 phenomenon	 known	 as	 the	 Nikolsky	 sign.	 Extensive	 loss	 of
epidermal	 barrier	 function	 in	 pemphigus	 may	 be	 complicated	 further	 by
secondary	systemic	bacterial	infection	and	fluid	loss.

Differential	Diagnosis
For	patients	with	only	oral	disease,	the	differential	diagnosis	includes	oral	HSV,
aphthous	 ulcers,	 oral	 lichen	 planus,	 and	 systemic	 lupus	 erythematosus.	 With



cutaneous	 disease,	 further	 consideration	 should	 be	 given	 to	 bullous	 impetigo,
bullous	 drug	 eruptions	 (ie,	 SJS/TEN),	 and	 other	 autoimmune	 blistering
disorders.	Drug-induced	pemphigus	has	been	associated	with	the	use	of	various
medications,	in	particular	penicillamine	and	captopril.45

Evaluation
Diagnosis	of	pemphigus	is	made	by	routine	histology,	which	demonstrates	 loss
of	cell-cell	adhesion	of	keratinocytes	 (acantholysis)	and	 retained	attachment	of
basal	 cells	 to	 the	 basement	 membrane	 along	 the	 dermal-epidermal	 junction.
Immunofluorescence	of	 perilesional	 tissue	 shows	 intercellular	 deposits	 of	 IgG.
Serum	 sent	 for	 indirect	 immunofluorescence	 (IIF)	 assay	 or	 ELISA	 will
demonstrate	circulating	antibodies,	with	titers	typically	correlating	with	disease
activity.45

Treatment
Early	disease	control	in	pemphigus	is	typically	achieved	with	oral	prednisone	at
0.5	 to	 1.5	mg/kg/d	 and	 can	 be	 increased	 to	 2	mg/kg/d	 in	 refractory	 disease.76
Comparison	of	various	steroid-sparing	agents	indicate	that	rituximab	is	the	most
effective	steroid	sparing	agent	leading	this	to	be	widely	regarded	as	the	treatment
of	 choice	 for	 patients	 with	 pemphigus	 vulgaris	 to	 obtain	 disease	 remission.77
Most	 patients	 require	 maintenance	 treatment	 for	 sustained	 remission.	 Prior	 to
treatment	with	systemic	immunomodulators,	most	patients	died	within	5	years	of
disease	 onset	 underscoring	 the	 importance	 of	 systemic	 treatment	 for	 these
patients.

Paraneoplastic	Pemphigus
Paraneoplastic	pemphigus	 is	 a	variant	of	pemphigus	 associated	with	benign	or
malignant	 neoplasms,	 most	 commonly	 non-Hodgkin	 lymphoma,	 chronic
lymphocytic	leukemia,	Castleman	disease,	thymoma,	sarcoma,	and	Waldenström
macroglobulinemia.	 Autoantibodies	 in	 paraneoplastic	 pemphigus	 are	 directed
against	a	variety	of	proteins	including	desmogleins	1	and	3,	BP	antigen	230,	as
well	as	the	plakin	family	of	proteins.78

Clinical	Features
The	disease	usually	presents	with	a	 recalcitrant	 stomatitis	 involving	 the	mouth



and,	 characteristically,	 the	 lips.	Other	mucous	membranes,	 including	 the	 eyes,
genitalia,	nasopharynx,	and	esophagus,	may	be	involved.	Cutaneous	lesions	are
polymorphic	and	may	 resemble	pemphigus	vulgaris,	BP,	 erythema	multiforme,
or	 lichen	planus.	Some	patients	develop	bronchiolitis	obliterans,	which	may	be
fatal	 as	 a	 result	 of	 respiratory	 failure.78	 Two-thirds	 of	 patients	 diagnosed	with
paraneoplastic	pemphigus	have	a	known	underlying	neoplasm.	In	the	other	third,
mucocutaneous	 disease	 precedes	 the	 diagnosis	 of	 an	 associated	 neoplasm,	 and
these	patients	must	be	carefully	 followed	and	screened	 for	possible	underlying
malignancy.

Differential	Diagnosis
The	 differential	 diagnosis	 for	 paraneoplastic	 pemphigus	 includes	 other
autoimmune	blistering	diseases,	SJS/TEN,	and	lichen	planus.	Severe,	intractable
stomatitis	 is	 a	 clue	 for	 differentiating	 paraneoplastic	 pemphigus	 from	 other
bullous	disorders.

Evaluation
The	 mainstay	 of	 diagnosis	 includes	 punch	 biopsy	 of	 lesional	 skin	 as	 well	 as
perilesional	biopsy	for	direct	immunofluorescence	(DIF),	and	serum	for	IIF	and
ELISA.79	Histopathologic	findings	include	suprabasal	acantholysis	with	interface
dermatitis	 and	 dyskeratotic	 cells.80	 DIF	 often	 shows	 intercellular	 and/or
basement	 membrane	 deposition	 of	 IgG	 and	 C3.	 IIF	 shows	 deposition	 in	 rat
bladder	 which	 lacks	 desmogleins	 and	 helps	 distinguish	 paraneoplastic
pemphigus	from	pemphigus	vulgaris.79

The	 detection	 of	 autoantibodies	 against	 envoplakin	 and	 periplakin,	 or	 α2-
macroglobulin-like-1	protein	by	immunoprecipitation,	is	95%	sensitive,	whereas
the	 combination	 of	 rat	 bladder	 IIF	 and	 immunoblotting	 is	 100%	 sensitive	 and
specific.81

Treatment
Disease	 associated	 with	 benign	 neoplasms	 such	 as	 thymoma	 or	 Castleman
disease	 may	 improve	 or	 clear	 completely	 with	 treatment	 of	 the	 underlying
condition,	 but	 the	 course	 of	 disease	 and	 prognosis	 in	 malignancy-associated
paraneoplastic	 pemphigus	 is	 poor.	 The	 primary	 treatment	 is	 systemic
corticosteroids,	 followed	 by	 adding	 a	 steroid	 sparing	 agent	 or	 an	 immune-
modulating	medication.	However,	 the	stomatitis	 is	often	refractory	to	treatment



with	 corticosteroids	 and	 immunosuppressants.78	 Patients	 with	 extensive	 skin
involvement	 who	 present	 with	 erythema	 multiforme–like	 skin	 lesions	 and
histologic	 keratinocyte	 necrosis	 often	 have	 more	 severe	 disease	 which	 can
rapidly	 become	 fatal.	 These	 patients	 must	 be	 managed	 carefully	 with
involvement	of	a	multidisciplinary	team.82

VASCULAR	DISORDERS
Cutaneous	vascular	disorders	are	common	and	may	affect	the	arteries,	veins,	or
lymphatic	 vessels	 of	 the	 skin.83	 In	 this	 section,	we	 cover	 the	 clinical	 features
and	treatment	of	vascular	diseases	that	present	to	the	ICU.

Cutaneous	Small	Vessel	Vasculitis
Vasculitis	is	defined	by	inflammation	of	the	blood	vessel	wall	and	may	involve
any	 sized	 vessel.	 As	 medium	 vessel	 vasculitides	 (polyarteritis	 nodosa,
granulomatosis	 with	 polyangiitis,	 and	 eosinophilic	 granulomatosis	 with
polyangiitis)	are	covered	in	more	depth	in	Chapter	66:	Vasculitis	in	the	Intensive
Care	Unit,	the	present	discussion	will	focus	on	cutaneous	small	vessel	vasculitis
(CSVV).

CSVV	may	 be	 idiopathic	 in	 nature	 or	 secondary	 to	 infections	 (15%–20%),
medications	 (10%–15%),	malignancy	 (2%–5%),	 autoimmune	connective	 tissue
disease,	 or	 other	 inflammatory	 disorders.84	 Commonly	 associated	 infectious
causes	include	chronic	bacteremias,	as	well	as	viral	infections	such	as	hepatitis	B
and	C	or	HIV.85	Implicated	medications	include	antibiotics	(especially	β	lactams
and	 sulfonamides),	 allopurinol,	 and	 phenytoin.85	 Treatment-resistant	 vasculitis
has	 been	 known	 to	 be	 associated	with	malignancy.85	Among	 connective	 tissue
diseases,	systemic	lupus	erythematosus	(SLE),	rheumatoid	arthritis	and	Sjogren
syndrome	are	commonly	complicated	by	cutaneous	vasculitis.86	The	underlying
etiology	may	remain	unidentified	in	up	to	50%	of	patients.84

Clinical	Features
The	morphological	hallmark	of	CSVV	is	palpable	purpura.	Red	to	purple,	non-
blanching	macules	and	papules	are	concentrated	over	dependent	areas	of	the	skin
such	as	the	ankles	and	lower	legs	(Figure	69.8),	or	over	pressure	areas	such	as
the	 buttocks.	 There	may	 be	 significant	 associated	 edema.	Other	morphologies
include	urticarial	lesions,	which,	unlike	hives,	last	more	than	24	hours.	Patients



may	 be	 asymptomatic	 or	 have	 burning,	 pruritus,	 or	 pain	 and	 associated
constitutional	symptoms	and	arthralgias.	Cutaneous	lesions	usually	occur	within
7	to	10	days	of	exposure	 to	a	drug	or	 infectious	 trigger	and	6	months	after	 the
onset	of	an	underlying	medical	condition,	though	this	is	variable.	Of	note,	CSVV
may	 be	 limited	 to	 the	 skin,	 or	 there	 may	 be	 multiorgan	 involvement	 most
commonly	involving	the	kidneys,	the	GI	tract,	and/or	the	joints.

	

Figure	69.8 	Cutaneous	small	vessel	vasculitis	is	characterized	by
red-to-purple	 nonblanching	 macules	 and	 papules.Prominent
involvement	of	dependent	areas	of	the	skin	(ie,	ankles	and	lower	legs)
is	classic.

Evaluation
Although	most	cases	of	CSVV	affect	only	the	skin,	further	consideration	should
be	 given	 to	 rule	 out	 systemic	 involvement.	 IgA-mediated	 CSVV	 may	 have
associated	 abdominal	 pain,	GI	 bleeding,	 arthritis,	 and	 glomerulonephritis.	 The
initial	workup	of	CSVV	without	an	obvious	cause	includes	complete	blood	count
(CBC);	basic	metabolic	panel;	urinalysis;	LTFs;	hepatitis	serologies;	an	HIV	test;
antistreptolysin	O,	anti-nuclear	antibody	(ANA),	and	rheumatoid	factor	 titers87;



and	stool	hemoccult	blood	 testing.	Further	evaluation,	 treatment,	and	specialist
referral	are	guided	by	laboratory	findings.

Histopathological	evaluation	is	 important	for	diagnosis	and	early	lesions	are
most	revealing	on	biopsy.	Thus,	timely	consultation	of	the	dermatology	service
is	 important.	 Along	 with	 determining	 the	 size	 of	 vessel	 disease,	 microscopic
evaluation	 distinguishes	 inflammatory	 from	noninflammatory	 vascular	 disease.
Furthermore,	immunofluorescence	studies	of	sampled	tissue	may	help	confirm	a
diagnosis	of	IgA	vasculitis.	Patients	with	IgA	vasculitis	need	ongoing	monitoring
of	 blood	 pressure	 and	 renal	 function	 for	 at	 least	 6	 months	 as	 delayed-onset
kidney	involvement	can	occur.87,88

Differential	Diagnosis
It	 is	 important	 to	 obtain	 a	 biopsy	 to	 differentiate	CSVV	 from	other	 conditions
including	 antineutrophil	 cytoplasmic	 antibody-associated	 vasculitis,	 platelet
deficiency,	 septic	 emboli,	 livedoid	 vasculopathy,	 and	 arthropod	 bites,	 as	 these
diseases	can	 look	clinically	similar.87	The	 finding	of	 leukocytoclastic	vasculitis
with	neutrophilic	infiltrate	of	dermal	blood	vessels	and	disruption	of	vessel	walls
can	suggest	a	diagnosis	of	CSVV	but	are	not	specific.89	Systemic	causes	such	as
infection,	 malignancy,	 and	 connective	 tissue	 disease	 should	 always	 be
considered	when	making	this	diagnosis.

Treatment
Treatment	is	directed	at	the	underlying	etiology	and	preventing	the	progression
of	 inflammation.	 It	 is	 always	 important	 to	 evaluate	 and	 treat	 any	 underlying
cause,	 whether	 it	 is	 infection,	 malignancy,	 or	 a	 drug	 toxicity.	 With	 early
intervention,	 morbidity	 and	 mortality	 from	 vasculitis	 may	 be	 reduced.	 For
disease	 limited	 to	 the	 skin,	 supportive	 care	 with	 rest,	 leg	 elevation,	 topical
steroids,	and	analgesics	is	usually	sufficient.	The	eruption	typically	resolves	over
weeks	with	hyperpigmentation.	 It	 is	 important	 to	monitor	 for	systemic	disease,
even	after	 the	cutaneous	signs	have	 resolved.	NSAIDs,	colchicine,	dapsone,	or
prednisone	 can	 be	 helpful	 for	 patients	 with	 recalcitrant	 or	 progressive	 skin
disease.	 Chronic,	 severe,	 or	 systemic	 disease	may	 require	 immunosuppressive
therapy	with	high-dose	prednisone	1	to	2	mg/kg/d	bridging	to	a	steroid	sparing
agent	 such	 as	 steroid-sparing	 support	 from	 methotrexate,	 cyclosporine,
azathioprine,	cyclophosphamide,	mycophenolate	mofetil,	or	rituximab.86



Purpura	Fulminans
Purpura	fulminans	(PF)	is	characterized	by	extensive	purpura	and	necrosis	of	the
skin	associated	with	 fever,	DIC,	 sepsis,	 and	hypotension.	PF	 is	 seen	mostly	 in
three	clinical	settings:	acute	infections,	inherited	or	acquired	coagulopathies,	and
idiopathic.	 Meningococcemia,	 in	 which	 3%	 of	 cases	 develop	 PF,	 is	 the	 most
commonly	 associated	 infection.	 Varicella	 and	 pneumococcal	 sepsis	 are	 less
frequently	 associated	 with	 PF,	 and	 rare	 or	 isolated	 reports	 also	 include	 H.
influenzae90	 and	 other	 organisms.	 Asplenism	 is	 a	 risk	 factor	 for	 infection
associated	 PF.	 PF	 in	 the	 newborn	 period	 is	 usually	 due	 to	 an	 inherited
coagulopathy	 and	 results	 in	 high	 mortality.	 Idiopathic	 disease	 is	 the	 mildest
variant.91

The	pathophysiology	of	PF	 is	 typically	 the	 result	of	an	 inherited	 (neonatal),
idiopathic	or	acquired	(following	infection),	or	endotoxin-induced	defect	of	 the
anticoagulant,	 protein	 C,	 which	 results	 in	 defective	 hemostasis	 and
overwhelming	procoagulation.92

Clinical	Features
Initially	during	PF,	there	is	pain	and	erythema	of	affected	areas.	Irregular	areas
of	blue-black	or	dusky	discoloration	develop	within	the	center	of	erythematous
patches,	and	lesional	skin	becomes	indurated	(Figure	69.9).	There	is	progression
to	 hemorrhagic	 vesicles	 and	 bullae,	 and	 finally	 to	 tissue	 necrosis.	 Lesions
associated	 with	 infection	 tend	 to	 involve	 distal	 extremities	 first	 and	 spread
proximally,	whereas	idiopathic	and	coagulopathy-associated	disease	may	remain
localized	 to	 the	 lower	 extremities.	 Idiopathic	 PF	 usually	 affects	 only	 the	 skin;
however,	other	forms	may	result	in	widespread	necrosis	with	multiorgan	failure.
Severe	 disease	 complications	 are	 generally	 related	 to	 associated	DIC	 or	 septic
shock	and	may	include	hematuria,	oliguria,	and	respiratory	distress.92



	

Figure	69.9 	A,	Purpura	fulminans	can	be	seen	in	severe	cases	of
meningococcemia,	along	with	several	other	 infections	and	clinically
presents	 as	 purpuric	 macules,	 patches,	 papules,	 and	 plaques	 in	 a
jigsaw	puzzle	configuration.	B,	Necrosis	can	develop	with	time.

Differential	Diagnosis
The	 differential	 diagnosis	 of	 PF	 includes	 IgA	 vasculitis,	 postinfectious
thrombocytopenic	 purpura,	 calciphylaxis,	 and	 warfarin-induced	 skin	 necrosis
(WISN).	The	presence	of	DIC,	clinical	history,	and	extensive	skin	involvement
helps	distinguish	PF	from	other	causes	of	cutaneous	necrosis.91

Evaluation
Early	 recognition	 of	 disease	 and	 identification	 of	 the	 underlying	 trigger	 is
essential	in	this	rapidly	progressive	condition.	Inherited	PF	can	be	confirmed	by
evaluating	levels	of	antithrombin	III,	protein	C,	and	protein	S.	When	infectious
causes	of	PF	are	suspected,	it	is	important	to	evaluate	for	DIC	due	to	the	strong
association	of	these	conditions.92

Treatment
Appropriate	 antimicrobials	 are	 crucial	 for	 infectious	 causes	 of	 PF.	 Supportive
care	 includes	 aggressive	 fluid	 resuscitation,	 electrolyte	 monitoring,	 and
replacement	of	blood	products.	If	deficient,	protein	C	and	antithrombin	III	may
be	 replaced.	 Other	 treatment	 options	 include	 FFP,	 heparin,	 plasmapheresis,
topical	 nitroglycerin	 (for	 local	 vasodilation),	 and	 recombinant	 tissue
plasminogen	 activator.91	 Careful	 wound	 care	 is	 essential	 and	 surgical



consultation	 may	 be	 necessary	 for	 debridement	 and	 grafting	 if	 extensive	 skin
necrosis	exists.

Warfarin-Induced	Skin	Necrosis
WISN	is	 seen	 in	0.01%	 to	0.1%	of	 individuals	on	warfarin,	3	 to	10	days	after
starting	 therapy.	Women	are	affected	 four	 times	more	 frequently	 than	men	and
are	most	often	middle-aged	and	have	comorbid	obesity.93

Although	 the	 pathophysiology	 of	 WISN	 is	 not	 understood	 completely,	 the
generally	 accepted	 mechanism	 involves	 the	 imbalance	 between	 intrinsic
procoagulant	and	anticoagulant	factors	created	early	on	during	warfarin	therapy.
Because	 of	 their	 short	 half-lives,	 anticoagulant	 protein	 C	 and	 factor	 VII	 are
depleted	before	procoagulant	factors	II,	IX,	and	X,	and	this	results	 in	an	initial
hypercoagulability	 that	 is	 thought	 to	 trigger	onset	of	WISN.93	Most	 individuals
on	 warfarin	 do	 not	 experience	 this	 complication;	 therefore,	 additional	 risk
factors	 are	 likely	 required	 to	 induce	 necrosis.	 Protein	 C	 and	 S	 deficiency,
activated	 protein	C	 resistance,	 factor	V	Leiden,	 antithrombin	 III	 deficiency,	 or
prothrombin	 gene	 mutations,	 and	 heparin-induced	 thrombocytopenia	 may	 be
contributory.	Protein	C	deficiency,	 either	 inherited	or	 acquired,	 is	 a	 significant
risk	factor93	and	has	been	implicated	in	more	than	50%	of	cases	of	WISN.	High
loading	doses	of	warfarin	and	inadequate	overlap	with	heparin	therapy	are	also
thought	 to	 increase	 the	 risk	 of	 early	 WISN.	 There	 are	 rare	 reports	 of	 cases
occurring	 up	 to	 years	 after	 the	 onset	 of	 warfarin	 therapy,	 and	 delayed-onset
WISN	may	be	related	 to	poor	compliance	with	warfarin,	courses	of	 interacting
medications,	or	changing	liver	synthetic	function.93

Clinical	Features
Initially,	 patients	 experience	 pressure	 or	 pain	 of	 the	 pending	 areas	 of	 involved
skin.	Poorly	demarcated,	indurated	erythema	then	develops	asymmetrically	over
fatty	 areas	 such	 as	 the	 breast,	 buttock,	 thighs,	 and	 lower	 abdomen.	 Induration
progresses	 over	 24	 to	 72	 hours,	 with	 a	 peau	 d’orange	 surface,	 blue-black
discoloration,	 and	 hemorrhagic	 bullae.	 Localized	 or	 widespread	 full-thickness
skin	necrosis	ensues.

Differential	Diagnosis
Differential	 diagnosis	 of	 WISN	 includes	 antiphospholipid	 antibody	 syndrome
(APS),	 DIC,	 PF,	 calciphylaxis,	 gangrene,	 embolic	 disease,	 cellulitis,	 and



pyoderma	gangrenosum.	Recent	 initiation	of	warfarin	should	raise	suspicion	of
WISN.

Evaluation
Diagnosis	 of	WISN	 is	made	 clinically	 but	 skin	 biopsy	 can	 help	 rule	 out	 other
conditions.	Histology	of	 involved	skin	shows	noninflammatory	 thrombosis	and
fibrin	 deposition	 in	 small	 dermal	 vessels	 with	 necrosis	 of	 the	 dermis	 and
subcutaneous	 fat.93	 Laboratory	 studies	 of	 protein	 C	 and	 S	 can	 be	 helpful	 for
revealing	an	underlying	predisposition.

Treatment
Treatment	 requires	 discontinuation	 of	 warfarin,	 administration	 of	 FFP	 and
vitamin	K	 to	 reverse	 the	 effects	of	warfarin,	 and	anticoagulation	with	heparin.
Small	 lesions	 may	 be	 treated	 conservatively.	 Extensive	 involvement	 may
necessitate	debridement,	grafting,	and	in	extreme	cases,	amputation.	Deep	tissue
necrosis,	secondary	infection,	and	multiorgan	failure	are	more	likely	with	more
widespread	 disease.	 Even	 with	 treatment,	 the	 mortality	 rate	 is	 15%	 within
3	 months	 of	 onset.	 Prior	 episodes	 of	 WISN	 are	 not	 predictive	 of	 future
occurrences.	 In	 most	 patients	 with	 WISN,	 future	 warfarin	 therapy	 may	 be
reinstituted	with	caution,	 avoiding	 loading	doses	 and	overlapping	with	heparin
initially.93

Calciphylaxis
Calciphylaxis,	 or	 calcific	 uremic	 arteriolopathy,	 is	 a	 rare	 but	 serious	 disorder
involving	calcification	of	cutaneous	arteries	and	resultant	tissue	necrosis,	usually
in	the	setting	of	end-stage	renal	disease	(ESRD)	and	dialysis.	Other	risk	factors
include	 hyperparathyroidism,	 obesity,	 white	 race,	 female	 sex,	 liver	 disease,
malignancy,	 hypercoagulability,	 and	 use	 of	 corticosteroids	 or	 vitamin	 D.94	 An
elevated	calcium	phosphate	product	is	not	a	prerequisite	for	calciphylaxis,	nor	is
there	 a	 correlation	 between	 the	 degree	 of	 elevation	 of	 calcium,	 phosphate,	 or
parathyroid	 hormone	 levels	 and	 the	 likelihood	 of	 developing	 calciphylaxis.
Among	patients	with	ESRD,	1%	to	4%	develop	this	disorder.

Clinical	Features
Calciphylaxis	 presents	 with	 intensely	 painful	 indurated	 erythematous	 to



violaceous	papules,	plaques	and	subcutaneous	nodules	often	 in	a	 reticulated	or
livedoid	 pattern	 (Figure	 69.10).	 Skin	 necrosis	 is	 a	 frequent	 complication.	 A
distal,	 proximal,	 or	 mixed	 distribution	 may	 occur,	 with	 distal	 lesions	 on	 the
lower	legs	being	most	common.	Proximal	presentations	involve	the	upper	thighs,
buttocks,	and	lower	abdomen	and	are	associated	with	a	worse	prognosis.95

	

Figure	69.10 	Calciphylaxis	is	characterized	by	violaceous	painful
patches	and	plaques	presenting	in	a	livedoid	pattern.Necrotic	painful
ulcerations	often	develop	at	sites	of	involvement.

Differential	Diagnosis
Differential	diagnosis	of	calciphylaxis	includes	vasculitis,	WISN,	atheroemboli,
PF,	polyarteritis	nodosa,	and	DIC.

Evaluation
A	 deep	 incisional	 skin	 biopsy	 is	 usually	 diagnostic.	 Calcification	 is	 seen
primarily	 in	 the	 medial	 layer	 of	 arterioles	 in	 the	 subcutaneous	 fat,	 associated
with	endovascular	fibrosis,	thrombosis,	and	necrosis	of	the	subcutaneous	fat	and
overlying	 skin.	Vasculitis	 is	 not	 seen.	 Laboratory	 studies	 addressing	 causes	 of
hypercoagulability	 can	 be	 helpful	 as	 can	 plain	 radiographs	 or	 technetium	 99
bone	scans	showing	vascular	calcification.

Treatment
Treatment	 should	 be	 multidisciplinary	 with	 involvement	 of	 nephrology,
dermatology,	wound	care,	pain	control,	and	nutrition.	Most	sources	recommend
normalization	of	calcium	and	phosphorus	levels	using	diet,	binding	agents,	low-
calcium	dialysis,	and	cinacalcet	or	parathyroidectomy	if	hyperparathyroidism	is
present.95	Good	wound	care	and	pain	control	are	important.	Precipitating	factors



such	 as	 IV	 infusions,	 oral	 calcium	 supplements,	 or	 corticosteroids	 should	 be
avoided	 or	 discontinued.	 IV	 sodium	 thiosulfate	 (STS)	 has	 been	 effective	 for
cases	of	both	uremic	and	nonuremic	calciphylaxis	for	treating	cutaneous	lesions.
Recent	guidelines	recommend	a	trial	of	STS	for	3	to	4	weeks	in	all	calciphylaxis
patients	with	monitoring	for	metabolic	acidosis	or	other	side	effects.95	Although
the	 reported	 mortality	 of	 calciphylaxis	 is	 high,	 at	 60%	 to	 80%,	 it	 may	 be
decreasing	over	time	with	use	of	more	successful	therapies.96

Cryoglobulinemia
Cryoglobulinemia	 (CG)	 is	 characterized	 by	 precipitation	 of	 immunoglobulins
from	 serum	 in	 cold	 temperatures.	 There	 are	 three	 subtypes.	 Type	 I	 CG
constitutes	 5%	 to	 25%	 of	 cases	 and	 presents	 with	 monoclonal
immunoglobulinemia	 associated	 with	 underlying	 B-cell	 lymphoproliferative
disorders	such	as	multiple	myeloma	or	Waldenström	macroglobulinemia.	Types
II	and	III	CG	are	mixed	CGs	seen	with	 infectious	and	 inflammatory	disorders,
most	 often	 connective	 tissue	 disorders,	 lymphoproliferative	 disorders,	 and
chronic	 viral	 infections.	These	 underlying	 conditions	 are	 thought	 to	 trigger	B-
cell	hyperactivation,	which	promotes	production	of	cryoglobulins.

Clinical	Features
CG	 typically	 manifests	 on	 the	 skin	 with	 features	 of	 cutaneous	 vasculitis
including	 palpable	 purpura	 and	 distal	 ulcerations.	 Meltzer	 triad	 of	 palpable
purpura,	 arthralgia,	 and	myalgia	may	 be	 apparent	 in	 25%	 to	 30%	 of	 patients.
Other	findings	include	fatigue	and	neuropathy	(70%–80%).	The	kidneys	may	be
affected	 in	 any	 of	 the	 three	 forms.	 Bone	 marrow	 may	 be	 involved	 in	 type	 I
disease,	whereas	the	peripheral	nervous	system	may	be	affected	in	types	II	and
III.

Type	 I	 disease	 is	 notable	 for	 more	 frequent	 and	 severe	 attacks	 related	 to
hyperviscosity	 and	may	manifest	 on	 the	 skin	 as	 livedo	 reticularis	 or	 Raynaud
phenomenon.	 Vascular	 occlusion	 rather	 than	 immune	 complex	 deposition
predominates,	 as	 these	 cryoglobulins	 have	 a	 decreased	 ability	 to	 activate	 the
complement	 cascade.	 Further	 cutaneous	 consequences	 include	 digital	 ischemia
and	purpura.97

Differential	Diagnosis
The	 differential	 includes	 cholesterol	 emboli,	 DIC,	 and	 Waldenström



macroglobulinemia.

Evaluation
Diagnosis	 is	 based	 on	 clinical	 signs	 and	 symptoms	 and	 elevated	 serum
cryoglobulin	levels.	Blood	samples	should	be	collected	in	prewarmed	vials	and
maintained	at	37	°C	to	prevent	precipitation	of	cryoglobulins.	Although	involved
skin	 biopsy	 characteristically	 shows	 noninflammatory	 occlusion	 of	 dermal
vessels	 by	 immunoglobulin	 precipitates,	 leukocytoclastic	 vasculitis	 may	 be
apparent	in	up	to	50%	of	cases.

Treatment
Treatment	of	mild	disease	is	supportive	and	otherwise	focused	on	any	underlying
disease	 process.	 For	 more	 severe	 disease,	 options	 include	 immunosuppressive
agents,	plasmapheresis,	rituximab	plus	systemic	corticosteroids,	and	radiation	or
chemotherapy	to	treat	any	associated	hematologic	malignancy.

Embolic	Diseases
Embolization	of	cholesterol	or	atheromatous	material,	fat,	or	tumor	may	result	in
striking	systemic	and	cutaneous	findings.	Cholesterol	embolization	is	typically	a
result	of	 interventional	vascular	procedures	such	as	 left	heart	catheterization	or
angiograms,	and	can	also	be	associated	with	cardiac	surgery,	thrombolysis,	and
aortic	 dissection.	 Less	 frequently,	 patients	 with	 severe	 and	 extensive
atherosclerotic	 disease	 may	 experience	 spontaneous	 embolization,	 or	 emboli
triggered	 by	 coughing	 or	 straining.	 Showers	 of	 cholesterol	 and	 atherosclerotic
material	travel	distally	and	lodge	in	small	arteries	of	the	central	nervous	system,
lungs,	GI	tract,	kidneys,	and	skin.

Clinical	Features
Presenting	 signs	 and	 symptoms	 of	 embolic	 disease	 include	 mental	 status
changes,	 pulmonary	 edema,	 heme-positive	 stools,	 and	 acute	 renal	 failure.
Cutaneous	findings	are	striking	when	apparent	and	 include	 livedo	reticularis,	a
coarse	netlike	pattern	of	violaceous	 erythema	evident	on	 the	 lower	 extremities
and	 abdomen.	 The	 erythema	 may	 be	 more	 prominent	 when	 the	 patient	 is
standing	compared	to	 the	supine	position.	Tender	blue	discoloration,	petechiae,
ecchymosis,	ulceration,	and	gangrene	of	the	feet	and	toes	may	eventuate	(Figure



69.11).	 Pedal	 pulses	 are	 generally	 intact,	 but	 bruits	 may	 be	 audible	 over	 the
femoral	artery	and	abdominal	aorta.	Calf	tenderness	is	variable.	Similar	findings
on	 the	 arm	 and	 hands	 may	 result	 from	 aortic	 embolization	 to	 the	 upper
extremities.98

	

Figure	 69.11 	 Cholesterol	 emboli	 result	 in	 reticulate	 violaceous
erythema	commonly	on	the	lower	extremities.

Fat	 embolization,	 seen	most	 commonly	 after	 fractures	 of	 the	 long	 bones	 or
following	surgical	procedures,	is	a	less	common	source	of	embolic	disease	that
presents	 with	 the	 classic	 triad	 of	 pulmonary,	 neurologic,	 and	 cutaneous
symptoms.	 It	 has	 rarely	 been	 reported	 following	 liposuction.	 Petechiae
distributed	 on	 the	 upper	 body	 (head,	 neck,	 chest,	 and	 subconjunctiva)	 are
thought	to	be	pathognomonic	and	are	seen	about	50%	of	the	time.99

Differential	Diagnosis
The	 differential	 diagnosis	 includes	 thrombotic	 thrombocytopenic	 purpura,
idiopathic	thrombocytopenic	purpura,	DIC,	and	IgA	vasculitis.

Evaluation
The	 diagnosis	 of	 emboli	 should	 be	 highly	 suspected	 in	 any	 patient	 with
characteristic	skin	findings,	acute-onset	end-organ	failure,	and	a	recent	invasive
vascular	procedure.	Biopsy	of	the	affected	organ	will	show	occlusion	of	vessels
with	 needle-shaped	 clefts	 representing	 cholesterol	 crystals.	 Skin	 is	 the	 most
accessible	 and	 easiest	 tissue	 to	 sample.	 Atrial	 myxoma	 may	 be	 evident	 on
echocardiogram,	and	sampling	of	affected	skin	will	demonstrate	 the	embolized



myxomatous	 material.	 Laboratory	 parameters	 such	 as	 blood	 urea	 nitrogen,
creatinine,	CBC	and	erythrocyte	sedimentation	rate,	presence	of	hematuria,	and
heme-positive	stools	will	be	reflective	of	the	organs	involved.

Treatment
Treatments	 include	 surgical	 removal	 or	 bypass	 of	 emboli,	 amputation	 of
gangrenous	digits,	and	anticoagulation	if	disease	is	not	thrombolytic-induced.100

AUTOIMMUNE	SKIN	DISEASE
There	are	multiple	autoimmune	diseases	that	affect	the	skin.	In	this	section,	we
cover	APS,	systemic	lupus	erythematosus,	and	dermatomyositis.

Antiphospholipid	Antibody	Syndrome
APS	 is	 characterized	 by	 a	 hypercoagulable	 state	 with	 venous	 or	 arterial
thrombosis,	 recurrent	 fetal	 loss,	 thrombocytopenia,	 and	 elevated	 titers	 of	 the
antiphospholipid	antibodies	(anticardiolipin	antibodies,	lupus	anticoagulant,	anti-
β-2	 glycoprotein	 I	 antibodies).	 Up	 to	 2%	 of	 the	 normal	 population	 exhibits
detectable	titers	of	these	antibodies	and	0.2%	have	elevated	titers.	APS	may	be
primary,	or	 it	may	be	seen	in	conjunction	with	SLE,	malignancy,	drug	toxicity,
infection,	or	hematologic	disease.101,102

Clinical	Features
3 	Cutaneous	manifestations	in	APS,	although	highly	variable,	are	common	and
often	 the	presenting	 sign	of	 disease.	Recognition	of	 these	 findings	 is	 therefore
essential	 for	early	diagnosis	and	prompt	evaluation	for	more	extensive	disease.
Skin	lesions	are	thought	to	be	a	direct	result	of	arterial	or	venous	occlusion	and
subsequent	 ischemia.	The	most	 common	 finding	 is	 livedo	 reticularis	 or	 livedo
racemosa,	 seen	 in	up	 to	40%	of	patients,	 and	up	 to	70%	of	patients	with	APS
who	have	systemic	lupus.103	Other	associated	findings	include	cyanotic	macules,
ecchymosis	and	purpura,	ulcerations	of	the	ears,	face,	and	legs,	porcelain-white
scars	(atrophie	blanche)	at	the	ankles,	thrombophlebitis,	Raynaud	phenomenon,
digital	 ischemia,	 and	 gangrene.	 Any	 major	 organ	 system	 can	 be	 affected	 by
thrombosis.101,102	A	highly	morbid	variant,	catastrophic	APS,	is	characterized	by
thrombosis	of	multiple	organs	developing	over	a	short	period	of	time.



Differential	Diagnosis
The	differential	diagnosis	of	APS	includes	other	disorders	with	associated	livedo
reticularis	 and	 cutaneous	 necrosis	 including	 vasculitis,	 WISN,	 cholesterol
emboli,	 and	 cryoglobulinemia.	 Similar	 to	 other	 vaso-occlusive	 disorders,	 APS
shows	bland	thrombosis	of	small	dermal	vessels.

Evaluation
APS	 is	 distinguished	 from	other	 noninflammatory	 vaso-occlusive	 disorders	 by
the	presence	of	 elevated	antiphospholipid	 antibody	 titers.	Anticardiolipin,	 anti-
beta2-GPI,	and	lupus	anticoagulant	 testing	are	all	used	for	diagnosis.	Although
antiphospholipid	testing	is	recommended	shortly	after	clinical	symptoms	arise,	it
should	be	noted	that	the	presence	of	a	large	thrombosis	may	affect	accuracy	and
warrant	 retesting.104	 Although	 cutaneous	 findings	 are	 common,	 they	 are	 not
among	the	diagnostic	criteria	for	APS,	which	require	positive	antibodies	on	two
occasions	at	least	12	weeks	apart	in	addition	to	a	history	of	vascular	thrombosis
or	pregnancy	complications.104

Treatment
Both	 treatment	 and	 prophylaxis	 consist	 of	 anticoagulation.	 Some	 advocate	 the
use	of	aspirin	in	those	without	a	history	of	thrombosis	or	with	superficial	venous
thrombosis	only.	Otherwise,	long-term	warfarin	anticoagulation	with	an	internal
normalized	 ratio	 goal	 of	 3	 to	 4	 is	 recommended.	 Direct	 oral	 anticoagulants
(DOACs)	can	be	considered	for	patients	already	stable	on	a	DOAC	or	with	poor
tolerance	 or	 contraindications	 to	 warfarin.105	 Immunosuppressive	 agents	 and
immunotherapy	 (plasmapheresis,	 IVIG,	 cyclophosphamide)	 may	 help	 reduce
antibody	 levels,	 but	 these	 are	 likely	 to	 rebound	 once	 treatment	 is
discontinued.101,102	 Rituximab	 has	 been	 shown	 to	 be	 effective	 for	 decreasing
cutaneous	ulcerations	and	thrombocytopenia;	however,	it	has	not	been	shown	to
decrease	thrombotic	events.106

Systemic	and	Cutaneous	Lupus	Erythematosus
Lupus	 erythematosus	 may	 involve	 the	 skin	 in	 many	 forms.	 Acute	 cutaneous
lupus	 erythematosus	 (ACLE)	 is	 invariably	 associated	 with	 SLE	 and	 therefore
may	be	the	most	frequently	encountered	variant	of	CLE	seen	in	the	ICU	setting.
When	accounting	for	all	subtypes	of	CLE,	approximately	80%	of	patients	with



SLE	 have	 cutaneous	 manifestations	 that	 are	 helpful	 for	 identifying	 affected
patients.

Clinical	Features
The	pathognomonic	eruption	of	ACLE	is	transient	facial	erythema	involving	the
malar	 cheeks	 and	 the	 bridge	 of	 the	 nose,	 sparing	 the	 nasolabial	 folds.	 The
redness,	which	may	be	accompanied	by	edema,	lasts	between	hours	and	several
weeks	 before	 resolving	 without	 scarring.	 This	 “butterfly”	 rash	 may	 be	 an
indicator	 of	 internal	 disease	 as	 it	 has	 been	 found	 to	 be	 associated	 with	 anti-
dsDNA	antibody	and	lupus	nephritis.107

ACLE	can	also	present	with	erythema	and	poikiloderma	(hyperpigmentation,
hypopigmentation,	telangiectasia,	and	atrophy)	over	other	sun-exposed	surfaces
such	as	the	V	neck	area	of	the	chest,	the	upper	back,	arms,	and	dorsal	hands.	On
the	 hands,	 erythema	 characteristically	 spares	 the	 knuckles.	 Tense	 bullae,	 also
triggered	or	worsened	by	sun	exposure,	may	appear	in	a	similar	distribution	for
patients	 with	 bullous	 variants	 of	 disease.	 Mucous	 membrane	 lesions	 occur	 in
20%	to	30%	of	patients	with	SLE.	Petechiae	or	shallow	ulcerations	may	be	noted
on	 the	 hard	 palate	 and	 may	 accompany	malar	 erythema.	 Gingival,	 nasal,	 and
vaginal	ulcerations	may	also	be	seen.	Scalp	hair	shedding	occurs	diffusely	and	is
not	associated	with	scarring.	Fragile	hairs	on	the	periphery	of	the	scalp	break	and
appear	short.	Patients	with	SLE	are	also	more	 likely	 to	have	alopecia	areata,107
which	typically	manifests	as	oval	patches	of	scalp	alopecia.

Beyond	 the	 cutaneous	manifestations	of	ACLE,	patients	with	SLE	can	 also
develop	 subacute	 or	 chronic	 variants	 of	 CLE.	 Subacute	 cutaneous	 lupus
erythematosus	 presents	 as	 erythematous	 to	 violaceous	 annular	 plaques,	 often
with	 trailing	 scale	 in	 photodistributed	 locations.	 This	 variant	 of	 CLE	 is	 most
commonly	associated	with	anti-Ro	antibodies	and	can	be	induced	by	a	number
of	medications	in	patients	with	or	without	a	history	of	known	SLE.108	The	most
common	 chronic	 variant	 of	 CLE,	 discoid	 lupus	 erythematosus,	 is	 most
frequently	seen	on	the	face,	neck,	conchal	bowls,	and	scalp	of	some	patients	with
SLE	and	is	associated	with	violaceous	patches	and	plaques	with	central	atrophic
scarring,	follicular	plugging,	and	dyspigmentation	(Figure	69.12).	Given	the	risk
for	long-term	scarring	and	dyspigmentation,	prompt	recognition	and	treatment	of
this	variant	of	CLE	is	crucial.



	

Figure	69.12 	The	potential	cutaneous	manifestations	of	lupus	are
numerous	 and	 varied.Discoid	 lupus,	 a	 variant	 of	 chronic	 cutaneous
lupus	 erythematosus,	 is	 characterized	 by	 violaceous	 plaques	with	 a
predisposition	 for	 the	 head,	 neck,	 scalp	 and	 conchal	 bowl.
Importantly,	these	plaques	can	result	in	permanent	scarring	alopecia,
dyspigmentation,	and	atrophic	scar.	Prompt	recognition	and	treatment
are	crucial	to	prevent	permanent	damage.

Differential	Diagnosis
Other	 connective	 tissue	 diseases	 should	 be	 considered	 in	 the	 differential
diagnosis	of	 the	acute	 lupus	syndrome.	The	malar	 rash	of	 lupus	erythematosus
may	 be	 difficult	 to	 differentiate	 from	 rosacea,	 dermatomyositis,	 drug-induced
photosensitivity,	 and	 sunburn.	 Sparing	 of	 the	 nasolabial	 fold	 in	 the	malar	 rash
helps	 to	differentiate	 lupus	 from	these	other	entities.	More	diffuse	eruptions	of
ACLE	 can	 mimic	 drug	 eruptions	 or	 viral	 exanthems	 and	 CLE	 should	 be
considered	on	the	differential	for	any	full	body	eruption	in	patients	with	known



SLE.

Evaluation
The	European	League	Against	Rheumatism	(EULAR),	the	American	College	of
Rheumatology	 (ACR),	 and	 the	 Systemic	 Lupus	 Erythematosus	 International
Collaborating	Clinics	 (SLICC)	 all	 published	 recent	 diagnostic	 criteria	 for	 SLE
(Table	69.3).109,110	Routine	 laboratory	 testing	 for	 SLE	 include	 urinalysis,	CBC,
and	ANA	followed	by	anti-dsDNA,	anti-Sm,	anti-Ro,	anti-La,	and	complement.
Skin	 biopsy	 and	 lupus	 band	 testing	 are	 not	 generally	 necessary	 but	 can	 be
helpful	when	diagnosis	is	uncertain.

TABLE	69.3

Comparison	of	the	2019	European	League	Against
Rheumatism	(EULAR)/American	College	of	Rheumatology
(ACR)	With	the	Systemic	Lupus	Erythematosus
International	Collaborating	Clinics	(SLICC)	Diagnostic
Criteria	for	Systemic	Lupus	Erythematosus.

Guideline EULAR/ACR SLICC

Requirements
for	diagnosis

ANA	≥1:80
Fulfillment	of	at
least	one	clinical
criterion	and	total
score	of	≥10
points

Fulfillment	of	≥4	criteria	with	at
least	one	clinical	and	one
immunologic	criterion

OR

Lupus	nephritis	as	the	sole
clinical	criterion	along	with	ANA
or	anti-dsDNA	antibodies

Clinical
criteria

Count	highest	valued
criteria	from	each
domainOnly	count	if
SLE	is	the	most	likely
cause	
Constitutional

Acute	cutaneous	lupus
Chronic	cutaneous	lupus
Oral	ulcers:	palate
Nonscarring	alopecia
Synovitis	involving	two	or	more



Fever—2	points
Hematologic
Leukopenia—3
points
Thrombocytopenia
—4	points
Autoimmune
hemolysis—4
points

Neuropsychiatric
Delirium—2
points
Psychosis—3
points
Seizure—5	points

Mucocutaneous
Nonscarring
alopecia—2	points
Oral	ulcers—2
points
Subacute
cutaneous	lupus
erythematosus	OR
discoid	lupus
erythematosus—4
points
Acute	cutaneous
lupus—6	points

Serosal
Pleural	or
pericardial
effusion—5	points
Acute	pericarditis
—6	points

Musculoskeletal
Joint	involvement
—6	points

Renal
Proteinuria—4

joints,	characterized	by	swelling
or	effusion	OR	tenderness	in	two
or	more	joints	and	30	minutes	or
more	of	morning	stiffness
Serositis
Renal	criteria
Neurologic	criteria110
Hemolytic	anemia
Leukopenia
Thrombocytopenia



points
Renal	biopsy	class
II	or	V	lupus
nephritis—8
points
Renal	biopsy	class
III	or	IV	lupus
nephritis—10
points

Immunological
criteria

Antiphopholipid
Antibodies

Anti-cardiolipin
antibodies	OR
anti-	β2GP1
antibodies	OR
lupus
anticoagulant—2
points

Complement
Proteins
Low	C3	or	low	C4
—3	points
Low	C3	AND	low
C4—4	points

SLE-Specific
Antibodies
Anti-dsDNA
antibody	OR	Anti-
Smith	antibody—6
points

ANA	above	laboratory	reference
range
Anti-dsDNA	above	laboratory
reference	range
Anti-Sm
Antiphospholipid	antibody
Low	complement
Direct	Coombs	test	in	the	absence
of	hemolytic	anemia

ANA,	anti-nuclear	antibody;	ds,	double-stranded.

Treatment
Treatment	 depends	 on	 the	 particular	 cutaneous	 manifestations.	 Strict	 sun
protection	 along	 with	 antimalarial	 agents	 is	 the	 mainstay	 of	 treatment	 for



cutaneous	 lupus	 erythematosus.	 Other	 treatments	 include	 methotrexate,
mycophenolate	 mofetil,	 topical	 corticosteroids,	 and	 calcineurin	 inhibitors.
Antimalarial	 agents	 with	 or	 without	 corticosteroids	 or	 steroid-sparing
immunosuppressants	may	be	required	for	systemic	or	severe	skin	disease.111

Dermatomyositis
Dermatomyositis	 is	 a	 rare,	 multisystem	 autoimmune	 disease.	 Classic
dermatomyositis	 is	 characterized	 by	 proximal	 muscle	 myositis	 with
characteristic	 skin	 findings.	 Amyopathic	 dermatomyositis	 is	 seen	 not
infrequently	 and	 spares	 the	 muscles.	 It	 has	 a	 bimodal	 age	 distribution	 and	 is
more	 common	 in	 female	 and	 black	 patients.	 It	 has	 been	 found	 to	 be
paraneoplastic	in	approximately	20%	of	cases.112	Dermatomyositis	may	rarely	be
drug	induced,	with	hydroxyurea	being	the	most	common	culprit.113

Clinical	Features
The	 hands	 demonstrate	 the	 pathognomonic	 findings	 seen	 in	 dermatomyositis,
namely,	 dystrophic	 cuticles,	 dilated	 nailfold	 capillaries,	 and	 erythematous-to-
violaceous	papules	over	the	knuckles,	also	known	as	“Gottron	Papules”	(Figure
69.13).	 Other	 classic	 cutaneous	 findings	 in	 dermatomyositis	 include
erythematous	or	violaceous	patches	over	the	elbows	and/or	knees	(Gottron	sign),
erythema	 or	 poikiloderma	 over	 the	 V-neck	 area	 and/or	 over	 the	 upper	 back
(shawl	sign),	midfacial	erythema,	and	edema	and	violaceous	erythema	over	the
upper	eyelids	(helioptrope	rash).	The	eruption	of	dermatomyositis	is	exquisitely
photosensitive	and	pruritus	or	a	burning	sensation	is	commonly	described.

	



Figure	69.13 	The	hands	can	be	a	crucial	anatomic	site	to	help	in
the	 diagnosis	 of	 dermatomyositis.In	 this	 patient	we	 can	 see	marked
cuticular	 dystrophy,	 periungual	 erythema,	 and	Gottron	 papules	 over
the	patient’s	MCP	joints.	MCP,	metacarpophalangeal.

Patients	with	muscle	 involvement	 classically	 endorse	 a	 history	 of	 proximal
muscle	 weakness.	 Dysphagia	 and	 dysphonia	 can	 be	 seen	 in	 severe	 muscle
disease	 and	 is	 a	 poor	 prognostic	 indicator	 that	 should	 prompt	 rapid	 and
aggressive	 treatment.	 Cutaneous	 disease	 usually	 precedes	myositis	 by	months;
therefore,	 patients	 who	 present	 with	 skin	 disease	 alone	 are	 labeled	 as
provisionally	amyopathic	until	2	years	after	diagnosis.	Interstitial	lung	disease	is
seen	 in	 some	 patients	 and	 much	 more	 frequently	 in	 patients	 with	 certain
autoantibodies	 (ie,	 anti-MDA-5	 dermatomyositis	 and	 patients	 with	 anti-
synthetase	syndrome).	Patients	with	anti-MDA-5	disease	can	often	be	diagnosed
based	 on	 their	 pathognomonic	 cutaneous	 findings	 including	 ulcerations	 on	 the
dorsal	hands	and	painful	erythematous	palmar	papules,	and	these	patients	should
be	monitored	extremely	closely	for	pulmonary	involvement	which	can	be	rapidly
progressive	and	often	fatal.

Differential	Diagnosis
The	 midfacial	 erythema	 of	 dermatomyositis	 can	 be	 confused	 at	 times	 for	 the
malar	 rash	 of	 SLE.	 However,	 the	 midfacial	 erythema	 of	 dermatomyositis
classically	 involves,	 rather	 than	spares,	 the	nasolabial	 fold.	Some	patients	with
dermatomyositis	 are	 initially	 misdiagnosed	 with	 atopic	 dermatitis	 or	 lupus;
however,	 the	 characteristic	 distribution	 of	 skin	 lesions	 should	 help	 to
differentiate	 dermatomyositis	 from	 these	 other	 eruptions.	 Importantly,	 skin
biopsies	 of	 dermatomyositis	 and	 lupus	 are	 nearly	 identical	 and	 thus	 a	 biopsy
should	not	be	used	to	differentiate	between	these	two	entities.

Evaluation
Skin	 biopsy	 may	 be	 helpful	 for	 diagnosing	 dermatomyositis;	 however,	 the
diagnosis	 of	 dermatomyositis	 can	 be	 made	 by	 clinical	 findings	 alone	 when
patients	 present	 with	 characteristic	 skin	 disease.	 When	 a	 biopsy	 is	 taken,
histology	 shows	 a	 vacuolar	 interface	 dermatitis	 with	 mucin	 deposition	 in	 the
dermis.	Muscle	enzymes	including	creatinine	kinase,	lactate	dehydrogenase,	and
aldolase	 should	 be	 sent	 on	 all	 patients.	 Increasingly,	 bilateral	 thigh	MRIs	 are
being	 used	 to	 help	 diagnose	 muscle	 disease	 when	 the	 clinical	 and	 laboratory



picture	 is	 unclear.	 Pulmonary	 function	 tests	 should	 be	 ordered	 on	 all	 patients,
and	 providers	 should	 maintain	 a	 high	 index	 of	 suspicion	 for	 interstitial	 lung
disease	in	patients	with	known	anti-MDA-5	or	anti-Jo-1	antibodies.	Of	note,	all
patients	should	be	surveyed	for	an	occult	malignancy,	which	is	associated	with
dermatomyositis	in	20%	to	40%	of	adult	cases.

Treatment
Aggressive	 treatment	 at	 an	 early	 stage	 allows	 for	 better	 disease	 control	 with
lower	 immunosuppression.	 Early	 treatment	 also	 reduces	 the	 potential	 for	 the
development	of	disfiguring	calcium	deposition	in	the	skin	and	muscle.	Patients
with	 very	mild	 skin	 disease	 can	 be	 started	 on	 treatment	 with	 topical	 steroids,
topical	 calcineurin	 inhibitors,	 and	 photoprotection.	 However,	 the	 majority	 of
patients	will	require	systemic	treatment	to	gain	control	of	their	disease.

Methotrexate	and	mycophenolate	mofetil	are	considered	first-line	agents	 for
both	 skin	 and	 muscle	 disease.	 Systemic	 steroids	 (0.5-1.5	 mg/kg/d)	 are	 often
added	 and	 tapered	 over	 several	 months	 for	 patients	 with	 muscle	 disease.
Hydroxychloroquine	can	be	used	as	an	adjunctive	agent	but	causes	morbilliform
drug	eruptions	with	increased	frequency	in	patients	with	dermatomyositis.	IVIG,
rituximab,	 and	 JAK	 inhibitors	 can	 be	 considered	 for	 patients	 with	 refractory
disease.114

A	 discussion	 of	 myositis	 and	 systemic	 disease	 associated	 with
dermatomyositis	is	detailed	in	Chapter	66:	Vasculitis	in	the	Intensive	Care	Unit.

SUMMARY
The	 reader	 should	 now	 be	 well	 equipped	 with	 an	 understanding	 of	 the
pathophysiology,	epidemiology,	presentation,	differential	diagnosis,	workup,	and
management	of	the	dermatologic	diseases	that	present	in	an	ICU	setting.
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MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	66-year-old	man	presents	complaining	of	a	mildly	tender,	erythematous,
and	shiny	rash	on	his	left	interior	thigh	and	groin	for	the	past	3	days.	He	has	a
history	of	cirrhotic	liver	disease,	alcohol	use	disorder,	diabetes	and	chronic	back
pain	for	which	he	takes	NSAIDs	daily.	The	patient	has	a	history	of	diabetic
ulcers	on	his	feet.	He	has	no	dysuria	or	hematuria.	On	exam,	the	skin	overlying
the	groin	is	slightly	tender,	red	and	feels	firm	to	palpation.	The	patient	is	treated
for	cellulitis.	Two	days	later	the	patient	becomes	febrile	and	hypotensive	and	is
diagnosed	with	necrotizing	fasciitis.	Which	of	the	following	is	this	patient’s	most
significant	risk	factor	for	the	delayed	diagnosis?

A. 	Age
B. 	Cirrhotic	liver	disease
C. 	Diabetes
D. 	NSAID	use

2. 	A	19-year-old	woman	presents	to	the	ED	with	fever,	facial	edema	and	a
diffuse	rash.	Five	weeks	earlier	she	was	started	on	carbamazepine	for	her	seizure
disorder.	On	exam,	the	patient	has	diffuse,	tender	lymphadenopathy.	There	is	a
morbilliform	rash	involving	the	trunk	and	extremities.	The	patient	has	a
hemoglobin	of	11	g/dL,	leukocyte	count	of	16,000/mm3,	and	differential
leukocyte	count	reveals	14%	eosinophils.	Carbamazepine	is	discontinued	and	the
patient’s	condition	improves.	Which	of	the	following	is	the	most	likely	cause	of
mortality	in	patients	with	this	condition?

A. 	Fulminant	hepatitis
B. 	Myocardial	infarction
C. 	Renal	failure
D. 	Thyroid	disease

3. 	An	81-year-old	man	presents	with	painful	oral	ulcers	for	the	past	2	weeks
along	with	dysphagia.	He	also	reports	fatigue	and	shortness	of	breath	for	the	past
month.	His	only	medications	are	acetaminophen	and	cetirizine.	On	exam,	the
patient	appears	slightly	cachectic.	Oral	exam	reveals	severely	tender	erosive
lesions	involving	the	mucus	membranes	and	tongue.	The	patient	has	a	blood
pressure	of	101/80,	heart	rate	of	110,	and	temperature	of	99.6	°F.	Which	of	the
following	is	the	most	appropriate	next	step	in	diagnostic	evaluation?

A. 	Anti-nuclear	antibody	testing



B. 	HIV	and	HZV	testing
C. 	Patch	testing
D. 	Screening	for	malignancy

Answers

1.	The	correct	answer	is	D.
Rationale:	 NSAID	 use	 is	 a	 risk	 factor	 for	 late	 diagnosis	 of	 necrotizing

fasciitis	 (NF)	 because	 it	 is	 thought	 to	 mask	 early	 signs	 of	 inflammation	 and
infection	 (choice	D	 is	 correct).	 Higher	 levels	 of	 suspicion	 should	 be	 given	 to
cellulitis	patients	with	who	 take	NSAIDs.	Cirrhotic	 liver	disease,	diabetes,	and
older	age,	along	with	others	such	as	alcohol	use	disorder,	are	all	risk	factors	for
developing	NF	but	are	not	as	likely	to	lead	to	delayed	diagnosis.

2.	The	correct	answer	is	A.
Rationale:	 This	 patient	 has	 drug	 rash	 with	 eosinophilia	 and	 systemic

symptoms	syndrome	(DRESS),	a	potentially	fatal	drug-induced	hypersensitivity
syndrome	 most	 commonly	 caused	 by	 anticonvulsants.	 DRESS	 classically
presents	with	a	morbilliform	rash,	 fever,	and	facial	swelling	4	 to	6	weeks	after
starting	the	offending	medication.	Monitoring	for	involvement	of	visceral	organs
is	essential	in	these	patients,	with	fulminant	hepatitis	(choice	A	is	correct)	as	the
most	common	cause	of	mortality.	Renal	and	thyroid	involvement	(choices	C	and
D)	can	also	occur	with	DRESS	but	are	less	likely	than	hepatitis	to	be	a	cause	of
death.	Myocardial	infarction	can	occur	as	the	result	of	Kawasaki	disease,	which
is	on	the	clinical	differential	diagnosis.	But	 in	 this	case,	DRESS	is	more	likely
given	the	recent	initiation	of	an	anticonvulsant	(choice	B	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 This	 patient	 presents	 with	 severe	 erosive	 stomatitis	 which	 can

often	be	the	presenting	feature	of	paraneoplastic	pemphigus	(PNP).	One-third	of
patients	with	PNP	have	mucocutaneous	disease	that	precedes	the	diagnosis	of	an
associated	 neoplasm,	 and	 appropriate	 screening	 should	 be	 done	 to	 detect	 an
underlying	malignancy	 (choice	D	 is	correct).	Patients	with	disseminated	zoster
(HZV)	 warrant	 confirmatory	 testing	 and	 assessment	 of	 underlying
immunodeficiency	to	include	HIV	testing,	but	HZV	would	not	cause	erosive	oral
lesions	 (choice	 B	 is	 incorrect).	 Patch	 testing	 can	 be	 useful	 in	 the	 workup	 for
patients	with	contact	dermatitis,	but	severe	stomatitis	as	seen	in	this	case	would
not	be	expected,	and	the	history	is	not	supportive	(choice	C	is	incorrect).	Lastly,



anti-nuclear	 antibodies	 are	 classically	 seen	 in	 connective	 tissue	 diseases	 like
systemic	 lupus	 erythematous,	 but	 are	 not	 characteristic	 of	 PNP	 (choice	 A	 is
incorrect).
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Section	8

INFECTIOUS	DISEASE	PROBLEMS	IN
THE	INTENSIVE	CARE	UNIT
NICOLE	M.	THEODOROPOULOS

Chapter	70
Approach	to	Fever	for	the	ICU	Patient
Raul	E.	Davaro,	Richard	H.	Glew

KEY	POINTS:
1.	 Fever	is	common	among	hospitalized	patients	in	the	intensive	care

unit.
2.	 Hospital-acquired	pneumonia	is	the	most	common	hospital-acquired

infection.
3.	 The	introduction	of	new	technologies	has	changed	the	diagnosis	and

treatment	paradigms	for	infections.
4.	 The	initiation	of	antimicrobial	therapy	with	activity	against	the

causative	pathogen	or	pathogens	is	one	of	the	most	important	facets
of	effective	management	of	life-threatening	infections	causing	sepsis
and	septic	shock.

5.	 The	recent	expansion	of	multi–drug	resistant	and	pan-drug-resistant
pathogens	poses	important	challenges	in	the	treatment	of	infections.

INTRODUCTION
“Humanity	has	but	three	great	enemies:	fever,	famine,	and	war;	of	these	by	far
the	greatest,	by	far	the	most	terrible,	is	fever.”1



—Sir	William	Osler
Osler	 would	 undoubtedly	 be	 gratified	 to	 see	 the	 great	 progress	 in	 preventing
death	from	this	“most	terrible	enemy”	over	the	100	years	since	his	death.

APPROACH	TO	THE	FEBRILE	PATIENT
1 	 The	 incidence	 of	 fever	 among	 critically	 ill	 adults	 depends	 on	 the	 defining
temperature	 threshold	 and	 the	population	 studied.	A	 systematic	 review	of	 nine
observational	studies	in	patients	admitted	to	the	intensive	care	unit	(ICU)	with	an
acute	nonneurological	 condition	 found	 that	 the	 fever	 incidence	varied	between
26%	and	88%.2

In	addition	to	being	common,	fever	has	also	been	shown	to	be	independently
associated	with	mortality	for	patients	admitted	to	the	ICU.3

Pathophysiology
Core	 temperature	 typically	 exhibits	 diurnal	 rhythmicity,	 with	 a	 nadir	 of	 about
36.2	°C	in	the	morning	and	a	peak	of	approximately	37.7	°C	in	the	afternoon.4
Temperature	elevates	to	>39	°C	in	febrile	response	to	infection	or	other	stress.4

The	interaction	of	exogenous	pyrogens	(eg,	micro-organisms)	or	endogenous
pyrogens	(eg,	interleukin	(IL)-1,	IL-6,	and	tumor	necrosis	factor	(TNF))	with	the
organum	vasculosum	of	the	lamina	terminalis	(OVLT)	leads	to	the	production	of
fever.	 Exogenous	 pyrogens	 may	 stimulate	 cytokine	 production	 or	 may	 act
directly	 on	 the	 OVLT.	 In	 contrast,	 hyperthermia	 of	 heat	 illness	 or	 malignant
hyperthermia	 is	an	unregulated	 rise	of	body	 temperature	caused	by	 inability	 to
eliminate	 heat	 adequately	 or	 unregulated	 muscular	 activity.4,5	 Physiologically,
fever	begins	with	 the	production	of	one	or	more	proinflammatory	cytokines	 in
response	to	exogenous	pyrogenic	substances	(such	as	microorganisms	and	toxic
agents)	 or	 immunologic	 mediators.	 IL-1	 was	 the	 first	 purified	 protein	 with
demonstrated	pyrogenic	properties;	subsequently,	other	cytokines	such	as	TNF,
lymphotoxin,	interferons,	and	IL-6	were	also	documented	to	induce	fever.

Measurement
The	 Society	 of	 Critical	 Care	 Medicine	 and	 the	 Infectious	 Disease	 Society	 of
America	 issued	 a	 consensus	 statement	 recommending	 that	 core	 temperature	 of
higher	than	38.3	°C	(101°F)	be	considered	fever.6

In	 the	 ICU,	body	 temperature	 can	be	measured	using	a	number	of	different



methods,	 including	 thermistors	 on	 intravascular,	 bladder,	 esophageal,	 or	 rectal
probes,	 in	 addition	 to	 infrared	 tympanic	 membrane	 and	 temporal	 artery
thermometers.7

ETIOLOGY	OF	FEVER	IN	THE	INTENSIVE	CARE
PATIENT
The	 prevalence	 of	 fever	 among	 the	 critically	 ill	 depends	 on	 the	 population
studied	 and	 the	 definition	 of	 fever	 used.	 The	 major	 causes	 of	 abnormally
elevated	 temperatures	 in	 critically	 ill	 patients	 can	 be	 broadly	 classified	 as
infectious	 fevers,	 noninfectious	 fevers,	 and	 hyperthermia	 syndromes	 (Table
70.1).8

TABLE	70.1

Noninfectious	Sources	of	Fever	in	the	ICU	Patient

A.	 Inflammatory	conditions
1.	 Reaction	to	medications
2.	 Reaction	to	blood	products
3.	 Collagen	vascular	diseases

a.	 Systemic	lupus	erythematous
b.	 Rheumatoid	arthritis

4.	 Vasculitis
a.	 Hypersensitivity	vasculitis
b.	 Henoch–Schonlein	purpura
c.	 Granulomatosis	with	polyangiitis	(formerly	Wegener

granulomatosis)
d.	 Giant	cell	arteritis

5.	 Microcrystalline	arthritis
a.	 Gout
b.	 Pseudogout

6.	 Postpericardiotomy	syndrome
7.	 Pancreatitis

B.	 Vascular	conditions



1.	 Deep	venous	thrombophlebitis
2.	 Pulmonary	embolism
3.	 Dissecting	aortic	aneurysm
4.	 Mesenteric	ischemia/infarction
5.	 Hemorrhage	into

a.	 CNS
b.	 Retroperitoneum
c.	 Joint
d.	 Lung
e.	 Adrenals

6.	 Myocardial	infarction
C.	 Metabolic	conditions

1.	 Heat	stroke
2.	 Malignant	hyperthermia	secondary	to	anesthesia	or	medications
3.	 Hyperthyroidism
4.	 Adrenal	insufficiency/hemorrhage
5.	 Alcohol	withdrawal
6.	 Seizures
7.	 Neuroleptic	malignant	syndrome

D.	 Neoplasia
1.	 Lymphoma
2.	 Renal	cell	carcinoma
3.	 Hepatocellular	carcinoma
4.	 Malignancy	metastatic	to	liver
5.	 Colon	carcinoma

Abbreviations:	CNS,	central	nervous	system;	ICU,	intensive	care	unit.

Noninfectious	Causes	of	Fever
About	one-half	of	 all	 fevers	 in	 the	 ICU	are	 caused	by	noninfectious	 etiologies
(Table	 70.1).2,8,9	 Among	 critically	 ill	 patients,	 inflammation	 is	 commonly
observed	to	aid	repair	after	 traumatic	or	 infective	 insults.	Noninfectious	causes
of	fever	are	conditions	that	activate	 the	cytokine	system	and	trigger	a	systemic
inflammatory	 response	 syndrome	 (SIRS),	 which	 is	 a	 clinical	 response	 to
inflammation.10	 Conditions	 associated	with	 fever	 as	 one	 of	 the	 components	 of
SIRS	can	occur	 in	critically	ill	patients	with	large	hematomas;	acute	vasculitis;
subarachnoid	 hemorrhage;	 dissection	 of	 an	 aortic	 aneurysm;	 mesenteric



ischemia;	heat	stroke;	pancreatitis;	or	hyperthyroidism.2,8,9	Fever	may	appear	in
the	 patient	 in	 whom	 the	 stress	 of	 surgery	 unmasks	 adrenal	 insufficiency	 or
following	 bilateral	 adrenal	 hemorrhage	 in	 patients	 with	 a	 history	 of
thromboembolic	disease,	recent	surgery,	and/or	anticoagulant	therapy.11	Fever	is
a	cardinal	manifestation	of	delirium	tremens	among	patients	with	acute	alcohol
withdrawal,	 although	 it	 is	 necessary	 to	 exclude	 other	 complications	 of	 alcohol
abuse	such	as	pneumonia	or	spontaneous	bacterial	peritonitis.12	Likewise,	fever
associated	with	seizures	must	be	differentiated	from	possible	underlying	causes
of	seizure,	such	as	meningitis,	encephalitis,	brain	abscess,	or	stroke.

Drug	 fever	 is	 a	 disorder	 characterized	 by	 a	 febrile	 response	 coinciding
temporally	 with	 the	 administration	 of	 a	 drug	 in	 the	 absence	 of	 underlying
conditions	that	can	be	responsible	for	the	fever.	A	key	feature	that	differentiates
drug	 fever	 from	 fever	 of	 other	 causes	 is	 that	 it	 disappears	 once	 the	 offending
drug	 is	 discontinued.	 Drug	 fever	 tends	 to	 be	 a	 diagnosis	 of	 exclusion,	 often
suspected	among	patients	with	otherwise	unexplained	fevers.13

Fever	 among	 patients	 with	 malignancy	 is	 reported	 to	 be	 sepsis	 related	 in
around	 two	 thirds	of	 cases.	The	 tumor	 is	 the	direct	 cause	of	 fever	 in	 less	 than
10%	of	febrile	episodes;	 tumor	necrosis	and	production	of	pyrogenic	cytokines
are	the	likely	pathogeneses.14

Hyperthermia	is	the	unregulated	rise	of	body	temperature	and	a	failure	of	the
thermoregulatory	 homeostasis;	 malignant	 hyperthermia,	 neuroleptic	 malignant
syndrome,	 and	 serotonin	 syndrome	 are	 conditions	 that	 produce	 a	 high
temperature	resulting	from	hyperthermia,	not	fever.15

Fever	 and	 atelectasis	 are	 common	 after	 surgery,	 and	 in	 the	 absence	 of
infectious	causative	mechanisms,	atelectasis	is	commonly	thought	to	be	a	cause
of	fever.	Despite	the	ubiquity	of	this	view,	evidence	that	atelectasis	is	a	cause	of
fever	 is	scarce;	 indeed,	many	studies	have	failed	 to	demonstrate	an	association
between	fever	and	atelectasis.16

Accurate	 and	 timely	 recognition	of	 noninfectious	 causes	 of	 fever	 can	 avoid
unnecessary	use	of	antibiotics,	reducing	the	risks	of	untoward	reactions	and	side
effects.

Infectious	Causes	of	Fever
On	 any	 given	 day,	 approximately	 1	 of	 every	 25	 in	 patients	 in	 US	 acute	 care
hospitals	 has	 at	 least	 one	 healthcare-associated	 infection.	 Pneumonia	 and
surgical	site	 infection	are	 the	most	common	infection	 types,	and	Clostridioides
difficile	 is	 the	 most	 common	 pathogen.	 Infections	 other	 than	 those	 associated
with	central	catheters,	urinary	catheters,	and	ventilators	account	for	the	majority



of	the	US	burden	of	healthcare-associated	infections	and	may	warrant	increased
attention	(Table	70.2).17

TABLE	70.2

Infectious	Sources	of	Fever	in	the	ICU	Patient

A.	 Urinary	tract
1.	 Pyelonephritis
2.	 Prostatitis,	prostatic	abscess

B.	 Vascular	devices
1.	 Intravenous	access	site

a.	 Phlebitis
b.	 Bacteremia	or	fungemia
c.	 Cellulitis

2.	 Intra-arterial	access	site
a.	 Bacteremia
b.	 Fungemia

C.	 Respiratory
1.	 Tracheobronchitis
2.	 Pneumonia
3.	 Sinusitis
4.	 Empyema
5.	 Lung	abscess

D.	 Surgical-related	wound
1.	 Wound	infection	(superficial/incisional	or	deep)
2.	 Deep-seated	abscess	(liver,	spleen,	kidney,	brain,	subphrenic,	and

bowel)
E.	 Skin/soft	tissue

1.	 Decubitus	ulcer,	with	cellulitis/fasciitis/myositis
2.	 Cellulitis

F.	 Gastrointestinal
1.	 Antibiotic-associated	colitis/Clostridium	difficile	colitis
2.	 Ischemic	colitis	(mesenteric	ischemia/infarction)
3.	 Biliary

a.	 Cholecystitis,	including	acalculous	form
b.	 Cholangitis



4.	 Hepatitis	(transfusion	related)
a.	 Cytomegalovirus
b.	 Hepatitis	C
c.	 Hepatitis	B

5.	 Intra-abdominal	abscess
6.	 Diverticulitis

G.	 Prosthetic	device	infection
1.	 Cardiac	valve/pacemaker
2.	 Joint	replacement	prosthesis
3.	 Peritoneal	dialysis	catheter/peritonitis
4.	 CNS	intraventricular	shunt

H.	 Miscellaneous
1.	 Pyarthrosis
2.	 Osteomyelitis	(including	vertebral	osteodiscitis	in	adults)
3.	 Meningitis

Abbreviations:	CNS,	central	nervous	system;	ICU,	intensive	care	unit.

Bacteremias
Secondary	 bacteremia	 may	 originate	 from	 multiple	 sources	 (eg,	 lungs,
genitourinary	 tract,	 abdomen,	 skin,	 and	 soft	 tissues)	 or	 can	 develop	 as	 a
consequence	 of	 vascular	 invasion	 via	 intravenous	 and	 intra-arterial	 lines	 and
monitors;	temporary	transvenous	pacemakers;	and	intra-aortic	assist	devices.17

Healthcare-Associated	Pneumonia
2 	Hospital-associated	pneumonia	(HAP)	is	 the	most	common	hospital-acquired
infection	 in	 the	 ICU.	Most	 cases	 of	HAP	occur	 among	 nonventilated	 patients.
Mechanical	 ventilation	 with	 an	 endotracheal	 tube	 increases	 the	 risk	 of
pneumonia	 6-	 to	 20-fold.	 Ventilator-associated	 pneumonia	 (VAP)	 is	 the	 most
common	infection	acquired	in	the	ICU.17

Intra-abdominal	Infections
Peritonitis	 is	 the	 second	 leading	 cause	 of	 ICU	 admission	 after	 complicated
pneumonia,	 accounting	 for	 5.8%	 to	 10%	 of	 all	 patients	 and	 almost	 20%	 of
infected	patients.	Abdominal	infections	represent	the	third	most	common	cause



of	 sepsis	 in	 the	 ICU	 and	 present	 an	 important	 diagnostic	 and	 therapeutic
challenge.

Appendicitis,	cholecystitis,	and	bowel	perforation	represent	the	majority	of	all
community-acquired	 infections,	 while	 most	 cases	 of	 healthcare-associated
infections	 occur	 following	 suture	 leaks	 and/or	 bowel	 perforation.	 The	 micro-
organisms	 involved	 include	 a	 spectrum	 of	 Gram-positive	 and	 Gram-negative
bacteria,	 as	 well	 as	 anaerobes	 and	 fungi.	 Healthcare-associated	 infections	 are
associated	with	an	increased	likelihood	of	multi–drug-resistant	pathogens	(MDR
pathogens).	 Patients	 may	 have	 multiple	 comorbidities,	 be	 at	 high	 risk	 for
treatment	 failure,	 and	 may	 already	 be	 septic	 at	 the	 time	 of	 admission.	 Other
types	 of	 infection	 classically	 present	 during	 treatment	 for	 a	 different	 medical
problem	such	as	acalculous	cholecystitis	or	complicated	C.	difficile	colitis	after
the	 extensive	 use	 of	 broad-spectrum	 antibiotics,	 an	 increasing	 nosocomial
problem	of	the	last	few	years.17-19

Urinary	Tract	Infections
Urinary	tract	infection	is	one	of	the	most	common	hospital-acquired	infections;
70%	 to	 80%	 of	 these	 infections	 are	 attributable	 to	 an	 indwelling	 urethral
catheter.	 Partial	 or	 total	 obstruction	 or	 local	 complications	 (eg,	 intrarenal	 or
perinephric	 abscesses)	 must	 be	 suspected	 in	 patients	 with	 bacteremic
pyelonephritis	 if	 fever	 and	 bacteremia	 persist	 despite	 appropriate	 antibiotic
therapy.20

Nosocomial	Sinusitis
Nasogastric	 and	 nasotracheal	 tubes,	 facial	 fractures,	 and	 nasal	 packing	 are
common	 predisposing	 factors	 to	 nosocomial	 sinusitis,	 an	 occasional	 cause	 of
fever	in	the	ICU.21

DIAGNOSTIC	CONSIDERATIONS
In	some	ICUs,	the	finding	of	fever	triggers	an	automatic	fever	workup,	resulting
in	many	tests	 that	are	time	consuming,	costly,	and	disruptive	to	the	patient	and
staff.	 The	 American	 College	 of	 Critical	 Care	 Medicine	 and	 the	 Infectious
Disease	 Society	 of	 America	 convened	 a	 task	 force	 to	 provide	 guidelines	 for
evaluation	of	new	fever	in	patients	older	than	18	years	in	the	ICU	setting.6



History	and	Physical	Examination
When	 able	 to	 communicate,	 the	 patient	 should	 be	 interviewed	 to	 identify
localizing	 complaints.	 The	 patient	 and	 the	 patient’s	 electronic	 medical	 record
should	be	reviewed	thoroughly	for	a	history	of	relevant	antecedent	problems	(eg,
previous	 infections,	 cancer,	 allergic	 reactions	 to	 drugs).	 When	 the	 patient	 is
unable	 to	communicate,	 the	medical	 record	and	medical	personnel	can	provide
insightful	information	concerning	duration	of	intravascular	accesses;	amount	and
purulence	 of	 sputum	 or	 wound	 drainage;	 changes	 in	 skin	 condition;	 apparent
abdominal	 or	 musculoskeletal	 pain	 or	 tenderness;	 difficulty	 in	 handling
respiratory	 secretions	 and	 feedings;	 and	 changes	 in	 ventilator	 support
parameters.	 Relatives	 and	 friends	 of	 the	 patient	 can	 provide	 epidemiologic
information	related	to	the	patient’s	exposures	and	risk	factors	for	infections.

Physical	 examination	of	 the	 febrile	 ICU	patient	may	be	difficult	 to	 conduct
due	to	 limitations	 imposed	by	wound	dressings,	catheters,	ventilator	 tubes,	and
monitors,	 but	 nonetheless	 it	 should	 be	 thorough.	 Skin	 examination	 may
demonstrate	 findings	 suggestive	 of	 drug	 reaction,	 vasculitis,	 endocarditis,	 or
soft-tissue	 necrosis.	 All	 intravenous	 and	 intra-arterial	 line	 sites	 should	 be
inspected;	 a	 tender	 intravenous	 access	 site,	 with	 or	 without	 purulence,	 can
indicate	 septic	 thrombophlebitis.	 Spreading	 erythema,	 warmth,	 and	 tenderness
that	appear	to	indicate	cellulitis	of	an	extremity	also	can	be	the	hallmarks	of	deep
venous	 thrombophlebitis,	 pyoarthrosis,	 or	 gout.	 After	 the	 first	 24	 hours
postoperatively,	 wounds	 should	 be	 examined;	 this	may	 require	 fenestrating	 or
changing	a	cast	to	allow	for	examination	of	a	fractured	extremity	when	no	other
source	of	fever	is	found.

Head	 and	 neck	 examination	 can	 provide	 important	 signs	 of	 systemic	 and
localized	infection.	Fundoscopic	examination,	preferably	by	an	ophthalmologist,
can	 provide	 clues	 to	 systemic	 fungal	 or	 viral	 infections	 in	 the
immunocompromised.	 Hospital-associated	 sinusitis	 often	 develops	 in	 patients
who	 required	an	extensive	period	of	 intensive	care,	especially	 in	 the	setting	of
nasal	intubation,	and	may	have	a	paucity	of	associated	symptoms.	Oral	lesions	of
recrudescent	 herpetic	 stomatitis	 are	 common	 in	 the	 ICU	 setting	 and	 often	 are
obscured	by	the	presence	of	oral	endotracheal	tubes	or	orogastric	feeding	tubes.
These	lesions	may	be	extensive,	more	ulcerated	and	necrotic,	and	less	vesicular
in	appearance	in	a	seriously	ill	patient.

Examination	of	 the	 lungs	 can	be	difficult	 for	 the	 intubated	 ICU	patient	 and
often	 is	 unrewarding	 and	 nonspecific.	 More	 sensitive	 (although	 nonspecific)
indicators	 of	 pneumonia	 include	 chest	 imaging	 studies;	 occurrence	 of
unexplained	deterioration	 in	oxygen	exchange;	and	changes	of	 the	character	of



respiratory	 secretions.	 Unfortunately,	 pulmonary	 infiltrates	 and	 hypoxemia	 are
nonspecific	signs	because	they	can	be	seen	with	a	variety	of	conditions	including
congestive	 heart	 failure,	 atelectasis,	 aspiration	 pneumonitis,	 pulmonary
embolism,	acute	respiratory	distress	syndrome,	and	less	commonly,	reactions	to
medications	or	pulmonary	hemorrhage.	Cardiac	examination	may	demonstrate	a
new	or	changing	murmur	possibly	due	to	endocarditis.

Abdominal	findings	can	be	misleadingly	unremarkable	in	the	elderly,	for	the
patient	 with	 obtunded	 sensorium,	 immunocompromised	 patients,	 and	 when
sedatives	have	been	administered.	Abdominal	examination	can	be	confounding
among	patients	with	recent	abdominal	or	thoracic	surgery.	Abdominal	pain	and
tenderness	 may	 be	 localized	 (cholecystitis,	 intra-abdominal	 abscess,	 and
diverticulitis)	or	generalized	(diffuse	peritonitis,	ischemic	bowel,	and	antibiotic-
associated	 colitis).	 Examination	 of	 the	 genitalia	 and	 rectum	 may	 demonstrate
unsuspected	epididymitis,	prostatitis,	prostatic	abscess,	or	perirectal	abscess.

Diagnostic	Studies
3 	The	introduction	of	new	technologies	has	changed	the	diagnosis	and	treatment
paradigms	 for	 infections.	 These	 technologies	 include	 matrix-assisted	 laser
desorption-ionization	 time-of-flight	 mass	 spectrometry	 (MALDI-TOF	 MS),
multiplex	molecular	 diagnostic	 panels,	 and	 innovations	 that	 bring	 nucleic	 acid
amplification	 testing	 (NNAT)	 to	 the	 point	 of	 care.	MALDI-TOF	MS	has	 been
adopted	 widely	 among	 academic	 hospitals.	 MALDI-TOF	 MS	 allows	 for	 the
identification	 of	 a	 specific	 microbe	 and	 has	 led	 to	 significant	 time	 and	 cost
savings,	 as	 correct	 diagnoses	 are	 made	 more	 rapidly	 without	 the	 need	 for
additional	 confirmatory	 tests.	 The	 use	 of	molecular	 rapid	 diagnostic	 testing	 in
blood	 cultures,	which	 includes	 tests	 such	 as	 polymerase	 chain	 reaction	 (PCR),
MALDI-TOF,	 and	 peptide	 nucleic	 acid	 fluorescent	 in	 situ	 hybridization,	 has
reduced	time	to	organism	identification,	optimizing	early	antimicrobial	therapy,
and	subsequently	improving	clinical	outcomes,	including	mortality	rates.22

Multiplex	molecular	diagnostic	panels	are	also	being	introduced	for	a	variety
of	conditions,	including	sepsis	and	nonspecific	syndromes,	such	as	respiratory	or
gastrointestinal	 or	 neurological	 infections.	Multiplex	 assays	 can	 combine	 tests
for	numerous	pathogens	and	resistance	markers	in	a	single	panel,	which	reduces
the	 time	 to	 diagnosis	 and,	 in	 select	 situations,	 bypasses	 the	 need	 for	 culture.
Improvements	 in	engineering	and	technology	have	also	 led	 to	 the	development
of	 improved	 point-of-care	 (POC)	 tests	 that	 allow	 for	 rapid	 diagnosis	 of
conditions	 such	 as	 viral	 respiratory	 infections	 and	 sexually	 transmitted
infections.	 Low-complexity	 POC	 tests	 allow	 for	 nonlaboratory	 personnel	 (eg,



nurses	 and	 physician	 assistants)	 to	 conduct	 tests	 at	 the	 initial	 site	 of	 care,
allowing	 physicians	 to	 administer	 the	 therapy	 at	 the	 initial	 consultation.23,24
When	the	urinary	tract	may	be	the	source	of	fever,	a	urine	specimen	(clean	catch,
acquired	by	straight	catheterization	or	aspirated	from	the	catheter	sampling	port)
should	be	obtained	and	evaluated	by	microscopy	and	quantitative	culture.6

For	 patients	 with	 clinical	 suspicion	 of	 pneumonia,	 chest	 imaging	 with
radiograph	or	computed	tomography	(CT)	scan	is	mandatory,	and	efforts	should
be	made	to	obtain	secretions	for	stains	and	cultures.	Microscopic	examination	of
pulmonary	 secretions	may	provide	 timely	 information	about	possible	causative
organisms.	The	yield	diminishes	with	increasing	time	after	antibiotics	have	been
initiated	and	with	decreasing	quality	of	the	sputum	sample.25	Nebulization	with
hypertonic	saline	(the	so-called	induced	sputum)	may	increase	the	likelihood	of
obtaining	a	valid	sample.	Recent	guidelines	suggest	noninvasive	sampling	with
semiquantitative	 cultures	 to	 diagnose	VAP,	 rather	 than	 invasive	 sampling	with
quantitative	 cultures	 or	 noninvasive	 sampling	 with	 quantitative	 cultures.
Techniques	aimed	at	obtaining	samples	of	secretions	and	 tissue	 from	the	distal
respiratory	 tract	 include	 protected	 and	 nonprotected	 bronchoalveolar	 lavage,
transbronchial	 biopsy,	 protected	 specimen	 brush	 and	 telescoping	 plugged
catheter,	 video-assisted	 lung	 biopsy,	 and	 open	 lung	 biopsy.26	 The	 role	 of
molecular	 diagnostics	 for	 the	 management	 of	 hospital	 and	 VAP	 has	 not	 been
fully	elucidated.

In	 general,	 abnormal	 fluid	 collections	 (pleural	 effusion,	 joint	 effusion,	 and
ascites)	should	be	sampled	for	microscopic,	hematologic,	and	chemical	analysis,
as	well	 as	microbiologic	 culture.	Microbiologic	 yield	 from	 ascites	 culture	 has
been	shown	to	be	greater	when	ascitic	fluid	is	placed	into	blood	culture	or	fungal
isolator	media.23	Arthrocentesis	with	determination	of	crystals,	cell	count,	Gram
stain,	and	culture	is	indicated	when	septic	arthritis	is	suspected.27	Head	trauma,
neurosurgery,	 placement	 of	 internal	 or	 external	 ventricular	 catheters,	 lumbar
puncture,	 intrathecal	 infusions	 of	 medications,	 or	 spinal	 anesthesia	 may	 be
complicated	 by	 meningitis	 caused	 by	 a	 different	 spectrum	 of	 microorganisms
than	cases	acquired	in	the	community	setting.	The	diagnostic	workup	consists	of
neuroimaging,	 cerebrospinal	 fluid	 analysis	 (cell	 counts,	 Gram	 staining,
biochemical	tests	for	glucose	and	protein,	and	cultures),	and	blood	cultures.28

CT	scan	should	be	considered	as	one	of	the	most	useful	imaging	techniques	in
assessing	 intra-abdominal	 infections.	 Image	 quality	 and	 information	 can	 be
optimized	by	the	application	of	intravenous,	oral,	or	rectal	contrast.29

Stool	samples	should	be	sent	for	determination	of	C.	difficile	in	patients	with
diarrhea	 (not	 laxative	 induced),	 fever,	 and	 leukocytosis	 who	 received	 an
antibacterial	agent,	proton	pump	inhibitor,	or	chemotherapy	60	days	before	 the



onset	of	diarrhea.	Use	of	a	stool	 toxin	 test	as	part	of	a	multistep	algorithm	(ie,
glutamate	 dehydrogenase	 [GDH]	 plus	 toxin;	 GDH	 plus	 toxin,	 arbitrated	 by
NAAT;	or	NAAT	plus	toxin)	is	the	preferred	approach.18

Two	 approaches	 that	 have	 gained	 particular	 attention	 for	 the	 diagnosis	 of
invasive	 fungal	 infections	 are	 detection	 of	 1,3-β-D-glucan	 and	 Aspergillus
galactomannan,	which	are	major	constituents	of	fungal	cell	walls.	An	assay	that
combines	targeted	PCR	with	T2	magnetic	resonance	allows	the	detection	of	the
five	most	common	Candida	species	directly	from	blood	specimens.30,31

TREATMENT	CONSIDERATIONS

Initial	Antibiotic	Therapy
4 	 Aggressive	 resuscitation,	 adequate	 source	 control,	 appropriate	 antibiotic
therapy,	 and	 organ	 support	 are	 cornerstones	 for	 the	 successful	 treatment	 of
patients	with	severe	sepsis.32	The	initiation	of	appropriate	antimicrobial	therapy
(ie,	with	activity	against	the	causative	pathogen	or	pathogens)	is	one	of	the	most
important	 facets	of	effective	management	of	 life-threatening	 infections	causing
sepsis	and	septic	shock.33	Empirical	antifungal	 therapy	should	be	used	only	for
patients	at	high	risk	for	invasive	candidiasis	(IC).	Antimicrobial	therapy	should
be	 evaluated	 daily	 to	 optimize	 efficacy,	 prevent	 resistance,	 avoid	 toxicity,	 and
narrow	if	the	offending	pathogen	is	identified.	Negative	cultures	in	a	patient	who
is	 unimproved	 yet	 stable	 on	 broad	 therapy	 indicate	 that	 antibiotics	 should	 be
discontinued	and	the	patient	reevaluated	while	off	of	antibiotics.

The	 most	 common	 pathogens	 isolated	 in	 ICU	 patients	 are	 Gram-negative,
including	Klebsiella,	Escherichia	coli,	Pseudomonas,	and	Acinetobacter.	Gram-
positive	 infections	 are	 represented	 by	 Staphylococcus	 aureus.34	 In	 light	 of
possible	impairment	of	mechanical	and	immunologic	defenses	and	the	presence
of	 intravascular	 lines,	 the	 febrile	 ICU	 patient	 should	 be	 considered	 to	 be
bacteremic	 until	 proven	 otherwise.	 Patients	 with	 intravascular	 lines	 and
bacteremia	should	have	their	lines	removed,	if	possible.35

Once	the	spectrum	of	potential	infecting	organisms	has	been	narrowed	to	one
or	 a	 few	 likely	 candidates,	 empiric	 antibiotic	 therapy	 should	 be	 changed
according	to	generally	accepted	principles	as	outlined	later	in	this	chapter	(Table
70.3).36



TABLE	70.3

Presumptive	Antibiotic	Therapy	in	the	ICU	or	CCU	Patient

Site/Diagnosis Potential
Causes

Initial
Therapy

Alternative
Therapy

Vascular/line-
associated	bacteremia

Staphylococcus
aureus,	GNR,
coagulase-
negative
staphylococci

Vancomycin
plus	a	third-
generation
cephalosporina;
suspect	MRSA.

Linezolid	plus	a
fluoroquinolone

Vascular/acute
endocarditis

S.	aureus,
Enterococcus
spp.

Vancomycin
(modify
according	to
susceptibilities
MRSA,	MSSA,
VRE)

Linezolid	or
daptomycin;
consider	adding
an
aminoglycoside
in	Enterococcus
spp.	is	the
pathogen

Vascular/bacteremia GNR Third-
generation
cephalosporinb
or	imipenem	or
piperacillin-
tazobactam

Linezolid	plus
fluoroquinolone

Pulmonary/pneumonia GNR,
Haemophilus
influenzae,
Streptococcus
pneumoniae

Piperacillin-
tazobactam	or
third/fourth-
generation
cephalosporinb
plus
metronidazole
if	anaerobes
suspected

Imipenem	or
meropenem	or
ertapenem



Pulmonary/pneumonia S.	aureus Vancomycin	or
linezolid	until
MRSA
excluded

Cefazolin	or
oxacillin	or
nafcillin	if
MSSA

Pulmonary/pneumonia Legionella
pneumophila

Azithromycin
or
fluoroquinolone

Doxycycline	or
clarithromycin

Urinary
tract/pyelonephritis

GNR,
Enterococcus
spp.

Third-
generation
cephalosporinb
or
fluoroquinolone

Aztreonam	or
ampicillin	or
piperacillin-
tazobactam	(if
Enterococcus
spp.	suspected)

Abdomen/peritonitis,
abscess,	pelvic
infection

GNR,
anaerobes,
Enterococcus
spp.

Piperacillin-
tazobactam	or
fluoroquinolone
plus
metronidazole

Vancomycin	plus
metronidazole
plus	aztreonam
or	imipenem	or
tigecycline

Abdominal/biliary
tract

GNR,
enterococcus,
anaerobes	(less
often)

Piperacillin-
tazobactam	or
fluoroquinolone
plus
metronidazole

Vancomycin	plus
metronidazole
plus	aztreonam
or	imipenem

CNS/meningitis
(community	acquired)

Streptococcus
pneumoniae,
Neisseria
meningitidis

Ceftriaxone
plus
vancomycin

Vancomycin	plus
aztreonam

CNS/meningitis
(elderly)

S.	pneumoniae,
Listeria
monocytogenes,
GNR

Ampicillin	plus
third-generation
cephalosporinb
possibly	plus
vancomycin

Vancomycin	plus
third-generation
cephalosporinb	or
aztreonam	plus
trimethoprim-
sulfamethoxazole
if	Listeria
suspected



CNS/meningitis
(nosocomial)

GNR,	S.
aureus,
coagulase-
negative
staphylococci,
S.	pneumoniae

Vancomycin
plus
ceftazidime

Oxacillinc	or
nafcillinc	plus
ceftazidime	or
aztreonam

CNS/abscess S.	aureus,
GNR,
anaerobes,
microaerophilic
Streptococcus
spp.

Third-
generation
cephalosporinb
plus
metronidazole
plus
vancomycin	if
MRSA
suspected

Vancomycin	plus
metronidazole
plus
fluoroquinoloneb

Sepsis	syndrome GNR,	S.	aureus Piperacillin-
tazobactam	or
ceftazidime
plus
vancomycin

Fluoroquinolone
plus	linezolid

aGentamicin,	tobramycin,	or	amikacin.
bCefotaxime,	ceftriaxone,	or	ceftazidime.
cVancomycin	if	methicillin-resistant	S.	aureus	common.
CCU,	coronary	care	unit;	GNR,	Gram-negative	rod;	ICU,	intensive	care	unit;	MRSA,	methicillin-
resistant	S.	aureus;	MSSA,	methicillin-sensitive	S.	aureus;	VRE,	vancomycin-resistant
enterococci.

Dosage	and	Route	of	Administration
A	vast	array	of	pathophysiological	changes	can	occur	in	critically	ill	patients	that
can	 complicate	 antibiotic	 dosing.	As	 a	 rule,	 the	 intravenous	 route	 is	 preferred
because	 of	 possible	 unreliable	 absorption	 from	muscle	 and	 the	 gastrointestinal
tract	caused	by	impaired	hemodynamics	and/or	gastrointestinal	function.37

Hydrophilic	 antibiotics	 (eg,	 aminoglycosides,	 β-lactams,	 and	 glycopeptides)
are	most	affected	by	the	pathophysiologic	changes	observed	among	critically	ill
patients	 with	 increased	 volumes	 of	 distribution	 and	 altered	 drug	 clearance



(related	 to	 changes	 in	 creatinine	 clearance).	 Lipophilic	 antibiotics	 (eg,
fluoroquinolones,	macrolides,	tigecycline,	and	lincosamides)	have	lesser	volume
of	distribution	alterations,	but	may	develop	altered	drug	clearances.	Augmented
renal	 clearance	 refers	 to	 the	 enhanced	 renal	 elimination	 of	 circulating	 solute
(such	 as	waste	 products	 and	 drugs).	 This	 is	 based	 in	 part	 on	 pharmacokinetic
(PK)	 studies	 demonstrating	 elevated	 renal	 clearances	 of	 β-lactams,
aminoglycosides,	and	glycopeptides	among	subsets	of	critically	ill	patients.

Dosing	 intervals	 for	 most	 antibiotics	 are	 selected	 so	 that	 the	 drugs	 are
administered	every	three	to	four	serum	half-lives	(t	½).	Because	most	of	the	older
parenterally	administered	β-lactam	antibiotics	have	a	t	½	of	about	1	to	1.5	hours,
intravenous	penicillins	and	cephalosporins	traditionally	are	given	every	4	hours.
However,	the	t	½	 for	cefazolin,	cefotaxime,	and	ceftazidime	is	1.5	to	2.5	hours,
and	these	agents	can	be	administered	less	frequently,	perhaps	every	6	to	8	hours,
even	 for	 serious	 infections;	 for	 ceftriaxone,	 the	 t	 ½	 is	 8	 hours	 and	 the
administration	frequency	is	every	12	to	24	hours.	In	the	clinical	setting,	β-lactam
optimization	 strategies	 often	 include	 the	 use	 of	 a	 prolonged	 infusion	 (ie,	 same
dose	administered	over	3	to	4	hours)	for	each	dosing	interval	or	as	a	continuous
infusion	where	the	total	daily	dose	is	given	at	a	constant	rate	over	24	hours.	Each
of	these	strategies	has	been	reported	to	enhance	the	efficacy	when	compared	to
conventional	 regimens.	 Levofloxacin	 and	 the	 macrolide	 azithromycin	 are
administered	once	a	day.38,39

Antimicrobial	Therapy
Antimicrobial	administration	within	the	first	hour	of	documented	hypotension	is
associated	 with	 increased	 survival	 in	 adult	 patients	 with	 septic	 shock,	 and	 it
should	 be	 initiated	 at	 maximal	 recommended	 doses	 for	 all	 patients	 with
suspected	life-threatening	infections	without	delay.32

Initial	Therapy	of	a	Life-Threatening	Infection
A	 variety	 of	 studies	 including	 infected	 and	 septic	 patients	 show	 that
inappropriate	antimicrobial	therapy	is	a	consistent	predictor	of	poor	outcomes.6,40
The	choice	of	empirical	 therapy	depends	on	the	suspected	site	of	 infection	and
local	 microbial-susceptibility	 patterns.	 Inappropriate	 or	 delayed	 antibiotic
treatment	 is	 associated	 with	 increased	 mortality.	 Thus,	 intravenous	 antibiotic
therapy	 should	 be	 started	 as	 early	 as	 possible	 and	 should	 cover	 all	 likely
pathogens.	For	example,	suspected	acute	overwhelming	infection	of	unknown	or



uncertain	source	of	an	ICU	patient	warrants	therapy	with	vancomycin	to	cover	S.
aureus,	 including	 MRSA,	 plus	 a	 third-generation	 or	 fourth-generation
cephalosporin	 or	 a	 fluoroquinolone	 to	 treat	 Gram-negative	 bacilli.	 In
nonimmunocompromised	patients	with	early-onset	VAP	and	no	 risk	 factors	 for
resistance	 pathogens,	 monotherapy	 with	 narrow-spectrum	 antibiotic	 (eg,	 a
nonpseudomonal	 third-generation	 cephalosporin)	 can	 be	 used.	 In	 other
situations,	 initial	 empiric	 treatment	 should	 include	 a	 broad-spectrum	 β-lactam
targeting	 Pseudomonas	 aeruginosa	 and/or	 extended-spectrum	 beta-lactamase–
producing	 Enterobacteriaceae	 (ceftazidime,	 cefepime,	 piperacillin-tazobactam,
or	 a	 carbapenem)	 plus	 a	 non–β-lactam	 antipseudomonal	 agent,	 such	 as	 an
aminoglycoside	 (amikacin	 or	 tobramycin)	 or	 fluoroquinolone	 (ciprofloxacin	 or
levofloxacin).41	 For	 patients	 with	 febrile	 neutropenia,	 an	 antipseudomonal
penicillin	 (piperacillin/tazobactam)	 or	 cephalosporin	 (ceftazidime	 or	 cefepime)
or	 carbapenem	 (meropenem	 or	 imipenem)	 is	 recommended;	 vancomycin	 is
added	for	bacteriologic	evidence	of	MRSA	or	other	beta-lactam–resistant	Gram-
positive	bacteria,	or	clinical	evidence	such	as	severe	mucositis,	catheter-related
sepsis,	 or	 hypotension.42	 Empiric	 treatment	 must	 be	 streamlined	 once	 the
cultures	confirm	a	pathogen	to	avoid	selection	of	resistant	flora.

Therapy	of	Mixed	Bacterial	Infections
Combination	 therapy	 is	 necessary	 to	 provide	 broad	 effective	 coverage	 for
specific	 infections	 expected	 to	 involve	 diverse	 microorganisms.	 For	 example,
intra-abdominal	and	intrapelvic	infections	frequently	involve	complex	infecting
flora,	 including	 aerobic	 and	 anaerobic	 pathogens.	Definitive	 treatment	 of	 such
infections	often	includes	an	extended	spectrum	β-lactam	or	a	fluoroquinolone	for
members	 of	 the	 Enterobacteriaceae	 family,	 clindamycin	 or	 metronidazole	 for
Bacteroides	 fragilis	 and	 other	 anaerobes,	 and	 ampicillin	 or	 piperacillin	 for
enterococci.	 An	 alternative	 regimen,	 particularly	 useful	 for	 the	 patient	 with
known	or	suspected	multi–resistant	Gram-negative	bacteria	(long-term	residence
in	 the	 ICU	 or	 recent	 receipt	 of	 broad-spectrum	 antibiotic	 therapy),	 is
meropenem,	imipenem,	or	piperacillin/tazobactam.29,43

Fungal	Infections
IC	can	develop	in	adult	patients	admitted	in	ICUs,	with	a	significant	impact	on
morbidity,	mortality,	and	healthcare	costs.	The	incidence	of	IC	in	European	ICUs
was	 7.07	 episodes	 per	 1000	 ICU	 admissions,	 with	 crude	 30-day	 mortality	 of
42%.	 The	 most	 frequent	 clinical	 forms	 of	 IC	 in	 critically	 ill	 patients	 are



candidemia	and	 intra-abdominal	 candidiasis,	which	affect	up	 to	5%	of	all	 ICU
admissions.

Trauma,	 burns,	 abdominal	 surgery,	 parenteral	 nutrition,	 broad-spectrum
antibiotics,	malignancy,	 cancer	 chemotherapy,	 and	 immunosuppressive	 therapy
following	 major	 organ	 transplantation	 are	 factors	 that	 increase	 the	 risk	 of
invasive	fungal	infections.43
Aspergillus	 infections	 and	 mucormycosis	 caused	 by	 members	 of	 the

Mucorales	 order	 are	 emerging	 infections	 in	 the	 ICU,	 each	of	which	 requires	 a
different	diagnostic	and	therapeutic	approach.42,44

Early	 recognition	and	aggressive	medical	and/or	 surgical	 therapy	are	key	 to
the	successful	treatment	of	fungal	infections.

Multi-Drug-Resistant	Organisms
5 	 The	 recent	 expansion	 of	 MDR	 and	 pan-drug-resistant	 pathogens	 poses
important	 challenges	 in	 the	 treatment	 of	 infections.	 New	 antibiotics	 target	 the
most	challenging	pathogens	like	carbapenem-producing	Enterobacteriaceae	and
carbapenem-resistant	P.	aeruginosa	(CRPA).	Fewer	options	are	available	to	treat
carbapenem-resistant	Acinetobacter	 baumannii	 (CRAB)	 and	 strains	 producing
metallo-beta	 lactamases.	Ceftazidime-avibactam	signaled	a	 turning	point	 in	 the
treatment	 of	 Klebsiella-producing	 carbapenemases	 (KPCs)	 and	 partly	 OXA-
carbapenemases,	 and	 meropenem-vaborbactam	 was	 added	 as	 a	 potent
combination	 against	KPC	producers.	Ceftolozane-tazobactam	could	be	 seen	 as
an	 ideal	 beta-lactam	 backbone	 for	 the	 treatment	 of	 CRPA.	 Plazomicin,	 an
aminoglycoside	 with	 better	 PK	 and	 less	 toxicity	 compared	 to	 other	 class
members,	 will	 cover	 important	 proportions	 of	 MDR	 pathogens.	 Eravacycline
holds	promise	in	the	treatment	of	infections	by	CRAB,	with	a	broad	spectrum	of
activity	similar	to	tigecycline,	and	improved	PK.

Additional	 concerns	 were	 related	 to	 the	 OMP36	mutation	 leading	 to	 porin
loss,	 as	 well	 as	 extended-spectrum,	 beta-lactamase–producing
Enterobacteriaceae	(especially	Escherichia	coli	and	Klebsiella),	and	the	AmpC-
E	mutation	 in	SPICE	microbes	 (Serratia,	Providencia,	Pseudomonas,	Proteus,
Citrobacter,	 and	Enterobacter).45	 A.	 baumannii	 is	 a	 major	 hospital-associated
pathogen	 that	 causes	 a	 spectrum	 of	 diseases	 including	 respiratory	 tract,
bloodstream,	 urinary	 tract,	 surgical	 site,	 and	 wound	 infections	 that	 can	 be
challenging	to	treat.	Although	several	new	β-lactam/β-lactamase	inhibitor	agents
have	 been	 approved	 for	 the	 treatment	 of	MDR	Gram-negative	 pathogens	 like
carbapenem-resistant	Enterobacteriaceae,	none	of	them	(ceftazidime-avibactam,
ceftolozane-tazobactam,	 meropenem-vaborbactam,	 imipenem-relebactam)	 has



any	 appreciable	 activity	 against	 CRAB.	 Cefiderocol	 is	 a	 siderophore
cephalosporin	 with	 activity	 against	 CRAB	 including	 isolates	 producing	 serine
carbapenemases	and	metallo-β-lactamases.46

Enterococci	 are	 intrinsically	 resistant	 to	 several	 antibiotics	 and	 also	 readily
accumulate	 mutations	 and	 exogenous	 genes	 that	 confer	 additional	 resistance.
Vancomycin-resistant	Enterococcus	 (VRE)	bloodstream	 infections	 (BSIs)	 are	 a
major	 source	 of	 morbidity	 and	 mortality	 for	 critically	 ill	 patients.	 The	 crude
mortality	rate	for	patients	with	VRE	BSIs	is	30%	to	50%.	Patients	infected	with
VRE	 are	 twice	 as	 likely	 to	 die	 compared	 with	 similar	 patients	 infected	 with
vancomycin-susceptible	strains.	Elderly,	debilitated,	and	critically	ill	patients	are
particularly	 vulnerable.	VRE	 species	 have	 emerged	 in	 the	 recent	 decades	 as	 a
major	 nosocomial	 pathogen	 for	 patients	 with	 complications	 of	 prolonged
hospitalization,	 intravenous	 lines,	 intra-abdominal	 surgery,	 on	 mechanical
ventilation,	 or	 who	 received	 broad-spectrum	 antibiotics	 that	 are	 devoid	 of
activity	 against	 enterococci.	 Linezolid,	 daptomycin,	 and	 tigecycline	 are
treatment	options	 for	 the	 treatment	of	 serious	nosocomial	 infections	caused	by
vancomycin-resistant	enterococci.47,48

Treatment	of	Fever
With	the	exception	of	acute	brain	injury	and	hyperthermic	syndromes	discussed
in	 Chapter	 185:	 Disorders	 of	 Temperature	 Control,	 Part	 II:	 Hyperthermia,	 the
practice	of	temperature	control	in	the	ICU	remains	controversial.	Antipyretic	use
in	non–neurocritical	ill	patients	with	fever	and	suspected	or	confirmed	infection
does	 not	 affect	 mortality	 but	 effectively	 reduces	 temperature.	 Antipyretics
relieve	discomfort	and	decrease	the	metabolic	rate	associated	with	fever.49,50

Early	administration	of	acetaminophen	to	treat	fever	due	to	probable	infection
did	not	affect	the	number	of	ICU-free	days,	mortality	or	survival	at	day	90.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	most	common	infection	acquired	in	the	intensive	care	unit?

A. 	Bacteremia
B. 	Pneumonia
C. 	Skin	and	soft	tissue	infections



D. 	Urinary	tract	infections

2. 	Which	of	the	following	is	the	greatest	risk	factor	for	invasive	candida
infections	in	the	intensive	care	unit?

A. 	Diabetes
B. 	Length	of	stay	more	than	7	days
C. 	Renal	failure
D. 	Use	of	broad-spectrum	antibiotics

Answers

1.	The	correct	answer	is	B.
Rationale:	 The	 most	 common	 infection	 acquired	 in	 an	 ICU	 is	 pneumonia

(47%,	choice	B	is	correct),	other	infections	of	the	lower	respiratory	tract	(18%),
infections	of	the	urinary	tract	(18%),	and	infections	of	the	bloodstream	(12%).

2.	The	correct	answer	is	D.
Rationale:	 All	 of	 these	 are	 risk	 factors	 for	 invasive	 fungal	 infections	 in

patients	 in	 the	 intensive	 care	 unit.	 Broad-spectrum	 antibiotics	 (choice	 D	 is
correct),	fungal	colonization	of	multiple	sites,	TPN,	dialysis,	APACHE	II	score
>20,	central	venous	catheters,	and	candiduria	are	all	considered	to	put	the	patient
at	highest	risk.
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Chapter	71
Prevention	and	Control	of	Health	Care–-
Acquired	Infections	in	the	Intensive	Care
Unit
Sumanth	Gandra,	Richard	T.	EllisonIII

KEY	POINTS:
1.	 In	2017,	the	prevalence	of	suspected	or	proven	infection	in	a

worldwide	sample	of	ICU	patients	was	54%,	and	22%	of	them	were
ICU	acquired.

2.	 Infection	rates	are	much	higher	for	the	ICUs	of	developing	countries
compared	to	high-income	countries.

3.	 Longer	ICU	stay	and	presence	of	mechanical	devices	are	major	risk
factors	for	ICU-acquired	infections.

4.	 Infection	prevention	precautions	for	ICUs	should	be	selected
depending	on	a	pathogen’s	mode	of	transmission.

INTRODUCTION
Preventing	 health	 care–acquired	 infections	 among	 intensive	 care	 unit	 (ICU)
patients	 is	 a	 daily	 concern	 of	 physicians	 providing	 care	 for	 them.	 Patients	 in
ICUs	 are	 at	 increased	 risk	 of	 infection	 for	 multiple	 reasons	 including	 their
underlying	 illness,	 the	 use	 of	 medical	 devices	 for	 organ	 system	 support	 and
hemodynamic	monitoring,	impaired	nutritional	status	that	contributes	to	immune
function	 compromise,	 and	 ongoing	 exposure	 to	 nosocomial	 antibiotic-resistant
bacterial	flora.	The	focus	of	this	chapter	is	to	review	the	general	epidemiology	of
these	 infections,	 the	 factors	 contributing	 to	 their	 development,	 preventive
strategies,	and	important	characteristics	of	key	health	care–acquired	pathogens.



EPIDEMIOLOGY	OF	HEALTH	CARE–ACQUIRED
ICU	INFECTIONS
1 	 Infections	among	ICU	patients	are	both	common	and	significant.	A	study	by
Craven	 and	 colleagues	 during	 the	 early	 1980s	 conducted	 at	 Boston	 City
Hospital’s	 adult	 medical	 and	 surgical	 ICUs	 found	 that,	 overall,	 28%	 of	 the
patients	 developed	 at	 least	 one	 nosocomial	 infection	 and	 that	 infected	 patients
had	threefold	higher	mortality	than	those	not	infected.1	A	2015	multistate	point
prevalence	 survey	 of	 health	 care–associated	 infections	 by	 the	 Centers	 for
Disease	 Control	 and	 Prevention	 (CDC)	 from	 199	 US	 hospitals	 that	 included
12,299	patients	 found	 that	29.2%	of	health	care–associated	 infections	occurred
among	 ICU	patients.2	 In	 2017,	 a	 point	 prevalence	 survey	 on	 a	 single	 day	 (the
Extended	 Prevalence	 of	 Infection	 in	 Intensive	 Care	 [EPIC]	 III	 Study)	 among
15,202	 patients	 of	 1150	 ICUs	 from	 88	 countries	 reported	 that	 54%	 (8135)	 of
patients	 had	 a	 suspected	 or	 proven	 infection,	 of	which	 22%	 (1760)	were	 ICU
acquired.3	In	the	same	study,	the	mortality	was	higher	among	patients	with	ICU-
acquired	 infections	 compared	 with	 community-acquired	 infections	 (odds	 ratio
[OR],	1.32	[95%CI,	1.10-1.60]).

The	 types	 of	 infection	 seen	 among	 ICU	 patients	 have	 varied	 slightly	 over
time	 and	 between	 types	 of	 ICU	 units,	 but	 several	 types	 of	 infections	 have
predominated.	The	Boston	City	Hospital	study	reported	that	pneumonia,	surgical
wound	 infections,	 urinary	 tract	 infections	 (UTIs),	 and	 bloodstream	 infections
(BSIs)	 were	 the	 most	 frequent	 infections.1	 Klevens	 and	 colleagues,	 using	 a
multistep	approach,	estimated	394,288	US	hospital-associated	infections	among
critically	ill	adults	and	children	during	2002.	The	infection	rate	per	1000	patient-
days	 was	 13.0,	 and	 among	 these,	 UTIs	 were	 the	 highest	 (3.38)	 followed	 by
pneumonia	(3.33)	and	BSIs	(2.71).4	In	the	EPIC	III	study,	among	8135	critically
ill	 adults	 with	 infections,	 the	 principal	 sites	 of	 infections	were	 the	 respiratory
tract	 (60.1%),	 abdomen	 (18.3%),	 bloodstream	 (15.2%),	 and	genitourinary	 tract
(14%).3

The	 use	 of	medical	 devices	 is	 a	 predominant	 cause	 of	 infection	 among	 the
critically	 ill,	 and	 major	 concerns	 are	 pneumonia	 associated	 with	 mechanical
ventilation,	 UTIs	 associated	 with	 urinary	 catheterization,	 and	 primary	 BSIs
linked	 to	 central	 venous	 catheters.	 The	 National	 Healthcare	 Safety	 Network
(NHSN)	of	 the	CDC	assesses	device-associated	 infections	 for	various	 types	of
US	nonfederal	ICUs	yearly	using	standardized	surveillance	definitions.	Prior	to
2015,	NHSN	reported	pooled	mean	rates	of	central	line–associated	bloodstream
infections	 (CLABSIs),	 catheter-associated	 urinary	 tract	 infections	 (CAUTIs),



and	 ventilator-associated	 pneumonia	 (VAP).	 However,	 the	 limitation	 with	 this
approach	 was	 not	 adjusting	 for	 differences	 in	 risk	 between	 populations	 and
facilities.	To	overcome	this	limitation,	NHSN	started	reporting	device-associated
infections	using	 the	 standardized	 infection	 ratio	 (SIR)	 that	 adjusts	 various	 risk
factors	 and	 facilitates	 for	 comparisons	 over	 time.5	 In	 2019,	 the	 three	 device-
associated	SIRs	were	significantly	lower	than	those	for	2015.5

2 	 Infection	 rates	 for	 the	 ICUs	 of	 developing	 countries	 are	 high	 when
compared	 to	 those	 of	 developed	 countries.	 A	 systematic	 review	 of	 studies	 on
health	 care–associated	 infections	 of	 developing	 countries	 from	 1995	 through
2008	reported	a	health	care–associated	infection	density	for	adult	ICUs	of	47.9
per	1000	patient-days,	which	is	three	times	that	of	US	ICUs.6	More	recently,	the
International	 Nosocomial	 Infection	 Control	 Consortium	 (INICC)	 surveillance
study	 from	 January	 2012	 through	 December	 2017	 reported	 device-associated
health	 care–associated	 infections	 rates	 for	 523	 ICUs	 from	 45	 countries	 from
Latin	America,	Asia,	Africa,	 and	 Europe.7	 In	 this	 study,	 the	 device	 utilization
rates	 in	 the	 ICUs	 of	 developing	 countries	were	 similar	 to	 those	 of	 the	United
States;	 however,	 infection	 rates	 were	 significantly	 higher.	 In	 corresponding
ICUs,	the	pooled	rate	of	VAP	was	nearly	14	times	higher	(14.1	vs	0.9	per	1000
ventilator	days),	 the	CLABSI	 rate	was	 five	 times	higher	 (5.05	vs	0.8	per	1000
central	line	days),	and	the	CAUTI	rate	was	nearly	three	times	higher	(5.1	vs	1.7
per	1000	catheter	days)	than	the	US	rates	during	2012.7

MICROBIOLOGY	OF	ICU	INFECTIONS
The	predominant	causes	of	ICU	infections	are	a	limited	number	of	bacterial	and
fungal	pathogens.	In	general,	the	pathogens	that	are	seen	can	be	characterized	as
those	 that	 survive	 well	 in	 a	 moist	 environment	 (eg,	 gram-negative	 bacteria
including	 Enterobacter	 strains,	 Pseudomonas	 aeruginosa,	 and	 Acinetobacter
species),	those	that	colonize	the	skin	and	produce	biofilm	to	allow	adherence	to
catheters	and	other	devices	 (eg,	Staphylococcus	aureus	 and	 coagulase-negative
staphylococci),	 and	 those	 that	 are	 resistant	 to	 commonly	 used	 antibiotics	 (eg,
methicillin-resistant	 S.	 aureus	 [MRSA],	 vancomycin-resistant	 enterococci
[VRE],	 multidrug-resistant	 [MDR]	 gram	 negative	 bacteria,	 and	 Candida
species).	 The	 EPIC	 III	 study	 reported	 that	 gram-negative	 organisms	 were
predominantly	 isolated	 (67%),	 followed	 by	 gram-positive	 (37%)	 and	 fungal
organisms	 (16%).	 Among	 gram-negative	 organisms,	 Klebsiella	 species	 were
most	 commonly	 isolated	 (18.5%)	 followed	 by	 Escherichia	 coli	 (17.2%),	 and
among	gram	positives,	S.	aureus	was	most	common	(14.8%).3	The	NHSN	2015



to	2017	data	on	health	care–associated	infections	occurring	among	both	ICU	and
non-ICU	patients	revealed	that	E.	coli	was	the	most	common	organism	isolated
(18%),	 followed	 by	 S.	 aureus	 (12%)	 and	 Klebsiella	 species	 (9%).8	 When
reviewed	 by	 of	 infection	 in	 ICUs,	 among	 CLABSIs,	 the	 coagulase-negative
Staphylococci	were	the	most	common	organisms	followed	by	Candida	albicans,
whereas	among	VAP,	S.	aureus	was	the	most	common	organism	followed	by	P.
aeruginosa.	Among	CAUTIs	from	both	ICU	and	hospital	wards,	E.	coli	was	the
most	common	pathogen	followed	by	Klebsiella	species.	In	contrast	to	US	NHSN
data,	 the	 INICC	 surveillance	 study	 of	 developing	 countries	 showed	 that	 all
device-associated	 infections	 were	 predominantly	 caused	 by	 gram-negative
organisms.	 Among	 CLABSIs,	 Klebsiella	 pneumoniae	 was	 the	 most	 common
organism	 followed	 by	Acinetobacter	 baumannii;	 for	 CAUTIs,	E.	 coli	 was	 the
most	common	organism	followed	by	K.	pneumoniae;	and	for	VAP,	A.	baumannii
was	the	most	common	organism	followed	by	P.	aeruginosa.7

Antimicrobial	 resistance	 patterns	 among	 the	 pathogens	 seen	 with	 device-
associated	 infections	 for	both	 the	United	States	 and	developing	countries	have
identified	 a	 high	 frequency	 of	MDR	 organisms.7,8	 Although	 there	 is	 variation
among	 institutions	 and	 sites	 of	 infections,	 common	 pathogens	 reported	 in	 the
NHSN	 and	 INICC	 data	 include	MRSA,	VRE,	 third-generation	 cephalosporin-
resistant	Enterobacterales,	and	MDR	P.	aeruginosa	and	Acinetobacter	species.	In
addition,	 carbapenem-resistant	 Enterobacterales	 (CRE)	 are	 being	 seen	 more
frequently	 among	 populations	 of	 developing	 countries	 compared	 to	 US
population.

RISK	FACTORS
3 	The	length	of	ICU	stay	is	one	of	the	predominant	risk	factors	for	nosocomial
infection	followed	by	the	use	of	medical	devices.	In	the	EPIC	III	study,	the	odds
of	infection	for	patients	with	an	ICU	stay	of	more	than	1	day	prior	to	the	study
day	was	 significantly	 higher	 compared	 to	 patients	 with	 ICU	 stay	 of	 less	 than
1	day	prior	to	the	study	day.3	Other	risk	factors	identified	by	the	EPIC	III	study
include	male	sex,	and	presence	of	comorbid	conditions	(like	chronic	obstructive
pulmonary	 disease,	 cancer,	 chronic	 kidney	 disease,	 diabetes	 mellitus,	 human
immunodeficiency	virus	[HIV],	and	immunosuppression).	Similar	to	adults,	risk
factors	for	nosocomial	infection	for	pediatric	ICU	patients	include	length	of	stay
in	 ICU,	 rate	 of	 device	 utilization,	 severity	 of	 underlying	 illness,	 and	 use	 of
parenteral	nutrition.9

Hyperglycemia	 has	 also	 been	 considered	 a	 risk	 factor	 for	 infections	 among



the	 critically	 ill.	 Hyperglycemia	 is	 common	 because	 of	 underlying	 diseases,
physiological	 stress,	 and	 parenteral	 nutritional	 support.	 In	 vitro	 investigations
suggest	 that	 hyperglycemia	 can	 impair	 polymorphonuclear	 leukocyte	 and
monocyte	 phagocytic	 and	 bactericidal	 activities.10	 A	 recent	 meta-analysis
involving	57	 randomized	control	 trials	 found	 reduced	 rates	of	 infection	among
ICU	patients	randomized	to	intensive	glucose	control.11

PREVENTIVE	AND	CONTROL	MEASURES
A	 number	 of	 approaches	 have	 been	 found	 to	 help	 prevent	 ICU-associated
infections.	The	comprehensive	use	of	standard	infection	control	practices	as	well
as	 enhanced	 infection	 control	 precautions	 for	 selected	 pathogens,	 limiting	 the
use	 of	 medical	 devices,	 and	 careful	 attention	 to	 architectural	 design	 are	 key
components	 of	 strategies	 to	 prevent	 ICU-acquired	 infections.	Additionally,	 the
implementation	 of	 targeted	 quality	 improvement	 programs	 for	 central	 vascular
catheter	infections	and	VAP	has	been	shown	to	be	a	highly	effective	approach	for
decreasing	infection	rates.

Infection	Control	Precautions

Isolation	Precautions
4 	 The	CDC	 and	 the	Hospital	 Infection	Control	 Practices	Advisory	Committee
have	prepared	guidelines	for	isolation	precautions	to	prevent	the	transmission	of
microorganisms	 from	 colonized	 or	 infected	 patients	 to	 other	 patients,	 visitors,
and	health	care	workers	(HCWs)12.	The	current	guidelines	were	last	updated	in
2007	 and	 recommend	 a	 two-tiered	 approach	 for	 effective	 prevention.	Standard
precautions	 are	 used	 for	 the	 care	 of	 all	 patients.	 Additional	 more	 stringent
transmission-based	 precautions	 are	 used	 for	 the	 care	 of	 patients	 who	 are
suspected	or	known	to	be	colonized	or	infected	with	specific	pathogens	that	are
readily	 transmitted	 either	 through	 direct	 contact,	 through	 large	 respiratory
droplets,	 or	 through	 smaller	 airborne	 particles.	 The	 current	 guidelines	 are
summarized	in	Table	71.1.	Contact	precautions	are	commonly	used	for	critically
ill	adults	to	decrease	the	transmission	of	MDR	bacteria	including	MRSA,	VRE,
extended-spectrum	beta-lactamase	(ESBL)-producing	bacteria,	and	carbapenem-
resistant	gram-negative	bacteria.	However,	routine	use	of	contact	precautions	for
all	 patients	 in	 ICUs	 is	 not	 evidence-based.	 A	 large	 cluster	 randomized	 study



found	 that	 the	universal	use	of	contact	precautions	for	all	 ICU	patients	did	not
reduce	the	primary	combined	end	point	of	MRSA	or	VRE	acquisition	compared
to	 baseline	 rates,	 although	 this	 study	 did	 not	 assess	 acquisition	 of	 other
antibiotic-resistant	organisms.13

TABLE	71.1

Isolation	Precautions

Transmission-Based

Standard Airborne Droplet Contact

Definition Reduce	risk
of
transmission
of	blood-
borne
pathogens
and
pathogens
from	moist
body
substances,
and	apply	to
all	patients

Prevent
transmission
of	disease	by
airborne
droplet	nuclei
(≤5	µm	size)

Reduce	risk	of
transmission	of
microorganisms
by	droplets
(≥5	µm	size)
generated	by
the	patient
sneezing,
coughing,
talking,	or
performance	of
procedure

Reduce
transmission
of
epidemiologic
important
organisms
from	an
infected	or
colonized
patient
through	direct
or	indirect
contact

Room Private-
negative
pressure
room	with	air
exhausted	to
outdoors	or
through	high-
efficient
filtration;
door	kept
closed

Private	room;
door	may
remain	open

Private	room
or	cohorted
with	a	patient
with	similar
organism
Patient	care
items	should
be	dedicated
to	a	single
patient



Mask Masks,	with
goggles	or
face	shields
provide
barrier
protection	to
reduce	the
transmission
of	pathogens
when
splashes	or
spray	of
blood,	body
fluids,
secretions,	or
excretions
are	likely

N95	mask	or
comparable
respirator
Surgical
mask	should
be	worn	by
the	patient
during
transportation
outside	the
negative
pressure
room

Mask	if
entering	the
room

Gowns Provide	barrier	protection,	prevent	contamination	of	clothing,	and
protect	the	skin	of	personnel	from	blood	and	body	fluid
exposures

Gloves Anticipated	blood,	body	fluid,	secretions/excretions,	nonintact
skin,	contaminated	items,	and	mucous	membranes

Hand
hygiene

Before	and	after	patient	contact;	immediately	after	glove
removal;	after	contact	with	blood,	body	fluids,
secretions/excretions,	or	mucous	membranes

Suspected
or
confirmed
pathogens

Used	for	all
patients
independent
of	the
presence	of
known
pathogens

Tuberculosis
Varicella
SARS-CoV-1
SARS-CoV-2
Measles
Disseminated
zoster
Viral
hemorrhagic
fevers

Meningitis	due
to	Neisseria
meningitides	or
Haemophilus
influenzae	
Diphtheria
(pharyngeal)
Pertussis
Mumps
Mycoplasma

MDR	bacteria
(MRSA,
VRE,	GISA,
VRSA,	gram-
negative
bacilli)
C.	difficile	
Scabies
Lice
HSV



(including
Ebola)
Smallpox
Monkeypox
Avian
influenza

pneumoniae	
Pneumonic
plague
Streptococcal
(Group	A)
pharyngitis,
pneumonia
Influenza
Rubella
Parvovirus	B19

(neonatal;
disseminated)
Disseminated
zoster

GISA,	glycopeptide-intermediate	Staphylococcus	aureus;	MDR,	multidrug-resistant;	MRSA,
methicillin-resistant	Staphylococcus	aureus;	SARS-CoV,	severe	acute	respiratory	syndrome
coronavirus;	VRE,	vancomycin-resistant	enterococci;	VRSA,	vancomycin-resistant
Staphylococcus	aureus;	HSV,	herpes	simplex	virus.

Hand	Hygiene
A	key	component	of	these	infection	control	guidelines	is	the	need	for	HCWs	to
practice	 good	 hand	 hygiene.12,14	Approaches	 that	 have	 been	 shown	 to	 improve
compliance	with	this	practice	have	included	the	provision	of	water-free	alcohol-
based	hand	 rubs	 throughout	 institutions,	 an	 intensified	educational	program	on
hand	hygiene,	and	electronic	monitoring	programs.15	Alcohols	have	excellent	in
vitro	 germicidal	 activity	 against	 gram-positive	 and	 gram-negative	 pathogens,
fungi,	and	many	viruses	including	HIV,	influenza	virus,	and	respiratory	syncytial
virus	 (RSV).	 Alcohol-based	 hand	 rubbing	 is	 recommended	 for	 all	 clinical
situations	except	when	 the	hands	are	visibly	soiled.	Alcohol	 is	 inactive	against
Clostridioides	difficile	 spores.	However,	 there	has	been	no	association	between
the	use	of	alcohol-based	hand	hygiene	and	the	incidence	of	C.	difficile	disease.16
Consequently,	 other	 than	 in	 outbreak	 settings,	 routine	 alcohol-based	 hand
hygiene	is	still	recommended	when	caring	for	C.	difficile	patients.17	An	ongoing
issue	 remains	 the	 relatively	 low	 rate	 of	 hand	 hygiene	 activity	 by	 HCWs,	 and
ongoing	effort	is	necessary	to	promote	and	maintain	this	practice.

Antimicrobial	Bathing
Critically	ill	patients	are	major	reservoirs	of	MDR	organisms	and	decreasing	this
reservoir	 would	 lead	 to	 a	 decrease	 in	 the	 risk	 of	 nosocomial	 transmission.
Accordingly,	 recent	 work	 has	 assessed	 the	 performance	 of	 daily	 bathing	 of
patients	with	chlorhexidine	gluconate	using	either	impregnated	clothes	or	dilute



bathing	 solutions.	 A	meta-analysis	 and	 recent	 summary	 of	 evidence	 involving
randomized	and	nonrandomized	trials	found	that	this	approach	can	decrease	the
incidence	of	hospital-acquired	BSIs	and	contribute	 to	 reducing	 transmission	of
MDR	organisms.18,19

Environmental	Cleaning
Although	 not	 associated	 with	 alterations	 of	 infection	 rates,	 the	 institution	 of
programs	 to	 train	and	monitor	 the	performance	of	housekeeping	staff	has	been
found	 to	 improve	 disinfection	 of	 the	 hospital	 ICU	 environment,	 including
disinfection	 of	 computer	 stations.20	 “No	 touch”	 automated	 room	 disinfection
methods	 using	 hydrogen	 peroxide	 vapor	 or	 ultraviolet	 (UV)	 light	 have	 been
shown	 to	 reduce	 rates	 of	 pathogen	 transmission	 among	 patients	 compared	 to
conventional	 cleaning	 methods.21	 Several	 single-center	 retrospective	 and
prospective	studies	using	automated	room	disinfection	methods	have	reported	a
significant	decrease	of	hospital	acquisition	of	MDR	organisms	and	C.	difficile.21
More	recently,	a	cluster	randomized	control	trial	involving	nine	hospitals	in	the
United	States	showed	 that	 routine	 terminal	cleaning	when	augmented	with	UV
light	resulted	in	significantly	 lower	rates	of	acquisition	of	MRSA	and	VRE	for
patients	 admitted	 to	 rooms	 previously	 occupied	 by	 patients	 with	 these
organisms.22	 However,	 there	 was	 no	 significant	 decrease	 of	 C.	 difficile
acquisition.	Interestingly,	however,	when	the	data	were	reanalyzed	for	hospital-
wide	outcomes,	there	was	a	significant	reduction	of	incidence	for	C.	difficile	and
VRE.23

In	addition	to	these	automated	disinfection	methods,	there	has	been	interest	in
self-disinfecting	antimicrobial	surfaces	because	of	the	potential	ability	to	prevent
recolonization	by	microorganisms.	A	randomized	controlled	study	in	the	United
States	 in	 three	 ICUs	 in	 three	 hospitals	 showed	 a	 significant	 reduction	 of	 the
incidence	 of	 hospital-acquired	 infections	 and/or	 MRSA	 or	 VRE	 colonization
(0.071	vs	0.128;	P	=	.020)	among	patients	admitted	to	patient	rooms	with	copper
alloy	 on	 high-touch	 surfaces.24	 A	 recent	 meta-analysis	 involving	 seven
randomized	and	pseudorandomized	controlled	trials	reported	a	risk	reduction	of
27%	 for	 hospital-acquired	 infections.25	 However,	 it	 was	 low-quality	 evidence.
Thus,	 additional	 multicenter	 randomized	 controlled	 studies	 are	 needed	 to
confirm	the	efficacy	of	this	approach.

Randomized	 controlled	 trials	 of	 various	 infection	 prevention	 measures	 for
critically	ill	patients	and	their	findings	are	summarized	in	Table	71.2.



TABLE	71.2

Summary	of	Randomized	Control	Trials	of	Various	Infection
Prevention	Measures	in	Preventing	ICU-Acquired
Infections

Intervention Year Study Patients Findings References

Chlorhexidine	gluconate	(CHG)	bathing	and	risk	of	ICU-acquired	infections

CHG
bathing	+	nasal
mupirocin	+	SDD
with	polymyxin
E	and	tobramycin

1996-
1998

Multicenter
placebo-
controlled
randomized
double-
blind	study

416 Lower
incidence	of
all	ICU-
acquired
infections	in
the
intervention
group

26

Daily	CHG
bathing

2007-
2009

Multicenter
cluster-
randomized
crossover
study

7727 Nosocomial
bacteremia
decreased	in
CHG	group

27

Daily	CHG
bathing	in
pediatric	patients

2008-
2010

Multicenter
cluster-
randomized
crossover
study

4947 Lower
incidence	of
bacteremia
in	CHG
group

28

Daily	CHG
bathing	+	nasal
mupirocin	for	5	d

2010-
2011

Multicenter
cluster-
randomized
study

74,256 Lower
incidence	of
bacteremia
due	to	any
pathogen	in
CHG	+	nasal
mupirocin
group

29



Daily	CHG
bathing

2012-
2013

Single-
center
cluster-
randomized
crossover
study

9340 No	benefit 30

Daily	CHG
bathing

2013-
2015

Single-
center
open-label
randomized
study

481 No	benefit 31

Every	other	day
CHG	bathing

2012-
2013

Single-
center
randomized
trial

325 Lower
incidence	of
ICU-
acquired
infections

32

Contact	precautions	for	all	ICU	patients	and	acquisition	of	MRSA	and	VRE

Contact	isolation
precautions	for
all	ICU	patients

2012 Matched
pair	cluster
randomized
trial

26,180 No	benefit 13

Copper	surfaces	in	ICU	and	risk	of	ICU-acquired	infections

Copper	alloy
surfaces	for	six
high-touch	areas

2010–
2011

Multicenter
randomized
trial

614 Lower
incidence	of
ICU-
acquired
infections
including
MRSA	and
VRE
colonization

24

ICU,	intensive	care	unit;	MRSA,	methicillin-resistant	Staphylococcus	aureus;	SDD,	selective
digestive	decontamination;	VRE,	vancomycin-resistant	enterococci.



Architectural	Design	and	Hospital	Construction
Modern	ICU	design	includes	the	use	of	single-patient	rooms,	adequate	physical
space	 for	 equipment	 and	 personnel,	 individual	 patient	 sinks,	 adequate	 hand
hygiene	stations,	and	adequate	room	ventilation	with	filtered	air	and	at	least	six
air	changes	per	hour.33	Additionally,	 there	are	defined	guidelines	for	 the	design
of	 airborne	 isolation	 infection	 rooms	 for	 patients	 requiring	 management	 of
tuberculosis	or	other	infections	readily	transmitted	by	the	airborne	route.

Ongoing	construction	and	 renovation	activities	of	health	care	 facilities	have
also	been	recognized	as	significant	risk	factors	for	infections	with	environmental
pathogens.	 More	 frequent	 is	 a	 concern	 regarding	 diseases	 caused	 by
environmental	 molds,	 in	 particular	 Aspergillus	 species.33,34	 US	 health	 care
institutions	 are	 now	 required	 to	 have	 procedures	 in	 place	 to	 ascertain	 that
construction	 and	 renovation	 activities	 are	 performed	 in	 a	manner	 that	 protects
patients	from	being	exposed	to	environmental	pathogens.33

Studies	 dating	 to	 the	 1980s	 have	 noted	 an	 association	 between	 Legionella
species	 infection	 and	 contamination	of	 hospital	 plumbing	 systems,	 particularly
faucets	 and	 shower	 heads.	More	 recently	 there	 have	 been	 multiple	 reports	 of
hospital	 outbreaks	 with	 gram-negative	 bacilli	 including	 Pseudomonas	 species
and	Enterobacterales	that	have	been	associated	with	sinks	and	drainage	systems.
Definitive	 evidence	 on	 the	 mechanism	 of	 transmission	 is	 limited	 but	 bacteria
have	 been	 demonstrated	 within	 biofilms	 on	 drainpipes,	 causing	 surface
contamination	 of	 sink	 bowls	 and	 adjacent	 surfaces,	 as	 well	 as	 from	 aerosols
generated	by	 running	water.	An	optimal	approach	 to	address	 this	 issue	has	not
yet	been	determined.35

Infection	Control	Surveillance	Programs
In	 1970,	 the	 CDC	 initiated	 the	 National	 Nosocomial	 Infection	 Surveillance
system	 as	 an	 approach	 enabling	 the	 identification	 of	 secular	 trends	 for	 these
infections.	Subsequent	studies	that	analyzed	health	care–acquired	infection	rates
at	 differing	 institutions	 before	 and	 after	 the	 distribution	 of	 infection	 rate	 data
found	 that	 institutional	 infection	 rates	 diminished	 after	 institutions	were	made
aware	of	their	infection	rates.36,37	In	the	past	10	years,	all	US	hospitals	have	been
required	 to	 report	 hospital-acquired	 infection	 rates	 to	 the	 second-generation
surveillance	program,	 the	NHSN,	 and	with	 this	 requirement	 there	 has	 been	 an
ongoing	 reduction	 in	 the	 rate	 of	 device-related	 infections	 nationally.5
Disseminating	data	using	a	simple	and	understandable	format,	to	those	who	need
to	 know,	 enables	 clinicians	 to	make	 decisions	 to	 alter	 practice	 on	 the	 basis	 of



scientific	data.

Quality	Improvement	Initiatives
A	major	 advance	 of	medical	 care	 in	 the	 past	 decade	 has	 been	 the	 adoption	 of
quality	 improvement	 strategies	 used	 by	 other	 industries	 such	 as	 air
transportation.	The	development	of	standardized	approaches	to	the	provision	of
care	 has	 been	 particularly	 effective	 for	 the	 prevention	 of	 device-related
infections	in	the	ICU	stetting.	Several	institutions	have	documented	a	significant
reduction	 of	 CLABSIs	 after	 the	 implementation	 of	 quality	 improvement
programs	 targeted	 against	 these	 infections.38,39	 Principal	 components	 of	 these
programs	 have	 included	 providing	 education	 regarding	 appropriate	 infection
control	 practices	 to	 staff	 involved	 in	 central	 catheter	 placement	 and	 care,
standardizing	 the	 location	 of	 catheter	 placement	 to	 preferentially	 use	 the
subclavian	 location	 and	 avoid	 femoral	 lines	 when	 possible,	 centralizing	 the
location	 of	 all	 equipment	 required	 for	 catheter	 placement,	 the	 use	 of	maximal
sterile-barrier	precautions	 (ie,	 use	of	 cap,	 surgical	masks,	 sterile	gowns,	 sterile
gloves,	and	large	sterile	drapes)	during	catheter	insertion,	and	trying	to	remove
these	catheters	as	quickly	as	possible.39-42

A	 similar	 approach	 has	 been	 taken	 to	 prevent	 VAP	 among	 mechanically
ventilated	patients	with	the	use	of	targeted	education	programs.43-45	These	quality
improvement	education	programs	have,	in	general,	followed	CDC	guidelines	on
measures	to	prevent	health	care–acquired	pneumonia	and	have	been	directed	at
medical	staff,	ICU	nursing	staff,	and	respiratory	therapists.	Key	elements	of	the
programs	 include	 a	 focus	 on	 hand	 hygiene,	 maintaining	 the	 patient	 in	 a
semirecumbent	position	with	the	head	of	the	bed	elevated	30°,	standardizing	the
approach	 to	 changing	 ventilator	 circuitry,	 avoiding	 nasal	 intubations,	 avoiding
gastric	distension,	 removing	nasogastric	 tubes,	and	weaning	patients	as	 rapidly
as	possible.43

SELECTED	HEALTH	CARE–ACQUIRED
PATHOGENS

Clostridioides	difficile–Associated	Colitis
C.	 difficile	 is	 the	most	 frequent	 etiology	 for	 health	 care–acquired	 diarrhea.	 In
2011,	 an	 estimated	 453,000	 cases	 and	 29,300	 deaths	 occurred	 in	 the	 United



States	 due	 to	C.	difficile	with	more	 than	 two-thirds	 of	 cases	 being	 health	 care
associated.46	 The	 organism	 may	 asymptomatically	 colonize	 the	 gut	 or	 cause
illness	 ranging	 from	 watery	 diarrhea	 to	 pseudomembranous	 colitis,	 toxic
megacolon,	 perforation,	 and	 even	 death.47,48	 Transmission	 in	 the	 health	 care
setting	appears	to	occur	through	transient	hand	carriage	of	HCWs,	close	contact
with	 other	 colonized	 or	 infected	 patients,	 or	 exposure	 to	 spores	 present	 on
contaminated	 environmental	 surfaces.48,49	 Exposure	 to	 antibiotics	 increases	 the
risk	of	developing	disease.	Practically	all	antibiotics	have	been	implicated	in	the
development	 of	 C.	 difficile–associated	 diarrhea	 (CDAD),	 but	 disease	 is
especially	common	with	clindamycin,	penicillins,	and	cephalosporins.

At	 least	 part	 of	 the	 increasing	 incidence	 can	 be	 linked	 to	 the	 spread	 of	 a
specific	 C.	 difficile	 strain,	 BI/NAP1/027,	 which	 is	 associated	 with	 severe
disease,	 excess	 mortality,	 and	 epidemic	 outbreaks.50,51	 In	 2011,	 among
453,000	C.	 difficile	 cases,	 NAP1/027	 accounted	 for	 an	 estimated	 30.7%	 and
18.8%	 of	 the	 health	 care–associated	 and	 community-associated	 infections,
respectively.46	It	is	unclear	why	this	strain	has	spread	so	widely;	however,	there
is	evidence	that	it	has	increased	virulence	because	of	increased	production	of	the
C.	difficile	A	and	B	toxins,	and	has	also	acquired	resistance	to	fluoroquinolone
antibiotics	which	are	used	widely	for	treatment	of	UTI	and	community-acquired
pneumonia.52

Approaches	 to	 the	 prevention	 of	 CDAD	 are	 directed	 toward	 preventing
horizontal	 transmission	 of	 the	 pathogen,	 as	 well	 as	 reducing	 the	 individual
patient’s	risks	of	disease	when	they	acquire	 the	organism	through	the	judicious
use	of	antibiotic	 therapy.	Barrier	methods	remain	fundamental	 to	prevention	of
spread,	as	well	as	the	use	of	private	rooms	or	cohorting	CDAD	patients.	Alcohol
hand	hygiene	preparations	are	not	active	against	bacterial	spores,	including	those
of	C.	difficile,	but	clinical	studies	have	shown	no	association	between	the	use	of
alcohol-based	hand	hygiene	and	the	incidence	of	C.	difficile.16	However,	the	use
of	 soap	 and	 water	 for	 enhanced	 mechanical	 clearance	 during	 hand	 hygiene
should	 be	 considered	 when	 increased	 transmission	 of	 C.	 difficile	 has	 been
observed.17	HCWs	should	wear	gloves	when	caring	for	patients	with	CDAD,	and
the	use	of	gowns	 is	also	 recommended	when	soiling	of	 the	patient’s	clothes	 is
likely.14,53	 In	 addition	 to	 the	 above	 infection	 control	 measures,	 implementing
antimicrobial	stewardship	programs	which	limit	inappropriate	antibiotic	use	has
been	associated	with	decreases	of	the	incidence	of	CDAD.54,55

Thorough	environmental	cleaning	is	critical,	as	C.	difficile	spores	can	live	for
several	 months	 on	 hospital	 dry	 surfaces.	 Commonly	 used	 hospital	 cleaning
agents	such	as	quaternary	ammonium–based	detergents	are	ineffective	for	killing
C.	difficile	 spores.56	 Use	 of	 10%	 sodium	 hypochlorite	 solution	 is	 effective	 for



reducing	environmental	contamination	with	C.	difficile	spores	and	is	associated
with	decreased	C.	difficile	infection	rates.57,58	Other	novel	strategies	reported	for
environmental	 decontamination	 include	 hydrogen	 peroxide	 vapor,	 UV	 light
decontamination,	 and	 copper-coated	 surfaces.21,24	 A	 recent	 cluster	 randomized
controlled	study	involving	nine	hospitals	in	the	United	States	showed	significant
reduction	 of	 hospital-wide	 incidence	 of	 C.	 difficile	 when	 routine	 terminal
cleaning	is	augmented	with	UV	light.23

Methicillin-Resistant	Staphylococcus	aureus
The	prevalence	of	MRSA	among	the	United	States	critically	 ill	has	risen,	from
an	incidence	of	30%	to	40%	during	the	middle	of	the	1990s	to	over	60%	during
2004.59	 However,	 compared	 to	 2005,	 the	 estimated	 national	 incidence	 of
hospital-onset	MRSA	infections	 in	 the	United	States	during	2011	decreased	by
54%	 (9.91	 vs	 4.54	 cases	 per	 100,000	persons).60	 Similarly,	NHSN	 reported	 an
18%	decrease	 of	 SIR	 among	MRSA	BSIs	 for	US	hospitals	 during	 2019	when
compared	 to	 2015.5	 This	 decreased	 incidence	 is	 likely	 due	 to	 increased
implementation	 of	 infection	 prevention	 measures,	 especially	 targeting
intravascular	 catheter-related	 infections.61	 There	 has	 been	 also	 a	 change	 of	 the
frequency	 of	 infections	 caused	 by	 different	 MRSA	 strains.	 Infections	 due	 to
community-associated	 MRSA	 strains	 are	 increasing	 in	 hospital	 settings
(including	 ICUs),	 are	 becoming	 endemic,	 and	 are	 replacing	 the	 traditional
hospital	strains	of	MRSA.62,63	Risk	factors	associated	with	acquisition	of	health
care–acquired	 strains	 of	 MRSA	 include	 recent	 hospitalization,	 hemodialysis,
residence	in	a	long-term	facility,	and	injection	drug	use.

Current	 CDC	 guidelines	 recommend	 the	 use	 of	 “contact	 precautions”	 for
patients	 known	or	 suspected	 to	 be	 colonized	with	 epidemiologically	 important
organisms.12	 However,	 the	 use	 of	 contact	 precautions	 for	 endemic	 MRSA
remains	 controversial.64,65	 Contact	 precautions	 have	 been	 used	 as	 a	 part	 of
multiple	control	measures	and,	unfortunately,	there	are	no	randomized	controlled
trials	 comparing	 the	 effects	 of	 contact	 precautions	 with	 standard	 precautions
alone	 for	 the	 acquisition	 of	MDR	organisms.	A	 recent	meta-analysis	 of	 quasi-
experimental	 before	 and	 after	 studies	 reported	 no	 increase	 in	MRSA	 or	 VRE
infections	when	the	use	of	contact	precautions	was	discontinued.66	In	addition,	a
recent	cluster	randomized	study	on	measures	to	prevent	MRSA	infections	found
that	 “vertical”	 measures	 targeting	 a	 specific	 organism	 were	 inferior	 to
“horizontal”	 measures	 active	 against	 multiple	 organisms	 such	 as	 universal
decolonization	and	daily	chlorhexidine	bathing.29	However,	during	outbreaks	of
MRSA,	 institutions	 may	 consider	 instituting	 patient/staff	 cohorting,



decolonization	 of	 patients	 with	 topical	 nasal	 mupirocin	 and	 total	 body
chlorhexidine	baths/showers,	and	screening	HCWs	for	MRSA	colonization.67	An
enhanced	 infection	 control	 policy	 with	 stringent	 contact	 precautions	 has	 been
recommended	for	patients	with	vancomycin-resistant	S.	aureus	(VRSA).68

Vancomycin-Resistant	Enterococci
VRE	was	first	recognized	in	Europe	during	1988	and	in	the	United	States	soon
thereafter.	By	1993,	there	was	a	20-fold	increase	in	VRE	prevalence	among	US
critically	ill	patients.69	A	recent	meta-analysis	of	37	published	studies	estimated
that	the	prevalence	of	VRE	on	admission	to	adult	ICUs	was	8.8%.70	In	2015	to
2017	NHSN	data,	78%	and	83%	of	Enterococcus	faecium	 isolates	obtained	for
CLABSI	and	CAUTI	from	critically	ill	patients,	respectively,	were	vancomycin
resistant,	 whereas	 11%	 and	 4%	 of	Enterococcus	 faecalis	 isolates	 obtained	 for
CLABSI	 and	 CAUTI	 in	 ICUs,	 respectively,	 were	 vancomycin	 resistant.8
Although	not	as	virulent	a	pathogen	as	MRSA,	VRE	can	cause	infections	among
debilitated	patients.	Also,	as	 the	gene	 inducing	vancomycin	resistance	 in	VRE,
vanA,	can	be	transferred	to	S.	aureus,	 the	presence	of	VRE	during	an	ICU	stay
can	increase	the	potential	for	the	emergence	of	VRSA	strains.71	Risk	factors	for
VRE	 colonization	 are	 previous	 hospitalization,	 glycopeptide	 administration,
colonization	 pressure,	 and	 patients	 with	 comorbid	 conditions.72	 Similar	 to
MRSA,	 the	use	of	contact	precautions	 for	endemic	VRE	remains	controversial
and	 there	are	no	randomized	controlled	 trials	comparing	contact	precautions	 to
standard	precautions	alone	for	the	acquisition	of	VRE.	A	recent	meta-analysis	of
quasi-experimental	studies	involving	removal	of	contact	precautions	for	patients
colonized	 or	 infected	 with	 VRE	 was	 not	 associated	 with	 increased	 VRE
transmission	 or	 device-associated	 infection	 rates.66	 Horizontal	 measures
probably	play	 a	more	 significant	 role	 than	 contact	 precautions	 for	 limiting	 the
transmission	of	VRE.

Multidrug-Resistant	Gram-Negative	Bacilli
According	 to	 NHSN,	 gram-negative	 bacteria	 belonging	 to	 Enterobacterales
family	 and	 organisms	 like	 P.	 aeruginosa	 and	 Acinetobacter	 species	 were	 a
frequent	cause	of	health	care–associated	infections	during	2015	to	2017	for	the
United	States.8	Multidrug	resistance	among	gram-negative	bacteria,	particularly
the	 carbapenem	 resistance	 caused	by	mobile	 genetic	 elements	 harboring	genes
encoding	 for	 carbapenemases	 such	 as	 Klebsiella	 pneumoniae	 carbapenemase



(KPC)	 and	 metallo-β-lactamases	 (eg,	 New	 Delhi	 metallo-β-lactamase-1)	 in
Enterobacterales,	is	increasingly	common.73	CRE	infections	are	associated	with
significantly	higher	mortality	 (OR,	3.39;	 [95%	CI,	2.35-4.89])	when	compared
with	 carbapenem-susceptible	 Enterobacterales.74	 During	 2015	 to	 2017	 NHSN
reported	that	the	proportion	of	carbapenem	resistance	among	Klebsiella	species,
E.	coli,	and	Enterobacter	species	among	device	associated	infections	was	6.9%,
0.7%,	and	6.2%,	 respectively.8	The	 risk	 factors	 for	acquisition	of	CRE	 include
ICU	 stay,	 residence	 in	 long-term	 acute	 care	 (LTAC)	 facilities,	 presence	 of
indwelling	 devices,	 antimicrobial	 exposure	 (carbapenems,	 extended-spectrum
cephalosporins,	 fluoroquinolones),	 CRE	 colonization	 pressure,	 severity	 of
illness,	 and	 immunosuppression/organ	 transplantation.75-78	 Currently,	 active
surveillance	 for	 asymptomatic	 rectal	 CRE	 colonization	 is	 not	 routinely
recommended.	However,	it	can	be	considered	during	outbreaks	and	for	high-risk
patients	 (admission	 to	 LTAC	 facilities,	 ICUs).	 Infection	 control	 measures	 for
patients	 colonized	 or	 infected	 with	 CRE	 should	 include	 strict	 contact
precautions,	minimizing	use	of	invasive	devices,	antimicrobial	stewardship,	and
other	 general	 measures	 like	 hand	 hygiene	 and	 chlorhexidine	 bathing.79	 For
ESBL-producing	Enterobacterales,	a	recent	multicenter	cluster	randomized	trial
including	 non-ICU	 ward	 patients	 from	 four	 European	 countries	 reported	 no
benefits	 of	 contact	 precautions	 over	 standard	 precautions	 for	 reducing	 ESBL-
producing	Enterobacterales	 transmission.80	 In	 another	 quasi-experimental	 study
from	 Switzerland	 involving	 an	 acute	 care	 hospital	 and	 rehabilitation	 center,
discontinuation	 of	 contact	 precautions	 was	 not	 associated	 with	 increased
transmission	of	ESBL-producing	E.	coli.81	However,	similar	studies	of	critically
ill	patients	are	lacking.
Pseudomonas	aeruginosa	is	the	fourth	most	common	pathogen	isolated	from

all	types	of	adult	health	care– associated	infections	in	2015	to	2017	NHSN	data.8
MDR	 P.	 aeruginosa	 isolates	 accounted	 for	 14.2%	 and	 4.5%	 among	 device-
associated	 health	 care–associated	 infections	 and	 surgical	 site	 infections,
respectively.	 Similarly,	 Acinetobacter	 species	 are	 one	 of	 the	 most	 common
pathogens	 isolated	 from	 device-associated	 health	 care–associated	 infections.
MDR	 Acinetobacter	 species	 isolates	 accounted	 for	 43.1%	 and	 26.5%	 among
device-associated	health	 care–associated	 infections	 and	 surgical	 site	 infections,
respectively.8	Unfortunately,	this	organism	survives	well	in	the	environment,	and
has	 been	 associated	 with	 significant	 ICU	 outbreaks.	 Infections	 due	 to
Acinetobacter	species	are	associated	with	poor	outcomes,	including	high	rates	of
morbidity	and	mortality,	and	higher	medical	expenses.	Control	measures	involve
the	 use	 of	 “contact	 precautions”	 and	 enhanced	 environmental	 cleaning
efforts.12,82



Given	the	high	morbidity	and	mortality	of	resistant	gram-negative	strains,	it	is
important	 for	 institutions	 to	 track	 rates	 of	 antibiotic	 resistance	 for	 each	 ICU
independently	 of	 their	 overall	 institutional	 antibiotic	 resistance	 rates.	 Empiric
antibiotic	 coverage	 for	 gram-negative	 pathogens	 for	 given	 ICUs	 should	 be
targeted	 to	 the	 sensitivities	 of	 their	 recent	 gram-negative	 isolates.	 Enhanced
infection	 control	 contact	 precautions	 should	 be	 used	 for	 patients	 who	 are
colonized	 or	 infected	 with	 ESBL-	 or	 KPC-	 or	 NDM-positive	 gram-negative
pathogens	or	MDR	P.	aeruginosa	or	Acinetobacter	species.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	68-year-old	man	with	a	history	of	rheumatoid	arthritis	on	etanercept	is
admitted	to	the	ICU	with	sepsis	and	found	to	have	multiple	vesicular	lesions
covering	his	entire	body.	The	vesicular	lesions	are	in	different	stages	of
evolution	and	have	a	rim	of	erythema.	What	transmission-based	infection
prevention	precautions	should	be	instituted?

A. 	Contact
B. 	Contact	and	airborne
C. 	Contact	and	droplet
D. 	Contact,	airborne,	and	droplet

2. 	Which	of	the	following	are	the	two	strongest	risk	factors	for	an	ICU-
acquired	infection?

A. 	Age	and	length	of	ICU	stay
B. 	Age	and	presence	of	mechanical	devices
C. 	Length	of	ICU	stay	and	presence	of	mechanical	devices
D. 	Male	sex	and	comorbidities

3. 	A	34-year-old	man	with	a	history	of	acute	myelogenous	leukemia	was
admitted	to	the	hospital	for	an	allogeneic	hematopoietic	stem	cell	transplant.
Post	transplant,	he	had	delayed	engraftment	leading	to	prolonged	neutropenia.
After	50	days	of	hospitalization,	he	is	admitted	to	the	ICU	with	sepsis	and
diagnosed	with	pneumonia.	Lung	biopsy	shows	fungal	hyphae	concerning	for
Aspergillus.	This	is	the	second	case	of	Aspergillus	infection	in	a	transplant



patient	within	the	past	3	months.	If	this	is	nosocomial	spread,	what	is	the	most
likely	mechanism?

A. 	Construction	project	in	the	vicinity
B. 	Health	care	worker	colonized	with	Aspergillus
C. 	Ventilation	system
D. 	Water	supply	line

Answers

1.	The	correct	answer	is	B.
Rationale:	The	most	 likely	 diagnosis	 for	 this	 patient	 is	 herpes	 zoster	which

has	disseminated.	Among	patients	with	disseminated	herpes	zoster,	the	virus	can
be	transmitted	through	airborne	route	in	addition	to	direct	contact	with	the	skin
lesions.	 Therefore,	 the	 patient	 should	 be	 placed	 on	 contact	 and	 airborne
precautions	(choice	B	is	correct).	Droplet	precautions	are	not	required	for	control
of	 this	 infection	 (C	and	D	are	 incorrect)	 and	contact	precautions	 alone	 are	not
sufficient	(A	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	 Length	 of	 ICU	 stay	 and	 presence	 of	mechanical	 devices	 are	 the

two	major	 risk	 factors	 for	 ICU-acquired	 infections	 (choice	C	 is	 correct).	Male
sex	and	comorbidities	were	also	associated	with	ICU-acquired	infections	in	the
EPIC	III	study;	however,	their	association	was	less	strong	(choices	A,	B,	and	D
are	not	the	best	answers).

3.	The	correct	answer	is	A.
Rationale:	The	first	action	is	to	enquire	about	any	ongoing	construction	in	the

bone	 marrow	 unit	 or	 near	 its	 vicinity.	 This	 is	 because	 construction	 and
renovation	work	can	 lead	 to	dust	 contamination	and	dispersal	of	 fungal	 spores
which	 can	 then	 be	 inhaled	 leading	 to	 pulmonary	 infections	 among
immunocompromised	patients	 (choice	A	 is	 correct).	Although	 there	 have	been
reports	of	water	and	air-handling	unit	contamination	with	fungal	spores,	 this	 is
less	 common	compared	with	 construction	 (D	and	C	 are	 not	 the	best	 answers).
Transfer	 from	health	care	workers	 is	not	 thought	 to	contribute	 to	 the	spread	of
Aspergillus	 (B	 is	 incorrect).	 Any	 construction	 and	 renovation	 work	 in	 the
hospital	 needs	 to	 be	 reported	 to	 Infection	 Prevention	 staff	 so	 that	 appropriate
measures	 for	 prevention	 of	 airborne	 dissemination	 of	 fungal	 spores	 can	 be
undertaken.
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Chapter	72
Use	of	Antimicrobials	in	the	Treatment	of
Infection	in	the	Critically	Ill	Patient
Mohmmad	Hajjiri,	Richard	H.	Glew,	Jennifer	S.	Daly

KEY	POINTS:
1.	 Infections	play	a	major	role	in	patient	morbidity	and	mortality	during

critical	illness;	as	such,	having	a	proper	understanding	of
antimicrobials	is	imperative	to	maximize	their	benefits	while	reducing
unwanted	effects.

2.	 Empiric	antibiotic	selection	should	be	based	on	an	accurate
differential	diagnosis.

3.	 A	proper	understanding	of	the	pharmacokinetics-pharmacodynamics
principles	is	the	cornerstone	to	achieve	optimal	(effective	and	safe)
results.

4.	 Failure	of	therapy	could	result	from	inaccurate	diagnosis	or	poor
source	control;	as	such,	those	should	be	considered	before	ascribing
it	to	antibiotic	resistance.

5.	 Always	adjust	antibiotics	according	to	culture	data	and	use	the
shortest	course	possible	while	continuing	to	adhere	to	therapeutic
guidelines.

INTRODUCTION
1 	Infections	play	a	major	role	for	patient	morbidity	and	mortality	during	critical
illness;	as	such,	having	a	proper	understanding	of	antimicrobials	is	imperative	to
maximize	their	benefits	while	reducing	unwanted	effects.

This	chapter	reviews	antimicrobial	agents	used	for	the	treatment	of	bacterial,
viral,	fungal,	and	protozoan	infections	in	the	intensive	care	unit	(ICU).



PENICILLINS
The	classes	of	penicillins	include	penicillin	G,	ampicillin,	the	antistaphylococcal
(semisynthetic)	 penicillins,	 and	 the	 expanded	 spectrum	 (antipseudomonal)
penicillins	 alone	 or	 in	 combination	 with	 a	 β-lactamase	 inhibitor.1	 The	 serum
half-life	 (t	 ½)	 of	 most	 penicillins	 is	 short,	 and	 rapid	 clearance	 occurs	 via	 the
kidneys.	Some	semisynthetic	penicillins,	for	example,	nafcillin	and	oxacillin,	are
metabolized	 to	 a	 large	 extent	 by	 the	 liver;	 therefore,	 dosage	 adjustment	 is	 not
required	 for	 patients	 with	 renal	 insufficiency	 (Table	 72.1).	 Penicillins	 are
relatively	 well	 tolerated,	 and	 side	 effects	 most	 commonly	 involve
hypersensitivity	 reactions.	 Bone	 marrow	 and	 hepatic	 toxicity	 caused	 by
semisynthetic	penicillins	have	been	described,	with	neutropenia	more	commonly
seen	with	nafcillin	and	hepatitis	more	likely	to	occur	with	oxacillin.2

TABLE	72.1

Examples	of	Parenteral	Penicillins

Penicillin Indication
Dose	Based	on	Creatinine	Clearance

>80	mL/min
(Normal)

50-
80	mL/min

10-
50	mL/min <10	mL/min

Penicillin
G

Meningitis 2	million	U
q2h

4	million	U
q4h

4	million	U
q4h

2	million	U
q6h

Endocarditis 3-4	million	U
q4h

3-4	million
U	q4h

3	million	U
q4h

2	million	U
q6h

Ampicillin Meningitis 2-3	g	q4h 2-3	g	q6h 2-3	g	q8h 2-3	g	q12h

Endocarditis 2	g	q4h 2	g	q6h 2	g	q8h 2	g	q12h

Nafcillin
or
oxacillin

Staphylococcus
aureus
bacteremia,
meningitis

2	g	q4h 2	g	q4h 2	g	q4h 2	g	q4h

Skin,	soft 1-2	g	q4–6h 1-2	g	q4-6h 1-2	g	q4-6h 1-2	g	q4-6h



tissue
infections

Abbreviations:	q12h,	every	12	h;	q4h,	every	4	h;	q6h,	every	6	h;	q8h,	every	8	h.

Penicillin	G
In	 the	 ICU,	 aqueous	 penicillin	 G	 is	 appropriate	 for	 the	 therapy	 of	 severe,
overwhelming	 infections	 caused	 by	 susceptible	 organisms,	 including
pneumococcal	 pneumonia	 and	 streptococcal	 bacteremia	 caused	 by	 penicillin-
susceptible	strains,1	 and	 necrotizing	 fasciitis	 due	 to	 group	A	Streptococcus	 (in
combination	with	clindamycin).	Because	of	the	prevalence	of	penicillin-resistant
pneumococci,	 life-threatening	 infections	 (especially	 meningitis)	 due	 to	 these
organisms	 should	 be	 treated	 initially	 with	 ceftriaxone,	 cefotaxime,	 or
vancomycin.3	 Although	 aspiration	 pneumonia	 commonly	 involves	 mouth
anaerobes	that	are	susceptible	to	penicillin	G,	penicillin-resistant	anaerobes	can
be	found	in	putrid,	cavitary	pneumonia	and	empyema,	and	clindamycin	with	or
without	 a	 third-generation	 cephalosporin	 (or	 an	 extended-spectrum	 β-lactam
[ESBL]	plus	metronidazole)	 is	 the	preferred	 regimen.4,5	Therapy	for	penicillin-
susceptible	Enterococcus	 spp	causing	endocarditis	 is	penicillin	G	or	ampicillin
plus	 an	 aminoglycoside,	 generally	 gentamicin,	 or	 ceftriaxone.6	 The	 activity	 of
penicillin	 G	 and	 ampicillin	 against	 most	 gram-negative	 bacilli	 is	 poor.
Staphylococcus	 aureus	 should	 be	 presumed	 to	 be	 resistant	 to	 penicillin	 and
ampicillin	as	most	strains	produce	a	penicillinase.

Penicillinase-Resistant	Semisynthetic	Penicillins
Because	most	 strains	 of	S.	 aureus	 are	 resistant	 to	 penicillin	G	 by	 virtue	 of	 β-
lactamase	 production,	 treatment	 involves	 one	 of	 the	 β-lactamase-resistant
penicillins	 (Table	 72.1).	 Both	 nafcillin	 and	 oxacillin	 exhibit	 excellent	 in	 vitro
activity	against	most	susceptible	isolates	of	S.	aureus.	However,	because	of	the
high	prevalence	of	community-acquired	methicillin-resistant	S.	aureus	(MRSA),
vancomycin	 should	 be	 used	 for	 empiric	 therapy	 of	 suspected	 staphylococcal
infections	 pending	 results	 of	 cultures.7	 In	 patients	 with	 overwhelming	 or
disseminated	infection	caused	by	β-lactam-susceptible	S.	aureus,	therapy	should
be	instituted	with	9	to	12	g/d	of	intravenous	(IV)	oxacillin	or	nafcillin,	in	divided
doses	every	4	hours	(Table	72.1).



Anti–Gram-Negative	Penicillins
The	 combination	 agent	 piperacillin/tazobactam	 exhibits	 activity	 against	 many
Enterobacteriaceae	that	are	resistant	to	ampicillin.8

2 	For	 the	ICU	patient	with	suspected	bacteremia	or	overwhelming	 infection
due	to	gram-negative	bacilli,	empiric	therapy	should	be	chosen	with	knowledge
of	 local	 ICU	 resistance	 patterns	 and	 include	 agents	 that	 the	 patient	 has	 not
received	 recently.	 Pharyngeal	 colonization	with	 gram-negative	 bacilli	 develops
rapidly	among	patients	in	the	ICU,	and	initial	 therapy	of	nosocomial	aspiration
pneumonia	requires	the	addition	of	an	antipseudomonal	penicillin,	carbapenem,
or	 third-generation	 cephalosporin	 sometimes	 in	 combination	 with	 an
aminoglycoside	or	fluoroquinolone.9	For	patients	with	Pseudomonas	aeruginosa
infections,	 the	 intensivist	 should	 consider	 using	 higher	 dosages,	 extended	 or
continuous	 infusions	 of	 piperacillin/tazobactam	 with	 or	 without	 an
aminoglycoside.	 The	 addition	 of	 the	 aminoglycoside	 to	 extended-spectrum
penicillins	 is	 controversial10	 but	 has	 been	 shown	 to	 provide	 broader	 gram-
negative	coverage	and	synergistic	killing	against	P.	aeruginosa.

Penicillin	β-Lactamase	Inhibitor	Combinations
Clavulanic	acid,	sulbactam,	and	tazobactam	are	β-lactamase	inhibitors	that	bind
irreversibly	 to	 β-lactamases	 derived	 from	S.	 aureus	 and	 anaerobes,	 as	 well	 as
some	β-lactamases	from	gram-negative	bacilli.	Thus,	the	combination	of	one	of
these	β-lactamase	inhibitors	with	a	penicillin	results	in	a	drug	combination	that	is
active	 against	 β-lactamase-producing	 strains	 of	 S.	 aureus,	 Bacteroides	 spp,
Haemophilus	influenzae,	Neisseria	gonorrhoeae,	and	some	gram-negative	bacilli
such	as	Escherichia	coli,	Klebsiella	spp,	and	Proteus	spp.

Commonly	 used	 combinations	 available	 parenterally	 include
ampicillin/sulbactam	and	piperacillin/tazobactam.	Piperacillin/tazobactam	can	be
effective	for	the	treatment	of	mixed	infections,	such	as	nosocomial	pneumonia,
intra-abdominal	infections,	and	synergistic	skin	soft	tissue	infections.	However,
the	 lack	 of	 efficacy	 against	multiply	 resistant	 gram-negative	 bacilli	 sometimes
found	 in	 the	 ICU	warrants	monitoring	of	 local	 resistance	 patterns	 and	 empiric
use	of	a	carbapenem	during	outbreaks	of	resistant	organisms.

The	usual	 suggested	dosages	of	 the	available	combinations	are	presented	 in
Table	72.1.	The	pharmacology	of	the	β-lactamase	inhibitors	is	similar	to	that	for
other	 β-lactams:	 Clearance	 is	 by	 renal	 mechanisms,	 and	 dosage	 adjustments
must	 be	 made	 with	 these	 combinations	 in	 the	 setting	 of	 renal	 impairment.
Continuous	and	extended	infusions	of	piperacillin/tazobactam	after	a	bolus	have



a	 pharmacodynamic	 advantage	 for	 organisms	 with	 relatively	 high	 minimum
inhibitory	 concentrations	 (MICs)	 to	piperacillin	 and	 for	 patients	 on	 continuous
venovenous	hemofiltration.11,12

CEPHALOSPORINS
Cephalosporin	 antibiotics	 exhibit	 relative	 safety	 and	 an	 antibacterial	 spectrum
that	 includes	 activity	 against	 gram-positive	 and	 gram-negative	 bacteria.
Examples	of	parenteral	cephalosporins	 that	are	currently	available	are	 listed	 in
Table	72.2.	Most	cephalosporins	are	not	active	against	MRSA	and	Enterococcus
spp.	 Many	 strains	 of	 Enterobacter	 possess	 an	 inducible	 chromosomal	 β-
lactamase	and	may	become	resistant	during	therapy.

TABLE	72.2

Examples	of	Parenteral	Cephalosporins	and	Related	β-
Lactams

Antibiotic

Dosage	Based	on	Creatinine
Clearance

>50	mL/min 10-
50	mL/min <10	mL/min

Ampicillin-sulbactam 3	g	q6h 3	g	q12h 3	g	q24h

Piperacillin-tazobactam 3.375	g	or
4.5	g	q8h
extended
infusion	or
q6h
intermittent
infusion

2.25	g	q8h
extended
infusion	or
q6h
intermittent
infusion

2.25	g	q8h

First-generation	cephalosporins

Cefazolin 1-2	g	q8h GFR	30-50;
1-2g	q8-12h

0.5-1	g	q24h



GFR	10-29;
0.5-1g	q12h

Second-generation	cephalosporins

Cefuroxime 0.75-1.5	g
q6-8h

0.75-1.50	g
q8-12h

0.75	g	q24h

Third-generation	cephalosporins

Cefotaxime 1-2	g	q6h 1-2	g	q8-
12h

1-2	g	q12-24h

Ceftriaxone 1-2	g	q12–
24h

1–2	g	q24h 1-2	g	q24h

Ceftizoxime 1-2	g	q6–8h 0.25–1	g
q8–12h

0.25-1	g	q24h

Ceftazidime 1-2	g	q8h 1-2	g	q12-
24h

0.5-1	g	q24-
48h

Newest-generation	cephalosporins

Cefepime 1-2	g	q8-12h
intermittent
infusion
1	g	q6h
extended
infusion

0.5-2	g	q12-
24h
intermittent
infusion
1g	q8-12h
extended
infusion

0.25-1	g	q24h

Ceftaroline 0.6	g	q8-12h 0.3-0.4	g
q8-12h

0.2-0.4	g	q8-
12h

Ceftolozane-tazobactam 1.5-3	g	q8h GFR	30-50;
0.75-1.5	g
q8h
GFR	15-29;
0.375-
0.75	g	q8h

No	data	for
use

Ceftazidime-avibactam 2.5	g	q8h GFR	31-50; GFR	6-15;



1.25	g	q8h
GFR	16-30;
0.94	g	q12h

0.94	g	q24h
GFR	<	5;
0.94	g	q48h

Cefiderocol GFR	>	120;
2g	q6h
GFR	60-120;
2g	q8h

GFR	30-59;
1.5	g	q8h
GFR	15-29;
1g	q8h

GFR	<	15;
0.75	g	q12h

Monobactams/Carbapenems

Aztreonam 1-2	g	q8h 1	g	q8h 0.5	g	q8h

Imipenem/cilastatin 0.5-1.0	g	q6h 0.5	g	q8-
12h

0.25-0.5	g
q12h

Imipenem/cilastatin/relebactam 1.25	g	q6h GFR	60-89;
1g	q6h
GFR	30-59;
0.75	g	q6h
GFR	15-29;
0.5	g	q6h

GFR	<	15;
not
recommended
unless	HD	is
started	within
48	h
ESRD	on
HD;	0.5	g
q6h
administered
after	HD

Ertapenem 1	g	q24h 0.5–1	g
q24h

0.5	g	q24h

Meropenem 1-2	g	q8h GFR	26-50;
1-2g	q12h
GFR	10-25;
0.5-1	g
q12h

0.5-1	g	q24h

Meropenem/vaborbactam 4g	q8h GFR	30-49;
2g	q8h
GFR	15-29;
1g	q12h

GFR	<	15;
0.5	g	q12h



Doripenem 0.5	g	q8h GFR	30-50;
0.25	g	q8-
12h
GFR	10-30;
0.25	g	q12h

No	data	for
use

Abbreviations:	ESRD,	end-stage	renal	disease;	GFR,	glomerular	filtration	rate;	HD,	hemodialysis;
q12h,	every	12	h;	q24h,	every	24	h;	q48h,	every	48	h;	q6h,	every	6	h;	q8h,	every	8	h.

First-Generation	Cephalosporins
First-generation	 cephalosporins	 exhibit	 a	 virtually	 identical	 spectrum	 of
antibacterial	 activity,	 and	 they	 differ	 only	 in	 their	 pharmacokinetic	 properties.
These	 agents	 are	 active	 against	 staphylococci	 (β-lactam–susceptible
staphylococci)	but	are	not	effective	against	enterococci,	Listeria	monocytogenes,
MRSA,	 or	 the	 majority	 of	 coagulase-negative	 staphylococci.	 Community-
acquired	strains	of	E.	coli,	Proteus	mirabilis,	 and	Klebsiella	pneumoniae	 often
are	 susceptible	 to	 the	 first-generation	 cephalosporins,	 but	 in	 general	 third-
generation	 agents	 are	 far	 more	 potent	 against	 gram-negative	 bacilli	 and	 are
preferred	 for	 the	 treatment	 of	 such	 infections	 in	 ICU	 patients.	 Nosocomial
isolates	 of	 Enterobacteriaceae	 usually	 are	 resistant	 to	 first-generation
cephalosporins,	as	are	Pseudomonas	and	Acinetobacter	spp.

Second-Generation	Cephalosporins
Second-generation	 cephalosporins	 (eg,	 cefuroxime)	 have	 only	 limited	 activity
against	 hospital-acquired	 gram-negative	 bacilli	 and	 therefore	 are	 not
recommended	for	treatment	of	gram-negative	pathogens	in	the	ICU	setting.

Third-Generation	Cephalosporins
Third-generation	 cephalosporins	 exhibit	 an	 expanded	 spectrum	 and	 increased
potency	 against	 gram-negative	 organisms,	 especially	 Enterobacteriaceae.	 A
number	 of	 these	 agents,	 particularly	 ceftazidime,	 are	 less	 active	 than	 first-
generation	cephalosporins	against	gram-positive	cocci.	However,	ceftriaxone	has
significant	 activity	 against	 Streptococcus	 pneumoniae	 and	 other	 oral
streptococci,	and	has	been	recommended	for	the	treatment	of	severely	ill	patients
with	community-acquired	pneumonia	(CAP),	bacterial	meningitis,	and	bacterial



endocarditis.6,13,14
Ceftazidime	is	active	against	most	strains	of	P.	aeruginosa.15	Third-generation

cephalosporins	 generally	 should	 be	 used	 empirically	 as	 part	 of	 combination
therapy	 or	 as	 specific	 single-agent	 treatment	 of	 gram-negative	 bacillary
infections	 involving	 organisms	 documented	 to	 be	 susceptible	 to	 the	 agent	 in
vitro.

Newer	Cephalosporins
Cefepime,	a	fourth-generation	cephalosporin,16	has	activity	against	gram-positive
organisms	 similar	 to	 that	 of	 cefotaxime	 and	 ceftriaxone	 and	 activity	 against
Pseudomonas.	Compared	with	 third-generation	 cephalosporins,	 cefepime	has	 a
lower	 affinity	 for	 β-lactamases	 and	 is	 not	 an	 inducer	 of	 chromosomal	 β-
lactamases.	 The	 pharmacokinetics	 of	 cefepime	 are	 similar	 to	 those	 of
ceftazidime:	 t	½	 is	 2.1	 hours,	 and	 80%	 to	 90%	of	 the	 dose	 is	 recovered	 in	 the
urine.	 Similar	 to	 some	 β-lactams,	 cefepime	 can	 be	 dosed	 using	 extended
infusions	as	that	regimen	has	been	shown	to	reduce	mortality	in	some	studies17
(Table	72.2).

Ceftaroline	is	indicated	for	treatment	of	acute	bacterial	skin	and	skin	structure
infections	 caused	 by	 susceptible	 isolates	 of	 the	 following	 gram-positive	 and
gram-negative	 microorganisms:	 S.	 aureus	 (including	 methicillin-resistant
isolates),	S.	pyogenes,	S.	agalactiae,	E.	coli,	K.	pneumoniae,	 and	K.	 oxytoca.18
Off	label	uses	reported	in	the	literature	include	salvage	therapy	for	the	treatment
of	 MRSA	 bacteremia	 and	 endocarditis	 with	 or	 without	 daptomycin,	 although
evidence	 is	 limited	 due	 to	 the	 lack	 of	 large,	 randomized	 trials.	 Ceftaroline	 is
excreted	primarily	in	the	urine	(88%).	For	patients	with	renal	impairment,	a	dose
adjustment	is	needed	(Table	72.2).

Cefiderocol	 is	 an	 injectable	 siderophore	 cephalosporin	 that	 combines	 a
catechol-siderophore	 and	 cephalosporin	 core	 with	 side	 chains	 similar	 to
ceftazidime	 and	 cefepime.	 This	 gives	 it	 enhanced	 resistance	 to	 many	 ESBLs
including	 Amp	 C	 and	 carbapenemases.	 It	 is	 effective	 against	 both	 lactose-
fermenting	and	nonfermenting	gram-negative	pathogens,	including	carbapenem-
resistant	Enterobacteriaceae	(CRE).	Cefiderocol	is	more	potent	than	meropenem
and	 ceftazidime-avibactam	 against	 Acinetobacter	 baumannii,	 including
meropenem-resistant	 and	 multidrug-resistant	 (MDR)	 isolates,	 and	 is	 active
against	 resistant	 phenotypes	 of	 P.	 aeruginosa	 and	 Stenotrophomonas
maltophilia.	 Limited	 data	 suggest	 that	 cefiderocol	 has	 poor	 activity	 against
gram-positive	 organisms	 and	 anaerobes.	 Evidence	 from	 phase	 I	 and	 phase	 II



studies	 suggest	 that	 cefiderocol	 has	 a	 safety	 profile	 similar	 to	 other
cephalosporins.	Cefiderocol	is	approved	for	the	treatment	of	complicated	urinary
tract	 infection	 (UTI)	 and	 hospital/ventilator-associated	 pneumonias.	 Because
cefiderocol	is	primarily	excreted	unchanged	in	the	urine,	renal	dose	adjustment
is	required19,20	(Table	72.2).

Adverse	Reactions
Cephalosporins	 are	 relatively	 well	 tolerated	 agents.	 The	 most	 noted	 adverse
effects	 are	 hypersensitivity	 reactions,	 including	 rashes,	 fever,	 interstitial
nephritis,	 and	 anaphylaxis.	 Recent	 studies	 have	 shown	 that	 cross-reactive
allergic	 reactions	 between	 penicillins	 and	 cephalosporins	 are	 lower	 than	 that
thought	 in	 the	 past,	 with	 about	 1%	 of	 cross-reactions	 when	 using	 a	 first-
generation	cephalosporin	or	cephalosporins	with	a	similar	R1	side	chain.	When
using	a	third-	or	fourth-generation	cephalosporin,	the	risk	of	cross-reactivity	was
negligible	 and	 approached	 0%.	 It	 should	 be	 noted	 that	 patients	 with	 severe
penicillin	allergy	have	a	slightly	higher	 risk	of	developing	allergic	 reactions	 to
any	given	antibiotic.21,22	Enterococcal	superinfections	can	occur	with	any	of	the
extended-spectrum	cephalosporins	because	none	of	 these	agents	has	significant
activity	against	enterococci.23

Dosage
When	 used	 in	 the	 treatment	 of	 severe	 infections	 in	 ICU	 patients,	 all
cephalosporins	should	be	used,	at	least	initially,	at	maximal	doses	(Table	72.2).
For	 patients	 with	 severe	 impairment	 of	 renal	 function,	 dosages	 of	 all
cephalosporins	except	ceftriaxone	must	be	adjusted	to	avoid	accumulation.

Cephalosporin	β-Lactamase	Inhibitor	Combinations
Ceftazidime/avibactam	is	a	combination	of	a	third-generation	cephalosporin	with
a	 novel	 non-β-lactam	 β-lactamase	 inhibitor	 (avibactam).24	 Ceftazidime	 has
bactericidal	 activity	 against	 most	 gram-negative	 organisms	 including	 P.
aeruginosa	 as	 it	 arrests	bacterial	 growth	by	binding	 to	one	or	more	penicillin-
binding	proteins,	thereby	inhibiting	final	transpeptidation	steps	of	peptidoglycan
synthesis	 in	bacterial	cell	wall.	The	addition	of	avibactam	protects	ceftazidime
from	degradation	by	β-lactamase	enzymes	and	effectively	extends	the	antibiotic
spectrum	of	ceftazidime	against	isolates	that	are	carbapenem	resistant	due	to	K.
pneumoniae	 carbapenemase	 (KPC)	 (Ambler	 classes	 A,	 C,	 D)	 or	 that	 express



ESBL	or	AmpC.	Currently,	ceftazidime/avibactam	is	approved	for	 treatment	of
complicated	 intra-abdominal	 infections	 and	 complicated	 UTIs,	 but	 has	 been
shown	 to	 be	 useful	 by	 phase	 III	 clinical	 data	 from	 trials	 in	 infections	 due	 to
aerobic	 gram-negative	 bacteria	 for	 patients	 with	 limited	 treatment	 options.25
Because	 ceftazidime/avibactam	 is	 excreted	primarily	by	 the	kidney,	 renal	 dose
adjustment	is	required	in	patients	with	renal	impairment	(Table	72.2).

Ceftolozane/tazobactam	is	a	novel	antipseudomonal	cephalosporin	combined
with	 a	 well-established	 β-lactamase	 inhibitor.	 The	 chemical	 structure	 of
ceftolozane	 is	 similar	 to	 that	 of	 ceftazidime,	with	 the	 exception	 of	 a	modified
side-chain	at	the	3-position	of	the	cephem	nucleus.	Ceftolozane	is	distinguished
from	other	cephalosporins	by	its	potent	activity	versus	P.	aeruginosa,	as	well	as
A.	baumannii	and	isolates	resistant	to	carbapenems,	piperacillin/tazobactam,	and
ceftazidime.	The	 addition	 of	 tazobactam	 extends	 the	 activity	 of	 ceftolozane	 to
include	 most	 ESBL	 producers	 as	 well	 as	 some	 anaerobic	 species.
Ceftolozane/tazobactam	 is	 approved	 for	 treatment	 of	 complicated	 intra-
abdominal	infections,	in	combination	with	metronidazole,	complicated	UTI,	and
hospital-acquired	 and	ventilator-associated	pneumonia.	Ceftolozane/tazobactam
is	 generally	 well	 tolerated	 with	 a	 safety	 profile	 similar	 to	 that	 of	 other
cephalosporins	and	is	excreted	primarily	by	the	kidney.	Renal	dose	adjustment	is
required	(Table	72.2).

CARBAPENEMS
Three	 carbapenem	 antibiotics—imipenem,	 meropenem,	 and	 ertapenem—are
approved	 for	 clinical	 use.26	 Imipenem	 is	 administered	 in	 combination	 with
cilastatin,	 an	 enzymatic	 inhibitor	 of	 a	 renal	 dehydropeptidase,	 decreasing	 the
nephrotoxicity	 of	 imipenem.	 Imipenem	 exhibits	 activity	 against	 gram-negative
bacilli	 at	 least	 equal	 to	 that	 of	 the	 third-generation	 cephalosporins	 (including
anti-Pseudomonas	 potency	 equal	 to	 that	 of	 ceftazidime);	 against	 gram-positive
cocci	similar	to	that	of	oxacillin,	nafcillin,	and	cefazolin;	and	against	anaerobic
bacteria	 equal	 to	 metronidazole	 and	 clindamycin.	 MRSA	 are	 resistant	 to
imipenem.	Enterococcus	faecalis	appears	susceptible	 in	vitro,	but	Enterococcus
faecium	 usually	 is	 resistant,	 and	 imipenem	should	not	be	 regarded	as	 effective
therapy	 for	 serious	 infections	 caused	 by	 enterococci.	 S.	 maltophilia,	 some
isolates	of	Burkholderia	cepacia,	and	Flavobacterium	spp	usually	are	resistant	to
imipenem.27	Resistance	to	imipenem	arises	infrequently	(most	commonly	with	P.
aeruginosa)	 during	 therapy,	 usually	 via	 alteration	 in	 porin	 channels	 in	 the
bacterial	 cell	 outer	 membrane,	 resulting	 in	 diminished	 intracellular



concentrations	 of	 the	 drug.	 Dosage	 adjustment	 (Table	 72.2)	 is	 necessary	 for
patients	with	renal	dysfunction	because	serum	concentration-related	myoclonus
and	seizures	can	occur.

Adverse	 reactions	 to	 imipenem	 include	 rash	 and	 fever.	 The	 frequency	 of
cross-reactivity	 with	 other	 classes	 of	 β-lactams	may	 be	 lower	 than	 previously
reported;	as	such,	carbapenems	may	be	a	reasonable	choice	for	penicillin	allergic
patients	 if	 caution	 is	 exercised.28	 Risk	 of	 seizures	 can	 be	 minimized	 by
adjustment	of	dosing	in	the	elderly	and	in	patients	with	reduced	renal	function;
usage	should	be	avoided	when	possible	in	patients	with	a	history	of	seizures	or
central	nervous	system	(CNS)	lesions.

Meropenem	is	a	broad-spectrum	carbapenem	antibiotic	similar	to	imipenem.
Ertapenem	 is	 a	 once	 daily	 agent	 that	 is	 not	 active	 against	Pseudomonas	 spp,
Acinetobacter	spp,	or	Enterococcus	spp	but	has	activity	against	ESBL-producing
Klebsiella.	 Meropenem	 exhibits	 time-dependent	 bactericidal	 activity	 and
extended/continuous	 infusion	 should	 be	 used	 to	 improve	 pharmacodynamics
(Table	 72.2).	 Meropenem	 and	 ertapenem	 are	 excreted	 via	 the	 kidney,	 but,	 in
contrast	 to	 imipenem,	 their	 renal	metabolism	 is	negligible,	and	cilastatin	 is	not
coadministered.	 Meropenem	 and	 ertapenem	 are	 less	 likely	 than	 imipenem	 to
cause	seizures.29

Carbapenem	β-Lactamase	Inhibitor	Combinations

Meropenem/Vaborbactam
Meropenem/vaborbactam	 is	 a	 carbapenem	β-lactamase	 inhibitor	 that	 combines
meropenem	 to	 vaborbactam,	 a	 cyclic	 boronic	 acid	 β-lactamase	 inhibitor,
restoring	meropenem’s	activity	against	CRE	isolates	producing	Ambler	class	A
β-lactamases,	 such	 as	 KPCs.	 Meropenem-vaborbactam’s	 activity	 against
nonfermenting	 gram-negative	 bacilli	 such	 as	P.	 aeruginosa	 and	Acinetobacter
species	is	similar	to	meropenem	alone,	as	the	addition	of	the	vaborbactam	does
not	potentiate	meropenem	activity	against	these	organisms	since	the	mechanism
of	meropenem	resistance	in	those	organisms	is	not	commonly	due	to	KPCs.	By
contrast,	 in	 Pseudomonas,	 carbapenem	 resistance	 can	 be	 caused	 by	 reduced
outer	membrane	permeability,	 overexpression	of	 efflux	pumps,	 and	production
of	 Ambler	 class	 B	 β-lactamases	 (metallo-β-lactamases	 or	 MBL).	 As	 for
Acinetobacter,	 resistance	 is	 due	 to	 production	 of	 Ambler	 class	 D	 enzymes
(oxacillinases).	 Meropenem/vaborbactam	 use	 should	 be	 limited	 to	 patients
without	 other	 antimicrobial	 options,30	 although	 it	 is	 FDA	 approved	 for



complicated	UTIs.
Meropenem/vaborbactam	has	a	side	effect	profile	similar	to	meropenem,	with

the	most	common	side	effect	reported	being	headache.	Meropenem/vaborbactam
is	 excreted	 primarily	 in	 the	 kidneys,	 so	 dose	 adjustment	 is	 recommended	 for
patients	with	compromised	renal	function	(Table	72.2).

Imipenem/Cilastatin/Relebactam
Imipenem/cilastatin/relebactam	is	a	new	combination	antibiotic	that	combines	a
highly	 effective	 β-lactam	 with	 a	 new	 β-lactamase	 inhibitor,	 relebactam.	 This
addition	gives	it	a	wide	range	of	activity	against	MDR	P.	aeruginosa	and	CRE
by	 protecting	 imipenem	 from	 degradation	 by	 certain	 serine	 β-lactamase	 types,
such	 as	 sulfhydryl	 variable,	 temoneira,	 cefotaximase-Munich,	 Enterobacter
cloacae	P99,	pseudomonas-derived	cephalosporinase,	class	C	cephalosporinases
(eg,	 AmpC),	 and	 KPC.	 Imipenem/cilastatin/relebactam	 is	 effective	 against
imipenem	 susceptible	 bacteria	 and	 those	 producing	 one	 of	 the	 β-lactamases
mentioned	 earlier.	 Unfortunately,	 the	 addition	 of	 relebactam	 does	 not	 restore
activity	 against	 MBL-producing	 Enterobacteriaceae	 and	 carbapenem-resistant
Acinetobacter	baumannii.	 Imipenem/cilastatin/relebactam	is	currently	approved
for	 the	 treatment	 of	 complicated	UTIs,	 complicated	 intra-abdominal	 infections
and	 health	 care/ventilator-associated	 pneumonia	 in	 patients	 with	 limited	 or	 no
alternative	antimicrobial	options.27

The	side	effect	profile	and	renal	clearance	of	imipenem/cilastatin/relebactam
is	similar	 to	 imipenem/cilastatin.	Dose	adjustment	 is	necessary	 in	patients	with
compromised	renal	function	(Table	72.2).

AZTREONAM
Aztreonam	 is	 a	monobactam,	 differing	 from	 penicillins	 and	 cephalosporins	 in
that	it	has	a	monocyclic	rather	than	a	bicyclic	nucleus,	granting	aztreonam	little
cross-allergenicity	with	other	β-lactams.	Although	skin	rashes	occur	occasionally
with	 this	 drug,	 aztreonam	 has	 been	 given	 safely	 to	 patients	 with	 immediate
hypersensitivity-reactions	 (anaphylaxis,	 urticaria)	 to	 penicillins	 or
cephalosporins.	 It	 binds	 to	 penicillin	 binding	 protein	 3	 that	 is	 not	 present	 in
gram-positive	 bacteria	 and	 has	 no	 activity	 against	 gram-positive	 or	 anaerobic
bacteria.	 It	 is	 active	 against	 most	 facultative	 aerobic	 gram-negative	 bacilli
including	Pseudomonas	spp.	Aztreonam	exhibits	a	spectrum	and	potency	much
like	 that	 of	 third-generation	 cephalosporins,	 and	 is	 cleared	 by	 the	 kidneys,	 so



dosage	must	be	reduced	in	patients	with	renal	insufficiency	(Table	72.2).
Aztreonam	 is	 currently	 being	 studied	 in	 combination	 with	 the	 β-lactamase

inhibitor	 avibactam	 and	 could	 have	 potential	 use	 is	 cephalosporin	 allergic
patients	with	MDR	gram-negative	bacteria.31,32

AMINOGLYCOSIDES
Aminoglycoside	antibiotics	 are	bactericidal	 agents	of	value	 in	 the	 treatment	of
gram-negative	infections	in	ICU	patients.33	Aminoglycosides	in	common	clinical
use	 for	 the	 critically	 ill	 patient	 include	 gentamicin,	 tobramycin,	 and	 amikacin.
Streptomycin	is	occasionally	used	for	treatment	of	enterococcal	or	mycobacterial
infections.	Plazomicin	is	the	newest	addition	to	this	group.

Pharmacology
All	 available	 aminoglycosides	 exhibit	 similar	 pharmacologic	 properties:	 (a)
absorption	from	the	gastrointestinal	(GI)	tract	is	negligible,	and	adequate	serum
levels	 are	 obtained	 only	 by	 the	 IV	 or	 intramuscular	 routes;	 (b)	 volume	 of
distribution	is	similar	to	that	of	total	volume	of	extracellular	fluid	and	therefore
can	 be	 unpredictable	 under	 conditions	 of	 abnormal	 extracellular	 fluid,	 such	 as
dehydration,	 third-space	 losses,	 congestive	 heart	 failure,	 or	 ascites;	 (c)	 protein
binding	is	minimal;	(d)	penetration	into	the	cerebrospinal	fluid	(CSF)	is	poor;	(e)
drug	levels	in	bronchial	secretions	are	only	two	thirds	of	those	in	serum	and	are
poor	 in	 vitreous	 fluid,	 prostate,	 and	 bile;	 (f)	 excretion	 is	 predominantly	 by
glomerular	filtration;	(g)	all	aminoglycosides	are	dialyzable,	and	greater	efficacy
of	 removal	 occurs	 with	 hemodialysis	 (approximately	 60%-75%	 cleared	 in	 6
hours)	than	with	peritoneal	dialysis;	and	(h)	aminoglycoside	activity	is	reduced
under	conditions	of	reduced	pH	and	oxygen	tension,	such	as	in	purulent	fluids,
and	tissues.33

Spectrum	of	Action	and	Indications	for	Therapy
The	primary	clinical	 indication	 for	 aminoglycoside	 therapy	 is	 serious	 infection
caused	by	gram-negative	bacilli.	Aminoglycosides	also	are	used	in	combination
with	 a	 cell	 wall	 agent	 for	 therapy	 of	 enterococcal	 endocarditis.	 Another
indication	 is	 treatment	 of	 mycobacterial	 disease.	 Although	 more	 toxic	 than
penicillins	 and	 cephalosporins,	 aminoglycosides	 provide	 the	 broadest	 range	 of
potent,	bactericidal	antibiotic	activity	against	gram-negative	bacilli,	particularly



when	multiply	 resistant	 enteric	gram-negative	bacilli	 (eg,	Enterobacter	 spp)	 or
nonfermentative	 gram-negative	 organisms	 such	 as	 Pseudomonas	 and
Acinetobacter	 spp	 are	 considered	 possible	 pathogens.	 Resistance	 to
aminoglycosides	generally	emerges	slowly	and	infrequently.	However,	resistance
to	 aminoglycosides	 has	 increased	 dramatically	 among	 Enterococcus	 spp,	 and
currently,	 in	 many	 hospitals,	 up	 to	 one-fourth	 of	 isolates	 are	 gentamicin
resistant.33	 Some	 high-level	 gentamicin-resistant	 isolates	 remain	 susceptible	 to
high	 concentrations	 of	 streptomycin.	 Obligate	 anaerobes	 are	 intrinsically
resistant	to	aminoglycosides.

Gentamicin	and	Tobramycin
In	many	ICUs,	gentamicin	(and	tobramycin)	resistance	is	prevalent	among	local
isolates	 of	 gram-negative	 bacilli,	 and	 amikacin	may	 be	 preferred	 in	 the	 initial
management	 of	 gram-negative	 bacillary	 infections,	 pending	 results	 of
susceptibility	 testing.	 In	 addition,	 gentamicin	 in	 combination	 with	 ampicillin,
penicillin,	 or	 vancomycin	 is	 indicated	 for	 treatment	 of	 endocarditis	 due	 to
enterococci	or	viridans	group	streptococci	and	can	be	used	with	vancomycin	and
rifampin	 for	 treatment	 of	 prosthetic	 valve	 endocarditis	 caused	 by	 coagulase-
negative	staphylococci	as	long	as	the	strain	is	susceptible	in	vitro.	Tobramycin	is
more	 potent	 than	 gentamicin	 against	 P.	 aeruginosa	 in	 vitro	 and,	 along	 with
amikacin,	may	be	effective	against	gentamicin-resistant	strains	of	this	organism.
However,	 the	 frequency	 of	 cross-resistance	 is	 unpredictable	 and	 may	 be
alarmingly	 common.	 In	 addition,	 tobramycin	 is	 less	 active	 than	 gentamicin
against	some	organisms,	such	as	Serratia	spp	and	Acinetobacter	spp.

Amikacin
Amikacin	 is	 a	 semisynthetic	 aminoglycoside	 with	 high	 level	 of	 resistance	 to
aminoglycoside-inactivating	 enzymes.	 For	 most	 gentamicin-resistant	 gram-
negative	 bacilli	 such	 as	MDR	 ESBL-producing	Klebsiella,	 amikacin	 is	 active
and	 should	 be	 the	 empiric	 aminoglycoside	 of	 choice	 in	 hospitals	 or	 ICUs	 in
which	gentamicin	and	tobramycin	resistance	is	prevalent.

Plazomicin
Plazomicin	is	a	novel	semisynthetic	aminoglycoside	that	was	approved	in	2018
for	 the	 treatment	 of	 complicated	 UTIs.	 It	 has	 a	 unique	 structure	 that
distinguishes	 it	 from	 other	 aminoglycosides	 shielding	 it	 from	 many	 common



aminoglycoside-modifying	enzymes	(AMEs).	Use	in	the	ICU	should	be	guided
by	susceptibility	testing.	When	compared	to	other	aminoglycosides,	plazomicin
did	 not	 show	 improved	 activity	 against	 P.	 aeruginosa	 and	 Acinetobacter
baumannii,	 as	 those	 organisms	 possess	 additional	 mechanisms	 of
aminoglycoside	resistance	other	than	AMEs.34

Adverse	Reactions
Unlike	 β-lactam	 antibiotics,	 aminoglycosides	 are	 characterized	 by	 a	 narrow
therapeutic-toxic	 ratio,	 and	 therapy	 with	 these	 agents	 can	 be	 associated	 with
considerable	toxicity.	Hypersensitivity	reactions	are	uncommon,	and	anaphylaxis
has	been	observed	rarely.	Neuromuscular	blockade	appears	to	be	of	concern	only
in	 patients	 with	 myasthenia	 gravis	 or	 severe	 hypocalcemia	 or	 those	 who	 are
receiving	 neuromuscular	 blocking	 agents.	 Ototoxicity	 appears	 to	 occur	 with
equal	 frequency	 (up	 to	 10%	 of	 patients)	 among	 the	modern	 aminoglycosides.
Vestibular	 damage	 has	 been	 described	 more	 commonly	 with	 gentamicin	 and
tobramycin,	whereas	 impairment	 of	 auditory	 acuity	 seems	more	 common	with
amikacin.33	Ototoxicity	occurs	unpredictably	(either	early	or	 late	 in	therapy),	 is
related	 only	 partially	 to	 elevated	 serum	 levels,	 most	 closely	 correlates	 with
duration	 of	 therapy,	 and	 often	 is	 irreversible.	 Patients	 expected	 to	 receive
aminoglycoside	 therapy	 for	 extended	 duration	 and	 who	 are	 conscious	 and
communicative	should	be	monitored	for	hearing	loss	and	questioned	periodically
about	symptoms	of	eighth	cranial	nerve	dysfunction,	such	as	tinnitus,	diminished
auditory	acuity,	lightheadedness,	and	dizziness.

Nephrotoxicity	 has	 been	 reported	 to	 occur	 in	 2%	 to	 10%	 of	 all	 patients
receiving	 aminoglycoside	 therapy	 and	 in	 up	 to	 10%	 to	 25%	 of	 critically	 ill
patients.	 However,	 renal	 damage	 may	 be	 mild	 and	 reversible	 promptly	 with
cessation	of	 therapy.	Aminoglycoside-induced	nephrotoxicity	 is	 related	 to	dose
and	duration	of	 therapy	as	well	as	 to	serum	concentrations,	especially	elevated
trough	 levels.	 It	 occurs	 more	 commonly	 among	 elderly	 patients,	 those	 with
preexisting	 renal	 disease,	 those	 with	 diminished	 tissue	 and	 patients	 receiving
other	 nephrotoxic	 agents.	 The	most	 useful	 laboratory	 tests	 available	 to	 reduce
and	 detect	 aminoglycoside	 nephrotoxicity	 are	 the	 serum	 creatinine	 levels	 and
determinations	of	trough	serum	aminoglycoside	concentrations.

Therapy	and	Determination	of	Serum	Levels
Recommended	 dosage	 schedules	 and	 desired	 serum	 concentrations	 for	 the



aminoglycosides	 are	 shown	 in	 Table	 72.3.	 The	 use	 of	 the	 once-daily	 dosing
method	 for	 aminoglycosides	 may	 reduce	 nephrotoxicity	 and	 enhance	 efficacy
against	gram-negative	bacilli.35	These	agents	 induce	a	postantibiotic	effect,	and
hence	 are	 suited	 for	 less	 frequent	 dosing.	 Postantibiotic	 effect	 is	 uncertain	 for
gram-positive	bacteria,	 and	 the	desired	peak	and	 trough	 levels	 are	 lower	when
aminoglycosides	 are	 employed	 for	 synergistic	 activity	 against	 gram-positive
pathogens.	For	patients	with	impaired	renal	function,	serum	concentrations	(and
serum	creatinine	and	blood	urea	nitrogen	values)	should	be	monitored	to	ensure
safe	 and	 effective	 concentrations.	 Trough	 concentrations	 should	 be	 monitored
frequently	 (and	 dosage/frequency	 adjusted	 accordingly)	 for	 patients	 with
fluctuating	 cardiovascular	 function,	 fluid	 volumes,	 or	 renal	 function,	 and	 in
those	 who	 are	 anticipated	 to	 receive	 prolonged	 therapy.	 Trough	 serum
concentrations	should	be	less	than	1	µg/mL	(or	undetectable)	when	large	doses
are	given	at	intervals	of	24	hours	or	greater.	In	patients	undergoing	hemodialysis,
it	can	be	estimated	that	approximately	two	thirds	to	three	fourths	of	a	dose	(ie,
1	mg/kg	gentamicin	or	tobramycin	or	5	mg/kg	amikacin)	is	required	at	the	end	of
each	 hemodialysis	 session,	 and	 serum	 concentrations	 (trough	 before	 dialysis,
peak	after	supplemental	dose	given)	should	be	monitored.	In	patients	undergoing
peritoneal	 dialysis,	 instillation	 of	 the	 aminoglycoside	 into	 the	 dialysate	 at	 a
therapeutic	concentration	(ie,	4	µg/mL	=	4	mg/L	for	gentamicin	and	tobramycin
and	 20	 µg/mL	 =	 20	 mg/L	 for	 amikacin)	 eliminates	 a	 serum-dialysis
concentration	gradient	and	minimizes	loss	of	drug	through	dialysis.

TABLE	72.3

Recommended	Dosage	Regimens	and	Serum
Concentrations	of	Aminoglycosides	in	Intensive	Care	Unit
Patients	Based	on	Calculated	Creatinine	Clearance

Target	Serum
Concentration	(µg/mL)

Drug/Renal
Function
(CrCl)

Route
Loading
Dose
(mg/kg)

Regimen
(mg/kg) Peakb Troughb

8	h
after
Dose

Traditional	regimen



Gentamicin,	tobramycin

>80	mL/min IV,	IM 2.0-2.5 1.3-1.7	q8h 4-8 1.0-1.5

60-
79	mL/min

2.0-2.5 1.3-1.7	q12h 4-8 1.0-1.5

40-
59	mL/min

2.0-2.5 3	q24h 4-8 1.0-1.5

30-
39	mL/min

2.0-2.5 2	q24h 4-8 1.0-1.5

10-
29	mL/min

2.0-2.5 2-3	q48h 4-8 1.0-1.5

<10	mL/min 2.0-2.5 1-2	q48h 4-8 1.0-1.5

Amikacin IV,	IM

>80	mL/min 7.5-10.0 7.5	q12h 20-25 5-10

60-
79	mL/min

7.5-10.0 5.0	q12h 20-25 5-10

40-
59	mL/min

7.5-10.0 7.5	q24h 20-25 5-10

30-
39	mL/min

7.5-10.0 5.0	q24h 20-25 5-10

10-
29	mL/min

7.5-10.0 7.5	q48h 20-25 5-10

<10	mL/min 7.5-10.0 5.0	q48h 20-25 5-10

Once-daily	dosingc

Gentamicin,	tobramycin

80	mL/min IV Not
needed

5-7	q24h NAd Undetectable
(<0.3)

2-6

60-
79	mL/min

IV Not
needed

5-7	q36-48h
(based	on

NAd,29 Undetectable
(<0.3)

6-11



serum
concentration
at	6--14h
after	dose)

Amikacin IV Not
needed

15-20	q24h NAd Undetectable
(<0.3)

6-18

Plazomicin IV Not
needed

GFR	>	59;
15	mg/kg
q24h
GFR	30-59;
10	mg/kg
q24h
GFR	29-15;
10	mg/kg
q48h
GFR	<	15
and	ESRD;
insufficient
data

NAd <3	μg/mL

Abbreviations:	GFR,	glomerular	filtration	rate;	IM,	intramuscular;	IV,	intravenous;	NA,	not
applicable;	q12h,	every	12	h;	q14h,	every	14	h;	q24h,	every	24	h;	q36h,	every	36	h;	q48h,	every
48	h;	q6h,	every	6	h;	q8h,	every	8	h.
Creatinine	clearance;	for	women,	multiply	the	result	by	0.85.
aLower	concentrations	are	desired	when	using	aminoglycosides	for	treatment	of	gram-positive
infections.
bSerum	for	peak	levels	should	be	drawn	30	min	after	a	30-min	infusion,	and	trough	levels	should
be	obtained	within	the	30	min	before	the	next	dose.
cPatient	exclusions—age	<	12	y,	pregnancy,	burns	>20%	body	surface	area,	ascites,	dialysis,
endocarditis,	creatinine	clearance	<60	mL/min.
dNA—with	once-daily	dosing,	peak	concentrations	are	high	transiently	and	measurement	of	peaks
is	not	applicable.

FLUOROQUINOLONES
Fluoroquinolones	 are	 broad-spectrum	 agents	 that	 exert	 their	 antimicrobial
activity	by	inhibiting	DNA	synthesis	via	binding	to	two	enzymes,	bacterial	DNA
gyrase	 and	 topoisomerase	 IV,	 enzymes	 that	 induce	 superhelical	 twists	 into



double-stranded	 bacterial	 DNA.	 Fluoroquinolones	 broadly	 in	 use	 include
ciprofloxacin,	 levofloxacin,	 moxifloxacin,	 and	 delafloxacin.	 These	 agents	 are
active	and	generally	bactericidal	against	susceptible	enteric	gram-negative	bacilli
(including	 enteric	 pathogens	 such	 as	Salmonella	 spp	 and	Shigella	 spp)	 and	H.
influenzae.	 Resistance	 to	 these	 agents	 is	 increasing	 among	 gram-negative
bacteria	 such	as	P.	aeruginosa,	Acinetobacter	 spp,	 and	Aeromonas	 hydrophila.
Non–lactose-fermenting	gram-negative	bacilli,	such	as	B	cepacia,	Pseudomonas
fluorescens,	 and	 S.	 maltophilia,	 often	 are	 resistant	 to	 the	 quinolones.	 Of	 the
quinolones,	 ciprofloxacin	 has	 greatest	 potency	 against	 P	 aeruginosa	 with
moxifloxacin	having	none.	Activity	of	quinolones	against	aerobic	gram-positive
cocci	 is	 variable,	 and	 activity	 against	 methicillin-susceptible	 S.	 aureus	 and
coagulase-negative	staphylococci	is	common	and	has	allowed	use	in	treatment	of
MSSA	in	bone	and	joint	infections.	Except	for	delafloxacin	none	of	these	agents
is	 considered	 potentially	 active	 against	 MRSA.36,37	 Although,	 in	 general,
streptococci	 (particularly	 S.	 pneumoniae,	 Streptococcus	 pyogenes)	 and
enterococci	 exhibit	 poor	 susceptibility	 to	 older	 quinolones	 (ie,	 ciprofloxacin),
moxifloxacin,	 levofloxacin	 and	 delafloxacin	 are	 considered	 efficacious	 for
treatment	of	pneumococcal	pneumonia.	Moxifloxacin	and	delafloxacin	have	 in
vitro	 activity	 against	Bacteroides	 fragilis,	 but	 there	 is	 little	 clinical	 experience
with	 their	 use	 against	 this	 pathogen.	 Quinolones	 have	 activity	 against
mycobacteria,	but	susceptibility	results	should	be	used	to	guide	therapy	for	most
mycobacterial	 species.	 Levofloxacin	 and	 moxifloxacin	 are	 more	 active	 than
ciprofloxacin	 against	 Mycoplasma	 spp,	 Chlamydophilia	 trachomatis,	 and
Ureaplasma	 urealyticum.	 All	 demonstrate	 activity	 against	 Legionella
pneumophila.	The	t½	of	 the	fluoroquinolones	 is	relatively	 long.	Levofloxacin	 is
cleared	 primarily	 by	 the	 kidneys	 and	 requires	 dosage	 adjustment	 for	 patients
with	 renal	 insufficiency.	 Moxifloxacin	 is	 cleared	 by	 the	 liver,	 and	 dosage
adjustments	in	renal	failure	are	unnecessary.	Some	hepatic	excretion	occurs	with
ciprofloxacin,	 and	major	dosage	adjustment	 (50%	of	dose,	12-hour	 interval)	 is
required	 only	 at	 creatinine	 clearance	 rates	 of	 less	 than	 20	 mL/min.
Ciprofloxacin,	moxifloxacin,	 levofloxacin	 and	 delafloxacin	 are	 available	 in	 IV
preparations,	but	resistance	to	quinolones	is	growing	in	both	community	isolates
and	nosocomial	gram-negative	bacteria,	limiting	empiric	use	in	the	ICU	setting.
GI	 tract	 absorption	 of	 fluoroquinolones	 can	 be	 impaired	 by	 concomitant
administration	of	antacids,	sucralfate,	and	multivitamins	containing	zinc	or	iron.

Adverse	Reactions



In	the	past,	fluoroquinolones	were	considered	safe	and	well	tolerated;	however,
in	 recent	 years,	 safety	 concerns	 have	 led	 to	 numerous	 restrictions	 on
fluoroquinolone	use	 and	 the	withdrawal	of	 a	 few	agents	 from	 the	market.	The
most	 common	adverse	 reactions	 include	GI	 tract	 symptoms	 (nausea,	 vomiting,
dyspepsia,	 abdominal	 pain,	 and	 diarrhea),	 and	 they	 have	 also	 emerged	 as	 an
important	 risk	 factor	 for	C.	 difficile	 infection.	Other	 adverse	 reactions	 include
CNS	 symptoms	 (insomnia,	 restlessness,	 headache,	 dizziness,	 confusion,	 and,
rarely,	seizures),	tendon	rupture,	and	occasional	hypersensitivity	reactions	(rash,
pruritus,	and	drug	fever).	Phototoxicity	is	another	adverse	reaction	reported	with
all	 fluoroquinolones	 except	 for	 delafloxacin.38	 Ciprofloxacin	 increases	 serum
concentrations	 and	 potentiates	 the	 effects	 of	 theophylline,	 warfarin,	 and
cyclosporine.	 Cardiac	 toxicity	 in	 the	 form	 of	 QTc	 prolongation	 is	 important
especially	 in	 the	 critically	 ill.	 It	 is	 reported	 for	 all	 fluoroquinolones	 except	 for
delafloxacin	which	 has	 not	 been	 shown	 to	 prolong	 the	QTc	 in	 phase	 1	 and	 3
studies.37

Indications
Resistance	to	fluoroquinolones	is	becoming	increasingly	common	for	S.	aureus
and	among	gram-negative	bacilli,	especially	P.	aeruginosa,	limiting	empiric	use
in	the	ICU.	However,	for	susceptible	strains,	the	fluoroquinolones	are	indicated
for	 the	 treatment	 of	 (a)	 complicated	UTIs	 involving	 susceptible	 gram-negative
bacilli;	 (b)	prostatitis;	 (c)	bacterial	pneumonia,	especially	due	 to	gram-negative
bacilli,	 H.	 influenzae,	 Legionella	 spp,	 or	 high-level	 penicillin-resistant	 S.
pneumoniae;	 (d)	 bacterial	 diarrhea	 of	 diverse	 etiologies,	 including	 traveler’s
diarrhea	and	enteritis	due	 to	Shigella,	Salmonella,	 and	Campylobacter	 spp;	 (e)
invasive	 (malignant)	 external	 otitis;	 and	 (f)	 intra-abdominal	 and	 intrapelvic
infections	(in	combination	with	anaerobic	coverage).

VANCOMYCIN
Vancomycin	 is	 bactericidal	 at	 low	 concentrations	 against	 most	 gram-positive
cocci	 and	 bacilli,	 including	 S.	 aureus	 (including	 MRSA),	 coagulase-negative
staphylococci,	S.	 pneumoniae	 (including	 drug-resistant	 strains),	 viridans	 group
Streptococcus	 spp,	 Streptococcus	 bovis,	Clostridium	 sp,	 and	Diphtheroid	 spp.
Although	most	enterococci	are	 inhibited	by	low	concentrations	of	vancomycin,
bactericidal	 killing	 of	 these	 organisms	 requires	 the	 addition	 of	 an
aminoglycoside	such	as	gentamicin	or	streptomycin	or	ceftriaxone.	Resistance	to



vancomycin	 is	 an	 emerging	 problem,	 particularly	 for	 strains	 of	 E.	 faecium.
Because	of	poor	absorption	from	the	GI	tract	and	severe	pain	with	intramuscular
injection,	vancomycin	is	given	IV	for	the	treatment	of	systemic	infections.	Oral
vancomycin	is	used	only	for	patients	with	colitis	caused	by	Clostridium	difficile.
In	patients	with	severe	C.	difficile	 infection,	a	combination	of	oral	vancomycin
and	IV	metronidazole	or	fidaxomicin	is	recommended.	Vancomycin	is	excreted
primarily	by	the	kidneys.	In	patients	with	normal	renal	function,	serum	t	½	of	IV-
administered	 vancomycin	 varies	 from	 2.7	 to	 13.3	 hours,	 and	 peak	 and	 trough
serum	concentrations	are	unpredictable.	The	usual	recommended	dose	for	adults
with	normal	renal	function	is	15	to	20	mg/kg/dose	every	8	to	12	hours.	The	dose
should	 be	 administered	 IV	 over	 60	 minutes.	 For	 complicated	 infections	 in
seriously	 ill	 patients,	 a	 loading	dose	of	 25	 to	 30	mg/kg	 (based	on	 actual	 body
weight)	may	be	used	to	achieve	target	concentration	rapidly,	followed	with	15	to
20	 mg/kg/dose	 every	 8	 to	 12	 hours.	 Nomograms	 are	 available	 to	 guide
vancomycin	 dosing	 in	 patients	 with	 varying	 degrees	 of	 renal	 insufficiency.
Serum	trough	concentrations	should	be	monitored	for	patients	with	reduced	renal
function	or	unstable	hemodynamics;	monitoring	of	peak	concentrations	usually
is	 not	 helpful	 and	 has	 not	 been	 shown	 to	 reflect	 toxicity	 or	 efficacy.	 For
pneumonia	 due	 to	MRSA	 and	meningitis,	 dosing	 to	 achieve	 troughs	 of	 15	 to
20	µg/mL	should	be	used.	For	endocarditis,	dosing	to	achieve	troughs	of	10	to
15	 µg/mL	 are	 recommended.39	More	 recently,	 studies	 have	 shown	 that	 dosing
using	 area	 under	 the	 curve	 (AUC)/MIC	 ratio	 is	 a	 better	 parameter	 to	 predict
vancomycin	effectiveness	than	trough	concentration.40

Adverse	Reactions
Because	there	is	no	cross-reaction	with	β-lactam	allergy,	vancomycin	is	the	drug
of	choice	for	the	therapy	of	serious	gram-positive	infections	of	patients	who	are
allergic	 to	 penicillins	 and	 cephalosporins.	 Vancomycin	 is	 associated	 with
hypersensitivity	reactions	such	as	rash	and	fever	in	approximately	3%	to	5%	of
patients.	 Rapid	 IV	 administration	 of	 vancomycin	 can	 produce	 a	 histamine-
associated	 reaction	 characterized	 by	 flushing,	 tingling,	 pruritus,	 tachycardia,
hypotension,	 and	 an	 erythematous	 rash	 over	 the	 upper	 trunk	 and	 face.	 This
vancomycin	 infusion	 reaction	 is	 a	 histamine-release	 phenomenon,	 not	 a
manifestation	of	hypersensitivity,	and	can	be	avoided	by	slow	IV	administration
of	the	drug	(ie,	at	a	rate	no	faster	than	15	mg/min	or	0.5	g	over	60	minutes,	and
1	g	over	60-90	minutes)	or	by	pretreatment	with	an	antihistamine.	Neutropenia
occurs	 occasionally	 with	 the	 use	 of	 vancomycin.38	 Ototoxicity	 occurs



uncommonly	 among	 patients	 who	 receive	 vancomycin,	 and	 generally	 is
reversible	with	discontinuation	of	 therapy.	Nephrotoxicity	occurs	 rarely	among
patients	 who	 receive	 vancomycin	 alone,	 is	 usually	 associated	 with	 elevated
trough	 levels	 and	 is	 more	 common	 for	 patients	 with	 recent	 concomitant
aminoglycoside	administration.

LIPOGLYCOPEPTIDES

First-Generation	Lipoglycopeptide
Telavancin,	a	glycopeptide	analog	of	vancomycin,	shows	promise	as	alternative
treatment	 for	 patients	 with	 serious	 infections	 caused	 by	 gram-positive
pathogens.41	Telavancin	exhibits	low	potential	for	resistance	development	and	is
active	 against	 resistant	 pathogens,	 including	 MRSA.	 Telavancin	 currently	 is
approved	 for	 treatment	 of	 complicated	 skin	 and	 skin	 structure	 infections
(cSSSIs),	and	hospital-acquired	and	ventilator-associated	bacterial	pneumonias.42
Similar	 to	 vancomycin,	 it	 demonstrates	 activity	 in	 vitro	 against	 a	 variety	 of
gram-positive	 pathogens,	 including	 but	 not	 limited	 to	 MRSA	 and	 penicillin-
resistant	 S.	 pneumoniae.	 Modifications	 to	 vancomycin’s	 structure	 expanded
telavancin’s	 spectrum	 of	 activity	 in	 vitro	 to	 include	 organisms	 such	 as
glycopeptide-intermediate	 S.	 aureus	 (GISA),	 vancomycin-resistant	 S.	 aureus
(VRSA),	 and	 vancomycin-resistant	 enterococci	 (VRE)	 that	 demonstrate	 VanB
phenotype,	whereas	 it	 is	 inactive	 against	 both	 species	with	VanA	 phenotype.43
Dosing	 at	 10	mg/kg	 every	 24	 hours	 is	 recommended	 for	 patients	with	 normal
renal	function.	Because	telavancin	is	cleared	extensively	by	the	kidneys,	dosage
adjustments	are	 required	 in	patients	with	moderate-to-severe	 renal	 impairment.
Renal	 toxicity	 was	 reported	 more	 frequently	 with	 telavancin	 than	 with
vancomycin	in	two	phase	III	clinical	trials	(3%	vs	1%).44	Potential	teratogenicity
of	 this	 agent	must	 be	 considered	 in	women	who	 are	 pregnant	 or	may	 become
pregnant.

Long-Acting	Lipoglycopeptides
Oritavancin	and	dalbavancin	are	 indicated	 for	 treatment	of	acute	bacterial	 skin
and	 skin	 structure	 infections	 caused	 by	 susceptible	 gram-positive	 organisms
including	MRSA.45,46	Oritavancin	and	dalbavancin,	like	other	lipoglycopeptides,
exert	 concentration-dependent	 bactericidal	 activity	 by	 disruption	 of	 bacterial



membrane	 integrity,	 leading	 to	 cell	 death.	 Oritavancin	 is	 used	 in	 a	 single
1200	mg	dose	administered	IV	over	3	hours.	Oritavancin	is	not	metabolized	and
it	is	extensively	distributed	into	tissues.	For	patients	with	mild-to-moderate	renal
impairment	no	dosage	adjustment	is	required.	Oritavancin	and	dalbavancin	have
not	 been	 studied	 for	 patients	 with	 severe	 hepatic	 impairment.	 Dalbavancin	 is
infused	over	30	minutes	as	a	2-dose	 regimen	of	1000	mg	 IV	 followed	1	week
later	 by	 500	 mg,	 alternatively,	 it	 can	 be	 given	 as	 single	 dose	 regimen	 of
1500	mg.	Excretion	of	dalbavancin	 is	by	urine	 (55%)	and	by	 feces	 (20%)	and
dose	adjustment	is	necessary	in	patients	with	renal	impairment.

THERAPY	OF	ANAEROBIC	INFECTIONS
As	 reviewed	 previously,	 excellent	 efficacy	 against	 anaerobes	 is	 provided	 by
carbapenems	 as	 well	 as	 β-lactam/β-lactamase	 combination	 agents.	 Additional
agents	with	anaerobic	activity	include	metronidazole	and	clindamycin.

Metronidazole
Metronidazole	 is	 highly	 active	 against	 obligate	 anaerobes.	 Although	 orally
administered	metronidazole	is	absorbed	nearly	completely,	critically	ill	patients
with	infections	other	than	C.	difficile-associated	diarrhea	should	receive	therapy
by	the	IV	route.	Metronidazole	is	administered	at	500	mg	(7.5	mg/kg)	IV	every	8
hours.47	 Metronidazole	 is	 metabolized	 by	 the	 liver;	 no	 dose	 adjustment	 is
required	 in	 patients	 with	 renal	 insufficiency,	 but	 dosages	 must	 be	 reduced	 in
individuals	with	severe	hepatic	 insufficiency.	Penetration	into	CSF	and	brain	is
excellent.	 Reported	 serious	 adverse	 events	 include	 neutropenia,	 pancreatitis,
peripheral	 neuropathy,	 and	 hepatitis.	 Metallic	 taste	 (dysgeusia)	 occurs
commonly,	and	up	to	12%	of	patients	have	minor	GI	tract	side	effects.48

Metronidazole	is	active	in	vitro	against	anaerobic	gram-negative	bacilli	and	is
probably	the	most	potent	agent	for	treatment	of	infections	caused	by	B.	fragilis.
Metronidazole	must	be	used	in	conjunction	with	an	agent	active	against	aerobic
organisms	 in	 the	 treatment	 of	 intra-abdominal,	 intrapelvic,	 and	 pulmonary
infections	where	aerobic	organisms	can	be	expected	to	be	concurrent	pathogens.

Clindamycin
Clindamycin	is	active	in	vitro	against	a	wide	variety	of	anaerobic	bacteria.	It	has
been	 used	 with	 great	 success	 for	 the	 treatment	 of	 anaerobic	 infections	 of	 the



head,	 neck,	 and	 lungs/pleural	 space.	 The	 use	 of	 clindamycin	 in	 addition	 to
penicillin	 is	 recommended	 for	 the	 treatment	 of	 necrotizing	 fasciitis	 due	 to	 β-
hemolytic	Streptococcus	 spp	because	of	 its	apparent	activity	against	organisms
that	 are	 present	 in	 very	 high	 inoculum.49	 Clindamycin	 has	 activity	 against
staphylococci,	 viridans	 group	 streptococci,	 and	 S.	 pneumoniae.	 Clindamycin-
resistant	 strains	 of	 B.	 fragilis	 group	 are	 becoming	 more	 prevalent,	 with
resistance	 rates	 between	 30%	 and	 45%	 being	 reported	 in	 the	 literature.	 Usual
parenteral	 therapy	 with	 clindamycin	 for	 severe	 infections	 consists	 of	 600	 to
900	mg	 IV	every	8	hours	 (25-40	mg/kg/d).	Clindamycin	 is	metabolized	 in	 the
liver	 and	 excreted	 in	 the	 urine;	 therefore,	 the	 half	 of	 life	 of	 clindamycin	 is
extended	 in	 the	presence	of	 renal	or	hepatic	dysfunction.	However,	no	specific
dose	adjustments	are	 recommended	for	 that	patient	population,	but	as	 the	half-
life	 of	 the	 drug	 is	 prolonged,	 the	 risk	 for	 adverse	 events	 increases.	 The	most
important	side	effects	of	clindamycin	are	GI	related.	The	 incidence	of	diarrhea
during	 therapy	with	 clindamycin	has	been	 reported	 to	 range	 from	3%	 to	30%.
Pseudomembranous	colitis	due	to	C.	difficile	has	been	reported	to	occur	in	up	to
10%	of	patients	who	receive	clindamycin.50

MACROLIDES
The	 macrolides	 are	 bacteriostatic	 antibiotics	 that	 act	 on	 the	 50S	 ribosome
subunit.	 The	 most	 common	 use	 of	 macrolides	 is	 to	 treat	 primary	 atypical
pneumonia	 due	 to	Mycoplasma	 pneumoniae,	Chlamydophilia	 pneumoniae,	 or
Legionella	spp;	pharyngitis	due	to	S.	pyogenes;	Bordetella	pertussis	 infections;
enteritis	 due	 to	 Campylobacter	 spp;	 and	 eradication	 of	 the	 diphtheria	 carrier
state.	Erythromycin	 is	 the	oldest	 agent	 in	 current	 use	 in	 this	 class,	 and	now	 is
used	 rarely,	 with	 azithromycin	 or	 clarithromycin	 the	 preferred	 agents.
Erythromycin	 is	 used	 occasionally	 in	 the	 ICU	 setting	 in	 oral	 and	 IV	 forms	 to
enhance	gut	motility.

Azithromycin	is	available	in	oral	and	IV	preparations	and	clarithromycin	only
in	oral	 form.	 In	addition	 to	sharing	 the	microbiological	 spectrum	of	activity	of
erythromycin,	 azithromycin	 is	 more	 active	 against	C.	 trachomatis	 but	 is	 less
active	 than	 erythromycin	 or	 clarithromycin	 against	 staphylococci	 and
streptococci.	Clarithromycin	shares	the	antimicrobial	spectrum	of	erythromycin
but	is	more	active	against	gram-positive	cocci.	Both	agents	have	activity	against
Mycobacterium	avium-intracellulare	and	Mycobacterium	chelonae	and	are	used
prophylactically	 and	 therapeutically	 for	 disseminated	 M	 avium	 complex
infection	 for	 patients	 with	 advanced	 human	 immunodeficiency	 virus	 (HIV)



disease.	 Macrolides	 generally	 have	 poor	 activity	 against	 staphylococci,
enterococci,	 enteric	 gram-negative	 rods,	 and	 anaerobes.	 These	 agents	 are
bacteriostatic	 and	 not	 usually	 used	 as	 first-line	 agents	 for	 treatment	 of	 gram-
positive	infections	in	the	ICU.

Adverse	 events	 are	 mostly	 GI	 related	 (nausea,	 vomiting,	 and	 diarrhea).
Hepatotoxicity	in	the	form	of	hepatic	necrosis,	failure	and	death	is	less	common,
mostly	reported	with	erythromycin	in	pregnant	women.	Another	effect	 that	can
lead	to	serious	adverse	events	is	QTc	prolongation.	Therefore,	macrolides	should
be	avoided	in	patients	with	baseline	prolonged	QTc	and	in	patients	on	other	QTc
prolonging	agents.

Fidaxomicin
Fidaxomicin	is	a	macrolide	indicated	for	the	treatment	of	C.	difficile	infection;	it
was	shown	to	be	as	effective	as	oral	vancomycin	in	the	treatment	of	C.	difficile
colitis,	 but	 superior	 for	 preventing	 recurrences.51	 It	 is	 minimally	 absorbed;
therefore,	it	is	well	tolerated	with	its	adverse	events	limited	to	the	GI	tract	and	it
does	 not	 have	 significant	 drug	 interactions.	 It	 is	 available	 orally	 at	 a	 dose	 of
200	mg	 every	 12	 hours	 and	 does	 not	 require	 adjustment	with	 renal	 or	 hepatic
dysfunction.52

OXAZOLIDINONES

First-Generation	Oxazolidinones
Linezolid,	 the	 first	 available	 oxazolidinone	 antimicrobial,	 exerts	 its	 action	 by
inhibiting	 the	 initiation	 of	 protein	 synthesis	 by	 stopping	 assembly	 of	 bacterial
ribosomes.53	 Linezolid	 has	 bacteriostatic	 activity	 against	 MRSA,	 VRSA,	 and
VRE	and	is	bactericidal	against	penicillin-resistant	S.	pneumoniae.	However,	 it
has	limited	activity	against	gram-negative	bacteria.	It	 is	approved	for	treatment
of	 infections	 caused	by	vancomycin-resistant	E.	 faecium	 including	 bacteremia,
health	care	associated	pneumonia	caused	by	S.	aureus	(MSSA	and	MRSA),	skin
and	 skin	 structure	 infections	 caused	 by	 S.	 aureus	 (including	 MRSA)	 or
Streptococcus	pyogenes,	and	CAP	caused	by	S	pneumoniae.54	 It	 is	available	for
IV	 or	 oral	 use	 at	 a	 dosage	 of	 600	 mg	 every	 12	 hours	 and	 has	 100%	 oral
bioavailability.	 Dosage	 adjustments	 are	 not	 necessary	 for	 patients	 with	 renal
insufficiency.	 The	 oxazolidinones	 have	 the	 potential	 for	 interaction	 with



monoamine	 oxidase	 inhibitors,	 selective	 serotonin	 receptor	 uptake	 inhibitors,
adrenergic	 agents	 used	 to	 support	 blood	 pressure	 in	 the	 ICU,	 and	 foods	 that
contain	 a	 high	 tyramine	 content,	 with	 potential	 to	 trigger	 the	 serotonin
syndrome.55	 Reversible	 thrombocytopenia	 may	 occur	 when	 treatment	 is	 given
longer	than	14	days.	Other	adverse	events	include	anemia,	ocular	and	peripheral
neuropathy,	and	lactic	acidosis.	Resistance	may	develop	among	enterococci	with
long-term	use	and	has	been	reported	for	S.	aureus.56,57

Second-Generation	Oxazolidinones
Tedizolid	is	approved	for	treatment	of	bacterial	skin	and	skin	structure	infection
with	susceptible	isolates	of	gram-positive	microorganisms	including	methicillin-
sensitive	and	MRSA	and	E.	faecalis.58	Tedizolid	is	either	infused	over	1	hour	or
given	orally	in	a	dose	of	200	mg	every	day.	Tedizolid	is	excreted	82%	in	feces;
18%	in	urine.	No	dosage	adjustment	required	for	patients	with	renal	or	hepatic
impairment.	Compared	to	linezolid,	 tedizolid	has	a	 lower	risk	of	hematological
adverse	events	and	development	of	serotonin	syndrome.59

Quinupristin/Dalfopristin
Quinupristin/dalfopristin	is	a	combination	of	two	streptogramin	antibiotics	used
to	 treat	 infections	 due	 to	 vancomycin-resistant	 E.	 faecium	 and	 other	 gram-
positive	bacteria,	 including	S.	aureus	 (MSSA,	MRSA,	and	VISA).	However,	 it
has	poor	activity	against	E.	faecalis.	This	agent	is	given	by	the	IV	route	and,	due
to	a	high	incidence	of	phlebitis,	must	be	administered	through	a	central	vascular
catheter.	 It	 has	bacteriostatic	 activity	 against	E.	 faecium.	 This	 drug	 is	 reserved
for	 patients	 with	 infections	 that	 are	 resistant	 to	 other	 agents.
Quinupristin/dalfopristin	has	been	used	 for	a	 few	patients	with	meningitis,	 and
CSF	concentrations	appear	to	be	higher	than	the	MIC	for	susceptible	organisms.
Myalgias	and	arthralgias	occur	in	up	to	10%	of	patients	and	may	limit	its	use.60

Daptomycin
Daptomycin,	a	cyclic	lipopeptide	antimicrobial	agent	with	rapid,	concentration-
dependent	 bactericidal	 activity	 against	 aerobic	 and	 facultative	 gram-positive
microorganisms,	 is	 active	 against	 a	 range	 of	 gram-positive	 bacteria,	 including
many	MDR	isolates.	Daptomycin	is	approved	for	treatment	of	cSSSIs	caused	by
susceptible	 strains	 of	 S.	 aureus	 (including	 MRSA),	 S.	 pyogenes,	 and	 other



Streptococcus	 and	 Enterococcus	 species.	 The	 dosage	 of	 daptomycin	 for	 soft
tissue	 infections	 is	4	 to	6	mg/kg	every	24	hours	by	 IV	 infusion	given	over	30
minutes	for	patients	with	a	creatinine	clearance	greater	than	30	mL/min.	A	dose
of	8	to	10	mg/kg	every	24	hours	is	recommended	for	bacteremia	and	right-sided
endocarditis	 caused	 by	 susceptible	 strains	 of	 S.	 aureus	 (including	 MRSA).	 A
dose	 of	 8	 to	 12	mg/kg	 is	 recommended	 for	 vancomycin-resistant	 enterococcal
infections.	 In	 the	 lung,	 daptomycin	 binds	 to	 surfactant,	 and	 thus	 it	 is	 not
clinically	effective	for	treatment	of	pneumonia,61	although	it	has	been	shown	in
some	cases	 to	be	effective	when	used	 for	 septic	pulmonary	emboli	 from	right-
sided	 endocarditis.62	 The	 drug	 is	 excreted	 primarily	 via	 the	 kidney	 and	 if	 the
creatinine	 clearance	 is	 less	 than	 30	 mL/min,	 the	 dosage	 interval	 should	 be
extended	 to	 48	 hours.	 Reported	 adverse	 effects	 include	 diarrhea,	 vomiting,
sickle-cell	 crisis,	 hypersensitivity	 reactions,	 eosinophilic	 pneumonitis,
dermatitis,	myalgias,	and	creatinine	kinase	elevations.63,64

TETRACYCLINES

Tigecycline
Tigecycline,	a	minocycline	derivative,	is	the	first	antibiotic	in	the	glycylcycline
class	 belonging	 to	 the	 synthetic	 3rd-generation	 tetracyclines.65	 Tigecycline	 has
activity	against	gram-negative	bacteria,	 including	MDR	Acinetobacter	spp.	and
organisms	 that	 produce	 an	 ESBL;	 however,	 it	 lacks	 activity	 against	 P.
aeruginosa	 and	 certain	 Proteus	 strains.	 In	 addition,	 it	 is	 active	 against	 gram
positives	 such	 as	 MRSA,	 enterococci	 including	 VRE,	 anaerobes	 and	 some
atypical	mycobacteria.	Tigecycline	is	approved	for	the	treatment	of	cSSSIs	and
complicated	 intra-abdominal	 infections.	 Tigecycline	 is	 available	 only	 for	 IV
administration,	 given	 as	 a	 100-mg	 initial	 dose,	 then	 50	 mg	 every	 12	 hours;
however,	recent	studies	have	shown	that	a	dose	of	200	mg/d	may	be	needed	for
infections	caused	by	VRE.66	Dose	adjustment	is	recommended	for	patients	with
severe	hepatic	impairment	(Child-Pugh	class	A	or	B)	–	an	initial	dose	of	100	mg
followed	by	25	mg	every	12	hours.	The	most	common	treatment	adverse	effects
are	nausea	and	vomiting	that	occur	generally	during	the	first	2	days	of	therapy.

Omadacycline
Omadacycline,	 a	 new	 synthetic	 fourth-generation	 tetracycline,	 has	 activity



against	staphylococci	 including	MRSA,	streptococcal,	and	enterococcal	species
and	 maintains	 activity	 against	 tetracycline-resistant	 gram-positive	 cocci	 with
MIC90	 <	 0.25	 mg/L	 as	 well	 as	 gram-positive	 cocci	 resistant	 to	 other
antimicrobial	 classes.	Omadacycline	was	more	 active	 than	 tetracycline	 against
gram-negative	 aerobic	 bacteria;	 however,	 it	 was	 less	 active	 compared	 to
tigecycline.	 Its	 spectrum	 of	 activity	 encompasses	 most	 species	 of
Enterobacteriaceae	 including	 E.	 coli,	 Klebsiella	 spp,	 Enterobacter	 spp,	 and
Citrobacter	 spp	 as	 well	 as	 Haemophilus	 influenzae,	 Moraxella	 catarrhalis,
Neisseria	 spp.,	 and	 some	 isolates	 of	 Acinetobacter	 spp.	 However,	 like	 other
tetracyclines,	 it	 lacks	 activity	 against	  P.	 aeruginosa,	 Proteus	 spp.,	 and
Providencia	 spp.	 Omadacycline	 has	 an	 anti-anaerobic	 spectrum	 of	 activity
similar	to	tigecycline.	Omadacycline	was	approved	in	2018	for	the	treatment	of
bacterial	 skin	 and	 skin	 structure	 infections	 and	 community	 acquired	 bacterial
pneumonia;	 however,	 it	 has	 been	 shown	 to	 carry	 a	 higher	 mortality	 rate	 for
community	 acquired	 bacterial	 pneumonia	 compared	 to	 moxifloxacin.
Omadacycline	is	available	in	oral	and	IV	formulations.	Oral	omadacycline	binds
with	cations	forming	a	nonabsorbable	chelation	complex;	as	such,	the	absorption
of	 oral	 omadacycline	 is	 greatly	 reduced	 by	 food	 and	 dairy	 products.	 Dose
adjustment	is	not	required	in	patients	with	renal	or	hepatic	impairment.	The	most
common	adverse	events	associated	with	omadacycline	are	GI-related.67

Eravacycline
Eravacycline	 is	a	novel	 fully	synthetic	 fourth-generation	 tetracycline,	approved
in	 2018	 for	 the	 treatment	 of	 complicated	 intra-abdominal	 infections.
Eravacycline	 has	 potent	 activity	 against	 a	 broad	 spectrum	 of	 gram-positive
organisms	including	E.	faecalis	and	E.	faecium,	 including	vancomycin-resistant
strains,	 S.	 aureus	 including	 MRSA,	 and	 the	 Streptococcus	 anginosus	 group.
Eravacycline	also	shows	potent	activity	against	common	aerobic	and	anaerobic
gram-negative	organisms,	including	carbapenem-resistant,	MDR,	and	extended-
spectrum	 cephalosporin-resistant	 Enterobacteriaceae,	 and	 ESBL-producing
Enterobacteriaceae,	including	some	colistin-resistant	E.	coli	and	K.	pneumoniae.
Compared	 to	 tigecycline,	 it	 was	 more	 active	 against	 both	 gram-positive	 and
gram-negative	 pathogens	 including	 Acinetobacter	 baumannii.	 It	 is	 worth
mentioning	 that	 although	 eravacycline,	 like	 all	 tetracyclines,	 exhibits
bacteriostatic	 activity,	 it	was	 found	 to	have	bactericidal	 activity	against	 certain
strains	of	Acinetobacter	baumannii,	E.	coli,	and	K.	pneumoniae.	Eravacycline	is
only	 available	 in	 IV	 formulation	 and	 is	 given	 at	 a	 dose	 of	 1	mg/kg	 every	 12
hours.	 Concomitant	 use	 of	 strong	 cytochrome	 P450	 inducers	 require	 the



administration	 of	 a	 higher	 dose	 –	 1.5	 mg/kg	 every	 12	 hours.	 Eravacycline	 is
extensively	metabolized	in	the	liver;	therefore,	dose	adjustment	is	recommended
in	 patients	 with	 hepatic	 impairment	 (Child-Pugh	 C).	 Dose	 adjustment	 is	 not
recommended	 for	 patients	 with	 renal	 impairment,	 including	 end	 stage	 renal
disease.	 The	 most	 common	 adverse	 events	 reported	 with	 eravacycline	 were
infusion-related	site	reactions	and	GI	side	effects.68

THERAPY	OF	FUNGAL	INFECTIONS
Invasive	 and	 disseminated	 fungal	 infections	 are	 increasingly	 common	 among
ICU	patients,	especially	those	who	receive	immunosuppressive	therapy	or	broad-
spectrum	 antibiotics;	 in	 patients	 with	 lymphoreticular	 malignancies	 or
transplants;	 and	 in	 individuals	with	 advanced	HIV	 disease.	Antifungals	 of	 the
triazole	 class	 (fluconazole,	 itraconazole,	 voriconazole,	 posaconazole,	 and
isavuconazole)	 and	 echinocandin	 class	 (caspofungin,	 micafungin,	 and
anidulafungin)	have	expanded	treatment	options	of	systemic	mycoses.	However,
amphotericin	B	remains	important	for	empiric	initial	therapy	for	life-threatening
fungal	infections	when	the	infecting	organism	is	not	yet	identified	or	is	resistant
to	triazoles.

Amphotericin	B
Amphotericin	B	is	a	polyene	antibiotic,	insoluble	in	water,	and	solubilized	by	the
addition	of	sodium	deoxycholate,	forming	a	colloidal	dispersion.	Its	mechanism
of	action	is	due	to	its	binding	to	ergosterol,	a	sterol	present	in	the	cell	membrane
of	 susceptible	 fungi,	 resulting	 in	 altered	 membrane	 permeability	 and	 causing
leakage	of	cell	components	and	resultant	cell	death.	Amphotericin	B	is	effective
against	 most	 species	 of	 fungi	 that	 are	 pathogenic	 in	 humans.69	 Either
amphotericin	B	deoxycholate	or	one	of	 the	liposomal	preparations	is	 the	initial
drug	 of	 choice	 for	 empiric	 therapy	 of	 life-threatening,	 invasive,	 or	 systemic
fungal	 infections	 including	mucormycosis,	 cryptococcosis,	 histoplasmosis,	 and
coccidioidomycosis	 and	 is	 effective	 for	 blastomycosis	 and	 extracutaneous
sporotrichosis.	 Although	 Candida	 albicans	 generally	 is	 susceptible	 to
amphotericin	B,	non-albicans	species	of	Candida	often	are	less	susceptible,	and
fluconazole	or	an	echinocandin	is	the	drug	of	choice	with	modification	once	the
infecting	 species	 is	 identified	 and	 susceptibility	 is	 known.	 Amphotericin	 B
preparations	 have	 variable	 activity	 against	 Aspergillus	 spp,	 Zygomycetes	 spp,
Scedosporium	boydii,	Fusarium	 spp,	and	dematiaceous	fungi.	The	combination



of	 amphotericin	 B	 plus	 flucytosine	 is	 synergistic	 against	 Candida	 spp	 and
Cryptococcus	neoformans	and	is	used	to	treat	meningitis	due	to	these	fungi.

Amphotericin	B	is	highly	protein	bound	and	is	distributed	into	many	tissues
(liver,	spleen,	lung,	muscle,	kidney,	skin,	and	adrenals);	because	penetration	into
CSF	is	poor,	intrathecal/intracisternal	administration	or	the	use	of	triazoles	may
be	 necessary	 for	 some	 CNS	 mycoses.	 The	 metabolism	 of	 amphotericin	 B	 is
obscure,	but	renal	and	hepatic	insufficiency	have	little	effect	on	serum	levels	of
the	drug	and	hemodialysis	does	not	affect	serum	levels.

One	of	the	liposomal	preparations	of	Amphotericin	B	usually	is	given	by	IV
infusion	once	a	day	and	dosing	varies	depending	on	the	preparation	and	fungal
organism	being	treated.

Adverse	Reactions
Adverse	 effects	 of	 amphotericin	B	most	 frequently	 include	 infusion-associated
constitutional	 symptoms	 and	 can	 be	 minimized	 by	 pretreatment	 with
acetaminophen	 or	 ibuprofen	 along	 with	 hydrocortisone	 (25-50	 mg	 IV)	 or
diphenhydramine.	 Dantrolene	 (10	 mg	 IV)	 has	 been	 used	 successfully	 as	 an
alternative	or	 adjunctive	 agent	 in	patients	with	 severe	 infusion-related	 rigors.70
Alternative	lipid	preparations	of	amphotericin	B	have	less	renal	toxicity71	but	are
more	 expensive.	 These	 preparations	 are	 generally	 preferred	 to	 amphotericin	B
deoxycholate.	The	ability	 to	deliver	 a	higher	dose	with	 the	 lipid	complex	 than
with	amphotericin	B	alone	has	resulted	 in	reports	of	patients	responding	 to	 the
lipid	 formulation	 at	 high	 dose	 (5-10	 mg/kg)	 when	 traditional	 therapy	 with
amphotericin	B	had	been	ineffective.

Flucytosine
Flucytosine	is	an	orally	administered	pyrimidine	analog	with	a	narrow	spectrum
of	 action,	 generally	 used	 in	 combination	with	 an	 amphotericin	 preparation	 for
therapy	 of	 C.	 neoformans	 and	 Candida	 meningitis.72	 Most	 strains	 of	 C.
neoformans	and	Candida	spp	are	susceptible	initially,	whereas	most	other	 fungi
that	 are	 pathogenic	 for	 humans	 are	 resistant.	 The	 use	 of	 combination	 therapy
with	 flucytosine	 allows	 a	 reduction	 in	 dosage	 and	 duration	 (0.3	 mg/kg/d	 for
6	 weeks)	 of	 amphotericin	 B	 in	 treatment	 of	 cryptococcal	 meningitis	 and
improves	efficacy	in	the	treatment	of	Candida	meningitis	because	of	its	excellent
penetration	into	the	CSF.	The	drug	is	cleared	by	the	kidneys,	with	a	serum	t	½	of
3	hours	 in	patients	with	normal	 renal	 function	and	85	hours	 in	anuric	patients.
The	usual	recommended	dosage	in	patients	with	normal	renal	function	is	25	to



150	mg/kg	daily	in	four	divided	doses	depending	on	the	indication	and	must	be
adjusted	 in	 patients	 with	 renal	 impairment.	 If	 available	 in	 a	 timely	 fashion,
serum	concentrations	 should	be	monitored,	 and	 the	dose	 should	be	adjusted	 to
maintain	 a	 level	 of	 50	 to	 100	 µg/mL.	 Leukopenia	 is	 the	 most	 serious
complication	of	flucytosine	therapy	and	occurs	most	commonly	in	patients	with
renal	 insufficiency	 and	 when	 serum	 levels	 exceed	 100	 µg/mL.	 GI	 tract
intolerance	 (nausea,	 vomiting,	 anorexia,	 or	 diarrhea),	 hepatitis,	 and	 rash	 occur
occasionally.73,74

TRIAZOLES

Fluconazole
Fluconazole	is	a	water-soluble	triazole	available	for	IV	and	oral	use	and	exhibits
good	 activity	 in	 vitro	 against	Candida	 spp	and	C.	 neoformans.75	 Non-albicans
species	 of	Candida	 are	 less	 susceptible.	As	with	 all	 the	 triazoles,	 its	mode	 of
action	is	mediated	through	inhibition	of	ergosterol	synthesis.	Oral	absorption	is
excellent,	 resulting	 in	 serum	 concentrations	 of	 >90%	 of	 that	 with	 IV
administration,	and	is	independent	of	gastric	acidity.	Fluconazole	penetrates	well
into	 bodily	 fluids,	 including	CSF	 (50%-70%	of	 serum	 concentrations)	 and	 the
eye.	 Fluconazole	 has	 a	 long	 (30	 hours)	 t	 ½;	 because	 of	 its	 renal	 clearance,
adjustments	 must	 be	 made	 in	 dosing	 in	 patients	 with	 renal	 impairment.	 For
patients	 with	 oropharyngeal	 or	 esophageal	 candidiasis,	 the	 usual	 dosage	 of
fluconazole	 is	 200	 mg	 (oral	 or	 IV)	 on	 the	 first	 day	 of	 therapy,	 followed	 by
100	mg	once	a	day;	therapy	is	continued	until	clinical	findings	resolve	and	for	a
total	 of	 2	 to	 3	 weeks.	 Fluconazole	 (800	mg	 loading	 dose,	 then	 400	mg	 once
daily)	 is	 effective	 for	 the	 treatment	 of	 systemic	 candidiasis	 due	 to	 susceptible
strains	 of	 Candida.76	 For	 severe	 systemic	 mycoses	 (ie,	 coccidioidomycosis,
cryptococcosis)	 the	 usual	 daily	 dosage	 is	 800	mg	 then	 400	mg	 IV	 daily.	 Side
effects	 of	 fluconazole	 are	 relatively	 minor	 and	 uncommon.	 Mild,	 transient
elevation	 of	 serum	 transaminase	 levels	 occurs	 occasionally.	 However,
hepatotoxicity	 and	 QTc	 interval	 prolongation	 can	 occur	 as	 with	 any	 of	 the
triazoles.	As	such,	coadministration	of	fluconazole	with	other	drugs	that	prolong
the	 QTc	 interval	 is	 contraindicated.	 Fluconazole	 inhibits	 the	 metabolism	 and
potentiates	the	effects	of	warfarin,	phenytoin,	cyclosporine,	tacrolimus,	and	oral
hypoglycemic	agents.



Itraconazole
Itraconazole,	 a	broad-spectrum	 triazole	 antifungal	with	notable	 activity	 against
Aspergillus	spp,	Histoplasma	capsulatum,	Coccidioides	 immitis,	and	Sporothrix
schenckii,	 is	 available	 for	 oral	 use.	 Itraconazole	 is	 widely	 distributed	 in	 most
tissues	 but	 with	 poor	 penetration	 into	 CSF.	 Itraconazole	 has	 a	 role	 for	 the
treatment	 of	 sporotrichosis,	 blastomycosis,	 histoplasmosis,
paracoccidioidomycosis,	 and	 chromomycosis.	 Daily	 dosage	 is	 200	 to	 800	 mg
orally,	with	the	higher	doses	indicated	in	patients	with	CNS	infection.	Clearance
is	 by	 hepatic	 metabolism,	 and	 no	 adjustment	 of	 dosage	 is	 recommended	 in
patients	 with	 renal	 or	 hepatic	 impairment.	 Three	 oral	 formulations	 of
intraconazole	are	available:	conventional	capsule	that	has	a	55%	bioavailability,
which	 is	 enhanced	 with	 food	 and	 an	 acidic	 gastric	 pH;	 a	 suspension	 that	 has
better	bioavailability	compared	to	the	capsule	and	is	not	affected	by	gastric	pH;
and	 an	 enhanced	 bioavailability	 capsule	 (SUBA-itraconazole)	 that	 should	 be
taken	 with	 food,	 with	 its	 absorption	 improved	 with	 acid-neutralizing	 agents.
Itraconazole	has	only	a	minimal	effect	on	the	synthesis	of	androgens	or	cortisol
but	can	produce	a	picture	of	mineralocorticoid	excess	with	hypokalemia,	edema,
and	 hypertension.	 Other	 adverse	 events	 include	 hepatotoxicity,	 QTc	 interval
prolongation	and	GI	symptoms.

Voriconazole
Voriconazole	is	a	second-generation,	broad-spectrum	triazole	that	 is	a	synthetic
derivative	 of	 fluconazole.	 Voriconazole	 is	 active	 against	 strains	 of	 Candida
krusei	and	Candida	glabrata	that	are	inherently	fluconazole	resistant	and	against
strains	of	C	albicans	that	have	acquired	resistance	to	fluconazole.	Voriconazole
has	a	broad	activity	against	many	species	of	Aspergillus,	 including	Aspergillus
terreus,	which	often	 is	 resistant	 to	 amphotericin	B.77	 It	 is	 a	drug	of	 choice	 for
invasive	 aspergillosis	 and	 refractory	 infections	 with
Pseudallescheria/Scedosporium	and	Fusarium	spp.

Voriconazole	 is	 available	 in	oral	 and	 IV	 formulations.	The	 standard	 loading
dose	 is	 6	 mg/kg	 repeated	 in	 12	 hours.	 Patients	 who	 weigh	 more	 than	 40	 kg
should	receive	200	mg	every	12	hours	for	maintenance	therapy,	and	the	dosage
should	be	adjusted	in	patients	with	mild-to-moderate	liver	disease.	Because	the
azoles	 are	metabolized	 by	 the	 hepatic	 cytochrome	 P450	 systems,	 a	 variety	 of
drug	 interactions	 can	 occur;	 however,	 voriconazole	 generally	 is	well	 tolerated.
Reported	 toxicities	 include	 hepatotoxicity,	 QTc	 prolongation,	 rash	 with
photosensitivity,	and,	in	a	third	of	patients,	transient	ocular	toxicity	in	the	form



of	 photopsia,	 photophobia,	 and	 color	 changes.78	 Visual	 and	 auditory
hallucination	along	with	neurological	toxicity	have	been	reported	and	are	usually
associated	with	 levels	 of	 >5.5	 µg/mL.	The	 IV	 form	 contains	 cyclodextrin	 and
should	be	used	for	short	periods	(<2	weeks)	in	patients	with	renal	insufficiency
due	to	accumulation	of	the	metabolites;	however,	dose	adjustment	is	not	required
for	those	patients.

Posaconazole
Posaconazole	 is	 a	 second-generation	 triazole	 approved	 for	 the	 treatment	 of
oropharyngeal	candidiasis,	including	infections	refractory	to	itraconazole	and/or
fluconazole.79	 It	 is	 approved	 also	 as	 prophylaxis	 for	 invasive	 Aspergillus	 and
Candida	 infections	 in	 patients	 older	 than	 13	 years	 who	 are	 at	 high	 risk	 of
developing	 fungal	 infections,	 such	 as	 hematopoietic	 stem	 cell	 transplant
recipients	with	graft-vs-host	disease	and	neutropenic	patients	with	hematologic
malignancies.80,81	Limited	clinical	experience	suggests	efficacy	for	the	treatment
of	 infections	 due	 to	 Zygomycetes	 and	 as	 salvage	 therapy	 for	 patients	 with
invasive	 aspergillosis	 and	 coccidioidomycosis.	 Posaconazole	 is	 available	 as	 a
delayed-release	 oral	 tablet,	 a	 suspension	 and	 an	 IV	 form.	 The	 suspension
formulation	 is	 rarely	used	 as	 it	 requires	 administration	with	high	 fat	 food	or	 a
nutritional	supplement	to	assure	adequate	bioavailability.	The	IV	form	contains	a
cyclodextrin	vehicle	 that	has	 the	potential	 to	 accumulate	 in	patients	with	 renal
impairment.	Dose	adjustment	is	not	required	in	the	presence	of	renal	or	hepatic
insufficiency.	Although	 not	 a	 substrate	 of	 hepatic	CYP450	 3A4,	 posaconazole
inhibits	 this	 enzyme	and	 thus	has	 the	potential	 for	 significant	pharmacokinetic
interactions	with	drugs	metabolized	by	this	isoform.	Its	use	in	combination	with
CYP450	substrates	that	prolong	the	QTc	interval	is	contraindicated,	as	is	its	use
with	 ergot	 alkaloids.	 The	 recommended	 dosage	 for	 prophylaxis	 with
posaconazole	delayed	 release	 tablet	 is	300	mg	daily.	Recommended	 therapy	of
oropharyngeal	candidiasis	is	a	dose	of	300	mg	daily.	Adverse	effects	associated
with	 the	 use	 of	 posaconazole	 include	 headache,	 fever,	 nausea,	 vomiting,	 and
diarrhea,	hepatotoxicity,	and	QTc	prolongation.

Isavuconazole
Isavuconazole	 is	 indicated	 for	 treatment	 of	 invasive	 aspergillosis	 and
mucormycosis.	Isavuconazole	has	activity	against	most	strains	of	the	Aspergillus
flavus,	 Aspergillus	 fumigatus,	 and	 Aspergillus	 niger	 as	 well	 as	 invasive



mucormycosis	 caused	 by	 Mucorales	 and	 fungi	 such	 as	 Rhizopus	 oryzae	 and
Mucormycetes	 spp.	 In	 a	 phase	 3	 clinical	 trial,	 isavuconazole	 demonstrated
noninferiority	to	voriconazole	on	the	primary	endpoint	of	all-cause	mortality	at
day	 42	 for	 the	 treatment	 of	 adult	 patients	 with	 invasive	 aspergillosis	 or	 other
filamentous	fungi.82	 It	 is	 available	 in	 an	 oral	 form	 that	 demonstrates	 excellent
bioavailability	 and	 an	 IV	 form	 that	 does	 not	 contain	 cyclodextrin.	The	 overall
safety	 profile	 for	 isavuconazole	 demonstrated	 similar	 rates	 of	 mortality	 and
nonfatal	 adverse	 events	 as	 the	 comparator,	 voriconazole;	 however,	 unlike	 the
other	azoles,	isavuconazole	is	associated	with	QTc	shortening.	Isavuconazole	is
given	at	initial	dose	of	372	mg	per	os	(PO)	or	IV	every	8	hours	for	6	doses	over
48	 hours	 and	 continues	 at	 maintenance	 dose	 of	 372	mg	 PO	 or	 IV	 every	 day.
Excretion	 of	 isavuconazole	 is	 46.1%	 by	 feces;	 45.5%	 by	 urine.	 Similar	 to
posaconazole,	 dose	 adjustment	 is	 not	 required	 in	 the	 presence	 of	 renal	 and/or
hepatic	 insufficiency.	 Use	 of	 isavuconazole	 is	 contraindicated	 in	 combination
with	CYP450	substrates	and	in	patients	with	familial	short	QT	syndrome.

ECHINOCANDINS

Caspofungin/Micafungin/Anidulafungin
Caspofungin,	 micafungin,	 and	 anidulafungin	 are	 echinocandins,	 a	 class	 of
antifungal	agents	that	act	on	the	fungal	cell	wall	by	inhibiting	glucan	synthesis.
All	 three	 have	 almost	 identical	 spectrum	 of	 activity,	 hence	 practice	 guidelines
consider	 them	 to	 be	 interchangeable.	 Echinocandins	 are	 available	 only	 for	 IV
administration	and	are	active	against	most	species	of	Candida.	Caspofungin	can
be	 used	 for	 refractory	 cases	 and	 salvage	 therapy	 of	 invasive	 aspergillosis.	All
these	 agents	 are	 indicated	 to	 treat	 invasive	 candidiasis	 and	 candidemia	 with
similar	success,	but	with	fewer	side	effects	than	amphotericin	B.83	These	agents
are	highly	protein	bound	and	distribute	 into	all	major	organ	sites	 including	 the
brain;	 however,	 concentration	 in	 uninfected	 CSF	 is	 low.	 For	 caspofungin,	 the
recommended	dosage	for	adults	is	70	mg	as	a	loading	dose,	then	50	mg/d.	Dose
alteration	 is	 recommended	 in	 the	 presence	 of	 moderate	 hepatic	 insufficiency.
Caspofungin	is	metabolized	by	the	liver,	and	dose	adjustment	is	required	when	it
is	 given	 with	 other	 drugs	 that	 alter	 cytochrome	 P450	 activity.	 In	 general,
echinocandins	 are	 well	 tolerated,	 with	 the	 most	 frequently	 reported	 adverse
effects	being	increased	serum	transaminases,	GI	upset,	headaches,	and	infusion
related	reactions.	Caspofungin	is	classified	as	pregnancy	category	C	and	should



be	 used	 during	 pregnancy	 only	 if	 the	 potential	 benefit	 outweighs	 the	 potential
fetal	 risk.	 These	 three	 agents	 exhibit	 a	 fungicidal	 effect	 against	most	Candida
spp	and	have	become	the	drugs	of	choice	for	empiric	therapy	of	candidemia	in
the	 ICU.	However,	 they	 are	 not	 active	 against	C.	 neoformans,	 yeast	 forms	 of
endemic	mycoses,	Mucorales,	Fusarium	spp.,	Scedosporium	spp.	and	other	non-
Aspergillus	 molds.	 They	 have	 a	 fungistatic	 effect	 against	 Aspergillus	 spp.
Micafungin	 appears	 comparable	 to	 fluconazole	 as	 antifungal	 prophylaxis	 for
patients	undergoing	hematopoietic	stem-cell	transplantation,84	and	anidulafungin
has	been	used	 in	 neutropenic	 children.	Absence	of	 antagonism	 in	 combination
with	 other	 antifungal	 agents	 suggests	 that	 combination	 antifungal	 therapy
warrants	further	study,	particularly	for	severe	aspergillosis	and	candidiasis.85,86

Trimethoprim-Sulfamethoxazole
Trimethoprim-sulfamethoxazole	(cotrimoxazole)	works	through	sequential,	two-
stage	 inhibition	 of	 folate	 synthesis.	 It	 has	 activity	 against	 gram-positive
(including	 MRSA),	 and	 gram-negative	 bacteria,	 Nocardia	 spp,	 atypical
mycobacteria,	 and	Pneumocystis	 jirovecii	 (previously	 known	 as	 Pneumocystis
carinii).	 Trimethoprim-sulfamethoxazole	 can	 be	 used	 in	 the	 therapy	 of	 gram-
negative	 infections	 in	 the	 ICU	patient,	 including	 those	caused	by	Enterobacter
spp.	 The	 dose	 for	 serious	 bacterial	 infections	 is	 8	 to	 20	 mg/kg/d	 (of	 the
trimethoprim	component),	divided	every	6	to	12	hours.

Trimethoprim-sulfamethoxazole	 is	 the	 drug	 of	 choice	 for	 P.	 jirovecii
pneumonia.83	 In	 moderately	 to	 severely	 ill	 patients,	 it	 is	 administered	 IV	 or
orally	at	a	dosage	of	15	to	20	mg/kg/d	of	the	trimethoprim	component	in	three	to
four	 divided	 doses	 for	 a	 total	 course	 of	 14	 to	 21	 days	 in	 non–acquired
immunodeficiency	syndrome	(AIDS)	patients	and	at	a	dosage	of	15	mg/kg	of	the
trimethoprim	component	daily	(or	75	mg/kg	of	the	sulfa	component	daily)	for	at
least	 21	 days	 in	 patients	with	AIDS.	 Failure	 to	 obtain	 satisfactory	 response	 in
5	 days	 (7	 days	 in	 individuals	 with	 HIV	 infection)	 warrants	 change	 to	 an
alternative	 regimen.	Adverse	 reactions	 to	 trimethoprim-sulfamethoxazole	occur
in	approximately	10%	to	15%	of	patients	who	are	uninfected	with	HIV-1	and	in
up	 to	 two	 thirds	 of	 patients	 with	 AIDS.	 The	 most	 common	 problems	 are
leukopenia,	 thrombocytopenia,	 or	 both	 (particularly	 in	 patients	 with	 advanced
HIV-1-induced	 immunodeficiency	 or	 receiving	 zidovudine);	 rash	 or	 fever;
nausea	or	vomiting;	abnormalities	of	hepatic	enzymes;	and	hyperkalemia.

Pyrimethamine-Sulfadiazine



For	 the	 treatment	 of	 systemic	 and	 invasive	 (including	 encephalitis)
toxoplasmosis	 in	 the	 compromised	 host,	 the	 alternate	 double-antifolate
combination	 of	 pyrimethamine-sulfadiazine	 usually	 is	 used.	 Pyrimethamine	 is
administered	orally	with	a	 loading	dose	of	200	mg,	 then	at	50	 to	75	mg	daily,
with	sulfadiazine	orally	at	4	to	6	g	daily	in	four	divided	doses	depending	on	the
patient’s	weight.	Leucovorin	10	to	25	mg	daily	should	be	administered	to	negate
pyrimethamine’s	 hematological	 effects.	 Adverse	 reactions	 occur	 in	 similar
frequency	 and	 as	 with	 cotrimoxazole.	 Alternative	 therapy	 for	 CNS
toxoplasmosis	is	clindamycin	(900	mg	IV	every	6	hours)	plus	pyrimethamine.87

THERAPY	OF	VIRAL	INFECTIONS
As	 viral	 infections	 have	 become	more	 common	 and	more	 severe	 in	 an	 era	 of
expanding	 populations	 of	 immunocompromised	 hosts,	 several	 antiviral	 agents
have	 become	 available	 (Table	 72.4).	 Nevertheless,	 antiviral	 therapy	 remains
problematic	 and	 limited	 in	 scope	 as	 compared	 with	 antibacterial	 treatments.
Antiretroviral	 therapy	 is	 discussed	 in	 Chapter	 74:	 Acute	 Infection	 in	 the
Immunocompromised	 Host.	 Antiviral	 therapies	 for	 severe	 acute	 respiratory
syndrome	coronavirus	2,	which	causes	COVID-19,	are	discussed	in	Chapter	83:
COVID-19:	 Presentation,	 Treatment,	 and	 Course	 of	 Severe	 Acute	 Respiratory
Syndrome	Coronavirus	2	Infection	in	the	Intensive	Care	Unit.

TABLE	72.4

Antiviral	Therapy

Antiviral
Agent Indication Dose Route

Duration
of
Treatment

Adjust	for
Renal	Failure

Acyclovir Herpes	simplex
virus

Encephalitis 10-
15	mg/kg
q8h

IV 10-14	d Yes



Neonatal
infection

10	mg/kg
q8h

IV 10-14	d Yes

Mucocutaneous
disease

5	mg/kg
q8h

IV 7-10	d Yes

Herpes	varicella-
zoster

10	mg/kg
q8h

IV 7-10	d Yes

Ganciclovir Cytomegalovirus

Induction 5	mg/kg
q12h

IV 14-21	d Yes

Maintenance 5	mg/kg	qd IV Indefinite

6	mg/kg
5	d/wk

IV Indefinite

3000	mg
qd

PO Indefinite

Foscarnet Cytomegalovirus

Induction 60	mg/kg
q8h	or

IV 14-21	d Yes

90	mg/kg
q12h

IV

Maintenance 90
-120	mg/kg
qd

IV Indefinite

Cidofovir
(+probenecid
premedication)

Cytomegalovirus
Induction

5	mg/kg
qwk
5	mg/kg
q2wk

IV 14	d
Indefinite

Contraindicated
in	patients	with
baseline
creatinine
>1.5	mg/dL	or
increase	to
>2.0	mg/dL

Abbreviations:	IM,	intramuscular;	IV,	intravenous;	PO,	per	os;	q12h,	every	12	h;	q2wk,	every	2
weeks;	q8h,	every	8	h;	qd,	once	a	day;	qwk.	once	a	week.



Acyclovir	and	Related	Compounds
Acyclovir	 is	 a	 nucleoside	 analog	 of	 guanosine	 with	 antiviral	 activity	 against
herpes	 viruses,	 particularly	 herpes	 simplex	 virus	 (HSV)	 types	 1	 and	 2	 and
varicella-zoster	 virus	 (VZV).88	 Administered	 as	 a	 prodrug,	 acyclovir	 requires
phosphorylation	 to	 a	 monophosphate	 form	 by	 a	 virus-generated	 thymidine
kinase	 and	 then	 to	 a	 triphosphate	 form	 by	 host	 cellular	 enzymes.	 Because
cytomegalovirus	 (CMV)	 lacks	 a	 thymidine	 kinase,	 acyclovir	 has	 poor	 activity
against	 this	 virus.	 Acyclovir	 is	 available	 in	 topical,	 oral,	 and	 IV	 preparations,
with	the	last	route	preferred	for	serious	infections	in	critically	ill	patients	and	for
milder	 illnesses	 in	 those	 unable	 to	 take	 medications	 by	 mouth.	 After	 oral
administration,	 absorption	 is	 slow	 and	 incomplete,	with	 oral	 bioavailability	 of
only	 15%	 to	 30%.	 Serum	 t	 ½	 is	 2	 to	 3	 hours	 in	 patients	 with	 normal	 renal
function.	Because	85%	of	clearance	is	renal,	dosage	must	be	reduced	for	patients
with	 impaired	 renal	 function.	 Acyclovir	 is	 well	 tolerated.	 Reversible	 renal
impairment,	due	to	crystalluria,	occurs	occasionally,	usually	in	patients	who	are
receiving	high	doses	by	rapid	IV	infusion	or	those	who	are	elderly,	dehydrated,
or	have	antecedent	renal	 insufficiency.	At	high	doses,	especially	IV,	neurologic
reactions	 (confusion,	 delirium,	 hallucinations,	 seizures,	 and	 tremors)	 have
occurred	 in	 approximately	 1%	 to	 4%	 of	 patients.	 Occasionally,	 patients
experience	nausea,	vomiting,	or	rash.	Dosage	varies	according	to	 the	condition
under	 treatment.	 Intravenous	 acyclovir	 at	 10	 to	15	mg/kg	 every	8	hours	 is	 the
drug	of	choice	for	HSV	encephalitis	(for	a	course	of	14-21	days),	for	congenital
HSV	infection	(10-14	days),	and	for	VZV	infections	(chickenpox	or	shingles)	in
immunocompromised	 patients	 (7-10	 days).	 Acyclovir	 at	 5	 mg/kg	 IV	 every	 8
hours	is	effective	against	mucocutaneous	HSV	in	immunocompromised	patients.

Valacyclovir,	 a	 prodrug	 for	 acyclovir,	 is	more	 completely	 absorbed	 via	 the
oral	route	than	acyclovir	and	is	hydrolyzed	rapidly	to	acyclovir	in	the	intestinal
wall	 and	 the	 liver.89	 In	 general,	 it	 is	well	 tolerated,	 but	 thrombocytopenia	 and
hemolytic-uremic	 syndrome	 have	 been	 reported	 among	 immunocompromised
patients.	 Other	 side	 effects	 are	 like	 those	 of	 acyclovir	 and	 include
encephalopathy,	 fevers,	 seizures,	 and	 rash.	 Acyclovir,	 or	 valacyclovir,	 is	 used
prophylactically	 in	 patients	 who	 are	 undergoing	 bone	 marrow	 or	 solid	 organ
transplantation.

Famciclovir,	a	prodrug	for	penciclovir,	is	active	against	VZV	and	HSV.	Side
effects	are	similar	 to	 those	of	acyclovir.	Both	famciclovir	and	valacyclovir,	are
dosed	three	times	a	day	orally	rather	than	the	five	times	a	day	that	is	needed	with
acyclovir	for	VZV	infections.



Ganciclovir
Ganciclovir	 is	 highly	 active	 against	 CMV,	 in	 part	 because	 of	 the	 high
concentration	 of	 the	 triphosphorylated	 form	 of	 the	 drug	 in	 infected	 cells.	 The
most	 problematic	 adverse	 effect	 is	myelosuppression,	 particularly	 neutropenia.
Other	 side	 effects	 include	 nausea	 and	 vomiting	 and	 CNS	 abnormalities.
Ganciclovir	 is	 effective	 in	 the	 treatment	 of	 disseminated	 CMV	 and	 CMV
retinitis,	GI	 tract	 infection	 (colitis,	esophagitis,	and	gastritis),	and	pneumonitis.
In	bone	marrow	transplant	patients,	 the	drug	sometimes	is	used	in	combination
with	CMV	hyperimmune	globulin	IV	for	 the	 treatment	of	CMV	pneumonitis.90
Valganciclovir	is	a	prodrug	for	ganciclovir.	It	is	more	completely	absorbed	from
the	GI	tract,	achieving	higher	serum	levels	than	possible	with	oral	therapy	with
the	parent	drug.

Treatment	with	ganciclovir	for	disseminated	CMV	usually	involves	induction
therapy	with	5	mg/kg	IV	twice	a	day	for	14	to	21	days,	followed	by	maintenance
therapy	with	 oral	 valganciclovir.	 It	 is	 given	 for	 3	weeks	 or	 until	 serum	CMV
molecular	assays	are	negative.	Ganciclovir	and	valganciclovir	are	cleared	by	the
kidney	and	dosage	adjustments	must	be	made	in	patients	with	renal	impairment,
especially	 considering	 the	 relationship	 between	 drug	 serum	 levels	 and
myelosuppression.	Valganciclovir	 is	used	as	prophylaxis	or	preemptive	 therapy
for	CMV	in	transplant	patients.91

Cidofovir
Cidofovir	 is	a	nucleotide	analog	that	 is	active	against	herpes	viruses,	 including
CMV,	HSV,	and	VZV.	It	is	a	prodrug	that	is	converted	to	cidofovir	diphosphate
by	host	cellular	enzymes.	In	contrast	to	ganciclovir	and	acyclovir,	activation	by
viral-encoded	enzymes	is	not	required,	so	it	may	be	used	to	treat	CMV	infections
when	 the	 virus	 is	 resistant	 to	 ganciclovir	 because	 of	 its	 UL97	 mutation.	 The
major	adverse	effect	is	nephrotoxicity.

Foscarnet
Foscarnet	 (trisodium	phosphonoformate)	 is	 an	 inorganic	 pyrophosphate	 analog
that	 acts	 by	 inhibiting	 viral	 DNA	 polymerases	 of	 most	 human	 herpes	 viruses
(particularly	 CMV)	 and	 reverse	 transcriptases	 of	 human	 retroviruses
(particularly	HIV-1).92	Foscarnet	is	effective	for	the	therapy	of	CMV	retinitis	for
patients	with	AIDS	and	has	been	used	alone	and	in	combination	with	ganciclovir
to	 treat	ganciclovir-resistant	CMV	of	 immunocompromised	patients	 (especially



transplant	recipients).	Foscarnet	is	associated	with	a	significant	(25%)	incidence
of	nephrotoxicity.	Therapy	involves	IV	administration	at	a	dosage	of	60	mg/kg
three	times	a	day	or	90	mg/kg	twice	daily	for	induction	and	at	90	to	120	mg/kg
once	a	day	for	maintenance	therapy.	Clearance	is	by	renal	excretion,	and	dosage
adjustment	 is	 required	 in	 patients	 with	 renal	 impairment.	 Nonrenal	 adverse
effects	include	nausea,	vomiting,	anemia,	seizures,	and	metabolic	abnormalities
(hyperphosphatemia	 and	 hypophosphatemia,	 hypercalcemia	 and	 hypocalcemia,
hypokalemia,	and	hypomagnesemia).

Anti-influenza	Agents
Amantadine	and	rimantadine	are	oral	antiviral	compounds	that	inhibit	influenza
A	 but	 have	 not	 been	 used	 in	 recent	 years	 due	 to	 resistance.	 Zanamivir,
oseltamivir,	 and	 peramivir	 are	 neuraminidase	 inhibitors	 that	 inhibit	 both
influenza	 A	 and	 B	 viruses.	 When	 initiated	 within	 48	 hours	 of	 the	 onset	 of
symptoms,	 these	 agents	 may	 reduce	 the	 intensity	 of	 influenza	 infection	 in
patients	 infected	 with	 susceptible	 viruses.93	 For	 patients	 who	 are
immunocompromised	 or	 who	 have	 ongoing	 viral	 replication	 and	 progressive
symptoms,	 therapy	 after	 48	 hours	may	 also	 be	 beneficial,	 although	 supporting
data	 are	 not	 available.	 Zanamivir	 is	 given	 by	 the	 inhalational	 route	 and
oseltamivir	by	the	oral	route.	The	dose	of	oseltamivir	is	75	mg	twice	a	day	and
for	zanamivir	10	mg	by	inhalation	twice	daily.	Peramivir	is	given	intravenously
as	a	single	dose	of	300	or	600	mg.	Resistance	to	the	antiviral	agents	has	occurred
in	 influenza	 viruses,	 and	 clinicians	 need	 to	 be	 aware	 of	 the	 susceptibility	 of
prevailing	 influenza	 strains	 in	 their	 communities	 to	 appropriately	 choose	 an
agent	for	use	in	their	ICUs.

Baloxavir	marboxil,	approved	in	2018,	is	the	newest	anti-influenza	agent	that
is	indicated	for	the	treatment	of	influenza	A	and	B.	It	inhibits	viral	replication	by
inhibiting	 the	endonuclease	function	encoded	by	 the	polymerase	acidic	subunit
of	 the	 viral	 polymerase	 complex.	 It	 is	 given	 as	 a	 single	 dose	 of	 40	 to	 80	mg
orally	 depending	 on	 the	 patient’s	 weight	 and	 was	 found	 to	 be	 as	 effective	 as
oseltamivir	 in	 the	 median	 time	 of	 alleviation	 of	 symptoms.	 Baloxavir	 is
generally	 well	 tolerated,	 with	 the	 most	 common	 adverse	 events	 being	 GI	 in
nature	(nausea	and	diarrhea).94

3,4,5In	 sum,	 important	 principles	 for	 prescription	 of	 antimicrobials	 are	 as
follows:	 a	 proper	 understanding	 of	 the	 pharmacokinetics-pharmacodynamics
principles	is	the	cornerstone	to	achieve	optimal	(effective	and	safe)	results,	and
failure	 of	 therapy	 from	 inaccurate	 diagnosis	 or	 poor	 source	 control	 should	 be
considered	before	ascribing	it	to	antibiotic	resistance.	Also,	antibiotics	should	be



adjusted	 based	 on	 susceptibility	 data	 from	cultured	 organisms	 and	 the	 shortest
antibiotic	 course	 possible	 should	 be	 used	 that	 is	 in	 accord	 with	 therapeutic
guidelines.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Several	antibiotics	can	be	used	to	treat	suspected	methicillin-resistant
staphylococcus	aureus	(MRSA)	infection.	All	of	the	following	are	appropriate
agents	for	this	indication	EXCEPT:

A. 	Daptomycin
B. 	Linezolid
C. 	Meropenem
D. 	Vancomycin

2. 	Which	of	the	following	antibiotics	can	be	safely	used	in	patients	with	a
prolonged	QTc	interval	on	ECG?

A. 	Azithromycin
B. 	Ciprofloxacin
C. 	Delafloxacin
D. 	Levofloxacin

3. 	Your	medical	team	is	discussing	empiric	treatment	options	for	a	patient
with	a	suspected	Pseudomonas	aeruginosa	infection	while	awaiting	culture
results.	All	of	their	following	suggestions	are	reasonable	EXCEPT:

A. 	Cefepime
B. 	Ceftazidime
C. 	Ertapenem
D. 	Meropenem



Answers

1.	The	correct	answer	is	C.
Rationale:	Meropenem	lacks	activity	against	MRSA,	and	as	such,	should	not

be	used	empirically	to	treat	suspected	Staphylococcus	aureus	infections	(choice
C	is	the	“correct”,	wrong	answer).

2.	The	correct	answer	is	C.
Rationale:	 Delafloxacin,	 despite	 being	 a	 fluoroquinolone,	 has	 not	 been

associated	with	prolonged	QTc	interval	and	is	safe	to	use	in	such	patients	(choice
C	is	correct).

3.	The	correct	answer	is	C.
Rationale:	Ertapenem	lacks	activity	against	Pseudomonas	aeruginosa,	while

all	others	have	reasonable	coverage	(choice	C	is	the	“correct”,	wrong	answer).
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Chapter	73
Life-Threatening	Community-Acquired
Bacterial	and	Parasitic	Infections
Samuel	L.	Windham,	Misha	Huang

KEY	POINTS:
1.	 Toxic	shock	syndrome	(TSS)	is	mediated	by	bacterial	toxins,	most

frequently	caused	by	the	Gram-positive	organisms	Staphylococcus
aureus	or	Streptococcus	pyogenes	(group	A	streptococcus),	but
occasionally	by	other	beta-hemolytic	streptococcus	species	(groups
C	and	G)	and	Clostridium	species	(Clostridium	sordellii).

2.	 Empirical	TSS	treatment	should	consist	of	a	broad-spectrum	IV
Gram-positive	agent,	including	an	agent	with	antitoxin	activity,	as
well	as	prompt	source	control.

3.	 Invasive	meningococcal	disease	should	be	suspected	for	patients
with	rapidly	progressive	sepsis	and	a	characteristic	petechial	or
purpuric	rash,	especially	for	patients	with	underlying	complement
deficiency	or	asplenia.	The	preferred	treatment	is	a	third-generation
cephalosporin	(ceftriaxone),	which	is	safe	to	use	in	the	setting	of
penicillin	allergy.

4.	 Postexposure	prophylaxis	for	invasive	meningococcal	disease	is
indicated	only	for	close	contacts	and	medical	staff	who	may	have
come	in	contact	with	respiratory	secretions	prior	to	initiating	effective
antimicrobial	therapy	(eg,	during	intubation).

5.	 Malaria	should	be	included	in	the	differential	diagnosis	for	any
patient	with	a	febrile	illness	who	has	recently	traveled	to	an	endemic
area,	even	when	chemoprophylaxis	was	taken.

6.	 IV	artesunate	is	the	treatment	of	choice	for	all	cases	of	severe



malaria	and	should	be	obtained	and	initiated	as	soon	as	possible.
7.	 Tick-borne	illnesses	may	present	with	overlapping	and	nonspecific

symptoms,	and	prompt	empirical	therapy	(prior	to	serologic
confirmation	of	diagnosis)	is	critical	for	treatment,	especially	for
severe	disease.

INTRODUCTION
This	 chapter	 covers	 several	 infections	 of	 low	 incidence	 and	 high	 mortality,	 a
combination	 of	 factors	 that	 challenges	 the	 physician	 to	 recognize	 a	 life-
threatening	 disease	 they	may	 never	 have	 seen	 before	 and	 institute	 appropriate
therapy	promptly.	Key	historical	points	and	clinical	clues	will	be	emphasized	to
assist	physicians	in	recognition	of	these	infectious	syndromes.

Despite	 challenges	 of	 addressing	 immediate	medical	 needs,	 the	 critically	 ill
febrile	patient	should	still	undergo	a	thorough	history	and	physical	examination.
Family	 members	 may	 need	 to	 be	 interviewed	 when	 the	 patient	 is	 too	 ill	 to
provide	an	adequate	history.	Key	points	of	the	exposure	history	include	housing
conditions,	travel,	employment,	hobbies,	and	animal	exposures	including	to	pets,
wildlife,	 and	 livestock.	Other	 important	history	 includes	 recreational	 substance
use	and	immunization	history.	Questioning	about	exposure	history	may	initially
appear	 to	 be	 unrelated	 or	 irrelevant,	 and	 may	 benefit	 from	 a	 slower
conversational	 approach	 to	 allow	 time	 to	 remember	 details.	 History	 of	 fever
should	 be	 obtained,	 including	 maximum	 temperatures,	 time	 since	 onset	 of
fevers,	and	pattern	of	fevers.

A	complete	physical	examination	should	be	performed.	When	assessing	vital
signs,	 hypothermia	 (temperature	 <	 36	 °C)	 can	 be	 as	 important	 as	 fever
(temperature	>	38	°C).	Laboratory	studies	should	include	a	complete	blood	count
with	 platelet	 and	 differential	 counts;	 prothrombin	 and	 partial	 thromboplastin
times;	electrolytes,	including	calcium	and	magnesium;	blood	glucose;	renal	and
liver	 functions;	 two	 sets	 of	 blood	 cultures;	 urinalysis	 with	 possible	 follow-up
culture	based	on	 findings;	 and	 a	 chest	 radiograph.	When	a	 serious	 infection	 is
under	 diagnostic	 consideration,	 the	 hematology	 laboratory	 should	 supplement
the	 automated	differential	 leukocyte	 count	with	 a	manual	 differential	 count	 by
microscopic	 examination	 of	 the	 peripheral	 blood	 film.	 This	 may	 require	 a
specific	 request	 from	 the	 physician,	 especially	when	 the	 total	 leukocyte	 count
falls	within	the	normal	range.



TOXIC	SHOCK	SYNDROMES

Introduction
1 	Toxic	shock	syndromes	(TSS)	are	most	commonly	caused	by	Staphylococcus
aureus	or	Streptococcus	pyogenes	(group	A	streptococcus).	Less	commonly,	TSS
can	be	caused	by	group	C	and	group	G	streptococci	or	Clostridium	sordellii.1,2
Despite	 this	 heterogeneity	 of	 microbiological	 etiology,	 TSS	 has	 a	 similar
presentation,	pathophysiology,	and	 treatment,	 and	will	be	discussed	as	a	 single
clinical	entity	with	important	distinctions	noted.
S.	aureus	 is	 a	Gram-positive,	 β-hemolytic	 coccus	 in	 clusters	 on	Gram	 stain

that	 colonizes	 the	 skin	 and	 mucous	 membranes	 of	 most	 adults.3	 There	 are
currently	 four	 well-recognized	 forms	 of	 staphylococcal	 TSS:	 menstrual,
postsurgical,	 influenza-associated,	 and	 recalcitrant	 erythematous	 desquamating
syndrome	 in	 acquired	 immunodeficiency	 syndrome.4-7	S.	 pyogenes	 is	 a	 Gram-
positive,	 β-hemolytic	 coccus	 in	 chains	 on	 Gram	 stain	 that	 colonizes	 the	 skin,
upper	respiratory	tract,	and	vaginal	mucous	membranes	of	adults.	Group	C	and
group	G	 streptococci	 are	Gram-positive,	 β-hemolytic	 cocci	 in	 chains	 on	Gram
stain	 that	 colonize	 skin	 and	 oral	 mucosa.	C.	 sordellii	 is	 an	 anaerobic,	 Gram-
positive,	 spore-forming	 rod	on	Gram	stain	 that	 is	usually	 found	 in	 the	 soil	but
rarely	colonizes	the	intestinal	tract	of	humans.2

Pathophysiology
In	 TSS,	 bacterial	 toxins	 function	 as	 super	 antigens	 (SAgs).	 Conventional
antigens	 presented	 in	 the	 context	 of	 major	 histocompatibility	 molecules	 on
antigen-presenting	cells	(APCs)	must	be	processed	by	the	APC	and	recognized
by	 multiple	 elements	 of	 the	 T-cell	 receptor	 (TCR).	 In	 contrast,	 SAgs	 do	 not
require	processing	by	an	APC	but	instead	bind	directly	to	the	TCR	to	activate	T-
cells.	 Expansion	 of	 T-cell	 populations	 from	 this	 binding	 results	 in	 massive
release	of	proinflammatory	cytokines,	such	as	γ-interferon,	tumor	necrosis	factor
α,	interleukin	1-β,	and	interleukin-2,	leading	to	a	capillary	leak	syndrome.8	The
absence	of	preexisting	antibody	to	the	pertinent	bacterial	toxin	is	a	critical	host
factor	of	TSS.	Among	cases	of	menstruation-associated	TSS,	90%	do	not	have
preexisting	 antibody	 to	 TSS	 toxin	 1	 (TSST-1).	 It	 has	 been	 postulated	 that	 an
altered	vaginal	microbiome	may	contribute	to	the	hyperproduction	of	TSST-1	by
commensal	S.	aureus	organisms	and	present	a	risk	factor	for	TSS.9	There	are	rare
case	 reports	 of	 staphylococcal	 TSS	 associated	 with	 nosocomial	 strains	 of



methicillin-resistant	 S.	 aureus	 (MRSA).10	 TSS	 has	 not	 been	 a	 feature	 of	 the
epidemic	of	the	community-associated	MRSA	strain,	USA300,	nor	was	TSST-1
identified	 in	 a	 large	 collection	 of	 USA300	 isolates.11	 Streptococcal	 virulence
factors	also	 serve	as	SAgs,	 and	may	be	 released	 from	 the	cell	 surface,	bind	 to
fibrinogen,	 and	 form	 large	 aggregates	 that	 activate	 intravascular
polymorphonuclear	leukocytes,	leading	to	a	vascular	leak	syndrome.12

Diagnosis

Clinical	Features
TSS	 shares	 a	 similar	 presentation	 among	 the	 causative	organisms,	 one	of	 high
fever,	 rash,	 and	 confusion.	 There	may	 be	 a	 prodromal	 period	 of	 2	 to	 3	 days,
consisting	 of	 flu-like	 symptoms,	 malaise,	 myalgia,	 and	 chills.	 Patients	 may
complain	 of	 headache	 and	 have	 varying	 degrees	 of	 encephalopathy,	 without
focal	neurologic	findings.	Ultimately,	the	massive	cytokine	release	triggered	by
SAg-induced	 T-cell	 activation	 can	 lead	 to	 sepsis	with	multiorgan	 failure.	Any
staphylococcal	 or	 streptococcal	 infection	 can	 predispose	 to	 TSS,	 including
surgical	wound	infections,	furuncles,	and	abscesses.	Menstrual-associated	cases
have	 been	 associated	with	 the	 use	 of	 high-absorbency	 tampons	 and	were	 first
recognized	in	the	early	1980s,	though	the	incidence	of	menstrual-associated	TSS
has	 since	 declined	 significantly.	 Postpartum	 cases	 can	 occur	 after	 vaginal	 or
cesarean	delivery.	Nasal	reconstructive	surgery	carries	an	especially	high	risk	of
TSS.	Cases	may	also	occur	after	nasal	packing	for	epistaxis.

Examination	 of	 patients	 with	 menstruation-associated	 staphylococcal	 TSS
reveals	 vaginal	 hyperemia	 and	 exudate	 that	 yields	 S.	 aureus	 on	 culture.	 In
nonmenstrual	cases	of	staphylococcal	TSS,	a	careful	examination	usually	reveals
a	 focus	of	 infection.	 It	 is	 important	 to	note	 that	 this	 focus	may	be	subtle,	with
only	serous	drainage.5	As	this	is	a	toxin-mediated	disease,	the	local	appearance
may	not	feature	intense	purulence.	Drainage	of	local	infections	is	essential	to	a
favorable	outcome.

The	 clinical	 presentation	 of	 streptococcal	 TSS	 is	 similar	 to	 staphylococcal
TSS	with	 a	 few	 notable	 differences.	 In	 streptococcal	TSS,	 bacteremia	 is	more
common,	 rash	 is	 less	 common,	 and	mortality	 is	markedly	 higher	 (30%-70%).8
Underlying	 infections	 are	 varied	 but	 frequently	 include	 soft-tissue	 infections
such	 as	 cellulitis,	 myositis,	 or	 necrotizing	 fasciitis	 in	 addition	 to	 postpartum
myometritis,	surgical	wound	infection,	and	pharyngitis.13

Clostridial	 TSS	 due	 to	 C.	 sordellii	 has	 been	 associated	 with	 surgical	 and



medical	 abortion,14-16	 subcutaneous	 injection	 of	 black-tar	 heroin,17	 and
musculoskeletal	tissue	allografts.18

Laboratory	Features
Leukocytosis	 with	 a	 marked	 neutrophil	 predominance,	 thrombocytopenia,
azotemia,	 sterile	 pyuria,	 and	 elevated	 transaminases	 are	 common,	 although
nonspecific	findings	among	all	types	of	TSS.	Diagnosis	is	made	by	Gram	stain
and	culture	of	blood	and	other	bodily	fluids.	In	staphylococcal	TSS,	cultures	of
blood	 and	 cerebrospinal	 fluid	 (CSF)	 are	 usually	 sterile,	 while	 cultures	 of	 the
local	 site	 of	 infection	 are	 usually,	 but	 not	 invariably,	 positive	 for	 S.	 aureus.
Blood	cultures	are	usually	positive	in	patients	with	streptococcal	TSS.

Differential	Diagnosis
Streptococcal	scarlet	fever,	measles,	leptospirosis,	Rocky	Mountain	spotted	fever
(RMSF),	 Stevens-Johnson	 syndrome,	 and	 Kawasaki	 disease	 can	 mimic	 TSS.
Multiorgan	involvement	is	usually	absent	during	streptococcal	scarlet	fever,	and
the	 primary	 focus	 yields	 S.	 pyogenes.	 Exclusion	 of	 measles,	 leptospirosis,
ehrlichiosis,	 and	 RMSF	 requires	 a	 careful	 history	 for	 potential	 exposures	 and
serologic	 testing.	 Stevens-Johnson	 syndrome	 is	 characterized	 by	 target	 lesions
and	is	commonly	associated	with	exposure	to	medications.	Kawasaki	disease	is
characterized	 by	 fever	 and	 rash	 without	 multisystem	 involvement,	 is	 most
commonly	seen	in	children	younger	than	6	years	of	age,	and	is	associated	with
thrombocytosis	rather	than	thrombocytopenia.

The	US	Centers	for	Disease	Control	and	Prevention	(CDC)	case	definition	of
nonstreptococcal	TSS	consists	of	both	clinical	and	laboratory	criteria,	as	outlined
in	Table	 73.1.19	 A	 confirmed	 case	 meets	 the	 laboratory	 criteria	 and	 all	 five
clinical	criteria;	a	probable	case	meets	the	laboratory	criteria	and	four	of	the	five
clinical	criteria.	The	CDC	case	definition	is	useful	for	surveillance	purposes,	but
it	 identifies	 the	most	 severe	cases	and	 likely	underestimates	 the	 true	burden	of
disease.	 TSS	 should	 be	 empirically	 treated	when	 there	 is	 a	 clinical	 suspicion,
even	if	not	all	of	the	clinical	criteria	are	met.

TABLE	73.1

CDC	Case	Definition	for	Nonstreptococcal	Toxic	Shock
Syndrome



Clinical	Criteria:

Fever	≥102	°F	or	≥38.9	°C
Diffuse	macular	erythroderma
Desquamation	(unless	death	occurs	before	the	onset	of	desquamation)
Hypotension	(systolic	blood	pressure	≤90	mm	Hg	for	adults	or	less	than
fifth	percentile	by	age	for	children	aged	less	than	16	y)
Involvement	of	three	or	more	organ	systems

Laboratory	criteria	(if	obtained):

Negative	blood	and	cerebrospinal	fluid	cultures	for	another	pathogen	(blood
cultures	may	be	positive	for	Staphylococcus	aureus)
Negative	serologies	for	Rocky	Mountain	spotted	fever,	leptospirosis,	and
measles

A	confirmed	case	meets	the	laboratory	criteria	and	all	five	clinical	criteria;	a
probable	case	meets	the	laboratory	criteria	and	four	of	the	five	clinical	criteria.

CDC,	Centers	for	Disease	Control	and	Prevention.

Treatment
2 	 The	 primary	 intervention	 consists	 of	 fluid	 resuscitation	 and	 supportive	 care.
Any	focus	of	infection	must	be	drained.	For	women,	a	vaginal	examination	must
be	performed	as	soon	as	the	patient	is	stabilized,	and	any	foreign	bodies	(such	as
tampon	or	diaphragm)	should	be	removed.	After	cultures	of	blood	and	the	local
site	 are	 obtained,	 antimicrobial	 therapy	 with	 broad	 gram-positive	 coverage
should	be	administered	as	soon	as	possible.	Additionally,	an	agent	 that	 inhibits
toxin	production	is	recommended	as	part	of	the	initial	regimen.	There	is	in	vitro
evidence	 that	clindamycin,20,21	 linezolid,22	and	 tedizolid23	 inhibit	staphylococcal
and	streptococcal	toxin	production.	Observational	clinical	data	support	the	use	of
clindamycin	for	S.	pyogenes	infections.24

Initial	 empiric	 treatment	 for	 TSS	 when	 the	 pathogen	 has	 not	 yet	 been
identified	 should	 consist	 of	 vancomycin	 combined	 with	 clindamycin	 900	 mg
intravenous	every	8	hours,	or	linezolid	monotherapy.	If	methicillin-susceptible	S.
aureus	is	isolated,	the	vancomycin	(or	linezolid)	should	be	switched	to	nafcillin
or	 cefazolin,	 and	 after	 48	 hours,	 the	 clindamycin	 can	 be	 discontinued.	 If



streptococcal	 TSS	 is	 confirmed,	 the	 antibiotic	 of	 choice	 is	 IV	 penicillin.
Clostridial	 TSS	 requires	 anaerobic	 coverage	 with	 either	 metronidazole	 or
clindamycin.

Intravenous	 immunoglobulin	 (IVIG)	may	be	a	useful	adjunctive	 therapy	 for
staphylococcal	and	streptococcal	TSS,	although	its	utility	for	clostridial	TSS	is
unknown.	Adjunctive	therapy	of	streptococcal	TSS	with	IVIG	is	recommended
by	many	 experts,	 based	 on	 retrospective	 and	 observational	 studies	 employing
doses	 ranging	 from	400	mg/kg	 to	2	g/kg	daily	 for	variable	durations.25	Higher
doses	 of	 IVIG	may	 be	 required	 for	 staphylococcal	 TSS	 than	 for	 streptococcal
TSS.26

MENINGOCOCCEMIA

Introduction
Neisseria	meningitidis	is	an	encapsulated,	Gram-negative	cocci	in	pairs	on	Gram
stain	that	colonizes	the	posterior	nasopharynx	of	4%	to	20%	of	humans.27	There
are	five	serogroups:	A,	B,	C,	Y,	and	W-135.	In	the	United	States	from	2006	to
2015,	serogroups	B,	C,	and	Y	caused	70%	of	cases,	with	each	representing	about
one-fourth	of	cases.28

Meningococcemia	 has	 decreased	 in	 incidence	 since	 its	 peak	 in	 the	 1990s,
most	 recently	 decreasing	 from	 0.40/100,000	 people	 in	 2006	 to	 0.12/100,000
people	in	2015,28	and	the	CDC	estimated	about	375	total	cases	of	meningococcal
disease	 in	 the	United	States	 in	 2019.29	 The	median	 age	 of	 patients	 has	 shifted
from	17	years	in	1996	to	42	years	in	2015.28	There	is	a	seasonality	for	the	disease
with	more	cases	seen	in	the	months	of	January,	February,	and	March,	while	the
fewest	 cases	 are	 seen	 during	 August	 and	 September.28	 Despite	 this	 overall
decline,	 urban	 area	 outbreaks	 have	 occurred	 among	 men	 who	 have	 sex	 with
men.30

Pathophysiology
N.	meningitidis	colonizes	the	nasopharynx	of	normal	individuals	by	adherence	to
epithelial	 cells	 via	 pili	 and	 other	 adhesion	 factors.	 For	 the	 majority	 of
individuals,	it	never	causes	disease.	Invasive	disease	has	been	associated	with	a
variety	 of	 factors,	 including	 antecedent	 viral	 infection,	 exposure	 to	 passive
smoking,	 and	 inhalation	 of	 dry,	 dusty	 air.31	 Specific	 antibody	 and	 the



complement	system	are	key	protective	components	of	the	host	immune	system.
Deficiency	 of	 complement	 system	 components	 due	 to	 genetic	 defects	 or
underlying	 disease	 predisposes	 patients	 to	 invasive	 meningococcal	 disease.32
When	 bacteria	 invade	 the	 bloodstream,	 endotoxin	 activates	 the	 host	 immune
system	 and	 proinflammatory	 cytokines	 cause	 a	 vascular	 leak	 syndrome.	 The
thrombomodulin-endothelial	 protein	 C	 receptor	 pathway	 is	 downregulated,
leading	to	thrombosis	and	purpura	fulminans.33	Profound	vasoconstriction	leads
to	peripheral	ischemia	and	gangrene,31	and	depression	of	myocardial	contractility
by	cytokines	contributes	to	shock.

Diagnosis

Clinical	Features
Few	 disease	 states	 are	 as	 impressive	 as	 full-blown	meningococcal	 sepsis.	 The
challenge	 is	 early	 recognition,	 and	 intervention	 before	 irreversible	 damage
occurs.	 Fever,	 malaise,	 myalgias,	 vomiting,	 tachypnea,	 and	 tachycardia	 are
typical	early	manifestations.	The	rash	begins	as	an	erythema,	progressing	to	the
characteristic	petechiae	and	purpura	only	 later	 in	 the	course	of	disease.	As	 the
disease	progresses,	it	evolves	to	septic	shock	with	hypotension,	poor	peripheral
perfusion,	 impaired	 mentation,	 and	 anuria	 or	 oliguria.	 Other	 manifestations
include	 hemorrhage,	 cardiac	 failure,	 acute	 renal	 failure,	 and	 thrombocytopenia
with	 or	 without	 disseminated	 intravascular	 coagulation	 (DIC).	 Less	 common
complications	include	adrenal	hemorrhage	and	failure	(Waterhouse-Friderichsen
syndrome),	chronic	renal	failure	necessitating	hemodialysis,	cutaneous	necrosis
with	sloughing	requiring	skin	grafting,	extremity	gangrene	requiring	subsequent
amputation,	septic	arthritis,	endophthalmitis,	and	pericarditis.	Mortality	remains
high,	despite	antibiotics	and	intensive	care;	20%	to	50%	of	children	who	develop
shock	from	meningococcal	sepsis	die.

Laboratory	Features
Leukocytosis	 or	 leukopenia,	 with	 a	 shift	 to	 immature	 forms,	 and
thrombocytopenia	 are	 typical.	 There	 may	 be	 laboratory	 evidence	 of	 DIC.
Chemistries	may	demonstrate	acidemia,	hypoglycemia,	decreased	cortisol	levels,
and	 elevated	 blood	 urea	 nitrogen	 and	 creatinine.	 Diagnosis	 is	 confirmed	 by
isolation	of	N.	meningitidis	from	cultures	of	blood	or	other	normally	sterile	body
fluids.	When	the	diagnosis	of	meningococcal	sepsis	is	clinically	apparent,	some



experts	caution	against	performing	a	lumbar	puncture	for	CSF	culture	because	of
concerns	 for	brain	herniation	or	clinical	deterioration	 related	 to	positioning	 the
patient	 for	 the	 procedure.	 Latex	 agglutination	 and	 polymerase	 chain	 reaction
(PCR)	assays	provide	increased	sensitivity	of	diagnosis.34

Differential	Diagnosis
Purpura	fulminans	is	characteristic	of	meningococcemia,	but	may	also	be	caused
by	Streptococcus	pneumoniae	or	Haemophilus	influenzae	.	Other	infections	that
may	 mimic	 meningococcemia	 are	 fulminant	 S.	 aureus	 sepsis,	 S.	 pyogenes
bacteremia,	 Gram-negative	 sepsis,	 RMSF,	 vasculitis,	 thrombotic
thrombocytopenic	purpura,	Henoch-Schonlein	purpura,	and	any	febrile	illness	in
a	patient	with	thrombocytopenia.

Treatment
3 	 Third-generation	 cephalosporins	 are	 the	 treatment	 of	 choice	 for
meningococcemia	owing	to	reports	of	penicillin	resistance.35	Ceftriaxone,	4	g	IV
daily	in	one	or	two	divided	doses	or	cefotaxime	8	to	12	g	intravenously	daily	in
four	 to	 six	 divided	 doses,	 should	 be	 administered	 to	 adults	 with	 suspected
meningococcal	 disease.	 Ceftriaxone	 is	 safe	 to	 use	 in	 patients	 with	 penicillin
allergy	as	the	drugs	do	not	share	similar	allergy-inducing	side	chains.36	There	is
limited	clinical	experience	with	alternative	antibacterial	agents	for	patients	with
a	history	of	cephalosporin	allergy.	Based	on	in	vitro	susceptibility	data,	options
include	 meropenem	 and	 chloramphenicol.35	 Rare	 cases	 of	 fluoroquinolone
resistance	have	been	reported.37

Patients	 should	 be	 admitted	 to	 an	 ICU	 and	 placed	 in	 droplet	 and	 contact
isolation	until	24	hours	of	appropriate	antibiotic	therapy	has	been	administered.
Optimal	supportive	care	 is	critical	 for	achieving	 favorable	outcomes,	 including
surgical	 intervention	 for	 necrotic	 skin	 lesions	 or	 gangrenous	 limbs.	 Adrenal
insufficiency	may	 occur	 necessitating	 steroids.	 Use	 of	 plasmapheresis	 has	 not
been	studied	thoroughly.

Prophylaxis
4 	 The	 CDC	 recommends	 chemoprophylaxis	 after	 exposure	 to	 people	 with	N.
meningitidis	 infection	 for	 household,	 day	 care,	 and	other	 close	 contacts.	Close
contacts	 include	 people	 that	 have	 close	 contact	 with	 infected	 respiratory
secretions	 (eg,	 those	 performing	mouth-to-mouth	 resuscitation	 or	 endotracheal



intubation),	 or	 for	 travelers	 who	 have	 contact	 with	 respiratory	 secretions	 by
virtue	of	being	 seated	next	 to	 an	 index	case	 for	8	hours	or	more.38	The	 agents
recommended	 for	 chemoprophylaxis	 are	 rifampin	 (600	 mg	 PO	 for	 adults,
10	mg/kg	PO	 for	 children)	 given	 every	 12	 hours	 for	 four	 doses;	 ciprofloxacin
500	mg	PO	once,	for	adults;	or	ceftriaxone,	125	mg	intramuscularly	in	children
younger	than	15	years	of	age	or	250	mg	intramuscularly	in	people	aged	15	years
or	 older.38	 Resistance	 to	 ciprofloxacin	 was	 reported	 among	 several	 cases	 of
meningococcal	 infection	 in	 North	 Dakota	 and	 Minnesota	 between	 2007	 and
2008,	 leading	to	a	recommendation	 to	use	alternative	agents	for	prophylaxis	 in
those	 areas,	 either	 rifampin,	 ceftriaxone,	 or	 azithromycin	 500	mg	 PO	 for	 one
dose.37	Routine	chemoprophylaxis	is	recommended	for	medical	staff	only	if	they
had	 managed	 an	 airway	 or	 were	 exposed	 to	 respiratory	 secretions	 before	 the
institution	 of	 antibiotic	 therapy.	 When	 indicated,	 postexposure	 prophylaxis
should	 be	 given	 as	 soon	 as	 possible,	 although	 it	 is	 likely	 not	 useful	 if	 given
greater	 than	 14	 days	 after	 exposure.38	 Post–exposure	 prophylaxis
recommendations	are	summarized	in	Table	73.2.

TABLE	73.2

Summary	Recommendations	for	Postexposure	Prophylaxis
of	Neisseria	meningitidis	Disease

The	CDC	recommends	chemoprophylaxis	of	health	care	personnel	who
managed	an	airway	or	were	exposed	to	respiratory	secretions	within	24
hours	of	appropriate	antibiotics

Drug Dose Length	of
Prophylaxis Notes

Rifampin 600	mg	orally	every
12	hours

2	days

Ciprofloxacin 500	mg	oral 1	dose Check	for	local
resistance

Ceftriaxone 250	mg
intramuscular

1	dose



From	Gardner	P.	Clinical	practice.	Prevention	of	meningococcal	disease.	N	Engl	J	Med.
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OVERWHELMING	POST-SPLENECTOMY
INFECTION

Introduction
Overwhelming	 postsplenectomy	 infection	 (OPSI)	 complicated	 by	 sepsis	 is	 a
catastrophic	illness	with	high	morbidity	and	mortality	among	patients	who	have
undergone	 splenectomy	 or	 who	 have	 severe	 splenic	 dysfunction.	 Splenic
function	 may	 be	 lost	 owing	 to	 surgical	 removal,	 sickle	 cell	 anemia,	 systemic
lupus	 erythematosus,	 celiac	 disease,	 liver	 disease,	 acute	 alcoholism,	 high-dose
corticosteroid	 therapy,	 splenic	 irradiation,	 bone	 marrow	 transplantation,	 and
normal	aging.39	Prior	 to	 the	1970s,	splenectomy	was	an	accepted	procedure	for
splenic	 trauma	 due	 to	 difficulties	 of	 surgical	 and	 clinical	 management.	 The
importance	of	the	spleen	was	recognized	during	the	modern	era,	and	now	splenic
salvage	is	reported	for	90%	of	cases	of	splenic	rupture.40

Encapsulated	 bacteria	 are	 the	 most	 common	 organisms	 causing	 OPSI.	 S.
pneumoniae,	 N.	 meningitidis,	 and	H.	 influenzae	 are	 the	 organisms	 of	 greatest
concern.	S.	pneumoniae	 is	 the	most	 frequently	 isolated	 pathogen,	 representing
over	50%	of	cases	of	OPSI.	Other	bacterial	pathogens	include	Salmonella	 spp.,
Capnocytophaga	 canimorsus,	 and	Campylobacter	 spp.	 Rarely,	Mycobacterium
tuberculosis	and	Mycoplasma	pneumoniae	may	be	the	causative	agent.

Asplenic	individuals	are	also	at	risk	for	severe	infection	with	intraerythrocytic
parasites	such	as	Babesia	species	and	Plasmodium	species.	Babesia	species	are
transmitted	by	 tick	bites.	 In	 the	United	States,	babesiosis	 is	caused	by	Babesia
microti,	which	is	endemic	in	the	Northeast	and	Midwest,	and	Babesia	duncani,
which	has	been	found	in	Washington	state	and	California.	Babesia	divergens	 is
the	 most	 common	 agent	 of	 babesiosis	 in	 Europe.	 Plasmodium	 species	 are
transmitted	by	mosquito	bites	and	are	the	causative	agents	of	malaria,	primarily
found	in	many	parts	of	Africa	and	South	Asia	and	South	and	Central	America.
The	acute	phase	of	malaria	may	be	more	severe	in	splenectomized	individuals,
but	splenectomy	may	be	protective	in	the	chronic	phase.	Atypically,	severe	cases
of	 Plasmodium	 vivax	 and	 Plasmodium	 ovale	 have	 been	 reported	 in
splenectomized	 individuals,	 and	 relapse	 of	malaria	 following	 splenectomy	 has
occurred.



The	 incidence	 of	 OPSI	 is	 impacted	 by	 many	 factors	 including	 underlying
disease,	patient	age,	age	at	time	of	splenectomy,	time	elapsed	since	splenectomy,
pneumococcal	vaccination,	and	antibiotic	prophylaxis.	Reported	incidence	rates
are	highest	among	patients	with	underlying	thalassemia,	intermediate	in	patients
with	sickle	cell	anemia,	malignancy,	or	hematologic	disorders,	and	lowest	among
patients	who	undergo	splenectomy	for	trauma.

Pathophysiology
The	spleen	provides	three	major	functions	for	protection	from	infection.	It	acts
as	a	mechanical	filter	for	infected	or	senescent	erythrocytes;	it	participates	in	the
production	 of	 soluble	 immune	 factors,	 including	 immunoglobulins;	 and	 it
provides	a	site	for	components	of	the	cellular	immune	system	to	act	in	proximity
to	one	another.39	Splenic	salvage	in	the	trauma	setting	is	associated	with	marked
reductions	 of	 the	 risk	 of	 infection	 during	 the	 acute	 hospitalization,	 including
surgical	site	infections	and	pneumonia.41	Implantation	of	splenic	fragments	into
the	peritoneum	has	been	performed	 in	an	attempt	 to	maintain	splenic	 function,
though	 immune	 protection	 by	 these	 splenic	 fragments	 is	 incomplete	 at	 best,
because	of	the	loss	of	the	normal	splenic	circulation.

Diagnosis

Clinical	Features
OPSI	 should	 be	 considered	 in	 any	 febrile	 patient	with	 a	 history	 or	 abdominal
scar	 consistent	 with	 splenectomy	 or	 disease	 process	 associated	 with
hyposplenism.	 The	 initial	 symptoms	 of	 OPSI	 are	 fever,	 headache,	 abdominal
pain,	 vomiting,	 and	 diarrhea.	 There	 may	 be	 a	 nonspecific	 prodrome
characterized	by	low-grade	fever	and	myalgias.	If	untreated,	the	disease	evolves
into	 fulminant	 septic	 shock	 and	 death	 over	 2	 to	 5	 days.42	 In	 advanced	 cases,
acute	tubular	necrosis,	adrenal	cortical	necrosis,	and	DIC	may	occur.	A	petechial
or	 purpuric	 rash	 may	 be	 seen.	 Meningitis	 or	 pneumonia	 occurs	 among
approximately	 one-half	 of	 cases;	 in	 the	 remaining	 cases,	 septicemia	 occurs,
which	 is	 presumed	 to	 arise	 from	 colonization	 of	 the	 pharynx	 by	 encapsulated
organisms.

Laboratory	Features



Blood	cultures	yield	the	causative	organism	for	most	cases	of	OPSI.	Infections
of	 lesser	 severity	 also	 occur	 and	 may	 not	 be	 associated	 with	 detectable
bacteremia.	Thrombocytopenia,	elevated	prothrombin	time,	D-dimer,	fibrin	split
products,	serum	creatinine,	and	blood	urea	nitrogen	are	frequently	seen.	During
the	 immediate	 postsplenectomy	 period,	 mild	 elevation	 of	 the	 platelet	 and
leukocyte	 counts	 are	 physiological,	 but	 a	 leukocyte	 count	 higher	 than
15,000	cells/µL	after	the	fourth	postoperative	day	suggests	that	infection	may	be
the	cause.43	Manual	review	of	peripheral	blood	smear	can	detect	the	presence	of
Howell-Jolly	bodies,	indicating	decreased	splenic	function	and	risk	for	OPSI.44

Differential	Diagnosis
OPSI	may	be	mistaken	for	uncomplicated	sepsis	when	the	history	of	asplenia	or
hyposplenism	 is	 not	 appreciated.	 Thrombotic	 thrombocytopenic	 purpura	 may
also	 have	 a	 similar	 presentation,	with	 fever,	 thrombocytopenia,	 schistocytes	 of
microangiopathic	hemolytic	anemia,	and	acute	renal	failure.

Treatment
In	 addition	 to	 supportive	 care,	 antimicrobial	 therapy	 should	 be	 initiated
promptly.	Third-generation	cephalosporins	are	active	against	S.	pneumoniae,	N.
meningitidis,	 and	H.	 influenzae	 in	 most	 areas.	 Cefotaxime	 2	 g	 intravenously
every	8	hours	or	ceftriaxone	1	to	2	g	intravenously	once	daily	may	be	used	for
uncomplicated	cases.45	If	meningitis	is	suspected,	the	dose	of	cefotaxime	should
be	increased	to	2	g	every	4	to	6	hours,	and	ceftriaxone	should	be	given	in	a	dose
of	2	g	 twice	daily.	When	pneumococci	with	high-grade	 resistance	 to	penicillin
and	 cephalosporins	 are	 prevalent	 in	 the	 region,	 vancomycin	 should	 be	 added
until	 culture	 and	 susceptibility	 data	 become	 available.	 Patients	 with	 a	 severe
allergy	to	penicillins	and	cephalosporins	may	be	treated	with	vancomycin	given
with	 chloramphenicol	 or	 a	 fluoroquinolone.	 Expert	 consultation	 should	 be
sought	for	such	cases.

Prevention
Prevention	of	OPSI	entails	adequate	vaccination	of	asplenic	individuals.	There	is
a	 risk	 that	 vaccinations	will	 be	 overlooked	 at	 hospital	 discharge,	 but	 delaying
vaccination	 by	 14	 days	 has	 been	 observed	 to	 improve	 antibody	 levels,46	 so	 a
compromise	would	be	to	vaccinate	prior	to	discharge.	Initial	vaccinations	needed
in	 the	 case	 of	 the	 unlikely	 discharge	 from	 the	 ICU	 include	 20-valent



pneumococcal	 conjugate	 vaccine	 (PCV20),	 meningococcal	 conjugate	 vaccine
(MenACWY),	 serogroup	 B	 meningococcal	 vaccine,	 conjugate	 H.	 influenzae
vaccine,	 and	 influenza	 vaccine	 if	 not	 already	 completed	 for	 the	 current	 year.
Patients	must	 be	 counseled	 to	 seek	medical	 care	 when	 they	 have	 a	 suspected
infection,	and	not	rely	on	stand-by	antibiotic	prescriptions	alone.

MALARIA

Introduction
Plasmodium	is	an	intracellular	parasite	that	sequentially	infects	hepatocytes	and
then	 erythrocytes,	 resulting	 in	 clinical	 malaria.	 Four	 species	 cause	 disease	 in
humans:	 Plasmodium	 falciparum,	 P.	 malariae,	 P.	 ovale,	 and	 P.	 vivax.
Plasmodium	 is	 transmitted	 to	human	hosts	by	 its	vector,	 the	 female	Anopheles
mosquito.

5 	 In	 developed	 countries,	 malaria	 is	 primarily	 seen	 among	 travelers,
immigrants,	 and	military	personnel,	but,	 in	 the	developing	world,	 it	 is	 a	major
cause	of	morbidity	and	mortality.	There	are	between	300	and	660	million	cases
that	occur	annually	worldwide,	 resulting	 in	700,000	 to	2.7	million	deaths	each
year.47	Imported	cases	have	increased	throughout	the	world;	in	the	United	States,
the	CDC	received	reports	of	2161	confirmed	symptomatic	malaria	cases	in	2017,
the	highest	number	in	45	years.48	This	represents	an	overall	 increasing	trend	of
malaria	cases	 in	 the	United	States	since	 the	1970s.	 In	2017,	P.	 falciparum	was
identified	as	the	causative	species	for	70%	of	cases;	and	86%	of	all	cases	were
acquired	in	Africa.	Virtually,	all	of	the	fatal	cases	of	malaria	in	the	United	States
are	 caused	 by	P.	 falciparum.	 Although	 the	 majority	 of	 cases	 occurred	 among
persons	who	did	not	follow	a	CDC-recommended	prophylaxis	regimen,	it	must
be	 noted	 that	 approximately	 28%	 of	 patients	 with	 malaria	 reported	 taking
appropriate	 chemoprophylaxis,	 and	 case	 reports	 exist	 of	 fatal	 disease	 despite
malaria	prophylaxis.	There	have	been	small	clusters	of	mosquito-borne	malaria
transmission	within	the	United	States	as	well	as	occasional	congenital	cases	and
transmission	 via	 blood	 transfusion.48	 This	 discussion	 will	 focus	 on	 severe
malaria,	and	its	management	in	critical	care	settings.

In	endemic	areas,	malaria	 is	 largely	a	disease	of	 children.	By	 the	 time	 they
reach	 adulthood,	 residents	 of	 endemic	 areas	 develop	 partial	 immunity	 to
Plasmodium	 infections,	 limiting	 the	 severity	 of	 disease.	 Travelers,	 conversely,
are	generally	not	 immune;	nonimmune	adults	who	become	 infected	are	almost



always	symptomatic,	and	severe	disease	may	develop.	Of	note,	immigrants	who
have	 spent	 significant	 time	 away	 from	 a	 native	 endemic	 area	 can	 lose	 the
immunity	 they	 previously	 developed,	 and	 can	 develop	 severe	 disease	 after
returning	to	the	area.

Pathophysiology
Severe	malaria	 is	 almost	 always	 caused	 by	P.	 falciparum,	 which	 can	 produce
very	high	levels	of	parasitemia	due	to	its	ability	to	infect	erythrocytes	of	all	ages.
Cerebral	 malaria	 is	 the	 most	 common	 clinical	 presentation	 of	 severe	 malaria.
Many	 factors	 can	 contribute	 to	 diminished	 brain	 function	 in	 severe	 malaria,
including	 obstruction	 of	 microvascular	 flow,	 elevated	 intracranial	 pressure,
cerebral	 edema,	 disruption	 of	 the	 blood-brain	 barrier,	 hypoglycemia,
hypovolemia,	and	seizure	activity.	Obstruction	of	microvascular	flow	is	caused
by	 sequestration	 of	 erythrocytes	 in	 brain	 capillaries,	 autoagglutination,	 and
decreased	erythrocyte	deformability	caused	by	intracellular	parasites.

Diagnosis

Clinical	Features
Although	imported	malaria	may	occur	at	any	time	after	leaving	an	endemic	area,
there	 are	 epidemiologic	 clues	 to	 help	 guide	 the	 evaluation.	 Among	 returning
travelers	presenting	with	fever,	 the	most	common	specific	diagnosis	is	malaria,
occurring	among	9%	of	cases.49

Patients	 with	 malaria	 present	 with	 a	 history	 of	 fever	 and	 chills,	 typically
within	1	month	of	leaving	the	endemic	area,	but	fever	may	not	be	present	at	the
time	 of	 the	 initial	 examination.	The	 classic	 descriptions	 of	 tertian	 and	 quartan
fever	 are	 rarely	 seen;	 their	 absence	 is	 not	 evidence	 against	 the	 diagnosis	 of
malaria.	Chills,	headache,	fatigue,	and	myalgias	are	common	complaints.	Signs
include	hypotension,	jaundice,	and	hepatosplenomegaly,	but	these	are	seen	in	a
minority	of	patients.50	Cough,	dyspnea,	and	tachypnea	may	dominate	the	clinical
picture	in	children.

In	 the	 most	 recent	 CDC	 surveillance	 data	 of	 adult	 and	 children	 diagnosed
with	 malaria	 from	 2017,	 14.4%	 of	 cases	 were	 defined	 as	 severe.48	 The
presentation	 of	 severe	 malaria	 includes	 acute	 kidney	 injury,	 acute	 respiratory
distress	syndrome	(ARDS),	severe	anemia,	and	jaundice.	Additionally,	cerebral
malaria	 is	 an	 important	 symptom	 of	 severe	 malaria.50	 Variability	 of	 host



susceptibility	and	of	the	definition	of	cerebral	malaria	may	account	for	the	wide
range	 of	 reported	 incidence.	 The	 World	 Health	 Organization	 (WHO)	 defines
cerebral	malaria	 as	 coma	 that	 cannot	 be	 explained	 by	 hypoglycemia,	 postictal
state,	 or	 other	 nonmalarial	 causes,	 such	 as	 sedative	 drugs,	 for	 a	 patient	 with
parasitemia.	Common	findings	are	decerebrate	or	decorticate	posturing,	 flaccid
tone,	seizures,	and	retinal	hemorrhages.

Malaria	 during	 pregnancy	 presents	 with	 similar,	 although	 more	 severe,
manifestations.	 Hypoglycemia	 and	 lactic	 acidosis	 are	 more	 frequently	 seen	 in
maternal	malaria,	and	the	mortality	of	cerebral	malaria	is	increased.51	The	partial
immunity	 of	 residents	 of	 endemic	 areas	 is	 blunted	 during	 pregnancy.52	 Other
complications	include	preterm	delivery,	intrauterine	growth	retardation,	anemia,
postpartum	hemorrhage,	and	eclampsia.51	Placental	malaria	may	be	present	even
if	peripheral	blood	films	are	negative	for	parasites.53

Laboratory	Features
Common	 laboratory	 findings	 are	 anemia,	 thrombocytopenia,	 and
hyperbilirubinemia.	Hypoglycemia,	 elevated	 creatinine,	 and	hypothrombinemia
may	also	be	present.54

Microscopic	 examination	 for	 parasites	 on	 thick	 and	 thin	 films	of	 peripheral
blood	 remains	 the	 standard	 for	 diagnosis	 of	 malaria.	 Sensitivity	 is	 increased
when	blood	for	malaria	smears	is	obtained	from	a	capillary-rich	area,	such	as	the
fingertip	or	earlobe,	rather	than	by	venipuncture.	A	thick	smear	examined	by	an
experienced	 microscopist	 can	 detect	 50	 parasites	 per	 µL	 of	 blood,	 which	 is
equivalent	to	0.001%	of	erythrocytes	infected.53	Sensitivity	is	approximately	10-
fold	 lower	 for	 routine	 clinical	 laboratories.	 Sequestration	 in	 the
reticuloendothelial	 system	also	 affects	diagnostic	yield.	Because	 the	 sensitivity
of	the	smear	is	imperfect,	empirical	therapy	for	malaria	should	be	administered
when	 clinical	 suspicion	 is	 high.	 The	 thin	 blood	 film	 is	 used	 to	 identify	 the
species	and	to	quantitatively	follow	the	parasitemia	on	serial	samples.	Real-time
PCR	is	more	sensitive	than	microscopy,	especially	at	low	levels	of	parasitemia,
and	although	it	is	not	Food	and	Drug	Administration	(FDA)	approved,	the	assay
is	readily	available	from	reference	 laboratories.	The	CDC	currently	encourages
specimens	from	confirmed	cases	of	malaria	diagnosed	in	the	United	States	to	be
submitted	 to	 their	 laboratories	 for	 PCR	 testing	 for	 species	 confirmation	 and
antimalarial	 resistance,	 for	surveillance	purposes.55	Many	 rapid	diagnostic	 tests
have	 been	 developed	 which	 detect	 Plasmodium	 antigens	 and	 may	 provide	 a
rapid	diagnosis	of	malaria	when	access	to	high-quality	microscopy	is	not	readily
available,	 although	 these	 tests	do	not	provide	 information	 regarding	 species	or



degree	of	parasitemia.56

Differential	Diagnosis
Cerebral	 malaria	 may	 mimic	 meningoencephalitis	 owing	 to	 viral,	 bacterial,
fungal,	 or	 other	 parasitic	 causes.	 Dengue,	 typhoid,	 Rickettsial	 infection,	 or
mononucleosis	may	present	with	an	undifferentiated	fever	in	a	returned	traveler.
The	differential	 diagnosis	 of	 jaundice	 in	 this	 population	 includes	 leptospirosis,
yellow	fever,	viral	hepatitis,	sepsis,	and	relapsing	fevers.57	Bacterial	sepsis	must
also	be	considered	as	a	separate	or	a	complicating	diagnosis,	and	if	hypotension
is	present,	Gram-negative	bacteremia	must	be	excluded	and	treated	empirically
until	cultures	return.

Treatment
Management	 in	 an	 intensive	 care	 unit	 is	 indicated	 for	 patients	 with	 severe
malaria.	 Careful	 management	 of	 fluids	 and	 electrolytes	 is	 critical,	 as	 well	 as
monitoring	 for	 hypoglycemia.	 Renal,	 cardiac,	 and	 neurologic	 function	 should
also	be	carefully	monitored.

6 	Previously,	intravenous	quinidine	or	quinine	was	recommended	by	the	CDC
for	 treatment	 of	 severe	 malaria,	 but	 in	 May	 of	 2020,	 the	 FDA	 approved
artesunate	for	severe	malaria.58	It	is	the	drug	of	choice	in	severe	malaria,	as	it	has
been	 shown	 to	 reduce	 the	 risk	 of	 death	 in	 adults	 and	 children	 as	 compared	 to
quinine,59	as	well	as	decrease	the	time	to	clearance	of	parasitemia.60	It	should	be
initiated	 for	 severe	malaria,	defined	as	a	positive	blood	smear	with	any	one	of
the	following	criteria:	impaired	consciousness/coma,	severe	normocytic	anemia,
renal	 failure,	 pulmonary	 edema,	 ARDS,	 circulatory	 shock,	 DIC,	 spontaneous
bleeding,	acidosis,	hemoglobinuria,	 jaundice,	 repeated	generalized	convulsions,
or	parasitemia	greater	than	5%.	Intravenous	artesunate	dosage	is	2.4	mg/kg	IV	at
0,	12,	and	24	hours.	Artesuate	was	previously	only	available	by	request	from	the
CDC;	however,	it	is	now	commercially	available	and	it	is	advised	that	hospitals
have	a	plan	for	how	to	rapidly	procure	the	drug	for	this	medical	emergency.

If	 intravenous	 artesunate	 is	 not	 immediately	 available,	 or	 while	 awaiting
procurement	 of	 artesunate	 from	 a	 commercial	 supplier	 or	 other	 healthcare
facility,	interim	treatment	with	an	effective	oral	agent	should	be	initiated	until	IV
artesunate	 can	 be	 obtained.	 The	 preferred	 interim	 agent	 is	 artemether-
lumefantrine	(Coartem),	which	can	be	administered	via	nasogastric	tube	or	with
an	 antiemetic	 agent,	 if	 needed.	Alternative	 interim	 agents	 include	 atovaquone-
proguanil	 (Malarone),	quinine,	 and	mefloquine.	Any	of	 these	agents	 should	be



used	only	until	IV	artesunate	can	be	started.56
In	order	to	monitor	treatment,	thin	smears	to	assess	the	degree	of	parasitemia

should	be	performed	every	12	 to	24	hours,	until	 resolution	of	parasitemia.	The
rapid	 antigen	 test	 should	 not	 be	 used	 for	 monitoring.	 Once	 the	 level	 of
parasitemia	 declines	 to	 ≤1%	 and	 the	 patient	 can	 tolerate	 oral	medications,	 IV
artesunate	can	be	changed	to	oral	treatment	with	either	artemether-lumefantrine
(Coartem),	atovaquone-proguanil	(Malarone),	quinine	plus	either	doxycycline	or
clindamycin,	or	mefloquine,	 to	complete	a	7-day	course.	 If	parasitemia	 is	>1%
after	 the	 initial	course	of	IV	artesunate,	 it	should	be	continued	once	daily	until
the	parasite	density	 is	≤1%,	up	 to	a	maximum	of	7	days.	Patients	with	malaria
normally	 show	 clinical	 improvement	 in	 1	 to	 3	 days.61	 Any	 treatment	 regimen
should	not	include	the	medication	that	was	used	for	prophylaxis.

Treatment	 of	 a	 pregnant	 woman	 with	 malaria	 requires	 additional
considerations.	Malaria	in	pregnancy	is	associated	with	low	birth-weight	infants,
increased	 anemia,	 risk	 of	 severe	 malaria,	 risk	 of	 pregnancy	 loss,	 and	 risk	 of
death.	Women	of	child-bearing	age	should	be	asked	if	it	is	possible	they	could	be
pregnant.	 Intravenous	 artesunate	 is	 still	 the	 drug	 of	 choice	 in	 all	 trimesters.62
Artemisinin-based	 drugs	 like	 artesunate	 have	 not	 been	 shown	 to	 be	 associated
with	 poor	 outcomes	 in	 pregnant	 women,	 although	 first	 trimester	 data	 are
lacking.63,64	High	doses	of	quinine	are	reported	to	be	abortifacient.	Nevertheless,
treatment	 with	 quinine	 has	 not	 been	 associated	 with	 an	 increased	 risk	 of
congenital	abnormalities,	low	birth	weight,	or	stillbirth,	and	it	is	considered	to	be
safe	 during	 the	 first	 trimester.65	 Quinidine	 is	 listed	 as	 category	 C	 and	 is
considered	 safe	 for	 breastfeeding	 women.	 Clindamycin	 should	 be	 given	 in
conjunction	with	quinidine	or	 oral	 quinine	 treatment.55	Chloroquine	 is	 safe	 for
use	 in	 pregnant	 women	 for	 the	 treatment	 of	 non-falciparum	 or	 chloroquine-
sensitive	 falciparum	malaria.	Artesunate-atovaquone-proguanil	has	been	shown
to	 be	 superior	 to	 quinine	 during	 the	 second	 and	 third	 trimesters,	 with	 no
differences	in	birth	weight,	duration	of	gestation,	or	congenital	abnormality	rates
in	newborns.66	 If	 fetal	 distress	 is	 observed	on	monitoring,	 emergency	 cesarean
delivery	may	be	necessary.67

Exchange	 transfusion	 is	 controversial	 owing	 to	 the	 lack	of	 randomized	 trial
data.	The	CDC	currently	does	not	recommend	using	exchange	transfusion	as	an
adjunct	 therapy;	 the	WHO	 does	 not	make	 any	 recommendations	 regarding	 its
use.56,62

A	 Cochrane	 review	 has	 shown	 that	 corticosteroids	 were	 of	 no	 benefit	 and
potentially	harmful	during	the	 treatment	of	cerebral	malaria.68	Other	adjunctive
therapies	 that	 have	 no	 role	 include	 heparin,	 sodium	 bicarbonate,	 mannitol,
immunoglobulins,	and	iron	chelators.



TICK-BORNE	ILLNESSES

Introduction
Tick-borne	 illnesses	 are	 a	 large	 group	 of	 diverse	 bacteria	 and	 parasites	with	 a
spectrum	of	presentation,	 ranging	 from	mild	 to	 severe.	For	 the	 ICU	physician,
these	 severe	 presentations	 are	 important	 to	 understand	 as	 they	 require
antimicrobials	 that	 are	 not	 commonly	 utilized	 in	 the	 ICU.	 The	 common	 tick-
borne	 diseases	 that	 can	 cause	 critical	 illness	 include	Rocky	Mountain	 Spotted
Fever	(RMSF)	caused	by	Rickettsia	rickettsii,	human	granulocytic	anaplasmosis
(HGA)	 caused	 by	Anaplasma	phagocytophilum,	 human	monocytic	 ehrlichiosis
(HME)	 chiefly	 caused	 by	 Ehrlichia	 chaffeensis	 and	 babesiosis	 caused	 by
Babesia	species.	Certain	arboviruses	can	be	transmitted	by	ticks	but	rarely	result
in	 critical	 illness	 and	will	 not	 be	 discussed.	R.	rickettsia,	A.	 phagocytophilum,
and	E.	 chaffeensis	 all	 are	 intracellular,	 Gram-negative	 bacteria,	 while	Babesia
species	 are	 intracellular	 parasites.	 Most	 tick-borne	 illnesses	 have	 similar
presentations	 and	 treatment,	 with	 the	 exception	 of	 babesiosis,	 and	 will	 be
discussed	together	with	pertinent	differences	called	out	where	appropriate.

According	to	surveillance	data	by	the	CDC,	there	has	been	a	steady	increase
of	reported	tick-borne	illnesses	in	 the	United	States	with	50,865	cases	reported
in	2019,	up	 from	22,527	cases	 reported	 in	2004.69	Consistent	with	 the	 running
theme	of	this	chapter,	many	of	these	diseases	have	a	geographic	predilection,	and
a	thorough	exposure	history	is	required	for	diagnosis.	According	to	a	2016	CDC
report,	cases	of	RMSF	and	related	species	of	disease	cluster	in	the	southeast	and
east	coast	of	 the	United	States	with	high	densities	 in	Arkansas,	Tennessee,	and
North	 Carolina.	 A	 similar	 pattern	 to	 RMSF	 is	 seen	 in	 ehrlichiosis.	 HGA	 and
babesiosis	 follow	 similar	 patterns	 of	 clusters	 in	 northeastern	 coastal	 states,	 as
well	as	upper	Midwest	states	of	Wisconsin	and	Minnesota.70	Cases	can	happen
throughout	 the	 year,	 but	most	 occur	 during	 the	 summer	months	 owing	 to	 tick
population	peaks.	Importantly,	cases	of	these	diseases	can	occur	outside	of	these
common	 areas,	 and	 can	 have	 long	 incubation	 periods	 of	weeks	 to	months.	As
such,	 it	 is	 important	 to	 not	 only	 obtain	 geographic	 history	 of	 travel,	 but	 also
timelines	of	travel	and	activities	undertaken	during	travel.	Although	important	to
inquire	about,	a	history	of	tick	bite	may	be	negative	in	40%	of	patients	with	tick-
borne	illnesses.71

Pathophysiology



R.	 rickettsii	 infects	 endothelial	 cells	 of	 many	 organs	 and	 vascular	 smooth
muscle.	 The	 organism	 reverts	 from	 a	 dormant	 state	 to	 a	 virulent	 state	 with
exposure	to	thermal	and/or	nutritional	factors.	After	this,	the	bacteria	invade	and
proliferate	within	endothelial	cells,	eventually	multiplying	and	disseminating	to
other	 areas	 of	 the	 body.	 Direct	 damage	 from	 the	 bacteria	 leads	 to	 increased
vascular	 permeability	 and	 thrombosis,	 while	 mononuclear	 inflammation	 of
infected	 endothelial	 cells	 is	 seen	 on	 pathology.72,73	 This	 endothelial	 damage
likely	 contributes	 to	 the	more	 severe	 presentation	 of	 RMSF	 than	 some	 of	 the
other	tick-borne	illnesses.
A.	 phagocytophilum	 lacks	 lipopolysaccharide	 (LPS),	 a	 common	 endotoxin

mediator	 of	 sepsis	 in	 Gram-negative	 organisms.	 As	 evidenced	 by	 the	 disease
states’	 moniker,	 neutrophils	 are	 the	 prime	 target	 for	A.	 phagocytophilum,	 and
infection	 of	 these	 cells	 causes	 derangement	 in	 normal	 functioning.	 Increased
time	 to	 apoptosis	 of	 activated	 neutrophils	 leads	 to	 prolonged	 proinflammatory
states,	 which	 is	 coupled	 with	 defective	 adhesion	 and	 transmigration,	 motility,
and	 antimicrobial	 activity,	 leading	 to	 ineffective	 but	 proinflammatory
neutrophils.74
E.	chaffeensis,	 similar	 to	A.	phagocytophilum,	 lacks	LPS	and	has	 a	 tropism

for	 immune	 system	 cells,	 specifically	 mononuclear	 phagocytes.	 Due	 to	 this
infection	of	monocytes	and	macrophages,	pathology	of	organs	involved	with	the
infection	shows	poorly	formed,	noncaseating	granulomas	affecting	the	liver	and
bone	 marrow,	 possibly	 explaining	 hepatic	 involvement	 and	 hematologic
abnormalities	seen	in	the	disease.75,76
Babesia	 infects	 and	 asexually	 reproduces	 inside	 red	 blood	 cells,	 accounting

for	 the	“Maltese	cross”	 seen	on	peripheral	blood	 smear.	Reproduction	 in	 these
cells	 eventually	 leads	 to	 destruction	 of	 the	 infected	 RBC	 and	 a	 hemolytic
anemia.77

Diagnosis

Clinical	Features
The	presentation	of	these	illnesses	can	be	protean,	but	initial	symptoms	usually
include	fever,	fatigue,	myalgias,	and	headaches.	Fever	of	unidentified	cause	in	a
patient	 with	 risk	 factors	 should	 always	 spark	 thought	 of	 a	 tick-borne	 illness.
Below,	specific	differences	in	disease	presentation	will	be	highlighted	among	the
disease	states.

RMSF	 appears	 within	 3	 to	 12	 days	 of	 the	 tick	 bite,	 but	 shorter	 time	 to



development	is	associated	with	severe	disease.	Owing	to	the	systemic	vasculitis
outlined	above,	RMSF	can	present	with	petechial	skin	lesions	appearing	within
the	 first	 few	 days	 of	 illness.	 This	 rash	may	 start	 at	 the	 wrist	 and	 ankles,	 can
quickly	generalize,	can	involve	the	palms	and	soles,	but	usually	spares	the	face.
Gastrointestinal	symptoms	like	abdominal	pain	and	diarrhea	can	occur	as	well.
Severe	RMSF	can	be	associated	with	hypovolemia	due	to	capillary	leak,	as	well
as	 meningoencephalitis,	 renal	 failure,	 cutaneous	 necrosis,	 ARDS,	 arrythmias,
and	seizures.	The	estimated	case	fatality	rate	is	5%	to	10%.78

HGA	appears	within	5	to	14	days	of	the	tick	bite.78	It	is	less	likely	to	have	a
rash,	 gastrointestinal	 symptoms,	 or	 meningoencephalitis.	 Severe	 symptoms
include	coagulopathies,	ARDS,	and	renal	failure.	Fungal	opportunistic	infections
have	been	seen	in	animal	infections	due	to	Anaplasmosis,	and	case	reports	exist
of	this	in	humans,	possibly	due	to	the	neutrophil	pathology.74	The	estimated	case
fatality	is	<1%.78

HME	appears	within	5	to	14	days	of	the	tick	bite.79	It	is	associated	with	rash
that	can	affect	the	palms,	soles,	or	face	but	does	not	follow	a	typical	pattern	like
RMSF	 and	 may	 include	 petechial,	 maculopapular,	 or	 even	 diffuse	 erythema
within	 5	 days	 of	 symptom	 onset.80	 Severe	 symptoms	 include
meningoencephalitis,	ARDS,	septic	shock,	and	renal	failure	similar	to	other	tick-
borne	illnesses,	but	also	include	hepatic	failure,	hemorrhagic	manifestations,	and
even	hemophagocytic	lymphohistiocytosis.81,82	The	estimated	case	fatality	rate	is
3%.78

Babesiosis	 usually	 follows	 a	 mild	 course,	 but	 can	 have	 severe	 disease	 in
immunosuppressed	 individuals,	 such	 as	 those	 living	with	HIV,	malignancy,	 on
immunosuppressive	 medications,	 and	 asplenia.	 Rash	 is	 usually	 not	 present,
although	patients	with	 severe	cases	have	been	 reported	 to	 show	ecchymotic	or
petechial	rashes.	Severe	symptoms	include	ARDS,	congestive	heart	failure,	renal
failure,	liver	failure,	and	splenic	infarct.77

Laboratory	Features
Laboratory	 findings	 consistent	 among	 all	 these	 disease	 states	 include
thrombocytopenia	 and	 increased	 hepatic	 transaminases.	 Other	 nonspecific
findings	reflect	the	multisystem	nature	of	the	process	and	include	hyponatremia,
elevated	 creatine	 phosphokinase,	 hepatic	 transaminases,	 and	 creatinine	 and
clotting	 indices	 (prothrombin	 time,	 partial	 thromboplastin	 time,	 and	 fibrin
degradation	products).

RMSF	 is	 associated	 with	 normal	 white	 blood	 cell	 count	 with	 a	 shift	 to
immature	 neutrophils,	while	HGA	 and	HME	 are	 associated	with	 leukopenia.78



CSF	examination	 in	RMSF	commonly	demonstrates	a	 lymphocytic	pleocytosis
and,	 occasionally,	 an	 elevated	 CSF	 protein	 and	 with	 typically	 normal	 CSF
glucose	levels.78	Babesiosis	is	associated	with	hemolytic	anemia	that	sets	it	apart
from	the	other	three	diseases.77

These	 organisms	 cannot	 be	 cultured	 in	 most	 clinical	 laboratories.	 Blood
smear	 microscopy	 can	 be	 used	 to	 detect	 HME,	 HGA,	 and	 babesiosis	 but	 is
insensitive.	PCR	of	whole	blood	can	be	used	to	confirm	the	diagnosis	of	all	four
of	 these	 tick-borne	 illnesses	with	 varying	 sensitivity.	 Due	 to	 the	 lack	 of	wide
availability,	 empirical	 treatment	 is	 usually	 initiated	 based	 on	 symptoms	 and
history.	 Empirical	 treatment	 can	 decrease	 the	 yield	 of	 PCR	 tests.	 Serological
testing	 of	 acute	 and	 convalescent	 serum	 can	 be	 helpful	 for	 epidemiologic
surveillance	but	is	not	useful	for	clinical	decision	making.

Differential	Diagnosis
RMSF	is	frequently	misdiagnosed	as	pharyngitis	or	scarlet	fever,	despite	the	low
incidence	 of	 sore	 throat.76	 Gastroenteritis	 is	 also	 a	 common	 initial	 diagnosis,
owing	to	prominent	gastrointestinal	symptoms.	Tick-borne	illnesses	must	also	be
distinguished	 from	 rheumatic	 fever,	 encephalitis,	 meningitis,	 pneumonia,
measles,	 meningococcemia,	 leptospirosis,	 acute	 abdominal	 illness,	 idiopathic
thrombocytopenic	purpura,	thrombotic	thrombocytopenic	purpura,	drug	reaction,
ehrlichiosis,	and	vasculitis.76

Treatment
7 	 Specific	 therapy	 should	 not	 be	 delayed	 while	 awaiting	 confirmation	 of	 the
diagnosis.	 Of	 note,	 most	 broad-spectrum	 antibacterial	 agents	 such	 as
cephalosporins,	penicillins,	and	sulfa	drugs	are	inactive	against	these	organisms.
The	treatment	of	choice	for	RMSF,	HME,	and	HGA	in	nonpregnant	adults	and
children	weighing	more	than	45	kg	is	doxycycline,76	100	mg	twice	daily	for	7	to
10	days.	Children	who	weigh	less	than	45	kg	should	be	given	2.2	mg/kg	twice
daily.76	 A	 retrospective	 cohort	 study	 of	 children	 on	 a	 Native	 American
reservation	in	Arizona	who	were	treated	with	doxycycline	for	RMSF	when	they
were	less	than	8	years	of	age	demonstrated	that	these	children	had	no	differences
in	dental	staining	or	enamel	hypoplasia,	compared	to	other	children	in	the	same
community	 who	 did	 not	 have	 doxycycline	 exposure.83	 Babesiosis	 should	 be
treated	 for	 7	 to	 10	 days	 with	 atovaquone	 750	 mg	 orally	 twice	 daily	 plus
azithromycin	 500	 to	 1000	 mg	 orally	 for	 the	 first	 dose	 followed	 by	 250	 to
1000	mg	 orally	 daily	 or	 a	 regimen	 of	 clindamycin	 600	mg	 orally	 three	 times



daily	and	quinine	650	mg	orally	three	times	daily.84
Therapy	 of	 pregnant	 women	 is	 problematic	 because	 tetracyclines	 are

associated	with	maternal	hepatotoxicity	and	fluorescent	yellow	discoloration	of
fetal	deciduous	teeth.	Calcification	of	permanent	teeth	does	not	begin	until	after
birth;	discoloration	of	permanent	teeth	would	not	be	expected.	The	US	FDA	and
the	Australian	Drug	Evaluation	Committee	have	assigned	pregnancy	category	D
to	 doxycycline.	 The	 CDC	 references	 an	 expert	 review	 on	 doxycycline	 during
pregnancy	 that	 states	 that	 doxycycline	 is	 unlikely	 to	 have	 a	 substantial
teratogenic	risk	but	that	the	poor	quality	of	observational	data	could	not	show	no
risk.76

For	 RMSF	 during	 pregnancy,	 chloramphenicol	 is	 a	 potential	 alternative
therapy,	 although	 its	 use	 is	 associated	 with	 a	 greater	 chance	 of	 death	 as
compared	to	doxycycline.85	It	will	not	cover	HME	or	HGA,	so	these	should	be
ruled	 out	 prior	 to	 moving	 forward	 with	 this	 therapy.	 Chloramphenicol	 is
considered	pregnancy	category	A	by	the	Australian	Drug	Evaluation	Committee.
Although	 teratogenicity	 has	 not	 been	 proven	 with	 chloramphenicol,	 maternal
aplastic	 anemia	 or	 reversible	 bone	marrow	 suppression	may	 occur.	Gray	 baby
syndrome	has	occurred	among	neonates	treated	with	chloramphenicol,	and	may
occur	 among	 infants	 born	 to	 women	 treated	 with	 chloramphenicol	 near	 term.
Doxycycline	may	be	used	for	women	presenting	with	RMSF	near	term.85	Most
authorities	 recommend	 therapy	 of	 pregnant	 women	 in	 the	 first	 or	 second
trimester	with	chloramphenicol,	50	to	75	mg/kg/d	in	divided	doses.

For	 HME	 or	 HGA	 during	 pregnancy,	 rifampin	 can	 be	 considered	 although
data	are	 severely	 lacking	 for	efficacy	with	severe	disease.	The	dose	 is	300	mg
orally	 twice	 daily	 for	 adults	 or	 10	mg/kg	 of	 body	weight	 for	 children.	 RMSF
should	 be	 ruled	 out	when	 rifampin	 is	 to	 be	 used	 given	 the	 paucity	 of	 data	 of
treating	critically	ill	patients	with	RMSF	with	rifampin.

For	 severe	 presentation	 of	 these	 diseases	 among	 pregnant	 patients,	 a
discussion	of	risks	and	benefits	is	encouraged	with	the	medical	team	and	patient
or	family	to	determine	usage	of	doxycycline.

MISCELLANEOUS	INFECTIOUS	DISEASES
There	 are	many	 unusual	 infectious	 diseases	 that	 occasionally	 lead	 to	 intensive
care	 unit	 admission.	 Several	 of	 these	 diseases	 are	 discussed	 briefly	 below	 and
others	are	discussed	in	other	chapters,	such	as	serious	epidemic	viral	pneumonias
(Chapters	82	and	83)	and	biological	agents	of	mass	destruction	(Chapter	129).



Capnocytophaga
Capnocytophaga	 spp.	 are	 fastidious	 Gram-negative	 rods	 that	 cause	 soft-tissue
infections	 (including	 gangrene),	 fever	 of	 unknown	 origin,	 bacteremia,
endovascular	infections	including	endocarditis,	and	meningitis	after	a	dog	or	cat
bite.86	Cases	have	been	reported	in	association	with	nontraumatic	exposure	to	the
oral	secretions	of	dogs.	Several	other	species	of	the	Capnocytophaga	genus	are
normal	oral	flora	of	humans,	and	may	cause	bacteremia	in	the	setting	of	cancer
chemotherapy.87	 Compromised	 hosts,	 particularly	 those	 with	 anatomic	 or
functional	 asplenia	 or	 alcoholism,	 may	 follow	 a	 severe	 course	 of	 illness,
especially	 if	 bacteremia	 is	 complicated	 by	 DIC.88	 Capnocytophaga	 spp.	 are
resistant	 to	many	antibacterial	agents	 that	are	commonly	used	 to	 treat	skin	and
soft-tissue	infections,	including	oxacillin	and	cefazolin.	Ampicillin-sulbactam	is
a	good	empirical	choice	for	serious	soft-tissue	infection	when	there	is	a	history
of	 a	 dog	 bite.	 Clindamycin	 can	 be	 used	 for	 culture-proven	 cases	 of
monomicrobial	infection	with	Capnocytophaga	in	the	case	of	penicillin	allergy,89
but	 it	 is	 not	 active	 against	 Pasteurella	 multocida,	 which	 is	 also	 a	 common
pathogen	in	cases	of	dog	or	cat	bites.	Imipenem-cilastatin	is	another	alternative
active	 against	 Capnocytophaga	 and	 P.	 multocida,	 as	 well	 as	 other	 common
pathogens	of	skin	and	soft	tissue	except	MRSA.

Leptospirosis
Leptospira	are	spirochetes	pathogenic	for	humans	that	survive	in	standing	water
or	 contaminated	 soil.	 They	 are	 found	 in	 the	 urine	 of	 rats,	 mice,	 and	 some
domestic	animals.	The	incidence	of	leptospirosis	is	higher	during	warmer,	more
humid	 conditions,	 with	 Hawaii	 having	 the	 highest	 incidence	 in	 the	 United
States.90	It	should	be	suspected	among	travelers	returning	from	this	climate	with
fevers,	jaundice,	bleeding,	and	renal	failure.	The	clinical	presentation	is	variable
but	 includes	 an	 acute	 phase	 during	 which	 the	 vast	 majority	 of	 patients	 have
subclinical	or	mild	infection	with	fevers,	myalgias,	headaches,	and	conjunctival
suffusion	referred	to	as	anicteric	leptospirosis.	Five	to	10%	of	leptospirosis	will
present	 with	 severe,	 multisystemic	 illness,	 the	 icteric	 form,	 that	 carries	 a
mortality	 rate	 of	 5%	 to	 15%.91	 This	 severe	 form	 includes	 acute	 renal	 failure,
fulminant	 liver	 failure,	 hyperbilirubinemia	 without	 hepatocellular	 necrosis,
thrombocytopenia,	 ARDS	 or	 pulmonary	 hemorrhage,	 meningitis,	 and
myocarditis.92	 There	 may	 be	 no	 leukocytosis,	 and	 CSF	 may	 have	 a	 mild
pleocytosis	 with	 lymphocyte	 predominance.92	 The	 organism	 is	 difficult	 to
culture,	 but	 dark-field	 microscopy	 can	 show	 the	 organism,	 while



microagglutination	 testing	 can	 be	 obtained	 through	 the	 CDC	 Zoonoses	 and
Select	Agent	Laboratory	of	the	Bacterial	Special	Pathogens	Branch.	Penicillin	G
1	 million	 units	 every	 4	 hours	 or	 ceftriaxone	 1	 g	 every	 24	 hours	 has	 been
recommended	 for	 treatment,	 although	 the	 data	 are	 poor	 and	 a	 meta-analysis
showed	that,	while	 there	was	a	 trend	toward	protective	effects	of	antibiotics	as
compared	to	no	treatment,	it	was	not	statistically	significant.93
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	You	have	been	asked	to	provide	meningitis	prophylaxis	recommendations.
The	exposure	started	when	an	otherwise	healthy	51-year-old	woman	presented	to
the	emergency	department	(ED)	with	a	2-day	history	of	fever,	confusion,	and
rash.	On	arrival,	she	was	initially	alert	and	oriented	but	her	mental	status	quickly
declined,	requiring	intubation	by	the	ED	physician	(assisted	by	the	ED	nurse)	as
well	as	hemodynamic	support	with	norepinephrine.	Blood	cultures	and	a	lumbar
puncture	were	obtained,	she	was	started	on	broad-spectrum	antimicrobial
therapy	of	vancomycin,	ceftriaxone,	and	ampicillin,	and	she	was	admitted	to	the
intensive	care	unit.	Within	24	hours,	blood	and	CSF	cultures	were	positive	for
Neisseria	meningitidis.	Antibiotic	susceptibilities	are	not	routinely	run	at	this
hospital,	but	there	was	a	case	of	a	ciprofloxacin-resistant	Neisseria	meningitidis
within	the	past	year.	In	the	ICU,	she	was	cared	for	by	an	attending	physician,	a
resident	physician,	a	bedside	nurse,	and	a	respiratory	therapist	(who	was	the	one
that	provided	all	the	endotracheal	tube	care).	She	was	able	to	be	extubated	within
48	hours	and	transferred	to	the	general	medicine	ward,	where	she	was	cared	for
by	a	pregnant	nurse	and	a	67-year-old	hospitalist.	She	was	discharged	on
hospital	day	#5.	What	is	the	most	appropriate	recommendation	for	prophylaxis?

A. 	ED	physician,	ED	nurse,	ICU	physician,	ICU	nurse,	ICU	respiratory
therapist:	Ciprofloxacin	500	mg	orally



B. 	ED	physician,	ED	nurse,	ICU	respiratory	therapist:	Rifampin	600	mg
orally	every	12	hours	for	2	days
C. 	ED	physician,	ICU	physicians,	ICU	respiratory	therapist,	and	ICU
nurse:	Rifampin	600	mg	orally	every	12	hours	for	2	days
D. 	ED	physician,	67-year-old	hospitalist,	and	pregnant	floor	nurse:
Ceftriaxone	250	mg	intramuscularly

2. 	A	55-year-old	African	man	presents	to	the	emergency	department	with
1	week	of	fever,	lethargy,	and	confusion.	Vital	signs	are	temperature	of	102.3	°F,
heart	rate	120	BPM,	respiratory	rate	30	breaths	per	minute,	blood	pressure
85/45	mm	Hg,	and	oxygen	saturation	of	88%	on	room	air.	He	becomes	obtunded
and	is	quickly	intubated.	Physical	exam	is	notable	for	scleral	icterus,	bibasilar
crackles	on	lung	auscultation,	mild	hepatosplenomegaly,	and	a	capillary	refill
time	>2	seconds.	He	has	no	rashes.	Laboratory	results	show	WBC	12,000,
hemoglobin	of	6.5	g/dL,	platelet	count	of	60,000,	glucose	of	83	mg/dL,	serum
bicarbonate	of	16	mmol/L,	whole	blood	lactate	of	4	mmol/L,	and	creatinine	of
3.0	mg/dL.	Chest	x-ray	shows	bilateral	opacities	and	he	is	not	making	any	urine.
He	is	started	on	vancomycin	and	ceftriaxone,	aggressively	fluid	resuscitated,	and
started	on	pressors	due	to	refractory	hypotension.	Blood	cultures	are	ordered	and
he	is	admitted	to	the	ICU.	The	patient’s	wife	is	later	able	to	provide	more	history.
The	patient	had	recently	returned	from	a	business	trip	to	Vietnam	on	May	2,
which	was	7	days	ago.	He	was	born	in	Nigeria	and	moved	to	the	United	States
when	he	was	18	years	old.	He	had	malaria	as	a	child	and	did	not	take	malaria
prophylaxis	due	to	the	belief	that	he	was	immune	from	previous	infections.	Due
to	this	history,	thin	and	thick	smears	of	his	blood	are	obtained	that	show
Plasmodium	falciparum	with	5%	parasitemia.	What	is	the	most	appropriate
therapy?

A. 	Artemether/lumefantrine	20	mg/120	mg	4	tabs	po	followed	by	4	tabs
8	hours	later	followed	by	4	tabs	twice	daily	for	2	days
B. 	Artesunate	2.4	mg/kg	IV	at	0,	12,	and	24	hours	followed	by	daily
until	parasite	density	is	<1%,	up	to	7	days
C. 	Primaquine	30	mg	po	daily	for	14	days
D. 	Quinidine	6.25	mg/kg	loading	dose	over	1-2	hours	followed	by
0.0125	mg/kg/min	continuous	infusion	for	at	least	24	hours

3. 	A	65-year-old	African	man	with	a	history	of	hypertension	and	diabetes
presents	to	the	emergency	department	with	1	week	of	fever	and	lethargy.	He
becomes	obtunded	and	is	quickly	intubated.	Prior	to	intubation,	he	admits	to



feeling	more	confused	over	the	past	week	but	is	unable	to	provide	further
history.	His	vital	signs	include	a	temperature	of	101.8	°F,	heart	rate	112	BPM,
respiratory	rate	26	breaths	per	minute,	blood	pressure	120/80	mm	Hg,	and
oxygen	saturation	85%	on	room	air.	Abnormal	physical	exam	findings	include
bilateral	conjunctivitis,	bibasilar	crackles	on	lung	auscultation,	mild
hepatosplenomegaly,	and	a	capillary	refill	time	>2	seconds.	He	has	no	rashes.
Laboratory	results	show	white	blood	cell	count	of	12,000,	hemoglobin	of
9.5	g/dL,	platelet	count	of	60,000,	sodium	of	130	mEq/L,	glucose	of	80	mg/dL,
serum	bicarbonate	of	17	mmol/L,	whole	blood	arterial	lactate	of	3.0	mmol/L,
and	creatinine	of	3.0	mg/dL.	Urinary	analysis	shows	no	white	blood	cells,
negative	nitrites,	negative	leukocyte	esterase,	and	positive	blood	with	urine
microscopy	negative	for	bacteria	or	red	blood	cells.	Chest	x-ray	shows	bilateral
opacities.	He	is	started	on	vancomycin	and	ceftriaxone,	blood	cultures	are
ordered,	and	he	is	admitted	to	the	ICU.	To	obtain	further	history,	the	patient’s
wife	was	called.	She	states	that	he	had	recently	returned	from	a	business	trip	to
Arkansas	on	August	25,	which	was	6	days	ago.	She	said	that	he	was	an	avid
outdoorsman	and	spent	a	few	days	hiking	in	one	of	the	national	parks.	What	is
the	most	appropriate	management?

A. 	Add	artesunate	2.4	mg/kg	IV	at	0,	12,	and	24	hours	followed	daily
for	7	days
B. 	Add	doxycycline	100	mg	BID,	IV	or	PO	if	able	to	tolerate
C. 	Add	trimethoprim/sulfamethoxazole	at	5	mg/kg	of	the	trimethoprim
component	IV	q8h
D. 	Switch	ceftriaxone	to	meropenem,	adjusted	for	renal	impairment	to
1g	q12h

Answers

1.	The	correct	answer	is	B
Rational:	The	CDC	recommends	chemoprophylaxis	of	health	care	personnel

if	 they	managed	an	airway	or	were	exposed	 to	respiratory	secretions	before	24
hours	 of	 appropriate	 antibiotic	 coverage.	 As	 such,	 only	 the	 ED	 physician	 and
likely	 the	 ED	 nurse	 who	 assisted	 during	 intubation	 of	 the	 patient,	 and	 ICU
respiratory	therapist	that	took	care	of	respiratory	secretions	in	the	first	24	hours
in	 the	 ICU	 are	 at	 risk	 for	 infection,	 necessitating	 prophylaxis	 (choice	 B	 is
correct).	Official	recommendations	for	chemoprophylaxis	of	adults	are	rifampin
600	 mg	 q12h	 ×	 2	 days,	 ceftriaxone	 250	 mg	 IM	 ×	 1	 dose,	 or	 ciprofloxacin



500	mg	po	×	1	dose.	Given	the	documented	presence	of	ciprofloxacin	resistant
strains	 in	 this	community,	 rifampin	or	ceftriaxone	would	make	a	better	choice.
The	 other	 answer	 choices	 are	 incorrect	 either	 because	 they	 include	 those	 not
exposed	to	airway	secretions,	or	an	inappropriate	antibiotic	choice,	or	both.	The
ward	team	including	the	pregnant	nurse	does	not	require	prophylaxis	because	the
patient	 was	 transferred	 to	 the	 floor	 more	 than	 24	 hours	 after	 initiation	 of
appropriate	antimicrobial	therapy.

2.	The	correct	answer	is	B
Rational:	This	is	a	case	of	fever	in	a	returning	traveler,	though	due	to	critical

illness	this	may	not	have	been	initially	apparent.	Many	of	the	physical	exam	and
laboratory	 findings	 in	 this	 patient	 could	 be	 consistent	 with	 bacterial	 and	 viral
infections;	 therefore,	 further	history	 is	key	 to	making	an	appropriate	diagnosis.
This	 patient	 has	 severe	 malaria,	 possibly	 cerebral	 malaria,	 necessitating
intravenous	 therapy.	 The	 diagnosis	 of	 severe	 malaria	 includes	 a	 patient	 with
parasitemia	 ≥5%,	 impaired	 consciousness,	 seizures,	 hemodynamic	 instability,
pulmonary	 edema	 or	 acute	 respiratory	 distress	 syndrome	 (ARDS),	 acidosis,
acute	kidney	injury,	abnormal	bleeding	or	disseminated	intravascular	coagulation
(DIC),	severe	anemia	with	hemoglobin	<7	g/dL,	or	jaundice	in	the	setting	of	any
other	sign.	Previously,	intravenous	quinine	would	be	indicated	for	severe	cases,
but	 the	 FDA	 approved	 artesunate	 for	 severe	 malaria	 in	 2020	 (choice	 B	 is
correct).	Artesunate	significantly	reduced	the	risk	of	death	in	adults	and	children
compared	to	quinine	in	a	Cochrane	review	of	nine	trials	and	was	associated	with
faster	clearance	of	parasitemia.	Oral	agents	would	be	inappropriate	in	this	severe
case.	Artesunate	is	available	commercially	and	should	be	procured	and	initiated
as	soon	as	possible	in	cases	of	severe	malaria.

3.	The	correct	answer	is	B
Rational:	 At	 first,	 this	 clinical	 picture	 is	 consistent	 with	 sepsis	 of	 unclear

origin.	However,	 further	 history	 provided	 by	 the	 family	 raises	 the	 concern	 for
tick-borne	 illnesses,	 highlighting	 the	 necessity	 of	 a	 full	 history	 in	 critically	 ill
patients.	Rocky	Mountain	spotted	fever	(RMSF)	caused	by	Rickettsia	rickettsii	is
endemic	 to	 multiple	 southern	 and	 Midwest	 states,	 including	 Arkansas.	 Most
cases	 are	 diagnosed	 between	 April	 and	 September	 due	 to	 increased	 outdoor
activity	 and	 subsequent	 tick	 exposure,	 an	 important	 temporal	 association	 that
clinicians	 should	 keep	 in	 mind.	 RMSF	 can	 cause	 a	 wide	 range	 of	 clinical
manifestations	thought	to	be	attributed	to	vasculitis	of	various	organ	systems	and
reticuloendothelial	system.	A	petechial	rash	of	the	wrist	and	ankles	that	spreads
to	the	arms,	legs,	and	trunks	and	becomes	more	maculopapular	after	1	week	is	a



widely	recognized	sign	of	RMSF;	however,	this	rash	can	be	absent	in	10%-15%
of	 cases,	 further	 stressing	 the	 importance	 of	 a	 thorough	 travel	 and	 exposure
history.	Doxycycline	is	the	first-line	therapy	for	RMSF	(choice	B	is	correct).	The
oral	formulation	has	good	bioavailability,	and	the	intravenous	form	comes	with	a
theoretical	 risk	 of	 venous	 sclerosis	 at	 higher	 doses	 than	 what	 is	 needed	 for
treatment,	but	either	are	appropriate	for	use.	Artesunate	is	a	treatment	for	severe
malaria	 and	 would	 not	 provide	 benefit	 to	 this	 patient	 (choice	 A	 is	 incorrect).
High-dose	 trimethoprim	 and	 sulfamethoxazole	 is	 the	 treatment	 of	 choice	 for
Pneumocystis	pneumonia.	Although	this	could	potentially	cover	the	intracellular
organism,	 poor	 outcomes	have	been	 reported	 using	 this	 drug	due	 to	 resistance
(choice	C	 is	 incorrect).	Meropenem	adds	pseudomonal	and	anaerobic	coverage
as	well	 as	 coverage	of	 extended	 spectrum	beta-lactamase	producing	organisms
(ESBL).	However,	due	 to	 the	 intracellular	nature	of	 this	organism,	such	a	cell-
wall-active	antibiotic	would	not	help	with	RMSF	(choice	D	is	incorrect).
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Chapter	74
Acute	Infection	in	the	Non–HIV-Infected
Immunocompromised	Host
Nicole	M.	Theodoropoulos,	Robert	W.	Finberg,	Jennifer	S.	Daly

KEY	POINTS:
1.	 Immunocompromised	hosts	may	have	more	subtle	presentations	of

severe	infections	as	compared	to	immunocompetent	patients.
2.	 Making	a	definitive	diagnosis	is	critical	for	immunocompromised

hosts	as	the	differential	diagnosis	for	syndromes	is	often	very	broad.
3.	 Empiric	antimicrobials	may	need	to	be	used	prior	to	making	a

diagnosis,	especially	for	those	with	severe	immunodeficiencies,	such
as	absolute	neutropenia.

INTRODUCTION
Advances	in	the	management	of	neoplastic	diseases,	transplant	immunology,	and
the	 therapy	of	 autoimmune	diseases	 have	 resulted	 in	marked	 improvements	 of
life	 expectancy	 and	 the	 quality	 of	 patients’	 lives.	 However,
immunocompromised	patients	become	highly	susceptible	 to	 infection	by	virtue
of	their	associated	therapies	or	by	the	nature	of	their	underlying	illness.	Infection
remains	a	leading	cause	of	death	among	patients	with	leukemia	and	lymphoma
and	a	major	cause	of	morbidity	and	mortality	among	patients	with	solid	tumors
or	 transplants.1,2	 Rapid	 progression	 of	 fungal,	 bacterial,	 and	 mycobacterial
infections	 occurs	 among	 patients	 given	 monoclonal	 antibodies	 to	 treat	 Crohn
disease	 and	 autoimmune	 diseases	 such	 as	 rheumatoid	 arthritis.3,4	 Infections
related	 to	human	 immunodeficiency	virus	 (HIV)	1	 infection	will	be	covered	 in
Chapter	75:	Intensive	Care	of	Patients	with	HIV	Infection.

With	 advances	 in	 prophylaxis	 and	 management	 of	 infections	 in
immunocompromised	patients,	mortality	rates	from	infection	have	decreased	to



about	 30%	 for	 patients	 with	 acute	 leukemia	 and	 less	 than	 20%	 after	 organ
transplantation.1,5,6	 Once	 patients	 require	 intensive	 care	 unit	 (ICU)	 care,	 the
mortality	 increases,	 and	 acute	 mortality	 is	 reported	 to	 be	 between	 44%	 and
74%.7-9

1 	 Although	 a	 great	 variety	 of	 microorganisms	 have	 been	 noted	 to	 cause
severe,	 life-threatening	 infections	 among	 immunocompromised	 hosts,	 the
clinician	 can	 formulate	 a	 diagnostic	 plan	 and	 decide	 on	 empiric	 therapy	 by
considering	the	nature,	duration,	and	severity	of	 the	immunosuppression	that	 is
causing	 the	 patient’s	 predisposition	 to	 infection.	 Infection	 can	 arise	 as	 a
consequence	 of	 derangements	 in	 host	 defenses	 that	 result	 from	 the	 primary
disease,	the	medical	and	surgical	treatment	of	the	condition,	or	a	combination	of
these	factors.	Additionally,	immunocompromised	patients	are	likely	to	manifest
their	infections	in	ways	that	are	characteristically	different	and	more	subtle	than
those	of	patients	with	intact	immune	responses.

SPECIFIC	DISEASES	WITH	ASSOCIATED
IMMUNOCOMPROMISE	AND	ASSOCIATED
INFECTIONS
Underlying	disease	or	treatments	affect	different	aspects	of	the	immune	system
and,	depending	on	the	of	defect,	are	associated	with	predisposition	to	infection
with	specific	classes	of	organisms	or	disease	syndromes.	A	level	of	suspicion	of
infection	 with	 certain	 organisms	 depends	 on	 the	 specific	 immune	 defect,	 the
duration	of	immunosuppression,	surgical	and	medical	interventions,	colonization
with	nosocomial	pathogens,	and	previous	latent	or	asymptomatic	infections	that
may	reactivate	after	 immunosuppression.	 In	general,	 the	most	common	sites	of
serious,	definable	infection	in	the	immunocompromised	host	are	the	bloodstream
(including	 infection	 related	 to	 intravenous	 [IV]	 access	 devices),	 lung,	 and
mucocutaneous	 surfaces	 (including	 oral,	 gastrointestinal,	 skin,	 and	 perirectal
areas).	The	diverse	organisms	frequently	or	uniquely	associated	with	infections
in	the	compromised	host	are	listed	in	Table	74.1.

TABLE	74.1

Organisms	Commonly	or	Uniquely	Associated	with	Acute
Infection	in	the	Immunocompromised	Host



Organism
Type	of	Immune	Deficiency	Most	Likely	to
Predispose	to	This	Organism

Bacteria

Enteric	gram-negative
bacilli	(Escherichia
coli,	Klebsiella,
Enterobacter,	or
Proteus	species)

All	immunocompromised	patients,	especially	those
with	neutropenia	and	those	on	mechanical
ventilation	or	medications	that	suppress	gastric	acid

Staphylococcus	aureus All	immunocompromised	patients,	especially	those
with	skin	infections	or	intravascular	catheters

Pseudomonas
aeruginosa

Especially	common	in	neutropenic	patients	and
those	on	mechanical	ventilation

Listeria	monocytogenes Patients	with	T-cell	or	macrophage	deficiencies,
HIV/AIDS	patients

Legionella
pneumophila	and
related	organisms

Patients	with	T-cell	or	macrophage	deficiencies	and
anyone	exposed	to	water	sources	contaminated
with	Legionella

Skin/mucous	membrane
saprophytes

All	immunocompromised	patients

Corynebacterium
jeikeium

Neutropenic	patients,	especially	those	with
indwelling	catheters,	splenectomized	patients

Capnocytophaga
species

Splenectomized	patients

Coagulase-negative
staphylococci

Patients	with	indwelling	vascular	catheters	or	other
prosthetic	material

Nocardia	species Patients	with	T-cell	or	macrophage	abnormalities

Streptococcus
pneumoniae

Patients	with	immunoglobulin	deficiencies	or
hyposplenism

Haemophilus	influenzae Patients	with	immunoglobulin	deficiencies	or



hyposplenism

Neisseria	meningitidis Patients	with	immunoglobulin	deficiencies	or
hyposplenism

Tuberculosis Patients	with	a	history	of	high-risk	exposure	for
tuberculosis	(lived	in	an	endemic	area	or	history	of
a	positive	tuberculin	skin	test)	or	long-standing
immune	defects	and/or	chronic	lung	disease

Nontuberculous
mycobacteria

Patients	with	long-standing	immune	defects	and/or
chronic	lung	disease

Fungi

Candida	albicans	and
other	Candida	species

Patients	with	vascular	catheters,	after	abdominal
surgery	including	liver	transplantation,	patients
with	prolonged	neutropenia,	and	those	receiving
intravenous	hyperalimentation

Candida	glabrata Same	as	candidiasis,	increased	in	patients	with
diabetes	and	urinary	tract	colonization

Aspergillus	species Patients	with	prolonged	neutropenia,	after
transplantation,	or	on	medications	such	as	steroids
and	cytotoxic	agents

Zygomycetes	species Patients	with	neutropenia,	after	transplantation,
with	diabetes,	or	on	medications	such	as	steroids
and	cytotoxic	agents

Trichosporon	species Patients	with	neutropenia,	after	transplantation,	or
on	medications	such	as	steroids	and	cytotoxic
agents,	with	vascular	catheters	and	those	receiving
intravenous	hyperalimentation

Fusarium	species Patients	with	neutropenia,	after	transplantation,	or
on	medications	such	as	steroids	and	cytotoxic
agents,	with	vascular	catheters	and	those	receiving
intravenous	hyperalimentation

Pneumocystis	jirovecii Patients	with	T-cell	or	macrophage	deficiencies,
especially	those	receiving	steroids,	antirejection



agents,	or	with	lymphocytic	leukemia	or	HIV/AIDS

Endemic	fungi	and	Yeasts

Cryptococcus
neoformans

Patients	with	HIV/AIDS,	cirrhosis,	patients	after
transplantation,	or	receiving	steroids

Histoplasma
capsulatum

Patients	from	an	endemic	area

Coccidioides	immitis Patients	from	an	endemic	area

Protozoa

Toxoplasma	gondii Patients	with	HIV/AIDS,	after	transplantation,	or
on	medications	such	as	steroids	and	cytotoxic
agents

Parasites

Strongyloides
stercoralis

Patients	from	an	endemic	area	and	after
transplantation,	or	on	medications	such	as	steroids
and	cytotoxic	agents

Viruses

Cytomegalovirus Patients	after	bone	marrow	or	solid-organ
transplantation

Varicella-zoster	virus Patients	with	T-cell	or	macrophage	abnormalities,
especially	those	not	receiving	antiviral	prophylaxis
with	cancer,	or	after	bone	marrow	or	solid-organ
transplantation

Herpes	simplex	virus Patients	with	T-cell	or	macrophage	abnormalities
and	ICU	patients,	especially	those	not	receiving
antiviral	prophylaxis	with	cancer,	or	after	bone
marrow	or	solid-organ	transplantation

HIV/AIDS,	human	immunodeficiency	virus/acquired	immunodeficiency	syndrome;	ICU,	intensive
care	unit.

Generally,	patients	whose	underlying	disease	or	treatment	leads	to	a	lack	of	T
cells	 or	 any	 abnormality	 in	 T-cell-macrophage	 activation	 will	 be	 subject	 to



infections	 with	 organisms	 that	 live	 intracellularly	 such	 as	 viruses,	 fungi,	 and
intracellular	 bacteria	 (eg,	 Listeria,	 Legionella,	 mycobacteria).	 Patients	 with
profound	neutropenia	will	be	subject	to	infection	with	aerobic	gram-positive	and
gram-negative	bacteria	that	live	on	the	skin	and	within	the	gut.	Patients	lacking
antibodies	 or	 a	 spleen	 will	 be	 unusually	 susceptible	 to	 infection	 with
encapsulated	bacteria	(Streptococcus	pneumoniae,	Haemophilus	 influenzae,	and
Neisseria	meningitidis).

As	for	any	patient	in	the	ICU,	the	immunocompromised	patient	is	susceptible
to	 infection	 with	 nosocomial	 bacteria.	 The	 most	 common	 organisms	 found
among	 patients	 with	 bloodstream	 infections	 vary	 by	 center	 and	 exposure	 to
prophylactic	or	treatment	antimicrobials.10,11

Patients	Receiving	Cytotoxic	Chemotherapy
These	 patients	 often	 have	 significant	 breakdown	of	 skin	 and	mucosal	 surfaces
(ie,	 mucositis)	 that	 serve	 a	 primary	 role	 in	 the	 defense	 of	 the	 host	 against
invasion	by	endogenous	and	exogenous	microorganisms.	Therefore,	the	presence
of	 mucositis	 often	 is	 a	 source	 of	 occult	 bacteremia	 or	 fungemia	 because
chemotherapy	and	neutropenia	cause	breakdown	in	normal	mucosal	defenses	of
the	gut,	 facilitating	entry	of	bacteria	or	yeast	 into	 the	bloodstream.12	Clinically
apparent	 intestinal	 problems	 seen	 in	 neutropenic	 patients	 include	 typhlitis,
anorectal	 cellulitis/fasciitis/abscess,	 necrotizing	 colitis,	 and	 Clostridioides
difficile–associated	 colitis	 caused	 by	 chemotherapy	 or	 antibiotics.12	 Typhlitis,
otherwise	 known	 as	 neutropenic	 enterocolitis,	 an	 inflammatory	 disease	 of	 the
cecum,	may	lead	to	toxic	megacolon	and	perforation	and	requires	a	high	index	of
suspicion,	and	prompt	diagnosis.12,13

The	 other	 major	 immune	 defect	 seen	 among	 patients	 on	 cytotoxic
chemotherapy	is	absolute	neutropenia.	Patients	whose	neutrophils	are	reduced	in
number	 by	 malignancy	 or	 chemotherapy	 are	 at	 risk	 for	 the	 development	 of
spontaneous	bacteremia	and	bloodstream	infections	will	be	found	in	20%	to	30%
of	these	patients.14,15	The	risk	becomes	significant	at	absolute	neutrophil	counts
that	are	persistently	below	500	per	µL	(or	below	1000	per	µL	and	falling)	and
increases	 dramatically	 at	 counts	 below	 100	 per	 µL.2,14	 In	 the	 era	 of	 antibiotic
prophylaxis,	 in	 patients	with	 documented	 bacteremia,	 gram-positive	 organisms
may	predominate,	 although	gram-negative	bacteremia	 is	more	often	 associated
with	 higher	 mortality	 rates.14,16-19	 Multidrug-resistant	 gram-negative	 bacterial
infections	are	becoming	increasingly	more	common.17,18,20

Invasive	 and	 disseminated	 fungal	 infections	 also	may	 be	 a	 consequence	 of
neutropenia	 and	become	more	 common	 the	 longer	 the	duration	of	 neutropenia



and	after	the	neutropenic	patient	has	received	broad-spectrum	antibiotic	therapy.2
Candida	 and	 Aspergillus	 species	 are	 the	 most	 common	 fungal	 pathogens
observed	 in	 neutropenic	 hosts,	 but	 unusual	 genera	 such	 as	 Fusarium,
Trichosporon,	 Scedosporium	 (Pseudallescheria),	 Rhizopus,	 Rhizomucor,	 and
Cunninghamella	have	been	described	with	increasing	frequency.21-23

Chronic	Lymphocytic	Leukemia	or	Multiple	Myeloma
Patients	 with	 chronic	 lymphocytic	 leukemia	 and	 multiple	 myeloma	 have
impaired	 B-cell	 lymphocytic	 function	 and	 subsequently	 impaired	 antibody
production,	 even	 without	 treatment	 directed	 at	 the	 malignancy.
Hypogammaglobulinemia	or	impaired	antibody	response	predisposes	patients	to
infections	 attributable	 to	 encapsulated	 bacteria	 such	 as	 S.	 pneumoniae,	 H.
influenzae,	 and	 N.	 meningitidis;	 moreover,	 these	 infections	 are	 likely	 to	 be
sudden,	severe,	and	associated	with	fulminant	bacteremia.24	Infections	caused	by
enteric	gram-negative	bacilli	and	Pseudomonas	aeruginosa	also	may	be	seen	in
previously	untreated	patients	with	defective	humoral	immunity	secondary	to	B-
cell	malignancies.24

Solid-Organ	Transplant	Recipients
The	medications	 used	 to	 prevent	 graft	 rejection	 of	 organ	 transplant	 recipients,
including	calcineurin	 inhibitors,	mammalian	 target	of	 rapamycin	 inhibitors	and
antimetabolite	 agents,	 have	 a	 substantial	 effect	 on	 T-cell-mediated	 immunity.
Defects	 in	 cell-mediated	 immunity	 can	 be	 associated	 with	 primary	 or
reactivation	 of	 infection	 by	 herpes	 viruses	 (varicella-zoster	 virus,
cytomegalovirus	 [CMV],	 herpes	 simplex	 virus	 [HSV]),	 protozoa	 (Toxoplasma
gondii	 and	 Cryptosporidium	 species),	 fungi	 (Pneumocystis	 jirovecii,
Cryptococcus	neoformans,	Histoplasma	capsulatum,	Coccidioides	 immitis,	 and
Candida	 species),	 helminths	 (Strongyloides	 stercoralis),	 mycobacteria
(Mycobacterium	 tuberculosis,	 Mycobacterium	 avium-intracellulare,
Mycobacterium	 kansasii,	 Mycobacterium	 chelonae),	 and	 other	 intracellular
bacteria	(Listeria	monocytogenes,	Salmonella,	and	Legionella	species).25,26

Patients	often	receive	high	doses	of	steroids	and/or	T-cell-depleting	agents	at
the	time	of	transplant	for	induction	immunosuppression.	These	agents	may	cause
lasting	effects	for	up	to	2	years	post	transplant,	depending	on	the	agent	used.	The
of	 infections	 seen	 after	 organ	 transplantation	 varies	 by	 the	 organ	 transplanted,
the	 use	 of	 antimicrobial	 prophylaxis	 and	 the	 net	 state	 of	 immunosuppression.



Typically,	 organ	 transplant	 recipients	 are	 at	 highest	 risk	 for	 opportunistic
infections	between	1	and	12	months	post	transplantation	(Table	74.2).25,26

TABLE	74.2

Timeline	of	Infections	After	Solid-Organ	Transplantation

Early	Infections
0-1	Month

Period	of	Peak
Immunosuppression
1	Month	to	1	Year

Late
Infections
>	1	Year
After
Transplant

Surgical	complications

Anastomotic	leaks	(biliary,
ureteral)
Surgical	site	infections

Polyomaviruses
Hepatitis	viruses
Cryptococcus
TB
Strongyloides
EBV-related
posttransplant
lymphoproliferative
disorder
Pneumocystis	(after
prophylaxis	ends)
Herpeviruses	including
CMV,	HSV,	VZV
(after	prophylaxis
ends)
Listeria
Nocardia
Toxoplasmosis

Opportunistic
Infections

Late-onset
CMV
PML
PTLD
Nocardia

Nosocomial	infections

Catheter-related	bloodstream
infections
Urinary	tract	infections
Clostridium	difficile	colitis

Community-
acquired
Infections

Mosquito-
or	tick-



Hospital-	or	ventilator-
acquired	pneumonia

borne
infections
Pneumonia
Urinary
tract
infections
Respiratory
viral
infections
Mold
infections

Donor-derived	infections

Many	undetected	or	unknown
infections	in	the	donor	can	be
transmitted	to	recipients

Recipient-derived	infections

Colonizing	microbes
(Aspergillus,	Pseudomonas,
MRSA	in	lung	transplant
recipients)
Incubating	infections	at	time
of	transplant	such	as
respiratory	viruses

CMV,	cytomegalovirus;	EBV,	Epstein-Barr	virus;	HSV,	herpes	simplex	virus;	MRSA,	methicillin-
resistant	Staphylococcus	aureus;	PML,	progressive	multifocal	leukoencephalopathy;	PTLD,
posttransplant	lymphoproliferative	disease;	TB,	tuberculosis;	VZV,	varicella-zoster	virus.

Other	Immunosuppressive	Medications
Cytotoxic	 chemotherapy,	 corticosteroids,	 anticytokine	 antibodies,	 and	 other
immunosuppressive	 or	 immunomodulatory	 therapeutic	 regimens	 can	 alter	 host
defenses	 in	 several	 ways.	 Immunosuppressive	 effects	 depend	 on	 the	 class	 of
drug,	 dose	 and	 duration	 of	 therapy,	 and	 timing	 relative	 to	 other	 therapeutic
modalities	 (eg,	 radiation,	 which	 may	 contribute	 to	 neutropenia).	 Several	 new



inhibitors	 of	 cytokines	 and	 cytokine	 activation	 (including	 anti–tumor	 necrosis
factor	 and	 anti-interleukin	 [IL]	 1	 antibodies),	 integrin	 antagonists,	 IL-17A
blockers,	and	IL-2	antagonists	used	to	treat	autoimmune	disorders	have	resulted
in	 the	 reactivation	 of	 latent	 tuberculosis	 and	 many	 reports	 of	 invasive	 fungal
infections.27-29	 Physicians	 need	 to	 be	 aware	 of	 the	 fact	 that	 patients	 on	 such
agents	have	a	risk	of	reactivation	of	intracellular	organisms.

Postsplenectomy	or	Functional	Asplenia
Splenectomy,	which	results	in	the	loss	of	the	reticuloendothelial	capacity	to	clear
organisms	 from	 the	 bloodstream,	 predisposes	 patients	 to	 fulminant,
overwhelming	 bacteremia	 caused	 by	 encapsulated	 bacteria	 (S.	 pneumoniae,	H.
influenzae,	and	N.	meningitidis)	as	well	as	S.	aureus.30,31	Patients	with	sickle	cell
disease	 often	 have	 functional	 asplenia	 and	may	have	 the	 same	 risk	 as	 patients
without	 spleens.	 Although	 the	 syndrome	 of	 overwhelming	 postsplenectomy
infection	 is	 most	 common	 among	 patients	 whose	 splenectomy	 was	 for
malignancy	 or	 reticuloendothelial	 disease,	 overwhelming	 postsplenectomy
infection	 can	 occur	 in	 any	 splenectomized	 patient	 regardless	 of	 underlying
disease	or	 interval	since	surgery.32	Accordingly,	 fever	higher	 than	38	°C	 in	 the
splenectomized	patient	warrants	immediate	investigation	and	empiric	therapy	for
possible	bacteremia	or	focal	bacterial	infection.	Consideration	of	ICU	admission
and	 presumptive	 antibiotic	 therapy	 is	 appropriate	 if	 the	 patient	 appears
systemically	 toxic.	 A	 third-generation	 cephalosporin	 is	 reasonable	 empiric
therapy,	 although	 if	 skin	 or	 skin	 structure	 infection	 is	 present,	 vancomycin
should	 be	 added	 because	 of	 the	 increasing	 likelihood	 of	 community-acquired
methicillin-resistant	Staphylococcus	aureus	(MRSA).	ICU	providers	should	also
be	 aware	 that	 postsplenectomy	 patients	 are	 also	 at	 risk	 for	 severe	 and	 fatal
disease	when	infected	with	malaria	or	babesiosis.31,33

DIAGNOSTIC	APPROACH	TO	FEVER	IN
IMMUNOCOMPROMISED	PATIENTS
In	the	evaluation	of	acutely	ill,	immunocompromised	ICU	patients	with	fever,	a
meticulous	 and	 thorough	 history	 and	 physical	 examination	must	 be	 performed
initially	and	repeated	daily.	Particular	attention	should	be	directed	to	sites	of	high
risk,	 such	 as	 the	 oropharynx,	 anorectal	 region,	 lungs,	 skin,	 optic	 fundi,	 and
vascular	 catheter	 sites.	 Patients	with	 focal	 abnormalities	 such	 as	 solid	 tumors,



organ	 transplantation,	 or	 recent	 surgery	 need	 to	 have	 these	 specific	 sites
investigated	 with	 special	 care.	 Patients	 with	 neutropenia	 and	 infection	 exhibit
fewer	and	less	striking	physical	findings	of	infection	(eg,	local	warmth,	swelling,
adenopathy,	 exudate,	 or	 fluctuance)	 than	 are	 ordinarily	 encountered	 in
immunocompetent	individuals.

Initial	laboratory	studies	that	should	be	performed	as	part	of	the	evaluation	of
the	 acutely	 ill,	 febrile,	 compromised	 host	 include	 (a)	 cultures	 of	 blood,	 (b)
cultures	 of	 urine	 only	 if	 symptoms	 of	 dysuria/urinary	 frequency/suprapubic	 or
flank	pain	or	abnormal	urinalysis	with	pyuria,	(c)	routine	sputum	culture,	if	the
patient	 has	 symptoms	 or	 signs	 of	 pulmonary	 disease,	 (d)	 swab,	 aspiration,	 or
biopsy	of	suspect	skin,	mucous	membrane,	or	other	lesions	for	smears,	cultures,
and	 pathologic	 examination,	 (e)	 complete	 blood	 count	 with	 white	 blood	 cell
differential,	 (f)	 chest	 radiography,	 and	 (g)	 serum	 chemistries	 (eg,	 electrolytes,
liver	chemistries,	 creatinine),	 in	part	 to	detect	possible	visceral	 involvement	or
multiorgan	 failure	 caused	 by	 disseminated	 infection	 and	 also	 to	 serve	 as
baselines	for	monitoring	possible	adverse	reactions	to	subsequent	antimicrobial
therapy.

Patients	with	defects	of	cell-mediated	 immunity	often	harbor	organisms	that
are	 best	 diagnosed	 by	 histological	 examination	 (eg,	Pneumocystis	 jirovecii,	 T.
gondii)	 or	 special	 culture	 or	molecular	 techniques	 (eg,	mycobacteria,	 viruses).
When	 such	 organisms	 are	 high	 in	 the	 differential	 diagnosis,	 initial	 evaluation
often	entails	immediate	biopsy	of	the	pathologic	process.	Localizing	symptoms
and	signs	may	indicate	the	need	for	other	studies,	such	as	computed	tomography
(CT),	 magnetic	 resonance	 imaging,	 or	 echocardiogram.	 Tachypnea	 warrants
arterial	 blood	 gas	 studies	 because	 progressive	 hypoxemia	 in	 the	 absence	 of
radiographic	 findings	 can	 be	 an	 early	 indicator	 of	 pulmonary	 infection,
especially	 Pneumocystis	 pneumonia	 (PJP),	 and	 may	 indicate	 a	 need	 for
bronchoscopy.	 Depending	 on	 the	 nature	 of	 the	 abnormality	 and	 the	 state	 of
immunosuppression,	 consider	 lung	 biopsy	 and/or	 quantitative	 culture	 of
washings	 or	 protected	 brushings	 obtained	 through	 the	 bronchoscope	when	 the
patient	 presents	 with	 pulmonary	 symptoms	 and	 a	 new	 finding	 on	 chest	 x-
ray.25,34,35

APPROACH	TO	SPECIFIC	INFECTIOUS
DISEASE	PRESENTATIONS



Acute	Fever	Without	Obvious	Source	in	the	Setting	of
Neutropenia
3 	 Among	 patients	 with	 fever	 and	 neutropenia,	 shock	 may	 be	 an	 early
complication	 of	 bacteremia.	 Although	 now	 that	 antibiotic	 prophylaxis	 during
episodes	of	neutropenia	is	widely	used,	only	20%	to	30%	of	febrile	neutropenic
patients	 have	 documented	 infection14,15;	 multiple	 randomized	 trials	 and
consensus	guidelines	support	the	initiation	of	empiric	broad-spectrum	antibiotic
therapy	 for	 all	 patients	 with	 fever	 greater	 than	 38	 °C	 and	 absolute	 neutrophil
counts	 less	 than	500	per	µL	 (or	 less	 than	1000	per	µL	and	 falling).2,14,16,36	The
immediate	institution	of	such	therapy	for	these	patients	(even	in	the	absence	of
documentation	 of	 bacterial	 infection)	 dramatically	 reduces	 morbidity	 and
mortality.	The	most	rapidly	fatal	infectious	agents	that	are	documented	to	cause
acute	 fever	 in	 the	 critically	 ill	 neutropenic	 cancer	 patient	 are	 enteric	 gram-
negative	 bacilli	 (eg,	 Escherichia	 coli,	Klebsiella	 species,	 Proteus	 species),	 P.
aeruginosa,	and	S.	aureus.16,36	In	the	patient	without	an	obvious	site	of	infection,
initial	 empiric	 antibiotic	 therapy	 should	 be	 directed	 against	 these	 pathogens
(Table	 74.3).	 Such	 therapy	 should	 take	 into	 consideration	 the	 antimicrobial
susceptibility	 patterns	 of	 organisms	 in	 the	 institutions	 where	 the	 patient	 has
resided	 in	 the	months	before	 infection	 and	 recent	 antibiotic	 use	 in	 a	 particular
patient.

TABLE	74.3

Empiric	Regimens	for	Initial	Therapy	of	Critically	Ill,
Febrile,	Adult	ICU	Patients	With	Neutropenia	and	Cancer
(Dosages	provided	for	Patients	With	Normal	Renal
Function)

Choice	of	β-lactam	or
Monobactama

Plus	or	Minus	Additional	Antimicrobial	to	Treat
Skin/Soft	Tissue	Infections	if	Present	(Must	Use	for
Patients	Given	Aztreonam)	or	Patients	Suspected	of
Having	Coagulase-Negative	Staphylococcal	or
Methicillin-Resistant	Staphylococcus	aureus
Infectiona

Piperacillin/tazobactam Vancomycin	15	mg/kg	q12h	(alternatives	for



3.375	g	IV	q4h	or	4.5	g
IV	q6h
OR

allergic	patients	include	linezolid,	daptomycin,
ceftaroline)

Ceftazidime	2	g	IV	q8h
OR

Imipenem/cilastatin
500–750	mg	IV	q6h
OR
Meropenem	1	g	IV	q8h

For	patients	with
anaphylactic	reactions
to	penicillins	and/or
cephalosporins:

Aztreonam,	2	g	IV	q6–
8h,	plus	vancomycin,
2	g/d	(divided	q6–12h)

Would	consider	graded
challenge	to
carbapenem	in	these
patients

aThe	choice	of	regimen	should	be	based	on	local	resistance	patterns	and	the	individual	patient’s
most	recent	prior	antimicrobial	therapy.
ICU,	intensive	care	unit;	q6–8h,	every	6	to	8	hours;	q6–12h,	every	6	to	12	hours;	q12h,	every	12
hours;	q6h,	every	6	hours;	q8h,	every	8	hours;	q4h,	every	4	hours;	IV,	intravenously.

Despite	the	testing	of	hundreds	of	antibacterial	regimens	for	use	in	patients
with	 fever	 and	 neutropenia,	 there	 is	 no	 consensus	 on	 one	 best	 regimen.	 For
patients	who	have	not	received	prior	antibiotic	prophylaxis	or	 therapy,	a	single
antipseudomonal	 third-generation	 cephalosporin	 (eg,	 ceftazidime),
piperacillin/tazobactam,	or	a	carbapenem	(imipenem	or	meropenem)	constitutes
an	appropriate	 regimen.2,36,37	Another	 review	provides	 the	evidence	 from	meta-
analyses	 that	 empiric	 use	 of	 aminoglycosides	 with	 broad-spectrum	 β-lactam
agents	is	not	needed38	(Table	74.4).



TABLE	74.4

Advances	in	Management	Based	Upon	Randomized
Controlled	Clinical	Trials	and	Meta-Analyses	of	These
Trials

Acute	fever	without	obvious	source:	neutropenia

Broad-spectrum	antibiotic	therapy	should	be	started	for	all
immunocompromised	patients	with	fever	greater	than	38	°C	and	absolute
neutrophil	counts	less	than	500	per	mm3	(or	less	than	1000	per	mm3	and
falling).36,39
There	is	no	benefit	to	continuing	vancomycin	after	72	h,	unless	a	resistant
gram-positive	infection	is	documented.40
There	is	no	benefit	to	empirically	adding	an	aminoglycoside	to	a	β-lactam
agent	in	patients	with	fever	and	neutropenia.38

Persistent	fever	or	recurrent	fever	with	obvious	source:	neutropenia

Empiric	antifungal	with	an	amphotericin	B	preparation,	voriconazole,	or
caspofungin	should	be	started	for	the	immunocompromised	patient	with
neutropenia	and	fever	of	4-7	d	duration.2,36

Treatment	of	aspergillosis

Voriconazole	is	the	drug	of	choice	for	documented	Aspergillus	infections.41

Prophylaxis	of	fungal	infections

In	patients	undergoing	chemotherapy	for	acute	myelogenous	leukemia	or
myelodysplastic	syndrome,	posaconazole	prevented	invasive	fungal
infections	more	effectively	than	did	either	fluconazole	or	itraconazole	and
improved	overall	survival.	There	were	more	serious	adverse	events	possibly
or	probably	related	to	treatment	in	the	posaconazole	group.42

For	a	patient	with	septic	shock	who	is	admitted	to	the	ICU	or	in	institutions
with	 endemic	 resistant	 gram-negative	 bacteria,	 a	 multidrug	 regimen	 may	 be
indicated.	 For	 patients	 with	 immediate	 hypersensitivity	 reactions	 to
cephalosporins	 and	 penicillins,	 aztreonam	 has	 activity	 against	 gram-negative
bacilli	and	can	be	used	with	an	antimicrobial	agent	with	activity	against	a	broad
spectrum	of	gram-positive	organisms	(eg,	vancomycin	typically	is	added	to	this



regimen	 because	 aztreonam	 has	 no	 gram-positive	 activity).	 Because	 of	 the
increased	 prevalence	 of	 methicillin-resistant	 staphylococci,	 recent	 guidelines
have	recommended	routine	initial	inclusion	of	vancomycin	in	empiric	regimens
for	 patients	 in	 shock,	 particularly	 in	 patients	 on	 antimicrobial	 prophylaxis	 and
those	with	evidence	of	skin	or	skin	structure	infections	or	with	inflammation	at
the	site	of	or	dysfunction	of	indwelling	venous	access	catheters.2,36	Randomized
controlled	trials	have	demonstrated	no	benefit	to	continuing	vancomycin	after	72
hours	unless	patients	demonstrated	a	gram-positive	infection.2,36

Most	 standard	 regimens	 are	 designed	 for	 patients	who	 have	 not	 previously
received	antibiotics.	The	development	of	fever	with	systemic	symptoms	such	as
shock	or	respiratory	distress	in	a	patient	who	is	on	antibiotic	therapy	requires	a
change	in	therapy	to	include	organisms	that	are	known	to	be	resistant	to	classes
of	antibacterials	the	patient	has	received.	For	example,	in	a	patient	who	recently
has	 received	 cephalosporins,	 the	 choice	 of	 piperacillin/tazobactam	 or
meropenem/imipenem	may	be	preferable	 to	ceftazidime	especially	 if	extended-
spectrum	 β-lactamase–producing	 organisms	 are	 established	 flora	 in	 the	 local
ICU.

After	 initial	 evaluation	 of	 the	 patient	 and	 initiation	 of	 empiric	 antibiotic
therapy,	 subsequent	 management	 is	 based	 on	 (a)	 identification	 of	 a	 focus	 of
infection,	(b)	isolation	of	an	etiologic	agent,	(c)	defervescence	versus	continued
fever,	and	(d)	duration	of	neutropenia.	For	the	patient	with	infection	documented
clinically	or	by	culture,	antibiotics	should	be	continued	as	appropriate	for	the	site
of	 infection,	 susceptibility	 profile	 of	 pathogens,	 and	 the	 patient’s	 clinical
response.2,43	Historically,	even	when	a	specific	pathogen	is	identified	by	culture,
for	patients	who	are	neutropenic,	 a	broad-spectrum	 regimen	may	be	 continued
for	 the	 duration	 of	 neutropenia	 in	many	 cases.2,36	 However,	 trials	 have	 shown
that	empiric	antimicrobial	therapy	can	be	safely	discontinued	if	there	is	clinical
recovery	 and	 patients	 are	 without	 fever	 for	 72	 hours,	 even	 if	 they	 remain
neutropenic.44-47

If	fever	has	not	been	eliminated	or	the	patient	continues	to	have	evidence	of
ongoing	sepsis,	 the	search	should	continue	for	potential	sites	of	 focal	 infection
with	 physical	 examination	 and	 imaging	 studies	 as	 needed.	 The	 serial,	 empiric
addition	of	one	antibiotic	after	another	without	culture	data	is	not	efficacious	in
most	 settings	 and	may	 lead	 to	 confusion	 in	 the	 event	 that	 an	 adverse	 reaction
occurs.36	Cephalosporins	 and	 vancomycin	 can	 cause	 bone	marrow	 suppression
and	 lead	 to	 colonization	 with	 resistant	 organisms.	 The	 addition	 or	 sequential
substitution	 of	multiple	 cephalosporins	may	 induce	 β-lactamase	 production	 by
some	organisms.



Persistent	or	Recurrent	Fever	Without	Obvious	Source	in
the	Setting	of	Neutropenia
Should	fevers	persist	for	4	to	7	days	of	neutropenia,	randomized	controlled	trials
have	found	that	empiric	antifungal	therapy	with	an	amphotericin	B	preparation,	a
mold-active	 azole,	 or	 an	 echinocandin	 is	 appropriate.36	 The	 rationale	 for	 such
therapy	 is	 that	 it	 is	 difficult	 to	 culture	 fungi	 before	 they	 cause	 disseminated
disease	 and	 that	 the	 mortality	 from	 disseminated	 fungal	 disease	 among
neutropenic	 hosts	 is	 high.	 Candida	 and	 Aspergillus	 species	 are	 common
pathogens,	 and	 Fusarium,	 Trichosporon,	 and	 Bipolaris	 species	 are	 seen
occasionally	but	are	becoming	more	common.

Noninvasive,	non–culture-based	diagnostics	 can	assist	with	 the	diagnosis	of
some	 invasive	 fungal	 infections.48	 Serum	 galactomannan	 detection	 by	 enzyme
immunoassay	has	been	well	 studied	 to	diagnose	 invasive	aspergillosis.	Studies
performed	 prior	 to	 the	 routine	 use	 of	 mold-active	 prophylaxis	 reported	 high
sensitivity	 and	 specificity	 but	 later	 studies	 report	 lower	 sensitivity	 (43%-70%)
but	 maintain	 a	 relatively	 robust	 specificity	 of	 70%	 to	 93%.49,50	 While	 false
positives	 can	 occur,	 they	 are	 rare	 and	 piperacillin-tazobactam	 is	 no	 longer	 a
cause	of	 false-positive	galactomannan	results.51	Galactomannan	can	cross	 react
with	 polysaccharides	 in	 related	 fungi	 including	 Histoplasma,	 Fusarium,
Cryptococcus,	 Penicillium,	 and	 others.52	 The	 measurement	 of	 galactomannan
from	bronchoalveolar	lavage	(BAL)	samples	has	a	positive	predictive	value	near
100%	 and	 is	 more	 sensitive	 than	 cytology,	 culture,	 transbronchial	 biopsy,	 or
serum	 galactomannan	 to	 diagnose	 invasive	 pulmonary	 aspergillosis.53,54	 False-
positive	 results	 can	 occur	 among	 patients	 who	 have	 airway	 colonization	 with
Aspergillus.55	The	 2019	European	Organisation	 for	Research	 and	Treatment	 of
Cancer	 (EORTC)/Mycoses	 Study	 Group	 Education	 &	 Research	 Consortium
(MSGERC)	 guidelines	 have	 changed	 the	 cutoff	 for	 a	 positive	 galactomannan
result	from	serum,	plasma	or	BAL	fluid	to	an	optical	density	index	value	of	1	(as
opposed	to	the	manufacturer	cutoff	of	0.5).52	(1-3)-β-D-glucan	is	a	component	of
the	 cell	 wall	 of	 many	 fungi	 including	 Candida,	 Aspergillus,	 Trichosporon,
Fusarium,	but	is	notably	absent	from	Mucorales	and	Cryptococcus.48	β-D-glucan
has	 been	 shown	 to	 be	more	 sensitive	 than	 blood	 cultures	 for	 the	 diagnosis	 of
deep	Candida	infections	and	is	also	typically	elevated	in	patients	with	PJP.56,57

Patients	at	particularly	high	risk	of	disseminated	fungal	disease	include	those
with	 (a)	 prolonged	 granulocytopenia,	 (b)	 parenteral	 nutrition,	 (c)	 Candida
colonization	in	oropharynx	or	urine,	(d)	corticosteroid	therapy,	and	(e)	advancing
multiple	organ	dysfunction	(renal,	hepatic,	pulmonary).	The	use	of	 fluconazole
for	antifungal	prophylaxis	has	caused	a	shift	 in	the	species	of	Candida	causing



infection	from	Candida	albicans	to	the	more	imidazole-resistant	Candida	krusei
and	Candida	 glabrata,58	 and	 with	 the	 use	 of	 posaconazole,	 isavuconazole,	 or
voriconazole	for	prophylaxis,	a	shift	has	started	to	occur	to	more	infections	from
drug-resistant	molds,	 including	 azole-resistant	Aspergillus	 spp.,	 Rhizopus,	 and
Fusarium	 spp.59,60	Hepatosplenic	 (also	called	chronic	disseminated)	 candidiasis
presents	with	 fevers	and	elevation	of	 serum	alkaline	phosphatase	 that	continue
through	the	return	of	neutrophils	to	greater	than	1000	cells	per	µL.61,62	Multiple
embolic	 lesions	 are	 present	 in	 liver	 and	 spleen,	 and	 prolonged	 therapy	 with
amphotericin	B,	itraconazole,	fluconazole,	or	an	echinocandin	depending	on	the
susceptibility	of	the	organism,	is	beneficial.63,64

Based	on	the	findings	from	a	randomized	clinical	trial	of	primary	therapy	and
randomized	 studies	 of	 salvage	 therapy,	 voriconazole	 is	 the	 drug	 of	 choice	 for
infections	caused	by	Aspergillus.65-67	As	previously	discussed,	both	posaconazole
and	 isavuconazole	 have	 been	 shown	 to	 be	 non-inferior	 to	 voriconazole	 for
treatment	 of	 aspergillosis	 and	with	 fewer	 treatment-related	 side	 effects.68,69	 An
amphotericin	 preparation	 continues	 to	 be	 the	 drug	 of	 choice	 when	 a	 fungal
infection	 is	 suspected	 in	 patients	 already	 receiving	 an	 azole	 antifungal.70
Amphotericin	has	activity	against	Aspergillus,	the	Zygomycetes,	and	many	other
filamentous	 fungi.	 According	 to	 data	 from	 randomized	 clinical	 trials,	 lipid
formulations	 of	 amphotericin	 B	 decrease	 the	 risk	 of	 kidney	 toxicity	 while
maintaining	 efficacy;	 therefore,	 amphotericin	 B	 complexed	 with	 cholesteryl
sulfate,	with	liposomal	vesicles,	or	with	a	bilayered	lipid	membrane	has	become
standard	 for	use	 in	patients	on	other	nephrotoxic	drugs	or	 those	with	 impaired
renal	function,	despite	their	higher	cost.71	Prognosis	remains	poor,	however,	for
patients	 treated	 for	 documented	 invasive	 fungal	 infection	 in	 the	 setting	 of
persistent	neutropenia.70	Most	ICU	patients	who	remain	febrile	and	neutropenic
after	 4	 to	 7	 days	 of	 broad-spectrum	 antibacterials	 should	 be	 treated	 with
voriconazole,	an	amphotericin	B	preparation,	or	an	echinocandin.36

Pneumonia	in	the	Immunocompromised	Host
The	 lung	 is	 one	 of	 the	 most	 common	 identifiable	 sites	 of	 infection	 in
immunocompromised	 patients.	 Pulmonary	 disease	 can	 be	 caused	 by	 a	 wide
variety	 of	 agents,	 including	 bacteria,	 protozoa,	 helminths,	 viruses,	 fungi,	 and
mycobacteria	(Table	74.5).	The	differential	diagnosis	is	made	even	more	difficult
by	the	various	noninfectious	pulmonary	complications	that	can	present	abruptly
with	 acute	 respiratory	 symptoms	 and	 fever.	 These	 include	 underlying
malignancy	 or	 vasculitis,	 drug	 toxicity,	 interstitial	 fibrosis,	 diffuse	 alveolar
hemorrhage,	radiation	pneumonitis,	cardiogenic	pulmonary	edema,	bronchiolitis



obliterans	 organizing	 pneumonia,	 pulmonary	 alveolar	 proteinosis,	 graft-vs-host
disease,	and	pulmonary	embolism.

TABLE	74.5

Common	Causes	of	Acute	Pulmonary	Disease	in
Immunocompromised	Patients

Infectious	Causes

Bacteria

Streptococcus	pneumoniae
Haemophilus	influenzae
Pseudomonas	aeruginosa
Enteric	gram-negative	bacilli
Staphylococcus	aureus
Legionella	species
Nocardia	species
Mycobacteria

Fungi

Aspergillus	species
Pneumocystis	jirovecii
Candida	species
Zygomycetes	species
Cryptococcus	neoformans

Viruses

Cytomegalovirus
Herpes	simplex	virus

Protozoa

Toxoplasma	gondii



Parasite

Strongyloides	stercoralis

Noninfectious	Causes

Primary	disease

Malignancy

•	Primary

•	Metastatic

Vasculitis

Drug	toxicity

Bleomycin
Busulfan
Cyclophosphamide

Hemorrhage

Congestive	heart	failure

Radiation

Pulmonary	 infiltrates	 of	 the	 immunocompromised	 patient	 often	 present
without	 the	 symptoms	 and	 signs	 of	 pneumonia	 that	 are	 seen	 in	 normal	 hosts.
When	 symptoms	 are	 present,	 fever	 and	 progressive	 shortness	 of	 breath	 (and
concomitant	 tachypnea	and	arterial	hypoxemia)	 tend	 to	be	common	symptoms,
regardless	of	 cause.	 In	 the	neutropenic	patient,	 cough,	 sputum	production,	 and
physical	 examination	 findings	 are	 likely	 to	 be	 unimpressive	 or	 absent.	 Chest
radiographs	should	be	obtained	promptly	for	the	compromised	patient	with	fever
or	 dyspnea.	 CT	 scans	 will	 often	 reveal	 infiltrates	 or	 masses	 that	 cannot	 be
appreciated	 on	 conventional	 x-rays	 and	 thus	 are	 recommended	 for	 cases	 in
which	there	is	question	about	the	diagnosis.35,72



Differential	Diagnosis
Developing	 an	 appropriate	 differential	 diagnosis	 for	 the	 causative	 agents	 of
pneumonia	in	the	immunocompromised	host	rests	first	on	an	appreciation	of	the
nature,	 severity,	 and	 duration	 of	 the	 immune	 suppression.	 In	 addition	 to	 being
susceptible	 to	 conventional	 respiratory	 tract	 pathogens	 (S.	 pneumoniae,	 H.
influenzae),	hospitalized	immunocompromised	hosts	are	prone	to	Gram-negative
bacillary	pneumonia	or	MRSA	pneumonia.	Patients	with	prolonged	(greater	than
7	days)	or	profound	(less	than	100	neutrophils	per	µL)	neutropenia	may	become
infected	with	Aspergillus	or	Zygomycetes	 spp.60	 T-cell-deficient	 hosts	 are	more
likely	to	acquire	PJP	or	infection	with	CMV,	HSV,	endemic	fungi,	Nocardia	spp,
or	intracellular	bacteria	(mycobacteria,	Legionella	spp).58,72-78	Patients	who	have
resided	 in	 tropical	 countries	 may	 reactivate	 latent	 infection	 by	 Strongyloides
stercoralis	 in	 the	 setting	 of	 altered	 cell-mediated	 immunity.	 Pulmonary
infiltrates,	polymicrobial	bacteremia,	and	bacterial	meningitis	are	the	hallmarks
of	 Strongyloides	 hyperinfection	 syndrome.79	 Patients	 with	 deficient	 neutrophil
and	T-cell	function	(eg,	bone	marrow	transplant	recipients)	may	be	at	risk	for	all
of	these	pathogens.

Chest	 radiographs	 may	 provide	 useful	 clues;	 focal	 or	 multifocal	 infiltrates
tend	 to	 suggest	 infections	 by	 bacteria	 or	 fungi	 but	 are	 unlikely	 to	 provide	 a
definitive	diagnosis.	CT	scanning	often	provides	more	information,	including	the
detection	 of	 lesions	 not	 seen	 on	 routine	 chest	 radiograph.72	 Diffuse	 disease	 is
more	 characteristic	 of	 viral	 causes,	 PJP,	 or	 noninfectious	 processes	 (drug
toxicity,	lymphangitic	carcinomatosis,	diffuse	alveolar	hemorrhage	and	radiation
pneumonitis).	Cavitary	disease	can	be	seen	with	some	of	the	necrotizing	gram-
negative	bacilli	 such	 as	P.	aeruginosa	 as	well	 as	S.	aureus	 and	 anaerobes	 (eg,
postaspiration	 or	 postobstructive).	 Cavities	 also	 can	 be	 a	 late	 finding	 with
pneumonia	 because	 of	 invasive	mold	 or	Nocardia	 infections.	 It	 is	 impossible,
however,	 to	 make	 a	 diagnosis	 based	 on	 radiographic	 patterns.	 Gram-negative
bacilli	 or	 Legionella	 may	 progress	 to	 diffuse	 disease	 or	 incite	 the	 acute
respiratory	 distress	 syndrome.	 Patients	 with	 severe	 defects	 of	 cell-mediated
immunity	may	manifest	a	miliary	pattern	caused	by	disseminated	tuberculosis	or
histoplasmosis.	Conversely,	radiation	pneumonitis	may	present	as	focal,	sharply
demarcated	infiltrates	confined	to	the	irradiated	portion	of	the	lung.

Diagnostic	Approach	and	Empiric	Therapy
The	diagnostic	approach	to	pulmonary	disease	for	the	immunocompromised	host
also	depends	on	the	nature	of	the	immune	deficit.	As	a	general	rule,	blood	and



sputum	should	be	cultured,	although	sputum	of	high	quality	is	obtained	rarely	in
these	 circumstances,	 unless	 deep	 samples	 are	 available.	 For	 neutropenic	 hosts,
empiric	 antibacterial	 therapy	 is	 begun	 at	 the	 outset	 regardless	 of	 radiographic
pattern,	 using	 one	 of	 the	 regimens	 discussed	 previously	 for	 fever	 and
neutropenia.2,36	In	the	case	of	ventilated	inpatients,	treatment	of	pneumonia	must
include	 antibiotic(s)	 that	 are	 effective	 against	 organisms	 that	 are	 likely	 to	 be
present	 in	 the	 ICU.	These	 regimens	 typically	contain	more	 than	one	antibiotic,
and	they	should	be	adjusted	based	on	the	cumulative	susceptibility	report	of	the
hospital	or	unit.

When	a	clinical	response	occurs	in	a	neutropenic	patient,	therapy	is	typically
continued	until	neutropenia	 resolves.	 In	 the	 setting	of	persistent	neutropenia,	 a
clinical	 picture	 of	 progressive	 pulmonary	 disease	 despite	 antibiotic	 therapy
suggests	 invasive	 disease	 caused	 by	 fungi	 found	 in	 the	 environment.
Expectorated	 sputum	 or	 bronchial	 lavage	 fluid	 may	 provide	 presumptive
evidence	of	these	pathogens,	but	prompt	definitive	diagnosis	often	requires	open
or	 thoracoscopically	 guided	 lung	 biopsy.	 Transbronchial	 biopsy	 is	 often
nondiagnostic.	Typically,	pneumonia	caused	by	Aspergillus	or	Zygomycetes	spp
causes	areas	of	lung	infarction	that	may	be	missed	by	transbronchial	biopsy.	CT
scans	 may	 show	 the	 classic	 “halo”	 or	 “air	 crescent”	 sign	 in	 patients	 with
aspergillosis,	 but	 this	 is	 a	 sign	 of	 late	 disease,	 and	 although	 it	may	 be	 helpful
diagnostically	 for	 patients	who	 are	 recovering,	 early	 diagnosis	 is	 important	 to
prevent	 mortality	 among	 persistently	 neutropenic	 patients.	 Unlike	 bacteria,
which	are	usually	easy	to	culture,	fungi	are	often	not	isolated	from	cases	where
histopathology	eventually	demonstrates	their	presence.	Both	galactomannan	and
β-D-glucan	may	be	helpful	in	diagnosing	invasive	fungal	infections,	particularly
for	hematologic	malignancy	or	stem	cell	transplant	patients,	as	discussed	above.
Using	galactomannan	in	conjunction	with	Aspergillus	polymerase	chain	reaction
increases	sensitivity.80	Galactomannan	and	β-D-glucan	tests	have	been	found	to
have	poor	performance	in	solid-organ	transplant	patients,	and	there	are	no	great
data	 to	 support	 the	 use	 of	 β-D-glucan	 testing	 in	 this	 population.72	 Antigen
detection	 for	 Cryptococcus,	 Histoplasma,	 and	 Blastomyces	 has	 increased
detection	of	these	pathogens.81	Novel	diagnostics	for	fungal	detection	are	under
investigation.81

The	standard	approach	to	therapy	of	confirmed	pulmonary	disease	caused	by
Aspergillus	is	to	treat	with	voriconazole	because	this	agent	has	been	shown	to	be
superior	 to	 treatment	 with	 amphotericin	 B	 preparations.65	 Posaconazole	 was
shown	to	be	noninferior	to	voriconazole	for	the	treatment	of	invasive	pulmonary
aspergillosis	 with	 a	 decreased	 number	 of	 treatment-related	 side	 effects.68
Similarly,	 isavuconazole	 has	 been	 shown	 to	be	noninferior	 to	 voriconazole	 for



treatment	of	invasive	mold	infection	with	less	treatment-related	side	effects	in	a
randomized	 controlled	 trial.69	 Although	 the	 use	 of	 combinations	 of	 antifungal
agents	 (including	 echinocandins	 and	 azoles	 as	 well	 as	 echinocandins	 and
amphotericin)	 has	 rationale,	 support	 from	 animal	 data,	 and	 anecdotal	 human
experience,	 large	 trials	 have	 yet	 to	 be	 performed,	 making	 it	 difficult	 to
recommend	this	approach	at	this	time	unless	single	agents	have	failed.	There	is
no	 established	 therapy	 for	 some	 emerging	 fungal	 pathogens	 such	 as
Trichosporon	or	Fusarium	spp,	although	encouraging	results	have	been	reported
in	 a	 few	 cases	 using	 posaconazole,	 voriconazole,	 or	 isavuconazole.82	 Surgical
debridement	should	be	considered	in	cases	of	invasive	infection	with	aggressive
and/or	relatively	drug-resistant	mold	infections	such	as	those	of	Mucorales.82

2 	 For	 patients	 with	 compromised	 T-cell	 immunity,	 the	 list	 of	 diagnostic
possibilities	 is	 longer	 and	 more	 diverse,	 making	 a	 single	 formula	 for	 empiric
therapy	 a	 virtual	 impossibility.	 Clinicians	 caring	 for	 these	 patients	 should	 be
guided	 by	 both	 the	 of	 the	 underlying	 immunodeficiency	 and	 the	 patient’s
previous	 experiences	 with	 both	 pathogens	 and	 antimicrobial	 agents.
Expectorated	or	induced	sputum	may	demonstrate	the	organism	by	special	stains
in	 a	minority	 of	 cases	 (P.	 jirovecii,	M.	 tuberculosis,	Nocardia	 asteroides),	 but
flexible	bronchoscopy	with	 lavage	or	 transbronchial	biopsy,	CT-guided	biopsy,
or	 open	 or	 thoracoscopically	 assisted	 lung	 biopsy	may	 be	 required	 in	 order	 to
make	 a	 diagnosis	 for	 these	 patients.72	 Bronchoscopy	 is	 particularly	 helpful	 for
diffuse	 or	 interstitial	 disease,	 in	 which	 it	 provides	 not	 only	 lavage	 fluid	 with
reasonable	 diagnostic	 accuracy	 for	 infectious	 agents	 such	 as	 P.	 jirovecii	 and
bacteria	but	pathologic	specimens	 that	may	allow	diagnosis	of	CMV	infection,
drug	 pneumonitis,	 hemorrhage,	 or	 lymphangitic	 carcinomatosis.	 For	 patients
with	focal	or	nodular	disease,	thoracoscopically	assisted	biopsy	is	likely	to	yield
the	 best	 results.	 Table	 74.6	 outlines	 a	 suggested	 workup	 for	 pneumonia	 in
immunocompromised	 patients	 but	 should	 be	 tailored	 to	 the	 specific	 patient
exposures	and	risk	factors.72

TABLE	74.6

Suggested	Diagnostic	Evaluation	for	Immunocompromised
Patients	With	Pulmonary	Infection

Body
Fluid Tests	to	Consider



BAL
fluid

Bacterial	culture
Fungal	culture
Mycobacterial	culture
Nocardia	culture
Legionella	culture
PCR	for	respiratory	viruses	including	SARS-CoV-2
Galactomannan
Directed	stains	or	nucleic	acid	testing	for	Pneumocystis	jirovecii	
Cytology	and/or	flow	cytometry
CMV	PCR
Mycoplasma/ureaplasma	PCR
Nocardia	PCR

Urine Legionella	antigen
Histoplasma	antigen
Blastomyces	antigen

Blood Galactomannan
β-D-glucan
Bacterial	cultures
CMV	PCR

Other Swab	of	nares	for	PCR	of	methicillin-susceptible	Staphylococcus
aureus	and	methicillin-resistant	Staphylococcus	aureus

BAL,	bronchoalveolar	lavage;	CMV,	cytomegalovirus;	PCR,	polymerase	chain	reaction;	SARS-
CoV-2,	severe	acute	respiratory	syndrome	coronavirus	2.

For	 the	 non–HIV-infected	 immunocompromised	 host,	 the	 diagnosis	 of	 PJP
often	requires	bronchoscopy	with	BAL	with	or	without	biopsy.	A	variety	of	other
infections	 also	 require	 biopsy	 for	 diagnosis.	 It	 is	 reasonable	 to	 start	 empiric
treatment	 with	 trimethoprim-sulfamethoxazole	 (15	 per	 kg	 of	 the	 trimethoprim
component	IV	daily	divided	every	6	or	8	hours)	while	arrangements	are	made	for
diagnostic	 procedures,	 because	 the	 organisms	 persist	 for	 the	 first	 few	 days	 of
treatment.	 It	 is	 usually	 an	 error	 to	 postpone	 performing	 bronchoscopy	 (with
biopsy)	 or	 thoracoscopically	 guided	 lung	 biopsy	 for	 severely	 ill
immunocompromised	 patients	with	 pulmonary	 infiltrates	 in	 the	 hope	 that	 they
will	 improve,	 because	 clinical	 deterioration	 may	 make	 the	 procedure	 and	 the
diagnosis	 impossible.	 An	 alternative	 diagnosis,	 established	 by	 histologic	 or



microbiologic	 techniques,	 allows	 institution	 of	 specific	 therapy,	 such	 as
acyclovir	for	HSV	pneumonia;	ganciclovir	for	CMV	pneumonia;	trimethoprim-
sulfamethoxazole	 for	 nocardiosis;	 or	 corticosteroids	 for	 radiation	 pneumonitis,
bronchiolitis	 obliterans	 with	 organizing	 pneumonia,	 acute	 fibrinous	 and
organizing	pneumonia,	or	drug-induced	disease.72-75,77,83-85

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	65-year-old	man	with	cirrhosis	due	to	hepatitis	C	underwent	a	deceased
donor	liver	transplant	1	month	ago,	with	postoperative	course	complicated	by
intra-abdominal	abscess	requiring	operative	washout	and	prolonged,	broad-
spectrum	antibiotics.	He	was	seropositive	for	cytomegalovirus	pretransplant	and
is	currently	on	valganciclovir	and	trimethoprim-sulfamethoxazole	prophylaxis.
He	is	taking	tacrolimus	and	prednisone	for	immunosuppression.	He	now	has
acute	onset	of	abdominal	pain	with	watery	stools	five	or	more	times	a	day.	His
white	blood	cell	count	is	40,000	on	the	day	you	are	asked	to	evaluate	him.	What
is	the	most	likely	diagnosis?

A. 	Adverse	medication	reaction
B. Clostridioides	difficile	colitis
C. 	Cytomegaloviral	colitis
D. 	Typhlitis

2. 	A	30-year-old	man	is	admitted	to	the	intensive	care	unit	in	septic	shock.
He	is	unable	to	provide	a	history	as	he	was	intubated	upon	arrival.	You	note	a
midline	abdominal	scar	and	absence	of	spleen	on	CT	scan	of	the	abdomen.
Which	of	the	following	organisms	should	be	treated	empirically	when	choosing
antimicrobials	for	this	patient?

A. Enterococcus	faecalis
B. Pasteurella	multocida
C. Sporothrix	schenckii
D. Streptococcus	pneumoniae

3. 	A	45-year-old	woman	with	acute	lymphocytic	leukemia	is	admitted	for	an
allogeneic	stem	cell	transplant.	She	has	an	absolute	neutrophil	count	(ANC)	of



100	on	admission.	She	is	started	on	antimicrobial	prophylaxis	with	levofloxacin,
posaconazole,	and	acyclovir.	She	has	no	known	drug	allergies.	Three	days	post
transplant,	her	ANC	is	0,	she	begins	to	have	temperatures	over	101.8	degrees
Fahrenheit,	and	she	becomes	hypotensive	requiring	transfer	to	the	intensive	care
unit	for	vasopressor	support.	What	is	the	most	appropriate	empiric	treatment
while	awaiting	diagnostic	data?

A. 	Aztreonam	and	metronidazole
B. 	Cefazolin	and	vancomycin
C. 	Cefepime	and	vancomycin
D. 	Ceftazidime	and	metronidazole

Answers

1.	The	correct	answer	is	B.
Rationale:	 Clostridioides	 difficile	 is	 the	 most	 likely	 cause	 of	 severe

leukocytosis	and	diarrhea	in	an	immunosuppressed	patient	with	recent	antibiotic
exposure	 (choice	 B	 is	 correct).	 Adverse	 drug	 reactions	 (choice	 A)	 and	 CMV
(choice	 C)	 can	 cause	 diarrhea,	 but	 extreme	 leukocytosis	 would	 not	 be	 an
expected	 feature.	 Large-volume	 diarrhea	 would	 be	 highly	 unusual	 in	 typhlitis
(choice	D	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	Splenectomized	patients	and	those	with	impaired	splenic	function

can	develop	septic	shock	from	encapsulated	bacteria,	most	commonly	including
Streptococcus	 pneumoniae	 (choice	D	 is	 correct),	Haemophilus	 influenzae,	 and
Neisseria	meningitidis.	Other	encapsulated	bacteria	such	as	Capnocytophaga	spp
and	Bordetella	holmesii,	 parasites	 including	Plasmodium	 spp	and	Babesia	 spp,
and	 nonencapsulated	 bacteria	 such	 as	 Staphylococcus	 aureus	 may	 also	 cause
overwhelming	sepsis	 in	 these	patients.	The	other	bacteria	and	fungus	 listed	are
not	encapsulated.

3.	The	correct	answer	is	C.
Rationale:	 Shock	 in	 a	 patient	 with	 neutropenia	 is	 most	 concerning	 for

bacterial	 etiology,	 and	 broad-spectrum	 antibiotics	 with	 coverage	 of
Pseudomonas	 is	 necessary	 (choice	 C	 is	 correct).	 Vancomycin	 is	 indicated	 for
patients	in	shock	but	can	be	stopped	after	72	hours	if	no	resistant	gram-positive
organisms	are	isolated.	While	not	part	of	empiric	therapy,	metronidazole	can	be
added	when	an	abdominal	or	oropharyngeal	source	is	suspected.
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Chapter	75
Intensive	Care	of	Patients	With	HIV
Infection
Thomas	C.	Greenough,	Juan	M.	Perez	Velazquez

KEY	POINTS:
1.	 HIV-associated	opportunistic	infections	that	require	ICU	care	most

often	are	those	causing	pulmonary	or	CNS	disease.	Examples
include	Pneumocystis	pneumonia	and	cryptococcal	meningitis.

2.	 Increasingly,	ICU	care	for	HIV-infected	individuals	is	for	conditions
not	related	to	HIV	itself	or	immunodeficiency	but	rather	issues
related	to	aging.

3.	 If	already	started,	antiretrovirals	(ARV)	should	be	continued
whenever	possible	during	ICU	care.	This	may	require	alternate
dosing	or	formulations,	and	careful	attention	to	potential	drug
interactions.

4.	 For	most	individuals	presenting	with	advanced	immunodeficiency,
ARV	should	be	initiated	at	the	earliest	opportunity	with	the	guidance
of	an	infectious	diseases	specialist.	Exceptions	where	ARV	should
be	delayed	include	CNS	cryptococcosis	and	tuberculous	meningitis.

INTRODUCTION
Human	immunodeficiency	virus	1	 (HIV-1)	 is	a	pandemic	 lentivirus	 that	causes
acquired	 immunodeficiency	 syndrome	 (AIDS)	 in	 untreated	 individuals.	 HIV-1
infection	 results	 in	 depletion	 of	 CD4+	 T	 lymphocytes	 that	 are	 critical	 for
adaptive	 immune	 responses.	With	 progressive	 loss	 of	CD4+	T	 lymphocytes	 to
levels	 below	 200	 (or	 13%	 of	 T	 lymphocytes),	 HIV-1-infected	 individuals
become	susceptible	to	opportunistic	infections	and	disease.



At	 the	 start	 of	 the	 human	 immunodeficiency	 virus	 (HIV)	 pandemic	 in	 the
1980s,	 AIDS	 was	 considered	 to	 be	 rapidly	 fatal	 for	 almost	 all	 cases,	 and	 the
benefits	 of	 aggressive	 interventions,	 including	 treatment	 in	 the	 intensive	 care
unit	 (ICU),	 were	 questioned	 for	 patients	 with	 advanced	 disease.	 Respiratory
failure	because	of	Pneumocystis	jirovecii	pneumonia	(PCP)	was	by	far	the	most
common	 disorder	 that	 prompted	 ICU	 admission,	 outcomes	 were	 uniformly
dismal,	and	ICU	admission	was	often	discouraged	by	clinicians	and	declined	by
patients.	 HIV-infected	 persons	 who	 now	 have	 access	 to	 effective	 combination
antiretroviral	 therapy	 (ART)	 enjoy	 much	 better	 outcomes.	 The	 use	 of	 these
medications	became	 the	 standard	of	 care	 in	1996,	 and	as	a	 result,	mortality	of
persons	with	AIDS	 declined	 dramatically	 in	 the	United	 States.1	 The	 improved
prognosis	in	the	United	States	and	the	developed	nations	has	been	hampered	by
limitations	 to	 diagnosis	 and	 care,	 but	 these	 are	 being	 addressed	 and	 have
improved	 during	 recent	 years.	 In	 2019,	 the	 Centers	 for	 Disease	 Control	 and
Prevention	(CDC)	estimated	 that	13%	of	people	with	HIV	in	 the	United	States
were	 undiagnosed,	 and	 that	 about	 66%	 received	 some	 HIV	 care,	 50%	 were
retained	 in	 care,	 and	 57%	 were	 virally	 suppressed	 or	 undetectable.2
Improvements	of	care	and	survival	observed	among	developed	nations	still	stand
in	 sharp	 contrast	 to	 that	 of	 other	 nations.	 In	 2020,	 an	 estimated	 1.5	 million
people	acquired	HIV	infection,	and	680,000	died.	Despite	 these	grim	statistics,
dramatically	scaled-up	access	to	combination	ART	is	now	reducing	HIV-related
mortality	 and	 HIV	 transmission	 worldwide.	 Worldwide,	 an	 estimated	 27.5
million	of	the	37.7	million	people	living	with	HIV	had	access	to	ART	in	2020.3

With	the	use	of	effective	ART,	the	spectrum	of	critical	illness	related	to	HIV
infection	 is	 changing,	 along	with	 the	 short-	 and	 long-term	 prognosis	 for	 these
illnesses.	 Increasingly,	 infected	 individuals	 who	 are	 receiving	 effective	 ART
have	 critical	 illnesses	 more	 related	 to	 their	 age	 than	 their	 HIV	 infection.	 For
some	illness	such	as	cardiovascular	disease,	the	risk	may	be	elevated	by	HIV	or
its	 treatment.4	 The	 use	 of	 antiretrovirals	 entails	 risk	 of	 drug	 interactions	 and
toxicity,	requiring	vigilance	in	the	multidrug	complexity	of	ICU	care.

REASONS	FOR	INTENSIVE	CARE	UNIT
ADMISSION
The	 literature	 regarding	 the	 frequency	 and	 indications	 for	 ICU	 admission	 of
patients	with	HIV	infection	must	be	interpreted	with	the	understanding	that	with
rare	exception,	each	study	reviews	the	experience	of	a	single	center	and	reflects



local	 ICU	 admission	 criteria	 and	 practice	 patterns.	 Care	 of	 patients	 with	 HIV
infection	 and	with	 critical	 illness	may	 vary	widely,	 so	 conclusions	 from	 these
reports	is	difficult	to	generalize.5	The	decision	on	whether	to	admit	HIV-infected
patients	 to	 the	 ICU	 or	 withhold	 such	 treatment	 may	 vary	 by	 hospital
characteristics	(county/state,	Veterans	Affairs	medical	centers,	church	affiliated,
voluntary,	 and	 for	profit)	 and	geographic	 location,	with	differences	maintained
even	 after	 controlling	 for	 severity	 of	 illness	 and	 patient	 demographic	 and
socioeconomic	characteristics.	Thus,	data	regarding	diseases	and	outcomes	from
one	 center	 cannot	 be	 applied	 reliably	 to	 others.	 Endemic	 fungi	 and	 other
pathogens	 influence	 ICU	admission	 rates	 for	 the	different	 diseases	 they	 cause;
this	 is	 important	 in	 the	United	States,	where	regional	differences	 in	HIV/AIDS
incidence	and	prevalence	are	notable	and	shift	over	time.2

1 	 Nevertheless,	 there	 is	 consistent	 evidence	 that	 the	 reasons	 for	 ICU
admission	 have	 changed	 over	 the	 last	 three	 decades	 of	 the	 AIDS	 epidemic,
largely	because	of	reduced	incidence	of	opportunistic	infections	owing	to	ART.
In	 the	era	before	ART,	an	estimated	5%	 to	10%	of	hospitalizations	of	patients
with	HIV	infection	involved	an	ICU	admission;	most	patients	were	admitted	for
respiratory	 failure,	and	PCP	was	 the	most	common	diagnosis.6,7	Although	PCP
has	always	been	 the	most	common	cause	of	respiratory	failure	 in	patients	with
HIV	infection,	it	appears	that	ICU	admissions	for	PCP,	and	for	respiratory	failure
in	general,	continue	to	decline.8,9	The	few	studies	of	intensive	care	in	the	era	of
ART	 suggest	 that	 overall	 ICU	 utilization	 by	 HIV-infected	 persons	 has	 not
declined,	 and	 respiratory	 failure	 is	 still	 the	 most	 common	 reason	 for	 ICU
admission,	 but	 its	 relative	 frequency	 is	 declining	 as	 ICU	 admissions	 for	 other
organ	failures	are	increasing.9	Patients	are	now	less	likely	to	be	admitted	for	PCP
and	other	HIV-associated	opportunistic	infections,	and	more	likely	to	have	life-
threatening	 bacterial	 pneumonia,	 sepsis,	 neurological	 disorders,	 and
complications	of	end-stage	liver	disease.8-12	Patients	may	also	become	critically
ill	 from	 the	 toxic	 effects	 of	 antiretroviral	medications,	 or	 drug	 interactions,	 or
from	 an	 accelerated	 inflammatory	 response	 related	 to	 immune	 reconstitution
resulting	from	the	use	of	ART.13-15

PULMONARY	DISORDERS

Pneumocystis	Pneumonia
Pneumonia	caused	by	P.	jirovecii	(formerly	classified	as	Pneumocystis	carinii	f.



sp.	hominis)	has	always	been	a	major	cause	of	illness	and	death	in	patients	with
HIV	infection.	Once	thought	to	be	a	parasite,	genomic	analysis	revealed	that	P.
jirovecii	 is	 in	 fact	 a	 fungus	 that	 is	 species	 specific	 and	 infects	 only	 humans.
Although	the	taxonomy	of	this	pathogen	has	changed	and	some	now	refer	to	this
entity	 as	 “PJP”	 for	P.	 jirovecii	 pneumonia,	 the	 term	 “PCP”	 is	 still	 acceptable
shorthand	for	Pneumocystis	pneumonia.

Despite	 immune	 restoration	 from	 ART	 and	 effective	 specific
chemoprophylaxis	for	PCP,	this	 infection	still	occurs	for	several	reasons:	many
patients	 do	not	 know	 that	 they	have	HIV	 infection	until	 disease	 advances	 to	 a
stage	where	they	develop	an	opportunistic	infection;	others	know	that	they	have
HIV	but	are	not	receiving	medical	care;	and	still	others	are	in	care	but	are	either
not	 prescribed	 or	 choose	 not	 to	 take	 prophylaxis	 or	 ART.16,17	 Although	 newer
combinations	of	ART	are	coformulated	and	less	likely	to	cause	adverse	effects,
suboptimal	 adherence	 leads	 to	 selection	 of	 HIV	 mutations	 that	 confer	 drug
resistance,	 and	 adherence	 to	 complex	 “salvage”	 regimens	 with	 difficult-to-
tolerate	side	effects	is	often	problematic.	Some	patients	take	prophylaxis	for	PCP
but	 are	 still	 so	 profoundly	 immunocompromised	 that	 it	 is	 ineffective.
Nevertheless,	the	incidence	of	PCP	has	declined	in	the	era	of	ART.17

PCP	 should	 be	 suspected	 among	 patients	 with	 known	 or	 suspected	 HIV
infection,	 fever,	 and	 progressive	 cough	 and	 dyspnea.	 Radiographically,	 the
diagnosis	is	strongly	suggested	by	perihilar	or	diffuse	ground-glass	opacities,	but
this	 pattern	 is	 not	 specific	 for	 PCP.	 Other	 radiographic	 findings	 include
pneumatoceles,	 pneumothorax,	 nodules,	 lobar	 consolidation,	 and	 normal
images.18	The	diagnosis	 can	be	 confirmed	only	 by	 identifying	 the	 organism	 in
specimens	 obtained	 from	 the	 respiratory	 tract,	 either	 from	 sputum	 induced	 by
inhalation	 of	 hypertonic	 saline	 or	 from	 bronchoscopic	 lavage	 fluid.	 Although
establishing	 a	 diagnosis	 is	 not	 difficult,	 many	 clinicians	 treat	 patients	 with
suspected	 PCP	 empirically,	 reserving	 bronchoscopy	 for	 patients	 who	 do	 not
respond	 to	 treatment.	 A	 decision-analysis	 model	 and	 a	 retrospective	 study
comparing	 these	 two	 strategies	 suggest	 that	 the	 outcomes	 are	 similar,	 but	 no
clinical	 trial	 has	 ever	 evaluated	 whether	 initial	 empirical	 therapy	 or	 a	 more
aggressive	diagnostic	strategy	that	includes	bronchoscopy	is	preferable.19	Among
intubated	patients,	the	diagnosis	may	be	established	easily	with	bronchoalveolar
lavage.	A	test	that	has	gained	acceptance	as	an	indicator	of	PCP	is	the	plasma	β-
D-glucan	(BDG)	assay.	When	high	values	are	observed	with	typical	radiographic
findings,	 fever,	 cough,	 and	 respiratory	 failure	 by	 a	 patient	 with	 AIDS,	 the
positive	 predictive	 value	 for	 PCP	 is	 high	 (negative	 predictive	 values	 are	 high
when	BDG	levels	are	low	in	this	context).20	It	is	important	to	emphasize	that	this
is	not	a	specific	test,	and	other	fungal	pathogens	may	present	similarly	with	high



BDG	and	respiratory	failure.
The	 treatment	 of	 moderate	 to	 severe	 PCP	 is	 outlined	 in	 Table	 75.1.

Trimethoprim-sulfamethoxazole	(TMP-SMX)	is	the	preferred	treatment	for	PCP
in	patients	who	have	not	had	an	adverse	reaction	to	this	drug.21	Many	physicians
are	willing	to	use	TMP-SMX	despite	a	history	of	a	prior	adverse	reaction	when
patients	receive	adjunctive	corticosteroid	therapy	and	ICU	support,	because	it	is
not	 clear	whether	 any	of	 the	 alternatives	 is	 as	 effective	 for	moderate-to-severe
disease.	Patients	with	severe	PCP	who	do	not	respond,	or	who	are	intolerant	of
TMP-SMX	are	 usually	 given	 IV	 pentamidine,	 but	 this	 drug	 is	 associated	with
adverse	 reactions	 that	 are	more	 serious	 than	 those	 associated	with	TMP-SMX.
Clindamycin	 with	 primaquine	 is	 effective	 for	 moderate-to-severe	 PCP,	 but
primaquine	 cannot	 be	 administered	 parenterally,	 potentially	 limiting	 its	 use.
Patients	 should	be	 screened	 for	glucose-6-phosphate	dehydrogenase	deficiency
prior	to	using	primaquine	whenever	possible.

TABLE	75.1

Treatment	of	Moderate-To-Severe	Pneumocystis
Pneumonia	(PaO2	<	70	mm	Hg	at	Room	Air,	or	A-a	O2

gradient	≥	35	mm	Hg)

Drug Dose Comments

Preferred:

TMP-SMX 15-20	mg/kg/d	TMP	plus	75-
100	mg/kg/d	SMX	IV	or	PO
in	3	or	4	divided	doses

Drug	of	choice,	but	toxicity
(rash,	fever,	nausea,
leukopenia)	is	frequent

Alternate:

Pentamidine
isethionate

4	mg/kg	IV	daily,	infused
over	at	least	60	min;	may
reduce	to	3	mg/kg	IV	daily
for	toxicities

Toxicity:	dysglycemia,	renal
failure,	QT	interval
prolongation,	arrhythmias,
pancreatitis,	hypotension;
50%	dextrose	must	be
available

Clindamycin Clindamycin	600-900	mg	q6- Screen	for	G6PD	deficiency



plus
primaquine

8	h	IV	or	PO	plus	30	mg
primaquine	base	qd	(15	mg
primaquine	base	=	26.3	mg
primaquine	phosphate)

Adjunctive	Therapy:

Prednisone 40	mg	PO	bid	days	1-5
20	mg	PO	bid	or	40	mg	PO
daily,	days	6-10
20	mg	PO	daily,	days	11-21
IV	methylprednisolone	can	be
given	as	75%	of	prednisone
dose.

Recommended	as	early	as
possible	and	within	72	h	of
initiation	of	PCP	therapy,	for
moderate	to	severe	disease

G6PD,	glucose-6-phosphate	dehydrogenase;	IV,	intravenous;	PCP,	Pneumocystis	jirovecii
pneumonia;	PO,	by	mouth;	SMX,	sulfamethoxazole;	TMP,	trimethoprim.

When	 treatment	 of	 PCP	 is	 delayed	 or	 ineffective,	 patients	 may	 develop
hypoxemic	 respiratory	 failure.	The	clinical	 and	 radiographic	 features	of	 severe
PCP	resemble	the	acute	respiratory	distress	syndrome	(ARDS),	with	hypoxemia,
intrapulmonary	 shunting,	 reduced	 pulmonary	 compliance,	 and	 diffuse
radiographic	 opacities.	 As	 the	 disease	 progresses	 and	 pulmonary	 compliance
diminishes,	pneumothorax	is	common	and	is	associated	with	a	particularly	poor
prognosis	 (Figure	 75.1).	 As	 severe	 PCP	 resembles	 ARDS	 clinically,	 the
supportive	 treatment	 is	 similar,	 including	 intubation,	 mechanical	 ventilation,
application	 of	 positive	 end-expiratory	 pressure,	 and	 lung-protective	 ventilation
strategies.22



	

Figure	 75.1 	 Selected	 computerized	 tomographic	 image	 of	 a
patient	 with	 severe	 Pneumocystis	 pneumonia.This	 patient	 has
significant	 cystic	 changes,	 as	 well	 as	 areas	 of	 dense	 pulmonary
consolidation.	 Note	 the	 pneumothorax	 and	 chest	 tube	 in	 the	 right
lung.

Animal	 models	 of	 PCP	 indicate	 that	 the	 clinical	 severity	 of	 infection
correlates	more	 closely	with	markers	 of	 inflammation	 than	with	 the	 organism
burden,	 suggesting	 that	 the	 immune	 response	 and	 its	 attendant	 inflammation
account	for	the	clinical	manifestations	of	pneumonia.23	Respiratory	compromise
is	 believed	 to	 be	 mediated	 by	 activated	 CD8+	 cells	 and	 lung	 neutrophils
responding	 to	 killed	 organisms,	 and	 patients	 with	 PCP	 typically	 have
deterioration	of	gas	 exchange	during	 the	 first	 few	days	of	 treatment	with	 anti-
Pneumocystis	 agents	 alone.	 When	 corticosteroids	 (administered	 as	 a	 taper
described	 in	Table	 75.1)	 are	 administered	 to	 patients	 with	moderate-to-severe
PCP	 (defined	 as	 a	 PaO2	 less	 than	 70	mm	Hg	while	 breathing	 room	 air	 or	 an
arterial-alveolar	 oxygen	 difference	 greater	 than	 or	 equal	 to	 35	mm	Hg)	 at	 the
start	of	anti-Pneumocystis	treatment,	there	is	a	reduced	likelihood	of	respiratory
failure,	 deterioration	 of	 oxygenation,	 and	 death.24,25	 Corticosteroids	 may
attenuate	 lung	injury	caused	by	the	 inflammatory	response	 to	killed	organisms,
allowing	 the	 patient	 to	 survive	 and	 then	 receive	 more	 antimicrobial	 therapy.
Corticosteroids	 offer	 no	 benefits	 for	 patients	with	 less	 severe	 abnormalities	 of
gas	exchange	at	the	start	of	therapy,	or	when	they	are	administered	more	than	72
hours	after	anti-Pneumocystis	treatment	has	begun.

Other	Pulmonary	Disorders



A	 wide	 variety	 of	 infectious	 and	 noninfectious	 HIV-associated	 pulmonary
disorders	may	lead	to	respiratory	failure.	Bacterial	pneumonias,	most	commonly
caused	by	Streptococcus	pneumoniae,	have	probably	surpassed	PCP	as	the	cause
of	respiratory	failure	in	the	era	of	ART.26,27	Among	patients	with	severe	immune
compromise,	 pulmonary	 infection	 or	 disseminated	 disease	 with	 Pseudomonas
aeruginosa,	Mycobacterium	tuberculosis,	 cytomegalovirus,	 endemic	 fungi,	 and
Aspergillus	spp	may	also	lead	to	respiratory	failure.28	Similarly,	influenza-related
morbidity	 and	 mortality	 are	 increased	 among	 severely	 immunocompromised
patients.	 During	 active	 seasonal	 influenza	 cycles,	 empirical	 treatment	 with
appropriate	 antivirals	 (eg,	 oseltamivir)	 should	 be	 considered	 as	 diagnostic
samples	are	acquired	(eg,	nasopharyngeal	swabs	to	detect	respiratory	viruses	by
polymerase	chain	reaction	[PCR]).29

In	April	 2021,	 the	CDC	added	HIV	 to	underlying	 conditions	 that	 increased
risk	 of	 severe	 COVID-19	 (coronavirus	 disease	 2019)	 illness	 based	 mostly	 on
observational	 studies	 (URL:	 https://www.cdc.gov/coronavirus/2019-
ncov/hcp/clinical-care/underlyingconditions.html	Accessed	 July	 15,	 2021).	The
National	Institutes	of	Health	COVID-19	treatment	guidelines	advised	using	the
same	 diagnosis	 and	 management	 approaches	 as	 for	 people	 without	 HIV30

infection(URL:	https://www.covid19treatmentguidelines.nih.gov/	Accessed	 July
15,	 2021).	 ICU	 management	 of	 COVID-19	 involves	 vigilant	 monitoring	 for
secondary	 infections.	 For	 a	 patient	 with	 advanced	 HIV	 disease,	 this	 is
complicated	by	the	potential	for	opportunistic	illnesses.

CENTRAL	NERVOUS	SYSTEM	DISORDERS
1 	 Because	 a	 substantial	 percentage	 of	 individuals	 with	 HIV	 present	 with
advanced	 disease	 for	 reasons	 described	 earlier,	 other	 severe	 opportunistic
diseases	may	require	intensive	care.	Prominent	among	these	are	diseases	of	the
central	nervous	system	(CNS).

Meningitis	caused	by	Cryptococcus	neoformans	often	presents	 in	a	subacute
manner,	 sometimes	with	headache	and	 typical	meningeal	 symptoms	and	 signs,
and	 occasionally	 with	 altered	 mental	 status	 thought	 to	 relate	 to	 elevated
intracranial	 pressure	 (ICP).31,32	 Infection	 is	 usually	 disseminated	 at	 the	 time	 of
presentation	 with	 CNS	 disease,	 and	 there	 may	 be	 pulmonary	 and	 cutaneous
manifestations	as	well.	Given	the	tendency	for	elevated	ICP	to	develop,	imaging
prior	 to	 lumbar	 puncture	 (LP)	 is	 generally	 recommended	 when	 cryptococcal
meningitis	 (CM)	 is	 suspected.	 An	 LP	 should	 include	 measurement	 of	 the
opening	 pressure.	 Diagnosis	 is	 usually	 made	 by	 cerebrospinal	 fluid	 (CSF)

https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://www.covid19treatmentguidelines.nih.gov/


analysis	 that	 includes	cryptococcal	antigen	detection.	Most	often,	 the	CSF	will
have	 a	 relatively	 low	 white	 blood	 (mononuclear)	 cell	 count,	 mildly	 elevated
protein,	and	low	glucose.	A	substantial	minority	will	have	a	normal	CSF	profile.
Features	 that	 are	 associated	 with	 severe	 disease	 and	 higher	 mortality	 are
presentation	with	altered	mental	status,	low	CSF	white	blood	cell	count	(<20	per
µL),	 and	 high	 cryptococcal	 antigen	 titer	 (>1:1024).33	 Treatment	 for	 severe
disease	 is	 complicated	 by	 the	 tendency	 for	 elevated	 intracerebral	 pressure	 to
develop.	Repeated	 therapeutic	LPs	 are	 sometimes	 required	 to	 improve	 clinical
outcomes.34	Treatment	occurs	 in	 stages;	 the	 first	 stage	 is	 induction	 (duration	≥
2	weeks),	 which	 involves	 infusion	 of	 an	 amphotericin	 B	 formulation	 together
with	 oral	 flucytosine21,35	 Close	 monitoring	 of	 renal	 function	 and	 CBC	 is
necessary,	 given	 the	 toxicities	 of	 these	 agents.	Therapeutic	 drug	monitoring	of
flucytosine	should	be	included,	when	available.	Due	to	toxicities	of	these	agents,
World	 Health	 Organization	 treatment	 guidelines	 updated	 in	 2018	 now
recommend	 a	 1	week	 induction	 course.36	With	CM,	 the	 timing	 of	 initiation	 of
ART	is	delayed	because	early	 treatment	 is	associated	with	worse	outcomes.37,38
Most	 clinicians	 wait	 until	 well	 after	 the	 induction	 stage	 of	 treatment	 of	 CM
before	 starting	ART	 (delaying	ART	 initiation	 by	 4-10	weeks).	 Later	 stages	 of
CM	treatment	include	consolidation	with	high-dose	fluconazole	for	8	weeks,	and
maintenance	 with	 lower-dose	 fluconazole	 for	 2	 or	 more	 years	 following
initiation	of	ART.21,39

Focal	 encephalitis	 caused	 by	 Toxoplasma	 gondii	 most	 often	 presents	 with
headache,	 altered	 mental	 status,	 seizures,	 and	 focal	 neurologic	 signs,40
occasionally	requiring	intensive	care	management.	A	diagnosis	is	made	using	a
combination	of	imaging	modalities	and	CSF	sampling.	MRI	is	the	most	useful,
but	findings	usually	cannot	distinguish	between	toxoplasmosis,	CNS	lymphoma,
or	 abscess;	 all	may	 present	with	 one	 or	more	 ring-enhancing	 lesions.	 A	 brain
biopsy	can	establish	the	diagnosis,	but	lesions	are	often	relatively	inaccessible.	If
imaging	 suggests	 that	 LP	 can	 be	 performed	 safely,	 CSF	 should	 be	 sent	 for
Toxoplasma	PCR,	and	studies	to	rule	out	other	opportunistic	diseases	of	the	CNS
(cytology,	 Epstein-Barr	 virus	 [EBV]	 PCR,	M.	 tuberculosis	 PCR,	 cryptococcal
antigen,	 JC	 virus	 [John	 Cunningham	 virus]	 PCR,	 etc).	 Empirical	 treatment	 is
often	 prescribed	 for	 patients	 with	 advanced	 immunocompromise,	 positive
Toxoplasma	serology,	and	characteristic	CNS	lesions.	The	treatment	of	choice	is
pyrimethamine	 and	 sulfadiazine,	 with	 leucovorin.21	 Individuals	 with	 sulfa
allergies	 may	 be	 managed	 with	 clindamycin	 substituted	 for	 sulfadiazine.
Adjunctive	corticosteroids	and/or	anticonvulsants	(Chapters	80	and	151)	may	be
indicated	 for	 individuals	 with	 significant	 mass	 effect	 and/or	 presentation	 with
seizures.	 With	 empirical	 treatment,	 a	 response	 should	 be	 expected	 within



2	weeks.
Other	opportunistic	diseases	of	the	CNS	observed	with	AIDS	are	lymphoma

(usually	 EBV	 related)	 and	 progressive	multifocal	 leukoencephalopathy	 (PML)
caused	by	JC	virus.	These	may	present	as	severe	disease,	and	treatment	is	largely
supportive.	In	the	case	of	PML,	the	optimal	treatment	is	rapid	initiation	of	ART.
As	 immune	 reconstitution	occurs	 in	 response	 to	ART,	CNS	 inflammation	may
worsen	leading	to	clinical	deterioration.	Close	monitoring	and	administration	of
corticosteroids	 may	 be	 required	 when	 paradoxical	 worsening	 of	 neurologic
function	is	observed.

HEPATIC	DISORDERS

Coinfection	With	HIV	and	Hepatitis	Viruses
With	 improved	 treatment	 of	 HIV	 with	 antiretroviral	 agents,	 complications	 of
hepatitis	 B	 virus	 (HBV)	 and	 hepatitis	 C	 virus	 (HCV)	 have	 emerged	 as	major
causes	 of	 mortality	 among	 HIV-infected	 persons.41	 The	 overall	 prevalence	 of
HCV	seropositivity	among	adults	with	HIV	was	estimated	at	21%	in	2009.	Rates
of	 coinfection	 vary	 dramatically	 by	 risk	 factors	 for	 bloodborne	 pathogens.42
Patients	coinfected	with	HCV	and	HIV	are	more	likely	to	develop	cirrhosis	than
those	with	HCV	alone.43	Thus,	many	patients	with	HIV	infection	are	admitted	to
ICUs	 with	 end-stage	 liver	 disease	 and	 associated	 encephalopathy	 and
gastrointestinal	hemorrhage.

A	 number	 of	 antiretroviral	 agents	 are	 also	 active	 against	 HBV,	 permitting
construction	 of	 regimens	 effective	 against	 both	 pathogens	 for	 HIV-HBV–
coinfected	patients.	The	management	of	coinfection	with	HIV	and	HCV	entails
separate	combination	drug	regimens	with	interactions	and	overlapping	toxicities.
Recent	 advances	 of	 HCV	 treatment	 have	 improved	 the	 outlook	 for	 infected
individuals,	with	cure	rates	well	in	excess	of	90%	by	many	studies.	Direct	acting
antivirals	 (DAAs)	 now	 include	 inhibitors	 of	 the	NS3/4A	HCV	protease,	NS5a
and	NS5b	(polymerase).	Evolving	recommendations	require	frequent	updates	to
guidelines44	 http://www.hcvguidelines.org).	 The	 treatment	 approach	 for	 HIV-
HCV–coinfected	individuals	is	the	same	as	for	those	with	HCV	infection	alone;
however,	drug	interactions	with	ART	agents	may	limit	options.	Drug	interactions
with	HCV-specific	DAAs	 extend	beyond	ART	agents,	 and	 a	 careful	 review	of
medications	 is	 necessary	 for	 individuals	 receiving	 these	 agents	 during
hospitalizations.	 Despite	 the	 high	 HCV	 cure	 rates,	 and	 relatively	 short	 and

http://www.hcvguidelines.org/


simplified	 treatment	 regimens,	 therapy	 for	 patients	 coinfected	 with	 HIV
continues	to	require	close	supervision	by	experienced	specialists.	Treatment	with
these	 agents	 may	 be	 associated	 with	 exacerbation	 of	 liver	 dysfunction	 and
decompensation,	 particularly	 among	 individuals	 with	 advanced	 stages	 of
cirrhosis	(http://www.hcvguidelines.org).

IMMUNE	RECONSTITUTION	DISORDERS
Initiation	 of	 ART	 may	 be	 followed	 by	 paradoxical	 worsening	 of	 known
opportunistic	 infections	 after	 an	 initial	 response	 to	 therapy,	 characterized	 by	 a
robust	 inflammatory	 reaction.	 Alternatively,	 patients	 with	 an	 unrecognized
infection,	not	yet	manifested	clinically,	may	develop	an	inflammatory	reaction	at
the	 infected	 site	 (so-called	 unmasking).	 These	 reactions	 are	 not	 typical	 of	 the
usual	clinical	presentation	of	the	infectious	agent,	and	are	now	termed	“immune
reconstitution	 inflammatory	 syndrome”	 (IRIS)	 or	 “immune	 restoration
disease.”45	For	instance,	Mycobacterium	avium	complex,	which	usually	produces
disseminated	 disease	 with	 no	 histologic	 evidence	 of	 host	 response	 in	 persons
with	 advanced	 HIV	 infection	 and	 CD4+	 lymphocyte	 counts	 <50	 per	 μL,	 may
present	with	fever	and	pain	because	of	focal	necrotizing	lymphadenitis.	A	meta-
analysis	of	64	reports	comprising	13,103	persons	initiating	ART	found	that	13%
developed	 IRIS;	 some	 series	 report	much	 higher	 rates,	 particularly	 in	 patients
with	 cytomegalovirus	 retinitis.14	 The	 time	 to	 onset	 of	 IRIS	 is	 reported	 to	 vary
from	3	to	658	days	after	starting	ART,	with	a	median	of	29	to	49	days.13-15,45	The
risk	is	higher	for	patients	with	lower	CD4+	counts	before	initiation	of	ART,	but
the	occurrence	of	IRIS	seems	to	correlate	better	with	rapid	decline	of	viral	load
than	 with	 the	 increase	 in	 CD4+	 lymphocyte	 count,13,15	 and	 the	 meta-analysis
found	 a	 case-fatality	 rate	 of	 6.7%.14	 IRIS-related	 respiratory	 compromise	 is
reported	in	association	with	mycobacterial	infection	and	PCP.46,47	Corticosteroids
may	 be	 used	 to	 suppress	 the	 aberrant	 inflammatory	 reaction,	 but	 there	 are	 no
guidelines	 as	 to	 when	 to	 use	 them	 or	 the	 optimal	 dose	 and	 duration.
Corticosteroids	 are	 usually	 reserved	 for	 patients	 with	 severe	 inflammatory
disease.	Whenever	 possible,	 patients	who	 develop	 IRIS	 should	 continue	ART,
with	underlying	conditions	treated	according	to	guidelines.

OTHER	CRITICAL	ILLNESSES
2 	HIV-infected	persons	 are	not	 spared	any	of	 the	diseases	 that	 can	bring	non–
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HIV-infected	persons	with	otherwise	similar	characteristics	to	the	ICU,	including
gastrointestinal	 hemorrhage,	 trauma,	 drug	 overdose,	 violence,	 and
cardiovascular	diseases.	 Injection	drug	users	 are	obviously	 at	 increased	 risk	of
developing	 infective	 endocarditis.	 With	 advances	 made	 in	 ART,	 HIV-infected
individuals	 can	 have	 a	 life	 expectancy	 that	 approaches	 that	 of	 uninfected
individuals.1,48	The	usual	diseases	associated	with	aging	are	seen	with	increasing
frequency	as	the	HIV-infected	population	on	effective	ART	grows	older.49	Some
diseases	 of	 aging	 are	 seen	 with	 higher	 frequency	 among	 HIV-infected
populations.

Patients	 with	 HIV	 infection	 have	 accelerated	 atherosclerosis	 and	 increased
risk	 of	 coronary	 artery	 disease;	 this	 was	 previously	 attributed	 to	 therapy,
particularly	 protease	 inhibitors	 which	 are	 known	 to	 increase	 plasma	 lipid
levels.50,51	However,	the	risk	of	major	cardiovascular	disease	outcomes	increased
among	patients	randomized	to	interrupt	ART	when	CD4+	lymphocyte	count	rose
above	 400	 compared	 to	 those	who	 continued	 therapy	 and	who	 had	more	 drug
exposure.52	 Subsequent	 analyses	 have	 correlated	 cardiovascular	 disease	 risk	 to
higher	levels	of	viremia53	and	abnormalities	of	endothelial	function	that	improve
with	ART.54

Hyponatremia	seems	to	be	relatively	common	and	well	tolerated	in	advanced
HIV	 infection,	 but	 frank	 adrenal	 insufficiency	 or	 isolated	 hypoaldosteronism
may	require	specific	diagnosis	and	management.

TOXIC	EFFECTS	OF	ANTIRETROVIRAL
THERAPY
Laboratory	 abnormalities,	 including	 pancytopenia,	 eosinophilia,	 and
transaminase	 elevations,	may	 either	 represent	 the	 patient’s	 baseline	 or	 indicate
significant	 disease	 or	 drug	 toxicity.	 Among	 laboratory	 abnormalities	 that	 may
safely	 be	 followed	 are	 RBC	 macrocytosis	 as	 a	 normal	 accompaniment	 of
zidovudine,	 stavudine,	 or	 tenofovir	 therapy	 (provided	 there	 are	 no
hypersegmented	 polymorphonuclear	 leukocytes),	 mild	 indirect
hyperbilirubinemia	of	patients	on	atazanavir	or	 indinavir,	and	hyperuricemia	of
patients	 taking	 didanosine.	 Note	 that	 the	 use	 of	 stavudine,	 indinavir,	 and
didanosine	is	rare,	with	the	availability	of	less	toxic	alternative	ART.	Elevations
of	creatine	phosphokinase	in	patients	taking	zidovudine	or	tenofovir	may	also	be
asymptomatic	 and	 benign,	 but	 some	 reflect	 clinical	 myositis	 caused	 by	 these
drugs.



Some	 drugs	 used	 for	 ART	 in	 the	 past	 were	 associated	 with	 several	 life-
threatening	 toxicities.	 Older	 nucleoside	 analog	 reverse	 transcriptase	 inhibitors
(NRTIs),	 especially	 didanosine	 and	 stavudine	 (and	 zalcitabine,	 which	 is	 no
longer	available	in	the	United	States),	can	cause	severe	pancreatitis.	Didanosine
may	 cause	 portal	 hypertension	 without	 cirrhosis.55	 Patients	 who	 received	 this
drug	even	many	years	before	may	present	with	life-threatening	hemorrhage	from
esophageal	varices.

All	NRTIs	 to	varying	degrees	may	cause	 lactic	 acidosis	 by	 inhibiting	DNA
polymerase	 γ,	 disrupting	 mitochondrial	 DNA.	 This	 may	 also	 cause	 hepatic
steatosis	 or	 mitochondrial	 myopathy.	 Lactic	 acidosis	 is	 the	 consequence	 of
increased	 anaerobic	 glycolysis	 by	 damaged	 mitochondria,	 coupled	 with
decreased	 lactate	 clearance	 by	 the	 fatty	 liver.56	 Mild	 hyperlactatemia	 occurs
commonly	among	patients	receiving	NRTIs	and	is	not	clinically	 important,	but
severe	lactic	acidosis	occurs	at	a	rate	of	1.3	to	3.2	cases	per	1000	person-years	of
nucleoside	 exposure	 and	 may	 be	 life-threatening.	 The	 appearance	 of	 nausea,
vomiting,	 abdominal	 pain,	 dyspnea,	 or	 weakness	 in	 persons	 on	 long-term
therapy	with	these	agents	may	herald	the	onset	of	this	life-threatening	illness	and
should	prompt	measurement	of	serum	lactate.	This	entity	should	be	considered
in	 the	differential	diagnosis	of	apparent	sepsis,	hepatic	 failure,	and	pancreatitis
requiring	ICU	admission	of	patients	on	ART.	Because	patients	may	also	develop
severe	 lactic	 acidosis	 as	 a	 result	 of	 sepsis,	 empirical	 antibiotics	 should	 be
administered,	 pending	 the	 results	 of	 microbiologic	 evaluations.	 When	 severe
hyperlactatemia	 or	 lactic	 acidosis	 is	 found,	 all	 ART	 must	 be	 stopped
immediately	because	continuation	of	a	partial	regimen	may	lead	to	selection	of
resistant	viral	variants.	In	addition	to	standard	care,	case	reports	suggest	that	this
disorder	 may	 improve	 with	 use	 of	 riboflavin,	 thiamine,	 L-carnitine,	 and
coenzyme	 Q.	 The	 same	 drugs	 and	mechanism	 underlie	 a	 syndrome	 of	 severe
neuromuscular	weakness	and	respiratory	failure	that	may	mimic	Guillain-Barré
syndrome	or	botulism,	and	the	same	therapies	have	been	proposed.57	The	newer
NRTIs	 (tenofovir,	 emtricitabine,	 lamivudine,	 and	 abacavir)	 produce	 less
inhibition	 of	 DNA	 polymerase	 γ	 and	 have	 largely	 replaced	 the	 agents	 most
commonly	 implicated	 (stavudine,	 didanosine,	 and	 zidovudine);	 this	 seems	 to
have	reduced	the	incidence	of	syndromes	related	to	mitochondrial	toxicity.

Abacavir	 hypersensitivity	 is	 a	 protean	 syndrome	 that	 may	 include	 fever,
chills,	 nausea,	 diarrhea,	 rash,	 myalgia,	 aseptic	 meningitis,	 hepatitis,	 cough,	 or
influenzalike	illness	within	a	few	weeks	of	starting	treatment.	Discontinuation	of
the	 drug	 leads	 to	 resolution	 of	 symptoms,	 but	 rechallenge	 can	 produce	 an
anaphylactic	 reaction	 with	 cardiovascular	 collapse	 and	 high	 fever.	 This
syndrome	is	virtually	eliminated	by	the	introduction	of	screening	for	the	HLA-



B*5701	allele	and	avoidance	of	abacavir	in	persons	who	carry	it.58,59
Tenofovir	 disoproxil	 fumarate	 nephrotoxicity	 rarely	 presents	 as	 Fanconi

syndrome,	 with	 increases	 in	 serum	 creatinine,	 glycosuria,	 hypophosphatemia,
and	acute	tubular	necrosis.	Electrolyte	imbalance	because	of	tubular	dysfunction
may	 be	 severe	 and	 require	 intensive	 repletion.60	 This	 toxicity	 is	 far	 less	 likely
with	a	newer	formulation	of	this	NRTI,	tenofovir	alafenamide.

Severe	 rash,	 including	 Stevens-Johnson	 syndrome,	 was	 most	 notably
associated	with	 nevirapine	 (an	 agent	 no	 longer	 used	 in	 adults),	 but	 can	 occur
with	 other	 nonnucleoside	 reverse	 transcriptase	 inhibitors	 (NNRTIs)	 and	 rarely
with	protease	inhibitors	and	NRTIs.

NNRTI-based	ART	has	been	associated	with	neuropsychiatric	 toxicity,	most
prominently	 with	 efavirenz.	 Presentations	 with	 altered	 mental	 status	 should
consider	this	possibility.

MANAGEMENT	OF	ANTIRETROVIRAL	AND
PROPHYLACTIC	AGENTS
3 	 The	 use	 of	 ART	 for	 critically	 ill	 patients	 requires	 expertise	 in	 selection	 of
drugs	 and	 consideration	 of	 their	 doses,	 toxicity,	 and	 interactions	 with	 other
treatments.	The	critical	care	clinician	is	well-advised	to	manage	these	patients	in
close	collaboration	with	an	expert	 in	 antiretroviral	 treatment	 and	a	pharmacist.
Patients	 receiving	 ART	 should	 continue	 to	 receive	 these	 drugs	 whenever
possible,	 because	 discontinuing	 therapy	 is	 associated	 with	 viral	 replication,
emergence	of	resistance,	and	clinical	progression	of	HIV	infection.61	In	patients
coinfected	 with	 HBV,	 discontinuation	 of	 antivirals	 active	 against	 HBV
(lamivudine,	emtricitabine,	tenofovir)	may	result	in	exacerbations	of	hepatitis	B
that	may	be	fatal.62,63

The	 feasibility	 of	 continuing	 ART	 often	 depends	 on	 that	 of	 enteral
administration.	 Modifications	 to	 formulations	 may	 be	 needed	 to	 continue	 the
same	 ART	 via	 feeding	 tubes64	 (http://app.hivclinic.ca/).	 When	 the
gastrointestinal	tract	is	significantly	dysfunctional,	all	of	the	drugs	of	a	patient’s
regimen	will	inevitably	be	stopped	at	the	same	time,	and	no	harm	is	likely	when
they	 are	 resumed	 in	 a	 few	days.	 Still,	 the	NNRTIs	 (efavirenz,	 nevirapine,	 and
etravirine)	are	eliminated	very	slowly,	and	stopping	all	agents	at	 the	same	time
may	 lead	 to	 a	 prolonged	 period	 of	 inadvertent	 NNRTI	 monotherapy	 and
selection	for	virus	with	drug	resistance	mutations.	When	ART	therapy	must	be
interrupted	 for	 more	 than	 a	 few	 days,	 consultation	 with	 an	 HIV	 specialist	 is
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recommended.
Continuing	 ART	 entails	 potentially	 complex	 interactions	 with	 other	 drugs

prescribed,	 including	 effects	 on	 absorption	 and	 metabolism	 that	 cause	 either
suboptimal	or	toxic	levels	of	both	the	antiretrovirals	and	other	drugs.	Particular
attention	should	be	paid	to	ART	combinations	that	include	pharmacokinetic	(PK)
enhancers	 (cobicistat	 and	 ritonavir)	 but	 even	 in	 the	 absence	 of	 these	 agents,
attention	 to	drug	 interactions	 is	critical.	 Important	examples	where	 interactions
may	 alter	 ART	 activity	 include	 (1)	 polyvalent	 cations	 (calcium,	 magnesium,
iron)	 that	 inhibit	 the	 activity	 of	 integrase	 inhibitors,	 and	 (2)	 other	 acid
suppressive	 therapy	 that	 inhibits	 the	 absorption	 of	 atazanavir,	 rilpivirine	 and
darunavir	 (boosted	 with	 ritonavir).	 Examples	 where	 ART	 may	 impact	 other
medication	 levels	 include	 (1)	 protease	 inhibitors,	 NNRTIs,	 and	 PK	 enhancers
that	alter	the	metabolism	of	midazolam	(lorazepam	and	temazepam	may	be	safer
alternatives	 for	 sedation),	 and	 (2)	 protease	 inhibitors	 that	 may	 cause	 massive
increases	of	plasma	levels	of	HMG-CoA	reductase	inhibitors	such	as	simvastatin
and	lovastatin	(coadministration	is	contraindicated).

The	presence	of	acute	kidney	injury	necessitates	dose	adjustments	of	all	 the
nucleoside	 analogs	 except	 abacavir,	 and	 the	 components	 of	 fixed-dose
combinations	 may	 need	 to	 be	 administrated	 separately	 in	 order	 to	 make
individual	adjustments.	 If	 renal	 function	varies	or	 is	 impaired	 for	several	days,
the	 best	 way	 to	 assure	 consistently	 adequate	 and	 nontoxic	 levels	 of
antiretrovirals	 is	 to	change	the	regimen	to	drugs	that	do	not	require	adjustment
for	renal	insufficiency,	when	possible.	Hepatic	dysfunction	similarly	restricts	the
choices	 of	 certain	 antiretrovirals.	 Changes	 to	 ART	 that	 go	 beyond	 dose
adjustments	 for	 renal	 or	 hepatic	 insufficiency	 should	 only	 be	 done	 in
consultation	with	an	expert	in	HIV	management.

When	considering	whether	to	start	ART	for	a	critically	ill	patient	who	did	not
receive	 it	 before,	 a	 few	 questions	may	 guide	 the	 decision.	 First,	 is	 the	 enteral
route	 expected	 to	 remain	 available	 to	 permit	 consistent	 and	 continuous	 drug
administration?	 If	 not,	 ART	 must	 wait.	 Second,	 does	 the	 patient	 have	 an
infection	for	which	there	is	no	effective	therapy	other	than	the	potential	offered
by	 improved	 immunologic	 status	 (eg,	 cryptosporidiosis	 or	 PML)?	 In	 this
situation,	all	other	care	is	futile	unless	ART	is	begun,	and	it	should	be.	Third,	did
the	patient	not	 receive	ART	because	 the	diagnosis	of	HIV	 infection	was	never
established,	 by	 choosing	 not	 to	 take	 ART	 because	 of	 personal	 reasons,	 or
because	of	repeatedly	opting	to	stop	ART?	The	latter	two	do	not	lend	themselves
to	 easy	 answers,	 and	 it	 may	 be	 well	 to	 wait	 at	 least	 until	 the	 patient	 has
decisional	capacity	and	able	to	share	in	decision	making.	Patients	with	advanced
neurocognitive	disease	may	have	marked	improvement	on	ART	and	may	regain



functional	 independence;	for	 them,	 treatment	 is	as	 imperative	as	for	 those	with
otherwise	 untreatable	 infections.	When	 therapy	 is	 started	 for	 patients	who	 are
deemed	 to	 be	 at	 high	 risk	 of	 abandoning	 it,	 the	 chosen	 regimen	 should	 have
minimal	adverse	consequences	if	discontinued	abruptly	(eg,	NNRTIs	should	be
avoided).

4 	The	risk	of	IRIS	has	been	a	deterrent	to	starting	ART	early	for	patients	with
opportunistic	infections,	but	recent	studies	have	clarified	this	issue	considerably.
A	 randomized	 trial	 of	 early	 versus	 deferred	 ART	 for	 patients	 with	 acute
opportunistic	 infections	 excluding	 tuberculosis	 found	 that	 fewer	 patients	 who
received	early	therapy	had	progression	of	AIDS	or	death,	with	no	difference	in
the	 rate	of	 IRIS.65	Other	 studies	 support	 a	 survival	 advantage	 for	patients	who
started	 on	 ART	 in	 the	 ICU.66,67	 For	 patients	 with	 tuberculosis,	 IRIS	 occurred
among	12.4%	of	patients	randomized	to	early	ART	(started	at	a	mean	of	70	days
after	 the	 initiation	 of	 antituberculous	 therapy)	 and	 only	 3.8%	 of	 those	 whose
ART	 was	 delayed	 until	 completion	 of	 treatment	 for	 tuberculosis	 (mean	 of
260	days),	but	mortality	was	significantly	higher	among	the	delayed	ART	group
(12.1%	 vs	 5.4%),	 and	 no	 deaths	 were	 attributed	 to	 IRIS.47	 However,	 among
patients	with	CM	treated	with	a	suboptimal	fluconazole	regimen	that	is	the	only
one	 commonly	 available	 in	 an	 area	 with	 limited	 resources,	 early	 initiation	 of
ART	 (within	 72	 hours	 of	 diagnosis)	 resulted	 in	 nearly	 threefold	 increased
mortality	compared	to	initiation	after	10	weeks,	with	median	survivals	of	28	and
637	days,	 respectively.38	Although	firm	conclusions	are	not	yet	available	about
the	timing	of	ART	in	patients	with	serious	opportunistic	infections,	it	seems	that
the	opportunistic	 infection	should	be	under	good	control	before	 initiating	ART
and	that	the	clinician	must	anticipate	the	potential	emergence	of	serious	effects
from	 IRIS.68	 Current	 guidelines	 are	 to	 start	 ART	 at	 the	 earliest	 opportunity
except	in	individuals	with	cryptococcal	or	tuberculous	meningitis.21	For	anyone
with	 advanced	 HIV	 disease	 or	 an	 identified	 opportunistic	 condition,	 close
monitoring	for	IRIS	after	initiation	of	ART	is	indicated.

Even	when	 critically	 ill,	 patients	with	 advanced	HIV	 disease	who	 received
prophylaxis	 against	 opportunistic	 infections	 like	 PCP	 before	 ICU	 admission
should	 continue	 to	 receive	 it	 unless	 contraindicated.	 Initiation	 of	 appropriate
prophylactic	 measures	 should	 be	 considered	 for	 those	 who	 have	 not.	 Judging
whether	prophylaxis	is	indicated	may	be	difficult	in	acutely	ill	patients	because
of	 effects	 that	 stress,	 infections,	 and	 medications	 may	 have	 on	 CD4+	 T-cell
counts.	Even	a	single	dose	of	glucocorticoids	can	reduce	the	CD4+	T-cell	count
dramatically.	 In	 general,	 decisions	 regarding	 prophylaxis	 should	 be	 based	 on
CD4+	 T-cell	 values	 recently	 obtained,	 but	 prior	 to	 acute	 illness	 or	 receiving
corticosteroids	when	 they	 are	 available.	 For	 patients	who	 stopped	 taking	ART



for	 more	 than	 a	 month,	 it	 is	 usually	 best	 to	 assume	 that	 the	 risk	 of	 a	 patient
developing	opportunistic	infections	corresponds	to	that	before	starting	ART.

PREDICTORS	OF	OUTCOMES
Overall,	it	seems	that	critically	ill	patients	with	HIV	infection	have	similar	short-
term	 outcomes	 as	 other	 patients	 with	 a	 comparable	 severity	 of	 illness,	 and
survival	 rates	 seem	 to	 be	 improving.8,9,11,69	Most	 studies	 of	 patients	 with	 HIV
infection	 are	 limited	 by	 selection	 bias,	 because	 they	 are	 usually	 retrospective
analyses	where	 the	 admitting	physician’s	knowledge	of	 the	patient’s	 serostatus
may	have	affected	the	decision	to	admit	to	ICU,	or	the	vigor	or	goals	of	care.	In
a	study	conducted	in	a	South	African	surgical	ICU,	HIV	testing	was	performed
but	 results	 not	 divulged	 and	 there	 were	 no	 differences	 in	 ICU	 or	 hospital
mortality	 or	 duration	 of	 stay	 when	 outcome	 was	 adjusted	 for	 age,	 despite	 a
higher	incidence	of	sepsis	and	organ	failure	in	the	HIV-infected	patients.70	Thus,
evidence	 from	a	variety	of	 settings	 supports	 the	concept	 that	HIV-infected	and
uninfected	persons	have	similar	outcomes	after	intensive	care,	and	that	decisions
regarding	 the	 appropriateness	 of	 ICU	 interventions	 should	 not	 use	HIV	 status
alone	as	a	criterion.

Studies	 examining	 the	 value	 of	 laboratory	 testing	 and	 scoring	 systems	 for
predicting	 ICU	 outcomes	 of	 HIV-infected	 patients,	 including	 lactate
dehydrogenase,	serum	albumin,	CD4+	lymphocyte	count,	APACHE	II	score,	and
multisystem	organ	failure	scores,	yield	conflicting	data	on	their	reliability.	It	now
seems	 clear	 that	 patients	with	HIV/AIDS	 have	 similar	 short-term	 outcomes	 to
those	of	other	patients	with	a	 similar	 severity	of	 illness.	Long-term	survival	 is
related	to	the	severity	of	the	HIV	disease,	other	comorbid	illnesses,	and	whether
the	 patient	 has	 been	 treated	with	ART.	 In	 addition	 to	 the	 patient’s	 illness,	 the
experience	of	the	hospital	and	health	care	providers	with	treating	HIV-associated
infections	 and	managing	 complications	 also	 influences	mortality.	 In	 one	 large
study,	adjusted	mortality	for	patients	with	AIDS	was	30%	lower	among	hospitals
with	the	most	experience	treating	these	patients.71

Because	 the	 outcomes	 for	 intensive	 care	 do	 not	 depend	 directly	 on	 the
patient’s	HIV	status,	determination	of	whether	or	not	a	patient	has	HIV	infection
or	determination	of	CD4+	lymphocyte	counts	should	not	override	considerations
for	deciding	whether	to	offer	or	withhold	intensive	care.	Rather,	these	decisions
should	be	made	using	the	same	criteria	as	for	all	patients,	namely,	the	likelihood
of	benefit,	and	the	patient’s	values.



RISK	TO	HEALTH	CARE	WORKERS	AND
POSTEXPOSURE	PROPHYLAXIS
Intensive	 care	 of	 patients	 carries	 an	 increased	 risk	 of	 exposure	 to	 bloodborne
pathogens,	 including	 HIV.	 The	 risk	 of	 acquiring	 HIV-1	 infection	 by	 mucous
membrane	 exposure	 is	 approximately	 0.09%	 (just	 under	 1	 in	 10,000)	 and	 by
percutaneous	 (eg,	 needlestick)	 exposure,	 approximately	 0.3%,	 or	 1	 in	 300
instances.72,73	Virtually	 all	 documented	 infections	have	 involved	accidents	with
hollow-bore	 needles.	 The	 risk	 is	 higher	 when	 inflicted	 by	 a	 device	 that	 came
directly	 from	 the	HIV-infected	patient’s	artery	or	vein,	had	visible	blood	on	 it,
produced	deep	injury,	or	came	from	a	source	patient	with	terminal	illness.	Each
of	these	features	increases	the	risk	of	infection	independently.	In	a	case-control
study	 where	 health	 care	 workers	 infected	 by	 needlestick	 exposures	 were
compared	with	health	care	workers	who	sustained	exposures	from	HIV-infected
patients	but	did	not	become	infected,	 the	only	factor	 that	was	shown	to	reduce
the	 risk	 of	 infection	 was	 postexposure	 use	 of	 zidovudine	 by	 the	 health	 care
worker.74	 Zidovudine	 prophylaxis	 appeared	 to	 reduce	 the	 risk	 of	 infection	 by
81%.	This	study	led	to	much	stronger	recommendations	for	ART	for	health	care
workers	with	percutaneous	or	mucous	membrane	exposure	to	HIV-1.

Current	recommendations	reflect	the	failure	rate	of	single-agent	postexposure
prophylaxis,	the	prevalence	of	ART-resistant	virus,	the	proven	antiviral	efficacy
of	three-drug	regimens	in	infected	individuals,	and	the	importance	of	tolerability
of	 the	 regimen	 to	 ensure	 completion	 of	 a	 full	 28-day	 course.75	 The	US	 Public
Health	 Service	 (PHS)	 now	 recommends	 three	 or	 more	 drugs	 for	 high-risk
exposures	from	a	known	HIV-positive	source.	Examples	of	high-risk	exposures
include	 percutaneous	 injury	 involving	 a	 contaminated	 needle,	 or	 exposure	 to
blood,	 tissue,	 or	 potentially	 infectious	 bodily	 fluid	 on	 mucous	 membranes	 or
nonintact	 skin	 from	 patients	 with	 symptomatic	 HIV	 infection,	 AIDS,	 acute
seroconversion,	 or	 known	 high	 viral	 load.	 The	 National	 Institutes	 of	 Health
AIDS	 information	 website	 (https://hivinfo.nih.gov/home-page)	 provides	 the
most	 current	 drug	 recommendations	 and	 links	 to	 current	 PHS
recommendations.75	 Expert	 consultation	 is	 advised,	 especially	 for	 cases
involving	 drug-resistant	 virus,	 and	 pregnant	 or	 breastfeeding	 personnel.
Recommendations	 for	 postexposure	prophylaxis	 emphasize	 initiating	 treatment
within	 an	 hour	 or	 two	 of	 exposure,	 and	 data	 from	 infants	 of	 HIV-positive
mothers	 not	 treated	 during	 pregnancy	 and	 delivery	 suggest	 little	 benefit	 to
therapy	delayed	beyond	48	to	72	hours.	However,	 the	time	after	which	therapy
will	not	be	successful	has	not	been	defined.

https://hivinfo.nih.gov/home-page


The	list	of	potential	side	effects	of	antiretroviral	drugs	is	daunting,	but	newer
regimens	 are	 better	 tolerated.	 Many	 health	 care	 workers	 receiving	 PEP	 will
experience	 adverse	 effects,	 along	 with	 justifiable	 anxiety.	 They	 should	 be
reassured	that	most	HIV-infected	people	tolerate	these	regimens	with	the	help	of
adequate	psychosocial	support	and	proper	medical	follow-up.

SUMMARY
In	 summary,	 the	 evolution	 of	 the	 AIDS	 epidemic	 and	 the	 continuing
improvements	of	effective	ART	have	changed	the	spectrum	of	critical	 illnesses
for	patients	with	HIV	infection.	The	use	of	ART	has	led	to	reduced	risk	of	AIDS-
associated	 illness	and	improved	survival	but	raises	new	and	complex	questions
about	how	best	to	use	these	treatments	for	patients	with	critical	illness.	Clearly,
large-scale	 multidisciplinary	 studies	 of	 critical	 care	 of	 patients	 with	 HIV
infection	would	yield	valuable	insights,	but	until	the	important	clinical	questions
are	answered,	 critical	 care	clinicians	must	work	closely	not	only	with	 the	 ICU
multidisciplinary	 team	but	also	with	colleagues	with	backgrounds	 in	 infectious
diseases,	 pharmacology,	 and	 palliative	 care.	 Advances	 of	 the	 management	 of
opportunistic	 disease	 associated	 with	 HIV	 infection,	 based	 on	 randomized
controlled	 trials	 or	 meta-analyses	 of	 such	 trials,	 are	 summarized	 in	 treatment
guidelines	 that	 are	 maintained	 as	 living	 documents	 available	 to	 the	 public
(https://hivinfo.nih.gov/home-page)21	and	Table	75.2.

TABLE	75.2

Summary	of	Recommendations	for	Management	of
Complications	of	Human	Immunodeficiency	Virus	Infection
Based	on	Randomized	Clinical	Trials

Early	adjunctive	treatment	with	corticosteroids	reduces	the	risks	of
respiratory	failure	and	death	in	patients	with	acquired	immunodeficiency
syndrome	(AIDS)	and	moderate-to-severe	Pneumocystis	pneumonia.21,24,25

Combination	treatment	with	amphotericin	B	and	flucytosine	vs	fluconazole

https://hivinfo.nih.gov/home-page


improves	outcome	in	individuals	with	cryptococcal	meningitis.35

Early	vs	delayed	ART	in	patients	with	cryptococcal	meningitis	increases
risk	of	death	in	patients	receiving	suboptimal	treatment	with	amphotericin
B	and/or	fluconazole.37,38

Early	vs	deferred	ART	in	patients	with	acute	opportunistic	infections
excluding	tuberculosis	decreases	progression	to	AIDS	or	death,	with	no
difference	in	the	rate	of	IRIS.65

Early	vs	deferred	ART	in	patients	with	tuberculosis	decreases	mortality,	but
increases	risk	of	IRIS.47

ART,	antiretroviral	therapy;	IRIS,	immune	reconstitution	inflammatory	syndrome.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	60-year-old	man	presents	to	the	emergency	department	with	a	one	week
history	of	progressive	shortness	of	breath	and	dry	cough.	He	has	a	diagnosis	of
untreated	HIV.	On	physical	examination,	he	is	acutely	ill	and	in	respiratory
distress.	Pulmonary	examination	reveals	scattered	rhonchi.	Cardiac	and
abdominal	examinations	are	unremarkable.	Vital	signs	include	a	temperature	of
38.2	°C,	a	pulse	of	115	beats/min,	a	respiratory	rate	of	23	breaths	per	minute,	a
blood	pressure	of	111/76	mm	Hg,	and	an	oxygen	saturation	of	88%	on	4	L/min
oxygen	supplementation.	Initial	lab	work	is	notable	for	WBC	1.3,	HGB	10.5,
HCT	28.6,	PLT	108,	sodium	131	mmol/L,	chloride	91	mmol/L,	potassium
3.4	mmol/L,	carbon	dioxide	18	mmol/L,	calcium	8.1	mg/dL,	BUN	25	mg/dL,
creatinine	1.2	mg/dL.	Liver	function	tests	are	unremarkable.	Chest	x-ray
identifies	diffuse	ground-glass	opacities.	SARS-CoV-2	PCR	and	respiratory	viral



panel	are	negative.	Empiric	trimethoprim-sulfamethoxazole	(TMP-SMX)	and
prednisone,	along	with	antibiotics	for	community-acquired	pneumonia,	are
initiated.	He	is	admitted	to	the	ICU	with	noninvasive	ventilatory	support.
Pneumocystis	direct	fluorescent	antigen	of	a	sputum	sample	is	positive.	When
seen	in	clinic	one	month	ago	his	plasma	HIV-1	RNA	level	was	43,000	copies/mL
and	his	absolute	CD4	count	was	125	cell/μL.	What	is	the	most	appropriate
medical	management	at	this	time?

A. 	Add	antiretroviral	therapy
B. 	Add	azithromycin	prophylaxis	for	Mycobacterium	avium-
intracellulare	complex	(MAC)
C. 	Add	inhaled	pentamidine
D. 	Change	regimen	to	clindamycin	plus	primaquine

2. 	A	35-year-old	woman	presents	with	a	3-day	history	of	fever,	dyspnea,
productive	cough,	and	pleuritic	chest	pain.	She	has	a	diagnosis	of	HIV	and	is
currently	receiving	antiretroviral	therapy	(tenofovir	alafenamide,	emtricitabine,
and	bictegravir)	with	suppressed	viral	load	and	absolute	CD4	count	457	cells/μL,
measured	3	months	before	the	illness.	On	physical	examination,	she	is	acutely	ill
and	in	respiratory	distress.	Initial	vital	signs	include	a	temperature	of	40.2	°C,	a
pulse	of	140	beats/m,	a	respiratory	rate	of	26	breaths	per	minute,	a	blood
pressure	of	85/64	mm	Hg,	and	an	oxygen	saturation	of	85%	on	10	L/min	oxygen
supplementation.	Initial	lab	work	is	notable	for	the	following:	WBC	2.3,	HGB
11.5,	HCT	30.6,	platelet	count	145,	sodium	129	mmol/L,	chloride	86	mmol/L,
potassium	3.2	mmol/L,	carbon	dioxide	14	mmol/L,	calcium	8.1	mg/dL,	BUN
38	mg/dL,	creatinine	1.5	mg/dL.	Her	liver	function	tests	are	unremarkable.	A
SARS-CoV-2	PCR	is	negative.	Chest	x-ray	identifies	left	lower	lobe
consolidation	and	a	moderate	size	left	pleural	effusion.	She	is	admitted	to	the
intensive	care	unit	for	further	evaluation	and	treatment.	What	is	the	most	likely
diagnosis?

A. Cryptococcus	neoformans
B. Histoplasma	capsulatum
C. Pneumocystis	jirovecii
D. Streptococcus	pneumoniae

3. 	A	42-year-old	man	presents	to	the	emergency	department	with	a	3-week
history	of	fever,	headache,	photophobia,	and	altered	mental	status.	He	has	a
history	of	untreated	HIV.	On	physical	examination,	the	patient	appears	acutely	ill



with	lethargy	and	cachexia.	Initial	vital	signs	include	a	temperature	of	39.4	°C,	a
pulse	of	132	beats	per	minute,	a	respiratory	rate	of	22	breaths	per	minute,	a
blood	pressure	of	115/74	mm	Hg,	and	an	oxygen	saturation	of	88%	on	room	air.
A	head	CT	without	contrast	and	chest	x-ray	are	unremarkable.	A	lumbar
puncture	is	notable	for	an	intracranial	pressure	of	25	cm	H2O.	Cerebrospinal
fluid	(CSF)	direct	microscopy	identifies	encapsulated	yeast	cells	characteristic	of
Cryptococcus	neoformans.	He	is	placed	on	mechanical	ventilation	for	airway
protection.	Treatment	with	liposomal	amphotericin	and	flucytosine	is	initiated.
After	7-days	of	treatment,	the	patient’s	mental	status	remains	altered.	Brain	MRI
identifies	leptomeningeal	enhancement	and	moderate	ventriculomegaly.	What	is
the	most	appropriate	next	step	in	treatment?

A. 	Add	dexamethasone
B. 	Add	vancomycin,	cefepime,	and	ampicillin
C. 	Repeat	lumbar	puncture
D. 	Start	antiretroviral	therapy

Answers

1.	The	correct	answer	is	A.
Rationale:	The	patient	has	 severe	Pneumocystis	 jirovecii	 pneumonia	 (PCP).

When	 possible,	 ART	 should	 be	 initiated	 within	 2	 weeks	 of	 diagnosis,	 as	 the
incidence	of	AIDS	progression	or	death	is	lower	among	those	who	initiate	ART
early	compared	to	those	who	delayed	therapy	(choice	A	is	correct).	TMP-SMX
with	adjunctive	steroids	is	the	treatment	of	choice	for	severe	PCP.	TMP-SMX	is
more	effective	than	other	regimens	for	PCP	treatment.	Modifying	PCP	treatment
is	not	indicated	unless	significant	adverse	effects	develop	(choices	C	and	D	are
incorrect).	There	 is	no	 indication	 for	azithromycin.	The	patient’s	CD4	count	 is
above	50	cell/μL,	the	threshold	at	which	MAC	infections	typically	occur	(choice
B	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 The	 patient	 is	 suffering	 from	 pneumococcal	 sepsis	 (choice	 D	 is

correct).	People	with	HIV	who	are	receiving	effective	antiretroviral	therapy,	with
suppression	 of	 viremia	 and	 CD4	 counts	 that	 are	 relatively	 intact	 at	 baseline
(>350	 cells/µL),	 will	 generally	 have	 presentations	 similar	 to	 those	 of	 HIV
uninfected	 individuals.	 Streptococcus	 pneumoniae	 is	 a	 common	 community
acquired	infection	that	may	cause	severe	sepsis	requiring	ICU	management.	The



patient’s	viral	load	is	suppressed,	and	absolute	CD4	count	is	above	the	threshold
in	which	we	 commonly	 see	 opportunistic	 infections,	 including	 cryptococcosis,
histoplasmosis,	Pneumocystis	pneumonia,	and	toxoplasmosis.

3.	The	correct	answer	is	C.
Rationale:	The	patient	 is	suffering	from	elevated	 intracranial	pressure	 (ICP)

secondary	 to	 cryptococcal	 meningitis.	 Elevated	 ICP	 should	 be	 treated
aggressively	 to	 reduce	 mortality.	 Lumbar	 punctures	 should	 be	 performed	 to
decrease	the	opening	pressure	to	<20	cm	H2O	(choice	C	is	correct).	Daily	lumbar
punctures	 may	 be	 needed	 until	 patients	 become	 asymptomatic	 and	 the	 CSF
pressure	normalizes	or	remain	stable.	Lumbar	and	ventricular	shunts	are	options
for	 those	 who	 necessitate	 numerous	 lumbar	 punctures.	 Treatment	 guidelines
advise	 delaying	 antiretroviral	 therapy	 until	 after	 completing	 2	 to	 10	weeks	 of
antifungal	 therapy	 to	 prevent	 cryptococcal	 immune	 reconstitution	 syndrome
(choice	 D	 is	 incorrect).	 The	 use	 of	 steroids	 at	 the	 induction	 phase	 is	 not
recommended.	 Dexamethasone	 has	 been	 associated	 with	 increased	 adverse
effects	 and	 disability	 in	 patients	 with	 HIV-associated	 cryptococcal	 meningitis
(choice	A	is	incorrect).	There	is	no	evidence	to	support	a	superimposed	bacterial
or	viral	meningitis	(choice	B	is	incorrect).
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Chapter	76
Infectious	Complications	of	Persons
Who	Inject	Drugs
Muhammad	Dhanani,	Kinna	Thakarar

KEY	POINTS:
1.	 Attention	to	social	determinants	of	health	plays	an	important	role	in

caring	for	persons	who	inject	drugs.
2.	 Injection	drug	use	increases	risk	for	infections	caused	by	key

pathogens,	including	methicillin-resistant	Staphylococcus	aureus
(MRSA).

3.	 Necrotizing	skin	and	soft-tissue	infections,	including	necrotizing
fasciitis,	are	more	common	among	persons	who	inject	drugs	relative
to	the	general	population.

4.	 Injection	drug	use	increases	the	risk	of	acquiring	human
immunodeficiency	virus	(HIV).

5.	 Tuberculosis	is	relatively	more	common	among	persons	who	inject
drugs.

6.	 Epidural	abscess	is	the	most	frequent	central	nervous	system
infection	among	persons	who	inject	drugs.

INTRODUCTION
Substance	 use	 disorders	 (SUDs)	 are	 commonly	 encountered,	 affecting	 an
estimated	 20	 million	 American	 adults	 in	 2019,1	 and	 are	 associated	 with
numerous	infectious	complications.	This	chapter	will	largely	focus	on	infections
that	 occur	 as	 a	 consequence	 of	 injection	 drug	 use	 (IDU),	 but	 risks	 associated
with	other	routes	of	drug	use	will	also	be	mentioned	where	pertinent.	Along	with
IDU,	routes	of	drug	use	include	“snorting”	through	the	nasal	mucosa,	inhalation



through	 smoking,	 oral	 ingestion,	 and	 instillation.	 IDU	 may	 include	 unsafe
injection	 into	 the	 subcutaneous	 soft	 tissues,	 called	 “skin	 popping,”	 “muscle
popping,”	or	“muscling”	depending	on	the	target	soft	tissue,	and	direct	injection
into	the	vasculature	(or	“mainlining”).

1 	 Infections	 associated	 with	 IDU	 include	 skin	 and	 soft-tissue	 infections
(SSTIs),	 infective	 endocarditis	 (IE),	 bone	 and	 joint	 infections,	 epidural
abscesses,	pneumonia,	ophthalmologic	infections,	and	hepatitis.	Drugs	are	often
“cut”	 or	mixed	with	 adulterants,	which	may	 be	 contaminated	with	 bacteria	 or
may	suppress	the	immune	response—as	is	the	case	with	agranulocytosis	caused
by	 levamisole-containing	 cocaine	 leading	 to	 bacterial	 or	 fungal	 infection.2
Persons	who	inject	drugs	(PWID)	may	do	so	under	conditions	that	increase	the
risk	 of	 infection,	 such	 as	 use	 of	 nonsterile	 or	 shared	 injection	 equipment.
Prevention	 of	 infectious	 complications	 of	 IDU	 is	 directed	 at	 treating	 addiction
and	mitigating	 infectious	 complications	 via	 syringe	 service	 programs.3	 Finally,
the	role	of	social	determinants	of	health	is	important	to	recognize.	Many	patients
with	SUDs	have	unstable	housing	and	food	insecurity,	leading	them	to	live	under
crowded	conditions	 and	placing	 them	at	 increased	 risk	of	 tuberculosis	 (TB)	as
well	as	generally	poor	health	outcomes.

FEVER
Fever	 is	one	of	 the	most	common	hospital	presentations	 in	PWID.	Self-limited
illnesses	 are	 a	 common	 cause	 of	 fever	 in	 this	 population.	 More	 significant
etiologies	 include	pneumonia,	 cellulitis,	 and	 soft-tissue	 abscesses.	Endocarditis
accounts	for	fewer	than	15%	of	all	cases	of	fever.4

All	 febrile	 PWID	 should	 undergo	 a	 thorough	 history	 and	 physical
examination.	 Further	 evaluation	 commonly	 includes	 procurement	 of	 routine
bloodwork,	blood	cultures,	and	diagnostic	radiology	studies.	Particular	attention
should	 be	 paid	 to	 abnormalities	 of	 the	 skin	 and	 soft	 tissues,	 cardiac	 valvular
abnormalities,	bony	tenderness,	and	pulmonary	abnormalities.	It	is	worth	noting
that	one	study	found	that	leukocytosis	is	less	common	among	PWID	hospitalized
after	 presentation	 to	 the	 emergency	 department.5	 Thus,	 it	may	 be	 important	 to
augment	 clinical	 evaluation	 with	 laboratory	 and	 radiological	 studies	 for	 this
vulnerable	population,	and	admission	may	be	warranted	for	cases	of	diagnostic
uncertainty.

Weisse	et	al4	have	developed	an	algorithm	for	febrile	PWID	with	no	apparent
source	 of	 infection.	 In	 this	 approach,	 blood	 cultures	 are	 obtained	 from	 all
patients	and	empiric	antibiotic	therapy	is	started.	If	blood	cultures	are	positive	or



if	 the	 patient	 has	 clinical	 stigmata	 indicative	 of	 IE,	 an	 echocardiogram	 is
performed.	 If	 valvular	 vegetations	 are	 seen,	 the	 diagnosis	 of	 IE	 is	 considered
established.	On	the	other	hand,	 if	blood	cultures	are	negative	and	the	patient	 is
clinically	well,	 antibiotic	 therapy	may	be	discontinued.	However,	 investigating
whether	antibiotic	 therapy	was	utilized	prior	 to	hospitalization	 is	a	critical	step
given	 its	 subsequent	 impact	 on	 the	 sensitivity	 of	 blood	 culture.	The	validation
study	of	 the	PRE-IDU	clinical	decision	instrument	by	Chung-Esaki	et	al	found
that	 the	 key	 predictors	 of	 IE	 among	 febrile	 PWID	 include	 tachycardia	 and
presence	of	a	cardiac	murmur,	while	visualization	of	a	cutaneous	infection	was
identified	as	a	negative	predictor	of	IE.6

BACTEREMIA
IDU	places	PWID	at	high	risk	for	bacteremia,	which	can	occur	in	the	setting	of
IE	but	can	also	be	a	complicating	feature	of	other	soft-tissue,	endovascular,	and
osteoarticular	 infections.7	 The	 majority	 of	 bacteremias	 are	 caused	 by	 either
SSTIs	 or	 mycotic	 aneurysms	 of	 peripheral	 arteries.	 A	 smaller	 number	 of
bacteremias	 result	 from	 miscellaneous	 causes,	 such	 as	 septic	 arthritis,	 septic
thrombophlebitis,	or	pneumonia.

2 	Although	the	organisms	associated	with	bacteremia	among	PWID	may	vary
based	on	geographic	location	and	the	of	drug	injected,	some	generalizations	can
be	made.	PWID	have	 an	 increased	 incidence	of	 staphylococcal	 carriage	of	 the
skin,	 nose,	 or	 throat.	 Bacterial	 infection	 derives	 principally	 from	 the	 person’s
own	 flora,	 so	 Staphylococcus	 aureus	 constitutes	 the	 majority	 of	 bacteremia
among	these	patients.	Methicillin-resistant	S.	aureus	(MRSA)	is	demonstrated	to
spread	 rapidly	 among	 networks	 of	 PWID,	 and	 infections	 due	 to	 MRSA	 are
relatively	more	common	among	this	population.8,9

Streptococci	and	Gram-negative	aerobic	bacilli	are	 the	next	most	 frequently
isolated	 organisms.	 Group	 A	 β-hemolytic	 streptococci	 outbreaks	 have	 been
described.10	 Polymicrobial	 bacteremia	 occurs	 in	 about	 10%	 of	 cases,	 and	 in
about	 two-thirds	 of	 these	 cases	 at	 least	 one	 of	 the	 organisms	 isolated	 is	 a
Staphylococcus	 spp.	Bacteremia	 and	 other	 infections	 caused	 by	 the	 facultative
anaerobe	 Eikenella	 corrodens	 are	 particularly	 associated	 with	 PWID	 who
contaminate	the	injection	needle	or	the	injection	site	with	saliva.11

The	 approach	 toward	 PWID	 with	 bacteremia	 should	 be	 to	 search	 for	 an
underlying	etiology	and	to	begin	empiric	antibiotic	treatment.	For	example,	the
isolation	of	a	group	A	β-hemolytic	streptococci	from	the	blood	should	prompt	a
search	 for	 a	 cutaneous	 or	 soft-tissue	 focus	 of	 infection.	 Empiric	 antibiotic



therapy	may	 be	 based	 on	 local	 antimicrobial	 sensitivities	 but	 should	 generally
include	agents	directed	against	staphylococci	and	streptococci	as	well	as	aerobic
Gram-negative	bacilli.	Due	to	the	high	rate	of	MRSA	colonization,	vancomycin
is	 often	 an	 appropriate	 empiric	 choice	 for	 coverage	 of	 Gram-positive
organisms.12

SOFT-TISSUE	INFECTIONS
SSTIs	occur	commonly	among	PWID	and	are	increasing	in	frequency.13-15	Such
infections	are	often	polymicrobial	 and	appear	 to	derive	 from	either	 the	 skin	or
oral	cavity.	The	most	common	pathogens	are	S.	aureus,	streptococci,	and	aerobic
Gram-negative	 bacilli.11,13	 Cutaneous	 infection	 generally	 occurs	 in	 the
antecubital	fossa,	forearm,	and	hand	as	these	are	the	sites	of	the	most	accessible
veins.	However,	PWID	may	use	other,	less	available	sites	for	injection	leading	to
infection	 of	 the	 feet,	 legs,	 anterior	 neck,	 groin,	 and	 axilla.16,17	 Use	 of	 genital
vasculature	 has	 also	 been	 described,	 emphasizing	 the	 importance	 of	 thorough
clinical	evaluation	of	PWID	who	present	for	acute	care.18

3 	The	most	 common	 skin	 infections	 among	PWID	are	 simple	 cellulitis	 and
localized	 skin	 abscess.	 These	 occur	 more	 frequently	 among	 those	 who	 inject
subcutaneously	or	intramuscularly	compared	to	those	who	inject	intravenously.19
Simple	 cellulitis	 usually	 requires	 only	 antibiotic	 therapy	 directed	 against
staphylococci	 and	 streptococci.	 PWID	 are	 particularly	 at	 risk	 of	 MRSA
infections	 of	 the	 skin	 and	 soft	 tissues20;	 patients	 requiring	 intravenous	 therapy
should	receive	vancomycin,	especially	if	beta-lactam	therapy	does	not	result	 in
clinical	 improvement.	Localized	soft-tissue	abscesses	 that	do	not	penetrate	 into
the	 deep	 subcutaneous	 tissue	 should	 be	 drained.	 Given	 the	 risk	 of	 occult
bacteremia	for	this	population,	antibiotic	therapy	should	be	given	as	directed	by
Gram	stain	of	the	drained	material.	Blood	cultures	should	be	obtained	as	part	of
the	 workup	 of	 SSTIs,	 although	 a	 number	 of	 studies	 suggest	 that	 the	 yield	 of
blood	 cultures	 in	 this	 population	 is	 not	 any	 different	 than	 that	 of	 the	 general
hospitalized	 population.21,22	 Necrotizing	 soft-tissue	 infections	 (NSTIs)	 and
necrotizing	fasciitis	represent	the	more	ominous	SSTIs	observed	at	an	increased
rate	 among	 PWID	 and	 source	 control	 measures	 are	 detailed	 in	 Chapter	 48.
Notably,	clindamycin	and	linezolid	have	a	role	in	treatment	of	NSTI	given	their
activity	 in	 preventing	 secretion	 of	 bacterial	 toxins,23	 but	 use	 of	 linezolid	 in
patients	who	receive	methadone	maintenance	can	prompt	serotonin	syndrome.24

Finally,	 there	 have	 been	multiple	 outbreaks	 of	 soft-tissue	 infection	 with	 or
without	systemic	symptoms	associated	with	Clostridium	spp.	among	PWID;	this



illness	 is	 discussed	 later	 in	 this	 chapter.	 It	 is	 also	 important	 to	 recognize
noninfectious	 dermatological	 presentations	 related	 to	 IDU.	 For	 example,
desomorphine	 (or	 “krokodil”)	 can	 cause	 a	 green,	 scaly	 appearance	 that	 can
evolve	 into	ulceration	and/or	gangrene,	 requiring	urgent	 surgery;	 this	drug	 is	a
semisynthetic	opioid	 that	has	 largely	been	described	 in	Eastern	Europe	and	 the
former	Soviet	Union.	Additionally,	cocaine	has	been	associated	with	vasculitis.
Levamisole,	which	is	an	adulterant	that	can	potentially	be	found	in	cocaine,	can
cause	 a	 range	 of	 conditions	 from	 maculopapular	 rashes	 to	 hemorrhagic
bullae.25,26

PERIPHERAL	VASCULAR	INFECTIONS
Because	IDU	often	involves	injection	of	material	under	nonsterile	conditions,	a
wide	 range	 of	 vascular	 complications	 may	 result.	 The	 most	 frequent
manifestations	 of	 such	 infections	 are	 fever	 associated	 with	 pain,	 redness,	 and
swelling	 over	 the	 involved	 area.	When	 injections	 are	 performed	 into	 the	 deep
tissues	 of	 the	 groin	 or	 neck,	 it	may	 be	 difficult	 to	 distinguish	 involvement	 of
vascular	structures	from	simple	cellulitis,	soft-tissue	abscess,	or	fasciitis.	If	there
is	any	question,	angiography	should	be	performed	to	determine	if	vascular	tissue
is	involved.	Septic	thrombophlebitis	usually	presents	with	fever,	bacteremia,	and
swelling	 over	 the	 involved	vein.	 It	 can	 often	 be	 treated	with	 antibiotics	 alone,
although	 incision,	 drainage,	 and	 removal	 of	 the	 vein	 are	 sometimes	 necessary.
Anticoagulation	is	generally	not	required.

Mycotic	aneurysms	may	result	when	the	user	injects	directly	into	the	artery.
Aneurysms	most	frequently	occur	in	the	femoral	arteries.	Carotid	aneurysms	and
brachial	 artery	 aneurysms	 can	 also	 occur.	 The	 classic	 presentation	 of	 this
syndrome	is	a	febrile	patient	with	a	tender,	pulsatile	mass,	usually	in	the	groin	or
the	neck.	Sometimes,	there	is	a	small	amount	of	bleeding	at	the	site.	If	there	is
any	question	of	an	aneurysm,	a	vascular	surgical	consultation	should	be	obtained
prior	 to	 any	 exploration	 of	 the	 lesion.	 Angiography	 will	 confirm	 the	 site	 and
extent	of	the	aneurysm.	The	most	frequent	microbiological	agents	isolated	are	S.
aureus	 and	streptococci,	with	aerobic	Gram-negative	bacilli	occasionally	being
identified.	Empiric	antibiotic	therapy	should	be	directed	against	these	organisms.
Clinical	 practice	 guidelines	 recognize	 that	 the	 epidemiology	 and	 optimal
management	strategy	for	mycotic	aneurysms	is	unknown.27

ENDOCARDITIS



IE	 in	PWID	differs	 in	 several	 respects	 from	 IE	 in	 the	general	population.	 It	 is
more	 likely	 to	 occur	 in	 persons	 without	 underlying	 valvular	 heart	 disease,	 to
involve	the	tricuspid	valve,	and	to	be	caused	by	S.	aureus.	Involvement	of	both
the	left	heart	and	the	right	heart	is	more	common	among	PWID	than	among	the
general	population.28	Certain	types	of	IDU	may	predispose	to	the	development	of
endocarditis.	 Heroin	 use	 has	 long	 been	 associated	 with	 this	 complication,
although	the	use	of	stimulants	and	other	synthetic	opioids,	such	as	fentanyl,	may
also	raise	the	risk	of	IE	given	the	need	for	more	frequent	injection.29

Tricuspid	 valve	 IE	 is	 the	 prototypical	 presentation	 of	 IE	 in	 PWID.30	 The
patient	complains	of	fever,	chills,	dyspnea,	or	pleuritic	chest	pain.	Occasionally,
hemoptysis	 occurs.	 On	 physical	 examination,	 fever	 is	 a	 common	 finding.	 A
systolic	murmur	may	or	may	not	be	present	on	admission.	Signs	of	peripheral
embolization,	 such	 as	 petechiae,	 splinter	 hemorrhages,	 Janeway	 lesions,	 and
Roth	 spots,	 are	 common,	 but	 vascular	 phenomena	 such	 as	 Osler’s	 nodes	 are
frequently	absent.	On	chest	radiograph,	multiple	patchy	infiltrates	 indicative	of
septic	pulmonary	emboli	are	strongly	suggestive	of	the	diagnosis	of	tricuspid	IE;
complicated	 cases	 may	 demonstrate	 pneumothorax	 or	 cavitary	 lesions	 from
evolution	of	septic	pulmonary	emboli.	Blood	cultures	are	usually	positive	and	in
the	majority	of	instances,	S.	aureus	is	isolated.	When	blood	cultures	are	negative
in	the	face	of	the	appropriate	clinical	syndrome,	one	should	inquire	whether	the
patient	has	recently	been	prescribed	or	self-treated	with	antibiotics.

IE	involving	the	valves	of	the	left	side	of	the	heart	also	occurs	among	PWID.
Paravalvular	 abscesses	 were	 noted	 in	 15%	 of	 cases	 in	 one	 small	 study.28
Streptococci	and	S.	aureus	are	the	most	frequently	isolated	pathogens.31

In	 addition	 to	 staphylococci	 and	 streptococci,	 a	 variety	 of	 other	 organisms
have	been	associated	with	IE	in	PWID,	including	aerobic	Gram-negative	bacilli,
particularly	 Pseudomonas	 aeruginosa,	 and	 fungi,	 notably	 Candida	 spp.
Moreover,	 polymicrobial	 bacteremia	 is	 a	 well-recognized	 complication	 of	 IE
among	this	population	and	is	usually	indistinguishable	on	clinical	grounds	from
that	caused	by	a	single	organism.31

Bacteremia	and	pulmonary	emboli	on	chest	radiograph	are	signs	of	tricuspid
valve	IE	among	PWID.	However,	all	individuals	with	clinically	suspected	IE	or
bacteremia	due	to	S.	aureus	should	undergo	echocardiography.	Transesophageal
echocardiography	 is	 more	 sensitive	 than	 transthoracic	 echocardiography	 for
identifying	 valvular	 vegetations.32	 When	 echocardiographic	 findings	 are
combined	 with	 clinical	 manifestations,	 the	 diagnosis	 of	 IE	 can	 usually	 be
established	 with	 high	 sensitivity	 and	 specificity	 using	 the	 Duke	 criteria	 or
modifications	 of	 the	 Duke	 criteria.	 Computed	 tomography	 (CT)-positron
emission	 tomography	 may	 be	 considered	 as	 an	 adjunctive	 option	 for	 the



diagnosis	 of	 prosthetic	 valve	 endocarditis	 if	 other	 diagnostic	 tests	 are
inconclusive.33	Among	PWID,	empiric	therapy	for	IE	should	be	directed	against
staphylococci,	 streptococci,	 and	 aerobic	Gram-negative	 bacilli.	Given	 the	 high
prevalence	 of	 MRSA	 among	 PWID,	 empiric	 use	 of	 vancomycin	 should	 be
considered.

The	 prognosis	 for	 tricuspid	 valve	 staphylococcal	 IE	 among	 PWID	 is	 good.
For	uncomplicated	 IE	of	 the	native	 tricuspid	valve	due	 to	S.	aureus,	 a	 2-week
course	 of	 a	 beta-lactam	 antibiotic	 may	 suffice,	 and	 guidelines	 recommend
against	 use	 of	 adjunctive	 aminoglycoside	 therapy	 in	 these	 cases34	 (see	Table
76.1).

TABLE	76.1

Summary	of	Recommendations	Based	on	Randomized
Controlled	Trials	of	Interventions	to	Control	Infectious
Diseases	in	People	Who	Use	Drugs

Intervention Year Study No.	of
Patients Findings Reference

Patients	with
endocarditis
were	assigned
to	oral	or
intravenous
antibiotics
after	a	10-d
treatment	of
intravenous
antibiotics.

2019 RCT 400 Mortality,
unplanned
cardiac
surgery,
embolic
events,	or
relapsed
bacteremia
occurred	in
24/199
(12.1%)	of	the
intravenous
therapy	group
and	18/201
(9.0%)	of	the
oral	therapy
group	(OR

35



0.72,	95%	CI
0.37-1.36).

Daily	oral
antiretroviral
pre-exposure
prophylaxis
(PrEP)	for
preventing
HIV
infection.

2013 RCT 2413 49%	decrease
in	HIV
infection	(note
that	CDC
recommends
FTC/TDF	for
this	of	PrEP).

36

Accelerated
HBV	vaccine
schedule:	(0,
1,	6	mo)	or
accelerated
(0,	1,	2	mo)
vaccination
schedule.

2015 RCT 707 Accelerated
vaccine
schedule
improves
hepatitis	B
vaccination
adherence
among	PWID.

37

Following
debridement
of
osteomyelitis
caused	by
Gram-
positive
bacteria,
patients	were
assigned	to
dalbavancin
1500	mg	IV
on	days	1	and
8,	or	standard
of	care.

2019 RCT 80 Clinical	cure
at	day	42	was
achieved	in
7/8	(88%)	of
the	standard
of	care	group
and	65/67
(97%)	of	the
dalbavancin
group.

38

Patients	with
osteomyelitis
were	assigned

2019 RCT 1015 At	1	year,
treatment
failure	was

39



to	oral	or
intravenous
antibiotic
therapy	after
7	days	of
intravenous
treatment	as
well	as
debridement,
if	indicated.

noted	in
74/506
(14.6%)	of	the
intravenous
therapy	group
and	67/509
(13.2%)	of	the
oral	therapy
group.

INH
treatment	of
latent	TB	in
PWID.

2003 Observational 2212 Treatment
with	isoniazid
was	beneficial
in	HIV-
infected,
tuberculin-
positive
PWID.

40

Patients
received
either	two
doses	of	a
novel	HBV
vaccine	at	0
and	4	wk,	or
the	licensed
HBV	vaccine
at	0,	4,	and
24	wk.

2013 RCT 2452 Seroprotection
rates	were
significantly
higher	among
patients
receiving	the
novel	vaccine
at	each	study
visit	over	the
1-ymonitoring
period.

41

Abbreviations:	CDC,	Centers	for	Disease	Control	and	Prevention;	CI,	confidence	interval;
FTC/TDF,	emtricitabine/tenofovir	disoproxil	fumarate	HBV,	hepatitis	B	virus;	HIV,	human
immunodeficiency	virus;	INH,	isoniazid;	OR,	odds	ratio;	PWID,	persons	who	inject	drugs;	RCT,
randomized	controlled	trial;	TB,	tuberculosis.

Nonstaphylococcal	 IE,	 particularly	 that	 involving	 the	 aortic	 and	 mitral
valves,	 has	 a	 significantly	 worse	 prognosis.	 Left-sided	 IE	 secondary	 to	 P.
aeruginosa	has	a	particularly	poor	outcome.	To	achieve	cure,	a	6-week	course	of



intravenous	 therapy	 with	 an	 anti–pseudomonal	 β-lactam	 antibiotic	 plus	 an
aminoglycoside	 or	 fluoroquinolone	 is	 recommended;	 surgical	 removal	 of	 the
involved	valve	is	often	required.34	A	randomized	controlled	trial	evaluating	oral
step-down	therapy	for	treatment	of	IE	suggested	that	a	full	course	of	intravenous
therapy	may	 be	 unnecessary	 in	many	 cases,35	 but	 did	 not	 specifically	 evaluate
PWID	 and	 had	 a	 lower	 proportion	 of	 staphylococcal	 IE	 than	 is	 typically
observed	among	PWID42	(see	Table	76.1);	a	subsequent	retrospective	study	has
suggested	that	these	findings	may	apply	to	PWID	as	well.43	Candida	IE	also	has
an	 extremely	 high	 mortality	 rate	 even	 with	 prompt	 valve	 replacement	 and
systemic	antifungal	therapy.44

The	 role	 of	 surgery	 for	 IE	 among	PWID	 is	 no	 different	 from	 its	 role	 in	 IE
among	 the	 general	 population.	 Hemodynamic	 decompensation,	 persistently
positive	blood	cultures	in	the	face	of	appropriate	antimicrobial	therapy,	multiple
embolic	 episodes	 after	 therapy	 is	 initiated,	 fungal	 IE,	 and	 evidence	 of
extravalvular	 extension	 of	 infection	 constitute	 major	 criteria	 for	 valve
replacement.34	Tricuspid	 valvulotomy	 is	 successful	 for	 the	majority	 of	 patients
with	 isolated	 tricuspid	valve	 involvement	and	 intractable	 infection.	Only	about
10%	of	patients	require	a	subsequent	prosthetic	valve	to	control	congestive	right-
sided	heart	failure.45

The	advent	of	public	outcomes	reporting	may	be	among	the	reasons	that	rates
of	 valve	 replacement	 are	 decreasing	 nationwide,46	 thereby	 potentially	 limiting
access	to	appropriate	therapy	for	PWID	with	IE.	A	multidisciplinary	approach	to
care	for	PWID	with	IE	may	help	optimize	outcomes.47,48

SKELETAL	INFECTIONS
Infections	of	 the	bones	and	joints	represent	a	distinct	clinical	syndrome	among
PWID.	Cases	may	 occur	 in	 association	with	 IE.	Bacterial	 osteomyelitis	 of	 the
vertebral	 column	 is	 the	most	 frequent	 skeletal	 infection	 reported.	 The	 lumbar,
cervical,	and	thoracic	spine	are	involved,	in	that	order.	Patients	generally	present
with	weeks	to	months	of	pain	in	the	involved	area.	High	fevers	are	unusual,	and
many	 patients	 are	 afebrile.	 While	 about	 86%	 of	 patients	 with	 vertebral
osteomyelitis	complain	of	back	pain,49	tenderness	to	palpation	is	present	in	only
about	20%.50	Radiographic	evidence	of	osteomyelitis	may	be	present.	Laboratory
values	are	generally	normal,	although	the	peripheral	white	blood	cell	count	may
be	modestly	elevated.	The	erythrocyte	sedimentation	rate	and	C-reactive	protein
are	 almost	 always	 elevated	 and	 may	 serve	 as	 useful	 markers	 of	 response	 to
therapy.51	Because	of	the	chronicity	of	symptoms	and	the	general	lack	of	toxicity



of	 these	patients,	 it	 is	not	unusual	 for	 the	diagnosis	 to	be	missed	 for	weeks	or
even	 months.	 The	 complaint	 of	 low	 back	 or	 neck	 pain	 among	 PWID	 should
always	suggest	the	diagnosis	of	vertebral	osteomyelitis,	although	back	pain	can
also	 be	 the	 presenting	 symptom	 for	 IE.52	 Osteoarticular	 infection	 of	 the
sternoclavicular	joint	is	disproportionately	more	common	among	PWID.53	Septic
arthritis	often	involves	the	sacroiliac	and	sternoarticular	joints	and	the	symphysis
pubis.	 There	 have	 usually	 been	 weeks	 to	 months	 of	 pain	 at	 the	 site	 and
tenderness	to	palpation	at	 the	site	of	 involvement	may	be	present.	Radiographs
are	 usually	 normal	 at	 presentation.	 Magnetic	 resonance	 imaging	 (MRI)	 with
contrast	is	preferable	to	contrast-enhanced	CT	of	the	spine	to	make	the	diagnosis
of	vertebral	osteomyelitis.54

The	bacteriology	of	skeletal	infections	among	PWID	mirrors	the	broad	range
of	 pathogens	 observed	 among	 PWID	 with	 IE.	 Thus,	 it	 is	 imperative	 that	 a
bacteriologic	diagnosis	be	established	for	these	patients.	In	most	cases,	this	can
be	achieved	by	needle	aspirate	of	the	involved	bone	or	joint.	For	sternoarticular
infections,	 open	 surgical	 exploration	 is	 often	 required.	 Therapy	 involves	 long-
term	antibiotic	therapy	and,	in	some	cases,	surgical	debridement.	Dalbavancin,	a
long-acting	 glycopeptide	 approved	 for	 the	 treatment	 of	 skin	 and	 soft-tissue
infections	caused	by	Gram-positive	bacteria,	has	been	shown	to	be	noninferior	to
more	 traditional	courses	of	 treatment,	but	PWID	were	not	 included	 in	 the	 trial
that	demonstrated	its	efficacy	for	osteomyelitis.38	A	randomized	controlled	trial
evaluating	 oral	 step-down	 therapy	 for	 treatment	 of	 bone	 and	 joint	 infections
suggested	that	a	full	course	of	intravenous	therapy	may	be	unnecessary	for	many
cases,	 but	 also	 did	 not	 specifically	 evaluate	 PWID39	 (see	 Table	 76.1);	 a
subsequent	 retrospective	 study	 has	 suggested	 that	 these	 findings	may	 apply	 to
PWID	as	well.43

SYSTEMIC	SYNDROMES	WITH	SPORE-
FORMING	BACTERIA
Anaerobic	spore-forming	bacilli	of	 the	genus	Clostridium	are	ubiquitous	 in	 the
environment	and	exospores	can	remain	viable	indefinitely.	If	substances	become
contaminated	 with	 these	 spores,	 subsequent	 injection	 of	 the	 substances	 may
result	 in	 severe	 illness	or	death.	 IDU-associated	 tetanus	has	been	a	 recognized
entity	 since	 the	 19th	 century,	 while	 outbreaks	 of	 wound	 botulism	 are	 a
contemporary	 problem	 particularly	 associated	 with	 black	 tar	 heroin.55	 Wound
botulism	 patients	 presented	 with	 abscesses	 associated	 with	 symmetrical



descending	paralysis,	some	requiring	mechanical	ventilation.	Treatment	includes
antitoxin,	 antimicrobials,	 and	 surgical	 drainage	 of	 abscesses.35	 Outbreaks	 of
serious	 illness	 and	 death	 among	 PWID	 in	 the	 United	 Kingdom	 due	 to
Clostridium	 novyi	 and	 Clostridium	 histolyticum	 have	 also	 occurred;
subcutaneous	and	 intramuscular	 injection	appears	 to	convey	an	especially	high
risk.56,57

Similar	to	infections	with	Clostridium	spp.,	since	2009,	there	have	been	cases
of	 anthrax	 confirmed	 in	 people	 with	 heroin	 use	 disorder	 in	 Scotland.58	 All
injection	routes	have	been	implicated,	but	smoking	or	snorting	may	also	pose	a
significant	risk.	Most	had	severe	soft-tissue	infections	with	significant	soft-tissue
edema	but	differed	from	classic	necrotizing	fasciitis	or	classic	cutaneous	anthrax.
Patients	 had	 vague	 prodromal	 symptoms	 and	 appeared	 very	 ill,	 but	 their
symptoms	 had	 nonspecific	 systemic	 features.	 Some	 developed	 septic	 shock
leading	to	multiorgan	failure.

HUMAN	IMMUNODEFICIENCY	VIRUS	INFECTION
4 	 IDU	 represents	 a	 common	 risk	 behavior	 for	 infection	 with	 human
immunodeficiency	virus	(HIV)	in	the	United	States,	accounting	for	about	1	in	15
diagnoses	 of	 HIV59.	 Black	 and	 Hispanic	 ethnic	 groups	 are	 disproportionately
overrepresented	 among	PWID	with	HIV	 infection.60	HIV	diagnoses	 have	 risen
across	 the	 United	 States,	 and	 the	 IDU-HIV	 syndemic	 has	 moved	 beyond	 its
historic	areas	of	concentration,	the	northeastern	United	States,	and	Puerto	Rico,
to	include	the	southern	United	States.	It	has	also	shifted	from	being	concentrated
in	urban	areas	to	now	include	rural	areas	that	were	previously	less	impacted	by
these	interlinked	challenges.60

Certain	practices	increase	the	risk	for	PWID	to	acquire	HIV	infection.	These
include	frequent	injections,	injection	with	used	needles,	or	sharing	of	needles	or
other	 injection	 equipment.	Additional	 factors	 associated	with	 an	 increased	 risk
include	use	of	cocaine,	methamphetamines,	or	other	drugs	that	prompt	HIV	risk
behaviors	 and	 having	 sexual	 contacts	who	 engage	 in	 IDU.59,60	 In	 vitro	 studies
show	 that	 opioids,	 methamphetamine,	 and	 cocaine	 can	 potentiate	 HIV
replication	and	can	enhance	neurotoxicity.61

HIV-positive	PWID	are	more	likely	to	develop	infections	that	are	not	AIDS-
defining	illnesses.	Disease	patterns	in	this	group	may	differ	from	the	other	HIV-
infected	 groups.62	 In	 particular,	 they	 have	 a	 high	 risk	 of	 developing	 bacterial
pneumonia	 and	 bacterial	 sepsis,	 especially	 because	 of	 encapsulated	 organisms
such	as	Streptococcus	pneumoniae	or	Haemophilus	influenzae.	This	observation



highlights	the	importance	of	pneumococcal	and	H.	influenzae	type	B	vaccines	in
this	group.	Administration	of	the	meningococcal	vaccine	is	also	recommended.
Progressive	 decline	 of	 CD4	 lymphocyte	 counts	 to	 less	 than	 200	 cells/µL	 and
smoking	 drugs	 significantly	 increase	 the	 risk	 of	 bacterial	 pneumonia.63	 In	 one
study,	Pneumocystis	pneumonia,	community-acquired	bacterial	pneumonia,	and
TB	were	 the	 three	 most	 frequent	 pulmonary	 diseases	 seen	 among	 a	 group	 of
PWID	in	Washington,	DC.64

PWID	should	be	considered	at	risk	of	HIV	infection,	and	such	patients	should
be	 offered	 HIV	 testing	 for	 infection	 and	 pre-exposure	 prophylaxis	 for	 HIV
prevention;	see	Table	76.1.60,65	In	areas	of	high	prevalence,	the	clinician	should
be	aware	that	HIV-related	immunodeficiency	might	be	complicating	the	clinical
course	 in	 individual	 patients.	 In	 the	 United	 States,	 PWID	 are	 also	 at	 risk	 for
human	T-cell	lymphotropic	virus	type	I	or	II	(HTLV-I	or	HTLV-II)	infection.	The
impact	 of	 this	 virus	 on	 HIV-related	 mortality	 is	 unclear,	 but	 coinfection	 with
HIV	and	HTLV-I	has	been	associated	with	myelopathy,36	and	the	individual	viral
strain	may	be	relevant	to	long-term	HIV	outcomes.66

VIRAL	HEPATITIS
Acute	and	chronic	hepatitis	have	long	been	recognized	as	common	comorbidities
among	 PWID.	 Hepatitis	 B	 virus	 (HBV)	 remains	 a	 principal	 pathogen.	 It	 is
estimated	 that	 from	 60%	 to	 80%	 of	 PWID	 in	 the	 United	 States	 have	 been
exposed	 to	 HBV,	 and	 that	 nearly	 10%	 are	 chronic	 carriers.67	 Moreover,
coinfection	with	the	hepatitis	delta	virus,	a	hepatotropic	agent	that	requires	HBV
for	replication,	has	been	reported	in	8%	to	40%	of	PWID	infected	with	HBV	and
is	 associated	with	 a	more	 fulminant	 course.68	 Hepatitis	A	 outbreaks	 have	 also
been	documented	among	PWID.69

After	 HIV	 infection,	 infection	 with	 hepatitis	 C	 virus	 (HCV)	 is	 the	 next
emerging	infectious	disease	epidemic	in	the	United	States.	The	vast	majority	of
cases	of	HCV	 infection	are	 associated	with	 IDU.	Acute	 infection,	which	often
occurs	relatively	soon	after	injection	drug	practices	begin,	is	rarely	symptomatic,
but	 chronic	 infection	 occurs	 among	 about	 85%	 of	 all	 infections.	 A	 subset	 of
patients	 may	 develop	 chronic	 liver	 disease,	 cirrhosis,	 and	 hepatocellular
carcinoma.	Noninfectious	factors,	particularly	the	use	of	alcohol	and	other	drugs,
may	act	synergistically	with	the	hepatitis	viruses	to	lead	to	a	poorer	outcome.67

Concomitant	HCV	and	either	HBV	or	hepatitis	A	virus	(HAV)	infection	can
lead	 to	 severe	 hepatitis	 or	 death,	 underlining	 the	 importance	 of	 vaccinating
PWID	 for	 HAV	 and	 HBV.	 In	 2017,	 a	 new,	 highly	 immunogenic	 hepatitis	 B



vaccine	 was	 approved41	 (see	 Table	 76.1).	 Compared	 to	 the	 traditional	 HBV
vaccine	series,	it	is	possible	that	the	newer	vaccine	could	improve	rates	of	HBV
immunity	among	PWID,	although	more	research	is	needed.70	Special	attention	is
required	 to	 choose	 therapies	 in	 patients	 with	 HIV	 and	 HBV	 coinfection.
Antiretroviral	medications	like	lamivudine	or	tenofovir	are	only	partially	active
as	monotherapy	against	both	viruses,	 requiring	 thoughtful	combination	 therapy
to	 be	 effective	 against	 both	 viruses.71	 Newer,	 pangenotypic	 direct-acting
antivirals	have	revolutionized	HCV	care	and	are	highly	effective.72

Preventive	 medicine	 services	 recommended	 for	 PWID	 transitioning	 to	 the
outpatient	setting	include	a	broad	range	of	surveillance	for	sexually	transmitted
illnesses	 and	 other	 communicable	 diseases,	 vaccinations,	 and	 medications	 for
treatment	of	opioid	use	disorder	as	well	as	prevention	of	HIV.73

Sexually	Transmitted	Diseases
Sexually	 transmitted	 infections	 such	 as	 chlamydia	 and	 gonorrhea	 are	 strongly
associated	with	SUD,	 both	 because	 of	 frequent	 exchange	 of	 sex	 for	money	 or
drugs	 and	 because	 of	 the	 sexual	 disinhibition	 that	 result	 from	 the	 use	 of
psychoactive	 substances,	 especially	 alcohol	 and	 cocaine.	 Freebase	 (“crack”)
cocaine	 use	 has	 also	 been	 linked	 to	 an	 increased	 risk	 of	 syphilis	 and	 other
ulcerative	genital	infections.74	HIV-positive	women	have	higher	risk	of	cervical
dysplasia	 and	 cancer	 associated	with	 concurrent	 human	 papillomavirus	 (HPV)
infection;	 consistent,	 annual	 cervical	 cancer	 screening	 is	 warranted,	 as	 is
vaccination	against	HPV.75

PULMONARY	DISEASE	AND	TUBERCULOSIS
As	 noted	 earlier,	 community-acquired	 pneumonia,	 TB,	 HIV-associated
Pneumocystis	pneumonia,	and	septic	pulmonary	emboli	caused	by	right-sided	IE
are	 the	 major	 pulmonary	 complications	 of	 IDU.64	 A	 variety	 of	 noninfectious,
agent-specific	 pulmonary	 complications	 of	 IDU	 have	 also	 been	 described.73
Finally,	as	with	HIV,	pandemics	of	global	impact	can	have	a	disproportionately
greater	impact	on	PWID,	as	was	seen	with	COVID-19.76

5 	 Among	 symptomatic	 PWID,	 a	 unilateral	 infiltrate	 on	 a	 chest	 radiograph
suggests	 bacterial	 pneumonia.	 Antibiotic	 therapy	 should	 be	 directed	 against
community-acquired	 pathogens,	 such	 as	 S.	 pneumoniae,	 S.	 aureus,	 and	 non–
pseudomonal	 Gram-negative	 bacilli,	 such	 as	 H.	 influenzae	 and	 Klebsiella
pneumoniae.	If	there	is	a	recent	history	of	unconsciousness	suggesting	aspiration



of	 oropharyngeal	 contents,	 antimicrobial	 therapy	 directed	 against	 anaerobes
should	be	considered.

Nearly	one	out	of	three	US-born	persons	older	than	15	years	of	age	who	has
TB	has	a	SUD.	IDU	may	take	place	in	enclosed	spaces	with	poor	ventilation	and
high	 volumes	 of	 human	 traffic,	 where	 the	 likelihood	 of	 TB	 transmission	 is
relatively	higher.77	The	risk	of	developing	active	TB	among	PWID	is	significant,
particularly	if	they	are	coinfected	with	HIV.	Many	PWID	with	HIV	infection	and
TB	may	not	demonstrate	cutaneous	 tuberculin	 reactivity.	These	patients	have	a
high	risk	of	developing	active	TB	that	is	more	likely	to	be	extrapulmonary.78

A	 high	 index	 of	 suspicion	 of	 TB	 should	 be	maintained	 among	 PWID	with
pulmonary	 disease,	 particularly	 if	 they	 are	 HIV-positive.	 If	 there	 is	 any
possibility	of	pulmonary	TB,	patients	should	be	placed	 in	 respiratory	 isolation.
Acid-fast	 smears	 should	 be	 performed	 on	 at	 least	 three	 respiratory	 specimens
before	active	pulmonary	TB	is	ruled	out.	If	smears	are	positive,	antituberculous
therapy	is	warranted.	Coadministration	of	medication	for	opioid	use	disorder	and
antimycobacterials	 has	 been	 shown	 to	 improve	 completion	 rates	 of
antituberculous	 therapy,79	 but	 drug	 interactions	 including	 those	 associated	with
methadone	 should	 be	 evaluated	prior	 to	 initiation	of	 therapy	 (see	Chapter	 81).
Mitigating	 barriers	 to	 treatment	 adherence	 can	 reduce	 the	 risk	 of	 treatment
failure	and	downstream	drug-resistant	TB.62

DISSEMINATED	CANDIDIASIS
A	distinctive	form	of	disseminated	candidiasis	has	been	described	among	PWID
who	 use	 brown	 heroin.	Candida	 albicans	 has	 been	 specifically	 implicated	 in
these	cases.	The	source	of	infection	is	unclear	but	appears	to	be	derived	from	the
patient’s	 own	 flora.	The	 syndrome	 is	 characterized	by	 fever	within	hours	 after
injection,	 followed	days	 to	weeks	 later	by	skin,	eye,	and	osteoarticular	 lesions.
The	skin	lesions	consist	of	deep	subcutaneous	nodules	confined	to	 the	scalp	or
other	hairy	areas,	and	painful	pustules	on	an	erythematous	base	found	in	all	areas
of	 the	body.	Direct	examination	of	expressed	material	 from	these	pustules	will
demonstrate	 budding	 yeast.	 Costochondral	 tumors	 are	 a	 unique	 part	 of	 the
syndrome,	presenting	as	pain	and	swelling	over	the	involved	ribs.	Biopsy	of	the
lesions	is	often	diagnostic,	demonstrating	both	pseudohyphae	and	yeast.	Optimal
therapy	 is	 not	 established.	 Azole	 antifungals	 have	 been	 used	 successfully	 in
many	cases	of	skin	involvement	alone,	but	amphotericin	B	or	surgery	has	been
required	with	ocular	or	osteoarticular	involvement.80



OCULAR	INFECTIONS
PWID	 have	 an	 increased	 risk	 of	 eye	 infections,	 usually	 secondary	 to
hematogenous	 spread	 from	 another	 site.	Most	 cases	 are	 secondary	 to	Candida
spp.,	either	as	part	of	the	disseminated	candidiasis	syndrome	described	earlier	or
with	 eye	 involvement	 alone.	 Aspergillus	 and	 Fusarium	 spp.	 have	 also	 been
associated	with	endophthalmitis	 in	IDU.	Usually	only	one	eye	is	 involved,	and
there	 are	 no	 other	 sites	 of	 infection.	 Treatment	 generally	 requires	 vitrectomy
combined	with	systemic	antifungal	therapy	such	as	voriconazole	or	amphotericin
B.

Endophthalmitis	 due	 to	 bacteria	 is	 far	 less	 common	 than	 that	 due	 to	 fungi.
Unlike	 fungal	 endophthalmitis,	 which	 often	 presents	 indolently,	 the	 onset	 of
bacterial	 endophthalmitis	 is	 usually	 explosive	 with	 acute	 pain,	 redness,	 and
decreased	 visual	 acuity.	 It	 may	 be	 mistaken	 initially	 for	 conjunctivitis.
Progressive	 destruction	 of	 the	 eye	 may	 occur	 rapidly	 and	 immediate
ophthalmologic	 consultation	 is	 requisite.	 Unusual	 organisms	 have	 been
frequently	 isolated	 in	 this	 disease,	 such	 as	 Bacillus	 spp.	 and	 Staphylococcus
epidermidis.81

CENTRAL	NERVOUS	SYSTEM	INFECTIONS
6 	Epidural	abscess	is	the	most	frequent	central	nervous	system	infection	among
PWID.	 A	 common	 presentation	 is	 indolent	 radicular	 pain	 associated	 with	 an
underlying	vertebral	osteomyelitis.	Imaging	studies,	such	as	CT	scan	or	MRI,	are
useful	 in	defining	 the	extent	of	 the	 infectious	process.	Needle	aspiration	under
radiographic	 visualization	 can	 establish	 the	 microbiologic	 etiology.
Staphylococci	are	the	most	frequent	cause,	although	other	pathogens,	including
P.	 aeruginosa	 and	 Mycobacterium	 tuberculosis,	 have	 also	 been	 recognized.
Neurosurgical	consultation	should	be	obtained	at	 the	 time	 the	diagnosis	 is	 first
suspected.82

Brain	abscesses	may	occur,	usually	as	a	result	of	embolization	from	either	IE
or	 a	mycotic	 aneurysm.	They	 are	 usually	multiple	 and	 generally	 caused	 by	S.
aureus.	 Antibiotic	 therapy	 alone	 has	 led	 to	 cure	 for	 some	 cases.83	 Cerebral
mucormycosis	is	another	complication	of	IDU	and	is	suggested	by	the	finding	of
lesions	in	the	basal	ganglia.84
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	32-year-old	woman	with	a	known	history	of	injection	drug	use	is
transferred	to	your	intensive	care	unit	after	undergoing	emergent	fasciotomy,
irrigation,	and	debridement	for	necrotizing	fasciitis	of	the	left	upper	extremity.
She	had	presented	to	the	emergency	department	some	hours	earlier,	where	a	CT
of	that	arm	demonstrated	gas	within	the	soft	tissues.	Operative	findings	included
thin,	gray	fluid	and	dusky	appearance	of	the	musculature.	Gram	stain	of	the	fluid
demonstrated	Gram-positive	bacilli.	Her	surgical	incision	is	left	open	with	a	plan
to	return	to	the	operating	room	in	24	hours.	She	was	intubated	for	the	operation
and	remains	so.	In	addition	to	starting	piperacillin/tazobactam	and	vancomycin,
which	of	the	following	is	the	most	appropriate	antimicrobial	management?

A. 	Add	clindamycin
B. 	Add	fluconazole
C. 	Add	meropenem
D. 	No	further	antibiotics	unless	indicated	by	culture	results

2. 	A	48-year-old	woman	is	found	unresponsive	in	a	park	by	a	jogger	with
syringes	and	a	tourniquet	at	her	side.	Intranasal	naloxone	is	administered	and	she
becomes	arousable	and	thrashes	violently,	but	then	quickly	becomes	somnolent
again	and	so	is	intubated.	She	is	transported	to	the	emergency	department	where
she	is	afebrile	but	hypotensive.	A	complete	blood	count	and	comprehensive
metabolic	panel	are	notable	for	leukocytosis	with	neutrophilic	predominance	and
acute	kidney	injury.	An	unenhanced	CT	scan	of	the	head	is	unremarkable.	A	CT
scan	of	the	thorax,	abdomen,	and	pelvis	demonstrates	bilateral	peripheral
pulmonary	nodules,	renal	infarcts,	and	splenic	infarcts.	Lumbar	puncture	is
performed,	and	cerebrospinal	fluid	studies	are	unremarkable.	She	receives
intravenous	fluid	resuscitation.	Shortly	after	arrival	to	the	intensive	care	unit,
blood	cultures	are	reported	as	positive	for	Gram-positive	cocci	in	clusters.	What
is	the	most	likely	pathogen	causing	this	clinical	presentation?

A. Clostridium	botulinum



B. Enterococcus	faecalis
C. Listeria	monocytogenes
D. Staphylococcus	aureus

3. 	A	33-year-old	man	presents	to	your	emergency	department	for	evaluation
of	1	week	of	dyspnea.	This	was	initially	only	present	with	exertion,	but	suddenly
worsened	earlier	today.	He	has	no	other	medical	problems.	He	denies	chest	pain.
He	smokes	10	cigarettes	per	day	and	injects	heroin.	He	denies	use	of	alcohol	or
other	drugs.	Vital	signs	are	as	follows:	temp	100.4	F,	HR	96,	BP	118/65,	oxygen
saturation	94%	on	ambient	air	with	RR	24	at	rest.	He	appears	acutely	ill.
Pulmonary	examination	is	notable	for	decreased	breath	sounds	over	the	superior
left	back.	Cardiac	and	abdominal	examinations	are	unremarkable.	There	are	no
skin	lesions	over	the	soles	of	the	hands	or	feet.	A	complete	blood	count
demonstrates	leukocytosis	with	neutrophilic	predominance	but	is	otherwise
unremarkable.	A	basic	metabolic	panel	is	unremarkable.	PCR	assays	for	human
immunodeficiency	virus	and	COVID-19	are	negative.	A	chest	X-ray	shows
peripheral	nodules,	some	cavitary,	and	multifocal	infiltrates.	He	has	no	known
drug	allergies.	Which	of	the	following	is	the	most	appropriate	empiric
antimicrobial	regimen?

A. 	Cefepime	and	daptomycin
B. 	Ethambutol,	isoniazid,	pyrazinamide,	and	rifampin
C. 	Piperacillin/tazobactam	and	vancomycin
D. 	Trimethoprim/sulfamethoxazole

Answers

1.	The	correct	answer	is	A.
Rationale:	Due	to	its	antitoxin	effect,	clindamycin	is	indicated	in	treatment	of

necrotizing	 soft-tissue	 infections,	 including	 necrotizing	 fasciitis	 (choice	 A	 is
correct).	 Antifungal	 therapy	 with	 fluconazole	 is	 not	 warranted	 in	 this	 case	 of
necrotizing	fasciitis	that	is	most	likely	due	to	a	species	of	Clostridium	(choice	B
is	 incorrect).	 Meropenem	 is	 not	 indicated	 unless	 there	 is	 high	 suspicion	 for
infection	caused	by	nosocomial	or	drug-resistant	Gram-negative	bacilli	 (choice
C	is	 incorrect).	Failure	 to	add	the	clindamycin	would	be	incorrect	(choice	D	is
incorrect).

2.	The	correct	answer	is	D.
Rationale:	Staphylococcus	aureus	 is	 the	only	organism	listed	 that	appears	as



Gram-positive	 cocci	 in	 clusters	 (choice	 D	 is	 correct).	 Clostridium	 botulinum
causes	 botulism	 and	 is	 a	 Gram-positive	 bacillus.	 Enterococcus	 faecalis	 is	 a
Gram-positive	coccus	that	is	typically	visualized	in	diplococci	and	chains.	While
Listeria	monocytogenes	 is	 a	 cause	of	meningitis,	 and	 the	patient	 is	 somnolent,
that	would	be	a	Gram-positive	coccobacillus.

3.	The	correct	answer	is	C.
Rationale:	 Piperacillin/tazobactam	 and	 vancomycin	 (choice	 C)	 is	 the	 most

appropriate	 empiric	 regimen	 as	 septic	 pulmonary	 emboli	 can	 cause	 cavitary
lesions.	Cefepime	and	daptomycin	(choice	A	is	incorrect)	would	provide	broad-
spectrum	 antibiotic	 coverage,	 but	 daptomycin	 is	 ineffective	 for	 pneumonia,
which	 this	patient	has.	While	 injection	drug	use	 is	associated	with	 tuberculosis
testing	 for	 tuberculosis	 is	 generally	 recommended	 before	 initiation	 of
antimycobacterials,	 and	 the	 acute	 onset	 and	 radiologic	 pattern	 of	 multifocal
pneumonia	 is	 less	 likely	 to	 be	 tuberculosis	 (choice	B	 is	 incorrect).	 Pneumonia
due	to	Pneumocystis	jiroveci,	while	likely	among	patients	with	injection	drug	use
and	 human	 immunodeficiency	 virus	 disease	 (HIV),	 Pneumonia	 due	 to
Pneumocystis	jiroveci	(PJP),	while	likely	among	patients	with	injection	drug	use
and	 human	 immunodeficiency	 virus	 disease	 (HIV),	 the	 chest	 x-ray	 does	 not
suggest	 PJP	 and	 this	 patient	 does	 not	 have	 HIV,	 making	 empiric
trimethoprim/sulfamethoxaz	(choice	D)	incorrect.

References

Key	references	are	highlighted	in	gray.

1.	Substance	Abuse	and	Mental	Health	Services	Administration.	Key	Substance
Use	and	Mental	Health	Indicators	in	the	United	States:	Results	from	the
2019	National	Survey	on	Drug	Use	and	Health	(HHS	Publication	No.
PEP20-07-01-001,	NSDUH	Series	H-55).	Center	for	Behavioral	Health
Statistics	and	Quality,	Substance	Abuse	and	Mental	Health	Services
Administration;	2020.	https://www.samhsa.gov/data

2.	Knowles	L,	Buxton	JA,	Skuridina	N,	et	al.	Levamisole	tainted	cocaine
causing	severe	neutropenia	in	Alberta	and	British	Columbia.	Harm	Reduct	J.
2009;6:30.

3.	Des	Jarlais	DC,	Perlis	T,	Arasteh	K,	et	al.	Reductions	in	hepatitis	C	virus	and
HIV	infections	among	injecting	drug	users	in	New	York	City,	1990-2001.
AIDS.	2005;19(suppl	3):S20-S25.

https://www.samhsa.gov/data


4.	Weisse	AB,	Heller	DR,	Schimenti	RJ,	et	al.	The	febrile	parenteral	drug	user:
a	prospective	study	in	121	patients.	Am	J	Med.	1993;94(3):274-280.

5.	Kievlan	DR,	Gukasyan	M,	Gesch	J,	et	al.	Clinical	profile	of	injection	drug
users	presenting	to	the	ED.	Am	J	Emerg	Med.	2015;33(5):674-676.

6.	Chung-Esaki	H,	Rodriguez	RM,	Alter	H,	et	al.	Validation	of	a	prediction	rule
for	endocarditis	in	febrile	injection	drug	users.	Am	J	Emerg	Med.
2014;32(5):412-416.

7.	Levine	DP,	Crane	LR,	Zervos	MJ.	Bacteremia	in	narcotic	addicts	at	the
Detroit	Medical	Center.	II.	Infectious	endocarditis:	a	prospective
comparative	study.	Rev	Infect	Dis.	1986;8(3):374-396.

8.	Fleisch	F,	Zbinden	R,	Vanoli	C,	et	al.	Epidemic	spread	of	a	single	clone	of
methicillin-resistant	Staphylococcus	aureus	among	injection	drug	users	in
Zurich,	Switzerland.	Clin	Infect	Dis.	2001;32(4):581-586.

9.	Lloyd-Smith	E,	Hull	MW,	Tyndall	MW,	et	al.	Community-associated
methicillin-resistant	Staphylococcus	aureus	is	prevalent	in	wounds	of
community-based	injection	drug	users.	Epidemiol	Infect.	2010;138(5):713-
720.

10.	Sierra	JM,	Sánchez	F,	Castro	P,	et	al.	Group	A	streptococcal	infections	in
injection	drug	Users	in	Barcelona,	Spain:	epidemiologic,	clinical,	and
microbiologic	analysis	of	3	clusters	of	cases	from	2000	to	2003.	Medicine
(Baltimore).	2006;85(3):139-146.

11.	Armstrong	O,	Fisher	M.	The	treatment	of	Eikenella	corrodens	soft	tissue
infection	in	an	injection	drug	user.	W	V	Med	J.	1996;92(3):138-139.

12.	Frazee	BW,	Lynn	J,	Charlebois	ED,	et	al.	High	prevalence	of	methicillin-
resistant	Staphylococcus	aureus	in	emergency	department	skin	and	soft
tissue	infections.	Ann	Emerg	Med.	2005;45(3):311-320.

13.	Irish	C,	Maxwell	R,	Dancox	M,	et	al.	Skin	and	soft	tissue	infections	and
vascular	disease	among	drug	users,	England.	Emerg	Infect	Dis.
2007;13(10):1510-1511.

14.	Capizzi	J,	Leahy	J,	Wheelock	H,	et	al.	Population-based	trends	in
hospitalizations	due	to	injection	drug	use-related	serious	bacterial	infections,
Oregon,	2008	to	2018.	PLoS	One.	2020;15(11):e0242165.

15.	Mccarthy	NL,	Baggs	J,	See	I,	et	al.	Bacterial	infections	associated	with
substance	use	disorders,	large	cohort	of	United	States	hospitals,	2012-2017.
Clin	Infect	Dis.	2020;71(7):e37-e44.

16.	Espiritu	MB,	Medina	JE.	Complications	of	heroin	injections	of	the	neck.



Laryngoscope.	1980;90(7,	pt	1):1111-1119.
17.	Somers	WJ,	Lowe	FC.	Localized	gangrene	of	the	scrotum	and	penis:	a
complication	of	heroin	injection	into	the	femoral	vessels.	J	Urol.
1986;136(1):111-113.

18.	Mireku-Boateng	AO,	Nwokeji	C.	Sequelae	of	parenteral	drug	abuse
involving	the	external	genitalia.	Urol	Int.	2004;73(4):302-304.

19.	Thomas	WO,	III,	Almand	JD,	Stark	GB,	et	al.	Hand	injuries	secondary	to
subcutaneous	illicit	drug	injections.	Ann	Plast	Surg.	1995;34(1):27-31.

20.	El-Sharif	A,	Ashour	HM.	Community-acquired	methicillin-resistant
Staphylococcus	aureus	(CA-MRSA)	colonization	and	infection	in
intravenous	and	inhalational	opiate	drug	abusers.	Exp	Biol	Med	(Maywood).
2008;233(7):874-880.

21.	Halavaara	M,	Jääskeläinen	IH,	Hagberg	L,	et	al.	Factors	associated	with
blood	culture	positivity	in	patients	with	complicated	skin	and	skin	structure
infection.	Eur	J	Clin	Microbiol	Infect	Dis.	2019;38(7):1351-1357.

22.	Torres	J,	Avalos	N,	Echols	L,	et	al.	Low	yield	of	blood	and	wound	cultures
in	patients	with	skin	and	soft-tissue	infections.	Am	J	Emerg	Med.
2017;35(8):1159-1161.

23.	Hodille	E,	Rose	W,	Diep	BA,	et	al.	The	role	of	antibiotics	in	modulating
virulence	in	Staphylococcus	aureus.	Clin	Microbiol	Rev.	2017;30(4):887-
917.

24.	Gatti	M,	Raschi	E,	De	Ponti	F.	Serotonin	syndrome	by	drug	interactions
with	linezolid:	clues	from	pharmacovigilance-
pharmacokinetic/pharmacodynamic	analysis.	Eur	J	Clin	Pharmacol.
2021;77(2):233-239.

25.	Grund	JP,	Latypov	A,	Harris	M.	Breaking	worse:	the	emergence	of	krokodil
and	excessive	injuries	among	people	who	inject	drugs	in	Eurasia.	Int	J	Drug
Policy.	2013;24(4):265-274.

26.	Lee	KC,	Ladizinski	B,	Federman	DG.	Complications	associated	with	use	of
levamisole-contaminated	cocaine:	an	emerging	public	health	challenge.
Mayo	Clin	Proc.	2012;87(6):581-586.

27.	Wilson	WR,	Bower	TC,	Creager	MA,	et	al.	Vascular	graft	infections,
mycotic	aneurysms,	and	endovascular	infections:	a	scientific	statement	from
the	American	Heart	Association.	Circulation.	2016;134(20):e412-e460.

28.	Leahey	PA,	LaSalvia	MT,	Rosenthal	ES,	et	al.	High	morbidity	and
mortality	among	patients	with	sentinel	admission	for	injection	drug	use-



related	infective	endocarditis.	Open	Forum	Infect	Dis.	2019;6(4):ofz089.
29.	Lambdina	BH,	Bluthenthal	RN,	Zibbell	JE,	et	al.	Associations	between
perceived	illicit	fentanyl	use	and	infectious	disease	risks	among	people	who
inject	drugs.	Int	J	Drug	Policy.	2019;74:299-304.

30.	Jain	V,	Yang	MH,	Kovacicova-Lezcano	G,	et	al.	Infective	endocarditis	in	an
urban	medical	center:	association	of	individual	drugs	with	valvular
involvement.	J	Infect.	2008;57(2):132-138.

31.	Baddour	LM,	Meyer	J,	Henry	B.	Polymicrobial	infective	endocarditis	in	the
1980s.	Rev	Infect	Dis.	1991;13(5):963-970.

32.	Habib	G,	Badano	L.	Recommendations	for	the	practice	of
echocardiography	in	infective	endocarditis.	Eur	J	Echocardiogr.
2010;11(2):202-219.

33.	Mahmood	M,	Kendi	AT,	Ajmal	S,	et	al.	Meta-analysis	of	18F	FDG	PET/CT
in	the	diagnosis	of	infective	endocarditis.	J	Nucl	Cardiol.	2019;26(3):922-
935.

34.	Baddour	LM,	Wilson	WR,	Bayer	AS,	et	al.	Infective	endocarditis	in	adults:
diagnosis,	antimicrobial	therapy,	and	management	of	complications—a
scientific	statement	for	healthcare	professionals	from	the	American	Heart
Association.	Circulation.	2015;132(15):1435-1486.

35.	Cooper	JG,	Spilke	CE,	Denton	M,	et	al.	Clostridium	botulinum:	an
increasing	complication	of	heroin	misuse.	Eur	J	Emerg	Med.
2005;12(5):251-252.

36.	Beilke	MA,	Theall	KP,	O’Brien	M,	et	al.	Clinical	outcomes	and	disease
progression	among	patients	coinfected	with	HIV	and	human	T	lymphotropic
virus	types	1	and	2.	Clin	Infect	Dis.	2004;39(2):256-263.

37.	Shah	DP,	Grimes	CZ,	Nguyen	AT,	et	al.	Long-term	effectiveness	of
accelerated	hepatitis	B	vaccination	schedule	in	drug	users.	Am	J	Public
Health.	2015;105(6):e36-e43.

38.	Rappo	U,	Puttagunta	S,	Shevchenko	V,	et	al.	Dalbavancin	for	the	treatment
of	osteomyelitis	in	adult	patients:	a	randomized	clinical	trial	of	efficacy	and
safety.	Open	Forum	Infect	Dis.	2018;6(1):ofy331.

39.	Li	HK,	Rombach	I,	Zambellas	R,	et	al.	Oral	versus	intravenous	antibiotics
for	bone	and	joint	infection.	N	Engl	J	Med.	2019;380(5):425-436.

40.	Scholten	JN,	Driver	CR,	Munsiff	SS,	et	al.	Effectiveness	of	isoniazid
treatment	for	latent	tuberculosis	infection	among	human	immunodeficiency
virus	(HIV)-infected	and	HIV-uninfected	injection	drug	users	in	methadone



programs.	Clin	Infect	Dis.	2003;37(12):1686-1692.
41.	Heyward	WL,	Kyle	M,	Blumenau	J,	et	al.	Immunogenicity	and	safety	of	an
investigational	hepatitis	B	vaccine	with	a	Toll-like	receptor	9	agonist
adjuvant	(HBsAg-1018)	compared	to	a	licensed	hepatitis	B	vaccine	in
healthy	adults	40-70	years	of	age.	Vaccine.	2013;31:5300-5305.

42.	Iversen	K,	Ihlemann	N,	Gill	SU,	et	al.	Partial	oral	versus	intravenous
antibiotic	treatment	of	endocarditis.	N	Engl	J	Med.	2019;380(5):415-424.

43.	Marks	LR,	Liang	SY,	Muthulingam	D,	et	al.	Evaluation	of	partial	oral
antibiotic	treatment	for	persons	who	inject	drugs	and	are	hospitalized	with
invasive	infections.	Clin	Infect	Dis.	2020;71(10):e650-e656.

44.	Popescu	GA,	Prazuck	T,	Poisson	D,	et	al.	A	“true”	polymicrobial
endocarditis:	Candida	tropicalis	and	Staphylococcus	aureus–to	a	drug	user.
Case	presentation	and	literature	review.	Rom	J	Intern	Med.	2005;43(1-
2):157-161.

45.	Arbulu	A,	Holmes	RJ,	Asfaw	I.	Surgical	treatment	of	intractable	right-sided
infective	endocarditis	in	drug	addicts:	25	years	experience.	J	Heart	Valve
Dis.	1993;2(2):129-137.	discussion	138-139	PMID	8261149.

46.	Kimmel	SD,	Walley	AY,	Linas	BP,	et	al.	Effect	of	publicly	reported	aortic
valve	surgery	outcomes	on	valve	surgery	in	injection	drug-	and	non-injection
drug-associated	endocarditis.	Clin	Infect	Dis.	2020;71(3):480-487.

47.	Thakarar	K,	Rokas	KE,	Lucas	FL,	et	al.	Mortality,	morbidity,	and	cardiac
surgery	in	injection	drug	use	(IDU)-associated	versus	non-IDU	infective
endocarditis:	the	need	to	expand	substance	use	disorder	treatment	and	harm
reduction	services.	PLoS	One.	2019;14(11):e0225460.

48.	Ruch	Y,	Mazzucotelli	JP,	Lefebvre	F,	et	al.	Impact	of	setting	up	an
“endocarditis	team”	on	the	management	of	infective	endocarditis.	Open
Forum	Infect	Dis.	2019;6(9):ofz308.

49.	Mylona	E,	Samarkos	M,	Kakalou	E,	et	al.	Pyogenic	vertebral	osteomyelitis:
a	systematic	review	of	clinical	characteristics.	Semin	Arthritis	Rheum.
2009;39(1):10-17.

50.	Priest	DH,	Peacock	JE,	Jr.	Hematogenous	vertebral	osteomyelitis	due	to
Staphylococcus	aureus	in	the	adult:	clinical	features	and	therapeutic
outcomes.	South	Med	J.	2005;98(9):854-862.

51.	Beronius	M,	Bergman	B,	Andersson	R.	Vertebral	osteomyelitis	in
Goteborg,	Sweden:	a	retrospective	study	of	patients	during	1990-95.	Scand	J
Infect	Dis.	2001;33(7):527-532.



52.	Cadena	Vélez	I,	Grego	M,	Siopa	L.	Infectious	endocarditis:	unusual	cause
of	lower	back	pain.	MOJ	Clin	Med	Case	Rep.	2020;10(1):5-7.

53.	Ross	JJ,	Shamsuddin	H.	Sternoclavicular	septic	arthritis:	review	of	180
cases.	Medicine	(Baltimore).	2004;83(3):139-148.

54.	Gotway	MB,	Marder	SR,	Hanks	DK,	et	al.	Thoracic	complications	of	illicit
drug	use:	an	organ	system	approach.	Radiographics.	2002;22	Spec	No:S119-
S135.

55.	Peak	CM,	Rosen	H,	Kamali	A,	et	al.	Wound	botulism	outbreak	among
persons	who	use	black	tar	heroin—San	Diego	County,	California,	2017-
2018.	MMWR	Morb	Mortal	Wkly	Rep.	2019;67(5152):1415-1418.

56.	Brazier	JS,	Gal	M,	Hall	V,	et	al.	Outbreak	of	clostridium	histolyticum
infections	in	injecting	drug	users	in	England	and	Scotland.	Euro	Surveill.
2004;9(9):15-16.

57.	Brazier	JS,	Duerden	BI,	Hall	V,	et	al.	Isolation	and	identification	of
Clostridium	spp.	from	infections	associated	with	the	injection	of	drugs:
experiences	of	a	microbiological	investigation	team.	J	Med	Microbiol.
2002;51(11):985-989.

58.	Booth	MG,	Hood	J,	Brooks	TJ,	et	al.	Anthrax	infection	in	drug	users.
Lancet.	2010;375(9723):1345-1346.

59.	Nakamura	N,	Mausbach	BT,	Ulibarri	MD,	et	al.	Methamphetamine	use,
attitudes	about	condoms,	and	sexual	risk	behavior	among	HIV-positive	men
who	have	sex	with	men.	Arch	Sex	Behav.	2009;40(2):267-272.

60.	Centers	for	Disease	Control	and	Prevention.	HIV	Surveillance	Report.	2018
(Updated);	Vol	31.	Published	May	2020.	Accessed	April	21,	2021.
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html

61.	Nath	A.	Human	immunodeficiency	virus-associated	neurocognitive
disorder:	pathophysiology	in	relation	to	drug	addiction.	Ann	N	Y	Acad	Sci.
2010;1187:122-128.

62.	O’Connor	PG,	Selwyn	PA,	Schottenfeld	RS.	Medical	care	for	injection-
drug	users	with	human	immunodeficiency	virus	infection.	N	Engl	J	Med.
1994;331(7):450-459.

63.	Caiaffa	WT,	Vlahov	D,	Graham	NM,	et	al.	Drug	smoking,	Pneumocystis
carinii	pneumonia,	and	immunosuppression	increase	risk	of	bacterial
pneumonia	in	human	immunodeficiency	virus-seropositive	injection	drug
users.	Am	J	Respir	Crit	Care	Med.	1994;150(6,	pt	1):1493-1498.

64.	O’Donnell	AE,	Selig	J,	Aravamuthan	M,	et	al.	Pulmonary	complications

http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html


associated	with	illicit	drug	use.	An	update.	Chest.	1995;108(2):460-463.
65.	Choopanya	K,	Martin	M,	Suntharasamai	P,	et	al.	Antiretroviral	prophylaxis
for	HIV	infection	in	injecting	drug	users	in	Bangkok,	Thailand	(the	Bangkok
Tenofovir	Study):	a	randomised,	double-blind,	placebo-controlled	phase	3
trial.	Lancet.	2013;381:2083-2090.

66.	Koech	CC,	Lwembe	RM,	Odari	EO,	Budambula	NLM.	Prevalence	and
associated	risk	factors	of	HTLV/HIV	co-infection	among	people	who	inject
drugs	(PWIDs):	a	review.	J	Hum	Virol	Retrovirol.	2018;6(1):00188.

67.	Haverkos	HW,	Lange	WR.	From	the	alcohol,	drug	abuse,	and	mental	health
administration.	Serious	infections	other	than	human	immunodeficiency	virus
among	intravenous	drug	abusers.	J	Infect	Dis.	1990;161(5):894-902.

68.	Kreek	MJ,	Des	Jarlais	DC,	Trepo	CL,	et	al.	Contrasting	prevalence	of	delta
hepatitis	markers	in	parenteral	drug	abusers	with	and	without	AIDS.	J	Infect
Dis.	1990;162(2):538-541.

69.	Foster	M,	Ramachandran	S,	Myatt	K,	et	al.	Hepatitis	A	outbreaks
associated	with	drug	use	and	homelessness	–	California,	Kentucky,	Michigan
and	Utah,	2017.	MMWR	Morb	Mortal	Wkly	Rep.	2018;67(43):1208-1210.

70.	Bridges	CB,	Watson	TL,	Nelson	NP,	et	al.	Challenges	with	hepatitis	B
vaccination	of	high	risk	adults—a	pilot	program.	Vaccine.	2019;37(35):5111-
5120.

71.	Koziel	MJ,	Peters	MG.	Viral	hepatitis	in	HIV	infection.	N	Engl	J	Med.
2007;356(14):1445-1454.

72.	Ghany	MG,	Morgan	TR;	AASLD-IDSA	Hepatitis	C	Guideline	Panel.
Hepatitis	C	guidance	2019	update:	American	Association	for	the	Study	of
Liver	Diseases–Infectious	Diseases	Society	of	America	recommendations	for
testing,	managing,	and	treating	hepatitis	C	virus	infection.	Hepatology.
2020;71(2):686-721.

73.	Thakarar	K,	Weinstein	ZM,	Walley	AY.	Optimising	health	and	safety	of
people	who	inject	drugs	during	transition	from	acute	to	outpatient	care:
narrative	review	with	clinical	checklist.	Postgrad	Med	J.	2016;92(1088):356-
363.

74.	Siegal	HA,	Falck	RS,	Wang	J,	et	al.	History	of	sexually	transmitted	diseases
infection,	drug-sex	behaviors,	and	the	use	of	condoms	among	midwestern
users	of	injection	drugs	and	crack	cocaine.	Sex	Transm	Dis.	1996;23(4):277-
282.

75.	Lacey	CJN.	HPV	vaccination	in	HIV	infection.	Papillomavirus	Res.



2019;8:100174.
76.	Wang	QQ,	Kaelber	DC,	Xu	R,	et	al.	COVID-19	risk	and	outcomes	in
patients	with	substance	use	disorders:	analyses	from	electronic	health	records
in	the	United	States.	Mol	Psychiatry.	2021;26(1):30-39.

77.	Pevzner	ES,	Robison	S,	Donovan	J,	et	al.	Tuberculosis	transmission	and	use
of	methamphetamines	and	other	drugs	in	Snohomish	County,	WA,	1991-
2006.	Am	J	Public	Health.	2010;100(12):2481-2486.

78.	Selwyn	PA,	Sckell	BM,	Alcabes	P,	et	al.	High	risk	of	active	tuberculosis	in
HIV-infected	drug	users	with	cutaneous	anergy.	JAMA.	1992;268(4):504-
509.

79.	Morozova	O,	Dvoryaka	S,	Altice	FL.	Methadone	treatment	improves
tuberculosis	treatment	among	hospitalized	opioid	dependent	patients	in
Ukraine.	Int	J	Drug	Policy.	2013;24(6):e91-e98.

80.	Bisbe	J,	Miro	JM,	Latorre	X,	et	al.	Disseminated	candidiasis	in	addicts	who
use	brown	heroin:	report	of	83	cases	and	review.	Clin	Infect	Dis.
1992;15(6):910-923.

81.	Kim	RW,	Juzych	MS,	Eliott	D.	Ocular	manifestations	of	injection	drug	use.
Infect	Dis	Clin	North	Am.	2002;16(3):607-622.

82.	Chuo	CY,	Fu	YC,	Lu	YM,	et	al.	Spinal	infection	in	intravenous	drug
abusers.	J	Spinal	Disord	Tech.	2007;20(4):324-328.

83.	Tunkel	AR,	Pradhan	SK.	Central	nervous	system	infections	in	injection
drug	users.	Infect	Dis	Clin	North	Am.	2002;16(3):589-605.

84.	Hopkins	RJ,	Rothman	M,	Fiore	A,	et	al.	Cerebral	mucormycosis	associated
with	intravenous	drug	use:	three	case	reports	and	review.	Clin	Infect	Dis.
1994;19(6): 1133-1137.



Chapter	77
Infective	Endocarditis	and	Infections	of
Intracardiac	Prosthetic	Devices
John	Raymond	Go,	Larry	M.	Baddour,	Raj	Palraj

KEY	POINTS:
1.	 Endocarditis	should	be	suspected	in	patients	with	bloodstream

infections	from	typical	infective	endocarditis	(IE)	microorganisms
including	Staphylococcus	aureus,	viridans	group	streptococci,
Streptococcus	bovis,	HACEK	group,	or	community-acquired
enterococci,	especially	in	the	presence	of	known	risk	factors	(eg,
prior	IE,	valvular	heart	disease,	cardiovascular	implantable	electronic
devices	[CIEDs]).

2.	 Blood	cultures	are	integral	to	IE	diagnosis	and	should	be	obtained
prior	to	initiation	of	antimicrobial	therapy.

3.	 IE	can	be	diagnosed	based	on	patient’s	clinical	presentation,	but	the
modified	Duke	criteria	provides	excellent	diagnostic	value	and	is
helpful	for	establishing	the	presence	of	endocarditis.

4.	 Patients	suspected	to	have	IE	should	undergo	echocardiography
and	ideally	with	a	transesophageal	echocardiogram,	which	has	a
higher	sensitivity	than	a	transthoracic	echocardiogram.

5.	 The	optimal	management	requires	team-based	care	for	prompt
diagnosis	of	IE	and	its	complications,	selection	of	an	appropriate
antimicrobial	regimen,	and	evaluation	for	need	of	early	surgical
intervention.

6.	 A	prolonged	antibiotic	regimen	with	bactericidal	activity	is	needed	for
successful	therapy.

7.	 Patients	should	be	monitored	closely	for	indications	of	early	surgical



intervention	including	any	signs	that	may	indicate	valvular	damage	or
perivalvular	abscess.

8.	 Timing	of	valve	surgery	should	be	individualized	based	on	urgency
and	potential	risks	of	surgical	intervention.

INTRODUCTION
Infective	endocarditis	(IE)	is	an	uncommon	but	life-threatening	infection	of	the
endothelial	 lining	 of	 the	 heart	 with	 a	 reported	 incidence	 of	 2	 to	 10	 cases	 per
100,000	person-years.1,2	Heart	valves	are	most	commonly	involved,	but	infection
may	 involve	mural	 thrombi	 or	 the	 endothelial	 surface	 on	which	 the	 jet	 stream
from	a	stenotic	lesion	(patent	ductus,	ventricular	septal	defect,	or	stenotic	valve)
impinges.	Infective	endarteritis	is	defined	by	infection	of	the	endothelial	surface
of	any	blood	vessel,	which	frequently	occurs	on	hemodynamically	or	structurally
abnormal	 areas	 such	 as	 in	 abdominal	 aortic	 aneurysms,	 arteriovenous	 fistulas,
and	prosthetic	grafts.	The	peculiarities	of	these	infections	are	beyond	the	scope
of	 this	 chapter,	 but	 the	 general	 principles	 of	 diagnosis	 and	 treatment	 are	 the
same.

Significant	changes	in	the	epidemiology	and	character	of	IE	have	been	noted
since	1990.	Shifting	demographics;	an	expanding	pool	of	elderly,	chronically	ill,
and	immunocompromised	patients;	and	rising	rates	of	health	care-associated	and
nosocomial	 bacteremia–associated	 with	 increased	 utilization	 of	 indwelling
catheters	and	intravascular	 lines	have	been	observed.3-8	Unanticipated	 increases
in	 societal	 behaviors	 that	 predispose	 to	 bloodstream	 infections,	 in	 particular
injection	drug	use,	and	to	a	much	lesser	extent,	body	art	(including	piercing	and
tattooing),9	 and	 acupuncture,10	 have	 also	 contributed	 to	 an	 increase	 in	 IE
incidence	 in	 some	 geographic	 locations.	 In	 addition,	 all	 of	 the	 foregoing	 have
contributed	 to	 changes	 in	 the	 microbiology	 of	 IE.	 Concurrent	 advances	 in
diagnostic	 criteria	 and	 methods,	 and	 improvements	 in	 cardiothoracic	 surgery
have	 also	 occurred.	 Despite	 these	 advances,	 overall	 mortality	 from	 IE	 has
remained	unchanged	in	the	last	20	years	and	this	could	be	due	to	the	increase	in
IE	 cases	 resulting	 from	 Staphylococcus	 aureus	 infection,	 a	 pathogen
characterized	by	worse	outcomes.11,12

Reported	mortality	ranged	from	10%	to	37%	among	published	series	of	more
than	 100	 patients	 between	 1994	 and	 2008,	 with	 the	 lowest	 mortality	 rates
attributed	 to	earlier	and	higher	rates	of	surgery,	earlier	 treatment	 initiation,	and
high	 doses	 of	 bactericidal	 drugs.5,6,13-16	 Decline	 in	 mortality	 has	 occurred



predominantly	among	younger	patients.	Mortality	 remains	high	 for	 the	elderly,
patients	with	diabetes	mellitus,	patients	with	other	predisposing	diseases	such	as
chronic	 renal	 failure	 requiring	 hemodialysis	 and	 immunosuppression,	 patients
with	 discernible	 valvular	 vegetations,	 patients	 with	 health	 care-associated
infections,	 and	 those	 infected	 with	 staphylococci,	 particularly	 methicillin-
resistant	S.	aureus	(MRSA).4-6,13,14,17-21

Historically,	 IE	was	 classified	 as	 either	 acute	 or	 subacute,	 based	on	disease
progression.	 Acute	 endocarditis,	 frequently	 secondary	 to	 infection	 from	 S.
aureus,	 presents	 as	 a	 fulminant	 infection,	 with	 abrupt	 onset	 of	 fever,
leukocytosis,	 and	 systemic	 toxicity,	 and	 is	 often	 complicated	 by	 heart	 failure,
septic	 shock,	 and	 possibly	 death.	 Subacute	 disease	 denotes	 a	 more	 insidious
onset,	with	nonspecific	symptoms	spanning	several	weeks	to	months.

A	 classification	 that	 more	 accurately	 characterizes	 current	 trends	 in	 IE	 has
been	 proposed.3	 Dividing	 IE	 into	 4	 major	 categories	 as	 follows	 may	 provide
better	 delineation	 of	 clinical	 conditions	 and	 microbial	 pathogens:	 (1)	 native
valve	 endocarditis	 (NVE);	 (2)	 prosthetic	 valve	 endocarditis	 (PVE)—early
(<12	months	following	surgery)	and	late	(>12	months	following	surgery);	(3)	IE
in	people	who	inject	drugs	(PWID);	and	(4)	nosocomial	IE.

While	 rheumatic	 heart	 disease	 has	 declined	 globally,	 it	 remains	 the	 most
common	 predisposing	 condition	 for	 the	 subsequent	 development	 of	 IE	 in
developing	 countries.	 In	 contrast,	 degenerative	 valvular	 diseases,3,5,15,22,23
congenital	valvular	abnormalities	such	as	bicuspid	aortic	valve,	and	the	presence
of	intracardiac	devices,	are	among	the	most	common	conditions	that	predispose
individuals	 in	 developed	 countries	 to	 IE.17,18	 Taken	 together,	 the	 universal
observation	of	an	increasing	proportion	of	cases	among	older	age	groups	is	not
surprising.	Among	patients	younger	than	65	years,	the	incidence	of	IE	is	higher
among	men	compared	with	women	and	has	remained	relatively	stable	over	 the
last	 several	decades.	 In	contrast,	 the	 incidence	among	women	has	significantly
increased	since	2000,	especially	among	the	elderly	(>65	years)	and	PWID.4,5,24

Populations	 particularly	 at	 risk	 for	 endocarditis	 include	 PWID	 and	 patients
with	prosthetic	valves.	Since	the	1990s,	other	populations	at	risk	have	increased
and	 include	 transplant	 recipients,25,26	 burn	 patients,27	 patients	 with	 medical
devices	that	put	them	at	risk	of	bloodstream	infection,5,19,28,29	and,	most	notably,
persons	on	chronic	hemodialysis.19,20,30,31

Unique	 syndromes	 of	 IE	 are	 commonly	 seen	 among	 patients	 in	 cardiac	 or
intensive	care	units	(ICUs)	and	include:

1.	 Acute	bacterial	endocarditis,
2.	 PVE,



3.	 Endocarditis	in	patients	with	intravascular	foreign	bodies,	such	as
permanent	pacemakers	(PPMs)	and	indwelling	vascular	catheters,

4.	 IE	complications,	such	as	stroke,	heart	failure,	and	uncontrolled	sepsis	that
require	cardiovascular	surgery.

ETIOLOGY
1 	 Gram-positive	 bacteria,	 particularly	 Staphylococcus,	 Streptococcus,	 and
Enterococcus	 species,	 account	 for	 majority	 (80%-90%)	 of	 IE	 cases,1,6	 but	 an
array	 of	microorganisms	 can	 cause	 IE	 and	 include	 fungi,	 rickettsiae	 (Coxiella
burnetii,	which	causes	Q	fever),	Chlamydia	sp,	and	Bartonella	spp.	Advances	in
laboratory	 techniques	 in	 the	 isolation	of	microorganisms,	serologic	 testing,	and
molecular/genetic	 screening	 have	 enhanced	 our	 ability	 to	 identify	 IE
pathogens.3,19,25-28,31,32

Table	77.1	summarizes	the	most	common	pathogens	from	a	large	series	of	IE
cases	 between	 1985	 and	 2005.3-5,13-15,17,22,33-37	 Series	 with	 a	 large	 number	 of
PWID,	 patients	 on	 chronic	 hemodialysis,6,13,14,20,28	 transplant	 recipients,25,26	 and
those	 with	 health	 care-associated	 IE3,6,13,19,22,28,29,31	 tend	 to	 report	 more	 cases
caused	by	S.	aureus.	Viridans	group	streptococci	occur	more	frequently	but	no
longer	predominate	among	non-PWID	and	the	elderly.5	Identification	to	species
level	among	the	viridans	group	streptococci	may	have	important	therapeutic	and
prognostic	 implications.	 The	 Streptococcus	 anginosus	 (milleri)	 groups	 (S.
anginosus,	 Streptococcus	 constellatus,	 and	 Streptococcus	 intermedius)	 are
frequently	 associated	with	 abscess	 formation	 and	 tend	 to	 cause	 severe	 disease
but	 cause	 endocarditis	 less	 often	 than	 other	 viridans	 group	 streptococci.38,39	 S.
anginosus	is	the	least	likely	among	the	three	species	to	cause	abscesses	and	the
most	likely	to	be	associated	with	IE.39,40

TABLE	77.1

Etiology	of	Endocarditis	From	Reported	Large	Series	1985
to	2005

Etiologic	Agents Attributable	Rangea,b	(%)

Staphylococcus	aureus 18-57



Viridans	group	streptococci 11-53

Coagulase-negative	staphylococci 1-15

Enterococci 4-10

Streptococcus	gallolyticus	(bovis) 1-13

β-Hemolytic	streptococci 3-9

Streptococcus	pneumoniae 1-3

Other	streptococci 3-7

HACEK 1-6

Enterobacteriaceae 1-4

Yeast 1-2

Molds <1

Polymicrobial 1-6

Other	bacteriac 2-11

Culture	negative 2-39

HACEK,	Haemophilus	sp,	Aggregatibacter	actinomycetemcomitans,	Cardiobacterium	hominis,
Eikenella	corrodens,	and	Kingella	kingae.

Data	from	references	3-5,13-15,17,22,33-37.
aAll	numbers	are	the	percentage	ranges	of	episodes	reported.
bRounded	to	nearest	whole	percentage.
cIncludes	a	variety	of	single	isolates	of	species	not	represented	by	aforementioned	genera,
including	Neisseria	sp,	Pseudomonas,	Legionella,	and	Lactobacilli.

Based	 on	 molecular	 techniques,	 the	 so-called	 nutritionally	 deficient
streptococci	have	now	been	designated	as	Abiotrophia	defectiva,	Granulicatella
adiacens,	 Granulicatella	 para-adiacens,	 Granulicatella	 balaenopterae,	 and
Granulicatella	elegans.41,42	Together,	these	organisms	constitute	3%	to	5%	of	IE
cases	included	in	the	viridans	group	streptococci	rubric.	These	organisms	require
pyridoxal,	the	active	form	of	vitamin	B6,	for	growth.	Unlike	species	of	viridans
group	 streptococci,	 these	 organisms	 are	 tolerant	 to	 penicillin,	 and	 at	 least	 one



series41	 has	 found	 decreased	 susceptibility	 to	 penicillins,	 extended	 spectrum
cephalosporins,	 and	 macrolides.	 High	 relapse	 rates	 have	 been	 reported,
especially	 when	 patients	 are	 treated	 with	 penicillin	 monotherapy.42	 Most
(∼80%)	 cases	 of	 viridans	 group	 streptococcal	 endocarditis	 are	 caused	 by
Streptococcus	sanguis,	Streptococcus	mitis,	or	Streptococcus	mutans.17,21,37,38	The
epidemiology,	 clinical	 features,	 and	 complications	 among	 viridans	 group
streptococci	have	been	similar	overall,	except	for	the	aforementioned	proclivity
for	abscess	formation	due	to	the	S.	anginosus	(milleri)	group,	and	newer	species
of	these	streptococci	continue	to	be	identified.

Enterococci	remain	the	third	leading	cause	of	IE	with	frequency	of	isolation
attributed	to	an	increase	in	health	care	contact.43

Among	non–viridans	group	streptococci,	pneumococci	are	uncommon	causes
of	 endocarditis	 (1%-3%	 of	 all	 cases).44	 The	 proportion	 of	 cases	 caused	 by	 β-
hemolytic	streptococci	has	not	increased	since	1980;	infections	with	group	B	and
group	 G	 are	 seen	 most	 frequently.40,45,46	 Patients	 with	 these	 infections	 usually
have	 underlying	 valvular	 disease	 including	 prosthetic	 valves,47	 multiple
comorbidities,	 most	 notably	 diabetes	 mellitus,	 and	 acute	 onset	 of	 IE	 with
complications.40,45,48	 The	 organism	 formerly	 called	 Streptococcus	 bovis,	 a
nonenterococcal	 group	 D	 streptococcus,	 belongs	 to	 a	 larger	 group	 including
Streptococcus	gallolyticus,	based	upon	DNA-DNA	reassociation	studies.47	Some
of	 the	 newly	 described	 species	 and	 subspecies	 (eg,	 S.	 gallolyticus	 subsp
pasteurianus)	 are	 more	 frequently	 associated	 with	 meningitis,	 while	 S.
gallolyticus,	 subsp	 gallolyticus	 is	 associated	 with	 IE	 and	 with	 benign	 and
malignant	 disorders	 of	 the	 gastrointestinal	 tract.	 In	 some	 series,	 this	 organism
group	 has	 been	 increasing	 in	 frequency	 in	 Europe	 and	 South	 America,5
particularly	among	the	elderly	and	among	patients	with	chronic	liver	disease.33,49-
51	When	 this	organism	is	 isolated,	 the	patient	should	be	carefully	evaluated	for
gastrointestinal	tract	malignancy,	although	it	may	occur	months	to	years	after	the
episode	of	bacteremia.50	In	fact,	colonoscopy	during	the	admission	for	IE	found
premalignant	or	malignant	lesions	in	49%	of	patients	with	this	organism,52	which
we	will	hereafter	refer	to	as	S.	gallolyticus	(bovis),	consistent	with	the	usage	in
the	American	Heart	Association	 (AHA)	guidelines	 on	 IE,46	 and	 this	 should	be
specifically	listed	in	blood	culture	or	tissue	culture	in	patients	with	bacteremia,
regardless	of	whether	IE	is	present	or	not.	In	fact,	confusion	over	the	change	in
species	 designation	 has	 resulted	 in	 gastrointestinal	 evaluations	 not	 being	 done
and	subsequent	delay	in	diagnosis	of	colon	tumors.
S.	aureus	has	increased	in	frequency	and	accounts	for	more	than	50%	of	cases

of	IE	in	some	recent	series.3,5,13,14,19,20,25,31,35	In	several	recent	prospective	studies,
including	data	from	the	International	Collaboration	on	Endocarditis-Prospective



Cohort	 Study	 (ICE-PCS),	 patients	 with	 S.	 aureus	 IE	 were	 more	 likely	 than
patients	with	IE	due	to	other	pathogens	to	have	a	shorter	duration	of	symptoms
before	 diagnosis,	 to	 be	 hemodialysis	 dependent,	 and	 to	 have	 other	 serious
comorbidities	such	as	diabetes	mellitus	or	other	chronic	illnesses.5,6,53-56	Patients
with	S.	 aureus	 IE	were	 also	more	 likely	 to	 have	 severe	 sepsis	with	 persistent
bacteremia,	major	neurologic	events,	embolization,	and	death	than	patients	with
IE	 caused	 by	 other	 bacteria.	 In	 these	 studies,	 patients	 with	 S.	 aureus	 IE
frequently	had	health	care-associated	or	nosocomial	acquisition	and	were	more
likely	 to	 have	 MRSA	 infection	 rather	 than	 methicillin-susceptible	 S.	 aureus
(MSSA).	In	the	ICE-PCS	series,50	a	multivariate	model	identified	the	following
patient	characteristics	associated	with	MRSA	IE:	persistent	bacteremia,	chronic
immunosuppressive	 therapy,	 intravascular	 devices	 as	 sources,	 and	 diabetes
mellitus.	Overall,	MRSA	now	accounts	for	25%	to	50%	of	the	cases	attributable
to	 S.	 aureus.14,31,53-56	 Persistent	 bacteremia	 correlated	 with	 infection	 caused	 by
MRSA,	and	risk	of	embolic	phenomena	was	negatively	associated	with	oxacillin
resistance.

Coagulase-negative	staphylococci	(CoNS)	are	recognized	pathogens	of	PVE.
Native	 valve	 infection	 due	 to	 these	 organisms	 is	 uncommon	 but	 has	 been
reported	 in	 up	 to	 8%	 of	 cases.57	 The	majority	 of	 CoNS	 species	 recovered	 are
Staphylococcus	 epidermidis.57	 Staphylococcus	 lugdunensis	 is	 more	 akin
clinically	 to	 S.	 aureus	 in	 many	 ways	 and	 has	 emerged	 as	 a	 particularly
aggressive	 pathogen	 that	 causes	 a	 destructive	 NVE,	 frequently	 following
vasectomy	or	other	procedures	involving	breaks	in	the	skin	in	the	perineal	area.
Despite	 universal	 susceptibility	 to	 β-lactams,	 including	 penicillins,	 and	 other
agents,	 mortality	 attributable	 to	 this	 pathogen	 is	 high,	 possibly	 related	 to	 the
large	 vegetations	 frequently	 seen	 with	 this	 organism,	 leading	 to	 valvular
dehiscence,	abscess	formation,	and	systemic	embolization.58

Before	1980,	endocarditis	caused	by	gram-negative	organisms	comprised	less
than	 3%	 of	 cases.	 Recent	 series	 report	 that	 gram-negative	 organisms	 now
account	 for	 4%	 to	 10%	 of	 all	NVE,3,15,18,59	 but	 these	 rates	 vary	 by	 geographic
location,	 whether	 the	 infection	 is	 community	 or	 health	 care	 associated,	 the	 of
gram-negative	pathogen	involved,	and	prevalence	of	PWID.	Within	this	subset	is
the	HACEK	group	(Haemophilus	sp,	Aggregatibacter	[formerly	Actinobacillus]
actinomycetemcomitans,	 Cardiobacterium	 hominis,	 Eikenella	 corrodens,	 and
Kingella	 kingae),	 which	 accounts	 for	 2%	 to	 5%	 of	 cases.4,5,34,59	 A.
actinomycetemcomitans	 is	 the	 HACEK	 species	 most	 frequently	 identified	 in
IE.59	 HACEK	 organisms	 are	 fastidious,	 nonmotile,	 slow-growing	 coccobacilli
that	require	a	mean	of	3.3	days	of	incubation	in	automated	blood	culture	systems
for	 growth.	 The	 HACEK	 organisms	 rarely	 cause	 IE	 among	 patients	 without



preexisting	valvular	disease	or	in	the	absence	of	predisposing	factors.
Non-HACEK	 gram-negative	 endocarditis	 (Enterobacteriaceae	 and	 others)

remains	 relatively	 rare	 and	 is	 seen	 primarily	 among	 debilitated	 patients	 with
health	 care-associated	 infections	 related	 to	 medical	 devices	 or	 surgery,27,60,61
including	PVE	and	PWID.	The	same	epidemiologic	features	are	associated	with
polymicrobial	 endocarditis,	 but	 in	 at	 least	 one	 series	 of	 polymicrobial
endocarditis,	 gram-negative	 bacilli	 were	 isolated	 less	 often	 than	 CoNS	 and
enterococci.62	 However,	 12	 cases	 of	 endocarditis	 due	 to	 non-HACEK	 gram-
negative	 bacilli	 (eight	 on	 prosthetic	 valves	 and	 two	 in	 PWID)	 and	 only	 seven
due	 to	HACEK	organisms	were	 seen	 at	 one	 hospital	 in	Paris	 during	 the	 years
2009	to	2014.63
Bartonella	 quintana,	 the	 agent	 of	 trench	 fever,	 Rochilimaea	 subsp	 nov

elizabethae,	and	Bartonella	henselae,	the	agent	of	cat	scratch	disease,	were	first
reported	 as	 causes	 of	 IE	 in	 1993.64-66	 In	 1995,	 B.	 quintana	 was	 identified	 in
middle-aged,	 homeless	 men	 with	 alcohol	 use	 disorder	 and	 without	 known
underlying	 valvular	 disease.67	 Since	 then,	 multiple	 additional	 species	 of
Bartonella	have	been	discovered.68-70	Seven	species	and	subspecies,	namely,	B.
quintana,	 B.	 henselae,	 Bartonella	 elizabethae,	 Bartonella	 vinsonii	 subsp
berkhoffii,	 B.	 vinsonii	 subsp	 arupensis,	 Bartonella	 koehlerae,	 and	 Bartonella
alsatica	 have	 been	 implicated	 in	 cases	 of	 IE.68,69	 Contact	 with	 animals	 is	 a
frequent	 association,	 and	 ectoparasites	 such	 as	 scabies,	 lice,	 and	 fleas	 are
proposed	 as	 possible	 vectors	 of	 disease.	 The	 majority	 of	 patients	 with	 B.
henselae	endocarditis	have	a	previous	history	of	underlying	valvular	disease	and
report	contact	with	cats.	Characteristically,	patients	with	Bartonella	endocarditis
present	 with	 a	 subacute	 course	 and	 large	 vegetations.68-70	 Diagnosis	 based	 on
serology	and	molecular	methods	has	established	Bartonella	spp	as	the	cause	of
1.1%	of	cases	of	IE	in	the	United	Kingdom,	3%	in	France,	Germany,	and	Brazil,
and	4.5%	in	Egypt.71,72	The	laboratory	 that	has	 identified	 the	 largest	number	of
cases	reported	that	the	frequency	of	this	organism	appears	to	be	stable	over	time.
Because	of	 the	 fastidious	nature	of	 the	organism	and	 serologic	 cross-reactivity
between	antibodies	 to	B.	quintana	 and	Chlamydia	 sp,	 it	 is	 likely	 that	 cases	 of
Bartonella	endocarditis	constitute	a	proportion	of	cases	previously	diagnosed	as
culture	negative	or	due	to	Chlamydia	sp.

In	spite	of	improvements	in	blood	culture	and	serologic	techniques,	negative
blood	cultures	can	occur	in	up	to	31%	of	cases.13-15,22,73	There	are	several	reasons
cited	for	negative	blood	cultures	in	IE:	(1)	prior	antibiotic	administration,	which
accounts	for	the	bulk	of	these	cases;	(2)	infections	with	highly	fastidious,	slow-
growing	organisms	(eg,	Bartonella	sp,	fungi,	Chlamydia,	and	Coxiella	spp);	(3)
infection	 with	 nonbacterial	 pathogens	 (ie,	 fungi).	 Two	 surveys	 of	 culture-



negative	 cases	 in	 France	 over	 2	 decades	 used	 serologic	 studies	 and	molecular
methods	 to	 augment	 blood	 cultures	 in	 determining	 the	 etiology	 for	more	 than
348	and	740	patients.73,74	 In	 the	 initial	study	of	definite	cases	of	IE,	among	the
79%	of	patients	with	blood	culture–negative	disease	in	whom	an	etiologic	agent
was	identified,	C.	burnetii	and	Bartonella	sp.	predominated,	accounting	for	76%
of	 the	 total.73	 Other	 rare	 bacteria	 included	Tropheryma	whipplei,	Mycoplasma
hominis,	various	streptococci,	and	Legionella	pneumophila.	Twenty-one	percent
did	 not	 have	 an	 etiology	 determined,	 of	 whom	 79%	 had	 received	 prior
administration	of	antibiotics.	In	the	more	recent	prospective	series,	both	definite
and	possible	cases	were	included	and	an	etiologic	diagnosis	was	determined	in
64.6%	and	the	same	group	of	organisms	predominated.74

IE	 among	 PWID	 has	 increased	 and	 S.	 aureus	 is	 by	 far	 the	 most	 common
cause,	 particularly	 for	 right-sided	 IE.75,76	 Enterococci,	 enteric	 gram-negative
bacilli,	 Pseudomonas,	 Candida,	 and	 other	 yeasts	 are	 also	 important.3,5,75,77
Polymicrobial	endocarditis	is	more	common	among	PWID	than	in	non-PWID	in
most	 series,3,5,21	 but	 in	 a	 series	 from	 Spain,	 only	 1	 out	 of	 60	 cases	 of
polymicrobial	endocarditis	was	in	PWID.62

The	common	causes	of	early-onset	PVE	are	CoNS	(mostly	S.	epidermidis),	S.
aureus,	enterococci,	diphtheroids,	gram-negative	bacilli,	and	fungi.	In	11	(44%)
of	 25	 cases,	 enterococci	 caused	 endocarditis	 with	 onset	 <12	 months	 after
transcatheter	aortic	valve	implantation	(TAVI)	in	a	review	of	the	literature78	and
21%	of	all	cases	of	endocarditis	 in	a	multicenter	registry	of	7944	patients	who
underwent	this	procedure.79	The	incidence	of	endocarditis	 in	the	first	year	after
TAVI	appears	similar	to	that	after	surgical	valve	replacement	(0.5%).	Among	the
fungi,	Candida	 sp	 are	 the	most	 common	 cause	 of	 PVE	 and	 have	 emerged	 as
causes	 of	 both	 early-	 and	 late-onset	 disease,	 especially	 among	 patients	 with
health	 care-associated	 infection.80	 However,	 late-onset	 disease	 is	 still	 caused
mainly	 by	 organisms	 such	 as	 CoNS	 and	 streptococci,	 although	 S.	 aureus
accounts	 for	 about	 11%	 of	 cases.5,21,81,82	 This	 difference	 is	 thought	 to	 be
explained	 by	 intraoperative	 or	 early	 postoperative	 contamination	 of	 the
prosthesis	with	resistant	hospital	flora	in	early	PVE.	Late	cases	represent	either
smoldering	infections	with	relatively	avirulent	organisms	seeded	at	 the	original
surgery	 or	 subsequent	 transient	 bloodstream	 infections,	 such	 as	 those	 that	 are
complicated	by	NVE.82

PATHOPHYSIOLOGY
The	 laboratory	 model	 of	 endocarditis	 is	 a	 rabbit	 in	 which	 a	 catheter	 passed



through	 a	 valve	 produced	 mild	 trauma	 and	 formation	 of	 a	 fibrin-platelet
thrombus.	 Subsequent	 injection	 of	 bacteria	 through	 the	 catheter	 or	 at	 a	 distant
vascular	site	led	to	infection	of	the	traumatized	valve.83	Fibrin-platelet	thrombus
allowed	 for	 avid	 binding	 of	 the	 bacteria.3	 Adherent	 bacteria	 induce	 blood
monocytes	 to	 produce	 cytokines	 that	 contribute	 to	 further	 enlargement	 of	 the
vegetation.84	 As	 the	 vegetation	 matures,	 the	 bacteria	 become	 fully	 enveloped,
allowing	 evasion	 from	 host	 defenses.	 This	model	 elucidates	 the	 propensity	 of
damaged	 human	 valves	 toward	 IE.	 Transient	 bacteremia	 with	 mouth	 flora,
predominantly	 viridans	 group	 streptococci,	 from	 oral	 trauma,	 explains	 the
pattern	observed	with	subacute	bacterial	endocarditis.	More	virulent	organisms,
such	 as	 S.	 aureus,	 are	 able	 to	 invade	 even	 normal	 valves	 through	 several
virulence	 factors.	 In	 addition	 to	 surface	 fibronectin-binding	 proteins	 that
facilitate	 adherence,	 S.	 aureus	 produces	 exoenzymes	 and	 exotoxins	 that	 are
controlled	 by	 global	 regulators,	 such	 as	 accessory	 gene	 regulator	 and
staphylococcal	 accessory	 regulator,	 the	 expression	 of	 which	 permits	 tissue
invasion	 and	 destruction.3	 PWID	 combine	 the	 injection	 of	 contaminated
materials	with	particulate	and	often	 irritant	matter,	probably	accounting	for	 the
frequency	 of	 endocarditis	 in	 this	 setting	 and	 the	 propensity	 for	 right	 heart
involvement.75,85,86	 The	 use	 of	 intravascular	 central	 lines	 reaching	 near	 the
tricuspid	 valve	 or	 even	 crossing	 tricuspid	 and	 pulmonic	 valves	 reproduces	 the
rabbit	 model	 of	 endocarditis	 in	 humans.	 The	 introduction	 of	 bacteria	 through
these	lines	causes	the	specter	of	iatrogenic	endocarditis.

Once	the	fibrin-platelet	thrombus	has	become	infected,	the	pathologic	process
is	 the	enlargement	of	 this	mass	 into	a	vegetation	and	 invasion	of	 tissue	by	 the
infection	 with	 eventual	 disruption.	 In	 addition	 to	 the	 mass	 of	 the	 vegetation,
there	 are	 perforations	 or	 total	 erosions	 of	 valve	 cusps,	 rupture	 of	 chordae
tendineae,	 fistulas	 from	 the	 sinus	 of	 Valsalva	 to	 atrium	 or	 pericardium,	 and
burrowing	 myocardial	 abscesses.	 A	 more	 recent	 study	 using	 murine	 models
examined	 the	 adhesion	of	S.	aureus	 to	 damaged	 or	 inflamed	 heart	 valves,	 and
found	 that	 both	 predispose	 to	 IE,	 but	 through	 different	 mechanisms.	 Valve
damage	 results	 in	 fibrin	 and	 von	 Willebrand	 factor	 deposition,	 leading	 to	 S.
aureus	 adhesion	 via	 adhesins.	 Inflammation,	 on	 the	 other	 hand,	 causes
endothelial	activation,	with	subsequent	platelet-mediated	bacterial	adhesion.87

Depending	 on	 the	 valve	 involved,	 the	 physiologic	 consequences	 may	 be
predicted.	Rarely,	a	vegetation	will	be	so	large	as	to	function	as	an	occlusive	or
stenotic	 lesion.88	 More	 often,	 the	 tissue	 destruction	 process	 predominates	 and
valvular	incompetence	results.	New	regurgitant	murmurs	of	mitral,	tricuspid,	or
aortic	origin	may	acutely	stress	the	heart	with	resultant	congestive	failure.	Aortic
valve	 disease	 carries	 the	 worst	 prognosis	 for	 several	 reasons:	 (1)	 the	 heart



tolerates	 acute	 aortic	 insufficiency	 least	 well;	 (2)	 pericardial	 tamponade	 or
massive	left-to-right	shunt	may	develop	if	a	sinus	of	Valsalva	aneurysm	erodes
into	the	pericardium	or	right	atrium,	respectively;	(3)	heart	block	may	occur	if	a
myocardial	 abscess	 invades	 the	 conducting	 system;	 and	 (4)	 aortic	 valve	 ring
vegetations	 are	 most	 likely	 to	 be	 flipped	 into	 the	 coronary	 arteries,	 causing
already	 overworked	 muscle	 to	 infarct.	 These	 catastrophes	 are	 all	 even	 more
likely	in	the	presence	of	a	prosthetic	aortic	valve,	in	which	case	the	infection	has
its	 seat	 at	 the	 annulus.	 Tricuspid	 valve	 endocarditis	 is	 the	most	 benign.	 Even
total	 tricuspid	 insufficiency	 can	 be	 tolerated	 for	 a	 time,	 and	 acute	 right-sided
heart	 failure	 is	 not	 as	 life	 threatening	 as	 is	 the	 pulmonary	 edema	 of	 left-sided
failure.

Vegetations	may	 detach	 in	whole	 or	 in	 part	 as	 emboli	 to	 the	 brain,	 viscera
(spleen	 and	 kidney	 are	 particularly	 common	 targets),	 coronary	 arteries,	 and
notably	in	fungal	endocarditis,	large	arteries	of	the	extremities.	Septic	emboli	to
the	 lungs	 can	 result	 in	 pulmonary	 infiltrates,	 often	 nodular	 and	 sometimes
cavitating	 with	 abscess	 formation.	 Emboli	 to	 other	 organs	 produce	 infarction,
which	 is	 usually	 bland,	 although	 splenic	 abscess,	 brain	 abscess,	 and	 even
purulent	 meningitis	 may	 occur	 in	 staphylococcal	 endocarditis.	 The	 most
common	cerebral	lesion,	however,	is	embolic	infarct	with	the	clinical	appearance
of	 a	 stroke.86,88	 The	 smaller	 vascular	 lesions	 of	 endocarditis	 may	 be	 of	 an
immunologic,	 vasculitic	 nature	 or	 truly	 embolic	 and	 suppurative	 in	 character.
Emboli	to	the	vasa	vasorum	or	vasculitis	of	arteries	lead	to	mycotic	aneurysms
of	 both	 cerebral	 and	 peripheral	 vessels.	 The	 cerebral	 aneurysms	 are	 generally
asymptomatic	 until	 they	 rupture	 and	 present	 as	 subarachnoid	 or	 intracerebral
hemorrhage.	 Peripheral	mycotic	 aneurysms	may	 come	 to	 attention	 because	 of
their	 obvious	 enlargement,	 pulsation,	 and	 frequent	 overlying	 inflammation.
Other	 phenomena	 that	 fall	 into	 this	 category	 are	 cutaneous	 stigmata	 of
endocarditis—Osler	nodes,	Janeway	lesions,	splinter	hemorrhages,	and	petechiae
—as	well	as	the	frequent	renal	involvement.	Kidney	pathology	may	take	several
forms:	 localized	 renal	 infarcts,	 vasculitic	 glomerulonephritis,	 acute	 diffuse
glomerulonephritis	thought	to	represent	immune	complex	disease,	renal	cortical
necrosis,	and	interstitial	nephritis	likely	related	to	antibiotic	administration.86

DIAGNOSIS
Endocarditis	 is	 diagnosed	 based	 on	 signs	 and	 symptoms	 that	 reflect	 the
underlying	 pathology	 and	 include	 fever,	 embolic	 phenomena,	 and	 evidence	 of
valvular	 dysfunction.	 Persistent	 bacteremia	 is	 characteristic	 and	 highly



suggestive	 of	 endovascular	 infection,	 although	 the	 entity	 of	 culture-negative
endocarditis	 also	 exists	 and	 poses	 a	major	 problem	 that	 complicates	 diagnosis
and	 delays	 timely	 and	 effective	 treatment.	 The	 frequency	 of	 various	 clinical
features	in	IE	is	shown	in	Table	77.2.5,13,15,17,21,33,35

TABLE	77.2

Clinical	Features	of	Endocarditis

Feature Frequency	Range	(%)

History

Fever 81-98

Malaise/weakness 49-96

Weight	loss 6-30

Musculoskeletal	complaints 9-25

Mental	status	change/neurologic	event 11-32

Previous	heart	disease 25-55

Physical	examination

Fever 54-95

Murmur 76-95

Change	in	murmur 10-67

Splenomegaly 1-29

Petechiae 12-16

Osler	nodes 3-16

Janeway	lesions 3-5

Splinter	Hemorrhages 3-35

Fundoscopic	abnormalities 0-3



Clubbing 6-20

Laboratory	tests

Hematuria 26-53

Elevated	erythrocyte	sedimentation	rate 22-89

Rheumatoid	factor 5-51

Anemia 66-68

Echocardiographic	vegetationsa 60-86

Data	from	references	5,	13,	15,	17,	21,	33,	35.
aCombined	transthoracic	and	transesophageal	results.

CRITERIA
3 	Diagnosis	 can	 be	 derived	 by	 either	 histopathologic/microbiologic	 or	 clinical
criteria.	 For	 the	 former,	 cardiovascular	 surgery	 or	 postmortem	 examination	 is
required	for	direct	inspection	and	tissue	resection	and	is	typically	available	in	a
minority	of	patients.	Clinical	 criteria	used	 in	 the	diagnosis	 that	 are	 sufficiently
stringent	to	allow	for	analysis	of	case	characteristics,	epidemiology,	and	outcome
of	 therapy	 have	 been	 available,	 with	 its	 latest	 version	 known	 as	 the	modified
Duke	criteria.34	Modified	Duke	 criteria	 incorporate	 echocardiographic	 findings
with	 clinical	 features	 and	microbiologic	 findings	 to	 secure	 an	 IE	 diagnosis	 in
nonoperative	 cases	 or	 in	 patients	who	 die	 and	 postmortem	 examination	 is	 not
done.	Major	and	minor	criteria	analogous	to	the	modified	Jones	criteria	used	for
diagnosis	of	rheumatic	fever	are	summarized	in	Table	77.3.	A	definite	diagnosis
requires	2	major	criteria,	1	major	and	3	minor	criteria,	or	5	minor	criteria.	The
diagnosis	is	rejected	if	a	firm	alternate	diagnosis	adequately	explains	the	clinical
findings,	 they	 resolve	 with	 less	 than	 4	 days	 of	 antibiotic	 therapy,	 or
histopathologic	 evidence	 is	 lacking	 at	 autopsy	 or	 surgery	 performed	 after	 no
more	 than	 4	 days	 of	 antimicrobial	 therapy.	 All	 other	 clinically	 suspect	 cases
meriting	more	than	4	days	of	antibiotic	treatment	are	classified	as	possible.

TABLE	77.3



Duke	Criteria	and	Proposed	Modified	Duke	Criteria	for
Definitive	Clinical	Diagnosis	of	Endocarditis

Major	criteria

1.	 Positive	blood	culture	for	IE

Typical	microorganisms	for	infective	endocarditis	from	two	separate
blood	cultures:
Viridans	group	streptococci,	Streptococcus	bovis,	HACEK	group,	or
Staphylococcus	aureus	or	community-acquired	enterococci	in	the
absence	of	a	primary	focus,	or	persistently	positive	blood	cultures,
defined	as	recovery	of	a	microorganism	consistent	with	IE	from:

A.	 Blood	cultures	drawn	more	than	12	h	apart,	or
B.	 All	of	three	or	a	majority	of	four	or	more	separate	blood	cultures,

with	first	and	last	drawn	at	least	1	h	apart
C.	 Single	positive	blood	culture	for	Coxiella	burnetii	or	anti-phase	1

IgG	antibody	titer	≥	1:800

2.	 Evidence	of	endocardial	involvement

Positive	echocardiogram	for	IE	(TEE	recommended	in	patients	with
prosthetic	valves,	rated	at	least	“possible	IE”	by	clinical	criteria,	or
complicated	IE	[paravalvular	abscess];	TTE	as	first	test	in	other
patients),	defined	as:

A.	 Oscillating	intracardiac	mass	on	valve	or	supporting	structures,	or
in	the	path	of	regurgitant	jets,	or	on	implanted	material,	in	the
absence	of	an	alternative	anatomic	explanation,	or

B.	 Abscess,	or
C.	 New	partial	dehiscence	of	prosthetic	valve,	or	new	valvular

regurgitation	(increase	or	change	in	preexisting	murmur	not
sufficient)

Minor	criteria

1.	 Predisposition:	predisposing	heart	condition	or	injection	drug	use



2.	 Fever:	>38.0	°C	(100.4	°F)
3.	 Vascular	phenomena:	major	arterial	emboli,	septic	pulmonary	infarcts,

mycotic	aneurysm,	intracranial	hemorrhage,	conjunctival	hemorrhages,
Janeway	lesions

4.	 Immunologic	phenomena:	glomerulonephritis,	Osler	nodes,	Roth	spots,
rheumatoid	factor

5.	 Microbiologic	evidence:	positive	blood	culture	but	not	meeting	major
criterion	as	noted	previously	or	serologic	evidence	of	active	infection
with	an	organisma	consistent	with	IE

HACEK,	Haemophilus	sp,	Aggregatibacter	actinomycetemcomitans,	Cardiobacterium	hominis,
Eikenella	corrodens,	and	Kingella	kingae;	IE,	infective	endocarditis;	IgG,	immunoglobulin	G;	TEE,
transesophageal	echocardiography;	TTE,	transthoracic	echocardiography.
A	definite	diagnosis	requires	the	presence	of	two	major	criteria,	one	major	and	three	minor
criteria,	or	five	minor	criteria.	A	possible	diagnosis	requires	one	major	and	one	minor	criterion,	or
three	minor	criteria.

Modified	from	Durack	DT,	Lukes	AS,	Bright	DK.	New	criteria	for	diagnosis	of	infective
endocarditis:	utilization	of	specific	echocardiographic	findings.	Duke	Endocarditis	Service.	Am	J
Med.	1994;96:200-209	and	Li	JS,	Sexton	DJ,	Mick	N,	et	al.	Proposed	modifications	to	the	Duke
criteria	for	the	diagnosis	of	infective	endocarditis.	Clin	Infect	Dis.	2000;30:633-638.
aExcluding	single	positive	blood	cultures	for	coagulase-negative	staphylococci	and	organisms	that
do	not	cause	endocarditis.

Several	studies	have	demonstrated	good	sensitivity	and	excellent	specificity
(92%-99%)	of	the	modified	Duke	criteria.89-91	Moreover,	these	criteria	have	been
evaluated	 for	 the	 diagnosis	 of	 IE	 in	 children92	 and	 the	 elderly,93	 as	 well	 as	 in
patients	with	PVE.	Several	criticisms	and	proposed	modifications	have	followed
these	rigorous	studies.	The	inability	of	the	modified	Duke	criteria	to	reject	cases
that	 receive	 more	 than	 4	 days	 of	 antibiotic	 therapy	 may	 lead	 to	 occasional
overdiagnosis	 of	 endocarditis.	 Modifications	 to	 the	 major	 and	 minor	 criteria,
including	 serologic	 evidence	 of	 C.	 burnetii	 infection	 and	 the	 category	 of
“possible”	 endocarditis,	 requiring	 1	 major	 and	 1	 minor	 criterion	 or	 3	 minor
criteria,	as	proposed	by	Li,94	are	now	recognized	and	listed	in	Table	77.3.

HISTORY
The	most	 frequent	 IE	 symptoms	 include	 fever	 and	malaise,	 but	 some	 patients
present	with	acute	musculoskeletal	symptoms,	most	frequently	lower	back	pain
or	polyarthralgia,95	and	others,	because	of	an	embolus,	without	complaining	of	or



noticing	 fever.16	 A	 common	 feature	 of	 endocarditis	 is	 loss	 of	 appetite,	 and	 its
return	may	be	the	first	clinical	sign	of	response	to	treatment.	Any	febrile	illness
in	 a	patient	with	known	valvular	heart	disease	or	 a	 cardiovascular	 implantable
electronic	device	(CIED)	should	prompt	a	consideration	of	IE,	as	should	fever	in
PWID.	 Other	 clinical	 scenarios	 in	 which	 endocarditis	 should	 be	 strongly
considered	include	fever	and	back	pain,	stroke	(associated	with	fever	in	a	young
individual),	 acute	 unexplained	 renal	 failure,	 persistent	 bacteremia,	 and
bacteremia	 with	 typical	 microorganisms	 (especially	 S.	 aureus,	 viridans	 group
streptococci	 or	 enterococcus)	 and	 in	 those	 without	 an	 identifiable	 source.
Similarly,	 a	 history	 of	 recent	 dental	 cleaning	 or	 extraction	 or	 genitourinary
manipulation	 may	 indicate	 an	 opportunity	 for	 bacteremia	 and	 seeding	 of	 the
valve,	as	should	suggestions	of	injection	drug	abuse.	The	history	of	appropriate
antibiotic	 prophylaxis	 for	 these	 procedures	 is	 not	 sufficient	 to	 exclude	 the
possibility	of	endocarditis,	because	 failures	occur	with	currently	 recommended
regimens.

It	is	important	to	establish	the	duration	and	timeline	of	the	illness	by	history.
Abrupt	 onset	 of	 symptoms,	 shaking	 chills,	 and	 body	 temperature	 greater	 than
38.9	 °C	 (102	 °F)	 strongly	 suggest	 acute	 endocarditis.	 Subacute	 bacterial
endocarditis,	 in	 contrast,	 is	 characterized	 by	 a	 vague	 illness	 occurring	 over	 a
period	of	several	weeks	or	months.

PHYSICAL	EXAMINATION
In	contrast	to	the	vagueness	of	the	symptoms	of	endocarditis,	many	findings	on
physical	 examination	 are	 characteristic.	 Most	 pertinent	 to	 the	 diagnosis	 are
cardiac	murmurs	and	mucocutaneous	embolic	phenomena.	Heart	murmurs	may
be	 compatible	 with	 a	 diagnosis	 of	 endocarditis	 because	 they	 could	 be	 a
manifestation	 of	 turbulent	 flow	 that	 provides	 a	 nidus	 for	 infection.	 Previously
known	 murmurs	 do	 not	 exclude	 the	 possibility	 of	 IE.	 Changing	 murmurs,
particularly	new	regurgitant	murmurs,	are	much	less	commonly	observed	but	are
highly	significant	with	respect	to	both	certainty	of	the	diagnosis	and	functional
consequences.	Thus,	patients	must	be	examined	both	supine	and	sitting	up	and
leaning	 forward	 so	 that	 an	 aortic	 regurgitant	 murmur	 is	 not	 missed.	 Careful
listening	on	both	 sides	of	 the	 sternum	during	 inspiration	 is	 important	 to	detect
tricuspid	insufficiency.	Signs	of	congestive	heart	failure	are	not	early	findings	in
endocarditis,	 but	must	 be	watched	 for,	 as	 these	 signal	 the	 need	 for	 immediate
surgical	intervention.

The	 most	 observed	 mucocutaneous	 lesions	 of	 endocarditis	 are	 petechiae.



They	most	often	appear	on	the	plantar	surface	of	toes	and	fingertips,	as	well	as
the	conjunctival	and	buccal	mucosa	(see	Figure	77.1).	They	may	be	larger	and
more	 irregular	 in	 outline	 than	 conventional	 petechiae	 and	 sometimes	 have	 a
white	 or	 even	 pustular	 center.	 Conjunctival	 petechiae	 commonly	 occur	 in
patients	following	cardiopulmonary	bypass	surgery,96	so	it	is	necessary	to	record
their	 presence	 or	 absence	 during	 the	 first	 encounter	with	 a	 patient	 undergoing
cardiac	surgery.	The	same	applies	to	subungual	splinter	hemorrhages,	which	are
commonly	a	result	of	trauma.97

	

Figure	 77.1 	 Embolic	 phenomena	 in	 a	 single	 patient	 with
Staphylococcus	 aureus	 endocarditis.A,	 Conjunctival	 petechiae.	 B,
Petechiae	 on	 fingertips;	 note	 irregular	 margins.	 C,	 Fundus
hemorrhage	with	white	 center,	 known	 as	Roth	spot.(B,	 Courtesy	 of
University	 of	Massachusetts	Medical	 Center	 Chan	Medical	 School.
C,	 Courtesy	 of	 Harry	 Kachadoorian,	 Ophthalmology	 Clinic,
University	of	Massachusetts	Medical	Center.)

Osler	nodes	and	Janeway	lesions	favor	the	plantar	and	palmar	surfaces	but	are
uncommon	 as	 reported	 in	 one	 series.5	 Osler	 nodes	 are	 painful,	 tender,	 bluish-
purple	nodular	lesions	located	on	the	pads	of	the	fingers	or	toes.	Janeway	lesions
are	 painless,	 pink,	 nontender	 macular	 lesions	 commonly	 on	 the	 palms	 or
soles.97,98

Fundoscopic	 examination	 may	 also	 show	 evidence	 of	 endocarditis.



Showering	of	emboli	often	occurs,	as	in	the	patient	whose	findings	are	illustrated
in	Figure	 77.1.	 The	 fingertip,	 subungual,	 conjunctival,	 and	 retinal	 lesions	 all
developed	the	day	after	admission	for	acute	renal	failure,	subsequently	found	to
be	 due	 to	S.	 aureus	 endocarditis.	 Splenomegaly	 is	 found	 in	 nearly	 half	 of	 the
patients	with	subacute	bacterial	endocarditis	and	in	very	few	of	those	with	acute
disease.

LABORATORY	TESTS
2 	The	key	to	microbiologic	diagnosis	of	IE	is	through	blood	cultures.	Three	sets
of	blood	cultures	obtained	from	separate	sites	should	be	performed	prior	to	the
initiation	 of	 antimicrobial	 therapy.	 Strict	 aseptic	 technique	 and	 optimal	 skin
preparation	should	be	used	when	collecting	blood	cultures	and	the	blood	cultures
should	be	obtained	prior	to	administration	of	antibiotics.	In	adults,	20	to	30	mL
of	blood	per	culture	is	optimal.46	In	cases	that	appear	to	be	culture	negative,73,74
the	advice	of	a	clinical	microbiologist	should	be	sought	 regarding	 the	need	for
special	 media,	 such	 as	 those	 adequate	 for	 the	 propagation	 of	 Brucella	 sp,
Bartonella	 organisms,	 or	 other	 nonculture-based	 tests	 such	 as	 serology	 and
molecular	methods.	Prolonging	the	incubation	of	standard	blood	culture	bottles
beyond	 7	 days	 has	 not	 been	 demonstrated	 to	 be	 necessary	 for	 successful
recovery	 of	 HACEK	 organisms,	 nor	 does	 it	 significantly	 improve	 diagnostic
yield	of	other	fastidious	pathogens.99,100

Diphtheroids	 and	 CoNS	 should	 not	 be	 disregarded	 as	 skin	 contaminants	 if
isolated	 repeatedly	 as	 they	 are	 well	 established	 causes	 of	 endocarditis.	 A
particularly	 troublesome	 situation	 is	 the	 recovery	 of	CoNS	of	 different	 colony
types	 or	 susceptibility	 patterns	 from	 different	 blood	 cultures.	 This	 is	 not
necessarily	evidence	for	multiple	contaminated	cultures	because	the	pattern	can
be	observed	in	true	CoNS	endocarditis.101,102

Fungal	 endocarditis	 has	 become	 more	 frequent.	 Fungi	 most	 commonly
isolated	include	Candida	albicans,	followed	by	Candida	parapsilosis,	other	non-
albicans	 species	of	Candida,103	Aspergillus	 sp,	and	Histoplasma	 sp.80,104	 In	 one
review,	emerging	fungi	accounted	for	25%	of	cases.	Among	patients	with	fungal
endocarditis,	the	overall	frequency	of	positive	blood	cultures	is	54%.104	Among
cases	 of	 endocarditis	 caused	 by	Candida	 sp,	 the	 percentage	 of	 positive	 blood
cultures	may	be	as	high	as	83%	to	95%	if	appropriate	methods	are	used.105

Current	commercially	available	routine	manual	and	automated	blood	culture
systems	are	usually	able	to	recover	yeasts	within	5	to	7	days	of	incubation.	The
best	 chances	 for	 recovery	 of	 filamentous	 fungi	 such	 as	 Aspergillus	 or



Histoplasma	 require	 the	 use	 of	 the	 lysis	 centrifugation	 method	 (Isolator,
Wampole	Laboratories,	Cranbury,	NJ).	If	a	fungal	etiology	is	suspected,	the	use
of	fungal	Isolator	tubes	should	be	considered,	as	a	comparison	of	fungi	recovery
between	routine	blood	cultures	and	Isolator	fungal	tubes	showed	these	tubes	had
greater	sensitivity.106,107	Premortem	microbiologic	diagnosis	may	often	be	made
by	 culture	 and	 special	 histologic	 stains	 of	 large	 arterial	 emboli	 or	 cardiac
vegetations.73,104

Noncultivatable	 or	 difficult	 to	 cultivate	 organisms	 may	 be	 detected	 by
serologic	or	molecular	 studies.	Such	organisms	 include	C.	burnetii,	Chlamydia
sp,	Bartonella	 sp,	 and	 some	 fungi.68-70,73,74,104,108	 Timely	 inclusion	 of	 serologic
studies,	particularly	in	environments	where	Q	fever,	Brucella,	and	Bartonella	sp
are	 prevalent,	 can	 enhance	 the	 definitive	 diagnosis	 of	 cases	 of	 endocarditis	 as
demonstrated	in	some	studies.74,109

Molecular	 techniques	 such	 as	 polymerase	 chain	 reaction	 and	 sequence
analysis	 of	 the	 amplified	 DNA	 have	 been	 applied	 to	 blood	 cultures,	 whole
ethylenediaminetetraacetic	acid	blood,	and	to	valvular	tissue	removed	at	the	time
of	 surgery.72,74,110,111	 Several	 studies	 have	 demonstrated	 the	 utility	 of	 these
methods	for	assessing	patients	with	high	pretest	probability	of	endocarditis	but
who	have	negative	blood	cultures	by	standard	methods.	Advantages	include	high
sensitivity,	 rapid	 results,	 and	 accurate	 identification.	 Limitations	 include
potential	 for	 contamination	 and	 lack	 of	 an	 organism	 to	 test	 for	 antimicrobial
susceptibility.74,110,111

OTHER	DIAGNOSTIC	TESTS
The	 electrocardiogram	 is	 the	 simplest	 test	 for	 evaluation	 of	 perivalvular
extension	of	infection	in	endocarditis.112	Persistent	(2-3	days)	prolongation	of	the
PR	 interval	 in	 the	 absence	 of	 digitalis	 toxicity,	 new	 persistent	 bundle-branch
block,	 or	 complete	 heart	 block	 is	 quite	 specific	 for	 predicting	 extension	 into
myocardial	or	aortic	root	 tissue	and	 the	subsequent	need	for	surgery.	However,
the	absence	of	PR	prolongation	does	not	rule	out	perivalvular	extension.

4 	Echocardiography	remains	the	first-line	imaging	modality	in	the	diagnosis
and	 management	 of	 IE	 and	 should	 be	 performed	 in	 all	 cases	 of	 suspected
endocarditis.46,113-115	Current	roles	for	echocardiography	include	(1)	diagnosis	of
IE	by	demonstration	of	vegetations,	 (2)	characterization	of	underlying	valvular
disease,	(3)	clarification	of	the	destructive	nature	of	endocarditis,	(4)	assessment
of	 the	 persistently	 febrile	 patient	 for	 evidence	 of	 perivalvular	 extension	 of
infection,	 and	 (5)	 assessment	 of	 valvular	 function	 for	 PVE.	While	 essential	 in



diagnosing	 IE,	 neither	 transthoracic	 echocardiography	 (TTE)	 and	 neither
transthoracic	echocardiography	(TEE)	are	perfect	and	can	fail	 to	confirm	IE	 in
up	to	30%	of	cases,	particularly	in	individuals	with	prosthetic	devices.113,115,116

Studies	 performed	 in	 the	 period	 between	 1988	 and	 1998	 demonstrated	 that
two-dimensional	TTE	has	an	overall	sensitivity	of	vegetation	detection	of	50%,
with	a	range	of	14%	to	78%	in	published	series.117-119	Sensitivity	is	affected	by
vegetation	size,	with	25%	of	vegetations	less	than	5	mm	and	70%	between	6	and
10	mm	detected.120	Obesity,	 chronic	 lung	 disease,	 and	 thoracic	 deformity	may
preclude	 obtaining	 the	 high-quality	 images	 needed	 to	 detect	 vegetations	 in	 as
many	 as	 30%	 of	 patients.120,121	 Equivocal	 results	 due	 to	 thickening	 or
myxomatous	 degeneration	 of	 native	 valves	 and	 artifact	 from	 prosthetic	 valves
are	problems	with	TTE.118,121	Diagnostic	yield	 is	 also	 influenced	by	experience
and	skill	of	 the	person	performing	 the	procedure	and	 the	pretest	probability	of
endocarditis.	 TTE	 has	 very	 limited	 ability	 to	 detect	 valve	 perforations	 and
abscess	 extension,	 especially	 on	 prosthetic	 heart	 valves.	Technologic	 advances
such	 as	 harmonic	 imaging	 and	 digital	 processing	 and	 storage	 have	 improved
TTE	 image	 quality.110,122	 At	 least	 one	 report	 describes	 improved	 sensitivity	 to
more	 than	80%	using	 contemporary	TTE.122	 TEE	 is	 a	 significant	 advancement
for	 the	 evaluation	 of	 the	 patient	with	 IE.110,118,123	Unlike	TTE,	 TEE	 has	 a	 high
negative	predictive	value	for	patients	with	suspect	NVE	(86%-97%).	Despite	the
somewhat	 invasive	nature	of	TEE,	 the	procedure	 is	quite	safe	when	performed
by	 a	 skilled	 physician,	 with	 interruption	 of	 the	 procedure	 or	 complications
occurring	 less	 than	 1%	 of	 the	 time.123	 Relative	 contraindications	 include
esophageal	 diseases,	 severe	 atlantoaxial	 joint	 disease,	 prior	 irradiation	 to	 the
chest,	and	perforated	viscus.124

Image	 quality	 of	 the	 TEE	 benefits	 from	 the	 high-resolution	 transducer	 and
unobstructed	view	of	cardiac	structures.112,118-120	TEE	is	much	more	sensitive	than
TTE	 for	 the	 detection	 of	 valvular	 vegetations;	 sensitivity	with	 current	 biplane
TEE	is	90%,	with	vegetations	as	small	as	1	mm	being	seen.125-128	Early	studies	on
3D	TEE	demonstrate	the	potential	of	this	technology	to	enhance	localization	of
vegetations.129	 Like	 the	 situation	 with	 3D	 TTE,	 however,	 large	 series
demonstrating	superiority	are	lacking.

TEE	 is	 also	 superior	 to	 TTE	 for	 detection	 of	 perivalvular	 abscess,	 with
approximately	87%	sensitivity.125,126	TEE	appears	to	be	the	optimal	tool	to	detect
vegetations	on	prosthetic	valves	and	to	assess	valve	dysfunction.	Likewise,	TEE
is	superior	to	TTE	for	detecting	infections	of	pacemaker	leads.121,128-131	TEE	also
appears	superior	to	TTE	in	the	intraoperative	assessment	of	cardiac	structure	and
hemodynamics.128,130

The	AHA	guidelines	prefer	TEE	for	all	patients	with	suspected	endocarditis



but	do	accept	that	it	may	be	omitted	when	TTE	is	diagnostic	for	endocarditis	and
the	likelihood	of	complications	is	felt	to	be	low.46	TEE	is	definitely	indicated	for
the	 diagnosis	 of	 endocarditis	 in	 the	 presence	 of	 a	 prosthetic	 valve	 and	 when
clinical	suspicion	of	endocarditis	 is	high	but	TTE	is	negative.46,113,114	Whenever
TEE	 is	 positive,	 TTE	 views	 of	 the	 areas	 with	 abnormal	 findings	 should	 be
obtained	 for	 comparison	 during	 follow-up.46	 The	 European	 Society	 of
Cardiology	 practice	 guidelines	 similarly	 recommend	 TEE	 for	 all	 cases	 except
those	for	whom	good	quality	TTE	images	and	unequivocal	findings	demonstrate
isolated	 right-sided	 endocarditis.113	 All	 of	 the	 guidelines	 agree	 that
echocardiography	 should	 be	 repeated	when	 the	 initial	 imaging	 is	 negative	 and
clinical	 suspicion	 remains	 high:	 TTE	 or	 TEE	 in	 3	 to	 5	 days,113	 TEE	 in	 5	 to
7	days,46	TTE	or	TEE	in	7	to	10	days.114	TEE	should	also	be	obtained	when	the
TTE	 is	 positive,	 but	 the	 patient’s	 clinical	 course	 suggests	 the	 development	 of
cardiac	complications.

The	 prognostic	 implications	 of	 vegetations	 identified	 by	 echocardiographic
studies	 remain	 controversial.	 Some	 recent	 studies	 have	 indicated	 an	 increased
risk	of	embolization	in	patients	with	vegetations	greater	than	or	equal	to	10	mm
in	size,	particularly	 in	patients	with	mitral	valve	disease.125,126	Still	 others	have
found	 that	 the	 predictive	 value	 of	 size	 for	 embolization	 depended	 on	 the
organism	 and	 the	mobility	 of	 the	 vegetation.	Most	 investigators	 agree	 that	 the
presence	 of	 a	 vegetation	 alone	 is	 not	 an	 independent	 indication	 for	 valve
replacement.132,133

Although	emboli	may	occur	in	as	many	as	16%	of	patients	with	Duke	definite
endocarditis	 who	 do	 not	 have	 vegetations	 on	 echocardiography,	 vegetations
greater	 than	or	equal	 to	10	mm	in	size	are	associated	with	an	increased	risk	of
embolization.132-134	Mitral	 location,	causative	organism,	and	 the	mobility	of	 the
vegetation	also	contribute	to	embolic	risk,	and	echocardiography	may	be	useful
for	 stratifying	 patients	 to	 high-risk	 subgroups	 where	 early	 surgery	 should	 be
considered.132-135

TEE	 is	 inconclusive	 in	 10%	 to	 20%	 of	 patients	 with	 suspected	 IE.136
Adjunctive	imaging	modalities	such	as	multislice	computed	tomography	without
(MDCT)	or	with	angiography	(MDCTA)	may	be	complementary	or	used	as	an
alternative	to	TEE	and	help	improve	diagnosis	rates	in	difficult-to-detect	cases,
and	 in	 those	 who	 have	 contraindications	 to	 TEE.	 Further,	 both	 MDCT	 and
MDCTA	 may	 have	 advantages	 in	 identifying	 valvular	 and	 perivalvular
involvement	associated	with	IE	such	as	root	abscess,	pseudoaneurysm,	or	fistula,
as	well	as	in	the	evaluation	of	patients	with	extensive	valvular	calcifications.137-
139	CT	is	 inferior	 to	TEE	in	detecting	small	vegetations	and	valve	perforations,
and	 its	 use	 is	 limited	 among	 patients	with	 poor	 renal	 function	 or	who	 cannot



tolerate	 iodinated	 contrast.139	 Other	 imaging	 modalities	 such	 as	 18F-
fluorodesoxyglucose	 positron	 emission	 tomography/computed	 tomography
(PET/CT)	 or	 single	 photon	 emission	 computed	 tomography	 (SPECT/CT),	 or
leukocyte	scintigraphy	have	also	shown	promise	in	confirming	the	diagnosis	in
patients	 with	 suspected	 IE	 by	 Duke	 criteria,	 nearly	 doubling	 the	 diagnostic
sensitivity	 for	 IE	compared	 to	using	 the	Duke	criteria	alone.139	However,	 these
modalities	are	not	widely	available,	are	time-consuming,	expensive,	and	may	not
be	 able	 to	 differentiate	 IE	 from	 inflammatory	 changes	 due	 to	 surgery	 or	 other
conditions	 such	 as	 vasculitis.136	 Neither	US	 nor	 European	 guidelines	 currently
recommend	 the	 routine	 use	 of	 alternative	 imaging	 modalities	 such	 as	 CT	 or
nuclear	 imaging	 in	 the	 diagnosis	 of	 IE,46,113	 but	 their	 adjunctive	 use	 alongside
traditional	 cardiac	 imaging	 modalities	 may	 prove	 useful	 in	 the	 evaluation	 of
patients	 with	 perivalvular	 extension	 of	 disease,	 patients	 with	 inconclusive
echocardiographic	findings,	in	those	with	suspected	prosthetic	valve	IE	or	CIED
infection,	and	to	detect	extracardiac	manifestations	of	IE.12,115,140

DIFFERENTIAL	DIAGNOSIS
By	 far,	 the	most	 common	difficulty	 confronting	 the	 present-day	 practitioner	 is
deciding	 which	 episodes	 of	 bacteremia	 represent	 endocarditis.	 The	 question
becomes	particularly	acute	for	patients	with	intravascular	foreign	bodies,	such	as
pacemakers,	 valves,	 and	 patches,	 and	 when	 the	 organism	 is	 S.	 aureus.	 The
approach	 to	 this	problem	must	 take	 into	account	 the	propensity	 for	 the	 foreign
body	to	become	infected,	 the	propensity	of	 the	organism	to	cause	endocarditis,
and	 the	 duration	 of	 bacteremia.	 Because	 sustained	 bacteremia	 characterizes
infection	of	 endovascular	 sites,	 the	 longer	 the	 bacteremia	 lasts,	 the	 greater	 the
concern	 for	 an	 endothelial	 origin.	 In	 addition,	 even	 if	 the	 origin	 is	 distant	 and
known,	the	longer	the	organisms	circulate,	the	greater	is	the	risk	that	they	have
settled	out	and	seeded	the	intravascular	foreign	body	secondarily.

Prosthetic	valves,	both	mechanical	 and	of	biologic	origin,	have	a	very	high
risk	of	becoming	infected,	whereas	PPMs,	once	endothelialized,	appear	to	carry
a	 relatively	 low	 risk.	 Infection	usually	occurs	 at	 the	 skin-catheter	 junction	 and
thus	is	most	likely	to	invade	the	circulation	when	the	vessel	is	in	close	proximity
to	 the	 skin	 wound.	 However,	 for	 patients	 with	 a	 PPM,	 sustained	 bacteremia
without	 an	 obvious	 focus	 implies	 infection	 of	 the	 pacemaker	 electrode,	 the
tricuspid	 valve,	 or	 fibrotic	 endocardial	 regions	 in	 contact	 with	 the	 electrode
tip.141

Enteric	 gram-negative	 bacilli	 are	 among	 the	 most	 common	 blood	 culture



isolates	at	most	hospitals	but	are	less	common	as	a	cause	of	endocarditis	(Table
77.1).	Notable	exceptions	to	this	characterization	of	enteric	gram-negative	bacilli
are	 salmonellae,	 particularly	 Salmonella	 typhimurium	 and	 Salmonella
choleraesuis,	which	seem	to	have	an	affinity	for	damaged	vascular	endothelium
and	have	infected	aortic	aneurysms	as	well	as	cardiac	devices.142	AIDS	patients
older	 than	 50	 years	 who	 develop	 salmonella	 bacteremia	 in	 the	 setting	 of
predisposing	valvular	disease	appear	to	be	at	particular	risk	of	endocarditis.61,143

Nosocomial	 bacteremia	 with	 gram-negative	 bacilli	 has	 been	 shown	 to
constitute	a	risk	for	development	of	PVE.	One	study144	 found	that	26%	of	new
cases	 of	 PVE	 occurred	 among	 patients	 who	 developed	 nosocomial	 gram-
negative	 bacteremia,	 in	most	 cases	 from	 an	 identifiable	 portal	 of	 entry.	 Thus,
patients	 with	 gram-negative	 bacteremia	 in	 the	 setting	 of	 a	 prosthetic	 valve
should	receive	antibiotic	therapy	adequate	for	possible	endocarditis.

SAB	 always	 raises	 the	 question	 of	 whether	 treatment	 for	 endocarditis	 is
warranted.	A	classical	study	reported	that	64%	of	all	bloodstream	infections	with
S.	aureus	from	1940	to	1954	represented	endocarditis,	confirmed	by	autopsy	in
38%	of	cases.145	A	subsequent	report	from	the	same	center	defined	16%	of	134
patients	 with	 SAB	 from	 1975	 to	 1977	 as	 having	 definite	 or	 probable
endocarditis.146	These	and	other	studies	have	amply	demonstrated	the	ability	of
S.	aureus	to	cause	endocarditis	on	a	valve	previously	presumed	normal	and	have
shown	that	established	endocarditis	may	be	found	at	postmortem	examination	in
patients	in	whom	no	murmur	was	ever	heard	during	their	lifetime.56,145

The	 absence	 of	 a	 primary	 focus	 appears	 to	 be	 a	 powerful	 predictor	 of
endocarditis	from	community-acquired	staphylococcal	bacteremia.56,147	Injection
drug	 users	 are	 also	 at	 high	 risk	 of	 endocarditis	 and	metastatic	 abscesses,	 and
SAB	 should	 be	 treated	 in	 a	 fashion	 appropriate	 to	 endocarditis	 whenever	 it
occurs	in	this	group.

IE	has	been	shown	to	be	clinically	occult	in	a	high	proportion	of	patients	with
staphylococcal	bacteremia.	TEE	has	been	valuable	for	identifying	which	patients
have	endocarditis	 in	 the	setting	of	staphylococcal	bacteremia.53,148,149	One	study
examined	the	use	of	a	scrupulous	definition	of	negative	TTE	plus	clinical	criteria
(absence	of	any	of	 the	 following	high-risk	 features:	community-acquired	SAB,
prosthetic	valves	or	valve	repair	materials,	intracardiac	devices,	history	of	prior
endocarditis,	 or	 injection	 drug	 use)	 among	 patients	 with	 SAB.150	 A	 TTE	 was
called	negative	only	 if	 it	was	not	 suboptimal	 or	 indeterminate	 in	 any	way	 and
had	 no	 abnormality,	 even	 if	 that	 abnormality	 did	 not	 fulfill	 any	 criteria	 for
endocarditis,	 an	 approach	 that	 excluded	 22%	 of	 the	 TTEs	 performed.	 In	 their
validation	 cohort	 of	 268	 patients	 with	 SAB	 and	 a	 14.2%	 prevalence	 of
endocarditis,	 these	 rules	 would	 have	 missed	 only	 one	 case	 of	 IE,	 a	 negative



predictive	value	of	99%.
Several	 studies	 support	 the	use	of	a	2-week	course	of	antibiotic	 therapy	 for

catheter-associated	 SAB	 in	 patients	 at	 low	 risk	 of	 endocarditis.	 This	 would
include	 patients	 without	 valvular	 heart	 disease	 (or	 prosthetic	 valves)	 and	 in
whom	 the	 catheter	 has	 been	 removed	 promptly,	 subsequent	 blood	 cultures	 are
negative,	 defervescence	 occurred	within	 72	 hours,	 and	 TEE	 is	 normal.148,151-154
Failures	may	still	occur	in	up	to	16%	of	cases	assessed	as	low	risk	using	these
criteria;	 recurrences	 are	 reported	 in	 5%	 to	 24%	 of	 patients	 with	 catheter-
associated	 SAB,	 usually	 within	 10	 weeks	 of	 discontinuing	 therapy.	 Clearly,
patients	who	have	prolonged	fever	or	bacteremia	after	catheter	 removal	should
receive	the	longer	course	of	antibiotic	therapy	because	of	the	high	mortality	from
catheter-associated	S.	aureus	endocarditis.55,153,154	All	patients	with	SAB,	whether
treated	with	short	or	longer	courses	of	therapy,	should	be	followed	closely	for	at
least	 3	 months	 following	 treatment,	 preferably	 by	 an	 infectious	 diseases
specialist.

The	overall	mortality	rate	for	staphylococcal	endocarditis	in	one	multicenter
study	 ranged	 from	 16.7%	 to	 23.7%.54	 Overall	 mortality	 rates	 of	 36%	 to	 48%
have	 been	 reported	 during	 the	 last	 decade.155	 In	 contrast,	 HIV	 seronegative
parenteral	drug	users	with	this	disease	have	a	2%	to	4%	mortality	rate,	although
considerable	morbidity,	 including	congestive	heart	 failure,	 occurs	 in	23%.155,156
The	more	 favorable	 outcome	of	PWID	 is	 generally	 attributed	 to	 their	 younger
age	and	absence	of	underlying	systemic	 illness,	as	well	as	 the	 location	of	 their
valve	 involvement	 (right-sided	 valvular	 disease).	 In	 the	 HIV-seropositive
injection	drug	user,	mortality	 is	 related	 to	 the	degree	of	 immunosuppression.156
In	 one	 study,	 for	 patients	 with	 CD4	 counts	 of	 200	 or	 more,	 there	 was	 no
difference	in	mortality	between	HIV-positive	and	HIV-negative	 individuals	and
mortality	was	directly	related	to	the	valve	involved.157

The	epidemiology	of	enterococcal	bacteremia	has	also	changed.	Enterococci
have	 emerged	 as	 major	 causes	 of	 health	 care-associated	 infections	 and	 in	 so
doing	 have	 become	 increasingly	 resistant	 to	 antimicrobial	 agents,	 most
importantly	 the	 penicillins,	 aminoglycosides,	 and	 glycopeptides.19,157-159
Frequently,	 enterococcus	 occurs	 in	 polymicrobial	 bacteremic	 infections	 along
with	 enteric	 gram-negative	 bacilli,	 but	 it	 may	 also	 accompany	 other	 gram-
positive	organisms,	particularly	CoNS.53,159	Mortality	 attributed	 to	 enterococcal
bacteremia	 is	 high,	 ranging	 from	13%	 to	42%,	 and	 seems	 to	 correlate	 directly
with	 the	severity	of	underlying	 illness	as	well	as	with	antimicrobial	 resistance.
Higher	mortality	 rates	 are	 seen	 among	 patients	 infected	with	 strains	 that	 have
high-level	aminoglycoside	resistance	and	resistance	to	vancomycin.159-161

Two	case	 series	 of	 patients	with	 enterococcal	 bacteremia	 examined	 the	 risk



factors	 for	 development	 of	 endocarditis.142,158	 These	 studies	 refute	 previous
reports	 that	 nosocomial	 bacteremia	 and	 polymicrobial	 infections	 with
enterococci	are	rarely	associated	with	endocarditis.	In	both	studies,	Enterococcus
faecalis	was	 the	 predominant	 enterococcal	 species.	Approximately	 60%	of	 the
patients	 had	 nosocomial	 infections	 and	 polymicrobial	 bacteremia	 varied	 from
17%	 to	 37%.	 Factors	 that	 were	 significantly	 associated	 with	 endocarditis
included	 three	 or	 more	 positive	 blood	 cultures,	 the	 presence	 of	 a	 prosthetic
valve,	underlying	valvular	disease,	and	infection	with	E.	faecalis.

INFECTIONS	OF	CARDIOVASCULAR
IMPLANTABLE	ELECTRONIC	DEVICES:
PACEMAKERS,	AUTOMATIC	IMPLANTABLE
CARDIOVERTER	DEFIBRILLATORS,	AND
VENTRICULAR	ASSIST	DEVICES
CIEDs	 are	 essential	 for	 the	management	 of	 cardiac	 disease,	 and	 their	 use	 has
increased	 significantly	 due	 to	 an	 aging	 population	 with	 cardiac	 conditions,	 as
well	 as	 expansion	 of	 approved	 indications.162-164	 Along	 with	 this	 increase,
however,	 is	 a	 disproportionate	 rise	 in	 CIED	 infections.	 A	 population-based
survey	on	 the	use	of	CIEDs	 reported	 that	70%	of	device	 recipients	are	elderly
and	many	 of	 these	 patients	 have	multiple	 coexisting	 illnesses	 placing	 them	 at
risk	of	CIED	infections.165	Despite	improvements	in	the	technology	and	greater
ease	 of	 implantation,	 CIED	 infections	 appear	 to	 be	 increasing	 with	 the
probability	 of	 infection	 being	 higher	 among	 patients	 with	more	 contemporary
implantable	 cardioverter-defibrillator	 and	 cardiac	 resynchronization	 therapy
(CRT)	 devices,	 and	 in	 those	 who	 undergo	 repeated	 device	 manipulations
including	 generator	 changes	 and	 device	 upgrades.163,164,166,167	 Nearly	 50%	 of
patients	 in	 one	 series	 had	 undergone	 invasive	 procedures	 or	 hospitalization
within	the	6	months	preceding	their	CIED	infections.167

Several	recent	studies	have	identified	risk	factors	for	CIED	infection	and	have
classified	them	into	patient-related	factors,	procedure	related	factors,	and	device-
related	 factors.168	 These	 risk	 factors	 include	 older	 age,	 oral	 anticoagulant	 use,
corticosteroid	use,	individuals	with	diabetes	mellitus,	renal	dysfunction,	chronic
obstructive	pulmonary	disease,	heart	failure,	prior	device	infection,	the	presence
of	 more	 than	 two	 leads,	 fever	 within	 24	 hours	 of	 device	 implantation,	 early
reinterventions,	location	of	the	pocket	(abdominal	location	with	greater	risk	than



pectoral),	 lack	 of	 perioperative	 antimicrobial	 prophylaxis,	 and	 the	 use	 of
temporary	 pacing	 before	 the	 implantation.162,167-170	 Approximately	 80%	 of	 all
CIED	infections	are	due	to	S.	aureus	and	CoNS.169

Infections	 of	 pacemakers	 can	 be	 divided	 into	 the	 following	 distinct
syndromes:

Generator	pocket	infections,	which	tend	to	occur	within	2	months	of	surgery
and	are	usually	caused	by	S.	aureus.
Infections	associated	with	the	lead	wire	and	electrode,	which	generally	present
months	later	and	are	more	typically	caused	by	CoNS.
Endocarditis,	which	usually	follows	contiguous	spread	of	infection	along	the
pacer	system.

Inflammation	 at	 the	 generator	 pocket	 may	 be	 absent	 or	 detectable	 only	 at
surgery	in	patients	with	the	latter	two	syndromes.162

Local	 erythema,	 erosion	 over	 the	 generator	 site,	 or	 drainage	 characterizes
pocket	 infections,	 whereas	 electrode	 infections	 and	 endocarditis	 present	 more
typically	 with	 sepsis	 and	 sustained	 bacteremia.	 Among	 cases	 of	 pacemaker
endocarditis,	TEE	is	a	useful	diagnostic	 tool	 for	defining	 the	pacemaker	as	 the
source	 of	 bacteremia	 by	 visualizing	 vegetations	 on	 the	 leads	 or	 the	 tricuspid
valve,	 as	well	 as	 the	possibility	of	 left-sided	valvular	 involvement,	myocardial
abscess,	and	other	cardiac	complications.113,131,162,163,171

Infections	 that	 involve	 pacemaker	 wires	 and	 electrodes	 are	 almost	 never
cured	with	 antibiotics	 alone,	 and	 the	 entire	 system	 should	 be	 removed.113,162,171
This	 usually	 can	 be	 accomplished	 in	 a	 one-stage	 procedure	 in	 which	 the	 old
system	is	removed,	and	the	new	system	placed	at	a	site	remote	from	the	infection
(usually	the	contralateral	side),	followed	by	a	course	of	antibiotics.162	However,
temporary	 pacing	 is	 not	 recommended,	 and	 new	 device	 placement	 should	 be
delayed	until	blood	cultures	have	been	negative	for	at	least	72	hours	in	cases	of
bacteremia,	and	only	if	reevaluation	of	the	indications	determines	that	 it	 is	still
required.	The	optimal	duration	of	antimicrobial	therapy	depends	upon	the	extent
of	 infection	and	whether	bacteremia	 is	present.	Short-course	 therapy	 following
extraction	 may	 be	 possible	 for	 infections	 confined	 to	 the	 pacer	 pocket	 in	 the
absence	of	bacteremia,	whereas	much	longer	duration	of	treatment	is	essential	in
patients	with	bacteremia.	Patients	with	SAB	and	no	obvious	source	should	have
all	 hardware	 removed.	 Guidelines	 for	 management	 are	 discussed	 in	 detail
elsewhere.113,162

Removal	of	the	old	system	may	not	always	be	easy	to	accomplish.	Sometimes
defective	or	infected	electrodes	become	firmly	enclosed	by	fibrous	tissue	and	are
adherent	 to	 the	 vessel	 endothelium,	 precluding	 easy	 extraction	 through	 the



venous	 system.	 Removal	 of	 a	 retained	 wire	 using	 traction	 devices	 has	 been
successful	 in	some	instances,	but	serious	complications	such	as	avulsion	of	 the
tricuspid	valve	and	creation	of	atrioventricular	fistulae	have	been	reported.171

Specialized	 tools	have	been	developed	 to	 remove	 leads	 from	fibrotic	 tissue.
The	newest	technologies	are	laser	sheath	devices.	A	multicenter	study	reviewed
the	 experience	 with	 laser	 sheath	 extraction	 in	 the	 United	 States	 where	 1684
patients	 (2561	 leads)	 were	 treated	 with	 a	 laser	 sheath.172	 Complete	 success,
defined	as	removal	of	all	lead	material	from	the	vasculature,	was	seen	in	90%	of
the	 patients.	 The	 most	 predictive	 factor	 for	 failure	 to	 remove	 a	 lead	 by	 this
procedure	was	 lead	 implant	 duration	 of	more	 than	 10	 years.	Cardiopulmonary
bypass	surgery	with	dissection	of	the	electrode	may	be	required	for	patients	who
can	 tolerate	 surgery	 when	 percutaneous	 approaches	 are	 not	 successful	 or
intracardiac	complications,	including	valvular	involvement,	are	present.113,162,171

Infection	 is	one	of	 the	most	 serious	complications	of	 automatic	 implantable
cardioverter	defibrillators	(AICDs).	Infection	rates	of	older	AICDs,	in	which	one
of	 the	 electrodes	 is	 a	 surgically	 implanted	 epicardial	 patch,	 range	 from	 1%	 to
7%.	Early	infections	typically	involve	the	generator	pocket	and	are	caused	by	S.
aureus.173	 Late	 infections	 tend	 to	 involve	 the	 patch	 with	 resultant	 purulent
pericarditis,	 usually	 caused	 by	 CoNS	 and	 corynebacteria.174	 There	 is	 now
agreement	 that	 these	 infections,	 whether	 early	 or	 late,	 require	 removal	 of	 the
entire	 system.162,174	 Radical	 debridement	 of	 the	 pericardium	 is	 necessary	 if
infection	 extends	 beyond	 the	 electrode	 patch	 capsule.174	 Prolonged	 antibiotic
therapy	(ie,	6	weeks)	follows	these	procedures.	Reimplantation	of	the	generator
following	disinfection	and	appropriate	gas	sterilization	using	new	electrodes	and
wires	 after	 the	 patient	 has	 been	 on	 antibiotic	 therapy	 for	 2	 weeks	 has	 been
successful	 but	 is	 not	 recommended.162,173	 More	 recent	 AICDs	 use	 intracardiac
defibrillating	 electrodes	 placed	 transvenously;	 management	 of	 infections
involving	these	systems	is	similar	to	that	of	PPMs.

Ventricular	 assist	 devices	 have	 revolutionized	 the	 management	 of	 patients
with	end-stage	cardiac	pump	failure.	They	may	be	used	temporarily	 in	patients
who	are	expected	to	have	recovery	of	natural	heart	function,	as	a	bridge	in	 the
group	 who	 are	 awaiting	 cardiac	 transplantation,	 or	 as	 destination	 therapy	 for
individuals	 ineligible	 for	 transplantation.	A	ventricular	assist	device	consists	of
an	 encased	 pumping	 chamber	 usually	 placed	 in	 a	 preperitoneal	 or	 intra-
abdominal	position,	a	driveline	tunneled	to	an	exit	point	 in	the	lower	quadrant,
and	 inflow	 and	 outflow	 conduits	 with	 unidirectional	 valves	 attached	 with	 a
Dacron	 graft	 to	 the	 left	 ventricular	 apex	 and	 the	 ascending	 aorta,	 respectively,
each	 of	 which	 locations	 has	 its	 own	 peculiarities	 and	 propensity	 to	 infection.
Incidence	 of	 infection	 following	 left	 ventricular	 assist	 device	 (LVAD)



implantation	ranges	from	18%	to	59%.175	Infections	range	in	severity	from	local
driveline	 exit	 site	 infections	 to	 pocket	 (meaning	 the	 body	 cavity,	 either
preperitoneal	 or	 intra-abdominal,	 in	 which	 the	 device	 is	 placed)	 infection	 and
bacteremia,	 for	which	determining	whether	 the	device	 is,	 in	 fact,	 seeded	 is	 the
key	 question.176	 A	 series	 published	 in	 2006	 reported	 that	 most	 infections
occurred	between	2	weeks	 and	2	months	of	 implantation,175	 but	 a	more	 recent
report	 of	 infections	 in	 LVADs	 placed	 from	 2005	 to	 2011	 found	 endovascular
infections	occurred	early	(0.3-7.3	months,	median	1.6	months)	post	implantation,
whereas	local	infections,	predominantly	involving	the	driveline	exit	site,	tended
to	occur	later	(3-19.8,	median	7.1,	months).176

The	 most	 serious	 of	 these	 infections	 is	 LVAD	 endocarditis,	 defined	 as
infection	of	the	LVAD	surface	or	valves	associated	with	persistent	bacteremia	or
fungemia.	 Clinical	 features	 include	 persistent	 fever,	 cachexia,	 septic	 cerebral
embolization,	 and	 device	 failure.175-177	 Pathogens	 are	 typical	 nosocomial
organisms:	gram-positive	cocci,	particularly	staphylococci,	are	the	most	frequent
etiologies,	 followed	 by	 gram-negative	 bacilli	 including	 Pseudomonas
aeruginosa	 and	 Candida	 sp.175,176	 Mortality	 with	 LVAD	 endocarditis	 is	 high,
approaching	50%	in	one	series.177	All-cause	mortality	was	43%	at	2	years	from
the	 time	 of	 implantation	 in	 a	 series	 that	 included	 all	 LVAD-related	 infections;
47%	 of	 the	 30	 patients	 whose	 LVADs	 were	 intended	 as	 bridge	 to	 transplant
actually	 received	 heart	 transplants.	 A	 recent	 paper	 proposes	 an	 algorithm	 to
guide	 workup	 and	 therapy	 of	 these	 infections;	 the	 authors	 stress	 that	 chronic
suppressive	antimicrobial	therapy	is	indicated	when	the	LVAD	is	believed	to	be
seeded	 and	 recommend	 continuation	 of	 that	 therapy	 even	 if	 the	 device	 is
explanted	and	replaced.176

TREATMENT
5 	 IE	 is	 associated	 with	 high	 mortality,	 especially	 among	 patients	 admitted	 to
ICUs	 and	 health	 care-associated	 infections.19,178	 The	 optimal	 management	 of
patients	 with	 IE	 requires	 team-based	 care	 for	 prompt	 diagnosis	 of	 IE	 and	 its
complications,	selection	of	appropriate	antimicrobial	regimen,	and	evaluation	for
need	 of	 early	 surgical	 intervention.	 Due	 to	 the	 complexity	 of	 disease
management,	the	IE	team	require	the	expertise	of	multiple	disciplines	including
infectious	diseases,	cardiology,	cardiovascular	surgery,	and	clinical	pharmacy.

EMPIRIC	ANTIBIOTICS



Acutely	 ill	 patients	who	 are	 admitted	 to	 ICUs	with	 suspicion	 of	 IE	 should	 be
initiated	 promptly	 on	 empiric	 antibiotics	 after	 at	 least	 2	 sets	 of	 blood	 cultures
have	been	obtained.	The	choice	of	empiric	antibiotic	regimen	is	usually	broad	to
cover	 the	common	pathogens	and	should	be	tailored	according	to	patient’s	risk
factors	 with	 the	 guidance	 of	 infectious	 diseases	 specialists.	 Patients	 with
endocarditis	who	 require	 intensive	 care	 at	 admission	will	most	 likely	have	 the
acute	 form	of	 the	disease	due	 to	virulent	pathogens	such	as	S.	aureus	or,	more
rarely,	 Streptococcus	 pneumoniae	 or	 pyogenic	 streptococci,	 unless	 they	 have
undiagnosed	subacute	endocarditis	and	 require	 intensive	care	due	 to	cardiac	or
neurologic	complications.	Large	emboli	are	a	particular	feature	of	HACEK,	non-
group	A	β-hemolytic	streptococcal	and	Candida	endocarditis.

ANTIMICROBIAL	THERAPY
6 	Antimicrobials	used	to	treat	IE	must	provide	bactericidal	activity,	bathing	the
infected	 vegetation	 and	 heart	 valve,	 because	 neither	 possesses	 an	 intrinsic
vascular	 supply,	 and	 bacteria	 within	 the	 vegetation	 may	 be	 shielded	 by	 the
surrounding	 fibrin-platelet	 thrombus.	Certain	organisms	also	produce	a	biofilm
around	 indwelling	 devices	 that	 provides	 a	 further	 barrier	 to	 antimicrobial
penetration	and	alters	killing	conditions.	In	vitro	and	animal	model	systems	can
suggest	 potential	 approaches	 to	 therapy,	 but	 clinical	 outcomes	 are	 the	 final
arbiter	of	whether	a	particular	drug	or	combination	of	drugs	has	worked	for	the
patient	with	endocarditis.	There	have	been	very	few	controlled	clinical	trials.179-
182	 Rather,	 regimens	 have	 been	 evaluated	 by	 comparing	 cure	 rates	 to	 those
expected.	In	the	clearest	case,	“Bacteriologic	cure	rates	≥98%	may	be	anticipated
for	 patients	 who	 complete	 4	 weeks	 of	 therapy	 with	 parenteral	 penicillin	 or
ceftriaxone	 with	 endocarditis	 caused	 by	 highly	 penicillin-susceptible	 viridans
group	 streptococci	 or	S.	 gallolyticus	 (bovis).”46	 For	 other	 etiologies	 of	 IE,	 the
expectation	of	successful	therapy	is	less	uniform.

VALVE	SURGERY
Patient	 should	 be	monitored	 closely	 for	 any	 signs	 that	might	 indicate	 valvular
damage	or	 perivalvular	 abscess	 that	 could	 result	 in	 the	 need	 for	 early	 surgical
intervention.	 If	 a	 patient	 has	 persistent	 fever	 or	 bacteremia	despite	 appropriate
antibiotic	 therapy	 or	 develops	 a	 new	 conduction	 block,	 evaluation	 for
perivalvular	 extension	of	 infection	 should	be	pursued.	Development	of	new	or



worsening	 murmur	 or	 progressive	 heart	 failure	 might	 be	 signs	 of	 valvular
destruction	 or	 paravalvular	 regurgitation.	A	 repeat	TEE	 is	 indicated	 if	 there	 is
any	clinical	suspicion	of	perivalvular	complications.	In	general,	there	is	no	role
to	repeat	echocardiography	to	monitor	size	or	resolution	of	valvular	vegetation.

TIMING	OF	VALVE	SURGERY
8 	For	patients	who	have	indications	for	valve	surgery,	the	time	of	surgery	should
be	individualized	based	on	urgency	and	potential	risks	of	the	intervention.	If	the
indication	 is	 urgent,	 surgery	 should	 not	 be	 delayed	 to	 ensure	 clearance	 of	 the
bacteremia.	 In	 patients	who	 are	 candidates	 for	 early	 valve	 surgery,	 imaging	of
brain	 is	 important	 to	evaluate	for	embolic	 lesions.	 If	a	patient	has	 intracerebral
hemorrhage,	 the	 surgery	 should	be	delayed	 for	 at	 least	 4	weeks.46	 For	 patients
with	 ischemic	 stroke,	 the	 risk	 of	 hemorrhagic	 transformation	 during	 surgery
should	be	weighed	against	the	potential	benefits	of	early	valve	surgery.

The	 duration	 of	 a	 postoperative	 antibiotic	 course	 will	 depend	 on
intraoperative	 findings	 and	 valve	 tissue	 culture	 results.	 If	 there	 is	 bacterial
growth	 in	 the	 valve	 tissue	 cultures	 and	 or	 perivalvular	 abscess	 is	 noted
intraoperatively,	a	 full	course	of	antibiotics	 is	 indicated.	 If	 there	 is	no	bacterial
growth	in	the	operative	specimen	and	no	abscess,	the	antibiotic	regimen	can	be
counted	from	the	day	of	first	negative	blood	cultures.

PREVENTION	OF	RECURRENT	INFECTIVE
ENDOCARDITIS
IE	prophylaxis	is	indicated	for	patients	with	a	history	of	IE,	as	they	have	a	higher
risk	 profile	 for	 recurrence.	Dental	 procedures	with	 gingival	 tissue	 intervention
have	potential	for	bacteremia	with	oral	pathogens	that	may	lead	to	seeding	of	the
vulnerable	 valve.	 Patient	 with	 underlying	 prosthetic	 valves	 and	 or	 those	 with
history	 of	 previous	 IE	 are	 recommended	 to	 get	 antibiotic	 prophylaxis	 prior	 to
any	dental	procedure	involving	gingival	manipulation.183

RECURRENT	INFECTIVE	ENDOCARDITIS	IN
PEOPLE	WHO	INJECT	DRUGS



For	PWID,	the	involvement	of	addiction	specialists	early	during	the	hospital	stay
has	 shown	 to	 improve	 long-term	 outcomes.	 PWID	 have	 other	 social	 and
addiction	factors	which	often	make	it	difficult	to	provide	long-term	intravenous
(IV)	 antimicrobial	 regimens	 using	 indwelling	 catheters.	 Some	 studies	 have
explored	 alternative	 shorter	 course	 of	 antibiotic	 regimens	 for	 right-sided	 IE
caused	by	certain	organisms	which	are	common	among	PWID.	PWID	should	be
enrolled	in	addiction	counseling	and	treatment	programs	in	order	to	reduce	risk
of	recurrent	IE.

Extensive	reviews	of	published	data	and	the	clinical	wisdom	of	experts	in	the
field	provide	the	basis	for	the	therapeutic	recommendations	of	various	guidelines
from	the	United	States,46	Europe,113	 and	 the	United	Kingdom114	 (see	 individual
references	for	Web	site	addresses).

In	the	following	section,	we	review	the	major	US	recommendations	from	the
AHA.46

ANTIMICROBIAL	THERAPY	FOR	LEFT-SIDED
NATIVE	VALVE	ENDOCARDITIS
The	 most	 common	 pathogens	 that	 cause	 NVE	 include	 S.	 aureus	 (MRSA	 and
MSSA),	Streptococcus	 sp,	and	Enterococcus	 sp.	The	empirical	 regimen	should
cover	 these	 common	 pathogens	 and	 must	 be	 individualized	 based	 on	 any
additional	 risk	 factors.	 If	 the	 patient	 has	 hemodynamic	 instability,	 the	 initial
empiric	 regimen	 is	 usually	 broader,	 to	 cover	 for	 other	 potential	 sources	 of
infection.	At	 least	2	sets	of	blood	cultures	from	separate	venipuncture	sites	are
recommended	 prior	 to	 initiation	 of	 antibiotics.	 Once	 the	 blood	 cultures	 are
available,	 the	 empiric	 regimen	 should	 be	 switched	 to	 a	 pathogen-targeted,
bactericidal	 regimen.	 Repeat	 blood	 cultures	 every	 24	 to	 48	 hours	 is
recommended	 until	 clearance	 of	 bacteremia	 is	 documented.46	 In	 patients	 with
prolonged	SAB,	a	small	proportion	have	been	noted	to	have	intermitted	positive
blood	cultures,	termed	skip	phenomenon.184	For	prolonged	SAB,	we	propose	that
at	 least	 2	 sets	 of	 negative	 blood	 cultures	 24	 to	 48	 hours	 apart	 should	 be
documented	 prior	 to	 placement	 of	 IV	 catheters	 for	 a	 long-term	 antibiotic
course.185

Patients	 should	 be	 carefully	 monitored	 for	 any	 clinical	 signs	 suggestive	 of
complications	 such	 as	 valve	 destruction,	 valve	 thrombosis,	 septic	 embolism	 to
brain,	 paravalvular	 regurgitation,	 perivalvular	 abscess/fistula,	 or	 distant
metastatic	foci	of	infections	such	as	septic	arthritis,	vertebral	osteomyelitis,	and



muscle	 abscess.	 Further	 investigations	 such	 as	magnetic	 resonance	 imaging	 of
the	 brain	 and	 spine,	 repeat	 TEE,	 or	 CT	 imaging	 may	 be	 indicated	 based	 on
clinical	 suspicion.	 In	 some	 studies,	 positron	 emission	 tomography-CT	 have
found	 occult	 subclinical	 foci	 of	 infections,	 however,	 routine	 imaging	 in	 all
patients	with	IE	is	not	a	cost-effective	investigative	strategy.

Prolonged	duration	of	bactericidal	antibiotics	(4-6	weeks)	from	the	first	day
of	 negative	 blood	 cultures	 is	 considered	 essential	 for	 curing	 IE.	 Vegetations
contain	high	concentrations	of	bacteria	 that	are	protected	from	natural	 immune
cells	 such	 as	 phagocytes.	 Longer	 duration	 is	 also	 essential	 as	 some	 bacteria
within	the	vegetation	are	in	a	state	of	reduced	metabolic	activity186	and	thus	less
susceptible	 to	 antibiotics	 as	 compared	 to	 bacteria	 that	 are	 actively	 dividing.
Antibiotics	whose	primary	bactericidal	mechanism	is	to	inhibit	the	formation	of
bacterial	cell-wall	 (eg,	β-lactams,	vancomycin)	are	 less	effective	 if	 the	bacteria
are	not	actively	dividing.

NATIVE	VALVE	ENDOCARDITIS	SECONDARY	TO
STAPHYLOCOCCI
The	 choice	 of	 antibiotics	 for	 staphylococcal	 NVE	 depends	 on	 oxacillin-
susceptibility	 of	 the	 isolate.	 A	 semisynthetic	 antistaphylococcal	 penicillin
(nafcillin,	 oxacillin)	 is	 the	preferred	 agent	 if	S.	aureus	 is	 oxacillin	 susceptible.
Cefazolin	 is	 an	 acceptable	 alternative	 and	 has	 shown	 to	 be	 effective	 in
observational	 studies.	Cefazolin	 is	easier	 to	administer	 in	 the	outpatient	 setting
and	 is	 better	 tolerated	 than	 semisynthetic	 penicillins.	 Some	 experts	 have
concerns	about	possible	inoculum	effect	in	which	cefazolin	may	be	less	effective
when	 bacterial	 burden	 is	 high.187	 One	 reasonable	 approach	 is	 to	 use
semisynthetic	penicillin	during	the	first	few	days	of	therapy	until	bacteremia	has
resolved	and	then	transition	to	cefazolin	to	complete	the	treatment	course	in	the
outpatient	program.	One	limitation	of	cefazolin	is	poor	penetration	of	the	blood-
brain	 barrier.188	 Among	 patients	 with	 meningitis	 or	 intracerebral	 abscess,	 a
semisynthetic	 penicillin	 regimen	 should	 be	 used	 rather	 than	 cefazolin.
Vancomycin	is	inferior	to	β-lactams	for	the	treatment	of	MSSA	NVE	and	should
not	be	used	for	the	ease	of	administration.	For	patients	with	history	of	penicillin
allergy,	a	formal	allergy	consultation	might	be	useful.	A	recent	systematic	review
noted	only	0.6%	cross-reactivity	between	penicillin	and	cephalosporins.189	There
is	a	growing	strong	base	of	evidence	suggestive	of	safe	use	of	cephalosporins	in
patients	who	have	nonanaphylactic	allergy	 to	penicillin.	For	patients	who	have



true	 severe	 immediate-hypersensitivity	 to	 penicillin,	 IV	 daptomycin	 or
vancomycin	can	be	used.	Duration	of	treatment	for	staphylococcal	NVE	will	be
6	weeks,	counting	from	the	date	of	first	negative	blood	cultures.	Controlled	trials
have	shown	that	the	addition	of	gentamicin	does	not	improve	outcome	in	native
valve	 S.	 aureus	 endocarditis.180-182	 Gentamicin	 is	 not	 recommended	 for
staphylococcal	NVE46	as	even	a	brief	course	has	been	noted	to	be	independently
associated	with	 higher	 risk	 of	 nephrotoxicity,	 particularly	 in	 patients	with	 any
degree	of	baseline	 renal	dysfunction,	 advanced	age,	or	diabetes.190	Rifampin	 is
not	needed	for	NVE	due	to	staphylococci.

For	 oxacillin-resistant	 staphylococcal	 NVE,	 IV	 vancomycin	 is	 the
recommended	first-line	drug.46,113,191	However,	vancomycin	has	been	associated
with	 treatment	 failures,	 especially	when	 the	minimum	 inhibitory	 concentration
(MIC)	is	more	than	1.5	μ/mL,	which	is	still	considered	susceptible	under	current
standard	susceptibility	cutoffs.192,193	The	difficulty	with	treating	these	strains	may
not	be	entirely	due	to	their	resistance	to	vancomycin:	higher	in-hospital	mortality
was	also	found	among	patients	with	endocarditis	due	to	MSSA	with	vancomycin
MICs	≥	1.5	μg/mL,	even	 though	 they	were	 treated	with	a	β-lactam.194	Another
recent	systematic	review	noted	that	high	vancomycin	MIC	was	not	significantly
associated	with	failure,	inhospital	mortality,	median	duration	of	bacteremia,	and
metastatic	 complications.195	 Staphylococci	 with	 vancomycin	MICs	 <	 2	 μg/mL
are	still	generally	treated	with	that	agent.	It	is	important	to	optimize	the	dose	of
vancomycin	with	help	of	a	clinical	pharmacist	to	achieve	therapeutic	levels.196	In
the	clinical	setting	of	vancomycin	failure,	 the	antibiotic	may	be	switched	to	IV
daptomycin.46	In	a	prospective	cohort	of	left-sided	MRSA	NVE,	IV	daptomycin
was	noted	to	clear	the	bacteremia	effectively	with	a	shorter	median	duration	of
bacteremia	 (1	 vs	 5	 days)	 as	 compared	 to	 a	 conventional	 regimen.197	 However,
patients	 should	be	monitored	closely	as	 resistance	 to	daptomycin	may	develop
during	 therapy,	 especially	 among	 those	 who	 have	 noted	 poor	 response	 or
resistance	 to	 vancomycin	 therapy.	 For	 patients	 with	 persistent	 MRSA
bacteremia,	anecdotal	evidence	supports	trials	of	combination	regimens	such	as
daptomycin	 plus	 β-lactam	 (nafcillin,	 oxacillin,	 cefazolin,	 ceftaroline)	 or
vancomycin	 plus	 β-lactam.198,199	 Other	 drugs	 such	 as	 teicoplanin,	 oritavancin,
and	dalbavancin	have	limited	data	and	are	not	recommended	for	routine	use.	The
addition	of	 rifampin	and/or	an	aminoglycoside	 is	not	 recommended	for	MRSA
NVE.46,200

CoNS	 rarely	 cause	 NVE	 and	 treatment	 regimens	 are	 similar	 to	 that	 of	 S.
aureus	NVE.	Most	isolates	of	CoNS	are	resistant	to	oxacillin.46



NATIVE	VALVE	ENDOCARDITIS	SECONDARY	TO
STREPTOCOCCI
The	 treatment	 regimens	 for	NVE	secondary	 to	viridians	group	Streptococci	 (S.
mitis,	 S.	mutans,	 Streptococcus	 oralis,	 Streptococcus	 sanguinis,	 Streptococcus
sobrinus),	 milleri	 group	 (S.	 anginosus,	 S.	 constellatus,	 S.	 intermedius),	 and
S.	 bovis/Streptococcus	 equinus	 complex	 are	 similar	 and	 are	 based	 on	 their
penicillin	 susceptibility	 profile.	 If	 the	 isolate	 is	 penicillin-susceptible	 (MIC	 ≤
0.12	μg/mL),	 the	preferred	 regimen	 is	 either	 IV	crystalline	penicillin	G	 (12-18
million	 IU/24	 hours	 continuous	 infusion	 or	 in	 4-6	 divided	 doses)	 or	 IV
ceftriaxone	2	g	q	24	hours	for	a	 total	of	4	weeks.46	For	patients	with	penicillin
allergy	that	is	not	a	severe	immediate	hypersensitivity	reaction	(anaphylaxis),	IV
ceftriaxone	can	be	safely	used.	For	those	patients	with	history	of	anaphylaxis	to
penicillin,	consultation	with	allergy	specialist	for	consideration	of	penicillin	skin
test	and/or	desensitization	 is	 recommended.	 In	general,	β-lactams	are	preferred
over	 IV	 vancomycin.	 For	 patients	 without	 risk	 factors	 of	 nephrotoxicity,	 the
addition	 of	 IV	 gentamicin	 (3	 g	 once	 daily	 or	 in	 3	 divided	 doses)	 to	 either	 IV
penicillin	G	or	IV	ceftriaxone	will	shorten	the	duration	of	therapy	to	2	weeks.	A
randomized	controlled	trial	has	shown	that	the	addition	of	gentamicin,	3	mg/kg
IV	 once	 daily,	 given	 in	 close	 temporal	 proximity	 to	 the	 dose	 of	 the	 cell	wall-
active	agent	 (penicillin	or	ceftriaxone),	can	 reduce	 the	duration	of	 treatment	 to
2	 weeks	 for	 patients	 without	 cardiac	 complications	 or	 extracardiac	 sites	 of
infection.179	The	potential	benefit	of	shorter	therapy	may	not	justify	the	risks	of
nephrotoxicity,	 especially	 among	 elderly	 patients	 with	 other	 concomitant	 risk
factors.

For	 isolates	 that	 are	 relatively	 resistant	 to	 penicillin	 (MIC	 >
0.12	μg/mL	<	0.5	μg/mL),	the	recommended	regimen	consists	of	4	weeks	of	IV
penicillin	(24	million	units	either	continuously	or	in	4-6	divided	doses),	and	an
initial	2	weeks	of	IV	gentamicin.	Four	weeks	of	IV	ceftriaxone	2	g	q	24	hours	is
another	 alternative	 and	 is	 preferred	 in	 elderly	 patients	 and/or	 those	with	 risks
factors	for	renal	toxicity.

If	 the	isolate	is	fully	resistant	 to	penicillin	(MIC	>	0.5	μg/mL),	combination
of	 IV	 penicillin	 and	 IV	 gentamicin	 for	 4	 to	 6	 weeks	 is	 recommended.	 This
regimen	 is	 also	 the	 preferred	 one	 for	 NVE	 secondary	 to	 nutritionally	 variant
streptococci	such	as	A.	defectiva	and	Granulicatella	spp.	An	alternative	regimen
is	4	weeks	of	IV	ceftriaxone	and	an	initial	2	weeks	of	IV	gentamicin.

Streptococci	belonging	to	groups	A,	B,	C,	F,	G	are	rare	causes	of	NVE	and
isolates	are	usually	fully	susceptible	to	penicillin.48	S.	pneumoniae	NVE	is	a	rare



complication	 of	 invasive	 pneumococcal	 disease	 and	 is	 often	 associated	 with
severe	valvular	damage,	large	vegetations	and	systemic	emboli.44	Early	surgery
is	often	required	due	to	significant	valve	damage.	IV	ceftriaxone	2	g	q	24	h	for
4	weeks	 is	 the	 first	 line	 recommended	 regimen.46	 Patients	with	 pneumococcal
endocarditis	may	have	concomitant	meningitis	(present	in	40.8%	of	cases	in	one
series),44,201	in	which	case	the	MIC	of	the	isolate	to	ceftriaxone	will	be	important
to	 determine	 the	 appropriate	 dosing.	 If	 the	 patient	 does	 have	 coincident
pneumococcal	 meningitis,	 and	 the	 MIC	 of	 the	 isolate	 to	 ceftriaxone	 is
determined	to	be	>2	µg/mL,	the	addition	of	IV	vancomycin	and	rifampin	should
be	considered.

NATIVE	VALVE	ENDOCARDITIS	SECONDARY	TO
ENTEROCOCCI
E.	faecalis	is	becoming	an	increasing	causative	agent	of	NVE.202	Unexplained	E.
faecalis	 bacteremia	 should	 prompt	 investigation	 to	 evaluate	 the	 cardiac	 valves
for	 evidence	 of	 endocarditis	 and	 has	 been	 associated	 with	 colorectal
diseases.203,204	Enterococcus	faecium	is	a	less	common	pathogen	for	NVE	and	it
is	 harder	 to	 treat	 due	 to	 intrinsic	 resistance	 to	 vancomycin.	 Enterococci	 are
relatively	resistant	pathogens	and	a	synergistic	combination	of	a	cell	wall	active
agent	and	an	aminoglycoside	for	prolonged	duration	of	4	to	6	weeks	is	essential
to	cure	NVE	due	to	enterococci.205,206	Enterococcal	isolates	will	usually	be	tested
for	susceptibility	to	penicillin,	gentamicin,	and	vancomycin.	In	certain	situations,
clinicians	 have	 to	 request	 the	 laboratory	 to	 perform	 additional	 susceptibility
testing	to	daptomycin	and	linezolid.

If	the	isolate	is	susceptible	to	penicillin	and	gentamicin,	the	combination	of	a
cell	 wall	 active	 agent	 (penicillin	 or	 ampicillin)	 and	 an	 aminoglycoside
(gentamicin)	 have	 been	 proven	 to	 provide	 synergistic	 bactericidal	 activity.205
However,	 the	 prolonged	 use	 of	 gentamicin	 (6	 weeks)	 is	 associated	 with
significant	 risk	 of	 nephrotoxicity,	 especially	 among	 elderly	 patients	 with
diminished	renal	function.	Many	studies	have	noted	that	a	combination	regimen
of	 IV	 ceftriaxone	 and	 IV	 ampicillin	was	 equally	 effective	 and	 better	 tolerated
than	 a	 conventional	 regimen	 that	 included	 gentamicin.207-209	 Hence,	 a
combination	 of	 IV	 ceftriaxone	 and	 IV	 ampicillin	 for	 6	weeks	 has	 become	 the
preferred	regimen	for	patients	with	penicillin	susceptible	enterococci	NVE.210-212
It	is	notable	that	enterococcal	IE	is	one	of	few	indications	where	a	combination
of	 β-lactam	 drugs	 is	 used.	 However,	 this	 combination	 is	 not	 active	 against	E.



faecium.
For	isolates	that	are	susceptible	to	penicillin	but	have	high	level	resistance	to

gentamicin,	 a	 combination	 of	 IV	 ceftriaxone	 and	 IV	 ampicillin	 for	 6	weeks	 is
recommended.	In	some	cases	of	high-level	resistance	to	gentamicin,	 the	isolate
may	 retain	 susceptibility	 to	 streptomycin,	 and	 it	 can	 be	 used	 along	 with
penicillin.	 However,	 the	 use	 of	 streptomycin	 is	 limited	 by	 ototoxicity	 and
difficulty	 in	 obtaining	 drug	 levels	 in	 many	 centers	 for	 therapeutic	 drug
monitoring.	 If	 the	 enterococcus	 is	 ampicillin-resistant	 due	 to	 β-lactamase
production,	ampicillin-sulbactam	can	be	substituted,	but	if	ampicillin	resistance
is	not	due	 to	β-lactamase	production,	vancomycin	must	be	used	along	with	 an
aminoglycoside	 for	 6	 weeks.	 However,	 the	 use	 of	 two	 potential	 nephrotoxic
agents	for	6	weeks	carry	very	high	risk	and	patients	need	very	close	monitoring
of	 their	 renal	 function.	 If	 the	 isolate	 is	 resistant	 to	 penicillin,	 gentamicin,	 and
vancomycin,	 alternate	 salvage	 regimens	 include	 monotherapy	 with	 IV
daptomycin,	 IV	 linezolid	 or	 combination	 of	 IV	 daptomycin	 with	 either	 IV
ampicillin	 or	 ceftaroline.213,214	 The	 use	 of	 IV	 linezolid	 for	 more	 than	 2	 weeks
increases	 the	 risk	 of	 adverse	 events	 including	 peripheral	 neuropathy	 and	 bone
marrow	suppression.215-217

NATIVE	VALVE	ENDOCARDITIS	SECONDARY	TO
HAEMOPHILUS	SP,	AGGREGATIBACTER
ACTINOMYCETEMCOMITANS,
CARDIOBACTERIUM	HOMINIS,	EIKENELLA
CORRODENS,	AND	KINGELLA	KINGAE
HACEK	is	the	acronym	for	a	group	of	fastidious	gram-negative	organisms	that
are	part	of	oral	flora.	If	blood	cultures	show	growth	of	any	HACEK	organisms,	it
should	 raise	 clinical	 suspicion	 of	 underlying	 IE.	 These	 organisms	 are	 usually
resistant	 to	 ampicillin	 and	 a	 4-week	 course	 of	 IV	 ceftriaxone	 is	 the	 preferred
regimen	 for	NVE	due	 to	HACEK.46	 IV	ciprofloxacin	 is	 an	alternative	 regimen
but	 is	 limited	 by	 adverse	 effects	 including	 QTc	 prolongation,	 tendon	 rupture,
drug-drug	 interactions,	 and	 higher	 risk	 of	 Clostridioides	 difficile	 colitis.
Ampicillin	may	be	used	if	the	isolate	is	documented	to	be	susceptible	in	in	vitro
testing.	Other	gram-negative	organisms	rarely	cause	NVE	and	are	treated	based
on	drug	susceptibility	results.60



CULTURE-NEGATIVE	NATIVE	VALVE
ENDOCARDITIS
The	most	common	cause	of	culture-negative	NVE	is	the	prior	use	of	antibiotics
that	 might	 reduce	 the	 sensitivity	 of	 blood	 cultures.	 Other	 causes	 include
Bartonella,	Brucella,	C.	burnetti	(Q	fever),	T.	whipplei	and	should	be	considered
based	 on	 geographic	 and	 exposure	 history.46	 Empiric	 regimens	 for	 culture-
negative	 NVE	 should	 be	 designed	 with	 the	 help	 of	 an	 infectious	 diseases
specialist.

ANTIMICROBIAL	THERAPY	FOR	PROSTHETIC
VALVE	ENDOCARDITIS
PVE	can	be	divided	into	early	PVE	(less	than	1	year	after	surgery)	and	late	onset
PVE	(more	than	1	year	after	surgery).	Early	PVE	is	usually	caused	by	organisms
that	contaminate	the	valve	either	during	surgery	or	the	immediate	postoperative
period	 (MRSA,	 MSSA,	 CoNS,	 Pseudomonas,	 and	 rarely	 Candida)	 when	 the
valve	 has	 not	 endothelialized.	 Late	 onset	 PVE	may	 be	 caused	 by	 community-
acquired	 organisms	 such	 as	 streptococci	 and	 enterococci,	 but	 staphylococci
remain	the	predominant	pathogens	in	this	group.	Patients	with	PVE	have	higher
morbidity	and	mortality	rates	if	they	have	perivalvular	extension	of	infection	and
often	require	early	surgical	intervention.	Patients	should	be	cared	for	in	a	tertiary
hospital	 which	 is	 able	 to	 provide	 multidisciplinary,	 team-based	 management
including	 expertise	 of	 cardiovascular	 surgery.	 Empiric	 regimens	 for	 acutely	 ill
PVE	 patients	 include	 IV	 vancomycin	 and	 an	 antipseudomonal	 β-lactam
(cefepime,	 meropenem)	 to	 cover	 the	 common	 pathogens	 as	 described	 earlier.
Depending	on	the	local	antibiogram,	the	regimen	might	need	to	include	a	second
antipseudomonal	 agent	 such	 as	 a	 fluoroquinolone	 or	 aminoglycoside.	 Close
clinical	 monitoring	 is	 essential	 to	 identify	 perivalvular	 complications	 as	 early
surgical	 intervention	 is	crucial	 to	 improve	 the	outcomes.	Clinical	 teams	should
have	 a	 low	 threshold	 to	 repeat	 TEE	 or	 pursue	 other	 imaging	 modalities	 as
clinical	suspicion	dictates	to	evaluate	for	complications.

PROSTHETIC	VALVE	ENDOCARDITIS
SECONDARY	TO	STAPHYLOCOCCI



The	antibiotic	regimen	for	PVE	caused	by	S.	aureus	and	CoNS	are	similar	and	is
a	combination	of	3	agents:	 (1)	an	antistaphylococcal	cell	wall	active	agent,	 (2)
rifampin	 for	 its	 biofilm	 activity,	 and	 (3)	 an	 aminoglycoside	 for	 synergistic
bactericidal	activity.	Gentamicin	is	recommended	for	the	initial	2	weeks	while	a
cell	 wall	 active	 agent	 and	 rifampin	 are	 continued	 for	 at	 least	 6	 weeks.46	 The
selection	 of	 a	 cell	wall	 active	 agent	 depends	 on	 oxacillin	 susceptibility	 of	 the
isolate.	 If	 the	 isolate	 is	 susceptible	 to	 oxacillin,	 a	 semisynthetic
antistaphylococcal	 penicillin	 (nafcillin,	 oxacillin)	 is	 the	 preferred	 agent.	 IV
cefazolin	is	an	acceptable	alternative	with	a	better	tolerability	profile	and	can	be
used	 for	 patients	 with	 nonsevere	 allergy	 to	 penicillin.	 In	 patients	 with	 severe
immediate	hypersensitivity	(anaphylaxis)	reactions	to	penicillin,	IV	vancomycin
or	daptomycin	can	be	used.	For	oxacillin-resistant	isolates,	IV	vancomycin	is	the
preferred	 antistaphylococcal	 cell	 wall	 active	 agent.	 If	 IV	 vancomycin	 is	 used,
patient	 should	 be	monitored	 for	 failure	 especially	when	MIC	 is	 >1	 μg/mL	 by
broth	 microdilution	 method.	 In	 the	 setting	 of	 failure	 to	 respond	 with	 IV
vancomycin,	IV	daptomycin	can	be	used	but	monitored	closely	as	resistance	to
daptomycin	 may	 develop	 during	 therapy	 in	 such	 patients.218,219	 Rifampin	 is
primarily	 used	 for	 its	 biofilm	 activity.220,221	 Rifampin	 resistance	 can	 develop
quickly	 when	 a	 huge	 population	 of	 staphylococci	 is	 exposed	 to	 rifampin,
especially	when	the	companion	drug	is	suboptimal.222	Experts	suggest	delaying
the	initiation	of	rifampin	for	3	to	5	days	in	order	to	reduce	the	risk	of	emergence
of	rifampin	resistance.113	IV	gentamicin	(3	mg/kg	q	24	hours	in	3	divided	doses)
is	 recommended	 for	 the	 initial	 2	 weeks	 to	 provide	 synergistic	 bactericidal
activity	when	combined	with	an	antistaphylococcal	cell	wall	active	agent.	If	the
isolate	 is	 resistant	 to	 gentamicin,	 a	 fluoroquinolone	may	 be	 used.	 For	 patients
with	 persistent	 bacteremia	 despite	 IV	 vancomycin	 or	 daptomycin	 based
regimens,	 salvage	 options	 include	 a	 combination	 of	 IV	 daptomycin	 with	 a	 β-
lactam	 (oxacillin,	 nafcillin,	 ceftaroline,	 cefazolin)223,224	 and	 may	 benefit	 from
evaluation	 for	 early	 surgical	 intervention.	 Duration	 of	 antibiotic	 therapy	 for
staphylococcal	PVE	is	at	least	6	weeks.	Staphylococcal	PVE	is	associated	with
higher	 rates	 of	 perivalvular	 complications	 and/or	 valve	 damage	 and	 should	 be
carefully	monitored	for	indication	of	early	surgical	intervention.

PROSTHETIC	VALVE	ENDOCARDITIS
SECONDARY	TO	STREPTOCOCCI
Penicillin	susceptibility	dictates	the	regimen	selection	for	patient	with	PVE	due



to	 viridans	 group	 streptococci	 and	 S.	 bovis/S.	 equinus	 complex.	 For	 PVE
secondary	 to	 penicillin-susceptible	 streptococci	 (MIC	 <	 0.12	 μg/mL)	 and
streptococci	 relatively	 resistant	 to	 penicillin	 (MIC	 >	 0.12	 μg/mL	 and
<0.5	μg/mL),	the	preferred	regimen	is	combination	of	IV	gentamicin	(for	initial
2	 weeks)	 and	 6	 weeks	 of	 a	 β-lactam	 (penicillin,	 ampicillin,	 ceftriaxone).	 For
PVE	secondary	to	streptococcal	isolates	that	are	fully	resistant	to	penicillin	(MIC
>	 0.5	 μg/mL)	 and	 other	 penicillin	 resistant	 organisms	 (A.	 defectiva,
Granulicatella	 spp,	 and	 Gemella	 spp),	 the	 recommended	 regimen	 is	 the
combination	of	IV	gentamicin	and	a	β-lactam	(penicillin,	ampicillin,	ceftriaxone)
for	 the	 entire	 6	 week	 duration.46	 If	 the	 isolate	 is	 noted	 to	 have	 high-level
gentamicin	 resistance	 but	 is	 susceptible	 to	 streptomycin,	 streptomycin	 can	 be
used	 to	 provide	 synergistic	 bactericidal	 activity.	 The	 use	 of	 streptomycin	 is,
however,	limited	by	ototoxicity	and	sparse	availability	of	therapeutic	drug	level
monitoring	capacity	in	most	centers.

Group	 A	 streptococci	 are	 highly	 susceptible	 to	 penicillin	 and	 6	 weeks	 of
monotherapy	with	IV	penicillin	or	IV	ceftriaxone	is	recommended.	Group	B,	C,
F,	and	G	streptococci	are	usually	penicillin	susceptible	(MIC	<	0.12	μg/mL)	and
the	 recommended	 course	 is	 6	 weeks	 of	 a	 β-lactam	 (penicillin,	 ampicillin,
ceftriaxone)	with	 an	 optional	 initial	 2	weeks	 of	 IV	 gentamicin.	 The	 treatment
regimen	 for	S.	 pneumonia	 PVE	 is	 similar	 to	 that	 of	 NVE	 but	 the	 duration	 is
longer	(6	weeks).

PROSTHETIC	VALVE	ENDOCARDITIS
SECONDARY	TO	OTHER	ORGANISMS
The	 treatment	 regimen	 for	 PVE	 secondary	 to	Enterococcus	 spp	 is	 6	weeks	 of
combination	therapy,	similar	to	that	of	enterococcal	NVE.	For	PVE	secondary	to
HACEK	organisms,	AHA	recommends	6	weeks	of	a	third-	or	fourth-generation
cephalosporin	 (IV	 ceftriaxone,	 cefotaxime,	 cefepime).46	 Ampicillin	 or
ampicillin-sulbactam	can	be	used	for	HACEK	PVE,	but	only	after	susceptibility
is	 verified	 by	 in	 vitro	 testing.	 The	 treatment	 regimen	 for	 gram-negative
organisms	depends	on	in	vitro	susceptibility	testing.	Early	surgical	 intervention
might	 be	 needed	 for	 PVE	 secondary	 to	 multidrug	 resistant,	 gram-negative
organisms	 such	 as	P.	aeruginosa.	 Fungal	 PVE	 (Candida,	Aspergillus)	 are	 also
associated	 with	 high	 risk	 of	 perivalvular	 extension	 and	 failure	 with	 medical
therapy	alone,	often	requiring	early	surgical	intervention.
Candida	endocarditis	has	generally	been	regarded	as	an	indication	for	valve



replacement	surgery,	but	often	the	patients	who	get	this	infection	have	been	too
ill	 for	 surgery.	 Factors	 associated	 with	 survival	 of	 some	 of	 these	 high-risk
patients	 in	 the	absence	of	cardiac	surgery	 include	receiving	 initial	combination
antifungal	 therapy	 (most	 often	 amphotericin	B	plus	5-flucytosine)	 followed	by
long-term	 suppressive	 therapy	 with	 fluconazole.225,226	 Case	 reports	 of	 good
outcomes	for	patients	treated	with	caspofungin,	including	four	who	did	not	have
valve	replacement,227-229	are	now	supported	by	a	larger	experience	indicating	that
echinocandins	are	equally	effective.103	Unfortunately,	 the	mortality	rate	remains
high	(36%	in	hospital	and	59%	at	1	year),	with	no	impact	by	choice	of	drug	or
performance	of	surgery	in	a	series	of	70	cases	from	2000	to	2010.103

CULTURE-NEGATIVE	PROSTHETIC	VALVE
ENDOCARDITIS
The	 most	 common	 reason	 for	 culture-negative	 PVE	 is	 prior	 antimicrobial
therapy.	 Empiric	 regimen	 for	 early	 culture-negative	 PVE	 is	 designed	 to	 cover
staphylococci	 (MRSA,	MSSA,	 CoNS),	 aerobic	 gram-negative	 organisms,	 and
enterococci.	A	combination	of	 IV	vancomycin,	 cefepime,	 gentamicin,	 and	oral
rifampin	 is	 an	 example	 of	 a	 broad	 empiric	 regimen	 for	 early	 culture-negative
PVE.	For	 late-onset	PVE,	 combination	of	 IV	vancomycin	 and	ceftriaxone	will
provide	adequate	coverage	for	likely	pathogens	(MRSA,	MSSA,	CoNS,	viridans
group	streptococci,	enterococci,	and	HACEK	organisms).	Expertise	of	infectious
diseases	specialists	will	be	helpful	 in	designing	antibiotic	regimens	for	culture-
negative	 PVE.	 Other	 causes	 of	 culture-negative	 PVE	 include	Mycobacterium
chimaera,	Bartonella,	Brucella,	C.	burnetti	(Q	fever),	and	T.	whipplei	and	should
be	considered	based	on	geographic	and	exposure	history.

PARTIAL	ORAL	TREATMENT	FOR
ENDOCARDITIS	TRIAL
In	 a	 recent	 trial	 conducted	 in	 Denmark	 involving	 a	 highly	 selected	 group	 of
patients	 with	 left-sided	 NVE,	 a	 partial	 oral	 antibiotic	 regimen	 after	 initial	 IV
antibiotics	 in	 the	hospital	 (approximately	10	days)	was	noted	 to	be	noninferior
and	a	subsequent	3.5	year	follow	up	study	noted	favorable	outcome	as	compared
to	complete	4	to	6	weeks	of	a	standard	IV	regimen.230,231	However,	many	factors
make	 it	 difficult	 to	 generalize	 this	 treatment	 strategy	 to	 patients	 in	 the	United



States.	Only	 20%	 of	 patients	 screened	were	 enrolled	 in	 the	 study	 and	 did	 not
include	 any	 patients	 with	 MRSA	 IE.	 The	 oral	 regimen	 used	 in	 the	 trial	 is
unconventional	 and	 patients	 were	 monitored	 very	 closely	 in	 the	 outpatient
setting.	In	the	United	States,	which	has	well-established	outpatient	antimicrobial
treatment	programs,232	most	patients	will	be	better	served	with	a	standard	4	to	6
week	IV	regimen	rather	than	partial	oral	regimens.

SUPPORTIVE	CARE	AND	MONITORING
Careful	clinical	monitoring	of	the	patient	on	therapy	for	IE	includes	surveillance
for	 fever,	 evidence	 of	 congestive	 heart	 failure	 or	 other	 cardiac	 complications,
metastatic	 infection,	 adverse	 effects	 of	 antimicrobial	 drugs	 (and	 levels,	 when
appropriate),	 changes	 in	 renal	 function,	 and	 superinfection.	 Follow-up	 blood
cultures	should	be	obtained	every	48	hours	until	they	are	repeatedly	sterile.	The
duration	of	antimicrobial	 therapy	is	counted	from	the	first	day	of	blood	culture
negativity.46	 For	 aortic	 and	mitral	 valve	 endocarditis,	 serial	 electrocardiograms
should	 be	 obtained	 to	 look	 for	 prolongation	 of	 the	 PR	 interval	 or	 other
conduction	abnormality	that	would	signal	invasion	of	the	interventricular	septum
by	 the	 infection.	 Echocardiographic	 imaging	 should	 be	 repeated	 as	 described
earlier	 to	 better	 define	 disease	 in	 patients	whose	 initial	 echocardiography	was
unrevealing.	It	should	also	be	repeated	at	any	time	when	clinical	changes,	such
as	 new	 murmur,	 embolism,	 persisting	 fever,	 heart	 failure,	 or	 atrioventricular
block	 suggest	 poor	 control	 of	 disease	 or	 complications.	 Echocardiography
should	 also	 be	 repeated	 at	 the	 end	 of	 therapy	 as	 to	 define	 the	 patient’s	 new
baseline.46	Recrudescence	of	fever	after	initial	resolution	most	often	indicates	a
new	problem	outside	the	heart,	such	as	catheter-associated	sepsis,	drug	fever,	or
antibiotic-associated	 C.	 difficile	 colitis,	 but	 superinfection	 of	 the	 endocarditic
valve	may	occur.	Unless	there	is	another	immediately	obvious	cause,	persistent
or	recurrent	fever	should	prompt	repeat	echocardiography.	The	possible	need	for
cardiac	 surgery	 mandates	 discontinuation	 of	 warfarin	 and	 substitution	 of	 IV
heparin	when	the	diagnosis	of	endocarditis	is	made	for	patients	on	anticoagulant
therapy	 for	 prosthetic	 valves	 or	 other	 indications.46	 Anticoagulation	 in
endocarditis	carries	the	risk	of	converting	bland	emboli	(infarcts)	to	hemorrhagic
ones,	and	thus	should	be	carefully	monitored	and	continued	with	caution.	When
emboli	with	hemorrhage	occur,	anticoagulant	therapy	should	be	withheld.

ROLE	OF	SURGERY



7 	The	 indications	 for	 surgery	 as	 recommended	by	 the	AHA	and	 the	European
Heart	 Society	 (EHS)	 are	 presented	 in	 Table	 77.4.	 The	 most	 compelling
indications	 for	 valve	 surgery	 in	 patients	 with	 IE	 are	 progressive	 heart	 failure
despite	medical	therapy	and	uncontrolled	infection	despite	appropriate	antibiotic
therapy.	 The	 role	 of	 early	 valve	 surgery	 to	 prevent	 embolic	 complications	 is
debatable	 and	 is	 a	 class	 II	 indication	 in	 the	 AHA	 guideline	 statement.	 The
surprisingly	 favorable	 outcomes	 of	 a	 number	 of	 patients	 operated	 on	 in	 these
desperate	 circumstances	 have	 led	 to	 consideration	 of	 cardiac	 surgery	 much
earlier	in	the	course	of	endocarditis.36,233-237

TABLE	77.4

Indications	and	Timing	of	Surgery	in	Patients	With	Left-
Sided	Infective	Endocarditis

Indications	for	Surgery AHA
Class

EHS
Class EHS	Timinga

1.	Heart	failure

Severe	acute	regurgitation,	obstruction,
or	fistula	causing	refractory	pulmonary
edema	or	cardiogenic	shock

I I Emergency

Severe	regurgitation	or	obstruction
causing	symptoms	of	heart	failure	or
echocardiographic	signs	of	poor
hemodynamic	tolerance

I I Urgent

2.	Uncontrolled	infection

Locally	uncontrolled	abscess,	false
aneurysm,	fistula,	enlarging	vegetation
(AHA:	PVE	complicated	by	heart	block)

I I Urgent

Infection	caused	by	fungi	or	multidrug-
resistant	organisms	(AHA:	VRE,
multidrug-resistant	gram-negative	bacilli,
etc)

I I Urgent/elective



Persisting	positive	blood	cultures
(AHA:	or	fever,	>5-7	d)	despite
appropriate	antibiotic	therapy	and	control
of	septic	metastatic	foci

I IIa Urgent

PVE	caused	by	staphylococci	or	non-
HACEK	gram-negative	bacilli

NA IIa Urgent/elective

Relapsing	PVE IIa NA

3.	Prevention	of	embolism

Persistent	vegetations	>10	mm	after	≥1
embolic	episode	despite	appropriate
antibiotic	therapy

IIa I Urgent

NVE	with	vegetations	>10	mm
associated	with	severe	valve	stenosis	or
regurgitation	and	low	operative	risk
(EHS),	mobile	vegetation	(AHA)

IIa IIa Urgent

Isolated	very	large	vegetations
(>30	mm)

NA IIa Urgent

Isolated	large	vegetations	(>15	mm)
and	no	other	indication	for	surgery	(EHS)
Mobile	vegetation	>10	mm	in	PVE	or
NVE	esp.	on	anterior	leaflet	mitral	valve,
with	other	relative	indications	for	surgery
(AHA)

IIb IIb Urgent

AHA,	American	Heart	Association;	CT,	computed	tomography;	EHS,	European	Heart	Society;
HACEK,	Haemophilus	sp,	Aggregatibacter	actinomycetemcomitans,	Cardiobacterium	hominis,
Eikenella	corrodens,	and	Kingella	kingae;	MRI,	magnetic	resonance	imaging;	NA,	not	addressed;
NVE,	native	valve	endocarditis;	PVE,	prosthetic	valve	endocarditis;	VRE,	vancomycin-resistant
Enterococcus.
Modified	from	Baddour	LM,	Wilson	WR,	Bayer	AS,	et	al.	Infective	endocarditis	in	adults—
diagnosis,	antimicrobial	therapy,	and	management	of	complications:	a	scientific	statement	for
healthcare	professionals	from	the	American	Heart	Association.	Circulation.	2015;132:1466	and
Habib	G,	Lancellotti	P,	Antunes	MJ,	et	al.	2015	ESC	Guidelines	for	the	management	of	infective
endocarditis	–	The	Task	Force	for	the	Management	of	Infective	Endocarditis	of	the	European
Society	of	Cardiology	(ESC).	Endorsed	by:	European	Association	for	Cardio-Thoracic	Surgery
(EACTS),	the	European	Association	of	Nuclear	Medicine	(EANM).	Eur	Heart	J.	2015;36:3099.
aBoth	guidelines	recommend	that	cardiac	surgery	be	postponed	for	at	least	4	weeks



(AHA)/1	month	(EHS)	following	intracranial	hemorrhage	or	presence	of	coma	following	(AHA
“major”)	ischemic	stroke	(class	IIa),	but	may	proceed	without	delay	after	ischemic	stroke	if
presence	of	cerebral	hemorrhage	has	been	excluded	by	cranial	CT	or	MRI	and	coma	is	absent
(EHS,	class	IIa;	AHA	wording	“if	neurologic	damage	is	not	severe	[ie,	coma]”	class	IIb).

Harbingers	of	microbiologic	 failure	 include	difficult-to-treat	and	aggressive
organisms,	 such	 as	 S.	 lugdunensis,	 S.	 aureus,	 P.	 aeruginosa	 or	 other	 gram-
negative	 bacilli	 involving	 the	 aortic	 or	 mitral	 valve,	 and	 fungi,	 particularly
molds.	C.	burnetii,	Bartonella,	Brucella,	and	other	unusual	organisms	associated
with	 true	 culture-negative	 endocarditis	 are	 also	 difficult	 to	 eradicate	 with
antimicrobial	therapy	alone.

Many	 patients	 with	 endocarditis	 have	 preexisting	 congestive	 failure	 as	 a
result	 of	 their	 underlying	 valvular	 disease,	 but	 new-onset	 or	 worsening	 heart
failure	carries	an	ominous	prognosis—a	mortality	of	56%	in	one	series.234	Urgent
surgery	is	indicated	for	these	patients,	and	a	number	of	experts	have	noted	that
medical	stabilization	may	be	impossible	once	severe	progressive	failure	begins.
Acute	 aortic	 and	 mitral	 regurgitation,	 due	 to	 perforation,	 valve	 rupture,	 or
paravalvular	 leak	(in	 the	case	of	PVE),	are	 frequent	mechanisms	of	congestive
failure.235	 Valvular	 obstruction	 is	 less	 common	 but	 does	 occur	 on	 prosthetic
valves	 and	 is	 an	 equally	 urgent	 indication	 for	 surgery.	 Rupture	 of	 a	 sinus	 of
Valsalva	aneurysm	into	the	right	heart	or	pericardium	also	mandates	surgery.238	It
cannot	be	overemphasized	that	once	surgery	is	clearly	indicated,	it	should	not	be
delayed,	because	of	the	unpredictability	of	the	clinical	course	and	the	increasing
risk	of	the	operation	as	failure	progresses.234,235,239

Echocardiography	 can	 be	 very	 helpful	 for	 defining	 the	 presence	 of
complications	 that	 do	 require	 surgery,	 including	 destruction	 of	 the	 valve	 or
extension	 of	 infection	 beyond	 the	 valve	 ring	 as	 a	 myocardial	 abscess.
Myocardial	 abscess	 may	 be	 the	 reason	 for	 prolonged	 fever,235,240	 lead	 to
conduction	defects,112,235	or	cavitate	into	the	pericardium	with	resultant	purulent
pericarditis.235	 Myocardial	 abscess	 is	 generally	 an	 indication	 for	 surgery	 to
extirpate	all	 infected	 tissue	as	well	as	correct	 the	accompanying	hemodynamic
abnormalities.46,113

Early	valve	surgery	to	reduce	the	risk	of	embolization	is	 the	most	debatable
indication	 for	surgery.	Although	often	viewed	as	an	 indication	 for	surgery,	 this
risk	diminishes	greatly	over	the	first	2	weeks	of	antimicrobial	therapy.46,113,235	In
one	large	study,	56%	of	embolic	events	in	629	patients	with	IE	occurred	before
hospital	 admission	 or	 on	 the	 day	 antibiotic	 treatment	 was	 started,241	 and	 in
another,	only	7.3%	of	384	patients	had	new	embolic	events	after	the	initiation	of
therapy.242	The	difficulty	lies	in	defining	when	there	is	sufficient	risk	of	clinically
significant	 systemic	 or	 cerebral	 embolization	 to	 justify	 cardiac	 surgery	 not



required	for	any	other	reason	but	before	serious	target	organ	damage	has	already
occurred.	 There	 have	 been	 many	 attempts	 to	 establish	 echocardiographic
predictors	 of	 embolization;	 vegetation	 length	 more	 than	 10	 mm	 by	 TEE	 was
associated	with	a	ninefold	increase	in	risk	of	systemic	or	cerebral	embolization
on	therapy	and	“severe	mobility,”	defined	as	“prolapsing	vegetation	that	crosses
the	 coaptation	 plane	 of	 the	 leaflets	 during	 the	 cardiac	 cycle,”	 with	 a	 2.4-fold
increase.242	 The	AHA	guidelines	 deem	one	 or	more	 embolic	 events	 during	 the
first	 2	 weeks	 of	 therapy	 a	 class	 I	 indication	 for	 surgery	 (condition	 for	 which
there	is	evidence,	general	agreement,	or	both	that	a	given	procedure	or	treatment
is	 useful	 and	 effective).46	 Anterior	 mitral	 valve	 leaflet	 vegetations,	 especially
those	 greater	 than	 10	 mm,	 and	 the	 presence	 of	 persistent	 vegetations	 after
systemic	embolization	are	class	IIa	 indications	(the	weight	of	evidence/opinion
is	 in	 favor	 of	 usefulness/efficacy),	 but	 increase	 in	 size	 of	 vegetation	 despite
therapy	 is	 less	 well	 established	 as	 an	 indication	 for	 surgery.46	 European
guidelines	advise	consideration	of	surgery	for	recurrent	emboli	despite	adequate
antibiotic	therapy	or	mobile	vegetations	greater	than	10	mm	before	or	during	the
first	week	of	antibiotic	therapy.113	US	experts	recommend	delaying	valve	surgery
for	 a	 minimum	 of	 2	 weeks	 after	 a	 central	 nervous	 system	 (CNS)	 embolic
event46,235	and	at	least	a	month	after	CNS	hemorrhage,235	but	European	guidelines
suggest	 that	 surgery	 can	 be	 performed	 within	 the	 first	 72	 hours	 of	 CNS
embolism	if	a	computed	 tomographic	scan	of	 the	brain	performed	immediately
preoperatively	shows	no	hemorrhage.113

Right-sided	 endocarditis	 requires	 surgical	 intervention	much	 less	 frequently
than	left-sided	disease.	For	patients	with	isolated	right-sided	lesions,	most	often
in	PWID,	tricuspid	vegetectomy,	valve	repair,	or	valvulectomy	may	permit	cure
of	endocarditis	due	to	resistant	organisms	without	the	risk	of	subsequent	PVE.	In
the	absence	of	pulmonary	hypertension,	tricuspid	regurgitation	may	be	tolerated
without	valve	replacement.

The	current	view	is	that	the	risk	of	recurrent	endocarditis	on	bioprosthetic	and
mechanical	valve	replacements	is	comparable,	about	2%	to	3%.	If	valve	cultures
from	 surgery	 are	 negative,	 the	 duration	 of	 the	 antibiotic	 course	 originally
planned	 should	 be	 completed,	 as	 long	 as	 it	 extends	 at	 least	 7	 to	 15	 days
postoperatively.	 If	 intraoperative	 cultures	 are	 positive,	 the	 full	 recommended
duration	 of	 antibiotics	 for	 the	 infecting	 organism	 should	 be	 administered
counting	from	the	day	of	surgery.

There	 is	 little	difference	 in	 the	clinical	 indications	 for	 surgery	 in	native	and
PVE,	but	the	proportion	of	patients	requiring	surgery	is	higher	among	those	with
prosthetic	 valves,	 approximately	 50%,	 and	 Staphylococcal	 etiology	 and	 CNS
embolization	are	uniformly	identified	as	poor	prognostic	features.	Early	surgical



intervention	reduces	the	overall	mortality	of	PVE.	Some	studies	have	identified
patients	with	PVE	in	whom	medical	therapy	has	equivalent	outcomes	to	surgery
as	 those	 with	 late-onset	 streptococcal	 disease	 who	 have	 no	 significant	 heart
failure,	no	new	valvular	regurgitation	or	other	intracardiac	complication,	and	no
CNS	or	systemic	embolization.	Most	important	is	that	cardiac	surgical	treatment
reduces	 the	 mortality	 rate	 among	 patients	 with	 poor	 prognostic	 factors	 to	 the
level	experienced	by	the	patients	with	more	favorable	disease	characteristics.

A	 randomized	 study	 of	 early	 surgery,	 performed	 within	 48	 hours	 of
randomization	 (the	 discussion	 says	 “within	 48	 hours	 of	 diagnosis,”	 but	 the
protocol	excluded	patients	referred	from	another	hospital	more	than	7	days	after
diagnosis,	 suggesting	 that	 patients	would	 have	 been	 eligible	 as	 late	 as	 7	 days
after	 diagnosis)	 enrolled	 patients	 with	 left-sided	 NVE,	 severe	 mitral	 or	 aortic
valve	disease,	and	a	vegetation	greater	than	10	mm	(thus,	thought	to	be	at	high
risk	of	emboli).243	The	primary	end	point	was	in-hospital	death	or	symptomatic
embolic	 events	 confirmed	 by	 imaging	 within	 6	 weeks	 after	 randomization.
Secondary	 end	 points	 at	 6	 months	 included	 death	 from	 any	 cause,	 embolic
events,	recurrence	of	IE,	and	need	for	readmission	to	the	hospital	for	congestive
heart	 failure.	 Of	 those	 randomized	 to	 conventional	 treatment,	 77%	 underwent
surgery	during	the	initial	hospitalization	or	follow-up	(eight	required	surgery	on
an	 urgent	 basis,	 at	 a	median	 of	 6.5	 days	 after	 randomization;	 22	 had	 elective
procedures	more	 than	2	weeks	after	 randomization).	One	patient	 in	each	group
died	in	 the	hospital,	and	eight	patients	 in	 the	conventional	 treatment	group	had
emboli	 (all	 before	valve	 surgery),	 a	 result	 favoring	 early	 surgery	with	P	 =	 .03
(hazard	 ratio,	0.10;	95%	CI,	0.01-0.82).	There	was	no	significant	difference	 in
all-cause	mortality	at	6	months	(3%	vs	5%);	rate	of	 the	secondary	end	point	at
6	 months	 was	 3%	 in	 the	 early	 surgery	 group	 and	 28%	 in	 the	 conventional
treatment	group,	P	=	.02	(hazard	ratio.	0.08;	95%	CI,	0.02-0.65).243	The	author	of
this	 study	argues	 strongly	 in	 favor	of	 surgery	within	48	hours	of	diagnosis	 for
endocarditis	 in	 those	 with	 “moderate	 to	 severe	 heart	 failure,	 uncontrolled
infection,	and	large	vegetations	associated	with	severe	valvular	disease,”	except
for	cases	with	intracerebral	hemorrhage	or	large	cerebral	infarction.244

A	meta-analysis	of	21	reports	from	1996	to	2015	found	that	early	surgery	at
20	days	or	 less	was	associated	with	decreased	all-cause	mortality	compared	 to
the	group	that	did	not	receive	surgery	within	the	first	3	weeks,	at	a	high	level	of
statistical	significance	(P	<	 .001),	and	also	statistically	significantly	better	 than
with	medical	therapy	alone	(P	<	.001).245

PVE	has	been	thought	to	warrant	surgery	most	of	the	time,	but	that	may	not
always	 be	 true.	 A	 study	 of	 1025	 patients,	 approximately	 half	 of	 whom	 had
“early”	 surgery	 (during	 the	 initial	 hospitalization	 for	 endocarditis)	 found	 no



difference	in	inhospital	or	1-year	mortality	when	corrected	for	survival	bias.246	In
a	study	limited	to	patients	with	S.	aureus	left-sided	PVE,	those	who	had	surgery
appeared	to	have	significantly	reduced	1-year	mortality,	but	the	significance	did
not	 persist	 in	multivariate,	 propensity-based	models	 (risk	 ratio,	 0.67;	 95%	CI,
0.39-1.15;	P	=	 .15).247	The	 fact	 is	 that	 for	many	cases,	 surgery	 for	PVE	 is	not
elective	 but	 mandated	 by	 congestive	 failure,	 uncontrolled	 infection,	 and
persistent	sepsis.	In	this	situation,	current	30-day	mortality	rates	are	12%	to	14%
and	5-year	survival	around	75%.248

Neurologic	complications	of	endocarditis	do	affect	the	decision	on	timing	of
surgery,	but	not	necessarily	whether	it	should	be	done.	Given	that	valve	surgery
requires	 cardiopulmonary	 bypass	 with	 anticoagulation	 and	 may	 result	 in
placement	 of	 a	 prosthetic	 valve	 requiring	 lifelong	 anticoagulation,	 there	 is
justifiable	concern	that	the	cerebral	lesions	of	endocarditis	could	be	worsened	by
bleeding	during	or	after	surgery.	Consideration	of	valve	surgery	for	endocarditis
is	 one	 of	 the	 reasons	 to	 perform	 cerebral	 imaging,	 even	 in	 the	 absence	 of
neurologic	symptoms.	Neuroimaging	may	also	identify	clinically	silent	embolic
strokes	 and	 unruptured	 mycotic	 aneurysms	 (also	 called	 infective	 intracranial
aneurysms).88,249,250

In	 the	 fall	of	2015,	both	 the	AHA	and	 the	EHS	published	 revised	 treatment
guidelines	 for	 IE,	 including	 the	 role	 of	 surgery	 and	 its	 timing	 after	 neurologic
events.	The	AHA46	and	EHS113	guidelines	are	in	agreement	about	the	indications
for	surgery	in	right-sided	endocarditis.	These	are:

1.	 Right-sided	heart	failure	due	to	severe	tricuspid	regurgitation	with	poor
response	to	medical	(diuretic)	therapy.

2.	 Organisms	that	are	difficult	to	eradicate:	EHS	would	base	this	on	the
organism	isolated	(eg,	persistent	fungi),	whereas	the	AHA	specifies
sustained	infection	(presumably,	prolonged	duration	of	positive	blood
cultures)	caused	by	difficult-to-treat	organisms	(ie,	fungi,	multidrug-
resistant	bacteria).

3.	 Clinical	failure:	EHS	specifies	bacteremia	for	at	least	7	days	despite
adequate	antimicrobial	therapy,	which	would	meet	the	AHA	criterion	of
lack	of	response	to	appropriate	antimicrobial	therapy.

4.	 Large	tricuspid	vegetation	(>20	mm)	with	recurrent	pulmonary	embolism.
EHS	specifies	that	the	vegetation	persists	after	pulmonary	emboli,	whereas
AHA	defines	this	as	recurrent	pulmonary	embolism	despite	antimicrobial
therapy.

Both	recommend	repair	over	valve	replacement	in	PWID	whenever	possible,



because	of	the	risk	of	reinfection	from	continued	injection	drug	use.
The	 indications	 for	 surgery	 in	 left-sided	 IE	 are	 also	 very	 similar	 in	 both

guidelines.	Table	77.4	presents	the	indications	for	surgery	as	well	as	the	class	of
recommendation	 for	each	and	 the	 timing	 for	 intervention	 recommended	by	 the
EHS.	The	AHA	guidelines	use	 the	 term	“early	surgery”	 to	mean	valve	surgery
during	 the	 initial	 hospitalization	 and	 before	 completion	 of	 a	 full	 course	 of
antibiotics	 for	 endocarditis,	 whereas	 the	 EHS	 is	 more	 specific:	 “emergent”
means	 within	 24	 hours,	 “urgent”	 means	 “within	 a	 few	 days,	 <7	 days,”	 and
elective	means	after	at	least	1	to	2	weeks	of	antibiotic	therapy.

Thus,	both	consider	heart	 failure	due	 to	severe	regurgitation,	obstruction,	or
fistula	 a	 class	 I	 indication;	 if	 this	 is	 causing	 refractory	 pulmonary	 edema	 or
cardiogenic	shock,	it	requires	immediate	surgery,	whereas	if	the	regurgitation	or
obstruction	 is	causing	symptoms	of	heart	 failure	or	echocardiographic	 signs	of
poor	hemodynamic	tolerance,	surgery	should	be	performed	within	a	few	days,	no
more	than	a	week.

The	 category	 of	 uncontrolled	 infection	 includes	 anatomic	 evidence	 of
progression,	such	as	the	development	of	annular	or	aortic	abscess	(which	may	be
evidenced	 by	 heart	 block),	 destructive	 penetrating	 lesions	 (fistulae),	 and
aneurysms	 and	 false	 aneurysms,	 which	 both	 guidelines	 consider	 a	 class	 I
indication	for	surgery.	The	EHS	also	includes	enlarging	vegetations	in	this	group
and	 considers	 these	 findings	 to	 require	 urgent,	 but	 not	 emergent,	 surgery.
Organisms	 known	 to	 be	 difficult	 to	 control,	 including	 fungi,	 vancomycin-
resistant	Enterococcus,	and	multidrug-resistant	gram-negative	bacilli,	are	class	I
indications	for	surgery	for	both	AHA	and	EHS,	with	timing	that	may	be	urgent
or	 elective.	 Clinical	 evidence	 of	 uncontrolled	 infection,	 such	 as	 persistent
positive	blood	cultures	despite	appropriate	antimicrobial	therapy	and	drainage	or
extirpation	 of	 sites	 of	 metastatic	 infection	 (eg,	 splenic	 abscess)	 are	 class	 I
indications	 in	 the	US	 guidelines,	 along	with	 persistence	 of	 fever	 beyond	 5	 to
7	days,	but	 IIa	 in	 the	EHS,	with	 timing	of	 surgery	urgent.	The	EHS	considers
PVE	caused	by	staphylococci	or	non-HACEK	gram-negative	bacilli	to	be	a	class
IIa	 indication	for	surgery	which	may	be	either	urgent	or	elective,	but	 the	AHA
does	not,	although	PVE	caused	by	staphylococci	or	non-HACEK	gram-negative
bacilli	is	a	class	IIa	indication	for	urgent	or	elective	surgery	in	both	guidelines.
The	AHA	guidelines	also	consider	relapsing	PVE	a	class	IIa	indication,	but	this
criterion	is	not	mentioned	by	the	EHS.

Both	 sources	 also	 see	 prevention	 of	 embolism	 as	 an	 indication	 for	 surgery.
The	specific	criteria	differ	a	little,	as	do	the	interpretations	of	the	strength	of	the
evidence.	Persistent	vegetations	greater	 than	10	mm	after	one	or	more	embolic
episodes	occurring	despite	appropriate	antibiotic	therapy	are	a	class	I	indication



for	 urgent	 surgery	 according	 to	 EHS	 and	 class	 IIa	 for	 the	 AHA.	 NVE	 with
vegetations	 more	 than	 10	 mm	 associated	 with	 severe	 valvular	 stenosis	 or
regurgitation	 is	a	class	 IIa	 indication	 in	patients	with	 low	operative	 risk	 (EHS;
timing	 urgent)	 or	 when	 the	 vegetation	 is	 mobile	 (AHA).	 Isolated	 vegetations
greater	than	15	mm	with	no	other	indication	for	surgery	is	a	class	IIb	indication
for	the	EHS	(urgent),	while	a	mobile	vegetation	more	than	10	mm,	especially	on
the	anterior	 leaflet	of	 the	mitral	valve,	along	with	other	 relative	 indications	for
surgery,	is	a	class	IIb	indication	for	the	AHA.

Individual	 patient	 situations	may	modify	 the	 readiness	 to	 resort	 to	 surgery.
For	instance,	for	a	patient	with	another	condition	that	makes	the	risk	of	general
anesthesia	prohibitive,	such	as	severe	restrictive	lung	disease,	one	might	elect	to
operate	only	in	the	event	of	congestive	heart	failure.	The	guidelines	for	surgical
intervention	 are	 not	 absolute	 predictors	 of	 failure	 of	medical	management	 but
overall	can	predict	low	rates	of	success.

ANTIMICROBIAL	THERAPY	FOR
CARDIOVASCULAR	IMPLANTABLE
ELECTRONIC	DEVICE	INFECTIONS
CIED	 infections	 can	 present	 as	 (1)	 a	 localized	 pocket	 infection,	 (2)	 a	 pocket
infection	with	systemic	bloodstream	 infection	but	no	vegetation	 involving	 lead
or	valve,	and	(3)	a	systemic	bloodstream	infection	with	vegetation	involving	lead
or	 cardiac	 valve.	 Blood	 cultures	 should	 be	 obtained	 prior	 to	 initiation	 of
antibiotics.	Antibiotics	can	be	withheld	in	patients	who	are	not	systemically	ill	if
the	patient	does	not	have	any	other	cardiovascular	prosthesis	 (prosthetic	valve,
vascular	 graft),	 in	 order	 to	 increase	 the	 yield	 of	 cultures.	However,	 acutely	 ill
patients	admitted	 to	 the	 ICU	need	prompt	 initiation	of	empiric	broad-spectrum
antibiotics	 after	 at	 least	2	 sets	of	blood	cultures	 and	pocket	 culture	 (if	 there	 is
drainage)	 are	 obtained.	Empiric	 coverage	 for	 patients	who	have	hemodynamic
instability	 should	 cover	 staphylococci	 (MRSA,	 MSSA,	 CoNS)	 and	 gram-
negative	 pathogens.	Once	 the	 culture	 results	 are	 available,	 the	 regimen	 can	be
de-escalated	to	pathogen-targeted	antimicrobial	therapy.

To	 cure	 CIED	 infections,	 it	 is	 essential	 that	 the	 entire	 device	 is	 removed,
including	the	pulse	generator	and	all	the	leads.162,163	If	the	infected	CIED	is	not
removed,	one	study	noted	a	7	fold	higher	30-day	mortality	rate	as	compared	to
device	removal,	and	immediate	removal	of	CIED	was	noted	to	have	3-fold	lower
mortality	as	compared	to	delay	in	device	removal	in	favor	of	initial	conservative



therapy	 with	 antibiotics	 alone.251	 Removal	 of	 device	 and	 leads	 is	 done
percutaneously	using	specialized	traction	and	sheath	equipment.252	If	the	lead(s)
have	been	in	place	for	more	than	1	year,	 lead	extraction	can	be	difficult	due	to
extensive	adhesions.	These	patients	should	be	managed	in	a	tertiary	center	with
expertise	 in	 removing	 adhesions	 including	 support	 from	 the	 cardiovascular
surgery	 team.	 In	 tertiary	 centers,	 the	 extraction	 related	 hospital	 mortality	 and
complications	 rates	are	 low.	 If	 the	 lead	vegetation	 is	 larger	 than	2	cm,	 there	 is
theoretical	concern	of	pulmonary	embolism	with	transvenous	lead	extraction	and
may	 need	 open	 surgery.253	 Consultation	 with	 experts	 in	 lead	 removal	 and
cardiovascular	surgery	is	important	for	risk-benefit	analysis	of	the	two	options.
The	pocket	should	be	debrided	meticulously	to	remove	all	the	fibrinous	capsule
and	 infected	 tissue.	Specimens	 from	generator	 pocket	 tissue,	 generator	 surface
swab,	deep	pocket	swab,	lead	tips	are	recommended	for	Gram	stain	and	aerobic
cultures.

Coordination	 between	 cardiology,	 surgery,	 and	 infectious	 diseases	 teams	 is
important	 for	 efficient	 management	 of	 patients.	 Patients	 need	 to	 be	 carefully
evaluated	 by	 the	 cardiology	 team	 to	 determine	 if	 the	 patient	 has	 a	 persistent
indication	for	the	device,	as	a	significant	proportion	of	patients	may	not	need	a
CIED	 reimplantation.168	 If	 a	 new	 CIED	 is	 indicated,	 it	 should	 be	 implanted
through	an	uninfected	contralateral	area.	The	timing	of	new	CIED	placement	is
unclear254	 and	 is	based	on	expert	opinion.	For	patients	with	no	bacteremia	and
negative	 TEE,	 a	 new	 CIED	 can	 be	 placed	 when	 the	 pocket	 site	 infection	 is
adequately	 controlled.	 If	 the	 patient	 has	 bacteremia	 with	 negative	 TEE	 or
bacteremia	with	only	lead	vegetation,	a	new	CIED	can	be	implanted	when	repeat
blood	 cultures	 after	 device	 removal	 are	 negative	 for	 at	 least	 72	 hours,	 no
systemic	 signs	 of	 infection,	 and	 the	 pocket	 site	 infection	 is	 under	 control.	 For
patients	with	underlying	valvular	endocarditis,	it	is	recommended	to	wait	for	at
least	14	days	prior	to	new	CIED	placement,	in	order	to	reduce	the	risk	of	seeding
of	the	new	CIED.

Once	 the	 infected	 device	 is	 removed,	 the	 antimicrobial	 regimen	 can	 be
tailored	based	on	 the	 causative	 pathogen	 and	 extent	 of	 infection.	Patients	who
are	bacteremic	and/or	have	systemic	signs	of	 infection	should	undergo	TEE	 to
evaluate	for	any	vegetation	involving	the	leads	or	cardiac	valves.	The	duration	of
definitive	pathogen-targeted	antimicrobial	 therapy	will	depend	on	 the	extent	of
the	infection.	For	patients	with	localized	pocket	infection	with	no	bacteremia	and
no	 vegetation	 involving	 the	 lead	 or	 valves,	 the	 antibiotic	 duration	 after	 device
removal	 is	usually	2	weeks.	 If	 the	patient	has	shown	clinical	 improvement	and
source	 control	 is	 adequate,	 the	 antibiotic	 regimen	 can	 be	 switched	 to	 highly
bioavailable	 oral	 option.	 If	 the	 patient	 has	 a	 bloodstream	 infection	 and	 no



evidence	 of	 lead	 or	 valve	 vegetation,	 the	 treatment	 course	will	 depend	 on	 the
pathogen.	For	bacteremia	with	S.	aureus,	2	to	4	weeks	of	IV	antibiotic	regimen
is	recommended.	If	TEE	is	positive	for	lead	vegetation	but	no	valve	vegetation,	a
short	 2-week	 course	 of	 antibiotics	 can	 be	 given	 for	 patients	 with	 bacteremia
other	than	S.	aureus.	For	S.	aureus	CIED	infections	with	lead	vegetation	but	no
valve	 lesions,	 a	minimum	 4-week	 course	 is	 indicated	 after	 device	 removal.	 If
TEE	 is	 positive	 for	 vegetations	 involving	 the	 valve,	 patients	 should	 be	 treated
with	 regimens	 recommended	 for	 IE.46,163	 If	 CIED	 removal	 is	 not	 feasible
(patients	considered	high	risk	of	procedure	due	to	underlying	condition,	limited
life	 expectancy),	 chronic	 antibiotic	 suppression	 may	 be	 attempted	 but	 is
associated	with	high	risk	of	failure,	relapse,	and	increased	mortality.255

SUMMARY
Table	 77.5	 provides	 a	 summary	 of	 recommendations	 for	 management	 of
endocarditis	supported	by	randomized	controlled	clinical	trials.

TABLE	77.5

Summary	Recommendations	for	Management	of
Endocarditis	Based	on	Randomized	Clinical	Trials

NVE	caused	by	highly	penicillin-susceptible	viridans	group	streptococci	or
Streptococcus	bovis	is	effectively	treated	with	a	2-wk	regimen	of
ceftriaxone	2	g	every	24	h	IV	with	gentamicin	3	mg/kg/24	h	IV	given	in	a
single	dose
Addition	of	2	wk	of	gentamicin	to	4	wk	of	oxacillin	or	nafcillin	therapy	for
methicillin-susceptible	Staphylococcus	aureus	endocarditis	does	not
improve	outcome
Uncomplicated	tricuspid	valve	endocarditis	caused	by	methicillin-
susceptible	S.	aureus	is	effectively	treated	with	a	2-wk	regimen	of	either
nafcillin	or	oxacillin	12	g/24	h	IV	in	four	to	six	equally	divided	doses	based
on	a	trial	comparing	cloxacillin	2	g	IV	q4h	with	and	without	gentamicin
1	mg/kg	IV	q8h	in	injection	drug	users



IV,	intravenous;	NVE,	native	valve	endocarditis;	q8h,	every	8	h;	q4h,	every	4	h.

Data	from	179-182.

In	 summary,	 the	 management	 of	 cardiovascular	 infections	 require	 a
multidisciplinary	 team-based	 care	 for	 diagnosis,	 antimicrobial	 therapy,	 careful
clinical	 monitoring	 for	 complications	 and	 evaluation	 of	 the	 need	 for	 surgical
management.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	78-year-old	woman	with	a	past	medical	history	of	hypertension,	aortic
valve	stenosis	s/p	bioprosthetic	aortic	valve	replacement,	coronary	artery
disease,	and	chronic	kidney	disease	is	admitted	with	a	3-week	duration	of	low-
grade	fever,	malaise,	night	sweats,	and	mild	shortness	of	breath	on	exertion.
Blood	cultures	on	admission	grow	viridans	group	Streptococcus.	The	patient	is
started	on	empirical	IV	Ceftriaxone.	She	continues	to	have	intermittent	febrile
episodes,	and	repeat	blood	cultures	on	day	3	remain	positive.	Transesophageal
echocardiogram	is	notable	for	a	vegetation	measuring	12	mm	on	the
bioprosthetic	aortic	valve	and	perivalvular	echogenicity	suspicious	for
developing	abscess.	MRI	brain	does	not	show	any	embolic	strokes.	Chest	x-ray
notes	worsening	pulmonary	edema.	What	is	the	most	compelling	indication	for
surgical	intervention	in	this	patient?

A. 	Known	virulence	of	viridans	group	Streptococcus
B. 	Persistent	viridans	group	Streptococcus	bacteremia	despite
appropriate	antibiotics
C. 	Progressive	heart	failure	and	perivalvular	extension	of	infection
D. 	Vegetation	size	>	10	mm	in	size,	due	to	risk	for	embolic	stroke

2. 	A	42-year-old	man	with	diabetes	mellitus,	obesity,	hypertension,	and



chronic	low	back	pain	presentes	to	the	hospital	with	a	1-week	history	of	fever,
chills,	night	sweats,	and	right	knee	pain.	He	recollects	sustaining	an	abrasion	in
the	knee	while	working	in	his	yard	10	days	ago.	In	the	emergency	department,
he	is	noted	to	have	a	heart	rate	of	118/minute,	blood	pressure	90/60	mm/Hg,	and
respiratory	rate	of	14/minute.	On	physical	examination,	there	is	no	evidence	of
cellulitis	or	joint	swelling.	He	is	admitted	to	the	ICU	for	sepsis	and	started	on
empiric	intravenous	vancomycin	and	piperacillin-tazobactam.	Blood	cultures	on
admission	turn	positive	within	8	hours	for	methicillin-susceptible
Staphylococcus	aureus	from	both	sets.	The	patient	improves	with	fluid
resuscitation	and	antibiotics	are	deescalated	to	IV	oxacillin	2	g	q4h.	He	has	no
new	or	progressive	symptoms.	However,	repeat	blood	cultures	on	hospital	day	3
are	positive	at	12	hours.	What	of	the	following	studies	would	confirm	the	most
likely	cause?

A. 	Magnetic	resonance	imaging	of	lumbar	spine
B. 	Transesophageal	echocardiogram
C. 	Transthoracic	echocardiogram
D. 	Whole-body	PET-CT	scan

3. 	A	58-year-old	man	with	hypertension	and	diabetes	mellitus	presents	with
fever,	dyspnea,	and	lightheadedness.	He	has	had	a	7-week	history	of	malaise,
night	sweats,	and	chills,	and	he	self-medicated	with	a	short	courses	of
azithromycin.	One	week	ago,	he	presented	to	the	emergency	department	with
cough	and	shortness	of	breath.	Two	sets	of	blood	cultures	were	obtained	at	that
time	and	had	no	growth	at	5	days.	He	has	had	no	recent	travel	and	no	sick
contacts.	He	is	a	cattle	farmer	and	has	2	pet	dogs.	Physical	examination	reveals	a
diastolic	murmur,	coarse	crackles	in	both	lung	fields,	and	pitting	edema	in
bilateral	lower	extremities.	A	bedside	transthoracic	echocardiogram	shows	a
bicuspid	aortic	valve	and	severe	aortic	regurgitation.	No	evidence	of	valvular
vegetations	is	noted.	What	is	the	most	appropriate	next	step	in	management?

A. 	Send	convalescent	serologies	for	Coxiella	and	Bartonella
B. 	Transcatheter	aortic	valve	replacement	(TAVR)
C. 	Transesophageal	echocardiogram
D. 	Whole-body	PET-CT	scan

Answers

1.	The	correct	answer	is	C.



Rationale:	 Indications	 for	 early	 valve	 surgery	 include	 (1)	 progressive	 heart
failure	suggestive	of	valvular	destruction,	(2)	perivalvular	extension	of	infection
including	 abscess,	 fistula,	 heart	 block	 (choice	C	 is	 correct),	 and	 (3)	 persistent
bacteremia	with	multidrug-resistant	 organisms	 such	 as	Pseudomonas	 or	 fungal
organisms	 such	 as	Candida,	 but	 not	 with	 streptococcus	 (choices	 A	 and	 B	 are
incorrect).	 Vegetation	 size	 alone	 does	 not	 suggest	 the	 need	 of	 surgical
intervention	 to	 prevent	 embolic	 strokes	 (choice	 D	 is	 incorrect).	 Patient	 with
infective	 endocarditis	 may	 be	 febrile	 for	 3	 to	 5	 days.	 Persistent	 fever	 should
prompt	 investigations	 for	metastatic	 spread	 of	 infection	 that	may	 need	 source
control	as	well	as	other	common	hospital-acquired	infections.

2.	The	correct	answer	is	B.
Rationale:	 This	 patient	 has	 community-onset	 Staphylococcus	 aureus

bacteremia	 without	 any	 obvious	 source.	 Since	 he	 had	 fever	 and	 chills	 for
approximately	1	week	prior	 to	 admission,	 he	might	have	had	bacteremia	 for	 a
longer	period	 than	 that	documented	 in	 the	hospital.	The	 longer	 the	duration	of
bacteremia,	 the	 higher	 the	 likelihood	 of	 complications	 including	 infective
endocarditis,	vertebral	osteomyelitis,	muscle	abscesses,	and	so	on.	The	next	step
is	 to	 do	 a	 transesophageal	 echocardiogram	 to	 rule	 out	 infective	 endocarditis
(choice	B	 is	 correct).	Transthoracic	 echocardiogram	 is	 not	 sensitive	 enough	 to
rule	out	infective	endocarditis	(choice	C	is	incorrect).	MRI	of	the	lumbar	spine
would	be	indicated	if	he	developed	any	new	or	worsening	of	back	pain	(choice	A
is	 incorrect).	 Some	 have	 advocated	 PET-CT	 to	 identify	 subclinical	 foci	 of
infections	 among	 patients	 with	 Staphylococcus	 aureus	 bacteremia,	 but	 it	 is
expensive	and	is	not	a	first-line	diagnostic	modality	(choice	D	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	The	patient	most	 likely	has	culture	negative	endocarditis	and	 the

reason	 for	 culture-negative	 endocarditis	 is	 prior	 or	 concomitant	 antibiotic	 use.
Patients	 treated	 with	 antibiotics	 prior	 to	 obtaining	 blood	 cultures	 are	 often
infected	 with	 typical	 organisms	 for	 infective	 endocarditis	 including
Staphylococcus	aureus,	viridans	group	streptococci,	and	enterococci	(choice	A	is
incorrect).	 In	 those	 with	 no	 prior	 antibiotic	 use,	 the	 most	 common	 causes	 of
culture-negative	 endocarditis	 include	 Coxiella	 burnetii,	 Bartonella,	 Brucella,
Tropheryma	 whipplei,	 Cutibacterium	 acnes,	 and	 Mycoplasma	 sp.
Transesophageal	echocardiogram	(TEE)	is	 the	next	diagnostic	modality	to	look
for	vegetations	and	perivalvular	abscess	despite	the	negative	transthoracic	echo
as	clinical	 suspicion	 is	high	 (choice	C	 is	correct).	PET-CT	is	useful	 in	patients
with	prosthetic	valves	with	equivocal	TEE	findings	(choice	D	is	 incorrect).	Do



not	 start	 antimicrobial	 therapy	 in	 a	 stable	 patient	 with	 high	 suspicion	 for
infective	 endocarditis	 until	 after	 blood	 cultures	 are	 collected.	 TAVR	 is	 used
mostly	 for	 aortic	 stenosis,	 not	 regurgitation,	 and	 more	 often	 in	 nonsurgical
candidates—though	 this	 is	evolving.	 In	any	event,	excluding	endocarditis	prior
to	any	procedure	would	be	necessary	(choice	B	is	incorrect).
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Chapter	78
Infections	Associated	With	Vascular
Catheters
Payal	K.	Patel,	Suzanne	F.	Bradley

KEY	POINTS:
1.	 The	diagnosis	of	catheter-associated	infection	relies	on	the

recognition	of	clinical	signs	and	symptoms	of	a	patient	who	has	an
intravascular	device	in	place,	absence	of	an	alternative	cause	for
those	clinical	findings,	and	microbiological	evidence	for	infection.1

2.	 Increased	risk	for	infection	occurs	with	frequent	manipulation	of	the
catheter,	especially	those	with	multiple	lumens.	To	decrease	infection
risk,	choose	the	minimum	number	of	ports	or	lumens	required	for	the
care	of	the	patient	and	limit	care	to	a	few	well-trained	personnel.2-5

3.	 If	the	local	rate	of	catheter-associated	bloodstream	infections	is
unacceptably	high	in	spite	of	adherence	to	other	measures,	such	as
maximal	sterile	barriers	and	use	of	chlorhexidine	antisepsis,	strongly
consider	the	use	of	antimicrobial-coated	catheters	for	adult	patients
who	will	likely	require	a	central	catheter	for	5	to	14	days.6-9

4.	 Central	venous	catheters	inserted	in	the	internal	jugular	and	femoral
veins	have	been	associated	with	bloodstream	infection	significantly
more	often	than	those	inserted	into	the	subclavian	vein.10

5.	 For	long-term	catheters,	for	which	the	risks	of	infection	and
thrombosis	increase	with	duration	of	catheterization,	use	of	the
subclavian	site	is	preferred.2,5,10

6.	 Use	of	a	standardized	catheter	cart	or	kit	that	contains	all	of	the
equipment	necessary	to	insert	a	central	venous	catheter	and	use	of
a	hospital-specific	bundle	or	catheter	insertion	checklist	filled	out	by



a	trained	observer	to	ensure	and	document	adherence	to	infection
prevention	practices	at	the	time	of	insertion	are	recommended.2,6,9

7.	 Discussion	with	pharmacy	and	the	vascular	access	nursing	team	is
crucial	when	considering	vascular	access	for	infusates,	as	single
factors	such	as	pH	may	no	longer	be	an	absolute	contraindication	for
use	of	peripheral	catheters	such	as	a	midline.11

8.	 For	the	febrile	patient	in	whom	catheter-associated	bloodstream
infection	is	suspected,	empiric	treatment	should	be	based	on	local
antimicrobial	susceptibility	data.	Empiric	coverage	should	include
antimicrobial	agents	that	cover	Gram-positive	cocci	and,	depending
on	the	host	and	local	epidemiology,	may	also	include	Gram-negative
bacilli.1

9.	 Catheters	in	which	the	insertion	site	is	painful,	erythematous,
indurated,	or	with	exudate;	and	tunneled	catheters	that	manifest	a
tunnel	infection	should	be	removed	as	soon	as	possible.2

10.	 Antibiotic	lock	therapy,	as	an	adjunct	to	systemic	antimicrobial
therapy,	has	been	used	for	salvage	of	long-term	catheters	and	may
be	especially	effective	for	patients	on	hemodialysis,	undergoing
cancer	treatment	or	on	home	parenteral	nutrition.12

INTRODUCTION
As	 US	 health	 care	 payment	 structures	 are	 shifting	 toward	 quality	 rather	 than
quantity	 of	 care,	 health	 care–associated	 infections	 (HAIs)	 have	 come	 to	 the
forefront	as	targets	for	patient	safety.	Significant	efforts	to	reduce	the	burden	of
HAIs	 have	 included	 infection	 prevention	 bundles	 and	 encouraging	 central	 line
removal	whenever	 possible,	 but	 despite	 these	 efforts,	 1	 in	 25	 inpatients	 has	 a
HAI.13	 Intensive	 care	 unit	 (ICU)	 patients	 account	 for	 80,000	 central	 line–
associated	bloodstream	infections	(CLABSI)	per	year.	Each	infection	can	cost	up
to	$56,000	and	have	an	attributable	mortality	of	up	to	40%.14	Groups	such	as	the
National	 Healthcare	 Safety	 Network	 collect	 hospital	 CLABSI	 rates,15	 and
hospitals	 in	 the	 lowest-performing	quartile	can	have	funds	withheld	because	of
these	performance	measures.

Studies	 of	 new	 approaches	 to	 the	 prevention,	 diagnosis,	 and	 treatment	 of
catheter-associated	 infections	 are	 constantly	 being	 added	 to	 the	 literature;	 the



reader	should	refer	to	guidance	documents	from	professional	societies	for	a	more
in-depth	review	of	these	topics.1,2,6

PATHOGENESIS	OF	CATHETER-RELATED
INFECTIONS
Foreign	 bodies	 that	 penetrate	 cutaneous	 barriers	 of	 the	 host	 induce	 a	 chronic
inflammatory	response	and	are	coated	with	host	proteins,	including	fibronectin,
fibrin,	and	 laminin.16	The	 coated	 catheter	 provides	 a	 niche	 for	microorganisms
that	 adhere	 by	 fimbriae	 and	 adhesins	 that	 bind	 to	 surface	 receptors	 present	 on
some	of	 the	 coating	proteins,	 or	 by	 electromagnetic	 interactions	 leading	 to	 the
formation	of	biofilms	within	days	of	insertion.16

Microorganisms	 gain	 entry	 to	 the	 catheter	 primarily	 at	 the	 insertion	 site.
Particularly	 for	 short-term	 catheters,	 there	 is	 a	 correlation	 between	 organisms
isolated	 from	 the	 catheter	 and	 those	 obtained	 from	 the	 insertion	 site.6
Contamination	 of	 the	 catheter	 hub	 and	 ultimately	 the	 internal	 lumen	 of	 the
catheter	 play	 a	 larger	 role	 in	 the	 development	 of	 infections	 of	 catheters
remaining	 in	 place	 for	 more	 than	 a	 month.6,16	 Less	 commonly,	 catheter-
associated	 infections	occur	as	a	 result	of	hematogenous	 seeding	 from	a	distant
focus	of	infection	or	from	a	contaminated	infusate.

DIAGNOSIS	OF	CATHETER-RELATED
INFECTION
1 	 The	 diagnosis	 of	 catheter-associated	 infection	 still	 relies	 primarily	 on	 the
recognition	of	clinical	signs	and	symptoms	of	a	patient	who	has	an	intravascular
device	 in	place,	absence	of	an	alternative	cause	for	 those	clinical	 findings,	and
microbiological	 evidence	 for	 infection.1	The	 clinical	 signs	 noted	 for	 some,	 but
not	all,	patients	with	a	catheter-associated	infection	are	development	of	warmth,
erythema,	 and	pain	at	 the	 site	of	 current	or	 recent	 catheter	placement.	Patients
with	 catheter-associated	 bloodstream	 infection	 generally	 have	 fever,	 with	 or
without	hypotension	and	other	signs	of	sepsis.	Finding	microorganisms	when	a
catheter	 tip	 is	 submitted	 for	 culture	 from	 an	 asymptomatic	 patient	 is	 not
indicative	 of	 infection;	 conversely,	 impressive	 local	 findings	may	 reflect	 only
phlebitis	 or	 reaction	 to	 the	 infusate.	 Thus,	 differentiating	 catheter-associated
infection	 from	 colonization	 of	 the	 catheter	 can	 be	 difficult,	 and	 no	 perfect



diagnostic	method	has	been	established.

Positive	Blood	Culture	With	Catheter	Retention
Positive	 blood	 cultures	 from	 peripheral	 blood	 from	 a	 patient	 who	 has	 an
indwelling	vascular	catheter	and	no	other	obvious	 source	of	 infection	 raise	 the
possibility	of	a	catheter-associated	infection.	If	a	bloodstream	infection	occurs	in
an	 inpatient	 who	 has	 a	 central	 line	 present	 for	 more	 than	 two	 calendar	 days,
without	an	alternative	source,	it	is	defined	as	a	CLABSI.17	Other	methods	have
been	 devised	 to	 help	 differentiate	 whether	 a	 positive	 blood	 culture	 represents
catheter-associated	infection	or	has	arisen	from	another	source	without	removal
of	the	central	catheter.	Blood	samples	obtained	for	culture	from	central	catheters
have	been	compared	with	cultures	of	peripheral	blood	by	quantitative	methods
and	 differential	 time	 to	 culture	 positivity;	 alternatively,	 cultures	 of	 peripheral
blood	have	been	compared	with	 samples	 from	 the	 insertion	 site	and	hub.1,7,18,19
None	of	these	methods	has	been	proven	to	be	more	specific	for	infection	when
compared	with	 clinically	 defined	 CLABSI,	 and	 there	 is	 risk	 of	 contamination
when	 cultures	 are	 obtained	 from	 the	 central	 catheter	 even	 after	 optimal
disinfection.2,6,20,21

Catheter	Culture	Following	Catheter	Removal
Although	 culture	 of	 the	 catheter	 is	 very	 helpful	 for	 the	 diagnosis	 of	 catheter-
associated	infection,	it	necessitates	removal	of	the	catheter	before	the	diagnosis
can	 be	 made,	 and	 optimally,	 the	 catheter	 tip	 should	 be	 cultured.	 Quantitative
cultures	obtained	by	sonication	of	the	catheter	tip	have	been	advocated	as	a	more
accurate	method	 to	 determine	 the	 numbers	 of	microorganisms	 present	 on	 both
the	 internal	and	external	surfaces	of	 the	catheter,	but	no	clear	benefit	has	been
shown	 over	 the	 simpler	 roll-plate	 method	 where	 the	 distal	 segment	 of	 the
catheter	is	rolled	on	an	agar	plate.1,22	The	presence	of	≥15	bacterial	colonies	on
an	agar	plate	correlates	significantly	with	the	presence	of	local	inflammation	and
signs	and	symptoms;	when	both	tip	and	bloodstream	cultures	were	positive,	the
organisms	isolated	were	concordant	most	of	the	time.1,7,23	No	similar	cutoff	has
been	established	when	yeasts	are	grown	from	the	catheter	tip.	A	drawback	of	this
technique	 is	 that	 only	 the	 external	 portion	 of	 the	 catheter	 is	 cultured,	 not	 the
lumen.	 For	 short-term	 catheters,	 the	 roll-plate	 technique	 is	 the	 recommended
microbiological	method	for	diagnosis	of	catheter-related	infection.1,7



Types	of	Catheters

Non-Tunneled	Central	Venous	Catheters
2 	These	catheters	are	inserted	into	the	subclavian	vein,	the	internal	jugular	vein,
and	rarely	the	femoral	vein.	They	can	be	single	or	multilumen	depending	on	the
specific	 needs	 of	 each	 patient.	 Some	 studies,	 but	 not	 all,	 have	 shown	 that
multilumen	 catheters	 are	 associated	 with	 higher	 rates	 of	 colonization	 and
infection	 than	 single-lumen	 catheters,	 particularly	 when	 used	 for	 an	 extended
period	 of	 time.24,25	 Increased	 risk	 for	 infection,	 occlusion,	 and	 thrombosis,
especially	 with	 multilumen	 catheters,	 occurs	 with	 the	 frequent	 manipulations
that	are	required	during	the	care	of	critically	ill	patients.	It	is	recommended	that	a
central	venous	catheter	(CVC)	be	chosen	with	the	minimum	number	of	ports	or
lumens	 required	 for	 the	 care	 of	 the	 patient.2-5	 Care	 of	 these	 multilumen	 lines
should	 be	 limited	 to	 a	 few	well-trained	 personnel.2	Multiple	 indwelling	CVCs
also	 increase	 the	 risk	of	 infection,	and	 removal	of	unnecessary	 lines	 should	be
considered	on	a	daily	basis.2,26,27	Nontunneled	short-term	CVCs	should	be	used
predominantly	for	patients	in	the	ICU.

Antimicrobial	Impregnated	or	Coated	Central	Venous
Catheters
Numerous	 antimicrobial	 agents	 (tetracyclines,	 rifamycins,	 glycopeptides,	 β-
lactams,	and	echinocandins),	antiseptics	(benzalkonium	chloride,	chlorhexidine,
tridodecylmethylammonium	 chloride,	 iodine,	 gentian	 violet,	 and	 silver
molecules),	 and	antithrombotic	agents	 (heparin	and	chelators	 such	as	citrate	or
ethylenediaminetetraacetate	 [EDTA])	 alone	 or	 in	 various	 combinations	 have
been	bound	to	polymer	material	or	used	to	coat	the	surfaces	of	catheters	in	the
hope	 of	 reducing	 colonization,	 thrombosis,	 and	 subsequent	 infection.2,6,7,28-31
Heparin-coated	catheters	should	not	be	used	because	of	concerns	for	developing
heparin-induced	thrombocytopenia.31

3 	Minocycline-rifampin–coated	catheters	 (Cook	Medical,	Bloomington,	 IN),
chlorhexidine-silver	 sulfadiazine–coated	 catheters	 (Arrow	 International,
Reading,	 PA),	 and	 a	 silver-platinum-carbon–impregnated	 catheter	 (Vantex,
Edwards	Life	Sciences,	Irvine,	CA)	are	currently	available.	All	of	these	catheters
have	 been	 shown	 to	 reduce	 catheter-associated	 colonization.2,7,28	 In	 some
controlled	 trials,	 the	 rates	 of	 catheter-associated	 bacteremia	 were	 sufficient	 to
demonstrate	 significant	 reductions	 of	 infection	 rates	 when	 antimicrobial
catheters	were	compared	with	standard	catheters.2,7,32	If	the	local	rate	of	catheter-



associated	bloodstream	infections	 is	unacceptably	high	 in	spite	of	adherence	 to
other	 measures,	 such	 as	 maximal	 sterile	 barriers	 and	 use	 of	 chlorhexidine
antisepsis,	 it	 is	 recommended	 to	 strongly	 consider	 the	 use	 of	 antimicrobial-
coated	catheters	for	adult	patients	who	will	likely	require	a	central	catheter	for	5
to	14	days.6-9	Use	of	 these	catheters	 also	could	be	considered	 for	patients	who
have	limited	venous	access	and	a	history	of	recurrent	catheter-related	infections
and	 for	 those	with	 increased	 risk	 for	 severe	 sequelae	 if	 they	 develop	 systemic
infections,	such	as	immunocompromised	patients.5,6,33	Each	hospital	must	decide,
based	 on	 their	 rates	 of	 catheter-associated	 bloodstream	 infection,	 whether	 the
higher	costs	of	purchasing	antimicrobial-coated	catheters	are	justified.

Peripherally	Inserted	Central	Venous	Catheters
Peripherally	inserted	central	venous	catheters	(PICCs)	have	become	increasingly
common	for	venous	access.	PICCs	were	initially	thought	to	have	lower	rates	of
infectious	 complications	 when	 compared	 to	 other	 CVCs.	 Improving
appropriateness	 of	 PICC	 indications	 and	 maintenance	 can	 lead	 to	 fewer
complications	and	avoid	central	line	placement.34	PICCs	may	have	a	lower	risk
of	infection	among	outpatients,	but	the	infection	risk	for	hospitalized	patients	is
comparable	 to	 that	with	CVCs.2,21,35	 Initial	 insertion	 costs	 are	 lower	 than	 those
for	 tunneled	CVCs,	but	rates	of	mechanical	complications	and	phlebitis	can	be
higher.	These	catheters	must	be	inserted	by	specially	trained	health	care	workers
or	interventional	radiologists.	A	PICC	can	be	left	in	place	for	weeks	to	months	as
long	as	there	is	no	malfunction,	evidence	of	phlebitis,	or	infection.

Semipermanent	Tunneled	Catheters	(Long-Term	Central
Venous	Catheters)
Cuffed	double-lumen	subclavian	catheters	and	ports	tunneled	subcutaneously	are
used	 primarily	 for	 infusing	 parenteral	 nutrition	 solutions	 and	 cancer
chemotherapy.	 The	 risk	 of	 infection	 with	 semipermanent	 tunneled	 catheters
appears	to	be	low.1,7,36	Routine	use	in	the	ICU	is	not	practical.

Pulmonary	Artery	Catheters
Use	 of	 pulmonary	 artery	 catheters	 has	 decreased	 markedly	 in	 the	 last	 decade
because	of	the	introduction	of	new	hemodynamic	monitoring	technologies.	The
approach	to	placement	and	maintenance	of	these	catheters	in	patients	who	have
an	 appropriate	 indication	 should	 generally	 follow	 established	 guidelines	 for



central	line	placement.6

Peripheral	Arterial	Catheters
Although	peripheral	arterial	catheters	were	initially	believed	to	have	lower	risk
of	catheter-related	infection,	indwelling	arterial	catheters	appear	to	have	rates	of
complications	 similar	 to	 those	 for	 venous	 catheters.6,37	 Signs	 and	 symptoms	of
infection	for	arterial	catheters	are	similar	to	those	for	venous	catheters;	however,
the	 absence	 of	 local	 signs	 of	 inflammation	 does	 not	 preclude	 infection.	Distal
embolic	 lesions	 and	 hemorrhage	 are	 highly	 predictive	 of	 arterial	 catheter-
associated	 bloodstream	 infection.	 Late	 complications	 such	 as	 pseudoaneurysm
formation	and	rupture	of	the	artery	may	occur.37	The	longer	the	catheter	remains
in	place,	the	higher	the	rate	of	bloodstream	infection.

Midline	Catheters
Midline	 catheters	 are	 3	 to	 8	 inches	 in	 length,	 are	 inserted	 into	 the	 antecubital
fossa	 or	 upper	 arm	 veins,	 extend	 no	 further	 than	 the	 distal	 portion	 of	 the
subclavian	vein,	and	are	not	considered	central	lines.	These	catheters	are	ideal	if
infusions	are	required	for	6	to	14	days	for	non–critically	ill	patients.11,35,38,39	They
can	 remain	 in	 place	 for	 4	weeks,	 are	 convenient	 to	 insert,	 are	 associated	with
fewer	infections	than	CVCs,	and	cause	less	phlebitis	than	peripheral	catheters.6
In	the	past,	infusions	that	were	vesicants	or	had	a	pH	<	5,	such	as	vancomycin,
amphotericin	B,	and	nafcillin,	were	thought	to	irritate	the	vascular	endothelium
and	were	an	indication	for	a	CVC.	These	recommendations	have	recently	been
called	into	question	and	work	on	optimal	midline	utilization	is	ongoing.11,40

Catheter	Insertion

Choice	of	Insertion	Site
Regardless	of	the	of	catheter	inserted,	the	major	risk	factor	for	the	development
of	 catheter-associated	 infection	 is	 the	 breach	 of	 a	 major	 host	 defense	 against
infection—the	 skin.	 Catheter-associated	 infections	 are	 usually	 because	 of
organisms	 colonizing	 the	 skin,	 particularly	 Gram-positive	 cocci,	 such	 as
coagulase-negative	 staphylococci	 and	 Staphylococcus	 aureus.	 However,	 the
distribution	of	microorganisms	on	the	skin	varies.	For	example,	Gram-negative
bacilli,	Candida	 spp.,	and	anaerobes	are	 increased	 in	 the	groin	area	and	on	 the



lower	extremities.	The	human	microbiome	is	altered	by	illness,	hospitalization,
and	the	presence	of	foreign	bodies.

The	 use	 of	 antimicrobial	 agents	 contributes	 to	 the	 emergence	 of	 resistant
Gram-positive	 and	Gram-negative	 organisms	 and	 yeasts.	 Daily	 disinfection	 of
patient	 skin	with	 chlorhexidine	wipes	 or	 baths	 has	 been	 effective	 for	 reducing
colonization	and	ultimately	bloodstream	infections	in	patients	in	ICUs	and	other
wards.41-43	 Patients	who	have	 a	productive	 cough	or	 a	 tracheostomy	can	 easily
contaminate	their	skin	with	organisms	from	their	respiratory	tract.44

4 	 5 	 The	 site	 of	 catheter	 insertion	 influences	 the	 risk	 of	 infection.	 Central
venous	 catheters	 inserted	 in	 the	 internal	 jugular	 and	 femoral	 veins	 have	 been
associated	 with	 bloodstream	 infection	 significantly	 more	 often	 than	 those
inserted	into	the	subclavian	vein.10	Increased	risk	of	thrombosis,	contamination,
and	difficulties	in	dressing	the	site	may	play	a	role	in	infection	risk.2,45	Insertion
site	colonization	risk	is	particularly	increased	among	obese	patients	with	femoral
catheters	 and	 for	 patients	 with	 tracheostomies	 with	 jugular	 catheters.	 The
femoral	site	is	not	recommended	as	an	initial	choice	for	nonemergent	insertion	in
national	guidelines.6,44,45	Risk	of	pneumothorax	is	more	common	among	patients
who	 have	 subclavian	 catheters;	 insertion	 using	 ultrasound	 guidance	 may	 help
limit	 this	 complication.2,46	Decisions	 regarding	 insertion	 site	must	 be	 based	 on
operator	proficiency	and	the	risks	of	mechanical	complications	vs	infectious	and
thrombotic	 risks.9	For	 long-term	catheters,	 for	which	 the	 risks	of	 infection	and
thrombosis	increase	with	duration	of	catheterization,	use	of	the	subclavian	site	is
preferred.2,5,10	All	catheters	should	be	removed	as	promptly	as	possible	especially
if	they	are	inserted	emergently	under	less	than	sterile	conditions	and	as	soon	as
the	catheter	is	no	longer	needed.2,6,47,48

Insertion	Techniques
It	is	essential	that	health	care	personnel	perform	hand	hygiene	with	an	alcohol-
based	waterless	product	or	with	antiseptic	soap	and	water	prior	to	insertion	of	a
catheter.2,6,49	 Use	 of	 gloves	 is	 not	 a	 substitute	 for	 hand	 hygiene.	 Catheter-
associated	 phlebitis	 and	 infection	 are	more	 likely	 to	 occur	when	 catheters	 are
inserted	 by	 inexperienced	 personnel	 rather	 than	 personnel	 who	 are	 trained	 in
these	techniques.

6 	 Prospective,	 randomized	 trials	 have	 shown	 that	 strict	 adherence	 to	 sterile
technique	(ie,	mask,	cap,	large	sterile	drape,	gloves,	and	gown)	is	beneficial	for
preventing	CVC	infections,	and	also	highly	cost-effective.2,5,6	The	importance	of
sterile	 techniques	 using	 maximal	 barrier	 precautions	 for	 short-term	 central
catheters	cannot	be	overemphasized	and	should	be	a	routine	part	of	house	staff



training.2,6,27	 Use	 of	 a	 standardized	 catheter	 cart	 or	 kit	 that	 contains	 all	 of	 the
equipment	 necessary	 to	 insert	 a	CVC	 and	 use	 of	 a	 hospital-specific	 bundle	 or
catheter	 insertion	 checklist	 filled	 out	 by	 a	 trained	 observer	 to	 ensure	 and
document	adherence	to	infection	prevention	practices	at	the	time	of	insertion	are
recommended.2,6,9	 All	 health	 care	 personnel	 should	 be	 empowered	 to	 stop	 the
catheter	insertion	if	any	breach	in	aseptic	technique	is	observed.

Ultrasound	guidance	for	the	insertion	of	central	vascular	catheters,	especially
internal	jugular	catheters,	has	been	shown	to	reduce	the	risk	of	infection.1,2,46

Cutaneous	Antisepsis
Chlorhexidine	and	iodine-based	solutions,	alone	or	in	combination	with	alcohol,
have	 been	 used	 to	 reduce	microbial	 contamination	 at	 the	 insertion	 site	 of	 the
catheter.2,6,50	 Current	 recommendations	 include	 the	 application	 of	 alcoholic
chlorhexidine	antiseptic	(0.5%	chlorhexidine	gluconate)	to	the	insertion	site;	the
site	 should	 be	 allowed	 to	 dry	 before	 catheter	 insertion.2,6,51	 Chlorhexidine
products	should	be	used	with	care	on	children	less	than	2	months	of	age.6

Antimicrobial	 ointments	 have	 been	 shown	 to	 increase	 the	 risk	 of	 infection
with	Candida	 and	 antibiotic-resistant	 bacteria	 and	 may	 affect	 the	 integrity	 of
some	 catheters.	 With	 the	 exception	 of	 povidone-iodine	 ointment	 for	 some
hemodialysis	catheters,	 routine	use	of	ointments	at	 the	catheter	 insertion	site	 is
discouraged.2,6

Care	of	the	Catheter	and	Insertion	Site

Insertion	Site	Dressings
Either	gauze	and	 tape	bandages	or	 transparent	semipermeable	dressings	can	be
used	 for	 peripheral	 and	 central	 catheters.	 Transparent	 dressings	 are	 changed
every	 5	 to	 7	 days	 and	 gauze	 dressings	 every	 2	 days	 or	more	 frequently	 if	 the
dressing	 is	 soiled,	 loose,	 or	 damp.6	 Site	 care	 should	 be	 performed	 with	 a
chlorhexidine-based	 antiseptic	 with	 each	 dressing	 change.6	 At	 some	 centers,
chlorhexidine	patches	are	placed	over	catheters	during	routine	dressing	changes.
A	 randomized	 controlled	 trial	 found	 that	 reducing	 the	 frequency	 of	 changing
unsoiled	adherent	dressings	from	3	to	7	days,	and	thus	decreasing	manipulation
of	the	site,	did	not	increase	the	risk	of	infection.52

Chlorhexidine-impregnated	dressings	(BIOPATCH,	Ethicon,	Somerville,	NJ;
Tegaderm	CHG	Chlorhexidine	Gluconate	IV	Securement	Dressing,	3M	Co.,	St.



Paul,	 MN)	 reduced	 colonization	 at	 the	 catheter	 site	 and	 catheter-related
bloodstream	 infections	 and	 are	 recommended	 to	 protect	 the	 insertion	 site	 of
short-term,	nontunneled	CVCs.5,52,53

Needleless	 securement	 devices	 have	 also	 been	 used	 as	 an	 alternative	 to	 the
use	 of	 needles	 and	 sutures	 to	 secure	CVCs	 to	 patient	 skin.5	 Adhesive	 secures
these	 devices	 (Bard	StatLock	CV	Plus	Stabilization	Device,	Becton	Dickinson
and	Co.	Franklin	Lakes,	NJ;	3M	PICC/CVC	Needleless	Securement	Device,	3M
Co.,	St.	Paul,	MN)	leading	to	less	patient	pain,	likelihood	of	infection,	and	risk
of	 needlesticks.5,54	 The	 use	 of	 systemic	 antibiotics	 as	 prophylaxis	 before	 the
placement	 of	 central	 venous	 devices	 is	 strongly	 discouraged	 because	 selection
for	antibiotic-resistant	microorganisms	is	highly	likely.2,6

Catheter	Hub	Disinfection
Local	 disinfection	 of	 the	 hubs	 of	 CVCs	 must	 be	 performed	 using	 either	 a
chlorhexidine-based	 preparation,	 povidone	 iodine,	 or	 70%	 alcohol	 before
attempting	access.2,5,6	While	the	optimal	scrub	time	(3-15	seconds)	is	not	known,
it	is	very	important	to	allow	the	antiseptic	to	dry	to	ensure	antimicrobial	activity
before	 accessing	 the	 catheter.	 Alternatively,	 alcohol-impregnated	 disinfection
caps	(3M	Curos	Disinfecting	Caps,	3M	Co.,	St.	Paul,	MN)	may	be	placed	over
the	hub	with	removal	prior	to	infusions	or	blood	draws.55	Antimicrobial	barrier
caps	 (chlorhexidine)	 have	 been	 used	 in	 similar	 fashion	 for	 hemodialysis
catheters	with	 reduction	 in	CLABSIs	 and	 hospital	 admissions	 for	 bloodstream
infections	 (ClearGuard	 HD,	 Pursuit	 Vascular	 Inc,	 Maple	 Grove,	 MN).5,56,57
Maintenance	 of	 the	 catheter	 hub	 should	 be	 performed	 with	 strict	 standards,
similar	to	those	for	insertion	of	catheters,	 to	decrease	the	risk	of	contamination
and	infection.2

Catheter	Replacement

Peripheral	Catheters
Phlebitis	of	a	peripheral	vein	is	a	well-recognized	harbinger	of	infection	and	may
be	 quite	 uncomfortable	 for	 the	 patient.	 A	 catheter	 causing	 phlebitis	 should	 be
removed	 promptly	 and	 the	 tip	 cultured.	 Use	 of	 peripheral	 intravenous	 (PIV)
catheters	 is	 much	 more	 common	 than	 that	 of	 CVCs;	 two	 billion	 PIVs	 are
inserted	 every	 year	 worldwide.58	 Complications	 of	 peripheral	 venous	 catheter
insertion	 are	 all	 too	 frequent	 requiring	 removal	 in	 69%	 of	 devices,	 including



occlusion,	dislodgement,	infiltration,	phlebitis,	and	catheter-associated	infection;
complications	 generally	 increase	 over	 time	 after	 72	 hours	 of	 insertion.58	 PIV
infection	may	be	an	underrecognized	cause	of	S.	aureus	bloodstream	infection.59
Up	until	recently,	the	focus	of	PIV	management	has	been	to	remove	and	change
these	 catheters	 to	 another	 site	 every	 72	 to	 96	 hours	 to	 decrease	 the	 risk	 for
infection	 and	 the	 discomfort	 associated	 with	 phlebitis.2	 Methods	 applied	 to
central	catheters	are	now	being	applied	 to	reduce	PIV	complications.58	Midline
catheters	 and	PICC	 lines	 should	not	 be	 removed	 and	 changed	 routinely	unless
phlebitis	or	signs	of	infection	develop.2

Central	Catheters
The	risk	of	infection	increases	during	the	time	that	a	central	catheter	is	in	place,
but	several	studies	have	shown	that	routine	replacement	of	these	catheters	does
not	reduce	rates	of	catheter-associated	bloodstream	infections.2,6	Routine	rotation
of	 a	 central	 catheter	 to	 a	 different	 site	 is	 associated	 with	 increased	 risk	 for
pneumothorax,	laceration	of	a	vessel	with	hemothorax,	and	arrhythmias	and	thus
is	not	recommended.1

The	use	of	routine	catheter	change	over	a	guidewire	has	also	been	tried	as	a
means	 to	 decrease	 catheter-related	 infections.	 However,	 a	 meta-analysis	 of
studies	 employing	 this	 technique	 failed	 to	 show	 an	 effect	 on	 decreasing
infections,	 and	 routine	 catheter	 changes	 over	 a	 guidewire	 are	 not
recommended.2,60

Thrombosis	 requires	 removal	 of	 an	 indwelling	 catheter.61	 An	 exception	 is
made	 for	 the	 patient	 who	 has	 poor	 access	 and	 is	 dependent	 on	 a	 surgically
implanted	 semipermanent	 central	 catheter.	 Under	 these	 circumstances,	 an
attempt	to	salvage	the	catheter	is	reasonable.1

Infusion-Related	Issues

Local	Effects
7 	Certain	intravenous	solutions	and	some	medications	may	serve	as	vesicants	or
irritants	 to	 vascular	 endothelium	 (KCl,	 amiodarone,	 some	 antibiotics,
vasopressors,	 total	 parenteral	 nutrition,	 and	 chemotherapeutic	 agents)	 and	may
be	 associated	 with	 a	 local	 inflammatory	 response,	 thrombosis,	 and	 phlebitis,
with	an	increased	risk	of	 infection.	Discussion	with	pharmacy	and	the	vascular
access	 nursing	 team	 is	 crucial	 when	 considering	 vascular	 access	 for	 such



infusates,	 as	 single	 factors	 such	 as	 pH	 may	 no	 longer	 be	 an	 absolute
contraindication	for	use	of	peripheral	catheters	such	as	a	midline.11

In-Line	Devices	and	Filters
In-line	 devices	 can	 be	 a	 source	 of	 catheter-associated	 infections.	 Pressure
transducers	 have	 been	 implicated	 during	 outbreaks	 of	 catheter-associated
bloodstream	infection,	particularly	those	due	to	water-associated	Gram-negative
bacilli,	 including	 Pseudomonas,	 Serratia,	 Enterobacter,	 Citrobacter,	 and
Acinetobacter	spp.62	Stopcocks	are	easily	contaminated	through	manipulation	by
personnel	or	by	 injection	with	contaminated	syringes	and	may	be	an	 important
source	of	infection;	use	of	a	closed	system	rather	than	stopcocks	has	been	shown
to	 lead	 to	 less	 contamination	 of	 the	 line.	 Some	 studies	 suggest	 that	 needleless
mechanical	valve	devices	may	pose	a	greater	risk	of	infection	than	split	septum
devices.63,64	 Disposable	 transducer	 domes,	 stopcocks,	 needleless	 components,
and	other	in-line	devices	should	be	changed	with	the	rest	of	the	infusion	set.	In-
line	 filters	 do	 not	 decrease	 the	 rate	 of	 infection,	 and	 their	 use	 is	 not
recommended.2

Contamination	of	Infusates
Breaks	 in	 sterile	 technique	 by	 hospital	 personnel	 can	 cause	 bloodstream
infection.	Gram-negative	bacilli,	such	as	Enterobacter,	Klebsiella,	Serratia,	and
Citrobacter,	 can	 proliferate	 in	 the	 acidic	 environment	 of	 intravenous	 fluids
containing	minimal	nutrients,	and	other	organisms,	including	fungi,	can	grow	in
parenteral	nutrition	infusates	containing	lipids.65,66

Multifaceted	Approach	to	Prevention	of	Catheter	Infection
An	optimal	approach	to	prevent	catheter-associated	infection	involves	the	use	of
multiple	infection	control	strategies,	often	termed	a	bundle.	ICUs	have	assessed
the	 impact	of	 five-evidence	based	procedures	 recommended	by	 the	Centers	 for
Disease	 Control	 and	 Prevention	 to	 prevent	 catheter-associated	 bloodstream
infection.67,68	 These	 bundles	 consisted	 of	 full-barrier	 precautions	 for	 catheter
insertion;	hand	washing;	 insertion	 site	cleansing	with	chlorhexidine;	 avoidance
of	 femoral	 insertion	 site;	 and	 removal	of	unnecessary	 catheters.	This	 approach
was	 implemented	 in	 conjunction	with	 clinician	 education,	 use	 of	 a	 designated
central-line	 cart,	 a	 checklist	 to	 ensure	 adherence,	 and	 empowerment	 of	 the
assistant	to	stop	the	procedure	at	the	time	that	the	practices	in	the	bundle	are	not



being	followed.	These	interventions	led	to	a	sustained	and	significant	reduction
of	 catheter-associated	 bloodstream	 infections.	 The	 “bundle”	 approach	 has
become	 standard	 of	 care	 and	 has	 been	 incorporated	 into	 practice
guidelines.2,6,27,57,69	Advances	of	prevention	of	infections	associated	with	vascular
catheters	are	summarized	in	Table	78.1.

TABLE	78.1

Summary	of	Recommendations	for	Prevention	of	Central
Venous	Catheter–Associated	Infections	Based	on
SHEA/IDSA	Guidelines15

Bathe	intensive	care	unit	patients	with	chlorhexidine	daily	(grade	of
evidence:	I)
Document	adherence	to	infection	prevention	practices	at	the	time	of
catheter	insertion	by	a	checklist	filled	out	by	a	trained	observer	(grade	of
evidence:	II)
Perform	hand	hygiene	prior	to	insertion	or	manipulation	of	the	catheter
(grade	of	evidence:	II)
Use	maximal	sterile	barriers	(sterile	full-sized	drape,	sterile	gown,	sterile
gloves,	face	mask,	and	head	cap)	during	insertion	(grade	of	evidence:	II)
Perform	insertion	site	antisepsis	with	chlorhexidine	(grade	of	evidence:	I)
Consider	the	use	of	a	chlorhexidine-impregnated	patch	at	the	insertion	site
(grade	of	evidence:	I)
Change	transparent	dressings	and	perform	site	care	with	chlorhexidine-
based	antiseptic	every	5-7	d	or	immediately	if	dressing	is	soiled,	loose,	or
damp	(grade	of	evidence:	II)
Do	not	routinely	replace	central	intravascular	catheters	(grade	of	evidence:
I)
Consider	use	of	central	intravascular	catheters	coated	with	antimicrobial
agents	(minocycline-rifampin)	or	chlorhexidine-silver	sulfadiazine	when
infection	rates	are	high	(grade	of	evidence:	I)

I,	high	quality;	II,	moderate	quality.
From	Dudeck	MA,	Edwards	JR,	Allen-Bridson	K,	et	al.	National	Healthcare	Safety	Network	report,
data	summary	for	2013,	device-associated	module.	Am	J	Infect	Control.	2015;43:206-221	and
Grade	of	quality	of	evidence	is	from	SHEA/IDSA	Practice	Recommendation	Marschall	J,	Mermel



LA,	Fakih	M,	et	al.	Strategies	to	prevent	central	line-associated	bloodstream	infections	in	acute
care	hospitals:	2014	update.	Infect	Control	Hosp	Epidemiol.	2014;35:753-771.

CATHETER-ASSOCIATED	INFECTIONS

Microbiology
In	 the	 United	 States,	 coagulase-negative	 staphylococci	 (Staphylococcus
epidermidis	 and	 other	 species)	 are	 the	most	 common	 organisms	 implicated	 in
catheter-associated	infections,	followed	by	S.	aureus;	a	variety	of	Gram-negative
bacilli;	 other	 Gram-positive	 cocci	 and	 bacilli;	 and	Candida	 and	 other	 yeasts.1
Coagulase-negative	 staphylococci	 are	 associated	 with	 less	 severe	 disease	 than
most	 other	 organisms.	S.	aureus	 bloodstream	 infection	 is	most	 likely	 to	 cause
complications,	 including	 endocarditis,	 and	Candida	 spp.	 have	 a	 propensity	 to
seed	to	other	structures,	such	as	the	eye.70,71

Complications
Major	 complications	 of	 catheter-associated	 infections	 include	 septic	 shock,
suppurative	 phlebitis,	 metastatic	 infection,	 endocarditis,	 and	 arteritis.	 These
complications	 often	 require	 aggressive	management	 that	 combines	 appropriate
antimicrobial	 therapy	with	 surgical	 intervention.	Complications	of	bloodstream
infection	should	be	suspected,	especially	if	the	catheter	has	been	removed,	when
a	patient	has	persistence	or	relapse	of	the	same	organism	by	blood	cultures	after
72	hours	of	 appropriate	medical	 therapy	and	no	alternative	 explanation	can	be
found.

Suppurative	Phlebitis
Suppurative	phlebitis	 associated	with	vascular	 catheters	 is	manifested	by	 fever
and	positive	blood	cultures;	signs	of	phlebitis	may	be	present	in	55%	of	patients.
For	 peripheral	 catheters,	 presence	 of	 thrombosis	 on	 ultrasound	 may	 be	 an
important	 clue	 that	 septic	 phlebitis	 is	 present.	 Suppurative	 phlebitis	 of	 central
veins,	 particularly	 of	 the	 subclavian	 veins	 and	 superior	 vena	 cava,	 should	 be
confirmed	 by	 computerized	 tomography,	 magnetic	 resonance	 imaging,	 or
venography.	 Most	 patients	 will	 respond	 to	 3	 to	 4	 weeks	 of	 treatment	 with
systemic	 antimicrobial	 therapy;	 anticoagulation	 may	 be	 considered.72	 Rarely,
surgical	 or	 interventional	 radiological	 procedures	may	 be	 necessary	 to	 remove



the	thrombus;	but	they	should	be	considered	when	bloodstream	infection	persists
despite	conservative	management.

Endocarditis
Endocarditis	 is	 a	 dreaded	 complication	 of	 catheter-associated	 infections	 and	 is
most	likely	to	occur	with	infection	with	S.	aureus.	The	aortic	and	mitral	valves
are	 involved	most	often;	normal	valves,	as	well	as	previously	damaged	valves,
can	 be	 infected.	 Right	 atrial	 catheters	 that	 cross	 the	 tricuspid	 valve	 can	 cause
endothelial	damage	and	turbulence,	predisposing	the	patient	to	the	development
of	 right-sided	 endocarditis	 if	 bacteremia	 or	 fungemia	 occurs.	 Persistent	 or
intermittent	 bacteremia	 or	 fungemia	 despite	 catheter	 removal;	 and	 evidence	 of
pulmonary,	 cutaneous,	 central	 nervous	 system,	 or	 other	 embolic	 phenomena
suggest	a	diagnosis	of	endocarditis.

Initial	Treatment
8 	 In	 the	 febrile	 patient	 in	 whom	 catheter-associated	 bloodstream	 infection	 is
suspected,	 empiric	 treatment	 should	 be	 based	 on	 local	 antimicrobial
susceptibility	 data.	 Empiric	 coverage	 should	 include	 antimicrobial	 agents	 that
cover	Gram-positive	cocci	and,	depending	on	 the	host	and	 local	epidemiology,
may	also	include	Gram-negative	bacilli.1	Vancomycin	is	chosen	most	frequently
because	 of	 its	 activity	 against	 methicillin-resistant	 S.	 aureus	 (MRSA)	 and
coagulase-negative	 staphylococci.	When	 coverage	 for	Gram-negative	 bacilli	 is
elected,	 the	 choice	 of	 a	 β-lactam-β-lactamase	 inhibitor	 combination,	 an
antipseudomonal	 cephalosporin,	 or	 a	 carbapenem	 should	 be	 based	 on	 local
antimicrobial	susceptibility	patterns.

Use	of	an	antifungal	agent,	preferably	an	echinocandin,	should	be	considered
for	 patients	 who	 have	 risk	 factors	 for	 candidemia,	 including	 a	 hematologic
malignancy	 or	 solid	 organ	 transplant;	 presence	 of	 a	 femoral	 catheter;	who	 are
receiving	 parenteral	 nutrition	 and/or	 broad-spectrum	 antibiotic	 therapy;	 who
have	 had	 recent	 abdominal	 surgery;	 and	who	 are	 known	 to	 be	 colonized	with
Candida	 spp.71	 Once	 the	 organism	 has	 been	 identified,	 the	 appropriate
antimicrobial	 therapy	 should	be	 chosen	based	on	antimicrobial	 susceptibilities.
Infectious	 diseases	 consultation	 has	 been	 associated	 with	 improved	 patient
outcomes	 particularly	 for	 bloodstream	 infections	 due	 to	 S.	 aureus	 and
Candida.70,73,74



Staphylococcus	aureus	Infections
It	is	difficult	to	distinguish	uncomplicated	from	complicated	catheter-associated
S.	 aureus	 bloodstream	 infections	 and	 to	 predict	 which	 patients	 have
endocarditis.75,76	 It	 is	 recommended	 that	 transthoracic	 echocardiography	 (TTE)
be	performed	in	all	cases	of	catheter-associated	S.	aureus	bacteremia.77	For	many
patients,	 the	 TTE	 is	 equivocal,	 and	 transesophageal	 echocardiography	 (TEE)
should	 be	 performed	 to	 better	 define	 the	 presence	 of	 vegetations	 and	 other
cardiac	abnormalities.	Because	TEE	is	invasive,	several	experts	have	suggested
that	a	TEE	might	best	be	done	only	for	those	patients	at	highest	risk	for	having
endocarditis,	 which	 in	 one	 study	 was	 defined	 as	 those	 who	 have	 persistent
bacteremia	 ≥4	 days	 duration	 or	 in	 whom	 there	 is	 a	 permanent	 intracardiac
device.76,78	 If	 the	 catheter	 is	 promptly	 removed	 and	 TEE	 is	 negative	 for
vegetations,	methicillin-susceptible	S.	aureus	 bacteremia	 can	 be	 treated	with	 a
minimum	of	 2	weeks	 of	 a	 penicillinase-resistant	 β-lactam	 antibiotic	 or	 a	 first-
generation	 cephalosporin;	 vancomycin	or	 an	 alternative	 active	 agent	 should	be
used	 for	 MRSA.	 However,	 even	 those	 patients	 who	 appear	 to	 be	 appropriate
candidates	for	short-course	therapy	may	later	present	with	metastatic	foci,	so	it	is
essential	to	reassess	“uncomplicated”	cases	if	fever	or	embolic	phenomena	occur
and	certainly	when	follow-up	blood	cultures	also	yield	S.	aureus.1

Candida	spp.	Infections
Current	 recommendations	 are	 to	 treat	 all	 patients	 with	 catheter-associated
fungemia	 with	 an	 antifungal	 agent.71	 The	 possibility	 that	 the	 organism	 has
seeded	to	distant	sites,	especially	the	eye,	is	high,	leading	to	the	recommendation
that	all	candidemic	patients	should	have	a	dilated	retinal	examination,	preferably
by	 an	ophthalmologist.71	Most	 studies	 have	 found	 that	 outcomes	 are	 improved
when	the	catheter	is	promptly	removed,	but	the	argument	has	been	made	that	for
most	many	patients	with	neutropenia,	 the	gut	 is	 the	 source	of	candidemia,	 and
the	 catheter	 does	 not	 have	 to	 be	 removed.	 Many	 of	 these	 patients	 are
thrombocytopenic,	 and	 the	 tunneled	 catheter	 or	 indwelling	 port	 cannot	 be
removed	easily.	However,	for	the	nonneutropenic	patient,	the	recommendation	is
to	 remove	 all	 central	 catheters	 as	 soon	 as	 possible	when	 feasible.71	 Treatment
with	 an	 echinocandin	 (anidulafungin,	 caspofungin,	 and	 micafungin)	 is
recommended;	fluconazole	can	be	used	when	the	organism	has	been	shown	to	be
susceptible.	The	treatment	should	continue	for	a	minimum	of	2	weeks	after	the
first	 negative	 blood	 culture	 is	 obtained;	 however,	 if	 a	 metastatic	 focus	 of
infection	is	noted,	prolonged	therapy	will	be	required.



Should	the	Catheter	Be	Removed?
9 	 Catheters	 in	 which	 the	 insertion	 site	 is	 painful,	 erythematous,	 indurated,	 or
with	exudate,	and	 tunneled	catheters	 that	manifest	a	 tunnel	 infection	should	be
removed	as	soon	as	possible.2	For	exit	site	infections	not	accompanied	by	gross
purulence,	systemic	signs	of	infection,	or	positive	blood	cultures,	treatment	with
local	 topical	 antimicrobial	 agents,	 as	well	 as	 systemic	 antibiotics	 can	 be	 tried
based	on	culture	data	from	a	sample	taken	at	the	exit	site.	If	treatment	fails,	then
the	catheter	should	be	removed.

For	the	febrile	patient	who	is	clinically	stable	and	without	localizing	signs	of
infection	 along	 the	 catheter	 insertion	 site,	 central	 catheters	 should	 not	 be
removed	until	a	microbiological	assessment	that	includes	samples	of	blood,	with
or	 without	 culture	 of	 insertion	 sites	 and	 hubs,	 is	 performed.	 Cultures	 that	 are
positive	 from	 a	 single	 blood	 sample	 for	 organisms	 that	 are	 part	 of	 the	 normal
skin	flora,	such	as	coagulase-negative	staphylococci,	diphtheroids,	Micrococcus,
or	 Propionibacterium	 spp.,	 should	 be	 repeated	 to	 establish	 whether	 a	 true
bloodstream	infection	is	present.1,7	 If	 true	bacteremia	has	been	established,	and
there	is	no	alternative	source,	catheters	should	be	removed	unless	there	are	very
cogent	 reasons	 for	keeping	 the	catheter	 in	place;	 recurrence	of	 infection	 in	 the
setting	of	a	retained	catheter	is	highly	likely.79	Catheter-related	infections	due	to
coagulase-negative	 staphylococci	 are	 a	 special	 case	 in	 that	 antibiotics	 alone
without	catheter	 removal	are	usually	adequate	 to	 treat	 the	acute	 infection.1	 If	 a
catheter	 has	 been	 changed	 over	 a	 guide	 wire,	 and	 there	 is	 growth	 of	 ≥15
organisms	 from	 the	 tip	 of	 the	 removed	 catheter,	 the	 newly	 placed	 catheter	 is
almost	certainly	infected	and	should	be	removed.1,2,6

Catheter	Salvage
In	the	case	of	long-term,	tunneled,	semipermanent	catheters	or	ports	that	cannot
be	easily	removed	or	for	patients	who	have	limited	vascular	access,	treatment	of
catheter-associated	 infection	 with	 antibiotics	 without	 catheter	 removal	 can	 be
tried.	Catheter	 salvage	 is	 not	 recommended	 for	 patients	with	 complications	 of
catheter	 infection,	 such	 as	 suppurative	 phlebitis,	 endocarditis,	 tunnel	 infection,
or	for	patients	who	have	severe	sepsis	or	have	an	implanted	intravascular	device,
such	as	a	prosthetic	cardiac	valve.1

When	 salvage	 is	 considered,	 most	 success	 has	 occurred	 with	 coagulase-
negative	 staphylococcal	 infections.1,7,79	 For	 bloodstream	 infections	 due	 to	 S.
aureus	 and	Candida	 spp.,	 catheter	 salvage	 should	 be	 reserved	 for	 extenuating
circumstances,	that	is,	when	there	is	no	alternative	access.	These	infections	and



those	 due	 to	 Gram-negative	 bacilli	 almost	 always	 require	 catheter	 removal.1
Thrombolytics	are	not	recommended	as	an	adjunct	to	the	treatment	of	catheter-
associated	bloodstream	infection.61

1 	 0 	Antibiotic	 lock	 therapy,	as	an	adjunct	 to	systemic	antimicrobial	 therapy,
has	been	used	for	salvage	of	long-term	catheters	and	may	be	especially	effective
in	patients	on	hemodialysis,	undergoing	cancer	treatment	or	on	home	parenteral
nutrition.12	 In	general,	 lock	therapy	involves	 the	 instillation	of	2	 to	5	mL	of	an
antibiotic,	often	with	an	anticoagulant,	into	the	catheter,	allowing	it	to	dwell	until
the	 catheter	 is	 reaccessed.7	 Ethanol	 and	 EDTA	 have	 also	 been	 used	 for	 lock
therapy.80-82	Compatibility	issues	are	important	as	some	solutions	may	influence
the	integrity	of	the	catheter	structure.	Discussion	with	the	vascular	access	team
and	 pharmacy	 is	 encouraged.	 Short-term	 catheters	 are	 less	 likely	 to	 have	 an
intraluminal	source	of	infection	and	are	less	likely	to	benefit	from	antibiotic	lock
therapy.	The	 lock	 therapy	 antimicrobial	 agents	 and	 systemic	 antibiotics	 should
be	 used	 concomitantly.	 In	 general,	 the	 duration	 of	 lock	 and	 systemic	 therapy
ranges	 from	 7	 to	 14	 days.	 If	 antibiotic	 lock	 therapy	 cannot	 be	 given,	 then
systemic	treatment	should	be	administered	directly	through	the	infected	catheter.
When	 patients	 with	 no	 alternative	 access	 do	 not	 respond	 to	 the	 antibiotic
treatment,	exchange	over	a	guidewire	can	be	attempted.1

For	 treatment	 of	 infections	 due	 to	 Gram-positive	 cocci,	 an	 antibiotic	 lock
solution	containing	a	combination	of	vancomycin	plus	heparin	or	saline	is	used
most	 often;	 the	 vancomycin	 instilled	 should	 be	 1000-fold	 higher	 than	 the
minimum	 inhibitory	 concentrations	 for	 the	 bacteria	 involved.7	 There	 are	 a
number	of	technical	and	logistical	barriers	involved	with	antibiotic	lock	therapy,
and	efficacy	has	not	been	overwhelmingly	proven,	but	successful	outcomes	have
occurred	for	individual	cases.2,82-84
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	60-year-old	man	had	an	abdominal	surgical	procedure	and	was	treated



for	methicillin-susceptible	Staphylococcus	aureus	(MSSA)	bacteremia	during	his
hospital	stay.	He	had	no	stigmata	of	endocarditis,	and	his	fever	and	bacteremia
resolved	within	4	days.	Transthoracic	echocardiogram	was	normal	and	he
completed	2	weeks	of	cefazolin.	The	source	of	bacteremia	was	never	found.	He
is	now	readmitted	2	weeks	later	with	fever,	sweats,	and	chills.	He	notes	that	his
left	arm	is	sore.	He	is	tachycardic,	without	tachypnea,	and	his	fever	is	101.4	°F.
His	physical	examination	is	unremarkable	except	for	redness	and	swelling	of
what	appears	to	be	an	old	IV	insertion	site	over	the	left	basilic	vein.	No	pus	can
be	expressed.	Repeat	sets	of	blood	cultures	persistently	grow	MSSA	over	the
next	3	days.	A	transesophageal	echocardiogram	and	CT	abdomen/pelvis	are
normal.	In	addition	to	starting	antibiotics,	what	is	the	most	appropriate	next	step
in	management?

A. 	Needle	aspiration	of	inflamed	area
B. 	One	week	of	additional	cefazolin
C. 	Ultrasound	of	the	arm
D. 	Warm	compresses	to	former	vein	site

2. 	A	43-year-old	man	with	Crohn’s	disease	who	is	dependent	upon	total
parenteral	nutrition	presents	to	the	emergency	room	with	fever,	chills,	and	rigors.
After	his	last	infection,	he	had	another	tunneled	central	line	placed	on	the
contralateral	site	in	the	upper	chest.	He	has	now	been	hospitalized	with	multiple
episodes	of	severe	bloodstream	infection	due	to	Gram-positive	skin	flora,	most
commonly	S.	epidermidis.	He	has	had	prolonged	and	appropriate	IV	antibiotic
therapy	directed	at	these	bacteria,	but	his	blood	stream	infections	always	recur
within	3	to	4	weeks.	He	has	had	extensive	negative	work-up	for	any	other	site
causing	relapse	of	these	bloodstream	infections,	and	his	organisms	remain
susceptible	to	vancomycin.	The	patient	is	coached	by	the	vascular	access	team
on	best	practices	for	the	care	of	his	central	line	and	he	shows	competency	in
these	practices.	What	would	be	the	most	appropriate	way	to	reduce	recurrent
infection?

A. 	Treat	with	daptomycin	for	6	weeks	followed	by	oral	linezolid
indefinitely
B. 	Treat	with	vancomycin	and	rifampin	for	6	weeks	followed	by	oral
doxycycline	indefinitely
C. 	Treat	with	vancomycin	for	6	weeks	followed	by	a	change	of	the
tunneled	line	to	a	minocycline-rifampin–coated	catheter
D. 	Use	a	combination	antimicrobial	lock	solution	of	vancomycin	plus



heparin

3. 	A	43-year-old	man	with	Crohn’s	disease	presents	to	the	emergency	room
with	fever,	chills,	and	rigors	for	2	days.	He	has	a	tunneled	central	line	in	the
upper	chest	for	total	parenteral	nutrition	that	has	been	in	place	for	a	year.	He	has
had	multiple	small	bowel	resections	complicated	by	intermittent	obstruction	that
made	eating	difficult	for	the	past	2	years.	He	had	a	bloodstream	infection
2	months	ago	due	to	methicillin-resistant	Staphylococcus	epidermidis	and	the
organism	was	very	susceptible	to	vancomycin	with	an	MIC	of	0.5.	He	was
treated	with	6	weeks	of	IV	vancomycin	with	appropriate	drug	levels	during	the
course	and	has	been	off	antibiotics	for	2	weeks.	On	examination,	vital	signs	are
normal	and	he	looks	relatively	well.	He	does	have	tenderness	over	the	insertion
site	and	along	the	tunnel.	He	has	no	new	regurgitant	murmurs,	conjunctival
petechiae,	splenomegaly,	or	rash	on	examination.	A	transesophageal
echocardiogram	reveals	normal	native	valves.	What	is	the	most	appropriate	next
step	in	management?

A. 	Remove	the	catheter
B. 	Treat	with	daptomycin
C. 	Treat	with	vancomycin	and	rifampin
D. 	Treat	with	vancomycin	at	a	higher	dose

Answers

1.	The	correct	answer	is	C.
Rational:	 Suppurative	 phlebitis	 should	 be	 considered	 in	 the	 patient	 with	 a

swollen	arm	with	a	history	of	IV	placement,	particularly	if	the	patient	has	fever
and	 persistent	 S.	 aureus	 bloodstream	 infection.	 Imaging	 by	 ultrasound	 or
computerized	 tomography	 should	be	 considered	 to	document	whether	 a	 clot	 is
present	 (choice	C	 is	correct).	Surgical	 resection	of	 the	vein	 is	 rarely	necessary,
and	most	patients	respond	to	4	weeks	of	treatment	with	an	intravenous	antibiotic.
Adjunctive	anticoagulation	has	also	been	suggested	in	patients	with	suppurative
phlebitis,	but	would	not	be	the	best	next	step.

2.	The	correct	answer	is	D.
Rational:	The	patient	 is	dependent	upon	his	catheter	 for	nutritional	 support.

He	has	already	had	multiple	attempts	at	treatment	with	prolonged	therapy	of	IV
antibiotics	and	there	is	no	indication	that	resistance	to	these	drugs	is	the	cause	of
his	 recurrent	bloodstream	 infections.	 In	 this	 situation,	use	of	 an	antibiotic	 lock



solution	 of	 high-dose	 vancomycin	 with	 or	 without	 heparin	 would	 be	 the	 best
method	to	prevent	recurrent	infection	while	minimizing	the	risk	from	prolonged
systemic	 antibiotics	 and	 their	 side	 effects	 (choice	 D	 is	 correct).	 There	 are	 no
studies	that	support	the	chronic	use	of	a	highly	bioavailable	drug	like	linezolid	to
prevent	recurrent	line-related	bloodstream	infection	(choice	A	is	incorrect).	This
drug	 can	 cause	 myelosuppression	 typically	 after	 2	 weeks	 of	 therapy	 and
monitoring	on	a	weekly	basis	is	recommended.	In	addition,	drug	interactions	are
common	and	other	side	effects	have	been	seen	such	as	serotonin	syndrome	and
optic	 neuritis.	 Linezolid	 is	 also	 an	 important	 drug	 for	 the	 treatment	 of	Gram-
positive	 infections,	 and	 resistance	 can	 develop	 quickly	 in	 the	 presence	 of	 a
device,	 so	 its	 use	 for	 this	 indication	 is	 not	 encouraged.	 For	 device-related
infections,	rifampin	has	been	used	in	combination	with	other	drugs	to	penetrate
biofilms	 that	harbor	bacteria,	but	 success	with	 this	 approach	has	been	variable
(choice	B	is	incorrect).	Indefinite	treatment	with	oral	doxycycline	has	not	been
shown	to	be	effective	in	preventing	recurrence	of	line	infections.	Antimicrobial
catheters	may	be	used	to	prevent	infection	in	patients	with	a	history	of	recurrent
line	infections,	but	the	duration	of	efficacy	may	be	short-lived	and	more	research
is	needed	in	this	area	(choice	C	is	incorrect).

3.	The	correct	answer	is	A.
Rational:	 The	 patient	 has	 tenderness	 over	 the	 insertion	 site	 and	 along	 the

tunnel	which	is	an	indication	of	tunnel	infection.	Systemic	antimicrobials	are	not
effective	treatments	for	tunnel	infection	so	the	appropriate	next	step	is	removal
of	 the	 catheter	 (choice	 A	 is	 correct).	 In	 addition,	 there	 is	 no	 indication	 that
resistance	to	vancomycin	had	developed.	While	catheters	can	predispose	patients
to	 develop	 endocarditis,	 S.	 epidermidis	 is	 a	 very	 rare	 cause	 of	 native	 valve
endocarditis,	 there	 were	 no	 other	 stigmata	 of	 heart	 valve	 infection,	 and	 a
transesophageal	echocardiogram	was	normal.
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Chapter	79
Urinary	Tract	Infections
Aalok	V.	Khole,	George	M.	Abraham

KEY	POINTS:
1.	 Urinary	tract	infections	(UTIs)	remain	a	common	nosocomial

infection,	primarily	caused	by	gram-negative	bacilli	with	gram-
positive	pathogens	and	fungi	accounting	for	the	remainder	of
microorganisms.1-5

2.	 The	human	genitourinary	(GU)	tract	is	remarkably	resistant	to	UTIs
by	mechanical,	mucosal,	and	immunologic	mechanisms.	Alterations
in	these	may	render	an	individual	susceptible	to	infections.

3.	 Barring	certain	specific	circumstances,	treatment	of	asymptomatic
bacteriuria	is	not	only	ineffective	but	may	do	more	harm	than	good.6

4.	 Failure	of	the	patient	to	respond	clinically	within	72	hours	to
appropriate	antimicrobial	therapy	should	prompt	a	search	for
complications	of	UTIs.7

5.	 The	need	for	empiric	combination	antimicrobial	therapy	against	UTIs
depends	on	the	prevalence	of	multidrug-resistant	organisms	in	the
community	and	health	care	settings	and	also	the	likelihood	of	these
organisms	being	the	etiological	agent.8,9

6.	 In	the	setting	of	complicated	urinary	tract	infections,	once	a
causative	organism	is	known	and	clinical	improvement	is	noted,
tailored	antibiotic	therapy	with	consideration	for	transition	to	oral
antibiotics	is	necessary.	The	total	duration	of	treatment	should	be	7
to	10	days,	extendable	in	the	setting	of	inadequate	source	control	or
complications.8,10,11

7.	 The	most	important	therapeutic	modality	in	catheter-related	UTIs	is
the	removal	of	the	catheter	itself.6



8.	 In	medically	stable	patients,	candiduria	often	self-resolves	upon
discontinuation	of	antibacterial	agents,	minimizing
immunosuppression,	or	simply	removal	of	urinary	catheters.12-14

INTRODUCTION
1 	 Urinary	 tract	 infections	 (UTIs)	 remain	 a	 common	 nosocomial	 infection,
accounting	 for	 approximately	 25%	 to	 40%	 of	 all	 infectious	 complications	 of
hospitalized	patients.1-4	In	a	nationwide	surveillance	study	in	the	United	States	of
nearly	 one	 half	million	 intensive	 care	 unit	 (ICU)	 patients,	UTIs	 accounted	 for
23%	 of	 all	 infections	 and	 was	 associated	 with	 urinary	 catheters	 in	 97%	 of
patients.1	Similar	 findings	have	 recently	been	 reported	 in	 surveys	 from	Spain,2
Germany,3	 and	 Brazil,4	 with	 an	 overall	 incidence	 of	 catheter-associated	 UTIs
(CAUTIs)	 of	 about	 1	 to	 10	 episodes	 per	 1000	 catheter	 days.	 Furthermore,	 the
urinary	 tract	 is	 the	 most	 frequently	 recognized	 source	 of	 gram-negative
bacteremia,	 which	 constitutes	 a	 major	 cause	 of	 infectious	 morbidity	 and
mortality	 for	 the	 critically	 ill	 patient.5,15	 Approximately	 100,000	 annual
admissions	 to	 acute	 care	hospitals	 in	 the	United	States	have	been	 attributed	 to
severe	 infections	 of	 the	 urinary	 tract.16	 Complicated	 UTI,	 progressive
antimicrobial	resistance,	and	the	prevention	of	UTIs	with	the	widespread	use	of
indwelling	urinary	catheters	remain	major	challenges	for	critical	care	practice.

THE	PATHOPHYSIOLOGY	OF	URINARY	TRACT
INFECTIONS
1 	UTIs	are	primarily	caused	by	gram-negative	bacilli	(71%)	with	gram-positive
pathogens	 and	 fungi	 accounting	 for	 the	 remainder	 of	 microorganisms.5
Escherichia	coli	 is	by	 far	 the	most	common	cause	of	community-acquired	and
hospital-acquired	 UTI.	 Most	 UTIs	 arise	 from	 ascending	 infection	 by	 enteric
organisms	 that	 colonize	 the	 perineum	 and	 distal	 urethra.	 Specific	 clones	 of	E.
coli	 that	colonize	 the	uroepithelium	possess	a	set	of	virulence	genes	needed	 to
successfully	 attach,	 survive,	 and	 invade	 the	 urinary	 tract	 in	 immunocompetent
patients	with	anatomically	normal	genitourinary	(GU)	tracts.17

An	essential	characteristic	of	uropathogenic	E.	coli	 is	 its	ability	 to	adhere	 to
uroepithelial	membranes.	E.	coli	possess	an	array	of	adhesins	 including:	 type	I
(common	 pili),	 S	 pili,	 FIC	 pili,	 and	 P	 pili.	 They	 bind	 to	 mannose-containing



polysaccharides	 on	 the	 cell	 surface	 of	 epithelial	 membranes	 allowing	 the
organism	 to	 attach	 and	 avoid	 elimination	 during	 micturition.18	 These	 genetic
elements	 contain	 a	 large	 number	 of	 genes	 associated	 with	 virulence	 and
distinguish	uropathogenic	strains	from	nonpathogenic	colonizing	strains.17

Other	 genera	 of	 the	 Enterobacteriaceae,	 including	 Citrobacter,	 Klebsiella,
Enterobacter,	Serratia,	Proteus,	Morganella,	and	Providencia	spp,	become	more
common	causes	of	UTIs	when	patients	 receive	antibiotics	or	have	anatomic	or
functional	abnormalities	in	urine	flow.19-21	The	microbiology	of	UTIs	after	short-
term	 urinary	 catheterization	 is	 similar	 to	 that	 observed	 in	 the	 noncatheterized
patient.	However,	long-term	(>30	days)	catheterization	generates	an	environment
that	 creates	 polymicrobial	 microflora.	 An	 extensive	 extracellular	 array	 of
microbial-derived	polysaccharides	surrounds	bacterial	microcolonies	within	 the
lumen	of	the	long-term	urinary	catheter.	This	biofilm	structure	protects	bacterial
populations	 from	 immune,	 phagocytic,	 or	 antibacterial	 clearance.20	 Bacteria
found	 in	 the	 urine	 of	 chronically	 catheterized	 patients	 differ	 from
noncatheterized	 patients.	Proteus,	Providencia,	Morganella,	 and	Pseudomonas
species	become	more	common,	whereas	E.	coli	and	Klebsiella	 species	 become
less	common	(Figure	79.1).	Proteus	 species,	some	other	gram-negative	enteric
organisms,	 and	Staphylococcus	 saprophyticus	 synthesize	 the	 enzyme	 urease,	 a
known	 bacterial	 virulence	 factor	 for	 the	 urinary	 tract.	 The	 generation	 of
ammonia	 from	 the	 breakdown	 of	 urea	 increases	 regional	 pH,	 favoring	 the
generation	 of	 the	 “triple-phosphate	 crystals”	 struvite	 and	 apatite	 in	 urine.
Struvite	crystals	 can	block	urinary	catheter	 flow	and	promote	 the	 formation	of
urinary	calculi.21

	

Figure	 79.1 	 Distribution	 of	 bacterial	 isolation	 associated	 with
catheter-related	 UTI.CNS,	 coagulase-negative	 staphylococci;	 EC,



Escherichia	 coli;	 ENT,	 Enterococci;	 KP,	 Klebsiella	 pneumoniae;
MM,	 Morganella	 morganii;	 PA,	 Pseudomonas	 aeruginosa;	 PM,
Proteus	 mirabilis;	 PS,	 Providencia	 stuartii;	 UTI,	 urinary	 tract
infection.

Gram-positive	bacteria	occasionally	cause	UTIs	in	critically	ill	patients.	The
isolation	 of	 Staphylococcus	 aureus	 in	 the	 urine	 is	 significant	 as	 it	 often
accompanies	staphylococcal	bacteremia.	S.	aureus	isolation	from	urine	cultures,
particularly	 of	 noncatheterized	 patients,	 should	 prompt	 a	 search	 for	 extrarenal
sources	 of	 staphylococcal	 infection.	 S.	 aureus	 may	 also	 colonize	 chronically
catheterized	 patients,	 particularly	 methicillin-resistant	 S.	 aureus	 strains,	 which
may	thrive	in	hospital	settings	with	many	elderly,	catheterized	patients.1,2

Enterococci	are	prevalent	 in	 the	GU	tract	of	 the	elderly	and	among	patients
with	long-term	urinary	catheters.19,20,22	The	organisms’	ability	to	rapidly	develop
resistance	 to	 antimicrobial	 agents,	 including	 β-lactam	 antibiotics,
aminoglycosides,	 quinolones,	 and	 vancomycin,	 contributes	 to	 making	 these
organisms	 a	 frequent	 cause	 of	 health	 care-associated	 infections	 (HAIs).1,16	 It
should	 be	 noted,	 however,	 that	 at	 least	 for	 premenopausal	 women	 with
symptomatic	 UTIs,	 poor	 correlations	 were	 found	 between	 voided	 and
catheterized	urine	cultures	when	either	enterococci	or	group	B	streptococci	were
detected.23	In	a	recent	study	comparing	urinary	culture	derived	from	midstream
voiding	 urine	with	 immediate	 straight	 catheterization	 of	 the	 bladder	 urine,	 the
positive	predictive	value	(likelihood	that	catheterized	bladder	urine	would	have
enterococci	present	when	it	was	found	in	voided	midstream	urine)	of	a	positive
culture	for	enterococci	in	voided	urine	was	only	10%	to	33%.23	The	significance
of	this	discrepancy	remains	unclear	at	present.
Candida	 species	and	other	 fungal	organisms	may	colonize	or	 infect	 the	GU

tract.	 Candiduria	 may	 be	 associated	 with	 hematogenous	 dissemination
(“descending	 UTI”)	 or	 ascending	 UTIs	 from	 perineal	 surfaces.	 The	 unique
problems	associated	with	the	isolation	of	Candida	species	of	the	urinary	tract	are
considered	in	the	final	section	of	this	chapter.

HOST	DEFENSE	MECHANISMS	AGAINST
URINARY	TRACT	INFECTIONS
2 	The	human	GU	tract	is	remarkably	resistant	to	UTIs	by	mechanical,	mucosal,
and	immunological	mechanisms.	The	flushing	action	of	the	urinary	flow	itself	is



an	 important	defense,	and	 the	 frequent	occurrence	of	UTIs	after	obstruction	or
incomplete	bladder	emptying	attests	to	the	importance	of	micturition	for	clearing
potential	pathogens.	Patients	with	neurogenic	bladder	or	vesicoureteral	reflux	are
highly	 susceptible	 to	 UTIs	 and	 renal	 scarring.	 While	 urinary	 pathogens	 must
possess	 a	 full	 complement	 of	 virulence	 factors	 to	 cause	 infection	 in	 the
anatomically	 normal	 urinary	 tract,	 UTIs	 in	 the	 obstructed	 urinary	 tract	 occur
with	bacterial	species	devoid	of	special	urinary	virulence	factors.17

Urinary	 osmolarity,	 urea	 concentration,	 pH,	 and	 oxygen	 concentration	 limit
the	 growth	 of	 many	 bacterial	 pathogens	 in	 the	 urinary	 tract.	 Continuous
sloughing	 of	 uroepithelial	 cells,	 urinary	 mucosal	 glycocalyx	 (slime),	 and
secretion	 of	 the	 Tamm-Horsfall	 protein	 assist	 in	 the	 mechanical	 removal	 of
adherent	bacteria	that	have	entered	the	urinary	tract.22

The	mucosal	surfaces	of	uroepithelial	cells	of	patients	vary	in	their	ability	to
attach	bacteria	depending	upon	the	nature	of	mucopolysaccharide	content	and	its
chemical	 composition.	 Patients	 with	 high	 concentrations	 of	 Gal-Gal
disaccharides	 on	 the	 cell	 surfaces	 of	 the	 urinary	 tract	 are	 predisposed	 to	UTIs
from	P-piliated	E.	coli.17	Patients	who	are	nonsecretors	of	blood	group	antigens
have	an	increased	risk	of	UTIs.18,24	Blood	group	antigens	coat	uroepithelial	cells
when	 secreted	onto	 the	mucosal	 surface.	These	antigens	prevent	 attachment	of
bacteria	 to	 adhesin-receptor	 oligosaccharides	 on	 the	 surface	 of	 epithelial	 cells.
Individuals	who	fail	to	secrete	blood	group	antigens	are	rendered	infection	prone
to	UTIs.

Although	 secretory	 immunoglobulin,	 neutrophils,	 and	 cell-mediated
immunity	contribute	to	the	host	defense	against	UTIs,	their	roles	are	secondary
to	mechanical	and	physical	barriers	to	infection.	Uroepithelial	cells	produce	the
chemokine	 interleukin-8	 (IL-8)	 in	 response	 to	E.	coli	 infection.	 IL-8	 promotes
neutrophil	migration	to	the	urinary	tract	which	reduces	the	risk	of	disseminated
infection.	 Patients	 variably	 express	 the	 IL-8	 receptor	 CXCR1.	 Decreased
CXCR1	 expression	 in	 the	 urinary	 tract	 might	 contribute	 to	 increased
susceptibility	to	pyelonephritis	in	some	patients.24

Adult	women	are	much	more	 likely	 to	develop	UTIs	 than	men.	Women	are
more	likely	to	develop	pyelonephritis	if	they	are	sexually	active,	use	spermicidal
agents,	experience	urinary	incontinence,	have	diabetes	mellitus,	or	have	a	family
history	of	UTIs.25	The	 increased	 anatomic	distance	 from	 the	urethral	 orifice	 to
the	urinary	bladder,	the	infrequent	presence	of	gram-negative	bacteria	around	the
male	urethra,	 and	 the	production	of	 inhibitory	prostatic	 secretions	protect	men
from	 UTIs	 until	 they	 become	 elderly.26	 Bladder	 neck	 obstruction	 from	 age-
related	 benign	 prostatic	 hypertrophy	 causes	 urinary	 obstruction	 and	 UTIs	 in
elderly	men.



3 	 Asymptomatic	 bacteriuria	 is	 common	 among	 adult	 women,	 particularly
elderly	 women,	 despite	 the	 absence	 of	 any	 recognized	 anatomic	 defect	 or
immune	deficiency.	Our	understanding	of	 the	 role	of	 asymptomatic	bacteriuria
for	 disease	 causation	 or	 recurrent	 symptomatic	 UTI	 has	 evolved	 significantly
over	the	past	few	decades.6,27,28	Epidemiologic	studies	demonstrate	that	with	the
exception	of	 pregnancy,	 severe	neutropenia,	 or	 diabetes	mellitus	 in	women,	 or
preceding	urologic	procedures	in	men,	treatment	of	asymptomatic	bacteriuria	is
not	 only	 ineffective,	 it	 may	 do	 more	 harm	 than	 good.29	 Treatment	 alters	 the
urinary	 and	 intestinal	 microbiome	 thereby	 increasing	 the	 risk	 of	 subsequent
symptomatic	UTIs	and	promotes	acquisition	and	infection	by	antibiotic-resistant
uropathogens.	Asymptomatic	bacteriuria	microorganisms	might	actually	prevent
infection	of	more	pathogenic	organisms,	although	this	has	yet	to	be	definitively
established.	 Unless	 specific	 indications	 exist,	 treatment	 of	 asymptomatic
bacteriuria	is	discouraged	in	existing	guidelines.28,30	This	recommendation	holds
true	in	the	presence	or	absence	of	an	indwelling	urinary	catheter.

SEVERE	URINARY	TRACT	INFECTIONS

Acute	Pyelonephritis
4 	 Acute	 pyelonephritis	 can	 precipitate	 severe	 sepsis/septic	 shock	 when
complicated	by	urinary	obstruction,	papillary	necrosis,	or	other	local	suppurative
complications.	 Failure	 of	 the	 patient	 to	 respond	 clinically	 within	 72	 hours	 to
appropriate	 antimicrobial	 therapy	 should	 prompt	 a	 search	 for	 complications	 of
UTI.	 Functional	 or	 mechanical	 obstruction	 to	 urinary	 flow	 is	 the	 principal
underlying	 cause	 of	 treatment	 failure	 in	 UTIs.	 Obstruction	 may	 arise	 from
extrarenal	 causes	 such	 as	 retroperitoneal	 or	 pelvic	 masses	 or	 abnormalities
intrinsic	to	the	GU	tract	such	as	renal	calculi	or	ureteral	obstruction.	Alleviation
of	 obstruction	 facilitates	 antimicrobial	 treatment	 and	 is	 often	 essential	 to
successfully	eradicate	infections	in	the	upper	urinary	tract	system.31

Suppurative	Complications	of	Urinary	Tract	Infections
Abscess	formation	of	the	GU	tract	may	take	several	forms	and	pose	a	diagnostic
and	 therapeutic	 challenge.	 It	 is	 important	 to	 distinguish	 between	 these	 entities
because	 the	 clinical	 implications	 and	 medical-surgical	 management	 of	 each
process	differs	substantially	(see	Table	79.1).	Radiographic	findings	of	a	typical



case	 of	 emphysematous	 pyelonephritis	 (usually	 caused	by	 enteric	 bacteria,	 not
Clostridium	 spp	 or	 other	 anaerobes)	 are	 seen	 in	 Figure	 79.2A	 and	 B.
Suppurative	 complications	 of	 UTIs	 necessitate	 urgent	 intervention	 with
percutaneous	or	surgical	drainage.31

TABLE	79.1

Suppurative	Complications	of	UTI

Disease	Process Pathogenesis Predisposing
Factors

Common
Pathogens

Radiographic
Features

Papillary	necrosis Ischemia,
necrosis,
infection

Analgesics,
diabetes,
obstruction

Gram-
negative
enterics

Sloughed
papilla	in	calyx

Pyonephritis Infection	with
hydronephrosis

Ureteral
obstruction,
calculi

Gram-
negative
enterics

Hydronephrosis
with	gas,	debris
in	collecting
system

Focal	bacterial
nephritis

Ascending	UTI
with	focal	renal
inflammation

UTI	with	upper
tract
involvement

Gram-
negative
enterics

Focal	defect	on
contrast-
enhanced	CT
scan

Corticomedullary
abscess

Ascending	UTI
with	focal	renal
liquefaction

UTI	with
obstruction,
diabetes

Gram-
negative
enterics

Focal	fluid-
filled	defect	on
CT	or
ultrasound

Xanthogranulomatous
pyelonephritis

Enlarging
granulomatous
process	with
cholesterol-
laden
macrophages

Chronic
obstruction
with	infection

Proteus	spp,
Klebsiella
spp

Large
heterogeneous
mass

Emphysematous Ischemic Elderly Gram- Gas	on	plain



pyelonephritis necrosis	with
infection	from
gas-forming
organisms

diabetic negative
enterics,
rarely
anaerobes

film,	CT

Cortical	abscess
(renal	carbuncle)

Hematogenous
seeding	of
kidney

Extrarenal
infection	with
Staphylococcus
aureus

S.	aureus Semisolid
intrarenal	mass
with	calyceal
distortion

Perinephritic	abscess Rupture	of
intrarenal
abscess

Obstruction,
diabetes,	renal
transplants

Escherichia
coli,	Proteus
spp,	S.
aureus,
others

Displaced	renal
tissue,
perinepheric
mass

CT,	computed	tomography;	UTI,	urinary	tract	infection.

	

Figure	 79.2 	 Radiographic	 findings	 in	 a	 diabetic	 woman	 with
emphysematous	 pyelonephritis	 caused	 by	Escherichia	 coli.A,	 Plain
abdominal	radiograph	with	evidence	for	gas	in	the	left	renal	fossa.	B,
Computed	 tomography	 scan	 confirming	gas	 in	 the	 left	 kidney.	This
patient	 recovered	 following	 emergency	 nephrectomy	 and
antimicrobial	therapy.

Diagnostic	Methods	for	Urinary	Tract	Infections



The	 clinical	 diagnosis	 of	 acute	 UTIs	 of	 the	 upper	 urinary	 tract	 of	 the
noncatheterized	 patient	 is	 usually	 straightforward,	 with	 a	 history	 of	 urinary
frequency	 and	 dysuria	 accompanied	 with	 costovertebral	 angle	 tenderness	 and
signs	of	systemic	toxicity.	The	urinalysis	often	shows	positive	“dipstick”	results
for	 leukocyte	 esterase	 and	nitrite,	markers	 for	 leukocytes,	 and	enteric	bacteria.
The	presence	of	excess	numbers	of	urinary	leukocytes	and	bacteria	in	the	urinary
sediment,	 in	 the	absence	of	contamination	by	epithelial	cells,	 is	 indicative	of	a
UTI	in	symptomatic	patients.

The	Gram	 stain	 of	 unspun	 urine	 is	 helpful	 for	 determining	 the	most	 likely
agent	causing	 the	UTI.	Gram-negative	rods	 in	 the	urine	are	readily	 identifiable
and	 this	 confirms	 the	 presence	 of	 significant	 bacteriuria.	 The	 finding	 of	more
than	 one	 organism	 per	 high-powered	 field	 in	 unspun	 urine	 equates	 with
>105	colony-forming	units	(CFU)	per	mL.31	Urinary	Gram	stain	can	also	detect
gram-positive	microorganisms	such	as	enterococci	and	staphylococci,	and	fungal
elements.	Polymicrobial	bacteriuria	is	often	apparent	by	urinary	Gram	stain	and
may	 be	 seen	 in	UTIs	 from	 long-standing	 urinary	 catheterization,	 enterovesical
fistula,	or	complicated	UTIs	associated	with	obstruction	or	foreign	bodies.

Patients	 with	 severe	 UTIs	 requiring	 critical	 care	 management	 should	 have
quantitative	 urinary	 culture	 performed,	 preferably	 before	 the	 initiation	 of
antimicrobial	 therapy.	The	urine	culture	confirms	 the	diagnosis	and	defines	 the
most	appropriate	antimicrobial	agent	for	treatment.	The	progressive	increase	of
antimicrobial	 resistance	 makes	 it	 imperative	 to	 carefully	 select	 antimicrobial
agents	based	on	susceptibility	patterns	of	 the	 infecting	microorganism.	Greater
than	105	CFU	per	mL	in	clean	catch,	midstream	urine	is	generally	diagnostic	of
UTIs	 in	 the	 presence	 of	 symptoms.	 The	 quantitative	 level	 of	 bacteriuria
diagnostic	for	acute	UTIs	varies	depending	on	the	clinical	situation.7,10,31,32

In	clinical	surveys	of	symptomatic	women	with	UTIs,	repeated	isolation	of	as
few	 as	 >102	 pathogenic	 microorganisms	 per	 mL	 is	 diagnostic.7,23	 Catheterized
patients	 may	 also	 have	 UTIs	 with	 <105	 CFU	 per	 mL.	 The	 presence	 of	 an
indwelling	 urinary	 catheter	 may	 not	 allow	 ongoing	 replication	 of
microorganisms	 in	 the	urinary	 tract	 to	achieve	 levels	greater	 than	105	CFU	per
mL.	Moreover,	urinary	cultures	from	noninstrumented	men	are	significant	with
as	little	as	103	CFU	per	mL.33

The	 absence	 of	 pyuria	 and	 significant	 bacteriuria	 does	 not	 exclude	 a
potentially	 serious	 UTI.	 Patients	 with	 severe	 neutropenia	 may	 not	 have
significant	levels	of	pyuria.	Urine	cultures	may	be	negative	in	more	than	40%	of
patients	with	perinephric	abscess,	and	most	patients	with	renal	cortical	abscesses
have	 urinalyses	 without	 significant	 bacteriuria.34	 Complete	 unilateral	 urinary
obstruction	associated	with	pyonephrosis	can	fail	to	show	the	primary	pathogen



within	 voided	 urine.	 Urinary	 stent	 placement	 increases	 the	 risk	 of	 UTIs.	 In	 a
recent	 survey,	voided	urine	 specimens	 taken	at	 the	 time	of	 stent	 removal	were
negative	in	the	presence	of	microbial	colonization	in	40%	of	the	patients.35

Blood	cultures	should	be	obtained	for	all	patients	who	are	septic	with	a	UTI.
Urine	 cultures	 should	 also	 be	 performed	 from	 nephrostomy	 tube	 drainage	 for
patients	with	prior	 urinary	diversion	procedures.	 It	 is	 generally	 unnecessary	 to
change	 a	 urinary	 catheter	 before	 the	 acquisition	 of	 urine	 cultures	 for	 patients
with	acute	symptomatic	UTIs.

IMAGING	PROCEDURES	FOR	THE	DIAGNOSIS
OF	URINARY	TRACT	INFECTIONS
Complicated	 UTIs	 often	 require	 radiologic	 methods	 to	 establish	 the	 correct
diagnosis.	 Routine	 abdominal	 radiographs	 may	 assist	 in	 the	 diagnosis	 of
complicated	forms	of	UTIs.	Radiopaque	renal	calculi	can	be	readily	detected	on
abdominal	radiography.	Emphysematous	pyelonephritis	appears	as	an	abnormal
collection	of	gas	within	 the	 renal	parenchyma.	Gas	 is	detectable	 in	 the	urinary
collecting	system	in	many	patients	with	pyonephrosis.	Abnormal	renal	shadows
and	loss	of	psoas	margins	may	suggest	the	presence	of	a	perinephric	abscess.

Renal	 ultrasonography	 and	 computed	 tomography	 (CT)	 have	 replaced	 the
intravenous	 pyelogram	 (or	 excretory	 urogram)	 as	 the	 principal	 radiographic
techniques	for	the	detection	of	complicated	UTIs.	The	anatomic	definition	of	the
kidney	and	perirenal	tissues	is	superior	with	a	contrast-enhanced	abdominal	CT
scan	and	 is	generally	 the	preferred	 imaging	method	 for	 complicated	UTIs	 (see
Table	79.1).	Renal	ultrasonography	provides	another	rapid	method	of	detecting
hydronephrosis	 and	 anatomic	 detail	 of	 the	 renal	 parenchyma	 including	 the
presence	of	emphysematous	pyelonephritis.	Ultrasonography	can	also	determine
the	solid	or	cystic	nature	of	a	renal	mass	detected	on	abdominal	CT	and	may	be
performed	urgently	in	the	absence	of	intravenous	contrast	media.	The	CT	scan	or
renal	ultrasound	is	indispensable	for	the	localization	of	inflammatory	processes
during	 diagnostic	 aspiration	 or	 percutaneous	 drainage	 procedures.	 Magnetic
resonance	 imaging	 (MRI)	 provides	 detailed	 information	 about	 the	 renal
structures	 and	 retroperitoneal	 space,	 but	 the	CT	has	 sufficient	 resolving	power
for	most	forms	of	renal	inflammatory	disease.

The	 gallium-67-scan	 or	 indium-111-labeled	 leukocyte	 studies	 can
occasionally	 be	 useful	 in	 the	 diagnosis	 of	 complicated	 UTIs.	 These	 nuclear
medicine	 studies	 assist	 in	 the	 differentiation	 between	 a	 renal	 neoplasm	 and	 a



focal	 inflammatory	 process	 of	 the	 kidney.	 These	 studies	 are	 useful	 for	 the
evaluation	 of	 patients	 with	 fever	 of	 unknown	 origin	 secondary	 to	 perinephric
abscess	or	renal	cortical	abscess.36

MEDICAL	MANAGEMENT	OF	URINARY	TRACT
INFECTIONS
Patients	admitted	to	the	intensive	care	unit	for	management	of	UTI	usually	suffer
from	 severe	 infections	 complicated	 by	 a	 systemic	 inflammatory	 response
(sepsis)	 or	 suppurative	 complications	 of	 the	 GU	 tract.	 Medical	 management
initially	 consists	 of	 stabilization	 of	 the	 patient’s	 hemodynamic	 parameters	 and
supportive	measures	in	the	management	of	septic	shock.	After	the	completion	of
appropriate	diagnostic	studies,	empiric	antimicrobial	therapy	should	be	directed
toward	 the	 most	 likely	 infecting	 urinary	 pathogen(s).	 A	 urinary	 Gram	 stain
usually	 provides	 evidence	 of	 either	 a	 gram-negative	 or	 gram-positive	 bacterial
pathogen.	 If	 this	 is	unavailable	or	nondiagnostic,	 then	broad-spectrum,	empiric
antimicrobial	therapy	is	indicated.

5 	For	the	patient	presenting	with	septic	shock	from	a	UTI,	the	initial	use	of	a
β-lactam	antibiotic	(assuming	there	is	no	history	of	severe	allergic	reactions	to	β-
lactams)	in	combination	with	an	aminoglycoside	or	a	fluoroquinolone	have	been
the	 traditional	 therapeutic	 regimens	 for	 hospitalized	 patients.	 The	 β-lactam-
aminoglycoside	 combination	 supplies	 optimal	 therapy	 for	 systemic	 infections
with	 enteric	 gram-negative	 bacilli,	 enterococci,	 and	 nonfermenting,	multidrug-
resistant	(MDR),	gram-negative	bacterial	pathogens.	Severely	ill	septic	patients
who	 are	 immunocompromised	 may	 also	 warrant	 combination	 antimicrobial
therapy.37	 The	 need	 for	 this	 approach	 depends	 on	 the	 prevalence	 of	 MDR
organisms	in	the	community	and	health	care	settings	and	also	the	likelihood	of
these	organisms	being	the	etiological	agent.	Increasingly,	the	therapeutic	trend	in
empiric	 therapy	 is	away	 from	aminoglycosides	 to	monotherapy	with	β-lactams
alone,	β-lactam-β-lactamase	inhibitors,	and/or	fluoroquinolones.8,11

6 	MDR	gram-negative	bacilli	and	Pseudomonas	 sp	are	 infrequent	causes	of
community-acquired	 UTIs	 among	 immunocompetent	 patients	 who	 have	 not
received	 antimicrobial	 agents.	 Should	 the	 urinary	 Gram	 stain	 exclude
enterococci	as	a	potential	pathogen,	 then	single	therapy	with	a	 third-generation
cephalosporin,	 extended-spectrum	 penicillin,	 carbapenem	 (eg,	 imipenem	 or
meropenem),	 β-lactam-β-lactamase	 inhibitor	 (eg,	 piperacillin-tazobactam)
trimethoprim-sulfamethoxazole,	or	a	fluoroquinolone	is	acceptable	therapy	while



awaiting	 culture	 results.	 Local	 susceptibility	 patterns	 of	 urinary	 pathogens
should	 guide	 the	 selection	 of	 antimicrobial	 therapy	until	 specific	 susceptibility
data	are	available.	There	is	no	evidence	that	combination	antimicrobial	therapy
is	 necessary	 for	 UTIs	 caused	 by	 gram-negative	 bacilli,	 unless	 there	 is	 high
suspicion	 for	 infection	 with	 an	MDR	 organism	 and	 presentation	 is	 consistent
with	 septic	 shock.	 Even	 if	 a	 patient	 presented	 with	 septic	 shock,	 a	 single
antimicrobial	agent	known	to	be	active	against	the	infecting	uropathogen	should
be	employed	once	the	causative	organism	is	known	and	clinical	improvement	is
seen.	 Parenteral	 therapy	 is	 generally	 administered	 until	 the	 patient	 has	 been
rendered	 nontoxic	 and	 afebrile	 for	 24	 to	 48	 hours.	 Therapy	 may	 then	 be
administered	orally	and	should	be	given	for	a	total	duration	of	7	to	10	days.11,37
Patients	with	 issues	 related	 to	source	control	and/or	complications	may	require
prolonged	 courses	 of	 antimicrobial	 therapy	 as	 indicated	 by	 their	 underlying
urologic	disorder.

Options	 to	 treat	 UTIs	 have	 become	 much	 more	 complicated	 recently	 as	 a
result	of	increasing	prevalence	of	antimicrobial	resistance	among	both	hospital-
acquired	 and	 community-acquired	 uropathogens.	 Fortunately,	 some	 new
antimicrobial	 agents	 have	 entered	 the	market	 to	 treat	 severe	UTIs	 from	MDR
pathogens.9,38-42	Common	antimicrobial	agents	useful	for	the	treatment	of	severe
UTIs	and	their	relative	merits	are	listed	in	Table	79.2.

TABLE	79.2

Common	Antimicrobial	Agents	for	Severe	UTIs

Agent Dose	and
frequencya

Principal
Indications Comments

Ampicillin-sulbactam 3.0	g	IV	q6–
8h

Gram-
negative
enterics

Other	β-lactamase
inhibitor	combinations
also	effective

Aztreonam 1	g	IV	q8hc Gram-
negative
enterics
Pseudomonas
spp

Useful	in	patients	with
type	I	hypersensitivity
to	penicillin



Cefazolin 1.0	g	IV	q8h Gram-
negative
enterics

Cefotaxime 1–2	g	IV
q8h

Gram-
negative
enterics

Other	second-	and
third-generation
cephalosporins	also
effective

Cefiderocol 2g	every	8	h MDR-
enterics	and
Pseudomonas

Works	against	ESBL,
carbapenemases
including
metallocarbapenemases

Ceftazidime/avibactam 2.5	g	(2.0	g.
ceftazidime
+0.5	g
avibactam)
q8h

MDR-
enterics	and
Pseudomonas
spp

The	β-lactamase
inhibitor	avibactam	is
active	against	many
ESBLs,	and	KPCs	but
not	NDM

Ceftolozane/tazobactam 1.5	g	every
8	h

MDR-
enterics	and
Pseudomonas
spp

Useful	against	ESBL-
producing	gram-
negative	bacilli	but	not
KPC	or	NDM

Ciprofloxacin 400	mg	IV
q12h

Gram-
negative
enterics
Pseudomonas
spp

Other	fluoroquinolones
may	not	be	as
effective,	moxifloxacin
does	not	achieve	high
levels	in	urine

Fluconazole 200	mg
loading
100	mg
q24h

Candida	spp
UTI

If	non-albicans
Candida	spp,	check
susceptibility	or	use
amphotericin	B

Gentamicinb 1.5	mg/kg
IV	q12h	or
5	mg/kg/d

Gram-
negative
enterics
Pseudomonas
spp

Dosing	interval
dependent	on	renal
function



enterococci

Imipenem-cilastatin-relebactam 1.25	g	every
6	h

MDR-
enterics	and
Pseudomonas
spp

Works	against	class	A
carbapenemases	but
not	against	MBL	or
class	D	OXA-48
carbapenemases

Linezolid 600	mg	IV
or	PO	q12h

MRSA,	VRE Monitor	complete
blood	counts

Meropenem 1.0	g	every
8	h

MDR-
enterics,
bowel
anaerobes,
and
Pseudomonas
spp

Broad-spectrum	agent
but	not	active	in	gram-
negative	bacilli
expressing
carbapenemase	or
porin	mutants

Meropenem-vaborbactam 4g	every	8	h MDR-
enterics	and
Pseudomonas
spp

Works	against	KPC
and	ESBL	producers
but	not	against	those
producing	metallo-β-
lactamases	or
oxacillinases	with
carbapenemase	activity

Piperacillin/tazobactam 3.375	g	IV
q8hd

Gram-
negative
enterics
Pseudomonas
spp

Other	extended-
spectrum	penicillins
also	effective

Plazomicin 10-15	mg/kg
once	daily

MDR
enterics	and
against
MRSA.
Variable
activity
against
Pseudomonas

Works	against
organisms	producing
ESBL,	carbapenemases
and	oxacillinases.	May
not	work	against	those
producing	metallo-β-
lactamases.	Monitor
for	nephrotoxicity.



spp.	No
activity
against
streptococci
or
enterococci

Trimethoprim/sulfamethoxazole 160/800	mg
IV	q12h

Gram-
negative
enterics

Watch	for	sulfa
allergies

Vancomycin 500	mg	IV
q12h

MRSA,
vancomycin-
sensitive
enterococci

Watch	renal	function
carefully

aAdult	dosing	in	patients	with	normal	renal	function;	follow	susceptibility	test	results	and	treat
parenterally	until	systemic	toxicity	resolves.
bGentamicin	or	other	aminoglycosides	often	given	with	a	β-lactam	agent	in	gram-negative	septic
shock	or	severe	enterococcal	infections.
cAztreonam	dose	can	be	increased	to	2	g	q8h	for	P.	aeruginosa	infection.
dPiperacillin/tazobactam	dose	can	be	increased	to	4.5	g	q8h	for	P.	aeruginosa	infection.

ESBL,	extended-spectrum	β-lactamase;	KPC,	Klebsiella	pneumoniae	carbapenemase;	MDR,
Multidrug-resistant;	MRSA,	methicillin-resistant	S.	aureus;	NDM,	New	Delhi	metallo-β-lactamase;
UTI,	urinary	tract	infection;	VRE,	vancomycin-resistant	enterococci.

Progressive	 antimicrobial	 resistance	 to	 aminoglycosides,	 ampicillin,	 and
other	β-lactams	and	vancomycin	has	complicated	 the	antimicrobial	 therapy	 for
enterococcal	 infections.	 Rare	 strains	 of	 β-lactamase-producing	 enterococci	 are
susceptible	 to	 β-lactam-beta-lactamase	 inhibitor	 combinations	 such	 as
ampicillin/sulbactam	or	piperacillin/tazobactam.

Glycopeptide-resistant	 strains	 of	 enterococci	 pose	 a	 serious	 threat	 to	 the
antimicrobial	 management	 of	 enterococcal	 infections.	 Some	 of	 these	 isolates
remain	 susceptible	 to	 β-lactam	 agents.	 Newer	 fluoroquinolones	 occasionally
have	 activity	 against	 enterococci	 and	 may	 be	 useful	 in	 the	 treatment	 of
glycopeptide-	 and	 β-lactam-resistant	 strains	 of	 enterococci.	 Tetracyclines	 and
nitrofurantoin	 are	 useful	 alternatives	 for	 uncomplicated,	 enterococcal	 UTI	 if
susceptibility	testing	indicates	activity.	Linezolid,	an	oxazolidinone	that	inhibits
the	initiation	of	translation	at	the	30S	ribosome	of	bacteria,	has	activity	against
vancomycin-resistant	 enterococci.43	 MDR	 enterococci	 can	 be	 an	 infection



control	 risk	 in	 the	 ICU	 and	 adherence	 to	 infection	 control	 policies	 regarding
isolation	precautions	in	these	circumstances	is	recommended.

Antistaphylococcal	penicillins	such	as	nafcillin	or	oxacillin	are	indicated	for
the	 empiric	 therapy	 of	 renal	 cortical	 abscesses	 (renal	 carbuncle).	 Vancomycin
should	be	instituted	if	there	is	a	suspicion	of	the	presence	of	methicillin-resistant
staphylococcal	isolates	in	a	patient	with	a	cortical	abscess	or	perinephric	abscess.

Urgent	 percutaneous	 nephrostomy	 tube	 placement	 for	 urinary	 drainage	 and
abscess	 management	 is	 indicated	 for	 severely	 septic	 patients	 with	 obstructed
urinary	 collecting	 systems.	 Percutaneous	 catheter	 drainage	 of	 perinephric
abscesses,	 renal	 carbuncles,	 and	 infected	 urinary	 cysts	 are	 often	 necessary	 in
combination	 with	 antimicrobial	 therapy	 to	 manage	 these	 complicated	 UTIs.
Open	 surgical	 drainage	 is	 reserved	 for	 patients	 who	 fail	 to	 respond	 to
percutaneous	drainage.

PREVENTIVE	MEASURES	AGAINST	URINARY
TRACT	INFECTIONS	IN	THE	ICU	SETTING
The	most	efficacious	method	of	preventing	UTIs	among	critically	ill	patients	is
not	 using	 urinary	 catheters	 or	 limiting	 their	 duration	 of	 use	 as	 much	 as
possible.10,44	Asymptomatic	bacteriuria	 should	generally	not	be	 treated	whether
an	 indwelling	 urinary	 catheter	 is	 present	 or	 not.	 Asymptomatic	 bacteriuria
among	 pregnant	 women,	 patients	 undergoing	 endourological	 procedures	 with
mucosal	trauma	and	select	immunocompromised	patients	should	be	treated	with
specific	antimicrobial	agents	as	 the	 risk	of	ascending	UTIs	 for	such	patients	 is
considerable	and	can	be	avoided	by	early	medical	intervention.28

Management	of	Catheter-Related	Urinary	Tract	Infections
The	ubiquitous	presence	of	 the	 indwelling	urinary	catheter	among	hospitalized
patients	 provides	 microbial	 pathogens	 ready	 access	 to	 the	 urinary	 tract	 with
subsequent	 development	 of	 UTIs.	 Between	 15%	 and	 25%	 of	 hospitalized
patients	may	end	up	receiving	short-term	indwelling	urinary	catheters.	In	many
cases,	 these	 are	 placed	 for	 inappropriate	 indications	 and	 providers	 may	 be
unaware	 resulting	 in	 prolonged	 and	 unnecessary	 use.	 An	 estimated	 560,000
hospital-acquired	UTIs	occur	every	year,	75%	of	which	are	catheter	related.45,46
The	overall	 incidence	of	 catheter-acquired	UTIs	 among	patients	within	 critical
care	 units	 accounts	 for	 23%	 of	 all	 HAIs.46	 The	 risk	 factors	 for	 acquisition	 of



catheter-related	UTIs	 include	duration	of	catheter	placement,	 increasing	patient
age,	 female	gender,	severity	of	underlying	 illness,	and	perhaps	obesity.47,48	 The
estimated	 risk	of	bacteriuria	after	urinary	 tract	catheterization	 is	approximately
3%	to	7%	for	each	day	of	catheterization.	Chronically	catheterized	 (more	 than
30	days)	patients	almost	 invariably	have	bacteriuria,	and	their	admission	to	the
ICU	 poses	 a	 threat	 of	 cross-contamination	 of	 urinary	 pathogens	 to	 other	 ICU
patients.	Despite	continued	infection	control	efforts	to	decrease	the	frequency	of
contamination,	 UTIs	 remain	 the	 major	 complication	 of	 urinary	 catheters.	 The
average,	 calculated,	 incremental	 cost	 associated	 with	 the	 hospital	 care	 of	 a
patient	with	a	catheter-related	UTI	is	$1300	to	1600	per	patient,	amounting	to	an
annual	US	estimate	for	CAUTIs	around	$340	to	450	million.46,49

Pathogenesis	of	Catheter-Related	Urinary	Tract	Infections
The	catheter	itself	interferes	with	physiological	host	defense	mechanisms	against
UTIs.	 Trauma	 produced	 by	 an	 indwelling	 catheter	 may	 damage	 the	 bladder
mucosa	 and	 the	mucous	 layer	 that	 coats	 uroepithelial	 cells.10	 This	 exposes	 the
cell	 surface	 of	 epithelial	 cells	 to	 bacterial	 adhesions	 and	 increases	 the	 risk	 of
UTI.	 Indwelling	 catheters	 prevent	 complete	 bladder	 emptying.	 Residual	 urine
serves	 as	 a	 culture	 medium	 for	 bacteria	 in	 an	 inadequately	 drained	 urinary
bladder.	Additionally,	temporary	obstruction	of	urine	flow	caused	by	kinking	or
clamping	 of	 the	 urinary	 catheter	 can	 lead	 to	 bladder	 distension,	 vesicoureteral
reflux,	and	infection.

Bacteria	 gain	 access	 to	 the	 urinary	 tract	 of	 catheterized	 patients	 by	 one	 of
three	 mechanisms:	 (1)	 during	 insertion,	 (2)	 along	 the	 external	 surface	 after
insertion,	 or	 (3)	 via	 the	 inner	 lumen	 of	 the	 urinary	 catheter.	 Implantation	 of
bacteria	 into	 the	 bladder	 during	 catheter	 placement	 occurs	 at	 a	 frequency	 of
approximately	0.5%	to	8%.10	This	 risk	varies	with	 the	experience	of	 the	health
care	worker	placing	 the	catheter	and	with	 the	 level	of	periurethral	colonization
by	potential	uropathogens.	Ascending	infection	from	within	the	lumen	accounts
for	 approximately	 20%	 of	 catheter-related	 UTIs.31	 The	 use	 of	 sterile,	 closed
urinary	collecting	devices	with	a	sterile	vent	to	avoid	a	standing	column	of	urine
from	 the	 bladder	 to	 the	 collecting	 bag	 has	 decreased	 the	 frequency	 of	 UTIs.
Optimal	catheter	design	includes	a	sterile	sampling	port	that	obviates	the	need	to
open	the	system	to	collect	urine	samples.	The	collection	bag	should	have	a	large
reservoir	with	 a	 device	 to	measure	 urine	 output	with	minimal	manipulation	of
the	catheter	system.

Most	 catheter-related	UTIs	 are	 derived	 from	microorganisms	 that	 enter	 the
urinary	 bladder	 along	 the	 external	 surface	 of	 the	 catheter.10	 The	 periurethral



space	becomes	colonized	with	enteric	organisms,	which	then	migrate	along	the
periurethral	mucous	sheath	that	surrounds	the	surface	of	the	catheter.	Continued
movement	 of	 the	 catheter	 in	 and	 out	 of	 the	 urinary	 bladder	 occurs	 upon
repositioning	 of	 the	 patient	 or	 catheter	 manipulations.	 This	 process	 provides
ample	opportunity	 for	organisms	coating	 the	 catheter	 surface	 to	gain	 access	 to
the	urinary	bladder	and	cause	infection.

Numerous	 enteric	 organisms	 avidly	 adhere	 to	 the	 mucosal	 surface	 of	 the
urinary	 bladder.	 Some	 organisms,	 such	 as	 Providencia	 stuartii	 and	 P.
aeruginosa,	 also	 possess	 surface	 adhesins	 that	 bind	 directly	 to	 the	 urinary
catheter	 itself.	 The	 urinary	 catheter	 becomes	 an	 ecologic	 niche	 for	 these
organisms,	 resulting	 in	prolonged	 infections	 that	may	persist	 for	months	 in	 the
catheterized	patient.50	The	urease	produced	by	Proteus	 species	affects	 the	 local
pH	 surrounding	 the	 catheter,	 which	 facilitates	 the	 deposition	 of	 struvite
microcrystals	on	the	surface	of	the	catheter.	These	encrustations	serve	as	a	nidus
for	 persistent	 colonization	with	 urinary	 pathogens.	Adherent	 bacteria	 establish
microcolonies	coated	with	extracellular	polysaccharides.	The	continued	buildup
of	 this	 biofilm	 within	 the	 lumen	 of	 the	 urinary	 catheter	 eventually	 leads	 to
obstruction	of	urinary	flow.20,51	The	presence	of	a	foreign	body	within	the	urinary
bladder	 interferes	 with	 the	 penetration	 and	 antimicrobial	 action	 of	 antibiotics.
Bactericidal	agents	 inhibit,	but	often	fail	 to	kill,	microorganisms	 that	adhere	 to
catheter	materials.	Furthermore,	 the	catheter	 serves	as	a	 foreign	body	 inducing
early	degranulation	and	loss	of	bactericidal	activity	of	neutrophils.	These	factors
contribute	 to	 the	 difficulties	 eradicating	 urinary	 pathogens	 in	 the	 catheterized
patient.

Diagnosis	of	Catheter-Related	Urinary	Tract	Infections
The	presence	of	bacteriuria	in	the	catheterized	patient	documents	colonization	of
the	urinary	tract	but	does	not	necessarily	confirm	the	presence	of	an	infection.	A
UTI	 develops	 when	 a	 host	 response	 occurs	 to	 the	 presence	 of	 microbial
pathogens	 in	 the	 urine.	 Several	 studies	 have	 shown	 that	 majority	 of	 these
patients	remain	symptom	free	and	do	not	go	on	to	develop	complications	such	as
CAUTIs	 or	 secondary	 bacteremia.28	 It	 is	 generally	 acknowledged	 that	 the
treatment	 of	 asymptomatic	 bacteriuria	 in	 the	 catheterized	 patient	 is	 not
warranted,	except	in	some	specific	circumstances.28

It	is	often	difficult	to	diagnose	a	symptomatic	UTI	in	the	catheterized	patient.
Altered	 levels	 of	 consciousness	 may	 interfere	 with	 the	 patient’s	 awareness	 of
true	 symptoms.	 Furthermore,	 the	 presence	 of	 a	 urinary	 catheter	 removes	 the
symptoms	 of	 urinary	 frequency	 and	 the	 perception	 of	 dysuria.	 Hematuria	 and



pyuria	 may	 be	 found	 in	 the	 catheterized	 patient	 in	 the	 absence	 of	 urinary
colonization	 with	 bacteria.	 Isolated	 pyuria	 of	 patients	 with	 asymptomatic
bacteriuria	 is	 not	 an	 indication	 for	 antimicrobial	 treatment.10,28	 This	 is
presumably	 related	 to	 sterile	 inflammation	and	 trauma	 induced	by	 the	 catheter
itself.	Careful	observation,	when	clinically	appropriate,	and	thorough	evaluation
for	alternate	causes	may	be	appropriate	prior	to	instituting	antimicrobial	therapy
for	 a	 presumed	 UTI.	 However,	 for	 older	 patients	 with	 severe	 clinical
presentations	 without	 evidence	 of	 an	 alternate	 source	 of	 infection,	 empiric
antimicrobial	therapy	against	a	potential	UTI	may	be	reasonable.28

The	presence	of	lower	numbers	of	bacteria	than	the	traditional	>105	CFU	per
mL	can	 indicate	 infection	of	catheterized	patients.52	Quantitative	counts	as	 low
as	102	CFU	per	mL	may	be	significant	 in	 the	catheterized	patient.	Low	colony
counts	 in	 catheterized	 urine	 can	 progress	 to	 high-grade	 bacteriuria	 in
catheterized	patients.	Clinical	laboratories	should	isolate	and	characterize	urinary
isolates	 from	 catheterized	 patients	 with	 low	 grade	 bacteriuria.	 A	 recent
consensus	review	recommended	the	cutoff	of	>103	CFU	per	mL	for	significant
bacteriuria	 in	 catheterized	 patients.53	 The	 high	 flow	 rate	 of	 catheterized	 urine,
presence	 of	 inhibitors	 to	 bacterial	 growth,	 and	 significance	 of	 slow-growing
organisms	such	as	enterococci	and	Candida	make	it	incumbent	on	the	laboratory
to	characterize	even	 low	numbers	of	uropathogens	 in	 these	patients.	Moreover,
polymicrobial	 bacteriuria	 occurs	 among	 more	 than	 15%	 of	 patients	 with
catheter-related	 UTI.52	 Multiple	 organisms	 obtained	 from	 a	 recently	 inserted
urinary	catheter	(<72	hours)	should	be	 isolated,	characterized,	and	subjected	 to
susceptibility	testing	to	ensure	adequate	treatment	of	CAUTIs.

Most	patients	with	CAUTIs	have	lower	urinary	tract	involvement.	Upper	tract
involvement	 occurs	 among	 up	 to	 one	 third	 of	 catheter-related	 UTIs	 and	 may
have	 serious	 consequences.54	 The	 clinical	 and	 laboratory	 recognition	 of	 upper
urinary	 tract	 involvement	 of	 persons	 with	 UTIs	 (with	 or	 without	 a	 catheter)
remains	imprecise	and	unsatisfactory.	ICU	patients	with	UTIs	may	have	altered
levels	 of	 consciousness	 and	may	 not	 be	 able	 to	 relate	 the	 symptoms	 of	 upper
tract	 involvement.	 Radiographic	 indicators	 of	 upper	 tract	 involvement	 by
ultrasound	and	CT	include	enlarged	kidneys	and	focal	nephritis	these	are	reliable
diagnostic	 techniques	 for	 ICU	 patients.	 Evidence	 of	 systemic	 toxicity	 from	 a
UTI	is	highly	indicative	of	upper	tract	disease	and	should	be	treated	accordingly.
Bacteria	confined	to	the	urinary	bladder,	in	contrast,	readily	clear	with	removal
of	the	catheter	and	a	short	course	of	antimicrobial	therapy,	when	necessary.

Treatment	of	Catheter-Related	Urinary	Tract	Infections



7 	 The	 most	 important	 therapeutic	 modality	 in	 CAUTIs	 is	 the	 removal	 of	 the
urinary	 catheter	 itself.	 Up	 to	 two-thirds	 of	 patients	 with	 asymptomatic
bacteriuria	associated	with	urinary	catheterization	spontaneously	resolve	within
1	week	after	catheter	removal.28

If	a	patient	becomes	systemically	ill	from	a	UTI,	treatment	is	warranted	even
if	the	catheter	must	remain	in	place.	It	is	possible	to	successfully	treat	UTIs	for
patients	 with	 indwelling	 catheters,	 although	 treatment	 failures	 and	 reinfection
occur	 at	 a	 greater	 frequency	 than	 among	 noncatheterized	 patients.31
Antimicrobial	agents	useful	in	the	treatment	of	CAUTIs	are	described	in	Table
79.2.

Routine	 replacement	 of	 indwelling	 urinary	 catheters	 complicated	 by	UTI	 is
generally	 unnecessary.	 Nonetheless,	 some	 organisms	 such	 as	 Proteus,
Providencia,	 Morganella,	 and	 Pseudomonas	 species	 and	 enterococci	 may
colonize	the	urinary	catheter	in	greater	quantities	than	the	bladder	itself.	Despite
the	 fact	 that	 the	microbiology	 of	 urine	 samples	 from	 indwelling	 catheters	 and
replacement	 catheters	 does	 not	 differ	 markedly	 in	 the	 presence	 of	 a	 UTI,55
indwelling	 catheters	 should	 be	 replaced	 and	 urine	 cultures	 obtained	 if	 they
malfunction,	 leak,	 or	 have	 been	 in	 place	 for	 prolonged	 periods	 (longer	 than
2	weeks)	as	a	guide	to	antibiotic	therapy	for	catheter-related	infections.	Leaking
urinary	catheters	generally	indicate	luminal	obstruction	and	require	replacement.

Long-term	 urinary	 catheterization	 may	 be	 associated	 with	 other	 local
suppurative	 complications,	 particularly	 in	 adult	men.	These	 include	 prostatitis,
prostatic	 abscess,	 epididymitis,	 scrotal	 abscess,	 and	 other	 urethral
complications.56	 These	 local	 complications	 require	 urologic	 management	 and
necessitate	the	removal	of	the	urethral	catheter.

Prevention	of	Catheter-Associated	Urinary	Tract	Infections

Alternatives	to	Urethral	Catheterization
The	high	 frequency	of	CAUTIs	has	 led	 to	 concerted	 efforts	 to	 find	 alternative
methods	 to	 manage	 the	 incontinent	 patient	 and	 patients	 with	 urinary	 outflow
obstruction.	Bladder	training,	meticulous	nursing	care,	special	 linens,	and	adult
diapers	may	assist	some	incontinent	patients	and	avoid	long-term	catheterization.

Condom	catheterization	has	been	used	for	men	with	urinary	incontinence	and
consists	 of	 the	 application	 of	 an	 external	 collector	 about	 the	 penis	 with	 a
collection	 tube	and	drainage	bag.	Condom	catheterization	may	be	a	 reasonable
alternative	 in	 highly	 motivated,	 cooperative,	 selected	 patients	 based	 on



decreased	 risk	 of	 symptomatic	 urinary	 tract	 infection,	 bacteriuria,	 death	 and
patient	satisfaction.10,57	However,	leakage	of	the	catheter,	kinking	and	disruption
of	the	collecting	system,	and	maceration	and	ulceration	of	the	epithelium	of	the
penis	are	frequent	complications	of	condom	drainage.

Catheter	Design,	Maintenance,	and	Care
Because	most	catheter-related	 infections	are	derived	 from	endogenous	perineal
organisms	adherent	to	the	exterior	surface	of	the	catheter	itself,	daily	application
of	 antimicrobial	 materials	 at	 the	 urethral	 orifice	 would	 seem	 to	 be	 a	 logical
preventive	measure.	However,	randomized,	controlled,	clinical	trials	with	meatal
care	 and	 application	 of	 povidone-iodine	 solution	 or	 topical	 polyantimicrobial
applications	 have	 failed	 to	 convincingly	 demonstrate	 a	 reduction	 of	 catheter-
related	 infections.58	 This	 procedure	 cannot	 be	 recommended	 as	 a	 means	 of
prevention	of	CAUTIs.

Considerable	effort	 is	under	way	 to	develop	a	urinary	catheter	 that	prevents
binding	 with	 bacteria,	 inhibits	 biofilm	 formation,	 or	 possesses	 antibacterial
properties.	Existing	studies	and	a	recent	evidence-based	systematic	review	of	the
existing	literature	indicates	that	antibiotic-coated	catheters	reduce	the	incidence
of	asymptomatic	bacteriuria	following	short-term	catheterization;	however,	there
is	no	clear	evidence	of	reduced	symptomatic	UTIs	or	major	complications	such
as	bacteremia.59-61

Exogenous	 contamination	 of	 urine	 within	 the	 collection	 bag	 remains	 a
potential	problem	associated	with	 indwelling	urethral	catheters.	The	instillation
of	antiseptic	agents	within	the	drainage	bag	as	a	means	of	prevention	of	catheter-
related	 UTIs	 has	 met	 with	 conflicting	 results60,61	 and	 this	 infection	 control
strategy	for	UTIs	is	not	recommended	based	upon	current	clinical	evidence.10,62,63
The	 urinary	 collection	 bag	 should	 not	 be	 allowed	 to	 be	 elevated	 above	 the
urinary	bladder.	This	results	in	reflux	of	voided	urine	back	into	the	bladder	with
its	attendant	risk	of	inducing	UTIs.	Collection	bags	with	antireflux	valves	should
be	used	to	avoid	this	complication	of	urinary	catheterization.

A	 summary	 of	 evidence	 to	 support	 prevention	 and	 treatment
recommendations	for	urinary	CAUTIs	is	listed	in	Table	79.3.

TABLE	79.3

Evidence-Based	Recommendations	for	UTIs



Summary	of	Recommendations	for	the	Prevention	and	Management	of
Bacteriuria	and	UTIs	in	Catheterized	Patients

Screening	for	asymptomatic	bacteriuria	in	a	patient	with	an	indwelling
urinary	catheter	is	not	recommended.6
Treatment	of	asymptomatic	bacteriuria	is	not	recommended	in	the
chronically	catheterized	patient.6,33
Pyuria	is	a	frequent	occurrence	in	patients	with	urinary	catheters	with	or
without	asymptomatic	bacteriuria;	this	finding	is	not	sufficient	evidence	of
catheter-associated	UTIs	to	warrant	the	use	of	antibiotic	therapy.
Daily	meatal	care	to	prevent	contamination	of	the	external	surface	of	the
urinary	catheter	is	not	recommended	as	a	means	of	preventing	catheter-
associated	UTIs.54
The	clinical	value	and	cost-effectiveness	from	the	use	of	antimicrobial-
coated	urinary	catheters	to	prevent	catheter-associated	urinary	tract	or	other
complications	(eg,	bacteremia,	sepsis,	or	suppurative	lesions)	remain
unclear.64-66
There	are	insufficient	data	to	support	the	use	of	chemical	disinfection,
cranberry	product	antiseptics,	or	locally	applied	antibiotics	within	the
urinary	drainage	system	as	a	means	of	preventing	catheter-associated
UTIs.67,68

Summary	of	Recommendations	in	the	Management	of	Candiduria	in	the
ICU	Patient

Quantitative	cultures	with	>103	CFU/mL	of	Candida	spp	in	a	catheterized
patient	or	>104	CFU/mL	of	Candida	spp	in	a	noncatheterized	patient	is
considered	clinically	significant.58,69
The	finding	of	a	fungus	ball	within	the	urinary	collecting	system,	papillary
necrosis,	fungal	casts	in	the	urine,	or	renal	abscess	in	the	presence	of
candiduria	is	considered	clinically	significant.58,70,71
In	medically	stable	patients	without	major	immunocompromised	states,
simple	removal	of	an	indwelling	urinary	catheter	without	specific
antifungal	therapy	may	be	an	acceptable	treatment	option.12,13,58
Because	of	high	levels	of	urinary	excretion,	fluconazole	is	generally
preferred	over	caspofungin,	other	β-glucan	inhibitors,	and	other	triazoles
(such	as	voriconazole,	itraconazole,	or	posaconazole)	in	the	treatment	of
genitourinary	candidiasis.58,71
A	short	course	of	fluconazole	(5-7	days)	is	usually	sufficient	to	treat	UTIs



due	to	Candida	spp.78

CFU,	colony-forming	units;	UTIs,	urinary	tract	infections.

THE	PROBLEM	OF	CANDIDURIA
8 	The	clinical	interpretation	of	the	isolation	of	Candida	species	from	the	urine	is
problematic	in	that	candiduria	may	occur	in	a	spectrum	of	illnesses	ranging	from
simple	 urinary	 contamination	 to	 life-threatening	 systemic	 candidiasis.	Candida
species	 are	 normal	 inhabitants	 of	 the	 vaginal	 tract	 of	 women	 and	 may
contaminate	inadequately	collected	urine	specimens.	This	is	particularly	true	for
older	 women,	 diabetics,	 and	 patients	 receiving	 antibacterial	 therapy.
Additionally,	 Candida	 species	 frequently	 colonize	 the	 urinary	 tract	 of
catheterized	patients.	These	organisms	are	of	marginal	clinical	significance	and
frequently	 disappear	 on	 removal	 of	 the	 urinary	 catheter	 without	 any	 specific
antifungal	 therapy.	 In	 a	 detailed	 survey	 of	 861	 patients	 with	 funguria	 by	 the
National	 Mycoses	 Study	 Group,	 no	 treatment	 was	 given	 in	 155	 patients	 and
funguria	 resolved	 spontaneously	 in	 76%	 of	 these	 patients.64	 Even	 for	 ICU
patients,	 simply	 changing	 an	 indwelling	 catheter	 with	 a	 new	 one	 will
spontaneously	clear	candiduria	in	20%	to	40%	of	cases.65

However,	 tissue	 invasive	 infection	 of	 the	 urinary	 bladder	 has	 been
documented	 cystoscopically	 for	 patients	with	GU	candidiasis.	Candida	cystitis
may	produce	a	friable	white	pseudomembrane	on	the	bladder	mucosa	similar	to
the	 findings	 of	 oral	 thrush.	 Furthermore,	 ascending	 urinary	 infection	 of	 the
kidney	and	 renal	pelvis	may	 follow	GU	candidiasis.	Papillary	necrosis,	 fungus
ball	 formation,	 urinary	 obstruction,	 bladder	 rupture,	 and	 perinephric	 abscess
have	 all	 been	 described	 from	 ascending	 infection	 with	 Candida	 species.66,67
Candida	 infection	 of	 the	 upper	 urinary	 tract	 may	 arise	 from	 hematogenous
dissemination	of	Candida	organisms	from	extrarenal	sites.	Microabscesses	of	the
renal	 parenchyma	 with	 subsequent	 candiduria	 are	 frequently	 present	 among
those	with	disseminated	candidiasis.	A	positive	urine	culture	for	Candida	species
may	 be	 the	 first	 indication	 of	 disseminated	 candidiasis	 for	 the	 critically	 ill
patient.	 Therefore,	 the	 clinical	 significance	 of	Candida	 in	 the	 urine	 remains	 a
diagnostic	dilemma.

Quantitative	culture	of	the	urine	has	been	used	in	an	attempt	to	determine	the
clinical	 ramifications	 of	 candiduria.	 Unfortunately,	 the	 quantitative	 colony
counts	 of	Candida	 species	 in	 the	 urine	 do	 not	 have	 the	 same	 diagnostic	 and



prognostic	 implications	 as	 quantitative	 bacteriology	 of	 the	 urine.53,66	 Large
studies	 and	 review	 of	 this	 topic53,68,72	 indicate	 that	 quantitative	 values	 for
candiduria	 of	 clinical	 significance	 are	 seen	 at	 more	 than	 103	 CFU	 per	 mL
(catheterized	patients)	or	more	than	104	CFU	per	mL	(noncatheterized	patients).
The	 finding	 of	 urinary	 casts	 made	 up	 of	 Candida	 elements	 is	 of	 diagnostic
significance	and	indicates	invasive	upper	tract	candidiasis.	Candiduria	associated
with	 a	 fungus	 ball	 in	 the	 urinary	 collecting	 system	 dictates	 the	 need	 for
antifungal	 therapy,	 as	 does	 papillary	 necrosis	 or	 abscess	 formation	 within	 the
renal	parenchyma.	Recurrent	isolation	of	Candida	species	from	urine	cultures	of
immunocompromised	 patients,	 or	 patients	 with	 unexplained	 fever	 and	 pyuria,
suggests	 UTI	 with	 Candida	 species.	 Evidence	 of	 concomitant	 infection	 with
Candida	 organisms	 in	 other	 organ	 systems	 increases	 the	 likelihood	 of	 the
significance	of	Candida	isolates	in	the	urine.	Disseminated	candidiasis	should	be
considered	 for	 patients	with	 repeated	 and	 unexplained	Candida	 isolates	 in	 the
urinary	 tract.12,13,73	 Biomarker	 plasma	 sample	 evidence	 of	 disseminated
candidemia	such	as	an	elevated	β-D-glucan	level	can	assist	in	early	detection	of
systemic	candidiasis	in	septic	patients.37

TREATMENT	OF	GENITOURINARY	CANDIDIASIS
8 	There	are	several	management	options	available	for	candiduria,	depending	on
the	 clinical	 circumstances	 of	 each	 patient.	 The	 discontinuation	 of	 antibacterial
agents,	removal	of	immunosuppression,	or	removal	of	urinary	catheters	may	be
sufficient	to	spontaneously	clear	candiduria	in	medically	stable	patients.74

Published	treatment	guidelines	for	GU	candidiasis	recommend	fluconazole	in
place	of	amphotericin	B	as	 the	preferred	 treatment	 in	 the	 ICU	setting.65,75	This
triazole	 compound	 is	 water	 soluble,	 available	 as	 oral	 or	 intravenous
formulations,	and	is	excreted	as	the	active	compound	in	the	urine.	Posaconazole,
itraconazole,	caspofungin,	and	voriconazole	might	be	useful	despite	the	fact	that
they	 are	 not	 excreted	 by	 the	 kidney	 and	 do	 not	 uniformly	 achieve	 fungicidal
levels	 in	 the	 urine.	 Tissue	 levels	 in	 the	 upper	 urinary	 tract	 might	 still	 be
sufficient	 to	 treat	 genitourinary	 candidiasis	 for	 selected	 patients,	 but	 clinical
experience	 is	 limited.65	 Fluconazole	 also	 provides	 systemic	 antifungal	 activity
when	unrecognized	disseminated	candidiasis	is	present.

It	is	now	recommended	that	antifungal	susceptibility	testing	for	fluconazole,
itraconazole,	 and	 flucytosine	 be	 performed	 for	 serious	 Candida	 infections.76
Resistance	 among	 Candida	 albicans	 isolates	 is	 increasingly	 recognized	 and
these	 findings	 emphasize	 the	 necessity	 of	 antifungal	 susceptibility	 testing.77



Candida	 krusei	 is	 intrinsically	 resistant	 to	 fluconazole;	Candida	 lusitaniae	 is
resistant	to	amphotericin	B;	and	Candida	glabrata	 is	variably	sensitive	to	azole
antifungal	 agents.	Candida	 parapsilosis	 appears	 to	 be	 less	 susceptible	 to	 the
echinocandins	 although	 the	 clinical	 significance	 of	 this	 finding	 is	 debatable.75
Amphotericin	 B	 in	 vitro	 susceptibility	 testing	 is	 technically	 difficult	 and	 the
methodology	 has	 not	 yet	 been	 standardized	 for	 routine	 clinical	 laboratory
testing.76	 Use	 of	 amphotericin	 B	 bladder	 irrigation	 in	 the	 management	 of
candiduria	is	highly	debatable.	Though	the	cost	and	side	effects	may	be	limited,
logistics	 involved	 in	 operationalizing	 the	 protocol	 can	 often	 be	 challenging.
Some	 studies	 have	 shown	 cure	 rates	 to	 be	 similar	 to	 that	 with	 fluconazole,
though	 clearance	may	 be	 faster,	 which	 has	 questionable	 significance.	 Lack	 of
good-quality	data	proving	benefit	thus	question	the	utility	of	this	approach.14,69,70
Systemic	fluconazole	or	amphotericin	B	is	indicated	in	candiduria	patients	with
suspected	systemic	candidiasis,	renal	abscess	formation,	and	fungus	balls	within
the	urinary	collecting	system.71	Candida	UTIs	may	be	readily	treated	with	oral	or
intravenous	fluconazole.	A	short	course	of	fluconazole	at	200	mg	orally	followed
by	 100	 mg	 daily	 for	 5	 to	 7	 days	 is	 generally	 sufficient	 for	 the	 treatment	 of
Candida	cystitis,78	while	upper	urinary	tract	disease	is	generally	treated	with	200
to	400	mg	fluconazole	for	2	weeks.75	Clinical	evidence	in	support	of	the	current
management	strategies	for	GU	candidiasis	is	provided	in	Table	79.3.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	65-year-old	woman	with	hypertension,	hyperlipidemia,	coronary	artery
disease,	and	diabetes	mellitus	presented	to	the	emergency	department	2	weeks
ago	with	an	acute	myocardial	infarction.	Coronary	angiography	revealed	triple-
vessel	disease	with	significant	occlusion	of	the	left	anterior	descending	artery.
The	patient	underwent	coronary	artery	bypass	grafting	shortly	after	and	has	been
recovering	well.	She	has	a	central	venous	catheter	in	the	right	internal	jugular
vein,	two	peripheral	IV	lines,	and	a	urinary	catheter,	all	of	which	were	placed	in



the	emergency	room.	She	was	extubated	successfully	after	3	days	and	her
orogastric	tube	was	removed	at	the	same	time.	She	has	been	hemodynamically
stable	since	surgery.	Her	current	temperature	is	100.6°F	and	white	blood	cell
count	is	minimally	elevated	at	11,500	cells/microliter.	Physical	examination	is
remarkable	for	inflammation	of	one	of	the	peripheral	IV	sites	with	tenderness
along	the	vein.	She	is	started	on	empiric	vancomycin	and	cefepime.	Chest
radiograph	demonstrates	bibasilar	atelectasis.	Blood	cultures	have	remained
negative	at	72	hours.	The	urinalysis	was	positive	for	leucocyte	esterase,	nitrites
and	many	bacteria.	A	urine	culture	isolated	>100,000	colonies/mL	of	Candida
species	with	pending	susceptibility	data.	What	is	the	next	best	step	in
management?

A. 	Amphotericin	B	bladder	irrigation	through	urinary	catheter
B. 	Draw	two	sets	of	fungal	blood	cultures
C. 	Micafungin,	with	de-escalation	once	susceptibility	known
D. 	Remove	urinary	catheter	and	peripheral	IV

2. 	An	80-year-old	woman	with	heart	failure,	hypertension,	and	chronic
obstructive	pulmonary	disease	presents	to	the	emergency	room	from	a	nursing
home	after	a	fall	and	inability	to	move	her	left	lower	extremity.	Her	diuretic	dose
had	been	increased	2	weeks	earlier	because	of	dyspnea	and	bilateral	lower
extremity	edema.	On	presentation	to	the	emergency	room,	her	systolic	blood
pressure	is	90	mm	Hg,	heart	rate	110	bpm,	temperature	99.4°F,	and	she	has	a
normal	respiratory	rate.	She	has	hip	pain	but	no	urinary	complaints.	Physical
examination	reveals	reduced	mobility	of	the	left	lower	extremity	and	a
radiograph	confirms	femoral	neck	fracture.	Serum	white	blood	cell	count	is
6700	cells/microliter	and	serum	creatinine	is	1.56	mg/dL,	with	baseline
0.8	mg/dL	last	month.	Her	urinalysis	is	positive	for	leucocyte	esterase,	few	red
blood	cells,	>100	WBCs	and	few	bacteria,	reflexed	to	a	culture	with	preliminary
results	of	>100,000	colonies/mL	of	gram-negative	rods	pending	identification
and	susceptibility	testing.	She	is	given	1	g	of	IV	ceftriaxone	for	presumed
urinary	tract	infection.	Given	her	age	and	tenuous	clinical	status,	a	decision	is
made	to	admit	her	to	the	intensive	care	unit	for	further	monitoring	as	orthopedics
prepares	for	surgery.	What	is	the	next	best	step	in	management?

A. 	Add	aminoglycoside	therapy
B. 	Broaden	antimicrobial	spectrum	by	changing	to	cefepime
C. 	Continue	ceftriaxone	to	prevent	seeding	of	pending	prosthetic	hip
joint



D. 	Discontinue	all	antibiotics

Answers

1.	The	correct	answer	is	D.
Rationale:	Management	of	candiduria	depends	on	the	clinical	circumstances

of	 each	 patient.	 Discontinuation	 of	 antibacterial	 agents,	 removal	 of
immunosuppression,	or	 removal	of	urinary	catheters	may	be	 sufficient	 to	clear
candiduria	in	medically	stable	patients.	Given	this	patient’s	clinical	stability	and
presence	 of	 an	 alternate	 explanation	 for	 the	 fever	 (peripheral	 vein
thrombophlebitis),	removal	of	the	urinary	catheter	is	all	that	is	needed	(choice	D
is	correct).	If	the	urinary	tract	was	the	only	obvious	source	of	infection	leading
to	fever	and	the	patient	was	hemodynamically	unstable,	or	if	there	was	suspicion
for	 disseminated	 infection	 and/or	 localized	 complications	 within	 the
genitourinary	 tract,	 treating	 the	 candiduria	 would	 be	 appropriate.	 Usually,	 in
those	scenarios,	fluconazole	would	be	the	antifungal	of	choice.	Amphotericin	B
might	 be	 considered	 an	 alternative	 in	 case	 of	 resistant	 Candida	 species.
Administration	 of	 amphotericin	 could	 be	 systemic	 or	 instilled	 into	 bladder
(choice	A	is	incorrect,	because	the	candida	in	urine	does	not	need	to	be	treated	in
this	 case).	 Echinocandins	 are	 not	 used	 in	 this	 situation	 as	 penetration	 into	 the
urinary	 tract	 is	not	enough	 to	achieve	 fungicidal	 levels	 (choice	C	 is	 incorrect).
Routine	blood	cultures	are	sensitive	enough	 to	pick	up	systemic	candidiasis	 so
dedicated	fungal	blood	cultures	are	not	required	(choice	B	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	Given	the	absence	of	symptoms,	her	urinalysis	is	most	suggestive

of	 asymptomatic	 bacteriuria.	 The	 most	 recent	 IDSA	 guidelines	 for	 this	 in
patients	 undergoing	 elective	 nonurologic	 surgery	 recommend	 against	 routine
screening	or	treatment	(choice	D	is	correct).	Overdiuresis	and	volume	depletion
may	 explain	 the	 fall	 and	 the	 acute	 kidney	 injury.	 She	 needs	 close	 clinical
monitoring	 and	 management	 but	 can	 undergo	 surgery	 without	 addressing	 her
positive	urine	culture.	Gram-negative	organisms	are	not	routinely	known	to	seed
prosthetic	 joints.	 Several	 studies	 have	 demonstrated	 that	 treatment	 of
preoperative	 urine	 cultures	 does	 not	 change	 surgical	 outcomes.	Nothing	 in	 the
clinical	 history	 suggests	 patient	 is	 at	 risk	 of	 having	 a	 multidrug-resistant
organism.	 Broadening	 antimicrobial	 coverage	 will	 have	 no	 benefit.	 Given	 her
acute	kidney	injury,	use	of	aminoglycosides	might	actually	be	more	harmful.
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Chapter	80
Central	Nervous	System	Infections
Michael	Haden,	Shandra	R.	Day

KEY	POINTS:
1.	 Urgent	evaluation	and	treatment	are	needed	in	suspected	cases	of

bacterial	meningitis	to	avoid	unfavorable	neurological	outcomes.
2.	 The	practice	of	obtaining	a	head	CT	scan	prior	to	a	lumbar	puncture

out	of	concern	for	cerebral	herniation	is	not	well	founded	and
unnecessary	except	in	select	situations.

3.	 Terminal	complement	deficiency,	either	congenital	or	acquired,	is	a
risk	factor	for	Neisseria	meningitidis	meningitis.

4.	 In	presumptive	or	confirmed	meningitis	due	to	Streptococcus
pneumoniae,	adjunctive	dexamethasone	should	be	added	prior	to	or
along	with	initiation	of	antibiotics	to	reduce	mortality	and	neurological
sequelae.

5.	 Herpes	simplex	virus	(HSV)	is	the	most	common	etiology	for
encephalitis,	though	in	more	than	50%	of	cases	of	encephalitis	no
specific	etiology	is	identified.

6.	 Lumbar	puncture	is	contraindicated	in	patients	with	brain	abscesses
due	to	mass	effect	and	risk	for	cerebral	herniation.	Drainage	of
abscess	contents	is	preferred	for	both	diagnostic	and	treatment
purposes.

7.	 Prompt	recognition	and	surgical	intervention	of	spinal	epidural
abscesses	is	critical	to	avoid	irreversible	neurological	damage.

INTRODUCTION
Central	nervous	system	(CNS)	infections	of	major	interest	in	the	intensive	care



unit	 (ICU)	 include	 meningitis,	 encephalitis,	 brain	 abscess,	 and	 other
parameningeal	foci	of	infection.	While	there	can	be	distinct	differences	between
these	 disease	 processes,	 it	 should	 be	 noted	 the	 clinical	 presentation	 of	 CNS
infections	 often	 exist	 along	 a	 spectrum	with	 significant	 overlap.	 For	 example,
features	of	meningitis	include	headache,	neck	stiffness,	and	fever,	as	opposed	to
encephalitis	 that	 is	 marked	 by	 disturbance	 of	 cerebral	 function,	 or	 brain
abscesses	 that	present	more	as	 space-occupying	 lesions.	However,	 each	one	of
these	can	present	with	mental	status	changes,	seizure,	or	coma.	A	high	degree	of
suspicion	 and	 prompt	 recognition	 of	 CNS	 infections	 is	 needed	 to	 promptly
institute	lifesaving	therapy.

GENERAL	CLINICAL	APPROACH
Initial	 evaluation	of	 the	 patient	with	 suspected	CNS	 infection	 should	 focus	 on
defining	 the	 nature	 of	 the	 symptoms	 (meningitic	 vs	 encephalitic)	 and	 the
presence	and	pattern	of	neurological	involvement	(focal	vs	diffuse).

1 	 When	 bacterial	 meningitis	 is	 suspected,	 expeditious	 analysis	 of
cerebrospinal	 fluid	 (CSF)	 is	 critical.	 This	 must	 be	 balanced	 with	 the	 need	 to
administer	antibiotics	promptly,	as	delays	as	short	as	3	hours	have	been	shown	to
lead	to	unfavorable	outcomes.1,2	 If	 lumbar	puncture	(LP)	 is	delayed,	antibiotics
(and	dexamethasone;	see	later)	should	be	started	as	soon	as	blood	cultures	have
been	obtained	while	efforts	to	obtain	CSF	proceed.3

2 	 LP	 is	 not	 without	 risk.	 In	 patients	 with	 bleeding	 disorders,	 it	 should	 be
delayed	until	the	defect(s)	can	be	corrected.4	LP	may	be	hazardous	in	the	setting
of	an	intracranial	mass	lesion.	Concern	for	cerebral	herniation	as	a	consequence
of	 the	procedure	has	 led	 to	 the	 common	practice	of	 routinely	performing	head
computed	 tomography	(CT)	scanning	prior	 to	LP;	however,	 this	practice	 is	not
well	 founded.5	 A	 prospective	 study	 confirmed	 that	 CT	 scans	 rarely	 discover
abnormalities	 that	 would	 represent	 a	 contraindication	 to	 LP	 except	 among
patients	who	have	a	prior	history	of	CNS	disease,	immunosuppressive	disorders,
seizures,	moderate-to-severe	impairment	of	consciousness,	papilledema,	or	focal
neurological	findings.6

ACUTE	BACTERIAL	MENINGITIS
Bacterial	 meningitis	 is	 perhaps	 the	 most	 clear-cut	 emergency	 in	 the	 field	 of
infectious	diseases.	Delayed	or	inadequate	treatment	increases	the	risk	of	death



or	significant	neurological	impairment.1,2

Etiology
Historically,	bacterial	meningitis	in	the	United	States	has	been	primarily	caused
by	 five	 organisms:	Streptococcus	 pneumoniae,	Neisseria	meningitidis,	Listeria
monocytogenes,	 Haemophilus	 influenzae,	 and	 group	 B	 streptococcus,	 with
predominant	 organisms	 varying	 based	 on	 age	 and	 underlying	 condition	 of	 the
host.	Immunization	of	young	children	against	H.	influenzae	and	S.	pneumoniae
has	had	a	marked	impact,	raising	the	average	age	of	meningitis	from	15	months
old	to	42	years	old.7
S.	 pneumoniae	 accounts	 for	 more	 than	 half	 of	 all	 community-acquired

bacterial	meningitis	cases	in	the	United	States	after	the	neonatal	period.7,8	Case
fatality	 rate	 is	20%	 to	30%	 in	adults	 and	 survivors	have	approximately	a	30%
risk	of	sequelae.9,10	Pneumococcal	meningitis	is	more	common	in	the	setting	of	a
CSF	 leak,	 hypogammaglobulinemia,	 asplenia,	 alcoholism,	 head	 trauma,	 or
cochlear	implant.11	N.	meningitidis	incidence	has	declined	substantially	in	recent
years	 but	 still	 causes	 more	 than	 10%	 of	 bacterial	 meningitis	 in	 the	 United
States.7,12	 Incidence	 peaks	 in	 three	 age	 groups:	 infants	 and	 children	 under
5	years,	adolescents/young	adults	(16-21	years),	and	adults	over	65	years.13	It	is
the	one	form	of	bacterial	meningitis	associated	with	epidemic	spread,	though	the
majority	 of	 cases	 in	 the	 United	 States	 are	 sporadic.9,13	 Routine	 immunization
with	 a	meningococcal	 conjugate	 vaccine	 directed	 against	 serogroups	A,	C,	W,
and	Y	is	currently	recommended	for	preadolescents,	freshman	entering	college,
and	 military	 recruits	 as	 well	 as	 special	 populations	 at	 increased	 risk	 of
meningococcal	 disease.	 Vaccines	 providing	 protection	 from	 serogroup	 B	 have
recently	 been	 licensed	 and	 are	 currently	 recommended	 for	 individuals	 over
10	 years	 of	 age	 at	 increased	 risk.13	L.	monocytogenes	 is	 a	 common	 cause	 of
meningitis	 in	 the	 neonatal	 period	 or	 in	 the	 setting	 of	 malignancy,
immunosuppression,	 or	 alcoholism.	 Approximately	 30%	 of	 patients	 have	 no
apparent	 immunocompromising	 condition;	 most	 of	 these	 individuals	 are	 older
than	50	years.7,14	Listeria	may	 be	 associated	with	 lower	CSF	white	 blood	 cell
(WBC)	counts	and	higher	CSF	glucose	than	other	bacterial	meningitides.9,15
H.	 influenzae	 typr	 B	 was	 formerly	 the	 most	 common	 cause	 of	 bacterial

meningitis	 among	 young	 children.	 Childhood	 vaccination	 has	 reduced	 the
incidence	 of	 invasive	 H.	 influenzae	 typr	 B	 disease	 by	 more	 than	 90%.7,9,16
Sporadic	 cases	 have	 been	 reported	 in	 unimmunized	 and	 partially	 immunized
children	 and	H.	 influenzae	 strains	 not	 covered	 by	 the	 vaccine	 can	 also	 cause
meningitis.	H.	influenzae	 in	adults	 is	uncommon	and	is	usually	associated	with



predisposing	factors,	particularly	defects	in	humoral	immunity.16,17
Gram-negative	 bacillary	 meningitis	 occurs	 in	 the	 neonatal	 period	 or	 after

neurosurgery	or	 trauma.7,18	 Craniotomy	 is	 associated	with	 a	 1%	 to	 2%	 rate	 of
bacterial	meningitis.19	Increased	infection	rates	are	associated	with	perioperative
steroids,	 CSF	 leak,	 and	 ventricular	 drainage.20	 Spontaneous	 gram-negative
bacillary	 meningitis	 is	 associated	 with	 advanced	 age,	 cancer,	 and	 bacteremic
urinary	 tract	 infection	with	Escherichia	 coli	 and	Pseudomonas	 sp	 as	 the	most
frequent	pathogens.18
Staphylococcus	aureus	meningitis	is	associated	with	neurosurgery	or	trauma.

Community-acquired	cases	occur	in	the	presence	of	a	focus	of	infection	outside
the	 CNS,	 such	 as	 endocarditis	 or	 soft	 tissue	 infections,	 and	 have	 a	 worse
prognosis.21	Meningitis	 in	 patients	with	CSF	 shunts	 or	 other	 hardware	 such	 as
Ommaya	reservoirs	and	deep	brain	stimulators	is	most	commonly	caused	by	skin
flora	(S.	aureus,	Staphylococcus	epidermidis,	and	Propionibacterium	acnes)	and
gram-negative	bacilli.22-24	These	infections	can	have	an	indolent	presentation	and
milder	 CSF	 abnormalities.3,19,22	 Use	 of	 shunt	 catheters	 impregnated	 with
antimicrobials	reduces	the	rates	of	infection.25

Several	 additional	 species	 of	 streptococci	 can	 cause	 meningitis.	 Group	 B
streptococcus,	Streptococcus	agalactiae,	 is	 the	most	common	cause	of	neonatal
meningitis,	 though	 rates	 of	 early-onset	 disease	 have	 decreased	 with	 use	 of
intrapartum	 penicillin	 prophylaxis.7,9	 Rates	 of	 group	 B	 streptococcal	 invasive
disease	in	adults	are	increasing,	particularly	among	diabetic	patients,	but	only	a
small	proportion	present	as	meningitis.26	The	use	of	catheters	for	anesthesia	and
imaging	 procedures	 has	 been	 associated	 with	 the	 introduction	 of	 α-hemolytic
streptococci.19,27	 Anaerobic	 bacteria	 and	 other	 streptococci	 are	 otherwise
uncommon	 causes	 of	 meningitis	 that	 are	 usually	 related	 to	 spread	 from	 brain
abscess	or	parameningeal	foci.28

Pathogenesis
3 	 Bacterial	 seeding	 of	 the	 meninges	 can	 arise	 from	 hematogenous	 spread	 or
spread	 from	contiguous	 foci	 of	 infection.	Direct	 invasion	 can	be	 facilitated	 by
anatomic	defects	secondary	to	trauma,	such	as	when	basilar	skull	fractures	create
a	communication	between	the	sinuses	and	the	subarachnoid	space.9,19	Bacteremia
can	 arise	 from	 simple	 colonization	 of	 the	 nasopharynx,	 though	 colonization
alone	 is	 obviously	 not	 sufficient	 since	 up	 to	 40%	 of	 the	 population	 can	 be
colonized	with	N.	meningitidis	and	surveys	in	daycare	centers	show	up	to	60%	S.
pneumoniae	carriage.29,30	The	bacterial	species	most	commonly	associated	with
meningitis	bind	to	receptors	on	microvascular	endothelial	cells,	facilitating	entry



to	 the	 CNS.31	 Most	 meningitis	 pathogens	 also	 secrete	 immunoglobulin	 A
proteases,	 facilitating	 immune	 evasion	 at	mucosal	 sites.32	 Inadequate	 levels	 of
antibody	specific	 for	 the	 invading	organism	(such	as	occurs	at	 the	extremes	of
age	 or	 in	 acquired	 immunodeficiencies)	 and	 opsonophagocytic	 deficiencies
(such	as	in	asplenia,	diabetes,	or	alcoholism)	are	the	most	commonly	recognized
risk	 factors	 for	meningitis.29	 Individuals	with	 terminal	 complement	 component
deficiencies	 may	 experience	 recurrent	 episodes	 of	 meningococcal
meningitis.13,30,33	 One	 particular	 medication	 of	 note	 is	 eculizumab,	 a	 terminal
complement	 inhibitor	 used	 for	 treatment	 of	 paroxysmal	 nocturnal
hemoglobinuria	 and	 atypical	 hemolytic	 uremic	 syndrome.	 This	 medication	 is
associated	with	 a	 1000-	 to	 2000-fold	 increased	 risk	 of	meningococcal	 disease
even	after	receipt	of	meningococcal	vaccination.34

Once	 bacteria	 reach	 the	 CSF,	 both	 bacterial	 and	 host	 factors	 contribute	 to
disease.	 Recognition	 of	 bacterial	 components	 leads	 to	 elaboration	 of
inflammatory	mediators	such	as	tumor	necrosis	factor	α	(TNF-α),	interleukin	1,
and	 interleukin	 6;	 intrathecal	 TNF-α	 levels	 correlate	 with	 severity	 in	 the
disruption	of	the	blood-brain	barrier.29	Additional	 inflammation	 triggers	 release
of	tissue	factor	(which	aids	thrombus	formation	and	disrupts	cerebral	perfusion),
nitric	 oxide	 (which	 disrupts	 autoregulation	 of	 blood	 flow	 and	 can	 have	 direct
toxic	effects	on	neurons),	and	matrix	metalloproteinases	(which	can	also	disrupt
endothelial	 junctions	 and	 impair	 neuronal	 function).29,35	 Neuronal	 damage	 is
further	worsened	by	increases	in	intracranial	pressure.35

Antibiotics	 that	 rapidly	 lyse	 bacteria	 transiently	 increase	 inflammation	 as	 a
response	 to	 the	 release	 of	 bacterial	 cell	wall	 components.29	 Adjunctive	 steroid
therapy	(discussed	later)	acts	to	decrease	inflammation	associated	with	bacterial
lysis.29,36	 The	 body	 also	 deploys	 endogenous	 immunomodulators	 such	 as
interleukin	 10	 and	 TNF-α-related	 apoptosis-inducing	 ligand,	 which	 has	 been
shown	to	reduce	neuronal	damage	in	animal	models.29,37

The	 clinical	 consequence	 of	 these	 pathologic	 processes	 is	 a	 generalized
disturbance	 of	 cerebral	 function.	 Early	 agitation,	 delirium,	 or	 mania	 may	 be
noted.	 Lethargy	 progresses	 to	 obtundation	 and	 sometimes	 coma.	 Seizures	 and
increased	 intracranial	 pressure	 can	 further	 depress	 levels	 of	 consciousness.
Hyponatremia,	 which	 can	 be	 caused	 by	 the	 syndrome	 of	 inappropriate
antidiuretic	 hormone	 secretion,	 cerebral	 salt	 wasting,	 or	 aggressive	 fluid
resuscitation,	 may	 contribute	 to	 obtundation	 and	 seizures.	 Focal	 neurological
deficits	may	be	observed;	sensorineural	deafness	is	particularly	common.29,38

Diagnosis



History
Patients	with	meningitis	may	be	unable	to	give	a	coherent	history.	Patients	found
unresponsive	should	be	evaluated	with	a	high	level	of	suspicion	for	meningitis.
Patients	with	fever	and	derangement	of	cerebral	function,	even	if	there	is	another
cause	 for	 the	 latter,	 must	 have	 meningitis	 excluded.	 Persons	 with	 coexistent
alcoholism,	general	debility,	head	trauma,	or	neurosurgery	are	at	higher	risk	for
meningitis.

Classic	 meningeal	 symptoms	 are	 headache	 (often	 with	 photophobia),	 neck
pain,	fever,	and	mental	status	changes.	In	one	case	series,	95%	of	patients	with
bacterial	 meningitis	 had	 at	 least	 two	 of	 these	 four	 symptoms.39	 Symptoms	 of
other	 foci	 of	 infection,	 such	 as	 pneumonia,	 otitis,	 or	 sinusitis,	 may	 also	 be
present.40	Any	history	of	head	trauma	(including	remote	events)	or	recent	clear
nasal	 or	 ear	 discharges	 should	 be	 obtained.	 Recent	 antibiotics,	 which	 could
interfere	with	culture	results,	should	be	noted.	A	history	of	exposure	to	a	patient
with	 known	 meningococcal	 disease	 is	 usually	 forthcoming	 if	 present.	 Travel
history	may	aid	the	identification	of	regionally	endemic	pathogens.

Physical	Examination
Nuchal	rigidity	suggests	meningitis	when	present.	Kernig	and	Brudzinski	signs
have	 low	sensitivity	but	high	specificity.40	The	 initial	neurological	examination
should	evaluate	the	mental	status	and	the	presence	of	focal	deficits.	Papilledema
is	 rarely	 observed	 at	 presentation	 but	 alters	 the	 approach	 to	 LP	when	 present.
Serial	examinations	document	any	functional	progression	or	improvement.

The	 systemic	 examination	 may	 give	 clues	 to	 the	 cause	 of	 meningitis.	 A
thorough	 ear,	 nose,	 and	 throat	 examination	 can	 reveal	 possible	 foci	 leading	 to
contiguous	 extension	 to	 the	 meninges.	 Petechiae	 or	 purpuric	 lesions	 strongly
suggest	meningococcal	disease,	though	they	may	also	be	seen	in	other	bacterial
infections	or	in	aseptic	meningitis	caused	by	enteroviruses	or	rickettsiae.	Needle
aspiration	or	punch	biopsy	of	skin	lesions	should	be	used	to	obtain	material	for
Gram	stain	and	culture.	N.	meningitidis	can	be	detected	on	either	culture	or	stain
of	skin	specimens.9

Laboratory	Tests
Evaluation	of	the	CSF	is	essential	for	the	diagnosis	of	meningitis.	Typical	CSF
characteristics	 seen	 in	 CNS	 infections	 can	 be	 found	 in	 Table	 80.1.	 CSF	 in
bacterial	 meningitis	 is	 typically	 purulent	 and	 notable	 for	 neutrophilic



pleocytosis.	 Neutrophil	 counts	 greater	 than	 1000	 cells	 per	 μL	 are	 strongly
associated	 with	 bacterial	 meningitis.9	 In	 rare	 cases,	 the	 CSF	 shows	 many
organisms	on	Gram	stain	but	few	cells,	implying	rapidly	progressive	disease.9,39
Elevated	protein	 is	 also	 almost	 always	present.9	 Severe	 depression	 of	 the	CSF
glucose	(<20	mg/dL)	is	strong	evidence	for	a	pyogenic	process,	but	CSF	glucose
is	 normal	 in	 over	 50%	 of	 patients	 with	 bacterial	 meningitis.9	 Treatment	 with
antibiotics	 prior	 to	 LP	may	 alter	 CSF	 chemistries,	 resulting	 in	 higher	 glucose
levels	and	lower	protein	levels,	though	cell	counts	are	usually	unaffected.41

TABLE	80.1

Characteristic	CSF	Findings	in	CNS	Infections

Normal Bacterial Viral/Aseptic TB/Fungi

Opening
pressure

60-
80	mm
H2O

Elevated Normal Elevated

WBC <5/µL >1000	cells/mm3,
neutrophil
predominance

<1000
Mononuclear
preponderance

Mononuclear
preponderance

CSF
glucose

45-
80	mg/dL

Low Normal Low

Protein 15-
45	mg/dL

Elevated Mildly
Elevated

Elevated

CNS,	central	nervous	system;	CSF,	cerebrospinal	fluid;	WBC,	white	blood	cell;	TB,
Mycobacterium	tuberculosis.

Cultures	 remain	 the	mainstay	of	diagnosis.	Blood	cultures	can	be	useful	 in
identifying	 the	 causative	 agent	 of	meningitis	 in	 cases	where	 CSF	 cultures	 are
unrevealing.42	 Ultimately,	 60%	 to	 90%	 of	 patients	 with	 community-acquired
meningitis	 and	 purulent	 CSF	 have	 an	 organism	 isolated	 by	 culture.40	 CSF
cryptococcal	 antigen	 assay	 should	 be	 considered	 for	 patients	 at	 particular	 risk
including	immunocompromised	or	cirrhotic	patients;	bacterial	antigen	detection
tests	 offer	 little	 additional	 information.3,43	Multiplex	polymerase	 chain	 reaction



(PCR)	 detection	 of	 bacterial	 DNA	 may	 provide	 more	 rapid	 and	 sensitive
diagnosis	than	do	culture-based	methods,	particularly	in	the	setting	of	antibiotic
pretreatment;	however,	these	assays	are	not	yet	available	in	all	settings.40,44

Imaging	studies	are	of	secondary	 importance	 in	 the	diagnosis	of	meningitis.
Imaging	of	the	chest	and	paranasal	sinuses	may	identify	other	foci	of	infection.
CT	 and	 magnetic	 resonance	 imaging	 (MRI)	 of	 the	 brain	 are	 most	 useful	 for
evaluating	 complications	 of	 meningitis.	 Rapid	 deterioration	 should	 lead	 to
consideration	 of	 subdural	 empyema,	 a	 collection	 between	 the	 dura	 and	 the
arachnoid	membrane.38,45	A	new	focal	neurological	abnormality,	decreased	level
of	 consciousness,	 or	 cerebrovascular	 accident	 with	 a	 nonarterial	 distribution
should	 prompt	 imaging	 for	 venous	 thrombophlebitis.38,45	 In	 postneurosurgical
meningitis,	 imaging	 should	 evaluate	 for	 ventricular	 size,	CSF	 leaks,	 and	 shunt
malfunction.19

Differential	Diagnosis
Several	pathogens	other	than	pyogenic	bacteria	can	cause	clinical	presentations
and/or	spinal	fluid	formulas	that	overlap	with	bacterial	meningitis.

Viral	 meningitis	 can	 have	 initial	 clinical	 presentations	 similar	 to	 bacterial
meningitis,	with	 an	 early	 neutrophil	 predominance	 and	 a	 shift	 to	 lymphocytes
over	 time.3	 Viral	 meningitis	 can	 be	 caused	 by	 a	 wide	 range	 of	 pathogens
including	 enteroviruses,	 arboviruses	 such	 as	West	 Nile	 virus	 (WNV),46	 herpes
viruses	 such	 as	 herpes	 simplex	 virus	 (HSV),47	 and	 acute	 human
immunodeficiency	virus	(HIV)	infection.48

Tuberculous	 meningitis	 most	 commonly	 presents	 with	 a	 mononuclear
predominance	 in	 the	 CSF	 along	 with	 low	 glucose	 and	 high	 protein,	 however
some	cases	have	a	total	leukocyte	count	in	the	range	of	purulent	meningitis	with
a	polymorphonuclear	predominance.49	A	history	of	tuberculosis,	risk	factors	for
exposure,	 or	 the	 presence	 of	 an	 immunocompromising	 condition	 should	 raise
suspicion,	particularly	in	the	setting	of	a	subacute	meningitis	presentation.50	If	an
initial	 diagnosis	 of	 bacterial	 meningitis	 is	 not	 confirmed	 by	 culture	 and	 the
patient’s	condition	does	not	improve,	repeat	LP	with	studies	for	acid-fast	bacilli
should	 be	 performed.	 A	 switch	 to	 lymphocytic	 predominance,	 additional
decrease	 in	CSF	glucose	 and	 increase	 in	 protein,	 positive	 chest	 radiograph,	 or
well-founded	clinical	 suspicion	mandates	 institution	of	 empiric	antituberculous
therapy.49	 Acid-fast	 stains	 of	 CSF	 are	 positive	 in,	 at	 most,	 60%	 of	 cases.50
Nucleic	 acid	 amplification	 tests	may	 facilitate	 earlier	 diagnosis,	 but	 there	 is	 a
wide	variability	in	their	availability	and	sensitivity.51	MRI	is	more	likely	than	CT
to	visualize	tuberculomas.52



Parasitic	infections	can	cause	purulent	meningitis.	Primary	amebic	meningitis
with	Naegleria	 fowleri	 is	 acquired	 through	 freshwater	 exposure	 and	 presents
similarly	to	acute	bacterial	meningitis.	Diagnosis	can	be	made	on	wet	mount	of
CSF,	though	trophozoites	are	often	mistaken	for	leukocytes.	Centers	for	Disease
Control	and	Prevention	(CDC)	can	provide	additional	diagnostic	modalities	for
suspected	 cases.53	 The	 nematode	 Strongyloides	 stercoralis	 is	 capable	 of
establishing	a	cycle	of	autoinfection	in	immunosuppressed	hosts,	including	those
on	 oral	 corticosteroids.	 Migration	 of	 larvae	 from	 the	 gut	 can	 result	 in	 the
deposition	 of	 enteric	 bacteria	 in	 the	 CNS,	 causing	 gram-negative	 or
polymicrobial	meningitis.54

Fungal	meningitis	typically	presents	as	an	indolent	course,	lymphocytic	CSF
pleocytosis	and	hypoglycorrhachia.	Coccidioides	immitis,	an	endemic	fungus	of
the	 southwest	 United	 States	 commonly	 has	 a	 neutrophil	 predominance,	 and
while	not	common,	presence	of	eosinophils	 is	highly	suggestive	of	diagnosis.55
Cryptococcus	neoformans	 is	 a	major	 cause	 of	meningitis	 among	 patients	with
immunosuppressive	 conditions,	 though	 it	 can	 occur	 in	 normal	 hosts.
Cryptococcus	 gatti	 is	 an	 emerging	 cause	 of	 cryptococcal	 meningitis	 in
immunocompetent	 hosts.56	 Cryptococcal	 antigen	 assay	 of	 the	 CSF	 provides	 a
sensitive	means	of	diagnosis.57

Parameningeal	foci	of	infection,	including	epidural	abscess,	can	present	with
a	 purulent	 CNS	 profile,	 usually	 with	 elevated	 protein	 and	 a	 normal	 glucose
concentration.58	 A	 brain	 abscess	 that	 has	 ruptured	 into	 the	 ventricles	 may
duplicate	 the	 clinical	 picture	 of	 bacterial	 meningitis.	 Localizing	 neurologic
findings	or	isolation	of	an	anaerobe	or	multiple	organisms	from	the	CSF	should
suggest	one	of	these	diagnoses.28

Noninfectious	 conditions	 can	 cause	meningeal	 signs	 and	CSF	 findings	 that
overlap	with	those	of	bacterial	meningitis.	Drug-induced	meningitis	may	have	a
CSF	 formula	 indistinguishable	 from	 pyogenic	 infection.	 The	 most	 commonly
implicated	 agents	 are	 nonsteroidal	 anti-inflammatory	 drugs,	 antibiotics,
immunomodulatory	 agents,	 and	 antiepileptics.59	 Postneurosurgical	 chemical
meningitis,	 believed	 to	 be	 an	 inflammatory	 reaction	 to	 surgical	 manipulation,
blood,	 or	 bone	 dust,	 can	 present	 with	 a	 CSF	 profile	 similar	 to	 bacterial
meningitis.	Although	 symptoms,	CSF	 leukocytosis,	 and	 hypoglycorrhachia	 are
usually	less	severe,	no	single	parameter	has	been	proven	to	distinguish	between
the	 two	 conditions.	 Given	 the	 risk	 of	 bacterial	 meningitis	 in	 the
postneurosurgical	 population,	 antibiotics	 are	 often	 administered	 until	 CSF
culture	results	are	finalized.19,20,60



Therapy
Bacterial	 meningitis	 requires	 prompt	 initiation	 of	 antimicrobial	 and	 anti-
inflammatory	 therapy,	 aggressive	 control	 of	 the	 potential	 complications,	 and
prevention	of	disease	spread.3	Overall	mortality	 from	bacterial	meningitis	 is	 in
the	range	of	20%	to	30%.39,61	Mortality	rates	are	significantly	influenced	by	both
the	 pathogen,	with	 S.	 pneumoniae	 among	 the	most	 deadly,	 and	 the	 host,	 with
elderly	 patients	 among	 the	 most	 susceptible.9,39	 Consequently,	 most	 patients
should	be	treated	in	an	intensive	care	setting.

Antimicrobial	Therapy
The	 principal	 consideration	 for	 choosing	 an	 antibiotic	 regimen	 for	 bacterial
meningitis	 is	 that	 the	 agent(s)	 reach	 the	 CSF	 in	 concentrations	 that	 are
bactericidal	 for	 the	 likely	 pathogens.	 Table	 80.2	 lists	 recommendations	 for
therapy	of	bacterial	meningitis	in	a	variety	of	clinical	settings.	Initial	therapy	is
usually	 selected	 empirically	 based	 on	 the	 age	 and	 underlying	 condition	 of	 the
patient.	Once	 the	CSF	Gram	stain	result	 is	available,	antimicrobial	 therapy	can
be	targeted	appropriately.

TABLE	80.2

Recommended	Treatment	of	Select	CNS	Infections

Clinical	Situation Recommended	Therapiesa

Empiric	therapy	when	initial	cerebrospinal	fluid	(CSF)	gram	stain
negative	or	delayed

Age	<	1	mo Ampicillin	+	ceftriaxoneb

Age	1	mo	to	50	y Ceftriaxoneb	+	vancomycinc

Age	>	50	y Ampicillin	+	ceftriaxoneb	+	vancomycinc

After	neurosurgery	or
penetrating	cranial	trauma

Vancomycinc	+	cefepimed

Immunosuppression,
alcoholism,	debilitation

Ampicillin	+	ceftriaxoneb	+	vancomycinc



Organism	known,	susceptibility	not	yet	known

Streptococcus	pneumoniae Vancomycinc	+	ceftriaxoneb	+	dexamethasonee

Streptococcus,	group	A	or	B Ampicillin	or	penicillin	G	±	gentamicinf

Enterococcus Ampicillin	or	penicillin	G	±	gentamicinf

Staphylococcus	aureus Vancomycinc

Listeria	monocytogenes Ampicillin	±	gentamicinf

Neisseria	meningitidis Ceftriaxoneb

Haemophilus	influenzae Ceftriaxoneb

Pseudomonas	aeruginosa Cefepimed	plus	tobramycing

Other	gram-negative	bacilli
(eg,	Escherichia	coli,
Klebsiella,	Proteus)

Ceftriaxoneb	plus	gentamicing

CNS,	central	nervous	system;	q12h,	every	12	hours;	q2-4h,	every	2	to	4	hours;	q4h,	every	4
hours;	q8-12h,	every	8	to	12	hours;	q8h,	every	8	hours.
aUsual	daily	doses	(schedules)	for	adults	are	as	follows:	acyclovir	10	mg/kg	IV	every	8	hours;
ampicillin	12	g/d	(q4h);	ceftriaxone	4	g/d	(q12h);	cefepime	6	g/d	(q8h);	dexamethasone
0.15	mg/kg	every	6	hours;	penicillin	G	24	million	U/d	(q2-4h).
bCefotaxime,	8-12	g/d,	given	q4-6h,	is	equally	effective.
cUsual	daily	dose	of	vancomycin	for	adults	is	2-3	g/d,	given	q8-12h,	with	body	weight	guiding	dose
and	creatinine	clearance	guiding	frequency	of	dosing.	Troughs	should	be	monitored	with	a	goal	of
15-20	mg/dL.
dCeftazidime	6	g/d	given	q8h,	may	be	used	as	an	alternative.
eIn	acute	bacterial	meningitis,	dexamethasone	treatment	just	prior	to	antibiotic	therapy	reduces
incidence	of	hearing	loss	in	children	and	reduces	mortality	and	incidence	of	neurologic	sequelae
in	adults.36,61
fAlthough	CSF	penetration	of	aminoglycosides	is	poor,	some	specialists	recommend	their	use	in
these	settings.
gConsideration	should	be	given	to	initial	intrathecal	administration	in	addition	to	intravenous
administration.
From	Brouwer	MC,	McIntyre	P,	Prasad	K,	van	de	Beek	D.	Corticosteroids	for	acute	bacterial
meningitis.	Cochrane	Database	Syst	Rev.	2015(9):CD004405	and	de	Gans	J,	van	de	Beek	D.
Dexamethasone	in	adults	with	bacterial	meningitis.	N	Engl	J	Med.	2002;347:1549-1556.

The	 third-generation	 cephalosporins	 (ceftriaxone	 or	 cefotaxime)	 are	 the



mainstays	 of	 therapy	 for	 community-acquired	 meningitis.	 These	 agents	 are
active	 against	 most	 strains	 of	 S.	 pneumoniae	 and	 provide	 excellent	 coverage
against	 N.	 meningitidis	 and	 gram-negative	 bacilli	 (except	 Pseudomonas
aeruginosa).	 S.	 pneumoniae	 with	 reduced	 susceptibility	 to	 the	 cephalosporins
has	 been	 reported	 but	 this	 organism	 remains	 universally	 susceptible	 to
vancomycin.62	 If	 the	CSF	Gram	 stain	 suggests	 pneumococci	 or	 is	 unrevealing,
vancomycin	 should	be	given	 in	 addition	 to	 the	 cephalosporin	until	 culture	 and
sensitivity	 results	are	available.3	Meropenem	also	demonstrates	activity	against
many,	 but	 not	 all,	 cephalosporin-resistant	 strains	 of	 S.	 pneumoniae	 and	 has
demonstrated	clinical	effectiveness	for	treatment	of	meningitis.62,63

Ampicillin	 (or	 penicillin)	 should	 be	 included	 in	 the	 regimen	 for	 empiric
therapy	 in	 neonates	 (<1	 month	 old),	 individuals	 older	 than	 50	 years,	 patients
with	 alcoholism,	 or	 those	 who	 are	 debilitated	 or	 immunosuppressed,	 for
coverage	of	L.	monocytogenes.14,64	Initial	therapy	for	postneurosurgical	bacterial
meningitis	 should	 include	 vancomycin	 plus	 either	 cefepime	 or	 ceftazidime	 to
provide	 adequate	 coverage	 for	 methicillin-resistant	 staphylococci	 and	 P.
aeruginosa.	 Resistance	 to	 antimicrobials,	 either	 at	 the	 outset	 or	 developing
during	 treatment,	 can	 complicate	 therapy	 for	 gram-negative	 organisms.64	 An
increasing	 number	 of	 cases	 due	 to	 multidrug-resistant	 hospital-acquired
organisms	such	as	Acinetobacter	sp	have	been	reported.65

Few	good	 treatment	 regimens	 exist	 for	 the	 cephalosporin-intolerant	 patient.
Consequently,	 a	 trial	 of	 the	 third-generation	 cephalosporins	 (or	 meropenem)
should	 be	 strongly	 considered	 unless	 there	 is	 a	 documented,	 serious	 allergy.
Vancomycin	 is	 the	 preferred	 alternative	 for	 treatment	 of	 pneumococcal
meningitis.	Moxifloxacin	has	activity	against	pneumococci,	meningococci,	and
H.	influenzae	and	has	shown	promise	in	animal	models,	but	clinical	experience
is	 limited.3	 Trimethoprim–sulfamethoxazole	 is	 effective	 for	 the	 treatment	 of
meningitis	 caused	 by	L.	monocytogenes	 and	many	 gram-negative	 bacilli	 other
than	P.	aeruginosa.66

If	S.	pneumoniae	 is	isolated,	therapy	should	be	adjusted	based	on	the	results
of	 drug	 susceptibility	 testing.	 Fully	 susceptible	 organisms	 can	 be	 treated	with
third-generation	 cephalosporin	 alone.	For	 resistant	 organisms,	vancomycin	 and
cephalosporin	 should	 be	 continued	 and	 the	 addition	 of	 rifampin	 considered.3
Continued	clinical	 instability	after	48	hours	of	appropriate	antibiotic	 therapy	 is
an	indication	for	repeat	LP.3	Repeat	CSF	samples	should	have	a	negative	Gram
stain	and	culture	after	at	least	24	hours	of	effective	antibiotic	therapy.28

The	 recommended	duration	of	antimicrobial	 therapy	 for	meningitis	depends
on	 the	 etiology	 and	 the	 clinical	 response.	 For	 infection	 with	H.	 influenzae	 or
meningococci,	 7	 to	 10	 days	 of	 therapy	 is	 adequate.	 S.	 pneumoniae	 is	 usually



treated	for	10	to	14	days,	but	longer	durations	may	be	needed	for	drug-resistant
organisms.	Gram-negative	 bacillary	meningitis	 is	 typically	 treated	 for	 3	weeks
and	staphylococcal	disease,	when	accompanied	by	bacteremia,	for	4	to	6	weeks.3

Anti-Inflammatory	Therapy
4 	 The	 role	 of	 endogenous	 mediators	 of	 inflammation	 in	 the	 pathogenesis	 of
meningitis	 has	 provided	 a	 rationale	 for	 the	 use	 of	 anti-inflammatory	 agents.
Dexamethasone	0.15	mg/kg	every	6	hours	for	4	days,	has	been	shown	to	reduce
both	mortality	and	neurologic	sequelae.36,61	This	benefit	appears	to	be	primarily
for	 pneumococcal	 meningitis.67,68	 Dexamethasone	 therapy	 should	 be	 initiated
before	 or	 simultaneously	 with	 the	 first	 antimicrobial	 dose	 in	 patients	 with
suspected	or	confirmed	pneumococcal	meningitis.3,61	The	recommended	duration
of	steroid	therapy	is	4	days,	but	some	studies	of	children	suggest	that	2	days	may
be	 adequate.36,69	 Current	 guidelines	 recommend	 discontinuing	 steroids	 when
bacteria	other	than	S.	pneumoniae	are	isolated.3

The	 benefits	 of	 steroid	 therapy	 seen	 in	 studies	 performed	 in	 industrialized
countries	have	not	been	consistently	observed	in	the	developing	world,	therefore,
adjunctive	dexamethasone	is	not	routinely	recommended	in	these	settings.70,71

Supportive	Therapy
Treatment	 of	 meningitis	 also	 requires	 management	 of	 seizures	 and	 increased
intracranial	 pressure.	 Seizures	 should	 be	 controlled	 by	 anticonvulsants	 as
necessary	(Chapter	151:	Status	Epilepticus,	and	aspiration	and	hypoxia	must	be
prevented).	 Severe	 cerebral	 edema	 with	 evidence	 of	 uncal	 or	 cerebellar
herniation	can	be	managed	with	CSF	drainage,	osmotherapy,	and	steroids.5	Fluid
management	should	be	directed	at	maintenance	of	euvolemia.38

Bacterial	 meningitis	 in	 the	 setting	 of	 CSF	 shunts	 presents	 additional
considerations.	The	highest	rates	of	cure	(>80%)	are	obtained	with	initiation	of
antibiotics,	 removal	 of	 the	 entire	 shunt,	 temporary	 external	 drainage,	 and
replacement	of	 the	shunt	when	follow-up	CSF	cultures	are	negative.	One	stage
removal	 with	 immediate	 replacement	 of	 the	 device	 followed	 by	 antibiotics	 is
associated	with	a	65%	rate	of	cure.	Antibiotics	alone,	usually	only	considered	for
less	 virulent	 organisms	 such	 as	 Cutibacterium	 (formerly	 known	 as
Propionibacterium)	acnes	and	non-aureus	staphylococci,	are	successful	35%	of
the	time.3,19

Infection	Control



Patients	 with	 N.	 meningitidis	 or	 H.	 influenzae	 type	 B	 meningitis	 should	 be
managed	with	 droplet	 precautions	 until	 24	 hours	 after	 initiation	 of	 antibiotics.
Chemoprophylaxis	 is	 recommended	 for	 the	 situations	 described	 next.	 Dosing
and	duration	are	detailed	in	Table	80.3.

TABLE	80.3

Chemoprophylaxis	for	Neisseria	meningitidis	and
Haemophilus	influenzae

Pathogen Antibiotic Dose	and	Duration

N.
meningitidis

Ceftriaxonea Children:	125	mg	single	intramuscular
injection
Adults:	250	mg	single	intramuscular	injection

Ciprofloxacinb 500	mg	as	a	single	dose	in	adults

Rifampin 10	mg/kg	(maximum	dose,	600	mg)	by	mouth
twice	a	day	for	2	d

H.
influenzae

Rifampin 20	mg/kg	(maximum	dose,	600	mg)	by	mouth
once	a	day	for	4	d

aPreferred	agent	in	pregnant	women.
bIn	geographic	areas	where	ciprofloxacin-resistant	N.	meningitidis	has	been	reported,
azithromycin	10	mg/kg	for	children	or	500	mg	for	adults	as	a	single	dose	can	be	used	as	an
alternative.

For	N.	 meningitidis,	 household	 and	 day	 care	 contacts	 as	 well	 as	 hospital
personnel	 who	 have	 performed	 unprotected	 cardiopulmonary	 resuscitation,
intubation,	 or	 suctioning	 should	 receive	 chemoprophylaxis.	 Rifampin,
ciprofloxacin,	 or	 ceftriaxone	 are	 the	 recommended	 agents.13,72	 Meningococcal
vaccines	(quadrivalent	or	serogroup	B,	depending	on	the	setting)	can	be	used	as
an	adjunct	to	chemoprophylaxis	to	prevent	late	secondary	cases	in	contacts	or	to
control	outbreaks	of	disease.13

For	H.	 influenzae	 type	 B	 disease,	 chemoprophylaxis	 is	 recommended	 for
household	contacts	only	if	there	is	at	least	one	child	younger	than	4	years	who	is
not	 fully	 vaccinated	 or	 if	 there	 is	 an	 immunocompromised	 child	 in	 the



household.	In	addition,	if	two	or	more	cases	have	occurred	in	the	same	day-care
group	 within	 60	 days,	 chemoprophylaxis	 is	 recommended.	 Rifampin	 is	 the
recommended	agent.16

ENCEPHALITIS
Encephalitis	 is	 an	 inflammatory	 process	 involving	 the	 brain	 with	 associated
neurological	 dysfunction.73	 Encephalitis	 has	 a	 wide	 range	 of	 clinical
presentations	 including	 overlap	 with	 meningitis	 (ie,	 meningoencephalitis)	 and
includes	both	infectious	and	noninfectious	etiologies.	The	majority	of	infectious
encephalitis	 is	 caused	 by	 viruses	 but	 in	 many	 patients	 the	 etiology	 is	 never
identified.	Although	determining	a	definitive	diagnosis	remains	challenging,	it	is
critical	 to	 identify	 potentially	 treatable	 causes	 of	 encephalitis,	 distinguish
between	 infections	 and	 noninfectious	 etiologies	 and	 determine	 the	 underlying
etiology	 if	 possible,	 which	 can	 provide	 helpful	 prognostic	 and	 epidemiologic
information.

Etiology
5 	The	etiology	of	encephalitis	 is	not	 identified	 in	over	50%	of	all	 cases	 in	 the
United	States.73,74	Viruses	are	the	most	common	etiology	in	cases	with	a	defined
diagnosis,	with	HSV	being	the	most	frequent	cause,	but	others	include	varicella
zoster	 virus	 (VZV),	 enteroviruses,	 EBV,	 human	 herpesvirus	 6	 (HHV-6),	 and
arboviruses.73-78	 Many	 nonviral	 pathogens,	 including	 Mycobacterium
tuberculosis,	 rickettsiae,	Mycoplasma	 pneumoniae,	 Bartonella	 sp,	 Treponema
pallidum,	 Borrelia	 burgdorferi,	 amoebae,	 L.	 monocytogenes,	 and	 Toxoplasma
gondii,	 have	 all	 been	 associated	 with	 the	 syndrome.73-78	 Autoimmune
encephalitis	such	as	anti-N-methyl-D-aspartate	 receptor	 (NMDAR)	may	have	a
similar	 presentation	 to	 infectious	 encephalitis	 and	 is	 increasingly	 recognized,
particularly	 in	 young	 women.73,77,79	 Table	 80.4	 lists	 causes	 of	 infectious
encephalitis	that	are	indigenous	to	the	United	States	and	their	important	clinical
and	epidemiological	features.

TABLE	80.4

Infectious	Etiologies	of	Encephalitis	Indigenous	to	the



United	States78

Etiology
Important
Epidemiologic	and
Clinical	Features

Treatment

Viral

Adenovirus Immunocompromised
hosts

Supportive

Cytomegalovirus
(CMV)

Immunocompromised
hosts,	typically	have
widespread	CMV
disease

Ganciclovir	+	foscarnet

Enteroviruses Late	summer	and
early	fall,	aseptic
meningitis	more
common

Supportive

Epstein-Barr
virus

Also	associated	with
transverse	myelitis

Supportive

Herpes	simplex
virus	(HSV)	1
and	2

HSV-1	more	common
in	adults,	behavior
changes	and	memory
impairment,	high	risk
of	neurologic	sequelae
or	death

Acyclovir

Human	herpes
virus	6

Immunocompromised
hosts,	may	develop
seizures

Ganciclovir	or	foscarnet

Influenza Seasonal,	respiratory
symptoms

Oseltamivir

Measles Unvaccinated	persons,
causes	subacute
sclerosing

±	Ribavirin



panencephalitis

Mumps Unvaccinated	persons Supportive

Rabies	virus Transmitted	by	the
bite	of	an	infected
animal,	agitation,
bizarre	behavior	and
delirium	are	common
features,	only	6
reported	survivors

Supportive

Varicella	zoster
virus

Highest	incidence	in
adults.	Can	occur
without	rash	and	may
have	focal	neurologic
deficits	and	seizures

Acyclovir,	+/-	Steroids

Arboviruses

Eastern	equine
encephalitis

Mosquito	vector,
abrupt	onset	with	high
fatality	rate

Supportive

La	Crosse	virus Mosquito	vector,
rarely	fatal

Supportive

Powassan	virus Tick	vector,	focal
neurologic	findings	in
>50%

Supportive

St.	Louis
encephalitis

Mosquito	vector,	more
severe	in	elderly
patients

Supportive

Venezuelan
equine
encephalitis

Mosquito	vector Supportive

West	Nile	virus Mosquito	vector,
More	severe	in	elderly
and
immunocompromised,

Supportive



abrupt	symptom	onset

Western	equine
encephalitis

Mosquito	vector,	low
case-fatality	rate

Supportive

Bacterial

Bartonella
henselae	(cat
scratch	disease)

Cat	bite	or	scratch,
Encephalopathy
typically	in	children
or	young	adults

Doxycycline,	±	rifampin

Borrelia
burgdorferi
(Lyme	disease)

Tick	vector Ceftriaxone	or	doxycycline80

Ehrlichia	and
Anaplasma

Tick	vector Doxycycline

Listeria
monocytogenes

Neonates,	>50	years,
pregnancy,
immunocompromised.
Causes
rhombencephalitis

Ampicillin	+	gentamicin

Mycobacterium
tuberculosis

Immunosuppressed,
more	common	in
developing	countries

Antituberculous	therapy

Mycoplasma
pneumonia

More	common	in
children

Azithromycin,	doxycycline,	or
fluoroquinolone

Rickettsia
rickettsiae
(Rocky
Mountain
spotted	fever)

Tick	vector,
maculopapular	rash,
altered	mental	status,
seizures

Doxycycline

Treponema
pallidum

Sexual	contact Penicillin

Fungal



Cryptococcus
neoformans

Immunosuppressed,
most	commonly
chronic	meningitis	but
may	present	as
meningoencephalitis

Amphotericin	B	+	flucytosine

Protozoa

Acanthamoeba
species

Immunocompromised,
subacute	presentation,
may	have	focal
neurologic	deficits

Trimethoprim-
sulfamethoxazole	+	rifampin	+	ketoconazole

Naegleria
fowleri

Swimming	in	lakes,
rapid	progression,
high	fatality

Amphotericin	B	plus	other	agents

Toxoplasma
gondii

Immunocompromised,
seizures,	may	have
focal	neurologic
deficits

Pyrimethamine	+	either	sulfadiazine	or
clindamycin

From	Tunkel	AR,	Glaser	CA,	Bloch	KC,	et	al.	The	management	of	encephalitis:	clinical	practice
guidelines	by	the	Infectious	Diseases	Society	of	America.	Clin	Infect	Dis.	2008;47:303-327.

Pathogenesis
Although	HSV	 is	 the	most	 common	 organism	 identified	 in	 encephalitis	 cases,
the	pathogenesis	of	herpes	simplex	encephalitis	(HSE)	is	not	entirely	clear.	The
characteristic	 feature	 of	 HSE	 is	 its	 focal	 nature,	 an	 acute	 hemorrhagic
necrotizing	process	with	a	predilection	for	the	temporal	 lobe.81	HSV	persists	in
the	trigeminal	ganglia	and	is	 thought	 to	 travel	up	to	 the	 trigeminal	or	olfactory
nerves	at	the	time	of	reactivation.81

Arboviruses	 are	 transmitted	 by	 the	 bite	 of	 their	 insect	 vector	 and	 have
seasonal	prevalence	in	summer	and	early	fall.82	The	insect	vector	inoculates	the
arboviruses,	 producing	 viremia.	 The	 organisms	 replicate	 in	 reticuloendothelial
tissues,	 where	 a	 secondary	 viremia	 arises	 and	 infects	 the	 CNS.	 By	 the	 time
encephalitic	 symptoms	 develop,	 the	 virus	 has	 usually	 been	 cleared	 from	 the
circulation	 and	 specific	 antibody	 is	 present,	 facilitating	 diagnosis.82	 Blood
transfusions	 and	 organ	 transplantation	 have	 also	 been	 a	 mechanism	 for



transmission	 of	 WNV.46	 Eastern	 equine	 encephalitis	 is	 the	 most	 virulent
arbovirus,	 causing	 death	 or	 severe	 neurologic	 sequelae	 in	 more	 than	 60%	 of
cases.83

Rabies	virus	reaches	the	brain	by	spreading	up	neural	pathways	from	its	site
of	inoculation,	a	process	that	may	take	weeks	to	months.	Rabies	virus	is	secreted
in	the	saliva	of	infected	animals	and	is	deposited	in	tissues	at	a	bite	site,	although
many	cases	in	North	America	occur	through	unrecognized	bat	bites.84	Human-to-
human	 transmission	 has	 occurred	 through	 organ	 transplantation	 from	 donors
with	undiagnosed	rabies.85	Although	 it	 has	 never	 been	 documented,	 human-to-
human	 transmission	 through	 saliva	 is	 theoretically	 possible;	 therefore,	 patients
should	be	placed	in	strict	isolation.	Prophylaxis	for	rabies	exposure	consists	of	a
combination	 of	 passive	 immunization	with	 rabies	 immunoglobulin	 plus	 active
immunization	with	rabies	vaccine.86

There	 are	 numerous	 noninfectious	 processes	 that	 can	 produce	 a	 clinical
picture	 overlapping	 with	 infection-related	 encephalitis.	 Autoimmune
encephalitis	associated	with	antineuronal	antibodies	fall	into	two	main	subtypes
based	 on	 whether	 they	 bind	 intracellular	 targets	 or	 cell	 surface	 antigens
(NMDAR).87,88	 The	 clinical	 presentation	 of	 the	 two	 forms	 overlap,	 frequently
presenting	with	psychiatric	symptoms,	cognitive	changes,	movement	disorders,
and	seizures,	but	 those	with	 intracellular	 targets	have	a	strong	association	with
an	 underlying	 malignancy.87,88	 CNS	 vasculitis	 or	 sarcoidosis	 may	 manifest	 as
acute	 or	 subacute	 encephalitis.	Although	 the	 underlying	 etiologies	 are	 diverse,
they	share	the	common	feature	of	vessel	wall	inflammation	leading	to	ischemia
and	infarction.89

Diagnosis
The	diagnostic	process	 is	directed	principally	at	 identifying	 treatable	causes	of
encephalitis,	 especially	 HSE,	 nonviral	 pathogens,	 and	 noninfectious
etiologies.73,77,78

History
The	 epidemiologic	 features	 reviewed	 earlier	 (see	 “Pathogenesis”	 section	 and
Table	80.4)	are	major	contributors	to	diagnosis.	A	history	of	foreign	travel	may
widen	 the	 differential	 diagnosis	 beyond	 the	 considerations	 reviewed	 here.
Establishing	 the	 host’s	 immune	 status,	 and	 potential	 for	 occult	 HIV	 infection,
will	also	help	guide	the	diagnostic	workup.73,90	A	history	of	recent	infection	or	a
prominent	component	of	psychiatric	disturbance	or	movement	disorder	raises	the



likelihood	of	immune-mediated	processes.87
Fever	and	headache	are	common	as	well	as	neurologic	symptoms	 including

seizures,	 mania,	 personality	 change,	 and	 other	 neuropsychiatric	 disorders.73,90
Patients	with	HSE	 typically	present	with	 fever	 and	 changes	 in	personality	 and
may	 also	 have	 seizures	 and	 focal	 neurologic	 findings.81	 Aversion	 to	 water,
refusal	to	swallow,	and	delirious	behavior	are	classic	features	of	“furious”	rabies
but	 are	 absent	 in	 20%	 of	 cases	 presenting	 with	 paralytic	 rabies.84	 Flaccid
paralysis	mimicking	poliomyelitis	has	also	been	observed	in	WNV	encephalitis
and	with	certain	enteroviruses.46,91

Physical	Examination
The	 critical	 component	 of	 the	 physical	 examination	 is	 the	 neurological	 exam
including	evaluation	of	mental	status,	any	personality	change	and	 to	determine
whether	a	focal	neurologic	deficit	 is	present,	which	is	commonly	seen	in	HSE.
Presence	 of	 fever	 and	 new	 onset	 seizures	 are	 often	 seen	 with	 encephalitis.
Typical	 skin	 findings	may	 suggest	 diagnoses	 such	 as	Rocky	Mountain	 spotted
fever,	measles,	or	varicella	zoster,	although	VZV	encephalitis	can	occur	without
the	characteristic	rash.78,92

Laboratory	Tests
Analysis	of	CSF	 is	 the	most	 important	diagnostic	procedure;	20	mL	should	be
obtained	 if	 possible,	 with	 5	 to	 10	 mL	 frozen	 for	 possible	 future	 studies.73
Opening	pressure	should	be	measured.73	The	CSF	in	encephalitis	usually	fits	the
aseptic	meningitis	picture	described	earlier.	It	may	be	normal	early	in	the	course
of	 infection	 or	 in	 immunocompromised	 patients.73	 The	 presence	 of	 red	 blood
cells	 suggests	 a	 hemorrhagic	 of	 encephalitis,	 such	 as	 HSE,	 but	 is	 not
diagnostic.81	 Eosinophils	 suggest	 infection	 with	 helminths,	 treponemes,
rickettsiae,	Coccidiodes,	T.	gondii,	or	M.	pneumoniae.78

Given	 its	 prevalence	 and	 the	 availability	 of	 specific	 therapy,	 PCR	 for	HSV
should	be	performed	on	CSF	in	all	cases.78	False-negative	results	can	occur	early
in	the	disease.	A	repeat	HSV	PCR	in	3	to	7	days	is	recommended	if	the	clinical
scenario	remains	consistent	with	HSE	and	no	alternative	diagnosis	has	emerged,
and	testing	for	HSV	intrathecal	antibody	production	can	be	considered	in	cases
with	negative	PCR	despite	high	clinical	suspicion.73

Enteroviral	 PCR	 and	 VZV	 PCR	 should	 be	 sent	 from	 CSF	 for	 most	 adult
cases,	 given	 their	 frequency	 as	 causative	 agents	 of	 encephalitis.	 VZV	 CSF
immunoglobulin	G	(IgG)	and	immunoglobulin	M	(IgM)	may	also	be	necessary



as	 the	 sensitivity	 of	 PCR	 may	 be	 low.73	 CSF	 PCR	 for	 other	 viral	 etiologies
including	EBV,	CMV,	 and	HHV-6	can	 also	be	obtained	but	 false-negative	 and
false-positive	results	are	possible	so	additional	serologic	testing	may	be	needed
as	well	as	evaluation	for	risk	factors	since	encephalitis	due	to	these	pathogens	is
most	 commonly	 seen	 in	 immunocompromised	 patients.73,93	 Chromosomally
integrated	HHV-6	occurs	in	approximately	1%	to	2%	of	patients	and	can	result
in	 the	 detection	 of	HHV-6	DNA	 in	CSF	 in	 the	 absence	 of	 compatible	 clinical
presentation	 although	 interpretation	 of	 these	 results	 can	 be	 difficult	 in
immunosuppressed	patients.94

Treponemal	 testing	 (Venereal	 Disease	 Research	 Laboratory	 test)	 and
cryptococcal	 antigen	 testing	 of	 CSF	 should	 also	 be	 considered	 during	 initial
evaluation.73

When	 evidence	 of	 involvement	 outside	 the	 CNS	 is	 present,	 evaluation	 of
other	 sites	 may	 be	 helpful.	 Respiratory	 viral	 testing	 or	 cultures	 should	 be
pursued	in	patient	with	respiratory	symptoms,	culture	and	enteroviral	testing	of
stool	in	patients	with	diarrhea,	and	skin	biopsy	in	patients	with	lesions.73	PCR	of
serum	can	aid	the	diagnosis	of	ehrlichiosis,	whereas	PCR	of	lymph	node	tissue
can	detect	B.	henselae.78

Serological	testing	(acute	and	convalescent	phase)	is	used	for	the	diagnosis	of
most	 arboviral	 infections	 listed	 in	Table	80.4.	 Comparison	 of	 a	 stored	 sample
from	the	acute	phase	of	infection	to	a	convalescent	sample	obtained	2	to	4	weeks
later	 with	 a	 fourfold	 titer	 increase	 is	 needed	 to	 establish	 the	 diagnosis.78	 CSF
IgM	testing	is	also	available	and	preferred	for	WNV	and	St.	Louis	encephalitis.78
In	 arboviral	 infection,	 antibody	 is	 usually	 present	 at	 the	 onset	 of	 neurological
signs	 and	 is	 sufficiently	 rare	 in	 the	 general	 population	 to	 permit	 presumptive
diagnosis.78	The	presence	of	antibody	to	T.	pallidum,	B.	burgdorferi,	Rickettsia,
or	 Ehrlichia	 may	 reflect	 prior	 infection	 but	 is	 sufficient	 evidence	 to	 warrant
treatment.78,90

For	 rabies,	 the	 reference	 standard	 is	 detection	 of	 viral	 nucleocapsid	 by
fluorescent	 antibody	 staining	 of	 brain	 tissue,	 but	 this	 is	 often	 only	 obtained
postmortem.	Premortem	diagnostic	 techniques	exploit	 the	 fact	 that	 rabies	virus
nucleocapsids	are	concentrated	in	the	nerve	endings	surrounding	the	base	of	hair
follicles;	 nuchal	 skin	 biopsy	 followed	 by	 fluorescent	 staining	 or	 reverse
transcriptase	PCR	for	virus	has	the	highest	sensitivity.95

Diagnosis	of	amebic	encephalitis	due	to	N.	fowleri,	Balamuthia	mandrillaris,
and	Acanthamoeba	spp	remains	challenging.	N.	fowleri	can	be	observed	on	CSF
wet	 mount.73	 The	 CDC	 can	 support	 diagnostic	 testing	 that	 can	 include
immunohistochemistry	and	PCR	testing.53,73

Although	 they	 share	 no	 distinct	 profile,	 patients	 with	 encephalitis	 due	 to



noninfectious	 causes	 generally	 have	 lower	 CSF	 white	 blood	 cell	 counts	 and
protein	levels.76	Recurrent	encephalitis,	patients	with	cerebellar	dysfunction,	and
presentations	with	psychotic	features	are	somewhat	more	likely	to	be	secondary
to	 noninfectious	 etiologies.76	 Oligoclonal	 bands	 and	 abnormal	 IgG	 index	 are
often	 present	 in	 the	CSF	 in	 immune-mediated	 encephalitis	 so	 these	 should	 be
included	in	initial	encephalitis	evaluations.73	CSF	assays	for	known	antineuronal
antibodies	should	be	performed.88

Neuroimaging,	 preferably	 MRI,	 is	 recommended	 for	 the	 evaluation	 of	 all
patients	 with	 suspected	 encephalitis.73,78	 The	 findings	 in	 viral	 encephalitis	 are
most	 often	 nonspecific,	 but	 the	 identification	 of	 mass	 lesions	 or	 infarcts	 will
redirect	the	diagnostic	workup	toward	brain	abscess,	vasculitis,	or	endocarditis.
The	 finding	 of	 focal	 encephalitis,	 particularly	 involving	 the	 temporal	 lobes,	 is
suggestive	of	HSE,73,78	though	VZV	encephalitis	can	have	similar	neuroimaging
features.92	Characteristic	abnormalities	may	not	be	 seen	 initially;	 if	 the	clinical
suspicion	is	high,	imaging	studies	should	also	be	repeated	after	several	days.

Electroencephalography	(EEG)	may	provide	early	clues	to	a	diagnosis	before
imaging	changes	are	apparent,	but	the	abnormalities	usually	are	less	specific.	In
patients	with	HSE,	80%	have	a	temporal	focus,	although	serial	studies	are	often
required	 to	 detect	 these	 changes.73,90	 Normal	 EEG	 is	 associated	 with	 better
prognosis.96

With	 the	 advent	 of	 new	 molecular	 approaches	 and	 improved	 serologic
diagnostics,	 brain	 biopsy	 is	 less	 commonly	 performed.	 However,	 it	 should	 be
considered	 in	 selected	 situations	 and	 patients	 with	 encephalitis	 of	 unknown
etiology.97,98	Appropriate	patient	selection	is	important,	and	neuroimaging	should
be	 used	 to	 guide	 sampling	 of	 abnormal	 tissue.98	 Specimens	 should	 be	 sent
directly	for	culture,	PCR,	sequencing,	and	immunofluorescence	as	well	as	fixed
for	routine	histology	with	staining	for	pathogen	detection	as	well	as	evaluation
for	noninfectious	etiologies.78,97,98

Therapy
Empiric	 therapy	with	 acyclovir	 (10	mg/kg	 every	 8	 hours	 in	 adults)	 should	 be
initiated	 in	 all	 patients	 with	 encephalitis	 pending	 results	 of	 the	 diagnostic
workup	 for	 HSE.78	 Subsequent	 management	 depends	 on	 the	 clinical	 response
and	HSV	PCR	results.	Total	duration	of	therapy	in	confirmed	HSE	is	at	least	14
to	 21	 days.78	 Repeat	 HSV	 PCR	 is	 recommended	 prior	 to	 stopping	 therapy	 in
HSE	patients	who	continue	to	exhibit	encephalitic	features,	with	continuation	of
acyclovir	 if	 the	 repeat	 PCR	 is	 positive.78	 HSV	 resistance	 to	 acyclovir	 in
immunocompetent	 adults	 is	 rare.99	 There	 is	 no	 benefit	 to	 continuing	 extended



oral	 therapy	 with	 valacyclovir	 after	 completion	 of	 intravenous	 acyclovir
therapy.100

Antiviral	 therapy	 may	 be	 efficacious	 for	 some	 non-HSE	 forms	 of	 viral
encephalitis.	Although	efficacy	has	not	been	established	 in	 large	clinical	 trials,
acyclovir	 therapy	 is	 recommended	 for	 VZV	 encephalitis	 based	 on	 limited
evidence	of	 improved	outcomes	in	small	case	series.78	Antiviral	 therapy	is	also
recommended	 for	CMV	encephalitis	 as	well	 as	HHV-6	encephalitis,	 especially
for	immunocompromised	patients.78

Specific	 therapy	 is	 available	 for	 most	 nonviral	 infectious	 causes	 of
encephalitis	as	outlined	in	Table	80.4	and	pathogen	directed	 therapy	should	be
started	 if	 there	 is	 a	 high	 suspicion	 or	 at	 the	 time	 of	 diagnosis.78	 Empiric
doxycycline	 therapy	 should	 be	 considered	 for	 patients	 presenting	with	 clinical
suspicion	of	rickettsial	or	ehrlichial	diseases	during	the	summer	months.78

For	 immune-mediated	 encephalitis,	 treatment	 of	 paraneoplastic	 syndromes
relies	upon	treatment	of	the	underlying	malignancy	triggering	the	cross-reactive
response	 in	 combination	 with	 immune	 modulating	 therapies.88	 For	 syndromes
caused	 by	 antibodies	 binding	 cell	 surface	 antigens,	 antibody	 removal	 and/or
suppression	of	the	immune	response	can	yield	clinical	improvement.88

Treatment	 for	 most	 cases	 of	 encephalitis	 is	 supportive,	 with	 particular
attention	 to	 the	 management	 of	 cerebral	 edema	 and	 seizures,	 including	 status
epilepticus	 (Chapter	 151:	Status	Epilepticus).101	 Patients	with	 encephalitis	who
are	 age	 65	 years	 or	 older	 are	 at	 increased	 risk	 for	 poor	 clinical	 outcomes.102
Intubation	 may	 frequently	 be	 necessary	 for	 airway	 protection	 but	 prolonged
intubation	and	ICU	stay	can	increase	the	risk	of	nosocomial	infections	including
pneumonia.

BRAIN	ABSCESS

Etiology	and	Pathogenesis
Brain	abscesses	most	commonly	arise	in	the	setting	of	a	predisposing	factor	such
as	 immunosuppression,	contiguous	 focus	of	 infection,	disruption	of	 the	natural
protective	barriers	of	 the	brain,	or	bacteremia.	The	abscess	etiology	 is	strongly
influenced	by	 these	predisposing	 factors.	 In	 the	 setting	of	 immunosuppression,
brain	 abscesses	 are	 more	 likely	 to	 be	 caused	 by	 atypical	 bacteria	 such	 as	M.
tuberculosis	and	Nocardia	or	nonbacterial	causes	such	as	fungi	(Aspergillus	 sp)
or	 parasites	 (T.	 gondii,	 Ancathamoeba	 sp).	 Infections	 following	 neurosurgical



procedures	or	head	trauma	are	commonly	caused	by	skin	flora	or	gram-negative
bacilli.	Abscesses	caused	by	spread	from	contiguous	foci	are	often	streptococci,
though	S.	aureus	and	polymicrobial	infections	including	anaerobes	are	also	seen.
Hematogenously	 seeded	 abscesses	 are	 commonly	 staphylococcal	 and
streptococcal	species,	 though	anaerobes	(such	as	Fusobacterium	necroforum	 in
Lemierre	 syndrome),	 Nocardia,	 and	 other	 pathogens	 can	 also	 hematogenously
seed	the	CNS.28	Sequencing	of	16S	ribosomal	RNA	from	brain	abscess	aspirates
has	revealed	a	more	diverse	array	of	organisms	than	had	previously	been	isolated
in	culture.103

For	the	development	of	brain	abscesses,	initial	infection	of	brain	tissue	leads
to	 a	 focus	 of	 inflammation	 known	 as	 early	 cerebritis.	 This	 area	 appears
hypodense	on	CT	scan	and	will	enhance	with	contrast	administration.	The	area
of	cerebritis	expands	and	develops	a	central	area	of	necrosis	in	the	late	cerebritis
stage.	 A	 ring-enhancing	 wall	 of	 well-vascularized	 tissue	 then	 separates	 the
necrotic,	 infected	 area	 from	 healthy	 surrounding	 tissue	 as	 the	 abscess	matures
into	the	capsule	stage.28,45

Diagnosis
6 	 Brain	 abscess	 usually	 presents	 more	 as	 a	 focal	 mass	 lesion	 with	 headache,
seizures,	or	neurological	deficit;	fever	is	often	absent.28	Cranial	CT	or	MRI	aids
localization	of	 abscesses,	 staging	 the	disease,	 and	evaluation	of	 the	underlying
cause.45	Blood	and	CSF	cultures	are	positive	in	25%	of	brain	abscesses,	but	LP	is
contraindicated	 for	 most	 cases	 due	 to	 potential	 mass	 effects.	 Drainage	 of
contiguous	 foci	with	material	 sent	 for	 culture	 is	 crucial	 for	both	 treatment	 and
diagnosis.	 If	 the	 causative	 agent	 has	 not	 been	 identified	 from	 other	 sources,
aspiration	 of	 the	 brain	 abscess	 itself	 is	 indicated.	 Aspirate	 should	 be	 sent	 for
Gram	 stain,	 aerobic,	 and	 anaerobic	 cultures	 in	 all	 cases.	 If	 risk	 factors	 for
tuberculosis	are	present,	mycobacterial	stain	and	culture	should	be	performed.	If
the	 patient	 is	 immunosuppressed,	 cultures	 for	 Nocardia	 and	 fungi	 should	 be
performed	along	with	PCR	for	T.	gondii.28

Therapy
Initial	antimicrobial	therapy	should	be	based	on	the	pathogens	predicted	by	the
probable	underlying	source.	Unless	a	diagnostic	aspiration	is	 imminent	and	the
patient	is	stable,	empiric	therapy	should	not	be	delayed	pending	culture	as	rapid
decompensation	can	occur.	Standard	empiric	therapy	consists	of	ceftriaxone	plus



metronidazole	 to	 provide	 coverage	 for	 aerobic	 gram-positive	 cocci,	 anaerobes,
and	 aerobic	 gram-negative	 bacilli.	 Antistaphylococcal	 therapy	 may	 also	 be
required	if	S.	aureus	is	in	the	differential	diagnosis.	Postneurosurgical	abscesses
should	 be	 treated	 with	 vancomycin,	 cefepime,	 and	 metronidazole	 as	 initial
therapy.	Patients	with	HIV	should	have	therapy	for	toxoplasmosis	added	if	they
have	 a	 history	 of	 a	 positive	 serology.	Empiric	 therapy	 for	Nocardia	 and	 fungi
should	 be	 considered	 in	 initial	management	 of	 transplant	 patients.	Duration	 of
therapy	is	not	well	defined.	Most	bacterial	brain	abscesses	require	a	prolonged	6-
to	8-week	course	of	intravenous	antibiotics	with	serial	cranial	imaging	to	assess
response	to	therapy.28,104

Prolonged	 antimicrobial	 therapy	 alone	 is	 curative	 for	 some	 patients,
especially	when	the	lesions	are	small	(<2.5	cm)	and	do	not	have	a	well-defined
capsule	 by	CT	 criteria,	 however,	 in	 the	 absence	 of	 a	 contraindication,	 prompt
aspiration	 of	 the	 abscess	 contents	 using	 CT-guided	 stereotactic	 techniques	 is
usually	recommended.	This	provides	confirmation	of	the	diagnosis,	material	for
culture,	and	possible	adequate	drainage	of	the	focus	of	infection.	In	patients	with
multiple	abscesses,	the	largest	lesions	are	usually	aspirated.28

PARAMENINGEAL	FOCI

Subdural	Empyema
Subdural	 empyema	 usually	 arises	 from	 the	 same	 foci	 as	 brain	 abscess	 or	 as	 a
complication	of	meningitis.38,105	The	 infection	spreads	 through	venous	drainage
into	 intracranial	vessels,	which	course	 through	 the	subdural	space.	The	clinical
features	 of	 subdural	 empyema	 are	 caused	 by	 local	 inflammation	 and	 cerebral
edema,	 leading	 to	 increased	 intracranial	 pressure	 and	 herniation.	 Patients
demonstrate	 depression	 of	 consciousness,	 hemiplegia,	 focal	 seizures,
papilledema,	 and	 meningitic	 signs.105	 MRI	 is	 the	 most	 sensitive	 diagnostic
modality.45	Urgent	surgical	decompression	and	drainage	is	needed	in	addition	to
antibiotic	therapy.105

Dural	Sinus	Thrombophlebitis
Major	 dural	 sinus	 thrombophlebitis	may	occur	 during	pyogenic	meningitis	 but
more	 often	 arises	 from	 contiguous	 spread	 of	 sinusitis,	 mastoiditis,	 dental
abscess,	otitis	media,	or	facial	skin	and	soft	tissue	infection.106,107	S.	aureus	is	the



most	 common	 pathogen	 identified	 followed	 by	 S.	 pneumoniae,	 other
streptococci,	 gram-negative	 organisms,	 and	 anaerobes.107	 Clinical	 signs	 and
symptoms	vary	with	the	thrombus	location	but	patients	are	typically	acutely	ill,
toxic,	 and	 febrile.107	 Cavernous	 sinus	 thrombosis	 is	 the	 most	 common	 with
proptosis,	 marked	 chemosis,	 and	 ophthalmoplegia	 present	 in	 nearly	 all	 cases.
Sagittal	 sinus	 thrombophlebitis	 may	 cause	 seizures	 and	 hemiplegia,	 whereas
sigmoid	 sinus	 thrombophlebitis	may	give	no	neurologic	 signs	but	 can	produce
persistent	 fever	 in	a	case	of	chronic	otitis	media	and	mastoiditis.106,107	Contrast
CT	and	MRI	are	the	preferred	imaging	modalities	to	demonstrate	thrombosis	of
the	 dural	 sinuses.	 Early	 antibiotic	 therapy	 and	 surgery	 for	 the	 primary	 site	 of
infection	 are	 the	 mainstays	 of	 therapy.	 The	 merits	 of	 anticoagulation	 are
controversial	 due	 to	 the	 propensity	 of	 venous	 infarcts	 to	 become
hemorrhagic.106,107

Spinal	Epidural	Abscess
Spinal	epidural	abscess	is	an	infection	that	may	be	seeded	during	bacteremia	or
occur	as	a	complication	of	vertebral	osteomyelitis	or	surgery.	More	than	half	of
cases	 are	 caused	 by	 S.	 aureus	 and	 is	 more	 commonly	 seen	 elderly	 and
immunocompromised	 patients	 as	 well	 as	 persons	 who	 inject	 drugs	 and	 those
with	indwelling	catheters.58,108

7 	Back	pain	is	the	most	common	symptom	and	patients	may	also	have	fever
and	 neurologic	 deficits,	 though	 many	 patients	 do	 not	 demonstrate	 all	 three
symptoms.108	 Most	 patients	 have	 elevated	 C-reactive	 protein	 or	 erythrocyte
sedimentation	rate	and	approximately	60%	have	positive	blood	cultures.108	Early
recognition	of	epidural	abscess	is	critical	because	neurological	deterioration	may
be	 rapid	 and	 irreversible.	MRI	 should	 be	 performed	quickly	 to	 distinguish	 the
extent	of	spinal	involvement	and	to	evaluate	adjacent	structures.58

Immediate	 neurosurgical	 consultation	 is	 mandatory.	 The	 goals	 of	 prompt
surgical	 intervention	are	 to	prevent	or	relieve	paraplegia	and	to	obtain	material
for	 microbiological	 diagnosis.	 A	 nonoperative	 approach	 has	 been	 used	 with
increasing	frequency,	particularly	for	patients	with	poor	medical	condition	or	if
the	neurological	condition	is	stable	and	a	microbial	etiology	is	identified	quickly
from	 cultures	 of	 blood	 or	 aspirated	 material.109	 However,	 the	 neurological
condition	 may	 deteriorate	 rapidly	 even	 after	 several	 weeks	 of	 antimicrobial
therapy.	MRI	scanning	and	neurosurgical	consultation	should	be	available	on	an
urgent	basis	for	patients	who	are	managed	nonoperatively.

Blood	cultures	and	image-guided	abscess	aspirate	cultures	should	be	obtained
prior	 to	 initiation	 of	 antibiotic	 therapy	 in	 neurologically	 stable	 patients	 unless



signs	of	impending	sepsis	are	present.58	Antistaphylococcal	antibiotics	should	be
started	after	cultures	are	obtained;	gram-negative	coverage	should	be	considered
in	 persons	 who	 inject	 drugs	 or	 patients	 with	 risk	 factors	 for	 gram-negative
pathogens.	Antibiotic	therapy	is	adjusted	based	on	the	results	of	Gram	stains	and
cultures,	and	should	be	continued	for	a	minimum	of	6	weeks	with	close	clinical
monitoring	and	serial	measurement	of	inflammatory	markers.58

Management	 of	 CNS	 infections,	 based	 on	 randomized	 controlled	 trials	 or
meta-analyses,	is	summarized	in	Table	80.5.

TABLE	80.5

Summary	Recommendations	for	Management	of	Central
Nervous	System	Infections	Based	on	Randomized
Controlled	Clinical	Trials

Dexamethasone	treatment	begun	just	prior	to	the	institution	of	antibiotic
therapy	reduces	the	incidence	of	hearing	loss	in	children	with	acute
bacterial	meningitis.36
Outcome	of	2	vs	4	d	of	therapy	with	dexamethasone	was	equivalent	in
childhood	bacterial	meningitis.69
Dexamethasone	treatment	begun	just	prior	to	the	institution	of	antibiotic
therapy	reduces	mortality	and	the	incidence	of	neurologic	sequelae	in	adults
with	acute	bacterial	meningitis.36,61
Silver-impregnated	external	ventricular	catheters	reduce	the	incidence	of
central	nervous	system	infection	compared	with	plain	catheters.25
Acyclovir	treatment	reduces	the	mortality	and	the	incidence	of	neurologic
sequelae	in	herpes	simplex	virus	encephalitis.
Following	completion	of	a	standard	course	of	intravenous	acyclovir	for
herpes	simplex	encephalitis,	an	extended	course	of	oral	valacyclovir	did	not
improve	neurologic	outcomes.100
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	76-year-old	man	with	a	history	of	hypertension	and	well-controlled
diabetes	mellitus	presents	to	the	emergency	department	with	a	severe	headache.
He	notes	he	had	an	infected	tooth	removed	2	weeks	ago.	At	the	time	of	your
exam	he	is	afebrile,	hemodynamically	stable,	and	nontoxic	appearing.	MRI	of
the	brain	is	notable	for	a	large	rim-enhancing	fluid	collection	greater	than	5	cm
in	its	largest	dimension.	What	is	the	most	appropriate	next	step	in	management
while	awaiting	neurosurgical	consultation?

A. 	Collect	blood	cultures,	hold	antibiotics	until	microbiologic	data	from
surgical	drainage
B. 	Collect	blood	cultures,	initiate	empiric	vancomycin,	ceftriaxone,	and
metronidazole
C. 	Collect	blood	cultures,	perform	lumbar	puncture	for	microbiologic
data
D. 	Collect	blood	cultures,	start	empiric	therapy	for	Toxoplasmosis

2. 	A	36-year-old	woman	with	no	past	medical	history	is	brought	to	the
emergency	department	following	a	witnessed	seizure	at	home.	She	remains
confused	at	the	time	of	your	exam.	There	is	no	nuchal	rigidity.	Noncontrast	head
CT	is	unremarkable.	Lumbar	puncture	is	performed	with	CSF	studies	notable	for
normal	opening	pressure,	normal	glucose	concentration,	slightly	elevated	protein
concentration	and	greater	than	100	WBCs,	all	lymphocytes.	Vancomycin,
ceftriaxone,	and	acyclovir	are	initiated.	Follow-up	MRI	of	the	brain	with
contrast	demonstrates	enhancement	of	the	right	temporal	lobe.	What	is	the	most
likely	diagnosis?

A. 	Acute	bacterial	meningitis
B. 	Herpes	simplex	virus	(HSV)	encephalitis
C. N-methyl-D-aspartate	receptor	(NMDAR)	encephalitis
D. Toxoplasma	gondii	encephalitis

3. 	A	67-year-old	woman	with	past	medical	history	of	hypertension	on
amlodipine	is	brought	to	the	emergency	department	by	her	spouse	because	of
fever	and	worsening	headache	over	the	last	24	hours.	At	presentation,	she	is



febrile,	tachycardic,	and	hemodynamically	stable	with	normal	oxygenation
saturation	on	room	air.	Exam	is	notable	for	nuchal	rigidity.	The	remainder	of	her
exam	is	unremarkable.	Blood	cultures	are	obtained.	Bedside	lumbar	puncture
was	unsuccessful	and	will	be	attempted	again	under	fluoroscopy,	but	this	will	not
be	available	until	tomorrow.	Based	on	the	patient’s	age	and	clinical	presentation,
what	is	the	most	appropriate	management?

A. 	Vancomycin	and	ceftriaxone
B. 	Vancomycin,	ceftriaxone,	and	ampicillin
C. 	Vancomycin,	ceftriaxone,	ampicillin,	and	dexamethasone
D. 	No	antibiotics	until	CSF	sampling

Answers

1.	The	correct	answer	is	B.
Rationale:	 This	 patient	 has	 a	 brain	 abscess	 following	 recent	 odontogenic

infection	and	requires	urgent	treatment	(choice	B	is	correct).	Common	pathogens
would	 include	 streptococcal	 species	 and	 anaerobic	 bacteria.	 Brain	 abscesses
typically	 present	 more	 as	 a	 focal	 mass	 lesion	 with	 headache,	 seizures,	 or
neurologic	deficit.	Fever	is	often	absent.	Blood	cultures	can	occasionally	aid	in
diagnosis,	 though	 with	 large	 lesions	 surgical	 drainage	 is	 preferred	 for	 both
treatment	 and	 diagnosis.	 But	 waiting	 to	 treat	 (choice	 A)	 would	 be	 incorrect.
Lumbar	puncture	(choice	C)	is	contraindicated	in	most	cases	due	to	the	presence
of	a	space-occupying	lesion.	Toxoplasmosis	(choice	D)	is	on	the	differential	for
those	with	 ring-enhancing	 lesions	 on	 brain	 imaging,	 though	 in	 the	 absence	 of
HIV	or	immune	suppression	as	a	risk	factor,	this	is	less	likely.

2.	The	correct	answer	is	B.
Rationale:	 While	 there	 is	 significant	 overlap	 between	 meningitis	 and

encephalitis,	 alteration	 of	 brain	 function	 is	 more	 characteristic	 of	 encephalitis
and	 seizures	 can	 be	 common.	 Notable	 findings	 in	 her	 CSF	 studies	 include
presence	of	WBCs,	specifically	lymphocytes	and	a	normal	glucose,	supporting	a
viral	 cause	 (HSV,	 choice	 B,	 is	 correct).	 In	 bacterial	 meningitis	 (choice	 A),
neutrophil	 predominance	 and	 low	 glucose	 concentration	 would	 be	 expected.
Immune-mediated	encephalitis,	such	as	NMDA	receptor	encephalitis	(choice	C),
is	 certainly	 part	 of	 the	 differential	 diagnosis,	 though	 the	 temporal	 lobe
enhancement	seen	on	MRI	would	point	toward	HSV	as	more	likely.	No	history
of	 HIV	 or	 other	 immune	 suppression	 is	 given,	 thus	 making	 Toxoplasma



encephalitis	(choice	D)	less	likely.

3.	The	correct	answer	is	C.
Rationale:	This	patient	has	history	and	examination	are	consistent	with	acute

bacterial	meningitis,	with	rapid	onset	of	fever,	headache,	and	nuchal	rigidity	on
exam.	 Ideally	 lumbar	 puncture	 for	CSF	 evaluation	would	 be	 obtained	 prior	 to
administering	 antimicrobial	 therapy.	 However,	 if	 there	 is	 a	 delay	 in	 obtaining
CSF	 then	 empiric	 therapy	 should	 be	 administered	 promptly,	 preferably	 after
collection	of	blood	cultures.	The	most	common	pathogens	implicated	in	bacterial
meningitis	 in	 this	 patient’s	 age	 group	 would	 be	 Streptococcus	 pneumoniae	 or
Neisseria	meningitidis,	both	 treated	with	ceftriaxone.	Vancomycin	 is	 added	 for
coverage	 of	 possible	 nonsusceptible	 strains	 of	 Streptococcus	 pneumoniae.	 In
patients	 50	 years	 old	 or	 older,	 ampicillin	 should	 be	 added	 for	 coverage	 of
Listeria	 monocytogenes.	 Adjunctive	 dexamethasone	 should	 be	 initiated	 in	 all
adult	 patients	with	 suspected	 or	 proven	pneumococcal	meningitis.	This	 should
be	given	prior	 to,	or	 concomitant	with,	 the	 first	dose	of	 antibiotics	and	can	be
discontinued	if	another	pathogen	is	identified.
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Chapter	81
Tuberculosis
Michelle	K.	Haas,	Robert	W.	Belknap

KEY	POINTS:
1.	 Tuberculosis	(TB)	remains	a	common	cause	of	infection	and	disease

globally.
2.	 Diagnosing	TB	requires	maintaining	an	index	of	suspicion	based	on

clinical	presentation	and	epidemiologic	risk.
3.	 Nucleic	acid	amplification	tests	(NAATs)	are	important	tools	for

rapidly	diagnosing	TB	and	detecting	drug	resistance	but	are	not	a
replacement	for	acid-fast	bacilli	(AFB)	cultures.

4.	 Tissue	specimens	for	AFB	smear	and	culture	should	be	obtained
when	extrapulmonary	TB	is	suspected.

5.	 The	interferon-gamma	release	assays	(IGRAs)	and	tuberculin	skin
test	(TST)	should	never	be	used	as	the	primary	test	to	decide
whether	to	collect	specimens	for	AFB	in	a	patient	with	symptoms.

6.	 Empiric	TB	treatment	despite	negative	initial	tests	should	be
considered	for	critically	ill	patients	who	do	not	have	an	alternative
diagnosis.

INTRODUCTION
1 	 Tuberculosis	 (TB)	 continues	 to	 cause	 significant	 morbidity	 and	 mortality
worldwide.	In	2019,	an	estimated	10	million	people	developed	active	TB	and	1.2
million	 people	 died.1	 Globally,	 incident	 TB	 diagnoses	 and	 deaths	 have	 been
slowly	declining,	but	have	appeared	to	plateau	in	the	United	States.2	Importantly,
TB	 disproportionately	 affects	 people	 who	 have	 limited	 access	 to	 health	 and
social	 resources	 including	 those	 living	 in	 lower-	 and	middle-income	 countries.



Non–US-born	 persons	 and	US-born	 individuals	 who	 identify	 as	 black/African
American,	 Asian,	 or	 Hispanic/Latinx	 experience	 the	 highest	 rates	 of	 TB
highlighting	the	need	to	address	racial	and	ethnic	disparities.

A	sharp	decline	in	TB	diagnoses	in	2020	during	the	coronavirus	disease	2019
(COVID-19)	pandemic	was	likely	the	result	of	delayed	and	missed	TB	diagnoses
with	a	resultant	possible	 increase	 in	preventable	deaths	from	TB.3,4	The	 impact
of	COVID-19	 on	 people	 affected	 by	TB	 is	 estimated	 to	 be	 1.4	million	 excess
deaths	 from	TB	between	2020	and	2025.1	Another	 threat	 to	TB	control	 efforts
worldwide	has	been	 the	 rise	of	drug-resistant	TB.	The	outbreak	of	 extensively
drug-resistant	 (XDR)	TB	 in	 rural	South	Africa	was	associated	with	a	high	and
rapid	mortality.5	In	2019,	an	estimated	500,000	people	had	rifampin-resistant	or
multidrug-resistant	(MDR)	TB	including	17.7%	who	were	previously	treated	and
3.3%	 with	 no	 prior	 treatment.1	 The	 highest	 burden	 of	 drug-resistant	 TB	 is	 in
India,	China,	and	the	Russian	Federation.	Precise	global	estimates	are	not	known
because	 susceptibility	 testing	 is	 not	 widely	 available	 in	 many	 countries,	 a
limitation	that	risks	furthering	the	spread	of	drug-resistant	TB.

Annual	hospitalizations	worldwide	due	to	TB	are	poorly	characterized.	TB	is
a	leading	cause	of	hospitalization	in	people	with	human	immunodeficiency	virus
(HIV)	and	has	an	in-hospital	mortality	of	25%	in	adults	and	30%	in	children	and
is	even	higher	among	those	requiring	intensive	care	unit	(ICU)	level	care.6,7	TB
is	generally	a	slowly	progressive	disease	and	critical	illness	is	often	the	result	of
a	 delayed	 diagnosis.	 Delayed	 diagnoses	 are	 unfortunately	 common	 and	 have
been	 noted	 in	 more	 than	 half	 of	 patients	 admitted	 to	 community	 hospitals.8
Mortality	 remains	 particularly	 high,	 50%	 to	 60%,	 among	 patients	 with	 TB-
associated	respiratory	failure	requiring	mechanical	ventilation.9,10	Others	factors
associated	with	mortality	include	multiorgan	failure,	malnutrition,	renal	failure,
immunosuppression,	and	delayed	diagnosis.9-11

PATHOGENESIS
The	 pathogenesis	 of	TB	 is	 complex	 but	 for	 clinical	 care	 decisions	 is	 typically
divided	into	TB	infection	and	TB	disease.	The	common	risk	factors	for	each	are
listed	in	Table	81.1.	TB	infection,	with	rare	exceptions,	results	from	the	airborne
transmission	of	tubercle	bacilli	after	exposure	to	someone	with	active	pulmonary
TB.12	In	a	susceptible	host,	the	tubercle	bacilli	multiply	after	reaching	the	alveoli
to	produce	a	localized	pneumonia,	spread	to	involve	the	hilar	lymph	nodes,	then
enter	the	bloodstream	through	the	thoracic	duct,	and	disseminate	throughout	the
body.	This	primary	infection	is	usually	asymptomatic	but	can	progress	to	active



disease,	particularly	among	young	children	and	immunosuppressed	adults.	Most
patients	develop	cell-mediated	immunity	to	Mycobacterium	tuberculosis,	which
controls	 the	 infection.	 Despite	 initial	 immunologic	 control	 of	 TB	 infection,
viable	 bacilli	 remain	 in	 scattered	 foci	 as	 latent	 TB	 infection	 (LTBI)	 that	 if
untreated	may	persist	indefinitely.13

TABLE	81.1

Factors	that	Should	Prompt	Consideration	of	TB	in	the
Differential	Diagnosis

Risks	for	TB	Infection

1.	 History	of	active	TB,	particularly	if	never	or	inadequately	treated
2.	 History	of	a	positive	tuberculin	skin	test	or	positive	IGRA	test
3.	 Other	risk	factors	for	infection	(tuberculin	status	unknown)

Immigration	from	countries	with	high	risk	for	TB
Contact	with	known	or	suspected	TB
Presence	of	fibrotic	lung	lesions	compatible	with	inactive	TB
Advanced	age	(living	at	a	time	in	the	United	States	in	which	TB
incidence	was	higher)
Living	or	working	in	a	congregate	setting	(eg,	shelters,	correctional
facilities,	or	nursing	homes)	if	there	has	been	known	transmission	or
an	outbreak

Risks	for	Progression	to	Active	TB
(tuberculin/IGRA	status	positive	or	unknown)

1.	 Known	to	be	living	with	HIV	or	concern	for	HIV	infection
2.	 Other	immunosuppressive	conditions

Tumor	necrosis	factor	α	inhibitors,	high-dose	corticosteroids,	and	other
immunosuppressive	medications

3.	 Recent	TB	infection
4.	 Presence	of	upper	lobe	scars	from	prior	untreated	TB
5.	 Certain	medical	conditions

Diabetes	mellitus



Silicosis
Chronic	renal	failure
Gastrectomy	or	other	conditions	associated	with	weight	loss

HIV,	human	immunodeficiency	virus;	IGRA,	interferon-gamma	release	assay;	TB,	tuberculosis.

Most	people	with	LTBI	never	develop	active	disease.	Progression	from	LTBI
to	active	TB,	termed	reactivation,	is	much	more	frequent	in	people	with	medical
conditions,	particularly	HIV	infection	(Table	81.1).	Patients	with	advanced	HIV
have	a	10	times	greater	risk	compared	to	a	person	without	HIV	while	those	on
effective	antiretroviral	 therapy	 (ART)	still	have	 twice	 the	 risk.	For	most	cases,
reactivation	TB	causes	pulmonary	disease,	but	 it	can	occur	at	any	site	where	a
latent	 focus	 was	 established	 during	 the	 initial	 infection.	 Disseminated	 disease
may	also	occur	and	is	believed	to	result	from	the	erosion	of	a	tuberculous	focus
directly	 into	 a	 blood	 vessel.	 In	 a	 critically	 ill	 patient,	 the	 presence	 of	 any	 risk
factor	 for	 infection	 or	 progression	 should	 prompt	 consideration	 of	 TB	 in	 the
differential	diagnosis.

CLINICAL	MANIFESTATIONS
TB	may	present	as	the	primary	cause	of	a	life-threatening	illness,	but	it	may	also
be	a	coincidental	illness	in	patients	being	reated	for	another	condition10	(Figure
81.1).	The	symptoms	and	signs	of	TB	are	variable	and	depend	upon	the	site	and
extent	 of	 disease.9,10	 The	 history	 of	 a	 chronic,	 progressive	 illness	 with	 fever,
night	 sweats,	 and	 weight	 loss,	 with	 or	 without	 a	 chronic	 cough,	 is	 most
suggestive	of	TB.	However,	many	patients	requiring	intensive	care	will	present
with	acute	respiratory	failure	or	sepsis.	Cough	duration	is	a	poor	predictor	of	TB,
particularly	 in	 people	with	HIV,	 and	 should	 not	 be	 used	 alone	 to	 exclude	 TB
from	the	differential	diagnosis.14



	

Figure	 81.1 	 Chest	 radiograph	 of	 a	 41-year-old	 patient
experiencing	 homelessness	 who	 was	 hospitalized	 with	 multiple
fractures,	 including	 the	 right	 clavicle,	 after	 being	 hit	 by	 a	 car.The
patient	 denied	 all	 respiratory	 symptoms	 despite	 having	 extensive
bilateral	 upper	 lobe	 fibronodular	 and	 cavitary	 disease.	 Sputum
samples	were	smear	positive	and	grew	Mycobacterium	tuberculosis.

Pulmonary	TB
Pulmonary	TB	is	 the	most	 common	 form	of	disease	occurring	 in	 two-thirds	 to
three-fourths	of	people	diagnosed	every	year.2	Acute	respiratory	failure	occurs	in
2%	to	13%	of	patients	hospitalized	due	 to	TB	and	 is	 the	most	common	reason
that	 someone	with	TB	 is	 admitted	 to	 an	 ICU.11,	Chronic	 cough	 and	 fevers	 are
usually	present	but	other	symptoms	suggestive	of	pulmonary	TB	include	weight
loss,	 dyspnea,	 and	 hemoptysis.	 Of	 note,	 dyspnea	 may	 be	 minimal	 despite
extensive	 lung	 involvement.	 Hemoptysis	 occurs	 in	 about	 20%	 of	 patients	 and
occasionally	 can	 be	 massive.	 Pulmonary	 TB	 may	 also	 be	 asymptomatic,
occurring	 among	 patients	with	 primarily	 extrapulmonary	 disease,	 or	may	 be	 a
coincidental	finding	(Figure	81.1).

Disseminated	TB
Disseminated	 TB	 refers	 to	 multiorgan	 involvement	 and	 may	 occur	 during	 a
primary	 progressive	 infection	 or	 as	 a	 complication	 of	 chronic	 TB.15	 Young
children	 and	 immunocompromised	 patients	 are	 at	 greatest	 risk.	 A	 chronic,



cryptic	 form	of	disease,	 termed	 late	generalized	TB,	occurs	more	often	among
older	 patients.	 Miliary	 TB	 which	 previously	 was	 used	 interchangeably	 with
disseminated	disease	 is	 now	generally	 used	 to	 describe	 a	 diffuse	micronodular
infiltrate	on	chest	radiograph	(Figure	81.2).	Disseminated	TB	can	occur	without
pulmonary	disease	 and	 chest	 radiographs	 are	 normal	 in	 approximately	10%	of
patients.

	

Figure	 81.2 	 Chest	 radiograph	 (A)	 and	 CT	 scan	 (B)	 showing
miliary	 disease	 in	 a	 36-year-old	 patient	who	 presented	with	 several
months	 of	 fever,	 weight	 loss,	 and	 abdominal	 pain.CT,	 computed
tomography.

The	 presentation	 of	 disseminated	 TB	 ranges	 from	 generalized
lymphadenopathy	to	sepsis16,17	and	fulminant	respiratory	failure.	The	duration	of
symptoms	 before	 diagnosis	may	 vary	 from	 1	 week	 to	 over	 a	 year.	 Fever	 and
other	 constitutional	 symptoms	 are	 seen	 in	 over	 90%,	 respiratory	 symptoms	 in
75%,	 abdominal	 symptoms	 in	 25%,	 and	 central	 nervous	 system	 (CNS)
symptoms	 in	 20%.	 Laboratory	 abnormalities	 in	 disseminated	 disease	 are
nonspecific.	Anemia	 is	 common,	but	 leukocyte	 and	platelet	 counts	 range	 from
markedly	 elevated	 to	 severely	 depressed.	 Alkaline	 phosphatase	 levels	 are
frequently	elevated,	possibly	due	to	granulomatous	hepatitis.

Central	Nervous	System	TB
TB	involving	the	CNS	may	present	as	meningitis,	as	parenchymal	mass	lesions
termed	tuberculomas,	or	as	a	combination	of	both.18,19	The	clinical	presentation
varies	from	an	indolent	illness	with	headache	and	subtle	changes	in	mental	status
to	more	 acute	 presentations.	 Focal	 neurologic	 symptoms	 and	 signs	may	 result
from	a	 tuberculoma	causing	a	 localized	mass	 effect	or	 from	basilar	meningitis
affecting	 the	 cranial	 nerves	 directly	 or	 causing	 infarction	 of	 intracranial



arteries.18	CNS	TB	can	be	difficult	to	diagnose	and	can	cause	severe	disability	or
death	if	treatment	is	delayed.	Evidence	of	TB	at	another	site,	typically	the	lungs,
is	noted	in	about	three-fourths	of	patients.	Tuberculomas	are	readily	detected	by
computed	tomography	(Figure	81.3),	and	magnetic	 resonance	 imaging	 is	often
needed	to	detect	basilar	meningitis.19	Tuberculous	meningitis	and	 tuberculomas
are	 more	 common	 among	 people	 with	 HIV	 and	 the	 clinical	 presentation	 and
laboratory	findings	are	similar	to	people	who	are	HIV	negative.

	

Figure	81.3 	Computed	tomographic	scan	of	a	45-year-old	patient
with	advanced	HIV,	known	to	be	TST	(+)	but	never	completed	LTBI
treatment,	 who	 presented	 with	 a	 headache,	 expressive	 aphasia	 and
neologisms.The	scan	shows	a	tuberculoma	with	marked	surrounding
edema.	 CSF	 showed	 a	 white	 blood	 cell	 count	 of	 675	 (100%
lymphocytes),	 glucose	 42	 mg/dL,	 and	 protein	 246	 mg/dL.	 CSF
cultures	were	negative	but	the	diagnosis	of	isoniazid-resistant	TB	was
confirmed	 by	 excisional	 biopsy.	 CSF,	 cerebrospinal	 fluid;	 HIV,
human	 immunodeficiency	virus;	LTBI,	 latent	 tuberculosis	 infection;
TB,	tuberculosis;	TST,	tuberculin	skin	test.

Pericardial,	Pleural,	or	Peritoneal	TB
The	 primary	 site	 of	 TB	 in	 hospitalized	 or	 critically	 ill	 patients	 can	 involve
serosal	 membranes.	 The	 pathogenesis	 in	 these	 sites	 is	 primarily	 immunologic



with	 relatively	 few	 mycobacteria.	 The	 fluid	 most	 often	 is	 exudative	 with
elevated	protein	and	lactate	dehydrogenase	levels,	low	to	normal	glucose	levels,
and	a	low	to	normal	pH.	Typical	symptoms	include	pain,	fever,	or	night	sweats.
Pericardial	TB	can	cause	hypotension	or	cardiogenic	shock	while	peritoneal	TB
may	present	with	ascites	or	may	mimic	gastrointestinal	or	genitourinary	cancer.
Pleural	TB	presents	in	two	forms,	commonly	as	tuberculous	pleuritis	and	rarely
as	tuberculous	empyema.	Tuberculous	pleuritis	may	be	asymptomatic	and	found
incidentally	while	others	present	with	acute	symptoms	of	 fever	and	chest	pain,
similar	 to	 an	 acute	 viral	 or	 bacterial	 infection.	 Tuberculous	 empyema	 is	much
less	 common	 and	 results	 from	 the	 entry	 of	 large	 numbers	 of	 bacilli	 into	 the
pleural	 space	 from	 the	 rupture	 of	 an	 adjacent	 cavity	 or	 the	 development	 of	 a
bronchopleural	fistula.

Other	Forms	of	Extrapulmonary	TB
Other	forms	of	TB,	such	as	lymphatic,	gastrointestinal,	cutaneous,	skeletal,	and
genitourinary,	may	 be	 the	 primary	 site	 of	 disease	 or	may	 provide	 evidence	 of
disseminated	disease	 in	critically	 ill	patients.	Patients	who	are	on	 treatment	for
TB	 may	 also	 present	 to	 the	 ICU	 after	 developing	 an	 immune	 reconstitution
inflammatory	 syndrome	 (IRIS)	 or	 paradoxical	 reaction.	 This	 syndrome	 is
characterized	 by	 a	 worsening	 of	 symptoms	 or	 radiographic	 studies	 despite
effective	 chemotherapy	 and	 microbiologic	 improvement.20	 Typical
manifestations	 are	 the	 recurrence	 or	 development	 of	 fever	 and	 other	 systemic
manifestations,	suppuration	of	lymph	nodes,	worsening	of	pulmonary	infiltrates,
and	life-threatening	complications	such	as	respiratory	failure	or	enlargement	of
intracranial	lesions.	Paradoxical	reactions	can	occur	in	any	patient	with	TB,	but
IRIS	 is	 most	 common	 in	 patients	 with	 TB	 and	 HIV	who	 are	 started	 on	 ART
within	the	first	few	months	of	TB	treatment.21

DIAGNOSIS
2 	 Physicians	 in	 intensive	 care	 settings	 face	 the	 challenge	 of	 maintaining	 an
appropriate	index	of	suspicion	for	TB	when	it	is	a	relatively	rare	cause	of	critical
illness.	 TB	 should	 be	 considered	 for	 people	 with	 risks	 for	 infection	 or
progression	 (Table	 81.1),	 clinical	 findings	 suggestive	 of	 TB,	 or	 who	 fail	 to
improve	with	empiric	treatment	for	other	common	infections.	This	last	category
can	be	challenging	because	several	commonly	used	antibiotics	are	active	against
TB	and	 can	 cause	 temporary	 clinical	 improvement	 and	delayed	TB	diagnoses.



Fluoroquinolones	are	highly	active	against	TB	and	are	commonly	used	 to	 treat
people	with	 resistance	 or	 intolerance	 to	 first-line	TB	 treatment.	 Linezolid	 also
has	activity	against	TB	and	is	an	important	oral	drug	for	treating	drug-resistant
TB.22,23	 Lastly,	meropenem	 and	 imipenem	 are	 active	 against	 TB	 and	 are	 often
included	 in	XDR	TB	 treatment	 regimens	or	 as	 part	 of	 a	 parenteral	 regimen	 in
patients	who	are	critically	ill.24	Empiric	use	of	fluoroquinolones	for	patients	with
undiagnosed	 TB	 has	 even	 been	 associated	 with	 worsened	 outcomes	 including
excess	TB	mortality.25-31	Antibiotics	with	anti-TB	activity	should	be	avoided	for
patients	 who	 may	 have	 active	 TB	 at	 least	 until	 acid-fast	 bacillus	 (AFB)
specimens	have	been	collected.

3 	Definitively	diagnosing	TB	relies	upon	collecting	samples	for	AFB	smear
and	 culture	 and	 using	 nucleic	 acid	 amplification	 tests	 (NAAT).32,33	 NAAT	 is
more	sensitive	and	specific	than	AFB	smears	and	more	rapid	than	culture.	They
can	also	detect	 selected	mutations	 associated	with	drug	 resistance	which	helps
expedite	 effective	 treatment	 for	 patients	 with	 resistant	 TB.	 A	 variety	 of
laboratory	 abnormalities	 have	 been	 associated	 with	 TB,	 including	 anemia,
hypoalbuminemia,	 elevated	 alkaline	 phosphatase,	 and	 hyponatremia,	 but	 are
nonspecific.33

A	minimum	of	three	sputa	or	other	lower	respiratory	tract	specimens	should
be	 collected	 when	 pulmonary,	 pleural,	 or	 disseminated	 TB	 is	 suspected.	 The
samples	 should	 be	 collected	 8	 hours	 apart	 preferably	 with	 at	 least	 one	 early
morning	 specimen.33,34	 In	 hospitalized	 patients	 with	 pulmonary	 TB,	 the
proportion	with	a	positive	sputum	smear	ranges	between	35%	and	65%.9	Sputum
samples	should	be	considered	for	symptomatic	patients	at	risk	for	TB	even	when
the	 chest	 radiograph	 appears	 normal.	 Positive	 sputum	 cultures	 with	 a	 normal
chest	radiograph	are	more	common	in	patients	with	HIV.35,36

Patients	 who	 are	 unable	 to	 spontaneously	 produce	 sputum	 should	 have
samples	induced	using	nebulized	hypertonic	saline.33	Bronchoscopic	specimens
are	 not	 more	 sensitive	 and	 should	 not	 be	 considered	 a	 replacement	 for	 three
expectorated	or	induced	sputa.37	Bronchoscopy	is	generally	helpful	if	alternative
diagnoses	 are	being	 sought	 or	 if	 a	 tissue	biopsy	 is	 needed.	For	 select	 patients,
including	young	children,	who	cannot	produce	sputum	or	tolerate	the	nebulizer,
gastric	 aspirates	 can	 be	 considered.	 More	 invasive	 procedures	 such	 as
transthoracic	needle	biopsy	of	the	lung	or	mediastinal	lymph	nodes	or	open	lung
biopsy	may	be	necessary	for	certain	circumstances.

Virtually	any	body	fluid,	tissue,	or	organ	may	yield	a	diagnosis	when	targeted
based	on	 clinical	 or	 laboratory	 findings	 suggestive	of	disease.	Extrapulmonary
TB	 usually	 involves	 a	 lower	 burden	 of	 organisms	 compared	 with	 pulmonary
disease;	histological	examination	and	culture	of	biopsy	specimens	often	provide



the	 greatest	 diagnostic	 yield.	 For	 tuberculous	 meningitis,	 cerebrospinal	 fluid
(CSF)	 evaluation	 is	 important,	 but	 the	 findings	 are	 often	 nonspecific.	 Classic
CSF	 findings	 are	 a	 lymphocytic	 pleocytosis,	 low	 glucose,	 and	 an	 elevated
protein.	However,	the	absence	of	these	findings	does	not	exclude	TB.	The	white
cell	count	may	be	minimally	elevated,	up	to	30%	will	have	a	polymorphonuclear
predominance,	and	 the	protein	and	glucose	may	be	normal.18,19	AFB	smears	of
CSF	are	positive	in	only	10%	to	20%	of	cases	and	cultures	are	positive	in	<50%.
Because	 disseminated	 disease	 is	 common	 with	 TB	 meningitis,	 AFB	 smears,
cultures,	and	NAAT	testing	from	other	sources,	including	sputum,	urine,	blood,
and	stool,	may	provide	a	diagnosis.	Mycobacterial	blood	cultures	are	positive	in
26%	 to	 42%	 of	 HIV-positive	 individuals	 and	 are	 the	 only	 culture-positive
specimen	 for	 some.16,17	 CNS	 tuberculomas	 may	 be	 diagnosed	 by	 a	 typical
radiographic	 appearance	 and	 response	 to	 treatment,	 but	 biopsy	 or	 surgical
excision	is	usually	required	to	make	a	definitive	diagnosis	and	to	exclude	other
causes	of	mass	lesions.

TB	 involving	 the	 pleura,	 pericardium	 or	 peritoneum	 is	 rarely	 AFB	 smear
positive	(10%-20%)	and	is	culture	positive	in	less	than	50%.	The	yield	increases
slightly	with	multiple	samples	or	larger	volumes	but	waiting	for	positive	cultures
will	delay	the	initiation	of	TB	treatment.	Adenosine	deaminase	(ADA)	levels	in
fluid	have	been	studied	extensively	for	diagnosing	extrapulmonary	TB.	Studies
have	 supported	 measuring	 ADA,	 especially	 isoenzyme	 2,	 showing	 additive
diagnostic	 sensitivity	 and	 specificity	 when	 combined	 with	 other	 tests.38	 ADA
levels	may	be	useful	for	settings	that	lack	the	capacity	to	do	cultures	but	should
not	be	used	as	a	replacement	for	tissue	biopsies	when	available.

4 	Tissue	 samples	 are	 the	preferred	 specimens	 for	diagnosing	most	 forms	of
extrapulmonary	 TB.	 Pathological	 findings	 of	 granulomas	 with	 or	 without
caseation	provide	the	earliest	evidence	for	a	presumptive	TB	diagnosis.	Biopsies
are	culture	positive	in	55%	to	85%	of	specimens	and	should	be	sought	whenever
TB	is	a	 likely	diagnosis.	Chest	 tube	drainage	 is	not	needed	 to	 treat	pleural	TB
and	makes	getting	a	pleural	biopsy	more	difficult	so	should	be	avoided.

Nucleic	Acid	Amplification	Tests
Culture	remains	the	gold	standard	for	diagnosing	TB	but	takes	2	to	6	weeks	and
requires	 laboratory	 expertise.	 NAATs	 are	 increasingly	 available	 globally	 for
diagnosing	TB	more	 rapidly.	Guidelines	 from	 the	Centers	 for	Disease	Control
and	Prevention	(CDC)	recommend	performing	at	least	one	NAAT	on	sputum	in
patients	suspected	of	having	TB.39	These	tests	offer	several	advantages	including
higher	sensitivity	than	AFB	smears,	high	specificity,	results	as	quickly	as	a	few



hours,	 and	broad	 application	 to	 different	 samples.	NAATs	 such	 as	Gene	Xpert
MTB/RIF	and	Line	Probe	assays	can	identify	TB	in	<24	hours.	The	sensitivity	of
these	tests	is	greater	than	95%	in	smear-positive	specimens	and	50%	to	80%	in
smear-negative,	culture-positive	specimens.	Importantly,	if	TB	is	detected,	these
NAATs	also	give	information	about	drug	resistance.

Rifampin	 susceptibility	 is	 determined	 by	 the	 rpoB	gene	making	 it	 the	most
accurate	 target	 for	 molecular	 testing.	 Line	 probe	 assays	 like	 the	MTBDRplus
(Hain	Lifescience)	detect	 resistance	 to	 isoniazid	and	 rifampin	while	MTBDRsl
can	detect	 resistance	 to	 fluoroquinolones,	aminoglycosides/cyclic	peptides,	and
ethambutol	with	 good	 correlation	 to	 culture-based	 drug	 susceptibility	 testing.40
Probes	 using	 molecular	 beacons	 such	 as	 GeneXpert	 MTB/RIF	 TB	 assay
(Cepheid)	can	detect	rifampin	resistance.32	Similar	to	sputum	smears,	a	negative
NAAT	 does	 not	 exclude	 TB.	 Empiric	 treatment	 should	 still	 be	 considered	 for
hospitalized	 patients	 at	 high	 risk	 for	 TB	 despite	 a	 negative	 NAAT	 when	 an
alternative	diagnosis	has	not	been	made.

Culture	and	Drug	Susceptibility	Testing
CDC	 guidelines	 recommend	 using	 both	 liquid	 and	 solid	media	 for	 specimens
from	patients	with	suspected	TB.33	Liquid	cultures	have	a	higher	sensitivity	and
shorter	time	to	positivity	compared	to	solid-media	cultures	but	also	have	higher
rates	 of	 contamination.41	 The	 traditional	 use	 of	 biochemical	 testing	 for
identification	 of	 isolates	 as	M.	 tuberculosis	 has	 been	 largely	 replaced	 by	 the
more	 accurate	 and	 rapid	methods	 using	 commercial	 nucleic	 acid	 probes.	Drug
susceptibility	testing	can	also	be	done	more	rapidly	with	the	commercial	liquid
cultures	 systems.	 Many	 hospital	 laboratories	 now	 lack	 the	 expertise	 and	 the
number	of	specimens	to	conduct	the	full	range	of	testing	on	a	daily	basis.	More
timely	 results	 may	 be	 achieved	 by	 sending	 specimens	 to	 a	 full-service
mycobacteriology	laboratory.

Chest	Radiography
Chest	 radiography	 is	 an	 invaluable	 screening	 and	 diagnostic	 tool	 for	 patients
suspected	 of	 having	 TB.	 Radiographs	 can	 detect	 most	 active	 pulmonary	 TB,
particularly	 those	 with	 extensive	 parenchymal	 disease	 and	 cavitation	 who	 are
most	 likely	 to	 be	 contagious.	 The	 classic	 radiographic	 findings	 of	 active
pulmonary	 TB	 are	 upper	 lobe	 fibrotic	 opacities	 with	 or	 without	 cavitation
(Figure	81.1).	Pulmonary	TB	can	present	with	a	variety	of	other	findings	either



alone	or	 in	combination	 including	alveolar	opacities,	mixed	alveolar-interstitial
infiltrates,	lung	nodules,	miliary	opacities,	or	intrathoracic	adenopathy10	(Figure
81.2	 and	 81.4).	 These	 “atypical”	 presentations	 of	 pulmonary	 TB	 have	 been
reported	in	up	to	34%	to	45%	of	individuals	without	HIV	in	some	series.

	

Figure	81.4 	Chest	 radiographs	of	a	49-year-old	patient	who	had
undergone	a	liver	transplant	6	months	prior	for	hepatitis	B-associated
liver	 disease.The	 initial	 radiograph	 (A)	 showed	 right	 paratracheal
adenopathy	 (arrow)	with	partial	 right	 lung	collapse	 that	 resolved	by
the	 end	of	 treatment	 (B).	 The	 patient	 received	 standard	TB	 therapy
with	 the	 substitution	 of	 rifabutin	 for	 rifampin	 to	minimize	 the	 drug
interaction	with	tacrolimus.	TB,	tuberculosis.

The	 radiographic	appearance	depends	primarily	upon	 the	duration	of	 illness
and	the	host’s	immune	function.	In	the	presence	of	advanced	immunodeficiency,
lower	 lobe	 disease,	 diffuse	 infiltrates,	 hilar	 or	 mediastinal	 adenopathy,	 and
pleural	effusions	are	more	common.

In	contrast	 to	reactivation	TB,	primary	progressive	TB	after	recent	 infection
presents	 as	 a	 lower	 lobe	 infiltrate,	 often	 with	 ipsilateral	 hilar	 adenopathy.
Primary	TB	occurs	most	often	among	young	children	but	can	be	seen	at	any	age
including	older	adults,	as	described	among	nursing	home	residents.

Tuberculin	Skin	Testing	and	Interferon-Gamma	Release
Assays
5 	The	TST	and	IGRAs	are	immunologic	tests	for	diagnosing	TB	infection.	None
of	 them	 are	 sensitive	 or	 specific	 enough	 to	 rule	 in	 or	 rule	 out	 TB	 in	 a
symptomatic	 patient.42	 IGRAs	 measure	 the	 interferon	 gamma	 produced	 by
peripheral	 blood	 lymphocytes	 after	 stimulation	 with	 mycobacterial	 antigens.
Both	the	TST	and	IGRAs	can	be	useful	adjunctive	tests	but	must	be	interpreted



with	caution.	A	positive	 result	 indicates	 the	patient	has	been	 infected	and	may
increase	 clinical	 suspicion	 for	 active	 disease	 but	 is	 nondiagnostic.	 Similarly,	 a
negative	test	does	not	rule	out	active	TB	since	between	10%	and	25%	of	patients
with	culture	confirmed	disease	will	have	a	negative	TST	or	IGRA.43

TREATMENT
6 	Prompt	recognition	of	TB	and	early,	effective	therapy	are	required	to	prevent
morbidity	 and	 mortality	 from	 TB	 and	 to	 prevent	 nosocomial	 transmission.	 A
definitive	 diagnosis	 can	 be	 difficult	 and	 may	 take	 many	 weeks.	 Diagnostic
specimens	 should	 be	 collected	 quickly	 and	 before	 starting	 TB	 treatment.	 The
decision	 to	 start	 empiric	 TB	 treatment	 while	 cultures	 are	 pending	 should	 be
considered	 for	 patients	without	 an	 alternative	 diagnosis	 and	may	 be	 important
for	the	survival	of	critically	ill	patients.

Principles	of	TB	Therapy
Two	 characteristics	 of	M.	 tuberculosis	 dictate	 the	 requirements	 for	 successful
therapy,	 a	 high	 frequency	 of	 spontaneous	 mutations	 and	 a	 slow,	 intermittent
growth	 cycle.	 Overcoming	 these	 characteristics	 requires	 multiple	 drugs	 to
prevent	 the	 selection	 of	 drug-resistant	 mutants	 and	 an	 extended	 duration	 of
therapy	 to	kill	 the	dormant	mycobacteria.44	Rapid	 susceptibility	 testing	 is	most
important	 for	 identifying	 resistance	 to	 isoniazid	 and	 rifampin,	 because	 these
strains	 can	 be	 expected	 to	 fail	 standard	 TB	 therapy.44	 Treatment
recommendations	for	TB	based	on	randomized	controlled	trials	are	summarized
in	Table	81.3.

RECOMMENDATIONS	FOR	INITIAL	THERAPY
The	choice	of	initial	TB	therapy	in	the	ICU	should	be	made	after	considering	the
risk	for	MDR	disease.	The	best	predictors	for	MDR	TB	in	the	United	States	are
prior	TB	treatment	or	known	contact	to	a	patient	with	resistant	TB.	In	2019,	the
percentages	 of	 patients	 with	 MDR	 TB	 among	 US-born	 and	 non–US-born
persons	respectively	were	0.6%	and	1.4%	in	patients	with	no	prior	TB	treatment
and	 1.6%	 and	 6.5%	 among	 those	 with	 prior	 TB	 treatment.46	 Drug	 resistance
should	 also	 be	 suspected	 among	 patients	 who	 do	 not	 improve	 on	 first-line
treatment	or	who	relapse	after	treatment	has	ended,	particularly	among	patients



who	did	not	receive	directly	observed	therapy.47
For	most	patients,	the	oral	regimen	of	isoniazid,	rifampin,	pyrazinamide,	and

ethambutol	 is	 recommended	 and	 effective.44	 These	 four	 drugs	 are	 given	 for
8	weeks	in	the	intensive	phase	of	treatment	followed	by	isoniazid	and	rifampin
for	at	 least	18	weeks	 in	 the	continuation	phase	(6	months	 total	 treatment).	The
continuation	 phase	 is	 extended	 for	 patients	 with	 severe	 or	 extensive	 disease
including	 those	 with	 CNS	 or	 bone	 and	 joint	 disease.	 A	 4-month	 regimen	 of
moxifloxacin,	isoniazid,	and	rifapentine	with	pyrazinamide	included	in	the	first
8	weeks	was	shown	to	be	noninferior	to	a	standard	6-month	regimen	in	patients
with	smear-positive	pulmonary	TB.48

Medication	absorption	can	be	reduced	in	critically	ill	patients	and	is	important
to	consider	when	treating	someone	with	suspected	or	confirmed	TB	(Table	81.2).
Of	 the	 first-line	 TB	 medications,	 only	 isoniazid	 and	 rifampin	 can	 be	 given
intravenously	 but	 the	 formulations	 can	 be	 difficult	 to	 obtain.	 Rifampin	 is
associated	 with	 improved	 survival	 of	 critically	 ill	 patients	 and	 should	 be
prioritized.49	 Pyrazinamide	 and	 ethambutol	 as	well	 as	 rifapentine	 and	 rifabutin
can	only	be	given	enterally.	Other	medications	with	good	activity	against	TB	that
can	 be	 given	 intravenously	 include	 moxifloxacin,	 levofloxacin,	 linezolid,
amikacin,	imipenem,	and	meropenem	(Note:	carbapenems	should	be	given	with
clavulanate).22	Table	81.2	lists	other	important	therapeutic	challenges	that	should
be	considered.

TABLE	81.2

Select	Therapeutic	Challenges	in	Treating	Critically	Ill
Patients	with	TB	(when	Drug	Susceptible	Disease	is	Known
or	Expected)

1.	 Documented	or	anticipated	malabsorption—medications	that	can	be
given	parenterally:
a.	 Rifampin
b.	 Fluoroquinolone—levofloxacin	or	moxifloxacin
c.	 Aminoglycoside—amikacin	(streptomycin	can	be	used	if	drug

susceptibility	is	known)
d.	 Isoniazid—when	available	but	it	may	be	difficult	to	obtain	as	a

parenteral	medication



e.	 Linezolid
f.	 Meropenem	or	imipenem-cilastatin	(give	with	clavulanate)

2.	 Hepatic	failure—acute	or	severe
Empiric	therapy:	fluoroquinolone	(levofloxacin	may	be	preferred	since
moxifloxacin	is	hepatically	cleared),	ethambutol	(consider	including
rifampin	if	not	fulminant	hepatic	failure),	amikacin,	linezolid,	or	a
carbapenem	(meropenem	or	imipenem)	with	clavulanate
Avoid:	isoniazid	and	pyrazinamide

3.	 Renal	failure
Dose	adjust:	ethambutol,	pyrazinamide,	aminoglycosides,	and
levofloxacin
No	change	in	dosing:	isoniazid,	rifampin,	linezolid,	and	moxifloxacin

4.	 Pregnancy
Empiric	therapy:	isoniazid,	rifampin,	ethambutol.	Pyrazinamide	is
generally	avoided	in	the	United	States;	however,	its	use	in	pregnancy
is	recommended	by	the	WHO,	particularly	in	severely	ill	individuals
with	underlying	HIV	disease.	Therefore,	its	use	should	be	considered
in	pregnant	women	with	severe	disease	or	who	are
immunocompromised.
Avoid:	aminoglycosides	and	quinolones	(both	could	be	considered	for
critically	ill	patients	when	malabsorption	is	likely,	or	drug	resistance	is
a	concern)

HIV,	human	immunodeficiency	virus;	TB,	tuberculosis;	WHO,	World	Health	Organization.

TABLE	81.3

Summary	of	Recommendations	for	TB	Treatment	that	Are
Supported	by	Randomized	Controlled	Trials

Treatment	for	known	or	suspected	drug-susceptible	TB,	initial	phase

1.	 Isoniazid,	rifampin,	pyrazinamide,	and	ethambutol	7	days	per	week	for
56	doses	(8	weeks)44

Adjunctive	corticosteroids	are	recommended	for:



1.	 Tuberculous	meningitis—improved	survival	and	fewer	serious	adverse
events45

2.	 Persons	with	HIV	in	whom	CD4	count	is	<100	cells/mm3	who	are
initiating	antiretroviral	therapy.

HIV,	human	immunodeficiency	virus;	TB,	tuberculosis.

When	drug	resistance	is	suspected,	the	treatment	regimen	should	be	made	in
consultation	with	an	expert	in	treating	MDR	TB.	A	general	principle	for	treating
MDR	TB	is	to	include	at	least	5	medications	that	are	anticipated	to	have	activity.
A	 novel	 all-oral	 regimen	 of	 bedaquiline,	 pretomanid,	 and	 linezolid	 has	 been
approved	for	 treating	patients	with	XDR	TB	defined	as	 resistance	 to	 isoniazid,
rifampin,	and	a	fluoroquinolone.	This	regimen	is	also	increasingly	being	used	in
patients	 with	 MDR-TB	 who	 have	 toxicity	 or	 intolerance	 to	 other	 second-line
drugs.	Bedaquiline	and	pretomanid	are	only	available	orally	and	can	be	difficult
to	 get.	 The	 local	 and	 state	TB	 programs	 and	 the	CDC	 should	 be	 contacted	 to
assist	if	this	regimen	is	being	considered	for	any	patient.

Patients	with	newly	diagnosed	or	untreated	HIV	who	have	active	TB	should
be	 started	 on	 TB	 treatment	 before	 ART.	 Three	 trials	 greatly	 improved	 our
understanding	 of	 when	 to	 start	 ART	 in	 individuals	 with	 TB.50-53	 Patients	 with
CD4	 counts	 <50	 cells/µL	 have	 lower	 mortality	 when	 ART	 is	 started	 within
2	weeks	of	TB	treatment	despite	higher	rates	of	IRIS.	In	individuals	with	CNS
TB,	 the	 timing	 is	 less	 certain,	 but	 one	 trial	 did	 not	 show	 a	 benefit	 from	 early
ART.	Patients	with	CD4	counts	>50	cells/µL	did	not	have	a	mortality	benefit	by
starting	ART	early	but	starting	at	or	before	completing	2	months	of	TB	treatment
is	often	recommended.

Adjunctive	Corticosteroids
Corticosteroids	 are	 beneficial	 as	 adjunctive	 therapy	 to	 reduce	 inflammation	 in
certain	circumstances.44	A	 randomized,	placebo-controlled	 trial	 in	patients	with
tuberculous	 meningitis	 showed	 lower	 morbidity	 and	 mortality	 in	 those	 who
received	 corticosteroids.45	 Prednisone	 also	 reduced	 the	 incidence	 of	 TB-
associated	IRIS	in	patients	with	HIV	and	CD4	counts	<100	cells/mm3	who	are
starting	in	the	first	30	days	after	starting	TB	treatment.54	Corticosteroids	may	be
beneficial	 for	 some	 patients	 with	 severe	 pulmonary	 TB	 enabling	 more	 rapid
defervescence,	 weight	 gain,	 and	 radiographic	 improvement.	 Conversely,
corticosteroids	 did	 not	 improve	 mortality,	 cardiac	 tamponade,	 or	 constrictive



pericarditis	 in	 patients	 with	 pericardial	 TB	 and	 are	 not	 recommended.	 When
indicated,	the	usual	starting	dose	is	prednisone	40-80	mg	daily	or	the	equivalent
dose	of	an	alternative	steroid	and	then	the	dose	is	tapered	off	over	1	to	3	months.
An	 important	 reminder	 is	 that	 the	corticosteroid	effectiveness	 is	 approximately
half	 of	 the	 actual	 dose	 for	 patients	 who	 are	 also	 receiving	 daily	 rifampin	 or
rifapentine.

Adverse	Drug	Reactions
During	 the	 treatment	 of	 TB,	 serious	 errors	 can	 result	 from	 the	 failure	 to
appropriately	recognize	and	manage	adverse	drug	reactions.	Most	errors	fall	into
three	 categories:	 (1)	 failing	 to	 discontinue	 therapy	 in	 the	 face	 of	 a	 serious
adverse	 effect;	 (2)	 abandoning	 important	 first-line	 drugs	 because	 of	 minor
adverse	effects;	and	(3)	failing	to	recognize	serious	drug-drug	interactions.	Drug-
induced	hepatitis	 is	generally	the	most	concerning	potential	complication	when
treating	 TB,	 particularly	 in	 patients	 with	 underlying	 liver	 disease.	 This	 is
reversible	 when	 recognized	 early	 and	 medications	 are	 held	 or	 changed.
Fortunately,	the	risk	of	fulminant	hepatitis	is	low	and	generally	occurs	when	TB
medications	 are	 continued	 despite	 evidence	 of	 toxicity.	 Other	 rare	 but	 serious
side	effects	that	require	changing	and	discontinuing	medications	include	severe
rifampin-associated	hypersensitivity	reactions	like	acute	renal	failure,	hemolysis,
or	thrombocytopenia.

While	 clinically	 significant	 or	 fulminant	 hepatitis	 is	 rare,	 increased
transaminase	 levels	 are	 common	 with	 the	 combination	 of	 isoniazid,	 rifampin,
and	pyrazinamide.	Clinicians	should	also	remember	that	patients	with	severe	or
disseminated	TB	might	 have	 elevated	 liver	 function	 tests,	 particularly	 alkaline
phosphatase,	because	of	their	disease.	TB	treatment	should	be	changed	or	held	if
transaminases	 are	 three	 times	 the	 upper	 limit	 of	 normal	 and	 the	 patient	 has
symptoms	of	 toxicity	 (ie,	 nausea,	 vomiting,	 loss	 of	 appetite,	 or	 jaundice)	 or	 if
transaminases	are	five	times	the	upper	limit	in	asymptomatic	patients.55	Patients
with	mild	 underlying	 liver	 disease	 and/or	 baseline	 liver	 function	 abnormalities
can	 generally	 start	 standard	 TB	 treatment	with	 close	monitoring	 of	 symptoms
and	 liver	 function	 tests.	 Patients	 with	 more	 severe	 liver	 disease	 may	 need	 a
modified	TB	treatment	regimen	(Table	81.2).

The	decision	to	stop	or	change	therapy	due	to	liver	dysfunction	must	be	made
on	a	case-by-case	basis.	When	 therapy	 is	held	due	 to	hepatotoxicity,	 the	drugs
are	usually	restarted	cautiously,	resuming	one	drug	at	a	time.	Pyrazinamide	is	the
most	frequent	cause	of	drug-induced	liver	 injury	among	the	standard	four-drug
regimen	and	may	be	permanently	discontinued	in	patients	without	resistant	TB



who	are	able	to	tolerate	restarting	rifampin	and	isoniazid.	Patients	who	develop	a
rapid	rise	of	 transaminases	 to	 levels	of	10	to	20	times	normal	should	generally
not	 be	 rechallenged	 with	 pyrazinamide	 or	 isoniazid.	 In	 recently	 diagnosed
patients	 with	 severe	 TB	 disease,	 holding	 therapy	may	 pose	 a	 significant	 risk.
Those	 patients	 should	 start	 treatment	 with	 a	 liver	 safe	 regimen	 using	 a
combination	 of	 a	 fluoroquinolone,	 ethambutol,	 amikacin,	 linezolid,	 and/or	 a
carbapenem	(Table	81.2).

When	 minor	 side	 effects	 occur,	 all	 attempts	 should	 be	 made	 to	 treat	 the
symptoms	 and	 to	 determine	 if	 an	 alternative	 cause	 exists	 before	 discontinuing
first-line	TB	medications.	Minor	 side	effects	 such	as	gastrointestinal	upset	 can
often	 be	 managed	 by	 adjusting	 the	 dosing	 schedule	 or	 by	 prescribing	 an
antiemetic.	Isolated	bilirubin	elevation	caused	by	rifampin-associated	cholestasis
may	occur	but	resolve	with	continued	therapy.	Transient	minor	rashes	or	pruritis
are	often	associated	with	pyrazinamide	and	may	be	managed	with	antihistamines
without	stopping	treatment.

Finally,	 recognizing	 potentially	 serious	 drug-drug	 interactions	 and	 adjusting
therapy	 accordingly	 can	 avoid	many	drug-associated	 adverse	 events.	Rifampin
and,	 to	 a	 lesser	 extent,	 rifabutin	 are	 inducers	 of	 the	 hepatic	 cytochrome	 P450
enzyme	 system.	 Isoniazid	 is	 a	 weak	 inhibitor	 of	 P-450	 enzymes	 which	 is
typically	 only	 relevant	when	 it	 is	 being	 given	without	 a	 rifamycin.	 The	 safest
practice	 is	 to	 review	all	medications	when	 treating	someone	 for	TB.	Particular
caution	 should	 be	 used	when	 treating	 patients	 for	 both	 TB	 and	HIV.	Updated
recommendations	for	 the	combined	use	of	TB	and	HIV	drugs	can	be	found	on
the	 Department	 of	 Health	 and	 Human	 Services	 website	 at
https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv/whats-new-
guidelines.	 Other	 notable	 interactions	 with	 rifamycins	 include	 warfarin,	 most
antiseizure	 medications,	 corticosteroids,	 chemotherapy,	 and	 many
immunomodulatory	medications	given	to	prevent	rejection	in	patients	with	bone
marrow	or	solid-organ	transplants.

INFECTION	CONTROL	AND	RESPIRATORY
ISOLATION

Preventing	Nosocomial	Transmission
Early	 suspicion	 for	 pulmonary	 TB	 is	 the	 most	 important	 step	 for	 preventing
transmission	 because	 it	 allows	 the	 appropriate	 use	 of	 respiratory	 isolation,

https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv/whats-new-guidelines


prompt	diagnostic	evaluation,	and	initiation	of	effective	treatment.	AFB	sputum
smears	had	been	 the	primary	 test	 for	 rapidly	evaluating	patients	 for	pulmonary
TB	before	NAAT.	Unfortunately,	AFB	smears	will	miss	half	or	more	of	patients
with	pulmonary	TB	and	 some	patients	with	 smear-negative	disease	are	able	 to
transmit	TB.	The	NAATs	are	more	sensitive	and	will	detect	approximately	60%
of	smear-negative,	culture-positive	pulmonary	TB.	 In	2015,	 the	FDA	approved
use	 of	 GeneXpert	 MTB/RIF	 (Xpert)	 to	 evaluate	 hospitalized	 patients	 for
pulmonary	 TB	 after	 a	 study	 showed	 a	 high	 negative	 predictive	 value.56	 The
performance	 of	 AFB	 smears	 and	 NAATs	 is	 dependent	 on	 the	 quality	 of	 the
sputum	 or	 respiratory	 sample	 collected.	 Some	 patients	 with	 culture-positive
pulmonary	 TB	 will	 be	 negative	 by	 smear	 and	 NAAT.	 Therefore,	 hospitalized
patients	with	high	suspicion	for	TB	based	on	clinical	findings	and	risk	should	be
kept	in	respiratory	isolation	until	an	alternative	diagnosis	is	made	or	empiric	TB
treatment	 has	 been	 initiated	 for	 several	 days.	 The	 infectiousness	 begins	 to
decrease	within	days	after	starting	effective	therapy,	probably	by	decreasing	the
cough	 as	 well	 as	 by	 reducing	 the	 number	 of	 tubercle	 bacilli.	 Decisions	 about
discontinuing	 isolation	 once	 treatment	 is	 instituted	 should	 be	 carefully
individualized	 considering	 the	 initial	 burden	 of	 disease	 and	 the	 clinical	 and
microbiologic	response	to	treatment.	Other	measures	that	may	be	of	benefit	for
intubated	 patients	 include	 the	 use	 of	 a	 closed	 suctioning	 system	 to	 avoid
generating	infectious	aerosols	and	the	use	of	submicron	filters	for	air	exhausted
from	ventilators.34

Public	Health
The	 local	or	 state	public	health	TB	program	should	be	notified	 early	 about	 all
patients	 with	 presumed	 or	 confirmed	 TB.	 Prompt	 reporting	 is	 important	 for
timely	 contact	 investigations	which	may	 be	 critical	 to	 prevent	 life-threatening
complications	of	TB	among	young	children	and	other	contacts.	TB	programs	can
also	assist	with	ensuring	outpatient	follow-up	and	continued	TB	treatment	after
discharge.	This	helps	prevent	hospital	readmissions,	treatment	failure,	or	relapse
with	drug-resistant	TB.

MULTIPLE	CHOICE	QUESTIONS

Questions



1. 	A	60-year-old	woman	with	cryptogenic	cirrhosis	presents	to	the	hospital
with	a	productive	cough	for	a	month,	occasional	hemoptysis,	fevers,	and	chills.
There	is	no	evidence	of	ascites	on	exam.	Chest	radiograph	shows	bilateral
opacities	with	a	right	upper	lobe	cavity.	Sputum	samples	are	AFB	smear	positive
and	a	GeneXpert	MTB/Rif	detects	M.	tuberculosis	with	no	rpoB	mutation.
Laboratory	tests	are	remarkable	for	elevations	of	total	bilirubin	1.8,	direct
bilirubin	0.8,	AST	56,	ALT	73,	and	INR	1.7.	Which	of	the	following	medications
is	both	highly	effective	in	combination	therapy	for	TB	and	appropriate	for	this
patient	with	compensated	cirrhosis?

A. 	Isoniazid
B. 	Moxifloxacin
C. 	Pyrazinamide
D. 	Rifampin

2. 	A	28-year-old	woman	is	brought	to	the	hospital	with	10	days	of	persistent
headache,	nausea	and	vomiting,	and	2	days	of	confusion	and	lethargy.	She	was
born	in	Mexico	and	has	lived	in	the	United	States	since	she	was	10.	She	denies
sick	contacts.	She	is	febrile	at	38.7°C	and	shortly	after	admission	has	a	seizure
requiring	intubation	for	airway	protection.	Chest	radiograph	shows	indistinct
opacities	in	the	right	middle	and	upper	lobes.	HIV	testing	is	negative.	Lumbar
puncture	finds	119	white	blood	cells	(87%	lymphocytes),	glucose	14,	and	protein
182.	MRI	brain	confirms	meningitis	with	basilar	enhancement	and	no	mass
lesions.	She	is	started	on	ceftriaxone,	vancomycin,	acyclovir,	and	steroids	on
admission.	CSF	multiplex	PCR	is	negative,	and	CSF	bacterial	cultures	are
negative	at	48	hours.	West	Nile	virus	and	enterovirus	serologies,	CSF	fungal	and
AFB	cultures,	and	a	tuberculosis	interferon-gamma	release	assay	are	pending.
You	are	consulted	about	empiric	coverage	for	tuberculosis.	Which	of	the
following	would	you	recommend	in	this	case?

A. 	Empiric	TB	treatment	should	only	be	given	if	the	patient	has	a
positive	TB	test
B. 	Empiric	TB	treatment	with	steroids	should	be	started	as	AFB
cultures	have	been	sent
C. 	Empiric	TB	treatment	should	be	considered	once	all	other	testing
returns	negative
D. 	Steroids	should	be	stopped	if	starting	empiric	TB	therapy

3. 	A	36-year-old	man	presents	to	the	hospital	with	dyspnea	on	exertion	and



abdominal	pain	for	the	past	week.	He	also	reports	losing	25	lb.	in	the	past
4	months.	He	denies	any	other	symptoms	including	cough,	fever,	chills,	or	night
sweats.	He	is	originally	from	Southeast	Asia	and	moved	to	the	United	States
12	years	ago.	A	CT	scan	shows	a	large	right	pleural	effusion	and	ascites	with
omental	thickening.	Pleural	fluid	analysis:	pH	7.6,	lactate	dehydrogenase	496
(serum	283),	glucose	63	(serum	146),	protein	6.0,	WBC	911	(92%	lymphocytes).
Tuberculosis,	other	infections,	and	cancer	are	on	your	differential	diagnosis.
Which	of	the	following	tests	is	most	sensitive	and	specific	for	diagnosing
tuberculosis?

A. 	Acid-fast	bacilli	(AFB)	culture	of	pleural	fluid
B. 	Adenosine	deaminase	(ADA)	level	in	pleural	and	ascitic	fluid
C. 	Nucleic	acid	amplification	test	for	sputum	AFB
D. 	Omental	biopsy

Answers

1.	The	correct	answer	is	D.
Rationale:	 The	 correct	 answer	 is	 choice	D,	 rifampin.	 Rifampin	 is	 the	most

effective	medication	for	treating	drug	susceptible	TB.	It	is	also	less	hepatotoxic
than	pyrazinamide	and	isoniazid.	Rifampin	should	be	included	in	the	regimen	for
all	patients	who	are	likely	to	have	susceptible	disease.	Patients	with	underlying
liver	 disease	 should	 be	 monitored	 closely	 for	 signs,	 symptoms,	 or	 laboratory
changes	indicating	worsening	liver	function.

2.	The	correct	answer	is	B.
Rationale:	 TB	 meningitis	 can	 be	 difficult	 to	 diagnose	 and	 has	 a	 high

morbidity	and	mortality.	Empiric	treatment	is	often	needed	when	TB	is	possible
based	 on	 clinical	 findings	 or	 epidemiologic	 risk.	Workup	 should	 be	 expedited
with	 specimens	 sent	 for	 AFB	 smear	 and	 culture	 before	 starting	 treatment	 to
maximize	the	chances	of	getting	culture	confirmation.	But	one	should	not	delay
treatment	waiting	 for	 results	 (choice	B	 is	 correct,	 and	A	 and	C	 are	 incorrect).
Workup	should	include	sending	a	large	volume	of	CSF	(approximately	10	mL),
as	well	 as	 respiratory	 samples,	urine,	 and	blood	 for	AFB	culture.	Nucleic	acid
amplification	 tests	 can	 also	 be	 useful	 for	 making	 a	 more	 rapid	 diagnosis	 but
should	not	replace	AFB	cultures.	Adjunctive	corticosteroids	have	been	shown	to
increase	survival	in	HIV-negative	children	and	adults	with	TB	meningitis	(choice
D	is	incorrect).



3.	The	correct	answer	is	D.
Rationale:	The	correct	answer	is	choice	D,	an	omental	biopsy	for	pathology

and	AFB	culture.	Biopsy	of	pleural,	peritoneal,	or	pericardial	tissue	often	reveals
granulomatous	 inflammation	 providing	 histologic	 evidence	 of	 TB.	 Tissue
samples	 are	 also	 more	 likely	 to	 grow	 TB	 than	 fluid	 samples	 alone,
approximately	 80%	 vs	 under	 50%,	 respectively	 (choice	 A	 is	 incorrect).
Adenosine	 deaminase	 (ADA)	 levels	 may	 be	 useful	 in	 settings	 where	 biopsy
cannot	 be	 obtained.	 It	 should	 not	 be	 used	 as	 a	 replacement	 for	 collecting
specimens	for	culture.	ADA	can	be	normal	in	patients	with	active	TB	and	can	be
elevated	in	non-TB	diseases	(choice	B	is	incorrect).	Sputum	for	smear,	culture,
and	nucleic	acid	amplification	are	important	to	collect	in	patients	with	suspected
pleural	TB	but	the	sensitivity	will	depend	on	whether	the	patient	has	concurrent
pulmonary	 disease	 (choice	 C	 is	 incorrect).	 Interferon-gamma	 release	 assays
(IGRAs),	QuantiFERON-TB	 and	 T-SPOT.TB,	 are	 negative	 in	 10%	 to	 15%	 of
people	 with	 active	 TB.	 IGRAs	 are	 not	 recommended	 as	 a	 primary	 test	 for
evaluating	patients	with	clinical	suspicion	for	active	disease.
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Chapter	82
Serious	Epidemic	Viral	Pneumonias
Hannah	Nam,	Christopher	M.	Coleman,	Daniel	Libraty,	Michael	Ison

KEY	POINTS:
1.	 Molecular	diagnostics,	including	PCR,	allow	for	detection	of	a	range

of	respiratory	viruses	with	a	single	assay.	Sensitivity	is	greatest	from
the	lower	respiratory	tract.

2.	 For	patients	hospitalized	with	influenza,	therapy	with	oral	oseltamivir,
inhaled	zanamivir	or	IV	peramivir	should	be	started	as	soon	as
influenza	is	considered	in	the	differential	diagnosis	even	if	the	patient
is	presenting	>48	hours	after	symptom	onset.

3.	 Baloxavir	monotherapy	is	not	recommended	for	hospitalized	adults
and	combination	with	oseltamivir	did	not	improve	clinical	outcomes.

4.	 For	most	patients,	supportive	care	and	symptomatic	treatments	are
all	that	are	indicated	for	patients	with	respiratory	syncytial	virus
(RSV),	parainfluenza	virus	(PIV),	and	human	metapneumovirus
(HMPV).

5.	 IV	acyclovir	is	recommended	for	patients	with	herpes	simplex	virus
(HSV)	or	varicella	zoster	virus	(VZV)	pneumonia.

6.	 The	combination	of	recombinant	interferon	β1b	and	lopinavir-
ritonavir	has	been	associated	with	reduced	mortality	in	patients
infected	with	Middle	East	respiratory	syndrome	(MERS).

INTRODUCTION
Respiratory	 and	 nonrespiratory	 viruses	 can	 affect	 the	 lungs	 and	 result	 in
pneumonia.	 The	 respiratory	 viruses,	 such	 as	 human	 influenza,	 respiratory
syncytial	 virus	 (RSV),	 parainfluenza	 virus	 (PIV),	 human	 metapneumovirus



(HMPV),	 adenovirus	 as	well	 as	 zoonotic	 influenza	 and	 coronavirus,	 primarily
infect	 the	 respiratory	 tract	 and	 typically	 cause	 clinical	 disease	 as	 the	 virus
descends	from	the	upper	to	lower	airway.	Nonrespiratory	viruses,	such	as	herpes
viruses,	 rubeola	 virus,	 and	 hantaviruses,	 can	 cause	 pneumonia	 after	 initial
replication	in	tissues	generally	outside	the	lung.

Pathogenesis
Primary	 infection	 with	 respiratory	 viruses	 typically	 occurs	 via	 respiratory
physical	 contact	 between	 an	 infected	 individual	 and	 a	 susceptible	 individual,
indirectly	via	contact	with	contaminated	surfaces	or	objects	(fomites)	or	directly
through	the	air	from	one	respiratory	tract	to	another	via	large	respiratory	droplets
or	via	fine	respiratory	aerosols.1	Some	respiratory	viruses	can	be	detected	in	the
feces	 and	 other	 secretions	 but	 most	 contact	 transmission	 involves	 infected
respiratory	 secretions.	 The	 most	 common	 mode	 of	 entry	 is	 via	 droplet
transmission.	 Airborne	 virus-containing	 droplets	 5	 to	 10	 µm	 in	 diameter	 are
filtered	 and	 deposited	 in	 the	 upper	 respiratory	 tract.	 Viruses	 reach	 the	 lower
respiratory	tract	after	efficient	replication	and	spread	within	squamous	epithelial
cells,	often	in	the	setting	of	impaired	mucociliary	clearance	(due	to	extremes	of
age,	 underlying	 lung	 disease,	 antecedent	 or	 concurrent	 infections,	 or	 drugs).
Droplet	 transmission	 typically	 involves	 particles	 >5	 µm	 in	 diameter,	 and
transmission	typically	occurs	over	short	distances,	less	than	3	to	6	feet.	Aerosols
involve	 smaller	 particles	 (<5	 µm)	 that	 can	 remain	 suspended	 in	 the	 air	 for	 a
longer	period	of	time	and	over	a	greater	distance.	These	aerosols	can	be	inhaled
deeper	 into	 the	 respiratory	 tract	 as	 far	 as	 the	 alveoli.	 Viruses	 transmitted	 by
aerosol	 typically	 result	 in	 high	 rates	 of	 transmission	 without	 mitigation
strategies.1	 Most	 nonrespiratory	 viruses	 infect	 the	 lung	 through	 secondary
infection	after	viremia.

Once	 in	 the	 lower	 respiratory	 tract,	 there	are	a	 limited	number	of	ways	 that
the	 lung	 can	 respond	 to	 a	 viral	 infection	 and	 produce	 respiratory	 illness.	Viral
invasion	 and	 replication	 can	 directly	 produce	 a	 necrotizing	 bronchopneumonia
with	highly	inflammatory,	purulent,	and	exudative	reactions.	This	is	not	common
but	 can	 be	 seen	 with	 influenza	 and	 adenovirus	 infections.	 Respiratory	 viral
infections	 can	 impair	 host	 lung	 defenses	 in	 a	 way	 that	 leads	 to	 secondary
bacterial	 pneumonias,	 particularly	 with	 Streptococcus	 pneumoniae	 or
Staphylococcus	 aureus	 as	 is	 commonly	 seen	 with	 influenza	 and	 measles
pneumonia.2	Finally,	 viral	 infection	of	 the	 lower	 respiratory	 tract	may	produce
severe	 disease	 by	 triggering	 a	 common	 tissue	 response	 to	 acute	 lung	 injuries
termed	diffuse	 alveolar	damage	or	 acute	 respiratory	distress	 syndrome.	This	 is



often	 triggered	 but	 an	 uncontrolled	 robust	 inflammatory	 response	 to	 the
infectious	 insult.	 The	 acute	 lung	 injury	may	 progress	 from	 an	 early	 exudative
phase,	 often	 with	 profound	 noncardiogenic	 pulmonary	 edema	 (especially	 in
hantavirus	cardiopulmonary	syndrome	[HCPS]),	to	a	proliferative	or	organizing
phase	 that	 produces	 interstitial	 inflammation,	 followed	 by	 a	 late	 resolving
phase.3

The	 limited	 host-response	 patterns	 to	 virus-induced	 lung	 injury	 mean	 that
there	 is	 significant	 overlap	 of	 the	 clinical	manifestations	 of	 viral	 pneumonias.
The	clues	 to	 a	 specific	viral	 etiology	are	often	 found	when	assessing	host	 risk
factors	 and	 epidemiology	 on	 presentation.	 In	 fact,	 many	 viruses	 trigger	 an
“influenza-like	 illness”	 (Table	 82.1).	 Infection	 starts	 with	 the	 acute	 onset	 of
headache,	 chills,	 and	myalgias	 followed	 by	 upper	 respiratory	 tract	 symptoms,
including	sore	throat	and	rhinorrhea.	Some	viruses	like	measles	virus	classically
have	coryza	and	conjunctivitis	 in	 the	prodrome,	although	this	can	be	seen	with
other	viruses	as	well.	Progression	of	illness	results	in	lower	track	disease	which
presents	as	cough,	 sputum	production,	and	eventually	dyspnea,	 tachypnea,	and
inspiratory	crackles	(rales)	as	pneumonia	progresses.4-6	Biphasic	illness,	with	an
interval	 of	 recovery,	 is	 classic	 for	 secondary	 bacterial	 or	 fungal
superinfections.2,7

TABLE	82.1

Presentation	and	Manifestations	of	Specific	Viral
Pneumonias

Virus Transmission Epidemiology/Settings Pulmonary
Manifestations

Human	influenza
A	and	B	viruses

Airborne
droplet
transmission
(≥10	µm)
Small	aerosol
(rare)
Fomite	contact

Yearly	and	seasonal	(peak
season	November-April	in
temperate	climates)
Attack	rates	highest	at
extremes	of	age
Predisposing	risk	factors
for	pulmonary
complications:	chronic
heart,	lung,	renal	disease;

Flulike	illness
prodrome	(see
text)	with	upper
respiratory
signs/symptoms
Bronchitis
Croup
Unilateral	and
bilateral	primary



pregnancy
Nosocomial	transmission
in	hospitals	and
institutional	settings

viral	pneumonia
Secondary
bacterial
pneumonias
(Streptococcus
pneumoniae
Staphylococcus
aureus)

Respiratory
syncytial	virus

Airborne
droplet
transmission
(≥10	µm)
Fomite	contact

Yearly	and	seasonal
(overlaps	with	human
influenza)
Severe	illness	at	extremes
of	age:	<2	and	>65	y	old
High-risk	individuals:
children	with	underlying
cardiopulmonary
disorders;	adults	with
congestive	heart	failure	or
chronic	pulmonary	disease
Outbreaks	in	long-term
care	facilities

Prodrome	with
upper	respiratory
signs/symptoms
as	with	human
influenza
Bronchiolitis
(common	in
infants)
Pneumonia,
unilateral	and
bilateral

Parainfluenza
virus

Airborne
droplet
transmission
(≥10	µm)

Yearly	and	seasonal
(specific	pattern	of
seasonal	circulation)
Severe	illness	in	extremes
of	age	with	croup	in
infants
High-risk	individuals:
immunocompromised
hosts	with	hematologic
malignancy,	adults	with
lung	disease

Upper
respiratory	tract
symptoms
leading	to	lower
respiratory	tract
disease
tracheobronchitis
Bronchiolitis	and
croup	in	infants

Human
metapneumovirus

Airborne
droplet
transmission
(≥10	µm)

Year-round
Severe	illnesses	in
extremes	of	age	with
reinfection	in	elderly
Elderly	(age	>	65	y),

Upper
respiratory
symptoms	with
nasal	congestion,
cough,	bronchitis



underlying	lung	disease
(asthma),
immunocompromised

Bronchiolitis	in
infants
(laryngitis	and
croup	are	less
common)
Pneumonia,
unilateral	and
bilateral

Adenovirus Airborne
droplet
transmission
(≥10	µm)

Endemic:	mild	respiratory
disease	year-round
Epidemic:	outbreaks	in
military	barracks,
hospitals,	and	institutional
settings

Flulike	illness
prodrome	with
upper	respiratory
signs/symptoms
Progression	to
severe
pneumonia,	can
be	necrotizing

Varicella	virus Airborne:
aerosol
transmission

Year-round	transmission
with	peaks	in	late	winter
and	early	spring	in
temperate	climates
Intimate	contact	with
index	case	of	primary
varicella	infection
(chickenpox)
Incubation	period	is	10-
20	d	after	infection

Pneumonia
presents	1-6	d
after	onset	of
typical	rash
(chickenpox)
Fever,	dyspnea,
tachypnea	in
absence	of	upper
respiratory
symptoms

Rubeola	virus Fomite	and
direct	contact
with	respiratory
droplets
Airborne:
aerosol
transmission

Epidemic	transmission,
localized	outbreaks	in
household	and	community
settings
Outbreaks	in	doctor’s
offices	and	emergency
departments
Infectivity	greatest	in	the
3	d	before	onset	of	rash	in

Prodrome:
cough,	coryza,
conjunctivitis
Unilateral	and
bilateral	primary
viral	pneumonia
Secondary
bacterial
pneumonias	(



index	case	(incubation
period	10-14	d)
Risk	factors	for	severe
illness:	nonimmune	adults
and	children	<5	y	old;
crowding;	pregnancy;	HIV
infection;	malnourished
children,	developing
countries;	vitamin	A
deficiency

pneumoniae
aureus,	and
others)

SARS/MERS
coronavirus

Airborne
droplet
transmission
(≥10	µm)
Fomites

Epidemic/outbreak
settings
Person-to-person
transmission	after	contact
with	symptomatic	infected
person
No	transmission	seen
since	2003	for	SARS-
CoV;	ongoing	outbreaks
with	MERS

Fever,	myalgias,
cough
Upper
respiratory
signs/symptoms
are	uncommon
Dyspnea,
tachypnea,
respiratory
decompensation
develops	around
second	week	of
illness

New	World
hantaviruses

Small-particle
aerosols
generated	from
rodent	excreta

Sporadic,	clustered	cases
in	Americas
Exposure	to	rodents,	their
droppings	and	urine,
especially	in	closed	spaces
In	general,	no	person-to-
person	transmission
(except	possibly	with
Andes	virus)

Febrile/flulike
prodrome
usually	without
any	upper
respiratory
signs/symptoms
Rapid
progression	to
noncardiogenic
pulmonary
edema/ARDS
with	hypotension

Avian	influenza
A	viruses	(eg,

Presumed
droplet

Sporadic	cases	in
countries	with	animal

Flulike	prodrome
often	without



H5N1) transmission
and/or	direct
contact	from
bird	to	human

influenza	A	H5N1
Close	contact/exposure	to
live	or	dead	domestic	fowl
or	wild	birds	or	domestic
ducks
Few	reports	of	limited
person-to-person
transmission	by	intimate
contact	only

upper	respiratory
signs/symptoms
Early
development	of
primary	viral
pneumonia

ARDS,	acute	respiratory	distress	syndrome;	CNS,	central	nervous	system;	HIV,	human
immunodeficiency	virus;	MERS,	Middle	East	respiratory	syndrome;	SARS-CoV,	severe	acute
respiratory	syndrome	coronavirus.
Risk	factors	for	developing	pneumonia:	nonimmune	adults;	smoking;	chronic	obstructive
pulmonary	disease;	>100	skin	lesions;	pregnancy,	third	trimester.

Diagnosis
1 	 Since	 it	 is	 challenging	 to	 clinically	 discriminate	 an	 infection	 from	one	 virus
from	 another,	 diagnostic	 strategies	 are	 needed	 to	 determine	 the	 cause	 of	 the
infection.	Most	contemporary	molecular	assays	have	 the	ability	 to	screen	 for	a
range	 of	 pathogens	 in	 a	 single	 test.8	 Assays	 can	 be	 Clinical	 Laboratory
Improvement	Amendments–waived,	 allowing	 for	 bedside	 diagnosis	 of	 patients
with	rapid	turnaround	time	or	be	of	greater	complexity	with	the	ability	to	detect
a	range	of	viruses	and	bacteria.	These	higher	complexity	tests	typically	must	be
run	in	the	laboratory	and	take	30	minutes	or	longer	to	obtain	a	diagnosis.	In	part,
due	to	the	importance	of	molecular	diagnosis	of	COVID-19,	most	hospitals	and
many	clinical	sites	now	have	ready	access	to	such	molecular	assays.	As	with	any
test,	the	sensitivity	and	specificity	vary	by	assay,	sample	site,	quality	of	sample
collection,	and	site	of	 infection.	Patients	with	 lower	airway	disease	may,	up	 to
20%	of	 the	 time,	have	negative	nasopharyngeal	 testing.	As	 such,	patients	with
severe	 lower	 respiratory	 tract	 infection	 and	 negative	 upper	 tract	 testing	 may
require	 lower	 track	 sampling	 to	 make	 a	 definitive	 diagnosis.8	 Additionally,
viruses	that	infect	the	lung	from	other	primary	sources	of	infection,	such	as	the
nonrespiratory	viruses	or	adenovirus,	 require	 testing	of	either	 lower	respiratory
specimens	or	blood.9

While	there	is	interest	in	assays	that	can	discriminate	viral	from	bacterial	or
fungal	super-	or	coinfection,	no	assay	has	been	demonstrated	to	have	sufficient
sensitivity	 or	 specificity	 to	 exclude	 or	 rule	 in	 a	 particular	 infection.10,11	 Most



respiratory	 viral	 pneumonias,	 with	 the	 exception	 of	 measles,	 result	 in	 normal
total	 neutrophil	 counts	 and	 often	 demonstrate	 profound	 lymphopenia.12
Thrombocytopenia	is	a	hallmark	of	HCPS,	which	also	classically	presents	with
neutrophilia,	 immunoblasts,	 and	 electrolyte	 and	 hepatic	 transaminase
abnormalities.13

The	 radiographic	 findings	 of	 the	 viral	 pneumonias	 are	 also	 broad	 and
nonspecific.	Radiographic	infiltrates	can	have	interstitial,	alveolar,	or	combined
patterns.	 Peribronchial	 nodular	 infiltrates	 is	 a	 pattern	 often	 reported	 with
varicella,	and	PIV	pneumonias	can	present	with	a	miliary	pattern	on	imaging.14
Computed	 tomography	 (CT)	 scans	 are	 better	 at	 detecting	 the	 presence,	 extent,
and	complications	of	respiratory	infections	than	chest	radiographs	but	generally
are	insufficient	to	discriminate	between	viral	or	bacterial	causes.	CT	imaging	is
helpful	for	identifying	fungal	superinfections.

SEASONAL	RESPIRATORY	VIRUSES

Influenza	A/H1N1,	A/H3N2,	B

Epidemiology
Influenza	virus	are	segmented	single-stranded	RNA	viruses	that	are	members	of
the	Orthomycoviridae	and	divided	into	four	types	(A-D);	influenza	A	is	further
divided	based	on	hemagglutinin	(HA)	and	neuraminidase	(NA).	For	influenza	A,
minor	changes	 in	 the	HA	or	NA	result	 in	antigenic	drift	 from	season	to	season
and	 result	 in	 reduced	 neutralization	 with	 antibodies	 generated	 to	 previously
circulating	 strains.	 Antigenic	 drift	 is	 responsible	 for	 the	 need	 to	 update	 the
vaccine	composition	over	 time.	When	there	 is	a	more	significant	change	in	 the
HA	or	NA,	antigenic	shift	occurs	and	typically	triggers	a	pandemic,	due	to	lack
of	 population	 immunity,	 as	 occurred	 in	 1918	 (H1N1),	 1957	 (H2N2),	 1968
(H3N2),	1977	(H1N1),	and	2009	(H1N1).6

Clinical	 presentation	 typically	 starts	 with	 an	 abrupt	 onset	 of	 fever,	 chills,
rigors,	headache,	myalgia,	and	malaise,	but	typical	symptoms	occur	in	less	than
two-thirds	of	cases.	Signs	and	symptoms	are	less	common	among	the	elderly	and
immunocompromised.	Gastrointestinal	symptoms	can	occur,	especially	in	those
infected	 with	 avian	 viruses.	 Persons	 at	 higher	 risk	 for	 influenza-associated
complications	and	hospitalization	 include	pregnant	patients,	patients	with	body
mass	 index	 greater	 than	 30,	 immunosuppressed	 persons,	 and	 patients	 with



comorbid	medical	 conditions.	Most	adults	hospitalized	with	 seasonal	 influenza
have	 exacerbations	 of	 any	 underlying	 cardiopulmonary	 (eg,	 myocardial
ischemia,	 heart	 failure,	 chronic	 obstructive	 pulmonary	 disease	 [COPD])	 or
metabolic	 (eg,	 diabetes)	 conditions,	 and	 about	 one-third	 have	 pneumonia.15,16
Three	 pneumonic	 syndromes	 have	 been	 described—primary	 influenza	 viral
pneumonia,	 secondary	 bacterial	 pneumonia,	 and	 mixed	 viral	 and	 bacterial
pneumonia.

Transmission	and	Infection	Prevention
Transmission	is	generally	the	result	of	large-droplets	and	small	particle	aerosols
over	 short	 distances	 as	 well	 as	 fomites.	 Efficient	 virus	 transmission	 between
humans	depends	 on	virus	 attachment	 to	 and	 replication	 in	 cells	 bearing	α-2,6-
linked	sialosaccharides	 in	 the	upper	 respiratory	 tract	and	 tracheobronchial	 tree.
By	 comparison,	 the	 α-2,3-linked	 sialosaccharides,	 which	 are	 the	 preferred
receptors	 for	 avian	viruses,	 are	 concentrated	 on	 cells	 in	 the	 distal	 bronchioles,
alveoli,	and	conjunctiva.1,17	Most	cases	occur	in	the	winter	months	in	temperate
climates	 (November-April	 in	 the	 Northern	 Hemisphere),	 although	 annual
circulation	has	been	described	in	tropical	climates.

Key	infection	prevention	practice	includes	rapid	isolation	of	all	patients	with
proven	or	 suspected	 influenza	with	 the	use	of	 contact	 and	droplet	 precautions.
Traditional	 facemasks	 appear	 to	 provide	 equivalent	 protection	 compared	 with
N95-respirators	 in	 the	 outpatient	 setting	 and	 are	 recommended	 in	most	 health
care	settings	when	coming	in	contact	with	influenza-infected	patients.18	An	N95-
respirator	 should	 be	 used	with	 other	 precautions	 (including	 gloves,	 gown,	 and
eye	protection	with	face	shield	or	goggles;	an	airborne	infection	isolation	room)
during	 aerosol-generating	 procedures.	 Other	 strategies	 for	 preventing
nosocomial	influenza	include	influenza	vaccination	of	both	health	care	providers
and	 patients,	 appropriate	management	 of	 ill	 health	 care	 providers	 and	 visitors,
and	 engineering	measures	 (eg,	 adequate	 air	 exchanges).	Routine	 use	 of	masks
for	 selected	 populations	 may	 reduce	 the	 risk	 of	 transmission	 and	 seasonal
vaccination	 is	 recommended	 for	 all	 patients	 and	 staff.	 Mandatory	 influenza
vaccination	 for	 staff	 has	 been	 associated	 with	 reduced	 risk	 of	 nosocomial
transmission	and	fewer	sick	days	in	staff.19,20

Treatment
There	are	currently	3	classes	of	drugs	approved	 for	 the	 treatment	of	 influenza:
the	 adamantanes/M2	 ion	 channel	 inhibitors,	 neuraminidase	 inhibitors,	 and



polymerase	 inhibitors	 (Table	 82.2).	 The	 adamantanes,	 amantadine	 and
rimantadine,	 only	 have	 activity	 against	 susceptible	 influenza	A.	Unfortunately,
all	current	influenza	A	viruses	in	circulation	globally	have	resistance	mutations
and	therefore	this	class	of	drug	is	no	longer	recommended	for	the	prevention	or
treatment	 of	 influenza.16	 There	 are	 three	 neuraminidase	 inhibitors	 approved	 in
many	parts	of	the	world	(oseltamivir,	peramivir,	and	zanamivir)	and	laninamivir
that	 is	available	only	 in	 Japan.	The	neuraminidase	 inhibitors	are	active	against
both	 influenza	A	and	B,	although	oseltamivir	 is	 less	active	against	 influenza	B
than	A.16,21	 There	 are	 two	 polymerase	 inhibitors	 approved	 (baloxavir	marboxil
and	 favipiravir,	 the	 latter	 only	 available	 in	 Japan	 for	 use	with	 novel	 influenza
viruses	with	limited	therapeutic	alternatives).	Currently,	neuraminidase	inhibitors
are	the	mainstay	of	therapy	among	hospitalized	patients.

TABLE	82.2

Summary	of	Antiviral	Agents	and	Therapeutic	Options	for
Specific	Viral	Pneumonias

Virus Drug
Adult
Dosage
(Duration)

Dosage
Adjustmentsa

Potential
Adverse
Effects

Influenza
viruses

Oseltamivir 75	mg	PO
BID

Decrease	to
75	mg	PO	QD
in	patients	with
CrCl	between
10	and
30	mL/min

Nausea,
vomiting,
headache

Peramivir 600	mg	IV
x1

Cr	Cl	30-
49	mL/min:
200	mg
CrCl	10-
20	mL/min:
100	mg

LFT
abnormalities



Zanamivir 2	×	5	mg
oral
inhalations
BID
600	mg	IV
BID

For	IV:
CrCl	50-
80	mL/min:
400	mg
CrCl	30-
50	mL/min:
250	mg
CrCl	15-
30	mL/min:
150	mg
CrCl
<15	mL/min:
60	mg

Cough,	nasal
and	throat
discomfort,
bronchospasm,
decreased	lung
function

Baloxavir 40	mg	once
if	<80	kg
80	mg	once
if	≥80	kg

Diarrhea

Favipirivir 1200	mg
then
400	mg
BID	PO

Adenovirus Cidofovir 5	mg/kg
IV	×	1

Contraindicated
in	patients	with
CrCl
≤55	mL/min

Renal	toxicity:
acute	renal
failure,
proteinuria
Neutropenia
Metabolic
acidosis



Uveitis

RSV Ribavirin 600	to
800	mg	2
to	3	times
daily	or	a
single
10	mg/kg
loading
dose
followed
by
20	mg/kg/d
in	3	divided
doses	

Dose-related
hemolytic
anemia
(common)
Cough,
dyspnea,
nausea,
headache,
fatigue
Hypocalcemia
with	IV
ribavirin,
contraindicated
in	pregnancy

Varicella Acyclovir 10	mg/kg
IV	q8h	×	7-
10	d

Decrease	to
10	mg/kg	IV
q12h	for	CrCl
10-50	mL/min
10	mg/kg	IV
q24h	for	CrCl
<10	mL/min

Occasional
mild	nausea,
vomiting,
diarrhea
Crystal
formation	and
renal	tubular
obstruction
Dizziness,
delirium,
obtundation
(rare)

Rubeola
(measles)

Vitamin	A 200,000	IU
PO	qd	×	1-
2	d
(100,000
IU	PO	qd	if
≤1	y	old)

None

Ribavirin 20- None Dose-related



35	mg/kg/d
IV	×	7	d

hemolytic
anemia
(common)
Cough,
dyspnea,
nausea,
headache,
fatigue
Hypocalcemia
with	IV
ribavirin

New	World
hantaviruses

Ribavirin
(unknown
efficacy)

33	mg/kg
IV	load,
then
16	mg/kg
IV
q6h	×	4	d,
8	mg/kg	IV
q8h	×	3	d

None Same	as
previously
noted

Zanamavir	may	be	useful	for	oseltamivir-resistant	H5N1	strains,	but	there	is	no	experience	of	it	as
either	single	agent	or	in	combination	with	other	antivirals.
aConsult	appropriate	references	for	potential	drug-drug	interactions.

BID,	twice	daily;	CNS,	central	nervous	system;	COPD,	chronic	obstructive	pulmonary	disease;
CrCl,	creatinine	clearance;	HCPS,	hantavirus	cardiopulmonary	syndrome;	IV,	intravenous;	LFT,
liver	function	test;	NAI,	neuraminidase	inhibitor;	NS,	normal	saline;	PO,	orally;	q12h,	every	12
hours;	q24h,	every	24	hours;	NS,	normal	saline;	q6h,	every	6	hours;	q8h,	every	8	hours;	qd,	once
a	day;	RSV,	respiratory	syncytial	virus;	LFT,	liver	function	test.

2 	 3 	Among	ambulatory	patients	with	influenza,	the	neuraminidase	inhibitors
are	 associated	 with	 about	 a	 1-day	 reduction	 of	 symptoms	 duration	 as	 well	 as
reduction	 in	 the	 risk	 of	 complications	 for	 patients	 when	 started	 within	 48
hours.21,22	For	hospitalized	patients,	neuraminidase	inhibitor	therapy	is	associated
with	 reduced	 risk	 of	 progression	 to	 pneumonia,	 ICU	admission,	 and	 death.23-25
hile	therapy	is	associated	with	the	greatest	reduction	of	risk	of	adverse	outcomes
as	 well	 as	 shortest	 length	 of	 stay	 when	 started	 within	 the	 first	 48	 hours	 of



infection,	 there	 are	 clear	 data	 that	 antiviral	 therapy	 improves	 outcomes	 even
when	started	after	48	hours.16,23-26	As	a	result,	current	guidelines	recommend	that
all	 hospitalized	 patients	 suspected	 of	 or	 documented	with	 influenza	 should	 be
started	 on	 antiviral	 therapy	 as	 soon	 as	 possible	 and	 should	 not	 wait	 for
confirmatory	testing.16	Oseltamivir	is	typically	utilized,	even	among	critically	ill
patients.	In	general,	 therapeutic	 levels	are	achieved	with	oseltamivir	with	well-
defined	 adjustments	 defined	 for	 patients	 with	 continuous	 hemodialysis	 and
extracorporeal	membrane	oxygenation.27	 If	 there	 is	 concern	 for	oral	 absorption
of	oseltamivir,	intravenous	therapy	with	peramivir	or	zanamivir,	where	available,
can	be	considered;	peramivir	for	hospitalized	patients	has	only	been	studied	with
daily	 dosing.28,29	 Inhaled	 zanamivir	 should	 not	 be	 used	 in	 intubated	 patients
because	of	the	risk	of	ventilator	dysfunction	and	death.16	While	these	agents	are
generally	 approved	 for	otherwise	healthy	patients	utilizing	 a	5-day	duration	of
therapy,	 longer	 durations	 are	 likely	 needed	 for	 patients	with	 pneumonia,	 since
viral	 shedding	 is	 prolonged	 in	 these	 patients.16,30	 While	 there	 was	 hope	 that
addition	 of	 polymerase	 inhibitors	 to	 neuraminidase	 inhibitors	 in	 hospitalized
patients	would	result	in	improved	outcomes	due	to	more	rapid	clearance	of	virus,
existing	 studies	 have	 failed	 to	 demonstrate	 clinical	 improvement	 compared	 to
neuraminidase	 inhibitors	 alone.	 Combination	 therapy	 may	 be	 associated	 with
reduced	risk	of	resistance	emergence.31	For	now,	monotherapy	with	baloxavir	is
not	 recommended	 for	 hospitalized	 patients	 due	 to	 the	 concern	 for	 resistance
emergence.16

While	 there	may	be	enthusiasm	 for	use	of	 immunomodulation	 in	 influenza-
infected	patients,	immunosuppression	has	been	associated	with	worse	outcomes
among	 influenza-infected	 patients.	 Specifically,	 steroids	 are	 not	 recommended
other	 than	 low-dose	 steroids,	 used	 transiently	 as	 part	 of	 the	 treatment	 of
hypotension,	 because	 of	 worse	 outcomes	 with	 steroid	 use.16,32	 Use	 of	 other
therapies	 should	 be	 done	 only	 in	 the	 context	 of	 studies.	 Bacterial	 and	 fungal
superinfections	 have	 been	 described.	 Given	 the	 high	 prevalence	 of	 S.
pneumoniae	or	S.	aureus,	 therapy	directed	at	these	agents	should	be	considered
if	there	is	concern	for	bacterial	superinfection	or	until	testing	can	be	performed
to	 rule	 out	 bacterial	 infection.	 Some	 studies	 have	 demonstrated	 high	 rates	 of
invasive	 Aspergillus	 in	 influenza-infected	 patients;	 as	 such,	 evaluation	 and
treatment	for	invasive	aspergillosis	should	be	considered	if	appropriate.

Respiratory	Syncytial	Virus

Epidemiology



RSV	is	a	single-stranded	RNA	virus	that	belongs	to	the	recently	defined	family
Pneumoviridae,	 genus	Orthopneumovirus.	 Two	 antigenic	 groups	 A	 and	 B	 can
circulate	 simultaneously	 during	 outbreaks,	 but	 the	 proportions	 of	A	 and	 B,	 as
well	as	subtypes,	vary	yearly.33

RSV	infection	is	not	clinically	distinguishable	from	other	respiratory	viruses,
and	symptoms	can	be	muted	in	those	with	immunocompromise.	Presentation	of
RSV	 can	 vary	 from	 asymptomatic	 carriage	 to	 coldlike	 symptoms	 to	 acute
respiratory	distress.	Most	patients	develop	upper	respiratory	tract	symptoms	such
as	 nasal	 congestion	 and	 rhinorrhea	 or	 sore	 throat	 three	 to	 5	 days	 following
infection.	 As	 the	 virus	 progresses	 to	 involve	 the	 lower	 respiratory	 tract,
symptoms	such	as	cough,	wheezing,	and	dyspnea	can	develop.

Adults	 admitted	 to	 the	hospital	 and	 infected	with	RSV	more	often	 than	not
have	 an	 underlying	 chronic	 lung	 disease	 when	 compared	 to	 those	 with
influenza.34	 Exacerbation	 of	 airway	 diseases	 such	 as	 asthma	 or	 COPD	 are
common.35	 Elderly	 patients	 and	 those	 with	 cardiovascular	 diseases	 are	 at
increased	risk	for	severe	disease.36-38	Immunocompromised	patients	such	as	those
with	history	of	hematopoietic	stem	cell	transplantation	or	lung	transplant	have	an
enhanced	risk	of	developing	severe	lower	respiratory	tract	disease.39

Transmission	and	Infection	Prevention
RSV	is	effectively	 transmitted	by	large	nasopharyngeal	secretion	droplets	from
infected	people,	while	aerosolization	is	less	important.19,33,40

Guidelines	from	the	Centers	for	Disease	Control	and	Prevention	recommend
contact	 precautions	 for	 the	 duration	 of	 illness,	 as	 well	 as	 wearing	 a	 mask
according	 to	 standard	 precautions,	 and	 extending	 the	 duration	 of	 contact
precautions	 in	 immunocompromised	 patients	 owing	 to	 prolonged	 shedding.41
The	use	of	masks	with	eye	goggles	may	be	beneficial	 in	decreasing	the	rate	of
RSV	illnesses	in	health	care	workers	looking	after	children.42

While	no	vaccines	are	currently	available	for	RSV,	there	are	currently	dozens
of	 promising	 vaccine	 candidates	 under	 development.33	 Palivizumab	 has	 been
utilized	 in	 high-risk	 infants	 and	 children	 and	 select	 hematopoietic	 stem	 cell
transplantation	 patients	 for	 prevention	 of	 RSV	 infection	 but	 is	 not	 universally
recommended.

Treatment
4 	 The	 standard	 of	 care	 for	 RSV	 infection	 in	 adults	 is	 mainly	 limited	 to
supportive	 care	 with	 bronchodilators,	 supplemental	 oxygen,	 intravenous	 fluid,



and	antipyretics.	There	are	two	drugs	approved	for	prevention	and	treatment	of
RSV	 related	 lower	 respiratory	 tract	 infection	 in	 children:	 palivizumab	 and
aerosolized	ribavirin.	Palivizumab	is	a	monoclonal	antibody	that	has	not	shown
conclusive	efficacy	in	adults.	Antiviral	therapy	is	more	frequently	considered	in
the	setting	of	history	of	stem	cell	transplantation	and	lung	transplant.

Ribavirin	is	a	guanosine	analogue	that	continues	to	be	used	based	on	mainly
observational	data.	Due	to	the	challenges	of	aerosolized	drug	delivery	and	cost,
many	 centers	 use	 oral	 ribavirin	 off-label	 for	 the	 treatment	 of
immunocompromised	 patients.	 Some	 studies	 suggest	 that	 early	 treatment	may
help	progression	of	upper	respiratory	tract	infection	to	lower	tract	infection	but
use	 in	 lower	 respiratory	 tract	 infection	 is	 less	 effective.43,44	 Multiple	 RSV-
specific	 antiviral	 agents	 are	 also	 under	 clinical	 development,	 including	 fusion
inhibitors,	 nonnucleoside	 antivirals,	 nucleoside	 analogues,	 nanobodies,	 and
siRNA-based	 drugs.33	 Multiple	 vaccine	 candidates,	 targeted	 toward	 young
children,	 elderly	 adults,	 and	 pregnant	 populations,	 have	 been	 under
development.45	 Recent	 vaccine	 candidates	 also	 include	 mRNA-based
technology.46

Parainfluenza	Virus

Epidemiology
PIVs	 are	 negative-sense	 single-stranded	 RNA	 viruses	 in	 the	 Paramyxoviridae
family.	There	are	4	serotypes	that	can	cause	infection	with	PIV-3	being	the	most
common	cause	of	clinically	significant	infection.	All	4	serotypes	show	different
seasonal	patterns.47	 PIV	 infection	 causes	 a	 range	 of	 respiratory	 symptoms	 that
are	clinically	indistinguishable	from	other	respiratory	viruses.	Most	common	in
hospitalized	adults	are	cold	 like	symptoms	such	as	cough,	 rhinorrhea,	and	sore
throat,	while	severe	pneumonia	is	recognized	especially	in	those	with	underlying
lung	disease	or	immunocompromise.8,48

Transmission	and	Infection	Prevention
Transmission	mainly	occurs	by	direct	contact	with	infectious	droplets	or	fomites.
PIV	may	remain	infectious	in	airborne	droplets	for	over	an	hour	and	on	surfaces
for	 a	 few	 hours	 depending	 on	 environmental	 conditions.	 The	 hemagglutinin
neuraminidase	 proteins	 in	PIV	 are	more	 stable	when	 compared	 to	 influenza	A
viruses.	However,	 antigenic	 differences	 have	 been	 noted	 over	 time,	 producing



strains	serologically	and	genetically	different	from	earlier	isolates	and	impeding
vaccine	development.49	Therefore,	 there	 is	currently	no	vaccine	 to	prevent	PIV
infection.41

Treatment
4 	The	standard	of	care	for	PIV	infection	in	adults	is	mainly	limited	to	supportive
care	 with	 bronchodilators,	 supplemental	 oxygen,	 intravenous	 fluid,	 and
antipyretics.	While	 ribavirin	 has	 been	 used	 off-label	 for	 treatment	 of	 PIV,	 no
significant	 improvement	 of	 viral	 shedding	 or	 mortality	 rates	 have	 been
demonstrated	 in	 those	 compared	 with	 no	 treatment.50,51	 A	 sialidase	 fusion
protein,	DAS181,	is	currently	under	study	especially	in	special	populations	such
as	those	with	immunocompromise.52

Human	Metapneumovirus

Epidemiology
HMPV	is	a	negative-sense	single-stranded	RNA	virus	 that	was	first	discovered
in	2001	as	 a	member	of	 the	Paramyxoviridae	 family.53	HMPV	 is	 composed	of
genetic	 groups	 A	 and	 B	 with	 seasonal	 distribution	 similar	 to	 that	 of	 other
respiratory	viruses.	While	both	genotypes	can	cocirculate,	the	dominant	lineage
may	vary	year	by	year.54	HMPV	can	be	identified	in	up	to	13%	of	hospitalized
adults,	while	 one	 study	 showed	 up	 to	 46%	 of	HMPV	 cases	 occurred	 in	 those
over	65	years	old.55,56	Symptoms	and	disease	presentation	of	HMPV	are	similar
to	those	of	other	respiratory	viruses,	with	more	severe	disease	seen	in	those	with
underlying	 comorbidities	 such	 as	 lung	 disease	 (especially	 asthma)	 and
immunocompromise.55,57

Transmission	and	Infection	Prevention
HMPV	 is	 thought	 to	 spread	 through	 direct	 or	 close	 contact	 with	 infected
individuals	or	 fomites.	Both	 contact	 and	droplet	 precautions	 are	 recommended
for	 those	with	 symptoms.41	While	 there	 are	 no	 currently	 licensed	 vaccines	 for
HMPV,	 several	 vaccine	 candidates	 including	 live-attenuated,	 vectored,	 and
inactivated	vaccines	are	under	development.57

Treatment



4 	 Treatment	 for	 HMPV	 consists	 of	 supportive	 care,	 as	 there	 are	 no	 licensed
antivirals	against	HMPV.	Both	 ribavirin	and	 intravenous	 immunoglobulin	have
been	investigated,	but	no	controlled	trials	and	guidelines	recommend	the	use	of
these	measures.58

Adenovirus

Epidemiology
Human	adenoviruses	are	double-stranded	DNA	viruses	and	are	members	of	the
family	 Adenoviridae	 and	 the	 genus	Mastadenovirus.	 They	 are	 further	 divided
into	 seven	 species	 (A,	B,	C,	D,	E,	 F,	 and	G)	 based	 on	 genetic	 and	 serotyping
with	well	 over	 80	 serotypes	 identified	 to	 date.	Adenoviruses	 cause	 a	 range	 of
infections	from	mild	self-limited	respiratory	viral	infections,	conjunctivitis,	and
diarrhea	 to	 severe	 disseminated	 disease,	 particularly	 among
immunocompromised	 hosts.	 Severe	 pneumonia	 and	 disseminated	 disease	 have
been	 described	 in	 otherwise	 healthy	 patients	with	 local	 outbreaks	 increasingly
recognized.59	 There	 is	 year-round	 circulation	 of	 adenoviruses	without	 seasonal
peaks.	 Outbreaks	 have	 been	 described	 in	 settings	 with	 people	 living	 in	 close
proximity,	including	military	recruits.

Transmission	and	Infection	Prevention
Transmission	 typically	 occurs	 through	 fomites	 and	 droplets.	 Strict	 attention	 to
contact	 and	 droplet	 precautions	 can	 prevent	 health	 care–associated	 and
institutional	 outbreaks	 of	 adenovirus	 infections.	 An	 oral	 live-attenuated
adenovirus	4	and	7	vaccine	is	well	tolerated,	with	a	vaccine	efficacy	of	99.3%,
but	is	only	approved	for	US	military	personnel	17	to	50	years	old.60

Treatment
No	antiviral	agents	are	specifically	approved	for	the	treatment	of	adenovirus.	In
vitro	 studies	 have	 demonstrated	 activity	 of	 a	 number	 of	 agents	 against
adenovirus,	 but	 only	 cidofovir	 and	 brincidofovir	 have	 demonstrated	 clinical
activity.	 Cidofovir	 can	 be	 used	 at	 5	 mg/kg	 dosing	 every	 1	 to	 2	 weeks	 and
1	 mg/kg	 dosing	 three	 times	 per	 week;	 the	 dosing	 regimens	 have	 not	 been
compared	head-to-head	clinically,	but	existing	data	suggests	lower	renal	toxicity
with	 three	 times	 a	 week	 dosing.	 Brincidofovir	 was	 recently	 approved	 for	 the



treatment	of	 smallpox,	 is	orally	bioavailable	and	associated	with	 reduced	bone
marrow	 and	 renal	 toxicity	 compared	 to	 cidofovir.61	 Lastly,	 adenovirus-	 and
multivirus-specific	 T-cell	 infusions	 have	 also	 been	 studied,	 generally	 in
immunocompromised	patients,	and	may	be	an	option	in	the	future.62

Other	Seasonal	Viruses
There	 are	 several	 other	 seasonal	 respiratory	 viruses	 that	 can	 lead	 to	 human
disease	and	potentially	cause	significant	respiratory	symptoms.	Seasonal	human
coronaviruses,	 such	 as	 OC43,	 HKU1,	 229E,	 and	 NL63,	 tend	 to	 have	 peak
incidences	 in	 the	 winter	 months	 and	 rarely	 cause	 lower	 tract	 infections.	 In
contrast,	 human	 bocavirus	 and	 rhinoviruses	 can	 be	 detected	 throughout	 the
year.63	Certain	enteroviruses	can	increase	in	frequency	during	the	summer,	with
Enterovirus	D68	 in	particular	being	 linked	 to	outbreaks	causing	mild	 to	severe
respiratory	 illness	 and	 acute	 flaccid	 paralysis	 in	 children.64	 There	 are	 no
approved	therapies	for	these	viruses.

OTHER	HUMAN	VIRUSES	RESULTING	IN
PNEUMONIA

Herpes	Viruses	(Varicella-Zoster	Virus,	Herpes	Simplex
Virus)
Cutaneous	 herpes	 simplex	 virus	 (HSV)	 or	 varicella-zoster	 virus	 (VZV)
infections	 can	 disseminate	 to	 the	 lung	 in	 up	 to	 10%	 of	 patients.	 Likewise,
patients	with	 nasal,	 oropharyngeal,	 or	 esophageal	 infections	 can	 spread	 to	 the
lungs	 and	 may	 demonstrate	 vesicular	 lesions	 in	 the	 trachea.	 Typically,	 VZV
pneumonia	 develops	within	 the	 first	 7	 days	 of	 illness	 and	 is	 associated	with	 a
high	 rate	 of	 mortality.65,66	 As	 such,	 this	 is	 considered	 a	 life-threatening
emergency.	Diagnosis	can	be	made	with	an	appropriate	clinical	 syndrome	plus
positive	blood	or	BAL	polymerase	chain	reaction	(PCR)	detection	of	a	relevant
herpes	virus.

5 	As	soon	as	HSV	or	VZV	pneumonia	 is	considered	or	proven,	 intravenous
acyclovir	 should	 be	 utilized	 to	 treat	 the	 infection.	 There	 is	 a	 small	 study
suggesting	that	adjunctive	corticosteroids	may	result	in	shorter	ICU	and	hospital
stays	 than	 those	 who	 did	 not	 receive	 corticosteroids.	 However,	 there	 are	 no
prospective	 controlled	 studies	 supporting	 the	 use	 of	 adjunctive	 corticosteroid



therapy	in	varicella	pneumonia.67

Rubeola	(Measles)	Virus
Pneumonia	is	the	most	common	severe	complication	of	measles	and	accounts	for
most	 measles-associated	 deaths,	 particularly	 among	 children.12	 There	 are	 no
specific	therapies	proven	to	be	effective	for	measles.	There	are	data	that	vitamin
A	therapy	(50,000	IU	for	age	<	6	months,	100,000	IU	for	age	6-11	months,	and
200,000	 for	 children	 ≥	 12	 months)	 is	 associated	 with	 halving	 the	 risk	 of
mortality	 in	 children	 with	 severe	 measles	 and	 is	 often	 used	 for	 treatment	 of
severe	measles	 pneumonia.	 Likewise,	 ribavirin	 has	 been	 used	 in	 patients	with
severe	 measles	 pneumonia	 based	 on	 in	 vitro	 data	 although	 clinical	 data	 to
support	its	use	are	limited.68	Bacterial	superinfections,	particularly	with	S.	aureus
and	 S.	 pneumoniae	 as	 well	 as	 gram-negative	 organisms,	 are	 common	 among
patients	with	measles	pneumonia.	As	such,	empiric	antibacterial	therapy	should
be	considered	until	a	bacterial	superinfection	is	ruled	out.

NOVEL	ZOONOTIC	VIRUSES

Avian	Influenza	Viruses
Infections	with	highly	pathogenic	avian	influenza	(HPAI)	virus	are	rare	but	can
be	 extremely	 severe.	Recent	 outbreaks	of	A/H5N1	and	H7N9	have	 resulted	 in
localized	 outbreaks	 and	 have	 the	 potential	 for	 pandemic	 spread.5,69,70	 Case
fatality	 of	 these	 infections	 can	 be	 high;	 of	 the	 369	 cases	 of	 H5N1	 reported
between	1997	to	2007,	60%	were	fatal.71	The	early	symptoms	of	avian	influenza
are	 fever,	 aching	 muscles,	 headache,	 and	 cough,	 and	 occasionally
gastrointestinal	 symptoms	 (eg,	 diarrhea,	 vomiting,	 and	 abdominal	 pain),	 chest
pain,	and	nosebleeds.	As	the	infection	progresses,	symptoms	of	pneumonia	and
acute	respiratory	distress	syndrome	develop.

The	diagnostic	approach	to	avian	 influenza	 is	 to	collect	nasopharyngeal	and
lower	 respiratory	 tract	 specimens	 for	 reverse	 transcription	 polymerase	 chain
reaction	 (RT-PCR)	 assay	 and	 viral	 culture.72	 Detection	 of	 viral	 RNA	 in
respiratory	 specimens	 by	 RT-PCR	 is	 the	 most	 sensitive	 and	 rapid	 method	 for
detecting	specific	avian	influenza	viruses	including	A/H5N1	and	A/H7N9.	PCR
may	give	a	positive	on	the	matrix	assay	but	not	on	HA-specific	gene	assays.	A
hallmark	of	H5N1	influenza	has	been	a	higher	frequency	of	virus	detection	and



viral	 loads	 in	 pharyngeal	 and	 lower	 respiratory	 tract	 samples	 than	 in	 nasal
samples	between	2	and	16	days	after	 the	onset	of	 illness,73	 and	viral	RNA	has
also	been	detected	in	fecal	samples	or	swabs.74,75

There	 are	 no	 specific	 approved	 treatments	 for	 avian	 influenza;	 however,
therapeutics	for	human	influenza	show	promise	for	treatment	of	these	infections.
Because	 resistance	 can	 emerge	 more	 commonly	 among	 HPAI	 patients,
combination	therapy	can	be	considered.	Such	an	approach	was	studied	with	the
combination	 of	 favipiravir	 and	 oseltamivir;	 target	 pharmacokinetics	 was	 not
achieved,	but	clinical	recovery	was	seen	in	most	treated	patients.31	Two	A/H5N1
vaccines	 are	 approved	 by	 the	U.S.	 Food	 and	Drug	Administration	 but	 are	 not
currently	 in	clinical	use,	while	candidate	vaccines	for	other	relevant	HPAIs	are
under	development.76

Hantaviruses
There	are	nearly	a	dozen	New	World	hantaviruses	that	have	been	associated	with
HCPS.	Sin	Nombre	virus	 (in	 the	 southwestern	United	States)	 and	Andes	virus
(in	 South	 America)	 are	 the	 two	 best	 known	 HCPS-associated	 hantaviruses.77
HCPS	presents	as	a	nonspecific	illness	with	symptoms	such	as	fever,	myalgias,
headache,	and	gastrointestinal	cramps.

The	 diagnosis	 of	 HCPS	 can	 be	 made	 by	 detection	 of	 anti-hantavirus
immunoglobulin	M	(IgM)	antibodies	 in	acute	 illness	serum.	Nearly	all	patients
with	HCPS	have	detectable	IgM	in	their	sera	at	the	onset	of	pulmonary	edema.
The	currently	available	IgM	capture	enzyme-linked	immunosorbent	assay	using
a	recombinant	Sin	Nombre	virus	antigen	can	be	used	to	diagnose	all	New	World
hantavirus	infections.78	RT-PCR	assay	on	blood	or	lung	tissue	is	a	research	assay
of	limited	utility	and	not	widely	available,	but	research	is	ongoing.79

There	 are	 no	 currently	 approved	 therapies	 for	 any	 hantavirus.	 However,
numerous	vaccine	and	drug	development	strategies	have	been	tested	and/or	are
ongoing.80	 Studies	 that	 have	 used	 approved	 drugs	 to	 test	 for	 antihantavirus
efficacy	 have	 resulted	 in	 numerous	 negative	 results;	 for	 example,	 there	 is	 no
evidence	 that	 ribavirin,	 favipiravir,	or	corticosteroids	have	any	effect	on	HCPS
in	 clinical	 trials	 or	 animal	models.80	Various	 vaccines	 and	 antibody	 treatments
are	progressing	through	clinical	trials.

Severe	Acute	Respiratory	Syndrome	Coronavirus	1
SARS-CoV-1	was	 the	 first	 identified	severe	human	coronavirus	 that	developed



into	highly	lethal	severe	respiratory	tract	infection.	First	confirmed	in	November
2002,	 SARS-CoV-1	 spread	 around	 the	 world	 to	 26	 countries,	 causing	 8096
confirmed	 cases	 and	 774	 deaths	 (a	 case	 fatality	 rate	 of	 9.6%).	 Symptoms	 of
severe	 SARS-CoV-1	 infection	 included	 high	 temperature,	 extreme	 fatigue,
headaches,	 chills,	 muscle	 pain,	 loss	 of	 appetite,	 and	 diarrhea.	 Interestingly,	 a
small	number	of	SARS-CoV-1	patients	developed	a	 long-term	fibrotic	disorder
of	 the	 lungs	 that	 persisted	 after	 the	 initial	 infection,	 and	 clearance,	 of	 SARS-
CoV-1.81,82

The	most	practical	diagnostic	approach	for	SARS	coronavirus	is	an	RT-PCR
assay	 on	 nasopharyngeal	 specimens	 within	 2	 weeks	 after	 symptom	 onset.83
SARS-CoV-1	RNA	can	be	detected	in	stool	(week	2	onward).	Lower	respiratory
tract	secretions	harbor	a	greater	viral	load	than	upper	respiratory	tract	secretions
early	in	illness.

SARS-CoV-1	was	 eventually	 controlled	 by	 effective	 quarantine	 of	 infected
persons	and	elimination	of	 the	direct	animal	reservoir,	not	 through	any	vaccine
or	 treatment	 being	 approved.	 During	 the	 SARS-CoV-1	 epidemic,	 therapy	 for
severe	 cases	 was	 restricted	 to	 standard	 respiratory	 support	 and	 there	 are	 no
approved	treatments	or	vaccines	for	specific	use	against	SARS-CoV-1.	However,
empirical	use	of	several	antiviral	and	immunomodulatory	strategies	was	used,	as
full	controlled	trials	were	not	possible.	Ribavirin	was	the	most	commonly	used
antiviral	agent,	but	poor	in	vitro	activity	against	the	SARS-CoV-1	and	apparent
limited	 ability	 to	 reduce	 early	 viral	 shedding	 in	 patients	 make	 its	 usefulness
questionable.84	 Corticosteroids	were	 used	 extensively	 during	 the	 SARS-CoV-1
outbreak	at	varying	doses	and	durations.	Retrospective	analyses	on	the	effects	of
corticosteroids	suggest	that	they	did	not	provide	any	significant	benefits	and	may
even	have	been	associated	with	some	adverse	outcomes.84,85

Middle	East	Respiratory	Syndrome	Coronavirus
Middle	East	 respiratory	 syndrome	 coronavirus	 (MERS-CoV)	 emerged	 in	 2012
and	is	still	circulating.4	As	of	April	2021,	there	have	been	2574	confirmed	cases,
of	which	886	were	fatal	(a	case	fatality	rate	of	34.4%).	MERS-CoV	has	not	led
to	a	pandemic,	most	likely	because	the	R0	for	MERS-CoV	is	below	1	in	normal
circumstances.86	 After	 a	 predicted	 incubation	 period	 of	 5	 to	 14	 days,87	 severe
MERS-CoV-induced	 disease	 typically	 begins	 with	 fever,	 cough,	 chills,	 sore
throat,	myalgia,	and	arthralgia,	and	progresses	to	pneumonia	that	often	requires
mechanical	ventilation	within	the	first	week.88	Though	respiratory	symptoms	are
the	 major	 feature	 of	 MERS-CoV	 infection,	 some	 patients	 also	 develop



gastrointestinal	symptoms,	such	as	vomiting	or	diarrhea,88	and	kidney	failure.89
Furthermore,	 there	 is	 evidence	 that	 MERS-CoV	 RNA	 can	 be	 isolated	 from
blood,	urine,	and	stool	of	infected	patients.90	However,	it	remains	unclear	if	this
is	a	direct	result	of	MERS-CoV	replication	in	any	organ	outside	the	lung	or	is	a
result	of	the	multiorgan	failure	caused	by	a	severe	pneumonia.

MERS-CoV	 diagnostic	 tests	 were	 developed	 rapidly	 and	 MERS-CoV
infection	 can	 be	 detected	 directly	 using	 RT-PCR	 or	 antigen	 tests.91
Recommended	 samples	 are	 those	 derived	 from	 the	 respiratory	 tract	 (eg,
bronchoalveolar	 lavage	 or	 sputum),	 but	 MERS-CoV	 can	 also	 be	 detected	 in
urine	and	stool.91

There	are	currently	no	approved	treatments	or	vaccines	for	MERS-CoV,	and
use	of	antivirals	to	treat	MERS-CoV	is	limited	to	advisory	opinions	for	the	most
severe	cases.	In	some	cases,	the	evidence	for	drug	effectiveness	is	contradictory.
For	 example,	 a	 retrospective	 study	 suggested	 that	 treatment	with	 ribavirin	 and
interferon	 α2a	 correlated	 with	 enhanced	 survival	 at	 14	 days	 post	 treatment92;
however,	 the	 sample	 size	was	 low	 and	 there	 have	 been	 no	 placebo-controlled
trials.	But,	in	at	least	one	study,	use	of	ribavirin	and	interferon	α2b	was	shown	to
have	no	effect	on	the	outcome	of	MERS-CoV	infection.93

6 	Novel	treatments	and	vaccines	designed	to	specifically	inhibit	SARS-CoV-1
and/or	 MERS-CoV	 have	 shown	 promise	 in	 vitro	 and	 in	 animal	 models.	 A
randomized,	 placebo-controlled	 study	 of	 a	 combination	 of	 recombinant
interferon	β1b	and	lopinavir-ritonavir	led	to	lower	mortality	than	placebo	among
patients	 who	 had	 been	 hospitalized	 with	 laboratory-confirmed	 MERS,
particularly	when	therapy	was	started	within	7	days	after	symptom	onset.94

Severe	Acute	Respiratory	Syndrome	Corona	Virus	2
In	 2019,	 severe	 acute	 respiratory	 syndrome	 coronavirus	 2,	 a	 new	 coronavirus,
was	identified.	The	disease	it	causes	has	been	termed	COVID-19.	It	is	covered	in
a	separate	chapter	(Chapter	83).
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MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	You	are	seeing	a	camel	handler	who	recently	arrived	from	Riyadh,
Kingdom	of	Saudi	Arabia.	He	has	had	rapid	onset	of	fever	to	102.2	°F,	malaise,
cough,	and	shortness	of	breath.	He	notes	diarrhea	that	started	just	before	coming
to	the	hospital.	What	is	the	best	next	step	in	management?

A. 	Order	empiric	antibiotics	for	pneumonia	and	C.	difficile	colitis
B. 	Order	baloxavir	pending	viral	PCR	swab	confirmation
C. 	Order	respiratory	isolation
D. 	Order	thick	and	thin	blood	smears

2. 	In	January,	you	are	admitting	a	62-year-old	woman	with	a	past	medical
history	of	heavy	tobacco	use,	coronary	artery	disease,	heart	failure,	hypertension,
hyperlipidemia,	diabetes	mellitus	and	obesity	(BMI	42).	The	patient	presents
with	an	acute	onset	of	fever,	myalgias,	sore	throat,	and	cough	that	started	3	days
ago.	In	the	emergency	department,	she	has	progressive	shortness	of	breath,
wheezing,	and	productive	cough.	Her	current	temperature	is	101.7	°F,	HR	92,
RR	23,	BP	126/68,	92%	SaO2	on	room	air.	Her	exam	is	notable	for	wheezing
bilaterally	and	significant	jugular	venous	distension.	Chest	imaging
demonstrates	diffuse	bilateral	ground	glass	infiltrates	and	an	enlarged	heart.	She
had	a	nasal	swab	sent	for	COVID-19	PCR	which	is	negative,	but	her	full	panel
for	other	respiratory	viruses	is	pending.	Her	WBC	is	8.5.	Suspecting	influenza,
what	is	the	most	appropriate	management?

A. 	Amantadine	100	mg	twice	a	day
B. 	Oseltamivir	75	mg	twice	a	day
C. 	Single	dose	of	peramivir	or	baloxavir
D. 	Supportive	care	only	since	>48	hours	since	symptoms	onset

Answers

1.	The	correct	answer	is	C.
Rationale:	MERS-CoV,	 which	 causes	 “Middle	 East	 respiratory	 syndrome,”

can	 spread	 rapidly	 in	 hospital	 environments,	 and	 any	 treatments	 have	 unclear
efficacy.	Therefore,	 the	most	prudent	 immediate	action	would	be	 to	 isolate	 the
patient	 away	 from	 others	 while	 diagnosis	 is	 confirmed	 (choice	 C	 is	 correct).
Isolation	should	take	place	prior	to	any	diagnostic	testing	or	treatment	to	protect
the	 staff	 and	 patients	 in	 the	 emergency	 department.	 Influenza	 (which	 can	 be



treated	 with	 baloxavir,	 choice	 B),	 malaria	 (tested	 for	 by	 choice	 D),	 or	 other
infections	 are	 among	 the	 possibilities	 of	 fever	 in	 a	 returning	 traveler,	 but	 the
Arabian	 Peninsula	 origination	 and	 camel	 contact	 should	 make	 one	 highly
suspicious	for	MERS-CoV.

2.	The	correct	answer	is	B.
Rationale:	 Initiate	 oseltamivir	 75	 mg	 twice	 daily	 (choice	 B)	 is	 the	 correct

answer.	 The	 patient	 presents	 with	 classic	 influenza	 and	 meets	 criteria	 for
admission.	 As	 such,	 she	warrants	 therapy	 even	 beyond	 48	 hours,	 and	 therapy
should	not	 be	deferred	pending	PCR	 testing.	Amantadine	 is	 not	 recommended
for	treatment	of	influenza	because	of	widespread	resistance.	Single-dose	therapy
with	 peramivir	 or	 baloxavir	 is	 appropriate	 for	 outpatients	 but	 not	 in	 admitted
patients.
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KEY	POINTS:
1.	 SARS-CoV-2	has	a	variable	incubation	period,	and	the	virus	is	found

at	high	titers	in	asymptomatic	people	who	can	spread	the	virus	to
others.

2.	 COVID-19	is	a	biphasic	illness	caused	by	a	respiratory	virus	(SARS-
CoV-2)	that	is	spread	person	to	person	primarily	by	droplets
generated	from	speaking,	sneezing,	or	coughing	(though	small
droplet/airborne	transmission	has	also	been	described).

3.	 Severe	disease	and	mortality	are	associated	with	the	development	of
lower	respiratory	tract	disease.

4.	 Antibacterial	agents	are	not	routinely	used	in	treatment	because
mortality	correlates	with	the	host	response	to	infection	and	bacterial
superinfection	is	uncommon.

5.	 Early	administration	of	monoclonal	antibodies	can	prevent
hospitalization	for	patients	with	COVID-19.

6.	 Use	of	immunomodulators	in	late	disease	limits	mortality.

ORIGINS
On	 December	 31,	 2019,	 authorities	 in	 China	 alerted	 the	 World	 Health
Organization	(WHO)	that	there	was	a	cluster	of	cases	of	pneumonia	of	unknown
cause	in	the	city	of	Wuhan.	By	January	7,	2020,	the	WHO	reported	that	they	had
identified	 a	 novel	 coronavirus	 that	 they	 termed	 “2019-nCOV	 (2019-novel
Coronavirus).”



By	January	13,	the	first	case	outside	of	China	was	confirmed	in	Thailand,	and
on	January	30,	the	WHO	declared	a	global	emergency	when	cases	were	reported
in	the	United	States,	Japan,	Nepal,	France,	Australia,	Malaysia,	Singapore,	South
Korea,	 Vietnam,	 and	 Taiwan.	 The	 new	 virus	 appeared	 similar	 to	 severe	 acute
respiratory	syndrome	coronavirus	(SARS-CoV),	a	virus	first	described	in	2002,
so	it	was	termed	severe	acute	respiratory	syndrome	coronavirus	2	(SARS-CoV-
2).	The	WHO	called	the	disease	caused	by	this	virus	“coronavirus	disease	2019”
or	 “COVID-19”	 to	 memorialize	 its	 category	 and	 date	 of	 identification.	 By
January	 2020,	 the	 virus	 had	 been	 sequenced	 and	 almost	 2000	 cases	 had	 been
reported	 since	 the	 first	 patient	 was	 hospitalized	 on	 December	 12,	 2019.	 By
February	2020,	deaths	from	the	disease	began	to	be	reported	around	the	world.
The	WHO	declared	a	global	pandemic	on	March	11,	2020.	By	the	end	of	June
2020,	 over	 ten	million	 cases	had	been	 reported	 for	 this	 disease,	 a	 number	 that
would	climb	to	more	than	230	million	by	the	end	of	the	following	summer	with
4.7	million	deaths.

Coronaviruses
Coronaviruses	 were	 first	 described	 in	 the	 1960s.	 There	 are	 seven	 known
coronaviruses	 that	 infect	 humans	 and	 many	 more	 animal	 viruses.	 Four
coronaviruses	(two	α-coronaviruses—229E	and	NL63,	and	two	β-coronaviruses
—OC43	 and	 NKU-1)	 cause	 seasonal	 infections	 and	 are	 considered	 low-level
pathogens.	 They	 are	 seen	 predominantly	 in	 the	 fall	 and	winter	 and	 associated
with	 “cold”	 symptoms	 (sore	 throat,	 runny	nose,	 headache,	 cough,	 fever,	 and	 a
generalized	sense	of	not	being	well).

The	 first	 SARS-CoV	 pandemic	 occurred	 in	 2002	 and	 was	 first	 reported	 in
Guangdong,	China.	This	 virus	 spread	 rapidly	 around	 the	world	 in	 2003	 and	 is
reported	to	have	caused	over	8000	illnesses	with	a	fatality	rate	of	approximately
10%.	No	cases	have	been	 reported	 since	2004.	Although	 the	virus	presumably
enters	via	the	upper	airways,	it	appears	to	be	spread	only	by	those	who	develop
lower	airway	disease.	Its	lack	of	infectivity	early	in	the	course	of	disease	made
this	disease	caused	by	SARS-CoV	easier	to	control,	and	public	health	measures
are	thought	to	have	contributed	to	bringing	the	epidemic	to	an	early	end.

The	 experience	 with	 SARS-CoV-2,	 the	 causative	 agent	 of	 the	 COVID-19
pandemic,	has	been	very	different.

VIROLOGY



Coronaviruses	are	large,	enveloped	viruses	that	replicate	in	the	cytoplasm	using
a	 single	 positive	 strand	 of	 RNA.	 Their	 name	 comes	 from	 the	 trimeric	 spike
glycoprotein	 that	 projects	 from	 the	 surface	 of	 the	 virus	 as	 a	 clublike	 structure
giving	 the	 appearance	 of	 a	 crown	 on	 electron	 microscopy.	 Like	 severe	 acute
respiratory	 syndrome	 coronavirus	 1	 (SARS-CoV-1),	 SARS-CoV-2,	 as	 revealed
by	sequence	analysis,	has	almost	90%	nucleotide	similarity	 to	viruses	found	in
bats,	 suggesting	 bat-to-human	 transmission.	Also,	 like	 SARS-CoV-1,	 the	 virus
binds	to	the	host	via	an	interaction	between	the	receptor-binding	domain	of	the
spike	protein	and	the	host	cell	protein	angiotensin-converting	enzyme	2	(ACE2).

The	virus	has	a	huge	genome	and	encodes	 several	major	 structural	proteins
(including	both	 the	 spike	 protein	 and	 a	 dimeric	 hemagglutinin-esterase	 protein
found	 on	 the	 surface	 of	 the	 virus).	 In	 addition	 to	 encoding	multiple	 structural
genes,	 the	 virus	 encodes	 multiple	 small	 open	 reading	 frames	 that	 encode
accessory	 proteins,	 many	 of	 unknown	 function.	 The	 virus	 also	 encodes	 two
proteases	that	appear	to	be	important	in	both	viral	entry	and	escape	from	the	cell.
Although	these	are	logical	targets	for	drug	development,	several	features	of	the
virus	make	this	difficult.1

In	some	viral	illnesses,	viral	RNA	has	been	demonstrated	to	be	present	long
after	 the	 disease	 has	 run	 its	 course.	 The	 mean	 duration	 of	 detectable	 RNA
following	SARS-CoV-2	infection	has	been	estimated	to	be	14.5	days,	but	many
patients	 continue	 to	 shed	RNA	detectable	by	polymerase	chain	 reaction	 (PCR)
for	weeks	after	infection.2	Thus,	PCR	testing	is	not	useful	for	gauging	whether	a
patient	is	actively	infected	or	capable	of	infecting	others.	The	most	direct	way	to
determine	 whether	 a	 patient	 who	 is	 PCR	 positive	 should	 be	 treated	 or	 is
infectious	 would	 be	 to	 culture	 the	 virus.	 However,	 this	 method	 is	 time-
consuming	 and	 expensive;	 thus,	 other	ways	 to	 determine	 infectivity	 are	 being
actively	explored,	including	the	possibility	of	detecting	subgenomic	transcripts,
which	are	only	seen	in	productively	infected	cells.3

Many	of	 the	16	nonstructural	proteins	encoded	in	 the	SARS-CoV-2	genome
are	 involved	 in	 capping	 and	 transcribing	 the	 viral	RNA.	 In	 addition,	 the	 virus
produces	 an	 exonuclease	 that	 appears	 to	 facilitate	 proofreading	 of	 the
polymerase,	which	maintains	the	fidelity	of	the	transcription	process.	Despite	the
proofreading	 function,	much	 of	 the	 virus’s	 ability	 to	 spread	 around	 the	 world
appears	 to	 be	 based	on	 its	 ability	 to	 generate	 variants	 that	 are	more	 infectious
than	 the	 wild-virus.	 These	 variants	 usually	 involve	 mutations	 of	 the	 spike
protein.	Some	of	them	have	been	demonstrated	to	enhance	the	ability	of	the	virus
to	bind	ACE2	and,	therefore,	have	resulted	in	waves	of	disease.	One	example	is
the	 delta	 variant	 (consisting	 of	 ten	 mutations	 in	 the	 spike	 protein),	 which
originated	in	India	in	December	2020	and	spread	to	the	United	States	in	March



2021,	 becoming	 the	 dominant	 strain	 in	 the	 United	 States	 during	 July	 2021.
Another	 variant	 with	 global	 impact,	 the	 omicron	 variant	 (B.1.1.529)	 was	 first
detected	 in	 Botswana	 and	 South	 Africa	 in	 November	 2021	 and	 subsequently
swept	the	globe,	driving	a	surge	of	infections	that	peaked	in	the	United	States	in
January	2022.4

1 	 2 	Features	of	SARS-CoV-2	infection	include	a	long	and	variable	incubation
time,	 running	 from	 2	 to	 14	 days,	 with	 several	 studies	 showing	 a	 mean	 of
approximately	 5	 days.	 Transmission	 of	 SARS-CoV-2	 is	 thought	 to	 be	 through
respiratory	droplets,	and	 large	droplets	generated	 through	speaking	or	sneezing
are	 thought	 to	 be	 the	 major	 means	 of	 transmission,	 but,	 as	 with	 influenza,
airborne	 transmission	 (through	 small	 droplets)	 may	 also	 occur.	 The	 virus	 can
clearly	 be	 found	 on	 inanimate	 objects	 (fomites),	 including	 floors,	 doorknobs,
countertops,	etc,	but	whether	the	presence	of	virus	in	these	areas	plays	a	role	in
transmission	is	unclear.	Similarly,	the	virus	can	be	found	in	fecal	specimens	and
in	wastewater	from	cities	that	have	experienced	infected	patients,	but	fecal-oral
transmission	has	not	been	proven.	The	virologic	characteristics	of	SARS-CoV-2
are	summarized	in	Table	83.1.

TABLE	83.1

Virologic	Characteristics	of	SARS-CoV-2

1.	 Member	of	the	beta-coronaviruses,	like	SARS-CoV-1	and	MERS-CoV
2.	 Spike	protein	on	the	surface	has	been	shown	to	bind	to	angiotensin-

converting	enzyme	2	(ACE-2)	on	the	surface	of	human	cells.
3.	 Replication	of	virus	occurs	in	the	upper	and	lower	airways.
4.	 Asymptomatic	and	presymptomatic	subjects	are	contagious.
5.	 Incubation	period	ranges	from	2-14	days,	with	a	median	of	around	5.

MERS-CoV,	Middle	East	respiratory	syndrome	coronavirus;	SARS-CoV,	severe	acute	respiratory
syndrome	coronavirus.

IMMUNOLOGY
Like	 all	 viruses,	 SARS-CoV-2	 uses	 a	 variety	 of	 strategies	 to	 defeat	 the	 host’s



initial	1	interferon	(IFN)	response.	Several	different	viral	gene	products	bind	to
the	 interferon-stimulated	 genes	 or	 other	 proteins	 that	 are	 part	 of	 the	 IFN
production	 pathway	 and,	 in	 doing	 so,	 decrease	 the	 type	 I	 IFN	 (alpha,	 beta)
responses.5	 Both	 the	 presence	 of	 anti-IFN	 antibodies	 and	 inborn	 defects	 in
proteins	 important	 to	 the	 type	 I	 IFN	 response	 have	 been	 associated	 with	 the
development	 of	 severe	 COVID-19	 disease,	 illustrating	 the	 importance	 of	 the
early	IFN	response	to	disease	outcome.

SARS-CoV-2	stimulates	both	a	B-	and	T-cell	 response,	 though	 the	 response
seen	 is	 not	 as	 robust	 as	 that	 seen	with	 influenza.	 The	 presence	 of	 preexisting
antibodies	is	associated	with	a	much	lower	risk	of	infection	and	reinfection	after
recovery.	This	is	unusual	and	suggests	that	natural	immunity	is	protective.	In	one
study	conducted	in	the	UK,	reinfection	after	documented	infection	(with	positive
antibody)	 resulted	 in	 an	 84%	 reduced	 risk	 of	 becoming	 reinfected	 and	 this
protective	effect	appeared	 to	 last	 for	at	 least	7	months	 in	most	 individuals.6	 B-
and	T-cell	responses	to	most	viral	proteins	are	measurable	in	recovered	patients.
Interestingly,	 studies	 of	 COVID-19	 vaccine	 recipients	 have	 indicated	 that
neutralizing	 antibody	 titers	 are	 higher	 and	 tend	 to	 last	 longer	 among	 people
receiving	vaccines	 expressing	 the	 spike	 protein	 alone.	Antibody	 titers	 increase
among	recovered	patients	who	receive	the	vaccine,	and	vaccination	is	currently
recommended	for	optimal	protection	against	reinfection.	The	relative	durability
of	immunity	after	infection	and	vaccination	is	still	undefined,	and	the	long-term
role	 of	 booster	 vaccines	 is	 still	 being	 studied.	 Table	 83.2	 summarizes	 the
immunologic	features	of	SARS-CoV-2.

TABLE	83.2

Immunologic	Features	of	SARS-CoV-2

1.	 Most	patients	generate	good	T-	and	B-cell	responses	to	the	virus.
2.	 Reinfection	is	uncommon.
3.	 The	duration	of	immunity	is	not	clear.
4.	 People	with	defects	in	interferon	production	(genetic	or	drug-induced)

are	particularly	susceptible	to	severe	disease.

SARS-CoV,	severe	acute	respiratory	syndrome	coronavirus.



CLINICAL	PRESENTATION
As	a	virus	that	enters	via	the	upper	respiratory	tract	and	may	or	may	not	cause
lower	respiratory	tract	disease,	the	presentation	of	infection	with	SARS-CoV-2	is
extremely	 variable	 (Table	 83.3).	 In	 an	 early	 report	 of	 over	 1000	 patients
hospitalized	 for	COVID-19	 in	China,	 the	most	 common	 symptoms	 of	 patients
were	fever	(43.8%	on	admission	and	88.7%	during	hospitalization),	with	cough
reported	 in	 67.8%	 and	 diarrhea	 being	 uncommon	 (3.8%).7	 A	 large	 US	 study
conducted	 on	 both	 inpatients	 and	 hospital-based	 outpatients	 diagnosed	 with
COVID-19	between	April	1	and	May	31,	2020,	revealed	that	the	most	common
comorbidities	 associated	 with	 COVID-19	 were	 hypertension	 (46.7%),
hyperlipidemia	 (28.9%),	 diabetes	 (27.9%),	 and	 chronic	 pulmonary	 disease
(16.1%).	 In	 this	 study,	 29.9%	 of	 inpatients	 and	 74.9%	 of	 outpatients	 had	 no
known	 comorbidities.	Of	 the	 total,	 19.4%	 (6849	 patients)	were	 admitted	 to	 an
intensive	care	unit	(ICU)	and	20.3%	died	in	the	hospital.	Age	(80	or	older)	was
the	 risk	 factor	most	 highly	 associated	with	mortality.	 A	 study	 of	 393	 patients
admitted	 to	 a	 quaternary	 care	 center	 early	 in	 the	 pandemic	 in	New	York	City
revealed	 that	 the	 most	 common	 presenting	 symptom	 was	 cough	 (79.4%),
followed	 by	 fever	 (77.1%),	 dyspnea	 (56.5%),	 myalgias	 (23.8%),	 diarrhea
(23.7%),	 and	 nausea	 and	 vomiting	 (19.1%).8	 In	 terms	 of	 laboratory
abnormalities,	 90%	 had	 lymphopenia,	 and	 27%	 had	 thrombocytopenia.
Subsequent	studies	have	revealed	that	a	large	percentage	of	patients	with	SARS-
CoV-2	 infection	 are	 asymptomatic.	Estimates	 of	 asymptomatic	 infections	 have
ranged	 from	1.4%	 to	 78.3%	 and	 depend	 very	much	 on	 the	 population	 studied
and	methods	used.9	A	study	of	cases	in	New	York	City	reported	that	50%	were
asymptomatic	 or	 presymptomatic,10	while	 the	Centers	 for	Disease	Control	 and
Prevention	(CDC)	uses	an	estimate	of	40%	asymptomatic	cases	in	their	planning
scenarios	(www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html).	A
meta-analysis	derived	a	figure	of	25%.9	Children,	in	general,	are	more	likely	to
be	 asymptomatic	 carriers,	 whereas	 disease	 severity	 correlates	 directly	 with
increasing	age.

TABLE	83.3

COVID-19	Symptoms	on	Presentation

Fever	or	chills

http://www.cdc.gov/coronavirus/2019-ncov/hcp/planning-scenarios.html


Cough
Shortness	of	breath	or	difficulty	breathing
Fatigue
Muscle	or	body	aches
Headache
New	loss	of	taste	or	smell
Sore	throat
Congestion	or	runny	nose
Nausea	or	vomiting
Diarrhea

Modified	from:	https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html

COVID-19,	coronavirus	disease	2019.

CLINICAL	COURSE
As	with	presentation,	 the	clinical	course	of	COVID-19	is	extremely	variable—
ranging	 from	 no	 disease	 to	 death	 with	 a	 considerable	 range	 of	 different
possibilities	in	between.	People	60	or	older	and	people	with	underlying	medical
comorbidities	(obesity,	cardiovascular	disease,	chronic	kidney	disease,	diabetes,
chronic	 lung	 disease,	 smoking,	 cancer,	 and	 solid-organ	 or	 hematopoietic	 stem
cell	transplantation)	have	a	much	higher	risk	of	developing	severe	disease.	The
risk	 of	 hospitalization	 for	COVID-19	was	 6	 times	 higher	 among	 patients	with
preexisting	medical	conditions	than	for	those	without	them.11	The	percentage	of
patients	that	died	of	COVID-19	was	12	times	higher	in	patients	with	preexisting
comorbid	conditions	(19.5%	vs	1.6%).	The	death	rate	was	also	higher	 for	men
(12.5%)	 than	 women	 (9.6%).	 Overall,	 age	 is	 a	 huge	 prognostic	 factor,	 with
people	over	65	being	95	times	more	likely	to	die,	and	people	over	85	being	600
times	as	likely	to	die	of	COVID-19	as	compared	to	patients	aged	18	to	29	(Table
83.4).	However,	 a	meta-analysis	 of	 57	 studies	 revealed	 that	when	 adjusted	 for
comorbidities	 (diabetes,	 hypertension,	 coronary	 artery	 or	 cerebrovascular
disease,	 compromised	 immunity,	 previous	 respiratory	 disease,	 renal	 disease)
(Table	 83.5),	 the	 effect	 of	 age	 alone	 was	 less	 important,	 suggesting	 that	 age
represents	a	combination	of	accumulating	comorbidities	rather	than	a	risk	factor
in	itself.12

https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html


TABLE	83.4

Rate	Ratios	Compared	to	18-29-Year-Oldsa

Age	in	years

0-4 5-
17

18-29 30-
39

40-
49

50-
64

65-
74

75-
84

85+

Casesb <1x 1x Reference
group

1x 1x 1x 1x 1x 1x

Hospitalizationc <1x <1x 2x 2x 4x 6x 9x 15x

Deathd <1x <1x 4x 10x 35x 95x 230x 600x

aRates	are	expressed	as	whole	numbers,	with	values	less	than	10	rounded	to	the	nearest	integer,
two-digit	numbers	rounded	to	nearest	multiple	of	5,	and	numbers	greater	than	100	rounded	to	two
significant	digits.
bIncludes	all	cases	reported	by	state	and	territorial	jurisdictions	(accessed	on	July	12,	2021).	The
denominators	used	to	calculate	rates	were	based	on	the	2019	vintage	population.
cIncludes	all	hospitalizations	reported	through	COVID-NET	(from	March	1,	2020	through	July	3,
2021,	accessed	on	July	12,	2021).	Rates	were	standardized	to	the	2020	US	standard	COVID-
NET	catchment	population.
dIncludes	all	deaths	in	National	Center	for	Health	Statistics	(NCHS)	Provisional	death	counts
(accessed	on	July	12,	2021).	The	denominators	used	to	calculate	rates	were	based	on	the	2019
vintage	population.

All	rates	are	relative	to	the	18-	to	29-year-old	age	category.	This	group	was	selected	as	the
reference	group	because	it	has	accounted	for	the	largest	cumulative	number	of	COVID-19	cases
compared	to	other	age	groups.	Sample	interpretation:	Compared	with	18-	to	29-year-olds,	the	rate
of	death	is	four	times	higher	in	30-	to	39-year-olds,	and	600	times	higher	in	those	who	are
85	years	and	older.	(In	the	table,	a	rate	of	1x	indicates	no	difference	compared	to	the	18-	to	29-
year-old	age	category.)
Modified	from:	https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-
discovery/hospitalization-death-by-age.html

TABLE	83.5

Common	Risk	Factors	for	the	Development	of	Severe
COVID-19	in	Alphabetic	Order	(CDC
—https://www.cdc.gov/coronavirus/2019-ncov/need-extra-

https://www.cdc.gov/coronavirus/2019-ncov/covid-data/investigations-discovery/hospitalization-death-by-age.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html


precautions/people-with-medical-conditions.html)

Cancer
Chronic	kidney	disease
Chronic	lung	diseases	can	make	you	more	likely	to	get	severely	ill	from
COVID-19.	These	diseases	may	include	COPD	(chronic	obstructive
pulmonary	disease),	asthma	(moderate-to-severe),	interstitial	lung	disease,
cystic	fibrosis,	and	pulmonary	hypertension
Dementia	or	other	neurological	conditions
Diabetes	(1	or	2)
Down	syndrome
Heart	conditions	(such	as	heart	failure,	coronary	artery	disease,
cardiomyopathies,	or	hypertension)
HIV	infection
Immunocompromised	state	(weakened	immune	system)
Liver	disease
Overweight	and	obesity
Pregnancy
Sickle	cell	disease	or	thalassemia
Smoking,	current	or	former
Solid-organ	or	blood	stem	cell	transplant
Stroke	or	cerebrovascular	disease,	which	affects	blood	flow	to	the	brain
Substance	use	disorders

COVID-19,	coronavirus	disease	2019;	HIV,	human	immunodeficiency	virus;	COPD,	chronic
obstructive	pulmonary	disease.

2 	 3 	The	clinical	course	of	COVID-19	is	usually	biphasic	with	an	early	upper
respiratory	 infection	 manifested	 by	 fever,	 sore	 throat,	 headache,	 cough,	 and
myalgias	(Table	83.3),	sometimes	with	loss	of	taste	and	smell.	It	should	be	noted
that	the	spectrum	of	predominant	symptoms	may	be	changing	with	the	spread	of
new	variants	and	may	also	be	modified	based	on	underlying	vaccination	status.
This	 first	 phase	 is	 followed,	 for	 those	 that	 develop	 severe	 disease,	 by	 a	 lower
respiratory	 tract	 phase	 of	 the	 disease.	 This	 phase	 is	 marked	 by	 worsening
hypoxia	and	hypotension	and	may	progress	to	multiorgan	failure	and	fatal	cases.
COVID-19	 is	associated	with	 the	development	of	pulmonary	emboli	and	other
clotting	 abnormalities.	 In	 addition,	 patients	 with	 COVID-19	 may	 develop



myocardial	 injury,	 myocarditis,	 acute	 myocardial	 infarction,	 heart	 failure,
dysrhythmias,	and	venous	thromboembolic	events.13	A	variety	of	hematological
complications	 have	 been	 reported.14	 Of	 these,	 lymphopenia	 is	 a	 hallmark	 of
COVID-19,	 particularly	 during	 early	 infection,	 while	 hypercoagulability	 is	 a
consistent	feature	of	 the	disease.	Severe	 lymphopenia	and/or	 thrombocytopenia
is	a	negative	prognostic	factor	for	patients	with	COVID-19,	and	elevated	levels
of	 certain	 “acute	 phase	 reactants,”	 such	 as	 interleukin	 6,	 C-reactive	 protein,
procalcitonin,	and	ferritin,	are	associated	with	more	severe	disease.	An	elevated
D-dimer	is	seen	among	almost	half	of	inpatients,	and	higher	levels	are	associated
with	 a	 worse	 prognosis.	 Disseminated	 intravascular	 coagulation	 is	 a	 potential
complication	of	COVID-19,	as	is	venous	thromboembolism,	so	multiple	studies
on	 the	 best	 means	 of	 anticoagulation	 are	 underway	 (see	 treatment	 below).
Common	 features	 of	 fatal	 COVID-19	 include	 an	 exaggerated	 inflammatory
response	 leading	 to	 inflammatory	 cell	 accumulation	 in	 the	 lungs	 with
accompanying	poor	air	exchange,	circulatory	collapse,	which	may	be	associated
with	microvascular	disease	and	cardiac	disease	with	heart	failure	and	subsequent
multiorgan	 failure	 (liver,	 kidney	 failure).	 Immunomodulators	 that	 presumably
attenuate	this	maladaptive	inflammatory	response	have	been	shown	to	decrease
mortality15	 (see	 treatment	 later).	 Inflammation	 of	 endothelial	 cells	 may
contribute	 to	 clotting	 abnormalities.	Myocardial	 inflammation	 has	 been	 shown
on	autopsy	studies,	and	the	presence	of	 the	virus	has	been	reported	both	in	 the
heart16	 and	 endothelial	 cells,17	 but	 this	 has	 not	 been	 confirmed	 by	 other
investigators.	While	SARS-CoV-2	has	been	identified	in	the	plasma	of	infected
patients,	this	is	not	common.

4 	On	x-ray,	patients	with	lower	tract	disease	typically	have	bilateral	infiltrates
with	 a	 “ground-glass”	 appearance.	Ground-glass	 opacities	 are	 defined	 as	 hazy
areas	 of	 slightly	 increased	 density	 without	 loss	 of	 bronchial	 and	 vascular
markings.	This	pattern	may	be	caused	by	the	displacement	of	air	due	to	partial
filling	 of	 airspaces	 or	 interstitial	 thickening	 in	 COVID-19	 patients.	 These
changes	may	be	unilateral	or	bilateral,	mainly	with	a	subpleural	distribution,	and
have	been	reported	with	an	incidence	of	up	to	91%.	The	“crazy	paving”	pattern,
which	 consists	 of	 thickened	 interlobular	 septa	 and	 intralobular	 lines
superimposed	 on	 a	 ground-glass	 background,	 has	 been	 reported	 in	 36%	 of
patients.18	 This	 sign	 may	 result	 from	 the	 combination	 of	 alveolar	 edema	 and
interstitial	inflammation	seen	with	acute	lung	injury	associated	with	SARS-CoV-
2	 infection.19	 Consolidation,	 which	 results	 in	 the	 obscuring	 of	 bronchial	 and
vascular	markings,	 is	 seen	 in	 a	 variable	 number	 of	 patients	 and	 the	 incidence
appears	 to	 increase	 over	 the	 first	 2	 weeks	 of	 illness.20	 CT	 scans	 are	 more
sensitive	 than	 x-rays	 for	 diagnosing	 COVID-19	 pneumonia.	 Unlike	 influenza



pneumonia,	 bacterial	 superinfection	 is	 uncommon	 in	 patients	with	COVID-19,
so	antibacterial	antibiotics	are	not	routinely	recommended.21

ISSUES	RELATED	TO	ICU	CARE
Mortality	among	patients	in	the	ICU	was	increased	for	patients	who	were	older,
immunosuppressed,	obese,	and	had	diabetes	mellitus,	renal	or	cardiac	disease.	A
lower	partial	pressure	of	oxygen/	fraction	of	inspired	oxygen	ratio	and	a	shorter
time	between	 first	 symptoms	and	 ICU	admission	were	 all	 predictive	of	 higher
mortality.	Table	83.6	 summarizes	 preexisting	 comorbidities	 that	 are	 associated
with	in-hospital	mortality.	There	has	been	significant	variability	of	the	mortality
rate	 among	different	 hospitals	 in	 the	United	States.	With	 very	 few	 exceptions,
mortality	 improved	over	 the	course	of	 the	first	6	months	of	 the	pandemic	with
improvements	 of	 >25%	 for	 most	 hospitals.	 Improvement	 of	 mortality	 rates
appeared	to	correlate	with	decline	of	 the	community	COVID-19	case	 load.22	A
mortality	of	critically	ill	COVID-19	patients	of	39%	was	noted	in	the	early	days
of	 the	pandemic	 in	New	York	City.23	 Improvement	 of	 care	 delivery	 in	 general
once	the	shock	of	 the	pandemic	was	over	may	have	accounted	for	some	of	the
decreased	 mortality	 seen,	 but	 several	 ICU-specific	 measures	 including	 more
judicious	 use	 of	 mechanical	 ventilation	 and	 prone	 positioning	 may	 also	 have
contributed.

TABLE	83.6

Preexisting	Comorbidities	Significantly	Associated	With
Increased	Odds	of	In-Hospital	Mortality

%
Increase

Adjusted
Odds	Ratio

95%	Confidence
Interval

Metastatic	solid	tumor 57% 1.57 1.20-2.05

History	of	myocardial
infarction

47% 1.47 1.34-1.62

Cerebrovascular
disease

39% 1.39 1.25-1.56



Congestive	heart
failure

37% 1.37 1.26-1.49

Hemiplegia 34% 1.34 1.05-1.72

Any	malignant
neoplasm

27% 1.27 1.09-1.47

Dementia 20% 1.21 1.11-1.32

Diabetes 20% 1.20 1.12-1.28

Chronic	pulmonary
disease

16% 1.16 1.08-1.26

Hyperlipidemia 11% 1.11 1.03-1.19

Data	from	Rosenthal	N,	Cao	Z,	Gundrum	J,	Sianis	J,	Safo	S.	Risk	Factors	Associated	with	In-
Hospital	Mortality	in	a	US	National	Sample	of	Patients	With	COVID-19.	JAMA	Network	Open.
2020;3(12):e2029058.

OPPORTUNISTIC	INFECTIONS	AFTER	COVID-19
INFECTION
Though	the	rate	of	secondary	bacterial	pneumonia	is	lower	following	initial	viral
pneumonia	due	 to	SARS-CoV-2	as	compared	 to	other	 respiratory	viruses,	such
as	influenza,	accumulating	data	suggest	an	increased	risk	for	subsequent	fungal
infections,	 particularly	 pulmonary	 aspergillosis.	 In	 a	 study	 published	 in	 the
Emerging	 Infectious	 Diseases	 journal	 of	 the	 CDC	 in	 April	 2021,	 coronavirus
disease–associated	 pulmonary	 aspergillosis	 was	 identified	 in	 186	 patients
worldwide	from	March-August	2020.24	The	majority	of	these	patients	(n	=	182)
were	ultimately	in	the	ICU	and	suffered	from	a	high	mortality	of	approximately
50%.	Though	 the	 diagnosis	 of	 invasive	 pulmonary	 aspergillosis	 is	 challenging
and	 typically	 relies	 on	 a	 combination	 of	 findings	 including	 characteristic
imaging,	lower	respiratory	tract	cultures,	the	presence	of	fungal	markers,	such	as
galactomannan,	 in	a	bronchoalveolar	 lavage	 sample	or,	 ideally,	histopathologic
evidence	of	invasive	disease,	often	these	patients	had	presumed	or	likely	(rather
than	 definitive)	 disease	 since	 many	 of	 the	 procedures	 required	 to	 secure	 a
definitive	 diagnosis	 contributed	 to	 aerosolization	 of	 SARS-CoV-2	 and	 were



therefore	 avoided	 whenever	 possible.	 As	 a	 result,	 the	 degree	 to	 which	 true
invasive	 pulmonary	 aspergillosis	 occurs	 after	 COVID-19	 disease	 remains
controversial	and	requires	further	investigation.25

MANAGEMENT

Medications
At	 the	 time	 of	 this	 writing,	 there	 are	 3	 U.S.	 Food	 and	 Drug	 Administration–
approved	 treatments	 for	 COVID-19	 including	 the	 antiviral	 drug	 remdesivir,
which	 is	 an	 inhibitor	 of	 the	 viral	 RNA-dependent,	 RNA	 polymerase	 and	 was
identified	 early	 as	 a	 potential	 therapy	 for	 COVID-19	 because	 of	 previously
identified	 in	 vitro	 inhibitory	 activity	 against	 other	 coronaviruses	 including
SARS-CoV-1	and	Middle	East	respiratory	syndrome	coronavirus.26	In	addition	to
remdesivir,	two	other	antiviral	agents	have	been	introduced	for	the	treatment	of
mild-to-moderate	 COVID-19	 that	 have	 changed	 the	 landscape	 of	 COVID-19
treatment	because	they	can	be	administered	orally	and	can	thus	overcome	many
of	 the	 logistical	 barriers	 to	 infusion-based	 therapy.	 These	 agents	 are
nirmatrelvir/ritonavir,	a	combination	of	a	SARS-CoV-2	main	protease	 inhibitor
(nirmatrelvir)	and	an	HIV-1	protease	inhibitor	and	CYP3A	inhibitor	(ritonavir),
and	molnupiravir,	 a	 nucleoside	 analogue	 that	 inhibits	 SARS-CoV-2	 replication
via	 viral	 mutagenesis.	 Based	 on	 current	 knowledge	 of	 the	 pathogenesis	 of
COVID-19,	 the	impact	of	direct	antiviral	agents	 is	 thought	 to	be	greatest	when
viral	 replication	 is	 highest	 in	 the	 first	 week	 of	 illness.	 Other	 direct	 antiviral
agents	continue	to	be	under	investigation.

5 	 Passive	 immunotherapy	 and	 immunomodulatory	 agents	 have	 long	 had	 a
role	in	the	management	of	infectious	diseases	and	SARS-CoV-2	is	no	exception.
Passive	immunotherapy	that	has	been	studied	in	management	of	COVID-19	has
included	monoclonal	 antibodies,	 which	 benefit	 patients	 early	 in	 the	 course	 of
disease	 and	 have	 been	 shown	 to	 prevent	 hospitalizations	 and	 progression	 to
severe	disease.	Monoclonal	antibodies	also	show	some	promise	in	postexposure
prophylaxis,	 though	 the	 fullest	 extent	of	 their	 role	 in	 this	 realm	 remains	under
investigation.	Another	form	of	passive	immunotherapy—convalescent	plasma—
has	 been	 in	widespread	 use	 during	 the	 pandemic,	 though	 aggregate	 data	 have
ultimately	been	disappointing.27

6 	Pharmacological	immunomodulation	with	therapies	such	as	steroids	and	IL-
6	inhibitors	have	a	role	primarily	in	the	inflammatory	phase	of	illness.	In	critical



illness	 in	 particular,	 immunomodulators	 (such	 as	 dexamethasone,
methylprednisolone,	and	tocilizumab)	have	shown	greatest	therapeutic	benefit	in
conjunction	with	supportive	care.	 In	 these	patients,	 the	 role	of	antiviral	agents,
such	 as	 remdesivir,	 has	 been	more	 controversial	 and	 any	 benefit	 in	 this	 group
remains	 unclear.	Our	 current	 understanding	 of	 the	 immunology	 of	 this	 disease
supports	the	idea	that	progression	to	severe	disease	is	driven	by	an	inflammatory
response	 that	 is	 best	 targeted	by	 immunomodulatory	 therapy.	The	Randomised
Evaluation	 of	 COVID-19	 Therapy	 (RECOVERY)	 trial	 was	 the	 first	 to
demonstrate	a	mortality	benefit	to	any	pharmacological	agent	against	COVID-19
—in	 this	 case,	 the	 use	 of	 dexamethasone	 for	 hospitalized	 patients	 requiring
supplemental	oxygen	or	mechanical	ventilation.28	Table	83.7	 summarizes	some
of	the	key	features	of	COVID-19	that	influence	approaches	to	treatment.

TABLE	83.7

Key	COVID-19	Features	That	Influence	the	Approach	to
Treatment

COVID-19	is	a	biphasic	disease.
Early	intervention	with	monoclonal	antibodies	or	antiviral	agents	is	likely
to	prevent	severe	disease	and	hospitalization.
Viral	titers	in	immunocompetent	people	are	highest	early	in	disease	and
decline	rapidly.
Lung	damage	is	thought	to	be	due	to	the	host	response	that	by	itself	may
damage	lung	tissues.
Immunomodulators	have	been	demonstrated	to	result	in	better	outcomes.

COVID-19,	coronavirus	disease	2019.

As	 noted	 earlier,	 studies	 early	 in	 the	 course	 of	 the	 pandemic	 highlighted
complications	 of	 hypercoagulability	 associated	 with	 COVID-19	 disease
including	 both	 venous	 and	 arterial	 thromboembolism	 and	 microvascular
angiopathy.	 The	 thrombotic	 complications	 were	 particularly	 associated	 with
severe	 disease	 in	 hospitalized	 patients	 but	 could	 also	 present	 as	 a	 later
complication	of	infection	after	discharge.	Trials	evaluating	the	relative	risks	and
benefits	of	prophylactic	vs.	therapeutic	dose	anticoagulation	are	ongoing,	though



an	 interim	 analysis	 of	 a	 large	 collaborative	 multiplatform	 randomized	 control
trial	 designed	 to	 answer	 this	 question	 suggested	 that	 the	 risk	 of	 harm	 among
critically	 ill	 patients	 from	 excess	 bleeding	 due	 to	 therapeutic	 anticoagulation
outweighed	 any	 potential	 benefits.	 As	 a	 result,	 this	 arm	 of	 the	 study	 was
paused.29

Nonpharmacological	Management
In	addition	 to	close	monitoring	given	 their	potential	 for	 rapid	decompensation,
patients	 with	 severe	 COVID-19	 requiring	 ICU	 level	 of	 care	 also	 need	 to	 be
evaluated	 for	 the	 need	 for	 endotracheal	 intubation.	 Early	 in	 the	 pandemic,
patients	were	intubated	early	in	the	course	of	their	treatment,	however	ultimately
it	 was	 found	 that	 many	 could	 avoid	 intubation	 with	 the	 use	 of	 other	 support
measures	 such	 as	 high-flow	 nasal	 cannula	 or	 continuous	 positive	 airway
pressure.30	 In	 addition	 to	 the	 usual	 clinical	 markers	 suggesting	 a	 need	 for
intubation,	 such	 as	unsustainable	work	of	breathing	 and	 refractory	hypoxemia,
additional	 considerations	 in	 deciding	 which	 patients	 with	 COVID-19	 would
benefit	from	intubation	include	the	predicted	illness	trajectory,	potential	 impact
of	 intubation	 on	 stability	 for	 procedures	 or	 transport,	 and	 infection	 control
considerations.	As	an	aerosolizing	procedure,	endotracheal	intubation	should	be
performed	in	full	personal	protective	equipment,	including	N95	masks,	in	order
to	prevent	transmission	to	staff.31

Once	 intubated,	 patients	 should	 be	 ventilated	 using	 an	 acute	 respiratory
distress	 syndrome	 (ARDS)	 protocol	 that	 limits	 tidal	 volume	 and	 inspiratory
pressure	 to	 reduce	 the	 risk	 of	 compounding	 damage	 to	 lung	 parenchyma	 via
barotrauma.	 Protocols	 for	 “lung	 protective	 ventilation”	 include	 setting	 a	 tidal
volume	of	6	mL	per	kilogram	of	predicted	body	weight	(which	can	be	pushed	to
8	mL	per	kilogram	of	predicted	body	weight	if	the	patient	becomes	distressed).31
In	 addition,	 the	 plateau	 pressure	 should	 remain	 less	 than	 30	 cm	 of	 water	 to
prevent	alveolar	overdistension.	Ventilated	patients	should	be	adequately	sedated
for	multiple	 reasons	 including	pain	management,	 improved	synchrony	with	 the
ventilator,	and	reducing	a	high	metabolic	rate	in	febrile	patients.

Additional	 considerations	 include	 careful	 assessment	 of	 volume	 status.
Resuscitation	with	isotonic	fluid	is	indicated	in	patients	with	volume	depletion,
but	excessive	administration	of	fluids	should	be	avoided.	A	small	percentage	of
patients	with	severe	COVID-19	may	require	 renal	 replacement	 therapy,	 though
this	 process	 is	 often	 complicated	 by	 clotting	within	 the	 circuit	 because	 of	 the
clotting	dysregulation	already	mentioned.31

Patient	 positioning	 has	 been	 noted	 to	 be	 uniquely	 important	 in	 the



management	 of	 COVID-19	 pneumonia,	 as	 in	 other	 conditions	 complicated	 by
ARDS.	 Specifically,	 the	 prone	 position	 can	 improve	 oxygenation	 in	 these
patients.	 Patients	 who	 are	 awake	 and	 can	 participate	 in	 their	 care	 should	 be
encouraged	 to	 use	 the	 prone	 position.	 Proning	may	 also	 serve	 as	 a	method	 to
overcome	refractory	hypoxemia	for	mechanically	ventilated	patients	when	used
for	 16	 hours	 a	 day,	 and	 this	 strategy	 has	 been	 shown	 to	 reduce	 mortality.
However,	 achieving	 prone	 positioning	 in	 a	 mechanically	 ventilated	 patient
requires	 a	 team	 of	 trained	 clinicians.	 Patients	 who	 are	 not	 intubated	 but	 are
unstable	or	rapidly	decompensating	should	not	remain	in	the	prone	position,	as	it
is	 then	 difficult	 to	 deliver	 resuscitative	measures	 such	 as	 rescue	 breaths	 if	 the
need	arises.29

LATE	SEQUELAE	AND	“LONG	COVID”
The	 overwhelming	 majority	 of	 patients	 discharged	 from	 the	 hospital	 with
COVID-19	have	 symptoms	 after	 discharge.	At	 60	 days	 after	 discharge,	 87.4%
patients	 in	 an	 Italian	 study	 reported	 persistent	 symptoms.32	 Fatigue,	 dyspnea,
joint	pain,	and	chest	pain	were	the	most	common	symptoms	and	55%	had	three
or	 more	 symptoms.	 A	 prospective	 study	 including	 follow-up	 visits,
questionnaires,	 and	 x-ray	 studies	 from	 Wuhan,	 China	 reported	 that	 76%	 of
patients	had	at	least	one	symptom	6	months	after	symptom	onset.	Fatigue	(63%)
and	sleep	difficulties	(23%)	were	the	most	common	complaints.33	At	1	year	post
discharge,	only	49%	of	the	same	cohort	complained	of	post-COVID	symptoms
and	 although	 30%	 still	 complained	 of	 dyspnea,	 88%	 of	 those	 employed	 had
returned	 to	 work.	 X-ray	 abnormalities	 showed	 resolution	 with	 time.	 Among
patients	 hospitalized	 with	 severe	 disease,	 100%	 demonstrated	 abnormal	 CT
scans	 at	 6	 months,	 while	 40%	 or	 fewer	 (depending	 upon	 the	 severity	 of	 the
pneumonia)	 demonstrated	 abnormal	 CT	 patterns	 at	 1	 year.	 Ground-glass
opacities	 and	 irregular	 lines	were	 the	most	 common	abnormalities	 seen.	While
interlobular	 septal	 thickening	 was	 associated	 with	 a	 marked	 decrease	 of	 lung
diffusion	 capacity,	 this	 was	 an	 uncommon	 finding	 (0%-11%	 with	 the	 higher
numbers	reflecting	a	more	severe	case	of	pneumonia).

Abnormalities	 in	 lung	 diffusion	 capacity	 (defined	 as	 less	 than	 80%	 of	 the
predicted	carbon	monoxide	diffusion	measurements),	was	seen	in	23%	of	those
patients	 with	 pneumonia	 not	 requiring	 oxygen,	 in	 31%	 in	 those	 requiring
oxygen,	 and	 in	 54%	 in	 those	 requiring	 high-flow	 oxygen	 or	 mechanical
ventilation.	 Interestingly,	 among	 those	 requiring	 high-flow	 oxygen	 or
mechanical	 ventilation,	 the	 number	 of	 subjects	 with	 an	 abnormal	 diffusion



capacity	decreased	from	39%	at	6	months	to	29%	at	1	year.	Taken	as	a	whole,
these	 data,	 with	 the	 largest	 series	 available	 following	 over	 a	 thousand	 people
with	severe	disease	for	over	a	year,	reassure	us	that	the	feared	“tsunami”	of	post-
COVID	 lung	 fibrosis	 following	 the	 COVID-19	 “earthquake”	 is	 not	 likely	 to
occur.34	Nevertheless,	 there	will	be	patients	who	suffer	 long-term	damage	from
SARS-CoV-2	 infection.	 In	 addition	 to	 lung	 damage,	 renal	 damage,	 chest	 pain,
arrhythmias,	and	heart	failure	has	been	reported	as	longer-term	consequences	of
COVID-19,	 as	 have	 a	 variety	 of	 neuropsychiatric	 abnormalities	 including
depression	and	anxiety.

The	constellation	of	symptoms	reported	by	patients	recovering	from	COVID-
19	has	been	termed	“long-haul	COVID,”	“long	COVID,”	or	postacute	sequelae
of	COVID-19.	A	White	Paper	 issued	by	FAIR	Health	based	on	over	34	billion
private	health	care	claims	in	the	United	States	concluded	that:

1.	 23.2%	of	patients	recovering	from	COVID-19	had	at	least	one	post-COVID
condition

2.	 Post-COVID-19	conditions	were	highest	among	hospitalized	patients
(50%),	lowest	among	asymptomatic	patients	(19%),	and	intermediate	for
symptomatic,	nonhospitalized	patients	(27.5%)

3.	 Anxiety	and	depression	were	common	neuropsychiatric	symptoms35

The	 associations	 between	 COVID-19	 and	 neurological	 disorders,	 including
loss	of	taste	and	smell,	are	not	well	defined,	and	such	effects	are	not	noted	with
influenza	and	other	respiratory	virus	infections.	Whether	SARS-CoV-2	is	able	to
travel	into	cranial	nerves	or	infect	neurons,	as	has	been	proposed	by	some,	is	not
known.	Whether	 some	of	 the	 effects,	 like	 the	 “brain	 fog,”	 anxiety,	 depression,
and	 fatigue,	 could	 be	 the	 result	 of	 the	 dramatic	 alterations	 in	 host	 cytokines
caused	 by	 the	 immune	 system’s	 response	 to	 upper	 and	 lower	 respiratory	 tract
infection	 remains	 under	 investigation.	 At	 the	 moment,	 there	 are	 no	 cures	 or
recommended	 treatments	 for	COVID-19	sequelae,	 though	patients	may	benefit
from	a	multidisciplinary	approach	to	care.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	recommended	in	the	treatment	of	SARS-CoV-2
infection?



A. 	Early	intubation	of	patients	with	signs	of	pneumonia
B. 	Empiric	antibacterial	agents	to	prevent	bacterial	superinfection
C. 	Prehospital	monoclonal	antibodies	to	prevent	admission
D. 	Remdesivir	use	restriction	to	mechanically	ventilated	patients

2. 	Which	of	the	following	is	true	about	pneumonia	in	COVID-19	patients?

A. 	Ground-glass	opacities	are	the	most	common	radiographic	finding
B. 	Pleural	effusions	are	identified	in	about	80%	of	patients
C. 	It	is	most	often	due	to	secondary	bacterial	infection
D. 	Severity	is	much	worse	in	children	as	compared	to	adults

3. 	Which	of	the	following	is	a	characteristic	of	SARS-CoV-2,	the	etiologic
agent	for	COVID-19?

A. 	It	has	existed	for	several	decades,	found	on	autopsy	in	patients	dying
from	influenza
B. 	It	is	a	segmented	RNA	virus,	which	accounts	for	its	unusual	ability	to
create	variants
C. 	It	is	found	in	wastewater,	which	is	useful	for	epidemiologic	studies
of	spread
D. 	It	remains	latent	in	a	population	of	macrophages,	which	accounts	for
its	sometimes	long	duration	of	illness

Answers

1.	The	correct	answer	is	C.
Rationale:	Monoclonal	antibodies	can	reduce	hospital	admission	(choice	C	is

correct).	 Antibiotics	 are	 not	 effective	 against	 SARS-CoV-2	 and	 should	 not	 be
used	in	initial	management	of	a	patient	with	COVID-19.	They	may	have	a	role
later	 in	 the	 course	 of	 disease	 if	 bacterial	 superinfection	 is	 suspected.	 In	 the
ACTT	 trials,	 remdesivir	 showed	 greatest	 efficacy	 in	 those	who	 required	 some
oxygen	 supplementation	 but	 were	 not	 requiring	 mechanical	 ventilation.	 Once
patients	 require	 intubation	 and	 mechanical	 ventilation,	 they	 typically
demonstrate	higher	mortality	and	a	more	severe	clinical	course.	Therefore,	self-
proning	 of	 patients,	 high	 flow	 oxygen,	 and	 delaying	 intubation	 are	 important
components	of	treatment.

2.	The	correct	answer	is	A.



Rationale:	 Viral	 pneumonia	 is	 one	 of	 the	 more	 common	manifestations	 of
COVID-19,	 but	 it	 does	 not	 always	 occur.	 Common	 imaging	 findings	 include
peripheral,	 bilateral	 ground-glass	 opacities	 with	 a	 “crazy-paving”	 pattern	 or
multifocal	 ground-glass	 opacities	 with	 a	 rounded	 morphology	 (choice	 A	 is
correct).	 Pleural	 effusions	 (choice	 B)	 are	 rarely	 seen.	 Though	 bacterial
superinfection	is	possible	later	in	the	course	of	illness,	the	initial	pneumonia	in
COVID-19	 is	viral	 (choice	C	 is	 incorrect).	With	 the	exception	of	children	who
are	 immunocompromised	or	who	develop	multisystem	 inflammatory	syndrome
(MIS-C),	 children	 typically	 experience	 a	 milder	 clinical	 course	 than	 adults
(choice	D	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	SARS-CoV-2	is	present	in	stool	and	can	therefore	be	isolated	from

wastewater,	a	feature	that	is	useful	for	epidemiologic	studies	of	spread	(choice	C
is	 correct).	 Though	 coronaviruses	 like	 SARS-CoV-2	 are	 RNA	 viruses,	 it	 is
nonsegmented	(choice	B	is	incorrect).	An	example	of	a	segmented	RNA	virus	is
influenza.	SARS-CoV-2	is	a	novel	coronavirus	that	was	isolated	first	in	2019	and
appears	 to	 be	 a	 new	 virus,	 likely	 of	 bat	 origin	 (choice	 A	 is	 incorrect).
Coronaviruses	do	not	establish	latency	in	macrophages	(choice	D	is	incorrect).	A
classic	 example	of	 a	virus	 that	 does	do	 that	 is	 human	 immunodeficiency	virus
(HIV).
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Chapter	84
Critical	Care	of	Patients	Infected	With
Ebola	Virus
Steven	Hatch

KEY	POINTS:
1.	 Ebola	transmission	occurs	mainly	via	direct	contact	with	body	fluids.
2.	 Ebola	can	remain	viable	in	semen	for	as	long	as	several	years	after

infection.
3.	 Incubation	of	the	virus	can	last	from	2	to	21	days,	with	the	bulk	of

cases	presenting	approximately	2	weeks	following	exposure;
patients	presenting	with	symptoms	more	than	21	days	following
exposure	are	unlikely	to	have	Ebola	infection.

4.	 Ebola	initially	presents	as	a	nonspecific	viral	prodrome.
5.	 Diagnosis	is	made	by	RT-PCR;	however,	during	the	first	72	hours

after	symptom	onset,	testing	sensitivity	is	lower,	and	patients	should
remain	in	isolation	until	confirmatory	testing	is	performed.

6.	 Disease	progression	most	often	involves	significant	gastrointestinal
fluid	losses	leading	to	circulatory	collapse,	while	frank	hemorrhage	is
rare.

7.	 Maximum	adherence	to	specialized	infection	prevention	protocols
defines	Ebola	care	for	critically	ill	patients.

INTRODUCTION
Ebola	 virus	 disease	 (EVD),	 a	 severe	 illness	 caused	 by	 various	 strains	 of	 the
filovirus	Ebola,	represents	a	major	concern	for	critical	care	units	in	resource-rich
settings,	 not	 only	 because	 of	 the	 lethality	 of	 the	 infection,	 but	 also	 because	 of



issues	pertaining	 to	 infection	control,	 resource	allocation,	and	 treatment	ethics.
EVD	 had	 previously	 been	 confined	 to	 small	 outbreaks	 in	 Central	 Africa;
however,	 the	 West	 African	 Outbreak	 of	 2014-2015	 ultimately	 spread	 to	 ten
countries	 on	 three	 different	 continents	 and	 affected	 more	 than	 10	 times	 the
number	 of	 people	 from	 all	 previous	 Ebola	 outbreaks	 combined.1	 Three	 years
after	 that,	an	outbreak	 in	 the	Democratic	Republic	of	 the	Congo	accounted	 for
nearly	 3500	 cases	 and	 affected	 international	 travel	 policies.2	 The	 size	 and
international	 nature	 of	 these	 outbreaks	 demonstrated	 that	 health	 care	 facilities
require	 protocols	 for	 the	 care	 of	 patients	 who	 might	 be	 or	 are	 definitively
harboring	biosafety	level	4	agents	such	as	Ebola.

The	 following	 chapter	 will	 review	 special	 considerations	 for	 the	 diagnosis
and	care	of	patients	with	Ebola	virus	infection.	Given	its	similar	taxonomy	and
clinical	 features,	 the	 principles	 discussed	 here	 almost	 certainly	 apply	 in	 like
manner	to	patients	suffering	from	Marburg	virus	disease.

EPIDEMIOLOGY	AND	PATHOGENESIS
There	are	 four	principal	 strains	of	 the	virus	 that	are	known	 to	cause	disease	 in
humans:	 Zaire	 ebolavirus	 (ZEBOV),	 Sudan	 ebolavirus	 (SEBOV),	Bundibugyo
ebolavirus	 (BDBV),	 and	Taï	Forest	 ebolavirus,	 the	 last	 of	which	 has	 only	 had
one	known	human	case.3	ZEBOV	and	SEBOV	outbreaks	are	associated	with	a
significantly	 higher	 mortality	 rates	 (approximately	 50%-90%)	 than	 BDBV
(approximately	25%).4,5	Two	additional	strains,	the	Reston	ebolavirus	(RESTV)
and	 the	 Bombali	 ebolavirus,	 have	 thus	 far	 not	 been	 associated	 with	 human
disease,	although	antibody	 responses	of	humans	exposed	 to	RESTV	have	been
observed.6,7

1 	 2 	 The	 transmission	 of	 Ebola	 primarily	 takes	 place	 by	 direct	 contact	with
body	 fluids,	 where	 virions	 enter	 into	 the	 host	 via	mucous	membranes	 or	 skin
breaks.8	Ebola	virus	has	been	detected	in	virtually	every	body	fluid.9	The	virus
has	 now	 been	 shown	 in	 some	 cases	 to	 persist	 for	 years	 in	 semen,	 effectively
making	EVD	a	sexually	 transmitted	disease	well	past	 the	 time	when	outbreaks
have	 traditionally	 been	 considered	 to	 have	 run	 their	 course.10	 Parenteral
introduction	of	the	virus,	such	as	seen	with	needlestick	exposures,	often	causes
severe	 disease	 and	 represents	 a	major	 hazard	 for	medical	 personnel	 caring	 for
patients	with	EVD	in	high-resource	settings.11

3 	 Incubation	of	 the	virus	 typically	 lasts	between	2	and	21	days;	most	 cases
present	 during	 the	 second	 week	 following	 exposure.12	 The	 relatively	 long
incubation	 times	 coupled	 with	 highly	 efficient	 transcontinental	 travel



underscores	 the	 importance	 of	 heightened	 surveillance	 and	 the	 need	 for	 health
care	facilities	everywhere	to	have	response	plans	in	place.	Of	the	four	cases	of
Ebola	 diagnosed	 in	 the	 United	 States,	 two	 had	 acquired	 the	 virus	 in	 Africa.13
Therefore,	 patients	 from	 Ebola-endemic	 countries	 presenting	 with	 circulatory
collapse	in	the	setting	of	a	febrile	illness	may	require	rapid	isolation	and	testing
for	Ebola	(and	Marburg).

The	 bulk	 of	 pathophysiological	 studies	 have	 been	 performed	 on	 nonhuman
primates	(NHPs)	in	biosafety	level	4	facilities;	the	presentation	of	EVD	in	NHPs
is	 similar	 to	 that	 of	 humans	 and	 the	 fatality	 rate	 is	 likewise	 similar.14,15	 NHP
studies	 have	 demonstrated	 that	 significant	 disruption	 of	 the	 endothelial	 and
epithelial	barriers	of	the	colon	takes	place,	leading	to	diffuse	mucosal	injury	and
inflammation.16	 This,	 in	 turn,	 may	 lead	 to	 gut	 translocation	 of	 gram-negative
organisms,	potentially	leading	to	bacterial	sepsis	as	a	major	cause	of	mortality.17
Moreover,	 the	 cytokine	 cascade	 induced	 by	 EVD	 (which	 includes	 a	 complex
interplay	of	tumor	necrosis	factor	α,	interleukin	1β,	interleukin	6,	interleukin	10,
and	 various	 interferons)	 probably	 produces	 intravascular	 coagulation
(particularly	via	hepatic	injury18)	and	may	account	 for	 the	hemorrhage	of	EVD
cases	when	hemorrhage	occurs.19

CLINICAL	PRESENTATION
4 	 EVD	 typically	 presents	 initially	 as	 a	 viral	 prodrome	 with	 nonspecific
symptoms,	 making	 clinical	 diagnosis	 essentially	 impossible	 except	 in	 large
outbreaks.	 The	 overwhelming	 majority	 of	 patients	 present	 with	 fever.20	 Some
previous	 studies	 have	 noted	 that	 body	 temperatures	 in	 EVD	 can	 fluctuate.21
Other	 common	 early	 symptoms	 include	 fatigue,	 arthralgias	 and	 myalgias,
anorexia,	 headache,	 and	 abdominal	 pain.	 A	 diffuse,	 erythematous	 nonpruritic
maculopapular	 rash	 was	 only	 rarely	 reported	 in	 the	 West	 African	 Outbreak,
although	 it	 appeared	 to	 have	 been	 more	 prevalent	 among	 white	 people	 who
became	 infected	and	 thus	may	have	been	underdiagnosed	 in	black	people	with
darker	skin.22

5 	Confirmation	 of	EVD	 is	 done	 via	 reverse	 transcription	 polymerase	 chain
reaction	 (RT-PCR).	Because	 the	 test	may	not	be	positive	 in	 the	early	 stages	of
the	illness,	a	patient	with	suspected	EVD	and	a	negative	RT-PCR	test	less	than
72	hours	after	onset	of	symptoms	does	not	necessarily	rule	out	infection.23	If	the
patient	 is	no	 longer	 symptomatic	 after	72	hours,	 repeat	 testing	 is	not	 required;
however,	 patients	 with	 ongoing	 symptoms	 must	 be	 retested.	 Similarly,	 if	 a
patient	with	symptoms	greater	than	72	hours	in	duration	tests	negative,	EVD	is



ruled	out.
Laboratory	values	 in	 the	setting	of	EVD	resemble	 those	of	other	acute	viral

illnesses,	with	common	findings	including	leukopenia	(with	or	without	atypical
lymphocytosis),	 thrombocytopenia,	 transaminitis	 (aspartate
transaminase	 >	 alanine	 transaminase),	 hyponatremia,	 hypocalcemia,	 elevated
creatinine,	elevated	lactate,	hypoalbuminemia,	and	prolonged	prothrombin	time
and	partial	 thromboplastin	time	values.	Potassium	regulation	can	be	difficult	 to
interpret,	as	one	study	indicated	that	equal	numbers	of	patients	developed	hypo-
or	hyperkalemia.24	Hiccups	may	also	be	seen	and	should	prompt	suspicion	in	the
setting	of	other	appropriate	epidemiologic	clues.25

6 	EVD	is	primarily	a	gastrointestinal	syndrome	that	can	cause	massive	fluid
losses	of	up	to	10	L/d,	mainly	in	the	form	of	diarrhea	and	vomiting.26	Coupled
with	insensible	 losses	from	fevers,	 the	significant	fluid	depletion	often	leads	to
circulatory	collapse	and	likely	accounts	at	least	in	part	for	the	high	mortality	of
the	disease.

Despite	 its	 reputation	 as	 a	 disease	with	 a	massive	 bleeding	 diathesis,	 EVD
often	does	not	present	with	frank	hemorrhage.	The	prevalence	of	bleeding	of	any
kind	 before	 the	 West	 African	 Outbreak	 was	 reported	 to	 be	 in	 the	 range	 of
approximately	 50%;	 during	 the	 West	 African	 Outbreak,	 at	 least	 one	 study
reported	a	prevalence	of	less	than	20%.27	Studies	of	previous	outbreaks	indicated
that,	although	less	common,	hemorrhage	was	 typically	associated	with	a	worse
prognosis.28	 Similarly,	mental	 status	 changes	 such	 as	 encephalopathy	 probably
reflects	end-organ	damage	and	carries	a	high	mortality.	The	clinical	presentation,
including	symptoms,	laboratory	abnormalities,	and	prognostic	factors	associated
with	EVD	are	summarized	in	Table	84.1.

TABLE	84.1

Common	Symptoms,	Laboratory	Abnormalities,	and
Mortality	Risk	Factors	Associated	With	Ebola	Virus
Disease21,23,24

Symptoms Laboratory	Test
Abnormalities

Factors	Associated	With
Increased	Mortality

Fever Leukopenia Age	>	40



Vomiting Thrombocytopenia Viral	load	>	106	copies/mL

Diarrhea Elevated	AST Confusion

Malaise	or
fatigue

Hyponatremia RIFLE-3	acute	kidney	injury

Anorexia Hypokalemia Hyperkalemia

Abdominal
pain

Hypocalcemia AST	>	525	U/L

Myalgia	or
arthralgia

Elevated	creatinine Elevated	hematocrit

Conjunctivitis Elevated	creatinine
kinase

Confusion Elevated	C-reactive
protein

Hiccups Lactic	acidosis

Sore	throat Prolonged	PT	and	PTT

AST,	aspartate	transaminase;	PT,	prothrombin	time;	PTT,	partial	thromboplastin	time;	RIFLE,	risk,
injury,	failure,	loss	of	kidney	function,	end-stage	kidney	disease.
From	Kortepeter	M,	Bausch	D,	Bray	M.	Basic	clinical	and	laboratory	features	of	filoviral
hemorrhagic	fever.	J	Infect	Dis.	2011;204:S810-S816;	Malvy	D,	McElroy	AK,	de	Clerck	H,	et	al.
Ebola	virus	disease.	Lancet.	2019;393(10174):936-948;	and	Hunt	L,	Gupta-Wright	A,	Simms	V,	et
al.	Clinical	presentation,	biochemical,	and	haematological	parameters	and	their	association	with
outcome	in	patients	with	Ebola	virus	disease:	an	observational	cohort	study.	Lancet	Infect	Dis.
2015;15(11):1292-1299.

For	 survivors,	 the	 process	 of	 convalescence	 is	 prolonged.	 While	 many
patients	 experience	 rapid	 improvement,	 they	 remain	 viremic	 for	 as	 long	 as
21	 days	 or	 more.29	 Therefore,	 provisions	 need	 to	 be	 made	 for	 convalescing
patients	who	must	remain	in	isolation	during	this	 time,	and	psychosocial	needs
may	 outweigh	 physiological	 considerations,	 as	 survivors	 commonly	 cope	with
fear,	 grief,	 and	 anxiety	 about	 the	 social	 stigma	 that	may	 await	 them	 following
discharge.30	Current	World	Health	Organization	(WHO)	guidelines	for	discharge
call	for	the	patient	to	meet	the	criteria	of	having	no	signs	and	symptoms	of	EVD,
as	well	 as	 two	negative	Ebola	polymerase	chain	 reaction	 tests	on	whole	blood



separated	by	at	least	48	hours.31
Following	discharge,	patients	experience	a	range	of	complications	that	can	be

debilitating	 and	 last	 for	 months	 or	 even	 years.	 These	 complications	 are
summarized	 in	Table	84.2.	The	 persistence	 of	Ebola	 virus	 in	 immunologically
privileged	 “sanctuary”	 sites,	 such	 as	 semen32	 and	 ocular	 fluid,33	 indicates	 that
special	precautions	must	be	 taken	when	evaluating	survivors	 in	routine	follow-
up	care,	with	biosafety	 level	4	protocols	being	used	in	 the	event	 that	providers
might	be	exposed	to	fluids	from	these	viral	reservoirs.

TABLE	84.2

Common	Symptomatic	Complications	and	Objective
Clinical	Sequelae	of	Ebola	Virus	Infection12,25,28

Complications Clinical	Sequelae

Anorexia	(80%-100%) Auditory	symptoms	(25%)

Arthralgia	(75%) Uveitis	(20%)

Fatigue	(75%) Persistence	of	virus	in	semen	and	ocular
fluid

Ocular	symptoms	(60%)

Difficulty	concentrating
(40%)

Headaches	(25%)

Insomnia	(20%)

From	Schieffelin	JS,	Shaffer	JG,	Goba	A,	et	al.	Clinical	illness	and	outcomes	in	patients	with
Ebola	in	Sierra	Leone.	N	Engl	J	Med.	2014;371(22):2092-2100;	Bwaka	MA,	Bonnet	MJ,	Calain	P,
et	al.	Ebola	hemorrhagic	fever	in	Kikwit,	Democratic	Republic	of	the	Congo:	clinical	observations
in	103	patients.	J	Infect	Dis.	1999;179(suppl	1):S1-S7;	and	Roddy	P,	Howard	N,	Van	Kerkhove	M,
et	al.	Clinical	manifestations	and	case	management	of	Ebola	haemorrhagic	fever	caused	by	a
newly	identified	virus	strain,	Bundibugyo,	Uganda,	2007-2008.	PLoS	One.	2012;7(12):e52986

INFECTION	CONTROL	AND	OTHER	SAFETY



CONSIDERATIONS
7 	 The	management	 of	 patients	with	 EVD	must	 be	 carried	 out	with	maximum
adherence	 to	 infection	 control	 procedures	 and	 health	 care	 worker	 safety
considerations.	 For	 critically	 ill	 patients,	 the	 need	 for	 safety	 protocols	 is	 even
greater	due	to	the	larger	number	of	opportunities	for	occupational	exposure.

When	 faced	 with	 the	 care	 of	 a	 patient	 with	 suspected	 or	 confirmed	 EVD,
health	care	facilities	should	have	a	specialized,	fully	trained	team	of	health	care
workers	assigned	to	such	patients.	The	team	should	include	all	personnel	whose
work	 is	 necessary	 to	 implement	 the	 care	 plan.	Periodic	 training	 and	 “dry	 run”
simulations	 should	 be	 considered,	 especially	 due	 to	 the	 physically	 demanding
nature	 of	 Ebola	 care	 brought	 on	 by	 the	 sensory	 deprivations	 of	 personal
protective	equipment	(PPE).

The	Centers	for	Disease	Control	and	Prevention	(CDC)	recommend	standard,
contact,	 and	 droplet	 precautions	 for	 isolation	 of	 and	 care	 for	 patients	 with
suspected	 or	 known	EVD.34	 PPE	 should	 ensure	 the	 health	 care	worker	 has	 no
skin	 exposed.	 Donning	 and	 doffing	 should	 always	 take	 place	 in	 a	 single
decontamination	area	that	is	clearly	demarcated.	Only	staff	involved	in	entering
or	leaving	the	high-risk	area,	or	those	who	are	supervising	such	workers,	should
be	allowed	in	such	areas.	The	entry	and	exit	process	should	proceed	according	to
a	strict	step-by-step	protocol	provided	by	either	the	CDC	or	WHO.	Owing	to	the
multistep	nature	of	 the	donning	and	doffing	procedures,	 the	protocol	should	be
simulated	multiple	times	by	the	staff.	Before	entering	a	high-risk	area,	the	health
care	worker	should	have	their	PPE	examined	for	any	exposed	areas.	Special	care
should	be	given	to	evaluation	of	the	face	when	goggles	are	being	worn	on	top	of
a	hood	instead	of	a	single	headpiece,	as	the	corners	of	the	mask	may	not	overlap.

Perfect	adherence	 to	protocol	during	doffing	 is	critical	because	 this	 is	when
the	outer	surface	of	PPE	may	be	coated	in	virus,	and	protocol	deviations	place
health	 care	 workers	 at	 high	 risk	 of	 exposure.	Multiple	 disinfection	 steps	 with
bleach	solution	are	essential.	Doffing	should	be	supervised	by	a	trained	observer
who	calls	out	each	step	of	the	protocol.35

Once	 inside	 a	 high-risk	 area,	 the	 care	 of	 patients	with	 EVD	 proceeds	 as	 it
would	 with	 any	 other	 patient.	 Because	 standard	 PPE	 in	 EVD	 care	 typically
involves	 two	 layers	 of	 gloves,	 special	 care	 should	 be	 taken	 with	 any	 tasks
requiring	 fine	 motor	 skill,	 such	 as	 intravenous	 (IV)	 line	 placement	 (either
peripherally	 or	 centrally),	 hooking	 and	 unhooking	 IV	 lines,	 or	 withdrawing
blood	for	laboratory	analyses.

Currently,	there	is	controversy	as	to	whether	EVD	can	be	transmitted	through



aerosols	generated	during	procedures	such	as	intubation	and/or	cardiopulmonary
resuscitation	 (CPR).	 A	 statement	 by	 the	WHO	 notes	 that	 there	 have	 been	 no
documented	 cases	 of	 aerosolized	 transmission	 of	 Ebola,36	 but	 some	 animal
models	of	EVD	have	indicated	it	is	possible.37	Consequently,	PPE	should	include
either	 N95	 respirators	 or	 powered	 air	 purifying	 respirators.	 The	 latter,	 while
more	expensive,	have	the	advantages	of	not	requiring	fit	testing	and	of	providing
better	protection	during	splashes.

Laboratory	 testing	 presents	 a	 special	 challenge	 during	 Ebola	 care.	 Because
commonly	 tested	body	fluids	used	as	clinical	 specimens	should	be	 regarded	as
highly	 infectious	 and	 require	 at	 least	 as	 much	 care	 with	 respect	 to
decontamination	 as	 health	 care	 workers,	 testing	 should	 be	 minimized	 to	 the
greatest	extent	possible.	Point-of-care	testing,	when	possible,	should	be	utilized,
particularly	 as	 clinical	 Ebola	 management	 involves	 monitoring	 and	 adjusting
standard	 laboratory	 parameters,	 especially	 sodium	 and	 potassium,	 for	 which
point-of-care	testing	equipment	is	currently	available.

Health	 care	workers	 identified	 for	work	 in	 a	 high-risk	 area	with	 suspect	 or
confirmed	EVD	cases	should	receive	Ebola	vaccination.	At	present,	there	is	one
FDA-approved	 vaccine	 for	 Ebola,	 a	 single-dose,	 recombinant	 live	 vesicular
stomatitis	virus	expressing	a	Zaire	Ebola	glycoprotein	(rVSV-ZEBOV).38

CRITICAL	CARE	MANAGEMENT
Supportive	 care,	 while	 not	 having	 any	 direct	 action	 against	 the	 Ebola	 virus,
almost	certainly	has	a	significant	impact	on	mortality.	Of	the	seven	EVD	cases
whose	 symptoms	 began	 in	 resource-rich	 countries,	 only	 one	 patient	 died,	 and
this	 patient’s	 diagnosis	 was	 delayed.39	 Although	 nearly	 all	 of	 these	 patients
underwent	experimental	therapies,	the	fact	that	they	were	all	provided	supportive
care	 as	 a	 single	 common	denominator,	 coupled	with	 the	much	 lower	mortality
rates	 both	 for	 the	 current	 outbreak	 and	 in	 the	 past,	 implies	 that	 such	 care	 is
critically	important.

Empiric	 antibiotics	 may	 be	 beneficial.	 As	 noted	 previously,	 NHP	 models
indicate	that	EVD	causes	a	profound	inflammatory	response	in	the	gut	mucosa,
potentially	 leading	 to	 translocation	 of	 gut	 organisms	 and	 ultimately	 bacterial
sepsis	 late	 in	 the	 course	 of	 EVD	 infection.	 Therefore,	 institution	 of	 broad-
spectrum	 antibiotics	 may	 have	 a	 mortality	 impact.	 Although	 no	 definitive
clinical	data	exist	 to	 support	 this,	one	observational	 study	of	581	patients	with
EVD	in	Sierra	Leone	in	2014	showed	a	lower	case	fatality	rate	compared	to	the
overall	 rate	 in	 patients	 given	 intravenous	 ceftriaxone	 along	 with	 oral



metronidazole	for	the	first	72	hours	following	admission	to	the	Ebola	Treatment
Unit.40	Coupled	with	the	pathophysiological	studies	of	EVD	in	NHPs,	the	Sierra
Leone	data	suggest	that	empiric	broad-spectrum	antibiotics	should	be	instituted
at	the	time	of	diagnosis	and	continued	for	a	minimum	of	72	hours.

No	randomized	trials	have	been	performed	on	the	value	of	intravenous	access
in	 EVD.	 However,	 the	 evidence	 available	 strongly	 supports	 the	 idea	 that
parenteral	 access	 is	 likely	 to	 have	 at	 least	 a	 moderate,	 favorable	 impact	 on
outcomes.	One	review	concluded	that	the	ability	to	infuse	large	volumes	of	fluid
in	order	to	counteract	the	intravascular	collapse	brought	on	by	EVD	is	likely	to
yield	significant	benefits	with	respect	to	morbidity	and	mortality.41	When	routine
intravenous	access	cannot	be	obtained,	intraosseous	or	even	subcutaneous	routes
could	 be	 considered	 viable	 alternatives.	Once	 fluid	 repletion	 is	 instituted,	 care
should	be	given	to	frequent	monitoring	of	electrolyte	levels,	particularly	sodium
and	potassium,	whose	values	can	fluctuate	dramatically.

Less	is	known	about	other	tools	in	the	arsenal	of	critical	care	medicine,	such
as	intubation	and	hemodialysis,	as	 the	entire	 literature	on	these	interventions	is
limited	to	a	few	case	reports.42,43	Still,	 the	evidence	would	suggest	 that	patients
should	 be	 treated	 for	 sepsis	 syndrome	 with	 these	 invasive	 supportive
technologies	 provided	 that	 the	 risk	 to	 health	 care	 providers	 is	 sufficiently
minimized.	Noninvasive	mechanical	ventilation	 is	not	a	 recommended	strategy
due	to	the	possibility	of	aerosolized	transmission.

Other	 supportive	 care	 measures	 include	 antipyretics,	 antiemetics,	 and
analgesics.	 Antipyretics	 should	 favor	 acetaminophen	 over	 nonsteroidal	 anti-
inflammatory	 drugs	 (NSAIDs)	 due	 to	 nephrotoxicity	 of	 the	 latter	 as	 well	 as
antiplatelet	effects,	although	dosage	adjustments	must	be	considered	on	the	basis
of	hepatic	function.	Antimotility	agents	are	controversial	because	the	benefits	of
fluid	 retention	 are	balanced	by	 the	 risks	of	 translocation	of	gut	organisms	 that
could	result	in	gram-negative	septicemia,	which	has	been	documented	in	at	least
one	 case	 report.	 Patients	 in	 malaria-endemic	 regions	 should	 be	 evaluated	 for
malaria	and	treated	when	indicated.44

SPECIFIC	THERAPIES
There	 are	 currently	 two	 FDA	 approved	 therapeutics	 for	 treatment	 of	 Ebola
infection.	 One	 is	 a	 mixture	 of	 three	 monoclonal	 antibodies	 (atoltivimab,
maftivimab,	 and	 odesivimab-ebgn)	 while	 the	 second	 is	 a	 single	 monoclonal
antibody	 (ansuvimab-zykl).	 Both	 were	 found	 to	 significantly	 reduce	mortality
from	Ebola	infection,	with	subgroup	analyses	indicating	that	the	greatest	clinical



benefits	occurred	when	infusion	was	administered	immediately	after	the	onset	of
symptoms.45

ETHICAL	CONSIDERATIONS
The	challenges	of	intensive	care	of	patients	with	EVD	is	not	only	limited	to	the
technical	matters	described	earlier	but	can	significantly	 impact	 the	 relationship
between	 the	 patient	 and	 their	 providers.	 The	 occupational	 exposure	 risks
involved	 in	 end-of-life	 situations	 (such	 as	 cardiopulmonary	 resuscitation)	 raise
questions	 about	 just	 how	 much	 providers	 should	 be	 obligated	 to	 do	 in	 such
circumstances.	Although	no	clear	consensus	exists	at	this	time	as	to	whether	or
not	 certain	 heroic	 measures	 can	 be	 justifiably	 eliminated	 during	 EVD	 care,
current	 guidelines	 for	 critically	 ill	 patients	 include	 the	 need	 to	 individualize
goals	of	care,46	and	EVD	can	be	a	factor	in	the	decision-making	process.	When
possible,	 medical	 staff	 responsible	 for	 the	 care	 of	 patients	 with	 EVD	 should
discuss	with	one	another	potential	scenarios	that	could	reasonably	be	anticipated
and	how	team	members	will	react	 in	such	instances.	Mobilization	of	a	hospital
ethical	committee	for	the	express	purpose	of	considering	these	matters	also	has
the	 potential	 to	 prevent	 misunderstandings	 so	 that	 all	 providers	 have	 uniform
expectations	of	their	roles	and	the	roles	of	their	colleagues.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Person-to-person	Ebola	transmission	has	been	shown	to	occur	through	all
of	the	following	mechanisms,	EXCEPT:

A. 	Airborne
B. 	Mucous	membrane	splash
C. 	Parenteral	introduction	(needlestick)
D. 	Sexual	transmission

2. 	What	is	the	most	likely	mechanism	of	shock	among	patients	with	Ebola
viral	disease	(EVD)?

A. 	Depressed	cardiac	function



B. 	Hypovolemia	from	gastrointestinal	losses
C. 	Massive	hemorrhage
D. 	Pulmonary	embolism

3. 	All	of	the	following	are	World	Health	Organization	(WHO)-recommended
treatments	for	Ebola	virus	disease	(EVD),	EXCEPT:

A. 	Acetaminophen
B. 	Corticosteroids
C. 	Empiric	antibiotics
D. 	Monoclonal	antibodies

Answers

1.	The	correct	answer	is	A.
Rationale:	 Ebola	 virus	 has	 been	 detected	 in	 virtually	 all	 body	 fluids,	 often

gaining	 access	 to	 hosts	 via	mucous	membranes	 or	 through	 small	 skin	 breaks.
There	are	no	reported	cases	of	person	to	person	spread	by	the	respiratory	route
(choice	 A	 is	 the	 “correct”,	 wrong	 answer),	 however	 animal	 experiments	 have
shown	 small-particle	 aerosol	 to	 be	 contagious,	 and	 the	 Centers	 for	 Disease
Control	 and	 Prevention	 (CDC)	 recommends	 standard,	 contact,	 and	 droplet
precautions.	The	virus	has	now	been	shown	in	some	cases	to	persist	for	years	in
semen,	effectively	making	it	a	sexually	transmitted	disease	well	past	the	time	of
the	 outbreak.	 Parenteral	 introduction	 often	 causes	 severe	 disease	 and	 it
represents	a	major	hazard	for	medical	personnel.

2.	The	correct	answer	is	B.
Rationale:	 EVD	 has	 been	 described	 as	 being	 primarily	 a	 gastrointestinal

syndrome,	 with	 massive	 fluid	 losses	 of	 up	 to	 10	 L/d,	 mainly	 in	 the	 form	 of
diarrhea	 and	 vomiting	 (choice	 B	 is	 correct).	 All	 organs	 can	 be	 impacted	 and
contribute	 to	 morbidity,	 mortality,	 and	 prolonged	 convalescence	 in	 survivors.
Bleeding	is	a	feared	complication	but	is	present	only	among	a	minority	of	cases
(choice	C	is	incorrect).	Depressed	cardiac	function	has	also	been	described	but	is
less	common	than	hypovolemia	(choice	A	is	not	the	best	answer)	and	pulmonary
embolism	is	uncommon	(choice	D	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 There	 are	 some	 case	 reports	 regarding	 the	 immunomodulatory

effects	of	corticosteroids,	but	this	treatment	is	not	included	in	the	last	post	by	the



World	Health	Organization	 (WHO)	 (choice	B	 is	 the	 “correct”	wrong	 answer).
Specific	 therapy	 in	 the	 form	 of	 monoclonal	 antibodies	 has	 been	 shown	 to
significantly	reduce	mortality,	especially	when	given	early	in	the	disease	course.
Empiric	 antibiotics	 have	 helped	 in	 one	 observational	 study,	 likely	 treating
secondary	bacterial	sepsis.	Acetaminophen	is	a	preferred	antipyretic	agent	given
less	 nephrotoxicity	 and	 antiplatelet	 effects	 than	 nonsteroidal	 anti-inflammatory
drugs.
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Chapter	85
Botulism
David	M.	Bebinger,	Richard	T.	EllisonIII

KEY	POINTS:
1.	 Botulinum	neurotoxin	is	the	causative	agent	of	the	neurological

disease	botulism.
2.	 Manifestations	of	botulism	involve	cranial	nerve	palsies	and

descending	paralysis	in	patients	who	typically	have	intact	sensation
and	a	lack	of	fever.

3.	 While	the	majority	of	cases	of	botulism	are	foodborne,	wound
botulism	and	iatrogenic	botulism	cases	are	occasionally	seen.
Concern	continues	for	neurotoxin	dispersal	in	an	airborne	fashion
such	as	in	a	bioterrorism	event.

4.	 A	high	index	of	suspicion	is	typically	required	for	diagnosis	and
should	be	considered	for	all	patients	suspected	of	having	other
paralytic	neurologic	diseases	such	as	Guillain-Barré	syndrome	and
myasthenia	gravis.

5.	 Consideration	of	botulism	should	prompt	discussion	with	state	and
national	authorities.	The	CDC	botulism	hotline	number	is	770-488-
7100.	Discussion	with	authorities	facilitates	acquisition	of	botulinum
antitoxin,	could	assist	in	recognition	of	an	outbreak	or	bioterrorism
event,	and	facilitates	the	processing	of	specimens	for	identification	of
the	causative	agent,	Clostridium	botulinum,	and/or	botulinum
neurotoxin.

6.	 Prompt	recognition	improves	outcomes	related	to	both	planning	for
critical	care	interventions	such	as	intubation,	and	the	administration
of	botulinum	antitoxin.



INTRODUCTION
Botulism	remains	a	rare	disease	but	a	potential	threat	to	many	people	across	the
world.	Recognition	of	the	disease	requires	a	high	index	of	suspicion	to	prevent
morbidity.	Early	 recognition	and	prompt	 treatment	 improves	outcomes	and	are
essential	 to	 initiate	 surveillance	 for	other	potential	cases	during	an	outbreak	or
bioterrorism	event.

1 	 The	 name	 botulism	 is	 derived	 from	 the	 Latin	 term	 botulus	 for	 sausage.
Justinus	 Kerner	 (1786-1862)	 first	 recognized	 the	 association	 between	 the
mysterious	 “sausage	 poison”	 and	 paralytic	 illnesses	 in	 1820.	 It	 is	 caused	 by
neurotoxins	 produced	 by	Clostridium	 botulinum	 and	 rarely	 by	 several	 highly
related	 species	which	 prevent	 the	 release	 of	 acetylcholine.	C.	 botulinum	 is	 an
anaerobic,	spore-forming	organism.	Genetic	studies	have	revealed	heterogeneity
in	the	organisms	containing	the	botulinum	toxin	genes	indicating	that	traditional
forms	of	nomenclature	defining	the	organism	by	the	presence	of	the	toxin	gene
or	gene	product	are	 too	simplistic.	Currently,	 the	organisms	that	carry	the	gene
and	produce	the	toxin	are	divided	into	4	subspecies	and	two	related	species.1

2 	Illness	develops	after	toxin	exposure,	and	patients	present	with	a	syndrome
of	 cranial	 nerve	 palsies	 followed	 by	 a	 symmetric	 descending	 flaccid	 paralysis
that	characteristically	begins	with	dysarthria,	diplopia,	dysphonia,	or	dysphagia
and	 then	 involves	 proximal	 before	 distal	 musculature.	 The	 most	 common
botulism	syndromes	include	foodborne,	wound,	and	infant	botulism.	Botulinum
toxin	 is	 also	 now	 used	 therapeutically	 for	 neuromuscular	 and	 ophthalmologic
disorders	 as	 well	 as	 a	 cosmetic	 enhancement	 tool,	 and	 cases	 of	 iatrogenic
botulism	 have	 occurred.	 Although	 the	 majority	 of	 cases	 are	 due	 to	 infant
botulism,	foodborne	botulism	is	considered	a	public	health	emergency,	as	there
is	always	a	potential	that	a	large	number	of	individuals	may	have	been	exposed.2
Additionally,	 botulinum	 is	 a	 category	 A	 biological	 agent,	 and	 any	 case	 must
initially	be	considered	as	potentially	linked	to	a	bioterrorist	event	(Chapter	129:
Critical	 Care	 Consequences	 of	 Weapons	 (or	 Agents)	 of	 Mass	 Destruction—
Biological	Agents	of	Mass	Destruction).3

PATHOGENESIS
Clostridium	botulinum	and	related	toxin-producing	species	are	anaerobic,	gram-
positive	bacilli	that	produce	heat-resistant	spores	that	can	survive	boiling.	Under
conditions	 of	 an	 anaerobic	 environment,	 low	 acidity	 (pH	 >	 4.6),	 and	 low
temperature,	 the	organism	can	germinate,	 grow,	 and	produce	 a	neurotoxin	 that



itself	is	readily	inactivated	by	heat	(>85	°C	for	5	minutes).2,4
3 	Seven	distinct	antigenic	neurotoxins	(A	through	G)	may	be	produced	by	C.

botulinum,	 but	 only	 four	 types—A,	 B,	 E,	 and	 F—are	 associated	 with	 human
disease.	 Foodborne	 botulism	 occurs	 after	 the	 ingestion	 of	 preformed	 toxin	 in
foods	 contaminated	 by	 spores.	 Wound	 botulism	 occurs	 when	 spores	 infect
traumatized	 or	 contaminated	 skin.	 Infant	 botulism	 occurs	 in	 infants	 less	 than
1	 year	 of	 age	 after	 intestinal	 colonization	 by	 C.	 botulinum.5	 Botulism	 of
undetermined	 etiology	 occurs	 among	 adults	 whose	 intestinal	 flora	 has	 been
altered	 or	 whose	 gastric	 barrier	 has	 been	 compromised	 because	 of	 intestinal
surgery,	gastric	achlorhydria,	or	antibiotic	therapy.2,6

All	 botulinum	 toxins	 have	 the	 same	 mechanism	 of	 action.7	 The	 toxins	 are
carried	 via	 the	 bloodstream	 to	 the	 neuromuscular	 junction	 where	 they	 bind
irreversibly	and	thereby	produce	paralysis.	However,	the	large	size	of	the	toxin
appears	to	limit	passage	across	the	blood-brain	barrier,	 limiting	central	nervous
system	 effects.	 Postganglionic	 release	 of	 acetylcholine	 can	 occur	 in	 the
parasympathetic	nervous	 system	most	 commonly	with	 toxin	 .2,4	The	 toxins	 are
zinc-containing	 endopeptidases	 that	 cleaves	 specific	 sites	 on	 three	 proteins
(VAMP,	 SNAP-25,	 and	 syntaxin),	 thereby	 interfering	 with	 the	 release	 of
acetylcholine.3,7	 Paralysis	 correlates	with	 the	 amount	 of	 toxin	 ingested	 and	 the
length	 of	 the	 affected	 nerve,	 with	 short	 cranial	 nerves	 affected	 first	 and	 long
lower	extremity	nerves	last.

EPIDEMIOLOGY
There	 have	 been	 approximately	 20	 cases	 of	 foodborne	 botulism	 yearly	 in	 the
United	States.	In	2017,	the	last	year	data	are	available,	17	cases	were	reported	as
opposed	to	3061	cases	of	salmonella	among	a	total	of	5380	bacterial	foodborne
diseases.8	 The	 majority	 of	 cases	 are	 caused	 by	 toxin	 types	 A,	 B,	 and	 E.2
Foodborne	 botulism	 has	 traditionally	 been	 associated	 with	 home-processed
foods.	 However,	 a	 number	 of	 cases	 have	 been	 associated	 with	 commercially
prepared	foods	that	have	inadvertently	been	processed	in	a	manner	that	allowed
the	production	of	the	toxin.	Periodically,	small	outbreaks	have	been	reported	in
prisons	 associated	 with	 the	 production	 of	 pruno,	 an	 alcoholic	 beverage	 made
from	potatoes.9

Wound	botulism	has	primarily	been	seen	among	intravenous	drug	users	who
present	with	cranial	nerve	palsies	 in	 the	setting	of	abscesses	from	heroin	use.10
Cases	 from	 California	 have	 accounted	 for	 the	 majority	 of	 US	 cases,	 with	 an
epidemic	noted	among	individuals	injecting	black	tar	heroin.11



3 	Iatrogenic	botulism	has	rarely	developed	after	botulinum	toxin	(Botox)	has
been	 injected	 for	 cosmetic	 or	 neurological	 therapy.2,12	 Although	 the	 normal
concentration	of	 botulinum	 toxin	A	 in	 the	 therapeutic	 preparation	 allows	 for	 a
large	 margin	 of	 safety	 with	 minimal	 treatment	 side	 effects,	 therapeutic	 doses
have	 been	 reported	 to	 cause	 generalized	 muscle	 weakness	 with	 widespread
electromyogram	abnormalities	typical	of	botulism.13	In	addition,	four	individuals
have	 contracted	 botulism	 after	 receiving	 unlicensed	 preparations	 of	 botulinum
toxin	for	cosmetic	purposes.14

3 	Botulinum	toxin	is	the	most	poisonous	substance	known	to	man	with	1	g	of
toxin	able	to	potentially	kill	one	million	people.3,12	Given	its	ease	of	production
and	transport,	botulinum	toxin	is	a	major	bioterrorism	threat	and	is	classified	as	a
category	A	biological	 agent.	Botulinum	 toxin	was	 used	 as	 a	 bioweapon	 in	 the
1930s	 by	 the	 Japanese	military	who	 fed	 cultures	 of	C.	 botulinum	 to	 prisoners
during	 that	 country’s	 occupation	 of	 Manchuria.15	 Aerosols	 derived	 from
botulinum	toxin	were	also	dispersed	in	Japan	on	at	least	three	different	occasions
by	a	Japanese	cult,	although	for	unclear	reasons	these	terrorist	attempts	failed.15

CLINICAL	MANIFESTATIONS
Clinical	 manifestations	 of	 all	 forms	 of	 botulism	 are	 similar.	 Cardinal	 features
include	 (a)	 cranial	 nerve	 palsies,	 (b)	 descending	 paralysis,	 (c)	 symmetry	 in
symptoms,	 (d)	 absence	 of	 fever,	 (e)	 clear	 sensorium,	 and	 (f)	 lack	 of	 sensory
findings;	however,	asymmetric	neurological	 findings	have	been	noted	 in	6%	to
15%	 of	 cases.4,16	 Foodborne	 botulism	 may	 be	 preceded	 by	 gastrointestinal
symptoms	such	as	cramps,	nausea,	vomiting,	and	diarrhea.2,17	Infant	botulism	is
usually	characterized	by	a	history	of	constipation	and	feeding	difficulties.5

Patients	may	complain	of	dry	mouth	secondary	to	parasympathetic	blockade
as	well	 as	neurological	 symptoms	 such	as	dysphagia,	 dysphonia,	 diplopia,	 and
dysarthria	related	to	palsies	of	the	bulbar	musculature.	Symptoms	then	progress
to	 involve	 lower	 extremity	 weakness	 and	 loss	 of	 the	 protective	 gag	 reflex
requiring	 respiratory	 support.	 Physical	 examination	 is	 significant	 for	 a	 lack	 of
fever	 except	 in	 cases	 of	 wound	 botulism	 with	 secondarily	 infected	 wounds.
Sensory	 findings	 are	 absent	 except	 for	 periorbital	 paresthesias	 secondary	 to
hyperventilation.	 Deep	 tendon	 reflexes,	 although	 present	 initially,	 usually
disappear.	Ocular	 findings	are	common	and	 include	dilated,	poorly	reactive,	or
fixed	 pupils,	 ptosis,	 nystagmus,	 and	 sixth	 cranial	 nerve	 dysfunction.	 A	 clear
sensorium	 is	 usually	 present	 because	 the	 toxin	 does	 not	 usually	 penetrate	 the
central	nervous	system.4,17



The	incubation	period	of	foodborne	botulism	is	usually	18	to	36	hours	after
toxin	ingestion	but	may	be	shorter	with	larger	toxin	exposure	and	with	exposure
to	the	type	E	toxin.17,18	Severity	of	disease	depends	on	the	amount	of	toxin	that	is
absorbed	into	the	system.	Mortality	has	improved	with	advances	of	critical	care
support,	and	eventual	recovery	is	seen	among	95%	of	US	cases.2	The	recovery
period	 may	 be	 protracted	 and	 is	 dependent	 on	 the	 reinnervation	 of	 paralyzed
muscle	fibers.19,20

DIAGNOSIS
4 	 5 	 In	 2021,	 the	 Centers	 for	 Disease	 Control	 and	 Prevention	 (CDC)	 released
guidelines	regarding	the	diagnosis	and	treatment	of	botulism.4	These	guidelines
reiterate	that	successful	diagnosis	of	botulism	requires	a	high	index	of	suspicion
for	 the	 disease	 given	 that	 the	 symptoms	 and	 laboratory	 values	 are	 often
nonspecific	 and	 presentations	 can	 vary	 from	 limited	 cranial	 nerve	 palsies	 to
acute	respiratory	failure.	If	there	is	a	suspected	case	of	botulism,	the	local	state
health	department	should	be	notified.4	The	CDC	can	also	be	contacted	 through
its	24-hour	botulism	consultation	service	for	additional	information	at	(770-488-
7100).	Confirmation	of	the	diagnosis	requires	either	identification	of	botulinum
toxin	in	serum,	stool	or	gastric	samples;	culture	of	a	botulinum	toxin-producing
Clostridium	 species;	 or	 the	 presence	 of	 botulinum	 toxin	 in	 food	 eaten	 by	 a
symptomatic	individual.	Prior	to	the	administration	of	antitoxin,	a	serum	sample
(10-15	 mL)	 should	 be	 collected	 and	 refrigerated,	 and	 anaerobic	 cultures	 and
toxin	 assays	 of	 stool,	 serum,	 and	 gastric	 aspirates,	 suspected	 foodstuff,	 or
wounds	 should	 also	 be	 collected.	 Details	 of	 specimen	 storage	 and	 shipping
should	 be	 discussed	 with	 the	 CDC	 and	 are	 mentioned	 in	 the	 diagnostic	 and
treatment	 guidelines.4	 The	 only	 U.S.	 Food	 and	 Drug	 Administration	 (FDA)-
approved	 method	 for	 the	 detection	 of	 the	 botulism	 neurotoxin	 is	 the	 mouse
bioassay	in	which	a	patient’s	serum	or	supernatant	from	a	culture	of	the	patient
specimens	suspected	to	contain	toxin	is	administered	to	pairs	of	mice	with	and
without	 antitoxin,	 serving	 to	 confirm	 the	 diagnosis	 and	 define	 the	 circulating
toxin.	However,	 a	 study	of	 clinical	wound	botulism	 revealed	 the	 sensitivity	 of
the	assay	to	be	only	68%.21

DIFFERENTIAL	DIAGNOSIS
Diseases	mistaken	for	botulism	include	brainstem	infarction,	polyradiculopathies



such	 as	 the	 Guillain-Barré	 syndrome	 or	 its	 Miller	 Fisher	 variant,	 myasthenia
gravis	 (MG),	 Lambert-Eaton	 syndrome,	 brainstem	 infarction,	 tick	 paralysis,
polio,	 meningitis,	 or	 encephalitis,	 and	 poisonings	 such	 as	 carbon	 monoxide,
shellfish,	 tetrodotoxin,	 or	 organophosphate	 poisoning.2,11	 An	 improvement	 of
strength	 after	 the	 edrophonium	 test	 is	 suggestive	 of	 MG	 but	 has	 also	 been
reported	during	botulism.16,22	 The	Guillain-Barré	 syndrome	 is	 characterized	 by
an	 ascending	 paralysis	 and	 usually,	 but	 not	 always,	 an	 elevated	 cerebrospinal
fluid	 protein	 level	 initially.	 Electrophysiologic	 studies	 may	 be	 helpful	 for
distinguishing	 between	 causes	 of	 flaccid	 paralysis	 such	 as	 MG,	 the	 Guillain-
Barré	 syndrome,	 and	 the	 Lambert-Eaton	 syndrome.	 Normal	 nerve	 conduction
velocity,	 absence	of	 sensory	deficits,	 and	a	 small	 increment	of	motor	 response
seen	on	repetitive	nerve	stimulation	at	20	Hz	(as	compared	to	the	4	Hz	in	MG)
are	characteristic	of	botulism.	Tick	paralysis	is	diagnosed	by	the	presence	of	an
embedded	 Dermacentor	 tick.	 Altered	 mental	 status	 is	 usually	 seen	 in
encephalitis,	 organophosphate,	 and	 carbon	 monoxide	 poisonings	 rather	 than
botulism.	 Shellfish	 poisoning	 presents	 with	 tremors	 and	 paresthesias	 that	 are
usually	absent	in	botulism.

TREATMENT
The	 mortality	 rate	 from	 botulism	 has	 decreased	 dramatically	 since	 the	 first
decade	 of	 the	 20th	 century	 to	 its	 current	 rate	 of	 3%	 to	 5%	with	 the	 advent	 of
intensive	 care	 units,2	 and	 all	 patients	 suspected	 of	 botulism	 should	 initially	 be
monitored	in	an	intensive	care	setting.4

6 	Therapy	consists	of	toxin	removal,	neurological	and	respiratory	monitoring,
nutritional	and	respiratory	support,	treatment	of	secondary	complications	such	as
infections,	and	passive	immunization	with	equine	antitoxin.4	Patients	should	be
assessed	and	monitored	for	the	adequacy	of	cough,	the	control	of	oropharyngeal
secretions,	and	ventilation.	Please	refer	to	the	chapter	on	extrapulmonary	causes
of	 respiratory	 failure	 for	 guidelines	 (Chapter	 165)	 on	 how	 to	 monitor	 for	 the
adequacy	 of	 ventilation	 and	 when	 to	 consider	 endotracheal	 intubation;	 and	 to
chapters	on	invasive	and	noninvasive	mechanical	ventilation	(Chapters	166	and
167)	 for	 guidelines	 on	 how	 to	manage	 patients	with	 respiratory	 failure	 due	 to
neuromuscular	diseases.

For	 adults	 and	 older	 children,	 passive	 immunization	with	 equine	 botulinum
antitoxin	 (BAT)	 should	be	 administered	 as	 soon	 as	 botulism	 is	 diagnosed.4,23,24
Antitoxin	 will	 only	 neutralize	 toxin	 molecules	 that	 have	 not	 bound	 to	 nerve
endings.	 Timely	 administration	 minimizes	 subsequent	 nerve	 damage	 and



severity	 of	 disease	 but	 will	 not	 reverse	 existing	 paralytic	 damage.2,25	 The
preferred	antitoxin	is	 the	heptavalent	equine	BAT	available	through	the	CDC.26
Clinicians	should	contact	their	local	state	health	departments	or	the	CDC	(770-
488-7100).	 Additional	 assistance	 can	 be	 obtained	 through	 the	 US	 army
USAMRIID	(888-872-7443).	The	risk	of	an	allergic	reaction	to	the	heptavalent
BAT	appears	to	be	less	than	2%,	and	the	accuracy	of	skin	testing	for	predicting
severe	 reactions	 is	 not	 clear.	Consequently,	 given	 the	 recommendation	 to	 give
BAT	as	quickly	as	possible,	 skin	 testing	prior	 to	antitoxin	administration	 is	no
longer	recommended.	Clinicians	should	be	prepared	to	manage	allergic	reactions
with	epinephrine,	antihistamines,	and	 intensive	care	support.27	A	single	case	of
intestinal	botulism	is	documented	as	being	refractory	to	antitoxin	administration.
This	 is	 explained	 by	 the	 shorter	 half-life	 of	 the	 heptavalent	 preparation	 and
ongoing	 toxin	 production	 from	 the	 intestinal	 bacterium.28	 This	 is	 not	 an	 issue
with	 the	more	 common	 foodborne	 cases	 in	 which	 continued	 toxin	 production
does	 not	 occur.	 When	 neurological	 signs	 persist	 for	 longer	 than	 1	 day	 after
administration	 of	 antitoxin,	 clinicians	 should	 consider	 diagnoses	 other	 than
botulism.

Equine	 antitoxin	 is	 not	 recommended	 for	 treatment	 of	 infants	 suspected	 of
botulism	 because	 of	 the	 potential	 serious	 side	 effects	 of	 serum	 sickness	 and
anaphylaxis.	 However,	 a	 2006	 study	 found	 that	 the	 administration	 of	 human
botulism	 immune	globulin	 intravenously	within	72	hours	of	hospitalization	 for
suspected	 infant	 botulism	 decreased	 illness	 severity,	 shortened	 hospital	 stays,
and	reduced	costs.29	This	preparation,	human	botulism	immune	globulin	(Baby-
BIG),	is	now	FDA	approved	and	available	through	the	California	Department	of
Public	Health.	Infants	and	children	who	have	foodborne	botulism	should	receive
BAT	using	weight-based	dosing.23

Patients	 with	 wound	 botulism	 also	 require	 aggressive	 wound	 debridement
regardless	of	how	well	the	wound	appears	as	toxin	is	produced	until	the	infection
is	 eliminated.	 Antitoxin	 should	 be	 administered	 prior	 to	 surgery	 to	 neutralize
toxin	 released	 by	 the	 procedure.	 Penicillin	 therapy,	 10	 to	 20	million	 units	 per
day,	 is	 appropriate.3,4	 Aminoglycosides	 and	 clindamycin	 should	 be	 avoided
because	of	the	potential	for	neuromuscular	blockade.30,31

Because	 botulinum	 toxin	 is	 not	 absorbed	 through	 intact	 skin,	 standard
precautions	 should	 be	 undertaken	 when	 caring	 for	 patients	 suspected	 of
botulism.	There	have	been	no	cases	of	human-to-human	transmission	described.2

A	 number	 of	 potential	 vaccine	 candidates	 remain	 investigational	 with	 no
phase	3	studies	reported	to	date.	Concern	has	also	originated	regarding	the	safety
of	 administering	 therapeutic	 botulinum	 antitoxin	 preparations	 to	 vaccinated
individuals.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	All	of	the	following	findings	are	typical	of	acute	botulism	EXCEPT:

A. 	Dysarthria
B. 	Fever
C. 	Intact	sensation	to	vibration	and	light	touch
D. 	Symmetric	weakness

2. 	A	45-year-old	woman	without	a	past	medical	history	presents	to	the
emergency	department	3	weeks	after	completion	of	an	adenovirus-based
vaccination	series	with	diplopia	and	weakness.	The	week	following	vaccination,
she	had	mild	fatigue	with	myalgias	and	low-grade	fever.	Two	hours	prior	to
emergency	department	presentation	she	had	stomach	cramping	and	vomiting.
Examination	reveals	bilateral	lateral	gaze	palsies,	tongue	weakness,	and	mild
symmetric	weakness	in	her	extremities.	She	has	a	mild	headache	that	came	on
with	the	vomiting	episode.	Which	of	the	following	is	the	next	most	appropriate
next	step	in	management?

A. 	Contact	CDC	botulism	hotline
B. 	Identify	lot	number	of	her	COVID-19	vaccine
C. 	Obtain	CT	scan	of	the	head	and	neck
D. 	Order	electrophysiologic	studies

3. 	Three	men	are	transferred	from	a	small	rural	hospital,	all	with	a	similar
syndrome	of	weakness,	blurred	or	double	vision,	and	dysarthria	or	dysphasia.
They	have	been	attending	an	anniversary	celebration	at	a	local	distillery	that	had
its	origin	in	the	Prohibition	era	and	each	guest	brought	their	own	moonshine	to
contest	their	skills	and	celebrate.	What	are	the	most	appropriate	next	actions?

A. 	Notify	homeland	security	about	a	potential	bioterrorist	event,
administer	charcoal	via	nasogastric	tube,	and	order	plasmapheresis
B. 	Notify	police	about	a	possible	illegal	alcohol	ring,	contact	toxicology
at	your	hospital,	and	order	botulinum	immune	globulin
C. 	Notify	state	health	department	regarding	a	possible	botulism
outbreak,	call	the	ICU	service	for	admission,	and	order	heptavalent



botulinum	antitoxin
D. 	Notify	the	CDC	botulism	hotline	to	report	potential	botulism	cases,
consult	hospital	infectious	diseases	service,	and	initiate	airborne
precautions

Answers

1.	The	correct	answer	is	B.
Rationale:	While	botulism	is	considered	an	infection,	it	is	best	understood	as

a	 toxigenic	 disease	 with	 the	 immediate	 source	 of	 the	 toxin,	 the	 bacteria,	 still
capable	 of	making	more	 toxin.	 Fever	 is	 often	 a	marker	 of	 an	 infection	 but	 is
seldom	present	on	presentation	with	botulism	(choice	B	is	the	“correct,”	wrong
answer).	 It	 is	 critical	 for	 providers	 to	 recognize	 the	 exam	 findings	 of	 cranial
nerve	palsies	(Choice	A)	with	symmetric	weakness	and	intact	sensation	(choices
C	and	D)	as	being	clues	to	a	possible	case	of	botulism.	Early	recognition	is	the
hallmark	of	morbidity	and	mortality	prevention.

2.	The	correct	answer	is	A.
Rationale:	Early	recognition	of	botulism	is	the	key	to	reducing	morbidity	and

mortality.	Symptom	presentations	such	as	the	one	listed	should	prompt	providers
to	consider	botulism	and	discuss	the	case	with	the	CDC	botulism	hotline	(choice
A	 is	 correct).	This	 not	 only	 helps	 define	 the	 index	of	 suspicion	of	 disease	 but
permits	initiation	of	Botulism	antitoxin.	The	other	listed	responses	may	or	not	be
helpful	 for	 this	 patient	 but	 are	 unlikely	 to	 assist	 in	 immediate	 management.
Toxin	 identification	 and	 electrophysiological	 studies	may	 contribute	 ultimately
to	 a	 diagnosis	 but	 are	 not	 immediately	 available	 (choice	 D	 is	 incorrect).
Intracranial	 thrombosis,	 a	 very	 rare	 adverse	 event	 after	 some	 vaccine
preparations,	is	conceivable	but	unlikely	to	produce	all	of	the	symptoms	(choice
B	 is	 incorrect).	 While	 a	 CT	 scan	 may	 be	 appropriate	 and	 could	 reveal	 acute
bleeding	or	a	space-occupying	lesion,	neither	of	these	seem	likely	to	explain	the
patient’s	constellation	of	symptoms	and	findings	and	CT	scan	is	a	lower	priority
than	A	(choice	C	is	not	the	best	answer).

3.	The	correct	answer	is	C.
Rationale:	 Recognition	 of	 potential	 botulism	 cases	 should	 lead	 to	 an

immediate	 conversation	 with	 state	 and	 national	 health	 agencies	 along	 with
appropriate	 critical	 care	 services	 (choice	 C	 is	 the	 best	 answer).	 While	 some
elements	 of	 each	 response	may	 be	 reasonable,	 others	 listed	 are	 inappropriate.



Botulinum	 antitoxin,	 not	 botulinum	 immune	 globulin,	 is	 the	 appropriate
treatment	 (choice	 B	 is	 incorrect).	 Plasmapheresis	 is	 not	 a	 recommended
treatment	of	botulism	(choice	A	is	incorrect).	No	human-to-human	transmission
of	botulism	has	been	reported	and	airborne	precautions	are	not	needed	(choice	D
is	incorrect).
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Chapter	86
Tetanus
Mary	Dawn	T.	Co,	Richard	T.	EllisonIII

KEY	POINTS:
1.	 Tetanus	is	a	vaccine	preventable	disease	caused	by	the	anaerobic,

spore-forming,	gram-positive	bacterium	Clostridium	tetani.
2.	 Clinical	tetanus	can	present	in	three	forms—local,	cephalic,	and

generalized—with	80%	of	cases	being	generalized.
3.	 Tetanus	usually	occurs	in	the	setting	of	a	penetrating	wound,	foreign

body,	or	necrotic	or	infected	tissue	in	which	anaerobic	bacterial
growth	is	facilitated.

4.	 Diagnosis	of	tetanus	is	clinical	and	primarily	based	on	the	presence
of	trismus,	dysphagia,	muscular	rigidity,	and	spasm.

5.	 Management	of	tetanus	involves	controlling	muscle	spasms	and
autonomic	instability	in	addition	to	wound	debridement,	anti-toxin,
and	antimicrobial	therapy.

6.	 Metronidazole	is	the	first	line	agent	of	choice	for	antimicrobial
therapy.	Penicillin	G	is	an	effective	alternative	agent.

INTRODUCTION
1 	 Tetanus,	 caused	 by	 the	 neurotoxin	 tetanospasmin,	 is	 produced	 by	 the
anaerobic,	 spore-forming,	 gram-positive	 bacterium	 Clostridium	 tetani.
Clinically,	 tetanus	 presents	 with	 skeletal	 muscle	 rigidity	 and	 spasms	 that
classically	 involve	 the	 muscles	 of	 the	 face	 (lockjaw).	 It	 is	 a	 relatively	 rare
clinical	entity	in	developed	countries	because	of	the	broad	use	of	tetanus	toxoid
(TT)	 immunization.	However,	 tetanus	 still	 occurs	 frequently	 in	 the	 developing
world,	and	among	 individuals	who	have	never	been	or	have	been	 inadequately



vaccinated	and	have	a	wound	 infection	or	another	portal	of	entry.	Diagnosis	 is
based	on	clinical	suspicion	and	the	exclusion	of	other	entities	because	of	a	lack
of	 timely	 confirmatory	 testing.	 Treatment	 consists	 of	 wound	 debridement,
antimicrobial	 and	 antitoxin	 therapy,	 respiratory	 support,	 and	 symptomatic
management	 of	 the	 muscular	 rigidity	 and	 spasms	 as	 well	 as	 autonomic
manifestations	of	the	disease.

PATHOGENESIS
C.	 tetani	 is	 an	obligate,	 anaerobic,	 spore-forming	bacillus	 that	 is	 ubiquitous	 in
the	environment.	Mature	organisms	develop	spores	that	are	widely	distributed	in
soil	 and	 dust	 as	well	 as	 in	 the	 intestines	 and	 feces	 of	 animals.	 The	 vegetative
form	 of	 C.	 tetani	 produces	 two	 types	 of	 zinc	 metalloproteinase	 toxins,
tetanospasmin	 and	 tetanolysin,	 with	 tetanospasmin	 playing	 a	 more	 prominent
role	 in	 pathogenesis.	 Tetanospasmin	 is	 a	 neurotoxin	 of	 a	 single	 antigenic	 and
specifically	 targets	 the	 nervous	 system,	 including	 the	 peripheral	 motor	 end
plates,	spinal	cord,	central	nervous	system	(CNS),	and	the	sympathetic	nervous
system.1,2	Although	this	toxin	can	exert	a	excitatory	effects,	it	acts	primarily	by
blocking	 the	 release	 of	 neurotransmitters	 such	 as	 glycine	 and	 γ-amino	 butyric
acid	 (GABA),	 which	 normally	 act	 to	 inhibit	 the	 transmission	 of	 motor	 nerve
impulses.	Specifically,	 the	 toxin	degrades	synaptobrevin,	a	protein	 required	 for
contact	 of	 inhibitory	 neurotransmitter	 vesicles	 with	 their	 target	 site	 on	 the
presynaptic	membrane.3

EPIDEMIOLOGY
Tetanus	is	endemic	in	the	developing	world	with	neonatal	tetanus	accounting	for
the	majority	 (>50%)	of	deaths	due	 to	 tetanus.1	Tetanus	 is	 a	 rare	disease	of	 the
developed	 world	 with	 morbidity	 and	 mortality	 in	 the	 United	 States	 declining
steadily	 due	 to	 the	 availability	 of	 tetanus	 vaccines,	 improved	 wound
management	 and	 the	 use	 of	 tetanus	 immunoglobulin	 for	 postexposure
prophylaxis.1	 According	 to	 2001	 to	 2008	 surveillance	 data,	 a	 history	 of
incomplete	 TT	 immunization	 and	 inadequate	 wound	 prophylaxis	 remain	 the
most	 important	 factors	 associated	with	 tetanus.4	 Age	 ≥	 65	 years	 remained	 the
highest	risk	factor	for	fatal	tetanus	with	a	case	fatality	rate	of	31.3%.4	Sporadic
cases	of	 tetanus	have	been	reported	among	 those	with	a	 tetanus	antibody	 level
adequate	for	protective	immunity.5



CLINICAL	MANIFESTATIONS
2 	Tetanus	usually	occurs	among	those	with	a	penetrating	wound,	foreign	body,
or	necrotic	or	infected	tissue	in	which	anaerobic	bacterial	growth	is	facilitated1.
However,	among	up	to	30%	of	cases,	no	acute	injury	is	reported.6	The	incubation
period	 for	 tetanus	 varies	 from	 3	 to	 21	 days,	with	 the	 length	 of	 the	 incubation
period	dependent	on	how	far	 the	 injury	site	 is	 from	the	CNS.7	The	first	nerves
affected	are	the	shortest,	accounting	for	the	early	symptoms	of	facial	distortion
and	neck	stiffness.	The	shorter	the	incubation	period,	the	worse	the	prognosis.

3 	Clinical	tetanus	can	present	in	three	forms—local,	cephalic,	and	generalized
—with	80%	of	cases	being	generalized.	Local	tetanus	presents	as	a	focal	region
of	muscle	contraction	at	a	site	of	spore	inoculation.1	Symptoms	may	persist	but
usually	resolve	spontaneously.	Cephalic	tetanus	develops	after	a	traumatic	head
injury.	 Typically,	 there	 is	 involvement	 of	 the	 cranial	 nerves,	 especially	 cranial
nerve	VII	in	the	facial	area.

Generalized	 tetanus	 typically	 presents	 with	 involvement	 of	 facial
musculature,	 starting	 with	 masseter	 rigidity	 (lockjaw	 or	 trismus)	 and	 risus
sardonicus	 (fixed	 contraction	 of	 the	 facial	 muscles	 resulting	 in	 a	 peculiar
distorted	 grin),	 and	 then	 progresses	 in	 a	 descending	 fashion	 with	 difficulty
swallowing	 and	 abdominal	 rigidity.1	 Spasms,	 which	 are	 often	 triggered	 by
sensory	stimuli,	are	common	and	may	resemble	seizures	with	flexion	of	the	arms
and	 the	 extension	 of	 legs	 (opisthotonus).	 Loss	 of	 consciousness	 is	 uncommon
and	severe	pain	usually	accompanies	the	spasms.	Laryngospasm	and	respiratory
compromise	 may	 result	 from	 vocal	 cord	 or	 diaphragmatic	 spasms	 and	 upper
airway	 obstruction.	 Fractures	 of	 the	 spine	 or	 the	 long	 bones,	 dislocations,	 and
rhabdomyolysis	 may	 occur	 as	 a	 result	 of	 spasms.	 The	 course	 of	 this	 illness
occurs	over	2	weeks,	reflecting	the	time	it	takes	for	intra-axonal	toxin	to	travel	to
the	CNS.	Spasms	occur	within	the	first	2	weeks	of	illness	followed	by	autonomic
disturbances	 such	 as	 extremes	 in	 blood	 pressure	 and	 cardiac	 arrhythmias
including	sinus	tachycardia	and	cardiac	arrest.8,9	 Individuals	with	 tetanus	are	at
high	 risk	 for	 developing	 nosocomial	 pneumonia	 with	 an	 incidence	 of
approximately	 35%.	 Autonomic	 dysfunction	 is	 an	 independent	 risk	 factor	 for
pneumonia	among	patients	with	tetanus.10

Neonatal	 tetanus,	 more	 often	 seen	 in	 developing	 countries,	 is	 a	 form	 of
generalized	 tetanus	 that	 commonly	 arises	 when	 an	 unhealed	 umbilical	 stump
becomes	 infected	 in	 an	 infant	 whose	 mother	 had	 not	 been	 adequately
immunized.1,7



DIAGNOSIS
4 	No	laboratory	test	 is	available	 that	provides	a	definitive	diagnosis	of	 tetanus.
Diagnosis	is	clinical	and	primarily	based	on	the	presence	of	trismus,	dysphagia,
muscular	 rigidity,	 and	 spasm.	 History	 of	 preceding	 trauma	 and	 inadequate
immunization	with	TT	are	supportive	of	the	diagnosis.	Culture	of	C.	tetani	 in	a
wound	 is	 supportive	 of	 tetanus	 but	 not	 confirmatory	 in	 the	 absence	 of
characteristic	 symptoms.11	 Tetanus	 should	 be	 considered	 during	 unusual
presentations	 such	 as	meningitis	 in	 the	 setting	 of	 a	 history	 of	 a	 contaminated
wound.12

Few	 other	 conditions	 present	 with	 muscular	 rigidity	 and	 sympathetic
hyperreactivity	except	for	strychnine	poisoning.	Strychnine	blocks	the	inhibitory
glycine	 receptor	 in	 the	 spinal	 cord	 and	 the	brain.	Unlike	 tetanus,	 however,	 the
sudden	 contraction	 of	 all	 striated	 muscles	 is	 usually	 followed	 by	 complete
relaxation	 of	 these	muscles.	 Additional	 conditions	 that	 can	mimic	 the	 spasms
seen	 in	 tetanus	 include	 hypocalcemia	 and	 reactions	 to	 certain	 medications
including	 neuroleptic	 drugs	 and	 central	 dopamine	 antagonists.	 Odontogenic
infections	can	produce	trismus	but	not	the	other	manifestations	of	tetanus.1

TREATMENT
5 	Individuals	suspected	of	generalized	tetanus	should	be	observed	in	an	intensive
care	 setting.	 Initial	 management	 consists	 of	 airway	 stabilization	 and	 general
intensive	care	support	including	mechanical	ventilation,	nutritional	support,	deep
venous	 thrombosis	 prophylaxis,	 and	 decrease	 of	 stimuli	 (such	 as	 bright	 lights)
that	may	trigger	spasms.

6 	 If	 a	 portal	 of	 entry	 can	 be	 identified,	 wound	 debridement	 is	 essential	 to
eradicate	 spores	 and	 necrotic	 tissue.	 Antimicrobial	 treatment	 directed	 against
anaerobic	organisms	is	recommended	with	metronidazole	(500	mg	intravenously
(IV)	every	6	to	8	hours)	considered	to	be	the	first	line	of	therapy.	Penicillin	G	(2-
4	 million	 units	 IV	 every	 4	 to	 6	 hours)	 is	 considered	 an	 alternative	 regimen.
Treatment	 courses	 of	 7	 to	 10	 days	 are	 recommended.1,13	 Alternative	 regimens
such	as	doxycycline,	clindamycin,	vancomycin,	and	chloramphenicol	are	likely
to	be	effective	given	susceptibility	data	against	C.	tetani.14	It	should	be	noted	that
if	there	is	not	adequate	source	control,	antibiotics	may	fail	to	eradicate	C.	tetani.

Antitoxin	 is	 of	 therapeutic	 value	 only	 for	 protecting	 neurons	 that	 have	 not
already	 bound	 the	 toxin.	 Passive	 immunization	 with	 human	 tetanus



immunoglobulin	at	a	dose	of	500	units	may	shorten	 the	course	and	severity	of
tetanus	 by	 neutralizing	 toxin	 that	 has	 not	 reached	 the	 CNS.15	 The	 role	 of
intrathecal	immunoglobulin	is	not	well	established.16,17	Benzodiazepines	such	as
midazolam,	 lorazepam,	 and	diazepam	have	been	 the	mainstay	of	 treatment	 for
control	 of	muscle	 spasms	 associated	with	 tetanus.1	 This	 class	 of	 agents	 act	 as
GABA	agonists,	 thus	 indirectly	opposing	 the	effects	of	 the	 toxin	by	competing
for	receptor	sites.2	Propofol	(alone	or	in	combination	with	benzodiazepines)	and
intrathecal	baclofen	are	alternative	options	that	have	been	used.18,19	IV	diazepam
and	 lorazepam	contain	propylene	glycol,	which	may	 increase	 the	 risk	of	 lactic
acidosis	at	the	recommended	doses	of	treatment.20	 If	 the	muscle	spasms	cannot
be	 controlled	 with	 these	 agents,	 a	 neuromuscular	 paralytic	 agent	 such	 as
vecuronium	can	be	added.1	Once	the	symptoms	have	resolved,	benzodiazepines
should	be	tapered	to	prevent	withdrawal.

Autonomic	dysfunction	is	usually	related	to	excessive	catecholamine	release
and	can	be	treated	by	a	combined	α-	and	β-blocker	such	as	labetalol.	β-blockade
alone	 may	 result	 in	 severe	 hypertension	 due	 to	 an	 unopposed	 α	 effect.21
Magnesium	 sulfate,	 acting	 as	 a	 calcium	 antagonist,	 has	 been	 studied	 in	 a
randomized	controlled	trial	and	found	to	reduce	the	requirements	of	other	drugs
to	control	spasms	and	cardiac	instability.22

As	 the	 amount	 of	 toxin	 causing	 disease	 may	 be	 too	 small	 to	 induce	 a
consistent	immunological	response,	active	immunization	with	three	doses	of	TT
should	 be	 given	 at	 diagnosis,	 at	 4-6	weeks,	 and	 1	 year	 later	 to	 prevent	 future
attacks.1,7	TT	should	be	given	at	a	site	different	than	tetanus	immunoglobulin.1

Evidence-based	 treatment	 strategies	 for	 tetanus	 are	 limited.	 Advances	 in
tetanus,	based	on	randomized	controlled	trials	are	summarized	in	Table	86.1.

TABLE	86.1

Recommendations	for	the	Treatment	of	Clostridium	tetani
Based	on	Randomized	Clinical	Trials

Treatment	with	metronidazole,	benzyl	penicillin,	or	intramuscular
benzathine	penicillin	has	a	comparable	impact	on	the	need	for
tracheostomy,	the	use	of	neuromuscular	blockade,	the	need	for	mechanical
ventilation,	and	the	incidence	of	dysautonomia,	nosocomial	pneumonia,	and
in-hospital	death.14
Treatment	with	metronidazole	was	found	to	have	a	greater	reduction	in



mortality	compared	to	penicillin	in	the	first	open	label	study	to	compare
these	agents.23	However,	later	studies	did	not	show	any	differences	in
mortality	between	those	patients	treated	with	penicillin	and	those	treated
with	metronidazole.13
Magnesium	infusion	for	7	days	did	not	reduce	the	need	for	mechanical
ventilation	in	adults	with	severe	tetanus	but	did	reduce	the	requirement	for
other	drugs	to	control	muscle	spasms	and	cardiovascular	instability.22

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	most	common	clinical	presentation	of	tetanus	in	the	United
States?

A. 	Cephalic
B. 	Generalized
C. 	Localized
D. 	Neonatal

2. 	What	of	bacteria	is	Clostridium	tetani?

A. 	Aerobic,	spore-forming,	gram-negative
B. 	Aerobic,	spore-forming,	gram-positive
C. 	Anaerobic,	spore-forming,	gram-negative
D. 	Anaerobic,	spore-forming,	gram-positive

3. 	Which	of	the	following	is	a	recommended	antibiotic	agent	in	the	treatment
of	a	tetanus	wound?

A. 	Ceftriaxone
B. 	Doxycycline
C. 	Metronidazole
D. 	Penicillin

Answers



1.	The	correct	answer	is	B.
Rationale:	Generalized	tetanus	is	the	most	common	form	(80%)	(choice	B	is

correct).	 Patients	 present	 with	 a	 descending	 pattern	 of	 muscle	 spasms,	 first
presenting	with	 lockjaw,	and	risus	sardonicus	(rigid	smile	because	of	sustained
contraction	 of	 facial	 musculature).	 Neonatal	 tetanus	 is	 seen	 in	 babies	 born	 to
unvaccinated	 mothers	 or	 treated	 with	 nonsterile	 instruments.	 Local	 tetanus	 is
persistent	contraction	at	the	site	of	injury,	and	cephalic	tetanus	is	limited	to	the
nerves	of	the	head.

2.	The	correct	answer	is	D.
Rationale:	Clostridia	 are	 anaerobic	 organisms	with	 at	 least	 209	 species	 and

five	subspecies.	Spores	can	survive	for	many	years	and	are	often	resistant	to	heat
or	cleaning	agents.	For	mnemonics,	 think	of	 it	deep	 in	 the	dirt	 (anaerobic)	and
the	“t”	of	tetani	is	like	a	cross	or	plus	sign	(gram	“positive”)	(choice	D).

3.	The	correct	answer	is	C.
Rationale:	 The	 main	 treatment	 of	 tetanus	 is	 airway	 support,	 wound

debridement	 and	 cleaning,	 and	 administration	 of	 human	 immunoglobulin
antitoxin.	Antibiotics	play	a	relatively	minor	role	but	need	to	include	anaerobic
coverage	(choice	C	is	correct).
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Section	9

HEMATOLOGIC	AND	ONCOLOGIC
PROBLEMS	IN	THE	INTENSIVE	CARE
UNIT
JONATHAN	M.	GERBER

Chapter	87
Disorders	of	Hemostasis	in	Critically	Ill
Patients
Shrinkhala	Khanna,	Kathleen	Sargent,	Alice	D.	Ma

KEY	POINTS:
1.	 Patients	with	excessive	or	spontaneous	bleeding	should	be

investigated	for	a	hemostasis	disorder.
2.	 Mixing	studies	are	used	to	distinguish	clotting	factor	deficiency	vs	an

inhibitor.
3.	 von	Willebrand	disease	(vWD)	represents	the	most	common

congenital	bleeding	disorder.	A	recombinant	vWF	was	recently
approved	for	use	in	the	United	States.

4.	 Hemophilia	should	be	suspected	for	male	patients	with	a	personal
and/or	sex-linked	family	history	of	bleeding.	In	cases	of	ICH,	prompt
recognition	and	empirical	factor	replacement	should	be	given	while
the	workup	is	underway.

5.	 Warfarin	remains	a	common	cause	of	serious	bleeding	requiring
critical	care.

6.	 Reduced	factor	synthesis,	dysfibrinogenemia,	and	several	other



variables	may	contribute	to	the	coagulopathy	associated	with
advanced	liver	disease.

7.	 When	disseminated	intravascular	coagulation	(DIC)	is	identified,
treat	the	underlying	disorder.

8.	 Treatment	of	trauma-induced	coagulopathy	is	directed	at	the
cause(s)	or,	ideally,	at	prevention	of	its	development.

9.	 Medications	represent	the	most	common	cause	of	acquired	platelet
dysfunction.

10.	 Uremic	bleeding	is	due	to	impaired	platelet	function.

INTRODUCTION
Critically	 ill	 patients	 can	 have	 abnormal	 bleeding	 and	 clotting	 disorders.	 This
chapter	 will	 review	 hemostasis,	 followed	 by	 pathophysiology	 of	 commonly
encountered	 congenital	 and	 acquired	 bleeding	 disorders	 along	 with	 their
associated	symptoms,	laboratory	findings,	and	management.

NORMAL	HEMOSTASIS
Hemostasis	 can	 be	 broken	 into	 a	 series	 of	 steps	 occurring	 in	 overlapping
sequence.	Primary	hemostasis	refers	to	the	interactions	between	the	platelets	and
the	 injured	 vessel	 wall,	 culminating	 in	 the	 formation	 of	 a	 platelet	 plug.	 The
humoral	 phase	 of	 clotting,	 or	 secondary	 hemostasis,	 encompasses	 a	 series	 of
enzymatic	 reactions,	 resulting	 in	 a	 hemostatic	 fibrin	 plug.	 Finally,	 fibrinolysis
and	 wound	 repair	 occur.	 Each	 of	 these	 steps	 is	 carefully	 regulated,	 and
perturbations	can	predispose	to	either	hemorrhage	or	thrombosis.	Depending	on
the	nature	of	 the	defect,	 the	hemorrhagic	or	 thrombotic	 tendency	can	be	either
profound	or	subtle.

Primary	 hemostasis	 begins	 at	 the	 site	 of	 vascular	 injury,	 with	 platelets
adhering	 to	 the	sub	endothelium,	utilizing	 interactions	between	molecules	such
as	collagen	and	von	Willebrand	factor	(vWF)	in	the	vessel	wall	and	glycoprotein
(GP)	 receptors	 on	 the	 platelet	 surface.	 This	 leads	 to	 downstream	 signal
transduction	 causing	 platelet	 activation.	 GPIIb/IIIa	 on	 the	 platelet	 surface
undergoes	a	conformational	change	 to	be	able	 to	bind	fibrinogen,	which	cross-
links	 adjacent	 platelets,	 leading	 to	 platelet	 aggregation.	 Secretion	 of	 granular
contents	 is	 also	 triggered	 by	 outside	 signals,	 potentiating	 further	 platelet



activation	(Figure	87.1).	Lastly,	the	surface	of	the	platelet	changes	to	serve	as	an
adequate	 scaffold	 for	 the	 series	 of	 biochemical	 reactions	 resulting	 in	 thrombin
generation.

	

Figure	87.1 	Primary	hemostasis.(1)	Exposure	of	subendothelium
at	 sites	 of	 vascular	 disruption	 results	 in	 platelet	 adhesion	 via	GPIb
and	GPVI	with	exposed	von	Willebrand	factor	(vWF)	and	collagen,
respectively.	 Following	 platelet	 adhesion,	 TxA2	 is	 produced	 and
released,	which	 promotes	 vasoconstriction	 and	 platelet	 aggregation.
(2)	Platelet	adhesion	also	results	in	fusion	of	cytoplasmic	granules	to
the	 plasma	 membrane.	 Release	 of	 α-	 and	 dense	 granules	 activates
nearby	 platelets.	 (3)	 Platelet	 activation	 results	 in	 exposure	 of
GPIIb/IIIa	on	the	platelet	surface	allowing	fibrinogen	to	cross-bridge
platelets	resulting	in	a	platelet	plug.	GP,	glycoprotein.

Following	 platelet	 activation,	 a	 series	 of	 enzymatic	 reactions	 take	 place	 on
phospholipid	 surfaces,	 culminating	 in	 the	 formation	 of	 a	 stable	 fibrin	 clot.
Several	models	 have	 attempted	 to	make	 sense	 of	 these	 reactions.	 The	 cascade
model	 was	 developed	 by	 two	 groups	 nearly	 simultaneously	 in	 1964	 and
explained	 the	 extrinsic,	 intrinsic,	 and	 common	 pathways	 leading	 to	 fibrin
formation	 (Figure	 87.2).	 Although	 the	 cascade	 model	 accounts	 for	 the
physiological	reactions	underlying	the	prothrombin	time	(PT)	and	the	activated
partial	 thromboplastin	 time	 (aPTT),	 it	 fails	 to	 explain	 completely	 the	 bleeding
diathesis	 seen	 among	 individuals	 deficient	 in	 factors	XI	 (FXI),	 IX	 (FIX),	 and
VIII	 (FVIII),	 as	well	 as	 the	 lack	of	bleeding	of	 those	deficient	only	 in	 contact
factors.	A	cell-based	model	of	hemostasis	has	been	developed	 to	address	 these
deficiencies.1	 In	 this	 model,	 upon	 vascular	 injury,	 the	 membrane	 of	 a	 tissue



factor	(TF)-bearing	cell	such	as	an	activated	monocyte	or	fibroblast	serves	as	a
platform	 for	 generation	 of	 a	 small	 amount	 of	 thrombin	 and	 FIXa,	which	 then
serves	 to	 activate	platelets	 and	 cleave	FVIII	 from	vWF.	Newly	 formed	FVIIIa
participates	 in	 the	 tenase	complex	on	 the	 surface	of	activated	platelets	 to	 form
factor	Xa	 that	 interacts	with	 the	 factor	Va	 generated	 on	 the	 platelet	 surface	 to
form	 the	 prothrombinase	 complex.	 This	 complex	 generates	 a	 large	 burst	 of
thrombin	which	 is	 sufficient	 to	 cleave	 fibrinogen,	 activate	 factor	XIII	 (FXIII),
and	 activate	 the	 thrombin-activatable	 fibrinolysis	 inhibitor,	 thus	 allowing	 for
formation	of	a	stable	fibrin	clot	(Figure	87.2).

	

Figure	87.2 	Secondary	hemostasis.A,	Tissue	factor	(TF)	pathway
cascade	 model	 of	 coagulation—basis	 for	 prothrombin	 time	 (PT)
laboratory	assay.	B,	Circulating	FVIIa	binds	TF	on	a	TF-bearing	cell.
TF/FVIIa	along	with	calcium	(Ca)	and	phospholipid	(lipid)	form	the
“extrinsic	 tenase”	complex	and	converts	FX	 to	FXa.	FXa	combines
with	FVa,	calcium,	and	phospholipid,	“prothrombinase”	complex,	 to
activate	FII	to	FIIa,	which	in	turn	converts	fibrinogen	into	fibrin.	C,
Contact	 activation	 pathway	model	 of	 coagulation—basis	 for	 partial
thromboplastin	 time	 (PTT)	 laboratory	 assay.	 D,	 On	 an	 activated
platelet	 surface,	 FXIa	 activates	 FIXa.	 FIXa	 is	 also	 formed	 on	 the
surface	 of	 a	TF-bearing	 cell	 (B).	 FIXa,	 along	with	FVIIIa,	Ca,	 and
lipid,	 constitute	 the	 “intrinsic	 tenase”	 complex.	 This	 complex
converts	 FX	 to	 FXa	 with	 subsequent	 FIIa	 generation	 through	 the
prothrombinase	complex.(Courtesy	of	Dougald	Monroe.)



Fibrinolysis	 leads	 to	 clot	 dissolution	 once	 wound	 healing	 has	 occurred.
Plasminogen	 is	activated	 to	plasmin	by	 the	action	of	either	 tissue	plasminogen
activator	(tPA)	or	urokinase	plasminogen	activator.	Plasmin	then	degrades	fibrin
and	 fibrinogen	 and	 can	 thus	 dissolve	 both	 formed	 clots	 as	 well	 as	 its	 soluble
precursor.	Plasmin	 is	 inhibited	by	a	number	of	 inhibitors,	of	which	α2-plasmin
inhibitor	 is	 the	most	 significant.	 Plasminogen	 activation	 is	 also	 inhibited	 by	 a
number	 of	molecules;	 chief	 among	 them	 is	 plasminogen	 activator	 inhibitor	 1.
Lastly,	 cellular	 receptors	 act	 to	 localize	 and	 potentiate	 or	 clear	 plasmin	 and
plasminogen	 activators.	 See	 Chapter	 91:	 Venous	 Thromboembolism	 and
Associated	 Prothrombotic	 Disorders	 in	 the	 Intensive	 Care	 Unit	 for	 further
discussion.

APPROACH	TO	THE	BLEEDING	PATIENT
1 	Physicians	 in	 the	 intensive	care	unit	 (ICU)	often	encounter	bleeding	patients
and	 it	 can	 be	 difficult	 to	 identify	 which	 of	 these	 patients	 require	 further
evaluation.	Patients	who	experience	bleeding	 that	 is	excessive,	spontaneous,	or
delayed	 following	 surgery	 or	 tissue	 injury	 require	 further	 investigation	 for
hemostasis	 disorders,	 which	 must	 begin	 with	 a	 thorough	 clinical	 history.	 A
bleeding	 history	 should	 assess	 a	 patient’s	 exposure	 and	 response	 to	 all
hemostatic	challenges	in	the	past	such	as	trauma,	surgery,	and	childbirth.	History
of	menorrhagia	 among	women	 is	 pertinent.	 Several	 bleeding	 assessment	 tools
(BATs)	have	been	developed	and	are	useful	in	the	evaluation	for	an	underlying
coagulopathy,	particularly	von	Willebrand	disease	(vWD).2

Coexisting	medical	conditions	such	as	liver,	kidney,	or	thyroid	disorders	can
affect	hemostasis.	A	detailed	 review	of	medications	 including	over-the-counter
and	herbal	preparations	is	essential.	Family	history	of	bleeding	disorders	must	be
sought.	An	 inherited	or	 congenital	 bleeding	disorder	 is	 suggested	by	 abnormal
bleeding	 with	 onset	 shortly	 after	 birth	 and	 persistence	 throughout	 life.	 It	 is
further	supported	by	a	family	history	with	a	consistent	genetic	pattern.	However,
it	 is	 important	 to	 note	 that	 a	 negative	 family	 history	 does	 not	 exclude	 a
congenital	bleeding	disorder.	For	 instance,	approximately	one-third	of	all	cases
of	hemophilia	A	arise	from	spontaneous	mutations.	Many	of	the	rare	coagulation
disorders,	 including	 deficiency	 of	 factors	 II,	 V,	 VII,	 X,	 as	 well	 as	 vWD	 2	N,
among	others,	are	inherited	in	an	autosomal	recessive	fashion,	and	the	parents	of
the	patient	are	often	asymptomatic.

A	bleeding	 history	 should	 also	 ascertain	 past	 sites/mechanisms	 of	 bleeding.



Surgical	 bleeding	 among	patients	with	 an	underlying	hemorrhagic	 condition	 is
typically	described	as	“diffuse	oozing,”	without	the	readily	identifiable	bleeding
source	 seen	 with	 a	 surgical	 mishap	 such	 as	 a	 severed	 vessel.	 Patients	 with
platelet	 disorders	 typically	 manifest	 mucocutaneous	 bleeding	 such	 as	 gingival
bleeding	 and	 epistaxis	 as	 well	 as	 menorrhagia,	 petechiae,	 and	 ecchymoses.
Platelet	 defects	 impact	 primary	 hemostasis	 and	 therefore	 the	 bleeding	 in	 these
disorders	 is	 often	 immediate	 following	 surgery	 or	 trauma,	 whereas	 delayed
bleeding	is	more	classically	associated	with	coagulation	disorders.	Patients	with
coagulation	defects	typically	present	with	hemorrhages	into	soft	tissues	such	as
muscles	and	joints.

LABORATORY	ASSAYS	OF	PRIMARY	AND
SECONDARY	HEMOSTASIS
Although	 the	 history	 and	 physical	 examination	 can	 increase	 suspicion	 for	 the
presence	of	a	bleeding	disorder,	 laboratory	confirmation	 is	 required	for	precise
diagnosis	 and	 treatment.	 Laboratory	 evaluation	 is	 particularly	 crucial	 for
individuals	who	are	suspected	of	having	a	bleeding	disorder	but	for	whom	prior
bleeding	 is	not	 reported,	 such	as	 those	with	mild	congenital	bleeding	diathesis
who	 may	 never	 have	 had	 a	 sufficient	 hemostatic	 challenge,	 or	 those	 with
acquired	hemorrhagic	disorders.

Initial	Evaluation	of	Primary	Hemostasis—Platelet	Function
Lab	evaluation	begins	with	a	complete	blood	count.	Reduced	platelet	counts,	or
thrombocytopenia,	 can	 be	 either	 acquired	 or	 congenital.	 Evaluation	 and
management	 of	 thrombocytopenia	 is	 further	 discussed	 in	 Chapter	 90:
Thrombocytopenia.

An	evaluation	of	the	peripheral	smear	is	also	important	for	the	evaluation	of
all	 bleeding	 patients.	 It	 allows	 one	 to	 assess	 platelet	 size	 and	 morphology,
presence	of	platelet	 clumping	 (pseudothrombocytopenia),	 leukocyte	 inclusions,
and	 identification	 of	 red	 cell	 fragments,	 among	 other	 aberrancies,	which	 often
direct	appropriate	workup	and	treatment.

Traditionally,	 platelet	 function	 was	 evaluated	 by	 bleeding	 time	 (BT).
However,	 many	 institutions	 have	 discontinued	 using	 this	 test	 given	 the
difficulties	with	standardization.	Furthermore,	 the	BT	has	been	shown	to	be	an
inadequate	predictor	of	bleeding,	particularly	for	preoperative	risk	assessment.3



More	recently,	automated	tests	have	been	developed	to	assess	platelet	function.
The	most	widely	 used	 is	 the	 platelet	 function	 analyzer	 (PFA-100).	 This	 assay
measures	 the	 time	 required	 (closure	 time)	 for	 flowing	whole,	 citrated	blood	 to
occlude	 an	 aperture	 or	 a	membrane	 impregnated	with	 a	 combination	 of	 either
collagen	and	epinephrine	or	collagen	and	adenosine	diphosphate	(ADP).	Closure
time	 is	affected	by	platelet	count,	hematocrit,	platelet	 function,	and	vWF.4	The
PFA-100	 appears	 to	 assess	 platelet	 function	 with	 greater	 sensitivity	 and
reproducibility	 than	 the	BT;	 however,	 it	may	 not	 have	 sufficient	 sensitivity	 or
specificity	to	be	used	as	a	screening	tool	for	platelet	disorders.5

Evaluation	of	Secondary	Hemostasis—Coagulation
The	PT	and	 the	aPTT	are	assays	performed	on	citrated	plasma	which	measure
enzymatic	generation	of	thrombin	on	a	phospholipid	surface.	Prolongation	of	the
PT	and	the	aPTT	can	be	seen	among	individuals	with	either	deficiencies	of,	or
inhibitors	to,	humoral	clotting	factors,	though	not	all	patients	with	prolongations
of	these	assays	will	have	bleeding	diatheses	(Table	87.1).

TABLE	87.1

Laboratory	Test	Abnormalities	in	Common	Acquired	and
Congenital	Bleeding	Disorders

Acquired	Bleeding
Disorders

Congenital	Bleeding
Disorders

PT	elevated,
aPTT	wnl

Liver	disease
DIC
Vitamin	K	deficiency
Vitamin	K	antagonists
(eg,	warfarin)

FVII	deficiency

PT	wnl,	aPTT
elevated

Heparin
Lupus	inhibitor
Acquired	FVIII
inhibitor

Hemophilia	A	and	B
FXI	deficiency
Severe	vWD

Both	PT	and Heparin	overdose Afibrinogenemia



aPTT	elevated Warfarin	overdose
FVI	inhibitors
FX	inhibitors
Severe	DIC
Severe	vitamin	K
deficiency
Severe	liver	disease
Direct	thrombin
inhibitors

Hypo-	or	dysfibrinogenemia
Prothrombin	deficiency
FV	deficiency
Combined	deficiency	of	FV	and
FVIII

Both	PT	and
aPTT	wnl

LMWH	therapy
Fondaparinux	therapy
Antiplatelet	agents
Acquired	vWD
Scurvy
Acquired
thrombocytopenia

vWD
FXIII	deficiency
Congenital	platelet	dysfunction
Congenital	thrombocytopenia
Collagen	disorders	(eg,	Ehlers-
Danlos	syndrome)

aPTT,	activated	partial	thromboplastin	time;	DIC,	disseminated	intravascular	coagulation;	FV,
factor	V;	FVI,	factor	VI;	FVII,	factor	VII;	FVIII,	factor	VIII;	FXI,	factor	XI;	FXIII,	factor	XIII;	LMWH,
low-molecular-weight	heparin;	PT,	prothrombin	time;	vWD,	von	Willebrand	disease;	wnl,	within
normal	limits.

The	PT	measures	 the	 time	needed	 for	 formation	of	 an	 insoluble	 fibrin	 clot
once	 citrated	 plasma	 has	 been	 recalcified	 and	 thromboplastin	 has	 been	 added,
indicating	activity	of	 factors	VII,	V,	X,	and	 II,	 and	 fibrinogen.	 It	 is	 commonly
used	to	monitor	anticoagulation	with	vitamin	K	antagonists	such	as	warfarin.	As
thromboplastin	 from	 various	 sources	 and	 different	 lots	 can	 affect	 the	 rates	 of
clotting	 reactions,	 the	 International	Normalized	Ratio	 (INR)	measurement	was
developed	 to	 avoid	 some	 of	 this	 variability	 among	 PT	measurement	methods.
Each	batch	of	thromboplastin	reagent	has	assigned	to	it	a	numerical	International
Sensitivity	Index	value,	which	is	used	in	the	formula:

The	INR	is	less	predictive	of	bleeding	among	patients	with	liver	disease,	and
can	be	inaccurate	for	patients	with	lupus	anticoagulants	that	are	active	enough	to
affect	the	PT.

The	 aPTT	 tests	 the	 activity	 of	 factors	 XII,	 XI,	 IX,	 VIII,	 X,	 V,	 and	 II,	 and
fibrinogen,	high-molecular-weight	(HMW)	kininogen,	and	plasma	prekallikrein.6



Citrated	plasma	 is	 recalcified,	 and	phospholipids	 (to	provide	 a	 scaffold	 for	 the
clotting	reactions)	and	an	activator	of	the	intrinsic	system	such	as	kaolin,	celite,
or	 silica	 are	 added.	 The	 reagents	 used	 show	 variable	 sensitivities	 to	 inhibitors
such	as	lupus	anticoagulants	and	heparin,	and	to	deficiencies	(if	any)	in	involved
clotting	factors,	and	normal	ranges	will	vary	between	laboratories.	aPTT	values
that	are	vastly	different	from	one	laboratory	to	another	should	prompt	suspicion
of	a	lupus	anticoagulant.

The	Thrombin	Clotting	Time	and	Reptilase	Time
The	thrombin	clotting	time	or	thrombin	time	(TT)	measures	the	time	needed	for
clot	 formation	 once	 thrombin	 is	 added	 to	 citrated	 plasma.	 Thrombin
enzymatically	 cleaves	 fibrinopeptides	 A	 and	 B	 from	 the	 α-	 and	 β-chains	 of
fibrinogen,	allowing	for	polymerization	 into	fibrin.	The	TT	is	prolonged	 in	 the
presence	of	any	thrombin	inhibitor	such	as	heparin,	lepirudin,	or	argatroban;	by
low	 levels	 of	 fibrinogen	 or	 structurally	 abnormal	 fibrinogen	 (dysfibrinogens);
and	by	 elevated	 levels	 of	 fibrinogen	or	 fibrin	degradation	products,	which	 can
serve	 as	 nonspecific	 inhibitors	 of	 the	 reaction.	 Patients	 with	 paraproteins	 can
have	a	prolonged	TT	because	of	the	inhibitory	effect	of	the	paraprotein	on	fibrin
polymerization.

Reptilase	 is	 snake	 venom	 from	 Bothrops	 atrox	 which	 also	 enzymatically
cleaves	fibrinogen.	Reptilase	cleaves	only	fibrinopeptide	A	from	the	α-chain	of
fibrinogen,	 but	 fibrin	 polymerization	 still	 occurs.	 Reptilase	 time	 (RT)	 is	 not
affected	by	heparin	but	may	be	more	sensitive	than	the	TT	to	the	presence	of	a
dysfibrinogenemia.

Mixing	Studies
2 	Mixing	studies	are	used	to	evaluate	prolongations	of	the	aPTT	(less	commonly
the	PT	or	the	TT)	and	are	useful	in	making	the	distinction	between	an	inhibitor
and	a	clotting	factor	deficiency.	The	patient’s	plasma	is	mixed	1:1	with	normal
control	plasma,	and	the	assay	is	repeated	(with	or	without	prolonged	incubation
at	37	°C).	Correction	of	the	clotting	test	signifies	factor	deficiency,	as	the	normal
plasma	will	supply	the	deficient	factor.	Incomplete	correction	of	the	clotting	test
after	mixing	 suggests	 the	presence	of	 an	 inhibitor,	 as	 an	 inhibitor	will	 prolong
clotting	 of	 normal	 plasma.	 Incomplete	 correction	 can	 sometimes	 be	 seen	with
nonspecific	 inhibitors	 such	 as	 lupus	 anticoagulants,	 elevated	 fibrin	 split
products,	 or	 a	 paraprotein.	 Less	 commonly,	 deficiencies	 of	 multiple	 clotting



factors	 can	 lead	 to	 incomplete	 correction	 of	 the	 mixing	 study,	 as	 the	 mixing
study	 was	 designed	 to	 correct	 deficiency	 of	 a	 single	 factor.	 Tests	 of	 specific
factor	 activity	 levels	 as	 well	 as	 evaluation	 for	 vWD	 will	 be	 discussed	 in	 the
following	sections.

CONGENITAL	DISORDERS	OF	HEMOSTASIS
Due	to	the	complexity	of	hemostasis	disorders	among	critically	ill	patients,	early
consultation	 with	 hematology	 is	 encouraged	 when	 a	 congenital	 disorder	 is
suspected.

von	Willebrand	Disease
3 	It	has	been	estimated	that	lower-than-reference	levels	of	vWF	occur	among	1%
of	the	population	worldwide	and	therefore	vWD	is	the	most	common	congenital
bleeding	 disorder.	However,	 only	 a	 fraction	 of	 the	 aforementioned	 individuals
are	symptomatic	(approximately	5%	of	those	with	low	levels).7	vWD	is	inherited
in	an	autosomal	manner	with	the	more	common	type	I	disease	being	autosomal
dominant.

vWD	 constitutes	 a	 quantitative	 or	 qualitative	 deficiency	 of	 vWF,	 and	 is
divided	into	three	subtypes	according	to	the	pathophysiology.	Types	1	and	3	are
the	 result	 of	 a	 partial	 (1)	 or	 virtually	 complete	 (3)	 quantitative	 deficiency	 of
vWF,	whereas	2	is	a	qualitative	defect	in	vWF.	Type	1	vWD	represents	the	most
common	subaccounting	for	approximately	70%	of	patients,	while	2	accounts	for
15%	to	20%	and	3	for	only	2%	to	5%	of	vWD	patients.6

Because	 bleeding	 symptoms	 among	 persons	 with	 vWD	 may	 be	 absent	 or
overlooked	until	a	major	hemorrhage	due	to	surgery	or	trauma	has	occurred,	the
diagnosis	 should	be	considered	 for	 an	 ICU	patient	with	otherwise	unexplained
excessive	bleeding,	particularly	 if	 there	 is	 a	 significant	 family	history.	Patients
may	 report	 history	 of	 recurrent	 epistaxis,	 increased	 bleeding	 after	 dental
extractions,	 and	 menorrhagia.	 A	 validated	 BAT	 has	 been	 developed	 to	 screen
outpatients	 who	 may	 benefit	 from	 formal	 vWD	 laboratory	 testing,	 but	 its
usefulness	in	the	critical	care	setting	has	not	been	established.

A	 formal	 diagnosis	 of	 vWD	 should	 be	 based	 on	 three	 components:	 (1)	 a
history	of	excessive	bleeding,	spontaneous,	mucocutaneous,	and/or	postsurgical,
(2)	 a	 positive	 family	 history	 for	 excessive	 bleeding,	 and	 (3)	 confirmatory
laboratory	 testing.	 Diagnostic	 tests	 for	 vWD,	 reviewed	 elsewhere,6	 should	 be
performed	in	a	specialized	laboratory	and	are	summarized	in	Table	87.2.



TABLE	87.2

Expected	Laboratory	Values	in	vWD	from	the	NHLBI

Normal Type
1 Type	2A Type	2B Type

2M
Type
2N

Type
3

vWF:Ag N L,	↓	or
↓↓

↓	or	L ↓	or	L ↓	or	L N	or	L Absent

vWF:RCo N L,	↓	or
↓↓

↓↓	or	↓↓↓ ↓↓ ↓↓ N	or	L Absent

FVIII N N	or	↓ N	or	↓ N	or	↓ N	or	↓ ↓↓ 1-9
IU/dL

RIPA N Often
N

↓ Often	N ↓ N Absent

LD	RIPA Absent Absent Absent ↑↑↑ Absent Absent Absent

PFA-100
CT

N N	or	↑ ↑ ↑ ↑ N ↑↑↑

BT N N	or	↑ ↑ ↑ ↑ N ↑↑↑↑

Platelet
count

N N N ↓	or	N N N N

vWF N N Abnormal Abnormal N N Absent

Multimer
Pattern

↑,	↑↑,	↑↑↑,	relative	increase;	↓,	↓	↓,	↓	↓	↓,	relative	decrease;	BT,	bleeding	time;	FVIII,	factor	VIII
activity;	L,	30	to	50	IU/dL;	LD	RIPA,	low-dose	ristocetin-induced	platelet	aggregation
(concentration	of	ristocetin	<0.6	mg/mL);	N,	normal;	NHLBI,	National	Heart,	Lung,	and	Blood
Institute;	PFA-100	CT,	platelet	function	analyzer	closure	time;	RIPA,	ristocetin-induced	platelet



aggregation;	vWF,	von	Willebrand	factor;	vWF:Ag,	vWF	antigen;	vWF:RCo,	vWF	ristocetin
cofactor	activity.
aThe	symbols	and	values	represent	prototypical	cases.	In	practice,	laboratory	studies	in	certain
patients	may	deviate	slightly	from	these	expectations.
Reprinted	from	The	National	Heart,	Lung,	and	Blood	Institute.	The	Diagnosis,	Evaluation,	and
Management	of	von	Willebrand	Disease.	National	Institutes	of	Health	Publication;	2008:08-5832.

The	goals	of	treatment	in	vWD	are	to	correct	the	quantitative	or	qualitative
deficiencies	 in	 vWF,	 platelets,	 and	 FVIII.	 Treatment	 options	 include
desmopressin	 (DDAVP),	vWF-containing	concentrates,	 and/or	antifibrinolytics.
See	Tables	87.3	and	87.4	for	general	treatment	guidelines.

TABLE	87.3

Dosing	Guidelines	for	von	Willebrand	Disease	(vWD)
Treatment

Medication Dose Comments

DDAVP Nasal	spray:
300	mcg	(1	spray
in	each	nostril)
If	weight	<50	kg
150	μmcg	(1	spray
in	1	nostril)
IV:
0.3	mcg/kg	(not	to
exceed	20-25	mcg)

Most	useful	in	1	vWD,	ineffective
in	3.	Requires	challenge	to
document	efficacy.	Relatively
contraindicated	in	2B	as	may
exacerbate	thrombocytopenia.
May	repeat	dose	in	12	h	and/or	24
h.	Tachyphylaxis	occurs	with
repeat	dosing.
Due	to	risk	of	hyponatremia,	if
dosing	serially,	limit	doses	to	no
more	than	2-3	in	a	72-h	period,
restrict	fluid,	and	follow	serum
sodium	levels.
Avoid	in	patients	with	coronary
disease.

Antifibrinolytic
agents:

1.	 ε-

50	mg/kg	PO	up	to
q6h	(lower	doses
may	be	effective)
or	1	g/h	IV

Especially	useful	for
mucocutaneous	bleeding,
especially	for	dental	procedures.
May	be	used	as	adjunctive



aminocaproic
acid	(EACA)

2.	 Tranexamic
acid

continuous
infusion
Do	not	exceed
24	g/24	h
25	mg/kg	PO	q8h

treatment	(DDAVP,	factor
concentrates).
Avoid	in	upper	urinary	tract
bleeding.

vWF-containing
FVIII
concentrates	(eg,
Humate-P,
Alphanate,
Wilate)

60-80	RCo	U/kg
as	an	initial	dose,
then	40-60	U/kg
IV	every	12	h	(see
Table	87.4)

FVIII	activity	levels	are	often	used
in	the	monitoring	of	response	to
vWF-containing	products	as	real-
time	vWF	activity	measures	are	not
always	available.
Dosed	in	RCo	units.	Individual
product	is	labeled	with	ratio	of
RCo	units:FVIII.

Recombinant
vWF	(eg,
vonvendi)

40-50	units/kg
initial	dose	for
minor	hemorrhage,
followed	by	40-50
units/kg	IV	q8h
50-80	units/kg
initial	dose	for
major	hemorrhage,
followed	by	40-60
units/kg	IV	q8h

Maintain	trough	levels	of
vWF:RCo	>50	%	as	long	as
deemed	necessary.

DDAVP,	desmopressin;	IV,	intravenous;	PO,	per	os;	q6h,	every	6	hours;	q8h,	every	8	hours;	RCo,
ristocetin	cofactor;	vWD,	von	Willebrand	disease;	vWF,	von	Willebrand	factor.

TABLE	87.4

Suggested	Initial	Dosing	of	vWF	Concentrates	for
Prevention	or	Management	of	Bleeding

Major	Surgery/Bleeding

Loading	dosea 60-80	RCo	U/kg

Maintenance	dose 40-60	RCo	U/kg,	typically	every	12	h



initially

Monitoring vWF:RCo	and	FVIII	trough	and	peak,
at	least	daily

Therapeutic	goal Trough	vWF:RCo	and	FVIII	>50	IU/dL
for	7-14	d

Safety	parameter Do	not	exceed	vWF:RCo	200	IU/dL	or
FVIII	250-300	IU/dL

May	alternate	with	DDAVP	for
latter	part	of	treatment

Minor	Surgery/Bleeding

Loading	dosea 30-60	U/kg

Maintenance	dose 20-40	U/kg	every	12-48	h

Monitoring vWF:RCo	and	FVIII	trough	and	peak,
at	least	once

Therapeutic	goal Trough	vWF:RCo	and	FVIII	>50	IU/dL
for	3-5	d

Safety	parameter Do	not	exceed	vWF:RCo	200	IU/dL	or
FVIII	250-300	IU/dL

May	alternate	with	DDAVP	for
latter	part	of	treatment

DDAVP,	desmopressin;	FVIII,	factor	VIII;	RCo,	ristocetin	cofactor;	vWF:RCo,	von	Willebrand	factor
ristocetin	cofactor	activity;	vWF,	von	Willebrand	factor.
aLoading	dose	is	in	vWF:RCo	IU/dL.
Adapted	from	The	National	Heart,	Lung,	and	Blood	Institute.	The	Diagnosis,	Evaluation,	and
Management	of	von	Willebrand	Disease.	National	Institutes	of	Health	Publication;	2008:08-5832.

Among	normal	volunteers,	DDAVP	increases	plasma	levels	of	FVIII,	vWF,
and	 tPA.8	 It	 may	 be	 given	 by	 the	 intravenous	 (IV),	 subcutaneous	 (SQ),	 or
intranasal	route.9	When	given	IV,	the	FVIII	and	vWF	levels	are	usually	increased
three-	 to	 fivefold	 above	 basal	 levels	 within	 30	minutes.	 vWD	 patients	 should
undergo	 a	 DDAVP	 trial	 to	 gauge	 their	 individual	 response	 as	 there	 is



considerable	interindividual	variability.	Dosing	of	DDAVP	for	vWD	is	generally
recommended	at	0.3	mcg	per	kg	(IV	or	SQ),	or	300	mcg	intranasally	(150	mcg
per	nostril),	which	can	be	repeated	at	intervals	of	12	to	24	hours.	Tachyphylaxis
(due	 to	 depletion	 of	 FVIII/vWF	 from	 repeated	 endothelial	 exocytosis	 into
plasma)	following	repeated	dosing	is	expected;	DDAVP	given	as	a	second	dose
is	30%	less	effective	than	the	first	dose.10	For	this	reason,	and	because	of	the	risk
of	hyponatremia	(which	can	lead	to	seizures),	serial	dosing	should	be	limited	to
two	to	three	doses	during	a	72-hour	period	with	concurrent	free	water	restriction
and	monitoring	of	serum	sodium	levels.	DDAVP	is	most	effective	for	1	vWD.	It
is	 relatively	 contraindicated	 for	 2B	vWD	because	of	 the	 transient	 induction	of
thrombocytopenia.	 Patients	 with	 3	 vWD	 are	 usually	 unresponsive	 to	 DDAVP
due	 to	severe	deficiency	of	vWF.	Certain	hemophilia	 treatment	centers	caution
against	the	use	of	DDAVP	for	patients	with	coronary	artery	disease,	as	this	agent
may	also	activate	platelets.

Antifibrinolytic	 agents	 (ε-aminocaproic	 acid	 and	 tranexamic	 acid)	 can	 be
used	alone	or	 as	adjunctive	 treatment	 in	vWD	patients	with	mucosal	bleeding.
These	 drugs	 inhibit	 fibrinolysis	 by	 inhibiting	 plasminogen	 activation,	 thereby
promoting	 clot	 stability.	 They	 are	 contraindicated	 in	 the	 setting	 of	 gross
hematuria	as	resultant	ureteral	obstruction	by	insoluble	clot	has	been	described.11
Given	a	concern	for	thrombosis,	antifibrinolytics	should	be	avoided	for	patients
with	prothrombotic	conditions,	disseminated	intravascular	coagulation	(DIC),	or
when	receiving	prothrombin	complex	concentrates	(PCCs).

3 	vWF	factor-containing	FVIII	concentrates	are	appropriate	for	patients	with
severe	vWD	or	when	other	therapies	(including	DDAVP)	are	ineffective	and	are
preferred	 to	 cryoprecipitate,	which	 contains	 vWF,	 but	 has	 not	 undergone	 viral
inactivation.	When	used	for	 the	treatment	of	vWD,	they	are	dosed	in	ristocetin
cofactor	 units,	 as	 opposed	 to	 FVIII	 units	 (Table	 87.4).	 Limited	 data	 suggest	 a
role	 for	 recombinant	 factor	 VIIa	 (rFVIIa)	 for	 patients	 with	 3	 vWD	who	 have
developed	 alloantibodies	 to	 vWF.	 Lastly,	 in	 2015,	 a	 recombinant	 vWF	 was
approved	 for	 use	 in	 the	United	States	 for	 on-demand	 treatment	 and	 control	 of
bleeding	episodes	and	perioperative	management	of	bleeding.12	A	phase	3	study
of	 prophylactic	 treatment	 for	 vWD	 with	 recombinant	 vWF	 was	 presented	 at
ISTH	2021	but	remains	under	review	by	the	U.S.	Food	and	Drug	Administration
(FDA)	 currently.	 The	 National	 Heart	 Lung	 and	 Blood	 Institute	 has	 published
guidelines	for	the	diagnosis,	evaluation,	and	management	of	vWD.6

Hemophilia
The	 hemophilias	 are	 congenital	 bleeding	 disorders	 characterized	 by	 X-linked



inheritance	 and	 result	 in	 a	 deficiency	 of	 FVIII	 (hemophilia	 A)	 or	 FIX
(hemophilia	B).	 In	 the	United	 States,	 they	 have	 a	 combined	 incidence	 of	 1	 in
5000	 male	 births.	 Hemophilia	 A	 is	 more	 common	 than	 hemophilia	 B	 and
accounts	 for	 approximately	 80%	 of	 cases.	 Because	 hemophilia	 is	 an	X-linked
disorder,	 all	 daughters	 of	 affected	males	 are	 obligate	 carriers	 and	 all	 sons	 are
healthy.	 Females	 may	 rarely	 manifest	 bleeding	 symptoms	 if	 they	 (a)	 are	 the
homozygous	offspring	from	a	carrier	mother	and	affected	father,	(b)	have	a	high
degree	 of	 lyonization,	 or	 (c)	 are	 a	 carrier	 with	 concomitant	 Turner	 syndrome
(XO).

The	 clinical	 phenoof	 hemophilia	 patients	 depends	 on	 the	 residual	 level	 of
circulating	 procoagulant	 protein	 (FVIII	 or	 FIX).	 It	 is	 possible	 to	 differentiate
three	 degrees	 of	 clinical	 severity:	 (a)	 mild	 hemophilia	 (5%	 to	 50%	 factor
activity)	 in	 which	 bleeding	 is	 prolonged	 but	 typically	 only	 occurs	 following
trauma	or	surgery,	(b)	moderate	hemophilia	(1%	to	5%	factor	activity)	in	which
prolonged	 bleeding	 follows	 minor	 trauma,	 and	 (c)	 severe	 hemophilia	 (<1%
factor	 activity)	 where	 patients	 experience	 spontaneous	 hemorrhage	 into	 joints
(hemarthrosis)	and	muscles.

For	 severe	 and	 moderate	 hemophilia,	 the	 PT	 is	 normal	 and	 the	 aPTT	 is
prolonged.	 However,	 the	 PTT	 may	 be	 normal	 among	 patients	 with	 mild
hemophilia	whose	residual	factor	activity	is	>20%.	If	the	aPTT	is	prolonged,	it
should	 correct	 with	 a	 mixing	 study,	 as	 hemophilia	 is	 a	 factor	 deficiency
syndrome.	Specific	factor	assays	should	be	performed	to	confirm	a	diagnosis	of
hemophilia	A	or	B.

4 	The	management	of	most	cases	of	hemophilia,	thanks	to	the	availability	of
replacement	 clotting	 factor	 concentrates,	 occurs	 in	 the	 outpatient	 setting,	 but
individuals	 who	 previously	 have	 escaped	 diagnosis	 (mild	 or	 moderate
hemophilia)	 or	 who	 have	 sustained	 major	 trauma	 or	 complications	 from	 a
bleeding	 episode	 (compartment	 syndrome)	may	 present	 to	 critical	 care.	 If	 not
previously	 diagnosed,	 hemophilia	 should	 be	 suspected	 for	 male	 patients	 who
have	a	personal	history	of	bleeding	into	joints	or	muscles,	a	history	of	excessive
bleeding	upon	surgical	challenge,	and/or	a	positive	sex-linked	family	history	of
bleeding.	Emicizumab,	a	monoclonal	antibody	with	good	hemostatic	efficacy	for
both	 congenital	 and	 acquired	 hemophilia	A	 and	 that	 is	 available	 as	 outpatient
therapy	 is	 given	 SQ	 and	 has	 been	 shown	 to	 minimize	 breakthrough	 bleeding
episodes.13

Hemarthrosis,	a	hallmark	of	hemophilia,	accounts	for	approximately	85%	of
all	 bleeding	 events	 of	 severe	 hemophilia	 and	 most	 commonly	 involves	 the
ankles,	knees,	and	elbows.	Intramuscular	hematomas	of	persons	with	hemophilia
may	 expand	 to	 the	 point	 where	 blood	 flow	 is	 compromised	 to	 surrounding



neurovascular	 structures	 resulting	 in	 tissue	 gangrene	 and	 compartment
syndrome;	 the	 condition	 requires	 surgery	 and	 aggressive	 clotting	 factor
replacement	therapy14	(Table	87.5).	Gastrointestinal	bleeding	is	uncommon	with
hemophilia.	However,	patients	with	an	underlying	structural	lesion	may	present
with	 hematemesis,	 hematochezia,	 or	melena.	Hemophilia	 patients	who	 present
with	evidence	 for	gastrointestinal	bleeding	should	have	a	complete	endoscopic
evaluation	to	assess	for	and	treat	any	underlying	lesion.	Approximately	90%	of
persons	 with	 severe	 hemophilia	 will	 develop	 hematuria	 during	 their	 life,
although	 the	 condition	 is	 typically	 painless,	 benign,	 and	 unassociated	 with	 a
structural	lesion.	As	discussed	earlier,	antifibrinolytic	agents	are	contraindicated
in	patients	with	genitourinary	bleeding.

TABLE	87.5

Recommended	Hemostatic	Levels	in	Hemophiliaa

Clinical	Situation Hemophilia	Target
Factor	Activity	(%)a

Mild	hemorrhage	(joint,	muscle) 30-40

Mucosal	hemorrhage	(oral,	dental) 30-40	with	EACA

Major	hemorrhage >50

Life-threatening	hemorrhage	or	perioperative
management	(major	and	orthopaedic	procedures)

100

aMinimum	recommended	goal	factor	activity	levels.

EACA,	ε-aminocaproic	acid.

4 	 Hemorrhage	 into	 head	 and	 neck	 structures	 is	 a	 medical	 emergency	 for
persons	 with	 hemophilia.	 Retropharyngeal	 hematoma,	 which	 may	 occur
spontaneously	 or	 following	 dental	 or	 surgical	 procedures,	 may	 present	 with
inability	to	control	saliva,	neck	swelling,	and	pain.	If	untreated,	it	may	result	in
airway	compromise	and	 in	 some	cases	may	 require	 tracheostomy.	Hemorrhage
into	 the	 central	 nervous	 system	 is	 a	 severe	 and	 potentially	 fatal	 (albeit	 rare)
complication	of	hemophilia.	Intracranial	hemorrhage	(ICH)	may	be	spontaneous



or	 traumatic.	 Prompt	 recognition	 of	 hemophilia	 among	 cases	 of	 ICH	 is
paramount,	 and	 factor	 replacement	 therapy	should	be	given	 immediately	while
the	diagnostic	workup	is	underway	(Table	87.5).

The	approach	 to	 treating	major	bleeding	episodes	of	hemophilia	A	and	B	 is
similar.	The	clinical	scenario	dictates	the	target	factor	activity	level	(Table	87.5).
For	example,	an	ICH	requires	a	 target	activity	 level	of	100%	initially,	whereas
levels	of	30%	to	40%	may	be	sufficient	for	minor	bleeds	such	as	uncomplicated
hemarthrosis.	 Prior	 to	 completion	 of	 the	 diagnostic	 (radiologic	 or	 otherwise)
workup,	 clotting	 factor	 concentrate	 should	 be	 administered	 immediately	 to	 a
person	with	hemophilia	and	a	suspected	life-	or	limb-threatening	bleed.	Plasma-
derived	and	recombinant	factor	concentrates	contain	much	higher	concentrations
of	the	desired	factor	compared	to	fresh	frozen	plasma	(FFP)	or	cryoprecipitate.
When	possible,	avoidance	of	FFP	or	cryoprecipitate	is	advised	to	avoid	volume
overload,	transfusion-related	lung	injury	(TRALI),	and	potential	transmission	of
infectious	 agents	 (Chapter	 88:	 Transfusion	 Therapy:	 Blood	 Components	 and
Transfusion	Complications).

DDAVP	may	be	used	instead	of	factor	concentrate	for	selected	patients	with
mild	hemophilia	A	who	have	minor	bleeding	or	require	enhanced	FVIII	activity
prior	 to	 a	 short-lived	bleeding	challenge.	However,	patients	 should	have	had	a
prior	DDAVP	challenge	test	to	prove	its	efficacy.	DDAVP	administration	usually
results	 in	a	two	to	sixfold	increase	in	FVIII	 levels.	For	mild	hemophilia	A,	the
recommended	dose	 is	 0.3	mcg	per	 kg	 (IV	or	SQ)	or	 300	mcg	 intranasally.	As
previously	discussed,	 tachyphylaxis	and	hyponatremia	may	develop	after	serial
dosing.

Antifibrinolytic	agents	are	useful	adjunctive	measures.	However,	hemophilic
patients	 with	 hematuria,	 DIC,	 receiving	 a	 PCC,	 or	 other	 prothrombotic
conditions	should	not	be	treated	with	antifibrinolytics.

One	 of	 the	 most	 significant	 complications	 of	 hemophilia	 treatment	 is	 the
development	 of	 an	 inhibitor.	 Inhibitors	 are	 alloantibodies	 against	 exogenously
administered	clotting	factor	that	neutralize	the	factor.	The	development	of	a	new
inhibitor	 is	 more	 common	 in	 hemophilia	 A	 than	 in	 hemophilia	 B,	 in	 severe
hemophilia,	and	among	previously	untreated	patients	(as	opposed	to	adults	who
typically	have	been	extensively	exposed	to	clotting	factor	concentrate).15

Inhibitors,	when	present	at	high	titers,	neutralize	exogenous	factor	rendering
factor	 concentrates	 administered	 ineffective.	 Therefore,	 an	 inhibitor	 should	 be
suspected	 when	 administration	 of	 factor	 concentrate	 at	 a	 dose	 previously
sufficient	 to	 achieve	 hemostasis,	 or	 improve	 bleeding,	 fails	 to	 do	 so.	 Once
suspected,	 a	Bethesda	 assay	 should	 be	 performed	 to	 document	 the	 titer	 of	 the
inhibitor	 (reported	 in	Bethesda	 units	 [BU]).	Of	 the	 two	 goals	 of	 treatment	 for



patients	with	inhibitors,	namely,	to	achieve	adequate	hemostasis	and	to	eradicate
the	 inhibitor,	 only	 the	 former	 is	 typically	 relevant	 to	 the	 critical	 care	 setting.
Bleeding	 should	 be	 treated	 with	 bypassing	 agents,	 typically	 an	 activated
prothrombin	complex	concentrate	(aPCC)	or	rFVIIa.16	If	the	inhibitor	titer	is	<5
BU,	high	doses	of	FVIII	or	FIX	may	be	given	as	initial	treatment	in	cases	of	life-
or	 limb-threatening	 bleeding	 episodes.	 For	 patients	 with	 a	 long-standing
inhibitor,	 however,	 the	 anamnestic	 response	 negates	 factor	 activity	 after	 5	 to
7	days,	at	which	point	bypassing	agents	become	necessary.	Dosing	of	rFVIIa	for
patients	with	 inhibitors	 is	90	mcg/kg/dose	 IV	every	2	hours	 (with	Novoseven)
until	 hemostasis	 is	 achieved	or	 treatment	 deemed	 ineffective.17	 Patients	 should
be	 monitored	 for	 hypersensitivity	 reactions	 and	 signs	 or	 symptoms	 of
thrombosis.

RARE	CONGENITAL	COAGULATION
DISORDERS

Less	Common	Coagulation	Factor	Deficiencies
The	hemophilias	and	vWD	represent	approximately	85%	of	congenital	bleeding
disorders.	The	remaining	disorders	will	be	briefly	discussed	next.

Disorders	of	Fibrinogen
Congenital	 fibrinogen	disorders	 result	 from	a	quantitative	 (afibrinogenemia)	or
qualitative	 (dysfibrinogenemia)	 defect	 in	 fibrinogen	 synthesis.	 Congenital
afibrinogenemia	 has	 a	 variable	 bleeding	 phenowith	most	 patients	 experiencing
moderate	bleeding.9	 Afflicted	 individuals	 present	 typically	 during	 the	 neonatal
period	 with	 umbilical	 stump	 bleeding	 or	 bleeding	 following	 circumcision.
Patients	 may	 also	 experience	 hemarthrosis,	 intramuscular	 hemorrhage,
spontaneous	 abortion,	 mucosal	 surface	 bleeds,	 ICH,	 or	 spontaneous	 splenic
rupture.18	 Heterozygotes	 are	 typically	 asymptomatic.	 The	 clinical	 phenoof
patients	 with	 congenital	 dysfibrinogenemia	 is	 variable	 and	 includes	 (a)
asymptomatic	(55%),	(b)	hemorrhagic	(25%),	(c)	 thrombotic	(10%	to	20%),	or
(d)	 a	 combination	 of	 both	 hemorrhagic	 and	 thrombotic	 complications	 (1%	 to
2%).19	 Treatment	 of	 congenital	 fibrinogen	 disorders	 should	 be	 individualized
given	 the	 clinical	 variability.	 In	 general,	 replacement	 therapy	 in	 the	 form	 of
fibrinogen	 concentrates,	 cryoprecipitate,	 or	 (not	 recommended)	 FFP	 should	 be



given	 to	patients	with	 a	hemorrhagic	presentation	 to	 achieve	a	goal	 fibrinogen
level	of	50	to	100	mg	per	dL.20

Prothrombin	(Factor	II)	Deficiency
Congenital	prothrombin	deficiency	is	characterized	by	a	concordant	decrease	of
prothrombin	 antigen	 and	 activity.	 Aprothrombinemia	 has	 not	 been	 reported.
Patients	 with	 hypoprothrombinemia	 present	 with	 severe	 hemorrhage	 including
ICH,	 mucocutaneous	 bleeding,	 hemarthrosis,	 spontaneous	 abortions,	 and
significant	 postoperative	 bleeding.	 Heterozygotes	 are	 usually	 asymptomatic;
however,	 they	may	experience	 increased	postoperative	bleeding.21	Prothrombin
deficiency	is	treated	with	factor	replacement	in	the	form	of	FFP	or	PCC	to	a	goal
prothrombin	level	of	30%.22

Factor	V	Deficiency
Factor	V	(FV)	deficiency	is	associated	with	mucocutaneous	bleeding	and	rarely
with	ICH.23	There	are	mild,	moderate,	and	severe	deficiency	states.	Patients	with
severe	 deficiency	 usually	 present	 with	 umbilical	 stump	 and	 mucocutaneous
bleeding.	 Older	 individuals	 may	 present	 with	 postoperative	 bleeding	 or
menorrhagia.	FV	deficiency	is	treated	with	FFP	to	a	goal	activity	level	of	20%	to
30%.24	 α-granules	 in	 platelets	 contain	 FV,	 and	 platelet	 transfusions	 have	 been
used	 in	 the	 treatment	 of	 FV	 deficiency	 when	 patients	 have	 developed
neutralizing	inhibitors	to	FV	with	varying	success.25	Combined	deficiency	of	FV
and	FVIII	 should	always	be	considered	 in	 the	differential	diagnosis	of	patients
who	present	with	FV	deficiency.	This	is	discussed	next.

Combined	Factor	V	and	VIII	Deficiency
Combined	FV	 and	FVIII	 deficiency	 (F5F8D)	 is	 a	 rare	 disorder	where	 patients
have	detectable,	but	low	antigen	and	activity	levels	of	both	factors,	typically	in
the	5%	to	15%	range.	Patients	present	with	increased	bleeding	following	trauma
or	 surgery.	 Patients	 are	 treated	 with	 a	 combination	 of	 FFP	 and	 FVIII
concentrates.26

Factor	VII	Deficiency
Patients	with	less	than	1%	factor	VII	(FVII)	activity	manifest	a	severe	bleeding



disorder,	predominantly	 involving	the	mucous	membranes,	muscles,	 joints,	and
following	surgery	or	 trauma,	whereas	 those	with	more	 than	5%	have	relatively
mild	symptoms.	Factor	VII	activity	correlates	poorly	with	bleeding	severity,	but
in	 general,	 only	modest	 amounts	 of	 circulating	FVII	 are	 required	 for	 adequate
hemostasis,	 and	 bleeding	 is	 uncommon,	 even	with	 surgery,	 among	 individuals
with	FVII	activity	levels	>15%	to	20%.27	In	the	United	States,	rFVIIa	is	used	to
treat	FVII	deficiency,	15	to	30	mcg/kg/dose	IV	every	4-6	hours	until	hemostasis
achieved.	Plasma-derived	FVII	concentrates	are	available	in	Europe	to	treat	this
disorder.28,29	 When	 rFVIIa	 and/or	 FVII	 concentrates	 are	 unavailable,	 4-factor
PCC	or	FFP	may	be	used.

Factor	X	Deficiency
In	 congenital	 FX	 deficiency,	 severity	 of	 bleeding	 appears	 to	 correlate	 with
residual	 FX	 activity	 and	 may	 be	 quite	 severe.	 The	 most	 common	 symptoms
appear	to	be	epistaxis,	menorrhagia,	and	hemarthrosis.30	FX	deficiency	is	treated
with	PCCs.

Factor	XI	Deficiency
FXI	 deficiency,	 previously	 known	 as	 hemophilia	 C,	 is	 common	 among
Ashkenazi	 Jews	 where	 the	 gene	 frequency	 is	 8%	 to	 9%.31	 The	 inheritance	 is
autosomal	 rather	 than	 X	 linked	 as	 with	 hemophilia	 A	 and	 B.	 Severe	 FXI
deficiency	 (<15%	 to	 20%	 FXI	 activity)	 occurs	 in	 homozygotes	 or	 compound
heterozygotes.	Heterozygous	 individuals	have	a	partial	FXI	deficiency	(20%	to
70%	 FXI	 activity).31	 Bleeding	 is	 unpredictable	 as	 some	 severe	 FXI-deficient
patients	are	asymptomatic,	whereas	an	analysis	of	50	kindreds	demonstrated	that
30%	to	50%	of	heterozygotes	experienced	significant	bleeding.32

Treatment	 for	 FXI	 deficiency	 includes	 FFP,	 antifibrinolytic	 agents,33	 FXI
concentrates	(not	available	in	the	United	States),	and	rFVIIa	(not	FDA	approved
for	this	purpose).34	There	is	concern	of	a	prothrombotic	potential	associated	with
FXI	concentrates	 as	DIC	and	arterial	 thrombosis	have	been	described	 in	up	 to
10%	 of	 patients.	 Heparin	 has	 been	 added	 to	 these	 concentrates	 to	 reduce	 this
thrombotic	 potential,	 but	 there	 is	 a	 general	 recommendation	 to	 maintain	 FXI
levels	at	no	greater	than	70	IU	per	dL.34

Factor	XIII	Deficiency



The	most	 common	presentation	 for	FXIII-deficient	 patients	 is	 umbilical	 stump
bleeding,	 but	 FXIII-deficient	 patients	may	 also	 experience	 ICH,	 hemarthrosis,
menorrhagia,	and	increased	bleeding	following	surgery	or	trauma.35	FXIII	has	a
half-life	of	8	to	12	days,	and	levels	required	to	maintain	hemostasis	are	only	in
the	 range	 of	 2%	 to	 5%.	 Treatment	 includes	 FXIII	 concentrates,	 FFP,	 or
cryoprecipitate.	Given	FXIII’s	 long	half-life,	 factor	 concentrates	may	be	 given
once	every	several	weeks	as	prophylactic	therapy.21

Vitamin	K-Dependent	Factor	Deficiencies
Patients	with	combined	deficiency	of	the	vitamin	K-dependent	factors	(factor	II
[FII],	FVII,	FIX,	 factor	X	 [FX],	proteins	C	and	S)	may	present	with	umbilical
stump	bleeding	or	ICH.36	Factor	activity	levels	are	variable	and	generally	range
from	 1%	 to	 30%.	 High	 doses	 of	 supplemental	 vitamin	 K	 may	 significantly
improve	or	completely	correct	deficient	factor	activities.	During	acute	bleeding
episodes,	patients	may	be	treated	with	FFP	or	PCCs.

Congenital	Qualitative	Platelet	Disorders

Defects	of	Platelet	Adhesion
Bernard-Soulier	syndrome	(BSS)	is	a	rare,	autosomal	recessive,	severe	bleeding
disorder	 characterized	 by	 thrombocytopenia,	 giant	 platelets,	 and	 severe
mucocutaneous	bleeding.23	Deficient	 platelet	 binding	 to	 subendothelial	 vWF	 is
caused	 by	 abnormalities	 (either	 qualitative	 or	 quantitative)	 in	 the	 GPIb/IX/V
complex.	 The	 mainstay	 of	 treatment	 in	 BSS	 is	 platelet	 transfusion	 during
clinically	 significant	 hemorrhagic	 episodes.	 However,	 alloimmunization	 to
transfused	 platelets	 is	 often	 encountered	 when	 patients	 develop	 neutralizing
antibodies	 to	 GPIb/IX/V	 on	 transfused	 platelets	 which	 renders	 those	 platelets
useless.	 rFVIIa	 has	 been	 used	 to	 treat	 patients	 with	 these	 inhibitors	 and	 has
proven	successful	in	many	cases.37

Defects	in	Platelet	Aggregation
Glanzmann	thrombasthenia	is	a	rare,	autosomal	recessive	disorder	characterized
by	absent	platelet	aggregation	secondary	 to	defective	GPIIb/IIIa	on	 the	platelet
surface.	Affected	patients	present	with	severe	to	life-threatening	mucocutaneous
bleeding.	Treatment	 includes	platelet	 transfusion.	However,	many	patients	may



become	refractory	as	alloantibodies	to	transfused	platelet	forms.	rFVIIa	has	been
used	to	treat	bleeding	in	this	disorder.38

Disorders	of	Platelet	Secretion:	the	Storage	Pool	Diseases
Platelets	 contain	 two	 types	of	 intracellular	granules,	α	and	δ	 (or	dense),	which
are	 required	 for	 an	 optimal	 secondary	 wave	 of	 platelet	 aggregation.	 The	 gray
platelet	syndrome	is	the	most	common	α-granule	storage	pool	disease	(SPD)	and
may	 predispose	 to	 early	 onset	 myelofibrosis,	 a	 probable	 consequence	 of	 the
impaired	 storage	 of	 growth	 factors	 such	 as	 platelet-derived	 growth	 factor.39
Hermansky-Pudlak	 syndrome	 and	 Chediak-Higashi	 syndrome	 are	 SPDs
affecting	dense	granules.40	The	Hermansky-Pudlak	syndrome	is	associated	with
oculocutaneous	albinism	and	increased	accumulation	of	an	abnormal	fat-protein
compound,	 ceroid,	 in	 the	 reticuloendothelial	 system.	 The	 Chediak-Higashi
syndrome	 is	 characterized	 by	 oculocutaneous	 albinism,	 neurologic
abnormalities,	 immune	 deficiency	 with	 a	 tendency	 to	 infections,	 and	 giant
inclusions	 in	 the	 cytoplasm	of	platelets	 and	 leukocytes.	The	primary	 treatment
for	clinically	significant	bleeding	in	patients	with	SPDs	is	platelet	transfusion.

ACQUIRED	COAGULATION	DISORDERS

Anticoagulant	Drugs
Use	 of	 anticoagulants	 during	 critical	 illness	 is	 ubiquitous.	 The	 pharmacology,
monitoring,	 and	 appropriate	 reversal	 of	 anticoagulant	 drugs	 are	 reviewed	 in
detail	in	Chapter	92:	Antithrombotic	Pharmacotherapy.

In	 general,	 patients	 on	 anticoagulants	 who	 develop	 clinically	 insignificant
bleeding	 may	 be	 closely	 monitored	 while	 the	 drug	 is	 continued;	 appropriate
therapeutic	monitoring	(eg,	INR,	aPTT,	TT,	anti-Xa)	should	also	be	obtained	and
followed	 closely.	 Major	 bleeding,	 except	 in	 rare	 instances,	 typically	 should
prompt	 discontinuation	 of	 anticoagulant	 drugs.	 Consideration	 should	 also	 be
given	 to	 holding	 subsequent	 doses	 or	 reducing	 doses	 based	 on	 laboratory	 or
clinical	evolution.

Heparins,	Low-Molecular-Weight	Heparins,	and
Fondaparinux



These	 agents,	 and	 management	 of	 associated	 bleeding	 complications,	 are
discussed	in	Chapter	92:	Antithrombotic	Pharmacotherapy.

Warfarin	(Coumadin)
5 	Given	 its	widespread	use,	warfarin	 is	 a	common	cause	of	 iatrogenic,	 serious
bleeding	 that	 frequently	 requires	 critical	 care.	 Warfarin	 is	 an	 oral	 vitamin	 K
antagonist	 (VKA)	 that	 exerts	 its	 anticoagulant	 effects	 through	 inhibition	 of
vitamin	K-dependent	 γ-carboxylation	 of	 the	 vitamin	K-dependent	 factors	 (FII,
FVII,	FIX,	and	FX).	γ-carboxylation	is	required	for	these	coagulation	factors	to
become	biologically	active.	Warfarin	also	inhibits	γ-carboxylation	of	the	vitamin
K-dependent	 regulatory	proteins	C	and	S.	Treatment	with	warfarin	 reduces	 the
biologically	active	levels	of	all	these	vitamin	K-dependent	factors	(VKDF),	both
procoagulant	 and	 anticoagulant.	 However,	 the	 net	 effect	 at	 steady	 state	 is
anticoagulation.	 Given	 the	 half-life	 of	 the	 independent	 factors	 affected	 by
warfarin,	patients	may	become	relatively	prothrombotic	in	the	first	several	days
after	warfarin	initiation	as	proteins	C	and	S	are	the	first	to	become	significantly
reduced.	This	is	the	rationale	for	“bridging”	with	unfractionated	heparin	(UFH)
or	 low-molecular-weight	 heparin	 for	 the	 first	 several	 days	 of	 warfarin
administration	 to	 abrogate	 extension	of	 existing	 thrombosis	 or	 development	 of
new	ones.

Warfarin	is	monitored	via	the	PT	and	INR	with	a	typical	therapeutic	range	of
2.0	to	3.0,	but	this	is	patient	and	indication	specific.28	At	supratherapeutic	doses,
the	aPTT	may	also	become	prolonged.

When	asymptomatic,	supratherapeutic	anticoagulation	with	warfarin	does	not
generally	 require	 treatment	 beyond	 reducing	 the	 dose	 or	 holding	 warfarin	 to
allow	 for	correction	 in	 the	 INR.	A	small	dose	of	vitamin	K	 (1-2.5	mg)	can	be
considered	in	some	cases	in	patients	with	additional	bleed	risk	factors	present	or
minor	bleeding,	and	can	lower	the	INR	within	24	hours,	depending	on	the	INR
and	clinical	scenario.	Oral	vitamin	K	has	onset	within	6	to	10	hours	but	will	not
reach	peak	effect	until	24	to	48	hours.	If	the	patient	is	experiencing	significant	or
life-threatening	 bleeding,	 reversal	 of	 anticoagulation	 is	 indicated	 and
accomplished	by	replenishing	the	VKDF.	This	can	be	best	achieved	using	the	4-
factor	PCC,	which	follows	weight-based	dosing	with	specific	pretreatment	INR
ranges	and	is	administered	in	combination	with	IV	vitamin	K	(Table	87.6).

TABLE	87.6



Reversal	of	Warfarin-Induced	Anticoagulation	and
Management	of	Supratherapeutic	INR

Clinical
Situation INR Actions

No
significant
bleeding

<5.0 Lower	warfarin	dose,	or

Omit	warfarin	dose	and	restart	at	a	lower
dose	once	INR	is	within	therapeutic
range,	or

≥5.0	but	<9.0 Omit	warfarin,	repeat	INR	in	24	h.

Give	vitamin	K1	1-2.5	mg	PO	×	1	if	at	an
increased	risk	of	bleeding.

Check	INR	in	24	h—when	INR	is	in	the
desired	range,	restart	warfarin	at	adjusted
dose.

≥9.0 Omit	warfarin	and	give	vitamin	K1	2.5-
5	mg	PO	×	1	(may	repeat	in	24	h	if	INR
not	improved).

When	INR	in	desired	range,	restart
warfarin	at	adjusted	dose.

Serious	or
life-
threatening
bleeding

Any	prolongation
in	INR	due	to
warfarin
administration

Hold	warfarin.

Administer	4-factor	prothrombin
complex	concentrate	(4f-PCC);
prothrombin	complex	concentrate	(PCC)



or	FFP	may	be	used.

Administer	vitamin	K	10	mg	slow	IV
push	over	30	min.

Monitor	INR	and	repeat	intervention	as
necessary.

Adapted	from	Ansell	J,	Hirsh	J,	Hylek	E,	Jacobson	A,	Crowther	M,	Palareti	G.	Pharmacology	and
management	of	the	vitamin	K	antagonists:	American	College	of	Chest	Physicians	Evidence-
Based	Clinical	Practice	Guidelines	(8th	Edition).	Chest.	2008;133(suppl	6):175s.	Tomaselli	GF,
Mahaffey	KW,	Cuker	A,	et	al.	2020	ACC	expert	consensus	decision	pathway	on	management	of
bleeding	in	patients	on	oral	anticoagulants:	a	report	of	the	American	College	of	Cardiology
Solution	Set	Oversight	Committee.	J	Am	Coll	Cardiol.	2020;76:594-622.
INR,	International	Normalized	Ratio;	IV,	intravenous;	FFP,	fresh	frozen	plasma;	PO,	per	os.

PCCs	are	plasma-derived	products	enriched	in	VKDF.	The	typical	dose	is	25
to	50	U	per	kg	depending	on	the	degree	of	anticoagulation.	There	are	two	types
of	 PCCs	 available,	 aPCC	 and	 nonactivated	 (simply	 referred	 to	 as	 PCC).	 The
activated	 form	 contains	 activated	 coagulation	 proteases	 that	 are	 used	 in	 the
treatment	 of	 hemophilia	 with	 inhibitors.	 The	 nonactivated	 formulations	 were
originally	 licensed	 for	 the	 treatment	 of	 hemophilia	 B,	 given	 their	 high	 FIX
content.	Furthermore,	there	are	two	types	of	nonactivated	PCCs:	a	4-factor	(FII,
FVII,	 FIX,	 FX)–containing	 product	 and	 3-factor	 (FII,	 FIX,	 FX)	 products.
Although	the	3-factor	products	do	contain	some	FVII,	it	is	at	a	low	concentration
(less	 than	 one-third	 that	 of	 FIX)	 and	 therefore	 is	 considered	 a	 3-factor
concentrate.	 A	 nonactivated	 4-factor	 PCC	 was	 approved	 for	 reversal	 of	 oral
VKA–induced	bleeding	in	2013.	Both	activated	and	nonactivated	PCCs	contain
heparin	 and	 are	 therefore	 contraindicated	 in	 patients	 with	 heparin-induced
thrombocytopenia.28	As	the	effects	of	FFP,	PCC,	and	rFVIIa	are	transient,	10	mg
of	parenteral	vitamin	K	(IV	over	30	minutes)	should	also	be	given	to	reverse	the
INR	more	durably.	When	available,	PCCs	are	preferred	over	FFP	because	they
are	concentrated	into	much	smaller	volumes,	can	be	virally	inactivated,	and	have
a	 lower	 risk	 of	TRALI	 (Chapter	 88:	Transfusion	Therapy:	Blood	Components
and	 Transfusion	 Complications).	 The	 pharmacodynamics	 of	 warfarin	 is
discussed	further	in	Chapter	92	Antithrombotic	Pharmacotherapy.

Superwarfarins



The	 superwarfarins	 are	 a	 group	 of	 pharmacological	 compounds	 that	 are	 long-
acting	 rat	 poisons.	 They	 have	 considerably	 longer	 half-lives	 than	 warfarin
(weeks	to	months	vs	1-2	days)	and	are	considerably	more	potent.	Superwarfarin
poisoning	 has	 been	 associated	 with	 homicide	 and	 suicide	 attempts,	 accidental
ingestion,	 and	 occupational	 exposure.	 Patients	 typically	 present	 with	 bleeding
symptoms	and	laboratory	findings	like	those	of	warfarin	overdose;	however,	the
PT/INR	does	not	appropriately	normalize	with	standard	doses	of	vitamin	K.	An
assay	 for	 each	 of	 the	 superwarfarins	 is	 necessary	 to	 confirm	 the	 diagnosis.
Patients	 require	 high	 doses	 of	 vitamin	 K	 for	 prolonged	 periods	 to	 correct
coagulopathy	 and	 mitigate	 bleed	 risk.	 FFP	 or	 PCCs	 may	 be	 required	 during
episodes	of	life-threatening	bleeding.29

Direct	Thrombin	Inhibitors	(Argatroban,	Bivalirudin,	and
Dabigatran)
Reversal	of	anticoagulation	due	to	direct	thrombin	inhibitors	(DTIs)	in	cases	of
clinically	 significant	 bleeding	 is	 typically	 achieved	 through	 cessation	 of	 drug,
given	their	short	half-life	(<1	hour).	A	specific	reversal	agent	for	dabigatran	has
been	 approved	 for	 use	 in	 bleeding	 patients	 or	 those	who	 need	 urgent	 surgery.
This	agent,	idarucizumab,	is	a	F(ab)2	against	dabigatran,	which	binds	and	clears
active	drug	from	the	circulation.	The	pharmacodynamics	of	DTIs	is	discussed	in
greater	detail	in	Chapter	92:	Antithrombotic	Pharmacotherapy.

Vitamin	K	Deficiency
Vitamin	 K	 deficiency	 is	 a	 frequently	 encountered	 problem	 in	 hospitalized
medical	patients.	It	is	particularly	common	in	those	with	chronic	malabsorption
syndromes	 (eg,	cystic	 fibrosis),	malnutrition,	 short	gut	 syndrome,	 renal	 failure,
those	with	prolonged	poor	oral	intake	post	surgery,	and	those	on	broad-spectrum
antibiotics.41	 Patients	 on	warfarin	 and	with	 vitamin	K	 deficiency	 present	 with
similar	laboratory	and	physical	findings,	a	prolonged	PT,	as	well	as	easy	bruising
or	soft	tissue	bleeding.	Vitamin	K	deficiency	is	managed	by	supplementation	of
vitamin	K.	 If	 a	 patient	 has	 a	malabsorptive	 syndrome,	 parenteral	 vitamin	K	 is
typically	recommended.

As	 vitamin	K-dependent	 coagulation	 factors	 are	 synthesized	 in	 the	 liver,	 it
can	 be	 difficult	 to	 distinguish	 between	 true	 vitamin	 K	 deficiency	 and
coagulopathy	 of	 liver	 disease	 (decreased	 hepatic	 synthesis	 of	 coagulation
factors).	In	clinical	scenarios	where	underlying	liver	disease	is	present,	it	may	be



beneficial	 to	 evaluate	 coagulation	 factor	 levels,	 both	vitamin	K	dependent	 and
independent	(eg,	FII	and	FV,	respectively).	In	this	example,	if	both	FII	and	FV
levels	are	decreased,	then	the	patient	likely	has	hepatic	synthetic	dysfunction.	If
FV	 is	 normal	 and	 FII	 is	 decreased,	 then	 the	 patient	 likely	 has	 vitamin	 K
deficiency.

Coagulopathy	of	Liver	Disease
An	 unfortunate	 hallmark	 of	 liver	 disease	 is	 coagulopathy.	 Because	 all
coagulation	 factors	 (except	 FVIII,	 which	 is	 also	 synthesized	 in	 extrahepatic
endothelial	cells)	are	made	in	the	liver,	end-stage	liver	disease	(ESLD)	is	marked
by	multiple	coagulation	 factor	deficiencies.42	However,	 increased	extravascular
redistribution	 and	 increased	 factor	 consumption	 also	 contribute.	The	degree	 of
coagulation	factor	 reduction	as	well	as	 the	number	of	 factors	 reduced	 typically
parallel	 the	 severity	 of	 liver	 disease.	 Factors	V	 and	VII	 appear	 to	 be	 sensitive
markers	 of	 hepatic	 synthetic	 dysfunction	 with	 FVII	 levels	 typically	 the	 most
notably	affected	because	of	its	t1/2.43	Hence,	a	prolonged	PT	is	an	early	marker	of
liver	 disease.	 As	 hepatic	 dysfunction	 progresses	 and	 other	 coagulation	 factor
levels	 are	 reduced,	 the	 aPTT	 is	 also	 prolonged.	 In	 contrast,	 FVIII	 levels	 are
typically	 elevated	 in	 compensated	 cirrhosis.	 This	 may	 be	 secondary	 to	 an
increase	of	vWF	that	is	seen	among	cirrhotics.	In	addition,	proteins	required	for
FVIII	 clearance	 such	 as	 low-density	 lipoprotein	 receptor-related	 protein	 are
present	 in	 decreased	 amounts,	 thus	 raising	 FVIII	 levels.	 Patients	 with	 liver
disease	may	have	normal	fibrinogen	levels,	given	its	long	half-life,	but	they	may
develop	 an	 acquired	 dysfibrinogenemia	 associated	 with	 abnormal	 fibrinogen
glycosylation	 that	 disrupts	 fibrin	 polymerization.	 This	 may	 be	 reflected	 by	 a
normal	 fibrinogen	quantitative	 assay	but	 an	 abnormal	 functional	 assay	 such	as
the	TT	or	RT.

6 	In	addition	to	reduced	factor	synthesis	and	dysfibrinogenemia,	many	other
variables	 may	 contribute	 to	 the	 coagulopathy	 associated	 with	 advanced	 liver
disease.	 These	 include	 (a)	 vitamin	 K	 deficiency	 secondary	 to	 malnutrition,
malabsorption/maldigestion	 from	 bile	 salt	 insufficiency,	 and	 altered	 intestinal
motility;	 (b)	 portal	 hypertension	 with	 resultant	 hypersplenism	 and	 secondary
thrombocytopenia;	 (c)	 decreased	 thrombopoietin	 (the	 principal	 regulator	 of
platelet	 production)	 synthesis	 by	 hepatocytes	with	 resultant	 thrombocytopenia;
(d)	 impaired	 platelet	 function	 resulting	 in	 abnormal	 PFA-100;	 and	 (e)
hyperfibrinolysis	 secondary	 to	 impaired	 synthesis	 of	 plasminogen	 activator
inhibitors	 and	 decreased	 clearance	 of	 plasminogen	 activators.	 Chronic,	 low-
grade	DIC	may	also	contribute	(discussed	later).



Despite	evidence	for	a	significant	coagulopathy	based	on	laboratory	 tests	as
well	 as	 evident	 petechiae,	 ecchymosis,	 purpura,	 and	 bleeding	 after	 invasive
procedures,	 patients	 with	 ESLD	 rarely	 bleed	 spontaneously.	 It	 is	 much	 more
common	 for	 them	 to	 present	 with	 hemorrhage	 because	 of	 an	 underlying
anatomic	lesion	such	as	from	esophageal	varices.	There	remains	active	debate	as
to	 the	 actual	 net	 degree	 of	 coagulopathy	 in	 these	 patients.	 For	 instance,
Mannucci	 has	 argued	 that	 defects	 in	 platelet	 number	 and	 function	 may	 be
balanced	 by	 increased	 levels	 of	 vWF.	 Furthermore,	 decreased	 levels	 of
coagulation	 factors	 and	 inhibitors	 of	 fibrinolysis	 are	 balanced	 by	 decreased
levels	of	inhibitors	of	coagulation	and	profibrinolytic	factors.44	The	end	result	is
a	potential	rebalancing	of	hemostasis.	The	fact	that	the	degree	of	PT	and	aPTT
prolongation	 correlates	 poorly	 with	 bleeding	 after	 liver	 biopsy	 and	 other
potentially	 hemorrhagic	 procedures	 supports	 this	 rebalancing	 notion.45,46
Ultimately,	a	more	comprehensive	assessment	of	hemostasis	is	needed	as	PT	and
aPTT	 only	 assess	 thrombin	 generation	 in	 a	 closed	 system	 devoid	 of
anticoagulant	factors	and	do	not	address	fibrinolysis	at	all.

Given	 that	 we	 lack	 a	 comprehensive	 hemostatic	 assessment	 tool,	 many
physicians	 prefer	 to	 prophylactically	 give	 FFP	 or	 other	 hemostatic	 agents	 to
patients	with	ESLD	who	are	 to	undergo	procedures,	 or	who	have	 significantly
abnormal	 coagulation	 laboratory	 values.	 Unfortunately,	 we	 have	 little	 data	 to
support	this	approach.	The	current	guidelines	recommend	FFP	transfusions	only
when	 hemostasis	 is	 needed	 for	 bleeding	 or	 invasive	 procedures	 and	 the	PT	 or
aPTT	is	>1.5	times	normal	(reviewed	in	reference47).	FFP	is	generally	given	at	a
dose	of	10	to	15	mL	per	kg	and	repeated	every	8	hours.	Notably,	despite	repeated
infusions	 of	 FFP,	 the	 PT	 may	 not	 completely	 correct	 and	 therefore	 clinical
response	 should	 be	 monitored	 rather	 than	 relying	 on	 the	 PT	 as	 a	 measure	 of
efficacy.	 As	 discussed	 earlier,	 patients	 with	 ESLD	 may	 also	 develop
hypofibrinogenemia	or	dysfibrinogenemia.	This	should	be	suspected	for	patients
with	a	prolonged	TT	or	RT,	or	for	a	patient	who	continues	to	bleed	despite	FFP
infusion.	 Cryoprecipitate	 may	 be	 required	 to	 treat	 hypo/dysfibrinogenemia	 as
FFP	 typically	 does	 not	 sufficiently	 replace	 fibrinogen.	 Cryoprecipitate	 is
typically	 given	 in	 doses	 of	 10	pooled	units.	 Patients	 should	be	 transfused	 to	 a
goal	 fibrinogen	 level	 of	 >100	 mg	 per	 dL.	 There	 are	 a	 number	 of	 human
fibrinogen	concentrates	available	in	Europe,	and	in	2009	the	FDA	approved	the
first	human	fibrinogen	concentrate	in	the	United	States.	Riastap	and	Fibryga	are
two	 fibrinogen	concentrates	available	 in	 the	United	States	currently.	Dosing	of
both	 agents	 is	 dependent	 on	 the	 target	 level	 of	 fibrinogen	 in	mg/dL	minus	 the
measured	 baseline	 fibrinogen	 level	 divided	 by	 correction	 factor	 of	 1.7	 or	 1.8,
respectively,	 multiplied	 by	 the	 patient	 body	 weight	 in	 kg.48-50	 It	 is	 currently



indicated	 for	 the	 treatment	 of	 patients	 with	 congenital	 afibrinogenemia	 and
hypofibrinogenemia.	 Some	 authors	 have	 reported	 favorable	 outcomes	 among
ESLD	 patients	 given	 rFVIIa	 and	 PCCs.	 However,	 there	 are	 currently	 no
guidelines	or	randomized	trials	that	address	dosing	or	efficacy.	However,	given
the	 hypervolemia	 typically	 present	 among	 patients	 with	 ESLD,	 multiple
infusions	 of	 FFP	 may	 not	 be	 desirable	 and	 treatment	 with	 PCCs	 may	 be
considered	to	reduce	volume	overload	as	well	as	decrease	the	risk	of	TRALI.

Disseminated	Intravascular	Coagulation
DIC	 is	 a	 well-recognized	 syndrome	 characterized	 by	 both	 thrombotic	 and
hemorrhagic	complications	 in	 the	 setting	of	 several	disorders	 that	are	 typically
associated	 with	 systemic	 inflammation	 (Table	 87.7).	 The	 pathogenesis	 is
complex	 and	 is	 characterized	 by	 widespread	 activation	 of	 the	 TF	 coagulation
pathway	 with	 a	 marked	 imbalance	 between	 procoagulant	 and	 anticoagulant
processes.	The	 result	 is	 unopposed	 thrombin	 generation	 and	 diffuse	 fibrin	 clot
formation	with	subsequent	microvascular	occlusion	and	tissue	hypoxia.51	When
severe,	these	changes	may	culminate	in	multiple	organ	dysfunction	syndrome.

TABLE	87.7

Disorders	Associated	with	Disseminated	Intravascular
Coagulation

Infection

Gram-negative	or	gram-positive	septicemia

Rickettsiae-especially	Rocky	Mountain	spotted	fever

Spirochetes

Fungi

Viruses—especially	herpes

Protozoa—especially	malaria

Tissue	damage



Trauma

Crush	injury

Cardiopulmonary	bypass

Burn

Heat	stroke

Hemolytic	transfusion	reaction

Neoplasia

Metastatic	carcinoma

Leukemia—especially	acute	promyelocytic	leukemia

Chemotherapy

Obstetric	disasters

Abruptio	placentae

Retained	dead	fetus

Preeclampsia/eclampsia

Amniotic	fluid	embolism

Placenta	previa,	accreta,	and	percreta

Miscellaneous

Fat	embolism

Shock

Cardiac	arrest

Giant	hemangioma	(Kasabach-Merritt	syndrome)

Vasculitis

Toxins	(snake	venom,	brown	recluse	spider	bite)

Near	drowning—especially	freshwater



The	 clinical	 presentation	 of	 DIC	 is	 variable	 and	 most	 patients	 do	 not
demonstrate	 a	 significant	 hemorrhagic	 phenotype.	 A	 DIC	 screening	 panel	 is
typically	composed	of	PT,	aPTT,	platelet	count,	fibrinogen,	and	D-dimer.	DIC	is
suggested	when	the	laboratories	demonstrate	increased	activation	of	coagulation
(elevated	 PT/aPTT,	 decreased	 fibrinogen)	 as	 well	 as	 evidence	 of	 fibrinolysis
(elevated	 D-dimer	 or	 fibrin	 degradation	 products).	 An	 elevated	 PT	 is	 a	 very
sensitive	 measure	 of	 DIC	 but	 has	 lower	 specificity	 as	 it	 may	 be	 normal,
especially	during	chronic	DIC.51	As	fibrinogen	is	an	acute	phase	reactant,	it	may
be	normal	or	even	elevated	during	chronic	DIC,	 thereby	limiting	 its	specificity
during	 low-grade	DIC.	Elevation	of	D-dimer	 is	 a	 sensitive	marker	 for	DIC,	 in
the	range	of	90%	to	100%	in	one	report;	however,	its	specificity	limits	its	utility
as	a	single	screening	test.52

The	 International	 Society	 on	 Thrombosis	 and	 Hemostasis	 established	 a
subcommittee	 on	 DIC	 to	 develop	 and	 validate	 a	 scoring	 system	 to	 aid	 in	 the
diagnosis	 of	 DIC.	 This	 system	 is	 based	 on	 platelet	 count,	 fibrin	 degradation
products,	 PT,	 and	 fibrinogen	 level.53	 A	 prospective	 validation	 study
demonstrated	this	scoring	system	to	be	91%	sensitive	and	97%	specific	for	 the
diagnosis	 of	 DIC,	 with	 higher	 scores	 correlated	 with	 higher	 28-day	 mortality
(Table	87.8).54

TABLE	87.8

Diagnostic	Score	for	Disseminated	Intravascular
Coagulation

1.	 Underlying	disorder	associated	with	DIC—if	yes	→	proceed,	if	no	→	do
not	proceed,	search	for	alternative	process

2.	 Obtain	global	coagulation	tests:	platelet	count,	PT,	fibrinogen,	D-dimer
3.	 Assign	score	based	on	laboratory	tests

a.	 Platelet	count
i.	 >100	=	0,	<100	=	1,	<50	=	2

b.	 D-dimer	or	fibrin	degradation	products
i.	 No	change	=	0,	moderate	increase	=	2,	strong	increase	=	3

c.	 Prolonged	PT
i.	 ≤3	s	=	0,	>3	s	but	<6	s	=	1,	>6	s	=	2

d.	 Fibrinogen	level



i.	 >1.0	g/L	=	0,	<1.0	g/L	=	1
4.	 Calculate	score

a.	 If	>	5,	compatible	for	DIC
b.	 If	<	5,	suggestive,	but	not	confirmed	DIC,	repeat	in	1-2	d

Adapted	from	Bakhtiara	K,	Meijers	JC,	de	Jonge	E,	et	al.	Prospective	validation	of	the
International	Society	of	Thrombosis	and	Haemostasis	scoring	system	for	disseminated
intravascular	coagulation.	Crit	Care	Med.	2004;32(12):2416-2421.
DIC,	disseminated	intravascular	coagulation;	PT,	prothrombin	time.

7 	Treating	the	underlying	disorder	in	DIC	is	key.	Recommendations	for	the
management	 of	 DIC	 are	 based	 on	 expert	 opinion	 given	 a	 lack	 of	 published,
randomized	 data.	 In	 general,	 patients	 who	 experience	 significant	 bleeding	 or
who	 require	 invasive	 procedures	 should	 be	 treated	 with	 FFP	 to	 replace
coagulation	 factors.	 PCCs	 may	 also	 be	 considered	 when	 hypervolemia
complicates	FFP	administration,	but	they	may	lack	certain	depleted	factors	such
as	FV.55	Cryoprecipitate	 should	be	used	 to	 replace	 fibrinogen	when	 the	plasma
level	 is	 <100	 g	 per	 dL.	 Although	 there	 is	 no	 established	 threshold	 at	 which
platelets	should	be	transfused	to	treat	DIC,	in	the	setting	of	active	bleeding	or	in
anticipation	of	invasive	procedures,	platelet	transfusions	may	be	indicated.

In	 contrast	 to	 replacing	 coagulation	 factors,	 fibrinogen,	 and	 platelets,	 some
investigators	 have	 evaluated	 the	 role	 of	 anticoagulants,	 namely	 UFH,	 for	 the
treatment	of	DIC.	This	putative	measure	is	based	on	the	pathological	activation
of	 coagulation	 associated	 with	 DIC	 as	 well	 as	 the	 depletion	 of	 endogenous
anticoagulants.	Initial	animal	studies	evaluating	anticoagulant	administration	for
DIC	 suggested	 benefits56;	 however,	 subsequent	 human	 trials	 have	 yielded
conflicting	 results.57,58	 To	 date,	 there	 are	 no	 data	 from	 randomized,	 controlled
trials	to	support	the	use	of	UFH	in	the	management	of	DIC.	DIC	is	discussed	in
further	detail	in	Chapters	90:	Thrombocytopenia.	91:	Venous	Thromboembolism
and	 Associated	 Prothrombotic	 Disorders	 in	 the	 Intensive	 Care	 Unit,	 and	 94:
Oncologic	Emergencies.

Trauma-Induced	Coagulopathy
8 	Trauma-induced	coagulopathy	is	associated	with	stresses	of	trauma	as	well	as
the	consequences	of	its	treatment.	Historically,	it	was	felt	that	the	coagulopathy
associated	 with	 trauma	 was	 largely	 secondary	 to	 dilution	 of	 the	 coagulation
system	 with	 volume	 and	 blood	 replacement.	 However,	 it	 is	 becoming



increasingly	apparent	that	this	process	is	much	more	dynamic	and	complicated.
Traumatic	 injuries	 requiring	 massive	 transfusion	 of	 blood	 lead	 to	 significant
coagulopathy	 through	 a	 number	 of	 mechanisms	 that	 include	 (a)	 dilution	 of
coagulation	 proteins	 and	 platelets	 from	 volume	 resuscitation,	 (b)	 consumptive
coagulopathy	and	 thrombocytopenia	 (through	DIC	associated	with	 trauma),	 (c)
acidemia	that	impairs	function	of	the	coagulation	cascade,	(d)	hypothermia	that
impairs	 function	 of	 platelets	 and	 coagulation	 factors,	 and	 (e)	 electrolyte
perturbations,	 particularly	 hypocalcemia	 that	 impairs	 calcium-dependent
coagulation	 processes.59	 Prompt	 attention	 is	 required	 to	 mitigate	 the
coagulopathy	associated	with	trauma	and	to	rapidly	correct	it.	Clinically,	patients
have	a	compatible	history	of	massive	 trauma	requiring	aggressive	resuscitation
and	 typically	have	a	prolonged	PT	and	aPTT	 that	corrects	on	mixing	study,	as
well	as	 thrombocytopenia	and	often	hypofibrinogenemia.	Treatment	of	 trauma-
induced	 coagulopathy	 is	 targeted	 at	 correcting	or	 preventing	 the	occurrence	of
the	mechanisms	that	have	been	associated	with	its	development.	Most	guidelines
recommend	transfusion	of	red	blood	cells	to	a	target	hemoglobin	of	7	to	10	g	per
dL	to	maintain	rheology,	FFP	administration	to	a	goal	PT/aPTT	of	<1.5	×	upper
limit	 of	 normal,	 platelet	 transfusion	 to	 keep	 platelets	 >50	 ×	 109	 per	 L	 (or
>100	×	109	in	patients	with	brain	injury),	and	fibrinogen	>100	mg	per	dL.60	More
recently,	 ratio-driven	 transfusion	 protocols	 utilizing	 equal	 volumes	 of	 FFP,
packed	red	cells,	and	platelets	have	been	utilized	to	treat	hemorrhagic	shock	in
both	trauma	and	nontrauma	patients	(detailed	in	Chapter	36:	Resuscitation	from
Shock	 Following	 Hemorrhage).61	 The	 use	 of	 factor	 concentrates	 (fibrinogen,
PCCs)	 to	 target	 specific	 phases	 of	 coagulation	 may	 offer	 benefit	 over	 blood
product	 ratio-driven	 transfusion.	 Antifibrinolytic	 agents	 like	 tranexamic	 acid
have	also	shown	promise	during	the	management	of	traumatic	bleeding	and	have
been	 initiated	 during	 the	 prehospital	 interval	with	 benefits	 detailed	 in	Chapter
36:	Resuscitation	from	Shock	Following	Hemorrhage.62-65	The	outcome	benefits
of	factor	concentrates,	however,	have	not	yet	been	demonstrated	by	adequately
powered	prospective	trials.62

Acquired	Hemophilia	A
The	most	 common	 antibodies	 that	 inhibit	 clotting	 factors	 causing	hemorrhagic
phenotypes	 are	 directed	 against	 FVIII.	 Acquired	 hemophilia	 A,	 or	 acquired
FVIII	deficiency,	is	a	rare	disorder	with	an	estimated	incidence	of	1.0	per	million
that	is	caused	by	autoantibodies	directed	against	endogenous	FVIII,	resulting	in
low	 FVIII	 activity	 levels.66	 It	 can	 be	 idiopathic	 or	 secondary	 to	 malignancy,
drugs,	autoimmune	disorders,	and	the	postpartum	state.



Acquired	 hemophilia	 should	 be	 suspected	 for	 patients	 without	 a	 prior
bleeding	 history	 who	 present	 later	 in	 life	 with	 significant,	 large	 ecchymoses,
hematomas,	 mucosal,	 gastrointestinal	 bleeding,	 or	 who	 experience	 significant
bleeding	 following	 surgery	 or	 trauma.	 Hemarthroses	 that	 are	 a	 hallmark	 of
congenital	hemophilia	are	not	typical	of	acquired	hemophilia.

Patients	 with	 acquired	 hemophilia	 present	 with	 bleeding	 symptoms	 and	 a
prolonged	aPTT	in	contrast	to	patients	with	a	lupus	anticoagulant	who	typically
present	with	a	prolonged	aPTT	and	thrombotic	complications.67,68	When	acquired
hemophilia	is	suspected	based	on	clinical	presentation	and	a	prolonged	aPTT,	an
incubated	 aPTT	 mixing	 study	 should	 be	 performed.	 As	 FVIII	 inhibitors	 are
commonly	 time	 and	 temperature	 dependent,	 the	 mixing	 study	 should	 be
performed	at	37	°C	for	1	to	2	hours.	In	the	case	of	an	acquired	FVIII	inhibitor,
the	 incubated	 aPTT	 will	 not	 completely	 correct	 into	 the	 normal	 range	 which
indicates	the	presence	of	an	inhibitor.	A	FVIII	activity	level	may	also	be	helpful
to	 identify	 the	 inhibitor	as	FVIII	specific.	The	strength	of	 the	 inhibitor	may	be
quantified	in	BU	and	the	strength	of	the	inhibitor	has	treatment	implications.

Treatment	goals	of	these	patients	are	twofold:	(a)	control	of	bleeding	and	(b)
eradication	 of	 the	 inhibitor.	 Bleeding	 of	 patients	 with	 low-titer	 inhibitors	 (<5
BU)	 can	 often	 be	 treated	 with	 high	 doses	 of	 FVIII	 concentrates.	 However,
patients	with	high-titer	inhibitors	need	a	FVIII	inhibitor	bypassing	agent,	such	as
an	aPCC	or	rFVIIa.69,70	Recombinant	porcine	FVIII	has	been	recently	approved
for	 treatment	 of	 acquired	 hemophilia.71	 Inhibitor	 eradication	 typically	 involves
immunosuppression,	 though	 spontaneous	 resolution	 of	 the	 inhibitor	 can
occur.72,73

ACQUIRED	PLATELET
DISORDERS/DYSFUNCTION

Medications
9 	The	antiplatelet	effect	of	medications	is	the	most	common	cause	for	acquired
platelet	 dysfunction.	 Aspirin	 and	 nonsteroidal	 anti-inflammatory	 drugs
(NSAIDs)	 are	 common	 culprits.	 (Table	 87.9).74	 Their	 predominant	 antiplatelet
effect	 is	 achieved	 through	 the	 inhibition	 of	 platelet	 cyclooxygenase	 (COX-1)
which	 in	 turn	 ultimately	 inhibits	 vasoconstriction	 and	 platelet	 aggregation.
Inhibition	of	COX-1	by	aspirin	 is	 irreversible	 for	 the	 life	of	 the	platelet	and	 is
dose	dependent.	There	is	an	increased	risk	of	bleeding	in	patients	taking	aspirin,



and	two	meta-analyses	described	an	approximate	1%	increase	in	absolute	risk	of
bleeding	 in	 patients	 taking	 aspirin	 compared	 to	 placebo.75,76	 Notably,	 this
bleeding	 risk	 does	 not	 appear	 to	 be	 dose	 dependent	when	 the	 total	 daily	 dose
is	<325	mg	per	day	but	does	increase	with	concomitant	administration	of	other
anticoagulants	or	antiplatelet	agents.77,78	The	primary	site	of	bleeding	associated
with	 aspirin	 is	 gastrointestinal.	 NSAIDs,	 on	 the	 other	 hand,	 reversibly	 inhibit
COX-1	for	the	length	of	time	that	the	medication	remains	metabolically	active.
Platelet	 function	 is	not	 substantially	affected	by	 the	COX-2	specific	 inhibitors,
celecoxib,	or	acetaminophen.

TABLE	87.9

Drugs	that	Commonly	Affect	Platelet	Function

Analgesics

Aspirin

NSAIDs

Cardiovascular	medications

Dipyridamole

P2Y12	receptor	blockers—thienopyridines

Ticlid	(ticlopidine)

Plavix	(clopidogrel)

Brilinta	(ticagrelor)

Effient	(prasugrel)

Kengreal	(cangrelor)

GPIIb/IIIa	inhibitors

ReoPro	(abciximab)

Aggrastat	(tirofiban)

Integrilin	(eptifibatide)



Antibiotics

β-Lactam	antibiotics—eg,	PCN,	cephalosporins

Psychotropic

Antidepressants	(fluoxetine)

Phenothiazines

Herbal	supplements

Fish	oil

Cumin

Garlic

Ginkgo	biloba

Turmeric

Vitamin	C;	vitamin	E

GP,	glycoprotein;	NSAIDs,	nonsteroidal	anti-inflammatory	drugs;	PCN,	penicillin.

Dipyridamole	 is	 a	 less	 frequently	 used	 antiplatelet	 drug	 with	 an	 unclear
mechanism	of	action.	It	has	historically	been	used	for	stroke	prophylaxis.	There
does	not	appear	 to	be	a	significant	 increase	 in	bleeding	risk	for	patients	 taking
dipyridamole	vs	placebo	in	several	randomized	trials	evaluating	the	efficacy	of
dipyridamole	in	stroke	prevention.79

Cilostazol,	an	antiplatelet	drug	with	phosphodiesterase	III	enzyme	inhibition,
is	utilized	for	intermittent	claudication.	It	is	also	used	as	secondary	prevention	of
noncardioembolic	 stroke	 or	 TIA	 but	 considered	 second	 line	 for	 treatment.
Cilostazol	is	associated	with	minimal	risk	of	bleeding	but	has	been	implicated	in
the	development	of	thrombocytopenia.80

Clopidogrel	(Plavix),	ticlopidine	(Ticlid),	and	prasugrel	(Effient)	belong	to	a
class	 of	 antiplatelet	 agents	 known	 as	 the	 thienopyridines	 and	 are	 used	 for
cardiovascular	 and	 cerebrovascular	 disease.	 Thienopyridines	 are	 irreversible
antagonists	to	the	platelet	P2Y12	receptor,	which	inhibits	ADP-mediated	platelet
aggregation.	 The	 thienopyridines,	 particularly	 ticlopidine	 (Ticlid),	 have	 been
implicated	 in	 the	 development	 of	 thrombotic	 thrombocytopenic	 purpura.44
Ticagrelor	(Brilinta)	is	often	listed	with	thienopyridine	inhibitors	and	has	similar



indications	 for	 use	 but	 is	 not	 a	 thienopyridine.	 It	 is	 a
cyclopentyltriazolopyrimidine	 that	 reversibly	 inhibits	 the	 P2Y12	 receptor.
Cangrelor	 (Kengreal)	 is	 another	nonthionepyridine	P2Y12	 antagonist	 and	 is	 the
only	 IV	 formulation	 currently	 available	 for	 use	 in	 PCI	 or	 bridging	 prior	 to
cardiac	surgery.	It	has	similar	bleeding	risk	as	the	other	P2Y12	inhibitors	but	has
a	 very	 short	 half-life	 and	 exhibits	 no	 antiplatelet	 effect	 within	 1	 hour	 after
discontinuation.81

The	GPIIb/IIIa	antagonists	are	a	group	of	antiplatelet	agents	that	are	primarily
used	 during	 coronary	 and	 neuroendovascular	 procedures.	 These	 drugs	 impair
aggregation	by	inhibiting	the	cross-bridging	of	platelets	by	fibrinogen.	This	class
is	associated	with	an	increased	risk	of	bleeding,	particularly	at	the	puncture	site
for	percutaneous	coronary	intervention.	There	does	not	appear	to	be	an	increased
risk	for	 intracerebral	hemorrhage	for	patients	receiving	GPIIb/IIIa	 inhibitors	vs
heparin.82	 These	 agents	 are	 also	 associated	 with	 thrombocytopenia,	 often
profound,	that	may	result	in	significant	bleeding	complications.83

Many	 other	 medications	 including	 large	 doses	 of	 penicillins,	 psychotropic
drugs	such	as	fluoxetine,	dietary	supplements	such	as	fish	oil,	gingko,	garlic,	and
cumin	 may	 impair	 platelet	 function,	 although	 not	 typically	 to	 a	 significant
degree.84

Laboratory	 testing	 to	 confirm	 an	 acquired	 platelet	 defect	 secondary	 to
medication	is	rarely	necessary	as	clinical	history	and	medication	record	usually
suffice.	However,	when	needed	 for	 confirmation,	 platelet	 function	 testing	may
be	 useful.	 Treatment	 for	 drug-induced	 platelet	 dysfunction	 depends	 on	 the
severity	 of	 bleeding	 as	well	 as	 the	medication	 involved.	 In	most	 cases,	minor
bleeding	may	be	addressed	by	withholding	the	medication.	In	more	severe	cases,
platelet	 transfusion	may	 be	 indicated	 depending	 on	 timing	 of	 the	 last	 dose	 as
well	as	its	specific	anti-platelet	effect.	In	general,	platelets	have	an	average	life
span	of	7	to	10	days.	As	a	result,	the	bone	marrow	replaces	approximately	10%
of	the	body’s	platelets	each	day.	Therefore,	 if	a	medication	irreversibly	inhibits
platelet	 function,	 platelet	 transfusion	may	be	needed	 to	 reverse	 the	 antiplatelet
effect	until	 the	bone	marrow	has	 sufficiently	 replenished	 the	affected	platelets.
For	most	situations,	a	single	platelet	transfusion	is	sufficient	to	correct	bleeding
association	with	disordered	platelets.

Acquired	platelet	dysfunction	due	to	antiplatelet	agents	is	discussed	in	further
detail	in	Chapter	90:	Thrombocytopenia.

Uremia



The	 multisystem	 organ	 dysfunction	 encountered	 among	 critically	 ill	 patients
often	 includes	acute	kidney	 injury	and	subsequent	uremia.	Bleeding	associated
with	uremia	has	long	been	recognized	and	has	historically	been	associated	with	a
prolonged	BT.	However,	 the	degree	of	BT	prolongation	neither	correlates	with
the	 degree	 of	 azotemia	 nor	 the	 severity	 of	 bleeding	 symptoms.	 The	 clinical
manifestations	 of	 uremic	 bleeding	 are	 predominantly	 mucocutaneous,	 though
patients	 may	 present	 with	 epistaxis,	 gastrointestinal	 bleeding,	 hematuria,	 or
increased	bleeding	following	surgery	or	procedures.

1 	 0 	Despite	 this	 long-recognized	association	between	uremia	and	a	bleeding
diathesis,	the	exact	pathophysiology	remains	poorly	defined,	though	impairment
in	 platelet	 function	 appears	 integral.85	 There	 are	 data	 to	 suggest	 that	 this	 is	 a
multifactorial	 process	 and	 includes	 an	 acquired	 platelet	 defect	 as	 well	 as
impairment	 in	 the	 platelet-endothelium	 interaction.	 Additional	 factors	 include
vWF	 abnormalities,	 anemia	which	 affects	 rheology,	 thrombocytopenia,	 uremic
toxins,	and	increased	nitrous	oxide	(NO)	production.86	The	presence	of	a	uremic
toxin	 is	 supported	 by	 the	 improvement	 of	 platelet	 function	 following	 dialysis.
Notably,	 urea	 is	 unlikely	 to	 be	 the	 primary	 toxin	 as	 there	 is	 no	 positive
correlation	between	blood	urea	nitrogen	and	bleeding	risk.87

Treatment	 often	 includes	 aggressive	 dialysis	 which	 may	 correct	 the
bleeding.88	DDAVP	has	been	 recommended	as	 the	 first-line	 therapy	 for	uremic
bleeding	(2-4	mcg	per	kg	intranasally	or	0.3	mcg	per	kg	by	slow	IV	infusion);	it
improves	 platelet	 function	 in	 uremia,	most	 likely	 due	 to	 release	 of	 FVIII	 and
vWF.89	If	no	improvement	is	noted	after	the	first	dose,	further	doses	should	not
be	given.	When	DDAVP	is	ineffective	or	contraindicated,	cryoprecipitate	may	be
given	 (10	 units	 every	 12-14	 hours).	 Improvement	 in	 bleeding	 in	 response	 to
cryoprecipitate	 is	 likely	 related	 to	FVIII	and	vWF.90	Correction	of	 anemia	 to	 a
goal	 hematocrit	 of	 30%	 corrects	 the	 BT	 in	 many	 patients	 through	 improved
rheology.	This	may	be	 accomplished	via	 red	 cell	 transfusions	during	 the	 acute
period	 or	 by	 erythropoietin	 administration	 over	 prolonged	 periods.
Erythropoietin	 may	 also	 have	 beneficial	 effects	 on	 platelet	 function.91
Conjugated	 estrogens	may	 improve	uremic	bleeding	and	 appears	 to	do	 so	 in	 a
dose-dependent	 manner	 presumably	 by	 reducing	 NO	 production	 (reviewed	 in
reference88).

Hematological	Disorders
Abnormal	 platelet	 function	 is	 frequently	 noted	 among	 patients	 with	 many
primary	 hematological	 disorders,	 including	 myelodysplastic	 syndromes	 and
myeloproliferative	disorders.	The	bleeding	diatheses	are	out	of	proportion	to	that



expected	 for	 patients	 with	 similar	 quantitative	 platelet	 defects.	 In	 general,	 the
mechanisms	 underlying	 the	 platelet	 dysfunction	 seen	 with	 these	 disorders	 are
poorly	 understood	 but	 probably	 reflect	 the	 genetic	 and	 developmental
abnormalities	 of	 stem	 cells	 that	 underlie	 these	 disorders.	 The	 severity	 of	 the
predisposition	 to	 bleeding	 cannot	 be	 reliably	 predicted	 from	 the	 results	 of	 the
BT,	platelet	count,	or	in	vitro	platelet	function	tests.

The	 bleeding	 complications	 of	 the	 myeloproliferative	 disorders	 have	 been
estimated	in	the	literature	to	range	from	1.7%	to	37%,	depending	on	the	disorder
and	 population	 screened.92	 The	 bleeding	 manifestations	 of	 both	 polycythemia
vera	 and	 essential	 thrombocythemia	 involve	 the	 skin	 and	mucous	membranes
and	 include	menorrhagia,	 epistaxis,	 ecchymosis,	 and	 gastrointestinal	 bleeding.
This	pattern	of	bleeding	 suggests	 an	underlying	platelet	or	vWD	defect.	 It	 has
long	been	assumed	that	dysfunctional	platelets	derived	from	abnormal	stem	cells
were	 responsible	 for	 increased	 bleeding	 with	 these	 disorders.	 Extreme
thrombocytosis	 has	 been	 recognized	 to	 paradoxically	 result	 in	 an	 acquired	 2
vWD	which	contributes	 to	 the	bleeding	diathesis.93	Other	conditions	associated
with	acquired	vWD	include	Heyde	syndrome,	which	 is	 the	association	of	 tight
aortic	 stenosis	 with	 gastrointestinal	 arteriovenous	 malformations.	 In	 this
condition,	the	shear	stress	associated	with	the	stenotic	aortic	valve	consumes	the
HMW	multimers	of	vWF.94	The	pathophysiology	is	the	same	in	bleeding	patients
with	left	ventricular	assist	devices.54

Treatment	 of	 the	 underlying	 disorder	 remains	 the	mainstay,	 though	 platelet
transfusions	may	 be	 needed	 for	 clinically	 significant	 bleeding.	When	 acquired
vWD	 is	 suspected,	 it	 should	 be	 confirmed	 through	 appropriate	 testing	 (to	 be
discussed	later)	prior	to	initiating	directed	treatment.	Treatment	depends	largely
on	the	degree	of	defect	and	could	include	IV	immune	globulin,	DDAVP,	or	vWF
replacement.95

OTHER	ACQUIRED	BLEEDING	DISORDERS

Acquired	vWD
Acquired	 vWD	 is	 a	 heterogeneous	 disorder	 that	 is	 associated	 with	 a	 many
disease	 states.	 Several	 distinct	 pathophysiological	 mechanisms	 are	 involved
which	include	increased	vWF	clearance	or	proteolysis,	vWF	adsorption	to	cells
with	 subsequent	 increased	 clearance,	 decreased	 synthesis,	 and	 antibody
formation	 against	 vWF.95	 Lymphoproliferative	 and	 autoimmune	 disorders	 are



most	associated	with	acquired	vWD.
In	general,	mechanisms	underlying	acquired	vWD	are	divided	into	immune-

and	 nonimmune-mediated	 categories.	 Immune-mediated	 acquired	 vWD	 is
suggested	by	mixing	 studies	which	 show	an	 inhibition	of	 vWF	 in	 a	 functional
assay.	Proposed	nonimmune	mechanisms	include	(a)	vWF	being	adsorbed	onto
cells	 (eg,	 Wilms	 tumor,	 platelets	 in	 myeloproliferative	 disorders,	 and	 plasma
cells	 in	multiple	myeloma	and	Waldenström	macroglobulinemia);	 (b)	 increased
proteolysis	of	HMW	multimers	at	sites	of	high	blood	shear	flow	rates	in	patients
with	aortic	stenosis,	angiodysplasia,	and	congenital	heart	disease;	(c)	decreased
synthesis	 in	 hypothyroidism;	 and	 (d)	 proteolysis	 by	 plasmin	 during	 increased
periods	of	fibrinolysis	such	as	with	thrombolytic	therapy	and	DIC.	A	diagnosis
should	be	suspected	when	a	patient	has	a	bleeding	phenosimilar	to	a	patient	with
vWD,	 a	 compatible	 underlying	 disorder,	 an	 absence	 of	 lifelong	 bleeding
symptoms,	 and	 a	 negative	 family	 history.96	 Treatment	 for	 acquired	 vWD	 is
aimed	 at	 correcting	 the	 underlying	 disorder	 when	 possible	 and	 promoting
hemostasis	 as	one	would	 in	patients	with	congenital	vWD	(eg,	DDAVP,	 factor
concentrates,	antifibrinolytics).

Acquired	FII	(Prothrombin)	Inhibitors
Clinically,	 patients	 with	 antiphospholipid	 antibodies	 most	 commonly	 have	 a
thrombotic	phenotype;	however,	rarely	these	patients	may	also	have	an	antibody
directed	against	prothrombin.	This	antibody	binds	to	prothrombin	and	increases
its	 clearance,	which	 results	 in	 low	FII	 activity	 levels	 and	 clinically	 significant
bleeding.	This	disorder	should	be	considered	when	a	bleeding	patient	has	both	a
prolonged	PT	and	a	PTT.	The	PT	should	correct	with	mixing,	the	PTT	will	not.
Tests	for	the	lupus	inhibitor	will	be	positive,	and	measurements	of	FII	activity	as
well	as	FII	antigen	will	be	 low.	Treatment	 for	acute	hemorrhage	 involves	FFP,
typically	at	a	dose	of	15	to	20	mL	per	kg	with	a	goal	FII	activity	of	>30%.	PCCs
may	also	be	used.97

Acquired	FV	Inhibitors
Acquired	 FV	 inhibitors	 in	 the	 past	 were	 noted	 to	 occur	 most	 frequently
following	exposure	to	topical	bovine	thrombin	or	fibrin-glue	preparations.	These
preparations	 were	 contaminated	 with	 bovine	 FV	 and	 antibodies	 cross-reacted
with	 human	 FV.	 These	 preparations	 are	 no	 longer	 used.	 A	 systematic	 review
showed	 that	 acquired	 FV	 inhibitors	 now	 more	 commonly	 associated	 with



autoimmune	 disorders,	 cancer,	 and	 drugs.25	 Patients	 typically	 present	 with	 a
significant	prolongation	of	both	 the	PT	and	the	PTT.	This	prolongation	fails	 to
correct	during	a	mixing	study.	Inhibitor	specificity	to	FV	is	demonstrated	with	a
low	FV	activity.	FFP	is	not	recommended	as	a	treatment	as	FV	is	present	in	such
a	 low	 concentration	 that	 it	 is	 quickly	 neutralized	 by	 the	 inhibitor.	 PCCs	 are
likewise	felt	 to	be	unhelpful	given	 their	 low	FV	content.	Plasma	exchange	and
platelet	 transfusions	 have	 been	 used	 successfully	 to	 control	 bleeding.	 It	 is
thought	that	FV	contained	in	the	α-granules	of	circulating	platelets	is	protected
from	inhibition	until	the	platelet	becomes	activated	at	the	site	of	vessel	damage.
rFVIIa	has	been	reported	to	successfully	promote	hemostasis.

Acquired	FX	Deficiency
Acquired	 FX	 deficiency	 is	 associated	 with	 amyloidosis.	 It	 is	 thought	 that
amyloid	fibrils	bind	to	FX	and	thereby	remove	it	from	circulation.	Treatment	of
the	underlying	amyloidosis	and/or	splenectomy	has	been	shown	to	improve	the
circulating	FX	level.98	Factor	X	concentrate,	FFP,	or	PCCs	may	be	used	for	FX
replacement	 therapy	 and	 management	 of	 acute	 bleeding	 episodes.
Pharmacokinetic	studies	should	be	done	for	each	individual	to	provide	guidance
as	to	the	optimal	dose	and	the	most	appropriate	interval.99,100

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	64-year-old	woman	is	brought	to	the	ICU	after	sustaining	an	intracranial
bleed	in	a	motor	vehicle	collision.	She	is	intubated	and	sedated,	and	you	are
unable	to	obtain	a	history.	Her	pharmacy	reports	that	she	is	on	dabigatran	for
atrial	fibrillation.	It	is	unclear	when	she	took	her	last	dose.	Relevant	labs	include
a	hemoglobin	of	6	g/dL	(normal	12-16	g/dL),	platelets	110,000/mm3	(normal
150-400,000/mm3),	PT	11	s	(normal	9.5-11.7	s)	with	INR	1.1,	and	PTT	28	s
(normal	23-32	s).	What	is	the	most	appropriate	next	step	in	management?

A. 	Administer	fresh	frozen	plasma	(FFP)
B. 	Administer	idarucizumab
C. 	Administer	prothrombin	complex	concentrate	(PCC)
D. 	No	specific	management	given	her	PT/PTT



2. 	An	81-year-old	man	is	critically	ill	with	gram-negative	sepsis.	He	is	on
vasopressors,	broad-spectrum	antibiotics,	and	every	other	day	hemodialysis.	He
is	noted	to	have	spontaneous	bleeding	from	his	central	line	and	hemodialysis
catheter.	Laboratory	findings	are	as	follows:	Hemoglobin	7	g/dL	(12-16	g/dL),
WBC	45,000/mm3	(4000-11,000/mm3),	platelets	23,000/mm3	(150-
400,000/mm3),	PT	30	s	(9.5-11.7	s),	PTT	60	s	(23-32	s),	INR	3,	and	fibrinogen
50	mg/dL	(150-450	mg/dL).	What	is	the	most	appropriate	next	step	in
management?

A. 	Heparin	drip
B. 	More	frequent	hemodialysis
C. 	Transfuse	4	units	of	FFP
D. 	Transfuse	cryoprecipitate

3. 	A	57-year-old	man	is	critically	ill	in	severe	congestive	heart	failure	with
an	ejection	fraction	of	10%.	After	consultation	with	cardiac	surgery,	he
undergoes	placement	of	a	left	ventricular	assist	device	(LVAD).	Upon	transfer
back	to	the	cardiac	ICU,	he	is	noted	to	have	frank	melena.	He	has	no	prior
history	of	bleeding	disorders.	What	is	the	most	likely	diagnosis?

A. 	Acquired	von	Willebrand	disease
B. 	Disseminated	intravascular	coagulation	(DIC)
C. 	Gastric	varices	due	to	right	heart	failure
D. 	Stress	gastric	ulcer

Answers

1.	The	correct	answer	is	B.
Idarucizumab,	 is	 a	 F(ab)2	 (antibody	 fragment)	 against	 dabigatran,	 which

binds	and	clears	active	drug	from	the	circulation	and	is	the	definitive	treatment
for	dabigatran-associated	bleeding	(choice	B	is	correct).	Reversal	of	dabigatran
effects	is	indicted	with	CNS	bleeding,	and	standard	tests	are	often	normal	in	this
situation	 (choice	 D	 is	 incorrect).	 FFP	may	 be	 indicated	 as	 part	 of	 her	 trauma
resuscitation	but	is	not	effective	for	dabigatran-associated	hemorrhage	(choice	A
is	incorrect).	PCC	may	be	helpful,	but	it	is	not	definitive	treatment	(choice	C	is
incorrect).

2.	The	correct	answer	is	D.
This	 presentation	 is	 suggestive	 of	 disseminated	 intravascular	 coagulation



(DIC).	Treatment	of	DIC	includes	treating	the	underlying	disorder	and	replacing
consumed	 factors.	 Here,	 the	 next	 step	 would	 be	 to	 replace	 fibrinogen	 by
transfusing	cryoprecipitate	to	a	level	>100	mg/dL	(choice	D	is	correct).	Human
clinical	 trials	have	reported	mixed	results	with	 the	use	of	heparin	 to	 treat	DIC,
and	 its	 use	 is	 not	 recommended	 according	 to	 current	 guidelines	 (choice	 A	 is
incorrect).	Performing	additional	dialysis	at	this	point	would	have	little	effect	on
his	bleeding	diathesis	 (choice	B	 is	 incorrect).	Because	hypofibrinogenemia	can
prolong	both	the	PT	and	PTT,	transfusing	FFP	is	not	the	best	next	step	(choice	C
is	incorrect).

3.	The	correct	answer	is	A.
LVAD	placement	 is	associated	with	acquired	von	Willebrand	disease	due	 to

mechanical	shearing	of	von	Willebrand	factor	multimers	by	left	ventricular	assist
device	 impellers	 (choice	 A	 is	 correct).	 Acute	 blood	 loss	 from	 stress	 ulcers,
gastric	 varices,	 and	DIC	 can	 all	 occur	 after	 cardiac	 surgery	 but	would	 not	 be
expected	immediately.

References

Key	references	are	highlighted	in	gray.

1.	Roberts	HR,	Hoffman	M,	Monroe	DM.	A	cell-based	model	of	thrombin
generation.	Semin	Thromb	Hemost.	2006;32(suppl	1):32-38.

2.	Rodeghiero	F,	Tosetto	A,	Abshire	T,	et	al.	ISTH/SSC	bleeding	assessment
tool:	a	standardized	questionnaire	and	a	proposal	for	a	new	bleeding	score
for	inherited	bleeding	disorders.	J	Thromb	Haemost.	2010;8(9):2063-2065.

3.	De	Caterina	R,	Lanza	M,	Manca	G,	Strata	GB,	Maffei	S,	Salvatore	L.
Bleeding	time	and	bleeding:	an	analysis	of	the	relationship	of	the	bleeding
time	test	with	parameters	of	surgical	bleeding.	Blood.	1994;84:3363-3370.

4.	Franchini	M,	Gandini	G,	Di	Paolantonio	T,	Mariani	G.	Acquired	hemophilia
A:	a	concise	review.	Am	J	Hematol.	2005;80:55-63.

5.	Hayward	CPM,	Harrison	P,	Cattaneo	M,	Platelet	Physiology	Subcommittee
of	the	Scientific	and	Standardization	Committee	of	the	International	Society
on	Thrombosis	and	Haemostasis,	Rao	AK,	Platelet	Physiology
Subcommittee	of	the	Scientific	and	Standardization	Committee	of	the
International	Society	on	Thrombosis	and	Haemostasis.	Platelet	function
analyzer	(PFA)-100	closure	time	in	the	evaluation	of	platelet	disorders	and
platelet	function.	J	Thromb	Haemost.	2006;4:312-319.



6.	Nichols	WL,	Hultin	MB,	James	AH,	et	al.	von	Willebrand	disease	(VWD):
evidence-based	diagnosis	and	management	guidelines,	the	National	Heart,
Lung,	and	Blood	Institute	(NHLBI)	Expert	Panel	report	(USA).
Haemophilia.	2008;14:171-232.

7.	Sadler	JE,	Budde	U,	Eikenboom	JCJ,	et	al.	Update	on	the	pathophysiology
and	classification	of	von	Willebrand	disease:	a	report	of	the	Subcommittee
on	von	Willebrand	Factor.	J	Thromb	Haemost.	2006;4:2103-2114.

8.	Mannucci	PM,	Ruggeri	ZM,	Pareti	FI,	Capitanio	A.	1-Deamino-8-d-arginine
vasopressin:	a	new	pharmacological	approach	to	the	management	of
haemophilia	and	von	Willebrands’	diseases.	Lancet.	1977;1:869-872.

9.	al-Mondhiry	H,	Ehmann	WC.	Congenital	afibrinogenemia.	Am	J	Hematol.
1994;46:343-347.

10.	Mannucci	PM,	Bettega	D,	Cattaneo	M.	Patterns	of	development	of
tachyphylaxis	in	patients	with	haemophilia	and	von	Willebrand	disease	after
repeated	doses	of	desmopressin	(DDAVP).	Br	J	Haematol.	1992;82:87-93.

11.	Haygood	TA,	Atkins	R,	Kennedy	JA,	Cutler	RE.	Aminocaproic	acid
treatment	of	prolonged	hematuria	following	renal	biopsy.	Arch	Intern	Med.
1971;27:478-481.

12.	Baxalta	US	Inc.	VonVendi	[von	Willebrand	factor	(recombinant)]:
Highlights	of	prescribing	information;	2018.
https://www.fda.gov/files/vaccines%2C%20blood%20%26%20biologics/published/Package-
Insert---VONVENDI.pdf

13.	Knoebl	P,	Thaler	J,	Jilma	P,	Quehenberger	P,	Gleixner	K,	Sperr	WR.
Emicizumab	for	the	treatment	of	acquired	hemophilia	A.	Blood.
2021;137(3):410-419.

14.	Rodriguez-Merchan	EC.	Acute	compartment	syndrome	in	haemophilia.
Blood	Coagul	Fibrinolysis.	2013;24(7):677-682.

15.	Astermark	J.	FVIII	inhibitors:	pathogenesis	and	avoidance.	Blood.
2015;125:2045-2051.

16.	Kempton	CL,	Meeks	SL.	Toward	optimal	therapy	for	inhibitors	in
hemophilia.	Blood.	2014;124:3365-3372.

17.	Shapiro	AD,	Gilchrist	GS,	Hoots	WK,	Cooper	HA,	Gastineau	DA.
Prospective,	randomised	trial	of	two	doses	of	rFVIIa	(NovoSeven)	in
haemophilia	patients	with	inhibitors	undergoing	surgery.	Thromb	Haemost.
1998;80:773-778.

18.	Shima	M,	Tanaka	I,	Sawamoto	Y,	et	al.	Successful	treatment	of	two

https://www.fda.gov/files/vaccines%2C%20blood%20%26%20biologics/published/Package-Insert---VONVENDI.pdf


brothers	with	congenital	afibrinogenemia	for	splenic	rupture	using	heat-	and
solvent	detergent-treated	fibrinogen	concentrates.	J	Pediatr	Hematol	Oncol.
1997;19:462-465.

19.	Roberts	HR,	Stinchcombe	TE,	Gabriel	DA.	The	dysfibrinogenaemias.	Br	J
Haematol.	2001;114:249-257.

20.	Bornikova	L,	Peyvandi	F,	Allen	G,	Bernstein	J,	Manco-Johnson	MJ.
Fibrinogen	replacement	therapy	for	congenital	fibrinogen	deficiency.	J
Thromb	Haemost.	2011;9:1687-1704.

21.	Nugent	DJ,	Ashley	C,	García-Talavera	J,	Lo	LC,	Mehdi	AS,	Mangione	A.
Pharmacokinetics	and	safety	of	plasma-derived	factor	XIII	concentrate
(human)	in	patients	with	congenital	factor	XIII	deficiency.	Haemophilia.
2015;21(1):95-101.

22.	Lancellotti	S,	Basso	M,	De	Cristofaro	R.	Congenital	prothrombin
deficiency:	an	update.	Semin	Thromb	Hemost.	2013;39:596-606.

23.	Andrews	RK,	Berndt	MC.	Bernard-Soulier	syndrome:	an	update.	Semin
Thromb	Hemost.	2013;39:656-662.

24.	Thalji	N,	Camire	RM.	Parahemophilia:	new	insights	into	factor	v
deficiency.	Semin	Thromb	Hemost.	2013;39:607-612.

25.	Franchini	M,	Lippi	G.	Acquired	factor	V	inhibitors:	a	systematic	review.	J
Thromb	Thrombolysis.	2011;31:449-457.

26.	Zheng	C,	Zhang	B.	Combined	deficiency	of	coagulation	factors	V	and	VIII:
an	update.	Semin	Thromb	Hemost.	2013;39:613-620.

27.	Mariani	G,	Bernardi	F.	Factor	VII	deficiency.	Semin	Thromb	Hemost.
2009;35:400-406.

28.	Ageno	W,	Gallus	AS,	Wittkowsky	A,	Crowther	M,	Hylek	EM,	Palareti	G.
Oral	anticoagulant	therapy.	Chest.	2012;141:e44S-e88S.

29.	King	N,	Tran	MH.	Long-acting	anticoagulant	rodenticide	(Superwarfarin)
poisoning:	a	review	of	its	historical	development,	epidemiology,	and	clinical
management.	Transfus	Med	Rev.	2015;29(4):250-258.

30.	Menegatti	M,	Peyvandi	F.	Factor	X	deficiency.	Semin	Thromb	Hemost.
2009;35:407-415.

31.	Seligsohn	U.	Factor	XI	deficiency.	Thromb	Haemost.	1993;70:68-71.
32.	Bolton-Maggs	PH,	Patterson	DA,	Wensley	RT,	Tuddenham	EG.	Definition
of	the	bleeding	tendency	in	factor	XI-deficient	kindreds--a	clinical	and
laboratory	study.	Thromb	Haemost.	1995;73:194-202.



33.	Berliner	S,	Horowitz	I,	Martinowitz	U,	Brenner	B,	Seligsohn	U.	Dental
surgery	in	patients	with	severe	factor	XI	deficiency	without	plasma
replacement.	Blood	Coagul	Fibrinolysis.	1992;3:465-468.

34.	Duga	S,	Salomon	O.	Congenital	factor	XI	deficiency:	an	update.	Semin
Thromb	Hemost.	2013;39:621-631.

35.	de	Jager	T,	Pericleous	L,	Kokot-Kierepa	M,	et	al.	The	burden	and
management	of	FXIII	deficiency.	Haemophilia.	2014;20:733-740.

36.	Weston	BW,	Monahan	PE.	Familial	deficiency	of	vitamin	K-dependent
clotting	factors.	Haemophilia.	2008;14:1209-1213.

37.	Tefre	KL,	Ingerslev	J,	Sorensen	B.	Clinical	benefit	of	recombinant	factor
VIIa	in	management	of	bleeds	and	surgery	in	two	brothers	suffering	from	the
Bernard–Soulier	syndrome.	Haemophilia.	2009;15:281-284.

38.	Solh	T,	Botsford	A,	Solh	M.	Glanzmann’s	thrombasthenia:	pathogenesis,
diagnosis,	and	current	and	emerging	treatment	options.	J	Blood	Med.
2015;6:219-227.

39.	Di	Paola	J,	Johnson	J.	Thrombocytopenias	due	to	gray	platelet	syndrome	or
THC2	mutations.	Semin	Thromb	Hemost.	2011;37:690-697.

40.	Nurden	AT,	Nurden	P.	Inherited	disorders	of	platelet	function:	selected
updates.	J	Thromb	Haemost.	2015;13(Suppl	1):S2-S9.

41.	Vermeer	C,	Hamulyák	K.	Pathophysiology	of	vitamin	K-deficiency	and
oral	anticoagulants.	Thromb	Haemost.	1991;66:153-159.

42.	Tripodi	A,	Mannucci	PM.	The	coagulopathy	of	chronic	liver	disease.	N
Engl	J	Med.	2011;365:147-156.

43.	Green	G,	Poller	L,	Thomson	JM,	Dymock	IW.	Factor	VII	as	a	marker	of
hepatocellular	synthetic	function	in	liver	disease.	J	Clin	Pathol.
1976;29:971-975.

44.	Bennett	CL,	Kim	B,	Zakarija	A,	et	al.	Two	mechanistic	pathways	for
thienopyridine-associated	thrombotic	thrombocytopenic	purpura:	a	report
from	the	SERF-TTP	Research	Group	and	the	RADAR	Project.	J	Am	Coll
Cardiol.	2007;50:1138-1143.

45.	Boks	AL,	Brommer	EJ,	Schalm	SW,	Van	Vliet	HH.	Hemostasis	and
fibrinolysis	in	severe	liver	failure	and	their	relation	to	hemorrhage.
Hepatology.	1986;6:79-86.

46.	Ewe	K.	Bleeding	after	liver	biopsy	does	not	correlate	with	indices	of
peripheral	coagulation.	Dig	Dis	Sci.	1981;26:388-393.

47.	Caldwell	SH.	Management	of	coagulopathy	in	liver	disease.	Gastroenterol



Hepatol	(N	Y).	2014;10:330-332.
48.	Kreuz	W,	Meili	E,	Peter-Salonen	K,	et	al.	Efficacy	and	tolerability	of	a
pasteurised	human	fibrino-gen	concentrate	in	patients	with	congenital
fibrinogen	deficiency.	Transfus	Apher	Sci.	2005;32:247-253.

49.	Djambas	Khayat	C,	El	Khorassani	M,	Lambert	T,	et	al.	Clinical
pharmacology,	efficacy	and	safety	study	of	a	triple-secured	fibrinogen
concentrate	in	adults	and	adolescent	patients	with	congenital	fibrinogen
deficiency.	J	Thromb	Haemost.	2019;17:635-644.

50.	Lasky	J,	Teitel	J,	Wang	M,	Dalton	D,	Schmidt	DS,	Brainsky	A.	Fibrinogen
concentrate	for	bleeding	in	patients	with	congenital	fibrinogen	deficiency:
observational	study	of	efficacy	and	safety	for	prophylaxis	and	treatment.	Res
Pract	Thromb	Haemost.	2020;4:1313-1323.

51.	Levi	M.	Diagnosis	and	treatment	of	disseminated	intravascular	coagulation.
Int	J	Lab	Hematol.	2014;36:228-236.

52.	Wada	H,	Matsumoto	T,	Aota	T,	Yamashita	Y.	Progress	in	diagnosis	and
treatment	for	disseminated	intravascular	coagulation	[in	Japanese].	Rinsho
Ketsueki.	2015;56:169-176.

53.	Taylor	FBJr,	Toh	CH,	Hoots	WK,	Wada	H,	Levi	M.	Towards	definition,
clinical	and	laboratory	criteria,	and	a	scoring	system	for	disseminated
intravascular	coagulation.	Thromb	Haemost.	2001;86:1327-1330.

54.	Czul	F,	Barkin	JS.	Continuous-flow	left	ventricular	assist	device,	valvular
disease,	and	acquired	von	Willebrand	Syndrome.	Clin	Gastroenterol
Hepatol.	2015;13:1376-1377.

55.	Franchini	M,	Crestani	S,	Frattini	F,	Sissa	C,	Bonfanti	C.	Hemostatic	agents
for	bleeding:	recombinant-activated	factor	VII	and	beyond.	Semin	Thromb
Hemost.	2015;41:342-347.

56.	Slofstra	SH,	van’t	Veer	C,	Buurman	WA,	Reitsma	PH,	ten	Cate	H,	Spek
CA.	Low	molecular	weight	heparin	attenuates	multiple	organ	failure	in	a
murine	model	of	disseminated	intravascular	coagulation.	Crit	Care	Med.
2005;33:1365-1370.

57.	Levi	M.	Disseminated	intravascular	coagulation:	what’s	new?	Crit	Care
Clin.	2005;21:449-467.

58.	Feinstein	DI.	Diagnosis	and	management	of	disseminated	intravascular
coagulation:	the	role	of	heparin	therapy.	Blood.	1982;60:284-287.

59.	Gando	S.	Hemostasis	and	thrombosis	in	trauma	patients.	Semin	Thromb
Hemost.	2015;41:26-34.



60.	Armand	R,	Hess	JR.	Treating	coagulopathy	in	trauma	patients.	Transfus
Med	Rev.	2003;17:223-231.

61.	McDaniel	LM,	Etchill	EW,	Raval	JS,	et	al.	State	of	the	art:	massive
transfusion.	Transfus	Med	Rev.	2014;24:138-144.

62.	Tobin	JM,	Tanaka	K,	Smith	CE.	Factor	concentrates	in	trauma.	Curr	Opin
Anaesthesiol.	2015;28:217-226.

63.	Stansfield	R,	Morris	D,	Jesulola	E.	The	use	of	Tranexamic	Acid	(TXA)	for
the	management	of	hemorrhage	in	trauma	patients	in	the	prehospital
environment:	literature	review	and	descriptive	analysis	of	principal	themes.
Shock.	2020;53(3):277-283.

64.	CRASH-2	trial	collaborators,	Shakur	H,	Roberts	I,	et	al.	Effects	of
tranexamic	acid	on	death,	vascular	occlusive	events,	and	blood	transfusion	in
trauma	patients	with	significant	haemorrhage	(CRASH-2):	a	randomised,
placebo-controlled	trial.	Lancet.	2010;376(9734):23-32.

65.	Dewan	Y,	Komolafe	EO,	Mejía-Mantilla	JH,	et	al.	CRASH-3	-	tranexamic
acid	for	the	treatment	of	significant	traumatic	brain	injury:	study	protocol	for
an	international	randomized,	double-blind,	placebo-controlled	trial.	Trials.
2012;13:87.

66.	Franchini	M,	Mannucci	PM.	Acquired	haemophilia	A:	a	2013	update.
Thromb	Haemost.	2013;110:1114-1120.

67.	Kershaw	G,	Favaloro	EJ.	Laboratory	identification	of	factor	inhibitors:	an
update.	Pathology.	2012;44:293-302.

68.	Tiede	A,	Werwitzke	S,	Scharf	RE.	Laboratory	diagnosis	of	acquired
hemophilia	A:	limitations,	consequences,	and	challenges.	Semin	Thromb
Hemost.	2014;40:803-811.

69.	Tiede	A,	Amano	K,	Ma	A,	et	al.	The	use	of	recombinant	activated	factor
VII	in	patients	with	acquired	haemophilia.	Blood	Rev.	2015;29(suppl	1):S19-
S25.

70.	Borg	JY,	Négrier	C,	Durieu	I,	et	al.	FEIBA	in	the	treatment	of	acquired
haemophilia	A:	results	from	the	prospective	multicentre	French	‘FEIBA	dans
l’hémophilie	A	acquise’	(FEIBHAC)	registry.	Haemophilia.	2015;21:330-
337.

71.	Janbain	M,	Leissinger	CA,	Kruse-Jarres	R.	Acquired	hemophilia	A:
emerging	treatment	options.	J	Blood	Med.	2015;8:143-150.

72.	Collins	P,	Baudo	F,	Knoebl	P,	et	al.	Immunosuppression	for	acquired
hemophilia	A:	results	from	the	European	Acquired	Haemophilia	registry



(EACH2).	Blood.	2012;120:47-55.
73.	Boles	JC,	Key	NS,	Kasthuri	R,	Ma	AD.	Single-center	experience	with
rituximab	as	first-line	immunosuppression	for	acquired	hemophilia.	J
Thromb	Haemost.	2011;9:1429-1431.

74.	Konkle	BA.	Acquired	disorders	of	platelet	function.	Hematology	Am	Soc
Hematol	Educ	Program.	2011;2011:391-396.

75.	Derry	S,	Loke	YK.	Risk	of	gastrointestinal	haemorrhage	with	long	term	use
of	aspirin:	meta-analysis.	BMJ.	2000;321:1183-1187.

76.	Weisman	SM,	Graham	DY.	Evaluation	of	the	benefits	and	risks	of	low-dose
aspirin	in	the	secondary	prevention	of	cardiovascular	and	cerebrovascular
events.	Arch	Intern	Med.	2002;162:2197-2202.

77.	Delaney	JA,	Opatrny	L,	Brophy	JM,	Suissa	S.	Drug	drug	interactions
between	antithrombotic	medications	and	the	risk	of	gastrointestinal	bleeding.
Can	Med	Assoc	J.	2007;177:347-351.

78.	McQuaid	KR,	Laine	L.	Systematic	review	and	meta-analysis	of	adverse
events	of	low-dose	aspirin	and	clopidogrel	in	randomized	controlled	trials.
Am	J	Med.	2006;119:624-638.

79.	Guthrie	R.	Review	and	management	of	side	effects	associated	with
antiplatelet	therapy	for	prevention	of	recurrent	cerebrovascular	events.	Adv
Ther.	2011;28:473-482.

80.	Goto	S.	Cilostazol:	Potential	mechanism	of	action	for	antithrombotic	effects
accompanied	by	a	low	rate	of	bleeding.	Atherosclerosis	Suppl.	2005;6(4):3-
11.

81.	Angiolillo	DJ,	Schneider	DJ,	Bhatt	DL,	et	al.	Pharmacodynamic	effects	of
cangrelor	and	clopidogrel:	the	platelet	function	substudy	from	the	cangrelor
versus	standard	therapy	to	achieve	optimal	management	of	platelet	inhibition
(CHAMPION)	trials.	J	Thromb	Thrombolysis.	2012;34:44-55.

82.	Memon	MA,	Blankenship	JC,	Wood	GC,	Frey	CM,	Menapace	FJ.
Incidence	of	intracranial	hemorrhage	complicating	treatment	with
glycoprotein	IIb/IIIa	receptor	inhibitors:	a	pooled	analysis	of	major	clinical
trials.	Am	J	Med.	2000;109:213-217.

83.	Merlini	PA,	Rossi	M,	Menozzi	A,	et	al.	Thrombocytopenia	caused	by
abciximab	or	tirofiban	and	its	association	with	clinical	outcome	in	patients
undergoing	coronary	stenting.	Circulation.	2004;109:2203-2206.

84.	Shen	YMP,	Frenkel	EP.	Acquired	platelet	dysfunction.	Hematol	Oncol	Clin
North	Am.	2007;21:647-661.



85.	Ho	SJ,	Gemmell	R,	Brighton	TA.	Platelet	function	testing	in	uraemic
patients.	Hematology.	2008;13(1):49-58.

86.	Sohal	AS,	Gangji	AS,	Crowther	MA,	Treleaven	D.	Uremic	bleeding:
pathophysiology	and	clinical	risk	factors.	Thromb	Res.	2006;118:417-422.

87.	Steiner	RW,	Coggins	C,	Carvalho	AC.	Bleeding	time	in	uremia:	a	useful
test	to	assess	clinical	bleeding.	Am	J	Hematol.	1979;7:107-117.

88.	Hedges	SJ,	Dehoney	SB,	Hooper	JS,	Amanzadeh	J,	Busti	AJ.	Evidence-
based	treatment	recommendations	for	uremic	bleeding.	Nat	Clin	Pract
Nephrol.	2007;3:138-153.

89.	Lee	HK,	Kim	YJ,	Jeong	JU,	Park	JS,	Chi	HS,	Kim	SB.	Desmopressin
improves	platelet	dysfunction	measured	by	in	vitro	closure	time	in	uremic
patients.	Nephron	Clin	Pract.	2010;114:c248-c52.

90.	Davenport	R.	Cryoprecipitate	for	uremic	bleeding.	Clin	Pharm.
1991;10:429.

91.	Zhou	XJ,	Vaziri	ND.	Defective	calcium	signalling	in	uraemic	platelets	and
its	amelioration	with	long-term	erythropoietin	therapy.	Nephrol	Dial
Transplant.	2002;17:992-997.

92.	Elliott	MA,	Tefferi	A.	Thrombosis	and	haemorrhage	in	polycythaemia	vera
and	essential	thrombocythaemia.	Br	J	Haematol.	2005;128:275-290.

93.	Tefferi	A,	Barbui	T.	Polycythemia	vera	and	essential	thrombocythemia:
2015	update	on	diagnosis,	risk-stratification	and	management.	Am	J
Hematol.	2015;90:162-173.

94.	Vincentelli	A,	Susen	S,	Le	Tourneau	T,	et	al.	Acquired	von	Willebrand
syndrome	in	aortic	stenosis.	N	Engl	J	Med.	2003;349:343-349.

95.	Federici	AB,	Budde	U,	Castaman	G,	Rand	JH,	Tiede	A.	Current	diagnostic
and	therapeutic	approaches	to	patients	with	acquired	von	Willebrand
syndrome:	a	2013	update.	Semin	Thromb	Hemost.	2013;39:191-201.

96.	Saif	MA,	Thachil	J,	Brown	R,	et	al.	Is	it	congenital	or	acquired	von
Willebrands	disease?	Haemophilia.	2015;21:338-342.

97.	Mulliez	SMN,	De	Keyser	F,	Verbist	C,	et	al.	Lupus	anticoagulant-
hypoprothrombinemia	syndrome:	report	of	two	cases	and	review	of	the
literature.	Lupus.	2015;24:736-745.

98.	Furie	B,	Voo	L,	McAdam	KP,	Furie	BC.	Mechanism	of	factor	X	deficiency
in	systemic	amyloidosis.	N	Engl	J	Med.	1981;304:827-830.

99.	Austin	SK,	Kavakli	K,	Norton	M,	Peyvandi	F,	Shapiro	A,	FX	Investigators
Group.	Efficacy,	safety	and	pharmacokinetics	of	a	new	high-purity	factor	X



concentrate	in	subjects	with	hereditary	factor	X	deficiency.	Haemophilia.
2016;22:419-425.

100.	Lim	MY,	McCarthy	T,	Chen	SL,	Rollins-Raval	MA,	Ma	AD.	Importance
of	pharmacokinetic	studies	in	the	management	of	acquired	factor	X
deficiency.	Eur	J	Haematol.	2015;96:60-64.



Chapter	88
Transfusion	Therapy
Yong	(David)	Zhao,	Terry	B.	Gernsheimer,	Vishesh	Chhibber

KEY	POINTS:
1.	 Transfusion	support	is	often	necessary	in	decreasing	morbidity	and

mortality	of	critically	ill	patients.
2.	 Although	optimum	transfusion	trigger	values	are	not	well	defined	for

all	patient	populations,	a	restrictive	transfusion	threshold	is	generally
preferred	for	most	(nonbleeding)	patients.

3.	 The	response	to	red	cell	transfusion	will	depend	on	intravascular
volume,	but	it	can	be	estimated	that	1	unit	of	red	cells	will	increase
the	hematocrit	by	approximately	3%	for	a	nonbleeding	patient.

4.	 For	briskly	bleeding	trauma	patients	that	require	massive
transfusion,	a	strategy	of	equal	numbers	of	red	cells	units	to	plasma
and	platelets	appears	to	be	beneficial.

5.	 The	threshold	of	thrombocytopenia	at	which	bleeding	may	occur	will
vary	depending	on	the	patient’s	clinical	condition	but	spontaneous
bleeding	generally	does	not	occur	until	the	platelet	count	falls	below
10,000	per	µL.

6.	 Plasma	transfusion	is	indicated	in	actively	bleeding	patients	with
documented	coagulation	factor	deficiencies	but	plasma	transfusion	is
usually	inappropriate	to	correct	laboratory	abnormalities	in
nonbleeding	patients.

7.	 When	urgent	reversal	of	a	vitamin	K	antagonist	is	necessary,	a	4-
factor	prothrombin	complex	concentrate	(in	conjunction	with	vitamin
K)	is	preferable	to	plasma.

8.	 Convalescent	plasma,	prepared	from	individuals	who	have
recovered	from	a	specific	infection,	contains	polyclonal	antibodies	to



the	pathogen	and	can	provide	passive	immunity	to	at-risk	patients.
9.	 Cryoprecipitate	is	prepared	from	plasma	and	contains	concentrated

amounts	of	fibrinogen,	von	Willebrand	factor,	factor	VIII,	factor	XIII,
and	fibronectin.

10.	 Careful	selection	of	volunteer	donors	using	donor	history
questionnaires	and	infectious	disease	testing	of	donors	limits	but
does	not	eliminate	the	risk	of	infectious	disease	transmission	from
transfusion.

11.	 As	some	transfusion	reactions	are	dose	dependent,	a	transfusion
should	be	stopped	immediately	if	a	transfusion	reaction	is	suspected.

INTRODUCTION
1 	 Transfusion	 support	 can	 be	 a	 key	 element	 in	 decreasing	 morbidity	 and
mortality	 of	 the	 critically	 ill	 patient	 by	 the	 support	 of	 oxygen	 delivery	 and
correction	 of	 hemostatic	 abnormalities.	 An	 understanding	 of	 the	 benefits,
limitations,	and	risks	of	blood	component	therapy	is	of	fundamental	importance
in	 the	 intensive	 care	 setting.	This	 chapter	outlines	blood	components	 available
for	transfusion,	their	appropriate	dosages,	and	therapeutic	effects.	Complications
of	transfusion	therapy,	including	infectious	risks,	transfusion	reactions,	effects	of
storage,	 and	 immunomodulatory	 effects,	 as	well	 as	methods	 to	minimize	 these
complications,	are	also	discussed.

BLOOD	COMPONENT	THERAPY

Cellular	Blood	Components

Red	Blood	Cells
A	thoughtful	transfusion	policy	depends	on	the	time	the	anemia	developed	over
and	can	be	expected	to	continue;	additional	medical	problems	that	may	make	a
patient	 more	 susceptible	 to	 anemia,	 such	 as	 tissue	 ischemia	 and	 pulmonary
disease;	and	whether	there	is	rapid,	ongoing	blood	loss.

One	 unit	 of	 “packed”	 red	 blood	 cells	 (pRBCs)	 contains	 approximately
200	mL	RBCs,	usually	less	than	50	mL	plasma,	and	an	additive	that	brings	the



component	 to	 300	 to	 350	 mL	 in	 total	 volume.	 A	 unit	 of	 pRBCs	 is	 most
commonly	produced	by	collection	of	450	to	500	mL	of	whole	blood	into	a	bag
that	contains	citrate	as	an	anticoagulant.	The	unit	of	whole	blood	is	centrifuged
to	separate	the	red	blood	cells	(RBCs)	from	plasma/platelets	and	a	nutrient-rich
additive	 solution	 is	 added	 to	 the	RBCs	 to	 extend	 the	 shelf	 life	 of	 the	 pRBCs.
Depending	upon	the	anticoagulant	and	additive	solutions	used,	the	storage	life	at
4	 °C	 will	 be	 from	 21	 to	 42	 days.	 RBC	 storage	 has	 multiple	 theoretical	 and
measurable	 effects.	As	RBCs	 are	 stored,	 intracellular	 potassium	 leaks	 into	 the
plasma	space.	2,3-Diphosphoglyceric	acid	(2,3-DPG)	may	also	be	depleted	from
the	 RBCs,	 which	 theoretically	 could	 cause	 increased	 oxygen	 affinity	 and
decreased	 release	 of	 oxygen	 at	 the	 tissues.1	 This	 effect	 reverses	 after	 several
hours	in	vivo,	but	may	be	clinically	significant	in	the	patient	undergoing	massive
transfusion.	Stored	pRBCs	also	have	elevated	plasma	ammonia	levels,	elevated
partial	pressure	of	CO2,	lowered	pH,	and	increased	amounts	of	microaggregates,
and	 the	 RBCs	 undergo	 changes	 in	 shape	 and	 deformability,	 thereby	 making
transit	through	small	vessels	more	difficult.	These	all	have	theoretical	effects	on
oxygen	delivery	when	given	rapidly	 in	 large	amounts.	Massive	 transfusion	can
also	theoretically	result	in	hypocalcemia	and	hyperkalemia.

In	 1993,	 Marik	 and	 Sibbald2	 reported	 the	 incidental	 finding	 of	 increased
gastric	pH	in	23	patients	with	septic	shock	transfused	with	3	units	of	pRBC,	but
Walsh	 failed	 to	 find	 a	 similar	 effect	 in	 a	 small	 randomized	 control	 trial	 in	 22
patients	 with	 septic	 shock	 transfused	 with	 pRBC	 stored	 for	 <5	 or	 >20	 days.3
Since	that	time,	small	prospective	trials	and	retrospective	studies	examining	the
effects	 of	 RBC	 age	 at	 transfusion	 have	 yielded	 conflicting	 results.4-6	 A
prospective,	 blinded	 randomized	 trial	 of	 2400	 critically	 ill	 patients	 comparing
RBCs	 stored	 for	 less	 than	 8	 days	 or	 standard	 issue	 (mean	 22.0	 ±	 8.4	 days)
showed	 no	 difference	 in	 90-day	 mortality	 nor	 adverse	 outcomes	 between	 the
groups.7	A	prospective	trial	in	nearly	1100	patients	undergoing	complex	cardiac
surgery	randomized	patients	aged	12	years	or	older	to	receive	red	cells	stored	for
10	days	or	less	or	21	days	or	more.8	No	difference	between	the	groups	was	found
in	 Multiple	 Organ	 Dysfunction	 Score,	 7-	 and	 28-day	 mortality,	 or	 adverse
events,	 although	 hyperbilirubinemia	 was	 more	 common	 in	 the	 longer-term
storage	 group.	 The	 effect	 of	 storage	 age	 remains	 controversial,	 particularly	 in
neonates	 and	 pediatric	 patients9	 and	 will	 require	 additional	 prospective
randomized	clinical	trials	before	the	true	clinical	significance	of	storage	age	and
the	nature	of	the	effect	becomes	clear.10

Other	than	factors	V	and	VIII,	the	activity	of	most	coagulation	factors	is	quite
stable	 during	 storage,	 even	 after	 2	weeks;	 therefore,	whole	 blood	 (without	 the
plasma	 removed)	 is	 increasingly	 being	 transfused	 to	 trauma	 patients	 on	 initial



presentation	when	 available.	 These	 patients	 usually	 present	with	 coagulopathy
and	bleeding,	and	benefit	from	both	the	red	cells	as	well	as	the	plasma	and	any
viable	platelets	in	the	unit	of	whole	blood.	Additionally,	whole	blood	transfusion
limits	 donor	 exposure	 in	 these	 patients	 who	 often	 need	 administration	 of
multiple	products	(eg,	red	cells	and	plasma)	during	massive	transfusion.11	Factor
V	levels	 in	stored	whole	blood	are	well	above	50%	and	 therefore	adequate	 for
hemostasis.	Factor	VIII	is	produced	by	endothelial	cells	as	well	as	by	the	liver,
and	the	levels	increase	in	the	setting	of	inflammation,	so	a	decrease	with	storage
may	 be	 less	 clinically	 relevant.	Another	 benefit	 of	whole	 blood	 transfusion	 in
this	 patient	 population	 is	 intravascular	 volume	 expansion	 in	 addition	 to	 the
increased	oxygen-carrying	capacity.

The	 primary	 function	 of	 hemoglobin	 in	 RBCs	 is	 to	 transport	 oxygen
efficiently	from	the	lungs	to	the	various	tissues	of	the	body.	Oxygen	transport	is
a	complex	process	regulated	by	several	control	mechanisms,	involving	the	heart
and	vascular	 system.	The	most	 important	 functional	 feature	of	 the	hemoglobin
molecule	is	its	ability	to	combine	loosely	and	reversibly	with	oxygen.	Decreased
hemoglobin	 oxygen	 affinity	 and	 increased	 tissue	 oxygen	 delivery	 occurs	 with
increased	 temperature	 and	 decreased	 pH,	 when	 there	 are	 increased	 tissue
requirements.	 Oxygen	 is	 also	 less	 tightly	 bound	 when	 2,3-DPG	 levels	 are
increased,	 which	 are	 increased	 in	 chronically	 ill	 patients.12	 In	 the	 seriously	 ill
patient	 with	 severe	 acidosis	 and	 septic	 shock,	 however,	 2,3-DPG	 levels	 may
decrease,	resulting	in	decreased	tissue	oxygen	delivery.

Transfusion	Threshold
2 	 In	 a	 normovolemic,	 otherwise	 healthy	 individual,	 the	 effect	 of	 a	 decreased
hematocrit	 is	 decreased	 blood	 viscosity	 and	 a	 compensatory	 augmentation	 of
cardiac	 output	 and	 blood	 flow	 to	 most	 organs.13	 Human	 and	 animal	 studies
reveal	 remarkable	 tolerance	 for	 hematocrit	 levels	 as	 low	 as	 15%,14,15	 but	 an
optimum	value	has	not	been	well	defined	and	is	very	dependent	on	the	patient’s
physiologic	 state.	 Advocates	 of	 restrictive	 transfusion	 strategies	 point	 out	 that
transfusing	to	normal	hemoglobin	concentrations	does	not	improve	organ	failure
and	mortality	in	the	critically	ill	patient16	and	that	data	suggests	transfusion	may
actually	be	associated	with	increased	infection	rates,	morbidity,	and	mortality.17
The	 proponents	 of	 more	 liberal	 transfusion	 strategies	 point	 out	 the	 possible
detrimental	effects	that	may	be	associated	with	oxygen	debt.18

A	decrease	in	the	hematocrit	also	involves	a	redistribution	of	blood	flow	away
from	the	endocardium	and	may	have	adverse	effects	on	ischemic	cardiac	tissue.
Postoperative	patients	with	known	vascular	disease	and	hematocrits	<28%	have



been	 shown	 to	 have	 a	 significant	 increase	 in	myocardial	 ischemia	 and	morbid
cardiac	events,19	and	in	one	study	that	retrospectively	evaluated	patients	refusing
transfusion	 on	 religious	 grounds,	 low	 preoperative	 hemoglobin	was	 associated
with	 increased	morbidity	 and	mortality	 in	 patients	with	 cardiovascular	 disease
undergoing	 surgery.20	 However,	 in	 a	 large	 multicenter,	 randomized	 trial,	 there
were	 no	 differences	 in	 adverse	 outcomes	 when	 patients	 with	 cardiac	 disease
were	transfused	at	a	hemoglobin	threshold	of	7.0	vs	10	g.21	In	this	study	of	more
than	800	patients,	 less	 acutely	 ill,	 younger	patients	 (<55	years	of	 age)	without
cardiac	 disease	who	were	 randomized	 to	 the	more	 liberal	 (higher)	 transfusion
trigger	had	a	higher	overall	mortality	rate.	A	restrictive	RBC	transfusion	strategy
also	 did	 not	 adversely	 affect	 outcomes	 related	 to	 mechanical	 ventilation.22	 In
postoperative	 patients	 without	 cardiovascular	 disease,	 few	 studies	 support
interference	 with	 wound	 healing	 or	 increased	 anesthesia	 risk	 at	 hemoglobin
levels	of	<10	g	per	dL,23	and	hemoglobin	values	as	low	as	7	g	per	dL,	appear	to
be	safe	in	otherwise	healthy	individuals.24

A	systematic	review	of	11	observational	studies	of	RBC	transfusion	involving
more	 than	 290,000	 patients	 with	 acute	 coronary	 syndromes	 suggested	 that
transfusion	 thresholds	 less	 than	 8	 g	 per	 dL	 of	 hemoglobin	 appeared	 to	 be
beneficial	 or,	 at	worst,	 neutral,	whereas	 there	was	 a	 suggestion	 of	 harm	when
transfusion	 was	 undertaken	 at	 hemoglobin	 levels	 above	 11	 g	 per	 dL.	 Elderly
patients	with	known	cardiovascular	 risk	 factors	 undergoing	hip	 surgery	do	not
experience	 improvements	 in	mortality,	 in-hospital	morbidity,	 or	mobility	when
transfused	 at	 a	 hemoglobin	 threshold	 of	 10	 vs	 8	 g	 per	 dL.25	 A	 prospective
randomized	 trial	 of	 2000	 patients	 in	 the	 United	 Kingdom	 compared	 a
hemoglobin	transfusion	threshold	of	<9	g	per	dL	to	a	threshold	<7.5	g	per	dL.26
Although	 there	 were	 more	 deaths	 in	 the	 restrictive-threshold	 group	 (4.2%	 vs
2.6%;	 hazard	 ratio,	 1.64;	 95%	 confidence	 interval,	 1.00-2.67;	 P	 =	 .045),	 the
primary	 outcomes	 of	 serious	 infection	 or	 an	 ischemic	 event	 did	 not	 differ
between	 the	 groups.	 Further	 study	 in	 this	 patient	 population	 is	 needed	 to
determine	optimum	transfusion	thresholds,	particularly	 in	 the	setting	of	cardiac
surgery	and	intracardiac	devices	and	major	vascular	surgery	where	perioperative
transfusion	 may	 be	 independently	 associated	 with	 increased	 morbidity	 and
mortality.27

Other	 patient	 populations	 have	 specifically	 been	 evaluated	 in	 prospective
randomized	 trials	 for	 optimum	 hemoglobin	 threshold	 for	 red	 cell	 transfusion.
Restrictive	 transfusion	 thresholds	 of	 <7	 g	 per	 dL	 were	 not	 associated	 with
increased	 mortality	 or	 adverse	 outcomes	 in	 patients	 with	 septic	 shock28	 and
significantly	 improved	 outcomes	 in	 patients	 with	 acute	 upper	 gastrointestinal
bleeding.29	 Studies	 in	 animal	 models30	 and	 in	 humans31,32	 reveal	 that	 platelet



function	 and	 interaction	 with	 subendothelium	 decline	 at	 lower	 hematocrits;
however,	 whether	 higher	 hematocrits	 protect	 against	 bleeding	 in	 the
thrombocytopenic	or	 thrombocytopathic	 (eg,	 uremic)	patient	 is	 not	 known	and
further	studies	are	needed.33

Blunted	erythropoietin	 responses	have	been	noted	 in	 critically	 ill	 pediatric34
and	 adult	 patients.35	 Long-term	 intensive	 care	 patients	 may	 not	 only	 fail	 to
increase	 their	 erythropoietin	 level	 in	 response	 to	 anemia,	 but	 may	 have
correctable	 nutritional	 deficiencies	 and	 iron	 profiles	 consistent	with	 anemia	 of
chronic	disease.	Although	erythropoietin	therapy	increases	RBC	production	and
appears	 to	 decrease	 transfusion	 needs,36-38	 the	 effect	 can	 take	 weeks	 and	 may
reduce	 blood	 cell	 transfusion	 only	minimally.	 It	 is	 an	 expensive	 alternative	 to
more	 restrictive	 transfusion	 strategies	 to	 reduce	 transfusion	 exposure	 in
appropriately	chosen	patients.

Therapeutic	Effects
3 	The	response	to	red	cell	transfusion	will	depend	on	intravascular	volume,	but	it
can	 be	 estimated	 that	 1	 unit	 of	 pRBC	 will	 increase	 the	 hematocrit	 by
approximately	 3%.	 It	 may	 take	 up	 to	 24	 hours	 while	 intravascular	 volume
equilibrates	 for	 full	effect.	A	stable	patient	 should	be	 transfused	only	1	unit	of
red	 cells	 before	 rechecking.	 Rapid	 ongoing	 red	 cell	 destruction	 or	 splenic
sequestration	may	also	affect	hematocrit	increment	and	red	cell	survival.

Emergency	Blood	Usage
4 	Uncrossmatched	 type	O	RBCs	can	be	used	 for	 a	bleeding	patient	when	 it	 is
judged	to	be	life-	or	organ	saving.	Type	O,	Rh-negative	RBCs	can	be	transfused
to	people	of	any	blood	with	only	a	slight	risk	of	hemolysis.	This	risk	increases	in
patients	 who	 have	 previously	 been	 transfused	 or	 pregnant	 and	 may	 have
preformed	antibodies	 to	non-ABO	blood	group	antigens.39	Type	O,	Rh-positive
RBCs	are	increasingly	being	used	for	women	who	are	beyond	childbearing	age
and	in	adult	males	due	to	the	low	inventories	of,	Rh-negative	RBCs.	As	85%	of
the	population	 is	Rh-positive,	 the	 risk	of	adverse	consequences	of,	Rh-positive
RBC	transfusion	is	limited	and	only	carries	immediate	risk	when	an	Rh-negative
patient	has	previously	been	immunized	to	RhD.	Even	in	these	cases,	the	majority
of	 patients	with	 anti-D	 antibodies	will	 not	 have	 immediate	 acute	 intravascular
hemolysis	(but	rather	a	slow	extravascular	hemolysis	with	a	small	risk	of	severe
adverse	 consequences).	Although	 anti-RhD	 (Rhogam)	may	be	given	within	48
hours	of	giving	a	transfusion	of	Rh-positive	blood	to	an	Rh-negative	woman	of
childbearing	age	to	decrease	her	likelihood	of	immunization,	this	is	generally	not



practical	due	to	the	large	amount	of	Rhogam	required	and	due	to	the	risk	of	the
patient	 having	 clinically	 significant	 hemolysis	 due	 to	 the	 Rhogam.	 For	 these
briskly	bleeding	patients,	a	strategy	of	equal	numbers	of	red	cells	units	to	plasma
and	platelets	(see	“Platelets”	section)	appears	to	be	beneficial	in	the	resuscitation
of	the	trauma	patient	requiring	massive	transfusion.40

Platelets
Platelets	are	essential	for	the	initial	phase	of	hemostasis.	Following	exposure	of
subendothelial	substances,	platelets	adhere	 to	 the	subendothelial	 tissues	by	von
Willebrand	 factor	 and	 other	 adhesive	 proteins.	 This	 initial	 adhesion	 activates
platelets,	causing	release	of	platelet	α	and	dense	granules.	Some	of	these	granule
contents,	 including	 factor	 V,	 fibrinogen,	 von	 Willebrand	 factor,	 and	 calcium,
move	to	the	extracellular	space	via	the	open	canalicular	system,	increasing	their
concentrations	 in	 the	 immediate	 “neighborhood”	 of	 the	 platelet.	With	 platelet
activation,	anionic	phospholipids	move	to	the	outer	membrane	surface,	forming
binding	 sites	 collectively	 known	 as	 Platelet	 Factor	 3,	 upon	which	 coagulation
factors	 can	 interact	 with	 calcium	 to	 form	 factors	 IXa,	 Xa,	 and	 thrombin.
Glycoprotein	 IIb-IIIa	 is	 exposed	 and	 binds	 fibrinogen,	 forming	 links	 between
platelets.	 Thrombin	 generation	 causes	 further	 platelet	 activation	 and	 converts
fibrinogen	to	fibrin,	resulting	in	a	platelet-fibrin	mass	that	can	effectively	cease
bleeding	 from	 a	 break	 in	 the	 endothelium.	 Fifteen	 percent	 of	 the	 platelet’s
protein	is	actin	and	myosin,	coupling	in	the	presence	of	increased	concentrations
of	 adenosine	 triphosphate	 and	 calcium,	 leading	 to	 cytoskeletal	 movement	 and
clot	retraction.

5 	The	threshold	of	thrombocytopenia	at	which	bleeding	may	occur	will	vary
depending	on	 the	patient’s	 clinical	 condition.	 In	general,	 spontaneous	bleeding
does	not	occur	until	the	platelet	count	falls	below	5000	to	10,000	per	µL.41-44	In	a
prospective	clinical	trial	of	600	patients	with	hematologic	malignancy,	waiting	to
transfuse	 platelets	 therapeutically	 upon	 observation	 of	 bleeding	 is	 associated
with	 increased	 bleeding.45	 The	 recommended	 “trigger”	 by	 the	 AABB	 for
prophylactic	 platelet	 transfusions	 in	 patients	 undergoing	 chemotherapy	 or
hematopoietic	stem	cell	 transplantation	 is	<10,000	per	µL.46	A	higher	“trigger”
may	be	indicated	in	febrile	patients;	those	on	anticoagulation	and/or	antiplatelet
agents;	 in	 the	 setting	of	coagulopathy	 (including	DIC);	during	active	bleeding;
for	 platelet	 dysfunction	 (eg,	 uremia);	 or	 for	 procedures.	 For	 the	 majority	 of
invasive	procedures,	including	lumbar	puncture,	a	platelet	count	of	30	to	50,000
per	 µL	 will	 be	 adequate.	 For	 high-risk	 procedures,	 such	 as	 neurologic	 or
ophthalmologic	surgeries,	a	platelet	count	of	100,000	per	µL	is	recommended	by



the	American	Society	of	Anesthesiology.47	Technique	and	experience	appear	 to
be	at	least	as	important	predictors	of	bleeding	following	placement	of	catheters
as	clotting	abnormalities,	even	in	patients	with	isolated	platelet	counts	<20,000
per	 µL.48	 The	 risk	 of	 bleeding	 with	 thrombocytopenia	 increases	 when
complicated	by	other	hemostatic	abnormalities.	Lower	platelet	transfusion	doses
seem	to	be	as	effective	in	preventing	bleeding	as	higher	doses,	but	patients	who
receive	 smaller	 doses	 require	more	 frequent	 transfusions,	making	 this	 strategy
less	appropriate	for	outpatient	transfusion.49

Platelet	counts	less	than	50,000	per	µL	are	associated	with	increased	risk	of
microvascular	 bleeding	 in	 the	 massively	 transfused	 patient.50	 In	 early	 studies,
platelet	transfusion	had	been	advocated	with	replacement	of	every	blood	volume
to	 avoid	 the	 effect	 of	 dilutional	 thrombocytopenia.51	 In	 the	 Pragmatic,
Randomized	 Optimal	 Platelet	 and	 Plasma	 Ratios	 (PROPPR)	 trial,	 platelet
concentrates	were	transfused	in	equal	numbers	to	units	of	red	cells	and	plasma.40
However,	 it	 is	 important	 to	 note	 that	 up	 to	 six	 platelet	 concentrates	 or	 their
equivalent	 are	 generally	 present	 in	 a	 platelet	 component	 prepared	 by	 the
transfusion	service.	Therefore,	one	platelet	transfusion	should	accompany	every
5	or	6	units	of	red	cells	and	plasma.

Higher	 transfusion	 triggers	 may	 be	 indicated	 with	 abnormal	 platelet
function.52	 Platelet	 function	 abnormalities	 may	 be	 congenital	 or	 acquired.
Medications,	 sepsis,	 malignancy,	 tissue	 trauma,	 obstetric	 complications,	 and
extracorporeal	 circulation	may	 all	 adversely	 affect	 platelet	 function.	 Liver	 and
kidney	disease	may	be	 associated	with	 severe	 thrombocytopathy.	Hypothermia
prolongs	bleeding	time	in	trauma	patients53	and	arterial	hemorrhage	in	animals.54
Glycoprotein	 IIb-IIIa	 inhibitors	 may	 affect	 platelet	 number	 and	 function.	 If
platelet	dysfunction	is	present,	the	patient	with	a	disrupted	vascular	system	(eg,
trauma	 or	 surgery)	 will	 require	 a	 higher	 platelet	 count	 to	 achieve	 hemostasis.
Higher	counts	may	be	necessary	 to	prevent	 spontaneous	bleeding	as	well.	The
transfused	platelets	may	quickly	become	dysfunctional	in	the	patient,	and	other
therapy	may	be	necessary,	such	as	dialysis,	desmopressin	acetate	(DDAVP)	and
estrogen	for	bleeding	in	renal	failure,55	rewarming	of	the	hypothermic	patient,	or
correction	of	acidosis.

In	several	situations,	platelet	transfusions	may	not	be	indicated	unless	there	is
significant	 bleeding.	 In	 autoimmune	 thrombocytopenias	 (eg,	 immune
thrombocytopenic	purpura	and	posttransfusion	purpura),	transfusion	increments
are	 usually	 poor,	 and	 platelet	 survival	 is	 short.	 Administration	 of	 intravenous
immune	globulin	in	high	doses	may	improve	transfusion	response	and	survival,
as	well	as	treat	the	underlying	disease.56	Because	of	reports	of	rapid	exacerbation
of	 the	 thrombotic	 process	 in	 the	 cerebrovascular	 circulation	 in	 patients	 with



thrombotic	thrombocytopenic	purpura	(TTP)	following	platelet	transfusion57	and
the	 association	 of	 arterial	 thrombosis	 and	 in-hospital	 mortality	 with	 platelet
transfusion	 in	 a	 large	 retrospective	 study	 of	 patients	 with	 TTP	 or	 heparin-
induced	 thrombocytopenia,58	 platelet	 transfusions	 are	 relatively	 contraindicated
in	TTP	unless	there	is	clinically	significant	bleeding.

Pooled	 random	 donor	 platelet	 concentrates	 are	 prepared	 from	 platelets	 that
have	 been	 harvested	 by	 centrifuging	 units	 of	 donated	whole	 blood	 (with	 each
random	donor	unit	having	an	approximate	volume	of	50	mL).	Generally,	4	to	8
units	of	platelets,	each	from	a	separate	donor,	can	be	pooled	into	a	single	bag	for
transfusion.	All	pooled	units	are	usually	from	the	same	ABO	type.	Alternatively,
the	equivalent	of	6	or	more	pooled	platelet	units	can	be	collected	from	a	single
collection	 from	 a	 donor	 using	 apheresis	 technology.	 These	 units	 (often	 called
“single	 donor	 platelets”	 or	 “apheresis	 platelets”)	 have	 approximately	 200	 to
400	mL	 of	 plasma	 in	 order	 to	maximize	 platelet	 viability.	 If	ABO	 compatible
platelets	 are	 unavailable,	 in	most	 cases,	 apheresis	 platelets	 or	 pooled	 platelets
with	ABO	incompatible	plasma	can	be	substituted	with	very	little	risk.	Although
the	 volume	 of	 incompatible	 plasma	 can	 be	 reduced	 using	 centrifugation,	most
institutions	do	not	perform	plasma	reduction	due	to	a	significant	loss	of	platelets
during	processing	as	well	as	some	 loss	of	platelet	 function	 in	 the	remainder	of
the	platelets	in	the	unit.	The	usual	adult	dose	for	platelets	is	one	apheresis	unit	or
a	pool	of	4	to	6	random	donor	platelets.

In	 a	 70-kg	 patient	 with	 a	 normal-sized	 spleen,	 each	 unit	 is	 expected	 to
increase	 the	 platelet	 count	 by	 approximately	 7000	 per	 µL	 (Table	 88.1)	 when
checked	 10	 minutes	 to	 1	 hour	 after	 transfusion.59	 The	 survival	 of	 transfused
platelets	 averages	 3	 to	 5	 days,	 but	 will	 decrease	 if	 a	 consumptive	 process	 is
present.	Platelet	concentrates	may	have	small	numbers	of	RBCs	and	leukocytes
depending	 on	 the	 techniques	 utilized	 during	 processing.	 Platelet	 units	must	 be
maintained	 at	 room	 temperature	 because	 platelets	 lose	 shape	 and	 release	 their
granular	contents	when	 refrigerated.	Apheresis	platelets	may	be	collected	 for	a
specific	 recipient	 from	 a	 family	 member	 or	 other	 human	 leukocyte	 antigen
(HLA)-compatible	donor	 for	patients	 that	have	become	 refractory	due	 to	HLA
alloimmunization.	Leukocyte	reduction	of	transfused	cellular	blood	components
is	the	best	way	to	reduce	the	rate	of	HLA	alloimmunization	in	patients	requiring
transfusion.60

TABLE	88.1

Expected	Platelet	Increment	with	Transfusiona



1	unitb 4	units 6	units

0.8	×	1011 3.2	×	1011 4.8	×	1011

50	lb/23	kg 17,600/µL 70,400/µL 105,600/µL

100	lb/45	kg 8,800 35,200 52,800

150	lb/68	kg 5,900 23,500 35,200

200	lb/91	kg 4,400 17,600 26,400

aIn	a	patient	with	a	normal	sized	spleen	and	without	platelet	antibodies.
bWhole	blood	platelets.	An	apheresis	platelet	component	contains	the	equivalent	of	4	to	8	units	of
whole	blood	platelets.

Granulocytes
The	 degree	 of	 granulocytopenia	 is	 directly	 related	 to	 the	 risk	 of	 infection.61
Although	antibiotics	have	improved	morbidity	and	mortality	in	patients	affected
by	prolonged	periods	of	neutropenia,	most	antimicrobials	are	less	effective	in	the
presence	of	granulocytopenia.	Bacterial	and,	more	particularly,	fungal	infections
remain	a	major	cause	of	death	in	hematopoietic	stem	cell	transplantation	patients
despite	 shortening	 of	 the	 period	 of	 neutropenia	 with	 hematopoietic	 growth
factors.62	Granulocytes	collected	by	continuous	flow	centrifugation	and	filtration
leukapheresis	function	normally	in	vitro	in	the	quantitative	nitroblue	tetrazolium,
oxygen	 consumption,	 and	 chemotaxis	 assays.63	 Bacterial	 killing	 by	 filtration
leukapheresis	granulocytes,	which	circulate	for	several	hours	post	transfusion,	is
only	slightly	decreased	compared	to	granulocytes	collected	by	continuous	flow
centrifugation.	Transfused	granulocytes	rapidly	migrate	to	sites	of	infection.64

Early	 studies	 showed	 promise	 for	 the	 use	 of	 granulocyte	 transfusion	 for
treatment	 of	 documented	 infections	 in	 neutropenic	 patients.65-67	 However,	 their
usefulness	in	the	prevention	of	infection	has	been	more	controversial68	owing	to
limitations	 in	 the	 ability	 to	 collect	 cells	 in	 sufficient	 amounts	 to	 provide	 an
effective	 transfusion	dose,	poor	 response	 to	granulocytes	 in	heavily	 transfused,
alloimmunized	 patients,69	 and	 the	 early	 development	 of	 alloimmunization	 in
patients	 transfused	 with	 granulocytes.70	 To	 this	 end,	 HLA-compatible	 donors
have	been	administered	corticosteroids	prior	to	granulocyte	collection	with	some
limited	success.	The	administration	of	granulocyte	colony-stimulating	factor	(G-
CSF)	has	been	 shown	 to	be	 safe	when	given	 to	normal	donors71	 and	has	been



administered	 to	 donors	 prior	 to	 collection	 to	 increase	 collection	 and
posttransfusion	 increments.72	 A	 study	 of	 granulocyte	 transfusion	 from	G-CSF-
stimulated	donors	failed	to	show	improvement	in	mortality	when	compared	to	no
transfusion;	 however,	 when	 data	 from	 centers	 that	 collected	 higher	 doses	 of
granulocytes	were	evaluated,	there	appeared	to	be	a	benefit.73

Plasma	Components

Plasma
Human	plasma	 can	be	 collected	by	plasmapheresis	 or	whole	blood	 collections
separated	 into	units	of	packed	 red	cells	and	plasma.	 It	may	be	 frozen	within	8
hours	of	collection	as	fresh	frozen	plasma	(FFP)	with	a	shelf	life	at	4	°C	for	24
hours.	It	 is	free	of	RBCs,	 leukocytes,	and	platelets,	and	contain	all	coagulation
factors	 in	 normal	 concentration.	 Plasma	 may	 also	 be	 provided	 as	 “thawed
plasma.”	These	components	are	prepared	by	methods	 similar	 to	FFP,	and	 their
factor	 concentrations	 differ	 only	 slightly	 (the	 levels	 of	 some	 heat-sensitive
coagulation	factors,	such	as	factor	V	and	factor	VIII,	are	slightly	lower).	All	will
be	 considered	 here	 collectively	 as	 “Plasma.”	One	 unit	 contains	 approximately
200	to	250	mL	and	must	be	ABO	compatible	(	is	the	universal	donor	type).	Rh
factor	 need	not	 be	 considered.	Because	 there	 are	no	viable	 leukocytes,	 plasma
carries	 minimal	 risk	 of	 cytomegalovirus	 (CMV)	 transmission	 or	 graft-vs-host
disease	(GVHD).

6 	 Plasma	 transfusion	 is	 indicated	 for	 patients	with	 documented	 coagulation
factor	 deficiencies	 and	 active	 bleeding.	 Plasma	 should	 not	 be	 used	 to	 correct
isolated	deficiencies	in	clotting	factors	when	a	concentrated	replacement	source,
such	 as	 factor	 VIII	 or	 IX,	 is	 available,	 because	 these	 concentrates	 are	 either
recombinant	or	have	undergone	processing	to	inactivate	viruses	and	can	correct
the	deficiency	using	a	much	smaller	infused	volume.	Factor	deficiencies	may	be
congenital	 or	 acquired,	 secondary	 to	 liver	 disease,	 warfarin	 anticoagulation,
disseminated	 intravascular	 coagulation	 (DIC),	 or	 massive	 replacement	 with
RBCs	and	crystalloid/colloid	solutions.	Usually,	 there	 is	an	 increase	of	at	 least
1.6	times	the	normal	prothrombin	time	(PT)	or	activated	partial	 thromboplastin
time	 (aPTT)	 before	 clinically	 important	 factor	 deficiency	 exists.	 This
corresponds	to	levels	of	most	factors	<20%	of	normal.	Above	these	levels,	most
routine	nonmajor	invasive	procedures	such	as	line	placement,	liver	biopsy,74	and
thoracentesis75	 are	 not	 associated	 with	 an	 increased	 risk	 of	 bleeding
complications;	 however,	 the	 acceptable	 upper	 limits	 of	 PT	 and	 aPTT	 prior	 to



invasive	procedures	have	not	been	evaluated	in	a	large	prospective	randomized
study	to	date.76-78

7 	 For	 the	 massively	 transfused	 patient,	 consumption	 and	 dilution	 of
coagulation	factors	may	cause	rapid	development	of	coagulopathy.	Patients	with
a	PT	or	aPTT	ratio	(reference	midrange	normal	value	divided	by	actual)	≥1.8	had
an	80%	to	85%	chance	of	exhibiting	microvascular	bleeding,	and	either	of	these
tests	should	be	closely	monitored	during	resuscitation	of	 the	bleeding	patient.47
Plasma	 transfusion	 is	 indicated	when	 the	 ratio	exceeds	1.5	 times	 the	midrange
normal	 value	 in	 these	 patients.	Usually,	 an	 increase	 in	 factor	 levels	 of	 at	 least
10%	will	be	needed	for	any	significant	change	in	coagulation	status,	so	the	usual
dose	is	3	to	4	units	(approximately	10-15	mL	per	kg),	but	the	amount	will	vary
depending	on	the	patient’s	size	and	clotting	factor	levels	(Table	88.2).	Reversal
of	 warfarin	 anticoagulation	 is	 indicated	 only	 if	 significant	 bleeding	 or	 risk	 of
bleeding	is	present.	Plasma	may	be	used	for	this	purpose,	but,	for	patients	with
serious	 bleeding	 and/or	 requiring	 urgent	 reversal,	 a	 4-factor	 prothrombin
complex	 concentrate	 (4-factor	 PCC,	 Kcentra)	 is	 recommended	 in	 conjunction
with	 vitamin	K	 administration.	 4-factor	 PCC	provides	 the	 advantages	 of	 rapid
reversal	and	low	fluid	volume.

TABLE	88.2

Plasma—Dosage	for	Transfusion

Volume	of	1	Unit	PLASMA:	200–300	mL

•	1	mL	plasma	contains	approximately	1	unit	of	most	coagulation	factors

•	1	Unit	PLASMA	contains	an	average	of	220	units	of	most	coagulation
factors

•	Factor	recovery	with	transfusion	=	40%

•	1	Unit	PLASMA	provides	∼80	units	coagulation	factors

In	a	70-kg	patient:

70	kg	×	50	mL	per	kg	=	plasma	volume	of	3500	mL	(3.5	L)

1	Unit	PLASMA	increases	most	factors	∼2.5%	(80	units/3500	mL)

4	Units	PLASMA	increase	most	factors	∼10%



Plasma	is	indicated	 in	 the	 treatment	of	TTP,	most	commonly	 in	conjunction
with	 plasmapheresis.	Many	 other	 disorders	 are	 treated	 by	 plasmapheresis,	 but,
usually,	plasma	replacement	is	not	used.	Plasma	should	not	be	used	for	volume
expansion	unless	the	patient	also	has	a	significant	coagulopathy	and	is	bleeding.

8Convalescent	 Plasma	 -	 Convalescent	 Plasma	 is	 plasma	 prepared	 from
individuals	who	have	recovered	from	infection	with	a	specific	pathogen.	Ideally,
it	contains	polyclonal	antibodies	 to	 the	pathogen	at	sufficient	 titer	and	biologic
activity	 to	 provide	 passive	 immunity	 to	 the	 recipient.	 During	 the	 coronavirus
disease	 2019	 (COVID-19)	 pandemic,	COVID-19	 convalescent	 plasma	 became
routinely	available	in	the	United	States,	under	an	Emergency	Use	Authorization
(EUA)	 by	 the	 FDA;	 over	 250,000	 units	 of	 convalescent	 plasma	 have	 been
administered	 either	 as	part	 of	 an	 expanded	access	program,	EUA	or	 through	a
clinical	trial.	It	is	administered	as	a	standard	plasma	transfusion;	typically,	one	or
two	units	are	given.	Randomized	trials	using	high	titer	convalescent	plasma	early
in	 the	 course	 of	 disease	 have	 shown	 improved	 survival	 in	 hospitalized
patients79,80	 and	 reduced	 outpatient	 hospitalizations	 by	 more	 than	 50%.81
Convalescent	 plasma	 carries	 risks	 of	 transfusion	 reactions,	 similar	 to	 standard
plasma.	Antibody-dependent	enhancement	(ADE)	has	not	been	noted.

Cryoprecipitate
9 	 Cryoprecipitate	 is	 prepared	 from	 plasma	 and	 contains	 fibrinogen,	 von
Willebrand	 factor,	 factor	 VIII,	 factor	 XIII,	 and	 fibronectin.	 Cryoprecipitate	 is
supplied	in	bags	(each	made	from	1	whole	blood	unit)	from	multiple	donors	that
have	 been	 resuspended	 in	 saline	 or	 plasma	 and	 pooled	 prior	 to	 transfusion.	 It
must	 be	 kept	 at	 room	 temperature.	 The	 concentration	 of	 fibrinogen	 in
cryoprecipitate	units	is	up	to	10	times	that	in	plasma;	therefore,	blood	levels	can
be	increased	rapidly	with	much	smaller	volumes.

Fibrinogen	 levels	 can	 drop	 rapidly	 in	 DIC,	 and	 is	 usually	 associated	 with
other	coagulation	abnormalities	that	may	in	combination	be	treated	with	plasma.
Isolated	hypofibrinogenemia	 is	 infrequently	associated	with	bleeding	 in	adults,
and	correction	should	be	reserved	for	patients	with	clinical	bleeding	or	patients
who	 are	 at	 risk	 of	 bleeding	 as	 a	 result	 of	 imminent	 invasive	 procedures	 or
trauma26	with	significant	hypofibrinogenemia	(<100	mg	per	dL).

Cryoprecipitate	should	not	be	used	for	patients	with	von	Willebrand	disease
or	hemophilia	A	(factor	VIII	deficiency)	unless	they	do	not	(or	are	not	known	to)
respond	to	DDAVP,	and	recombinant	and/or	virally	inactivated	preparations	are
not	 available.	 It	 is	 usually	 given	 for	 factor	 XIII	 deficiency,	 when	 virus-



inactivated	 concentrates	 of	 this	 protein	 are	 not	 available.	 Cryoprecipitate	 is
sometimes	 useful	 if	 platelet	 dysfunction	 associated	with	 renal	 failure	 does	 not
respond	to	dialysis	or	DDAVP	and	for	other	platelet	function	defects.82

The	amount	of	fibrinogen	per	bag	of	cryoprecipitate	can	vary	widely	between
blood	 centers	 and	 depending	 on	 the	 donor’s	 fibrinogen	 concentration.	 The
approximate	 fibrinogen	 increment	 with	 each	 bag	 of	 cryoprecipitate	 transfused
can	be	calculated	by	the	formula:	25	mg	per	plasma	volume	(in	liters).	Six	bags
will	increase	the	fibrinogen	level	of	a	70-kg	patient	approximately	45	mg	per	dL.
To	replace	factor	VIII	or	von	Willebrand	factor	when	specific	factor	concentrates
are	unavailable,	the	usual	dose	is	1	bag	per	10	kg	of	body	weight.	Approximately
150	 units	 of	 factor	 VIII	 and	 von	 Willebrand	 factor	 are	 provided	 per	 bag.
Although	single	units	of	cryoprecipitate	can	be	used	in	the	preparation	of	locally
applied	 fibrin	 glue	 for	 surgery,	 commercially	 available,	 virally	 inactivated
concentrates	 have	 a	 higher	 fibrinogen	 concentration	 and	 are	 preferred	 for	 this
purpose.	 A	 patient	 may	 donate	 autologous	 plasma	 for	 processing	 into
cryoprecipitate	 prior	 to	 a	 planned	 surgical	 procedure,	 but	 this	 is	 rarely	 done
today.

Human	 fibrinogen	 concentrate	 (RiaSTAP)	 is	 a	 heat-treated,	 lyophilized
fibrinogen	(coagulation	factor	I)	powder	made	from	pooled	human	plasma.	It	is
indicated	 for	 bleeding	 or	 procedure	 prophylaxis	 in	 patients	 with	 congenital
hypofibrinogenemia	or	dysfibrinogenemia.

COMPLICATIONS	OF	TRANSFUSION

Infectious	Complications
1 	 0 	Because	the	recognition	that	human	immunodeficiency	virus	(HIV)	could	be
transmitted	by	blood	transfusion	in	the	mid-1980s,	exclusion	of	donors	with	high
risk	has	done	more	to	decrease	transfusion-transmitted	infection	than	any	testing
that	 has	 been	 implemented	 since	 that	 time.83	 Enzyme-linked	 immunosorbent
assay	testing	for	anti-HIV	antibody	was	instituted	in	1985,	with	the	risk	of	HIV-
transmitted	 infection	 dropping	 to	 1	 in	 667,000	 units.84	 The	 addition	 of	 P24
antigen	 decreased	 the	 window	 period	 between	 infection	 and	 detection	 to
approximately	16	days,85	and	polymerase	chain	reaction	screening	for	HIV	has
decreased	the	current	estimated	risks	per	unit	to	as	low	as	1	in	2,000,000.86

Testing	for	infectious	disease	screening	is	performed	for	the	following	agents:
HIV-1,	 HIV-2,	 human	 T-lymphotropic	 virus	 (HTLV)	 I,	 HTLV-II,	 hepatitis	 C
virus,	 hepatitis	 B	 virus,	 West	 Nile	 virus,	 Treponema	 pallidum	 (syphilis),	 and



Treponema	cruzi.	In	addition	to	these	tests,	platelet	units	are	tested	for	bacterial
contamination.	Current	 risk	estimates	per	unit	 for	hepatitis	B	virus,	hepatitis	C
virus,	and	HTLV	are	1:1	million,	1:1.2	million,	and	1:2.7	million,	respectively.87

CMV	is	a	DNA	virus	acquired	as	a	primary	 infection	with	body	secretions,
blood	 products,	 or	 organ	 allografts.	 Infection	 in	 a	 normal	 host	 usually	 is
asymptomatic,	but	remains	latent	for	life	and	can	cause	recurrent	infection	when
it	 reactivates.	 CMV	 infection	 and	 seropositivity	 is	 extremely	 common,	 being
40%	 in	 highly	 industrialized	 areas,	 and	 is	 close	 to	 100%	 in	warmer	 climates,
densely	 populated	 areas,	 and	 developing	 countries.88	 Transfusion-associated
CMV	infection	in	the	immunocompetent	patient	with	a	normal	immune	system
is	 usually	 asymptomatic,	 occurring	 4	 to	 12	 weeks	 after	 blood	 component
exposure	 in	 0.9%	 to	 17%	 of	 patients.89	 In	 CMV-negative	 immunosuppressed
neonates,	 transplant	 recipients,	 and	 HIV-positive	 patients,	 the	 risk	 of	 CMV
infection	 and	 severe	 end-organ	 disease	 and	 organ	 allograft	 rejection	 is	 high.90
Leukocyte	 depletion	 of	 blood	 is	 similar	 to	 CMV	 seronegative	 blood	 in
preventing	CMV	infection	through	transfusion.91

Bacterial	 contamination	 of	 RBC	 and	 platelet	 units	 may	 occur	 during
collection.	RBC	units	may	be	contaminated	with	cold-loving	organisms,	such	as
Yersinia.	 Platelets	 are	 stored	 at	 room	 temperature,	 and	multiple	 organisms	 can
grow	 in	 those	 conditions.	 Although	 Staphylococcus	 and	Streptococcus	 are	 the
most	frequently	implicated,	gram-negative	organisms	have	also	been	identified.92
The	incidence	of	bacterial	contamination	of	platelets	has	been	estimated	to	be	as
high	 as	 0.1%.93	 The	 institution	 of	 bacterial	 testing	 of	 platelets	 in	 2004	 in	 the
United	States	is	expected	to	decrease	this	risk,94	and	septic	transfusion	reactions
are	 estimated	 to	 occur	 in	 less	 than	 1:50,000	 transfusions,	 but	 these	 are	 likely
underreported.	Symptoms	of	hypotension,	fever,	and	chills	almost	always	occur
within	3	hours	of	the	transfusion	and	may	be	complicated	by	severe	shock	and
DIC.95	 Both	 the	 patient	 and	 the	 blood	 component	 bag	 should	 be	 cultured	 if
bacterial	contamination	is	suspected.

Other	 organisms	 that	 can	 be	 transmitted	 by	 blood	 transfusion	 include	 other
hepatitis	 viruses,	 malarial	 parasites,	 and,	 rarely,	 T.	 pallidum.	 The	 parasite
responsible	 for	 Chagas	 disease,	 T.	 cruzi,	 is	 becoming	 a	 common	 transfusion-
transmitted	disease	in	Central	and	South	America,	and	has	been	reported	in	some
Southern	US	states.	Fear	of	transfusion	transmission	of	new	variant	Creutzfeldt-
Jakob	 disease	 has	 led	 to	 stringent	 criteria	 on	 blood	 donor	 eligibility	 and
institution	of	universal	leukoreduction	in	some	European	countries,	but	the	risk
of	infection	by	transfusion	is	low96	and	testing	is	not	universal.

In	2014,	pathogen	inactivation	of	platelets	and	plasma	has	been	approved	in
the	 United	 States	 and	 has	 been	 used	 in	 some	 European	 countries	 since	 2003.



Units	 are	photochemically	 treated	using	a	psoralen	compound	and	exposure	 to
long-wavelength	 ultraviolet	 light	 to	 inactivate	 viruses,	 bacteria,	 protozoa,	 and
leukocytes.	Another	 inactivation	process	 is	 sometimes	used	 in	Europe	utilizing
riboflavin	and	ultraviolet	light.

Transfusion	Reactions
1 	 1 	 A	 transfusion	 should	 be	 stopped	 immediately	 whenever	 a	 transfusion
reaction	is	suspected.

An	 acute	 hemolytic	 transfusion	 reaction	 (AHTR)	 occurs	 following
transfusion	of	an	 incompatible	blood	component.	Most	are	caused	by	naturally
occurring	 antibodies	 in	 the	 ABO	 antigen	 system,	 but	 AHTR	may	 occur	 with
incompatibility	of	Rh,	Kell,	Kidd,	Duffy,	and	other	RBC	antigen	systems.	The
vast	majority	of	cases	are	caused	by	failure	of	appropriate	systems	to	identify	the
correct	 transfusion	recipient.97	Signs	and	symptoms	 include	fever,	hypotension,
tachycardia,	dyspnea,	chest	or	back	pain,	flushing,	and	severe	anxiety.	Release	of
cytokines,	 such	 as	 tumor	 necrosis	 factor,	 interleukin	 8,	 and	 monocyte
chemoattractant	protein-1,98	 is	 followed	by	 fever,	 capillary	 leak,	 and	activation
of	the	hemostatic	mechanism.	If	the	reaction	is	severe,	it	may	go	on	to	cause	a
consumptive	 coagulopathy	 (DIC)	 and	 renal	 failure	 as	 a	 result	 of	 shock	 and
deposition	 of	 thrombi	 in	 arterioles.	 Hemoglobinuria	 may	 be	 the	 first	 sign	 of
hemolysis	in	the	sedated	patient.	Centrifuging	a	tube	of	blood	and	examining	the
plasma	 for	 a	 reddish	 discoloration	 can	 quickly	make	 the	 diagnosis.	 Treatment
should	 first	 of	 all	 be	 immediate	 discontinuation	 of	 the	 transfusion	 as	 soon	 as
AHTR	 is	 suspected	 and	 then	 maintenance	 of	 venous	 access	 and	 fluid
resuscitation	 if	necessary.	Pressor	support	may	be	necessary	along	with	central
venous	pressure	monitoring.	AHTR	is	rare,	estimated	at	1:77,000	units.99

Delayed	hemolytic	transfusion	reactions	(DHTRs)	usually	occur	in	patients
who	 have	 been	 previously	 sensitized	 to	 an	 antigen	 through	 transfusion	 or
pregnancy.	A	 fall	 in	 titer	 over	 time	may	make	 incompatibility	 undetectable.	A
subsequent	 transfusion	causes	 an	anamnestic	 response	 to	 the	antigen,	 followed
by	a	 falling	hematocrit	 1	 to	10	days	 later.	The	hematocrit	will	 continue	 to	 fall
until	 all	 of	 the	 incompatible	 transfused	 cells	 have	 been	 destroyed.	DHTR	 can
result	 in	 symptomatic	 or	 asymptomatic	 hemolysis	 but	 has	 only	 rarely	 been
reported	to	cause	severe	morbidity	or	mortality.100	Once	recognized,	 the	patient
is	usually	easily	supported	by	transfusion	of	compatible	RBCs.

Febrile	 nonhemolytic	 transfusion	 reaction	 (FNHTR)	 is	 a	 1	 °C	 rise	 in
temperature	 or	 greater	 that	 cannot	 be	 explained	 by	 the	 patient’s	 clinical
condition.	FNHTR	usually	occurs	during	or	within	1	hour	of	completion	of	the



transfusion.	 Reactions	 are	 more	 common	 with	 platelet	 transfusions	 and	 for
patients	who	have	been	heavily	transfused	in	the	past,	and	can	be	quite	severe.
FNHTR	 is	 often	 caused	 by	 sensitization	 to	 antigens	 on	 donor	 leukocytes.101
Cytokines,	 released	 from	 the	 white	 cells	 during	 storage	 of	 cellular	 blood
components,	 also	 appear	 to	 play	 a	 role.102	 Prestorage	 leukocyte	 depletion	 of
RBCs	 and	 platelets	 by	 filtration	 is	 now	 routinely	 performed	 to	 decrease	 the
incidence	 of	 FNHTRs.	 Apheresis	 platelets	 prepared	 with	 platelet	 additive
solutions	 (PASs)	 may	 also	 decrease	 their	 occurrence.	 FNHTR	 should	 be
differentiated	 from	 bacterial	 contamination,	 which	 is	 usually	 associated	 with
higher	fevers	and	other	symptoms	of	sepsis.	Antipyretics	can	be	used	to	prevent
or	treat	FNHTR.	Some	clinicians	feel	meperidine	may	be	useful	in	the	treatment
of	rigors,	although	this	has	not	been	shown	to	be	beneficial	in	clinical	trials.

Transfusion-related	 acute	 lung	 injury	 (TRALI)	 can	 be	 indistinguishable
from	 adult	 respiratory	 distress	 syndrome,103,104	 involving	 severe	 bilateral
pulmonary	 edema	 and	 hypoxemia.	 Symptoms	 of	 dyspnea,	 hypotension,	 and
fever	typically	begin	30	minutes	to	6	hours	after	transfusion,	and	the	chest	x-ray
shows	 diffuse	 nonspecific	 infiltrates.	 Ventilatory	 support	 may	 be	 required	 for
several	 days	 before	 resolution,	 but	 approximately	 80%	 of	 patients	 improve
within	48	to	96	hours.	TRALI	occurs	when	donor	plasma	contains	an	antibody,
usually	 against	 the	 patient’s	 HLA	 or	 leukocyte-specific	 antigens.	 Lipids
generated	 during	 prior	 storage	 of	 the	 transfused	 product	 and	 preexisting	 lung
damage	also	appear	to	play	roles	in	the	pathogenesis	of	TRALI.	Less	often,	the
patient	 may	 have	 antibodies	 against	 donor	 leukocytes	 in	 the	 component.	 The
blood	center	should	be	notified	promptly	so	that	components	from	the	donor	can
be	quarantined	and	the	donor	tested	for	antibodies	against	the	patient.

Transfusion-associated	 cardiovascular	 overload	 may	 occur	 in	 patients
sensitive	to	increased	amounts	of	intravascular	volume	with	transfusion	and	may
initially	present	a	clinical	picture	similar	 to	TRALI.	Unlike	TRALI,	diuresis	 is
usually	effective	treatment.

Allergic	 reactions	 are	 common	 and	 usually	 caused	 by	 preformed
immunoglobin	 E	 antibodies	 to	 specific	 proteins	 in	 the	 donor’s	 plasma.	 Mild
urticaria	complicates	up	to	3%	of	plasma	infusions105	and	can	be	mitigated	with
future	 pretreatment	 with	 antihistamines	 and,	 in	 severe	 cases,	 with
corticosteroids.	 Only	 in	 cases	 of	 severe	 reactions	 (anaphylaxis),	 washing	 of
RBCs	 and	 platelets	 to	 remove	 all	 plasma	 is	 indicated.	 Slowing	 of	 the	 rate	 of
transfusion	 and	 centrifugation	 to	 remove	 some	 of	 the	 plasma	 in	 a	 platelet
component	or	the	use	of	PASs	will	sometimes	be	effective	in	preventing	future
reactions	among	patients	for	whom	allergic	reactions	are	a	recurrent	problem.

Transfusion-associated	GVHD	 (TAGVHD)	 is	 caused	by	 infusion	of	donor



lymphocytes	 that	 engraft	 and	 then	 proliferate	 in	 response	 to	 stimulation	 by
foreign	(host)	antigens.	TAGVHD	typically	begins	2	to	50	days	after	transfusion
with	 rash,	 diarrhea,	 signs	 of	 hepatic	 inflammation,	 and	 pancytopenia.106
TAGVHD	 occurs	 in	 patients	 with	 severe	 defects	 of	 cellular	 immunity,	 most
notably	 hematopoietic	 stem	 cell	 transplantation	 patients,	 premature	 neonates,
and	patients	with	 lymphoproliferative	disorders.	Transfusion	from	relatives	and
HLA-matched	donors	also	carries	a	risk	of	causing	GVHD.	It	can	be	prevented
by	γ	irradiation	of	cellular	blood	components.

Immune	Modulation
Transfusions	 have	 been	 known	 to	 induce	 immune	 tolerance	 following	 the
observation	 made	 more	 than	 40	 years	 ago	 that	 multiply	 transfused	 kidney
transplant	recipients	had	an	increased	graft	survival	rate.107	Transfusion-induced
immunosuppression	 has	 been	 implicated	 in	 postoperative	 infection,	 increased
cancer	 recurrence	 rates,	 and	 development	 of	 non-Hodgkin	 lymphoma.108,109
There	is	also	evidence	from	animal	studies	that	transfusion	increases	the	risk	of
metastatic	disease,	although	data	in	humans	are	inconclusive.	Removal	of	donor
leukocytes	has	been	shown	to	decrease	the	immunomodulatory	effects	of	blood
transfusions.	 A	 prospective	 randomized	 study	 in	 patients	 undergoing	 cardiac
surgery	 showed	 a	 decrease	 in	 infection	 rates	 when	 leukocyte-reduced	 blood
components	were	used.110	This	 (and	other	 benefits	 discussed	previously	 in	 this
chapter)	has	led	many	centers	to	adopt	policies	of	universal	leukoreduction.

Table	 88.3	 summarizes	 some	 of	 the	 most	 important	 recent	 advances	 in
transfusion	medicine	based	on	randomized	controlled	trials	or	meta-analyses	of
such	trials.

TABLE	88.3

Randomized	Clinical	Trials	in	Transfusion	Medicine	That
Have	Resulted	in	Changes	in	Clinical	Practice

Appropriate
hemoglobin
threshold	for	RBC
transfusion

Hebert	et
al.,21	
Hebert	et
al22	
Holst	et

A	hemoglobin	threshold	of	7.0	g/dL	vs
9.0	g/dL	is	not	associated	with	increased
morbidity,	mortality,	or	prolonged
ventilatory	support	in	intensive	care
patients,	in	septic	shock,	or	in	acute



al28	
Villanueva
et	al29

gastrointestinal	bleeding.

Appropriate
platelet	count
threshold	for
prophylactic
platelet	transfusion

Gmur	et
al42	
Wandt	et
al43	
Rebulla	et
al44

Platelet	transfusion	“triggers”	of	<10,000/
µL	are	safe	for	the	prevention	of	bleeding
in	chemotherapy-induced
thrombocytopenia	in	patients	without
comorbid	conditions.

Prevention	of
transfusion-
transmitted	CMV
infection

Bowden	et
al91

Leukocyte	reduction	of	cellular	blood
components	is	as	effective	in	reducing	the
risk	of	CMV	transmission	as	the	use	of
CMV	seronegative	blood	components.

Prevention	of
platelet
alloimmunization

TRAP
Study
Group60

Leukoreduction	of	cellular	blood
components	prevents	HLA
alloimmunization	in	patients	with	acute
leukemia	undergoing	induction
chemotherapy.

Use	of
leukoreduction	to
decrease
postoperative
infection

van	de
Watering
et	al110

Leukoreduction	of	cellular	blood
components	decreases	postoperative
infection	in	patients	undergoing	cardiac
surgery.

Appropriate
platelet	transfusion
dose	for
prophylactic
transfusion	of
thrombocytopenia

Slichter	et
al49

Low-dose	platelet	transfusion	results	in	an
overall	decrease	in	the	number	of	total
platelets	transfused	and	no	increase	in
bleeding.	Platelet	transfusion	frequency	is
increased.

CMV,	cytomegalovirus;	HLA,	human	leukocyte	antigen;	RBC,	red	blood	cell.

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	65-year-old	woman	with	a	history	of	myelodysplastic	syndrome	(MDS)
is	admitted	to	the	hospital	with	fever,	chills,	and	shortness	of	breath.	She	has
received	multiple	blood	products	(RBCs	and	platelets)	over	the	past	2	months.
She	is	found	to	have	possible	sepsis	and	disseminated	intravascular	coagulation
(DIC)	due	to	pneumonia.	She	no	longer	appears	to	be	responding	to	platelet
transfusions,	as	evidenced	by	no	or	only	minimal	increase	in	platelet	counts
obtained	30	minutes	after	transfusion.	What	is	the	most	likely	reason	for	her
being	refractory	to	platelet	transfusions?

A. 	Disseminated	intravascular	coagulation	(DIC)
B. 	HLA	alloimmunization
C. 	Neutropenic	fever
D. 	Sepsis

2. 	A	45-year-old	man	with	a	history	of	Hashimoto	thyroiditis	presents	to	the
emergency	department	with	new	onset	jaundice.	He	is	easily	fatigued	and
breathless	on	exertion.	His	pulse	rate	is	120	bpm,	and	his	hematocrit	is	16%.	The
patient	states	that	he	has	never	been	transfused.	Blood	bank	evaluation	indicates
that	the	patient	has	a	serum	antibody	that	is	reactive	with	all	reagent	red	cells
and	that	his	DAT	is	positive	with	anti-IgG	but	negative	with	anti-C3d	reagents.
What	is	the	most	appropriate	management?

A. 	Have	blood	bank	continue	crossmatching	until	compatible	units	are
identified
B. 	Infuse	crystalloid	or	colloid	because	crossmatch-compatible	blood	is
not	available
C. 	Send	a	new	blood	sample	for	compatibility	testing
D. 	Transfuse	the	crossmatch-incompatible	blood

3. 	A	75-year-old	man	with	a	history	of	coronary	artery	disease	(CAD)	is
admitted	for	a	total	hip	arthroplasty.	During	the	procedure,	his	vital	signs	remain
within	normal	limits,	although	he	experiences	significant	bleeding.	In	the
recovery	room,	he	is	found	to	have	a	hematocrit	of	26%,	so	a	2-unit	RBC
transfusion	is	ordered.	Halfway	through	administration	of	the	second	unit	of
blood,	the	patient	begins	to	cough	and	complains	of	tightness	in	his	chest	and	a
severe	headache.	He	is	afebrile,	but	his	other	vitals	are	altered,	as	follows:

Vital	signs Pretransfusion Posttransfusion



Blood	Pressure 120/75	mm	Hg 165/85	mm	Hg

Heart	Rate 78	bpm 120	bpm

Respiratory	Rate 20	bpm 32	bpm

The	transfusion	is	discontinued	and	a	posttransfusion	chest	x-ray	reveals
bilateral	pulmonary	edema.	The	patient	is	treated	with	supplemental	oxygen	and
a	diuretic.	Approximately	35	minutes	after	these	interventions,	he	feels	much
better.	What	was	the	most	likely	blood	transfusion	reaction	experienced?

A. 	Acute	hemolytic	transfusion	reaction	(AHTR)
B. 	Anaphylaxis
C. 	Transfusion-associated	circulatory	overload	(TACO)
D. 	Transfusion-related	acute	lung	injury	(TRALI)

4. 	An	unresponsive	75-year-old	woman	with	a	history	of	hypertension,
diabetes	mellitus,	and	atrial	fibrillation	is	brought	in	to	the	emergency
department.	A	CT	scan	shows	intracerebral	hemorrhage.	She	has	been	on	long-
term	anticoagulation	with	warfarin	for	the	atrial	fibrillation	and	her	INR	is	10.5.
What	is	the	most	appropriate	management?

A. 	Cryoprecipitate
B. 	Fresh	frozen	plasma	(FFP)
C. 	Intravenous	(IV)	vitamin	K
D. 	Prothrombin	complex	concentrate	(PCC)

5. 	A	27-year-old	male	patient	presents	to	the	emergency	department
complaining	of	petechiae	on	his	legs.	He	is	otherwise	asymptomatic.	The
following	laboratory	results	are	obtained:

Patient	Result Reference	Interval

Hemoglobin 8.0	g/dL 12-16	g/dL

Hematocrit 24% 36%-48%

WBC 7.0	K/μL 4.5	-10.5	K/μL

Platelet	count 8	K/μL 150-450	K/μL

LDH 794	U/L <200	U/L



RBC	antibody	screen Panreactivity Negative

DAT	(Coombs	test):	IgG Strong	positive Negative

DAT	(Coombs	test):	C3 Negative Negative

What	is	the	most	appropriate	management	at	this	time?

A. 	Platelet	transfusion
B. 	Platelet	and	red	cell	transfusion
C. 	Therapeutic	plasma	exchange	(TPE)
D. 	No	transfusion	and	no	TPE

Answers

1.	The	correct	answer	is	B.
Rationale:	All	answers	listed	are	associated	with	less-than-optimal	increases

in	 platelet	 counts	 post	 transfusion.	 However,	 when	 recipients	 fail	 to	 have
increments	 in	 platelet	 counts	 obtained	 within	 1	 hour	 of	 transfusion,	 the	 most
likely	 cause	 of	 refractoriness	 is	 immune-mediated	 destruction	 (choice	 B	 is
correct).	 Nonimmune	 causes	 of	 platelet	 refractories	 usually	 have	 an	 initial
increase	in	platelet	count	followed	by	decreasing	counts	over	the	subsequent	24
hours.	 The	 antibodies	 most	 implicated	 in	 immune-mediated	 platelet
refractoriness	are	directed	against	class	I	HLA	antigens.

2.	The	correct	answer	is	D.
Rationale:	 The	 patient	 in	 this	 question	 has	 severe,	 symptomatic	 hemolytic

anemia	 and	 is	 at	 high	 risk	 for	 ischemic	 tissue	 injury.	 The	 transfusion	 of
crossmatch-incompatible	 blood	 is	warranted	 (choice	D	 is	 correct).	There	 is	 no
convincing	evidence	that	 transfused	red	cells	are	hemolyzed	more	quickly	than
the	 patient’s	 own	 red	 cells	 unless	 the	 patient	 has	 underlying	 blood	 group
alloantibodies.	 It	 is	 highly	 unlikely	 that	 a	 male	 patient	 who	 has	 never	 been
transfused	would	 have	 alloantibodies	 that	 could	 put	 him	at	 risk	 for	 hemolysis.
He	will	likely	not	benefit	sufficiently	from	either	crystalloid	or	colloid	infusion
alone	(choice	B	is	incorrect).	And	repeat	testing	for	compatibility	is	unlikely	to
work	and	will	just	delay	therapy	(choices	A	and	C	are	incorrect).

3.	The	correct	answer	is	C.
Rationale:	 The	 differential	 diagnosis	 of	 acute	 respiratory	 distress



accompanying	 transfusion	 includes	 TACO,	 TRALI,	 and	 anaphylaxis.	 Patients
with	a	diminished	cardiac	reserve	and/or	significant	anemia	who	receive	blood
too	 quickly	 are	 at	 a	 risk	 for	 acute	 pulmonary	 edema	 secondary	 to	 congestive
heart	 failure	 (ie,	 TACO;	 choice	 C	 is	 correct).	 TACO	 is	 the	 leading	 cause	 of
transfusion-associated	 fatalities	 reported	 to	 the	 FDA	 over	 the	 5-year	 reporting
period:	 FY2015	 to	 FY2019.	 AHTR	 and	 transfusion-associated	 sepsis	 would
typically	 present	 very	 differently	 (eg,	 fever,	 hypotension,	 lack	 of	 pulmonary
signs	and	symptoms)	(choice	A	is	 incorrect).	The	increased	blood	pressure	and
pulmonary	 edema	with	 no	 rash	make	 the	 diagnosis	 of	 anaphylaxis	 less	 likely
(choice	 B	 is	 incorrect).	 His	 reaction	 is	 unlikely	 to	 be	 TRALI	 because	 he
experienced	hypertension	(rather	than	hypotension),	was	afebrile,	and	responded
favorably	to	diuretic	therapy	(choice	D	is	incorrect).

4.	The	correct	answer	is	D.
Rationale:	PCC	is	the	best	choice	for	warfarin	reversal	in	this	patient	(choice

D	is	correct).	When	there	is	major	life-threatening	bleeding	such	as	intracranial
hemorrhage,	the	patient	requires	rapid	and	complete	reversal	of	warfarin.	PCCs,
in	 combination	 with	 intravenous	 vitamin	 K,	 will	 reverse	 warfarin	 within	 15
minutes.	If	PCCs	are	not	available,	fresh	frozen	plasma	may	be	used.	However,
plasma	 requires	 a	 large	 volume	 of	 administration,	 often	 delaying	 the	 time
required	to	reverse	the	INR.

5.	The	correct	answer	is	D.
Rationale:	The	patient’s	likely	diagnosis	is	Evans	syndrome,	a	combination	of

autoimmune	 hemolytic	 anemia	 and	 autoimmune	 destruction	 of	 platelets.	Other
than	 the	 petechiae	 on	 his	 legs,	 he	 has	 no	 signs	 or	 symptoms	 of	 anemia	 or
thrombocytopenia.	 Thus,	 red	 cell	 and	 platelet	 transfusions	 are	 not	 indicated
(choices	A	 and	B	 are	 incorrect).	 In	 patients	with	 Evans	 syndrome	 and/or	 ITP,
platelet	 transfusion	 is	 only	 indicated	 if	 the	 patient	 is	 experiencing	 a	 critical
bleeding	 episode.	 TPE	 is	 the	 treatment	 of	 choice	 for	 thrombotic
thrombocytopenia	 purpura	 (TTP)	 but	 is	 not	 indicated	 for	 a	 patient	with	Evans
syndrome	 (choice	 C	 is	 incorrect).	 First-line	 treatment	 for	 Evans	 syndrome	 is
usually	corticosteroids	or	intravenous	immunoglobulin	(IVIG).
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Chapter	89
Anemia	in	the	Critical	Care	Setting
Carol	M.	Mathew,	Marc	S.	Zumberg,	Marc	J.	Kahn

KEY	POINTS:
1.	 Anemia	in	the	critical	care	setting	is	associated	with	poor	patient

outcomes	and	increased	length	of	stay	and	mortality.
2.	 The	timing	of	onset	of	anemia	in	relation	to	the	onset	of	critical

illness	is	helpful	to	identify	the	etiology	of	anemia.
3.	 Iatrogenic	causes	like	large	cumulative	volumes	of	blood	sample

collection	for	diagnostic	tests	should	be	considered	while	evaluating
anemia	in	the	ICU.

4.	 Laboratory	tests	that	can	help	guide	the	clinician	include	MCV,
reticulocyte	count,	and	peripheral	blood	smear.

5.	 Erythropoiesis	stimulating	agent	(ESA)	use	in	critically	ill	patients
needs	more	study	and	currently	is	not	recommended	for	routine	use.

6.	 Causes	of	microangiopathic	hemolytic	anemia	are	diverse,	but
acquired	TTP	and	atypical	HUS	should	be	considered,	as	treatment
is	specific	to	each	disease	and	early	initiation	is	critical	for	a
favorable	prognosis.

7.	 Patients	with	sickle	cell	anemia	are	at	high	risk	for	increased
morbidity	and	mortality	due	to	sickle	cell–related	complications	when
they	are	acutely	ill.

8.	 Sickle	cell–related	complications	requiring	intensive	care	treatment
include	acute	chest	syndrome,	acute	stroke,	pulmonary
hypertension,	hyperhemolysis,	and	aplastic	crisis.

9.	 Anemia	of	chronic	disease/inflammation	is	one	of	the	most	common
causes	of	anemia	in	the	critically	ill	and	can	occur	in	less	than	a
week	of	onset	of	critical	illness.	It	typically	does	not	require	specific



treatment.

INTRODUCTION
1 	 Anemia	 is	 common	 in	 the	 critical	 care	 setting.	 Up	 to	 60%	 of	 patients	 are
anemic	 upon	 admission	 to	 an	 intensive	 care	 unit	 (ICU)	 with	 an	 initial
hemoglobin	 concentration	 <9	 g	 per	 dL.1,2	 Anemia	 will	 develop	 in	 nearly	 all
patients	at	some	point	during	the	course	of	a	prolonged	ICU	stay,	and	as	a	result,
the	 majority	 of	 patients	 admitted	 more	 than	 7	 days	 receive	 a	 red	 blood	 cell
(RBC)	 transfusion.1,3	Anemia	 in	 the	 critically	 ill	 patient	 has	 been	 shown	 to	 be
associated	with	poor	outcomes;	however,	many	interventions	including	red	cell
transfusion,	 erythropoietin	 (EPO),	 and	 iron	 supplementation	 have	 not	 been
shown	to	consistently	improve	these	same	outcomes.2-4

2 	 3 	Certain	anemias	may	be	encountered	more	frequently	among	patients	who
are	 admitted	 to	 critical	 care	 units	 than	 to	 other	 settings,	 including	 anemias
arising	from	iatrogenic	sources	(eg,	mechanical	hemolysis	caused	by	ventricular
assist	devices	or	 intra-aortic	balloon	pumps);	 those	producing	hemodynamic	or
systemic	 compromise	 that	 leads	 to	 a	 requirement	 for	 critical	 care	 (eg,	massive
blood	 loss	 due	 to	 trauma,	 gastrointestinal	 lesions,	 or	 surgical	 invasion;
thrombotic	 microangiopathies);	 and	 those	 arising	 in	 the	 context	 of	 prolonged
critical	illness	(eg,	anemia	of	chronic	disease/inflammation	[ACD]).	Losses	from
an	enhanced	frequency	of	phlebotomy	for	diagnostic	testing	during	critical	care
may	 contribute	 to	 the	 development	 or	 maintenance	 of	 anemia	 and	 has	 been
estimated	 to	 account	 for	 1	 to	 2	 units	 lost	 during	 a	 typical	 hospital	 stay.4-6	 The
cumulative	 volume	 of	 blood	 used	 for	 diagnostic	 testing	 is	 independently
associated	with	increased	risk	of	RBC	transfusion.7

This	chapter	provides	an	overview	of	the	evaluation	and	laboratory	testing	for
anemia,	with	 a	 focus	on	diagnoses	 that	 are	 the	most	 clinically	 concerning,	 are
important	to	recognize	quickly,	and	are	the	most	likely	to	be	encountered	in	the
critical	 care	 setting.	 Accordingly,	 the	 hemolytic	 anemias,	 including	 the
microangiopathic	 hemolytic	 anemias,	 autoimmune	 hemolytic	 anemia	 (AIHA),
and	 sickle	 cell	 syndromes,	 will	 be	 covered	 in	 more	 detail	 (Table	 89.1).	 ACD
often	develops	among	patients	in	the	ICU	and	will	also	be	a	focus	of	this	chapter.
Anemia	due	to	massive	blood	loss	including	trauma	and	gastrointestinal	bleeding
is	essential	to	recognize,	obtain	proper	consultation	for,	and	treat	appropriately,
but	the	diagnosis	is	usually	self-evident	and	will	be	covered	in	other	areas	of	this
textbook	(Chapters	36	and	204).



TABLE	89.1

Classification	of	the	Hemolytic	Anemias:	Congenital	vs
Acquired

Congenital	Hemolytic	Anemias Acquired	Hemolytic	Anemias

Defects	in	the	erythrocyte	membrane

eg,	hereditary	spherocytosis

Autoimmune	hemolytic	anemias

eg,	warm	autoimmune
hemolytic	anemia
eg,	cold	agglutinin	disease
eg,	paroxysmal	cold
hemoglobinuria
eg,	drug-induced	hemolytic
anemia

Deficiencies	in	erythrocyte	metabolic
enzymes

eg,	pyruvate	kinase	deficiency
eg,	glucose-6-phosphate
dehydrogenase	deficiency

Microangiopathic	hemolytic
anemia

eg,	thrombotic
thrombocytopenic	purpura
eg,	hemolytic	uremic	syndrome
eg,	disseminated	intravascular
coagulation

Defects	in	globin	structure	and
synthesis

eg,	sickle	cell	disease
eg,	thalassemia

Hemolytic	transfusion	reaction
Paroxysmal	nocturnal
hemoglobinuria
Infectious	agents

eg,	malaria

Chemicals,	drugs,	and	physical
agents

eg,	arsenic

Advanced	liver	disease



Initial	Evaluation
The	etiologies	of	anemia	during	critical	illness	are	diverse,	but	the	evaluation	of
anemia	 for	 a	 critically	 ill	 patient	 initially	 should	 be	 approached	 in	 a	 manner
similar	to	the	noncritical	care	setting.

The	patient’s	volume	status	should	be	considered	first,	as	an	 increase	 in	 the
plasma	 volume	 may	 lead	 to	 a	 decrease	 in	 the	 measured	 hemoglobin	 or
hematocrit	that	does	not	represent	a	true	decrease	in	the	red	cell	mass	or	oxygen-
carrying	capacity.	This	situation	is	known	as	dilutional	or	spurious	anemia	and	is
particularly	 common	 in	 ICU	patients	who	have	been	 in	 positive	 fluid	 balance.
Dilutional	 anemia	 does	 not	 require	 treatment,	 other	 than	 correcting	 the
underlying	problem(s).

2 	To	more	accurately	develop	a	differential	diagnosis,	it	should	be	determined
whether	 the	 anemia	 predated	 the	 patient’s	 critical	 illness,	 developed	 in
conjunction	 with	 the	 critical	 illness,	 or	 developed	 during	 the	 ICU	 stay	 (Table
89.2).

TABLE	89.2

Sample	Differential	Diagnosis	of	Anemia	Based	on	the
Time	Course	of	Anemia	in	Relation	to	the	Critical	Illness

Anemia	predating	the	critical	illness

Primary	bone	marrow	disorders
Vitamin	deficiencies
Hemoglobinopathies
Congenital	anemias

Anemia	developing	in	conjunction	or	part	of	the	critical	illness

Anemia	of	chronic	disease/inflammation
Hemolytic	anemias
TTP
DIC



Anemia	developing	during	the	course	of	the	intensive	care	unit	stay

Gastrointestinal	bleeding
Frequent	phlebotomies
Drug-induced	hemolytic	anemia
Anemia	of	chronic	disease/inflammation
DIC

DIC,	disseminated	intravascular	coagulation;	TTP,	thrombotic	thrombocytopenic	purpura.

Laboratory	Studies
4 	Anemias	can	be	classified	by	 the	 size	of	 the	RBCs	as	 reflected	by	 the	mean
corpuscular	volume	(MCV):	microcytic	(MCV,	<80	fL),	normocytic	(80-100	fL),
and	macrocytic	(>100	fL).	A	finite	number	of	diagnoses	constitute	each	of	these
categories,	 allowing	 the	practitioner	 to	narrow	 the	differential	diagnosis	 (Table
89.3).	One	 should	 take	 caution	 to	 review	 the	MCV	prior	 to	 the	 transfusion	 of
RBCs,	as	transfused	donor	RBCs	may	increase	or	decrease	the	MCV	depending
on	the	pretransfusion	value.

TABLE	89.3

Differential	Diagnosis	of	Selected	Anemias	Based	on	Red
Cell	MCV

Microcytic	(MCV	<80	fL)	
Iron	deficiency
α-Thalassemia
β-Thalassemia
Anemia	of	chronic	disease/inflammation
Lead	poisoning
Sideroblastic	anemia
Hemoglobin	SC	disease

Normocytic	(MCV	80-100	fL)	
Acute	blood	loss
Primary	bone	marrow	disorders
Anemia	of	chronic	disease/inflammation



Splenomegaly
Hemolytic	anemia	with	low	or	normal	reticulocyte	count
Endocrine	disorders

Macrocytic	(MCV	>100	fL)
Megaloblastic	anemia
B12	deficiency
Folic	acid	deficiency
Drug-induced

Hypothyroidism
Liver	disease
Hemolytic	anemia	with	reticulocytosis
Myelodysplastic	syndrome	or	other	primary	bone	marrow	disorders

MCV,	mean	corpuscular	volume.

Several	 additional	 tests	 may	 be	 helpful	 for	 the	 evaluation	 of	 anemia.	 The
reticulocyte	count,	which	is	a	measure	of	 the	bone	marrow’s	ability	 to	produce
new	 RBCs,	 should	 be	 the	 initial	 test	 performed.	 The	 reticulocyte	 count	 is
typically	elevated	during	hemolytic	anemias,	acute	gastrointestinal	bleeding,	or
after	 supplementation	 of	 a	 missing	 nutrient	 such	 as	 iron	 or	 vitamin	 B12.	 The
reticulocyte	 count	 is	 typically	 low	 during	 primary	 bone	 marrow	 disorders,
nutritional	deficiencies,	ACD,	and	any	condition	leading	to	the	underproduction
of	or	 resistance	 to	EPO	(eg,	 renal	disease).	 If	a	hemolytic	anemia	 is	 suspected
(ie,	 due	 to	 consistently	 hemolyzed	 blood	 specimens,	 characteristic	 findings	 on
physical	 examination	 [see	 later],	 or	 refractoriness	 to	 erythrocyte	 transfusion),
measurement	 of	 total	 and	 unfractionated	 bilirubin	 (elevated),	 lactate
dehydrogenase	 (LDH)	 (elevated),	 and	 haptoglobin	 (decreased)	 may	 be	 useful,
although	the	results	are	not	specific	to	hemolysis	as	patients	with	advanced	liver
disease	may	show	a	similar	pattern.

4 	 A	 review	 of	 the	 blood	 smear	 will	 often	 help	 to	 narrow	 the	 differential
diagnosis	 and	 quickly	 identify	 anemias	 due	 to	 causes	 that	 require	 expeditious,
specialized	 management	 (eg,	 thrombotic	 microangiopathies).	 Examples	 of
erythrocyte	abnormalities	with	classic	blood	smear	findings	include	schistocytes
or	helmet	cells	(Figure	89.1),	sickle	cells	(Figure	89.2),	bite	cells	(Figure	89.3),
or	spherocytes	(Figure	89.4),	and	identification	of	these	aberrant	forms	is	critical
in	making	the	correct	diagnosis	(Table	89.4).



	

Figure	 89.1 	 Peripheral	 smear	 from	 a	 patient	 with	 disseminated
intravascular	 coagulation	 shows	 characteristic	 “helmet”	 cells	 or
schistocytes.(Used	 with	 permission	 of	 American	 Society	 of
Hematology,	 from	Maslak	P.	ASH	Image	Bank.	2008;2008:8-00102;
permission	conveyed	through	Copyright	Clearance	Center,	Inc.)

	

Figure	 89.2 	 Peripheral	 smear	 from	 a	 patient	 with	 sickle	 cell
disease	 illustrates	 the	 spectrum	 of	 RBC	 findings	 in	 this	 disorder
including	 sickle	 cells,	 polychromatophilic	 RBCs,	 target	 cells,	 and
Howell-Jolly	bodies.	RBCs,	red	blood	cells.(Used	with	permission	of
American	 Society	 of	 Hematology,	 from	 Lazarchick	 J.	 ASH	 Image
Bank.	 2009;2009:9-00044;	 permission	 conveyed	 through	 Copyright



Clearance	Center,	Inc.)

	

Figure	89.3 	The	RBC	deformity	(arrow)	shown	in	 this	 image	 is
referred	 to	 as	 a	 “bite”	 cell.(Used	 with	 permission	 of	 American
Society	 of	 Hematology,	 from	 Lazarchick	 J.	 ASH	 Image	 Bank.
2008;2008:8-00151;	 permission	 conveyed	 through	 Copyright
Clearance	Center,	Inc.)

	

Figure	 89.4 	 Spherocytes	 lack	 central	 pallor	 and	 may	 appear
smaller	 than	 typical	 red	 cells.(Used	 with	 permission	 of	 American



Society	 of	 Hematology,	 from	 Maslak	 P.	 ASH	 Image	 Bank.
2008;2008:8-00103;	 permission	 conveyed	 through	 Copyright
Clearance	Center,	Inc.)

TABLE	89.4

Selected	Blood	Smear	Morphologic	Findings	Useful	in	the
Evaluation	of	Hemolytic	Anemia

RBC
Findings Associated	Conditions

Nucleated
RBCs

Hemolytic	anemia,	postsplenectomy,	infiltrative	bone	marrow
process,	“revved-up”	bone	marrow

Schistocytes Microangiopathic	hemolytic	anemia	including	TTP,	HUS,
HELLP	syndrome,	DIC,	heart	valve	hemolysis,	malignant
hypertension

Sickle	cells Sickle	cell	disease,	sickle-thalassemic	syndromes

Target	cells Thalassemia,	liver	disease,	hemoglobin	SC	disease

Spherocytes Hereditary	spherocytosis,	warm	AIHA

Bite	cells G6PD	deficiency

Tear	drop
cells

Myelofibrosis,	infiltrative	bone	marrow	process

RBC
agglutination

CAD

Rouleaux
formation

Multiple	myeloma,	Waldenstrom’s	macroglobulinemia

AIHA,	autoimmune	hemolytic	anemia;	CAD,	cold	agglutinin	disease;	DIC,	disseminated
intravascular	coagulation;	G6PD,	glucose-6-phosphate	dehydrogenase;	HELLP	syndrome,
hemolysis,	elevated	liver	enzymes,	low	platelets;	HUS,	hemolytic	uremic	syndrome;	RBC,	red
blood	cell;	TTP,	thrombotic	thrombocytopenic	purpura.



Further	 laboratory	 testing	 should	 be	 guided	 by	 the	 results	 of	 the	 MCV,
reticulocyte	 count,	 review	 of	 the	 blood	 smear,	 and	 clinical	 suspicion	 of	 any
possible	underlying	diagnoses	(Table	89.5).

TABLE	89.5

Suggested	Initial	Sample	Laboratory	Evaluation	Based	on
the	MCV	and	Reticulocyte	Count

Laboratory	Finding Suspected
Diagnoses Diagnostic	studiesa

Decreased	MCV/low
reticulocyte	count

Iron	deficiency
Thalassemia	minor
Sideroblastic
anemia

Iron	studies
Hemoglobinopathy
evaluation
Bone	marrow
aspirate/biopsy

Decreased	MCV/high
reticulocyte	count

Thalassemia Hemoglobinopathy
evaluation

Normal	MCV/low
reticulocyte	count

Organ	dysfunction
Anemia	of	chronic
disease
Early	iron
deficiency
HIV
Multiple	myeloma
Other	bone
marrow	disorders

Electrolytes,	LFTs,	TSH,
EPO
Iron	studies,	electrolytes,
LFTs
Iron	studies
HIV	studies
Serum	protein
electrophoresis
Bone	marrow
aspirate/biopsy

Normal	MCV/high
reticulocyte	count

GI	bleed
Hemolytic	anemia

Guaiac	stool,	endoscopy
LDH,	bilirubin,
haptoglobin,	Coombs	test

High	MCV/low
reticulocyte	count

Vitamin
deficiencies
Hypothyroidism

Vitamin	B12,	folic	acid
TSH
LFTs



Advanced	liver
disease
Bone	marrow
disorders

Bone	marrow
aspirate/biopsy

High	MCV/high
reticulocyte	count

Hemolytic	anemia LDH,	bilirubin,
haptoglobin,	Coombs	test

aDiagnostic	studies	may	be	ordered	in	succession	until	diagnostic	result	is	reached.
EPO,	erythropoietin;	GI,	gastrointestinal;	HIV,	human	immunodeficiency	virus;	LDH,	lactate
dehydrogenase;	LFTs,	liver	function	tests;	MCV,	mean	corpuscular	volume;	TSH,	thyroid-
stimulating	hormone.

Therapeutic	Red	Cell	Transfusion
Clinicians	caring	 for	patients	 in	critical	 care	 settings	are	often	confronted	with
the	decision	to	transfuse	RBCs	even	before	results	of	laboratory	testing	or	other
evaluation	have	 elucidated	 the	 cause	of	 the	 anemia.	Erythrocyte	 transfusion	 in
this	setting	should	be	guided	by	hemodynamic	considerations,	rather	than	a	finite
transfusion	trigger.8	Because	of	the	(albeit	low)	risk	of	transmission	of	infectious
pathogens	 and	 the	 potential	 for	 transfusion	 reactions	 and	 immunomodulation,
and	 in	 light	 of	 increasing	 evidence	 from	 randomized	 trials	 that	 anemia	 is	well
tolerated	 in	 individuals	without	 cardiopulmonary	 compromise,	more	 restrictive
transfusion	 policies	 have	 become	 the	 standard	 of	 care.2,8-10	 Principles	 of
transfusion	are	discussed	in	greater	detail	in	Chapter	88.

Use	of	Erythropoiesis-Stimulating	Agents
5 	 In	 multiple	 randomized	 clinical	 studies,	 use	 of	 erythropoiesis-stimulating
agents	 (ESAs)	 in	 critically	 ill	 patients	 as	 compared	 with	 placebo	 or	 no
intervention	had	no	statistically	significant	effect	on	overall	mortality	or	 length
of	hospital	stay.11,12	Recent	meta-analyses	are	showing	a	trend	toward	decreased
mortality,	 modest	 decrease	 in	 RBC	 transfusions	 without	 significant	 harm.13-15
However,	at	the	present	time,	there	remains	insufficient	evidence	to	recommend
the	routine	use	of	ESAs	in	critically	ill	anemic	patients.13-15

Hematology	Consultation
If	 the	 etiology	 of	 the	 anemia	 is	 not	 apparent	 despite	 the	 aforementioned



evaluation	 or	 if	 treatment	 options	 remain	 uncertain,	 hematology	 consultation
should	 be	 initiated.	 A	 bone	 marrow	 aspirate	 and	 biopsy	may	 be	 useful	 if	 the
diagnosis	remains	in	question	or	if	a	primary	bone	marrow	disorder	is	suspected
because	 of	 unexplained	 abnormalities	 (morphologic	 or	 quantitative)	 in	 other
blood	cell	lineages.

HEMOLYTIC	ANEMIAS
The	hemolytic	anemias	are	characterized	by	a	decreased	red	cell	 life	span.	The
physiological	 sequelae	 of	 these	 disorders,	 in	 addition	 to	 the	 ability	 of	 the
hemolytic	 process	 to	 cause	 a	 decrease	 in	 hemoglobin	 and	 oxygen-carrying
capacity	 in	 a	 short	 period	of	 time,	may	 lead	 to	 a	 requirement	 for	 critical	 care.
The	 patient	 with	 hemolysis	 may	 be	 very	 or	 only	 minimally	 symptomatic,
depending	on	the	rate	of	red	cell	destruction	and	the	degree	of	compensation	by
the	bone	marrow,	which	produces	young	red	cells	(reticulocytes)	in	response	to
the	decreased	hemoglobin.

Overview	of	Laboratory	Features
Pathological	 features	of	hemolysis	differ	greatly	depending	on	whether	 the	 red
cell	destruction	is	primarily	intravascular	or	extravascular.	Biochemical	evidence
for	 intravascular	 hemolysis	 includes	 elevated	 levels	 of	LDH	and	unconjugated
bilirubin	 and	 decreased	 levels	 of	 haptoglobin,	 which	 is	 cleared	 from	 the
circulation	 after	 binding	 free	 hemoglobin.	 Hemoglobinuria	 results	 when	 free
hemoglobin	 is	 filtered	 through	 the	 glomeruli	 and	 is	 released	 into	 the	 urine,
imparting	a	reddish	color.	Some	hemoglobin	in	the	urine	is	taken	up	by	tubular
cells	 and	 is	 converted	 to	 hemosiderin.	 This	 can	 be	 detected	 by	 checking	 for
intracellular	 iron	 in	 the	 urine	 by	 staining	 the	 urine	 with	 Prussian	 blue	 stain.
Extravascular	 hemolysis	 may	 be	 evidenced	 by	 only	 a	 declining	 hemoglobin
level,	 although	 cases	 of	 brisk	 destruction	 of	 red	 cells	may	 cause	 elevations	 of
LDH	and	unconjugated	bilirubin.

Increased	 red	 cell	 production	 is	 evidenced	by	 an	 increase	of	 the	number	of
circulating	 reticulocytes,	which	 are	 young	 red	 cells	whose	 large	 size	 typically
results	 in	an	elevated	red	cell	MCV	and	red	cell	distribution	width.	Circulating
nucleated	 red	 blood	 cells	 (NRBCs)	may	 be	 seen	 in	 cases	 of	 brisk	 hemolysis.
Morphological	 evidence	 of	 red	 cell	 destruction	 characteristic	 of	 a	 specific
etiology	of	hemolytic	anemia	may	be	evident	on	the	blood	smear	(see	following
sections	and	Figures	89.1	to	89.4).



Immune-Mediated	Hemolysis
The	 pathophysiology	 of	 immune-mediated	 hemolysis	 involves	 antibodies
binding	to	red	cells,	with	or	without	the	activation	of	complement,	leading	to	red
cell	 destruction.	 If	 the	 antibody	 on	 the	 red	 cell	 surface	 is	 immunoglobulin	 G
(IgG),	 then	 red	 cell	 destruction	 is	 mediated	 via	 Fc	 receptors	 on	 macrophages
within	 the	 reticuloendothelial	 (RE)	 system.	 Complete	 or	 partial	 phagocytosis
occurs	 causing	 the	 red	 cells	 to	 take	 a	 spherocytic	 shape	 as	 opposed	 to	 the
normal,	more	pliable,	biconcave	disc	shape.

Antibodies	 that	 lead	to	hemolysis	can	be	divided	into	two	categories:	Warm
and	 cold,	 referring	 to	 the	 temperature	 at	 which	 the	 antibody	 optimally	 reacts
with	 the	 red	 cell.	Warm	antibodies	 react	 optimally	with	 red	 cells	 at	 core	 body
temperatures	(37	°C)	and	typically	do	not	agglutinate	red	cells.16	Cold	antibodies
typically	react	best	at	 temperatures	below	core	body	temperature	with	maximal
reactivity	at	4	°C	and	lead	to	red	cell	agglutination.17	The	hallmark	of	AIHA	is	a
positive	 direct	 Coombs	 test,	 which	 will	 detect	 the	 presence	 of	 either	 IgG	 or
complement	component	3	(C3)	bound	to	red	cells	(Table	89.6).

TABLE	89.6

Interpretation	of	the	Coombs	Test	and	Differential
Diagnosis

IgG	Positive IgG	Negative

C3	positive WAIHA Drug-induced	hemolysis

Drug-induced	hemolysis CAD

PCH

C3	negative WAIHA WAIHA	(rare)

In	performing	this	test,	red	cells	from	the	patient	are	washed	to	remove	nonspecific	proteins	and
antibodies.	Next,	antibodies	to	human	IgG,	human	C3,	or	both	are	added	to	the	cells.	If	the
patient’s	red	cells	have	either	IgG	or	C3	attached	to	them,	the	red	cells	will	agglutinate,	indicating
a	positive	test.	The	specificity	of	the	antibody	can	be	tested	by	testing	the	patient’s	serum	against
panels	of	red	cells	that	express	different	subsets	of	red	cell	antigens.	CAD,	cold	agglutinin
disease;	IgG,	immunoglobulin	G;	PCH,	paroxysmal	cold	hemoglobinuria;	WAIHA,	warm
autoimmune	hemolytic	anemia.



Warm	Autoimmune	Hemolytic	Anemia
In	warm	autoimmune	hemolytic	anemia	(WAIHA),	 IgG	antibodies	are	directed
against	red	cell	surface	membrane	antigens.16	Most	commonly,	these	antibodies
are	directed	against	members	of	 the	Rh	blood	group,	but	 the	 specificity	of	 the
pathogenic	IgG	antibodies	is	not	always	identified.	The	IgG	antibodies	coat	the
red	 cells	 and	 may	 or	 may	 not	 fix	 complement	 (C3).	 IgG-coated	 red	 cell
membrane	fragments	are	engulfed	by	macrophages	in	the	RE	system	(usually	the
spleen).16,18	 As	 the	 red	 cell	 loses	 surface	 area,	 it	 loses	 the	 ability	 to	 retain	 its
biconcave	 disc	 shape.	 As	 the	 shape	 with	 the	 smallest	 surface	 area-to-volume
ratio	is	a	sphere,	the	red	cell	becomes	progressively	more	spherocytic	with	each
pass	through	the	splenic	circulation.16,17

WAIHA	 can	 manifest	 as	 a	 primary	 disorder,	 or	 alternatively,	 it	 can	 be
secondary	to	an	underlying	disorder,	such	as	autoimmune	disorder	(eg,	lupus)	or
a	lymphoproliferative	disorder	(eg,	lymphoma).	Approximately	30%	of	patients
with	 chronic	 lymphocytic	 leukemia	 have	 a	 positive	 Coombs	 test,	 although	 a
much	 lower	 proportion	 develops	 hemolysis.19	 AIHA	 may	 be	 associated	 with
immune	thrombocytopenia,	a	condition	called	Evans	syndrome.	AIHA	can	also
be	provoked	by	infection	or	can	be	induced	by	various	drugs.	Causes	of	WAIHA
are	listed	in	Table	89.7.

TABLE	89.7

Causes	of	Immune	Hemolytic	Anemias

WAIHA

Idiopathic

Lymphoproliferative	disease

Autoimmune	disease

Drugs

Infections

Solid	tumors

CAD



Lymphoproliferative	disease

CAS

Infections

CAD,	cold	agglutinin	disease;	WAIHA,	warm	autoimmune	hemolytic	anemia.

Clinical	Features
Almost	all	patients	present	with	worsening	and	often	debilitating	fatigue.	Older
patients,	and	those	with	rapid	hemolysis	and	ensuing	severe	anemia,	may	present
with	evidence	of	organ	compromise	such	as	dyspnea,	angina,	or	syncope	and	can
suffer	myocardial	ischemia,	hypotension,	and/or	renal	failure.	Physical	findings
can	 include	pallor,	 jaundice,	and	splenomegaly.	Laboratory	 findings	 include	an
increased	 reticulocyte	 count,	 increased	 bilirubin	 (total	 and	 indirect),	 and
increased	LDH.	The	direct	Coombs	test	should	be	positive	in	majority	of	cases
(>95%)	 (Table	 89.6),	 and	 typically	 spherocytes,	 microspherocytes,	 NRBCs,
and/or	anisocytosis	are	seen	on	the	blood	smear.

Transfusion	of	Patients	with	Warm	Autoimmune	Hemolytic	Anemia
When	the	patient	has	severe	anemia	(hemoglobin	<6	g/dL),	heart	failure,	angina,
shock,	 or	 evidence	 of	 hypoperfusion	 to	 vital	 organs,	 or	 if	 compensatory
erythrocytosis	 is	 absent	 or	 inadequate	 because	 of	 an	 underlying	 illness	 that
suppresses	 the	 bone	 marrow,	 such	 as	 leukemia,	 prior	 chemotherapy,	 or	 renal
failure,	 then	 red	 cell	 transfusion	 should	 be	 performed.16,17	 The	 anti-erythrocyte
autoantibody	itself	can	also	be	occasionally	directed	against	red	cell	precursors
of	 the	 marrow,	 leading	 to	 an	 inappropriately	 low	 reticulocyte	 count.16,20	 Any
transfusion	 of	 patients	 with	WAIHA	 needs	 to	 be	 coordinated	 closely	 with	 the
blood	 bank	 or	 transfusion	 service.	 The	 offending	 antibody	 will	 frequently
interfere	 with	 performing	 a	 crossmatch	 to	 identify	 compatible	 blood	 for
transfusion.	Importantly,	for	severe	symptomatic	anemia,	where	transfusion	may
be	lifesaving,	it	is	critical	to	obtain	a	thorough	transfusion	and	pregnancy	history
to	determine	the	likelihood	of	an	underlying	alloantibody	that	may	be	masked	by
the	 autoantibody;	 testing	 a	 red	 cell	 eluate	 may	 be	 helpful	 in	 this	 regard.
Crossmatching	 can	 be	 done	 using	 low-ionic	 strength	 solution,	 which	 will
minimize	 nonspecific	 interactions,	 allowing	 the	 stronger	 alloantibody
interactions	 to	 appear.	 If	 time	 allows,	 phenotyping	 can	 be	 performed;	 such	 a
maneuver	 may	 help	 to	 minimize	 the	 risk	 of	 a	 delayed	 hemolytic	 transfusion
reaction	 (DHTR).	 If	 crossmatched	 units	 are	 not	 available,	 phenotypically



matched	 red	 cells	 are	 preferred.	 If	 phenotypically	 matched	 units	 are	 not
available,	due	 to	 time	constraints	or	 the	patient’s	 condition,	 then	ABO	and	Rh
type-specific,	 noncrossmatched,	 or	 “least	 incompatible”	 units	 should	 be	 used.
Each	unit	should	be	transfused	slowly	while	assessing	the	patient’s	clinical	status
closely	for	evidence	of	worsening	hemolysis.	The	blood	bank	may	require	 that
samples	 of	 the	 patient’s	 blood	 be	 drawn	 soon	 after	 the	 transfusion	 begins	 to
record	any	evidence	of	hemolysis.	This	is	termed	an	in	vivo	crossmatch.

Treatment
After	hemostatic	instability	has	been	addressed	through	transfusion	of	RBCs,	the
initial	treatment	of	WAIHA	consists	of	immunosuppression,	which,	if	successful,
may	 attenuate	 antibody	 production	 and	 allow	 the	 patient’s	 RBCs	 to	 survive
normally	in	the	circulation.	First-line	therapy	consists	of	glucocorticoids,	either
intravenously	 such	 as	methylprednisolone	 or	 oral	 prednisone,	 typically	 at	 1	 to
2	mg	 per	 kg	 daily.16	 Typically,	 steroids	 are	 tapered	 over	 a	 course	 of	weeks	 to
months	and	many	patients	relapse	upon	weaning	steroids.	The	preferred	second-
line	 agent	 is	 rituximab.	 Newer	 strategies	 employing	 upfront	 rituximab	 along
with	predniso(lo)ne	have	been	studied	and	shows	higher	overall	 response	 rates
(75%).21	 If	 steroids	 are	 ineffective,	 or	 if	 relapse	 occurs,	 then	 alternative
immunosuppression	should	be	considered.	Agents	that	have	been	reported	to	be
useful	in	WAIHA	include	rituximab,	cyclophosphamide,	mycophenolate	mofetil,
and	 azathioprine.17	 Splenectomy	 should	 also	 be	 considered	 as	 a	 reasonable
second-line	 treatment	 option	 in	 eligible	 patients.17	 As	 with	 all	 hemolytic
anemias,	 the	administration	of	 folic	acid	1	 to	5	mg	per	day,	at	 least	as	 long	as
hemolysis	 is	 ongoing,	 is	 recommended.	 The	 reticulocyte	 count	 and	 complete
blood	cell	count	(CBC)	should	be	followed	closely	to	monitor	the	effectiveness
of	 therapy.	 The	 amount	 of	 blood	 drawn	may	 be	minimized	 by	 using	 pediatric
tubes	or	“bullet”	tubes,	when	available.

Cold	Agglutinin	Disease
In	 cold	 agglutinin	 disease	 (CAD),	 immunoglobulin	M	 (IgM)	 antibodies	 target
red	 cell	 surface	 antigens,	 typically	 with	 specificity	 to	 either	 “I”	 or	 “i.”	 These
IgM	antibodies	optimally	bind	to	red	cells	at	“cold”	temperatures	(typically	<32
°C	and	most	strongly	at	4	°C),22,23	and,	given	their	ability	to	bind	more	than	one
RBC	 simultaneously,	 lead	 to	 the	 agglutination	 and	 clumping	 of	 RBCs	 in	 the
distal	microvasculature.	 IgM	anti-erythrocyte	antibodies	 fix	complement	 to	 the
red	cell,	leading	to	either	intravascular	or	extravascular	hemolysis.	CAD	may	be
primary	 or	 secondary	 due	 to	 other	 causes	 like	 infection,	 in	 which	 case	 it	 is



termed	as	cold	agglutinin	syndrome	(CAS).22,23	In	primary	CAD	there	is	a	clonal
low-grade	 lymphoproliferative	 disorder	 of	 the	 bone	 marrow	 that	 causes	 RBC
destruction	via	the	complement	pathway.23

Clinical	Features
In	most	patients,	CAD	is	a	chronic	condition	characterized	by	mild-to-moderate
hemolysis	and	episodic	cyanosis	and	 ischemia	of	 the	ears,	 tip	of	 the	nose,	and
digits.23	 When	 episodic,	 cold-induced	 hemolytic	 episodes	 occur,	 intravascular
hemolysis	may	be	associated	with	shock,	rigors,	back	pain,	and	renal	failure.

Laboratory	Evaluation
Cold	agglutinin	titers	can	be	measured.	On	Coombs	testing,	complement	(C3)	is
typically	 positive,	 whereas	 IgG	 is	 negative,	 reflecting	 the	 underlying	 IgM
autoantibody,	 which	 more	 efficiently	 fixes	 complement	 (Table	 89.6).	 The
thermal	 amplitude	 of	 the	 autoantibody,	 not	 the	 antibody	 titer,	 however,	 best
determines	the	severity	of	clinical	symptoms.	If	binding	occurs	only	at	4°	to	30
°C,	 it	 is	 less	 clinically	 important	 than	 if	 significant	 binding	 occurs	 at
temperatures	more	 than	 34	 °C,	 approximating	more	 physiologic	 conditions.	 In
fact,	many	 normal	 individuals	will	 have	 cold	 agglutinins	 detected	 at	 4	 °C	 but
have	no	clinical	symptoms.	Examination	of	the	peripheral	blood	smear	will	show
agglutination	of	erythrocytes.

Treatment
In	patients	with	chronic,	mild	CAD,	 the	mainstay	of	 treatment	 is	 avoidance	of
cold	temperatures.	Corticosteroids	and	splenectomy	are	less	effective	in	CAD	as
compared	with	WAIHA.	In	primary	CAD,	treatments	directed	at	the	underlying
B-cell	clone	results	in	better	response	rates.	These	treatments	include	rituximab
monotherapy,	 bendamustine/rituximab,	 rituximab/fludarabine,	 and	 less
commonly	bortezomib.23,24	Sutimlimab,	an	inhibitor	of	the	complement	C1s	was
recently	approved	by	 the	 food	and	drug	administration	 (FDA)	 for	 treatment	of
CAD.	In	patients	who	present	with	impending	or	actual	end-organ	damage	such
as	myocardial	ischemia	or	stroke,	plasmapheresis	may	be	effective	because	IgM
remains	primarily	intravascular	and	can	be	efficiently	removed.	Plasmapheresis
may	 need	 to	 be	 performed	 preoperatively	 for	 surgeries	 requiring
cardiopulmonary	 bypass	 or	 cardioplegia.23	 Treatment	 of	 CAS	 from	 secondary
causes	 should	 include	 treatment	 of	 the	 underlying	 condition	 (eg,	 treatment	 of
mycoplasma	 infection).	 In	 all	 patients,	 care	 must	 be	 taken	 to	 keep	 the
extracorporeal	tubing	warm	and	to	warm	intravenous	fluids	and	blood	products,



or	hemolysis	may	worsen.	Folic	acid	repletion	is	recommended	in	all	patients.

Paroxysmal	Cold	Hemoglobinuria
Paroxysmal	 cold	 hemoglobinuria	 (PCH)	 is	 a	 rare	 acquired	 form	 of	 hemolytic
anemia	and	the	pathogenic	antibody	is	IgG.	Similar	to	IgM	antibodies	in	CAD,
the	 IgG	 antibody	 in	 PCH	 binds	 to	 RBCs	 and	 fixes	 complement	 only	 at	 cold
temperatures	 (temperature	 range	 <32	 °C)	 but	 unlike	 CAD,	 hemolysis	 in	 PCH
happens	with	rewarming.	Upon	warming	the	IgG	dissociates	from	the	RBCs	but
complement	remains	fixed	causing	hemolysis.	Since	it	is	an	IgG	antibody	it	does
not	 agglutinate	 red	 cells.	 This	 antibody	 is	 called	 the	 Donath–Landsteiner
antibody	and	is	directed	against	the	“P”	red	cell	antigen.25,26	In	the	past,	PCH	was
primarily	a	disease	associated	with	 tertiary	syphilis	and,	 therefore,	has	become
much	less	common	in	the	penicillin	era.	Currently,	PCH	is	primarily	a	pediatric
disorder	(often	following	a	viral	infection),	only	rarely	affecting	adults.	Patients
suffer	 episodic,	 cold-induced	 hemolysis.	 There	 is	 no	 cold-induced	 digital
ischemia.

The	diagnosis	is	made	by	detection	of	the	Donath-Landsteiner	antibody.	The
Coombs	test	is	typically	negative	for	IgG	and	positive	for	C3	(Table	89.6).	The
blood	 bank	 should	 be	 alerted	 to	 the	 possibility	 of	 this	 diagnosis,	 as	 special
considerations	are	required	for	detection.	Serum	is	collected	from	the	patient	and
kept	at	37	°C.	Patient	serum	and	normal	red	cells	are	next	chilled	to	4	°C,	then
warmed	 to	 37	 °C.	 The	 presence	 of	 lysis	 is	 revealed	 by	 the	 detection	 of	 free
hemoglobin	 in	 the	 sample.	 Controls	 must	 be	 performed	 where	 red	 cells	 and
serum	are	incubated	at	37	°C	and	in	a	separate	test	tube	at	4	°C.	In	both	of	these
scenarios,	 there	 should	 be	 no	 lysis	 detected,25	 as	 a	 positive	 test	 requires	 the
extremes	of	temperature.

Drug-Induced	Hemolytic	Anemias
More	 than	130	drugs	have	been	reported	 to	cause	 immune-mediated	hemolytic
anemia.27	Drugs	can	induce	hemolytic	anemia	by	three	general	mechanisms:	the
innocent	 bystander	 mechanism,	 hapten	 mechanism,	 and	 a	 true	 autoimmune
mechanism.27	These	are	described	 in	Table	89.8.	 It	 should	be	noted	 that	many
drugs	 may	 lead	 to	 a	 positive	 direct	 Coombs	 test	 in	 the	 absence	 of	 overt
hemolysis.	 Thus,	 a	 positive	 direct	 Coombs	 test	 should	 not	 be	 inferred	 to
represent	 hemolysis	 unless	 there	 is	 worsening	 anemia	 in	 conjunction	 with
consistent	laboratory	evaluation.	Currently,	piperacillin	is	the	most	common	drug
to	cause	immune	hemolytic	anemia.28



TABLE	89.8

Mechanisms	of	Drug-Induced	Hemolysis

Mechanism Pathophysiology Examples

Innocent
bystander
mechanism

Antibodies	develop	against	the	drug.	The
drug	and	antibody	bind	together	to	form
immune	complexes,	which	deposit	on	the
surface	of	the	red	cell,	where	they	are
recognized	by	the	RE	system.	The	drug
must	be	present	in	order	for	hemolysis	to
occur

Quinine
Quinidine
Isoniazid

Hapten
mechanism

Drug	binds	to	the	red	cell	surface,	and
antibodies	form	which	are	directed	against
the	complex	of	RBC/drug

Penicillins
Cephalosporins,
especially
Cefotetan

True
autoimmune
mechanism

Certain	drugs	appear	to	induce	formation	of
antibodies	directed	against	red	cell	surface
components,	independent	of	any	binding	to
the	RBC	surface.	Once	the	process	has
been	initiated,	antibody	production	can
continue,	even	in	the	absence	of	drug

Alpha
methyldopa
Levodopa
Procainamide
Fludarabine

RBC,	red	blood	cell;	RE,	reticuloendothelial.

Other	drugs	may	cause	hemolysis	by	alternative	mechanisms.	Oxidant	agents
such	as	dapsone	and	other	sulfa	drugs	may	cause	hemolysis	in	a	dose-dependent
fashion,	 especially	 in	 individuals	 with	 glucose-6-phosphate	 dehydrogenase
(G6PD)	 deficiency	 who	 are	 impaired	 in	 their	 ability	 to	 detoxify	 the	 oxidant
damage	 to	hemoglobin	 (see	“Glucose-6-Phosphate	Dehydrogenase	Deficiency”
section	 later	 in	 the	 chapter).	 Ribavirin,	 used	 to	 treat	 hepatitis	 C,	 causes
hemolysis	 in	 a	 dose-dependent	 fashion.	 Its	 mechanism	 of	 red	 cell	 damage	 is
unclear,	 but	 it	 may	 relate	 to	 nucleotide	 depletion.	 Other	 agents	 such	 as
cyclosporine	 and	 tacrolimus	 may	 cause	 a	 microangiopathic	 hemolytic	 anemia
due	to	endothelial	damage	(see	“Microangiopathic	Hemolytic	Anemia”	section).



MICROANGIOPATHIC	HEMOLYTIC	ANEMIA
The	microangiopathic	hemolytic	anemias	are	a	heterogeneous	group	of	disorders
defined	 by	 vascular	 damage	 leading	 to	 thrombosis	 of	 small	 arterioles	 and
capillaries	 resulting	 in	distortion	and	 fragmentation	of	erythrocytes,	hemolysis,
subsequent	 anemia,	 and	 thrombocytopenia.29,30	 The	 hallmark	 finding	 on	 the
blood	smear	is	 the	schistocyte,	a	fragmented	RBC	(Figure	89.1).	 It	 is	essential
that	 the	 intensivist	 recognize	 the	 differential	 diagnosis	 of	 microangiopathic
hemolytic	 anemia	 as	 many	 of	 the	 diagnoses	 require	 prompt	 recognition	 and
treatment	 (Table	 89.9).29,30	 If	 the	 underlying	 etiology	 of	 a	 microangiopathic
hemolytic	anemia	is	in	question,	immediate	hematology	consultation	is	strongly
recommended	 to	 evaluate	 for	 life-threatening	 diagnosis	 such	 as	 thrombotic
thrombocytopenic	purpura	(TTP).

TABLE	89.9

Differential	Diagnosis	of	Microangiopathic	Hemolytic
Anemia

TTP

Hemolytic	uremic	syndrome

Disseminated	intravascular	coagulation

Pregnancy	related:	HELLP	syndrome,	Preeclampsia

Malignant	hypertension

Malfunctioning	prosthetic	heart	valve	with	turbulent	flow

Severe	vasculitis

Scleroderma	renal	crisis

Catastrophic	antiphospholipid	antibody	syndrome

Malignancy

Intravascular	foreign	bodies



Left	ventricular	assist	device

Intra-aortic	balloon	pump

Drugs
Cyclosporine
Tacrolimus
Ticlopidine
Clopidogrel
Chemotherapeutic	agents	such	as	mitomycin	C,	gemcitabine,	and	VEGF
inhibitors

HELLP,	hemolysis,	elevated	liver	enzymes,	low	platelets;	TTP,	thrombotic	thrombocytopenic
purpura;	VEGF,	vascular	endothelial	growth	factor.

TTP,	 once	 almost	 uniformly	 fatal,	 can	 now	 be	 treated	 effectively	 in	 the
majority	of	patients	with	prompt	recognition	and	initiation	of	therapeutic	plasma
exchange	 (TPE).29,31,32	 The	 diagnosis	 should	 be	 suspected	 in	 any	 patient	 who
presents	 with	 unexplained	 microangiopathic	 hemolytic	 anemia	 and
thrombocytopenia.29,31	 The	 “classic	 pentad”	 of	 microangiopathic	 hemolytic
anemia,	 thrombocytopenia,	 mental	 status	 changes,	 renal	 failure,	 and	 fever	 is
present	 in	 fewer	 than	 25%	 of	 patients	 at	 presentation.	 Only	 unexplained
microangiopathic	hemolytic	anemia	and	thrombocytopenia	are	required	to	begin
TPE;	 the	 aforementioned	 clinical	 sequela	 are	 likely	 late	 manifestations	 of	 the
disease.29,31

Moake	 and	 others	 first	 noted	 unusually	 large	 von	Willebrand	 factor	 (vWF)
multimers	in	the	plasma	of	affected	patients	and	proposed	them	to	be	central	in
the	pathophysiology	of	the	disorder.33	In	the	late	1990s,	two	groups	reported	that
a	 vWF-cleaving	 protease	 (later	 termed	 ADAMTS-13,	 as	 a	 member	 of	 a
disintegrin	 and	 metalloproteinase	 with	 thrombospondin	 components	 family	 of
proteins)	was	found	to	be	absent	in	familial	TTP	and	inhibited	by	an	antibody	in
the	 majority	 of	 cases	 of	 acquired	 TTP.34,35	 The	 absence	 of	 ADAMTS-13	 was
subsequently	shown	to	prevent	the	breakdown	of	vWF	multimers	leading	to	the
accumulation	of	ultra	 large	molecular	weight	vWF	multimers.33,36,37	These	ultra
large	 vWF	 multimers	 efficiently	 bind	 to	 glycoprotein	 receptors	 on	 platelet
surfaces	 leading	 to	 adhesion	 of	 platelets	 to	 the	 blood	 vessel	 endothelium	 and
subsequently	 to	 small	 vessel	 occlusion	 affecting	 a	 variety	 of	 organs.29,33
Hemolytic	anemia	occurs	because	of	 the	mechanical	shearing	of	RBCs	as	 they
traverse	the	turbulent	and	occluded	microvasculature,	thus	leading	to	the	classic
findings	of	schistocytes	seen	on	the	peripheral	blood	smear	(Figure	89.1).



Clinical	Manifestations
As	 discussed	 earlier,	 the	 clinical	 manifestations	 of	 TTP	 can	 be	 quite	 varied.
Neurologic	 symptoms	 may	 range	 from	 subtle	 confusion	 to	 frank	 seizures	 or
coma.	Renal	dysfunction	may	range	from	mild	proteinuria	or	azotemia	to	acute
renal	failure.	Occlusion	 in	blood	vessels	of	 the	cardiac	conduction	system	may
lead	 to	 arrhythmias	 and	 sudden	 cardiac	 death.	 Pancreatitis	 has	 been	 described
and	should	be	considered	for	patients	with	abdominal	pain.	Fever	is	often	noted.
Essentially	 any	 organ	 system	 may	 be	 affected	 leading	 to	 a	 wide	 range	 of
symptoms.

Laboratory	Features
Laboratory	 evaluation	 usually	 reveals	 a	 hemolytic	 anemia	 with	 at	 least	 (and
often	 much	 more	 than)	 two	 schistocytes	 or	 greater	 than	 1%	 of	 RBCs	 per
100	 ×	 field	 on	 microscopic	 examination	 (Table	 89.4	 and	 Figure	 89.1).
Coagulation	 studies	 such	 as	 the	 activated	 partial	 thromboplastin	 time	 and	 the
prothrombin	 time	 are	 typically	 normal,	whereas	 they	 are	 usually	 prolonged	 in
disseminated	 intravascular	 coagulation	 (DIC).	 The	 Coombs	 test	 is	 typically
negative.	 Most	 cases	 of	 classic	 acquired	 TTP	 are	 associated	 with	 a	 severe
deficiency	 of	 ADAMTS-13	 (<5%),	 and	 an	 inhibitory	 antibody	 can	 be
demonstrated.29,31	ADAMTS-13	 results	 are	often	not	 available	 in	 real	 time,	 are
not	required	to	make	the	diagnosis,	and	therefore	are	not	routinely	used	to	make
initial	 therapeutic	 decisions	 regarding	 the	 initiation	 of	 plasma	 exchange.
ADAMTS-13	levels	have	prognostic	value	regarding	the	risk	of	relapse	but	are
less	useful	in	determining	the	likelihood	of	initial	response	to	plasma	exchange.
Mild-to-moderate	decreases	in	ADAMTS-13	are	not	specific	and	may	be	seen	in
a	variety	of	disorders	including	DIC	and	other	inflammatory	conditions.36

Schistocytes	may	be	 seen	 in	 conditions	other	 than	TTP	 (Table	89.9).	These
conditions	 usually	 have	 in	 common	 damage	 to	 the	 blood	 vessel	 endothelium,
leading	 to	 the	 release	of	 ultra	 large	vWF	multimers.	The	presentation	of	 these
syndromes	 may	 mimic	 TTP.	 The	 hemolytic	 uremic	 syndrome	 (HUS)	 often
presents	 with	 a	 primary	 component	 of	 renal	 failure.29,30	 Conditions	 other	 than
TTP	are	not	associated	with	severe	(<5%)	deficiency	of	ADAMTS-13	and	TPE
is	 typically	much	 less	or	 ineffective.	When	atypical	HUS	 is	 suspected,	TPE	 is
often	initiated	until	the	ADAMTS-13	results	become	available.29,38

ADAMTS-13	 activity	 testing	 is	 commonly	 associated	 with	 prolonged
turnaround	 times	 and	may	 not	 be	 available	 in	 resource	 poor	 settings.	 In	 these
scenarios,	a	validated	clinical	prediction	tool	known	as	the	PLASMIC	score	can



be	used	to	stratify	patients	according	to	their	risk	of	having	severe	ADAMTS-13
deficiency	(Table	89.10).39

TABLE	89.10

PLASMIC	Score	for	Prediction	of	Severe	ADAMTS-13
Deficiency	(TTP)

Points

Platelet	count	<30	×	109/L 1

Presence	of	hemolysisa 1

No	active	cancer 1

No	history	of	solid-organ/hematopoietic	stem	cell	transplant 1

MCV	<	90	fL 1

INR	<	1.5 1

Creatinine	<	2.0	mg/dL 1

aReticulocyte	>2.5%,	undetectable	haptoglobin,	indirect	bilirubin>2.0	mg/dL.
INR,	International	Normalized	Ratio;	MCV,	mean	corpuscular	volume;	TTP,	thrombotic
thrombocytopenic	purpura.

Score	0	to	4:	low	risk	of	severe	ADAMTS-13	deficiency.
Score	5:	Intermediate	risk	of	severe	ADAMTS-13	deficiency.
Score	6	to	7:	high	risk	of	severe	ADAMTS-13	deficiency.
Adapted	from	The	Lancet,	Bendapudi	PK,	Hurwitz	S,	Fry	A,	et	al.	Derivation	and	external
validation	of	the	PLASMIC	score	for	rapid	assessment	of	adults	with	thrombotic
microangiopathies:	a	cohort	study.	Lancet	Haematol.	2017;4(4):e157-e164,	with	permission	from
Elsevier.

6 	 The	 distinction	 between	TTP	 and	HUS	may	 be	 difficult,	 although	 it	 has
been	reported	that	a	serum	creatinine	>150	to	200	µmol/L	(1.7-2.3	mg/dL)	or	a
platelet	 count	 >30	 ×	 109	 per	 L	 is	 rarely	 associated	 with	 severe	 ADAMTS-13
deficiency	 as	 seen	 in	 TTP.40,41	 Classic	 childhood	 HUS	 is	 usually	 preceded	 by
hemorrhagic	 diarrhea	 caused	 by	 Escherichia	 coli	 O157:H7.	 In	 atypical	 HUS,



renal	 failure	 is	more	 severe	 and	 extrarenal	manifestations	 are	 less	 common	 or
absent	as	compared	to	TTP.29,30,41	ADAMTS-13	is	not	usually	severely	depressed
in	 HUS,	 suggesting	 a	 different	 pathophysiology	 between	 these	 two	 related
conditions.29	 Atypical	 HUS	 has	 been	 linked	 to	 uncontrolled	 activation	 of	 the
complement	system	due	to	either	congenital	or	acquired	mutations	or	antibodies
against	 various	 factors	 in	 the	 complement	 pathway.29,42	 As	 the	 ability	 to
differentiate	 between	 TTP	 and	 atypical	 HUS	 is	 often	 unclear,	 prompt	 TPE	 is
often	 initiated	 in	 atypical	 HUS,	 even	 though	 efficacy	 is	 less	 as	 compared	 to
TTP.29,40	 Eculizumab,	 a	 terminal	 complement	 inhibitor,	 was	 approved	 and	 has
become	the	standard	of	care	for	the	treatment	of	atypical	HUS	since	2011.29,41,43
As	soon	as	the	diagnosis	is	confirmed	or	deemed	highly	likely,	or	if	there	is	high
suspicion	 and	 TPE	 is	 ineffective,	 eculizumab	 should	 be	 promptly	 initiated.
Meningococcal	 vaccination	 is	 recommended	 prior	 to	 the	 first	 dose.	 Both
nephrology	and	hematology	consultation	should	be	sought	when	the	diagnosis	of
atypical	HUS	is	suspected.

Treatment
TPE	with	fresh	frozen	plasma	(FFP)	at	a	1.0	to	1.5	×	plasma	volume	should	be
initiated	 as	 soon	 as	 idiopathic	TTP	 is	 suspected.29,30,32,38,40	A	 dual-lumen,	 large-
bore,	dialysis-catheter	 is	often	needed	 for	 the	procedure,	despite	 the	coexisting
thrombocytopenia.	With	prompt	TPE,	80%	to	90%	of	patients	with	classic	TTP
survive	this	once	uniformly	fatal	disease.29	The	effectiveness	of	TPE	is	thought
to	 be	 due	 to	 both	 the	 removal	 of	 an	 anti-ADAMTS-13	 antibody	 and	 the
replacement	of	ADAMTS-13	in	donor	FFP.	If	TPE	is	not	readily	available,	FFP
should	 be	 infused	 at	 a	 rate	 of	 30	 mL/kg/d	 while	 arrangements	 for	 TPE	 are
made.40	 Randomized	 trials	 have	 supported	 the	 efficacy	 of	 TPE	 over	 simple
plasma	 infusion,	 which	 is	 often	 problematic	 given	 the	 large	 volume	 of	 FFP
required.29,38,40	 Caplacizumab,	 a	 humanized,	 bivalent,	 variable-domain-only
immunoglobulin	 fragment	 that	 targets	 the	 A1	 domain	 of	 vWF,	 prevents
interaction	 of	 vWF	 with	 platelet	 and	 decreases	 platelet	 consumption	 and
microvascular	thrombosis.44	Addition	of	caplacizumab	to	TPE	resulted	in	faster
normalization	of	platelet	count,	lower	incidence	of	TTP-related	death,	recurrence
of	TTP	and	thromboembolic	events.44	Therefore,	current	guidelines	recommend
upfront	use	of	caplacizumab	in	the	treatment	of	TTP.32

TPE	should	be	continued	until	 the	platelet	count	and	LDH	have	normalized
for	2	days.29,32,40	Plasma	exchange	is	often	tapered	down	to	every	other	day	upon
remission,	 but	 this	 practice	 has	 not	 been	 critically	 studied	 and	 its	 efficacy	 in
preventing	 relapse	 is	 uncertain40.	 In	 refractory	 or	 relapsing	 patients,



cryosupernatant	plasma,	devoid	of	vWF,	should	be	considered.45	Catheter-related
infections	 should	 also	 be	 investigated	 and	 have	 been	 documented	 to	 lead	 to
relapse.	 Immunosuppressants	 such	 as	 glucocorticoids	 and	 cyclosporine	 as
adjuncts	 to	 plasma	 exchange	 have	 been	 used,	 but	 efficacy	 remains
uncertain.29,38,44	 Platelet	 transfusion	 is	 generally	 avoided,	 as	 it	 is	 thought	 to
possibly	exacerbate	thrombosis,	although	evidence	is	conflicting.46,47

Rituximab	has	been	increasingly	used	as	adjuvant	therapy	to	TPE	in	both	the
initial	 and	 refractory	 settings.48	 Recent	 guidelines	 have	 stated	 that	 rituximab
should	 be	 considered	 along	with	 TPE	 and	 steroids	 during	 an	 acute	 event	 and
recommended	it	in	patients	who	have	a	refractory	episode	of	TTP	despite	plasma
exchange.32,48	Recombinant	ADAMTS-13	is	under	development	and	may	prove
to	be	effective	in	the	future.

Disseminated	Intravascular	Coagulation
Although	microangiopathic	 hemolytic	 anemia	may	 be	 present	 in	 patients	with
DIC,	 typically	 the	 thrombotic	 or	 bleeding	 manifestations	 of	 DIC	 are	 more
clinically	 significant.	 DIC,	 which	 is	 often	 due	 to	 an	 underlying	 serious	 or
catastrophic	 event	 such	 as	 septicemia	 or	 an	 obstetric	 emergency,	 is	 covered	 in
greater	detail	in	Chapter	87.

Other	Causes	of	Microangiopathic	Hemolytic	Anemia
The	differential	diagnosis	of	microangiopathic	hemolytic	anemia	includes	other
diagnoses	listed	in	Table	89.9.	Appropriate	consultation	and	treatment	should	be
pursued	dependent	on	the	most	likely	diagnosis.

HEMOGLOBINOPATHIES

7 	Sickle	Cell	Anemia
8 	Sickle	cell	anemia	results	from	the	presence	of	a	point	mutation	leading	to	an
amino	acid	substitution	(valine	for	glutamic	acid)	in	the	sixth	position	of	the	beta
chain	 of	 hemoglobin.	 An	 unstable	 form	 of	 hemoglobin	 (hemoglobin	 S)	 is
produced	which	polymerizes	in	the	setting	of	dehydration	or	hypoxia,	leading	to
irreversible	 sickling	 of	 erythrocytes.	 Erythrocyte	 sickling	 is	 responsible	 for	 a
variety	 of	 clinical	 conditions	 including	 extremely	 painful	 episodes	 in	 the	 back
and	 extremities.	 Patients	 may	 be	 symptomatic	 if	 they	 are	 homozygous	 for



hemoglobin	 S;	 if	 they	 are	 compound	 heterozygotes	 for	 hemoglobin	 S,
hemoglobin	 C,	 hemoglobin	 D,	 and	 hemoglobin	 E;	 or	 if	 they	 also	 have
concomitant	 β	 -thalassemia.	 The	 most	 common	 complications	 of	 sickling
disorders	leading	to	ICU	admission	are	listed	in	Table	89.11.	Multiple	new	drug
therapies	have	been	approved	in	the	management	of	sickle	cell	disease	in	the	last
several	years	(L-glutamine,	crizanlizumab,	and	voxelotor),	but	hydroxyurea	still
remains	 the	 cornerstone	 of	 treatment.	 These	 treatments	 play	 little	 role	 in	 the
management	of	acute	complications	of	sickle	cell	disease.

TABLE	89.11

Critical	Care	Complications	of	Sickle	Cell	Disease

ACS

Acute	stroke

Acute	cholecystitis

Congestive	heart	failure

Hyperhemolysis

Pulmonary	hypertension

Sepsis

Severe	aplastic	crisis

Delayed	transfusion	reaction

ACS,	acute	chest	syndrome.

Transfusion
Although	 patients	 with	 sickling	 disorders	 are	 nearly	 always	 anemic,	 routine
transfusions	are	not	indicated	for	hemodynamically	stable	anemia,	routine	vaso-
occlusive	 crisis,	 routine	pregnancies,	 or	 simple	 surgical	 procedures	 that	 do	not
require	 general	 anesthesia.	 In	 general,	 hematology	 consultation	 is	 indicated	 if
transfusion	 is	 considered,	 as	 the	 need	 for	 transfusion	 usually	 suggests	 a	more
complicated	 clinical	 scenario.	 Transfusion	 therapy	 can	 be	 simple,	 chronic,	 or



performed	 via	 RBC	 exchange.	 Simple	 transfusion	 involves	 infusion	 of	 a
sufficient	 volume	 of	 red	 cells	 to	 improve	 tissue	 oxygenation.	 Chronic	 simple
transfusions	 are	 primarily	 used	 to	 prevent	 stroke	 recurrence.	 RBC	 exchange,
performed	 (where	 available)	 via	 erythrocytapheresis	 using	 a	 noncollapsible,
large-bore,	dialysis-catheter,	involves	the	removal	of	the	patient’s	hemoglobin	S
red	 cells,	 followed	 by	 replacement	 of	 RBCs	 from	 a	 non–hemoglobin	 S	 donor
targeting	a	final	hemoglobin	no	higher	than	8	to	10	g	per	dL	with	hemoglobin	S
less	than	30%.	RBC	exchange	is	often	used	in	the	management	of	acute	stroke,
severe	acute	chest	 syndrome	(ACS),	or	multiorgan	 failure	as	a	more	 rapid	and
efficient	way	to	remove	hemoglobin	S	and	improve	oxygen	delivery.	As	opposed
to	simple	transfusion,	which	can	further	increase	iron	load,	exchange	transfusion
is	also	helpful	in	iron-overloaded	patients	because	iron	is	removed	with	removal
of	 hemoglobin	 S	 red	 cells.	 As	 an	 alternative	 to	 pheresis,	 manual	 exchange
transfusion	involves	removing	500	mL	of	blood,	followed	by	infusion	of	300	mL
normal	 saline,	 followed	by	 another	 500	mL	 removal	 of	 blood,	 and	 subsequent
transfusion	of	4	to	5	units	of	packed	red	cells.	However,	if	possible,	automated
exchange	 by	 pheresis	 is	 more	 effective	 at	 achieving	 targeted	 hemoglobin
concentrations.49	The	American	Society	of	Hematology	(ASH)	2020	guidelines
on	 transfusion	 support	 in	 sickle	 cell	 disease	 suggests	 using	 automated	 red	 cell
exchange	 or	 manual	 red	 cell	 exchange	 over	 simple	 transfusions	 in	 sickle	 cell
patients	receiving	chronic	transfusions	and	being	treated	for	moderate	to	severe
ACS.50	With	 both	 exchange	modalities,	 care	 should	 be	 taken	 to	 keep	 the	 end
hemoglobin	 value	 no	 higher	 than	 10	 g	 per	 dL	 to	 minimize	 the	 risk	 of
hyperviscosity.

Alloimmunization,	typically	to	the	Rh	(E,	C),	Kell	(K),	Duffy	(Fya,	Fyb),	and
Kidd	 (Jk)	 antigens,	 occurs	 in	 a	much	 higher	 proportion	 in	 sickle	 cell	 patients
(5%-75%)	 than	 in	 general	 population	 (2%-5%).50,51	 Alloimmunization	 can	 be
minimized	 by	 transfusing	 red	 cells	 that	 have	 been	 phenotypically	matched	 for
these	 red	 cell	 antigens.	 The	 ASH	 2020	 guidelines	 for	 transfusion	 support	 in
sickle	 cell	 disease	 suggests	 obtaining	 an	 extended	 red	 cell	 antigen	 profile	 by
genoor	serology,	and	recommends	prophylactic	red	cell	antigen	matching	for	Rh
(C,	E	or	C/c,	E/e)	 and	K	antigens,	 for	 all	 patients	with	 sickle	 cell	 disease.50	 If
phenotypically	matched	units	are	not	available,	crossmatched	red	cell	units	that
are	negative	for	C,	E,	and	Kell	are	recommended.50,51

Acute	Chest	Syndrome
Pulmonary	complications	frequently	cause	significant	morbidity	and	mortality	in
patients	with	 sickling	 disorders	 and	 are	 a	 common	 reason	 for	 ICU	 admission.



Among	 the	 pulmonary	 complications,	 the	 ACS	 is	 among	 the	 most	 frequently
observed	in	the	ICU	setting.

Clinical	Features
ACS	 can	 be	 defined	 by	 a	 constellation	 of	 fever,	 hypoxemia,	 chest	 pain,
leukocytosis,	and	new	pulmonary	infiltrate	in	a	patient	with	a	sickling	disorder.52
Although	most	 common	 in	 patients	 homozygous	 for	 hemoglobin	 S,	 ACS	 can
also	be	seen	in	decreasing	frequency	in	patients	with	hemoglobin	SC	disease	and
S/β+	thalassemia.	Importantly,	the	clinical	definition	of	ACS	does	not	indicate	a
specific	etiology.	ACS	can	be	caused	by	infection,	thrombosis,	fat	embolism,	or
any	 combination	 of	 these	 conditions.	A	 large	multicenter	 study	 showed	 that	 a
specific	cause	of	ACS	could	be	identified	in	more	than	50%	of	patients	studied.53
The	most	common	etiologies	observed	were	fat	embolism	and	infection.	Specific
etiologies	of	ACS	from	this	study	of	671	episodes	are	listed	in	Table	89.12.	A
clinically	distinct	group	of	ACS	patients	defined	as	“rapidly	progressive	ACS”
present	 with	 progressive	 respiratory	 failure	 (usually	 within	 24	 hours	 of	 ACS
onset)	and	higher	rates	of	multiorgan	failure	requiring	intensive	care	admission.54
These	patients	tend	to	have	higher	morbidity	and	mortality.54

TABLE	89.12

Causes	of	ACS	in	a	30-Center	Study

Cause Percentage

Fat	embolism,	with	or	without	infection 8.8

Chlamydia 7.2

Mycoplasma 6.6

Virus 6.4

Bacteria 4.5

Mixed	infections 3.7

Legionella 0.6

Miscellaneous	infections 0.4



Infarction 16.1

Unknown 45.7

ACS,	acute	chest	syndrome.
Adapted	from	Vichinsky	EP,	Neumayr	LD,	Earles	AN,	et	al.	Causes	and	outcomes	of	the	acute
chest	syndrome	in	sickle	cell	disease.	N	Engl	J	Med.	2000;342:1855-1865.

Treatment
Treatment	 of	 ACS	 depends	 in	 part	 on	 the	 clinical	 presentation.	 If	 the	 sputum
Gram	 stain	 suggests	 infection	 with	 a	 particular	 organism,	 targeted	 antibiotic
therapy	should	be	initiated	without	delay.	Interestingly,	although	pneumococcus
is	 a	 frequent	 cause	 of	 infection	 among	 children	 with	 ACS,	 it	 is	 much	 less
common	 among	 adults,	 in	whom	mycoplasma	 is	more	 frequently	 implicated.52
However,	when	an	infectious	etiology	of	ACS	is	suspected,	empiric	coverage	for
pneumococcus	 remains	 appropriate.	 In	 addition,	 because	 of	 the	 high	mortality
associated	 with	 ACS,	 empiric	 antibiotic	 coverage	 for	 mycoplasma	 and
chlamydia	 should	 also	 be	 strongly	 considered.	 A	 recently	 published	 National
Institutes	of	Health	(NIH)	expert	panel	report	strongly	recommends	treatment	of
ACS	with	cephalosporins,	a	macrolide,	and	oxygen	 to	maintain	a	 saturation	of
greater	 than	 95%.55	 Similarly,	 the	 use	 of	 incentive	 spirometry	 was	 strongly
encouraged	by	 this	 same	expert	 panel.	Maintaining	hydration	 and	oxygenation
during	 episodes	 of	 ACS	 are	 imperative	 to	 prevent	 further	 sickling.	 However,
fluids	must	be	administered	carefully	to	avoid	fluid	overload.	There	are	no	data
to	support	the	routine	use	of	anticoagulants	in	ACS,	and	in	the	absence	of	data,
this	practice	should	be	avoided.

Patients	with	ACS	and	hypoxia	(PO2	<	75	mm	Hg)	should	be	transfused	red
cells	 by	 either	 simple	 or	 exchange	 transfusion.55	 One	 small	 single-institution
study	 found	 no	 difference	 between	 the	 two	 transfusion	modalities.56	 The	NIH
expert	 panel	 recommends	 simple	 transfusion	 to	 a	 hemoglobin	 of	 10	 g	 per	 dL
unless	there	is	rapid	progression	of	ACS	as	demonstrated	by	oxygen	saturation
below	 90%	 despite	 supplemental	 oxygen,	 increasing	 respiratory	 distress,
worsening	chest	x-ray,	or	decline	in	hemoglobin	despite	supplemental	oxygen.55
Because	 patients	 with	 hemoglobin	 SC	 disease	 typically	 have	 baseline
hemoglobin	 levels	 in	 the	10	 to	11	g	per	dL	 range,	 exchange	 transfusion	 is	 the
preferred	means	of	red	cell	administration.	In	addition	to	providing	a	source	of
oxygen	 delivery,	 exchange	 transfusion	 also	 decreases	 levels	 of	 inflammatory
mediators	such	as	soluble	vascular	cell	adhesion	molecule-1.57



Acute	Stroke
Stroke	 is	 one	 of	 the	most	morbid	 complications	 of	 sickle	 cell	 disease,	 with	 a
prevalence	of	more	than	20%	in	some	series.58	In	addition	to	overt	stroke,	more
than	 60%	 of	 patients	 with	 sickle	 cell	 disease	 have	 evidence	 of	 brain	 damage
from	 occult	 infarction	 that	 is	 incidentally	 found	 on	 magnetic	 resonance
imaging.59	The	pathophysiology	of	stroke	in	sickle	cell	patients	 is	complicated.
Stroke	is	related	to	nitric	oxide	depletion,	hypercoagulability,	and	abnormalities
of	the	major	cerebral	arteries.	Unfortunately,	stroke	recurrence	is	common	with
more	than	50%	of	cases	occurring	within	36	months	following	the	initial	event.60
The	 presence	 of	 constricted	 cerebral	 arteries	with	 collateralization	 (moyamoya
syndrome)	is	associated	with	recurrent	stroke	and	may	be	alleviated	by	surgical
vascular	bypass.61	Although	transcranial	Doppler	measurement	of	blood	velocity
has	predictive	value	for	stroke	in	pediatric	patients	with	sickle	cell	disease,	 the
measurement	 of	 cranial	 blood	 flow	 velocity	 is	 less	 able	 to	 stratify	 the	 risk	 of
stroke	for	adults.62

Treatment
Although	 there	 have	 been	 no	 specific	 trials	 addressing	 the	 issue,	 antiplatelet
agents	 can	 be	 used	 for	 the	 treatment	 of	 acute	 stroke	 of	 adults	with	 sickle	 cell
disease,	 similar	 to	 patients	 without	 sickle	 cell	 disease.63	 The	 ASH	 2020
guidelines	on	cerebrovascular	disease	in	sickle	cell	disease	recommends	prompt
exchange	 transfusion	 for	 sickle	 cell	 patients	 with	 suspected	 or	 confirmed
ischemic	 stroke	 or	 TIA	with	 neurological	 symptoms.58	 In	 the	 setting	 of	 acute
stroke,	 emergent	 red	 cell	 exchange	 transfusion	 to	 reduce	hemoglobin	S	 to	 less
than	 30%	 is	 recommended.	 Similarly,	 consensus	 opinion	 suggests	 that
conventional	angiography	can	be	used	in	sickle	cell	patients	suspected	of	having
an	 aneurysmal	 subarachnoid	 hemorrhage.64	 Because	 of	 the	 osmotic	 dye	 load
which	 might	 increase	 intracerebral	 sickling,	 experts	 also	 suggest	 exchange
transfusion	 prior	 to	 angiography.65	 Acute	 retinal	 artery	 occlusion	 can	 be
considered	as	an	ophthalmic	stroke.	The	exact	pathophysiology	of	retinal	artery
occlusion	in	sickle	cell	disease	and	risk	factors	for	the	condition	are	not	known.66
Similarly,	 there	 are	 scant	 data	 on	 the	 treatment	 of	 retinal	 artery	 occlusion	 in
sickle	cell	anemia.	At	this	time,	it	is	reasonable	for	sickle	cell	patients	presenting
with	acute	thrombotic	stroke	or	acute	retinal	artery	occlusion	to	undergo	red	cell
exchange	 transfusion.	 In	 addition,	 antiplatelet	 agent	 administration	 appears
reasonable.



Hepatobiliary	Complications
Sickle	cell	patients	can	have	acute	and	chronic	hepatobiliary	manifestations.	The
acute	 manifestations	 usually	 occur	 as	 a	 result	 of	 vaso-occlusion	 in	 the
gastrointestinal	 tract.	These	may	 include	 acute	 sickle	 cell	 hepatic	 crisis	 (fever,
right	 upper	 quadrant	 [RUQ]	 pain,	 tender	 hepatomegaly,	 unconjugated
bilirubinemia),	 acute	 hepatic	 sequestration	 (RUQ	 pain,	 hepatomegaly,	 anemia,
conjugated	 bilirubinemia)	 and	 acute	 intrahepatic	 cholestasis	 (fever,	RUQ	pain,
may	rapidly	progress	to	acute	liver	failure).67	Patients	with	hemolytic	disorders,
including	 sickle	 cell	 disease,	 form	 gallstones	 composed	 of	 the	 insoluble	 salt,
calcium	bilirubinate.	 Therefore,	 sickle	 cell	 patients	 have	 a	 higher	 incidence	 of
acute	 cholecystitis.67	 An	 NIH	 expert	 panel	 recommends	 treating	 acute
cholecystitis	 with	 antibiotics	 and	 surgical	 consultation	 (consensus	 opinion).55
This	group	also	recommends	a	laparoscopic	approach	if	surgery	is	indicated	and
recommends	simple	transfusion	to	a	hemoglobin	of	10	g	per	dL	prior	to	surgery.
This	recommendation	is	based	on	a	randomized	trial	that	suggested	that	simple
preoperative	transfusion	to	a	hemoglobin	level	of	10	g	per	dL	is	not	associated
with	more	 complications	 than	 preoperative	 red	 cell	 exchange	 transfusion	 to	 a
target	hemoglobin	S	less	than	30%.68	In	addition,	simple	transfusion	is	associated
with	 a	 lower	 rate	 of	 alloantibody	 formation,	 as	 fewer	 units	 of	 RBCs	 are
transfused.	The	use	of	postoperative	incentive	spirometry	is	strongly	encouraged
to	reduce	pulmonary	complications.69

Pulmonary	Hypertension
Pulmonary	 hypertension	 is	 a	 recognized	 cause	 of	 morbidity	 and	 mortality	 in
sickle	cell	disease	occurring	among	more	than	20%	of	patients	and	conferring	an
increased	 risk	of	death	 (37%-55%)	especially	 in	 the	HbSS	genoand	 in	patients
with	 more	 severe	 hemolytic	 anemia.70	 Pulmonary	 hypertension	 may	 be
secondary	 to	 nitric	 oxide	 scavenging	 by	 free	 hemoglobin	 released	 during
hemolysis.	Such	scavenging	can	lead	to	the	synthesis	of	vasoconstrictors	such	as
vascular	 cell	 adhesion	molecule	 1	 and	 E-selectin.	Hemolysis	 also	 leads	 to	 the
release	 of	 arginase	 from	 hemolyzed	 red	 cells,	 reducing	 nitric	 oxide	 synthesis.
The	 formation	 of	 reactive	 oxygen	 and	 nitrogen	 species	 catalyzed	 by	 free
hemoglobin	 may	 also	 lead	 to	 pulmonary	 vasoconstriction.	 Pulmonary
hypertension,	 in	 conjunction	 with	 high	 cardiac	 output,	 is	 a	 major	 cause	 of
congestive	heart	failure	in	patients	with	sickle	cell	disease.

The	 management	 of	 patients	 with	 sickle	 cell	 disease	 and	 pulmonary
hypertension	is	challenging.	Some	authors	have	noted	a	decreased	incidence	of



pulmonary	 hypertension	 in	 retrospective	 studies	 of	 patients	 treated	 with
hydroxyurea,71	but	this	finding	is	not	universal.	A	small	study	found	that	therapy
with	 sildenafil	 improved	 exercise	 capacity	 of	 patients	 with	 sickle	 cell	 disease
and	 pulmonary	 hypertension.72	 However,	 another	 trial	 using	 sildenafil	 for
children	with	 sickle	 cell	 disease	 and	 pulmonary	 hypertension	was	 prematurely
suspended	because	of	an	increased	incidence	of	adverse	events	including	painful
crisis.	Speculation	exists	that	endothelin	antagonists,	such	as	bosentan,	may	also
be	effective	for	reducing	pulmonary	artery	pressures,	although	prospective	trials
are	 lacking.	Similarly,	controlled	clinical	 trials	are	needed	 to	establish	 the	case
for	the	use	of	epoprostenol	and	oral	arginine.73

Currently,	 there	 is	 insufficient	 evidence	 in	 the	medical	 literature	 to	 suggest
specific	treatment	strategies	for	patients	with	sickle	cell	disease	and	pulmonary
hypertension.	 At	 a	 minimum,	 conservative	 management	 including	 oxygen
therapy	 to	 treat	hypoxia	 and	echocardiographic	documentation	with	 aggressive
treatment	of	right	heart	failure	are	recommended.55

Hyperhemolysis
Patients	 with	 hyperhemolysis,	 characterized	 by	 a	 lower	 posttransfusion
hemoglobin	 compared	 with	 the	 pretransfusion	 value,	 present	 with	 profound
anemia	 and	 hemolysis	 despite	 red	 cell	 transfusion	 support.74	 The
pathophysiology	 of	 hyperhemolysis	 in	 sickle	 cell	 disease	 remains	 unclear	 but
may	 be	 related	 to	 a	 combination	 of	 bystander	 hemolysis,	 suppression	 of
erythropoiesis,	 and	 destruction	 of	 RBCs	 due	 to	 contact	 lysis	 via	 activated
macrophages.74	 There	 are	 case	 reports	 supporting	 the	 use	 of	 intravenous
immunoglobulin	 or	 corticosteroids	 in	 addition	 to	 plasma	 to	 red	 cell	 exchange
transfusion	 to	 maintain	 enough	 RBCs	 to	 support	 the	 circulation.74	 EPO
administration	may	 also	 be	 of	 benefit	 in	 cases	where	 the	 reticulocyte	 count	 is
inadequate.	 Rituximab	 and	 eculizumab	 has	 been	 reported	 as	 an	 effective
treatment	 for	 this	 condition.74	 Although	 hyperhemolysis	 can	 recur,	 typically	 it
occurs	 as	 an	 isolated	 event.	 Prompt	 recognition	 is	 important	 to	 avoid	 life-
threatening	anemia	in	the	setting	of	continued	erythrocyte	transfusion.

Aplastic	Crisis
Aplastic	 crisis	 in	 sickle	 cell	 disease	 is	 usually	 secondary	 to	 either	 folic	 acid
deficiency	 or	 infection	 with	 parvovirus	 B19.	 Aplasia	 secondary	 to	 folic	 acid
deficiency	is	more	common	during	late	pregnancy	when	folic	acid	requirements
are	increased.	Infection	with	parvovirus	can	be	accompanied	by	marked	marrow



necrosis.75	 Treatment	 of	 parvovirus	 infection–induced	 aplasia	 in
immunocompetent	individuals	is	supportive	using	red	cell	transfusion	to	restore
the	hemoglobin	to	a	safe	level	until	it	resolves	upon	clearance	of	the	virus.

Sepsis
Because	 patients	 with	 sickling	 disorders	 are	 functionally	 asplenic,	 infection
remains	a	 common	 reason	 for	hospitalization.	Pneumonia	 is	 the	most	 common
infection	and	may	be	caused	by	pneumococcal	species,	especially	if	the	patient
did	not	receive	appropriate	immunizations.	Treatment	of	the	patient	with	sickle
cell	 disease	 and	 sepsis	 parallels	 the	 treatment	 of	 similar	 patients	 without	 a
coexistent	 hemoglobinopathy.	 Broad-spectrum	 antibiotics,	 which	 can	 later	 be
tailored	 to	 the	 most	 likely	 organism,	 should	 be	 administered	 immediately.
Adequate	hydration	must	be	maintained	during	an	infectious	episode	to	prevent
further	 sickling	 of	 erythrocytes.	Organisms	 responsible	 for	 sepsis	 in	 the	 sickle
cell	 population	 can	 be	 found	 in	Table	 89.13.	 Consideration	 of	 immunization
status	is	important	when	considering	the	most	likely	organism.

TABLE	89.13

Organisms	Responsible	for	Blood-Borne	Infections	in
Patients	With	Sickling	Disorders

Gram-Positive	cocci

Staphylococcus	aureus

Coagulase-negative	staphylococci

Streptococcus	pneumoniae

Viridans	streptococci

Enterococci

Streptococcus	bovis

Gram-negative	bacilli

Acinetobacter	baumannii



Escherichia	coli

Klebsiella	spp

Anaerobes

Bacteroides	spp

Fusobacterium	sp

Fungi

Adapted	from	Chulamokha	L,	Scholand	SJ,	Riggio	JM,	et	al.	Bloodstream	infections	in
hospitalized	adults	with	sickle	cell	disease:	a	retrospective	analysis.	Am	J	Hematol.	2006;81:723-
728.

Iron	Overload
Because	patients	with	sickle	cell	disease	are	transfused	throughout	their	lifetime,
these	 patients	 run	 the	 risk	 of	 iron	 overload.	 The	 liver,	 heart,	 and	 pancreas	 are
particularly	vulnerable	to	the	effects	of	excess	iron.	Iron	chelation	is	particularly
important	 in	 iron-overloaded	patients	 (serum	ferritin	>1000	ng	per	mL	or	 liver
iron	concentrations	of	greater	than	2.2	mg	iron	per	g	dry	weight	of	liver	tissue).
Oral	 iron	 chelators	 including	 deferasirox	 or	 deferiprone	 are	 better	 tolerated	 as
compared	 with	 parenteral	 deferoxamine,	 and	 appear	 as	 effective	 at	 removing
iron.76

Thalassemia
Patients	with	thalassemia	can	develop	high-output	heart	failure	that	can	lead	to
ICU	admissions.	Treatment	of	heart	 failure	 in	 thalassemic	patients	 is	similar	 to
the	management	of	heart	failure	in	other	patient	populations	including	the	use	of
diuretics,	 angiotensin-converting	 enzyme	 inhibitors,	 and	 β-blockers.	 Chelation
therapy	with	deferasirox	is	recommended	in	patients	with	thalassemia	major	and
iron	overload,	especially	if	iron	overload	has	caused	cardiac	toxicity.	Transfusion
support	 is	 required	 in	 symptomatic	 anemia.	 Unless	 a	 coexistent
hemoglobinopathy	is	present,	stroke,	ACS,	and	other	common	complications	of
sickle	cell	disease	are	not	typically	seen.

Hemolytic	Transfusion	Reactions



Patients	 may	 experience	 hemolytic	 transfusion	 reactions	 that	 are	 either
immediate	 (acute)	 or	 delayed.	Acute	 hemolytic	 transfusion	 reactions	 (AHTRs)
typically	manifest	with	a	 feeling	of	 impending	doom.	Subsequently,	back	pain,
hypotension,	 red	 urine,	 and	 shock	 develop.	 Renal	 failure	 due	 to	 the	 massive
hemoglobin	 load	may	occur,	and	DIC	often	ensues.	 Indeed,	AHTR	is	 typically
the	 result	 of	 human	 error,	 in	 specimen	 collection,	 labeling,	 or	 transfusion.77
Errors	 within	 the	 laboratory	 are	 much	 less	 common.	 Although	 this	 dramatic
presentation	is	classic,	 it	 is	 important	to	note	that	a	rise	in	temperature	of	1	°C
above	 baseline	may	 be	 the	 sole	 initial	 presentation	 of	 a	 hemolytic	 transfusion
reaction	and	necessitates	the	cessation	of	transfusion	of	that	unit	of	red	cells	and
initiation	 of	 workup	 for	 transfusion	 reaction.	 In	 the	 case	 of	 an	 immediate
hemolytic	 transfusion	 reaction,	 hemoglobinuria	 and	 hemoglobinemia	 may	 be
seen,	and	reaction	between	 the	remnant	of	 the	 transfused	unit	and	 the	patient’s
pretransfusion	 serum	 can	 be	 identified.	 Treatment	 consists	 of	 stopping	 the
transfusion	 as	 soon	 as	 the	 reaction	 is	 suspected	 and	 maintenance	 of	 blood
pressure	with	fluids	and	pressors	as	needed.

DHTRs	typically	present	1	to	4	weeks	after	transfusion	of	a	unit	of	red	cells.
The	 patient	 may	 present	 with	 fatigue,	 jaundice,	 pallor,	 or	 red-	 or	 tea-colored
urine.	Patients	with	sickling	disorders	may	come	to	medical	attention	because	of
a	new	or	worsening	pain	crisis.	The	hemoglobin	will	be	lower	than	that	seen	post
transfusion.	The	LDH	and	bilirubin	will	be	increased,	the	reticulocyte	count	will
likely	 be	 elevated,	 and	 the	 antibody	 screen	 will	 be	 positive,	 and	 a	 new
alloantibody	often	identified.	The	DHTR	is	typically	due	to	mismatches	of	non-
ABO	 red	 cell	 antigens.	 Patients	 should	 be	 issued	 a	 card	 stating	 the	 antigen	 to
which	they	have	made	a	new	alloantibody	and	told	to	present	this	card	prior	to
all	future	transfusions.	This	is	especially	important	in	cases	of	antibodies	to	the
Kidd	 antigen,	 as	 these	 alloantibodies	 are	 typically	 transient	 and	 may	 not	 be
detectable	 on	 future	 antibody	 screens.	 Patients	with	 sickle	 cell	 disease	 have	 a
higher	 risk	 of	 hemolytic	 transfusion	 reactions	 as	many	 of	 them	 require	 blood
transfusions	 throughout	 their	 lives.	 The	 ASH	 2020	 guidelines	 on	 transfusion
support	 in	 sickle	 cell	 disease	 suggest	 use	 of	 immunosuppressive	 therapy	 in
patients	with	 a	 history	 of	 hemolytic	 transfusion	 reactions	 and	 for	 treatment	 of
these	reactions.50

Glucose-6-Phosphate	Dehydrogenase	Deficiency
G6PD	deficiency,	a	sex-linked	trait	primarily	affecting	men	most	commonly	of
African	American	 or	Mediterranean	 descent,	 is	 the	most	 common	 erythrocyte
enzyme	defect	 in	 the	world.78	G6PD	is	necessary	 to	maintain	glutathione	 in	 its



reduced	state	in	the	erythrocyte.	Patients	deficient	in	this	enzyme	are	subject	to
oxidative	 hemolysis	 when	 exposed	 to	 certain	 drugs	 and	 toxins,	 or	 during
episodes	 of	 infection.	A	 sample	 list	 of	 drugs	 to	 be	 avoided	 in	G6PD-deficient
patients	 is	 provided	 in	Table	 89.14.	 Because	 acute	 infection	 makes	 oxidative
hemolysis	more	likely,	there	has	been	confusion	about	the	safety	of	certain	drugs
in	G6PD-deficient	 patients.	 A	 list	 of	 drugs	 that	 can	 be	 safely	 administered	 to
G6PD-deficient	patients	 is	 shown	 in	Table	89.15.	A	more	 exhaustive	 drug	 list
can	 be	 found	 at	 many	 websites	 dedicated	 to	 G6PD	 deficiency	 (eg,
https://www.g6pd.org/).	G6PD	deficiency	is	seldom	a	major	issue	in	critically	ill
patients	because	the	anemia	is	 typically	not	severe,	and	the	patients	are	closely
monitored.	 However,	 in	 solid-organ	 transplant	 recipients	 who	 are	 exposed	 to
oxidant	drugs	such	as	trimethoprim-sulfamethoxazole	or	dapsone,	the	diagnosis
should	be	strongly	considered	in	the	setting	of	a	new	hemolytic	or	unexplained
acute	anemia.79

TABLE	89.14

Drugs	to	Be	Avoided	in	G6PD-Deficient	Patients

Dapsone

Methylene	blue

Nalidixic	acid

Nitrofurantoin

Phenazopyridine

Primaquine

Sulfacetamide

Sulfanilamide

Sulfapyridine

Toluidine	blue

Urate	oxidase

https://www.g6pd.org/


List	is	not	intended	to	be	all	inclusive.

G6PD,	glucose-6-phosphate	dehydrogenase.
Adapted	from	Lichtman	MA,	Beutler	E,	Kipps	TJ,	et	al.	Williams	Hematology.	7th	ed.	McGraw-Hill
Medical;	2006.

TABLE	89.15

Drugs	That	Are	Safe	in	G6PD-Deficient	Patients

Acetaminophen

Acetylsalicylic	acid

Ascorbic	acid

Chloramphenicol

Chloroquine

Colchicine

Diphenhydramine

Isoniazid

Phenytoin
Procainamide

Pyrimethamine

Quinine

Streptomycin

Sulfadiazine

Sulfamethoxazole

Trimethoprim

Vitamin	K

List	is	not	intended	to	be	all	inclusive.
G6PD,	glucose-6-phosphate	dehydrogenase.



Adapted	from	Lichtman	MA,	Beutler	E,	Kipps	TJ,	et	al.	Williams	Hematology.	7th	ed.	McGraw-Hill
Medical;	2006.

In	the	more	common	African	American	variant	of	G6PD,	enzyme	levels	are
elevated	 in	 young	 reticulocytes,	 and	 therefore	 measurement	 of	 this	 enzyme
should	not	be	attempted	in	the	setting	of	an	acute	hemolytic	episode,	where	the
majority	of	circulating	red	cells	are	young.

Paroxysmal	Nocturnal	Hemoglobinuria
Paroxysmal	nocturnal	hemoglobinuria	(PNH)	is	an	acquired	disease	in	which	an
abnormal	 stem	 cell	 clone	 gives	 rise	 to	 red	 cells,	white	 cells,	 and	 platelets	 that
lack	 proteins	 that	 are	 normally	 attached	 to	 the	 cell	 surface	 by	 a
glycosylphosphatidylinositol	(GPI)	anchor.	Among	these	proteins	are	CD55	and
CD59,	which	are	responsible	for	inactivating	complement	on	the	surface	of	red
cells.	PNH	cells	are	therefore	more	susceptible	to	complement-mediated	lysis.80
Patients	 with	 PNH	 may	 come	 to	 the	 attention	 of	 the	 intensivist	 with
complications	 such	 as	 hemolysis,	 pancytopenia,	 arterial,	 or	 venous	 thrombosis
(including	 the	 Budd-Chiari	 syndrome/hepatic	 vein	 thrombosis).	 Patients	 may
also	develop	pancytopenia	due	to	marrow	hypoplasia,	as	there	is	an	association
with	 primary	 bone	marrow	disorders	 such	 as	 aplastic	 anemia,	myelodysplastic
syndromes	(MDS),	and	acute	myelogenous	leukemia.80

Flow	cytometry	showing	the	absence	of	GPI-linked	surface	molecules	CD55
and	CD59	on	erythrocytes	and	granulocytes	has	supplanted	older	testing	(such	as
the	Ham	test)	for	the	diagnosis	of	PNH.80	Eculizumab	has	been	FDA	approved
for	 the	 treatment	 of	 hemolysis	 due	 to	 PNH.	 Patients	 treated	 with	 eculizumab
show	 markedly	 lower	 rates	 of	 hemolysis	 and	 also	 thrombosis80-82	 but	 are	 at
increased	risk	of	infection	with	meningococcus,	requiring	immunization	prior	to
use.81,82	 There	 are	 currently	 several	 other	 complement	 inhibitors	 under
development	(eg,	crovalimab)	with	longer	durations	of	action	that	may	be	useful
for	the	future	treatment	of	PNH.

Hereditary	Spherocytosis
Hereditary	 spherocytosis	 (HS)	 is	 an	 autosomal	 dominant	 disorder	 of	 red	 cell
membrane	skeletal	proteins	 leading	 to	a	 lack	of	anchoring	of	 the	 red	cell	 lipid
bilayer	 to	 its	 skeletal	backbone,83	 leading	 to	a	characteristic	 spherocytic	 shape.
Patients	 have	 lifelong	 hemolysis,	 which	 is	 often	 well	 compensated.	 However,
with	 even	 mild	 infections,	 the	 hemolysis	 can	 accelerate,	 and	 the	 patient	 can



become	 more	 anemic.	 Splenomegaly	 is	 present	 in	 many	 patients	 and	 splenic
rupture	may	occur	after	 trauma.	Patients	with	HS	may	present	with	an	aplastic
crisis	 manifested	 by	 severe	 reticulocytopenia	 and	 anemia	 often	 due	 to	 a
parvovirus	 B-19	 infection,	 which	 transiently	 suppresses	 the	 bone	 marrow’s
ability	 to	produce	 red	cells	and	compensate	 for	 the	accelerated	hemolysis.	The
Coombs	 test	 will	 be	 negative	 and	 should	 be	 used	 to	 differentiate	 HS	 from
WAIHA,	which	can	present	similarly.	Diagnosis	is	made	by	showing	an	increase
in	 osmotic	 fragility	 and	 a	 decrease	 in	 eosin-5′-maleimide	 binding	 to	 band	 3.83
RBC	transfusion	may	be	administered	to	patients	with	aplastic	crisis.

Hemolysis	from	Infectious	Agents
Certain	 infectious	 pathogens	 cause	 hemolysis	 that	 can	 be	 severe	 or	 life-
threatening.	Malaria	is	prototypic;	infection	with	falciparum	malaria	is	known	as
blackwater	 fever,	 due	 to	 the	massive	 hemolysis	 caused	 by	 this	 agent.	Babesia
microti	is	another	intracellular	parasite	that	can	lead	to	hemolysis.	It	is	carried	by
the	 same	 tick	 as	Lyme	disease	 and	 can	 look	 like	malarial	 forms	 on	 peripheral
smear.	 Bartonella	 bacilliformis,	 the	 agent	 responsible	 for	 Oroya	 fever,	 and
Verruca	 peruviana,	 an	 extracellular	 parasite,	 can	 lyse	 red	 cells	 leading	 to
dramatic	 hemolysis.	 In	 endemic	 regions	 of	 the	 world,	 these	 organisms	 are
leading	 causes	 of	 hemolysis	 in	 critically	 ill	 patients.	 The	 toxin	 of	Clostridium
welchii,	an	agent	of	gas	gangrene,	may	cause	severe	hemolysis.	The	bacterium
produces	 a	 lysolecithinase,	 which	 attacks	 the	 red	 cell	 membrane	 bilayer.
Clostridium	 perfringens,	 another	 agent	 causing	 gas	 gangrene,	 also	 leads	 to
hemolysis	via	the	action	of	phospholipases	produced	in	its	exotoxin.84	In	certain
cases,	 the	hemolysis	 can	be	 severe	 enough	 to	 produce	 a	 disparity	 between	 the
hemoglobin	 and	 the	 hematocrit.	 This	 infectious	 complication	 typically	 follows
bowel	or	gynecologic	surgery.

Hemolysis	Associated	with	Chemical	and	Physical	Agents
Arsenic,	especially	arsine	gas,	can	lead	to	hemolysis,	as	it	can	elevate	levels	of
copper	in	the	blood.	Wilson	disease,	which	is	a	disorder	of	copper	metabolism,
may	present	with	hemolysis	as	part	of	its	clinical	picture.85	Some	dialysis	centers
have	had	difficulty	with	copper	contamination	of	 their	water	supply,	 leading	to
severe	 hemolysis.86	 Insect	 and	 spider	 bites,	 especially	 the	 bite	 of	 the	 brown
recluse	 spider	 (Loxosceles	 reclusa),	 can	 lead	 to	 hemolysis,	 as	 can	 certain
snakebites.87	 Severe	 burns	 can	 lead	 to	 hemolysis,	 as	 the	 red	 cell	membrane	 is



sensitive	to	temperatures	more	than	55	°C.

Other	Causes	of	Anemia	in	the	Critical	Care	Setting
Iron	 deficiency	 leads	 to	 a	 hypoproliferative	 anemia	 due	 to	 the	 inability	 to
synthesize	 hemoglobin.	 Iron	 deficiency	may	 be	 caused	 by	 chronic	 blood	 loss,
decreased	iron	intake	(either	from	dietary	reasons	or	from	iron	malabsorption	as
occurs	in	celiac	sprue	or	following	gastrointestinal	bypass),	or	both.	In	the	ICU,
red	 cell	 transfusion	 is	 the	most	 immediate	way	 to	 correct	 the	 anemia,	 but	 for
patients	 with	 low	 hemoglobin	 but	 without	 hemodynamic	 compromise,	 oral	 or
intravenous	iron	is	preferred.	Parenteral	iron	may	be	preferred	for	iron-deficient
patients	who	 have	 undergone	 gastrointestinal	 bypass,	 those	with	 inflammatory
bowel	disease,	cancer	patients,	those	who	suffer	from	functional	iron	deficiency,
patients	 undergoing	 treatment	 with	 EPO,	 or	 patients	 with	 chronic	 kidney
disease.88	 The	 major	 concern	 with	 parenteral	 iron	 therapy	 has	 been	 severe
anaphylaxis	 reactions,	 however	with	 newer	 formulations	 of	 parenteral	 iron	 the
incidence	 of	 these	 reactions	 are	 much	 lower	 compared	 to	 the	 high	 molecular
weight	iron	dextran	that	was	used	in	the	past.89	The	iron	deficit	can	be	calculated
by	the	following	formula:	(desired	hemoglobin	−	actual	hemoglobin)	×	(weight
in	 pounds)	 +	 storage	 iron.	 Storage	 iron	 is	 estimated	 at	 1000	 g	 for	 men	 and
600	mg	for	women.

Megaloblastic	Anemia
Megaloblastic	 anemia	 is	 a	 rare	 cause	 of	 anemia	 in	 the	 ICU	 but	 should	 be
suspected	in	individuals	presenting	with	a	macrocytic,	hypoproliferative	anemia
(high	 MCV,	 low	 reticulocyte	 count)	 (Table	 89.5).	 Vitamin	 B12	 and	 folic	 acid
levels	 should	 be	measured,	 but	 accuracy	may	 be	 affected	 in	 the	 acute	 setting.
The	measurement	 of	 homocysteine	 and	methylmalonic	 acid	 (MMA)	 is	 a	more
sensitive	way	to	assess	for	these	nutritional	deficiencies	but	can	also	be	altered
in	the	critically	ill	patient.90	Typically,	both	homocysteine	and	MMA	are	elevated
in	 B12	 deficiency,	 although	 homocysteine	 alone	 is	 elevated	 in	 folic	 acid
deficiency.	 Elevation	 of	 homocysteine	 and	 MMA	may	 be	 the	 first	 laboratory
signs	 of	 subclinical	 B12	 deficiency.	 The	 peripheral	 smear	 may	 show	 oval
macrocytes	 and	 hypersegmented	 neutrophils.	 Other	 anemias	 that	 are
hypoproliferative	and	macrocytic	include	the	MDS,	aplastic	anemia,	the	anemia
of	 hypothyroidism,	 and	 liver	 disease	 (Table	 89.5).	 Additionally,	 medications
such	as	hydroxyurea,	methotrexate,	and	zidovudine	may	lead	to	macrocytosis.



Anemia	of	Chronic	Disease/Inflammation
9 	 The	 ACD/inflammation	 is	 common	 in	 the	 ICU	 and	 its	 etiology	 is
multifactorial	 (Table	 89.16).91-93	Once	 thought	 to	 occur	 over	weeks	 to	months,
the	ACD	has	been	shown	to	occur	in	less	than	a	week	and	is	thus	thought	to	be	a
major	 contributor	 to	 anemia	 in	 critically	 ill	 patients.92,93	 Several	 studies	 have
shown	elevated	 levels	of	pro-inflammatory	mediators	 in	ACD	 including	 tumor
necrosis	 factor	 alpha;	 interleukin	 6;	 C-reactive	 protein;	 and	 interferons	 alpha,
beta,	 and	 gamma.92,94,95	 This	 acute-phase	 reactant	 response	 has	 been	 shown	 to
inhibit	EPO	production,	blunt	the	erythropoietic	response,	and	play	a	central	role
for	 iron	 metabolism,	 leading	 to	 the	 sequestration	 of	 iron.	 Iron	 metabolism	 is
primarily	 mediated	 by	 the	 antimicrobial	 peptide	 hepcidin,	 which	 impairs	 the
ability	 to	 export	 iron	 from	 gut	 epithelial	 cells	 and	 hepatocytes	 into	 the
bloodstream.91	Hepcidin	is	upregulated	in	the	ACD,	leading	to	the	sequestration
of	iron.	In	the	ACD,	the	serum	iron	(Fe),	total	iron-binding	capacity	(TIBC),	and
percentage	iron	saturation	(iron/TIBC)	are	typically	low.	Ferritin,	an	acute-phase
reactant,	 is	often	normal	or	elevated,	 as	opposed	 to	 iron	deficiency	where	 it	 is
low.	Renal	failure	 is	common	in	 the	ICU	and	also	may	contribute	 to	 the	ACD,
especially	 when	 progressive.92,96	 Increased	 red	 cell	 destruction	 has	 also	 been
noted	in	the	ACD	because	of	decreased	RBC	deformability.92

TABLE	89.16

Mechanisms	of	the	Anemia	of	Chronic	Disease/Critical
Illness

Blood	loss

Phlebotomy

Active	bleeding

Decreased	red	cell	production

Decreased	production	of	EPO

Blunted	response	to	EPO

Sequestration	of	iron	through	upregulation	of	hepcidin



Renal	dysfunction

Increased	red	cell	destruction

Reduced	red	blood	cell	deformability

EPO,	erythropoietin.

CONCLUSIONS
As	 discussed	 in	 this	 chapter,	 anemia	 is	 exceedingly	 common	 during	 critical
illness,	but	its	etiology	remains	diverse.	A	rational	approach	to	the	evaluation	of
anemia	 includes	 review	 of	 the	 white	 blood	 count,	 platelet	 count,	 MCV,
reticulocyte	 count,	 peripheral	 blood	 smear,	 and	 any	 prior	 CBCs	 that	 may	 be
available.	 If	 hemolysis	 is	 suspected,	 LDH,	 bilirubin,	 and	 haptoglobin	 will
provide	additional	information	to	support	or	refute	this	diagnosis.	A	Coombs	test
is	often	sent	if	the	etiology	of	hemolysis	remains	in	question.	As	highlighted	in
the	 chapter,	 certain	 causes	 of	 anemia	 such	 as	 blood	 loss,	 microangiopathic
hemolytic	anemia,	complications	of	sickle	cell	disease,	hemolysis	from	drugs	as
well	as	foreign	devices,	and	ACD	are	frequently	present	in	critically	ill	patients
and	 should	 be	 considered	 in	 the	 ICU	 patient	 population.	 Specific	 treatment
recommendations	are	based	on	the	underlying	diagnosis.	Minimizing	the	volume
and	 frequency	of	 blood	draws	 is	 essential.	Conservative	 transfusion	 thresholds
are	 recommended	 in	 the	 absence	of	 hemodynamic	 compromise	or	 acute	 blood
loss.	 The	 role	 of	 ESAs	 has	 been	 investigated	 but	 remains	 uncertain.	 If	 the
etiology	 of	 the	 anemia	 remains	 obscure,	 or	 the	management	 of	 an	 underlying
diagnosis	remains	uncertain,	hematology	consultation	is	recommended.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	68-year-old	previously	healthy	man	presents	with	weakness,	fatigue,
and	lethargy.	He	has	noticed	dark	urine	and	yellowing	of	his	eyes	over	the	last
week.	He	is	not	taking	any	medications	and	denies	use	of	herbal	supplements.
Laboratory	data	are	shown	with	normal	ranges	in	parentheses:
Hemoglobin 7.9	g/dL	(12-16	g/dL)



Hematocrit 24%	(36%-48%)

MCV 107	fL	(80-100	fL)

WBC 6.0	K/μL	(4.5-10.5	K/μL)

Platelet	count 154	K/μL	(150-450	K/μL)

Reticulocyte	count 9%	(0.5%-1.8%)

LDH 894	U/L	(<200	U/L)

Total	bilirubin 3.9	mg/dL	(<1.2	mg/dL)

Direct	bilirubin 0.9mg/dL	(<0.3	mg/dL)

Coombs	test:	IgG Strongly	positive	(negative)

Coombs	test:	C3 Negative	(negative)

Which	of	the	following	do	you	expect	to	see	when	you	review	the	blood	smear?

A. 	Bite	cells
B. 	Schistocytes
C. 	Spherocytes
D. 	Target	cells

2. 	A	38-year-old	previously	healthy	man	is	admitted	to	the	ICU	for
evaluation	of	new	onset	severe	anemia.	He	is	jaundiced	and	has	scleral	icterus.	A
hemolytic	anemia	is	suspected.	Which	of	following	laboratory	findings	are	most
consistent	with	this	diagnosis?

A. 	Elevated	haptoglobin
B. 	Elevated	reticulocyte	count
C. 	Low	lactate	dehydrogenase	(LDH)
D. 	Low	total	and	indirect	bilirubin

3. 	A	21-year-old	previously	healthy	man	is	being	admitted	with	fatigue	and
abdominal	pain	without	diarrhea	for	the	past	week.	Vital	signs	are	normal	except
for	a	heart	rate	of	102	beats/min.	There	is	no	bleeding,	and	his	mental	status	is
normal.	Laboratory	studies	are	significant	for	the	following:
Leukocyte	count 6600/μL



Hemoglobin 7.9	g/dL

Platelet	count 34,000/μL

Creatinine 6.3	mg/dL

Serum	lactate	dehydrogenase 1600	U/L

Coagulation	studies	and	fibrinogen Normal

ADAMTS-13 49%	activity

The	peripheral	blood	smear	shows	many	schistocytes,	decreased	platelets,	and
normal	white	blood	cells	without	blast	forms.What	is	the	most	appropriate
therapy?

A. 	Cryoprecipitate
B. 	Eculizumab
C. 	Platelet	transfusion
D. 	Therapeutic	plasma	exchange

4. 	A	24-year-old	man	with	sickle	cell	anemia	(HbSS)	presents	with	left	arm
weakness	that	began	4	hours	prior	to	arrival.	On	exam,	he	is	in	normal	sinus
rhythm	with	a	left	hemiparesis	and	hemisensory	loss.	He	has	no	prior	history	of
stroke.	Noncontrast	head	CT	is	negative	for	hemorrhage.	MRI	of	the	brain
showed	R	MCA	occlusion.	Echocardiogram	is	unremarkable.	Medications
include	hydroxyurea,	folic	acid,	and	oxycodone	as	needed.Laboratory	data	are
shown:
Leukocyte	count 8600/μL

Hemoglobin 9.3	g/dL

Platelet	count 234,000/μL

Creatinine 0.8	mg/dL

Coagulation	studies Normal

What	is	the	most	appropriate	next	step	in	management?

A. 	Intravenous	heparin
B. 	PRBC	transfusion



C. 	Red	blood	cell	exchange
D. 	Tissue	plasminogen	activator	(tPA)

5. 	A	46-year-old	man	has	been	in	the	surgical	intensive	care	unit	for	45	days
after	a	Whipple	procedure	for	pancreatic	cancer.	His	course	has	been
complicated	by	ileus,	pulmonary	embolism,	and	poor	wound	healing.	During	the
hospital	stay	hemoglobin	has	slowly	decreased	from	13.2	g/dL	on	admission	to
8.9	g/dL	today.	There	is	no	obvious	bleeding	and	stool	guaiac	is	negative.	He	has
not	received	a	blood	transfusion.	He	is	afebrile	with	normal	vital	signs.	Iron
studies	are	normal,	and	laboratory	workup	is	otherwise	unremarkable.	What	is
the	most	appropriate	management	of	this	patient’s	anemia?

A. 	Decreasing	frequency	of	blood	draws
B. 	Erythropoietin	stimulating	agent	(ESA)
C. 	PRBC	transfusion
D. 	Repeat	CBC	in	a	heparinized	test	tube

Answers

1.	The	correct	answer	is	C.
Rationale:	The	history	and	labs	are	consistent	with	a	hemolytic	anemia.	The

Coombs,	 strongly	 positivity	 for	 IgG,	 is	 consistent	 with	 warm	 autoimmune
hemolytic	 anemia	 and	 spherocytes	 would	 be	 expected	 on	 the	 blood	 smear
(choice	C	is	correct).	Target	cells	would	be	seen	in	thalassemia,	and	bite	cell	in
G6PD	 deficiency,	 both	 of	 which	 are	 Coombs	 negative	 (choices	 D	 and	 A	 are
incorrect).	 Schistocytes	 would	 be	 expected	 in	 thrombotic	 thrombocytopenia
purpura	 (TTP)	 and	 other	microangiopathic	 anemias,	 which	would	 be	 Coombs
negative	 (choice	 B	 is	 incorrect).	 Although	 not	 listed	 here	 as	 a	 choice,	 RBC
agglutination	would	be	seen	in	cold	agglutinin	disease	and	the	Coombs	would	be
IgG	negative	and	C3	positive.

2.	The	correct	answer	is	B.
Rationale:	 This	 patient	 has	 a	 new	 onset	 hemolytic	 anemia.	 As	 he	 was

previously	 healthy,	 the	 expected	 response	 would	 be	 to	 compensate	 for	 the
anemia	 with	 increased	 bone	 marrow	 production	 of	 red	 blood	 cells	 (ie,
reticulocytes)	 as	 reflected	 by	 an	 increased	 reticulocyte	 count	 (choice	 B	 is
correct).	 Typically,	 hemolytic	 anemias	 are	 normocytic	 or	 macrocytic,	 not
microcytic.	The	haptoglobin	is	typically	decreased	(choice	A	is	incorrect),	LDH
is	increased	(choice	C	is	incorrect),	and	indirect	bilirubin	is	increased	(choice	D



is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 This	 patient	 presents	 with	 severe	 acute	 renal	 failure,

thrombocytopenia,	 and	 hemolytic	 anemia.	 Schistocytes	 are	 seen	 on	 the
peripheral	 blood	 smear	 consistent	 with	 a	 thrombotic	 microangiopathy.	 The
clinical	 presentation	 and	 laboratory	 data	 are	 consistent	 with	 atypical	 HUS
(aHUS)	and	the	terminal	complement	inhibitor	eculizumab	is	the	recommended
first-line	 treatment	 (choice	 B	 is	 correct).	 In	 thrombotic	 thrombocytopenia
purpura	 (TTP),	 the	ADAMTS-13	 level	 is	 typically	 below	 5%	 to	 10%	 and	 the
degree	 of	 renal	 dysfunction	 is	 mild,	 thus	 therapeutic	 plasma	 exchange	 is	 not
indicated	(choice	D	is	incorrect).	Coagulation	studies	and	fibrinogen	are	normal,
so	there	is	no	indication	for	cryoprecipitate	replacement	(choice	A	is	incorrect).
At	the	current	platelet	count	and	without	bleeding,	platelet	transfusion	is	also	not
indicated	(choice	C	is	incorrect).

4.	The	correct	answer	is	C.
Rationale:	 Stroke	 is	 among	 the	 most	 feared	 complications	 of	 sickle	 cell

disease.	Urgent	 red	blood	cell	 exchange	 to	decrease	hemoglobin	S	 to	<30%	 is
indicated	(choice	C	is	correct).	Simple	transfusion	would	not	decrease	Hgb	S	to
the	degree	necessary,	and	transfusion	to	a	Hgb	>10	g/dL	is	generally	avoided	in
sickle	 cell	 anemia	 (choice	 B	 is	 incorrect).	 Intravenous	 heparin	 and	 TPA	 have
unproven	efficacy	in	stroke	secondary	to	sickle	cell	anemia.	They	both	may	be
considered	but	should	not	delay	 red	blood	cell	exchange	 (choices	A	and	D	are
not	the	best	answers).

5.	The	correct	answer	is	A.
Rationale:	 Anemia	 is	 common	 in	 the	 intensive	 care	 unit.	 The	 etiology	 is

varied	and	can	include	blood	loss,	the	anemia	of	chronic	disease,	and	hemolysis.
Frequent	 blood	 draws	 are	 also	 a	 well	 described	 contributor	 to	 anemia	 in	 the
critical	 care	 setting	 (choice	A	 is	 correct).	 ESAs	 have	 not	 proven	 effective	 for
improving	mortality	 and	only	decrease	 transfusion	minimally	 (if	 at	 all)	 among
the	critically	ill	(choice	B	is	incorrect).	PRBC	transfusion	would	not	be	indicated
at	 a	Hgb	 of	 8.9	 g/dL	 (choice	C	 is	 incorrect).	 Drawing	 blood	 in	 a	 heparinized
syringe	 is	 indicated	 to	 evaluate	 for	platelet	 clumping/pseudothrombocytopenia,
not	 anemia	 (choice	 D	 is	 incorrect).	 Although	 not	 listed	 here	 as	 a	 choice,
evaluation	for	B12	 deficiency	would	have	also	been	 incorrect,	 as	his	 admission
hemoglobin	was	normal	and	vitamin	deficiency	would	not	occur	acutely.
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Chapter	90
Thrombocytopenia
Thomas	G.	DeLoughery

KEY	POINTS:
1.	 The	immediate	priorities	in	thrombocytopenic	patients	are	to

establish	the	validity	and	severity	of	the	thrombocytopenia,	evaluate
for	potentially	life-threatening	processes	such	as	heparin-induced
thrombocytopenia	(HIT)	or	thrombotic	thrombocytopenic	purpura
(TTP),	and	initiate	appropriate	therapy.

2.	 Although	platelet	thresholds	below	which	critically	ill	patients	are	at
risk	of	severe	bleeding	are	likely	to	vary	among	patients,	clinical
practice	generally	dictates	that	a	platelet	count	above	10	×	109/L
does	not	require	platelet	transfusion.	Platelet	transfusion	may	be
indicated	at	higher	counts,	if	a	patient	is	bleeding,	is	febrile,	is
receiving	platelet	inhibitors	or	anticoagulation,	has	renal	dysfunction,
requires	an	invasive	procedure,	has	suspected	platelet	dysfunction,
or	has	disseminated	intravascular	coagulation	(DIC)	or	another
coagulopathy.

3.	 HIT	should	be	suspected	when	there	is	a	sudden	onset	of
thrombocytopenia	when	there	has	been	a	≥50%	drop	in	the	platelet
count	from	baseline	and/or	a	drop	in	the	platelet	count	to	less	than
100	×109/L	in	a	patient	receiving	heparin	in	any	form.

4.	 The	direct	thrombin	inhibitors,	argatroban	and	bivalirudin,	are
indicated	for	the	treatment	of	HIT.	The	indirect	anti-Xa	inhibitor
fondaparinux	does	not	cross-react	with	HIT	antibodies,	suggesting
that	it	may	be	an	acceptable	option	for	therapy	of	HIT.

5.	 TTP	should	be	suspected	when	any	patient	presents	with
thrombocytopenia	and	microangiopathic	hemolytic	anemia,	as



evidenced	by	schistocytes	on	the	blood	smear	and	biochemical
evidence	of	hemolysis;	end-organ	damage,	manifesting	as	renal
insufficiency	or	neurologic	phenomena;	and	fever.

6.	 Plasma	exchange	has	been	shown	to	be	superior	to	simple	plasma
infusion	for	therapy	of	TTP.

7.	 The	most	effective	way	to	treat	DIC	is	to	treat	the	underlying	cause
that	is	driving	thrombin	generation.

INTRODUCTION
Thrombocytopenia	 is	 common	 in	 the	 intensive	 care	 unit	 (ICU)	 with	 platelet
counts	below	50	×	109/L	occurring	in	12%	to	13%	of	ICU	patients	and	below	10
×	 109/L	 in	 2%	 to	 3%.1-3	 A	 variety	 of	 disease	 processes	 can	 lead	 to
thrombocytopenia,	ranging	from	an	epiphenomenon	of	the	illness	that	led	to	the
ICU	 admission	 to	 a	 devastating	 complication	 of	 therapy.	 The	 differential
diagnosis	of	thrombocytopenia	is	broad.	Table	90.1	lists	some	causes	of	special
interest	to	the	intensivist.

TABLE	90.1

Causes	of	Thrombocytopenia	of	Special	Interest	to	the
Intensivist

Disseminated	intravascular	coagulation
Drug-induced	thrombocytopenia
HELLP	syndrome
Hemophagocytic	syndrome
Heparin-induced	thrombocytopenia
Liver	disease
Posttransfusion	purpura
Pseudothrombocytopenia



Thrombotic	thrombocytopenia	purpura

*HELLP,	hemolysis,	elevated	liver	tests,	and	low	platelets

1 	 The	 immediate	 priorities	 in	 thrombocytopenic	 patients	 are	 to	 establish
the	validity	 and	 severity	of	 the	 thrombocytopenia,	 evaluate	 for	 life-threatening
processes	 such	 as	 heparin-induced	 thrombocytopenia	 (HIT)	 or	 thrombotic
thrombocytopenic	purpura	(TTP),	and	initiate	therapy.	In	the	critical	care	setting,
therapeutic	 decisions	 often	 have	 to	 be	 made	 before	 a	 definitive	 cause	 of	 the
thrombocytopenia	is	established.

INITIAL	EVALUATION
The	 initial	 assessment	 should	 be	 rapid,	 focusing	 on	 whether	 the	 patient	 is
bleeding	 or	 experiencing	 thrombosis;	 the	 underlying	 disorder(s)	 leading	 to	 the
ICU	admission;	current	medications;	and	(if	available)	past	medical	history.

In	 the	assessment	of	bleeding,	one	should	distinguish	whether	 the	patient	 is
suffering	 from	 “structural”	 aberrancies	 (eg,	 bleeding	 from	 a	 gastric	 ulcer)	 or
generalized	bleeding,	which	may	suggest	a	hemostatic	defect	such	as	may	occur
due	 to	 thrombocytopenia.	One	 should	 inspect	 sites	 of	 instrumentation	 such	 as
intravenous	(IV)	sites	or	chest	tube	drainage,	and	the	mucosa	for	bleeding.	The
fingertips	and	toes	should	be	examined	for	evidence	of	emboli	or	ischemia.

Exposure	to	medication	is	a	common	cause	of	thrombocytopenia.	One	should
carefully	review	the	record	of	current	and	recently	administered	medications	and
ask	 the	patient	(if	possible)	and	family	about	medications	(prescribed,	over	 the
counter,	and	“natural”4)	that	the	patient	has	recently	taken.

Laboratory	Testing
In	thrombocytopenic	patients,	examination	of	the	blood	smear	can	quickly	reveal
whether	 pseudothrombocytopenia	 (artifactual	 platelet	 clumping)	 is	 present	 and
verify	 the	 degree	 of	 thrombocytopenia.	 Although	 exceptions	 do	 exist,	 the
magnitude	of	thrombocytopenia	can	be	an	aid	in	the	differential	diagnosis	of	low
platelet	 counts	 (Table	 90.2).	 HIT	 and	 thrombotic	 microangiopathy	 (including
TTP)	often	present	with	modest	thrombocytopenia	(50−100	×	109/L).	The	smear
should	be	carefully	reviewed	for	presence	of	fragmented	red	cells	(schistocytes).
Laboratory	 assessment	 of	 liver	 function	 and	 renal	 function	 also	 should	 be



assessed.	 A	 markedly	 elevated	 level	 of	 lactate	 dehydrogenase	 (LDH)	 out	 of
proportion	to	other	liver	function	abnormalities	characteristically	occurs	in	TTP
and	hantavirus	infection.	If	there	is	any	suspicion	of	HIT,	all	heparin	should	be
stopped	and	alternative	antithrombotic	agents	should	be	started.	Assessment	of
platelet	function	can	be	difficult	and	must	be	based	largely	on	clinical	judgment.
The	bleeding	time	or	the	platelet	function	assay	is	rarely	useful	in	the	evaluation
of	 a	 thrombocytopenic	 patient,	 because	 the	 low	 platelet	 count	 lead	 to
prolongations	in	the	test	end	point.

TABLE	90.2

Typical	Platelet	Counts	in	Various	Disease	States

Moderate	Thrombocytopenia	(50-100	×	109/L)

Disseminated	intravascular	coagulation
Hemophagocytic	syndrome
Heparin-induced	thrombocytopenia
Thrombotic	thrombocytopenic	purpura

Severe	Thrombocytopenia	(<20	×	109/L)

Drug-induced	thrombocytopenia
Immune	thrombocytopenia
Posttransfusion	purpura

Diagnostic	Clues
The	 reason	 for	 the	 ICU	 admission	 is	 an	 important	 step	 in	 evaluation	 of
thrombocytopenia	(Table	90.3).5	For	example,	thrombocytopenia	in	patients	who
present	with	sudden-onset	multiorgan	system	failure	may	indicate	TTP	or	sepsis.
In	 long-term	 critical	 care	 patients,	 new	 onset	 thrombocytopenia	 may	 be	 a



manifestation	 of	 HIT,	 drug-induced	 thrombocytopenia,	 occult	 or	 established
sepsis,	or	bacteremia.6

TABLE	90.3

Diagnostic	Clues	to	Thrombocytopenia

Clinical
Setting Differential	Diagnosis

Cardiac	surgery Cardiopulmonary	bypass,	HIT,	dilutional
thrombocytopenia,	TTP

Interventional
cardiac
procedure

Abciximab	or	other	IIb/IIIa	blockers,	HIT

Sepsis	syndrome DIC,	ehrlichiosis,	sepsis	hemophagocytosis	syndrome,
drug	induced,	misdiagnosed	TTP,	mechanical	ventilation,
pulmonary	artery	catheters

Pulmonary
failure

DIC,	H1N1,	hantavirus	pulmonary	syndrome,	mechanical
ventilation,	pulmonary	artery	catheters

Mental	status
changes/seizures

TTP,	ehrlichiosis

Renal	failure TTP,	dengue,	HIT,	DIC

Cardiac	failure HIT,	drug	induced,	pulmonary	artery	catheter

Postsurgery Dilutional,	drug	induced,	HIT,	TTP

Pregnancy HELLP	syndrome,	fatty	liver	of	pregnancy,	TTP/HUS

Acute	liver
failure

Splenic	sequestration,	HIT,	drug	induced,	DIC

DIC,	disseminated	intravascular	coagulation;	HELLP,	hemolysis,	elevated	liver	function	tests,	and
low	platelets;	HIT,	heparin-induced	thrombocytopenia;	HUS,	hemolytic	uremia	syndrome;	TTP,
thrombotic	thrombocytopenic	purpura.



IMMEDIATE	THERAPY—PLATELET
TRANSFUSION
2 	Although	platelet	 thresholds	 below	which	 critically	 ill	 patients	 are	 at	 risk	of
severe	 bleeding	 are	 likely	 to	 vary	 among	 patients,	 clinical	 practice	 generally
dictates	 that	 a	 platelet	 count	 above	 10	 ×	 109/L	 does	 not	 require	 platelet
transfusion.	Platelet	transfusion	may	be	indicated	at	higher	counts,	if	a	patient:	is
bleeding;	 is	 febrile;	 is	 receiving	platelet	 inhibitors	or	anticoagulation;	has	renal
dysfunction;	requires	an	invasive	procedure;	has	suspected	platelet	dysfunction;
or	has	disseminated	intravascular	coagulation	(DIC)	or	another	coagulopathy.7	If
any	of	 these	are	present,	especially	major	or	 life-threatening	hemorrhage	 (such
as	 intracranial),	 then	a	 threshold	of	50	×	109/L	or	higher	may	be	 indicated.	An
exception	 is	 thrombocytopenia	 due	 to	 thrombotic	 microangiopathy	 (TTP),
wherein	 platelet	 transfusion	 is	 contraindicated.8	 Platelet	 transfusions	 should
comprise	 6	 platelet	 concentrates	 or	 one	 single-donor	 plateletpheresis	 unit.
Additional	 discussion	 regarding	 transfusion	 of	 blood	 products	 in	 critically	 ill
patients	is	found	in	Chapter	88.

CAUSES	OF	THROMBOCYTOPENIA

Heparin-Induced	Thrombocytopenia
HIT	occurs	due	 to	 the	 formation	of	antibodies	directed	against	 the	complex	of
heparin	and	platelet	factor	4.9	This	complex	in	a	minority	of	cases	binds	to	the
FcγRIIA	 receptor,	 activating	 platelets	 and	 macrophages	 leading	 to	 a
procoagulant	 state.	 The	 frequency	 of	 HIT	 is	 1%	 to	 5%	 when	 unfractionated
heparin	 is	 used	 but	 less	 than	 1%	with	 low-molecular-weight	 heparin.10	 HIT	 is
more	common	in	women	and	in	postsurgical	patients.11

HIT	should	be	suspected	when	there	 is	a	sudden	onset	of	 thrombocytopenia
when	 there	has	been	a	≥50%	drop	 in	 the	platelet	 count	 from	baseline	and/or	a
drop	in	the	platelet	count	to	less	than	100	×	109/L	in	a	patient	receiving	heparin
in	any	 form.	HIT	usually	occurs	 at	 least	 4	days	 after	 starting	heparin	but	may
occur	suddenly	in	patients	with	recent	(less	than	3	months)	exposure.123	An	often
overlooked	feature	of	HIT	is	recurrent	thrombosis	in	a	patient	receiving	heparin
despite	a	normal	platelet	 count.13	Another	 clinical	 clue	 is	 a	 biphasic	 pattern	of
thrombocytopenia	 following	 cardiac	 surgery;	 recovery	 from	 the	 postsurgical
thrombocytopenia	followed	by	recurrent	thrombocytopenia	is	strongly	predictive



for	HIT.14	A	scoring	system	(the	Four	T’s)	has	been	validated	in	several	studies
as	 a	means	 of	 assessing	 the	 pretest	 probability	 of	HIT15	 (Table	 90.4).	 Patients
with	scores	of	0	to	3	are	very	unlikely	to	have	HIT	and	can	forego	PF4-heparin
antibody	testing	and	empiric	therapy.

TABLE	90.4

Prediction	Rule	for	Heparin-Induced	Thrombocytopenia

Points 2 1 0

Thrombocytopenia >50%	fall	from
baseline	and	nadir
20-100,000/µL

30%-50%	fall	or
nadir	10-19,000/µL

Fall	<30%
or	nadir
<10,000/µL

Timing	of	platelet
fall

Onset	day	5-10	of
heparin	or	<1	d	if
patient	recently
exposed	to	heparin

Consistent	but	not
clear	records	or
count	falls	after	day
10

Platelets
falls	<5	d
and	no
recent
(100	d)
heparin

Thrombosis New	thrombosis
or	skin	necrosis	or
systemic	reaction
with	heparin

Progressive	or
recurrent
thrombosis	or
suspected	but	not
proven	thrombosis

None

Other	cause	for
thrombocytopenia

No Possible Definite

Score	6	to	8,	high;	4	to	5,	intermediate;	0	to	3,	low.
Patients	with	a	low	probability	score	are	very	unlikely	to	have	HIT	and	can	forgo	PF4-heparin
antibody	testing	and	empiric	therapy.	Patients	with	intermediate	and	high	scores	should	receive
empiric	therapy	until	definitive	testing	can	be	obtained

The	content	of	this	table	has	been	Adapted	from	Crowther	MA,	Cook	DJ,	Albert	M	et	al.	The	4Ts
scoring	system	for	heparin-induced	thrombocytopenia	in	medical-surgical	intensive	care	unit
patients.	J	Crit	Care.	2010;25(2):287-293	and	Lo	GK,	Juhl	D,	Warkentin	TE,	Sigouin	CS,	Eichler
P,	Greinacher	A.	Evaluation	of	pretest	clinical	score	(4	T’s)	for	the	diagnosis	of	heparin-induced
thrombocytopenia	in	two	clinical	settings.	J	Thromb	Haemost.	2006;4(4):759-765.



The	diagnosis	of	HIT	can	be	challenging	in	the	critical	care	patient	who	has
multiple	 reasons	 for	 being	 thrombocytopenic.	 In	 this	 situation	 the	 laboratory
assay	 for	 HIT	 is	 helpful.	 Two	 levels	 of	 HIT	 testing	 exist.	 A	 widely	 available
ELISA	 (enzyme-linked	 immunosorbent	 assay)	 that	 detects	 the	 presumed
pathogenic	anti–heparin/platelet	factor	4	antibodies	 is	evaluated	initially.18	This
test	is	very	sensitive	but	in	some	populations	not	specific.	For	example,	10%	to
50%	of	cardiac	surgery,	dialysis,	or	ICU	patients	will	be	show	positive	result.19,20
The	value	of	testing	is	that	a	negative	test	rules	out	HIT	in	all	but	the	highest	risk
patients.

A	 second	 of	 test	 is	 a	 functional	 platelet	 aggregation	 assay	 that	 consists	 of
patient	 plasma,	 donor	 platelets,	 and	 heparin.	 If	 added	 heparin	 induces	 platelet
aggregation,	 the	 test	 is	 considered	 to	 be	 positive.	 The	 test	 is	 technically
demanding;	but,	 if	 performed	carefully,	 can	be	 sensitive	and	 specific.18	Due	 to
substantial	 frequency	 of	 false	 positivity	 of	 PF4-heparin	ELISA,	 a	 positive	 test
should	be	confirmed	by	a	functional	assay,	even	if	treatment	for	HIT	already	has
been	initiated.

The	 first	 step	 in	 therapy	 of	 HIT	 consists	 of	 stopping	 all	 heparin.	 Low-
molecular-weight	 heparins	 cross-react	 with	 the	 HIT	 antibodies,	 and	 therefore
these	 agents	 are	 also	 contraindicated.	 Institution	 of	 warfarin	 therapy	 alone
following	 a	 diagnosis	 of	 HIT	 has	 been	 associated	 with	 an	 increased	 risk	 of
thromboses	and	is	also	contraindicated.	Due	to	the	high	risk	of	thrombosis	(53%
in	 one	 study)10	 among	 HIT	 patients,	 antithrombotic	 therapy	 should	 be
administered	 to	 all	 patients.21	 For	 immediate	 therapy	 of	 HIT	 patients	 several
antithrombotic	agents	are	available22,23	(Table	90.54).

TABLE	90.5

Treatment	of	Heparin-Induced	Thrombocytopenia

Argatroban

Therapy:	initial	dose	of	2	µg/kg/min	adjusted	to	an	aPTT	of	1.5-3.0	times
normal
Reversal:	no	antidote	but	T1/2	∼	40	min
In	severe	liver	disease	(jaundice)	dose	at	0.5	µg/kg/min	adjusted	to	an	aPTT
1.5-3.0	times	normal
For	patients	with	multiorgan	system	failure:	1	µg/kg/min	adjusted	to	aPTT



1.5-3.0	times	normal
Post-CABG—0.5-1	µg/kg/min	adjusted	to	aPTT	1.5-3.0	times	normal
Indication:	prevention	and	treatment	of	thrombosis	in	HIT

Bivalirudin

Bolus:	1	mg/kg
Infusion:	2.5	mg/kg/h	for	4	h	and	then	0.2	mg/kg/h	for	14-20	h
Renal	adjustment:

For	creatinine	clearance	of	30-59	mL/min,	decrease	dose	by	20%
For	creatinine	clearance	of	10-29	mL/min,	decrease	dose	by	60%
For	creatinine	clearances	less	than	10	mg/min,	decrease	dose	by	90%

Indication:	percutaneous	coronary	intervention,	in	patients	with	or	without
HIT

Fondaparinuxa

Therapy:	7.5	mg	every	24	h	(consider	5.0	mg	in	patients	under	50	kg	and
10	mg	in	patients	over	100	kg)
Reversal:	protamine	ineffective;	see	Chapter	112:	Antithrombotic	Therapy.

aPTT,	activated	partial	thromboplastin	time;	CABG,	coronary	artery	bypass	graft;	HIT,	heparin-
induced	thrombocytopenia;	INR,	international	normalized	ratio.
aFondaparinux	is	not	approved	for	treatment	of	HIT.	Its	use,	however,	may	be	considered	after
initial	anticoagulation	with	a	direct	thrombin	inhibitor	has	been	administered	and	the	platelet	count
has	recovered,	while	awaiting	a	therapeutic	INR	from	therapy	with	warfarin.22-24

From	Linkins	LA,	Dans	AL,	Moores	LK,	et	al.	Treatment	and	prevention	of	heparin-induced
thrombocytopenia.	Antithrombotic	therapy	and	prevention	of	thrombosis,	9th	ed:	American
College	of	Chest	Physicians	Evidence-Based	Clinical	Practice	Guidelines.	Chest.	2012;141(2
suppl):e495S-e530S;	Kelton	JG,	Arnold	DM,	Bates	SM.	Nonheparin	anticoagulants	for	heparin-
induced	thrombocytopenia.	N	Engl	J	Med.	2013;368(8):737-744;	and	Czosnowski	QA,	Finks	SW,
Rogers	KC.	Bivalirudin	for	patients	with	heparin-induced	thrombocytopenia	undergoing
cardiovascular	surgery.	Ann	Pharmacother.	2008;42(9):1304-1309.

Argatroban	 is	 a	 direct	 thrombin	 inhibitor	with	 a	 short	 half-life	 of	 40	 to	 50
minutes.	Dosing	is	2	ug/kg/min	with	the	infusion	adjusted	to	keep	the	activated
partial	 thromboplastin	 time	 (aPTT)	 1.5	 to	 3	 times	 normal.	 One	 advantage	 of
argatroban	is	that	it	is	not	renally	excreted,	so	no	dose	adjustment	is	necessary	in
renal	disease.25	These	characteristics	make	it	the	most	useful	agent	for	patients	in



the	critical	care	unit.	However,	argatroban	must	be	used	with	caution	in	patients
with	 severe	 liver	 disease	 by	 using	 an	 initial	 dose	 of	 0.5	 µg/kg/min.26	 Also
metabolism	appears	 to	be	decreased	 in	patients	with	multiorgan	 system	 failure
and	 these	 patient	 should	 receive	 a	 dose	 of	 1	 μg/kg/min.27	 Argatroban	 (like	 all
thrombin	 inhibitors)	 prolongs	 the	 prothrombin	 time/international	 normalized
ratio	 (PT/INR)	 making	 initiation	 of	 warfarin	 therapy	 difficult.	 Options	 for
converting	a	patient	from	argatroban	to	warfarin	include.

1.	 Use	the	chromogenic	Xa	assay	to	adjust	warfarin	therapy	aiming	for	a
factor	X	level	of	15%	to	25%.

2.	 If	the	dose	of	argatroban	is	2	µg/kg/min	or	less	one	can	simply	aim	for	a
PT/INR	of	more	than	4.0	as	therapeutic.

3.	 When	platelets	recover	change	the	patient	to	fondaparinux	and	initiate
warfarin.

4.	 When	platelets	recover	change	the	patient	to	a	direct	oral	anticoagulant.

Bivalirudin	 is	 a	 semisynthetic	direct	 thrombin	 inhibitor	 that	has	been	 tested
mostly	in	the	setting	of	cardiac	disease.	This	agent	is	an	option	for	patients	with
HIT	who	need	cardiac	procedures	and	is	especially	an	option	for	cardiac	bypass
with	 the	 most	 common	 dose	 being	 a	 1	 mg/kg	 bolus	 and	 infusion	 at	 1.75	 to
2.5	mg/kg/h	to	keep	the	ACT	(activated	clotting	time)	>300	seconds.24

The	 indirect	 anti-Xa	 inhibitor	 fondaparinux	 does	 not	 cross-react	 with	 HIT
antibodies	suggesting	 that	 it	may	be	an	acceptable	option	for	 therapy	of	HIT.28
However,	it	has	not	been	studied	as	extensively	in	HIT;	and	there	are	rare	reports
of	a	syndrome	similar	to	delayed-onset	HIT.29	In	addition,	its	long	half-life	of	19
hours	and	renal	clearance	do	not	make	it	practical	to	use	in	most	ICU	patients.

Increasingly,	 the	 direct	 oral	 anticoagulants	 are	 an	 option,	 but	 there	 are	 still
concerns	about	use	in	severe	HIT	with	acute	thrombosis.30	They	are	best	used	in
patients	with	a	history	of	HIT	or	for	long-term	anticoagulation	when	the	platelet
count	has	returned	to	normal.

For	patients	with	persistent	 thrombocytopenia	or	thrombosis	while	receiving
alternative	 anticoagulation,	 intravenous	 immunoglobulin	 (IVIG)	 1	 g/kg	 should
be	given	as	this	has	been	shown	to	improve	outcomes.31

The	 issue	 of	 platelet	 transfusion	 remains	 controversial.32	 Patients	with	HIT
rarely	 bleed,	 which	 reduces	 clinical	 concern	 over	 the	 potential	 for	 platelet
transfusions;	but	a	prudent	approach	is	to	reserve	transfusion	of	platelets	for	the
rare	 patient	 with	 severe	 thrombocytopenia	 who	 also	 has	 life-threatening
bleeding.

As	mentioned	above,	initiation	of	warfarin	as	the	sole	antithrombotic	agent	in



the	initial	treatment	of	HIT	has	been	associated	with	limb	gangrene.	In	patients
who	need	started	on	warfarin	instead	of	a	direct	oral	anticoagulation	(mechanical
cardiac	 valve,	 triple	 positive	 antiphospholipid	 antibody	 syndrome),	 warfarin
should	 be	 started	 in	 small	 doses	 (2-5	 mg	 daily)	 once	 the	 platelet	 count	 has
recovered.	These	often	malnourished	patients	 tend	to	have	a	dramatic	response
to	warfarin	therapy,	and	excessive	anticoagulation	can	easily	occur.	One	should
overlap	 warfarin	 and	 parental	 therapy	 by	 2	 to	 3	 days,	 as	 there	 is	 evidence
patients	may	do	worse	if	therapy	with	a	DTI	is	truncated.26

Patients	with	HIT	should	be	carefully	screened	for	any	thrombosis,	at	least	by
performing	 lower	 extremity	 Doppler	 ultrasound.	 If	 thrombosis	 is	 present,	 a
minimum	of	3	months	of	 therapeutic	 anticoagulation	 is	 required,	whereas	HIT
without	 thrombosis	 usually	 is	 treated	 with	 30	 days	 of	 therapeutic
anticoagulation.

Thrombotic	Thrombocytopenic	Purpura
5 	 TTP	 should	 be	 suspected	when	 any	 patient	 presents	 with	 thrombocytopenia
and	 microangiopathic	 hemolytic	 anemia,	 as	 evidenced	 by	 schistocytes	 on	 the
blood	 smear.	 Additional	 features	 include	 biochemical	 evidence	 of	 hemolysis;
end-organ	damage,	manifesting	as	renal	insufficiency	or	neurologic	phenomena;
and	 fever.	 Patients	 with	 TTP	may	 not	 present	 with	 all	 of	 the	 aforementioned
features.	Critical	care	patients	with	TTP	often	present	with	intractable	seizures,
strokes,	 or	 sequela	 of	 renal	 insufficiency.	 Post-surgical	 TTP	 may	 occur	 1	 to
2	weeks	after	major	 surgery,	 and	 is	heralded	by	decreasing	platelet	 counts	and
renal	 insufficiency.33	 Many	 patients	 who	 present	 to	 the	 critical	 care	 unit	 with
TTP	have	been	misdiagnosed	as	having	sepsis,	“lupus	flare,”	or	vasculitis.

Patients	with	TTP	have	an	inhibitor	against	an	enzyme	that	is	responsible	for
cleaving	newly	synthesized	von	Willebrand	factor	(VWF).34	VWF	is	synthesized
as	an	ultralarge	multimer	that	can	spontaneously	aggregate	platelets.	The	enzyme
ADAMTS13	 cleaves	 VWF	 into	 a	 smaller	 form	 that	 can	 circulate	 without
spontaneously	 binding	 platelets.35	 Presumably	 in	 TTP,	 when	 ADAMTS13	 is
inhibited	 the	 ultralarge	multimers	 spontaneously	 aggregate	 platelets	 leading	 to
the	clinical	syndrome	of	TTP.

There	is	currently	no	single	rapid	diagnostic	test	for	TTP;	rather	the	diagnosis
is	based	on	the	clinical	presentation	while	waiting	for	the	ADAMTS13	level	to
return.36	Patients	uniformly	will	have	a	microangiopathic	hemolytic	anemia	with
the	presence	of	schistocytes	on	the	peripheral	smear.	Renal	insufficiency	without
severe	renal	failure	is	the	most	common	renal	manifestation.	Thrombocytopenia
may	 range	 from	 a	 mild	 decrease	 in	 platelet	 number	 to	 platelets	 being



undetectable.	 The	 findings	 of	 thrombocytopenia	 with	 a	 relative	 normal
prothrombin	time	helps	eliminate	DIC	from	the	differential.37	The	LDH	is	often
very	 elevated	 and	 is	 a	 prognostic	 factor	 in	 TTP.	 Finding	 very	 low	 levels	 of
ADAMTS13	(<10%)	is	specific	for	TTP;	but,	since	testing	can	take	time	and	the
test	is	not	sensitive,	initiation	of	therapy	should	not	depend	on	assay	results.

Untreated	 TTP	 is	 rapidly	 fatal.	 Mortality	 in	 the	 pre–plasma	 exchange	 era
ranged	from	95%	to	100%.	Plasma	exchange	therapy	is	presently	the	cornerstone
of	TTP	treatment	and	has	reduced	mortality	to	less	than	20%.38,39

6 	 Glucocorticoid	 therapy,	 either	 1	 to	 2	 mg/kg	 of	 methylprednisolone	 or
equivalent	 until	 remission	 or	 1	 gram	 of	 methylprednisolone	 initially,	 may	 be
given	 to	patients	who	have	TTP.40,41	Glucocorticoid	may	be	continued	until	 the
patient	has	fully	recovered	or	longer,	given	the	presumed	autoimmune	nature	of
the	disease	and	the	high	relapse	rates.	Plasma	infusion	is	beneficial,	but	plasma
exchange	has	been	shown	to	be	superior	to	simple	plasma	infusion	in	therapy	of
TTP.38	 This	 is	 likely	 due	 to	 the	 ability	 of	 plasma	 exchange	 to	 provide	 large
volumes	 of	 fresh	 frozen	 plasma	 (to	 replete	ADAMTS13),	while	 removing	 the
inhibitory	 antibodies.	 In	 patients	 for	 whom	 plasma	 exchange	 is	 not	 readily
available,	plasma	infusions	should	be	started	at	a	dose	of	one	unit	every	4	hours.
Patients	with	 all	 but	 the	mildest	 cases	 of	 TTP	 should	 receive	 1	 to	 1.5	 plasma
volume	 exchange	 each	 day	 for	 at	 least	 5	 days	 (Chapter	 95).	 Daily	 plasma
exchange	 should	 be	 continued	 daily	 until	 the	 LDH	 has	 normalized,	 at	 which
point	 the	 frequency	of	exchange	may	be	 tapered,	 starting	with	every-other	day
exchange.	If	the	platelet	count	falls	or	LDH	level	rises,	daily	exchange	should	be
reinstated.	 Since	 the	 platelet	 count	 can	 be	 affected	 by	 a	 variety	 of	 external
influences,	 the	 LDH	 level	 tends	 to	 be	 the	 most	 reliable	 marker	 of	 disease
activity.	There	is	evidence	that	the	use	of	the	anti-CD20	therapy	may	reduce	the
incidence	of	relapses	and	shorten	the	duration	of	therapy	in	refractory	disease.42
In	 patients	 with	 refractory	 TTP,	 aggressive	 measures	 such	 as	 twice	 a	 day
exchanges,	 splenectomy,	 or	 immunosuppression	 need	 to	 be	 considered.43
Recently,	 caplacizumab—a	 nanobody	 that	 blocks	 VWF	 platelet	 interactions—
has	been	approved	for	use	in	TTP.	Clinical	trials	show	it	speeds	platelet	recovery
and	 lessens	 time	 in	 the	 ICU	 but	 treatment	 can	 be	 prolonged	 (weeks)	 and	 it
associated	with	bleeding.44

Hemolytic	Uremic	Syndrome
Classically,	HUS	comprises	the	triad	of	renal	failure,	microangiopathic	anemia,
and	thrombocytopenia.	Two	major	forms	are	recognized:	a	“typical”	form,	which
occurs	in	young	children	with	an	antecedent	diarrheal	illness,	and	an	“atypical”



form	 that	 is	 increasingly	 being	 recognized	 as	 a	 disease	 of	 excess	 complement
activation.40

Typical	HUS
Typical	HUS	occurs	when	HUS	occurs	 after	 a	 prodrome	of	 bloody	 diarrhea.45
Most	often	etiology	is	infection	with	Escherichia	coli	O157:H7	but	increasingly
other	serotypes	such	as	O26	and	O104:H4	are	being	reported.	Patients	come	to
medical	 attention	 either	 due	 to	 the	 diarrhea	 or	 symptoms	 of	 renal	 failure.	 In
HUS,	 thrombocytopenia	 can	 be	 mild	 in	 the	 50	 ×	 109/L	 range.	 Extrarenal
involvement	is	common	in	typical	HUS.	Neurologic	involvement	can	be	seen	in
40%	 of	 patients	 with	 seizure	 being	 the	 predominant	 feature.	 Elevated	 liver
function	tests	are	seen	in	40%	of	patients	and	10%	of	patients	have	pancreatitis.
Patients	with	classic	HUS	respond	to	conservative	therapy	and	renal	replacement
therapy.	 Treatment	 of	 severe	 cases	 or	 those	 with	 prominent	 extrarenal
manifestations	 is	 controversial,	 as	 studies	 suggest	 no	 benefit	 with	 plasma
exchange.46	Although	of	benefit	in	atypical	HUS,	data	currently	suggests	no	role
for	 eculizumab	 in	 typical	 HUS.	 Most	 patients	 recover	 some	 renal	 function,
though	some	patients	have	long-term	renal	damage.

Atypical	HUS
Atypical	 HUS	 is	 associated	 with	 excess	 complement	 activation	 that	 leads	 to
renal	 damage	 with	 resultant	 renal	 failure.40,47	 Some	 patients	 may	 transiently
respond	 to	 plasma	 exchange,	 but	 then	 relapse	 with	 relentless	 decline	 in	 renal
function.	Atypical	HUS	may	recur	following	renal	 transplant.	Proof	of	 the	role
of	 complement	 activation	 is	 the	 dramatic	 response	 seen	 in	 patients	 with
complement	inhibitor	treatment.	Atypical	HUS	is	a	clinical	diagnosis	and	should
be	considered	in	the	patient	with	HUS	that	has	no	preceding	diarrheal	syndrome.
Another	 group	 of	 patients	 are	 those	 with	 suspected	 TTP	 who	 has	 normal
ADAMTS13	 levels	 and	 prominent	 renal	 disease.	 Increasingly	 it	 has	 been
recognized	 that	 aHUS	 can	 complication	 both	 stem	 cell	 and	 solid	 organ
transplant.	 Patients	 with	 atypical	 HUS	 should	 receive	 therapy	 with	 the	 C5a
inhibitor	 such	 as	 eculizumab,	 as	 this	 has	 consistent	 and	 long-term	 clinical
benefits	in	atypical	HUS.48	Patients	receiving	this	agent	should	be	vaccinated	for
meningococcal	 infections	 as	 the	 risk	 of	 these	 infections	 are	 increased	 with
blockade	of	the	terminal	part	of	complement.



Therapy-Related	Thrombotic	Microangiopathies
Thrombotic	 microangiopathy	 (TM)	 syndromes	 can	 complicate	 a	 variety	 of
therapies.49	 TMs	 can	 be	 associated	 with	 medications	 such	 as	 cyclosporine,
tacrolimus,	 gemcitabine,	 and	 thienopyridines.	 Cyclosporine/tacrolimus-
associated	 TM	 occurs	 within	 days	 after	 the	 agent	 is	 started	 manifesting	 as	 a
falling	 platelet	 count,	 falling	 hematocrit,	 and	 rising	 serum	 LDH	 level.	 Some
cases	have	been	fatal,	but	often	the	TM	resolves	with	decreasing	the	dose	of	the
calcineurin	inhibitor	or	changing	to	another	agent.

In	 the	 past,	 TMs	 were	 most	 commonly	 seen	 with	 the	 antineoplastic	 agent
mitomycin	C,	with	a	 frequency	of	10%	when	a	dose	of	more	 than	60	mg	was
used.50	 Presently,	 the	 most	 common	 antineoplastic	 drug	 causing	 TMs	 is
gemcitabine,	 with	 an	 incidence	 of	 0.1%	 to	 1%.51	 The	 appearance	 of	 the	 TM
syndrome	associated	with	gemcitabine	can	be	delayed,	and	the	condition	can	be
fatal.	 Severe	 hypertension	 often	 precedes	 the	 clinical	 appearance	 of	 the	 TM.52
The	use	of	plasma	exchange	is	controversial,53	and	there	are	reports	of	the	use	of
the	 complement	 inhibitor	 eculizumab	 halting	 the	 TM.54	 The	 increasing	 use	 of
VEGF	 inhibitors	 such	 as	 bevacizumab	 and	 sunitinib	 has	 been	 associated	with
TM	syndromes	as	well.55,56

TMs	 have	 been	 reported	 with	 other	 drugs	 including	 the	 thienopyridines:
ticlopidine,	 clopidogrel,	 and	prasugrel.	The	 frequency	of	 ticlopidine-associated
TMs	may	 be	 as	 high	 as	 1:1600;	 and,	 as	 this	 drug	 is	 often	 prescribed	 for	 the
patient	with	vascular	disease,	the	patient	may	be	initially	misdiagnosed	as	having
recurrent	 strokes	 or	 angina.57	 The	 frequency	 of	 TTP	 using	 clopidogrel	 and
prasugrel	is	low	at	0.0001%;	but,	as	they	are	widely	prescribed,	it	is	the	second
most	 common	 cause	 of	 drug-induced	 TMs.58	 Almost	 all	 cases	 of	 clopidogrel-
induced	 TTP	 occur	 within	 2	 weeks	 of	 starting	 the	 drug.	 All	 patients	 with
thienopyridine-associated	TM	should	receive	plasma	exchange.

TMs	 can	 complicate	 both	 autologous	 and	 allogeneic	 stem	cell	 transplants.59
The	 incidence	 ranges	 from	15%	 for	 allogeneic	 to	5%	 for	 autologous	 stem	cell
transplants.	 Several	 types	 of	 TMs	 are	 recognized	 in	 stem	 cell
transplantations.59,60	The	etiology	of	bone	marrow	transplant	related	TM	appears
to	be	different	from	that	of	“classic”	TTP,	as	autoantibodies	to	ADAMTS13	have
not	 been	 found	 in	 stem	 cell	 transplant	 TM-related	 vascular	 damage.61	 The
response	 to	 plasma	 exchange	 is	 poor	 with	 fulminant	 or	 conditioning-related
TMs.62	 Like	 with	 aHUS,	 the	 role	 of	 overactivation	 of	 complement	 is	 being
recognized	 as	 many	 patients	 with	 have	 mutation	 in	 complement	 regulatory
proteins	and	evidence	of	excess	complication	activation	such	as	elevated	sC5-9
levels.	Increasingly,	anticomplement	therapy	has	been	associated	with	improved



outcomes.

Pregnancy-Related	Thrombocytopenic	Syndromes
One	should	consider	 three	syndromes	 in	 the	critically	 ill	pregnant	woman	who
presents	with	thrombocytopenia.	These	are	the	HELLP	syndrome,	fatty	liver	of
pregnancy,	and	TTP	(Table	90.6).63,64

TABLE	90.6

Pregnancy-Related	Diseases—TTP/HUS,	HELLP	Syndrome,
and	AFLP

HELLP TTP/HUS AFLP

Hypertension Always
present

Sometimes
present

Sometimes	present

Proteinuria Always
present

Sometimes
present

Sometimes	present

Thrombocytopenia Always Always Always

LDH	Elevation Present Marked Present

Fibrinogen Normal	to	low Normal Normal	to	very
low

Schistocytes Present Present Absent

Liver	Tests Elevated Normal Elevated

Ammonia Normal Normal Elevated

Glucose Normal Normal Low

AFLP,	acute	fatty	liver	of	pregnancy;	HELLP,	hemolysis,	elevated	liver	tests,	and	low	platelets;
LDH,	lactate	dehydrogenase;	TTP/HUS,	thrombotic	thrombocytopenic	purpura/hemolytic	uremia
syndrome.

The	 acronym	 HELLP	 syndrome	 (hemolysis,	 elevated	 liver	 tests,	 low



platelets)	describes	a	variant	of	preeclampsia.65,66	Classically,	HELLP	syndrome
occurs	after	28	weeks	of	gestation	in	the	patent	with	from	preeclampsia	but	can
occur	 as	 early	 as	 22	 weeks	 in	 patients	 with	 the	 antiphospholipid	 antibody
syndrome.67	The	preeclampsia	need	not	be	severe.	The	first	sign	of	HELLP	is	a
decrease	in	the	platelet	count	followed	by	abnormal	liver	function	tests.	Signs	of
hemolysis	are	present	with	abundant	schistocytes	on	the	smear	and	a	high	LDH.
HELLP	can	progress	to	liver	failure,	and	deaths	are	also	reported	due	to	hepatic
rupture.	Unlike	TTP,	fetal	involvement	is	present	in	the	HELLP	syndrome	with
fetal	 thrombocytopenia	 reported	 in	 30%	of	 cases.	 In	 severe	 cases,	 elevated	D-
dimers	consistent	with	DIC	are	also	found.	Delivery	of	the	child	will	often	result
in	 cessation	 of	 the	 HELLP	 syndrome;	 but	 refractory	 cases	 require
dexamethasone	 (most	 commonly	 dosed	 as	 10	mg	 every	 12	 hours)	 and,	 rarely,
plasma	exchange.68	About	a	quarter	of	women	who	suffer	from	HELLP	will	have
a	recurrence	with	a	later	pregnancy.

Fatty	liver	of	pregnancy	also	occurs	late	in	pregnancy	and	is	only	associated
with	 preeclampsia	 in	 50%	 of	 cases.64,69	 Patients	 present	 with	 nonspecific
symptoms	of	nausea	 and	vomiting,	 but	 can	progress	 to	 fulminant	 liver	 failure.
Patients	 develop	 thrombocytopenia	 early	 in	 the	 course;	 but,	 in	 later	 stage,	 can
develop	DIC	and	very	low	fibrinogen	levels.	Mortality	rates	without	therapy	can
be	as	high	as	90%.	Hypoglycemia,	 low	antithrombin,	and	high	ammonia	levels
can	 help	 distinguish	 fatty	 liver	 from	 other	 pregnancy	 complications.69	 Most
patients	 are	 found	 to	 be	 heterozygous	 long-chain	 3-hydroxyacyl-coenzyme	 A
dehydrogenase	deficiency	and	it	is	thought	the	stress	of	pregnancy	overwhelms
this	 enzyme	 system.	 Treatment	 consists	 of	 prompt	 delivery	 of	 the	 child	 and
aggressive	blood	product	support.

TTP	 can	 occur	 anytime	 during	 pregnancy	 often	 leading	 to	 diagnostic
confusion	due	to	the	overlap	symptoms	between	TTP	and	HELLP	syndrome.70	A
unique	presentation	of	TTP	occurs	 in	 the	second	trimester	at	20	 to	22	weeks.71
The	fetus	 is	uninvolved	with	no	evidence	of	 infarction	or	 thrombocytopenia,	 if
the	mother	survives.	The	pregnancy	appears	to	promote	the	TTP,	as	the	TTP	will
resolve	 with	 termination	 of	 the	 pregnancy	 and	 can	 recur	 with	 the	 next
pregnancy.72	 Therapy	 includes	 termination	 of	 the	 pregnancy	 or	 supporting	 the
patient	with	plasma	exchange	until	the	fetus	is	viable.	Pregnancy	related	TTP	is	a
common	presentation	of	congenital	TTP;	and,	if	ADAMTS13	inhibitors	are	not
found,	 the	patients	should	undergo	genetic	 testing.	An	unusual	complication	of
pregnancy	 is	a	HUS-syndrome	seen	up	 to	28	weeks	post	partum.	This	 form	of
HUS	 is	 severe,	 and	 permanent	 renal	 failure	 often	 results	 despite	 aggressive
therapy.	 Many	 of	 these	 patients	 have	 defects	 in	 regulatory	 proteins	 of
complement	such	as	factor	H	deficiency.	This	may	explain	the	severity	of	their



renal	failure	and	benefit	of	early	anticomplement	therapy.73

Disseminated	Intravascular	Coagulation
At	 the	 most	 basic	 level,	 DIC	 is	 the	 clinical	 manifestation	 of	 inappropriate
thrombin	 activation.74	 Inappropriate	 thrombin	 activation	 can	 be	 due	 to	 causes
such	 as	 sepsis	 or	 obstetric	 disasters.	 The	 activation	 of	 thrombin	 leads	 to	 (1)
conversion	 of	 fibrinogen	 to	 fibrin,	 (2)	 activation	 of	 platelets	 (and	 their
consumption),	 (3)	 activation	of	 factors	V	 and	VIII,	 (4)	 activation	of	 protein	C
(and	degradation	of	factors	Va	and	VIIIa),	(5)	activation	of	endothelial	cells,	and
(6)	activation	of	fibrinolysis.

The	 clinical	 manifestations	 of	 DIC	 depend	 on	 the	 balance	 of	 thrombin
activations	 and	 secondary	 fibrinolysis	 balanced	 by	 the	 ability	 of	 the	 patient	 to
compensate	for	the	DIC.	Patients	with	DIC	can	present	in	one	of	four	patterns.

1.	 Asymptomatic.	Patients	can	present	with	laboratory	evidence	of	DIC	but	no
bleeding	or	thrombosis.	This	is	often	seen	in	patients	with	sepsis	or	cancer.
With	further	progression	of	the	underlying	disease,	these	patients	can
rapidly	become	symptomatic.

2.	 Bleeding.	The	bleeding	is	due	to	a	combination	of	factor	depletion,	platelet
dysfunction,	thrombocytopenia,	and	excessive	fibrinolysis.	These	patients
may	present	with	diffuse	bleeding	from	multiple	sites	such	as	IV	sites,	areas
of	instrumentation,	and	surgical	wounds.

3.	 Thrombosis.	Despite	the	general	activation	of	the	coagulation	process,
thrombosis	is	unusual	with	acute	DIC.	Exceptions	include	cancer	patients,
trauma	patients,	and	certain	obstetrical	patients.	Most	often	the	thrombosis
is	venous,	but	arterial	thrombosis	and	nonbacterial	thrombotic	endocarditis
have	been	reported.75

4.	 Purpura	fulminans.	This	severe	form	of	DIC	is	described	in	more	detail
later.

7 	The	most	effective	way	to	treat	DIC	is	to	treat	the	underlying	cause	that	is
driving	 the	 thrombin	 generation.76	 In	 the	 past,	 there	 was	 concern	 about
replacement	of	depleted	blood	cells	and	coagulation	proteins	in	DIC	due	to	fears
of	 “feeding	 the	 fire.”	 This	 has	 not	 been	 well	 validated;	 and	 replacement	 is
mandatory,	if	depletion	occurs	and	bleeding	ensues.77	Measurement	of	laboratory
tests	 that	will	 reflect	 the	basic	parameters	essential	 for	both	blood	volume	and
hemostasis	 are	 helpful.	 Replacement	 therapy	 is	 based	 on	 the	 results	 of	 these
laboratories	 and	 the	 clinical	 situation	 of	 the	 patient	 (Table	 90.7).	 Additional



discussion	 regarding	 transfusion	 of	 blood	 products	 in	 critically	 ill	 patients	 is
found	in	Chapter	88.

TABLE	90.7

Management	of	DIC:	Transfusion

The	Five	Basic	Tests	of	Hemostasisa

Hematocrit
Platelet	count
Prothrombin	time	(PT)
Activated	partial	thromboplastin	time	(aPTT)
Fibrinogen	level

Guidelines	for	Transfusion	in	Patients	at	High	Risk	of	Bleedingb

A.	 Platelets	<50	×	109/L:	give	platelet	concentrates	or	1	U	of	single-donor
platelets.

B.	 Fibrinogen	<150/dL:	give	10	U	of	cryoprecipitate.c
C.	 Hematocrit	below	30%:	give	red	cells.
D.	 aPTT	abnormal	give	2-4	U	of	FFP.d

DIC,	disseminated	intravascular	coagulation;	FFP,	fresh	frozen	plasma.
aThese	laboratory	tests	should	be	repeated	after	administering	blood	products	serially.	A	record	of
the	test	and	the	blood	products	administered	should	be	maintained.
bPatients	with	DIC	who	are	not	actively	bleeding	generally	do	not	require	replacement	of	platelets
or	coagulation	factors,	unless	an	invasive	procedure	is	planned	or	other	circumstances	are
present;	see	text.
cFor	a	fibrinogen	level	less	than	150	mg/dL,	transfusion	of	10	U	of	cryoprecipitate	is	expected	to
increase	the	plasma	fibrinogen	level	by	100	mg/dL.
dIn	patients	with	DIC	and	a	markedly	prolonged	PT	and	aPTT,	one	can	give	2	to	4	U	of	FFP
initially.

Heparin	 therapy	 is	 reserved	 for	 the	 patient	 who	 has	 thrombosis	 as	 a
component	of	 their	DIC.	Given	 the	coagulopathy	 that	 is	often	present,	 specific
heparin	 levels	 instead	 of	 the	 aPTT	 are	 monitored	 to	 guide	 anticoagulation
therapy.



Purpura	Fulminans
DIC	 in	 association	 with	 necrosis	 of	 the	 skin	 may	 occur	 in	 two	 situations.78
Primary	purpura	 fulminans,	 is	most	often	 seen	 following	a	viral	 infection.79	 In
this	 case,	 the	 purpura	 fulminans	 starts	 with	 a	 painful	 red	 area	 on	 the	 lower
extremities	 that	 rapidly	 progresses	 to	 a	 black	 ischemic	 lesion.	 Acquired
deficiency	of	protein	S	may	be	present.80

Secondary	purpura	fulminans	is	most	often	associated	with	meningococcemia
infections,	 but	 it	 can	 occur	 in	 any	 patient	 with	 overwhelming	 infection.81-83
Postsplenectomy	 sepsis	 syndrome	 patients	 and	 those	 with	 functional
hyposplenism	 due	 to	 chronic	 liver	 diseases	 are	 also	 at	 risk.84	 Patients	 present
with	signs	of	sepsis,	and	the	skin	lesions	often	involve	the	extremities	and	may
lead	 to	 amputation.	 As	 opposed	 to	 primary	 purpura	 fulminans,	 those	 with
secondary	purpura	fulminans	will	have	symmetrical	ischemic	lesions	at	the	distal
parts	 of	 the	 body	 (toes	 and	 fingers)	 that	 ascend	 as	 the	 process	 progresses.
Adrenal	 infarction	 (Waterhouse-Friderichsen	 syndrome)	 can	occur	which	 leads
to	severe	hypotension.85

Therapy	 for	purpura	 fulminans	 is	 controversial.	Primary	purpura	 fulminans,
especially	 cases	 with	 postvaricella	 autoimmune	 protein	 S	 deficiency,	 may
respond	to	plasma	infusion	titrated	to	keep	the	protein	S	level	more	than	25%.78
IVIG	 has	 also	 been	 reported	 to	 help	 decrease	 the	 anti–protein	 S	 antibodies.
Heparin	 has	 been	 reported	 to	 control	 the	DIC	 and	 the	 extent	 of	 necrosis.	 The
starting	dose	in	these	patients	is	5	to	8	U/kg/h.86

Critically	 ill	 patients	 with	 secondary	 purpura	 fulminans	 have	 been	 treated
with	 plasma	 drips,	 plasmapheresis,	 and	 continuous	 plasma	 ultrafiltration.
Heparin	therapy	alone	has	not	been	shown	to	improve	survival.87	Much	attention
has	been	given	to	replacement	of	natural	anticoagulants	such	as	antithrombin	as
therapy	 for	 purpura	 fulminans,	 but	 randomized	 trials	 using	 antithrombin	 have
shown	 mostly	 negative	 results.88	 Many	 patients	 need	 debridement	 and
amputation;	in	one	review	approximately	66%	of	patient	required	amputation.89

Drug-Induced	Hemolytic-DIC	Syndromes
A	 severe	 variant	 of	 drug-induced	 immune	 complex	 hemolysis,	 which	 may	 be
associated	 with	 DIC,	 has	 been	 recognized.	 The	 syndrome	 has	 occurred	 in
association	with	 use	 of	 advanced	 generation	 cephalosporins	 (notably	 cefotetan
and	ceftriaxone),	and	it	has	been	reported	with	carboplatin	and	oxaliplatin.90	The
clinical	 syndrome	 associated	 with	 cephalosporin	 starts	 7	 to	 10	 days	 after
receiving	 the	 drug	 and	 may	 occur	 following	 a	 single	 dose	 given	 as	 surgical



prophylaxis.	 The	 patient	 develops	 severe	 Coombs	 positive	 hemolysis	 with
hypotension	 and	DIC.	 The	 patient	may	 be	misdiagnosed	 as	 having	 sepsis	 and
may	 be	 reexposed	 to	 the	 cephalosporin,	 resulting	 in	worsening	 of	 the	 clinical
picture.	The	outcome	may	be	fatal	due	to	massive	hemolysis	and	thrombosis.

Quinine	 is	 associated	 with	 a	 unique	 syndrome	 of	 drug-induced	 DIC.91
Approximately	 24	 to	 96	 hours	 after	 quinine	 exposure,	 the	 patient	 becomes
acutely	 ill	 with	 nausea	 and	 vomiting.	 The	 patient	 then	 develops	 a
microangiopathic	 hemolytic	 anemia,	 DIC,	 and	 renal	 failure.	 Some	 patients,
besides	having	antiplatelet	antibodies,	also	have	antibodies	that	bind	to	red	cells
and	 neutrophils	 that	 may	 lead	 to	 the	 more	 severe	 syndrome.	 Despite	 therapy,
patients	will	frequently	progress	to	chronic	renal	failure.

Treatment	 of	 the	 drug-induced	 hemolytic-DIC	 syndrome	 is	 based	 on
anecdotal	 reports.	 Patients	 have	 responded	 to	 aggressive	 therapy	 including
plasma	 exchange,	 dialysis,	 and	 prednisone.	Early	 recognition	 of	 the	 hemolytic
anemia	(and	the	suspicion	that	it	is	drug-related)	is	important	for	early	diagnosis
so	that	the	culprit	drug	can	be	discontinued.

Drug-Induced	Thrombocytopenia
Patients	 with	 drug-induced	 thrombocytopenia	 typically	 present	 with	 very	 low
platelet	 counts	 1	 to	 3	 weeks	 after	 starting	 a	 new	 medication.92,93	 One	 of	 the
agents	most	 commonly	 associated	with	 drug-induced	 thrombocytopenia	 in	 the
critical	 care	 setting	 is	 vancomycin.	 The	 thrombocytopenia	 is	 acute	 and	 severe
(below	<10	×	109/L),	is	durably	refractory	to	platelet	transfusions,	and	resolves
within	 days	 of	 stopping	 the	 drug.94	 In	 patients	 with	 a	 possible	 drug-induced
thrombocytopenia,	the	primary	therapy	is	to	stop	the	suspect	drug.	Patients	with
severe	 thrombocytopenia	should	 receive	platelet	 transfusions	due	 to	 the	 risk	of
fatal	 bleeding.93	 However,	 with	 vancomycin-induced	 thrombocytopenia,	 the
patient	 may	 be	 refractory	 to	 platelet	 transfusion.92	 If	 there	 are	 multiple	 risk
medications,	 the	 best	 approach	 is	 to	 stop	 any	 drug	 that	 is	 strongly	 associated
with	 thrombocytopenia	 (Table	 90.8)	 Immune	 globulin	 or	 corticosteroids	 have
been	 suggested	 as	 useful	 in	 drug-related	 thrombocytopenia.	 As	 most	 patients
recover	 when	 the	 agent	 is	 cleared	 from	 the	 body,	 this	 therapy	 may	 not	 be
necessary.

TABLE	90.8



Critical	Care	Drugs	Commonly	Implicated	in
Thrombocytopenia

Antiarrhythmics

Procainamide

Quinidine

Anti	GP	IIb/IIIa	agents

Abciximab

Eptifibatide

Tirofiban

Antimicrobial

Amphotericin	B

Piperacillin

Rifampin

Trimethoprim-sulfamethoxazole

Vancomycin

H2	blockers

Cimetidine

Ranitidine

Acetaminophen

Amidarone

Carbamazepine

Haloperidol

Gold

Heparin



Hydrochlorothiazide

Nonsteroidal	anti-inflammatory	agents

Oxaliplatin

Phenytoin

Quinine

Valproic	acid95-97

From	Aster	RH,	Bougie	DW.	Drug-induced	immune	thrombocytopenia.	N	Engl	J	Med.
2007;357(6):580-587;	George	JN,	Raskob	GE,	Shah	SR,	et	al.	Drug-induced	thrombocytopenia:	a
systematic	review	of	published	case	reports.	Ann	Intern	Med.	1998;129:886-890;	and	Green	D,
Hougie	C,	Kazmier	FJ,	et	al.	Report	of	the	working	party	on	acquired	inhibitors	of	coagulation:
studies	of	the	“lupus”	anticoagulant.	Thromb	Haemost.	1983;49:144-146.

Sepsis
Thrombocytopenia	 associated	 with	 sepsis	 syndromes	 classically	 has	 been
attributed	 to	 DIC	 or	 destruction	 by	 autoimmune	 mechanisms.	 Increasing
evidence	points	to	cytokine-driven	hemophagocytosis	of	platelets.98	Patients	with
hemophagocytosis	appear	 to	have	higher	rates	of	multiple	organ	system	failure
and	higher	mortality	rates.	Inflammatory	cytokines,	especially	monocyte-colony
stimulating	 factor	 (M-CSF),	 are	 thought	 responsible	 for	 inducing	 the
hemophagocytosis.99	 Some	 patients,	 due	 to	 infection,	 tumors,	 or	 autoimmune
disease,	may	develop	an	overwhelming	hemophagocytic	syndrome	(HPS).100	The
patient	will	have	pancytopenia,	 fevers,	high	ferritins	and	triglycerides,	and	low
fibrinogens.	Mortality	is	high	with	HPS,	unless	there	is	aggressive	treatment.101

Thrombocytopenia	 may	 be	 a	 diagnostic	 clue	 to	 infection	 with	 unusual
organisms.102	 Three	 members	 of	 the	 ehrlichiosis/anaplasmosis	 family	 of	 have
been	 reported	 to	 cause	 infections	 in	 humans.103	 They	 are	 transmitted	 by	 ticks,
and	the	diseases	that	they	produce	are	similar.	Most	patients	have	a	febrile	illness
with	high	fevers,	headaches	and	myalgias.104	Patients	may	have	central	nervous
system	signs	and	marked	elevation	of	the	serum	levels	of	liver	enzymes.	Rarely,
patients	may	present	with	a	toxic	shock-like	syndrome.105	Although	many	cases
are	 mild,	 severe	 disease	 is	 common	 in	 immunosuppressed	 patients.	 The	 case
fatality	rate	is	2%	to	5%.106	The	typical	hematologic	picture	is	leukopenia	(1.3-4
×	109/L)	and	mild	thrombocytopenia	(30-60	×	109/L).	In	many	patients	the	buffy
coat	reveals	the	organisms	bundled	in	a	2	to	5	µm	morula	in	the	cytoplasm	of	the



granulocytes	 or	monocytes.	 Consideration	 of	 ehrlichiosis	 is	 important	 because
highly	 specific	 therapy	 is	 doxycycline,	which	 is	 a	 drug	 not	 routinely	 used	 for
therapy	of	sepsis	syndrome.

The	classical	hematological	presentation	of	hantavirus	pulmonary	syndrome
can	 be	 helpful	 in	 the	 diagnosis	 of	 this	 severe	 illness.	 Patients	 suffer	 a	 flu-like
prodrome	and	then	rapidly	develop	a	noncardiac	pulmonary	edema	resulting	in
profound	 respiratory	 failure.107	Ventilatory	 support	 is	 required	 in	 75%	of	 cases
and	the	mortality	is	approximately	50%.	A	powerful	indicator	to	the	presence	of
hantavirus	 is	 found	 on	 the	 peripheral	 smear.	 The	 triad	 of	 thrombocytopenia,
increased	 and	 left-shifted	 white	 cell	 count,	 and	 more	 than	 10%	 circulating
immunoblasts	can	identify	all	cases	of	hantavirus	pulmonary	syndrome	and	was
seen	in	only	2.6%	non-HPS	control.	Marked	hemoconcentration	is	also	present
due	to	capillary	leak	syndrome	with	the	hematocrit	reaching	in	some	patients	as
high	as	68%.

Viral	Hemorrhagic	Fevers
VHFs	 are	 a	 diverse	 group	 of	 viral	 infections	 that	 can	 result	 in	 massive
bleeding.108-110	VHF	are	an	important	problem	in	certain	parts	of	the	world,	but
travelers	may	carry	the	disease	anywhere.	In	the	Southern	United	States,	dengue
is	 becoming	 an	 increasing	 problem;	 and	 fatal	 cases	 of	 arenavirus	 have	 been
reported	 in	 California.111	 As	 described	 in	Table	 90.9	 there	 are	 four	 groups	 of
viruses	which	 can	 lead	 to	VHFs.112	 The	 typical	 pattern	 is	 a	 febrile	 illness	 that
proceeds	 over	 a	 few	 days	 to	 shock	 and	 diffuse	 bleeding	 with	 the	 patient
developing	signs	of	 thrombocytopenia	and	 in	 some	cases	DIC.	Patients	at	 first
presentation	often	have	pharyngitis,	conjunctivitis,	and	a	skin	rash.	A	key	sign	is
that	patients	will	experience	profuse	bleeding	from	the	gastrointestinal	track	and
mucosal	 bleeding	 often	 out	 of	 proportion	 to	 the	 observed	 coagulation	 defects.
This	 finding	 should	 serve	as	a	diagnostic	clue.	Most	VHFs	are	also	associated
with	 leukopenia	and	hemoconcentration.	Therapy	 is	aggressive	supportive	care
of	the	patients	and	replacement	of	coagulation	factors.	As	noted	in	Table	90.9,
ribavirin	can	treat	certain	VHF.	Given	the	propensity	of	many	of	these	infections
to	 spread	 to	 health	 care	 workers,	 precautions	 should	 be	 taken	 to	 prevent
nosocomial	spread.115

TABLE	90.9



Viral	Hemorrhagic	Fever-Associated	Thrombocytopenia

Arenaviridae

Diseases:	Lassa	fever,	new-world	arenaviruses
Distribution:	West	Africa	(Lassa),	South	America	(New	World)
Vector:	rodents
Incubation:	5-16	d
Therapy:	ribavirin
Unique	clinical	Features:	pharyngitis,	late	deafness	(Lassa);	neurological
involvement—seizures	(New	World)

Bunyaviridae

Diseases:	Crimean-Congo	hemorrhagic	virus	(CCHF),	Rift	Valley	fever,
hemorrhagic	fever	with	renal	syndrome	(HFRS)
Distribution:	Africa,	central	Asia,	eastern	Europe,	Middle	East	(CCHF),
Africa,	Middle	East	(Rift),	Asia,	Balkans,	Europe	(HFRS)
Vector:	ticks	(CCHF),	mosquitoes	(Rift	Valley),	rodents	(HFRS)
Incubation:	1-6	d	(CHHF),	2	wk	to	2	mo	(HFRS)
Therapy:	ribavirin
Unique	clinical	features:	retinitis,	hepatitis	(Rift	Valley),	prominent	bleeding
with	disseminated	intravascular	coagulation	(DIC),	jaundice	(CCHF);	renal
disease	(CCHF)

Filoviridae

Diseases:	Ebola,	Marburg	viruses
Distribution:	Africa
Vector:	Bats
Incubation:	2-21	d
Unique	clinical	feature:	maculopapular	rash,	high	mortality

Flaviviridae

Diseases:	dengue,	yellow	fever
Distribution:	widespread	(dengue),	Africa,	tropical	Americans	(yellow	fever)
Vector:	mosquitoes
Incubation:	3-15	d
Unique	clinical	feature:	liver	involvement	(yellow	fever)112-114



From	DeLoughery	TG.	Critical	care	clotting	catastrophies.	Crit	Care	Clin.	2005;21(3):531-562;
Cook	GC,	Zumla	A,	eds.	Manson’s	Tropical	Diseases.	W.B.	Saunders;	2004;	and	Hunter	GW,
Strickland	TG,	Magill	AJ,	Kersey	R,	eds.	Hunter’s	Tropical	Medicine	and	Emerging	Infectious
Diseases.	8th	ed.	W.B.	Saunders;	2004.

Hemophagocytic	Syndrome
HLH	 is	 being	 increasing	 recognized	 as	 a	 cause	 of	 severe	 illness.	HLH	can	 be
primary—due	to	genetic	defects	or	most	often	in	adults	secondary	to	infections,
malignancies,	or	autoimmune	disease.	The	onset	is	nonspecific	but	overtime	the
patient	develops	fevers,	organomegaly,	and	pancytopenia.	If	untreated	the	patient
may	 rapidly	 deteriorate	 with	 fatal	 outcomes.	 Diagnosis	 can	 be	 challenging	 as
HLH	 can	 mimic	 many	 processes.	 The	 diagnosis	 is	 bases	 on	 HLH-94	 criteria
(Table	90.10).	Although	a	high	ferritin	 is	 found	 in	HLH,	 this	 is	not	specific	as
many	 processes	 can	 lead	 to	 very	 high	 (>10,000	 ferritins).	 The	 triad	 of	 fevers,
organomegaly,	and	pancytopenia	should	initiate	a	workup	for	HLH.

TABLE	90.10

HLH-94	Criteria	(5/8	Required)

Fevers
Splenomegaly
Cytopenia

Hemoglobin	<	9.0
Platelets	<	100
Absolute	neutrophil	count	<	1

Hypertriglyceridemia	or	hypofibrinogenemia

Fasting	triglycerides	>	265
Fibrinogen	<	150

Ferritin	>	500
Soluble	CD25	>	2400
Decrease	natural	killer	cell	activity
Hemophagocytosis	on	biopsy)



Treatment	varies	with	etiology.	Primary	HLH	and	severe	secondary	HLH	is
treated	 with	 the	 HLH-94	 protocol,	 which	 involves	 use	 of	 etoposide	 and
dexamethasone	to	downregulate	the	immune	overactivation.	Anti-CD20	therapy
is	useful	for	HLH	associated	with	EBV	infection.

Bleeding	in	the	Platelet-Refractory	Patient
Bleeding	in	patients	who	are	refractory	to	platelet	transfusion	presents	a	difficult
clinical	 problem	 (Table	 90.11).116	 If	 patients	 are	 demonstrated	 to	 have	 human
leukocyte	 antigen	 (HLA)	 antibodies,	 one	 can	 transfuse	 HLA-matched
platelets,117	although	matched	platelet	transfusions	do	not	work	in	20%	to	70%	of
these	patients.	Some	loci	are	difficult	to	match,	so	effective	products	may	not	be
available.	 As	 many	 as	 25%	 of	 patients	 have	 antiplatelet	 antibodies	 in	 which
HLA-matched	 products	 will	 be	 ineffective.	 Platelet	 cross-matching	 to	 find
compatible	 units	 may	 not	 always	 be	 successful.	 In	 the	 patient	 who	 is	 totally
refractory	to	platelet	 transfusion,	 it	 is	 important	to	consider	whether	a	drug	has
resulted	 in	 antiplatelet	 antibodies	 (especially	 vancomycin).118	 Use	 of
antifibrinolytic	 agents	 such	 as	 ε-aminocaproic	 acid	 or	 tranexamic	 acid	 may
decrease	 the	 incidence	 of	 minor	 bleeding	 but	 are	 ineffective	 for	 major
bleeding.119	 “Platelet	 drips”	 consisting	 of	 infusing	 either	 a	 platelet	 concentrate
per	hour	or	one	plateletpheresis	unit	every	6	hours	may	be	given	as	a	continuous
infusion.120,121

TABLE	90.11

Evaluation	and	Management	of	Platelet	Alloimmunization

1.	 Check	platelet	count	15	min	after	platelet	transfusion.
2.	 If	rise	in	platelet	count	is	less	than	5	×	109/L,	check	for	HLA	antibodies.
3.	 Administer	HLA-matched	platelets	and	evaluate	for	response.
4.	 If	three	sequential	HLA-matched	platelet	transfusions	are	ineffective,

discontinue	HLA-matched	platelets.
5.	 In	completely	refractory	patients:

A.	 Evaluate	for	other	causes	of	thrombocytopenia	(HIT,	drugs).
B.	 Consider	institution	of	antifibrinolytic	therapy

1.	 Epsilon	aminocaproic	acid	1	g/h	IV,	or



2.	 Tranexamic	acid	10	mg/kg	IV	every	8	h
C.	 Platelet	“drip”—continuous	infusion	of	platelets	at	the	rate	of	1	U

over	6	h
D.	 Recombinant	activated	factor	VII	for	life-threatening	bleeding

HLA,	human	leukocyte	antigen;	HIT,	heparin-induced	thrombocytopenia;	IV,	intravenous.

Catastrophic	Antiphospholipid	Antibody	Syndrome
The	patient	with	antiphospholipid	antibody	syndrome	can	present	with	fulminant
multiorgan	system	failure.122,123	CAPS	is	caused	by	widespread	microthrombi	in
multiple	 vascular	 fields.	 These	 patients	 develop	 renal	 failure,	 encephalopathy,
adult	respiratory	distress	syndrome	(often	with	pulmonary	hemorrhage),	cardiac
failure,	 dramatic	 livedo	 reticularis,	 and	worsening	 thrombocytopenia.	Many	 of
these	 patients	 have	 preexisting	 autoimmune	 disorders	 and	 high-titer
anticardiolipin	 antibodies.	 Therapy	 for	 these	 patients	 includes	 aggressive
immunosuppression,	plasmapheresis,	and	anticoagulation,	with	consideration	of
monthly	IV	cyclophosphamide.122	Early	recognition	of	this	syndrome	can	lead	to
quick	therapy	and	resolution	of	the	multiorgan	system	failure.

Posttransfusion	Purpura
Patients	with	this	rare	disorder	develop	severe	thrombocytopenia	(<10	×	109/L),
and	 often	 severe	 bleeding,	 one	 to	 2	 weeks	 after	 receiving	 blood	 products.124
Affected	patients	usually	lack	the	platelet	antigen	PLA1.	For	unknown	reasons,
exposure	 to	 the	 antigens	 from	 the	 transfusion	 leads	 to	 rapid	 destruction	 of	 the
patient’s	 own	 platelets.	 The	 diagnostic	 clue	 is	 thrombocytopenia	 in	 a	 patient,
typically	female,	who	has	received	a	red	cell	or	platelet	blood	product	in	the	past
7	 to	10	days.	Treatment	 consists	 of	 IVIG125	 and	 plasmapheresis	 to	 remove	 the
offending	 antibody	 (Chapter	 95).	 If	 patients	 with	 a	 history	 of	 posttransfusion
purpura	 require	 further	 transfusions,	 only	 PLA1-negative	 platelets	 should	 be
given.

Key	Articles
A	 summary	 of	 key	 articles	 addressing	 issues	 related	 to	 the	 diagnosis	 and
treatment	of	thrombocytopenia	is	presented	in	Table	90.12.



TABLE	90.12

Key	Recent	Articles	for	ICU	Thrombocytopenia

Platelet	Transfusions

AABB	practice	guidelines7

Heparin-Induced	Thrombocytopenia

4	T’s	scoring	system	in	ICU	patients15
Use	of	fondaparinux28
Use	of	direct	oral	anticoagulants30

Thrombotic	Microangiopathies

Treatment	of	refractory	TTP43
Lack	value	for	aggressive	therapy	in	typical	HUS46
Use	of	eculizumab	in	atypical	HUS48

Hemophagocytic	Syndrome

Treatment	of	acquired	cases100

HIT,	heparin-induced	thrombocytopenia;	HLA,	human	leukocyte	antigen;	IV,	intravenous.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	threshold	for	platelet	transfusion	in	a	critically	ill	patient	who
is	not	bleeding	or	febrile,	not	receiving	platelet	inhibitors	or	anticoagulation,
does	not	have	renal	dysfunction,	does	not	require	an	invasive	procedure,	is	not
suspected	to	have	platelet	dysfunction,	and	does	not	have	disseminated
intravascular	coagulation	(DIC)	or	another	coagulopathy?



A. 	1	×	109/L	(1000/µL)
B. 	5	×	109/L	(5000/µL)
C. 	10	×	109/L	(10,000/µL)
D. 	50	×	109/L	(50,000/µL)

2. 	Which	of	the	following	clinical	scenarios	is	most	specific	for	heparin-
induced	thrombocytopenia	(HIT)?

A. 	Heparin	exposure,	sudden	10%	decline	in	platelet	count
B. 	Heparin	exposure,	sudden	10%	decline	in	platelet	count	with	clinical
bleeding
C. 	Heparin	exposure,	sudden	50%	decline	in	platelet	count	to	less	than
100,000/µL
D. 	Heparin	exposure,	gradual	80%	decline	in	platelet	count	to	less	than
50,000/µL

3. 	Which	of	the	following	is	the	preferred,	urgent	therapy	for	thrombotic
thrombocytopenia	purpura	(TTP)?

A. 	Immune	globulin
B. 	Plasma	exchange
C. 	Plasma	infusion
D. 	Rituximab

Answers

1.	The	correct	answer	is	C.
Rationale:	Although	platelet	 thresholds	are	based	on	clinician	judgment	and

the	 risk	 of	 severe	 bleeding	 varies	 among	 patients,	 clinical	 practice	 generally
dictates	 that	 a	 platelet	 count	 above	 10,000	 in	 such	 a	 patient	 does	 not	 require
platelet	transfusion	(choice	C	is	correct).

2.	The	correct	answer	is	C.
Rationale:	HIT	should	be	suspected	when	there	has	been	a	sudden	≥50%	drop

in	the	platelet	count	from	baseline	and/or	a	drop	in	the	platelet	count	to	less	than
100	×	109/L	(100,000/µL)	in	a	patient	receiving	heparin	in	any	form	(choice	C	is
correct).	Gradual	onset	is	less	common,	and	a	50%	decline	to	less	than	100,000/
µL	is	more	specific	than	a	10%	decline.



3.	The	correct	answer	is	B.
Rationale:	 TTP	 should	 be	 suspected	 when	 any	 patient	 presents	 with

thrombocytopenia	 and	 microangiopathic	 hemolytic	 anemia	 (MAHA),	 as
evidenced	 by	 schistocytes	 on	 the	 blood	 smear	 and	 biochemical	 evidence	 of
hemolysis,	 end-organ	 damage	manifesting	 as	 renal	 insufficiency	 or	 neurologic
phenomena,	and	fever.	Plasma	exchange	has	been	shown	to	be	superior	to	simple
plasma	 infusion	 for	 therapy	 of	 TTP	 (choice	 B	 is	 correct).	 Rituximab	 and
immunoglobulin	administration	are	not	first-line	therapies.
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Chapter	91
Venous	Thromboembolism	and
Associated	Prothrombotic	Disorders	in
the	Intensive	Care	Unit
Kathryn	A.	F.	Kline,	Jennie	Y.	Law

KEY	POINTS:
1.	 Almost	all	patients	hospitalized	in	the	intensive	care	unit	are	at

increased	risk	for	venous	thromboembolism	(VTE)	because	of
factors	including	acute	illness,	recent	surgery,	and	reduced	mobility.

2.	 Some	hospitalized	patients	with	VTE	may	have	inherited	or	acquired
thrombophilia	disorders,	but	screening	for	them	rarely	changes
short-term	management.

3.	 Thromboprophylaxis	plays	a	key	role	in	reducing	the	incidence	of
VTE	among	ICU	patients.

4.	 Early	diagnosis	of	VTE	in	patients	with	symptoms	such	as	dyspnea,
chest	pain,	hypotension,	or	swollen	extremities	can	be	life-saving.

5.	 POCUS	can	provide	an	immediate	diagnosis	of	VTE	and	the
cardiopulmonary	consequences	of	pulmonary	embolization.

INCIDENCE
Venous	 thromboembolism	(VTE),	which	 includes	deep	vein	 thrombosis	 (DVT)
and	pulmonary	embolism	(PE),	 is	a	common	cause	of	morbidity	and	mortality
affecting	over	600,000	Americans	each	year	and	causing	up	 to	50,000	deaths.1
The	 risk	 of	 VTE	 is	 particularly	 high	 among	 critically	 ill	 patients.	 In	 the
PROTECT	 trial,	 a	 prospective	 multicenter	 study	 of	 thromboprophylaxis	 in
intensive	 care	 unit	 (ICU)	 patients,	 7.7%	 of	 patients	 developed	 VTE	 despite



thromboprophylaxis.2	 Therefore,	 knowledge	 of	 risk	 factors	 and	 clinical
presentation,	as	well	as	evidence-based	approaches	to	prevention	and	treatment
of	VTE,	is	essential	for	critical	care	physicians.

RISK	FACTORS
Recognizing	 the	 conditions	 that	 predispose	 patients	 to	 VTE	 is	 important
because,	 historically,	 more	 than	 60%	 of	 PE-related	 deaths	 occurred	 among
patients	 who	 were	 untreated,	 because	 the	 diagnosis	 was	 unsuspected	 and,
therefore,	undetected.3	Almost	all	 intensive	care	patients	have	elevated	 risk	 for
VTE	compared	with	the	general	population.	Provoking	risk	factors	for	VTE	that
are	commonly	present	among	ICU	patients	 include	malignancy,	 recent	surgery,
immobilization,	 infection,	 presence	 of	 indwelling	 venous	 catheters,	 and	 more
broadly	acute	illness.4	 In	addition	 to	 these	risk	factors	 that	are	common	among
ICU	 patients,	 specific	 inherited	 or	 acquired	 thrombophilias	 are	 present	 in	 as
many	 as	 50%	 of	 patients	with	VTE,	 especially	 those	who	 are	 diagnosed	with
VTE	at	a	young	age	and	those	with	idiopathic	or	recurrent	VTE.5	Awareness	of
thrombophilias	may	increase	clinical	suspicion	for	VTE	in	symptomatic	patients
or	 inform	 strategies	 for	 secondary	 VTE	 prevention	 but	 rarely	 changes
management	of	the	acute	clot	(Table	91.1).

TABLE	91.1

Risk	Factors	for	First	Episode	of	Venous
Thromboembolism

Genetic	Risk	Factors

Antithrombin	deficiency
Protein	C	deficiency
Protein	S	deficiencya	
Factor	V	Leiden
Prothrombin	gene	mutation



Non-O	ABO	blood	group
Dysfibrinogenemiaa	
Elevated	factor	VIII
Elevated	factor	IX
Elevated	factor	XI
Hyperhomocysteinemia	(including	homocystinuria)a

Acquired	Risk	Factors

Increasing	agea	
Cancera	
Antiphospholipid	syndromea	
Infections	(HIV,	sepsis,	etc)a	
Inflammatory	disorders	(eg,	SLE,	IBD,	vasculitis)a	
Nephrotic	syndrome
Obesity
Smoking
Environmental
Surgery	(major	inpatient,	ambulatory)a	
Traumaa	
Immobilization
Central	venous	catheter
Pregnancy/postpartum
Hormonal	therapy	(eg,	oral,	transcutaneous,	vaginal	ring	contraceptive,	Depot
progestin	injections,	hormone	replacement)
Chemotherapy
Vena	cava	filter
Travel



HIV,	human	immunodeficiency	virus;	IBD,	inflammatory	bowel	disease;	SLE,	systemic	lupus
erythematosus.
aAssociated	with	arterial	thromboembolism	in	the	absence	of	patent	foramen	ovale.

Acquired	Hypercoagulable	Disorders	and	Risk	Factors

Surgery
In	 the	 first	 6	weeks	 after	 an	 operation,	 the	 risk	 of	VTE	 is	 70-fold	 that	 of	 the
general	population.	The	risk	of	VTE	gradually	declines	over	time	to	20-fold	that
of	 the	 general	 population	 during	 postoperative	weeks	 7	 to	 12,	 9.4-fold	 at	 4	 to
6	months	post	operation,	and	3.7-fold	at	10	to	12	months	post	operation.	In	the
Million	Women	study,	hip	and	knee	replacement	surgery	(7.7	per	1000	person-
months),	cancer	surgery	(4.4	per	1000	person-months),	hip	fracture	surgery	(3.8
per	 1000	 person-months),	 and	 vascular	 surgery	 (3.1	 per	 1000	 person-months)
were	associated	with	a	high	risk	of	VTE.6

CASE	1
A	74-year-old	man	underwent	a	staged	anterior	and	posterior	lumbar
interbody	 fusion.	 The	 first	 stage	 on	 day	 1	 was	 uneventful	 with
minimal	 blood	 loss.7	 The	 second	 day	 he	 returned	 to	 the	 operating
room	 for	 the	 second	 stage	 and	 was	 noted	 to	 have	 persistent
tachycardia	 with	 estimated	 blood	 loss	 of	 700	 mL.	 He	 was	 given
volume	resuscitation	and	admitted	to	 the	post	anesthesia	care	unit.
He	 continued	 to	 have	 respiratory	 distress	 and	 tachycardia.	 Initially,
he	was	thought	to	have	hypovolemia	and	crystalloid	and	packed	red
blood	 cells	 were	 administered.	 However,	 the	 patient	 developed
progressive	 respiratory	distress	and	a	point-of-care	ultrasound	was
performed.	The	focused	abdominal	ultrasound	revealed	no	free	fluid.

Based	 on	 the	 clinical	 findings	 and	 the	 ultrasonographic
images	presented	in	 	Video	91.1,7	what	is	the	likely	diagnosis
and	what	would	be	the	next	step	in	management?

	Video	 91.27	 presents	 a	 discussion	 of	 the	 ultrasound	 images



and	their	clinical	significance.

Infection
Patients	 with	 both	 acute	 and	 chronic	 infections	 have	 elevated	 risk	 of	 VTE.
Multiple	chronic	infections	are	associated	with	increased	risk	of	VTE,	including
hepatitis	 C,8	 HIV,9	 and	 tuberculosis.10	 Sepsis	 is	 associated	 with	 a	 high	 risk	 of
VTE,	regardless	of	infectious	etiology.	One	case	series	found	VTE	incidence	of
37.2%	 among	 patients	 with	 severe	 sepsis	 or	 septic	 shock,	 despite	 use	 of
prophylactic	anticoagulation.11	VTE	is	believed	to	play	a	particularly	 large	role
in	 morbidity	 and	 mortality	 associated	 with	 severe	 COVID-19	 infection.12	 In
general,	 standard-dose	 VTE	 pharmacoprophylaxis	 is	 recommended	 for	 ICU
patients	 with	 these	 infections.	 Potential	 benefit	 from	 higher-dose	 prophylactic
anticoagulation	 for	 selected	 COVID-19	 patients	 is	 an	 area	 of	 active
investigation.12

Central	Venous	Catheters
1 	 Indwelling	 central	 venous	 catheters	 (CVCs),	 particularly	 common	 among
critically	 ill	 patients,	 increase	 the	 propensity	 for	 venous	 thrombosis	 through	 a
variety	 of	 mechanisms,	 including	 endothelial	 damage,	 blood	 flow	 impedance,
and	 serving	 as	 a	 nidus	 for	 clot	 formation.	 Symptomatic	 CVC-associated	 deep
venous	 thrombosis	 occurs	 in	 1%	 to	 5%	of	 patients,	while	 as	many	 as	 16%	 to
18%	of	patients	with	CVCs	may	develop	associated	asymptomatic	clots.13	Risk
factors	for	CVC-associated	DVT	include	femoral	and	subclavian	insertion	sites,
number	of	catheter	 lumens	and	catheter	size,	PICC	vs	other	CVCs,	 location	of
catheter	 tip,	 history	 of	 previous	VTE,	 and	 presence	 of	 active	 cancer.14	 Among
hospitalized	 patients,	 the	 critically	 ill	 are	 at	 especially	 high	 risk	 for	VTE	 as	 a
result	of	severe	underlying	disease,	immobility,	and	CVCs,	with	the	incidence	of
VTE	corresponding	to	the	number	of	risk	factors	present.

Cancer
Cancer	is	associated	with	a	fourfold	to	ninefold	increased	risk	of	VTE	that	varies
with	the	and	extent	of	cancer	and	the	use	of	chemotherapy,	radiation	therapy,	and
growth	 factors,	 such	 as	 erythropoietic	 stimulatory	 agents.	 Neoplasms	 of	 the
pancreas,	 brain,	 and	 stomach	place	 patients	 at	 highest	 risk	 for	 development	 of
thromboembolism,	 whereas	 lung	 and	 colon	 cancers	 are	 associated	 with



intermediate	risk	and	breast	and	prostate	cancer	are	associated	with	a	lower	risk.
Compared	with	squamous	cell	carcinoma,	adenocarcinoma	is	associated	with	a
higher	risk	of	 thromboembolism.	Metastatic	disease	is	associated	with	a	higher
risk	of	 thromboembolism	 than	 localized	cancer.	Risk	of	VTE	 for	patients	with
cancer	appears	 to	be	 increasing	over	 time,	which	 likely	reflects	more	complete
clot	 ascertainment,	 longer	 survival	 of	 patients	 with	 metastatic	 disease,	 and
elevated	 VTE	 risk	 with	 novel	 treatment	 modalities	 including	 immunotherapy
and	targeted	therapies.15

Cancer	 is	 associated	 with	 both	 arterial	 thromboembolism	 and	 VTE.
Thromboembolism	 can	 be	 the	 first	 sign	 of	 an	 occult	 malignancy.	 Although
routine	imaging	to	detect	occult	cancer	is	not	associated	with	a	survival	benefit
for	 patients	 with	 unprovoked	 VTE,16	 we	 recommend	 age-appropriate	 cancer
screening	(eg,	colonoscopy).	Patients	with	cancer	are	twofold	to	threefold	more
likely	 to	 suffer	 recurrent	 VTE.	 Low-molecular-weight	 heparin	 (LMWH)	 has
been	shown	 to	 reduce	 the	 incidence	of	 recurrent	VTE	by	50%	in	patients	with
cancer	 and	 was	 previously	 considered	 the	 preferred	 long-term	 management
option	for	VTE	in	cancer.17	Clinical	trials	comparing	dalteparin	with	direct	oral
anticoagulants	 (DOACs)	 suggest	 similar	 efficacy	 and	 tolerance.18,19	 Apixaban
has	a	lower	risk	of	gastrointestinal	(GI)	bleeding	than	other	DOACs,	especially
for	 patients	 with	 GI	 malignancies.19	 Currently,	 both	 LMWH	 and	 DOACs	 are
considered	 acceptable	 choices	 for	 long-term	management	 of	 VTE	 for	 patients
with	 cancer,	 and	 apixaban	 is	 the	 preferred	 DOAC	 for	 patients	 with	 GI
malignancies.

CASE	2
A	 54-year-old	 woman	 with	 a	 history	 of	 endometrial	 cancer	 was
admitted	 to	 the	hospital	with	complaints	of	chest	pain	and	dyspnea
for	3	days.20	She	had	a	respiratory	rate	of	25	and	a	room	air	oxygen
saturation	of	90%.	She	had	difficulty	speaking	in	full	sentences.	Her
left	 leg	 was	 swollen,	 warm,	 and	 nontender	 on	 palpation.	 After	 a
diagnosis	of	a	pulmonary	embolism	was	made	and	a	DVT	was	found
in	her	left	lower	extremity,	she	was	started	on	anticoagulant	therapy
and	watched	in	an	intermediate	care	unit.	Overnight,	she	developed
worsening	 hypoxemia,	 tachycardia,	 and	 tachypnea	 and	 was
admitted	 to	 the	 medical	 intensive	 care	 unit	 where	 a	 point-of-care



ultrasound	examination	(POCUS)	was	performed.
Based	on	the	clinical	story	and	the	ultrasound	images	(see	
	Video	91.3),20	what	additional	 therapy	should	be	considered

and	what	 parameters	 of	 the	 right	 ventricle	 are	 concerning	 for
deteriorating	right	ventricular	function?

The	ultrasound	findings	and	clinical	implications	are	presented	as
	Video	91.4.20,21

Pregnancy	and	Postpartum
VTE	is	a	leading	cause	of	death	during	pregnancy.	The	age-adjusted	risk	of	VTE
is	 four-	 to	 fivefold	 higher	 compared	 with	 nonpregnant	 women,	 affecting
approximately	1	in	1000	pregnancies.22	Pregnancy	is	accompanied	by	hormonal
changes	 that	 increase	 the	 prothrombotic	 potential	 of	 the	 blood,	 including
increases	 in	 factor	 VIII,	 fibrinogen,	 von	 Willebrand	 factor,	 and	 plasminogen
activator	 inhibitor	 1,	 and	 decreases	 in	 free	 protein	 S.	 In	 addition,	 decreased
mobility,	 increased	 venous	 distensibility,	 and	 compression	 of	 the	 inferior	 vena
cava	(IVC)	and	iliac	veins	by	the	uterus	lead	to	venous	stasis.	Left	 leg	DVT	is
more	common	owing	to	disproportionate	compression	of	the	left	venous	system
by	the	gravid	uterus.

The	 risk	 of	 VTE	 is	 highest	 during	 the	 third	 trimester	 and	 the	 immediate
postpartum	period,	declining	 to	baseline	by	12	weeks	postpartum.	Risk	 factors
for	VTE	 during	 pregnancy	 include	 a	 previous	 history	 of	VTE,	 thrombophilia,
surgical	delivery,	age	older	than	35	years,	obesity,	and	comorbid	medical	illness,
such	 as	 sickle	 cell	 anemia.22	 Current	 guidelines	 recommend	 LMWH	 for
treatment	 of	 VTE	 during	 pregnancy.	 Prophylactic	 anticoagulation	 is	 also
recommended	 for	 pregnant	 patients	 with	 prior	 unprovoked	 or	 hormonally
associated	VTE.23

Major	Trauma
Major	trauma	is	an	important	cause	of	VTE	among	the	critically	ill.	Fifty-eight
percent	 of	 trauma	 patients	 develop	 venographic	 VTE	 in	 the	 absence	 of
thromboprophylaxis.24	Trauma	is	a	potent	stimulus	for	clot	formation	because	it
impacts	 all	 three	 elements	 of	 the	 “Virchow”	 triad.	 Patients	 are	 immobilized
(stasis)	 for	 a	 prolonged	 period	 of	 time	 and	 have	 extensive	 vascular	 and	 tissue
damage	 (vascular	 wall	 injury),	 leading	 to	 tissue	 factor	 and	 collagen	 exposure



resulting	 in	 activated	 coagulation	 (hypercoagulability).	 Thromboprophylaxis
with	enoxaparin	(30	mg	subcutaneously	twice	daily),	which	appears	to	be	more
effective	than	unfractionated	heparin	(UFH)	(5000	U	twice	daily),	can	reduce	the
incidence	 of	 VTE	 by	 50%	 among	 major	 trauma	 patients.25	 Mechanical
prophylaxis	 with	 intermittent	 pneumatic	 compression	 devices	 is	 a	 useful
adjunctive	measure,	when	feasible,	based	on	the	patient’s	injuries.

Given	the	high	incidence	of	VTE,	critical	care	physicians	should	maintain	a
high	 index	 of	 suspicion	 and	 confirm	 any	 clinical	 findings	 indicative	 of
thrombosis	 with	 objective	 imaging	 and	 flow	 studies.	 Although	 some	 have
advocated	 routine	 radiological	 surveillance	and	prophylactic	 IVC	placement	as
strategies	 to	 reduce	 VTE	 for	 trauma	 patients,	 the	 value	 of	 these	 strategies
remains	 unproven.	 Acute	 VTE	 should	 be	 managed	 by	 conventional
anticoagulation.	 If	 contraindications	are	present,	 a	 temporary	 IVC	filter	can	be
placed	 until	 the	 patient	 can	 tolerate	 anticoagulation.	 IVC	 filters	 should	 be
removed	as	soon	as	possible,	as	they	can	become	a	nidus	for	clot	formation	and
increase	the	long-term	risk	for	recurrent	VTE.

CASE	3
A	 70-year-old	 man	 was	 admitted	 to	 the	 hospital	 with	 3	 days	 of
dyspnea	and	intermittent	dizziness	after	sustaining	an	ankle	fracture
3	 weeks	 prior.21	 Physical	 examination	 revealed	 swelling	 and
tenderness	 over	 the	 right	 ankle.	 Soon	 after	 initiation	 of
anticoagulation,	 the	 patient	 developed	 dyspnea,	 diaphoresis,
tachycardia,	and	hypoxemia.	POCUS	was	performed.

Based	on	the	clinical	story	and	the	ultrasound	images	(Video
91.5),21	what	is	the	likely	diagnosis?

A	 discussion	 of	 the	 findings	 and	 their	 clinical	 implications	 are
presented	in	 	Video	91.6.21

Myeloproliferative	Neoplasms
Myeloproliferative	 neoplasms,	 in	 particular	 polycythemia	 vera	 (PV),	 are
associated	with	an	 increased	risk	of	arterial	 thromboembolism	and	VTE	that	 is
mediated,	at	 least	 in	part,	by	erythrocytosis	and	the	associated	 increased	whole



blood	viscosity,	as	well	as	 functional	abnormalities	 in	 leukocytes	and	platelets.
Risk	 factors	 for	 thromboembolism	 include	 age	older	 than	60	years,	 a	 previous
history	 of	 thromboembolism,	 poorly	 controlled	 erythrocytosis,	 leukocytosis,
thrombocytosis,	the	presence	of	additional	thrombophilic	conditions,	the	JAK2-
V617F	 mutation,	 and	 the	 presence	 of	 cardiovascular	 risk	 factors,	 including
diabetes,	 hypertension,	 hyperlipidemia,	 and	 smoking.	 It	 is	 essential	 to	 control
erythrocytosis	 for	 patients	 with	 PV,	 particularly	 when	 they	 are	 scheduled	 for
surgery.	 In	 patients	 with	 PV	 and	 essential	 thrombocythemia,	 low-dose	 aspirin
(81	 or	 100	 mg/d)	 decreases	 the	 probability	 of	 arterial	 thromboembolism.	 For
patients	 older	 than	 60	 years	 or	 those	 who	 have	 prior	 thromboembolic	 events,
cytoreductive	 therapy	with	 hydroxyurea,	 anagrelide,	 or	 α-interferon	 should	 be
strongly	 considered.	 Anticoagulation	 is	 appropriate	 for	 PV	 with	 a	 history	 of
VTE.26

Paroxysmal	Nocturnal	Hemoglobinuria
Paroxysmal	nocturnal	hemoglobinuria	(PNH)	is	a	rare	clonal	hematopoietic	stem
cell	 disorder	 associated	 with	 decreased	 expression	 of	 complement	 regulatory
proteins	 (CD55	 and	 CD59)	 on	 blood	 cell	 membranes.	 This	 acquired	 genetic
alteration	results	in	chronic	intravascular	hemolysis,	pancytopenia,	and	a	strong
predisposition	 to	 venous	 (more	 common)	 and	 arterial	 (less	 common)
thromboses.	Unusual	locations	for	thrombosis	(eg,	mesenteric	vein	thrombosis)
are	 not	 uncommon	 in	 patients	 with	 PNH.27	 The	 diagnosis	 of	 PNH	 can	 be
confirmed	 with	 flow	 cytometry	 to	 detect	 the	 presence/absence	 of	 CD55	 and
CD59	 (using	 antibodies)	 or	 glycosylphosphatidlyinositol-anchored	 proteins	 on
the	 surface	 of	 blood	 cell	 membranes.	 Symptomatic	 patients	 with	 significant
hemolysis,	 fatigue,	 end-organ	 damage,	 or	 thromboembolism	 should	 be	 treated
with	 eculizumab	 (monoclonal	 antibody	 against	 complement	 protein	 C5a).	 For
patients	 with	 thromboembolism,	 conventional	 anticoagulation	 is	 appropriate,
although	 it	 is	 not	 always	 effective	 in	 preventing	 recurrent	 events.	 Eculizumab
therapy	reduces	the	risk	of	recurrent	thromboembolism	by	more	than	90%.27

Heparin-Induced	Thrombocytopenia
Heparin-induced	thrombocytopenia	(HIT)	is	a	rare	condition	in	which	a	patient
develops	 platelet-activating	 IgG	 antibodies	 binding	 to	 complexes	 of	 platelet
factor	 4	 and	 heparin,	 leading	 to	 clot	 formation	 and	 rapid	 onset	 of
thrombocytopenia.	 HIT	 is	 uncommon	 in	 the	 ICU,	 affecting	 about	 0.5%	 of
critically	 ill	 patients,28	 but	 prompt	 recognition	 and	 treatment	 are	 essential



because	 of	 the	 adverse	 consequences	 associated	 with	 this	 condition.	 Surgical
patients	 (particularly,	 orthopedic	 and	 cardiothoracic)	 are	 at	 high	 risk	 for	 HIT,
whereas	 medical	 patients	 are	 at	 intermediate	 risk	 and	 obstetric	 and	 pediatric
patients	are	at	 low	 risk.29	 Incidence	of	HIT	as	high	as	3.6%	has	been	 reported
among	 patients	 receiving	 extracorporeal	 membrane	 oxygenation.30	 The	 pretest
probability	 of	 HIT	 can	 be	 assessed	 using	 the	 “4T	 score,”	 a	 validated	 clinical
prediction	rule.31	Without	 treatment,	 the	mortality	of	HIT	 is	 as	high	as	20%	 to
25%	with	 a	 similar	 percentage	 of	 patients	 surviving	with	major	 complications
(eg,	stroke	or	limb	loss).	Early	diagnosis	and	treatment	have	improved	mortality
and	morbidity	 to	5%	to	10%.32	Heparin	should	be	stopped	for	all	patients	with
clinical	 suspicion	 for	HIT	and	 an	 intermediate	or	 high-probability	4T	 score.	 If
the	 4T	 score	 indicates	 a	 high	 probability	 of	 HIT	 or	 the	 patient	 has	 other
indications	for	anticoagulation,	such	as	known	VTE,	 the	patient	should	receive
therapeutic	 anticoagulation	 with	 argatroban,	 bivalrudin,	 or	 fondaparinux.
Smaller	 studies	 suggest	 a	 DOAC	 such	 as	 rivaroxaban	 may	 be	 safe	 and
efficacious	 to	 use	 to	 manage	 HIT.	Warfarin	 should	 not	 be	 used	 for	 the	 acute
management	of	patients	with	HIT	because	it	causes	an	acute	acquired	protein	C
(PC)	 deficiency	 and	 can	 cause	 worsening	 macro-	 and	 microvascular
thrombosis.29	 Suspected	HIT	 should	 be	 confirmed	 or	 ruled	 out	 through	 testing
for	antiplatelet	antibodies.	If	the	diagnosis	of	HIT	is	confirmed,	warfarin	can	be
started	once	platelets	are	greater	 than	150,000/µL,	with	argatroban,	bivalrudin,
or	 fondaparinux	 continued	 for	 at	 least	 5	 days	 and	 until	 the	 international
normalized	ratio	(INR)	is	therapeutic.	Alternatively,	patients	can	be	continued	on
fondaparinux	or	rivaroxaban	for	the	duration	of	HIT	treatment.	All	patients	with
HIT	should	receive	at	least	4	weeks	of	anticoagulation.	If	thrombosis	is	present,
anticoagulation	should	continue	for	at	least	3	months.29

Drug-Induced	Hypercoagulable	Conditions
A	 variety	 of	 medications	 have	 been	 associated	 with	 increased	 risk	 of	 VTE.
Estrogen-containing	hormonal	therapies,	including	combined	estrogen-progestin
oral	 contraceptives	 and	 estrogen	 replacement	 therapy,	 are	 associated	 with	 a
threefold	 to	 fourfold	 and	 twofold	 increased	 risk	 of	 VTE,	 respectively.33	 The
estrogen	 vaginal	 ring,	 and	 oral	 as	 well	 as	 depot	 medroxyprogesterone,	 also
appear	to	be	associated	with	increased	risk.	The	low-dose	progestin	intrauterine
device	 and	 progestin-only	 oral	 contraceptives	 have	 not	 been	 associated	 with
increased	risk.	Selective	estrogen	receptor	modulators	tamoxifen	and	raloxifene;
immunomodulatory	 imide	 drugs	 including	 thalidomide,	 lenalidomide,	 and
pomalidomide;	 chemotherapeutic	 agents	 cisplatin	 and	 asparaginase;



erythropoietic	 stimulatory	 agents;	 and	 atypical	 antipsychotics	 including
clozapine,	quetiapine,	olanzapine,	and	risperidone	have	been	associated	with	an
increased	risk	of	thromboembolism.34,35

Typically,	a	medication	in	this	category	should	be	discontinued	when	a	patient
develops	an	acute	thrombosis.	Initiation	of	such	agents	for	patients	with	a	prior
history	 of	 thromboembolism	must	 be	 considered	 very	 carefully,	 weighing	 the
potential	 benefit	 against	 the	 potential	 for	 recurrent	 thrombosis.	 For	 patients
whose	condition	warrants	continued	treatment	with	the	medication,	concomitant
anticoagulation	should	be	considered	to	prevent	recurrent	thromboembolism.

CASE	4
A	39-year-old	woman	presented	 to	 the	emergency	department	with
sudden	 onset	 of	 dyspnea	 and	 palpitations.36	 She	 noticed	 legs
swelling	after	a	 recent	 flight	 from	Utah	 to	Massachusetts.	She	was
obese	 and	 started	 using	 oral	 contraceptives	 2	months	 prior	 to	 her
presentation.	Her	physical	examination	revealed	a	sinus	tachycardia,
tachypnea,	with	a	normal	blood	pressure	and	oxygen	saturation.	
Video	91.736	presents	the	ultrasound	images.

Based	on	her	clinical	findings	and	these	ultrasound	images,
what	is	the	likely	diagnosis?

A	 discussion	 of	 the	 findings	 and	 their	 clinical	 importance	 are
presented	in	 	Video	91.836	and	 	Video	91.9.36

Antiphospholipid	Antibody	Syndrome
The	 antiphospholipid	 antibody	 syndrome	 (APS)	 is	 an	 acquired,	 autoimmune
thrombophilic	disorder	that	is	associated	with	an	increased	risk	of	venous	and/or
arterial	 thromboembolism,	 recurrent	pregnancy	 losses,	 thrombocytopenia,	 renal
insufficiency,	 vasculitis,	 and	 cardiac	 valvular	 abnormalities.	 APS	 may	 be
primary	 (not	 as	 a	 result	 of	 any	 immediately	 apparent	 underlying	 autoimmune
disorder)	 or	 secondary,	 most	 commonly	 in	 association	 with	 rheumatologic
diseases	such	as	systemic	lupus	erythematosus	(SLE).	The	diagnostic	criteria	for
APS	require	 the	occurrence	of	one	or	more	objectively	documented	episode	of
thromboembolism	 or	 recurrent	 pregnancy	 losses	 in	 association	 with	 positive



laboratory	testing	for	lupus	anticoagulants	(LAs)	or	immunoglobin	G	(IgG)/IgM
anticardiolipin	 antibodies	 or	 β-2	glycoprotein	 I	 antibody	performed	on	 at	 least
two	occasions	12	or	more	weeks	apart	and	at	least	23	weeks	after	the	thrombotic
event.37

Among	 patients	 diagnosed	 with	 APS	 because	 of	 pregnancy	 complications,
approximately	 63%	 will	 eventually	 be	 diagnosed	 with	 an	 arterial	 or	 venous
thromboembolism.	Nevertheless,	 existing	evidence	does	not	 support	 the	use	of
prophylactic	anticoagulation	for	women	with	APS	but	no	prior	history	of	VTE	or
arterial	thrombosis.38	Patients	with	APS	who	have	thromboembolism	at	the	time
of	diagnosis	or	are	subsequently	diagnosed	with	VTE	or	arterial	thrombosis	have
an	 elevated	 risk	 of	 recurrent	 thromboembolism	 and	 benefit	 from	 lifelong
anticoagulation,	 unless	 there	 are	 significant	 contraindications.	 Patients	 with	 a
positive	LA	or	β-2	glycoprotein	I	antibodies	appear	to	be	at	higher	risk	for	initial
and	 recurrent	 thromboembolism	 than	 patients	 with	 anticardiolipin	 antibodies
only.37,39	In	addition,	IgG	β-2	glycoprotein	I	antibodies	appear	to	confer	a	greater
risk	 of	 thrombosis	 than	 IgM	 antibodies.39	 Triple-positive	 patients	 (ie,	 patients
positive	 for	LAs,	 β-2	 glycoprotein	 I	 antibodies,	 and	 anticardiolipin	 antibodies)
appear	to	be	at	particularly	high	risk	for	initial	and	recurrent	thromboembolism,
with	44%	suffering	thromboembolism	over	10	years.40

Unlike	 most	 other	 primary	 thrombophilias,	 screening	 for	 APS	 should	 be
considered	 during	 inpatient	 evaluation	 of	 a	 patient	with	 acute	VTE	 or	 arterial
thrombosis	because	 it	may	impact	short-	and	long-term	management	decisions.
Testing	 for	LA	 is	not	accurate	while	 the	patient	 is	 anticoagulated,	but	baseline
prolongation	of	the	activated	thromboplastin	time	(aPTT)	is	suggestive	of	APS,
and	 patients	 with	 this	 finding	 may	 be	 tested	 for	 LA	 during	 a	 later	 pause	 in
anticoagulation.	 Tests	 for	 β-2	 glycoprotein	 I	 and	 anticardiolipin	 antibodies	 are
not	affected	by	the	presence	of	acute	VTE	or	the	use	of	anticoagulation	and	can
be	 carried	 out	 in	 the	 ICU	 setting.37	 Patients	 with	 thrombosis	 and	 baseline
prolonged	 aPTT	 should	 be	 tested	 for	 β-2	 glycoprotein	 I	 and	 anticardiolipin
antibodies	as	part	of	an	evaluation	for	APS.

Treatment	of	VTE	 for	patients	with	APS	 is	 similar	 to	 that	 for	patients	with
other	thrombophilic	disorders	with	several	important	caveats.	Patients	with	APS
who	have	an	abnormal	LA	often	have	baseline	prolongation	of	their	aPTT.	If	the
standard	 therapeutic	 range	 is	 used	 in	 these	 patients,	UFH	may	be	 underdosed.
Therefore,	patients	with	a	prolonged	aPTT	at	baseline	should	be	treated	with	an
LMWH	or	have	 their	UFH	 therapy	monitored	with	an	anti-Xa	heparin	activity
assay.

Similar	 precautions	 should	 be	 taken	 when	 considering	 chronic
anticoagulation	 with	 a	 VKA	 in	 an	 LA-positive	 APS	 patient.	 LAs	 in	 these



patients	 can	 prolong	 the	 prothrombin	 time	 (PT)/international	 normalized	 ratio
(INR),	 giving	 health	 care	 providers	 the	 false	 impression	 of	 therapeutic
anticoagulation.	 Therefore,	 LA-positive	 patients	 starting	 VKA	 therapy	 should
have	 their	 INR	 correlated	 with	 a	 chromogenic	 factor	 X	 activity	 assay
(therapeutic	range,	20%-40%).41	This	test	may	also	be	useful	when	a	patient	with
APS	 experiences	 a	 recurrent	 thromboembolic	 event	 despite	 conventional
intensity	anticoagulation.	A	higher	INR	target	range	or	alternative	anticoagulants
(eg,	LMWH,	fondaparinux)	may	be	necessary.41

Given	 the	 challenges	 of	 VKA	 dosing,	 DOACs	 have	 been	 investigated	 as
alternative	 agents	 for	 treatment	 and	 secondary	 prevention	 of	VTE	 and	 arterial
thromboembolism	 in	 APS.	 Two	 randomized	 controlled	 trials	 comparing
rivaroxaban	 and	 VKAs	 showed	 higher	 rates	 of	 recurrent	 thromboembolism
among	 patients	 receiving	 rivaroxaban.42,43	 VKAs	 thus	 remain	 the	 standard	 of
care	for	APS-associated	clotting.	Investigation	into	whether	a	low-risk	subset	of
patients	 with	 APS	might	 benefit	 from	DOACs,	 or	 whether	 a	 different	 DOAC
might	be	more	effective	than	rivaroxaban,	is	ongoing.

Catastrophic	Antiphospholipid	Syndrome
Catastrophic	antiphospholipid	syndrome	(CAPS)	is	a	rare	(<1%	of	patients	with
APS)	 and	 potentially	 life-threatening	 manifestation	 of	 APS	 characterized	 by
multiorgan	 (kidneys,	 brain,	 skin,	 liver,	 etc.)	 dysfunction	 as	 a	 result	 of	 diffuse
microvascular	thrombosis.	CAPS	is	often	triggered	by	infections,	major	surgery,
or	discontinuation	of	immunosuppression	or	anticoagulation.	Almost	all	patients
with	 CAPS	 require	 an	 ICU	 level	 of	 care.	 Common	 manifestations	 of	 CAPS-
associated	organ	involvement	are	displayed	in	Table	91.2.45

TABLE	91.2

Clinical	Manifestations	of	Catastrophic	Antiphospholipid
Syndrome

Organ
System Manifestations

Blood Coombs	positive	hemolytic	anemia,	autoimmune
thrombocytopenia,	DIC,	bone	marrow	infarct



Brain Infarcts,	encephalopathy,	seizure,	transient	ischemic	attack

Heart Valvular	lesions	(Libman-Sacks	endocarditis),	myocardial
infarction,	heart	failure

Kidney A	50%	increase	in	serum	creatinine,	severe	systemic
hypertension	(>180/100	mm	Hg),	and/or	proteinuria
(>500	mg/24	h)

Lung Acute	respiratory	distress	syndrome	(most	common),44
pulmonary	hypertension	with	normal	cardiac	output	and
pulmonary	capillary	wedge	pressure,	pulmonary	hemorrhage

Skin Livedo	reticularis,	skin	ulcers,	digital	ischemia,	purpura,	skin
necrosis

Vasculature Venous	and/or	arterial	thromboembolism,	including	deep
venous	thrombosis,	pulmonary	embolism,	extremity	artery
thromboembolism,	portal	vein	and	inferior	vena	cava
thrombosis,	retinal	artery,	and	vein	thrombosis

DIC,	disseminated	intravascular	coagulation.

CAPS	 is	 thought	 to	 be	 the	 result	 of	 widespread	 activation	 of	 the
endothelium,	monocytes,	and	platelets	with	tissue	factor	expression	and	diffuse
activation	 of	 the	 coagulation	 cascade,	 resulting	 in	 widespread	 microvascular
thrombosis	and	tissue	infarction.	The	differential	diagnosis	in	patients	suspected
to	 have	 CAPS	 usually	 includes	 severe	 sepsis,	 thrombotic	 thrombocytopenic
purpura,	 hemolytic	 uremic	 syndrome,	 disseminated	 intravascular	 coagulation
(DIC),	infectious	purpura	fulminans,	and	HIT.

Multimodality	 therapy	 is	 necessary	 for	 effective	 treatment	 of	 CAPS.	 The
mainstay	of	therapy	includes	anticoagulation	(eg,	weight-based	UFH	titrated	to	a
therapeutic	 aPTT	 or	 anti-Xa	 heparin	 level)	 and	 immunosuppression	 with
corticosteroids	(eg,	intravenous	[IV]	pulse	methylprednisolone	1000	mg/d	for	3-
5	 days	 followed	 1-2	 mg/kg/d	 for	 2-3	 weeks).	 Second-line	 therapies	 that	 are
frequently	 employed	 in	 addition	 to	 anticoagulation	 and	 corticosteroids	 include
IV	 immunoglobulins	 (total	 dose	 2000	 mg/kg	 [400	 mg/kg/d	 for	 5	 days	 or
1000	mg/kg/d	 for	2	days]),	plasmapheresis,	 and	 rituximab	 (375	mg/m2	 weekly
for	4	weeks).	Fibrinolytic	agents	are	often	used	to	treat	life-	or	limb-threatening
venous	 or	 arterial	 thrombosis.	 Third-line	 therapies	 include	 cyclophosphamide,
prostacyclin	 (5	 ng/kg/min	 for	 7	 days	 [per	 case	 reports]),	 and	defibrotide	 (100-



275	mg/kg/d	for	a	minimum	of	3	weeks).	Emerging	data	suggest	that	eculizumab
may	be	an	effective	treatment	of	CAPS.46

Treatment	 of	 potential	 precipitating	 factors	 of	 CAPS	 is	 also	 extremely
important.	 Such	 measures	 include	 broad-spectrum	 antibiotics	 for	 infections,
aggressive	 hemodynamic	 resuscitation	 in	 case	 of	 shock,	 debridement	 or
amputation	 for	 necrotic	 tissues,	 mechanical	 ventilation,	 renal	 replacement
therapy,	 tight	 glycemic	 control,	 stomach	 acid	 suppression,	 and	 control	 of
malignant	 hypertension	 in	 case	 of	 renal	 artery/vein	 thromboses.	 Intravascular
instrumentation,	especially	arterial,	should	be	minimized	because	of	the	potential
for	new	clot	formation.46

CAPS	mortality	rate	remains	as	high	as	48%	despite	all	therapies.	The	clinical
manifestations	 related	 to	 poor	 prognosis	 and	mortality	 include	 involvement	 of
the	kidney,	spleen,	lung,	and	adrenal,	as	well	as	history	of	SLE.	Approximately
25%	of	 the	 survivors	will	 develop	 further	APS-related	 events,	 but	 it	 is	 rare	 to
develop	recurrent	CAPS.46

Inherited	Hypercoagulable	Disorders

Factor	V	Leiden
Factor	 V	 Leiden	 (FVL)	 is	 the	 most	 commonly	 inherited	 thrombophilic	 state,
affecting	5%	of	European	Americans,	2%	of	Hispanic	Americans,	1%	of	African
Americans	and	Native	Americans,	and	0.5%	of	Asian	Americans.47	FVL	refers
to	 a	 point	 mutation	 (G1691A),	 which	 results	 in	 a	 single	 amino	 acid	 change
(Arg506Gln)	at	 the	site	 in	the	factor	V	protein	where	it	 is	cleaved	by	activated
PC.	 The	 mutation	 markedly	 slows	 the	 rate	 of	 inactivation	 of	 factor	 Va	 by
activated	 PC,	 leading	 to	 more	 thrombin	 generation.	 FVL	 heterozygosity	 is
associated	 with	 a	 fivefold	 increased	 risk	 of	 first-ever	 VTE,	 whereas
homozygosity	 imparts	 an	 80-fold	 increased	 risk.	 FVL	 may	 be	 modestly
associated	with	 increased	 risk	 for	 arterial	 thromboembolism,	 especially	 among
younger	patients	and	women.48	FVL	heterozygosity	and	homozygosity	 increase
the	risk	of	recurrent	VTE	by	1.6-	and	2.7-fold,	respectively.49	The	activated	PC
resistance	 assay	 is	 used	 to	 screen	 for	 the	 presence	 of	 FVL.	 Commercially
available	polymerase	chain	reaction	(PCR)-based	assays	are	used	to	confirm	the
diagnosis.50

Prothrombin	G20210A	Mutation



The	prothrombin	G20210A	mutation	(PGM)	is	present	 in	approximately	1%	of
non-Hispanic	 whites	 and	 Mexican	 Americans	 and	 in	 0.3%	 of	 African
Americans.51	 It	 is	 associated	 with	 a	 30%	 increase	 in	 prothrombin	 levels	 in
heterozygotes,	 resulting	 in	 a	 2.8-fold	 increased	 risk	 of	 VTE.52	 Although
homozygosity	is	rare,	it	is	associated	with	a	70%	increase	in	prothrombin	levels
and	imparts	a	3.8-fold	increased	risk	of	first-ever	VTE	among	carriers.49	Similar
to	 FVL,	 PGM	 may	 be	 associated	 with	 a	 slightly	 increased	 risk	 of	 arterial
thromboembolism.48	Diagnosis	of	both	FVL	and	PGM	 is	made	via	PCR-based
testing	 of	 peripheral	 blood.	 Risk	 of	 VTE	 recurrence	 appears	 to	 be	 increased
among	patients	with	compound	heterozygosity	for	FVL	and	PGM	but	not	among
patients	with	PGM	heterozygosity	alone.49

Protein	C	Deficiency
PC	is	an	 important	endogenous	anticoagulant	protein	 that	 inactivates	 factors	V
and	 VIII.	 Heterozygous	 PC	 deficiency	 affects	 0.2%	 of	 the	 general	 population
and	3.2%	of	 unselected	patients	with	 a	 first	 episode	of	VTE.53	 It	 is	 associated
with	a	sevenfold	increased	risk	of	VTE.54	Homozygous	PC	deficiency	 is	a	 rare
serious	 thrombophilic	 syndrome	 that	 causes	 life-threatening	 thrombotic
complications	shortly	after	birth,	a	condition	called	neonatal	purpura	fulminans.
Deficiency	of	PC	may	be	quantitative	(	deficiency)	or	qualitative	().	Therefore,
accurate	 diagnostic	 testing	 should	 include	 both	PC	 activity	 and	 antigen	 levels.
Acquired	 causes	 of	 PC	 deficiency	 include	 DIC,	 acute	 thrombosis,	 vitamin	 K
deficiency,	vitamin	K	antagonist	(VKA)	therapy	(eg,	warfarin),	and	liver	disease.
Diagnostic	 testing	 should	 be	 performed	 in	 the	 absence	 of	 these	 conditions	 to
ensure	accurate	interpretation.

Protein	S	Deficiency
Protein	S	 (PS)	 is	 the	 nonenzymatic	 cofactor	 for	 activated	PC.	PS	 circulates	 in
two	forms:	approximately	60%	is	bound	to	C4b	protein,	whereas	the	remaining
40%	is	free.	Only	free	PS	has	cofactor	activity.	The	incidence	of	PS	deficiency
in	 the	 general	 population	 has	 been	 estimated	 to	 be	 0.03%	 to	 0.13%.	 PS
deficiency	 affects	 7.3%	 of	 unselected	 patients	 with	 venous	 thrombosis.53	 PS
deficiency	is	associated	with	an	eightfold	increased	risk	of	VTE54	and	may	be	a
risk	factor	for	arterial	thromboembolism.55

Deficiency	 of	 PS	 may	 be	 quantitative	 (	 deficiency)	 or	 qualitative	 ().	 An
additional	of	PS	deficiency	 ()	can	be	acquired	during	pregnancy,	 inflammatory
states,	 and	 estrogen	 therapy,	 which	 increase	 C4b	 protein	 levels,	 leading	 to



reduced	 free	 PS.	 Other	 acquired	 causes	 of	 PS	 deficiency	 include	 vitamin	 K
deficiency,	 VKA	 therapy,	 acute	 thrombosis,	 and	 liver	 disease.	 For	 accurate
diagnosis	of	PS	deficiency,	tests,	including	PS	activity,	total	PS	antigen,	and	free
PS	 antigen,	 should	 be	 measured	 in	 the	 absence	 of	 conditions	 associated	 with
acquired	PS	deficiency.

Antithrombin	Deficiency
Antithrombin	(AT)	inhibits	serine	protease	coagulation	factors	by	binding	to	the
active	site	of	the	target	serine	protease	(eg,	thrombin,	activated	factors	X	and	IX)
and	 forming	 an	 inactive	 complex.	 Heterozygous	 type	 I	 AT	 deficiency	 is	 rare,
affecting	1	 in	2000	 individuals	 in	 the	population.	 It	 is	associated	with	an	8-	 to
10-fold	increased	risk	of	thrombosis	and	is	present	in	1%	to	2%	of	patients	with
thrombosis.56	Deficiency	of	AT	may	be	quantitative	()	or	qualitative	().	Complete
AT	deficiency	is	incompatible	with	life.	The	diagnosis	of	AT	deficiency	is	made
by	measuring	AT	activity	and	antigen	levels.	Acquired	AT	deficiency	may	occur
in	acute	 thrombosis,	 in	DIC,	and	during	heparin	 therapy.	Spurious	 increases	 in
AT	can	be	seen	during	therapy	with	VKA.56

The	use	of	AT	complex	(ATC)	concentrates	as	replacement	therapy	should	be
limited	 to	 conditions	 with	 low	 levels	 of	 functional	 AT	 and	 with	 associated
thrombotic	imbalance.	For	example,	administration	of	ATC	is	recommended	for
individuals	 with	 congenital	 AT	 deficiency	 and	 for	 prophylaxis	 of	 VTE	 or
treatment	of	ongoing	 thrombosis.	ATC	may	also	be	considered	 in	 situations	of
increased	 consumption,	 such	 as	 DIC;	 however,	 evidence	 for	 its	 use	 in	 DIC
associated	 with	 trauma,	 burns,	 or	 pregnancy,	 as	 well	 as	 individuals	 on
extracorporeal	circulation,	is	limited.57

Dysfibrinogenemia
Dysfibrinogenemia	is	a	rare	inherited	thrombophilic	state	caused	by	mutations	in
the	Aα,	Bβ,	 or	 γ	 fibrinogen	 genes.	 It	 affects	 less	 than	 1%	 of	 individuals	with
VTE.	 Deficits	 can	 be	 quantitative	 (hypofibrinogenemia)	 or	 qualitative.58
Acquired	 dysfibrinogenemia	 is	 associated	 with	 chronic	 liver	 disease	 and
cirrhosis	as	well	as	hepatocellular	and	renal	cell	carcinoma.	Approximately	one-
third	of	cases	of	dysfibrinogenemia	are	complicated	by	thrombosis	(venous	more
commonly	 than	 arterial),	 possibly	 because	 of	 reduced	 binding	 to	 thrombin	 or
inhibition	of	fibrinolysis.	Diagnosis	of	dysfibrinogenemia	is	made	by	measuring
fibrinogen	 function	 and	 fibrinogen	 antigen	 levels.	 In	 dysfibrinogenemia,
typically	the	fibrinogen	activity	is	much	lower	than	the	fibrinogen	level.58



Hyperhomocysteinemia
Homocysteine	 is	 a	 thiol-containing	amino	acid	 that	 is	 converted	 to	methionine
by	 methionine	 synthase	 with	 vitamin	 B12	 and	 5-methyltetrahydrofolate	 as
cofactors.	 Homocysteine	 is	 also	 converted	 to	 cysteine	 by	 cystathionine	 β-
synthase	 (CBS),	 which	 requires	 pyridoxine	 (vitamin	 B6)	 as	 a	 cofactor.
Congenital	causes	of	hyperhomocysteinemia	include	homocystinuria	(deficiency
of	 CBS)	 and	 inheritance	 of	 the	 thermolabile	 mutation	 in	 the	 methylene
tetrahydrofolate	 reductase	 (MTHFR)	 gene.	 Acquired	 causes	 of
hyperhomocysteinemia	include	deficiency	of	vitamin	B12,	folate,	and	pyridoxine,
as	well	as	renal	insufficiency.

Hyperhomocysteinemia	 is	associated	with	a	 twofold	 to	 threefold	higher	 risk
of	 initial	 and	 recurrent	 VTE.59	 However,	 randomized	 studies	 of	 vitamin
supplementation	for	patients	with	venous	and	arterial	thrombotic	disease	did	not
demonstrate	 improved	 clinical	 outcomes.60	 The	 diagnosis	 of
hyperhomocysteinemia	 is	 based	 upon	 demonstrating	 elevated	 levels	 of
homocysteine	in	a	fasting	blood	sample,	preferably	after	methionine	loading.

Elevated	Coagulation	Factor	Levels
Elevated	factor	VIII	levels	and	factor	VIII:PC	ratio	have	been	associated	with	an
increased	risk	of	initial	and	recurrent	VTE.61	Elevated	factor	VIII	levels	appear
to	be	inherited,	but	the	responsible	genetic	alterations	have	yet	to	be	completely
characterized.61	Inflammatory	conditions,	which	are	common	among	patients	in
the	critical	care	setting,	may	also	transiently	raise	factor	VIII.	Elevated	factor	IX
and	XI	antigen	levels	have	been	associated	with	a	2.2-	to	2.5-fold	increased	risk
of	initial	VTE,	respectively.62,63

Sickle	Cell	Disease
Sickle	cell	disease	(SCD)	is	a	relatively	common	inherited	disorder	of	red	blood
cells	 (RBCs)	 in	 which	mutations	 in	 the	 genes	 encoding	 the	 beta	 globin	 chain
cause	hemoglobin	molecules	to	polymerize,	leading	to	a	characteristic	“sickled”
shape	 of	RBCs	 as	well	 as	 loss	 of	RBC	elasticity,	 hemolysis,	 and	 blood	 vessel
occlusion.	 There	 are	 approximately	 100,000	 people	 in	 the	 United	 States	 with
SCD,	 including	 about	 0.3%	 of	 African	 American	 newborns.64	 A	 recent	 meta-
analysis	demonstrated	an	odds	 ratio	 (OR)	of	4.4	 for	VTE	for	adults	with	SCD
compared	with	adults	without	SCD.	Pregnant	women	with	SCD	have	an	OR	of
33.2	for	VTE	compared	with	pregnant	women	without	SCD.65	Diagnosing	PE	in



SCD	may	be	challenging	because	of	similarities	in	presentation	between	PE	and
other	complications	of	SCD,	such	as	acute	chest	syndrome.

Diagnostic	Approach	to	Hypercoagulable	Conditions
2 	Testing	for	inherited	hypercoagulable	conditions	is	expensive	and	has	yet	to	be
demonstrated	 to	 significantly	 influence	 patient	 outcomes.	 In	 addition,	 acute
thrombosis	and	its	treatment	can	influence	test	results.	Therefore,	thrombophilia
testing	should	only	be	conducted	in	the	inpatient	setting	when	there	is	a	strong
clinical	rationale,	focusing	on	individuals	likely	to	benefit	from	the	results.	The
summary	 of	 appropriate	 laboratory	 tests	 for	 hypercoagulable	 conditions	 is
demonstrated	in	Table	91.3.	In	the	acute	setting	we	recommend	testing	for	HIT
when	clinically	suspected	and	for	APS	in	patients	with	suspected	CAPS.	Testing
for	APS	may	 also	 be	warranted	 in	 other	 patients	with	 unprovoked	VTE,	 as	 it
may	 impact	 decision-making	 about	 choice	 of	 anticoagulation	 prior	 to	 hospital
discharge.

TABLE	91.3

Laboratory	Testing	for	Prothrombotic	Conditions

Condition Test Timing
Potential	Causes
of	Erroneous
Result

Factor	V	Leiden Activated	protein
C	resistance

Anytime Anti-Xa	level	>1.0
U/mL

Factor	V	Leiden
PCR	based

Anytime DNA	contamination

Prothrombin	gene
mutation

Factor	II	PCR-
based	testing

Anytime DNA	contamination

Protein	C	deficiency PC	activity	(if
abnormal,	then
protein	C
antigen)

Prior	to
anticoagulation
or	after
discontinuation

Acute	thrombosis,
DIC,	warfarin,
vitamin	K	deficiency,
anti-Xa	level	>1.0



U/mL,	lupus
anticoagulant,
elevated	factor	VIII
concentrations,	liver
disease

Protein	S	deficiency Protein	S	activity
(if	abnormal,	then
total	and	free
protein	S	antigen)

Prior	to
anticoagulation
or	after
discontinuation

Acute	thrombosis,
DIC,	warfarin,	vitamin
K	deficiency,	estrogen
therapy,
pregnancy/postpartum,
anti-Xa	level	>1.0
U/mL,	lupus
anticoagulant,
elevated	factor	VIII
concentrations,	liver
disease

Antithrombin
deficiency

Antithrombin
activity	(if
abnormal,	then
antithrombin
antigen)

Prior	to
anticoagulation
or	after
discontinuation

Acute	thrombosis,
DIC,	warfarin,
vitamin	K	deficiency,
anti-Xa	level	>1.0
U/mL,	lupus
anticoagulant,
elevated	factor	VIII
concentrations,	liver
disease,	nephrotic
syndrome

Dysfibrinogenemia Fibrinogen
activity	(ie,
standard	Clauss
fibrinogen	assay),
thrombin	time,
fibrinogen
antigen,	Reptilase
time

Prior	to
anticoagulation
with	heparin	or
direct	thrombin
inhibitors

Heparin	(thrombin
time	is	very	sensitive
to	heparin,	fibrinogen
less	sensitive,
Reptilase	time	and
fibrinogen	antigen
insensitive),	direct
thrombin	inhibitor
affect	thrombin	time
and	fibrinogen



activity,	myeloma
proteins,	liver	disease

Hyperhomocysteinemia Homocysteine
level

Fasting,	with
or	without
methionine
loading	at
anytime

Renal	insufficiency,
vitamin	B12	deficiency,
folate	deficiency

Elevated	factor	VIII
levels

Factor	VIII
activity

At	least	6	mo
after
thrombotic
event	in	the
absence	of
inflammation

Acute	phase	response
(eg,	infection,
inflammation,	post
surgery),	heparin,
direct	thrombin
inhibitors,	DIC

Elevated	factor	IX
levels

Factor	IX	antigen At	least	6	mo
after
thrombotic
event	after
discontinuation
of	warfarin

Acute	thrombosis,
DIC,	warfarin,	vitamin
K	deficiency,	liver
disease

Elevated	factor	XI
levels

Factor	XI	antigen At	least	6	mo
after
thrombotic
event

Acute	thrombosis,
DIC,	severe	liver
disease

Heparin-induced
thrombocytopenia

ELISA	assay Anytime Elevated
immunoglobulin	level

Serotonin	release
assay

Anytime

Antiphospholipid
syndrome

Activated	partial
thromboplastin
time	(low
phospholipid
reagent)	+	mixing
studies	with
normal	plasma

At	diagnosis	of
thrombotic
event	and	at
least	12	wk
later

Heparin,	direct
thrombin	inhibitors



Dilute	Russell
viper	venom	time
with	confirm
procedure

At	diagnosis	of
thrombotic
event	and	at
least	12	wk
later

Anti-Xa	level	>1.0
U/mL,	direct	thrombin
inhibitor,
fondaparinux,
warfarin,	factors	X,	V,
and	II	inhibitor

Platelet
neutralization
procedure

At	diagnosis	of
thrombotic
event	and	at
least	12	wk
later

Heparin,	factor	V
deficiency/inhibitors

Anticardiolipin
antibody	ELISA

At	diagnosis	of
thrombotic
event	and	at
least	12	wk
later

Rheumatoid	factor,
syphilis,	and	HIV	can
result	in	positive	test
and	must	be	ruled	out

b-2-Glycoprotein
I	antibody	ELISA

At	diagnosis	of
thrombotic
event	and	at
least	12	wk
later

Rheumatoid	factor	can
produce	false-positive
results

ELISA,	enzyme-linked	immunosorbent	assay;	PCR,	polymerase	chain	reaction.

PATHOPHYSIOLOGY
The	 precise	 sequence	 of	 events	 that	 leads	 to	 venous	 thrombosis	 is	 not	 fully
understood	and	likely	varies	based	on	dynamic	interactions	between	genetic	and
acquired	risk	factors.	In	one	proposed	scheme,	blood	stasis–induced	hypoxia	or
direct	 vein	 wall	 injury	 results	 in	 endothelial	 disruption	 or	 activation	 with	 the
exposure	of	tissue	factor	on	the	luminal	surface	of	the	vessel	triggering	initiation
of	 the	 coagulation	 cascade,	 leading	 to	 thrombin	 generation	 and	 fibrin
deposition.66,67	Therefore,	it	 is	not	surprising	that	many	venous	thrombi	arise	in
valve	 pockets	 where	 blood	 flow	 tends	 to	 stagnate,	 or	 at	 a	 specific	 area	 of
vascular	disruption	such	as	at	a	CVC	insertion	site.

Proximal	 lower	 extremity	 DVT	 is	 the	 most	 frequent	 source	 of	 PE.	 In



untreated	patients	with	proximal	DVT,	approximately	half	will	go	on	to	develop
PE.	Other	sources	of	PE	include	pelvic,	renal,	or	upper	extremity	veins,	as	well
as	 the	right	heart.	Embolism	to	 the	 lungs	 typically	occurs	3	 to	7	days	after	 the
development	 of	 a	 DVT.	 After	 traveling	 to	 the	 lungs,	 a	 large	 thrombus	 may
occlude	 a	 major	 pulmonary	 artery	 and	 cause	 significant	 cardiovascular
symptoms,	 or	 it	may	 break	 up	 into	 smaller	 clots	 traveling	 distally,	where	 it	 is
more	likely	to	produce	pleuritic	chest	pain.	Thrombi	are	most	frequently	carried
to	the	lower	lobes	because	of	preferential	blood	flow	to	this	location.68

Hypoxemia	results	from	occlusion	of	pulmonary	vessels	and	intrapulmonary
shunting	 of	 blood	 that	 leads	 to	 an	 increase	 in	 ventilation/perfusion	 mismatch
frequently	 producing	 an	 elevated	 alveolar-to-arteriolar	 oxygen	 gradient.	 For
patients	with	a	patent	 foramen	ovale,	progressive	pulmonary	hypertension	may
lead	 to	a	 right-to-left	 intra-atrial	 shunt	precipitating	worsening	hypoxemia	and,
rarely,	 paradoxic	 embolization.44	 The	 hemodynamic	 response	 to	 PE	 varies,
depending	on	 the	degree	of	 vascular	 occlusion	 and	 the	presence	of	 underlying
cardiopulmonary	 disease.	 The	 decrease	 in	 the	 cross-sectional	 area	 of	 the
pulmonary	 arterial	 bed	 that	 results	 from	 PE	 leads	 to	 increased	 pulmonary
vascular	 resistance.	 Pulmonary	 hypertension	 suppresses	 right	 ventricular	 (RV)
outflow	precipitating	a	reduction	in	left	ventricular	(LV)	preload	and,	ultimately,
diminished	 cardiac	 output	 and	 systemic	 hypotension.	 Progressive	 vascular
obstruction	 and	 hypoxemia	 promote	 a	 vicious	 cycle	 of	 increasing
vasoconstriction	and	further	rises	in	pulmonary	artery	pressure.	The	normal	RV
fails	 acutely	 when	 it	 cannot	 generate	 sufficient	 systolic	 pressure	 to	 maintain
pulmonary	perfusion.	RV	failure	 typically	occurs	when	mean	pulmonary	artery
pressures	rise	to	greater	than	40	mm	Hg.	Because	the	pulmonary	circulation	has
a	 large	 reserve	 capacity,	 more	 than	 50%	 obstruction	 is	 generally	 required	 to
precipitate	a	significant	increase	in	the	mean	pulmonary	artery	pressure.	Patients
with	 preexisting	 cardiopulmonary	 disease	 have	 less	 physiologic	 reserve	 than
healthy	 individuals,	 so	 they	 may	 develop	 right	 heart	 failure	 with	 a	 less
significant	degree	of	pulmonary	vascular	occlusion.69

PREVENTION
3 	Clinical	trials	and	meta-analyses	have	demonstrated	that	pharmacological	VTE
prophylaxis	 of	 medically	 ill	 and	 postsurgical	 patients	 reduces	 the	 risk	 of
symptomatic	DVT,	PE,	and	fatal	PE	by	approximately	50%,	at	the	expense	of	a
modest	 increase	 of	major	 bleeding.	UFH,	 LMWH,	 fondaparinux,	 rivaroxaban,
and	 apixaban	 have	 all	 been	 demonstrated	 to	 be	 effective	 for	 medically	 ill



patients.70	For	critically	 ill	patients,	dalteparin	was	associated	with	a	 lower	risk
of	DVT	than	twice-daily	UFH.71

Large	 prospective	 multicenter	 surveys	 have	 demonstrated	 that	 VTE
prophylaxis	 is	 underprescribed.72	 Demonstrated	 strategies	 to	 improve
prescription	 of	VTE	prophylaxis	 and	 reduce	VTE	 include	 computer	 alerts	 and
mandatory	 clinical	 decision	 support	 smart	 order	 sets.73	 Prescription	 of	 VTE
prophylaxis	 does	 not	 ensure	 its	 administration.	 Retrospective	 studies	 have
demonstrated	 that	 12%	 of	 prescribed	 doses	 of	 VTE	 prophylaxis	 are	 not
administered	primarily	owing	to	patient	refusal.	In	5%	of	patients,	75%	or	more
of	prescribed	doses	of	VTE	prophylaxis	are	not	administered.74	A	retrospective
study	of	general	surgery	and	trauma	patients	found	that	omission	of	two	or	more
doses	of	prophylaxis	was	associated	with	a	significantly	increased	risk	of	VTE.75
Therefore,	 identification	 of	 strategies	 to	 increase	 VTE	 prophylaxis
administration	 is	 an	 important	 patient	 safety	 priority.	 DOACs	 may	 be
particularly	 useful	 for	 VTE	 prophylaxis	 in	 high-risk	 patients	 who	 refuse
subcutaneous	injections	of	UFH,	LMWH,	or	fondaparinux.

It	is	important	to	note	that	VTE	prophylaxis	may	not	have	a	favorable	risk	to
benefit	ratio	for	all	hospitalized	patients.	Several	risk	assessment	tools	have	been
developed	 for	 hospitalized	 medical	 (Padua	 score-expert	 opinion	 based	 and
Improve	score-evidence	based)	and	surgical	patients	(Caprini	model	and	Rogers
score)	and	validated	in	independent	patient	populations.76	Given	their	severity	of
illness,	 most	 ICU	 patients	 are	 likely	 to	 benefit	 from	 VTE	 prophylaxis.
Implementation	of	a	VTE	prophylaxis	order	 set	 that	 includes	one	of	 these	 risk
stratification	 models	 is	 likely	 to	 improve	 the	 risk-benefit	 balance	 of	 VTE
prophylaxis	 and	 should	be	 considered	 at	 all	 health	 care	 facilities	 (Tables	91.4-
91.6).	Table	91.7	outlines	available	pharmacological	VTE	prophylaxis	options.

TABLE	91.4

Padua	VTE	Risk	Assessment	Model

Clinical	Characteristic Score

Active	cancer	(patient	with	local	or	distant	metastases	and/or	in
whom	chemotherapy	or	radiotherapy	has	been	performed	within
6	mo)

3

Previous	VTE	(with	the	exclusion	of	superficial	vein	thrombosis) 3



Reduced	mobility	(bedrest	with	bathroom	privileges	for	3	d	or	more) 3

Known	thrombophilia 3

Recent	(within	1	mo)	surgery	or	trauma 2

Age	≥70	y 1

Heart	and/or	respiratory	failure 1

Acute	myocardial	infarction	or	ischemic	stroke 1

Acute	infection	and/or	rheumatologic	disorder 1

Obesity	(BMI	≥30) 1

Ongoing	hormonal	therapy 1

Low	risk	≤3	points;	high	risk	≥4	points.
BMI,	body	mass	index;	VTE,	venous	thromboembolism.

Reprinted	from	Barbar	S,	Noventa	F,	Rossetto	V,	et	al.	A	risk	assessment	model	for	the
identification	of	hospitalized	medical	patients	at	risk	for	venous	thromboembolism:	the	padua
prediction	score.	J	Thromb	Haemost.	2010;8(11):2450-2457,	with	permission	from	Elsevier.

TABLE	91.5

Improve	VTE	Risk	Assessment	Score

Clinical	Characteristic Score

Previous	VTE 3

Known	thrombophilia 2

Lower	limb	paralysis 2

Active	cancer 2

Immobility	≥7	d	(including	days	prior	to	and	during	hospital
admission)

1

ICU/CCU	stay 1



Age	>60	y 1

Low	risk	=	0	to	1	points;	moderate	risk	2	to	3	points;	and	high	risk	4	or	more	points.

CCU,	coronary	care	unit;	ICU,	intensive	care	unit;	VTE,	venous	thromboembolism.
Adapted	with	permission	by	Georg	Thieme	Verlag	KG,	from	Mahan	CE,	Liu	Y,	Turpie	AG,	et	al.
External	validation	of	a	risk	assessment	model	for	venous	thromboembolism	in	the	hospitalised
acutely-ill	medical	patient	(VTE-VALOURR).	Thromb	Haemost.	2014;112:692-699.

TABLE	91.6

Caprini	VTE	Risk	Assessment	Model

Clinical	Characteristic Score

Stroke	(<1	mo) 5

Elective	major	lower	extremity	arthroplasty 5

Hip,	pelvis,	or	leg	fracture	(<1	mo) 5

Acute	spinal	cord	injury	(paralysis)	(<1	mo) 5

Multiple	trauma	(<1	mo) 5

Age	75	y	or	older 3

History	of	DVT/PE 3

Positive	factor	V	Leiden 3

Positive	prothrombin	gene	G20210A	mutation 3

Elevated	serum	homocysteine 3

Positive	lupus	anticoagulant 3

Elevated	anticardiolipin	antibodies 3

HIT	(do	not	use	heparin	or	low-molecular-weight	heparin) 3

Other	congenital	or	acquired	thrombophilia 3

Family	history	of	thrombosis 3



Age	61-74	y 2

Arthroscopic	surgery 2

Malignancy	(present	or	previous) 2

Laparoscopic	surgery	(>45	min) 2

Patient	confined	to	bed	(>72	h) 2

Immobilizing	plaster	cast	(<1	mo) 2

Central	venous	access 2

Major	surgery	(>45	min) 2

Age	41-60	y 1

Swollen	legs	(current) 1

Varicose	veins 1

Overweight/obesity	(BMI	>25) 1

Minor	surgery	planned 1

Sepsis	(<1	mo) 1

Acute	myocardial	infarction 1

Congestive	heart	failure	(<1	mo) 1

Medical	patient	at	bedrest 1

History	of	inflammatory	bowel	disease 1

History	of	prior	major	surgery	(<1	mo) 1

Chronic	obstructive	pulmonary	disease 1

Serious	lung	disease	including	pneumonia	(<1	mo) 1

Oral	contraceptive	or	hormone	replacement	therapy 1

Pregnancy	or	postpartum	(<1	mo) 1

History	of	unexplained	fetal	death	or	recurrent	spontaneous	abortion 1



(≥3),	premature	birth	with	toxemia	or	growth-restricted	infant

Low	risk	=	0	to	1	point,	early	ambulation;	moderate	risk	=	2	points,	heparin	5000	units	sc	q12h	or
pneumatic	compression	device;	high	risk	=	3	to	4	points,	heparin	5000	units	sc	q8h	or	enoxaparin
40	mg	q24h	(weight	<150	kg)	(30	mg	sc	q24h	with	creatinine	clearance	<30	mL/min	and	weight
<150	kg)	or	enoxaparin	30	mg	sc	q12h	(weight	>150	kg)	with	option	to	add	pneumatic
compression	device;	very	high	risk	=	5	or	more	points,	high-risk	pharmacologic	options	PLUS
pneumatic	compression	device.
BMI,	body	mass	index;	DVT,	deep	vein	thrombosis;	HIT,	heparin-induced	thrombocytopenia	PE,
pulmonary	embolism;	VTE,	venous	thromboembolism.

Adapted	with	permission	by	Georg	Thieme	Verlag	KG,	from	Caprini	JA,	Arcelus	JI,	Hasty	JH,	et
al.	Clinical	assessment	of	venous	thromboembolic	risk	in	surgical	patients.	Semin	Thromb
Hemost.	1991;17(suppl	3):304-312.

TABLE	91.7

VTE	Prophylaxis	Options

Unfractionated	heparin	
5000	U	sc	q8-12h
7500	U	sc	q8	h	(obesity	dosing	BMI	≥40)
Low-molecular-weight	heparin	
Dalteparin	5000	U	sc	q24h
7500	U	q24h	(obesity	dosing	BMI	≥40)	(limited	data)
Enoxaparin	40	mg	sc	q24h	(general	medical	and	surgical	prophylaxis)
Enoxaparin	30	mg	sc	q24h	(renal	dosing;	creatinine	clearance	20-30	mL/min)
Enoxaparin	40	mg	sc	q12h	(obesity	dosing	BMI	≥40)
Enoxaparin	30	mg	sc	q12h	(orthopedic	surgery	prophylaxis)
Pentasaccharide	
Fondaparinux	2.5	mg	sc	q24h
Renal	dosing:	avoid	in	patients	with	CrCl	<30	mL/min;	caution	in	patients
with	CrCl	30-50	mL/min
Direct	thrombin	inhibitors	



Dabigatran	(oral	direct	thrombin	inhibitor)
110	mg	orally	1-4	h	after	hip	replacement	surgery	when	hemostasis	has	been
secured,	then	220	mg	orally	once	daily	for	28-35	d	(avoid	in	patients	with
CrCl	<30	mL/min	or	epidural/neuraxial	analgesia)
Direct	factor	Xa	inhibitors	
Apixaban	(oral	direct	factor	Xa	inhibitor)
2.5	mg	orally	BID	×	35	d	starting	12-24	h	after	hip	replacement	surgery	once
hemostasis	is	secured
2.5	mg	orally	BID	×	12	d	starting	12-24	h	after	knee	replacement	surgery	once
hemostasis	is	secured.	Would	avoid	in	patients	with	CrCl	<25	mL/min	or	in
presence	of	neuraxial	analgesia)
Rivaroxaban	(oral	direct	factor	Xa	inhibitor)
10	mg	orally	once	daily	×	35	d	starting	6-10	h	after	hip	replacement	surgery
once	hemostasis	is	achieved
10	mg	orally	once	daily	×	12	d	starting	6-10	h	after	knee	replacement	surgery
once	hemostasis	is	achieved
Avoid	in	patients	with	CrCl	<30	mL/min	and	those	with	neuraxial	analgesia

BID,	twice	a	day;	BMI,	body	mass	index;	CrCl,	creatinine	clearance;	q,	every;	sc,	subcutaneously;
VTE,	venous	thromboembolism.

Pharmacological	 VTE	 prophylaxis	 is	 associated	 with	 an	 increased	 risk	 of
bleeding	that	may	outweigh	its	benefits	to	patients	at	high	risk	for	bleeding.	The
IMPROVE	 survey	 is	 a	 validated	 tool	 to	 predict	 anticoagulant-associated
bleeding	 that	may	be	useful	 in	 assessing	 the	 risks	 and	benefits	of	prophylactic
anticoagulation.77,78	 For	 patients	 at	 increased	 risk	 for	 bleeding,	 intermittent
pneumatic	compression	devices	have	been	shown	to	reduce	the	risk	of	DVT.79	In
contrast,	graduated	compression	stockings	do	not	appear	to	reduce	VTE	but	do
increase	the	risk	of	skin	breakdown	complications.80

DIAGNOSIS



Recognizing	 the	 presence	 of	 VTE	 can	 be	 challenging	 because	 the	 signs	 and
symptoms	are	neither	sensitive	nor	specific	for	the	diagnosis.	Consequently,	the
most	 important	 step	 in	 diagnosis	 is	 maintaining	 adequate	 clinical	 suspicion.68
This	goal	is	best	achieved	by	careful	attention	to	each	patient’s	risk	factors	and
presenting	 symptoms.	 Although	 clinical	 assessment	 alone	 is	 inadequate	 to
confirm	the	diagnosis	of	VTE,	both	clinical	gestalt	and	clinical	prediction	rules
are	 useful	 in	 establishing	 the	 pretest	 probability	 of	 disease	 in	 outpatients.
Clinical	 pretest	 probability	 models	 such	 as	 the	 Wells	 criteria,	 pulmonary
embolism	rule-out	criteria	(PERC),	and	the	YEARS	clinical	decision	rule	serve
as	 the	 foundation	 for	 diagnostic	 algorithms	 for	 DVT	 and	 PE	 (Tables	 91.8-
91.10).81-84

TABLE	91.8

Wells	Clinical	DVT	Modela

Clinical	Characteristic Score

Active	cancer	(patient	either	receiving	treatment	of	cancer	within	the
previous	6	mo	or	currently	receiving	palliative	treatment)

1

Paralysis,	paresis,	or	recent	cast	immobilization	of	the	lower
extremities

1

Recently	bedridden	for	≥3	d,	or	major	surgery	within	the	previous
12	wk	requiring	general	or	regional	anesthesia

1

Localized	tenderness	along	the	distribution	of	the	deep	venous
system

1

Entire	leg	swelling 1

Calf	swelling	at	least	3	cm	larger	than	that	on	the	asymptomatic	side
(measured	10	cm	below	tibial	tuberosity)

1

Pitting	edema	confined	to	the	symptomatic	leg 1

Collateral	superficial	veins	(nonvaricose) 1

Previously	documented	deep	vein	thrombosis 1



Alternative	diagnosis	at	least	as	likely	as	deep	vein	thrombosis −2

aWells	scoring	system	for	DVT:	−2	to	0,	low	probability;	1	to	2	points,	moderate	probability;	3	to	8
points,	high	probability.
Reprinted	by	permission	from	Springer:	Modi	S,	Deisler	R,	Gozel	K,	et	al.	Wells	criteria	for	DVT	is
a	reliable	clinical	tool	to	assess	the	risk	of	deep	venous	thrombosis	in	trauma	patients.	World	J
Emerg	Surg.	2016;11:24.	doi:10.1186/s13017-016-0078-1,	Table	1.

TABLE	91.9

Wells	Clinical	Pulmonary	Embolism	Model

Clinical	Characteristic Score

Active	cancer	(patient	receiving	treatment	of	cancer	within	6	m	or
currently	receiving	palliative	treatment)

1

Surgery	or	bedridden	for	3	d	or	more	during	the	past	4	wk 1.5

History	of	deep	venous	thrombosis	or	pulmonary	embolism 1.5

Hemoptysis 1

Heart	rate	>100	beats/min 1.5

Pulmonary	embolism	judged	to	be	the	most	likely	diagnosis 3

Clinical	signs	and	symptoms	compatible	with	deep	venous
thrombosis

3

A	score	of	<2	indicates	a	low	probability	of	pulmonary	embolism.	A	score	of	2	to	6	indicates	an
intermediate	probability	of	PE.	A	score	of	more	than	6	indicates	a	high	probability	of	pulmonary
embolism.
From	Annals	of	Internal	Medicine,	Kearon	C,	Ginsberg	JS,	Douketis	J,	et	al.	An	evaluation	of	D-
dimer	in	the	diagnosis	of	pulmonary	embolism:	a	randomized	trial.	Ann	Intern	Med.
2006;144(11):812-821.	Copyright	©	2006	American	College	of	Physicians.	All	Rights	Reserved.
Reprinted	with	the	permission	of	American	College	of	Physicians,	Inc.

TABLE	91.10

Revised	Geneva	Score	Pulmonary	Embolism	Model



(Simplified	Version)

Clinical	Characteristic Score

Previous	PE	or	DVT 1

Heart	rate

75-94	beats/min 1

≥95	beats/min 2

Surgery	or	fracture	within	last	month 1

Hemoptysis 1

Active	cancer 1

Unilateral	lower	limb	pain 1

Pain	on	lower	limb	deep	venous	palpation	and	unilateral	edema 1

Age	>65	y 1

A	score	of	<2	indicates	a	low	probability	of	pulmonary	embolism.	A	score	of	2	to	4	indicates	an
intermediate	probability	of	PE.	A	score	of	5	or	more	indicates	a	high	probability	of	pulmonary
embolism.
DVT,	deep	vein	thrombosis;	PE,	pulmonary	embolism.

From	Klok	FA,	Mos	IC,	Nijkeuter	M,	et	al.	Simplification	of	the	revised	Geneva	score	for	assessing
clinical	probability	of	pulmonary	embolism.	Arch	Intern	Med.	2008;168(19):2131-2136.

Diagnosis	 of	 VTE	 during	 critical	 illness	 can	 be	 particularly	 challenging
because	 underlying	 chronic	 systemic	 illnesses,	 as	 well	 as	 superimposed	 acute
illnesses,	 may	 mimic	 or	 mask	 the	 typical	 signs	 and	 symptoms	 of	 VTE.	 In
addition,	 common	clinical	 prediction	models	 for	VTE	may	not	 be	valid	 in	 the
ICU	 setting.85	 Furthermore,	 objective	 testing	 for	 VTE	 may	 be	 precluded	 by
relative	 contraindications,	 such	 as	 mechanical	 ventilation,	 shock,	 and	 renal
failure.

Symptoms	and	Signs
Although	most	DVTs	begin	 in	 the	calf,	 the	presenting	symptoms	and	signs	are



often	 not	 noted	 until	 more	 proximal	 veins	 are	 involved.68	 The	 initial	 clinical
manifestations	 of	 DVT	may	 include	 warmth,	 erythema,	 swelling,	 and	 pain	 or
tenderness	and	may	be	acute	or	progressive	or	resolve	spontaneously.	Cellulitis,
trauma,	Baker	cyst,	or	musculoskeletal	pain	can	all	 cause	 signs	and	 symptoms
similar	to	acute	DVT.

Most	 patients	 with	 acute	 PE	 present	 with	 at	 least	 one	 of	 the	 following:
dyspnea,	 pleuritic	 chest	 pain,	 or	 tachypnea.	 Other	 findings	 may	 include
tachycardia,	 a	 loud	 pulmonic	 component	 of	 the	 second	 heart	 sound,	 fever,
crackles,	pleural	rub,	and/or	wheezing.	Pleuritic	chest	pain	and	hemoptysis	occur
more	 commonly	 with	 pulmonary	 infarction	 as	 a	 result	 of	 smaller,	 peripheral
emboli.	 PE	 must	 always	 be	 considered	 in	 cases	 of	 unexplained	 dyspnea,
syncope,	or	sudden	hypotension.	Symptoms	and	signs	of	PE	are	nonspecific	and
can	be	frequently	seen	in	patients	with	other	cardiopulmonary	diseases	including
pneumonia,	chronic	obstructive	pulmonary	disease	exacerbation,	pneumothorax,
myocardial	infarction,	heart	failure,	pericarditis,	musculoskeletal	pain	or	trauma,
pleuritis,	malignancy,	and,	occasionally,	intra-abdominal	processes	such	as	acute
cholecystitis	or	nephrolithiasis.

4 	 Given	 the	 potential	 for	 rapid	 clinical	 decompensation	 and	 the	 significant
associated	 morbidity	 and	 mortality,	 clinicians	 must	 maintain	 a	 high	 index	 of
suspicion	 for	 PE	 in	 the	 ICU.	 Subtle	 signs	 such	 as	 worsening	 hypoxemia,	 a
reduction	in	arterial	carbon	dioxide	with	spontaneous	respirations	(especially	in
a	 patient	 with	 chronic	 lung	 disease),	 increased	 central	 venous	 or	 pulmonary
artery	pressure,	or	unexplained	fever	should	all	be	considered	potential	heralds
of	 PE.	 Even	 in	 the	 presence	 of	 alternative	 diagnoses,	 evaluation	 for	 possible
VTE	may	still	be	appropriate	when	suggestive	signs,	symptoms,	and	risk	factors
are	present.86

Clinical	Prediction	Models
Clinical	 pretest	 probability	models	 are	 useful	 for	 assessing	 a	 patient’s	 risk	 for
VTE	 and	 determining	 the	 appropriate	 course	 for	 further	 evaluation.	 The	most
widely	 studied	 and	validated	models	 are	 the	Wells	 score	 and	 the	Geneva	Rule
(Tables	 91.8-91.10).81-83	 The	 major	 distinction	 between	 these	 two	 preclinical
probability	 models	 is	 that	 the	 Geneva	 Rule	 consists	 of	 completely	 objective
criteria,	whereas	the	Wells	score	incorporates	clinical	judgment	as	to	whether	PE
is	the	most	likely	etiology	of	the	patient’s	symptoms.	When	these	models	were
compared	head-to-head,	there	were	no	major	differences	in	diagnostic	accuracy
or	 negative	 predictive	 value	 for	 the	 exclusion	 of	 VTE.	 All	 scoring	 systems
performed	well	in	combination	with	D-dimer	measurement	to	identify	a	low-risk



population	that	did	not	require	radiologic	testing	to	exclude	VTE.87	The	PERC	is
a	clinical	decision	support	 tool	developed	by	Kline	et	al	 to	 identify	outpatients
presenting	with	 chest	 pain	who	 are	 thought	 to	 be	 at	 low	 risk	 for	 PE	 in	whom
further	diagnostic	testing	can	be	avoided	(Table	91.11).88	A	meta-analysis	of	12
studies	 encompassing	 over	 14,000	 patients	 confirmed	 the	 accuracy	 of	 the
PERC.89	 Consequently,	 the	 PERC	 was	 included	 in	 the	 American	 College	 of
Physician’s	 Practice	 Guideline	 on	 the	 diagnosis	 of	 PE.90	 A	 newer	 tool,	 the
YEARS	clinical	decision	tool,	has	recently	been	shown	to	safely	identify	a	larger
group	of	patients	with	chest	pain	in	whom	CTA	or	other	imaging	can	be	omitted,
but	it	has	not	yet	been	as	widely	validated	or	applied	as	the	PERC.84

TABLE	91.11

Pulmonary	Embolism	Rule-Out	Criteria

Clinical	Characteristic Meets
Criterion

Does	Not	Meet
Criterion

Age	<50	y 0 1

Initial	heart	rate	<100	beats/min 0 1

Initial	oxygen	saturation	>94%	on
room	air

0 1

No	unilateral	leg	swelling 0 1

No	hemoptysis 0 1

No	surgery	or	trauma	within	4	wk 0 1

No	history	of	venous
thromboembolism

0 1

No	estrogen	use 0 1

Pretest	probability	with	a	score	of	0	is	less	than	1%.
Reprinted	from	Kline	JA,	Courtney	DM,	Kabrhel	C,	et	al.	Prospective	multicenter	evaluation	of	the
pulmonary	embolism	rule-out	criteria.	J	Thromb	Haemost.	2008;6(5):772-780.	Copyright	©	2008
International	Society	on	Thrombosis	and	Haemostasis,	with	permission	from	Elsevier.



D-Dimer
Quantitative	 plasma	 measurements	 of	 D-dimer	 (a	 fragment	 of	 cross-linked
fibrin)	 have	been	 extensively	 studied	 among	patients	with	 acute	DVT	and	PE.
Although	 multiple	 inexpensive	 D-dimer	 tests	 are	 available,	 rapid	 quantitative
enzyme-linked	 immunosorbent	 assays	 are	 preferred	 because	 of	 their	 high
sensitivity.	 In	 conjunction	 with	 pretest	 probability	 models,	 sensitive	 enzyme-
linked	 immunosorbent	 assay	 D-dimer	 test	 measurements	 have	 been
demonstrated	 to	 safely	 exclude	 the	 presence	 of	 DVT	 and	 PE	 for	 outpatients
judged	 to	 be	 at	 low	 risk	 for	 VTE.81,82,87	 Unfortunately,	 D-dimer	 levels	 are
elevated	by	many	clinical	conditions	(including	cancer,	inflammation,	infection,
pregnancy,	and	recent	surgery)	that	make	the	test	less	useful	for	unselected	and
hospitalized	patients.91	For	these	cases,	objective	radiological	testing	is	necessary
to	 confirm/exclude	 the	 diagnosis.	 Because	 D-dimer	 levels	 increase	 with	 age,
age-specific	 D-dimer	 cutoffs	 have	 been	 proposed	 to	 increase	 the	 utility	 of	 D-
dimer	testing	in	older	adults.	This	approach	has	been	noted	in	a	meta-analysis	by
Schouten	et	al	to	lead	to	increased	specificity	for	individuals	older	than	50	years
while	maintaining	excellent	sensitivity.92

Diagnosis	of	Acute	Deep	Venous	Thrombosis
Compression	 venous	 ultrasonography	 is	 the	 preferred	 noninvasive	 test	 for	 the
diagnosis	of	symptomatic	proximal	DVT,	where	it	has	a	weighted	sensitivity	and
specificity	of	93%	and	98%,	respectively.93	Although	it	is	generally	appropriate
to	 initiate	 or	 withhold	 treatment	 based	 on	 the	 result	 of	 the	 examination,	 an
exception	would	be	when	 the	 result	 is	 discordant	with	 the	 clinical	 assessment.
For	instance,	a	negative	compression	ultrasound	in	the	context	of	a	high	clinical
suspicion	 for	 DVT	 would	 warrant	 further	 investigation,	 such	 as	 venography,
magnetic	 resonance	 (MR)	 imaging	 (MRI),	 or	 computed	 tomographic
venography	 (CTV).	Duplex	 ultrasonography	 is	 also	 useful	 for	 detecting	 upper
extremity	DVT.	Limitations	of	venous	ultrasonography	include	insensitivity	for
asymptomatic	 DVT	 and	 pelvic	 vein	 clots,	 dependence	 on	 operator	 skill,	 and
difficulty	distinguishing	acute	from	chronic	DVT	in	symptomatic	patients.93

MRI	 and	 CTV	 are	 being	 increasingly	 employed	 to	 diagnose	 DVT.	MRI	 is
highly	 accurate	 and	 has	multiple	 advantages,	 including	 excellent	 resolution	 of
the	 IVC	 and	 pelvic	 veins,	 accuracy	 in	 diagnosing	 upper	 extremity	 DVT,
concurrent	 thoracic	 as	well	 as	 bilateral	 examination,	 differentiating	 acute	 from
chronic	disease,	and	 lack	of	exposure	 to	 ionizing	 radiation.94	However,	MRI	 is
expensive,	time	consuming,	not	portable,	and	restricted	in	patients	with	metallic



devices	 or	 claustrophobia.	 As	 with	 MRI,	 computed	 tomographic	 angiography
(CTA)/CTV	has	the	advantage	of	evaluating	both	PE	and	DVT	in	a	single	study.
CTV	 is	 accurate	 in	 the	 detection	 of	 DVT	 and	 may	 be	 particularly	 useful	 in
imaging	 the	 pelvis	 and	 upper	 thighs.	 In	 the	 PIOPED	 II	 trial,	 concurrent	 leg
evaluation	 with	 CTV	 increased	 the	 sensitivity	 of	 CTA	 from	 83%	 to	 90%,
although	the	small	improvement	in	overall	diagnostic	yield	may	not	warrant	the
additional	irradiation	associated	with	CTV.95	Contrast	venography	is	rarely	done
anymore.

CASE	5
A	 previously	 healthy	 woman	 was	 admitted	 to	 the	 hospital	 after	 a
syncopal	episode	at	home.96	There	were	no	clear	provoking	factors,
but	she	had	been	complaining	of	dyspnea	 for	 the	past	3	days.	Her
oxygen	saturation	on	 room	air	was	89%,	heart	 rate	110	beats/min,
with	 a	 normal	 blood	 pressure.	 Her	 physical	 examination	 and
laboratory	 results	were	unremarkable.	Her	ECG	was	 read	as	sinus
tachycardia	with	right	bundle	branch	block	and	T	wave	inversions	in
anterior	and	inferior	leads.97

Based	 on	 the	 clinical	 history	 and	 the	 ultrasound	 images
presented	 in	 	 Videos	 91.10	 and	 91.11,	 what	 is	 the	 likely
diagnosis?

The	 ultrasound	 images	 and	 their	 clinical	 implications	 are
reviewed	in	 	Video	91.12.

Diagnosis	of	Acute	Pulmonary	Embolism
Contrast-enhanced	chest	CTA	is	the	imaging	procedure	of	choice	for	PE	because
it	 has	 the	 capacity	 to	 reveal	 emboli	 in	 the	 main,	 lobar,	 segmental,	 and
subsegmental	pulmonary	arteries,	as	well	as	other	diseases	of	the	thorax	that	can
mimic	 PE.	 In	 patients	 with	 an	 intermediate	 or	 high	 probability	 of	 PE,	 an
abnormal	CTA	has	a	positive	predictive	value	of	92%	and	96%,	respectively.	In
patients	with	a	low	clinical	likelihood	of	PE,	normal	findings	on	CTA	had	a	96%
negative	predictive	value	supporting	the	use	of	multidetector	CTA	as	stand-alone
imaging	for	suspected	PE	for	the	majority	of	patients.	This	modality	can	be	used



in	 combination	with	D-dimer	 to	 screen	 low-	 to	 intermediate-risk	 patients	with
excellent	negative	predictive	value.98

Unfortunately,	CTAs	are	occasionally	technically	inadequate	owing	to	motion
artifact	 or	 inappropriate	 contrast	 timing.99	 In	 these	 cases,	 PE	 should	 not	 be
prematurely	dismissed	as	a	diagnostic	possibility	in	the	context	of	a	high	clinical
probability.	When	compared	head-to-head	with	V/Q	scanning,	CTA	was	shown
to	 identify	 more	 patients	 with	 PE,	 although	 the	 clinical	 significance	 of	 these
additionally	identified	PEs	has	not	been	elucidated.98	CTA	also	has	the	advantage
of	 rapid	 performance.	 The	 disadvantages	 of	 CTA	 include	 the	 risk	 of	 adverse
reactions	 to	 contrast	 (such	 as	 anaphylaxis	 or	 nephrotoxicity)	 and	 lack	 of
portability.	 ICU	patients	also	frequently	have	a	prohibitive	creatinine	clearance
for	CTA.

Although	chest	CTA	is	a	superior	 imaging	 test	 for	PE,	V/Q	scanning	 is	still
utilized	for	selected	cases	of	suspected	PE.	V/Q	scans	are	typically	interpreted	as
being	 normal	 or	 low,	 intermediate,	 or	 high	 probability	 of	 PE.	 A	 normal	 scan
essentially	excludes	the	diagnosis	of	PE.	In	the	PIOPED	study,	when	the	clinical
suspicion	 of	 PE	 was	 high,	 PE	 was	 present	 in	 96%	 of	 patients	 with	 high-
probability	 lung	 scans.	 However,	 for	 patients	 with	 a	 high	 clinical	 pretest
probability	for	PE,	66%	of	patients	with	intermediate-probability	scans	and	40%
of	patients	with	low-probability	scans	were	subsequently	diagnosed	with	PE	by
pulmonary	 angiography.100	 This	 emphasizes	 that	 low-	 and	 intermediate-
probability	 scans	 are	 frequently	 nondiagnostic	 when	 there	 is	 a	 high	 clinical
suspicion	for	PE.	However,	in	the	setting	of	a	low	clinical	pretest	probability	for
PE,	a	normal	or	low-probability	scan	correctly	excluded	PE	in	more	than	95%	of
cases.	 V/Q	 scans	 are	 typically	 used	 for	 PE	 imaging	 in	 patients	 with	 contrast
allergies	or	those	at	risk	for	contrast	nephrotoxicity	and	for	pregnant	patients	to
reduce	fetal	radiation	exposure.

MRI	has	excellent	sensitivity	and	specificity	and	may	allow	the	simultaneous
detection	of	DVT	and	PE.	However,	MR	angiography	and	MR	venography	are
technically	difficult,	leading	to	inadequate	results	among	52%	of	patients	in	the
PIOPED	 III	 study.101	 This	 modality	 should,	 therefore,	 only	 be	 considered	 in
centers	 that	 routinely	 perform	 this	 study,	 and	 only	 in	 patients	 with
contraindications	to	standard	testing.

Pulmonary	artery	angiography	is	a	sensitive	and	specific	 test	for	confirming
or	 excluding	 acute	 PE	 and	 remains	 the	 “gold	 standard”	 diagnostic	 technique.
Among	1111	cases	 from	 the	PIOPED	study,	3%	of	 studies	were	nondiagnostic
and	 1%	 were	 incomplete,	 usually	 owing	 to	 a	 complication.	 Although
complications	 are	 more	 common	 among	 the	 critically	 ill,	 angiography	 is
generally	deemed	quite	safe,	with	major	morbidity	and	mortality	rates	of	1%	and



0.5%,	 respectively.	 Serious	 complications	 include	 respiratory	 failure	 (0.4%),
renal	failure	(0.3%),	and	hemorrhage	requiring	blood	transfusion.102	Pulmonary
angiography	is	generally	reserved	for	patients	in	whom	less	invasive	testing	has
been	 nondiagnostic.	 To	 avoid	 the	 potential	 complications	 associated	 with
angiography,	 lower	 extremity	 duplex	 ultrasound	 is	 often	 performed	 in	 lieu	 of
angiography	for	diagnosing	patients	with	suspected	but	unconfirmed	PE.

An	Integrated	Approach	to	Venous	Thromboembolism
Diagnosis
To	minimize	patient	exposure	to	ionizing	radiation	and	overall	health	care	costs,
an	 efficient	 and	 cost-effective	 approach	 to	 VTE	 diagnosis	 integrates	 pretest
probability	models	 such	 as	 the	Wells	 criteria	 and	 PERC,	D-dimer	 testing,	 and
imaging.	 In	 conjunction	 with	 D-dimer	 testing,	 the	 Wells	 criteria	 have	 been
demonstrated	 to	 safely	 exclude	 VTE	 for	 outpatients	 with	 suspected
thromboembolism.	 The	 PERC	 facilitates	 identification	 of	 low-risk	 patients	 in
whom	PE	can	be	ruled	out	without	imaging.	A	schematic	depiction	of	the	use	of
the	Wells	criteria	and	 the	Geneva	Score	 in	conjunction	with	 the	PERC	and	D-
dimer	testing	in	the	diagnosis	of	DVT	and	PE	is	displayed	in	Figures	91.1	and
91.2.



	

Figure	 91.1 	 Diagnostic	 algorithm	 for	 deep	 vein	 thrombosis
(DVT).Prox,	proximal;	WL,	whole	leg.

	

Figure	 91.2 	 Diagnostic	 algorithm	 for	 pulmonary	 embolism
(PE).PERC,	pulmonary	embolism	rule-out	criteria.



Risk	Stratification	after	Diagnosis	of	Pulmonary	Embolism
Risk	stratification	is	essential	for	selection	of	the	appropriate	treatment	strategy.
PE	has	 traditionally	 been	 classified	 into	massive,	 submassive,	 and	normal	 risk
based	 on	 hemodynamic	 compromise	 along	 with	 the	 presence/absence	 of
ventricular	strain.	Massive	PE	is	defined	by	the	presence	of	hypotension	with	a
systolic	 blood	 pressure	 of	 90	 mm	Hg	 or	 less	 or	 the	 need	 for	 vasopressors	 to
maintain	 adequate	 end-organ	 perfusion.	 Massive	 PE	 necessitates	 prompt
intervention	and	constitutes	a	medical	emergency.103

Submassive	 PE	 is	 characterized	 by	 evidence	 of	 RV	 dysfunction	 as
documented	by	echocardiography,	CT	 scan,	 elevated	 right-sided	heart	 pressure
on	 cardiac	 catheterization,	 or	 elevated	 natriuretic	 peptide	 or	 troponin
measurements.	 These	 patients	 are	 at	 increased	 risk	 for	 the	 development	 of
hemodynamic	 compromise	 and	 are	 often	 monitored	 as	 inpatients	 initially.
Patients	without	these	features	are	considered	normal	risk	and	can	be	discharged
for	outpatient	management.103

Several	 evidence-based	 risk	 stratification	 tools	 have	 been	 developed	 to
identify	patients	with	PE	at	low	risk	for	complications	who	can	be	managed	as
outpatients,	 including	 the	 Pulmonary	 Embolism	 Severity	 Index	 (PESI)	 (Table
91.12)	and	the	HESTIA	criteria	(Table	91.13).104,105	Of	these,	the	PESI	score	and
a	 simplified	 version,	 sPESI,	 have	 been	 the	 most	 extensively	 validated.	 In	 a
multicenter,	prospective,	open	randomized	clinical	management	study,	Aujesky
et	al.	found	that	the	PESI	score	was	able	to	identify	low-risk	PE	patients	who	did
equally	 well	 whether	 managed	 as	 inpatients	 or	 outpatients.105	 The	 HESTIA
criteria	 have	 also	 been	 demonstrated	 to	 be	 useful	 for	 identifying	 patients	 for
outpatient	management.104

TABLE	91.12

PESI	Score

Predictors Points	Assigned

Age Age	in	years

Altered	mental	statusa +60

Systolic	blood	pressure	<100	mm	Hg +30



History	of	cancer +30

Arterial	oxygen	saturation	<90%b +20

Temp	<	36	°C +20

Respiratory	rate	≥30/min +20

Pulse	≥	110/min +20

Male	sex +10

History	of	heart	failure +10

History	of	chronic	lung	disease +10

A	total	point	score	for	a	given	patient	is	obtained	by	summing	the	patient’s	age	in	years	and	the
points	for	each	applicable	predictor.	Points	assignments	correspond	with	the	following	risk
classes:	class	1	(very	low	risk),	≤65;	class	II	(low	risk),	65	to	85;	class	III	(intermediate	risk),	86	to
105;	class	IV	(high	risk),	106	to	125;	class	V	(very	high	risk),	>125.
PESI,	Pulmonary	Embolism	Severity	Index.
aAltered	mental	status	was	defined	as	confusion,	disorientation,	somnolence,	lethargy,	stupor,	or
coma.
bChronic	obstructive	pulmonary	disease	with	and	without	supplemental	oxygen	administration.

Adapted	from	Aujesky	D,	Obrosky	DS,	Stone	RA,	et	al.	Derivation	and	validation	of	a	prognostic
model	for	pulmonary	embolism.	Am	J	Respir	Crit	Care	Med.	2005;172:1041-1046.

TABLE	91.13

HESTIA	Criteria

Criteria
Hemodynamically	unstable	(eg,	HR	>	100	beats/min,	systolic	BP	<	100	mm
Hg,	needs	ICU	admission)
Thrombolysis	or	embolectomy	necessary
High	risk	of	bleeding	(eg,	GI	bleed	within	14	d,	recent	stroke	within	4	wk,
recent	surgery	within	2	wk,	platelets	<	75,000/µL,	uncontrolled	HTN:	systolic
BP	>	180	mm	Hg,	diastolic	BP	>	110	mm	Hg)



Supplemental	O2	needed	to	keep	O2	saturation	>	90%	for	>24	h
Pulmonary	embolism	during	anticoagulation	treatment
Intravenous	pain	medication	>24	h
Medical	or	social	reason	for	in-hospital	treatment	>24	h
Creatinine	clearance	<	30	mL/min
Severe	liver	impairment
Pregnant

Documented	history	of	HIT

The	presence	of	any	criterion	precludes	outpatient	treatment.

BP,	blood	pressure;	ICU,	intensive	care	unit;	GI,	gastrointestinal;	HIT,	heparin-induced
thrombocytopenia;	HR,	hazard	rate;	HTN,	hypertension.
Adapted	with	permission	by	Georg	Thieme	Verlag	KG,	from	Zondag	W,	den	Exter	PL,	Crobach
MJ,	et	al.	Comparison	of	two	methods	for	selection	of	out	of	hospital	treatment	in	patients	with
acute	pulmonary	embolism.	Thromb	Haemost.	2013;109:47-52.

Because	 right	 ventricular	 enlargement	 is	 an	 important	marker	 of	 thrombus
burden	and	hemodynamic	compromise	resulting	from	PE,	imaging	studies	such
as	 echocardiography	 and	 CT	 have	 also	 been	 used	 for	 risk	 stratification	 of
patients	with	 PE.	A	 recent	meta-analysis	 showed	 an	 increased	 risk	 of	 adverse
outcomes	 among	 patients	with	 evidence	 of	 right-sided	 heart	 strain	 on	CTA	 or
echocardiogram.	Otherwise	 low-risk	patients	with	evidence	of	right-sided	heart
strain	had	an	early	all-cause	mortality	rate	of	1.8%,	compared	with	0.2%	among
low-risk	patients	without	right-sided	heart	strain,	corresponding	to	an	OR	of	4.19
(95%	 confidence	 interval	 [CI]	 1.39-12.58).106	 The	 same	 meta-analysis	 also
showed	 worse	 outcomes	 among	 otherwise	 low-risk	 patients	 with	 elevated
cardiac	troponin	or	natriuretic	peptides,	with	an	OR	for	overall	mortality	of	6.25
(95%	CI	1.95-20.05)	for	patients	with	and	without	elevated	troponin.106

A	combination	of	clinical	and	laboratory	biomarkers	may	represent	the	ideal
strategy	 for	 identification	 of	 normotensive	 patients	 at	 low	 risk	 for	 adverse
outcomes.	 Jimenez	et	al	 conducted	a	multicenter	cohort	 study	of	normotensive
patients	with	PE	to	identify	a	multimarker	prognostic	score	for	risk	stratification.
The	combination	of	an	sPESI	score	of	zero	and	a	brain	natriuretic	peptide	level
<100	pg/mL	was	associated	with	a	negative	predictive	value	of	99%	and	100%
in	the	derivation	and	validation	cohorts,	respectively.107

PE	patient	management	should	be	guided	by	an	assessment	of	 their	 risk	 for



adverse	 outcomes	 (Table	 91.14).	 Normotensive	 patients	 in	 PESI	 class	 >	 II	 or
sPESI	>1	should	undergo	additional	imaging	and	laboratory	risk	assessment,	and
these	 patients	 warrant	 initial	 inpatient	 management	 until	 the	 results	 of	 these
studies	are	complete.	Patients	in	this	group	who	have	no	sign	of	RV	dysfunction
on	 echocardiography	 or	 abnormal	 cardiac	 biomarkers	 are	 considered	 at	 low
intermediate	risk	for	adverse	outcomes.	This	group	of	patients	can	be	considered
for	early	discharge	from	the	hospital.	Patients	with	abnormal	echocardiography
or	 cardiac	 biomarkers	 are	 considered	 intermediate-low–risk	 patients	 and	 are
often	managed	 in	 the	 hospital.	 Patients	 with	 both	 abnormal	 echocardiography
and	increased	cardiac	biomarkers	are	considered	at	 intermediate	to	high	risk	of
adverse	outcomes	and	are	generally	managed	as	 inpatients.	 Intermediate-high–
risk	PE	patients	are	considered	for	thrombolytic	therapy	on	a	case-by-case	basis.
Patients	with	PE	with	hypotension	are	at	high	risk	for	adverse	outcomes.	They
routinely	 undergo	 echocardiography	 and	 are	 strongly	 considered	 for
thrombolytic	therapy	(Table	91.14).103

TABLE	91.14

Mortality	Risk	Categories	for	Patients	With	Acute
Pulmonary	Embolism

Risk	Factors

30-d
Mortality
Risk

Hypotension PESI	Class
III	through
V

RV
Dysfunction

Abnormal
Cardiac
Biomarkers

High Present Optional
assessment

Present Optional	test

Intermediate-
high

Absent Present Present Present

Intermediate-
low

Absent Present Either	one	or
neither
present

Either	one	or
neither	present

Low Absent Absent Absent	but
test	not

Absent	but	test
not	necessary



necessary

PESI,	Pulmonary	Embolism	Severity	Index;	RV,	right	ventricular.
Adapted	with	permission	from	Oxford	University	Press:	Konstantinides	SV,	Torbicki	A,	Agnelli	G,
et	al.	2019	ESC	Guidelines	for	the	diagnosis	and	management	of	acute	pulmonary	embolism
developed	in	collaboration	with	the	European	Respiratory	Society	(ERS)	The	Task	Force	for	the
diagnosis	and	management	of	acute	pulmonary	embolism	of	the	European	Society	of	Cardiology
(ESC).	Eur	Heart	J.	2020;41(4):543-603.	Copyright	©	2019	The	European	Society	of	Cardiology.

TREATMENT
Treatment	 of	 VTE	 centers	 on	 the	 use	 of	 anticoagulation	 to	 prevent	 clot
propagation	and	promote	the	body’s	natural	thrombolytic	processes	to	resorb	the
clot	 and	 allow	 for	 vessel	 recanalization	 (Table	 91.15).	Other	 treatment	 options
include	 thrombolytic	 therapy,	 IVC	 filter	placement,	 and	 surgical	 embolectomy.
Each	approach	has	specific	indications	as	well	as	advantages	and	disadvantages.
Initiation	of	therapy	should	usually	be	delayed	for	confirmatory	testing	in	most
clinical	scenarios.	Exceptions	to	this	principle	include	patients	with	high	clinical
pretest	probability,	moderate	pretest	probability	where	 the	 results	of	diagnostic
testing	will	 be	 delayed	 for	 hours,	 or	 clinical	 scenarios	where	 delaying	 therapy
would	lead	to	high	likelihood	of	an	adverse	outcome.103

TABLE	91.15

Treatment	Options	for	VTE

Unfractionated	heparin	
80	U/kg	IV	bolus	followed	by	18	U/kg/h	infusion	adjusted	to	aPTT	ratio
Low-molecular-weight	heparin	(LMWH)	
Dalteparin	100	U/kg	sc	q12h	or	200	units/kg	sc	q24h
Renal	dosing:	no	official	recommendation—use	with	caution;	consider
LMWH	anti-Xa	levels	monitoring	and	dose	adjustment
Enoxaparin	1	mg/kg	sc	q12h	or	1.5	mg/kg	sc	q24h
FDA-approved	renal	dosing—1	mg/kg	sc	q24h	(CrCl	<30	mL/min)



Tinzaparin	175	U/kg	sc	q24h
Renal	dose:	same	(no	evidence	of	bioaccumulation	in	the	IRIS	study)
Pentasaccharide	
Fondaparinux	5-10	mg	sc	q24h	(5	mg	for	weight	<50	kg,	7.5	mg	for	weight
50-100	kg,	and	10	mg	for	weight	>100	kg)
Renal	dosing:	avoid	in	patients	with	CrCl	<30	mL/min;	caution	in	patients
with	CrCl	30-50	mL/min
Direct	thrombin	inhibitors	
Argatrobana	
2	g/kg/min	continuous	IV	infusion	adjusted	to	an	aPTT	ratio	of	1.5-3.0	(check
first	aPTT	after	2	h	initiation	and	after	each	dose	change)	(normal	hepatic
function)
0.5	µg/kg/min	continuous	IV	infusion	(Child-Pugh	classes	B	and	C	patients)
Bivalirudin
CrCl	>	60	mL/min	0.15	mg/kg/h	IV	infusion
CrCl	45-60	mL/min	0.075	mg/kg/h	IV
CrCl	30-44	mL/min	0.05	mg/kg/h	IV
CrCl	<	30	mL/min	or	renal	replacement	therapy	0.025	mg/kg/h	IV
Dabigatran	(oral	direct	thrombin	inhibitor)

150	mg	orally	BID	after	5-10	d	of	initial	parenteral	anticoagulation	(avoid	in
patients	with	CrCl	<30	mL/min	and	liver	impairment	with	transaminase
>2	×	ULN)
Direct	factor	Xa	inhibitors	

Apixaban	(oral	direct	factor	Xa	inhibitor)	10	mg	orally	BID	×	7	d	then	5	mg
orally	BID

In	patients	with	at	least	two	of	the	following	characteristics:	age	≥	80	y,	body
weight	≤60	kg,	or	serum	creatinine	≥	1.5	mg/dL,	the	recommended	dose	is
2.5	mg	orally	BID



Use	with	caution	in	patients	with	CrCl	<25	mL/min	or	sCr	>	2.5	mg/dL

Would	avoid	in	patients	with	hepatic	dysfunction	(AST/ALT	>	2	×	ULN	or
bilirubin	>1.5	×	ULN)
Edoxaban	(oral	direct	factor	Xa	inhibitor)
60	mg	orally	once	daily

30	mg	once	daily	if	CrCl	15-50	mL/min	or	body	weight	≤60	kg	or	avoid	in
patients	with	CrCl	<15	mL/min	or	Child-Pugh	class	B/C	hepatic	impairment
Rivaroxaban	(oral	direct	factor	Xa	inhibitor)
15	mg	orally	BID	×	3	wk	followed	by	20	mg	once	daily
Avoid	in	patients	with	CrCl	<30	mL/min	and	Child-Pugh	class	B/C

Vena	cava	filter

ALT,	alanine	transaminase;	aPTT,	activated	partial	thromboplastin	time;	AST,	aspartate
transaminase;	BID,	twice	a	day;	CrCl,	creatinine	clearance;	FDA,	Food	and	Drug	Administration;
IV,	intravenous;	sc,	subcutaneously;	q,	every;	ULN,	upper	limit	of	normal;	VTE,	venous
thromboembolism.
aFrom	Argatroban	dosing	per	package	insert	at:	Accessed	February	17,	2023.
https://labeling.pfizer.com/ShowLabeling.aspx?id=4601
From	Kiser	TH,	Mann	AM,	Trujillo	TC,	et	al.	Evaluation	of	empiric	versus	nomogram-based	direct
thrombin	inhibitor	management	in	patients	with	suspected	heparin-induced	thrombocytopenia.	Am
J	Hematol.	2011;86:267-272.	Copyright	©	2011	Wiley‐Liss,	Inc.	Adapted	by	permission	of	John
Wiley	&	Sons,	Inc.

Anticoagulation
Anticoagulants	 do	 not	 directly	 dissolve	 preexisting	 clot;	 instead,	 they	 prevent
thrombus	 extension	 and	 indirectly	 decrease	 clot	 burden	 through	 the	 body’s
endogenous	 fibrinolytic	 system.	 Information	 regarding	 pharmacokinetics	 and
dosing	 of	 traditional	 anticoagulants	 such	 as	 UFH,	 LMWH,	 fondaparinux,	 and
warfarin	can	be	found	in	Chapter	92.	For	critically	ill	ICU	patients,	UFH	is	the
parenteral	 anticoagulant	 of	 choice	 given	 its	 short	 half-life	 and	 complete
reversibility	 with	 protamine.	 Multiple	 clinical	 trials	 have	 demonstrated	 that
LMWH	is	a	safe	and	effective	alternative	to	UFH	for	the	treatment	of	acute	VTE
that	does	not	require	laboratory	monitoring.	Similarly,	fondaparinux,	a	synthetic
pentasaccharide,	is	as	effective	as	LMWH	and	UFH	in	the	initial	treatment	and

https://labeling.pfizer.com/ShowLabeling.aspx?id=4601


prevention	of	VTE.	Although	fondaparinux	is	an	attractive	agent	for	outpatient
anticoagulation	because	of	its	extremely	rare	association	with	HIT,	it	is	often	an
impractical	 anticoagulant	 for	 ICU	 patients	 owing	 to	 its	 long	 half-life,	 renal
elimination,	and	the	absence	of	an	available	reversal	agent.

Most	VTE	patients	will	be	transitioned	from	parenteral	therapy	to	a	DOAC	or
warfarin	for	short-	or	long-term	treatment.	As	warfarin	requires	at	least	5	days	to
achieve	 therapeutic	 anticoagulation,	 initial	 coadministration	with	 a	 rapid-onset
parenteral	 anticoagulant	 such	 as	 UFH	 or	 LMWH	 is	 necessary	 when	 initiating
therapy.	Failure	 to	 employ	 a	parenteral	 agent	 during	 initial	warfarin	 therapy	 is
occasionally	 complicated	 by	 warfarin	 skin	 necrosis,	 a	 procoagulant	 state
characterized	 by	 thrombosis	 of	 dermal	 vessels	 and	 skin	 ulceration	 with	 a
predilection	 for	adipose-laden	areas	of	 the	body.	Therefore,	 it	 is	 recommended
that	 parenteral	 anticoagulants	 continue	 until	 an	 INR	 of	 2	 or	 more	 has	 been
achieved	for	at	least	24	hours.108

Since	 2010,	 DOACs	 have	 played	 an	 increasing	 role	 in	 the	 treatment	 and
secondary	prophylaxis	of	VTE.	The	oral	direct	thrombin	inhibitor	dabigatran	and
the	 factor	 Xa	 inhibitors	 rivaroxaban,	 apixaban,	 and	 edoxaban	 have	 all	 been
approved	by	the	US	Food	and	Drug	Administration	(FDA)	for	treatment	of	VTE.
The	 RECOVER	 trials	 reported	 that	 dabigatran	 was	 as	 effective	 and	 safe	 as
warfarin	 for	 prevention	 of	 recurrent	 thromboembolism	 in	 patients	 with	 acute
VTE	following	at	least	5	days	of	therapy	with	a	parenteral	anticoagulant.109,110	In
the	AMPLIFY	study,	apixaban	was	as	effective	as	LMWH/warfarin	for	the	first
6	months	of	therapy	of	acute	VTE.111	In	the	AMPLIFY-EXT	study	of	long-term
(>6	 months)	 therapy	 for	 VTE,	 Agnelli	 and	 colleagues	 demonstrated	 that
apixaban	2.5	mg	twice	daily	was	superior	to	placebo	in	prevention	of	recurrent
VTE	 in	 patients	who	 demonstrated	 clinical	 equipoise	 between	 continuation	 of
therapeutic	anticoagulation	and	cessation	and	was	associated	with	a	similar	risk
of	 clinically	 relevant	 nonmajor	 bleeding.112	 The	 ADAM-VTE	 and	 Caravaggio
trials	demonstrated	the	efficacy	and	safety	of	apixaban	for	treatment	of	VTE	in
active	 malignancy,	 compared	 with	 LMWH.19,113	 In	 the	 EINSTEIN	 studies,
rivaroxaban	was	demonstrated	 to	be	as	effective	as	LMWH/VKA	 in	 the	 initial
and	 long-term	 therapy	 of	 DVT	 and	 PE.114,115	 Edoxaban	 is	 an	 oral	 factor	 Xa
inhibitor	 that	 was	 compared	 with	 warfarin	 for	 treatment	 of	 VTE	 in	 the
HOKUSAI	study.	Similar	to	dabigatran,	edoxaban	was	preceded	by	a	5-	to	10-
day	 course	of	 parenteral	 therapy.116	Therefore,	 initial	 parenteral	 therapy	 should
be	employed	for	at	least	5	days	when	using	edoxaban	or	dabigatran	for	treatment
of	 VTE.	 Rivaroxaban	 and	 apixaban	 can	 be	 initiated	 for	 treatment	 of	 VTE
without	 prior	 parenteral	 therapy.	 DOACs	 should	 be	 used	 with	 caution	 among
patients	with	 unusually	 high	 or	 low	 body	mass.	 Lower	 doses	 of	 apixaban	 and



edoxaban	 are	 recommended	 for	 patients	 weighing	 less	 than	 60	 kg,	 and
dabigatran	 and	 rivaroxaban	 should	 be	 avoided	 in	 this	 group.	Rivaroxaban	 and
apixaban	are	believed	 to	be	 the	most	effective	DOACs	 in	patients	with	weight
over	120	kg	or	body	mass	index	above	40,	while	there	is	evidence	of	higher	rates
of	breakthrough	VTE	with	dabigatran,	and	there	is	a	lack	of	data	on	the	use	of
edoxaban	in	this	population.117

Initial	clinical	use	of	DOACs	was	 limited	 in	part	by	concerns	about	 lack	of
reversal	 agents	 in	 the	 event	 of	 significant	 bleeding.	 The	 approvals	 of
idarucizumab	for	dabigatran	reversal	 in	2015,	and	andexanet-alfa	for	factor	Xa
inhibitors,	have	assuaged	many	of	these	concerns.118,119	Nonspecific	prothrombin
complex	 concentrate	 products,	 such	 as	 KCentra,	 can	 also	 be	 used	 to	 reverse
DOACs	if	specific	reversal	agents	are	not	available.

Although	 each	 of	 the	 DOACs	 has	 been	 demonstrated	 to	 be	 as	 safe	 and
effective	 as	 conventional	 anticoagulation	 for	 treating	 noncritically	 ill	 patients
with	VTE,	the	longer	half-lives	of	these	medications,	their	dependence	on	renal
and/or	 hepatic	 function	 for	 clearance,	 and	 the	 absence	 of	 readily	 available
laboratory	tests	for	monitoring	make	them	less	attractive	agents	for	critically	ill
patients.

Thrombolytic	Therapy
For	patients	with	PE,	systemic	thrombolytic	therapy	is	reserved	for	patients	with
massive	 PE	 characterized	 by	 the	 presence	 of	 hypotension	 (systolic	 blood
pressure	<90	mm	Hg)	and	hypoxemia	(room	air	O2	saturation	<90%),	in	whom
mortality	 rates	 can	 be	 as	 high	 as	 58%.120,121	 Thrombolytic	 therapy	 is	 not
generally	used	for	patients	with	submassive	PE,	based	on	evidence	 that	 it	does
not	 reduce	 the	 risk	of	 all-cause	mortality	 or	 recurrent	PE	 in	 this	 group.122	 The
standard	 thrombolytic	 regimen	 for	 PE	 is	 alteplase	 100	 mg	 over	 2	 hours	 with
10	mg	administered	as	a	bolus	at	the	initiation	of	therapy	(Table	91.14).	Lower-
dose	alteplase	regimens	should	be	considered	for	older	patients	(age	>65	years)
who	 are	 at	 higher	 risk	 for	 bleeding	 complications.123	 The	 decision	 for
thrombolysis	 should	be	made	on	a	case-by-case	basis.	Even	 in	 the	 setting	of	a
relative	contraindication,	thrombolytic	therapy	may	be	reasonable	when	a	patient
is	extremely	unstable	from	life-threatening	PE.

Catheter-directed	 thrombolysis	 (CDT)	 using	 the	 EKOS	 ultrasound	 catheter
has	 been	 explored	 as	 an	 option	 for	 patients	 with	 massive	 or	 submassive	 PE
deemed	 at	 high	 risk	 for	 bleeding	 who	 are	 also	 at	 high	 risk	 for	 clinical
deterioration	 as	 a	 result	 of	 their	 PE.	 The	 EKOS	 catheter	 uses	 ultrasound	 to



disrupt	 the	 structure	 of	 the	 thrombus	 while	 spraying	 the	 thrombolytic	 agent
locally	 into	 the	 substance	 of	 the	 clot	 via	 side	 holes	 in	 the	 catheter.	 A	 recent
randomized	 trial	 showed	 comparable	 decreases	 in	 thrombus	 and	 risk	 of	major
bleeding	events	among	patients	undergoing	conventional	and	ultrasound-assisted
thrombolysis.124

In	 an	 arrest	 or	 a	 periarrest	 situation,	 the	 use	 of	 thrombolytics	 is	 often
considered	 in	 an	 attempt	 to	 improve	 hemodynamics	 and	 reverse/prevent
hemodynamic	collapse.	There	is	some	evidence	for	improved	outcomes	with	this
approach	 for	 patients	with	 a	 confirmed	 or	 strongly	 suspected	 PE.125	 However,
empiric	use	in	a	trial	evaluating	administration	in	undifferentiated	out-of-hospital
arrests	showed	no	significant	improvement	in	mortality.88

CASE	6
A	woman	in	her	50s	was	admitted	to	the	hospital	for	chemotherapy-
induced	fatigue	and	malaise.	She	has	recurrent,	metastatic	renal	cell
carcinoma.	 On	 hospital	 day	 3,	 she	 became	 unresponsive,
diaphoretic,	and	acutely	hypoxemic.	Her	heart	 rate	slowed	and	her
ECG	revealed	right-sided	ST	elevations	and	complete	heart	block.

Based	 on	 her	 clinical	 presentation	 and	 the	 ultrasound
images	displayed	in	 	Videos	91.13-Video	91.16,126	what	 is	 the
likely	diagnosis?

The	 ultrasound	 images	 and	 their	 clinical	 implications	 are
discussed	in	 	Video	91.17.126

Each	 of	 the	 FDA-approved	 thrombolytic	 agents	 is	 administered	 at	 a	 fixed
dose,	making	measurements	of	coagulation	unnecessary	during	 infusion	 (Table
91.16).	Tissue-plasminogen	activator	(2-hour	infusion)	is	most	commonly	used.
Shorter	 regimens	 and	 even	 bolus	 dosing	may	 be	 favored	 in	 cases	 of	 unstable
patients	with	massive	PE.	Following	infusion	of	thrombolytics,	the	aPTT	should
be	measured	and	repeated	at	4-hour	intervals	until	the	aPTT	is	less	than	twice	the
upper	 limit	of	normal,	after	which	continuous	 IV	UFH	should	be	administered
without	a	loading	bolus	dose.



TABLE	91.16

Thrombolytic	Treatment	Regimens	for	PE

Streptokinase	250,000	U	IV	(loading	dose	during	30	min);	then	100,000	U/h
for	24	h
Urokinasea	2000	U/lb	(or	4400	U/kg)	IV	(loading	dose	during	10	min);	then
2000	U/lb/h	(or	4400	U/kg/h)	for	12-24	h
Alteplase	tPA	100	mg	IV	during	2	h

IV,	intravenous;	PE,	pulmonary	embolism;	tPA,	tissue	plasminogen	activator.
aLimited	availability.

Thrombolytic	therapy	is	contraindicated	for	patients	at	high	risk	for	bleeding
(Table	91.17).	Intracranial	hemorrhage	is	 the	most	devastating	(and	often	fatal)
complication	 of	 thrombolytic	 therapy	 and	 occurs	 in	 up	 to	 2%	 of	 patients.127
Invasive	procedures	should	be	minimized	around	the	time	of	therapy	to	decrease
the	risk	of	bleeding.

TABLE	91.17

Contraindications	to	Thrombolysis

Absolute

History	of	hemorrhagic	stroke	or	stroke	of	unknown	origin
Intracranial	tumor
Ischemic	stroke	in	previous	3	mo
History	of	major	surgery,	trauma,	head	injury	within	previous	3	wk
Platelet	count	below	100,000/µL



Active	bleeding
Bleeding	diathesis

Relative

Age	>75	y
Pregnancy	or	first	postpartum	week
Noncompressible	puncture	sites
Traumatic	resuscitation
Refractory	hypertension	(systolic	blood	pressure	>180	mm	Hg;	diastolic	blood
pressure	>100	mm	Hg)
Advanced	liver	disease
Infective	endocarditis
Recent	gastrointestinal	bleed	(within	3	mo)
Life	expectancy	≤1	y

CDT	has	a	limited	role	in	management	of	DVT.	In	the	ATTRACT	trial,	CDT
did	 not	 lead	 to	 lower	 rates	 of	 postthrombotic	 syndrome	 or	 recurrent	 DVT
compared	with	pharmacotherapy	alone	but	was	associated	with	increased	risk	of
major	bleeding.128	CDT	should	therefore	be	reserved	for	patients	with	extensive
clot	burden	with	concern	for	impending	acute	limb	ischemia.

CASE	7
A	 44-year-old	 woman	 presented	 to	 the	 emergency	 room	 for
respiratory	 distress,	 agitation,	 and	 tachycardia.	 Subsequently,	 she
became	 hypotensive	 with	 stabilization	 after	 volume	 resuscitation.
Her	past	medical	history	includes	chronic	anemia	and	hemorrhoids.
Digital	 rectal	 examination	 demonstrated	 purulent	 fluid.	 Surgical
consultation	 is	 requested,	 but	 the	 patient	 remains	 hypoxemic,	 with
tachycardia	and	tachypnea.	A	CT	scan	of	chest	and	abdomen	shows



a	 perianal	 abscess,	 hepatomegaly,	 and	 bilateral	 pulmonary
consolidations	 described	 as	 likely	 inflammatory.	 Her	 vital	 signs
continue	 to	 deteriorate,	 and	 she	 is	 started	 on	 intravenous
vasopressors	and	placed	on	mechanical	ventilation.

Based	 on	 the	 clinical	 history	 and	 the	 ultrasound	 images
seen	 in	 	 Videos	 91.18	 and	 91.19,129	 what	 is	 the	 likely
diagnosis?

The	 ultrasound	 images	 and	 their	 clinical	 implications	 are
discussed	in	 	Video	91.20.129

Inferior	Vena	Cava	Interruption
IVC	 filters	 are	 metallic	 wire	 devices	 often	 constructed	 of	 flexible
nonferromagnetic	alloys	 that	 are	designed	 to	catch	 large	clots	 that	 could	cause
life-threatening	pulmonary	emboli.	The	only	widely	accepted	indication	for	IVC
filter	placement	 is	 a	 contraindication	 to	 anticoagulation	 in	 a	patient	with	 acute
(within	1	month)	proximal	DVT	or	PE.130	Because	the	risk	of	recurrent	VTE	is
substantially	lower	in	patients	with	less	acute	DVT	(10%	during	months	2-3),	the
use	of	IVC	filters	for	this	patient	population	is	likely	to	be	associated	with	less
attractive	 risk	 to	 benefit	 balance,	 particularly	 if	 the	 contraindication	 to
anticoagulation	 is	 temporary.	There	 is	 less	evidence	supporting	 the	use	of	 IVC
filters	 in	 patients	with	 isolated	PE	without	 evidence	 of	 proximal	DVT	or	 IVC
thrombosis,	but	most	professional	 society	guidelines	also	 recommend	 their	use
in	this	context	if	anticoagulation	is	contraindicated.131

For	patients	who	can	be	treated	with	anticoagulation,	filters	do	not	reduce	the
incidence	 of	 PE	 or	 improve	 mortality.89	 They	 are	 associated	 with	 a	 1.5-fold
increased	 risk	 of	 deep	 venous	 thrombosis	 and	 a	 cumulative	 incidence	 of	 IVC
thrombosis	of	14%	at	8	years	of	follow-up.90	Retrievable	filters	should	therefore
be	 removed	 as	 soon	 as	 anticoagulation	 can	 be	 resumed.	 There	 is	 limited
literature	on	the	risks	and	benefits	of	SVC	filters.	Because	PE	is	less	common	in
patients	 with	 upper	 extremity	 thrombosis,	 the	 use	 of	 filters	 in	 this	 position	 is
discouraged.131

Pulmonary	Embolectomy
Given	 its	high	morbidity	and	mortality,	 surgical	embolectomy	has	 traditionally



been	 a	 treatment	 of	 last	 resort,	 often	 reserved	 for	 patients	 with	 documented
central	PE	and	 refractory	cardiogenic	 shock	despite	maximal	 therapy.	A	 recent
meta-analysis	 found	4%	 intraoperative	mortality	and	16%	 in-hospital	mortality
after	 pulmonary	 embolectomy,	 suggesting	 that	 it	 is	 an	 acceptably	 safe	 and
effective	 intervention	among	patients	 refractory	 to	 anticoagulation	and	CDT.132
Some	authors	have	suggested	that	thrombectomy	should	be	explored	as	a	front-
line	therapy	for	massive	and	submassive	PE,	but	so	far	there	are	no	comparative
trials	supporting	this	approach.133,134

Adjunctive	Care	for	Massive	Pulmonary	Embolism
The	mere	 suspicion	 of	 massive	 PE	warrants	 immediate	 supportive	 therapy.	 A
cautious	fluid	challenge	of	IV	saline	may	augment	preload	and	improve	impaired
RV	function.	Dopamine	and	norepinephrine	are	favored	if	hypotension	remains,
and	combination	therapy	with	dobutamine	may	boost	RV	output,	although	it	may
exacerbate	hypotension.	In	addition,	clinicians	must	be	cautious	that	augmenting
cardiac	output	 above	physiologic	 levels	may	exacerbate	mismatch	by	 shunting
blood	 from	 areas	 with	 partially	 obstructed	 vessels.	 Supplemental	 oxygen	 and
mechanical	ventilation	may	be	instituted	as	needed	to	support	respiratory	failure.
Inhaled	 nitric	 oxide	 may	 improve	 the	 hemodynamic	 status	 of	 patients	 while
avoiding	 the	 potentially	 deleterious	 effects	 of	 IV	 agents	 on	 systemic	 blood
pressure.123	 Thrombolytic	 therapy	 or	 pulmonary	 embolectomy	 should	 be
considered	followed	by	anticoagulation	as	previously	described.

SPECIAL	THERAPEUTIC	CONSIDERATIONS

Central	Venous	Catheter–Associated	Thrombosis
Symptomatic	 catheter-related	 thrombosis	 occurs	 in	 up	 to	 6%	 of	 adults	 with
conventional	CVC	and	14%	with	PICC,14	 and	upper	 extremity	 thrombosis	 is	 a
common	 complication	 in	 critically	 ill	 patients	 primarily	 because	 of	 the
widespread	 use	 of	 CVCs.	 CVC-associated	 DVT	 is	 generally	 treated	 with
anticoagulation	for	at	least	3	months	or	until	the	CVC	is	removed,	whichever	is
longer.	If	the	CVC	is	still	needed	for	patient	care,	there	is	no	need	to	remove	the
catheter	 unless	 symptoms	 fail	 to	 improve	 with	 anticoagulation.	 Thrombolytic
therapy	 is	 reserved	 for	 limb-threatening	 or	 extremely	 symptomatic	 CVC-
associated	DVT	that	has	not	responded	to	standard	therapy	in	candidates	without



contraindications.	CVC	 removal	 is	 considered	 the	primary	 therapy	 for	 patients
who	are	not	candidates	for	anticoagulation,	although	it	should	be	noted	that	this
approach	is	probably	associated	with	a	higher	risk	of	embolization	in	the	absence
of	at	least	a	week	of	anticoagulation.	However,	the	risk	of	clot	embolization	that
accompanies	CVC	extraction	 is	outweighed	by	 the	 risk	 for	 chronic	 thrombotic
complications	 and	 potential	 infection.	 Complications	 of	 CVC-associated
thrombosis	 include	 catheter	 infections,	 PE,	 postthrombotic	 syndrome,	 catheter
dysfunction,	 and	persistent	vascular	compromise.135	 Symptomatic	PE	occurs	 in
3%	 to	 12%	 of	 adult	 patients	 with	 an	 upper	 extremity	 DVT.	 Upper	 extremity
DVTs	 have	 a	 substantially	 lower	 rate	 of	 recurrence	 than	 those	 in	 the	 lower
extremities.14

Pregnancy-Associated	VTE
The	diagnosis	of	VTE	during	pregnancy	is	complicated	by	physiologic	changes
in	 the	mother	 and	 the	 presence	 of	 the	 fetus	 that	 limit	 the	 use	 of	 radiographic
imaging.	 D-dimer	 levels	 tend	 to	 be	 elevated	 during	 pregnancy	 that	 limits	 the
diagnostic	utility	of	the	test.	Chan	et	al.	developed	a	pretest	probability	score	for
DVT	diagnosis	called	the	LEFT	model136	that	may	reduce	the	need	for	diagnostic
testing;	 if	 testing	 is	 required,	 however,	 noninvasive	 methods	 such	 as	 lower
extremity	 duplex	 ultrasonography	 should	 be	 used	 initially.	 If	 the	 duplex
ultrasound	 is	 nondiagnostic,	 to	 assess	 for	 PE,	 a	 chest	 radiograph	 should	 be
ordered	 to	 look	 for	 active	 pulmonary	 disease	 that	 may	 provide	 an	 alternative
explanation	 for	 the	 patient’s	 symptoms.	 In	 the	 setting	 of	 a	 normal	 chest
radiograph,	 either	 a	 V/Q	 scan	 or	 a	 CTA	 may	 reasonably	 be	 used	 to	 further
evaluate	for	PE.	Compared	with	CTA,	V/Q	scan	delivers	a	slightly	higher	dose
of	 radiation	 to	 the	fetus	but	 in	 the	presence	of	a	normal	chest	 radiograph,	V/Q
scanning	is	more	likely	to	conclusively	diagnose	or	exclude	the	diagnosis	of	PE
in	pregnancy	(5.6%	nondiagnostic	V/Q	scans	vs	30%	for	CTA).	In	the	setting	of
an	abnormal	chest	radiograph,	however,	the	rate	of	nondiagnostic	CTA	decreases
(to	16.4%)	while	the	rate	of	a	nondiagnostic	V/Q	scan	increases	to	40.0%.137

Weight-adjusted	LMWH	is	 the	principal	 therapy	 for	VTE	during	pregnancy
because	 warfarin	 and	 DOACs	 are	 contraindicated.	 UFH	 is	 preferred	 by	 some
health	 care	 providers	 after	 36	 weeks	 of	 gestation	 because	 of	 its	 complete
reversibility	 with	 protamine.	 Warfarin	 can	 be	 used	 in	 the	 postpartum	 period
because	it	does	not	appear	to	be	secreted	in	clinically	relevant	concentrations	in
breast	milk.	 Thrombolytic	 therapy	 is	 relatively	 contraindicated	 because	 of	 the
potential	risk	of	maternal	hemorrhage	and	fetal	demise.	However,	 thrombolytic
therapy	 should	 not	 be	 withheld	 in	 cases	 of	 massive	 PE	 when	 its	 use	 may	 be



lifesaving.	IVC	filters	are	limited	to	pregnant	patients	with	acute	proximal	DVT
and	contraindications	to	anticoagulation.	Prophylactic	anticoagulation	is	used	in
patients	who	are	at	high	risk	for	recurrent	VTE	during	pregnancy,	such	as	those
on	 anticoagulation	 prior	 to	 pregnancy,	 patients	 with	 a	 history	 of	 estrogen-	 or
pregnancy-associated	VTE,	and	patients	with	high-risk	thrombophilia.137

SEQUELAE	OF	VENOUS	THROMBOEMBOLISM
VTE	 is	 associated	 with	 several	 sequelae,	 including	 nonfatal	 recurrent	 VTE,
postthrombotic	 syndrome,	 chronic	 thromboembolic	 pulmonary	 hypertension
(CTEPH),	 and	 fatal	 PE.	 A	 large	 population-based	 cohort	 study	 from	 1999	 to
2009	found	that	death	occurs	in	approximately	4.4%	of	DVT	cases	and	10%	of
PE	cases	within	1	month	of	diagnosis.94	 In	 the	ICOPER	study,	 the	all-cause	3-
month	 mortality	 rate	 was	 17.4%.120	 The	 risk	 of	 death	 is	 as	 high	 as	 58%	 in
patients	with	massive	PE.120

During	 the	 initial	 3	 months	 of	 therapeutic	 anticoagulation,	 4%	 of	 patients
with	proximal	DVT	will	suffer	a	recurrent	episode	of	VTE,	and	about	1	in	250
will	develop	fatal	PE.138	Patients	with	a	first	episode	of	DVT	or	PE	continue	to
have	 elevated	 risk	 of	 recurrent	VTE	 after	 the	 first	 3	months,	 both	 during	 and
after	 the	 period	 of	 anticoagulation.138	 In	 addition,	 about	 3%	 to	 4%	 of	 patients
with	PE	will	develop	CTEPH.	CTEPH	risk	 is	 increased	 in	patients	with	 larger
perfusion	defects,	younger	patients,	and	patients	with	recurrent	PE.	Patients	with
suspected	CTEPH	or	at	high	risk	for	CTEPH	should	undergo	echocardiography
and	 V/Q	 scanning.	 Right-sided	 heart	 catheterization	 is	 recommended	 for
accurate	determination	of	pulmonary	artery	pressures.	CTEPH	can	be	managed
medically	 with	 vasodilators	 such	 as	 IV	 epoprostenol	 and	 oral	 bosentan	 and
sildenafil.	 For	 patients	 with	 severe	 pulmonary	 hypertension	 not	 responsive	 to
medical	therapy,	pulmonary	thromboendarterectomy	is	recommended.96

Duration	of	Anticoagulation
Although	 decision-making	 regarding	 the	 appropriate	 duration	 of	 therapy	 for
VTE	 is	 not	 often	 an	 immediate	 concern	 for	 critical	 care	 physicians,	 an
understanding	of	the	current	treatment	approach	can	be	valuable	when	caring	for
critically	 ill	 patients	 who	 suffer	 complications	 of	 anticoagulant	 therapy.
Currently,	 the	 duration	 of	 therapy	 for	 VTE	 is	 largely	 dictated	 by	 the	 clinical
circumstances	 of	 the	 thrombotic	 event.	Unprovoked	VTE	 is	 associated	with	 a
high	risk	of	recurrence	(∼7%	per	year)	after	completion	of	a	standard	course	of



anticoagulation,	 whereas	 VTE	 associated	 with	 a	 major	 surgical	 procedure	 is
associated	 with	 a	 low	 risk	 of	 recurrence	 (0.7%	 per	 patient-year).139	 VTE	 that
occurs	during	a	medical	illness	has	an	intermediate	risk	of	recurrence	(4.5%	per
patient-year).139	 Therefore,	 indefinite	 therapy	 is	 often	 considered	 for	 patients
with	 unprovoked	 VTE,	 whereas	 patients	 with	 surgically	 provoked	 events
discontinue	 anticoagulation	 after	 3	 to	 6	 months	 of	 therapy	 once	 they	 have
recovered	 from	 their	 surgery	 and	 any	 attendant	 complications.	 Patients	 who
develop	 VTE	 in	 conjunction	 with	 a	 medical	 illness	 generally	 continue
anticoagulation	until	 the	inciting	medical	 illness	has	been	adequately	treated	or
for	at	least	3	months,	whichever	is	longer.140

The	presence	of	 thrombophilia	 does	not	 automatically	 indicate	 the	need	 for
long-term	 therapy,	 although	 indefinite	 therapy	 is	 often	 considered	 for	 patients
with	 known	 high-risk	 thrombophilia	 (eg,	 deficiency	 of	 AT,	 PC,	 or	 PS;
antiphospholipid	 syndrome;	 homozygous	 FVL	 or	 PGM	 or	 compound
heterozygosity	 of	 FVL;	 and	 PGM),	 regardless	 of	 whether	 another	 provoking
factor	was	present	at	the	time	of	their	VTE	diagnosis.	Patients	with	cancer	who
develop	VTE	 are	 treated	with	 anticoagulation	 as	 long	 as	 their	 cancer	 remains
active	or	under	therapy.140

Complications	of	Anticoagulation
The	 principal	 complication	 of	 anticoagulation	 is	 major	 bleeding.	 A	 pooled
analysis	of	11	clinical	trials	involving	approximately	15,000	patients	treated	with
either	UFH	 or	 LMWH	 reported	 the	 frequency	 of	major	 bleeding	 at	 1.9%	 and
1.1%	and	a	 fatal	hemorrhage	rate	of	0.2%	and	0.1%,	respectively.141	Given	 the
wide	 use	 of	 anticoagulants	 for	 the	 prevention	 of	 thromboembolism	 in
ambulatory	 and	 hospitalized	 patients,	 bleeding	 complications	 related	 to
anticoagulants	 are	 likely	 to	 be	 treated	 by	 clinicians	 working	 in	 critical	 care
environments.

Reversal	 agents	 for	 anticoagulants	 are	 increasingly	 available.	 Vitamin	 K,
fresh	 frozen	 plasma,	 and	 3-	 or	 4-factor	 prothrombin	 complex	 concentrate	 are
established	 options	 for	 reversal	 of	 warfarin	 and	 other	 vitamin	 K	 agonists.
Protamine	can	be	used	to	reverse	the	effects	of	UFH	fully,	although	its	reversal
of	 LMWH	 is	 incomplete.	 Idarucizumab,	 a	 humanized	 mouse	 monoclonal
antibody	directed	against	dabigatran,	has	been	evaluated	clinically	for	reversal	of
dabigatran	 in	patients	with	 life-threatening	bleeding	or	 in	need	of	an	emergent
invasive	procedure.	When	administered	as	a	5-g	IV	bolus,	idarucizumab	rapidly
reverses	 dabigatran’s	 anticoagulant	 activity,	 and	 its	 effects	 last	 12	 to	 24	 hours
after	administration.118



Andexanet	alfa	 is	a	genetically	engineered	form	of	 factor	Xa	 that	binds	and
inactivates	direct	and	indirect	factor	Xa	inhibitors.	In	a	single-arm	clinical	trial,
it	 demonstrated	 79%	 efficacy	 in	 achieving	 hemostasis	 in	 patients	 with	 major
bleeding	after	taking	a	factor	Xa	inhibitor.119

Utility	of	Ultrasonography	for	Evaluation	of	Venous
Thromboembolism
5 	 Ultrasonography	 is	 the	 primary	 imaging	modality	 used	 for	 the	 diagnosis	 of
DVT.	With	appropriate	training,	intensivists	and	emergency	medicine	physicians
can	 perform	 compression	 studies	 with	 results	 that	 are	 as	 accurate	 as	 those
performed	 by	 consultative	 radiology	 or	 vascular	 services,	where	 there	 is	 often
delay	 in	 performance	 of	 the	 examination.142,143	 The	 frontline	 intensivist	 who
performs	 the	 DVT	 study	 accrues	 a	major	 advantage:	 the	 examination	 is	 done
immediately	 at	 point	 of	 care,	 it	 can	 be	 repeated	 as	 often	 as	 required,	 and	 it
provides	 important	 clinical	 information	 that	 is	 promptly	 integrated	 into	 the
management	plan.	The	intensivist	who	is	competent	in	the	two-dimensional	(2D)
compression	 examination	 can	 perform	 the	 examination	 in	 a	 few	minutes.	 The
addition	 of	 Doppler	 to	 the	 examination	 (duplex	 and	 triplex)	 affords	 no
improvement	 in	 accuracy	 over	 the	 simpler	 2D	 compression	 ultrasound	 test.144
Proficiency	in	the	2D	compression	examination	for	DVT	is,	therefore,	a	key	part
of	competence	in	critical	care	ultrasonography.

Equipment	Requirements
The	 2D	 compression	 examination	 is	 performed	 with	 a	 linear	 vascular	 probe
(7.5	MHz)	of	the	that	is	used	to	guide	vascular	access.	Lower-frequency	probes
used	for	cardiac,	thoracic,	and	abdominal	scanning	do	not	usually	have	adequate
resolution	to	examine	for	venous	thrombosis.	The	width	of	the	scanning	field	of
a	linear	vascular	probe	varies	according	to	probe	design.	The	choice	of	a	narrow
or	wide	width	is	determined	by	operator	preference.

Scanning	Technique
Scanning	technique	is	standard	regardless	of	the	vessel	under	examination.	The
target	 vein	 is	 scanned	 in	 its	 transverse	 axis.	 The	 examiner	 positions	 the
transducer	over	the	target	vessel	perpendicular	to	the	skin	surface,	and	the	vessel
is	 centered	 beneath	 the	 transducer	 by	 adjusting	 the	 position	 of	 the	 transducer.
Depth	 and	gain	 are	 set	 for	optimal	 image	quality.	By	 standard	 convention,	 the



orientation	marker	is	set	on	the	right	side	of	the	screen	and	the	probe	marker	is
always	directed	to	the	right	side	of	the	patient.	The	vessel	is	examined	for	visible
thrombus.	If	no	thrombus	is	visible,	an	isoechoic	thrombus	may	be	present.	To
examine	for	this	possibility,	the	transducer	is	pressed	into	the	skin	with	the	force
vector	 perpendicular	 to	 the	 vein.	 The	 amount	 of	 applied	 force	 is	 sufficient	 to
deform	the	adjacent	artery.	Normal	veins	are	 fully	compressible	with	moderate
pressure	 applied	 with	 the	 transducer	 such	 that,	 with	 compression,	 the	 visible
lumen	disappears	as	the	opposing	venous	walls	come	into	full	contact	( 	Video
91.21).	 Thrombus	 will	 prevent	 full	 compression	 of	 the	 vein.	 Frequently,	 the
thrombus	will	 only	 become	 visible	with	 the	 compression	maneuver.	 Although
the	 compression	 maneuver	 is	 best	 performed	 with	 the	 transverse	 view	 of	 the
vein,	the	longitudinal	view	may	be	used	to	supplement	the	examination.

Examination	for	Deep	Vein	Thrombosis	of	the	Lower
Extremity
The	patient	is	in	supine	position	with	the	leg	externally	rotated.	The	examination
proceeds	 in	 a	 proximal	 to	 distal	 direction	 using	 an	 imaging	 sequence	 that
requires	identification	and	compression	at	defined	anatomic	levels	of	the	venous
system	( 	Video	91.22).	The	mandatory	image	sequence	is	as	follows:

1.	 Identification	and	compression	of	the	proximal	common	femoral	vein
(CFV)	and	its	paired	artery.	In	slender	individuals,	it	may	be	possible	to
image	the	distal	iliac	vein.	The	CFV	is	medial	to	the	common	femoral
artery	(CFA).

2.	 Identification	and	compression	of	the	junction	of	the	saphenous	vein	(SV)
and	the	CFV.	This	is	a	common	site	for	thrombus	formation.

3.	 Identification	and	compression	of	the	CFV	at	the	level	of	the	bifurcation	of
the	CFA	into	the	femoral	artery	(FA)	and	profunda	femoris	artery.	There	is
often	a	lateral	perforating	vein	that	runs	between	the	FA	and	profunda
femoris	artery.

4.	 Identification	and	compression	at	the	level	of	the	junction	of	the	CFV	and
the	profunda	femoris	vein.	Below	this	point,	the	CFV	becomes	the	femoral
vein	(FV).	(The	FV	may	be	referred	to	as	the	superficial	FV.	This	is
confusing;	it	is	actually	a	deep	vein.)

5.	 Identification	and	compression	of	the	FV.	The	FV	is	posterior	to	the	FA.	It
is	very	uncommon	to	find	a	DVT	in	the	FV	in	the	absence	of	thrombus	at
the	inguinal	level,	so	there	is	debate	as	to	how	far	down	the	thigh	to
continue	the	examination	and	compression	of	the	SV.	However,	it	does	take



much	time	to	examine	the	FV	at	several	points.
6.	 Identification	and	compression	of	the	popliteal	vein	(PV).	The	knee	is

flexed	with	the	leg	externally	rotated,	and	the	probe	is	placed	in	the
popliteal	fossa	in	order	to	image	and	compress	the	PV.	Several	points	along
the	PV	may	be	examined.	The	PV	is	superficial	to	the	popliteal	artery.

Ultrasonography	Findings
An	intraluminal	mass	within	 the	vein	 is	diagnostic	of	 thrombus	because	of	 the
absence	of	compressibility	of	 the	vessel	 ( 	Video	91.23).	 Isoechoic	 thrombus
(ie,	noncompressible	vessel)	suggests	that	the	clot	is	new.	Older	clots	are	echoic.
Freely	 moving	 thrombus	 implies	 instability	 with	 risk	 of	 dislodgement	 and
resulting	PE.	As	the	thrombus	ages,	it	becomes	incorporated	into	the	vessel	wall
and	progressively	more	echoic	and	may	eventually	calcify.	An	intraluminal	mass
within	the	IVC	may	be	thrombus,	but	intravascular	spread	of	malignancy	is	also
a	 consideration.	 Renal	 cell	 carcinoma	 is	 frequently	 the	 culprit	 tumor	 in	 this
situation.

Examination	for	Deep	Vein	Thrombosis	of	the	Upper
Extremity
The	 patient	 is	 in	 the	 supine	 position	 with	 the	 arm	 abducted	 and	 externally
rotated.	 Starting	 at	 the	 antecubital	 fossa,	 the	 brachial	 artery	 is	 identified	 in	 its
transverse	 axis	 at	 the	 cubital	 fossa.	 This	 allows	 identification	 of	 the
accompanying	 brachial	 veins	 that	 are	 usually	 paired.	The	 transducer	 is	moved
proximally	 along	 the	 brachial	 veins	 with	 examination	 for	 visible	 thrombus
followed	 by	 compression	 at	multiple	 points	 along	 the	medial	 arm.	 The	 paired
brachial	veins	unite	to	become	the	axillary	vein	in	the	proximal	upper	arm.	The
examination	continues	as	far	into	the	axilla	as	possible.	Using	similar	technique,
ultrasonography	 visualization	 of	 the	 superficial	 veins	 of	 the	 arm	 is	 useful	 in
order	 to	 assess	 for	 thrombus	 formation	 associated	 with	 IV	 access	 ( 	Video
91.24).

Ultrasonography	Examination	for	Deep	Vein	Thrombosis	of
the	Great	Vessels
The	 internal	 jugular	 vein	 is	 imaged	 in	 its	 transverse	 axis	 and	 examined	 for
visible	 thrombus,	 followed	 by	 compression	 study	 along	 its	 length	 ( 	Video
91.25).	This	 is	 a	 standard	part	 of	 assessment	 in	 preparation	 for	 central	 venous



access.
The	subclavian	vein	(SCV)	is	imaged	in	its	transverse	axis	and	examined	for

visible	 thrombus,	 followed	 by	 compression	 study	 along	 its	 length	 ( 	Video
91.26).	To	locate	the	vessel,	the	transducer	is	held	in	longitudinal	orientation	and
placed	on	the	clavicle	using	a	sagittal	scanning	plane	directed	through	the	medial
third	of	the	clavicle.	The	transducer	is	then	moved	laterally	on	the	clavicle	until
the	SCV	appears	from	underneath	the	clavicle.	With	further	lateral	movement	of
the	probe,	the	target	vessel	and	its	paired	artery	are	visualized	in	the	subpectoral
area	away	from	the	clavicle.	The	subclavian	becomes	 the	axillary	vein	when	it
crosses	the	lateral	part	of	the	first	rib.	Although	visible	thrombus	is	diagnostic,
the	SCV	may	be	difficult	 to	compress	so	that	absence	of	compression	does	not
indicate	that	there	is	thrombus	in	the	vessel.	Difficulty	with	compressing	the	vein
occurs	in	obese	or	muscular	patients.	If	the	SCV	is	fully	compressible	along	its
course,	no	thrombus	is	present.	The	absence	of	compression	may	be	because	of
patient-specific	factors	or	owing	to	the	presence	of	an	isoechoic	thrombus.

The	IVC	is	imaged	in	its	transverse	axis	and	examined	for	visible	thrombus	(
	Video	91.27).	A	 transhepatic	 approach	 is	 used	 to	 image	 the	 proximal	 IVC.

The	 longitudinal	 axis	 view	may	 also	 be	 used.	 Bowel	 gas	may	 degrade	 image
quality	when	attempting	to	scan	the	distal	IVC,	and	patient-specific	factors	such
as	obesity,	anasarca,	or	heavy	musculature	limit	visualization	as	well.	If	the	IVC
is	visible	in	its	extrahepatic	course,	a	compression	maneuver	is	performed.	This
may	only	be	possible	in	slender	individuals.	In	its	intrahepatic	course,	the	IVC	is
not	compressible.	The	proximal	superior	vena	cava	(SVC)	may	be	imaged	using
transesophageal	 echocardiography.	The	midesophageal	bicaval	 view	can	detect
an	SVC	thrombus.	This	may	be	associated	with	a	CVC.

Limitations

1.	 Training	is	required	for	the	intensivist	to	be	competent	in	the	examination
for	DVT.	The	anatomic	basis	for	the	examination	is	a	key	component	of	the
examination	because	it	is	mastery	of	machine	control	and	image
acquisition.	An	overgained	image	may	give	the	false	impression	of	a
thrombus,	whereas	an	undergained	image	may	cause	the	operator	to	miss	a
thrombus.	Misorientation	of	the	image	may	cause	confusion	between	the
artery	and	the	vein.

2.	 Off-axis	force	application	during	the	compression	maneuver	may	give	the
false	impression	that	the	vein	is	not	compressible.	The	compression	is
performed	in	a	direction	straight	down	onto	the	vessel.



3.	 There	is	concern	that	a	compression	of	a	vein	with	thrombus	carries	the	risk
of	dislodgement	with	resultant	PE.	This	has	been	reported	as	a	very	rare
complication	of	the	examination.	The	definitive	identification	of	a	thrombus
on	the	2D	examination	does	not	require	compression	for	verification	of	a
venous	thrombosis.

4.	 If	the	operator	exerts	too	much	pressure	on	the	probe	while	trying	to	locate
a	vessel,	the	vein	may	not	be	visible	because	it	is	inadvertently	compressed.
This	is	a	common	error	at	the	junction	of	the	CFV	and	the	SV,	as	well	as
when	examining	the	PV.

5.	 When	compressing	the	PV,	the	probe	often	slips	to	one	side	so	the	correct
image	is	lost.	An	alternative	method	of	performing	compression	of	the	PV
is	to	center	the	target	vessel	on	the	screen	and	then	apply	counterpressure	to
the	overlying	patella	instead	of	direct	pressure	with	the	probe.

6.	 The	results	of	the	intensivist	examination	may	be	not	diagnostic.	This
occurs	when	patient-specific	factors	degrade	image	quality.	Expert-level
radiology	or	vascular	service	consultation	is	then	necessary.

7.	 Lymph	nodes,	particularly	in	the	inguinal	area,	may	be	mistaken	for
intraluminal	thrombus	( 	Video	91.28).	The	distinction	is	made
visualizing	the	structure	in	both	transverse	and	sagittal	planes.	The	lymph
node	will	not	elongate	as	will	the	vein	in	sagittal	scanning	plane.

8.	 Internal	echoes	(“smoke”)	are	frequently	encountered	in	patent	veins	in	the
presence	of	low-flow	states.	This	should	not	be	confused	with	true	thrombi.
Venous	valves	may	be	mistaken	for	thrombi.	Valves	are	thin	linear
echogenic	structures	that	have	respirophasic	movement	and	are	within	a
compressible	vessel	( 	Video	91.28).

9.	 Minor	anatomic	variants	are	common,	particularly	with	leg	veins.	For
example,	the	FV	may	be	lateral	or	medial	to	the	FA	instead	of	posterior	to
the	artery.	The	profunda	femoris	vein	may	be	difficult	to	identify	because
its	junction	with	the	CFV	is	not	at	a	constant	level	in	the	upper	thigh.

10.	 The	results	of	the	examination	require	documentation.	One	simple	method
is	to	obtain	an	adequate	view	at	the	appropriate	anatomic	level.	The
operator	then	activates	the	video	clip	function	of	the	machine	with	a	preset
of	4-second	duration.	The	compression	maneuver	is	performed	during	this
period.	Each	anatomic	point	is	documented	in	similar	manner.

11.	 The	standard	DVT	examination	does	not	include	the	lower	leg	or	lower
arm.	Although	the	venous	system	of	these	areas	can	be	examined,	it
requires	specific	training	and	adds	considerable	time	to	the	examination,
particularly	for	the	calf	veins.	In	addition,	the	finding	of	DVT	in	calf	or



forearm	veins	has	uncertain	value	for	management	of	the	acutely	ill	patient.
Radiology	or	vascular	consultative	services	have	the	expertise	required	for
this	of	examination.

Echocardiography	for	Evaluation	of	Pulmonary	Embolism
The	main	utility	of	ultrasonography	for	evaluation	of	PE	derives	from	its	use	for
diagnosis	of	DVT.	The	finding	of	a	DVT	is	strong	evidence	that	the	patient	has	a
PE,	 given	 the	 appropriate	 clinical	 circumstance.	 For	 this	 reason,	 the	 initial
imaging	study	for	patients	with	suspicion	of	PE	is	an	immediate	DVT	study.	If
this	 is	 negative,	 further	 imaging	 such	 as	CT	 pulmonary	 angiogram	 (CTPA)	 or
V/Q	scan	may	 then	be	considered.	The	 intensivist	who	 is	competent	 in	critical
care	 ultrasonography	 has,	 by	 definition,	 the	 ability	 to	 perform	 the	DVT	 study
immediately	at	point	of	care.

Critical	care	echocardiography	has	several	applications	for	the	diagnosis	and
management	of	PE.

1.	 Although	uncommon,	transthoracic	echocardiography	(TTE)	may	detect	a
thrombus	in	transit	through	the	heart	or	in	the	main	pulmonary	artery.
Direct	observation	of	the	thrombus	is	diagnostic	and	allows	the	team	to	take
immediate	life-saving	action,	because	a	visible	intracardiac	thrombus	is
often	associated	with	severe	hemodynamic	failure	( 	Video	91.29).	The
right	apical	four-chamber	view,	subcostal	long-axis	view,	and	RV	inflow
view	are	useful	for	identification	of	a	thrombus	in	transit.	Rarely,	a	PE	may
be	visualized	in	the	main	pulmonary	artery	with	TTE	from	the	parasternal
short-axis	view	of	the	pulmonary	artery	or	from	the	subcostal	short-axis
view.	A	PE	may	be	visualized	using	transesophageal	echocardiography	in
the	main	and	right	pulmonary	arteries	but	not	often	in	the	left	pulmonary
artery	on	account	of	tracheal	air	shadowing145	( 	Video	91.29).

2.	 PE	is	always	a	consideration	for	the	patient	with	hemodynamic	failure.
Goal-directed	echocardiography	(GDE)	is	useful	in	identification	of	cardiac
dysfunction	that	is	consistent	with	hemodynamically	significant	PE.	The
occurrence	of	cardiogenic	shock	from	the	RV	afterload	effects	of	PE	is
strongly	associated	with	RV	dilatation.145	The	patient	who	is	in	shock	from
PE	has	characteristic	features	on	GDE	that	are	consistent	with	acute	cor
pulmonale	(APE)	( 	Video	91.30).
a.	 Parasternal	long-axis	view:	The	findings	include	a	rounded	and	dilated

RV	outflow	tract	and	paradoxic	septal	movement	(typically,	an	end-
systolic	posterior	movement	of	the	interventricular	septum).



b.	 Parasternal	short-axis	view:	The	findings	include	flattening	of	the
interventricular	septum,	dilation	of	the	RV,	and	paradoxic	septal
movement	(typically,	an	end-systolic	movement	of	the	interventricular
septum	toward	the	LV	cavity).

c.	 Apical	four-chamber	view:	The	RV	to	LV	size	ratio	is	greater	than	1.	A
ratio	that	is	greater	than	1	is	consistent	with	APE.	Submassive	PE	may
be	associated	with	moderate	RV	dilation	(RV	to	LV	size	ratio	>0.6).

d.	 Subcostal	long-axis	view:	The	RV	to	LV	size	ratio	is	greater	than	1.
e.	 IVC	long-axis	view:	The	IVC	is	dilated.

The	intensivist	who	is	competent	in	advanced	critical	care	echocardiography
utilizes	 Doppler-based	 measurements	 of	 RV	 function	 that	 are	 relevant	 to
assessment	 of	 the	 PE,	 such	 as	 pulmonary	 artery	 pressures,	 tissue	 Doppler
tricuspid	 annular	 velocity,	 tricuspid	 annular	 planar	 systolic	 excursion,
respirophasic	 variation	 of	 pulmonary	 artery	 stroke	 volume,	 reduced	 main
pulmonary	artery	acceleration	 time,	and	biphasic	systolic	velocity	 time	interval
of	 the	 pulmonary	 outflow	 in	 the	 proximal	 pulmonary	 artery.	 All	 of	 the	 TTE
views	 described	 above	 have	 equivalent	 views	 that	 may	 be	 obtained	 with
transesophageal	echocardiography.

CASE	8
Consider	 these	 two	 vignettes.	 A	 69-year-old	 woman	 with	 septic
shock	 that	 is	 managed	 with	 central	 venous	 catheter–infused
vasopressor	 therapy	 has	 a	 preprocedural	 ultrasound	 including	 her
right	 internal	 jugular	 vein,	 displayed	 in	 	 Video	 91.31.146	 The
second	 case	 involves	 a	 70-year-old	 man	 with	 stage	 IV	 lung
adenocarcinoma	who	was	admitted	to	the	medical	intensive	care	unit
with	 hypoxemic	 respiratory	 failure.	 Prior	 to	 his	 admission,	 he	 was
diagnosed	with	bilateral	 pulmonary	emboli.	Ultrasound	of	 the	 lower
extremities	was	performed	by	the	treating	clinicians	and	presented	in
	Video	91.32.146
Based	on	the	ultrasound	findings,	what	 is	 the	phenomenon

seen	in	these	videos?
The	 phenomenon	 and	 clinical	 importance	 of	 the	 ultrasound

findings	are	discussed	in	 	Video	91.33.146



Except	 for	 the	 unusual	 circumstance	where	 the	PE	 is	 directly	 visualized	by
echocardiography,	the	echocardiography	examination	is	mainly	useful	to	support
the	diagnosis	of	PE	and	to	aid	in	categorizing	the	severity.	In	the	acute	situation
where	 the	 patient	 presents	with	 an	 undifferentiated	 shock	 state,	GDE	 is	 useful
because	it	may	identify	a	dilated	RV	or	APE,	which,	absent	another	explanation,
immediately	 suggests	 the	 possibility	 of	 a	 hemodynamically	 consequential	 PE.
This	directs	the	care	team	to	obtain	further	confirmatory	studies.	GDE	is	helpful
for	categorization	of	submassive	PE,	and,	through	serial	examinations,	it	can	be
used	to	follow	response	to	therapy.	The	GDE	examination	is	considered	within
the	context	of	 the	entire	clinical	picture	and	 is	combined	with	other	aspects	of
critical	 care	 ultrasonography	 such	 as	 DVT	 studies	 and	 lung	 ultrasonography.
There	are	causes	of	RV	dysfunction	other	than	PE,	and	the	patient	may	have	an
alternative	 diagnosis	 or	 a	 coexisting	 condition	 that	 could	 complicate	 the
management	of	PE.	Echocardiography	cannot	be	used	to	exclude	PE	because	the
echocardiography	results	may	be	normal	when	the	clot	burden	is	low.

CASE	9
A	woman	 in	her	 70s	was	admitted	 to	 the	hospital	 for	 symptoms	of
transient	confusion,	aphasia,	and	right	arm	weakness.147	Her	medical
history	was	significant	for	breast	cancer,	paroxysmal	atrial	fibrillation,
and	a	history	of	pulmonary	embolism.	An	MRI	of	the	brain	showed	a
small	 area	 of	 infarct	 present	 in	 the	 left	 insular	 cortex.
Transesophageal	 echocardiogram	 was	 performed	 and	 revealed	 a
moderate-sized	 atrial	 septal	 defect	 with	 bidirectional	 shunt.	 The
patient	 also	 had	 a	 CT	 scan	 of	 the	 abdomen	 that	 showed	 a	 large
enhancing	 pelvic	 mass	 suspicious	 for	 a	 leiomyosarcoma.	 While
being	 worked	 up	 for	 this	 mass	 and	 her	 stroke,	 she	 developed
hypoxemia	 and	 the	 rapid	 response	 team	 was	 called.	 She	 had	 an
oxygen	saturation	of	72%	on	room	air	but	was	asymptomatic.	Chest
radiograph	 was	 normal,	 and	 a	 new	 ECG	 showed	 incomplete	 right
bundle	 branch	 block	 with	 an	 S1Q3T3	 pattern.	 POCUS	 was
performed	and	the	images	are	presented	in	 	Video	91.34.147



Based	 on	 the	 clinical	 history	 and	 the	 ultrasound	 findings,
what	is	the	likely	diagnosis?

A	 discussion	 of	 the	 ultrasound	 images	 and	 their	 clinical
implications	is	presented	in	 	Video	91.35.147

The	 combination	 of	 echocardiography,	 thoracic	 ultrasonography,	 and	 DVT
study	may	 be	 useful	 to	 reduce	 the	 need	 for	 unnecessary	CTPA,	when	 there	 is
clinical	suspicion	for	PE.	Koenig	et	al	have	reported	that	the	finding	of	negative
DVT	study,	absence	of	RV	dilation,	and	the	finding	of	an	alternative	diagnosis
with	 ultrasonography	 for	 the	 clinical	 presentation	 (eg,	 lung	 or	 cardiac
abnormality)	predicted	that	the	patient	would	have	a	negative	CTPA.148	Nazerian
et	 al	 reported	 similar	 results	 with	 the	 addition	 of	 comprehensive	 lung
ultrasonography.149	 Multisystem	 ultrasonography	 in	 combination	 with	 clinical
scoring	 systems	 and	 D-dimer	 results	 may	 be	 useful	 in	 reducing	 the	 rate	 of
negative	CTPA,	 although	 it	 is	 clear	 that	 some	 patients	will	 still	 require	CTPA
when	 ultrasonography	 results	 are	 equivocal.	 Mathis	 et	 al.	 reported	 that
pulmonary	emboli	commonly	result	in	small	areas	of	consolidation	immediately
deep	to	 the	pleural	 interface	with	preferential	distribution	to	 the	lower	lobes	of
the	lung.150	This	is	a	difficult	area	to	image	when	the	patient	is	critically	ill	and	in
the	 supine	 position;	 therefore,	 the	 results	 of	 these	 studies	 have	 uncertain
application	for	the	intensivist.

In	summary,	 this	chapter	contains	a	comprehensive	discussion	of	all	aspects
of	 VTE	 disease	 including	 risk	 factors,	 pathophysiology,	 diagnosis,	 treatment
including	 prevention,	 and	 sequelae.	 The	 role	 of	 POCUS	 in	 diagnosis	 is
discussed,	its	importance	is	emphasized,	and	how	best	to	perform	a	thorough	and
competent	examination	is	illustrated.
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MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	Which	of	the	following	is	true	regarding	critically	ill	adults	and	risk	for
venous	thromboembolism	(VTE)?

A. 	Less	than	20%	are	at	increased	risk
B. 	About	half	are	at	increased	risk
C. 	Approximately	80%	are	at	increased	risk
D. 	Nearly	all	are	at	increased	risk

2. 	Which	of	the	following	is	true	regarding	patients	admitted	to	the	ICU?

A. 	A	majority	of	patients	admitted	for	VTE	have	an	inherited	or
acquired	thrombophilia	disorder
B. 	Inherited	or	acquired	thrombophilia	is	present	in	a	majority	of
patients
C. 	Screening	patients	for	inherited	or	acquired	thrombophilia	disorders
rarely	changes	short-term	management
D. 	Screening	patients	with	a	history	for	inherited	or	acquired
thrombophilia	disorders	for	VTE	changes	short-term	management	in	a
majority	of	cases

3. 	Which	of	the	following	is	true	regarding	ICU	point-of-care	ultrasound
(POCUS)	and	deep	venous	thrombosis	(DVT)	and	pulmonary	embolism	(PE)?

A. 	Evaluation	for	DVT	is	best	done	with	a	phased	array	probe	without
compression
B. 	The	combination	of	DVT	and	findings	consistent	with	acute	right-
sided	heart	strain	has	high	diagnostic	accuracy	for	PE
C. 	The	lower	extremity	source	of	an	embolism	as	well	as	the	embolism
in	the	pulmonary	vasculature	are	commonly	visualized	together
D. 	Ultrasonographic	images	of	right-sided	heart	findings	definitively
diagnosis	PE

Answers

1.	The	correct	answer	is	D.
Rationale:	The	high	prevalence	of	reduced	mobility,	acute	illness,	and	recent

surgery	among	adult	critically	ill	patients	places	almost	all	of	them	at	increased



risk	for	VTE	(choice	D	is	correct).

2.	The	correct	answer	is	C.
Rationale:	Screening	of	patients	admitted	to	an	ICU	with	VTE	for	 inherited

or	 acquired	 thrombophilia	 disorders	 rarely	 changes	 short-term	 management
(choice	 C	 is	 correct).	 Some	 hospitalized	 patients	 with	 VTE	 have	 inherited	 or
acquired	 thrombophilia	 disorders,	 and	 screening	 does	 not	 change	 acute
management.

3.	The	correct	answer	is	B.
Rationale:	 The	 combination	 of	 a	 lower	 extremity	 source	 of	 an	 embolism

(DVT)	 and	 findings	 consistent	with	 acute	 right-sided	 heart	 strain	 in	 an	 at-risk
patient	has	sufficient	diagnostic	accuracy	for	VTE	to	justify	emergent	treatment
(choice	 B	 is	 correct).	 While	 lower	 extremity	 source	 of	 an	 embolism	 is	 often
imaged,	 only	 the	 relatively	 uncommon	 thrombus	 in	 transit	 can	 be	 visualized
through	 the	 heart	 or	 in	 the	 main	 pulmonary	 artery	 by	 POCUS	 (choice	 C	 is
incorrect).	Acute	 right-sided	heart	 strain	 is	 suggestive	 of	 pulmonary	 embolism
but	 by	 itself	 should	 not	 be	 taken	 as	 definitive	 proof	 (choice	 D	 is	 incorrect).
Compression	studies	for	a	lower	extremity	source	of	VTE	are	best	done	with	a
linear	 vascular	 probe	 (7.5	MHz)	 used	 for	 vascular	 access	 studies	 (choice	A	 is
incorrect).
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Chapter	92
Antithrombotic	Pharmacotherapy
Kevin	E.	Anger,	Jeremy	R.	Degrado,	John	Fanikos

KEY	POINTS:
1.	 New	P2Y12	inhibitors	such	as	cangrelor	and	ticagrelor,	bind

reversibly	to	P2Y12	receptors,	and	have	significantly	shorter
durations	of	antiplatelet	effect	compared	to	clopidogrel	and	prasugrel
(7-10	days).

2.	 Direct	oral	anticoagulants	have	varying	degrees	of	renal	drug
clearance	capacity,	warranting	evaluation	of	patient’s	renal	function
prior	to	initiation	of	therapy	or	when	considering	dose	adjustments.

3.	 Fibrinolytic	agents	are	fairly	short	acting	agents	that	break	down
active	thrombosis	for	a	variety	of	disease	status	such	as	acute
ischemic	stroke,	VTE,	acute	MI,	peripheral	arterial	occlusion,	and	in
those	patients	requiring	venous	catheter	maintenance.

INTRODUCTION
Thromboembolic	disease	is	commonly	encountered	among	critically	ill	patients.1
While	 these	 patients	 are	 at	 high	 risk	 for	 developing	 arterial	 and	 venous
thrombosis	due	to	underlying	comorbidities,	central	venous	catheter	placement,
and	 immobility,	 they	 are	 also	 at	 high	 risk	 for	 hemorrhagic	 complications
resulting	 from	 gastrointestinal	 stress	 ulcerations,	 invasive	 procedures,	 liver
dysfunction,	uremia,	or	coagulopathy.2	These	divergent	features	often	complicate
antithrombotic	 treatments	 for	 prevention	 or	 management	 of	 thrombosis.
Limitations	 of	 administration	 routes,	 hemodynamic	 instability,	 alterations	 of
renal	 or	 hepatic	 function,	 and	 drug	 interactions	 further	 complicate	 the
administration	of	these	high-risk	medications.3

This	 chapter	 focuses	 on	 the	 mechanisms	 of	 action,	 pharmacokinetics,



pharmacodynamics,	 clinical	 indications,	 complications	 of	 therapy,	 and	 reversal
options	for	antithrombotic	pharmacotherapy	in	critically	ill	patients.

ANTIPLATELET	PHARMACOTHERAPY

Overview	of	Antiplatelet	Pharmacotherapy
Antiplatelet	 agents	 target	 mechanisms	 of	 platelet	 activation,	 adhesion,	 or
aggregation.	Pharmacological	inhibitors	of	platelet	function	fall	into	five	general
categories:	 thromboxane	 (TX)	 inhibitors,	 antagonists	 of	 adenosine	 diphosphate
(ADP)-mediated	 platelet	 activation,	 glycoprotein	 (GP)	 IIb/IIIa	 complex
inhibitors,	 thrombin	 receptor	 antagonists,	 and	 phosphodiesterase	 inhibitors
(Figure	92.1).

	

Figure	92.1 	Platelet	activation	and	pharmacological	inhibitors	of
platelet	 function.Platelet	 activation	 involves	 four	 mechanisms:
adhesion	 to	 sites	 of	 vascular	 injury,	 release	 of	 stimulatory
compounds,	 aggregation,	 and	 priming	 of	 coagulation.
Pharmacological	 inhibitors	 of	 platelet	 function	 target	 adhesion,
release,	and	aggregation	mechanisms.	Platelet	adhesion	is	a	four-step
process	 involving	 tethering	 of	 von	 Willebrand	 factor	 (VWF)	 to
glycoprotein	 (GP)	 IIb	 platelet	 receptors,	 a	 potential	 target	 of
investigational	 agents.	 The	 rolling	 phase	 of	 adhesion	 involves
interaction	 between	 vascular	 collagen	 with	 GPVI	 and	 GPIa/IIa
receptors,	 another	 potential	 target	 of	 investigational	 agents.	 The



activation	 phase	 of	 adhesion	 involves	 release	 of	 thromboxane	 A2

(TXA2)	and	adenosine	diphosphate	(ADP)	which	can	be	blocked	with
use	 of	 aspirin,	 P2Y12	 inhibitors,	 and	 thromboxane	 receptor	 (TR)
antagonists.	 The	 stable	 adhesion	 phase	 involves	 the	 interaction	 of
GPIIb/IIIa	receptors	with	fibrinogen	and	VWF,	which	can	be	blocked
with	 the	use	of	GPIIb/IIIa	 inhibitors.	Thrombin	receptor	antagonists
block	 platelet	 aggregation	 by	 selectively	 blocking	 PAR-1	 thrombin
receptors.	AMP,	adenosine	monophosphate;	cAMP,	cyclic	adenosine
monophosphate;	 COX,	 cyclooxygenase;	 PAR,	 protease-activated
receptor;	PG,	prostaglandin;	PL,	phospholipase.

Antiplatelet	 “resistance”	 and	 “nonresponse”	 are	 terms	 applied	 to	 clinical
outcomes	 characterized	 by	 failure	 to	 prevent	 thrombotic	 events	 due	 to
inadequate	 platelet	 inhibition.4	 Resistance	 is	 conferred	 by	 underlying	 clinical,
cellular,	 and	 genetic	 mechanisms.	 It	 is	 best	 confirmed	 by	 platelet	 function
testing.4	While	 several	methods	 are	 available	 for	measuring	 overall	 and	 drug-
specific	 platelet	 aggregation,	 standardized	 testing	 protocols	 have	 yet	 to	 be
established.5

Aspirin	and	Aspirin	Derivatives

Pharmacology,	Pharmacodynamics,	and	Monitoring
Aspirin,	or	acetylsalicylic	acid,	is	a	prodrug	of	salicylic	acid	that	blocks	platelet
activation.	Aspirin	irreversibly	inhibits	cyclooxygenase	enzymes	(COX-1,	COX-
2),	 reducing	 prostaglandin	 and	 TXA	 by-products	 generated	 from	 arachidonic
acid.	TXA2	stimulates	platelet	activation,	aggregation,	and	recruitment.6	COX-1
enzymes	 are	 present	 in	 most	 tissues,	 but	 larger	 amounts	 are	 found	 in	 the
stomach,	 kidneys,	 and	 platelets.	 The	 prostaglandin	 products	 of	 COX	 enzyme
activity	provide	protection	from	gastrointestinal	mucosal	injury.	COX-2	is	found
in	 both	 nucleated	 and	 nonnucleated	 cells	 and	 is	 responsive	 to	 inflammatory
stimuli.	 Inhibition	 of	 COX-1	 appears	 to	 be	 the	 primary	mechanism	 by	 which
aspirin	 inhibits	 hemostasis.	 Aspirin’s	 acetylation	 of	 platelet	 COX-1	 enzymes
causes	inhibition	of	platelet	TXA2	production.	The	irreversible	antiplatelet	effect
lasts	 for	 the	 life	 span	 of	 the	 platelet	 (7-10	 days).	 Saturation	 of	 aspirin’s
antithrombotic	mechanisms	occurs	at	doses	as	 low	as	30	mg	with	 larger	doses
(>3000	 mg	 daily)	 required	 to	 inhibit	 COX-2	 and	 produce	 systemic	 anti-



inflammatory	effects.	Consequently,	there	is	a	50-	to	100-fold	variation	between
the	daily	doses	required	to	suppress	inflammation	and	inhibit	platelet	function.7

Enteric-coated	 and	 delayed-release	 formulations	 have	 diminished
bioavailability,	take	3	to	4	hours	to	reach	peak	plasma	levels,	and	have	delayed
onset.	 Rectally	 administered	 aspirin	 has	 variable	 absorption	 with	 a
bioavailability	 of	 20%	 to	 60%	 over	 a	 2-	 to	 5-hour	 retention	 time.8	 For	 acute
thrombosis,	immediate-release	enteral	aspirin	is	preferred.9

The	optimal	 aspirin	 dose	 that	maximizes	 efficacy	 and	minimizes	 toxicity	 is
controversial.	Evidence-based	recommendations	vary	from	75	to	325	mg	daily.
There	are	currently	no	data	suggesting	inferiority	of	lower	(75-100	mg)	to	higher
(>100	mg)	maintenance	dosing	for	the	prevention	of	thromboembolic	events.9,10

Recurrent	vascular	thrombotic	episodes	despite	aspirin	therapy	occur	at	rates
between	 2%	 and	 6%	 of	 patients	 per	 year.11	 Aspirin	 resistance	 occurs	 among
5.5%	 to	 45%	 of	 aspirin-treated	 patients.	 Possible	 mechanisms	 of	 aspirin
resistance	 include	 extrinsic	 factors	 (adherence,	 absorption,	 dosage	 formulation,
and	 smoking)	 and	 intrinsic	 factors	 (pharmacodynamic	 alterations,	 receptor
genetic	 variants,	 up	 regulation	 of	 nontargeted	 platelet	 activation	 pathways).
Clinical	 trials	 have	 associated	 aspirin	 resistance	 with	 increased	 risk	 of	 death,
acute	coronary	syndromes	(ACS),	and	stroke.12

Clinical	Indications
Aspirin	 is	 indicated	 for	 the	 primary	 and	 secondary	 prevention	 of	 arterial	 and
venous	 thrombosis	 (Table	 92.1).	 Aspirin	 is	 effective	 for	 reducing
atherothrombotic	 disease	 morbidity	 and	 mortality	 from	 ACS,	 stable	 angina,
coronary	 bypass	 surgery,	 peripheral	 arterial	 disease	 (PAD),	 transient	 ischemic
attack	 (TIA),	 acute	 ischemic	 stroke,	 and	 polycythemia	 vera.	 Aspirin	 provides
effective	 thromboprophylaxis	 for	 patients	 on	 warfarin	 with	 prosthetic	 heart
valves	or	with	nonvalvular	atrial	fibrillation.13

TABLE	92.1

Aspirin	Containing	Product	Clinical	Pharmacology

Drug Indications
Dosing,
Timing,
Duration

Monitoring,
Precautions,	and
Contraindications



Acetylsalicylic
acid	(Aspirin)

Treatment	of
ACS	+/-	PCI

Loading	dose:
325	mg	orally
81	mg	if	on	prior
antiplatelet
therapy
Maintenance:
81-325	mg/d
orally

Monitoring

CBC
Signs	of	bleeding
Blood	pressure
LFTs
Renal	function

Precautions

Thrombocytopenia
Bleeding	disorders
Alcohol	use	(3	or
more	drinks/day)
Pregnancy	(third
trimester)
Gastrointestinal
disorders
Renal	failure
Severe	hepatic
insufficiency
Concomitant
antithrombotic
medication	use
Alcohol
consumption

Contraindications

Hypersensitivity	to
salicylates
Children	and
teenagers	with
chickenpox	or	flu
symptoms	(risk	of
Reye	syndrome)

Primary	and
secondary
prevention	of
MI	in	patients
with	chronic
stable	angina,
previous	MI,	or
UA

81-325	mg/d
orally

Secondary
prevention	in
stroke	and	TIA
patients

75-325	mg/d
orally

Acute
thrombotic
stroke

160-325	mg/d,
initiated	within	48
h	(in	patients	who
are	not	candidates
for	thrombolytics
and	are	not
receiving
systemic
anticoagulation)

Secondary
prevention	in
CABG,	Carotid
endarterectomy
patients

75-325	mg/d
starting	6	h
following
procedure;	if
bleeding	prevents
administration	at
6	h	after	CABG,



initiate	as	soon	as
possible

ACS,	acute	coronary	syndromes;	CABG,	coronary	artery	bypass	graft;	CBC,	complete	blood
count;	LFT,	liver	function	tests;	MI,	myocardial	infarction;	PCI,	percutaneous	coronary	intervention;
TIA,	transient	ischemic	attack;	UA,	unstable	angina.

Complications	and	Reversal	of	Effects
Aspirin	 increases	 the	 incidence	 of	 major,	 gastrointestinal,	 and	 intracranial
bleeding.14	 The	 recommended	 interval	 for	 discontinuation	 of	 aspirin	 prior	 to
elective	 surgery	 or	 procedures	 is	 7	 to	 10	 days.	 Therapy	 can	 be	 resumed
approximately	24	hours	or	the	next	morning	after	surgery	when	there	is	adequate
hemostasis.15	For	patients	exhibiting	clinically	significant	bleeding	or	 requiring
emergent	 surgery,	 platelet	 transfusion	 may	 be	 warranted	 (Table	 92.2).
Intravenous	 (IV)	 desmopressin	 antagonizes	 aspirin’s	 effect,	 suggesting	 a	 role
during	emergent	management	of	acute	bleeding	as	well.16

TABLE	92.2

Reversal	Strategies	for	Select	Antithrombotic	Agents

Agents Reversal	Strategies Additional
Considerations

Aspirin Desmopressin	0.3-0.4	µg/kg	IV	bolus
and/or	platelet	transfusion

Interruption	of
therapy	may
warrant
consultation	of
specialist	in	select
patient	care
scenarios	(ie,
recent	placement
of	drug	eluting
stent).

P2Y12

inhibitors
Platelet	transfusion	and/or	desmopressin
0.3-0.4	µg/kg	IV	bolus

Warfarin INR	4-10	(no	signs	of	bleeding) Close	monitoring



Vitamin	K;	1-2.5	mg	by	mouth
INR	>	10	(no	signs	of	bleeding)
Vitamin	K;	2.5-5	mg	by	mouth

of	INR	is	needed
for	patients
demonstrating
elevations	in	INR
on	warfarin
therapy	and	to
assess	need	for
supplemental
vitamin	K.

Surgery	within	24	h:
Interrupt	warfarin
Vitamin	K	2.5-5	mg	IV

Surgery	within	48	h:
Interrupt	warfarin
Vitamin	K	2.5	mg	orally

Urgent	surgery	or	invasive	procedure:
Four-factor	PCC	(Kcentra)
Vitamin	K	10	mg	IV

Repeat	testing	of
the	INR	at	24	h
and	preoperation
may	be	needed	to
assess	need	for
supplemental
vitamin	K	or	FFP.
IV	and	oral
therapy	are
preferred	over
subcutaneous
administration
due	to	erratic
absorption.

Severe	or	life-threatening	bleed:

Interrupt	warfarin	therapy
Vitamin	K	10	mg	IV	+	FFP	15-30	mL/kg
Four	factor	PCC	(Kcentra)

INR	<	4	=	25	U/kg
INR	4-6	=	35	U/kg
INR	>	6	=	50	U/kg
Maximum	dosing	weight	=	100	kg

Consider	administering	three-factor	PCC
25-50	U/kg	(product	specific	dosing)	if
four-factor	PCC	unavailable	or	rVIIa	10-
90	µg/kg	IV	(if	no	PCC	available)	as

PCCs	and	rVIIa
have	been
associated	with
thromboembolic
events.



alternative	or	adjunct	therapy

Indirect	factor
Xa	inhibitorsa
(fondaparinux)

Interrupt	fondaparinux
rVIIa	90	µg/kg	IVb,c

Prothrombin	complex	concentrates

FEIBA	20-50	U/kg	IVb,c

Kcentra	25-50	U/kg	IVb,c

Duration	of	effect
is	dependent	upon
renal
function/clearance
and	can	range
from	13-21	h	in
healthy	persons,
and	be	prolonged
in	renal
dysfunction.
PCCs	and	rVIIa
have	been
associated	with
thromboembolic
events.
FEIBA	is	derived
from	human
plasma,	thus	risk
of	immune
mediated	reaction
and	infection
transmission

Direct	factor
Xa	inhibitors
(apixaban,
edoxaban,	and
rivaroxaban)

Interrupt	therapy
Andexanet	alfa	(Andexaa)

Reversal	of	apixaban	or	rivaroxaban
(off-label	for	edoxaban)	life-
threatening	bleed
Dosing	depends	upon	dose	of	agent
and	timing	since	last	administration

Duration	of	effect
is	dependent	upon
renal
function/clearance
and	hepatic
function,	and	can
be	prolonged	in
organ
dysfunction.
PCCs	and	rVIIa
have	been



Factor	Xa
Inhibitor

Factor
Xa
Inhibitor
Last
Dose

Timing	of	Factor
Xa	Inhibitor
Last	Dose
Before
Andexanet	alfa
Initiation

associated	with
thromboembolic
events.
FEIBA	is	derived
from	human
plasma,	thus	risk
of	immune
mediated	reaction
and	infection
transmission

<8	h	or
Unknown

≥8	h

Apixaban ≤5	mg Low	dose Low
dose

>5	mg	or
unknown

High
dose

Rivaroxaban ≤10	mg Low	dose

>10	mg
or
unknown

High
dose

Low	dose:	400	mg	IV	bolus	administered	at
a	rate	of	30	mg/min,	followed	within	2	min
by	an	IV	infusion	of	4	mg/min	for	up	to	120
min.
High	dose:	800	mg	IV	bolus	administered
at	a	rate	of	30	mg/min,	followed	within	2
min	by	an	IV	infusion	of	8	mg/minute	for
up	to	120	min

Prothrombin	complex	concentrates

FEIBA	50-100	U/kg	IVb,c

Kcentra	2000	units	once	OR	25-50
U/kg	once

Direct
thrombin
inhibitorsa

Interrupt	therapy
Idarucizumab	(PraxBind)	5g	IV	bolus
(dabigatran	reversal	only)
Hemofiltration	and	hemodialysis	may	be
effective	in	the	removal	of	bivalirudin,



and	dabigatran
Desmopressin	0.3-0.4	µg/kg	IV	bolusc
Prothrombin	complex	concentrates

FEIBA	50-100	U/kg	IVb,c

Fibrinolyticsa Fibrinogen	concentrate	(management	of
symptomatic	intracerebral	hemorrhage
after	administration	of	fibrinolytics);
1800-2600	mg	of	fibrinogen
Tranexamic	acid;	1	g	(or	10-15	mg/kg)
once;	administer	at	a	rate	not	to	exceed
100	mg/min
Aminocaproic	acid;	loading	dose:	4-5	g,
followed	by	1	g/h	for	8	h

	

APCC,	prothrombin	complex	concentrates;	FEIBA,	factor	VIII	inhibitor	bypassing	activity;
FFP,	fresh	frozen	plasma;	INR,	international	normalized	ratio;	IV,	intravenous;	PCC,	prothrombin
complex	concentrates;	rVIIa,	recombinant	human	factor	7a.
aNo	class	wide	antidote	exists;	beneficial	effects	described	in	the	literature	limited	to	animal
models,	human	laboratory	studies,	and	case	reports.
bReversal	data	based	on	laboratory	end	points,	no	experience	in	actively	bleeding	patients.
cData	based	upon	animal	models,	laboratory	studies,	or	case	reports.

Aspirin	produces	gastrointestinal	ulcerations	and	hemorrhage	through	direct
irritation	 of	 the	 gastric	 mucosa	 and	 via	 inhibition	 of	 prostaglandin	 synthesis.
Aspirin,	 in	 recommended	 doses,	 increases	 the	 risk	 of	 gastrointestinal	 bleeding
1.5-	 to	 3-fold.17	 Enteric-coated	 and	 buffered	 aspirin	 doses	 ≤325	 mg	 do	 not
reduce	 the	 incidence	 of	 gastrointestinal	 bleeding.18	 Aspirin-induced	 gastric
toxicity	can	be	prevented	with	concurrent	use	of	acid-suppressive	therapy.17

Underlying	 aspirin	 allergy	 can	 exacerbate	 respiratory	 tract	 disease,
angioedema,	 urticaria,	 or	 anaphylaxis	 and	 is	 estimated	 to	 occur	 in	 10%	of	 the
general	 population.	These	 patients	may	 be	 converted	 to	 alternative	 antiplatelet
therapies.	 Leukotriene-modifying	 agents	 may	 reduce	 aspirin-provoked
respiratory	reactions	but	do	not	eliminate	the	risk.	For	patients	with	a	compelling



indication	for	therapy,	aspirin	desensitization	should	be	considered.19

P2Y12	Inhibitors

Pharmacology,	Pharmacodynamics,	and	Monitoring
P2Y12	 inhibitors	prevent	platelet	 activation	by	blocking	ADP	binding	 to	P2Y12

receptors.	This	action	prevents	activation	of	the	GPIIb/IIIa	receptor	complex	on
the	platelet	surface.9	Thienopyridine	derivatives,	 clopidogrel	 and	prasugrel,	 are
prodrugs	 requiring	 hepatic	 activation	 via	 the	 cytochrome	 P450	 (CYP450)
isoenzyme	system	(Table	92.3).	Metabolism	by	CYP450	plays	a	key	role	in	the
onset	 of	 action,	 potency,	 and	 drug	 interaction	 profile	 of	 these	 agents.20,21	 A
loading	dose	provides	a	rapid	increase	of	plasma	concentration	and	a	faster	onset
of	 action.	 Clopidogrel	 requires	 a	 two-step	 activation	 process	 via	 CYP450.
Prasugrel	 undergoes	 one-step	 oxidation	 by	 multiple	 CYP450	 isoenzyme
pathways	which	are	believed	to	be	responsible	for	its	more	predictable	action.

TABLE	92.3

P2Y12	Inhibitor	Pharmacokinetics	and	Pharmacodynamics

Clopidogrel Prasugrel Ticagrelor Cangrelor

Route Oral Oral Oral IV

Receptor	binding Irreversible Irreversible Reversible Reversible

Prodrug Yes Yes No No

Metabolism CYP3A4,
2B6

CYP3A4,
2B6,	2C9,
2C19

CYP3A4 Plasma
esterase

Clearance Renal	50%
Fecal	46%

Renal	68%
Fecal	27%

Renal	1% —

Time	to	peak
platelet
inhibition

300	mg	LD:
6	h
600	mg	LD:

1-2	h 2	h 30	min



2	h

Duration	of
antiplatelet	effect

7-10	d 7-10	d 1	d 20-60	min

Genetic
polymorphisms

Yes No No Not
reported

Ticlopidine	was	removed	from	commercial	availability.
CYP,	cytochrome	P;	IV,	intravenous;	LD,	loading	dose.

1 	 1 	 1 	While	thienopyridine	metabolites	have	a	short	plasma	elimination	half-
life	(1-8	hours),	their	irreversible	activity	at	P2Y12	receptors	spans	the	life	of	the
platelet	 (7-10	 days).	 The	 onset	 of	 action,	 duration	 of	 antiplatelet	 effects,	 and
unpredictable	levels	of	platelet	inhibition	have	led	to	the	development	of	newer
agents.22	Ticagrelor	is	a	nonthienopyridine	P2Y12	 inhibitor	that	does	not	require
hepatic	 activation	 resulting	 in	 immediate,	 short-acting,	 dose-dependent
inhibition	of	platelet	activation	and	aggregation.23	Ticagrelor	binds	reversibly	at
P2Y12	 receptors	resulting	in	a	shorter	duration	of	antiplatelet	activity	compared
to	 thienopyridines.23	 Cangrelor	 in	 an	 IV	 agent	 with	 a	 very	 short	 half-life	 and
rapid	onset	that	is	useful	during	procedures.24,25

Resistance	to	clopidogrel	occurs	in	4%	to	34%	of	patients	and	depends	on	the
agent,	 type,	 and	 timing	 of	 platelet	 function	 test,	 as	 well	 as	 underlying
comorbidities	 such	 as	 diabetes	 and	 obesity.21	 Possible	 mechanisms	 of	 P2Y12

inhibitor	 resistance	 include	 extrinsic	 factors	 and	 intrinsic	 factors.	 Recent
literature	highlighted	 the	 importance	of	genetic	and	drug-induced	alterations	of
CYP3A4	 enzymes,	 the	 pathway	 responsible	 for	 thienopyridine	 activation.22
Clopidogrel	 resistance	 has	 been	 associated	 with	 an	 increased	 risk	 of	 death,
myocardial	 infarction	 (MI),	 and	 stroke.	 Monitoring	 the	 antiplatelet	 effect	 of
P2Y12	inhibitors	using	platelet	function	testing	is	an	evolving	area	of	research.5

While	the	high	incidence	of	varied	responses	to	thienopyridines	due	to	CYP450
polymorphisms	 and	 potential	 drug	 interactions	 have	 suggested	 a	 strategy	 for
improving	response,	the	routine	use	of	point-of-care	platelet	function	testing	has
not	been	established.26	Recent	literature	does	not	show	significant	improvements
in	clinical	outcomes	with	platelet-function	monitoring	and	treatment	adjustment
for	 coronary	 stenting,	 as	 compared	 with	 standard	 antiplatelet	 therapy	 without
monitoring.26	For	patients	with	 threatened	 in-stent	 thrombosis	and	presumed	or
confirmed	clopidogrel	resistance,	maintenance	dosing	up	to	150	mg	daily	could



be	 attempted	 with	 guidance	 by	 platelet	 function	 testing.	 Higher	 maintenance
dosing	 has	 not	 shown	 to	 improve	 antiplatelet	 activity	 for	 all	 patients	 with
established	 CYP450	 genetic	 variants.5,10	 For	 patients	 with	 an	 ACS	 who	 were
referred	for	an	invasive	strategy,	there	was	no	significant	difference	between	a	7-
day,	double-dose	clopidogrel	regimen	and	the	standard-dose	regimen,	or	between
higher-dose	aspirin	and	lower-dose	aspirin,	with	respect	to	the	primary	outcome
of	cardiovascular	(CV)	death,	myocardial	infarction,	or	stroke.10	Availability	of
newer	 agents	 and	 unavailability	 of	 platelet	 function	 testing	 capacity	 makes
switching	 to	agents	 such	as	prasugrel	 and	 ticagrelor	with	 less	pharmacokinetic
variability	attractive.

Clinical	Indications
P2Y12	inhibitors	are	indicated	for	primary	and	secondary	thrombosis	prevention
for	a	variety	of	disease	states	(Table	92.4).	Clopidogrel	 is	 indicated	alone	or	in
combination	 with	 aspirin	 for	 primary	 and	 secondary	 prevention	 of	 ischemic
events	 of	ACS,	PAD,	 stroke,	 or	 coronary	 artery	disease.	Prasugrel	 is	 indicated
alone	or	in	combination	with	aspirin	for	the	prevention	of	thrombotic	CV	events,
including	 in-stent	 thrombosis	 of	 ACS	 patients	 who	 are	 managed	 with
percutaneous	 coronary	 intervention	 (PCI).21	 Ticagrelor	 is	 indicated	 in
combination	 with	 aspirin	 for	 primary	 and	 secondary	 prevention	 of	 ischemic
events	 for	patients	experiencing	ACS.	Ticagrelor	may	be	used	 in	preference	 to
clopidogrel	 for	 non–ST-segment	 elevation	 myocardial	 infarction	 (NSTEMI)
patients	 (or	ACS)	 patients	 undergoing	 early	 invasive	 reperfusion	 procedures.27
Cangrelor	 is	 indicated	 for	 the	 reduction	 of	 CV	 events	 in	 select	 patients
undergoing	 PCI.28	 Ticlopidine,	 an	 irreversible	 P2Y12	 inhibitor,	 was	 recently
discontinued	due	to	serious	hematological	side	effects.

TABLE	92.4

P2Y12	Inhibitor	Clinical	Pharmacology

Drug Indications
Dosing,
Timing,
Duration

Monitoring,	Precautions,
and	Contraindications

Cangrelor Reduction	in 30	µg/kg	bolus Monitoring



(Kengreal) cardiovascular
events	in
patients
undergoing	PCI

followed	by	4
µg/kg/min
during	PCI	for
2	h	or	duration
of	PCI

Signs	of	bleeding
CBC	with	differential
Bleeding	time
LFTs
Lipid	panel	(ticlopidine)
Platelet	function	testing	may
be	warranted	in	select	patients
(platelet	aggregometry	and/or
vasodilator-stimulated
phosphoprotein	[VASP]
phosphorylation).
CYP2C19	genotyping	if
suspicion	of	poor	metabolizer
(clopidogrel)

Precautions

Interruption	of	clopidogrel
may	cause	in-stent	thrombosis
with	subsequent	fatal	and
nonfatal	myocardial	infarction.
Indwelling	epidural	catheter
Combination	of	aspirin	and
clopidogrel	in	patients	with
recent	TIA	or	stroke
Liver	disease
Thrombotic	thrombocytopenic
purpura	may	occur	(rare)
Recent	trauma,	surgery/biopsy,
or	other	pathological	condition
Concomitant	use	with	potent
CYP3A	inducers	and
inhibitors	(ticagrelor)
Use	of	daily	maintenance
doses	of	aspirin	above	100	mg
not	recommended	(ticagrelor)
Underlying	hematologic
disorders
Discontinue	if	ANC	less	than
1200/mm3	or	platelet	count

Bridging
therapy	prior	to
cardiac	surgerya

0.75	µg/kg/min
(without	a
bolus	dose)
following
thienopyridine
discontinuation
for	up	to	7	d
prior	to
surgery

Clopidogrel
(Plavix)

Treatment	of
ACS	±	PCI

ACS	LD:
300	mg	×	1
PCI	LD:	300-
600	mg	×	1
Maintenance:
75	mg	orally
once	daily

Primary	and
secondary
prevention	of
MI	in	patients
with	chronic
stable	angina,
previous	MI,	or
UA

75	mg	orally
once	daily

Cerebrovascular
accident

Peripheral
arterial
occlusive
disease



Prasugrel
(Effient)

Treatment	of
ACS	±	PCI

LD	60	mg	×	1
Maintenance:
10	mg/d	orally,
consider	5	mg
orally	once
daily	in
patients
weighing	less
than	60	kg

less	than	80,000/mm3

(ticlopidine)
Elevated	triglycerides
(ticlopidine)
Clopidogrel	concentrations
may	be	reduced	in	poor
metabolizers	of	CYP2C19

Contraindications

Hypersensitivity	to	agent	or
any	component	of	their
product
Recent	stroke	or	TIA
(prasugrel)
Severe	active	bleeding	(such
as	peptic	ulcer	or	intracranial
hemorrhage)
Neutropenia/thrombocytopenia
Severe	liver	impairment

Ticagrelor
(Brilinta)

Treatment	of
ACS	±	PCI

LD	180	mg	×	1
Maintenance:
90	mg	twice
daily

Ticlopidine	was	removed	from	the	commercial	market.
ACS,	acute	coronary	syndromes;	ANC,	absolute	neutrophil	count;	CABG,	coronary	artery	bypass
graft;	CBC,	complete	blood	count;	CYP,	cytochrome	P;	LD,	loading	dose;	LFT,	liver	function	tests;
MI,	myocardial	infarction;	PCI,	percutaneous	coronary	intervention;	TIA,	transient	ischemic	attack;
UA,	unstable	angina.
aindicates	an	off-label	use.

Complications	and	Reversal	of	Effects
The	 incidence	 of	major	 bleeding	with	 P2Y12	 inhibitors	 varies	 between	 agents,
dosing,	 patient	 populations,	 and	 concomitant	 antithrombotic	 therapies.
Gastrointestinal	 hemorrhage	 is	 a	 common	 complication	 of	 P2Y12	 inhibitor
therapy.17	 For	 patients	 exhibiting	 clinically	 significant	 bleeding,	 platelet
transfusion	 may	 be	 warranted	 in	 combination	 with	 IV	 desmopressin	 (Table
92.2).16	 P2Y12	 inhibitors	 should	 be	 avoided	 for	 patients	 undergoing	 neuraxial
analgesia	 due	 to	 the	 risk	 of	 subdural	 hematoma.29	 Therapy	 should	 be
discontinued	 7	 to	 10	 days	 prior	 to	 elective	 surgery	 or	 invasive	 procedure	 and



resumed	after	approximately	24	hours	or	the	next	morning	after	surgery.
Due	to	the	unique	structure	of	ticagrelor,	it	has	been	associated	with	adverse

effects	not	 seen	with	 thienopyridine	derivatives.	An	 increased	 rate	of	dyspnea,
ventricular	 pauses,	 and	 hyperuricemia	 has	 been	 reported	 with	 ticagrelor	 from
clinical	 trial	 data	 that	 have	 been	 attributed	 to	 its	 capacity	 to	 delay	 adenosine
metabolism.23

Glycoprotein	IIb/IIIa	Inhibitors

Pharmacology,	Pharmacodynamics,	and	Monitoring
GPIIb/IIIa	 receptors	 are	 expressed	 on	 the	 platelet	 surface,	 with	 approximately
50,000	 to	 80,000	 copies	 per	 platelet.	 Blocking	 GPIIb/IIIa	 receptors	 prevents
platelet	 activation,	 aggregation,	 and	 fibrinogen-mediated	 platelet	 to	 platelet
bridging.	 IV	 GPIIb/IIIa	 inhibitors	 (eptifibatide	 and	 tirofiban)	 vary	 in	 their
structure	and	pharmacokinetic	properties	(Table	92.5).9,30

TABLE	92.5

Glycoprotein	IIB/IIIA	Inhibitor	Clinical	Pharmacology

Eptifibatide Tirofiban

Agent	type Cyclic	heptapeptide Nonpeptide,	small	molecule

Antigenicity No No

Receptor
binding	effect

Reversible Reversible

Receptor
affinity

Moderate Moderate

Excretion 50%	renal 39%-69%	renal

Dosage
reduction	in
renal	failure

Yes,	decrease	infusion	dose
by	50%	if	CrCl	<50	mL/min

Yes,	decrease	infusion	dose
by	50%	if	CrCl	<60	mL/min



Removable	by
dialysis

Yes Yes

Duration	of
antiplatelet
effect

4-8	h 4-8	h

Abciximab,	a	Fab	fragment	of	human-mouse	chimeric	monoclonal	antibody	recently	removed
from	the	commercial	market.
CrCl,	creatinine	clearance	calculated	using	Cockcroft-Gault	equation.

Although	the	exact	threshold	required	for	efficacy	with	these	agents	has	not
been	 established,	 >80%	 platelet	 inhibition	 is	 thought	 to	 be	 a	 target	 associated
with	 adequate	 antiplatelet	 activity	 among	 patients	with	ACS	 and	 among	 those
undergoing	 PCI.31	 Both	 eptifibatide,	 a	 synthetic	 peptide,	 and	 tirofiban,	 a
synthetic	 small	molecule,	demonstrate	high	 selectivity,	but	 reduced	affinity	 for
the	 GPIIb/IIIa	 receptor	 when	 compared	 to	 abciximab,	 which	 is	 no	 longer
manufactured.	 Both	 eptifibatide	 and	 tirofiban	 exhibit	 platelet	 inhibition	 that	 is
linear	and	dose	dependent.	An	 IV	eptifibatide	or	 tirofiban	bolus	dose	 followed
by	an	 infusion	provides	>80%	 inhibition	of	ADP-induced	platelet	 aggregation.
For	 patients	 undergoing	 PCI,	 a	 second	 eptifibatide	 bolus	 10	minutes	 after	 the
initial	 dose	 further	 enhances	 platelet	 inhibition	 at	 1	 hour.	 Since	 both	 agents
dissociate	 from	 the	 GPIIb/IIIa	 receptor	 rapidly,	 normal	 platelet	 aggregation	 is
restored	within	4	to	8	hours	after	drug	discontinuation.30,31	Platelet	counts	should
be	monitored	within	the	first	24	hours	while	taking	GPIIb/IIIa	inhibitors.

Clinical	Indication
GPIIb/IIIa	 inhibitors	 are	 included	 in	 evidence-based	 guidelines	 as	 adjunctive
therapy	for	patients	with	ACS	and	those	undergoing	PCI	(Table	92.6).	Optimal
use	 of	GPIIb/IIIa	 inhibitors	 involves	 appropriate	 patient	 risk	 stratification,	 use
with	other	antithrombotic	agents,	as	well	as	appropriate	dosing	and	duration	of
therapy.27,31

TABLE	92.6

Glycoprotein	IIB/IIIA	Inhibitor	Indications	and	Dosing



Drug Indications Dosing,	Timing,
Duration

Monitoring,
Precautions,	and
Contraindications

Eptifibatide
(Integrilin)

Treatment	of
ACS	±	PCI

LD:	180	µg/kg	IV	bolus
based	on	actual	body
weight	(ABW)
(maximum	22.6	mg)	as
soon	as	possible,
followed	by	2	µg/kg
ABW/min	(maximum
15	mg/h)	infusion	until
discharge	or	CABG
surgery,	up	to	72	h
If	undergoing	PCI,
administer	a	second	180
µg/kg	IV	bolus	10	min
after	the	first	and
continue	the	infusion	up
to	discharge,	or	for	up
to	18-24	h	after
procedure,	whichever
comes	first,	allowing
for	up	to	96	h	of	therapy

Monitoring

Signs	of	bleeding
CBC
aPTT	while	on
heparin
Activated	clotting
time	(ACT)	during
PCI	and	prior	to
sheath	removal
Serum	creatinine

Precautions

Indwelling
epidural	catheter
Do	not	remove
arterial	sheath
unless	activated
partial
thromboplastin
time	(aPTT)	is	less
than	45	s	or	ACT
less	than	150	s	and
heparin
discontinued	for	3-
4	h
Platelet	count
below
150,000/mm3

Renal
insufficiency
(eptifibatide	and
tirofiban)
Readministration
of	abciximab	may
result	in

Renal	impairment:
CrCl	<	50	mL/min,	180
µg/kg	actual	body
weight	(maximum
22.6	mg)	IV	bolus	as
soon	as	possible,
followed	by	1
µg/kg/min	(maximum
7.5	mg/h)	infusion

Tirofiban
(Aggrastat)

Treatment	of
ACS	±	PCI

LD:	25	µg/kg	IV	within
5	min	and	then	0.15
µg/kg/min	for	up	to	18
h.



Renal	impairment:	CrCl
≤	60	mL/min,	give	LD
25	µg/kg	within	5	min
and	then	0.075
µg/kg/min	for	up	to	18
h.

hypersensitivity,
thrombocytopenia,
or	diminished
benefit	due	to
formation	of
human
antichimeric
antibodies
Hemorrhagic
retinopathy

Contraindications

Active	internal
bleeding
Abnormal
bleeding	within
the	previous	30	d
or	a	history	of
bleeding	diathesis
Concomitant	or
planned
administration	of
other	parenteral
glycoprotein
IIb/IIIa	inhibitors
Hypersensitivity	to
active	ingredient
or	any	other
product
component
Hypersensitivity	to
murine	proteins
(abciximab)
Major	surgery
(within	the
previous	6	wk)
Stroke	(within
previous	30	d)
Severe



hypertension
(systolic	pressure
over	180-200	mm
Hg	or	diastolic
pressure	above
110	mm	Hg)
History	or	clinical
suspicion	of
intracranial
bleeding,	tumor,
arteriovenous
malformation,	or
aneurysm
Pericarditis
Aortic	dissection
Thrombocytopenia
following	prior
tirofiban
administration

Abciximab	(ReoPro)	was	recently	removed	from	commercial	availability.
ACS,	acute	coronary	syndromes;	CABG,	coronary	artery	bypass	graft;	CBC,	complete	blood
count;	CrCl,	creatinine	clearance;	IV,	intravenous;	LD,	loading	dose;	PCI,	percutaneous	coronary
intervention;	UA,	unstable	angina.

Complications	and	Reversal	of	Effects
The	 frequency	 of	 major	 bleeding	 with	 GPIIb/IIIa	 therapy	 ranges	 from	 1%	 to
14%	of	patients	and	depends	on	the	agent,	concomitant	therapies,	and	settings	of
ACS	or	PCI.30,31	Failure	 to	 adjust	dosing	 in	 renal	dysfunction	 further	 increases
the	risk	of	bleeding.32	Factors	associated	with	bleeding	risk	include	age,	female
gender,	 body	 weight,	 diabetes,	 congestive	 heart	 failure,	 renal	 function,
concomitant	 fibrinolytic	use,	prolonged	 femoral	 sheath	placement,	 and	heparin
dosing.31,33,34

The	duration	of	 the	antiplatelet	 effect	 is	 agent	 specific	and	 is	 influenced	by
platelet	binding	and	renal	function	(tirofiban	and	eptifibatide	have	half-lives	of



1.5-3	hours	with	normal	renal	function).	An	IV	desmopressin	bolus	of	0.3	μg/kg
may	temporarily	reduce	bleeding	time	(Table	92.2).35

Nonhemorrhagic	 side	 effects	 of	 GPIIb/IIIa	 inhibitors	 include	 severe
thrombocytopenia.	 The	 incidence	 of	 thrombocytopenia	 with	 eptifibatide	 and
tirofiban	is	similar	to	placebo,	with	rates	ranging	from	0.2%	to	0.3%	of	treated
patients.	The	onset	of	thrombocytopenia	usually	occurs	within	the	first	24	hours
of	infusion,	but	delayed	onset	has	been	reported.36

Platelet	 or	 red	 blood	 cell	 transfusions	 may	 be	 warranted	 for	 patients	 with
persistent	thrombocytopenia	or	clinically	significant	bleeding	and	must	take	into
account	drug	concentrations	in	the	plasma	or	drug	bound	to	platelets.30	The	risk
of	 thrombocytopenia	 and	 immune-mediated	 reactions	 may	 limit	 repeat	 use.9,36
GPIIb/IIIa	 inhibitor	 administration	 should	 be	 avoided	 for	 patients	 requiring
neuraxial	analgesia	due	to	risk	of	subdural	hematoma.29

Other	Antiplatelet	Targets

Pharmacology,	Pharmacodynamics,	and	Monitoring
While	 aspirin,	 P2Y12	 receptor	 antagonists,	 and	 GPIIb/IIIa	 inhibitors	 are	 the
predominant	 targets	 of	 antiplatelet	 pharmacotherapy,	 several	 other	 targets	with
varying	 degrees	 of	 potency	 are	 available.	 Vorapaxar	 is	 a	 thrombin	 receptor
(protease-activated	 receptor-1)	 antagonist	 that	 inhibits	 thrombin-mediated	 and
thrombin	 receptor	 agonist	 peptide	 (TRAP)-mediated	 platelet	 aggregation.37,38
Other	 available	 oral	 drugs	 that	 effect	 platelet	 function	 include	 cilostazol	 and
dipyridamole.	 Anagrelide	 and	 cilostazol	 block	 platelet	 activation	 via
phosphodiesterase	 3	 (PDE3)	 inhibition.	 PDE3	 inhibition	 increases	 cyclic
adenosine	 monophosphate	 (cAMP)	 concentrations	 resulting	 in	 inhibition	 of
platelet	 aggregation	and	an	 increase	of	vasodilation.39	Cilostazol	 is	 extensively
metabolized	 by	 the	 CYP	 450-3A4	 subclass.	 Avoidance	 of	 therapy	 or	 reduced
dosing	 may	 be	 required	 for	 patients	 taking	 potent	 CYP3A4	 inhibitors.40
Dipyridamole	 inhibits	adenosine	binding	 to	platelets	and	endothelial	 cells.	The
increase	of	adenosine	leads	to	a	rise	of	intracellular	cAMP	levels,	which	in	turn
decrease	platelet	responsiveness	to	various	stimuli.	Dipyridamole	is	metabolized
hepatically	and	has	a	half-life	of	approximately	10	hours.9

Clinical	Indications
Vorapaxar	 is	 indicated	 for	 the	 reduction	 of	 CV	 events	 among	 patients	 with	 a



myocardial	 infarction	 or	 PAD.37	 Cilostazol	 is	 indicated	 for	 treatment	 of
intermittent	 claudication	 symptoms	 and	 has	 shown	 benefits	 by	 reducing
symptoms	 or	 improving	 walking	 distance.40	 Dipyridamole	 is	 indicated	 as
adjunctive	 therapy	 for	 the	 prevention	 of	 thromboembolism	 for	 patients	 after
cardiac	valve	replacement.	Combined	with	aspirin,	dipyridamole	 it	 is	 indicated
for	 secondary	 prevention	 of	 cerebrovascular	 accidents	 and	 TIA.	 The
combination	of	 aspirin	 and	 extended-release	dipyridamole	was	 associated	with
reductions	 of	 major	 vascular	 events	 in	 patients	 with	 stroke	 or	 TIA	 (Table
92.7)].9,41

TABLE	92.7

Other	Antiplatelet	Agent	Clinical	Pharmacology

Drug Indications
Dosing,
Timing,
Duration

Monitoring,
Precautions,	and
Contraindications

Anagrelide
(Agrylin)

Essential
thrombocythemia

0.5	mg	4
times	daily	or
1	mg	twice
daily

Monitoring

Signs	of	bleeding
CBC
Coagulation	panel
Blood	pressure
Heart	rate
LFTs
Signs	of
congestive	heart
failure
(Cilostazol)

Precautions

Hypotension
Severe	coronary
artery	disease,
abnormal	cardiac
rhythm
Avoid	in	patients

Cilostazol
(Pletal)

Intermittent
claudication

100	mg
orally	twice
daily

Dipyridamole
(Persantine)

Thromboembolic
prophylaxis	after	heart
valve	replacement

With
concomitant
warfarin
therapy:
75-100	mg
orally	four
times	daily

Dipyridamole
extended
release/aspirin

Secondary	prevention
in	stroke	and	TIA
patients

200	mg
dipyridamole,
25	mg	aspirin



(Aggrenox) (1	capsule)
orally	twice
daily
Patients	with
intolerable
headache
200	mg
dipyridamole,
25	mg	aspirin
orally	daily	at
bedtime,	with
81	mg	of
aspirin	in	the
morning.
Return	to
usual	dose	as
soon	as
tolerance	to
headache
develops
(usually
within	a
week)

with	severe
hepatic
insufficiency
(Aggrenox)
Avoid	in	patients
with	severe	renal
failure	(Aggrenox
and	cilostazol)
Coagulation
abnormalities
Low	body	weight,
older	age
(vorapaxar)
Concomitant	use
with	other
anticoagulants,
strong	CYP3A
inducers/inhibitors
(vorapaxar)

Contraindications

Hypersensitivity
to	agent	or	any
components	of	the
product
CHF	of	any
severity
(cilostazol)
Hemostatic
disorders	or	active
pathological
bleeding	(bleeding
peptic	ulcer	or
intracranial
bleeding)
History	of	stroke,
TIA,	ICH.
Discontinue	with
occurrence

Vorapaxar
(Zontivity)

Treatment/prophylaxis
of	thrombosis	in
patients	with	history
of	MI/PAD

2.08	mg
orally	once
daily



(vorapaxar)

CHF,	congestive	heart	failure;	CYP,	cytochrome	P;	ICH,	intracerebral	hemorrhage;	LFT,	liver
function	tests;	MI,	myocardial	infarction;	PAD,	peripheral	artery	disease;	TIA,	transient	ischemic
attack.

Complications	and	Reversal	of	Effects
Vorapaxar	 has	 a	 long	half-life	 (165-311	hours)	with	 50%	 inhibition	of	 platelet
aggregation	recorded	for	as	long	as	4	weeks	after	discontinuation	of	therapy.22,37
Nonhemorrhagic	 complications	 of	 cilostazol	 therapy	 include	 headache,
peripheral	 edema,	 and	 tachycardia.40	 While	 headache	 is	 the	 most	 common
adverse	effect	associated	with	dipyridamole	therapy,	hemorrhage	may	also	occur.
For	patients	exhibiting	clinically	significant	bleeding,	platelet	transfusion	may	be
warranted.

Overview	of	Anticoagulant	Pharmacotherapy
Blood	 coagulation	 processes	 are	 detailed	 in	 Chapter	 87.	 Anticoagulant	 agents
inhibit	thrombosis	and	propagation	by	inhibiting	thrombin	directly	or	indirectly
by	 attenuating	 thrombin	 generation	 (Figure	 92.2).	 Anticoagulants	 work	 with
traditional	agents	including	warfarin	and	heparin	derivatives.	Newer	agents	such
as	 dabigatran,	 rivaroxaban,	 apixaban,	 and	 edoxaban	 have	 a	 more	 refined
mechanism	 of	 action	 and	 are	 often	 referred	 to	 as	 target-specific	 oral
anticoagulants	(TSOACs)	or	direct-acting	oral	anticoagulants	(DOACs).42



	

Figure	 92.2 	 The	 coagulation	 cascade	 comprises	 the	 intrinsic
(contact	 activation)	 pathway	 and	 the	 extrinsic	 (tissue	 factor)
pathway.Each	 pathway	 generates	 a	 series	 of	 reactions	 in	 which
inactive	circulating	enzymes	and	their	cofactors	are	activated.	These
activated	 factors	 then	 catalyze	 the	 next	 reaction	 in	 the	 cascade.
Thrombin	plays	a	pivotal	role	by	triggering	the	conversion	of	soluble
fibrinogen	 in	 insoluble	 fibrin	 monomers,	 which	 serve	 as	 the
foundation	 for	 thrombus	 formation.	Thrombin	 also	 activates	 factors
VIII,	V,	and	XIII.	Factor	XIII	generates	the	covalent	bonds	that	link
fibrin	 strands,	 ensuring	 structural	 integrity.	 Anticoagulants,	 either
through	 their	 interaction	 with	 antithrombin,	 or	 through	 a	 direct
inhibition	of	 thrombin,	 interrupt	 these	enzymatic	 reactions.	LMWH,
low-molecular-weight	heparin;	UFH,	unfractionated	heparin.

Unfractionated	 heparin	 (UFH)	 and	 low-molecular-weight	 heparin	 (LMWH)
are	 effective	 during	 acute	 thrombosis	 due	 to	 their	 rapid	 onset.	 Since	 they	 are
dependent	 on	 the	 presence	 of	 antithrombin	 (AT)	 for	 clotting	 factor	 inhibition,
they	are	considered	indirect	anticoagulants.	Heparins	contain	a	pentasaccharide
sequence	 that	binds	 to	AT,	producing	a	conformational	 change	 that	 accelerates
AT	inactivation	of	coagulation	factors	XIIa,	IXa,	XIa,	Xa,	and	IIa	(thrombin).	Of
these,	 thrombin	and	Xa	play	 the	most	critical	 role	 for	 the	coagulation	cascade.
The	active	pentasaccharide	sequence	responsible	for	catalyzing	AT	is	found	on
one-third	 and	 one-fifth	 of	 the	 chains	 of	 UFH	 and	 LMWH,	 respectively.
Fondaparinux	 is	 a	 synthetic	 analogue	 of	 this	 naturally	 occurring
pentasaccharide.43



Unfractionated	Heparin

Pharmacology,	Pharmacodynamics,	and	Monitoring
UFH	is	composed	of	a	heterogeneous	mixture	of	highly	sulfated	polysaccharide
chains	 that	 have	 variable	 molecular	 weights,	 anticoagulant	 activities,	 and
pharmacokinetic	properties.	A	minimum	of	18	saccharide	units	are	required	for
UFH	to	form	a	ternary	complex	with	AT	and	inhibit	thrombin.	Once	bound	to	AT
molecules,	 UFH	 can	 readily	 dissociate	 and	 bind	 to	 other	 AT	 molecules.
Alternatively,	the	only	requirement	for	factor	Xa	inhibition	is	for	the	heparin-AT
complex	to	be	formed.	UFH	has	equal	inhibitory	activity	against	factor	Xa	and
thrombin,	 binding	 in	 a	 1:1	 ratio.	 The	 heparin-AT	 complex	 also	 catalyzes	 the
inhibition	of	factors	IXa,	XIa,	and	XIIa.

Since	UFH	 is	poorly	 absorbed	orally,	 IV	or	 subcutaneous	 injections	 are	 the
preferred	 administration	 routes.44	 When	 given	 as	 subcutaneous	 injection	 with
therapeutic	intent,	UFH	doses	need	to	be	large	enough	(>30,000	units	per	day)	to
overcome	 erratic	 bioavailability.	 UFH	 readily	 binds	 to	 plasma	 proteins	 after
parenteral	 administration	which	 contributes	 to	 variable	 anticoagulant	 response.
Despite	these	limitations,	IV	administration	rapidly	achieves	therapeutic	plasma
concentrations	with	 infusion	 rates	 that	 can	be	adjusted	based	on	monitoring	of
the	anticoagulant	response.45

UFH	clearance	from	systemic	circulation	is	dose	related	and	occurs	through
two	independent	mechanisms.45	The	initial	phase	is	rapid	and	saturable	binding
to	 endothelial	 cells,	 macrophages,	 and	 local	 proteins	 where	 UFH	 is
depolymerized.	 The	 second	 phase	 is	 a	 slower,	 nonsaturable,	 renal-mediated
clearance.	At	therapeutic	doses,	UFH	is	cleared	primarily	during	the	initial	phase
with	 higher-molecular-weight	 chains	 being	 cleared	 more	 rapidly	 than	 lower-
weight	 counterparts.	 As	 elimination	 becomes	 dependent	 on	 renal	 clearance,
increased	or	prolonged	UFH	dosing	provides	a	disproportionate	increase	of	both
the	intensity	and	duration	of	anticoagulant	effects.	With	therapeutic	IV	doses	the
half-life	of	UFH	is	approximately	60	minutes.44,45

The	 anticoagulant	 response	 to	 UFH	 is	 monitored	 using	 activated	 partial
thromboplastin	time	(aPTT),	a	measurement	sensitive	to	the	inhibitory	effects	of
thrombin.	 The	 aPTT	 should	 be	 measured	 every	 6	 hours,	 and	 doses	 adjusted
accordingly,	 until	 the	 patient	 sustains	 therapeutic	 levels.	 Once	 steady	 state	 is
reached,	the	frequency	of	monitoring	can	be	extended.

Weight-based	 dosing	 nomograms	 are	 recommended	 for	 treatment	 of
thromboembolic	disease.	Such	nomograms	have	been	associated	with	a	shorter
time	 to	 reach	 a	 therapeutic	 level	without	 an	 increase	 of	 bleeding	 events.	UFH



dosing	nomograms	differ	between	hospitals	due	to	differences	in	thromboplastin
agents	and	interlaboratory	standards	for	aPTT	measurements.46

Clinical	Indications
Clinical	indications	for	UFH	include	treatment	of	ACS,	treatment	or	prevention
of	 venous	 thromboembolism	 (VTE),	 bridge	 therapy	 for	 atrial	 fibrillation,	 and
cardioversion	(Table	92.8).44,47	Due	 to	UFH’s	short	half-life	and	reversibility,	 it
remains	 a	 good	 option	 for	 patients	 with	 bleeding	 risk	 or	 organ	 dysfunction.
Patients	with	fluctuating	renal	function	or	a	calculated	creatinine	clearance	less
than	 30	 mL	 per	 minute	 are	 generally	 not	 good	 candidates	 for	 LMWH	 or
fondaparinux	due	 to	 the	 risk	 of	 accumulation	 and	 increased	bleeding	 risk,	 and
these	 patients	 should	 be	 given	UFH.48	When	 used	 for	 thromboprophylaxis	 for
medical	 patients,	 three	 times	 daily	 heparin	 dosing	 provides	 better	 efficacy	 for
reducing	VTE	events	than	twice	daily	dosing,	but	generates	more	major,	but	not
minor,	bleeding	episodes.49

TABLE	92.8

Unfractionated	Heparin	Clinical	Pharmacology

Drug Indications
Dosing,
Timing,
Duration

Monitoring,
Precautions,	and
Contraindications

Unfractionated
heparin

VTE
treatment

LD:	80	U/kg
bolus
18	U/kg/h
infusion	adjusted
per	local	heparin
nomogram

Monitoring

Signs	of	bleeding
CBC
aPTT:	at	least	4	h	after
initiation,	then	at	least
once	daily
Anti-Xa	levels
(alternative	if
available,	consider	in
patients	with	heparin
resistance	or

ACS
treatment

LD:	60	U/kg
(max	4000	units)
12	U/kg/h	(max
initial	dosing
1000	U/h)	±



fibrin	specific
adjusted	to
maintain	aPTT
1.5-2	times
control	or	per
local	heparin
nomogram

antiphospholipid
antibody	syndromes)
HIT	antibody	testing
(not	warranted	in	the
absence	of
thrombocytopenia,
thrombosis,	heparin-
induced	skin	lesions,
or	other	signs	pointing
to	a	potential
diagnosis	of	immune
mediated	HIT

Precautions

Allergic	or
hypersensitivity-
reactions
Congenital	or
acquired	bleeding
disorders
Indwelling	epidural
catheter
Gastrointestinal
ulceration	and
ongoing	tube	drainage
of	the	small	intestine
or	stomach
Hepatic	disease	with
impaired	hemostasis
Hereditary
antithrombin	III
deficiency	and
concurrent	use	of
antithrombin
Neonates	and	infants
weighing	<10	kg
Premature	infants
weighing	less	than
1	kg

Bridge
therapy	for
atrial
fibrillation,
cardioversion

IV	infusion:
60-80	U/kg
bolus
Target	aPTT,	60s
(range	50-70	s)

Prophylaxis
of	VTE	in
the	medically
ill	or	surgical
population

5000	units	SC
Q8hrs

Prophylaxis
of	VTE	in
pregnancy
(with	prior
VTE)

7500-15,000
units	SC	every
12	h



Risk	of	delayed	onset
of	HIT	and	HITT

Contraindications

Uncontrollable	active
bleeding,	except	when
due	to	disseminated
intravascular
coagulation
Instances	in	which
blood	coagulation
tests	cannot	be
performed	at
necessary	intervals
Severe
thrombocytopenia
Positive	test	for
immune	mediated	HIT
Patients	within	a
remote	history	of	HIT
(>100	d)	could	be
considered	for	a	re
challenge	with	heparin
provided	a	negative
antibody	test

ACS,	acute	coronary	syndromes;	aPTT,	activated	prothrombin	time;	CBC,	complete	blood	count;
HIT,	heparin-induced	thrombocytopenia;	HITT,	heparin-induced	thrombocytopenia	with
thrombosis;	IV,	intravenous;	LD,	loading	dose;	VTE,	venous	thromboembolism.

Complications	and	Reversal	of	Effects
The	 major	 complications	 of	 UFH	 therapy	 include	 bleeding	 (major	 bleeding
0%-7%;	 fatal	 bleeding	 0%-3%),	 heparin-induced	 thrombocytopenia	 (1%-5%),
and	 osteoporosis	 (2%-3%	 risk	 of	 vertebral	 fracture	with	 less	 than	 1	month	 of
treatment).50	Hemorrhagic	episodes	are	associated	with	anticoagulation	intensity,
route	 of	 administration	 (continuous	 infusions	 are	 associated	with	 lower	 rates),
and	concomitant	use	of	GPIIb/IIIa	inhibitors,	aspirin,	or	fibrinolytic	agents.50



Patient-specific	 risk	 factors	 for	 bleeding	 include	 age,	 gender,	 renal	 failure,
low	 body	 weight,	 and	 excessive	 alcohol	 consumption.50	 Perioperative
anticoagulation	must	be	individualized	based	on	the	surgery	or	procedure	and	the
patient’s	 risks	 for	 thrombosis	 and	bleeding.	Discontinuing	 therapeutic	doses	of
heparin	4	hours	before	surgery	and	measuring	an	aPTT	is	usually	sufficient	since
normal	 hemostasis	 is	 restored	 in	 this	 time	 frame.15	 Therapeutic-dose	 UFH
therapy	 can	 be	 restarted	 12	 hours	 after	 major	 surgery,	 but	 should	 be	 delayed
when	evidence	of	bleeding	is	present.	There	is	no	contraindication	to	neuraxial
techniques	for	patients	receiving	twice	daily,	low-dose	UFH	subcutaneously,	as
the	risk	for	developing	spinal	hematoma	appears	to	be	minimal.15,29

Treatment	 of	 UFH-related	 bleeding	 includes	 protamine	 sulfate,	 transfusion,
and	supportive	care.	Protamine	sulfate	binds	to	UFH	to	form	a	stable	salt,	which
renders	UFH	inactive.	Protamine	dosing	is	dependent	on	timing	of	the	last	UFH
dose	(Table	92.9).44,51	When	the	dose	of	UFH	is	unknown,	the	maximal	tolerated
protamine	 dose	 of	 50	 mg	 can	 be	 slowly	 administered	 followed	 by	 serial
measurements	of	aPTT.	Adverse	reactions,	such	as	hypotension	and	bradycardia,
are	common.	However,	reaction	severity	can	be	reduced	by	slowly	administering
protamine	 over	 1	 to	 3	 minutes.	 Allergic	 responses	 to	 protamine	 are	 more
common	 among	 patients	 who	 have	 been	 previously	 exposed	 to	 the	 drug,	 but
patients	can	be	pretreated	with	corticosteroids	and	antihistamines.44,52

TABLE	92.9

Protamine	Dose	Calculation	for	Heparin	Reversala

UFH
Delivery
Time
(hours)

Heparin
Dose

Patient
Weight
(kg)

Intravenous
UFH	Dose
Administered
(units)

UFH
Accumulation
at	1	hb,c

(units)

UFH
Remaining
at	2	hb

(units)

0 80	U/kg
bolus

80 6400 3200 1600

0 18
U/kg/h
infusion

80 1440 1440 720



1 18
U/kg/h
infusion

80 1440 (0) 1440

2 18
U/kg/h
infusion

80 1440 (0) (0)

Approximate	amount	of	UFH	remaining	in	circulation	→

LMWH	
Delivery
Time
(hours)

LMWH	
Dose

Patient
Weight
(kg)

LMWH	Dose
Administered
(mg)

LMWH
Remaining
Within	8	hb

(mg)

LMWH
Remaining
at	8-12	h
(mg)

0 1	mg/kg
every	12
h

80 80 80 -

8 (0) 80 - - 40

12 (0) 80 - - -

LMWH,	low-molecular-weight	heparin;	UFH,	unfractionated	heparin.
aIllustration	assumes	an	80	kg	patient	given	a	bolus	and	infusion	for	3	h	that	developed	clinically
significant	bleeding.
bAssumes	half-life	of	heparin	to	be	1	hour.
cCalculated	amounts	of	heparin	remaining	at	1	hour	following	initiation	of	continuous	infusion	may
be	overestimated	in	this	model.
dadminister	no	more	than	20	mg	of	protamine	per	minute,	with	a	max	of	50	mg	over	any	10	minute
period.

Low-Molecular-Weight	Heparins

Pharmacology,	Pharmacodynamics,	and	Monitoring
LMWHs	 are	 derived	 from	 UFH	 by	 chemical	 or	 enzymatic	 depolymerization,
yielding	 fragments	 approximately	 one-third	 the	molecular	weight	 of	UFH.	All



LMWH	 molecules	 contain	 the	 active	 pentasaccharides	 that	 catalyze	 AT
inhibition	of	 factor	Xa.	Because	of	 their	 smaller	 size,	LMWHs	have	decreased
affinity	 for	 plasma	 proteins	 and	 cellular	 binding	 sites,	 resulting	 in	 a	 superior
pharmacokinetic	 profile	 compared	 to	 UFH.	 LMWHs	 also	 have	 increased
bioavailability	 after	 subcutaneous	 injection,	 renal	 clearance	 that	 is	 dose-
independent,	and	a	 longer	half-life	 (17-21	hours).	LMWHs	are	administered	 in
fixed	doses	 for	 thromboprophylaxis	 or	 in	 total	 body	weight-adjusted	doses	 for
therapeutic	anticoagulation	(Table	92.10).44,45

TABLE	92.10

Low-Molecular-Weight	Heparin	Clinical	Pharmacology

Drug Indications
Dosing,
Timing,
Duration

Monitoring,
Precautions	and
Contraindications

Dalteparin
(Fragmin)

Treatment	of	VTE <56	kg:	10,000
IU	SC	daily	
57-68	kg:
12,500	IU	SC
daily
83-98	kg:
18,000	IU	SC
daily
>99	kg:	18,000
IU	SC	daily

Monitoring

Signs	of	bleeding
Anti-Xa	levels	in
patients	with
mechanical
prosthetic	heart
valves,	significant
renal	impairment,
those	experiencing
bleeding	or
abnormal
coagulation
parameters,
pregnant	patients,
obese	or	low-
weight	patients,
and	children
CBC
Serum	creatinine
HIT	antibody

Treatment	of	ACS 120	IU/kg	SC
Q12	hrs	(MAX
10,000	IU/dose)

Prophylaxis	of	VTE
after	hip	or	other	major
surgery	(first	month)

Maintenance:
5000	IU	SC	Q24
hrs

Prophylaxis	of	VTE	in 5000	IU	SC	Q24



the	medically	ill	or
surgical	population

hrs testing	(not
warranted	in	the
absence	of
thrombocytopenia,
thrombosis,
heparin-induced
skin	lesions,	or
other	signs
pointing	to	a
potential	diagnosis
of	HIT)

Precautions

Indwelling
epidural	catheter
Recent	spinal	or
ophthalmologic
surgery
History	of	recent
major	bleed	(GI,
intracranial,	etc)
Congenital	or
acquired	bleeding
disorders
Bacterial
endocarditis
History	of
heparin-induced
thrombocytopenia
Liver	disease
Renal	impairment
(CrCl	<
30	mL/min),
consider	UFH
Concomitant	use
of	antithrombotic
drugs
Diabetic
retinopathy

Enoxaparin
(Lovenox)

Treatment	of	VTE 1	mg/kg	SC	Q12
hrs
OR	1.5	mg/kg
SC	Q24	hrs

CrCl	<
30	mL/min:
1	mg/kg	SC	Q24
hrs

Treatment	of	ACS STEMI:	30	mg
bolus	IV
followed	by
1	mg/kg	SC	Q12
hrs	+	fibrinolytic
NSTEMI/UA:
1	mg/kg	SC	Q12
hrs

CrCl	<
30	mL/min:	not
recommended

Prophylaxis/bridge
therapy	for	atrial
fibrillation/cardioversion

1	mg/kg	SC	Q12
hrs
OR	1.5	mg/kg
SC	Q24	hrs

CrCl	<
30	mL/min:
1	mg/kg	SC	Q24

Prophylaxis	of	VTE	in
the	medically	ill	or
surgical	population

40	mg	SC	Q24
hrs

CrCl	<
30	mL/min:
1	mg/kg	SC



daily Uncontrolled
hypertension

Contraindications

Severe	active
bleeding
Hypersensitivity
to	enoxaparin,
dalteparin,
tinzaparin,
heparin,	or	pork
products,	sulfites
(tinzaparin),	or
formulation
excipients
Positive	test	for
immune	mediated
HIT
Patients	within	a
remote	history	of
HIT	(>100	d)
could	be
considered	for	a	re
challenge	with
heparin	provided	a
negative	antibody
test

Prophylaxis	of	VTE	in
the	trauma	patients

30	mg	SC	Q12
hrs
OR	40	mg	SC
Q24	hrs

Tinzaparin
(Innohep)

Treatment	of	DVT 175	IU	anti-
Xa/kg	SC	daily

VTE	prophylaxis 75	IU	anti-
Xa/kg	SC	daily
(initial	dose
given	post-op)
for	7-10	d
50	IU	anti-
Xa/kg	SC	daily
(initial	dose
given	2	hpre-op)
for	7-10	d

ACS,	acute	coronary	syndromes;	CBC,	complete	blood	count;	CrCl,	creatinine	clearance;
DVT,	deep	vein	thrombosis;	HIT,	heparin-induced	thrombocytopenia;	HITT,	heparin-induced
thrombocytopenia	with	thrombosis;	IV,	intravenous;	MI,	myocardial	infarction;	NSTEMI,	non–ST-
segment	elevation	myocardial	infarction;	STEMI,	ST-segment	elevation	myocardial	infarction;	UA,
unstable	angina;	UFH,	unfractionated	heparin;	GI,	gastrointestinal;	VTE,	venous
thromboembolism.

With	their	predictable	dose	response	(peak	anti-Xa	activity	occurs	3-5	hours
after	 injection),	 laboratory	 monitoring	 is	 usually	 not	 necessary.	 Anti-Xa



monitoring	is	an	option	for	high-risk	patient	populations,	specifically	those	with
renal	insufficiency,	obesity,	and	pregnancy.	In	these	cases,	peak	anti-Xa	plasma
levels	are	drawn	4	hours	after	administration,	and	subsequent	doses	are	adjusted
to	 a	 target	 range	 of	 0.5	 to	 1.1	 IU/mL.53	 Trough	 levels	 can	 be	 assessed	 to
determine	clearance	for	surgical,	procedural,	and	patient	bleeding	scenarios.

Clinical	Indications
LMWHs	are	used	for	a	variety	of	prophylactic	and	 treatment	clinical	scenarios
(Table	 92.10).54	 LMWHs	 require	 fewer	 injections	 and	 produce	 fewer	 adverse
events	 compared	 to	 subcutaneous	 UFH.	 For	 hospitalized	 medical	 patients
receiving	thromboprophylaxis,	LMWH	was	associated	with	a	lower	risk	of	deep
vein	 thrombosis	 (DVT),	 fewer	 injection	 site	 hematomas,	 and	 no	 difference	 in
bleeding	when	compared	with	UFH.55	LMWHs	have	 largely	 replaced	 IV	UFH
for	 ambulatory	 patients	with	 acute	VTE	who	 are	 able	 to	 receive	 unmonitored
anticoagulation.	UFH	remains	the	preferred	option	for	ACS	patients,	those	who
may	 require	 an	 urgent	 procedural	 intervention,	 those	 with	 compromised	 renal
function,	or	those	requiring	intensive	monitoring	for	other	reasons.44	Recent	data
suggest	 lower	 pulmonary	 embolism	 (PE)	 rates	 with	 LMWH	 vs	 heparin
prophylaxis	for	VTE	prophylaxis	of	critically	ill	adults.56

Complications	and	Reversal	of	Effects
Hemorrhage	is	the	major	complication	of	LMWH	therapy,	with	data	suggesting
lower	rates	when	compared	to	UFH.	Major	bleeding	is	reported	to	occur	in	0%
to	3%	of	patients.44,50	Periprocedural	 thromboembolic	risk	assessment,	bleeding
risk	 assessment,	 and	 physician	 preference	 all	 play	 a	 role	 when	 determining
whether	LMWH	prophylaxis	is	continued	or	withheld	during	the	peri-procedural
period.	 For	 patients	 receiving	 therapeutic	 LMWH,	 therapy	 should	 be
discontinued	12	 to	24	hours	prior	 to	 the	procedure,	or	 earlier	 for	patients	with
renal	dysfunction.	Therapeutic	doses	of	LMWH	should	not	be	 restarted	 for	24
hours	after	a	major	procedure	or	when	neuraxial	anesthesia	is	employed.15

In	the	setting	of	overdose	or	hemorrhage,	protamine	completely	reverses	the
antithrombin	 activity	 of	 LMWH,	 but	 only	 reverses	 60%	 of	 the	 antifactor	 Xa
activity	 (Table	92.9).	When	 immediate	 reversal	 is	warranted	within	8	hours	of
LMWH	administration,	a	protamine	dose	of	1	mg	neutralizes	100	anti-Xa	units
or	1	mg	of	LMWH	(Table	92.9).	Initial	dosing	should	not	exceed	50	mg.	Should
bleeding	continue,	a	second	dose	of	0.5	mg	of	protamine	per	100	anti-Xa	units	or
1	mg	of	LMWH	may	be	administered.	Smaller	protamine	doses	are	required	if



the	 LMWH	 administration	 interval	 is	 beyond	 8	 hours.44	 Andexanet	 alfa	 is	 a
modified	 recombinant	 form	 of	 factor	 Xa	 currently	 under	 investigation	 for
reversal	 of	 LMWH.57,58	 This	 agent	 acts	 as	 a	 hemostatically	 inactive	 factor	 Xa
decoy	that	binds	free	oral	direct	Xa	inhibitors.58

Heparin-induced	 thrombocytopenia	 (HIT)	 is	 an	 immune-mediated,
hypercoagulable	 disorder	 that	 results	 from	 antibodies	 formed	 against	 the
heparin-platelet	factor	4	complex.	The	incidence	in	critically	ill	patients	ranges
from	0.3%	to	0.5%	and	is	associated	with	thrombocytopenia	and	life-threatening
thrombosis	in	antibody-positive	patients.59	HIT	typically	occurs	among	patients
who	have	been	exposed	 to	UFH	or	LMWH	for	5	 to	7	days,	or	even	sooner	 in
patients	with	prior	exposure.	A	30%	to	50%	decrease	in	platelet	count	occurring
5	to	14	days	after	the	initiation	of	UFH	or	LMWH	therapy	or	formation	of	a	new
thrombus	during	therapy	may	be	indicative	of	HIT.59,60	Platelet	counts	should	be
measured	prior	 to	 the	 initiation	of	UFH	or	LMWH	and	monitored	 every	other
day	for	the	first	4	to	10	days	of	therapy.	Since	heparin	alternatives	must	be	used
for	 patients	 with	 HIT,	 direct	 thrombin	 inhibitors	 (DTIs)	 are	 the	 treatment	 of
choice.60

Patients	receiving	heparin	for	a	period	of	greater	than	1	month	are	at	risk	for
developing	osteoporosis	and	vertebral	fractures.	Osteoporosis	reportedly	occurs
less	frequently	among	patients	treated	with	LMWHs	as	compared	to	UFH.44

Fondaparinux

Pharmacology,	Pharmacodynamics,	and	Monitoring
2 	 Fondaparinux	 is	 a	 synthetic	 analogue	 of	 the	 naturally	 occurring
pentasaccharide	 found	 in	 heparins.	 Fondaparinux	 selectively	 and	 irreversibly
binds	to	AT.	This	results	in	neutralization	of	factor	Xa,	which	ultimately	inhibits
thrombin	 formation	 and	 thrombus	 development.44	 After	 subcutaneous
administration,	 fondaparinux	 has	 a	 half-life	 of	 17	 to	 21	 hours	 in	 patients	with
normal	 renal	 function.	 Fondaparinux	 is	 excreted	 in	 the	 urine;	 clearance	 is
reduced	 in	 patients	 with	 renal	 impairment.	 Laboratory	 monitoring	 of
fondaparinux-specific	 anti-Xa	 assays	 is	 not	 recommended	 on	 a	 routine	 basis,
although	high	risk	patients	may	warrant	monitoring	(Table	92.11).44

TABLE	92.11



Oral	Direct	Factor	Xa	Inhibitor	Clinical	Pharmacology

Drug Indications
Dosing,
Timing,
Duration

Monitoring,
Precautions,	and
Contraindications

Apixaban
(Eliquis)

Reduce	the	risk
of	stroke	and
systemic
embolism	in
patients	with
nonvalvular	atrial
fibrillation

5	mg	orally
twice	daily.
Reduce	dose	to
2.5	mg	orally
twice	daily	in
patients	with	at
least	2	of	the
following
characteristics:
age	≥	80	years,
body	weight	≤
60	kg,	or
serum
creatinine
≥1.5	mg/dL

Monitoring

Signs	of	bleeding
CBC
Serum	creatinine
Anti-Xa	levels	in
patients	with
significant
renal/hepatic
impairment,	those
experiencing
bleeding	or
abnormal
coagulation
parameters,
pregnant	patients,
obese	or	low-weight
patients,	and
children	(agent
specific	assay
calibration	required)
LFTs	(apixaban	and
rivaroxaban)
Signs	of
neurological
impairment,
especially	in
patients	receiving
epidural/spinal
anesthesia	or
puncture

Precautions

Treatment	of
DVT	and	PE,	and
for	the	reduction
in	the	risk	of
recurrent	DVT
and	PE	following
initial	therapy.

10	mg	orally
twice	daily	×
7	d,	then	5	mg
orally	twice
daily.
After	at	least
6	mo	of
treatment	for
DVT	or	PE
then	2.5	mg
orally	twice
daily

DVT	prophylaxis
in	patients
undergoing	knee

2.5	mg	orally
twice	daily
Initial	dose	12-



or	hip
replacement
surgery

24	h	after
surgery	×	12	d
(knee)
×	35	d	(hip)

Indwelling	epidural
catheter
Neuraxial	anesthesia
or	spinal	puncture
Recent	spinal	or
ophthalmologic
surgery
History	of	recent
major	bleed
Congenital	or
acquired	bleeding
disorders
Hepatic	dysfunction
(apixaban	and
rivaroxaban)
Concomitant	use
with	strong
CYP3A4	and	P-
glycoprotein
inhibitors	and
inducers	(apixaban,
rivaroxaban,	and
edoxaban)
Mechanical	heart
valves	or	moderate-
to-severe	mitral
stenosis	(apixaban
and	edoxaban).

Contraindications

Severe	active
bleeding
Bacterial
endocarditis
Body	weight	less
than	50	kg	for
prophylactic	therapy
of	hip	fracture,	hip
replacement	or	knee

Heparin-induced
thrombocytopenia
with	or	without
thrombosisa

10	mg	twice
daily	for	7	d	or
until	platelet
count	recovery,
whichever	is
longer,
followed	by
5	mg	twice
daily

Edoxaban
(Savaysa)

Reduce	the	risk
of	stroke	and
systemic
embolism	in
patients	with
nonvalvular	atrial
fibrillation

60	mg	once
daily	in
patients	with
CrCl	>50
to	≤95	mL/min
Do	not	use	in
patients	with
CrCl	>
95	mL/min
30	mg	once
daily	in
patients	with
CrCl	15-
50	mL/min

Treatment	of
DVT	and	PE

>60	kg:	60	mg
orally	daily
after	5-10	d	of
parenteral
anticoagulant
≤60	kg:	30	mg
orally	daily	5-
10	d	of
parenteral



anticoagulant
P-glycoprotein
inhibitors:
30	mg	orally
daily
Renal	dose
adjustment:
CrCl	>
95	mL/min:
not
recommended
CrCl	95-
51	mL/min:	no
adjustment
CrCl	15-
50	mL/min:
30	mg	daily
CrCl	<
15	mL/min:
not
recommended

replacement	surgery,
or	abdominal
surgery;	increased
risk	for	major
bleeding	episodes
Fondaparinux-
related
thrombocytopenia
Hypersensitivity	to
agent	or	formulation
excipients
CrCl	<30	mL/min
(fondaparinux)
Severe	liver	failure
(apixaban)
Hepatic	dysfunction
with	coagulopathy
(rivaroxaban	and
edoxaban)

Fondaparinux
(Arixtra)

Treatment	of
VTE

<50	kg:	5	mg
SC	daily
50-100	kg:
7.5	mg	SC
daily
>100	kg:
10	mg	SC	daily

Renal
impairment:
consider
empiric	dosage
reduction
CrCl	50-
80	mL/min:
25%	reduction
in	total



clearance
CrCl	30-
50	mL/min:
40%	reduction
in	total
clearance
CrCl	<
30	mL/min:
contraindicated

Acute
symptomatic
superficial	vein
thrombosisa

2.5	mg	SC	QD
for	45	d

Prophylaxis	of
VTE	in	major
surgery	and	acute
medically	illa

2.5	mg	SC	QD

Rivaroxaban
(Xarelto)

Reduce	the	risk
of	stroke	and
systemic
embolism	in
patients	with
nonvalvular	atrial
fibrillation

20	mg	orally
daily	with	meal

Renal
impairment:
CrCl	15-
49	mL/min:
15	mg	orally
daily	with	meal
CrCl
<15	mL/min:
avoid	use

Treatment	of
DVT	and	PE,	and
for	the	reduction
in	the	risk	of
recurrent	DVT
and	PE	following
initial	therapy.

15	mg	orally
twice	daily	for
3	wk,	then
20	mg	orally
daily

Renal



impairment:
CrCl	<
30	mL/min:
avoid	use

DVT	prophylaxis
in	patients
undergoing	knee
or	hip
replacement
surgery

10	mg	orally
daily	for	5	wk
(hip)
2	wk	(knee)
a1st	dose
within	6-10	h
post	surgery

VTE	prophylaxis
in	acute
medically	ill

10	mg	once
daily	for	a	total
duration	of	31-
39	d	(including
hospitalization
and	post
discharge)

Peripheral	arterial
disease

2.5	mg	twice
daily;
administer	in
combination
with	daily	low
dose	aspirin

Renal
impairment:
CrCl	≥
15	mL/min:	no
adjustment
CrCl
<15	mL/min:
avoid	use

Acute	coronary
syndromesa

2.5	mg	twice
daily;
administer	in



combination
with	low	dose
aspirin
±clopidogrel

Renal
impairment:
CrCl	≥
30	mL/min:	no
adjustment
CrCl	<
30	mL/min:
avoid	use

Coronary	artery
disease;	stablea

2.5	mg	twice
daily;
administer	in
combination
with	low	dose
aspirin
±clopidogrel

Renal
impairment:
CrCl	≥
15	mL/min:	no
adjustment
CrCl	<
15	mL/min:
avoid	use

Superficial	vein
thrombosis,	acute
symptomatica

10	mg	once
daily	for
45	days

Renal
impairment:
CrCl	≥
30	mL/min:	no
adjustment



CrCl	<
30	mL/min:
avoid	use

Heparin-induced
thrombocytopenia
with	or	without
thrombosisa

15	mg	twice
daily	for	21	d
or	until	platelet
count	recovery,
whichever	is
longer,
followed	by
20	mg	once
daily

Betrixaban	was	recently	removed	from	the	commercial	market.
ACS,	acute	coronary	syndromes;	CBC,	complete	blood	count;	CrCl,	creatinine	clearance;	CYP,
cytochrome	P;	DVT,	deep	vein	thrombosis;	LFT,	liver	function	tests;	PE,	pulmonary	embolism;
VTE,	venous	thromboembolism.
aIndicates	off-label	use	of	medication.

Clinical	Indications
Fondaparinux	is	as	safe	and	effective	as	heparins	for	treatment	of	DVT	and	PE
and	 for	 thromboprophylaxis	 in	 surgical	 and	 medically	 ill	 patients.43
Fondaparinux	 is	 recommended	 for	 the	 prophylaxis	 and	 treatment	 of
thromboembolism	in	a	variety	of	clinical	settings	(Table	92.11),	and	may	be	an
option	for	thromboprophylaxis	and	treatment	in	the	setting	of	HIT.54,60,61

Complications	and	Bypass	of	Effect
Fondaparinux	 is	 contraindicated	 for	 patients	 with	 severe	 renal	 impairment
(calculated	creatinine	clearance	<30	mL	per	minute)	and	should	not	be	used	for
VTE	 prophylaxis	 in	 patients	weighing	 less	 than	 50	 kg.	 No	 antidote	 exists	 for
fondaparinux-related	 hemorrhage	 and	 reversal	 is	 further	 complicated	 by	 its
prolonged	half-life	 (Table	92.2).16	Recombinant	 factor	VIIa	 (rVIIa)	 can	bypass
the	 coagulation	 parameter	 blockade	 of	 fondaparinux,	 but	 the	 clinical
effectiveness	has	not	been	well	established.16	With	a	short	half-life	(2-3	hours),
rVIIa	 may	 require	 repeat	 dosing.	 The	 use	 of	 fondaparinux	 with	 neuraxial
anesthesia	 or	 analgesia	 should	 follow	 the	 protocols	 used	 in	 clinical	 trials	 as



closely	as	possible.29

Direct-Acting	FXa	Inhibitors

Pharmacology,	Pharmacodynamics,	and	Monitoring
Direct	oral	direct	Xa	inhibitors	are	the	newest	class	of	anticoagulants	in	clinical
practice.	 They	 selectively	 bind	 to	 the	 active	 site	 of	 factor	Xa	 and	 prevent	 the
interaction	 with	 prothrombin.43	 Compared	 to	 indirect	 Xa	 inhibitors	 such	 as
fondaparinux,	 these	 agents	 do	 not	 require	 antithrombin	 as	 a	 cofactor	 and
inactivate	both	free	and	clot	bound	factor	Xa.43

2 	 The	 oral	 direct	 Xa	 inhibitors	 differ	 in	 their	 pharmacokinetic	 parameters
(Table	 92.12).	 These	 agents	 have	 varying	 degrees	 of	 renal	 and	 hepatic
elimination,	 elimination	half-life,	 and	 susceptibility	 to	drug	 interactions.43	 Oral
direct	Xa	inhibitors	were	developed	to	provide	more	stable	pharmacokinetic	and
dynamic	 profiles	 that	 eliminate	 the	 need	 for	 routine	monitoring.	Nevertheless,
for	 patients	 undergoing	 invasive	 procedures,	 critically	 ill	 patients	 with	 altered
organ	 function,	or	patients	 experiencing	 severe	bleeding,	drug	monitoring	may
be	 necessary.42,62	 Oral	 direct	 Xa	 inhibitors	 alter	 aPTT	 and	 international
normalized	 ratio	 (INR)	 values;	 however,	 these	 tests	 cannot	 be	 used	 to	 reliably
monitor	 therapy.63	Measurement	of	plasma	concentrations	can	provide	accurate
means	 to	 assess	 drug	 levels	 and	 potential	 for	 effect,	 but	 are	 not	 routinely
available	in	most	institutions.62	Calibrated	chromogenic	anti-Xa	assays	provide	a
means	to	monitor	drug	effects;	however,	exact	therapeutic	targets	have	not	been
established	by	evidence-based	guideline	recommendations.42,63

TABLE	92.12

Oral	Direct	Factor	Xa	Inhibitor	Pharmacokinetics	and
Pharmacodynamics

Apixaban Edoxaban Fondaparinux Rivaroxaban

Molecular
weight	(Da)

460 548 1728 436

Bioavailability 50% >60% 100% 60%-100%



(increased
w/food)

Protein
binding

87% 54% 94%-97% >90%

Half-life	(h) 8-15 9-11 17-21 5-9

Cmax	(h) 1-4 1-3 2-3 2-4

Metabolism >50%
unchanged;
<32%	CYP
w/no	active
metabolites

Minimal Minimal 43%
unchanged;
∼30%
metabolites	in
urine

P-glycoprotein Yes Yes No Yes

CYP 15%
(CYP3A4)

<4%
(CYP3A4)

None 30%
(CYP3A4,
CYP2J2)

Clearance 2 	Renal
25%-27%
Fecal	>
50%
(unchanged)

2 	Renal
35%-50%
Fecal
50%-65%

2 	Renal	77% 2 	Renal	66%
(33%-36%
unchanged)
Fecal/biliary
28%	(7%
unchanged)

Betrixaban	was	removed	from	the	commercial	market.
Da,	dalton;	Cmax,	time	to	maximum	concentration;	CYP,	cytochrome	P.

Clinical	Indications
Available	 agents	 include	 apixaban,	 edoxaban,	 and	 rivaroxaban,	 which	 are
recommended	 for	 the	 prophylaxis	 and	 treatment	 of	 thromboembolism	 in	 a
variety	of	clinical	settings	(Table	92.11).22,42,54,64	Betrixaban	is	another	oral	agent
that	was	recently	discontinued	by	the	manufacturer	for	business	reasons.

Complications	and	Reversal	of	Effect



Bleeding	 is	 the	 major	 complication	 of	 oral	 direct	 Xa	 inhibitors.	 These	 agents
have	 demonstrated	 a	 lower	 rate	 of	 intracranial	 bleeding	 compared	 to	warfarin,
however	 the	 rates	 of	 gastrointestinal	 bleeding	 were	 higher	 compared	 to
warfarin.22,42	Administration	 of	 activated	 and	 inactivated	 prothrombin	 complex
concentrates	 (PCCs)	 and	 recombinant	 factor	 VIIa	 may	 lower	 PT/INR	 values,
however	 efficacy	 in	 reversing	 bleeding,	 and	 attendant	 prothrombotic
complications	 with	 these	 agents,	 are	 still	 under	 investigation	 (Table	 92.2).58
Currently	Andexanet	alfa,	a	modified	recombinant	form	of	factor	Xa,	is	the	only
available	 agent	 labeled	 for	 reversal	 of	 life	 threatening	 bleeding	 of	 patients
receiving	select	oral	direct	Xa	inhibitors.57,58	This	agent	acts	as	a	hemostatically
inactive	factor	Xa	decoy	that	binds	free	oral	direct	Xa	inhibitors	with	a	dosing
scheme	 based	 upon	 the	 patient’s	 individual	 dose	 and	 the	 duration	 since	 last
administration.58

Direct	Thrombin	Inhibitors

Pharmacology,	Pharmacodynamics,	and	Monitoring
DTIs	 include	 the	 older	 IV	 agents	 argatroban	 and	 bivalirudin,	 and	 the	 newest
agent	 to	 the	 class,	 dabigatran,	 which	 is	 orally	 administered.	 They	 exert	 their
antithrombotic	 effect	 by	 binding	 to	 the	 active	 site	 of	 thrombin	 and	 inhibiting
thrombin-catalyzed	 reactions.	 This	 prevents	 fibrin	 formation,	 activation	 of
coagulant	factors	V,	VIII,	XIII,	and	protein	C,	and	platelet	aggregation.44

Dabigatran	etexilate	is	a	small	molecule	oral	prodrug	with	low	bioavailability.
After	oral	administration	it	is	converted	to	its	active	form	dabigatran.	The	DTIs
differ	 considerably	 by	 their	 pharmacokinetic	 parameters	 (Table	 92.13).65,66
Bivalirudin	has	the	shortest	half-life,	making	it	a	particularly	useful	agent	during
the	procedural	or	periprocedural	period.	DTI	selection	is	predicated	on	patient-
specific	 characteristics	 including	 hemodynamic	 stability,	 hepatic	 function,	 and
renal	 function.	 Critically	 ill	 patients	 typically	 require	 lower	 doses	 than	 those
recommended	 by	 the	 manufacturer.44,65,66	 IV	 DTIs	 are	 monitored	 using	 aPTT
measured	every	6	hours	until	the	patient	has	sustainable	therapeutic	levels,	then
the	monitoring	frequency	can	be	extended.60	Similar	to	the	IV	DTIs,	dabigatran
prolongs	the	aPTT	and	the	INR;	however,	no	recommendations	are	available	on
using	 this	 parameter	 to	 guide	 therapy.	While	 ecarin	 clotting	 time	 or	 thrombin
time	(TT)	may	be	useful	laboratory	tests	for	monitoring	coagulation	during	DTI
therapy,	these	tests	are	not	widely	available	in	the	clinical	setting.42



TABLE	92.13

Direct	Thrombin	Inhibitor	Pharmacokinetic	and
Pharmacodynamics

Feature Dabigatran Argatroban Bivalirudin

Molecular
weight	(Da)

628 526 2180

FDA-
approved
indication

Stroke	prevention	in
nonvalvular	AF;
VTE	treatment	after
5-10	d	of	parenteral
therapy

Management	of
HIT,	or	use	in
patients	with	HIT
who	are
undergoing	PCI

Use	in	patients
with	or	at	risk	for
HIT	or	HITTS
who	are
undergoing	PCI

Bioavailability 3%-7% N/A N/A

Primary
elimination
route

Renal Hepatic Enzymatic

Elimination
half-life

12-17	h 39-51	min 10-24	min

Fraction
eliminated
unchanged	by
kidney	(%)

∼80 16 20

P-glycoprotein Yes No No

Laboratory
test	to	monitor

aPTT,	ECT aPTT,	ECT aPTT,	ACT,	ECT

Target	range N/A aPTT:	1.5-
3	×	control

aPTT:	1.5-
2.5	×	control

Effects	on
INR

Minimal	to	moderate Moderate	to
clinically
significant

Minimal	to
moderate



ACT,	activated	clotting	time;	AF,	atrial	fibrillation,	aPTT,	activated	partial	thromboplastin	time;	Da,
dalton;	ECT,	ecarin	clotting	time;	FDA,	U.S.	Food	and	Drug	Administration;	HIT,	heparin-induced
thrombocytopenia;	HITTS,	heparin-induced	thrombocytopenia	with	thrombosis	syndrome;	INR,
international	normalized	ratio;	PCI,	percutaneous	coronary	intervention;	VTE,	venous
thromboembolism;	N/A,	not	applicable.

Clinical	Indications
Argatroban	 and	 bivalirudin	 are	 indicated	 for	 prophylaxis	 of	 thrombosis	 for
patients	with,	or	at	risk	for,	HIT	undergoing	PCI.	Bivalirudin	is	also	indicated	in
the	 treatment	 of	 patients	 undergoing	 PCI	 as	 well	 as	 those	 with	 unstable
angina/NSTEMI	undergoing	PCI	 (Table	 92.14).54,66	Dabigatran	 is	 indicated	 for
the	 prevention	 of	 stroke	 and	 systemic	 embolism	 for	 patients	 with	 atrial
fibrillation,	for	the	treatment	of	VTE,	and	to	reduce	the	risk	of	recurrence.42

TABLE	92.14

Direct	Thrombin	Inhibitor	Clinical	Pharmacology

Drug Indications Dosing,	Timing,
Duration

Monitoring,
Precautions,	and
Contraindications

Argatroban Treatment	and
prophylaxis	of
HITT

0.5-1.2	µg/kg/min
continuous	IV
infusion	to	start
titration	to	goal	aPTT
between	50	and	85	s
Begin	VKA	therapy,
measure	INR	daily.
Stop	argatroban	when
INR	>	4.	Repeat	INR
in	4-6	hours,	if	INR	is
below	desired	range
then	resume
argatroban	infusion

Monitoring

Signs	of	bleeding
CBC
aPTT	(argatroban
and	bivalirudin)
(not	reliable
marker	with
dabigatran)
ACT
PT/INR	(false
elevation)
Modified
thrombin	clotting
time	(dabigatran)Treatment	of LD:	100	µg/kg	IV



ACS bolus
Initial	infusion:	1-3
µg/kg/min	for	6-72	h;
maintain	aPTT
between	50	and	85	s

Ecarin	clotting
time	(ECT)
(dabigatran)
Renal	function
(Bivalirudin	and
argatroban,
desirudin	and
dabigatran)
LFTs	(argatroban)

Precautions

Indwelling
epidural	catheter
Recent	major
spinal	or
ophthalmologic
surgery
History	of	recent
major	bleed	(GI,
intracranial,	etc.)
Congenital	or
acquired	bleeding
disorders
Recent
cerebrovascular
accident
Hepatic
impairment
(argatroban)
Renal	dysfunction
(all	agents)

Contraindications

Hypersensitivity
to	agent	or
formulation
excipients
Severe	active
bleeding

Bivalirudin
(Angiomax)

PCI LD:	0.75	mg/kg	IV
bolus	dose,	followed
by	an	infusion	of
1.75	mg/kg/h	for	the
duration	of	the
procedure

Renal	impairment:
CrCl	<	30	mL/min,
0.75	mg/kg	IV	bolus
dose,	then	1	mg/kg/h
should	be	considered
Hemodialysis:
0.75	mg/kg	IV	bolus
dose,	then
0.25	mg/kg/h	should
be	considered

Treatment	of
ACSa

LD:	0.1	mg/kg	IV
bolus,	followed	by
0.25	mg/kg/h.
Titration	to	aPTT	1.5-
2	times	control

Treatment	and
prophylaxis	of
HITTa

0.1-0.2	mg/kg/h,
titration	to	aPTT	1.5-
2	times	control

Dabigatran
(Pradaxa)

Reduce	the
risk	of	stroke
and	systemic
embolism	in
patients	with
nonvalvular

150	mg	orally	twice
daily	for	patients	with
CrCl	>30	mL/min
75	mg	orally	twice
daily	for	patients	with
CrCl	15-30	mL/min



atrial
fibrillation.

Mechanical
prosthetic	valve	or
valvular	heart
disease
(dabigatran).

Treatment	of
DVT	and	PE	in
patients	who
have	been
treated	with	a
parenteral
anticoagulant
for	5-10	d

150	mg	orally	twice
daily	after	5-10	d	of
parenteral
anticoagulation	for
patients	with	CrCl	>
30	mL/min

To	reduce	the
risk	of
recurrence	of
DVT	and	PE	in
patients	who
have	been
previously
treated

To	reduce	the
risk	of
recurrence	of
DVT	and	PE
following	hip
replacement

110	mg	orally	1-4	h
after	surgery	and	after
hemostasis	is
achieved,	then
220	mg	orally	once
daily	for	28-35	days
for	patients	with	a
CrCl	>	30	mL/min

ACS,	acute	coronary	syndromes;	ACT,	activated	clotting	time;	aPTT,	activated	partial
thromboplastin	time;	CrCl,	creatinine	clearance;	DVT,	deep	vein	thrombosis;	GI,	gastrointestinal;
HIT,	heparin-induced	thrombocytopenia;	HITT,	heparin-induced	thrombocytopenia	with
thrombosis;	INR,	international	normalized	ratio;	IV,	intravenous;	LD,	loading	dose;	LFT,	liver
function	tests;	MI,	myocardial	infarction;	PCI,	percutaneous	coronary	intervention;	PE,	pulmonary
embolism;	PT;	prothrombin	time;	VKA,	vitamin	K	antagonist;	VTE,	venous	thromboembolism.
aIndicates	off-label	use	of	medication.

Complications	and	Reversal	of	Effects



Bleeding	 is	one	 the	most	 serious	adverse	effects	of	DTI	 therapy.	A	humanized
monoclonal	 antibody	 fragment	 (Fab)	 that	 selectively	 binds	 to	 and	 inhibits	 the
activity	 of	 only	 dabigatran	 (idarucizumab)	 is	 currently	 commercially
available.57,67	No	specific	reversal	agents	are	available	for	the	other	agents	(Table
92.2).	Recombinant	factor	VIIa	has	been	reported	to	be	a	potential	option	in	the
reversal	 of	 DTI	 bleeding.58	 Removal	 of	 dabigatran	 with	 hemodialysis	 or
hemoperfusion	has	also	been	reported	to	reverse	its	effects.58

DTIs	 can	 produce	 elevation	 in	 the	 INR,	 an	 effect	 that	 is	 most	 pronounced
with	 argatroban,	 and	 magnified	 when	 coadministered	 with	 warfarin.	 This
laboratory	 interaction	 has	 misled	 clinicians	 to	 discontinue	 argatroban	 therapy
prematurely,	 predisposing	 patients	 to	 venous	 limb	 gangrene.66	With	 concurrent
administration,	the	argatroban	infusion	should	be	stopped	and	the	INR	measured
4	 to	 6	 hours	 later.	 If	 the	 INR	 is	 within	 therapeutic	 range	 on	 warfarin	 alone,
warfarin	monotherapy	can	be	continued,	otherwise	argatroban	therapy	should	be
resumed.66

Oral	Anticoagulants—Vitamin	K	Antagonists

Pharmacology,	Pharmacodynamics,	and	Monitoring
Warfarin,	a	vitamin	K	antagonist	(VKA),	inhibits	the	enzyme	vitamin	K	epoxide
reductase	complex	(VKORC),	which	converts	vitamin	K	to	an	active	form.	The
absence	of	vitamin	K	 reduces	 the	hepatic	production	of	 functional	 coagulation
thrombin,	VII,	IX,	and	X	and	the	regulatory	anticoagulant	proteins	C,	S,	and	Z.
Since	thrombin	has	a	longer	half-life	(60-72	hours)	compared	to	the	other	factors
(6-24	 hours),	 at	 least	 6	 days	 of	 warfarin	 treatment	 is	 required	 for	 an
antithrombotic	effect.68

Warfarin	 is	 extensively	 metabolized	 by	 the	 CYP450	 isoenzyme	 system
including	CYP2C9,	CYP1A1,	CYP1A2,	and	CYP3A4.	Several	genetic	variants
of	 CYP2C9	 and	 VKORC	 have	 been	 identified	 that	 may	 influence	 warfarin
clearance	and	dose	sensitivity.68

Among	 critically	 ill	 patients,	 alterations	 of	 coagulation	 factors,	 caused	 by
reduced	 dietary	 vitamin	K	 intake,	 hypoalbuminemia,	 antibiotic	 administration,
acute	hepatic	injury,	or	hypermetabolic	states,	will	impact	the	effects	of	warfarin.
Furthermore,	drug	 interactions	alter	warfarin	absorption,	clearance,	and	plasma
protein	 binding.	 The	 interactions	 could	 have	 either	 synergistic	 or	 antagonistic
effects.68

Warfarin’s	anticoagulant	effect	is	measured	using	the	INR.68	The	INR	uses	the



international	sensitivity	index	of	the	local	thromboplastin	reagent	to	standardize
the	laboratory	result.	The	INR	target	range	will	vary	based	on	indication	and	the
patient’s	 risk	 for	 thromboembolic	 and	 bleeding	 complications	 (Table	 92.15).
Nomogram-based	 warfarin	 dosing	 is	 considered	 safer	 and	 more	 effective	 for
reaching	 target	 INR	goals.	To	prevent	excessive	anticoagulation,	 loading	doses
are	 avoided	 and	 low	 doses	 are	 employed	 for	 the	 elderly.47	 Frequent	 INR
monitoring	is	necessary	during	initiation	of	therapy	until	steady	state	is	reached.

TABLE	92.15

Vitamin	K	Antagonist:	Warfarin	Clinical	Pharmacology

Drug Indications
Dosing,
Timing,
Duration

Monitoring,	Precautions,
and	Contraindications

Warfarin
(Coumadin)

Treatment	of
VTE

Initial
dosing:	2.5-
10	mg	Q24
hrs	(see
Precautions)
titrated	to
range	INR:
2.0-3.0;
target	of	2.5

Monitoring

Signs	of	bleeding
CBC
PT/INR
Genetic	testing	may	be
warranted.

Precautions

Lower	initial	dosing	(less
than	5	mg	may	be	warranted
in	patients	who	are
debilitated,	are
malnourished,	have
congestive	heart	failure
(CHF),	have	liver	disease,
have	had	recent	major
surgery,	or	are	taking
medications	known	to
increase	sensitivity	to
warfarin
Cerebrovascular	disease

Atrial
fibrillation

Initial
dosing:	2.5-
10	mg	Q24
hrs	(see
Precautions)
titrated	to
range	INR:
2.0-3.0;
target	of	2.5

s/p	MI Initial



dosing:	2.5-
10	mg	Q24
hrs	(see
Precautions)
titrated	to
range	INR:
2.0-3.0;
target	of	2.5

Coronary	disease
CYP2C9	and	VKORC1
genetic	variation
Moderate-to-severe
hypertension
Malignancy
Renal	impairment
Recent	trauma
Malignancy
Collagen	vascular	disease
Conditions	that	increase	risk
of	hemorrhage,	necrosis,
and/or	gangrene,	preexisting
Congestive	heart	failure
Severe	diabetes
Excessive	dietary	vitamin	K
Elderly	or	debilitated
patients	(lower	dosing	may
be	required)
Hepatic	impairment
Thyroid	disorders
Epidural	catheters
Infectious	diseases	or
disturbances	of	intestinal
flora,	such	as	sprue	or
antibiotic	therapy
Poor	nutritional	state
Protein	C	deficiency
HITT
Vitamin	K	deficiency

Contraindications

Hypersensitivity	to	warfarin
or	any	component	of	the
product
Pregnancy,	known	or
suspected
Spinal	puncture	and	other
procedures	with	potential	for

Mechanical
valve	in	the
atrial
position

Initial
dosing:	2.5-
5	mg	Q24
hrs	(see
Precautions)
titrated	to
range	INR
2.0-3.0;
target	of	2.5

Mechanical
valve	in	the
mitral
position

Initial
dosing:	2.5-
5	mg	Q24
hrs	(see
Precautions)
titrated	to
range	INR
2.5-3.5;
target	of	3.0

Mechanical
valve	in	both
the	atrial	and
mitral
position

Initial
dosing:	2.5-
5	mg	Q24
hrs	(see
Precautions)
titrated	to
target	INR
2.5-3.5;
target	of	3.0

Bioprosthetic Initial



valve	in	the
mitral
position

dosing:	2.5-
5	mg	Q24
hrs	(see
Precautions)
titrated	to
target	INR
2.0-3.0;
target	of
2.5	×	3	mo

uncontrollable	bleeding
Pericarditis	and	pericardial
effusion
Bleeding	tendencies	of	the
gastrointestinal,
genitourinary,	or	respiratory
tract
Gastrointestinal,
genitourinary,	or	respiratory
tract	ulcerations	or	overt
bleeding
Cerebrovascular	hemorrhage

HITT	=	heparin-induced	thrombocytopenia	with	thrombosis;	MI	=	myocardial	infarction;
VTE	=	venous	thromboembolism;	INR,	international	normalized	ratio;	PT,	prothrombin	time;	CBC,
complete	blood	count;	s/p,	status	post.

Clinical	Indications
Warfarin	is	effective	for	primary	and	secondary	prevention	of	venous	VTE,	for
prevention	of	systemic	embolism	in	patients	with	prosthetic	heart	valves	or	atrial
fibrillation,	and	for	prevention	of	stroke,	recurrent	infarction,	or	death	in	patients
with	acute	myocardial	infarction.54,68,69

Complications	and	Reversal	of	Effects
Treatment	with	warfarin	 increases	 the	 risk	of	major	bleeding	by	0.3%	 to	0.5%
per	 year	 and	 the	 risk	 of	 intracerebral	 hemorrhage	 by	 approximately	 0.2%	 per
year	 compared	 to	 controls.58	 Important	 risk	 factors	 for	 hemorrhage	 include
anticoagulant	 intensity,	 time	within	 therapeutic	 range,	 and	 patient	 age.	 Higher
goal	 INR	 (INR	 >	 3)	 has	 been	 directly	 associated	 with	 increased	 hemorrhage
rates.	 Based	 upon	 the	 clinical	 scenario,	 an	 elevated	 INR	 can	 be	 managed	 by
withholding	 therapy,	 decreasing	 dosing,	 or	 administration	 of	 reversal	 therapy
(Table	92.2).	For	patients	requiring	reversal,	available	therapies	include	vitamin
K,	 fresh	 frozen	plasma	 (FFP),	 PCC,	 and	 rVIIa.58	Vitamin	K	 is	 given	 orally	 or
parenterally.	Oral	vitamin	K	normalizes	supratherapeutic	INRs	more	rapidly	than
subcutaneous	 vitamin	 K,	 and	 correction	 of	 INR	 is	 faster	 with	 the	 IV	 route



compared	 to	 oral	 administration,	 and	 the	 IV	 route	 is	 both	 faster	 and	 more
complete	 than	 subcutaneous	administration.16,47,58,70	 For	 patients	with	 an	 INR	>
4.5	but	<10.0	and	no	significant	bleeding,	the	next	two	doses	of	warfarin	should
be	 held,	 and	 low	 dose	 (1-2.5	mg)	 oral	 vitamin	K	 administered.47	 For	 patients
with	an	INR	>	10,	the	vitamin	K	dose	can	be	increased	to	2.5	to	5	mg.68	While
2.5	mg	of	vitamin	K	can	reverse	the	effects	of	warfarin,	in	the	setting	of	serious
or	life-threatening	hemorrhage,	warfarin	should	be	held	and	vitamin	K	dosing	up
to	10	mg	should	administered	by	slow	IV	infusion.58

The	supplementation	of	coagulation	factors	with	FFP	or	PCCs	may	be	more
effective	for	cases	of	severe	bleeding	or	where	immediate	reversal	of	the	INR	is
necessary.58,71	 PCCs	 are	 available	 in	 several	 products	 globally	 with	 varying
degrees	of	factor	and	quantities.	PCCs	offer	faster	 reversal	 than	vitamin	K	and
reduced	 IV	 fluid	 volume	 compared	 to	 FFP.	 PCCs	 with	 activated	 factors	 (ie,
FEIBA)	 may	 have	 an	 increased	 risk	 of	 thrombosis	 compared	 to	 nonactivated
PCCs.72	Recombinant	 factor	VIIa	may	be	 an	option	 in	patients	with	 refractory
bleeding,	however	risk	of	prothrombotic	events	including	stroke	and	myocardial
infarction	 with	 rVIIa	 limit	 its	 use	 to	 life	 threatening	 bleeding.58,73
Nonhemorrhagic	adverse	events	of	warfarin	include	acute	skin	necrosis	and	limb
gangrene.	These	complications	are	typically	observed	on	the	third	to	eighth	day
of	therapy.68

For	patients	scheduled	for	surgery,	warfarin	may	be	continued,	interrupted	for
approximately	 5	 days,	 or	 replaced	 with	 short-term	 parenteral	 or	 subcutaneous
heparin	 bridge	 therapy	 depending	 on	 the	 patient’s	 risk	 for	 venous	 or	 arterial
thromboembolism.15	Warfarin	can	be	reinitiated	with	or	without	bridge	 therapy
after	 surgery.	 Recent	 findings	 suggest	 that	 the	 thromboembolism	 risk	 during
warfarin	treatment	interruption	may	be	overstated,	and	bridging	anticoagulation
unnecessary	in	select	patient	populations.74,75

For	 warfarin-treated	 patients	 receiving	 neuraxial	 anesthesia	 with	 an
indwelling	catheter,	 the	catheter	 should	be	 removed	when	 the	 INR	 is	 less	 than
1.5.	Patients	with	a	low	risk	of	bleeding	may	undergo	surgery	with	an	INR	of	1.3
to	1.5.29,76

FIBRINOLYTIC	THERAPY

Pharmacology,	Pharmacodynamics,	and	Monitoring
3 	 Fibrinolytic	 agents	 have	 been	 used	 clinically	 since	 the	 1950s	 when



streptokinase	 was	 shown	 to	 be	 effective	 in	 dissolving	 occlusive	 thrombi.
Fibrinolytic	 agents	 promote	 the	 conversion	 of	 plasminogen	 to	 plasmin,	 which
subsequently	 causes	 the	 degradation	 of	 fibrin	 clots.77	 Streptokinase	 and
urokinase	 are	 naturally	 occurring	 first-generation	 fibrinolytic	 agents.78
Recombinant	 tissue	 plasminogen	 activator	 (rt-PA	 or	 alteplase)	 is	 a	 second-
generation	fibrinolytic	 that	causes	 less	overall	systemic	depletion	of	 fibrinogen
and	plasminogen	compared	with	streptokinase	and	urokinase.	The	half-life	of	rt-
PA	 is	 less	 than	 5	 minutes	 when	 administered	 as	 a	 bolus	 followed	 by	 rapid
continuous	 infusion	 (Table	 92.16).	 Third-generation	 fibrinolytic	 agents	 are
synthetic	 agents	 with	 increased	 fibrin	 specificity	 compared	 to	 first-generation
fibrinolytics,	 and	 have	 extended	 half-lives	 compared	 to	 second	 generation	 rt-
PA.78

TABLE	92.16

Fibrinolytic	Pharmacokinetics	and	Pharmacodynamics

Streptokinase Urokinase Alteplase Reteplase

First
Generation

Second
Generation

Third
Generation

Source Group	C	β-
hemolytic	strep

Synthesized
from	urine
or	kidney
cell	tissue

Recombinant
DNA
technology

Recombinant
DNA
technology

Molecular
weight	(Da)

47,000 Variable 70,000 39,000

Administration Continuous
infusion

Continuous
infusion

Rapid
continuous
infusion

Sequential
bolus

Half-life 20-80	min 15-20	min 5	min 15-18	min

Da,	dalton.



Clinical	Indications
3 	 Fibrinolytic	 therapy	 is	 administered	 to	 patients	 with	 acute	 ischemic	 stroke,
VTE,	 acute	 MI,	 peripheral	 arterial	 occlusion,	 and	 to	 those	 patients	 requiring
venous	 catheter	 maintenance	 (Table	 92.17).54	 A	 clear	 role	 for	 fibrinolytic
therapy,	 compared	with	 surgical	 revascularization,	 for	 acute	 limb	 ischemia	has
yet	to	be	defined.	There	is	wide	variation	in	fibrinolytic	agents	employed,	doses
studied,	patient	populations,	and	endpoints	of	therapy.	The	greatest	benefits	have
been	shown	for	patients	presenting	with	acute	ischemia	of	<14	days	who	are	at
low	risk	for	 irreversible	 ischemia.79	A	common	use	for	 fibrinolytic	agents	 is	 to
clear	 thrombotic	 occlusions	 within	 central	 venous	 and	 dialysis	 catheters.	 This
therapy	 is	 both	 effective	 and	 safe	 since	 little	 to	 no	 active	 drug	 reaches	 the
systemic	circulation.80

TABLE	92.17

Fibrinolytic	Clinical	Pharmacology

Drug Indications
Dosing,
Timing,
Duration

Monitoring,
Precautions,	and
Contraindications

Alteplase
(Activase	and
CathfloActivase)

Acute	ST-
segment
elevation	MI

>67	kg
LD:	15	mg	IV
bolus,	followed
by	50	mg
infusion	over	30
min,	then	35	mg
infusion	over	60
min
(total	=	100	mg)

Monitoring

Signs	of	bleeding
CBC
Blood	pressure
ECG
Cranial	CT	scan,
improved
neurological
recovery	(acute
ischemic	stroke)
Cardiac	enzymes,
ECG,	resolution	of
chest	pain	(acute
myocardial
infarction)

<67	kg
LD:	15	mg	IV
bolus,	followed
by	0.75	mg/kg
infusion	over	30
min	(max



50	mg),	then
0.5	mg/kg	over
60	min	(max
35	mg)

Fibrinogen,
thrombin	time	(TT),
activated	partial
thromboplastin	time
(aPTT),
prothrombin	time
(PT);	at	baseline,	4
h	after	therapy
initiation,	and	TT
only	within	3	to	4	h
after	therapy

Precautions

Recent	major	or
minor	surgery
(within	10	d)
Cerebrovascular
diseases
Recent
gastrointestinal	or
genitourinary
bleeding
Recent	trauma
Hypertension:
systolic	BP	greater
than	or	equal	to
175-180	mm	Hg
and/or	diastolic	BP
greater	than	or
equal	to	110	mm
Hg
High	likelihood	of
left	heart	thrombus
Acute	pericarditis
Subacute	bacterial
endocarditis
Hemostatic	defects
Severe	hepatic	or
renal	dysfunction

Lysis	of
massive	and
submassive
PE

Routine
administration
for	PE	(non–
cardiac	arrest):
100	mg	IV
administered
over	2	h
During
cardiopulmonary
resuscitation:
50	mg	IV	single
dose
administered
over	5	min

Acute
ischemic
stroke
(within	3	h
of	symptom
onset)

0.9	mg/kg	IV
(not	to	exceed
90	mg	total	dose)
infused	over	60
min	with	10%	of
the	total	dose
administered	as
an	initial
intravenous	bolus
over	1	min

Acute
ischemic
stroke
(within	3-4.5
h	of
symptom
onset)
Exclusions:
Age	>	80	y:
evidence	of
taking	oral
anticoagulant



therapy,
baseline
NIHSS	score
>25;	history
of	stroke	and
diabetes

Pregnancy
Diabetic
hemorrhagic
retinopathy	or	other
hemorrhagic
ophthalmic
conditions
Septic
thrombophlebitis	or
occluded	AV
cannula	at	a
seriously	infected
site
Advanced	age
Patients	currently
receiving	oral
anticoagulants
Known	or
suspected	infection
in	the	catheter
during	use	for
catheter	clearance
Severe	neurological
deficit	(NIHSS
greater	than	22)
(ischemic	stroke)
Patients	with	major
early	infarct	signs
on	computerized
cranial	tomography
(ischemic	stroke)

Contraindications

Hypersensitivity	to
agent	or
formulation
excipients
Active	internal
bleeding

Peripheral
Arterial	or
venous
thrombosis

Catheter-directed
administration:
0.5-2	mg/h	by
transcatheter
intra-arterial
infusion	until
lysis	of	thrombus
per	local	protocol

Venous
catheter
occlusion

Weight	>	30	kg
2	mg/2	mL
Patient	weight	>
10	kg	but	<30	kg
–	110%	of	the
internal	lumen
volume,	not	to
exceed
2	mg/2	mL

Reteplase
(Retavase)

Acute	ST-
segment
elevation	MI

10	U	IV	bolus,
two	doses	give
30	min	apart

Venous
catheter
occlusiona

0.4	U/2	mL

Tenecteplase
(TNKase)

Acute	ST-
segment
elevation	MI
Lysis	of	high
and
intermediate

<60	kg:	30	mg
dose	
≥60	to	<70	kg:
35	mg	
≥70	to	<80	kg:
40	mg	



risk
pulmonary
embolism
due	to	right
ventricular
dysfunction
and
myocardial
injurya

≥80	to	<90	kg:
45	mg	
≥90	kg:	50	mg

Severe	uncontrolled
hypertension
Recent	intracranial
or	intraspinal
surgery	or	trauma
(within	3	mo)
Intracranial
neoplasm,
arteriovenous
malformation,	or
aneurysm
Known	bleeding
diathesis
History	of
cerebrovascular
accident
Evidence,
suspicion,	or	history
of	intracranial
hemorrhage
Seizure	at	the	onset
of	stroke	(ischemic
stroke)
Platelet	count	less
than	100,000/mm3

(ischemic	stroke)
Administration	of
heparin	with	48	h
preceding	the	onset
of	stroke	and	have
an	elevated
activated	partial
thromboplastin	time
at	presentation
(ischemic	stroke)

AV,	arteriovenous;	BP,	blood	pressure;	CBC,	complete	blood	count;	CT,	computed	tomographic;



ECG,	electrocardiography;	IV,	intavenous;	LD	=	loading	dose;	MI	=	myocardial	infarction;	NIHSS
=	National	Institutes	of	Health	Stroke	Scale;	PE	=	pulmonary	embolism.
aIndicates	off-label	use	of	medication.

Complications	and	Reversal	of	Effects
Bleeding	 is	 the	most	 common	 and	 severe	 complication	 of	 fibrinolytic	 therapy.
The	most	 common	areas	 of	 bleeding	 are	 the	gastrointestinal	 and	genitourinary
tracts	as	well	as	sites	of	interrupted	vascular	integrity,	including	catheter	access
sites,	 gingiva,	 and	 skin.81-83	 Various	 risk	 factors	 for	 hemorrhage	 have	 been
identified,	but	application	to	clinical	practice	is	limited.84

Patients	 receiving	 fibrinolytic	 therapy	 should	 be	 closely	 monitored	 for
intracerebral	 hemorrhage.	 Intracerebral	 hemorrhage	 should	 be	 suspected	 in
patients	 with	 sudden	 focal	 neurological	 deterioration	 (over	 minutes	 to	 hours),
decreased	 level	 of	 consciousness,	 new-onset	 headache,	 nausea,	 vomiting,	 or
acute	 increases	 in	 blood	 pressure	 during	 and	 within	 24	 hours	 of	 fibrinolytic
treatment.	 Prompt	 treatment	 should	 ensue	 with	 replacement	 of	 coagulation
factors,	 platelets,	 FFP,	 red	 blood	 cells,	 and	 aminocaproic	 acid.	 Adverse	 drug
events	include	allergic	reactions,	anaphylaxis,	fever,	and	hypotension.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	inhibitors	binds	reversibly	to	the	P2Y12	receptor?

A. 	Clopidogrel
B. 	Prasugrel
C. 	Ticagrelor
D. 	Ticlopidine

2. 	Which	of	the	following	factor	Xa	inhibitors	is	less	than	30%	cleared	by
the	kidneys?

A. 	Apixaban
B. 	Edoxaban
C. 	Fondaparinux
D. 	Rivaroxaban



3. 	Which	of	the	following	fibrinolytic	agents	has	the	shortest
pharmacokinetic	half-life?

A. 	Alteplase
B. 	Reteplase
C. 	Tenecteplase
D. 	Urokinase

Answers

1.	The	correct	answer	is	C.
Rationale:	Ticagrelor	binds	reversibly	to	the	P2Y12	receptor,	while	all	others

listed	bind	irreversibly	(choice	C	is	correct).	Consistent	with	its	reversible	mode
of	 action,	 ticagrelor	 is	 known	 to	 act	 faster	 and	 shorter	 than	 clopidogrel.	 This
means	 it	 has	 to	 be	 taken	 twice	 instead	 of	 once	 a	 day,	 but	 is	 more	 quickly
reversible	which	can	be	useful	before	surgery	or	in	the	event	of	side	effects.

2.	The	correct	answer	is	A.
Rationale:	 All	 of	 the	 direct	 oral	 anticoagulants	 are	 dependent	 on	 renal

clearance	to	some	degree,	so	bleeding	risk	may	be	higher	in	patients	with	renal
failure.	Apixaban	is	cleared	the	least	by	the	kidneys	(25%-27%)	so	it	may	be	as
safe	or	possibly	safer	than	coumadin	(choice	A	is	correct)	in	such	patients.	Other
rates	 of	 renal	 clearance	 are	 edoxaban	 (35%-50%),	 fondaparinux	 (77%),	 and
rivaroxaban	(66%).

3.	The	correct	answer	is	A.
Rationale:	The	half-life	of	alteplase	is	about	5	minutes	(choice	A	is	correct)

whereas	the	half-lives	of	other	agents	listed	may	be	15	to	20	minutes.
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Chapter	93
Critical	Care	of	Patients	with
Hematologic	Malignancies
Matthew	J.	Wieduwilt,	Lloyd	E.	Damon

KEY	POINTS:
1.	 The	most	frequently	reported	indications	for	ICU	admission	in

patients	with	hematologic	malignancies	are	respiratory	failure,
severe	sepsis,	neurological	impairment,	and	acute	renal	failure.

2.	 Standard	induction	chemotherapy	for	AML	using	3	days	of
intravenous	(IV)	anthracycline	(daunorubicin,	idarubicin)	or
anthracenedione	(mitoxantrone)	and	7	days	of	cytarabine	by
continuous	IV	infusion,	ideally	initiated	within	5	days	of	diagnosis	for
de	novo	AML,	leads	to	complete	remission	rates	of	60%	to	80%	in
young	adults	under	60	years	of	age	and	50%	in	patients	over
60	years	of	age.

3.	 Hyperleukocytosis	of	AML	is	frequently	associated	with	leukostasis
manifesting	as	respiratory	failure,	visual	disturbances,	intracranial
hemorrhage,	and	renal	failure.

4.	 Acute	promyelocytic	leukemia	(APL)	frequently	presents	with	acute
DIC	that	can	be	rapidly	fatal	due	to	intracerebral,	pulmonary,	or
gastrointestinal	(GI)	hemorrhage,	in	all	accounting	for	50%	to	60%	of
early	deaths.

5.	 Greater	than	70%	of	APL	patients	attain	prolonged	remissions	with
current	treatment	strategies.	Induction	chemotherapy	regimens
generally	combine	All	trans	Retinoic	Acid	(ATRA)	with	Arsenic
Trioxide	(ATO)	or	ATRA	with	an	anthracycline,	typically	idarubicin	or
daunorubicin.



6.	 The	hyperviscosity	syndrome	occurs	in	30%	of	patients	with
Waldenström	macroglobulinemia	(also	called	lymphoplasmacytic
lymphoma	with	IgM	monoclonal	gammopathy)	at	presentation	and	is
defined	by	the	presence	of	increased	serum	viscosity	with
neurological	symptoms	related	to	impaired	blood	flow	including
headache,	vertigo,	dizziness,	visual	impairment,	hearing	impairment,
tinnitus,	nystagmus,	stupor,	stroke,	dementia,	and	coma.

7.	 Emergent	plasmapheresis	is	indicated	for	symptomatic
hyperviscosity.	One	to	two	plasma	volumes	are	typically	exchanged
and	replaced	with	5%	albumin	in	patients	with	low	bleeding	risk	or
fresh	frozen	plasma	(FFP)	in	patients	at	high	risk	of	bleeding.

8.	 Autologous	T	cells	taken	from	patients	and	engineered	to	express
chimeric	antigen	receptors	composed	of	an	extracellular	short	chain
variable	fragment	of	a	monoclonal	antibody	against	CD19	combined
the	CD3	intracellular	signaling	domain	and	a	costimulatory	domain
are	highly	active	against	CD19-expressing	malignancies	such	as	B-
cell	ALL	and	chronic	lymphocytic	leukemia	where	response	rates	are
approximately	90%	and	45%,	respectively.1	Both	of	these	therapies
can	cause	a	potentially	fatal	cytokine	release	syndrome	(CRS)	of
variable	severity	ranging	from	fevers	and	flulike	symptoms	to
cardiovascular	collapse	requiring	vasopressor	support	and	even
intubation	for	respiratory	failure.	CRS	occurs	with	the	release	of
cytokines	such	as	IL-6,	IFN-γ,	IL-10,	and	others	seen	with	robust
activation	and	proliferation	of	T	cells.

INTRODUCTION
1 	 Although	 the	 incidence	 of	 aggressive	 hematologic	 malignancies	 like	 acute
myeloid	 leukemia	 (AML),	 acute	 lymphoblastic	 leukemia	 (ALL),	 and
intermediate-	and	high-grade	non-Hodgkin	lymphomas	is	 low,	these	potentially
curable	 diseases	 frequently	 require	 intensive	 care	 unit	 (ICU)	 management	 at
presentation	 to	 prevent	 early	mortality	 and	 achieve	 disease	 remission.	 Patients
with	 hematologic	 malignancies	 account	 for	 approximately	 2%	 of	 all	 ICU
admissions.2,3	 Approximately	 7%	 of	 patients	 with	 hematologic	 malignancies
admitted	to	the	hospital	will	become	critically	ill.4	The	most	frequently	reported



indications	 for	 ICU	 admission	 in	 patients	 with	 hematologic	 malignancies	 are
respiratory	 failure	 (26%-91%),	 severe	 sepsis	 (8%-64%),	 neurological
impairment	(14%-23%),	and	acute	renal	failure	(14%-23%).	For	all	critically	ill
patients	with	hematologic	malignancies,	ICU	mortality,	in-hospital	mortality	and
6-month	 mortality	 rates	 are	 23%	 to	 62%,	 54%	 to	 82%,	 and	 66%	 to	 83%,
respectively.2-13	Risk	 factors	 for	death	 in	 the	 ICU	 include	high	disease	 severity
score	(APACHE	II	[Acute	Physiology	and	Chronic	Health	Evaluation	II],	SAPS
II	 [Simplified	 Acute	 Physiology	 Score	 II],	 SOFA	 [Sequential	 Organ	 Failure
Assessment]),	poor	performance	status,	vasopressor	use,	 leukopenia,	 increasing
number	 of	 organ	 failures,	 and	 acute	 renal	 failure	 (see	Table	 93.1).	 In	 a	 large
prospective	study	of	1100	critically	 ill	patients	with	hematologic	malignancies,
earlier	 admission	 to	 the	 ICU	 and	 cancer	 in	 remission	 were	 associated	 with
improved	 hospital	 survival.13	 Notably,	 mechanical	 ventilation	 has	 not	 been
consistently	 associated	with	 increased	 risk	of	death	 for	 this	patient	population,
and	 some	 studies	 suggest	 improved	 outcomes	 with	 early	 endotracheal
intubation.3,14	 In	 addition,	 survival	 of	 patients	 with	 hematologic	 malignancies
admitted	 to	 the	 ICU	after	 chemotherapy	alone	vs	hematopoietic	 cell	 transplant
(HCT)	 are	 not	 different,	 suggesting	 that	 critically	 ill	 HCT	 patients	 should	 be
treated	aggressively	on	ICU	admission.15,16	In	fact,	when	matched	for	severity	of
acute	 illness	 upon	 ICU	 admission,	 survival	 of	 patients	 with	 hematologic
malignancies	and	nononcologic	patients	appears	to	be	similar.2

TABLE	93.1

Outcomes	of	Patients	with	Hematologic	Malignancies
Admitted	to	the	ICU

Number
of
Patients

ICU
Mortality
(%)

In-
Hospital
Mortality
(%)

Risk	Factors	for
Death Reference

7689 43 59 HCT,	Hodgkin
lymphoma,	severe	sepsis,
age,	length	of	hospital
stay	prior	to	ICU
admission,	respiratory

3



failure,	neurologic
failure,	renal	failure,
anemia

22 55 82 APACHE	II	score,
number	of	failing	organs,
mechanical	ventilation

5

60 – 78 APACHE	II	score	>	30,
number	of	failing	organs,
resistant	disease,
leukopenia

6

92 – 77 Progression	of
underlying	malignancy

7

78 26 – Number	of	failing
organs,	liver	failure

8

104 44 – SAPS	II	score,
mechanical	ventilation

9

124 42 54 Leukopenia,
vasopressors,	renal
failure

10

58 62 – SAPS	II	score,	SOFA
score

11

24 – 75 SAPS	II	score	>	66,	liver
failure,	neurologic
failure,	number	of	failing
organs

4

92 50 55 SAPS	II,	SOFA,	ODIN,
and	LODS	scores,
allogeneic	HCT,
neutropenia,	severe
sepsis,	vasopressor	use,
invasive	mechanical
ventilation

12

2



101 23 – SAPS	II	score,	SOFA
score,	mechanical
ventilation,	renal
replacement	therapy

1011 49 Multivariate:	cancer	not
in	remission,	time	to	ICU
admission	>24	h

13

APACHE	II,	Acute	Physiology	and	Chronic	Health	Evaluation	II;	HCT,	hematopoietic	stem	cell
transplant;	ICU,	intensive	care	unit;	LODS,	Logistic	Organ	Dysfunction	Score;	ODIN,	Organ
Dysfunction	and/or	Infection	Score;	SAPS	II,	Simplified	Acute	Physiology	Score	II;	SOFA,
Sequential	Organ	Failure	Assessment.

OVERVIEW	OF	HEMATOLOGIC	MALIGNANCIES

Acute	Myeloid	Leukemia
AML	 accounts	 for	 22%	 to	 54%	of	 hematologic	malignancy	 admissions	 to	 the
ICU.2,3,5,7-12	 Patients	 with	 AML	 may	 require	 ICU	 admission	 for	 disease-	 or
treatment-related	 complications	 including	 sepsis	 (frequently	 complicated	 by
neutropenia),	 bleeding	 caused	 by	 thrombocytopenia	 and	 occasionally	 acute
disseminated	intravascular	coagulation	(DIC)	and	multiple	organ	failure.

The	incidence	of	AML	in	the	United	States	is	3.5	cases	per	100,000	persons
per	 year	with	 approximately	 12,000	 new	 cases	 diagnosed	 annually.	More	 than
half	of	newly	diagnosed	AML	patients	are	over	65	years	of	age	and	a	third	are
older	 than	75	years.	Five-year	 survival	 rates	are	approximately	50%	for	adults
under	the	age	of	45	years	but	drops	to	less	than	10%	for	patients	over	the	age	of
65.17

AML	arises	from	the	acquisition	of	genetic	mutations	in	myeloid	precursors
or	 stem	 cells	 leading	 to	 various	 degrees	 of	 maturation	 arrest,	 unregulated
proliferation,	 and	 resistance	 to	 apoptosis.	 By	 the	 World	 Health	 Organization
2008	 classification	 system,	 the	 diagnosis	 of	 AML	 requires	 myeloid	 blasts	 to
comprise	20%	or	more	of	nucleated	cells	in	the	peripheral	blood	or	bone	marrow
except	 in	 cases	 of	AML	with	 the	 recurrent	 cytogenetic	 abnormalities	 t(15;17),
t(8;21),	 inv(16)/t(16;16),	myeloid	 sarcoma	 (a	 tumor	of	myeloblasts),	 and	 some
cases	 of	 erythroleukemia.	 The	 recurrent	 cytogenetic	 abnormalities	 t(15;17),
t(8;21),	 inv(16)/t(16;16)	 and	 normal	 cytogenetics	 accompanied	 by	 gene



mutations	in	NPM1	or	both	alleles	of	CEBP-α	confer	a	better	prognosis	in	terms
of	 risk	 of	 relapse,	 and	 the	 majority	 of	 patients	 obtain	 durable	 complete
remissions	 with	 chemotherapy	 alone.18	 Conversely,	 patients	 with	 poor	 risk
cytogenetics	 and	 those	with	normal	 cytogenetics	 accompanied	by	mutations	 in
the	 FLT3	 protooncogene	 have	 a	 low	 likelihood	 of	 durable	 remission	 with
chemotherapy	 alone	 and	 typically	 undergo	 allogeneic	 HCT	 in	 first	 complete
remission.18

2 	 Standard	 induction	 chemotherapy	 for	 AML	 using	 3	 days	 of	 intravenous
(IV)	anthracycline	(daunorubicin,	idarubicin)	or	anthracenedione	(mitoxantrone)
and	 7	 days	 of	 cytarabine	 by	 continuous	 IV	 infusion,	 ideally	 initiated	 within
5	days	of	diagnosis	for	de	novo	AML,	leads	to	complete	remission	rates	of	60%
to	80%	in	young	adults	under	60	years	of	age	and	50%	in	patients	over	60	years
of	age.	Postremission	therapy	is	tailored	to	pretreatment	risk	status,	performance
status,	 comorbidities,	 and	 age,	 and	 may	 consist	 of	 chemotherapy	 alone	 or
myeloablative	or	reduced-intensity	conditioning	allogeneic	HCT.19

Acute	Promyelocytic	Leukemia
4 	Acute	promyelocytic	leukemia	(APL)	accounts	for	5%	to	6%	of	all	AML	with
approximately	600	 to	800	new	diagnoses	made	each	year	 in	 the	United	States.
APL	 frequently	 presents	 with	 acute	 DIC	 that	 can	 be	 rapidly	 fatal	 due	 to
intracerebral,	pulmonary,	or	gastrointestinal	 (GI)	hemorrhage,	 in	all	accounting
for	 50%	 to	 60%	 of	 early	 deaths.	 Early	 suspicion	 and	 treatment	 of	APL,	 even
prior	 to	 definitive	 genetic	 diagnosis,	 is	 important	 to	 reduce	 the	 risk	 of	 life-
threatening	hemorrhage.20	Paradoxically,	 patients	 are	 also	 at	 risk	of	 thrombotic
events	 that	 complicate	 about	 10%	 to	 12%	 of	 cases,	 frequently	 in	 those	 with
expression	of	CD2,	CD15,	and	FLT3-ITD	mutation	APL	occurs	due	to	arrest	of
myeloid	 differentiation	 at	 the	 promyelocyte	 stage	 leading	 to	 accumulation	 of
leukemic	 promyelocytes	 in	 the	 bone	 marrow,	 blood,	 and	 tissues.
Morphologically,	 leukemic	 promyelocytes	 typically	 have	 variable	 nuclear
morphology	with	 bilobed	 or	 reniform	 nuclei,	 prominent	 cytoplasmic	 granules,
and	numerous	large	Auer	rods,	frequently	in	bundles.	Approximately	5%	of	APL
presents	 as	 a	 microgranular	 variant	 characterized	 by	 few	 or	 absent	 granules.
Patients	 with	 this	 microgranular	 variant	 tend	 to	 have	 higher	 presenting	 white
blood	 cell	 counts,	 placing	 them	 at	 higher	 risk	 of	 complications	 and	 relapse.
Except	 in	 rare	 instances,	APL	 is	characterized	by	 the	presence	of	 the	 recurrent
cytogenetic	 abnormality	 t(15;17)	 (q22;q12)	 leading	 to	 a	 promyelocytic
leukemia/retinoic	 acid	 receptor	 alpha	 (PML-RAR-α)	 fusion	 gene	 that	 can	 be
demonstrated	 by	 cytogenetic	 analysis,	 fluorescence	 in	 situ	 hybridization	 and



quantitative	reverse	transcription	polymerase	chain	reaction.	The	chimeric	PML-
RAR-α	protein	 is	 the	 target	of	 therapy	with	all-trans-retinoic	acid	(ATRA)	and
arsenic	 trioxide	 (ATO),	 agents	 that	 cause	 degradation	 of	 the	 PML-RAR-α
oncoprotein,	 thereby	 promoting	 terminal	 differentiation	 of	 leukemic
promyelocytes.21,22

The	 diagnosis	 of	 APL	 should	 be	 considered	 in	 any	 patient	 with	 a	 new
diagnosis	 of	 leukemia,	 especially	 if	 accompanied	 by	 clinical	 and	 laboratory
evidence	 of	 acute	DIC.	Urgent	 institution	 of	 treatment	with	 the	 differentiating
agent	 ATRA	 is	 indicated	 upon	 suspicion	 of	 APL	 to	 reduce	 the	 risk	 of	 fatal
bleeding.20	 Careful	 review	 of	 the	 peripheral	 blood	 smear	 from	 new	 leukemia
patients	 in	 consultation	 with	 hematologists	 and	 hematopathologists	 should	 be
performed	 to	 look	 for	 characteristic	 hypergranular	 leukemic	 promyelocytes.
Expedited	 performance	 of	 flow	 cytometry,	 specifically	 evaluating	 for
coexpression	of	CD34,	CD15,	and	CD13	on	 the	surface	of	 leukemic	cells,	can
aid	in	diagnosing	the	microgranular	variant	of	APL.

5 	Greater	than	70%	of	APL	patients	attain	prolonged	remissions	with	current
treatment	strategies.	Induction	chemotherapy	regimens	generally	combine	ATRA
with	 ATO	 or	 ATRA	 with	 an	 anthracycline,	 typically	 idarubicin	 or
daunorubicin.20,23	 ATO	 is	 highly	 active	 against	 APL	 and	 in	 combination	 with
ATRA	produces	complete	 response	 rates	over	90%.23	ATRA	or	ATO,	however,
may	cause	a	fatal	differentiation	syndrome	(DS)	characterized	by	fever,	dyspnea,
pulmonary	infiltrates,	pleuropericardial	effusions,	weight	gain,	peripheral	edema,
renal	failure,	and	hypotension.

Acute	Lymphoblastic	Leukemia
ALL	results	from	the	acquisition	of	genetic	mutations	of	lymphoid	progenitor	or
stem	cells	 resulting	 in	 the	arrest	of	cells	at	 an	early	 stage	of	differentiation.	 In
2009,	about	5760	people	were	diagnosed	with	ALL	in	the	United	States	with	a
median	age	of	13	years.	ALL	patients	comprise	9%	to	27%	of	ICU	admissions
for	hematologic	malignancies.2,3,5,7-12	The	10-year	survival	among	all	adults	with
ALL	is	less	than	30%.	Favorable	disease	characteristics	in	ALL	include	ages	1	to
15	years,	presenting	WBC	<	30,000	per	μL	for	B-cell	ALL	or	<50	to	100,000	per
μL	 for	 T-cell	 ALL,	 rapid	 achievement	 of	 complete	 remission,	 and	 minimal
residual	 disease	negativity,	whereas	 age	>	35	years	 is	 unfavorable.	Cases	with
t(9;22)/BCR-ABL	(Philadelphia	chromosome,	Ph),	representing	15%	to	20%	of
adult	 cases	 of	 ALL,	 or	 t(4;11)/MLL-AF4	 translocations	 typically	 fare	 poorly,
with	 historical	 survival	 rates	 of	 less	 than	 10%	 with	 chemotherapy	 alone	 and
long-term	survival	 after	 allogeneic	HCT	 ranging	20%	 to	45%.	The	addition	of



tyrosine	 kinase	 inhibitors	 targeting	 BCR-ABL1	 (eg,	 imatinib,	 dasatinib,
nilotinib)	 to	chemotherapy	for	Ph+	ALL	has	dramatically	 improved	survival	 in
patients	not	undergoing	allogeneic	HCT.

Clinical	 trial	regimens	in	the	last	decade	have	improved	complete	remission
rates	to	74%	to	93%	with	5-year	survival	rates	as	high	as	48%.	Therapy	for	ALL
typically	 spans	 2	 to	 3	 years	 and	 includes	 induction	 therapy,	 postremission
therapy,	 central	 nervous	 system	 (CNS)	 prophylaxis	 and	 maintenance
chemotherapy	for	patients	who	do	not	undergo	HCT.	Induction	therapy	for	ALL
typically	 combines	 vincristine,	 an	 anthracycline	 (eg,	 daunorubicin),	 and	 a
corticosteroid	 (prednisone	 or	 dexamethasone)	 typically	 with	 l-asparaginase
and/or	cyclophosphamide.	Prophylaxis	against	CNS	relapse	includes	intrathecal
chemotherapy	with	methotrexate	with	or	without	cytarabine	and	frequently	high-
dose	IV	methotrexate.	Postremission	therapy	typically	includes	the	same	agents
used	 in	 induction	 as	 well	 as	 methotrexate,	 cytarabine,	 and	 6-mercaptopurine,
among	other	 agents.	Maintenance	 therapy	consists	of	oral	methotrexate	 and	6-
mercaptopurine	 often	 with	 pulses	 of	 vincristine	 and	 corticosteroids.	 Imatinib,
dasatinib,	 and	 nilotinib	 inhibit	 the	 chimeric	 BCR-ABL1	 tyrosine	 kinase
produced	by	the	Ph	chromosome	and	improve	complete	remission	and	survival
rates	 in	 Ph+	ALL.	Allogeneic	HCT	 is	 often	 performed	 for	 adult	 patients	with
ALL,	although	recent	data	suggests	 that	patients	who	are	negative	for	minimal
residual	 disease	 at	 the	 completion	 of	 induction	 chemotherapy	may	 not	 require
allogeneic	HCT	to	maximize	likelihood	of	survival.24

Aggressive	Non-Hodgkin	Lymphomas
Diffuse	 large	 B-cell	 lymphoma	 (DLBCL)	 is	 an	 aggressive	 non-Hodgkin
lymphoma	of	intermediate	histological	grade	that	typically	presents	with	rapidly
enlarging	lymph	nodes	or	extranodal	masses	frequently	with	symptoms	of	organ
compromise	from	lymphomatous	 involvement	of	 extranodal	 sites.	Diagnosis	 is
typically	 made	 by	 excisional	 biopsy	 of	 a	 lymph	 node	 or	 mass	 showing	 large
lymphoid	 cells	 that	 completely	 efface	 lymph	 node	 architecture.	 Malignant	 B
cells	 express	 CD19,	 CD20,	 and	 CD22	 with	 variable	 expression	 of	 surface
immunoglobulin,	 CD5,	 and	 CD10.	 Common	 genetic	 abnormalities	 in	DLBCL
include	 constitutive	 expression	 of	 the	 transcriptional	 repressor	 Bcl-6,	 the
antiapoptotic	 protein	 Bcl-2,	 and/or	 the	 transcription	 factor	 c-myc.	 The
International	Prognostic	Index	for	aggressive	lymphomas	uses	five	unfavorable
variables	 to	 establish	 risk	 status:	 age	 greater	 than	 60	 years,	 poor	 performance
status,	 advanced	 stage	 (Ann	 Arbor	 Stage	 III	 or	 IV	 disease),	 extranodal
involvement	 at	more	 than	 one	 site,	 and	 elevated	 serum	 lactate	 dehydrogenase.



First-line	 combination	 chemotherapy	 with	 cyclophosphamide,	 doxorubicin,
vincristine,	 and	 prednisone	 (CHOP)	 in	 combination	 with	 the	 humanized
monoclonal	anti-CD20	antibody	rituximab	results	in	2-year	overall	survival	rates
of	70%	to	90%.

Burkitt	 lymphoma	 (BL),	 which	 has	 the	 fastest	 growth	 rate	 of	 any	 human
malignancy,	 is	 an	 aggressive	 non-Hodgkin	 lymphoma	with	 endemic,	 sporadic,
and	 immunodeficiency-associated	 clinical	 variants.	 BL	 typically	 presents	 with
rapidly	progressive	nodal	and	extranodal	disease,	commonly	in	the	abdomen	and
GI	 tract	 leading	 to	 nausea,	 vomiting,	 anorexia,	 bowel	 obstruction,	 and	 GI
bleeding.	 Advanced	 stage	 is	 common	 at	 diagnosis	 with	 bone	 marrow
involvement	 in	 30%	 to	 38%	 and	CNS	 involvement	 in	 13%	 to	 17%	 of	 adults.
Morphologically,	 lymphoma	 cells	 are	 medium-sized	 with	 deeply	 basophilic
cytoplasm	containing	cytoplasmic	 lipid	vacuoles	and	a	high	proliferative	 index
of	 greater	 than	 90%.	A	 leukemic	 variant	 exists	 and	 can	 be	 distinguished	 from
ALL	 by	 surface	 expression	 of	 immunoglobulin,	 CD20,	 and	 CD10,	 without
coexpression	of	TdT	or	CD34.	BL	is	genetically	characterized	by	chromosomal
translocations	that	lead	to	constitutive	expression	of	c-myc,	typically	t(8;14)	and
rarely	 t(2;8)	 or	 t(8;22).	 High-intensity,	 brief-duration	 chemotherapy,	 typically
with	cyclophosphamide,	doxorubicin,	vincristine,	and	antimetabolite-containing
regimens,	with	intensive	CNS	prophylaxis,	has	 led	to	1-year	remission	rates	as
high	 as	 86%.	 The	 bulky	 disease	 and	 high	 cell	 proliferation	 rates	 seen	 in	 both
DLBCL	 and	 BL	 place	 patients	 at	 high	 risk	 of	 tumor	 lysis	 syndrome,	 and
prophylactic	 treatment	 with	 allopurinol	 to	 prevent	 hyperuricemia	 is	 typically
given	prior	to	chemotherapy.

Other	Malignancies
Other	notable	hematologic	malignancies	frequently	requiring	ICU	level	care	are
multiple	 myeloma,	 Waldenström	 macroglobulinemia	 and	 myeloproliferative
neoplasms	 such	 as	 chronic	 myeloid	 leukemia,	 essential	 thrombocythemia,
polycythemia	 vera,	 and	 chronic	 idiopathic	 myelofibrosis.	 With	 multiple
myeloma,	spinal	cord	compression	may	occur	due	to	encroachment	of	the	spinal
canal	 by	 epidural	 plasmacytomas	 and/or	 from	 pathological	 fracture	 of	 spinal
vertebrae.	 Emergent	 imaging	 of	 the	 entire	 spine	 with	 magnetic	 resonance
imaging	 is	 required	 for	 diagnosis	 (Chapter	 94:	 Oncologic	 Emergencies).	With
Waldenström	 macroglobulinemia,	 high	 concentrations	 of	 monoclonal
immunoglobulin	 M	 (IgM)	 paraprotein	 in	 the	 serum	 can	 lead	 to	 the
hyperviscosity	 syndrome	 manifest	 as	 mucosal	 bleeding,	 confusion,	 seizures,
coma,	 visual	 disturbance,	 and/or	 headache	 as	 well	 as	 cryoglobulinemia,	 cold



agglutinin	 hemolytic	 anemia,	 and	 plasma	 volume	 expansion	 leading	 to
congestive	 heart	 failure.	 Myeloproliferative	 neoplasms	 may	 lead	 to	 life-
threatening	 hemorrhage	 or	 thrombosis,	 requiring	 critical	 care	 (Chapter	 94:
Oncologic	Emergencies).

DISEASE	AND	TREATMENT-RELATED
COMPLICATIONS

Hyperleukocytosis	and	Leukostasis
3 	 In	 AML,	 hyperleukocytosis,	 generally	 defined	 as	 a	 circulating	 blast	 count
greater	 than	 100,000	 per	 μL,	 occurs	 in	 5%	 to	 18%	 of	 patients	 at	 initial
presentation.	 Early	 mortality	 during	 initial	 treatment	 of	 patients	 with
hyperleukocytic	 AML	 ranges	 from	 5%	 to	 30%	 with	 advanced	 age,	 poor
performance	 status,	 coagulopathy,	 respiratory	 compromise,	 and	 organ	 failure
associated	 with	 early	 death.25	 Hyperleukocytosis	 of	 AML	 is	 frequently
associated	 with	 leukostasis	 manifesting	 as	 respiratory	 failure,	 visual
disturbances,	intracranial	hemorrhage,	and	renal	failure.

Leukostasis,	although	typically	associated	with	hyperleukocytosis,	can	occur
at	white	blood	cell	counts	less	than	50,000	per	μL	(likely	caused	by	interpatient
variability	 in	 leukemia	 cell	 biology	 and	 individual	 susceptibility).	 Myeloid
leukemic	 blasts	 are	 less	 deformable	 than	 mature	 white	 blood	 cells	 possibly
predisposing	to	formation	of	aggregates	of	cells	in	the	small	blood	vessels,	tissue
ischemia,	endothelial	damage,	and	 tissue	 infiltration.	 In	addition,	expression	of
specific	cell	 surface	adhesion	molecules	on	 leukemia	cells	and	endothelial	 cell
activation	by	cytokines	secreted	by	leukemic	blasts	may	play	important	roles	in
promoting	 leukostasis.	 For	 instance,	 the	 expression	 of	 CD56/NCAM	 on	 the
surface	 of	 leukemia	 cells	 in	 myelomonocytic	 AML	 correlates	 with	 the
development	 of	 leukostasis.26	 In	 vitro,	 myeloid	 blasts	 promote	 their	 own
adhesion	 to	 the	 vascular	 endothelium	 by	 upregulating	 expression	 of	 ICAM-1,
VCAM-1,	 and	 E-selectin	 on	 endothelial	 cells.27	 Expression	 of	 the	 cell	 surface
integrin	CD11c	on	the	surface	of	AML	blasts	is	associated	with	increased	early
death	 risk	 in	 the	 setting	 of	 hyperleukocytosis.28	 In	 ALL,	 hyperleukocytosis	 is
rarely	 associated	 with	 symptomatic	 leukostasis	 except	 with	 extreme
hyperleukocytosis	 (WBC	 >	 400,000	 per	 μL)	 possibly	 due	 to	 the	 smaller	 size,
easier	 deformability,	 and	 decreased	 vascular	 endothelium	 adherence	 of
lymphoblasts.	 In	AML	with	hyperleukocytosis,	most	 studies	have	not	 shown	a



demonstrable	 difference	 in	 complete	 response	 rates,	 disease-free	 survival	 or
overall	survival	after	treatment.	However,	the	presence	of	pulmonary	leukostasis,
hepatomegaly,	 hyperbilirubinemia,	 and	 hypofibrinogenemia	 are	 predictors	 of
poor	outcome	in	patients	with	hyperleukocytosis.25

Hydroxyurea	 at	 doses	 of	 20	 to	 30	 mg/kg/d	 or	 more	 can	 reduce	 peripheral
leukocyte	 counts,	 and	generally	 requires	 1	 to	 2	 days	 to	 take	 effect.	Red	blood
cell	transfusions	should	be	avoided	until	the	leukocyte	count	is	less	than	50,000
per	 μL	 to	 avoid	 ischemic	 events	 such	 as	 stroke	 or	 acute	 coronary	 syndrome.
Although	invasive,	leukapheresis	is	a	relatively	safe	procedure	and	is	frequently
used	in	combination	with	hydroxyurea	to	rapidly	lower	circulating	blast	counts
and	 theoretically	 decrease	 the	 risk	 of	 tumor	 lysis	 syndrome	 and	 progressive
leukostasis	 (Chapter	 95	 Therapeutic	 Apheresis:	 Technical	 Considerations	 and
Indications	in	Critical	Care).	Two	blood	volumes	(140	mL	per	kg)	are	processed
in	the	typical	leukapheresis	procedure.	Studies	have	failed	to	show	a	consistent
clinical	 benefits	 for	 the	 use	 of	 leukapheresis	 in	 hyperleukocytic	 leukemia,29,30
although	 some	 uncontrolled	 retrospective	 single	 institution	 studies	 show
reduction	of	early	mortality	among	patients	undergoing	leukapheresis	without	an
overall	 survival	 benefit.29	 A	 recent	 meta-analysis	 of	 21	 studies	 of
hyperleukocytic	 AML	 failed	 to	 show	 an	 early	 mortality	 benefit	 with
leukapheresis	 or	 early	 institution	 of	 low	 dose	 chemotherapy	 including
hydroxyurea.30	 For	 APL	 patients	 presenting	 with	 hyperleukocytosis	 and	 organ
failure,	 leukapheresis	 is	 contraindicated	 due	 to	 the	 risk	 of	 exacerbating	 acute
DIC,	initiating	vasomotor	instability,	and	increasing	induction	death.20

Hyperviscosity	Syndrome
6 	 The	 hyperviscosity	 syndrome	 occurs	 in	 30%	 of	 patients	 with	Waldenström
macroglobulinemia	 (also	 called	 lymphoplasmacytic	 lymphoma	 with	 IgM
monoclonal	 gammopathy)	 at	 presentation	 and	 is	 defined	 by	 the	 presence	 of
increased	serum	viscosity	with	neurological	symptoms	related	to	impaired	blood
flow	 including	 headache,	 vertigo,	 dizziness,	 visual	 impairment,	 hearing
impairment,	 tinnitus,	 nystagmus,	 stupor,	 stroke,	 dementia,	 and	 coma.31	 In
addition,	 mucosal	 bleeding,	 including	 GI	 hemorrhage,	 renal	 failure,	 and
congestive	heart	 failure	because	of	 plasma	volume	expansion	 and	 concomitant
anemia	may	occur.	Elevated	 serum	IgM,	with	 its	 large	pentameric	 structure,	 is
most	commonly	associated	with	hyperviscosity,	although	the	syndrome	has	been
reported	with	immunoglobulin	A,	immunoglobulin	G,	and	κ	light	chain	multiple
myeloma.	 Normal	 serum	 viscosity	 measures	 1.4	 to	 1.8	 centipoises	 and
symptomatic	hyperviscosity	typically	occurs	at	greater	than	4	centipoises.



7 	Emergent	plasmapheresis	is	indicated	for	symptomatic	hyperviscosity.	One
to	two	plasma	volumes	are	typically	exchanged	and	replaced	with	5%	albumin	in
patients	with	low	bleeding	risk	or	fresh	frozen	plasma	(FFP)	in	patients	at	high
risk	of	bleeding.	Symptoms	typically	resolve	quickly	but	neurologic	deficits	can
remain.	 Red	 blood	 cell	 transfusions	 should	 be	 avoided	 if	 possible	 until	 serum
viscosity	is	lowered	(Chapter	89:	Anemia	in	the	Critical	Care	Setting).	Definitive
treatment	for	 the	underlying	malignancy	should	be	instituted	quickly	to	control
paraprotein	 production.	 Procedural	 risks	 include	 depletion	 of	 clotting	 factors
when	 5%	 albumin	 is	 used	 as	 the	 exchange	 fluid,	 hypocalcemia	 from	 citrate
anticoagulant	 use,	 dialysis	 catheter-related	 infection,	 pneumothorax	 or
thrombosis,	 and	 complications	 from	FFP	administration	 including	 anaphylaxis,
blood-borne	infections,	and	transfusion-related	acute	lung	injury.

Bleeding
Bleeding	 in	 hematologic	 malignancies	 is	 a	 common	 cause	 of	 morbidity	 and
mortality.	 DIC	 and	 thrombocytopenia	 are	 common	 etiologies,	 but	 acquired
clotting	factor	deficiencies	can	also	predispose	to	life-threatening	hemorrhage.

Disseminated	Intravascular	Coagulation
Acute	DIC	is	a	common	cause	of	morbidity	and	mortality	during	the	treatment
of	many	hematologic	malignancies	and	is	especially	characteristic	of	APL	and	to
a	lesser	degree	other	forms	of	acute	leukemia.	Sepsis,	especially	gram-negative
sepsis	 occurring	 in	 the	 setting	of	 disease	 or	 treatment-related	 neutropenia,	 is	 a
common	 cause	 of	 DIC	 as	 well.	 Complicating	 the	 diagnosis	 of	 DIC	 is	 the
frequent	presence	of	hepatic	failure	due	to	malignant	 infiltration	of	 the	liver	or
treatment-related	 hepatotoxicity.	 Clinically,	 patients	 are	 at	 high	 risk	 of	 death
from	bleeding	and	can	develop	oozing	from	IV	lines	and	surgical	sites,	purpura,
pulmonary	 hemorrhage,	 intracranial	 hemorrhage,	 GI	 bleeding,	 and	 multiple
organ	failure.

Acute	DIC	results	from	pathological	coagulation	within	small	blood	vessels,
typically	 from	 the	 release	 of	 tissue	 factor	 or	 endotoxin	 exposure,	 leading	 to
unmitigated	 activation	 of	 coagulation	 and	 consumption	 of	 coagulation	 factors
and	platelets.	Depletion	of	 clotting	 factors	 and	platelets,	 activation	of	plasmin,
and	 the	 production	 of	 anticoagulant	 fibrin	 split	 products	 can	 lead	 to	 severe
bleeding.	 Laboratory	 hallmarks	 of	 acute	 DIC	 include	 thrombocytopenia,
prolongation	 of	 clotting	 times,	 hypofibrinogenemia,	 elevated	 fibrin	 split
products,	and	sometimes	schistocytes	on	the	peripheral	blood	smear.



The	 coagulopathy	 observed	with	 APL	 resembles	 acute	 DIC	 but	 with	 some
subtle	differences.	In	APL,	leukemic	cells	produce	tissue	factor	and	high	levels
of	 a	 cysteine	 protease	 called	 cancer	 procoagulant,	 both	 of	 which	 are
downregulated	 by	 ATRA	 treatment	 in	 primary	 and	 cultured	 leukemic	 APL
blasts.32-35	Tissue	factor	in	conjunction	with	activated	Factor	VII	activates	Factor
X,	 whereas	 cancer	 procoagulant	 can	 directly	 activate	 Factor	 X	 leading	 to
pathological	 coagulation.	 In	 addition,	 rapid	 death	 of	 malignant	 cells	 leads	 to
increased	thrombin	generation.36	Unlike	acute	DIC,	antithrombin	and	protein	C
levels	 are	maintained	during	 the	coagulopathy	of	APL.37	 Increased	 fibrinolysis
also	 complicates	 APL	 and	 can	 lead	 to	 bleeding.	 APL	 cells	 express	 both	 cell
surface	 u-PA	 (urokinase-plasminogen	 activator)	 and	 t-PA	 (tissue-plasminogen
activator).	u-PA	is	transiently	upregulated	upon	differentiation	of	leukemic	cells
with	 ATRA.38,39	 Dexamethasone	 administered	 with	 ATRA	 suppresses	 the
upregulation	of	u-PA.	Annexin	II	is	highly	expressed	on	leukemic	promyelocytes
and	 interacts	 with	 plasminogen	 and	 t-PA	 to	 increase	 plasmin	 production.40	 In
addition,	annexin	II	is	highly	expressed	on	cerebral	endothelial	cells	potentially
explaining	 the	 high	 rates	 of	 intracerebral	 hemorrhage	 in	 APL.41	 Notably,
treatment	with	ATRA	downregulates	 the	 expression	of	 annexin	 II	 on	 leukemic
promyelocytes.40

Reversal	 of	 acute	DIC	 requires	 effective	 treatment	 of	 the	 underlying	 cause.
Supportive	 care	 includes	 early	 management	 of	 sepsis	 including	 the
administration	 of	 broad-spectrum	 antibiotic	 coverage	 with	 antipseudomonal
activity	 for	 neutropenic	 patients	 and	 reversal	 of	 organ	 dysfunction	 when
possible.	 In	 the	 setting	 of	 APL,	 early	 institution	 of	 ATRA	 combined	 with
cytotoxic	 chemotherapy	 for	 high-risk	 patients	 with	 WBC	 >10,000	 per	 μL	 is
indicated	 to	 reduce	 the	 burden	 of	 leukemic	 promyelocytes.	 DIC	 typically
resolves	within	48	hours	of	initiation	of	ATRA	in	this	setting.

With	acute	DIC,	 frequent	monitoring	of	complete	blood	count,	prothrombin
time	(PT),	partial	thromboplastin	time	(PTT),	and	fibrinogen	three	to	four	times
a	day	 is	prudent	 to	monitor	 the	consumptive	process	and	guide	replacement	of
platelets	and	coagulation	factors.	In	patients	with	APL-associated	DIC	who	are
bleeding	or	who	are	at	high	risk	of	bleeding,	maintenance	of	platelet	count	above
30,000	 to	 50,000	 per	 μL	 and	 fibrinogen	 above	 100	 to	 150	 mg	 per	 dL	 with
platelet	and	cryoprecipitate	transfusions	has	been	recommended.20	FFP	also	may
be	given	to	reduce	the	prolonged	PT	and	PTT.	By	inhibiting	thrombin	and	factor
Xa,	 low-dose	heparin	(4-5	U/kg/h)	could	 theoretically	 improve	severe	bleeding
during	acute	DIC	by	limiting	fibrinogen	and	platelet	consumption,	plasminogen
activation,	 and	 fibrin	 split	 product	 production.	 Results	 of	 clinical	 studies,
however,	 have	 been	 equivocal,	 and	 routine	 use	 of	 heparin	 to	 prevent	 or	 treat



acute	DIC-related	bleeding	 is	not	universally	 standard.	Conversely,	 thrombosis
may	occur	during	acute	DIC,	and	in	this	setting,	the	administration	of	low-dose
heparin	 may	 be	 beneficial.	 The	 role	 of	 activated	 protein	 C,	 soluble
thrombomodulin,	tranexamic	acid,	and	aminocaproic	acid	in	the	management	of
DIC	 in	 hematologic	 malignancy	 patients	 is	 unclear.	 A	 meta-analysis	 of	 four
randomized	 controlled	 trials	 for	 patients	 with	 acute	 or	 chronic	 leukemias	 was
unable	 to	 show	 any	 benefit	 to	 the	 use	 of	 activated	 protein	 C,	 soluble
thrombomodulin,	or	 tranexamic	acid	 for	 treating	 leukemia	patients	with	DIC.42
Rare	 patients	with	 intractable	 bleeding	 despite	 standard	measures	may	 benefit
from	 tranexamic	 acid	 or	 aminocaproic	 acid	 but	 with	 a	 risk	 of	 microvascular
thrombosis	and	organ	failure.

Thrombocytopenia
Thrombocytopenia	among	patients	with	hematologic	malignancies	can	be	caused
by	 bone	 marrow	 infiltration	 by	 malignant	 cells,	 myelosuppression	 from
chemotherapy	 and	 other	 medications,	 bacterial	 sepsis,	 acute	 DIC,	 immune
thrombocytopenia,	and/or	hypersplenism	from	splenomegaly.	The	risk	of	major
hemorrhage	dramatically	increases	at	platelet	counts	less	than	5000	per	μL	and
the	use	of	prophylactic	platelet	transfusions,	starting	in	the	1970s,	typically	with
a	transfusion	threshold	of	20,000	per	μL,	reduced	the	frequency	of	fatal	bleeding
in	 this	 population	 to	 less	 than	 1%.	However,	 this	 strategy	 led	 to	 an	 increased
demand	for	platelet	concentrates.

The	 issue	 of	 the	 optimal	 platelet	 count	 to	 trigger	 a	 prophylactic	 platelet
transfusion	 has	 been	 addressed.	A	 2004	Cochrane	Database	 systematic	 review
included	 three	 prospective	 randomized	 studies	 comparing	 prophylactic	 platelet
transfusions	at	platelet	counts	of	10,000	per	μL	vs	20,000	per	μL.	None	of	these
studies	showed	significant	differences	of	severe	bleeding	events	or	mortality	but
the	studies	were	small	and	possibly	underpowered	to	show	noninferiority	of	the
lower	 transfusion	 threshold.43	 The	 risk	 of	 spontaneous	 hemorrhage	 in	 patients
without	 concomitant	 coagulopathy	 or	 acute	 DIC,	 platelet	 dysfunction,	 fever,
mucositis,	 or	 uncontrolled	 hypertension	 appears	 acceptable	 until	 platelets	 are
below	 10,000	 per	 μL.	 Safely	 minimizing	 the	 platelet	 dose	 per	 prophylactic
transfusion	 has	 been	 studied	 as	well.	 A	 2010	 study	 randomized	 1272	 patients
undergoing	 chemotherapy	 or	 HCT	 for	 hematologic	 and	 nonhematologic
malignancies	to	receive	1.1	×	1011,	2.2	×	1011,	or	4.4	×	1011	platelets	per	m2	of
body	 surface	 area	 to	 be	 given	 prophylactically	 for	 platelet	 counts	 less	 than
10,000	 per	 μL.	 The	 lowest	 dose	 group	 required	 fewer	 platelets	 overall	 but
required	 more	 transfusions	 (five	 vs	 three	 per	 patient	 per	 treatment	 course).



Bleeding	rates	of	all	grades	were	similar	between	the	groups	with	no	deaths	from
hemorrhage	in	the	low-	and	medium-dose	groups	supporting	the	use	of	low-dose
platelet	transfusions.44	Avoiding	drugs	that	cause	platelet	dysfunction	(especially
aspirin,	 nonsteroidal	 anti-inflammatory	 drugs	 [NSAIDs],	Cox-2	 inhibitors,	 and
clopidogrel),	 treating	underlying	coagulopathy,	and	 reversing	 renal	dysfunction
are	important	adjuncts	to	preventing	bleeding	among	thrombocytopenic	patients
as	well.

Acquired	von	Willebrand	Syndrome
The	acquired	von	Willebrand	syndrome	(aVWS)	results	from	a	reduction	in	the
level	 of	 von	 Willebrand	 factor	 (VWF)	 and	 may	 rarely	 occur	 in	 monoclonal
gammopathy	 of	 undetermined	 significance,	 Waldenström	 macroglobulinemia,
multiple	myeloma,	non-Hodgkin	lymphomas,	and	myeloproliferative	neoplasms,
especially	 essential	 thrombocythemia.	Treatment	of	 the	underlying	malignancy
to	decrease	tumor	burden	or	reduce	elevated	platelet	counts	is	generally	effective
for	resolving	acquired	von	Willebrand	disease.	Management	may	include	platelet
apheresis	 in	 the	 setting	 of	 extreme	 thrombocytosis	 and	 active	 bleeding.	High-
dose	 IV	 immunoglobulin	 (dose,	 1	 g/kg/d	 for	 2	 days)	 may	 be	 considered	 for
patients	with	lymphoid	neoplasms	who	have	inhibitory	antibodies	to	VWF.	For
treatment	of	acute	bleeding,	desmopressin	(dose,	0.03	μg	per	kg	IV)	or	purified
plasma-derived	 VWF/FVIII	 concentrates	 may	 be	 considered.	 Aspirin	 and
NSAIDs	should	be	avoided	until	aVWS	has	resolved.

Pulmonary	Complications
Mechanical	 ventilation	 is	 associated	 with	 poor	 outcomes	 of	 patients	 with
hematologic	malignancies.	Mortality	 ranges	 from	 39%	 to	 82%,	 although	most
studies	 of	 respiratory	 failure	 of	 patients	 with	 hematologic	 malignancies	 are
retrospective	and	have	failed	to	match	mechanically	ventilated	and	nonventilated
patients	 for	degree	of	 respiratory	compromise.	Hampshire	et	al.	 retrospectively
studied	 7689	 cases	 of	 hematologic	 malignancies	 requiring	 ICU	 admission	 in
England,	 Wales,	 and	 Northern	 Ireland.	 When	 matched	 for	 PaO2:FiO2	 ratios,
mechanically	ventilated	hematologic	malignancy	patients	had	reduced	mortality
compared	with	 nonventilated	 hematologic	malignancy	 patients	 (mortality	 67%
vs	85%	for	PaO2:FiO2	<	100	mm	Hg,	50%	vs	69%	for	PaO2:FiO2	100-199	mm
Hg).3	 In	 a	 smaller	 study,	 invasive	mechanical	ventilation	within	24	hours	 after
ICU	admission	was	associated	with	lower	mortality	rates	compared	with	patients



receiving	 noninvasive	 positive	 pressure	 ventilation.14	 After	 HCT,	 however,
patients	who	require	mechanical	ventilation	appear	to	fare	less	well.	Short-term
mortality	is	82%	to	96%	and	worsens	to	98%	to	100%	in	the	setting	of	combined
renal	 and	 hepatic	 failure.	 Only	 9%	 to	 14%	 of	 mechanically	 ventilated	 HCT
patients	are	alive	6	months	after	ICU	admission.

Diagnostic	 approaches	 to	 identify	 the	 etiology	of	 respiratory	 failure	 include
blood,	 urine,	 and	 sputum	 cultures,	 blood	 and	 urine	 infectious	 serologies,
diagnostic	 imaging,	 bronchoscopy,	 and	 surgical	 lung	 biopsy.	 Flexible
bronchoscopy	with	bronchoalveolar	lavage	(BAL)	detects	pulmonary	infections
among	approximately	50%	of	patients	with	hematologic	malignancies	presenting
with	 respiratory	 deterioration	 leading	 to	 a	 change	 of	 antimicrobial	 therapy	 for
38%	of	patients.45,46	In	one	study,	there	was	no	survival	advantage	of	BAL,	and
respiratory	 deterioration	 requiring	 mechanical	 ventilation	 occurred	 in	 36%	 of
patients	 as	 a	 short-term	consequence	of	BAL	highlighting	 the	need	 for	 careful
patient	 selection	 and	 the	 broad	 use	 of	 noninvasive	 diagnostic	 tests	 prior	 to
pursuing	 BAL.46	 In	 two	 retrospective	 studies	 of	 surgical	 lung	 biopsy	 among
hematologic	 malignancy	 patients	 with	 unexplained	 pulmonary	 infiltrates,	 a
specific	 diagnosis	was	made	 in	 62%	 to	 67%	 of	 patients	 and	 led	 to	 change	 in
therapy	 40%	 to	 57%	 of	 the	 time.	 A	 specific	 diagnosis	 was	 significantly
associated	 with	 decreased	 mortality	 for	 both	 studies	 (absolute	 reduction	 in
mortality,	29%-33%).47,48

Infection	 is	 the	 most	 common	 identifiable	 cause	 of	 respiratory	 distress	 in
hematologic	 malignancies.	 Pulmonary	 hemorrhage,	 diffuse	 alveolar	 damage,
pulmonary	 embolism,	 and	 congestive	 heart	 failure	 are	 the	 most	 common
identifiable	noninfectious	causes.	Pulmonary	 infections	are	 typically	caused	by
Pseudomonas	 aeruginosa,	 Staphylococcus	 aureus,	 and	 streptococcal	 species
with	Legionella	pneumophila	 and	mycobacterial	 infections	being	 less	 common
pathogens.	 Prolonged	 neutropenia	 from	 underlying	 disease	 or	 myelotoxic
chemotherapy	 places	 patients	 at	 risk	 of	 mycelial	 fungal	 pneumonia	 with
Aspergillus	 spp	 being	 the	 most	 common	 offenders.	 Patients	 with	 lymphoid
malignancies	 and	 those	 treated	 with	 allogeneic	 HCT	 are	 also	 at	 risk	 of
Pneumocystis	 jirovecii	 pneumonia	 and	 viral	 pneumonias	 including
cytomegalovirus	 (CMV)	 infection.	 Effective	 antimicrobial	 treatment	 can	 be
difficult	 for	 this	 group	 of	 patients	 as	 mixed	 infections	 and	 antimicrobial
resistance	are	common.	Ganciclovir	and	related	antiviral	agents	in	combination
with	IV	immunoglobulin	have	reduced	the	mortality	of	CMV	pneumonia	in	HCT
patients.49

Noninfectious	 etiologies	 of	 respiratory	 failure	 in	 patients	 with	 hematologic
malignancies,	 including	those	undergoing	HCT,	 include	cardiogenic	pulmonary



edema,	 diffuse	 alveolar	 hemorrhage	 (DAH),	 engraftment	 syndrome,	 idiopathic
pneumonia	 syndrome	 (IPS),	 bronchiolitis	 obliterans	 syndrome	 (BOS),
cryptogenic	 organizing	 pneumonia	 (COP),	 granulomatous	 inflammation	 and
malignant	infiltration	of	the	lungs.	Chemotherapeutic	agents	such	as	carmustine
(BCNU),	busulfan,	and	bleomycin	are	known	to	cause	lung	injury.	ICU	patients
with	 hematologic	 malignancies	 are	 also	 at	 high	 risk	 of	 pulmonary	 embolism
given	immobility,	active	malignancy,	and	frequently	DIC.

DAH	accounts	for	20%	to	30%	of	pulmonary	complications	after	allogeneic
HCT	and	 is	a	cause	of	early	death	 in	1.5%	of	patients	with	APL.	DAH	occurs
with	 hematopoietic	 engraftment	 in	 allogeneic	 HCT	 patients	 and	 presents	 with
cough,	hemoptysis,	declining	hemoglobin,	and	hypoxemia	with	diffuse	alveolar
filling	on	lung	imaging.	Serial	lavage	during	BAL	classically	shows	increasingly
bloody	 fluid	 return.	 Treatment	 for	DAH	 includes	 replacement	 of	 platelets	 and
coagulation	factors	to	maintain	hemostasis,	supportive	mechanical	ventilation	as
needed,	and	corticosteroids.	Small	retrospective	studies	support	the	use	of	high-
dose	corticosteroids	(methylprednisolone	30-1500	mg	per	day)	for	 treatment	of
DAH	after	allogeneic	HCT.	However,	a	recent	retrospective	single-center	study
of	119	patients	found	that	the	use	of	medium	to	high	doses	of	corticosteroids	was
associated	with	higher	ICU	mortality.50	Administration	of	parenteral	recombinant
activated	Factor	VII	has	been	associated	with	resolution	of	DAH	occurring	after
HCT	in	case	reports	and	series.51,52

In	addition	to	DAH,	early-onset	noninfectious	pulmonary	complications	after
allogeneic	HCT	include	pulmonary	engraftment	syndrome	and	IPS.	Pulmonary
engraftment	 syndrome	mimics	DAH	 and	 is	 characterized	 by	 fever,	 pulmonary
infiltrates,	hypoxia,	and	a	skin	rash	developing	early	after	HCT,	coinciding	with
recovery	of	 circulating	neutrophils	 (ANC	>	500	per	μL).	 It	 is	 typically	 a	 self-
limited	process	 lasting	1	 to	 2	weeks	 that	 is	 treated	with	 supportive	 care	 and	 a
short	 course	 of	 standard-dose	 corticosteroids	 (approximately	 1	 mg	 per	 kg
prednisone	or	 equivalent).53	 IPS,	which	occurs	 in	 about	 10%	of	HCT	patients,
presents	with	fever,	cough,	shortness	of	breath,	hypoxemia,	and	diffuse	bilateral
pulmonary	infiltrates	without	an	identifiable	infection	by	BAL.	IPS	occurs	after
hematopoietic	engraftment	with	a	median	onset	of	21	to	52	days	after	HCT	and
carries	a	60%	to	90%	mortality.	Pathologically,	the	syndrome	is	characterized	by
an	 interstitial	 infiltrate	 composed	 primarily	 of	 lymphocytes.	 In	 a	 study	 of	 15
patients	 with	 IPS,	 the	 combination	 of	 etanercept,	 a	 tissue	 necrosis	 factor-α
antagonist,	and	corticosteroids	given	at	2	mg	per	kg	daily	 (methylprednisolone
equivalent)	resulted	in	10	complete	responses	and	a	28-day	survival	of	73%.54

Late-onset	noninfectious	pulmonary	complications	after	HCT	typically	occur
more	than	3	months	after	stem	cell	infusion	and	include	BOS	and	COP	(formerly



referred	to	as	bronchiolitis	obliterans	with	organizing	pneumonia).	BOS	occurs
in	14%	of	allogeneic	HCT	patients	with	chronic	graft-vs-host	disease	(cGVHD).
BOS	is	a	manifestation	of	cGVHD	whereby	alloreactive	donor	T	cells	generate
fibromuscular	 proliferation	 of	 the	 walls	 of	 small	 airways.	 This	 produces	 an
obstructive	 physiology	 with	 air	 trapping	 and	 occasionally	 the	 need	 for
supplemental	 oxygen.	 There	 is	 no	 standard	 treatment	 for	 BOS	 beyond
immunosuppression	 for	 cGVHD,	 although	 aerosolized	 corticosteroids,	 oral
azithromycin,	 have	 been	 used	 and	 montelukast	 (a	 leukotriene	 receptor
antagonist).	 COP	 tends	 to	 occur	 late	 after	 allogeneic	 HCT	 and	 demonstrates
restrictive	pulmonary	physiology.	COP	is	associated	with	GVHD	and	may	be	a
manifestation	 of	 the	 disease	 itself.	 Some	 insult	 triggers	 inflammation	 of	 the
small	 airways	 causing	 a	 proliferative	 bronchiolitis	 and	 deposition	 of	 cellular
matrix	 materials	 into	 alveoli	 leading	 to	 hypoxemia.	 Unlike	 BOS,	 COP	 is
reversible	and	corticosteroid	responsive.

Common	 pulmonary	 processes	 complicating	 hematologic	 malignancies	 are
summarized	in	Table	93.2.

TABLE	93.2

Frequently	Encountered	Pulmonary	Complications	in
Hematologic	Malignancies

Complication Context Timing Diagnosis Management

Infection Neutropenia Variable:
<7	d	of
neutropenia:
bacterial,
Candida	spp	
>7	d	of
neutropenia:
bacterial,
fungal
including
Aspergillus
spp

Blood	cultures,
fungal
serologies,
BAL,	lung
biopsy
(transbronchial,
VATS,	open)
CXR/CT/HRCT

Empiric	antimicrobials
may	include	coverage
of	MRSA,	GNRs,
Pseudomonas
typical	and	atypical
bacterial	pathogens,
Candida	spp,
Aspergillus

HCT After Blood	cultures, Prophylaxis:



engraftment:
viral	including
CMV,	RSV,
Herpesviridae,
fungal,
bacterial,
mycobacterial,
Pneumocystis
jirovecii

fungal
serologies,
respiratory	virus
DFA	and	PCR,
CMV	PCR
(blood),	BAL,
lung	biopsy
(transbronchial,
VATS,	open)
CMV	shell
culture,	viral
PCR,	fungal,
bacterial,	and
mycobacterial
cultures	with
BAL	and	lung
biopsy
CXR/CT/HRCT

Herpesviridae:
Acyclovir/valacyclovir.
PCP:	TMP/SMX,
dapsone,	atovaquone
or	inhaled	pentamidine
Treatment:	Empiric
coverage	of	MRSA,
GNRs,	Pseudomonas
spp,	typical	and
atypical	bacterial
pathogens,	
spp,	Aspergillus
pending	diagnosis
Targeted	therapy	for
diagnosed	infection

Diffuse
alveolar
hemorrhage

DIC,	APL,
HCT

Anytime	until
DIC	resolves
First	3–4	wk
after
transplant,
around
engraftment

Cough,
hemoptysis,
hemoglobin
drop
CXR/CT/HRCT:
diffuse	ground
glass	opacities,
consolidations
BAL:
increasingly
bloody	return	on
serial	lavage

DIC:	treat	underlying
cause
Platelet	goal	>50,000/
μL
Fibrinogen	goal	>100–
150	mg/dL
HCT:	high-dose
corticosteroids,	platelet
goal	>50,000/μL,
correct	coagulopathy,
consider	recombinant
activated	Factor	VII

Drug	toxicity HCT
(carmustine,
busulfan)
Busulfan

3	mo–2	y	after
exposure

CXR/CT/HRCT:
ground	glass
opacities,
interstitial
pneumonitis
PFTs:	decreased
DLCO

Corticosteroids,
supportive	care



Pulmonary
engraftment
syndrome

HCT At	count
recovery
(ANC	>500/
μL)

Associated
findings:	fever,
rash

Self-limited	lasting	1–
2	wk
Corticosteroids

Idiopathic
pneumonia
syndrome

HCT 3	wk–4	mo
after	HCT

CXR/CT/HRCT:
interstitial
pulmonary
infiltrate

Corticosteroids
Consider	etanercept

Cryptogenic
organizing
pneumonia

HCT Late	(>100	d
after	HCT)

CXR/CT/HRCT:
bilateral	patchy
alveolar	filling,
areas	of	ground
glass	opacities
and
consolidation
PFTs:	restrictive
physiology

Corticosteroid
responsive
Reversible

Bronchiolitis
obliterans
syndrome

HCT,
chronic
GVHD

Late	(>100	d
after	HCT)

CT/HRCT:	air
trapping,
bronchiolitis
PFTs:
obstructive
physiology
Irreversible,
corticosteroids
may	slow
progression

Treat	underlying
GVHD
Azithromycin,	inhaled
corticosteroids,	and
montelukast

ANC,	absolute	neutrophil	count;	APL,	acute	promyelocytic	leukemia;	BAL,	bronchoalveolar
lavage;	CMV,	cytomegalovirus;	CT,	computed	tomography;	DFA,	direct	fluorescence	assay;	DIC,
disseminated	intravascular	coagulation;	DLCO,	diffusing	capacity;	GNR,	gram-negative	rod;
GVHD,	graft-vs-host	disease;	HCT,	hematopoietic	cell	transplant;	HRCT,	high-resolution
computed	tomography;	MRSA,	methicillin-resistant	Staphylococcus	aureus;	PCP,	Pneumocystis
jirovecii	pneumonia;	PCR,	polymerase	chain	reaction;	PFTs,	pulmonary	function	tests;	RSV,
respiratory	syncytial	virus;	TMP/SMX,	trimethoprim/sulfamethoxazole;	VATS,	video-assisted
thoracoscopic	surgery,	CXR,	chest	x-ray.

Infection



Chemotherapy	 for	 high-grade	 hematologic	 malignancies	 commonly	 causes
neutropenia	 and	 cellular	 and/or	 humoral	 immunosuppression.	Unless	 receiving
immunosuppressive	 chemotherapy	 agents	 (eg,	 fludarabine,	 cladribine),	 AML
patients	 typically	 retain	 adequate	 cellular	 and	 humoral	 immunity	 even	 during
periods	of	severe	bone	marrow	suppression.	Neutropenic	patients	are	susceptible
to	 infections	 by	 endogenous	 skin,	 genitourinary	 and	 GI	 tract	 flora	 as	 well	 as
hospital-acquired	 infections	 including	 nosocomial	 and	 ventilator-associated
pneumonias,	 central	 venous	 line	 infections,	 Clostridium	 difficile	 colitis,	 and
infections	 with	 Pseudomonas	 spp,	 Stenotrophomonas	 spp,	 Burkholderia	 spp,
vancomycin-resistant	enterococcus,	methicillin-resistant	S.	aureus	(MRSA),	and
extended-spectrum	β-lactamase-producing	gram-negative	organisms.	Prolonged
neutropenia,	 especially	 with	 concomitant	 corticosteroid	 administration	 or
diabetes	mellitus,	places	patients	at	risk	of	invasive	fungal	infections,	especially
Aspergillus	 spp.	 Immunosuppressed	 patients,	 particularly	 those	with	 lymphoid
malignancies	 and	 those	 undergoing	 allogeneic	 HCT,	 are	 at	 additional	 risk	 of
opportunistic	 infections	 such	 as	 P.	 jirovecii,	 herpes	 simplex	 virus,	 varicella-
zoster	 virus,	 and	 CMV.	 Treatment	 of	 febrile	 patients	 with	 neutropenia	 or
immunosuppression	involves	rapid	evaluation	for	infectious	causes	and	initiation
of	 empiric	 broad-spectrum	 antibiotic	 therapy	 with	 adequate	 coverage	 of	 P.
aeruginosa	 and	 MRSA.	 For	 patients	 with	 persistent	 fever	 and	 prolonged
neutropenia	 (>7	 days),	 the	 addition	 of	 antifungal	 therapy	 targeting	Aspergillus
spp	is	indicated.	Afebrile	neutropenic	patients	with	an	absolute	neutrophil	count
less	 than	 500	 per	 μL	 should	 receive	 daily	 prophylactic	 treatment	 with	 a
fluoroquinolone	antibiotic.	A	meta-analysis	of	95	trials	including	52	trials	using
fluoroquinolone	 prophylaxis	 showed	 that	 neutropenic	 patients	 receiving
fluoroquinolone	 prophylaxis	 had	 significant	 decreases	 in	 all-cause	 mortality,
infection-related	mortality,	fever	and	documented	infection	with	a	nonsignificant
trend	 toward	 increasing	 antimicrobial	 resistance.55	 The	 use	 of	 granulocyte-
stimulating	 growth	 factors	 (eg,	 G-CSF)	 in	 patients	 receiving	 myelotoxic
chemotherapy	 reduces	 total	 days	 of	 neutropenia	 and	 hospital	 length	 of	 stay
without	promoting	tumor	cell	growth	or	affecting	overall	survival.

Differentiation	Syndrome
DS,	formerly	referred	to	as	retinoic	acid	syndrome,	is	a	potentially	fatal	process
of	unclear	mechanism	(likely	detrimental	cytokine	storm)	 that	occurs	 in	2%	 to
27%	 of	 APL	 patients	 treated	 with	 ATRA	 or	 ATO.56	 Symptoms	 include	 fever,
peripheral	 edema,	 weight	 gain	 more	 than	 5	 kg,	 pleuropericardial	 effusions,
shortness	 of	 breath,	 interstitial	 pulmonary	 infiltrates,	 acute	 renal	 failure,	 and



hypotension	after	initiating	APL	treatment	with	the	differentiating	agents	ATRA
or	ATO.	The	diagnosis	requires	at	least	two	of	the	above	findings.	Moderate	DS
is	defined	as	having	two	to	three	of	the	above	findings,	whereas	severe	DS	has
four	 or	 more	 findings.	 Elevation	 of	 liver	 transaminases	 may	 also	 occur.
Symptoms	can	develop	at	any	time	within	the	first	4	weeks	of	treatment	with	the
highest	 incidence	 in	 the	first	and	 third	weeks	of	 treatment.	Risk	factors	 for	 the
development	 of	 severe	 DS	 include	WBC	 >	 5000	 per	 μL	 and	 elevated	 serum
creatinine.56

The	 diagnosis	 of	DS	 is	 difficult	 at	 times	 as	 frequent	 complications	 of	APL
and	 its	 treatment,	 such	 as	 pneumonia,	 pulmonary	 hemorrhage,	 heart	 failure,
acute	renal	failure,	and	sepsis,	can	mimic	the	syndrome.	Early	consideration	of
DS	is	important,	however,	so	that	prompt	treatment	with	dexamethasone	can	be
initiated.	 In	both	moderate	and	severe	cases,	dexamethasone	 is	given	at	10	mg
per	 os	 or	 IV	 twice	 a	 day.	 Although	 no	 controlled	 studies	 of	 dexamethasone
treatment	have	been	published,	since	the	inception	of	this	practice	the	mortality
rate	from	DS	has	dropped	to	less	than	1%	in	recent	studies.	In	moderate	cases,
ATRA	and/or	ATO	can	be	continued	safely	with	close	monitoring	for	worsening
symptoms.	In	severe	cases,	ATRA	and/or	ATO	are	held	until	symptoms	resolve
at	 which	 point	 it	 is	 generally	 safe	 to	 resume	 treatment.	 Administration	 of
chemotherapy	early	in	ATRA	treatment	has	been	shown	to	reduce	the	incidence
of	DS.57	Patients	with	high	suspicion	of	APL	and	a	WBC	>	10,000	per	μL	should
be	treated	immediately	with	cytotoxic	chemotherapy	in	addition	to	ATRA	prior
to	molecular	diagnosis	as	these	patients	are	at	especially	high	risk	of	severe	DS
and	 death	 during	 induction	 therapy.	 Even	 with	 improved	 recognition	 and
treatment,	26%	of	patients	in	the	LPA96	and	LPA99	trials	developing	severe	DS
died	during	induction	therapy,	11%	from	DS	alone.56

Cytokine	Release	Syndrome	and	Neurotoxicity
In	 recent	years,	 therapies	 attempting	 to	 engage	T	cells	with	 target	 cancer	 cells
have	 shown	 impressive	 activity	 in	 hematologic	malignancies.	The	bifunctional
T-cell	engaging	antibody	blinatumomab	joins	anti-CD3	and	anti-CD19	variable
regions	of	monoclonal	antibodies	with	a	peptide	linker	to	create	an	molecule	that
is	 able	 to	 engage	 T	 cells	 (through	CD3)	 directly	with	CD19-expressing	 target
cells	such	as	B-cell	lymphoblasts	and	B-cell	lymphoma	cells.	Autologous	T	cells
taken	 from	 patients	 and	 engineered	 to	 express	 chimeric	 antigen	 receptors
composed	 of	 an	 extracellular	 short	 chain	 variable	 fragment	 of	 a	 monoclonal
antibody	against	CD19	combined	the	CD3	intracellular	signaling	domain	and	a
costimulatory	 domain	 are	 highly	 active	 against	CD19-expressing	malignancies



such	as	B-cell	ALL	and	chronic	lymphocytic	leukemia	where	response	rates	are
approximately	90%	and	45%,	respectively.1

8 	 Both	 of	 these	 therapies	 can	 cause	 a	 potentially	 fatal	 cytokine	 release
syndrome	(CRS)	of	variable	severity	ranging	from	fevers	and	flulike	symptoms
to	cardiovascular	collapse	requiring	vasopressor	support	and	even	intubation	for
respiratory	failure.	CRS	occurs	with	the	release	of	cytokines	such	as	IL-6,	IFN-γ,
IL-10,	 and	 others	 seen	 with	 robust	 activation	 and	 proliferation	 of	 T	 cells.
Immune	 effector	 cell	 associated	 neurotoxicity	 syndrome	 (ICANS)	 is	 also
frequently	 seen	 with	 both	 therapies	 and	 can	 manifest	 as	 encephalopathy,
seizures,	and	neuropathies.	Optimal	prophylaxis	against	and	treatment	for	CRS
and	 ICANS	 are	 still	 evolving.	 The	 anti-IL-6	 antibody,	 tocilizumab,	 and
corticosteroids	are	currently	the	mainstays	of	treatment	for	CRS	and	ICANS.58,59
More	recently,	the	IL-1R	antagonist,	anakinra,	has	shown	promise	in	refractory
cases.60	 Supportive	 care	 measures,	 including	 antiseizure	 prophylaxis	 with
levetiracetam	 and	 prompt	 initiation	 of	 broad	 antibiotics	 to	 cover	 for	 potential
concomitant	infection,	are	also	recommended.59

Therapeutic	Agents
Treatment	 of	 aggressive	 hematologic	 malignancies	 typically	 requires	 toxic,
myelosuppressive	chemotherapy	regimens.	Patients	are	prone	to	life-threatening
bacterial	 and	 fungal	 infections	 as	 a	 result	 of	 prolonged	 neutropenia,	 bleeding
from	 thrombocytopenia,	 and	 organ	 failure	 from	 the	 toxic	 effects	 of
chemotherapy.	Selected	 toxicities	of	agents	commonly	used	 in	 the	 treatment	of
hematologic	malignancies	and	their	management	are	given	in	Table	93.3.

TABLE	93.3

Overview	of	Therapeutic	Agents	for	Hematologic
Malignancies

Drug Indication Mechanism Major	Toxicities

Anthracyclines,
anthracenediones

AML,	APL,
ALL,
lymphomas,
myeloma

Topoisomerase
II	inhibition,
reactive
oxygen

1.	 Vesicant
2.	 Cardiac	toxicity
3.	 Myelosuppression



species
generation

4.	 t-AML,	t-MDS	at	1–5	y	after
treatment

Cytosine
arabinoside
(cytarabine,	AraC)

AML,	ALL,
high-grade
lymphomas

Inhibits	DNA
polymerase,
incorporation
into	DNA

1.	 Myelosuppression
2.	 Acute	cytarabine	syndrome:

fever,	rash,	conjunctivitis,
myalgias	and	bone	pain	6–12	h
after	infusion.

3.	 High	dose	(>1	g/m2):	mucositis,
conjunctivitis,	enterocolitis,
rash,	neurotoxicity,	cerebellar
toxicity	(2%–3%,	>40%	with
CrCl	<60	mL/min)

All-trans-retinoic
acid	(ATRA)

APL Promotes
degradation	of
PML-RAR-α
oncoprotein

1.	 Differentiation	syndrome:	fever,
peripheral	edema,	weight	gain
more	than	5	kg,
pleuropericardial	effusions,
shortness	of	breath,	interstitial
pulmonary	infiltrates,	acute
renal	failure,	and	hypotension

2.	 Bone	pain,	arthralgias,
headache,	dry	skin,	rash,	nausea,
edema,	mouth	sores,	flulike
symptoms,	pseudotumor	cerebri,
Sweet	syndrome

Arsenic	trioxide
(ATO)

APL Promotes
degradation	of
PML-RAR-α
oncoprotein

1.	 Differentiation	syndrome
identical	to	ATRA

2.	 QTc	prolongation
3.	 Hypokalemia,	hypomagnesemia
4.	 Myelosuppression,	fatigue,

fever,	headache,	nausea,
vomiting,	diarrhea,	abdominal



pain,	chest	pain,	myalgias,	bone
pain,	hyperglycemia,	atrial
arrhythmias

Ifosfamide,
cyclophosphamide

High-grade
lymphomas,
myeloma,
hematopoietic
cell	transplant
conditioning

DNA
alkylation
causing	inter-
and	intrastrand
DNA	cross-
linking

1.	 Hemorrhagic	cystitis	due	to
acrolein	metabolite

2.	 Myelosuppression
3.	 Ifosfamide:	CNS	toxicity
4.	 Cyclophosphamide:	SIADH,

cardiotoxicity	(>200	mg/kg)
5.	 t-MDS	and	t-AML	3–5	y	after

treatment

Vincristine Lymphomas,
ALL 1.	 Vesicant

2.	 Sensory	motor	and	autonomic
neuropathy,	severe	constipation,
ileus,	small	bowel	obstruction,
hyponatremia

Methotrexate
(MTX)

ALL,
lymphomas

Inhibits
dihydrofolate
reductase

1.	 Myelosuppression,	hepatitis,
acute	renal	failure,	mucositis,
seizure

6-Mercaptopurine ALL,	APL
maintenance
therapy

Inhibits	de
novo	purine
synthesis,
DNA	and
RNA	synthesis

1.	 Myelosuppression,
immunosuppression,	GI
irritation,	biliary	stasis,
transaminitis

Escherichia	coli	l-
asparaginase

ALL Deamination
of	plasma 1.	 Venous	thrombosis	from



asparagine	and
glutamine

decreased	antithrombotic
factors,	cerebral	venous	sinus
thrombosis

2.	 Hypersensitivity	reactions
3.	 Hepatotoxicity,	pancreatitis,

hypoinsulinemia/hyperglycemia,
hypertriglyceridemia

Rituximab CD20+	B-cell
lymphomas,
CLL

Binds	to	CD20
on	the	surface
of	malignant
and	benign	B
cells

1.	 Hypersensitivity	reactions
2.	 Tumor	lysis	syndrome	(high	risk

with	circulating
lymphoma/leukemia	cells
>10,000/μL)

Blinatumomab B-cell	ALL Bifunctional
T-cell
engaging
chimeric
antibody
binding	CD3
and	CD19

1.	 Cytokine	release	syndrome
2.	 Neurotoxicity

CAR19	T	cells B-cell	ALL,
B-cell	non-
Hodgkin
lymphomas

T	cells
genetically
modified	to
express	a
chimeric
antigen
receptor
against	CD19

1.	 Cytokine	release	syndrome
2.	 Neurotoxicity
3.	 Prolonged	B-cell	aplasia

ALL,	acute	lymphoblastic	leukemia;	AML,	acute	myeloid	leukemia;	APL,	acute	promyelocytic
leukemia;	CAR,	chimeric	antigen	receptor;	CLL,	chronic	lymphocytic	leukemia;	CNS,	central
nervous	system;	CrCl,	creatinine	clearance;	CVC,	central	venous	catheter;	ECG;
electrocardiogram;	G-CSF,	granulocyte	colony-stimulating	factor;	GI,	gastrointestinal;	IV,
intravenous;	IVIG,	intravenous	immunoglobulin;	MESNA,	2-mercaptoethane	sulfonate	sodium;



PML-RAR-α,	promyelocytic	leukemia/retinoic	acid	receptor	alpha;	PO,	per	os;	SIADH,	syndrome
of	inappropriate	secretion	of	antidiuretic	hormone;	t-AML,	treatment-related	acute	myeloid
leukemia;	t-MDS,	treatment-related	myelodysplastic	syndrome.

Additional	 complications	 of	 malignant	 hematologic	 diseases	 or	 their
treatment,	 including	 tumor	 lysis	 syndrome	 and	 malignant	 epidural	 cord
compression,	 are	 discussed	 in	 detail	 in	 Chapter	 95:	 Therapeutic	 Apheresis:
Technical	Considerations	and	Indications	in	Critical	Care.

Selected	evidenced-based	approaches	for	managing	patients	with	hematologic
malignancies	are	presented	in	Table	93.4.

TABLE	93.4

Selected	Evidence-Based	Approaches	for	Hematologic
Malignancies

Clinical
Relevance Comparison Results Reference

ICU	outcomes

Patients	with
hematologic
malignancies
have	similar
mortality	to
nononcologic
patients	when
matched	for
disease	severity

Retrospective	study
of	101	consecutive
ICU	admissions	of
patients	with
hematologic
malignancies	vs
3808	nononcologic
admissions

Mortality	of
hematologic
malignancy	and
nononcologic	patients
similar	when	matched
for	SAPS	II	score
(OR	=	0.59,	95%
CI	=	0.32-1.08,
P	=	.09)

2

Hyperleukocytosis

Improved
short-term	but
not	long-term
survival	with
leukapheresis
in

Retrospective
analysis	of
leukapheresis	in	53
vs	no	leukapheresis
in	28	AML	patients
with

Reduced	21-d
mortality	in
leukapheresis	group
vs	no	leukapheresis
(16%	vs	32%,
P	=	.015).	No

29



hyperleukocytic
AML

hyperleukocytosis
(WBC	>100,000/
μL)

difference	in	overall
survival	(median	6.5
vs	7.5	mo)

Prophylactic	platelet	transfusion

Equivalent
bleeding	rates
with	platelet
transfusion
threshold
10,000/μL	vs
20,000/μL

Meta-analysis	of
three	prospective
randomized	trials

No	difference	in
mortality,	remission
rates,	severe	bleeding
events,	or	RBC
transfusion
requirements	between
two	threshold	levels.
Studies	potentially
underpowered
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Noninvasive	positive	pressure	ventilation

Improved
survival	with
addition	of
noninvasive
positive
pressure
ventilation	to
standard	care
alone	in
patients	with
early
hypoxemia

Prospective,
randomized	trial	of
52
immunosuppressed
patients	with	fever,
pulmonary
infiltrates,	and	early
hypoxemic
respiratory	failure
treated	with	NIPPV
vs	supplemental
oxygen-based
therapy	alone

NIPPV	superior	to
supplemental	oxygen-
based	therapy	alone
for	incidence	of
endotracheal
intubation	(2	vs	20
patients,	P	=	.03),
serious	complications
(13	vs	21,	P	=	.02),
death	in	the	ICU	(10
vs	18,	P	=	.03),	and
death	in	the	hospital
(13	vs	21,	P	=	.02)
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Invasive	ventilation

Improved
survival	with
early	intubation
of	hypoxemic
patients

Retrospective
analysis	of	166
consecutive	admits
requiring
mechanical
ventilation	with

Intubation	within	24	h
of	ICU	admission
associated	with
improved	survival
(OR	=	0.29,	95%
CI	=	0.11-0.78).

14



NIPPV	vs	IMV Survival	equivalent
between	NIPPV	and
IMV	when	matched
for	SAPS	II	score

Prophylactic	antibiotics	during	neutropenia

Use	of
prophylactic
antibiotics	in
afebrile
neutropenic
patients
improves
survival	and
supports	use	of
fluoroquinolone
prophylaxis.

Meta-analysis	of
100	trials	(10,275
patients)

Compared	to	placebo,
antibiotic	prophylaxis
associated	with
reduced	risk	of	death
(RR	=	0.66,	95%
CI	=	0.54-0.81),
infection-related
death	(RR	=	0.58,
95%	CI	=	0.45-0.74),
and	fever	(RR	=	0.52,
95%	CI	=	0.37-0.84).
Fluoroquinolone
prophylaxis	with
reduced	all-cause
mortality	(RR	=	0.52,
95%	CI	=	0.37-0.84)
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Growth	factors	for	neutropenia

G-CSF	shortens
duration	of
neutropenia
without
improving
overall
survival.

Prospective,
randomized	trial	of
G-CSF	vs	placebo
following	AML
induction
chemotherapy

Neutrophil	recovery
15%	earlier	in	G-
CSF-treated	patients
(P	=	.014).	No
difference	in	complete
remission	rates	or	6-
mo	survival
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Differentiation	syndrome

Early
institution	of
chemotherapy

Randomized,
prospective	analysis
of	rates	of

Incidence	of
differentiation
syndrome	18%	in

57



after	starting
ATRA	for	APL
reduces	the
incidence	of
differentiation
syndrome.

differentiation
syndrome	in	APL
patients	with	WBC
<5000/μL	treated
with	ATRA	until
complete	remission
followed	by
chemotherapy	vs
ATRA	with
chemotherapy
starting	day	3

ATRA	with	delayed
chemotherapy	vs
9.2%	in	ATRA	with
early	chemotherapy
(P	=	.035)

AML,	acute	myeloid	leukemia;	APL,	acute	promyelocytic	leukemia;	ATRA,	all-trans-retinoic	acid;
AUC,	area	under	the	curve;	CI,	confidence	interval;	G-CSF,	granulocyte	colony-stimulating	factor;
ICU,	intensive	care	unit;	IMV,	invasive	mechanical	ventilation;	NIPPV,	noninvasive	positive
pressure	ventilation;	OR,	odds	ratio;	RBC,	red	blood	cell;	RR,	relative	risk;	SAPS	II,	Simplified
Acute	Physiology	Score	II;	WBC,	white	blood	cell.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	All	of	the	following	are	frequent	indications	for	ICU	admission	in	patients
with	hematological	malignancies,	EXCEPT:

A. 	Acute	renal	failure
B. 	Induction	chemotherapy
C. 	Neurological	impairment
D. 	Severe	sepsis

2. 	Which	of	the	following	hematological	conditions	is	most	likely	to	present
with	disseminated	intravascular	coagulopathy	(DIC)?

A. 	Acute	myeloid	leukemia	(AML)
B. 	Acute	promyelocytic	leukemia	(APL)
C. 	Myelofibrosis	(MFP)
D. 	Polycythemia	vera	(PCV)

3. 	Which	of	the	following	therapies	would	be	most	expected	to	cause



cytokine	release	syndrome	(CRS)?

A. 	CAR	T-cell	therapy
B. 	Induction	chemotherapy	for	AML
C. 	Initial	chemotherapy	for	Burkitt	lymphoma
D. 	Plasma	exchange	for	Waldenström	macroglobulinemia

Answers

1.	The	correct	answer	is	B.
Rationale:	 Induction	 chemotherapy	 is	 not	 a	 common,	 primary	 reason	 for

admission	 to	 the	 ICU	 (choice	B	 is	 the	 “correct”,	wrong	 answer).	This	 therapy
can	 be	 done	 on	 the	 wards,	 and	 even	 outpatient	 induction	 is	 occurring	 more
frequently.	 The	 most	 common,	 reported	 indications	 for	 ICU	 admission	 in
patients	 with	 hematologic	 malignancies	 are	 respiratory	 failure,	 severe	 sepsis,
neurological	impairment,	and	acute	renal	failure.

2.	The	correct	answer	is	B.
Rationale:	 Acute	 promyelocytic	 leukemia	 (APL)	 frequently	 presents	 with

acute	 DIC	 that	 can	 be	 rapidly	 fatal	 due	 to	 intracerebral,	 pulmonary,	 or
gastrointestinal	hemorrhage	(choice	B	is	correct).	In	all,	this	accounts	for	50%	to
60%	 of	 early	 deaths.	 DIC	 would	 be	 an	 uncommon	 presentation	 for	 AML,
myelofibrosis,	or	polycythemia	vera.

3.	The	correct	answer	is	A.
Rationale:	In	CAR-T	therapy,	autologous	T	cells	are	taken	from	patients	and

engineered	 to	 express	 chimeric	 antigen	 receptors	 composed	of	 an	 extracellular
short	chain	variable	fragment	of	a	monoclonal	antibody	against	CD19	combined
with	the	CD3	intracellular	signaling	domain	and	a	costimulatory	domain.	These
cells	 are	 highly	 active	 against	 CD19-expressing	 malignancies	 such	 as	 B-cell
acute	 lymphoblastic	 leukemia	 (ALL)	 and	 chronic	 lymphocytic	 leukemia,	 with
CAR	T-cell	therapy	response	rates	of	approximately	90%	and	45%,	respectively.
However,	 a	 potentially	 fatal	 cytokine	 release	 syndrome	 (CRS)	 may	 occur,
ranging	 from	 fevers	 and	 flulike	 symptoms	 to	 cardiovascular	 collapse	 requiring
vasopressor	 support	 and	 even	 intubation	 for	 respiratory	 failure	 (choice	 A	 is
correct).	CRS	occurs	with	 the	 release	of	cytokines	 such	as	 IL-6,	 IFN-γ,	 IL-10,
and	others	seen	with	 robust	activation	and	proliferation	of	T	cells.	CRS	would
not	be	expected	to	complicate	induction	chemotherapy	for	AML	or	treatment	of
Burkitt	lymphoma	or	Waldenström	macroglobulinemia.
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Chapter	94
Oncologic	Emergencies
Shyam	A.	Patel,	Andrew	Gillis-Smith,	Sakiko	Suzuki

KEY	POINTS:
1.	 The	clinical	presentation	for	oncologic	emergencies	has	not	changed

over	the	past	50	years,	but	the	available	therapeutic	interventions
have	improved	considerably.

2.	 Therapy	for	SVC	syndrome	depends	on	the	etiology,	the	severity	of
symptoms,	the	acuity	of	presentation,	and	the	goals	of	treatment.

3.	 Prolonged	catheter	drainage	of	pericardial	effusion	can	achieve
durable	resolution	with	low	rates	of	recurrence.

4.	 Early	recognition	of	possible	cord	compression	is	key	to	prevent
serious	compromise	of	survival	and	functional	capacity.

5.	 Calcitonin	is	a	rapidly	acting	agent	useful	for	treating	hypercalcemia
of	malignancy	(HCM)	for	the	first	24	to	48	hours	while	awaiting	the
effects	of	bisphosphonates	and	treatment	of	the	underlying
malignancy.

6.	 The	risk	of	leukostasis	at	a	given	level	of	leukocytosis	is	higher	with
acute	myelogenous	leukemia	(AML)	than	Acute	Lymphocytic
Leukemia	(ALL),	because	of	the	larger	size	and	adhesion
characteristics	of	AML	blasts.

7.	 Rasburicase,	a	recombinant	urate	oxidase,	can	be	used	to	treat
tumor	lysis	syndrome	(TLS)	with	worsening	hyperuricemia	despite
preventive	strategies.

8.	 Cytokine	release	syndrome	(CRS),	a	systemic	hyperinflammatory
response	condition,	and	neurotoxicity	often	follows	chimeric	antigen
receptor-T	(CAR-T)	cell	therapy.

9.	 Tocilizumab,	an	IL-6	receptor	antagonist,	and	corticosteroids	are



useful	in	the	treatment	of	CRS	and	neurotoxicity.

INTRODUCTION
1 	 The	 clinical	 presentation	 of	 oncologic	 emergencies	 has	 not	 changed
dramatically	 over	 the	 past	 50	 years;	 however,	 the	 efficacy	 and	 variety	 of
therapeutic	 interventions	 have	 improved	 considerably.	 Because	 a	 patient’s
prognosis	has	a	significant	impact	on	the	choice	of	treatments,	it	is	of	paramount
importance	for	the	intensivist	and	the	care	team	to	determine	the	following:

a.	 Is	the	clinical	scenario	truly	emergent?
b.	 Is	the	syndrome	related	to	malignancy,	a	side	effect	of	treatment,	or	a

benign	process?
c.	 What	is	the	specific	tumor	that	is	responsible	for	the	syndrome?
d.	 What	is	the	stage	of	disease?
e.	 What	studies	are	necessary	to	establish	the	diagnosis?
f.	 What	are	the	wishes	of	the	patient	and	family?

The	 prognostic	 implications	 and	 the	 expected	 impact	 of	 treatment	 are	 then
weighed	and	appropriate	therapy	is	instituted	or	modified.

SUPERIOR	VENA	CAVA	SYNDROME

Physiology
The	superior	vena	cava	(SVC)	syndrome	develops	as	a	result	of	impaired	blood
return	 through	 the	SVC	to	 the	 right	atrium	caused	by	extrinsic	compression	or
internal	thrombus.	Obstruction	results	in	venous	hypertension,	with	the	severity
of	 ensuing	 signs	 and	 symptoms	 dependent	 on	 the	 site	 of	 obstruction	 and	 the
rapidity	with	which	the	block	occurs.	The	SVC	is	formed	by	the	union	of	the	left
and	 right	 brachiocephalic	 veins	 in	 the	 middle	 third	 of	 the	 mediastinum	 and
extends	 inferiorly	 for	5	 to	8	cm,	 terminating	 in	 the	 right	atrium	(Figure	94.1).
The	SVC	serves	as	the	principal	venous	drainage	for	the	head,	neck,	and	upper
extremities.	The	major	collateral,	the	azygous	vein,	joins	posteriorly	just	over	the
right	mainstem	bronchus	and	drains	the	posterior	thorax.	The	SVC	is	thin	walled
and	 is	 bounded	 by	 the	 mediastinal	 parietal	 pleura	 and	 the	 right	 paratracheal,
azygous,	 hilar,	 and	 subcarinal	 lymph	 nodes.	 As	 a	 result,	 it	 is	 extremely



susceptible	to	extrinsic	compression	by	adjacent	lymph	nodes	or	the	aorta,	with
subsequent	 stasis,	 occlusion,	 or	 thrombosis.	When	 obstruction	 occurs	 distal	 to
the	 azygous	 vein,	 collateral	 flow	 through	 the	 azygous	 can	 adequately
compensate	for	diminished	return.	However,	when	the	obstruction	is	proximal	to
the	 azygous,	 flow	 must	 completely	 bypass	 the	 SVC	 and	 return	 via	 internal
mammary,	 superficial	 thoracoabdominal,	 and	 vertebral	 venous	 systems	 to	 the
inferior	 vena	 cava.	 This	 more	 circuitous	 route	 results	 in	 significantly	 higher
venous	pressures,	which	can	result	in	interstitial	edema	of	the	head	and	neck	as
well	as	extrinsic	compression	of	the	larynx	or	trachea.

	

Figure	 94.1 	 Anatomic	 locations	 of	 superior	 vena	 cava	 (SVC)
obstruction	 leading	 to	 the	 SVC	 syndrome.IVC,	 inferior	 vena	 cava.
(Used	 with	 permission	 of	 Elsevier,	 from	 Skarin	 AT,	 ed.	 Atlas	 of
Diagnostic	 Oncology.	 2nd	 ed.	 Mosby;	 1996,	 permission	 conveyed
through	Copyright	Clearance	Center,	Inc.)

Etiology
The	 vast	 majority	 of	 patients	 with	 the	 SVC	 syndrome	 have	 bronchogenic
carcinoma,	 most	 commonly	 of	 the	 small	 cell	 histology	 (Table	 94.1).	 Non-
Hodgkin	 lymphoma,	 thymic	 neoplasm,	 and	 other	 neoplasms	 as	 well	 as
mediastinal	 lymph	 node	 metastases	 make	 up	 the	 remainder	 of	 the	 malignant
causes.	 Despite	 a	 high	 frequency	 of	 mediastinal	 involvement,	 patients	 with
Hodgkin	 lymphoma	 rarely	 present	 with	 SVC	 compression.	 Benign	 causes	 of
SVC	syndrome	exist	among	up	to	40%	of	cases	and	include	thrombosis	due	to



indwelling	 intravenous	 catheters	 or	 fibrosing	 mediastinitis	 from	 infectious
causes.1

TABLE	94.1

Primary	Diagnosis	in	125	Cases	of	SVC	Syndrome

Histology %	of	Cases Total	(%)

Lung	carcinoma 79

Small	cell 34

Squamous	cell 21

Adenocarcinoma 14

Large	cell/other 11

Lymphoma 14

Non-Hodgkin	lymphoma

Hodgkin	lymphoma

Other	malignancy 6

Adenocarcinoma

Kaposi	sarcoma

Seminoma

Acute	myelomonocytic	leukemia

Leiomyosarcoma

Reprinted	from	Armstrong	BA,	Perez	CA,	Simpson	JR,	et	al.	Role	of	irradiation	in	the
management	of	superior	vena	cava	syndrome.	Int	J	Radiat	Oncol	Biol	Phys.	1987;13:531-539,
with	permission	from	Elsevier.

Clinical	Manifestations



The	 presentation	 of	 SVC	 syndrome	 depends	 largely	 on	 the	 acuity	 of	 the
obstruction	 to	 flow.	 In	 patients	 with	 benign	 causes,	 extensive	 collateral	 flow
often	 develops	 that	 minimizes	 symptoms	 for	 months	 to	 years.	 Acute
compression	 by	 tumor	 or	 thrombosis	 does	 not	 allow	 time	 for	 collateralization,
and	venous	hypertension	inevitably	results	in	symptoms,	which	include	dyspnea,
cough,	 dysphagia,	 and	 edema	 of	 the	 face,	 neck,	 upper	 torso,	 and	 extremities.
Physical	 signs	 include	 jugular	 venous	 distention,	 edema	 of	 the	 face	 or	 upper
extremities,	 dilated	venous	 collaterals,	 plethora,	 stridor,	 and	 tachypnea.	Rarely,
SVC	 syndrome	 can	 lead	 to	 the	 serious	 sequela	 of	 cerebral	 edema	 resulting	 in
headaches,	confusion,	and	possibly	coma.

Diagnosis
Initial	 evaluation	 should	 include	 a	 chest	 radiograph	 and	 contrast-enhanced
computed	tomography	(CT)	to	confirm	the	clinical	diagnosis,	identify	a	potential
etiology,	 and	 localize	 the	 obstruction.	 Venography	 or	 magnetic	 resonance
imaging	(MRI)	may	be	appropriate	for	subsequent	evaluation	to	better	define	the
extent	of	obstruction,	particularly	when	stenting	of	the	obstruction	is	considered
(Figure	 94.2).	 Of	 note,	 focal	 hepatic	 contrast	 enhancement	 on	 CT	 has	 been
noted	among	patients	with	SVC	syndrome	due	to	collateralization	through	patent
remnants	of	the	umbilical	vein	or	of	the	musculophrenic	venous	system.2	These
abnormalities	 could	 be	 mistaken	 for	 metastatic	 disease	 and	 should	 be	 further
evaluated	 for	 patients	 in	 whom	 therapy	 would	 be	 changed	 in	 the	 presence	 of
isolated	metastases.	When	a	malignant	cause	of	SVC	obstruction	is	considered,
all	reasonable	efforts	should	be	made	to	obtain	diagnostic	material,	as	treatment
depends	 on	 the	 underlying	 histology.	 The	 approach	 may	 include	 sputum
cytology,	 bronchoscopy	 using	 endobronchial	 ultrasound-guided	 needle
aspiration,	 transthoracic	 needle	 aspiration,	 biopsy	 of	 palpable	 lymph	 nodes,
mediastinoscopy,	thoracotomy,	or	video-assisted	thoracoscopy.	Despite	concerns
regarding	surgical	complications,	morbidity	associated	with	surgical	procedures
necessary	 to	 procure	 a	 diagnosis	 is	 not	 substantially	 different	 from	 that	 of
patients	without	the	SVC	syndrome.3	With	rare	exceptions,	 it	 is	safe	 to	wait	 to
institute	 treatment	 until	 the	 underlying	 cause	 of	 the	 syndrome	 has	 been
established.	Clinicians	 at	Yale	University	 have	 proposed	 a	 grading	 scheme	 for
severity	of	SVC	syndrome	spanning	from	asymptomatic	to	life	threatening	based
on	the	presence	of	significant	cerebral	edema,	laryngeal	edema,	or	hemodynamic
compromise.	They	estimated	that	life-threatening	symptoms	requiring	immediate
intervention	 prior	 to	 diagnostic	 evaluation	 occur	 in	 only	 5%	 of	 cases	 of	 SVC
syndrome.4



	

Figure	 94.2 	 Upper	 extremity	 contrast	 injection	 demonstrating
severe	 narrowing	 of	 the	 superior	 vena	 cava	 (SVC)	 with	 the
development	 of	 multiple	 collaterals	 and	 inferior	 vena	 cava	 (IVC)
filling.

Treatment
2 	 Once	 the	 diagnosis	 is	 established,	 initiation	 of	 therapy	 for	 SVC	 syndrome
depends	 on	 the	 etiology,	 the	 severity	 of	 symptoms,	 the	 acuity	 of	 presentation,
and	 the	 goals	 of	 treatment.	 When	 patients	 are	 minimally	 symptomatic,	 the
azygous	 is	 patent,	 and	 treatment	 is	 focused	 on	 palliation;	 observation	 is	 a
reasonable	option.	Chemotherapy	is	the	treatment	of	choice	for	SVC	syndrome
due	 to	 small	 cell	 lung	 carcinoma,	 non-Hodgkin	 lymphoma,	 and	 germ	 cell
tumors.	Although	radiation	is	often	considered	in	addition	to	chemotherapy	even
when	palliation	 is	 the	primary	goal,	 80%	of	 these	patients	 have	 a	 complete	or
partial	 response	 of	 their	 symptoms	 to	 chemotherapy	 alone.5	 Other	 histologies
should	be	treated	with	endovascular	stent	placement,	radiation	therapy,	or	both.
Radiation	 therapy	 prior	 to	 biopsy	 has	 been	 associated	 with	 a	 significant
reduction	 in	 rates	 of	 histological	 diagnosis	 and	 should	 be	 avoided.6	 Although
external	 beam	 radiation	 effectively	 palliates	 symptoms	 for	 more	 than	 70%	 of
patients	within	2	weeks,7	 relapse	after	 radiotherapy	occurs	among	15%	to	30%
of	cases.

Endovascular	 stent	 placement,	 as	 a	 primary	 intervention,	 is	 a	 particularly
attractive	option	 for	patients	who	 lack	a	 tissue	diagnosis	and	whose	symptoms
on	presentation	require	a	rapid	palliative	intervention;	this	includes	all	patients,
regardless	of	histology,	who	present	with	airway	compromise	or	cerebral	edema.
SVC	stent	placement	can	provide	rapid	relief	of	symptoms	(within	48	hours	of



placement)	 for	 up	 to	 95%	 of	 patients	 with	 a	 primary	 patency	 rate	 of	 80%	 at
6	months.8	Some	authors	have	suggested	a	role	of	stent	placement	for	first-line
management	 of	 all	 patients	with	 SVC	 syndrome	 as	 outcomes	 are	 encouraging
with	 low	rates	of	complications,	but	no	randomized	controlled	 trials	have	been
published.9	 Anticoagulation	 after	 stent	 placement	 is	 controversial	 with	 recent
publications	 advocating	 the	 use	 of	 antiplatelet	 agents	 such	 as	 aspirin	 for	 3	 to
6	months	following	insertion.8,9

For	 patients	 with	 an	 established	 diagnosis,	 radiation	 therapy	 remains	 an
appropriate	 option.	 Many	 fractionation	 protocols	 have	 been	 used,	 with	 the
majority	 of	 patients	 receiving	 30	 Gy	 in	 10	 fractions,	 whereas	 patients	 treated
with	curative	intent	often	receive	50	Gy	in	25	fractions.	Although	high	doses	of
radiation	 have	 often	 been	 given	 early	 during	 the	 treatment	 course	 to	 achieve
rapid	tumor	response,	there	is	little	evidence	to	suggest	that	this	is	necessary.10	In
cases	 of	 SVC	 thrombosis	 with	 an	 indwelling	 catheter	 or	 pacemaker,
thrombolytic	agents	may	be	useful	as	primary	therapy	or	as	an	adjunct	 to	stent
placement.11	Additional	benefits	of	 thrombolytic	 therapy	or	 anticoagulation	 for
patients	treated	for	malignant	SVC	syndrome	have	not	been	well	established.

Surgical	resection	and	reconstruction	of	the	SVC	is	reserved	for	patients	with
benign	 disease	 or	 the	 rare	 patient	 with	 tracheal	 obstruction	 in	 the	 setting	 of
chemotherapy	or	radiotherapy-resistant	disease.

SVC	 syndrome	 has	 been	 thought	 to	 predict	 poor	 outcomes.	 However,	 the
presence	 of	 SVC	 syndrome	 is	 not	 a	 negative	 prognostic	 factor	 for	 small	 cell
carcinoma	 and	 lymphoma	 independent	 of	 the	 stage	 and	 bulk	 of	 disease,	 and
patients	should	be	treated	with	curative	intent	when	otherwise	appropriate.12

CARDIAC	TAMPONADE

Physiology
Cardiac	 tamponade	 results	 from	 accumulation	 of	 fluid	 within	 the	 pericardium
that	impairs	left	ventricular	expansion	during	diastolic	filling.	As	stroke	volume
drops,	 compensatory	 tachycardia	 occurs	 to	 offset	 progressive	 hypotension.
Ultimately,	 pressures	 equalize	 in	 the	 left	 atrium,	 pulmonary	 vasculature,	 right
atrium,	and	SVC,	and	circulatory	collapse	ensues.	As	with	SVC	syndrome,	 the
severity	 of	 symptoms	 is	 dependent	 on	 the	 speed	 of	 progression.	 Tamponade
occurs	when	the	pericardium	cannot	expand	due	to	impedance	of	venous	inflow.



Etiology
Malignancy	 is	 identified	 as	 the	 cause	 for	 up	 to	 40%	 of	 unselected	 patients
presenting	 with	 cardiac	 tamponade;	 the	 frequency	 with	 which	 tamponade
develops	as	the	initial	manifestation	of	the	patient’s	disease	has	led	to	standard
cytologic	 examination	 of	 all	 significant	 effusions.13,14	 Tumors	may	 involve	 the
pericardium	 by	 direct	 extension	 from	 intrathoracic	 organs	 or	 hematogenous
spread.	Malignancies	most	often	associated	with	pericardial	effusions	are	 lung,
breast,	 lymphoma,	 and	 leukemia.	 Pericardial	 effusions	 among	 patients	 with
cancer	are	due	to	pericardial	or	cardiac	involvement	among	60%	of	cases,	with
idiopathic	pericarditis	and	 radiation-induced	pericarditis	causing	32%	and	10%
of	cases,	respectively.15

Clinical	Manifestations
Common	 symptoms	 of	 pericardial	 effusion	 include	 dyspnea	 (85%),	 cough
(30%),	orthopnea	(25%),	and	chest	pain	(20%).	The	common	signs	of	pericardial
effusion	 are	 jugular	 venous	 distention	 (100%),	 tachycardia	 (100%),	 pulsus
paradoxus	(89%),	systolic	blood	pressure	of	less	than	90	(52%),	and	pericardial
friction	 rub	 (22%).16	 Plain	 films	may	 demonstrate	 cardiac	 enlargement	 among
more	 than	 half	 of	 cases,	 electrocardiography	 may	 reveal	 abnormalities
suggestive	 of	 pericarditis	 (low-voltage,	 ST-segment	 elevation)	 or	 electrical
alternans,	and	the	hemodynamic	effects	of	pericardial	fluid	can	be	demonstrated
by	bedside	ultrasonography.

Diagnosis
Echocardiography	 is	 the	 most	 useful	 means	 of	 rapidly	 detecting	 a
hemodynamically	 significant	 effusion.	 The	 echocardiographic	 findings	 of
pericardial	 tamponade	 are	 reviewed	 in	 Chapter	 17	 (Pericardiocentesis).
Echocardiography	also	allows	estimation	of	the	volume,	fluidity,	and	contents	of
the	effusion,	although	it	is	difficult	to	distinguish	tumor,	thrombus,	or	fibrinous
material	from	one	another.	Emergent	treatment	of	tamponade	invariably	involves
drainage	 of	 the	 effusion,	 and	 cytologic	 evaluation	 of	 the	 fluid	 provides	 a	 very
specific	 means	 of	 establishing	 a	 malignant	 etiology.	 The	 detection	 rate	 for
malignancy	by	pericardial	fluid	cytology	ranges	from	66%	to	90%,	and	certain
histologies,	 such	 as	 lymphoma	 and	 mesothelioma,	 are	 more	 difficult	 to
demonstrate	 by	 evaluation	 of	 pericardial	 fluid	 and	 may	 require	 evaluation	 of
surface	 or	 genetic	 markers.17,18	 Hemorrhagic	 effusions	 are	 more	 likely	 to	 be



related	to	malignancy.17	Pericardial	biopsy	is	occasionally	required	to	establish	a
diagnosis	for	difficult	cases	and	can	be	performed	under	local	anesthesia	using	a
subxiphoid	approach.

Treatment
3 	Cardiac	tamponade	requires	immediate	treatment	to	relieve	the	increased	end-
diastolic	pressure	and	inadequate	ventricular	filling.	Oxygen,	pressor	agents,	and
intravenous	fluids	to	improve	cardiac	output	should	be	provided	as	appropriate.
Inotropic	agents	 are	 frequently	 ineffective,	however,	because	a	 state	of	 intense
adrenergic	 stimulation	 is	 already	 present.19	 When	 airway	 management	 is
required,	 significant	 caution	 should	 be	 exercised	 because	 the	 positive
intrathoracic	pressure	that	results	from	initiation	of	mechanical	ventilation	places
patients	 with	 tamponade	 at	 particularly	 high	 risk	 of	 profound	 postintubation
hypotension.19	 Emergent	 pericardiocentesis	 is	 indicated	 for	 significant
hypotension,	 and	 it	 has	 been	 suggested	 that	 a	 pulse	 pressure	 of	 less	 than
20	 mm	 Hg,	 a	 paradoxic	 pulse	 greater	 than	 50%	 of	 the	 pulse	 pressure,	 and	 a
peripheral	 venous	 pressure	 above	 13	 mm	 are	 other	 absolute	 indications	 for
emergent	 intervention.20	Because	of	 the	high	 rate	of	 recurrent	 effusions	 after	 a
simple	 pericardiocentesis	 among	 patients	 with	 tamponade	 from	 malignancy,
additional	 therapies	 are	 generally	 indicated	 such	 as	 prolonged	 drainage	 until
daily	 output	 is	 less	 than	 25	 mL/d.	 Another	 option	 is	 to	 perform	 a
pericardiostomy	 (pericardial	 window)	 via	 a	 surgical	 approach	 or	 a	 balloon
catheter	 to	 drain	 the	 pericardial	 fluid.	 One	 retrospective	 study	 that	 compared
outcomes	of	118	patients	undergoing	simple	pericardiocentesis	alone	with	those
of	 18	 patients	 undergoing	 pericardiocentesis	 followed	 by	 pericardial	 surgery
reported	that	the	pericardiocentesis	group	patients	had	a	recurrence	rate	of	36%,
whereas	 none	 of	 the	 patients	 in	 the	 latter	 group	 had	 recurrence.21	 Prolonged
catheter	drainage	has	been	reported	to	achieve	durable	resolution	of	pericardial
effusion	 with	 recurrence	 rate	 as	 low	 as	 12%,	 but	 with	 a	 much	 lower	 rate	 of
complications	 compared	with	 a	 pericardiotomy	 group.22	 A	 recent	 retrospective
multicenter	 study	 also	 suggested	 that	 patients	 had	 superior	 outcomes	 when
systemic	chemotherapy	was	combined	with	a	pericardiostomy	rather	than	simple
pericardiocentesis	or	pericardial	drainage.23

Radiation	therapy	is	noninvasive	and	allows	treatment	of	the	majority	of	the
pericardium	but	carries	a	theoretical	risk	of	radiation-induced	pericarditis.	As	a
single	modality,	 radiation	controls	pericardial	 effusion	 in	67%	of	cases,	with	a
particularly	 high	 success	 rate	 for	 hematopoietic	 tumors	 (93%).24	 Systemic
therapy	 is	 generally	 used	 only	 for	 diseases	 that	 are	 considered	 to	 be



chemosensitive,	such	as	breast	cancer	or	lymphoma;	among	these	individuals,	it
prevented	recurrence	in	73%	of	treated	patients.24

Instillation	 of	 sclerosing	 agents,	 radionuclides,	 and	 chemotherapy	 through
indwelling	catheters	has	been	widely	used	with	the	intent	to	induce	nonspecific
inflammation	 with	 obliteration	 of	 the	 pericardial	 space	 or	 to	 achieve	 specific
antineoplastic	effects.	Typically,	a	catheter	is	placed	into	the	pericardial	sac	and
drainage	 continued	 until	 output	 is	 less	 than	 100	 mL/d.	 Sclerosing	 agent	 or
chemotherapy	is	injected	into	the	catheter	every	24	to	48	hours	until	fluid	output
is	less	than	25	to	50	mL/d,	and	the	catheter	is	removed.	A	review	of	20	different
studies	 reported	 an	 overall	 control	 rate	 of	 82%	 with	 common	 toxicities,
including	 fever,	pain,	arrhythmias,	and	occasional	cytopenias.24	A	wide	variety
of	 agents	 have	 been	 used	 including	 tetracycline,	 doxycycline,	 minocycline,
bleomycin,	 and	 talc.	 However,	 use	 of	 sclerosing	 agents	 has	 not	 shown	 a
definitive	benefit	over	drainage	alone	and	this	technique	is	rarely	appropriate	or
utilized.25

Prognosis
The	 development	 of	 malignant	 pericardial	 effusion	 and	 tamponade	 usually
reflects	 uncontrolled	metastatic	 disease	 and	 portends	 a	 dire	 prognosis.	Median
survivals	 for	 patients	 treated	 for	 tamponade	 range	 from	 2	 to	 4	 months.26
Nonrandomized	studies	suggest	that	patients	with	hematologic	malignancies	and
breast	cancer	have	substantially	better	survival	rates	when	systemic	therapy	can
be	 instituted.27,28	The	decision	 to	 intervene	for	a	patient	with	malignant	cardiac
tamponade	depends	on	the	patient’s	histology	and	sensitivity	to	treatment	as	well
as	 the	patient’s	 condition.	Patients	 for	whom	 treatment	 of	 tamponade	provides
meaningful	palliative	benefit	should	be	considered	for	the	treatment	that	is	likely
to	 provide	 durable	 relief	 of	 symptoms	 with	 the	 minimum	 of	 morbidity	 and
requirement	for	hospitalization.

MALIGNANT	EPIDURAL	CORD	COMPRESSION
4 	 Few	 complications	 of	 malignancy	 are	 more	 dreaded	 than	 epidural	 cord
compression.	 The	 associated	 pain,	 neurological	 deficits,	 and	 dramatically
impaired	quality	of	 life	 are	 serious	problems	 for	 the	patients	who	develop	 this
condition	and,	by	extension,	for	their	families.	Early	recognition	of	the	signs	and
symptoms	of	cord	compression	may	prevent	serious	compromise	of	survival	and
functional	capacity.	Epidural	cord	compression	is	defined	by	compression	of	the



dural	 sac	and	 its	 contents	by	an	extradural	 tumor	mass.	Minimum	radiological
evidence	 for	 compression	 is	 indentation	 of	 the	 theca	 at	 the	 level	 of	 clinical
features,	 which	 include	 pain,	 weakness,	 sensory	 disturbance,	 or	 evidence	 of
sphincter	dysfunction.29	Approximately	20%	of	cases	have	cord	compression	as
the	initial	manifestation	of	their	malignancy.30

Physiology
Epidural	 cord	 compression	 by	 malignancy	 occurs	 as	 a	 result	 of	 metastasis	 or
primary	 tumor	 involvement	 of	 the	 vertebral	 column,	 paravertebral	 space,	 or
epidural	 space.	 Damage	 to	 the	 cord	 occurs	 when	 the	 tumor	 compromises	 the
vertebral	 venous	 plexus,	 compresses	 neural	 tissue	 directly,	 or	 when
compromised	 bone	 impinges	 on	 the	 cord.	 The	 resulting	 vasogenic	 edema	 and
hemorrhage	 induce	 further	 ischemic	 damage.	 The	 vertebral	 body	 is	 the	 most
common	 source	 of	 compressive	 lesions,	 predominantly	 in	 the	 thoracic	 region
(60%),	 followed	 by	 the	 lumbar	 (25%)	 and	 cervical	 (15%)	 regions.31	 Tumor
invasion	through	the	intervertebral	foramen	and	cord	compression	without	bone
involvement	 is	most	 often	 seen	with	 lymphoma,	 leading	 to	 normal	 plain	 films
and	 radionuclide	 scans	 despite	 clinical	 compression.	 Multiple	 noncontiguous
levels	are	involved	in	10%	to	40%	of	cases.32

Etiology
The	 most	 common	 causes	 of	 malignant	 cord	 compression	 are	 tumors	 with	 a
propensity	for	bony	metastases,	including	lung,	breast,	and	prostate,	followed	by
hematopoietic,	 gastrointestinal,	 and	 genitourinary	 malignancies33	 (Table	 94.2).
Nonmalignant	 causes	 of	 cord	 compression	 include	 stenosis,	 epidural	 abscess,
and	hematoma.

TABLE	94.2

Primary	Diagnosis	Causing	Epidural	Cord	Compression
(N	=	896)

Histology %	of	Cases

Lung 25



Breast 7

Unknown	primary 7

Lymphoma 9

Myeloma 11

Sarcoma 2

Prostate 16

Gastrointestinal	tract 4

Renal 4

Other 15

Data	from	Mak	KS,	Lee	LK,	Mak	RH,	et	al.	Incidence	and	treatment	patterns	in	hospitalizations	for
malignant	spinal	cord	compression	in	the	United	States,	1998–2006.	Int	J	Radiat	Oncol	Biol	Phys.
2011;80:824-831.

Clinical	Manifestations
The	 cardinal	 sign	 of	 malignant	 cord	 compression	 is	 pain,	 present	 in	 95%	 of
patients	 at	 diagnosis.	The	median	 time	 from	pain	 onset	 to	 a	 diagnosis	 of	 cord
compression	 is	 approximately	 2	 months.	 Pain	 is	 typically	 worse	 with
recumbency,	coughing,	straining,	or	exercise.	Radicular	pain	develops	later	and
is	an	 important	 localizing	sign.	Weakness,	autonomic	dysfunction,	and	sensory
changes	 are	 present	 in	 more	 than	 50%	 of	 cases.31	 Isolated	 bowel	 or	 bladder
dysfunction	 is	 rarely	 the	 presenting	 symptom	 of	 cord	 compression;	 however,
50%	 to	 60%	 of	 patients	 can	 have	 bowel	 or	 bladder	 symptoms	 at	 the	 time	 of
diagnosis	ranging	from	urgency	to	incontinence	or	retention,	which	can	indicate
more	severe	cord	involvement.31

Diagnosis
The	diagnosis	of	cord	compression	relies	primarily	on	MRI,	given	its	sensitivity,
speed,	 and	 the	 ability	 to	 detect	 compression	 at	 multiple	 levels.	 MRI	 allows
evaluation	 of	 the	 entire	 spine	 including	 vertebral	 bones	 and	 soft	 tissues	 in	 the
paravertebral	 space.	 It	 has	 a	 sensitivity	 and	 specificity	 of	 93%	 and	 97%,



respectively,	 in	 detection	 of	 cord	 compression.34	 Other	 imaging	 techniques
including	plain	films	and	radionuclide	bone	scans	can	be	used	but	cannot	match
the	accuracy	of	MRI.	A	prospective	study	analyzed	the	expected	outcome	with
treatment	 planning	 on	 the	 basis	 of	 plain	 films	 and	 clinical	 examination	 versus
use	 of	 MRI	 and	 found	 that	 MRI	 changed	 the	 radiotherapy	 plan	 for	 53%	 of
patients.35	 These	 changes	 included	 21%	 of	 patients	 for	 whom	 all	 paraspinal
disease	would	not	have	been	treated	and	5%	of	those	for	whom	additional	levels
of	true	cord	compression	would	not	have	been	treated.	Among	30%	of	patients,
the	 demonstrated	 level	 of	 compression	 on	MRI	 was	 more	 than	 two	 vertebral
levels	away	 from	 the	 level	 indicated	by	neurological	examination.	For	patients
who	are	unable	to	undergo	MRI	because	of	claustrophobia,	the	presence	of	metal
implants,	or	access,	CT	myelography	can	be	performed.	CT	scanning	is	superior
to	 MRI	 for	 definition	 of	 vertebral	 body	 anatomy	 and	 may	 be	 useful	 before
consideration	of	a	surgical	intervention.

Treatment
Therapeutic	options	include	corticosteroids,	surgery,	and	radiation.	For	emergent
situations,	 corticosteroids	 are	 generally	 given	while	 awaiting	MRI	 to	 decrease
peritumoral	 edema	 and	 to	 prevent	 edema	 formation	 during	 radiation.	 On	 the
basis	 of	 laboratory	 studies	 and	 a	 single	 randomized	 controlled	 trial	 that
compared	 high-dose	 dexamethasone	 with	 radiation	 to	 radiation	 alone,	 some
authors	 support	 the	 use	 of	 high-dose	 dexamethasone,	 defined	 as	 a	 96-mg
intravenous	 bolus	 followed	 by	 96	 mg/d	 tapered	 over	 a	 2-week	 period.36	 A
reasonable	 and	more	 frequently	 used	 alternative	 is	 a	 moderate	 dose	 approach
with	a	10-mg	intravenous	loading	dose	followed	by	4	mg	every	6	hours	tapered
over	 2	 weeks.37	 There	 is	 lack	 of	 convincing	 evidence	 that	 higher-dose
dexamethasone	yields	better	outcomes	and	the	associated	higher	risk	of	toxicity
with	 high-dose	 regimen	 makes	 the	 moderate-dose	 regimen	 more	 attractive.38
Ambulatory	 patients	 without	 progressive	 deficit	 may	 forgo	 steroids	 altogether
during	radiotherapy	without	undue	risk.39

Historically,	 radiation	 therapy	and	direct	decompressive	surgery	were	felt	 to
be	 equally	 effective	 as	 initial	 interventions	 for	 patients	 with	 metastatic	 spinal
cord	 compression.	 However,	 a	 randomized	 trial	 published	 in	 2005	 compared
direct	decompressive	surgery	plus	postoperative	radiotherapy	with	radiotherapy
alone,	demonstrating	a	statistically	significant	outcome	benefit	to	the	combined
approach	 for	patients	who	had	 less	 radiosensitive	 tumors	 and	only	one	area	of
spinal	 cord	 compression.40	 Compared	with	 patients	who	 received	 radiotherapy
alone,	more	patients	who	underwent	 surgery	were	 able	 to	walk	after	 treatment



(84%	vs	57%)	and	were	ambulatory	for	a	significantly	longer	duration	(median:
122	 vs	 13	 days).	 First-line	 radiation	 therapy	 remains	 an	 important	 option	 for
patients	 with	 radiosensitive	 tumors,	 nonsurgical	 candidates,	 patients	 with
multiple	areas	of	spinal	cord	compression,	and	those	who	experienced	symptoms
of	 total	 paraplegia	 for	 longer	 than	 48	 hours	 at	 presentation.	 Because	 surgical
complication	rates	approach	20%,	radiation	therapy	should	generally	be	used	as
the	 first-line	 intervention	 in	 patients	 over	 age	 65	 years.41	 Depending	 on	 the
oncologic	 etiology	 for	 the	 compression,	 prognosis	 of	 the	 underlying	 condition
also	 needs	 to	 be	 balanced	 against	 recovery	 time	 needed	 following	 surgical
intervention.	 Specific	 radiation	 treatment	 plans	 for	 cord	 compression	 vary
between	centers.	 In	patients	with	metastatic	 spinal	 canal	 compression,	 a	 single
fraction	of	8	Gy	can	effectively	improve	neurologic	function	and	treat	pain.42

Prognosis
Early	 intervention	 is	 vital	 for	 preserving	 function.	 For	 patients	 who	 are
ambulatory	 at	 the	 time	 of	 treatment,	 at	 least	 80%	 remain	 ambulatory.	 The
development	of	paraparesis	decreases	 the	ambulation	 rate	 to	50%,	and	patients
who	are	paraplegic	at	the	time	of	therapy	recover	ambulation	only	10%	to	19%
of	 the	 time	 after	 radiation	 therapy	 alone.40,43	 Among	 paraplegic	 patients,
outcomes	appeared	to	be	better	for	individuals	who	were	candidates	for	upfront
surgical	decompression	(62%	of	patients	 randomized	 to	combined	surgery	plus
radiation	regained	the	ability	to	walk	compared	with	19%	of	those	who	received
radiation	alone);	 the	difference	was	statistically	significant,	but	 the	sample	size
was	small	(n	=	32).40

HYPERCALCEMIA
Hypercalcemia	of	malignancy	(HCM)	is	the	most	common	emergent	metabolic
disorder	 associated	 with	 cancer.	 Although	 hypercalcemia	 has	 been	 associated
with	 nearly	 all	 malignancies,	 it	 is	 most	 frequently	 associated	 with	 multiple
myeloma	and	breast,	lung,	and	kidney	cancers.	Hypercalcemia	may	be	present	at
diagnosis	or	can	occur	at	 the	 time	of	 relapse	or	during	 the	 terminal	phase	of	a
patient’s	disease,	and	its	manifestations	can	range	from	a	mild	and	asymptomatic
calcium	 elevation	 to	 highly	 symptomatic	 and	 life-threatening	 presentations.
Approximately	20%	to	30%	of	patients	with	cancer	will	have	hypercalcemia	at
some	time	during	their	clinical	course.44



Physiology
Among	 healthy	 persons,	 vitamin	 D	 and	 parathyroid	 hormone	 (PTH)	 control
absorption	and	mobilization	of	calcium.	Calcitriol,	the	active	form	of	vitamin	D,
enhances	 gastrointestinal	 absorption	 and	 mobilizes	 calcium	 from	 bone.	 PTH
increases	renal	calcium	resorption	in	the	distal	tubule	and	also	mobilizes	calcium
from	 bone.	 Increased	 PTH	 activity	 due	 to	 tumor	 production	 of	 parathyroid
hormone–related	protein	(PTHrP)	 is	 the	predominant	cause	of	HCM,	occurring
among	∼80%	 of	 cases,	 with	 local	 osteolysis	 from	 tumor	 infiltration	 of	 bone
accounting	for	nearly	all	of	the	remaining	cases.45

PTHrP	 is	 a	 normal	 gene	 product	 expressed	 in	 a	 variety	 of	 tissues,	 and	 it
appears	to	have	important	roles	for	calcium	transport	and	developmental	biology.
The	 N-terminal	 13	 amino	 acids	 of	 PTHrP	 share	 amino	 acid	 sequence	 and
homology	 with	 intact	 PTH,	 and	 it	 can	 bind	 to	 PTH-1	 receptor	 leading	 to
hypercalcemia	when	 pathologically	 secreted	 in	 excess	 by	 cancer	 cells.	 PTHrP
stimulates	osteoblasts	to	produce	receptor	activator	of	nuclear	factor-κ	B	ligand
(RANKL),	 which	 in	 turn	 activates	 osteoclast	 precursors	 and	 leads	 to	 both
osteolysis	and	the	release	of	bone-derived	growth	factors.	These	growth	factors,
including	 transforming	 growth	 factor-β	 and	 insulin	 like	 growth	 factor-1,	 are
known	to	both	promote	tumor	cell	proliferation	and	further	increase	production
of	 PTHrP.46	 According	 to	 a	 case	 series,	 the	 most	 common	 cancers	 causing
PTHrP-mediated	 hypercalcemia	 were	 squamous	 cell	 lung	 cancer	 (11%),
urothelial	 carcinoma	 (9%),	 nonsquamous	 non–small	 cell	 lung	 cancers	 (9%),
adenocarcinomas	of	unknown	primary	(8%),	and	breast	cancer	(7%).47

Local	 osteolytic	 effects	 of	 bone	metastases	 account	 for	 about	 20%	of	 cases
and	 result	 from	 local	activation	of	osteoclasts	by	 the	 tumor	microenvironment.
Osteolytic	 bone	 metastases	 occur	 most	 frequently	 in	 multiple	 myeloma	 and
breast	 cancer.	 Cancers	 that	 cause	 osteoblastic	 bone	 metastases	 (eg,	 prostate
cancer)	rarely	cause	hypercalcemia	through	this	mechanism.

Increased	vitamin	D	activity	is	a	rare	cause	of	HCM	overall	but	is	a	frequent
cause	of	hypercalcemia	in	patients	with	lymphoma.	In	these	patients,	the	tumor
cells	 catalyze	 the	production	of	1,25-dihydroxyvitamin	D	 (calcitriol,	 the	 active
form),	resulting	in	increased	intestinal	calcium	absorption.48

Once	 increased	 calcium	 production	 occurs,	 the	 kidney’s	 ability	 to	 excrete
calcium	can	become	overwhelmed,	which	can	result	in	renal	failure	and	further
compound	the	hypercalcemia	and	lead	to	severe	symptoms.	Normal	kidneys	are
capable	 of	 filtering	 and	 excreting	 four	 to	 five	 times	 the	 normal	 calcium
concentration	 of	 the	 serum	 to	maintain	 serum	 calcium	 homeostasis.	Once	 this
level	is	surpassed,	the	subsequent	calciuria	and	osmotic	diuresis	result	in	volume



depletion.	Decreased	glomerular	filtration	limits	the	kidney’s	ability	to	filter	and
excrete	calcium,	and	proximal	tubular	calcium	and	sodium	reabsorption	increase
leading	 to	 further	 increases	 of	 serum	 calcium	 concentrations.	 Symptoms	 of
nausea	and	vomiting	worsen	the	dehydration.	If	the	concentration	of	calcium	in
the	glomerular	filtrate	exceeds	its	solubility,	calcium	may	precipitate	in	the	renal
tubules,	further	compromising	renal	function.

Clinical	Manifestations
The	 symptoms	 of	 HCM	 are	 identical	 to	 those	 of	 hypercalcemia	 due	 to	 other
causes.	 The	 rapidity	 with	 which	 hypercalcemia	 develops	 often	 determines	 the
severity	 of	 symptoms.	 Some	 patients	 may	 have	 significant	 symptoms	 with
minimally	 elevated	 calcium	 and	 require	 therapy,	 whereas	 other	 patients	 are
minimally	 symptomatic	 despite	 long-standing	 hypercalcemia.	 Many	 of	 the
symptoms	 of	 hypercalcemia	 are	 relatively	 nonspecific	 and	 include	 nausea,
fatigue,	lethargy,	and	mental	status	changes.	Decreased	intravascular	volume	and
hypercalcemia	 cause	 malaise,	 fatigue,	 anorexia,	 and	 polyuria.	 Hypercalcemia
decreases	 neuromuscular	 excitability	 and	 muscle	 tone.	 Neuromuscular
symptoms	 include	 weakness	 and	 diminished	 deep	 tendon	 reflexes.
Neuropsychiatric	manifestations	may	 include	 compromised	 executive	 function,
confusion,	 lethargy,	psychosis,	or	even	coma.	Hypercalcemia	heightens	cardiac
contractility	and	irritability,	and	this	is	reflected	by	electrocardiographic	changes
including	 prolonged	PR	 interval,	widened	QRS	 complex,	 and	 a	 shortened	QT.
With	 progressive	 hypercalcemia,	 bradyarrhythmias	 and	 bundle-branch	 block
may	develop,	which	can	evolve	to	complete	heart	block	and	asystole.

Diagnosis
The	 diagnosis	 of	 hypercalcemia	 is	 documented	 by	 the	 presence	 of	 elevated
serum	 calcium,	which	 in	 the	 oncology	 patient	 often	 needs	 to	 be	 corrected	 for
albumin.	 Owing	 to	 frequent	 hypoalbuminemia,	 the	 measured	 serum	 calcium
level	 may	 appear	 lower	 than	 the	 actual	 calcium	 concentration.	 Directly
measuring	the	ionized	calcium	concentration	gives	an	accurate	calcium	level	that
is	not	impacted	by	albumin.	The	laboratory	evaluation	of	hypercalcemia	should
include	 PTH,	 PTHrP,	 blood	 urea	 nitrogen	 and	 creatinine,	 phosphate,	 and
magnesium.	Patients	with	cancer	should	be	evaluated	for	nonmalignant	causes	of
hypercalcemia	 including	 hyperparathyroidism,	 intravenous	 fluids,	 total
parenteral	nutrition,	milk-alkali	syndrome,	thiazide	diuretics,	hypervitaminosis	A



and	D,	and	lithium	toxicity.

Treatment
Treatment	of	HCM	aims	to	restore	normal	calcium	levels	 through	stopping	 the
excess	calcium	production	and	correcting	the	consequences	of	volume	depletion.
When	calcium	is	elevated	but	the	patient	is	asymptomatic,	specific	hypocalcemic
therapy	can	be	held,	with	close	observation,	particularly	when	effective	systemic
therapy	is	to	be	initiated.	Because	most	symptoms	and	the	underlying	physiology
of	hypercalcemia	are	due	 in	part	 to	volume	depletion,	 intravenous	hydration	 is
the	 initial	 therapy	 of	 choice	 (Table	 94.3).	 When	 congestive	 heart	 failure	 is	 a
concern	or	the	patient	has	severe	hypercalcemia,	loop	diuretics	can	be	used,	but
only	after	 it	 is	clear	 that	adequate	volume	expansion	has	been	achieved.	When
diuretics	 are	 used	before	 the	 glomerular	 filtration	 rate	 has	 been	 restored,	 renal
clearance	of	calcium	is	impaired	further	and	hypercalcemia	may	worsen	despite
the	best	 intentions.	Loop	diuretics	suppress	proximal	absorption	of	sodium	and
calcium,	augmenting	calciuresis.

TABLE	94.3

Algorithm	for	Clinical	Management	of	Hypercalcemia	of
Malignancy

Calcium	Level
(mg/dL) Symptoms Therapy

<12 None Observation,	or	hydration	followed	by
observation

<12 Present Hydration,	bisphosphonate

12-14 Present Hydration,	bisphosphonate

>14 Present Hydration,	bisphosphonate

>14 Severe Hydration,	loop	diuretics,	calcitonin,
bisphosphonate
Alternatives:	prednisone,	denosumab,
dialysis



5 	 Calcitonin	 is	 a	 rapidly	 acting	 agent	 to	 treat	 HCM	 via	 inhibition	 of	 bone
resorption	 and	decreased	 renal	 calcium	 reabsorption.	Efficacy	 is	 limited	 to	 the
first	24	to	48	hours	after	initiation	of	therapy	due	to	tachyphylaxis,	but	it	can	be
an	 important	 temporizing	 measure	 until	 more	 definitive	 therapies	 such	 as
bisphosphonates	or	treatment	of	the	underlying	malignancy	begin	to	have	effect.

Bisphosphonates	 are	 the	 most	 useful	 hypocalcemic	 agents	 available	 for
controlling	HCM.	They	 inhibit	prenylation	of	 small	guanosine	 triphosphatases,
which	 are	 necessary	 for	 osteoclast	 function	 and	 are	 cytotoxic	 to	 osteoclasts
through	a	number	of	different	mechanisms.49	Zoledronic	 acid	 and	pamidronate
are	 the	 bisphosphonates	 currently	 in	 clinical	 use.	 Two	 randomized	 trials
comparing	 pamidronate	 and	 zoledronic	 acid	 demonstrated	 improved	 response
rates	for	zoledronic	acid.50	Normalization	of	calcium	occurred	by	day	4	among
50%	 of	 patients	 treated	 with	 zoledronic	 acid	 and	 33%	 of	 those	 given
pamidronate.	The	onset	of	zoledronic	acid’s	effect	is	apparent	within	3	to	4	days,
with	 maximal	 effect	 within	 7	 to	 10	 days,	 and	 lasts	 for	 14	 days	 to	 2	 months.
Adverse	effects	include	transient	low-grade	temperature	elevations	that	typically
occur	 within	 24	 to	 36	 hours	 after	 administration	 and	 persist	 for	 up	 to	 2	 days
(<20%	 of	 patients).	 New-onset	 hypophosphatemia	 and	 hypomagnesemia	 may
occur;	preexisting	abnormalities	in	the	same	electrolytes	may	be	exacerbated	by
treatment.	Serum	calcium	may	fall	below	the	normal	range,	although	symptoms
are	rare.	Acute	kidney	injury	has	been	reported	with	zoledronic	acid,	and	renal
function	 should	 be	 monitored	 routinely	 during	 administration.51	 A	 relatively
uncommon	 but	 potentially	 serious	 side	 effect	 of	 bisphosphate	 treatment	 is
osteonecrosis	of	 the	 jaw,	 a	 form	of	 avascular	necrosis.	The	overall	 risk	of	 this
complication	 is	<2%,	and	 the	risk	 is	significantly	 increased	 in	 individuals	with
underlying	 dental	 conditions	 or	 those	 undergoing	 dental	 procedures	 during
treatment.

Denosumab,	 a	monoclonal	 antibody	 targeting	RANKL,	 is	 approved	 for	 the
treatment	of	HCM	that	is	refractory	to	bisphosphonate	treatment.	In	the	single-
arm	 study	 leading	 to	 its	 approval,	 63%	of	 patients	 achieved	 a	 normal	 calcium
within	10	days	of	denosumab	therapy.52	Unlike	bisphosphonates,	denosumab	 is
not	 renally	cleared,	so	 it	may	also	have	a	 role	 for	 treating	patients	with	severe
renal	dysfunction.53

Corticosteroids	are	effective	for	lymphoma	and	multiple	myeloma,	tumors	for
which	 steroids	 are	 often	 cytotoxic.	 The	 onset	 of	 action	 is	 slow,	 over	 several
weeks,	 and	 the	 mechanism	 of	 effect	 is	 through	 treatment	 of	 the	 underlying
malignancy	and	suppression	of	gastrointestinal	calcium	absorption.

Dialysis	should	be	considered	for	patients	with	severe	renal	insufficiency	and



associated	 electrolyte	 abnormalities,	 particularly	 patients	 for	 whom	 effective
therapy	is	available.

Hypercalcemia	 reflects	 biologically	 aggressive,	 advanced	 disease.	 For
patients	 with	 solid	 tumors,	 particularly	 those	 with	 chemotherapy-resistant
disease,	 the	 prognosis	 is	 poor	 and	 depends	 on	 the	 patient’s	 fitness	 to	 receive
further	cancer-directed	 therapy,	with	median	survivals	of	144	days	with	further
treatment	 compared	 with	 25	 days	 without.54	 By	 contrast,	 hypercalcemia	 in
patients	with	multiple	myeloma	 and	 breast	 cancer	 is	 associated	with	 relatively
longer	survival.

LEUKOSTASIS

Physiology
Leukostasis	is	a	potentially	devastating	complication	of	leukemia	in	patients	who
present	 with	 hyperleukocytosis,	 defined	 as	 a	 leukocyte	 count	 greater	 than
100,000/μL.	 The	 syndrome	 of	 leukostasis	 is	 related	 to	 obstruction	 of	 flow	 in
capillary	beds	of	the	central	nervous	system,	lungs,	and	heart	by	immature,	rigid
blasts.	Although	viscosity	might	be	expected	to	play	a	role,	it	is	rarely	elevated
because	the	principal	determinant	of	viscosity	related	to	red	blood	cells	is	often
low	due	to	marrow	replacement	by	leukemic	blasts.	The	obstruction	of	capillary
beds	by	blasts	and	restricted	flow	results	in	tissue	hypoxia,	cytokine	release,	and
coagulation.	 Tissue	 invasion	 also	 occurs	 and	 is	 not	 affected	 by	 leukapheresis.
The	 risk	 of	 leukostasis	 was	 evaluated	 by	 Rowe	 and	 Lichtman,55	 who
demonstrated	that	the	leukocrit,	which	is	proportional	to	the	number	and	volume
of	circulating	 leukocytes	and	blasts,	was	 the	parameter	most	closely	associated
with	the	development	of	leukostasis.

Etiology
6 	Hyperleukocytosis	occurs	in	10%	to	20%	of	patients	with	acute	myelogenous
leukemia	 (AML)	 at	 presentation	 and	 is	 much	 less	 common	 in	 patients	 with
chronic	 myelogenous	 leukemia,	 acute	 lymphoblastic	 leukemia,	 or	 chronic
lymphocytic	 leukemia.	 For	 equivalent	 degrees	 of	 leukocytosis,	 the	 risk	 of
leukostasis	is	much	higher	with	AML	than	with	other	diagnoses	because	of	the
larger	 size	and	adhesion	characteristics	of	AML	blasts.	The	 risk	of	developing
leukostasis	depends	on	total	white	blood	cell	count,	the	percentage	of	blasts,	and



the	 rate	 at	 which	 counts	 are	 rising.	 The	 clinical	 presentation,	 diagnosis,	 and
management	of	hyperleukocytosis	are	discussed	 in	 further	detail	 in	Chapter	93
and	apheresis	treatment	in	Chapter	95.

ONCOLOGIC	THERAPEUTICS
Chemotherapeutic	 and	 supportive	 care	 agents	 may	 themselves	 lead	 to	 toxic
effects	that	require	critical	care.	Potentially	offending	agents,	and	the	physiologic
impact,	are	summarized	in	Table	94.4.

TABLE	94.4

Agents	Associated	With	a	Probability	of	Severe,	Life-
Threatening	Reactions

Drug
Class/Name

Type	of
Reaction Comments

Platinum
agents:
Carboplatin
Cisplatin
Oxaliplatin

Anaphylaxis
Type	I	reaction
Type	II	reaction

IgE-mediated	hypersensitivity
Commonly	presents	with	classic
hypersensitivity	symptoms	such	as
pruritus,	urticaria,	diffuse
erythroderma,	chest	tightness,
bronchospasm,	facial	swelling,	and
hypotension
Incidence	increases	with	repeated
exposure	(ie,	after	six	to	seven	cycles
of	chemotherapy;	with	disease
recurrence,	break	in	therapy,	then
retreatment)
Typically	occurs	when	drug	is
rechallenged
Desensitization	can	potentially	be
performed

Taxanes: Anaphylaxis Direct	release	of	mast	cells	such	as



Docetaxel
Paclitaxel
Cabazitaxel
(semisynthetic
taxane
derivative)

Hypersensitivity histamine	and	tryptase,	complement
activation,	IgE-mediated	anaphylaxis
Thought	to	be	caused	by	both	the
medication	and	the	medication	diluents
(paclitaxel–polyoxyethylated	castor	oil
[Cremophor];	docetaxel–Tween	80)
Most	reactions	present	within	minutes
of	the	start	of	the	first	or	second
infusion
Common	reactions	reported	include
dyspnea,	bronchospasm,	urticaria,	rash,
hypotension,	fluid	retention,	and
angioedema
Premedication	regimens	consisting	of
glucocorticoids,	H1	and	H2	receptor
blockers	may	be	used	to	reduce	the
severity	and	incidence	of	reactions
(both	hypersensitivity	and	fluid
retention)

Epothilones:
Ixabepilone

Anaphylaxis
Hypersensitivity

Formulated	in	Cremophor	(similar	to
paclitaxel)
May	premedicate	with	glucocorticoids,
H1	receptor	antagonist,	and	H2
receptor	antagonist

Topoisomerase
II	inhibitors
Teniposide
Etoposide

Anaphylaxis Thought	to	be	due	to	the	drug	vehicle
(polysorbate	80,	same	as	docetaxel)
Presents	with	angioedema,	dyspnea,
wheezing,	hypotension/hypertension,
urticaria,	angioedema,	facial	flushing,
chest	pain
May	premedicate	with	glucocorticoid
and	antihistamine
May	switch	to	etoposide	phosphate	if
hypersensitivity	develops

Monoclonal Anaphylaxis



antibodies:
Alemtuzumab
Bevacizumab
Cetuximab
Ofatumumab
Panitumumab
Rituximab
Trastuzumab

Hypersensitivity IgE-mediated	allergic	responses	or
cytokine-release	syndrome
Murine	>>	chimeric	>	humanized
Presents	with	fever,	chills,	rash,
urticaria,	nausea,	chest	pain,	hypoxia,
bronchospasm,	angioedema,
hypotension,	ventricular	fibrillation,
cardiogenic	shock,	anaphylaxis
Premedication	suggested	to	decrease
incidence
Consider	withholding
antihypertensives	12	h	prior	to	therapy
to	reduce	the	severity	of	hypotension
Incidence	highest	during	initial	therapy
and/or	high	disease	burden
Severe	reactions	seen	more	commonly
in	females,	elderly,	and	patients	with
pulmonary	infiltrates	and	in	the
treatment	of	chronic	lymphocytic
leukemia	or	mantle-cell	lymphoma

Immune
globulin
(IVIG)

Hypersensitivity
Infusion-related
reaction

Increased	risk	in	IgA	deficiency	with
anti-IgA	antibodies
Increased	risk	with	corn	allergy
Premedicate	with	antipyretic	and	H1
blocker	to	minimize	chance	of	reaction
May	change	products	if
hypersensitivity	to	one	product	occurs

Melphalan Hypersensitivity Type	I	hypersensitivity
Intravenous	>	oral
Typically	does	not	manifest	until	at
least	two	doses

Blinatumomab
Clofarabine
Dinutuximab

Capillary	leak
syndrome

Leakage	of	plasma	and	proteins	into
the	interstitial	compartment



Gemcitabine
Filgrastim
Filgrastim-
sndz
Tbo-filgrastim
Sargramostim

Patients	may	present	with	tachypnea,
tachycardia,	hypotension,	pulmonary
edema,	rapid-onset	respiratory	distress,
pleural/pericardial	effusion,	multiorgan
failure
Consider	premedication	with
corticosteroid

Acitretin Capillary	leak
syndrome

Possibly	an	indication	of	retinoic	acid
syndrome

Aldesleukin
(IL-2)

Capillary	leak
syndrome

Consider	premedication	with
antipyretic,	H2	antagonist,	antiemetic,
antidiarrheal	and	continue	for	12	h
after	the	last	dose
High-dose	therapy	recommended	to	be
administered	in	a	hospital	setting	with
access	to	an	intensive	care	unit

Alemtuzumab
Anti-CD3
(OKT3)
Antithymocyte
globulin	rabbit
blinatumomab
Lymphocyte
immune
globulin
Rituximab
TGN1412

Cytokine-
release
syndrome
Anaphylaxis

Non–antigen-specific	toxicity
Characterized	by	release	of
inflammatory	markers	(ie,	IFN-γ,	IL-
1β,	IL-2,	IL-6,	IL-8,	and/or	TNF-α)
May	present	with	fever,	rigors,
tachypnea,	tachycardia,	headache,
mental	status	change,	tremor,	seizure,
myalgias,	arthralgias,	nausea,
vomiting,	diarrhea,	rash,	hypotension,
transaminitis,	hyperbilirubinemia
Symptoms	typically	occur	within
minutes	to	hours	after	the	infusion
begins
Treatment	may	consist	of
corticosteroids	and/or	cytokine
antagonists

Ifosamide Neurotoxicity Encephalopathy	characterized	by



confusion,	blurred	vision,	mutism,
hallucinations,	seizures
Accumulation	of	drug	metabolite
(chloroacetaldehyde)	causing	direct
central	nervous	system	effects
Potentially	reversible	(spontaneously
with	cessation	of	drug	within	48-72	h;
scant	data	with	reversal	drug	therapy)
Increased	incidence	with	presence	of
low	serum	albumin	concentrations,
high	serum	creatinine	concentrations,
and	the	presence	of	pelvic
carcinomatosis

Nelarabine Neurotoxicity Higher	correlation	with	higher	doses
Mechanism	of	toxicity	suspected	to	be
due	to	high	intracellular	accumulation
of	Ara-G/AraGTP	in	nerve	tissue
Often	reversible	with	drug
discontinuation	or	dose	reduction
Patients	may	present	with	somnolence,
malaise,	fatigue,	hypoesthesias,
paresthesias,	peripheral	neuropathies,
seizures,	myoclonic	jerking,	paralysis,
coma

Bleomycin Hyperpyrexia
syndrome

Resembles	the	systemic	inflammatory
response,	involving	pyrogenic	cytokine
release
Do	not	appear	to	be	allergic	in	nature
Hyperpyrexia	syndrome	rare	but
serious	(<1%	of	patients)—
characterized	by	excessive	sweating,
high	fever,	mental	status	change,
hypotension
Reaction	can	be	immediate	to	delayed
by	hours	to	days
Highest	at	the	early	doses	(first	and



second	doses)
Successful	rechallenge	can	be
performed	with	premedications

Arsenic
trioxide
Tretinoin

Differentiation
syndrome

Presents	with	unexplained	fever,
weight	gain,	peripheral	edema,
dyspnea	with	pulmonary	infiltrates,
pleuropericardial	effusion,
hypotension,	acute	renal	failure
Prophylaxis/preemptive	approach	may
include	use	of	prednisone,
methylprednisolone,	or	dexamethasone
Occurs	more	frequently	with	higher
disease	burden

IFN,	interferon;	Ig,	immunoglobulin;	IL,	interleukin;	IVIG,	intravenous	immunoglobulin;	TNF,	tumor
necrosis	factor.

TUMOR	LYSIS	SYNDROME

Physiology
Tumor	 lysis	 syndrome	 (TLS)	 is	 a	 metabolic	 emergency	 that	 results	 from	 the
release	 of	 intracellular	 purines,	 phosphate,	 and	 potassium	 from	 rapidly
proliferating	 tumor	cells,	which	may	occur	spontaneously	or	with	 the	 initiation
of	therapy.	The	massive	tumor	necrosis	that	initiates	the	syndrome	may	occur	as
a	 result	 of	 tumor	 hypoxia	 or	 with	 the	 use	 of	 chemotherapy,	 radiation,	 or
embolization	of	tumor.	Tumor	lysis	is	followed	by	hyperuricemia,	hyperkalemia,
hyperphosphatemia,	 hypocalcemia,	 and	 renal	 insufficiency.	 Hyperuricemia,
combined	with	metabolic	 acidosis,	 results	 in	 crystallization	 of	 uric	 acid	 in	 the
collecting	 ducts	 of	 the	 kidneys	 and	 ureters,	 leading	 to	 obstructive	 uropathy.
Hyperphosphatemia	may	also	cause	metastatic	calcification	in	the	renal	tubules.
The	resultant	renal	insufficiency	worsens	hyperkalemia	and	hypocalcemia.

Etiology



The	risk	of	TLS	depends	on	 the	growth	rate	of	 the	 tumor	and	 its	sensitivity	 to
treatment.	Patients	at	highest	 risk	 include	 those	with	Burkitt	 lymphoma;	bulky,
aggressive	non-Burkitt	non-Hodgkin	lymphoma;	and	acute	leukemia	presenting
with	an	initial	leukocytosis	greater	than	100	×	109/L.56	While	predominantly	seen
with	 hematologic	 malignancies,	 it	 can	 occur	 with	 rapidly	 proliferative	 solid
tumors	as	well.	It	is	also	seen	as	a	side	effect	of	newer	targeted	therapies,	most
notably	the	BCL2	inhibitor	venetoclax	in	the	treatment	of	patients	with	chronic
lymphocytic	leukemia	(CLL).	With	Burkitt	lymphoma,	the	incidence	may	be	as
high	as	30%,	and	among	patients	with	acute	 leukemia	with	hyperleukocytosis,
electrolyte	disturbances	develop	consistent	with	TLS	among	50%	of	patients.57,58
A	variety	of	solid	tumors	have	been	reported	to	cause	the	syndrome,	but	the	most
common	 appear	 to	 be	 small	 cell	 lung	 carcinoma,	 germ	 cell	 tumors,	 and
neuroblastomas.56

Diagnosis
The	 Cairo-Bishop	 classification	 is	 the	 most	 commonly	 used	 criteria	 for	 the
diagnosis	 of	 TLS.	 TLS	 is	 separated	 into	 laboratory	 TLS	 and	 clinical	 TLS.
Laboratory	 TLS	 is	 defined	 by	 two	 or	 more	 of	 potassium	 >	 6	 mEq/L,
phosphorous	>	4.5	mg/dL,	uric	acid	>	8	mg/dL,	calcium	<	7	mg/dL,	or	>25%
change	 in	 any	 variable.	 Clinical	 TLS	 is	 defined	 as	 the	 presence	 of	 laboratory
TLS	 plus	 kidney	 dysfunction	 (creatine	 >1.5	 times	 the	 upper	 limit	 of	 normal),
cardiac	 arrhythmia,	 seizure,	 or	 sudden	 death.	 Many	 of	 the	 metabolic
abnormalities	of	TLS	may	occur	 as	 a	 result	of	 acute	 renal	 failure	 alone,	 and	a
urinary	uric	acid	to	creatinine	ratio	greater	than	1	helps	to	distinguish	acute	uric
acid	nephropathy	from	other	catabolic	forms	of	acute	renal	failure.

Treatment
Prevention	of	TLS	involves	decreasing	uric	acid	production	with	allopurinol	and
maintaining	adequate	hydration	and	urine	output.	Allopurinol	in	doses	of	200	to
600	 mg/m2/d	 should	 be	 initiated	 before	 therapy	 to	 decrease	 uric	 acid
production.59	Intravenous	hydration	of	2	to	3	L/m2/d	should	be	given	with	close
monitoring	of	urine	output	with	a	target	of	2	mL/kg/h.59	Patients	at	risk	of	TLS
should	 be	 closely	 followed	 with	 serial	 laboratory	 monitoring.	 Daily	 weights,
close	monitoring	 of	 fluid	 intake	 and	 output,	 and	 serum	 electrolytes,	 including
potassium,	 calcium,	 phosphorus,	 and	 uric	 acid,	 should	 be	 performed	 at	 least
twice	a	day	in	a	patient	at	high	risk.	For	patients	with	CLL	initiating	venetoclax,



a	risk-based	prevention	strategy	incorporating	white	blood	cell	count	and	lymph
node	burden	is	employed,	as	well	as	a	prolonged	dose	ramp-up,	to	minimize	the
TLS	risk.

7 	 For	 patients	 with	 established	 TLS,	 electrolyte	 abnormalities	 should	 be
aggressively	 managed	 and	 may	 require	 hemodialysis.	 Rasburicase	 is	 given	 to
patients	 with	 clinical	 TLS	 or	 patients	 with	 worsening	 hyperuricemia	 despite
preventive	 strategies.	 It	 can	 also	 be	 given	 for	 prevention	 in	 select	 patients.
Rasburicase	 is	 a	 recombinant	 urate	 oxidase	 that	 converts	 uric	 acid	 to	 more
soluble	 allantoin.	 A	 randomized	 study	 of	 rasburicase	 and	 allopurinol	 for
pediatric	patients	 at	high	 risk	of	 tumor	 lysis	demonstrated	 that	uric	 acid	 levels
were	substantially	lower	among	patients	receiving	prophylactic	rasburicase.	The
size	 of	 the	 trial	was	 too	 small	 to	 demonstrate	 a	 significant	 difference	 of	 renal
failure,	 and	 the	 incidence	 of	 tumor	 lysis	was	 not	 reported.60	A	 phase	 III	 study
compared	 rasburicase	alone,	 rasburicase	plus	allopurinol,	and	allopurinol	alone
for	280	adults	with	hematologic	malignancies	at	 risk	of	TLS.	Both	 rasburicase
groups	were	 superior	 to	 allopurinol	 alone	 in	 normalization	of	 serum	uric	 acid,
but	 there	were	no	differences	 in	 the	 incidence	of	 clinical	TLS	or	 acute	kidney
injury.61	When	rasburicase	is	used,	 it	 is	 important	to	recognize	that	 the	enzyme
can	 continue	 to	 degrade	 uric	 acid	 in	 blood	 samples	 at	 room	 temperature.
Samples	must	be	collected	using	prechilled	heparinized	tubes,	transported	on	ice,
and	 analyzed	 within	 4	 hours	 of	 collection.	 Rasburicase	 can	 cause	 severe
hemolysis	 among	 patients	 with	 glucose-6-phosphate	 dehydrogenase	 (G6PD)
deficiency	 and	 is	 contraindicated	 in	 patients	 with	 an	 established	 G6PD
deficiency	diagnosis.	It	is	advisable	to	screen	at-risk	patients	prior	to	treatment,
although	this	is	often	not	feasible	due	to	the	urgency	of	treatment.

Outcomes	with	development	of	full-blown	TLS	are	variable.	In	the	reported
cases	of	solid	tumor	TLS,	the	fatality	rate	was	very	high	(36%).62	 Institution	of
prophylaxis	 in	 patients	 identified	 as	 high	 risk	 (even	 those	with	 solid	 tumors),
which	includes	both	rasburicase	and	consideration	for	early	use	of	hemodialysis,
is	 highly	 recommended.56	 Advances	 for	 the	 field	 of	 oncologic	 emergencies,
based	 on	 randomized,	 controlled	 trials	 or	 meta-analyses	 of	 such	 trials,	 are
summarized	in	Table	94.5.

TABLE	94.5

Advances	in	Management	Based	on	Randomized
Controlled	Clinical	Trials	in	Oncologic	Emergencies



Clinical
Description Comparison Results Significance

Spinal	cord
compression

Radiation	±	high-dose
dexamethasone

High-dose
dexamethasone
improved
functional
outcome	initially
and	at	6	months

Little	morbidity
was	associated
with
dexamethasone
with	major
benefit	when
used	with
radiation

Spinal	cord
compression

Operable	candidates:
decompressive	surgery
followed	by	radiation	vs
radiation	alone

Surgery	followed
by	radiation
therapy	gave	a
superior
functional
outcome
compared	with
radiation	therapy
alone

For	operable
candidates
whose	life
expectancy	is
more	than	weeks
or	a	few	months,
surgery	followed
by	radiation
should	be	an
initial
consideration

Spinal	cord
compression

Age	stratification:
decompressive	surgery
followed	by	radiation	vs
radiation	alone

Secondary	data
analysis
demonstrates	a
strong
relationship
between	age	and
treatment	benefit

Age	is	an
important
variable	in
predicting	which
patients	will
benefit	from
surgical
decompression
in	patients	with
epidural	cord
compression;	no
surgery	benefit
is	seen	in
individuals	>	age
65	years



Hypercalcemia Zoledronic	acid	(4	vs
8	mg)	vs	pamidronate
(three-arm	randomized
study)

Zoledronic	acid	at
4	mg	produced
more	rapid	and
sustained
response
compared	with
pamidronate	with
excellent	side-
effect	profile
compared	with
pamidronate;
8	mg	did	not	add
to	response	effect

Zoledronic	acid
is	the
bisphosphonate
of	choice	in	the
treatment	of
hypercalcemia
of	malignancy

Tumor	lysis
syndrome

Rasburicase	vs
allopurinol	for
prophylaxis	of	tumor
lysis	in	patients	with
lymphoma	(children)

Four	hours	after
the	first	dose,
patients
randomized	to
rasburicase
compared	with
allopurinol
achieved	an	86%
vs	12%	reduction
(P	<	.0001)	of
initial	plasma	uric
acid	levels;
sample	size	was
small;	adult	trial
results	not
available

In	patients	who
have	evidence	of
pretreatment
tumor	lysis
syndrome	or
patients	who	are
allergic	to
allopurinol,
rasburicase	may
be	a	suitable
alternative	to
allopurinol

Tumor	lysis
syndrome

Rasburicase	vs
rasburicase	+	allopurinol
vs	allopurinol
monotherapy

Trial
demonstrated	a
significant
improvement	in
uric	acid	response
rates	(the
proportion	of
patients	with

Rasburicase	was
approved	by	the
FDA	for	the
initial
management	of
patients	with
malignancy	at
high	risk	of



plasma	uric	acid
levels	less	than
7.5	mg/dL	from
day	3	through	day
7	following
initiation	of
antihyperuricemic
treatment)	among
rasburicase-
treated	patients
compared	with
allopurinol-
treated	patients.

developing
tumor	lysis
syndrome

CYTOKINE	RELEASE	SYNDROME	AND
NEUROTOXICITY	FROM	CHIMERIC	ANTIGEN
RECEPTOR–T	CELL	THERAPY

Physiology
8 	Cytokine	release	syndrome	(CRS)	and	neurotoxicity	are	major	adverse	effects
of	 chimeric	 antigen	 receptor-T	 (CAR-T)	 cell	 therapy.	 CRS	 is	 a	 systemic
hyperinflammatory	 response	 condition	 that	 often	 follows	 CAR-T	 cell	 therapy.
CRS	 is	 pathophysiologically	 complex	 at	 the	 molecular	 level	 but	 in	 general
involves	 lymphocyte	activation	en	masse	and	release	of	soluble	mediators.	For
CAR-T	 cell	 therapy	 recipients,	 the	 release	 of	 damage-associated	 molecular
patterns	(DAMPs)	by	pyroptotic	cells	can	trigger	CRS.63	DAMPs	are	thought	to
be	 major	 mediators	 of	 CAR-T-related	 complications.	 Pathogen-associated
molecular	 patterns	 (PAMPs)	 also	 contribute	 to	 the	 circulating	 inflammatory
state.63	 These	 signals	 launch	 cascades	 that	 contribute	 to	 excess	 lymphocyte
activation	 after	 CAR-T	 therapy	 is	 administered.	 DAMPs	 and	 PAMPs	 enforce
changes	of	gene	transcription	and	exert	effects	on	mesenchymal,	epithelial,	and
immune	tissues	in	the	milieu.	The	most	consistently	elevated	cytokines	in	CRS
include	 IL-6,	 TNF-α,	 and	 IL-10.64,65	 IFN-γ	 also	 plays	 a	 role	 and	 specifically
activates	 macrophages	 and	 other	 immune	 cells.64,65	 Acute	 phase	 proteins	 are
produced	 and	 released	 by	 macrophages	 in	 immense	 quantities,	 which	 cause



symptoms	of	CRS.
Perhaps	 the	most	well-known	 pathophysiological	mediator	 of	 CRS	 is	 IL-6,

which	 is	 often	 the	 main	 operator	 of	 CRS	 symptoms.65	 IL-6	 is	 a	 pleiotropic
cytokine	that	exerts	inflammatory	effects	in	a	dose-dependent	manner.	At	low	to
moderate	levels,	IL-6	signals	through	its	receptor,	IL-6R,	which	is	expressed	on
macrophages,	 neutrophils,	 hepatocytes,	 and	 some	T	 cells.	 This	 is	 the	 classical
IL-6	pathway,	which	ultimately	 leads	 to	activation	of	a	 local	membrane	bound
complex,	gp-130.65,66	At	high	levels,	an	alternative	pathway	known	as	 the	 trans
pathway	is	engaged:	IL-6	first	binds	the	IL-6R,	then	metalloproteases	cleave	the
complex	from	the	membrane,	allowing	it	to	bind	to	gp-130	on	other	non-IL-6R-
expressing	cells.66	Trans	IL-6	signaling	induces	numerous	acute	phase	proteins,
which	 can	 lead	 to	 symptoms.	 IL-6	 also	 likely	 contributes	 to	 neurotoxicity	 and
cardiomyopathy	seen	in	CRS	after	CAR-T	therapy.67

Neurotoxicity	has	a	similar	pathophysiology	but	is	more	commonly	mediated
by	 IL-1,	 a	 proinflammatory	 cytokine.68	 Among	 patients	 with	 B-cell	 acute
lymphoblastic	leukemia	who	have	received	CAR-T	cell	therapy,	levels	of	IL-1a
are	 high	 and	 correlate	 with	 the	 symptoms	 of	 neurotoxicity.	 Monocyte
chemotactic	protein-1	(MCP-1)	may	also	be	neurotoxic.68,69

Etiology
Etiology	of	CRS	in	general	includes	receipt	of	immune-based	therapies,	such	as
CAR-T	cell	 therapy,	bispecific	T-cell	engager	 therapy	(such	as	blinatumomab),
immune	checkpoint	inhibitor	therapy	(such	as	pembrolizumab	or	nivolumab),	or
allogeneic	 stem	 cell	 transplant	 with	 a	 mismatched	 donor.	 CRS	 has	 also	 been
recognized	 as	 a	 complication	 of	 monoclonal	 antibody	 infusions	 such	 as	 anti-
CD52,	anti-CD28,	and	anti-CD20.70,71	CRS	can	also	appear	clinically	similar	to
sepsis	 from	 a	 systemic	 bacterial	 infection.	 Patients	 with	 CRS	 present	 with	 a
constellation	of	rash,	fever,	and	malaise,	which	can	progress	 to	 life-threatening
hypotension	 and	 organ	 dysfunction.72	 Symptoms	 are	 associated	 with	 elevated
serum	cytokines	including	TNF-α	and	IFN-γ	(T	helper	1	cytokines),	in	addition
to	IL-4,	IL-6,	and	IL-10	(T	helper	2	cytokines).	The	release	of	 these	mediators
establishes	 a	 sepsis-like	 state.73	 CRS	 can	 also	 occur	 after	 the	 conditioning
regimen	 as	 part	 of	 allogeneic	 stem	 cell	 transplantation.74	 Severe	 CRS	 is	 often
immediately	 life-threatening	 and	 confers	 an	 adverse	 prognosis,	 even	 among
those	 who	 recover	 from	 the	 acute	 syndrome.	 Rapid	 identification	 and
management	of	CRS,	regardless	of	the	underlying	etiology,	is	essential.



Diagnosis
After	CAR-T	therapy,	CRS	can	manifest	as	low-grade	fever,	which	can	worsen
to	high	fevers	with	temperatures	of	40°C	or	higher	after	several	days.	CRS	may
develop	anytime	from	days	2	to	22	following	infusion	of	CAR-T	cells.71,72	Other
initial	 presenting	 signs	 of	 CRS	 are	 nonspecific	 and	 include	 myalgia,	 fatigue,
arthralgia,	headache,	and	rash.72,73	The	diagnosis	of	sepsis	should	be	excluded	as
part	of	the	workup	including	obtaining	blood	cultures	and	administering	empiric
antibiotics,	 particularly	 in	 the	 face	 of	 the	 neutropenia	 experienced	 by	 many
CAR-T	 cell	 therapy	 recipients	 after	 the	 conditioning	 therapy.72,73	 Exclusion	 of
infection	is	critical	because	many	symptoms	including	high	temperatures	above
40°C	 make	 the	 diagnosis	 of	 CRS	 challenging.	 Subsequent	 life-threatening
complications	 of	 CRS	 can	 develop	 abruptly	 and	 affect	 most	 organ	 systems.
Uncontrolled	inflammation	from	CRS	following	CAR-T	therapy	can	progress	to
vascular	 leak,	 circulatory	 shock,	 and	 diffuse	 intravascular	 coagulation.
Respiratory	 symptoms	 can	 progress	 to	 acute	 respiratory	 distress	 syndrome
requiring	mechanical	ventilation.72,73

Neurotoxicity	may	present	as	mild	confusion	and	hallucinations	or	may	have
more	severe	neurological	symptoms	such	as	hemiparesis,	cranial	nerve	palsies,
seizures,	 and	 obtundation.72,73	 Exclusion	 of	 other	 causes	 of	 neurological
impairment	 is	 important	 and	 may	 include	 diagnostic	 tests	 to	 exclude	 central
nervous	system	(CNS)	infection,	a	primary	seizure	disorder,	or	a	cerebrovascular
event.

Laboratory	findings	of	CRS	often	include	cytopenias,	elevated	creatinine	and
liver	enzymes,	deranged	coagulation	parameters,	and	high	C-reactive	protein.64
These	findings	may	help	with	distinguishing	CRS	from	other	possible	diagnoses
when	 the	 differential	 diagnoses	 include	 sepsis,	 engraftment	 syndrome,	 heart
failure,	 allergic	 reaction,	 thromboembolism,	 TLS,	 and	 macrophage	 activation
syndrome.	 Recently,	 the	 National	 Cancer	 Institute	 Common	 Terminology
Criteria	for	Adverse	Events	(CTCAE)	grading	system	has	been	applied	to	CRS,
which	distinguishes	five	levels	of	severity	based	primarily	on	a	patient’s	ability
to	 tolerate	hemodynamic	changes	and	visceral	 insults.73	The	American	Society
for	 Transplantation	 and	 Cellular	 Therapy	 (ASTCT)	 put	 forth	 consensus
guidelines	 for	 both	 CRS	 and	 immune-effector	 cell-associated	 neurotoxicity
(ICANS).	Management	based	on	these	guidelines	focuses	on	minimizing	toxicity
inflicted	by	the	hyperinflammatory	response.

Treatment



The	 CRS	 grading	 system	 developed	 by	 Lee	 et	 al.	 was	 designed	 to	 guide
appropriate	 levels	 of	 therapy	 based	 on	 the	 acuity	 of	 symptoms.73	 Consensus
recommendations	 suggest	 that,	 for	 recipients	of	CAR-T	cell	 therapy	who	have
grade	1	CRS	(fever	and	constitutional	symptoms	but	without	evidence	of	organ
strain),	 supportive	 care	 should	 be	 administered.	 This	 includes	 fluids,
antipyretics,	 and	 analgesics	 as	 needed.	 Likewise,	 patients	 with	 grade	 2	 CRS
without	 extensive	 comorbidities	 may	 be	 managed	 expectantly.	 When	 patients
develop	hypotension,	hypoxia,	or	other	symptoms	of	organ	dysfunction,	targeted
anti-inflammatory	treatment	is	warranted	to	prevent	complications.73

Primary	therapy	for	severe	CRS	aims	to	block	IL-6	signaling	via	tocilizumab,
a	humanized,	 immunoglobulin	G1k	(IgG1k)	monoclonal	antibody	 targeting	 the
IL-6	 receptor.	 Tocilizumab	 inhibits	 both	 classical	 and	 trans	 IL-6	 signaling
pathways	by	blocking	both	membrane	bound	and	soluble	IL-6R.66	Within	several
hours	 of	 tocilizumab	 administration,	 most	 patients	 experience	 resolution	 of
fevers	 and	 hypotension.	 The	 majority	 of	 adverse	 effects	 associated	 with
tocilizumab	 are	 related	 to	 its	 chronic	 use	 for	 rheumatologic	 diseases,	where	 it
can	 lead	 to	 transaminitis,	 thrombocytopenia,	 neutropenia,	 and
hypercholesterolemia.

While	a	direct	relationship	has	not	been	proven,	tocilizumab	may	transiently
exacerbate	 the	 IL-6	 signaling	 within	 the	 CNS	 responsible	 for	 CRS-associated
neurotoxicity.73	By	blocking	 IL-6R	 in	 the	periphery,	 tocilizumab	causes	a	brief
increase	 in	 circulating	 IL-6.	 While	 IL-6	 traverses	 the	 blood-brain	 barrier
tocilizumab	 does	 not,	 establishing	 a	 net	 increase	 in	 IL-6	 signaling	 within	 the
CNS.	 For	 patients	 presenting	 with	 symptoms	 of	 neurotoxicity,
immunosuppressive	medications	should	also	be	given.

9 	 In	 addition	 to	 primary	 therapy	with	 tocilizumab	 for	 CRS,	 corticosteroids
with	 a	 taper	 have	 also	 been	 effective	 for	 treating	 both	CRS	 and	neurotoxicity,
although	 time	 to	 response	 is	slightly	 longer	 than	with	 tocilizumab.	Evidence	 is
limited	 to	 substantiate	 this	 concern,	 however,	 and	 methylprednisolone	 and
dexamethasone	 have	 both	 been	 used	 to	 treat	 life-threatening	 CRS	 and
neurotoxicity.75	Dexamethasone	may	have	particular	benefit	 due	 to	 its	 efficient
CNS	 dissemination	 for	 patients	 with	 neurological	 symptoms.	 While	 other
possible	targeted	treatments	for	cytokines	in	CRS	including	TNF-alpha	and	IL-1
are	 available,	 they	 have	 not	 been	 extensively	 studied.	 Anakinra,	 an	 IL-1R
antagonist,	has	also	been	proposed	as	a	treatment	of	neurotoxicity	and	can	lead
to	rapid	reduction	of	cytokine	levels	of	recipients	of	CAR-T	cell	therapy.75

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	Which	of	the	following	is	the	most	common	malignant	cause	of	superior
vena	cava	(SVC)	syndrome?

A. 	Adenocarcinoma	of	the	lung
B. 	Lymphoma	in	the	mediastinum
C. 	Small	cell	carcinoma	of	the	lung
D. 	Squamous	cell	carcinoma	of	the	lung

2. 	For	what	period	is	calcitonin	useful	when	treating	hypercalcemia	of
malignancy?

A. 	One	day
B. 	Two	to	four	days
C. 	Two	weeks
D. 	Six	months

3. 	Which	of	the	following	mediators	are	associated	with	cytokine	release
syndrome	(CRS)?

A. 	IL-5,	IL-17,	IL-22,	and	IL	23
B. 	MCP-1,	MCP-4,	and	RANTES
C. 	Prostaglandins
D. 	TNF-α,	IFN-γ,	IL-4,	IL-6,	and	IL-10

Answers

1.	The	correct	answer	is	C.
Rationale:	The	most	common	malignant	cause	of	SVC	syndrome	is	small	cell

carcinoma	 of	 the	 lung	 (choice	 C	 is	 correct),	 which	 comprises	 34%	 of	 cases.
Squamous	cell	carcinoma	of	the	lung	accounts	for	21%,	while	adenocarcinoma
and	lymphoma	each	account	for	14%.	Of	note,	11%	of	cases	are	caused	by	large
cell	carcinoma	and	6%	by	other	malignancies.

2.	The	correct	answer	is	B.
Rationale:	 Calcitonin	 is	 a	 peptide	 hormone	 secreted	 by	 the	 parafollicular

C	cells	of	the	thyroid	gland.	It	inhibits	osteoclast	bone	resorption	and	increases



urinary	 calcium	 excretion.	 Synthetic	 calcitonin	 reduces	 calcium	 in	 hours,	 but
changes	 are	 modest	 and	 short-lived	 due	 to	 downregulation	 of	 receptors	 on
osteoclasts	within	a	couple	days	(tachyphylaxis)	(choice	B	is	correct).	Only	one-
third	of	patients	achieve	normal	calcium	levels,	so	this	drug	may	best	be	used	as
an	adjunct	to	other	hypercalcemia	treatments.

3.	The	correct	answer	is	D.
Rationale:	 Cytokine	 release	 syndrome	 (CRS)	 is	 an	 acute	 systemic

inflammatory	 syndrome	characterized	by	 fever	 and	multiple	organ	dysfunction
that	 is	 associated	 with	 chimeric	 antigen	 receptor	 (CAR)-T	 cell	 therapy,
therapeutic	 antibodies,	 and	 haploidentical	 allogeneic	 transplantation.	 It	 is
associated	with	TNF-α	and	IFN-γ	(T	helper	1	cytokines),	in	addition	to	IL-4,	IL-
6,	and	IL-10	(T	helper	2	cytokines)	(choice	D	is	correct).	IL-5,	IL-17,	IL-22,	and
IL	 23	 are	 cytokines	 associated	with	 allergic	 airway	 and	 arthritic	 inflammation
(choice	A	is	incorrect).	Prostaglandins	are	not	considered	cytokines	(choice	C	is
incorrect).	MCP-1,	MCP-4,	 and	RANTES	are	 chemotactic	 cytokines	 that	 have
not	been	associated	with	CRS	(choice	B	is	incorrect).
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Chapter	95
Therapeutic	Apheresis
Laura	S.	Connelly-Smith

KEY	POINTS:
1.	 Therapeutic	apheresis	is	a	well-established	field	of	medicine	that

uses	extracorporeal	therapy	for	the	management	of	a	wide	variety	of
renal,	neurological,	hematological,	and	other	clinical	indications.
Some	apheresis	procedures	have	been	recognized	as	a	first	or
second	line	of	therapy	for	the	respective	clinical	indications	and	are
often	encountered	among	patients	requiring	intensive	care	during
critical	illness.	This	chapter	discusses	the	basic	principles	of
therapeutic	apheresis,	the	technological	aspects,	potential
complications,	and	relevant	medical	conditions	for	its	use	found	in
patients	on	the	intensive	care	unit.

2.	 The	American	Society	for	Apheresis	(ASFA)	has	published	practice
guidelines	on	the	use	of	therapeutic	apheresis	in	the	Journal	of
Clinical	Apheresis	(JCA)	Special	Issue.	These	guidelines	are
published	every	3	years	to	provide	a	reflection	of	current	evidence-
based	apheresis	practice.	Recently,	the	eighth	special	issue	was
published—“Guidelines	on	the	Use	of	Therapeutic	Apheresis	in
Clinical	Practice—Evidence-Based	Approach	from	the	Writing
Committee	of	the	American	Society	for	Apheresis:	The	Eighth
Special	Issue.”6	Apheresis	indications	(and	level	of	evidence)	for
disorders	in	the	critically	ill	patient	are	covered	in	this	chapter.

3.	 Therapeutic	plasma	exchange	(TPE)	is	the	most	frequently	used
modality	of	apheresis,	and	for	critical	illness	it	is	used	to	selectively
remove	or	manipulate	specific	molecules,	antibodies,	or	cellular
elements	to	treat	the	underlying	pathological	process.	The	article



“Therapeutic	Plasma	Exchange	in	the	Critically	Ill	Patient:
Technology	and	Indications”	by	Sanchez	and	Balogun23	provides	a
wonderful	review	and	includes	some	of	the	clinical	scenarios
encountered	among	the	critically	ill.

TECHNICAL	RATIONALE	AND	INSTRUMENTS
1 	 Apheresis	means	 to	 remove.	 Apheresis	 instruments	 are	 designed	 to	 separate
whole	blood	into	its	component	parts	to	selectively	remove	one	component	and
return	 the	 remaining	 components	 to	 the	 patient.	 By	 processing	 one	 or	 more
blood	 volumes,	 significant	 amount	 of	 pathological	 solutes	 or	 cells	 may	 be
removed	 while	 the	 intravascular	 compartment	 remains	 relatively	 euvolemic.
During	an	exchange	procedure,	replacement	fluid	or	blood	is	given	back	to	the
patient	 to	 allow	 plasma	 or	 red	 cells	 to	 be	 removed.	 With	 any	 apheresis
procedure,	 some	 of	 anticoagulant	 is	 added	 to	 the	 circuit	 to	 ensure	 that	 blood
flows	freely.

Centrifugation	 apheresis	 instruments	 use	 either	 a	 continuous	 or	 a
discontinuous	flow	method	to	deliver	blood	to	the	separation	device	where	blood
cells	and	plasma	are	differentially	sedimented	according	to	their	specific	gravity.
Continuous	 flow	methods	 draw	 blood	 into	 the	 extracorporeal	 circuit,	 separate
blood	 into	 components	 in	 the	 centrifugation	 chamber,	 divert	 the	 unwanted
component	into	a	collection	bag,	and	return	nonpathological	components	to	the
patient	 without	 interruption	 (Figure	 95.1).	 Dual	 venous/catheter	 access	 is
required	 for	 these	 procedures.	 Discontinuous,	 or	 intermittent,	 flow	 methods
accomplish	the	same	steps	but	draw	and	process	a	discrete	amount	of	blood	into
the	extracorporeal	circuit	and	 then	 return	 the	processed	effluent	before	another
discrete	 volume	 of	 blood	 is	 removed.	Discontinuous	 procedures	 take	 a	 longer
time	than	continuous	procedures	but	require	only	single	vein/catheter	access.1



	

Figure	95.1 	A,	Basic	circuitry	and	instrumentation	of	component
removal	in	a	therapeutic	apheresis	procedure.	Anticoagulant	is	added
to	 the	 patient’s	 blood	 as	 it	 is	 drawn	 and	 pumped	 to	 the	 separation
device.	The	component	to	be	collected	is	pumped	from	the	device	to
a	 collection	 bag,	 and	 the	 remainder	 of	 the	 blood	 is	 returned,	 along
with	 appropriate	 replacement	 fluid,	 to	 the	 patient.	 B,	 Circuitry	 and
instrumentation	 for	 selective	 removal	 of	 pathogenic	 substance	 from
the	patient’s	plasma.	The	patient’s	anticoagulated	blood	is	pumped	to
the	 separation	device,	 and	 separated	plasma	 is	 then	delivered	 to	 the
selective	removal	device.	The	purified	plasma	is	then	combined	with
the	cellular	portion	of	the	patient’s	blood	and	returned	to	the	patient.
AD,	 air	 detector;	 BP,	 blood	 pump;	 P,	 pressure	 monitor.(From
Linenberger	ML,	Price	TH.	Use	of	cellular	and	plasma	apheresis	 in
the	 critically	 ill	 patient.	 Part	 1:	 technical	 and	 physiological
considerations.	 J	 Intensive	Care	Med.	 2005;20:18-27.	 Reprinted	 by
Permission	of	SAGE	Publications.)

Some	apheresis	 instruments,	 predominantly	 used	 in	Asia	 and	Europe,	 use	 a
membrane	 filtration	 technique	 to	 isolate	plasma.	The	extracorporeal	membrane
consists	 of	 either	 a	 flat	 plate	 or	 a	 hollow	 fiber	with	 a	 pore	 size	 that	 excludes
cellular	 components	 from	 the	 filtrate.	 The	 plasma	 that	 is	 separated	 by	 the



instrument	 is	 diverted	 for	 disposal	 or	 treatment,	 whereas	 the	 other	 blood
components	 are	 returned	 to	 the	 patient.1,2	 In	 DFPP	 (double-filtration
plasmapheresis),	 plasma	 is	 first	 separated	 from	 the	 cellular	 component	 by
filtration	 through	 a	membrane,	with	 the	 filtrate	 then	 passing	 through	 a	 second
filter	 that	 determines	 which	 plasma	 components	 are	 discarded	 and	 which	 are
returned	to	the	patient.1	DFPP	is	not	commonly	performed	in	the	United	States.

Specialized	columns	and	instruments	have	been	developed	over	the	years	 to
treat	separated	plasma,	with	the	goal	of	selectively	removing	pathogenic	proteins
or	 other	 solutes.2,3	 One	 example	 is	 hypercholesterolemia	 therapy.	 Only	 one
column,	 approved	 for	 patients	 with	 familial	 hypercholesterolemia	 who	 have
failed	combination	drug	therapy,	is	currently	available	in	the	United	States.	The
Liposorber	 LA-15	 system	 targets	 the	 removal	 of	 low-density	 lipoproteins
(LDLs)	 from	 separated	 plasma.3,4	The	previous	heparin-induced	 extracorporeal
LDL	 precipitation	 (HELP)	 system	 is	 no	 longer	 available.	 Additional	 columns
and	systems	have	been	tested	and	used	outside	the	United	States.	These	include	a
dextran	 sulfate	column	 to	 remove	anti-DNA	and	anticardiolipin	antibodies	and
immobilized	polymyxin	B	or	other	adsorbers	to	remove	inflammatory	cytokines
and	mediators	 of	 sepsis.1,3	 One	 specialized	methodology,	 called	 extracorporeal
photopheresis	 (ECP),	 involves	 isolating	 peripheral	 white	 blood	 cells	 by
leukapheresis,	 treating	 the	 cells	 with	 a	 psoralen	 drug,	 and	 exposing	 them	 to
ultraviolet	 A	 light	 before	 returning	 the	 photoactivated	 cells	 to	 the	 patient.5	 A
dedicated	instrument	approved	by	the	Food	and	Drug	Administration	is	used	to
perform	 ECP,	 which	 is	 beneficial	 for	 some	 patients	 with	 cutaneous	 T-cell
lymphoma,	 graft-versus-host	 disease	 after	 hematopoietic	 stem	 cell
transplantation,	 systemic	 sclerosis,	 and	 solid	 organ	 transplant	 allorejection.6
Although	 ECP	 is	 usually	 an	 elective	 procedure,	 a	 critically	 ill	 patient	 may
undergo	treatment	as	part	of	a	multimodality	therapeutic	approach.

PHYSIOLOGICAL	PRINCIPLES
The	effectiveness	of	an	apheresis	procedure	for	reducing	a	plasma	molecule	or
cellular	 component	 depends	 on	 two	 factors:	 (1)	 the	 distribution	 of	 that
component	between	the	intravascular	and	extravascular	space	and	(2)	the	rate	of
synthesis	of	the	component.7	For	solutes	that	move	freely	between	intravascular
and	 extravascular	 compartments,	 complete	 re-equilibration	 between	 the
compartments	 occurs	 at	 approximately	 48	 hours	 after	 a	 plasma	 exchange.
Circulating	blood	cells	also	traffic	between	sites	of	vascular	margination	and/or
splenic	sequestration,	and	this,	in	turn,	can	affect	the	efficiency	of	a	therapeutic



cytapheresis	procedure.
The	 rate	of	 intravascular	 regeneration	of	 a	 pathological	 solute	or	 blood	 cell

population	after	 apheresis	 also	depends	on	 the	 rates	of	 synthesis	or	production
and	decay	or	cell	death.	Plasma	exchange	typically	removes	large	molecules	at	a
rate	 that	 greatly	 exceeds	 their	 natural	 synthetic	 rate;	 thus,	 a	 simple	 one-
compartment	 mathematical	 model	 is	 used	 to	 predict	 the	 depletion	 of	 soluble
plasma	 substances.	Assumptions	 of	 the	model	 are	 that	 the	 plasma	 removed	 is
replaced	with	a	fluid	devoid	of	the	target	substance	and	that	complete	mixing	of
the	 replacement	 fluid	with	 the	 remaining	 intravascular	plasma	volume	occurs.7
Figure	 95.2	 depicts	 the	 kinetics	 of	 removal	 and	 regeneration	 of	 plasma
immunoglobulin	G	(IgG)	and	IgM	after	therapeutic	plasma	exchange	(TPE).	The
reliability	 of	 the	 one-compartment	 model	 to	 predict	 removal	 of	 soluble
substances	may	be	limited	by	conditions	that	cause	an	expanded	plasma	volume,
such	 as	 paraproteinemia,	 molecules	 with	 rapid	 synthetic	 rates,	 and	 situations
where	 rebound	 IgG	production	 occurs,	 such	 as	 in	 the	 setting	 of	 humoral	 solid
organ	rejection	due	to	a	preformed	antibody.8

	

Figure	 95.2 	 Hypothetical	 depletion	 of	 whole-body
immunoglobulin	(Ig)	levels	by	therapeutic	plasma	exchange.The	one-
compartment	model	 predicts	 that	 approximately	60%	of	 the	 soluble
substance	will	be	removed	from	the	plasma	with	a	1	×	plasma	volume
therapeutic	exchange	and	approximately	80%	will	be	removed	with	a
1.5	×	volume	exchange.	Because	 roughly	50%	of	 IgG	distributes	 to
the	 extravascular	 space,	 re-equilibration	 between	 the	 intravascular
and	 extravascular	 compartments	 occurs	 between	 sequential



procedures	 and	 six	 or	 seven	 1	 ×	 volume	 exchanges	 are	 needed	 to
deplete	whole-body	 IgG	 to	 less	 than	10%	of	 the	pretreatment	 level.
By	 comparison,	 IgM	 is	 predominantly	 intravascular,	 and,	 therefore,
only	three	or	four	1	×	volume	exchanges	are	needed	to	deplete	whole-
body	 IgM	 to	 less	 than	 10%.	 By	 increasing	 the	 processing	 to
1.5	×	plasma	volumes,	the	same	therapeutic	goal	would	require	three
procedures	to	deplete	IgM	and	five	procedures	to	deplete	IgG.(From
Linenberger	ML,	Price	TH.	Use	of	cellular	and	plasma	apheresis	 in
the	 critically	 ill	 patient.	 Part	 1:	 technical	 and	 physiological
considerations.	 J	 Intensive	Care	Med.	 2005;20:18-27.	 Reprinted	 by
Permission	of	SAGE	Publications

The	 efficiency	 of	 cell	 depletion	 by	 cytapheresis	 is	 less	 predictable	 than
soluble	 substance	 removal	 by	 plasma	 exchange.	 Factors	 that	 may	 hinder	 the
prediction	include	a	rapid	rate	of	cell	production,	such	as	occurs	with	untreated
acute	 leukemia;	 the	 propensity	 of	 the	 spleen	 to	 sequester	 abnormal	 circulating
cells	 or	 platelets;	 and	 miscalculation	 of	 the	 plasma	 volume	 of	 the	 patient.	 In
general,	 a	 cytapheresis	 procedure	 in	 which	 1.5	 to	 2.0	 blood	 volumes	 are
processed	can	be	expected	 to	 remove	approximately	35%	 to	85%	of	 the	 target
cells.9

VASCULAR	ACCESS	FOR	THERAPEUTIC
APHERESIS
Vascular	access	for	therapeutic	apheresis	catheter	placement	is	dependent	on	the
patient’s	 hemodynamic	 status	 and	 their	 potential	 need	 for	 daily	 interventions
throughout	 their	 treatment	 course.	 For	 stable	 patients	 with	 nonemergent
conditions,	 peripheral	 access	 can	 be	 obtained	with	 16-	 to	 18-gauge	 large-bore
dialysis-needles	capable	of	withstanding	a	flow	rate	of	up	to	150	mL/min.10

It	 is	often	 the	case	 that	patients	requiring	 therapeutic	apheresis	are	critically
ill	and	therefore	central	venous	access	 is	preferred.	The	recommended	sites	for
catheter	 placement	 include	 the	 internal	 jugular	 and	 femoral	 veins.	 The
subclavian	approach	is	not	advised	as	this	is	a	noncompressible	site.	The	catheter
selection	 for	 apheresis	 by	 central	 access	 warrants	 a	 temporary	 or	 long-term
tunneled	catheter	dual-lumen	10-	to	13.5-Fr	line	(Table	95.1).	The	optimal	length
of	the	catheter	is	shorter	for	the	right	internal	jugular	vein	(∼16	cm)	than	for	the
left	 internal	 jugular	 or	 femoral	 veins	 (∼20	 cm).	 Smaller-diameter	 short-term



catheters	are	acceptable	for	smaller	adults	and	pediatric	patients.

TABLE	95.1

Catheter	Recommendations	Based	on	Patient	Weight

Patient	Weight
(kg) Catheter	Name Manufacturer Size/Gauge

(Fr)

Short-term	nontunneled	catheters

35-70 Mahurkar Covidien 8,	10,	and	11.5
12	(Triple
lumen)

>70 Duo-Flow	XTP
Mahurkar

MedComp
Covidien

10,	11.5
12	(Triple
lumen)

Hemo-Cath	ST MedComp 8,	11.5

Tunneled	catheters	for	long-term	apheresis

35-70 Hemo-Cath	LT MedComp 8,	12.5

Permcath Covidien 10

>70 Hickman
TriFusion

BARD 12	(Triple
lumen)

HemoStar
(VasCath)

BARD 14.5

Split	Cath MedComp 14,	16

Mahurkar	Cuffed Covidien 13.5

Tal	Palindrome Covidien 14.5

Plastic	 central	 venous	 catheters	 such	 as	 those	 used	 for	 cardiac	 pressure
monitoring	 are	not	 adequate	 for	 the	draw	 line	because	 they	 collapse	under	 the



negative	pressure	generated	 from	 the	high	 inlet	 flow	 rate.	These	catheters	or	a
peripheral	 vein	 may	 be	 useful	 as	 return	 access	 under	 certain	 circumstances.
Peripherally	inserted	central	venous	catheter	lines	and	standard	port-a-catheters
are	also	not	 suitable	options	 to	accommodate	 the	negative	pressures	and	blood
flow	 rates	 required.	 Subcutaneous	 ports	 with	 a	 reservoir-chamber	 can
accommodate	 flow	 rates	 required	 for	 some	 apheresis	 procedures,	 typically
chronic	 red	 blood	 cell	 (RBC)	 exchanges	 rather	 than	 plasma	 exchanges.11
Arteriovenous	 fistulas	 created	 for	 dialysis	 access	 can	 be	 used	 for	 therapeutic
apheresis.12	The	critical	care	team	should	consult	with	the	apheresis	team	prior	to
placing	venous	access	for	the	procedure.

There	 are	 several	 logistical	 considerations	 regarding	 the	 placement	 of	 these
catheters	 that	 include	 preferred	 anatomic	 site,	 ultrasound	 probe	 selection,	 in
addition	 to	 confirmation	 of	 wire	 and	 catheter	 by	 ultrasonic	 imaging.13	 A
demonstration	of	ultrasound-guided	apheresis	catheter	placement	is	presented	in	
	Video	95.1.
The	preferred	ultrasound	probe	for	line	placement	is	a	high-frequency	linear

probe,	which	provides	a	clearer	view	of	superficial	structures	but	 less	depth	of
field	due	 to	 lower	 tissue	penetration.	This	allows	for	higher-resolution	 imaging
of	 the	 paired	 deep	 vessels	 and	more	 precise	 direct	 ultrasound	 guidance	 to	 the
target	vessel.	At	all	the	recommended	sites	for	apheresis	catheter	placement,	the
target	 vein	 should	 be	 easily	 compressible	 in	 relation	 to	 its	 respective	 paired
artery.	Demonstration	of	relative	compressibility	is	a	key	advantage	of	ultrasonic
imaging	that	improves	the	safety	of	catheter	placement.13

A	second	key	safety	advantage	of	ultrasonic	guidance	is	the	ability	to	image
target	 vessel	 guidewire	 placement	 before	 any	 dilation	 attempts	 are	made.	This
can	be	done	in	either	axis	(sagittal	or	axial),	and	vessel	compressibility	can	once
again	verify	venous	rather	than	arterial	placement.	After	dilation	and	successful
catheter	 placement,	 the	 wire	 should	 be	 removed	 and	 handed	 to	 and	 verbally
confirmed	by	an	assistant	as	a	standard	safety	measure.	Catheter	placement	has
traditionally	been	confirmed	via	 chest	 radiograph.	Bedside	ultrasound	can	also
be	 used	 to	 confirm	 central	 line	 placement	 and	 the	 absence	 of	 pneumothorax.
Ultrasound	 confirmation	 entails	 viewing	 the	 heart	 in	 the	 subxyphoid	 approach
and	visualizing	hyperechoic	turbulent	flow	within	the	right	atrium	and	ventricle
when	the	line	is	flushed	with	saline.

ANTICOAGULATION	AND	FLUID
REPLACEMENT



Citrate	 is	 the	 most	 commonly	 used	 anticoagulant	 for	 TPE	 and	 cytapheresis
procedures.	 Heparin	 is	 often	 used	 with	 ECP,	 specialized	 column	 extraction
systems,	 and	 plasma	 membrane	 filtration.	 Current	 apheresis	 instruments	 limit
both	the	anticoagulant	(citrate	or	heparin)	dose	and	rate	of	blood	return	based	on
the	 patient’s	 total	 blood	 volume.	 The	 operator	 can	 also	 adjust	 the	 ratio	 of
anticoagulant	to	whole	blood	being	processed.14

The	acid-citrate-dextrose	(ACD)	solution	effectively	chelates	free	or	ionized
plasma	 calcium,	 thereby	 preventing	 coagulation	 of	 blood	 and	 plasma	 in	 the
apheresis	 circuit.	 The	 precise	 decrease	 in	 ionized	 calcium	 in	 vivo	 during	 an
apheresis	 procedure	 is	 difficult	 to	 predict,	 as	 this	 depends	 on	 dilution,
metabolism,	redistribution,	and	excretion	of	infused	citrate.14	Fluid	replacement
with	 plasma	 or	 albumin	may	 decrease	 the	 ionized	 calcium	 further	 because	 of
citrate	 in	 the	 plasma	 or	 calcium	 binding	 by	 albumin.	 Ionized	 calcium	 may
typically	 decrease	 by	 25%	 to	 35%,	 as	 measured	 during	 donor	 apheresis
procedures.14

Citrate	 does	 not	 produce	 an	 anticoagulant	 effect	 in	 vivo.	 The	 half-life	 for
patients	with	normal	renal	and	hepatic	function	is	approximately	30	min.	Among
patients	 with	 severe	 liver	 disease,	 where	 citrate	 will	 not	 be	 as	 quickly
metabolized,	 the	 operator	 should	 reduce	 the	 amount	 and/or	 rate	 of	ACD	 used
during	 an	 exchange.	 For	 critically	 ill	 patients	 needing	 plasma	 exchange,	 it	 is
advised	that	ionized	calcium	be	monitored	and	intravenous	calcium	replacement
be	provided	as	needed.	Some	apheresis	services	use	protocols	for	the	infusion	of
intravenous	calcium	gluconate	or	calcium	chloride	during	all	TPEs.15

Continuous	 reinfusion	 of	 extracorporeal	 heparin	 during	 an	 apheresis
procedure	 will	 affect	 the	 patient’s	 hemostatic	 parameters.	 The	 effect	 is
measurable	 until	 the	 drug	 is	 metabolized,	 usually	 within	 60	 to	 120	 min	 of
finishing	the	procedure.	For	patients	already	therapeutically	anticoagulated	with
heparin,	 the	 anticoagulation	 normally	 used	 with	 apheresis	 may	 be	 reduced	 or
eliminated.	 The	 primary	 providers	 of	 critically	 ill	 patients	 must	 communicate
with	 the	 apheresis	 team	 all	 information	 regarding	 systemic	 anticoagulation,
coagulopathy,	and	contraindications	to	anticoagulation,	especially	when	heparin
is	planned	for	a	therapeutic	procedure.	It	is	particularly	important	to	document	if
the	patient	has	known	or	suspected	heparin-induced	thrombocytopenia.

Replacement	 fluid	 used	 during	 plasma	 exchange	 may	 consist	 of	 plasma,
albumin,	or	saline.	The	of	fluid	depends	on	(1)	the	patient’s	baseline	hemostatic
parameters,	particularly	fibrinogen;	(2)	the	anticipated	number	and	frequency	of
procedures;	and	(3)	the	condition	being	treated.	For	a	patient	with	a	neurological
illness,	 such	 as	 acute	 Guillain-Barré	 syndrome,	 1	 to	 1.5	 plasma	 volume
exchanges	 are	 typically	 performed	 every	 other	 day	 with	 5%	 albumin	 as



replacement	 fluid.	 This	 regimen	 and	 schedule	 allows	 the	 fibrinogen	 level	 to
recover	 between	procedures.	Alternatively,	 if	 a	 condition	 requires	 that	TPE	be
performed	daily,	some	plasma	replacement	will	likely	be	needed	to	maintain	the
patient’s	 fibrinogen	 at	 a	 hemostatic	 level.	 For	 conditions	 where	 a	 plasma
component	is	felt	to	be	an	important	part	of	the	therapy,	such	as	with	thrombotic
thrombocytopenic	 purpura,	 plasma	 should	 comprise	 at	 least	 half	 of	 the
replacement	fluid.16	Among	such	cases,	fibrinogen	and	other	coagulation	factors
will	not	be	depleted.

An	 apheresis	 instrument	 that	 uses	 a	 centrifugation	 technique	must	 deliver	 a
specific	 volume	of	 packed	 red	 cells	 to	 the	 separation	 chamber	 to	maintain	 the
cell/plasma	 density	 gradient	 necessary	 for	 efficient	 selective	 extraction.	 The
extracorporeal	blood	volume	(ECV)	necessary	for	this	purpose	varies	according
to	 the	 specifications	 of	 the	 instrument	 and	 disposable	 tubing	 kit	 and	 the
hematocrit	 of	 the	 patient.	 The	 AABB	 (Association	 for	 the	 Advancement	 of
Blood	&	Biotherapies)	recommends	that	the	ECV	for	a	general	procedure	should
not	 exceed	 15%	 of	 a	 patient’s	 total	 blood	 volume.17	 The	 implications	 for	 a
therapeutic	apheresis	procedure	can	be	 illustrated	by	 the	 following	example.	A
60-kg	 adult	 with	 a	 hematocrit	 of	 40%	 has	 a	 total	 blood	 volume	 of
60	kg	×	70	mL/kg	(the	standard	conversion	factor	for	an	adult	male)	=	4200	mL
and	 a	 red	 cell	 volume	 of	 4200	 mL	 ×	 40/100	 =	 1680	 mL.	 If	 the	 instrument
requires	 200	mL	 of	 extracorporeal	 red	 cell	 volume,	 then	 the	 ECV	 required	 to
deliver	that	200	mL	will	be	200/1680	=	0.12,	or	12%	of	the	total	blood	volume.
If,	however,	the	same	patient	has	a	hematocrit	of	20%,	the	red	cell	volume	will
be	4200	mL	×	20/100	=	840	mL	and	the	required	ECV	will	be	200/840	=	0.24,	or
24%	 of	 the	 total	 blood	 volume,	 which	 exceeds	 the	 AABB	 safety	 limit.
Allogeneic	red	cells	are	required	when	the	ECV	exceeds	15%.	These	are	either
given	 to	 the	 patient	 as	 a	 transfusion	 prior	 to	 the	 procedure	 (to	 increase	 their
pretreatment	 red	 cell	 volume)	 or	 used	 to	 “prime”	 the	 apheresis	 circuit	 at	 the
beginning	 of	 the	 procedure	 (and	 returned	 to	 the	 patient	 as	 part	 of	 the	 return
fluid).

LIMITATIONS	AND	POTENTIAL	ADVERSE
EVENTS
When	 considering	 therapeutic	 apheresis,	 certain	 limitations	 should	 be
remembered.	First,	apheresis	is	not	the	same	as	dialysis.	It	is	not	usually	possible
to	 end	 a	 procedure	with	 a	 large	 net	 negative	 fluid	 balance	 (eg,	>200-400	mL)



because	the	deficit	is	colloid	rather	than	crystalloid	and	hypotension	is	likely	to
occur.	A	safe	end	fluid	balance	is	plus	or	minus	10%	to	15%	of	the	total	blood
volume.	 In	 addition,	 it	 is	 not	 recommended	 that	 red	 cells	 be	 transfused	during
the	apheresis	procedure	(other	than	at	the	start	as	a	blood	“prime”),	because	the
cell	separation	gradient	and	cell/plasma	interface	in	the	separation	chamber	may
be	disturbed.	Second,	the	procedure	is	almost	always	an	adjunctive,	rather	than
definitive	 therapy	for	 the	condition	being	 treated.	Thus,	although	apheresis	can
be	performed	for	very	ill	patients,	one	must	carefully	consider	the	risks	that	are
associated	with	hemodynamic	instability,	hematological	abnormalities,	the	need
for	vascular	access,	and	the	priorities	for	more	urgent	primary	treatments.

Possible	adverse	complications	related	to	therapeutic	apheresis	are	presented
in	 Table	 95.2.	 Central	 line	 complications	 include	 procedure-related	 events,
infection,	 and	bleeding.	Citrate	 toxicity	 occurs	 in	 1.5%	 to	 9.0%	of	 therapeutic
procedures.18	 Higher	 risk	 is	 associated	 with	 larger	 process	 volumes,	 longer
procedure	 duration,	 nonphysiologic	 bleeding,	 severe	 anemia,	 unstable	 vital
signs,	 liver	 failure,	 alkalosis	 due	 to	 hyperventilation,	 and	 use	 of	 replacement
fluid	consisting	of	blood	components	that	contain	citrate	as	the	anticoagulant.18,19
Signs	and	symptoms	of	hypocalcemia	can	include	a	metallic	taste	in	the	mouth,
muscle	 or	 gastrointestinal	 cramps,	 perioral	 numbness,	 distal	 paresthesias,	 and
chest	 tightness.	 In	 sedated	 or	 unconscious	 patients,	 severe	 citrate	 toxicity	may
manifest	 as	 tetany,	 muscle	 spasm	 including	 laryngospasm,	 a	 prolonged	 QTc
interval,	 and	 decreased	 myocardial	 contractility.18	 Hypomagnesemia	 and
hypokalemia	may	 also	 occur,	 as	 the	 kidneys	 increase	 cation	 excretion	 into	 the
urine	 to	facilitate	excretion	of	 the	citrate	 load.	Although	rare,	 fatal	arrhythmias
have	 occurred	 during	 therapeutic	 apheresis.	 To	 avoid	 these	 complications,
ionized	 calcium	 should	 be	 monitored,	 and	 intravenous	 calcium	 infused,	 as
indicated,	 either	 through	 the	 return	 line	 or	 as	 an	 additive	 with	 the	 albumin
replacement	 fluid.	 Some	 apheresis	 practitioners	 will	 add	 small	 amounts	 of
potassium	 to	 albumin	 to	 minimize	 the	 risk	 of	 hypokalemia;	 otherwise,	 one
should	consider	monitoring	of	serum	potassium	for	 intensive	regimens	that	use
albumin	as	the	replacement	fluid.18

TABLE	95.2

Possible	Adverse	Effects	of	Therapeutic	Apheresis



Central	venous	catheter-associated	complications
Signs	and	symptoms	of	hypocalcemia	and/or	hypomagnesemia
Hypotension	related	to	vasovagal	reactions	or	fluid	shifts
Transfusion	reactions
Altered	hemostatic	parameters

Bradykinin	reaction	in	patients	on	ACE	inhibitors	undergoing	plasma
exchange	or	plasma	treatment

Removal	of	highly	protein-bound	drugs	or	immunoglobulins	(with	frequent
plasma	exchanges)

ACE,	angiotensin-converting	enzyme.

Hypotension	 or	 vasovagal	 reactions	 have	 a	 reported	 incidence	 of	 1.7%.18
Patients	with	preexisting	hemodynamic	 instability	or	diminished	vascular	 tone,
as	 seen	 in	 certain	 neurological	 disorders,	 may	 be	 at	 particular	 risk.	 For	 such
patients,	a	net	negative	end	fluid	balance	must	be	avoided.	Transfusion	reactions
may	occur	when	blood	 components	 are	 part	 of	 the	 replacement	 fluid.	Allergic
reactions	 have	 also	 been	 reported	 in	 some	 patients	 receiving	 albumin	 as	 the
replacement	fluid.

Hemostatic	 alterations	 and	 bleeding	may	 occur	 among	 severely	 ill	 patients
with	 baseline	 coagulopathy	 and/or	 severe	 thrombocytopenia.	A	 typical	 plasma
exchange	 using	 albumin	 depletes	 most	 coagulation	 factors	 by	 approximately
40%	 to	 70%.19	 Repletion	 time	 of	 these	 coagulation	 factors	 depends	 on	 their
respective	rates	of	synthesis,	with	most	factors	returning	to	baseline	values	by	24
hours.	 The	 exception	 is	 fibrinogen,	 which	 takes	 about	 3	 days	 to	 return	 to
baseline	values.	Because	fibrinogen	levels	are	the	most	severely	affected	during
the	 course	 of	 a	 series	 of	 plasma	 exchanges,	 preprocedure	 fibrinogen	 levels
should	be	monitored,	especially	when	the	replacement	fluid	does	not	include	at
least	 50%	 plasma.	 Therapeutic	 leukapheresis	 removes	 a	 portion	 of	 circulating
platelets,	 and	 this	 decrement	 could	 be	 clinically	 significant	 for	 a	 patient	 with
preprocedural	 severe	 thrombocytopenia.	 The	 postprocedure	 platelet	 count	 and
coagulation	 status	 should	 be	 monitored	 for	 critically	 ill	 patients,	 particularly
when	an	invasive	procedure	is	needed	shortly	after	apheresis.

Among	some	patients	undergoing	TPE	with	albumin	as	the	replacement	fluid,
a	severe	reaction	consisting	of	flushing,	hypotension,	bradycardia,	and	dyspnea



has	 been	 linked	 to	 concomitant	 use	 of	 angiotensin-converting	 enzyme	 (ACE)
inhibitors.20	 This	 reaction	 is	 mediated	 by	 bradykinin,	 which	 is	 thought	 to	 be
generated	 by	 prekallikrein-activating	 factor	 in	 the	 albumin	 preparation.	 These
reports	have	led	to	the	recommendation	that	ACE	inhibitors	be	withheld	for	24
to	 48	 hours	 (depending	 on	 the	 half-life	 of	 the	 specific	 drug)	 before	 plasma
exchange	using	 albumin.20	 If	 an	 emergency	 exchange	 is	 required	 for	 a	 patient
using	an	ACE	inhibitor,	plasma	should	be	used	as	the	replacement	fluid	to	avoid
this	reaction.	Similar	reactions	involving	ACE	inhibitors	have	been	seen	among
patients	 undergoing	 plasma	 treatment	 with	 specialized	 columns;	 thus,	 similar
precautions	must	be	followed.21

An	 additional	 potential	 adverse	 effect	 of	 repeated	 plasma	 exchange	 is	 the
removal	 of	 highly	 protein-bound	 therapeutic	 drugs	 and	 plasma
immunoglobulins.	The	exact	effects	of	exchange	on	individual	drug	levels	have
not	 been	 delineated.	 To	 avoid	 this	 complication,	 medications	 should	 be
administered	 following	 a	 plasma	 exchange	 procedure	 whenever	 possible.
Immunoglobulin	 levels	 should	 also	 be	 measured	 periodically	 for
immunosuppressed	 patients	 undergoing	 a	 series	 of	 plasma	 exchanges,	 as	 these
proteins	 will	 be	 nonselectively	 depleted	 from	 the	 circulation	 and	 severe
hypogammaglobulinemia	could	further	predispose	the	patient	to	infections.

INDICATIONS	FOR	THE	CRITICALLY	ILL
2 	 Evidence-based	 guidelines	 for	 clinical	 applications	 are	 published	 by	 the
American	Society	for	Apheresis	(ASFA)	every	few	years.22	Medical	conditions
are	 placed	 into	 categories	 from	 I	 to	 IV,	 with	 I	 indicating	 that	 therapeutic
apheresis	 is	 known	 to	 be	 an	 effective	 primary	 or	 adjunct	 therapy	 based	 on
randomized	 controlled	 clinical	 trials	 or	 broad	 noncontroversial	 experience	 and
category	 IV	 indicating	 no	 demonstrated	 efficacy	 and	 possibly	 even	 a	 negative
impact	of	 therapeutic	apheresis	for	 the	condition.6	Examples	of	evidence-based
indications	for	therapeutic	apheresis	are	shown	in	Table	95.3.

TABLE	95.3

Evidence-Based	Indication	Categories	for	Therapeutic
Apheresis	for	Disorders	Potentially	Affecting	Critically	Ill
Patients



Indication Recommendation

Disease Apheresis
Procedure Category Grade

Renal

Antiglomerular	basement	membrane	antibody	disease	(Goodpasture	syndrome)

Diffuse	alveolar
hemorrhage	(DAH)

Plasma	exchange I 1C

Dialysis	independence Plasma	exchange I IB

Dialysis	dependence	and	no
DAH

Plasma	exchange III 2B

Vasculitis	ANCA-associated	(rapidly	progressive	glomerulonephritis)

Cr	≥	5.7 Plasma	exchange I 1A

DAH	dependence Plasma	exchange I 1C

Cr	<	5.7 Plasma	exchange III 2C

Focal	segmental
glomerulosclerosis

Recurrent	in	kidney
transplant

Plasma	exchange I 1B

Steroid	resistant	in	native
kidney

Plasma	exchange III 2C

Myeloma	cast	nephropathy Plasma	exchange II 2B

Thrombotic	microangiopathy,	infection	associated

Shiga	toxin	mediated
(STEC-HUS),	severe

Plasma	exchange III 2C

Streptococcus	pneumoniae
(pHUS)

Plasma	exchange III 2C

Thrombotic	microangiopathy,	coagulation	mediated



THBD,	DGKE,	and	PLG
mutations

Plasma	exchange III 2C

Thrombotic	microangiopathy,	complement
mediated

Factor	H	autoantibodies Plasma	exchange I 2C

Complement	factor	gene
mutations

Plasma	exchange III 2C

Renal	allograft	rejection	(antibody	mediated)

ABO	compatible Plasma	exchange I IB

ABO	incompatible Plasma	exchange II 1B

IgA	nephropathy	(Berger
disease)	crescentic

Plasma	exchange III 2B

Nephrogenic	systemic
fibrosis

Plasma	exchange III 2C

Autoimmune	and	rheumatologic

Cryoglobulinemia
(severe/symptomatic)

Plasma	exchange II 2A

Idiopathic
thrombocytopenic	purpura
(refractory)

Plasma	exchange III 2C

Systemic	lupus
erythematosus	(severe)

Plasma	exchange II 2C

Catastrophic
antiphospholipid	syndrome

Plasma	exchange I 2C

Dermatomyositis	or
polymyositis

Plasma	exchange IV 2B

Hematologic

Thrombotic
thrombocytopenic	purpura

Plasma	exchange I 1A



Hyperleukocytosis	with
leukostasis

Leukapheresis II 1B

Sickle	cell	disease	with
acute	stroke

Red	cell	exchange I 1C

Sickle	cell	disease	with
acute	chest	syndrome

Red	cell	exchange II 1C

Sickle	cell	disease	with
other	complications

Red	cell	exchange III 2C

Thrombocytosis
(symptomatic)

Plateletpheresis II 2C

Posttransfusion	purpura Plasma	exchange III 2C

Polycythemia	vera Erythrocytapheresis I IB

Secondary	erythrocytosis Erythrocytapheresis III 1C

Hyperviscosity
(monoclonal	IgM,	IgA,
IgG)

Plasma	exchange I 1B

Coagulation	factor
inhibitors

Plasma	exchange III 2C

Babesiosis	(severe) Red	cell	exchange II 2C

Malaria	(severe) Red	cell	exchange III 2B

Heparin-induced
thrombocytopenia
(precardiopulmonary
bypass	or	thrombosis
associated)

Plasma	exchange III 2C

Neurologic

Acute	inflammatory
demyelinating
polyradiculopathy/Guillain-
Barré	syndrome	(primary

Plasma	exchange I 1A



treatment)

Acute	disseminated
encephalomyelitis

Plasma	exchange II 2C

Chronic	inflammatory
demyelinating
polyradiculopathy

Plasma	exchange I 1B

Myasthenia	crisis,	(acute,
short	term)

Plasma	exchange I 1B

Demyelinating
polyneuropathy	(IgG,	IgA,
IgM)

Plasma	exchange I 1B

Demyelinating
polyneuropathy	(Anti-
MAG)

Plasma	exchange III 1C

Lambert-Eaton	myasthenia
syndrome

Plasma	exchange II 2C

Multiple	sclerosis	(acute,
fulminant)

Plasma	exchange II 1A

Neuromyelitis	optica
(acute)

Plasma	exchange II 1B

N-methyl-D-aspartate
receptor	antibody
encephalitis

Plasma	exchange I 1C

PANDAS	(exacerbation) Plasma	exchange II 1B

Sydenham	chorea	(severe) Plasma	exchange III 2B

Voltage-gated	potassium
channel	(VGKC)	antibody–
related	diseases

Plasma	exchange II 1B

Other	disorders

Drug	overdose,	poisoning, Plasma	exchange III 2C



and	envenomation

Mushroom	poisoning Plasma	exchange II 2C

Dilated	cardiomyopathy,
idiopathic

Plasma	exchange III 2C

Acute	liver	failure Plasma	exchange III 2B

Toxic	epidermal	necrolysis
(refractory)

Plasma	exchange III 2B

Sepsis	and	multiple-organ
failure

Plasma	exchange III 2B

Wilson	disease	(fulminant) Plasma	exchange I IC

Hashimoto	encephalopathy Plasma	exchange II 2C

Thyroid	storm Plasma	exchange II 2C

Burn	shock	resuscitation Plasma	exchange III 2B

Category	I:	Disorders	for	which	apheresis	is	accepted	as	first-line	therapy,	either	as	a	primary
stand-alone	treatment	or	in	conjunction	with	other	modes	of	treatment.	Category	II:	Disorders	for
which	apheresis	is	accepted	as	second-line	therapy,	either	as	a	stand-alone	treatment	or	in
conjunction	with	other	modes	of	treatment.	Category	III:	Disorders	for	which	the	optimum	role	of
apheresis	therapy	is	not	established.	Decision-making	should	be	individualized.	Category	IV:
Disorders	in	which	published	evidence	demonstrates	or	suggests	apheresis	to	be	ineffective	or
harmful.	Institutional	review	board	approval	is	desirable	if	apheresis	treatment	is	undertaken	in
these	circumstances.

Note:	The	grade	system	has	also	been	assigned	in	an	effort	to	parallel	an	approach	more
commonly	used	to	evaluate	therapeutic	recommendations.	ANCA,	antineutrophil	cytoplasmic
antibody;	IgA,	immunoglobulin	A;	IgG,	immunoglobulin	G;	IgM,	immunoglobulin	M.
Adapted	from	Guyatt	G,	Gutterman	D,	Baumann	MH,	et	al.	Grading	strength	of	recommendations
and	quality	of	evidence	in	clinical	guidelines:	report	from	an	American	College	of	Chest
Physicians	Task	Force.	Chest.	2006;129:174-181;	also	adapted	from	evidence-based	indications
categorizations	generated	by	the	American	Society	for	Apheresis	(ASFA)	Apheresis	Applications
Committee.	Schwartz	J,	Winters	JL,	Padmanabhan	A,	et	al.	Guidelines	on	the	use	of	therapeutic
apheresis	in	clinical	practice-evidence-based	approach	from	the	Writing	Committee	of	the
American	Society	for	Apheresis:	the	sixth	special	issue.	J	Clin	Apher.	2013;28(3):145-284.

Therapeutic	Plasma	Exchange
3 	 In	 the	 intensive	 care	 unit,	 TPE	 is	 likely	 to	 be	 the	 most	 frequent	 apheresis
procedure	 used.23	 Antibody-mediated	 conditions	 known	 to	 respond	 to	 plasma



exchange	 include	 thrombotic	 thrombocytopenic	 purpura15,24;	 demyelinating
diseases	 including	 acute	 inflammatory	 demyelinating	 polyneuropathy/Guillain-
Barré	 syndrome25-28;	 severe,	 acute	 idiopathic	 inflammatory	 demyelinating
diseases26,29;	 myasthenic	 crisis26,30-34;	 demyelinating	 polyneuropathy	 with	 IgG,
IgM,	and	IgA26;	antiglomerular	basement	membrane	(anti-GBM)	(Goodpasture)
disease;	 and	 pulmonary	 hemorrhage	 associated	 with	 other	 forms	 of	 rapidly
progressive	glomerulonephritis	(RPGN).35-37

Randomized	 trials	 and	 systematic	 reviews	have	directed	decision-making	 in
the	use	of	 therapeutic	apheresis	as	a	 treatment	modality	(Table	95.4);	however,
for	 certain	 conditions,	 limited	 data	 are	 available	 with	 its	 effectiveness	 and
optimal	role	yet	to	be	determined.

TABLE	95.4

Randomized	Controlled	Trials	and	Systematic	Reviews	of
Randomized	Controlled	Trials	That	Utilized	Therapeutic
Apheresis	for	Disorders	in	Critical	Care	Patients

Disease	Category N Intervention Outcome

Severe	sepsis	and	septic
shock38

106 Therapeutic	plasma
exchange	(TPE)	vs
standard	therapy

28-d	mortality	
18/54	(33%)	TPE
28/52	(54%)
Control	(P	=	.05)

Sepsis	syndrome39 30 Plasma	filtration
(PF)	vs	standard
therapy

14-d	mortality	
8/14	(57%)	PF
8/16	(50%)	Control
(P	=	.73)

Septic	shock40 40 TPE	vs	standard
therapy

Norepinephrine
dose	between	0
and	6	h	
-48%	TPE	-10%
Control
28-d
mortality12/20
(60%)	TPE10/20



(50%)	Control
(P	=	.44)

Severe	COVID-19
disease41

87 TPE	vs	standard
therapy

35-d
mortality9/43(20.9)
TPE
15/44	(34.1%)
Control	(P	=	.582)

Acute	inflammatory
demyelinating
polyradiculopathy/Guillain-
Barré	syndrome
(systematic	review	of	six
trials)27

649 TPE	vs	supportive
TPE	vs	supportive
care

Mechanical
ventilation	at	4	wk	
85/315	(27%)
Control
44/308	(14%)	TPE
(RR	0.53;	95%	CI
0.39-0.74,
P	=	.0001)

Severe	sequelae	at
1	y	
55/328	(17%)
Control
35/321	(11%)	TPE
(RR	0.65;	95%	CI
0.44-0.96,	P	=	.03)

1-y	mortality	
18/328	(5.5%)
Control
15/321	(4.7%)	TPE
(RR	0.85;	95%	CI
0.42-1.45,	P	=	.70)

Acute	inflammatory
demyelinating
polyradiculopathy/Guillain-
Barré	syndrome
(systematic	review	of	five
trials)28

582 TPE	vs	intravenous
immunoglobulin
(IVIg)

Median	time	to
discontinuation	of
mechanical
ventilation	(2
studies)	
34	d	(n	=	34)	TPE
vs	27	d	(n	=	29)
IVIg	(P	=	NS)



29	d	(n	=	40)	TPE
vs	26	d	(n	=	44)
IVIg	(P	=	NS)

Mortality	during
follow-up	
9/286	(3.1%)	TPE
7/296	(2.4%)	IVIg
(RR	0.78;	95%	CI
0.31-1.95,	P	=	NS)

Severe,	acute	idiopathic
inflammatory
demyelinating	diseases	of
the	central	nervous	system,
including	multiple
sclerosis29

22 Active	TPE	vs
sham	TPE
(crossover	allowed)

≥Moderate	acute
improvement	
8/19	(42%)	Active
TPE	therapy
1/17	(6%)	Sham
TPE	therapy

Rapidly	progressive
glomerulonephritis
(RPGN),	including
antiglomerular	basement
membrane	(anti-GBM)
disease	and	antineutrophil
cytoplasmic	antibody
(ANCA)-associated
disease42

44 TPE	vs
immunoadsorption
(IA)

6-mo	median
creatinine
clearance	
49	mL/min	TPE
49	mL/min	IA
6-mo	mortality	
1/23	(4.3%)	TPE
2/21	(9.5%)	IA	(P	=
NS)

RPGN,	including	anti-
GBM	disease	and	ANCA-
associated	disease43

33 TPE	vs	standard
therapy	with
immunosuppression

Dialysis-free
survival	among
patients	with	type
III	RPGN
42%	TPE	(n	=	18)
49%	Control
(n	=	15;	P	=	NS)

RPGN,	including	anti-
GBM	disease	and	ANCA-
associated	disease44

32 TPE	vs	standard
therapy	with
immunosuppression

Patients	on	dialysis
at	study	end	
3/16	(19%)	TPE
5/16	(31%)	Control
(P	=	NS)



Renal	vasculitis	(adult)
other	than	anti-GBM
(systematic	review	of	six
trials)45

Use	of	TPE 3-mo	response
rateSignificant
reduction	in	risk	of
end-stage	renal
disease	(P	=	.01)
12-mo	response
rateSignificant
reduction	in	risk	of
end-stage	renal
disease	(P	=	.002)

Severe	ANCA-associated
vasculitis46

704 TPE	vs	standard
therapy	with
steroids

ESRD	or	death
100/352	(28%)	TPE
109/352	(31%)
Control	(P	=	.27)

Thrombotic
thrombocytopenic
purpura16

102 TPE	vs	plasma
infusion	(PI)

6-mo	response	rate
40/51	(78%)	TPE
25/51	(49%)	PI
(P	=	.002)
6-mo	mortality	
11/51	(22%)	TPE
19/51	(37%)	PI
(P	=	.036)

Myasthenia	gravis33 87 TPE	vs	IVIg Day	15	variation	of
myasthenic
muscular	score	
+18	TPE	(n	=	41)
+15.5	IVIg	(n	=	46;
P	=	.65)

Myasthenia	gravis34 84 TPE	vs	IVIg Day	14	variation	of
quantitative
myasthenia	gravis
score	
−3.2	IVIg	(n	=	41)
−4.7	TPE	(n	=	43;
P	=	.13)



*CI,	confidence	interval;	n,	number;	NS,	not	significant;	RR,	relative	risk.

With	the	muscle-specific	receptor	tyrosine	kinase	antibody	(MuSK-Ab)	form
of	 myasthenia	 gravis,	 TPE	 appears	 to	 be	 a	 more	 effective	 therapy	 than
intravenous	immunoglobulin	(IVIg)	infusion.30,47	By	comparison,	with	the	acetyl
cholinesterase	 receptor	 (AChR-Ab)	 form	 of	 myasthenia	 gravis,	 and	 with
Guillain-Barré	syndrome,	TPE	is	effective	but	not	superior	to	or	as	tolerable	as
IVIg	 infusion	 (see	 Table	 95.4).28,29,31,32	 For	 patients	 with	 acute	 attacks	 of
demyelination,	 plasma	 exchange	 may	 be	 useful.	 Although	 there	 is	 only	 one
randomized	controlled	trial,29	observations	from	this	study	and	retrospective	data
indicate	 that	 35%	 to	 65%	 of	 patients	 with	 neuromyelitis	 optica	 (NMO),
characterized	by	spinal	and	visual	involvement,	achieve	increased	function	with
plasma	exchange	and	that	patients	with	steroid-refractory	optic	neuritis	may	also
achieve	some	benefit.48,49	A	potential	mechanism	of	action	of	TPE	with	NMO	is
modulation	of	the	serum	autoantibody	NMO-IgG,	which	has	been	implicated	in
disease	pathophysiology.50

The	optimal	role	of	TPE	during	severe	sepsis	and	multiorgan	dysfunction	is
not	 established.	 Three	 randomized	 controlled	 trials	 of	 adults	 using	 either
continuous	 plasma	 filtration	 versus	 supportive	 care39	 or	 TPE	 versus	 standard
care38,40	 have	 been	 published.	 No	 differences	 were	 observed	 for	 the	 14-day
mortality	 rates	 of	 14	 patients	 with	 sepsis	 syndrome	 receiving	 34	 hours	 of
continuous	 plasma	 filtration	 and	 16	 untreated	 control	 patients	 (57%	vs	 50%)39
(see	Table	95.4).	By	comparison,	the	28-day	mortality	rate	was	not	statistically
significant	among	patients	with	sepsis	and	septic	shock	treated	following	one	or
two	 TPE	 treatments	 compared	with	 nontreated	 control	 patients.38,40	 (see	Table
95.4).	One	study	as	part	of	its	primary	endpoint,	however,	demonstrated	a	more
significant	reduction	of	the	norepinephrine	dose	required	for	patients	undergoing
TPE	versus	standard	of	care	after	6	hours	of	treatment.40	A	recent	meta-analysis
demonstrated	 insufficient	 evidence	 to	 recommend	 plasma	 exchange	 as	 an
adjunctive	therapy	for	patients	with	sepsis	or	septic	shock.51

TPE	has	been	used	more	recently	for	patients	with	 life-threatening	COVID-
19	 infection.52	A	 randomized	controlled	 trial	of	 the	use	of	TPE	 for	 this	patient
population	was	associated	with	faster	clinical	recovery	but	did	not	significantly
affect	35-day	mortality	compared	with	standard	treatment	alone.41

A	 nonrandomized	 observational	 cohort	 study	 evaluated	 hemodynamic	 and
mortality	outcomes	of	critically	ill	surgical	patients	with	sepsis	treated	with	TPE
and	continuous	venovenous	hemofiltration.53	No	overall	differences	of	mortality
were	observed	between	treated	patients	and	an	untreated	historical	control	group
(42%	 vs	 46%);	 however,	 patients	 with	 organ	 failure	 limited	 to	 one	 or	 two



systems	 appeared	 to	 benefit,	 with	 mortality	 rates	 of	 10%	 among	 10	 treated
patients	 versus	 38%	 among	 16	 untreated	 control	 patients.53	 Although
encouraging,	 these	 data	 must	 be	 supported	 by	 results	 from	 additional	 well-
designed	 randomized	 controlled	 trials	 before	 plasma	 exchange	 can	 be
recommended	as	a	noninvestigational	therapy	for	this	indication.54

A	meta-analysis	of	the	available	limited	data	regarding	plasma	exchange	for
patients	 with	 renal	 vasculitis	 and	 RPGN	 suggests	 that	 TPE	 may	 reduce	 the
composite	 end	 point	 for	 end-stage	 renal	 failure	 or	 death.37	 The	 evidence
supporting	 a	 potential	 benefit	 of	 plasma	 exchange	 was	 mostly	 derived	 from
retrospective	and	case-control	studies	among	more	severely	affected	patients,55,56
whereas	randomized	controlled	trials	have	yielded	supportive	results	from	some
studies42	 but	 not	 others43,44	 (see	Table	 95.4).	 For	 patients	with	 renal	 vasculitis
due	 to	causes	other	 than	anti-GBM	disease,	a	 review	of	 randomized	controlled
clinical	 trials	 demonstrated	 a	 significant	 reduction	 of	 end-stage	 renal	 disease
(ESRD)	 with	 use	 of	 TPE.45	 The	 more	 recent	 PEXIVAS	 study,	 a	 large
international	 randomized	 controlled	 trial,	 found	 that	 the	 addition	 of	 TPE	 to	 a
standard	or	reduced-dose	steroid	regimen	did	not	reduce	the	incidence	of	ESRD
or	death.	Subgroup	analysis	of	patients	with	Cr	≥	5.7	mg/dL	or	diffuse	alveolar
hemorrhage	 (DAH)	 also	 failed	 to	 show	 a	 statistically	 significant	 benefit	 of
TPE.46	 However,	 outcomes	 may	 favor	 the	 use	 of	 TPE	 with	 DAH	 and	 when
Cr	≥	5.7	mg/dL.57

Red	Blood	Cell	Exchange
Use	of	 red	 blood	 cell	 exchange	 (RCE)	may	be	warranted	 for	 selected	 patients
with	 sickle	 cell	 disease	 who	 are	 experiencing	 stroke,	 acute	 chest	 syndrome
(ACS),	 priapism,	 splenic/hepatic	 sequestration,	 or	 multiple-organ	 failure	 as	 a
complication	 of	 their	 disease,58	 because	 automated	 RCE	 (also	 called
erythrocytapheresis)	can	more	rapidly	reduce	the	level	of	hemoglobin	S–positive
cells	 (to	 the	 goal	 of	<30%).6	Although	 this	modality	maintains	 euvolemia	 and
minimizes	 hyperviscosity	 complications,	 it	 has	 been	 utilized	 in	 preference	 to
simple	 transfusion	 by	 many	 centers.	 Although	 this	 makes	 intuitive	 sense,	 the
data	 needed	 to	 show	 a	 clear	 advantage	 of	 automated	 (RCE)	 over	 simple
transfusion	are	lacking.	An	observational,	retrospective	cohort	analysis	found	no
differences	 of	 postprocedure	 or	 total	 lengths	 of	 stay	 for	 patients	 with	 ACS
treated	 with	 automated	 red	 cell	 exchange	 (n	 =	 20)	 compared	 with	 those	 who
received	 simple	 transfusion	 support	 (n	 =	 20).59	Moreover,	 the	 apheresis	 group
consumed,	on	average,	four	times	as	many	units	of	donor	red	cells.

Manual	exchange	 transfusion,	 in	which	phlebotomized	blood	 is	 replaced	by



simple	 transfusions	 of	 allogeneic	 red	 cells	 and	 fresh-frozen	 plasma,	 has	 the
added	 theoretical	 advantage	 of	 reducing	 the	 levels	 of	 plasma	 inflammatory
mediators,	 which	 might	 augment	 vaso-occlusive	 tissue	 injury	 among	 patients
with	ACS.60	One	nonrandomized	trial	used	a	combination	of	TPE	and	automated
red	cell	exchange	for	seven	patients	with	severe	ACS	and	multiorgan	failure	and
observed	 an	 86%	 1-year	 survival.61	 Despite	 these	 observations,	 the	 optimal
approach	 for	 critically	 ill	 patients	 with	 ACS	 and	 other	 severe	 complications
remains	 undefined,	 in	 part	 because	 crossmatch-compatible	 blood	may	 be	 very
difficult	 to	 locate	 for	 heavily	 transfused	 sickle	 cell	 patients	 with	 multiple
alloantibodies.	Adequately	powered	randomized	clinical	trials	are	sorely	needed
to	 clarify	 the	 indications	 for	 automated	 or	 manual	 red	 cell	 exchange	 versus
simple	transfusion	support	in	acute	sickle	cell	syndromes.

RCE	may	 also	 be	 useful	 for	 patients	with	 severe	 clinical	manifestations	 of
falciparum	malaria	or	babesiosis.62	Although	a	meta-analysis	performed	in	2002
found	no	survival	benefits	for	red	cell	exchange	compared	with	antimalarials	and
aggressive	supportive	care	alone,63	many	case	reports	and	series	suggest	benefits
to	 clinical	 status	 with	 rapid	 reduction	 of	 hyperparasitemia	 using	 adjunctive
manual	 or	 automated	 red	 cell	 exchange.64-66	 In	 2013,	 however,	 the	Centers	 for
Disease	Control	 and	Prevention	 (CDC)	 revised	 their	previous	 recommendation
on	the	use	of	red	cell	exchange	as	adjunctive	therapy	for	the	treatment	of	severe
malaria.67	 They	 now	 no	 longer	 recommend	 its	 use	 based	 on	 a	 review	 of	 the
published	 literature	 that	 found	 no	 evidence	 of	 overall	 survival	 benefit	 for
exchange	 transfusion	 as	 adjunctive	 therapy.68	 ASFA	 currently	 continues	 to
support	 certain	 indications	 for	 the	 use	 of	 exchange	 transfusion	 for	 severe
malaria69	 but	 recognizes	 that	 the	 administration	 of	 effective	 antimalarial
pharmacotherapy	should	not	be	delayed	and	may	be	given	concurrently	with	the
exchange.	As	in	fulminant	malaria,	several	case	reports	demonstrate	that	patients
with	 overwhelming	 parasitemia	 from	Babesia	 also	 quickly	 respond	 to	 red	 cell
exchange.70,71	 A	 recent	 review	 of	 19	 patients	 receiving	 RBC	 exchange
transfusions	for	babesiosis	showed	that	the	procedure	could	reduce	the	parasitic
load	by	75%.	However,	there	was	no	evidence	that	RBC	exchange	transfusions
could	reduce	the	number	of	hospital	days	or	mortality.72

Automated	 red	 cell	 exchange	may	 be	 considered	 as	 an	 alternative	 to	 large-
volume	 phlebotomy	 for	 selected	 patients	 with	 uncontrolled	 erythrocytosis	 and
polycythemia	 vera	 with	 acute	 thromboembolism,	 severe	 microvascular
complications,	 or	 bleeding.73	 This	 method	 can	 quickly	 and	 more	 safely
normalize	the	hematocrit	for	patients	who	are	hemodynamically	unstable.



Leukapheresis
Leukapheresis	 (ie,	 selective	 removal	 of	 white	 blood	 cells)	 is	 often	 used	 for
patients	 with	 acute	 myeloid	 leukemia	 (AML)	 and	 hyperleukocytosis
experiencing	 symptoms	of	 leukostasis.	Signs	 and	 symptoms	 typically	manifest
as	 neurological	 alterations	 (confusion,	 mental	 status	 changes,	 altered	 level	 of
consciousness)	or	pulmonary	compromise	(hypoxemia,	diffuse	 lung	infiltrates).
Leukapheresis	 is	 indicated	for	patients	with	AML	and	a	circulating	blast	count
greater	 than	 50,000/μL	 who	 are	 clearly	 demonstrating	 signs	 of	 intravascular
leukostasis	 (ie,	 symptoms	 not	 attributable	 to	 infection,	 bleeding,	 or	 metabolic
derangements).74,75	 Leukapheresis	 may	 be	 warranted	 sooner	 for	 monocytic
subtypes	 of	 AML,	 as	 signs	 of	 intravascular	 leukostasis	 may	 be	 seen	 at	 blast
counts	less	than	50,000/μL75	after	the	start	of	chemotherapy.	Because	of	the	high
mortality	 rate	 associated	 with	 leukostasis,	 leukapheresis	 has	 often	 been
considered	 an	 urgent,	 lifesaving	 procedure	 and	 is	 recognized	 as	 a	 category	 II
indication	 according	 to	 ASFA.6	 Meta-analysis	 of	 the	 use	 of	 leukapheresis	 for
hyperleukocytosis	 (retrospective	 data)	 has,	 however,	 found	 no	 impact	 on	 the
early	 death	 rates	 among	 those	with	AML.76,77	 The	 potential	 benefits	 of	 urgent
leukapheresis	 should	 be	 discussed	 with	 the	 apheresis	 physician;	 however,
definitive	 treatment	 with	 chemotherapy	 should	 not	 be	 delayed	 by	 the
leukapheresis	procedure	and	 is	 required	 to	prevent	 the	 rapid	 reaccumulation	of
blasts.	 Prophylactic	 leukapheresis	 could	 be	 considered	 for	 patients	 with	 AML
with	 circulating	 blast	 counts	 greater	 than	 100,000/μL,	 particularly	 when	 the
count	 is	 rapidly	 rising,	 but	 definitive	 therapy	 with	 induction	 chemotherapy
should	not	be	delayed.6	In	comparison	with	AML,	leukostasis	complications	are
rare	 in	patients	with	acute	 lymphoblastic	 leukemia	 (ALL)	and	circulating	blast
counts	less	than	400,000/μL.	Studies	have	shown	that	prophylactic	leukapheresis
for	 asymptomatic	 patients	 with	 ALL	 and	 hyperleukocytosis	 does	 not	 offer
additional	benefit	above	aggressive	supportive	care	and	chemotherapy.78

Plateletpheresis
Plateletpheresis	 should	 be	 considered	 as	 an	 urgent	 intervention	 for	 patients
experiencing	 thrombosis	 or	 hemorrhage	 in	 the	 setting	 of	 uncontrolled
thrombocytosis	 associated	 with	 a	 stem	 cell	 disorder	 including	 essential
thrombocythemia,	polycythemia	vera,	idiopathic	myelofibrosis,	chronic	myeloid
leukemia,	 or	 unclassified	 myeloproliferative	 neoplasm.79,80	 The	 goal	 of
plateletpheresis	is	to	decrease	the	platelet	count	(ideally	below	600,000/µL)	and
to	maintain	the	count	until	pharmacological	cytoreductive	therapy	takes	effect.6



Plateletpheresis	 may	 also	 be	 electively	 considered	 for	 the	 prevention	 of
perioperative	 thrombohemorrhagic	 complications	 of	 patients	 with
myeloproliferative	neoplasms	undergoing	splenectomy.81

APHERESIS	CONSULTATION
For	any	apheresis	procedure,	consultation	with	the	apheresis	team	can	be	useful
for	assessing	experience	and	available	data	for	a	given	condition.82	The	apheresis
physician	and	team	should	be	viewed	as	partners	when	developing	the	treatment
plan.	 Initial	 discussion	 with	 the	 apheresis	 physician	 will	 include	 whether	 the
indication	 is	 urgent	 or	 routine,	 the	 impact	 of	 apheresis	 on	 other	 treatment
modalities,	 volume	 management,	 fluid	 replacement,	 and	 vascular	 access.
Ongoing	 discussions	 should	 continue	 through	 the	 patient’s	 course	 so	 that
appropriate	adjustments	can	be	made	to	optimize	the	therapy.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	All	of	the	following	are	Class	I	indications	for	apheresis	according	to	the
American	Society	for	Apheresis,	EXCEPT:

A. 	Acute	inflammatory	demyelinating	polyradiculopathy/Guillain-Barré
syndrome
B. 	Antiglomerular	basement	membrane	antibody	disease	with	diffuse
alveolar	hemorrhage
C. 	Mushroom	poisoning
D. 	Thrombotic	microangiopathy	with	factor	H	antibodies

2. 	Which	of	the	following	pharmacological	characteristics	results	in
INCREASED	clearance	during	apheresis?

A. 	Small	molecular	size	with	large	volume	of	distribution
B. 	Large	molecular	size	with	large	volume	of	distribution
C. 	Large	molecular	size	with	small	volume	of	distribution
D. 	Extensive	binding	to	structural	proteins



3. 	What	is	the	most	common	apheresis	procedure	used	for	critically	ill
adults?

A. 	Leukapheresis
B. 	Plateletpheresis
C. 	Red	blood	cell	exchange
D. 	Therapeutic	plasma	exchange

Answers

1.	The	correct	answer	is	C.
Rationale:	 Removal	 of	 poisons	 from	 mushrooms	 may	 be	 treated	 with

apheresis,	 but	 it	 is	 an	 American	 Society	 for	 Apheresis	 guideline	 class	 II
indication	(choice	C	is	 the	“correct”,	wrong	answer).	Guillain-Barré	syndrome,
Goodpasture	 syndrome,	 thrombotic	microangiopathy	with	 factor	 H	 antibodies,
and	sickle	cell	disease	with	acute	stroke	are	all	are	designated	as	class	I.

2.	The	correct	answer	is	C.
Rationale:	 Large	 molecules	 with	 a	 small	 volume	 of	 distribution	 are	 more

efficiently	 cleared	 by	 apheresis	 (choice	 C	 is	 correct)	 than	 are	 molecules	 with
large	volumes	of	distribution	because	they	are	protein	bound.

3.	The	correct	answer	is	D.
Rationale:	 Of	 the	 many	 types	 of	 apheresis	 listed,	 therapeutic	 plasma

exchange	(TPE)	is	most	used	for	critically	ill	adults	(choice	D	is	correct).	First
employed	in	1952	in	multiple	myeloma	to	control	hyperviscosity,	by	the	1970s
TPE	had	evolved	as	a	treatment	modality	for	several	immune-mediated	diseases.
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Section	10

PHARMACOLOGY,	OVERDOSES	AND
POISONINGS
LUKE	YIP	•	MARK	J.	NEAVYN

Chapter	96
General	Considerations	in	the	Evaluation
and	Treatment	of	Poisoning
Morgan	A.	A.	Riggan,	Major	Colin	Laverty,	Ian	M.	Ball

KEY	POINTS:
1.	 Although	the	majority	of	poisonings	are	unintentional	and	result	in

minimal	or	no	symptoms,	calls	to	poison	centers	for	more	serious
poisonings	are	on	the	rise.

2.	 Drug	metabolism	is	dependent	on	many	factors.	Oral	drug	exposure
is	the	most	common	route	of	poisoning.	The	onset,	duration,	and
magnitude	of	drug	effect	relate	not	only	to	the	amount	ingested,	but
also	the	formulation	of	the	product.	Oral	drug	exposures	may	result
in	prolonged	toxic	effects	due	to	delayed	and	ongoing	drug
absorption,	as	well	as	coingestions	with	other	agents	that	delay	GI
motility.

3.	 The	assessment	of	a	potential	poisoned	patient	should	include	a
thorough	history	of	previous	medical	and	psychiatric	comorbidities,
all	medications	prescribed	and	available	to	the	patient	in	their	place
of	residence	and	a	pill	count	to	estimate	the	worst	case	scenario,
information	from	family	and	EMS	about	how	and	where	the	patient
was	found	and	what	was	in	the	immediate	vicinity	of	the	patient,	and



a	complete	toxicologic	physical	exam	to	look	for	any	toxidromes	or
other	pertinent	findings	that	may	lead	to	the	identification	of	the	toxin.

4.	 All	patients	with	an	intentional	drug	overdose	should	have	an
acetaminophen	and	salicylate	level	drawn.	Serial	blood	gases	are
recommended	to	monitor	for	evolving	metabolic	acidosis.

5.	 It	is	necessary	to	understand	the	limitations	of	the	tests	being
ordered.	A	normal	osmolar	gap	is	insufficient	to	exclude	the
presence	of	a	toxic	alcohol.

6.	 Routine	urine	drug	screens	are	not	indicated	for	all	poisoned
patients.	They	suffer	from	limitations	including	a	narrow	list	of
detectable	substances,	false	negatives,	false	positives,	and	reporting
cutoff	limits.	In	more	severely	poisoned	patients,	urine	and	blood
may	be	sent	for	comprehensive	drug	screening	through
chromatography	and	mass	spectrometry.

7.	 After	your	initial	assessment,	the	four	general	treatment	principles	for
poisoned	patients	are	resuscitation,	prevention	of	ongoing	exposure,
enhanced	elimination,	and	novel	antidotal	therapies.	Not	every
patient	will	require	all	four	principles.	The	toxin	in	question	and	the
severity	of	a	patient’s	presentation	will	determine	the	degree	of
medical	therapy	indicated.

8.	 GI	decontamination	should	be	considered	for	patients	who	ingest	a
potentially	toxic	drug	in	sufficient	quantities	to	produce	clinical
effects,	who	present	within	a	time	frame	where	drug	could	still	be
present	in	the	GI	tract,	and	who	have	no	contraindications	to	the
procedure.

9.	 Supportive	care	is	the	cornerstone	of	management	of	the	poisoned
patient.	Monitoring,	maintenance	of	normal	physiologic	parameters,
and	prevention	of	secondary	complications	are	the	goals	when
providing	supportive	care.

10.	 The	decision	to	administer	antidotal	therapy	or	initiate	extracorporeal
therapy	is	dependent	on	the	toxin	involved.	Many	poisons	do	not
require	specific	antidotes.	Early	consultation	with	your	local	poison
center	can	assist	you	in	determining	which	toxins	benefit	from
extracorporeal	therapy.



INTRODUCTION
The	 objectives	 of	 this	 chapter	 are	 to	 provide	 the	 general	 intensivist	 with	 an
approach	to	the	evaluation	and	management	of	the	critically	ill	poisoned	patient.
General	 concepts	 germane	 to	 the	 intensive	 care	 unit	 (ICU)	will	 be	 introduced
and	explored.	Every	attempt	has	been	made	to	be	as	evidence	based	as	possible,
within	the	intrinsic	limitations	of	the	medical	toxicology	literature.

Because	 overdose	 studies	 cannot	 ethically	 be	 performed	 on	 humans	 and
animal	data	may	not	be	available	or	applicable	to	humans,	predicting	the	severity
of	 poisoning	must	 be	 based	 on	 toxicodynamic	 data	 from	 previously	 published
reports	 of	 human	 poisonings.	 However,	 such	 data	 are	 often	 incomplete	 or
altogether	 unavailable	 and	 are	 always	 limited	 by	 the	 accuracy	of	 the	 overdose
history.	In	this	text	we	will	be	using	the	term	xenobiotic	to	encompass	all	toxins,
chemicals,	and	pharmaceuticals.
Poisoning	 or	 intoxication	 is	 defined	 as	 the	 occurrence	 of	 harmful	 effects

resulting	 from	exposure	 to	 a	 xenobiotic.	 Such	 effects	may	be	 local	 (limited	 to
exposed	body	surfaces),	subjective	(symptoms	only),	or	systemic	and	objective
(behavioral,	biochemical,	cognitive,	or	physiological).	In	the	absence	of	signs	or
symptoms,	external	or	 internal	body	contact	with	a	potentially	harmful	amount
of	a	xenobiotic	is	merely	an	exposure.	An	overdose	is	an	excessive	exposure	to	a
xenobiotic	that,	in	specified	(eg,	therapeutic)	amounts,	is	normally	intended	for
human	use.	Whether	an	exposure	or	overdose	causes	poisoning	depends	more	on
the	conditions	of	exposure	(primarily	the	dose	and	duration	of	contact)	than	the
identity	of	 the	agent	 involved.	Ordinarily	safe	xenobiotics,	even	those	essential
for	life	such	as	oxygen	and	water,	 in	excessive	amounts	or	by	an	inappropriate
route	can	result	in	harmful	effects.	Conversely,	by	limiting	the	dose,	xenobiotics
usually	 thought	 of	 as	 poisons	 can	 be	 rendered	 harmless.	 Poisoning	 is
distinguished	 from	 adverse,	 allergic,	 intolerance,	 and	 idiosyncratic
pharmacogenetic	reactions	because	effects	are	concentration	or	dose	related,	and
predictable.

Poisonings,	 exposures,	 and	 overdoses	 may	 be	 characterized	 by	 the	 route,
duration,	 and	 intent	 of	 exposure.	 Ingestion,	 dermal	 or	 ophthalmic	 contact,
inhalation,	 and	 parenteral	 injection	 (including	 bites	 and	 stings)	 are	 the	 most
common	routes,	but	rectal,	urethral,	vaginal,	bladder,	peritoneal,	intraocular,	and
intrathecal	 exposures	 can	 also	 occur.	 Events	 that	 occur	 once	 or	 during	 a	 short
period	of	time	are	considered	acute,	whereas	those	that	occur	repeatedly	or	over
a	prolonged	time	interval	are	said	to	be	chronic.



EPIDEMIOLOGY
1 	Although	the	true	incidence	of	poisoning	is	difficult	to	accurately	quantify,	it	is
clearly	a	significant	medical	problem.	In	2019,	the	National	Poison	Data	System
(NPDS)	 reported	 over	 2.14	 million	 human	 exposures.1	 Most	 exposure	 calls
received	 by	 poison	 centers	 were	 acute	 (85.4%),	 occured	 at	 home	 (90.1%),
resulted	from	ingestion	(83.1%),	and	involved	children	5	years	of	age	or	younger
(42.8%).1	 Unintentional	 exposures	 accounted	 for	 76.6%	 of	 the	 total	 calls
received	in	this	report,	with	intentional	exposures	consisting	of	18.9%.	Of	these,
30.6%	were	 treated	at	a	health	care	 facility,	 and	4.5%	were	 treated	 in	an	 ICU.
NPDS	data	 show	 that	 the	volume	of	calls	 to	poison	centers	between	2000	and
2019	 peaked	 in	 2008,	 with	 a	 small	 decline	 thereafter.1	 However,	 since	 2000,
there	 has	 been	 a	 4.6%	 increase	 per	 year	 of	 calls	 of	 more	 serious	 poisonings,
along	with	a	reduction	of	calls	with	less	serious	outcomes	by	2.1%	per	year	since
2008.1	In	2019,	there	were	2048	deaths	reported	to	the	NPDS	that	were	felt	to	be
exposure	 related.1	 Death	 certificate	 data	 indicate	 that	 the	 true	 number	 of
poisoning	 deaths	 is	 20	 to	 50	 times	 higher.2	 Poison	 center	 statistics	 vastly
underestimate	 mortality	 from	 poisoning	 because	 they	 rarely	 capture	 cases	 in
which	the	victim	is	found	dead	and	goes	directly	to	the	medical	examiner.

Data	 from	 the	National	Center	 of	Health	Statistics	 in	2020	 revealed	70,630
drug	 overdose	 deaths	 in	 2019,	 with	 an	 age-adjusted	 death	 rate	 of	 21.6	 per
100,000.3	 The	 age-adjusted	 rate	 of	 overdose	 deaths	 due	 to	 synthetic	 opioids
reached	 a	 high	 of	 11.4	 per	 100,000	 in	 2019,	 while	 all	 other	 opioid	 classes
showed	a	decreased	in	death	rates.3	Similarly,	there	has	been	an	increase	in	drug
overdose	deaths	from	cocaine	and	stimulants	since	2012,	with	a	rate	of	4.9	per
100,000	for	cocaine	and	5.0	per	100,000	for	stimulants.3

PHARMACOLOGICAL	CONCEPTS
Toxic	 exposures	 all	 undergo	 the	 same	 pharmacological	 steps,	 as	 outlined	 in
Table	96.1.	 Clinician	 familiarity	with	 toxicokinetics	 is	 essential	 for	 predicting
the	 effect	 of	 a	 particular	 exposure	 and	 guiding	 appropriate	 treatment	 and
disposition.	 Only	 a	 brief	 overview	 of	 these	 concepts	 is	 presented	 here.	 The
reader	is	referred	to	other	sources	for	additional	information.4-6	Details	regarding
the	disposition	and	 toxic	 effects	of	 specific	 agents	 can	be	 found	 in	 subsequent
chapters	and	other	references.7,8



TABLE	96.1

Toxicokinetic	Stages

1.	 Absorption
2.	 Distribution
3.	 Metabolism
4.	 Excretion

Mechanism	of	Action
Most	 xenobiotics	 are	 absorbed	 and	 cause	 systemic	 poisoning	 by	 selectively
binding	to	and	disrupting	the	function	of	specific	targets	(eg,	enzymes,	proteins,
membrane	 lipids,	 or	 neurohumoral	 receptors).	 Effects	 may	 be	 systemic	 or
limited	to	a	specific	organ	or	tissue,	depending	on	the	distribution	and	location
of	the	target	site.

Poisoning	 is	 usually	 functional	 and	 reversible.	 Hence,	 when	 end-organ
function	can	be	supported,	complete	patient	recovery	is	possible	upon	xenobiotic
elimination.	 However,	 if	 normal	 activity	 of	 the	 target	 site	 is	 essential	 for	 cell
viability,	a	xenobiotic	exposure	may	result	in	cellular	death.

Absorption
Absorption	 involves	 the	 transportation	of	xenobiotics	across	 the	membranes	of
cells	 that	 make	 up	 mucosal	 surfaces,	 pulmonary	 epithelium,	 and	 skin,	 all	 of
which	 function	 as	 biological	 barriers.	 Transportation	 occurs	 by	 filtration	 or
passive	diffusion	through	gaps	or	membrane	pores	by	dissolving	in	and	diffusing
through	 the	 membrane	 itself	 (eg,	 lipid-soluble	 xenobiotics);	 by	 attaching	 to
carrier	 molecules	 of	 the	 membrane,	 which	 actively	 or	 passively	 facilitate
diffusion	(eg,	water-soluble	xenobiotics);	or	through	endocytosis.4	The	rate	and
extent	 of	 absorption	 depends	 on	 physical	 properties	 of	 the	 xenobiotic	 and	 the
route	 of	 exposure.	 In	 general,	 only	 xenobiotics	 that	 are	 small,	 unbound	 to
proteins,	 have	 low	molecular	weight	 (<500	Da),	 and	 are	 soluble	 in	both	water
and	lipids	at	the	pH	of	body	fluids	can	readily	cross	cell	membranes.

Most	 xenobiotics	 cross	 biological	 membranes	 by	 simple	 passive	 diffusion.



The	rate	at	which	this	occurs	is	governed	by	Fick’s	law	of	diffusion.

where	 D	 is	 the	 diffusion	 constant	 (constant	 for	 each	 xenobiotic),	 A	 is	 the
membrane	surface	area,	K	is	the	partition	coefficient	(represents	the	lipid-water
partitioning	 of	 the	 xenobiotic),	 d	 is	 the	 membrane	 thickness,	 and	 C	 is	 the
xenobiotic	concentration.

Absorption	after	intravenous	injection	is	complete	and	almost	instantaneous.
Peak	 arterial	 and	 venous	 blood	 concentrations	 occur	within	 30	 to	 90	 seconds.
Pulmonary	 absorption	 is	 rapid.	 Blood	 concentrations	 peak	 within	 seconds	 to
minutes.	 The	 rate	 of	 absorption	 of	 xenobiotics	 after	 intramuscular	 (IM)	 or
subcutaneous	 injection	 is	dependent	on	 the	 formulation	of	 the	drug,	with	 rapid
absorption	occurring	for	aqueous	solutions	and	more	prolonged	absorption	from
sustained-release	products.	Poor	water	 solubility	 (low	K)	 is	 responsible	 for	 the
slow	 absorption	 and	 long	 duration	 of	 action	 of	 IM	 depot	 formulations	 (eg,
neuroleptics).

The	rate	and	extent	of	absorption	after	ingestion	are	variable.	Oral	absorption
is	 dependent	 on	 many	 factors	 including	 drug	 dissolution,	 aqueous	 solubility,
membrane	 permeation	 and	 membrane	 transporters,	 presystemic	 metabolism,
integrity	 of	 the	gastrointestinal	 (GI)	 epithelium,	presence	of	 food,	 and	product
formulation.9	 Peak	 levels	 are	 reached	 more	 rapidly	 with	 immediate	 release
preparations	compared	to	sustained	or	extended-release	products.	The	absorbed
dose	is	proportional	to,	but	not	necessarily	equal	to,	the	administered	dose.	The
rate	 and	 extent	 of	 absorption	 after	 sublingual	 administration	 is	 rapid	 and
bypasses	first-pass	metabolism.	Rectal	administration	also	reduces	the	effects	of
first	pass	metabolism	but	can	be	erratic	and	incomplete.	Absorption	is	rapid	after
contact	 with	 mucus	 membranes	 of	 the	 conjunctiva,	 nasopharynx,	 oropharynx,
vagina,	colon,	urethra,	and	bladder.	These	routes	allow	for	a	 local	effect	of	 the
drug;	however,	systemic	toxicity	can	occur.	Ophthalmic	application	also	allows
for	 a	 target	 local	 effect;	 however,	 systemic	 absorption	may	 occur	 through	 the
nasolacrimal	canal.	Transdermal	absorption	only	occurs	with	some	drugs	and	is
dependent	on	surface	area,	 lipid	solubility,	skin	 integrity,	and	drug	preparation.
Regardless	 of	 route,	 the	 amount	 of	 xenobiotic	 absorbed	 per	 unit	 of	 time	 is
proportional	 to	 its	 concentration.	Hence,	 tissue	 concentrations	 are	 higher	 and
clinical	 effects	 begin	 sooner	 after	 an	 overdose	 than	 after	 a	 therapeutic	 dose.
However,	 when	 an	 oral	 overdose	 involves	 a	 large	 number	 of	 pills,
anticholinergic	or	opioid	products,	or	sustained	or	extended-release	preparations,
there	can	be	a	delay	of	 the	onset	of	 symptoms	due	 to	 the	prolonged	 release	of



drug	from	its	delivery	system,	pylorospasm,	or	due	to	the	formation	of	bezoars
within	the	stomach.10

The	dissolution	 and	 solvation	of	 particulate	material	 is	 often	 a	 rate-limiting
step	for	GI	drug	absorption.	Hence,	pill,	solid,	and	suppository	formulations	tend
to	 be	 absorbed	 more	 slowly	 than	 liquids,	 powders,	 or	 suspensions.	 Slow
dissolution	and	solvation	also	account	for	the	delayed	and	prolonged	absorption
of	 enteric-coated	 tablets,	 sustained	or	 extended-release	preparations,	drugs	 that
tend	 to	 form	 concretions,	 and	 those	 with	 poor	 water	 solubility.	 The	 rate	 of
dissolution	 is	 also	 inversely	 related	 to	 the	 tablet	 concentration.	 Hence,
completion	 of	 absorption	 generally	 takes	 longer	 and	 peak	 effects	 occur	 later
after	an	overdose	than	after	a	therapeutic	one.

Ingested	 xenobiotics	 are	 predominantly	 absorbed	 from	 the	 small	 intestine
rather	 than	 the	 stomach,	 because	 the	 small	 intestine	 has	 a	 larger	 surface	 area.
Decreased	 gastric	 emptying	 or	 bowel	 activity	 caused	 by	 the	 presence	 of	 food,
disease,	or	the	effects	of	ingested	agents	(eg,	anticholinergics,	opioids,	sedative–
hypnotics,	sustained	or	extended-release	drugs,	and	salicylates)	can	also	delay	or
prolong	 absorption11-13.	 Food	 may	 affect	 absorption	 through	 several	 means
including	 altering	 pH,	 effects	 on	 GI	 transit	 time,	 changes	 in	 solubility	 and
diffusivity,	altering	first-pass	metabolism,	forming	complexes	with	the	ingested
drug,	and	altering	splanchnic	blood	flow.

Distribution
During	 distribution,	 drugs	 move	 from	 the	 blood	 into	 the	 intracellular	 and
interstitial	fluids.	The	movement	of	drugs	is	primarily	determined	by	their	lipid
solubility,	acid-base	status,	and	their	ability	to	bind	to	plasma	proteins	and	other
cellular	 components	 (proteins,	 phospholipids).4	 Distribution	 is	 influenced	 by
many	 of	 the	 same	 xenobiotic	 characteristics	 as	 absorption.	 Initial	 distribution
from	 the	blood	 to	well	perfused	organs	 is	 rapid,	but	 for	muscle	and	 fat	can	be
delayed	 several	 hours.9	 Slow	 distribution	 is	 partly	 responsible	 for	 the	 delayed
onset	of	action	of	some	agents.	It	is	also	influenced	by	biological	variables	such
as	 age,	 sex,	weight,	 and	disease	 states	 as	 they	 relate	 to	 body	 composition	 (eg,
water,	fat,	and	muscle	content)	and	serum	protein	concentrations.

The	extent	of	distribution	of	a	xenobiotic	is	reflected	by	its	apparent	volume
of	distribution,	measured	 in	 liters	per	kilogram	of	body	weight,	 and	calculated
most	simply	by	dividing	the	amount	of	xenobiotic	in	the	body	(ie,	the	absorbed
and	bioavailable	dose)	by	its	plasma	concentration.



Tissue	Concentration
The	severity	of	poisoning	reflects	the	concentration	of	a	xenobiotic	at	its	site(s)
of	action	and	 is	proportional	 to	 the	dose.	Because	 the	blood	concentration	of	a
xenobiotic	is	also	proportional	to	the	dose,	blood	levels	are	sometimes	used	as	a
surrogate	 to	 assess	 the	 severity	 of	 poisoning.	 However,	 blood	 and	 target	 site
concentrations	 are	 not	 always	 in	 steady-state	 equilibrium.	 When	 distribution
occurs	 more	 slowly	 than	 absorption	 (eg,	 after	 IV	 administration,	 inhalational
exposure,	 and	 the	 ingestion	of	 agents	with	 inherently	 slow	distribution),	 blood
levels	may	be	higher	 than	 those	 in	 tissue.	Conversely,	when	redistribution	of	a
xenobiotic	 from	 tissue	 to	blood	occurs	more	 slowly	 than	elimination	 (eg,	 after
extracorporeal	removal),	blood	levels	may	be	lower	than	those	in	tissue.	In	both
instances,	 blood	 levels	 do	 not	 accurately	 reflect	 those	 of	 tissue	 and	 do	 not
correlate	 with	 the	 severity	 of	 poisoning.	 Age,	 genetic	 influences,	 tolerance,
underlying	disease,	and	the	presence	or	absence	of	other	xenobiotics	may	have
synergistic	or	antagonistic	effects	and	may	also	influence	the	response	to	a	given
level	of	xenobiotic	exposure.

Metabolism/Elimination
The	 effect	 of	 metabolites	 must	 also	 be	 considered.	 Many	 xenobiotics	 have
metabolites	 that	 remain	 pharmacologically	 active.	 Some	 xenobiotics	 (eg,
acetaminophen,	 toxic	 alcohols)	 undergo	 metabolic	 activation,	 resulting	 in	 the
production	of	compounds	that	are	more	toxic	than	the	parent	one.

2 	Elimination	of	xenobiotics	from	the	body	(detoxification)	is	accomplished
by	urinary,	pulmonary,	GI,	and	glandular	(eg,	bile,	milk,	tears,	saliva,	and	sweat)
excretion	or	metabolic	inactivation.	Hepatic	metabolism	and	renal	excretion	are
the	major	routes	of	elimination	for	most	agents.	Pulmonary	excretion	also	plays
a	 major	 role	 in	 the	 elimination	 of	 gases	 and	 volatile	 xenobiotics.	 Elimination
generally	 follows	 first-order	 kinetics.	 For	 some	 xenobiotics,	metabolism	 has	 a
finite	 capacity	 (ie,	 becomes	“saturated”)	 and	proceeds	 at	 a	 constant	 rate	 (zero-
order	 kinetics).	 When	 the	 primary	 route	 of	 elimination	 is	 a	 zero-order
metabolism,	a	small	increase	in	dose	can	result	in	a	large	increase	in	blood	and
tissue	concentrations.

Zero-Order	 Kinetics:	 rate	 of	 reaction	 is	 constant	 and	 not	 proportional	 to



xenobiotic	concentration.
First-Order	 Kinetics:	 rate	 of	 reaction	 is	 proportional	 to	 xenobiotic

concentration.
Renal	excretion	is	accomplished	by	transportation	processes	(eg,	glomerular

filtration,	tubular	secretion,	and	reabsorption)	and	is	therefore	influenced	by	the
same	factors	as	absorption	and	distribution.	Any	condition	 that	 impairs	hepatic
or	renal	blood	flow	or	function	can	decrease	xenobiotic	elimination.	Metabolic
enzymes	 are	 also	 subject	 to	 genetic	 influences	 and	 to	 induction	 or	 inhibition
resulting	 from	past	 or	 current	 xenobiotic	 exposures.	Regardless	 of	 the	kinetics
and	route	of	elimination,	the	time	required	for	elimination	increases	as	the	tissue
concentration	of	xenobiotic	increases.	Hence,	the	duration	of	the	effect	tends	to
be	longer	after	an	overdose	than	after	a	therapeutic	dose.

CLINICAL	CONSIDERATIONS
7 	The	principal	objectives	 in	 the	diagnosis	and	evaluation	of	 the	poisoning	are
recognition	of	an	exposure	or	poisoning,	identification	of	the	offending	agent(s),
prediction	of	potential	toxicity,	and	assessment	of	the	severity	of	clinical	effects.
Treatment	 objectives	 include	 resuscitation,	 prevention	 of	 further	 absorption,
enhancement	of	elimination,	and	the	administration	of	antidotal	or	novel	therapy
(Table	96.2).

TABLE	96.2

Treatment	Objectives—General	Principles

1.	 Resuscitation
2.	 Prevention	of	further	exposure
3.	 Enhanced	elimination
4.	 Novel/antidotal	therapy

Early	and	accurate	diagnosis	is	a	prerequisite	for	optimal	management.
3 	 The	 priorities	 of	 assessment	 and	 treatment	 depend	 on	 the	 phase	 of

poisoning.14	 During	 the	 preclinical	 phase	 (the	 time	 between	 exposure	 and	 the
onset	 of	 clinical	 or	 laboratory	 evidence	 of	 toxicity),	 management	 priorities



include	 xenobiotic	 identification,	 prediction	 of	 toxicity,	 and	 prevention	 of
absorption	(decontamination).	The	sooner	decontamination	is	accomplished,	the
greater	its	efficacy.	Assessment	should	focus	on	gathering	the	exposure	history,
looking	 for	 physical	 findings	 and	 laboratory	 evidence	 suggestive	 of	 toxicity,
predicting	whether	or	not	significant	toxicity	is	likely	to	ensue,	and	determining
the	need	for	gastric	decontamination	and	antidotal	therapies	that	will	prevent	the
development	of	toxicity	(eg,	Fomepizole	for	toxic	alcohol	exposure).

During	the	toxic	phase	(the	time	between	the	onset	of	toxicity	and	its	peak),
assessment	 of	 the	 severity	 of	 poisoning,	 resuscitation,	 prevention	 of	 further
absorption,	 enhancement	 of	 elimination,	 and	 antidotal/novel	 therapy	 are	 the
primary	 objectives.	 If	 the	 patient	 is	 critically	 ill,	 the	 history,	 physical
examination,	 and	 diagnostic	 testing	 must	 be	 conducted	 concurrently	 with
resuscitation.

During	 the	 resolution	 phase	 (the	 time	 between	 peak	 toxicity	 and	 full
recovery),	 continued	 supportive	 care,	 enhancement	 of	 elimination,	 antidotal
therapy,	 and	 reassessment	 of	 severity	 and	 response	 to	 treatment	 are	 the	 most
important	management	 considerations.	 Prior	 to	 discharge,	 measures	 should	 be
taken	to	ensure	patients	are	not	at	risk	of	reexposure	upon	returning	home.	This
may	 include	 patient	 and	 family	 education	 on	 prevention	 of	 unintentional
exposures	 to	 household	 chemicals	 and	 xenobiotics,	 such	 as	 carbon	 monoxide
detectors	 and	 child	 safety	 locks	 on	 cabinets	 containing	 cleaning	 products;
providing	 access	 to	 take-home	 naloxone	 kits;	 reducing	 the	 amount	 of	 drug
dispensed	 at	 one	 time	 for	 patients	 after	 intentional	 overdoses;	 or	 changing	 a
previously	prescribed	medication	to	a	less	toxic	alternative.

Recognition	of	Poisoning
Although	 poisoning	 can	 cause	 a	 wide	 variety	 of	 nonspecific	 signs	 and
symptoms,	 the	 diagnosis	 can	 usually	 be	 established	 by	 the	 history,	 physical
examination,	 routine	 and	 toxicologic	 laboratory	 evaluation,	 and	 the	 clinical
course.	 Ideally,	criteria	similar	 to	Koch	postulates	for	 infectious	disease	should
be	met:	A	xenobiotic	is	identified	in	or	on	the	body	in	an	amount	known	to	cause
the	observed	signs	and	symptoms	within	the	reported	time	frame.	In	reality,	the
diagnosis	 is	often	made	on	 the	basis	of	a	history	of	exposure,	a	clinical	course
consistent	with	poisoning,	and	exclusion	of	other	etiologies.

Making	 the	 diagnosis	 can	 be	 easy	when	 an	 accurate	 history	 of	 exposure	 is
available.	However,	patients	may	be	unaware	of	an	exposure,	unwilling	to	admit
to	 one,	 or	 unable	 to	 give	 a	 history	 at	 all.	 Patients	 may	 give	 a	 history	 that	 is
vague,	confusing,	or	intentionally	disguised.



Circumstances	 that	 should	 arouse	 suspicion	 of	 occult	 poisoning	 include
sudden	 or	 unexplained	 illness	 of	 a	 previously	 healthy	 individual;	 similar
unexplained	 symptoms	 of	 a	 group	 of	 individuals;	 a	 history	 of	 previous
suicidality,	alcoholism,	or	drug	abuse;	recent	significant	life	events	or	stressors;
and	 the	 onset	 of	 illness	 shortly	 after	 ingesting	 food,	 drink,	 or	 medication.
Poisoning	should	always	be	considered	for	patients	with	metabolic	abnormalities
(especially	 acid-base	 disturbances),	 gastroenteritis,	 or	 changes	 in	 behavior	 or
mental	status	of	unclear	etiology.	Leakage	of	illicit	drug	packets	that	have	been
ingested	or	concealed	in	body	cavities	should	be	suspected	among	patients	with
altered	mental	status	or	unusual	behavior	who	have	just	arrived	from	abroad,	or
who	have	recently	been	arrested	or	incarcerated	for	criminal	activities.15,16	Drug
intoxication	is	a	risk	factor	for	trauma	and	suicide	and	should	also	be	considered
in	all	injured	patients.

To	avoid	missing	the	diagnosis	of	poisoning,	the	physician	must	specifically
inquire	about	xenobiotic	exposure.	Paramedics,	police,	family,	friends,	employer,
pharmacist,	or	personal	physician	can	be	questioned	regarding	the	circumstances
and	 events	 surrounding	 the	 illness,	 particularly	 the	 availability	 of	 xenobiotics
and	 the	 likelihood	 of	 exposure.	 The	 patient’s	 clothes	 and	 place	 of	 discovery
should	be	searched	for	a	suicide	note,	drug	paraphernalia,	and	any	medications
available	at	 the	 location.	Third	parties	should	be	 instructed	 to	search	 the	house
for	such	evidence	and	to	bring	it	in	for	inspection.

In	 the	absence	of	 a	history	of	 exposure,	 the	 characteristic	 clinical	 course	of
poisoning	may	also	suggest	the	diagnosis.	Physical	exam	findings	suggestive	of
a	 specific	 toxidrome	 can	 help	 predict	 what	 a	 patient	 was	 exposed	 to	 and	 the
expected	clinical	course.	The	onset	and	duration	of	 symptoms	 is	dependent	on
many	 factors	 as	 previously	 discussed.	 While	 poisoning	 may	 be	 high	 on	 the
differential,	 it	 is	 also	 important	 to	 consider	 and	manage	 any	 potential	medical
causes	that	may	have	a	similar	appearance	to	poisoning,	or	that	may	develop	as	a
complication	of	the	poisoning.

Identification	of	the	Offending	Agent

History
4 	The	etiology	of	poisoning	may	or	may	not	be	disclosed	by	the	patient	history.
Even	when	a	history	 is	available,	 its	accuracy	and	 reliability	must	be	carefully
assessed.	 The	 identity	 and	 amount	 of	 the	 xenobiotic	 involved	 is	 frequently
incorrectly	 reported	 by	 patients	 with	 intentional	 ingestions.	 Further,	 among



patients	 with	 intentional	 drug	 overdose,	 1/70	 will	 have	 a	 detectable
acetaminophen	 level	 and	1/500	will	 have	 a	 potentially	 hepatotoxic	 level.17	For
this	reason,	we	recommend	screening	for	acetaminophen	in	all	 intentional	drug
overdose	patients,	even	when	they	deny	acetaminophen	exposure	or	are	unable
to	provide	an	accurate	history.	Layperson	misidentification	of	acetaminophen	as
aspirin	and	vice	versa	is	relatively	common.	To	avoid	misdiagnosis,	the	presence
or	 absence	of	 both	drugs	 should	be	 confirmed	by	 laboratory	 analysis	when	 an
overdose	of	any	kind	is	suspected.

Pill,	Product,	Plant,	and	Animal	Identification
Drugs	in	pill	form	can	often	be	identified	by	the	imprint	code;	 the	alphabetical
and	numeric	markings	on	 tablets	and	capsules.	A	 listing	of	 imprint	 codes	with
the	 corresponding	 trade	 name	 and	 ingredient(s)	 can	 be	 found	 in	 the	 Identidex
portion	of	Poisindex,18	which	is	available	through	virtually	all	poison	centers	in
the	United	States.	 It	 also	 provides	 the	 identities	 of	 street	 drugs	 based	 on	 their
slang	names.	Prescription	drugs	may	be	identified	by	contacting	the	dispensing
pharmacy.	Drug	samples	can	sometimes	be	identified	by	direct	chemical	analysis
(see	“Toxicology	Screening”	section).

By	US	 law,19	 the	 ingredients	 of	 potentially	 hazardous	 commercial	 products
used	 in	 and	 around	 the	home	must	 be	 stated	on	 their	 labels.	This	 information,
however,	 is	 not	 always	 present	 or	 accurate,	 and	 labels	 may	 be	 missing	 or
unreadable.	 In	 such	 cases,	 the	 ingredients	 may	 be	 identified	 by	 consulting
Poisindex18	 or	 a	 regional	 poison	 center.	 Alternatively,	 the	 manufacturer	 or
distributor	may	be	called	to	obtain	information.	This	may	be	particularly	helpful
when	 the	 product	 is	 an	 outdated	 formulation	 or	 a	 recently	 reformulated	 or
released	 one.	 Most	 large	 companies	 maintain	 24-hour	 emergency	 telephone
numbers	 for	 such	 purposes,	 and	many	 employ	medical	 consultants	 to	 provide
management	advice.	Although	industrial	products	do	not	have	the	same	labeling
requirements	 as	 household	 ones,	 right-to-know	 legislation	 requires	 that
companies	make	information	regarding	the	ingredients	and	potential	toxicity	of
products	 they	 make,	 distribute,	 or	 use	 available	 to	 workers	 and	 health	 care
providers.	Such	information	can	be	obtained	by	requesting	a	material	safety	data
sheet	(MSDS).

Information	 on	 drugs	 and	 chemical	 products	 manufactured	 or	 obtained
outside	 the	 United	 States	 can	 be	 found	 in	 Poisindex,18	 and	Martindale:	 The
Complete	 Drug	 Reference,20	 or	 obtained	 from	 a	 domestic	 or	 foreign	 poison
center.	Information	on	drugs	undergoing	clinical	trials	in	the	United	States	may
also	be	found	in	Martindale,	since	such	drugs	are	often	already	available	in	other



countries.	Most	foreign	poison	centers	have	English-speaking	staff	or	translators
available.

Plants	 (including	 fungi	 or	 mushrooms),	 along	 with	 their	 active	 parts	 and
chemical	constituents,	can	be	identified	by	consulting	Poisindex18	 if	either	their
common	or	botanical	name	is	known.	If	the	name	is	not	known	but	a	sample	is
available,	a	mycologist	is	often	available	through	regional	poison	centers.	Other
resources	 include	 representatives	 from	 a	 local	 nursery,	 horticultural	 society,	 or
university	botany	department.	Mushrooms	should	be	stored	in	brown	paper	bags
and	patients	 should	be	asked	 to	provide	 information	on	 the	 location	where	 the
mushroom	was	 found	 to	 assist	with	proper	 identification.	Similarly,	 pet	 stores,
zoos,	 veterinarians,	 amateur	 or	 academic	 entomologists,	 herpetologists,
zoologists,	 and	 field	guides	can	be	helpful	 in	 identifying	potentially	venomous
insects,	reptiles,	snakes,	and	other	animals.	Poison	centers	usually	maintain	lists
of	local	experts	who	are	willing	to	help	with	such	identifications.

Toxidrome	Recognition
A	toxidrome	is	a	term	that	refers	to	the	constellation	of	signs	and	symptoms	that
predictably	 occur	 after	 exposure	 to	 a	 specific	 class	 of	 xenobiotics	 (toxins).21
These	toxidromes	are	described	by	their	classic	vital	sign	alterations	and	specific
organ	system	manifestations,	such	as	the	GI	tract,	central	nervous	system	(CNS),
ophthalmic,	 urinary,	 and	 dermatologic.21	 The	 physiological	 state	 of	 the	 patient
can	 usually	 be	 characterized	 as	 excited	 (CNS	 excitation	 with	 increased	 blood
pressure,	 pulse,	 respirations,	 and	 temperature),	 depressed	 (decreased	 level	 of
consciousness	 and	 decreased	 vital	 signs),	 discordant	 (inconsistent,	 mixed,	 or
opposing	 CNS	 and	 vital	 sign	 abnormalities),	 or	 normal.	 The	 differential
diagnosis	can	then	be	narrowed	to	the	common	or	characteristic	causes	of	these
physiological	 states	 (Table	 96.3).	 The	 lack	 of	 classic	 features	 of	 a	 toxidrome
does	 not	 exclude	 the	 presence	 of	 that	 class	 of	 xenobiotics,	 as	 patients	 may
present	 after	 exposure	 to	 multiple	 xenobiotics,	 leading	 to	 a	 mixed	 clinical
picture.

TABLE	96.3

Differential	Diagnosis	of	Poisoning	Based	on	Physiological
Assessment	and	Underlying	Mechanisms



Excited	(CNS
Stimulation	with
Increased	Vital
Signs)

Depressed	(CNS
Depression	with
decreased	Vital
Signs)

Discordant	(Mixed	CNS
and	Vital	Sign
Abnormalities)

Normal

Sympathomimetics
Amphetamines
Bronchodilators

(β-agonists)
Catecholamine

analogues
Cocaine
Decongestants
Ergot	alkaloids
Methylxanthines
Monoamine

oxidase	inhibitors
Thyroid

hormones
Anticholinergics	
Antihistamines
Antispasmodics

(GI-GU)
Atropine	and

other	belladonna
alkaloids
Cyclic

antidepressants
Cyclobenzaprine
Mydriatics

(topical)
Nonprescription

sleep	aids
Orphenadrine
Parkinsonian

therapeutics
Phenothiazines
Plants/mushrooms

Hallucinogens	

Sympatholytics	
α-Adrenergic

antagonists
Angiotensin-

converting	enzyme
inhibitors
β-Adrenergic

blockers
Calcium	channel

blockers
Clonidine
Cyclic

antidepressants
Decongestants

(imidazolines)
Digitalis
Neuroleptics

Cholinergics	
Bethanechol
Carbamate

insecticides
Echothiophate
Myasthenia

gravis	therapeutics
Nicotine
Organophosphate

insecticides
Physostigmine
Pilocarpine
Urecholine

Opioids	
Analgesics
Antidiarrheal

drugs

Asphyxiants	
Carbon	monoxide
Cyanide
Hydrogen	sulfide
Inert	(simple)	gases
Irritant	gases
Methemoglobinemia
Oxidative

phosphorylation	inhibitors
Herbicides	(nitrophenols)

AGMA	inducers	
Alcoholic	ketoacidosis
Ethylene	glycol
Iron
Methanol	(formaldehyde)
Paraldehyde
Metformin/phenformin

(chronic)
Salicylate
Toluene
Valproic	acid

CNS	syndromes	
Disulfiram
Extrapyramidal	reactions
Isoniazid	(GABA-lytic)
Neuroleptic	malignant

syndrome
Serotonin	syndrome
Solvents	(hydrocarbons)
Strychnine	(glycinergic)

Membrane-active	agents	
Amantadine
Antiarrhythmics
β-Blockers

Nontoxic	exposure
Psychogenic	illness
Toxic	time	bombs

concretions

and	related
mushrooms

hydrocarbons

preparations

agents

and	diphenoxylate)

inducers	(some)

oxidase	inhibitors



LSD	and
tryptamine
derivatives
Marijuana
Mescaline	and

amphetamine
derivatives
Psilocybin

mushrooms
Phencyclidine

Withdrawal
syndromes	
Baclofen
β-Adrenergic

blockers
Clonidine
Cyclic

antidepressants
Ethanol
Opioids
Sedative-

hypnotics

Fentanyl	and
derivatives
Heroin
Opium

Sedative-
hypnotics	
Alcohols
Anticonvulsants
Barbiturates
Benzodiazepines
Bromide
Ethchlorvynol
GHB
Glutethimide
Methyprylon
Muscle	relaxants

Cyclic	antidepressants
Fluoride
Heavy	metals
Lithium
Local	anesthetics
Meperidine/propoxyphene
Neuroleptics
Quinine	(antimalarials)

insecticides	(some)

formulations

synthesis	inhibitors

AGMA,	anion	gap	metabolic	acidosis;	CNS,	central	nervous	system;	GABA,	γ-aminobutyric	acid;
GHB,	γ-hydroxybutyrate;	GI-GU,	gastrointestinal-genitourinary;	LSD,	lysergic	acid	diethylamide.

The	 excited	 state	 is	 primarily	 caused	 by	 sympathomimetics	 (agents	 that
directly	 or	 indirectly	 stimulate	 α-	 and	 β-adrenergic	 receptors),	 anticholinergics
(agents	 that	 block	 parasympathetic	 muscarinic	 receptors),	 hallucinogens,	 and
withdrawal	 syndromes.	 The	 depressed	 state	 is	 primarily	 caused	 by
sympatholytics	(agents	that	block	adrenergic	receptors	or	depress	cardiovascular
activity),	 cholinergics	 (agents	 that	 directly	 or	 indirectly	 stimulate	 muscarinic
receptors),	 opioids,	 or	 sedative-hypnotics	 (which	 enhance	 the	 effect	 of	 the
inhibitory	 CNS	 neurotransmitter	 γ-aminobutyric	 acid	 [GABA]	 or	 depress
neuronal	 membrane	 excitability).	 The	 discordant	 state	 is	 primarily	 due	 to
asphyxiants	(agents	that	decrease	the	availability,	absorption,	transport,	or	use	of
oxygen),	 membrane-active	 agents	 (those	 that	 block	 sodium	 channels	 or
otherwise	alter	the	activity	of	excitable	cell	membranes),	and	agents	that	cause	a
variety	of	CNS	syndromes	due	to	interference	with	dopamine,	GABA,	glycine,



or	 the	 synthesis,	metabolism,	or	 function	of	 serotonin.	A	normal	 physiological
state	may	 be	 due	 to	 a	 nontoxic	 exposure	 (Table	 96.4),	 psychogenic	 illness,	 or
presentation	during	 the	preclinical	phase	of	poisoning.	Agents	 that	have	a	 long
preclinical	phase	(delayed	onset	of	 toxicity)	are	known	as	 toxic	“time	bombs.”
Delayed	 onset	 of	 toxicity	 may	 result	 from	 slow	 absorption	 or	 distribution,
metabolic	 activation,	 or	 a	mechanism	of	 action	 that	 involves	 the	 disruption	 of
metabolic	or	synthetic	pathways.	Psychogenic	illness	should	be	considered	when
the	signs	and	symptoms	are	 inconsistent	with	 the	reported	exposure,	cannot	be
substantiated	 by	 laboratory	 abnormalities,	 and	 other	 etiologies	 have	 been
excluded.

TABLE	96.4

Criteria	for	a	Nontoxic	Exposure

The	patient	is	asymptomatic	by	both	history	and	physical	examination.

The	amount	and	identity	of	all	xenobiotics	and	time	of	exposure	are	known
with	high	degree	of	certainty.

Exposure	dose	is	less	than	the	smallest	dose	known	or	predicted	to	cause
toxicity.

An	 excited	 or	 depressed	 state	may	 be	mischaracterized	 as	 a	 discordant	 one
when	 the	 activity	of	 a	 stimulant	or	depressant	 is	 selective	 for	 a	 receptor	 subor
results	 in	 a	 compensatory	 or	 opposing	 autonomic	 response.	 For	 example,
hypotension	 caused	 by	 an	 α-blocker	 or	 vasodilator	 may	 be	 accompanied	 by
tachycardia,	and	hypertension	due	to	a	selective	α-agonist	may	be	accompanied
by	 bradycardia.	 Severe	 stimulant	 or	 depressant	 poisoning	 can	 also	 cause	what
appears	 to	be	 a	discordant	 state.	For	 example,	prolonged	 seizures	 and	extreme
hyperthermia	 caused	 by	 sympathomimetics	 can	 culminate	 in	 cardiovascular
collapse	 as	 a	 consequence	 of	 anaerobic	 metabolism,	 acidosis,	 or	 depletion	 of
neurotransmitters.	Similarly,	marked	hypotension	and	hypoventilation	caused	by
physiologic	depressants	can	precipitate	seizures	and	tachyarrhythmias	as	a	result
of	 ischemia,	anoxia,	and	acidosis.	 In	addition,	paradoxical	excitation	can	result
from	the	preferential	inhibition	of	cortical	functions	that	normally	control	social
activity	 by	 low	 doses	 of	 CNS	 depressants,	 most	 notably	 alcohol	 and	 other
sedative-hypnotics.	In	such	cases,	the	physiologic	state	and	its	cause	can	often	be



correctly	identified	by	the	overall	clinical	picture	and	course	of	events.
The	severity	of	mental	status	changes	and	the	nature	of	associated	autonomic

findings	 can	 be	 used	 to	 narrow	 the	 differential	 diagnosis	 of	 physiological
stimulation	 and	 depression	 to	 one	 of	 four	 subcategories	 (Table	 96.3).	 For	 the
excited	patient,	marked	vital	sign	abnormalities	 (severe	hypertension	with	end-
organ	 ischemia,	 tachyarrhythmias,	 hyperthermia,	 and	 cardiovascular	 collapse)
with	 minor	 mental	 status	 changes	 suggest	 an	 agent	 with	 peripheral
sympathomimetic	 activity	 as	 the	 cause.	 Conversely,	 marked	 mental	 status
abnormalities	 with	 nearly	 normal	 vital	 signs	 suggest	 a	 centrally	 acting
hallucinogen.	 Anticholinergic	 poisoning	 can	 be	 differentiated	 from
sympathomimetic	(Table	96.5),	hallucinogen,	and	withdrawal	syndromes	by	the
presence	of	 dry,	 flushed,	 and	hot	 skin;	 decreased	or	 absent	 bowel	 sounds;	 and
urinary	retention.	Other	causes	of	excitation	are	usually	accompanied	by	pallor,
diaphoresis,	and	increased	bowel	or	bladder	activity.

TABLE	96.5

Toxidromes

Cholinergic
Toxidrome

Sympathomimetic
Toxidrome

Anticholinergic
Toxidrome

Heart	Rate ⇓ ⇑ ⇑

Blood	Pressure ⇓ ⇑ ⇑	(mild)

Respiratory
Rate

⇓ ⇑ ⇔

Temperature ∅ ⇑ ⇑	(mild)

Ocular Miosis Mydriasis Mydriasis

Skin Wet Wet Dry,	flushed

Gastrointestinal Emesis,
diarrhea

Increased	bowel
sounds	(mild)

Decreased	bowel
sounds

Mental	status Depressed Agitated Delirium

Urinary Urination ∅ Retention



Other Lacrimation,
salivation,
fasciculations,
bronchospasm

Seizure Dry	mucus
membranes

⇑,	increased;	⇓,	decreased;	⇔,	variable;	∅,	no	effect.

For	 the	 patient	 with	 physiological	 depression,	 marked	 cardiovascular
abnormalities	 (hypotension	 and	 bradycardia)	 with	 relatively	 clear	 sensorium
suggest	 a	 peripherally	 acting	 sympatholytic,	 whereas	 marked	 CNS	 and
respiratory	 depression	 with	 minimal	 pulse	 and	 blood	 pressure	 abnormalities
suggest	 a	 centrally	 acting	 agent	 (opioid	 or	 sedative	 hypnotic).	 Cholinergic
poisoning	 (Table	 96.5)	 can	 be	 distinguished	 from	 other	 causes	 of	 physiologic
depression	 by	 the	 presence	 of	 characteristic	 muscarinic	 findings:	 Salivation,
Lacrimation,	Urination,	Defecation,	GI	 cramps,	 and	Emesis	 (SLUDGE)	 along
with	 bradycardia,	 bronchorrhea,	 and	 bronchospasm	 (killer	 B’s).	 In	 addition,
cholinergic	poisoning	causes	pallor	and	diaphoresis.

Other	 findings	can	sometimes	help	narrow	 the	differential	diagnosis	 further.
Only	the	most	common	and	diagnostically	useful	ones	are	noted	here.	Because
of	limited	specificity	and	sensitivity,	the	presence	or	absence	of	a	particular	sign
or	symptom	cannot	be	used	to	confirm	or	exclude	a	given	etiology.

Ocular	 findings	 can	 sometimes	 help	 narrow	 the	 diagnostic	 possibilities.
Although	 mydriasis	 can	 be	 caused	 by	 any	 agent	 or	 condition	 that	 results	 in
physiological	 excitation	 (see	 Table	 96.3),	 it	 is	 most	 pronounced	 in
anticholinergic	poisoning,	in	which	it	is	associated	with	minimal	pupil	response
to	 light	 and	 accommodation.	 Similarly,	 although	 miosis	 is	 a	 nonspecific
manifestation	 of	 physiological	 depression,	 it	 is	 usually	 most	 pronounced	 in
opioid	 poisoning.	Notable	miosis	 can,	 however,	 also	 be	 caused	 by	 cholinergic
agents	and	sympatholytics	with	α-blocking	effects.	Visual	disturbances	may	be
due	to	anticholinergic,	cholinergic,	digitalis,	hallucinogen,	methanol,	and	quinine
poisoning.	 Horizontal	 nystagmus	 and	 disconjugate	 gaze	 are	 nonspecific
manifestations	 of	 sedative-hypnotic	 poisoning.	 Nystagmus	 can	 be	 seen	 in
patients	 with	 ethanol,	 anticonvulsant,	 phencyclidine,	 ketamine,	 lithium,	 and
dextromethorphan	 intoxication.	 These	 etiologies	 should	 be	 readily
distinguishable	 by	 assessing	 the	 physiological	 state.	Rapidly	 alternating	 lateral
“ping-pong”	gaze	has	been	described	in	monoamine	oxidase	inhibitor	poisoning.
Except	 for	 abnormalities	 due	 to	 topical	 xenobiotic	 exposure,	 both	 eyes	 are
equally	affected.	Although	failure	to	respond	to	topical	miotics	has	been	said	to



be	 diagnostic	 of	 drug-induced	 pupillary	 dilatation,	 this	 is	 only	 true	 for	 topical
exposures.

Dermatological	 abnormalities	 may	 also	 be	 helpful.	 Flushed	 skin	 can	 be
caused	 by	 anticholinergics,	 boric	 acid,	 a	 disulfiram-ethanol	 reaction,
monosodium	glutamate,	 niacin,	 scombroid	 (fish	poisoning),	 and	 rapid	 infusion
of	vancomycin	(red	man	syndrome).	The	skin	 is	hot	and	dry	 in	anticholinergic
poisoning	but	normal	or	moist	with	other	etiologies.	Pallor	and	diaphoresis	may
be	 due	 to	 cholinergics,	 hallucinogens,	 hypoglycemics,	 sympathomimetics,	 and
drug	 withdrawal	 (Table	 96.3).	 As	 noted	 previously,	 manifestations	 of	 the
SLUDGE	 syndrome	 distinguish	 cholinergic	 poisoning	 from	 other	 etiologies.
Cyanosis	 may	 be	 due	 to	 agents	 that	 cause	 cardiovascular	 or	 respiratory
depression,	 methemoglobinemia,	 pneumonitis,	 or	 simple	 asphyxia.	 For
methemoglobinemia,	 skin	 may	 have	 a	 slate-gray	 hue	 that	 is	 unaffected	 by
oxygen	administration.	Hair	 loss,	mucosal	pigmentation,	and	nail	abnormalities
are	suggestive	of	potential	heavy	metal	poisoning.

Finally,	 the	 presence	 of	 neuromuscular	 abnormalities	 may	 suggest	 certain
etiologies.	 Seizures	 are	 common	 among	 poisoned	 patients.	 The	most	 common
causes	 of	 seizures	 due	 to	 poisoning	 are	 antidepressants,	 sympathomimetics,
antihistamines	(primarily	diphenhydramine),	tramadol,	and	isoniazid.22	Seizures
due	 to	 poisoning	 are	 usually	 generalized.	 Because	 hypertensive	 and	 traumatic
CNS	 hemorrhages	 are	 known	 complications	 of	 poisoning,	 the	 possibility	 of
structural	 lesions	 should	 always	 be	 considered.	 Myoclonus	 suggests
anticholinergic,	 sympathomimetic	 poisoning,	 or	 serotonin	 syndrome.
Fasciculations	 are	 typical	 of	 cholinergic	 insecticide	 poisoning	 but	 can	 also	 be
caused	 by	 sympathomimetics.	 Rigidity	 may	 be	 seen	 after	 phencyclidine	 or
sympathomimetic	 poisoning,	 and	 among	 those	 with	 CNS	 syndromes	 (Table
96.3).	Dystonic	posturing	is	most	often	caused	by	antipsychotic	agents.	It	is	also
a	characteristic	feature	of	strychnine	poisoning.

Laboratory	Findings
Acid-base	status,	anion	gap,	serum	osmolality,	ketone,	electrolyte,	glucose,	and
organ	 function	 abnormalities	 identified	 by	 routine	 laboratory	 tests	 can	 be
extremely	 helpful	 for	 the	 differential	 diagnosis	 of	 poisoning.	 As	 with	 clinical
manifestations,	the	diagnostic	sensitivity	and	specificity	of	a	single	finding	is	not
sufficiently	 high	 for	 its	 presence	 or	 absence	 to	 confirm	 or	 exclude	 a	 specific
etiology.	The	use	of	anion	and	osmolar	gaps	and	serum	ketone	and	lactate	levels
in	 the	 diagnosis	 of	 poisoning	 of	 unknown	 etiology	 is	 summarized	 in	 Figure
96.1.



	

Figure	 96.1 	 Use	 of	 routine	 laboratory	 findings	 and	 calculated
gaps	 in	 the	 differential	 diagnosis	 of	 poisonings.AKA,	 alcoholic
ketoacidosis;	 DKA,	 diabetic	 ketoacidosis;	 NRTI,
nucleoside/nucleotide	reverse	transcriptase	inhibitors.

Assessing	 acid-base	 status	 and	 calculating	 the	 anion	 gap	 is	 particularly
important.	 The	 normal	 anion	 gap	 can	 vary	 depending	 on	 the	 method	 used	 to
calculate	individual	ions.	Previous	analyzers	reported	the	normal	anion	gap	to	be
11	±	2.5	mEq/L.23	However,	newer	ion-specific	electrodes	have	a	higher	degree
of	 accuracy	 in	measuring	 individual	 components,	with	 a	 resultant	mean	 anion
gap	 of	 6	 ±	 3	 mEq/L.23	 The	 detection	 of	 an	 increased	 anion	 gap	 metabolic
acidosis	(AGMA)	should	then	be	followed	by	identifying	what	the	unmeasured
anion	is.	A	common	mnemonic	that	can	be	used	for	unmeasured	anions	is	KULT
—ketones,	uremia,	 lactate,	and	toxins.	Ketoacidosis	may	be	caused	by	diabetic
ketoacidosis,	 starvation,	 alcoholic	 ketoacidosis,	 or	 salicylate	 toxicity.	 Renal
failure	 leads	 to	 the	 accumulation	 of	 inorganic	 acids.	 Lactate	 can	 be	 due	 to
several	 mechanisms.	 Finally,	 specific	 xenobiotics	 are	 metabolized	 to	 acid	 by
products	 that	 lead	 to	 an	 increased	 AGMA.	 Methanol,	 ethylene	 glycol,	 and
salicylate	 are	 the	 more	 common	 xenobiotics	 that	 produce	 acid	 metabolites
leading	to	an	increased	AGMA.	After	ethylene	glycol	and	methanol	poisoning,
AGMA	is	primarily	due	to	the	accumulation	of	acid	metabolites.	After	salicylate
poisoning,	it	 is	caused	by	the	generation	of	salicylic	acid	and	the	accumulation
of	a	variety	of	endogenous	organic	acids	resulting	from	salicylate’s	interference
with	 intermediary	metabolism.	When	 the	suspicion	 is	high	 for	 toxic	alcohol	or
salicylate	toxicity,	therapy	should	be	initiated	while	pending	confirmatory	testing
to	 limit	 the	end-organ	effects.	Agents	 that	cause	hypoxemia,	cellular	asphyxia,
seizures,	 shock,	 or	 extensive	 tissue	 necrosis	 can	 also	 cause	 an	AGMA,	 but	 in
these	 instances,	 the	 accumulation	 of	 lactic	 acid	 generated	 by	 anaerobic
metabolism	is	responsible	for	the	AGMA.	When	the	underlying	cause	is	unclear,
measuring	 the	 serum	 lactate	 level	may	be	helpful.	The	 lactate	 concentration	 is



usually	 low	 (<5	 mEq/L)	 or	 significantly	 less	 than	 the	 anion	 gap	 in	 ethylene
glycol,	 methanol,	 and	 salicylate	 poisoning	 but	 higher	 in	 conditions	 associated
with	anaerobic	metabolism.

Other	common	toxicological	causes	of	a	low-lactate	AGMA	include	ethanol,
which	 can	 cause	 ketoacidosis	 by	 disrupting	 intermediary	 metabolism	 in
susceptible	 alcoholics,	 and	 toluene,	 which	 can	 lead	 to	 distal	 renal	 tubular
acidosis	 and	 high	AGMA	 due	 to	 accumulation	 of	 hippuric	 acid.24	 Rarely,	 this
metabolic	 picture	 occurs	 due	 to	 xenobiotics	 that	 are	 metabolized	 to	 acid
byproducts	such	as	by	formaldehyde,	paraldehyde,	phosphate,	and	sulfur.	It	can
also	 be	 seen	with	 large	 overdoses	 of	 ibuprofen	 and	 valproic	 acid,	 due	 to	 high
levels	of	these	acidic	drugs	and	their	metabolites.25,26	Metformin	and	nucleoside
reverse	 transcriptase	 inhibitor	 antiretroviral	 agents	 (e.g.,	 zidovudine	 or
azidothymidine)	can	interfere	with	normal-lactate	metabolism	and	cause	a	high-
lactate	 AGMA	 at	 therapeutic	 as	 well	 as	 excessive	 doses.27,28	 A	 high-lactate
AGMA	can	occur	soon	after	massive	acetaminophen	ingestion.22	The	presence	of
a	 very	high	 lactate	 (>15	mEq/L)	 can	be	 seen	 in	 patients	 poisoned	by	 cyanide,
metformin,	ethylene	glycol,	or	post	seizure.	The	elevated	lactate	in	the	setting	of
ethylene	 glycol	 toxicity	 is	 not	 a	 true	 lactate	 -	 the	 presence	 of	 glycolate,	 a
metabolite	 of	 ethylene	 glycol,	 is	 misinterpreted	 as	 lactate	 by	 some	 laboratory
techniques.29	 An	 abnormally	 low	 anion	 gap	 may	 be	 seen	 in	 severe	 bromide,
calcium,	iodine,	lithium,	magnesium,	and	nitrate	intoxication.23,30

5 	 Serum	 osmolality	 can	 help	 differentiate	 the	 toxic	 causes	 of	 a	 low-lactate
AGMA.	 An	 increased	 osmole	 gap	 may	 be	 seen	 early	 during	 the	 course	 of
ethylene	glycol	and	methanol	(when	high	serum	levels	of	the	parent	compounds
are	present)	but	not	salicylate	poisoning.	However,	a	normal	osmole	gap	is	not
sufficient	 to	 exclude	 the	 presence	 of	 a	 toxic	 alcohol.31	 Further,	 as	 the	 parent
alcohol	 is	metabolized	 into	 its	 acid	metabolites,	 the	 osmole	 gap	will	 decrease
and	patients	may	present	with	a	normal	osmole	gap.

The	osmole	gap	is	 typically	defined	as	 the	difference	between	the	measured
serum	osmolality	and	the	calculated	serum	osmolality.

Normal	 serum	 osmolality	 is	 290	 ±	 10	 mOsm	 per	 kg	 of	 H2O.	 The	 ethanol
concentration	should	also	be	included	in	calculating	the	osmolar	gap	to	“correct”
for	 the	 presence	 of	 ethanol	 on	 the	 final	 value.	 Ethanol	 behaves	 as	 a	 nonideal
solvent	in	solution,	so	its	contribution	to	the	osmole	gap	is	calculated	through	the



following	equation32:

The	 normal	 osmole	 gap	 is	 -2	 ±	 6	 mOsm/kg.31	 Additional	 causes	 of	 an
increased	 osmole	 gap	 include	 other	 low-molecular-weight	 solutes,	 such	 as
acetone,	 ethanol,	 isopropyl	 alcohol,	 magnesium,	 mannitol,	 and	 propylene
glycol.33	 The	 approximate	 concentration	 of	 these	 substances	 that	 will	 increase
the	serum	osmolality	by	1	mOsm	per	kg	of	H2O,	calculated	on	the	basis	of	their
molecular	weights,	 is	shown	in	Table	96.6.	When	direct	measurements	are	not
readily	 available,	 the	 serum	concentration	 of	 these	 agents	 can	 be	 estimated	 by
multiplying	this	amount	by	the	osmole	gap.	Serum	osmolality	must	be	measured
by	 freezing	 point	 depression	 (rather	 than	 the	 headspace	 or	 vapor	 pressure
method)	 to	 detect	 the	 presence	 of	 volatile	 agents	 such	 as	 acetone	 and	 toxic
alcohols.	An	increased	osmole	gap	can	be	seen	during	alcoholic	ketoacidosis	and
other	conditions	causing	lactic	acidosis.

TABLE	96.6

Effects	of	Some	Solutes	on	Serum	Osmolality

Solute Approximate	Concentration	Required	to	Increase
serum	Osmolality	by	1	mOsm/kg

Alcohols,	glycols,	and	ketones

Acetone 5.8	mg/dL

Ethanol 4.6	mg/dL

Ethylene
glycol

5.2	mg/dL



Isopropanol 6.0	mg/dL

Methanol 2.6	mg/dL

Propylene
glycol

7.6	mg/dL

Electrolytes

Calcium 4.0	mg/dL	(1	mEq/L)

Magnesium 2.4	mg/dL	(1	mEq/L)

Sugars

Mannitol 18	mg/dL

Sorbitol 18	mg/dL

Serum	ketones	can	also	help	to	differentiate	the	toxic	causes	of	a	low-lactate
AGMA.	 Ketosis,	 as	 defined	 by	 a	 positive	 nitroprusside	 reaction,	 is	 relatively
common	 after	 salicylate	 poisoning	 but	 unusual	 during	 ethylene	 glycol	 and
methanol	poisoning.	Ketosis	is	also	seen	during	alcoholic	ketoacidosis	and	with
acetone	 or	 isopropyl	 alcohol	 poisoning.	 Serum	 β-hydroxybutyrate	 is	 a	 better
measure	 of	 ketoacidosis,	 as	 the	 urine	 nitroprusside	 reaction	 only	 detects
acetoacetate	 and	 acetone,	 which	 may	 be	 minimal	 among	 cases	 of	 alcoholic
ketoacidosis	 or	 diabetic	 ketoacidosis,	 leading	 to	 underappreciation	 of	 the
severity	of	the	ketoacidosis.34

The	urinalysis,	serum	calcium	concentration,	and	 the	overall	clinical	picture
can	also	be	helpful	for	differentiating	the	toxic	causes	of	a	low-lactate	AGMA.
Crystalluria	 and	 hypocalcemia	 suggest	 ethylene	 glycol;	 visual	 symptoms
implicate	 methanol;	 and	 tinnitus	 or	 impaired	 hearing	 point	 to	 salicylates.
Crystalluria	 can	 also	 be	 caused	 by	 acyclovir,	 felbamate,	 indinavir,	 oxalate,
primidone,	and	sulfa	drugs.	Hypocalcemia	is	also	seen	after	fluoride	and	oxalate
intoxication.

Serum	 potassium	 and	 glucose	 abnormalities	 may	 also	 provide	 clues	 to	 the
etiology	of	the	poisoning.	Toxicological	causes	of	hypokalemia	include	barium,
β2-adrenergic	agonists,	chloroquine,	diuretics,	insulin,	licorice,	methylxanthines,
and	 toluene35-38.	 Hyperkalemia	 can	 be	 caused	 by	 α-adrenergic	 agonists,
angiotensin-converting	 enzyme	 inhibitors,	 β-adrenergic	 antagonists,	 digitalis,
fluoride,	 potassium-sparing	diuretics,	 and	 trimethoprim.35	Common	 toxicologic



causes	 of	 hypoglycemia	 are	 ethanol,	 β-blockers,	 hypoglycemics,	 quinine,	 and
salicylates.39	 Common	 causes	 of	 hyperglycemia	 include	 β-adrenergic	 agonists,
calcium	channel	blockers,	and	methylxanthines.

Common	toxicological	causes	of	acute	liver	dysfunction	are	acetaminophen,
ethanol,	 halogenated	 hydrocarbons	 (carbon	 tetrachloride),	 and	 mushrooms
(Amanita	phalloides	and	related	species).40,41	Acute	 renal	 toxicity	 is	most	often
due	 to	 ethylene	 glycol,	 halogenated	 hydrocarbons,	 heavy	 metals,	 nonsteroidal
anti-inflammatory	 drugs,	 toluene,	 envenomations,	 and	 agents	 that	 cause
hemolysis	or	rhabdomyolysis.	An	elevated	creatinine	with	a	normal	blood	urea
nitrogen	 (BUN)	 can	 be	 seen	 during	 acetone	 and	 isopropyl	 alcohol	 poisoning
because	 acetone	 interferes	with	 colorimetric	 assays	 for	 creatinine,	 resulting	 in
falsely	high	 results.42	 Acute	 hemolysis	 (in	 the	 absence	 of	 glucose-6-phosphate
dehydrogenase	deficiency)	can	result	from	poisoning	by	arsine	gas,	naphthalene,
and	inducers	of	methemoglobinemia.	Rhabdomyolysis	is	associated	with	toluene
abuse,	 CNS	 syndromes	 (Table	 96.3),	 and	 severe	 physiological	 dysfunction
(extreme	agitation,	deep	or	prolonged	coma,	hyperthermia,	and	seizures)	of	any
etiology.	The	most	common	agents	involved	are	sympathomimetics,	ethanol,	and
MDMA	(3,4-methylenedioxymethamphetamine).

For	some	cases,	 the	appearance	of	 the	patient’s	blood	may	be	suggestive	of
certain	exposures.	Chocolate-colored	blood	is	seen	when	methemoglobin	levels
surpass	 15%.	Bright-red	 blood	 on	 venipuncture	may	 suggest	 failure	 to	 extract
oxygen	 due	 to	 cyanide,	 carbon	 monoxide,	 hydrogen	 sulfide,	 and	 other
cytochrome	c	oxidase	inhibitors.

The	 detection	 of	 carboxyhemoglobin	 and	 methemoglobin	 requires	 co-
oximetry.	 Co-oximeters	 are	 laboratory	 blood	 gas	 analyzers	 that	 use
photospectrometry	 to	 determine	 the	 relative	 concentrations	 of	 oxygenated
hemoglobin	 (oxyHb),	 deoxygenated	 hemoglobin	 (dexoyHb),	 methemoglobin
(MetHb),	 and	 carboxyhemoglobin	 (COHb)	 in	 blood.	 Co-oximetry	 needs	 to	 be
specifically	 requested	 when	 the	 blood	 gas	 analyzer	 being	 employed	 does	 not
routinely	measure	COHb	and	MetHb.

Bedside	 laboratory	 devices	 offer	 rapid	 point-of-care	 tests	 (POCTs)	 that
complement	 the	 early	 assessment	 of	 the	 poisoned	 patient.	 POCTs	 can	 provide
rapid	 standard	 hematology,	 chemistry,	 and	 blood	 gas	 panels,	 as	 well	 as	 more
specific	measures	such	as	 lactate,	and	β-hydroxybutyrate.	The	rapidity	of	 these
tests	may	be	valuable	for	both	diagnosis	and	management,	but	the	accuracy	and
reliability	 may	 be	 less	 sensitive	 compared	 to	 formal	 laboratory	 analysis.43
Clinical	 teams	 evaluating	 the	 employment	 of	 POCT	 lab	 devices	 should	weigh
the	benefit	of	rapid	testing	against	 these	uncertainties,	as	well	as	 the	additional
training,	maintenance,	temperature-sensitive	storage,	and	supply	chain	issues.



Electrocardiographic	Findings
Electrocardiography	 (ECG)	 may	 provide	 clues	 to	 the	 cause	 of	 poisoning.
Tachyarrhythmias	 that	 occur	 in	 patients	 with	 normal	 QRS	 and	 QT	 intervals
suggest	 myocardial	 irritation	 (increased	 automaticity)	 as	 the	 underlying
mechanism.44,45	Sympathomimetics,	digitalis,	and	cardiac-sensitizing	agents	such
as	chloral	hydrate	and	aliphatic	or	halogenated	hydrocarbons,	which	potentiate
the	 action	 of	 endogenous	 catecholamines,	 are	 potential	 causes.	 In	 contrast,
prolongation	 of	 the	 QRS	 suggests	 a	 sodium	 channel	 antagonist.	 Torsades	 de
pointes	 (polymorphic	 ventricular	 tachycardia)	 strongly	 implicate	 a	 QTc
prolonging	agent.45

Atrioventricular	 conduction	 abnormalities	 and	 bradyarrhythmias	 can	 be
caused	 by	 β-blockers,	 calcium	 channel	 blockers,	 digitalis,	 organophosphate
insecticides,	and	central	α-agonists	such	as	clonidine.

Radiographic	Findings
Ingested	 xenobiotics	 can	 sometimes	 be	 visualized	 within	 the	 GI	 tract	 by
abdominal	radiographic	imaging,	and	such	imaging	can	occasionally	be	helpful
in	 suggesting	 the	 etiology	 or	 amount	 of	 an	 unknown	 ingestion.	 CHIPES	 is	 a
common	mnemonic	used	for	agents	likely	to	be	visible	on	plain	films,	although
this	mnemonic	is	not	exhaustive	(Table	96.7).

TABLE	96.7

Xenobiotics	Visible	on	Plain	Stomach	Radiographs

Chlorinated	hydrocarbons,	calcium

Heavy	metals

Iodinated	compounds,	iron

Packets	of	drugs,	phenothiazines

Enteric-coated	drugs

Salicylates,	sustained-release	products,	solvents

Ingested	 drug	 packets	 may	 appear	 as	 radiodense	 foreign	 bodies	 scattered



along	 the	GI	 tract.16	 Ingested	hydrocarbons	may	sometimes	appear	as	a	double
gastric	 fluid	 level	 or	 “double	 bubble”	 because	 of	 the	 air-fluid	 and	 fluid-fluid
interface	 lines	 created	 when	 less	 dense	 hydrocarbons	 layer	 on	 top	 of	 gastric
fluids.	 Computed	 tomography	 may	 be	 superior	 to	 plain	 films	 for	 detecting
ingested	 drug	 packets	 but	 the	 optimal	 test	 in	 this	 setting	 remains	 unclear.16
Whether	 or	 not	 contrast	 should	 be	 used	 remains	 controversial.46	 Abdominal
ultrasound	has	a	 limited	role	for	 the	visualization	of	 tablets	after	oral	 ingestion
and	 should	 not	 be	 relied	 on.47	 Although	 the	 absence	 of	 xenobiotic	 on	 plain
radiography	 does	 not	 exclude	 exposure,	 presence	 of	 the	 xenobiotic	 can	 assist
with	 guiding	 further	 GI	 decontamination,	 such	 as	 timing	 of	 whole-bowel
irrigation	for	lead	or	iron	exposures.	Further,	persistence	of	xenobiotic	on	plain
radiography	 can	 be	 used	 to	 determine	 when	 whole-bowel	 irrigation	 can	 be
ceased.

Response	to	Antidotes
The	use	of	antidotes	for	diagnostic	purposes	has	 largely	fallen	from	favor.	The
availability	 of	 point	 of	 care	 blood	 glucose	 measurement	 negates	 the	 need	 for
empiric	 intravenous	 dextrose	 for	 altered	 patients.	 One	 exception	 to	 this	 is
salicylate	 toxicity.	Patients	with	 altered	mental	 status	 due	 to	 salicylate	 toxicity
may	have	neuroglycopenia	with	a	normal	peripheral	glucose.	 In	 these	patients,
empirical	 administration	 of	 glucose	 is	 advised	 regardless	 of	 the	 point	 of	 care
reading.	Many	 antidotes	may	be	 harmful	when	used	 inappropriately,	 including
flumazenil,	 physostigmine,	 glucagon,	 nitrites,	 chelators,	 and	 lipid	 emulsions.
Naloxone	remains	a	reasonably	safe	 therapy	for	a	patient	with	clinical	signs	of
opiate	 intoxication	 and	 hypoventilation.	 Clinicians	 should	 be	 cautious	 when
administering	 naloxone	 to	 potentially	 opioid	 tolerant	 patients	 as	 this	 can
precipitate	opioid	withdrawal.	The	initial	dose	of	naloxone	is	0.04	mg	IV,	with
an	increase	in	dose	every	2	minutes	if	no	clinical	response.48	 If	 there	is	still	no
response	 after	 10	mg	 naloxone,	 it	 is	 prudent	 to	move	 on	 to	 other	 therapies	 to
support	 oxygenation	 and	 ventilation.49	 Patients	 may	 be	 started	 on	 a	 naloxone
infusion	 at	 2/3	 the	 bolus	 dose	 that	 resulted	 in	 improved	 oxygenation	 and
ventilation	 per	 hour.50	 Providers	 should	 be	 mindful	 that	 patients	 legitimately
taking	opioids	who	receive	naloxone	may	require	other	forms	of	analgesia.

Toxicology	Screening
6 	Analyses	of	a	sample	of	the	xenobiotic	itself,	or	patient	urine,	blood,	or	gastric
contents	can	sometimes	be	helpful	for	identifying	the	cause	of	poisoning.	Urine



is	 generally	 the	 best	 specimen	 to	 analyze,	 because	 large	 quantities	 can	 be
obtained	 for	 extraction	 procedures	 and	 many	 xenobiotics	 are	 concentrated	 in
urine.	 However,	 toxicology	 testing	 can	 detect	 only	 a	 small	 fraction	 of	 all
xenobiotics	 (primarily	drugs)	 and	 is	 not	 always	 reliable.	 Immunoassay	 screens
are	inexpensive	and	provide	results	within	minutes,	but	they	are	only	capable	of
detecting	 a	 few	 agents.	 They	 suffer	 from	 many	 false	 positives	 and	 false
negatives.51	Patients	may	be	misdiagnosed	and	potentially	harmed	by	clinicians
acting	solely	on	the	results	of	immunoassay	screens.	Comprehensive	screens	are
expensive	 and	 require	 2	 to	 6	 hours	 for	 completion	 (excluding	 transportation
times).	 Although	 results	 may	 increase	 diagnostic	 certainty	 or	 specificity,	 they
rarely	change	disposition	or	treatment	in	patients	who	are	asymptomatic	or	who
have	 signs	 and	 symptoms	 consistent	 with	 the	 reported	 exposure.	 Noteworthy
exceptions	 are	 acetaminophen	 and	 salicylate,	 which	 are	 widely	 available,
commonly	 ingested,	 sometimes	 misidentified,	 require	 specific	 treatment,	 and
cause	 few	 or	 nonspecific	 early	 signs	 and	 symptoms.	Hence,	 in	most	 overdose
patients,	quantitative	acetaminophen	and	salicylate	levels	are	the	only	screening
toxicology	tests	likely	to	be	clinically	useful.

Critically	 ill	 poisoned	 patients	 presenting	 with	 seizures,	 cardiovascular
instability,	 acid-base	 abnormalities,	 multiple-organ	 dysfunction,	 or	 cardiac
dysrhythmias	without	a	known	toxicological	diagnosis	should	be	considered	for
comprehensive	toxicology	screening.

Knowledge	 of	 the	 methods	 used	 for	 chemical	 detection	 (colorimetric	 spot
tests,	 thin-layer	 chromatography,	 gas	 or	 high-pressure	 liquid	 chromatography,
absorbance,	 atomic	 absorption,	 flame	 ionization,	 or	 fluorometric	 assays,
enzyme-multiplied	 and	 radionuclide	 immunoassays,	 and	 gas	 chromatography
with	mass	spectrometry)	is	required	for	optimal	interpretation	of	screening	tests
results.52	 The	 physician	 should	 communicate	 directly	 with	 the	 laboratory
technician	 to	 determine	 which	 xenobiotics	 can	 be	 detected	 by	 the	 screening
methods	used	and	the	sensitivity	and	specificity	of	each	assay	at	their	center.

A	negative	result	from	a	screen	should	never	be	used	to	exclude	the	diagnosis
of	 poisoning	when	 clinical	 findings	 suggest	 otherwise.	 It	 may	 simply	mean	 a
xenobiotic	 is	 not	 detectable	 by	 the	 assay	 used,	 its	 concentration	 is	 below	 the
limit	of	reporting	of	the	assay,	or	its	concentration	is	below	the	assay’s	limit	of
detection.51	It	may	also	mean	the	timing	of	sampling	or	the	specimen	submitted
is	inappropriate	for	testing	-	the	xenobiotic	may	be	undergoing	absorption	and	is
not	yet	present	in	urine	or	it	may	already	have	been	metabolized	or	eliminated).51
In	such	cases,	repeating	the	test	on	a	sample	obtained	at	an	earlier	or	later	time
may	be	revealing.



Prediction	of	Potential	Toxicity
The	prediction	of	toxicity	requires	knowledge	of	the	dose,	time,	and	identity	of
an	exposure	and	helps	optimize	treatment.	For	commercial	products,	the	amount
and	concentration	of	every	ingredient	should	be	identified.	Household	products
deemed	hazardous	by	the	US	Consumer	Product	Safety	Committee	are	required
by	 law	 to	 bear	 a	 label	 describing	 the	 nature	 of	 their	 toxicity	 and	 first	 aid
measures	as	well	as	a	“keep	out	of	reach	of	children”	warning	and	a	signal	word
that	 indicates	 the	 degree	 or	 severity	 of	 potential	 toxicity.19	 Label	 information
may	 be	 incomplete	 and	 should	 generally	 be	 confirmed	 by	 consulting	 an
independent	information	source	such	as	the	MSDS.

The	 dose	 of	 drug	 in	 a	 pill	 or	 tablet	 can	 be	 determined	 using	 the	 resources
cited	 in	 “Identification	 of	 the	 Offending	 Agent”	 section	 of	 this	 chapter.	 For
liquids	and	powders,	the	dose	can	be	estimated	or	measured	using	the	container
or	 the	 weights	 and	 volumes	 listed	 on	 the	 label.	 An	 exposure	 may	 also	 be
reported	in	tablespoons	or	swallows.	Standard	flatware	volumes	can	vary	from	3
to	7	mL	for	a	teaspoon	and	from	7	to	14	mL	for	a	tablespoon.	The	volume	of	a
swallow	ranges	from	1	to	5	mL	in	infants	to	4	to	40	mL	among	adults,	and	varies
with	age,	height,	weight,	sex,	the	orifice	size	of	the	container,	and	the	viscosity
of	the	ingested	liquid	and.53

The	accuracy	and	reliability	of	the	history	must	be	evaluated	when	assessing
potential	 toxicity.	 The	 amount	 and	 time	 of	 ingestion	 are	 frequently	 erroneous
when	 reported	 by	 patients	with	 intentional	 self-poisoning.	 It	 is	 always	 best	 to
assume	 a	 worst-case	 scenario:	 that	 the	 maximum	 possible	 dose	 (the	 entire
amount	 available	 or	 not	 clearly	 accounted	 for)	 was	 ingested.	 The	 potential
toxicity	can	then	be	estimated	from	previously	reported	toxicodynamic	data.	β-
Blockers,	calcium	channel	blockers,	and	oral	hypoglycemics	can	cause	toxicity
after	only	one	or	two	therapeutic	doses,	particularly	among	those	physiologically
naive	 to	 their	 effects.	 The	 ingestion	 of	 only	 one	 to	 two	 tablets,	 capsules,	 or
teaspoonfuls	 of	 an	 antimalarial	 (chloroquine,	 hydroxychloroquine),
antipsychotic,	camphor,	calcium	channel	blocker,	methyl	salicylate,	opioid,	oral
hypoglycemic,	theophylline,	or	tricyclic	antidepressant	can	be	fatal	to	a	toddler.54

The	 time	 of	 exposure	 is	 important	 because	 it	 helps	 to	 predict	 the	 expected
onset	 and	peak	of	 toxicity.	Only	when	 the	 time	elapsed	 since	exposure	 clearly
exceeds	 the	 longest	 reported	 or	 predicted	 interval	 between	 exposure	 and	 peak
toxicity	 should	 the	 possibility	 of	 subsequent	 poisoning	 be	 excluded.	 Peak
toxicity	 is	 dependent	 on	 the	 factors	 discussed	 previously.	 For	 some	 agents
(acetaminophen,	ethylene	glycol,	methanol),	 the	serum	concentration	measured
during	 the	 preclinical	 phase	 can	 be	 used	 to	 predict	 subsequent	 toxicity.	 The



possibility	 of	 pregnancy	 and	 potential	 toxicity	 to	 the	 fetus	 should	 also	 be
considered.

Assessment	of	Severity
The	 severity	 of	 poisoning	 is	 primarily	 determined	 by	 the	 clinical	 picture.
Because	 poisoning	 is	 far	 more	 dynamic	 than	 most	 diseases	 and	 illnesses,
frequent	 reevaluations	 are	 required.	 Poisoned	 patients	 can	 rapidly	 deteriorate,
with	few	or	no	warning	signs.

A	 complete	 physical	 examination	 should	 be	 performed	 for	 all	 patients.	The
examination	 should	 initially	 be	 directed	 toward	 assessment	 of	 cardiovascular
stability,	 respiratory	 function,	 and	 neurological	 status.	 Accurate	 and	 timely
measurement	 of	 all	 vital	 signs	 is	 essential.	 The	 respiratory	 rate	 should	 be
measured	accurately.	A	core	temperature	should	be	obtained	to	detect	severe	or
occult	abnormalities.	Peripheral	thermometers	have	been	shown	to	be	inaccurate
for	 estimating	 body	 temperature	 among	 patient	 populations	 where	 the
temperature	 measurement	 will	 affect	 management.55	 The	 sickest	 patients	 are
most	 likely	 to	 have	 significant	 temperature	 abnormalities.	 Preoccupation	 with
their	 cardiovascular	 and	 respiratory	 therapy	 may	 lead	 to	 delayed	 temperature
measurement.

The	 number	 and	 of	 ancillary	 tests	 required	 to	 assess	 metabolic	 or	 organ
function	 is	 determined	 primarily	 by	 clinical	 severity	 and	 secondarily	 by	 the
history.	 Pregnancy	 testing	 is	 recommended	 in	 women	 of	 childbearing	 age.
Baseline	 bloodwork	 for	 poisoned	 patients	 includes	 serum	 electrolytes,	 BUN,
creatinine,	 glucose,	 acetaminophen	 and	 salicylate	 levels,	 and	 a	 12-lead	 ECG.
Arterial	blood	gas,	serum	osmolality,	 lactate,	ketone,	and	co-oximetry	analyses
may	 be	 indicated.	 Anion,	 osmole,	 and	 oxygen	 saturation	 gaps	 should	 be
calculated	 whenever	 their	 determinants	 are	 measured.	 A	 complete	 blood	 cell
count,	 coagulation	 studies,	 calcium,	 magnesium,	 creatine	 phosphokinase,
troponin,	 and	 transaminases	 should	 also	 be	 ordered	when	 clinically	 indicated.
Additional	 testing	 should	 be	 individualized	 and	 based	 on	 the	 history,	 physical
examination	findings,	and	the	results	of	routine	ancillary	studies.

The	 measurement	 of	 xenobiotic	 concentrations	 in	 serum	 or	 urine	 can
sometimes	 help	 when	 assessing	 the	 severity	 of	 poisoning.	 Agents	 for	 which
quantitative	 measurements	 are	 necessary	 or	 desirable	 for	 optimal	 patient
management	 include	 acetaminophen,	 acetone,	 alcohols,	 antiarrhythmics,
antiepileptics,	 barbiturates,	 carbon	 monoxide,	 digoxin,	 electrolytes	 (including
calcium	and	magnesium),	toxic	alcohols,	heavy	metals,	iron,	lithium,	salicylate,
and	 theophylline.52	 Quantitative	 or	 qualitative	 assays	 for	 other	 xenobiotics	 are



not	generally	helpful	because	they	serve	only	to	confirm	the	clinical	impression
and	do	not	affect	treatment	(which	is	either	supportive	or	must	be	initiated	long
before	laboratory	results	are	available	in	order	to	be	effective).

Provision	of	Supportive	Care
9 	 Meticulous	 supportive	 care	 is	 necessary	 to	 maintain	 physiological	 and
biochemical	 homeostasis	 and	 to	 prevent	 secondary	 complications	 (anoxia,
aspiration,	and	secondary	organ	injury)	until	detoxification	is	complete.	Despite
advances	 of	 preventing	 absorption,	 enhancing	 elimination,	 and	 antidotal
treatment,	 supportive	 care	 remains	 the	mainstay	 of	 therapy	 for	most	 poisoned
patients.	 Details	 of	 supportive	 therapy	 by	 organ	 system	 can	 be	 found	 in	 the
agent-	 or	 class-specific	 chapters	 (Chapters	 97-123).	 Only	 considerations	 of
special	relevance	to	the	poisoned	patient	are	discussed	here.

Respiratory	Care
For	 patients	 deemed	 high	 risk	 for	 aspiration,	 or	 whose	 clinical	 conditions	 are
likely	to	progress	to	requiring	airway	protection,	endotracheal	intubation	should
be	performed	early.	Prophylactic	or	therapeutic	intubation	may	also	be	required
for	patients	with	extreme	behavioral	agitation	or	physiological	hyperactivity	who
are	 unable	 to	 protect	 their	 airway	 or	 will	 be	 unable	 to	 do	 so	 after	 indicated
pharmacological	 therapy	 with	 a	 sedative,	 antipsychotic,	 or	 anticonvulsant.
Intubation	 may	 also	 be	 required	 to	 assist	 with	 safely	 performing	 GI
decontamination	among	high-risk	patients.

Cardiovascular	Therapy
Drug	 interactions	 between	 those	 administered	 therapeutically	 and	 those
contributing	to	toxicity	must	be	considered,	as	therapies	intended	to	maintain	or
restore	 normal	 blood	 pressure,	 pulse,	 and	 sinus	 rhythm	 may	 paradoxically
worsen	 cardiovascular	 toxicity.	 An	 example	 of	 this	 is	 the	 unopposed	 α-
stimulation	 that	 results	 when	 β-blockers	 are	 administered	 to	 acutely	 cocaine
toxic	 patients.56	 Hence,	 the	 severity	 and	 trend	 of	 cardiovascular	 abnormalities
and	 the	 potential	 complications	 of	 treatment	 should	 be	 considered	 before
instituting	pharmacological	therapy.	In	addition,	because	there	are	several	causes
of	 cardiovascular	 toxicity	 and	 multiple	 mechanisms	 may	 be	 concurrently
operative,	 invasive	 hemodynamic	 monitoring	 may	 be	 necessary	 for	 accurate
diagnosis	 and	 optimal	 treatment.	 Poisoned	 patients	 tend	 to	 deteriorate	 more



quickly	 than	 recovering	 ICU	 patients,	 so	 consideration	 of	 extracorporeal	 life
support	 should	be	made	early.	Extracorporeal	membrane	oxygenation	 (ECMO)
is	the	primary	modality	recommended,	but	other	methods	including	intra-aortic
balloon	pump,	 cardiac	bypass,	 or	 left-ventricular	 assist	 devices	have	 also	been
utilized.	ECMO	is	recommended	for	patients	with	refractory	cardiogenic	shock,
respiratory	 failure,	or	cardiac	arrest.57	The	 required	duration	of	ECMO	will	 be
much	shorter	for	poisoned	patients	than	for	other	ICU	patients.

In	the	absence	of	extremes	of	heart	rate,	hypotension	due	to	poisoning	is	most
often	 caused	 by	 loss	 of	 peripheral	 vascular	 tone	 rather	 than	 pump	 failure.
Bedside	 echocardiography	 can	 be	 useful	 when	 assessing	 the	 cause	 of
hypoperfusion.	Norepinephrine	is	generally	considered	the	first	line	vasopressor
for	patients	who	do	not	respond	to	fluid	administration.

Sinus	 tachycardia	 and	 hypertension	 can	 usually	 be	managed	 by	 controlling
agitation	 with	 benzodiazepines	 or	 other	 GABA	 agonists.	 When	 hypertension
leading	to	end-organ	dysfunction	is	persistent	after	agitation	has	been	controlled,
nitroglycerin	(NTG)	or	phentolamine	is	recommended.

For	 patients	 with	 sympathomimetic	 poisoning	 and	 signs	 or	 symptoms	 of
myocardial	 ischemia,	 management	 is	 similar	 to	 myocardial	 ischemia	 due	 to
coronary	 artery	disease	 (CAD);	 however,	 there	 are	 specific	 therapies	 for	 drug-
induced	 ischemia.	 A	 statement	 released	 by	 the	 American	 Heart	 Association
(AHA)	 in	 2008	 addresses	 the	 important	 management	 principles	 for	 patients
presenting	 with	 myocardial	 infarction	 after	 acute	 cocaine	 toxicity.58
Acetylsalicylic	acid	should	be	administered,	and	oxygen	therapy	given	as	needed
for	hypoxia.	Intravenous	benzodiazepines	should	be	administered	to	counter	the
sympathetic	 response.59,60	 Benzodiazepines	 have	 been	 shown	 to	 reduce	 chest
pain	 similar	 to	NTG.61,62	Administration	of	β-blockers	 is	not	 recommended	 for
myocardial	 ischemia	 associated	 with	 acute	 cocaine	 toxicity.	 β-blockers	 may
enable	 unopposed	 α-receptor	 stimulation	 and	 have	 been	 shown	 to	 elicit
paradoxical	 hypertension	 and	 worsen	 vasospasm	 when	 given	 to	 this	 patient
population.56,58,63,64	Patients	with	persistent	hypertension	 that	 is	unresponsive	 to
benzodiazepines	or	NTG	may	be	treated	with	phentolamine.58,60,65	Wide-complex
dysrhythmias	 during	 cocaine	 toxicity	 or	 other	 sodium-channel	 antagonists
should	 be	 managed	 with	 hypertonic	 sodium	 bicarbonate	 or	 hypertonic
saline.59,66,67	Lidocaine	 is	 recommended	when	 an	 antidysrhythmic	 is	 required.68
Underlying	electrolyte	and	metabolic	abnormalities	should	be	corrected.

Normalizing	electrolytes	and	continuous	ECG	monitoring	are	 the	mainstays
of	treatment	for	xenobiotics	poisonings	associated	with	a	prolonged	QT	interval.
The	 clinician	must	 be	 prepared	 to	 manage	 Torsades	 de	 Pointes	 with	 standard
therapy	 including	 magnesium	 sulfate,	 isoproterenol,	 and	 over-drive	 pacing.



Patients	 with	 nonterminating	 Torsades	 de	 Pointes	 require	 immediate	 electrical
defibrillation.	Antibodies	 are	 available	 to	 treat	 serious	dysrhythmias	caused	by
cardiac	glycosides.69	Magnesium	may	also	be	effective	for	digitalis	poisoning.70
Class	1A	and	1C	agents,	phenytoin	β-blockers,	and	physostigmine	should	not	be
used	for	arrhythmias	caused	by	membrane-active	agents	or	those	associated	with
prolonged	QRS	or	QT	 intervals	because	of	 the	potential	 for	worsening	 rhythm
disturbances	and	conduction	abnormalities.

Bradycardia	requires	treatment	only	when	it	is	associated	with	hemodynamic
instability.	For	most	cases,	atropine,	dopamine,	and	epinephrine	are	the	agents	of
choice.	Glucagon,	calcium,	inotropes,	vasopressors,	and	high-dose	insulin	can	be
effective	for	β-blocker	poisoning.71	Calcium,	inotropes,	vasopressors,	and	high-
dose	insulin	can	be	effective	for	calcium	channel	blocker	poisoning.72	Inotropes
and	 vasopressors	 should	 be	 used	 as	 a	 bridge	 to	 high-dose	 insulin	 therapy	 and
then	titrated	off	to	avoid	ischemic	complications.	Please	refer	to	agent-	or	class-
specific	chapters	(Chapters	97-123)	for	more	information	on	the	management	of
specific	cardiac	abnormalities.

Treatment	of	Neuromuscular	Hyperactivity
Profound	metabolic	acidosis	and	sudden	cardiac	arrest	can	occur	among	patients
with	severe	agitation	who	continue	to	struggle	while	being	physically	restrained.
Prompt	pharmacological	 treatment	 of	 behavioral	 and	muscular	 hyperactivity	 is
critical.	 In	 general,	 benzodiazepines	 are	 preferred	 to	 antipsychotic	 agents
because	the	latter	lower	the	seizure	threshold	and	prolong	QTc.	We	have	decades
of	 experience	 and	 safety	 data	 supporting	 the	 use	 of	 benzodiazepines	 for	 the
management	 the	agitation	of	poisoning.	For	agitation	and	hallucinations	due	 to
anticholinergic	 poisoning,	 physostigmine	may	 be	 considered	 in	 the	 absence	 of
contraindications.

Seizures	 can	 usually	 be	 effectively	 treated	 with	 GABA	 agonists	 such	 as
benzodiazepines,	barbiturates,	or	propofol.	Pyridoxine	 is	necessary	 in	 isoniazid
poisoning.	 Phenytoin,	 a	 Vaughn-Williams	 class	 1	 anticonvulsant,	 should	 be
avoided	 during	 toxicological	 seizures.22,73	 Please	 see	 Chapter	 151	 for	 detailed
discussion	of	the	treatment	of	refractory	seizures.

Severe	agitation	or	prolonged	convulsions	can	also	cause	rhabdomyolysis	and
hyperthermia.	Hyperthermia	should	be	aggressively	managed	with	sedation	and
active	cooling.	Continuous	electroencephalography	is	recommended.

Prevention	of	Absorption



Early	and	effective	decontamination	can	limit	the	surface	exposure	and	systemic
absorption	 of	 xenobiotics	 and	 reduce	 toxicity.	 Decontamination	 should	 be
considered	 for	 all	 patients	 unless	 the	 exposure	 is	 clearly	 nontoxic,	 the	 time	 of
predicted	peak	toxicity	has	passed,	or	the	benefits	of	decontamination	would	be
minimal.

Body	Cavity	Exposure
The	removal	of	xenobiotics	from	body	cavities	(bladder,	external	auditory	canal,
nose,	rectum,	and	vagina)	can	be	accomplished	by	aspiration	and	irrigation	using
normal	saline.	Particulate	matter	(pills,	suppositories,	and	drug	packages)	should
be	 manually	 removed,	 preferably	 under	 direct	 visualization.	 The	 removal	 of
ingested	drug	packages	from	the	GI	tract	is	discussed	in	the	“Ingestion”	section
of	 this	 chapter.	 Respect	 for	 patient	 autonomy	must	 be	maintained,	 as	 patients
who	have	capacity	 to	make	medical	decisions	may	 refuse	 treatment.	This	may
require	prolonged	observation	before	patients	may	be	safely	discharged.

Eye	and	Skin	Exposure
Decontamination	after	 topical	exposure	 includes	manual	 removal	of	particulate
material,	 irrigation	 of	 exposed	 surfaces,	 and	 a	 scrub	 for	 skin	 exposed	 to
noncorrosive	chemicals.	“Time	 is	damage,”	particularly	with	corrosives,	so	 tap
water	or	any	other	readily	available	liquid	that	is	clear	and	drinkable	can	be	used
during	the	prehospital	setting.	When	exposure	involves	an	unknown	xenobiotic,
its	 pH	 should	 be	 measured.	 Irrigation	 should	 initially	 be	 performed	 for	 20
minutes	and	then	ocular	pH	and	clinical	effects	should	be	reassessed.	Prolonged
irrigation	 (up	 to	 24	 hours)	 may	 be	 beneficial	 after	 corrosive	 exposures,
especially	those	involving	strong	alkali.

With	 ocular	 exposures,	 blepharospasm	 secondary	 to	 pain	 can	 prevent
effective	 irrigation	 unless	 treatment	 is	 preceded	 by	 the	 instillation	 of	 a	 topical
anesthetic.	 Particulate	 material	 should	 be	 removed	 with	 a	 moist	 cotton-tipped
swab	or	 eye	 spud.	Normal	 saline	 and	 lactated	Ringer	 solution	 are	 traditionally
used	 as	 irrigation	 fluids.	 Irrigating	 solutions	 can	 be	 administered	 via	 an	 IV
infusion	 setup,	 directly	 through	 the	 tubing,	 or	 via	 an	 irrigating	 (Morgan)	 lens
attachment.	A	 low-pressure	squeeze	bottle	also	may	be	used.	One	or	2	 liters	 is
usually	 sufficient.	 For	 acid	 or	 alkali	 exposures,	 the	 tear	 pH	 (normally	 7.3-7.7)
should	be	determined	before	and	after	irrigation.	Irrigation	should	continue	until
the	pH	approaches	normal.74

For	skin	exposures,	treatment	should	begin	with	the	removal	of	contaminated



clothing	 and	 placement	 into	 a	 bag	 to	 reduce	 exposure	 to	 the	 patient	 and
healthcare	personnel.	Gloves	and	personal	protective	equipment	should	be	worn
to	 prevent	 contamination	 of	 caretakers.	 Particulate	 matter	 should	 be	 removed
from	 the	 skin	using	 a	 soft	 brush,	 forceps,	 or	hand-held	vacuum	cleaner	before
irrigation.	Washing	 the	 skin	with	 soap	 and	water	 is	 the	most	 readily	 available
means	 for	 skin	decontamination	 in	hospital.	This	may	be	achieved	by	 flushing
the	skin	with	water	and	wiping	from	head	to	toe.

Ingestion
GI	decontamination	can	be	accomplished	with	activated	charcoal,	gastric	lavage,
whole-bowel	 irrigation,	 and	 endoscopic	 or	 surgical	 removal	 of	 the	 ingested
xenobiotic.	There	is	little	to	no	role	for	ipecac.75	Cathartics,	although	previously
used	with	other	treatments,	are	not	an	effective	method	of	decontamination.76

The	 clinical	 efficacy	 of	 GI	 decontamination	 is	 difficult	 to	 evaluate.7
Designing	and	performing	decontamination	trials	is	fraught	with	challenges:

The	selection	of	clinically	important,	measurable	endpoints
Ethical	challenges	of	informed	consent	for	research	in	people	who	have	just
attempted	self-harm
Heterogeneity	of	patients	presenting	for	care
The	presence	of	potential	coingestants	(known	or	unknown)
The	unreliability	of	ingestion	histories	(timing	and	amount)

Despite	the	low	mortality	of	most	poisoned	patients,	there	is	still	an	important
role	 for	 GI	 decontamination.	 Studies	 show	 that	 decontamination	 can	 limit
xenobiotic	absorption	and	shorten	the	duration	of	toxicity,	and	since	absorption
is	 prolonged	 after	 overdose,	 decontamination	 may	 be	 effective	 longer	 after
ingestion	than	experimentally	proven.77,78

8 	 GI	 decontamination	 should	 be	 considered	 for	 patients	 who	 ingest	 a
potentially	 toxic	 drug	 of	 sufficient	 quantity	 to	 produce	 clinical	 effects,	 who
present	within	a	time	frame	where	drug	could	still	be	present	in	the	GI	tract,	and
who	have	no	contraindications	to	the	procedure.

GI	decontamination	is	most	effective	when	initiated	as	early	as	possible	after
ingestion	 in	 order	 to	 minimize	 systemic	 absorption.	 Drug	 absorption	 after
overdose	is	prolonged	compared	to	therapeutic	ingestions.	Several	studies	have
shown	 that	 drug	 remains	 in	 the	GI	 tract	well	 beyond	 the	historical	 “one-hour”
rule.	 Livshits	 et	 al	 examined	 medical	 examiner	 data	 on	 overdose	 deaths	 that
revealed	9%	had	evidence	of	retained	pill	fragments	or	slurry	in	the	GI	tract,	of
which	 98%	 of	 these	 pills	 were	 either	 modified	 release	 medications	 or	 drugs



known	to	decrease	GI	transit	such	as	opioids	and	anticholinergics.12	Adams	et	al
performed	 a	 prospective	 study	 of	 gastric	 motility	 and	 gastric	 emptying	 on
overdose	 patients	 to	 see	 whether	 poisoning	was	 associated	with	 decreased	GI
emptying.11	 They	 found	 that	 patients	 with	 acute	 overdose	 had	 significantly
prolonged	GI	emptying	times	when	compared	with	a	follow-up	study	performed
after	 the	 resolution	 of	 their	 overdose,	 suggesting	 that	 poisoning	 leads	 to
prolonged	 gastric	 emptying	 times.11	 Using	 endoscopy	 of	 167	 acute	 overdose
patients	 presenting	 to	 the	 ED,	 Miyauchi	 et	 al	 were	 able	 to	 demonstrate	 the
presence	 of	 drug	 in	 the	 stomach	 for	 102	 patients	 presenting	 beyond	 1	 hour	 of
their	ingestion.13

The	 choice	 of	 decontamination	 method	 should	 be	 based	 on	 the	 relative
efficacy	 and	 contraindications	 of	 the	 available	 options.	Activated	 charcoal	 has
equal	or	greater	efficacy,	fewer	contraindications,	less	frequent	and	less	serious
complications	 than	 other	 methods	 of	 decontamination,	 and	 is	 the	 preferred
treatment	 for	 most	 overdoses.	 Emptying	 the	 stomach	 via	 lavage	 has	 rare	 and
specific	 indications.	 Gastric	 lavage	 is	 indicated	 for	 recent	 life-threatening
ingestions,	when	 the	product	 is	of	 a	 size	 that	would	 fit	 into	 a	 lavage	 tube,	not
well	 adsorbed	 by	 activated	 charcoal	 and	 not	 responsive	 to	 other	 therapies.79
Whole-bowel	 irrigation	 should	 be	 considered	 for	 patients	 who	 have	 ingested
toxic	amounts	of	agents	that	are	enteric	coated	or	sustained-release	preparations,
not	amenable	to	decontamination	by	other	techniques,	or	in	the	setting	of	a	body
packer.80	Endoscopy	and	surgery	should	be	reserved	for	patients	with	potentially
severe	 poisoning	 for	 whom	 alternative	 methods	 of	 decontamination	 are
unsuccessful	or	contraindicated.

Activated	Charcoal
Activated	charcoal	can	prevent	absorption	of	ingested	xenobiotics	by	adsorbing
them	 within	 the	 gut	 lumen.	 Activated	 charcoal	 is	 neither	 absorbed	 nor
metabolized,	 so	 the	 xenobiotic	 bound	 to	 it	 is	 normally	 eliminated	 with	 the
stool.81	 Activated	 charcoal	 is	 a	 fine	 black	 powder	 produced	 by	 the	 activation
(pyrolysis,	 oxidation,	 and	 purification)	 of	 carbon-containing	materials	 such	 as
bone,	 coal,	 peat,	 petroleum,	 and	wood.	 The	 activation	 process	 yields	 particles
that	 have	 an	 extensive	 internal	 network	 of	 minute,	 branching,	 irregular,
interconnecting	channels	that	range	in	size	from	approximately	10	to	100	nm	in
diameter	and	account	for	the	extremely	large	surface	area	of	activated	charcoal.
The	 surface	 area	 of	 activated	 charcoal	 in	 clinical	 use	 ranges	 from	 600	 to
2000	m2/g.81

The	adsorption	of	xenobiotic	molecules	 to	the	external	and	internal	surfaces



of	 activated	 charcoal	 occurs	 within	 minutes	 of	 contact.	 It	 is	 due	 to	 relatively
weak	 van	 der	Waals	 forces	 and	 can	 be	 described	 by	 the	 following	 reversible
equilibrium:	 activated	 charcoal	 +	 xenobiotic	 ↔	 activated	 charcoal-xenobiotic
complex.	Hence,	as	the	amount	of	activated	charcoal	is	increased,	the	fraction	of
unbound	 or	 free	 xenobiotic	 decreases	 (the	 equilibrium	 shifts	 to	 the	 right
according	 to	 the	 law	 of	mass	 action).	 The	 absorptive	 capacity	 (the	 amount	 of
xenobiotic	 that	can	be	adsorbed	by	1	g	of	charcoal	 in	vitro)	ranges	from	a	few
milligrams	 to	 more	 than	 1	 g	 depending	 on	 the	 molecular	 size,	 structure,	 and
solubility	of	the	xenobiotic,	the	pore	size	and	surface	area	of	activated	charcoal,
the	negative	logarithm	of	the	acid	ionization	constant	of	the	xenobiotic	and	the
pH	 of	 the	 solution,	 and	 the	 presence	 or	 absence	 of	 competing	 solutes.	 Small,
highly	 ionized	 molecules	 of	 inorganic	 compounds,	 such	 as	 acids,	 alkali,
electrolytes,	and	 the	 readily	dissociable	 salts	of	 iron,	 lead,	and	 lithium,	are	not
well	adsorbed	by	activated	charcoal.

Activated	 charcoal	 can	 be	 given	 orally	 to	 awake	 and	 alert	 patients	with	 no
concerns	 for	 aspiration,	 or	 by	 feeding	 tube	 for	 intubated	 patients.	 Because	 of
volume	constraints,	 the	maximum	single	dose	 is	generally	 limited	 to	1	g/kg	of
body	weight.81

Compared	 with	 other	 methods	 of	 GI	 decontamination,	 the	 advantages	 of
activated	 charcoal	 are	 ease	 of	 administration,	 rapidity	 of	 action,	 effective
adsorption	of	many	xenobiotics,	and	its	ability	to	enhance	xenobiotic	elimination
(see	 “Multiple-Dose	 Activated	 Charcoal”	 section	 of	 this	 chapter).	 The	 main
disadvantages	 are	 its	 dark	 color	 (significantly	 impairs	 bronchoscopy	 when
aspirated),	 poor	 palatability,	 and	 its	 potential	 to	 prevent	 the	 enteral	 absorption
and	 enhance	 elimination	 of	 drugs	 administered	 for	 therapeutic	 purposes.	 The
most	 significant	adverse	event	associated	with	activated	charcoal	 is	pulmonary
aspiration	of	gastric	contents	mixed	with	activated	charcoal	 in	patients	without
adequate	airway	protection,	or	from	direct	instillation	of	charcoal	into	the	lungs
through	 a	 mispositioned	 nasogastric	 tube.81-83	 Aspiration	 of	 activated	 charcoal
along	 with	 gastric	 contents	 can	 cause	 large	 and	 small	 airway	 obstruction,
pneumonitis,	and	death.83,84

Contraindications	to	activated	charcoal	for	intubated	patients	include	concern
for	gastric	perforation	(eg,	in	caustic	ingestion),	ingestion	of	hydrocarbons	with
a	 high	 aspiration	 potential,	 the	 need	 for	 endoscopy,	 and	 inability	 of	 activated
charcoal	to	adsorb	the	xenobiotic.81

Gastric	Lavage
Gastric	 lavage	can	directly	 remove	 ingested	xenobiotics	 from	 the	 stomach	and



thereby	 prevent	 their	 absorption.	 As	 with	 activated	 charcoal,	 the	 efficacy	 of
gastric	 lavage	decreases	as	 the	time	between	ingestion	and	treatment	 increases.
Activated	charcoal	may	be	administered	 in	appropriate	cases	at	 the	completion
of	gastric	lavage.

Gastric	 lavage	 should	 only	 be	 administered	 by	 those	 familiar	 with	 the
technique.79	 It	 is	 performed	 by	 first	 aspirating	 stomach	 contents	 and	 then
repetitively	instilling	and	withdrawing	fluid	through	a	large	orogastric	tube.85	 It
appears	to	be	most	effective	when	the	patient	is	placed	in	a	left	lateral	decubitus
Trendelenburg	position.85	Warm	water	or	normal	saline	(0.9%)	are	the	fluids	of
choice	for	adults;	water	use	is	not	recommended	for	children	due	to	the	risk	of
hyponatremia	and	water	toxicity.85	Aliquots	of	200	to	300	mL	for	adults	and	up
to	10	mL/kg	of	body	weight	for	children	are	administered.85	Larger	aliquots	(5-
10	mL/kg	 body	 weight)	 are	 superior	 to	 smaller	 ones.	 It	 is	 recommended	 that
lavage	be	continued	until	the	return	is	relatively	clear.

Although	 endotracheal	 intubation	 does	 not	 completely	 prevent	 aspiration
during	 gastric	 lavage,	 it	 is	 recommended	 to	 reduce	 the	 risk	 of	 aspiration-
associated	 respiratory	 failure	 and	 facilitate	 other	 investigations	 during	 the
patient’s	predicted	clinical	course.79

Gastric	 lavage	 is	 contraindicated	 for	 nonintubated	 patients	 who	 have	 the
potential	 for	 airway	 compromise,	 or	 are	 at	 risk	 for	 gastric	 perforation	 or
hemorrhage	 (caustic	 ingestion,	 known	 esophageal	 varices,	 recent	 surgery).79
Gastric	lavage	may	increase	the	risk	of	pulmonary	aspiration	after	hydrocarbon
ingestion;	 it	 should	 only	 be	 considered	 for	 intubated	 patients	 with	 large
ingestions	 of	 agents	 that	 have	 systemic	 toxicity	 (camphor,	 halogenated	 and
aromatic	derivatives,	 and	 those	 that	 contain	heavy	metals	or	pesticides)	 and	 in
accord	with	the	advice	of	a	poison	center.

Syrup	of	Ipecac
Although	 syrup	 of	 ipecac	 is	 simple	 to	 use,	 and	was	 once	widely	 available	 for
home	 administration,	 it	 is	 less	 effective	 than	 activated	 charcoal	 for	 preventing
xenobiotic	 absorption	 by	 experimental	 studies	 and	 has	 more	 contraindications
and	 complications.75	 Vomiting	 exposes	 patients	 to	 aspiration	 risks	 and	 may
preclude	the	administration	of	activated	charcoal	or	other	oral	antidotes.75	There
is	virtually	no	role	for	ipecac	in	the	intensive	care	management	of	the	critically
ill	poisoned	patient.

Whole-Bowel	Irrigation
Whole-bowel	irrigation	refers	to	the	enteral	administration	of	large	volumes	of	a



polyethylene	glycol-electrolyte	lavage	solution	(PEG-ELS).	It	is	commonly	used
to	 cleanse	 the	 GI	 tract	 before	 colonoscopy,	 barium	 enema	 radiography,	 and
bowel	 surgery,	 and	 has	 the	 potential	 to	 decrease	 absorption	 of	 ingested
xenobiotics	by	increasing	gut	motility.86,87	Indications	for	whole-bowel	irrigation
include	 the	 ingestion	of	 a	 potentially	 toxic	 amount	 of	 a	 sustained-release	 drug
that	is	not	adsorbed	by	activated	charcoal	or	is	taken	in	such	an	amount	that	it	is
difficult	to	administer	a	sufficient	amount	of	activated	charcoal,	drug	that	is	not
bound	by	activated	charcoal	(eg,	iron),	or	for	the	removal	of	packets	from	body
packers.86	 Whole-bowel	 irrigation	 solutions	 have	 been	 found	 to	 decrease	 the
adsorptive	capacity	of	activated	charcoal	 in	vitro,	 so	 this	 should	be	considered
when	administering	activated	charcoal	along	with	whole-bowel	irrigation.88,89

Whole-bowel	 irrigation	 is	 performed	 by	 administering	 a	 solution	 of
electrolytes	and	polyethylene	glycol	by	nasogastric	 tube	at	a	 rate	of	0.5	L/h	 in
children	9	months	to	6	years	of	age,	1	L/h	for	6-	to	12-year-olds,	and	2	L/h	for
those	 older	 than	 12	 years,	 until	 the	 rectal	 effluent	 is	 clear.86	 This	 should	 be
continued	 until	 no	 further	 evidence	 of	 pills	 or	 packets	 is	 seen	 in	 the	 rectal
effluent.	Careful	monitoring	for	signs	of	 ileus	or	obstruction	 is	 required	during
therapy.

Contraindications	to	whole-bowel	irrigation	include	actual	or	anticipated	loss
of	 protective	 airway	 reflexes	 in	 nonintubated	 patients,	 signs	 of	 ileus	 or
obstruction	 of	 the	 GI	 tract,	 GI	 hemorrhage,	 and	 significant	 hemodynamic
instability	that	may	result	in	poor	perfusion	of	the	GI	tract	and	result	in	reduced
GI	 motility.90	 Potential	 complications	 of	 whole-bowel	 irrigation	 include
regurgitation	 and	 aspiration	 of	 gastric	 contents	 and	 abdominal	 distension	with
cramping	 and	 vomiting.86	Whole-bowel	 irrigation	 does	 not	 cause	 fluid	 and/or
electrolyte	abnormalities.	Disadvantages	of	whole-bowel	irrigation	are	that	 it	 is
unpleasant,	labor-intensive,	and	time-consuming.

Endoscopy	and	Surgery
Gastric	 endoscopy,	 using	 baskets	 or	 snares	 to	 grasp	 or	 break	 up	 particulate
xenobiotics,	 can	 be	 used	 to	 remove	 foreign	 bodies	 (button	 batteries	 that	 break
apart	 or	 fail	 to	 pass	 beyond	 the	 pylorus)	 and	 gastric	 pill	 bezoars.	 It	 should	 be
reserved	 for	 patients	with	 severe	 or	 potentially	 lethal	 poisoning,	 such	 as	 those
with	 large	 amounts	 of	 heavy	 metal	 visible	 in	 the	 stomach	 on	 radiograph	 and
those	who	continue	to	deteriorate	and	have	rising	drug	levels	despite	attempts	at
GI	decontamination	by	other	methods.91	Endoscopy	should	not	be	used	 for	 the
removal	of	drug	packets,	because	it	may	cause	rupture	and	lethal	toxicity.

Immediate	 retrieval	 by	 laparotomy	 is	 indicated	 for	 patients	 who	 develop



toxicity	 after	 the	 ingestion	 of	 packets	 containing	 cocaine	 or	 other
sympathomimetic	 agents,	 or	 for	 any	 body	 packer	 who	 develops	 signs	 of
obstruction.16,92	Surgery	should	also	be	considered	when	endoscopic	removal	 is
unsuccessful	or	 impossible	because	of	 the	location	of	 the	xenobiotic	or	foreign
body.93

Cathartics
Cathartics	 are	 osmotically	 active	 saccharides	 (mannitol,	 sorbitol)	 or	 salts
(magnesium	 citrate,	 magnesium	 sulfate,	 and	 disodium	 phosphate)	 that	 cause
retention	 of	 fluids	 within	 the	 gut,	 thereby	 stimulating	 GI	 motility	 and	 the
evacuation	 of	 intestinal	 contents.	 In	 animal	 and	 human	 volunteer	 studies,
cathartics	 have	 variable	 but	 clinically	 insignificant	 effects	 on	 xenobiotic
absorption.76	Their	 effect	 on	 the	 efficacy	of	 activated	 charcoal	 is	 also	minimal
and	 clinically	 insignificant.76	 There	 is	 currently	 no	 role	 for	 cathartics	 in	 the
critically	ill	poisoned	patient.

Dilution
Dilutional	therapy	is	of	limited	benefit	for	poisoned	patients.	Water	should	only
be	offered	to	alert	and	cooperative	patients	within	the	first	few	minutes	of	oral
exposure	to	a	caustic	agent	in	order	to	remove	any	remaining	caustic	substance
that	 is	 found	 in	 the	 oropharynx	 or	 esophagus.94	 Contraindications	 to	 therapy
include	concerns	for	airway	patency,	nausea	or	vomiting,	drooling	or	difficulty
with	swallowing,	or	complaints	of	chest	or	abdominal	pain.7,94	Risks	associated
with	 dilutional	 therapy	 include	 heat	 generation	 and	 gas	 production	 which
increases	the	risk	of	vomiting	and	subsequent	worsening	of	caustic	injury	to	the
esophagus	and	oropharynx.94

Antidotal	Therapies
Antidotes	 are	 defined	 as	 therapeutic	 substances	 administered	 to	 counteract	 the
adverse	 effects	 of	 a	 specific	 xenobiotic	 (Table	 96.8).95	 Antidotes	 work	 by
altering	the	effects	of	a	given	xenobiotic	at	its	receptor	site,	or	through	changes
in	the	toxicokinetics	of	a	substance	to	decrease	its	end-organ	manifestations.95

TABLE	96.8

Xenobiotics	and	Toxic	Syndromes	with	Specific	Antidotes



Agent/condition Antidotes

Acetaminophen N-acetylcysteine

Anticholinergic	poisoning Physostigmine

Anticoagulants Phytonadione	(vitamin	K),	protamine,
prothrombin	complex	concentrate

Benzodiazepines Flumazenil

β-adrenergic	antagonists Glucagon,	calcium	salts,	high-dose	insulin
with	glucose

Calcium	channel	blockers Calcium	salts,	high-dose	insulin	with	glucose

Carbon	monoxide Oxygen,	hyperbaric	oxygen

Cholinergic	syndrome Atropine,	pralidoxime

Cyanide Hydroxocobalamin,	nitrites,	and	sodium
thiosulfate

Digoxin	(digitalis) Fab	antibody	fragments,	magnesium

Dystonic	reactions Benztropine,	diphenhydramine

Ethylene	glycol Ethanol,	4-methylpyrazole,	pyridoxine,
thiamine

Envenomations	(arthropod,
snake)

Antivenom

Fluoride Calcium	and	magnesium	salts

Iron Deferoxamine

Isoniazid	(hydrazines) γ-Aminobutyric	acid	agonists,	pyridoxine

Lead Succimer,	dimercaprol	(British	anti-lewisite),
edetate	calcium	disodium

Local	anesthetics Intravenous	lipid	emulsion

Methanol Ethanol,	4-methylpyrazole,	folate



Methemoglobinemia Methylene	blue

Methotrexate Leucovorin,	glucarpidase

Opioids Naloxone

Sulfonylureas Octreotide,	glucose

Sympathomimetics Benzodiazepines

Vacor	(N-3-pyridylmethyl-N′–
p-nitrophenylurea)

Nicotinamide	(niacinamide)

1 	 0 	Although	antidotes	 can	 reduce	morbidity	 and	mortality,	 availability	 can
be	 a	 limiting	 factor,	 and	 many	 poisoned	 patients	 do	 not	 require	 specific
antidotes.	 Reasonable	 diagnostic	 certainty	 is	 necessary	 for	 their	 safe	 and
effective	 use.	 Specific	 indications,	 contraindications,	 dosing,	 and	 potential
complications	are	discussed	in	Chapters	97-123.

Enhancement	of	Elimination
The	 nonmetabolic	 elimination	 of	 most	 xenobiotics	 can	 be	 accelerated	 by
therapeutic	 interventions	 such	 as	 diuresis,	 urine	 alkalization,	 GI	 dialysis	 (ie,
multiple-dose	 activated	 charcoal	 [MDAC]	 or	 whole-bowel	 irrigation),	 and
extracorporeal	techniques.

All	 enhanced	 elimination	 procedures	 are	 associated	 with	 potential
complications,	 and	 some	 require	 specialized	 equipment	 and	 expertise.
Reasonable	 diagnostic	 certainty	 is	 generally	 a	 prerequisite	 to	 their	 use.	 In
general,	 invasive	 elimination	 procedures	 should	 be	 reserved	 for	 patients	 with
severe	poisoning,	or	those	who	deteriorate	or	fail	to	improve	despite	aggressive
supportive	 care,	 antidotal	 therapy,	 and	 noninvasive	 methods	 of	 xenobiotic
removal.

Diuresis	and	Manipulation	of	Urinary	pH
Forced	 diuresis	 is	 no	 longer	 recommended	 for	 the	 treatment	 of	 the	 poisoned
patient.	 This	 therapy	may	 lead	 to	 volume	 overload,	 especially	 among	 patients
with	 chronic	 kidney	 disease.	 Furosemide	 is	 also	 no	 longer	 recommended	 as	 it
may	 lead	 to	hypokalemia	and	metabolic	alkalosis,	 and	can	 interfere	with	other
therapies.	 The	 one	 exception	 to	 this	 is	 xenobiotic-induced	 hypercalcemia,	 in



which	saline	diuresis	is	recommended.	Rehydrating	patients	who	have	evidence
of	 volume	 contraction	 is	 recommended.	 Increasing	 urinary	 pH	 (considered
neutral	at	a	pH	of	6)	can	enhance	the	renal	excretion	of	acidic	xenobiotics	by	a
mechanism	known	 as	 ion	 trapping.	Like	 all	membranes,	 those	 of	 the	 nephron,
particularly	 the	 distal	 tubule,	 are	 generally	more	 permeable	 to	 nonionized	 and
nonpolar	molecules	than	to	ionized	and	polar	ones.	After	filtration	and	secretion,
nonionized	forms	of	weak	acids	become	ionized	and	trapped	in	an	alkaline	urine.

Alkalinization	 of	 the	 urine	 can	 enhance	 the	 excretion	 of	 the
chlorophenoxyacetic	 acid	 herbicide	 2,4-D	 (and	 probably	 2,4,5-T),
chlorpropamide,	diflunisal,	 fluoride,	methotrexate,	phenobarbital	 (and	probably
other	long-acting	barbiturates),	and	salicylates.96

The	 goal	 of	 urinary	 alkalinization	 is	 a	 urine	 pH	 of	 7.5	 to	 8.0.	 An	 alkaline
solution	can	be	prepared	by	adding	three	50	mL	ampules	of	either	7.5%	or	8.4%
sodium	bicarbonate	(132-150	mEq)	to	1	L	dextrose	5%	in	water	along	with	30	to
40	mEq	 potassium	 chloride	 per	 liter.96,97	 Fluids	 are	 administered	 at	 1.5	 to	 2.0
times	the	maintenance	fluid	rate.	Acetazolamide	should	not	be	used	to	produce
an	 alkaline	 urine	 because	 it	 may	 worsen	 toxicity	 by	 causing	 a	 concomitant
systemic	acidosis,	resulting	in	an	increase	in	the	amount	of	unionized	drug	in	the
blood	 and	 enhanced	 tissue	 distribution.	 It	may	 also	 compete	with	 acidic	 drugs
for	tubular	secretion	and	thereby	inhibit	their	elimination.	Systemic	hypokalemia
will	 prevent	 effective	 urine	 alkalinization	 by	 retention	 of	 potassium	 and
excretion	of	hydrogen	ions	into	the	urine	at	the	level	of	the	hydrogen	potassium
ATPase.	 Acid-base	 status,	 fluid	 balance,	 electrolyte	 parameters,	 and	 clinical
response	 must	 be	 carefully	 monitored	 during	 therapy.	 Urine	 pH	 should	 be
measured	hourly.

Multiple-Dose	Activated	Charcoal
Repetitive	 activated	 charcoal	 administration	 can	 enhance	 the	 elimination	 of
previously	absorbed	xenobiotics	by	binding	them	within	the	GI	tract	as	they	are
excreted	 in	 the	 bile	 (enterohepatic	 recirculation),	 or	 either	 actively	 secreted	 or
passively	 diffused	 from	 cells	 of	 the	 GI	 tract	 (enteroenteric	 recirculation).98
Activated	charcoal	reduces	the	concentration	of	free	xenobiotic	in	luminal	fluids,
and	 thus	 xenobiotic	 present	 in	 blood	 perfusing	 the	 gut	 diffuses	 into	 luminal
fluids	as	a	result	of	concentration	gradients.	The	charcoal-xenobiotic	complex	is
then	 excreted	 with	 stool.	 Interruption	 of	 enterohepatic	 or	 enteroenteric
recirculation	appears	to	be	the	underlying	mechanism	of	action	for	a	minority	of
xenobiotics.	Strong	evidence	for	the	efficacy	of	MDAC	comes	from	De	Silva	et
al.99	 They	 performed	 a	 randomized	 controlled	 trial	 of	 the	 use	 of	 MDAC	 for



patients	presenting	with	oral	ingestions	of	yellow	oleander	seeds	in	Sri	Lanka.	In
this	 study,	 MDAC	 reduced	 cardiovascular	 toxicity	 and	 mortality.	 MDAC	 has
been	 shown	 to	 increase	 drug	 elimination	 for	 patients	 with	 carbamazepine,
dapsone,	phenobarbital,	quinine,	and	theophylline	overdose;	however,	 there	are
no	prospective	studies	showing	that	this	therapy	reduces	morbidity	or	mortality.98

The	efficacy	of	multiple-dose	activated	charcoal	 increases	as	the	cumulative
amount	 of	 charcoal	 administered	 increases.	 When	 the	 cumulative	 amount	 of
charcoal	 remains	 constant,	 there	 is	 no	 difference	 of	 the	 efficacy	 of	 different
dosing	 regimens	 (25	 g	 every	 2	 hours	 vs	 50	 g	 every	 4	 hours).100	With	 normal
bowel	activity,	an	initial	dose	of	1	g/kg	is	recommended,	followed	by	0.5	g/kg
every	4	to	6	hours	for	up	to	12	to	24	hours.	For	those	with	decreased	GI	motility,
smaller	doses	or	less	frequent	intervals	should	be	used.	Antiemetics	can	also	be
given	 to	 control	 or	 prevent	 vomiting.	 Gastric	 aspiration	 should	 be	 performed
before	repeating	the	dose	of	charcoal	for	patients	with	a	gastric	tube.

Complications	 of	 MDAC	 are	 similar	 to	 those	 for	 charcoal	 used	 for	 GI
decontamination.	 In	 addition,	 intestinal	 obstruction,	 pseudo-obstruction,	 and
nonocclusive	intestinal	infarction	have	been	reported	in	patients	with	decreased
bowel	motility	treated	with	multiple	doses	of	activated	charcoal.98

Extracorporeal	Methods
1 	 0 	 Peritoneal	 dialysis,	 hemodialysis,	 hemoperfusion,	 hemofiltration,
plasmapheresis,	and	exchange	transfusion	are	theoretically	capable	of	removing
any	 xenobiotic	 from	 the	 blood.	 Most	 xenobiotics	 undergo	 significant	 tissue
distribution,	 and	 few	 remain	 in	 the	 blood	 in	 amounts	 high	 enough	 to	 warrant
extracorporeal	removal.	Hemodialysis	is	therefore	most	effective	for	xenobiotics
with	 volumes	 of	 distribution	 less	 than	 1	 L	 per	 kg.	 In	 addition,	 with	 dialysis
techniques,	 only	 xenobiotics	 that	 are	 small	 (molecular	 weight	 less	 than	 500-
1500	Da),	water	soluble,	and	not	highly	bound	to	serum	proteins	(90%-95%	or
less)	 readily	 diffuse	 across	 dialysis	 membranes	 (Table	 96.9).	 Intermittent
hemodialysis	 is	 the	 modality	 of	 choice	 for	 extracorporeal	 removal	 of
xenobiotics.	 Continuous	 renal	 replacement	 therapy	 is	 inferior	 to	 intermittent
hemodialysis	for	achieving	rapid	removal	of	xenobiotics	from	the	body.

TABLE	96.9

Properties	of	a	Dialyzable	Toxin



1.	 Small	volume	of	distribution
2.	 Low	molecular	weight
3.	 Water	soluble
4.	 Uncharged
5.	 Low	protein	binding

The	clearance	of	a	xenobiotic	by	extracorporeal	removal	must	be	significantly
greater	 than	 its	 intrinsic	 total	body	clearance	 (the	sum	of	metabolic,	 renal,	 and
other	 routes	 of	 clearance)	 to	 be	 considered	 effective	 from	 a	 pharmacokinetic
perspective.	 As	 with	 other	 treatments,	 renal	 replacement	 therapy’s	 efficacy
(ability	to	decrease	morbidity	and	mortality)	is	based	on	observation,	experience,
and	retrospective	comparisons	rather	than	on	controlled	prospective	studies.

A	 recent	 multidisciplinary	 work	 group	 called	 EXTRIP	 (extracorporeal
treatments	 in	 poisoning)	 has	 been	 formed	 to	 critically	 evaluate	 the	 literature
available	 on	 the	 use	 of	 extracorporeal	 treatments	 (ECTR)	 in	 poisoning	 and
provide	 recommendations	 using	 the	 available	 evidence	 and	 consensus
opinion.101,102	This	work	group	consists	of	medical	 toxicologists,	nephrologists,
emergency	 medicine	 and	 critical	 care	 physicians,	 pediatricians,	 clinical
pharmacologists,	 and	 epidemiologists.	 To	 date,	 they	 have	 published
recommendations	 on	 the	 utility	 of	 ECTR	 for	 acetaminophen,	 baclofen,	 β-
blockers,	 calcium	 channel	 blockers,	 barbiturates,	 carbamazepine,	 digoxin,
gabapentin/pregabalin,	 isoniazid	 lithium,	 metformin,	 methanol,	 methotrexate,
phenytoin,	 quinine/chloroquine/hydroxychloroquine,	 salicylate,	 thallium,
theophylline,	 tricyclic	 antidepressants,	 and	 valproic	 acid.	 Please	 refer	 to	 their
website	 for	 full	 recommendations	 for	 or	 against	 ECTR.102	 Future
recommendations	will	focus	on	amatoxins,	dabigatran,	and	ethylene	glycol.

Because	hemodialysis	can	remove	xenobiotics	from	the	blood	faster	than	they
can	redistribute	from	tissue	to	blood,	a	rebound	increase	of	blood	concentrations
and	clinical	relapse	may	occur	within	1	or	2	hours	of	treatment.

Other	techniques	are	less	effective	than	hemodialysis.	Peritoneal	dialysis	may
be	 useful	 when	 these	 methods	 are	 not	 available	 or	 technically	 difficult	 (in
neonates)	 or	 when	 anticoagulation	 may	 be	 hazardous.	 Complications	 include
infection,	 injury	 to	 intra-abdominal	organs,	and	hypothermia.	Plasma	exchange
may	 also	 be	 a	 useful	 alternative	 in	 neonates.	 It	 is	 effective	 for	 treating	 drug-
induced	hemolysis	 and	methemoglobinemia.	Two	blood-volume	exchanges	 are
usually	 performed	 using	 central	 or	 peripheral	 arteriovenous	 or	 venovenous
access.	Complications	include	transfusion	reactions	and	hypothermia.



Safe	Disposition
ICU	admission	is	recommended	for	patients	with	coma,	refractory	hemodynamic
instability,	 respiratory	 depression,	 seizures,	 and/or	 dysrhythmias.	 Patients	 with
extremes	 of	 temperature,	 severe	 agitation,	 or	 life-threatening	 metabolic
abnormalities	also	benefit	from	intensive	care.	Patients	who	are	less	ill,	stable,	or
even	asymptomatic	are	frequently	unnecessarily	admitted	to	the	ICU	because	of
physician	uncertainty,	fear	of	late	deterioration	and	potential	litigation,	and	lack
of	an	alternative	monitored	setting.	Some	patients	may	require	close	observation
and	cardiac	monitoring,	but	unless	active	interventions	are	likely	to	be	necessary,
admission	to	an	intermediate	care	unit,	telemetry	unit,	or	emergency	department
observation	 unit	 is	 appropriate.	 Length	 of	 hospital	 stay	 for	 patients	 with	 self-
poisoning	 can	 be	 reduced	 by	 use	 of	 a	 multidisciplinary	 team	 that	 involves	 a
medical	toxicologist.

Prevention	of	Recurrence
Suicidal	patients	require	psychiatric	assessment.	If	they	are	given	prescriptions,
the	amount	of	drug	dispensed	and	number	of	refills	should	be	limited.	Substance
abusers	 should	 be	 counseled	 regarding	 attendant	 medical	 risks	 and	 given	 the
opportunity	 for	 rehabilitation	 through	 referral	 for	 behavior	 modification,
supervised	withdrawal,	and	abstinence	or	maintenance	therapy.

Adults	with	accidental	poisoning	should	be	educated	regarding	the	safe	use	of
drugs	and	other	xenobiotics.	Assistance	with	 the	administration	of	medications
may	 be	 required	 for	 visually	 impaired,	 elderly,	 cognitively	 impaired,	 or
intellectually	disabled	patients.	Preventive	education	may	be	indicated	for	health
care	providers	who	have	committed	dosing	errors	or	who	are	unaware	of	adverse
drug	 interactions.	 When	 poisoning	 results	 from	 environmental	 or	 workplace
exposure,	 the	 appropriate	 governmental	 agency	 (Environmental	 Protection
Agency,	 Occupational	 Safety	 and	 Health	 Administration,	 National	 Institute	 of
Occupational	 Safety	 and	Health,	 or	 local	 state,	 or	 federal	 health	 departments)
should	be	notified.	Unsafe	working	conditions	should	be	brought	to	the	attention
of	 employers.	 Industrial	 hygiene	 and	 occupational	 health	 services	 should	 be
offered	 if	 available.	Finally,	physicians	have	a	duty	 to	warn	 the	general	public
(via	press	releases)	of	acute	environmental	hazards.

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	23-year-old	man	is	brought	to	the	emergency	department	after	being
found	obtunded	on	the	street.	The	history	suggests	that	he	may	have	ingested
180	mg	of	his	friend’s	methadone	during	a	suicide	attempt.	On	arrival	he	has	a
Glasgow	Coma	Scale	(GCS)	score	of	6,	with	hypoactive	bowel	sounds	and
pinpoint	pupils.	His	initial	vital	signs	are	temperature	36C,	heart	rate	56/min,
blood	pressure	103/70	mm	Hg,	respiratory	rate	6,	and	oxygen	saturation	84%	on
room	air.	Blood	glucose	is	4.6	mmol/L.	Initially,	his	ventilation	was	supported
through	bag-valve-mask	(BVM)	apparatus	but	after	three	doses	of	0.4	mg	IV
naloxone	there	is	improvement	in	his	respiratory	effort.	He	is	transferred	to	the
ICU.	What	is	the	most	appropriate	management?

A. 	Intubation	for	airway	protection
B. 	Naloxone	boluses	as	needed	plus	activated	charcoal
C. 	Naloxone	infusion	at	0.4	mg/h
D. 	Naloxone	infusion	at	0.8	mg/h

2. 	A	48-year-old	woman	is	brought	in	after	being	found	unconscious	in	a
house	fire.	She	was	intubated	in	the	emergency	department	and	transferred	to	the
ICU	for	further	management.	She	received	2L	IV	Ringer	lactate	and	is	now	on	a
norepinephrine	infusion.	Her	Glasgow	Coma	Scale	(GCS)	score	has	remained	at
3	since	arrival.	Her	vitals	are	temperature	37.2	C,	HR	120/min,	BP	70/50	mm
Hg,	respiratory	rate	18	set	by	ventilator,	and	oxygen	saturation	95%	on	100%
FiO2.	Blood	glucose	is	8.5	mmol/L.	Initial	laboratory	testing	reveals	pH	6.98,
pCO2	34	mm	Hg,	bicarbonate	6	mmol/L,	and	lactate	17	mmol/L.	What	is	the
most	appropriate	next	step	in	management?

A. 	Dantrolene
B. 	Hydroxocobalamin
C. 	Hyperbaric	oxygenation
D. 	Methylene	Blue

3. 	A	38-year-old	man	is	admitted	to	the	ICU	after	being	intubated	for	severe
agitation.	He	was	brought	to	the	emergency	department	after	being	detained	at
an	international	airport	for	aggressive	behavior.	He	required	prehospital	sedation
with	intramuscular	midazolam	to	facilitate	transport.	On	arrival,	his	vital	signs
were	temperature	40.2	C,	HR	165/min,	BP	180/100	mm	Hg,	respiratory	rate	24,
and	oxygen	saturation	96%	on	room	air.	Blood	glucose	10.5	mmol/L



(189	mg/dL).	He	was	intubated	using	rocuronium	and	was	started	on	a	propofol
infusion	at	4	mg/kg/hr.	Vitals	signs	have	not	significantly	changed.	What	is	the
most	appropriate	management?

A. 	Active	cooling
B. 	Active	cooling,	increased	sedation
C. 	Active	cooling,	increased	sedation,	and	β-blockade
D. 	Active	cooling,	increased	sedation,	and	paralysis

Answers

1.	The	correct	answer	is	D.
Rationale:	 This	 patient’s	 presentation	 is	 consistent	 with	 opioid	 toxicity.

Immediate	 resuscitation	 and	 administration	 of	 antidotal	 therapy	 are	 the	 most
important	 initial	 steps	 in	 management.	 Given	 the	 hypoxia	 and	 bradypnea,
supplemental	 oxygen	 without	 assisted	 ventilation	 is	 of	 minimal	 benefit.	 As	 a
disease	of	hypoventilation,	opioid	toxicity	requires	ventilation.	This	is	achieved
through	BVM	 and	 administration	 of	 opioid	 antagonists.	Methadone	 is	 a	 long-
acting	opioid,	with	expected	clinical	toxicity	to	last	beyond	24	hours.	The	proper
dosing	 of	 a	 naloxone	 infusion	 per	 hour	 is	 2/3	 the	 dose	 required	 to	 adequately
reverse	 the	 patient.	 This	 patient	 responded	 to	 1.2	 mg	 IV	 naloxone,	 so	 the
infusion	dose	should	start	at	0.8	mg/h	(choice	D	is	correct).	If	naloxone	was	not
available,	 intubation	would	 be	 an	 option,	 but	 there	 is	 no	 need	 to	 do	 so	 at	 this
time	(choice	A	is	incorrect).	Methadone	is	a	liquid	product	with	rapid	absorption,
so	 activated	 charcoal	 would	 be	 of	 no	 benefit	 and	 potentially	 harmful	 as	 the
fluctuating	 level	of	 consciousness	may	 result	 in	aspiration,	 and	 lower	doses	of
naloxone	would	be	insufficient	(choices	B	and	C	are	incorrect).

2.	The	correct	answer	is	B.
Rationale:	This	clinical	presentation	is	highly	suggestive	of	cyanide	toxicity.

Patients	 with	 hyperlactatemia	 after	 a	 fire	 should	 be	 assumed	 to	 have	 inhaled
cyanide.	 Obtundation,	 hypotension,	 and	 tachycardia	 all	 support	 the	 diagnosis.
Treatment	 of	 cyanide	 toxicity	 is	 prompt	 administration	 of	 hydroxocobalamin
(choice	 B	 is	 correct).	 Dantrolene	 would	 be	 used	 in	 patients	 with	 significant
hyperthermia	and	muscle	 rigidity	secondary	 to	malignant	hyperthermia	 (choice
A	 is	 incorrect).	Carbon	monoxide	 toxicity	 is	 also	 a	 concern	 after	 a	 fire,	 and	 a
carboxyhemoglobin	 level	 should	 certainly	 be	 obtained.	 However,	 given	 the
elevated	lactate	and	hemodynamic	instability,	management	of	suspected	cyanide



takes	 precedence	 over	 transfer	 to	 a	 hyperbaric	 chamber	 for	 carbon	 monoxide
toxicity	 (choice	 C	 is	 incorrect).	 Methylene	 blue	 is	 therapy	 for
methemoglobinemia	(choice	D	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 This	 patient’s	 presentation	 is	 consistent	 with	 significant	 toxicity

from	 sympathomimetic	 agents	 (such	 as	 cocaine	 or	 amphetamines).	 His	 most
immediate	 life-threatening	problem	is	his	hyperthermia,	and	goal	 is	 to	cool	 the
patient,	 which	 will	 be	 facilitated	 by	 a	 neuromuscular	 blocker	 (choice	 D	 is
correct).	 Cooling	 with	 sedation	 alone	 are	 insufficient	 (choices	 A	 and	 B	 are
incorrect)	 and	 β-Blockade	 is	 not	 indicated	 (choice	 C	 is	 incorrect).
Sympathomimetic	toxicity	is	a	centrally	driven	disease	(symptoms	are	due	to	an
increase	 in	 excitation	 in	 the	 central	 nervous	 system).	 β-Blockade	 does	 not
address	this,	as	it	only	targets	the	peripheral	symptoms	of	that	centrally	mediated
process.	 Furthermore,	 β-blockers	 pharmacologically	 result	 in	 unopposed	 alpha
stimulation,	though	the	clinical	significance	of	this	has	been	recently	debated.
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Chapter	97
Acetaminophen	Poisoning
Steven	B.	Bird

KEY	POINTS:
1.	 All	patients	who	admit	to	an	overdose,	or	in	whom	an	overdose	is

suspected,	should	have	a	serum	acetaminophen	concentration
determined,	as	approximately	1	in	70	will	have	detectable
acetaminophen	in	their	blood.

2.	 When	treated	within	8	hours	of	ingestion,	virtually	all	acetaminophen
overdose	patients	will	survive,	except	for	those	with	massive
overdoses.

3.	 The	Rumack-Matthew	nomogram	should	be	used	on	in	patients	with
single	acute	ingestions.

4.	 Chronic	acetaminophen	ingestions,	or	late-presenting	patients	after
overdose,	are	at	much	greater	risk	of	severe	toxicity	and	death.

5.	 Massive	acetaminophen	overdoses	may	benefit	from	increased
doses	of	NAC	and	from	adjunct	therapy	with	fomepizole.

INTRODUCTION
Acetaminophen	 (N-acetyl-p-aminophenol	 [APAP)	 is	 a	 nonnarcotic	 analgesic
with	 excellent	 antipyretic	 activity	 but	 almost	 no	 anti-inflammatory	 effects.	 It
belongs	 to	 the	 same	 drug	 family	 as	 phenacetin	 and	 acetanilid,	 the	 coal	 tar	 or
aminobenzene	 analgesics.1,2	 Although	 APAP	 is	 the	 active	 metabolite	 of
phenacetin,	 unlike	phenacetin	 it	 rarely,	 if	 ever,	 causes	 nephrotoxicity	 and	does
not	cause	methemoglobinemia	and	hemolytic	anemia.	Unlike	aspirin,	APAP	has
no	barrier-breaker	 effect	 on	 the	gastrointestinal	 tract	 and	no	 effects	 on	platelet
function,	 has	 a	 high	 therapeutic	 index,	 and	 has	 not	 been	 implicated	 as	 a	 risk
factor	 for	 Reye	 syndrome.	 As	 a	 result,	 APAP	 is	 the	 preferred	 agent	 for	 the



treatment	 of	 fever	 and	 mild	 to	 moderate	 pain	 when	 anti-inflammatory	 and
antiplatelet	action	is	not	important.

PHARMACOLOGY
Acetaminophen	 is	 an	 active	 ingredient	 of	 several	 hundred	 products,	 including
pure	 APAP	 formulations,	 combinations	 with	 opioid	 analgesics,	 and	 numerous
combination	 cough	 and	 cold	 preparations.	 It	 is	 also	 available	 in	 an	 extended-
release	 (ER)	 formulation	 and	 as	 a	 suppository,	 as	 well	 as	 a	 commercial
intravenous	formulation.

Acetaminophen	 has	 a	 pKa	 of	 9.5	 and	 is	 quickly	 and	 almost	 completely
absorbed	after	ingestion	of	therapeutic	doses	of	immediate	release	formulations
(10-15	mg/kg	 every	 4	 hours),	 yielding	 peak	 plasma	 concentrations	 between	 5
and	 20	μg/mL	within	 30	 to	 120	minutes.	 Clinical	 effects	 are	 noted	 within	 30
minutes.	Liquid	preparations	are	absorbed	slightly	faster	than	solid	formulations.
Rectal	absorption	is	similar	to	that	of	oral	ingestion.	The	volume	of	distribution
of	APAP	is	0.9	to	1.0	L/kg,	and	protein	binding	is	negligible.	Therapeutic	plasma
concentrations	 range	 from	 10	 to	 20	 μg/L,	 and	 elimination	 after	 therapeutic
dosing	 follows	 first-order	 kinetics,	 with	 an	 average	 half-life	 of	 2	 to	 4	 hours.1
Elimination	 is	 slower	 for	 neonates	 and	 young	 infants,3	 the	 elderly,2	 and	 for
patients	with	hepatic	dysfunction.4	Clinical	effects	persist	for	3	to	4	hours	after
therapeutic	doses.

After	overdose,	peak	acetaminophen	levels	are	usually	noted	within	4	hours.
The	 ingestion	of	very	 large	doses	and	 the	concomitant	 ingestion	of	agents	 that
delay	 gastric	 emptying	 (eg,	 anticholinergics	 and	 opioids)	 may	 result	 in	 peak
levels	occurring	later.	Prolonged	absorption	with	a	late	rise	of	the	acetaminophen
level	has	also	been	reported	after	an	ER	overdose.5

TOXICOLOGY
The	 short-	 or	 long-term	 therapeutic	 use	 of	 APAP	 is	 rarely	 associated	 with
adverse	effects.	Hypersensitivity	reactions,	such	as	urticaria,	fixed	drug	eruption,
angioedema,	 laryngeal	 edema,	 and	 anaphylaxis,	 are	 extremely	 rare.6	 Although
high-dose	APAP	has	 been	 associated	with	 chronic	 renal	 impairment,7	 a	 cause-
effect	relationship	has	not	been	established.

1 	 Despite	 remarkable	 safety	 of	 appropriate	 doses,	 APAP	 can	 cause	 fatal
hepatic	necrosis	after	overdosage.	This	was	first	recognized	in	Europe	more	than



40	 years	 ago	 and	 the	 first	 cases	 of	 hepatotoxicity	 in	 the	 United	 States	 were
reported	 during	 1975.	 Since	 that	 time,	 the	 incidence	 of	 APAP	 poisoning	 has
increased	dramatically	in	parallel	with	its	increased	availability	and	use;	APAP	is
now	the	most	common	drug	involved	in	exposures	reported	to	US	poison	control
centers,	accounting	for	more	than	200,000	calls	in	2020.8	The	incidence	of	occult
poisoning	is	unknown,	but	based	on	retrospective	data	approximately	1	of	every
70	 overdose	 patients	 have	 a	 detectable	 acetaminophen	 concentration	 and	 1	 in
500	a	potentially	toxic	APAP	ingestion.9

The	metabolism	of	APAP	explains	its	toxicity	and	the	rationale	for	the	current
treatment	 of	 overdose	 (Figure	 97.1;	  Table	 97.1).2	 After	 therapeutic	 doses,
approximately	 90%	 of	 APAP	 metabolism	 occurs	 by	 hepatic	 conjugation	 with
sulfate	or	glucuronide	to	form	inactive,	nontoxic,	renally	eliminated	metabolites.
In	 adults,	 glucuronidation	 is	 the	 predominant	 route;	 in	 infants	 and	 young
children,	 sulfation	 is	 the	major	 pathway.	Less	 than	 5%	of	APAP	 is	 eliminated
unchanged	 in	 the	 urine.	 The	 small	 remaining	 fraction	 (approximately	 5%)
undergoes	 oxidation	 by	 the	 P450	 mixed-function	 oxidase	 enzyme	 system
(CYP2E1)	 to	 yield	 the	 highly	 reactive,	 potentially	 toxic,	 electrophilic
intermediate	 N-acetyl-p-benzoquinoneimine	 (NAPQI).10	 NAPQI	 is	 quickly
detoxified	 by	 reduced	 glutathione	 (GSH)	 to	 form	 nontoxic	 cysteine	 and
mercapturic	acid	conjugates	that	are	excreted	in	the	urine.



	

Figure	 97.1 	 Postulated	 metabolism	 of	 acetaminophen.Toxicity
occurs	when	the	supply	of	sulfhydryl	nucleophiles	(eg,	glutathione)	is
inadequate	 to	 prevent	 the	 persistence	 of	 N-acetyl-p-
benzoquinoneimine	 (NAPQI)	 and	 subsequent	 binding	 to	 hepatocyte
macromolecules.

TABLE	97.1

Treatment	of	Acetaminophen	Poisoning	or	Associated
Hepatotoxicity

1.	 Administering	activated	charcoal	if	ingestion	within	1-2	h



2.	 Administering	NAC	either	IV	(preferred)	or	orally
3.	 Early	consultation	with	hepatology	and	or	transplant	services	for

critically	ill	patients
4.	 Psychiatric	evaluation	for	all	intentional	overdoses

After	overdose,	the	amount	of	drug	metabolized	by	the	P450	route	increases,
because	 of	 a	 greater	 total	 drug	 burden	 and	 saturation	 of	 alternative	 enzymatic
pathways.11	As	 a	 result,	GSH	utilization	 increases.	When	GSH	 regeneration	 is
inadequate	 to	 meet	 demand	 and	 becomes	 significantly	 depleted,	 NAPQI	 can
persist	 and	 react	 with	 hepatocyte	 macromolecules,	 resulting	 in	 the	 death	 of
hepatocytes.	 In	animal	 studies,	 such	 injury	occurs	when	GSH	stores	 reach	 less
than	 30%	 of	 normal.12	 Hepatocyte	 necrosis	 is	 most	 pronounced	 in	 areas	 of
highest	 CYP2E1	 activity:	 the	 centrilobular	 (central	 venule)	 zones	 of	 the	 liver.
The	 degree	 of	 injury	 can	 range	 from	 asymptomatic	 elevations	 of
aminotransferase	levels	to	fulminant	liver	failure.	Although	far	less	common,	the
same	process	can	occur	 in	 the	kidney.13	Very	rarely,	renal	 toxicity	can	occur	 in
the	absence	of	serious	hepatotoxicity.14

Pancreatitis,	 in	 some	 cases	 fulminant,	 can	 occur,	 and	 diffuse	 myocardial
necrosis	has	been	noted	in	fatal	cases.	Very	rarely,	with	massive	ingestions,	early
coma	 and	 metabolic	 acidosis	 may	 be	 seen.15	 Although	 uncommon,
thrombocytopenia	 after	 acute	 overdose	 has	 also	 been	 described.16	 The
mechanisms	causing	 these	atypical	 toxicities	 are	unknown,	and	 it	 is	unclear	 to
what	extent	these	effects	are	directly	due	to	APAP.

The	precise	dosage	required	to	produce	hepatotoxicity	is	unknown	and	almost
certainly	varies	to	some	degree	with	individual	differences	in	CYP2E1	activity,
GSH	stores,	and	capacity	for	GSH	regeneration.	Retrospective	data	suggest	that
significant	toxicity	is	likely	only	after	acute	overdoses	of	greater	than	250	mg/kg
in	adults,13	 and	 prospective	 studies	 have	 suggested	 that	 toxicity	 is	 unlikely	 for
unintentional	 pediatric	 ingestions	 of	 up	 to	 200	 mg/kg.17	 The	 possibility	 of
toxicity	 at	 lower	 doses	 and	 the	 skepticism	 regarding	 the	 accuracy	 of	 overdose
histories	 have	 led	 to	 acceptance	 of	 a	 more	 conservative	 definition	 of	 risk,
particularly	 in	 the	United	States.	Based	on	APAP’s	volume	of	distribution	and
the	well-established	accuracy	of	APAP	blood	levels	for	predicting	 toxicity	(see
later),	 it	 is	currently	recommended	that	single	 ingestions	of	greater	 than	140	to
150	mg/kg	be	considered	potentially	toxic.

Elevated	 aminotransferase	 concentrations	 have	 also	 been	 reported	 after
repeated	 ingestions	 of	 therapeutic	 or	 slightly	 greater	 doses	 of	 APAP.18



Individuals	who	have	conditions	associated	with	increased	CYP2E1	activity	(eg,
chronic	 alcoholics)	 or	 glutathione	 depletion	 such	 as	 children	 younger	 than
10	 years	 of	 age,19	 those	 with	 chronic	 malnutrition,	 recent	 fasting	 (due	 to
intercurrent	 illness),	 or	 recent	 ethanol	 use20	 may	 be	 at	 increased	 risk	 for	 such
toxicity,	 but	 the	 accuracy	 of	 these	 reports	 has	 been	 challenged,	 and	 their
therapeutic	implications	remain	controversial.	Such	individuals	are	likely	to	have
low	 hepatic	 carbohydrate	 and	 sulfate	 stores	 and	 hence	 decreased	 capacity	 for
APAP	metabolism	via	 the	 glucuronidation	 and	 sulfation.	There	 is	 currently	 no
valid	estimation	of	the	amount,	frequency,	or	duration	of	the	dosing	that	defines
risk.	 It	 appears	 that	 after	 repeated	 doses,	 accumulation	 of	 APAP	 to
concentrations	associated	with	 toxicity	after	acute	overdose	 is	not	required	and
that	 sustained	 moderate	 elevations	 are	 sufficient	 to	 cause	 GSH	 depletion	 and
toxicity.21	 Such	 observations	 suggest	 that	 the	 APAP	 level	 at	 which	 NAPQI
production	exceeds	GSH	regeneration	is	near,	or	possibly	within,	the	therapeutic
range	 and	 that	 GSH	 stores	 and	 the	 capacity	 for	 its	 regeneration	 are	 the	 most
important	 factors	 for	 the	development	of	hepatotoxicity.	They	also	 support	 the
concept	that	hepatotoxicity	is	more	dependent	on	the	area	under	the	curve	(time
vs	concentration)	of	APAP	than	the	peak	drug	level.

Intentional	 acute	 overdose	 is	 the	 most	 common	 cause	 of	 toxicity	 and
fatalities,	 but	 accidental	 therapeutic	 overdosing	 and	 the	 abuse	 of	 opioids	 with
unintentional	coingestion	of	APAP	(eg,	with	codeine	or	propoxyphene)	have	also
been	reported.	Therapeutic	overdoses	may	result	from	dosing	calculation	errors,
excessive	 self-treatment,	 the	 use	 of	 adult	 formulations	 or	 extra-strength
formulations	 when	 lower	 dosage	 formulations	 were	 intended,	 and	 errors
involving	 substitution	 of	 higher-dose	 rectal	 suppositories	 for	 similar-appearing
lower	dosage	forms.

The	importance	of	accurately	diagnosing	APAP	toxicity	soon	after	overdose
extends	beyond	the	high	frequency	with	which	it	is	encountered	and	its	potential
for	causing	morbidity	and	mortality.	Acetaminophen	is	unique	among	common
toxic	 exposures	 because	 effective	 treatment	 requires	 recognition	 of	 potential
poisoning	and	 initiation	of	 therapy	when	no	 reliable	 clinical	 signs	of	overdose
are	 present.	 Physicians	 must	 therefore	 consider	 occult	 APAP	 ingestion	 and
liberally	 obtain	 APAP	 levels	 on	 all	 overdose	 patients	 to	 avoid	 missing	 the
diagnosis.

CLINICAL	MANIFESTATIONS
Acetaminophen	hepatotoxicity	can	be	divided	into	four	clinical	stages	based	on



the	time	interval	after	ingestion:	stage	I	(0-24	hours),	the	latent	period;	stage	II
(24-48	 hours),	 the	 onset	 of	 hepatotoxicity;	 stage	 III	 (72-96	 hours),	 maximal
hepatic	injury;	and	stage	IV	(4	days-2	weeks),	recovery.2,13

During	 stage	 I,	 patients	 may	 be	 completely	 asymptomatic	 but	 often
experience	nausea,	vomiting,	and	malaise,	which	may	be	accompanied	by	pallor
and	 mild	 diaphoresis.	 There	 is	 no	 known	 correlation	 between	 presence	 or
absence	of	early	symptoms	and	the	risk	of	hepatotoxicity.	Although	late	in	stage
I	very	sensitive	indicators	of	hepatic	injury,	such	as	γ-glutamyltransferase	level,
may	 be	 elevated,	 more	 widely	 used	 laboratory	 studies	 (eg,	 aspartate
aminotransferase	[AST],	alanine	aminotransferase,	prothrombin	 time,	bilirubin)
are	 completely	normal.	Early	 coma	and	metabolic	 acidosis	have	been	 reported
among	patients	with	massive	ingestions,15	but	these	findings	are	so	atypical	that
other	causes	should	be	suspected.	They	should	be	attributed	to	APAP	only	when
the	 APAP	 concentration	 is	 extremely	 high	 and	 other	 etiologies	 have	 been
excluded.

Symptoms	 during	 stage	 II	 are	 typical	 of	 hepatitis	 and	 include	 right	 upper-
quadrant	 abdominal	 pain,	 nausea,	 fatigue,	 and	 malaise.	 Physical	 examination
often	 reveals	 right	 upper-quadrant	 tenderness	 and	 hepatomegaly.	 The	 first
elevation	 of	 aminotransferase	 levels	 usually	 occurs	 between	 24	 and	 36	 hours
after	APAP	ingestion,	but	in	the	most	severe	cases,	it	can	occur	by	16	hours	or
earlier.	 Early	 in	 stage	 II,	 tests	 reflecting	 liver	 function,	 such	 as	 bilirubin	 and
prothrombin	 time,	 are	 most	 often	 normal	 or	 only	 slightly	 elevated.	 Marked
elevations	of	aminotransferase	 levels	 (greater	 than	1000	IU/L)	within	24	hours
or	bilirubin	and	prothrombin	time	within	36	hours	should	suggest	 that	 the	time
of	ingestion	was	earlier	than	reported.	Although	unusual,	in	severe	cases,	marked
liver	 function	 abnormalities	may	 be	 evident	 by	 36	 to	 48	 hours.	Complications
during	stage	II	are	directly	related	to	the	degree	of	liver	injury	and	may	include
coagulopathy,	 encephalopathy,	 acidosis,	 and	 hypoglycemia.	 With	 few
exceptions,	 life-threatening	 problems	 are	 not	 seen	 earlier	 than	 48	 hours,	 and
death	 in	 this	 period	 is	 distinctly	 rare.	 Renal	 dysfunction,	manifested	 by	 rising
creatinine	and	an	active	urinary	sediment,	may	become	evident	during	this	stage
but	 usually	 lags	 somewhat	 behind	 the	 hepatic	 injury.	 The	 blood	 urea	 nitrogen
may	also	be	elevated,	but	it	can	be	normal	in	the	presence	of	hepatic	failure	and
resultant	decreased	urea	formation.

Biochemical	evidence	of	liver	injury	becomes	most	pronounced	during	stage
III.	 With	 successful	 treatment,	 however,	 peak	 aminotransferase	 levels	 may
sometimes	occur	earlier	(Figure	97.2).	Most	patients,	even	those	with	markedly
elevated	aminotransferase	levels,	go	on	to	recover	fully.	Most	deaths	occur	3	to
7	 days	 after	 ingestion	 and	 result	 from	 intractable	 metabolic	 disturbances,



secondary	 complications	 such	 as	 cerebral	 edema	 or	 dysrhythmias,	 or
exsanguination	due	to	coagulopathy.	Oliguric	or	anuric	renal	failure	may	result
from	acute	tubular	necrosis	and	is	sometimes	accompanied	by	flank	pain.	Some
degree	 of	 renal	 dysfunction	 occurs	 in	 approximately	 25%	 of	 patients	 with
significant	 hepatotoxicity.15	 Even	 when	 severe,	 renal	 failure	 is	 almost	 always
reversible.

	

Figure	97.2 	Expected	 time	course	of	aminotransferase	elevation
due	 to	 acetaminophen-induced	 hepatotoxicity.The	 solid	 line
represents	typical	course;	the	dashed	line	represents	course	of	severe
toxicity.	 ALT,	 alanine	 aminotransferase;	 AST,	 aspartate
aminotransferase.(Adapted	from	Jaeschke	H,	Mitchell	JR.	Neutrophil
accumulation	 exacerbates	 acetaminophen-induced	 liver	 injury
(abstract).	FASEB	J.	1989;3:A920,	with	permission.)

During	 stage	 IV,	 if	 sufficient	 hepatocytes	 remain	 viable	 and	 the	 patient
survives,	the	liver	regenerates.	Recovery	is	often	complete	by	day	5	or	6	among
patients	with	minimal	toxicity,	but	those	with	more	serious	poisoning	may	not	be
clinically	normal	 for	 2	weeks	or	more.	 It	 is	 interesting	 that	 even	patients	with
severe	 toxicity	who	 survive	 regain	 normal	 liver	 function.	There	 are	 no	 known
cases	of	chronic	or	persistent	liver	abnormalities	from	APAP	poisoning.	Among
those	 who	 ultimately	 die,	 a	 slow	 decline	 in	 aminotransferase	 levels	 without
clinical	improvement	may	be	seen.	Declining	enzyme	levels	merely	represent	a
washout	 of	 those	 released	 at	 the	 time	 of	 the	 initial	 insult,	 not	 a	 recovery	 of
normal	liver	function.	These	patients	can	be	identified	by	persistent	or	increasing
marked	 elevations	 of	 bilirubin	 and	 prothrombin	 time.	Although	 this	 pattern	 is
occasionally	 seen	 among	 patients	 who	 recover,	 most	 survivors	 do	 not	 have



significant	 or	 persistent	 bilirubin	 or	 prothrombin	 time	 elevation	 after
aminotransferase	levels	fall.

Because	of	variations	 in	dosing	patterns	and	patient	characteristics,	 the	 time
course	of	toxicity	for	patients	with	repeated	ingestions	is	not	well	defined.	With
chronic	toxicity,	dose-response	patterns	differ	from	those	of	acute	overdose,	but
the	clinical	manifestations	are	the	same.

DIAGNOSTIC	EVALUATION
3 	 The	 diagnostic	 evaluation	 consists	 of	 determining	 the	 risk	 of	 toxicity	 and
assessing	for	it.	The	serum	APAP	concentration	is	used	to	predict	toxicity	after
acute	 overdose.	 If	 the	 APAP	 concentration	 between	 4	 and	 24	 hours	 after
ingestion	falls	on	or	above	the	acetaminophen	treatment	nomogram	line	(Figure
97.3),	 the	 patient	 should	 be	 considered	 at	 risk	 for	 hepatotoxicity	 and	 hence	 in
need	 of	 antidotal	 therapy	 (see	 later).	Conversely,	 if	 the	APAP	 concentration	 is
even	slightly	below	 the	nomogram	line,	 the	 risk	of	hepatotoxicity	 is	negligible
and	antidotal	therapy	is	not	necessary.	The	original	Rumack-Matthew	nomogram
line,	which	defined	the	risk	of	toxicity	based	on	the	natural	course	of	untreated
patients,22	was	actually	25%	higher	than	the	line	now	used	in	the	United	States.
Hence,	the	nomogram	has	a	25%	safety	margin	that	allows	one	to	be	fairly	rigid
when	using	the	nomogram	to	make	treatment	decisions.



	

Figure	 97.3 	 Acetaminophen	 treatment	 nomogram.Patients	 with
acetaminophen	concentrations	on	or	above	the	line	require	treatment
with	 N-acetylcysteine.(Adapted	 from	 Jaeschke	 H,	 Mitchell	 JR.
Neutrophil	 accumulation	 exacerbates	 acetaminophen-induced	 liver
injury	(abstract).	FASEB	J.	1989;3:A920,	with	permission.)

There	are,	however,	some	important	caveats	regarding	use	of	the	nomogram.
First	and	foremost,	it	applies	only	to	single	acute	ingestions.	Second,	when	there
is	uncertainty	about	 the	exact	 time	of	 ingestion,	 the	worst-case	scenario	should
be	assumed.	For	example,	if	the	ingestion	was	between	4	and	6	hours	earlier,	the
6-hour	 value	 on	 the	 nomogram	 should	 be	 used.	 And	 finally,	 when	 levels	 are
obtained	20	to	24	hours	after	overdose,	the	limit	of	detection	of	the	APAP	assay
must	 also	 be	 considered.	 Because	 most	 hospitals	 use	 immunoassays	 with	 a
detection	limit	of	10	μg/mL,	potentially	toxic	APAP	levels	during	this	period	will
be	 below	 this	 limit	 and	 reported	 as	 nondetectable,	which	 does	 not	 necessarily
mean	nontoxic.	Again,	a	worst-case	 scenario	 should	be	assumed,	and	antidotal
treatment	should	be	given	until	the	level	is	confirmed	to	be	nontoxic	by	a	more
sensitive	assay,	or	until	it	has	been	determined	that	the	patient	is	asymptomatic
and	has	no	laboratory	evidence	of	hepatotoxicity.



With	rare	exceptions	(see	later),	a	single	APAP	concentration	within	the	time
period	 specified	 by	 the	 nomogram	 is	 sufficient	 to	 plan	 appropriate	 therapy.
Although	 it	 is	 true	 that	 the	 elimination	 half-life	 of	 APAP	 is	 related	 to	 the
likelihood	 of	 toxicity,	 half-lives	 should	 not	 be	 relied	 on	 in	making	 therapeutic
decisions.	The	observations	that	half-lives	greater	than	4	hours	were	associated
with	 toxicity	and	 that	 toxicity	was	negligible	 if	APAP	half-life	was	 less	 than	4
hours23	were	based	on	multiple	APAP	determinations	in	untreated	patients	over	a
36-hour	 period.	 Because	 treatment	 must	 be	 started	 as	 early	 as	 possible24	 and
treatment	may	alter	APAP	elimination,11	half-life	determinations	are	not	relevant
to	current	standards	of	care.

There	are	three	situations	in	which	repeat	measurements	may	be	of	value.	The
first	is	in	the	patient	with	a	time	of	ingestion	that	is	unknown	but	that	was	within
4	hours.	In	this	situation,	an	increasing	APAP	level	indicates	ongoing	absorption
from	a	recent	ingestion.	To	detect	a	rising	level	and	define	the	peak	value,	repeat
determinations	 must	 be	 frequent	 (every	 hour)	 until	 the	 level	 declines.	 This
prevents	underestimation	of	the	peak	value	due	to	incomplete	absorption	at	 the
time	of	the	first	level.	It	also	may	rule	out	toxicity	by	detecting	a	peak	value	less
than	150	μg/mL.

The	second	situation	in	which	repeating	the	APAP	may	be	useful	is	after	an
overdose	 of	 an	 ER	 formula.	 Because	 of	 prolonged	 absorption,	 patients	 with
nontoxic	APAP	levels	soon	after	 ingestion	may	have	subsequent	 levels	 that	are
toxic	by	the	nomogram.25	The	optimal	time	to	repeat	drug	levels	to	detect	such
nomogram	 line-crossers	 is	 unknown.	 In	 one	 patient,	 a	 potentially	 toxic	APAP
level	 did	 not	 occur	 until	 14	 hours	 after	 ingestion.5	 The	 manufacturer
recommends	obtaining	a	second	APAP	level	4	to	6	hours	after	the	initial	one.26
Others	have	 recommended	 that	 to	avoid	missing	a	potentially	 toxic	 level,	drug
levels	should	be	measured	every	2	hours	from	4	to	16	hours	after	overdose.27

Finally,	 repeat	APAP	 levels	may	be	 of	 value	 for	 the	 patient	with	 very	 high
levels	 and	 slow	 elimination	 for	 whom	 it	 is	 possible	 that	 APAP	 may	 still	 be
present	 at	 the	 completion	 of	 therapy.	 Antidotal	 treatment	 should	 not	 be
discontinued	while	APAP	is	still	present.	This	is	particularly	relevant	as	shorter
courses	of	antidotal	therapy	have	become	the	routine.

More	recently,	authors	have	attempted	to	identify	other	methods	to	determine
which	 patients	 are	 at	 risk	 of	 hepatotoxicity.	 The	 APAP	 x	 AT	 multiplication
product,	 calculated	 by	 multiplying	 the	 serum	 aminotransferase	 (ALT	 or	 AST,
whichever	 value	 is	 higher)	 activity	 and	 the	 APAP	 concentration28	 is	 able	 to
identify	 those	 patients	 at	 increased	 risk.	 Retrospective	 analysis	 of	 over	 3800
APAP	 cases	 at	 two	 tertiary	 centers	 found	 that	 patients	 with	 a	 multiplication
product	 less	 than	 1500	 were	 unlikely	 to	 develop	 hepatoxicity,	 while



multiplication	 products	 greater	 than	 10,000	 were	 predictive	 of	 high	 risk.29
Another	 method	 to	 determine	 increased	 risk	 of	 hepatoxicity	 is	 to	 simply
calculate	 the	AST-ALT	ratio.	An	AST-ALT	ratio	greater	 than	2	 is	considered	a
high-risk	feature	for	death.30

In	 assessing	 the	 patient	 who	 is	 found	 to	 be	 at	 risk	 for	 toxicity	 and	 hence
requires	 hospitalization	 and	 antidotal	 treatment,	 a	 complete	 blood	 count,
electrolytes,	 blood	 urea	 nitrogen,	 creatinine,	 glucose,	 prothrombin	 time,
aminotransferase	 levels,	 and	 bilirubin	 should	 be	 obtained	 at	 admission	 and
repeated	 every	 24	 hours	 until	 resolution	 of	 toxicity	 is	 noted.	 If	 liver	 failure
develops,	laboratory	values,	particularly	prothrombin	time	and	glucose,	must	be
obtained	 more	 frequently.	 Renal	 function,	 acid-base	 status,	 amylase,	 and
electrocardiogram	 may	 also	 need	 to	 be	 evaluated	 or	 repeated.	 Assessment	 of
renal,	pancreatic,	and	myocardial	 toxicity	should	follow	the	same	guidelines	as
those	for	other	etiologies.

MANAGEMENT
Treatment	 includes	 gastrointestinal	 decontamination,	 antidotal	 treatment	 (if
indicated),	and	support	of	organ	function.	Unless	clinically	significant	hepatic	or
renal	failure	develops,	management	consists	only	of	antidote	administration	and
monitoring	of	signs,	symptoms,	and	laboratory	parameters.	Although	this	can	be
accomplished	outside	the	intensive	care	unit,	patients	often	require	monitoring	or
treatment	 for	 toxicity	 due	 to	 coingestions	 or	 constant	 observation	 because	 of
suicide	risk.	If	significant	hepatic	failure	ensues,	intensive	care	unit	admission	is
required	 for	 close	 monitoring	 and	 treatment	 of	 complications.	 Invasive
monitoring	 is	 infrequently	 required,	 but	 may	 be	 useful	 if	 multisystem	 failure
occurs.

GASTROINTESTINAL	DECONTAMINATION
Gastrointestinal	 decontamination	 is	 recommended	 for	 patients	 who	 can	 be
treated	 within	 1	 to	 2	 hours	 of	 APAP	 overdose.	 Although	 once	 considered
controversial	and	even	contraindicated,	activated	charcoal	is	now	considered	the
method	of	choice.	As	routine	treatment	of	APAP	poisoning	has	moved	from	oral
N-acetylcysteine	(NAC)	to	intravenous	administration,	this	formerly	contentious
point	has	been	rendered	moot.



ANTIDOTAL	TREATMENT
The	observation	that	hepatotoxicity	occurs	only	when	GSH	is	depleted	led	to	a
search	 for	 agents	 that	 might	 increase	 available	 sulfhydryl	 groups	 either	 by
increasing	GSH	or	by	providing	alternative	sulfhydryl	sources.	Exogenous	GSH
does	 not	 readily	 enter	 cells,	 so	 various	 precursors	 and	 substitutes,	 including
cysteamine,	methionine,	 and	NAC,24,31	 have	 been	 tried.	Although	 all	 regimens
are	 effective	 when	 started	 within	 8	 to	 10	 hours	 of	 ingestion,	 cysteamine	 was
abandoned	because	of	 its	 toxicity,	 and	methionine	has	been	 replaced	by	NAC,
which	 is	 more	 effective	 and	 probably	 carries	 less	 risk	 of	 worsening	 hepatic
encephalopathy	when	liver	failure	is	present.

There	are	several	suggested	mechanisms	of	action	of	NAC.	In	cells,	NAC	is
converted	to	cysteine,	a	GSH	precursor,	and	thus	increases	GSH	stores.	Second,
NAC	 or	 cysteine	 can	 substitute	 directly	 for	 GSH	 because	 it	 has	 available
sulfhydryl	 groups.	 Third,	 NAC	 augments	 the	 sulfation	 of	 APAP	 to	 nontoxic
metabolite	by	providing	sulfur	substrate.11	Fourth,	NAC	may	promote	the	back-
conversion	of	NAPQI	to	its	precursors,	although	this	has	not	been	demonstrated
for	humans.	Finally,	there	is	accumulating	evidence	that	NAC	may	be	beneficial,
even	after	liver	injury	has	occurred,	through	mechanisms	other	than	its	effects	on
APAP	 metabolism.32	 Suggested	 mechanisms	 for	 these	 late	 effects	 of	 NAC
include	 direct	 antioxidant	 action	 to	modify	 postinflammatory	 radical-mediated
destruction,	 restoration	of	 enzyme	 function	 in	 injured	 tissue,	 and	 correction	of
microvascular	 function	 by	 restoring	 endothelial-derived	 relaxing	 factor.32	 It	 is
likely	that	the	relative	importance	of	each	of	the	previously	described	effects	of
NAC	for	any	given	patient	varies	with	the	severity	of	the	overdose	and	the	delay
to	NAC	initiation.	These	variations	may	explain	apparent	differences	in	efficacy
between	different	NAC	protocols.

Two	treatment	regimens	are	currently	approved	for	use	in	the	United	States.
The	first	consists	of	a	72-hour	course	of	oral	NAC	given	as	a	140	mg/kg	loading
dose,	followed	by	17	doses	of	70	mg/kg	every	4	hours	beginning	4	hours	after
the	 loading	dose,	 for	 a	 total	NAC	dose	of	1330	mg/kg.33	The	 second	 regimen,
approved	by	the	U.S.	Food	and	Drug	Administration	(FDA)	in	2004,	consists	of
an	intravenous	loading	dose	of	acetylcysteine	of	150	mg/kg	in	200	mL	dextrose
5%	 in	water	 (D5W)	over	15	minutes,	 followed	by	50	mg/kg	 in	500	mL	D5W
over	 4	 hours,	 then	 100	 mg/kg	 in	 1	 L	 D5W	 over	 the	 next	 16	 hours.34	 This	 is
identical	 to	 the	 standard	 treatment	 regimens	 in	 Europe	 and	Canada.31	 Because
the	 FDA-approved	 dosing	 requires	 3	 separate	 intravenous	 formulations,	 some
Poison	 Control	 Centers,	 hospitals,	 and	 medical	 toxicologists	 have	 simplified



NAC	protocols	that	differ	from	the	FDA-approved	dosing.35
For	oral	therapy,	NAC	is	usually	supplied	as	a	20%	solution	(20	g/100	mL),

which	should	be	diluted	3	to	1	to	yield	a	5%	mixture	with	juice	or	a	soft	drink	to
increase	 its	 palatability	 and	 decrease	 gastrointestinal	 side	 effects.	 Antiemetics
(eg,	metoclopramide,	0.1-1.0	mg/kg	intravenous	(IV),	 initial	adult	dose	10	mg;
droperidol,	20-150	μg/kg	IV,	initial	adult	dose	1.25	mg)	may	be	required	to	treat
antecedent	 vomiting	 or	 vomiting	 due	 to	NAC.	Ondansetron	 (50-150	μg/kg	 IV,
initial	adult	dose	4	mg)	may	be	effective	when	these	other	antiemetics	are	not.	If
antiemetics	 fail,	NAC	can	be	given	by	gastric	or	duodenal	 tube.	Various	other
methods	may	prove	helpful	in	decreasing	emesis	after	dosing	including	chilling
the	 solution	with	 ice	 chips,	 using	a	 straw,	 covering	 the	 container,	 diluting	 to	 a
10%	solution,	and	administering	the	solution	over	15	to	60	minutes	instead	of	as
a	 bolus.	 If	 vomiting	 occurs	 within	 1	 hour	 of	 any	 dose,	 that	 dose	 should	 be
repeated.

The	use	of	oral	or	IV	NAC	is	dependent	on	the	experience	of	the	clinician,	the
local	hospital	formulary,	severity	of	the	patient,	and	physician	preference.	Most
patients	can	be	adequately	treated	with	oral	NAC	when	it	is	begun	within	8	to	10
hours	of	 ingestion.	Other	patients,	 particularly	 those	who	present	 after	8	 to	10
hours	or	those	with	encephalopathy,	should	receive	IV	NAC	therapy.

There	 are	 no	 well-documented	 serious	 side	 effects	 of	 oral	 NAC,	 although
nausea	 and	 vomiting	 are	 extremely	 common.36	 Side	 effects	 from	 intravenous
NAC	are	far	less	common	but	potentially	more	serious.	There	are	several	reports
of	serious	or	fatal	anaphylactoid	reactions	(eg,	hypotension,	bronchospasm,	rash,
death)	to	intravenous	NAC	during	the	20-hour	protocol,	and	minor	dermatologic
reactions	 are	 common.37,38	 It	 is	 important	 to	 recognize	 that	 adverse	 effects	 of
intravenous	 NAC	 are	 not	 truly	 anaphylactic;	 they	 are	 dose	 and	 concentration
dependent.37	As	 a	 result,	more	 dilute	 and	 slowly	 administered	doses	 are	 better
tolerated.39	 Except	 for	 an	 anaphylactoid	 reaction	 in	 one	 patient	 after	 an	 NAC
overdose,	 there	were	 no	 serious	 adverse	 reactions	 reported	 during	 the	 48-hour
intravenous	 protocol.39	 Transient	 skin	 rash	 occurred	 in	 approximately	 15%	 of
patients	during	the	loading	dose	but	did	not	necessitate	discontinuing	treatment.
Even	 with	 more	 serious	 reactions,	 NAC	 therapy	 can	 often	 be	 continued	 or
resumed	after	treatment	with	diphenhydramine.38

All	dosing	protocols	 appear	 to	be	equivalent	when	NAC	 is	 started	within	8
hours	 of	 ingestion.	 Efficacy	 decreases	 with	 longer	 delays	 in	 therapy,	 with
apparent	differences	between	the	dosing	regimens	when	NAC	is	started	after	16
hours.	With	 late	 treatment,	 82%	of	 high-risk	 patients	 treated	with	 the	 20-hour
regimen	developed	aminotransferase	values	above	1000	IU/L,	an	 incidence	not
significantly	 different	 from	 the	 89%	 incidence	 reported	 in	 untreated	 historical



control	subjects.31	After	treatment	with	48	hours	of	intravenous	NAC,	only	58%
of	 late-treated	patients	developed	hepatotoxicity,	 a	 result	 that	was	 significantly
better	than	that	with	the	20-hour	course	or	no	treatment.39	After	72	hours	of	oral
NAC,	only	41%	of	late-treated	patients	developed	hepatotoxicity,24	although	this
was	not	statistically	different	from	the	48-hour	protocol.39	These	studies	included
only	patients	receiving	NAC	within	24	hours	of	ingestion.

In	 the	 first	 controlled	 study	 of	 NAC	 started	 more	 than	 24	 hours	 after
overdose,	intravenous	NAC	started	after	onset	of	liver	failure	(median	53	hours
after	 APAP)	 reduced	 cerebral	 edema,	 need	 for	 pressors,	 and	 mortality.40	 It	 is
interesting	that	this	study	used	the	same	NAC	dosing	that	had	earlier	been	found
ineffective	 more	 than	 15	 hours	 after	 overdose,31	 but	 instead	 of	 discontinuing
NAC	 after	 20	 hours,	 therapy	 was	 continued	 until	 either	 recovery	 or	 death
occurred.

The	numerous	actions	of	NAC	may	explain	why	various	NAC	protocols	are
equivalent	when	started	early	but	not	when	started	 late.	When	started	within	8
hours	 of	 overdose,	 NAC	 probably	 exclusively	 affects	 APAP	 metabolism	 and
GSH	 turnover,	 and	 its	 role	 is	 preventative	 before	 GSH	 depletion	 and	 NAPQI
covalent	 binding.	 In	 this	 setting,	 NAC	 may	 be	 needed	 only	 until	 APAP
metabolism	is	complete;	thus,	shorter	courses	of	NAC	are	effective.	With	further
treatment	delay,	the	role	of	NAC	may	increasingly	be	to	ameliorate	the	effects	of
NAPQI	covalent	binding,	and	by	16	hours	after	 ingestion,	 this	may	be	 its	 sole
action	 and	 would	 explain	 why	 longer	 courses	 of	 NAC,	 continued	 during	 the
period	of	maximal	liver	injury,	appear	to	be	superior.	These	considerations	have
led	 to	selective	management,	 such	as	short-course	NAC	for	 those	 treated	early
who	do	not	develop	aminotransferase	elevations	or	late	treatment	with	NAC	for
any	patient	who	develops	liver	injury	(see	later).

Cimetidine	has	been	suggested	as	a	possible	antidote	for	APAP	because	of	its
inhibitory	effect	on	P450	activity.	Animal	studies	showed	efficacy	of	high-dose
cimetidine	given	before	or	soon	after	APAP,	but	there	is	no	evidence	of	efficacy
in	humans.41	Even	if	the	massive	dose	suggested	by	animal	studies	proved	to	be
safe	 and	 effective	 for	 humans,	 its	 theoretic	 effects	 would	 require	 early
administration.	 In	 problematic	 cases,	 such	 as	 late	 presentation,	 there	 is	 no
theoretic	or	experimental	support	for	cimetidine	use.	Hence,	although	cimetidine
is	not	contraindicated,	it	has	no	proven	role	and	should	never	be	considered	an
alternative	to	NAC.

SUPPORTIVE	CARE



The	 management	 of	 hepatic	 failure,	 renal	 failure,	 or	 other	 end-organ
manifestations	of	APAP	toxicity	should	be	treated	according	to	the	most	recent
guidelines.	 In	 view	 of	 the	 increased	 availability	 and	 success	 of	 liver
transplantation,	the	most	severely	ill	patients	deserve	this	consideration.	Several
successful	 transplants	 have	 been	 done	 after	 APAP	 overdose.	 The	 greatest
challenge	 is	 early	 identification	 of	 patients	 destined	 for	 irreversible	 hepatic
failure	(see	“Prognosis	and	Outcome”	section).

SPECIAL	CONSIDERATIONS

Acute	Overdose	in	Alcoholics	and	Other	High-Risk
Patients
Certain	 subgroups	 of	 patients	 appear	 to	 be	 at	 greater	 or	 lesser	 risk	 for	 APAP
toxicity,	but	this	fact	is	of	more	theoretic	than	practical	value	in	the	management
of	acute	overdose.	Higher	risk	 is	expected	for	patients	with	 increased	CYP2E1
enzyme	activity	from	chronic	use	of	agents	that	induce	this	enzyme	(eg,	ethanol,
barbiturates,	 phenytoin,	 sedative-hypnotics,	 griseofulvin,	 haloperidol,
tolbutamide)42	 or	 decreased	 GSH	 stores	 or	 low	 GSH	 turnover	 rates	 (eg,
malnourished	 patients	 or	 those	 with	 liver	 disease).	 Lower	 toxicity	 might	 be
expected	when	CYP2E1	 activity	 is	 inhibited	 by	 chronic	 use	 of	 agents	 such	 as
cimetidine	or	when	a	patient	has	coingested	an	agent	that	is	metabolized	by	this
enzyme,	thus	competing	with	APAP	and	decreasing	NAPQI	formation.2

Acute	 overdose	 studies	 in	 animals	 demonstrated	 increased	 toxicity	 after
chronic	 ethanol	 use	 and	 decreased	 toxicity	 when	 ethanol	 and	 APAP	 were
coingested.43	The	protective	 effect	 of	 ethanol	 coingestion	 appears	 to	 be	 due	 to
competitive	 inhibition	 of	 NAPQI	 formation	 by	 P450	 ethanol	 metabolism.
Chronic	 ethanol	 use,	 particularly	 by	 an	 alcoholic	 that	 is	 currently	 abstinent,44
could	worsen	toxicity	by	causing	P450	induction,	GSH	depletion,	or	some	other
unknown	mechanism.	For	example,	an	alcoholic	might	be	protected	by	the	acute
coingestion	of	ethanol	or	be	nutritionally	deprived	and	have	lower	P450	activity.
Despite	suggestions	that	some	of	these	factors	may	be	important,45	the	amount	of
chronic	ethanol	or	drug	use	that	is	clinically	significant	is	unknown	and	certain
to	be	variable.

Because	 the	 treatment	 nomogram	 line	 is	 conservative,	 treatment	 decisions
after	acute	overdose	should	be	made	in	the	same	manner	as	described	previously,
regardless	of	chronic	coingestants.



ACUTE	OVERDOSE	BY	PEDIATRIC	PATIENTS
Of	 417	 children	 with	 acute	 APAP	 overdose,	 49	 of	 whom	 had	 plasma	 APAP
levels	 over	 the	 nomogram	 line,	 indicating	 potential	 toxicity,	 only	 three	 (6.1%)
developed	an	AST	or	ALT	greater	than	1000	IU/L.46	This	incidence	is	less	than
that	 reported	 for	 adults,	 leading	 to	 speculation	 that	 children	 are	 relatively
protected	from	APAP	toxicity.

Several	 pharmacokinetic	 differences	between	 children	 and	 adults	 have	been
noted.	The	most	 consistent	 finding	 is	 that	 the	 ratio	 of	APAP-sulfate	 to	APAP-
glucuronide	is	higher	among	children	than	among	adults,47	but	this	difference	of
nontoxic	 routes	 of	 metabolism	 has	 not	 been	 shown	 to	 be	 associated	 with
decreased	production	of	NAPQI.	Thus,	increased	sulfation	has	not	been	proven
to	 favorably	 alter	 NAPQI	 formation.	 Decreased	 P450	 activity,	 and	 thus
decreased	 NAPQI	 formation,	 has	 also	 been	 postulated	 for	 children,	 but
decreased	P450	activity	is	noted	only	among	fetal	and	neonatal	subjects.48	Most
APAP	poisonings	occur	outside	the	newborn	period,	when	P450	activity	may	be
even	 greater	 than	 that	 of	 adults.	 Hence,	 this	 theory	 cannot	 explain	 a
hepatoprotective	effect	for	older	children.	If	children	are	actually	less	susceptible
to	APAP	toxicity,	it	may	be	because	of	an	increased	ability	to	regenerate	GSH,
but	this,	too,	is	unproven.

4 	 Perhaps	 the	 most	 likely	 explanation	 is	 that	 pediatric	 overdoses	 are
quantitatively	less	severe.	In	adults,	particularly	those	treated	late,	outcomes	are
worse	 for	 patients	with	 very	 high	APAP	 levels.24	 Substantial	 toxicity	 has	 also
developed	by	children	with	very	high	levels,	but	there	are	too	few	cases	to	allow
for	 any	 conclusions.	 Until	 larger	 numbers	 of	 children	 with	 very	 high	 APAP
levels	are	 studied,	patients	of	all	ages	with	a	 significant	overdose	must	 still	be
considered	 at	 substantial	 risk	 and	 managed	 accordingly.	 As	 with	 adults,	 the
longer	the	time	between	ingestion	and	presentation	or	treatment	of	children	with
potentially	toxic	drug	levels,	the	greater	the	incidence	of	hepatotoxicity	and	the
worse	the	prognosis.21

ACUTE	OVERDOSE	DURING	PREGNANCY
Although	 experience	 with	 overdose	 during	 pregnancy	 is	 limited,49	 certain
conclusions	 seem	 valid.	 First,	 there	 is	 clear	 evidence	 that	APAP	 overdose	 can
result	in	morbidity	and	mortality	to	woman	and	fetus	at	all	stages	of	pregnancy.
Second,	there	currently	is	no	evidence	that	NAC	is	harmful	to	a	pregnant	woman



or	her	fetus.	Third,	NAC	is	hepatoprotective	to	the	woman.	Fourth,	NAC	crosses
the	human	placenta,50	 and	 this	 is	 likely	 to	 be	beneficial	 to	 the	 fetus.	Based	on
these	observations,	it	is	recommended	that	pregnant	women	be	treated	according
to	 standard	 guidelines	 regardless	 of	 gestational	 age	 of	 the	 fetus	 and	 that
newborns	 delivered	 during	 a	 course	 of	 maternal	 NAC	 treatment	 should	 also
complete	a	course	of	NAC	after	delivery.

ACUTE	OVERDOSE	OF	EXTENDED-RELEASE
ACETAMINOPHEN
Because	experience	with	ER	APAP	overdose	is	limited,	 the	applicability	of	the
nomogram,	 which	 was	 derived	 from	 clinical	 outcome	 data	 in	 patients	 with
immediate-release	APAP	overdose,	to	those	with	ER	APAP	overdose	remains	to
be	 determined.25–27	 Although	 it	 is	 agreed	 that	 patients	 who	 have	 a	 potentially
toxic	 APAP	 level	 after	 acute	 acetaminophen	 ER	 overdose	 require	 NAC,	 the
management	of	those	with	levels	that	are	elevated	but	nontoxic	is	controversial.
Some	have	suggested	that	such	patients	do	not	require	NAC.51	Given	 that	peak
drug	 levels	after	supratherapeutic	but	nontoxic	doses	of	ER	acetaminophen	are
only	 two	 thirds	 of	 those	 seen	 after	 equivalent	 doses	 of	 an	 immediate-release
formulation,	despite	nearly	identical	areas	under	the	curve,52	others	recommend
treatment	when	any	APAP	level	is	two-thirds	or	more	of	the	one	that	is	indicated
toxic	by	the	nomogram.27

CHRONIC	OVERDOSE
There	 are	 occasional	 reports	 of	 serious	 toxicity	 from	 chronic	 overdose	 among
infants	with	acute	febrile	illness.19,21	Chronic	toxicity	has	also	been	reported	after
doses	 only	 slightly	 higher	 than	 recommended	 and	 even	 with	 therapeutic	 ones
among	adults	with	fasting	and	alcohol	use.53	Although	alcoholics	do	appear	to	be
at	greater	risk	for	toxicity	from	therapeutic	doses,	the	validity	of	data	on	fasting
has	been	questioned.54	 There	 is	 no	 evidence	 that	 this	 occurs	 among	 otherwise
healthy	individuals.	Similarly,	in	the	absence	of	continued	ethanol	abuse,	there	is
no	 evidence	 that	 therapeutic	 dosing	 carries	 increased	 risk	 for	 patients	 with
cirrhosis	or	other	forms	of	chronic	liver	disease.55	Based	on	current	knowledge,
there	is	no	reason	to	avoid	APAP	for	any	of	these	groups,	although	patients	must
be	clearly	instructed	to	avoid	overdosing.

Evaluation	of	patients	with	chronic	overdose	should	include	a	detailed	history



of	 the	 timing	 of	 doses,	 particularly	 the	 last	 dose;	 the	 amount	 ingested	 at	 each
dose;	possible	increased	risk	factors	(eg,	chronic	alcoholism,	use	of	other	P450
inducers);	 symptomatology;	an	APAP	 level	 at	 least	4	hours	after	 the	 last	dose;
and	 aminotransferase	 levels.	 For	 such	 cases,	 the	 nomogram	 has	 never	 been
studied	 and	 has	 little	 or	 no	 validity.	 Because	 there	 are	 currently	 no	 reliable
guidelines	to	assess	risk,	it	is	best	then	to	consult	with	a	toxicologist	or	regional
poison	 center	 to	 determine	 the	 best	 course	 of	 action.	One	 approach	 is	 to	 treat
according	to	the	guidelines	discussed	in	the	next	section.

LATE	TREATMENT
Treatment	 decisions	 for	 patients	 who	 present	 more	 than	 24	 hours	 after	 an
overdose	 are	 problematic.	 Initial	 studies	 of	 the	 20-hour	 intravenous	 NAC
protocol	suggested	that	NAC	was	of	no	value	when	started	more	than	12	to	15
hours	after	ingestion,31	and	initial	 results	of	 the	72-hour	oral	protocol	 indicated
that	treatment	more	than	16	hours	after	ingestion	was	ineffective.33	As	a	 result,
studies	of	 treatment	 initiated	after	24	hours	were	not	performed	 initially.	More
extensive	 data	 and	 analysis	 of	 patients	 treated	 with	 72	 hours	 of	 oral	 NAC
revealed	 that	 patients	 first	 treated	 between	 16	 and	 24	 hours	 after	 overdose
experienced	 less	 hepatotoxicity	 than	 untreated	 historical	 control	 subjects	 or
historical	 control	 subjects	 treated	 late	 with	 a	 20-hour	 course	 of	 intravenous
NAC.24

Subsequently,	 a	 series	 of	 studies	 showed	 theoretical	 and	 clinical	 benefit	 to
late	NAC	administration.32,56,57	 In	 the	most	 remarkable	of	 these,	NAC	started	a
median	 of	 53	 hours	 after	 ingestion,	 and	 after	 evidence	 of	 severe	 liver	 injury,
reduced	morbidity	 and	mortality.32	 Although	 the	 issue	 of	 which	 cases	warrant
late	 treatment	 is	 not	 well	 defined,	 the	 following	 approach	 to	 the	 treatment	 of
patients	 who	 present	 late	 is	 offered:	 If	 the	 APAP	 level	 is	 undetectable	 and
aminotransferase	levels	are	normal,	NAC	is	not	indicated,	because	the	possibility
of	hepatotoxicity	is	extremely	low.	If	hepatotoxicity	is	evident,	a	full	course	of
NAC	 is	 indicated.	 For	 patients	 who	 have	 detectable	 APAP	 levels	 and	 no
hepatotoxicity,	 NAC	 therapy	 should	 be	 started.	 It	 can	 be	 discontinued	 before
completing	a	full	course	of	therapy	when	the	APAP	concentration	falls	to	zero,
as	long	as	aminotransferase	levels	remain	normal.

MASSIVE	ACETAMINOPHEN	OVERDOSE



TREATMENT
Treatment	 of	 a	 massive	 acetaminophen	 overdose	 can	 be	 challenging.	 Such
patients	can	quickly	develop	a	severe	metabolic	acidosis	and	the	standard	dose
of	NAC	may	 not	 be	 sufficient.	 Furthermore,	 increased	 concentrations	 of	 toxic
metabolites	further	pose	a	challenge	to	therapy.

The	definition	of	a	massive	acetaminophen	overdose	is	not	agreed	upon,	but
some	authors	consider	massive	to	be	greater	 than	30	g	of	acetaminophen	or	an
acetaminophen	concentration	>300	μg/mL	at	4	hours	post	ingestion.58	It	follows
that	patients	with	4	hour	APAP	concentrations	>450	μg/mL	or	600	μg/mL	may
benefit	 from	 even	 greater	 does	 of	 NAC.	 Extrapolating	 from	 known	 data,
Hendrickson	 has	 proposed	 that	 the	 final	 NAC	 infusion	 rate	 should	 be
12.5	mg/kg/h	for	patients	with	APAP	concentrations	above	 the	300	μg/mL	line
(or	with	 ingestions	of	 32	g),	 and	 concentrations	 above	 the	450	μg/mL	 line	 (or
48	g	ingestion)	and	the	600	μg/mL	line	(or	64	g	ingestion)	may	require	infusion
rates	of	18.75	and	25	mg/kg/h,	respectively.58

5 	 Another	 potential	 method	 of	 decreasing	 the	 toxicity	 of	 massive
acetaminophen	 ingestions	 is	 to	 prevent	 the	 formation	 of	 NAPQI	 via	 P450
inhibition,	as	well	as	inhibiting	c-Jun	N-terminal	kinase	(JNK)	resulting	in	fewer
JNK-induced	reactive	oxygen	species.	This	has	led	some	authors	to	propose	the
use	 of	 fomepizole	 in	 such	 circumstances.59	 Although	 no	 prospective	 clinical
trials	 of	 fomepizole	 use	 exist,	 given	 the	 tremendous	 morbidity	 and	 mortality
after	massive	APAP	overdose,	fomepizole	use	may	be	warranted.	Most	authors
use	 the	 standard	 dosing	 for	 fomepizole	 used	 for	 toxic	 alcohol	 treatment
(15	mg/kg	IV	over	30	minutes)	with	repeated	doses	of	10	mg/kg	every	12	h	at
the	 discretion	 of	 the	medical	 toxicology	 service	 if	 persistently	 elevated	APAP
concentrations	exist.59

SHORT-COURSE	ORAL	TREATMENT
Treatment	of	acute	APAP	overdose	with	an	abbreviated	course	of	oral	NAC	is
based	on	the	observation	that	treatment	for	20	hours	with	intravenous	NAC31	and
for	48	hours	with	oral	NAC39	is	just	as	effective	as	treatment	with	oral	NAC	for
72	 hours24	 when	 treatment	 is	 started	 within	 8	 to	 16	 hours	 of	 ingestion	 (see
earlier),	and	that	patients	who	develop	hepatotoxicity	exhibit	laboratory	evidence
of	such	toxicity	within	24	to	36	hours	of	ingestion.9,60	In	short-course	protocols,
oral	NAC	is	initiated	in	patients	with	toxic	or	potentially	toxic	APAP	levels	(by



the	nomogram)	 in	 the	same	dose	as	used	 in	 the	standard	72-hour	regimen,	and
APAP	 levels	 and	 aminotransferases	 are	 obtained	 at	 24	 and	 36	 hours	 post
ingestion.	As	with	 late	 treatment,	 if	 the	APAP	 level	becomes	undetectable	and
aminotransferase	 levels	 are	 normal	 at	 either	 point	 in	 time,	 NAC	 is	 stopped,
whereas	 if	 hepatotoxicity	 becomes	 evident,	 a	 full	 course	 of	NAC	 is	 indicated.
For	 patients	 who	 have	 detectable	 APAP	 levels	 and	 no	 hepatotoxicity,	 NAC
therapy	 should	 be	 continued.	 It	 can	 be	 discontinued	 before	 completing	 a	 full
course	 of	 therapy	 when	 the	 APAP	 concentration	 subsequently	 becomes
undetectable	and	aminotransferase	levels	remain	normal.	Although	toxicologists
have	been	successfully	using	short-course	NAC	therapy	for	years,	published	data
are	limited,61	and	poison	centers	have	been	slow	to	adopt	this	approach.	Hence,
consultation	with	a	toxicologist	is	advised	when	contemplating	such	treatment.

PROGNOSIS	AND	OUTCOME
Severe	hepatotoxicity	after	APAP	overdose	has	traditionally	been	defined	by	an
ALT	 or	 AST	 greater	 than	 1000	 IU	 per	 L,	 although	 most	 patients	 with	 such
elevations	have	no	significant	short-	or	long-term	sequelae.	Using	this	definition,
the	 risk	 of	 hepatotoxicity	 can	 be	 estimated	 based	 on	 the	 initial	 APAP
concentration.	Without	NAC	 therapy,	 hepatotoxicity	 develops	 among	 less	 than
8%	 of	 all	 overdose	 patients,	 among	 60%	 of	 probable	 risk	 cases	 (APAP
concentration	above	a	nomogram	line	intersecting	200	μg/mL	at	4	hours	and	50
μg/mL	 at	 12	 hours),	 and	 among	 89%	 of	 high-risk	 cases	 (APAP	 concentration
above	a	nomogram	line	intersecting	300	μg/mL	at	4	hours	and	75	μg/mL	at	12
hours).13

Far	less	toxicity	occurs	among	patients	treated	with	NAC,	although	outcome
depends	 on	 APAP	 concentration	 and	 the	 time	 NAC	was	 started.	 Even	 among
high-risk	 late-treated	cases,	only	41%	of	patients	 treated	with	oral	NAC	for	72
hours	developed	toxicity.	Most	important	is	that	regardless	of	APAP	level,	NAC
is	extremely	effective	when	started	within	8	hours.24	Hepatotoxicity	occurred	in
less	than	5%	of	patients	in	this	subset.

Death	 is	 unusual	 after	 APAP	 overdose.	When	 patients	 at	 probable	 risk	 for
hepatotoxicity	 are	 considered,	 the	 reported	 mortality	 rate	 in	 untreated	 cases
varies	from	5.3%31	to	24%.62	A	mortality	rate	of	1.1%	has	been	noted	for	similar
patients	treated	with	the	20-hour	intravenous	NAC	protocol,32	and	it	was	found
to	be	0.68%	for	patients	 treated	with	 the	72-hour	oral	NAC	protocol.24	 In	 fact,
even	among	high-risk	cases	first	treated	between	16	and	24	hours	after	overdose,
the	mortality	rate	was	only	3.1%	after	oral	NAC	therapy.24



It	 is	 not	 uncommon	 to	 see	 aminotransferase	 elevations	 greater	 than	 10,000
IU/L	 during	 stage	 III,	 with	 eventual	 complete	 recovery.2	 As	 a	 result,
aminotransferase	 levels	 alone	 are	 inadequate	 to	 judge	 prognosis.	 Evidence	 of
hepatic	 dysfunction,	 such	 as	 marked	 elevations	 of	 prothrombin	 time	 and
bilirubin,	 or	 evidence	 of	 persistent	 hypoglycemia,	 lactic	 acidosis,	 or	 hepatic
encephalopathy,	 indicates	 true	 hepatic	 failure	 and	 a	 poor	 prognosis.	 Previous
reports	 suggested	 that	 a	 bilirubin	 greater	 than	 4	mg/dL	 or	 a	 prothrombin	 time
greater	than	twice	control	indicates	a	poor	prognosis.63	More	recently,	a	pH	less
than	7.30,	prothrombin	time	greater	 than	100	seconds,	serum	creatinine	greater
than	3.4	mg/dL,	and	grade	III	or	higher	encephalopathy	have	been	used	to	define
poor	prognosis,64	as	has	the	single	criterion	of	an	increasing	prothrombin	time	on
day	 4	 after	 overdose65	 or	 a	 lactate	 of	 greater	 than	 3.5	 mmol/L	 shortly	 after
admission.66	 Schmidt	 and	 Dalhoff67	 demonstrated	 that	 an	 increasing	 α-
fetoprotein	 serum	 concentration	 (particularly	 a	 concentration	 of	 more	 than
3.9	 μg/L	 on	 the	 day	 after	 peak	 ALT)	 is	 associated	 with	 survival.	 As	 noted
previously,	patients	meeting	these	criteria	may	benefit	from	NAC	treatment.32,56
Standard	measures	for	the	treatment	of	liver	failure,	including	arrangements	for
possible	liver	transplantation,	should	also	be	provided.

2 	 The	 presence	 or	 absence	 of	 aminotransferase	 elevation	 at	 the	 time	 of
treatment	 initiation	 appears	 to	be	 the	most	 sensitive	 early	prognostic	 indicator.
Virtually	 all	 reported	 patients	who	died	 from	APAP	 toxicity	 already	had	 some
degree	of	AST	or	ALT	elevation	at	the	time	a	72-hour	course	of	oral	NAC	was
started.24	 Hence,	 in	 the	 absence	 of	 a	 massive	 (but	 very	 early)	 acetaminophen
overdose,	all	patients	with	liver	enzyme	values	that	are	normal	when	oral	NAC
is	started	would	be	expected	to	survive.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	24-year-old	woman	presents	45	minutes	after	an	intentional	ingestion	of
approximately	25	g	of	acetaminophen	(APAP).	She	denies	any	other	ingestions.
Her	vital	signs	are	heart	rate	80	beats/min,	blood	pressure	128/62	mm	Hg,
respiratory	rate	of	18/min,	temperature	of	37	°C,	and	oxygen	saturation	99%	on
room	air.	Her	physical	examination	is	normal	except	for	tearfulness.	What	is	the
most	appropriate	next	step	in	management?



A. 	Give	activated	charcoal
B. 	Give	intravenous	N-acetylcysteine	(NAC)	therapy
C. 	Measure	serum	APAP	level
D. 	Obtain	ECG

2. 	A	35-year-old	man	presents	5	hours	after	an	overdose.	He	admits	to
ingesting	only	atenolol	and	diphenhydramine	(doses	unknown).	His	vital	signs
are	heart	rate	88	beats/min,	blood	pressure	134/72	mm	Hg,	respiratory	rate	of
20/min,	temperature	of	36.8	°C,	and	oxygen	saturation	99%	on	room	air.	Other
than	a	depressed	sensorium,	his	physical	examination	is	unremarkable.	What	is
the	most	appropriate	next	step	in	management?

A. 	Check	serum	acetaminophen	(APAP)	level
B. 	Give	2	mg	physostigmine
C. 	Give	5	mg	of	IV	glucagon
D. 	Monitor	and	consult	psychiatry

3. 	A	64-year-old	man	presents	to	the	emergency	department	with	complaints
of	nausea	and	mild	abdominal	pain	for	2	days.	One	week	prior,	he	underwent	a
total	hip	arthroplasty.	His	medications	include	atorvastatin,	lisinopril,	apixaban,
and	acetaminophen-oxycodone.	His	vital	signs	are	heart	rate	110	beats/min,
blood	pressure	140/75	mm	Hg,	respiratory	rate	20/min,	temperature	37	°C,	and
oxygen	saturation	98%	on	room	air.	His	physical	examination	reveals	right	upper
quadrant	tenderness	to	palpation.	There	is	no	scleral	icterus.	Laboratory	studies
include	an	AST	of	6500	IU/L,	ALT	5500	IU/L,	total	bilirubin	of	2.2	mg/dL,	INR
of	1.1,	lipase	of	55	U/L,	creatinine	of	1.4	mg/dL,	with	an	acetaminophen
concentration	of	20	μg/mL.	What	is	the	most	appropriate	next	step	in
management?

A. 	Administer	N-acetylcysteine	(NAC)
B. 	Consult	hepatology	for	ERCP
C. 	Fomepizole	infusion
D. 	Transfuse	plasma

Answers

1.	The	correct	answer	is	A.
Rationale:	This	is	a	significant	ingestion,	and	activated	charcoal	is	indicated

as	it	has	been	less	than	2	hours	since	ingestion	(choice	A	is	correct).	There	is	no



indication	 or	 benefit	 to	 immediate	 treatment	with	 oral	 or	 intravenous	NAC	 at
less	 than	 1	 hour	 post	 ingestion	 (choice	B	 is	 incorrect).	While	 an	APAP	 blood
concentration	 is	 needed,	 obtaining	one	within	 an	hour	 is	 neither	 necessary	nor
helpful	 (choice	 C	 is	 incorrect).	 An	 ECG	 is	 indicated	 after	 all	 intentional
ingestions,	 but	 at	 the	 time	 of	 presentation	 oral	 activated	 charcoal	 is	 of	 greater
benefit	 than	 an	 ECG	 (choice	 D	 is	 not	 the	 best	 answer).	 Not	 listed	 here	 as	 a
choice,	but	in	the	absence	of	severe	liver	injury	or	other	prognostic	factors	that
predict	need	for	liver	transplantation,	there	is	also	no	indication	to	transfer	to	a
transplantation	center.

2.	The	correct	answer	is	A.
Rationale:	 Even	 if	 a	 patient	 denies	 having	 ingested	 APAP,	 every	 patient

presenting	 with	 an	 intentional	 overdose	 should	 have	 a	 serum	 acetaminophen
concentration	obtained,	as	roughly	1.5%	of	such	patients	will	have	a	measurable
level,	 and	 roughly	 1	 in	 300	 of	 those	 patients	 will	 need	 treatment	 with	 n-
acetylcysteine	(NAC)	(choice	A	is	correct).	While	this	patient	could	potentially
become	symptomatic	from	the	atenolol	or	diphenhydramine	ingestions,	the	vital
signs	and	physical	examination	are	not	consistent	with	either,	so	treatment	with
physostigmine	 or	 glucagon	 at	 this	 time	 is	 not	 indicated	 (choices	 B	 and	C	 are
incorrect).	 While	 every	 patient	 with	 intentional	 overdose	 should	 be	 seen	 by
psychiatry,	evaluation	for	and	management	of	known	and	unknown	ingestions	is
still	in	progress	(choice	D	is	not	the	immediate	priority).	Not	listed	as	an	answer
choice,	but	there	would	also	be	no	role	for	activated	charcoal	as	it	has	been	more
than	2	hours	since	overdose.

3.	The	correct	answer	is	A.
Rationale:	 This	 patient	 likely	 has	 subacute/chronic	 acetaminophen	 toxicity.

Further	 history	 from	 the	 patient	 should	 be	 obtained	 to	 determine	 exactly	 how
much	 acetaminophen	 he	 has	 consumed	 (from	 all	 sources)	 but	 NAC	 infusion
should	 be	 started	 now	 as	 he	 has	 measurable	 acetaminophen	 in	 his	 blood
combined	 with	 evidence	 of	 liver	 injury	 (choice	 A	 is	 correct).	 There	 is	 no
evidence	 of	 choledocholithiasis,	 so	 an	 ERCP	 is	 not	 indicated	 (choice	 B	 is
incorrect).	 While	 fomepizole	 might	 have	 a	 role	 in	 an	 acute	 and	 massive
acetaminophen	overdose,	it	is	not	indicated	for	this	case	(choice	C	is	incorrect).
There	 is	 also	 no	 indication	 for	 plasma	 transfusion	 at	 this	 time	 (choice	 D	 is
correct).
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Chapter	98
Alcohols	and	Glycol	Poisoning
Jennifer	L.	Englund,	Marco	L.	A.	Sivilotti

KEY	POINTS:
1.	 Toxic	alcohol	ingestions	should	be	considered	for	patients	with

appropriate	metabolic	derangements	(such	as	elevated	anion	gap
metabolic	acidosis),	risk	factors	for	toxic	alcohol	ingestion	(alcohol
use	disorder,	accidental	ingestion,	etc.),	or	a	reported	history	of
exposure	to	substances	containing	toxic	alcohols	(such	as
moonshine,	automotive	antifreeze,	windshield	washing	fluid,	deicing
fluids).

2.	 Early	administration	of	antidotes	(fomepizole	or	ethanol)	is	important
to	limit	production	of	toxic	metabolites.

3.	 Consultation	with	a	medical	toxicologist	is	recommended	to	assist
with	determining	appropriate	initiation	and	duration	of	antidote
treatment	(fomepizole	and	ethanol)	as	well	as	the	optimal	use,
timing,	and	duration	of	hemodialysis.

INTRODUCTION
1 	The	 accidental	 or	 deliberate	 consumption	of	 alcohols	 and	glycols	 is	 a	major
cause	 of	 health	 problems.	 Although	 light	 consumption	 of	 ethanol	 may	 be
associated	with	 health	 benefits	 for	 some	populations,	 heavy	 consumption	 both
acutely	 and	 chronically	 is	 a	 leading	 cause	 of	 preventable	 death	 for	 many
countries,	especially	from	trauma,	suicide,	cirrhosis,	and	malignancies.1	Ethanol
is	estimated	to	contribute	to	nearly	100,000	deaths	and	almost	3	million	years	of
potential	life	lost	each	year	in	the	United	States,	with	economic	costs	in	excess
of	$250	billion	per	annum.1	The	so-called	toxic	alcohols,	namely,	methanol	and
ethylene	glycol,	are	usually	involved	in	sporadic	poisonings,	often	following	the



accidental	exposure	of	a	young	child	to	automotive	or	household	products	or	the
intentional	 suicidal	 ingestion	 by	 an	 adult.	Multiple-victim	 or	 mass	 poisonings
can	 also	 occur	 after	 the	 inadvertent	 substitution	 of	 methanol	 for	 ethanol	 in
products	not	intended	for	human	consumption,	from	the	illicit	sale	of	beverages
believed	 to	 contain	 ethanol,	 or	 after	 contamination	 or	 misuse	 of	 other	 glycol
products.	As	discussed	below,	toxic	alcohol	ingestions	should	be	considered	for
patients	with	elevated	anion	gap	metabolic	acidosis	and/or	an	osmolar	gap,	in	the
presence	 of	 risk	 factors	 for	 toxic	 alcohol	 ingestion	 (alcohol	 use	 disorder,
accidental	 ingestion,	 etc.),	 or	 a	 reported	 history	 of	 exposure	 to	 substances
containing	toxic	alcohols	(such	as	moonshine,	automotive	antifreeze,	windshield
washing	fluid,	deicing	fluids,	etc.).

ETHANOL
Ethanol	 is	 consumed	 by	 most	 adults	 and	 is	 a	 serious	 drug	 of	 abuse	 in	 most
societies.	Approximately	one-third	of	 the	US	population	 can	be	 categorized	 as
moderate	to	heavy	drinkers,	consuming	four	or	more	alcoholic	drinks	per	week;
of	 these	 drinkers,	 about	 one	 in	 five	 can	 be	 considered	 to	 have	 alcohol	 use
disorder.	Ethanol	use	is	a	factor	in	about	8%	of	emergency	department	visits2	and
10%	to	50%	of	hospital	admissions,	and	its	projected	economic	costs	due	to	job
absenteeism	 and	 poor	 job	 performance	 are	 substantial.	 Chronic	 ethanol
consumption	 causes	 multiorgan	 system	 disease,	 nutritional	 disorders,	 and
teratogenic	effects.	 In	addition	 to	being	 found	 in	beverages	 (typically	4%-50%
ethanol	 by	 volume),	 ethanol	 can	 be	 found	 in	 a	 myriad	 of	 other	 consumer
products	 such	 as	 colognes,	 perfumes,	mouthwashes,	 aftershaves,	 and	 over-the-
counter	 medicinals.	 Many	 of	 these	 products	 contain	 substantial	 amounts	 of
ethanol	and	can	be	sources	of	 intoxication,	especially	among	children	or	 those
with	alcohol	use	disorder.

The	 chemical	 properties	 and	 kinetics	 of	 ethanol	 are	 summarized	 in	 Table
98.1.	 Ethanol	 is	 a	 small,	 slightly	 polar	 aliphatic	 alcohol	 with	 a	 weak	 electric
charge	 that	 is	miscible	 in	both	water	and	 lipids.	 It	diffuses	easily	 into	all	body
tissues.	It	is	postulated	that	ethanol	influences	multiple	ion	channels,	possibly	by
causing	subtle	alterations	 in	 their	 tertiary	structure	or	 their	dynamic	 interaction
with	 cell	 membranes.	 The	 behavioral	 effects	 of	 ethanol	 may	 result	 from	 its
ability	to	antagonize	the	excitatory	N-methyl-D-aspartate–glutamate	receptor	and
to	 potentiate	 the	 inhibitory	 γ-aminobutyric	 acid	A	 receptor.18-21	 Ethanol	 is	 also
known	 to	 interact	 with	 glycine,	 nicotinic	 acetylcholine,	 5-HT3,	 and	 P2X
purinergic	 receptors,	 as	 well	 as	 the	 L-calcium-	 and	 potassium-channel



proteins.22,23	 The	 major	 metabolite,	 acetate,	 has	 been	 shown	 to	 mimic
adenosine’s	effects	via	the	P1	receptor.24	Yet	 the	precise	 role	of	 these	and	other
effects	 for	 producing	 intoxication,	 dependence,	 and	 withdrawal	 (see	 Chapter
125)	remains	uncertain.

TABLE	98.1

Comparative	Data	on	the	Toxic	Alcohols	and	Glycols

Substance Formula Molecular
Weight

Specific
Gravity

V	d
(L/kg)

Elimination
Half-Life

Ethanol CH3CH2OH 46 0.79 0.6 Zero	order	at
15-
30	mg/dL/h

Methanol CH3OH 32 0.79 0.7 Zero	order	at
8.5	mg/dL/h
without
ethanol;	first
order:
t½	=	46.5	h
with	ethanol
or
fomepizole
and	2.5	h
with
hemodialysis

Ethylene
glycol

62 1.11 0.68 First	order:
t½	=	2.5-4.5
h	without
ethanol	and
with	normal
kidneys,	17	h
with	ethanol
or



fomepizole
and	<3	h
with
hemodialysis

Isopropanol 60 0.79 0.6-
0.7

First	order:
t½	=	2.5-3.5
h

Propylene
glycol

76 1.04 0.55 First	order:
t½	=	2-5	h	in
adults,	19.3	h
in	infants

Benzyl
alcohol

108 1.04 ? ?

Diethylene
glycol

106 1.12 ? ?

*V	d,	volume	of	distribution.

Data	from	references	3-17.
aFor	metabolite	effects;	may	be	longer	if	ethanol	coingested.

Ethanol	 is	 readily	 absorbed	 from	 the	 gastrointestinal	 tract,	 with	∼70%
occurring	in	the	stomach	and	∼25%	within	the	duodenum.25	Peak	ethanol	levels
typically	 occur	 30	 to	 60	 minutes	 after	 ingestion.	 Women	 have	 higher	 peak
ethanol	 concentrations	 after	 a	 given	 dose	 because	 of	 smaller	 body	 mass	 and
smaller	relative	body	water,	rather	than	sex-based	differences	in	gastric	mucosal
alcohol	dehydrogenase	(ADH)	activity.26

Metabolism	of	ethanol	occurs	predominantly	in	the	liver	by	three	enzymatic
systems:	the	cytosolic	ADH	enzyme	family	(especially	class	I),	the	cytochrome
P450	enzymes	(microsomal	ethanol	oxidizing	system,	largely	CYP2E1	and	also
3A4	 and	1A2),	 and	 peroxisomal	 catalase.27,28	Metabolism	 is	Michaelis-Menten
with	 zero-order	 kinetics	 prevailing	 at	 levels	 over	 100	 mg/dL.29	 Only	 a	 small
fraction	of	ethanol	is	exhaled	or	secreted	in	urine	and	sweat.30

ADH	is	 responsible	 for	most	ethanol	metabolism	at	 low	doses.	 In	 the	ADH



metabolic	pathway	(Figure	98.1),	ethanol	 is	oxidized	 to	acetaldehyde	and	 then
to	acetate	 in	a	process	 that	reduces	oxidized	nicotinamide	adenine	dinucleotide
(NAD+)	 to	 nicotinamide	 adenine	 dinucleotide	 (NADH).	The	 increased	 ratio	 of
NADH	 to	 NAD+	 can	 inhibit	 NAD+-dependent	 reactions,	 such	 as
gluconeogenesis,	 as	 well	 as	 slowing	 subsequent	 ethanol	 oxidation	 and
clearance.31	 Acetate	 is	 linked	 to	 coenzyme	 A	 (acetyl-CoA),	 which	 can	 then
participate	 in	 the	 citric	 acid	 cycle,	 fatty	 acid	 synthesis,	 or	 ketone	 formation.30
Genetic	variations	of	ADH	and	aldehyde	dehydrogenase	have	been	extensively
characterized	 and	may	 play	 a	 role	 in	 determining	 susceptibility	 to	 alcohol	 use
disorder.32,33	 Normally,	 the	 cytochrome	 P450	 and	 catalase	 systems	 play	minor
roles	in	ethanol	metabolism.	Chronic	ethanol	use	can	induce	CYP2E1	activity	4-
to	 10-fold,	 allowing	 habitual	 users	 to	 metabolize	 ethanol	 twice	 as	 quickly	 as
occasional	drinkers.34

	

Figure	 98.1 	 Ethanol	 metabolism.AMP,	 adenosine



monophosphate;	ATP,	adenosine	triphosphate;	Co,	coenzyme;	NAD+,
oxidized	 form	 of	 nicotinamide	 adenine	 dinucleotide;	 NADH,
nicotinamide	adenine	dinucleotide;	PPi,	inorganic	pyrophosphate.

Ethanol	is	a	central	nervous	system	(CNS)	depressant.	After	acute	ingestion,
there	is	often	an	initial	stage	of	paradoxical	excitation	because	of	disinhibition.
For	nontolerant	 individuals,	a	blood	ethanol	concentration	as	 low	as	20	mg/dL
impairs	 driving-related	 skills	 involving	 perception	 and	 attention.35	 At
concentrations	 of	 50	 mg/dL,	 gross	 motor	 control	 and	 orientation	 may	 be
affected,	 and	 intoxication	 may	 become	 apparent.36	 Lethargy,	 ataxia,	 and
muscular	 incoordination	may	be	seen	at	 serum	levels	of	150	mg/dL	or	greater,
coma	 at	 approximately	 250	 mg/dL,	 and	 death	 with	 levels	 greater	 than
450	mg/dL.37,38	 Tolerant	 drinkers	 can	 achieve	 higher	 levels	 before	 developing
similar	 symptoms,	 and	 survival	 has	 been	 reported	 despite	 a	 serum	 level	 of
1500	mg/dL.25,39	At	high	doses,	ethanol	functions	as	an	anesthetic,	causing	CNS
depression,	 autonomic	 dysfunction	 (eg,	 hypotension,	 hypothermia),	 coma,	 and
death	 from	 respiratory	 depression	 and	 cardiovascular	 collapse.	 The	 estimated
LD50	for	adults	is	5	to	8	g/kg	and	3	g/kg	for	children.37

Tolerance	 to	 ethanol’s	 effects	 develops	 both	 acutely	 and	 after	 chronic
consumption.	 With	 acute	 consumption,	 some	 physiological	 effects	 at	 a	 given
serum	level	of	ethanol	have	been	noted	 to	be	 less	when	ethanol	concentrations
are	declining	 rather	 than	when	 levels	are	 rising	 (Mellanby	effect),	 in	particular
for	subjective	measures	such	as	self-assessment	of	 intoxication	and	willingness
to	 drive,	 while	 other	measures	 (such	 as	 objective	 driving	 ability)	 are	 worse.40
Compared	with	inexperienced	drinkers,	chronic	drinkers	experience	diminished
effects	 to	 a	 given	 amount	 of	 ethanol.	Tolerance	 is	 accompanied	by	 changes	 in
membrane-associated	receptors.

Clinical	Manifestations
Patients	may	 present	with	 varying	 degrees	 of	 altered	 consciousness,	 including
agitation,	stupor,	and	coma.	The	odor	of	ethanol	or	its	congeners	on	their	breath
is	 usually	 present.	 Slurred	 speech,	 ataxia,	 and	 nystagmus	 are	 noted	 in	 patients
with	 mild	 to	 moderate	 intoxication.	 Disconjugate	 gaze	 is	 frequently	 seen	 in
comatose	 patients.	 Acute	 intoxication	 may	 be	 accompanied	 by	 vomiting,
particularly	in	novice	drinkers.

Diagnostic	Evaluation



The	 physical	 examination	 should	 be	 directed	 toward	 evaluation	 of	 the	 airway
and	a	search	for	complicating	or	contributing	factors	such	as	trauma,	infection,
and	 hemorrhage.	 For	 patients	 with	 moderate	 to	 severe	 poisoning,	 laboratory
studies	 including	 complete	 blood	 cell	 count;	 serum	 electrolytes,	 blood	 urea
nitrogen,	 creatinine,	 glucose,	 ethanol,	 magnesium,	 calcium,	 and	 phosphorus
level;	 liver	 function	 tests;	 prothrombin	 time;	 electrocardiogram;	 chest
radiograph;	 arterial	 or	 venous	 blood	 gas;	 and	 urinalysis	 should	 be	 obtained	 as
clinically	 indicated.	 Blood	 alcohol	 levels	 may	 be	 helpful	 to	 support	 the
diagnosis,	 but	 it	 does	not	predict	 clinical	 severity	or	overall	 outcomes.25	 If	 the
level	of	consciousness	 is	 inconsistent	with	 the	 serum	ethanol	 level	or	does	not
improve	 over	 a	 few	 hours,	 the	 physician	 should	 reconsider	 the	 diagnosis	 of
ethanol	intoxication	(Table	98.2).

TABLE	98.2

Differential	Diagnoses	for	Acute	Ethanol	Intoxication

Metabolic
Hypoglycemia
Hyperglycemia
Hyponatremia
Hypothermia
Hepatic	encephalopathy

Disulfiram	reaction
Hypercalcemia
Hypoxia
Drug	intoxication
Phencyclidine
Opioids
Cyclic	antidepressants
Other	alcohols	(methanol,	isopropanol,	ethylene	glycol)
Other	sedative-hypnotics	(meprobamate,	methaqualone,	glutethimide,

benzodiazepines,	barbiturates,	chloral	hydrate,	ethchlorvynol,	methyprylon)
Anticholinergics
Carbon	monoxide

Trauma



Intracranial	hemorrhage	(subdural,	epidural,	intracerebral	bleed)

Infections
Central	nervous	system	infections
Acquired	immunodeficiency	syndrome
Sepsis

Neurologic
Postictal
Delirium	tremens
Wernicke	encephalopathy

Adapted	by	permission	from	Springer:	Adinoff	B,	Bone	GHA,	Linnoila	M:	Acute	ethanol	poisoning
and	the	ethanol	withdrawal	syndrome.	Med	Toxicol.	1988;3:172.

Management
Patients	 with	 stupor	 or	 coma	 who	 cannot	 be	 aroused	 to	 a	 verbal	 (but	 not
necessarily	 coherent)	 state	 or	 who	 have	 a	 poor	 respiratory	 effort	 should	 be
intubated	to	ensure	airway	patency	and	to	protect	against	pulmonary	aspiration.
Intravenous	 (IV)	 naloxone	 (0.1-2	 mg),	 dextrose	 (25-50	 g),	 and	 thiamine
hydrochloride	 (100	 mg)	 should	 be	 administered	 when	 opioid	 toxicity,
hypoglycemia,	or	Wernicke	encephalopathy	are	considerations.

Activated	 charcoal	 should	 be	withheld	 unless	 potentially	 toxic	 coingestants
are	 suspected.	 Hypothermia,	 when	 present,	 is	 usually	 mild	 in	 the	 absence	 of
environmental	 exposure	 and	 can	 be	managed	with	warm	blankets.	Nutritional,
electrolyte,	and	fluid	deficiencies	should	be	corrected.	A	variety	of	interventions
including	 IV	 fluid	 hydration,	 diuresis,	 and	 isocapnic	 hyperpnea,41	 to	 increase
ethanol	 clearance	 or	 decrease	 its	 effects,	 are	 neither	 clinically	 useful	 nor
recommended.

ALCOHOLIC	KETOACIDOSIS
Alcoholic	ketoacidosis	(AKA)	develops	as	a	result	of	hormonal,	nutritional,	and
metabolic	 changes	 caused	 by	 ethanol	 (Figure	 98.2).	 Because	 ethanol	 retards
ketogenesis,	 AKA	 usually	 occurs	 when	 ethanol	 levels	 are	 low	 to	 absent.30
Ethanol	metabolism	indirectly	impairs	gluconeogenesis	and	increases	fatty	acid
and	ketone	formation.	The	inadequate	nutritional	intake	of	alcohol	use	disorder
further	 depletes	 glycogen,	 mineral,	 and	 vitamin	 stores.	 Vomiting	 results	 in



decreased	 intravascular	 volume	 and	 increased	 catecholamine	 levels	 that	 blunt
insulin	 release,42	 activate	 lipase,	 and	 accelerate	 free	 fatty	 acid	 oxidation.
Glucagon	 activates	 the	 carnitine	 acyltransferase	 system,	 producing	 excess
acetyl-CoA.

	

Figure	98.2 	Mechanism	of	alcoholic	ketoacidosis.Co,	coenzyme;
FFA,	free	fatty	acids;	NAD+,	oxidized	form	of	nicotinamide	adenine
dinucleotide;	 NADH,	 nicotinamide	 adenine	 dinucleotide;	 TCA,
tricarboxylic	 acid	 cycle	 (also	 known	 as	 citric	 acid	 cycle).(Adapted
from	 Eckardt	 MJ,	 Harford	 TC,	 Kaelber	 CT,	 et	 al.	 Health	 hazards
associated	 with	 alcohol	 consumption.	 JAMA.	 1981;246:648,	 with
permission.)

Acetyl-CoA	 cannot	 be	 used	 by	 mammals	 to	 form	 pyruvate	 or	 higher
carbohydrates.	 Instead,	 it	 can	 undergo	 only	 three	 metabolic	 fates:	 fatty	 acid
synthesis,	 oxidation	 to	 CO2	 in	 the	 citric	 acid	 cycle,	 and	 cholesterol	 or	 ketone
body	 formation	 via	 3-hydroxy-3-methylglutaryl-CoA.	 The	 ketogenic	 pathway
has	 the	 largest	 capacity	 and	 requires	 the	 least	 adenosine	 triphosphate	 for
handling	 acetyl-CoA	 overload.42	 Nutritional	 deficiencies	 impair	 acetyl-CoA
conversion	 to	 triglycerides	 and	 its	 entrance	 into	 the	 citric	 acid	 cycle.30	 Finally,
the	increased	NADH	to	NAD+	redox	ratio	caused	by	ethanol	oxidation	favors	the
conversion	of	acetoacetate	to	β-hydroxybutyrate,	which	is	largely	responsible	for
the	ketoacidosis.

Other	 acid-base	 abnormalities	 may	 occur	 in	 patients	 with	 alcohol	 use
disorder.	 Respiratory	 acidosis	 may	 be	 caused	 by	 hypoglycemia	 or	 ethanol-
induced	 respiratory	 depression.	Lactic	 acidosis	 can	 occur	 secondary	 to	 seizure
activity,	 an	 increase	 in	 the	NADH	 to	NAD+	 ratio	 that	 favors	 lactate	 formation



from	 pyruvate,	 decreased	 gluconeogenesis,	 thiamine	 deficiency	 impairing
pyruvate’s	 entry	 into	 the	 citric	 acid	 cycle,	 and	 liver	 dysfunction.28,43	 Vomiting
may	cause	volume	contraction,	hypokalemia,	and	metabolic	alkalosis.28,42	A	mild
acetic	 acidosis	 may	 be	 seen	 when	 peripheral	 tissues	 incompletely	 oxidize
acetate.	A	hyperchloremic	metabolic	acidosis	has	been	observed	among	acutely
intoxicated	patients	who	have	excreted	β-hydroxybutyrate	in	their	urine.43

Clinical	Manifestations
Patients	 with	 AKA	 usually	 present	 with	 a	 recent	 history	 of	 binge	 alcohol
drinking	 in	 the	 setting	 of	 chronic	 alcohol	 use	 and	 poor	 nutritional	 intake
followed	by	vomiting	 and	 abdominal	 pain.	The	 fruity	 odor	 of	 ketones	may	be
detected	along	with	Kussmaul	breathing,	dry	mucous	membranes,	 tachycardia,
orthostatic	hypotension,	and	poor	skin	turgor.30	Abdominal	pain	is	 typical,	with
nonspecific	tenderness	on	examination.28

Diagnostic	Evaluation
The	 diagnosis	 of	 AKA	 is	 a	 diagnosis	 of	 exclusion.	 Signs	 and	 symptoms	 of
concomitant	 gastritis,	 pancreatitis,	 hepatitis,	 gastrointestinal	 hemorrhage,	 and
vitamin	 and	 mineral	 deficiencies	 are	 often	 present.	 Laboratory	 studies	 should
include	 those	 listed	 for	 acute	 ethanol	 intoxication	 plus	 serum	 ketones,	 lactate,
and	osmolality.	Ethanol	levels	are	often	low	to	undetectable,	and	hypoglycemia
may	be	present.44	A	respiratory	or	metabolic	alkalosis	may	be	present	in	addition
to	 the	 anion	 gap	 metabolic	 acidosis.	 At	 presentation,	 the	 predominant	 serum
ketone	 is	 usually	 β-hydroxybutyrate	 because	 of	 the	 altered	 redox	 state,	 which
results	in	falsely	low	serum	ketones	by	the	semiquantitative	nitroprusside	test	for
acetoacetate.30	 Many	 laboratories	 now	 measure	 β-hydroxybutyrate	 directly	 to
mitigate	this	concern.	Hypokalemia	is	uncommon,	in	part	because	acidosis	shifts
potassium	 out	 of	 the	 cell.	 The	 osmol	 gap	 may	 be	 elevated	 from	 glycerol,
acetone,	 and	 its	 metabolites,45	 even	 after	 correcting	 for	 the	 serum	 ethanol
concentration.46,47

The	differential	diagnosis	of	an	anion	gap	metabolic	acidosis	 includes	 lactic
acidosis,	 salicylate	 poisoning,	 uremia,	 diabetic	 ketoacidosis,	 and	 intoxication
from	iron,	ibuprofen,	toluene,	methanol,	ethylene	glycol,	and	diethylene	glycol.
AKA	 can	 usually	 be	 differentiated	 from	 diabetic	 ketoacidosis	 by	 the	 lack	 of
significant	hyperglycemia,	minimal	alteration	of	consciousness,	a	relatively	mild
acidosis,	and	rapid	improvement	with	supportive	therapy.48	Patients	with	alcohol



use	disorder	are	at	 risk	 for	both	AKA	as	well	as	methanol	and	ethylene	glycol
ingestion,	 and	 testing	 for	 these	 toxic	 alcohols	 may	 be	 difficult	 to	 obtain,
necessitating	 at	 times	 empirical	 treatment	 for	 both	 (see	 Ethylene	 Glycol	 and
Methanol	 treatment	 below).	 The	 presence	 of	 more	 than	 mild	 tenderness	 on
abdominal	examination	should	prompt	investigation	for	other	pathology	such	as
pancreatitis,	hepatitis,	sepsis,	or	pneumonia.28

Management
Supportive	 therapy	 is	 the	 same	 as	 that	 noted	 for	 acute	 intoxication.	 IV	 fluid
resuscitation,	glucose	(25-50	g),	and	thiamine	(100	mg)	to	reverse	the	ketogenic
process	 are	 the	 mainstays	 of	 therapy.	 Maintenance	 fluids	 should	 consist	 of
dextrose	 (5%)	 in	 normal	 saline.28,46	 Thiamine	 facilitates	 the	 entry	 of	 pyruvate
into	 the	 citric	 acid	 cycle	 and	 protects	 against	Wernicke	 encephalopathy.	 Once
urine	 output	 is	 established,	 supplemental	 potassium	 and	magnesium	 should	 be
administered.	 Hypophosphatemia	 may	 develop	 with	 increased	 glycolysis	 and
carbohydrate	 refeeding	 and	 should	 be	 corrected	with	 potassium	 phosphate.48,49
Hospitalization	and	refeeding	of	malnourished	patients	may	be	required.

ETHYLENE	GLYCOL	AND	METHANOL

Ethylene	Glycol
Ethylene	 glycol	 (1,2-ethanediol)	 is	 a	 colorless,	 sweet	 liquid50	 that	 imparts	 a
warm	 sensation	 to	 the	 tongue	 and	 esophagus	 when	 swallowed.	 It	 is	 found
primarily	 in	 automotive	 antifreeze	 and	 deicing	 solutions.	 Ingestions	 usually
result	 from	 suicide	 attempts,	 intentional	 substitution	 of	 ethylene	 glycol	 for
ethanol,	 or	 accidental	 exposure.	 According	 to	 the	 Annual	 Report	 of	 the
American	Association	of	Poison	Control	Centers’	National	Poison	Data	System
(NPDS),	during	2019	poison	centers	received	over	8000	calls	involving	ethylene
glycol,51	including	almost	3000	cases	treated	in	a	health	care	facility	and	over	20
deaths.	 Ethylene	 glycol	 itself	 causes	 little	 toxicity	 other	 than	 ethanol-like
inebriation	 until	 it	 is	 metabolized	 in	 the	 liver	 into	 its	 toxic	 acid	 metabolites
(Figure	 98.3).	 Ethylene	 glycol	 is	 first	 metabolized	 in	 the	 liver	 by	 ADH	 to
glycoaldehyde,	 which	 is	 rapidly	 transformed	 via	 aldehyde	 dehydrogenase	 to
glycolic	acid.	Glycolic	acid	is	slowly	converted	to	glyoxylic	acid,	which	in	turn
is	 converted	 to	 multiple	 metabolites,	 including	 oxalic	 acid.52-54	 It	 is	 uncertain



which	of	these	metabolites	is	most	directly	responsible	for	renal	tubular	toxicity,
although	internalization	of	calcium	oxalate	crystals	by	proximal	tubule	cells	may
be	directly	related	to	renal	damage.55

	

Figure	98.3 	Ethylene	glycol	metabolism.a	Blocked	by	ethanol	and
fomepizole.	LDH,	lactate	dehydrogenase.

The	 anion	 gap	metabolic	 acidosis	 seen	 during	 ethylene	 glycol	 poisoning	 is
due	 predominantly	 to	 elevated	 glycolic	 acid	 levels,52,56	 although	 oxalic	 acid,
glyoxylic	acid,	and	glycoaldehyde	may	be	more	toxic.55	Elevated	lactic	acid	also
contributes	to	the	acidosis56,57	and	has	been	attributed	to	the	increased	NADH	to
NAD+	 ratio	caused	by	metabolism	of	ethylene	glycol,58,59	and	to	the	toxicity	of
glyoxylic	 acid	 on	mitochondrial	 respiration.52	 In	 addition,	 some	 lactate	 assays
may	misinterpret	glycolate	as	lactate	and	report	falsely	elevated	lactate	levels.60-
62

Pathological	 changes	 can	be	 found	 in	 the	CNS,	 kidneys,	 lungs,	 heart,	 liver,



muscles,	and	retina.37,63	Renal	 findings	 include	dilation	of	 the	proximal	 tubules
with	 swelling	 and	 vacuolization	 of	 the	 epithelial	 cells,	 distal	 tubular	 dilation,
intratubular	 deposition	 of	 calcium	 oxalate	 crystals,	 and	 interstitial	 edema.58
Pulmonary	edema,	interstitial	pneumonitis,	and	hemorrhagic	bronchopneumonia
may	occur.	In	some	cases,	interstitial	myocarditis,	skeletal	muscle	inflammation,
and	 centrilobular	 hepatic	 fatty	 infiltration	may	 develop.	 CNS	 findings	 include
cerebral	 edema,	 meningoencephalitis,	 and	 cerebellar	 changes,	 including	 focal
loss	of	Purkinje	cells.63

The	 chemical	 properties	 and	 kinetics	 of	 ethylene	 glycol	 are	 summarized	 in
Table	 98.1.	 Oral	 absorption	 of	 ethylene	 glycol	 occurs	 rapidly.	 Percutaneous
absorption	 through	 intact	 skin	 is	negligible.	Ethylene	glycol	has	a	high	boiling
point,	 and	 toxicity	 from	 vapor	 inhalation	 does	 not	 occur.	 Hepatic	 metabolism
predominates,	 yet	 renal	 elimination	 of	 the	 parent	 compound	 is	 initially
substantial.	 The	 ensuing	 renal	 failure	 markedly	 prolongs	 the	 elimination	 of
ethylene	glycol	and	its	metabolites,58,64,65	worsening	the	toxicity.

The	estimated	minimum	lethal	dose	is	1.4	mL/kg	body	weight	for	humans.50
With	early	and	 intensive	 treatment,	 survival	has	been	 reported	 in	patients	with
serum	ethylene	glycol	concentrations	as	high	as	1889	mg/dL.66

Methanol
Methanol	 is	 a	 colorless	 liquid	 and	 has	 an	 odor	 distinct	 from	 that	 of	 ethanol.
Dietary	sources	and	endogenous	metabolism	can	produce	serum	methanol	levels
of	 0.15	mg/dL.67	 Exogenous	 sources	 of	 methanol	 include	 windshield	 washing
fluid,	deicing	fluids,	carburetor	cleaners,	paint	removers,	and	paint	thinners.	The
NPDS	 reports	 that	 during	 2019	 there	 were	 over	 2500	 calls	 to	 poison	 centers
regarding	methanol	and	at	least	17	deaths.51

Methanol	 is	 oxidized	 by	 liver	 ADH	 to	 formaldehyde,	 which	 is	 quickly
converted	to	formic	acid	(formate)	by	hepatic	aldehyde	dehydrogenase	(Figure
98.4).	 In	 primates,	 formate	 accumulates	 because	 of	 saturation	 of	 one-carbon
metabolism.	High	 levels	 of	 formate,	 an	 inhibitor	 of	mitochondrial	 cytochrome
oxidase,	 cause	 histotoxic	 hypoxia	 and	 are	 responsible	 for	 the	 characteristic
metabolic	 acidosis	 and	 ocular	 toxicity	 seen	 with	 methanol	 toxicity.68
Formaldehyde	is	also	very	toxic	but	has	a	very	short	half-life.67



	

Figure	 98.4 	 Methanol	 metabolism.a	 Blocked	 by	 ethanol	 and
fomepizole.

Formate	 plays	 a	 pivotal	 role	 in	 methanol	 toxicity.	 Blood	 formate
concentrations	 account	 for	 nearly	 the	 entire	 observed	 anion	 gap	 and	 base
deficit.69	Symptoms	and	prognosis	 also	 correlate	better	with	 formate	 than	with
methanol	 levels.70,71	 Primates	 infused	with	 formic	 acid	 develop	 ocular	 toxicity,
even	when	the	acidosis	is	controlled	with	sodium	bicarbonate.72	Ocular	toxicity
results	 from	 the	 inhibition	 of	 cytochrome	 oxidase	 by	 formic	 acid	 in	 the	 optic
nerve,	 leading	 to	 disruption	 of	mitochondrial	 electron	 transport	 and	 decreased
axoplasmic	 flow	 and	 electrical	 conduction.73	 Direct	 retinal	 toxicity	 can	 also
occur.74



The	 chemical	 properties	 and	 kinetics	 of	methanol	 are	 summarized	 in	Table
98.1.

2 	Methanol	 is	 absorbed	orally,	 dermally,	 and	via	 inhalation.75	Exposure	 can
occur	 intentionally	 or	 accidently	 such	 as	 from	 contaminated	 illicit	 alcoholic
beverages	or	from	methanol-containing	products.	More	than	50	mass	outbreaks
worldwide	have	been	 reported	 in	 the	 last	 2	 decades,76	 including	more	 recently
from	methanol-contaminated	hand	sanitizers	during	the	COVID-19	pandemic.77
Challenges	during	these	outbreaks	include	not	only	identifying	the	existence	and
scale	of	 an	outbreak	and	 the	 causative	 agent,	 but	 also	 in	 securing	and	 triaging
health	 care	 resources	 such	 as	 laboratory	 testing,	 antidotes,	 advanced
medical/nursing	 care,	 and	 hemodialysis.	Treatment	with	 fomepizole	 or	 ethanol
should	 be	 initiated	 as	 soon	 as	 a	 sufficiently	 high	 clinical	 probability	 has	 been
reached,78	 including	where	possible	 in	 the	community,	prior	 to	 transport	 to	 the
hospital,	 during	 a	 mass	 outbreak.76	 Hemodialysis	 should	 be	 initiated	 for	 all
patients	 with	 suspected	 methanol	 toxicity	 and	 visual	 changes	 (see
“Management”	in	“Methanol”	section	and	Table	98.6),	but	during	times	of	mass
outbreak	 and	 high	 resource	 utilization	 criteria	 have	 been	 proposed	 to	 allocate
emergency	 hemodialysis	 based	 on	 pH,	 pCO2,	 and	 level	 of	 consciousness	 on
arrival,	 presuming	 the	 availability	 of	 antidotal	 care,	 bicarbonate,	 folic/folinic
acid	 and	 supportive	 care	 for	 the	 rest.78	 Adults	 who	 abuse	 carburetor	 cleaning
fluid	by	inhalation	can	achieve	serum	methanol	levels	greater	than	50	mg/dL.79,80
Methanol’s	 metabolism	 is	 slower	 than	 that	 of	 ethylene	 glycol	 or	 ethanol.58,81
Hepatic	 oxidation	 predominates,	 with	 only	 trivial	 amounts	 eliminated	 via	 the
lungs	 and	 kidneys.81	 Elimination	 follows	 first-order	 kinetics	 at	 low	 doses	 and
during	 hemodialysis.82-84	 At	 higher	 doses,	 zero-order	 (Michaelis-Menten)
kinetics	may	prevail.	In	one	untreated	patient,	methanol	elimination	occurred	at
a	rate	of	8.5	mg/dL/h.85	The	elimination	half-life	of	formate	in	another	untreated
patient	was	 3.7	 hours86	 and	 averaged	 3.4	 ±	 1.5	 hours	 in	 eight	 patients	 treated
with	 fomepizole	 (4-methylpyrazole)	 and	 leucovorin.69	 With	 hemodialysis,	 the
formate	elimination	half-life	was	estimated	to	be	between	1.8	and	3.1	hours.69,86

Reported	 lethal	 doses	 for	 patients	 with	 inadequate,	 delayed,	 or	 no	 therapy
vary	 considerably	 and	 are	 not	 well	 established.	 In	 one	 epidemic,	 the	minimal
lethal	 dose	was	 15	mL	 of	 a	 40%-by-weight	methanol	 solution.	 Yet,	 in	 a	 case
report	 a	 27-year-old	man	with	 a	 blood	methanol	 concentration	of	 1290	mg/dL
(12.9	 g/L),	 possibly	 ingesting	 up	 to	 1000	 mL	 of	 a	 60%-by-weight	 methanol
solution,	survived	with	moderate	visual	sequelae	and	esophageal	stenosis.87

Clinical	Manifestations



Ethylene	Glycol
Ethanol-like	intoxication	usually	begins	within	an	hour	of	ingestion.	Symptoms
due	 to	 toxic	 metabolites	 usually	 occur	 4	 to	 12	 hours	 after	 ingestion	 but	 are
delayed	 further	 if	 ethanol	 was	 coingested	 by	 delaying	 the	 metabolism	 of
ethylene	glycol.	Patients	may	present	alert,	intoxicated,	or	in	a	coma,	depending
on	the	time	since	ingestion,	the	dose	of	ethylene	glycol,	coingestion	of	ethanol,
and	cross-tolerance.58,63	Vital	signs	can	be	normal.	Ocular	exposure	can	produce
a	chemical	conjunctivitis	and	chemosis,63	but	systemic	toxicity	does	not	occur.

The	classic	division	of	ethylene	glycol	poisoning	into	three	stages	is	primarily
of	historical	interest.	In	reality,	patients	rarely	exhibit	sequential	toxicity	that	can
be	 readily	 divided	 into	 distinct	 stages.	 Shortly	 after	 ingestion	 and	 before
significant	 metabolism	 of	 ethylene	 glycol	 has	 occurred,	 CNS	 effects	 such	 as
ethanol-like	 intoxication,	 stupor,	 nausea,	 and	 vomiting	 predominate.	 As	 toxic
metabolites	 begin	 to	 accumulate,	 a	 metabolic	 acidosis	 ensues	 with	 associated
cardiovascular	 and	 pulmonary	 signs,	 including	 Kussmaul	 respirations,
tachycardia,	cyanosis,	and	cardiogenic	or	noncardiogenic	pulmonary	edema.	As
renal	 injury	progresses,	 flank	pain	and	 tenderness,	proteinuria,	 and	anuria	may
occur.	 Acute	 renal	 failure	 occurs	 among	 nearly	 all	 untreated	 patients	 who
manifest	metabolic	acidosis	(serum	bicarbonate	<10	mmol/L).	Renal	dysfunction
can	 develop	within	 9	 hours	 of	 ingestion.88	 Patients	may	 also	 develop	myositis
with	muscle	 tenderness	 and	 elevated	 creatine	 kinase.58	 Death	may	 result	 from
severe	 metabolic	 derangements,	 cardiovascular	 or	 respiratory	 failure,	 or
progressive	CNS	depression.	Prolonged	seizures,	coma,	and	a	cerebral	herniation
syndrome	have	also	been	 reported.3	Preterminal	dysrhythmias	and	hypotension
are	rare.	The	presence	of	hyperkalemia,	severe	acidemia,	seizures,	and	coma	at
presentation	demonstrate	severe	toxicity.

Seizures	 are	 usually	 generalized	 but	 do	 not	 occur	 in	 all	 cases.	 Jacksonian
seizures	 have	 been	 reported,	 as	 have	myoclonic	 jerks	 and	 tetanic	 contractions
due	 to	 hypocalcemia.63	 Progressive	 CNS	 depression	 and	 prolonged	 seizures
usually	result	from	cerebral	edema.58	Transient	nystagmus	and	cranial	nerve	(II,
V,	VI,	VII,	VIII,	IX,	and	X)	palsies	have	been	reported	to	occur	4	to	18	days	post
ingestion.3,50,66,89-91

Methanol
Onset	of	 toxicity	usually	occurs	within	several	hours	of	methanol	 ingestion.	 In
one	 epidemic,	 a	 range	 of	 40	 minutes	 to	 72	 hours	 was	 reported.	 Factors
influencing	 time	 to	onset	of	 toxicity	 include	 the	dose,	ethanol	coingestion,	and



folate	stores.
Neurological,	ophthalmological,	and	gastrointestinal	symptoms	predominate.

Methanol	is	a	less	potent	CNS	depressant	than	ethanol.	Patients	may	be	alert	on
admission	and	complain	only	of	headache	and	dizziness.	Amnesia,	restlessness,
acute	 mania,	 lethargy,	 confusion,	 coma,	 and	 convulsions	 may	 follow.	 Cases
mimicking	 subarachnoid	 hemorrhage	 with	 severe	 headache,	 vomiting,
hypertension,	 and	 bradycardia	 followed	 by	 loss	 of	 consciousness	 have	 been
described.	Dyspnea	is	reported	by	only	8%	to	25%	of	patients.92

Early	 on,	 many	 patients	 offer	 no	 visual	 complaints.	 Visual	 symptoms
accompany	the	metabolic	acidosis	and	usually	develop	when	the	blood	pH	falls
below	7.2.	Blurred	vision,	photophobia,	scotomata,	eye	pain,	partial	or	complete
loss	 of	 vision,	 and	 visual	 hallucinations	 (eg,	 bright	 lights,	 “skin	 over	 eyes,”
“snowstorm,”	dancing	spots,	flashes)	have	been	reported.	These	disturbances	can
persist	 after	 formate	 has	 been	 completely	 eliminated	 and	 the	 acidosis	 has
resolved.

Methanol	can	produce	severe	hemorrhagic	gastritis	and	pancreatitis,	causing
upper	 abdominal	 pain,	 nausea,	 vomiting,	 and	 diarrhea.	 Liver	 function
abnormalities	have	been	documented	in	moderately	to	severely	ill	patients.

Vital	signs	may	reveal	 tachycardia	and	Kussmaul	respirations,	but	 the	blood
pressure	 is	 usually	 maintained.	 Untreated,	 patients	 can	 die	 from	 sudden
respiratory	 arrest.4	 The	 skin	 may	 be	 cool	 and	 diaphoretic,	 and	 abdominal
muscles	rigid	without	rebound	tenderness.

The	most	notable	physical	findings	are	those	discovered	on	ophthalmological
examination,	but	these	are	late	findings.	Pupils	may	react	sluggishly	or	may	be
fixed	 and	 dilated.	 Funduscopic	 examination	may	 show	hyperemia	 of	 the	 optic
discs	 followed	 by	 retinal	 edema,	 which	 develops	 initially	 along	 the	 retinal
vessels	 and	 then	 spreads	 to	 the	 central	 areas	 of	 the	 fundus.	 Retinal	 vessel
engorgement	 accompanies	 the	 retinal	 edema.68	 Papilledema	 may	 develop.21
Ophthalmologic	findings	do	not	necessarily	correlate	with	visual	complaints.

Diagnostic	Evaluation
Poisoning	by	ethylene	glycol	and	methanol	should	be	suspected	for	all	patients
with	a	history	of	ingesting	ethanol	substitutes	or	who	have	an	unexplained	anion
gap	metabolic	acidosis.

Ethylene	Glycol
Laboratory	studies	should	include	complete	blood	cell	count;	serum	electrolytes;



glucose;	blood	urea	nitrogen;	creatinine;	arterial	or	venous	blood	gas;	calcium;
serum	osmolality;	ethanol,	methanol,	and	ethylene	glycol	levels;	and	urinalysis.
Additional	 laboratory	studies	may	 include	electrocardiogram,	chest	 radiograph,
and	 head	 computed	 tomography	 as	 clinically	 indicated.	 Early	 after	 ingestion,
before	significant	metabolism	of	ethylene	glycol,	an	osmol	gap	may	be	present
with	neither	metabolic	acidosis	nor	an	anion	gap	(see	later	discussion	on	osmol
gap).	As	ethylene	glycol	 is	metabolized,	 the	osmol	gap	decreases	and	an	anion
gap	metabolic	acidosis	develops.	Patients	who	present	very	late	may	have	well-
established	 renal	 failure	 yet	 normal	 osmol	 and	 anion	 gaps,	 normal	 pH,	 and
unmeasurable	ethylene	glycol	levels.

Perhaps	the	greatest	diagnostic	challenge	of	managing	a	patient	suspected	to
have	ingested	a	toxic	alcohol	or	glycol	is	the	limited	availability	of	methanol	and
ethylene	glycol	 testing.	Gas	chromatography	can	reliably	quantify	 the	presence
of	ethylene	glycol	or	methanol,	but	most	hospitals	are	unable	 to	perform	 these
tests	in	a	timely	fashion.	Moreover,	some	hospitals	offer	a	“toxic	alcohol	screen”
that	detects	methanol,	ethanol,	and	isopropanol	but	not	ethylene	glycol,	which	is
a	 diol.	 This	 nomenclature	 can	mislead	 a	 clinician	 into	 interpreting	 a	 negative
“toxic	alcohol	screen”	as	excluding	the	presence	of	ethylene	glycol.	Interference
due	 to	 propionic	 acid,	 propylene	 glycol,	 glycerol,	 2,3-butanediol,	 and	 β-
hydroxybutyrate	has	been	described.5,93-95	Testing	for	glycolic	acid	or	formic	acid
is	 even	 less	 available.	 A	 rapid	 bedside	 qualitative	 test	 for	 ethylene	 glycol	 is
available	 but	 not	 yet	 approved	 for	 diagnostic	 use	 in	 humans.96	 Breath	 alcohol
analysis	 can	 mistake	 methanol	 for	 ethanol,	 providing	 indirect	 evidence	 of
exposure.	 Therefore,	 diagnostic	 and	 therapeutic	 decisions	 are	 often	 based	 on
circumstantial	evidence	derived	from	the	history	and	available	laboratory	testing
(eg,	osmol	and	anion	gaps),	pending	confirmatory	testing.	It	is	essential	for	the
physician	 to	 understand	 the	 strengths	 and	 the	 limitations	 of	 these	 indirect
markers	of	toxicity.

Arterial	 pH	 measurements	 in	 ethylene	 glycol–exposed	 patients	 can	 range
from	6.7	 to	7.5.88	Ethylene	glycol	poisoning	often	 results	 in	higher	 anion	gaps
than	 other	 causes	 of	 this	 abnormality.6,59,71,97	 The	 differential	 diagnosis	 of	 an
increased	 anion	 gap	 metabolic	 acidosis	 is	 discussed	 above	 (see	 “Alcoholic
Ketoacidosis”	 section).	 For	 young	 children,	 child	 abuse	 and	 inborn	 errors	 of
organic	 acid	metabolism	 should	 be	 considered	 in	 the	 differential	 diagnosis.95,98
Hyperkalemia	 may	 be	 seen	 in	 association	 with	 acidosis	 and	 with	 renal
failure.63,99,100	 The	 creatinine	 and	 blood	 urea	 nitrogen	 are	 normal	 unless	 renal
failure	 has	 supervened.	 Calcium	 levels	 are	 initially	 normal	 but	 may	 drop
significantly	as	calcium	complexes	with	oxalic	acid	to	form	calcium	oxalate.	The
electrocardiogram	 may	 show	 ST-T	 wave	 and	 QTc	 changes	 consistent	 with



hypocalcemia,	hyperkalemia,	or	both.
The	osmol	gap	 (refer	 to	Chapters	96,	137,	 and	198)	 is	 frequently	used	as	a

diagnostic	test	in	the	evaluation	of	these	patients.	Extreme	caution	must	be	used
when	interpreting	the	osmol	gap,	however.	First,	the	serum	osmolality	should	be
measured	by	the	freezing	point	depression,	as	vapor	pressure	osmometry	will	not
detect	methanol,	ethanol,	and	isopropanol.

Although	 an	 osmol	 gap	 greater	 than	 10	 mOsm	 is	 often	 sought	 as	 indirect
evidence	of	 the	presence	of	 an	 exogenous	 alcohol	or	glycol,	 failure	 to	 find	 an
elevated	 osmol	 gap	 does	 not	 rule	 out	 significant	 alcohol	 or	 glycol	 ingestion.6
Cumulative	measurement	 error	 with	 the	 formula	 parameters,	 variations	 of	 the
formula	itself,	and	the	natural	variability	of	the	osmol	gap	at	baseline	contribute
to	 imprecision	 of	 the	 calculated	 osmol	 gap.7,8,46	 This	 variability	 can	 hide	 a
significant	amount	of	an	alcohol	or	glycol.	Furthermore,	as	the	parent	alcohol	or
glycol	 is	 oxidized	 to	 the	 toxic-charged	 metabolite,	 the	 osmol	 gap	 disappears.
Conversely,	 an	 elevated	 osmol	 gap	 is	 not	 specific	 for	 alcohols	 or	 glycols,	 as
lactic	acidosis,	ketoacidosis,	and	sepsis	can	also	increase	the	osmol	gap.6

Studies	of	various	control	populations	not	exposed	to	methanol,	isopropanol,
or	 ethylene	 glycol	 reported	 that	 osmol	 gaps	 averaged	 approximately	 −1	 to	 −2
mOsm/kg.9,47,101	 The	 variability	 was	 substantial,	 however,	 with	 standard
deviations	of	between	5	and	8	mOsm/kg.	Thus,	although	an	arbitrary	upper	limit
of	10	mOsm/kg	has	historically	been	used	for	the	normal	osmol	gap,	an	osmol
gap	 of	 10	 mOsm/kg	 for	 a	 patient	 whose	 usual	 baseline	 gap	 is	 zero	 could
represent	 substantial	 serum	 concentrations	 of	 ethylene	 glycol	 (62	 mg/dL)	 or
methanol	(32	mg/dL).97	One	patient	with	an	osmol	gap	of	only	11	mOsm/kg	had
an	ethylene	glycol	level	of	38	mg/dL	and	subsequently	developed	renal	failure,59
whereas	 another	 patient	 with	 an	 osmol	 gap	 of	 7.2	 mOsm/kg	 required
hemodialysis	 for	 ethylene	 glycol	 toxicity.96	 Thus,	 an	 elevated	 osmol	 gap	 may
suggest	the	presence	of	an	alcohol	or	glycol,	but	a	normal	gap	does	not	rule	out	a
small	ingestion	or	a	late	presentation.102

Microscopic	 examination	 of	 the	 urine	 for	 crystals	 is	 another	 indirect
diagnostic	 test	 frequently	 recommended.	However,	 fewer	 than	50%	of	patients
have	crystalluria	at	presentation.	In	the	rest,	both	calcium	oxalate	monohydrate
(needle-shaped)	and	calcium	oxalate	dihydrate	(envelope-shaped)	crystals	can	be
found,	 but	 the	 monohydrate	 may	 be	 confused	 with	 uric	 or	 hippuric	 acid
crystals.59,103	 The	 dihydrate	 crystals	 tend	 to	 occur	 at	 higher	 concentrations	 and
convert	 to	 the	 monohydrate	 form	 within	 24	 hours,104	 but	 they	 are	 also
nonspecific	and	can	be	 found	 in	 the	urine	after	 ingestion	of	oxalate-containing
foods	 such	 as	 rhubarb.	 Other	 nonspecific	 urinary	 findings	 can	 include	 low
specific	 gravity,	 proteinuria,	 hematuria,	 and	 pyuria.	 Some	 antifreeze



manufacturers	 add	 fluorescein	 to	 their	 products	 to	 facilitate	 the	 detection	 of
radiator	 leaks.	 However,	 Wood’s	 lamp	 examination	 of	 the	 urine	 or	 gastric
aspirate	to	detect	fluorescence	is	similarly	unreliable	and	should	not	be	used	to
make	 or	 exclude	 the	 diagnosis.	 Other	 drugs,	 food	 products,	 toxins,	 and	 even
endogenous	 compounds	 cause	 urine	 to	 fluoresce,	 as	 do	 the	 containers	 used	 to
collect	urine.105,106

Methanol
2 	 3 	 The	 laboratory	 studies	 listed	 for	 ethylene	 glycol	 evaluation	 should	 be
obtained.	Methanol	can	also	cause	an	anion	gap	metabolic	acidosis	and	an	osmol
gap.50	 The	 caveats	 noted	 under	 ethylene	 glycol	 for	 the	 evaluation	 and
interpretation	 of	 these	 parameters	 apply	 equally	 to	 methanol.	 Elevated	 lactate
levels,	mild	hypokalemia,	 and	 leukocytosis	may	occur.	Lactic	 acidosis	may	be
seen	late	in	the	course	of	methanol	poisoning	and	may	result	from	inhibition	of
the	 mitochondrial	 electron	 transport	 system	 or	 from	 poor	 tissue	 perfusion.58
Serum	 lactate	 concentrations	 of	 11.5	 and	 23	 mmol/L	 have	 been	 reported	 24
hours	or	more	after	ingestion.	Amylase	elevations	and	pancreatitis	can	occur	in
up	 to	 half	 of	 severely	 poisoned	 patients.85,107	 Computed	 tomography	 scanning
can	 demonstrate	 cerebral	 edema,	 as	 well	 as	 frontal	 lobe	 and	 basal	 ganglia
hemorrhages	and	infarcts	associated	with	poor	clinical	outcomes.

Management
The	focus	of	treatment	for	ethylene	glycol	and	methanol	poisoning	is	to	prevent
the	 formation	 of	 toxic	metabolites	 by	 inhibiting	 liver	ADH	and	 enhancing	 the
removal	 of	 the	 parent	 compound	 and	 metabolites.	 Antidotal	 therapy,	 cofactor
therapy,	 and	 hemodialysis	 may	 be	 necessary	 in	 addition	 to	 supportive	 care	 to
achieve	these	goals.

Initial	 treatment	 includes	 airway	 management	 in	 the	 comatose	 patient,	 IV
fluids,	cardiac	monitoring,	and	appropriate	laboratory	studies.	Gastric	aspiration
via	a	nasogastric	tube	may	be	beneficial	but	only	when	performed	within	an	hour
of	 a	 large	 ingestion.	 Oral	 activated	 charcoal	 is	 ineffective,	 but	 it	 may	 be
considered	when	coingestants	are	suspected.108,109

IV	sodium	bicarbonate	should	be	administered	to	correct	serum	pH	to	at	least
7.3.85,109	 Large	 doses	 of	 sodium	 bicarbonate	 may	 be	 required.	 Sodium
bicarbonate	 is	 useful	 in	 ethylene	 glycol	 and	 methanol	 poisonings	 for	 three
reasons.	 First,	 unlike	 the	 metabolites	 in	 lactic	 acidosis	 and	 ketoacidosis,	 the
metabolites	of	ethylene	glycol	and	methanol	cannot	be	transformed	to	regenerate



bicarbonate,59	and	the	acidosis	must	be	corrected	with	exogenous	alkali.	Second,
increasing	 the	 serum	 pH	 enhances	 the	 ionization	 of	 these	 acid	 metabolites,
making	them	less	diffusible,	 trapping	them	in	the	blood	and	extracellular	fluid,
and	limiting	their	tissue	penetration.58	Third,	urinary	alkalinization	may	increase
excretion	 of	 acid	 metabolites	 through	 ion	 trapping	 in	 the	 urine	 as	 it	 forms,
provided	 renal	 function	 remains	 normal.50,103	 In	 ethylene	 glycol	 poisoning,
however,	the	hypocalcemia	that	occurs	as	calcium	complexes	with	oxalate	may
be	 worsened	 by	 alkali	 administration.	 Calcium	 chloride/gluconate	 should	 be
administered	 to	 correct	 symptomatic	 hypocalcemia	 including	 seizures,	 but	 the
indiscriminate	 use	 of	 calcium	 salts	 to	 correct	 an	 abnormal	 laboratory	 value
should	be	avoided	because	 it	may	 increase	 the	precipitation	of	calcium	oxalate
crystals.10	 In	 methanol	 poisoning,	 increasing	 the	 serum	 pH	 may	 increase	 the
concentration	 of	 ionized	 formate,	 thus	 diminishing	 formic	 acid	 access	 to	 the
CNS	and	possibly	ameliorating	retinal	toxicity.58

Seizures	 should	 initially	 be	 treated	 with	 standard	 anticonvulsants,	 such	 as
benzodiazepines	 and	 barbiturates.	 Hypocalcemia	 and	 hypoglycemia	 should	 be
excluded.	Recurrent	or	persistent	coma	or	seizures	should	prompt	evaluation	for
underlying	 cerebral	 edema.	 Cerebral	 edema	 should	 be	 managed	 acutely	 with
hyperventilation,	 mannitol	 (provided	 renal	 function	 is	 intact),	 and	 potentially
intracranial	 pressure	 monitoring	 and	 decompression.	 Cardiopulmonary
complications	may	require	inotropes	and	vasopressors.

Ethanol	 and	 fomepizole	 are	 antidotes	 for	 ethylene	 glycol	 and	 methanol
poisoning.	 These	 agents	 inhibit	 liver	 ADH	 and	 block	 the	 initial	 oxidation	 of
ethylene	 glycol	 and	 methanol	 to	 their	 more	 toxic	 metabolites.	 After	 ADH	 is
inhibited,	 ethylene	 glycol	 and	 methanol	 can	 be	 eliminated	 via	 endogenous	 or
extracorporeal	routes.11,65,110	Antidotal	therapy	has	no	effect	on	the	elimination	of
the	acid	metabolites.	Typical	indications	for	antidotal	therapy	in	cases	of	known
or	possible	methanol	or	ethylene	glycol	intoxication	are	outlined	in	Table	98.3,
although	 consultation	 with	 a	 medical	 toxicologist	 whenever	 antidotal	 use	 is
being	contemplated	can	assist	with	this	complex	decision.80,88,100,109,111

TABLE	98.3

Indications	for	Alcohol	Dehydrogenase	Inhibitor	Therapy

A	serum	methanol	or	ethylene	glycol	concentration	>20	mg/dLa

When	serum	methanol	or	ethylene	glycol	levels	are	not	readily	available:



Documented	ingestion	of	a	consequential	amount	of	methanol	or
ethylene	glycol,	especially	when	it	is	associated	with	a	falling	serum
bicarbonate	level	or	serum	osmol	gap	>10	mOsm/kg	by	freezing	point
depression
History	or	strong	clinical	suspicion	of	methanol	or	ethylene	glycol
ingestion	and	one	of	the	following:
A	falling	serum	bicarbonate	level	or	a	serum	bicarbonate	<20	mmol
Arterial	pH	<	7.3
Renal	dysfunction	or	ocular	toxicity

aAttempts	should	be	made	to	obtain	confirmatory	methanol	or	ethylene	glycol	concentrations	as
soon	as	possible	when	contemplating	alcohol	dehydrogenase	inhibitor	therapy.	In	all	cases,
consultation	with	a	medical	toxicologist	is	strongly	recommended.

Historically,	recognition	that	ethanol	is	the	preferred	substrate	for	ADH	(10-
20	times	greater	affinity	for	ADH	than	other	alcohols)50	suggested	its	clinical	use
as	 a	 competitive	 inhibitor	 of	 this	 enzyme.	Although	most	 sources	 recommend
administering	 sufficient	 ethanol	 to	 maintain	 serum	 ethanol	 concentrations
between	 100	 and	 150	 mg/dL,82	 limited	 data	 support	 this	 target	 concentration.
Because	 ethanol	 is	 a	 competitive	 inhibitor	 of	 ADH,	 extremely	 high	 levels	 of
ethylene	 glycol	 or	 methanol	 should	 be	 met	 with	 higher	 doses	 of	 ethanol.
Targeting	a	1:4	molar	ratio,12,58	a	serum	ethanol	concentration	of	100	mg	per	dL
should	 suffice	 for	 methanol	 concentrations	 as	 high	 as	 257	mg/dL	 or	 ethylene
glycol	 as	 high	 as	 540	 mg/dL.	 Dosage	 guidelines	 to	 achieve	 an	 ethanol
concentration	of	100	mg/dL	are	outlined	in	Table	98.4.

TABLE	98.4

Ethanol	Dosing	for	Ethylene	Glycol	or	Methanol	Poisoning

Loading	dose	of	ethanol:
0.8	g/kg	(1	mL/kg)	of	100%	ethanol
Oral	or	via	nasogastric	tube:	use	20%-30%	concentration	(eg,	5	mL/kg
of	20%	ethanol;	recall	“80	proof”	=	40%	by	volume)
Intravenous:	use	5%-10%	concentration,	load	over	1	h	(eg,	10	mL/kg
of	10%	ethanol	in	D5	W	over	1	h)

If	ethanol	is	already	present,	the	amount	of	ethanol	required	to	achieve	a



serum	ethanol	level	of	100-150	mg/dL	may	be	calculated	as	follows:
Amount	ethanol	(mg)	=	[desired	concentration	(mg/dL)	−	known
concentration	(mg/dL)	V	d	of	ethanol	(0.6	L/kg)	×	body	weight
(kg)	×	10	dL/L

Maintenance	doses	of	ethanol:
Begin	during	administration	of	the	loading	dose.
Give	80	mg/kg/h	of	ethanol	orally	or	intravenously	(as	above).	For	a
patient	on	hemodialysis,	the	maintenance	dose	should	be	higher:	250-
350	mg/kg/h.	Chronic	require	higher	doses	(average	150	mg/kg/h).
Because	of	potential	hypoglycemia,	glucose	should	be	given	along
with	ethanol.	Serum	ethanol	and	glucose	levels	must	be	monitored
frequently.

*D5	W,	dextrose	5%	in	water;	V	d,	volume	of	distribution.

Adapted	from	Ekins	BR,	Rollins	DE,	Duffy	DP,	et	al.	Standardized	treatment	of	severe	methanol
poisoning	with	ethanol	and	hemodialysis.	West	J	Med.	1985;142:337.

There	 are	 disadvantages	 to	 using	 ethanol	 therapeutically.	 Perhaps	 the	most
important	 limitation	 is	 the	 toxicity	 of	 ethanol	 itself,	 including	 coma,	 airway
compromise,	 respiratory	 depression,	 and	 agitation.30,112,113	 At	 recommended
doses,	 ethanol	 induces	 inebriation	 in	 the	 nontolerant	 individual.	 Subsequent
behavioral	effects	and	severe	mental	status	depression	may	require	interventions,
such	as	sedation	and	endotracheal	 intubation,	shortly	after	 initiation	of	 therapy.
The	 need	 for	 these	 interventions	 as	well	 as	 the	 continuous	 infusion	 of	 ethanol
itself	 can	 complicate	 and	 delay	 interfacility	 transfer.	 Although	 IV	 ethanol
administration	 is	 generally	 preferred	 to	 oral	 ethanol,	 this	 requires
extemporaneous	compounding	of	pharmaceutical-grade	ethanol	and	an	infusion
of	a	hypertonic	solution	(10%	ethanol	by	volume	is	1700	mOsm/kg),	usually	via
a	central	venous	catheter.	Maintaining	an	adequate	ethanol	level	can	be	difficult
and	 interindividual	 variations	 of	metabolism	 and	 removal	 during	 hemodialysis
necessitate	 frequent	 monitoring	 of	 serum	 concentrations	 and	 dosage
adjustments.112	This	allows	for	more	opportunity	for	ethanol-related	medication
errors,	such	as	excessive	ethanol	dose,	inadequate	monitoring,	and	inappropriate
antidote	 duration,	 as	 compared	 with	 fomepizole	 therapy.13	 Finally,	 ethanol
therapy	 is	 relatively	 contraindicated	 for	 patients	 on	 disulfiram	 or	 similar
medications,	patients	with	hepatic	disease,	 and	patients	with	alcohol	addiction.
Admission	to	an	intensive	care	setting	is	considered	mandatory	for	an	individual
receiving	ethanol	therapy.



Given	 these	 limitations	 to	 ethanol	 therapy,	 fomepizole	 has	 emerged	 as	 the
preferred	antidote.	It	is	a	more	potent	competitive	inhibitor	of	ADH,	with	500	to
1000	times	greater	affinity	for	ADH,	than	is	ethanol.10,50,103,114,115	Fomepizole	has
many	advantages	over	ethanol:	wide	therapeutic	margin,	ease	of	administration,
fixed	dosing	schedule,	lack	of	CNS	or	behavioral	toxicity,	lack	of	metabolic	or
fluid	 balance	 effects,	 patient	 and	 provider	 safety,	 and	 no	 need	 for	 drug
concentration	monitoring.108,113,114,116-118	Despite	these	advantages,	ethanol	should
not	be	overlooked	as	a	viable	treatment	option	during	mass	outbreaks	or	times	of
limited	resources	or	drug	availability.119	Currently,	 fomepizole	 is	only	available
as	 a	 parenteral	 formulation,	 although	 oral	 administration	 of	 this	 same
formulation	 has	 similar	 pharmacokinetics	 and	 efficacy.120	 Highly	 selected
patients	treated	with	fomepizole	may	also	avoid	hemodialysis	(discussed	later),
intensive	 care	 unit	 admission,	 or	 even	 interfacility	 transfer.64,65,103,108,115,116,120-125
These	advantages	are	even	more	important	in	the	setting	of	mass	epidemics	and
for	pediatric	exposures.126

A	 minimum	 serum	 fomepizole	 concentration	 of	 10	 µM	 (0.8	 mg/dL)127
effectively	halts	ethylene	glycol	and	methanol	oxidation65,128	and	is	much	higher
than	 the	 in	 vitro	Ki	of	 fomepizole	 for	 human	ADH	of	 1	 µM.65	 Recommended
dosing	 (Table	 98.5)	 achieves	 and	 maintains	 serum	 fomepizole	 concentrations
greater	than	100	µM,	eliminating	the	need	for	drug	concentration	monitoring.14
Adverse	 drug	 events	 associated	 with	 fomepizole	 therapy	 are	 infrequent	 and
include	 rash,	 eosinophilia,	 minimal	 hepatic	 transaminase	 elevations,	 nausea,
vomiting,	and	abdominal	pain.15	Hypersensitivity	to	pyrazoles,	such	as	celecoxib
and	zaleplon,	is	the	only	contraindication	to	its	use.	Fomepizole	does	not	appear
to	affect	retinol	dehydrogenases	involved	in	vision.16	Its	dosing	protocol	is	based
on	zero-order	elimination	kinetics,	increased	clearance	during	hemodialysis,	and
potential	 autoinduction	 of	 metabolism	 via	 cytochrome	 P450-2E1129,130	 (Table
98.5).

TABLE	98.5

Fomepizole	Intravenous	Dosing	Protocol

Loading	dose:	15	mg/kg

Maintenance	dose	(beginning	12	h	after	loading	dose):
10	mg/kg	every	12	h;	increase	dose	to	15	mg/kg	every	12	h	if	more
than	48	h	after	loading	dose



Dosing	during	hemodialysis:
At	initiation	of	dialysis:
If	<6	h	since	last	dose,	no	additional	dose
If	>6	h	since	last	dose,	next	scheduled	dose

During	hemodialysis:	next	scheduled	dose	every	4	h	
At	completion	of	hemodialysis:
If	<1	h	since	last	dose,	no	additional	dose
If	1-3	h	since	last	dose,	half	of	next	scheduled	dose
If	>3	h	since	last	dose,	next	scheduled	dose

Each	dose	diluted	in	100	mL	normal	saline	and	infused	over	30	min

The	main	disadvantage	to	fomepizole	therapy	is	the	higher	acquisition	cost	of
the	 drug	 compared	 with	 ethanol,131,132	 although	 this	 acquisition	 cost	 must	 be
balanced	 against	 improved	 patient	 safety	 and	 reduced	 intensity	 of	 monitoring
and	 therapy.116,123,133	Although	 there	 are	 no	 prospective	 clinical	 studies	 directly
comparing	 the	 safety	 of	 ethanol	 with	 fomepizole,	 there	 are	 retrospective
evaluations	that	have	reported	fewer	adverse	drug	events	with	fomepizole.112,134
Fomepizole	is	the	antidote	of	choice,	when	available,132	especially	for	a	patient
who	 has	 coingested	 other	CNS	depressants,	 for	 the	 critically	 ill	 patient	with	 a
profound	anion	gap	metabolic	acidosis	of	uncertain	etiology,	and	for	the	patient
in	 whom	 hemodialysis	 may	 be	 technically	 challenging	 (eg,	 infants)	 or
unnecessary.108,117,135

Fomepizole	 has	 also	 been	 successfully	 used	 to	 treat	 combined
methanol/isopropanol136	and	diethylene	glycol/triethylene	glycol122	overdoses	of
humans.	 Treatment	 with	 fomepizole	 or	 ethanol	 should	 be	 continued	 until	 the
metabolic	 acidosis	 has	 resolved	 and	 serum	methanol	 or	 ethylene	 glycol	 levels
fall	below	20	mg/dL	(200	mg/L).

Cofactor	 therapy	 for	 patients	 poisoned	 by	 ethylene	 glycol	 includes	 IV
pyridoxine	 (100	mg)	 and	 thiamine	 (100	mg)	 once	 a	 day	 until	 ethylene	 glycol
levels	are	unmeasurable	and	acidemia	has	cleared.	Pyridoxine	is	required	for	the
conversion	 of	 glyoxylic	 acid	 to	 glycine,	whereas	 thiamine	 and	magnesium	are
required	 for	 the	 conversion	 of	 glycolic	 acid	 to	 γ-hydroxy-α-ketoadipate.
Administering	 these	cofactors	may	shunt	metabolism	away	from	 the	 formation
of	 oxalic	 acid,99,137	 although	 benefits	 have	 not	 been	 documented	 for	 human
poisonings.	 Magnesium	 should	 be	 administered	 to	 patients	 with
hypomagnesemia.

Patients	poisoned	with	methanol	should	receive	IV	folinic	acid	(leucovorin),
1	to	2	mg/kg	every	4	to	6	hours	until	methanol	and	metabolic	acidosis	have	been



cleared.10,86	 Folic	 acid	 (folate)	 can	 be	 substituted	 if	 leucovorin	 is	 unavailable.
Hepatic	formate	metabolism	occurs	through	a	folate-dependent	mechanism	(see
Figure	98.4).	The	susceptibility	of	primates	to	methanol	toxicity	correlates	with
reduced	 hepatic	 5,6,7,8-tetrahydrofolate	 (THF,	 or	 reduced	 folate)	 stores
compared	with	lower	mammals,10	and	exogenous	folinic	acid	(5-formyl-THF)	or
folate	may	increase	their	capacity	to	remove	formate.	Although	human	data	are
limited,	 monkeys	 pretreated	 with	 folic	 or	 folinic	 acid	 resulted	 in	 marked
attenuation	 of	 serum	 formate	 levels	 and	 metabolic	 acidosis	 after	 methanol
administration.138	Folinic	acid	given	after	the	onset	of	methanol	toxicity	was	also
beneficial.

Hemodialysis	 effectively	 removes	 ethylene	 glycol,	 methanol,	 glycolic	 acid,
formic	 acid,	 and	 probably	 the	 other	 toxic	metabolites	 and	 should	 be	 used	 for
nearly	 all	 cases	 with	 acidosis	 or	 end-organ	 toxicity.50,64,69,71,81,82,139	 Early
hemodialysis	 can	 prevent	 subsequent	 toxicity.22,104	 Addition	 of	 extra	 sodium
bicarbonate	to	the	dialysate	can	assist	with	correcting	acidosis,	and	hemodialysis
may	assist	with	controlling	volume	status.	The	frequency	of	fomepizole	dosing
must	 be	 increased	 during	 hemodialysis	 to	 compensate	 for	 its	 removal.	 When
using	 ethanol,	 its	 infusion	 rate	 should	 be	 empirically	 doubled	 at	 the	 start	 of
hemodialysis	and	serum	ethanol	levels	should	be	monitored	hourly.

Recommendations	 for	 hemodialysis	 are	 outlined	 in	 Table
98.6.10,11,50,64,66,81,116,117	Traditional	criteria	for	hemodialysis	have	included	a	serum
ethylene	glycol	or	methanol	concentration	>50	mg/dL	(500	mg/L),	independent
of	symptoms,	acid-base	status,	or	other	markers	of	end-organ	 toxicity.10	Again,
consultation	 with	 a	 toxicologist	 is	 strongly	 recommended	 whenever
contemplating	hemodialysis	for	toxic	alcohol	poisoning.	Some	carefully	selected
patients	 have	 been	 successfully	 managed	 with	 fomepizole,	 cofactors,	 and	 IV
fluid	 hydration	 alone	 despite	 serum	 ethylene	 glycol	 concentrations	 as	 high	 as
∼400	mg/dL.65	Such	patients	must	be	hemodynamically	 stable	and	have	near-
normal	 acid-base	 status	 and	 renal	 function.	 If	 minimal	 ethylene	 glycol
metabolism	has	occurred	before	initiation	of	fomepizole	therapy,	the	endogenous
ethylene	 glycol	 elimination	 half-life	 is	 expected	 to	 be	 less	 than	 18	 hours.64,65
Thus,	 patients	 with	 a	 normal	 serum	 creatinine	 and	 arterial	 pH	 at	 the	 start	 of
fomepizole	therapy	may	forgo	hemodialysis	despite	high	serum	ethylene	glycol
concentrations.64,108,124	 Although	 a	 similar	 strategy	 has	 been	 proposed	 for
methanol-exposed	patients,136	the	more	prolonged	methanol	elimination	half-life
(approximately	 50	 hours)	 after	 ADH	 inhibition81,140	 would	 favor	 hemodialysis
when	readily	available	and	technically	feasible.81	Hemodialysis	should	always	be
considered	 for	 patients	 who	 experience	 coma,	 seizure,	 new	 vision	 deficits,
acidemia	 with	 a	 pH	 <	 7.15,	 persistent	 metabolic	 acidosis	 despite	 appropriate



treatments,	 serum	 anion	 gap	 >24	 mmol/L,	 or	 evidence	 of	 abnormal	 kidney
function.	 Hemodialysis	 is	 preferred	 when	 available,	 especially	 for	 acidemic
patients,	because	of	the	much	higher	elimination	of	the	toxic	acid	metabolites,81
although	 continuous	 renal	 replacement	 therapies	 may	 be	 necessary	 when
hemodialysis	 is	 not	 available,	 as	 during	 a	 mass	 outbreak.141	 Acid-base	 status,
renal	 function,	 and	 serum	 ethylene	 glycol	 or	methanol	 levels	must	 be	 closely
monitored	when	hemodialysis	is	withheld.116

TABLE	98.6

Indications	for	Hemodialysis	in	Methanol	or	Ethylene
Glycol	Poisoning

Renal	dysfunction	as	evidenced	by	increased	serum	creatinine	concentrationa

Severe	metabolic	acidosis	with	a	pH	less	than	or	equal	to	pH	7.15

Serum	methanol	or	ethylene	glycol	concentration	>50	mg/dL	without	the
presence	of	an	alcohol	dehydrogenase	blockera

Serum	methanol	or	ethylene	glycol	concentration	>60	mg/dL	during	ethanol
treatmenta

Serum	methanol	or	ethylene	glycol	concentration	>70	mg/dL	during
fomepizole	treatmenta

Coma

Seizure

New	vision	deficits

Persistent	metabolic	acidosis	despite	appropriate	treatments	and	therapies

Serum	anion	gap	>24	mmol/L

Adapted	from	Roberts	Darren,	Yates	Christopher,	Magarbane	Bruno,	et	al.	Recommendations	for
the	Role	of	Extracorporeal	Treatments	in	the	Management	of	Acute	Methanol	Poisoning:	A
Systematic	Review	and	Consensus	Statement.	Crit	Care	Med.	2015;43:461.
aSelected	patients	with	ethylene	glycol	concentrations	above	50	mg/dL	and	both	normal	creatinine
and	arterial	pH	at	initiation	of	fomepizole	treatment	may	be	eligible	for	conservative	treatment
without	hemodialysis.	In	all	cases,	consultation	with	a	medical	toxicologist	is	strongly



recommended.

Ethylene	glycol	clearance	 rates	of	156	 to	226	mL/min	 (fractional	excretion
43%-92%;	 half-life	 2.3-3.5	 hours)	 can	 be	 expected	 during	 hemodialysis,	 as
compared	with	renal	clearance	rates	of	27.5	±	4.1	mL/min	(fractional	excretion
26%	±	 9%)	 in	 patients	with	 normal	 renal	 function	 and	 clearance	 rates	 of	 1	 to
6	mL/min	 in	 patients	with	 renal	 dysfunction.64,142	Glycolic	 acid	 is	 removed	by
hemodialysis,	with	a	clearance	of	105	to	170	mL/min	(half-life	2.5	hours).52,56,59
The	 hemodialysis	 elimination	 rate	 for	 methanol	 is	 142	 to	 286	 mL/min;	 for
formate,	it	is	148	to	203	mL/min.21,69,82,100,143

Hemodialysis	 should	 be	 continued	 until	 serum	 ethylene	 glycol	 or	methanol
levels	are	below	20	mg/dL	 (200	mg/L)	and	acid-base	derangements	have	been
corrected.50,58,81,108	 The	 required	 duration	 of	 hemodialysis	 in	 hours	 can	 be
estimated	using	the	formula	[−V	ln	(20/A)/0.06	k],	where	V	is	total	body	water	in
liters,	A	 is	 the	 initial	 alcohol	 concentration	 in	mg	per	dL,	 and	k	 is	 57%	of	 the
dialyzer	 urea	 clearance	 in	 milliliters	 per	 minute	 at	 the	 observed	 blood	 flow
rate.17,144,145	More	 than	 one	 round	 of	 hemodialysis	may	 be	 necessary	 for	 those
with	 massive	 overdoses	 and	 for	 ethylene	 glycol–poisoned	 patients	 with	 renal
failure.

Peritoneal	 dialysis	 is	 markedly	 inferior	 to	 hemodialysis	 because	 of	 its	 low
clearance	 of	 alcohols	 and	 organic	 acid	 anions.50	 Continuous	 arteriovenous
hemofiltration	 with	 dialysis	 has	 been	 used	 for	 a	 hemodynamically	 unstable
patient	 but	 is	 less	 efficient	 at	 toxin	 removal.146	 Sorbent-based	 hemodialysis
systems	are	ineffective	for	methanol	removal	because	of	rapid	saturation	of	the
sorbent	cartridge,147	and	charcoal	cartridges	saturate	within	a	few	hours.138

Patients	 with	 ethylene	 glycol	 poisoning	 who	 have	 acute	 renal	 failure	 may
remain	hemodialysis	dependent	 for	several	months.	Recovery	of	 renal	 function
is	 the	 expected	 course,	 although	 renal	 dysfunction	 may	 be
permanent.52,58,99,103,134,148	 Full	 neurological	 recovery	 is	 possible	 even	 after
prolonged	 coma	 and	 seizures.	 Transient	 cranial	 nerve	 palsies	 developing	 4	 to
18	days	after	ingestion	have	been	reported	in	under-	or	untreated	patients.89-91,142
Bilateral	 basal	 ganglia	 and	 brainstem	 infarction	 can	 occur	 among	 severely
ethylene	glycol–poisoned	patients.149

Seizures,	 coma,	 and	 severe	 metabolic	 acidosis	 with	 inadequate	 respiratory
compensation	 portend	 a	 poor	 prognosis	 following	 methanol	 poisoning.71,78,150
Cerebral	 edema	 is	 a	 common	 postmortem	 methanol	 toxicity	 finding.124	 The
development	 of	 dilated,	 unresponsive	 pupils	 may	 indicate	 either	 severe	 optic
nerve	 damage	 or	 cerebral	 edema.68	 Other	 neurologic	 sequelae	 include	 a
parkinsonian-like	 syndrome,	 spasticity,	 transient	 resting	 tremor,	 cognitive



defects,	 and	 paraplegia.	 Computed	 tomography,	 magnetic	 resonance	 imaging,
and	 autopsy	 studies	 have	 documented	 frontal	 lobe	 and	 basal	 ganglia
hemorrhages	 and	 infarcts,	 especially	 of	 the	 putamen.151,152	 Bilateral	 putaminal
hemorrhage	and/or	insular	subcortex	white	matter	necrosis	correlate	with	a	poor
clinical	 outcome	 following	 methanol	 toxicity.	 The	 etiology	 of	 these	 lesions
remains	 uncertain,	 but	 they	 are	 likely	 due	 to	 the	 direct	 toxicity	 of	 methanol
and/or	 its	 metabolites.	 These	 abnormalities	 usually	 occur	 among	 severely
acidemic	patients	with	delayed	presentation	or	diagnosis.

Nevertheless,	 harvesting	 organs	 for	 transplant	 is	 not	 precluded	 for	 patients
who	die	 from	ethylene	glycol	or	methanol	poisoning.	Successful	kidney,	heart,
lung,	 pancreatic	 β	 cell,	 and	 liver	 procurements	 have	 been	 reported	 from
methanol-poisoned	patients.133,153

ISOPROPANOL
Isopropanol	 (isopropyl	 alcohol)	 is	 a	 clear,	 colorless,	 volatile	 liquid	 with	 a
disagreeable	 taste	 and	 characteristic	 odor.154	 It	 is	 commonly	 available	 over	 the
counter	 in	 70%	 solutions	 of	 “rubbing	 alcohol,”	 but	 it	 is	 also	 used	 in	 cleaners,
disinfectants,	hand	sanitizers,	cosmetics,	 solvents,	 inks,	and	pharmaceuticals.155
Because	of	 its	 ready	 availability	 at	 an	 inexpensive	 price,	 patients	with	 alcohol
use	disorder	may	 ingest	 isopropanol	as	an	ethanol	 substitute.	Cases	of	 toxicity
following	dermal	absorption	have	also	been	reported	among	children	who	were
sponge	 bathed	with	 the	 compound.156	 The	NPDS	 reports	 that	 during	 2019	US
poison	centers	received	almost	14,000	calls	related	to	isopropanol	exposures.51

Isopropanol	can,	at	a	sufficiently	high	dose,	produce	CNS	depression,	coma,
and	death	from	respiratory	depression.	In	this	respect,	it	has	twice	the	potency	of
ethanol,157	 a	 phenomenon	 attributed	 to	 its	 higher	 molecular	 weight154	 and
possibly	 the	 CNS	 depressant	 effects	 of	 its	 metabolite,	 acetone.	 Depending	 on
individual	tolerance,	serum	concentrations	of	150	mg/dL	or	greater	may	induce
coma,	and	levels	of	200	mg/dL	or	greater	can	be	fatal	in	untreated	patients.50,158
Much	 higher	 concentrations	 are,	 however,	 tolerated	 by	 habitual	 alcohol	 users,
given	 their	 high	 tolerance	 for	 ethanol	 and	 the	 expected	 cross-tolerance	 for
isopropanol.

The	chemical	properties	and	kinetics	of	isopropanol	are	summarized	in	Table
98.1.	Oral	absorption	occurs	quickly,	and	peak	plasma	concentrations	can	occur
within	30	minutes.155	Eighty	percent	of	an	absorbed	dose	is	oxidized	to	acetone
via	 ADH	 (Figure	 98.5).154	 Acetone	 cannot	 undergo	 further	 oxidation	 to	 a
carboxylic	 acid,	 nor	 can	 it	 be	 carboxylated	 to	 another	 ketone	body.	Therefore,



metabolic	 acidosis	 (including	 ketoacidosis)	 is	 not	 a	 feature	 of	 isopropanol
toxicity	 unless	 respiratory	 depression	 with	 hypoxia	 or	 hypotension	 results	 in
lactate	production.	Excretion	of	acetone	and	unchanged	isopropanol	(20%	of	an
absorbed	 dose)	 is	 predominantly	 renal,	 with	 some	 excretion	 by	 respiratory,
gastric,	and	salivary	routes.	Acetone	can	be	detected	in	the	urine	within	3	hours
of	 ingestion.159	 The	 elimination	 half-life	 of	 isopropanol	 can	 be	 as	 long	 as	 5.8
hours	 for	 infants.160	 Serum	 acetone	 levels	 frequently	 remain	 elevated	 after
isopropanol	levels	are	undetectable	because	acetone	is	eliminated	slowly,	with	a
half-life	 of	 10.8	 to	 31.0	 hours.	 The	 contribution	 of	 acetone	 to	 the	 prolonged
duration	of	CNS	depression	remains	speculative.154

	

Figure	98.5 	Isopropanol	metabolism.

Clinical	Presentation
An	“intoxicated”	patient	without	acidemia,	yet	with	 strongly	positive	 serum	or
urinary	 ketones	 (on	 nitroprusside	 testing,	 yet	 serum	β-hydroxybutyrate	will	 be
negligible)	 and	 a	 fruity	 breath	 odor,	 should	 be	 suspected	 of	 isopropanol
intoxication.	 Initial	 signs	 and	 symptoms	 usually	 consist	 of	 mild	 intoxication
followed	 by	 gastritis,	 abdominal	 pain,	 nausea,	 vomiting,	 and	 possibly
hematemesis.154	Hemorrhagic	 tracheobronchitis	may	occur.	As	CNS	depression
progresses,	 patients	 become	 ataxic,	 dysarthric,	 confused,	 stuporous,	 and



comatose.	 Pupils	 are	 typically	 miotic,	 but	 mydriasis	 has	 been	 reported.154,161
Respiratory	depression	 and	hypotension	may	occur	with	 severe	 intoxication.162
Because	 of	 the	 profound	 and	 prolonged	 cerebral	 depressive	 effects	 of
isopropanol,	 comatose	 patients	 may	 develop	 compartment	 syndromes	 and
rhabdomyolysis	with	myoglobinuria.

Many	 patients	 who	 ingest	 isopropanol	 are	 ethanol	 abusers	 who	 have	 a
multitude	 of	 associated	 diseases,	 including	 chronic	 liver	 disease,	 pancreatitis,
traumatic	 injuries,	 and	 chronic	 obstructive	 pulmonary	 disease,	 which	 may
complicate	the	clinical	picture.

Diagnostic	Evaluation
Patients	 with	 known	 or	 suspected	 isopropanol	 poisoning	 should	 have
quantitative	 isopropanol	 and	 acetone	 serum	 levels	 along	 with	 the	 laboratory
studies	 noted	 for	 acute	 ethanol	 intoxication.	 The	 presence	 of	 high	 levels	 of
acetone	 can	 interfere	 with	 older	 creatinine	 assays	 based	 on	 a	 colorimetric
method,	 producing	 a	 falsely	 high	 creatinine	 value	 in	 the	 presence	 of	 a	 normal
blood	 urea	 nitrogen.163	 In	 patients	 who	 may	 have	 also	 ingested	 other	 toxic
alcohols,	serum	osmolality,	ethanol,	ethylene	glycol,	and	methanol	levels	should
also	be	obtained.

The	 differential	 diagnosis	 of	 isopropanol	 poisoning	 includes	 toxic	 and
metabolic	 states	 in	which	 ketonemia	may	develop,	 such	 as	 alcoholic,	 diabetic,
and	 starvation	 ketoacidosis.	 Patients	 with	 these	 conditions	 have	 elevated
acetoacetate,	β-hydroxybutyrate,	and	acetone	 levels	compared	with	 the	 isolated
acetonemia	 seen	 with	 isopropanol	 intoxication.	 At	 times,	 trace	 amounts	 of
isopropanol	 may	 be	 detected	 when	 testing	 for	 toxic	 alcohols	 in	 patients	 with
diabetic	 or	 alcoholic	ketoacidosis,	 because	of	 the	back	 reduction	of	 acetone	 to
isopropanol,164	 falsely	 implicating	 an	 isopropanol	 ingestion.	 Poisoning	 by
salicylate,	 cyanide,	 and	 acetone	 itself	 (which	 is	 found	 in	 nail	 polish	 and	 super
glue	remover)	and	inborn	errors	of	metabolism	should	also	be	considered	in	the
differential	diagnosis	of	unexplained	ketosis.	Some	degree	of	metabolic	acidosis
is	 expected	 in	most	 of	 these	 conditions,	whereas	 it	 is	 absent	 in	 uncomplicated
cases	of	isopropanol	or	acetone	ingestion.

Management
Treatment	 is	 similar	 to	 that	 described	 for	 acute	 ethanol	 intoxication.	 Airway
management	and	evaluation	for	hemorrhagic	gastritis	are	particularly	important.



IV	 fluids	 should	 contain	 glucose,	 and	 serum	 glucose	 levels	 should	 be
periodically	checked.	Isopropanol	and	acetone	are	removed	by	hemodialysis,	but
such	 therapy	 is	 rarely	 indicated.	 The	 rare	 patient	 with	 serum	 isopropanol
concentration	>200	mg/dL	accompanied	by	hemodynamic	instability	despite	IV
fluids	 may	 benefit	 from	 hemodialysis.50,154	 Since	 acetone	 is	 less	 toxic	 than
isopropanol,	 there	 is	 no	 indication	 for	 either	 fomepizole	 or	 ethanol
therapy.136,155,165

Most	patients	recover	with	appropriate	airway	management	and	treatment	of
complicating	 factors.	 CNS	 depression	 and	 volume	 depletion	 secondary	 to
vomiting	 can	 cause	 hypotension.154	 Pulmonary	 edema	 and	 hemorrhage	 are
common	findings	at	autopsy	and	should	be	anticipated	for	severely	ill	patients.

PROPYLENE	GLYCOL
Propylene	 glycol	 (1,2-propanediol)	 is	 commonly	 used	 as	 a	 solvent	 (eg,	 in
laundry	stain	removers),	as	an	antifreeze,	in	hydraulic	fluids,	and	as	a	diluent	for
a	 number	 of	 pharmaceuticals,	 including	 IV	 formulations	 of	 chlordiazepoxide,
lorazepam,	 diazepam,	 etomidate,	 phenobarbital,	 pentobarbital,	 phenytoin,
procainamide,	 nitroglycerin,	 and	 theophylline	 and	 topical	 silver	 sulfadiazine
cream.	Oral	 and	 dermal	 absorption	 is	 usually	 poor,	 but	 toxic	 amounts	may	 be
absorbed	 through	 abraded	 or	 burned	 skin.166	 Approximately	 half	 of	 a	 dose
undergoes	 hepatic	 oxidation	 via	 ADH	 to	 lactate,	 and	 then	 to	 pyruvate	 and
acetate.	The	rest	is	excreted	unchanged	in	the	urine.167

Although	oral	 doses	 of	 as	much	 as	 1	 g/kg	 are	 essentially	 nontoxic,	 toxicity
can	 occur	 following	 rapid	 or	 prolonged	 infusion	 of	 higher	 doses.	 Rapid	 IV
infusion,	as	might	occur	during	phenytoin	loading,	can	cause	prolonged	PR	and
QRS	 duration,	 idioventricular	 rhythms,	 and	 cardiorespiratory	 depression	 and
arrest.168	 Infusion	 of	 smaller	 doses	 has	 also	 precipitated	 cardiac	 standstill.169
Propylene	 glycol,	 rather	 than	 phenytoin,	 is	 responsible	 for	 such	 toxicity.168
Elderly	patients,	especially	 those	with	severe	underlying	cardiac	disease,	are	at
increased	 risk	 and	 should	 be	 infused	 with	 medications	 containing	 propylene
glycol	at	rates	slower	than	those	usually	recommended.

More	commonly,	especially	among	the	critically	ill,	frequent	repeat	IV	dosing
of	 medications	 containing	 propylene	 glycol	 can	 lead	 to	 accumulation	 of
propylene	glycol	and	its	metabolites,	resulting	in	seizures	and	decreased	level	of
consciousness.	Propylene	glycol	toxicity	has	been	described	following	extremely
high	 doses	 of	 diazepam	 for	 ethanol	withdrawal,	massive	 ingestion	 of	 products
containing	 propylene	 glycol,	 or	 the	 chronic	 dermal	 absorption	 of	 silver



sulfadiazine	 through	damaged	skin.170-172	On	 laboratory	 testing,	an	osmolar	gap
and	 high	 serum	 lactate	 concentrations	 are	 expected.	 Propylene	 glycol	 can	 be
mistaken	for	ethylene	glycol	on	gas	chromatography.173

Management	of	this	iatrogenic	condition	consists	of	immediately	stopping	IV
infusion	 or	 dermal	 application	 and	 supportive	 therapy.	 Although	 theoretically
fomepizole	may	be	beneficial	to	block	the	metabolism	of	propylene	glycol,	this
therapy	 cannot	 be	 generally	 recommended	 at	 this	 time	 without	 more
information,	 including	 information	 on	 the	 relative	 toxicity	 of	 the	 parent
compound	 to	 its	 metabolites.50,174	 Hemodialysis	 and	 continuous	 venovenous
hemofiltration	have	reportedly	been	used	to	treat	patients	with	propylene	glycol
toxicity,	especially	 in	 the	setting	of	 renal	 failure,	high	blood	concentrations,	or
severe	metabolic	acidosis.50,175,176

DIETHYLENE	GLYCOL
Diethylene	 glycol	 (2,2′-dihydroxydiethyl	 ether,	 ethylene	 diglycol,	 2,2′-
oxydiethanol,	3-oxapentane-1,5-diol)	is	a	viscous	and	sweet-tasting	liquid	found
in	resins,	antifreeze,	brake	fluids,	cosmetics,	wallpaper	strippers,	inks,	lubricants,
liquid	 heating/cooking	 fuels,	 plasticizers,	 adhesives,	 paper,	 and	 packaging
materials.177,178	Over	the	years,	diethylene	glycol	has	resulted	in	tragic	outbreaks
of	 renal	 failure	 and	 death	 following	 its	 substitution	 for	 propylene	 glycol	 in
medications.179,180	 Unlike	 propylene	 glycol,	 diethylene	 glycol	 can	 cause	 acute
renal	 failure,	 elevated	 liver	 enzymes,	 encephalopathy,	 and	 delayed	 neurologic
toxicity.	Since	 the	 first	 reported	outbreak	 that	 occurred	 in	 the	United	States	 in
1937,	 there	 have	 been	 other	 outbreaks	 worldwide,	 including	 South	 Africa
(1969),	 Spain	 (1985),	 India	 (1986	 and	 1998),	 Nigeria	 (1990	 and	 2008),
Bangladesh	 (1990-1992),	 Argentina	 (1992),	 Haiti	 (1996),	 Panama	 (2006),	 and
China	 (2006).	 These	 outbreaks	 often	 involved	 medications,	 such	 as
acetaminophen,	 cough	 syrup,	 or	 teething	 syrup,	 ingested	 by	 children.	 The
number	 of	 identified	 deaths	 during	 each	 outbreak	 ranged	 from	 5	 to	 236.	 The
median	toxic	dose	is	estimated	to	be	approximately	0.14	mg/kg.50,181

Following	 diethylene	 glycol	 ingestion,	 patients	 may	 present	 with
gastrointestinal	 symptoms,	 inebriation,	 CNS	 depression,	 acidosis,	 and	 acute
renal	 failure.	 Interestingly,	 additional	 neurologic	 symptoms	may	develop	up	 to
several	 weeks	 after	 the	 ingestion	 and	 include	 cranial	 nerve	 palsies,	 peripheral
neuropathy,	 dysphonia,	 lethargy,	 mental	 status	 changes,	 quadriparesis,	 and
seizures.179,182	 Metabolism	 of	 diethylene	 glycol	 via	 hepatic	 ADH	 leads	 to
formation	 of	 the	 metabolites	 2-hydroxyethoxyacetic	 acid	 (HEAA)178	 and



diglycolic	 acid	 (DGA).184	 Although	 previously	 HEAA	was	 believed	 to	 be	 the
primary	toxic	metabolite,	newer	research	suggests	that	the	metabolite	DGA	may
be	primarily	responsible	for	the	renal	toxicity.183	Although	the	name	suggests	the
potential	to	be	metabolized	to	two	ethylene	glycol	molecules,	this	does	not	occur
in	vivo.178	Survivors	with	renal	failure	tend	to	remain	dialysis	dependent,	and	the
degree	 of	 renal	 injury	 may	 be	 a	 predictor	 of	 delayed	 neurological	 sequelae.
Treatment	 is	 similar	 to	 ethylene	 glycol,	 including	 ADH	 inhibition	 using
fomepizole	 or	 ethanol,	 extracorporeal	 elimination,	 and	 supportive	 care.50
Fomepizole	alone	without	hemodialysis,	however,	is	not	recommended	given	the
uncertain	 toxicity	 of	 the	 diethylene	 glycol	 itself,	 the	 frequency	 of	 associated
renal	 failure,	 and	 the	 theoretical	 dialyzability	 of	 diethylene	 glycol	 and
HEAA.50,123,178,179	Case	reports	exist	of	successful	treatment	of	pediatric	patients
with	fomepizole	for	diethylene	glycol	toxicity	using	the	same	dosing	regimen	as
adults.50,126
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	statements	is	true	regarding	annual	use	of	ethanol
in	the	United	States?

A. 	It	contributes	to	an	estimated	100,000	deaths
B. 	It	is	a	factor	in	up	to	8%	of	hospital	admissions
C. 	It	is	moderately	to	heavily	consumed	by	20%	of	the	population
D. 	It	has	an	economic	impact	of	50	billion	dollars

2. 	Where	is	most	ingested	ethanol	absorbed?

A. 	Colon
B. 	Duodenum
C. 	Jejunum
D. 	Stomach



3. 	A	23-year-old	man	was	admitted	with	alcohol	and	ethylene	glycol
intoxication	requiring	intubation,	mechanical	ventilation,	sodium	bicarbonate,
and	fomepizole.	After	a	couple	of	days,	he	was	improving	but	then	appeared	to
have	severe	alcohol	withdrawal,	treated	with	thiamine	and	high-dose	diazepam
infusion.	You	are	called	in	on	hospital	day	6	because	he	has	hyperosmolarity,
with	an	increasing	anion	gap,	and	return	of	renal	failure.	What	is	the	most
appropriate	next	step	in	management?

A. 	Continue	supportive	care
B. 	Ethanol	infusion
C. 	Repeat	course	of	fomepizole
D. 	Stop	diazepam,	consider	dialysis

Answers

1.	The	correct	answer	is	A.
Rationale:	Ethanol	is	estimated	to	contribute	to	nearly	100,000	deaths	(choice

A	is	correct),	3	million	years	of	potential	life	lost,	and	economic	costs	more	than
$250	 billion	 per	 year	 in	 the	 United	 States.	 It	 is	 a	 factor	 in	 8%	 of	 emergency
department	 visits	 and	 up	 to	 50%	 of	 hospital	 admissions.	Most	Americans	 use
alcohol,	with	about	a	third	being	moderate	to	heavy	drinkers,	as	defined	as	four
or	more	drinks	per	week.

2.	The	correct	answer	is	D.
Rationale:	 Ethanol	 is	 readily	 absorbed	 from	 the	 gastrointestinal	 tract,	 with

about	 70%	 occurring	 in	 the	 stomach	 and	 25%	 within	 the	 duodenum.	 Peak
ethanol	 levels	 typically	 occur	 30	 to	 60	 minutes	 after	 ingestion.	 This	 makes
gastric	lavage	or	use	of	activated	charcoal	usually	avoided	unless	coingestion	is
suspected,	as	it	is	largely	ineffective	if	not	done	right	after	ingestion.

3.	The	correct	answer	is	D.
Rationale:	 Propylene	 glycol	 is	 the	 carrier	 solvent	 used	 to	 administer

intravenous	diazepam	and	lorazepam.	Toxicity	is	rare	but	can	occur	with	dosing
above	 the	 recommended	 range	 and/or	 renal	 impairment,	 and	 presents	 as
hyperosmolarity	and	anion	gap	metabolic	acidosis,	which	progresses	to	multiple-
organ	 failure.	 Midazolam	 does	 not	 use	 the	 same	 solvent	 so	 is	 not	 effected.
Treatment	 consists	 of	 stopping	 the	 offending	 agent,	 with	 dialysis	 sometimes
required	(choice	D	is	correct).
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Chapter	99
Amphetamines
Michael	C.	Beuhler

KEY	POINTS:
1.	 Although	novel	psychoactive	substances	are	continually	being

developed	and	used,	methamphetamine	remains	one	of	the	most
encountered	sympathomimetic	agents.

2.	 Current	trends	suggest	high	purity	methamphetamine	with	fentanyl
being	the	most	likely	clinically	relevant	adulterant.

3.	 Ring	substituted	amphetamine	derivatives	often	have	clinically
relevant	effects	beyond	sympathomimetic	effects,	including
serotonergic	effects,	vasospasm,	SIADH,	and	rarely	hepatotoxicity.

4.	 Initial	emergent	control	of	psychomotor	agitation	and	hyperthermia	is
of	the	highest	priority	to	limit	life-threatening	sequelae.

5.	 Control	of	psychomotor	agitation	should	focus	on	chemical	methods
(not	physical	restraints),	starting	with	benzodiazepines	and	adding
additional	agents.

INTRODUCTION
The	 term	 “amphetamine”	 includes	 a	 wide	 range	 of	 amine	 compounds	 with
sympathetic-like	effects.	The	simplest	member	of	this	group	is	amphetamine,	but
hundreds	 of	 related	 molecules	 have	 similar	 clinical	 effects.	 This	 chapter	 will
focus	on	the	more	important	and	commonly	used	licit	and	illicit	members	of	this
group.

Amphetamine	 and	methamphetamine	 are	 the	most	well-known	members	 of
this	class.	Amphetamine	or	α-methyl	phenethylamine	was	first	synthesized	over
135	 years	 ago,	 and	 it	 was	 widely	 used	 by	many	 (including	 the	 United	 States
military)	as	 the	stimulant	Benzedrine,	beginning	 in	 the	1930s.	Restricting	 their



use	to	prescription	only	has	decreased	the	prevalence	slightly,	but	amphetamines
continue	 to	 be	 used	 for	 both	 licit	 (attention	 deficit	 hyperactivity	 disorder,
narcolepsy,	and	weight	loss)	and	illicit	reasons.	Currently,	Adderall	(a	mixture	of
L-	 and	 D-amphetamine)	 and	 Vyvanse	 (lisdexamfetamine;	 hydrolyzed	 to	 D-
amphetamine)	are	two	commonly	used	medicinal	amphetamine	preparations.

1 	Methamphetamine	(or	N-methyl	amphetamine)	is	available	for	prescription
use	in	generic	form	and	under	the	trade	name	Desoxyn	for	ADHD	and	obesity.
The	illicit	abuse	of	methamphetamine	is	undergoing	a	surge	in	the	United	States
and	worldwide	popularity	whose	recognition	has	been	somewhat	overshadowed
by	the	opioid	epidemic,	but	drug	seizure	amounts	of	methamphetamine	continue
to	increase	worldwide	every	year,	and	the	prevalence	of	use	in	the	United	States
has	doubled	from	2010	to	2019.1	One	reason	for	its	popularity	over	amphetamine
is	 its	 longer	 duration	of	 action.	Another	 is	 that	 synthesis	 can	be	 conducted	by
individuals	without	training	using	materials	that	are	easily	obtainable,	potentially
resulting	in	a	relatively	pure	product,	although	methamphetamine	is	now	almost
exclusively	being	made	 from	alternative	precursors	 (ie,	 phenyl-2-propanone	or
P-2-P)	in	fewer,	larger	labs.1

Several	 other	 medicinal	 compounds	 have	 clinical	 effects	 similar	 to
amphetamines;	 a	 select	 few	 are	 discussed	 here.	 Methylphenidate	 (Ritalin)	 is
commonly	 used	 in	 children	 for	 ADHD	 and	 is	 occasionally	 abused.
Phenylpropanolamine	 (Dexatrim)	 was	 used	 more	 extensively	 in	 the	 past	 as	 a
decongestant	 and	 weight	 loss	 agent;	 in	 2005,	 the	 U.S.	 Food	 and	 Drug
Administration	 (FDA)	deemed	phenylpropanolamine	unsafe	owing	 to	concerns
for	 increased	 stroke	 risk,	 removing	 it	 from	 the	 human	market.	 Ephedrine	 has
been	 used	 extensively	 in	 the	 past	 in	 herbal	weight	 loss/energy	 preparations	 as
well	 as	 a	 decongestant	 in	 cough/cold	 preparations;	 but	 in	 2004,	 the	 FDA
prohibited	 the	 sale	 of	 dietary	 supplements	 containing	 ephedra	 (ephedrine	 and
pseudoephedrine)	 over	 safety	 concerns.	 In	 addition,	 in	 2006,	 requirements
regulating	 the	 sale	 of	 ephedrine	 were	 enacted	 to	 limit	 its	 diversion	 for
methamphetamine	 synthesis	 with	 apparently	 some	 success	 in	 reducing	 small-
scale	 methamphetamine	 synthesis	 activities.	 Phentermine	 is	 an	 amphetamine
derivative	 that	 is	 used	 for	 appetite	 suppression.	 Selegiline	 is	 an	 amphetamine
derivative	with	selective	monoamine	oxidase	B	inhibitor	(MAOI)	effects	that	is
metabolized	to	L-methamphetamine.	Propylhexedrine	(Benzedrex	nasal	inhaler),
although	 not	 a	 true	 amphetamine,	 has	 sympathomimetic	 and	 vasoconstrictor
properties	and	is	occasionally	abused.

3 	Some	amphetamine	analogues	with	aromatic	ring	substitutions	have	direct
affinity	 for	 serotonin	 receptors	 as	 well	 as	 increased	 inhibition	 of	 serotonin
uptake,	 thereby	 exerting	 both	 sympathomimetic	 and	 serotonergic	 effects



manifested	by	hallucinatory	properties.	One	of	the	more	popular	compounds	of
this	group	is	3,4-methylenedioxymethamphetamine	(MDMA	or	Ecstasy).	Other
ring-substituted	 amphetamine	 compounds	 include	 3,4-
methylenedioxyamphetamine	(MDA),	3,4-methylenedioxy-N-ethylamphetamine
(MDEA	or	Eve),	2,5-dimethoxy-4-bromo-phenethylamine	(2-CB;	not	strictly	an
amphetamine),	 paramethoxyamphetamine	 (PMA	 or	 “death”),	 and	 2,5-
dimethoxy-4-bromoamphetamine	 (DOB;	 also,	 the	 chlorine	 and	 iodine
derivatives,	 2,5-dimethoxy-4-chloroamphetamine	 [DOC]	 and	 2,5-dimethoxy-4-
iodoamphetamine	 [DOI],	 exist).	 The	 2,5-dimethoxy	 halogenated	 amphetamine
derivatives	 (DOB,	 DOC,	 DOI)	 are	 common	 substitutions	 for	 lysergic	 acid
diethylamide	 (LSD)	 found	 on	 blotter	 paper	 in	 the	 United	 States	 as	 they	 have
hallucinogenic	effects	at	mg	doses2.

1 	 There	 has	 been	 an	 increase	 of	 the	 availability	 and	 abuse	 of	 synthetic
cathinones;	 these	 compounds	 all	 have	 a	 β-keto	 phenylalkylamine	 group.
Bupropion	 is	 a	 cathinone	 derivative	 used	 therapeutically	 for	 depression	 and
smoking	 cessation	 that	 has	 sympathomimetic	 properties;	 most	 notably	 for
causing	 seizures	 (rarely	 with	 therapeutic	 use)	 and	 ventricular	 dysrhythmias	 in
supratherapeutic	doses.	The	illicit	cathinones	are	also	referred	to	as	“bath	salts”
and	 represent	 a	 large	 number	 of	 compounds	 such	 as	 methylone,	 3,4-
methylenedioxypyrovalerone,	 and	 eutylone.3	 Although	 many	 of	 these	 are
schedule	 I	 controlled	 substances	 (ie,	 high	 abuse	 potential	 with	 no	 recognized
therapeutic	indications),	 there	is	a	constant	flux	of	new	derivatives.	Because	of
the	constant	changes	of	the	compounds	that	have	been	observed,	limited	clinical
experience	with	specific	compounds	and	chapter	space	restrictions,	the	synthetic
cathinones	will	not	be	specifically	discussed,	although	notable	class	effects	will
be	covered.	The	principles	in	this	chapter	can	be	applied	to	treating	exposures	to
these	 compounds	 because	 cathinones	 share	 many	 of	 the	 clinical	 effects	 of
amphetamines.4	As	of	2021,	 the	 importance	of	methamphetamine	among	 illicit
drugs	is	reinforced	by	it	being	the	most	frequently	identified	drug	in	the	United
States	by	the	National	Forensic	Laboratory	System,3	and	it	is	seized	in	amounts
worldwide	that	far	outweighs	all	other	illicit	stimulants.

Although	 an	 increasing	 proportion	 of	 methamphetamine	 appears	 to	 be
produced	on	an	industrial	scale	and	smuggled	into	the	United	States,	clandestine
methamphetamine	 production	 facilities	 (“meth	 labs”)	 have	 resulted	 in	 concern
for	 environmental	 contamination	 and	 bystander	 toxicity	 from	 laboratory
chemicals.	The	majority	of	small-scale	illicit	amphetamine	laboratories	currently
produce	 methamphetamine	 by	 reductive	 dehydroxylation	 of	 ephedrine	 or
pseudoephedrine.	 Methamphetamine	 laboratories	 are	 often	 discovered	 after	 a
chemical	 mishap	 or	 explosion,	 and	 health	 risks	 from	 these	 chemicals	 include



respiratory	irritation	and	caustic	injury.	Alternatively,	methcathinone	is	a	potent,
rarely	 encountered	 cathinone	 produced	 from	 the	 oxidation	 of	 ephedrine	 in
amateur	labs,	instead	of	the	usual	reduction	to	methamphetamine;	toxicity	from
it	 is	 similar	 to	 the	 amphetamines	 except	 that	 cases	 of	 Parkinson-like
neurotoxicity	 from	 intravenous	 (IV)	 exposure	 to	 the	manganese	 in	 the	 impure
product	have	been	reported.

Methamphetamine	 (in	 the	 smaller	 laboratories	 that	until	 recently	were	more
commonly	 encountered)	 is	 synthesized	most	 commonly	 by	 two	methods.	 The
probably	 more	 dangerous	 one	 is	 the	 Birch	 or	 “Nazi”	 method,	 which	 utilizes
lithium	metal	as	the	reducing	agent	dissolved	in	either	anhydrous	ammonia	or	a
modified	method	 using	 ammonium	nitrate	 and	 solvent	 in	 a	 bottle	 (“shake	 and
bake”).	The	other	method	 is	 the	hydriodic	 acid	method,	which	usually	utilizes
red	phosphorus	and	iodine.

Depending	upon	 the	 illicit	 amphetamine	purchased,	 there	 is	a	chance	 that	 it
will	 contain	 one	 or	 more	 contaminants,	 or	 possibly	 be	 substituted	 by	 another
drug.	 Street	 purchased	 methamphetamine	 tends	 to	 be	 of	 better	 purity	 than
cocaine,	whereas	MDMA	is	very	commonly	substituted	or	combined	with	other
psychoactive	 substances.	 “Crystal	 Meth”	 is	 a	 nearly	 pure	 crystalline	 form	 of
methamphetamine.	The	exact	“contaminants”	or	other	chemicals	present	in	street
purchased	amphetamines	are	highly	variable,	based	on	drug,	year,	and	location.
Previously	 reported	 substitutions	 include	 acetaminophen,	 anesthetics
(benzocaine,	 lidocaine,	 and	procaine),	 cocaine,	 caffeine,	 cathinones,	 ephedrine,
fentanyl,	 ketamine,	 lead	 (rare),	 talc,	 phencyclidine,	 piperazine	 compounds
(benzylpiperazine	 and	 others),	 phenylpropanolamine,	 pseudoephedrine,
strychnine,	 and	 quinine.5	 Depending	 on	 the	 quantity	 of	 the	 adulterant,	 it	 may
contribute	 to	 the	 effect	 or	 toxicity	 of	 the	 sympathomimetic	 drugs,	 especially
fentanyl.

Occasionally,	an	individual	will	ingest	an	amphetamine	while	it	is	wrapped	in
plastic	 or	 other	 nonpermeable	material.	 Body	packers,	 or	 “mules,”	 are	 people
who	 transport	 large	 quantities	 of	 specially	 prepared	 drug	 packets	 in	 their
gastrointestinal	 (GI)	 tract.	 Each	 packet	 usually	 contains	 drugs	 in	 sufficient
quantity	 and	 purity	 to	 cause	 life-threatening	 toxicity	 if	 rupture	 occurs.	 Body
stuffers	are	people	who	quickly	swallow	(“stuff”)	drug-containing	packets	in	an
attempt	to	get	rid	of	evidence	and	avoid	arrest	by	the	police.	These	packets	are
usually	poorly	prepared	and	are	at	increased	risk	of	leakage	and	rupture	but	often
contain	far	less	drug	than	a	packet	from	a	body	packer.	Body	pushers	are	people
that	hide	drug	packets	in	their	vagina	or	rectum;	serious	illness	or	death	has	been
observed	among	cases.6	Rarely,	individuals	will	ingest	a	plastic	bag	containing	a
drug	 with	 holes	 or	 a	 corner	 of	 the	 bag	 cut	 off	 in	 an	 attempt	 to	 produce	 a



sustained	release	effect	(“parachuting”).7

PHARMACOLOGY
Amphetamine	 and	 methamphetamine	 have	 similar	 pharmacokinetic	 properties
and	 physiological	 effects	 among	 humans.	 They	 do	 not	 have	 significant	 direct
effects	at	adrenergic	or	dopamine	receptors;	rather,	their	effects	are	mediated	by
an	 increase	 of	 the	 concentration	 of	 synaptic	 dopamine	 and,	 to	 a	 lesser	 extent,
serotonin,	 and	 norepinephrine.	 This	 increase	 of	 biogenic	 amines	 occurs	 by
several	mechanisms.	Amphetamine	and	methamphetamine	enter	the	presynaptic
cytoplasm	 through	both	passive	diffusion	and	active	uptake	by	biogenic	amine
uptake	transporters.	Amphetamine	moves	into	the	synaptic	vesicles	by	diffusion
and	 by	 the	 vesicular	 monoamine	 transporters	 (VMAT),	 subsequently	 causing
release	 of	 stored	 dopamine	 and	 norepinephrine,	most	 likely	 by	 raising	 the	 pH
and	 effecting	 VMAT.	 This	 increases	 the	 cytosolic	 levels	 of	 these	 biogenic
amines,	causing	increased	synaptic	levels	due	to	reverse	transport	activity	by	the
amine	 transporters,	especially	 the	dopamine	 transporter.	Part	of	 the	mechanism
of	action	of	amphetamines’	raising	synaptic	levels	is	also	caused	by	competitive
inhibition	 of	 biogenic	 amine	 reuptake	 from	 the	 synapse	 into	 the	 presynaptic
terminal.	A	component	of	the	vasoconstriction	may	also	be	due	to	the	release	of
endothelin.8	Finally,	some	amphetamines	have	MAOI	activity,	which	inhibits	the
breakdown	of	dopamine,	 serotonin,	and	norepinephrine,	with	a	 few	(eg,	PMA)
having	significant	MAOI	activity.9,10

The	mechanism	of	action	of	MDMA	toxicity	includes	a	direct	effect	at	some
serotonin	 receptors,	 as	 well	 as	 some	 of	 the	 indirect	 effects	 from	 serotonin
release,	as	described	earlier.	Additionally,	human	and	animal	studies	have	shown
that	 MDMA	 produces	 a	 dose-related	 depletion	 of	 serotonin	 and	 serotonin
transporter	 activity,	 as	 well	 as	 serotonergic	 neuronal	 degeneration.11
Methamphetamine	causes	dopamine	and	 serotonergic	neuronal	 toxicity	 as	well
as	 a	 decrease	 of	 dopamine,	 VMAT,	 and	 serotonin	 transporter	 activity	 in	 the
brain,	at	least	in	part	by	free	radical	cellular	injury	with	reactive	oxygen	species
also	 likely	 being	 responsible	 for	 pulmonary	 hypertension	 from	 chronic
methamphetamine	use.12-14

Peak	plasma	concentrations	of	methamphetamine	are	reported	within	4	hours
for	 an	 intranasal	 (insufflated,	 snorted)	 dose,	within	 2	 to	 3	 hours	 for	 a	 smoked
(inhaled)	dose,	and	nearly	immediately	for	an	IV	dose15;	however,	levels	do	not
correlate	 with	 the	 degree	 of	 clinical	 toxicity.16	 Methamphetamine	 and
amphetamine	have	an	L-	and	D-isomer;	 the	D-form	is	more	potent	for	causing



pleasurable	 central	 nervous	 system	 (CNS)	 stimulation	 and	 persistent
cardiovascular	 activation	 than	 the	L-form.17	Most	 abused	methamphetamine	 is
the	 D-isomer,	 having	 been	 synthesized	 from	 ephedrine	 or	 pseudoephedrine,
although	 recent	 advances	 in	 synthesis	 from	 the	 P-2-P	 method	 have	 provided
more	of	the	D-isomer	as	well.	However,	the	D-form	of	methamphetamine	has	a
shorter	half-life	(10-11	hours)	than	the	L-form	(13-15	hours).17

The	 majority	 of	 methamphetamine	 is	 either	 eliminated	 unchanged,	 N-
demethylated	 to	 amphetamine	 (active)	 or	 hydroxylated	 to	 p-
hydroxymethamphetamine	 (active)	 with	 contribution	 from	 CYP2D6.18	 The	 α-
carbon	 on	 the	 ethyl	 side	 chain	 protects	 it	 against	 MAO	 degradation.
Amphetamine	undergoes	a	similar	metabolism,	except	that	it	is	deaminated	to	an
inactive	metabolite	as	well	as	hydroxylated	 to	p-hydroxyamphetamine	(active).
Excretion	of	both	 is	 increased	by	acidic	urine,	but	 this	 fact	has	 limited	clinical
utility	as	the	risks	of	urinary	acidification	outweigh	potential	benefits.	The	urine
drug	 screen	 usually	 remains	 positive	 for	 at	 least	 24	 hours	 among	 high-dose,
chronic	 abusers.	 The	 serotonergic	 amphetamine	 and	 amphetamine-like
compounds	 (MDMA,	 PMA,	 2-CB)	 are	 not	 metabolized	 to	 amphetamine	 or
methamphetamine	 and	 have	 a	 variable,	 unpredictable	 effects	 on	 the	 typical
amphetamine	urine	drug	screen.

CLINICAL	PRESENTATION
Methamphetamine	 toxicity	 has	 been	 reported	 following	 ingestion,	 inhalation,
insufflation,	rectal,	subcutaneous,	intramuscular,	or	intravenous	exposure.19	The
onset	 and	 duration	 of	 methamphetamine	 toxicity	 depends	 on	 factors	 such	 as
dose,	 route	 of	 exposure,	 individual	 tolerance,	 pattern	 of	 use,	 ambient
temperature,	 and	 crowding/stimulation	 level.	 Most	 people	 develop	 signs	 and
symptoms	 within	 a	 few	 minutes	 of	 parenteral	 drug	 use,	 whereas	 signs	 and
symptoms	 may	 be	 delayed	 for	 hours	 or	 days	 after	 internalization	 with	 body
packers,	 stuffers	 and	 pushers.	 Among	 most	 patients,	 the	 majority	 of
sympathomimetic	 effects	 are	 expected	 to	 resolve	 within	 24	 to	 36	 hours	 post
exposure.19	Life-threatening	 toxicity	 is	more	common	among	drug	abusers	and
people	 who	 overdose	 with	 suicidal	 intent,	 but	 it	 can	 also	 occur	 among	 body
packers,	stuffers,	and	pushers.

Methamphetamine	toxicity	usually	results	in	a	group	of	signs	and	symptoms
known	 as	 the	 “sympathomimetic	 toxidrome,”	 including	 hypertension,
tachycardia,	tachypnea,	hyperthermia,	diaphoresis,	mydriasis,	hyperactive	bowel
sounds,	agitation,	anxiety,	and	toxic	psychosis.	This	pattern	of	symptoms	is	seen



with	 other	members	 of	 the	 amphetamine	 group,	 as	well	 as	 the	 cathinones	 and
other	 sympathomimetics	 such	 as	 cocaine	 and	 to	 some	 extent	 caffeine;	 but	 this
pattern	of	symptoms	can	be	variable	depending	on	 the	sympathomimetic	agent
involved.	 For	 example,	 phenylpropanolamine	 has	 peripheral	 alpha
vasoconstrictive	 effects	 that	 can	 cause	 reflex	 bradycardia;	 cocaine	 toxicity	 can
also	cause	bradycardia.

Airway	and	breathing	abnormalities	are	uncommon	with	ingestion.	Transient
cough,	pleuritic	chest	pain,	and	shortness	of	breath	are	common	after	insufflation
or	 smoking.	 People	 presenting	 from	 illicit	 drug	 laboratory	 fires	 may	 have
thermal	 injury	 to	 their	 oropharynx	 or	 upper	 airway,	 specific	 toxic	 issues	 from
drug	 laboratory	 fires	 are	 extremely	 uncommon.	 Insufflation	 or	 smoking
methamphetamine	 may	 cause	 bronchospasm,	 pneumothorax,
pneumomediastinum,	 pneumonitis,	 and	 noncardiogenic	 pulmonary	 edema.
Noncardiogenic	pulmonary	edema	and	acute	respiratory	distress	syndrome	may
be	associated	with	multisystem	organ	failure.	Tachypnea	is	common	secondary
to	 agitation	 or	 metabolic	 acidosis.	 Hypoventilation	 is	 rare	 but	 may	 occur
secondary	 to	 intracranial	 pathology	 or	 the	 end	 stage	 of	 multisystem	 organ
failure.

Many	of	the	adverse	cardiovascular	effects	result	from	increases	of	peripheral
catecholamines,	 which	 result	 in	 a	 mismatch	 of	 oxygen	 consumption	 and
delivery;	 there	may	be	a	direct	cardiotoxic	effect	of	methamphetamine	as	well.
Palpitations	and	chest	pain	are	common	complaints.	Acute	myocardial	infarction
due	 to	 vasospasm,	 plaque	 rupture,	 and/or	 thrombosis	 can	 occur.20	 Life-
threatening	 atrial	 or	 ventricular	 dysrhythmias,	 sudden	 death,	 and	 aortic
dissection	have	been	reported,	with	potential	synergy	if	cocaine	is	also	present.20
Coronary	artery	disease,	pulmonary	hypertension	and	cardiomyopathy	have	been
reported	 with	 chronic	 amphetamine	 abuse.17,21-23	 Peripheral	 vascular	 ischemia
can	 result	 from	 oral	 sympathomimetic	 abuse	 but	 is	 uncommon;	 however,
inadvertent	 intra-arterial	 injections	 can	cause	 significant	 injury.	Hypotension	 is
unusual	but	may	be	secondary	to	dehydration,	myocardial	depression,	intestinal
ischemia,	or	sepsis.

Several	 important	 findings	may	be	apparent	on	 the	head-eye-ear-nose-throat
exam.	 Mydriasis	 is	 common,	 and	 various	 forms	 of	 nystagmus	 have	 been
reported.	 Patients	 who	 abuse	 and	 binge	 on	 sympathomimetic	 agents	 are	 often
dehydrated	and	have	dry	mucous	membranes;	this	can	complicate	the	diagnosis
by	incorrectly	suggesting	anticholinergic	toxicity.	Nasal	mucosal	abnormalities,
including	nasal	septal	perforations,	are	well	reported	in	patients	who	chronically
insufflate	cocaine	and	are	possible	with	insufflation	of	other	sympathomimetics.
An	 increase	 of	 dental	 pathology	 has	 been	 noted	 among	 users	 of



methamphetamines,	manifested	by	a	distinctive	pattern	of	 caries	on	 the	buccal
smooth	 surfaces	 of	 the	 posterior	 teeth	 and	 the	 interproximal	 surfaces	 of	 the
anterior	 teeth.	 The	 teeth	may	 be	 loose,	 rotting,	 or	 crumbling,	 and	 are	 usually
beyond	salvage.	The	pathology	of	 these	changes	 is	uncertain	but	 is	believed	 to
result	 from	 a	 combination	 of	 decrease	 in	 salivation	 (xerostomia)	 along	 with
increased	 ingestion	 of	 sugar-	 and	 acid-containing	 sodas,	 poor	 hygiene,	 poor
nutrition,	 localized	 vasospasm,	 and	 bruxism,	 a	 side	 effect	 also	 seen	 with
MDMA.24

5 	Central	nervous	system	effects	are	the	reason	for	abuse	as	well	as	often	the
reason	 for	medical	 care.	Methamphetamine	 produces	 a	 euphoric	 and	 anorexic
effect,	with	smoked	and	injected	administration	producing	a	greater	“rush.”	The
most	common	presenting	symptoms	include	agitation	and	altered	mental	status;
other	 symptoms	 include	 headache,	 hyperactivity,	 toxic	 psychosis,	 loss	 of
consciousness,	 focal	 neurologic	 deficits,	 or	 seizures.19,25	 Hyperthermia	may	 be
more	 common	 and	 worse	 among	 patients	 with	 uncontrolled	 psychomotor
agitation,	especially	when	patients	are	physically	but	not	chemically	restrained.
The	 cathinones	 or	 “bath	 salts”	 are	 notorious	 for	 causing	 extreme	 agitation,
hyperthermia,	 and	 rapid	 demise.	 Deaths	 due	 to	 excited	 delirium	 from
amphetamines	and	cathinones	have	been	reported.	Altered	mental	status	may	be
secondary	 to	hypoglycemia	or	 an	 acute	 intracranial	 process.	Headache	may	be
secondary	 to	 intracranial	 or	 subarachnoid	 hemorrhage.26	 Focal	 neurological
deficits	 may	 be	 secondary	 to	 cerebral	 ischemia	 or	 infarction,	 vasospasm,	 or
direct	 injection	 trauma.	On	 arteriography,	multiple	 occlusions	 or	 “beading”	 of
the	arteries	has	been	observed;	this	is	thought	to	represent	some	combination	of
local	 vasospasm	 or	 vasculitis.26,27	 Seizures	 may	 occur	 in	 association	 with	 and
independent	 of	 intracranial	 hemorrhage	 or	 cerebral	 infarction.	 Prolonged
methamphetamine	 (and	 probably	 MDMA)	 use	 may	 lead	 to	 cognitive	 decline
represented	by	attention	and	memory	changes.13

Some	abusers	develop	stereotyped,	compulsive	behavior	such	as	cleaning	or
buttoning	shirts;	 in	some	cases,	 it	has	been	observed	 that	addicts	compulsively
disassemble	 appliances,	 usually	 without	 reassembly.	 Psychosis	 from
amphetamines	 can	 present	 as	 paranoid	 delusions	 and	 perceptual	 disturbances;
these	 may	 persist	 long	 after	 the	 drug	 has	 been	 stopped	 and	 can	 result	 in
homicidal	 or	 self-destructive	 behavior.19,28,29	 Severe	 and	 prolonged	 psychosis
following	 cathinones	 or	 “bath	 salts”	 abuse	 may	 be	 more	 common	 than	 from
amphetamines.	 After	 binge	 use	 of	 amphetamines,	 patients	 may	 develop	 a
withdrawal	 pattern	 of	 symptoms	 consisting	 of	 generalized	 fatigue,	 dysphoria,
decreased	level	of	consciousness,	and	profound	lethargy.

One	 occasionally	 sees	 choreiform,	 ballistic,	 bruxism,	 torticollis,	 or	 athetoid



involuntary	 movements	 with	 amphetamine,	 methamphetamine,	 and	 cathinone
abuse.30	These	movements	can	be	fast	or	slow,	and	they	can	involve	the	facial,
extremity,	 or	 trunk	 muscles.	 Ataxia	 may	 result	 when	 the	 trunk	 or	 limb
movements	are	severe	enough.	These	movements	usually	begin	after	prolonged
abuse	 of	 amphetamine	 or	methamphetamine	 and	may	worsen	 or	 reoccur	 with
additional	 drug	 abuse.	 Usually,	 the	 symptoms	 resolve	 over	 several	 hours	 to	 a
week	following	abstinence.	However,	they	may	only	diminish	in	magnitude	and
persist	 for	 months	 or,	 rarely,	 even	 years.	 The	 movements	 may	 be	 diminished
with	 voluntary	 motor	 activity	 or	 during	 sleep.	 The	 mechanism	 for	 these
movements	is	not	well	understood,	and	may	involve	a	disruption	of	the	normal
dopamine	neurotransmitter	system.31

Abdominal	findings	may	include	increased	bowel	sounds,	bowel	obstruction
from	 body	 packing,	 and	 abdominal	 pain	 due	 to	 intestinal	 ischemia	 or	 bowel
perforation.32	 Rhabdomyolysis	 can	 result	 from	 psychomotor	 agitation	 and
seizures.	 Hyperthermia	 and	 multisystem	 organ	 failure	 may	 result	 in
coagulopathy	 and	 disseminated	 intravascular	 coagulation	 (DIC).	 Dehydration,
increased	 anion	 gap	 metabolic	 acidosis	 associated	 with	 increased	 lactate,	 and
hypokalemia	 are	 common	 among	 patients	 with	 significant	 sympathomimetic
toxicity.	 Urinary	 retention	 has	 been	 reported	 from	 methamphetamine	 toxicity.
Acute	 tubular	 necrosis	 may	 occur	 secondary	 to	 hyperthermia,	 hypovolemia,
hypotension,	and	rhabdomyolysis.

Diaphoresis	 with	 either	 warm	 or	 cool	 skin	 is	 common.	 Scarring	 and
hyperpigmentation	 (“track	 marks”)	 in	 areas	 above	 veins	 suggest	 chronic
intravenous	drug	use.	Subcutaneous	 injection	of	 the	drug	 (“skin	popping”)	can
result	 in	 scabs,	 circular	 scars,	 and	 lesions	 in	 a	 variety	 of	 areas.	 Additional
excoriations	and	rashes	can	result	 from	skin	picking	and	scratching.	Abscesses
and	infection	are	common.

Medical	 complications	 from	 drug	 abuse	 include	 endocarditis,	 infectious
hepatitis,	 human	 immunodeficiency	 virus	 (HIV)	 infection,	 cellulitis,	 septic
emboli,	 abscesses,	 tetanus,	 or	 wound	 botulism.	 Methamphetamine	 abuse	 is
associated	with	an	 increased	 risk	of	HIV	 infection	because	of	both	 increase	 in
risk-taking	behavior	(IV	drug	abuse,	unprotected	intercourse,	untreated	sexually
transmitted	disease)	and	probable	enhancement	of	HIV	infectivity.33

2 	In	general,	the	toxicity	observed	among	patients	using	methamphetamine	is
attributable	 to	 the	drug	and	not	 to	 any	 adulterants.	Adulterants	 are	not	usually
present	in	large	enough	quantities,	and	methamphetamine	is	relatively	pure	and
sufficiently	 toxic	 in	 its	 own	 right	 and	 its	 purity	 and	 potency	 (ie,	 greater	 D-
methamphetamine	amounts)	in	North	America	has	been	increasing	over	the	last
10	 years.2	 However,	 some	 important	 exceptions	 should	 be	 noted.	 Fentanyl	 is



being	 increasingly	 found	 in	 illicit	 pharmaceuticals	 and	due	 to	 its	 potency	may
present	 with	 an	 opioid	 or	 mixed	 toxidrome.	 The	 addition	 of	 benzocaine	 has
caused	methemoglobinemia.34	Intra-arterial	injection	of	a	drug	may	cause	injury,
possibly	 potentiated	 by	 any	 talc	 present.	 Talc	 pulmonary	 emboli	 have	 been
reported	 as	 well,	 which	 could	 contribute	 to	 pulmonary	 hypertension.	 Lastly,
substitution	 is	 more	 of	 a	 problem	 with	 the	 ring-modified	 amphetamines
(MDMA);	the	real	substance	present	in	the	street	purchased	product	is	likely	to
be	 contaminated	 with	 or	 entirely	 composed	 of	 something	 else	 such	 as	 a
piperazine	 (generally	 sympathomimetic	 in	 effect),	 caffeine,	methamphetamine,
cathinone,	or	other	substituted	amphetamine.

In	addition	to	having	some	sympathomimetic	qualities,	nearly	all	of	the	ring-
substituted	 amphetamines	 (eg,	 MDMA	 and	 DOM)	 also	 have	 hallucinogenic
properties	likely	owing	to	their	direct	and	indirect	effect	at	serotonin	receptors.
The	route	of	abuse	for	MDMA	is	usually	ingestion.	Serious	autonomic	reactions
include	 many	 of	 the	 sympathomimetic	 symptoms	 discussed	 earlier	 as	 well	 as
seizures,	 rigidity,	 dysrhythmias,	 and	 profound	 hyperthermia	 with	 grave
consequences	 (rhabdomyolysis,	 renal	 failure,	 DIC).35	 Given	 the	 increased
serotonin	levels	produced,	at	least	part	of	this	toxicity	could	be	characterized	as
serotonin	toxicity.

3 	Some	of	 the	ring-substituted	amphetamines	have	specific	 toxicities.	There
are	 several	 reports	 of	 hepatotoxicity	 resulting	 in	 hepatomegaly,	 jaundice,	 and
death	caused	by	MDMA	that	did	not	stem	from	hyperthermia	or	shock	liver;	this
probably	 resulted	 from	 an	 immunologic	 component.35,36	 Hyperthermia	 is	 more
common	with	the	ring-substituted	amphetamines,	likely	from	contribution	from
serotonin	toxicity	and	possibly	from	mitochondrial	uncoupling.37	Hyponatremia
resulting	 in	altered	mental	 status,	 coma,	 seizures,	 cerebral	 edema,	and	death	 is
also	 sometimes	 seen	 following	MDMA	 use.	 This	 probably	 results	 from	 some
combination	 of	 syndrome	 of	 inappropriate	 secretion	 of	 antidiuretic	 hormone
(SIADH)	 and	 from	 excessive	 water	 drinking.	 This	 SIADH	 may	 be	 more
commonly	 observed	 among	young	women	using	MDMA	as	 it	 appears	 that	 an
inappropriately	large	number	of	cases	are	reported	in	this	age/gender	group.	The
observed	 clinical	 toxicity	 from	 PMA	 includes	 hyperthermia,	 hypoglycemia,
hyperkalemia,	and	electrocardiographic	(ECG)	changes.	PMA	effects	are	similar
to	MDMA	but	may	be	more	severe	because	of	the	steep	dose-response	curve	for
elevating	 brain	 serotonin	 levels	 and	 significant	 MAOI	 activity.9,38	 PMA
exposures	 are	 often	 unintentional,	 with	 substitution	 for	 MDMA	 causing	 most
exposures,	 and	 the	 long	 onset	 time	 sometimes	 results	 in	 users	 taking	multiple
doses.	DOB	is	highly	potent,	enough	so	that	a	dose	(2-5	mg)	can	be	found	on	a
small	piece	of	paper	possibly	being	sold	as	LSD.	Large	doses	of	DOB	have	been



reported	 to	 result	 in	 significant	 vasospasm,	 resulting	 in	 seizures,	 gangrenous
amputations,	and	deaths.39

DIAGNOSTIC	EVALUATION
Patients	 with	 amphetamine	 toxicity	 (or	 any	 sympathomimetic	 toxicity)	 should
have	 frequent	 vital	 sign	 determinations	 including	 core	 or	 rectal	 temperature
measurement,	 intravenous	 access,	 and	 continuous	 cardiac	monitoring.	 Patients
with	 abnormal	 vital	 signs	 or	 mental	 status	 should	 have	 an	 electrocardiogram,
complete	blood	cell	count,	electrolyte,	blood	urea	nitrogen,	creatinine,	glucose,
and	arterial	blood	gas	determinations.	Patients	with	chest	pain,	dysrhythmias,	or
persistent	 pulse	 or	 blood	 pressure	 abnormalities	 should	 be	 evaluated	 for	 acute
coronary	 or	 vascular	 syndromes.	 Patients	 with	 prolonged	 immobilization,
uncontrolled	psychomotor	agitation,	or	hyperthermia	should	have	serial	creatine
phosphokinase	 (CPK)	 to	 evaluate	 for	 rhabdomyolysis	 and	 consider	 the
possibility	 of	 compartment	 syndrome.	 Those	 that	 either	 have	 or	 have	 had
significant	hyperthermia	or	shock	should	also	have	liver	injury	and	function	tests
(lactate	 dehydrogenase,	 aspartate	 aminotransferase,	 alanine	 aminotransferase,
and	coagulation	profile)	to	screen	for	multisystem	organ	failure	and	DIC.

Several	 imaging	 studies	 may	 be	 warranted	 after	 amphetamine	 overdose,
depending	 on	 the	 clinical	 presentation.	 Those	 with	 respiratory	 symptoms	 or
chest	 pain	 should	 have	 a	 chest	 radiograph	 and	 potentially	 a	 chest	 computed
tomography	 (CT)	 when	 there	 is	 concern	 for	 aortic	 dissection.	 Patients	 with
headache	or	seizures	should	be	evaluated	for	intracranial	hemorrhage	with	a	CT
or	CT	angiogram	of	the	brain.	Those	with	continued	suspicion	for	subarachnoid
hemorrhage	with	a	negative	CT	scan	should	also	have	a	lumbar	puncture.26	Plain
and	 oral	 contrast	 abdominal	 radiographs	 may	 be	 helpful	 for	 detecting	 drug-
containing	packets	in	the	GI	tracts	of	body	packers,	but	their	sensitivity	is	quite
low	 for	 stuffers.	 A	 negative	 imaging	 study	 including	 abdominal	 CT	 cannot
definitively	rule	out	drug	packets	in	the	GI	tract.

The	results	of	toxicology	screening	for	most	drugs	of	abuse	rarely	contribute
to	 or	 alter	 patient	 management.	 However,	 in	 the	 case	 of	 sympathomimetic
toxicity,	 the	 urine	 drug	 screen	 is	 reasonably	 sensitive	 to	 the	 recent	 use	 of
methamphetamine/amphetamine	 as	 well	 as	 cocaine	 and	 can	 assist	 with
differentiating	 the	 syndromes,	 which	 can	 be	 important	 for	 management.	 If
toxicology	drug	screening	is	essential,	health	care	providers	should	contact	their
clinical	 laboratory	 to	determine	 included	substances	as	well	as	causes	of	 false-
positive	and	false-negative	results.	For	example,	the	ability	of	immunologically



based	 amphetamine	 drug	 screens	 to	 detect	MDMA	 (or	 similar	 ring-substituted
amphetamines)	 is	highly	variable,	 but	 specific	 immunologically	based	MDMA
drug	screens	are	available.	Detection	of	the	cathinones	requires	special	specimen
handling	(due	to	instability	issues)	and	testing.

A	positive	drug	screen	can	confirm	the	presence	of	amphetamine	or	a	similar
structured	 drug,	 whereas	 a	 negative	 drug	 screen	 is	 nondiagnostic.	 For
amphetamines,	the	screen	is	typically	reasonably	sensitive	for	use	within	the	last
few	days	but	has	limited	specificity.	Some	common	substances	that	may	cause	a
positive	 amphetamine	 screen	 are	 bupropion,	 chloroquine,	 clobenzorex,
ephedrine,	 methylphenidate,	 phenelzine,	 phentermine,	 phenylpropanolamine,
pseudoephedrine,	 selegiline,	 tranylcypromine,	 trazodone,	 and	 Vicks	 inhaler.40
One	should	remember	that	if	 the	result	of	a	toxicology	screen	is	to	be	used	for
forensic	 purposes,	 the	 chain	 of	 custody	 should	 be	maintained,	 and	 results	will
need	 to	 be	 confirmed	 using	 a	 more	 rigorous	 analytical	 method	 such	 as	 gas
chromatography/mass	spectrometry.

Toxicological	 and	 nontoxicological	 conditions	 that	 may	 have	 a	 similar
presentation	or	 that	present	concomitantly	(Table	99.1)	should	be	evaluated	for
and	excluded.	A	serum	lactate	 level	may	be	helpful	 for	patients	with	 increased
anion	gap	metabolic	acidosis	of	unclear	origin.	An	elevated	lactate	level	would
be	expected	for	patients	with	compromised	tissue	perfusion	(eg,	occurring	with
shock	 and	 intestinal	 or	 limb	 ischemia),	 for	 those	 with	 hypermetabolic	 states
during	which	metabolic	demands	exceed	available	substrates,	or	for	 those	with
cellular	dysfunction	in	whom	normal	substrates	cannot	be	used.	Other	causes	of
increased	anion	gap	metabolic	acidosis	(eg,	ethylene	glycol,	methanol	[although
some	elevation	of	lactate	is	expected	with	methanol],	iron,	and	salicylate)	should
be	investigated	when	the	lactate	level	is	normal	or	near	normal.	The	possibility
of	 concomitant	 poisoning	 with	 by-products	 or	 impurities	 related	 to	 the	 illicit
synthesis	 of	 methamphetamine	 or	 adulterated	 later	 (eg,	 phenethylamine
derivatives,	caffeine,	ephedrine,	mercury,	strychnine,	or	lead)	would	be	rare	but
should	also	be	considered.

TABLE	99.1

Differential	Diagnosis	of	Amphetamine	Toxicity

Toxicologic

β-Agonist	toxicity	(clenbuterol	and	others)



Black	widow	envenomation
Cathinones	or	“bath	salts”
Cocaine
Dextromethorphan
Methylxanthine	toxicity	(caffeine,	theophylline)
Monoamine	oxidase	inhibitor	toxicity
Neuroleptic	malignant	syndrome
Piperazine	compounds	(benzylpiperazine	and	others)
Phencyclidine	toxicity	(PCP)
Bark	scorpion	envenomation	(found	mostly	in	Arizona/Sonoran	Desert)
Salicylates
Serotonin	toxicity
Strychnine
Withdrawal	from	sedative-hypnotics,	including	baclofen,	barbiturates,

benzodiazepines,	clonidine,	chloral	hydrate,	ethanol,	γ-hydroxybutyrate,	γ-
butyrolactone,	meprobamate,	phenibut,	as	well	as	from	β-antagonists	such	as
propranolol

Nontoxicologic

Endocarditis
Encephalitis	and	meningitis
Heat	stroke
Intracranial	bleed	or	mass	lesion
Pheochromocytoma
Sepsis
Thyrotoxicosis

MANAGEMENT
Patients	who	present	with	life-threatening	effects	from	amphetamine	toxicity	or
those	that	are	at	increased	risk	for	developing	them	(such	as	a	packer)	should	be
managed	 in	 an	 intensive	 care	 unit	 (Table	 99.2).	The	 overall	 approach	 to	 these
patients	is	aggressive	supportive	care	with	supplemental	oxygen,	sedation,	fluid
administration,	prevention	and	treatment	of	hyperthermia,	and	close	monitoring
while	addressing	the	specific	myriad	complications	that	can	occur.



TABLE	99.2

Indications	for	Admitting	Patients	to	an	Intensive	Care	Unit

Acute	coronary	syndromes
Aortic	dissection
Body	packer	or	body	stuffer
Cerebral	ischemia	or	infarction
Dysrhythmias
Hyperthermia
Intracranial	bleed
Myocardial	infarction

Multisystem	organ	failure
Peripheral	ischemia
Persistent	psychomotor	agitation
Pneumothorax
Rhabdomyolysis
Seizure

5 	The	hemodynamic	effects	of	amphetamines	are	primarily	caused	by	release
of	catecholamines	and	not	by	direct	effects	at	receptors.	Mild	sinus	tachycardia
and	hypertension	not	associated	with	psychomotor	agitation	or	evidence	of	end-
organ	 damage	 usually	 do	 not	 require	 pharmacological	 treatment.	 Treatment	 of
psychomotor	 agitation	 utilizing	 occasionally	 large	 benzodiazepine	 doses	 (eg,
100	mg	of	diazepam	or	 its	equivalent	over	30	minutes	with	appropriate	airway
monitoring)	will	 often	 result	 in	 improvement	 or	 resolution	 of	 tachycardia	 and
hypertension.	 Additional	 agents	 such	 as	 fentanyl,	 dexmedetomidine,	 and
propofol	have	been	successfully	used	usually	as	an	adjunct	 to	benzodiazepines
for	 methamphetamine	 agitation.	 If	 sufficient	 benzodiazepines	 do	 not	 provide
adequate	 improvement,	 rate-related	 cardiac	 ischemia	may	 be	 treated	with	 a	 β-
blocker,	preferably	a	short-acting	and	easily	titratable	agent	such	as	esmolol,	or	a
calcium	channel	blocker,	being	cautious	to	exclude	acute	cocaine	toxicity	if	a	β-
blocker	 is	being	used	and	use	along	with	adequate	 sedative	measures.	Patients
with	life-threatening	dysrhythmias	who	are	hemodynamically	unstable	should	be
cardioverted	 or	 defibrillated.	 Persistent	 hypertension,	 especially	 if	 there	 is
evidence	 of	 end-organ	 damage	 or	 hyperthermia,	 should	 be	 treated	 with
benzodiazepines	 as	 well	 as	 phentolamine,	 nitroprusside,	 or	 nitroglycerin
(although	 nitroglycerin	may	 not	 work	 as	 well	 with	 chronic	methamphetamine
users)41	with	careful	dose	titration.

Patients	 presenting	 with	 chest	 pain	 should	 be	 evaluated	 for	 acute	 coronary



syndromes	 and	 managed	 accordingly.23	 Thrombolytic	 therapy	 or	 procedural
coronary	 intervention	may	 be	 indicated	 as	 per	 current	 guidelines.	Under	 these
circumstances,	 cardiology	 consultation	 is	 recommended,	 especially	 since
coronary	 vasospasm	 is	 a	 possibility.	Other	 important	 potential	 causes	 of	 chest
pain	such	as	pneumothorax,	pneumomediastinum,	 infection,	 septic	emboli,	and
aortic	dissection	should	be	ruled	out.

Hypotension	 should	 be	 treated	 with	 fluids	 and	 assessed	 for	 comorbid
potential	 life-threatening	 conditions	 such	 as	 dysrhythmias,	 acute	 coronary
syndromes,	pneumothorax,	aortic	dissection,	hyperkalemia,	GI	hemorrhage,	and
sepsis.	 Persistent	 symptomatic	 hypotension	 that	 is	 refractory	 to	 fluids
necessitates	 treatment	with	 a	direct	 acting	vasopressor	 such	 as	norepinephrine,
epinephrine,	 or	 phenylephrine.	 At	 times,	 the	 choice	 and	 dose	 of	 vasopressor
should	 be	 guided	 by	 their	 different	 pharmacological	 properties	 as	 well	 as
potentially	 advanced	 hemodynamic	 monitoring	 (such	 as	 pulmonary	 artery
catheter)	or	bedside	ultrasound.

Management	of	bronchospasm	should	include	nebulized	β2	(such	as	albuterol)
and	 anticholinergic	 agents	 (such	 as	 ipratropium	 bromide).	 Noncardiogenic
pulmonary	 edema	 and	 acute	 respiratory	 distress	 syndrome	 should	 be	managed
according	to	current	guidelines.	The	benefits	of	corticosteroids	for	patients	with
sympathomimetic-induced	 bronchospasm,	 pneumonitis,	 and	 noncardiogenic
pulmonary	edema	have	not	been	well	studied	but	may	be	considered	for	patients
with	 severe	 or	 persistent	 symptoms.	 Occasionally,	 pneumomediastinum	 and
pneumothorax	following	smoking	methamphetamine	are	observed.	Patients	with
pneumothorax	 may	 require	 tube	 thoracostomy	 depending	 on	 the	 size	 of	 the
pneumothorax.	 Evaluation	 for	 a	 pneumomediastinum	 usually	 involves	 a
nonbarium	oral	 contrast	 imaging	 study	 to	 rule	out	 esophageal	perforation,	 but,
surprisingly,	these	commonly	have	a	benign	course.

5 	The	initial	management	of	a	patient	with	an	altered	mental	status	includes
assessing	 and	 treating	 all	 readily	 reversible	 causes	 such	 as	 hypoxia,
hypoglycemia,	 electrolyte	 abnormalities	 (hyponatremia,	 hyperkalemia),	 opioid
toxicity,	 and	 thiamine	 deficiency.	 Imaging	 studies	 of	 the	 head	 should	 be
performed	for	patients	with	persistent	altered	mental	status,	potentially	followed
by	 lumbar	puncture	 if	 indicated.	Mild	agitation	or	anxiety	may	be	 treated	with
oral	benzodiazepines.	Psychomotor	agitation	that	poses	a	danger	to	the	patient	or
others	 requires	 more	 aggressive	 sedation.	 Incremental	 doses	 of	 intravenous
benzodiazepine	 should	 be	 used	 to	 achieve	 the	 desired	 effect.	 The	 use	 of
antipsychotics	 for	 controlling	 agitation	 should	be	 as	 an	 adjunctive	 therapy	and
not	as	the	primary	means	of	control,	but	does	appear	to	be	safe	and	efficacious	in
adult	 and	 pediatric	 populations.19,42,43	 One	 should	 recognize	 the	 other	 clinical



potential	 concerns	 that	 accompany	 the	 use	 of	 the	 antipsychotic	 drug	 class	 (eg,
ECG	changes	and	neuroleptic	malignant	syndrome).	If	agitation	is	severe,	more
aggressive	measures	such	as	sedation,	intubation,	and	paralysis	may	be	required
to	 protect	 the	 patient	 and	 the	 staff.	 Restraints	 should	 be	 used	 only	 during	 the
relatively	 short	 time	 of	 gaining	 control	 of	 the	 agitation	 using	 pharmaceutical
methods,	 as	 the	 restrained	 agitated	 patient	 is	 at	 risk	 for	 several	 adverse
outcomes,	including	sudden	death.	Deaths	from	excited	delirium	occur	quickly,
and	close	cardiac	and	core	temperature	monitoring	are	essential.

Patients	presenting	with	seizures	should	be	treated	with	incremental	doses	of
intravenous	benzodiazepines.	 If	seizures	are	not	rapidly	controlled,	 intravenous
propofol	(being	watchful	for	hypotension)	or	phenobarbital	 is	 indicated	usually
along	with	intubation	to	secure	the	airway.	The	role	of	phenytoin	is	limited	in	the
patient	 with	 toxin	 induced	 seizures	 and	 probably	 should	 be	 avoided.	 Seizures
refractory	to	sedative-hypnotic	drugs	should	be	managed	in	consultation	with	an
experienced	neurologist	with	continuous	electroencephalogram	monitoring.	The
workup	of	seizures	should	include	a	CT	scan	and	potentially	lumbar	puncture	to
evaluate	for	alternative	causes.	Patients	with	intracranial	hemorrhage	or	cerebral
infarction	 should	 have	 neurosurgery	 consultation.	 As	 the	 etiology	 of	 the
“beading”	seen	on	angiography	is	uncertain,	the	role	of	calcium	channel	blockers
(eg,	nimodipine)	and/or	steroids	for	such	patients	is	equally	uncertain.

Patients	with	peripheral	vascular	ischemia	should	be	managed	in	conjunction
with	 a	 vascular	 service.	 Intra-arterial	 administration	 of	 α-adrenergic	 receptor
antagonists	 such	 as	 phentolamine	may	 relieve	 localized	 arterial	 vasospasm.	 If
multiple	areas	of	vasospasm	are	observed,	 there	may	be	a	 role	 for	 intravenous
nitroprusside	 with	 caution	 not	 to	 lower	 systemic	 blood	 pressure	 significantly.
This	adverse	effect	may	be	observed	more	typically	with	some	of	the	substituted
hallucinogenic	 amphetamines	 such	 as	 the	 ring	 substituted	 DOB.39	 Accidental
intra-arterial	 injection	 during	 intravenous	 abuse	 may	 lead	 to	 significant	 tissue
destruction	 through	 emboli	 (eg,	 talc	 and	 the	 other	 cutting	 agents),	 thrombosis,
and	vasoconstriction.	There	is	no	consensus	regarding	managing	these	patients,
although	adequate	fluid	resuscitation,	acetylsalicylate,	and	heparin	appear	to	be
reasonable;	 other	 interventions	 that	 have	 been	 used	 for	 intra-arterial	 injection
accidents	 with	 heroin	 include	 intra-arterial	 phentolamine,	 thrombolytics,	 and
systemic	steroids	(dexamethasone).

4 	 Core	 temperature	 approaching	 or	 more	 than	 104°F	 (40	 °C)	 should	 be
aggressively	 managed,	 as	 the	 risk	 for	 multisystem	 organ	 failure	 rises
exponentially	 with	 the	 temperature.	 One	 should	 undress	 the	 patient,	 initiate
active	 cooling	 measures,	 and	 continuously	 monitor	 the	 patient’s	 core
temperature.	 Active	 cooling	 techniques	 include	 spraying	 the	 patient	 with	 cool



water,	draping	with	cold	water–soaked	sheets	along	with	the	use	of	large	fans	for
evaporation,	ice	packs	in	the	axilla	and	groin,	cooled	IV	fluids,	bladder	irrigation
with	cooled	fluids,	or	a	cooling	blanket	placed	under	the	patient	while	utilizing
evaporative	cooling	from	above.	Active	cooling	should	be	terminated	when	the
patient’s	 core	 temperature	 approaches	 101°F	 (38.3	 °C).	 Benzodiazepines	 are
useful	 for	 decreasing	 motor	 agitation	 or	 seizure	 activity	 contributing	 to	 the
hyperthermia.	Paralysis	and	intubation	would	be	the	last	resort	 in	the	treatment
of	 persistent	 rigidity	 associated	 with	 hyperthermia;	 EEG	 evaluation	 can	 be
obtained	 after	 hyperthermia	 control.	 Antipyretics	 (eg,	 acetaminophen,	 aspirin,
nonsteroidal	 anti-inflammatory	 drugs)	 are	 not	 useful,	 and	 there	 is	 limited
evidence	 that	 dantrolene,	 bromocriptine,	 or	 amantadine	 enhances	 the	 cooling
process	in	these	patients	with	life-threatening	hyperthermia.

Fluid	management	should	address	any	electrolyte	and	acid-base	abnormalities
and	 dehydration.	 Management	 of	 rhabdomyolysis	 should	 include	 generous
intravenous	crystalloid	fluids	to	maintain	urine	output	of	at	least	2	to	3	mL/kg/h
to	minimize	the	risk	of	acute	tubular	necrosis.	The	role	of	alkalinizing	the	urine
to	 provide	 renal	 protection	 from	 rhabdomyolysis	 is	 controversial	 but	 may	 be
performed	as	desired.	Because	 serum	myoglobin	 levels	 are	not	usually	 rapidly
available,	 serum	 CPK	 may	 be	 monitored	 instead.	 Urinary	 acidification	 is	 no
longer	recommended	for	amphetamine	toxicity.

The	 serotonergic	 amphetamines	 MDMA	 and	 related	 compounds	 can	 cause
significant	serotonergic	toxicity	when	combined	with	other	pharmaceuticals	that
have	 serotonin	 effects	 such	 as	 selective	 serotonin	 reuptake	 inhibitors,	MAOIs,
and	cocaine.	Differentiating	the	degree	of	concomitant	serotonin	toxicity	can	be
difficult,	 but	 the	 physical	 examination	 findings	 of	 clonus	 (spontaneous	 or
inducible)	and	hyperreflexia	with	the	lower	extremity	reflexes	more	pronounced
than	 the	 upper	 extremity	 reflexes	 would	 be	 suggestive	 of	 serotonin	 toxicity.44
Treatment	 involves	 benzodiazepines	 and	 supportive	 care,	 although
cyproheptadine	may	 be	 of	 some	 benefit.	 An	 adult	 dose	 of	 cyproheptadine	 for
serotonin	toxicity	is	8	mg	orally	every	6	to	8	hours	to	a	maximum	of	32	mg	per
day;	using	smaller	more	frequent	doses	does	not	make	pharmacologic	sense.	The
hyponatremia	arising	from	SIADH	should	be	 treated	with	water	restriction	and
may	 require	 hypertonic	 3%	normal	 saline.	These	 fluid	 requirements	 should	 be
balanced	with	other	issues	such	as	the	possible	presence	of	rhabdomyolysis.

The	 involuntary	 abnormal	 choreiform	 and	 athetoid	 movements	 following
abuse	may	be	the	reason	for	presentation	and	can	be	a	source	of	great	anxiety	for
the	patient.	When	the	symptom	onset	is	rapid	and	not	present	for	a	long	period	of
time,	 antipsychotics	 such	 as	 haloperidol	 may	 be	 effective.30	 When	 the
involuntary	 movements	 have	 lasted	 for	 a	 long	 time	 (eg,	 days	 to	 weeks),



antipsychotics	may	be	 less	effective.	Sedatives	have	been	observed	 to	 increase
the	 movements	 of	 some	 patients.	 There	 has	 been	 some	 success	 in	 alleviating
symptoms	using	centrally	acting	antimuscarinic	drugs	(eg,	benztropine).31

No	 treatment	 consensus	 is	 available	 for	 the	 management	 of	 asymptomatic
body	stuffers.	Sometimes,	individuals	claim	to	have	ingested	drug	packets	in	an
attempt	to	avoid	going	to	jail,	a	technique	that	often	works	in	the	short	term.	The
packet	 count	 or	 the	 amount	 of	 drugs	 in	 the	 packet	 is	 usually	 unreliable.	 Even
when	bags	or	packets	are	ingested,	they	are	rarely	seen	on	imaging	studies.	An
abdominal	 CT	 scan	 is	 more	 reliable	 than	 plain	 abdominal	 imaging,	 but	 false-
negatives	do	occur.	GI	decontamination	using	activated	charcoal	(AC)	at	a	dose
of	1	to	2	g	per	kg	should	be	considered	for	these	patients.	Multiple	doses	of	AC
have	no	proven	benefit	and	may	be	harmful	by	potentially	causing	obstruction.
The	 risks	 of	 forced	 AC	 administration	 usually	 outweigh	 any	 potential	 benefit
when	a	patient	will	not	voluntarily	drink	the	AC.	However,	this	risk-benefit	ratio
should	 be	 reassessed	 should	 a	 patient	 clinically	 deteriorate	 to	 the	 point	 of
requiring	 intubation.	 Occasionally,	 whole-bowel	 irrigation	 (WBI)	 is	 also
employed	for	 these	patients	 (see	 later).	Given	 the	 lack	of	end	point	 (ie,	passed
packets)	 in	 most	 of	 these	 patients,	 they	 will	 require	 a	 period	 of	 sufficient
observation.	 The	 safest	 approach	 to	 these	 patients	 would	 be	 admission	 for	 a
minimum	 of	 24	 hours	 of	 close	 hemodynamic	 observation,	 with	 additional
observation	 time	 should	 any	 unexplained	 increase	 in	 pulse	 or	 blood	 pressure
occur.45	Note	this	observation	period	may	not	be	sufficient	for	all	patients;	cases
of	 toxicity	 have	 resulted	 from	more	 than	 36	 hours	 from	 ingestion	 of	 a	 sealed
baggie.7

Asymptomatic	 body	 packers	 should	 also	 be	 conservatively	 managed.	 One
proposed	guideline	 involves	 the	oral	 administration	of	 a	water-soluble	 contrast
solution	 followed	 by	 serial	 abdominal	 radiographs	 (Chapter	 96:	 General
Considerations	 in	 the	 Evaluation	 and	 Treatment	 of	 Poisoning.)	 with	 isotonic
polyethylene	 glycol	 electrolyte	 solution	 has	 also	 been	 advocated	 for	 GI
decontamination	based	on	case	reports.	Some	clinicians	advocate	administering
polyethylene	 glycol	 solution,	 1	 L	 per	 hour,	 to	 adults	 until	 there	 is	 no	 longer
significant	concern	for	retained	packets	in	the	GI	tract.	This	is	usually	signaled
by	 a	 clear	 rectal	 effluent,	 no	 radiographic	 evidence	 of	 drug	 packets	 in	 the	GI
tract,	 a	 negative	 rectal	 examination	 for	 packets,	 and	 an	 accurate	 accounting	of
the	 number	 of	 ingested	 packets.	 It	 does	 appear	 that	 the	 packet	 count	 for	 body
packers	 is	 sometimes	more	 reliable	 than	 for	 body	 stuffers	 but	 still	may	not	 be
correct.	 Administration	 of	 multiple	 doses	 of	 cathartics	 is	 not	 considered	WBI
and	may	result	in	severe	fluid	and	electrolyte	abnormalities.46,47

Body	 packers	 and	 body	 stuffers	 who	 develop	 sympathomimetic	 toxicity



should	be	suspected	of	having	leakage	or	rupture	of	the	drug	packets	in	their	GI
tract.48	In	the	case	of	a	body	packer,	 this	is	an	absolute	indication	for	emergent
surgical	intervention	owing	to	the	massive	amount	of	drug	present	and	profound
subsequent	local	(eg,	bowel	ischemia)	and	systemic	effects.	Surgical	intervention
is	also	indicated	for	patients	with	intestinal	obstruction,	ischemia,	or	perforation
and	may	 be	 indicated	when	 packets	 fail	 to	 progress	 through	 the	GI	 tract	 after
conservative	 management.	 Endoscopic	 retrieval	 of	 packets	 retained	 in	 the
stomach	should	only	be	performed	by	an	experienced	endoscopist	due	to	risk	of
rupture.

Although	 the	 number	 of	 small-scale	 clandestine	 methamphetamine
laboratories	has	 fallen	markedly	 in	 the	 last	10	years,	 they	are	still	occasionally
encountered.1	The	proper	management	of	patients	exposed	to	methamphetamine
laboratories	 varies	 depending	 on	 the	 exposure	 scenario	 and	 the	 of	 laboratory.
Most	 of	 the	 times,	 the	 only	 treatment	 required	 is	 adequate	 burn	 care	 because
many	 of	 these	 patients	 present	with	 thermal	 burns	 from	 a	 laboratory	 fire.	 The
most	 dangerous	 components	 of	 a	 methamphetamine	 laboratory	 (besides	 the
occasional	 armed	 psychotic	 inhabitant)	 are	 the	 potential	 gases:	 anhydrous
ammonia,	hydrochloric	acid	(HCl),	and	phosphine.	Of	note,	the	of	possible	gases
present	 depends	 on	 the	 of	 lab	 as	 well	 as	 the	 activity	 state	 of	 lab	 because
generally	the	HCl	and	phosphine	levels	are	present	only	in	high	enough	levels	to
cause	 injury	 during	 the	 process	 of	 the	 “cook.”49,50	 All	 three	 gases	 can	 cause
significant	 acute	 lung	 injury,	with	 the	 injury	 from	phosphine	 potentially	 being
delayed	by	several	hours	and	anhydrous	ammonia	potentially	causing	significant
ocular	and	dermal	injury	as	well.	Phosphine	also	causes	GI	symptoms	as	well	as
cardiac	 arrhythmias.51	 Methamphetamine	 laboratories	 also	 use	 caustics	 and
solvents	 that	 on	 contact	 (usually	 as	 liquid)	 with	 skin	 or	 eyes	 can	 cause
significant	 injury.	 It	 should	 be	 noted	 that	 despite	 the	 subjective	 complaints,	 a
minor	transient	exposure	to	a	methamphetamine	laboratory	is	unlikely	to	cause
significant	 injury,	 and	 that	 unless	 gross	 contamination	 is	 present,	 a	 gentle
cleaning	with	soap	and	water	is	adequate	for	nearly	all	exposures.52
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Questions
1. 	A	55-year-old	man	presents	to	the	emergency	department	in	police
custody.	He	was	witnessed	to	swallow	a	bag	thought	to	contain
methamphetamine,	although	he	denies	it.	Vitals	signs	are	T	98.1,	BP	154/102,
HR	90,	and	RR	17.	What	is	the	most	appropriate	disposition?

A. 	Discharge	after	4	hours	if	he	remains	stable	without	intervention	and
has	a	negative	rectal	exam
B. 	Discharge	after	8	hours	if	he	remains	stable	without	intervention	and
has	a	negative	rectal	exam	and	a	negative	abdominal	x-ray
C. 	Discharge	after	all	reported	baggies	are	recovered	in	the	stool,	rectal
exam	is	negative,	and	an	abdominal	CT	scan	is	negative
D. 	Consider	a	dose	of	activated	charcoal	and	discharge	after	24	hours	if
he	remains	stable	without	evidence	of	toxicity	and	has	a	negative	rectal
exam

2. 	A	55-year-old	man	with	suspected	methamphetamine	ingestion	suddenly
becomes	altered,	tremulous,	diaphoretic,	and	agitated	about	2	hours	after	arrival
to	the	emergency	department.	He	is	intubated	but	remains	agitated.	His
temperature	is	99.1	and	no	seizure	activity	is	noted.	What	is	the	most	appropriate
medical	management?

A. 	Antipsychotics
B. 	Benzodiazepines
C. 	Centrally	acting	α-antagonists
D. 	Opiates

3. 	Which	of	the	following	is	true	about	methamphetamine	production	in	the
United	States	today?

A. 	Production	has	decreased	due	to	imports
B. 	Production	has	increased	due	to	“shake	and	bake”	technique
C. 	Production	has	shifted	to	MDMA
D. 	Production	with	liquid	ammonia	has	increased	risks	to	bystanders

4. 	What	is	the	most	common	clinically	significant	adulterant	found	in
methamphetamines	today?

A. 	Benzocaine



B. 	Fentanyl
C. 	Lead
D. 	Talc

Answers

1.	The	correct	answer	is	D.
Rationale:	This	 scenario	meets	 the	 definition	of	 body	 stuffing	with	 risk	 for

methamphetamine	 exposure	 from	 leakage	 of	 contents	 out	 of	 a	 package	 not
intended	for	intestinal	transit	(body	packing).	Discharge	should	not	occur	before
24	 hours	 (choice	 D	 is	 correct,	 and	 choices	 A	 and	 B	 are	 incorrect).	 Of	 note,
waiting	for	all	baggies	is	impractical	as	some	may	not	be	recovered	(choice	C	is
not	the	best	answer	although	it	might	be	a	good	answer	for	a	body	packer).

2.	The	correct	answer	is	B.
Rationale:	 Benzodiazepines	 are	 the	 agent	 of	 choice	 for	 control	 of	 agitation

after	 acute	 xenobiotic	 (toxin)	 exposure	 (choice	 B	 is	 correct).	 Antipsychotics,
opioids,	 and	 barbiturates	 may	 be	 effective	 in	 controlling	 agitation	 but	 are
associated	with	higher	rates	of	seizures	and	respiratory	depression	in	this	setting
(choices	A	and	D	are	not	the	best	answers).	Additionally,	agents	that	manipulate
mediators	 of	 the	 sympathetic	 nervous	 system,	 such	 as	 alpha	 antagonists,	 risk
paradoxical	effects	and	should	be	avoided	(choice	C	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	 Methamphetamine	 laboratories	 are	 less	 common	 in	 the	 United

States	as	importation	from	foreign,	large-scale	production	facilities	has	become
more	 common	 (choice	 A	 is	 correct,	 and	 choice	 B	 is	 incorrect).
Methamphetamine	 is	 the	most	 abundant	product	 as	MDMA	 is	 a	more	difficult
synthesis	requiring	very	different	starting	materials.	(choice	C	is	incorrect).	The
more	dangerous	Birch	method	of	methamphetamine	production	uses	anhydrous
(a	very	cold,	caustic	liquid)	rather	than	liquid	ammonia	(an	aqueous	solution	of
ammonia;	(choice	D	is	incorrect).

4.	The	correct	answer	is	B.
Rationale:	The	most	common,	dangerous	adulterant	of	methamphetamines	is

fentanyl	 (choice	B	 is	 correct,	 and	 choices	A	 and	C	 are	 incorrect).	 Though,	 of
note,	many	contaminants	are	possible	to	include	beyond	those	listed.	In	fact,	talc
is	 commonly	 used	 as	 a	 filler	 to	 expand	 the	 weight	 and	 volume	 of
methamphetamine	preparations	and	is	usually	clinically	insignificant	in	the	short



term.	 (choice	 D	 is	 incorrect	 although	 chronic	 intravenous	 use	 can	 result	 in
pulmonary	deposition).

References

Key	references	are	highlighted	in	gray.

1.	World	Drug	Report	2021	(United	Nations	publication,	Sales	No.	E.21.XI.8).
Accessed	July	28,	2021.	https://www.unodc.org/unodc/en/data-and-
analysis/wdr2021.html.

2.	U.S.	Department	of	Justice,	Drug	Enforcement	Administration,	Office	of
Forensic	Sciences.	Microgram	Bulletin.	Issues	4/09,	3/09,	6/08,	3/08,	12/07,
12/06,	11/06,	and	5/06.
https://www.erowid.org/library/periodicals/microgram/.

3.	U.S.	Drug	Enforcement	Administration,	Diversion	Control	Division.
National	Forensic	Laboratory	Information	System:	NFLIS-Drug	2020
Midyear	Report.	U.S.	Drug	Enforcement	Administration;	2021.

4.	Murphy	CM,	Dulaney	AR,	Beuhler	MC,	Kacinko	S.	“Bath	salts”	and	“plant
food”	products:	the	experience	of	one	regional	US	poison	center.	J	Med
Toxicol.	2013;9(1):42-48.

5.	Klatt	EC,	Montgomery	S,	Namiki	T,	Noguchi	TT.	Misrepresentation	of
stimulant	street	drugs:	a	decade	of	experience	in	analysis	program.	J	Toxicol
Clin	Toxicol.	1986;24:441.

6.	Gummin	DD,	Mowry	JB,	Beuhler	MC,	et	al.	2019	annual	report	of	the
American	association	of	poison	control	centers’	national	poison	data	system
(NPDS):	37th	annual	report.	Clin	Toxicol.	2020;58(12):1360-1541.

7.	Hendrickson	RG,	Horowitz	BZ,	Norton	RL,	Notenboom	H.	“Parachuting”
meth:	a	novel	delivery	method	for	methamphetamine	and	delayed-onset
toxicity	from	“body	stuffing.”	Clin	Toxicol.	2006;44:379-382.

8.	Seo	J-W.,	Jones	SM,	Hostetter	TA,	Iliff	JJ,	West	GA.	Methamphetamine
induces	the	release	of	endothelin.	J	Neurosci	Research.	2015;94:170-178.

9.	Green	AL,	El	Hait	MAS.	p-Methoxyamphetamine,	a	potent	reversible
inhibitor	of	-monoamine	oxidase	in	vitro	and	in	vivo.	J	Pharm	Pharmacol.
1980;32:262-266.

10.	Sulzer	D,	Sonders	MS,	Poulsen	NW,	et	al.	Mechanisms	of	Neurotransmitter
release	by	amphetamines:	a	review.	Prog	Neurobiol.	2005;75:406-433.

https://www.unodc.org/unodc/en/data-and-analysis/wdr2021.html.
https://www.erowid.org/library/periodicals/microgram/.


11.	Ricaurte	GA,	Forno	LS,	Wilson	MA,	et	al.	(+/−)	3,4-
Methylenedioxymethamphetamine	selectively	damages	central	serotonergic
neurons	in	nonhuman	primates.	JAMA.	1988;260:51.

12.	Krasnova	IN,	Cadet	JL.	Methamphetamine	toxicity	and	messengers	of
death.	Brain	Res	Rev.	2009;60(2):379-407.

13.	McCann	UD,	Kuwabara	H,	Kumar	A,	et	al.	Persistent	cognitive	and
dopamine	transporter	deficits	in	abstinent	methamphetamine	users.	Synapse.
2008;62:91-100.

14.	Kevil	CG,	Goeders	NE,	Woolard	MD,	et	al.	Methamphetamine	use	and
cardiovascular	disease:	in	search	of	answers.	Arterioscler	Thromb	Vasc	Biol.
2019;39:1739-1746.

15.	Hart	CL,	Gunderson	EW,	Perez	A,	et	al.	Acute	physiological	and	behavioral
effects	of	intranasal	methamphetamine	in	humans.
Neuropsychopharmacology.	2008;33(8):1847-1855.

16.	Karch	SB,	Stephens	BG,	Ho	CH.	Methamphetamine-related	deaths	in	San
Francisco:	demographic,	pathologic	and	toxicologic	profiles.	J	Forensic	Sci.
1999;44(2):359-368.

17.	Mendelson	J,	Uemura	N,	Harris	D,	et	al.	Human	pharmacology	of	the
methamphetamine	stereoisomers.	Clin	Pharmacol	Ther.	2006;80:403-420.

18.	Lin	LY,	Di	Stefano	EW,	Schmitz	DA,	et	al.	Oxidation	of	methamphetamine
and	methylenedioxymethamphetamine	by	CYP	2D6.	Drug	Metab	Dispos.
1997;25(9):1059-1064.

19.	Derlet	RW,	Rice	P,	Horowitz	BZ,	Lord	RV.	Amphetamine	toxicity:
experience	with	127	cases.	J	Emerg	Med.	1989;7:157.

20.	Kaye	S,	McKetin	R,	Duflou	J,	Darke	S.	Methamphetamine	and
cardiovascular	pathology:	a	review	of	the	evidence.	Addiction.
2007;102:1204-1211.

21.	Hong	R,	Matsuyama	E,	Nur	K.	Cardiomyopathy	associated	with	the
smoking	of	crystal	methamphetamine.	JAMA.	1991;265(9):1162-1154.

22.	Yi	S,	Ren	L,	Yang	T	t,	Liu	L,	Wang	H,	Liu	Q.	Myocardial	lesions	after	long
term	administration	of	methamphetamine	in	rats.	Chin	Med	Sci	J.
2008;23(4):239-243.

23.	Turnipseed	SD,	Richards	JR,	Kirk	JD,	Diercks	DB,	Amsterdam	EA.
Frequency	of	acute	coronary	syndrome	in	patients	presenting	to	the
emergency	department	with	chest	pain	after	methamphetamine	use.	J	Emerg
Med.	2003;24(4):369-373.



24.	Hamamoto	DT,	Rhodus	NL.	Methamphetamine	abuse	and	dentistry.	Oral
Dis.	2009;15:27-37.

25.	Kolecki	P.	Inadvertent	methamphetamine	poisoning	in	pediatric	patients.
Pediatr	Emerg	Care.	1998;14(6):385-387.

26.	Buxton	N,	McConachie	NS.	Amphetamine	abuse	and	intracranial
haemorrhage.	J	R	Soc	Med.	2000;93:472-477.

27.	Rothrock	JF,	Rubenstein	R,	Lyden	PD.	Ischemic	stroke	associated	with
methamphetamine	inhalation.	Neurology.	1988;38:589.

28.	Mahoney	JJ,	III,	Kalechstein	AD,	De	La	Garza	R,	II,	et	al.	Presence	and
persistence	of	psychotic	symptoms	in	cocaine	versus	methamphetamine-
dependent	participants.	Am	J	Addict.	2008;17:83-98.

29.	Kratofil	PH,	Baberg	HT,	Dimsdale	JE.	Self-mutilation	and	severe	self-
injurious	behavior	associated	with	amphetamine	psychosis.	Gen	Hosp
Psychiatr.	1996;18:117-120.

30.	Rhee	KJ,	Albertson	TE,	Douglas	JC.	Choreoathetoid	disorder	associated
with	amphetamine-like	drugs.	Am	J	Emerg	Med.	1988;6:131.

31.	Lundh	H,	Tunving	K.	An	extrapyramidal	choreiform	syndrome	caused	by
amphetamine	addiction.	J	Neurol	Neurosurg	Psychiatry.	1981;44:728-730.

32.	Brannan	TA,	Soundararajan	S,	Houghton	BL.	Methamphetamine-associated
shock	with	intestinal	infarction.	MedGenMed.	2004;6:6.

33.	Liang	H,	Wang	X,	Chen	H,	et	al.	Methamphetamine	enhances	HIV
infection	of	macrophages.	Am	J	Pathol.	2008;172(6):1617-1624.

34.	McKinney	CK,	Postiglione	KF,	Herold	DA.	Benzocaine-adulterated
cocaine	in	association	with	methemoglobinemia.	Clin	Chem.
1992;38(4):596-597.

35.	Henry	JA,	Jeffreys	KJ,	Dawling	S.	Toxicity	and	deaths	from	3,4-
methylenedioxymethamphetamine	(“ecstasy”).	Lancet.	1992;340:384.

36.	Brauer	RB,	Heidecke	CD,	Nathrath	W,	et	al.	Liver	transplantation	for	the
treatment	of	fulminant	hepatic	failure	induced	by	the	ingestion	of	ecstasy.
Transpl	Int.	1997;10:229-233.

37.	Rusyniak	DE,	Tandy	SL,	Hekmatyar	SK,	et	al.	The	role	of	mitochondrial
uncoupling	in	3,4-methylenedioxymethamphetamine-mediated	skeletal
muscle	hyperthermia	and	rhabdomyolysis.	J	Pharmacol	Exp	Therapeut.
2005;313:629-639.

38.	Ling	LH,	Marchant	C,	Buckley	NA,	Prior	M,	Irvine	RJ.	Poisoning	with	the
recreational	drug	paramethoxyamphetamine	(“death”).	Med	J	Aust.



2001;174(7):453-455.
39.	Bowen	JS,	Davis	GB,	Kearney	TE,	Bardin	J.	Diffuse	vascular	spasm
associated	with	4-bromo-2,5-dimethoxyamphetamine	ingestion.	JAMA.
1983;249:1477.

40.	Saitman	A,	Park	HD,	Fitzgerald	RL.	False	positive	interferences	of
common	urine	drug	screen	immunoassays:	a	review.	J	Anal	Toxicol.
2014;38:387-396.

41.	Nabaei	G,	Oveisgharan	S,	Ghorbani	A,	Fatehi	F.	Impaired	arterial	smooth
muscle	cell	vasodilatory	function	in	methamphetamine	users.	J	Neurol	Sci. 
2016;370:107-111.

42.	Malashock	HR,	Yeung	C,	Roberts	AR,	Snow	JW,	Gerkin	RD,	O’Connor
AD.	Pediatric	methamphetamine	toxicity:	clinical	manifestations	and
therapeutic	use	of	antipsychotics-one	institution’s	experience.	J	Med	Toxicol.
2021;17:168-175.

43.	Richards	JR,	Derlet	RW,	Duncan	DR.	Methamphetamine	toxicity:	treatment
with	a	benzodiazepine	versus	a	butyrophenone.	Eur	J	Emerg	Med.
1997;4:130-135.

44.	Dunkley	EJC,	Isbister	GK,	Sibbritt	D,	Dawson	AH,	Whyte	IM.	The	Hunter
serotonin	toxicity	criteria:	simple	and	accurate	diagnostic	decision	rules	for
serotonin	toxicity.	QJM.	2003;96:635-642.

45.	West	PL,	McKeown	NJ,	Hendrickson	R	G.	Methamphetamine	body
stuffers:	an	observational	case	series.	Ann	Emerg	Med.	2010;55(2):190-197.

46.	Farmer	JW,	Chan	SB.	Whole	body	irrigation	for	contraband	bodypackers.	J
Clin	Gastroenterol.	2003;37(2):147-150.

47.	Traub	SJ,	Hoffman	RS,	Nelson	LS.	Body	packing–the	internal	concealment
of	illicit	drugs.	N	Engl	J	Med.	2003;349:2519-2526.

48.	Watson	CJE,	Thomson	HJ,	Johnston	PS.	Body-packing	with	amphetamines
—an	indication	for	surgery.	J	R	Soc	Med.	1991;84:311.

49.	Van	Dyke	M,	Erb	N,	Arbuckle	S,	Martyny	J.	A	24	hour	study	to	investigate
persistent	chemical	exposures	associated	with	clandestine	methamphetamine
laboratories.	J	Occup	Environ	Hyg.	2009;6:82-89.

50.	Willers-Russo	LJ.	Three	fatalities	involving	phosphine	gas,	produced	as	a
result	of	methamphetamine	manufacturing.	J	Forensic	Sci.	1999;44(3):647-
652.

51.	Siwach	SB,	Sing	H,	Jagdish	,	et	al.	Cardiac	arrhythmias	in	aluminum
phosphide	poisoning	studied	by	on	continuous	holter	and	cardioscopic



monitoring.	JAPI.	1998;46(7):598-601.
52.	Burgess	JL,	Barnhart	S,	Checkoway	H.	Investigating	clandestine	drug
laboratories:	adverse	medical	effects	in	law	enforcement	personnel.	Am	J	Ind
Med.	1996;30:488-494.



Chapter	100
Antiarrhythmic	Agents
Steven	B.	Bird,	Brian	L.	McQuaide

KEY	POINTS:
1.	 Class	IB	drugs	and	amiodarone	selectively	depress	conduction	of

ischemic	myocardium	and	may	therefore	be	the	mechanism	of
arrhythmia	termination	through	an	ischemic	segment	of	a	reentrant
circuit.1

2.	 Antiarrhythmic	drugs	do	not	suppress	early	afterdepolarizations
(EADs),	which	are	forms	of	triggered	automaticity	that	can	result	in
arrhythmias	such	as	torsades	de	pointes.	Class	IA	and	III
antiarrhythmic	drugs	are	capable	of	producing	EADs.2,3

3.	 Hypotension	in	antiarrhythmic	overdose	should	first	be	treated	with
2	L	of	intravenous	fluid	with	consideration	thereafter	to	begin
vasopressors.	Early	consideration	should	be	given	to	a	circulatory
assist	device.4

4.	 Hypertonic	sodium	bicarbonate	should	be	considered	for	the
treatment	of	QRS	widening	greater	than	100	ms	or	presence	of
ventricular	arrhythmias	in	a	Class	IA	or	IC	overdose.5-9

5.	 NAPA,	the	major	metabolite	of	procainamide,	has	potent	class	III	and
some	class	I	antiarrhythmic	activity.10-13

6.	 Disopyramide	is	unique	among	the	antiarrhythmic	drugs	because	its
protein	binding	shows	nonlinear,	saturable	characteristics.	Small
increases	in	the	total	plasma	level	may	mask	larger	rises	in	free
(active)	drug	concentration.14

7.	 Lidocaine	toxicity	(and	all	other	local	anesthetics)	generally	have
neurologic	manifestations	(eg,	seizures)	preceding	cardiac
manifestations,	except	in	acute	massive	overdose	where	seizure,



coma,	respiratory	arrest	and	cardiovascular	collapse	can	occur
simultaneously.15-21

8.	 Flecainide	overdose	carries	a	high	mortality	and	is	characterized	by
QRS	prolongation,	hypotension,	coma	or	seizures.4,7,8,22-25

9.	 Amiodarone	overdose	generally	follows	a	benign	course	despite
amiodarone’s	unusual	pharmacokinetics	and	properties	common	to
all	Vaughan	Williams	classifications.26-28

INTRODUCTION
The	 therapeutic	 use,	misuse,	 and	 intentional	 overdose	 of	 antiarrhythmic	 drugs
are	 associated	 with	 severe	 morbidity	 and	 mortality.29	 The	 recognition,
management,	and	prevention	of	antiarrhythmic	toxicity	require	an	understanding
of	the	pharmacology	of	these	drugs	as	they	relate	to	cardiac	electrophysiology.	A
general	 review	 of	 the	 mechanisms	 involved	 as	 well	 as	 the	 principles	 of
management	of	poisoning	is	followed	by	a	discussion	of	individual	agents.

PHARMACOLOGY
Antiarrhythmic	 drugs	 are	 most	 commonly	 classified	 on	 the	 basis	 of	 their
predominant	 physiological	 effects	 and	 mechanisms	 of	 action	 as	 originally
proposed	by	Vaughan	Williams30	and	Campbell1	(Tables	100.1	and	100.2;	Figure
100.1).

TABLE	100.1

Vaughan	Williams	Classification	of	Antiarrhythmic	Actions

Class Drugs Actions

I Quinidine Block	fast	sodium	current	(hence	slow	conduction)

Procainamide

Disopyramide



Moricizine

Lidocaine

Tocainide

Mexiletine

Flecainide

Propafenone

II β-blockers Block	effects	of	catecholamines

III Amiodarone Prolong	action	potential	and	hence	refractoriness	by
blocking	K+	current

Sotalol

Ibutilide

Bretylium

IV Verapamil Block	cardiac	calcium	channel

Diltiazem

TABLE	100.2

Subgroups	of	Class	I	Drugs

Class Drugs Effects	on	Action
Potential

Summary	of
Clinical	Effects

IA Quinidine
Procainamide
Disopyramide
Moricizine

Reduce	rate	of
depolarization;	prolong
duration	of	action	potential

Moderate	slowing	of
cardiac	conduction;
prolongation	of
refractory	periods

IB Lidocaine
Mexiletine
Tocainide

Reduce	rate	of
depolarization	selectively
in	ischemic	cells;	shorten
action	potential	duration

Selective	depression
of	ischemic	tissue;
may	shorten
refractory	periods



IC Flecainide
Propafenone

Marked	depression	of
depolarization	rate

Marked	slowing	of
cardiac	conduction;
small	increase	in
refractory	periods

	

Figure	 100.1 	 Typical	 cellular	 action	 potentials	 recorded	 from
working	 myocardium	 (upper	 trace)	 and	 the	 atrioventricular	 node
(lower	 trace).The	 nodal	 cell	 has	 an	 action	 potential	 of	 smaller
amplitude,	with	a	much	slower	rate	of	depolarization	in	phase	0.	The
nodal	 cell	 exhibits	 spontaneous	 diastolic	 (phase	 4)	 depolarization
(“pacemaker”	 activity).	 Rapid	 depolarization	 in	 phase	 0	 (atrial	 and
ventricular	 cells	 and	 Purkinje	 fibers)	 is	 produced	 by	 a	 fast	 inward
sodium	current	(depressed	by	class	I	drugs).	A	slower	inward	calcium
current	 is	 also	 present	 but	 is	 the	 only	 inward	 current	 found	 in
sinoatrial	and	atrioventricular	nodal	cells.	This	explains	 their	slower
rate	 of	 depolarization	 in	 phase	 0	 and	 their	 sensitivity	 to	 calcium
channel	blockers.	Repolarization	(phase	3)	is	produced	by	a	number
of	 outward	 potassium	 currents;	 the	 rapid	 component	 of	 the	 delayed
rectifier	 potassium	 current	 is	 the	 most	 important.	 Blockade	 of	 this



current	by	antiarrhythmic	or	other	drugs	prolongs	repolarization	and
action	potential	duration	(class	III	action).	mV,	millivolt.

The	 major	 effect	 of	 class	 I	 agents	 is	 blockade	 of	 the	 fast	 inward	 sodium
current	responsible	for	the	rapid	upstroke	and	conduction	of	the	action	potential31
(see	Figure	100.1).	This	effect	 is	also	known	as	 local	anesthetic	 or	membrane
stabilizing	 action.	 Class	 I	 drugs	 depress	 automaticity,	 particularly	 in	 Purkinje
fibers.	Class	 I	drugs	comprise	a	 large	group	of	antiarrhythmic	agents,	many	of
which	 have	 diverse	 electrophysiologic	 properties;	 consequently,	 this	 class	 has
been	subdivided	into	classes	IA,	IB,	and	IC	(see	Table	100.2).1

The	 class	 II	 antiarrhythmic	 drugs	 are	 β-adrenergic	 antagonists;	 they	 inhibit
the	 proarrhythmic	 effects	 of	 catecholamines,	 which	 shorten	 refractory	 periods
and	 facilitate	 reentrant	 circuits.	 The	 slowly	 conducting,	 calcium	 channel–
dependent	 action	 potentials	 of	 the	 normal	 sinoatrial	 (SA)	 and	 atrioventricular
(AV)	nodes	(see	Figure	100.1)	rely	partially	on	sympathetic	tone.	Class	II	drugs
depress	conduction	and	automaticity	through	these	specialized	tissues,	leading	to
bradycardia	 and	 AV	 block.	 Toxicity	 due	 to	 β-blockers	 is	 covered	 further	 in
Chapter	105:	Beta-Blocker	Poisoning.

Class	III	agents	prolong	the	refractory	period	by	increasing	the	cardiac	action
potential	duration	(APD),	especially	during	phases	2	and	3	(see	Figure	100.1).
This	effect	 is	produced	by	blockade	of	 the	major	outward	potassium-rectifying
(repolarizing)	current,	of	which	amiodarone	is	the	prototypic	class	III	agent.

Class	IV	drugs	(calcium	antagonists	or	calcium	channel	blockers)	antagonize
the	 slow	 inward	 calcium	 current	 responsible	 for	 the	 slow	 upstroke	 and
conduction	 of	 the	 action	 potentials	 of	 SA	 and	 AV	 nodal	 cells31	 (see	 Figure
100.1).	 Verapamil,	 diltiazem,	 and	 nifedipine	 represent	 the	 three	 subclasses	 of
calcium	 channel	 antagonists.	 Both	 verapamil	 and	 diltiazem	 have	 negative
inotropic	and	chronotropic	properties	and	are	useful	for	slowing	the	ventricular
response	 rate	 for	 patients	 with	 atrial	 fibrillation.	 During	 therapeutic	 dosing,
calcium	 channel	 antagonists	 such	 as	 nifedipine	 have	 little	 effect	 on	 cardiac
conduction	or	inotropic	state	and	are	therefore	not	used	for	their	antiarrhythmic
properties.	 Calcium	 channel	 blocker	 toxicity	 is	 discussed	 in	 Chapter	 106:
Calcium	Channel	Antagonist	Poisoning.

Adenosine	and	digoxin	are	two	drugs	with	antiarrhythmic	effects	that	do	not
fall	 within	 the	 Vaughan	 Williams	 classification.	 Adenosine	 is	 an	 endogenous
nucleoside	 that	 produces	 AV	 nodal	 conduction	 block	 and	 vasodilation	 via
specific	 adenosine-sensitive	 receptors.	 The	 antiarrhythmic	 properties	 and
toxicity	of	digoxin	are	discussed	in	Chapter	107:	Cardiac	Glycoside	Poisoning.

The	 cellular	 electropharmacology	 of	 antiarrhythmic	 agents	 involves



suppression	of	automaticity,	decreased	cardiac	conduction,	and	refractory	period
prolongation.	 Automaticity,	 the	 spontaneous	 depolarization	 of	 pacemaker
myocytes,	occurs	 in	 the	SA	and	AV	nodes	as	well	as	 in	Purkinje	 fibers.	 In	SA
and	AV	nodal	 cells,	 the	 rate	 of	 firing	depends	 on	 several	 different	 inward	 and
outward	 currents;	 the	 combination	 of	 currents	 renders	 these	 cells	 relatively
insensitive	 to	 depression	 by	 antiarrhythmic	 drugs.29,31	 In	 Purkinje	 fibers,
however,	 automaticity	 occurs	 as	 an	 escape	 phenomenon	 that	 arises	 in	 the
presence	of	AV	block.	Escape	beats	probably	result	from	the	action	of	a	single
inward	 sodium	 channel	 (the	 “pacemaker	 current”)	 and	 are	 suppressed	 by
therapeutic	 concentrations	 of	 most	 class	 I	 antiarrhythmic	 agents.	 Therefore,
Purkinje	fiber	automaticity	 is	more	susceptible	 to	depression	by	antiarrhythmic
agents	 than	 is	sinus	node	automaticity.	Nonetheless,	clinical	suppression	of	 the
sinus	node	leading	to	asystole,	particularly	in	the	presence	of	the	high	vagal	tone
commonly	 seen	 during	 the	 early	 phases	 of	 acute	 myocardial	 infarction,	 is	 an
uncommon	 but	 well-recognized	 complication	 of	 therapy	 with	 antiarrhythmic
agents	such	as	lidocaine.

1 	Reentrant	circuit	arrhythmias	depend	on	conduction	rates	around	the	circuit
and	the	refractory	periods	of	pathway	components.	 If	 the	conduction	 time	falls
below	the	refractory	period	of	part	of	the	circuit,	the	“excitable	gap”	disappears,
the	 advancing	 wavefront	 meets	 only	 refractory	 tissue,	 and	 the	 arrhythmia
terminates.	 An	 ideal	 antiarrhythmic	 agent	 would,	 therefore,	 accelerate
conduction	 and	 prolong	 refractoriness	 within	 the	 substrate	 for	 reentry.	 Many
antiarrhythmic	 agents	 prolong	 refractory	 periods	 of	 the	myocardium,	 but	 none
accelerates	 conduction	 at	 therapeutic	 concentrations.	 Almost	 invariably,
conduction	 tends	 to	 slow.	 This	 combination	 of	 decreasing	 conduction	 and
refractory	 period	 prolongation	 can	 be	 either	 proarrhythmic	 or	 antiarrhythmic.
However,	clinicians	cannot	predict	which	outcome	will	occur	for	a	given	drug	in
a	 given	 patient.	 Some	 antiarrhythmic	 agents	 (in	 particular,	 class	 IB	 drugs	 and
amiodarone1)	 show	 selectivity	 for	 depressing	 conduction	 of	 ischemic	 or
otherwise	 abnormal	 myocardium	 by	 binding	 preferentially	 to	 the	 inactivated
state	of	the	sodium	channel.	A	complete	conduction	block	through	an	ischemic
segment	of	a	reentrant	circuit	may	be	the	mechanism	of	arrhythmia	termination;
this	could	occur	without	slowing	conduction	through	healthy	myocardium.	Other
drugs	 tend	 to	 show	 less	 selectivity	 and	 depress	 conduction	 through	 normal
myocardium	 at	 therapeutic	 concentrations,	 probably	 explaining	 the	 greater
propensity	of	class	IC	drugs	to	be	proarrhythmic	during	both	therapeutic	use	and
overdose.1

Although	 most	 antiarrhythmic	 agents	 prolong	 refractoriness,	 lidocaine,
mexiletine,	 and	 tocainide	 tend	 to	 shorten	 it,	 particularly	 at	 low	concentrations;



this	 may	 explain	 some	 cases	 of	 drug-associated	 arrhythmogenesis	 among
patients	 with	 reentrant	 tachycardias.	 Lengthening	 of	 refractoriness	 should	 be
proarrhythmic,	but	when	conduction	is	slowed	simultaneously,	the	net	effect	on
the	reentrant	circuit	determines	the	outcome.

2 	Antiarrhythmic	drugs	suppress	most	forms	of	automaticity	known	to	cause
tachyarrhythmias.	 The	 major	 exception	 to	 this	 rule	 is	 the	 form	 of	 triggered
automaticity	due	to	early	afterdepolarizations	(EADs).	EADs	can	be	defined	as	a
marked	slowing	of	 repolarization,	visible	on	 the	action	potential	 recording	and
due	to	reduction	of	the	normal	repolarizing	outward	potassium	current.	If	voltage
conditions	 are	 appropriate,	 prolonged	 depolarization	 may	 trigger	 a	 series	 of
automatic	action	potentials.	The	upstrokes	of	 these	action	potentials	are	due	 to
inward	 current	 flow	 through	 the	 normal	 calcium	 channels	 that	 had	 been
inactivated,	 had	 recovered	 from	 inactivation,	 and	 had	 found	 the	 membrane
potential	 still	 within	 their	 activation	 range.	 The	 channels	 then	 reactivate	 and
produce	 a	 secondary	 upstroke.	 Increased	 intracellular	 calcium	 concentrations
activate	calcium-sensitive	potassium	channels	and	accelerate	repolarization.	This
process	can	occur	as	a	single	event	or	as	an	oscillatory	series	of	action	potentials,
depending	on	the	prevailing	conditions	of	voltage	and	calcium	levels.5

The	 induction	of	EADs	may	be	 the	basis	of	arrhythmias,	 including	 torsades
de	pointes	 associated	with	 long	QT	syndromes.32	According	 to	 this	 theory,	 the
slowing	of	repolarization	leads	directly	to	the	QT	wave	prolongation,	often	with
associated	prominent,	bizarre	TU	waves.	Any	triggered	activity,	should	it	occur,
results	in	ventricular	tachyarrhythmias.

The	 class	 IA	 antiarrhythmic	 agents	 quinidine,	 disopyramide,	 and
procainamide	are	all	capable	of	producing	EADs	and	torsades	de	pointes.	This	is
also	 true	 of	 the	 class	 III	 drugs,	 such	 as	 amiodarone,	 sotalol,	 ibutilide,	 and
dofetilide.	 The	 class	 IB	 agents,	 lidocaine,	 mexiletine,	 and	 tocainide,	 do	 not
produce	 EADs	 and	 do	 not	 cause	 torsades	 de	 pointes.	 Class	 IC	 compounds
infrequently	cause	significant	slowing	of	repolarization	and	have	not	been	shown
to	cause	torsades	de	pointes.	Of	the	class	IV	agents,	only	mibefradil	has	an	effect
on	 repolarization,	which	 usually	manifests	 as	TU-wave	 changes.	Experimental
models	suggest	 that	 this	effect	 is	not	proarrhythmic;	however,	 there	has	been	a
report	of	torsades	de	pointes	due	to	QT	prolongation	from	therapeutic	dosing	of
mibefradil.3

CLINICAL	PRESENTATION
Toxicity	 common	 to	 therapeutic	 doses	 and	 overdoses	 of	 antiarrhythmic	 agents



includes	 depression	 of	 automaticity	 and	 cardiac	 conduction,	 which	 may	 be
caused	by	 a	 combination	 of	 direct	 electrophysiologic	 and	 secondary	metabolic
effects.	 Symptoms	 following	 acute	 overdose	 usually	 begin	within	 4	 hours	 and
can	occur	at	any	time	during	chronic	therapy.	Drug	absorption	may	continue	for
many	 hours	 following	 the	 ingestion	 of	 large	 doses,	 sustained-release
preparations,	 or	 agents	 with	 anticholinergic	 effects,	 resulting	 in	 delayed	 or
progressive	 toxicity.	 Respiratory	 depression	 and	 hypotension	 produce	 acidosis
and	myocardial	 ischemia	 that	 further	 aggravate	 depressed	 conduction.	Cardiac
manifestations	 include	 QRS	 prolongation,	 QTc	 prolongation,	 sinus	 node
dysfunction,	 bradycardia,	 AV	 block,	 ventricular	 arrhythmias,	 and	 poor
ventricular	 function.	 These	 derangements	 can	 culminate	 in	 intractable
arrhythmias,	 cardiogenic	 shock,	or	death.	Manifestations	of	 acute	 toxicity	may
also	include	dizziness,	visual	disturbances,	psychosis,	anticholinergic	symptoms,
hypoglycemia,	hyperglycemia,	and	hypokalemia.	Seizures	may	result	from	class
I	(particularly	IB)	toxicity.	Procainamide	and	quinidine	can	cause	hypotension	if
infused	too	rapidly.

Warning	signs	that	indicate	an	increased	risk	of	torsades	de	pointes	include	a
QTc	 interval	 greater	 than	 560	 ms,	 previous	 history	 of	 torsade,	 bradycardia,
increased	 frequency	 and	 complexity	 of	 ventricular	 premature	 beats,	 or	 a
ventricular	premature	beat	falling	on	the	T	wave.33

The	 electrocardiogram	 (ECG)	 may	 provide	 a	 clue	 to	 the	 agent	 or	 class
involved	for	cases	where	the	drug	ingested	is	not	known.	Class	IB	drugs	usually
have	no	effects	on	the	QT	interval,	whereas	class	IA,	IC,	and	III	agents	prolong
it.	 With	 class	 IA	 agents,	 QT	 prolongation	 is	 due	 to	 slowing	 of	 both
depolarization	and	repolarization.	Hence,	both	the	QRS	duration	and	JT	interval
are	 increased.	 In	 contrast,	 QT	 prolongation	 primarily	 results	 from	 slowed
depolarization	with	class	IC	agents,	resulting	in	an	increased	QRS	(but	not	JT)
duration	and	from	prolonged	repolarization	with	class	III	agents,	resulting	in	an
increased	JT	(but	not	QRS)	interval.

The	 differential	 diagnosis	 of	 bradyarrhythmias	 includes	 β-blocker,	 calcium
channel	 blocker,	 cholinergic	 agent	 (carbamate	 and	 organophosphate
insecticides),	 clonidine,	 cyclic	 antidepressant,	 and	 digitalis	 poisoning.	 Other
agents	 that	 cause	 QRS	 and	 QT	 interval	 prolongation	 include	 antihistamines,
antipsychotic	 agents,	 cyclic	 antidepressants,	 magnesium,	 and	 potassium.
Ventricular	 tachyarrhythmias	 may	 occur	 with	 poisoning	 from
sympathomimetics.	Hypoglycemia,	hypoxia,	and	metabolic	disturbances	should
be	 considered	 in	 the	 differential	 diagnosis	 of	 patients	 with	 neurological
symptoms.



DIAGNOSTIC	EVALUATION
Physical	examination	should	focus	on	vital	signs	and	respiratory,	cardiovascular,
and	central	nervous	system	(CNS)	function.	Frequent	vital	signs	and	continuous
cardiac	 monitoring	 should	 be	 performed.	 Essential	 tests	 include	 an	 ECG	 and
serum	 electrolytes,	 blood	 urea	 nitrogen,	 creatinine,	 and	 magnesium
measurement;	 liver	 function	 tests	and	serum	drug	 levels,	 if	available,	may	also
be	 helpful.	 A	 chest	 radiograph	 should	 be	 obtained	 as	 clinically	 indicated.
Patients	 with	 hypotension	 and	 hypoxemia	 should	 have	 arterial	 blood	 gas	 and
serum	lactate	measurements.

MANAGEMENT
The	general	features	of	antiarrhythmic	drug	overdose	and	their	management	are
discussed	here	(Table	100.3).	Care	of	the	antiarrhythmic	poisoned	patient	centers
on	 general	 supportive	 and	 critical	 care	 principles.	 Unique	 aspects	 pertinent	 to
individual	 drugs	 are	 discussed	 in	 later	 sections.	 All	 patients	 suspected	 of
ingesting	 an	overdose	of	 an	 antiarrhythmic	 agent	 should	 receive	oral	 activated
charcoal.	 Patients	 with	 complications	 of	 therapeutic	 dosing	 may	 also	 benefit
from	oral	activated	charcoal	to	reduce	absorption	of	a	recently	administered	drug
dose.	The	greatest	amount	of	absorption	to	charcoal	will	occur	when	it	is	given
within	1	to	2	hours	of	the	ingestion.	CNS	and	respiratory	depression	commonly
require	 airway	 support	 by	 endotracheal	 intubation.	 Seizures	 are	 managed	 by
benzodiazepine	 therapy.	 Phenytoin	 should	 never	 be	 used	 to	 treat	 seizures
secondary	to	drug	toxicity	because	of	the	risk	of	increased	mortality.

TABLE	100.3

Management	of	Life-Threatening	Antiarrhythmic	Drug
Overdose

Supportive	Care	
Activated	charcoal	for	acute	(<1	h)	oral	ingestions
Correct	acidosis,	hypoxia
Benzodiazepines	for	seizure	control



Enhance	drug	elimination	
Activated	charcoal
Consider	extracorporeal	elimination	if	appropriate

Hypotension	
Fluid	administration
Alkalinization	(hypertonic	NaHCO3)	for	class	I	drugs
Inotropes,	vasopressors
Consider	pulmonary	artery	catheter	for	monitoring
Circulatory	assist	devices

Impaired	conduction	
Temporary	pacing	for	atrioventricular	block	or	bradycardia
Alkalinization	(hypertonic	NaHCO3)	for	class	I	drugs

Ventricular	arrhythmias	
Torsades	de	pointes
Temporary	pacing
MgSO4	
Isoproterenol

Monomorphic	ventricular	tachycardia	
Cardioversion,	if	causing	hypotension
Hypertonic	NaHCO3	for	class	I	drugs
Lidocaine,	except	for	class	IB	drugs
Overdrive	pacing

PEA	cardiac	arrest	
Intravenous	lipid	emulsion	for	bupivacaine	(may	consider	for	other

lipophilic	agents	or	in	refractory	cases).	Loading	dose	of	1.5	mL/kg
administered	over	1	min,	repeated	1-2	times	every	3-5	min	as	needed.	If
hemodynamic	improvement	is	noted,	the	loading	dose	should	be	followed	by
a	continuous	infusion	at	a	rate	of	0.25-0.5	mL/kg/min.

PEA,	pulseless	electrical	activity.

3 	 Initial	 therapy	 for	 hypotension	 involves	 administration	 of	 intravenous
fluids.	 Because	 poisoned	 patients	 are	 infrequently	 hypovolemic,	 fluid
administration	 should	 be	monitored	 closely.	 In	 general,	 if	 a	 response	 of	 blood
pressure	 is	 not	 seen	 with	 2	 L	 of	 intravenous	 fluids,	 pressors	 such	 as



norepinephrine	 should	be	administered.	Early	consideration	should	be	given	 to
providing	a	circulatory	assist	device	 for	patients	with	cardiogenic	shock.	 Intra-
aortic	balloon	pump	counterpulsation	has	been	used	successfully	to	treat	patients
with	 severe	 quinidine	 or	 disopyramide	 toxicity,	 and	 partial	 cardiac	 bypass	 has
been	 used	 to	 maintain	 circulation	 during	 massive	 lidocaine	 or	 flecainide
toxicity.4

4 	Decreased	ventricular	conduction,	as	measured	by	QRS	prolongation	during
quinidine,	procainamide,	flecainide,	and	encainide	toxicity,	are	often	treated	with
sodium	bicarbonate	infusion.5,6	In	animal	studies,	hypertonic	sodium	bicarbonate
reverses	 ventricular	 arrhythmias	 caused	 by	 flecainide	 toxicity7	 and	 reverses
hypotension	due	to	tricyclic	antidepressants	with	class	IA	antiarrhythmic	effects.
Hypertonic	sodium	bicarbonate	should	be	considered	for	 the	 treatment	of	QRS
widening	greater	 than	100	ms	or	ventricular	 tachyarrhythmias	 in	 the	 setting	of
class	 IA	 or	 IC	 drug	 toxicity.	 Common	 practice	 is	 to	 administer	 intravenous
boluses	of	sodium	bicarbonate	(50	mEq	of	1	mEq	per	mL	solution)	as	needed	to
increase	 and	 maintain	 blood	 pH	 between	 7.45	 and	 7.55.	 As	 an	 alternative,	 a
continuous	 infusion	 of	 1000	 mL	 of	 5%	 dextrose	 in	 water	 containing	 2	 to	 3
ampoules	 of	 sodium	 bicarbonate	 and	 potassium	 chloride	 is	 an	 option.
Bicarbonate	 should	 be	 administered	 for	 12	 to	 24	 hours	 and	 then	 gradually
withdrawn	while	watching	for	QRS	lengthening	to	recur.	At	present,	there	is	no
evidence	 that	 prophylactic	 alkalinization	 before	 QRS	 widening	 changes
outcome.	For	 the	most	severely	poisoned	patients,	however,	alkalinization	may
be	ineffective,	especially	 if	 there	 is	persistent	metabolic	acidosis.	 In	a	series	of
patients	 with	 class	 I	 antiarrhythmic	 drug	 overdose	 requiring	 cardiopulmonary
resuscitation,	 only	 2	 of	 29	 survived	 despite	 the	 use	 of	 hypertonic	 sodium
bicarbonate.8

Sodium	 bicarbonate	 appears	 to	 act	 by	 increasing	 the	 extracellular	 sodium
concentration	 and	 reducing	 the	 drug-induced	 sodium	 channel	 blockade.9
Hypertonic	sodium	chloride	has	proven	effective	for	animals	and,	anecdotally,	in
humans,	but	sodium	bicarbonate	is	generally	preferable	because	increasing	pH	is
equally	or	more	important	in	some	models9	(Chapter	96:	General	Considerations
in	the	Evaluation	and	Treatment	of	Poisoning	for	more	details).

The	 treatment	 of	 recalcitrant	 ventricular	 tachycardia	 typically	 consists	 of
repeated	 cardioversions,	 cardiopulmonary	 resuscitation,	 vasopressor	 support,
and	mechanical	ventilation.	Treatment	with	other	class	IA	and	IC	antiarrhythmic
drugs	is	contraindicated,	given	the	potential	for	further	arrhythmia	aggravation.34
Lidocaine	may	be	 considered	because	 it	 does	not	depress	 conduction,	 but	 it	 is
often	 ineffective.	 Suppression	 of	 ventricular	 tachycardia	 and	 hemodynamic
improvement	 has	 been	 anecdotally	 described	 with	 sodium	 bicarbonate.5,6



Overdrive	pacing	may	also	be	effective.
The	treatment	of	torsades	de	pointes	should	include	1	to	2	g	of	a	25%	solution

of	intravenous	magnesium	sulfate.	Direct-current	cardioversion	is	often	effective
for	 terminating	 torsades	 de	 pointes,	 but	 it	 frequently	 recurs.	 Increasing	 the
ventricular	 rate	 to	 greater	 than	 90	 to	 110	 beats	 per	 minute	 by	 an	 infusion	 of
isoproterenol	or	ventricular	pacing	may	also	be	effective.35	In	one	study,	infusion
of	 potassium	 chloride	 at	 0.5	 mEq	 per	 kg	 for	 60	 to	 90	 minutes	 normalized
excessive	 quinidine-induced	 QT	 prolongation,	 but	 simply	 correcting
hypokalemia	did	not	suppress	 torsades	de	pointes.36	Lidocaine	 is	 inconsistently
effective.37	Treatment	with	class	IA	or	III	antiarrhythmic	drugs	is	contraindicated
because	 further	 prolongation	 of	 repolarization	 and	 the	 QT	 interval	 may
exacerbate	 torsades	 de	 pointes.	Magnesium	 therapy	 should	 also	 be	 considered
for	 patients	 at	 increased	 risk	 for	 this	 arrhythmia	 (as	mentioned	 earlier);	 it	 has
been	found	to	prevent	occurrence	of	torsades	de	pointes	in	a	dog	model	(dose	of
30-60	mg	per	kg).38

Although	 most	 antiarrhythmic	 drugs	 are	 weak	 bases,	 urine	 acidification	 is
contraindicated	 because	 systemic	 acidosis	 may	 aggravate	 cardiotoxicity;
treatment	with	hypertonic	alkaline	solution	 to	 reduce	cardiotoxicity	 is	 likely	 to
be	 of	 greater	 benefit.	 Hemodialysis	 is	 of	 limited	 benefit	 for	 antiarrhythmic
toxicity	 because	 drug	 clearance	 is	 limited	 by	 protein	 binding	 and	 high	 lipid
solubility.39	Hemoperfusion	using	charcoal	resin	is	more	effective	for	removing
drugs	with	high	protein	binding	and	high	lipid	solubility;	however,	this	modality
is	rarely	available.	Hemoperfusion	is	of	greatest	value	for	disopyramide40	or	N-
acetylprocainamide	(NAPA)	toxicity.41

INDIVIDUAL	AGENTS

Class	IA	Agents

Quinidine
Quinidine	 is	 administered	 orally	 as	 sulfate	 or	 gluconate.	 The	 usual	 dose	 of
immediate-release	 quinidine	 sulfate	 is	 200	 to	 400	 mg,	 4	 times	 per	 day,	 with
gluconate	 doses	 being	 approximately	 30%	 higher.	 Bioavailability	 is
approximately	70%	for	both	forms;	peak	plasma	levels	are	reached	earlier	for	the
sulfate	 (60-90	 minutes)	 than	 for	 the	 gluconate.	 Quinidine	 is	 metabolized	 by
CYP3A4	to	3-OH	quinidine	and	quinidine-N-oxide;	these	metabolites	have	less



electrophysiologic	activity	 than	do	quinidine.42	Details	of	pharmacokinetics	are
listed	in	Table	100.4.

TABLE	100.4

Dose	and	Pharmacokinetics	of	Class	I	and	III
Antiarrhythmic	Agents

Drug
Usual
daily
dose

Therapeutic
or	Usual
Plasma
Concentration
(µg/mL)

Volume	of
Distribution
(L/kg)

Elimination
Half-Life

Class	IA

Quinidine Depends	on
formulation
(see	text)

2-7 2.0-3.5 7	h

Procainamide 3-6	g 4-8	(NAPA,	7-
15)

2	(NAPA,
1.4)

2.5-4.5	h
(NAPA,	5-9
h)

Disopyramide 300-
600	mg

2-6 1.0-1.5 4-10	h

Moricizine 600-
900	mg

0.1-3.0b 8-11 1.5-13.0	h

Class	IB

Lidocaine 1-3	µg/min 1.5-6.0 1.0-1.7 1.5-2.5	hc

Tocainide 1.2-2.4	g 3-10 1.5-3.2 11-20	h

Mexiletine 600-
1200	mg

0.5-2.0 5-7 6-17	h

Class	IC



Flecainide 100-
300	mg

0.07-0.50 9 12-18	ha,d

Propafenone 400-
800	mg

0.2-1.8 1.9-3.0 3.6	h	(17	h)e

Class	III

Amiodarone 100-
400	mg

1.0-2.5b 70 40-49	d

Sotalol 160-
320	mg

0.6-3.2 2 12-15	h

aShorter	with	lower	urine	pH.
bCorrelates	poorly	with	therapeutic	effect.
cLonger	in	patients	with	congestive	heart	failure.
dDose	dependent.
eSlow	metabolizers	at	CYP2D6	locus.
HD,	hemodialysis;	HP,	hemoperfusion;	NAPA,	N-acetylprocainamide.

Torsades	 de	 pointes	 is	 an	 adverse	 effect	 of	 therapeutic	 doses	 of	 quinidine
(also	known	as	quinidine	syncope).	 Risk	 factors	 for	 this	 arrhythmia	 are	 recent
initiation	 of	 quinidine	 therapy,	 concurrent	 digoxin	 therapy,	 female	 gender,
structural	 heart	 disease,	 hypokalemia,	 and	 hypomagnesemia.	 Possible
mechanisms	 include	 prolongation	 of	 the	 QTc	 interval	 and	 potentiation	 of
EADs.42

At	 therapeutic	 doses,	 sustained-release	 quinidine	 formulations	 produce
therapeutic	 plasma	 concentrations	 for	 up	 to	 8	 hours	 for	 most	 patients.	 In
overdose,	 however,	 saturation	 of	 enzymes	 that	 metabolize	 the	 drug	 may
dramatically	 prolong	 serum	 concentrations.	 Consequently,	 serial	 serum	 drug
monitoring	 is	 warranted	 (see	 Table	 100.4),	 especially	 when	 potentially
interactive	agents	are	coadministered.	Agents	that	are	CYP3A4	inhibitors,	such
as	 cimetidine,	 can	 increase	 quinidine	 serum	 concentration.	 Mild	 quinidine
overdose	 presents	 as	 cinchonism	 (headache,	 tinnitus,	 deafness,	 diplopia,
confusion),	vertigo,	visual	disturbances	(blurred	vision,	photophobia,	scotomata,
contracted	 visual	 fields,	 yellow	 vision),	 or	 delirium.	 Severe	 toxicity	 is
characterized	by	CNS	toxicity	(lethargy,	coma,	respiratory	depression,	seizures),
gastrointestinal	 tract	 toxicity	 (nausea,	 vomiting,	 diarrhea),	 and	 cardiovascular



collapse.43	 Noncardiac	 side	 effects	 include	 nausea,	 cinchonism,
thrombocytopenia,	and	drug-induced	fever.

Initial	 therapy	 for	 acute	 quinidine	 overdose	 should	 include	 gastric
decontamination	 with	 activated	 charcoal.	 Treatment	 of	 CNS	 toxicity	 is
supportive,	 with	 intubation	 and	 ventilation	 for	 CNS	 depression	 and
benzodiazepines	 for	 seizures.	 Deaths	 from	 quinidine	 overdose	 are	 usually
secondary	 to	 arrhythmias	 or	 hypotension.	 When	 pacing	 is	 indicated	 for
bradycardia,	 failure	 to	 capture	 is	 common	 in	 the	 face	 of	 drug-induced
myocardial	 depression.	 QRS	 prolongation	 should	 be	 treated	 with	 bicarbonate
infusion.	Hypotension	may	result	from	vasodilation	from	β-adrenergic	blockade,
impaired	 contractility	 from	 sodium	 channel	 blockade,	 or	 arrhythmias.
Vasodilation	may	be	treated	with	fluid	administration	and	β-acting	vasopressors
such	as	norepinephrine;	large	doses	may	be	required.	Refractory	hypotension	has
been	 successfully	 treated	 with	 an	 intra-aortic	 balloon	 pump	 and	 partial
circulatory	bypass.

Procainamide
Procainamide	 is	 eliminated	 by	 hepatic	 metabolism	 and	 renal	 excretion.10	 The
major	 metabolite	 is	 NAPA,	 which	 has	 potent	 class	 III	 and	 some	 class	 I
antiarrhythmic	activity.11	 In	fast	acetylators	or	 in	renal	failure,	as	much	as	40%
of	a	dose	of	procainamide	may	be	excreted	as	NAPA.	Because	the	prevalence	of
the	 fast	 and	 slow	 acetylator	 phenotypes	 varies	 between	 ethnic	 groups,	 widely
variable	 procainamide	 and	 NAPA	 concentrations	 may	 occur	 in	 specific
populations.	 Blood	 concentrations	 of	 NAPA	 may	 exceed	 those	 of	 the	 parent
drug,	given	its	dependence	on	renal	elimination.

The	cardiovascular	side	effects	of	procainamide	are	very	similar	 to	 those	of
quinidine	 except	 that	 the	 drug	 has	 no	 α-adrenergic	 antagonist	 activity.	 Acute
procainamide	 toxicity	 is	 manifested	 primarily	 by	 hypotension,	 but	 QRS
widening	 and	 ventricular	 arrhythmias	 may	 also	 occur.12	 Inappropriate	 drug
dosing	 in	 renal	 insufficiency	or	 before	 achieving	 steady-state	 concentrations	 is
the	most	common	cause	of	procainamide	toxicity.	Toxic	levels	of	NAPA	(>25	µg
per	 mL)	 may	 begin	 to	 accumulate	 as	 a	 result	 of	 acute	 or	 chronic	 renal
insufficiency,	 potentially	 leading	 to	 torsade.	 Approximately	 40%	 of	 patients
receiving	 long-term	 oral	 therapy	 with	 procainamide	 develop	 a	 syndrome
resembling	 systemic	 lupus	 erythematosus	 that	 usually	 resolves	 after	 drug
withdrawal.13

Signs	and	symptoms	of	acute	procainamide	overdose	are	similar	 to	 those	of
quinidine	 overdose.	 Patients	 with	 non–life-threatening	 procainamide	 toxicity



(eg,	hypotension)	and	adequate	renal	function	can	be	managed	with	supportive
care.	 Seizure	 has	 been	 reported	 after	 a	 pediatric	 ingestion.	Hypertonic	 sodium
bicarbonate	 may	 be	 useful	 for	 QRS	 prolongation,	 monomorphic	 ventricular
tachycardia,	or	hypotension.	This	therapy	has	minimal	benefit	in	NAPA	toxicity
because	 this	 metabolite	 has	 primarily	 class	 III	 effects.	 Torsades	 de	 pointes
should	be	treated	as	discussed	earlier.	Anecdotal	reports	have	showed	increased
procainamide	 and	 NAPA	 clearance	 with	 hemodialysis	 or	 hemoperfusion;
however,	clinical	significance	is	unclear.12,41

Disopyramide
6 	 Disopyramide,	 unlike	 most	 other	 antiarrhythmic	 drugs,	 has	 protein	 binding
that	 shows	 nonlinear,	 saturable	 characteristics.14	 This	 is	 clinically	 important
because	 small	 increases	 in	 total	 plasma	 level	within	 the	 therapeutic	 range	 (see
Table	100.3)	may	mask	 larger	 rises	 in	 free	 (active)	 drug	 concentration.	When
administered	 intravenously,	disopyramide	produces	hypotension	 less	 frequently
than	 does	 quinidine	 or	 procainamide.	 Widening	 of	 the	 QRS	 complex,
prolongation	of	the	QT	interval,	and	drug-induced	ventricular	tachyarrhythmias
have	all	been	reported	as	side	effects.44	There	are	numerous	reports	of	either	QTc
prolongation	 or	 torsades	 de	 pointes	 or	 monomorphic	 ventricular	 tachycardia
from	 the	 interaction	 of	 disopyramide	 and	macrolide	 antibiotics.	 Erythromycin,
clarithromycin,	 and	 azithromycin	 have	 all	 been	 implicated;	 a	 possible
mechanism	is	inhibition	of	hepatic	CYP3A4.

Acute	disopyramide	overdose	is	similar	to	that	of	quinidine	or	procainamide,
with	 QRS	 prolongation,	 severe	 refractory	 hypotension,	 and	 arrhythmias.45,46
Hypoglycemia	 is	 a	 recognized	 adverse	 effect.	Data	 regarding	management	 are
limited,	 but	 an	 approach	 similar	 to	 that	 for	 quinidine	 toxicity	 is	 appropriate.
Hypotension	 refractory	 to	 intravenous	 fluids	and	vasopressors	has	been	 treated
with	 an	 intra-aortic	 balloon	 pump.	 Because	 of	 its	 relatively	 small	 volume	 of
distribution,	 disopyramide	 clearance	 is	 substantially	 increased	 by
hemoperfusion.40

Class	IB	Agents

Lidocaine	(and	Other	Local	Anesthetics)
Amide-local	 anesthetics	 (eg,	 articaine,	 bupivacaine,	 etidocaine,	 lidocaine,
mepivacaine,	 prilocaine,	 ropivacaine)	 are	 extensively	 metabolized	 by	 hepatic



dealkylation,	 hydrolysis,	 ring	 hydroxylation,	 and	 conjugation.	 Ester-agents	 are
metabolized	 by	 hepatic	 and	 plasma	 esterases.	 Derivatives	 of	 p-aminobenzoic
acid	 (eg,	 benzocaine,	 procaine,	 tetracaine)	 are	 predominantly	 hydrolyzed	 by
plasma	 pseudocholinesterase,	 whereas	 other	 esters	 (eg,	 cocaine,	 dyclonine,
proparacaine)	 are	 predominantly	 metabolized	 in	 the	 liver.15	 Allergic	 cross-
reactivity	occurs	within	the	amide	and	ester	groups	but	not	between	them.

Extensive	first-pass	metabolism	prevents	effective	oral	therapy	with	lidocaine
and	 local	anesthetics,	but	 toxicity	can	occur	after	 ingestion.15	The	maintenance
infusion	 rate	 of	 lidocaine	must	 be	 reduced	 for	 patients	with	 cardiac	 failure	 or
hepatic	 dysfunction	 and	 among	 the	 elderly.	 Plasma	 concentrations	 should	 be
monitored	 for	 infusions	 lasting	 longer	 than	24	hours.	Lidocaine	has	 two	active
metabolites,	 monoethylglycinexylidide	 (MEGX)	 and	 glycinexylidide	 (GX).
Although	 these	metabolites	 have	 short	 elimination	 half-lives	 of	 2	 hours	 and	 1
hour,	respectively,	they	may	contribute	significantly	to	toxicity,	which	can	occur
several	hours	after	an	infusion	is	started.15	Most	 lidocaine	toxicity	 is	caused	by
errors	 of	 dosing	 and	 administration.16	 Life-threatening	 toxicity	 and	 death	 have
occurred	after	inadvertent	overdose,	surgical	procedures	such	as	liposuction,	and
parenteral,	 mucosal,	 and	 topical	 anesthesia.17	 The	 safety	 of	 tumescent
liposuction,	 in	 which	 large	 volumes	 of	 lidocaine	 solutions	 are	 infused
subcutaneously,	 has	 been	 called	 into	 question	 following	 several	 reported
deaths.18

7 	 All	 local	 anesthetics	 have	 toxicity	 similar	 to	 lidocaine,	 with	 neurologic
signs	and	symptoms	usually	preceding	cardiac	manifestations,	except	in	massive
acute	 overdose.19	 Neurologic	 symptoms,	 the	 most	 significant	 of	 which	 is
seizures,	 include	 auditory	 disturbances,	 visual	 disturbances,	 paresthesias,	 and
ataxia	 Lidocaine	 has	 a	 bimodal	 concentration-dependent	 effect	 on	 seizures;
lidocaine	suppresses	seizures	at	concentrations	between	0.5	and	5	µg	per	mL	but
increases	the	risk	at	levels	above	8	to	9	µg	per	mL.	The	relative	contribution	to
epileptogenicity	of	the	parent	compound	compared	with	the	metabolites	MEGX
and	GX	is	still	unclear.47	Adverse	cardiac	effects	 from	lidocaine	administration
are	 unusual	 in	 the	 absence	 of	 severe	 underlying	 conduction-system	 disease,
acute	myocardial	ischemia,	or	massive	overdose.	Persons	with	third-degree	heart
block	 requiring	 ventricular	 arrhythmia	 suppression	 should	 have	 a	 prophylactic
pacemaker	 inserted	 before	 lidocaine	 administration.	 However,	 lidocaine
administration	 to	 asymptomatic	 patients	 with	 bundle-branch	 block	 or
intraventricular	conduction	disease	carries	a	low	risk.48

Acute	 massive	 overdose	 of	 lidocaine	 is	 characterized	 by	 seizures,	 coma,
respiratory	 arrest,	 and	 cardiovascular	 collapse.19,20	 Hypotension	 is	 due	 to
myocardial	 depression.21	 Lidocaine	 has	 little	 or	 no	 effect	 on	 the	 QT	 interval;



however,	 QRS	 prolongation,	 AV	 block,	 and	 depressed	 automaticity	 with
bradycardia	 or	 asystole	 can	 occur.	 Data	 regarding	 management	 are	 anecdotal.
Seizures	 should	be	managed	using	 intravenous	diazepam;	phenytoin	 should	be
avoided.	 Bradyarrhythmias	 may	 respond	 to	 isoproterenol	 infusion	 or	 cardiac
pacing.	Hypotension	and	shock	respond	to	fluid	administration	and	vasopressors
such	 as	 dopamine.	 If	 QRS	 prolongation	 is	 present,	 hypertonic	 sodium
bicarbonate	 may	 be	 useful.	 Intra-aortic	 balloon	 pump	 and	 cardiopulmonary
bypass	have	been	used	successfully	in	patients	with	circulatory	collapse.

Amide-local	anesthetics	can	also	induce	methemoglobinemia.15,49	This	effect
has	 been	 described	 after	 percutaneous	 absorption	 of	 benzocaine-containing
formulations,	during	use	of	prilocaine	as	an	epidural	anesthetic	agent,	and	due	to
prilocaine	found	in	EMLA	(eutectic	mixture	of	local	anesthetics)	cream.	Amide
agents	 are	 hydrolyzed	 to	 an	 amino	 group	 that	 exerts	 an	 oxidizing	 stress	 in
susceptible	individuals—such	as	those	with	glucose-6-phosphate	dehydrogenase
deficiency—to	 produce	methemoglobinemia.	 In	 some	 cases,	 patients	may	 also
exhibit	red	blood	cell	hemolysis.	Methemoglobinemia	is	treated	with	methylene
blue	(Chapter	124:	Therapeutic	Agents	for	Overdoses	and	Poisonings).

Bupivacaine	intoxication	can	lead	to	PEA	cardiac	arrest	that	is	not	responsive
to	 standard	 advanced	 cardiac	 life	 support	 protocols.	 This	 is	 a	 dreaded
complication	 of	 regional	 anesthesia	 after	 inadvertent	 intravenous	 injection	 of
bupivacaine.	 Intravenous	 lipid	 emulsion	 (Intralipid)	 is	 rapidly	 becoming
accepted	 as	 standard	 treatment	 for	 bupivacaine-induced	 cardiac	 arrest.	 Even
though	 no	 human	 trials	 exist,	 there	 is	 excellent	 animal	 evidence	 and	 several
human	case	reports.50	The	mechanism	is	still	unclear,	but	effects	are	likely	from
partitioning	of	bupivacaine	away	from	cardiac	receptors	and	into	an	intravenous
lipid	phase.	Therefore,	intralipid	may	be	an	effective	therapy	for	other	lipophilic
anesthetic	agents.	The	initial	loading	dose	is	1.5	mL	per	kg	(typically	100	mL	in
an	average	adult)	administered	over	1	minute,	which	can	be	repeated	1	to	2	times
every	3	 to	5	minutes.	 If	hemodynamic	 improvement	 is	noted,	 the	 loading	dose
should	 be	 followed	 by	 a	 continuous	 infusion	 at	 a	 rate	 of	 0.25	 to
0.5	mL/kg/min.51

Tocainide
Adverse	effects	are	common	during	tocainide	therapy,	with	up	to	50%	of	patients
requiring	 dosage	 adjustments	 or	 discontinuation.52	 The	 most	 common	 side
effects	 are	 nausea,	 vomiting,	 and	 anorexia,	 and	 neurologic	 effects	 such	 as
dizziness,	paresthesias,	 tremor,	ataxia,	 and	confusion.	Tremor	 suggests	 that	 the
maximum	 tolerable	 dose	 of	 tocainide	 has	 been	 reached.	 Serious	 toxicity



resulting	 from	 pulmonary	 fibrosis	 in	 up	 to	 0.1%	 and	 agranulocytosis	 and
leukopenia	 in	 0.2%	 of	 patients	 has	 been	 reported.53	Monitoring	 for	 clinical	 or
laboratory	signs	of	agranulocytosis	has	been	 recommended,	particularly	during
the	first	12	weeks	of	therapy.

Massive	 tocainide	 overdose	 causes	 effects	 similar	 to	 those	 of	 lidocaine
overdose:	 loss	of	 consciousness,	 seizures,	 high-degree	AV	block,	 asystole,	 and
ventricular	 fibrillation.52,54	 Treatment	 considerations	 are	 also	 similar.	 Because
40%	of	tocainide	elimination	is	renal,	urine	acidification	theoretically	increases
tocainide	 excretion	 but	 is	 not	 recommended	 because	 of	 enhanced	 systemic
toxicity.

Mexiletine
Mexiletine	 is	 structurally	 similar	 to	 lidocaine	 and	 undergoes	 extensive
metabolism	 in	 the	 liver	 to	 largely	 inactive	 compounds.55,56	Hepatic	 impairment
can	significantly	prolong	the	elimination	half-life	to	25	hours	or	longer.	Patients
with	chronic	liver	disease,	such	as	hepatic	cirrhosis,	undergo	a	marked	reduction
in	the	hepatic	metabolism	of	mexiletine.57

Mexiletine	 is	 generally	 well	 tolerated,	 with	 little	 effect	 on	 hemodynamics,
even	 in	patients	with	 congestive	heart	 failure.58	Mexiletine	 shares	much	of	 the
side-effect	profile	of	lidocaine,	including	cross-reactivity	in	allergic	individuals.
Dizziness,	ataxia,	and	tremor	are	relatively	common.	Overdose	effects	resemble
those	of	lidocaine.	Heart	block	or	asystole	accompanied	by	hypotension	occurs
with	massive	overdose.	Seizures	have	been	reported	 to	occur	 in	 the	absence	of
cardiovascular	abnormalities,	 and	 the	prolonged	duration	of	 seizures	compared
with	lidocaine	overdose	may	be	due	to	mexiletine’s	longer	elimination	half-life
of	 5.5	 to	 12	 hours.	 A	 urine	 drug	 immunoassay	 was	 reported	 as	 positive	 for
amphetamines	 in	 the	 setting	 of	 a	 mexiletine	 overdose,	 likely	 from	 cross-
reactivity	due	to	structural	similarity	of	these	compounds.59

Class	IC	Agents

Flecainide
Flecainide	is	very	well	absorbed	orally,	with	negligible	hepatic	first-pass	effect.
Flecainide	displays	polymorphic	drug	metabolism	because	it	is	metabolized	via
CYP2D6	 to	 active	 metabolites.	 This	 phenomenon	 effectively	 results	 in	 two
distinct	 populations	 of	 patients	 having	 very	 different	 clearance	 rates.	 The



average	 half-life	 is	 between	 8	 and	 10	 hours,	 with	 substantial	 individual
variability.	 Inhibitors	 of	 the	 CYP2D6	 pathway,	 such	 as	 isoniazid,	 quinidine,
selective	 serotonin-uptake	 inhibitors,	 and	 other	 agents	 metabolized	 by	 this
pathway,	may	decrease	or	increase	the	clearance	of	flecainide	when	added	to	or
deleted	 from	 therapy.	 Amiodarone	 can	 double	 the	 serum	 concentration	 of
flecainide	 when	 the	 two	 drugs	 are	 concomitantly	 administered;	 the	 flecainide
dose	 should	 be	 reduced	 by	 50%	when	 these	 drugs	 are	 coadministered.	 Serum
concentrations	 can	 be	 followed	 but	 are	 rarely	 used.	 The	 proposed	 therapeutic
range	is	200	to	1000	ng	per	mL.

Flecainide	is	approved	for	the	management	of	paroxysmal	atrial	fibrillation	or
flutter	 associated	 with	 disabling	 symptoms,	 but	 there	 are	 many	 restrictions
owing	to	its	adverse	effects.	Flecainide	has	a	very	narrow	therapeutic	index	and
can	 be	 toxic	 even	 at	 therapeutic	 concentrations.22	 In	 the	 Cardiac	 Arrhythmia
Suppression	Trial	(CAST),60	postinfarction	patients	being	treated	for	ventricular
arrhythmias	demonstrated	an	increased	mortality	relative	to	patients	treated	with
placebo.	 Furthermore,	 flecainide	 possesses	 considerable	 negative	 inotropic
effects	 that	 limit	 its	 usefulness	 in	 the	 setting	of	 congestive	heart	 failure.	Other
dose-related	 side	 effects	 occur,	 including	CNS	 toxicity	 such	 as	 blurred	 vision,
dizziness,	 headache,	 nausea,	 and	 paresthesias.	 Flecainide	 also	 increases	 the
ventricular	pacing	threshold.

8 	Flecainide	is	highly	toxic	in	overdose;	in	one	series,	the	mortality	rate	was
10%.8	Overdose	is	characterized	by	QRS	prolongation	with	a	normal	JT	interval,
hypotension,	 coma,	or	 seizures.8	 Serious	 cardiac	 effects	 that	 can	 occur	 include
severe	bradycardia,	high-grade	conduction	blocks,	and	ventricular	arrhythmias.
Cardiac	arrest	is	not	uncommon	after	overdose;	survival	after	full	arrest	is	rare.22
Data	regarding	management	are	mostly	anecdotal.	In	studies	of	rats,	hypertonic
sodium	 bicarbonate,	 3	 to	 6	 mEq	 per	 kg,	 reduced	 flecainide-induced	 QRS
prolongation,23	 and	 for	 dogs	 this	 treatment	 largely	 abolished	 ventricular
tachycardia.7	 For	 overdose	 patients,	 both	 hypertonic	 sodium	 bicarbonate	 and
sodium	 lactate	 have	 been	 reported	 to	 be	 effective.24	 Hypertonic	 sodium
bicarbonate	or	sodium	lactate	should	be	considered	for	patients	with	evidence	of
disturbed	 ventricular	 conduction.	 Cardiopulmonary	 bypass	 and	 extracorporeal
membrane	oxygenation	 have	been	used	 to	 support	 perfusion	until	 spontaneous
perfusion	 has	 returned.4,25	 In	 one	 report,	 a	 patient	 who	 developed	 refractory
ventricular	 fibrillation	 because	 of	 a	 flecainide	 overdose	 was	 successfully
resuscitated	after	a	300-mg	amiodarone	bolus	was	given.22

Propafenone



Propafenone	is	used	for	selected	patients	with	atrial	fibrillation	and	for	refractory
ventricular	 tachycardia	and	fibrillation.	Like	flecainide,	propafenone	undergoes
significant	 first-pass	 hepatic	metabolism	 via	 the	CYP2D6	 isoenzyme	 pathway.
Bioavailability	 ranges	 from	5%	 to	50%,	depending	on	 the	patient’s	phenotype;
agents	that	inhibit	CYP2D6	lower	its	clearance	rate.	Administering	propafenone
with	 food	 may	 significantly	 increase	 bioavailability	 among	 extensive
metabolizers	by	diminishing	first-pass	drug	extraction.61

Propafenone	has	other	drug	interactions	as	well.	Propafenone	administration
may	 increase	 digoxin	 concentrations	 between	 35%	 and	 85%	 because	 of
impairment	 of	 nonrenal	 digoxin	 clearance.	 Quinidine	 is	 a	 specific	 and	 potent
inhibitor	of	CYP2D6	and	can	significantly	increase	propafenone	concentration.62
Coadministration	of	propafenone	with	warfarin	may	result	in	a	25%	increase	in
prothrombin	 time	 from	 unknown	 mechanisms.	 Similar	 to	 flecainide,
propafenone	has	a	narrow	therapeutic	index.

Propafenone	overdose	 is	similar	 to	 that	of	 flecainide;	 toxicity	 includes	QRS
prolongation,	hypotension,	bradycardia,	 coma,	 and	 seizures.8,63	 Seizures	 appear
to	be	more	common	with	propafenone	overdose	 than	with	flecainide	overdose.
PR	 interval	 prolongation	 is	 a	 characteristic	 finding	 of	 propafenone	 toxicity.64
Hypertonic	sodium	bicarbonate	has	been	beneficial	 for	QRS	prolongations	and
aberrant	ventricular	conduction.65	Benzodiazepines	should	be	used	for	seizures;
phenytoin	should	be	avoided.66	Management	of	cardiovascular	toxicity	is	similar
to	 that	of	 flecainide	overdose.	Transvenous	cardiac	pacing	was	 successful	 in	 a
case	with	severe	bradycardia	due	to	a	high-grade	conduction	block.64

Class	III	Agents

Amiodarone
Amiodarone	was	first	used	as	a	vascular	smooth	muscle	relaxant.	In	addition	to
its	 class	 III	 activity	 (prolonging	 the	 cardiac	 APD),	 amiodarone	 possesses
properties	 common	 to	 all	 Vaughan	 Williams	 classifications.	 These	 include
calcium	 channel-smooth	 muscle	 relaxant	 (class	 IV),	 noncompetitive
antiadrenergic	(class	II),	and	some	sodium	channel–blocking	(class	I)	activity.

Amiodarone	 is	generally	considered	 the	most	effective	antiarrhythmic	agent
for	 treatment	 and	 prophylaxis	 of	 most	 types	 of	 arrhythmia.67	 Its	 clinical	 use,
however,	 is	 complicated	 by	 unusual	 pharmacokinetics	 (see	 Table	 100.4)	 and
prevalent	side	effects.68	After	oral	administration,	amiodarone	widely	distributes
into	body	tissues	where	drug	concentration	generally	exceeds	that	of	the	plasma.



It	 is	 highly	 lipophilic,	 highly	 bound	 to	 plasma	 proteins,	 and	 has	 an	 extremely
long	 (average,	 53	 days)	 elimination	 half-life.69	Metabolism	 occurs	 in	 the	 liver
and	 possibly	 in	 the	 gastrointestinal	 tract.	 The	 major	 metabolite,
desethylamiodarone,	 accumulates	 in	 plasma	 and	 tissues,	 and	 has
electrophysiologic	properties	that	are	similar	to	the	parent	compound.70

Many	side	effects	are	dose	dependent,	but	 therapeutic	drug	monitoring	 is	of
little	 benefit,	 except	 to	 determine	 compliance.	 Evidence	 suggests	 a	 limited
correlation	 between	 drug	 level	 and	 antiarrhythmic	 effects,71	 and	 serious
noncardiac	toxicity	seems	to	be	more	likely	at	levels	above	2.5	µg	per	mL.72

Pulmonary	fibrosis	is	an	important	and	potentially	life-threatening	side	effect
of	 long-term	 therapy.73	 Pulmonary	 toxicity	 is	 somewhat	 dose	 dependent;	 its
prevalence	ranges	from	5%	to	15%	in	patients	who	take	at	least	500	mg	per	day,
but	 is	 0.1%	 to	 0.5%	 when	 the	 dose	 is	 less	 than	 200	 mg	 per	 day.74	 Common
presenting	 features	 include	 dyspnea,	 nonproductive	 cough,	 fever,	 and	 general
malaise.	 A	 diffuse	 interstitial	 pattern	 on	 the	 chest	 film,	 similar	 to	 congestive
heart	failure,	is	the	most	typical	radiographic	finding.	Symptoms	usually	resolve
with	withdrawal	of	amiodarone	therapy.	Corticosteroids	may	improve	prognosis
and	prevent	relapse.74

Amiodarone	 generally	 does	 not	 produce	 congestive	 heart	 failure,	 even	 in
patients	with	 poor	 ventricular	 function,	 because	 its	 vasodilator	 properties	may
offset	 negative	 inotropic	 effects.	 Sinus	 bradycardia	 is	 common	during	 therapy,
and	symptomatic	sinus	pauses	or	sinus	arrest	can	occur	in	2%	to	4%	of	patients.
AV	 block	 may	 occur	 in	 patients	 with	 underlying	 conduction-system	 disease.
Torsades	 de	 pointes	 has	 been	 reported	 but	 is	much	 less	 likely	 than	with	 other
class	III	agents.

Amiodarone	 is	 iodinated	 and	 interferes	 with	 conversion	 of	 thyroxine	 to
triiodothyronine,	 causing	 significant	 elevations	 of	 thyroxine	 and	 slight
reductions	 in	 triiodothyronine	 concentrations.75	 Most	 patients	 are	 typically
euthyroid,	 with	 normal	 thyroid-stimulating	 hormone	 levels.	 Peripheral
neuropathy,	 tremor,	and	nervousness	develop	initially	 in	up	to	30%	of	patients,
but	 these	 symptoms	 often	 improve	 over	 time.	 Asymptomatic	 corneal
microdeposits	 are	 present	 among	 almost	 all	 patients	 on	 long-term	 therapy.
Dermatological	 effects	 include	 increased	 photosensitivity	 and	 blue-gray	 skin
discoloration.

Asymptomatic	elevation	of	hepatic	transaminases	is	relatively	common	with
long-term	 amiodarone	 therapy;	 the	 reported	 incidence	 is	 24%	 to	 26%.
Transaminases	 can	 reach	 up	 to	 3	 times	 the	 normal	 level	 and	 resolve	 with	 or
without	 discontinuation	 of	 therapy.76	 Acute	 hepatitis	 following	 intravenous
loading	of	amiodarone	 is	much	 less	common	but	not	 infrequently	described	 in



the	literature.76	Transaminitis	can	be	severe	and	rarely	lead	to	fatality.	Postulated
mechanisms	 include	 a	 polysorbate	 80	 additive	 used	 in	 the	 intravenous
preparation,	immunologically	mediated	injury,	or	a	direct	hepatotoxic	effect.77

9 	 Acute	 amiodarone	 overdoses	 generally	 tend	 to	 follow	 a	 benign	 course.
There	 are	 several	 reports	 of	 ingestions	 developing	 self-limited	 episodes	 of
ventricular	 tachycardia,	 QT	 prolongation,	 or	 mild	 bradycardia.26	 No	 CNS
depression	or	seizures	have	been	reported.	Cholestyramine	modestly	reduces	the
elimination	half-life	of	amiodarone	from	44	to	28	days,	perhaps	by	interrupting
enterohepatic	 recirculation.27	 There	 is	 likely	 a	 role	 for	 multidose	 activated
charcoal,	 even	 up	 to	 12	 hours	 after	 the	 ingestion,	 because	 amiodarone	 has
delayed	an	erratic	enteral	absorption.28

Sotalol
Sotalol	 is	 a	 β-adrenergic	 antagonist	 with	 class	 III	 activity.	 It	 is	 used	 for	 the
prophylaxis	 and	 treatment	 of	AV	 reentrant	 and	 ventricular	 tachycardias.	 It	 has
excellent	 oral	 bioavailability	 and	 is	 mostly	 renally	 excreted	 unchanged.
Overdoses	 manifest	 the	 pharmacologic	 properties	 of	 sotalol;	 β-adrenergic
antagonism	 causes	 bradycardia,	 hypotension,	 low	 cardiac	 output,	 and	 CNS
depression,	 whereas	 the	 class	 III	 activity	 causes	 QT	 prolongation,	 ventricular
ectopy,	 and	 arrhythmias,	 especially	 torsades	 de	 pointes.	 Reported	 cases	 of
ventricular	 arrhythmias	 due	 to	 sotalol	 overdose	 are	 typically	 associated	 with
bradycardia.28	Management	 should	 include	 treatment	 of	 the	 β-blocker	 toxicity
(Chapter	 105:	 Beta-Blocker	 Poisoning	 for	 discussion)	 and	 control	 of	 QT
prolongation	 and	 torsades	 de	 pointes	 with	 agents	 such	 as	 magnesium	 or
isoproterenol	(see	earlier	discussion).	There	are	reports	of	lidocaine	suppressing
torsades	de	pointes	from	sotalol	overdose.28,78

Ibutilide	and	Dofetilide
Ibutilide	and	dofetilide,	 the	 first	“pure”	action	potential– prolonging	agents,	are
approved	 for	 termination	 of	 atrial	 fibrillation	 and	 flutter.79	 Both	 drugs	 are
structurally	similar	to	sotalol	but	have	no	β-blockade	effect.	They	prolong	APD
by	a	dual	mode	of	action,	initially	blocking	the	rapid	component	of	the	delayed
rectifier	potassium	current	and	enhancing	the	noninactivating	component	of	the
inward	 sodium	 current	 that	 flows	 during	 the	 plateau	 (phase	 2)	 of	 the	 action
potential.	The	net	effect	is	to	increase	atrial	and	ventricular	refractory	period	of
APD.	 Although	 very	 little	 information	 is	 available	 about	 overdose	 toxicity,
development	of	torsades	de	pointes	is	the	major	concern.	With	therapeutic	doses,



the	 incidence	 of	 this	 arrhythmia	 ranged	 from	 3.6%	 to	 12.5%	 in	 clinical	 trials.
Most	 episodes	 were	 self-limited,	 but	 some	 were	 sustained	 and	 required
cardioversion.	Nonsustained	monomorphic	ventricular	 tachycardia	may	also	be
provoked	by	ibutilide.80

Adenosine
Adenosine	 is	 an	endogenous	purine	nucleoside	normally	present	 in	 all	 cells	of
the	human	body.	Intravenous	adenosine,	administered	as	a	rapid	infusion,	is	used
for	 termination	 of	 supraventricular	 arrhythmias.	 An	 increased	 heart	 rate	 as
compensation	for	peripheral	vasodilation	has	been	reported	among	patients	with
atrial	fibrillation	and	flutter	or	if	an	atrial	impulse	is	conducted	via	an	accessory
pathway.81	 Adenosine	 may	 also	 induce	 atrial	 fibrillation	 as	 a	 result	 of	 the
decrease	 of	 atrial	 APD.	 It	 should	 be	 used	 with	 caution	 among	 patients	 with
asthma	 because	 it	 can	 provoke	 bronchospasm.	 Short	 periods	 (longer	 than	 6
seconds)	 of	 asystole	 are	 commonly	 seen	 after	 termination	 of	 supraventricular
arrhythmias.

Therapeutic	 and	 toxic	 doses	 of	 adenosine	 induce	 intense	 vasodilation,
flushing,	and	a	feeling	of	pressure	or	pain	in	the	chest	that	patients	often	describe
as	 extremely	 unpleasant.	 The	 duration	 of	 these	 effects	 is	 extremely	 short
(measured	in	seconds)	with	bolus	therapy	but	can	be	prolonged	among	patients
receiving	 continuous	 infusions	 during	 radionuclide	 studies	 or	 those	 patients
taking	dipyridamole.82

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	65-year-old	man	with	a	history	of	depression	and	paroxysmal	atrial
fibrillation	presents	by	ambulance	for	evaluation	of	bradycardia	and	altered
mental	status	after	a	suicide	attempt.	The	patient	ingested	an	unknown	amount	of
his	home	flecainide	4	hours	ago.	He	had	a	heart	rate	in	the	30s,	blood	pressure
80/40	mm	Hg,	and	minimal	responsiveness	to	painful	stimuli;	therefore,	he	was
intubated	in	the	field	for	airway	protection	and	started	on	intravenous	fluids.	On
arrival	to	the	emergency	department,	his	vital	signs	are	heart	rate	40
beats/minute,	blood	pressure	110/60	mm	Hg,	and	temperature	of	37°C.	An	ECG
confirms	sinus	bradycardia,	with	QRS	interval	of	140	ms,	and	QTc	460	ms.



What	is	the	most	appropriate	next	step	in	management?

A. 	Hemodialysis
B. 	Hypertonic	sodium	bicarbonate
C. 	Intravenous	magnesium
D. 	Temporary	cardiac	pacing

2. 	A	46-year-old	man	with	a	history	of	cirrhosis	and	oxygen-dependent
chronic	obstructive	lung	disease	presents	to	the	emergency	department	after	a
mechanical	fall	resulting	in	a	left	hip	fracture.	While	in	the	emergency
department,	he	receives	a	nerve	block	with	multiple	doses	of	bupivacaine.
Shortly	after	the	procedure,	he	becomes	unresponsive,	does	not	have	a	palpable
pulse,	but	there	is	a	regular	narrow	rhythm	on	the	monitor.	Cardiopulmonary
resuscitation	is	started.	Which	of	the	following	medications	is	most	likely	to	lead
to	return	of	spontaneous	circulation?

A. 	Amiodarone
B. 	Epinephrine
C. 	Intravenous	magnesium
D. 	Lipid	emulsion

3. 	A	50-year-old	man	presents	to	the	emergency	department	with	palpitations
for	the	past	2	hours.	The	patient	denies	medical	problems,	though	admits	to
having	not	been	to	a	physician	in	years.	Palpitations	have	occurred	twice	before
but	terminated	on	their	own.	He	denies	fever,	chest	pain,	or	shortness	of	breath.
Cardiac	exam	reveals	an	irregularly	irregular	rhythm.	Electrocardiogram	shows
likely	preexcitation	with	atrial	fibrillation.	Labs	demonstrate	a	glomerular
filtration	rate	(GFR)	of	30	but	are	otherwise	reassuring.	The	patient	inadvertently
receives	a	dose	of	procainamide	that	was	not	adjusted	for	renal	function.	What	is
the	most	likely	adverse	effect	of	this	medication	error?

A. 	Hypotension
B. 	Lupus	like	syndrome
C. 	QRS	widening
D. 	Seizure

Answer

1.	The	correct	answer	is	B.



Rationale:	 This	 patient’s	 prolonged	 QRS	 of	 140	 ms	 should	 narrow	 with
sodium	 bicarbonate,	 which	 has	 been	 reported	 to	 be	 effective	 for	 flecainide
overdose	(choice	B	is	correct).	The	goal	with	this	therapy	is	to	provide	enough
sodium	 to	 compete	 with	 flecainide’s	 mechanism	 of	 action	 of	 inhibiting	 fast
sodium	channels.	Hemodialysis	 is	unlikely	 to	be	effective	given	Flecainide	has
high	protein	binding	and	lipid	soluble	(choice	A	is	incorrect).	Magnesium	is	not
indicated	as	this	patient	has	a	normal	QTc	(choice	C	is	incorrect).	Additionally,
class	 IC	 agents	 have	 not	 been	 shown	 to	 cause	 torsades	 de	 pointes.	While	 this
patient’s	heart	rate	is	low,	he	is	not	profoundly	hypotensive,	and	has	been	fluid
responsive.	Temporary	cardiac	pacing	may	be	needed	eventually,	but	it	is	not	the
best	next	step	(choice	D	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 Lipid	 emulsion	 (intralipid)	 is	 the	 standard	 treatment	 for

bupivacaine-induced	 cardiac	 arrest	 (choice	D	 is	 correct).	 It	 is	 thought	 that	 the
intralipid	acts	by	partitioning	bupivacaine	away	from	the	cardiac	receptors	 into
an	 intravenous	 lipid	phase.	Excellent	 animal	 evidence	 and	 several	 human	 case
reports	 have	 shown	 it	 to	 be	 effective.	 This	 patient	 is	 in	 pulseless	 electrical
activity	 (PEA)	 and	 not	 ventricular	 fibrillation	 or	 ventricular	 tachycardia,	 and
thus	 amiodarone	 is	 not	 indicated	 (choice	A	 is	 incorrect).	While	 epinephrine	 is
standard	of	care	in	Advanced	Cardiac	Life	Support	(ACLS),	it	is	unlikely	to	be
effective	here	given	the	patient	has	suffered	an	overdose	of	bupivacaine	(choice
B	 is	 incorrect).	 Bupivacaine	 would	 be	 unlikely	 to	 prolong	 the	 QT	 interval.
Additionally,	 this	 patient	 was	 in	 pulseless	 electrical	 activity,	 not	 torsades	 de
pointes,	so	magnesium	would	not	be	helpful	(choice	C	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	The	primary	effect	of	acute	procainamide	toxicity	 is	hypotension

(choice	A	is	correct).	A	syndrome	resembling	systemic	lupus	erythematosus	can
be	seen	in	patients	receiving	long-term	oral	therapy.	This	occurs	in	about	40%	of
patients,	 usually	 resolves	 after	drug	withdrawal,	 and	would	not	be	 expected	 to
happen	acutely	(choice	B	is	incorrect).	While	QRS	widening	certainly	can	occur,
it	is	not	as	likely	as	hypotension	(choice	C	is	not	the	best	answer).	Procainamide
is	not	known	to	cause	seizures	or	have	other	neurological	adverse	effects	(choice
D	is	incorrect).
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Chapter	101
Anticholinergic	Poisoninga

Keith	K.	Burkhart

aThe	views	expressed	in	this	chapter	do	not	necessarily	represent	the	views	of	the	U.S.	Food	and
Drug	Administration.

KEY	POINTS:
1.	 Muscarinic	antagonism	is	an	on-target	and	off-target	action	for	drugs

in	many	drug	classes.
2.	 Classic	signs	and	symptoms	of	anticholinergic	toxicity	may	be

altered	by	coingestants	and	drugs	that	also	act	on	molecular	targets
that	may	counter	muscarinic	antagonism.

3.	 Physostigmine	effectively	controls	antimuscarinic	agitated	delirium
without	the	sedating	effects	of	benzodiazepines	and	other	therapies.

INTRODUCTION
1 	 2 	 The	 classic	 anticholinergic	 syndrome	 manifests	 an	 easily	 recognizable
toxidrome,	but	patients	may	present	with	some,	not	all,	of	the	classic	symptoms.
Decreased	secretions,	 tachycardia,	mydriasis,	and	delirium	are	most	commonly
seen.	 The	 presence	 of	 coingestants	 and	 the	 multiple	 pharmacological	 actions
(on-target	 and	 off-target)	 of	 anticholinergic	 drugs	 may	 mask	 anticholinergic
manifestations,	 although	 anticholinergic	 effects	 often	 persist	 longer	 than	 other
pharmacological	 actions.1	 The	 anticholinergic	 syndrome	 is	more	 accurately	 an
antimuscarinic	 syndrome.	 However,	 it	 is	 conventionally	 called	 anticholinergic
and	will	be	referred	to	as	such	herein.

Anticholinergic	 poisoning	 may	 cause	 seizures,	 delirium,	 and	 coma,	 along
with	 their	 associated	 complications.	 Anticholinergic-induced	 coma	 and
respiratory	failure	resulting	from	central	nervous	system	(CNS)	depression	may
require	mechanical	ventilation.	As	with	 any	 toxicologic	 emergency,	 supportive



care	 is	 of	 paramount	 importance.	 Physostigmine	 is	 an	 effective	 antidote	 with
proven	benefits	but	also	has	a	risk	for	serious	adverse	events.

EPIDEMIOLOGY	AND	SOURCES
A	variety	 of	 pharmaceuticals	 and	 naturally	 occurring	 products	 can	 produce	 an
anticholinergic	 syndrome	 (Table	 101.1).	 Many	 drugs	 have	 off-target
anticholinergic	 effects	 (eg,	 histamine-1	 [H1]	 blockers,	 gastrointestinal	 and
genitourinary	 tract	 antispasmodics,	 cough	 and	 cold	 preparations,	 over-the-
counter	sleep	aids,	some	opioids,	and	anticholinergic	plants).

TABLE	101.1

Some	Agents	That	Cause	Anticholinergic	Syndromea

Pharmaceuticals Plants

Antidepressants

Amitriptyline

Amoxapine

Clomipramine

Desipramine

Doxepin

Imipramine

Maprotiline

Nortriptyline

Paroxetine

Protriptyline

Trimipramine



Antihistamines	(H	1	-blockers) Atropa	belladonna	(deadly
nightshade)

Brompheniramine Brugmansia	arborea	(angel’s
trumpet)

Carbinoxamine

Chlorpheniramine Brugmansia	suaveolens	(angel’s
trumpet)

Clemastine Cestrum	diurnum	(day-blooming
jessamine)

Cyclizine Cestrum	nocturnum	(night-
blooming	jessamine)

Cyproheptadine Cestrum	parqui	(willow-leaved
jessamine)

Dexbrompheniramine

Dimenhydrinate Datura	metel	(downy	thorn	apple)

Diphenhydramine Datura	stramonium	(jimsonweed)

Doxylamine

Hydroxyzine Hyoscyamus	niger	(black
henbane)

Meclizine Lantana	camara	(wild	sage)

Promethazine Lycium	halimifolium	(matrimony
vine)

Pyrilamine Myristica	fragrans	(nutmeg)

Tripelennamine Myristicaceae

Triprolidine

Antiparkinsonian	drugs Mushrooms

Benztropine Amanita	muscaria	(fly	agaric)



Biperiden Amanita	pantherina	(panther
mushroom)

Physalis	heterophylla	(ground
cherry)

Solanaceae

Trihexyphenidyl Solanum	carolinense	(wild
tomato)

Antipsychotics Solanum	dulcamara	(bittersweet)

Acetophenazine Solanum	nigrum	(black
nightshade)

Chlorpromazine Solanum	pseudocapsicum
(Jerusalem	cherry)

Clozapine

Fluphenazine Solanum	tuberosum	(potato)

Haloperidol Verbenaceae

Loxapine

Molindone

Olanzapine

Perphenazine

Prochlorperazine

Quetiapine

Thioridazine

Thiothixene

Trifluoperazine

Antispasmodics

Anisotropine



Clidinium

Dicyclomine

Dorifenacin

Fesoteridine

Flavoxate

Methantheline

Oxybutynin

Propantheline

Solafenacin

Tolterodine

Tridihexethyl

Trospium

Belladonna	alkaloids	and	related
synthetic	congeners

Atropine	(racemic	hyoscyamine)

Glycopyrrolate

Ipratropium

Methscopolamine

Scopolamine

Stramonium

Tiotropium

Muscle	relaxants

Cyclobenzaprine

Orphenadrine



Mydriatics

Cyclopentolate

Homatropine

Tropicamide

aMany	of	these	agents	have	other	significant	toxic	manifestations	in	addition	to	their
anticholinergic	effects.

Pharmaceuticals	and	plants	with	anticholinergic	action	may	be	intentionally
misused	 for	 mind-altering	 effects;	 especially	 common	 is	 the	 use	 of	 Datura
stramonium	 (jimsonweed).	 Anticholinergic	 toxicity	 has	 occurred	 by	 multiple
routes	 other	 than	 ingestion,	 including	 inhalation	 of	 nebulized	 medication,
inhalation	 of	 pyrolysis	 products	 (eg,	 the	 smoking	 of	 plant	 parts),	 transdermal
use,	and	ocular	instillation.

PHARMACOLOGY
Anticholinergic	agents	antagonize	the	effects	of	the	endogenous	neurotransmitter
acetylcholine	 (ACh).	 Receptors	 for	 ACh	 are	 widely	 distributed	 in	 the	 body,
including	 the	 CNS	 and	 the	 sympathetic	 and	 parasympathetic	 ganglia,
postganglionic	parasympathetic	terminals,	and	motor	end	plates	of	the	peripheral
nervous	system,	and	the	immune	system.

ACh	receptors	are	divided	into	two	types,	muscarinic	and	nicotinic,	based	on
their	 ability	 to	 preferentially	 bind	 muscarine	 or	 nicotine.	 This	 division	 has	 a
functional	significance	as	well,	best	described	in	the	peripheral	nervous	system,
where	muscarinic	 receptors	 predominate	 in	 the	 parasympathetic	 terminals	 and
nicotinic	receptors	in	autonomic	ganglia	and	motor	end	plates.	Most	drugs	have
predominant	 effects	on	one	of	 the	 two	main	ACh	 receptors,	but	 at	high	doses,
there	may	be	some	crossover	effect.	For	example,	nicotine	primarily	stimulates
nicotinic	 receptors.	 Stimulation	 produces	 tachycardia,	 hypertension,	 muscle
fasciculations,	 and	 receptor	 fatigue	 with	 consequent	 paralysis	 at	 high	 doses.
Nicotinic	 antagonists,	 such	 as	 the	 nondepolarizing	 muscle	 relaxants	 (eg,
pancuronium),	 block	 the	 action	 of	 ACh	 at	 the	 motor	 end	 plate	 and	 produce
skeletal	 muscle	 paralysis.	 Excessive	 muscarinic	 receptor	 stimulation	 (eg,
organophosphorus	 compound	 poisoning)	 leads	 to	 the	 cholinergic	 toxidrome



(Chapter	119).	Agents	that	block	muscarinic	receptors	may	cause	anticholinergic
toxicity,	the	focus	of	this	chapter.

Many	 drugs	 with	 anticholinergic	 properties	 undergo	 extensive	 hepatic
metabolism	into	active	and	 inactive	metabolites.	A	number	of	 these	drugs	may
have	 half-lives	more	 than	 12	 to	 24	 hours	 (eg,	 tricyclic	 antidepressants).	More
important	 may	 be	 the	 persistence	 of	 muscarinic	 receptor	 binding,	 a	 slow
dissociation	 constant,	 Koff.	 In	 the	 intensive	 care	 unit	 (ICU),	 many	 patients
emerge	 from	 coma	 into	 a	 delirious	 state.	 Reversal	 by	 physostigmine	 suggests
persistent	anticholinergic	delirium	rather	than	ICU	psychosis.1

CLINICAL	PRESENTATION
Anticholinergic	effects	have	been	classically	described	by	the	mnemonic	“Blind
as	a	bat,	Hot	as	Hades,	Dry	as	a	bone,	Red	as	a	beet,	and	Mad	as	a	hatter”	 in
reference	 to	 the	 consequences	 of	 ciliary	 muscle	 paralysis,	 hyperthermia,
anhidrosis,	 vasodilation,	 and	 delirium,	 respectively.	 The	 toxidrome	 has	 been
subdivided	 into	 the	 peripheral	 anticholinergic	 syndrome	 and	 the	 central
anticholinergic	 syndrome	 (Table	 102.2).	 The	 former	 is	 caused	 by	 quaternary
amines	(eg,	glycopyrrolate),	which	are	charged	molecules	that	poorly	penetrate
the	 blood-brain	 barrier,	 whereas	 the	 latter	 is	 caused	 by	 tertiary	 amines	 (eg,
atropine),	 which	 are	 uncharged	 and	 reach	 the	 CNS.	 The	 most	 serious
anticholinergic	 manifestations	 include	 agitated	 delirium,	 hyperthermia,	 and
seizures.	 Patients	 may	 present	 with	 primarily	 peripheral	 signs	 and	 symptoms,
primarily	central	ones,	or	both.	 In	addition,	CNS	symptoms	may	persist	 longer
than	the	peripheral	nervous	system	manifestations.

TABLE	101.2

Manifestations	of	the	Anticholinergic	Syndrome

Peripheral	Anticholinergic	Signs	and	Symptoms

Cardiovascular:	hypertension	and	tachycardia
Skin:	dry	and	flushed	with	dry	mucous	membranes
Eyes:	mydriasis	(variable)
Genitourinary:	urinary	retention	and	decreased	bowel	sounds	(ileus)



Central	Anticholinergic	Signs	and	Symptoms

Loss	of	short-term	memory	and	confusion,	disorientation,	psychomotor
agitation,	muffled	or	garbled	speech
Visual/auditory	hallucinations	or	frank	psychosis
Incoordination	and	ataxia
Picking	or	grasping	movements	and	extrapyramidal	reactions
Seizures
Coma	with	respiratory	failure	from	central	nervous	system	depression

The	 clinical	 presentation	 may	 be	 complicated	 by	 other	 pharmacological
actions	of	the	intoxicant	(eg,	tricyclic	antidepressants	and	reuptake	inhibition	of
norepinephrine	 and	 serotonin	 or	 sodium/potassium	 channel	 blockade)	 or	 the
actions	of	other	potentially	toxic	substances	(eg,	salicylates,	sympathomimetics).

MANAGEMENT
Traditionally,	 anticholinergic-poisoned	 patients	 have	 been	 managed	 with
conservative	 supportive	 care.	 Obtaining	 and	 assessing	 historical	 and	 physical
data	 confirms	 or	 provides	 the	 diagnoses	 that	 guide	 management	 decisions.
Historical	data	may	be	simple	in	terms	of	a	single	agent,	such	as	jimsonweed,	or
complex,	 as	 in	 a	 polydrug	 overdose.	 An	 analysis	 of	 the	 pharmacological
properties	of	the	known	intoxicants	guides	management	decisions.

Delirium	 and	 coma	 are	 typically	 the	 most	 serious	 anticholinergic
consequences	that	require	ICU	admission.	Shortly	after	exposure,	most	patients
demonstrate	sinus	tachycardia	and	hypertension.	These	abnormalities	are	usually
mild,	 but	 occasionally	 require	medical	 intervention.	Patients’	 respiratory	 status
should	 be	 continuously	 monitored	 because	 of	 potential	 for	 respiratory	 failure
from	CNS	depression.	Hyperthermia,	although	not	often	present,	is	occasionally
severe	and	may	require	active	cooling	measures.	Hyperthermia	has	also	resolved
after	physostigmine	administration.	Foley	catheter	 insertion	may	be	needed	 for
urinary	retention	and	monitoring	of	fluid	balance.

Laboratory	 studies	 that	 should	 be	 considered	 for	 patients	with	moderate-to-
severe	 anticholinergic	 toxicity	 include	 serum	 electrolytes,	 blood	 urea	 nitrogen,
creatinine,	 and	 creatine	 phosphokinase;	 urinalysis;	 and	 electrocardiogram.
Rhabdomyolysis	 and	 dehydration	 are	 complications	 that	 may	 be	 evident	 on
laboratory	tests.	A	urine	toxicology	screen	does	not	detect	most	anticholinergic
agents	 and	 typically	 contributes	 little	 to	 the	 diagnostic	 workup	 or	 patient



management.	 Many	 anticholinergic	 agents	 are	 not	 detected	 even	 on
comprehensive	 toxicology	 screens	 that	 take	 hours	 to	 return.	 Improvement	 or
resolution	of	mental	 status	 changes	 after	 physostigmine	 administration	may	be
the	 most	 rapid	 and	 cost-effective	 way	 to	 diagnose	 and	 simultaneously	 treat
anticholinergic	poisoning.

Gastrointestinal	 decontamination	 (Chapter	 96)	 should	 be	 considered,
especially	for	plant	ingestions	where	signs	and	symptoms	may	persist	for	days.
Administration	 of	 activated	 charcoal	 is	 recommended.	 Its	 administration,
however,	may	be	problematic	for	the	agitated	or	delirious	patient.	Physostigmine
administration	 has	 also	 been	 recommended	 to	 facilitate	 activated	 charcoal
administration.2

3 	Hallucinations,	agitation,	and	delirium	have	been	traditionally	treated	with
benzodiazepines	 (eg,	 diazepam,	 lorazepam)	 and	 butyrophenones	 (eg,
haloperidol).	 Heavily	 sedating	 doses	 may	 often	 be	 required	 such	 that
endotracheal	intubation	becomes	necessary.1	Furthermore,	haloperidol	use	often
worsens	 the	 anticholinergic	 delirium	 and	 should	 not	 be	 used.	 There	 are	 case
reports	 of	 successful	 treatment	 of	 anticholinergic	 agitated	 delirium	 with
dexmedetomidine	infusion.3,4	Physostigmine,	as	an	antidote,	reversibly	binds	 to
acetylcholinesterase	 and	 prevents	 this	 enzyme	 from	 degrading	 ACh,	 thereby
allowing	 the	neurotransmitter	 to	persist,	 accumulate,	 and	competitively	 reverse
muscarinic	receptor	inhibition	at	its	postsynaptic	sites	of	action.	Physostigmine,
as	opposed	to	similar	drugs	such	as	neostigmine	and	pyridostigmine,	is	a	tertiary
rather	than	a	quaternary	amine	and	effectively	crosses	the	blood-brain	barrier.	As
a	result,	it	is	effective	for	reversing	central	as	well	as	peripheral	anticholinergic
effects.	 A	 more	 liberal	 use	 of	 physostigmine	 has	 the	 potential	 to	 help	 many
patients	 and	 save	 resources.	Use	 as	 a	 diagnostic	 tool	may	 avoid	 an	 expensive
workup.	It	may	also	avoid	alternative	treatment	with	other	drugs	and	the	costs	of
potentially	having	to	intubate	the	heavily	sedated	patient.1	A	randomized	control
trial	of	adolescent	patients	(N	=	19)	presenting	with	an	antimuscarinic	toxidrome
(84%	 secondary	 to	 diphenhydramine)	 found	 physostigmine	 superior	 to
lorazepam	for	the	control	of	the	agitation	and	delirium.5

Physostigmine	 administration	 allegedly	 has	 contributed	 to	 poor	 outcomes,
asystole,	 seizures,	 and	 death,	 mostly	 reported	 after	 cyclic	 antidepressant
poisoning.	When	 administered	 in	 excessive	 amounts	 or	 to	 a	 patient	 not	 in	 an
anticholinergic	 state,	 signs	and	symptoms	of	cholinergic	excess	may	appear.	A
retrospective	 series	 of	 39	 patients	 treated	 with	 physostigmine	 included	 cyclic
antidepressant	 poisoned	 patients.6	 None	 of	 these	 patients	 developed
dysrhythmias	 or	 needed	 atropine,	while	 one	 patient	 had	 a	 self-limited	 seizure.
Reports	 have	 also	 described	 the	 benefits	 of	 physostigmine	 administration



following	atypical	neuroleptics,	including	clozapine,	olanzapine,	and	quetiapine
poisoning.4,7	 Close	 observation	 is	 mandatory	 following	 reversal	 of
anticholinergic-induced	 CNS	 depression	 or	 delirium,	 especially	 early	 after	 the
intoxication.	The	awakening	and	cholinergic	effects	theoretically	could	enhance
gut	 activity	 and	 further	 absorption	 of	 ingested	 drugs	 such	 that	 when
physostigmine	is	cleared,	the	patient	might	have	greater	toxicity	than	that	at	the
time	of	first	administration.

Physostigmine	can	be	both	diagnostic	and	therapeutic.	Administration	to	the
confused,	febrile	patient	may	return	mental	status	to	normal	and	reduce	fever.	A
head	computerized	axial	tomogram	and	lumbar	puncture	may	be	avoided	if	the
patient	awakens	and	provides	a	history	that	is	consistent	with	the	anticholinergic
toxicity.	On	 theoretical	grounds,	 it	has	been	suggested	 that	physostigmine	may
be	 useful	 for	 seizures	 unresponsive	 to	 conventional	 treatment;	 severe
hypertension	 resulting	 in	 acute	 symptoms	 or	 end-organ	 dysfunction;	 and
supraventricular	 tachycardia	 resulting	 in	 hemodynamic	 instability,	 cardiac
ischemia,	or	other	organ	dysfunction.	In	clinical	practice,	these	indications	rarely
arise	 and	physostigmine	 is	 almost	 exclusively	used	as	 a	diagnostic	 aid	and	 for
the	 treatment	 of	 CNS	 excitation	 (psychomotor	 agitation)	 and	 coma.	 In	 a	 case
series	 of	 patients	 treated	 by	 medical	 toxicologists,	 physostigmine	 use	 was
associated	with	lower	rates	of	intubation.8

Contraindications	 to	 the	 use	 of	 physostigmine	 include	 bronchospasm	 and
mechanical	obstruction	of	the	intestine	or	urogenital	tract.	It	should	be	used	with
caution	among	patients	with	asthma,	gangrene,	diabetes,	cardiovascular	disease,
or	 any	vagotonic	 state,	 and	with	choline	esters	or	depolarizing	neuromuscular-
blocking	 agents	 (eg,	 succinylcholine).	 Physostigmine	 should	 also	 be	 used
cautiously	after	cyclic	antidepressant	overdose	and	is	contraindicated	for	patients
with	 evidence	 of	 cardiac	 conduction	 delay	 (eg,	 atrioventricular	 block	 and
prolonged	QRS	interval)	on	electrocardiogram.

Patients	 receiving	 physostigmine	 should	 be	 placed	 on	 continuous	 cardiac
monitoring	 and	 be	 under	 continuous	 careful	 observation	 (see	 Table	 101.3).
Recommendations	 for	 the	 safe	 use	 of	 physostigmine	 center	 on	 its	 slow
intravenous	infusion	at	a	rate	not	to	exceed	0.5	mg	per	minute	to	avoid	adverse
drug	 events	 such	 as	 bradydysrhythmias	 and	 seizures.	 Slower	 rates	 of
administration	may	further	reduce	the	risk	for	adverse	events.9	The	average	dose
needed	 for	 adults	 is	 1	 to	 2	 mg.1,9	 Mental	 status	 improvement	 is	 usually	 seen
within	5	to	20	minutes	of	administration.	If	no	reversal	of	anticholinergic	effect
has	 occurred	 after	 10	 to	 20	 minutes,	 an	 additional	 1	 to	 2	 mg	 may	 be
administered.	Administration	by	continuous	infusion	has	been	used.4,7	The	ideal
infusion	 rate	 for	physostigmine	has	not	been	studied.	Rates	of	0.5	 to	2.0	mg/h



have	been	used	for	adults.	A	rate	based	upon	the	amount	needed	initially	divided
by	 the	 number	 of	 hours	 to	 the	 return	 of	 agitated	 delirium	 could	 also	 be	 used.
Infusions	should	be	discontinued	every	6	hours	and	patients	observed	for	return
of	delirium.	Based	upon	the	pharmacokinetics	and	pharmacodynamic	responses,
recurrence	 of	 delirium	 would	 be	 expected	 within	 6	 hours	 when	 sufficient
anticholinergic	 drug	 has	 not	 unbound	 from	 muscarinic	 receptors.8,9	 The
recommended	 dose	 for	 pediatric	 patients	 is	 0.01	 to	 0.02	mg/kg	 not	 to	 exceed
0.5	mg/min.9	The	half-life	of	physostigmine	 is	short,	and	 its	duration	of	action
after	 the	 2-mg	 dose	 typically	 is	 only	 1	 to	 6	 hours.	 The	 action	 of	 many
anticholinergic	 agents	 persists	 longer	 and,	 therefore,	 additional	 doses	 may	 be
needed.10	 When	 cholinergic	 toxicity	 emerges,	 atropine	 is	 not	 needed	 unless
severe	 toxicity	 develops.	 Seizures	 are	 rare	 and	 usually	 self-limited6;	 an
intravenous	benzodiazepine	 is	 recommended	 (Chapter	108).	Anecdotally,	 some
physicians	 have	 administered	 lorazepam,	 1	 mg,	 before	 physostigmine	 as	 an
additional	safety	measure	to	possibly	reduce	the	risk	of	precipitating	a	seizure.11

TABLE	101.3

Summary	Treatment	Recommendations	for	Anticholinergic
Toxicity	and	Use	of	Physostigmine

Place	patient	on	cardiac	monitor	and	continuous	pulse	oximetry.

Obtain	electrocardiogram—If	QRS	is	more	than	100-110	ms,	physostigmine
should	not	be	used.

Consider	a	urinary	catheter.

Consider	pretreatment	with	1	mg	lorazepam	IV	before	physostigmine.

If	no	QRS	prolongation,	administer	2	mg	physostigmine	IV	over	4	min.

If	no	resolution	of	delirium	and	no	bradycardia	or	seizures,	consider	repeat
dosing	of	1-2	mg	physostigmine	IV.

If	appropriate	response,	repeat	1-2	mg	physostigmine	as	necessary,	continuous
infusion	may	be	useful	in	rare	circumstances.

IV,	intravenous.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	20-year-old	woman	has	taken	an	unknown	medication	during	a	suicide
attempt.	She	presents	complaining	of	chest	pain	with	her	heart	racing	and
pounding.	Her	vital	signs	are	blood	pressure	150/90,	heart	rate	130	bpm,
respiratory	rate	18	breaths/min,	and	temperature	100.4	°F.	Her	physical
examination	is	notable	for	anxious	appearance	with	tremulousness,	but	her
mental	status	is	oriented	to	person,	place,	and	time.	Her	pupils	are	dilated
symmetrically.	Mucous	membranes	are	moist.	Cardiac	examination	is	notable	for
a	rapid	rate	without	murmurs,	lungs	are	clear,	abdomen	is	nondistended	with
active	bowel	sounds,	and	neurological	exam	shows	a	slight	tremor	and
hyperreflexia	but	no	ankle	clonus.	Which	of	the	following	medications	did	this
patient	most	likely	overdose?

A. 	Dextromethorphan
B. 	Diphenhydramine
C. 	Donepezil
D. 	Pseudoephedrine

2. 	Physostigmine	may	treat	delirium	caused	by	which	of	the	following
drugs?

A. 	Dexamethasone
B. 	Diazepam
C. 	Methamphetamine
D. 	Olanzapine

3. 	You	have	successfully	treated	a	patient	with	agitated	anticholinergic
delirium	using	physostigmine.	However,	careful	monitoring	of	the	patient	is
required	to	observe	for	which	one	of	the	following	consequences	of
physostigmine	treatment?

A. 	Bradycardia
B. 	Bronchospasm
C. 	Recurrent	sedation
D. 	Seizures



Answers

1.	The	correct	answer	is	D.
Rationale:	This	presentation	is	consistent	with	a	sympathomimetic	toxidrome

(tachycardia,	 hypertension,	 anxiety,	 mydriasis,	 and	 tremor),	 making
pseudoephedrine	 the	 right	 answer	 (choice	 D	 is	 correct).	 Dextromethorphan
enhances	central	serotonergic	tone	by	blocking	its	reuptake	as	well	as	increasing
its	release	and	is	an	N-methyl-D-aspartate	receptor	antagonist	 that	 is	associated
with	 postsynaptic	 5-HT	 stimulation.	 Dextromethorphan	 administrated	 at
supratherapeutic	doses	or	in	combination	with	serotonergic	agents	could	induce
a	 serotonin	 syndrome	 that	 also	 has	 overlapping	 signs	 and	 symptoms	 of
anticholinergic	 toxicity	 including	hypertension,	 tachycardia,	 fever,	 and	agitated
delirium.	The	major	distinguishing	feature	is	often	muscle	rigidity	and	sustained
clonus	 (choice	 A	 is	 incorrect).	 Diphenhydramine	 would	 produce	 an
anticholinergic	 syndrome	 (choice	B	 is	 incorrect).	 There	 are	many	 overlapping
features	 with	 the	 sympathomimetic	 and	 anticholinergic	 syndromes.	 They	 both
may	 cause	 tachycardia,	 hypertension,	 temperature	 elevation,	 mydriasis,	 and
seizures	 and	 motor	 signs	 with	 tremor	 common	 in	 the	 sympathomimetic
syndrome	 and	 myoclonus	 in	 the	 anticholinergic	 syndrome.	 The	 major
distinguishing	 features	 for	 anticholinergic	 toxicity	 are	 altered	 mental	 status
changes,	that	may	include	agitated	delirium	and	garbled	speech,	and	dry	mucous
membranes	 with	 diminished	 bowel	 sounds.	 Donepezil	 would	 produce	 a
cholinergic	syndrome	with	bradycardia	and	hypotension	(choice	C	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 Olanzapine	 is	 an	 atypical	 antipsychotic	 with	 anticholinergic

properties	that	the	anticholinesterase	inhibitor	physostigmine	can	reverse	(choice
D	 is	 correct).	 Diazepam	 and	 phenobarbital	 produce	 CNS	 depression	 that	may
include	delirium,	but	an	acetylcholinesterase	 inhibitor	will	not	reverse	delirium
caused	 by	 these	 drugs	 since	 they	 act	 upon	 the	 GABA	 receptor	 (choice	 B	 is
incorrect).	Dexamethasone	may	produce	psychosis,	but	 it	would	not	be	 treated
by	physostigmine	(choice	A	is	incorrect).	Methamphetamine-induced	delirium	is
treated	with	medications	such	as	benzodiazepines	and	antipsychotics	(choice	C
is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	Physostigmine	has	a	short	half-life	relative	to	the	drugs	that	cause

anticholinergic	delirium	and	therefore	recurrence	of	the	delirium	and	depressed
mental	 status	 is	 common	 and	 readministration	 may	 be	 needed	 (choice	 C	 is



correct).	Note	that	anticholinergic	agents	slow	gastrointestinal	motility	and	that
physostigmine	 administration	 may	 stimulate	 gut	 motility	 enhancing	 the
absorption	of	drug	remaining	in	the	GI	tract,	actually	increasing	concentrations
of	the	anticholinergic	drug.	Bradycardia	and	seizures	are	the	result	of	cholinergic
stimulation	 and	 usually	 occur	 around	 of	 the	 time	 of	 physostigmine
administration	 (choices	 A	 and	 D	 are	 incorrect).	 Bronchospasm	 would	 be	 a
contraindication	 to	 initial	 physostigmine	 administration	 as	 the	 cholinergic
stimulation	may	exacerbate	the	bronchospasm	(choice	B	is	incorrect).
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Chapter	102
Anticonvulsant	Poisoning
Steven	B.	Bird,	Mark	D.	Newcomb	JR

KEY	POINTS:
1.	 Anticonvulsants	can	be	organized	into	four	groups	based	on	their

primary	mechanisms	of	action.
2.	 Extracorporeal	removal	of	the	offending	drug	has	demonstrated

benefit	for	valproic	acid	and	carbamazepine	toxicity	in	the	right
clinical	circumstance.	Lamotrigine	toxicity	may	also	respond	to
extracorporeal	removal,	but	evidence	is	more	limited.

3.	 Out	of	the	medications	discussed,	cardiac	conduction	disturbances
are	most	commonly	associated	with	carbamazepine,	lamotrigine,
and	intravenous	phenytoin	toxicity.

INTRODUCTION
1 	 Anticonvulsants	 can	 be	 divided	 into	 four	 groups	 based	 on	 their	 primary
mechanism	 of	 action:	 those	 that	 primarily	 act	 on	 neuronal	 membranes
(membrane-active	 agents),	 those	 that	 act	 on	neurotransmitters	 or	 their	 receptor
sites	(synaptic	agents),	those	with	multiple	sites	of	action,	and	those	that	are	not
yet	 understood.	 Membrane-active	 agents	 alter	 ion	 fluxes	 and	 include
carbamazepine	 (CBZ),	 oxcarbazepine,	 ethosuximide,	 zonisamide,	 phenytoin,
and	lamotrigine	(LTG).	Synaptic	agents	primarily	affect	the	activity	of	gamma-
aminobutyric	 acid	 (GABA)	 and	 include	 barbiturates,	 benzodiazepines,
gabapentin	(GBP),	 tiagabine,	and	vigabatrin.	Agents	 that	have	multiple	sites	of
action	 include	valproate,	GBP,	 felbamate,	 and	 topiramate,	 and	 those	 for	which
mechanisms	 of	 action	 still	 are	 not	 understood	 are	 levetiracetam	 (LEV),
stiripentol,	and	remacemide.1,2	 (Barbiturates	 and	benzodiazepines	 are	discussed
in	 Chapter	 122.)	 The	 precise	 action	 mechanisms	 of	 many	 of	 the	 newer



anticonvulsants	 also	 remain	 unknown.	 Even	 within	 groups,	 the	 site	 or
mechanism	of	action	may	differ.	Pharmacological	differences	are	important	from
a	 therapeutic	 standpoint.	For	 the	 treatment	of	 seizures,	 combining	agents	 from
different	 groups	 may	 be	 effective	 whenever	 a	 single	 agent	 is	 ineffective	 or
requires	a	 toxic	dose	for	efficacy.	Therapeutic	synergism	may	also	occur	when
different	 agents	 of	 the	 same	 group	 are	 combined	 (eg,	 benzodiazepines	 and
barbiturates).

PHENYTOIN
For	many	 years,	 phenytoin	 (diphenylhydantoin)	was	 the	most	 commonly	 used
anticonvulsant	 medication.	 Iatrogenic	 intoxications	 can	 occur	 with	 drug
interactions	because	distribution,	protein	binding,	and	clearance	of	phenytoin	are
affected	by	other	medications	and	disease	states.	Toxicity	may	occur	when	 the
daily	 administered	 dose	 exceeds	 endogenous	 metabolism	 and	 elimination.3
Toxicity	may	also	 result	when	switching	dosage	 forms	or	between	generic	and
proprietary	 forms	 of	 the	 drug	 because	 of	 different	 release	 and	 absorption
characteristics.	 Idiosyncratic	 and	 hypersensitivity	 reactions	 associated	 with
therapeutic	 use	 are	 unrelated	 to	 dose	 and	 are	 most	 commonly	 seen	 among
patients	with	underlying	neurologic	disorders.4

Pharmacology
Phenytoin	is	the	prototypical	membrane-active	anticonvulsant.	It	acts	on	sodium
pumps	 and	 channels	 in	 excitable	 cell	 membranes	 and	 is	 classified	 as	 a	 1B
antidysrhythmic	 agent.	 By	 blocking	 the	 accumulation	 of	 intracellular	 sodium
during	 tetanic	 stimulation,	 it	 limits	 the	 posttetanic	 potentiation	 of	 synaptic
transmission	and	prevents	seizure	foci	from	detonating	adjacent	areas.

Phenytoin	is	a	weak	acid,	with	a	pKa	of	8.5.	The	intravenous	(IV)	form	has	a
pH	of	10	to	12,	contains	50	mg/mL,	and	is	dissolved	in	a	40%	propylene	glycol
and	10%	ethanol	vehicle.	The	phenytoin	prodrug	fosphenytoin	(Cerebyx)	has	a
pH	between	8.6	and	9.0	and	greater	solubility.	It	is	compatible	with	common	IV
preparations,	 lacks	 the	 cardiotoxic	 diluent	 propylene	 glycol,	 and	 may	 be
administered	intramuscularly	as	well	as	intravenously.	It	has	a	conversion	half-
life	 of	 8.4	 to	 32.7	 minutes	 to	 active	 phenytoin	 and	 is	 dosed	 in	 phenytoin
equivalent	 (PE)	 units	 (75	 mg/mL	 of	 fosphenytoin	 equals	 50	 mg/mL	 of
phenytoin).5	At	many	institutions,	fosphenytoin	has	replaced	phenytoin.

Absorption	occurs	primarily	 in	 the	duodenum	but	depends	on	dosage	 form,



gastric	 emptying,	 and	 bowel	 motility.	 Peak	 levels	 occur	 between	 2.6	 and	 8.9
hours	after	oral	dosing.	During	overdosage,	 absorption	may	continue	 for	up	 to
7	 days,	 possibly	 due	 to	 decreased	 gastric	 motility	 and	 pharmacobezoar
formation.	 The	 volume	 of	 distribution	 (V	 d)	 of	 phenytoin	 is	 0.6	 L/kg,	 and	 it
distributes	preferentially	 into	 the	brainstem	and	cerebellum,	which	explains	 the
effects	 seen	 in	 overdose.	Phenytoin	 is	 highly	protein	bound;	 decreased	protein
binding	increases	the	free,	pharmacologically	active	form	of	the	drug	and	the	V	d.
Because	 usually	 only	 total	 phenytoin	 levels	 are	 measured,	 toxicity	 from
increased	free	phenytoin	may	occur	at	lower	total	phenytoin	levels.3

Hepatic	 metabolism	 of	 phenytoin	 follows	 nonlinear	 Michaelis-Menten
pharmacokinetics	 and	 occurs	 primarily	 via	 CYP2C9	 and	 CYP2C19.	 At	 low
plasma	concentrations,	metabolism	approximates	first-order	elimination	kinetics,
with	an	average	half-life	of	22	hours	 (range:	7-55	hours).	When	plasma	 levels
exceed	10	μg/mL,	metabolism	follows	zero-order	elimination	kinetics,	yielding	a
much	longer	half-life.	The	enzyme	system	may	be	induced	or	inhibited	by	other
drugs,	inherited	genetic	disturbances,	or	liver	disease.6,7

Therapeutic	 anticonvulsant	 effects	 of	 phenytoin	 occur	 with	 total	 (protein
bound	 +	 unbound)	 plasma	 levels	 between	 10	 and	 20	 μg/mL.	 This	 can	 be
achieved	within	45	 to	60	minutes	by	an	 IV-loading	dose	of	15	 to	20	mg/kg	of
phenytoin	or	PE	units	of	fosphenytoin.	The	rate	of	IV	phenytoin	administration
should	 not	 exceed	 50	mg/min	 because	 of	 propylene	 glycol	 toxicity.8	 To	 avoid
hypotension,	 fosphenytoin	 administration	 should	 not	 exceed	 150	 PE	 units	 per
minute.	Phenytoin	has	been	successfully	administered	by	the	interosseous	route
in	 children	 with	 poor	 venous	 access.	 Maintenance	 dosing	 is	 usually	 4	 to
6	 mg/kg/d	 in	 single	 or	 divided	 doses,	 although	 neonates	 may	 require	 higher
doses	(5-8	mg/kg/d)	and	those	with	significant	hepatic	dysfunction	may	require
dose	reduction.9,10	Death	 from	 isolated	phenytoin	 ingestions	 is	 unusual	 but	 has
been	reported	among	young	children	with	ingestions	of	100	to	220	mg/kg.	Death
results	 from	 central	 nervous	 system	 (CNS)	 depression	 with	 respiratory
insufficiency	and	hypoxia-related	complications.

Clinical	Manifestations
Toxicity	resulting	from	acute	and	chronic	intoxication	has	a	similar	presentation.
Patients	 with	 serum	 phenytoin	 concentrations	 between	 20	 and	 40	 μg/mL
typically	 have	 nausea,	 vomiting,	 normal	 to	 dilated	 pupils,	 nystagmus	 in	 all
directions,	blurred	vision,	diplopia,	slurred	speech,	dizziness,	ataxia,	tremor,	and
lethargy.11	 They	 may	 also	 be	 excited	 and	 agitated.	 As	 phenytoin	 serum



concentration	 increases,	 confusion,	 hallucinations,	 and	 apparent	psychosis	may
develop.	 Progressive	 CNS	 depression	 occurs,	 and	 nystagmus	 may	 improve.
Pupillary	response	becomes	sluggish,	and	deep	tendon	reflexes	diminish.	Severe
toxicity	with	coma	and	respiratory	depression	occurs	with	serum	concentration
exceeding	 90	 μg/mL.12	 Slowing	 of	 alpha	 wave	 activity	 is	 seen	 on
electroencephalograms.	 As	 toxicity	 increases,	 brainstem-evoked	 potentials	 are
suppressed	 and	 may	 be	 absent.	 Paradoxical	 hyperactivity	 has	 been	 reported
among	patients	with	underlying	neurological	deficits,	with	findings	of	dystonia,
dyskinesia,	 choreoathetoid	 movements,	 decerebrate	 rigidity,	 and	 increased
seizure	 activity.13	 Patients	 with	 baseline	 focal	 neurologic	 deficits	 may	 show
contralateral	 abnormalities,	 including	 hemianopia,	 hemianesthesia,	 and
hemiparesis.	Patients	recover	completely	if	no	anoxic	or	hypoxic	complications
develop	 during	 acute	 toxicity.	 Cerebellar	 atrophy	 after	 acute	 intoxication	with
phenytoin	 that	 was	 not	 known	 to	 be	 attributed	 to	 hypoxia	 has	 been	 reported,
however.	Recovery	may	take	1	week	or	longer.

In	 rare	 instances,	 chronic	 toxicity	 has	 been	 associated	 with	 a	 syndrome	 of
inappropriate	 antidiuretic	 hormone,	 encephalopathy,	 and	 cerebellar
degeneration.14	 Chronic	 use	 of	 phenytoin	 causes	 hyperglycemia,	 vitamin	 D
deficiency	 and	 osteomalacia,	 folate	 depletion,	 megaloblastic	 anemia,	 and
peripheral	 neuropathy.	 Other	 adverse	 drug	 events	 include	 altered	 collagen
metabolism	 that	 causes	 hirsutism,	 gingival	 hyperplasia,	 keratoconus,	 and
hypertrichosis.15

Non–dose-dependent	phenytoin	adverse	drug	events	include	hypersensitivity
reactions	such	as	fever,	rash,	eosinophilia,	hepatitis,	lymphadenopathy,	myositis,
a	 lupus-like	 syndrome,	 rhabdomyolysis,	 nephritis,	 vasculitis,	 and	 hemolytic
anemia.4	 Phenytoin	 administration	 during	 pregnancy	 has	 resulted	 in	 fetal
hydantoin	syndrome.

Phenytoin-induced	 dysrhythmias,	 hypotension,	 congestive	 heart	 failure,
respiratory	 arrest,	 and	 asystole	 result	 predominately	 from	 propylene	 glycol
toxicity	during	rapid	IV	phenytoin	administration	(eg,	>50	mg/min).	 If	 the	rate
of	 infusion	 is	 slowed	 or	 temporarily	 halted,	 these	 effects	 usually	 resolve
spontaneously	but	may	persist	 for	1	 to	2	hours.16	Cardiovascular	 toxicity	 from
phenytoin	 intoxication	 itself	 is	 rare.	 However,	 when	 it	 does	 occur,	 the	 effects
may	be	significant	and	primarily	occurs	among	patients	with	underlying	cardiac
disorders.17

Diagnostic	Evaluation
Essential	 laboratory	 studies	 should	 include	 sequential	 serum	 phenytoin	 levels



(free	 and	 total,	 if	 available)	 and	 levels	 of	 other	 anticonvulsant	 medications,
particularly	when	enteric-coated	dosage	form	is	involved.	The	interval	between
drug	 levels	 should	be	based	on	 factors	 such	as	 severity	of	 intoxication,	 rate	of
rise	of	levels,	and	time	since	exposure.	Intervals	should	be	more	frequent	during
the	initial	evaluation	phase,	while	absorption	is	still	occurring,	than	later,	during
the	postabsorptive	phase.	For	stable	patients	whose	drug	levels	have	peaked	or
started	 to	 decline,	 it	may	be	 appropriate	 to	 obtain	 levels	 every	 12	 to	 24	 hours
until	 they	 return	 to	 the	 therapeutic	 range.	 Recommended	 laboratory	 studies
include	 serum	 complete	 blood	 cell	 count,	 electrolytes,	 blood	 urea	 nitrogen,
creatinine,	 glucose,	 albumin,	 and	 liver	 function	 tests.	 In	 hypoalbuminemic
patients,	 the	 corrected	 phenytoin	 concentration	 is	 equal	 to	 the	 measured
phenytoin	 concentration	 multiplied	 by	 4.4	 and	 divided	 by	 the	 serum	 albumin
level.	 In	 all	 deliberate	 overdoses,	 an	 electrocardiogram	 (ECG)	 and
acetaminophen	and	salicylate	levels	should	be	obtained.	Arterial	blood	gas,	chest
radiograph,	 head	 computed	 tomography,	 and	 lumbar	 puncture	 should	 be
obtained	as	clinically	indicated.

The	 differential	 diagnosis	 of	 phenytoin	 intoxication	 includes	 sedative-
hypnotic	 agents,	 other	 anticonvulsants,	 phencyclidine,	 neuroleptic	 agents,	 and
other	 CNS	 depressant	 drugs.	 Other	 conditions	 such	 as	 diabetic	 ketoacidosis;
hyperosmolar	 nonketotic	 coma;	 sepsis;	 CNS	 infection,	 tumor,	 and	 trauma;
seizure	 disorders;	 extrapyramidal	 syndromes;	 postictal	 states;	 and	 cerebellar
abnormalities	may	also	mimic	phenytoin	intoxication.

Management
Patients	 should	 have	 a	 rapid	 evaluation	 of	 respiratory	 status	 followed	 by
intubation	when	hypoxia	or	risk	of	aspiration	is	present.	Vascular	access	should
be	 established	 and	 the	patient	 placed	on	 continuous	 cardiac	monitoring.	When
the	 mental	 status	 is	 abnormal,	 a	 fingerstick	 blood	 sugar	 should	 be	 obtained.
Patients	who	are	hyperglycemic	from	phenytoin	intoxication	can	be	treated	with
discontinuation	 of	 the	 drug;	 insulin	 therapy	 is	 rarely	 required.	 Flumazenil,	 the
benzodiazepine	antagonist,	has	no	role	in	managing	phenytoin	intoxication,	even
if	 benzodiazepines	 are	 part	 of	 the	 polypharmacy	 overdose,	 as	 its	 use	 may
increase	 the	 risk	 of	 status	 epilepticus,	 particularly	 among	 patients	 with	 a
preexisting	seizure	disorder.

Hypotension	 occurring	 during	 phenytoin	 infusion	 is	 treated	 with
discontinuation	 of	 the	 infusion	 and	 administration	 of	 crystalloid.	 Pressors	 are
rarely	 necessary.	Treatment	 of	 cardiac	 dysrhythmias	 is	 supportive,	with	 use	 of
the	 appropriate	 antidysrhythmics	 when	 indicated.	 Type	 IB	 antidysrhythmic



agents	should	be	avoided.18
Patients	 with	 a	 seizure	 disorder	 should	 be	 placed	 on	 seizure	 precautions

because	of	 the	possibility	of	paradoxical	 seizures	during	 the	acute	 intoxication
phase	or	breakthrough	seizures	during	the	recovery	phase	when	phenytoin	levels
may	 be	 in	 the	 subtherapeutic	 range.	 Seizures	 should	 be	 treated	 with
benzodiazepines	or	a	different	anticonvulsant.

Because	phenytoin	has	a	 long	elimination	half-life,	measures	to	increase	the
rate	 of	 elimination	 should	 be	 considered.	 Gastrointestinal	 (GI)	 tract
decontamination	 uses	 oral-activated	 charcoal	 administration.	 Phenytoin
undergoes	 enterohepatic	 recirculation	 with	 active	 gut	 secretion;	 multiple-dose
oral-activated	 charcoal	 (MDAC)	 can	 increase	 the	 rate	 of	 elimination	 and	may
decrease	hospital	stay19	(see	Chapter	96).	MDAC	is	indicated	for	patients	with	a
phenytoin	concentration	greater	than	40	μg/mL,	moderate	neurologic	toxicity,	or
rising	 levels	 after	 GI	 tract	 decontamination.	 As	 drug	 levels	 may	 continue	 to
decline	 for	 many	 hours	 after	 stopping	 MDAC,	 such	 therapy	 should	 be
discontinued	 before	 drug	 levels	 reach	 the	 therapeutic	 range	 for	 patients	 who
require	 phenytoin	 for	 therapeutic	 purposes.	 Serum	 levels	 of	 concurrent
anticonvulsant	 medications	 may	 also	 decline	 when	 MDAC	 is	 administered,
increasing	the	risk	of	breakthrough	seizures.	An	observation	period	is	necessary
to	 ensure	 establishment	 of	 a	 therapeutic	 anticonvulsant	 regimen	 and
documentation	of	stable	therapeutic	serum	levels	even	after	passage	of	charcoal
stools.	 Because	 phenytoin	 has	 a	 high	 degree	 of	 protein	 binding	 and	 hepatic
elimination,	forced	diuresis,	hemodialysis,	and	hemoperfusion	are	generally	not
useful	and	it	is	likely	that	hemofiltration	would	not	be	useful	for	similar	reasons.

Disposition
Because	 the	 majority	 of	 patients	 with	 phenytoin	 poisoning	 do	 well	 with
supportive	therapy	alone,	determining	the	degree	of	toxicity	is	important.	After
adequate	GI	decontamination,	the	patient	should	be	assessed	for	progression	of
toxicity.	 Patients	 who	 are	 not	 suicidal	 or	 ataxic,	 have	 no	 underlying	 cardiac
dysrhythmias,	can	feed	themselves,	and	are	not	at	risk	of	hurting	themselves	can
be	 discharged,	 provided	 serum	 phenytoin	 levels	 are	 not	 rising	 and	 a	 reliable
caretaker	 is	 available.	 Patients	 who	 do	 not	 meet	 these	 criteria	 should	 be
admitted.	 Severely	 toxic	 patients,	 those	 with	 an	 underlying	 cardiac	 or	 CNS
disorder,	intubated	patients,	or	patients	with	rapidly	progressive	signs	of	toxicity
require	intensive	care	monitoring.



VALPROIC	ACID
Valproic	 acid	 (VA;	 2-propylpentanoic	 or	 2-propyl	 valeric	 acid)	 is	 structurally
unique	among	the	anticonvulsants.	VA	is	a	branched-chain	carboxylic	acid	with
a	pKa	of	4.8.	In	addition	to	being	an	anticonvulsant	medication,	VA	is	commonly
used	 for	 the	 treatment	 of	 acute	 manic	 episodes,	 mood	 stabilization,	 and
prophylaxis	of	migraine	and	affective	disorders.

VA	is	marketed	as	a	sodium	salt	in	forms	suitable	for	both	oral	and	parenteral
administration.	 It	 is	 also	 supplied	 in	 a	 prodrug	 form,	 divalproex	 sodium
(Depakote);	 and	 as	 a	 sustained-release	 form	 of	 divalproex	 sodium	 (Depakote
ER).	The	latter	 is	a	molecular	complex	that	dissociates	in	the	GI	tract	 into	two
molecules	of	VA.

Pharmacology
VA	 is	 thought	 to	 mediate	 its	 anticonvulsant	 effect	 by	 increasing	 cerebral	 and
cerebellar	 levels	 of	GABA20	 by	 blocking	 its	metabolism	 through	 inhibition	 of
GABA	 transferase	 and	 succinic	 semialdehyde	 dehydrogenase.	 It	 may	 also
prolong	 the	 recovery	 of	 inactivated	 sodium	 channels	 and	 have	 effects	 on
potassium	channels	of	neuronal	cell	membranes.

The	pharmacokinetic	profile	of	VA	is	significantly	altered	during	an	overdose.
Within	its	 therapeutic	range	(50-100	μg/mL),	VA	is	80%	to	95%	serum	protein
bound.21	The	degree	of	protein	binding	decreases	 and	 the	V	 d	 (0.13-0.22	L/kg)
increases	 as	 VA	 levels	 exceed	 90	 μg/mL.21	 The	 resultant	 increase	 of	 free	 VA
levels	 is	 evident	 by	 enhanced	 distribution	 into	 target	 organ	 systems	 and	 better
than	 predicted	 extracorporeal	 drug	 removal.	 This	 has	 been	 demonstrated	 by	 a
higher	cerebrospinal	fluid-to-serum	level	and	hemodialysis	extraction	ratio	in	the
VA-poisoned	 patient.22	 Protein	 binding	 of	 VA	 may	 also	 be	 decreased	 among
uremic	 patients	 or	 by	 the	 presence	 of	 other	 highly	 protein-bound	 agents	 (eg,
acetylsalicylic	acid),	which	displace	VA	from	its	binding	sites.

VA	is	highly	bioavailable,	with	the	time	to	peak	serum	levels	after	ingestion
dependent	 on	 the	 dosage	 form	 and	 VA	 species.	 In	 capsule	 form,	 VA	 itself
achieves	peak	serum	levels	after	1	 to	4	hours	with	 therapeutic	dosing,	whereas
peak	 serum	 levels	may	 be	 delayed	 4	 to	 5	 hours	 after	 ingestion	 of	 the	 enteric-
coated	divalproex	sodium	tablets.	Peak	serum	levels	may	be	delayed	out	 to	17
hours	 after	 an	 overdose.23	 This	 may	 be	 explained	 by	 the	 enteric-coating
dissolution	time	and	the	sequential	process	of	intestinal	conversion	of	divalproex
to	the	sodium	salt.	This	is	followed	by	the	final	conversion	to	the	free	acid,	the



only	form	absorbed	from	the	GI	tract.	There	is	no	evidence	suggesting	formation
of	pharmacobezoars	from	large	numbers	of	VA	tablets.

VA	 elimination	 follows	 first-order	 pharmacokinetics.	 It	 is	 metabolized
predominantly	by	the	liver,	with	1%	to	4%	excreted	unchanged	in	the	urine.21	It
undergoes	direct	glucuronidation	as	well	as	beta	and	omega	oxidation	to	several
metabolites:	 hydroxylvalproate,	 2-propylglutarate,	 2-propylpent-4-enoate,	 5-
hydroxyvalproate,	 and	 4-hydroxyvalproate.	 At	 high	 doses	 of	 VA,	 the	 omega
oxidation	pathway	may	become	saturated,	leading	to	a	decrease	in	total	VA	body
clearance.22	The	metabolites	undergo	glucuronidation	and	biliary	excretion,	with
a	 possible	 enterohepatic	 recirculation.22	 At	 therapeutic	 levels,	 VA	 elimination
half-life	 averages	 12.2	 hours	 (range:	 8-21.5	 hours),	 but	 during	 an	 overdose	 it
may	extend	to	30	hours.23

VA	 disrupts	 amino	 acid	 and	 fatty	 acid	 metabolism,	 sequesters	 acetyl
coenzyme	 A	 by	 forming	 valproyl	 coenzyme	 A,	 and	 interrupts	 the	 ornithine-
citrulline	 shuttle	and	carnitine	 transport.24-26	This	may	 result	 in	 encephalopathy
associated	 with	 hyperammonemia	 at	 therapeutic	 levels	 of	 VA,27	 acutely
contributing	 indirectly	 to	 the	 CNS	 depressant	 effects,	 and	 chronically
contributing	to	other	target	organ	toxicity.	VA	metabolites	have	been	implicated
in	 the	metabolic	 perturbations	 associated	with	VA	poisoning,27,28	 interfere	with
urine	ketone	determinations,	and	may	be	the	hepatotoxic	mediators	of	VA.	There
may	 be	 a	 link	 between	VA-	 and	 opiate-induced	CNS	 toxicity	 because	 of	 their
similar	influence	on	the	GABAergic	systems.12,29	Because	VA	and	its	metabolites
are	low	molecular	weight,	branched-chain	carboxylic	acids,	they	may	be	used	as
substrates	 for	 several	 enzymatic	 processes.	 This	 leads	 to	 inhibition	 of	 critical
biochemical	pathways,	such	as	the	urea	cycle,	and	subsequent	fatalities	in	some
sensitive	patient	populations.	Death	has	occurred	after	 therapeutic	doses	of	VA
among	patients	with	a	congenital	deficiency	of	ornithine	carbamoyltransferase.
In	 addition,	 a	 frequently	 fatal	 Reye-like	 hepatitis	 has	 been	 observed	 among
patients	 receiving	 therapeutic	 doses.	 Those	 at	 greatest	 risk	 appear	 to	 be	 very
young	patients	(younger	than	2	years	of	age),	those	being	treated	with	multiple
anticonvulsants,	and	those	with	other	long-term	neurological	complications.	The
fatality	 rate	 is	 1	per	 500	 in	 this	 patient	 population.30	 This	 hepatotoxic	 reaction
occurs	with	chronic	exposure	and	may	be	mediated	by	metabolites	 formed	via
the	 cytochrome	 P450	 pathway.	 These	 metabolites	 in	 turn	 depress	 fatty	 acid
oxidation	of	the	hepatocyte	mitochondria.	This	effect	may	parallel	that	seen	after
ingestion	 of	 ackee	 fruit	 containing	 hypoglycin,	 causing	 Jamaican	 vomiting
sickness.	VA	can	produce	a	hyperammonemia	and	encephalopathy	exclusive	of
the	 hepatotoxic	 reaction.	 This	 may	 be	 associated	 with	 VA-induced	 carnitine
deficiency.27



Valproate	 as	 the	 sodium	 salt	 provides	 a	 significant	 sodium	 load	 (13.8	 mg
sodium	per	100	mg	VA)	in	overdose.	VA	and	its	metabolites	are	low	molecular
weight,	 osmotically	 active,	 free	 acid,	 or	 anionic	 species.	 They	may	 produce	 a
slightly	elevated	osmolar	gap	and	an	elevated	anion	gap	metabolic	acidosis	with
a	 reduction	 of	 circulating	 endogenous	 cations,	 particularly	 calcium.22,25,31
Valproate	 may	 have	 a	 dose-related	 toxic	 effect	 on	 bone	 marrow	 and	 platelet
function,	 with	 resultant	 hematologic	 consequences	 such	 as	 thrombocytopenia,
anemia,	and	leukopenia.32

The	morbidity	and	mortality	from	dose-related	acute	or	acute-on-chronic	VA
poisoning	 appear	 to	 be	 related	 to	 hypoxic	 sequelae	 from	 respiratory	 failure,
aspiration,	 or	 terminal	 cardiorespiratory	 arrest.22,31,33	 Although	 it	 has	 been
speculated	that	VA	has	a	direct,	irreversible,	neurotoxic	effect,	this	has	not	been
substantiated	and	it	is	indistinguishable	from	hypoxic	injury.

Patients	ingesting	greater	than	200	mg/kg	are	at	high	risk	of	significant	CNS
depression,	but	poor	correlation	exists	between	peak	serum	level	and	dose	of	VA
ingested.33	Patients	who	die	from	acute	VA	poisoning	have	had	peak	serum	VA
levels	ranging	from	106	to	2728	μg/mL,	whereas	survival	has	been	reported	for	a
patient	with	a	peak	serum	level	of	2120	μg/mL.25	Although	serum	VA	levels	may
not	 correlate	 with	 clinical	 effects,	 in	 general,	 serum	 levels	 of	 180	 μg/mL	 are
usually	 associated	 with	 serious	 CNS	 toxicity	 (eg,	 coma	 and	 apnea)	 and
significant	 metabolic	 derangements	 (eg,	 acidosis	 and	 hypocalcemia).25,34	 The
duration	of	toxicity	is	proportional	to	the	peak	serum	VA	level.

On	 the	basis	of	endogenous	VA	clearance,	 it	will	 take	3	days	 for	 the	serum
level	to	drop	within	the	therapeutic	range	for	a	patient	with	a	serum	level	greater
than	1000	μg/mL.

Clinical	Manifestations
During	acute	 intoxication,	hypotension,	mild	 tachycardia,	decreased	respiratory
rate,	and	elevated	or	depressed	temperature	may	be	seen.	Miosis	may	be	present.
The	hallmarks	of	VA	toxicity	are	global	CNS-related	depression	in	conjunction
with	unique	metabolic	changes.	The	mental	 status	varies	on	a	continuum	from
confusion	 and	 disorientation	 to	 obtundation	 and	 deep	 coma	 with	 respiratory
failure.	Tremor,	hallucinations,	and	hyperactivity	have	been	reported,	but	there	is
a	 notable	 lack	 of	 cerebellar-vestibular	 effects.	 Patients	 with	 an	 underlying
seizure	 disorder	 may	 have	 breakthrough	 seizures.	 Most	 patients	 with	 serious
acute	VA	 poisoning	manifest	 CNS	 toxicity	 for	 at	 least	 24	 hours	 and	 this	may
extend	to	several	days.	Laboratory	abnormalities	observed	among	patients	with
high	 serum	VA	 levels	 include	 an	 anion	 gap	metabolic	 acidosis,	 hypocalcemia,



hyperosmolality,	and	hypernatremia.	Transient	rises	in	serum	transaminase	levels
have	 been	 observed	 without	 evidence	 of	 functional	 liver	 toxicity.
Hyperammonemia	associated	with	vomiting,	 lethargy,	and	encephalopathy	may
occur	 at	 therapeutic	 serum	 levels.	 Although	 rare,	 complications	 or	 delayed
sequelae	 associated	 with	 severe	 VA	 intoxication	 include	 optic	 nerve	 atrophy,
cerebral	 edema,	 acute	 respiratory	 distress	 syndrome,	 and	 hemorrhagic
pancreatitis.

Non–dose-related	 toxicities	 include	 hepatic	 failure,	 pancreatitis,	 red	 blood
cell	aplasia,	neutropenia,	and	alopecia.	Pancreatitis	is	usually	considered	a	non–
dose-related	 effect	 but	 has	 been	 observed.	 Alopecia,	 thrombocytopenia,
leukopenia,	 and	 anemia	 have	 been	 associated	 with	 acute	 and	 chronic	 VA
intoxication.

The	 differential	 diagnosis	 should	 include	 opioid	 toxicity	 and	 a	 list	 of
substances	causing	an	 increased	anion	gap	metabolic	 acidosis.	VA	 intoxication
can	be	indistinguishable	from	opioid	poisoning	by	signs	and	symptoms,	and	VA-
poisoned	patients	may	occasionally	respond	to	naloxone.	VA	may	cause	a	false-
positive	urine	ketone	determination,	thereby	misdirecting	the	clinician	to	causes
of	ketosis.25

Diagnostic	Evaluation
Essential	laboratory	studies	should	include	sequential	serum	VA	levels	and	levels
of	other	anticonvulsant	medications,	particularly	when	the	enteric-coated	dosage
form	is	involved.	It	should	be	recognized	that	VA	metabolites	are	highly	cross-
reactive	on	enzyme-multiplied	immunoassay	technique	assay	for	VA,22	and	there
may	be	 an	 overestimation	 of	 serum	VA	 levels	 as	 high	 as	 50%.	Recommended
laboratory	studies	 include	complete	blood	cell	count,	 reticulocyte	count,	serum
electrolytes,	 blood	 urea	 nitrogen,	 creatinine,	 glucose,	 calcium,	 ammonia,	 and
liver	 function	 tests.	 In	 addition,	 serum	 amylase	 and	 lipase	 levels	 should	 be
obtained	to	rule	out	pancreatitis.

In	all	deliberate	overdoses,	an	ECG	and	acetaminophen	and	salicylate	levels
should	 be	 obtained.	 Arterial	 blood	 gas,	 chest	 radiograph,	 head	 computed
tomography,	and	lumbar	puncture	should	be	obtained	when	clinically	indicated.

Management
As	with	 any	 consequential	CNS	depressant	 ingestion,	 the	 patient’s	 airway	 and
respiratory	status	should	be	frequently	assessed;	early	intubation	and	ventilation



help	 prevent	 hypoxic	 sequelae.	 Vascular	 access	 and	 continuous	 cardiac
monitoring	should	be	established.	Patients	with	altered	mental	status	should	have
a	 fingerstick	 blood	 sugar	 determination	 or	 receive	 IV	 dextrose,	 followed	 by
naloxone	and	thiamine	as	clinically	indicated.

Naloxone	 (0.8-2.0	mg)	 has	 been	 reported	 to	 be	 effective	 for	 increasing	 the
level	of	consciousness	 for	patients	with	 signs	and	symptoms	of	opioid	 toxicity
and	 serum	VA	 levels	 between	 185	 and	 190	 μg/mL.34	 Patients	with	 higher	VA
serum	 levels	 have	 not	 responded	 to	 larger	 doses	 of	 naloxone.35	 Naloxone	 has
been	shown	experimentally	to	antagonize	GABA,	the	inhibitory	neurotransmitter
increased	by	VA.12,29	It	 is	therefore	worth	trying	naloxone	(up	to	10	mg)	for	all
comatose	patients	with	suspected	VA	poisoning.	Flumazenil,	the	benzodiazepine
antagonist,	should	be	avoided	for	patients	with	a	preexisting	seizure	disorder.

Carnitine	 has	 been	 used	 for	 the	 treatment	 of	 hyperammonemia	 because	VA
interferes	with	the	citrulline-ornithine	cycle	and	carnitine’s	availability	to	shuttle
fatty	 acids	 across	 the	mitochondrial	membrane.	 There	 are	 some	 pediatric	 data
suggesting	that	carnitine	may	improve	mental	status.26,36	The	oral	and	parenteral
carnitine	doses	range	from	1.5	to	2.0	g,	divided	into	three	to	four	doses	per	day.

2 	GI	 decontamination	 should	 be	 performed	 for	 patients	with	 suspected	VA,
even	when	 several	 hours	 have	 elapsed	 since	 ingestion.37	 Activated	 charcoal	 is
preferred;	 gastric	 lavage	 and	 whole-bowel	 irrigation	 for	 enteric-coated
preparations	 are	 additional	 options.	 Methods	 to	 enhance	 elimination	 may	 be
effective	 as	 an	 increase	 in	 the	 free	 serum	 drug	 fraction,	 decreased	 protein
binding,	and	marked	prolongation	 in	elimination	half-life	occur	after	overdose.
MDAC	may	enhance	 the	clearance	and	 reduce	 the	VA	half-life	by	 interrupting
enterohepatic	recirculation	and	GI	tract	dialysis.38	Extracorporeal	removal	of	VA
by	 hemodialysis	 or	 hemoperfusion	 is	 also	 effective.	 Indications	 for
extracorporeal	removal	are	not	clearly	defined,	requiring	a	risk-benefit	analysis
on	a	case-by-case	basis.	It	should	be	considered	when	the	VA	level	exceeds	1000
μg/mL	and	is	recommended	for	patients	with	levels	exceeding	2000	μg/mL.	In	a
patient	with	a	 level	exceeding	2000	μg/mL,	prompt	 institution	of	hemodialysis
led	 to	 complete	 resolution	 of	 toxicity	within	 3	 days,	whereas	 a	 similar	 patient
managed	 with	 only	 supportive	 care	 died.25	 Patients	 not	 responding	 to
conventional	 therapy	 or	 who	 have	 severe	 acid-base	 derangement	 may	 also
benefit	 from	hemodialysis.	VA	clearance	during	hemodialysis	has	been	as	high
as	 270	 mL/min,	 with	 a	 four-	 to	 fivefold	 decrease	 of	 elimination	 half-life.
Hemodialysis	 has	 the	 added	 benefit	 of	 correcting	 acid-base	 derangements
secondary	 to	 VA	 and	 removal	 of	 its	 metabolites.	 Because	 of	 VA’s	 extensive
protein	binding	and	predominate	hepatic	elimination,	it	is	anticipated	that	forced
diuresis,	 manipulation	 of	 urine	 pH,	 and	 hemofiltration	 would	 not	 be	 useful



during	the	management	of	VA	intoxication.	Charcoal	hemoperfusion	used	for	VA
intoxication	has	demonstrated	clearance	similar	to	that	of	hemodialysis.30	Use	of
hemodialysis	and	hemoperfusion	in	series	may	be	more	advantageous	because	of
a	 more	 consistent	 extraction	 of	 VA	 as	 its	 degree	 of	 protein	 binding	 increases
coincident	with	declining	levels	and	desaturation	of	binding	sites.39

Disposition
The	 disposition	 of	 the	 VA-poisoned	 patient	 is	 based	 on	 the	 severity	 of	 CNS
toxicity,	quantitative	serum	levels,	evidence	of	hypoxic	insult,	risk	of	secondary
complications,	 and	 the	 amount	 of	VA	 ingested.	 Patients	with	 serum	VA	 levels
exceeding	150	μg/mL	are	at	risk	of	CNS	and	respiratory	depression	and	should
be	observed	until	levels	return	to	the	therapeutic	range.	Patients	with	VA	serum
levels	exceeding	1000	μg/mL	are	at	high	risk	of	serious	prolonged	toxicity	and
should	be	admitted	to	an	intensive	care	unit.

CARBAMAZEPINE
CBZ	 is	 an	 iminostilbene	 compound	 with	 a	 chemical	 structural	 backbone
resembling	that	of	the	tricyclic	antidepressants.	It	is	stereochemically	similar	to
phenytoin.	CBZ	has	long	been	recognized	as	a	well-tolerated	and	effective	agent
for	the	management	of	various	types	of	seizure	disorders.	It	is	also	used	for	the
treatment	 of	 trigeminal	 and	 glossopharyngeal	 neuralgias,	 tabetic	 pain,	 and
affective	disorders.40	A	sustained-release	formulation	is	available.

Pharmacology
Because	CBZ	 is	 unionized	 and	highly	 lipophilic,	 there	 is	 no	parenteral	 dosage
form	and	the	rate-limiting	step	for	systemic	absorption	is	tablet	dissolution	time.
Consequently,	 the	 pharmacokinetics	 and	 toxicokinetics	 of	 CBZ	 are	 not	 well
defined	and	are	 subject	 to	 significant	 inter-	and	 intrapatient	variability.	CBZ	 is
80%	protein	bound	and	may	have	twice	the	V	d	of	other	anticonvulsants,	such	as
phenytoin	and	phenobarbital.

During	overdose,	systemic	absorption	of	CBZ	may	be	inconsistent	over	time
in	part	due	to	its	anticholinergic	effects	leading	to	slowed	gastric	motility.	This
leads	to	intermittent	surges	of	drug	released	into	the	circulation	and	may	cause
unexpected	clinical	deterioration	of	patients.	This	may	explain	the	“cyclic	coma”



associated	 with	 CBZ	 poisoning.41	 Patients	 have	 been	 reported	 to	 relapse	 into
deep	 coma	 as	 late	 as	 2	 days	 after	 admission	 to	 the	 hospital	 coincident	with	 a
marked	increase	of	plasma	levels	of	CBZ,	even	after	the	patient’s	condition	has
appeared	 to	 stabilize	 or	 improve	 clinically.	 CBZ’s	 V	 d	 ranges	 from	 1.4	 to
3.0	L/kg	at	toxic	levels.42

CBZ	 is	 predominantly	 metabolized	 by	 the	 liver,	 with	 1%	 to	 3%	 excreted
unchanged	 in	 the	 urine.	 Endogenous	 clearance	 is	 0.6	 to	 1.3	mL/kg/min.40	 The
variability	of	clearance	may	be	attributed	to	alteration	of	the	metabolic	capacities
of	hepatic	enzymes,	particularly	 the	cytochrome	P450	system.40	This	system	is
sensitive	 to	 autoinduction	 during	 chronic	 administration	 or,	 conversely,
inhibition	 with	 concurrent	 administration	 of	 enzyme	 inhibitors	 such	 as
erythromycin43.	 The	 elimination	 half-life	 of	 CBZ	 among	 naive	 users	 may
exceed	24	hours,	whereas	in	chronic	users	it	may	be	less	than	15	hours.40,44	Half-
life	determinations	of	CBZ,	especially	during	an	overdose,	often	are	misleading
because	 of	 erratic	 absorption	 and	 inability	 to	 determine	 the	 contribution	 of
sustained	 absorption	 from	 the	 GI	 tract.44	 Most	 evidence	 suggests	 that	 CBZ
undergoes	first-order	kinetics,	although	some	of	its	metabolic	pathways,	such	as
epoxidation,	may	follow	Michaelis-Menten	kinetics	and	saturate	at	high	levels.44

Forty	 percent	 of	 CBZ	 is	 converted	 to	 the	 active	 metabolite	 CBZ-10,11-
epoxide	(CBZ-epoxide),	 further	complicating	 the	kinetic	and	toxicity	profile	of
CBZ.40	An	inactive	metabolite	is	also	formed.	CBZ-epoxide	elimination	half-life
is	 5.0	 to	 9.8	 hours	 and	 is	 in	 turn	 converted	 to	 10,11-dihydroxide.42,44	 CBZ-
epoxide	is	much	less	protein	bound	than	CBZ	(50%	vs	80%).40	The	therapeutic
CBZ	 concentration	 is	 4	 to	 12	 μg/mL.	Within	 this	 range,	 adverse	 drug	 events
including	nystagmus,	ataxia,	slurred	speech,	dizziness,	 and	anorexia	have	been
noted.45

CBZ	may	be	 best	 described	 as	 a	CNS	depressant	with	mild	 anticholinergic
activity	 and	 a	 proclivity	 for	 alteration	 of	 cerebellar-vestibular	 brainstem
function.	CBZ	likely	mediates	 its	pharmacological	effects	 through	mechanisms
that	 include	 frequency-dependent	 inhibition	 of	 neuronal	 sodium	 channels,
alteration	of	neurotransmitter	activity	(serotonin,	norepinephrine,	acetylcholine),
agonism	and	antagonism	of	various	adenosine	receptor	subtypes,	and	depression
of	evoked	repetitive	firings	in	neurons	and	the	brainstem	reticular	formation.40,46

CBZ	has	 been	 described	 as	 similar	 to	 tricyclic	 antidepressants	 based	 on	 its
toxicity	profile.41,47,48	Although	these	agents	share	sedative,	anticholinergic,	and
sodium	 channel	 blocking	 activity,	 CBZ	 has	 a	 higher	 therapeutic	 index,	 and
malignant	 cardiac	 dysrhythmias	 and	 seizures	 do	 not	 usually	 occur	 among
patients	 with	 normal	 cardiac	 and	 neurological	 function.	 During	 overdose	with
extremely	high	CBZ	levels,	however,	fatal	dysrhythmias	may	develop.45,49



CBZ	toxicity	can	be	defined	as	dose	dependent	or	nondose	dependent.	Non–
dose-dependent	 toxicity	 includes	 idiosyncratic	 and	 immunologic-mediated
reactions	 such	 as	 bone	 marrow	 suppression,	 hepatitis,	 tubulointerstitial	 renal
disease,	cardiomyopathy,	hyponatremia,	and	exfoliative	dermatitis.	Dose-related
effects	for	sensitive	populations	include	those	with	existing	neurological	deficits
and	 myocardial	 disease.	 Dose-related	 toxicity	 has	 been	 reported	 for	 acute
overdoses,	with	survival	of	adults	after	80-g	ingestions.	Death	has	been	reported
after	acute	ingestion	of	60-g	and	after	a	6-g	ingestion	by	a	patient	receiving	long-
term	maintenance	therapy.48,50

Respiratory	 depression	 and	 significant	 neurological	 toxicity	 and	 death	 have
been	 reported,	 with	 peak	 serum	 CBZ	 levels	 ranging	 from	 20	 to	 65
μg/mL.41,42,45,48,50-54	 Patients	 with	 serum	 levels	 in	 the	 range	 of	 10	 to	 20	 μg/mL
usually	respond	to	verbal	stimuli	unless	other	coexisting	medical	complications
or	additional	sedative-hypnotic	substances	are	present.45

There	 is	 poor	 correlation	 of	 serum	 CBZ	 levels	 with	 clinical	 outcomes.
Prognosis	 appears	 to	 depend	 on	 the	 occurrence	 of	 respiratory	 depression	 and
aspiration	 of	 gastric	 contents.45,48,50-55	 All	 reported	 deaths	 occurred	 among
patients	 with	 a	 history	 of	 seizure	 disorders.	 Surviving	 patients	 may	 have	 a
protracted	 course	 (days	 to	weeks)	 because	 of	 secondary	 complications	 arising
from	hypoxic-related	sequelae	from	respiratory	and	CNS	depression,	prolonged
GI	tract	absorption,	and	a	prolonged	elimination	half-life.

The	 kinetics	 of	 CBZ	 toxicity	 are	 affected	 by	 the	 active	 metabolite	 CBZ-
epoxide,	which	may	partially	 account	 for	 the	 lack	of	 correlation	between	peak
CBZ	 levels	 and	 the	 severity	 of	 symptoms.	 The	 concentration	 of	 bound	 CBZ-
epoxide	 is	only	40%	 that	of	CBZ;	however,	CBZ-epoxide	concentration	 in	 the
free,	unbound	form	may	be	equal	to	or	greater	than	that	of	CBZ.56

Toxicity	 may	 occur	 by	 gradual	 accumulation	 of	 CBZ	 among	 patients
receiving	 therapeutic	 dosing	 because	 of	 improper	 dosing	 protocols,	 a	 drug
interaction	with	enzyme	inhibitors	such	as	erythromycin	or	verapamil,43	or	from
generic	substitution.57

Clinical	Manifestations
Patients	with	 acute	 and	 chronic	 exposures	 have	 similar	 findings.	Key	 findings
suggestive	 of	 CBZ	 poisoning	 include	 the	 triad	 of	 coma,	 anticholinergic
syndrome,	 and	 adventitious	 movements.	 Physical	 findings	 include	 CNS
depression	 with	 pronounced	 effects	 on	 the	 cerebellar-vestibular	 system	 (eg,
nystagmus,	 ataxia,	 ophthalmoplegia,	 diplopia,	 absent	 doll’s	 eye	 reflex,	 and
absent	 caloric	 reflexes),	 central	 and	 peripheral	 anticholinergic	 toxicity	 (eg,



hyperthermia,	sinus	tachycardia,	hypertension,	urinary	retention,	mydriasis,	and
ileus),	 and	 neuroleptic-movement	 disorders	 (eg,	 oculogyric	 crisis,	 dystonia,
opisthotonus,	 choreoathetosis,	 and	 ballismus),	 which	 can	 occur	 in	 patients
without	preexisting	neurological	disorders.

Other	effects,	which	are	not	clearly	reproducible	and	may	be	indirectly	related
to	 hypoxia	 or	 occur	 among	 patients	 with	 preexisting	 disease,	 include	 cardiac
conduction	disturbances,	hypotension,	hypothermia,	respiratory	depression,	deep
coma,	 diminished	 or	 exaggerated	 deep	 tendon	 reflexes,	 and	 dysarthria.	 Some
patients	 may	 be	 agitated	 and	 restless,	 combative,	 or	 irritable,	 experience
hallucinations,	 or	 have	 seizures.	 Because	CBZ	 has	 prolonged	 absorption	 from
the	 GI	 tract	 and	 prolonged	 elimination	 half-life,	 the	 clinical	 course	 may	 be
extremely	 protracted	 and	 deceptive,	 and	 sudden	 deterioration	may	 occur	 days
after	admission.41

Seizures	associated	with	high	 levels	of	CBZ	appear	 to	occur	predominantly
among	 patients	with	 pre-existing	 neurological	 disorders.	 In	many	 reports,	 it	 is
unclear	 whether	 witnessed	 motor	 activity	 was	 a	 true	 seizure	 or	 another
movement	disorder	and	whether	the	seizure	occurred	primarily	or	was	secondary
to	hypoxic	insult.41,45,47,56

3 	Cardiac	conduction	disturbances	such	as	prolongation	of	the	PR,	QRS,	and
QTC	intervals	and	complete	heart	block	have	been	reported	with	CBZ.58	Patients
with	an	underlying	abnormal	cardiac	conduction	system	may	be	at	particular	risk
for	 the	 development	 of	 complete	 heart	 block.59	 For	 most	 patients,	 conduction
defects	 are	 not	 seen	 or	 there	 is	 marginal	 prolongation	 of	 intervals	 without
progression	to	malignant	dysrhythmia	despite	extremely	high	CBZ	levels.47,48,60

Diagnostic	Evaluation
Essential	 laboratory	 studies	 should	 include	 sequential	 serum	 CBZ	 levels	 and
levels	 of	 other	 anticonvulsant	 medications,	 serum	 electrolytes,	 blood	 urea
nitrogen,	 creatinine,	 and	 ECG.	 Recommended	 laboratory	 studies	 include
complete	blood	cell	count	and	liver	function	tests.	For	all	deliberate	overdoses,
acetaminophen	and	salicylate	levels	should	be	obtained.	Arterial	blood	gas,	chest
radiograph,	 head	 computed	 tomography,	 and	 lumbar	 puncture	 should	 be
obtained	as	clinically	indicated.

CBZ	 and	 CBZ-epoxide	 are	 highly	 cross-reactive	 on	 enzyme-multiplied
immunoassay	technique	assays	for	CBZ	and	can	result	in	a	falsely	elevated	CBZ
level.	 The	 clinical	 consequence	 of	 this	 is	 debatable,	 however.	 High-pressure
liquid	 chromatography	 assay	 has	 the	 ability	 to	 distinguish	 between	 CBZ	 and
CBZ-epoxide.	 Using	 the	 ratio	 of	 CBZ	 to	 CBZ-epoxide,	 an	 index	 can	 be



generated	that	may	reflect	the	rapidity	of	absorption	of	CBZ	from	the	GI	tract.	A
ratio	greater	than	2.5	is	evidence	of	rapid	or	continued	CBZ	absorption	from	the
GI	tract.	Cases	during	which	patients	appear	to	relapse	or	deteriorate	may	be	due
to	an	abrupt	increase	of	absorption	occurring	as	late	as	48	hours	after	the	initial
ingestion.48,54	For	cases	during	which	serial	CBZ	and	CBZ-epoxide	levels	were
monitored,	 the	 ratios	 greatly	 increase	 just	 before	 or	 coincident	 with	 clinical
deterioration.41

Patients	whose	serum	CBZ	level	continues	 to	significantly	 rise,	manifesting
delayed	symptoms,	or	who	appear	to	relapse	or	deteriorate	after	appropriate	GI
decontamination	 should	 be	 suspect	 for	 harboring	 pharmacobezoars	 in	 their	GI
tract.	 Ultrasonographic	 or	 radiographic	 contrast	 study	 should	 be	 considered	 to
confirm	 this	 diagnosis;	 CBZ	 is	 not	 radiopaque.60	 The	 differential	 diagnosis	 of
CBZ	toxicity	includes	tricyclic	antidepressants,	neuroleptics,	sedative-hypnotics,
anticholinergic	agents,	and	other	anticonvulsant	poisonings.

Management
Management	 begins	 with	 treatment	 of	 respiratory,	 neurological,	 and
cardiovascular	 derangements.	 Early	 intubation	 and	 ventilation	 should	 be
considered,	 as	 poor	 outcomes	 with	 CBZ-poisoned	 patients	 are	 primarily
associated	 with	 pulmonary	 complications.	 Vascular	 access	 and	 continuous
cardiac	monitoring40,41,45	 should	be	established.	Hypotension	 should	be	 initially
managed	with	crystalloid	fluid	challenges	followed	by	pressor	agents.41,48	There
is	 no	 specific	 antidysrhythmic	 regimen	 for	 CBZ-induced	 cardiac	 toxicity.	 IV
sodium	 bicarbonate	 therapy	 should	 be	 considered	 for	 patients	 whose	 QRS	 is
greater	than	100	ms.	Patients	with	altered	mental	status	should	have	a	fingerstick
blood	 sugar	 determination	 or	 receive	 IV	 dextrose,	 followed	 by	 naloxone	 and
thiamine	as	clinically	indicated.	Seizures	are	usually	self-limited	but	respond	to
IV	diazepam	or	phenytoin.42

GI	 decontamination	 should	 be	 initiated	 as	 soon	 as	 possible	 with	 activated
charcoal.	MDAC	may	double	the	elimination	of	systematically	absorbed	CBZ61

(see	 Chapter	 96)	 and	 should	 also	 be	 considered	 for	 patients	 with	 serum	CBZ
concentration	 greater	 than	 20	 μg/mL.	 MDAC	 should	 be	 discontinued	 before
CBZ	levels	decline	to	the	therapeutic	range	for	those	with	an	underlying	seizure
disorder.	 Although	MDAC	 therapy	 significantly	 reduces	 serum	CBZ	 levels,	 it
has	not	been	shown	to	improve	patient	outcomes.62	For	patients	with	rising	drug
levels	despite	initial	GI	tract	decontamination,	whole-bowel	irrigation	may	also
be	useful	(see	Chapter	96).



2 	 2 	 Extracorporeal	 removal	 has	 been	 used	 to	 enhance	 CBZ	 clearance	 in
overdose	 cases	 but	 with	 modest	 results,	 usually	 no	 more	 than	 the	 increase
achieved	by	MDAC,	which	is	less	invasive.48,51	Hemodialysis	or	hemoperfusion
is	recommended	if	multiple	seizures	occur	and	are	refractory	to	treatment,	or	if
life-threatening	dysrhythmias	occur.	Extracorporeal	removal	is	also	suggested	if
prolonged	 coma	 or	 respiratory	 depression	 requiring	 mechanical	 ventilation	 is
present,	or	if	significant	toxicity	persists,	particularly	when	CBZ	concentrations
rise	or	remain	elevated,	despite	using	MDAC	and	supportive	measures.63	Urinary
manipulation	does	not	appear	to	be	useful.

Although	 there	 is	 one	 case	 report	 of	 a	 CBZ-poisoned	 patient	 (serum	 level:
27.8	μg/mL)	who	responded	to	a	dose	of	flumazenil,53	this	agent	may	precipitate
seizures	 and	 is	 contraindicated	 for	 CBZ	 overdose.	 Physostigmine	 has	 been
reported	 to	 be	 effective	 for	 the	 treatment	 of	 dystonia	 associated	 with	 CBZ
poisoning.47	Given	 that	CBZ-associated	 dystonias	 are	 self-limited,	 the	 risks	 of
physostigmine	therapy	likely	outweigh	its	potential	benefits.

Disposition
Because	 CBZ	 displays	 erratic	 absorption,	 the	 decision	 should	 be	 in	 favor	 of
admission	 and	 a	 prolonged	 observation	 period	 in	 an	 intensive	 care	 setting	 for
patients	with	a	history	suggestive	of	a	large	ingestion.	CBZ-poisoned	patients	at
greatest	risk	of	significant	sequelae	should	also	be	admitted	to	the	intensive	care
unit.	 This	 would	 include	 patients	 whose	 CBZ	 levels	 exceed	 20	 μg/mL	 or	 are
rapidly	 rising,	 who	 are	 obtunded	 or	 comatose,	 those	 with	 cardiovascular
symptoms,	 whose	 ECG	 shows	 a	 QRS	 greater	 than	 100	 ms,	 and	 those	 with
seizures.	 The	 majority	 of	 patients	 at	 risk	 of	 significant	 sequelae	 require
observation	for	a	minimum	of	48	hours.

NEWER	ANTICONVULSANTS

Felbamate	(Felbatol)
Felbamate	 is	 a	 phenyl	 dicarbamate	 with	 a	 structure	 similar	 to	 that	 of	 the
sedative-hypnotic	 agent	 meprobamate.	 Its	 mechanism	 of	 action	 is	 believed	 to
potentiate	 the	 GABAA-receptor	 supramolecular	 complex	 and	 inhibit	 NMDA
receptor	responses.	It	has	been	shown	to	block	repetitive	neuronal	firing	and	also
to	 affect	 the	 sodium	 channels	 of	 neuronal	 membranes.64	 Felbamate	 is	 rapidly



absorbed,	 with	 a	 bioavailability	 of	 greater	 than	 90%	 and	 peak	 plasma
concentrations	occurring	2	to	6	hours	after	oral	dosing.	Its	V	d	is	0.75	L/kg.	The
drug	 circulates	 as	 the	 free	 drug	 and	 is	 only	 20%	 to	 30%	 protein	 bound.
Absorption	and	elimination	are	linear	and	plateau	at	high	levels.	Approximately
50%	of	 the	 drug	 is	metabolized	 by	 the	 liver	 using	 the	CYP3A4	 and	CYP2E1
enzymes	with	the	remainder	undergoing	renal	excretion	as	unchanged	drug.	The
elimination	 half-life	 is	 16	 to	 22	 hours.	 Felbamate	 does	 not	 induce	 its	 own
metabolism.65,66

Felbamate	 has	 numerous	 significant	 drug	 interactions.	 It	 can	 inhibit	 and
induce	the	cytochrome	P450	system	and	affect	the	metabolism	of	coadministered
medications.	 Felbamate	 induces	 the	 metabolism	 of	 CBZ	 and	 inhibits	 the
metabolism	of	phenytoin	and	VA.	The	effect	of	felbamate	on	metabolism	takes	2
to	3	weeks	to	clear	after	discontinuation	of	the	drug.65

Although	 uncommon,	 serious	 idiosyncratic	 drug	 reactions	 include	 aplastic
anemia	and	hepatic	failure,	each	with	mortality	greater	than	30%.	Other	adverse
drug	 events	 include	 nausea,	 vomiting,	 abdominal	 pains,	 headache,	 insomnia,
palpitations,	 tachycardia,	blurred	vision,	diplopia,	 tremors,	and	ataxia.	Children
are	likely	to	demonstrate	anorexia	and	somnolence.65	 It	has	been	proposed	 that
metabolism	 to	 a	 reactive	 aldehyde	 intermediate	 is	 responsible	 for	 observed
felbamate	toxicity.67

There	 is	 limited	 information	regarding	deliberate	 felbamate	overdose.	A	20-
year-old	woman	developed	altered	mental	status,	massive	crystalluria,	and	acute
renal	 failure	 after	 an	 overdose	 of	 felbamate	 and	 VA.	 Macroscopic	 urinary
crystals	 were	 identified	 by	 gas	 chromatography	 as	 containing	 felbamate.
Crystalluria	and	acute	renal	failure	resolved	with	hydration.	A	44-year-old	man
who	 ingested	 an	 unknown	 amount	 of	 felbamate,	 haloperidol,	 and	 benztropine
recovered	 with	 supportive	 care.	 Symptoms	 were	 predominately	 neurological,
with	 ataxia,	 nystagmus,	 weakness,	 abnormal	 movements,	 and	 agitation.68	 The
management	of	felbamate	overdose	is	supportive	care.	Gut	decontamination	with
activated	 charcoal	 would	 appear	 to	 be	 reasonable.	 There	 are	 no	 data	 on
hemodialysis,	hemoperfusion,	or	urinary	manipulation.68

Lamotrigine	(Lamictal)
LTG	 [or	 3-5-diamino-6	 (2,3-dichlorophenyl)-1,2,4-triazine]	 is	 not	 structurally
related	to	other	anticonvulsants.	The	mechanism	of	action	of	LTG	is	believed	to
involve	 inhibition	 of	 voltage-sensitive	 sodium	 channels	 and	 inhibition	 of
glutamate	release,	which	stabilizes	neuronal	membranes.	LTG	has	no	effects	on



the	 release	 of	 GABA,	 acetylcholine,	 norepinephrine,	 or	 dopamine.	 In	 oral
dosing,	 LTG	 is	 rapidly	 absorbed,	 with	 a	 bioavailability	 of	 98%.	 Peak	 plasma
levels	are	reached	1	to	4	hours	after	dosing	of	the	immediate-release	preparation.
Protein	 binding	 is	 55%,	 and	 the	 V	 d	 ranges	 from	 0.9	 to	 1.4	 L/kg.	 LTG	 is
metabolized	in	the	liver	primarily	via	UGT1A4	and	excreted	as	the	glucuronide
metabolite.	 LTG	 does	 not	 induce	 its	 own	 metabolism,	 but	 serum	 steady-state
concentrations	 are	 decreased	 by	 concurrent	 administration	 with	 UGT-inducers
including	 phenytoin,	 CBZ,	 phenobarbital,	 and	 oxcarbazepine.	 LTG	 is	 also	 a
known	CYP3A4	inducer.69	The	elimination	half-life	of	 the	parent	compound	 is
12	to	50	hours	(mean:	30	hours).65

Adverse	 drug	 events	 include	 Stevens-Johnson	 syndrome	 (SJS),	 toxic
epidermal	 necrolysis	 (TEN),	 drowsiness,	 dizziness,	 headache,	 unsteady	 gait,
tremor,	ataxia,	somnolence,	diplopia,	blurred	vision,	and	nausea.61	SJS	and	TEN
are	 more	 likely	 to	 occur	 among	 pediatric	 patients	 and	 in	 those	 in	 whom
manufacturer	dose	escalation	regimens	are	not	followed.70

3 	There	 is	 increasing	 information	 regarding	deliberate	LTG	overdose.71-73	A
wide	 range	 of	CNS	 effects	 have	 been	 reported	 associated	with	LTG	 overdose,
including	 paradoxical	 generalized	 tonic-clonic	 and	 myoclonic	 seizures	 in
patients	 with	 no	 history	 of	 seizure	 disorder,	 oculogyric	 crisis,	 dystonia,
nystagmus,	 ataxia,	 hypertonia,	 choreoathetoid	 movements,	 choreiform
dyskinesia,	 and	 reduced	 level	 of	 consciousness.	 Several	 cardiac	 toxic	 effects
have	been	observed	in	LTG	overdose.	One	patient	presented	with	altered	mental
status	 and	 spasticity	 approximately	 2	 hours	 after	 an	 intentional	 overdose.	 The
initial	ECG	showed	sinus	tachycardia,	a	new	right	bundle	branch	block,	QRS	of
128	ms,	and	R	waves	>3	mm	in	leads	I	and	aVR.	ECG	changes	were	refractory
to	 bicarbonate	 and	 hemofiltration	 therapies,	 but	 resolved	 immediately	 with	 a
1.5	mL/kg	bolus	of	20%	IV	lipid	emulsion.74

The	management	of	acute	LTG	overdose	should	include	GI	decontamination,
continuous	 cardiac	 monitoring,	 and	 supportive	 care.	 It	 would	 be	 prudent	 to
closely	monitor	a	patient	with	serial	ECGs	for	24	to	48	hours	if	the	initial	ECG
shows	a	prolonged	QRS	duration	(greater	than	100	ms).	IV	sodium	bicarbonate
and	IV	lipid	emulsion	therapies	have	not	been	studied	but	should	be	considered.
Benzodiazepines	 are	 appropriate	 for	 the	 treatment	 of	 seizures.	 There	 is	 no
consensus	on	utility	of	hemodialysis	or	hemoperfusion	for	LTG	overdosage.75

Gabapentin	(Neurontin)
GBP	 is	 an	 engineered	 molecule	 based	 on	 GABA	 and	 altered	 to	 increase



membrane	 permeability	 and	 entrance	 through	 the	 blood-brain	 barrier.
Chemically,	 GBP	 is	 GABA	 with	 a	 cyclohexane	 ring	 (1-[aminomethyl]-
cyclohexane).65

GBP	appears	to	bind	to	a	specific	site	in	the	CNS	but	does	not	affect	ligand
binding	to	GABAA,	GABAB,	benzodiazepine,	glutamate,	glycine,	or	N-methyl-d-
aspartate	sites	on	the	neuronal	membrane.65

GBP	 is	 50%	 to	 60%	 absorbed	 from	 the	 GI	 tract,	 with	 peak	 serum	 levels
occurring	1	to	3	hours	after	oral	administration.	Its	V	d	is	0.8	to	1.0	L/kg.	GBP	is
not	 protein	 bound	 and	 does	 not	 appear	 to	 be	metabolized;	 doses	 are	 excreted
unchanged	in	the	urine.	The	terminal	elimination	half-life	is	5	to	7	hours.	Renal
elimination	and	half-life	are	proportional	to	renal	function.	The	elimination	rate
can	neither	be	induced	nor	can	the	elimination	half-life	be	altered	with	repetitive
dosing.65

Adverse	 drug	 events	 include	 CNS	 depression,	 nystagmus,	 blurred	 vision,
diplopia,	 mood	 changes,	 headache,	 weight	 gain,	 seizures,	 fatigue,	 nausea,
dizziness,	 slurred	 speech,	 and	 unsteady	 gait.	 Lethargy,	 somnolence,	 dizziness,
drowsiness,	dysarthria,	diplopia,	sedation,	ataxia,	slurred	speech,	and	GI	distress
have	been	observed	after	overdose.76,77	Signs	and	symptoms	resolved	within	48
hours	 without	 specific	 therapy.	 Treatment	 is	 supportive.	 There	 are	 no	 data
regarding	binding	 to	activated	charcoal,	urinary	manipulation,	hemodialysis,	or
hemoperfusion.

Oxcarbazepine	(Trileptal)
Oxcarbazepine	is	the	dihydro	derivative	of	CBZ	and	can	be	thought	of	as	being	a
prodrug,	 which	 is	 almost	 100%	 biotransformed	 during	 hepatic	 first-pass
metabolism	 to	 the	 active	 metabolite	 10,11-dihydro-10-hydroxycarbamazepine.
The	parent	drug	and	its	metabolite	have	roughly	the	same	anticonvulsant	effect
as	CBZ	through	blockade	of	voltage-sensitive	sodium	channels	and	stabilization
of	 hyperexcited	 neuronal	 membranes.	 The	 parent	 and	 the	 metabolite	 are
lipophilic	and	pass	into	the	CNS.	Advantages	of	oxcarbazepine	vs	CBZ	are	that
it	is	better	tolerated	and	does	not	form	the	CBZ-epoxide.	Peak	serum	drug	levels
occur	4.5	hours	after	an	oral	dose.	The	V	d	is	49	L/kg.	The	elimination	half-lives
of	 oxcarbazepine	 and	 its	 metabolite	 are	 1.0	 to	 2.5	 hours	 and	 8	 to	 11	 hours,
respectively.	 Adverse	 drug	 events	 include	 hyponatremia	 (in	 up	 to	 30%	 of
patients),	 headache,	 ataxia,	 dizziness,	 nausea,	 memory	 impairment,
concentration	difficulties,	anorexia,	and	weight	gain.78	Evaluation	and	treatment
considerations	are	the	same	as	for	CBZ.	CBZ	assays	cannot	be	used	to	measure



oxcarbazepine	 levels.	Oxcarbazepine	 concentrations	 are	not	 routinely	 available
and	are	generally	not	useful	for	patient	management.

Tiagabine	(Gabitril)
Tiagabine	is	a	GABA	reuptake	inhibitor	derived	from	nipecotic	acid	to	which	a
lipophilic	 moiety	 has	 been	 added	 to	 improve	 passage	 into	 the	 CNS.	 By
selectively	inhibiting	neuronal	GABA	reuptake,	it	prolongs	the	action	of	GABA
in	the	synapse.	It	is	rapidly	absorbed	orally,	with	a	peak	level	by	0.5	to	1.0	hours
after	 ingestion.	 The	 drug	 is	 96%	 protein	 bound	 and	 is	 metabolized	 by	 the
CYP3A4	isoform	to	inactive	metabolites.	It	does	not	induce	its	own	metabolism.
The	elimination	half-life	ranges	from	4	to	7	hours;	patients	also	receiving	CYP-
inducing	 medications	 will	 exhibit	 values	 at	 the	 lower	 end	 of	 this	 range.
Therapeutic	levels	for	tiagabine	plasma	concentrations	are	not	well	established,
although	 a	 range	 of	 20	 to	 200	 ng/mL	 has	 been	 suggested.79	 Plasma
concentrations	are	not	typically	used	to	guide	therapy.

Adverse	 drug	 events	 include	 CNS	 depression,	 nausea,	 hypertension,
tachycardia,	asthenia,	sedation,	dizziness,	mild	memory	impairment,	abdominal
pain,	 and	 nausea.	 Some	 patients	 develop	 status	 epilepticus	 after	 overdose	 and
off-label	use	of	tiagabine	has	been	associated	with	the	development	of	seizures
among	 nonepileptic	 patients.	 Symptoms	 typically	 resolve	 within	 12	 to	 24
hours.80	Treatment	is	supportive.

Topiramate	(Topamax)
Topiramate	is	a	sulfamate-substituted	monosaccharide	compound	different	from
other	 anticonvulsants.	 Its	 mechanism	 of	 action	may	 be	 in	 part	 due	 to	 sodium
channel	 blockade,	 enhancing	 the	 action	 of	 GABA,	 and	 diminishing	 kainate-
induced	 excitatory	 receptor	 stimulation.	 It	 is	 also	 a	 weak	 carbonic	 anhydrase
inhibitor.	Oral	absorption	 is	 rapid,	with	a	peak	serum	level	at	1.8	 to	4.3	hours.
The	plasma	protein	binding	of	topiramate	is	9%	to	17%,	and	its	V	d	is	0.7	L/kg.	It
is	70%	to	97%	eliminated	unchanged	in	the	urine.	The	elimination	half-life	is	18
to	24	hours.	Therapeutic	plasma	concentration	levels	for	topiramate	range	from	5
to	 20	 μg/mL,	 although	 routine	 therapeutic	 drug	 monitoring	 is	 typically
performed	only	in	patients	with	hepatic	or	renal	impairment.

Development	 of	 a	 non–anion-gap	 metabolic	 acidosis	 is	 a	 relative	 common
occurrence	with	 topiramate	 use,	 both	 in	 therapeutic	 dosing	 and	 in	 overdose.81
This	occurs	by	impairing	both	the	normal	reabsorption	of	filtered	bicarbonate	by



the	proximal	renal	tubule	and	the	excretion	of	hydrogen	ions	by	the	distal	renal
tubule.	 This	 combination	 of	 defects	 is	 termed	 mixed	 renal	 tubular	 acidosis.82
Treatment	 of	 the	 metabolic	 acidosis	 includes	 cessation	 of	 the	 topiramate	 and
fluid	resuscitation	as	needed.	The	use	of	parenteral	sodium	bicarbonate	is	rarely
needed.	 Other	 adverse	 drug	 events	 include	 sedation,	 cognitive	 dysfunction,
paresthesias,	dizziness,	fatigue,	weight	loss,	diarrhea,	and	urolithiasis.	Treatment
is	 supportive.	 There	 are	 data	 to	 suggest	 that	 topiramate	 is	 removed	 by
hemodialysis	and	continuous	renal	replacement	therapy,	although	these	therapies
are	unlikely	to	be	necessary	in	the	majority	of	overdose	scenarios.83

Levetiracetam	(Keppra)
LEV	[(S)-α-ethyl-2-oxo-1-pyrrolidine	acetamide]	is	a	newer	anticonvulsant	that
is	 now	 used	 nearly	 as	 often	 as	 phenytoin.	 It	 is	 structurally	 unrelated	 to	 other
antiepileptic	 drugs	 and	 is	 widely	 prescribed	 due	 to	 its	 efficacy,	 minimal
interaction	with	other	drugs,	and	favorable	side-effect	profile.	There	 is	 indirect
evidence	 that	 LV’s	 effects	may	 be	 due	 to	 its	 interaction	with	 synaptic	 vesicle
protein	 2	 and	 subsequent	 modulation	 of	 synaptic	 neurotransmitter	 release.
Although	its	precise	mechanisms	of	action	are	unknown,	LEV	does	not	appear	to
directly	interact	with	the	GABA	system	or	voltage-dependent	sodium	channels.
LEV	is	rapidly	and	nearly	completely	absorbed	after	oral	dosing	and	peak	serum
levels	are	achieved	approximately	1	hour	after	 ingestion.	V	 d	 is	0.5	 to	0.7	L/kg
and	 protein	 binding	 is	 minimal.	 Elimination	 half-life	 is	 6	 to	 8	 hours	 and
approximately	66%	of	the	drug	is	excreted	unchanged	in	the	urine.84

The	most	common	adverse	effects	during	overdose	are	sedation,	vertigo,	and
ataxia,	 although	 respiratory	 depression	 may	 also	 occur	 and	 at	 least	 one
intentional	overdose	which	required	intubation	for	ventilatory	support	has	been
reported.85	Therapeutic	concentrations	of	LEV	are	generally	considered	to	be	10
to	40	μg/mL,	but	because	its	therapeutic	window	is	so	large,	monitoring	of	blood
concentrations	is	generally	not	performed.	There	is	no	specific	antidotal	therapy
for	LEV	overdose.	Treatment	is	supportive	care.

Vigabatrin	(Sabril)
Vigabatrin	 is	 an	 engineered	 GABA-related	 anticonvulsant	 with	 limited
availability	 in	 the	United	States.	Chemically,	 it	 is	 gamma-vinyl-GABA.	 It	 is	 a
stereospecific	 GABA	 transaminase	 inhibitor,	 the	 S(+)	 enantiomer	 being
biologically	active.	Its	peak	serum	level	occurs	0.5	to	3.0	hours	after	ingestion,



and	its	V	d	is	0.8	L/kg.	There	is	virtually	no	plasma	protein	binding	of	the	drug,
and	more	than	80%	of	the	drug	is	eliminated	unchanged	in	the	urine.	The	plasma
half-life	ranges	from	4	to	8	hours.	The	cerebrospinal	fluid	level	is	0%	to	15%	of
the	 serum	 level.76	 Adverse	 drug	 events	 include	 visual	 field	 defects,	 diplopia,
drowsiness,	 irritability,	 agitation,	 anxiety,	 psychomotor	 effects,	 depression,
sedation,	confusion,	and	ataxia.	A	patient	who	ingested	8	to	12	g	in	an	overdose
developed	a	psychotic	episode	lasting	36	hours.86	Supportive	care	is	the	mainstay
of	management.

Zonisamide	(Zonegran)
Zonisamide	is	a	synthetic	1,2-benzisoxazole-3-methanesulfonamide	approved	in
the	United	States	for	adjunctive	treatment	of	focal	onset	seizures.	Although	it	is
structurally	related	to	acetazolamide,	its	mechanism	of	action	is	different	and	it
exhibits	 only	 weak	 carbonic	 anhydrase	 inhibition.	 Its	 mechanism	 of	 action	 is
likely	related	to	blockade	of	repetitive-firing	voltage-sensitive	sodium	channels
as	 well	 as	 reduction	 of	 voltage-sensitive	 calcium	 currents.	 It	 is	 rapidly	 and
completely	 absorbed	 with	 peak	 serum	 levels	 occurring	 2	 to	 6	 hours	 after
ingestion.	V	d	is	1.45	L/kg	and	the	drug	is	approximately	40%	protein	bound.	It
has	 a	 high	 binding	 affinity	 for	 erythrocytes.	 The	 plasma	 elimination	 half-life
ranges	 from	52	 to	 69	 hours	with	 a	mean	 of	 60	 hours	 reported.	Metabolism	 to
inactive	metabolites	occurs	via	hepatic	CYP450	enzymes	and	therefore	half-life
of	the	drug	varies	with	concomitant	use	of	cytochrome	P450	enzyme	inhibitors
and	 inducers.	Zonisamide	 is	mostly	 excreted	 in	 the	 urine	with	 only	 3%	of	 the
total	dose	being	recovered	in	the	feces.87	The	therapeutic	plasma	reference	range
is	10	to	40	μg/mL.

Adverse	effects	include	somnolence,	anorexia,	dizziness,	and	headaches.	One
patient	 who	 intentionally	 overdosed	 of	 12.6	 grams	 of	 zonisamide	 presented	 8
hours	after	ingestion	with	somnolence	and	vomiting.	After	a	brief	intubation	for
airway	protection,	the	patient	recovered	with	supportive	care.88	There	are	clinical
data	 showing	 an	 approximately	 50%	 reduction	 of	 plasma	 concentration	 of
zonisamide	after	a	single	session	of	dialysis,88	but	there	are	no	data	on	activated
charcoal,	urinary	manipulation,	hemodialysis,	or	hemoperfusion	being	used	after
an	acute	overdose.

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	23-year-old	woman	presents	to	the	emergency	department	with	altered
mental	status.	She	has	a	history	of	bipolar	disorder	and	hypertension.	She	was
found	by	her	roommate	after	she	was	heard	falling	out	of	bed.	An	empty	bottle
of	thirty	250	mg	divalproex	sodium	(valproate)	tablets	was	found	nearby	along
with	an	empty	beer	can.	On	arrival,	she	has	normal	vital	signs.	Physical	exam	is
notable	for	an	obtunded-appearing	female	who	makes	incomprehensible	sounds
and	withdraws	all	extremities	from	pain	but	does	not	open	her	eyes.	GCS	is	7.
She	has	bilateral	lower	extremity	clonus.	A	fingerstick	glucose	is	113	mg/dL.
What	is	the	most	appropriate	next	step	in	management?

A. 	Administer	naloxone
B. 	Consult	nephrology	for	hemodialysis
C. 	Intubate	for	airway	protection
D. 	Place	nasogastric	tube	for	activated	charcoal	followed	by	l-carnitine

2. 	A	76-year-old	man	presents	to	the	emergency	department	after	a	witnessed
seizure	lasting	one	minute	which	self-terminated	shortly	prior	to	arrival.	He	has
a	history	of	congestive	heart	failure,	hypertension,	and	2	diabetes	complicated	by
neuropathy.	He	is	prescribed	furosemide,	lisinopril,	and	metformin	by	his
primary	care	physician	and	was	also	recently	started	on	gabapentin	300	mg	TID
after	visiting	an	urgent	care	clinic	complaining	of	pain	in	his	feet.	His	vital	signs
are	normal,	and	his	exam	is	remarkable	for	dry	mucous	membranes,	bilateral
upper	extremity	clonus,	and	a	GCS	of	13	(E3V4M6).	He	is	asking	about	going
home.	Workup	in	the	emergency	department	is	notable	for	a	creatinine	of
2.76	mg/dL	(most	recent	value	3	months	ago	was	1.4	mg/dL),	BUN	76	mg/dL,
sodium	133	mEq/L,	potassium	5.2	mEq/L,	glucose	146	mg/dL,	WBC	13,000/
µL,	and	Hgb	10.8	g/dL.	Estimated	glomerular	filtration	rate	is	26	mL/min.	A	CT
scan	of	the	head	without	contrast	does	not	show	any	acute	abnormality.	What	is
the	most	appropriate	management?

A. 	Admit	to	hospital,	give	intravenous	hydration,	hold	home
medications
B. 	Admit	to	hospital,	give	intravenous	hydration,	hold	home
medications,	and	order	continuous	EEG	monitoring
C. 	Admit	to	hospital,	give	intravenous	hydration,	hold	home
medications,	and	start	levetiracetam
D. 	Discharge	with	close	nephrology	and	neurology	follow-up



3. 	A	57-year-old	woman	presents	to	the	emergency	department	after	an
intentional	overdose.	Her	past	medical	history	includes	trigeminal	neuralgia	for
which	she	was	prescribed	carbamazepine	600	mg/d.	She	is	brought	to	the
emergency	department	by	her	husband	approximately	30	minutes	after	he
witnessed	her	take	sixty	200	mg	carbamazepine	ER	tablets.	On	presentation,
vital	signs	include	a	heart	rate	67	beats/min,	blood	pressure	125/78	mm	Hg,	RR
15/min,	T	37	°C,	and	SpO2	98%	on	room	air.	Weight	is	60	kg.	She	is	tearful	but
cooperative,	and	her	GCS	is	15.	Exam	is	otherwise	notable	only	for	mild
mydriasis.	Initial	laboratory	values	include	WBC	12,300/µL,	Hb	12.8	g/dL,
platelets	256,000/µL,	sodium	138	mEq/L,	potassium	4.6	mEq/L,	HCO3	23
mEq/L,	Chloride	99	mEq/L,	BUN	23	mg/dL,	creatinine	1.05	mg/dL,	glucose
78	mg/dL,	aspartate	aminotransferase	(AST)	17	U/L,	alanine	transaminase
(ALT)	24	U/L,	acetaminophen	<10	μg/mL,	salicylate	<3	mg/dL,	and
carbamazepine	10	μg/mL.	An	ECG	shows	normal	sinus	rhythm	with	normal	PR,
QRS,	and	QTc	intervals.	What	is	the	most	appropriate	management?

A. 	Admit	to	ICU	for	monitoring
B. 	Give	activated	charcoal	until	somnolent,	then	admit	to	ICU	for
monitoring
C. 	Give	a	bolus	of	150	mEq	sodium	bicarbonate	diluted	in	1	L	of	D5W,
then	admit	to	ICU	for	monitoring
D. 	Place	hemodialysis	catheter	and	begin	extracorporeal	therapy	in	ICU

Answers

1.	The	correct	answer	is	A.
Rationale:	It	is	reasonable	to	try	one	or	several	doses	of	naloxone	in	a	patient

with	 suspected	 valproic	 acid	 (VA)	 overdose	 prior	 to	 intubation	 for	 airway
protection	(choice	A	is	correct).	There	are	several	case	reports	of	 improvement
in	 mental	 status	 with	 naloxone	 for	 patients	 with	 VA	 toxicity,	 and	 there	 is
experimental	 evidence	 to	 support	 a	 biologically	 plausible	 mechanism	 for	 this
effect.	 Intubation,	 administration	 of	 activated	 charcoal,	 and	 supplementation
with	l-carnitine	would	all	be	next	steps	if	the	patient	does	not	have	improvement
with	naloxone	and/or	develops	respiratory	compromise	or	distress.	Hemodialysis
may	be	indicated	later	in	the	patient’s	clinical	course	depending	on	the	presence
of	 shock,	 cerebral	 edema,	 or	markedly	 elevated	 valproic	 acid	 level	 exceeding
1000	μg/mL.



2.	The	correct	answer	is	A.
Rationale:	This	patient	has	 an	acute	kidney	 injury	 (AKI)	 and	 seizure	 likely

secondary	to	gabapentin	toxicity.	Treating	his	volume	depletion	and	continuing
to	 monitor	 are	 the	 most	 appropriate	 actions	 (choice	 A	 is	 correct).	 Starting	 an
antiepileptic	drug	such	as	levetiracetam	would	not	treat	the	underlying	cause	of
the	seizure	(choice	C	is	 incorrect).	Discharge	would	be	inappropriate	given	the
degree	of	acute	kidney	injury	and	it	would	also	not	address	the	underlying	cause
of	the	seizure	(choice	D	is	incorrect).	Consulting	neurology	for	EEG	may	be	of
benefit	 if	 the	 patient	 continues	 to	 have	 seizures	 after	 renal	 function	 improves
(choice	B	is	not	the	best	answer).

3.	The	correct	answer	is	A.
Rationale:	This	patient	presents	 after	 a	massive	 ingestion	of	 carbamazepine

(approximately	 200	mg/kg)	 and	 is	 expected	 to	 have	major	 toxic	 sequelae.	She
should	 be	 admitted	 to	 a	 level	 of	 care	 capable	 of	 carrying	 out	 rapid	 sequence
intubation	 when	 this	 occurs	 (choice	 A	 is	 correct).	 Carbamazepine	 absorption
from	the	GI	tract	is	erratic	and	peak	levels	have	been	reported	to	occur	between
8	 and	 60	 hours	 after	 ingestion.	 Given	 the	 likelihood	 of	 delayed	 neurological
deterioration,	 the	 risk	 of	 administering	 a	 dose	 of	 activated	 charcoal	 prior	 to
securing	 her	 airway	 outweighs	 the	 benefit	 (choice	 B	 is	 incorrect).	 Sodium
bicarbonate	 therapy	would	not	 be	 indicated	 at	 this	 point	 given	 the	 lack	of	 any
apparent	 cardiotoxic	 sequelae	 from	 the	 overdose	 (choice	 C	 is	 incorrect).
Similarly,	 there	 are	 no	 indications	 for	 extracorporeal	 enhanced	 elimination
therapies	this	early	in	her	clinical	course	(choice	D	is	incorrect)	but	she	should
be	admitted	 to	a	unit	capable	of	carrying	out	dialysis	 should	she	develop	deep
coma,	refractory	seizures,	or	life-threatening	dysrhythmias.
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Chapter	103
Antidepressant	Poisoning
Varun	Vohra,	Cynthia	Aaron,	Mark	J.	Neavyn

KEY	POINTS:
1.	 TCA	toxicity	increases	with	acidemia;	therefore,	an	ABG	with	a

pH	<	7.4	or	hypercarbia	warrants	intubation	and	hyperventilation
even	in	the	patient	who	can	protect	their	airway.	The	patient	should
be	appropriately	ventilated	to	prevent	respiratory	acidosis	and
subsequent	clinical	deterioration.

2.	 Bupropion-induced	QRS	prolongation	is	not	due	to	sodium	channel
blockade.	The	underlying	mechanism	entails	inhibition	of	myocardial
gap	junctional	intercellular	communication	so	that	sodium
bicarbonate	treatment	may	be	ineffective.

3.	 Prolonged	observation	is	warranted	in	patients	with	overdose	of
sustained-release	bupropion	formulations	due	to	risk	of	seizures	that
can	occur	up	to	24	hours	post	ingestion.

4.	 Classic	MAOI	toxicity	is	characterized	by	a	biphasic	clinical	course
with	an	initial	hyperadrenergic	presentation	followed	by	central
nervous	system	depression	and	cardiovascular	collapse	due	to
rapidly	depleted	catecholamine	stores.

5.	 Patients	presenting	with	acute	MAOI	toxicity	or	persistent	signs	and
symptoms	from	food	or	drug	interactions	should	be	admitted	to	an
intensive	care	setting	for	at	least	24	hours.

6.	 Treatment	of	MAOI	toxicity	should	be	geared	toward	reducing
hypertension	with	rapid-acting,	easily	titratable	medications	such	as
nitroglycerin	or	esmolol.

7.	 Serotonin	toxicity	treatment	is	largely	supportive	aimed	at	mitigating
autonomic	dysfunction	and	abnormal	neuromuscular	tone;	sedation,



paralysis,	intubation	and	ventilation,	anticonvulsants,
antihypertensives,	and	aggressive	rapid	cooling	may	all	be	indicated.

INTRODUCTION
Antidepressants	 comprise	 a	 group	 of	 substances	 primarily	 indicated	 for	 the
treatment	of	major	depression.	Since	their	development	in	the	20th	century,	U.S.
Food	 and	 Drug	 Administration–approved	 indications	 for	 the	 use	 of
antidepressants	 in	 psychiatric	 and	 nonpsychiatric	 illnesses	 have	 greatly
expanded.	 Additional	 indications	 for	 the	 use	 of	 cyclic	 antidepressants	 (CAs)
include	treatment	of	enuresis	during	childhood,	treatment	of	migraine	headaches,
chronic	pain	control,	smoking	cessation,	panic	disorders,	premenstrual	dysphoric
syndrome,	 and	 cocaine	 detoxification.1,2	 The	 Centers	 for	 Disease	 Control	 and
Prevention,	 based	 on	 data	 collected	 via	 the	 National	 Health	 and	 Nutrition
Examination	Survey,	 estimates	 that	 approximately	1	 in	 10	Americans	over	 the
age	of	12	take	antidepressant	medications.3	Given	the	numerous	prescriptions	for
antidepressants,	these	medications	are	freely	available	to	patients	who	are	at	high
risk	 for	 suicide	 or	 overdose.	 The	 consequences	 of	 overdose	 are	 severe	 and
predominantly	 affect	 the	 central	 nervous	 system	 (CNS)	 and	 cardiovascular
system.	 According	 to	 the	 2020	 Annual	 Report	 of	 American	 Association	 of
Poison	Control	Centers’	National	Poison	Data	System,	there	were	over	136,000
antidepressant	exposures	 reported	 to	US	poison	control	centers	 that	 resulted	 in
more	than	12,500	moderate	or	major	outcomes	and	35	deaths.	Further,	rates	of
antidepressant	 exposures	 resulting	 in	 serious	 outcomes	 (moderate,	 major,	 or
death)	exceeded	all	other	substances	from	2011	to	2020.4

HISTORY
Although	 the	 first	 antidepressants	were	 synthesized	 in	 the	 late	19th	 century	 as
iminodibenzyl	compounds,	the	pharmacology	of	CAs	was	not	detailed	until	the
1940s.	 These	 compounds	 were	 initially	 designed	 to	 have	 antihistaminic,
sedative,	 analgesic,	 and	 antiparkinsonian	properties.	 Imipramine	 (Tofranil),	 the
first	of	the	dibenzazepines,	was	synthesized	as	a	phenothiazine	derivative	in	the
late	1950s	but	was	found	to	be	ineffective	as	a	neuroleptic	agent.	Patients	taking
imipramine	reported	having	mood-elevating	effects;	hence,	imipramine	and	later
congeners	became	the	mainstay	in	the	treatment	for	endogenous	depression.	As
their	use	increased,	the	toxicity	of	CA	became	more	evident	during	overdose.	In



the	1980s,	newer	generations	of	CAs	were	developed	in	hopes	to	eliminate	some
of	 the	 adverse	 effects.	 These	 include	 the	 tetracylcic	 antidepressants	 (eg,
mirtazepine)	and	the	atypical	antidepressants	(eg,	buproprion).	More	recently,	a
newer	 class	 of	 antidepressants	 called	 selective	 serotonin	 reuptake	 inhibitors
(SSRIs)	have	been	developed	followed	by	the	serotonin-norepinephrine	reuptake
inhibitor	(SNRI)	agents.

Monoamine	oxidase	inhibitors	(MAOIs)	were	first	used	clinically	in	the	mid-
1950s	 but	 became	 popular	 as	 first-line	 therapy	 for	 depression	 as	 late	 as	 the
1970s.	Iproniazid	was	first	developed	as	an	antituberculosis	medication	but	after
its	 antidepressant	 effects	 were	 noted,	 it	 became	 the	 first	 antidepressant	 used
clinically	in	the	1950s.	Although	they	remain	potent	and	effective	medications,
food	and	drug	interactions	have	limited	use	so	that	reports	of	toxic	exposures	are
becoming	much	less	common.

TYPES	OF	ANTIDEPRESSANTS
Antidepressants	are	generally	grouped	by	their	mechanism	of	action	or	chemical
structure.	 The	 most	 common	 categories	 include	 CAs,	 SSRIs,	 SNRIs,
norepinephrine	 reuptake	 inhibitors	 (NRIs),	 MAOIs,	 and	 lithium	 salts.	 Classic
tricyclic	 antidepressants	 (TCAs)	 have	 a	 seven-membered	 central	 ring	 with	 a
terminal	 nitrogen	 containing	 either	 three	 constituents	 (tertiary	 amines)	 or	 two
constituents	 (secondary	 amines).5	 Tertiary	 amines	 include	 amitriptyline,
imipramine,	 doxepin,	 trimipramine,	 and	 clomipramine.	 Secondary	 amines
include	desipramine,	protriptyline,	and	nortriptyline.	Included	with	CAs	are	two
dibenzoxazepine	compounds	that	contain	the	central	seven-membered	ring	with
a	heterocyclic	constituent:	loxapine	and	its	demethylated	metabolite	amoxapine.

Maprotiline,	 a	 dibenzobicyclooctadiene,	 mianserin,	 and	 mirtazapine	 are
tetracyclic	 antidepressants.6,7	 Mirtazapine,	 a	 derivative	 of	 mianserin,	 has
additional	 α2-antagonist	 activity.	 Bicyclic	 compounds	 include	 viloxazine,
venlafaxine,	and	zimelidine.

CAs	that	are	not	available	in	the	United	States	because	of	side	effects	include
mianserin	 (agranulocytosis),	 nomifensine	 (hepatotoxicity	 and	 hemolytic
anemia),	 lofepramine	 (hepatotoxicity	 and	 hyponatremia),	 and	 zimelidine
(Guillain-Barré	syndrome).8-10

SSRIs	include	fluoxetine,	paroxetine,	sertraline;	fluvoxamine;	citalopram;	and
escitalopram	 and	 have	 various	 chemical	 structures.	 Although	 not	 classically
considered	SSRIs,	many	 other	 antidepressant	 agents	 have	 serotonergic	 activity
including	 mirtazapine,	 trazodone,	 nefazodone,	 and	 clomipramine.	 Trazodone,



nefazodone,	and	vilazodone	are	serotonin	antagonist	and	reuptake	inhibitors	that
are	 triazolopyridine	 derivatives.	 They	 are	 structurally	 and	 pharmacologically
different	 from	 the	 other	 antidepressants.	 Similarly,	 vortioxetine	 is	 a	 relatively
newer	 serotonergic	 agent	 that	 acts	 via	 inhibiting	 serotonin	 reuptake	 as	well	 as
showing	mixed	 antagonist	 and	 agonist	 effects	 at	 various	 serotonin	 receptors.11
Bupropion	 is	 a	 substituted	 cathinone	 (β-keto	 amphetamine)	 with	 an	 active
metabolite,	 hydroxybupropion,	which	 acts	 as	 a	 reuptake	 inhibitor	 of	 dopamine
and	norepinephrine.12,13

Venlafaxine	 and	 duloxetine	 are	 considered	 SNRIs,	 since	 they	 have
norepinephrine-reuptake	 inhibition	 effects.	 Desvenlafaxine	 is	 the	 major	 active
metabolite	 of	 venlafaxine.14	 Levomilnacipran	 is	 the	more	 active	 enantiomer	 of
milnacipran,	which	is	approved	in	Europe	and	Japan,	and	has	relatively	greater
norepinephrine	uptake	compared	to	serotonin.15

The	MAOIs	 are	 a	 third	 class	 of	 antidepressants	 and	 include	moclobemide,
pargyline,	phenelzine,	 tranylcypromine,	selegiline,	and	 isocarboxazid.	They	are
used	 to	 treat	 depression,	 panic	 disorders,	 phobias,	 and	 obsessive-compulsive
behavior.	 A	 group	 of	 MAOIs	 that	 selectively	 inhibit	 the	 monoamine	 oxidase
(MAO)	isoenzyme	type	B	(MAO-B)	 is	being	used	as	agents	 to	 treat	Parkinson
disease.16

PHARMACOLOGY

Tricyclic	Antidepressants
CAs	 act	 as	 neurotransmitter	 postsynaptic	 receptor	 blockers	 for	 histamine,
dopamine,	 acetylcholine,	 serotonin,	 and	 norepinephrine.	 They	 inhibit	 the
reuptake	 of	 neurotransmitter	 biogenic	 amines	 and	 have	 quinidine-like
membrane-stabilizing	 effects2,6-8,17,18	 (Tables	 103.1–103.3).	 These	 agents	 may
induce	 atrioventricular	 blocks19,20	 and	 have	 a	 direct	 negative	 cardiac	 inotropic
effect,	 demonstrated	 by	 a	 decrease	 in	 the	 rate	 of	 change	 in	 left	 ventricular
pressure	 and	 an	 increase	 in	 left	 ventricular	 end-diastolic	 pressure.21,22	 CNS
effects	may	be	related	to	both	neurotransmitter	and	direct	membrane	effects.23-26
All	TCAs	increase	the	density	of	β-adrenoreceptors.

TABLE	103.1



Cyclic	Antidepressant	Effects	on	Neurotransmitters

Antidepressant Effect

Receptor	Blockade

Acetylcholine
(antimuscarinic)

Sinus	tachycardia,	gastrointestinal	hypomotility,	warm
dry	skin,	urinary	retention,	mydriasis,	lethargy,
hallucinations,	seizures,	coma

Norepinephrine Hypotension,	reflex	tachycardia,	orthostasis,	seizures

Histamine Antihistamine	effects,	sedation,	hypotension

Serotonin Hypotension,	ejaculation	disturbances

Dopamine Endocrine	disturbances	(galactorrhea,	impotence),
dystonias

Biogenic	Amine	Reuptake	Blockade

Dopamine Hypotension,	psychomotor	retardation,	antiparkinsonian
effects

Norepinephrine Transient	hyperadrenergic	state	(tremor,	tachycardia),
adrenergic	depletion	(hypotension,	antidepressant
effects),	ejaculation	disturbances

Serotonin Seizures,	ejaculation	disturbances,	antidepressant	effects

TABLE	103.2

Relative	Potencies	of	Cyclic	Antidepressants:	Receptor
Blockade

Compound ACh H1 α 5-HT DA

Tertiary	Amines

Amitriptyline 4+ 3+ 4+ 2+ 1+



Imipramine 3+ 2+ 4+ 1+ 1+

Secondary	Amines

Nortriptyline 3+ 3+ 3+ 1+ 1+

Desipramine 1+ 2+ 2+ 0 0

Dibenzoxazepines

Amoxapine ± 2+ 3+ 0 2+

Tetracyclics

Maprotiline ± 3+ 3+ 2+ 2+

Triazolopyridines

Trazodone 0 ± 3+ 0 0

SSRIs

Fluoxetine 0 0 0 1+ 0

Paroxetine 0 0 0 0 1+

Sertraline 0 0 0 0 0

Atypical

Bupropion 0 1+ 0 0 0

Venlafaxine 0 0 0 0 0

ACh,	acetylcholine;	DA,	dopamine;	H1,	histamine;	5-HT,	serotonin;	SSRIs,	selective	serotonin
reuptake	inhibitors.

TABLE	103.3

Relative	Potencies	of	Cyclic	Antidepressant	Reuptake
Blockade

Compound NE 5-HT DA ACh



Tertiary	amines

Amitriptyline 2+ 1+ 1+ 3+

Imipramine 2+ 2+ 1+ 3+

Secondary	amines

Nortriptyline 3+ 1+ 3+ 3+

Desipramine 4+ ± 1+ 2+

Dibenzoxazepines

Amoxapine 3+ ± 3+ 2+

Tetracyclics

Maprotiline 3+ 0 1+ ±

Triazolopyridines

Trazodone 0 1+ ± 0

SSRIs

Fluoxetine ± 3+ 3+ 0

Paroxetine 0 4+ 1+ 1+

Sertraline ± 3+ 0 1+

Atypical

Bupropion 0 0 2+ 1+

Venlafaxine ± 3+ 0 0

ACh,	acetylcholine;	DA,	dopamine;	5-HT,	serotonin;	NE,	norepinephrine;	SSRIs,	selective
serotonin	reuptake	inhibitors.

SSRIs	 and	 SNRIs	 alter	 serotonergic	 neurotransmission.	 The	 International
Union	 of	 Pharmacological	 Societies	 Commission	 on	 Serotonin	 Nomenclature
has	 classified	 at	 least	 14	 5-hydroxytryptamine	 (5-HT)	 receptors	 based	 on
operational	 criteria	 (Table	 103.4).	 SSRIs	 block	 some	 serotonin	 receptors	 and
inhibit	 the	 reuptake	 of	 serotonin	 at	 other	 receptor	 subtypes.	 Buspirone,	 a



nonbenzodiazepine	 sedative-hypnotic,	 is	 a	 5-HT1A	 partial	 agonist	 and	 is
inhibitory	 on	 serotonin	 neuronal	 firing.27	 It	 has	 anxiolytic	 and	 antidepressant
activity.	Excessive	stimulation	can	 lead	 to	hypotension.	Antagonists	at	5-HT1C,
such	as	ritanserin,	may	be	anxiolytic.	The	5-HT1D	receptor	substimulation	leads
to	 inhibition	 of	 neurotransmitter	 release,	 and	 the	 representative	 agonist	 is
sumatriptan,	 an	 antimigraine	 medication.	 Stimulation	 at	 5-HT2	 can	 cause
vasoconstriction,	 and	 5-HT3	 antagonists	 have	 antiemetic	 and	 antipsychotic
activity	 (ondansetron).27-29	 Classic	 TCAs	 affect	 serotonin	 neurotransmission	 by
enhancing	the	sensitivity	of	5-HT1A	postsynaptic	receptors.	The	SSRIs	alter	 the
release	 of	 serotonin	 presynaptically,	 leading	 to	 an	 increase	 in	 the	 amount	 of
serotonin	that	is	available	for	neurotransmission	without	changing	the	sensitivity
of	 the	 5-HT1A	 postsynaptic	 receptors.30	 In	 general,	 the	 SSRIs	 normalize	 the
number	 and	 function	 of	 5-HT1A	 and	 5-HT2	 receptors.28,29	 As	 a	 group,	 the
predominant	 difference	 between	 SSRIs	 is	 in	 their	 effect	 on	 the	 hepatic
cytochrome	P450	system	and	drug-drug	interactions.

TABLE	103.4

International	Union	of	Pharmacological	Societies
Commission	on	Serotonin	Nomenclature

Receptora Second
Messenger Location Agonist Effect

5-HT1A cAMP CNS Buspirone Anxiolytic

5-HT1B

(rodent
only)

cAMP CNS,	PNS mCPP –

5-HT1C cAMP CNS – –

5-HT1D cAMP CNS	and
extracerebral
vascular	smooth
muscle

Sumatriptan,
methylsergide

Antimigraine



5-HT1E cAMP CNS Ergotamine –

5-HT1F cAMP CNS Ergotamine –

5-HT2A IP3DG Vascular	smooth
muscle

– Hypertension

5-HT2B IP3DG Stomach Tryptamine –

5-HT2C IP3DG CNS,	choroid
plexus

mCPP
(trazodone
metabolite)

–

5-HT3 Ionic
channel

CNS,	PNS – –

5-HT4 cAMP Cardiac
(nonventricular),
gastrointestinal
tract,	bladder

Renzapride,
cisapride

Gastric
motility

5-HT5–5-
HT7

cAMP – – –

aAll	5-HT	receptors	are	G-proteins	except	for	5-HT3	receptors,	which	are	ionic	channel	receptors.
5-HT1	receptors	are	negatively	coupled	to	adenylyl	cyclase;	5-HT2	receptors	are	coupled	to	protein
kinase	C	via	phosphoinositide	breakdown;	5-HT3	receptors	are	ionic	channels;	5-HT4,	5-HT6,	and
5-HT7	receptors	are	positively	coupled	to	adenylyl	cyclase.

cAMP,	3′,5′-cyclic	adenosine	monophosphate;	CNS,	central	nervous	system;	5-HT,	serotonin;
IP3DG,	inosityl	triphosphodiglyceride;	mCPP,	m-chlorophenyl	piperazine;	PNS,	peripheral	nervous
system.

Venlafaxine	 and	 duloxetine	 are	 considered	 selective	 SNRIs.	 Blockade	 of
norepinephrine-α2	receptors	leads	to	a	decrease	in	5-HT	release.	Selective	SNRIs
induce	 desensitization	 and	 downregulation	 of	 5-HT	 and	 norepinephrine
receptors,	 leading	 to	 disinhibition	 of	 serotonergic	 neurons,	 interruption	 of
feedback	inhibition,	and	increased	release	of	synaptic	5-HT.

MAOIs	 inhibit	 the	 activity	 of	MAO,	 a	 flavin-containing	 enzyme	 located	 in
the	mitochondrial	membranes	of	most	tissues.31	MAO	enzymes	are	divided	into
two	families:	MAO-A,	which	uses	5-HT	as	its	predominant	substrate,	and	MAO-



B,	 whose	 primary	 substrates	 include	 2-phenylethylamine	 and	 O-tyramine.
Monoaminergic	 neurons	 contain	 predominantly	MAO-A;	 serotonergic	 neurons
have	both.	MAO-A	metabolizes	epinephrine,	norepinephrine,	metanephrine,	and
5-HT.	 MAO-A	 and	 MAO-B	 both	 metabolize	 tyramine,	 octopamine,	 and
tryptamine.32	 MAO	 regulates	 intraneuronal	 catecholamine	 metabolism	 and
mediates	 the	 oxidative	 deamination	 of	 epinephrine,	 norepinephrine,	 dopamine,
and	5-HT.	MAO	also	regulates	ingested	monoamine	(tyramine,	ethanolamine)	in
the	gut	that	would	normally	be	absorbed	into	the	portal	circulation.33,34	The	effect
of	MAOIs	increases	the	catecholamine	storage	pool	by	preventing	intraneuronal
degradation	of	catecholamines	and	5-HT.	These	catecholamines	can	be	released
by	 indirectly	 acting	 sympathomimetic	 agents	 (eg,	 amphetamine,	 tyramine,	 and
dopamine).	MAO-A	 is	predominantly	 found	 in	 the	 intestinal	mucosa,	placenta,
biogenic	nerve	terminals,	liver,	and	brain,	whereas	MAO-B	is	found	in	the	brain,
platelets,	and	liver.35	Exogenously	administered	catecholamines	are	metabolized
through	catechol-O-methyl	transferase	(COMT).

MAOIs	 can	be	divided	 into	 reversible	 agents	 (moclobemide)	or	 irreversible
(selegiline,	phenelzine,	 isocarboxazid,	and	tranylcypromine).	They	may	also	be
selective	 to	MAO-A	(moclobemide)	or	MAO-B	 (pargyline,	 selegiline).36-38	The
original	 MAOIs	 (eg,	 phenelzine,	 isocarboxazid,	 and	 tranylcypromine)	 are
nonselective	 irreversible	 MAO-A	 and	 MAO-B	 inhibitors.39	 Selegiline	 and
tranylcypromine	are	metabolized	to	desmethylselegiline,	levoamphetamine,	and
levomethamphetamine	and	will	give	a	positive	amphetamine	on	drugs	of	abuse
urine	screening.40	The	selective	MAO-B	and	the	reversible	inhibitors	of	MAO-A
are	unlikely	to	cause	hypertensive	crisis.	The	latter	are	not	currently	available	in
the	United	States	except	for	the	selective	MAO-B	selegiline.

PHARMACOKINETICS
CAs	 are	 well	 absorbed	 orally;	 during	 therapeutic	 dosing,	 peak	 serum	 levels
occur	 2	 to	 6	 hours	 after	 ingestion.	 During	 an	 overdose,	 gastrointestinal	 (GI)
absorption	 may	 be	 delayed	 secondary	 to	 anticholinergic	 and	 antihistaminic
effects.41	 Metabolism	 is	 predominately	 hepatic	 with	 a	 small	 enterohepatic
circulation.42,43	Some	CAs	have	active	metabolites.	The	volume	of	distribution	is
large,	with	distribution	occurring	within	the	first	several	hours	after	ingestion.44-
46	 Elimination	 half-life	 averages	 8	 to	 30	 hours	 but	 may	 be	 prolonged	 in
overdose.41,42	Elimination	is	hepatic	with	minimal	renal	involvement.	Since	some
tertiary	 CAs	 are	 metabolized	 into	 their	 secondary	 amines,	 toxicity	 may	 be
prolonged	 after	 overdose	 because	 of	 synergistic	 effect	 and	 active	 metabolites



(imipramine	 is	metabolized	 to	 desipramine	 and	 amitriptyline	 is	metabolized	 to
nortriptyline).	CAs	are	extensively	bound	to	serum	proteins,	particularly	α1-acid
glycoprotein,	 and	 binding	 appears	 to	 be	 pH-dependent.47-49	 MAOIs	 are	 well
absorbed	orally.	They	have	relatively	short	elimination	half-lives36-38,40	but	since
the	irreversible	agents	permanently	inhibit	the	activity	of	MAO,	their	effects	can
last	for	4	to	6	weeks.36

Therapeutic	 doses	 of	 CA	 agents	 and	 SSRIs	 may	 interact	 with	 other
medications,	 increasing	 the	 effect	 of	 one	 or	 both	 agents.	 This	 effect	 may	 be
magnified	 after	 an	 overdose.	 Drug	 interactions	 may	 alter	 metabolism,
elimination,	 or	 the	 free	 fraction	 of	 the	 drug.	 Most	 antidepressants	 are
metabolized	 through	 the	 CYP2D6	 microsomal	 agents	 and	 are	 subject	 to
induction	 and	 inhibition.	 Agents	 that	 induce	 the	 hepatic	 P450	 microsomal
system	 (phenobarbital,	 carbamazepine,	 phenytoin,	 and	 rifampin;	 and	 cigarette
smoking)	 increase	the	clearance	of	CAs.	Cimetidine	is	an	inhibitor	of	2D6	and
can	lead	to	elevated	TCA	levels.	Paroxetine,	fluoxetine,	and	norfluoxetine	inhibit
CYP2D6.	 The	 coadministration	 of	 CAs	 and	 antipsychotic	 agents	 may	 lead	 to
competitive	 inhibition	of	 the	metabolism	of	both	drugs.	Other	medications	 that
increase	the	steady-state	levels	of	CAs	include	chloramphenicol	and	disulfiram,
whereas	 erythromycin	 decreases	 the	 levels.	 Acute	 ethanol	 intoxication	 may
decrease	CA	metabolism,	resulting	in	markedly	prolonged	serum	drug	half-life.50

MAOIs	 are	 both	 oxidized	 by	 CYP2D6	 and	 2C19	 and	 acetylated	 by	 N-
acetyltransferase.	 A	 large	 portion	 of	 the	 population	 is	 defined	 as	 “slow
acetylators”	 which	 can	 lead	 to	 exaggerated	 and/or	 prolonged	 clinical	 effects.
Irreversible	MAOIs	can	have	very	long	durations	of	action	since	new	enzymes
need	to	be	synthesized	to	overcome	their	effects.	Phenelzine	and	isocarboxazid
are	 hydrazides	 and	 metabolized	 to	 hydrazines.	 These	 hydrazine	 compounds
inactivate	pyridoxal	5′	phosphate,	create	a	 functional	 low	pyridoxine	state,	and
prevent	formation	of	γ-aminobutyric	acid	(GABA)	from	glutamate.

CLINICAL	TOXICITY

General
Antidepressant	 toxicity	 predominately	 involves	 the	 CNS	 and/or	 the
cardiovascular	 system.	 The	 pattern	 and	 severity	 of	 clinical	 effects,	 clinical
course,	and	treatment	may	vary	significantly.	Dependent	on	the	ingested	agent,
progression	 of	 toxicity	 may	 be	 precipitous	 and	 lead	 to	 coma,	 hypotension,



seizures,	 dysrhythmia,	 and	 death.51	 The	 newer	 agents	 (eg,	 nefazodone,
trazodone,	 and	 the	 SSRIs)	 are	 more	 likely	 to	 be	 sedating	 and	 less	 likely	 to
exhibit	 cardiovascular	 toxicity.13,52-54	 Maprotiline,	 venlafaxine,	 amoxapine,	 and
loxapine	 tend	 to	 cause	 CNS	 toxicity	 before	 cardiovascular	 toxicity.12,55-60
Bupropion	 may	 cause	 seizures	 in	 therapeutic	 dosing	 and	 exhibits	 a	 dose-
dependent	 increase	 in	 toxicity	at	doses	greater	 than	450	mg	per	24	hours.55,61-63
Severe	 hyperthermia	 may	 occur	 with	 any	 of	 these	 agents	 if	 there	 is	 marked
myoclonus	or	seizures.20,51,64-66

Tricyclic	Antidepressant	Toxicity

Overview
Toxicity	 from	 CAs	 results	 in	 CNS	 depression,	 seizures,	 hypotension,
dysrhythmias,	 and	 cardiac	 conduction	 abnormalities	 because	of	 its	 interactions
with	a	number	of	different	receptors	and	ion	channels.6,47-49,67	Hyperthermia	may
occur	 as	 a	 result	 of	 increased	 muscle	 activity,	 seizures,	 and	 autonomic
dysfunction.64,66	The	onset	of	symptoms	from	CA	overdose	is	rapid.	Historically,
most	patients	who	die	 from	overdose	do	 so	before	arriving	at	 the	hospital	 and
after	 having	 ingested	 large	 (greater	 than	 1	 g)	 amounts	 of	 a	 drug.51	 Signs	 and
symptoms	 usually	 occur	 within	 the	 first	 6	 hours	 after	 ingestion.	 Patients	 who
survive	 the	 first	 24	 hours	 without	 hypoxic	 insult	 generally	 do	 well.51	 The
progression	 of	 toxicity	 is	 rapid	 and	 unpredictable	 with	 patients	 capable	 of
deteriorating	 from	 an	 awake,	 alert	 state	 to	 seizures,	 hypotension,	 and
dysrhythmias	within	 30	 to	 60	minutes	 and	with	minimal	warning	 signs.8,51,53,54
Cardiac	 arrest	 due	 to	 CA	 poisoning	 may	 sometimes	 respond	 to	 prolonged
resuscitative	efforts.	One	case	reports	a	patient	who	survived	after	a	resuscitation
of	approximately	70	minutes.68

Central	Nervous	System	Manifestations
The	CNS	effects	 in	CA	overdose	can	be	quite	profound.	Although	some	of	 the
newer	CAs	are	less	toxic	in	overdose,	they	can	cause	seizures	and	alteration	in
mental	 status.	The	 etiology	of	 coma,	 seizures,	 and	myoclonus	 is	multifactorial
and	involves	GABA-A-	and	GABA-B-chloride	ion	channel,	muscarinic	receptor
blockade,	 serotonin	 agonism,	 and	 direct	 sodium	 channel
effects.2,5,6,17,23,24,26,31,42,45,69,70	 Generalized	 seizures	 typically	 occur	 early	 in
poisoning	but	status	epilepticus	is	uncommon.	Doxepin	is	particularly	sedating,



likely	 because	 of	 its	 strong	 histamine	 antagonism.	 Antimuscarinic	 delirium—
characterized	 by	 mumbling	 and	 incoherent	 speech;	 inattention;	 hallucinations;
akathisia;	 and	 a	 characteristic	 picking	 behavior—may	 predominate	 in	 some
individuals.	Other	antimuscarinic	effects	may	cause	mydriasis,	urinary	retention,
ileus,	and	cutaneous	vasodilation	(see	Table	103.2).	Absence	of	these	signs	does
not	rule	out	CA	ingestion;	however,	it	is	unusual	for	patients	to	have	significant
cardiovascular	 disturbances	 without	 an	 altered	 mental	 status.	 Although	 rare,
tardive	 dyskinesia,	 neuroleptic	 malignant	 syndrome,	 and	 the	 syndrome	 of
inappropriate	antidiuretic	hormone	secretion	(SIADH)	have	all	been	reported	in
association	with	CA	overdose.13,71-73

Cardiovascular	Manifestations
Signs	 of	 cardiovascular	 toxicity	 may	 exist	 even	 with	 therapeutic	 dosing	 of
classic	CAs.	A	prolonged	QTc	 interval	and	sinus	 tachycardia	may	be	observed
on	 the	 electrocardiogram	 (ECG)	 during	 nonoverdose	 states.74	 Even	 with
therapeutic	dosing,	the	frontal	plane	axis	may	shift	rightward;	the	terminal	40	ms
of	the	frontal	plane	QRS	complex	may	shift	to	a	rightward	vector	of	130	to	270°.
If	 computerized	 vector	 analysis	 is	 not	 available,	 a	widened	 slurred	 S	wave	 in
leads	I	and	aVL,	and	an	R	wave	in	aVR	represent	this	vector.	As	cardiovascular
toxicity	 progresses,	 the	 ECG	 changes	 also	 progress.	 This	 would	 include	 a
gradual	progression	 to	 repolarization	abnormalities,	 intraventricular	 conduction
delays,	 ventricular	 dysrhythmia,	 high-grade	 atrioventricular	 blocks,	 profound
bradycardias,	 and	 asystole.54,75-79	 Looking	 for	 these	 changes	 for	 overdosed	 or
comatose	 patients	 may	 help	 with	 establishing	 a	 diagnosis.	 However,	 a	 small
portion	of	the	population	normally	has	this	unusual	vector	at	baseline	and	some
patients	with	 extreme	 leftward	 axis	 deviation	 as	 a	 baseline	may	 not	 show	 the
rightward	 change	with	CA	 toxicity.22,54,79	 The	 absence	 of	 this	 finding	 does	 not
rule	out	a	classic	CA	poisoning;	its	presence	with	coma,	seizures,	dysrhythmias,
or	hypotension	is	very	suggestive	of	CA	toxicity.54

Dysrhythmias	 and	 conduction	 abnormalities	 often	 provide	 a	 clue	 to	 the
recognition	 of	 CA	 overdose.	 These	 drugs	 significantly	 affect	 action	 potential
propagation	 particularly	 in	 ventricular	 myocardial	 cells	 and	 the	 conduction
system	in	general.80	CAs	blunt	phase	0	of	the	action	potential	depolarization	by
blocking	the	fast	inward	flux	of	sodium.43	This	in	turn,	slows	the	rate	of	rise	of
phase	0	(V˙max)	and	slows	depolarization.	As	ventricular	conduction	slows,	the
QRS	complex	widens	with	secondary	QTc	prolongation	because	of	contributions
from	 the	 prolonged	 QRS.	 This	 also	 contributes	 to	 unidirectional	 blocks	 and
reentrant	 dysrhythmias.81	 Since	 inward	 sodium	 flux	 is	 coupled	 to	 the	 calcium



excitation	 in	myocardial	cells,	 the	myocardial	cells	are	unable	 to	contract	 fully
and	lose	inotropy.82	Because	CAs	have	their	tightest	myocardial	binding	during
diastole,	toxicity	appears	to	be	directly	related	to	heart	rate.	This	was	elegantly
demonstrated	in	amitriptyline-poisoned	dogs	where	increasing	heart	rate	caused
a	 decrease	 in	V˙_max	 and	widened	 the	 QRS	 complex.43,83,84	 Interventions	 that
slowed	 the	 heart	 rate,	 such	 as	 β-blockers,	 improved	 conduction	 but	 led	 to
irreversible	hypotension.85,86	Brugada	type	I	patterns	are	possible	but	rare.87

A	 secondary	 effect	 may	 be	 seen	 on	 phase	 4	 of	 the	 action	 potential
(spontaneous	 diastolic	 depolarization),	 leading	 to	 decreased	 automaticity.82,88
Delayed	repolarization	occurs	and	may	contribute	to	QTc	interval	prolongation,
which	has	been	associated	with	torsade	de	pointes.89	Trazodone,	citalopram,	and
escitalopram	may	cause	marked	QTc	 interval	prolongation	without	QRS	effect
and	may	permit	torsade	de	pointes	(polymorphous)	ventricular	tachycardia	in	the
absence	of	other	ECG	abnormalities.52,90,91

Patients	 who	 ingest	 large	 amounts	 of	 CAs	 frequently	 present	 with
hypotension.	Several	mechanisms	have	been	suggested,	including	direct	negative
inotropic	effects	and	dysrhythmias,92,93	with	subsequent	decreases	of	filling	time
and	cardiac	output.64,75,94,95	α-adrenergic	receptor	blockade	produces	vasodilation
and	autonomic	dysfunction.	 In	addition,	blockade	of	 the	biogenic	amine	pump
prevents	 adequate	 uptake	 and	 release	 of	 these	 neurotransmitters	 as	 active
substances	 contributing	 to	 hypotension.8,20,67,75,95,96	 Tachycardia	 is	 common
because	of	muscarinic	antagonism	and	reflex	tachycardia	from	vasodilation	and
antihistaminic	effects.

Selective	Serotonin	Reuptake	Inhibitor	Toxicity
In	 contrast	 to	 cyclic	 and	 atypical	 antidepressants,	 SSRIs	 have	 little	 affect	 on
other	 receptor	 classes	 and	 toxicity	 occurs	mainly	 through	 serotonergic	 effects.
The	 pathophysiology	 of	 serotonin	 toxicity	 or	 serotonin	 syndrome	 is	 not	 fully
understood	but	appear	to	result	from	excessive	stimulation	of	5-HT1A	with	severe
or	 life-threatening	 effects	 being	 primarily	 associated	 with	 5-HT2A	 receptor
stimulation.	 In	 addition,	 dopamine	 and	 other	 neurotransmitters	 may	 be
involved.97	 The	 serotonin	 syndrome	may	 be	 seen	 solely	with	 SSRI	 use,	 either
alone	 or	 in	 combination	 with	 other	 agents	 such	 as	 serotonin	 precursor	 or
agonists,	lithium,	TCAs,	5-HT	analogues,	other	SSRIs,	meperidine,	pentazocine,
tramadol,	 cocaine,	 3,4-methylenedioxy-N-methylamphetamine	 (ie,	 MDMA	 or
“ecstasy”),	 MAOIs,	 and	 herbal	 remedies	 such	 as	 Saint	 John’s	 wort,	 and	 may
occur	with	a	change	in	dose	(increasing	or	decreasing),	or	in	overdose.



Serotonin	 toxicity	 classically	manifests	 as	 a	 clinical	 triad	 of	 altered	mental
status,	autonomic	dysfunction,	and	neuromuscular	abnormalities.	Toxicity	exists
on	 a	 spectrum	 from	 mild	 to	 life-threatening,	 and	 mild	 toxicity	 may	 be
misidentified	 as	 “side	 effects.”	 Diagnostic	 criteria	 have	 been	 proposed	 to	 aid
clinicians	 considering	 the	 diagnosis	 such	 as	 the	 Sternbach	 or	 Hunter	 criteria.
Most	criteria	proposed	 for	presumed	serotonin	syndrome	require	exposure	 to	a
known	 serotonergic	 agent	 and	 exclusion	 of	 other	 disease	 processes.98	 Mental
status	 changes	 range	 from	 mood	 abnormalities	 to	 agitation	 and	 coma.
Autonomic	 signs	 and	 symptoms	 may	 include	 tachycardia,	 hypertension,
hypotension,	 diaphoresis,	 diarrhea,	 hyperthermia,	 and	 tachypnea.	 Neurologic
signs	 include	shivering,	 tremor,	akathisia,	mydriasis,	myoclonus,	hyperreflexia,
and	greater	rigidity	in	lower	extremity	compared	to	upper	extremity.	The	Hunter
Toxicity	 Criteria,	 which	 have	 the	 highest	 sensitivity	 and	 specificity,	 require
spontaneous	clonus	or	 inducible	clonus	with	agitation	or	diaphoresis,	or	ocular
clonus	with	agitation	or	diaphoresis,	or	tremor	plus	hyperreflexia,	or	hypertonia
with	 temperature	 >38	 °C	 and	 ocular	 or	 inducible	 clonus.98	 Lactic	 acidosis,
rhabdomyolysis,	myoglobinuria,	 and	multiorgan	 failure	may	 develop	 in	 severe
cases.97-99	 No	 gold	 standard	 laboratory	 measurement	 is	 currently	 available;
however,	 serotonin	 syndrome	 is	 rapid	 on	 (<24	 hours)	 and	 off	 with
neuromuscular	hyperactivity.

SSRIs91,99	are	expected	to	have	minimal	cardiac	effects	with	the	exception	of
citalopram,	escitalopram,	and	ritanserin.	Citalopram,	escitalopram,	and	ritanserin
may	 cause	 QTc	 prolongation	 via	 delayed	 rectifier	 potassium	 channel	 (IKr)
inhibition,	and	this	may	be	delayed	up	to	24	hours	post- ingestion.	Polymorphic
ventricular	 dysrhythmias	 are	 uncommon	 but	 cases	 of	 arrhythmia	 are	 reported
from	citalopram.100,101	Overdoses	with	extremely	large	amounts	of	fluoxetine	and
citalopram	have	resulted	in	atrial	fibrillation	and	bradycardias.	Evidence	of	Na+
and	Ca2+	 channel	 blockade	 has	 been	 shown	 at	 extremely	 high	 serum	 levels.102
Animal	experiments	with	paroxetine	as	compared	to	amitriptyline	required	much
larger	doses	to	induce	dysrhythmias.103-105

Other	 adverse	 effects	 of	 SSRIs	 include	 sexual	 dysfunction,	 platelet
dysfunction,	movement	disorders,	SIADH,	and	decreased	bone	density.

Serotonin-Norepinephrine	Reuptake	Inhibitor	and
Bupropion	Toxicity
2 	Seizures	and	cardiovascular	effects	are	extremely	common	with	bupropion	and
venlafaxine	 overdoses.	 Patients	with	 clinically	 significant	 ingestions	will	most



frequently	 have	 abnormal	 of	 vital	 signs,	 reflecting	 a	 hyperadrenergic	 state.55
Large	 acute	 ingestions	 of	 bupropion	 can	 result	 in	QRS	 prolongation	 and	may
cause	QT	interval	prolongation106.	While	the	latter	is	due	to	IKr	inhibition,	QRS
prolongation	is	not	due	to	sodium	channel	blockade,	but	rather	due	to	inhibition
of	myocardial	gap	junctional	 intercellular	communication.	As	such,	bupropion-
induced	 QRS	 prolongation	 may	 be	 unresponsive	 to	 sodium	 bicarbonate
treatment106	 .	Status	epilepticus	and	refractory	shock	have	been	reported.61-63,107-
109	Delirium	can	resemble	severe	antimuscarinic	delirium	with	severe	agitation,
akathisia,	 incoordination,	 and	 hallucinations.	 Since	 bupropion	 is	 available	 as
extended-release	 formulations,	 onset	 and	 symptoms	 can	 be	 delayed	 and
prolonged.	 In	 addition	 to	 causing	 seizures	 and	 cardiovascular	 toxicity,
venlafaxine	 may	 cause	 direct	 muscle	 toxicity	 leading	 to	 severe
rhabdomyolysis.110

Monoamine	Oxidase	Inhibitor	Toxicity
4 	There	are	two	forms	of	toxicity	caused	by	MAOI:	acute	overdose	and	drug	and
food	 interactions.	 Toxicity	 from	 acute	 MAOI	 overdose	 results	 from	 the
exaggerated	 pharmacologic	 effects	 of	 MAOI	 and	 may	 be	 associated	 with
secondary	 complications.111	 Classic	 severe	MAOI	 toxicity	 is	 biphasic	 with	 an
initial	 excitatory	 and	 hyperadrenergic	 syndrome	 followed	 by	 profound	 CNS
depression	 as	 monoamine	 neurotransmitters	 become	 depleted.	 Patients	 with
acute	 MAOI	 overdoses	 may	 be	 asymptomatic	 upon	 presentation.	 Signs	 and
symptoms	typically	develop	within	6	to	12	hours	of	ingestion	if	the	person	is	on
the	 medication	 chronically	 but	 may	 be	 delayed	 for	 24	 hours	 if	 this	 is	 a	 new
medication	 for	 the	 patient.	 The	 hallmark	 of	 MAOI	 overdose	 is	 rapidly
fluctuating	autonomic	dysfunction.

This	is	contrasted	to	the	drug-food	or	drug-drug	interaction	which	tends	to	be
more	 rapid	 in	 onset.	The	primary	drug-drug	 interaction	occurs	when	MAOI	 is
taken	 with	 an	 indirectly	 acting	 sympathomimetic	 agent	 (eg,	 ephedrine,
phenylephrine,	 phenylpropanolamine,	 or	 amphetamine),	 which	 causes	 a
norepinephrine	surge	in	the	peripheral	sympathetic	nerve	terminals.	Interactions
between	 MAOIs	 and	 serotonin-containing	 medications	 can	 lead	 to	 an
exaggerated	 serotonin	 syndrome,	 so	 medications	 such	 as	 SSRIs,	 SNRIs,
tramadol,	 and	 meperidine	 should	 never	 be	 given	 together.	 MAOI	 and	 food
interaction	primarily	 involve	 the	 small	 amounts	of	 tyramine	or	 tryptophan	 that
are	 normally	 present	 in	 certain	 foods	 (eg,	 aged	 cheeses,	 smoked	 or	 pickled
meats,	yeast	and	meat	extracts,	red	wines,	Italian	broad	beans,	pasteurized	light
and	 pale	 beers,	 and	 ripe	 avocados)	 and	 are	 often	 termed	 the	 cheese	 reaction.



These	 indirectly	 acting	 agents	 are	 usually	metabolized	 by	MAO-A	 in	 the	 gut.
When	MAO-A	is	inhibited,	tyramine	absorption	is	unregulated,	tyramine	enters
into	 the	 portal	 circulation,	 and	 it	 causes	 release	 of	 stored	 catecholamines	with
resultant	 hypertensive	 response.33,34	 The	 onset	 of	 MAOI	 and	 food	 or	 drug
interaction	 usually	 occurs	 within	 30	 to	 60	minutes	 of	 ingesting	 the	 offending
substance.	 Signs	 and	 symptoms	 of	 both	 food	 and	 drug	 interaction-induced
reactions	 include	 hypertension,	 tachycardia	 or	 reflex	 bradycardia,	 severe
(occipital)	headache,	nausea	and	vomiting,	hyperthermia,	altered	mental	 status,
seizures,	intracranial	hemorrhage,	and	death.

Central	Nervous	System	Manifestations
Early	CNS	manifestations	are	generally	excitatory	and	are	a	result	of	increased
synaptic	biogenic	amines	possibly	with	increased	glutamatergic	transmission	and
decreased	 GABA	 effect.	 Effects	 include	 seizures,	 headache,	 stroke,	 agitation,
akathisia,	shivering,	tremor,	ocular	clonus,	hallucinations,	nystagmus	(ping-pong
nystagmus),112	 myoclonus,	 posturing,	 hypertonia,	 hyperreflexia,	 and	 muscular
rigidity.	Coma	is	a	late	finding.

Cardiovascular	Manifestations
Early	 cardiovascular	 manifestations	 include	 hypertension,	 tachycardia,
dysrhythmias,	myonecrosis,	and	myocarditis.	Cardiovascular	collapse	can	ensue
with	hypotension,	bradycardia,	and	sudden	death.	ECG	changes	may	be	evident
and	reflect	ischemic	changes	due	to	supply	and	demand	mismatch.

If	the	patient	survives	this	progression,	there	may	be	secondary	complications
from	 rhabdomyolysis,	 electrolyte	 abnormalities,	 lactic	 acidosis,	 and	 multiple
organ	 system	 failure.	 Toxicity	 may	 last	 for	 up	 to	 72	 hours	 or	 longer	 in
overdose.113	MAOI	poisoning	can	be	very	challenging	to	manage	as	the	patient’s
vital	 signs	 can	 swing	 from	 a	 hyperadrenergic	 state	 to	 cardiovascular	 collapse
resulting	 from	 rapidly	 and	 unexpectedly	 depleted	 catecholamines.114
Hyperthermia	 is	multifactorial	and	can	 lead	 to	 further	autonomic	dysregulation
including	 acidosis	 and	 disseminated	 intravascular	 coagulation.	 Other	 effects
include	nausea,	vomiting,	diarrhea,	diaphoresis,	and	flushing.	In	cases	of	MAOI
overdose	or	in	conjunction	with	serotonergic	agents,	marked	muscle	rigidity	can
be	 seen	 with	 opisthotonus	 and	 secondary	 hyperthermia,	 lactic	 acidemia,	 and
rhabdomyolysis.



DIAGNOSTIC	EVALUATION
Patients	 with	 suspected	 antidepressant	 overdose	 should	 have	 routine	 blood
analyses.	 Stress	 leukocytosis	 may	 occur	 with	 any	 antidepressant	 overdoses,
especially	if	seizures	have	occurred.	Electrolyte,	blood	urea	nitrogen,	creatinine,
and	glucose	levels	should	be	determined,	with	special	attention	to	the	anion	gap.
Because	 rhabdomyolysis	 may	 occur,	 most	 frequently	 with	 seizures,	 creatinine
kinase	 should	 be	 followed.	 Urinalysis	 is	 also	 useful	 in	 the	 diagnosis	 of
rhabdomyolysis	and	possible	myoglobinuric	renal	failure.	Frequent	ECGs	are	a
necessity	and	should	be	done	any	time	the	patient	has	a	change	in	clinical	status.
Arterial	 blood	 gas	 and	 chest	 radiograph	 should	 be	 obtained	 as	 clinically
indicated.	 Since	 serial	 measurement	 of	 serum	 pH	 may	 be	 required	 to	 gauge
toxicity	and	arterial	sampling	is	associated	with	increased	morbidity,	venous	or
capillary	blood	can	be	used	and	trended.	Venous	pH	has	been	shown	to	strongly
correlate	with	pH	of	an	arterial	sample	in	CA	overdose.115

Quantitative	 TCA	 levels	 rarely,	 if	 ever,	 contribute	 to	 the	 clinical	 patient
management.	Although	total	tricyclic	levels	of	more	than	1000	ng	per	mL	have
been	 associated	 with	 significant	 toxicity,41,46,53,54,76,77	 there	 is	 poor	 correlation
between	toxicity	and	serum	levels.	Repeated	levels	during	resolution	of	toxicity
may	be	misleading;	physical	signs	of	toxicity	abate	before	a	significant	drop	in
serum	levels	because	of	the	prolonged	elimination	half-life	and	extensive	protein
binding.46	A	qualitative	screen	using	a	TCA	immunoassay	 is	usually	sufficient.
However,	 other	 drugs	 that	 share	 structural	 similarities	 may	 produce	 a	 false
positive	 result	 (Table	 103.5),116	 and	 if	 clinical	 findings	 are	 inconsistent	 with
immunoassay	results,	it	may	be	necessary	to	perform	a	more	specific	test	such	as
gas	 chromatography	 with	 mass	 spectrometry.	 Although	 toxicology	 testing	 is
discretionary,	 acetaminophen	 and	 salicylate	 levels	 and	 a	 pregnancy	 test	 for	 a
woman	of	childbearing	age	should	always	be	checked.

TABLE	103.5

Drugs	that	May	Interfere	with	the	Tricyclic	Antidepressant
Qualitative	Drug	Screen

Drugs Min	Serum	Concentration	for	Positive	TCA
Screen



Carbamazepine Therapeutic	range

Chlorpromazine Therapeutic	range

Cyclobenzaprine 10-20	µg/L

Cyproheptadine 390-400	µg/L

Diphenhydramine >120	µg/L

Quetiapine Therapeutic	range

Thioridazine Therapeutic	range

Min,	minimum;	TCA,	tricyclic	antidepressants.

Although	the	differential	diagnosis	includes	many	substances	that	share	some
of	the	effects	of	CAs,	duplicating	the	entire	constellation	of	signs	and	symptoms
is	 relatively	unusual.	Like	CAs,	anticholinergic	and	antihistaminic	medications
can	 cause	 dilated	 pupils,	 GI	 hypomotility,	 confusion,	 and	 seizures.
Phenothiazines	 also	 cause	 these	 effects	 and	 may	 lead	 to	 QTc	 prolongation.
Thioridazine	and	mesoridazine	are	two	phenothiazines	that	prolong	the	QRS	and
QTc.	 The	 atypical	 neuroleptics	 (risperidone	 and	 olanzapine)	 have	 similar
sedative,	 cardiac,	 and	movement	 effects.	Other	 drugs	 that	 affect	QRS	duration
include	 type	 IA	 antiarrhythmics	 (quinidine,	 procainamide,	 and	 disopyramide)
and	 type	 IC	 antiarrhythmics	 (flecainide,	 encainide,	 and	 propafenone).
Hyperkalemia	and	hypocalcemia	also	widen	the	QRS	complex,	and	the	latter	can
cause	 muscle	 twitching	 and	 myoclonus.	 β-blockers,	 particularly	 propranolol,
cause	 seizures	 and	 conduction	 abnormalities	 in	 overdose.	 Tramadol,	 an	 opiate
analgesic	that	also	causes	biogenic	amine	reuptake	inhibition,	may	cause	opioid
and	serotonergic	toxicity,	especially	when	given	in	conjunction	with	an	SSRI	or
MAOI	 as	 well	 as	 seizures.	 Cyclobenzaprine,	 a	 muscle	 relaxant,	 and
carbamazepine	 share	 the	 CA	 structure	 and	 affect	 the	 sodium	 channel	 and	 can
cause	a	similar	clinical	picture	with	sedation,	hypotension,	and	a	prolonged	QRS
interval.

MANAGEMENT
Patients	 who	 ingest	 antidepressants	 require	 immediate	 evaluation	 and



stabilization.	 Those	who	 are	awake	 and	 alert	 should	 receive	 an	 oral	 dose	 of
activated	charcoal	when	conditions	are	appropriate.	Patients	who	have	ingested	a
classic	 TCA	 (amitriptyline,	 nortriptyline,	 imipramine,	 desipramine,
clomipramine,	doxepin,	dothiepin,	protriptyline,	and	maprotiline)	can	be	safely
observed	 in	 the	 emergency	 department	 when	 they	 are	 asymptomatic.	 An
asymptomatic	 patient	 implies	 one	 with	 a	 normal	 ECG	 throughout	 the
observation	period,	a	mild	sinus	tachycardia	that	resolves	within	the	first	1	to	2
hours,	clear	mental	status,	and	a	nontoxic	acetaminophen	level.	This	observation
period	is	defined	as	a	6-hour	interval	during	which	the	patient	is	on	continuous
ECG	 monitoring	 and	 has	 intravenous	 access	 in	 place.51,67,77,117,118	 In	 addition,
these	 patients	 should	 have	 adequate	GI	 decontamination	 and,	 preferably,	 have
passed	 a	 charcoal	 stool.	 Patients	 should	 always	 be	 referred	 for	 psychiatric
evaluation,	and	pregnant	women	should	be	directed	to	prenatal	counseling.

3 	Although	no	consensus	has	been	reached	regarding	emergency	department
observation	 for	 patients	 with	 ingestions	 of	 immediate-release	 trazodone,
nefazodone,	venlafaxine,	and	the	SSRIs	because	of	the	paucity	of	overdose	data
for	 these	 medications,	 no	 guidelines	 exist.68,119	 Observation	 of	 asymptomatic
patients	 for	 6	 to	 8	 hours	 or	 until	 the	 ECG	 returns	 to	 normal	 or	 baseline	 is
reasonable.	Any	patient	with	signs	or	symptoms	of	 toxicity	should	be	admitted
to	 the	 intensive	 care	 unit	 (ICU).	 Prolonged	 observation	 may	 be	 warranted
following	 significant	 citalopram	overdoses	due	 to	 abnormal	ECG	 findings	 that
can	develop	up	to	24	hours	post	ingestion120	Admission	or	prolonged	observation
is	 also	 prudent	 for	 patients	 with	 sustained-release	 bupropion	 overdose,	 as
seizures	have	been	reported	up	to	24	hours	after	ingestion121.	Intentional	MAOI
ingestions	 should	 be	 admitted	 to	 an	 ICU	 or	 monitored	 setting	 since	 onset	 of
toxicity	may	be	significantly	delayed.

1 	All	symptomatic	patients	should	have	a	rapid	evaluation	of	the	airway	and,
if	obtunded	or	hypoventilating,	be	 immediately	 intubated.	Because	CA	toxicity
rapidly	 increases	with	 acidemia,	 an	 arterial	 blood	 gas	 test	 demonstrating	 a	 pH
less	than	7.4	or	hypercarbia	should	prompt	intubation	and	hyperventilation	even
if	 the	patient	 can	protect	 his	 or	 her	 airway.	Once	 an	 airway	 is	 established,	 the
patient	 should	 be	 appropriately	 ventilated	 to	 prevent	 respiratory	 acidosis	 and
subsequent	deterioration	of	his	or	her	condition.

GI	 decontamination	 for	 severely	 ill	 patients	 presenting	 within	 an	 hour	 of
ingestion,	 should	consist	of	oral	activated	charcoal.	Because	some	CAs	have	a
small	 enterohepatic	 circulation,	 an	 additional	 one	 to	 two	 doses	 of	 aqueous
charcoal	 (25	 g)	 may	 be	 considered122-124	 if	 clinical	 conditions	 are	 appropriate,
including	a	patient	presenting	early	and	protecting	their	airway	or	in	an	intubated
patient	 with	 a	 protected	 airway.	 This	 dose	 should	 not	 be	 administered	 in	 the



presence	 of	 an	 ileus,	 gastric	 distension,	 or	 altered	 mental	 status	 with	 an
unsecured	 airway.	 Whole-bowel	 irrigation	 is	 another	 GI	 decontamination
technique	 that	 should	 be	 considered	 following	 large	 overdoses	 of	 sustained-
release	bupropion	in	an	intubated	patient.	These	patients	may	benefit	from	more
aggressive	 treatment	with	 a	 protected	 airway	 and	gastric	 access	 such	 as	 in	 the
immediate	 postintubation	 time.123	 Because	 the	 majority	 of	 these	 agents	 are
extensively	protein	bound,	hemodialysis	and	hemoperfusion	are	not	effective	for
reducing	the	toxic	effects	of	CAs.

Single	or	brief	flurries	of	seizures	should	be	treated	with	a	GABA-A	agonist
such	as	a	benzodiazepine	or	barbiturate.23,25	Seizures	are	frequently	isolated,	and
the	additional	use	of	an	anticonvulsant	 is	not	 indicated	 in	 this	 situation.	Status
epilepticus	 should	 be	 aggressively	 managed	 to	 prevent	 the	 development	 of
acidosis,	 hyperthermia,	 and	 rhabdomyolysis.62,63,66,125-128	 As	 cardiotoxicity
worsens	 dramatically	 in	 the	 presence	 of	 acidemia,	 rapid	 control	 of	 seizures	 is
mandatory.	 Status	 epilepticus	 should	 be	 managed	 with	 large	 doses	 of
benzodiazepines	 or	 barbiturates.	 In	 the	 setting	 of	 hydrazine-derived	 MAOI
overdose	 and	 refractory	 seizures,	 empirical	 pyridoxine	 should	 be	 administered
(1-5	 gm	 intravenously).	 If	 seizures	 persist	 despite	 appropriate	 benzodiazepine
dosing,	propofol	may	be	useful	since	it	has	both	GABA-ergic	and	N-methyl-D-
aspartate	 inhibitory	 activity,	 but	 there	 are	 no	 data	 on	 its	 use	 in	 this	 setting.
Failing	 this,	 management	 becomes	 controversial.	 Administering	 a
nondepolarizing	short-acting	neuromuscular	blocking	agent	such	as	vecuronium
along	with	a	barbiturate	anticonvulsant	(eg,	phenobarbital,	15-20	mg	per	kg,	or
thiopental,	 3-5	 mg	 per	 kg)	 is	 one	 option.	 Chemical	 paralysis	 helps	 treat	 or
prevent	hyperthermia,	rhabdomyolysis,	acidosis,	and	further	deterioration.	If	the
patient	 continues	 to	 have	 seizure	 activity	 once	 the	 paralytic	 has	 worn	 off,	 an
additional	 dose	 of	 vecuronium	 should	 be	 given	 and	 more	 aggressive
anticonvulsant	or	general	anesthesia	should	be	administered.	When	paralysis	 is
elected,	 continuous	 electroencephalographic	 monitoring	 should	 be
utilized.25,42,129-132	Serum	alkalinization	does	not	affect	seizure	activity.	There	are
no	data	 to	 suggest	 that	 other	 anticonvulsants	 such	as	phenytoin,	 levetiracetam,
and	valproate	are	effective	for	terminating	seizures;	animal	data	have	associated
phenytoin	with	adverse	outcomes.

Hypotension	 often	 responds	 to	 fluid	 resuscitation.	 Because	 concomitant
acidosis	or	abnormal	cardiac	conduction	is	often	present,	a	sodium	bicarbonate
solution	 can	 be	 used	 for	 both	 fluid	 resuscitation	 and	 serum	 alkalinization.	 A
solution	 of	 1000	 mL	 dextrose	 5%	 in	 water	 with	 150	 mEq	 NaHCO3	 (roughly
equivalent	to	0.9%	NaCl)	is	suggested.	The	rate	of	fluid	administration	should	be
adjusted	to	maintain	a	serum	pH	of	7.45	to	7.55	without	causing	hypernatremia.



In	 an	 adult,	 an	 initial	 rate	 of	 approximately	 200	 to	 300	mL	 per	 hour	 (1.5-2.0
times	maintenance	 fluids)	 is	usually	adequate.	Many	clinicians	give	boluses	of
sodium	 bicarbonate	 (44-50	 mEq	 per	 bolus)	 to	 achieve	 the	 same	 effect.	 It	 is
difficult	to	adequately	alkalinize	the	serum	in	the	setting	of	hypokalemia.	Since
intravenous	 bicarbonate	 will	 force	 potassium	 into	 the	 cells,	 larger	 potassium
doses	than	anticipated	will	be	needed	to	keep	the	patient	normokalemic.

In	 the	 event	 of	 refractory	 hypotension,	 cardiovascular	 monitoring	 (arterial
line,	central	venous	pressure,	systemic	vascular	resistance,	and	cardiac	index	by
invasive	or	noninvasive	modalities)	may	be	necessary.	Vasopressor	therapy	with
direct-acting	 sympathomimetics,	 such	 as	 norepinephrine,	 phenylephrine,	 or
epinephrine,	 has	 been	 shown	 to	 be	more	 effective	 than	 indirect-acting	 agents,
such	 as	 dopamine.133-135	 In	 experimental	 rat	 models,	 the	 combination	 of
epinephrine	 and	 sodium	 bicarbonate	 increased	 survival	 and	 decreased	 the
frequency	 of	 arrhythmias.	 Moreover,	 this	 duo	 drug	 regimen	 was	 found	 to	 be
more	 efficacious	 than	 the	 combination	 of	 sodium	 bicarbonate	 and
norepinephrine.134	 If	hypotension	remains	refractory,	an	inotropic	agent	such	as
dobutamine	 may	 be	 required	 and	 can	 be	 directed	 by	 the	 cardiovascular
parameters.	 Failing	 optimum	 medical	 therapy,	 mechanical	 options	 including
intra-aortic	 balloon	 pumps	 and	 extracorporeal	 circulatory	 support	 is
recommended.

Abnormal	 conduction	 defined	 as	 a	 QRS	 complex	 greater	 than	 120	 ms
measured	in	the	limb	leads	and	ventricular	dysrhythmias	are	treated	with	serum
alkalinization.	 A	 combination	 of	 sodium	 bicarbonate	 infusion	 and
hyperventilation	may	be	more	useful	than	either	alone,	although	hyperventilation
is	 effective	 when	 the	 patient	 cannot	 tolerate	 the	 sodium	 load.83,84,86,136-139	 By
combining	the	two	modalities,	the	arterial	partial	pressure	of	carbon	dioxide	can
be	 maintained	 at	 approximately	 30	 to	 35	 mm	 Hg,	 which	 prevents	 cerebral
vasoconstriction,	while	serum	sodium	is	kept	within	reasonable	limits.	Optimal
arterial	 pH	 is	 between	 7.45	 and	 7.55.	 Ventricular	 dysrhythmias	 that	 are	 not
responsive	 to	 alkalinization	may	 respond	 to	 lidocaine.	Other	 than	β-adrenergic
blockers,	no	antidysrhythmics	have	been	studied,	although	phenytoin	had	been
used	 anecdotally	 in	 the	 1970s	 and	 1980s.	 In	 animal	 studies,	 propranolol	 was
effective	 for	 improving	 conduction	but	 led	 to	 intractable	 hypotension.5,83,85,86,136
Other	type	IA	and	IC	antidysrhythmics	are	contraindicated	because	they	worsen
cardiotoxicity.	Amiodarone,	a	class	 III	antidysrhythmic,	was	 found	 to	be	of	no
benefit	for	TCA-poisoned	animal	models.	In	addition,	it	was	felt	that	the	use	of
amiodarone	might	have	been	detrimental	because	it	can	further	prolong	the	QTc
interval	and	cause	negative	inotropy.140	The	successful	use	of	magnesium	sulfate
was	reported	in	a	23-month-old	child	who	presented	with	ventricular	tachycardia



after	 ingesting	 unknown	 amounts	 of	 amitriptyline.	 The	 child	 had	 received
normal	saline,	lidocaine,	bicarbonate	infusion,	and	cardioversion	without	effect.
Subsequent	magnesium	sulfate	 resulted	 in	normalization	of	 the	cardiac	 rhythm
and	 clinical	 improvement.68	Overdrive	 pacing	 is	 another	 option,	 but	 controlled
studies	are	lacking.89

More	 recently,	 the	 use	 of	 lipid	 emulsion	 therapy	 in	 the	 clinical	 scenario	 of
lipid-soluble	 drug	 toxicity	 such	 as	 local	 anesthetics	 and	 calcium	 channel
blockers	 has	 been	 gaining	wide	 acceptance	 in	 the	 practice	 of	 critical	 care	 and
emergency	 medicine.141-144	 Numerous	 studies	 have	 demonstrated	 significant
cardiovascular	 improvement	 with	 severe	 lipid-soluble	 drug	 toxicity	 when
infused	with	lipid	emulsions.	Most	CAs	are	lipid	soluble	and	produce	significant
cardiovascular	 instability	 with	 collapse	 that	 may	 be	 refractory	 to	 standard
measures	 and	 sodium	 bicarbonate	 therapy.	 In	 animal	 models,	 lipid	 emulsion
therapy	proved	to	be	effective	for	reversing	cardiac	arrest	and	hypotension	and
also	 prevented	 further	 cardiovascular	 collapse.141	 Evidence-based
recommendations	 suggest	 the	 use	 of	 lipid	 emulsion	 therapy	 for	 cases	 of	 life-
threatening,	 refractory	 cardiotoxicity	 secondary	 to	 bupropion	 overdose.144
Currently,	 there	 are	 two	 theories	 that	 explain	 why	 lipid	 emulsions	 may	 be
effective.	The	 first	 theory	suggests	 that	 the	 lipid	emulsions	create	a	 lipid	basin
that	 sequesters	 lipid	 soluble	 drugs	 away	 from	 their	 site	 of	 action.	 The	 second
theory	 is	 that	 lipid	 emulsions	 provide	 relief	 to	 a	 stressed	 myocardium	 by
providing	an	alternative	energy	source	to	the	heart.141,143	This	concept	is	similar
to	the	use	of	a	high-dose	insulin	regimen	for	calcium	channel	blocker	toxicity.	In
conclusion,	 lipid	 emulsion	 infusion	 should	 be	 strongly	 considered	 when
conventional	treatments	such	as	oxygen	therapy,	fluids,	inopressors,	and	sodium
bicarbonate	have	failed	to	provide	significant	results.

7 	 Treatment	 of	 serotonin	 syndrome	 is	 primarily	 supportive.	 Sedation,
paralysis,	 intubation	 and	 ventilation,	 anticonvulsants,	 antihypertensives,	 and
aggressive	rapid	cooling	may	all	be	necessary.	Some	success	has	been	achieved
with	the	nonselective	serotonin	antagonist	cyproheptadine	(initial	dose	of	12	mg
orally	and	then	2	mg	every	2	hours	if	symptoms	persist	up	to	a	maximum	adult
dose	 of	 32	 mg	 in	 24	 hours).98	 Unfortunately,	 cyproheptadine	 has	 significant
antimuscarinic	 effects.	 Dopamine-2-receptor	 antagonists,	 such	 as	 haloperidol,
have	 occasionally	 been	 effective,	 but	 safety	 and	 efficacy	 data	 are	 lacking.
Bromocriptine	 increases	 brain	 serotonin	 levels	 and	 is	 contraindicated,	 and
dantrolene	may	enhance	brain	5-HT	metabolism	and	should	not	be	used.

5 	 6 	 Any	 patient	 with	 an	 acute	 MAOI	 overdose	 or	 persistent	 signs	 and
symptoms	from	food	or	drug	interactions	should	be	admitted	to	an	intensive	care
setting	 for	 at	 least	24	hours.	Therapy	 for	 food	or	drug	 interactions	 is	 aimed	at



lowering	the	blood	pressure.	A	rapidly	direct-acting	agent	(ie,	easy	to	titrate)	is
recommended	 such	 as	 nitroprusside,	 nicardipine,	 nitroglycerin,	 clevidipine,	 or
esmolol145.	 Treatment	 of	 MAOI	 overdose	 is	 entirely	 supportive.	 Muscular
hyperactivity	 and	 seizures	 are	 treated	 with	 high-dose	 benzodiazepines.
Hyperthermia	 that	 does	 not	 respond	 to	 benzodiazepine	 therapy	 and	 cooling
requires	rapid-sequence	intubation	and	paralysis	with	a	nondepolarizing	agent	to
completely	 shut	 down	muscle	 activity.	Bromocriptine	 should	 not	 be	 used	 as	 it
has	drug	interactions	and	is	an	uncontrolled	D2	agonist	and	stimulant.	Dantrolene
is	 ineffective	as	 it	works	peripherally	and	does	not	affect	 the	central	 causes	of
hyperthermia.111,146	 Symptomatic	 or	 severe	 cardiovascular	 (sympathetic)
hyperactivity	 should	 be	 treated	with	 agents	 that	 have	 readily	 reversible	 effects
and	 can	 be	 titrated	 to	 response.	 Agents	 such	 as	 nitroprusside,	 nicardipine,
nitroglycerin,	 and	 esmolol	 are	 recommended.	 For	 cardiovascular	 depression,
direct-acting	agents,	such	as	epinephrine,	norepinephrine,	and	isoproterenol,	are
preferred.	Although	MAO	inhibition	may	prolong	their	effects,	these	agents	are
predominantly	metabolized	by	COMT.

Apart	from	MAOI	overdose,	patients	who	survive	the	first	24	hours	without
major	 complications	 (hypoxia,	 prolonged	 seizures,	 profound	 acidosis,	 and
hyperthermia)	generally	do	well.	Most	patients	show	some	improvement	within
24	 hours.	 Once	 cardiac	 conduction	 improves	 (narrowing	 of	 QRS	 complex	 to
110	ms)	alkalinization	can	be	discontinued	(usually	within	12	hours)	and	the	pH
allowed	 to	normalize.	 If	 the	QRS	complex	again	widens,	 alkalinization	 should
be	 resumed	 and	 the	weaning	 process	 repeated.	Once	 the	ECG	has	 normalized
without	alkalinization,	the	patient	should	be	monitored	for	an	additional	12	to	24
hours	in	the	ICU.	The	patient	should	be	awake,	alert,	and	have	passed	a	charcoal
stool	before	transferring	out	of	the	unit.	All	overdose	patients	should	be	referred
for	psychiatric	evaluation	before	discharge.

Other	Management	Considerations
Controversial	 or	 investigational	 therapies	 for	CA	poisoning	 include	 phenytoin,
physostigmine,	 prophylactic	 alkalinization,	 mechanical	 cardiovascular	 support,
antibody	 therapy,	and	adenosine	antagonists.147-149	Although	phenytoin	binds	 to
voltage-dependent	Na+	channels	and	prevents	propagation	of	seizures,	it	has	no
GABA	 effect	 and	 does	 not	 prevent	 toxic	 seizures.150	 Some	 animal	 studies
suggested	 that	 phenytoin	 was	 effective,	 but	 others	 did	 not.131,150	 Studies	 using
phenytoin	 to	 improve	 cardiac	 conduction	 were	 poorly	 controlled	 and	 not
reproducible.117,131,151	 Canine	 data	 showed	 that	 phenytoin	 transiently	 facilitates



conduction	 but	 then	 increases	 the	 incidence	 and	 duration	 of	 ventricular
tachycardia	 and	 does	 not	 improve	 survival,	 suggesting	 that	 phenytoin	 is
potentially	 detrimental.152	 Therefore,	 phenytoin	 is	 not	 recommended	 in	 the
setting	of	antidepressant-induced	seizures.

Physostigmine	 (Chapter	 101:	 Anticholinergic	 Poisoning	 has	 been	 used	 to
antagonize	 the	 antimuscarinic	 effects	 of	 CAs	 such	 as	 agitated	 delirium.153,154
However,	bradycardia	and	asystole	have	been	reported	with	physostigmine	in	the
presence	of	aberrant	conduction,	and	as	a	carbamate	pesticide,	it	may	precipitate
seizures.154	Thus,	physostigmine	is	not	advocated	to	treat	acute	CA	overdose	and
is	contraindicated	in	those	with	cardiac	conduction	disturbances.	It	 is	 less	clear
when	 the	 cardiac	 conduction	 abnormalities	 have	 resolved	 and	 only	 the	 central
antimuscarinic	 delirium	 remains,	 such	 as	 24	 to	 36	 hours	 after	 an	 amitriptyline
ingestion.

No	 studies	 have	been	done	 regarding	prophylactic	 alkalinization	 in	 patients
with	normal	 cardiac	 condition.	Because	altering	 the	pH	alters	 the	 reliability	of
the	 QRS	 width	 as	 a	 predictor	 of	 cardiotoxicity,	 such	 therapy	 is	 not
recommended.	 Alkalinization	 is	 also	 not	 without	 risks,	 including
hyperosmolality,	 cerebral	 vasoconstriction,	 hypokalemia,	 and	 alterations	 of
ionized	calcium	concentrations.	There	 is	no	evidence	 that	 it	 affects	 the	 seizure
threshold.

For	moribund	patients	who	do	not	respond	to	conventional	therapy,	the	use	of
mechanical	 circulatory	 support,	 such	 as	 intra-aortic	 balloon	 pump	 assist	 or
partial	 cardiac	 bypass,	 may	 be	 lifesaving.	 In	 this	 situation,	 the	 use	 of
extracorporeal	 measures	 supports	 myocardial,	 hepatic,	 and	 cerebral	 perfusion
while	allowing	the	liver	endogenously	to	detoxify	the	CA.107,155-157
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	pharmacological	intent	behind	using	sodium	bicarbonate	therapy
in	the	setting	of	tricyclic	antidepressant	toxicity?



A. 	Decrease	drug	binding	to	myocardium
B. 	Increase	drug	binding	to	serum	proteins
C. 	Increase	hepatic	drug	elimination
D. 	Increase	renal	drug	elimination

2. 	Acute	monoamine	oxidase	inhibitors	(MAOIs)	overdose	can	be
distinguished	from	a	MAOI	food	or	drug	interaction	by	which	of	the	following?

A. 	Fluctuating	autonomic	dysfunction
B. 	Hyperadrenergic	state
C. 	Increased	catecholamine	stores
D. 	QTc	prolongation

3. 	What	is	the	mechanism	of	QRS	prolongation	on	ECG	with	bupropion?

A. 	Cardiomyocyte	gap	junction	inhibition
B. 	IKr-channel	blockade
C. 	Prolongation	of	action	potential	repolarization
D. 	Sodium	channel	blockade

Answers

1.	The	correct	answer	is	A.
Rationale:	 The	 intent	 of	 sodium	 bicarbonate	 treatment	 is	 twofold	 and

involves	 both	 pH-	 and	 sodium-dependent	 factors.	 Sodium	 bicarbonate
alkalinization	increases	the	free	fraction	of	nonionized	and	freely	diffusible	drug.
This	 causes	 less	 drug	 to	 bind	 to	 the	 sodium	 channel.	 The	 other,	 sodium-
dependent	component	provides	a	sodium	load	increasing	the	amount	of	ions	that
can	 pass	 through	 open	 sodium	 channels	 to	 overcome	 blockade	 (choice	 A	 is
correct).	 Increased	 drug	 elimination	 is	 incorrect	 because	 sodium	 bicarbonate’s
role	is	to	alter	serum	pH	(choices	C	and	D	are	incorrect),	and	TCAs	are	already
highly	protein-bound	(choice	B	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	Acute	MAOI	overdose	presents	as	a	biphasic	clinical	picture	that

starts	 with	 an	 early	 hyperadrenergic	 state	 due	 to	 a	 decrease	 in	 catecholamine
metabolism	with	subsequent	catecholamine	surge.	This	 is	 followed	by	a	period
of	central	nervous	system	depression	and	potential	cardiovascular	collapse	due
to	 eventual	 overall	 depletion	 of	 catecholamine	 stores	 (choice	 A	 is	 correct).



Conversely,	 MAOI	 with	 food	 or	 drug	 interaction	 typically	 manifests	 with
predominantly	sympathetic	symptoms	including	hypertension	and	tachycardia	as
opposed	to	that	classic	biphasic	response	seen	with	acute	MAOI	drug	overdoses.
Both	 syndromes	 would	 initially	 cause	 a	 hyperadrenergic	 state	 (choice	 B	 is
incorrect).	Both	an	acute	MAOI	overdose	and	MAOI	food	and	drug	interaction
inhibit	 catecholamine	 metabolism	 (choice	 C	 is	 incorrect).	 The	 underlying
mechanisms	 of	 acute	MAOI	overdose	 and	MAOI	 food	 or	 drug	 interaction	 are
not	 characterized	 by	 ion	 channel	 blockade	 or	 prolongation	 of	 action	 potential
repolarization,	so	QTc	would	not	be	prolonged	(choice	D	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	QRS	prolongation	is	associated	with	bupropion’s	ability	to	inhibit

cell-to-cell	signaling	between	adjacent	cardiomyocytes	(choice	A	is	correct,	and
choice	 D	 is	 incorrect).	 Typically,	 QRS	 prolongation	 with	 TCAs	 is	 associated
with	blockade	of	 the	fast-inward	sodium	channels,	corresponding	with	phase	0
of	the	cardiac	action	potential,	and	is	typically	treated	with	sodium	bicarbonate.
However,	 due	 to	 bupropion’s	 relatively	 unique	 underlying	 pathophysiological
mechanism,	sodium	bicarbonate	will	 likely	be	 ineffective	for	 treatment	 (choice
D	 is	 incorrect).	 IKr-channel	 blockade	 would	 be	 associated	 with	 delayed
repolarization	 and	 prolongation	 of	 the	 QTc	 interval,	 not	 QRS	 (choice	 B	 is
incorrect).	Bupropion	has	been	associated	with	QTc	interval	prolongation	but	by
a	 different	 mechanism.	 Prolongation	 of	 action	 potential	 repolarization
corresponds	 to	 a	 different	 phase	 (phase	 0)	 of	 the	 cardiac	 action	 potential,
whereas	delayed	repolarization	 is	associated	with	phase	4	of	 the	cardiac	action
potential	(choice	C	is	incorrect).
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Chapter	104
Antipsychotic	Poisoning
Steven	B.	Bird

KEY	POINTS:
1.	 Typical	clinical	effects	after	overdose	are	CNS	depression,

tachycardia,	and	orthostatic	hypotension.	Hypotension	should	be
treated	first	with	intravenous	fluids,	with	the	use	of	direct	acting
vasopressors	reserved	for	persistent	hypotension.

2.	 The	diagnosis	of	overdose	is	largely	based	on	history.	Routine	use	of
drug	screens	is	not	beneficial.

3.	 Acute	dystonic	reactions	(ADRs)	usually	occur	soon	after	initiation	of
therapy	or	after	an	increase	in	dose.	Fifty	percent	of	ADRs	occur
within	48	hours	of	initiating	therapy,	and	90%	within	5	days.

4.	 The	primary	goal	of	management	is	supportive	care.
5.	 Patients	with	significant	CNS	depression	with	associated	loss	of

airway	reflexes	and	respiratory	failure	should	be	intubated.
6.	 Seizures	should	be	treated	with	benzodiazepines,	with	barbiturates

used	for	refractory	seizures.	
7.	 Prolonged	QT	should	be	treated	with	intravenous	magnesium.

INTRODUCTION
Antipsychotic	 agents,	 sometimes	 termed	 neuroleptics	 and	major	 tranquilizers,
are	 primarily	 used	 to	 treat	 schizophrenia,	 the	manic	 phase	 of	 bipolar	 disorder,
and	 agitated	 behavior.	 They	 are	 also	 used	 as	 preanesthetics	 and	 to	 treat	 drug-
associated	 delirium	 and	 hallucinations,	 nausea,	 vomiting,	 headaches,	 hiccups,
pruritus,	 Tourette	 syndrome,	 and	 a	 variety	 of	 extrapyramidal	 movement
disorders	 (eg,	 chorea,	 dystonias,	 hemiballismus,	 spasms,	 tics,	 torticollis).



Antipsychotics	are	a	structurally	diverse	group	of	heterocyclic	compounds;	more
than	50	different	drugs	are	available	 for	clinical	use	worldwide	with	numerous
others	in	various	stages	of	development.	Classes	include	benzamide,	benzepine,
butyrophenone	 (phenylbutylpiperidine),	 dibenzo-oxepino	 pyrrole,
diphenylbutylpiperidine,	 indole,	phenothiazine,	quinolinone,	rauwolfia	alkaloid,
and	thioxanthene	derivatives	(Table	104.1).	The	phenothiazine	and	thioxanthene
classes	 are	 further	 subdivided	 into	 three	 groups	 (aliphatic,	 piperazine,	 and
piperidine)	based	on	central	ring	side-chain	substitution.

TABLE	104.1

Classification	and	Dosing	of	Neuroleptic	Agents

Structural	Class Generic	Name
(Trade	Name)

Affinity	of
Neuroleptic
Agent	for
Dopamine
(D2)
Receptor
(Potency)a

Daily
Dose
Range
(mg)

Typical	Agents

Butyrophenone	(phenyl-
butylpiperidine)

Droperidol	(Inapsine)
Haloperidol	(Haldol)

3+ 1.25-30

Other:	benperidol,
bromperidol,
melperone,
pipamperone,
trifluperidolc

2+ 1-30

Diphenylbutylpiperidine Pimozide	(Orap)
Other:	fluspirilene,
penfluridolc

2+ 1-20

Indole Molindone	(Moban)
Other:	oxypertinec

1+ 15-225



Phenothiazine

Aliphatic Chlorpromazine
(Thorazine)

2+ 25-
2000

Promazine	(Sparine)b – 50-
1000

Promethazine
(Phenergan)

2+ 25-150

Triflupromazine
(Vesprin)

– 5-90

Piperazine Acetophenazine
(Tindal)

– 40-400

Fluphenazine
(Prolixin)

3+ 0.5-30

Perphenazine
(Trilafon)

3+ 4-64

Prochlorperazine
(Compazine)

2+ 10-150

Trifluoperazine
(Stelazine)

3+ 2-40

Thiethylperazine
(Torecan)

– 10-30

Piperidine Mesoridazine
(Serentil)

2+ 30-400

Thioridazine
(Mellaril,	Millazine)

2+ 20-800

Other:	diethazine,
ethopropazine,
levomepromazine,



perazine,	pipotiazine
thiopropazate,
thioproperazine,
pericyazinec

Thioxanthene Chlorprothixene
(Taractan)

2+ 30-600

Clopenthixolc – –

Flupenthixolc 3+ 4

Thiothixene
(Navane)

3+ 6-60

Zuclopenthixol
(Cisordinol,
Clopixol)c

3+ 10-50

Atypical	Agents

Benzamides Amisulpridec 2+ 100-
1200

Raclopridec 3+ 5-8

Remoxipridec 1+ 150-
600

Sulpiridec 2+ 100-
1600

Sultopridec 2+ 100-
1200

Trimethobenzamide
(Tigan)b

– 100-
600

Other:	epidepride,
eticlopride
levosulpiride,
nemonapride,
tiapridec



Benzepine

Dibenzodiazepine Clozapine	(Clozaril,
Leponex)

1+ 150-
900

Dibenzo-oxazepine Loxapine	(Loxitane) 1+ 20-250

Thienobenzodiazepine Olanzapine
(Zyprexa)

2+ 5-20

Dibenzothiazepine Quetiapine
(Seroquel)

1+ 300-
600

Dibenzothiazepine Zotepinec 2+ 100-
300

Other:	butaclamol,
fluperlapine,
clothiapine,
metiapine,
savoxepinec

Indole

Benzisoxazole Risperidone
(Risperdal)

3+ 2-16

Paliperidone	(Invega) 3+ 3-12

Imidazolidinone Sertindole	(Serlect)c 3+ 12-24

Benzisothiazole Ziprasidone	(Zeldox) 3+ 40-160

Other:	iloperidonec

Pyrrole Asenapine	(Saphris) 3+ 10-20

Quinolinone Aripiprazole
(Abilify,	Abitat)

Bifeprunoxc 3+ 10-30

0,	minimal	to	none;	1+,	low;	2+,	moderate;	3+,	high	to	very	high.
aA	higher	numerical	value	indicates	greater	binding	affinity	(greater	antagonism)	at	D2	receptor.



Binding	affinity	(potency)	at	D2	receptor	correlates	with	daily	dose	range.
bAntiemetic	only.
cNot	available	for	clinical	use	in	the	United	States.

Although	traditionally	classified	by	structure,	antipsychotics	are	more	ideally
classified	by	pharmacological	profile.	Each	agent	has	a	unique	receptor-binding
profile	 (Table	104.2),	 and	 this	profile	can	be	used	 to	predict	 adverse	effects	 in
both	 therapeutic	 and	 overdose	 situations.1,2	 Clinical	 toxicity	 is	 the	 result	 of
exaggerated	 pharmacological	 activity.	 Antipsychotics	 are	 also	 classified	 as
typical	 or	 atypical	 (Tables	 104.1	 and	 104.2).	 Traditional	 or	 conventional
antipsychotics,	which	readily	produce	extrapyramidal	signs	and	symptoms	(EPS)
at	antipsychotic	doses,	are	considered	 typical.	Newer	agents	 that	have	minimal
extrapyramidal	 side	 effects	 at	 clinically	 effective	 antipsychotic	 doses,	 are
effective	 for	 treating	 the	 negative	 symptoms	 (eg,	 alogia,	 avolition,	 social
withdrawal,	 flattened	 affect)	 of	 schizophrenia,	 and	 have	 a	 low	 propensity	 to
cause	tardive	dyskinesia	with	long-term	treatment	are	considered	atypical.1,2	The
characterization	of	antipsychotics	as	typical	or	atypical	is	ultimately	determined
by	 receptor	 binding.	 One	 or	 more	 of	 several	 different	 receptor-binding
characteristics	 are	 associated	 with	 drug	 atypia,	 and	 each	 agent	 is	 atypical	 for
different	 reasons.3	 Understanding	 how	 specific	 receptor-binding	 characteristics
produce	 clinical	 effects	 has	 facilitated	 the	 development	 of	 antipsychotics	 that
separate	 antipsychotic	 activity	 from	 other	 activity,	 thus	 minimizing	 adverse
effects	and	maximizing	patient	compliance.

TABLE	104.2

Relative	Neuroreceptor	Affinities	for	Neurolepticsa

Receptor

Neuroleptic	agent H1

Histaminergic
α	1-
Adrenergic

α	2-
Adrenergic

M1

muscarinic

Typical	Agents

Chlorpromazine 2+ 3+ 0 1+

Fluphenazine 0 0 0 0



Haloperidol 0 1+ 0 0

Loxapine 3+ 3+ 0 2+

Mesoridazine 3+ 3+ – 1+

Molindone 0 0 1+ 0

Perphenazine 1+ 1+ 0 0

Pimozide 0 1+ – 0

Prochlorperazine 1+ 1+ 0 0

Thioridazine 2+ 3+ 0 3+

Thiothixene 0 0 0 0

Trifluoperazine 0 1+ 0 0

Atypical	Agents

(Ami)sulpiride 0 0 0 0

Asenapine 3+ 2+ 2+ 0

Aripiprazole 2+ 2+ 0 0

Clozapine 3+ 3+ 3+ 3+

Olanzapine 2+ 2+ 0 3+

Paliperidone 1+ 2+ 1+ 0

Quetiapine 3+ 3+ 0 3+

Remoxipride 0 0 0 0

Risperidone 1+ 2+ 1+ 0

Sertindole 0 1+ 0 0

Ziprasidone 0 3+ 0 0

Zotepine 2+ 0 2+ 0



0,	minimal	to	none;	1+,	low;	2+,	moderate;	3+,	high;	4+,	very	high;	EPS,	extrapyramidal	side
effects.
aRelative	neuroreceptor	affinity	[neuroreceptor	affinity	at	receptor	X/dopamine	(D2)-receptor
affinity]	indicates	relative	receptor	antagonism	at	therapeutic	(D2-blocking)	antipsychotic	doses.
bA	higher	M1	and	5-HT2	relative	neuroreceptor	affinity	confers	a	lower	EPS	risk.
cDose-dependent	incidence	of	extra	EPS.
Adapted	from	references	1-20.

Antipsychotic	 toxicity	 may	 occur	 as	 an	 idiosyncratic	 reaction	 during
therapeutic	use	or	following	accidental	or	intentional	overdose.	Central	nervous
system	 (CNS)	 and	 cardiovascular	 disturbances	 are	 the	 most	 common	 dose-
related	 toxic	 manifestations,	 but	 other	 effects	 include	 the	 anticholinergic
syndrome	(see	Chapter	101)	and	various	extrapyramidal	syndromes.	Therapeutic
use	has	been	associated	with	agranulocytosis,	aplastic	anemia,	diabetes	mellitus,
hepatotoxicity,	 hypertriglyceridemia,	 fatal	 myocardial	 infarction,	 myocarditis,
neuroleptic	malignant	syndrome	(NMS)	(see	Chapter	185),	pancreatitis,	seizures,
sleep	 apnea,	 sudden	 infant	 death	 syndrome,	 sudden	 adult	 death,	 venous
thromboembolism,	and	vasculitis.4-7	Most	deaths	are	the	consequence	of	suicidal
overdose	 by	 psychotic	 or	 depressed	 adults	 and	 frequently	 involve	 mixed
ingestions	 or	 ingestion	 of	 the	 agents	 chlorpromazine,	 loxapine,	 mesoridazine,
quetiapine,	 or	 thioridazine.8,9	 Because	 of	 a	 large	 toxic	 to	 therapeutic	 ratio	 for
most	 antipsychotics,	 fatalities	 rarely	 occur.	 From	 one	 study,	 the	 most	 toxic
antipsychotics	result	in	death	from	poisoning	for	every	100	patient-years	of	use.8
Dose-related	 effects	 are	most	 pronounced	 among	nonhabituated	patients	 at	 the
extremes	of	age.

Data	have	demonstrated	that	users	of	antipsychotic	drugs	have	higher	rates	of
sudden	cardiac	death	than	do	nonusers	and	former	users	of	antipsychotic	drugs.
For	both	classes	of	drugs,	the	risk	of	sudden	cardiac	death	increases	significantly
with	 an	 increasing	 dose.	Users	 of	 clozapine	 and	 thioridazine	 have	 the	 greatest
risk	of	sudden	cardiac	death.

PHARMACOLOGY
Antipsychotics	 bind	 to	 and	 antagonize	 presynaptic	 (autoreceptors)	 and
postsynaptic	 2	 dopamine	 (D2)	 receptors	 in	 the	 CNS	 and	 peripheral	 nervous
system.	 Initially,	 dopamine	 neurons	 increase	 the	 synthesis	 and	 release	 of
dopamine	 in	 response	 to	 autoreceptor	 antagonism.	 With	 repeated	 dosing,
however,	 depolarization	 inactivation	 of	 the	 neuron	 occurs,	 and	 decreased



synthesis	and	 release	of	dopamine	occur	despite	ongoing	postsynaptic	 receptor
blockade.

All	 antipsychotics	 produce	 their	 therapeutic	 antipsychotic	 effect	 from
mesolimbic	D2-receptor	antagonism.	D2-receptor	affinity	(potency)	in	this	region
strongly	 correlates	 with	 the	 daily	 therapeutic	 dose	 (see	 Table	 104.2).1
Simultaneous	 antagonism	 of	 other	 D2-receptors	 produces	 additional	 clinical
effects,	 the	majority	 of	which	 are	 undesirable.	Mesocortical	 receptor	 blockade
appears	 to	 create	 cognitive	 impairment	 and	 further	 worsens	 the	 negative
symptoms	of	schizophrenia.	Excessive	D2-receptor	blockade	in	mesocortical	and
mesolimbic	areas,	as	occurs	after	neuroleptic	overdose,	may	partly	mediate	CNS
depression	from	these	agents.	Antagonism	of	nigrostriatal	D2-receptors	produces
EPS	 (eg,	 acute	 dystonia,	 akathisia,	 parkinsonism).	 D2-receptor	 potency	 in
nigrostriatal	 relative	 to	 mesolimbic	 areas	 correlates	 with	 the	 likelihood	 of
developing	EPS.1	 Typical	 antipsychotics	 antagonize	 basal	 ganglia	D2-receptors
in	the	same	dose	range	necessary	for	limbic	D2-receptor	blockade,	thus	creating
high	 EPS	 liability.	 The	 high-potency	 or	 typical	 agents	 (ie,	 fluphenazine,
haloperidol,	perphenazine,	thiothixene,	and	trifluoperazine)	are	most	commonly
associated	 with	 EPS.1	 Atypical	 agents	 have	 low	 D2-receptor	 potency	 and
occupancy	(ie,	clozapine,	olanzapine,	quetiapine)	at	therapeutic	doses,	are	partial
D2-receptor	 agonists	 (eg,	 aripiprazole),	or	 are	more	 site	 selective	 (ie,	 sulpiride,
raclopride)	 and	 preferentially	 antagonize	 limbic	 D2-receptors.2	 Thus,	 they	 are
less	 likely	 to	 cause	 EPS	 or	 worsen	 negative	 symptoms	 of	 schizophrenia	 at
therapeutic	doses.

D2-receptor	blockade	 in	 the	anterior	hypothalamus	 (preoptic	area)	may	alter
core	 temperature	 set	 point	 and	 block	 thermosensitive	 neuronal	 inputs	 and
thermoregulatory	 responses.	 Hypothermia	 or	 hyperthermia	 may	 result.	 D2-
receptor	 blockade	 in	 the	 pituitary	 (tuberoinfundibular	 pathway)	 results	 in
sustained	 elevated	 prolactin	 secretion,	 which	 may	 cause	 galactorrhea,
gynecomastia,	menstrual	changes,	and	sexual	dysfunction	(impotence	in	men).1
The	 antiemetic	 activity	 of	 antipsychotics	 results	 from	 similar	 inhibition	 of
dopaminergic	receptors	in	the	chemoreceptor	trigger	zone	(area	postrema)	of	the
medulla	 oblongata.	 Antagonism	 of	 dopamine	 receptors	 present	 on	 peripheral
sympathetic	 nerve	 terminals	 and	 vascular	 smooth	 muscle	 cells	 may	 produce
autonomic	 dysfunction	 (ie,	 tachycardia,	 hypertension,	 diaphoresis,	 pallor).10
Simultaneous	 blockade	 of	 D2-receptors	 in	 the	 hypothalamus,	 striatum,
mesocortical	and	mesolimbic	areas,	peripheral	sympathetic	nerve	terminals,	and
vasculature	mediates	the	NMS	in	susceptible	individuals	(see	Chapter	185).



In	 addition	 to	 D2-receptors,	 antipsychotics	 are	 competitive	 antagonists	 at	 a
wide	 range	of	neuroreceptors;	varied	binding	affinities	 exist	 at	α-adrenergic	 (α
1,2),	dopaminergic	(D1-5),	histaminergic	(H1-3),	muscarinic	(M1-5),	and	serotonergic
(5-HT1-7)	 receptors	 (see	 Table	 104.2).1	 The	 neuroreceptor-binding	 profile	 for
each	 agent	 predicts	 clinical	 effects.	 The	 ratio	 of	 other	 neuroreceptor-binding
affinities	 to	D2-receptor–binding	 affinity	 (relative	 binding	 affinity)	 predicts	 the
likelihood	 of	 producing	 those	 receptor-mediated	 effects	 at	 clinically	 effective
antipsychotic	(D2-blocking)	doses	and	in	overdose.1	A	ratio	similar	to	or	greater
than	1	makes	other	receptor-mediated	effects	likely.	High	relative	α	1-adrenergic
antagonism	 (ie,	 aliphatic	 and	 piperidine	 phenothiazines,	 asenapine,	 clozapine,
olanzapine,	 risperidone,	 ziprasidone)	correlates	with	 the	 incidence	and	severity
of	 orthostatic	 hypotension,	 reflex	 tachycardia,	 nasal	 congestion,	 and	 miosis.
Significant	relative	α	2-adrenergic	blockade,	as	occurs	with	asenapine,	clozapine,
paliperidone,	 and	 risperidone,	 may	 result	 in	 sympathomimetic	 effects	 (eg,
tachycardia).	 High	 relative	 H1-receptor	 blockade	 (eg,	 aliphatic	 and	 piperidine
phenothiazines,	asenapine,	clozapine,	olanzapine,	quetiapine)	produces	sedation,
appetite	 stimulation,	 and	 hypotension.1	 Relative	 potency	 at	 M1	 receptors
correlates	 directly	 with	 anticholinergic	 effects	 (ie,	 tachycardia,	 hypertension,
mydriasis,	 blurred	 vision,	 ileus,	 urinary	 retention,	 dry	 skin	 and	 mucous
membranes,	 cutaneous	 flushing,	 sedation,	memory	 dysfunction,	 hallucinations,
agitation,	 delirium,	 and	 hyperthermia)	 and	 inversely	 with	 the	 incidence	 of
extrapyramidal	 reactions.1	 Olanzapine,	 clozapine,	 and	 aliphatic	 and	 piperidine
phenothiazines	are	associated	with	clinically	 significant	 anticholinergic	effects.
The	 ability	 of	 clozapine	 to	 produce	 sialorrhea	 is	 likely	mediated	 by	 its	 partial
agonism	 at	M1	 and	M4	 receptors.1	 High	 relative	 antagonism	 at	 5-HT1A	 and	 5-
HT2A	 receptors	 appears	 to	 predict	 a	 low	 EPS	 risk.1,11	 The	 clinical	 effects	 that
occur	with	other	neuroreceptor	subbinding	are	not	well	understood.

The	advent	of	atypical	agents,	which	provide	an	improved	motor	side	effect
profile,	marks	significant	progress	 in	neuroleptic	development.	Atypical	agents
may	 be	 subdivided	 into	 four	 functional	 groups:	 (1)	 the	 D2-,	 D3-receptor
antagonists	(eg,	amisulpride,	raclopride,	remoxipride,	and	sulpiride);	(2)	the	D2-,
5HT2A-,	 and	 α	 1-receptor	 antagonists	 (eg,	 paliperidone,	 risperidone,	 and
ziprasidone);	 (3)	 the	 broad-spectrum,	multireceptor	 antagonists	 (eg,	 asenapine,
clozapine,	 olanzapine,	 quetiapine);	 and	 (4)	 the	 D2-,	 5-HT1A-receptor	 partial
agonists	 (ie,	 aripiprazole,	 bifeprunox),	 also	 known	 as	 dopamine	 and	 serotonin
system	 stabilizers2	 (see	 Table	 104.2).	 One	 or	 more	 of	 several	 different
pharmacological	 mechanisms	 define	 drug	 atypia.	 Low	 D2-receptor	 potency



(high-milligram	 dosing),	 low	 (less	 than	 70%)	 D2-receptor	 occupancy	 in
mesolimbic	 and	 nigrostriatal	 areas	 at	 therapeutic	 drug	 doses,	 partial	 agonist
activity	at	D2-receptors,	selective	mesolimbic	D2-receptor	antagonism,	and	high
D1-,	D4-,	M1-,	5HT1A-,	5HT2A-receptor	potencies	 relative	 to	D2-receptor	binding
are	 pharmacologic	 characteristics	 that	 alone	 or	 in	 combination	 may	 be
responsible	 for	 the	 atypical	 nature	 of	 these	 agents.1,2,11	 Conversely,	 typical
antipsychotics	 are	 characterized	 by	 high	 D2-receptor	 potency	 (low-milligram
dosing)	 and	 a	 narrow	 receptor	 profile	 in	 the	 brain.1	 Unlike	 typical	 agents,
atypical	 agents	 also	 appear	 to	 have	 a	 minimal	 propensity	 to	 elevate	 serum
prolactin	concentrations.

Serotonin	 antagonism	 enhances	 antipsychotic	 efficacy	 and	 reduces	 the
incidence	 of	 EPS.11	 5HT2A-receptor	 antagonism	 in	 the	 striatum	 and	 prefrontal
cortex	 offsets	 neuroleptic-induced	 D2-receptor	 blockade	 and	 reduces	 EPS	 and
negative	 symptoms	 of	 schizophrenia,	 respectively.11,12	 5HT2A-receptor
antagonism	also	increases	serotonin	levels	in	the	limbic	system,	which	may	have
a	 direct	 antipsychotic	 effect.	 Drugs	 with	 high	 relative	 5HT2A-receptor
antagonism	as	compared	to	D2-receptor	antagonism	(ie,	amperozide,	asenapine,
clozapine,	 olanzapine,	 paliperidone,	 risperidone,	 ziprasidone)	 can	 be	 given	 in
smaller	 clinically	 effective	 antipsychotic	doses	 and	 thus	have	a	 smaller	 risk	of
inducing	EPS.1,12	 In	addition,	antipsychotics	 that	stimulate	5HT1A	autoreceptors
in	 the	 striatum	 (ie,	 aripiprazole,	 clozapine,	 ziprasidone)	 reduce	 striatal	 D2-
receptor	blockade,	thereby	decreasing	the	likelihood	of	EPS.11

Aliphatic	 and	 piperidine	 phenothiazines	 (eg,	 chlorpromazine,	 thioridazine,
mesoridazine)	 have	 local	 anesthetic,	 quinidine-like	 (a)	 antiarrhythmic,	 and
myocardial	 depressant	 effects.	 These	 agents	 block	 fast-sodium	 channels
responsible	 for	 myocardial	 membrane	 depolarization.13	 Sodium	 channel
blockade	 is	 voltage	 and	 frequency	 dependent;	 blockade	 is	 augmented	 at	 less
negative	membrane	potentials	and	faster	heart	 rates.13	Thus,	 the	anticholinergic
properties	(eg,	tachycardia)	and	tissue	acidemia-producing	effects	(eg,	seizures,
hypotension)	 of	 these	 drugs	 potentiate	 their	 sodium	 channel	 blocking	 effects.
Although	 specifically	 demonstrated	 for	 sertindole	 and	 thioridazine,	 all
neuroleptics	 appear	 to	 variably	 antagonize	 delayed-rectifier,	 voltage-gated,
potassium	 channels	 responsible	 for	 myocardial	 membrane	 repolarization;
antagonism	occurs	specifically	at	the	potassium	channel	encoded	by	the	human
ether-a-go-go	 (hERG)	 gene.14	 Potassium-channel	 blockade	 is	 concentration-,
voltage-,	and	reverse-frequency	dependent;	blockade	is	increased	at	higher	tissue
concentrations,	 less	 negative	 membrane	 potentials,	 and	 slower	 heart	 rates.14



Potassium	 channel	 blockade	 may	 result	 in	 early	 after	 depolarizations	 and
subsequent	 torsade	 de	 pointes	 (TdP)–ventricular	 tachycardia.	 Haloperidol,
mesoridazine,	 thioridazine,	 and	 pimozide	 share	 an	 added	 property	 of	 calcium
channel	blockade.15

7 	 Electrophysiological	 effects	 variably	 include	 a	 depressed	 rate	 of	 phase	 0
depolarization,	depressed	amplitude	and	duration	of	phase	2,	and	prolongation	of
phase	3	repolarization.	Ventricular	repolarization	abnormalities,	such	as	T-wave
changes	 (blunting,	 notching,	 inversion),	 increased	 U-wave	 amplitude,	 and
prolongation	 of	 the	 QT	 interval,	 are	 the	 earliest	 and	 most	 consistent
electrocardiographic	 changes	 produced	 by	 neuroleptics.15,16	 Dose-related
prolongation	of	the	QT	interval	has	been	described	with	droperidol,	haloperidol,
loxapine,	 phenothiazines,	 pimozide,	 quetiapine,	 risperidone,	 sertindole,	 and
ziprasidone.9,14,16-19,21,22	 Conduction	 disturbances	 (eg,	 bundle-branch,	 fascicular,
intraventricular,	 and	 atrioventricular	 [AV]	 blocks)	 and	 supraventricular	 and
ventricular	 tachyarrhythmias	 (eg,	 monomorphic	 and	 polymorphic	 TdP
ventricular	tachycardia,	ventricular	fibrillation)	have	been	reported.9,18,23	Cardiac
effects	are	dose	and	concentration	dependent	but	can	occur	with	 therapeutic	as
well	as	toxic	doses.	Ventricular	tachyarrhythmias	and	asphyxia	(due	to	seizures,
aspiration,	 or	 respiratory	 depression)	 have	 been	 postulated	 as	 etiologies	 of
sudden	 death	 among	 patients	 taking	 therapeutic	 doses	 of	 antipsychotics,
particularly	phenothiazines.20,24

Antipsychotics	 produce	 dose-related	 electroencephalographic	 changes,	 and
some	 agents	 have	 been	 shown	 to	 lower	 the	 seizure	 threshold.25,26	 The	 risk	 of
seizures	 is	 dose	 related,	 and	 thus,	 greatest	 after	 overdose.26	 Chlorpromazine,
clozapine,	and	loxapine	are	the	most	likely	agents	to	produce	seizures.25,26	Most
other	 agents,	 however,	 are	 uncommonly	 associated	 with	 seizures,	 even	 after
overdose.	The	mechanism	by	which	antipsychotics	produce	seizures	is	not	well
understood	but	likely	involves	dose-related	blockade	of	norepinephrine	reuptake,
antagonism	 of	 gamma-aminobutyric	 acid	 type	 A	 receptors,	 effects	 on	 sodium
channels,	and	altered	neuronal	transmembrane	ionic	currents.

Antipsychotics	 have	 a	 relatively	 flat	 dose-response	 curve.	 Effective
therapeutic	doses	vary	over	a	wide	range	(see	Table	104.1).	The	optimal	dose	is
determined	by	the	clinical	response,	not	by	serum	drug	levels.	Pharmacological
effects	generally	 last	24	hours	or	more,	allowing	for	once-daily	dosing.	Tablet,
capsule,	 and	 liquid	 oral	 preparations,	 suppository,	 and	 injectable	 immediate-
release	 and	 sustained-release	 (depot)	 solutions	 are	 available.	Oral	 preparations
include	both	rapidly	disintegrating	(sublingual	absorption)	and	sustained-release
formulations.	Paliperidone,	the	active	metabolite	of	risperidone,	is	commercially
available	 in	 an	 extended-release	 oral	 preparation	 (Invega).	 Following	 a	 single



dose,	plasma	concentrations	gradually	rise	and	do	not	peak	until	approximately
24	 hours	 after	 dosing.27	 Slow-release,	 highly	 lipophilic	 depot	 formulations	 (ie,
fluphenazine	 enanthate	 and	 decanoate,	 haloperidol	 decanoate,	 paliperidone
palmitate)	 for	 intramuscular	 (IM)	 injection	 are	 created	 by	 esterifying	 the
hydroxyl	group	of	an	antipsychotic	with	a	long-chain	fatty	acid	and	dissolving	it
in	a	sesame	oil	vehicle.

Antipsychotic	 pharmacokinetics	 are	 complex	 and	 incompletely	 understood.
When	 administered	 orally,	 they	 are	 well	 absorbed,	 but	 bioavailability	 is
unpredictable	 (range:	 10%-70%)	 due	 to	 large	 interindividual	 variability	 and
presystemic	 (hepatic	 and	 intestinal)	 metabolism.28,29	 After	 parenteral
administration,	drug	bioavailability	is	4	to	10	times	greater	than	with	oral	dosing
because	 of	 the	 absence	 of	 first-pass	 metabolism.28,29	 Hence,	 therapeutic
intravenous	 (IV)	 or	 IM	 doses	 are	 substantially	 less	 than	 oral	 ones.	 Plasma
concentrations	peak	1	to	6	hours	after	therapeutic	oral	and	sublingual	dosing,	30
minutes	to	1	hour	after	immediate-release	IM	injection,	and	within	24	hours	after
oral	dosing	of	extended-release	preparations.	After	a	single	IM	dose	of	a	depot
preparation,	 plasma	 concentrations	 peak	 variably	 from	 a	 few	 days	 to	 over
2	weeks	after	 initial	 injection.27-29	After	oral	overdose,	absorption	should	occur
more	rapidly	(first-order	kinetics),	but	peak	plasma	concentrations	are	delayed,
as	more	time	is	required	for	complete	absorption.	As	a	result,	clinical	effects	are
expected	 to	 occur	 sooner	 and	 last	 longer.	 Erratic	 absorption	 may	 occur	 after
ingestion	of	agents	with	significant	anticholinergic	effects.

After	 absorption,	 antipsychotics	 are	 highly	 bound	 to	 plasma	 proteins
(75%-99%).28,29	 However,	 because	 they	 are	 also	 highly	 lipophilic,	 volumes	 of
distribution	are	large	(10-40	L/kg)	and	serum	drug	levels	after	therapeutic	doses
are	 quite	 low	 (one	 to	 several	 hundred	 ng/mL).	 These	 pharmacokinetic
characteristics	make	extracorporeal	 removal	by	hemodialysis	or	hemoperfusion
impractical.	 Antipsychotics	 tend	 to	 accumulate	 in	 the	 brain,	 easily	 cross	 the
placenta,	 and	 are	 found	 in	 breast	 milk.	 Elimination	 occurs	 slowly	 and
extensively	 by	 hepatic	 metabolism,	 with	 serum	 concentration	 half-lives
averaging	 20	 to	 40	 hours.	 Depot	 antipsychotics	 have	 an	 apparent	 elimination
half-life	of	1	to	3	weeks	due	to	slow	tissue	absorption.28	Small	amounts	(1%-3%)
are	 excreted	 unchanged	 by	 the	 kidney.	 As	 a	 rule,	 hepatic	 metabolism	 yields
multiple	metabolites,	some	of	which	are	pharmacologically	active	and	likely	to
extend	parent	drug	effects	after	 therapeutic	or	 toxic	dosing.30,31	Metabolites	 are
eliminated	by	urinary	and	biliary	excretion	and	can	be	detected	in	the	urine	for
several	days	after	a	single	ingestion	and	for	a	month	or	more	after	cessation	of
long-term	therapy.29	Large	 interindividual	 variations	of	 neuroleptic	metabolism
causes	 significant	differences	of	 steady-state	plasma	concentrations	with	 fixed,



therapeutic	 dosing.28,29,32	 There	 is	 often	 little	 correlation	 between	 neuroleptic
dose,	serum	concentrations,	and	clinical	effects.

Renal	insufficiency	may	rarely	cause	drug	accumulation	and	toxicity.33	Renal
excretion	accounts	 for	a	significant	proportion	of	 total	drug	elimination	for	 the
benzamide	 (eg,	 remoxipride,	 sulpiride)	 and	 benzisoxazole	 derivatives	 (eg,
paliperidone,	risperidone).27-29	Thus,	dose	alteration	is	recommended	for	patients
with	 renal	 insufficiency	 who	 regularly	 take	 these	 agents.	 Other	 neuroleptics,
however,	 do	 not	 routinely	 require	 dose	 alteration	 for	 patients	 with	 renal
impairment.	Dose	adjustment	is	also	recommended	for	those	patients	who	have	a
diminished	 ability	 to	 clear	 neuroleptics,	 such	 as	 the	 elderly	 and	 those	 with
significant	 hepatic	 disease	 or	 specific	 cytochrome	 P450	 (CYP)	 enzyme
deficiencies	 (ie,	 CYP2D6,	 CYP1A2).29	 Most	 antipsychotics	 are	 pregnancy
category	C	and	should	be	used	in	pregnancy	only	if	the	potential	benefit	justifies
the	 potential	 risk	 to	 the	 fetus.	 Breast	 feeding	 is	 not	 recommended	 for	women
taking	neuroleptics	because	most	neuroleptics	are	secreted	into	breast	milk,	and
their	safety	in	infants	is	not	established.

1 	The	majority	of	patients	who	take	an	accidental	or	intentional	overdose	of
an	 antipsychotic	 agent	 remain	 asymptomatic	 or	 develop	 only	 mild	 toxicity.3
Toxic	effects	result	from	exaggerated	pharmacological	activity	and	include	CNS
and	 consequent	 respiratory	 depression,	 miosis	 or	 mydriasis,	 cardiovascular
abnormalities,	agitation,	confusion,	delirium,	anticholinergic	 stigmata,	 seizures,
EPS,	 and	 myoclonic	 jerking.	 Hypothermia	 and,	 less	 commonly,	 hyperthermia
have	occurred.	Hypothermia	may	result	from	α	1-adrenergic–mediated	peripheral
vasodilation	 at	 low	 ambient	 temperature,	 hypotension,	 coma,	 loss	 of	 shivering
capabilities,	 and	 disrupted	 hypothalamic	 thermoregulation.	 Peripheral
vasodilation	at	high	ambient	temperature,	seizures,	neuromuscular	agitation,	loss
of	 sweating	 capabilities,	 and	 hypothalamic	 dysfunction	 may	 contribute	 to
hyperthermia.	 Seizures	 are	 uncommon	 and	 occur	 mainly	 among	 patients	 with
underlying	 epilepsy	 and	 those	 with	 clozapine	 and	 loxapine	 overdoses.	 In	 one
study	 of	 299	 patients	with	 neuroleptic	 overdose,	 the	 incidence	 of	 seizure	was
only	 1%.9	 Rhabdomyolysis,	myoglobinuria,	 and	 acute	 renal	 failure	may	 occur
after	 prolonged	 convulsions.34	 CNS	 depression	 is	 the	 most	 frequent	 clinical
finding	 after	 neuroleptic	 overdose.9	 Sinus	 tachycardia	 and	 orthostatic
hypotension	 are	 the	 most	 frequent	 cardiovascular	 findings.35	 Other
cardiovascular	 effects	 include	 hypertension,	 cardiac	 conduction	 disturbances,
tachyarrhythmias,	 bradyarrhythmias,	 and,	 rarely,	 pulmonary	 edema.36,37
Anticholinergic	 toxidrome	 (see	 Chapter	 101)	 may	 occur	 after	 overdose	 with
aliphatic	and	piperidine	phenothiazines,	clozapine,	and	olanzapine.3,38-40

Of	the	thousands	of	antipsychotic	overdoses	reported	each	year,	less	than	1%



cause	 fatal	 toxicity.8	 Fatality	 is	 most	 often	 due	 to	 respiratory	 arrest	 before
medical	 intervention,	 arrhythmias,	 or	 aspiration-induced	 respiratory	 failure.3,20
Toxic	 and	 lethal	 doses	 are	 highly	 variable	 and	 are	 influenced	 by	 the	 agent
ingested,	 the	 presence	 of	 coingestants	 and	 comorbid	 illness,	 the	 age	 and
habituation	of	 the	patient,	 and	 the	 time	 to	 treatment.	Nonhabituated	patients	 at
the	 extremes	of	 age	 are	more	 sensitive	 to	 the	 toxic	 effects	of	 these	drugs	 than
those	 who	 have	 taken	 this	 drug	 chronically	 before	 an	 acute	 overdose.	 The
ingestion	 of	 a	 single	 tablet	 of	 chlorpromazine,	 clozapine,	 loxapine,
mesoridazine,	 olanzapine,	 quetiapine,	 or	 thioridazine	 may	 cause	 CNS	 and
respiratory	 depression	 among	 young	 children.3,33,34,38	 Death	 of	 an	 infant	 was
reported	after	the	ingestion	of	only	350	mg	of	chlorpromazine.	In	general,	acute
ingestion	of	greater	than	twice	a	maximal	therapeutic	dose	is	potentially	serious.

Unintended	 adverse	 effects	 that	 occur	 during	 therapeutic	 use	 may	 be
idiosyncratic	or	dose	related,	occur	early	or	late	during	the	course	of	therapy,	or
result	 from	 interactions	 with	 other	 drugs,	 and	 are	 often	 due	 to	 receptor
antagonism.	The	major	 adverse	 side	effect,	 both	 in	 terms	of	prevalence	and	 in
terms	 of	 the	 distress	 that	 it	 causes,	 is	 the	 tendency	 to	 induce	 extrapyramidal
dysfunction.

Extrapyramidal	 syndromes	 are	 a	 group	 of	 movement	 disorders	 that	 result
from	 the	 interference	 with	 neurotransmitter	 (primarily	 D2-receptor	 blockade)
function	 in	 the	basal	ganglia.	EPS	occur	 in	up	 to	75%	of	patients	 treated	with
low-milligram,	 high-potency	 traditional	 agents	 (eg,	 fluphenazine,	 haloperidol,
thiothixene),	but	an	incidence	not	significantly	different	from	placebo	(<5%)	has
been	 described	 with	 newer	 atypical	 agents	 (eg,	 aripiprazole,	 olanzapine,
quetiapine).41	 EPS	 may	 occur	 early	 (ie,	 within	 a	 few	 hours	 to	 days),	 at	 an
intermediate	stage	(ie,	a	few	days	to	months)	or	late	(ie,	after	>3	months)	in	the
course	of	therapy.	Early	EPS	include	acute	dyskinesia	(acute	dystonic	reactions
[ADRs]),	 intermediate	 syndromes	 include	akathisia	 and	parkinsonism,	 and	 late
disorders	include	tardive	dyskinesia,	tardive	dystonia,	and	focal	perioral	tremor
(rabbit	syndrome).	EPS	are	more	commonly	associated	with	therapeutic	doses	of
neuroleptics	 but	 may	 follow	 acute	 overdose	 (eg,	 ADRs),	 particularly	 in
children.3,35,42	 Only	 ADRs,	 the	 acute	 syndrome	 most	 likely	 to	 develop	 in	 the
intensive	care	unit,	are	discussed.

ADRs	 are	 reversible	 motor	 disturbances	 consisting	 of	 sustained,
uncoordinated,	and	involuntary	spasmodic	movements	of	various	muscle	groups.
Although	ADRs	most	 often	 occur	 after	 administration	 of	 therapeutic	 doses	 of
antipsychotics,43	 they	 have	 also	 been	 described	 after	 administration	 of
antihistamines	 (both	 H1-	 and	 H2-blockers),	 anticholinergics	 (eg,	 benztropine,



diphenhydramine),	 anticonvulsants	 (eg,	 carbamazepine,	 phenytoin),	 calcium
channel	 blockers	 (eg,	 nifedipine,	 verapamil),	 metoclopramide,	 cyclic
antidepressants	 (eg,	 amitriptyline,	 amoxapine,	 doxepin,	 imipramine),	 selective
serotonin	 reuptake	 inhibitors	 (eg,	 fluoxetine,	 sertraline),	 monoamine	 oxidase
inhibitors	 (eg,	 phenelzine,	 tranylcypromine),	 anesthetic	 induction	 agents	 (eg,
ketamine,	 etomidate,	 thiopental),	 cholinergics	 (eg,	 bethanechol,	 insecticides),
and	cocaine.	ADRs	can	also	occur	as	a	primary	(non–drug-related)	disorder.44

The	 pathophysiology	 of	 ADRs	 is	 not	 fully	 elucidated	 but	 involves	 a
disruption	 of	 cholinergic	 (interstriatal)	 and	 dopaminergic	 (nigrostriatal)
pathways	 in	 the	 basal	 ganglia.	 Normally,	 dopamine	 is	 an	 excitatory
neurotransmitter	 and	 acetylcholine	 is	 an	 inhibitory	 neurotransmitter.45	 Normal
balance	 between	 these	 closely	 linked	 pathways	 is	 necessary	 for	 coordinated
muscular	 activity.	Dopaminergic	D1-,	 gamma-aminobutyric	 acid-(striatonigral),
glutaminergic-(corticostriatal),	 noradrenergic-,	 5HT1A-,	 and	 5HT2A-	 (raphe-
striatal	 and	 raphe-nigral),	 and	 sigma	 (σ)-	 (red	 nucleus,	 substantia	 nigra,	 and
cranial	nerve	motor	nuclei)	receptor	 inputs	modulate	 this	balance.11,46	Blockade
of	striatal	D2-receptors	by	high-potency	neuroleptics	disrupts	the	dopaminergic-
cholinergic	 balance	 in	 favor	 of	 cholinergic	 excess,	 and	 dystonia	 results.47,48
Agents	 that	 balance	D2-receptor	 antagonism	with	 D1-,	M1-,	 or	 5HT2A-receptor
antagonism	 or	 5HT1A-receptor	 agonism	 prevent	 striatal	 cholinergic	 excess	 and
are	 less	 likely	 to	 precipitate	 acute	 dystonia.1,11,49	 Gamma-aminobutyric	 acid-
receptor	 affinity	 correlates	 inversely,	 whereas	 σ-	 and	 N-methyl-d-aspartate-
glutamate	 receptor–binding	 affinities	 correlate	 directly	 with	 the	 clinical
incidence	of	acute	dystonia.46

Paradoxically,	 ADRs	 may	 also	 result	 from	 hyperdopaminergic	 function
induced	 by	 D2-receptor	 blockade	 in	 the	 basal	 ganglia.50,51	 Acute	 D2-receptor
blockade	 may	 stimulate	 increased	 dopamine	 synthesis	 and	 release	 from
nigrostriatal	 neurons	 and	 postsynaptic	 receptor	 upregulation	 (supersensitivity).
As	 brain	 concentration	 of	 drug	 declines	 hours	 to	 days	 after	 a	 dose,	 a	 state	 of
dopamine	excess	develops,	and	dystonia	results.50,51

3 	ADRs	usually	occur	soon	after	initiation	of	therapy	or	after	an	increase	in
dose.	Fifty	percent	of	ADRs	occur	within	48	hours	of	initiating	therapy,	and	90%
within	 5	 days.52	 Peak	 incidence	 occurs	 when	 drug	 levels	 are	 declining	 in	 the
serum.	Although	the	absolute	incidence	of	ADRs	is	unknown,	they	are	estimated
to	occur	in	25%	of	patients	treated	with	IM	depot	preparations,	16%	of	patients
who	have	been	given	haloperidol,	8%	of	patients	treated	with	thiothixene,	2%	to
12%	 of	 all	 patients	 who	 take	 phenothiazines,	 3.5%	 of	 patients	 treated	 with
chlorpromazine,	 and	 1%	 or	 less	 in	 patients	 taking	 atypical	 agents.47,52



Phenothiazines	 that	 contain	 a	 piperazine	 side	 chain	 (ie,	 prochlorperazine,
trifluoperazine,	perphenazine,	 fluphenazine,	and	acetophenazine)	are	associated
with	 a	 higher	 incidence	 of	 dystonic	 reactions	 than	 are	 other	 phenothiazines.52
Atypical	 agents	 (particularly	 clozapine)	 are	 unequivocally	 associated	 with	 a
reduced	 incidence	 of	ADRs.	The	 likelihood	 of	 an	ADR	 is	more	 dependent	 on
individual	 susceptibility	 than	 on	 neuroleptic	 structure,	 potency,	 dose,	 and
duration	 of	 therapy.53	 ADRs	most	 commonly	 occur	 among	men,	 patients	 5	 to
45	years	of	age	(particularly	those	younger	than	15	years	old),	and	those	with	a
personal	or	family	history	of	dystonia	or	a	recent	history	of	drug	(ie,	cocaine)	or
alcohol	abuse.52,54

Seizures	are	an	uncommon	side	effect	of	certain	antipsychotics	(eg,	clozapine,
chlorpromazine,	loxapine).	They	typically	occur	at	higher	therapeutic	doses	and
after	overdose	in	susceptible	patients.	Seizures	are	usually	generalized	and	of	the
major	motor	type.	Clozapine,	the	most	epileptogenic	agent	at	therapeutic	dosing,
is	 associated	 with	 a	 seizure	 rate	 of	 approximately	 1%	 at	 doses	 lower	 than
300	mg/d,	a	rate	of	2.7%	at	doses	between	300	and	600	mg/d,	and	a	rate	of	4.4%
with	 doses	 larger	 than	 600	 mg/d.	 A	 cumulative	 seizure	 risk	 of	 10%	 after
3.8	years	of	treatment	has	been	demonstrated	with	clozapine.36	Newer,	atypical
agents	 show	 no	 increase	 in	 seizure	 risk	 when	 compared	 with	 haloperidol	 or
placebo.	Other	risk	factors	for	seizures	include	a	history	of	organic	brain	disease,
epilepsy,	 electroconvulsive	 therapy,	 abnormal	 baseline	 electroencephalogram,
polypharmacy,	 and	 initiation	 and	 rapid	 dose	 titration	 of	 neuroleptics.26	 After
overdose,	the	incidence	of	seizures	is	as	high	as	60%	and	10%	for	loxapine	and
clozapine,	 respectively,	 whereas	 the	 incidence	 for	 most	 other	 neuroleptics	 is
approximately	1%.3,9

Agranulocytosis	 (absolute	 neutrophil	 count	 <500	 cells/µL)	 is	 a	 serious
idiosyncratic	side	effect	of	clozapine	and	phenothiazine	 therapy.	It	 is	 rare	(0.1-
1.0	 per	 1000	 persons)	 with	 phenothiazines	 and	 usually	 occurs	 in	 the	 first
12	weeks	 of	 therapy.55,56	 A	 cumulative	 risk	 of	 0.91%	 (9	 per	 1000	 persons)	 at
18	months	is	reported	with	clozapine;	more	than	80%	of	cases	occur	in	the	first
3	months.5,57	Initial	mortality	rates	associated	with	agranulocytosis	ranged	from
30%	to	85%,	but	with	regular	white	blood	cell	count	monitoring	and	treatment
with	 granulocyte	 colony–stimulating	 factor	 (G-CSF),	 mortality	 rates	 have
dropped	 to	 3%	 to	 4%.5,58,59	 The	 mechanism	 underlying	 clozapine-induced
agranulocytosis	 may	 be	 both	 immune	 mediated	 and	 the	 result	 of	 direct
myelotoxicity	 from	 the	 drug.	 G-CSF	 has	 been	 useful	 for	 treatment,	 halving
recovery	time	from	16	to	8	days.60	Agranulocytosis	has	not	been	reported	after
acute	overdose.	Neutropenia	has	also	been	associated	with	the	therapeutic	use	of
olanzapine,	quetiapine,	and	risperidone.61



Hepatic	 transaminitis	 is	 an	 adverse	 side	 effect	 of	 most	 antipsychotics.6
Hepatotoxicity	 is	 idiosyncratic,	 often	 occurs	 within	 the	 first	 3	 months	 of
treatment,	 and	 is	 usually	 mild	 and	 self-limiting	 (most	 patients	 remain
asymptomatic).	 The	 patterns	 of	 hepatoxicity	 are	 both	 hepatitic	 (including
nonalcoholic	steatohepatitis)	and	cholestatic.61,62

Most	 atypical	 neuroleptics	 result	 in	 an	 increased	 appetite	 and	 weight	 gain.
More	 importantly,	 and	perhaps	causally	 related,	 the	 therapeutic	use	of	 atypical
agents	 has	 been	 associated	 with	 an	 increased	 risk	 of	 developing	 2	 diabetes
mellitus.54-56,58-65	Several	cases	of	 fatal	diabetic	ketoacidosis	and	hyperglycemia
hyperosmolar	 nonketotic	 coma	 have	 been	 reported	 among	 patients	 taking
clozapine	 and	 olanzapine.66,67	 Pancreatitis	 has	 been	 associated	 with	 the	 use	 of
clozapine,	 and	 hypertriglyceridemia	 has	 been	 reported	 in	 patients	 treated	with
clozapine,	olanzapine,	and	quetiapine.53,57,68,69

Allergic	dermatitis,	cholestatic	jaundice,	irreversible	pigmentary	retinopathy,
photosensitivity	 reactions,	 and	 priapism	 are	 uncommon	 idiosyncratic	 reactions
associated	with	 phenothiazine	 therapy.6	Myocarditis	 and	 cardiomyopathy	 have
been	 rarely	 associated	 with	 the	 use	 of	 clozapine;	 these	 conditions	 are
idiosyncratic,	frequently	fatal,	often	occur	within	the	first	2	weeks	of	treatment,
and	are	likely	the	result	of	acute	hypersensitivity.7,70

Drug	interactions	and	adverse	effects	may	be	pharmacodynamic	(ie,	receptor
or	channel	mediated)	or	pharmacokinetic	(ie,	altered	absorption,	metabolism,	or
protein	 binding).71	 Combining	 antipsychotics	 with	 other	 CNS	 depressants	 (eg,
antihistamines,	cyclic	antidepressants,	ethanol,	opiates,	sedative-hypnotics)	may
produce	enhanced	CNS	and	 respiratory	depression.	Respiratory	depression	and
arrest	has	been	reported	with	the	coadministration	of	clozapine	and	lorazepam	or
diazepam.72,73	Exaggerated	anticholinergic	effects	may	occur	with	concurrent	use
of	tricyclic	antidepressants,	certain	skeletal	muscle	relaxants,	antihistamines,	and
antiparkinson	 agents.	 The	 combination	 of	 antipsychotics	 with	 significant	 α	 1-
adrenergic	 blockade	 and	 certain	 antihypertensive	 agents	 (eg,	 hydralazine,
prazosin)	may	precipitate	hypotension.	Enhanced	cardiotoxicity	may	occur	when
mesoridazine	or	thioridazine	is	combined	with	type	IA	antiarrhythmic	agents	or
tricyclic	 antidepressants.	 High-dose	 droperidol,	 haloperidol,	 sertindole,
thioridazine,	and	ziprasidone	may	potentiate	QT	prolongation	produced	by	other
cardioactive	agents.

Most	 antipsychotic	 agents	 are	 extensively	metabolized	 by	 the	 hepatic	 CYP
enzyme	system,	particularly	the	CYP2D6	and	CYP1A2	isoenzymes.	Other	drugs
that	 are	 substrates	 (ie,	 cyclic	 antidepressants),	 inhibitors	 (ie,	 cimetidine,
erythromycin,	 selective	 serotonin	 reuptake	 inhibitors),	 or	 inducers	 (ie,
anticonvulsants)	of	similar	CYP	isoenzymes	may	alter	antipsychotic	metabolism



and	precipitate	adverse	effects.	These	 interactions	often	go	unnoticed,	but	 they
may	be	clinically	 significant.	Cimetidine,	 erythromycin,	 and	 fluvoxamine	have
precipitated	 clinical	 clozapine	 toxicity	 from	 hepatic	 CYP1A2	 isoenzyme
inhibition.74,75	 Paroxetine	 may	 precipitate	 risperidone	 toxicity	 from	 CYP2D6
isoenzyme	 inhibition.	Knowledge	 of	 antipsychotic-associated	 drug	 interactions
facilitates	 recognition	 and	 treatment	 of	 these	 increasingly	 common	 iatrogenic
events.

CLINICAL	TOXICITY
Acute	 overdose	may	 result	 in	 nausea	 and	 vomiting	 soon	 after	 ingestion.	 CNS
and	cardiovascular	effects,	however,	usually	dominate	the	clinical	picture.3,9,22,35
In	mild	intoxication,	findings	include	ataxia,	confusion,	lethargy,	slurred	speech,
tachycardia,	and	hypertension	or	orthostatic	hypotension.	Anticholinergic	 signs
(eg,	 dry	 skin	 and	 mucosa,	 decreased	 bowel	 sounds,	 urinary	 retention)	 and
hyperreflexia	may	also	be	present.	Although	usually	considered	an	idiosyncratic
reaction,	EPS	(eg,	ADRs)	have	been	described	after	acute	neuroleptic	overdose,
particularly	 among	 children.3,35,42	 Electrocardiographic	 changes	 such	 as
prolonged	PR	 and	QT	 intervals,	 ST-segment	 depression,	 T-wave	 abnormalities
(biphasic,	blunting,	inversion,	notching,	widening),	and	increased	U	waves	may
be	seen.9,16,17	Other	 than	 sinus	 tachycardia,	 repolarization	 abnormalities	 are	 the
earliest	 and	 most	 common	 electrocardiographic	 findings	 associated	 with
neuroleptic	poisoning.9,16,17,76

Signs	 and	 symptoms	 of	 moderate	 poisoning	 include	 low-grade	 coma	 (see
Chapter	145),	respiratory	depression,	and	hypotension.	Miosis	or	mydriasis	may
occur.	Miosis	 is	more	 likely	 to	 occur	 following	 overdose	 of	 both	 atypical	 and
typical	agents;	it	has	been	described	in	75%	of	adults	and	72%	of	children	after
phenothiazine	 overdose.3,38,77	 Internuclear	 ophthalmoplegia	 has	 been	 reported.
Paradoxical	 agitation,	 delirium,	 hallucinations,	 psychosis,	 myoclonic	 jerking,
and	tachypnea	may	occur.3,38-40,78	Central	and	peripheral	anticholinergic	stigmata
frequently	 occur	 after	 overdose	with	 chlorpromazine,	 clozapine,	mesoridazine,
olanzapine,	and	thioridazine.3,38-40

In	severe	poisoning,	high-grade	coma	with	loss	of	most	or	all	reflexes,	apnea,
hypotension,	 seizures,	 and	 a	 variety	 of	 cardiac	 conduction	 disturbances	 and
arrhythmias	may	 develop.	 Conduction	 disturbances	 include	 all	 degrees	 of	 AV
block,	 bundle-branch	 and	 fascicular	 block,	 and	 nonspecific	 intraventricular
conduction	 delay.9,17,18,23,76	 Bradyarrhythmias	 occur	 uncommonly	 and,	 when
present,	 may	 signify	 impending	 respiratory	 arrest.	 Tachyarrhythmias	 include



sinus	 and	 supraventricular	 tachycardias,	 supraventricular	 and	 ventricular
premature	beats,	ventricular	tachycardia	and	fibrillation,	and	TdP.3,9,16-18,23,79	The
latter	arrhythmia	typically	occurs	in	the	setting	of	QT-interval	prolongation	and
has	 been	 described	 with	 amisulpride,	 droperidol,	 haloperidol,	 mesoridazine,
pimozide,	 and	 thioridazine.80	 TdP	 has	 also	 been	 described	 when	 critically	 ill
patients	 are	 given	haloperidol	 for	 sedation.	 In	 one	 study,	TdP	occurred	 among
3.6%	of	such	patients;	the	incidence	was	64%	in	those	given	greater	than	35	mg
of	haloperidol	in	less	than	6	hours	and	84%	when	given	to	those	with	a	corrected
QT	 (QTc)	 interval	 greater	 than	 500	ms.81	 TdP	 has	 been	 rarely	 associated	with
therapeutic	(usually	large)	doses	of	droperidol.18,82	Discovery	of	this	association
prompted	the	Federal	Drug	Administration	to	issue	a	“black	box”	warning	to	US
health	 care	 personnel	 for	 some	 antipsychotics	 related	 to	QT	 prolongation,	 and
for	all	antipsychotics	related	to	increased	overall	mortality	when	elderly	patients
with	dementia	are	 treated	with	antipsychotics.83	Serious	cardiovascular	 toxicity
occurs	more	commonly	when	piperidine	phenothiazines	have	been	ingested.9	 In
one	study	of	299	patients	with	neuroleptic	overdose,	thioridazine	was	associated
with	 a	 significantly	 greater	 incidence	 of	 prolonged	QRS,	 prolonged	QTc,	 and
arrhythmia	 as	 compared	 to	 other	 neuroleptics.9	 Electrocardiographic
abnormalities	or	obvious	cardiotoxicity	should	be	evident	within	several	hours	of
overdose.	 Newer	 agents	 alter	 cardiac	 conduction	 less	 frequently	 but	 are	 not
entirely	void	of	cardiotoxicity.	Prolonged	QRS	and	QT	intervals	and	hypotension
have	been	described	after	risperidone	overdose,	and	ventricular	tachycardia	has
occurred	 after	 remoxipride	 overdose.	 The	 new	 drug	 approval	 application	 for
sertindole	was	withdrawn	in	the	United	States	due	to	dose-related	prolongation
of	the	QT	interval	that	occurred	during	premarketing	trials	with	the	drug.21

Although	the	overall	seizure	incidence	is	about	1%	for	patients	that	overdose
on	 neuroleptics,	 the	 incidence	 is	 much	 greater	 following	 ingestion	 of
chlorpromazine,	 clozapine,	 loxapine,	 mesoridazine,	 and	 thioridazine.3,8,9
Occasionally,	hypothermia	or	hyperthermia	may	be	seen.84	Pulmonary	edema	has
been	 reported	 rarely	 as	 a	 complication	 of	 overdose	 with	 chlorpromazine,
clozapine,	haloperidol,	and	perphenazine.3,36,37	NMS	is	an	idiosyncratic	reaction
that	 rarely	 occurs	 after	 acute	 overdose.	 Acute	 overdose,	 however,	 may
infrequently	 produce	 a	 clinical	 picture	 (ie,	 the	 presence	 of	 hyperthermia,
autonomic	instability,	neuromuscular	hyperreactivity,	and	hypertonia)	that	could
be	 misinterpreted	 as	 NMS.	 Agents	 that	 produce	 anticholinergic	 effects	 (eg,
clozapine,	mesoridazine,	 olanzapine,	 thioridazine)	would	 be	more	 likely	 to	 do
this.

Loxapine	 poisoning	 results	 in	 an	 atypical	 clinical	 picture.	 Cardiovascular
effects	 are	 mild	 or	 absent,	 but	 convulsions	 are	 common	 and	 often	 lead	 to



rhabdomyolysis	and	subsequent	renal	failure.85
Following	overdose,	 toxic	 effects	 (eg,	CNS	depression)	begin	within	1	 to	2

hours,	maximal	severity	is	usually	evident	by	2	to	6	hours,	and	resolution	usually
occurs	by	24	to	48	hours	after	ingestion.	The	presentation	is	the	same	regardless
of	 age	 and	whether	 the	 overdose	 is	 acute	 or	 chronic.	 Early	 deaths	 are	 due	 to
respiratory	 arrest,	 arrhythmias,	 shock,	 or	 aspiration-associated	 respiratory
failure.	 Later	 complications	 include	 cerebral	 and	 pulmonary	 edema,
disseminated	 intravascular	 coagulation,	 rhabdomyolysis,	 myoglobinuric	 renal
failure,	and	infection.

6 	ADRs	are	characterized	by	abrupt	onset,	intermittent	and	repetitive	nature,
normal	 physical	 examination	 except	 for	muscular	 findings,	 a	 history	 of	 recent
neuroleptic	use,	 and	 rapid	 response	 to	 anticholinergic	drug	 therapy.47,52	Muscle
contractions	 may	 sometimes	 be	 sustained	 but	 usually	 last	 from	 seconds	 to
minutes.	They	may	be	focal	at	the	onset	and	then	spread	to	contiguous	muscles;
occasionally,	 they	 are	 generalized.86	 Patients	 remain	 alert	 and	 oriented	 during
these	reactions.

Although	 dystonia	 may	 occur	 in	 any	 striated	 muscle,	 one	 of	 five	 areas	 is
typically	 affected.47,52,87	 ADRs	 involving	 the	 muscles	 of	 the	 eye	 (oculogyric
crisis)	cause	upward	gazing,	 rotation	of	 the	eyes,	and	spasm	of	 the	 lids.	Those
involving	muscles	of	 the	tongue	and	jaw	(buccolingual	crisis)	produce	trismus,
protrusion	 of	 the	 tongue,	 dysphagia,	 dysarthria,	 and	 facial	 grimacing.
Contractions	of	muscles	of	the	neck	or	back	result	in	abnormal	head	positioning
(torticollic	 reactions)	 or	 arching	 and	 twisting	 of	 the	 torso	 (opisthotonic
posturing),	 respectively.	 When	 muscles	 of	 the	 abdominal	 wall	 are	 involved,
patients	 present	 with	 abdominal	 wall	 pain	 and	 spasm,	 bizarre	 gait	 patterns,
kyphosis,	and	 lordosis	 (tortipelvic	and	gait	crises).	Buccolingual	and	 torticollic
ADRs	are	the	most	common.52

Although	ADRs	are	 rarely	 life	 threatening,	 those	 involving	 the	 tongue,	 jaw,
neck,	and	chest	can	result	in	upper	airway	compromise	and	impaired	respiratory
mechanics.	Stridor	can	occur	in	those	with	buccolingual	and	torticollic	reactions.
Death	from	respiratory	failure	has	been	reported.88

DIAGNOSTIC	EVALUATION
2 	The	diagnosis	of	antipsychotic	poisoning	is	made	from	a	history	of	exposure,
physical	 findings,	 and	 supporting	 evidence	 from	 electrocardiographic,
laboratory,	 and	 other	 ancillary	 studies.	A	 complete	 history	 should	 be	 obtained
from	 the	patient	 as	well	 as	 the	person(s)	who	 found	or	brought	 the	patient	 (to



corroborate	the	patient’s	history).	As	with	all	drug	ingestions,	the	name,	quantity,
and	 time	 of	 ingestion	 of	 the	 drug(s)	 should	 be	 determined.	 For	 patients	 who
become	toxic	during	chronic	therapy,	a	recent	medication	or	dose	change	or	an
illness	may	be	responsible.	Patients	and	family	members	should	be	specifically
questioned	about	the	possibility	of	antipsychotic	exposure	when	signs	of	an	EPS
are	present.

Physical	 examination	 should	 focus	 on	 the	 vital	 signs,	 respiratory	 function,
and	 neurologic	 status.	 Physical	 findings	 that	 suggest	 neuroleptic	 poisoning
include	 CNS	 and	 respiratory	 depression,	 sinus	 tachycardia,	 miosis,
anticholinergic	stigmata,	orthostatic	hypotension,	and	the	presence	of	EPS.	The
patient	should	be	examined	for	evidence	of	coexisting	trauma.	An	initial	rhythm
strip	 and	 subsequent	 12-lead	 electrocardiogram	 (ECG)	 should	 be	 evaluated.
Arterial	 blood	gas	determinations	 and	 a	 chest	 radiograph	 should	be	ordered	 in
patients	 with	 significant	 CNS	 depression.	 An	 abdominal	 radiograph	 showing
radiopaque	 densities	 in	 the	 gastrointestinal	 (GI)	 tract	 may	 suggest
butyrophenone	 or	 phenothiazine	 poisoning	 if	 the	 etiology	 of	 symptoms	 is
unknown.	The	absence	of	this	finding,	however,	does	not	rule	out	poisoning	by
these	agents.	Routine	laboratory	evaluation	should	include	a	complete	blood	cell
count	 and	 electrolyte	 count	 and	 blood	 urea	 nitrogen,	 creatinine,	 and	 glucose
tests.	Measurements	of	serum	acetaminophen	and	salicylate	should	be	performed
on	 all	 patients	 with	 intentional	 overdose.	 For	 patients	 with	 seizures,
hyperthermia,	 and	 severe	 poisoning,	 laboratory	 evaluation	 should	 include
urinalysis	 (routine	 and	 for	 myoglobin);	 creatinine	 phosphokinase,	 calcium,
magnesium,	 and	 phosphate	 tests;	 and	 a	 coagulation	 profile.	 Women	 of
childbearing	age	should	have	a	pregnancy	test	performed.

2 	 Toxicological	 analysis	 of	 the	 urine	 and	 serum	 by	 immunoassay	 and
chromatography-mass	spectrometry	may	be	performed	to	confirm	the	identity	of
the	offending	agent	and	to	rule	out	other	ingestants.	Quantitative	drug	levels	are
not	 helpful	 in	 predicting	 clinical	 toxicity	 or	 guiding	 treatment.28,29,32	 Although
neither	 sensitive	 nor	 specific,	 or	 readily	 available,	 the	 Forrest,	 Mason,	 and
Phenistix	 colorimetric	 tests	 are	 rapid	 urine	 screens	 that	 may	 be	 positive	 with
phenothiazine	ingestions.89	These	tests,	however,	do	not	detect	nonphenothiazine
neuroleptic	 agents.	 Certain	 neuroleptics	 (eg,	 chlorpromazine,	 mesoridazine,
quetiapine,	 and	 thioridazine)	will	 commonly	 produce	 false	 positive	 results	 for
tricyclic	 antidepressants	on	most	 commercially	 available	 immunoassay	 screens
used	by	hospitals	to	test	for	drugs	of	abuse.90

Patients	 with	 ADRs	 should	 be	 questioned	 regarding	 current	 medications,
previous	ADRs,	recreational	drug	use,	and	change	in	the	dose	of	a	neuroleptic	or
other	medication	 associated	with	 this	 syndrome.	The	diagnosis	 is	made	on	 the



basis	of	history	of	drug	exposure	and	the	physical	examination.
A	complete	blood	cell	count	should	be	performed	on	patients	who	develop	a

fever	or	infection	while	taking	clozapine	or	phenothiazines.
Agents	 that	 cause	CNS	and	cardiovascular	 effects	 similar	 to	 those	 resulting

from	 antipsychotic	 poisoning	 include	 antiarrhythmic,	 anticholinergic,
anticonvulsant,	 antidepressant,	 antihistamine,	opioid,	other	psychotropic	 agents
(eg,	lithium,	bupropion)	and	sedative-hypnotics,	and	skeletal	muscle	relaxants.	It
may	be	impossible	to	distinguish	cyclic	antidepressant	or	type	IA	antiarrhythmic
agent	 poisoning	 from	 poisoning	 due	 to	 chlorpromazine,	 thioridazine,	 or
mesoridazine	 without	 toxicologic	 analysis.	 CNS	 infection,	 cerebrovascular
accident,	 occult	 head	 trauma,	 and	 metabolic	 abnormalities	 should	 also	 be
considered	in	the	differential	diagnosis.

The	 differential	 diagnosis	 of	 an	ADR	 includes	 primary	 dystonias,	 seizures,
cerebrovascular	accident,	encephalitis,	 tetanus,	hypocalcemia,	drug	intoxication
(especially	 anticholinergic,	 anticonvulsant,	 and	 strychnine),	 hysterical
conversion	reactions,	joint	dislocations,	meningitis,	hypomagnesemia,	torticollis,
and	alkalosis.

MANAGEMENT
All	patients	who	are	symptomatic	after	acute	overdose	should	be	observed	until
they	are	alert.	Those	with	mild	toxicity	can	often	be	managed	in	the	emergency
department	 or	 a	 similarly	 equipped	 observation	 unit.	 Those	 with	 protracted
hypotension,	 significant	 CNS	 depression	 or	 agitation,	 seizures,	 acid-base
disturbances,	nonsinus	arrhythmias,	and	cardiac	conduction	disturbances	should
be	 admitted	 to	 an	 intensive	 care	 unit.	 Patients	 with	 ECG	 abnormalities	 (eg,
prolonged	QRS	 or	 QTc	 intervals)	 who	 are	 otherwise	 asymptomatic	 should	 be
admitted	 to	 a	 cardiac	 monitored	 bed;	 such	 findings	 have	 been	 implicated	 in
sudden	death.

4 	Treatment	is	primarily	supportive.	The	tempo	and	sequence	of	interventions
depend	 on	 the	 clinical	 severity.	 Advanced	 life	 support	 measures	 should	 be
instituted	 as	 necessary,	 and	 underlying	 metabolic	 abnormalities	 corrected.	 All
patients	 require	 cardiac	 and	 respiratory	 monitoring.	 Vital	 signs	 should	 be
obtained	frequently.	Endotracheal	intubation	for	airway	protection	or	ventilatory
support	 may	 be	 required.	 Patients	 with	 seizures	 or	 hyperthermia	 should	 have
continuous	 (rectal	 probe)	 temperature	 monitoring.	 Those	 with	 altered	 mental
status	 should	 receive	 supplemental	 oxygen	 and	 be	 given	 a	 diagnostic	 trial	 of
naloxone	 (2	mg	 IV),	dextrose	 (25	g	 IV),	 and	 thiamine	 (100	mg	 IV).	Although



reversal	 of	 CNS	 depression	 after	 naloxone	 administration	 has	 been	 reported,91
such	 a	 response	 is	 inconsistent	 with	 the	 pharmacology	 of	 neuroleptics	 and
should	not	be	expected.

Hypotension	should	be	initially	treated	with	leg	raising	and	several	liters	(10-
40	 mL/kg	 IV)	 of	 normal	 saline.	 α	 1-adrenergic	 agonists	 (ie,	 norepinephrine,
phenylephrine)	 are	 first-line	 agents	 for	 treating	 refractory	 hypotension,
particularly	 in	 patients	 who	 have	 been	 poisoned	 by	 antipsychotics	 with
significant	α	1-adrenergic	blockade.	Central	venous,	intra-arterial,	and	pulmonary
artery	pressure	monitoring	may	be	necessary	for	optimal	management	of	patients
who	are	hemodynamically	unstable.

7 	Sinus	and	supraventricular	tachycardias	rarely	require	specific	treatment.	If
they	are	associated	with	hypotension,	correction	of	this	abnormality	is	often	all
that	is	necessary.	Sodium	bicarbonate	(1-2	mEq/kg	IV)	may	be	effective	and	is
strongly	 recommended	 for	 patients	 who	 have	 wide	 QRS	 complexes	 or
ventricular	 tachyarrhythmias.	 Amiodarone	 and	 electrical	 cardioversion	 are
alternative	treatments	for	patients	with	ventricular	tachyarrhythmias,	depending
on	hemodynamic	stability.	Type	IA	(eg,	disopyramide,	quinidine,	procainamide),
type	 IC	 (eg,	 propafenone),	 and	 type	 III	 (eg,	 amiodarone)	 antiarrhythmic	 drugs
are	 not	 recommended	 and	 are	 potentially	 dangerous;	 they	may	worsen	 cardiac
conduction	 abnormalities.92	 Prolonged	 QTc	 and	 TdP	 ventricular	 tachycardia
should	be	treated	with	magnesium	(50-100	mg/kg	IV	over	1	hour);	or	an	increase
in	 heart	 rate	 (overdrive	 pacing)	 should	 be	 treated	 using	 isoproterenol	 or
electricity.93	 Increasing	 the	heart	 rate	may	shorten	a	prolonged	QT	interval	and
thus	 facilitate	 conversion	 of	 this	 arrhythmia.	 The	 blood	 pressure	 should	 be
carefully	 monitored	 during	 isoproterenol	 administration,	 as	 it	 may	 cause	 or
worsen	 hypotension.	 A	 search	 for	 and	 correction	 of	 hypokalemia,
hypomagnesemia,	 and	 other	 electrolyte	 disturbances	 is	 requisite	 to	 the
management	 of	 TdP.	 Bradyarrhythmias	 associated	 with	 hemodynamic
compromise	 should	 be	 treated	 with	 atropine,	 epinephrine,	 dopamine,	 and
isoproterenol	 according	 to	 current	 advanced	 cardiac	 life	 support	 protocols.
Complete	heart	block	may	require	temporary	cardiac	pacing.

Recent	 literature	 supports	 the	 antidotal	 use	 of	 IV	 fat	 emulsions	 (IFEs)	 for
severe	 CNS	 or	 cardiovascular	 toxicity	 from	 highly	 lipophilic	 drugs.94	 IFE
infusions	may	create	a	“lipid	sink”	whereby	lipophilic	drugs	are	sequestered	in	a
newly	created	intravascular	lipid	compartment,	thereby	reducing	tissue	binding.
Alternatively,	 IFE	 infusions	 may	 restore	 myocardial	 function	 by	 providing
exogenous	fatty	acid	substrate	or	by	increasing	intracellular	calcium	for	myocyte
function.94	 In	 human	 case	 reports,	 IFE	 administration	 has	 been	 temporally



associated	 with	 attenuation	 of	 QTc	 prolongation	 and	 CNS	 depression	 from
quetiapine	 overdose.95	 The	 overwhelming	 majority	 of	 antipsychotic-overdose
patients	 do	 well	 with	 good	 supportive	 care	 and	 would	 not	 necessitate	 IFE
infusion	therapy.	ILE	treatment,	however,	should	be	strongly	considered	and	is
recommended	 for	 patients	 with	 severe	 and	 refractory	 cardiovascular	 or	 CNS
toxicity	 from	 antipsychotic	 drugs.	 IFE	 is	 commonly	 administered	 an	 IV	 bolus
followed	by	a	3-	to	24-hour	continuous	infusion.	A	reasonable	dosing	algorithm
for	 both	 adults	 and	 children	 is	 a	 1	 to	 2	 mL/kg	 IV	 bolus	 of	 20%	 IFE	 over	 1
minute	followed	by	0.25	to	0.5	mL/kg/min	continuous	IV	infusion	(total	dose	2	g
per	kg	per	day	IFE).94

5 	 Seizures	 are	 often	 self-limited	 and	 may	 not	 require	 specific	 treatment.
When	 seizures	 are	 prolonged	 or	 recurrent,	 they	 should	 be	 treated	 with
incremental	doses	of	diazepam	or	lorazepam	(initial	dose,	0.05-0.10	mg/kg	IV).
A	short-acting	barbiturate	(eg,	amobarbital,	10-15	mg/kg	IV	at	a	maximal	rate	of
100	mg/min)	or	a	long-acting	one	(eg,	phenobarbital,	20	mg/kg	IV	at	a	maximal
rate	of	30	mg/min)	may	sometimes	be	necessary.	The	effectiveness	of	phenytoin
is	 not	 established	 for	 neuroleptic-associated	 seizures.	 Refractory	 convulsions
may	 require	 the	 use	 of	 a	 paralyzing	 agent	 to	 prevent	 complications	 such	 as
hyperthermia	 and	 rhabdomyolysis.	 A	 nondepolarizing	 neuromuscular	 blocker,
such	as	pancuronium	(0.06-0.10	mg/kg	IV)	or	rocuronium	(0.6-1.2	mg/kg	IV),	is
recommended	 over	 succinylcholine.	 Continued	 treatment	 of	 seizures,	 as
indicated	 by	 electroencephalogram	monitoring,	 is	 necessary	 during	 therapeutic
paralysis.	 Diuresis	 and	 alkalinization	 of	 urine	 may	 be	 useful	 in	 preventing
myoglobinuric	renal	failure	for	patients	with	rhabdomyolysis	(see	Chapter	96).

Physostigmine	may	be	used	safely	and	effectively	 in	poisoned	patients	who
have	 significant	 peripheral	 or	 central	 anticholinergic	 stigmata	 (ie,	 agitated
delirium)	 and	 normal	 PR	 and	 QRS	 intervals	 on	 ECG	 (see	 Chapter	 101).40
Physostigmine	should	be	given	slowly	intravenously	(0.02	mg/kg	for	children	or
2	 mg	 in	 adults)	 over	 3	 minutes.	 Alternatively,	 agitated	 delirium	 from	 the
anticholinergic	 syndrome	 may	 be	 treated	 with	 benzodiazepines,	 although
outcomes	after	treatment	with	benzodiazepines	are	inferior.

After	stabilization,	GI	decontamination	should	be	performed	for	patients	with
acute	 ingestions.	Oral	activated	charcoal	 (1	g/kg)	with	or	without	a	cathartic	 is
the	preferred	method	for	 the	majority	of	patients.	Although	gastric	 lavage	may
possibly	benefit	comatose	patients	who	present	within	1	hour	of	drug	ingestion,
it	is	not	routinely	recommended	for	neuroleptic	overdose	for	which	the	mortality
rate	 is	very	 low.96	 If	performed,	gastric	 lavage	should	always	be	followed	with
activated	 charcoal	 administration.	 Because	 of	 decreased	 GI	 tract	 motility
resulting	 from	 poisoning,	 decontamination	 (activated	 charcoal	 administration)



may	be	of	benefit	many	hours	after	overdose.
Although	clinical	 improvement	was	 reported	during	combined	hemodialysis

and	charcoal	hemoperfusion,97	the	effect	was	transient,	and	measures	to	enhance
the	 elimination	 of	 neuroleptic	 agents,	 such	 as	 diuresis,	 dialysis,	 and
hemoperfusion,	 have	 not	 been	 shown	 to	 be	 pharmacokinetically	 effective.98,99
Repeated	oral	doses	of	activated	charcoal	are	of	potential	but	unproved	benefit.
Use	 of	 multidose	 charcoal	 is	 not	 recommended	 and	 potentially	 harmful	 for
patients	who	have	developed	an	ileus.

The	vast	majority	of	patients	with	neuroleptic	poisoning	recover	completely
within	 several	 hours	 to	 several	 days,	 depending	 on	 severity.	 Patients	 with
intentional	overdosage	require	psychiatric	evaluation	before	discharge.

Patients	 with	 respiratory	 distress	 secondary	 to	 ADRs	 should	 be	 given
supplemental	 oxygen.	Those	with	buccolingual	 and	 torticollic	 crises	 should	be
given	 nothing	 by	mouth,	 because	 doing	 so	 could	 precipitate	 choking.	Because
ADRs	 rarely	 result	 from	 an	 overdose,	GI	 tract	 decontamination	 is	 usually	 not
indicated	 and	 may,	 in	 fact,	 be	 hazardous	 because	 of	 the	 potential	 for	 airway
complications.

Administration	 of	 an	 anticholinergic	 agent	 readily	 reverses	 ADRs,
presumably	 by	 restoring	 the	 balance	 between	 cholinergic	 and	 dopaminergic
pathways	 in	 the	 basal	 ganglia.47	 Benztropine	 mesylate,	 1	 to	 2	 mg,	 or
diphenhydramine,	50	to	100	mg,	given	intravenously	over	1	to	2	minutes,	can	be
used.	Reversal	of	signs	and	symptoms	usually	occurs	within	a	 few	minutes.	 In
some	 cases,	 a	 second	 dose	 is	 needed	 for	 complete	 resolution.	 Benztropine
appears	to	be	more	effective	and	is	less	likely	to	cause	sedation	and	hypotension
than	 diphenhydramine	 and	 is	 the	 preferred	 agent	 for	 adults.100	 Although
benztropine	is	not	approved	for	administration	to	children	younger	than	3	years
of	age	because	of	 its	anticholinergic	effects,	 this	 is	precisely	the	desired	effect,
and	 its	 administration	 in	 small	doses	 (eg,	0.25-0.50	mg)	 is	 appropriate	 for	 this
situation.	 As	 an	 alternative,	 diphenhydramine	 (1	 mg/kg	 IV)	 can	 be	 used.
Benztropine	and	diphenhydramine	can	also	be	given	intramuscularly,	but	it	may
take	 30	 to	 90	minutes	 for	 the	ADR	 to	 resolve	when	 this	 route	 is	 used.	 Cases
resistant	 to	anticholinergic	agents	may	 respond	 to	diazepam	(0.1	mg/kg	 IV)	or
lorazepam	(0.05-0.10	mg/kg	IV).

Subsequent	therapy	with	an	oral	anticholinergic	agent	should	be	continued	for
48	to	72	hours.	Without	such	therapy,	 the	ADR	may	recur	because	it	may	take
several	days	to	eliminate	completely	the	agent	that	caused	it	and	the	duration	of
action	of	drugs	used	 to	 treat	 it	 is	much	 shorter.	 In	 addition	 to	benztropine	and
diphenhydramine,	biperiden	(2	mg	1-3	times	a	day),	trihexyphenidyl	(2	mg	twice
per	day),	or	amantadine	(100-200	mg	twice	per	day)	can	be	used	for	oral	therapy.



For	 reasons	already	noted,	benztropine	 (1-2	mg	 twice	per	day)	 is	 the	preferred
agent	 for	adults.	Children	younger	 than	3	years	can	be	given	diphenhydramine
(1	mg/kg	orally	three	or	four	times	per	day).	Although	patients	who	have	had	an
ADR	 are	 at	 increased	 risk	 for	 future	 ADRs,	 those	 requiring	 continued
antipsychotic	therapy	can	usually	continue	or	resume	taking	the	offending	agent
provided	they	are	also	maintained	on	anticholinergic	therapy.	As	an	alternative,
they	can	be	switched	to	atypical	antipsychotic	with	less	dopaminergic-blocking
activity.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	28-year-old	man	presents	after	overdosing	on	aripiprazole.	Time	since
ingestion	is	unknown.	His	heart	rate	is	120	beats/min,	blood	pressure	82/58	mm
Hg,	respiratory	rate	18	breaths/min,	temperature	37	°C,	and	oxygen	saturation
98%	on	room	air.	His	skin	is	warm	and	dry,	with	some	axillary	sweat	present.
His	mental	status	is	slightly	depressed	but	he	does	arouse	with	stimulation.
Pupils	are	2	to	3	mm	bilaterally	and	reactive.	Reflexes	are	2+	symmetrically.	An
ECG	demonstrates	PR	of	180	ms,	QRS	of	116	ms,	and	QTc	of	420	ms.	What	is
the	most	appropriate	next	step	in	management?

A. 	Activated	charcoal	via	nasogastric	tube
B. 	Intravenous	crystalloid	fluid	bolus
C. 	Naloxone	0.4	mg	IV
D. 	Physostigmine	2	mg	IV

2. 	A	44-year-old	woman	presents	after	an	overdose	of	haloperidol.	Her	vital
signs	are	heart	rate	105	beats/min,	blood	pressure	116/58	mm	Hg,	respiratory
rate	of	20	breaths/minute,	temperature	37.2	°C,	and	oxygen	saturation	97%	on
room	air.	Her	mental	status	appears	normal.	Pupils	are	4	mm	bilaterally	and
reactive.	Her	skin	is	warm	with	some	axillary	sweat	present.	Reflexes	are	2+
symmetrically.	An	ECG	demonstrates	PR	of	180	ms,	QRS	of	106	ms,	and	QTc
of	610	ms.	What	is	the	most	appropriate	next	step	in	management?

A. 	Amiodarone	150	mg	bolus	followed	by	continuous	infusion
B. 	Hypertonic	saline
C. 	Magnesium	IV



D. 	Oral	propafenone

3. 	A	72-year-old	man	with	a	history	of	mild	dementia	with	agitation,
coronary	artery	disease,	hyperlipidemia,	non–insulin-dependent	diabetes
mellitus,	and	peripheral	artery	disease	is	brought	in	from	home	after	consuming
1	week’s	worth	of	his	medications.	Those	medications	include	lisinopril,
atorvastatin,	metformin,	and	quetiapine.	His	heart	rate	is	94	beats/min,	blood
pressure	134/78	mm	Hg,	respiratory	rate	18	breaths/min,	temperature	36.8	°C,
oxygen	saturation	94%	on	room	air,	and	finger	stick	glucose	of	140	mg/dL.	His
examination	reveals	him	to	be	awake	and	alert.	He	is	oriented	to	person,	place,
and	year.	He’s	not	sure	why	he’s	in	the	emergency	department.	His	physical
exam	is	entirely	normal.	An	ECG	demonstrates	a	rate	of	94,	PR	of	160	ms,	QRS
of	96	ms,	and	QTc	of	400	ms.	A	urine	drug	of	abuse	test	is	reflexively	sent	by
the	nurse,	and	it	results	as	positive	for	tricyclic	antidepressants	(TCAs).	What	is
the	most	appropriate	next	step	in	management?

A. 	Anti-TCA	monoclonal	antibody	infusion
B. 	Benzodiazepines	IV
C. 	Continued	monitoring	and	supportive	care
D. 	Intralipid	therapy

Answers

1.	The	correct	answer	is	B.
Rationale:	 This	 patient	 has	 hypotension	 and	 mild	 tachycardia,	 common

manifestations	 of	 large	 antipsychotic	 overdoses,	 which	 should	 be	 treated	 with
volume	repletion	(choice	B	is	correct).	Given	the	unknown	time	from	ingestion
and	the	presence	of	clinical	effects,	there	is	no	indication	for	activated	charcoal
now	 via	 any	 route	 (choice	 A	 is	 incorrect).	 This	 patient’s	 presentation	 is	 not
consistent	 with	 opioid	 effects,	 so	 there	 is	 no	 role	 for	 naloxone	 (choice	 C	 is
incorrect).	 While	 this	 patient	 may	 have	 some	 degree	 of	 anticholinergic
toxidrome,	 the	 presence	 of	 axillary	 sweat	 and	 nonmydriatic	 pupils	 suggest	 he
does	not	need	physostigmine	at	this	time	(choice	D	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	This	patient	has	an	increased	QT	interval	due	to	haloperidol.	Initial

treatment	of	prolonged	QT	interval	in	a	stable	patient	is	the	administration	of	IV
magnesium	(choice	C	is	correct).	Other	electrolytes	should	also	be	normalized,
particularly	 potassium.	 In	 the	 absence	 of	 torsade	 de	 pointes,	 there	 is	 no



indication	 for	cardiac	pacing.	Neither	amiodarone	nor	propafenone	have	a	 role
during	 the	 treatment	 of	 prolonged	 QT	 in	 the	 absence	 of	 a	 ventricular
dysrhythmia	(choices	A	and	D	are	incorrect).	Hypertonic	saline	also	has	no	role
for	 the	 treatment	of	 this	 patient	 in	 the	 absence	of	 a	marked	QRS	prolongation
(choice	B	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	 This	 clinically	 stable	 patient	 is	 best	 served	 by	 continued

monitoring	and	support	(choice	C	is	correct).	Quetiapine	is	well	known	to	cause
false-positive	urine	TCA	drug	testing	results.	The	patient’s	medication	list	does
not	 include	 a	 TCA,	 and	 his	 physical	 examination	 is	 not	 consistent	 with	 TCA
effects.	 Therefore,	 anti-TCA	 monoclonal	 antibody	 infusion	 or	 intralipid
treatments	 are	 not	 indicated	 (choices	A	 and	D	 are	 incorrect).	 There	 is	 also	 no
indication	 for	 benzodiazepine	 therapy	 at	 this	 point	 in	 time	 (choice	 B	 is
incorrect).
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Chapter	105
β-Blocker	Poisoning
Shan	Yin,	Javier	C.	Waksman

KEY	POINTS:
1.	 β-Receptors	are	primarily	located	in	the	heart,	vasculature,	and

lungs.
2.	 β-Blocker	toxicity	primarily	affects	the	cardiovascular	system—

bradycardia,	hypotension,	dysrhythmias,	and	reduced	inotropy.
3.	 Toxicity	of	some	β-blockers	may	manifest	as	seizures	(propranolol,

metoprolol),	tachycardia	and	hypertension	(pindolol),	and	QRS
widening	(propranolol).

4.	 β-Blocker	toxicity	is	a	clinical	diagnosis.
5.	 Treatment	of	β-blocker	toxicity	is	supportive;	there	is	no	specific

antidote.
6.	 Some	β-blockers	(eg,	propranolol,	carvedilol,	pindolol,	and

acebutolol)	also	affect	cardiac	sodium	channels	producing
membrane-stabilizing	effects	that	result	in	wide	QRS	complexes	and
are	treated	with	intravenous	sodium	bicarbonate.

7.	 Conventional	treatments	(intravenous	fluid,	vasopressors)	for
hypotension	may	be	inadequate	to	treat	severe	β-blocker	toxicity.

8.	 Unconventional	therapies	such	as	hyperinsulinemia	euglycemia
treatment	as	well	as	lipid	emulsion	therapy	have	been	used	as
adjunct	treatment	for	β-blocker	toxicity.

9.	 Hemodialysis	may	be	useful	for	rapid	removal	of	some	β-blockers
(eg,	atenolol,	nadolol,	practolol,	and	sotalol).

10.	 Extracorporeal	membrane	oxygenation	should	be	considered	when
there	is	inadequate	response	to	conventional	and	unconventional
therapies.



INTRODUCTION
Since	 1958,	 when	 dichloroisoprenaline,	 the	 first	 β-adrenergic	 blocker,	 was
synthesized,	 more	 than	 a	 dozen	 β-blockers	 have	 been	 introduced	 into	 the
international	 pharmaceutical	markets.	 β-Blockers	 are	 used	 to	 treat	 a	 variety	 of
disorders	 (eg,	 hypertension,	 angina,	 dysrhythmias,	 heart	 failure,	 and	 migraine
headaches).	β-Blocker	toxicity	may	result	from	oral,	parenteral,	and	ophthalmic
use.

PHARMACOLOGY
1β-Blockers	act	by	competitively	inhibiting	epinephrine	and	norepinephrine
binding	to	β-adrenergic	receptors	(also	called	β-receptors)	in	the	heart	(β	1	),
blood	vessels	(β	2	),	bronchioles	(β	2	),	and	other	organs	 (Table	105.1).	When
catecholamines	 bind	 to	 the	 β-receptor,	 a	 G-protein-coupled	 receptor,	 activates
phosphodiesterase	 and	 increases	 cytoplasmic	 cyclic	 adenosine	monophosphate
(cAMP).	This	in	turn	leads	to	modification	of	cellular	processes	and	changes	in
ionic	 channel	 conductance.	 β-Blockers	 inhibit	 β-receptor	 signaling,	 ultimately
decreasing	the	production	of	cAMP.1

TABLE	105.1

Distribution	and	Function	of	β-Receptors

Receptor
Subtype Location Response	to	Stimulation

β1 Eye Aqueous	humor	production

Heart Increased	automaticity,	conduction	velocity,
contractility,	and	refractory	period

β2 Kidney Renin	production

Blood
vessels

Smooth	muscle	contraction

Bronchioles Smooth	muscle	contraction



Fat Lipolysis

Liver Gluconeogenesis,	glycogenolysis

Pancreas Insulin	release

Skeletal
muscle

Increased	tone,	potassium	uptake

Uterus Smooth	muscle	relaxation

β-Blockers	 are	 usually	 rapidly	 absorbed	 after	 oral	 administration.	 The	 β-
blocker	 dose	 that	 results	 in	 toxicity	 depends	 on	 variables	 such	 as	 sympathetic
tone	and	metabolic	capacity	of	 the	person	and	 the	pharmacologic	properties	of
the	particular	β-blocker.1	The	first	signs	of	toxicity	may	appear	20	minutes	after
ingestion,	with	peak	effects	typically	occurring	1	to	2	hours	after	an	immediate-
release	preparation	overdose.	Absorption	of	modified-release	formulations	may
be	 erratic	 after	 an	 overdose	 and	 clinical	 toxicity	may	be	 significantly	 delayed.
The	duration	of	toxicity	may	be	several	days.1

β-Blockers	differ	in	their	pharmacologic	and	pharmacokinetic	profiles	(Table
105.2).	The	half-life	of	a	β-blocker	may	be	significantly	prolonged	for	a	patient
with	hepatic	and/or	renal	dysfunction.1	 Intrinsic	heart,	kidney,	and	liver	disease
as	well	as	concomitant	use	of	xenobiotics	with	similar	pharmacological	activity
increases	the	risk	of	toxicity.	Cardioselectivity	of	β-blockers	diminishes	at	high
doses	and	membrane-stabilizing	effects,	which	are	minimal	at	therapeutic	doses,
assume	a	more	important	role.1	Exaggerated	membrane-stabilizing	activity	may
account	 for	 central	 nervous	 system	 (CNS)	 and	 myocardial	 depressant
manifestations	of	β-blocker	toxicity.

TABLE	105.2

Pharmacologic	and	Pharmacokinetic	Properties	of	β-
Adrenergic	Blocking	Agents

Agent
Adrenergic
Receptor-
Blocking
Activity

Intrinsic
Sympathomimetic
Activity

Lipid
Solubility

Extent	of
Absorption
(%)



Acebutolol β1a + Low 90

Atenolol β1a 0 Low ≈50

Betaxolol β1a 0 Low 100

Bisoprolol β1a 0 Low ≥90

Esmolol β1a 0 Moderate NA

Metoprolol,
long-acting

β1a 0 Moderate 95

Carteolol β1,	β2 ++ Low 80

Nadolol β1,	β2 0 Low 30

Penbutolol β1,	β2 + High ≈100

Pindolol β1,	β2 +++ Moderate 95

Propranolol,
long-acting

β1,	β2 0 High 90

Sotalol β1,	β2 0 Low No	data



Timolol β1,	β2 0 Low	to
moderate

90

Carvedilol β1,	β2,	α1 0 High NA

Labetalol β1,	α1 0 Moderate 100

0,	none;	+,	low;	++,	moderate;	+++,	high;	NA,	not	applicable	(available	intravenously	only).
Based	on	Olin	BR,	Hebel	SK	(eds).	Drug	Facts	and	Comparisons.	Facts	and	Comparisons,	Inc;
1997;	Hardman	J,	Limbird	L,	Molinoff	P	et	al.	(eds).	Goodman	and	Gilman’s	Pharmacological
Basis	of	Therapeutics.	9th	ed.	McGraw-Hill;	1996.
aInhibits	β2	receptors	(bronchial	and	vascular)	at	higher	doses.
bIn	elderly	hypertensive	patients	with	normal	renal	function,	t	½	is	variable	(7-15	h).

CLINICAL	TOXICITY
2The	 major	 clinical	 manifestations	 of	 β-blocker	 toxicity	 are	 the
cardiovascular	 system.	 In	 addition,	 CNS	 effects	 are	 common.	 Respiratory,
peripheral	vascular,	and	metabolic	(eg,	hypoglycemia	and	hyperkalemia)	effects
have	been	infrequently	reported.1,2

3 	 Patients	 with	 severe	 poisoning	 frequently	 present	 with	 bradycardia	 and
hypotension.	Tachycardia	and	hypertension	have	been	reported	with	agents
possessing	 intrinsic	 sympathomimetic	activity,	particularly	pindolol.1	 Heart
failure	and	pulmonary	edema	have	been	infrequently	reported	and	mainly	occur
among	 patients	 with	 underlying	 cardiovascular	 disease.3	 Electrocardiographic
manifestations	may	 include	 prolonged	 PR	 interval,	 intraventricular	 conduction
delay,	 progressive	 atrioventricular	 heart	 block,	 nonspecific	 ST-segment	 and	 T-
wave	 changes,	 early	 repolarization,	 prolonged	 QTc,	 and	 asystole.4-6	 Sotalol
toxicity	 may	 cause	 ventricular	 tachycardia,	 torsades	 de	 pointes,	 ventricular
fibrillation,	and	multifocal	ventricular	extrasystoles.7	Labetalol	also	has	mild	α-



receptor-blocking	properties	 (7:1	β:α	when	administered	 intravenously,	3:1	β:α
when	 administered	 orally),	 may	 cause	 hypotension,	 possibly	 from	 decreased
peripheral	resistance.

Depressed	 level	 of	 consciousness,	 ranging	 from	 drowsiness	 to	 coma	 with
seizures,	 is	 another	 common	 feature	 of	 β-blocker	 toxicity.	 Significant	 CNS
depression	has	been	 reported	 in	 the	 absence	of	 cardiovascular	 compromise1	 or
hypoglycemia	and	may	be	due	to	direct	membrane	stabilizing	effects.8	Cerebral
hypoperfusion,	 hypoxia,	 and	 metabolic	 or	 respiratory	 acidosis	 frequently
contribute	 to	 CNS	 toxicity.	 β-Blockers	 with	 high	 lipid	 solubility	 (eg,
propranolol,	 metoprolol)	 appear	 more	 likely	 to	 cause	 CNS	 effects	 than	 those
with	low	lipid	solubility	(eg,	atenolol).9

Bronchospasm	 is	 a	 relatively	 rare	 consequence	 of	 β-blocker	 poisoning	 and
usually	 occurs	 among	 patients	 with	 preexisting	 pulmonary	 disease.	 In	 most
instances,	respiratory	depression	appears	to	be	a	consequence	of	CNS	effects.10,11

Hypoglycemia	 is	 an	 uncommon	 complication	 of	 β-blocker	 poisoning.	 It
appears	to	be	more	common	in	diabetics,	children,	and	uremic	patients,	and	it	is
the	consequence	of	impaired	glycogenolysis	and	hepatic	gluconeogenesis.12	The
catecholamine-mediated	 neurogenic	 hypoglycemic	 signs	 and	 symptoms	 (eg,
tachycardia,	 palpitations,	 irritability,	 tremor)	may	 be	masked	 during	 β-blocker
therapy;	diaphoresis	may	be	the	only	symptom	of	hypoglycemia.

DIAGNOSTIC	EVALUATION
4 	 The	 patient’s	 history	 should	 include	 the	 time,	 amount,	 and	 formulation	 of
drugs	 ingested;	 the	 circumstances	 involved;	 time	 of	 onset	 and	 nature	 of
symptoms;	and	treatments	rendered	before	arrival,	as	well	as	underlying	health
problems.	 β-Blocker	 poisoning	 may	 be	 difficult	 to	 recognize,	 especially	 in	 a
polypharmacy	overdose.1	β-Blocker	toxicity	is	a	clinical	diagnosis	and	should
be	suspected	among	patients	in	whom	hypotension,	depressed	mental	status,
or	 seizures	 suddenly	 develop	 or	 who	 have	 bradycardia	 resistant	 to
conventional	 doses	 of	 chronotropic	 drugs	 (eg,	 atropine,	 epinephrine).
Evaluation	of	patients	with	 suspected	β-blocker	poisoning	 should	begin	with	a
complete	 set	 of	 vital	 signs	 including	 oxygen	 saturation,	 continuous	 cardiac
rhythm	 monitoring,	 and	 a	 12-lead	 electrocardiogram.	 Physical	 examination
should	focus	on	the	cardiovascular,	pulmonary,	and	neurological	systems.	Vital
signs	and	physical	examination	should	be	frequently	repeated.

Serum	 β-blocker	 levels	 may	 help	 confirm	 the	 diagnosis,	 but	 are	 generally
unavailable	in	time	to	be	clinically	useful.	In	addition,	differences	of	individual



patient	 metabolism	 and	 sympathetic	 tone	 may	 make	 interpretation	 of	 blood
levels	difficult.1,2	A	serum	and	urine	specimen	can	be	saved	for	 later	 testing	 in
forensic	cases.	Laboratory	investigations	should	include	electrolytes,	blood	urea
nitrogen,	 creatinine,	 bicarbonate,	 and	 glucose.	Arterial	 blood	 gas	 and	 imaging
studies	 should	 be	 obtained	 as	 clinically	 indicated.	 Serum	 acetaminophen	 and
aspirin	levels	should	be	obtained	in	patients	with	suicidal	ideation.

The	 differential	 diagnosis	 of	 β-blocker	 toxicity	 includes	 antidysrhythmic
drugs,	 calcium	 channel	 blockers,	 cholinergic	 agents,	 clonidine,	 digitalis,
narcotics,	 sedative	 hypnotics,	 and	 tricyclic	 antidepressants.	 Anaphylactic,
cardiogenic,	hypovolemic,	and	septic	shock	should	also	be	considered.

MANAGEMENT
5Treatment	 is	 primarily	 supportive.	 This	 may	 include	 prompt	 endotracheal
intubation	 and	 mechanical	 ventilation	 and	 management	 of	 life-threatening
bradydysrhythmias,	 hypotension,	 bronchospasm,	 and	 seizures.	 These	 attempts
should	 precede	 measures	 (as	 described	 later)	 used	 to	 prevent	 or	 reduce	 drug
absorption.	 A	 bedside	 blood	 glucose	 determination	 or,	 alternatively,	 an
intravenous	 bolus	 of	 glucose	 (50	 mL	 of	 dextrose	 50%	 in	 water	 in	 adults;
5	mL/kg	of	dextrose	10%	in	water	[D10W]	in	children)	as	well	as	naloxone	2	mg
should	be	considered	for	patients	with	altered	mental	status.

Activated	 charcoal	 is	 the	 preferred	 method	 for	 gastrointestinal
decontamination.	Gastric	lavage	has	not	been	shown	to	improve	outcomes	after
poisoning	in	general	and	should	not	be	used	routinely	but	should	be	considered
for	recent	life-threatening	ingestions	of	patients	who	have	not	already	vomited.13
Whole-bowel	 irrigation	with	 polyethylene	 glycol	 at	 a	 rate	 of	 2	 L/h	 until	 clear
rectal	 effluent	 may	 be	 considered	 for	 gastrointestinal	 decontamination	 in
modified-release	formulation	overdoses.

7 	Hypotension	caused	by	β-blocker	toxicity	may	be	due	to	bradycardia,	poor
inotropy,	 and/or	 vasodilation.	Bradycardia	may	 respond	 to	 a	 vagolytic	 dose	 of
atropine	 (0.04	 mg/kg);	 atropine	 may	 potentiate	 vasopressor	 effects	 of
norepinephrine.	Treatment	of	hypotension	begins	with	 judicious	administration
of	intravenous	crystalloid	fluids	followed	by	administration	of	an	inotrope	and/or
a	 vasopressor	 (eg,	 glucagon,	 epinephrine,	 norepinephrine)	 based	 on	 patient’s
hemodynamic	 profile.14	 Vasopressors	 by	 themselves	 may	 have	 a	 deleterious
effect	 if	 there	 is	 significant	 cardiogenic	 shock	 induced	 by	 β-blocker	 toxicity.
Conventional	 treatments	 (intravenous	 fluid,	 vasopressors)	 for	 hypotension
may	 be	 inadequate	 to	 treat	 severe	 β-blocker	 toxicity.	 If	 poor	 inotropy	 is



present	 and	 the	 patient	 remains	 hypotensive,	 high-dose	 insulin	 treatment	 is
recommended	(see	“Hyperinsulinemia	Euglycemia	Treatment”	section).

Patients	 with	 β-blocker	 overdose	 who	 have	 abnormal	 vital	 signs,	 altered
mental	 status,	 or	 dysrhythmias	 on	 presentation	 should	 be	 admitted	 to	 an
intensive	 care	 unit.	 Patients	 should	 be	 referred	 for	 psychiatric	 evaluation	 and
disposition	 following	 an	 intentional	 overdose	 or	 discharged	 in	 the	 care	 of	 a
reliable	provider	after	a	therapeutic	misadventure.

Calcium
The	goal	of	calcium	therapy	is	to	increase	extracellular	calcium	concentrations.
Calcium	 chloride	 has	 demonstrated	 effectiveness	 (eg,	 improved	 cardiac	 index
and	stroke	volume)	in	a	canine	model	of	propranolol	toxicity,	but	no	response	to
propranolol-induced	bradycardia	 or	QRS	prolongation.15	Calcium	 chloride	was
reported	 to	 restore	 blood	 pressure	 during	 electromechanical	 dissociation	 in	 a
patient	 with	 atenolol	 toxicity.16	 However,	 responses	 to	 calcium	 therapy	 are
variable	 and	 often	 short-lived,	 and	 patients	 with	 significant	 β-blocker	 toxicity
usually	fail	to	improve	with	calcium	therapy	alone.

Glucagon
Although	 there	 are	 no	 controlled	 human	 trials	 of	 glucagon	 treatment	 for	 β-
blocker	 toxicity,	 glucagon	 has	 been	 reported	 to	 be	 effective	 for	 reversing
hypotension	and	bradycardia	 in	multiple	case	reports.17,18	Glucagon	 is	 typically
administered	as	an	initial	bolus	(50	μg/kg	over	1-2	minutes;	3-5	mg	in	a	70-kg
person)	 in	 5%	dextrose	 in	water.	 If	 there	 is	 no	 response,	 higher	 doses	may	be
necessary	and	up	to	10	mg	has	been	used	in	an	adult.	Glucagon	has	a	half-life	of
20	 minutes,	 so	 a	 continuous	 intravenous	 infusion	 is	 needed	 if	 the	 bolus	 is
successful	in	improving	hemodynamic	parameters.	The	continuous	infusion	rate
is	set	at	the	successful	bolus	rate	(ie,	if	a	10	mg	bolus	was	successful	following
an	unsuccessful	5	mg	bolus,	the	infusion	would	be	15	mg/h).	The	dose	should	be
tapered	once	the	patient’s	clinical	condition	improves.	The	mechanism	by	which
glucagon	 produces	 positive	 inotropic	 and	 chronotropic	 effects	 on	 the	 heart	 is
believed	 to	 be	 activation	 of	 the	 adenyl	 cyclase	 pathway,	 which	 converts
adenosine	 triphosphate	 to	 cAMP	 through	 an	 independent	 receptor,	 changing
membrane	 ion	 conductivity,	 altering	 calcium	 influx,	 and	 augmenting
contractility	in	the	presence	of	complete	β-receptor	blockade.17



Phosphodiesterase	Inhibitors
In	the	treatment	of	β-blocker	toxicity,	concurrent	use	of	multiple	agents	may	be
effective	when	a	single	agent	 is	 ineffective.	Although	promising	based	on	their
mechanism	 of	 action,	 phosphodiesterase	 inhibitors	 such	 as	 amrinone,	 which
inhibits	 the	 breakdown	 of	 cAMP	 to	 AMP,	 have	 not	 proven	 to	 be	 superior	 to
glucagon	 for	 reversing	 the	 hemodynamic	 effects	 of	 propranolol	 toxicity	 in	 a
canine	model.19	It	has	been	suggested	that	phosphodiesterase	inhibitors	might	be
useful	when	 available	 glucagon	 is	 limited.19	 In	 case	 reports	 of	metoprolol	 and
propranolol	 toxicity,	 the	 use	 of	 enoximone	 was	 temporally	 associated	 with
improvements	in	cardiac	output	and	blood	pressure.20,21

Sodium	Bicarbonate
6Some	β-blockers	(eg,	propranolol,	carvedilol,	pindolol,	and	acebutolol)	also
affect	cardiac	sodium	channels	producing	membrane-stabilizing	effects	that
may	 result	 in	wide	QRS	 complexes.	 This	 effect	may	 respond	 to	 intravenous
sodium	 bicarbonate	 boluses,	 albeit	 it	 was	 ineffective	 in	 a	 canine	 model	 of
propranolol	 toxicity.22	 In	 case	 reports	 involving	 acebtutolol	 and	 propranolol
ingestions,	the	administration	of	sodium	bicarbonate	was	effective	for	narrowing
the	widened	QRS	complex.23,24	The	recommended	dose	is	1	to	2	mEq/kg	given
over	several	minutes,	which	can	be	repeated	as	needed.

Hyperinsulinemia	Euglycemia	Treatment
8High-dose	insulin	while	maintaining	euglycemia	has	been	used	as	adjunct
treatment	 for	 β-blocker	 toxicity.	 The	 mechanism	 of	 insulin	 is	 incompletely
understood,	 but	 likely	 includes	 improved	 cardiac	 glucose	 utilization	 and
improved	inotropy.	Although	animal	models	show	improved	survival	with	high
dose	 insulin	 treatment,25,26	 there	 are	 no	 prospective	 clinical	 trials	 in	 humans.
There	 are	 human	 case	 reports	 of	 β-blocker	 toxicity	 where	 high-dose	 insulin
treatment	 was	 associated	 with	 improvements	 of	 hemodynamic	 parameters.27,28
One	 recommended	 insulin	 dosing	 is	 1.0	U/kg	 bolus	 followed	 by	 a	 continuous
infusion	 of	 0.5	 to	 1.0	 U/kg/h.	 This	 rate	 can	 be	 titrated	 to	 cardiac	 output.
Hypoglycemia	 and	 hypokalemia	 are	 expected	 adverse	 events	 of	 high	 dose
insulin	 therapy.	 Hypokalemia	 reflects	 intracellular	 shifts	 and	 not	 total	 body
potassium	depletion.	The	effects	of	insulin	may	last	for	hours	after	discontinuing
an	 infusion.	 Ongoing	 blood	 glucose	 and	 serum	 potassium	 monitoring	 is
necessary	when	insulin	therapy	is	discontinued.	Aggressive	correction	of	insulin-



induced	hypokalemia	is	unnecessary	unless	the	patient	is	symptomatic	or	serum
potassium	falls	below	an	arbitrary	level	of	2.5	mEq/L.	A	second	intravenous	line
(preferably	 a	 central	 line)	 should	 be	 used	 to	 infuse	D10W	or	 dextrose	 25%	 in
water	at	a	rate	sufficient	to	maintain	euglycemia.

Lipid	Emulsion	Therapy
8Intravenous	 lipid	 emulsion	 (ILE)	 has	 been	 used	 to	 treat	 a	 variety	 of
xenobiotic	poisonings	including	β-blocker	poisoning.	The	most	robust	data	for
the	effectiveness	of	ILE	is	in	the	treatment	of	local	anesthetic	toxicity	and	its	use
has	been	translated	 to	other	xenobiotic	poisonings.	The	effectiveness	of	ILE	in
the	 treatment	 of	 β-blocker	 toxicity	 is	 based	 on	 animal	 studies	 and	 case
reports.14,29-31	 In	 a	 rabbit	 model	 of	 propranolol	 toxicity,	 ILE	 successfully
improved	 hypotension	 when	 compared	 with	 placebo.30	 In	 a	 rat	 model	 of
propranolol	toxicity,	pretreatment	with	ILE	resulted	in	a	significant	reduction	in
QRS	duration	but	an	insignificant	 improvement	in	bradycardia	when	compared
with	placebo.31	The	mechanism	of	how	ILE	may	be	beneficial	for	treatment	of	β-
blocker	 toxicity	 is	 incompletely	 understood.	 Possible	 explanations	 include	 the
creation	 of	 lipid	 sink	 for	 lipophilic	 drugs,	 augmentation	 of	 cardiac	 energy
substrates,	 or	 a	 direct	 cardiotonic	 effect,.32	 The	 most	 commonly	 used	 dosing
regimen	 is	 a	 loading	 dose	 of	 1.5	 mL/kg	 administered	 over	 2	 to	 3	 minutes,
repeated	 1	 to	 2	 times	 every	 3	 to	 5	 minutes	 as	 needed.	 If	 hemodynamic
improvement	 is	 noted,	 the	 loading	 dose	 should	 be	 followed	 by	 a	 continuous
infusion	at	a	rate	of	0.25	mL/kg/min.33	Reported	adverse	events	associated	with
ILE	 included	 acute	 respiratory	 distress	 syndrome,	 pancreatitis,	 acute	 kidney
injury,	 fat	 embolism,	 and	 hypersensitivity.34	 In	 addition,	 interference	 with
laboratory	assays	 (most	 likely	caused	by	extreme	 lipemia)	has	been	 reported.35
Consultation	with	a	medical	toxicologist	in	the	use	of	ILE	for	β-blocker	toxicity
is	suggested.

Extracorporeal	Removal
9Hemodialysis	may	be	 useful	 for	 rapid	 removal	 of	 β-blockers	 that	 have	 a
low	 volume	 of	 distribution,	 are	 not	 significantly	 protein	 bound,	 are
hydrophilic,	and	have	high	renal	clearance	(eg,	atenolol,	nadolol,	practolol,
and	sotalol).36	Hemodialysis	has	been	 reported	 to	 increase	 the	blood	clearance
of	atenolol	and	acebutalol	as	well	as	contributed	to	the	survival	of	patients	with
serious	 poisoning	 from	 these	 β-blockers.37,38	 Continuous	 venovenous	 hemo-



diafiltration	 has	 been	 reported	 to	 improve	 atenolol	 clearance	 in	 a	 patient	 that
survived	a	combined	atenolol	and	nifedipine	overdose.39

Other	Interventions
1 	 0 	 Transient	 blood	 pressure	 elevations	 caused	 by	 pindolol	 poisoning	 usually
require	no	specific	 treatment.	Short-acting	agents	such	as	nitroprusside	may	be
considered	if	marked	blood	pressure	elevation	occurs,	especially	if	accompanied
by	 organ	 ischemia.	 Ventricular	 dysrhythmias	 induced	 by	 sotalol	 have	 been
treated	with	lidocaine.40	Electrical	cardiac	pacing	may	be	needed	if	bradycardia,
hypotension,	 and	 heart	 block	 fail	 to	 respond	 to	 pharmacological	 therapies,1	 or
when	ventricular	tachydysrhythmias	associated	with	prolonged	QTc	are	difficult
to	control.41	 A	 pacemaker	 rhythm	may	 not	 capture	 for	 patients	with	 severe	 β-
blocker	 toxicity.5	 If	 capture	 occurs,	 the	 increased	 heart	 rate	 may	 not	 be
associated	with	an	improvement	in	blood	pressure.	Heart	rates	greater	than	90	to
100	 beats	 per	 minute	 decrease	 diastolic	 filling	 time	 and	may	 adversely	 affect
inotropy.	 Finally,	 patients	 with	 serious	 β-blocker	 toxicity	 have	 survived	 with
adjunct	use	of	extracorporeal	membrane	oxygenation	(ECMO),42,43	and	ECMO
should	be	considered	if	the	patient	does	not	adequately	respond	to	therapies
described	earlier.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	65-year-old	man	is	admitted	to	an	intensive	care	unit	following	an
intentional	β-blocker	overdose.	He	remains	hypotensive	despite	intravenous
fluid	boluses	and	an	epinephrine	drip.	An	echocardiogram	shows	significantly
depressed	myocardial	contractility.	Which	one	of	the	following	should	be
considered	next	as	adjunctive	therapy	to	epinephrine	for	this	patient?

A. 	Enoximone
B. 	Hyerinsulinemic	euglycemia
C. 	Lipid	emulsion
D. 	Vasopressin

2. 	A	25-year-old	woman	is	admitted	to	an	intensive	care	unit	soon	after	an



intentional	β-blocker	overdose.	She	is	alert	and	answering	questions.	Her	heart
rate	is	116/min	and	her	blood	pressure	is	150/100	mm	Hg.	Laboratory	results
including	serum	electrolytes	are	normal.	An	electrocardiogram	shows	PR	200
ms,	QRS	140	ms,	and	QTc	450	ms.	She	acutely	becomes	stuporous	and	has	a
generalized	seizure	lasting	several	minutes.	Which	one	of	the	following	β-
blockers	is	most	likely	involved	in	this	overdose?

A. 	Carvedilol
B. 	Labetolol
C. 	Propranolol
D. 	Sotalol

3. 	A	42-year-old	woman	is	admitted	to	an	intensive	care	unit	after	an
intentional	β-blocker	overdose.	An	electrocardiogram	shows	QTc	600	ms	and
QRS	91	ms.	Her	heart	rate	is	60/min	and	blood	pressure	is	100/70	mm	Hg	when
she	suddenly	develops	torsades	de	pointes.	Which	one	of	the	following	β-blocker
is	most	likely	involved	in	this	overdose?

A. 	Atenolol
B. 	Carvedilol
C. 	Labetaolol
D. 	Sotalol

Answers

1.	The	correct	answer	is	B.
Rationale:	 Hyperinsulinemic	 euglycemia	 therapy	 is	 the	 most	 likely	 to

improve	 inotropy	 (choice	 B	 is	 correct).	 The	 clinical	 experience	 with
phosphodiesterase	inhibitors	such	as	enoximone	is	limited	to	a	few	case	reports
(choice	A	is	incorrect).	While	lipid	emulsion	therapy	may	create	a	lipid	sink	for
lipophilic	 drugs,	 augment	 cardiac	 energy	 substrates,	 and	 have	 some	 inotropic
affect,	 it	 should	 be	 reserved	 for	 refractory	 cases	 (choice	 C	 is	 incorrect).
Vasopressin	 and	 other	 vasopressors	 will	 cause	 vasoconstriction,	 transiently
increasing	blood	pressure,	which	can	be	detrimental	in	the	face	of	poor	inotropy
(choice	D	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	 Propranolol,	 the	 most	 lipophilic	 β-blocker,	 can	 easily	 cross	 the

blood-brain	 barrier	 and	 cause	 seizures	 in	 overdose	 cases	 (choice	C	 is	 correct).



Some	 β-blockers	 such	 as	 propranolol	 also	 block	 cardiac	 sodium	 channels
producing	 membrane-stabilizing	 effects	 and	 QRS	 prolongation,	 while	 others
such	as	sotalol	block	potassium	channels,	causing	QTc	prolongation	(choices	A,
B,	and	D	are	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 Sotalol	 is	 a	 potassium	 channel	 blocker	 (Vaughan-Williams	 class

III),	 which	 means	 it	 can	 cause	 QTc	 prolongation	 and	 subsequent	 torsades	 de
pointes	(choice	D	is	correct).	Atenolol	is	not	known	to	prolong	the	QTc	(choice
A	 is	 incorrect),	 and	 labetolol	 and	 carvedilol	 are	 both	 β-	 and	 α-adrenergic
antagonists	(choices	B	and	C	are	incorrect).
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Chapter	106
Calcium	Channel	Blocker	Poisoning
Christopher	R.	DeWitt,	Maude	St-Onge

KEY	POINTS:
1.	 Calcium	channel	blocker	overdose	can	cause	severe,	life-

threatening	toxicity.
2.	 Severe	calcium	channel	blocker	poisoning	can	cause	cardiogenic

shock,	vasoplegic	shock,	or	both	and	can	also	cause	hyperglycemia,
hyperlactatemia,	and	metabolic	acidosis.

3.	 There	is	no	specific	antidote	for	calcium	channel	blocker	poisoning.
Treatment	often	requires	gastrointestinal	decontamination	and
multiple,	often	concurrent,	pharmacologic	therapies	at	doses	that
may	be	unfamiliar	to	clinicians.

4.	 Choice	of	vasopressor	should	be	guided	by	the	prevailing	cause	of
shock—cardiogenic	versus	vasoplegic	shock.

5.	 High-dose	insulin/euglycemia	(HIE)	improves	cardiac	glucose
utilization	and	metabolism	resulting	mainly	in	improved	cardiac
output	with	lesser	effects	on	heart	rate	and	vascular	resistance.	HIE
effects	can	be	delayed	for	30	minutes	or	more.

INTRODUCTION
1 	Accidental	and	intentional	overdoses	of	calcium	channel	blockers	(CCBs)	can
be	life	threatening.	CCBs	consistently	top	the	list	of	cardiovascular	medications
with	the	greatest	proportion	of	deaths	per	exposure.1	Severely	poisoned	patients
exhibit	 cardiovascular	 collapse,	 hyperglycemia,	 and	 lactic	 acidosis.
Cardiovascular	instability	is	often	refractory	to	typical	cardiotonic	therapies	and
medication	dosing.	There	are	no	controlled	clinical	 trials	 to	guide	management



of	 CCB	 poisoning.	 Treatment	 recommendations	 are	 based	 on	 observational
studies,	 case	 series,	 case	 reports,	 animal	 studies,	 and	 “expert”	 consensus.
Concurrent	 use	 of	 multiple	 therapies	 is	 often	 required	 and	 is	 tailored	 to	 the
patient’s	cardiovascular	and	metabolic	responses.	Overall	goals	of	treatment	are
to	provide	supportive	care,	optimize	cardiovascular	and	metabolic	function,	and
decrease	 drug	 absorption.	 If	 vital	 signs	 can	 be	 supported	 until	 the	 drug	 is
metabolized	or	eliminated,	most	patients	are	expected	to	survive.

PHARMACOLOGY
Clinically	 available	 CCBs	 are	 generally	 classified	 into	 three	 classes	 based	 on
their	 chemical	 structure	 and	 site	 of	 interaction	 within	 the	 calcium	 channel:
phenylalkylamines	 (verapamil),	 benzothiazepines	 (diltiazem),	 and	 the
dihydropyridines	 (eg,	 amlodipine,	 nifedipine).	At	 therapeutic	 doses,	 each	 class
has	differing	affinities	for	their	binding	sites	within	the	calcium	channels	located
on	myocardial	tissues	and	vascular	smooth	muscle.	Verapamil	and	diltiazem	are
potent	inhibitors	of	sinoatrial	(SA)	node	automaticity,	atrioventricular	(AV)	node
conduction,	 and	 myocardial	 contractility	 and	 cause	 modest	 vasodilation.2
Verapamil	 affects	 the	 SA	 node,	 contractility,	 and	 vasodilation	 more	 than
diltiazem.2	 This	 is	 one	 reason	 that	 verapamil	 toxicity	 is	 associated	 with	more
deaths	 than	 other	 CCBs.	 Dihydropyridines	 are	 far	more	 selective	 for	 vascular
smooth	 muscle	 and	 at	 therapeutic	 doses	 have	 very	 little	 effect	 on	 cardiac
pacemaker	cells	or	contractility.2	However,	this	selectivity	is	lost	among	patients
with	significant	dihydropyridine	poisoning.

PHYSIOLOGY	AND	PATHOPHYSIOLOGY
Available	CCBs	antagonize	calcium	influx	through	L-voltage-sensitive	channels,
a	 specific	of	 calcium	channel	 found	 in	 the	heart,	 vascular	 smooth	muscle,	 and
pancreatic	 β-islet	 cells.	 Multiple	 physiological	 functions	 are	 dependent	 on
calcium	influx	through	these	channels.

In	 the	 cardiovascular	 system,	 calcium	 influx	 through	 L-channels	 is
responsible	for	the	activity	of	spontaneous	pacemaker	cells	of	the	SA	node	and
depolarization	 of	 the	 AV	 node.	 Cardiomyocytes	 rely	 on	 calcium	 entry	 via	 L-
channels	during	 the	plateau	phase	of	 the	 cardiac	 action	potential	 to	 trigger	 the
release	 of	 stored	 calcium	 from	 the	 sarcoplasmic	 reticulum	 resulting	 in
cardiomyocyte	 contraction.	 The	 magnitude	 and	 duration	 of	 myocardial



contraction	are	proportional	to	the	magnitude	and	duration	of	calcium	entry	via
L-channels.	 Vascular	 smooth	 muscle	 tone	 is	 also	 maintained	 by	 a	 similar
mechanism.	 Thus,	 therapeutic	 effects	 of	 CCBs	 arise	 from	 blockade	 of	 L-
channels	resulting	in	decreased	cytosolic	calcium	levels.	Depending	on	the	class
of	 CCB	 administered	 (see	 “Pharmacology”	 section),	 the	 clinical	 effect	 is
depression	 of	 SA	 node	 automaticity,	 AV	 node	 conduction,	 myocardial
contractility,	 and	 vasodilation.	 The	 pathophysiological	 effects	 of	 CCB	 toxicity
are	 essentially	 an	 exacerbation	 of	 pharmacological	 effects,	 which	 lead	 to
cardiovascular	shock.

In	 addition	 to	 cardiovascular	 effects,	 CCB	 toxicity	 also	 produces	 a
diabetogenic	effect	of	hyperglycemia	and	metabolic	acidosis.	Insulin	secretion	is
dependent	on	calcium	influx	into	pancreatic	β-islet	cells.	Although	generally	not
a	 concern	 at	 therapeutic	 dosages,	 CCBs	 decrease	 insulin	 secretion.3	 In	 canine
models	of	verapamil-induced	shock,	hyperglycemia	occurs	but	systemic	insulin
levels	 fail	 to	 increase.4-6	 Verapamil	 toxicity	 also	 produces	 systemic6	 and
myocardial5	insulin	resistance.	The	cause	of	this	resistance	may	be	multifactorial
involving	 decreased	 substrate	 delivery	 from	 poor	 perfusion,	 interference	 with
calcium-dependent	 cellular	 insulin	 responsiveness	 and	 glucose	 uptake,	 and
inhibition	 of	 calcium-stimulated	 pyruvate	 dehydrogenase	 and	 glucose
metabolism.6	CCBs	interfere	with	cellular	signaling,	specifically	recruitment	of
glucose	 transporter	 proteins	 (GLUTs)	 from	 the	 intracellular	 space	 to	 cell
membranes.7,8	 These	 GLUTs	 are	 responsible	 for	 normal	 cellular	 uptake	 of
glucose.

Verapamil	 toxicity	 also	 produces	 a	 state	 of	 hyperlactatemia	 and	 metabolic
acidosis	because	of	a	combination	of	tissue	hypoperfusion	and	probably	a	defect
of	 carbohydrate	metabolism.6	During	 stressed	 states	 such	 as	CCB	 toxicity,	 the
heart	 switches	 from	 preferentially	 using	 free	 fatty	 acids	 to	 carbohydrates	 (eg,
glucose	and	lactate)	for	energy	production.4,5,9	Although	there	is	an	abundance	of
circulating	 carbohydrates,	 they	 are	 essentially	 unavailable	 for	 use	 because	 of
decreased	insulin	availability	and	systemic	insulin	resistance.

In	 essence,	 CCBs	 decrease	 cytosolic	 calcium	 levels	 resulting	 in	 desirable
vascular	or	cardiovascular	effects	at	therapeutic	dosing,	and	at	toxic	CCB	levels
an	exacerbation	of	those	effects.	Additionally,	toxicity	produces	a	vicious	cycle
where	 the	 myocardium	 is	 preferentially	 metabolizing	 carbohydrates,	 yet
carbohydrate	 utilization	 is	 hindered	 by	 impaired	 insulin	 release	 and	 systemic
insulin	resistance.

CLINICAL	MANIFESTATIONS



There	is	no	accurate	threshold	for	a	toxic	CCB	dose	because	patients	who	are	on
similar	 CCB	 dosages	 may	 exhibit	 significantly	 different	 clinical	 effects.
Unintentional	 overdoses	 are	 common	 but	 do	 not	 commonly	 cause	 clinically
significant	 effects.	 However,	 toxicity	 and	 death	 have	 been	 reported	 among
patients	 who	 are	 on	 less	 than	 maximum	 recommended	 daily	 CCB	 dosages.10
Factors	that	could	have	contributed	to	this	include	advanced	age,	comorbidities,
polypharmacy,	 and	 chewing	 then	 swallowing	 a	 modified-release	 CCB
formulation;	 changing	 its	 pharmacokinetics	 into	 an	 immediate-release
formulation.10

The	 most	 serious	 CCB	 poisonings	 occur	 following	 large	 intentional
overdoses.	 However,	 patients	 with	 significant	 comorbidities,	 patients	 with
advanced	 age,	 or	 those	 on	 concomitant	 cardiac	 medications	 may	 experience
significant	adverse	events	at	lower	CCB	dosages.

Cardiovascular	 effects	 are	 the	 primary	 manifestation	 of	 CCB	 poisoning.
Alterations	 of	 mental	 status	 without	 significant	 hypotension	 should	 not	 be
attributed	 to	 CCB	 poisoning.	 Minimally	 intoxicated	 patients,	 or	 those	 who
present	soon	after	overdose,	may	demonstrate	no	signs	of	toxicity.	All	CCBs	can
cause	hypotension	following	overdose.	However,	the	causes	of	the	hypotension
are	 typically	 an	 exacerbation	 of	 the	 drugs’	 therapeutic	 effects	 (ie,
dihydropyridines	causing	significant	vasodilation	with	reflex	tachycardia	where
verapamil	 and	 diltiazem	 slow	 SA	 and	 AV	 node	 conduction,	 decrease
contractility,	 and	cause	vasodilation).	Thus,	 for	overdose,	normal	 sinus	 rhythm
or	reflex	tachycardia	is	commonly	seen	early	after	nifedipine	poisonings,	where
sinus	 bradycardia,	 AV	 nodal	 blocks,	 and	 junctional	 rhythm	 are	 common	 with
verapamil	and	diltiazem	ingestions.11	This	selectivity	may	be	lost	during	serious
overdoses	 such	 that	 dihydropyridine	 poisoning	 results	 in	 bradycardia	 and/or
impaired	cardiac	conduction.11-15

2 	 Severe	CCB	 poisoning	 is	 characterized	 by	 cardiogenic	 shock,	 vasoplegic
shock,	 or	 both,	 as	 well	 as	 hyperglycemia,	 hyperlactatemia,	 and	 metabolic
acidosis.	Hyperglycemia	 is	caused	by	 the	aforementioned	alterations	of	 insulin
and	carbohydrate	homeostasis	(see	“Physiology	and	Pathophysiology”	section).
In	a	review	of	40	patients	with	verapamil	or	diltiazem	overdoses,	the	degree	of
hyperglycemia	 was	 the	 best	 predictor	 of	 composite	 end	 points	 of	 death,
pacemaker	requirement,	or	vasopressor	requirement	and	appeared	to	be	a	more
reliable	marker	 of	 poisoning	 severity	 than	 hemodynamic	 derangements.16	 Any
significantly	 elevated	 glucose	 should	 be	 taken	 seriously,	 and	 some	 clinicians
recommend	 treatment	 initiation	 with	 any	 increase	 of	 serum	 glucose.17
Dysfunctional	 carbohydrate	 metabolism	 and	 tissue	 hypoperfusion	 can	 cause



hyperlactatemia	 and	 metabolic	 acidosis.	 In	 addition,	 tissue	 hypoperfusion	 can
result	in	cerebrovascular	accidents,	seizures,	renal	failure,	myocardial	infarction,
and	noncardiogenic	pulmonary	edema.18

DIFFERENTIAL	DIAGNOSIS
CCB	 poisoning	 should	 be	 considered	 for	 any	 patient	 presenting	 with
hypotension	 and	 bradycardia;	 high	 index	 of	 suspicion	 when	 associated
hyperglycemia,	 hyperlactatemia,	 and	 metabolic	 acidosis.	 However,	 the
differential	 diagnosis	 of	 a	 patient	 with	 hypotension	 and	 bradycardia	 includes
other	 toxicologic	 causes	 such	 as	 β-blockers,	 cardiac	 glycosides,	 some
antidysrhythmics,	 baclofen,	 and	 α-2	 agonists	 such	 as	 clonidine.	 However,
nontoxicological	 causes	 such	 as	myocardial	 disease,	 hyperkalemia,	 sepsis,	 and
hypothyroidism	should	also	be	considered.

MANAGEMENT

General
Management	of	a	patient	with	CCB	poisoning	begins	with	airway	management
and	 maintenance	 of	 vital	 signs.	 Vascular	 access	 should	 be	 obtained,	 and
continuous	 blood	 pressure	 and	 cardiac	 monitoring	 initiated.	 Preemptive
intubation	should	be	strongly	considered	for	patients	with	significant	ingestions
or	 signs	 of	 toxicity	 because	 of	 the	 potential	 for	 rapid	 deterioration.	 Among
bradycardic	 patients,	 administration	 of	 atropine	 before	 intubation	may	 prevent
vagal	 responses	 from	 laryngoscopy.	An	 electrocardiogram	 should	 be	 obtained.
The	 presence	 of	 dysrhythmias	 or	 conduction	 disturbances,	 which	 may	 be	 as
subtle	 as	PR	prolongation	 for	 some	patients,	 should	be	noted.	Complete	blood
counts,	complete	metabolic	profile,	blood	glucose,	 lactate,	arterial	blood	gases,
and	 acetaminophen,	 salicylate,	 and	 digoxin	 levels	 should	 be	 obtained	 as
clinically	indicated.

Laboratory	testing	for	serum	CCB	levels	is	not	currently	available	in	time	to
be	clinically	useful.	For	patients	with	severe	or	 refractory	hypotension,	urinary
and	 central	 venous	 catheterization,	 repeated	 bedside	 echocardiography	 (if
available),	 and	 hemodynamic	monitoring	 are	 recommended	 to	 guide	 fluid	 and
vasopressor	 therapy.	 Early	 consultation	 with	 a	 medical	 toxicologist	 is



recommended.
The	duration	of	CCB	toxicity	for	most	cases	is	less	than	24	hours,	but	it	has

been	 reported	 to	 last	 48	 hours	 following	 modified-release	 verapamil
formulation19	and	for	more	than	5	days	following	amlodipine	overdoses.12

Verapamil,	 diltiazem,	 nifedipine,	 and	 several	 of	 the	 newer	 dihydropyridines
are	 available	 in	 both	 immediate-release	 and	 modified-release	 formulations.
Following	an	acute	overdose	of	an	immediate-release	formulation	product,	signs
or	symptoms	of	toxicity	may	be	evident	within	6	hours,	whereas	toxicity	may	be
delayed	 for	more	 than	 18	 hours	 with	modified-release	 formulation	 products.20
Amlodipine	 is	 not	 a	 modified-release	 formulation	 product	 but	 has	 unique
pharmacokinetics;	 time	 to	 peak	 plasma	 concentration	 is	 6	 to	 12	 hours	 and	 the
terminal	elimination	half-life	is	between	30	and	50	hours,	allowing	for	delayed
and	prolonged	toxicity.	CCBs	have	large	volumes	of	distribution	and	are	highly
protein	bound	making	extracorporeal	 removal	of	 limited	value.21	However,	use
of	 plasmapheresis	 has	 been	 reported,22-24	 as	 well	 as	 albumin	 dialysis	 with	 the
Molecular	Adsorbent	Recirculating	System.25	Therapeutic	half-lives	of	CCBs	are
variable,	but	in	overdose	these	can	be	prolonged.26

Gastrointestinal	Decontamination
High-level	 evidence	 regarding	 the	 clinical	 utility	 of	 gastrointestinal	 (GI)
decontamination	 for	 CCB	 overdoses	 is	 lacking,	 and	 all	 forms	 of	 GI
decontamination	carry	potential	 risks.27	However,	CCB	overdoses	 can	 result	 in
serious	 morbidity	 and	 mortality,	 such	 that	 potential	 benefits	 of	 GI
decontamination	 may	 outweigh	 the	 risks.	 Risks	 and	 benefits	 should	 be
considered	on	a	case-by-case	basis,	and	interventions	necessary	to	maintain	vital
signs	take	precedence	over	decontamination	procedures.	Aspiration	is	a	serious
complication	associated	with	GI	decontamination;	 the	 airway	 should	be	 secure
prior	to	decontamination.

Activated	 charcoal	 should	 be	 administered	 to	 all	 patients	 following	 a
significant	CCB	overdose,	when	there	is	no	contraindication.	Based	on	volunteer
studies,	 the	greatest	benefit	of	charcoal	administration	occurs	within	 the	first	2
hours	 following	 ingestion,	 and	 it	 may	 hold	 benefit,	 especially	 for	 modified-
release	formulations,	up	to	4	hours	following	ingestion.28	However,	an	absolute
time	cutoff	for	which	charcoal	would	not	be	beneficial	has	not	been	determined.
Charcoal	administration	should	be	considered	beyond	4	hours	from	ingestion	if
it	can	be	safely	administered	(eg,	airway	secure	and	functioning	GI	tract),	and	it
is	believed	 that	a	clinically	 significant	amount	of	drug	 remains	 in	 the	GI	 tract.
Gastric	lavage	should	not	be	performed	routinely	but	considered	for	recent	life-



threatening	 ingestions	 for	patients	who	have	not	vomited.29	Like	 laryngoscopy,
lavage	may	theoretically	increase	vagal	tone	and	exacerbate	bradydysrhythmias.
Administration	 of	 atropine	 prior	 to	 insertion	 of	 the	 lavage	 tube	 may	 mitigate
these	effects.

Whole	 bowel	 irrigation	 (WBI)	 with	 polyethylene	 glycol	 (PEG)	 has	 been
recommended	 by	 some	 clinicians	 following	modified-release	CCB	 overdose.20
However,	 WBI	 is	 difficult	 to	 preform	 correctly	 and	 safely.	 WBI	 requires	 the
patient	to	be	seated	or	head	of	the	bed	elevated	to	at	least	45°	and	administration
of	PEG	at	1500	to	2000	mL/h	via	nasogastric	tube	(with	confirmation	of	correct
tube	placement)	when	the	patient	cannot	tolerate	oral	PEG	dosing	at	the	required
rate.30	 WBI	 can	 cause	 abdominal	 distension	 and	 vomiting,	 which	 can	 lead	 to
aspiration	 and	 pulmonary	 complications,30	 particularly	 in	 patients	 with	 an
unsecured	airway.	Vomiting	is	an	indication	to	discontinue	WBI.	WBI	should	be
avoided	for	hemodynamically	compromised	patients.31

Pharmacological	Support
3 	A	workgroup	of	clinicians	involved	in	the	care	of	poisoned	patients	suggested
an	 approach	 to	 pharmacological	 support	 of	 CCB-poisoned	 patients	 with
compromised	 hemodynamics	 based	 on	 evidence	 in	 a	 systematic	 review	 of
treatment	for	CCB	poisoning	(Figure	106.1).27,32

	

Figure	 106.1 	 Progression	 of	 care	 for	 key
recommendations.ACLS,	 advanced	 cardiac	 life	 support;	 CCB,



calcium	 channel	 blocker;	 ECLS,	 extracorporeal	 life	 support;	 VA-
ECMO,	 venoarterial	 extracorporeal	 membrane	 oxygenation.
(algorithm	from	page	e310:	St-Onge	M,	Anseeuw	K,	Cantrell	FL,	et
al.	 Experts	 consensus	 recommendations	 for	 the	 management	 of
calcium	 channel	 blocker	 poisoning	 in	 adults.	 Crit	 Care	 Med.
2017;45(3):e306-315.)

Hypotension	 can	be	 initially	 treated	with	 intravenous	 (IV)	 fluids	with	 close
monitoring	for	fluid	overload.	Although	atropine	is	usually	ineffective	for	severe
poisoning,11,20,33,34	 it	 can	 be	 given	 for	 symptomatic	 bradycardia.	 Seriously
poisoned	 patients	 presenting	 with	 hemodynamic	 instability	 may	 require	 rapid
concurrent	 administration	 of	 multiple	 therapies.	 For	 first-line	 therapy,	 the
workgroup	recommends	use	of	IV	calcium,	high-dose	insulin	(hyperinsulinemic
euglycemia	 [HIE]),	 and	 vasopressors	 (such	 as	 norepinephrine	 to	 increase
peripheral	 vascular	 resistance)	 and/or	 epinephrine	 (to	 increase	 heart	 rate	 and
contractility)	 depending	 on	 whether	 the	 shock	 is	 primarily	 cardiogenic	 or
vasoplegic.	 For	 patients	 refractory	 to	 first-line	 therapies	 with	 myocardial
dysfunction,	HIE	can	be	increased	to	10	U/kg/h.	For	bradycardia	unresponsive	to
other	therapies,	transvenous	pacing	may	be	attempted	after	contractility	has	been
optimized;	however,	with	severe	poisoning	there	may	be	failure	to	capture,	and
blood	pressure	may	not	improve	despite	an	increase	of	heart	rate.11,35	The	use	of
lipid	emulsion	and	extracorporeal	life	support	can	be	considered	as	second-line
treatments.	 However,	 few	 options,	 other	 than	 vasopressors,	 are	 available	 for
patients	 poisoned	 with	 dihydropyridines	 presenting	 with	 primarily	 vasoplegic
shock,	but	methylene	blue	should	be	considered.

Vasopressors,	Chronotropes,	and	Inotropes
4 	 Within	 the	 first-line	 treatments	 the	 exact	 sequence	 of	 pharmacological
therapies	has	not	been	studied.	However,	clinicians	generally	have	 the	greatest
familiarity	with	dosing	and	administration	of	vasopressor	and	 inotropic	agents.
Thus,	these	agents	can	often	be	initiated	rapidly	and	may	improve	cardiovascular
instability	by	increasing	peripheral	vascular	resistance,	contractility,	and/or	heart
rate.	 Improvements	 of	 hemodynamic	 parameters	 have	 been	 associated	 with
dopamine	(contractility,	heart	rate,	and/or	blood	pressure	depending	on	the	dose),
dobutamine	 (contractility	 and	 heart	 rate),	 norepinephrine	 (peripheral	 vascular
resistance),	 phenylephrine,	 isoproterenol,	 and	 epinephrine	 administration.
However,	no	specific	agent	has	demonstrated	superiority,	so	it	is	reasonable	for



clinicians	 to	start	with	 the	agent	 that	best	 targets	 the	of	shock	encountered	(eg,
norepinephrine	 to	 increase	blood	pressure)	 and	 epinephrine	 to	 increase	 cardiac
contractility	and	heart	rate32).	However,	the	use	of	vasopressin	or	phenylephrine
as	the	first-line	or	sole	vasopressor	is	not	recommended.32

Multiple	 concurrent	 vasoactive,	 chronotropic,	 or	 inotropic	 agents	 may	 be
required	 depending	 on	 the	 hemodynamic	 response.	 Because	 vasopressors	 can
result	 in	 tachydysrhythmias,	 increased	 myocardial	 oxygen	 consumption,
vasospastic	events,	regional	ischemia,	and	hypoperfusion,	these	agents	should	be
the	first	to	be	weaned	from	a	stabilized	patient.

Calcium
The	goal	of	calcium	therapy	 is	 to	 increase	extracellular	calcium	concentrations
by	 increasing	 calcium	 influx	 through	 unblocked	 calcium	 channels.	 Calcium
increased	inotropy	and	cardiac	output	of	an	animal	model	of	verapamil	toxicity,36
and	improvement	has	been	reported	for	human	cases	of	nifedipine	and	verapamil
toxicity.20,37	However,	responses	are	variable	and	often	short-lived,	and	patients
with	significant	toxicity	often	fail	to	improve	with	calcium	alone.11,34	Conduction
disturbances,	 contractility,	 and	blood	pressure	may	be	 improved,	 but	 generally
there	is	no	increase	of	heart	rate.11,33,34

Calcium	 chloride	 contains	 three	 times	 the	 amount	 of	 elemental	 calcium	 of
calcium	 gluconate	 (10%	 calcium	 chloride:	 272	mg	 elemental	 calcium	 or	 13.6
mEq	per	1	g	ampule;	10%	calcium	gluconate:	90	mg	elemental	calcium	or	4.5
mEq	per	1	g	ampule).	The	higher	elemental	calcium	content	of	calcium	chloride
also	 poses	 a	 greater	 risk	 for	 tissue	 injury	 should	 extravasation	 occur.	 Thus,
calcium	chloride	administration	via	central	venous	access	is	generally	preferred.

Optimal	calcium	dosing	has	not	been	established.	Initial	doses	are	generally
administered	 as	 boluses	 (10%	 calcium	 chloride	 10-20	 mL	 or	 10%	 calcium
gluconate	 30-60	mL),	 and	 repeat	 boluses	may	 be	 administered	 every	 10	 to	 20
minutes	 until	 targeted	 response	 is	 achieved;	 some	 clinicians	 suggest	 calcium
chloride	 1	 g	 every	 2	 to	 3	minutes.38	 Calcium	 boluses	 should	 be	 given	 over	 5
minutes	 because	 rapid	 calcium	 infusions	 have	 resulted	 in	 hypotension,	 AV
dissociation,	and	ventricular	fibrillation.	The	effects	of	calcium	may	be	transient,
and	 a	 constant	 infusion	 may	 be	 required.15,39	 We	 recommend	 starting	 at	 the
higher	 end	 of	 suggested	 dosing:	 0.4	 mL/kg/h	 for	 calcium	 chloride	 and
1.2	mL/kg/h	for	calcium	gluconate	and	titrated	to	targeted	effect	(eg,	 improved
blood	 pressure,	 resolution	 of	 conduction	 disturbances).	 Additional	 calcium
boluses	can	be	administered,	as	needed.	Serum	calcium	concentrations	should	be
monitored,	 maintaining	 serum	 ionized	 calcium	 concentrations	 approximately



twice	normal.40	Raising	 serum	 ionized	 calcium	2	 to	3	mEq/L	 improved	canine
cardiac	 performance	 during	 verapamil	 poisoning36	 and	 is	 a	 reasonable	 goal	 to
attain.	It	may	be	necessary	to	continue	calcium	therapy	despite	high	total	serum
or	 ionized	 calcium	 concentrations	 when	 the	 patient’s	 hemodynamics	 are	 only
responsive	 to	 calcium	 administration.	 Significantly	 poisoned	 patients	 have
tolerated	 high	 total	 serum	 calcium	 concentrations	 without	 adverse	 events,39,41
including	 one	 patient	 who	 had	 a	 peak	 total	 serum	 calcium	 concentration	 11.9
mEq/L.20	 However,	 there	 is	 a	 case	 report	 of	 iatrogenic	 hypercalcemia	 (peak
corrected	 serum	 calcium	 concentration	 16.1	 mEq/L)	 that	 was	 associated	 with
anuric	 renal	 failure.42	 Calcium	 treatment	 should	 be	 discontinued	 when	 no
beneficial	effects	are	observed.

Hyperinsulinemic	Euglycemia
Normally,	 the	 predominant	 fuel	 for	 cardiac	 bioenergetics	 is	 derived	 from	 β-
oxidation	 of	 fatty	 acids	 (60%-90%);	 10%	 to	 40%	 is	 from	 glucose	 and	 lactate
oxidation.	Cardiac	metabolism	switches	from	its	preferred	fatty	acid	substrate	to
glucose	as	its	primary	substrate	during	pathologic	conditions	(eg,	CCB	toxicity).

5 	 HIE	 refers	 to	 the	 administration	 of	 high-dose	 regular	 insulin	 while
maintaining	 normal	 serum	 glucose	 levels.	 The	 benefits	 of	 HIE	 to	 a	 poisoned
heart	 include	metabolic	 support	 by	 increasing	myocardial	 glucose	metabolism;
myocardial	 lactate	 oxidation;	 cytoplasmic,	 sarcolemma,	 and	 mitochondrial
calcium	concentrations;	glucose	uptake	and	its	intracellular	transport,	as	well	as
increase	 inotropy	 and	 vasodilatation.43,44	 Insulin-enhanced	 intracellular	 glucose
transport	appears	to	be	an	important	component	of	HIE’s	inotropic	effects.	High-
dose	 insulin	 affects	 intracellular	 signaling	 that	 contributes	 to	 the	 inotropic
effects.	 In	 contrast	 to	 cardiovascular	 active	 catecholamines,	 HIE	 increases
cardiac	 output	 while	 increasing	 coronary	 blood	 flow	 without	 increasing
myocardial	oxygen	demand.	Insulin	has	vasodilatory	effects,	likely	by	enhancing
endothelial	 nitric	 oxide	 synthase	 activity;	 decreased	 vascular	 resistance	 allows
for	 increased	 cardiac	 output.	 The	 exact	 mechanisms	 underlying	 these	 actions
remain	controversial45	but	may	be	best	described	in	the	following	animal	studies.

Four	 animal	 studies	 on	 the	 effect	 of	 HIE	 treatment	 after	 verapamil
cardiovascular	toxicity4,5,9,46	have	been	rated	as	very	good	to	excellent	quality	by
a	panel	of	toxicologists.47	Where	survival	from	poisoning	was	measured,	100%
of	 animals	 treated	 with	 high-dose	 insulin	 survived.46	 However,	 survival	 with
epinephrine,4,46	glucagon,4,46	and	calcium4	was	33%,	0%,	and	17%,	respectively.
High-dose	insulin	also	increased	the	mean	lethal	dose	of	verapamil	and	time	to
death	compared	with	epinephrine	and	glucagon.9	In	these	studies,	HIE	improved



and	sustained	cardiac	contractility,	systolic	and	diastolic	function,	and	systemic
and	cardiac	blood	flow	compared	with	calcium,	glucagon,	and	epinephrine.4,5,9,46
High-dose	 insulin	 improved	 myocardial	 metabolism	 and	 function	 without
increasing	 myocardial	 oxygen	 consumption,5,9	 whereas	 epinephrine,	 glucagon,
and	calcium	contributed	to	oxygen	wasting.4

The	first	report	of	HIE	therapy	included	five	CCB	toxic	patients	who	were	in
hypodynamic	circulatory	shock	and	failed	to	adequately	respond	to	conventional
therapies.48	The	benefits	of	HIE	therapy	were	dramatic;	 IV	insulin	10-	 to	20-U
bolus	 with	 a	 dextrose	 25-g	 bolus	 followed	 by	 an	 insulin	 infusion	 0.1	 to	 1.0
U/kg/h	 (mean	 0.5	 U/kg/h)	 and	 dextrose	 10	 to	 75	 g/h	 (mean	 28.4	 g/h).	 One
patient	 had	 failed	 to	 improve	 with	 respiratory	 support,	 crystalloids,	 atropine,
calcium,	 and	 glucagon.	After	 initiating	HIE	 therapy,	 blood	 pressure	 improved,
complete	heart	block	resolved,	and	ejection	fraction	increased	from	10%	to	30%.
Clinical	experience	with	HIE	therapy	for	CCB	toxic	patients	has	been	reviewed
and	summarized.44,45	The	clinical	data	strongly	suggest	HIE	therapy	is	associated
with	hemodynamic	 improvements	of	CCB	toxic	patients	with	poor	 response	 to
conventional	 treatments	 (eg,	atropine,	pacing,	vasopressors,	calcium,	glucagon,
and	phosphodiesterase	inhibitors	[PDIs]).

5 	 Clinical	 improvement	 (eg,	 blood	 pressure	 and	 cardiac	 output)	 from	 HIE
therapy	is	gradual	and	may	take	30	minutes	or	more.	However,	one	patient	who
failed	to	respond	to	dopamine,	norepinephrine,	calcium,	and	glucagon	showed	a
dramatic	 response	 within	 15	 minutes	 of	 receiving	 a	 10-fold	 dosing	 error	 of
insulin	 (1000	 U).49	 Patients	 responding	 to	 HIE	 therapy	 often	 demonstrate
improvements	 of	 blood	 pressure,	 myocardial	 contractility,	 and	 metabolic
acidosis,	whereas	effects	on	bradycardia	and	cardiac	conduction	are	variable.45

Failures	of	HIE	 therapy	have	also	been	 reported.	Our	 limited	knowledge	of
optimal	insulin	dosing	has	been	suggested	as	a	reason	for	HIE	therapy	failures.50
Canine	 studies	 of	 verapamil	 toxicity	 employed	 insulin	 doses	 of	 up	 to	 16
U/kg/h.50	Insulin	dosing	up	to	22	U/kg/h	has	been	reported	in	humans.51	The	time
to	 initiating	HIE	 therapy	may	also	be	 a	 consideration.	 In	 several	 cases	of	HIE
therapy	 failures,	 therapy	 was	 initiated	 many	 hours	 after	 ingestion	 when
significant	 hemodynamic	 instability	 was	 present.	 This	 suggests	 that	 there	 is	 a
point	during	CCB	poisoning	where	there	may	be	limited	benefits	to	therapeutic
intervention	 once	 this	 time	 has	 passed.	 Therefore,	 HIE	 therapy	 should	 be
instituted	 as	 soon	 as	 abnormal	 vital	 signs	 are	 evident	 and	 before	 shock
supervenes.	 It	 is	 reasonable	 to	start	with	an	 initial	 IV	 insulin	bolus	1	U	per	kg
with	25	g	of	dextrose,	followed	by	an	insulin	and	dextrose	infusion	at	1	U/kg/h
and	0.5	g/kg/h,	respectively.18,45	Serum	glucose	should	be	closely	monitored	(eg,
every	20-30	minutes	until	 blood	glucose	 is	 stabled	 and	 then	 at	 least	 every	1-2



hour)	and	the	dextrose	infusion	titrated	to	maintain	normal	blood	glucose	levels.
It	 is	 believed	 supraphysiologic	 insulin	 doses	 are	 required	 to	 overcome	 CCB
inhibition	of	insulin-responsive	GLUTs	(see	“Physiology	and	Pathophysiology”
section).7	Increasing	the	insulin	dose	may	be	beneficial	when	initial	response	is
insufficient.	 Doses	 up	 to	 10	 U/kg/h	 have	 been	 recommended	 by	 some
clinicians.51

Hypoglycemia	 and	 hypokalemia,	 expected	 adverse	 events	 of	 HIE,	 can	 be
easily	 detected	 and	 treated.	 The	 safety	 of	HIE	 therapy	was	 demonstrated	 in	 a
prospective	observational	study	of	seven	patients	with	CCB	toxicity.52	There	was
one	 episode	 of	 numerical	 hypoglycemia	 (43	 mg/dL)	 that	 occurred	 33.5	 hours
after	 overdose	 when	 the	 maximal	 effects	 of	 CCB-induced	 insulin	 resistance
would	be	waning	and	numerical	hypokalemia	(2.5-3.5	mEq/L)	occurred	for	two
patients.	Mild	hypokalemia	may	actually	provide	a	beneficial	effect	during	CCB
poisoning	by	allowing	more	calcium	to	enter	the	cell	during	systole.48,53

The	effects	of	insulin	may	last	for	hours	after	discontinuing	an	infusion.	Thus,
ongoing	blood	glucose	and	serum	potassium	monitoring	is	necessary	even	after
insulin	is	discontinued.	Aggressive	correction	of	insulin-induced	hypokalemia	is
unnecessary	unless	the	patient	is	symptomatic	or	serum	potassium	falls	below	an
arbitrarily	level	of	2.5	mEq/L	and	the	patient	is	able	to	clear	potassium.48

Glucagon
Glucagon	possesses	both	 inotropic	and	chronotropic	effects	and	experimentally
increases	 heart	 rate	 and	 cardiac	 output	 and	 reverses	AV	 nodal	 blocks	 in	 CCB
poisoning.54	 Several	 case	 reports	 noted	 hemodynamic	 improvement	 following
glucagon	 administration,55,56	 but	 failures	 are	 also	 reported.33,57	 Overall,
experience	with	 glucagon	 for	CCB	 poisoning	 is	 limited.	Glucagon	 is	 a	 potent
emetic,58	 so	 the	 airway	 should	 be	 secured	 before	 glucagon	 administration.
Hyperglycemia	and	hypokalemia	are	associated	with	glucagon	therapy.58

Phosphodiesterase	Inhibitors
Phosphodiesterase	 inhibitors	 (eg,	 inamrinone	 [amrinone],	 milrinone,	 and
enoximone)	prevent	 cyclic	 adenosine	monophosphate	 (cAMP)	degradation	and
increase	cAMP	levels,	which	leads	to	increased	cytosolic	calcium	and	improved
inotropy.	Phosphodiesterase	inhibitors	appear	to	be	effective	treatment	in	animal
models	of	CCB	poisoning59,60	 and	have	been	used	 as	 adjunct	 therapies	 to	 treat
CCB-poisoned	 patients.61,62	 However,	 PDI	 can	 be	 difficult	 to	 titrate	 and	 cause



vasodilation,	 hypotension,	 and	 accumulate	 during	 renal	 failure.	 The
administration	of	a	PDI	and	a	β-adrenergic	 receptor	agonist	 (eg,	 amrinone	and
dobutamine)	produces	synergistic	improvements	of	ventricular	performance.

Methylene	Blue
Methylene	 blue	 inhibits	 the	 nitric	 oxide–cyclic	 guanosine	 monophosphate
pathway	 and	 has	 been	 used	 to	 treat	 vasodilatory	 shock	 (eg,	 sepsis	 and
anaphylaxis).	There	are	case	reports	of	amlodipine	toxic	patients	with	persistent
vasodilatory	shock	while	on	HIE,	dopamine,	and	norepinephrine	treatments,	but
hemodynamic	improvement	was	associated	with	methylene	blue	administration
(eg,	 1-2	 mg/kg	 over	 20	 minutes	 followed	 by	 1	 mg/kg/h).63-65	 Blood	 pressure
response	to	methylene	blue	may	be	specific	to	amlodipine	as	it	has	effects	on	the
nitric	oxide	pathway,	but	there	are	case	reports	of	amlodipine-poisoned	patients
with	 hypotension	 who	 showed	 no	 notable	 response	 to	 methylene	 blue
treatment.65,66	 One	 animal	 model	 of	 amlodipine	 toxicity	 compared	 methylene
blue	 with	 saline	 treatment	 and	 reported	 no	 survival	 benefit	 but	 improved
hemodynamics.67	Therefore,	methylene	blue	use	should	be	considered	in	CCB-
poisoned	patients	with	vasodilatory	 shock	who	are	 failing	other	 therapies	with
the	 understanding	 that	 adverse	 events	 such	 as	 hemolysis	 with	 high	 doses	 and
precipitation	of	serotonin	syndrome	can	occur.65,67

Intravenous	Lipid	Emulsion
IV	 lipids	 have	 traditionally	 been	 used	 as	 a	 source	 of	 free	 fatty	 acids	 with
parenteral	 nutrition.	 A	 chance	 observation	 led	 to	 the	 finding	 that	 intravenous
lipid	 emulsion	 (ILE)	 is	 beneficial	 for	 the	 treatment	 of	 bupivacaine-induced
cardiac	arrest.68	Multiple	animal	studies	followed	demonstrating	dramatic	results
with	ILE	for	 local	anesthetic	 toxicity.	This	 led	 to	 the	 incorporation	of	ILE	into
anesthesiology	guidelines	for	the	treatment	of	local	anesthetic	cardiotoxicity,	but
ILE	has	now	been	used	to	treat	overdose	poisonings	including	CCBs.69	Animal
studies	have	demonstrated	prolonged	 survival	with	 ILE	 in	CCB	 toxicity.70-72	 A
case	 series	of	nine	patients	with	drug-induced	cardiovascular	 collapse	 reported
that	 ILE	was	 associated	 with	 survival	 for	 55%	 of	 patients	 who,	 they	 believe,
would	 otherwise	 have	 died.73	 Six	 of	 the	 nine	 patients	 had	 a	 polypharmacy
overdose	that	included	a	CCB;	one	of	the	six	patients	overdosed	only	on	a	CCB.
Three	of	the	six	patients	survived.

Proposed	mechanisms	of	ILE	therapy	include	creation	of	a	“lipid	sink”	where
lipophilic	xenobiotics	are	 sequestered,	 augmenting	cardiac	energy	supplies	and



increasing	intracellular	calcium	of	cardiomyocytes.74
Lipemic	serum	is	an	adverse	effect	of	 ILE,	which	 interferes	with	 laboratory

testing	 and	 may	 interfere	 with	 extracorporeal	 life	 support75	 and	 renal
replacement	 therapy	 circuits.76	 Although	 adverse	 events	 are	 not	 definitively
causative,	 more	 significant	 adverse	 events,	 such	 as	 acute	 respiratory	 distress
syndrome,	pancreatitis,77,78	 and	 cardiac	 arrest,79	 have	 been	 associated	with	 ILE
administration.

Clinical	data	supporting	ILE	for	the	treatment	of	CCB	toxicity	are	limited	and
likely	 suffer	 from	 reporting	 bias.80	 However,	 ILE	 should	 be	 considered	 for
severely	ill	patients	who	fail	to	respond	to	conventional	therapies.	Optimum	ILE
dosing	for	the	treatment	of	CCB	toxicity	has	not	been	established.

EXTRACORPOREAL	THERAPIES
When	 previous	 therapies	 are	 inadequate	 to	 support	 a	 patient’s	 hemodynamics,
extracorporeal	 life	 support	 (venoarterial	 extracorporeal	membrane	 oxygenation
or	 cardiopulmonary	 bypass)	 may	 provide	 a	 bridge	 to	 survival	 for	 patients
unresponsive	 to	 other	 therapies	 (see	 Chapter	 192:	 Mechanical	 Circulatory
Support	for	Cardiogenic	Shock).

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	metabolic	profiles	would	be	consistent	with
calcium	channel	blocker	(CCB)	toxicity?

A. 	Hyperglycemia	and	ketoacidosis
B. 	Hyperglycemia	and	lactic	acidosis
C. 	Hypoglycemia	and	ketoacidosis
D. 	Hypoglycemia	and	lactic	acidosis

2. 	Which	of	the	following	are	appropriate	treatments	for	severe	calcium
channel	blocker	(CCB)	toxicity?

A. 	High-dose	insulin	and	glucose
B. 	Intravenous	calcium	chloride



C. 	Oral	activated	charcoal
D. 	All	of	the	above

3. 	Which	one	of	the	following	is	most	correlated	with	the	severity	of	calcium
channel	blocker	(CCB)	poisoning?

A. 	Blood	glucose
B. 	Blood	pressure
C. 	Heart	rate
D. 	Temperature

Answers

1.	The	correct	answer	is	B.
Rationale:	 Severe	 calcium	 channel	 blocker	 poisoning	 has	 a	 high	 mortality

rate,	 with	 a	 third	 of	 cardiovascular	 drug	 overdose	 deaths	 being	 due	 to	 them.
They	 cause	 cardiovascular	 depression,	 which	 can	 be	 refractory	 to	 standard
resuscitation	methods.	Metabolic	changes	also	occur	with	poisoning	and	include
a	 state	 of	 acidosis	 and	 hyperglycemia.	 This	 may	 appear	 like	 diabetic
ketoacidosis;	 however,	 lactate,	 as	 opposed	 to	 ketones,	 is	 the	 most	 prominent
derangement	(choice	B	is	correct).

2.	The	correct	answer	is	D.
Rationale:	There	is	no	specific	antidote	for	CCB	poisoning.	Patients	severely

poisoned	 will	 need	multiple	 concurrent	 therapies,	 often	 at	 doses	 much	 higher
than	 typically	 used	 (choice	 D	 is	 correct).	 Not	 listed	 here	 as	 a	 choice,	 but
vasopressor	support	is	also	usually	required.

3.	The	correct	answer	is	A.
Rationale:	 Blood	 glucose,	 as	 compared	 with	 vital	 signs,	 appears	 to	 best

correlate	 with	 the	 severity	 of	 calcium	 channel	 blocker	 poisoning	 (choice	 A	 is
correct).	Of	note,	dihydropyridines	maintain	normal	sinus	rhythm	and	can	cause
reflex	sinus	tachycardia.
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Chapter	107
Cardiac	Glycoside	Poisoning
Brian	G.	Lewis,	Bryan	S.	Judge

KEY	POINTS:
1.	 Digoxin	exerts	positive	inotropic	effects	but	during	overdose	leads	to

dysrhythmias	through	increased	automaticity,	decreased	refractory
period,	and	delayed	after	depolarizations.

2.	 Common	noncardiac	symptoms	among	patients	with	chronic	digoxin
poisoning	include	fatigue,	dizziness,	nausea,	and	confusion.

3.	 Digoxin-specific	antibody	fragments	are	the	treatment	of	choice	for
life-threatening	ventricular	dysrhythmias	and	symptomatic
bradycardia.

4.	 Serum	potassium	>5	mEq/L	is	associated	with	increased	mortality
following	acute	digoxin	overdose	and	is	an	indication	for	digoxin-
specific	antibody	fragments	therapy.

5.	 Digoxin-specific	antibody	fragments	dose	can	be	calculated	based
on	total	digoxin	body	burden.

6.	 Chronic	digoxin	toxicity	can	cause	virtually	any	cardiac	dysrhythmia.
7.	 Chronically	poisoned	patients	with	elevated	serum	digoxin

concentration	who	are	asymptomatic	and	without	ectopy	on
electrocardiogram	can	often	be	conservatively	managed	(eg,
discontinuation	of	digoxin,	serial	serum	digoxin	concentration,
cardiac	telemetry,	and	close	observation).

INTRODUCTION
Cardiac	 glycosides	 (CGs)	 are	 naturally	 occurring	 substances	 whose	medicinal
benefits	have	been	recognized	for	centuries.1	Digoxin	is	the	major	CG	used	for



medicinal	 purposes	 today.	 Although	 its	 use	 throughout	 the	 United	 States	 has
steadily	declined,	digoxin	is	still	used	for	the	treatment	of	heart	failure	and	atrial
fibrillation.2,3	Digoxin	is	responsible	for	most	cases	of	CG	poisoning;	however,
exposure	 to	 cardioactive	 steroids	 in	 plants	 (eg,	 dogbane,	 foxglove,	 lily	 of	 the
valley,	oleander,	red	squill,	and	Siberian	ginseng),	animal	sources	(eg,	Bufo	toad
species),	and	topical	aphrodisiacs	can	also	result	in	serious	toxicity.4-6

PHARMACOLOGY
1 	 Digoxin	 exerts	 a	 positive	 inotropic	 effect,	 thereby	 enhancing	 the	 force	 of
myocardial	 contraction.	 Direct	 effects	 of	 digoxin	 include	 prolongation	 of	 the
effective	refractory	period	of	the	atria	and	the	atrioventricular	(AV)	node,	which
diminishes	 the	 conduction	 velocity	 through	 those	 regions.	 CGs	 are	 readily
absorbed	 through	 the	 gastrointestinal	 tract;	 digoxin	 has	 up	 to	 80%
bioavailability,7	a	volume	of	distribution	(V	d)	of	5.1	to	7.4	L	per	kg,8	and	a	half-
life	of	36	to	48	hours.9,10	The	generally	accepted	therapeutic	serum	concentration
range	for	digoxin	is	0.8	to	2.0	ng	per	mL	for	inotropic	support	of	patients	with
left	ventricular	dysfunction.	Higher	concentrations	(1.5-2.0	ng	per	mL)	may	be
needed	for	ventricular	rate	control	of	patients	with	atrial	dysrhythmias.	Digoxin
is	 primarily	 eliminated	 by	 renal	 excretion.	 In	 patients	 with	 renal	 dysfunction,
digoxin	 clearance	 is	 reduced.	 Serum	 digoxin	 concentrations	 can	 be	 altered	 by
numerous	drug	interactions.11-13

Toxicity	results	from	an	exaggeration	of	therapeutic	effects.7	CGs	bind	to	and
inactivate	 the	 sodium-potassium	 adenosine	 triphosphatase	 (Na+-K+-ATPase)
pump	 on	 cardiac	 cell	 membranes.	 This	 pump	 maintains	 the	 electrochemical
membrane	 potential,	 vital	 to	 conduction	 tissues,	 by	 concentrating	 Na+
extracellularly	and	K+	intracellularly.	When	Na+-K+	ATPase	is	inhibited,	the	Na+-
calcium	 exchanger	 removes	 accumulated	 intracellular	 sodium	 in	 exchange	 for
calcium.	 This	 exchange	 increases	 sarcoplasmic	 calcium	 and	 is	 the	mechanism
responsible	 for	 the	 positive	 inotropic	 effect	 of	 digitalis.	 Intracellular	 calcium
overload	 causes	 delayed	 afterdepolarizations	 and	 gives	 rise	 to	 triggered
dysrhythmias.	 Increased	 vagal	 tone	 and	 direct	 AV	 depression	 may	 produce
conduction	 disturbances.	 The	 decreased	 refractory	 period	 of	 the	 myocardium
increases	automaticity.

CLINICAL	PRESENTATION



2 	Differences	between	the	presentations	of	patients	with	CG	poisoning	due	to	a
single	acute	 ingestion	and	 those	with	chronic	 toxicity	 resulting	 from	excessive
therapeutic	doses	 are	 illustrated	 in	Table	107.1.	 Chronic	CG	 toxicity	 can	 be	 a
diagnostic	 challenge	 because	 the	 presentation	 may	 mimic	 more	 common
illnesses,	such	as	influenza	or	gastroenteritis.	Patients	with	chronic	CG	toxicity
may	 present	 with	 constitutional,	 gastrointestinal,	 psychiatric,	 or	 visual
complaints	 that	may	not	be	recognized	as	signs	of	digitalis	 toxicity.	Symptoms
most	 commonly	 reported	 include	 fatigue,	 weakness,	 nausea,	 anorexia,	 and
dizziness.14	 Neuropsychiatric	 signs	 and	 symptoms	 include	 headache,	 vertigo,
syncope,	seizures,	memory	loss,	confusion,	disorientation,	delirium,	depression,
and	hallucinations.15	The	most	frequently	reported	visual	disturbances	are	cloudy
or	blurred	vision,	loss	of	vision,	and	yellow-green	halos	or	everything	appearing
“washed	in	yellow”	(xanthopsia).18

TABLE	107.1

Characteristics	of	Cardiac	Glycoside	Toxicity

Clinical
Finding Acute	Toxicity Chronic	Toxicity

Gastrointestinal
toxicity

Nausea,	vomiting Nausea,	vomiting

Central
nervous	system
toxicity

Headache,	weakness,
dizziness,	confusion,
and	coma

Confusion,	coma

Cardiac
toxicity

Bradydysrhythmias,
supraventricular
dysrhythmias	with	AV
block;	ventricular
dysrhythmias	are
uncommon

Virtually	any	dysrhythmia
(ventricular	or	supraventricular
dysrhythmias	with	or	without
AV	block);	ventricular
dysrhythmias	are	common

Serum
potassium

Elevated	but	may	be
normal	(high
concentrations
correlated	with	toxicity)

Low	or	normal	(hypokalemia
secondary	to	concomitant
diuretic	use)



Serum	digoxin
concentration

Markedly	elevated May	be	within	“therapeutic”
range	or	minimally	elevated

AV,	atrioventricular.
Adapted	and	combined	from	Smith	TW,	Antman	EM,	Friedman	PL,	et	al.	Digitalis	glycosides:
mechanisms	and	manifestations.	Prog	Cardiovasc	Dis.	1984;26:413-458;	Wofford	JL,	Ettinger
WH.	Risk	factors	and	manifestations	of	digoxin	toxicity	in	the	elderly.	Am	J	Emerg	Med.
1991;9:11-15;	Huffman	JC,	Stern	T.	Neuropsychiatric	consequences	of	cardiovascular
medications.	Dialogues	Clin	Neurosci.	2007;9:29-45;	Moorman	JR,	Pritchett	EL.	The	arrhythmias
of	digitalis	intoxication.	Arch	Intern	Med.	1985;145:1289-1292;	and	Lapostolle	F,	Borron	SW,
Verdier	C,	et	al.	Digoxin-specific	Fab	fragments	as	single	first-line	therapy	in	digitalis	poisoning.
Crit	Care	Med.	2008;36:3014-3018.

Cardiac	 manifestations	 of	 CG	 toxicity	 are	 common	 and	 potentially	 life-
threatening.	An	 extremely	wide	 variety	 of	 dysrhythmias	 has	 been	 reported.16,19
Dysrhythmias	 frequently	 associated	 with	 CG	 toxicity	 include	 premature
ventricular	contractions,	paroxysmal	atrial	tachycardia	or	atrial	fibrillation	with	a
conduction	block,	junctional	tachycardia,	sinus	bradycardia,	AV	nodal	blockade,
ventricular	tachycardia,	and	ventricular	fibrillation.	Atrial	tachycardia	(enhanced
automaticity)	 with	 variable	 AV	 block	 (impaired	 conduction),	 atrial	 fibrillation
with	 an	 accelerated	 or	 slow	 junctional	 rhythm	 (regularization	 of	 atrial
fibrillation),	and	fascicular	tachycardia	are	highly	suggestive	of	CG	toxicity.20,21
Bidirectional	 ventricular	 tachycardia,	 a	 narrow-complex	 tachycardia	with	 right
bundle-branch	 morphology,	 is	 highly	 specific,	 but	 not	 pathognomonic,	 for
digitalis	toxicity.16

Myocardial	 disease,	 myocardial	 ischemia,	 and	 metabolic22	 or	 electrolyte
disturbances,	 such	 as	 hypokalemia,	 hypomagnesemia,	 and	 hypercalcemia,9
increase	 the	 risk	 of	 toxicity.	 The	 elderly	 are	 at	 increased	 risk,	 whereas	 renal
impairment,	 hepatic	 disease,	 hypothyroidism,	 chronic	 obstructive	 pulmonary
disease,	and	drug	interactions	alter	sensitivity	to	CGs.1

DIAGNOSTIC	EVALUATION
Essential	 laboratory	 tests	 include	 serum	 digoxin	 concentrations,	 electrolytes,
blood	urea	nitrogen,	creatinine,	calcium,	magnesium,	and	an	electrocardiogram.
Additional	 laboratory	 tests	 should	 be	 obtained	 as	 clinically	 indicated.	 Serum
digoxin	concentrations	can	assist	in	the	diagnosis	of	CG	poisoning	but	must	be
carefully	 interpreted.21	A	 therapeutic	concentration	does	not	exclude	poisoning,
as	 predisposing	 factors	 can	 cause	 an	 individual	 to	 become	 poisoned	 despite	 a



concentration	 within	 the	 therapeutic	 range.	 Conversely,	 high	 serum	 digoxin
concentrations	after	an	acute	ingestion	do	not	always	indicate	toxicity.23	Digoxin
follows	 a	 two-compartment	 model	 of	 distribution,	 with	 relatively	 rapid
absorption	 into	 the	 plasma	 compartment	 and	 then	 slow	 redistribution	 into	 the
tissue	compartment.9	Serum	digoxin	concentrations	most	reliably	correlate	with
toxicity	when	 obtained	 after	 distribution	 is	 complete,	which	 occurs	 6	 hours	 or
more	after	oral	or	intravenous	digoxin	administration.

Naturally	occurring	cardioactive	steroids	from	plants	and	animals	can	cross-
react	with	 some	 digoxin	 assays.	 The	 degree	 of	 cross-reactivity	 is	 unclear,	 and
because	 the	 assays	 are	 not	 calibrated	 for	 nondigoxin	 glycosides,	 the	measured
value	 cannot	 be	 reliably	 interpreted.6	A	 false-positive	 digoxin	 assay	 (usually	 a
concentration	below	3	ng	per	mL)	may	occur	in	neonates	and	patients	with	renal
insufficiency,	 liver	disease,	and	pregnancy	because	of	endogenous	digoxin-like
immunoreactive	factors.24-26

4 	Hyperkalemia	(serum	potassium	>5.0	mEq/L)	may	be	a	better	indicator	of
severe	 digoxin	 toxicity	 rather	 than	 the	 serum	 digoxin	 concentration	 in	 the
acutely	 poisoned	 patient.27	 In	 contrast,	 hypokalemia	 and	 hypomagnesemia	 are
commonly	 seen	among	chronically	poisoned	patient,	presumably	as	 a	 result	of
concomitant	diuretic	use.

MANAGEMENT
The	 management	 of	 CG	 poisoning	 includes	 supportive	 care,	 prevention	 of
further	 drug	 absorption,	 appropriate	 administration	 of	 digoxin	 antibody
fragments	(referred	to	as	“Fab”	in	this	chapter	for	brevity),	and	safe	disposition.
Meticulous	 attention	 to	 supportive	 care	 and	 a	 search	 for	 easily	 correctable
conditions,	 such	as	hypoxia,	hypoventilation,	hypovolemia,	hypoglycemia,	 and
electrolyte	 disturbances,	 are	 top	 priorities.	 All	 patients	 should	 have	 vascular
access	 established	 and	 continuous	 cardiac	 monitoring.	 Patients	 with	 clinical
toxicity	 or	 elevated	 serum	 digoxin	 concentrations	 in	 the	 setting	 of	 suspected
overdose	 require	 close	monitoring	 and	 often	warrant	 intensive	 care	 unit	 (ICU)
admission.

Prevention	of	 further	drug	absorption	 should	be	addressed	after	 life	 support
measures	have	been	initiated.	Gastric	lavage	has	little,	if	any,	benefit	during	the
management	of	digoxin	 toxicity.	Activated	charcoal	effectively	binds	CGs,	and
multiple	doses	of	activated	charcoal	enhance	intestinal	digoxin	elimination	after
oral	and	intravenous	digoxin	administration.28

Conventional	treatment	of	bradydysrhythmia	(eg,	atropine	and	isoproterenol)



may	not	 be	 effective	 for	 bradycardia	 due	 to	CG	poisoning.	Atropine	 has	 been
used	 with	 variable	 success	 for	 patients	 with	 digitalis	 toxicity	 exhibiting	 AV
block.29	Isoproterenol	may	increase	ventricular	ectopy	and	lower	the	fibrillation
threshold.	 Transcutaneous	 cardiac	 pacing	 reduces	 mortality	 of	 sick	 digoxin
poisoned	patients.30	Indications	for	transcutaneous	cardiac	pacing	include	serum
potassium	 >5.0	mEq/L,	 dysrrhythmia	 together	with	 atrioventricular	 block,	 age
>40	 years,	 digoxin	 dose	 >10	mg,	 severe	 vomiting,	 and	 previous	 organic	 heart
disease.30	 Although	 a	 hazard	 of	 endocardial	 pacing	 is	 induction	 of	 fatal
dysrhythmias	 particularly	 in	 an	 irritable	 or	 sick	 myocardium,	 transcutaneous
cardiac	pacing	may	be	a	temporizing	treatment	until	Fab	is	administered.30-32

3 	Digoxin-specific	antibody	fragments	is	the	first-line	therapy	in	patients	with
symptomatic	 bradycardia	 and	 for	 life-threatening	 ventricular	 dysrhythmias17;
indications	 for	 Fab	 are	 presented	 in	 Table	 107.2.	 Digoxin-specific	 antibody
fragments	can	 reverse	digitalis-induced	dysrhythmias,	conduction	disturbances,
myocardial	 depression,	 and	 hyperkalemia.	 In	 a	 multicenter	 study,	 90%	 of
patients	with	digoxin	or	digitoxin	toxicity	had	a	complete	or	partial	response	to
Fab	therapy.33	Complete	resolution	of	toxicity	occurred	for	80%	of	the	patients,
and	partial	response	occurred	for	10%.	The	time	to	initial	response	from	end	of
Fab	 infusion	was	within	 1	 hour	 (mean	 19	minutes),	 and	 the	 time	 to	 complete
response	was	0.5	to	6.0	hours	(mean:	1.5	hours).	However,	the	majority	of	these
were	 acutely	 poisoned	 patients	 and	 it	 is	 possible	 that	 chronically	 poisoned
patients	 may	 respond	 differently.	 Treatment	 failures	 have	 been	 attributed	 to
inadequate	 or	 delayed	 dosing,	 moribund	 clinical	 state	 before	 Fab	 therapy,
pacemaker-induced	 dysrhythmias,	 and	 incorrect	 diagnosis	 of	 digitalis
toxicity.33,34	Recurrent	toxicity	has	been	observed	in	3%	of	patients.34	For	most,	it
was	attributed	to	an	inadequate	initial	Fab	dose	and	reversed	with	a	repeat	dose.
Delayed	dosing	of	Fab	may	be	effective	as	seen	in	one	case	report	of	a	patient	in
pulseless	electrical	activity	arrest	who	had	return	of	spontaneous	circulation	after
Fab	administration	during	111	minutes	of	cardiopulmonary	resuscitation.35

TABLE	107.2

Indications	for	Digoxin-Specific	Antibody	Fragments

Bradydysrhythmia
Ventricular	dysrhythmia



107.1

107.2

Cardiac	conduction	disturbance
Myocardial	depression	(hypotension)

Hyperkalemia	>	5.0	mEq/L

5 	Digoxin-specific	 antibody	 fragment	dosage	 (number	of	vials)	 calculations
are	based	on	the	serum	digoxin	concentration	or	estimated	body	load	of	digoxin.
It	is	assumed	that	equimolar	doses	of	antibody	fragments	are	required	to	achieve
neutralization.36	A	40-mg	dose	of	Fab	 (one	vial)	binds	0.6	mg	of	digoxin.	The
number	of	vials	required	can	be	calculated	by	dividing	the	total	body	burden	by
0.6.	 Total	 body	 burden	 is	 calculated	 using	 digoxin	 ingested	 dose	 (Equation
107.1)	or	serum	digoxin	concentration	and	patient	weight	(Equation	107.2).

Ingested	digoxin	dose
Serum	digoxin	concentration	and	patient	weight
In	the	largest	prospective	study	of	Fab	for	digoxin	poisoning	(n	=	150,	mean

serum	concentration	of	8	ng	per	mL),	the	dose	of	Fab	required	to	reverse	digoxin
toxicity	was	five	vials	with	a	range	from	3	to	20	vials.33	A	severely	toxic	patient
for	whom	the	quantity	ingested	acutely	is	unknown	should	be	given	5	to	10	vials
at	a	time	and	the	clinical	response	observed.	When	cardiac	arrest	is	imminent	or
has	occurred,	the	dose	can	be	given	as	a	bolus.	Otherwise,	it	should	be	infused
over	 30	minutes.	 In	 contrast,	 patients	with	 chronic	 therapeutic	 overdose	 often
have	 only	 mildly	 elevated	 digoxin	 concentrations	 and	 respond	 to	 one	 or	 two
vials	of	Fab.	The	recommended	dose	for	a	given	patient	can	be	determined	using
the	 tables	 of	 the	 package	 insert	 or	 by	 contacting	 a	 regional	 poison	 center	 or
toxicology	consultant.

The	Fab	dose	needed	to	treat	cardioactive	steroid	poisoning	is	unknown	but	is



likely	to	be	greater	than	that	necessary	for	digoxin	poisoning.	Starting	with	5	to
10	vials	and	repeating	this	dose	as	necessary	is	a	reasonable	approach.

Free	 digoxin	 concentrations	 are	 decreased	 to	 zero	 within	 1	 minute	 of	 Fab
therapy,	but	 total	serum	digoxin	concentrations	may	be	markedly	 increased.33,37
Because	most	assay	methods	measure	total	(bound	and	free)	digoxin,	very	high
digoxin	concentrations	are	seen	after	Fab	treatment,	but	they	have	no	correlation
with	toxicity.37	Serum	digoxin	concentrations	may	be	unreliable	for	several	days
after	Fab	therapy.38

The	digoxin-Fab	complex	is	excreted	in	the	urine	and	has	a	half-life	of	16	to
20	 hours.39	 Among	 patients	 with	 renal	 failure,	 elimination	 of	 the	 digoxin-Fab
complex	is	prolonged	and	free	digoxin	concentrations	gradually	increase	over	2
to	 4	 days	 after	 Fab	 administration.40	 In	 one	 report	 of	 28	 patients	 with	 renal
impairment	given	Fab,	one	patient	had	recurrent	 toxicity	 that	occurred	10	days
after	 treatment	 and	 persisted	 for	 10	 days.41	 Monitoring	 free	 serum	 digoxin
concentrations	may	 be	 beneficial	 for	 titrating	 effects	 of	 patients	 reliant	 on	 the
inotropic	 action	 of	 digoxin,	 detecting	 rebound	 toxicity	 of	 patients	 with	 renal
impairment,	 assessing	 the	 need	 for	 further	 Fab	 treatment,	 or	 for	 guiding	 the
reinstitution	of	digoxin	therapy.42	Hemodialysis	has	not	been	reported	to	enhance
digoxin-Fab	complex	elimination.

Digoxin-specific	 antibody	 fragments	 therapy	 has	 been	 associated	with	mild
adverse	 drug	 events	 such	 as	 rash,	 flushing,	 and	 facial	 swelling.33,34	 However,
neither	acute	anaphylaxis	nor	serum	sickness	has	been	described.34	Before	Fab
administration,	 an	 asthma	 and	 allergy	 history	 should	 be	 obtained.	 Intradermal
skin	 testing	should	be	considered	 for	high-risk	patients.	When	a	patient	with	a
positive	 skin	 test	 is	 dying,	 however,	 the	 risk-benefit	 ratio	 obviously	 favors
treatment.34	 A	 precipitous	 drop	 of	 the	 serum	 potassium,	 recurrence	 of
supraventricular	 tachydysrhythmias	 previously	 controlled	 by	 digoxin,	 and
development	 of	 cardiogenic	 shock	 by	 a	 patient	 dependent	 on	 digoxin	 for
inotropic	support	have	all	been	associated	with	Fab	therapy.33

Patients	who	receive	Fab	require	continued	monitoring	in	an	ICU	for	at	least
24	 hours.	 Those	 with	 elevated	 serum	 digoxin	 concentrations	 resulting	 from
chronic	therapy	who	are	hemodynamically	stable	can	be	observed	on	a	telemetry
unit.	 Discontinuing	 the	 use	 of	 digoxin	 or	 decreasing	 the	 dose,	 modifying
predisposing	factors,	and	closely	monitoring	subsequent	therapy	are	necessary	to
avert	further	toxic	episodes.	Patients	with	suicidal	ingestions	should	be	referred
for	psychiatric	evaluation	and	disposition.

When	 Fab	 therapy	 is	 not	 immediately	 available	 for	 life-threatening
ventricular	 dysrhythmias,	 phenytoin	 and	 lidocaine,	 which	 depresses	 increased
ventricular	 automaticity	 without	 slowing	 AV	 nodal	 conduction,	 may	 be



considered.21,43	 Amiodarone	 was	 successful	 for	 two	 cases	 refractory	 to	 other
antidysrhythmics.44,45	 Intravenous	 magnesium,	 2	 to	 4	 g	 (10-20	 mL	 of	 a	 20%
solution)	over	1	minute,	may	also	be	useful.46	Quinidine	and	procainamide	are
contraindicated	 during	 digitalis	 toxicity	 because	 they	 depress	 AV	 nodal
conduction	 and	 may	 worsen	 cardiac	 toxicity.1	 Electrical	 cardioversion	 of	 the
digitalis-toxic	patient	should	be	performed	with	extreme	caution	and	considered
a	last	resort.	A	low-energy	setting	(eg,	10-25	W	per	second)	should	be	used	and
preparations	made	to	treat	potential	ventricular	fibrillation.43

4 	Hyperkalemia	is	common	among	patients	with	acute	digoxin	poisoning,	and
empiric	 administration	 of	 supplemental	 potassium	 should	 be	 avoided.47	 This
increase	 of	 serum	 potassium	 concentration	 reflects	 a	 change	 in	 potassium
distribution	and	not	an	increase	of	total	body	potassium	stores.	Serum	potassium
>5.0	mEq/L	during	acute	digoxin	poisoning	is	another	indication	for	Fab.	If	Fab
is	not	immediately	available	and	the	patient	has	life-threatening	hyperkalemia	or
electrocardiogram	 (ECG)	 changes	 consistent	 with	 hyperkalemia,	 treatment
should	 follow	 current	 Advance	 Cardiac	 Life	 Support	 guidelines.	 The	 use	 of
intravenous	calcium	to	 treat	hyperkalemia	 in	CG	toxic	patients	 is	controversial
and	has	been	previously	avoided	by	many	clinicians	because	additional	calcium
was	 reported	 to	 enhance	 cardiac	 toxicity.22	 However,	 recently	 this	 dogma	 has
been	questioned—citing	 animal	 studies	 and	human	 case	 reports	 that	 document
no	 untoward	 effects	 when	 calcium	 is	 administered	 during	 CG	 toxicity—and
recommend	 the	use	of	 intravenous	calcium	for	 those	patients	with	CG	 toxicity
who	have	life-threatening	hyperkalemia	ECG	changes	(eg,	flattened	P	waves	or
QRS	widening).48	 Hemodialysis	 may	 be	 of	 benefit	 for	 a	 CG-poisoned	 patient
with	renal	failure	and	hyperkalemia.

Supplemental	potassium	may	be	beneficial	during	chronic	digitalis	poisoning
when	 diuretic-induced	 hypokalemia	 is	 a	 factor.	 Potassium	 should	 be
administered	 cautiously,	 as	 renal	 dysfunction	 may	 be	 the	 cause	 of	 digitalis
toxicity.	 Hypomagnesemia	 is	 common	 among	 patients	 with	 chronic	 CG
poisoning,	and	supplemental	magnesium	is	recommended	for	such	patients.49

6 	 7 	While	serum	potassium	>5.0	mEq/L	during	acute	digoxin	poisoning	is	an
indication	for	Fab	 therapy,33	 chronically	poisoned	patients	with	elevated	 serum
digoxin	 concentration	who	 are	 asymptomatic	 and	without	 ectopy	 on	ECG	 can
often	 be	 conservatively	managed	 (eg,	 discontinuation	 of	 digoxin,	 serial	 serum
digoxin	concentration	measurements,	cardiac	 telemetry,	and	close	observation).
However,	the	threshold	for	treatment	with	Fab	should	be	lower	for	patients	with
signs	 of	 cardiac	 toxicity	 (eg,	 severe	 bradycardia,	 second-	 or	 third-degree	 AV
heart	block),	or	 those	who	have	comorbidities	 (eg,	 chronic	pulmonary	disease,
hypokalemia,	 hypothyroidism,	 renal	 dysfunction,	 or	 underlying	 cardiac



disease).14,50	Animal	 studies	 and	 case	 reports	 suggest	 Fab	may	 be	 an	 effective
treatment	 for	 patients	 poisoned	 by	 plant	 or	 animal	 sources	 of	 cardioactive
steroids.4,6

MULTIPLE	CHOICE	QUESTIONS
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Questions
1. 	A	68-year-old	man	with	a	history	of	paroxysmal	atrial	fibrillation	presents
to	the	emergency	department	because	of	fatigue,	dizziness,	and	generalized
weakness	over	the	past	week.	His	medications	include	losartan,	digoxin,	and
rivaroxaban.	Examination	of	the	patient	is	remarkable	for	a	regular	heart	rate	of
38	beats	per	minute.	Electrocardiogram	confirms	sinus	bradycardia.	Which	of
the	following	added	findings	would	be	an	indication	for	immediate	treatment
with	digoxin-specific	antibody	fragments?

A. 	Blood	pressure	72/44
B. 	Patient	report	of	green-yellow	visual	halos
C. 	Serum	digoxin	concentration	2.3	ng/mL
D. 	Serum	potassium	concentration	3.0	mEq/L

2. 	A	78-year-old	woman	with	dementia	receives	digoxin-specific	antibody
fragments	after	an	accidental	digoxin	overdose	and	is	admitted	to	the	intensive
care	unit.	In	addition	to	continued	cardiac	telemetry,	which	of	the	following	is	a
potential	treatment	complication	to	monitor	for	over	the	next	24	hours?

A. 	Anaphylaxis
B. 	Hypertension
C. 	Hypokalemia
D. 	Rebounding	digoxin	levels

3. 	A	19-year-old	woman	with	history	of	depression	is	found	unresponsive	on
the	floor	of	her	grandparent’s	bathroom	with	an	empty	bottle	of	pills.	She	is



breathing	spontaneously	and	is	transported	to	the	nearest	hospital.	After	the
patient	is	put	on	cardiac	telemetry	she	suddenly	goes	into	pulseless	bidirectional
ventricular	tachycardia.	Cardiopulmonary	resuscitation	is	initiated.	Emergency
medical	personnel	do	not	know	what	the	empty	pill	bottle	contained	but	you
suspect	digoxin.	What	is	the	digoxin-specific	antibody	fragments	dose	to
administer	to	the	patient?

A. 	1	to	2	vials
B. 	5	to	10	vials
C. 	20	to	30	vials
D. 	Calculate	once	serum	digoxin	level	is	known

Answers

1.	The	correct	answer	is	A.
Symptomatic	 bradycardia,	 ventricular	 dysrhythmias,	 and	 hemodynamic

instability	 are	 among	 the	 indications	 for	 immediate,	 empiric	 digoxin-specific
antibody	 fragments	 (Fab)	 therapy	 (choice	 A	 is	 correct).	 Patients	 with	 chronic
digoxin	 poisoning	 as	 suggested	 by	 the	 visual	 halos	 (choice	 B),	 and	 elevated
concentrations	(choice	C),	may	be	treated	with	supportive	care	and	monitored	by
cardiac	telemetry	when	hemodynamically	stable,	though,	even	then,	Fab	should
be	 considered	 if	multiple	medical	 comorbidities	 are	 present.	 Serum	 potassium
concentration	 >5.0	 mEq/L	 is	 an	 indication	 for	 digoxin-specific	 antibody
fragments	therapy,	not	hypokalemia	(choice	D	is	incorrect).

2.	The	correct	answer	is	C.
Recurrent	 toxicity	 and	 dysrhythmias	 can	 be	 seen	 in	 3%	 of	 patients	 after

digoxin-specific	antibody	fragments	(Fab)	therapy,	so	ongoing	cardiac	telemetry
is	necessary.	A	precipitous	drop	of	potassium	levels	after	 treatment	 is	a	known
complication	 (choice	 C	 is	 correct).	 Like	 most	 dysrhythmias,	 tight	 control	 of
serum	electrolytes	within	normal	ranges	should	be	sought.	There	are	no	reports
of	 anaphylaxis	 from	digoxin-specific	 antibody	 fragments	 therapy	 though	more
mild	drug	reactions	have	been	reported	(choice	A	is	incorrect).	Hypertension	is
also	 not	 a	 recognized	 adverse	 effect	 (choice	 B	 is	 incorrect).	 Serum	 digoxin
concentration	 is	 unreliable	 for	 up	 to	 several	 days	 after	 Fab	 and	 an	 increase	 or
rebound	in	digoxin	level	is	not	an	indication	of	toxicity	(choice	D	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 The	 empiric	 dose	 of	 digoxin-specific	 antibody	 fragments	 to



administer	to	a	hemodynamically	unstable	patient	following	an	acute	overdose	is
5	to	10	vials	(choice	B	is	correct).	This	dose	should	be	given	as	a	bolus	 in	 the
setting	of	imminent	or	active	cardiac	arrest.	One	or	two	vials	may	be	appropriate
in	the	setting	of	chronic	digoxin	poisoning	without	impending	cardiac	arrest,	but
not	 in	 this	 emergent	 acute	 case	 (choice	A	 is	 incorrect).	 Twenty	 to	 30	 vials	 is
more	than	required	as	initial	dose	for	most	acute	overdoses,	though	a	patient	may
end	 up	 needing	 20	 or	more	 vials	 throughout	 their	 hospitalization	 (choice	C	 is
incorrect).	 During	 cardiac	 arrest	 or	 imminent	 arrest,	 patients	 should	 receive
empirical	treatment.	Physicians	should	not	wait	to	calculate	total	body	burden	of
digoxin	(choice	D	is	incorrect).
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Chapter	108
Cholinergic	Poisoning
Brandtly	Yakey,	Andrew	King,	Cynthia	Aaron

KEY	POINTS:
1.	 Symptoms	of	cholinergic	poisoning	result	from	inhibition	of

acetylcholinesterase	(AChE)	causing	sustained	stimulation	of
muscarinic	receptors	and	stimulation	followed	by	depression	of
nicotinic	receptors	in	the	central	and	autonomic	nervous	systems	as
well	as	at	the	neuromuscular	muscular	junction	(depolarizing
neuromuscular	blockade).

2.	 Respiratory	failure	is	a	common	cause	of	death	in	acute	cholinergic
crisis	and	intermediate	syndrome.

3.	 Acute	organophosphate	exposure	can	manifest	as	three	major
syndromes:	acute	cholinergic	crisis,	intermediate	syndrome	(IMS),
and	organophosphate-induced	delayed	polyneuropathy	(OPIDP)	or
organophosphate-induced	delayed	neuropathy	(OPIDN).

4.	 Initial	therapy	is	focused	on	muscarinic	receptor	antagonism	with
rapid	incremental	increases	of	atropine	dosage	until	atropinization
occurs	(resolution	of	bronchorrhea	and	bronchospasm,	heart	rate
>80	beats	per	minute,	systolic	blood	pressure	>	80	mm	Hg,	dry
axillae,	and	pupils	>	2	mm	in	diameter).

5.	 Oxime	therapy	focuses	on	reactivating	the	phosphorylated	AChE.
Although	oxime	therapy	is	a	mainstay	of	treatment,	scientific
evidence	is	inconclusive	with	regard	to	clinical	outcome.

6.	 Increasing	use	of	AChE	inhibitors	to	treat	dementia	is	associated
with	adverse	effects	such	as	gastrointestinal	symptoms	and
bradycardia.



INTRODUCTION
Cholinergic	 agents	 (acetylcholinesterase	 [AChE]	 inhibitors)	 are	 used	 as
medications,	 as	 organophosphate	 (OP)	 insecticides,	 and	 as	 chemical	 weapons
(“nerve	agent”).	Many	OP	poisonings	result	from	accidental	dermal	contact	with
OP	insecticides	during	its	use	for	agriculture,1	and	OP	insecticide	self-poisoning
is	 a	 major	 global	 health	 problem.2	 Foodborne	 organophosphorus	 compound
poisonings	 have	 produced	 incidents	 such	 as	 “Ginger	 Jake	 paralysis”	 (delayed
neuropathy)	 because	 of	 adulterated	 alcoholic	 drinks	 with	 triorthocresyl
phosphate3	 and	 an	 incident	 affecting	 over	 2000	 people	 with	 mild-to-moderate
symptoms	 related	 to	 the	 use	 of	 aldicarb	 on	 watermelons.4	 Two	 sarin	 attacks
occurred	in	Matsumoto	and	Tokyo	Japan	in	the	mid-1990s.	Sarin	was	allegedly
released	at	the	end	of	the	Iran-Iraq	war	and	during	the	Syrian	Civil	War.	Nerve
agents	(eg,	VX	and	Novichok)	have	been	used	as	an	assassination	tool.5

PHARMACOLOGY
AChE	inhibitors	act	primarily	by	blocking	the	active	site	of	AChE.	OPs	form	a
covalent	 phosphate	 linkage	 with	 a	 serine	 residue	 at	 the	 enzyme’s	 active	 site.
AChE	 regeneration	 occurs	 by	 de	 novo	 synthesis,	 hydrolysis	 of	 the	 serine-
organophosphorus	 bond,	 or	 oxime-aided	 reactivation.	 Over	 time,	 in	 a	 process
that	is	agent-dependent,	the	OP	molecule	“ages”	on	the	enzyme	(stabilization	of
the	phosphate	bond	between	the	OP	and	the	active	site	of	AChE)	and	becomes
resistant	 to	reactivation	by	oximes.	Carbamates	are	reversible	AChE	inhibitors,
occupying	 but	 not	 permanently	modifying	 the	 catalytic	 region	 of	 the	 enzyme.
AChE	 activity	 is	 restored	 when	 the	 carbamate	 spontaneously	 leaves	 the
enzyme’s	 active	 site.6	 The	 duration	 of	 red	 blood	 cell	 (RBC)	 and	 plasma
cholinesterase	 inhibition	 is	 relatively	 shorter	 with	 carbamates	 compared	 with
OPs.7	Reversible	AChE	 inhibitors	such	as	 tacrine,	 rivastigmine,	donepezil,	and
galantamine	 have	 been	 used	 for	 the	 treatment	 of	 Alzheimer	 dementia.	 The
characteristics	and	treatment	of	exposure	to	these	products	are	covered	at	the	end
of	this	chapter.

1 	 Inhibition	 of	 AChE	 allows	 the	 neurotransmitter	 acetylcholine	 (ACh)	 to
accumulate	 and	 remain	 active	 in	 the	 synapse,	 resulting	 in	 sustained
depolarization	of	the	postsynaptic	neuron	or	effector	organ.	This	effect	occurs	in
the	 central	 nervous	 system	 (CNS),	 as	 well	 as	 at	 muscarinic	 receptors	 in	 the
peripheral	 nervous	 system,	 nicotinic	 receptors	 in	 the	 sympathetic	 and
parasympathetic	ganglia,	and	nicotinic	receptors	at	 the	neuromuscular	junction.



In	 general,	 effects	 at	 muscarinic	 receptors	 are	 sustained,	 whereas	 nicotinic
receptors	 are	 stimulated	 and	 then	 depressed	 (depolarizing	 neuromuscular
blockade).	The	pharmacological	and	toxicological	effects	of	the	AChE	inhibitor
are	an	extension	of	their	mechanism	of	action	(Table	108.1).

TABLE	108.1

Clinical	Effects	of	Acetylcholinesterase	Inhibition	at
Synaptic	Muscarinic	and	Nicotinic	Receptors

Muscarinic	Receptors	(Increased	Stimulation)

Pupils Miosis	(constriction)

Ciliary	body Blurred	vision

Exocrine	glands Increased	secretions

Lacrimal	glands Tearing

Salivary	glands Salivation

Respiratory	tract Bronchorrhea,	rhinorrhea,	bronchoconstriction

Heart Bradycardia

Smooth	muscle Contraction

Gastrointestinal	tract Nausea,	vomiting,	abdominal	cramps,	diarrhea

Bladder Incontinence,	frequency

Sphincter	of	Oddi Pancreatitis

Central	nervous
system

Variablea

Muscarinic	Mnemonic:	DUMBBBELS	(Diarrhea,	Urination,	Miosis,
Bronchospasm,	Bronchorrhea,	Bradycardia,	Emesis,	Lacrimation,	Salivation)

Nicotinic	Receptors	(Stimulation	and	Then	Depression;	Depolarizing
Neuromuscular	Blockade)



Skeletal	muscle
(neuromuscular
junction)

Weakness,	cramps,	fasciculation,	paralysis

Sympathetic	ganglia Mydriasis,	tachycardia,	hypertension;	then
hypotension

Central	nervous
system

Variable	symptoms	from	anxiety	and	restlessness	to
confusion,	obtundation,	coma,	and	seizuresa

Nicotinic	Mnemonic:	Monday-Tuesday-Wednesday-THursday-Friday
(mydriasis,	tachycardia,	weakness,	hypertension,	fasciculations)

aRelative	contributions	of	nicotinic	and	muscarinic	receptors	to	central	nervous	system	effects	are
unclear.

CLINICAL	MANIFESTATIONS
The	 clinical	 course	 of	 acute	 OP	 poisoning	 can	 manifest	 as	 three	 major
syndromes:	 acute	 cholinergic	 crisis,	 intermediate	 syndrome	 (IMS),	 and
organophosphate-induced	delayed	polyneuropathy	(OPIDP)	or	organophosphate-
induced	delayed	neuropathy	(OPIDN).	Chronic	OP	exposure	has	been	associated
with	 impaired	 neurobehavioral	 performance,	 chronic	 organophosphate-induced
neuropsychiatric	disorder	(COPIND).

Acute	 Cholinergic	 Crisis.	 Persistent	 excess	 ACh	 at	 the	 synapses	 and
neuromuscular	 junctions	 produces	 sustained	 stimulation	 of	 the	muscarinic	 and
nicotinic	 receptors.	These	 clinical	 effects	 are	 summarized	 in	Table	108.2.	 One
mnemonic	 used	 to	 remember	 the	 muscarinic	 toxidrome	 is	 DUMBBBELS
(diarrhea,	 urination,	miosis,	bronchospasm,	 bronchorrhea,	 bradycardia,	 emesis,
lacrimation,	 salivation).	 A	 mnemonic	 to	 remember	 the	 nicotinic	 toxidrome	 is
Monday-Tuesday-Wednesday-THursday-Friday	 (mydriasis,	 tachycardia,
weakness,	hypertension,	fasciculations).	Peripheral	muscarinic	effects	tend	to	be
observed	 more	 frequently	 than	 nicotinic	 effects.	 Miosis	 is	 probably	 the	 most
prevalent	 and	 specific	 clinical	 manifestation	 of	 OP	 poisoning	 and	 may	 be	 a
helpful	 diagnostic	 clue,	 although	 lack	 of	 miosis	 does	 not	 rule	 out	 OP
poisoning.8,9	 Signs	 and	 symptoms	 of	 impaired	 neuromuscular	 transmission
typically	appear	when	60%	to	80%	of	AChE	activity	has	been	inhibited.10	Either
muscarinic	or	nicotinic	effects	may	predominate,	which	has	led	to	misdiagnosis
among	pediatric	patients.11	The	severity	of	poisoning	depends	on	factors	such	as



of	 organophosphorus	 compound,	 route	 of	 exposure,	 intensity	 and	 duration	 of
exposure.	 For	 example,	 high	 intensity	 and	 short	 duration	 of	 exposure	 to	 a
carbamate	 may	 result	 in	 severe	 poisoning	 that	 is	 of	 relatively	 short	 duration.
Fatigue,	 headaches,	 dizziness,	 and	 gastrointestinal	 symptoms	 are	 common
during	mild	poisonings.	These	 symptoms	worsen	with	 increasing	 intensity	 and
or	 duration	 of	 exposure	 to	 an	 organophosphorus	 agent.	 Additional	 systemic
symptoms	including	fasciculations,	difficulty	talking,	and	generalized	weakness
are	common	in	moderate	severity.	Coma,	flaccid	paralysis,	seizures,	pulmonary
secretions,	and	respiratory	distress	are	observed	with	severe	poisoning.12

TABLE	108.2

Severity	of	Cholinergic	Poisoning

Mild	Poisoning Moderate
Poisoning Severe	Poisoning

RBC	AChE	20%-50%
of	normal

RBC	AChE	10%-20%
of	normal

RBC	AChE	<10%	of
normal

Fatigue Worsening	mild
symptoms	plus:

Worsening	moderate
symptoms	plus:

Can	walk Cannot	walk Flaccid	paralysis

Miosis Weakness Unreactive	pupils

Dizzy Difficulty	speaking Coma

Headache Fasciculations Seizures

Numbness Secretions	mouth/nose

Abdominal	Cramps Pulmonary	Edema

Nausea Respiratory	Distress

Vomiting

Diarrhea

Sweating



Salivation

Chest	Tightness

AChE,	acetylcholinesterase;	RBC,	red	blood	cell.

Cholinergic	 signs	 and	 symptoms	may	 begin	minutes	 to	 hours,	 rarely	more
than	 12	 hours,	 after	 exposure	 depending	 on	 variables	 such	 as	 of
organophosphorus	 compound,	 route	 of	 exposure,	 intensity	 and	 duration	 of	 the
exposure.2	 Onset	 may	 be	 delayed	 for	 lipophilic	 compounds	 (eg,	 fenthion,
dichlofenthion,	 leptophos)2	 or	 compounds	 that	 require	 hepatic	metabolism	 to	 a
more	toxic	intermediate	(eg,	parathion	is	metabolized	to	paraoxon).13	Lipophilic
compounds	may	 distribute	 in	 large	 amounts	 to	 fat	 stores	 after	 absorption,	 and
subsequent	slow	redistribution	and	activation	may	result	in	recurrent	cholinergic
features	lasting	days	or	weeks.	Fenthion	poisonings	are	usually	characterized	by
minimal	or	absent	cholinergic	symptoms	for	24	to	48	hours,	after	which	patients
develop	 increasing	 muscle	 weakness	 and	 respiratory	 failure.	 In	 one	 case	 of
suicidal	 fenthion	 ingestion,	 the	 onset	 of	 cholinergic	 crisis	was	 delayed	 5	 days
and	 recurred	 24	 days	 after	 ingestion.	 Dermal	 absorption	 of	 lipophilic
organophosphorus	 compounds	 may	 likewise	 lead	 to	 delayed	 systemic	 effects.
The	duration	of	 symptoms	 following	OP	exposure	 is	variable	 and	 is	 related	 to
the	 specific	 organophosphorus	 compound,	 route	 of	 exposure,	 intensity,	 and
duration	of	 the	 exposure,	with	highly	 lipophilic	 compounds	 causing	prolonged
effects.14	Symptoms	usually	resolve	within	12	to	48	hours	following	exposure	to
carbamates	and	other	reversible	cholinesterase	inhibitors.15

2 	 Respiratory	 failure	 is	 a	 common	 cause	 of	 death	 from	 AChE	 inhibitor
poisoning2	and	occurs	by	three	major	mechanisms:	CNS	depression,	weakness	of
respiratory	muscles,	and	direct	pulmonary	effects.	The	first	mechanism	involves
loss	 of	 respiratory	 drive	 due	 to	 CNS	 depression.	 The	 second	mechanism	 is	 a
result	 of	 excessive	 ACh	 accumulation	 at	 the	 neuromuscular	 junction	 of
respiratory	 muscles	 inducing	 fasciculations	 and	 weakness	 due	 to	 sustained
depolarization	 (depolarizing	 neuromuscular	 blockade).	The	 third	mechanism	 is
due	 to	 sustained	 stimulation	 of	 muscarinic	 receptors	 resulting	 in
bronchoconstriction	and	bronchorrhea.16	Respiratory	failure	may	be	complicated
by	hydrocarbon	aspiration	in	cases	of	liquid	OP	pesticide	ingestion	because	most
OP	 preparations	 are	 formulated	 with	 organic	 solvents	 (mostly	 xylene)	 and
emulsifiers.	Organophosphorus	compounds	themselves	have	very	low	volatility,
in	contrast	to	their	hydrocarbon	solvents	that	are	highly	volatile.

Cardiac	 toxicity	 has	 been	 increasingly	 described	 as	 a	 complication	 of	 OP



poisoning.	There	are	three	phases	of	reported	toxicity	including	a	brief	period	of
intense	 sympathomimetic	 tone,	 a	 period	 of	 enhanced	 parasympathetic	 activity,
and	 corrected	 QT	 interval	 (QTc)	 prolongation	 with	 potential	 for	 polymorphic
ventricular	 tachycardia	 (torsade	 de	 pointes).	 The	 most	 common	 ECG
abnormalities	 were	 prolonged	 QTc	 and	 sinus	 tachycardia.17	 The	 QTc	 may	 be
predictive	 of	 OP	 poisoning	 severity;	 QTc	 >	 440	 ms	 associated	 with	 higher
atropine	 dosing	 and	 mortality	 rates.18	 However,	 these	 findings	 have	 not	 been
validated.	Autopsy	findings	in	patients	who	died	of	OP	poisoning	showed	direct
myocardial	injury	with	myocardial	interstitial	edema,	inflammation,	and	vascular
congestion.19	 The	 effects	 of	 OPs	 on	 blood	 pressure	 are	 variable.	 Dimethoate
poisoning	 is	 unique	 due	 to	 its	 association	with	 delayed	 refractory	 hypotension
within	 36	 to	 48	 hours.2	 The	 etiology	 of	 the	 delayed	 hypotension	 syndrome	 is
unclear,	but	may	result	from	peripheral	vasodilation	and	myocardial	depression,
with	one	case	report	of	dimethoate	toxic	cardiomyopathy.20,21

The	CNS	effects	of	acute	cholinergic	poisoning	include	altered	mental	status,
seizures,	 and	 coma.2	 Dystonias	 and	 choreoathetoid	 movements	 have	 been
reported.22	 Less	 severe	 manifestations	 include	 anxiety,	 agitation,	 emotional
lability,	headaches,	insomnia,	tremor,	difficulty	in	concentrating,	slurred	speech,
ataxia,	and	hyperreflexia	or	hyporeflexia.

3 	Intermediate	Syndrome.	The	IMS	is	a	recurrence	of	weakness	characterized
by	 proximal	 limb	muscles,	 neck	 flexors,	motor	 cranial	 nerves,	 and	 respiratory
muscles	that	develops	after	the	acute	cholinergic	crisis	and	before	the	expected
onset	of	 the	delayed	neuropathy.23	 It	may	begin	24	 to	 96	hours	 after	 the	 acute
cholinergic	crisis	and	may	last	4	to	18	days.24	Neck	muscle	weakness	is	the	most
common	 initial	 symptom,	 characterized	 as	 the	 inability	 to	 lift	 head	 against
gravity.	Patients	must	be	closely	assessed	for	deterioration	of	respiratory	status.24
The	 underlying	 pathophysiology	 of	 IMS	 is	 unclear.	 Proposed	 mechanisms	 of
IMS	 include	 differential	 susceptibility	 of	 nicotinic	 receptors,	 persistent	 or
excessive	acetylcholine	at	the	neuromuscular	junction,25	inadequate	or	premature
discontinuation	 of	 oxime	 therapy,	 downregulation	 or	 desensitization	 of
postsynaptic	 acetylcholine	 receptors,	 oxidative	 stress-related	 myopathy,	 and
changes	in	calcium	homeostasis.24,26,27

OPIDP	or	OPIDN.	OPIDP	may	occur	1	to	3	weeks	after	the	acute	cholinergic
crises.	Patients	initially	recover	from	the	acute	cholinergic	crisis	then	develop	a
progressive	 sensorimotor	 peripheral	 neuropathy	 that	 is	 characterized	 by	 both
paresthesias	and	motor	dysfunction	occurring	first	in	the	longest	skeletal	nerves.
Symptoms	 slowly	 develop	 and	 can	 be	 divided	 into	 three	 phases:	 progressive,
stationary,	 and	 improvement.	 During	 the	 progressive	 phase,	 patients	 have	 a
peripheral	sensory	neuropathy	with	complaints	of	burning,	 tightness,	or	pain	in



the	 legs	 and	 feet.	 This	 is	 followed	 by	 numbness	 and	 tingling.	 Subsequently,
motor	 weakness	 develops,	 with	 weakness	 and	 loss	 of	 peroneal	 innervation
causing	 foot	 drop	 and	 a	 high-stepping	 gait.	 After	 approximately	 1	 week,	 the
paresis	may	 symmetrically	ascend	 into	 the	upper	extremities.	The	 sensory	 loss
may	occur	in	a	stocking-glove	distribution,	and	the	patient	loses	proprioception.
With	 time,	 a	 positive	 Romberg	 sign	 and	 loss	 of	 lower	 extremity	 deep	 tendon
reflexes	may	develop.	Flaccid	paralysis	may	occur	among	severe	cases.	During
the	 stationary	 phase,	 paresis	 and	 motor	 findings	 cease	 to	 progress.	 This	 may
occur	 over	 3	 to	 12	 months.	 The	 improvement	 phase	 usually	 begins	 6	 to
18	months	 after	 exposure,	 though	 improvement	may	 be	 seen	 as	 early	 as	 2	 to
9	 weeks.	 Partial	 or	 complete	 motor	 function	 returns	 in	 reverse	 order	 of	 loss.
During	this	phase,	central	cord	or	brain	lesions	may	become	clinically	apparent
and	spasticity	can	develop.28	Postmortem	histologic	studies	showed	progressive
neuronal	 degeneration,	 beginning	 with	 axonal	 swelling	 followed	 by
demyelination,	axonal	degeneration,	and	Wallerian	degeneration	or	“dying	back”
axonopathy	 phenomenon.29	 Development	 of	 OPIDP	 appears	 to	 involve
phosphorylation	(inhibition	and	aging)	of	the	target	molecule	“neuropathy	target
esterase.”	OPs	that	have	been	associated	with	OPIDP	are	aryl	organophosphorus
esters	that	contain	either	a	pentavalent	phosphorus	atom	(,	including	derivatives
of	phosphoric,	phosphonic,	and	phosphoramidic	acids,	or	phosphorofluoridates)
or	a	trivalent	phosphorus	atom	(	or	phosphorus	acid	derivatives).29

Chronic	Organophosphate-Induced	Neuropsychiatric	Disorder.	COPIND	has
been	 associated	 with	 repeated	 organophosphates	 exposures,	 most	 commonly
seen	in	agricultural	workers.	COPIND	is	not	dependent	on	AChE	inhibition	and
can	occur	without	cholinergic	symptoms.	Common	symptoms	include	cognitive
deficit,	 mood	 change,	 chronic	 fatigue,	 autonomic	 dysfunction,	 peripheral
neuropathy,	 and	 extrapyramidal	 symptoms.	 Symptom	 onset	 is	 usually	 delayed
and	persists	for	a	long	time,	which	suggests	permanent	CNS	damage.30

DIAGNOSTIC	EVALUATION
Cholinergic	 poisoning	 is	 a	 clinical	 diagnosis	 based	 on	 a	 history	 of	 exposure,
clinical	 findings	 (toxidrome),	 and	 expected	 response	 to	 appropriate	 antidotal
therapy.	The	primary	laboratory	studies	to	evaluate	anticholinesterase	poisoning
are	 plasma	 cholinesterase	 (also	 known	 as	 butyrylcholinesterase	 or
pseudocholinesterase)	 and	RBC	AChE	 activity.	Both	 tests	 are	 used	 to	 confirm
the	clinical	diagnosis	of	anticholinesterase	poisoning.	However,	 there	 is	a	wide
variation	of	plasma	cholinesterase	and	RBC	AChE	 reference	values	as	well	 as



substantial	 inter-individual	 variation.	 In	 addition,	 these	 test	 results	 are
unavailable	 from	most	 hospital	 laboratories	 in	 real-time,	 but	 portable	 point	 of
care	testing	kits	with	capability	to	measure	both	plasma	cholinesterase	and	RBC
AChE	are	increasingly	available.

Plasma	cholinesterase	is	an	acute	phase	protein	that	is	synthesized	in	the	liver.
Red	 blood	 cell	 AChE	 has	 a	 similar	 structure	 to	 synaptic	 AChE	 and	 may	 be
useful	as	a	surrogate	for	synaptic	AChE	activity.31	Compared	with	RBC	AChE,
plasma	 cholinesterase	 has	 a	 variable	 response	 to	 organophosphorus	 compound
inhibition,	 recovers	 more	 quickly,	 and	 is	 relatively	 insensitive	 to	 oxime
reactivation.32,33	 During	 suspected	 AChE	 inhibitor	 poisoning,	 patients’	 blood
samples	should	be	sent	 to	a	 laboratory	for	 testing	of	plasma	cholinesterase	and
RBC	AChE	activity	and	serial	testing	for	AChE	activity	when	the	clinical	course
is	atypical.34	However,	this	may	be	of	limited	clinical	utility	when	results	are	not
available	 in	near	 real	 time.	Blood	sampling	 for	AChE	 testing	should	be	drawn
into	 a	 fluoride-free	 tube	 as	 fluoride	 inactivates	 enzyme	 systems.	 Reference
laboratory	 should	 be	 contacted	 to	 obtain	 specific	 drawing	 and	 storing
instructions	for	blood	samples.

The	severity	of	acute	OP	poisoning	is	generally	based	on	percent	of	baseline
RBC	AChE	 activity	 (Table	 108.2):	 mild	 (20%	 to	 50%	 of	 baseline),	 moderate
(10%	to	20%	of	baseline),	and	severe	(less	 than	10%	of	baseline).	When	RBC
AChE	 activity	 is	 >40%	 of	 normal,	 neuromuscular	 transmission	 should	 be
unimpaired.	 RBC	 AChE	 activity	 <10%	 of	 normal	 is	 usually	 associated	 with
severe	cholinergic	crisis.33	Repetitive	 tetanic	nerve	stimulation	can	characterize
the	 neuromuscular	 block	 and	 can	 be	 used	 to	 estimate	 the	 amount	 of	 enzyme
inhibition.35

Several	OPs	are	metabolized	to	p-nitrophenol,	which	is	readily	detected	in	the
urine	 soon	 after	 poisoning.	 Detection	 of	 p-nitrophenol	 in	 urine	 was	 used	 to
identify	 individuals	 exposed	 to	 methyl	 parathion.36	 Organophosphorus
compound	concentrations	can	be	measured	in	serum	and	can	be	used	to	confirm
an	 exposure,	 but	 contribute	 little	 to	 acute	 patient	 management.37	 Diagnostic
investigations	 such	 as	 serum	 electrolytes,	 blood	 urea	 nitrogen,	 creatinine,
glucose,	 creatine	 phosphokinase,	 calcium,	 magnesium,	 lipase,	 arterial	 blood
gases,	electrocardiography,	and	imaging	studies	should	be	obtained	as	clinically
indicated.

The	 IMS	 is	 diagnosed	 by	 clinical	 findings	 associated	 with	 a	 reproducible
electrophysiological	study	using	repeated	submaximal	 tetanic	nerve	stimulation
and	measuring	compound	muscle	action	potentials.38

No	 specific	 laboratory	 studies	 are	 available	 to	 evaluate	 OPIDP.
Electromyography	 (EMG)	may	 help	 to	 determine	 the	 extent	 of	 the	 peripheral



neuropathy,	and	there	are	specific	EMG	findings	associated	with	OPIDP.39
Differential	 diagnosis	 for	 cholinergic	 toxicity	 includes	 poisoning	 with

opioids,40	nicotine,	carbachol,	methacholine,	arecoline,	bethanechol,	pilocarpine,
and	 Inocybe	 or	Clitocybe	 mushrooms,	 as	 well	 as	myasthenia	 gravis,	 Guillain-
Barré	syndrome,	and	Eaton-Lambert	syndrome.

MANAGEMENT
Patients	 remaining	 asymptomatic	 for	 12	 hours	 after	 ingestion	 of	 an
organophosphorus	 compound	 are	 unlikely	 to	 develop	 major	 clinical	 toxicity
except	 when	 lipophilic	 compounds	 or	 compounds	 that	 require	 hepatic
metabolism	 to	 a	 more	 toxic	 intermediate	 are	 involved.	 Patients	 with	 all	 but
mildest	 presentations	 should	 be	 admitted	 to	 an	 intensive	 care	 unit	 for	 careful
observation	and	antidotal	therapy.	The	authors	recommend	observing	mild	cases
for	 at	 least	 12	 hours	 before	 disposition	 because	 the	 potential	 for	 progression
from	mild	to	severe	symptoms	over	time.

Clinical	scoring	systems	are	used	in	a	variety	of	disease	processes	to	predict
mortality.	 Several	 scoring	 systems	 have	 been	 applied	 to	 the	 context	 of	 OP
poisoning.	 Studies	 testing	 the	 relative	 performance	 of	 each	 scale	 showed
variable	 results.41-43	 Regardless,	 the	 value	 of	 clinical	 scoring	 systems	 likely
resides	in	their	ability	to	define	a	patient	population	that	will	require	transfer	to	a
higher	 level	 of	 care	 in	 resource-limited	 scenarios	 and/or	 can	 be	 used	 for
implementation	of	treatment	guidelines.

Patient	 care	 should	 take	 place	 in	 a	 well-ventilated	 area	 with	 regular	 staff
rotation.	 All	 personnel	 with	 direct	 patient	 contact	 should	 adhere	 to	 universal
precautions	(nitrile	or	butyl	rubber	gloves,	masks,	eye	protection,	and	aprons	or
gowns)	 to	avoid	dermal	exposure	 to	organophosphorus	compounds.	The	 initial
priorities	are	managing	the	patient’s	airway,	breathing,	and	circulation.

Decontamination.	 All	 the	 patient’s	 clothing	 and	 accessories	 should	 be
removed,	double	bagged	in	plastic,	labeled,	and	properly	discarded.	The	patient’s
body	should	be	thoroughly	washed	with	mild	soap	and	water	as	soon	as	possible.
Dilute	 hypochlorite	 solution	 (household	 bleach)	 inactivates	 the
organophosphorus	ester	bond	and	can	be	used	to	decontaminate	equipment	and
surfaces	but	should	not	be	used	on	skin.44	While	early	nasogastric	aspiration	for
residual	 OP	 content	 from	 the	 stomach	 may	 be	 beneficial	 after	 an	 intentional
ingestion—assuming	 conditions	 are	 appropriate45—the	 authors	 do	 not
recommend	 its	 routine	 use.	Although	 scientific	 evidence	 is	 inconclusive	 about
the	 effect	of	 activated	charcoal	on	clinical	outcomes	of	patients	poisoned	with



organophosphorus	compounds,	some	clinicians	suggest	administering	a	dose	of
activated	charcoal.46

Patients	with	 severe	 cholinergic	 poisoning	will	 require	 airway	management
and	 ventilatory	 support	 for	 respiratory	 failure.	 Succinylcholine	 should	 be	 used
with	 caution	 in	 rapid	 sequence	 intubation	 because	 prolonged	 (several	 hours)
paralysis	 may	 result,	 as	 it	 is	 metabolized	 by	 plasma	 cholinesterase.47	 An
alternative	 to	 succinylcholine	 is	 a	 rapid	 onset	 nondepolarizing	 neuromuscular
blocker	(eg,	rocuronium).

Initial	 resuscitation	may	 include	 intravenous	 (IV)	 crystalloid	 fluids	 because
acute	 cholinergic	 crisis	 may	 result	 in	 significant	 bodily	 fluid	 losses.	 Blood
pressure	 support	 may	 require	 direct-acting	 vasopressors	 (eg,	 norepinephrine,
phenylephrine),	and	cardiac	depression	may	require	 inotropes	(eg,	epinephrine,
dobutamine,	amrinone).2	Transvenous	cardiac	pacing	is	rarely	needed	to	manage
ventricular	 dysrhythmias.	 Potassium	 and	 magnesium	 should	 be	 normalized	 to
mitigate	QTc	prolongation.

4 	Antidotal	 therapy	is	directed	 toward	reversing	 the	acute	cholinergic	crisis.
Muscarinic	 receptor	 antagonism	 is	 the	 mainstay	 of	 therapy.	 Atropine	 is	 a
competitive	 acetylcholine	 antagonist	 at	 the	 muscarinic	 receptors	 but	 has	 no
effect	at	the	neuromuscular	junction.	Atropine	does	not	affect	muscle	weakness
and	paralysis,	nor	does	it	affect	AChE	regeneration.	High	doses	of	atropine	are
commonly	 required	 to	 control	 secretions	 (eg,	 bronchorrhea)	 and	 rapid
incremental	 atropine	 dosing	 appears	 to	 reduce	 mortality.48	 One	 approach	 to
atropine	 dosing	 is	 administer	 IV	 atropine	 1	 to	 3	mg	 and	 it	 is	 doubled	 every	 5
minutes	until	“atropinization”	(ie,	resolution	of	bronchorrhea	and	bronchospasm,
heart	rate	>80	beats	per	minute,	systolic	blood	pressure	>80	mm	Hg,	dry	axillae,
pupils	 >2	mm	 in	 diameter).	Once	 the	 patient	 is	 stabilized,	 initiate	 an	 atropine
infusion	at	10%	of	the	total	atropine	dose	needed	to	stabilize	the	patient	per	hour
and	 titrate	 to	 desired	 effects.	 Frequent	 clinical	 reevaluation	 is	 necessary	when
titrating	 atropine	 to	 prevent	 atropine	 toxicity.	 Confusion,	 pyrexia,	 and	 absent
bowel	 sounds	 or	 urinary	 retention	 are	markers	 of	 atropine	 toxicity.	 If	 all	 three
parameters	are	present,	the	atropine	infusion	should	be	stopped,	and	reassess	the
patient	for	these	markers	every	30	minutes.	Atropine	infusion	can	be	restarted	at
70%	 to	 80%	of	 the	 previous	 rate	when	 these	 parameters	 are	 improved.45,48	An
alternative	atropine	infusion	dosing	is	described	where	most	patients	responded
to	3	to	5	mg	per	hour.45,49	In	general,	higher	doses	of	atropine	are	required	during
the	first	24	hours	with	OP	pesticides	than	with	nerve	agents.	Tachycardia	is	not	a
contraindication	 to	 atropine	 therapy	 and	 may	 reflect	 hypoxia	 or	 sympathetic
stimulation.	Mydriasis	 is	 an	 early	 response	 but	 is	 a	 poor	marker	 for	 adequate
atropinization.	 A	 common	 pitfall	 is	 inadequate	 atropine	 dosing	 during	 serious



cholinergic	toxicity.	Daily	doses	>100	mg	may	be	required	for	several	days.50
Seizures	should	be	managed	according	to	current	guidelines	that	take	a	staged

approach	to	treatment.	Typically,	treatment	of	early	status	epilepticus	is	with	IV
benzodiazepine,	 established	 status	 epilepticus	 is	 with	 IV	 barbiturate,	 and
refractory	 status	 epilepticus	 with	 general	 anesthesia.	 In	 an	 animal	 model	 of
soman	 induced	 neuropathology,	 diazepam	 or	 high	 doses	 of	 atropine	 exerted
protective	 effects	 on	 the	 development	 of	 brain	 lesions.51	 However,	 scientific
evidence	is	 inclusive	on	the	routine	prophylactic	use	of	benzodiazepine	for	OP
pesticide	induced	seizures.

5 	Antidotal	therapy	with	oximes	such	as	pralidoxime	(North	America,	India,
and	Asia)	or	obidoxime	(Europe	and	Middle	East)	is	a	mainstay	of	treatment	for
OP	 poisoning.	 Pralidoxime	 (2-PAM)	 and	 obidoxime	 are	 quaternary	 nitrogen
containing	nucleophilic	compounds	that	reactivate	the	phosphorylated	AChE	by
releasing	the	covalent	phosphate	bond	between	the	organophosphorus	compound
and	 the	active	site	of	AChE.	Oximes	are	effective	at	nicotinic	sites	 to	 improve
muscle	 strength	 (eg,	 respiratory	 muscles),	 where	 atropine	 is	 ineffective.	 The
antidotal	effect	of	oximes	and	atropine	is	synergistic	because	oximes	reactivate
AChE	while	atropine	inhibits	acetylcholine	effects	at	muscarinic	receptors.	The
responsiveness	 of	 organophosphorus	 compound	 to	 oxime	 reactivation	 depends
on	variables	such	as	 the	of	organophosphorus	compound,	oxime	affinity	 to	 the
phosphorylated	 enzyme,	 and	 oxime	 dosing.	 Pralidoxime	 has	 limited	 CNS
penetration	 and	 the	 scientific	 evidence	 is	 inconclusive	 regarding	 the	 CNS
benefits	 of	 2-PAM.	 However,	 clinical	 observations	 suggest	 dramatic	 EEG
response	 followed	 by	 rapid	 improvement	 in	 consciousness	 associated	 with	 2-
PAM	treatment	of	a	parathion	toxic	patient.52	Although	oximes	remain	a	standard
therapy	 for	 OP	 poisoning,	 scientific	 evidence	 is	 inconclusive	 on	 clinical
outcome.53-58

The	optimal	oxime	dosing	is	unclear.	Studies	of	OP	poisoned	patients	suggest
optimal	 oxime	 dosing	 should	 be	 based	 on	 the	 amount	 of	 circulating	 AChE
inhibitor	(ie,	OP	or	 its	active	metabolite)	 in	 the	blood.55,59	Patients	who	acutely
ingested	massive	quantities	of	an	OP	may	have	high	circulating	inhibitor	levels
in	 their	 blood	 for	 days.	 Ideally,	 patients’	 blood	 should	 be	 serially	 sampled	 for
testing	 to	 determine	 their	RBC	AChE	 activity	 and	 inform	 on	 the	 adequacy	 of
oxime	dosing	 in	near	 real	 time.10	However,	 this	 is	not	 feasible	 in	most	clinical
situations.	 The	 World	 Health	 Organization	 suggests	 IV	 pralidoxime	 chloride
loading	dose	1	 to	2	grams	over	20	minutes	 followed	by	an	 infusion	500	mg/h
until	 atropine	 is	 no	 longer	 required.60	 One	 suggested	 obidoxime	 dosing	 is	 IV
obidoxime	250	mg	bolus	followed	by	750	mg	over	24	hours.61	Typically,	there	is
some	 improvement	 in	 muscle	 strength	 within	 60	 minutes	 of	 oxime	 therapy.



Some	patients	may	require	continuous	oxime	treatment	for	greater	than	1	week,
depending	on	the	body	burden	and	fat	solubility	of	the	OP	as	well	as	reinhibition
of	reactivated	AChE.

Adjuncts	 and	 alternative	 therapies	 (eg,	 hemoperfusion,	magnesium,	 sodium
bicarbonate,	 and	 lipid	 emulsion)	 for	 OP	 poisoning	 have	 been	 studied	 or
reported.62	Scientific	evidence	is	inconclusive	about	the	clinical	benefits	of	these
adjuncts	 and	 alternative	 therapies	 for	 organophosphorus	 compound	 poisoning;
routine	use	of	these	therapies	is	not	recommended.

In	the	occupational	setting	where	there	is	a	medical	surveillance	program	for
exposure	 to	 organophosphorus	 compounds,	 workers’	 baseline	 RBC	 AChE
activity	 may	 be	 available.63	 Workers	 should	 be	 removed	 from	 exposure	 to
organophosphorus	compounds	until	RBC	AChE	is	at	least	80%	of	their	baseline
activity.64	Workers	who	do	not	have	an	established	baseline	RBC	AChE	activity
should	 not	 return	 to	 work	 until	 their	 RBC	 AChE	 activities	 have	 reached	 a
plateau.

In	general,	carbamate	poisonings	have	a	good	prognosis	because	the	duration
of	cholinergic	 toxicity	 is	 limited.	Severe	OP	poisonings	may	require	prolonged
respiratory	 support,	 with	 its	 attendant	 complications.	 Death	 from	 acute	 severe
OP	poisonings	usually	occurs	within	24	hours	for	untreated	cases.	 It	should	be
noted	 that	 exposures	 to	 fenthion	 and	 dimethoate	 may	 be	 delayed	 beyond	 72
hours.	Patients	exposed	to	these	insecticides	may	be	asymptomatic	on	admission
with	 delayed	 presentation	 of	 cholinergic	 crisis.2	 Aggressive	 respiratory
management,	 timely	 antidotal	 therapy,	 and	 intensive	 supportive	 care	 are
expected	 to	 improve	 morbidity	 and	 mortality.	 Recovery	 from	 OPIDP	 or
COPIND	may	be	protracted,	 incomplete,	or	may	not	occur.	Patients	with	CNS
hypoxic	sequelae	have	the	worst	prognosis	and	are	not	specific	to	cholinesterase
inhibitors,	but	a	consequence	of	prolonged	hypoxia.

Acetylcholinesterase	Inhibitors	Used	to	Treat	Alzheimer
Disease
6 	 With	 the	 increasing	 use	 of	 AChE	 inhibitors	 to	 treat	 dementia,	 there	 is
increasing	number	of	exposures	to	these	medications.	There	are	case	reports	of
deliberate	 rivastigmine	overdose.65	One	such	case	 resulted	 in	serious	central	as
well	 as	 peripheral	 cholinergic	 toxicity	 with	 hypothermia,	 hypertension,	 and
delayed	 bradycardia.	 There	 are	 also	 case	 reports	 of	 cholinergic	 toxicity	 from
application	 of	 multiple	 rivastigmine	 patches	 to	 the	 body;	 one	 case	 reported
insignificant	 muscarinic	 manifestations	 with	 symptomatic	 fasciculations



successfully	 treated	 with	 2PAM.66	 The	 most	 common	 adverse	 events	 from
therapeutic	dosing	of	AChE	inhibitors	are	nausea	and	vomiting.	Although	rare,
AChE	 inhibitor	 therapy	 is	 associated	 with	 a	 1.5-2-fold	 risk	 of	 developing
bradycardia.67	 Treatment	 of	 patients	 with	 carbamate	 (rivastigmine)	 poisoning
should	 be	 based	 on	 the	 severity	 of	 their	 cholinergic	 poisoning;	 atropine	 for
muscarinic	effects	and	oxime	for	nicotinic	effects.

A	 retrospective	 Japanese	 study	 conducted	 over	 69	 months,	 identified	 235
patients	 with	 cholinergic	 crisis	 following	 administration	 of	 cholinesterase
inhibitor	medications.	Half	of	these	patients	required	catecholamines	(dopamine,
dobutamine,	 norepinephrine,	 and	 epinephrine),	 atropine,	 or	 mechanical
ventilation.	 Overall,	 in	 hospital	mortality	 was	 6%.	 At	 risk	 patient	 populations
were	those	with	myasthenia	gravis,	dementia,	benign	prostatic	hypertrophy,	and
neurogenic	bladder.68

NERVE	AGENTS	USED	IN	WARFARE
Nerve	agents	are	organophosphorus	compounds	that	have	the	same	mechanism
of	action	as	OP	 insecticides	and	are	potent	AChE	 inhibitors.	Since	 the	Persian
Gulf	War	and	in	the	aftermath	of	the	September	11,	2001	terrorist	attack,	 there
has	been	increasing	concern	about	the	potential	use	of	nerve	agents	such	as	G-
series	(GA	[Tabun],	GB	[Sarin],	GD	[Soman]),	V-series	(VE,	VG,	VM,	VX),	and
“Novichok”	as	a	weapon	of	mass	destruction.	Weaponized	 sarin	was	allegedly
used	in	Syria,	killing	hundreds	of	people.5	In	2018,	6	people	were	poisoned	with
“Novichok”	 in	Salisbury,	UK	and	one	person	died.69	 In	2020,	“Novichok”	was
identified	as	the	agent	used	in	the	poisoning	of	Alexei	Navalny.	See	Chapter	127
for	discussion	of	this	topic.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	42-year-old	man	with	no	known	past	medical	history	presented	to	the
emergency	department	with	acute	cholinergic	crisis	after	exposure	to	an
organophosphorus	agent.	He	was	satisfactorily	treated	with	atropine	and
pralidoxime;	an	atropine	and	pralidoxime	infusion	was	initiated	and	the	patient
was	admitted	to	the	intensive	care	unit.	Vital	signs:	BP	128/70	mm	Hg,	HR	105



beats/min,	RR	20	breaths/min,	T	37.5	°C,	and	pulse	oximetry	is	100%	on	room
air	36	hours	after	presentation.	The	patient	has	recovered	and	is	free	of	muscle
fasciculations.	Atropine	and	pralidoxime	infusions	are	discontinued.	Cardiac	and
pulmonary	examinations	are	unremarkable.	However,	the	patient	is	noted	to	have
difficulty	lifting	his	head	off	the	bed	while	talking	to	you	and	complains	that	his
arms	“feel	heavy.”	What	is	the	most	likely	diagnosis?

A. 	Chronic	organophosphorus-induced	neuropsychiatric	disorder
(COPIND)
B. 	Critical	illness	polyneuromyopathy	(CIPNM)
C. 	Intermediate	syndrome	(IMS)
D. 	Organophosphate-induced	delayed	polyneuropathy	(OPIDP)

2. 	A	28-year-old	woman	was	brought	to	the	emergency	department	by
coworkers	at	a	farm	because	of	confusion.	Her	vitals	are	HR	46	beats/min,	BP
74/48	mm	Hg,	RR	28/min,	T	37.1	°C,	and	pulse	oximetry	is	91%	on	room	air.
On	examination,	she	has	miotic	pupils,	is	diaphoretic,	has	copious	frothy
secretions	from	her	mouth,	and	is	vomiting.	Point-of-care	glucose	is	108	mg/dL.
Which	one	of	the	following	is	the	most	appropriate	treatment	after	managing	this
patient’s	airway?

A. 	Atropine
B. 	Crystalloid	fluid	bolus
C. 	Glucagon
D. 	Norepinephrine
E. 	Pralidoxime

3. 	A	52-year-old	man	presents	to	the	emergency	department	complaining	of
headache,	dizziness,	and	nausea.	Symptoms	developed	after	spraying	a	pesticide
1	hour	prior	to	arrival.	He	was	wearing	a	respirator	while	spraying.	He	is
ambulatory	to	an	examination	room.	Vital	signs	and	physical	examinations	are
normal;	he	does	not	have	any	increased	oral	secretions,	lacrimation,	or
rhinorrhea.	An	intravenous	line	is	established,	and	an	antiemetic	medication	is
administered.	What	is	the	most	appropriate	next	step	for	the	management	of	this
patient?

A. 	Atropine
B. 	Decontamination
C. 	Physostigmine



D. 	Glycopyrrolate
E. 	Reassurance	and	discharge	home

Answers

1.	The	correct	answer	is	C.
Rationale:	The	patient	described	is	developing	intermediate	syndrome	(IMS)

(choice	C	 is	correct).	The	onset	of	 IMS	 is	between	24	and	96	hours	 following
exposure	to	an	organophosphorus	agent.	It	is	characterized	by	weakness	of	neck
muscles,	 proximal	 limb	muscles,	 and	muscles	 of	 respiration.	 The	 first	 sign	 is
often	 inability	 to	 lift	 head	 from	 bed.	 Patients	 must	 be	 closely	 monitored	 for
paralysis	of	muscles	involved	in	respiration.

Organophosphate-induced	delayed	polyneuropathy	(OPIDP)	is	an	axonopathy
occurring	 1	 to	 3	 weeks	 after	 cholinergic	 crises.	 OPIDP	 is	 a	 sensorimotor
peripheral	 neuropathy	 that	 is	 characterized	 by	 both	 paresthesias	 and	 motor
dysfunction	 occurring	 first	 in	 the	 longest	 skeletal	 nerves	with	 development	 of
foot	drop	and	a	high-stepping	gait.	Symptoms	slowly	develop	and	can	be	divided
into	 three	 phases:	 progressive,	 stationary,	 and	 improvement.	 During	 the
progressive	 phase,	 patients	 have	 a	 peripheral	 sensory	 neuropathy	 with
complaints	of	burning,	tightness,	or	pain	in	the	legs	and	feet.	This	is	followed	by
numbness	and	tingling.	Subsequently,	motor	weakness	develops,	with	weakness
and	loss	of	peroneal	innervation	causing	foot	drop.	After	approximately	1	week,
the	 paresis	may	 symmetrically	 ascend	 into	 the	 upper	 extremities.	 The	 sensory
loss	 may	 occur	 in	 a	 stocking-glove	 distribution,	 and	 the	 patient	 loses
proprioception.	With	time,	a	positive	Romberg	sign	and	loss	of	lower	extremity
deep	tendon	reflexes	may	develop.	Flaccid	paralysis	may	occur	in	severe	cases.
During	the	stationary	phase,	paresis	and	motor	findings	cease	to	progress.	This
may	 occur	 over	 3	 to	 12	months.	 The	 improvement	 phase	 usually	 begins	 6	 to
18	months	 after	 exposure,	 though	 improvement	may	 be	 seen	 as	 early	 as	 2	 to
9	 weeks.	 Partial	 or	 complete	 motor	 function	 returns	 in	 reverse	 order	 of	 loss.
During	this	phase,	central	cord	or	brain	lesions	may	become	clinically	apparent
and	 spasticity	 can	 develop.	 Medical	 treatment	 is	 symptomatic	 (choice	 D	 is
incorrect).

Critical	 illness	 polyneuromyopathy	 (CIPNM)	 is	 a	 cause	 of	 neuromuscular
weakness	in	the	intensive	care	unit.	These	functional	changes	in	the	nerves	and
muscles	 are	 primarily	 caused	by	 inflammation	 in	 the	 setting	of	 critical	 illness.
Diagnosis	 is	 considered	 in	 patients	who	 fail	 to	wean	 from	ventilatory	 support.
CIPNM	 is	 characterized	 by	 sensory	 changes,	 and	 weakness	 in	 all	 four



extremities.	 Deep	 tendon	 reflexes	 may	 be	 normal	 or	 reduced.	 Unlike	 IMS,
sensory	deficits	in	CIPNM	can	be	seen	in	a	stocking	glove	distribution,	although
not	always	present	(choice	B	is	incorrect).

Chronic	organophosphorus-induced	neuropsychiatric	disorder	(COPIND)	has
been	 associated	with	 repeated	 exposure	 to	 organophosphorus	 compounds	most
commonly	 seen	 in	 agricultural	 workers.	 COPIND	 is	 not	 dependent	 on	 AChE
inhibition	 and	 can	 occur	 without	 cholinergic	 symptoms.	 Common	 findings
include	 cognitive	 deficits,	 mood	 alterations,	 fatigue,	 autonomic	 dysfunction,
peripheral	 neuropathy,	 and	 extrapyramidal	 symptoms.	 The	 onset	 is	 usually
delayed	 and	persists	 for	 a	 long	 time,	which	 suggests	 permanent	CNS	damage.
Neck	and	proximal	limb	weakness	would	not	be	observed	in	COPIND	(choice	A
is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	This	patient	presented	with	acute	cholinergic	crisis	most	likely	as	a

result	of	exposure	to	an	organophosphorus	agent	used	as	a	pesticide	on	a	farm.
Acute	cholinergic	crisis	manifests	as	excessive	acetylcholine	accumulation	at	the
muscarinic	receptors.	Muscarinic	and/or	nicotinic	symptoms	can	manifest.	This
patient	 is	 exhibiting	 signs	 of	 excess	 muscarinic	 stimulation	 which	 can	 be
remembered	 by	 the	 mnemonic	 DUMBBBELS	 (diarrhea,	 urination,	 miosis,
bronchospasm,	 bronchorrhea,	 bradycardia,	 emesis,	 lacrimation,	 salivation).
Atropine	 muscarinic	 receptor	 antagonism	 is	 the	 mainstay	 antidotal	 therapy
(choice	A	is	correct).	Goals	of	early	therapy	are	directed	at	reversing	cholinergic
features	 and	 improve	 respiratory	 and	 cardiac	 dysfunction.	 The	 initial	 dose	 of
intravenous	atropine	is	1	to	3	mg,	which	is	doubled	every	5	minutes	with	goal	of
reversing	bronchospasm	and	bronchorrhea	and	raising	heart	rate	to	greater	than
80.	Once	 this	 is	 achieved,	 an	 atropine	 infusion	may	 be	 required.	A	 crystalloid
fluid	bolus	is	usually	required	to	replace	excessive	fluid	losses	but	will	not	treat
acute	 cholinergic	 crisis	 (choice	B	 is	 incorrect).	Glucagon	 for	 hypoglycemia	 or
suspected	beta-blocker/calcium	channel	blocker	toxicity;	it	has	no	role	for	acute
cholinergic	 crisis	 (choice	 C	 is	 incorrect).	 Norepinephrine	 can	 be	 given	 for
additional	 support	 of	 blood	 pressure	 and	 heart	 rate	 but	 does	 not	 treat	 the
underlying	muscarinic	excess	responsible	for	the	acute	cholinergic	crisis	(choice
D	 is	 incorrect).	 Pralidoxime	 is	 an	 oxime	 that	 is	 effective	 at	 the	 nicotinic
receptors	to	improve	muscle	strength	(eg,	respiratory	muscles)	where	atropine	is
ineffective	 (choice	E	 is	not	 first	 line	 treatment).	The	antidotal	effect	of	oximes
and	 atropine	 is	 synergistic	 because	 oximes	 reactivate	 AChE	 while	 atropine
inhibits	acetylcholine	effects	at	muscarinic	receptors.



3.	The	correct	answer	is	B.
Rationale:	 This	 presentation	 is	 consistent	 with	 mild	 organophosphate

poisoning	 onset	 after	 spraying	 pesticides.	 After	 an	 initial	 assessment,
decontamination	 should	 be	 performed	 (choice	 B	 is	 correct).	 All	 the	 patients
clothing	 should	 be	 removed,	 bagged,	 and	 discarded.	 Porous	 items,	 such	 as
leather,	 should	 be	 discarded	 as	 decontamination	 of	 these	 products	 is	 very
difficult.	 Jewelry	 should	 also	 be	 removed,	 bagged,	 and	 not	 returned	 until
thoroughly	washed.	 The	 patient’s	 body	 should	 be	washed	with	mild	 soap	 and
water.	 Hospital	 staff	 require	 proper	 personal	 protective	 equipment	 during	 this
stage.	Dermal	 exposure	 can	 lead	 to	 delayed	 systemic	 effects,	 emphasizing	 the
importance	of	proper	decontamination.	Cholinergic	signs	rarely	present	after	12
hours	unless	exposure	to	a	highly	lipophilic	compound	has	ocurred.	Progressive
or	 prolonged	 symptoms	 should	 raise	 suspicion	 of	 continued	 absorption	 or
exposure	 to	 the	poison.	Atropine	may	be	required	 if	 the	patient	develops	acute
cholinergic	 crisis,	 but	 not	 indicated	 now	 given	 lack	 of	 bronchorrhea,
bronchoconstriction,	 bradycardia,	 or	 hypotension	 (choice	 A	 is	 incorrect).
Physostigmine	 is	 a	 reversible	 acetylcholinesterase	 inhibitor	 that	 increases	 the
acetylcholine	levels	and	is	the	treatment	for	antimuscarinic	delirium	(choice	C	is
incorrect).	Glycopyrrolate	is	an	antimuscarinic	agent	that	does	not	penetrate	the
central	 nervous	 syndrome	 (choice	 D	 is	 incorrect).	 It	 can	 be	 substituted	 for
atropine	 when	 isolated	 peripheral	 cholinergic	 toxicity	 is	 present.	 Reassurance
and	discharge	are	not	appropriate	because	the	patient	should	be	observed	12	to
24	 hours	 for	 progressive	 signs	 and	 symptoms	 of	 organophosphate	 poisoning
(choice	E	is	incorrect).
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Chapter	109
Cocaine	Poisoning
Richard	D.	Shih,	Judd	E.	Hollander

KEY	POINTS:
1.	 The	pharmacological	effects	of	cocaine	are	complex,	and	they

include	direct	blockade	of	the	fast	sodium	channels,	increase	of
norepinephrine	release	from	the	adrenergic	nerve	terminals,
interference	with	neuronal	catecholamine	reuptake,	and	increase	of
excitatory	amino	acid	concentration	in	the	central	nervous	system
(CNS).

2.	 Most	severe	cocaine-related	toxicity	and	cocaine-related	deaths	are
manifested	by	signs	of	sympathomimetic	overdrive	(eg,	tachycardia,
hypertension,	dilated	pupils,	and	increased	psychomotor	activity).

3.	 Cocaine-induced	seizures	are	typically	single,	brief,	generalized,
self-limited,	and	not	associated	with	permanent	neurologic	deficit.
Multiple	or	focal	seizures	are	usually	associated	with	concomitant
drug	use	or	an	underlying	seizure	disorder.

4.	 Patients	with	severe	hypertension	can	usually	be	safely	treated	with
benzodiazepines.	When	benzodiazepines	are	not	effective,
nitroglycerin,	nitroprusside,	or	phentolamine	can	be	used.	β-Blocker
use	is	controversial	but	is	generally	not	recommended.	Their	use	in
this	setting	can	lead	to	unopposed	alpha	stimulation	with	paradoxical
exacerbation	of	hypertension	and	worsening	coronary
vasoconstriction.

5.	 Patients	with	chest	pain	and	suspected	cocaine-induced	ischemia	or
myocardial	infarction	should	be	treated	with	aspirin,
benzodiazepines,	and	nitroglycerin	as	first-line	agents.



INTRODUCTION
Cocaine	 (benzoylmethylecgonine)	 is	 an	 alkaloid	 compound	 derived	 from	 the
South	American	plant	Erythroxylon	coca.	 Its	use	as	an	illicit	drug	of	abuse	has
reached	epidemic	proportions.	Thirty-four	million	US	citizens	have	used	cocaine
at	least	once;	5.5	million	have	used	cocaine	in	the	past	year;	and	1.9	million	have
used	cocaine	in	the	past	month.1	Other	than	alcohol,	cocaine	is	the	most	common
cause	of	acute	drug-related	emergency	department	visits,	accounting	for	40%	of
all	visits	to	the	emergency	department	related	to	drug	misuse	or	abuse.2

PHARMACOLOGY
1 	The	pharmacological	effects	of	cocaine	are	complex,	and	 they	 include	direct
blockade	 of	 the	 fast	 sodium	channels,	 increase	 of	 norepinephrine	 release	 from
the	 adrenergic	 nerve	 terminals,	 interference	 with	 neuronal	 catecholamine
reuptake,	 and	 increase	 of	 excitatory	 amino	 acid	 concentration	 in	 the	 central
nervous	system	(CNS).	Blockade	of	 the	 fast	 sodium	channels	 stabilizes	axonal
membranes,	producing	a	local	anesthetic-like	effect	and	a	type	I	antidysrhythmic
effect	 on	 the	 myocardium.	 The	 increase	 in	 catecholamine	 levels	 produces	 a
sympathomimetic	 effect.	 The	 result	 of	 increased	 excitatory	 amino	 acid
concentration	in	the	CNS	is	increased	extracellular	dopamine	concentration.

Cocaine	 is	 well	 absorbed	 through	 the	 mucosa	 of	 the	 respiratory,
gastrointestinal,	 and	 genitourinary	 tracts,	 including	 less	 common	 routes	 of
absorption	 such	as	 the	urethra,	 bladder	 and	vagina.	The	 cocaine	hydrochloride
salt	 is	 the	 form	most	 often	 abused	 nasally	 or	 parenterally.	 Crack	 cocaine	 and
cocaine	freebase	are	alkaloid	forms	of	cocaine	that	are	produced	by	an	extraction
process.	These	forms	are	heat	stable,	can	be	smoked,	and	are	absorbed	through
the	pulmonary	system.	When	 intravenously	administered	or	 inhaled,	cocaine	 is
rapidly	 distributed	 throughout	 the	 body	 and	CNS,	with	 peak	 effects	 in	 3	 to	 5
minutes.	With	nasal	insufflation,	absorption	peaks	in	20	minutes.

Cocaine	 has	 a	 half-life	 of	 0.5	 to	 1.5	 hours.	 It	 is	 rapidly	 hydrolyzed	 to	 the
inactive	metabolites	ecgonine	methyl	ester	and	benzoylecgonine,	which	account
for	 80%	 of	 cocaine	 metabolism.	 These	 compounds	 have	 half-lives	 of	 4	 to	 8
hours	 and	 have	 some	 cardiovascular	 effects	 that	 are	 similar	 to	 the	 parent
compound.	Minor	cocaine	metabolites	include	ecgonine	and	norcocaine.	Urinary
toxicology	 screens	 for	 recreational	 drugs	 typically	 assess	 for	 the	 presence	 of
benzoylecgonine,	which	is	usually	present	for	48	to	72	hours	after	cocaine	use.3

Cocaine	 is	 frequently	 abused	 in	 combination	 with	 other	 drugs,	 particularly



ethanol.	 This	 may	 be	 a	 popular	 combination	 because	 ethanol	 partially
antagonizes	the	stimulatory	effects	of	cocaine.	The	metabolism	of	cocaine	in	the
presence	of	ethanol	produces	cocaethylene,	which	has	additional	cardiovascular
and	 behavioral	 effects.4	 Cocaethylene	 and	 cocaine	 are	 similar	 with	 regard	 to
behavioral	effects.	However,	cocaethylene	has	been	more	likely	to	result	in	death
in	animal	studies.	Human	studies	demonstrate	that	cocaethylene	produces	milder
subjective	 effects	 and	 similar	 hemodynamic	 effects	 when	 compared	 with
cocaine.	Cocaethylene	also	has	a	direct	myocardial	depressant	effect.4,5

Cocaine	 toxicity	 is	 due	 to	 an	 exaggeration	 of	 its	 pharmacological	 effects,
resulting	 in	myriad	 consequences	 that	 have	 an	 impact	 on	 every	 organ	 system.
The	 widespread	 effects	 of	 cocaine	 are	 related	 to	 its	 ability	 to	 stimulate	 the
peripheral	 and	 central	 sympathetic	 nervous	 systems,	 in	 addition	 to	 local
anesthetic-like	 effects.	Cocaine-induced	 seizures	 are	most	 likely	 due	 to	 excess
catecholamine	stimulation.

Cocaine	 causes	 vascular	 effects	 through	 multiple	 pathophysiological
mechanisms	that	have	been	best	described	in	the	heart.6–8	These	include	arterial
vasoconstriction,	 in	 situ	 thrombus	 formation,	 platelet	 activation,	 and	 inhibition
of	endogenous	fibrinolysis.	In	addition,	myocardial	oxygen	demand	is	increased
by	cocaine-induced	tachycardia	and	hypertension.6–9	The	direct	local	anesthetic-
like	effect	of	cocaine	or	secondary	cocaine-induced	myocardial	ischemia6,10	may
be	responsible	for	cardiac	conduction	disturbances10	and	dysrhythmias.

CLINICAL	PRESENTATION
2 	 Clinical	manifestations	 of	 acute	 cocaine	 toxicity	may	 occur	 in	 a	 number	 of
different	organ	systems.	Most	severe	cocaine-related	toxicity	and	cocaine-related
deaths	are	manifested	by	signs	of	sympathomimetic	overdrive	(eg,	 tachycardia,
hypertension,	dilated	pupils,	and	increased	psychomotor	activity).	This	increased
psychomotor	 activity	 causes	 increased	 heat	 production	 and	 can	 lead	 to	 severe
hyperthermia	and	rhabdomyolysis.11

Cocaine-induced	 cardiovascular	 effects	 are	 common.	 Of	 cocaine-related
emergency	 department	 visits,	 chest	 pain	 is	 the	 most	 common	 complaint.
Although	 most	 of	 the	 patients	 do	 not	 have	 serious	 underlying	 etiology,
myocardial	infarction	due	to	cocaine	is	a	well-established	entity	and	needs	to	be
excluded.12,13	It	occurs	in	up	to	6%	of	patients	presenting	with	cocaine-associated
chest	pain.14,15	The	risk	of	myocardial	infarction	is	increased	24-fold	in	the	hour
after	cocaine	use.	In	patients	aged	18	to	45	years,	25%	of	myocardial	infarctions
are	 attributed	 to	 cocaine	 use.16	 Cocaine-associated	 myocardial	 infarction



typically	 occurs	 in	 patients	 aged	 18	 to	 60	 years	 without	 apparent	 massive
cocaine	 exposure	 or	 without	 evidence	 of	 cocaine	 sympathomimetic	 toxicity.
Patients	with	cocaine-associated	myocardial	infarctions	frequently	have	atypical
chest	 pain	 or	 chest	 pain	 that	 is	 delayed	 hours	 to	 days	 after	 their	 most	 recent
cocaine	use.6,12

Cardiac	 conduction	 disturbances	 (eg,	 prolonged	QRS	and	QTc)	 and	 cardiac
dysrhythmias	 (eg,	 sinus	 tachycardia,	 atrial	 fibrillation/flutter,	 supraventricular
tachycardias,	 idioventricular	 rhythms,	 ventricular	 tachycardia,	 torsade	 de
pointes,	 and	 ventricular	 fibrillation)	 may	 occur	 after	 cocaine	 use.17–19	 Aortic
dissection	 has	 been	 associated	 with	 cocaine	 use	 in	 up	 to	 10%	 of	 cases	 and
endocarditis	can	occur	uncommonly.7,20

The	neurological	effects	of	cocaine	may	be	manifested	in	a	number	of	ways.
Altered	mental	status	and	euphoria	are	typically	short	lived	and	without	serious
sequelae.	 The	 stimulatory	 effects	 of	 cocaine	 can	 lead	 to	 seizures,	 cerebral
infarction,	 intracerebral	 bleeding,	 subarachnoid	hemorrhage,	 transient	 ischemic
attacks,	migraine-headache	syndromes,	cerebral	vasculitis,	anterior	spinal	artery
syndrome,	 and	 psychiatric	 manifestations.21–26	 Cocaine	 is	 associated	 with	 a
sevenfold	increased	risk	of	stroke	in	women.24

3 	 Cocaine-induced	 seizures	 are	 typically	 single,	 brief,	 generalized,	 self-
limited,	and	not	associated	with	permanent	neurologic	deficit.25,27	These	seizures
may	occur	 in	 the	presence	or	absence	of	concurrent	 structural	disease,	 such	as
infarction	or	hemorrhage.	Multiple	or	focal	seizures	are	usually	associated	with
concomitant	drug	use	or	an	underlying	seizure	disorder.21,27

Cocaine	has	a	number	of	direct	and	indirect	effects	on	the	lungs,	and	they	are
associated	 with	 how	 the	 drug	 is	 used.28	 These	 effects	 include	 asthma
exacerbations,	 pneumothorax,	 pneumomediastinum,	 noncardiogenic	 pulmonary
edema,	 alveolar	 hemorrhage,	 pulmonary	 infarction,	 pulmonary	 artery
hypertrophy,	 and	 acute	 respiratory	 failure.29,30	 Asthma	 exacerbations	 are	 more
common	with	crack	cocaine	usage,	most	likely	due	to	particulate	by-products	of
combustion.30,31	Inhalation	of	cocaine	is	typically	associated	with	deep	Valsalva
maneuvers	 to	 maximize	 drug	 delivery	 and	 can	 cause	 pneumothorax,
pneumomediastinum,	and	noncardiogenic	pulmonary	edema.

The	 intestinal	 vascular	 system	 is	 particularly	 sensitive	 to	 cocaine	 effects
because	 the	 intestinal	walls	have	a	wide	distribution	of	α-adrenergic	 receptors.
Acute	 intestinal	 infarction	 has	 been	 associated	 with	 all	 routes	 of	 cocaine
administration.32,33

The	 deadliest	 gastrointestinal	manifestations	 of	 cocaine	 usage	 occur	 among
patients	who	present	after	 ingesting	packets	 filled	with	cocaine.	These	patients
have	been	termed	body	packers	or	body	stuffers.	Body	packers	are	patients	who



swallow	carefully	prepared	condom	or	latex	packets	filled	with	large	quantities
of	 highly	 purified	 cocaine	 for	 the	 purposes	 of	 smuggling	 the	 drug	 into	 the
country.	 In	 contrast,	 body	 stuffers	 are	 typically	 “street”	 drug	 dealers	 who
swallow	packets	of	cocaine	while	fleeing	the	police.	These	packets	are	generally
prepared	 for	 distribution	 to	 individual	 customers	 and	 not	 to	 protect	 the	 body
stuffer	from	absorbing	cocaine.	It	was	previously	thought	that	cocaine	ingested
orally	was	metabolized	in	the	gastrointestinal	track	and	did	not	lead	to	systemic
toxicity.	This	is	clearly	not	the	case	and	toxicity	can	develop	in	body	stuffers	and
packers	 from	 cocaine	 leaking	 out	 of	 the	 swallowed	 packets.	 The	 dosage	 of
cocaine	 exposure	 in	 body	 stuffers	 is	 generally	 substantially	 less	 than	 that	 of	 a
body	 packer.	However,	 toxicity	 is	more	 likely	 to	 occur	 in	 the	 setting	 of	 body
stuffers.	Although	massive	 exposure	 to	 leakage	 from	 a	 condom	 or	 latex-filled
packet	 of	 a	 body	 packer	 can	 occur,	 most	 body	 packers	 identified	 by	 airport
immigration	 officers	 do	 not	 develop	 clinical	 toxicity.	 However,	 any	 patient
identified	 as	 a	 body	 packer	who	 has	 developed	 any	 signs	 of	 systemic	 cocaine
toxicity	 (tachycardia,	 hypertension,	 diaphoresis,	 etc.)	 can	 rapidly	 develop
worsening	 symptoms	 including	 life-threatening	 ones.	 These	 patients,	 when
identified,	 have	 a	 high	 potential	 for	 progressively	 worsening	 toxicity	 and
mortality.34,35

Premature	atherosclerosis	may	develop	among	chronic	cocaine	users.	Further,
cocaine-induced	 left	 ventricular	 dysfunction	 can	 lead	 to	 hypertrophy	 and
eventually	 a	 dilated	 cardiomyopathy	 and	 congestive	 heart	 failure.6	 Cocaine-
associated	dilated	cardiomyopathy	appears	to	have	a	reversible	component,	and
some	patients	have	demonstrated	improvement	after	cessation	of	cocaine	use.6

Chronic	 severe	 cocaine	 users	 can	 present	 with	 lethargy	 and	 a	 depressed
mental	 status	 that	 is	 not	 attributable	 to	 any	 other	 etiology	 (diagnosis	 of
exclusion),	the	“cocaine	washout	syndrome.”	This	self-limited	syndrome	usually
abates	within	24	hours	but	can	last	for	several	days	and	is	thought	to	result	from
excessive	cocaine	usage	that	depletes	essential	neurotransmitters.36

Chronic	 inhalational	 use	 of	 cocaine	 does	 not	 appear	 to	 lead	 to	 long-term
pulmonary	effects.	Spirometry	and	lung	mechanics	are	typically	normal	even	in
heavy	chronic	users.37

Chronic	 cocaine	 usage	during	pregnancy	 increases	 the	 chance	 of	 premature
delivery	and	abruptio	placentae.33–38	Maternal	 cocaine	 usage	 is	 associated	with
low	birth	weight,	small	head	circumference,	developmental	problems,	and	birth
defects	 in	 the	 neonate.39–42	Neonates	 exposed	 to	 cocaine	 in	 utero	may	 develop
cocaine	withdrawal	syndrome,	which	typically	begins	24	to	48	hours	after	birth
and	is	characterized	by	irritability,	jitteriness,	and	poor	eye	contact.

In	 recent	 years,	 there	 has	 been	 an	 increased	 number	 of	 cases	 of	 levamisole



exposure,	 an	 anthelmintic	 and	 immunomodulator;	 it	 has	 been	 found	 as	 an
adulterant	of	street	cocaine.	Although	issues	associated	with	levamisole	are	not
directly	caused	by	cocaine,	the	frequency	with	which	levamisole	is	found	as	an
adulterant	 makes	 this	 discussion	 relevant	 to	 cocaine	 toxicity.	 In	 addition,
levamisole	was	withdrawn	from	the	United	States	market	by	the	U.S.	Food	and
Drug	 Administration	 in	 1999	 due	 to	 concerns	 regarding	 agranulocytosis.	 In
association	with	cocaine,	levamisole	has	not	only	been	associated	with	cases	of
agranulocytosis,	 but	 has	 had	 multiple	 reports	 of	 cutaneous	 vasculitis.	 The
purpose	 of	 adulterating	 street	 cocaine	 with	 levamisole	 is	 not	 known,	 but	 it	 is
speculated	to	potentiate	the	effects	of	cocaine.43,44

DIAGNOSTIC	EVALUATION
Patients	 manifesting	 cocaine	 toxicity	 should	 have	 a	 complete	 evaluation
focusing	 on	 the	 history	 of	 cocaine	 use,	 signs	 and	 symptoms	 of	 sympathetic
nervous	system	excess,	and	evaluation	of	specific	organ	system	complaints.	It	is
of	paramount	 importance	 to	determine	whether	signs	and	symptoms	are	due	 to
cocaine	 itself,	 underlying	medical	 conditions,	 or	 cocaine-induced	 exacerbation
of	medical	conditions.

When	 the	 history	 is	 clear	 and	 symptoms	 are	mild,	 laboratory	 evaluation	 is
usually	 unnecessary.	 In	 contrast,	 if	 the	 patient	 manifests	 moderate	 or	 severe
toxicity,	routine	laboratory	evaluation	may	include	a	complete	blood	cell	count,
serum	 electrolytes,	 glucose,	 blood	 urea	 nitrogen,	 creatinine,	 creatine	 kinase
(CK),	 cardiac	 marker	 determinations,	 arterial	 blood	 gas	 analysis,
electrocardiogram,	 and	 urinalysis.	 Sympathetic	 excess	 may	 result	 in
hyperglycemia	 and	 hypokalemia.	 Elevated	 CK	 is	 associated	 with
rhabdomyolysis.	 Cardiac	 markers	 are	 elevated	 in	 myocardial	 infarction.
However,	false	elevations	of	CK-MB	fraction	are	common.13	Cardiac	troponin	is
the	 preferred	 method	 to	 diagnose	 myocardial	 injury	 in	 cocaine	 users.13	 Urine
drug	testing	may	be	helpful	in	establishing	recent	cocaine	use.

Chest	 radiography	 and	 electrocardiography	 (ECG)	 should	 be	 obtained	 in
patients	with	chest	pain	or	cardiovascular	complaints.	The	initial	ECG	is	a	less
useful	 diagnostic	 tool	 than	 for	 patients	 with	 chest	 pain	 that	 is	 unrelated	 to
cocaine.	Many	young	 cocaine-using	patients	 have	ST-segment	 elevation	 in	 the
absence	 of	 acute	 myocardial	 infarction.	 This	 is	 due	 to	 early	 repolarization
changes.17,18

Risk	stratification	of	patients	with	cocaine	associated	chest	pain	has	proposed.
However,	the	HEART	score	does	not	appear	to	be	useful	for	identifying	low-risk



patients.15,45	Observation	for	a	9-	 to	12-hour	period	 is	also	a	useful	 tool	 for	 the
evaluation	 of	 patients	 presenting	 with	 cocaine-associated	 chest	 pain.	 Patients
without	 new	 ischemic	 changes	 on	 ECG,	 a	 normal	 troponin	 test,	 and	 no
cardiovascular	 complications	 during	 this	 observation	 (dysrhythmias,	 acute
myocardial	 infarction,	 or	 recurrent	 symptoms)	 can	 safely	 be	 sent	 home	 with
follow-up	 and	 planned	 outpatient	 workup.19,46,47	 The	 use	 of	 coronary
computerized	 angiographic	 tomography	 might	 identify	 patients	 safe	 for
discharge	in	a	slightly	more	rapid	time	frame.46

A	 brief	 seizure	 temporally	 related	 to	 cocaine	 use	 in	 an	 otherwise	 healthy
person	 should	 be	 evaluated	 with	 a	 head	 computed	 tomography	 (CT).	 Further
workup	 in	 an	 otherwise	 asymptomatic	 patient	 may	 not	 be	 necessary.21,25,27
Patients	with	concurrent	headache,	suspected	subarachnoid	hemorrhage,	or	other
neurologic	manifestations	may	necessitate	lumbar	puncture	after	head	CT	to	rule
out	 serious	 pathology.	 Patients	 who	 are	 suspected	 of	 body	 stuffing	 should	 be
evaluated	 by	 abdominal	 radiographs	 and	 cavity	 searches	 (digital	 or	 visual
examination	of	the	rectum	or	vagina).

MANAGEMENT
The	 initial	 management	 of	 cocaine-toxic	 patients	 should	 focus	 on	 airway,
breathing,	and	circulation.	Treatments	are	directed	at	a	specific	sign,	symptom,
or	organ	system	affected	and	are	summarized	in	Table	109.1.

TABLE	109.1

Treatment	Summary	for	Cocaine-Related	Medical
Conditions

Medical
Condition Treatments

Sinus
tachycardia

Observation

Oxygen

Diazepam	or	lorazepam



Supraventricular
tachycardia

Oxygen
Diazepam	or	lorazepam
Consider	diltiazem,	verapamil,	or	adenosine
If	hemodynamically	unstable:	cardioversion

Ventricular
dysrhythmias

Oxygen
Diazepam	or	lorazepam
Consider	sodium	bicarbonate	and/or	lidocaine
If	hemodynamically	unstable:	defibrillation

Acute	coronary
syndrome

Oxygen

Aspirin

Diazepam	or	lorazepam

Nitroglycerin

Heparin

For	ST-segment	elevation	myocardial	infarction	(STEMI):
Percutaneous	intervention	(angioplasty	and	stent
placement)	preferred.	Consider	fibrinolytic	therapy.

Consider	morphine	sulfate,	phentolamine,	verapamil,	or
glycoprotein	IIb/IIIa	inhibitors

Hypertension Observation

Diazepam	or	lorazepam

Consider	nitroglycerin,	phentolamine,	and	nitroprusside

Pulmonary
edema

Furosemide

Nitroglycerin

Consider	morphine	sulfate	or	phentolamine

Hyperthermia Diazepam	or	lorazepam

Cooling	methods



If	agitated,	consider	paralysis	and	intubation

Neuropsychiatric
Anxiety	and
agitation
Seizures

Diazepam	or	lorazepam
Diazepam	or	lorazepam
Consider	phenobarbital

Intracranial
hemorrhage

Surgical	consultation

Rhabdomyolysis Intravenous	hydration

Consider	sodium	bicarbonate	or	mannitol

If	in	acute	renal	failure:	hemodialysis

Cocaine	washout
syndrome

Supportive	care

Body	packers Activated	charcoal

Whole-bowel	irrigation

Laparotomy	or	endoscopic	retrieval

Patients	who	present	with	sympathetic	excess	and	psychomotor	agitation	are
at	 risk	 of	 hyperthermia	 and	 rhabdomyolysis.	 Management	 should	 focus	 on
lowering	 core	 body	 temperature,	 halting	 further	 muscle	 damage	 and	 heat
production,	 and	 ensuring	 good	 urinary	 output.	 The	 primary	 agents	 used	 for
muscle	relaxation	are	benzodiazepines.12

The	 use	 of	 antipsychotic	 agents	 for	 cocaine-induced	 neurobehavioral
agitation	is	controversial.48	In	mild	cases,	antipsychotics	may	be	useful.	In	cases
of	severe	cocaine-induced	agitation,	few	data	exist	on	the	safety	and	efficacy	of
antipsychotics.	 In	 these	 cases,	 benzodiazepines	 are	 preferred	 and	 larger	 than
typical,	 supranormal	 cumulative	 doses	 may	 be	 necessary.	 Core	 body
temperatures	may	be	highly	elevated.	This	 should	be	 treated	aggressively	with
surface	cooling	devices.	Some	cases	of	severe	muscle	overactivity	may	require
general	 anesthesia	 with	 nondepolarizing	 neuromuscular	 blockade.
Succinylcholine,	a	depolarizing	neuromuscular-blocking	agent,	may	increase	the
risk	 of	 hyperkalemia	 in	 the	 setting	 of	 severe	 cocaine-induced	 rhabdomyolysis
and	should	be	avoided.	In	addition,	plasma	cholinesterase	is	responsible	for	the
metabolism	 of	 both	 succinylcholine	 and	 cocaine.	 When	 these	 two	 agents	 are



used	 simultaneously,	 prolonged	 clinical	 effects	 of	 either	 or	 both	 agents	 might
result.	Therefore,	nondepolarizing	agents	are	preferred.

4 	 Patients	 with	 severe	 hypertension	 can	 usually	 be	 safely	 treated	 with
benzodiazepines.	 When	 benzodiazepines	 are	 not	 effective,	 nitroglycerin,
nitroprusside,	or	phentolamine	can	be	used.	β-Blocker	use	is	controversial	but	is
generally	 not	 recommended.	 Their	 use	 in	 this	 setting	 can	 lead	 to	 unopposed
alpha	 stimulation	 with	 paradoxic	 exacerbation	 of	 hypertension	 and	 worsening
coronary	vasoconstriction.49,50

5 	 Patients	 with	 chest	 pain	 and	 suspected	 cocaine-induced	 ischemia	 or
myocardial	 infarction	 should	 be	 treated	 with	 aspirin,	 benzodiazepines,	 and
nitroglycerin	 as	 first-line	 agents.	 Benzodiazepines	 decrease	 the	 central
stimulatory	 effects	 of	 cocaine,	 thereby	 indirectly	 reducing	 its	 cardiovascular
toxicity.12	Benzodiazepines	have	been	shown	to	have	a	comparable	and	possibly
an	 additive	 effect	 to	 nitroglycerin	 with	 respect	 to	 chest	 pain	 resolution	 and
hemodynamic	 and	 cardiac	 functional	 parameters	 (cardiac	 output)	 for	 patients
with	 cocaine-associated	 chest	 pain51–53	 (Table	 109.2).	 Weight-adjusted
unfractionated	 heparin	 or	 enoxaparin	 would	 be	 reasonable	 to	 use	 for	 patients
with	documented	ischemia.	Patients	who	do	not	respond	to	these	initial	therapies
can	 be	 treated	with	 phentolamine	 or	 calcium	 channel	 blocking	 agents.54,55	 The
International	 Guidelines	 for	 Emergency	 Cardiovascular	 Care	 recommend	 α-
adrenergic	 antagonists	 (phentolamine)	 for	 the	 treatment	 of	 cocaine-associated
acute	 coronary	 syndrome.56	 β-Blockers	 are	 not	 recommended,	 as	 they	 can
exacerbate	 cocaine-induced	 coronary	 artery	 vasoconstriction.51	 However,	 this
recommendation	has	come	under	 some	scrutiny.	Recent	 studies	 suggest	 that	β-
blocker	 usage	 in	 the	 setting	 of	 cocaine	 toxicity	 does	 not	 appear	 to	 obviously
increase	 detrimental	 clinical	 outcomes49,50,57,58;	 however,	 the	 relatively	 low
mortality	associated	with	myocardial	 infarction	due	 to	 the	documented	adverse
effects	of	cocaine	has	resulted	in	the	American	College	of	Cardiology/American
Health	Association	guidelines	continuing	to	recommend	against	its	use	in	cases
of	acute	intoxication.13

TABLE	109.2

Summary	of	Recommendations	Based	on	Randomized
Controlled	Clinical	Trials

Primary



Reference Population Intervention Control Outcome

42 40	patients
with
potential
cocaine-
associated
acute
coronary
syndrome

Diazepam
plus	placebo
nitroglycerin
(N	=	12),
nitroglycerin
and	placebo
diazepam
(N	=	13),	or
diazepam	and
nitroglycerin
arms	were
used	(N	=	15).
Diazepam
was
administered
5	mg
intravenously
every	5	min
for	a	total
dose	of
15	mg.
Nitroglycerin,
0.4	mg,	was
administered
sublingually
every	5	min
for	up	to	a
total	of	3
doses.

No	patients
received
placebo
diazepam
and	placebo
nitroglycerin.

Chest	pain
resolution,
and	changes
in	blood
pressure,
pulse	rate,
cardiac
output,
cardiac	index,
stroke
volume,	and
stroke	index
over	the	15-
min	treatment
period

43 27	patients
with
cocaine-
associated
chest	pain

Nitroglycerin
(group	I,
N	=	15)	or
nitroglycerin
plus
lorazepam

No	patients
received
placebo.

Chest	pain
score	(0-10
scale)
measured	at	5
min	after	each
medication



(group	II,
N	=	12)	was
utilized.	The
nitroglycerin
was
administered
sublingually
and	the
lorazepam
was
administered
intravenously,
1	mg	every	5
min	for	a	total
of	2	doses.

administration

Primary	 reperfusion	 therapy	 is	 best	 done	 with	 percutaneous	 interventions,
when	available.59	Fibrinolytic	 therapy	in	 this	setting	is	somewhat	controversial.
The	 mortality	 from	 cocaine-associated	 myocardial	 infarction	 is	 low.	 Patients
with	cocaine-associated	chest	pain	have	a	high	prevalence	of	“false-positive	ST-
segment	 elevations,”	 up	 to	 43%	 in	 one	 study.60	 Therefore,	 treatment	 of	 all
patients	 with	 cocaine-associated	 chest	 pain	 who	 meet	 standard	 ECG
thrombolysis	 in	 myocardial	 infarction	 criteria	 would	 result	 in	 fibrinolytic
administration	 to	more	 patients	 without	 acute	myocardial	 infarction	 than	with
acute	myocardial	infarction.

Supraventricular	 dysrhythmias	 may	 be	 difficult	 to	 treat.	 Initially,
benzodiazepines	should	be	administered.	Adenosine	can	be	given,	but	its	effects
may	 be	 temporary.	 Use	 of	 calcium	 channel	 blockers	 in	 association	 with
benzodiazepines	 appears	 to	 be	 most	 beneficial.	 β-Blockers	 should	 be
avoided.49,50,57,58

Ventricular	 dysrhythmias	 should	 be	 managed	 with	 benzodiazepines,
lidocaine,	or	sodium	bicarbonate.56	Bicarbonate	is	preferred	in	patients	with	QRS
widening	and	ventricular	dysrhythmias	that	occur	soon	after	cocaine	use.	In	this
setting,	the	dysrhythmias	are	presumably	related	to	the	sodium	channel	blocking
effects	 of	 cocaine.	 Lidocaine	 or	 amiodarone	 can	 be	 used	 when	 dysrhythmias
appear	to	be	related	to	cocaine-induced	ischemia.10,56

Seizures	 should	 be	 treated	 with	 benzodiazepines	 and,	 phenobarbital	 or
propofol.	 Phenytoin	 is	 not	 recommended	 in	 cases	 associated	 with	 cocaine.



Although	 no	 studies	 have	 compared	 barbiturates	 to	 phenytoin	 or	 propofol	 for
control	 of	 cocaine-induced	 seizures,	 barbiturates	 are	 theoretically	 preferable
because	 they	 also	 produce	CNS	 sedation	 and	 are	 generally	more	 effective	 for
toxin-induced	 convulsions.	 If	 these	 agents	 are	 not	 rapidly	 effective,
nondepolarizing	neuromuscular	blockade	and	general	anesthesia	are	indicated.

Patients	 with	 cerebrovascular	 complications	 or	 focal	 neurologic	 findings
should	have	urgent	imaging	and	neurological	consolation	in	accord	with	ACLS
guidelines.	 However,	 the	 utility	 of	 fibrinolytic	 agents	 for	 cocaine-associated
cerebrovascular	infarction	is	unknown.

Cocaine	 body	 stuffers	 who	 are	 asymptomatic	 should	 be	 given	 activated
charcoal.61	 Whole-bowel	 irrigation	 with	 subsequent	 radiologic	 verification	 of
passage	of	all	drug-filled	containers	should	be	considered.34,35	Body	stuffers	who
manifest	 clinical	 signs	 of	 toxicity	 should	 be	 treated	 similar	 to	 other	 cocaine-
intoxicated	 patients.	 Body	 packers	 who	 develop	 any	 signs	 of	 cocaine	 toxicity
need	to	be	identified	as	quickly	as	possible	and	treated	very	aggressively.	These
individuals	 have	 a	 high	 likelihood	 of	 developing	 worsening	 toxicity	 and	 life-
threatening	 organ	 dysfunction.	 Initial	 use	 of	 activated	 charcoal	 and	 surgical
removal	of	ruptured	cocaine	packets	is	warranted	for	almost	all	cases	and	can	be
lifesaving.34,35

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	24-year-old	man	presents	to	the	emergency	department	with	sharp	chest
pain.	He	admits	to	cocaine	usage	over	the	past	2	days.	He	has	some	diaphoresis
and	tachycardia	but	denies	pain	radiation,	shortness	of	breath,	fever,	cough,	or
abdominal	pain.	On	physical	exam,	vital	signs	include	heart	rate	of	100
beats/min	and	blood	pressure	of	160/100	mm	Hg.	Pulmonary,	cardiac,
abdominal,	and	neurologic	examinations	are	unremarkable.	EKG	shows	early
repolarization.	Chest	x-ray	is	unremarkable.	Which	of	the	following	is	the	most
appropriate	medical	therapy?

A. 	Diazepam
B. 	Nifedipine
C. 	Metoprolol
D. 	Ziprasidone



2. 	For	a	symptomatic	patient	who	is	a	“body	packer”	and	has	ingested
cocaine,	which	of	the	following	is	the	most	appropriate	therapy	in	addition	to
supportive	care?

A. 	Activated	charcoal
B. 	Cathartics
C. 	Endoscopic	packet	removal
D. 	Surgical	exploration

3. 	Which	of	the	following	metabolites	is	measured	when	screening	a
patient’s	urine	for	cocaine	use?

A. 	Benzoylecgonine
B. 	Ecgonine	methyl	ester
C. 	Hydroxycocaine
D. 	Norcocaine

Answers

1.	The	correct	answer	is	A.
Rationale:	First-line	treatment	for	cocaine	toxicity	is	benzodiazepines	(choice

A	 is	 correct).	 Nondihydropyridine	 calcium	 channel	 blockers	 such	 as	 diltiazem
and	 verapamil	 have	 been	 shown	 to	 reduce	 hypertension	 reliably	 but	 not
tachycardia.	 Dihydropyridine	 agents	 such	 as	 nifedipine	 should	 be	 avoided,	 as
reflex	tachycardia	may	occur	(choice	B	is	incorrect).	β-blockers	are	theoretically
contraindicated	 in	 cocaine	 toxicity	 due	 to	 unopposed	 alpha-receptor
vasoconstriction	 (choice	 C	 is	 incorrect),	 though	 some	 studies	 do	 not	 show	 an
increase	in	risk	of	myocardial	infarction	or	all-cause	mortality.	Ziprasidone	is	a
treatment	 for	 schizophrenia	 and	 manic/mixed	 bipolar	 disorder,	 not	 cocaine
toxicity	 (choice	D	 is	not	 the	best	answer).	 In	animal	 studies,	 it	may	 limit	drug
dependence,	but	combination	with	cocaine	has	also	 reportedly	caused	dystonic
reactions	and	other	side	effects.

2.	The	correct	answer	is	D.
Rationale:	 “Body	 packers,”	 first	 described	 in	 1973,	 are	 persons	 who,

voluntarily	or	through	coercion,	swallow	or	insert	drug-filled	packets	into	a	body
cavity	for	smuggling	purposes.	Management	depends	on	many	factors	to	include
the	 ingested	 substance.	 While	 asymptomatic	 patients	 may	 be	 monitored	 and
given	 whole-bowel	 irritation,	 symptomatic	 sympathomimetic	 toxicity	 (cocaine



or	amphetamines)	should	be	treated	with	surgical	removal	of	the	packets	(choice
D	is	correct;	choices	A,	B,	and	C	are	not	the	best	answers).	Endoscopic	removal
has	been	reported	but	risks	packet	rupture.

3.	The	correct	answer	is	A.
Rationale:	The	standard	assay	used	to	detect	cocaine	is	an	immunoassay	for

the	metabolite	benzoylecgonine,	which	has	extremely	high	specificity,	meaning
false-positive	 results	 are	 extremely	 rare	 (choice	 A	 is	 correct).	 Coca	 leaves	 or
coca	tea,	which	is	 illegal	 in	 the	United	States,	and,	rarely,	dental	procedures	 in
which	cocaine	is	used	for	topical	anesthesia,	will	show	up	positive	on	this	test.
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Chapter	110
Corrosives	Poisoning
Kennon	Heard

KEY	POINTS:
1.	 The	extent	of	injury	depends	on	many	factors	including	the	volume

and	concentration	of	the	chemicals,	the	duration	of	the	exposure,	the
tissue(s)	contacted,	and	the	chemical(s)	involved.

2.	 Most	systemic	effects	that	occur	after	exposure	to	corrosives	are
secondary	to	inflammation,	acidosis,	infection,	and	necrosis.

3.	 Ingestion	of	alkali	is	associated	with	a	higher	incidence	and	severity
of	esophageal	lesions	than	ingestion	of	acid,	which	typically	causes
stomach	injury	although	this	is	not	a	consistent	finding.

4.	 The	absence	of	burns	in	the	oropharynx	does	not	exclude	burns
further	along	the	gastrointestinal	tract,	and	it	is	not	predictive	of	less
severe	distal	injuries.

5.	 Systemic	toxicity	may	accompany	caustic	injury.

INTRODUCTION
Corrosives	cause	 injury	by	 reacting	with	organic	molecules	and	disrupting	cell
membranes.	 They	 also	 cause	 thermal	 burns	 from	 the	 heat	 generated	 by
dissolution	and	neutralization	reactions.	While	acidic	and	basic	products	are	the
most	 common	 corrosive	 exposures,	 corrosive	 injury	 may	 occur	 following
exposures	 to	other	substances	 that	 react	with	 tissue	such	as	some	metals,	salts,
hydrocarbons,	and	other	strong	oxidizing	or	reducing	agents.

During	 2019,	 approximately	 70,000	 exposures	 to	 corrosive	 chemicals	 were
reported	to	US	poison	centers;	actual	exposures	are	estimated	to	be	several	times
greater.1	Although	pediatric	exposures	are	more	common	 than	adult	exposures,
adults	often	 ingest	 larger	amounts	of	corrosive.2	Deaths	most	 commonly	 result



from	intentional	exposure	to	drain	cleaners	and	acidic	cleaners.1
Historically,	concentrated	lye	(sodium	or	potassium	hydroxide)	solutions	used

for	laundering	and	plumbing	purposes	caused	most	of	the	serious	injuries	due	to
corrosive	 ingestions.3	 The	 high	 concentrations	 of	 these	 products	 made	 even
small	 exposures	 (eg,	 exploratory	 ingestions	 by	 children)	 dangerous.	 Currently
available	 liquid	 lye	 drain	 cleaners	 are	 less	 concentrated,	 lowering	 the	 risk	 of
injury	from	small	exposures.	However,	larger	(ie,	deliberate)	exposures	can	still
produce	 devastating	 injuries.	 Drain	 cleaners,	 acid	 bowl	 powdered	 automatic
dishwasher	 detergents,	 and	 oven	 cleaners	 account	 for	 the	most	 severe	 injuries
and	deaths.4	Household	ammonia	and	bleaches,	and	hydrogen	peroxide	solutions
are,	 in	 general,	much	 less	 concentrated	 than	 industrial	 products	 but	 can	 cause
significant	 injury	 when	 ingested	 in	 large	 amounts.4	 More	 recently,	 significant
burns	have	been	reported	following	pediatric	ingestion	of	laundry	pod	products.5

PATHOPHYSIOLOGY
1 	 The	 extent	 of	 injury	 depends	 on	 many	 factors	 including	 the	 volume	 and
concentration	 of	 the	 chemicals,	 the	 duration	 of	 the	 exposure,	 the	 tissue(s)
contacted	 and	 the	 chemical(s)	 involved.	 Obviously,	 larger	 volumes,	 higher
concentration,	and	prolonged	exposure	increase	the	risk	and	extent	of	injury.	In
general,	mucous	membranes	are	more	susceptible	to	injury	than	skin.	Areas	with
thinner	 skin	 are	more	 likely	 to	 have	 significant	 injury	 than	 areas	with	 thicker
skin	 (such	 as	 the	 sole	 of	 the	 foot)	 as	 are	 patients	 with	 thinner	 skin	 (such	 as
infants	and	the	elderly).

Chemical	 properties	 determine	 the	 mechanism	 of	 injury.	 Alkalis	 cause
liquefaction	 necrosis,	 a	 process	 resulting	 from	 the	 saponification	 of	 fats,
dissolution	 of	 proteins,	 and	 emulsification	 of	 lipid	 membranes.	 The	 resultant
tissue	softening	and	sloughing	may	allow	the	alkali	to	penetrate	to	deeper	levels.
Acid	 burns	 are	 characterized	 by	 coagulation	 necrosis.	 Protein	 is	 denatured,
resulting	 in	 the	 formation	 of	 a	 firm	 eschar	 that	 can	 limit	 deeper	 tissue
penetration.6	The	release	of	heat	from	acid	exposure	is	typically	higher	than	for
alkali	 reactions.	 Hydrocarbons	 produce	 injury	 by	 dissolving	 lipids	 of	 cell
membranes	 and	 coagulating	 proteins.	 Significant	 damage	 may	 occur	 with
ingestion	or	after	prolonged	dermal	contact.

Tissue	 injury	progresses	 rapidly	over	 the	 first	 few	minutes	but	can	continue
for	 several	 hours.7	 Over	 the	 next	 several	 days,	 bacterial	 infection	 and
inflammation	 cause	 additional	 injury.	 Granulation	 tissue	 then	 develops,	 but
collagen	deposition	may	not	begin	until	the	second	week.	The	tensile	strength	of



healing	tissue	is	lowest	during	the	first	2	weeks.	Healing	takes	weeks	to	months.
Scar	retraction	begins	in	the	third	week	and	continues	for	months.

The	physical	 state	of	a	chemical	also	 influences	 its	 toxicity.	Corrosives	 that
are	 gases	 at	 room	 temperature	 primarily	 affect	 the	 skin,	 eyes,	 and	 airways.
Saturated	 acid	 solutions	 may	 liberate	 significant	 amounts	 of	 acid	 fumes,
particularly	 if	 heated.	 Solid	 compounds	 tend	 to	 produce	 highly	 concentrated
solutions	on	contact	with	body	fluids	and	cause	more	severe	injuries.8	Solutions
with	a	high	viscosity	tend	to	cause	deeper	burns.9

2 	Most	systemic	effects	that	occur	after	exposure	to	corrosives	are	secondary
to	 inflammation,	acidosis,	 infection,	and	necrosis.10	 Fluid	 and	 electrolyte	 shifts
occur,	 resulting	 in	 hypovolemia,	 acidosis,	 and	 organ	 failure.	 Some	 chemicals,
such	as	phenol,	HF,	hydrazine,	and	chromic	acid,	can	be	absorbed	after	dermal
exposure	or	ingestion	and	cause	systemic	toxicity.11

CLINICAL	MANIFESTATIONS
Chemical	 burns	 to	 the	 eye	 range	 from	 irritation	 to	 severe	 and	 permanent
damage.12	Eye	pain,	blepharospasm,	conjunctival	hemorrhages,	and	chemosis	are
seen	 in	all	grades	of	 injury.	Decreased	visual	acuity	may	result	 from	excessive
tearing,	 corneal	 edema	 and	 ulceration,	 anterior	 chamber	 clouding,	 or	 lens
opacities.	 Severe	 burns	 can	 result	 in	 increased	 intraocular	 pressure,	 anterior
chamber	clouding,	lens	opacities,	and	perforation	of	the	globe.12

Significant	differences	exist	between	thermal	and	chemical	burns	of	the	skin.
Although	pain	usually	occurs	immediately,	it	may	be	delayed	several	hours	after
corrosive	 exposure.13	 Assessing	 the	 depth	 of	 dermal	 injury	 can	 be	 difficult.
Chemical	 burns	 rarely	 blister,	 and	 the	 affected	 skin	 is	 usually	 dark,	 insensate,
and	firmly	attached	regardless	of	the	burn	depth.14	Healing	usually	takes	longer
than	for	thermal	burns.

Some	chemical	warfare	agents	cause	severe	dermal	injury.	Sulfur	mustard,	the
most	 commonly	 used	 antipersonnel	 agent,	 and	 lewisite	 (chlorovinylarsine
dichloride)	 are	 potent	 alkylating	 agents,	 resulting	 in	 severe	 vesiculation	 of	 the
skin	4	 to	12	hours	after	 exposure.	Phosgene	oxide	has	a	 similar	 action,	but	 its
effects	 are	 almost	 immediate.	 Respiratory	 burns	 are	 nearly	 always	 associated
with	sulfur	mustard	exposure.15	White	phosphorus	is	used	in	incendiary	devices
and	 in	 the	manufacture	 of	 fertilizers	 and	 insecticides.	 It	 ignites	 spontaneously
when	exposed	to	air	and	can	cause	thermal	burns.

Ingested	corrosives	typically	injure	the	oropharynx,	esophagus,	and	stomach
but	 may	 cause	 damage	 as	 distal	 as	 the	 proximal	 jejunum.16,17	 Areas	 most



commonly	affected	are	 those	of	anatomic	narrowing:	 the	cricopharyngeal	area,
diaphragmatic	 esophagus,	 and	 antrum	 and	 pylorus	 of	 the	 stomach.16	 Multiple
sites	 are	 affected	 in	 up	 to	 80%	 of	 patients.17	 Esophageal	 lesions	 are	 seen
predominantly	in	the	lower	half,	and	gastric	burns	are	usually	most	severe	in	the
antrum.17	Vomiting	 is	 associated	with	 a	 higher	 incidence	 of	 severe	 esophageal
injuries.18

3 	 Ingestion	 of	 alkali	 is	 associated	 with	 a	 higher	 incidence	 and	 severity	 of
esophageal	lesions	than	ingestion	of	acid,	which	typically	causes	stomach	injury
although	 this	 is	not	a	consistent	 finding.18	Alkaline	agents	have	 little	 taste,	but
acids	are	extremely	bitter	and	more	likely	to	be	expelled	if	accidentally	ingested.

Alkaline	solids	may	adhere	to	mucosa	of	the	oropharynx	and	cause	oral	pain
that	 limits	 the	 quantity	 swallowed,	 thus	 sparing	 the	 esophagus.19	 If	 alkaline
solids	are	swallowed,	severe	upper	esophageal	burns	are	seen.20	Shallow	ulcers
may	 result	 when	 tablets	 become	 lodged	 in	 the	 esophagus	 (pill	 esophagitis).
Hemorrhage	 and	 stricture	 formation	 may	 occur	 after	 esophageal	 impaction	 of
potassium	 chloride,	 iron,	 quinidine,	 etidronate,	 antibiotics,	 and	 anti-
inflammatory	agents.21

4 	 Common	 symptoms	 from	 corrosive	 ingestion	 are	 oropharyngeal	 pain,
dysphagia,	 abdominal	 pain,	 vomiting,	 and	 drooling.22	 Less	 commonly,	 stridor,
hoarseness,	hematemesis,	and	melena	are	seen.	Patients	who	are	asymptomatic
are	unlikely	to	have	significant	injuries,	although	this	may	be	difficult	to	assess
for	 children	 who	 may	 appear	 to	 have	 no	 or	 minimal	 symptoms.22	 Vomiting,
drooling,	 and	 stridor	 appear	 to	 be	 predictive	 of	more	 severe	 injuries,22	 but	 the
absence	 of	 burns	 in	 the	 oropharynx	 does	 not	 exclude	 burns	 further	 along	 the
gastrointestinal	 tract,	 and	 it	 is	 not	 predictive	 of	 less	 severe	 distal	 injuries.22
Patients	with	laryngeal	burns	have	a	greater	incidence	and	severity	of	esophageal
lesions.18

Hemorrhage,	 perforation,	 and	 fistula	 formation	may	 occur	 for	 patients	with
full-thickness	esophageal	necrosis.17	Untreated,	perforations	rapidly	progress	 to
septic	shock,	organ	failure,	and	death.	Gastric	perforations	may	become	walled
to	form	abscesses	around	the	liver	or	in	the	lesser	sac.	Severe	gastric	burns	may
extend	to	adjacent	organs.23	Perforation	of	the	anterior	esophageal	wall	may	lead
to	 formation	 of	 a	 tracheoesophageal	 fistula	 and	 tracheobronchial	 necrosis.24
Tracheoesophageal-aortic	and	aortoesophageal	fistulas,	rare	and	uniformly	fatal
complications,	 are	 suggested	 by	 hemoptysis	 or	 hematemesis,	 which	 develops
into	torrential	bleeding.

Burns	to	the	larynx	occur	in	up	to	50%	of	patients	and	are	the	most	common
cause	of	respiratory	distress.18	Typically,	the	epiglottis	and	aryepiglottic	folds	are
edematous,	 ulcerated,	 or	 necrotic.	 The	 absence	 of	 respiratory	 symptoms	 on



presentation	 does	 not	 exclude	 the	 presence	 of	 laryngeal	 burns	 that	 may
eventually	 require	 intubation.18	Respiratory	distress	may	 also	be	 caused	by	 the
aspiration	of	corrosives.

Esophageal	 strictures	 develop	 in	 up	 to	 70%	 of	 burns	 that	 result	 in	 deep
ulceration,	whether	discrete	or	circumferential,	and	nearly	all	burns	resulting	in
deep	necrosis.17	Strictures	do	not	develop	after	superficial	mucosal	ulceration.25
Strictures	may	become	 symptomatic	 as	 early	 as	 the	 end	of	 the	2nd	week;	 half
develop	 during	 initial	 hospitalization,	 and	 80%	 are	 evident	 within	 2	 months.
Those	that	develop	early	often	progress	rapidly	and	require	urgent	intervention.
Gastric	 outlet	 strictures	may	 also	 occur,	 but	 only	 40%	become	 symptomatic.17
Strictures	 can	 develop	 in	 the	 mouth	 and	 pharynx.18	 Esophageal
pseudodiverticulum	may	occur	among	patients	with	esophageal	stricture	as	early
as	 1	 week	 after	 corrosive	 ingestions.	 It	 appears	 to	 result	 from	 incomplete
destruction	 of	 the	 esophageal	 wall	 and	 usually	 resolves	 with	 dilation	 of
associated	strictures.26

Deaths	 have	 resulted	 in	 patients	 who	 have	 extensive	 necrosis	 in	 the	 upper
gastrointestinal	tract.	Sepsis	secondary	to	perforation	is	the	most	common	cause
of	death;	severe	hemorrhage	or	aspiration	may	also	contribute.23

Esophageal	 carcinoma,	 usually	 squamous	 cell,	 is	 a	 well-documented
complication	 of	 alkali	 burns.27	 It	 occurs	 most	 commonly	 at	 the	 level	 of	 the
tracheal	bifurcation	and	is	estimated	to	occur	1000	times	more	frequently	among
patients	 who	 have	 had	 corrosive	 injuries	 than	 among	 the	 general	 population.
Symptoms	can	develop	more	than	20	years	after	the	initial	insult.

5 	 Severe	 acid	 burns	 may	 be	 accompanied	 by	 a	 metabolic	 acidosis	 and
hypotension.	 The	 anion	 gap	 is	 usually	 elevated,	 although	 a	 hyperchloremic
acidosis	may	 be	 seen	 in	 hydrochloric	 acid	 and	 ammonium	 chloride	 ingestion.
After	hydrochloric	acid	 ingestion,	cardiovascular	collapse	 is	 the	most	common
cause	of	 early	death;	myocardial	 infarction	has	occurred	after	 large	 ingestions.
Systemic	 toxicity	may	accompany	caustic	 injury	following	ingestion	of	metals,
hydrazine,28	formic	acid,29	and	chromic	acid.30	Vascular	oxygen	embolization	can
occur	after	the	ingestion	of	concentrated	hydrogen	peroxide.31

DIAGNOSTIC	EVALUATION
Resuscitation	 and	 decontamination	 should	 take	 priority	 over	 completing	 a
detailed	 history	 and	 physical	 examination	 (see	 Treatment	 section	 below).
Medical	 staff	 should	 wear	 protective	 clothing	 to	 avoid	 becoming	 secondary
casualties.	Patients	with	symptoms	of	airway	injury	should	have	early	intubation



as	swelling	is	likely	to	progress.
After	stabilization	and	decontamination,	the	duration	of	exposure,	symptoms,

and	details	of	prehospital	 treatment	 should	be	determined.	 Identification	of	 the
compounds	 involved	and	any	measures	 required	 for	 their	 safe	handling	can	be
established	 by	 a	 number	 of	 means:	 Container	 labeling,	 material	 safety	 data
sheets	 and	 safety	 officers	 in	 cases	 of	 workplace	 exposure,	 fire	 department
hazardous	materials	 units,	 and	 regional	 poison	 information	 centers.	Measuring
the	pH	of	a	product	may	be	helpful.

If	 the	 exposure	 is	 the	 result	 of	 an	 industrial	 or	 transportation	 accident,	 the
patient	 should	 be	 evaluated	 for	 traumatic	 injuries.	 Suicidal	 patients	 should	 be
evaluated	 for	 other	 possible	 toxic	 exposures	 (eg,	 ingestion	 of	 alcohol	 or
medications).

After	 decontamination,	 assessment	 of	 eye	 exposures	 should	 include
measurement	of	visual	acuity	and	conjunctival	pH	and	a	slit-lamp	examination.
Chemosis,	 conjunctival	 hemorrhages,	 corneal	 epithelial	 defects,	 stromal
opacification,	 and	 loss	 of	 limbic	 vessels	 should	 be	 noted.	 Roper-Hall
classification	of	injury	predicts	severity	of	subsequent	vision	loss	(Table	110.1).
If	more	than	half	of	these	vessels	are	obliterated,	the	prognosis	is	poor.32	When
injury	 to	 the	 anterior	 chamber	 is	 suspected,	 intraocular	 pressure	 should	 be
measured	unless	there	is	concern	for	corneal	perforation.

TABLE	110.1

Grading	of	Severity	of	Ocular	Chemical	Burns

Grade Cornea Limbal
Ischemia Prognosis

I Epithelial	loss None Good

II Stromal	haze,	iris	details
visible

<1/3	of	vessels
affected

Good

III Total	epithelial	loss,	iris
details	obscured

1/3-½	of	vessels
affected

Doubtful,	vision
reduced

IV Opaque,	no	view	of	iris	or
pupil

>½	of	vessels
affected

Poor



Assessment	 of	 dermal	 injury	 is	 similar	 to	 that	 for	 thermal	 burns.	 Location,
size,	 color,	 texture,	 and	neurovascular	 status	 should	be	noted.	Photographs	 are
often	useful.	If	the	affected	area	is	greater	than	15%	of	total	body	surface	area	or
if	 systemic	 toxicity	 is	 possible	 (such	 as	 HF	 or	 phenol	 exposure),	 a	 complete
physical	examination	with	appropriate	monitoring	and	laboratory	testing	should
be	performed.

With	 ingestions,	 examination	 of	 the	 oropharynx,	 neck,	 chest,	 and	 abdomen
should	be	noted.	Particular	attention	should	be	given	to	assessing	the	patency	of
the	airway.	Patients	with	signs	and	symptoms	suggestive	of	significant	 injuries
should	have	an	electrocardiogram,	complete	blood	cell	count,	and	cross-match,
coagulation	profile,	electrolytes,	glucose,	liver	and	renal	function	testing,	venous
or	arterial	blood	gas,	and	serum	lactate.

The	 extent	 and	 of	 testing	 for	 systemic	 toxicity	 depends	 on	 the	 nature	 and
severity	 of	 clinical	 abnormalities	 and	 the	 chemical	 involved.	 Patients	 with
significant	exposure	to	strong	oxidizing	agents	should	have	methemoglobin	level
determination.	 Patients	 with	 HF	 exposure	 should	 have	 serum	 calcium
concentrations	monitored	(Chapter	113).	Phenol	exposure	may	cause	metabolic
acidosis.

There	 are	 two	 approaches	 to	 the	 assessment	 of	 alimentary	 tract	 injury
following	 corrosive	 ingestion:	 Endoscopic	 and	 CT	 imaging.	 Endoscopic
assessment	 allows	 direct	 visualization	 of	 the	 mucosa.	 Ideally	 the	 procedure
should	 be	 performed	 within	 48	 hours	 of	 exposure	 to	 minimize	 the	 risk	 of
perforation.	Patients	with	no	more	than	superficial	ulcerations	are	at	low	risk	for
strictures	or	perforation,	while	those	with	deep	ulcerations	are	at	 increased	risk
for	strictures	and	those	with	necrosis	are	at	risk	for	perforation	(Table	110.2).33

TABLE	110.2

Examples	of	Classifications	for	Grading	Severity	of
Gastrointestinal	Corrosive	Injury

Grade	I Mucosal	Inflammation

Grade	II A.	 Hemorrhages,	erosions,	and	superficial	ulceration
B.	 Deep	discrete	or	circumferential	ulceration

Grade	III A.	 Small,	scattered	areas	of	necrosis
B.	 Extensive	necrosis	involving	the	whole	esophagus



First	degree Mucosal	inflammation,	edema,	or	superficial	sloughing

Second
degree

Damage	extends	to	all	layers	of,	but	not	through,	the
esophagus

Third	degree Ulceration	through	to	periesophageal	tissues

Recent	guidelines34	recommend	the	use	of	contrast	enhanced	CT	of	the	neck
chest	 and	 abdomen	 based	 on	 several	 studies	 that	 suggest	 better	 detection	 of
transmural	injury	and	prediction	of	strictures	and	fewer	negative	laparotomies.35-
37	Patients	with	persistent	symptoms	or	a	history	suggesting	more	than	a	trivial
exposure	should	undergo	imaging	within	3	to	6	hours	of	exposure.	The	absence
of	 contrast	 enhancement	 of	 the	 GI	 tract	 wall	 is	 an	 indication	 for	 emergency
surgery.34

MANAGEMENT
Advanced	life	support	measures	should	be	instituted	as	appropriate.	Early	airway
management	 is	 critical	 because	 swelling	often	progresses	 rapidly.	Patients	will
often	 require	 aggressive	 fluid	 resuscitation	 for	 shock.	 Decontamination	 is	 the
next	 priority;	 procedures	 are	 specific	 to	 the	 route	 of	 exposure.	 Treatment	 of
systemic	poisoning	is	primarily	supportive;	in	some	cases,	antidotal	therapy	may
also	be	necessary.	Cases	should	be	discussed	with	a	poison	center	when	there	is
a	possibility	of	systemic	toxicity.

Eye	exposures	 should	be	 irrigated	 immediately.	The	persistence	of	eye	pain
despite	 irrigation	 for	 at	 least	 15	 minutes	 indicates	 significant	 injury	 or
incomplete	 decontamination.	 Up	 to	 one-third	 of	 patients	 with	 lime	 burns	 still
have	particles	present	in	the	eye	on	presentation.38	All	cases	for	whom	injury	is
detected	 or	 symptoms	 persist	 require	 emergent	 ophthalmological	 evaluation.
Management	 may	 consist	 of	 topical	 antibiotics,	 mydriatics,	 steroids,	 and	 eye
patching.	 The	 role	 of	 neutralization	 of	 chemical	 burns	 is	 currently	 under
investigation	but	cannot	be	routinely	recommended.12

The	 initial	 treatment	of	dermal	exposure	 is	 removal	of	 clothing	and	prompt
irrigation	 with	 copious	 amounts	 of	 water	 for	 at	 least	 15	 minutes	 for	 acid
exposures	 and	 30	 minutes	 for	 alkali.39	 Although	 tissue	 neutralization	 occurs
within	 10	 minutes	 with	 acids	 and	 within	 1	 hour	 with	 alkalis	 in	 experimental
studies,	 delayed	 irrigation	 may	 be	 beneficial.40	 Neutralization	 has	 been



associated	with	good	outcomes,41	but	because	systematic	data	on	its	efficacy	are
lacking,	such	therapy	cannot	be	routinely	recommended.

In	 rare	 cases,	 water	 irrigation	 may	 be	 dangerous	 or	 ineffective.	 Metallic
lithium,	sodium,	potassium	and	cesium,	titanium	tetrachloride,	and	organic	salts
of	 lithium	 and	 aluminum	 react	 violently	 with	 water;	 burns	 caused	 by	 these
agents	should	be	 inspected	closely	and	any	particles	removed	and	placed	 in	an
anhydrous	solution	 (oil)	before	 the	area	 is	 irrigated.	Alternatively,	 the	area	can
be	wiped	with	 a	 dry	 cloth	 to	 remove	 particles	 and	 the	 skin	 then	 deluged	with
water	to	dissipate	any	heat.	Phenol	is	not	water	soluble,	and	dilution	with	water
may	 aid	 its	 penetration	 into	 tissues,	 increasing	 systemic	 absorption.21	 Soaking
experimental	 phenol	 burns	 with	 isopropyl	 alcohol	 or	 polyethylene	 glycol	 in
mineral	 oil	 is	 superior	 to	 rinsing	 with	 water.42	 Isopropyl	 alcohol	 and
polyethylene	glycol	may	be	absorbed	by	burns,	and	their	use	should	be	followed
by	 liberal	 washing	 with	 water.	 A	 report	 describes	 removing	 ready-mixed
concrete	from	skin	by	soaking	or	irrigating	with	50%	dextrose	in	water.43

White	phosphorous	burns	should	be	kept	wet	because	phosphorus	 ignites	 in
dry	 air.	 Copper	 sulfate	 should	 not	 be	 used	 to	 assist	 with	 identifying	 white
phosphorous	 because	 it	 may	 trigger	 hemolysis.44	 The	 use	 of	 a	Wood	 lamp	 to
detect	fluorescent	phosphorus	particles	is	safer.	Because	sulfur	mustard	is	poorly
water	 soluble,	 a	 mild	 detergent	 should	 be	 used	 for	 its	 removal.	 Military
decontamination	 kits	 contain	 chloramine	 wipes,	 which	 inactivate	 sulfur
mustard.45	British	antilewisite,	or	dimercaprol,	is	an	effective	chelator	of	lewisite
and	can	be	applied	topically	to	the	skin	or	eye.15

Patients	with	second-	or	third-degree	skin	burns	should	be	referred	to	a	burn
center.	Definitive	management	is	the	same	as	for	thermal	burns,	although	more
aggressive	use	of	early	debridement	and	grafting	has	been	suggested.14

Despite	 the	 rapidity	 of	 tissue	 injury	 following	 ingestion,	 decontamination
should	be	considered	for	all	cases.	Rinsing	with	water	or	saline	is	recommended
for	mouth	 exposures	when	 the	 corrosive	 product	 is	 not	 swallowed.	 Following
particulate	ingestion,	drinking	up	to	250	mL	(120	mL	for	a	child)	water	or	milk
is	 recommended	 because	 the	 corrosive	 may	 adhere	 to	 the	 esophageal	 wall.
Although	 this	 procedure	 exposes	 the	 stomach	 to	 the	 corrosive	 agent,	 it	 further
dilutes	 the	 substance.	Because	 the	 efficacy	 of	 dilution	 is	 greatest	 if	 performed
within	5	minutes	of	exposure	and	declines	rapidly	thereafter,	it	is	reasonable	to
use	 any	 drinkable	 beverage,	 except	 carbonated	 ones,	 if	 water	 or	 milk	 is	 not
immediately	available.	The	role	of	dilution	for	liquid	ingestion	is	less	clear,	but	it
is	 usually	 recommended.	 It	 may,	 however,	 promote	 emesis	 and	 may	 not	 be
effective	 in	 limiting	 tissue	damage	unless	undertaken	within	minutes	of	 injury.
Emesis	 increases	 the	 risk	 of	 aspiration	 and	 its	 association	 with	 an	 increased



severity	of	esophageal	and	laryngeal	burns.18
The	administration	of	weak	acids	or	bases	 can	neutralize,	 as	well	 as	dilute,

ingested	corrosives.46	Although	weak	acids	are	more	effective	than	milk	or	water
in	neutralizing	 the	pH,	neutralization,	which	 is	accompanied	by	 the	production
of	 heat,	 could	 lead	 to	 thermal	 injury	 in	 addition	 to	 corrosive	 effects.	The	 heat
generated	by	in	vitro	neutralization	is	small	(less	than	3	°C)	for	liquid	alkali	but
may	be	greater	for	solid	forms.46	The	benefit	of	such	therapy	is	unknown	and	not
recommended.

Using	a	nasogastric	 tube	for	gastric	aspiration,	dilution,	or	 lavage	is	another
subject	of	debate.6,9	The	benefit	of	potentially	aspirating	corrosive	material	from
the	 stomach	 and	 limiting	 further	 injury	 must	 be	 weighed	 against	 the	 risk	 of
perforation.	 It	 is	 generally	 not	 recommended	 unless	 there	 is	 a	 high	 degree
concern	for	retained	corrosive	liquid	in	the	stomach.	Activated	charcoal	does	not
adsorb	inorganic	acids	or	alkali	and	has	no	role	in	corrosive	ingestion.

Management	of	patients	who	ingest	caustics	is	based	on	the	degree	of	injury.
After	 irrigation,	 for	 asymptomatic	 patients	 with	 small	 exposures,	 observation
alone	is	a	reasonable	approach.	Patients	with	symptoms	or	a	history	suggesting
more	 than	 a	 minimal	 exposure	 should	 undergo	 endoscopy	 or	 CT	 imaging	 as
described	above.

If	 endoscopy,	 imaging,	 or	 exam	 suggests	 perforation,	 emergent	 surgical
consultation	is	indicated.	Patients	should	get	aggressive	resuscitation	and	broad-
spectrum	 antibiotics.	 Initial	 surgical	 procedures	 are	 often	 directed	 at	 broad
excision	of	injured	tissue	with	a	plan	for	later	reconstructive	procedures.	Patients
who	 do	 not	 have	 full-thickness	 necrosis	 of	 digestive	 organs	 should	 undergo
nonoperative	management.34

Corticosteroids	 may	 reduce	 the	 incidence	 and	 severity	 of	 esophageal
strictures	after	alkali	burns.	Such	therapy	is	based	on	studies	showing	a	decrease
of	stricture	formation	for	animals	pretreated	with	steroids.47	Steroids	are	not	used
for	superficial	burns	 (which	do	not	cause	strictures)	or	 for	 full	 thickness	burns
(which	require	resection).48	There	have	been	four	prospective	controlled	studies
comparing	steroids	 to	placebo	for	prevention	of	strictures.	Two	studies	suggest
no	effect	of	steroids.4,49	An	older	small	study	suggested	a	small	decrease	in	the
percentage	of	patients	who	will	develop	esophageal	 strictures.50	A	 recent	well-
designed	study	found	a	20%	decrease	of	strictures	and	a	decrease	 for	 the	need
for	 parenteral	 nutrition	 with	 high-dose	 methylprednisolone	 (1	 g/1.73	 m2

intravenously	 [IV]	per	day	 for	3	days)	 in	addition	 to	histamine	2	blockers	 (H2
blockers),	 ceftriaxone,	 and	 total	 parenteral	 nutrition.51	 One	 comparative	 study
suggested	a	30%	absolute	risk	reduction	for	risk	of	stricture	with	dexamethasone
(1	 mg/kg	 per	 day)	 compared	 with	 prednisolone	 (2	 mg/kg/d)51	 A	 survey	 of



emergency	 surgeons	 found	 that	 approximately	 half	 use	 steroids.52	 Overall,	 the
data	are	inconclusive,	and	no	definitive	recommendations	on	the	effectiveness	of
steroids	can	be	provided.

If	 steroids	 are	 to	 be	 administered,	 it	 appears	 that	 patients	 with	 grade	 2b
esophageal	 injury	 (submucosal	 burns,	 ulcerations,	 and	 exudates	 that	 are
circumferential)	 are	 the	 most	 likely	 to	 benefit.50	 Although	 prior
recommendations	 suggested	 that	 therapy	 should	 be	 continued	 for	 at	 least
10	 days,48	 the	 most	 recent	 study	 suggests	 that	 3	 days	 of	 high-dose
methylprednisolone	along	with	an	H2	blocker	and	antibiotics	is	effective.53

The	decision	to	administer	steroids	should	be	based	on	endoscopic	evaluation.
Patients	 with	 no	 injury	 or	mucosal	 inflammation	 or	 small	 areas	 of	 superficial
ulceration	 are	 not	 at	 risk	 for	 strictures	 or	 perforation	 and	 require	 supportive
therapy	only.	Symptomatic	 relief	can	be	provided	with	antacids,	 sucralfate,	H2
blockers,	 or	 analgesics.	 Patients	 with	 persistent	 symptoms	 or	 inconclusive
findings	on	endoscopy	should	be	admitted	for	observation.	If	symptoms	persist,
endoscopy	should	be	repeated.	Patients	can	commence	oral	fluids	when	they	are
able	 to	 swallow	 their	 own	 secretions.	They	 can	 be	 discharged	when	 tolerating
oral	fluids.

Prophylactic	antibiotics	have	also	been	advocated	for	patients	with	significant
gastrointestinal	 injuries.	 Their	 benefits	 have	 not	 been	 studied	 in	 humans,	 and
opinions	 differ	 as	 to	 their	 value.	Controlled	 animal	 experiments	 have	 shown	 a
combination	of	steroids	and	antibiotics	to	give	the	best	outcomes	with	respect	to
stricture	formation	and	mortality54	and	suggest	 that	a	broad-spectrum	antibiotic
should	be	administered,	particularly	to	those	treated	with	steroids.

Patients	 with	 deep	 discrete	 ulcerations,	 circumferential	 or	 extensive
superficial	 ulcerations,	 or	 small	 isolated	 areas	 of	 necrosis	 who	 are	 at	 risk	 for
stricture	formation	should	be	given	nothing	by	mouth.	Fluids,	analgesics,	and	H2
blockers	should	be	administered	parenterally.	IV	steroids	and	antibiotics	should
also	 be	 considered	 for	 those	 with	 alkali	 burns.	 Patients	 with	 deep	 transmural
ulceration	or	necrosis	 are	 at	 risk	 for	perforation	 as	well	 as	 stricture	 formation.
Although	 the	 use	 of	 steroids	 for	 this	 group	 is	 potentially	 hazardous	 and	 not
recommended,	antibiotics	should	be	given	along	with	other	supportive	measures.
Nutritional	 support,	 either	 parenteral	 or	 by	 jejunostomy	 feeding	 tube,	 may	 be
required.

Surgical	 exploration	 is	 indicated	 when	 perforation	 or	 penetration	 into
surrounding	 tissues	 is	 suspected	 by	 findings	 such	 as	 fever,	 progressive
abdominal	 or	 chest	 pain,	 hypotension,	 or	 signs	 of	 peritonitis	 or	 proved	 by
endoscopic	or	radiographic	findings.	Tracheoesophageal	fistulas	are	usually	fatal
unless	 recognized	 early	 and	 repaired,	 although	 one	 case	 reported	 successful



conservative	treatment.55
Stricture	formation	is	usually	treated	with	endoscopic	dilatation	beginning	3

to	 4	 weeks	 after	 ingestion.	 An	 average	 of	 eight	 sessions	 is	 required,	 and
recurrence	 is	 common	during	 the	 first	 12	months.56	 In	 a	group	of	195	patients
with	 corrosive-induced	 esophageal	 strictures,	 the	 risk	 of	 perforation	 for	 each
dilatation	 session	 was	 1.3%,	 but,	 because	 of	 the	 requirement	 for	 multiple
dilations,	the	risk	per	patient	was	17%.56	Perforations	were	most	likely	to	occur
during	the	first	three	dilations.	Features	of	perforation	include	dyspnea,	malaise,
tachycardia,	 fever,	 and	 subcutaneous	 crepitations.	 The	 majority	 are	 detected
during	 the	 procedure	 or	 by	 the	 presence	 of	 pneumomediastinum,	 or
pneumothorax	 or	 hydrothorax	 on	 chest	 radiograph,	 but	 occasionally	 contrast
esophagography	or	esophagoscopy	 is	 required	 for	confirmation.	The	death	 rate
from	perforation	is	16%	to	23%.56	Early	or	prophylactic	bougienage	is	of	unclear
benefit	and	has	been	associated	with	an	increased	risk	of	perforation.	One	study
has	 shown	 a	 decrease	 in	 the	 number	 of	 dilatations	 required	 following
interlesional	steroid	injection.57

Placement	of	 specialized	nasogastric	 tubes	or	 stents	has	 lowered	 the	 rate	of
stricture	 formation	 in	 uncontrolled	 clinical	 trials	 and	 is	 superior	 to	 steroids	 in
animal	experiments.58	An	additional	benefit	of	combining	the	use	of	a	stent	with
systemic	 steroids	 has	 been	 suggested.58	 Sucralfate,	H2	 antagonists,	 and	 proton
pump	inhibitors	are	generally	administered	but	of	unproven	benefit.

If	 the	patient	has	 severe	 injury	or	perforation,	 surgical	management	may	be
required.	Occasionally,	 resection	 and	 end-to-end	 anastomosis	 are	 possible,	 but
usually	 extensive	 reconstruction,	 with	 colonic	 interposition,	 is	 necessary.	 The
overall	 mortality	 from	 colonic	 replacement	 surgery	 is	 approximately	 3%	 and
commonly	results	from	sepsis	secondary	to	anastomosis	leakage	or	colonic	graft
necrosis.59	 Gastrectomy	 or	 gastrojejunostomy	 may	 also	 be	 required	 if	 gastric
outlet	 obstruction	 develops.60	 Early	 definitive	 surgery	 for	 gastric	 outlet
obstruction	appears	to	be	more	advantageous	than	staged	surgery.61	Endoscopic
balloon	 dilation62	 and	 diode	 laser-assisted	 radiolysis	 using	 a	 rigid	 endoscope63
have	also	been	used	to	treat	strictures	successfully.

Supportive	 management	 is	 the	 mainstay	 of	 treatment	 for	 systemic	 toxicity.
Heavy	 metal,	 cyanide,	 and	 hydrogen	 sulfide	 poisoning	 may	 require	 antidotal
therapy	(Chapter	111).	Neurologic	toxicity	due	to	hydrazine	may	respond	to	IV
pyridoxine	 (Chapter	 115).	 Methemoglobinemia	 may	 require	 treatment	 with
methylene	blue	(Chapter	124).
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	3-year-old	is	transferred	from	a	small	hospital	after	ingestion	of	a	strong
alkali	industrial	cleaning	product.	The	child	is	stable	but	refusing	to	take	orals.
Endoscopy	reveals	circumferential	grade	2B	esophageal	burns.	Which	of	the
following	treatments	should	be	considered?

A. 	Esophageal	stenting
B. 	Lifelong	proton	pump	inhibitor	treatment
C. 	Sclerotherapy	of	lesions
D. 	Systemic	corticosteroids

2. 	An	18-month-old	presents	after	a	small	ingestion	of	household	bleach.	The
child	spit	it	out	and	was	gagging	initially	but	now	is	improving.	Vital	signs	are
within	normal	limits	and	there	is	some	mild	oral	redness.	The	exam	is	otherwise
normal	and	the	child	is	taking	fluids.	Which	of	the	following	is	the	most
appropriate	next	step?

A. 	CT	scan	of	neck,	chest,	and	abdomen	with	contrast
B. 	Discharge	home	with	return	precautions
C. 	Endoscopy	now	for	risk	stratification
D. 	Inpatient	monitoring	with	delayed	endoscopy	in	24	hours

3. 	A	24-year-old	presents	after	ingestion	of	toilet	bowl	cleaner	in	a	self-harm
attempt.	The	patient	has	oral	burning	and	drooling.	Vital	signs	include	a	heart
rate	of	120	beats/min,	BP	of	140/82	mm	Hg,	respiratory	rate	of	24	breaths/min,
and	temperature	of	37	°C.	The	patient	has	oral	redness	and	difficulty	swallowing
but	an	otherwise	unremarkable	exam.	After	any	airway	management	and
resuscitation,	what	is	the	most	appropriate	next	step?

A. 	Endoscopy
B. 	Contrast	CT	scan	of	neck,	chest,	and	abdomen
C. 	Monitoring	including	delayed	endoscopy



D. 	Surgical	exploration

Answers

1.	The	correct	answer	is	D.
Rationale:	 Several	 studies	 have	 suggested	 systemic	 corticosteroids	 decrease

stricture	 formation	 for	 2B	 injuries.	 Esophageal	 stenting	 may	 be	 helpful	 for
management	 of	 a	 stricture	 but	 is	 not	 indicated	 at	 this	 time	 (choice	 A	 in
incorrect).	 Sclerotherapy	 is	 nonindicated	 (choice	 C	 is	 incorrect),	 and	 acid
suppression	after	healing	is	not	required	(choice	B	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	 Accidental	 household	 bleach	 ingestions	 are	 very	 low	 risk	 and

generally	 do	 well	 (choice	 B	 is	 correct).	 CT	 scanning	 and	 endoscopy	 are	 not
indicated	(choices	A,	C,	and	D	are	incorrect).

3.	The	correct	answer	is	B.
Rationale:	Recent	 studies	 have	 shown	CT-based	 evaluation	 is	 less	 likely	 to

result	 in	 negative	 surgical	 exploration	 and	 have	 similar	 outcomes	 (choice	B	 is
the	 best	 next	 step).	 Endoscopy	 and	 surgical	 exploration	may	 be	 required	 after
initial	evaluation	(choices	A,	C,	and	D	are	incorrect).
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Chapter	111
Heavy	Metal	Poisoning
Laurie	Seidel	Halmo,	Luke	Yip

KEY	POINTS:
1.	 A	critical	initial	step	for	the	management	of	heavy	metal	toxicity	is	to

prevent	ongoing	exposure	to	the	offending	agent.	As	such,	in	most
cases,	gastrointestinal	decontamination	should	be	performed	as
soon	as	possible	for	patients	presenting	after	significant	ingestions	of
arsenic,	lead,	or	mercury.

2.	 Chelation	therapy	tends	to	be	most	effective	when	initiated	as	soon
as	possible	after	exposure	to	most	heavy	metals.	Because
laboratory	testing	for	heavy	metal	concentrations	in	blood	and	urine
typically	has	a	turnaround	time	on	the	order	of	days,	chelation
therapy	should	be	initiated	for	critically	ill	patients	with	a	high	index	of
suspicion	for	heavy	metal	toxicity	while	awaiting	these	laboratory
results.

3.	 Any	case	of	heavy	metal	toxicity	should	trigger	evaluations	of	other
potentially	exposed	individuals,	such	as	the	patient’s	household	or
occupational	contacts.

INTRODUCTION
This	 chapter	 focuses	 on	 the	 aspects	 of	 acute	 poisoning	 by	 arsenic,	 lead,	 and
mercury	 that	 are	 potentially	 life	 threatening	 or	 may	 lead	 to	 permanent	 organ
damage	and	hence	require	immediate,	usually	intensive,	medical	care.	Reviews
of	 the	 evaluation	 and	 management	 of	 asymptomatic	 exposures	 and	 nonacute
poisoning	can	be	found	elsewhere.



ARSENIC
Exposure	 to	 arsenic	 may	 come	 from	 natural	 sources,	 industrial	 processes,
commercial	 products,	 food,	 or	 intentionally	 administered	 sources	 either	with	 a
benevolent	 (acute	 promyelocytic	 leukemia	 [APL]	 treatment,	 folk,	 or
naturopathic	 remedies)	 or	malevolent	 intent.	 Today,	 acute	 arsenic	 poisoning	 is
most	commonly	the	result	of	an	accidental	ingestion	or	the	result	of	suicidal	or
homicidal	intent.

Pharmacology
Arsenic	compounds	can	be	classified	into	three	major	groups:	inorganic,	organic,
and	arsine	gas	(AsH3).	The	latter	is	discussed	separately.	Arsenic	compounds	can
also	be	classified	by	their	valence	state.	The	three	most	common	valence	states
are	 the	metalloid	 (elemental	 [0]	 oxidation	 state),	 arsenite	 (trivalent	 [+3]	 state),
and	arsenate	(pentavalent	[+5]	state).	In	general,	the	arsenic	compounds	can	be
arranged	in	order	of	decreasing	toxicity:	inorganic	trivalent	compounds,	organic
trivalent	 compounds,	 inorganic	 pentavalent	 compounds,	 organic	 pentavalent
compounds,	and	elemental	arsenic.	Trivalent	arsenic	is	generally	two-	to	tenfold
more	 toxic	 than	 pentavalent	 arsenic.	 The	minimum	 oral	 lethal	 human	 dose	 of
arsenic	 trioxide	 (trivalent)	 is	 probably	 between	 10	 and	 300	mg.	 Some	marine
organisms	 and	 algae	 contain	 large	 amounts	 of	 organic	 arsenic	 in	 the	 form	 of
arsenobetaine,	 a	 trimethylated	 arsenic	 compound,	 and	 arsenocholine.
Arsenobetaine	and	arsenocholine	are	excreted	unchanged	in	the	urine,	with	total
clearance	in	about	2	days,	and	exert	no	known	toxic	effects	in	humans.

The	major	routes	of	entry	into	the	human	body	are	ingestion	and	inhalation.
Soluble	 forms	 of	 ingested	 arsenic	 are	 60%	 to	 90%	 absorbed	 from	 the
gastrointestinal	(GI)	tract.	The	amount	of	arsenic	absorbed	by	inhalation	is	also
thought	to	be	in	this	range.	Toxic	systemic	effects	have	been	reported	from	rare
occupational	accidents	in	which	arsenic	trichloride	or	arsenic	acid	was	splashed
on	worker’s	 skin.	Rare	cases	of	 fatal	acute	arsenic	 toxicity	have	been	 reported
following	 extensive	 topical	 application	 of	 realgar,	 an	 arsenic	 sulfide	 mineral
containing	arsenite	and	arsenate,	used	in	traditional	Chinese	medicine.1

After	absorption,	arsenic	is	bound	to	proteins	in	the	blood	and	redistributed	to
the	 liver,	 spleen,	kidneys,	 lungs,	 and	GI	 tract	within	24	hours.	Clearance	 from
these	 tissues	 is	 dose	 dependent.	 Both	 forms	 of	 arsenic,	 arsenite	 and	 arsenate,
undergo	 biomethylation	 in	 the	 liver	 to	 monomethylarsonic	 acid	 (MMA)	 and
dimethylarsinic	 acid	 (DMA).	 The	 methylation	 process	 may	 represent



detoxification	because	 the	metabolites	 exert	 less	 acute	 toxicity	 in	 experimental
lethality	studies.	The	liver’s	efficiency	for	methylation	decreases	with	increasing
arsenic	dose.	When	the	methylating	capacity	of	the	liver	is	exceeded,	exposure
to	 excess	 concentrations	 of	 inorganic	 arsenic	 results	 in	 increased	 retention	 of
arsenic	in	soft	tissues.	Inorganic	arsenic	can	cross	the	human	placenta.	This	was
evident	 by	 the	 high	 arsenic	 concentrations	 found	 in	 a	 neonate	 following	 acute
maternal	arsenic	intoxication.

Arsenic	 is	 eliminated	 from	 the	 body	 primarily	 by	 renal	 excretion.	 Urinary
arsenic	excretion	begins	promptly	after	absorption,	and	depending	on	the	amount
of	 arsenic	 ingested,	 urinary	 arsenic	 excretion	 may	 remain	 elevated	 for	 1	 to
2	months.	After	acute	intoxication	by	inorganic	arsenic,	arsenic	is	excreted	in	the
urine	 as	 inorganic	 arsenic,	MMA,	 and	DMA,	 but	 their	 proportion	 varies	 with
time.2	 During	 the	 first	 2	 to	 4	 days	 after	 the	 intoxication,	 arsenic	 is	 mainly
excreted	in	the	inorganic	form.	This	is	followed	by	a	progressive	increase	of	the
proportion	excreted	as	MMA	and	DMA,	reaching	about	50%	of	the	total	arsenic
excreted	 after	 4	 days	 and	 90%	 between	 6	 and	 9	 days,	 mainly	 in	 the	 form	 of
DMA.	Pentavalent	arsenic	is	cleared	more	rapidly	than	trivalent	arsenic.	Because
arsenic	is	quickly	cleared	from	the	blood,	blood	concentrations	may	be	normal,
although	urine	concentrations	remain	markedly	elevated.	Renal	dysfunction	may
be	 a	 major	 impediment	 to	 normal	 elimination	 of	 arsenic	 compounds.	 Two	 to
4	 weeks	 after	 exposure	 ceases,	 most	 of	 the	 arsenic	 remaining	 in	 the	 body	 is
found	 in	 keratin-rich	 tissues	 (eg,	 skin,	 hair,	 nails).There	 are	 two	 major
mechanisms	 by	 which	 arsenic	 compounds	 appear	 to	 produce	 injury	 involving
multiorgan	 systems.	 It	 is	 believed	 that	 arsenic’s	 overt	 toxicity	 is	 related	 to	 its
reversible	binding	with	sulfhydryl	enzymes,	 leading	to	the	inhibition	of	critical
sulfhydryl-containing	enzyme	systems.	Trivalent	arsenite	is	particularly	potent	in
this	 regard.	 The	 pyruvate	 and	 succinate	 oxidation	 pathways	 are	 particularly
sensitive	to	arsenic	inhibition.	Dihydrolipoate,	a	sulfhydryl	cofactor,	appears	to
be	 a	 principal	 target.	 Normally,	 dihydrolipoate	 is	 oxidized	 to	 lipoate	 via	 a
converting	 enzyme,	 dihydrolipoate	 dehydrogenase.	 Arsenic	 reacts	 with	 both
dihydrolipoate	 and	 dihydrolipoate	 dehydrogenase,	 preventing	 the	 formation	 of
lipoate.	Lipoate	is	essential	for	the	formation	of	key	intermediates	in	the	Krebs
cycle;	 lipoate	 depletion,	 then,	 results	 in	 inhibition	 of	 the	 Krebs	 cycle	 and
oxidative	 phosphorylation.	Without	 oxidative	 phosphorylation,	 cellular	 energy
stores	(adenosine	triphosphate	[ATP])	are	depleted,	resulting	in	metabolic	failure
and	cell	death.

The	other	major	mechanism	by	which	arsenic	is	believed	to	produce	cellular
injury	 is	 termed	arsenolysis.	 Pentavalent	 arsenate	 can	 competitively	 substitute
for	 phosphate	 in	 biochemical	 reactions.	 During	 oxidative	 phosphorylation,



energy	 is	 produced	 and	 stored	 in	 the	 form	of	ATP.	The	 stable	 phosphate	 ester
bond	 in	 ATP	 can	 be	 replaced	 by	 an	 arsenate	 ester	 bond.	 However,	 the	 high
energy	 stored	 in	 the	 arsenate	 ester	 bond	 is	 wasted	 because	 it	 is	 unstable	 and
rapidly	hydrolyzed.	Cellular	respiration	is	stimulated	in	a	futile	attempt	to	restore
this	 wasted	 energy.	 In	 effect,	 trivalent	 arsenic	 compounds	 inhibit	 critical
enzymes	in	the	Krebs	cycle,	leading	to	inhibition	of	oxidative	phosphorylation,
and	 pentavalent	 arsenic	 compounds	 uncouple	 oxidative	 phosphorylation	 by
arsenolysis.	This	results	in	the	disruption	of	cellular	oxidative	processes,	leading
to	endothelial	cellular	damage.	The	fundamental	lesion	seen	clinically	is	loss	of
capillary	integrity,	resulting	in	increased	permeability	of	blood	vessels	and	tissue
hypoxia,	 leading	 to	 generalized	 vasodilation,	 transudation	 of	 plasma,
hypovolemia,	and	shock.

In	 vitro,	 the	 effects	 of	 arsenic	 trioxide	 on	 repolarizing	 cardiac	 ion	 currents
appear	to	be	one	of	antagonism	on	both	I	Kr	and	I	Ks	as	well	as	activation	of	I	K-
ATP,	 which	 maintains	 normal	 repolarization.3	 In	 addition,	 arsenic	 trioxide
increases	cardiac	calcium	currents	and	reduces	cellular	surface	expression	of	the
cardiac	potassium	channel	human	ether-a-go-go–related	gene.	The	variability	in
QTc	 interval	 prolongation	 and	 the	 onset	 of	 ventricular	 dysrhythmias	 during
arsenic	therapy	may	represent	these	competing	effects.

Clinical	Toxicity
The	most	prominent	clinical	findings	associated	with	acute	arsenic	poisoning	are
related	to	the	GI	tract.	Some	arsenicals	are	corrosive.	Acute	ingestion	may	lead
to	oral	irritation	and	a	burning	sensation	in	the	mouth	and	throat.	A	metallic	taste
and/or	 a	 garlicky	 odor	 to	 the	 breath	 have	 been	 described	 but	 often	 are	 not
present.	 Nausea,	 vomiting,	 and	 abdominal	 pain	 are	 common,	 as	 are	 profuse
watery	 stools	 secondary	 to	 increased	peristalsis	 and	bleeding.	 In	 serious	cases,
hemorrhagic	 gastroenteritis	 may	 ensue	 within	 minutes	 to	 hours	 after	 acute
ingestion.	 Vomiting,	 profuse	 watery	 stools,	 and	 severe	 hemorrhagic
gastroenteritis	 can	 all	 lead	 to	 profound	 intravascular	 volume	 loss,	 resulting	 in
hypovolemic	shock,	which	is	the	major	cause	of	mortality	and	morbidity.

Noncardiogenic	 pulmonary	 edema	 may	 occur	 from	 increased	 capillary
permeability,	 and	 cardiogenic	 pulmonary	 edema	 may	 occur	 from	 myocardial
depression.	Electrocardiogram	(ECG)	changes	associated	with	arsenic	poisoning
include	nonspecific	ST-	and	T-wave	changes,	sometimes	mimicking	ischemia	or
hyperkalemia	and	QTc	prolongation.4	These	ECG	abnormalities	are	reported	to
occur	among	half	of	the	patients	with	arsenic	poisoning	and	may	be	evident	from



4	to	30	hours	post	ingestion,	persisting	for	up	to	8	weeks.
At	 least	 six	 cases	 of	 arsenic-induced	 polymorphic	 ventricular	 tachycardias

consistent	 with	 torsades	 de	 pointes	 have	 been	 reported	 following	 acute
intentional	arsenic	overdose.	In	all	these	cases,	QTc	prolongation	was	evident	on
the	admission	ECG.	Except	for	the	case	of	a	patient	who	presented	with	cyanosis
and	cardiorespiratory	arrest,	peripheral	neuropathy	was	a	prominent	 finding	on
physical	 examination	 at	 the	 time	 of	 hospital	 admission,	 and	 the	 polymorphic
ventricular	tachydysrhythmias	were	ultimately	self-limited.	Although	these	cases
were	able	to	document	when	during	the	hospital	course	torsades	de	pointes	was
observed,	 the	 time	 between	 arsenic	 exposure	 and	 the	 onset	 of	 cardiac
dysrhythmias	can	only	be	speculated.

Arsenicals	 have	 been	 used	 as	 part	 of	 traditional	 Chinese	 medicine	 for
2400	years.	They	became	a	therapeutic	mainstay	for	a	variety	of	infectious	and
malignant	 diseases	 during	 the	 18th,	 19th,	 and	 early	 20th	 centuries	 (eg,	Fowler
solution	[potassium	bicarbonate-based	solution	of	arsenic	trioxide]	as	treatment
for	chronic	myeloid	leukemia).	Arsenic	compounds	fell	into	disuse	in	the	1930s
with	 the	 advent	 of	 radiotherapy	 and	 cytotoxic	 chemotherapeutic	 agents	 amid
concerns	about	arsenic’s	toxicity	and	carcinogenicity.	However,	arsenic	trioxide
has	attracted	renewed	attention	as	a	treatment	for	APL	on	the	basis	of	impressive
results	from	clinical	studies	in	China	and	the	United	States.3	Arsenic	trioxide	is
licensed	for	use	in	patients	with	relapsed	or	refractory	APL.	Arsenic	trioxide	is
administered	 as	 an	 infusion	0.15	mg	per	 kg	until	 bone	marrow	 remission	or	 a
cumulative	maximum	of	60	days	or	associated	with	adverse	drug	events	(Table
111.1).3	 Prolongation	 of	 the	 QTc	 was	 observed	 between	 1	 and	 5	 weeks	 after
arsenic	 trioxide	 infusion,	 and	 then	 returned	 toward	 baseline	 by	 the	 end	 of
8	weeks.

TABLE	111.1

Adverse	Drug	Events	Associated	With	Arsenic	Trioxide
Induction	Therapy

Cardiovascular QTc	prolongation	(≥500	ms),	torsades	de	pointes,	sudden
death,	tachycardia

Hematologic Hyperleukocytosis	(10,000-170,000	cells/µL)

Nervous Peripheral	neuropathy,	headache



system

Metabolic Hypokalemia,	hypomagnesemia,	hyperglycemia

APLDS Fever,	pleural	or	pericardial	effusion,	pleural	infiltrates,
respiratory	distress,	weight	gain,	musculoskeletal	pain

GI Nausea,	vomiting,	diarrhea

Dermatologic Skin	rash

APLDS,	acute	promyelocytic	leukemia	differentiation	syndrome;	GI,	gastrointestinal.

Both	 acute	 and	 chronic	 arsenic	 poisoning	 may	 affect	 the	 hematopoietic
system.	 A	 reversible	 bone	 marrow	 depression	 with	 pancytopenia,	 particularly
leukopenia,	may	occur,	though	typically	severe	hematopoietic	derangements	are
associated	 with	 chronic,	 rather	 than	 acute,	 exposures.	 Other	 hematologic
abnormalities	 described	 with	 arsenic	 poisoning	 include	 anemia,	 absolute
neutropenia,	 thrombocytopenia,	eosinophilia,	and	basophilic	stippling.5	Anemia
is,	 in	 part,	 due	 to	 an	 increase	 in	 hemolysis	 and	 disturbed
erythropoiesis/myelopoiesis	with	 reticulocytosis	 and	 predominant	 normoblastic
erythropoiesis.	Accelerated	pyknosis	of	the	normoblast	nucleus,	karyorrhexis,	is
characteristic	 of	 arsenic	 poisoning,	 and	 the	 typical	 “cloverleaf”	 nuclei	may	 be
evident.	 Hematologic	 findings	 may	 appear	 within	 4	 days	 after	 acute	 arsenic
ingestion,	 and	 in	 the	absence	of	 any	 specific	 therapy,	 erythrocytes,	 leukocytes,
and	thrombocytes	were	reported	to	return	to	reference	values	within	2	to	3	weeks
after	discontinuing	arsenic	exposure.

Neurological	 manifestations	 of	 arsenic	 poisoning	 have	 included	 confusion,
delirium,	convulsions,	encephalopathy,	and	coma.6	Neuropathy	is	usually	not	the
initial	 complaint	 associated	 with	 acute	 arsenic	 poisoning.	 Arsenic-induced
polyneuropathy	has	traditionally	been	described	as	an	axonal-loss	sensorimotor
polyneuropathy	 (low-amplitude/unelicitable	 sensory	 and	 motor	 conduction
responses,	 often	 with	 preserved	 motor	 conduction	 velocities).	 The	 first
symptoms	 of	 neuropathy	 have	 been	 reported	 to	 appear	 1	 to	 3	weeks	 after	 the
presumptive	arsenic	exposure.6	Clinical	manifestations	 span	 the	 spectrum	 from
mild	paresthesia	with	preserved	ambulation	to	distal	weakness,	quadriplegia,	and
respiratory	 muscle	 insufficiency.	 Arsenic	 neuropathy	 is	 a	 symmetrical
sensorimotor	neuropathy,	with	the	sensory	component	being	more	prominent	in
a	 “stocking-and-glove”	 distribution.7	 This	 polyneuropathy	 may	 progress	 in	 an



ascending	fashion	to	involve	proximal	arms	and	legs.	Dysesthesias	begin	in	the
lower	extremities,	with	severe	painful	burning	sensation	occurring	in	the	soles	of
the	feet.	There	is	loss	of	vibration	and	positional	sense,	followed	by	the	loss	of
pinprick,	 light	 touch,	 and	 temperature	 sensation.	 Motor	 dysfunction	 is
characterized	by	the	loss	of	deep	tendon	reflexes	and	muscle	weakness.	During
severe	poisoning,	ascending	weakness	and	paralysis	may	occur	and	involve	the
respiratory	muscles,	 resulting	 in	neuromuscular	 respiratory	failure.8	 It	has	been
reported	that	many	of	the	patients	with	arsenic	neuropathy	were	initially	thought
to	have	Landry-Guillain-Barré-Strohl	syndrome.6,8

Because	 the	 fundamental	 lesion	 in	 arsenic	 toxicity	 is	 the	 loss	 of	 capillary
integrity,	 increased	glomerular	capillary	permeability	may	 result	 in	proteinuria.
However,	 the	 kidneys	 are	 relatively	 spared	 from	 the	 direct	 toxic	 effects	 of
arsenic.	Hypovolemic	 shock	 associated	with	 the	 prominent	GI	 symptoms	may
lead	to	hypoperfusion	of	the	kidneys,	resulting	in	oliguria,	acute	tubular	necrosis,
and	renal	insufficiency	or	failure.	Normal-functioning	kidneys	can	excrete	more
than	75	mg	of	arsenic	 in	 the	 first	24	hours.9	Depending	on	 the	dose	of	arsenic
ingested,	peak	urinary	arsenic	excretion	may	be	delayed	by	2	to	3	days	because
of	 shock	 and	 a	 decreased	 glomerular	 filtration	 rate.	 Hemodialysis	 contributes
minimally	 to	arsenic	clearance	compared	with	 the	normal-functioning	kidneys.
Accordingly,	 arsenic	 removal	 by	 hemodialysis	 has	 been	 reported	 to	 exceed	 its
daily	urinary	excretion	of	patients	with	acute	renal	failure.

Dermal	 changes	 occurring	most	 frequently	 among	 arsenic-exposed	 humans
are	 hyperpigmentation,	 hyperkeratosis,	 and	 skin	 cancer.10	 The	 lesions	 usually
appear	1	to	6	weeks	after	the	onset	of	the	illness.	In	most	cases,	a	diffuse,	branny
desquamation	 develops	 over	 the	 trunk	 and	 extremities;	 it	 is	 dry,	 scaling,	 and
nonpruritic.	Patchy	hyperpigmentation—dark-brown	patches	with	scattered	pale
spots,	sometimes	described	as	“raindrops	on	a	dusty	road”—occurs	particularly
on	the	eyelids,	temples,	axillae,	neck,	nipples,	and	groin.	Arsenic	hyperkeratosis
usually	 appears	 as	 cornlike	 elevations,	 less	 than	 1	 cm	 in	 diameter,	 occurring
most	 frequently	 on	 the	 palms	 of	 the	 hands	 and	 on	 the	 soles	 of	 the	 feet.	Most
cases	 of	 arsenic	 keratoses	 remain	morphologically	 benign	 for	 decades,	 and	 in
other	 cases,	 marked	 atypia	 (precancerous)	 develops	 and	 appears
indistinguishable	 from	 Bowen	 disease—an	 in	 situ	 squamous	 cell	 carcinoma.
Skin	lesions	take	several	years	to	manifest	the	characteristic	pigmented	changes
and	 hyperkeratoses,	 whereas	 it	 may	 take	 up	 to	 40	 years	 before	 skin	 cancer
becomes	evident.	Brittle	nails	with	 transverse	white	bands	 (leukonychia	 striata
arsenicalis	 transversus),	 Reynolds-Aldrich-Mees	 lines,	 appearing	 on	 the	 nails
have	 been	 associated	with	 arsenic	 poisoning.	 It	 reflects	 transient	 disruption	 of
nail	 plate	 growth	 during	 acute	 poisoning.	 Leukonychia	 striata	 arsenicalis



transversus	 takes	 about	5	 to	6	weeks	 to	 appear	over	 the	 lunulae	 after	 an	acute
poisoning.	Thinning	of	the	hair	and	patchy	or	diffuse	alopecia	are	also	associated
with	arsenic	poisoning.

Diagnostic	Evaluation
The	 temporal	 sequence	 of	 organ	 system	 injury	 may	 suggest	 acute	 arsenic
toxicity.	After	 a	 delay	 of	minutes	 to	 hours,	 severe	 hemorrhagic	 gastroenteritis
becomes	 evident,	 which	 may	 be	 accompanied	 by	 cardiovascular	 collapse	 or
death.	Bone	marrow	 depression	with	 leukopenia	may	 appear	within	 4	 days	 of
arsenic	 ingestion	and	usually	 reaches	a	nadir	at	1	 to	2	weeks.	Encephalopathy,
congestive	 cardiomyopathy,	 noncardiogenic	 pulmonary	 edema,	 and	 cardiac
conduction	 abnormalities	may	 occur	 several	 days	 after	 improvement	 from	 the
initial	 GI	 manifestations.	 Sensorimotor	 peripheral	 neuropathy	 may	 become
apparent	 several	 weeks	 after	 resolution	 of	 the	 initial	 signs	 (gastroenteritis	 or
shock)	of	toxicity	resulting	from	ingestion.

The	 differentiation	 between	 arsenic	 neuropathy	 and	 Landry-Guillain-Barré-
Strohl	 syndrome	 is	 based	 on	 clinical	 and	 laboratory	 findings	 in	 that	 arsenic
neuropathy	 rarely	 involves	 the	cranial	nerves,	 sensory	manifestations	are	more
prominent,	weakness	in	the	distal	portions	of	the	extremities	is	more	severe,	and
the	cerebrospinal	 fluid	protein	concentrations	are	usually	 less	 than	100	mg	per
dL.6,7

Laboratory	 investigation	 should	 include	 a	 complete	 blood	 count	 with
peripheral	 smear,	 electrolytes,	 liver	 enzymes,	 creatine	 phosphokinase,	 arterial
blood	gas,	 renal	profile	with	urine	 analysis,	ECG,	 chest	 radiograph,	 and	blood
and	 urine	 arsenic	 concentrations.	 Nerve	 conduction	 velocity	 studies	 may	 be
indicated	 if	 peripheral	 neurological	 symptoms	 are	 present.	 Some	 arsenic
compounds,	particularly	those	of	low	solubility,	are	radiopaque,	and	if	ingested
they	may	be	visible	on	abdominal	imaging.

The	 most	 important	 diagnostic	 test	 is	 urinary	 arsenic	 measurement.	 Urine
arsenic	concentrations	may	be	measured	as	“spot,”	that	is,	the	concentration	in	a
single-voided	 urine	 specimen,	 reported	 in	 micrograms	 per	 liter.	 Urine	 arsenic
concentrations	 may	 also	 be	 measured	 as	 a	 timed	 urine	 collection,	 or	 the
concentration	 of	 urine	 collected	 during	 a	 12-	 to	 24-hour	 period,	 reported	 as
micrograms	 per	 12	 or	 24	 hours.	 The	 quantitative	 24-hour	 urine	 collection	 is
considered	 the	 most	 reliable.	 During	 an	 emergency	 situation,	 the	 spot	 urine
sample	may	be	of	value.	Normal	total	urinary	arsenic	values	are	<50	µg	per	L	or
<25	 µg	 per	 24	 hours.	 In	 the	 first	 2	 to	 3	 days	 following	 acute	 symptomatic
poisonings,	 total	 24-hour	 urinary	 arsenic	 excretion	 is	 typically	 in	 excess	 of



several	 thousand	micrograms,	with	 spot	 urine	 concentrations	 >1000	 μg	 per	 L.
Depending	 on	 the	 severity,	 urinary	 arsenic	 excretion	 may	 not	 return	 to
background	 for	 weeks.	 Recent	 ingestion	 of	 seafood	 may	 markedly	 elevate
urinary	 arsenic	 values	 for	 the	 next	 2	 days.	Therefore,	 it	 is	 important	 to	 take	 a
careful	 dietary	 history	 of	 the	 past	 48	 hours	when	 only	 total	 urinary	 arsenic	 is
measured.	 Speciation	 of	 the	 urinary	 arsenic	 can	 be	 performed	 in	 some
laboratories.	 Otherwise,	 the	 urinary	 arsenic	 test	 should	 be	 repeated	 in	 2	 to
3	days.	For	cases	in	which	speciation	was	performed,	data	suggest	patients	with
lower	ratios	of	DMA	to	MMA	in	their	urine	may	be	at	risk	for	more	significant
clinical	toxicity	compared	to	patients	with	higher	ratios	of	DMA	to	MMA.11

Whole	blood	arsenic,	normally	<1	µg	per	dL,	may	be	elevated	early	on	during
acute	 intoxication.	However,	 blood	 concentrations	 decline	 rapidly	 to	 reference
values	 despite	 elevated	 urinary	 arsenic	 excretion	 and	 continuing	 symptoms.
Elevated	arsenic	content	of	hair	and	nail	segments,	normally	<1	part	per	million,
may	persist	for	months	after	urinary	arsenic	values	have	returned	to	background.
However,	 caution	 should	 be	 exercised	 when	 interpreting	 the	 arsenic	 content
obtained	from	hair	and	nails	because	the	arsenic	content	of	these	specimens	may
be	increased	by	external	exposure.

Management
The	 management	 of	 acute	 arsenic	 poisoning	 relies	 on	 supportive	 care	 and
chelation	therapy.	Treatment	begins	with	eliminating	further	exposure	to	arsenic
and	providing	basic	and	advanced	life	support.	Anyone	with	arsenic	intoxication
necessitating	hospitalization	should	initially	be	admitted	to	an	intensive	care	unit
(ICU).

1 	Gastric	lavage	should	be	performed	following	an	acute	ingestion	and	should
be	considered	 if	 the	 ingestion	has	been	within	 the	past	24	hours	because	some
arsenic	 compounds	 of	 low	 solubility	 may	 be	 retained	 in	 the	 stomach	 for	 a
prolonged	 period.	 Frequently,	 seriously	 poisoned	 patients	 will	 have	 already
vomited,	 evacuating	 some	 of	 their	 stomach	 contents.	 Activated	 charcoal	 and
cathartics	may	be	used,	but	their	effectiveness	is	unclear.	When	there	is	evidence
of	 a	 heavy	metal	 burden	 in	 the	 GI	 tract	 on	 abdominal	 imaging,	 whole-bowel
irrigation	(WBI)	with	a	polyethylene	glycol	electrolyte	solution	may	help	rapidly
clear	the	GI	tract	of	the	metallic	load.	However,	the	absence	of	radiopacities	on
abdominal	 imaging	is	nondiagnostic,	and	WBI	should	still	be	considered	when
there	is	a	definite	history	that	a	poorly	soluble	arsenic	compound	was	ingested.

Intravascular	 volume	 depletion	 may	 require	 aggressive	 replacement	 with
crystalloids,	 colloids,	 and	 blood	 products.	 Vasopressors	 are	 recommended	 for



refractory	hypotension.	Invasive	monitoring	of	the	patient’s	hemodynamic	status
may	be	necessary.

For	 acute	 arsenic	 poisoning,	 extended	 cardiac	 monitoring	 for	 ventricular
dysrhythmias	is	indicated	for	all	patients	who	have	prolonged	QTc	on	their	ECG.
Electrolyte	 abnormalities—in	 particular,	 hypokalemia	 and	 hypomagnesemia—
should	 be	 aggressively	 corrected,	 and	 concomitant	 QTc	 interval-prolonging
drugs	should	be	avoided.	Serum	potassium	concentrations	should	be	maintained
at	>4.0	mmol	per	L	and	serum	magnesium	concentrations	at	>0.74	mmol	per	L
(1.8	 mg	 per	 dL).	 The	 scientific	 evidence	 is	 inconclusive	 that	 suppression	 of
ventricular	dysrhythmias	decreases	mortality	 rates.	 If	 dysrhythmias	occur,	 they
should	be	treated	according	to	current	advanced	cardiac	life	support	guidelines.
Type	 IA	antidysrhythmic	cardiac	medications	 should	be	avoided	because	 these
drugs	may	themselves	cause	further	QTc	prolongation	and	increase	the	risk	for
polymorphic	 ventricular	 tachycardia.	 Lidocaine,	magnesium,	 and	 isoproterenol
have	 been	 used	 with	 limited	 success	 in	 the	 management	 of	 arsenic-induced
torsades	 de	 pointes.	 A	 transvenous	 pacemaker	 for	 overdrive	 pacing	 may	 be
necessary.	 Noncardiogenic	 and	 cardiogenic	 pulmonary	 edema	 should	 be
managed	 according	 to	 current	 guidelines.	 In	patients	 receiving	 arsenic	 trioxide
induction	therapy	who	develop	prolonged	QTc	of	more	than	500	ms	on	ECG,	the
risks	and	benefits	of	continuing	therapy	should	be	considered.

Hematologic	effects	of	arsenic	poisoning	should	be	managed	symptomatically
with	 blood	 component	 therapy	 and	 antibiotics	 as	 necessary	 for	 severe	 anemia,
bleeding,	or	infections.

Patients	with	arsenic	polyneuropathy	should	 receive	analgesics	 for	pain	and
physical	therapy	for	rehabilitation.	Patients	with	polyneuropathy	associated	with
severe	arsenic	poisoning	should	be	observed	closely	for	respiratory	dysfunction.
Neuromuscular	respiratory	failure	may	be	delayed	1	to	2	months	after	the	initial
presentation.	 In	 cases	 in	 which	 there	 is	 progressive	 sensorimotor	 dysfunction,
particularly	 ascending	 weakness,	 respiratory	 muscle	 function	 should	 be
monitored	 carefully.	 When	 there	 is	 evidence	 of	 impending	 neuromuscular
respiratory	failure	(eg,	negative	 inspiratory	force	<25	cm	H2O	or	vital	capacity
<20	mL	per	kg),	aggressive	supportive	measures	should	be	initiated	in	a	timely
fashion.

Patients	 with	 renal	 failure	 may	 benefit	 from	 hemodialysis.	 However,
hemodialysis	 has	 limited	 utility	 when	 renal	 function	 is	 normal.	 Hemodialysis
(initiated	24–96	hours	post	ingestion)	has	been	reported	to	remove	about	4	mg	of
arsenic	during	a	4-hour	period	in	patients	with	established	renal	failure.	It	should
not	 be	 surprising	 that	 only	 small	 amounts	 of	 arsenic	 are	 removed	 by
hemodialysis	as	minimal	amounts	of	arsenic	are	left	in	the	central	compartment



once	tissue	distribution	and	equilibration	is	complete.
The	principle	behind	 chelation	 therapy	 is	 to	 increase	 excretion	of	 the	metal

and	decrease	the	target	organ’s	metal	burden.	A	chelator	is	an	organic	compound
that	has	a	selective	affinity	for	heavy	metals.	It	competes	with	tissues	and	other
compounds	 containing	 thiol	 groups	 for	 metal	 ions,	 removes	 metal	 ions	 that
previously	 have	 been	 bound,	 and	 binds	 with	 the	 metal	 ion	 to	 form	 a	 stable
complex	 (chelate),	 rendering	 the	metal	 less	 reactive	 and	 less	 toxic.	The	metal-
chelator	complex	is	water	soluble	and	can	be	excreted	in	the	urine,	bile,	or	both,
and	to	some	extent,	it	can	be	removed	by	hemodialysis.

2 	 Dimercaprol	 (2,3-dimercapto-1-propanol	 [British	 anti-Lewisite,	 BAL])	 is
the	traditional	chelating	agent	that	has	been	clinically	used	in	arsenic	poisoning.
In	humans	and	animal	models,	the	antidotal	efficacy	of	BAL	has	been	shown	to
be	most	effective	when	it	was	promptly	administered	(ie,	minutes	to	hours)	after
acute	arsenic	exposure.12	 In	cases	of	suspected	acute	symptomatic	 intoxication,
treatment	 should	 not	 be	 delayed	 while	 waiting	 for	 specific	 laboratory
confirmation.	 BAL	 is	 administered	 parenterally	 as	 a	 deep	 intramuscular	 (IM)
injection,	which	can	be	extremely	painful	and	procaine	(0.5	mL	of	1%)	should
be	added	 to	 the	BAL	with	each	 injection.	The	 initial	dose	 is	3	 to	5	mg	per	kg
every	4	hours,	gradually	tapering	to	every	12	hours	during	the	next	several	days.
As	 the	 patient	 improves,	 this	may	 be	 switched	 to	 2,3-dimercaptosuccinic	 acid
(DMSA;	 succimer)	 (see	 “Lead”	 section).	 In	 the	 United	 States,	 DMSA	 is
available	only	 in	 an	oral	 formulation.	This	precludes	 its	 use	 after	 acute	 severe
arsenic	intoxication	when	shock,	vomiting,	gastroenteritis,	and	splanchnic	edema
limit	GI	 absorption.	 For	 patients	with	 stable	GI	 and	 cardiovascular	 systems,	 a
dose	 regimen	 of	 10	mg	 per	 kg	 every	 8	 hours	 for	 5	 days,	 reduced	 to	 every	 12
hours	for	another	2	weeks,	has	been	suggested.

BAL	 should	 be	 administered	 with	 caution	 to	 patients	 with	 peanut	 allergy
because	the	BAL	preparation	is	suspended	in	peanut	oil;	 it	should	also	be	used
cautiously	 for	 patients	 with	 glucose-6-phosphate	 dehydrogenase	 deficiency
because	it	may	cause	hemolysis.	The	adverse	drug	events	associated	with	BAL
therapy	include	pain	at	the	injection	site;	systolic	and	diastolic	hypertension	with
tachycardia;	nausea;	vomiting;	headache;	burning	or	constricting	sensation	in	the
mouth,	 throat,	 and	 eyes;	 lacrimation;	 salivation;	 rhinorrhea;	 muscle	 aches;
tingling	of	 the	extremities;	pain	 in	 the	 teeth;	 sense	of	constriction	 in	 the	chest;
abdominal	 pain;	 sterile	 or	 pyogenic	 abscesses	 at	 the	 site	 of	 injection;	 and	 a
feeling	of	anxiety	or	unrest.	 In	addition	 to	 these	adverse	drug	events,	 a	 febrile
reaction	may	occur,	particularly	but	not	exclusively	among	children.	These	signs
and	symptoms	are	most	severe	within	30	minutes	after	BAL	administration	and
usually	 dissipate	 within	 1	 to	 1.5	 hours.	 Some	 adverse	 drug	 events	 (eg,



lacrimation,	 headache,	 chest	 and	 dermal	 sensations,	 restlessness)	 may	 be
mitigated	 by	 treatment	 with	 epinephrine	 or	 by	 pretreatment	 with	 ephedrine.13
The	adverse	drug	events	of	BAL	appear	to	be	dose	dependent,	with	an	incidence
of	>50%	at	a	dose	of	5	mg	per	kg.

BAL	is	excreted	in	the	urine	and	to	some	extent	in	bile.14	BAL	and	its	metal
chelate	dissociate	in	an	acid	medium,	and	maintenance	of	an	alkaline	urine	may
protect	 the	 kidneys	 during	 chelation	 therapy.	 If	 renal	 insufficiency	 develops
during	therapy,	the	risks	and	benefits	of	continued	therapy	with	BAL	should	be
reevaluated,	as	ongoing	use	may	increase	the	risk	of	adverse	events	secondary	to
BAL	accumulation.	Hemodialysis	may	be	considered	for	these	cases	to	mitigate
such	accumulation.	Caution	should	be	exercised	when	considering	BAL	therapy
for	 patients	 with	 hepatic	 insufficiency	 or	 severe	 liver	 damage	 because	 BAL
appeared	 to	 cause	 toxic	 symptoms	 and	 increase	mortality	 among	 animals	with
severe	liver	damage.15

d-Penicillamine	has	also	been	reported	 to	be	successful	adjunct	 treatment	 in
cases	 of	 acute	 pediatric	 arsenic	 toxicity.16	 Oral	 d-penicillamine,	 25	mg	 per	 kg
every	6	hours	 (maximum	of	1	g	per	day),	 should	be	used	 if	BAL	or	DMSA	is
unavailable	 or	 if	 the	 patient	 is	 unable	 to	 tolerate	 these	 medications.
Disadvantages	 in	 using	 d-penicillamine	 include	 that	 it	 is	 administered	 only	 by
the	 oral	 route,	 it	 is	 usually	 not	 well	 tolerated,	 it	 should	 be	 used	 with	 caution
among	patients	who	are	allergic	to	penicillin,	and	it	may	enhance	absorption	of
the	arsenic-chelate	complex.	Adverse	drug	events	associated	with	 long-term	d-
penicillamine	 treatment	 include	 fever,	 pruritus,	 leukopenia,	 thrombocytopenia,
eosinophilia,	and	renal	toxicity.	A	complete	blood	count	and	renal	function	tests
should	be	monitored	weekly	during	d-penicillamine	therapy.

The	 therapeutic	end	points	of	chelation	are	poorly	defined.	Usually	24-hour
urinary	 arsenic	 excretion	 is	 followed	 before,	 during,	 and	 after	 chelation	 with
continued	chelation	therapy	until	the	urinary	arsenic	excretion	is,	<25	µg	per	24
hours.	Alternatively,	when	it	can	be	demonstrated	that	>90%	of	the	total	arsenic
excreted	 in	 the	 urine	 is	 in	 the	 form	 of	 MMA	 and	 DMA,	 endogenous
biomethylation	and	detoxification	may	obviate	the	need	for	continued	chelation.2
This	is	likely	to	occur	during	the	recovery	period	when	urinary	inorganic	arsenic
concentration	has	declined	to	less	than	100	µg	per	24	hours	or	total	blood	arsenic
concentration	is	less	than	200	µg	per	L.2

Chelation	therapy	may	not	reverse	neuropathy.6,7	Early	treatment	may	prevent
incipient	 peripheral	 neuropathy	 for	 some,	 but	 not	 all,	 patients.	 However,	 the
scientific	 evidence	 supporting	 chelation	 for	 the	 treatment	 of	 an	 established
arsenic	 neuropathy	 is	 inconclusive.	 For	 cases	 of	 chronic	 symptomatic	 arsenic
intoxication	with	high	urinary	arsenic	excretion,	an	empiric	course	of	chelation



may	be	warranted.

ARSINE	GAS
Arsine	(AsH3)	is	a	colorless,	nonirritating,	inflammable	gas	with	a	garlicky	odor.
It	 is	considered	 to	be	 the	most	 toxic	of	 the	arsenic	compounds.	The	garlic-like
odor	is	an	unreliable	indicator	of	exposure	because	hazardous	effects	may	occur
below	 the	 odor	 threshold.	 Exposure	 usually	 occurs	 from	 industrial	 or
occupational	 exposure,	 such	 as	 smelting	 and	 refining	 of	 metals	 and	 ores,
galvanizing,	soldering,	etching,	lead	plating,	metallurgy,	burning	fossil	fuels,	and
the	 microelectronic/semiconductor	 industry;	 computer	 chips	 made	 of	 gallium
arsenide	are	etched	with	strong	acids	to	form	arsine.

Pharmacology
Arsine	 binds	 to	 red	 blood	 cells	 (RBCs),	 causing	 a	 rapid	 and	 severe	 Coombs-
negative	hemolytic	anemia.	The	exact	mechanism	by	which	arsine	is	lytic	to	the
RBC	has	not	been	definitively	elucidated.17	In	vitro	and	animal	studies	indicate
that	hemolysis	requires	the	presence	of	oxygen;	there	is	a	reduction	in	the	RBCs’
glutathione	concentration	that	is	time	and	concentration	dependent,	and	there	is
an	 inverse	 correlation	 between	 the	 reduced	 glutathione	 concentration	 and	 the
extent	 of	 hemolysis.	 These	 findings	 are	 consistent	 with	 a	 mechanism	 of
oxidative	stress–induced	damage	to	the	RBCs	resulting	in	hemolysis.

Toxic	arsine	concentrations	appear	to	have	deleterious	effects	on	the	kidneys.
Acute	 renal	 failure	 was	 often	 a	 common	 cause	 of	 death	 before	 advent	 of
hemodialysis.	 Postulated	 mechanisms	 of	 arsine-induced	 renal	 failure	 include
direct	 toxic	 effects	 of	 arsine	 on	 renal	 tubular	 cell	 respiration,	 hypoxia	 due	 to
hemolytic	 anemia,	 and	 the	 massive	 release	 of	 the	 “arsenic-hemoglobin-
haptoglobin	 complex”	 precipitating	 in	 the	 tubular	 lumen,	 resulting	 in	 a	 toxic
effect	on	the	nephron.18	Depending	on	the	severity,	renal	failure	may	be	evident
by	72	hours	from	the	time	of	exposure.

Clinical	Toxicity
The	 severity	 and	 time	 to	 manifestation	 of	 arsine	 poisoning	 depend	 on	 the
concentration	 and	 duration	 of	 the	 exposure.	 After	 an	 acute	massive	 exposure,
death	may	occur	without	the	classic	signs	and	symptoms	of	arsine	poisoning.	It



is	 believed	 that	 after	 low-concentration	 exposures,	 arsine	 is	 rapidly	 and
efficiently	cleared	from	plasma	into	the	RBCs.	However,	high	concentrations	of
arsine	may	 exceed	 the	 binding	 capacity	 of	 the	 erythrocytes,	 and	 the	 gas	 may
directly	 damage	 vital	 organs.	 In	 cases	 in	which	 signs	 and	 symptoms	 of	 arsine
poisoning	 develop	 over	 time,	 the	 associated	 morbidity	 and	mortality	 is	 partly
related	to	the	consequences	of	its	hematologic	and	renal	effects.	In	general,	after
a	significant	exposure	to	arsine,	there	is	usually	a	delay	of	2	to	24	hours	before
symptoms	of	arsine	poisoning	become	apparent.

Initial	 complaints	 include	 dizziness,	 malaise,	 weakness,	 dyspnea,	 nausea,
vomiting,	diarrhea,	headache,	and	abdominal	pain.	Dark-red	discoloration	of	the
urine,	 hemoglobinuria,	 and/or	 hematuria	 frequently	 appear	 4	 to	 12	 hours	 after
inhalation	of	arsine.	Depending	on	the	severity	of	the	exposure,	reddish	staining
of	the	conjunctiva	and	duskily	bronzed	skin	may	become	apparent	within	12	to
48	hours.19	However,	the	sensitivity	of	this	sign	is	unclear.	The	conjunctival	and
skin	 discoloration	 is	 due	 to	 the	 presence	 of	 hemoglobin.	 This	 should	 be
distinguished	 from	 true	 jaundice	 due	 to	 the	 presence	 of	 bilirubin.	The	 triad	 of
abdominal	 pain,	 hematuria,	 and	 bronze-tinted	 skin	 is	 recognized	 as	 a
characteristic	clinical	feature	of	arsine	poisoning.17

In	one	study,	ECG	changes	associated	with	arsine	poisoning	included	peaked
T	 waves,	 particularly	 in	 the	 precordial	 leads.	 The	 most	 pronounced	 T-wave
changes	occurred	between	the	2nd	and	the	12th	day	after	exposure.	The	severity
of	illness	did	not	correlate	with	the	height	of	the	T	wave.	There	was	no	delay	in
atrioventricular	 or	 intraventricular	 conduction	 times.	 There	 was	 progressive
normalization	of	the	T-wave	amplitude	evident	on	weekly	follow-up	ECGs.	The
exact	cause	of	the	ECG	change	remains	speculative.

Management
All	patients	hospitalized	for	arsine	poisoning	should	be	admitted	in	the	ICU.	The
management	 of	 arsine	 poisoning	 should	 be	 directed	 at	 preventing	 further
exposure	 to	 the	gas,	 restoring	 the	 intravascular	RBC	concentration,	monitoring
the	 serum	potassium,	 preventing	 further	 renal	 insult,	 and	 providing	 aggressive
supportive	 care.	 In	 cases	 of	 acute	 and	 severe	 arsine	 poisoning,	 exchange
transfusion	 or	 plasma	 exchange	 may	 be	 an	 efficient	 and	 effective	 means	 of
management.17,20,21	It	is	important	to	maintain	good	urine	output	(2-3	mL/kg/h)	at
all	 times.	 Alkalinization	 of	 the	 urine	 has	 been	 recommended	 to	 prevent
deposition	 of	RBC	 breakdown	 products	 in	 the	 kidneys.	 In	 situations	 in	which
there	is	evidence	of	renal	insufficiency	or	failure,	both	exchange	transfusion	and
hemodialysis	may	be	required.	There	are	practical	and	theoretical	considerations



for	using	exchange	 transfusion.	 It	 restores	 the	 intravascular	RBC	concentration
and	removes	erythrocyte	debris	and	arsenic-hemoglobin	complexes.	Hemolysis
due	to	arsine	poisoning	can	be	a	dynamic	process;	ongoing	hemolysis	for	at	least
4	days	among	patients	not	selected	for	exchange	transfusion	has	been	reported.
Theoretical	 support	 for	 the	 use	 of	 exchange	 transfusion	 came	 from	 animal
studies	 where	 a	 large	 proportion	 of	 the	 fixed	 arsenic	 in	 the	 blood	 of	 animals
poisoned	 with	 arsine	 was	 in	 a	 nondialyzable	 form,	 and	 adequate	 removal	 of
arsine	and	its	associated	toxic	complexes	would	be	a	problem	with	hemodialysis
alone.	 It	 has	 been	 suggested	 that	with	 early	 diagnosis	 of	 arsine	 poisoning	 and
prompt	 institution	 of	 exchange	 transfusion,	 the	 incidence	 of	 renal	 damage	 and
long-term	renal	insufficiency	may	be	reduced.

The	 results	 of	 using	 BAL	 for	 the	 treatment	 of	 acute	 arsine	 poisoning	 have
been	disappointing.19,22	BAL	does	not	appear	to	afford	protection	against	arsine-
induced	 hemolysis.	 It	 remains	 speculative	 whether	 BAL	 would	 be	 of	 benefit
during	subacute	or	chronic	arsine	poisoning.

LEAD
The	use	of	lead	and	its	environmental	contamination	has	dramatically	increased
since	 the	 beginning	 of	 the	 Industrial	 Revolution.	 However,	 over	 the	 past
40	 years,	 environmental	 and	 occupational	 exposure	 to	 lead	 as	 well	 as	 the
severity	 of	 lead	 poisoning	 have	 decreased	 because	 of	 government	 regulations
and	 increased	 public	 health	 awareness	 of	 the	 problems	 associated	 with	 lead,
especially	at	low-concentration	exposures.

The	major	environmental	sources	of	lead	include	vehicle	exhaust,	paint,	food,
and	water.	Combustion	of	 leaded	gasoline	 by	motor	 vehicles	 produced	 lead	 in
automobile	emissions,	which	is	the	main	source	of	airborne	lead.	Airborne	lead
can	be	directly	inhaled	or	deposited	in	the	environment	(soil,	water,	and	crops).
The	content	of	lead	in	residential	paint	was	not	regulated	until	1977.	More	than
half	 of	 the	 older	 residential	 and	 commercial	 structures	 built	 before	 1960	 have
been	 painted	 with	 lead-based	 paints.	 Industrial	 use	 of	 corrosion-resistant	 lead
paint	continues.	With	time,	flaking,	chipping,	peeling,	and	chalking	of	the	paint
occur,	 forming	 tiny	 particles	 that	 settle	 onto	 surfaces.	 High-concentration
exposure	may	 result	 from	 renovation,	 sandblasting,	 torching,	 or	 demolition	 of
older	 applications,	 such	 that	 remediation	 efforts	 can	 paradoxically	 increase
exposure.	 Food	may	 contain	 lead	 that	 has	 been	 deposited	 in	 the	 soil	 or	water.
Food	 may	 be	 contaminated	 with	 lead	 when	 it	 is	 harvested,	 transported,
processed,	packaged,	and	prepared.	Lead	exposure	may	occur	from	use	of	lead-



glazed	 pottery	 or	 ceramic	 ware	 for	 cooking	 and	 eating	 as	 well	 as	 from	 the
consumption	of	food	from	lead-soldered	cans.	Water	from	leaded	pipes,	soldered
plumbing,	 and	water	 coolers	 is	 also	a	potential	 source	of	 lead	exposure.	Some
traditional	Hispanic,	Asian,	and	Middle	Eastern	folk	medicine	has	been	shown	to
contain	significant	amounts	of	lead.	Mexican	folk	remedies,	azarcon	and	greta,
are	prescribed	by	 the	 local	 folk	 (curanderos)	or	baby	(partera)	healers	 to	 treat
empacho,	a	cultural-bound	syndrome	that	 is	believed	to	be	a	digestive	disorder
(eg,	 obstruction)	with	many	 causes.	Other	 names	 such	 as	alarcon,	 coral,	 liga,
Maria	Luisa,	and	rueda	have	been	given	to	these	lead-containing	folk	remedies.
In	Asian	communities,	lead-containing	folk	remedies	include	bali	goli,	chuifong
tokuwan,	ghasard,	 knadu,	 pay-loo-ah,	 and	Po	 Ying	 Tan.	Middle	 Eastern	 lead-
containing	folk	medicines	include	alkohl,	cebagin,	kohl,	saoott,	and	surma.

Ingestion	 of	 lead-contaminated	 house	 dust	 and	 soil	 are	 the	 primary	 lead
exposure	pathways	for	young	children,	who	typically	ingest	small	quantities	of
house	dust	and	soil	every	day	as	part	of	normal	hand-to-mouth	behavior.	Water
may	also	be	a	significant	source	of	lead	exposure,	especially	among	infants	who
are	exclusively	 formula	 fed.	Some	children	are	given	 folk	 remedies	containing
large	 quantities	 of	 lead.	 Other	 potential	 sources	 of	 pediatric	 lead	 exposure
include	imported	spices,	candies,	and	cosmetics.

Aside	from	the	environmental	sources,	lead	exposure	among	adults	primarily
comes	from	the	occupational	setting,	particularly	for	electricians;	cable	splicers;
plumbers;	 lead,	 copper,	 zinc,	 and	 silver	 miners;	 printers;	 lead	 smelters	 and
refiners;	 steel	 welders	 and	 cutters;	 painters;	 auto	 repairers	 (radiator	 repair
mechanics);	 sandblasting,	 demolition,	 and	 construction	 workers;	 battery
manufacturers;	 solderers;	 bricklayers;	 silversmiths;	 glass	 manufacturers;	 and
ship	builders.	One	source	of	lead	exposure	that	is	not	often	considered	is	retained
lead	bullets,	especially	those	that	are	near	synovial	surfaces.

Hobbies	 and	 related	 activities	 such	 as	 home	 remodeling,	 target	 shooting	 at
indoor	 firing	 ranges,	 stained	 glass	 making,	 glazed	 pottery	 making,	 lead
soldering,	 and	making	 illicitly	 distilled	whiskey	 (“moonshine”)	 can	potentially
expose	adults	and	their	families	to	high	concentrations	of	lead.	Sporadic	cases	of
lead-contaminated	opium	leading	to	acute	lead	toxicity	in	opium	users	have	been
reported	in	various	countries	worldwide.

Pharmacology
In	adults,	about	10%	of	an	ingested	dose	is	absorbed,	whereas	in	children,	up	to
50%	may	be	absorbed.	GI	absorption	may	be	increased	in	the	setting	of	iron	or
calcium	deficiency	and	varies	directly	with	the	solubility	of	the	lead	compound



ingested	 and	 inversely	 with	 particle	 size.	 The	 oral	 dose	 associated	 with	 the
lowest	observable	effect	level	in	humans	is	uncertain.	Acute	ingestion	of	15	g	of
lead	oxide	has	resulted	in	death.

Inhalation	of	lead	is	a	significant	route	of	exposure	as	lead	particles	(eg,	dust)
and	 fumes	 can	 potentially	 reach	 the	 alveoli,	 where	 absorption	 from	 the	 lower
respiratory	tract	is	nearly	complete.	Airborne	lead	particles	are	usually	too	large
to	enter	the	alveoli	of	small	children.	These	particles	(when	inhaled)	are	returned
to	 the	 posterior	 pharynx	 through	 ciliary	 action	 and	 swallowed.	 Dermal
absorption	of	lead	is	rapid	and	extensive	for	alkyl	lead	compounds,	but	minimal
for	inorganic	lead.

After	 absorption,	 almost	 all	 lead	 in	 the	 blood	 is	 located	within	 the	RBCs.23
Lead	in	RBCs	has	a	half-life	of	30	to	40	days	and	is	circulated	and	distributed
into	 soft	 tissues	 and	 bones.	 The	 half-life	 of	 lead	 in	 the	 soft	 tissues	 is	 about
40	days,	whereas	the	half-life	in	bones	is	20	to	30	years.	Hence,	a	patient’s	blood
lead	 concentration	 may	 be	 declining	 as	 the	 soft	 tissue	 and	 bone	 burdens	 are
rising.	Equilibration	between	bone	and	blood	lead	does	occur.	The	major	depot
for	lead	in	the	body	is	the	skeletal	system,	which	contains	more	than	90%	of	the
total	body	lead	burden	in	adults	and	more	than	70%	in	children.	Lead	in	bone	is
largely	inert;	in	contrast,	lead	in	blood	and	the	soft	tissues	cause	the	clinical	and
subclinical	symptoms	of	lead	poisoning.	Lead	that	is	deposited	and	incorporated
into	 the	 matrix	 of	 bone	 can	 be	 mobilized	 during	 pregnancy,	 lactation,
osteoporosis,	and	prolonged	immobilization.	In	addition,	lead	that	is	deposited	in
bone	may	have	 some	 toxic	effects	on	bone	growth	and	 function.	Of	note,	 lead
readily	crosses	the	placenta	and	is	secreted	in	breast	milk.

The	kidneys	filter	lead	unchanged	(with	some	active	tubular	transport	at	high
concentrations),	and	the	excretion	rate	depends	on	the	glomerular	filtration	rate
and	renal	blood	flow.	The	kidneys	account	 for	about	75%	of	daily	 lead	 loss	 in
adults.23	However,	elimination	of	lead	from	the	body	is	influenced	by	the	relative
concentration	of	lead	in	the	various	body	compartments.

The	 multisystemic	 toxicity	 of	 lead	 is	 mediated	 by	 at	 least	 two	 primary
mechanisms:	 the	 inhibition	 of	 enzymatic	 processes	 (eg,	 heme	 biosynthesis),
sometimes	as	a	result	of	sulfhydryl	group	binding,	and	interaction	with	essential
cations,	 in	 particular	 calcium,	 zinc,	 and	 ferrous	 iron.	 Pathologic	 alterations	 in
cellular	 and	 mitochondrial	 membranes,	 neurotransmitter	 biosynthesis	 and
function,	and	nucleotide	metabolism	may	also	occur.

One	of	 the	principal	 toxic	effects	of	 lead	 is	 inhibition	of	enzymes	along	 the
heme	 biosynthesis	 pathway.	 Specifically,	 lead	 inhibits	 the	 enzymes	 δ-
aminolevulinic	 acid	 (ALA)	 dehydrase	 and	 ferrochelatase.	 As	 a	 result,	 δ-ALA
cannot	 be	 converted	 to	 porphobilinogen	 and	 iron	 cannot	 be	 incorporated	 into



protoporphyrin	IX.	This	is	reflected	by	a	measurable	increase	in	serum	ALA	and
protoporphyrin	concentrations.	The	increase	of	protoporphyrin	forms	the	basis	of
the	 erythrocyte	 protoporphyrin	 (EP)	 test,	 which	 has	 been	 used	 to	 screen	 for
chronic	lead	exposure.	Lead	also	inhibits	the	nonenzymatic	mobilization	of	iron
stores,	which	further	contributes	to	 the	development	of	anemia.	Impaired	heme
biosynthesis	 may	 have	 widespread	 effects	 because	 of	 its	 impact	 on	 the
cytochrome	 systems.	 In	 addition,	 lead	 appears	 to	 shorten	 erythrocyte	 survival
time	 by	 interfering	with	 the	 sodium-potassium-adenosine	 triphosphatase	 pump
mechanism	and	by	attaching	to	RBC	membranes,	causing	increased	mechanical
fragility	and	cell	lysis.	Decreased	heme	synthesis	and	increased	RBC	destruction
results	in	reticulocytosis.	Inhibition	of	pyrimidine-5′-nucleotidase	by	lead	results
in	the	accumulation	of	ribonucleic	acid	degradation	products	and	aggregation	of
ribosomes	 in	 RBCs,	 which	 produce	 punctate	 basophilic	 stippling.	 However,
neither	anemia	nor	basophilic	stippling	is	a	sensitive	or	specific	indicator	of	lead
poisoning.	Lead-induced	anemia	 results	 from	either	 a	prolonged	exposure	or	 a
concentrated	short-term	exposure	with	a	latent	period	of	several	weeks.

Clinical	Toxicity
Poisoning	 is	usually	 the	 result	of	continued	exposure	 to	small	amounts	of	 lead
rather	 than	 a	 single	 acute	 event.	 However,	 acute	 ingestion	 can	 produce	 lead
toxicity.	 Usually,	 the	 clinical	 presentation	 of	 acute	 lead	 toxicity	 appears	 to	 be
associated	with	a	sharp	 incremental	 rise	 in	 the	concentration	of	 lead	 in	various
soft	 tissues,	 and	 this	 often	 occurs	 against	 the	 background	 of	 chronic	 lead
poisoning.

The	multisystemic	toxicity	of	lead	presents	as	a	spectrum	of	clinical	findings
ranging	 from	 overt,	 life-threatening	 intoxication	 to	 subtle,	 subclinical	 deficits.
Acute	 ingestion	 of	 very	 large	 quantities	 of	 lead	 (gram	 quantities)	 may	 cause
abdominal	pain,	toxic	hepatitis,	and	anemia	(usually	hemolytic).

Subacute	 or	 chronic	 exposure	 is	 associated	 with	 nonspecific	 constitutional
symptoms	 (eg,	 fatigue,	 arthralgias,	 decreased	 libido,	 irritability,	 impotence,
depression,	 anorexia,	 malaise,	 myalgias,	 weight	 loss,	 and	 insomnia).24	 GI
symptoms	 include	 nausea,	 constipation	 or	 diarrhea,	 and	 intestinal	 spasm.	 The
intestinal	 spasm,	 “lead	 colic,”	 can	 cause	 severe,	 excruciating,	 paroxysmal
abdominal	pain.

The	 toxic	 effects	 of	 lead	 affect	 both	 the	 peripheral	 nervous	 system	 and	 the
central	nervous	 system	 (CNS).	Peripheral	nervous	 system	 toxicity	 is	known	as
lead	palsy	and	is	due	to	the	degenerative	changes	of	the	motoneurons	and	their
axons,	with	secondary	effects	 involving	the	myelin	sheaths.25	Lead	palsy	 is	 the



result	 of	 advanced	 chronic	 lead	 poisoning	 and	 is	 usually	 a	 pure	 motor
neuropathy	that	predominantly	affects	the	upper	extremities	resulting	in	extensor
weakness;	rarely,	severe	cases	may	produce	frank	“wrist	drop.”

Both	 adults	 and	 children	 can	 present	with	 CNS	 dysfunction.	 CNS	 findings
range	 from	 impaired	concentration,	visual–motor	 incoordination,	 and	headache
to	 severe,	 life-threatening	 encephalopathy	 characterized	 by	 vomiting,	 tremors,
hyperirritability,	ataxia,	confusion,	delirium,	lethargy,	obtundation,	convulsions,
coma,	 and	 death.	 Decreased	 intelligence,	 impaired	 attention,	 and
neurobehavioral	 changes	 such	 as	 increased	 aggression	 are	 well	 described	 in
children;	 some	 of	 these	 changes	 have	 also	 been	 described	 for	 adults.	 Acute
encephalopathy	 is	 an	unusual	 feature	 of	 adult	 lead	 intoxication.	Although	 lead
encephalopathy	 is	 rare	 today,	 it	 is	 the	 most	 serious	 consequence	 of	 lead
poisoning.

Hematological	 manifestations	 include	 normochromic	 or	 microcytic	 anemia.
This	may	be	accompanied	by	basophilic	stippling	of	the	erythrocytes.

Lead	toxicity	produces	anatomic	lesions	in	the	proximal	tubule	and	loops	of
Henle,	which	is	characterized	by	round	acidophilic	intranuclear	inclusion	bodies.
Most	often,	 lead-induced	 renal	 injury	 is	associated	with	prolonged	exposure	 to
large	amounts	of	 lead,	resulting	 in	progressive	renal	 insufficiency.	Nephrotoxic
effects	include	overt	reversible	acute	tubular	dysfunction,	in	particular,	Fanconi-
like	aminoaciduria	in	children,	and	chronic	progressive	renal	interstitial	fibrosis
following	heavy	long-term	exposure	in	lead	workers.	Sometimes	hyperuricemia,
with	or	without	evidence	of	gout,	may	be	associated	with	the	renal	insufficiency.
Increasing	 evidence	 suggests	 that	 lead	 exposure	 may	 be	 associated	 with	 the
development	of	hypertension	among	adults.

Repeated,	intentional	inhalation	of	leaded	gasoline,	which	contains	alkyl	lead
rather	than	inorganic	lead,	may	result	in	ataxia,	myoclonic	jerking,	hyperreflexia,
delirium,	and	seizures.

Diagnostic	Evaluation
Although	encephalopathy	and	abdominal	colic	following	a	suspect	activity	may
readily	suggest	the	diagnosis	of	severe	lead	intoxication,	the	nonspecific	nature
of	 mild-to-moderate	 intoxication	 frequently	 presents	 a	 diagnostic	 challenge.
Exposure	 is	 often	 not	 suspected,	 and	 symptoms	 are	 commonly	 attributed	 to	 a
“nonspecific	 viral	 illness.”	 Lead	 intoxication	 should	 be	 considered	 in	 patients
presenting	with	multisystem	 findings	 including	headache,	 abdominal	 pain,	 and
anemia,	 and,	 less	 commonly,	 motor	 neuropathy,	 gout,	 and	 renal	 insufficiency.
Lead	 encephalopathy	 should	 be	 considered	 for	 any	 child	 with	 delirium	 or



seizures,	 and	 milder	 degrees	 of	 intoxication	 should	 be	 considered	 in	 children
with	neurobehavioral	deficits	or	developmental	delays.	Lead	encephalopathy	has
usually	 been	 associated	 with	 blood	 lead	 concentrations	 of	 100	 µg	 per	 dL	 or
more.26	 Blood	 lead	 concentrations	 >80	 µg	 per	 dL	 are	 occasionally	 associated
with	acute	severe	illness.

Whole	 blood	 lead	 concentration	 and	 EP	 test	 are	 the	 two	 methods	 most
commonly	 used	 when	 testing	 for	 lead	 intoxication.	 Whole	 blood	 lead
concentration	is	the	most	useful	screening	and	diagnostic	test	for	acute	or	recent
lead	 exposure.	 This	 test	 does	 not	measure	 total-body	 lead	 burden,	 but	 it	 does
reflect	abrupt	changes	in	lead	exposure.	Elevation	in	EP	(>35	µg	per	dL)	reflects
lead-induced	 inhibition	 of	 heme	 biosynthesis.	 Because	 only	 actively	 forming
erythrocytes	 are	 affected,	 elevations	 in	 EP	 will	 typically	 lag	 behind	 lead
exposure	by	2	 to	6	weeks.	EP	values	may	help	distinguish	between	recent	and
remote	lead	exposure.	An	extremely	high	whole	blood	lead	concentration	in	the
presence	of	a	normal	EP	concentration	would	suggest	a	recent	lead	exposure.	An
elevated	EP	concentration	is	not	specific	for	 lead	exposure	and	may	also	occur
with	iron	deficiency.	Erythrocyte	protoporphyrin	is	not	a	sensitive	screening	tool
for	 low-concentration	 (<30	 µg	 per	 dL)	 lead	 poisoning.	 Erythrocyte
protoporphyrin	and	blood	lead	concentrations	should	be	used	as	complementary
methods	of	testing	for	lead	intoxication.

Erythrocyte	 protoporphyrin,	 free	 EP,	 and	 zinc	 EP	 measure	 the	 same	 basic
process	and	have	very	similar	 interpretations,	but	are	not	 identical.	Erythrocyte
protoporphyrin	 is	 the	most	 precise	 terminology.	 Because	 lead	 blocks	 the	 final
step	 in	heme	biosynthesis	(ferrochelatase),	 it	was	originally	 thought	 that	“free”
EP	was	formed.	However,	it	was	subsequently	shown	that	other	porphyrins	were
measured	 in	 minute	 amounts,	 and	 most	 protoporphyrin	 had	 nonenzymatically
bound	zinc	and	was	therefore	not	“free.”

Relationships	 between	 blood	 lead	 concentrations	 and	 clinical	 findings	 have
generally	been	based	on	 subacute	 and	 chronic	 exposure	 and	not	 on	 transiently
high	 values	 that	 may	 result	 immediately	 following	 exposure	 before	 tissue
equilibration	 (Table	 111.2).	 Interindividual	 variability	 in	 clinical	 response	 is
extensive.

TABLE	111.2

Whole	Blood	Lead	Concentration	and	Associated	Clinical
Findings



Whole	Blood
Lead
Concentration
(µg/dL)

Associated	Clinical	Findings

<25 Decreased	intelligence	and	impaired	neurobehavioral
development	among	children	with	in	utero	or	early
childhood	exposure;	generally	without	demonstrable	toxic
effects	in	adults

20-60 Mild	overt	effects	such	as	headache,	irritability,	difficulty
concentrating,	slowed	reaction	time,	impaired	visual-motor
coordination,	and	insomnia	may	emerge

Anemia	may	begin	to	appear

Reversible,	subclinical	slowing	of	motor	nerve	conduction
velocity	may	be	detected

60-80 Subclinical	effects	on	renal	function

GI	symptoms	(eg,	anorexia,	constipation,	and/or	diarrhea,
and	abdominal	colic)	may	emerge

>80 Serious	overt	intoxication,	including	abdominal	pain
(colic),	and	nephropathy

>100 Encephalopathy	and	overt	neuropathy

Measurement	of	urinary	lead	excretion	is	not	very	useful	for	the	diagnosis	of
lead	 exposure.	 Urinary	 lead	 excretion	 reflects	 the	 plasma	 lead	 concentration,
which	 increases	 and	 decreases	 more	 rapidly	 than	 does	 whole	 blood	 lead
concentration.

Nonspecific	 laboratory	 criteria	 consistent	 with	 lead	 toxicity	 include
normochromic	or	microcytic	anemia,	basophilic	stippling	of	RBCs	on	peripheral
smear,	and	increased	urinary	ALA	and	coproporphyrin.	Liver	transaminases	may
be	 elevated	 in	 acute	 intoxication.	 Low-molecular-weight	 proteinuria	 and
enzymuria	may	precede	elevations	in	serum	creatinine.	Abdominal	imaging	may
reveal	 radiopaque	 foreign	 bodies	 in	 the	GI	 tract	 following	 recent	 ingestion	 of
lead-containing	 substances	 such	 as	 paint	 chips,	 lead	 weights,	 and	 lead-based
ceramic	glazes.



Management
Acute	 lead	encephalopathy	 is	a	medical	emergency	 that	 requires	 intensive	care
and	monitoring	of	 the	patient.	Prompt	consultation	with	a	medical	 toxicologist
should	 be	 obtained	 to	 assist	 in	 the	 management.	 Because	 up	 to	 25%	 of	 the
children	 who	 survive	 an	 acute	 episode	 of	 encephalopathy	 sustain	 permanent
CNS	 damage,26	 medical	 treatment	 should	 be	 instituted	 before	 its	 onset.	 It	 has
long	been	recommended	that	any	child	who	is	symptomatic	from	lead	poisoning
or	has	a	whole	blood	 lead	concentration	>80	µg	per	dL	should	be	hospitalized
immediately	 and	 treated	 as	 a	medical	 emergency.26	More	 recently,	 the	Centers
for	 Disease	 Control	 and	 Prevention	 has	 issued	 a	 statement	 that	 children	 with
blood	lead	concentrations	of	70	µg	per	dL	or	greater	require	immediate	chelation
therapy.27

Although	 present-day	 recommendations	 for	 the	 treatment	 of	 lead
encephalopathy	were	derived	from	experiences	in	managing	children,26,28-30	 they
have	been	extrapolated	to	adults.	The	basic	treatment	plan	consists	of	supportive
measures	and	the	use	of	chelating	agents.	As	with	any	potential	life-threatening
emergency,	assessment	and	aggressive	management	of	the	airway,	breathing,	and
circulation	should	be	paramount.

3 	GI	decontamination,	beginning	with	gastric	 lavage,	 is	 indicated	 following
acute	 ingestion	 of	 virtually	 any	 lead-containing	 substance	 because	 even	 small
quantities	 of	 paint	 chips	 or	 a	 sip	 of	 lead-containing	 glaze	may	 contain	 several
hundred	milligrams	of	 lead.	The	use	of	activated	charcoal	has	been	suggested;
however,	 its	 effectiveness	 is	 unknown.	WBI	with	 polyethylene	 glycol	 solution
has	 been	 suggested	 as	 a	 means	 of	 decontaminating	 the	 GI	 tract	 when	 the
presence	of	lead	is	suggestive	on	imaging	of	the	abdomen.	The	effectiveness	of
WBI	 can	 be	 followed	 by	 serial	 abdominal	 imaging	 studies.	 Although	 it	 is
important	 to	 eliminate	 the	 source	of	 continued	 lead	absorption,	 therapy	 should
not	 be	 delayed	 by	 attempts	 at	 GI	 decontamination,	 especially	 in	 cases	 of
encephalopathy.	 Ultimately,	 the	 chief	 priority	 is	 to	 identify	 and	 eradicate	 the
source	 of	 lead	 exposure	 and	 institute	 control	 measures	 to	 prevent	 repeated
intoxication.	 In	 addition,	 other	 possibly	 exposed	 persons	 should	 be	 promptly
evaluated.

Lead-containing	 buckshot,	 shrapnel,	 or	 bullets	 in	 or	 adjacent	 to	 synovial
spaces	should	be	surgically	removed,	if	feasible,	especially	when	associated	with
evidence	of	systemic	lead	absorption.

For	 a	 child	 presenting	 with	 encephalopathy,	 immediate	 treatment	 should
begin	with	establishing	an	adequate	urine	output.26	This	can	be	accomplished	by
intravenous	(IV)	infusion	(10-20	mL	per	kg)	of	10%	dextrose	in	water	for	1	to	2



hours.	If	this	fails	to	produce	a	urine	output,	infusion	of	a	20%	mannitol	solution
(1-2	g	per	kg)	is	recommended	at	1	mL	per	minute.	Once	urine	output	has	been
established,	 IV	 fluids	 should	 be	 restricted	 to	 the	 calculated	 basal	 water	 and
electrolyte	 requirements	 plus	 a	 careful	 assessment	 of	 continuing	 losses.	 An
indwelling	Foley	catheter	should	be	used	to	monitor	the	rate	of	urine	formation.
Intravenous	fluids	should	be	adjusted	hourly	in	order	to	maintain	urine	flow	that
is	within	the	basal	metabolic	limits,	which	is	0.35	to	0.50	mL	of	urine	secreted
per	 calorie	 metabolized	 per	 24	 hours	 or	 350	 to	 500	 mL/m2/24	 hours.	 Such
management	 is	 designed	 to	 avoid	 excessive	 fluid	 administration	 and	 prevent
further	 development	 of	 cerebral	 edema.	Severe	 lead	 encephalopathy	 can	occur
without	 cerebral	 edema.28	 However,	when	 cerebral	 edema	 and	 encephalopathy
are	both	present,	there	is	further	insult	to	the	brain,	and	it	may	be	the	immediate
cause	 of	 death.	 Children	 with	 encephalopathy	 may	 exhibit	 syndrome	 of
inappropriate	antidiuretic	hormone.30

When	paralysis	with	sedation	or	general	anesthesia	is	required	for	controlling
seizures,	 a	 bedside	 electroencephalogram	 should	 be	 obtained	 to	 demonstrate
seizure	control.	High	doses	of	phenytoin	and	phenobarbital	were	often	required
to	 control	 the	 initial	 seizures	 in	 lead	 encephalopathy;	 barbiturates	 were
recommended	for	the	prevention	of	seizures	during	the	early	convalescent	phase.
Repeated	 seizures	 and	 hypoxia	 can	 exacerbate	 cerebral	 edema,	 and	 so	 it	 was
suggested	 that	 anticonvulsants	 be	 administered	 when	 there	 is	 evidence	 of
increased	 muscle	 tone	 or	 muscle	 twitching;	 one	 should	 not	 wait	 for	 obvious
seizure	activity.26

Computed	 tomography	 scan	 of	 the	 head	 should	 be	 performed	 for	 patients
presenting	with	encephalopathy	to	screen	for	cerebral	edema.	If	there	is	evidence
of	cerebral	edema,	intracranial	pressure	(ICP)	monitoring	may	be	indicated	and
neurosurgical	 consultation	 is	 recommended.	 Avoid	 performing	 a	 lumbar
puncture	when	there	is	increased	ICP	associated	with	cerebral	edema.	Measures
to	 control	 cerebral	 edema	 and	 increased	 ICP	 include	 careful	 sedation	 and
neuromuscular	 paralysis,	 elevation	 of	 the	 head	 of	 the	 bed,	 restriction	 of	 fluid
therapy,	 ventricular	 drainage,	 hypertonic	 therapies	 (eg,	mannitol	 or	 hypertonic
saline),	 diuretics,	 and	 steroids.	 These	 measures	 are	 “borrowed”	 from	 the
neurosurgical	experience	managing	increased	ICP.	Restriction	of	fluids,	the	use
of	mannitol,	and	hypertonic	saline	have	been	discussed	previously.	Maintaining
the	 arterial	 partial	 pressure	 of	 carbon	 dioxide	 between	 25	 and	 30	 mm	 Hg	 to
induce	vasoconstriction	and	reduce	ICP	is	no	longer	recommended.	The	benefits
of	 glucocorticoids	 for	 treating	 perifocal	 vasogenic	 edema	 due	 to	 an	 intrinsic
intracranial	mass	lesion	are	well	established.	However,	glucocorticoids	have	not
proven	beneficial	 in	models	 of	 intracellular	 cytotoxic	 edema,	 and	neurological



outcome	studies	do	not	support	the	routine	use	of	glucocorticoids	following	head
injuries,	 global	 brain	 ischemia,	 or	 cerebral	 vascular	 accidents.31	 When	 the
cerebral	edema	associated	with	lead	encephalopathy	is	believed	to	be	vasogenic
in	 origin,	 the	 empiric	 use	 of	 dexamethasone	 should	 be	 considered.	 Surgical
attempts	to	relieve	ICP	by	flap	craniotomy	have	not	been	shown	to	be	beneficial.
However,	 ventricular	 drainage	 (via	 the	 intracranial	 bolt	 placed	 for	 ICP
monitoring)	may	effectively	reduce	ICP.

Chelating	agents	have	been	shown	to	decrease	blood	lead	concentrations	and
increase	 urinary	 lead	 excretion.	 Chelation	 has	 also	 been	 associated	 with
improvement	in	symptoms	and	decreased	mortality.	However,	controlled	clinical
trials	 demonstrating	 therapeutic	 efficacy	 are	 lacking,	 and	 treatment
recommendations	 have	 been	 largely	 empiric.	 Although	 there	 appears	 to	 have
been	a	 sharp	 reduction	 in	pediatric	mortality	due	 to	acute	 lead	encephalopathy
with	 the	 advent	 of	 chelation	 treatment,	 there	 were	 concomitant	 advances	 in
pediatric	 critical	 care	 and	 the	management	 of	 elevated	 ICP,	 and	 the	 decline	 in
mortality	cannot	necessarily	be	attributed	to	the	use	of	chelation	alone.	BAL	and
calcium	disodium	edetate	(CaEDTA)	are	the	two	chelators	used	for	the	treatment
of	lead	encephalopathy.	DMSA	is	used	for	less	severe	poisoning.

BAL	 increases	 both	 fecal	 and	 urinary	 excretion	 of	 lead.	 It	 is	 widely
distributed	 throughout	 all	 body	 tissues,	 including	 the	 brain	 and	RBCs.	Details
regarding	 the	 use	 of	 this	 agent	 are	 discussed	 in	 the	 “Arsenic”	 section	 of	 this
chapter.	 BAL	 and	 medicinal	 iron	 can	 form	 a	 toxic	 complex	 that	 is	 a	 potent
emetic,	 and	 accordingly	 the	 treatment	 of	 anemia	 with	 iron	 should	 be	 delayed
until	 BAL	 therapy	 has	 been	 completed.	 If	 severe	 anemia	 requires	 prompt
intervention	during	chelation	therapy,	transfusion	would	be	preferable.

CaEDTA	 enhances	 the	 elimination	 of	 lead	 and,	 to	 a	 lesser	 extent,	 the
elimination	of	endogenous	metals	(eg,	zinc,	manganese,	iron,	copper).	Increased
urinary	lead	excretion	begins	within	1	hour	and	is	followed	by	a	decrease	in	the
whole	blood	lead	concentration	over	 the	course	of	 treatment.	CaEDTA	diffuses
rapidly	and	uniformly	throughout	the	body,	but	it	does	not	appear	to	enter	RBCs
and	 very	 slowly	 diffuses	 across	 the	 blood-brain	 barrier.32	 CaEDTA	 mobilizes
lead	 primarily	 from	 soft	 tissues	 and	 from	 a	 fraction	 of	 the	 larger	 lead	 stores
present	in	bone.	CaEDTA	is	not	metabolized;	rather,	it	is	cleared	from	the	body
by	urinary	excretion.	It	can	be	administered	IV	or	IM,	with	the	former	being	the
preferred	 and	 most	 effective	 route.	 Oral	 administration	 of	 CaEDTA	 has	 been
shown	to	increase	absorption	of	lead	from	the	GI	tract;	therefore,	it	should	not	be
given	 by	 this	 route.	 The	 principal	 toxic	 effect	 of	 CaEDTA	 is	 renal	 tubular
necrosis.	 The	 renal	 toxicity	 is	 dose	 related	 and	 reversible.	 Because	 CaEDTA
increases	 renal	 excretion	 of	 lead	 and	 its	 accumulation	 increases	 the	 risk	 of



nephrotoxicity,	 its	 use	 is	 contraindicated	 for	 anuric	 patients,	 and	 dose
adjustments	 should	 be	 considered	 for	 patients	 with	 preexisting	 renal	 disease.
Adequate	urine	flow	should	be	established	before	initiating	CaEDTA	therapy.

For	 the	 management	 of	 patients	 with	 lead	 encephalopathy,	 some	 clinicians
advocate	the	use	of	BAL	and	CaEDTA	beginning	with	a	priming	dose	of	BAL	at
the	 same	 time	 that	 an	 adequate	 urine	output	 is	 being	 established.	The	priming
dose	of	BAL	is	75	mg	per	m2	 (3-5	mg	per	kg)	IM	and	is	administered	every	4
hours.	After	4	hours	have	elapsed	since	the	priming	dose	of	BAL,	a	continuous
slow	IV	 infusion	of	CaEDTA	1500	mg/m2/d	 (30	mg/kg/d)	 is	 started.	For	cases
where	there	is	evidence	of	cerebral	edema	and/or	increased	ICP	associated	with
encephalopathy,	CaEDTA	(same	dosage)	should	be	given	by	deep	IM	injection
in	 two	 to	 three	 divided	 doses	 every	 8	 to	 12	 hours.	 When	 the	 IM	 route	 is
preferred,	procaine	(0.5	mL	of	1%)	should	be	given	along	with	CaEDTA	because
IM	CaEDTA	administration	is	extremely	painful.	BAL	and	CaEDTA	are	usually
continued	 for	 5	 days.	 For	 patients	 with	 high	 body	 lead	 burdens,	 cessation	 of
chelation	 is	 often	 followed	by	 a	 rebound	 in	 blood	 lead	 concentrations	 as	 bone
stores	 equilibrate	 with	 lower	 soft-tissue	 concentrations.	 A	 second	 course	 of
chelation	may	be	considered	on	the	basis	of	the	whole	blood	lead	concentration
after	 2	 days	 of	 interruption	 of	 chelation	 and	 the	 persistence	 or	 recurrence	 of
symptoms.	 A	 third	 course	 may	 be	 required	 if	 the	 whole	 blood	 concentration
rebounds	to	50	μg	per	dL	or	greater	within	48	hours	after	 the	second	chelation
treatment.	If	chelation	is	required	for	the	third	time,	it	should	begin	a	week	after
the	last	dose	of	BAL	and	CaEDTA.

For	the	management	of	symptomatic	patients	with	lead	poisoning	who	are	not
overtly	encephalopathic,	most	clinicians	advocate	 the	same	course	of	 treatment
as	 for	 those	with	encephalopathy,	but	with	 lower	doses	of	BAL	and	CaEDTA.
The	 priming	 dose	 of	 BAL	 is	 50	 mg	 per	 m2	 (2-3	 mg	 per	 kg)	 IM	 and	 is
administered	every	4	hours.	After	4	hours	have	elapsed	since	the	priming	dose	of
BAL,	a	continuous	slow	IV	infusion	of	CaEDTA	1000	mg/m2/d	(20-30	mg/kg/d)
is	 started.	Alternatively,	CaEDTA	may	 be	 given	 in	 two	 to	 three	 divided	 doses
every	 8	 to	 12	 hours	 by	 continuous	 infusion	 or	 deep	 IM	 injection.	 BAL	 and
CaEDTA	should	be	continued	for	5	days	with	daily	monitoring	of	whole	blood
lead	concentrations.	BAL	may	be	discontinued	any	time	during	 these	5	days	 if
the	whole	 blood	 lead	 concentration	 decreases	 to	<50	µg	per	 dL,	 but	CaEDTA
treatment	should	continue	for	5	days.	A	second	or	third	course	of	chelation	may
be	considered	on	 the	basis	of	 the	same	guidelines	as	discussed	 in	 the	previous
paragraph.

For	 the	 management	 of	 asymptomatic	 patients	 with	 whole	 blood	 lead
concentrations	70	µg	per	dL	or	greater,	some	clinicians	advocate	the	use	of	BAL



and	CaEDTA	in	the	same	doses	and	with	the	same	guidelines	as	for	treatment	of
symptomatic	 lead	 poisoning	 without	 encephalopathy.	 A	 second	 course	 of
chelation	 with	 CaEDTA	 alone	 may	 be	 necessary	 if	 the	 whole	 blood	 lead
concentration	 rebounds	 to	 50	 µg	 per	 dL	 or	 more	 within	 5	 to	 7	 days	 after
chelation	has	ceased;	some	clinicians	prefer	the	use	of	DMSA.

A	 water-soluble	 analog	 of	 BAL,	 DMSA	 enhances	 the	 urinary	 excretion	 of
lead,	mercury,	 and	 arsenic.	 It	 has	 an	 insignificant	 effect	 on	 the	 elimination	 of
calcium,	 iron,	 and	 magnesium.	 Minor	 increases	 of	 zinc	 and	 copper	 excretion
may	 occur.	 Oral	 DMSA	 is	 rapidly	 but	 variably	 absorbed,	 with	 peak	 blood
concentrations	 occurring	 between	 1	 and	 2	 hours.	 The	 drug	 is	 predominantly
cleared	by	the	kidneys,	with	peak	urinary	elimination	of	the	parent	drug	and	its
metabolites	occurring	between	1	and	4	hours.	DMSA	is	approved	for	use	for	lead
and	 mercury	 poisonings,	 in	 which	 it	 is	 associated	 with	 increased	 urinary
excretion	 of	 the	 metals	 and	 concurrent	 reversal	 of	 metal-induced	 enzyme
inhibition.	Oral	DMSA	is	comparable	to	parenteral	CaEDTA	in	decreasing	whole
blood	lead	concentration	during	treatment.	Although	treatment	with	DMSA	has
been	 associated	with	 subjective	 clinical	 improvement,	 controlled	 clinical	 trials
demonstrating	 therapeutic	 efficacy	 have	 not	 been	 reported.	 Reported	 adverse
drug	events	of	DMSA	include	GI	disturbances	(anorexia,	nausea,	vomiting,	and
diarrhea),	 mercaptan-like	 (sulfur)	 odor	 to	 the	 urine,	 rashes,	 mild-to-moderate
neutropenia,	and	mild,	reversible	increases	in	hepatic	transaminases.

Although	DMSA	is	FDA	approved	for	use	only	in	children	with	whole	blood
concentrations	greater	than	45	µg	per	dL,	it	has	a	similar	ability	to	lower	whole
blood	lead	concentrations	among	adults.	Treatment	is	initiated	at	an	oral	dose	of
10	 mg	 per	 kg	 (350	 mg	 per	 m2)	 every	 8	 hours	 for	 5	 days.	 Treatment	 is	 then
continued	 at	 the	 same	 dose	 every	 12	 hours	 for	 an	 additional	 2	 weeks.	 An
additional	course	of	 treatment	may	be	considered	on	the	basis	of	posttreatment
whole	blood	lead	concentrations	and	the	persistence	or	recurrence	of	symptoms.
Whole	 blood	 lead	 concentrations	 may	 decline	 by	 more	 than	 50%	 during
treatment,	 but	 patients	 with	 large	 body	 burdens	 may	 experience	 rebound	 to
within	 20%	 of	 pretreatment	 concentrations	 as	 bone	 stores	 reequilibrate	 with
tissue	concentrations.	An	interval	of	2	or	more	weeks	may	be	indicated	to	assess
the	 extent	 of	 posttreatment	 rebound	 in	 whole	 blood	 lead	 concentrations.
Experience	with	oral	DMSA	in	severe	lead	intoxication	(eg,	lead	encephalopathy
or	 lead	 colic)	 is	 very	 limited,	 and	 consideration	 should	 be	 given	 to	 parenteral
chelation	therapy	in	such	cases.

MERCURY



Mercury	 (Hg)	 is	 a	 naturally	 occurring	metal	 that	 is	mined	 chiefly	 as	mercuric
sulfate	(HgS)	in	cinnabar	ore.	It	is	converted	into	three	primary	forms,	each	with
a	distinct	toxicology:	elemental	(Hg0)	mercury,	inorganic	(mercurous	[Hg+1]	and
mercuric	 [Hg2+])	 mercury	 salts,	 and	 organic	 (alkyl	 and	 phenyl)	 mercury.	 The
pattern	and	severity	of	toxicity	are	highly	dependent	on	the	form	of	mercury	and
route	of	exposure,	mostly	because	of	different	pharmacokinetic	profiles.

Elemental	Mercury
Elemental	 mercury	 is	 the	 only	 metal	 that	 exists	 in	 liquid	 form	 at	 standard
temperature	 and	 pressure.	 As	 such,	 metallic	 mercury	 can	 evaporate	 slowly	 at
room	 temperature	 or	 rapidly	 when	 heated,	 and	 can	 contribute	 to	 the	 partial
pressure	of	 the	ambient	air	 that	 is	breathed.	A	small	 spill	 in	an	enclosed	space
(eg,	 a	 bedroom)	 can	 also	 produce	 high	 concentrations	 of	 mercury	 in	 the	 air
because	 of	 its	 high	 vapor	 pressure.	 Various	 instruments	 contain	 elemental
mercury	including	thermometers,	manometers,	barometers,	switches,	pumps,	and
special	 surgical	 tubes	 (eg,	 Miller-Abbott,	 Cantor,	 and	 Kaslow	 tubes).	 Dental
amalgam	 is	prepared	with	elemental	mercury	and	contains	 approximately	50%
elemental	mercury	by	weight.

Occupational	 settings	 where	 personnel	 are	 potentially	 exposed	 to	 mercury
vapor	 include	 chlor-alkali	 mercury	 cell	 operation	 workers,	 electroplaters;
explosives	manufacturers;	 laboratory	 personnel;	 pesticide/fungicide	 production
and	 application	 workers;	 manufacturers	 of	 batteries	 or	 mercury	 vapor	 lamps;
metallurgists;	 and	miners	 and	 processors	 of	 cinnabar,	 gold,	 silver,	 copper,	 and
zinc.	Exposure	to	mercury	vapor	from	elemental	mercury	spills,	home	gold	ore
purification,	 accidental	 heating	 of	mercury,	 and	 vacuum	 cleanup	 of	 a	mercury
spill	have	also	been	reported.33

Pharmacology
When	 ingested,	 elemental	 mercury	 is	 poorly	 absorbed	 (<0.01%)	 from	 the
healthy,	 intact,	 and	normally	 functioning	GI	 tract.	 In	contrast,	 inhaled	mercury
vapor	 is	 believed	 to	 cross	 the	 alveolar	membranes	 rapidly	 because	 of	 its	 high
diffusibility	 and	 high	 lipid	 solubility.	 About	 75%	 of	 the	 inhaled	 dose	 is
retained.34	 The	 absorbed	 elemental	mercury	 vapor	 rapidly	 diffuses	 into	RBCs,
where	 it	 undergoes	 oxidation	 to	 the	 mercuric	 ion	 and	 binds	 to	 ligands	 in	 the
RBC.	However,	a	certain	amount	of	the	dissolved	vapor	persists	in	the	plasma	to
reach	the	blood-brain	barrier,	which	it	crosses	readily.	Once	in	the	brain	tissue,



the	dissolved	mercury	vapor	 is	oxidized	 to	mercuric	 ion,	 trapping	 it	within	 the
CNS,	where	it	binds	tissue	ligands.	Elemental	mercury	vapor	also	easily	crosses
the	placenta.

Elemental	mercury	vapor	is	eliminated	from	the	body	mainly	as	mercuric	ion
by	 urinary	 and	 fecal	 routes.	 Exhalation	 of	 mercury	 vapor	 and	 secretion	 of
mercuric	 ions	 in	 saliva	 and	 sweat	 do	 occur	 and	 contribute	 to	 the	 elimination
process.	The	 rate	of	excretion	 is	dose	dependent.	Elemental	mercury	 follows	a
biphasic	elimination	rate,	initially	rapid	and	then	slow,	with	a	biological	half-life
in	humans	of	about	60	days.

Mercuric	 ion	 has	 an	 affinity	 to	 bind	 and	 react	 with	 sulfhydryl	 moieties	 of
proteins,	 leading	 to	 nonspecific	 inhibition	 of	 enzyme	 systems	 and	 pathologic
alteration	of	 cellular	membranes.	 In	 addition,	mounting	 evidence	demonstrates
that	mercuric	 ions	 have	 an	 even	 stronger	 affinity	 for	 selenium;	 the	 binding	 of
mercuric	 ions	 to	 selenoproteins	 leading	 to	 impaired	 oxidation-reduction
homeostasis	may	represent	another	mechanism	by	which	mercury	causes	cellular
toxicity.

In	the	CNS,	a	cumulative	toxic	effect	occurs	as	the	inhaled	elemental	mercury
vapor	 is	oxidized	 to	mercuric	 ion,	 leading	 to	progressive	CNS	dysfunction.	As
would	 be	 expected,	 CNS	 toxicity	 is	 typically	 the	 result	 of	 chronic	 elemental
mercury	vapor	exposure.

Clinical	Toxicity
The	ingestion	of	elemental	mercury	usually	causes	no	adverse	effects.	However,
systemic	 absorption	 of	 ingested	mercury	 is	 possible	 in	 the	 presence	 of	 bowel
abnormality	affecting	mucosal	integrity	or	impeding	normal	motility	and	transit.
In	addition,	inflammatory	bowel	disease	or	enteric	fistula	allowing	for	prolonged
elemental	 mercury	 exposure	 and	 the	 conversion	 of	 metallic	 mercury	 to	 an
inorganic	 ion	 has	 been	 reported.	 Elemental	 mercury	 that	 is	 retained	 in	 the
appendix	 can	 result	 in	 local	 inflammation,	 perforation,	 and	 the	 consequent
possibility	of	systemic	mercury	intoxication.35

Subcutaneous	 injection	 of	 elemental	 mercury	 may	 cause	 a	 local	 fibrous
reaction,	 local	 abscess,	 granuloma	 formation,	 systemic	 embolization,	 and
systemic	absorption	with	toxic	manifestations.

Intravenously	 injected	 elemental	 mercury	 has	 been	 reported	 to	 cause
pulmonary	 and	 systemic	 mercury	 embolization	 associated	 with	 an	 elevated
blood	mercury	concentration,	and	sequelae	may	include	tremor,	lower	extremity
weakness,	 and	 reduced	 carbon	 monoxide	 diffusing	 capacity.	 Mercury
extravasation	 at	 the	 injection	 site	 can	 produce	 a	 severe	 local	 inflammatory



reaction.	 Granuloma	 formation	 with	 fibrosis	 and	 inflammation	 with	 systemic
mercury	absorption	has	also	been	reported.

Acute	intense	inhalation	of	mercury	vapor	in	a	confined	or	poorly	ventilated
space	may	result	in	death.	High	concentrations	of	elemental	mercury	vapor	acts
as	 a	 direct	 airway	 irritant	 and	 a	 cellular	 poison.33,36	 Initial	 symptoms	 usually
occur	 within	 several	 hours	 following	 exposure	 and	 include	 fever,	 chills,
headache,	 dyspnea,	 gingivostomatitis,	 nausea,	 vomiting,	 metallic	 taste	 in	 the
mouth,	paroxysmal	 cough,	 tachypnea,	 chest	 tightness,	 diarrhea,	 and	abdominal
cramping.36	These	 symptoms	may	subside	or,	 in	 severe	cases,	may	progress	 to
exudative	 alveolar	 and	 interstitial	 edema,	 erosive	 bronchitis	 and	 bronchiolitis
with	interstitial	pneumonitis,	and	desquamation	of	the	bronchial	epithelium.	The
ensuing	 obstruction	 can	 result	 in	 alveolar	 dilatation,	 interstitial	 emphysema,
pneumatocele	 formation,	pneumothorax,	mediastinal	emphysema,	and	death.	A
neurobehavioral	 syndrome	 known	 as	 erethism,	 characterized	 by	 emotional
lability,	irritability,	anxiety,	shyness,	and	insomnia,	is	classically	associated	with
chronic	mercury	vapor	exposure,	but	has	been	reported	after	acute	exposures	as
well.	 Children	 younger	 than	 30	months	 seem	 to	 be	 particularly	 susceptible	 to
such	exposures.

Although	 aspiration	 of	 elemental	 mercury	 may	 cause	 no	 acute	 respiratory
symptoms,	 it	 may	 cause	 cough	 and	 mild	 dyspnea,	 acute	 pneumonitis,	 or
progressive	cough	with	copious	amounts	of	 frankly	bloody	sputum	production,
leading	 to	 respiratory	 compromise	 and	 death.37	 Most	 patients	 remain
asymptomatic	 or	 recover	 without	 any	 significant	 sequelae.	 In	 two	 cases,
systemic	 absorption	 of	 the	 aspirated	 elemental	 mercury	 was	 suggested	 by
elevations	 in	 the	 24-hour	 urinary	 mercury	 concentrations,	 but	 neither	 patient
became	 symptomatic.	 Elemental	 mercury	 was	 consistently	 evident	 on	 chest
imaging	 obtained	 on	 follow-up	 examination,	 which	 varied	 from	 1	 month	 to
20	 years.	 One	 case	 with	 postmortem	 findings	 from	 the	 lungs	 22	 years	 later
included	 globules	 of	 elemental	 mercury	 surrounded	 by	 extensive	 fibrosis	 and
granuloma	formation.	Subclinical	changes	in	peripheral	nerve	function	and	renal
function	have	been	 reported,	but	 symptomatic	neuropathy	and	nephropathy	are
rare.

Diagnostic	Evaluation
Diagnosis	depends	on	the	integration	of	characteristic	findings	with	a	history	of
known	 or	 potential	 exposure	 and	 the	 presence	 of	 an	 elevated	 whole	 blood
mercury	 concentration	 and	 elevated	 urinary	 mercury	 excretion.	 Abdominal
imaging	 studies	 may	 be	 used	 to	 document	 the	 extent	 of	 GI	 contamination



following	elemental	mercury	ingestion.	In	cases	of	subcutaneous	or	IV	injection,
imaging	 of	 the	 injection	 site	 may	 help	 to	 define	 the	 extent	 of	 the	 infiltrated
mercury.	 Chest	 imaging	 studies	 may	 be	 useful	 in	 determining	 the	 location	 of
systemic	embolization.

Whole	 blood	 and	 urinary	 mercury	 concentrations	 are	 useful	 in	 confirming
exposure.	In	most	people	without	occupational	exposure,	whole	blood	mercury
concentration	is	less	than	2	µg	per	dL,	and	“spot”	or	single-voided	urine	mercury
concentration	 is	 less	 than	10	µg	per	L.	A	quantitative	24-hour	urinary	mercury
excretion,	usually	less	than	50	µg	per	24	hours,	is	probably	the	most	useful	tool
in	diagnosing	acute	exposure	(Table	111.3).

TABLE	111.3

Elemental	Mercury	Vapor	Exposure

Urine	Mercury	Concentration
(µg/L) Associated	Clinical	Findings

30-50 Subclinical	neuropsychiatric
effects

50-100 Early	subclinical	tremor

>100 Overt	neuropsychiatric
disturbances

>200 True	tremors

Management
3 	 Any	 patient	 requiring	 hospitalization	 because	 of	 acute	 elemental	 mercury
inhalation	 or	 aspiration	 should	 be	 admitted	 to	 the	 ICU.	As	with	 any	 potential
life-threatening	 emergency,	 assessment	 and	 aggressive	 management	 of	 the
airway,	 breathing,	 and	 circulation	 are	 paramount.	 Treatment	 is	 primarily
supportive.	Another	priority	is	to	identify	and	eradicate	the	source	of	elemental
mercury	exposure	and	to	identify	and	evaluate	other	possibly	exposed	persons.

In	cases	 for	which	elemental	mercury	 ingestion	has	been	documented,	WBI
with	 polyethylene	 glycol	 electrolyte	 solution	 or	 surgical	 removal	 may	 be



necessary,	depending	on	imaging	evidence	of	mercury	retention,	elevated	blood
urine	mercury	concentrations,	and	the	patient’s	clinical	status.	Repeat	abdominal
imaging	studies	may	be	used	to	document	the	effectiveness	of	WBI	or	to	follow
the	progress	of	the	ingested	metallic	mercury.

Patients	with	retained	elemental	mercury	in	the	appendix	should	be	assessed
for	 signs	 of	 appendiceal	 inflammation	 or	 systemic	 mercury	 absorption	 and
toxicity	 with	 medical	 treatment	 and	 surgical	 intervention,	 as	 indicated.
Prophylactic	 appendectomy	 in	 the	 absence	 of	 signs	 and	 symptoms	 of
appendicitis	 should	 be	 avoided	 because	 of	 the	 risk	 of	 mercury	 extravasation
through	the	surgical	anastomosis	and	intra-abdominal	suppurative	complications.

Aggressive	 local	wound	management	 of	 the	 injection	 site(s)	 should	 include
prompt	 excision	of	 all	 readily	 accessible	 subcutaneous	 areas	 in	which	metallic
mercury	 is	 demonstrated,	 copious	 saline	 irrigation	 to	 remove	metallic	mercury
droplets,	 and	 suction	 removal	 of	 the	 mercury.38	 Surgical	 excision	 of	 mercury
granulomas	has	also	been	recommended.	Injection	of	BAL	into	the	wound	is	not
recommended	as	it	may	delay	wound	healing.

Patients	 acutely	 exposed	 to	 elemental	 mercury	 vapor	 should	 be	 monitored
closely	 for	 respiratory	 symptoms.	 Chest	 imaging	 studies,	 arterial	 blood	 gases,
and	 pulmonary	 function	 should	 be	 followed	 in	 symptomatic	 patients.	 Oxygen
and	bronchodilators	should	be	administered	as	needed.	Progressive	deterioration
of	respiratory	function	may	require	aggressive	airway	management	with	tracheal
intubation,	mechanical	 ventilation,	 and	 positive	 end-expiratory	 pressure.	 Early
treatment	 with	 corticosteroids	 has	 been	 used	 in	 an	 attempt	 to	 reduce	 the
complication	 of	 pulmonary	 fibrosis.	 However,	 neither	 corticosteroids	 nor
prophylactic	 antibiotics	 have	 proved	 to	 be	 beneficial	 in	 the	 management	 of
elemental	mercury	vapor–induced	pulmonary	complications.

Patients	 who	 have	 aspirated	 elemental	 mercury	 should	 be	 managed	 in	 a
similar	 fashion.	 Vigorous	 suctioning,	 postural	 drainage,	 and	 good	 pulmonary
toilet	may	assist	 the	patient	 in	expectorating	some	of	 the	aspirated	mercury.	 In
addition,	bronchoscopy	may	be	indicated.

Chelating	agents	that	are	commercially	available	in	the	United	States	for	use
in	the	treatment	of	mercury	poisoning	include	BAL,	DMSA,	and	d-penicillamine
(see	the	“Arsenic”	and	“Lead”	sections).	The	choice	of	chelator	depends	on	the
form	of	mercury	involved	and	the	presenting	signs	and	symptoms	of	the	patient.
DMSA	and	d-penicillamine	may	facilitate	the	absorption	of	mercury	from	the	GI
tract	and	should	not	be	given	when	there	is	evidence	of	mercury	present	in	the
gut.	 Because	 animal	 studies	 show	 that	 BAL	 may	 redistribute	 mercury	 to	 the
brain	 from	 other	 tissue	 sites39-41	 and	 the	 brain	 is	 a	 target	 organ	 in	 elemental
mercury	poisoning,	 it	would	seem	prudent	not	 to	use	BAL	for	 the	 treatment	of



inhalational	 exposures.	 DMSA	 appears	 to	 be	 associated	 with	 fewer	 adverse
events	 and	 more	 efficient	 mercury	 excretion	 when	 compared	 with	 d-
penicillamine	 and	 is	 preferred	 for	 mercury	 vapor	 poisoning.	 DMSA	 may
enhance	 urinary	 mercury	 excretion	 and	 reduce	 nephrotoxicity	 after	 GI
absorption	 of	 elemental	 mercury	 as	 well.	 The	 initial	 recommended	 dose	 of
DMSA	is	10	mg	per	kg	every	8	hours,	tapering	to	every	12	hours	during	the	next
several	 days.	 DMSA	 can	 be	 administered	 via	 nasogastric	 tube	 in	 severe
poisoning	cases	in	which	endotracheal	intubation	is	required.

The	 therapeutic	 end	 points	 of	 chelation	 are	 poorly	 defined.	 The	 enhanced
urinary	mercury	excretion	is	probably	the	only	objectively	measurable	marker	of
the	effectiveness	of	chelation	therapy.	A	potential	end	point	for	chelation	may	be
when	 the	 patient’s	 urinary	 mercury	 concentration	 approaches	 reference	 range.
Although	the	use	of	chelators	is	recommended	to	increase	excretion	and	relieve
target	organs	of	metal	burden,	the	use	of	BAL	has	not	been	proven	to	affect	the
course	 of	 elemental	 mercury–induced	 respiratory	 failure,	 and	 the	 effect	 of
DMSA	on	clinical	outcomes	has	not	yet	been	fully	studied.

There	 does	 not	 appear	 to	 be	 a	 role	 for	 multiple-dose	 activated	 charcoal,
hemoperfusion,	or	hemodialysis	in	removing	elemental	mercury.

Inorganic	Mercury
Acute	 inorganic	 mercury	 poisoning	 is	 usually	 the	 result	 of	 intentional	 or
accidental	ingestion.	Most	of	the	literature	on	inorganic	mercury	poisoning	deals
with	mercuric	chloride	(mercuric	bichloride	[HgCl2]),	with	the	lethal	adult	dose
estimated	to	be	between	1	and	4	g.

Mercurials	 are	 present	 in	 medications	 (antiparasitics,	 antihelmintics,
antiseptics,	 antipruritics,	 and	 disinfectants),	 paints,	 stool	 fixatives,	 permanent-
wave	 solutions,	 teething	 powder,	 button	 batteries,	 fungicides/biocides,	 folk
remedies	 (Mexican	 American	 treatments	 for	 empacho,	 a	 chronic	 stomach
ailment,	 and	 Asian,	 particularly	 Chinese,	 herbal	 or	 patent	 medications),	 and
compounds	 used	 in	 occult	 practices.	 Although	 mercurial	 medications	 have
largely	been	replaced	by	less	toxic	drugs,	topical	antiseptics	containing	mercury
(eg,	merbromin)	are	still	used.

Pharmacology
Absorption	 of	 inorganic	 mercury	 salt	 from	 the	 GI	 tract	 is	 probably	 dose
dependent.	 After	 absorption,	 the	 salt	 dissociates	 into	 the	 ionic	 form	 and	 is



initially	distributed	between	RBCs	and	plasma.	Distribution	of	mercury	within
the	 body	 and	 within	 the	 organs	 varies	 widely.	 It	 has	 been	 demonstrated	 by
animal	 autoradiographic	 study	 that	mercuric	 ion	accumulates	predominantly	 in
the	 renal	 cortex.	Mercury	 ions	 do	 not	 appear	 to	 significantly	 cross	 the	 blood-
brain	 barrier	 or	 the	 placental	 barrier.	 However,	 on	 the	 basis	 of	 the
autoradiographic	study,	the	brain	does	slowly	take	up	mercury	and	retains	it	for	a
relatively	 longer	 time.42	Mercury	 ions	 are	 eliminated	 from	 the	body	mainly	by
the	urinary	and	fecal	routes.	The	rate	of	excretion	is	dose	dependent.	Inorganic
mercury	follows	a	biphasic	elimination	rate,	initially	rapid	and	then	slow,	with	a
biologic	half-life	of	about	60	days	for	humans.

Mercury	ions	have	an	affinity	for	the	sulfhydryl	moieties	of	proteins,	leading
to	nonspecific	inhibition	of	enzyme	systems	and	pathologic	alteration	of	cellular
membranes;	 similarly,	 mercury	 ions	 have	 been	 shown	 to	 bind	 to	 selenium	 in
selenoproteins	 leading	 to	 disruption	 of	 oxidation-reduction	 homeostasis.	 In
addition,	inorganic	mercurials	are	highly	corrosive.

Clinical	Toxicity
The	 clinical	 effects	 of	 acute	 inorganic	 mercury	 poisoning	 can	 be	 primarily
divided	into	injury	that	occurs	at	the	site	of	absorption	(the	GI	tract)	and	injury
that	 occurs	 at	 the	 site	 of	 excretion	 (the	 kidneys).	 The	 CNS	 is	 usually	 spared
because	only	 small	 amounts	 of	mercuric	 ion	 can	 cross	 the	 blood-brain	 barrier.
However,	 cases	 of	 CNS	 toxicity	 have	 been	 described	 with	 chronic	 mercury
ingestion.

Inorganic	mercury	is	highly	caustic	and	can	cause	damage	throughout	GI	tract
following	 ingestion.	Depending	on	 the	amount	 ingested,	 the	GI	 symptoms	 that
follow	may	 vary	 from	 stomatitis,	 necrotizing	 esophagitis,	 gastritis,	 and	 severe
necrotizing	ulceration	of	the	intestinal	mucosa,	which	can	be	fatal	within	a	few
hours.	 Postmortem	 examination	 of	 patients	 who	 died	 within	 48	 hours	 of
inorganic	mercury	 ingestion	 showed	 severe	 hemorrhagic	 necrosis	 of	 the	 upper
GI	 wall.	 Ingestion	 of	 100	 mg	 of	 inorganic	 mercury	 has	 been	 reported	 to	 be
associated	with	a	bitter	metallic	taste	in	the	mouth,	a	sense	of	constriction	about
the	 throat,	 substernal	 burning,	 gastritis,	 abdominal	 pain,	 nausea,	 and	vomiting.
Abrupt	onset	of	hematemesis,	 hemorrhagic	gastroenteritis,	 and	abdominal	pain
are	 expected	 following	 a	 serious	 acute	 ingestion,	 and	 intestinal	 necrosis	 may
ensue.	In	addition,	massive	bleeding	from	the	colon	has	been	reported	as	late	as
8	 to	9	days	post	 ingestion.	Most	of	 the	bleeding	came	from	 the	 rectum,	which
was	the	most	severely	involved	section	of	the	colon.	Such	injuries	to	the	GI	tract
can	 lead	 to	 massive	 fluid,	 electrolyte,	 and	 blood	 loss,	 resulting	 in	 shock	 and



death.
Acute	inorganic	mercury	ingestion	may	result	in	acute	tubular	necrosis	of	the

distal	portions	of	the	proximal	convoluted	tubules43,44	that	leads	to	acute	oliguric
renal	 failure	 and	 uremia.	 Invariably,	 patients	 who	 develop	 renal	 involvement
initially	have	severe	GI	symptoms.	Typically,	oliguric	renal	failure	occurs	within
72	hours	of	ingestion,	and,	as	such,	the	initial	GI	symptoms	may	be	resolving	as
renal	 toxicity	 ensues.	 Spontaneous	 resolution	 of	 acute	 toxic	 anuria	 with	 renal
tubular	 regeneration	 may	 be	 expected	 to	 occur	 between	 8	 and	 12	 days	 post
ingestion,45	 with	 clinical	 recovery	 (if	 it	 occurs)	 between	 9	 and	 14	 days	 post
ingestion.

Diagnostic	Evaluation
Diagnosis	depends	on	the	integration	of	characteristic	findings	with	a	history	of
known	 or	 potential	 exposure	 and	 the	 presence	 of	 an	 elevated	 whole	 blood
mercury	 concentration	 and	 elevated	 urinary	 mercury	 excretion.	 Abdominal
imaging	can	visualize	inorganic	mercury	as	radiopaque	foreign	bodies	in	the	GI
tract.	However,	a	negative	imaging	study	is	nondiagnostic.

Whole	blood	and	urinary	mercury	concentrations	 (see	“Elemental	Mercury”
section)	 are	 useful	 for	 confirming	 exposure.	 Whole	 blood	 mercury
concentrations	 >50	 µg	 per	 dL	 in	 acute	 inorganic	mercury	 poisoning	 are	 often
associated	with	gastroenteritis	and	acute	renal	tubular	necrosis.

Management
1 	 General	 management	 considerations	 are	 the	 same	 as	 for	 elemental	 mercury
poisoning.	For	patients	presenting	after	an	acute	 ingestion,	GI	decontamination
should	be	performed	as	soon	as	possible	to	minimize	absorption	and	decrease	the
corrosive	 effect	 of	 the	 ingested	 inorganic	 salt.	 As	 with	 the	 ingestion	 of	 any
corrosive	substance,	inducing	emesis	is	discouraged.	Elective	tracheal	intubation
may	be	prudent	before	attempting	GI	decontamination.	Gastric	lavage	should	be
performed	with	caution	as	the	GI	tract	may	have	already	been	severely	damaged.
Although	theoretically	reasonable	but	not	rigorously	studied,	the	use	of	a	protein
gastric	lavage	solution	(1	pint	of	skim	milk	with	50	g	of	glucose,	20	g	of	sodium
bicarbonate,	 and	 3	 eggs	 beaten	 into	 a	 mixture)	 to	 bind	 the	mercury	 has	 been
suggested,	along	with	rinsing	the	stomach	with	egg	white	or	concentrated	human
albumin	 after	 the	 lavage.44	 Activated	 charcoal	 may	 be	 considered	 as	 1	 g	 of
charcoal	is	capable	of	binding	850	mg	of	mercuric	chloride.



In	cases	for	which	there	is	imaging	evidence	of	radiopaque	foreign	bodies	in
the	 GI	 tract	 and	 when	 there	 is	 no	 evidence	 of	 gastroenteritis,	 WBI	 with
polyethylene	glycol	electrolyte	solution	should	be	considered.	Repeat	abdominal
imaging	studies	may	be	used	to	document	the	effectiveness	of	WBI.

GI	injury	may	result	in	severe	fluid,	electrolyte,	and	blood	loss,	and	attention
should	be	given	to	monitoring	the	patient’s	volume	status.	Replace	intravascular
and	GI	losses	by	the	administration	of	crystalloids,	colloids,	and	blood	products.
An	 indwelling	 Foley	 catheter	 should	 be	 placed	 to	 carefully	monitor	 the	 urine
output,	 which	 should	 be	 maintained	 at	 2	 to	 3	 mL/kg/h.	 It	 is	 important	 to
distinguish	between	oliguria	due	to	inadequate	volume	resuscitation	and	oliguria
due	 to	 toxic	 nephropathy	 resulting	 in	 renal	 failure.	 Invasive	 hemodynamic
monitoring	may	be	necessary.

Endoscopy	is	recommended	when	corrosive	injury	(drooling,	dysphagia,	and
abdominal	pain)	is	suspected.	Aggressive	surgical	intervention	may	be	required
when	 there	 is	 severe	 gastric	 necrosis	 or	 when	 hemorrhagic	 ulcerative	 colitis
becomes	 life	 threatening.	 It	 has	 been	 suggested	 that	 the	 rectum	 should	 be
resected	at	the	time	of	colectomy	when	it	is	indicated	for	controlling	hemorrhage
from	the	colon.43

2 	 BAL	 and	 DMSA	 (see	 “Arsenic”	 and	 “Lead”	 sections)	 are	 the	 chelating
agents	 of	 choice.	 The	 effectiveness	 of	 BAL	 depends	 on	 the	 promptness	 of	 its
administration	and	the	administration	of	an	adequate	dose.	BAL	is	most	effective
if	 given	 within	 4	 hours	 of	 ingestion.46	 Prompt	 intervention	 is	 paramount	 in
reducing	 renal	 injury,	 and	 so	 expedient	 chelation	 therapy	would	 be	 prudent	 in
suspected	cases	of	acute	 inorganic	mercury	poisoning.	Chelation	should	not	be
withheld	 while	 waiting	 for	 laboratory	 confirmation	 of	 mercury	 poisoning.
DMSA	 is	 also	 effective,	 but	 the	 capacity	of	 a	 compromised	GI	 tract	 to	 absorb
orally	 administered	 DMSA	 may	 be	 very	 much	 impaired	 following	 a	 serious
inorganic	mercury	ingestion.	Once	the	GI	tract	is	functional	and	cardiovascular
system	has	been	stabilized,	chelation	with	DMSA	may	be	substituted	for	BAL.

Once	renal	damage	has	occurred	from	inorganic	mercury	poisoning,	therapy
should	be	directed	at	the	acute	renal	failure	that	may	ensue.	Hemodialysis	should
be	used	to	support	the	patient	through	the	oliguric	or	anuric	renal	failure	period.
A	potential	problem	arises	with	continued	BAL	therapy	in	patients	who	develop
renal	 insufficiency	 because	 the	 kidneys	 are	 one	 of	 the	 main	 routes	 by	 which
BAL-Hg	is	eliminated.	In	such	circumstances,	BAL	therapy	may	be	judiciously
continued	 as	 there	 is	 some	 evidence	 from	 animal	 studies	 that	 a	 significant
fraction	 of	 BAL-Hg	 is	 also	 excreted	 in	 the	 bile.	 Some	 studies	 suggest
hemodialysis	may	contribute	to	the	elimination	of	BAL-Hg	in	patients	with	renal
failure.	 For	 a	 patient	 who	 has	 renal	 failure	 but	 is	 otherwise	 stable	 and	 has	 a



functional	GI	tract,	DMSA	is	an	alternative	to	BAL.

Organic	Mercury
The	organomercurials	are	compounds	in	which	the	mercury	atom	is	joined	to	a
carbon	atom	via	a	covalent	bond.	It	is	the	relative	stability	of	this	covalent	bond
that	 determines	 the	 toxicology	 of	 the	 organic	 mercury	 compounds.	 The
organomercurials	 can	 be	 classified	 as	 short-chain	 alkyl	 (methyl-,	 ethyl-,	 and
propylmercury),	 long-chain	 alkyl,	 and	 aryl	 (phenyl)	 mercury	 compounds.	 In
general,	 the	 short-chain	 alkyl	 group,	 particularly	methylmercury,	 is	 considered
the	most	toxic;	acute	ingestion	of	10	to	60	mg	per	kg	of	methylmercury	may	be
lethal,	 and	 chronic	 daily	 ingestion	 of	 10	 µg	 per	 kg	 may	 be	 associated	 with
adverse	 neurologic	 and	 reproductive	 effects.	 In	 contrast,	 the	 carbon-mercury
bond	 in	 long-chain	 and	 aryl	 mercury	 compounds	 is	 much	 less	 stable	 than	 in
short-chain	alkyl	compounds.	The	carbon-mercury	bonds	of	long-chain	and	aryl
mercury	compounds	are	quickly	cleaved,	releasing	inorganic	mercury.	As	such,
the	 toxicity	 profile	 of	 long-chain	 and	 aryl	mercury	 compounds	 largely	mirrors
that	 of	 inorganic	 mercury	 outside	 of	 the	 initial	 absorptive	 phase	 (the
organification	 of	 long-chain	 and	 aryl	 mercury	 compounds	 minimizes	 the
otherwise	caustic	effects	of	inorganic	mercury).

Potential	 sources	 of	 organic	 mercury	 include	 herbicides,	 fungicides,
germicides,	and	timber	preservative.	In	the	general	population,	the	major	source
of	exposure	to	methylmercury	is	through	the	consumption	of	predacious	fish	(eg,
pike,	tuna,	swordfish).	Major	incidents	of	human	poisoning	with	methylmercury
have	occurred	(Minamata	and	Iraq	epidemics)	with	devastating	outcomes.

Pharmacology
Organic	mercury	antiseptics	undergo	 limited	skin	penetration;	however,	 in	 rare
cases,	such	as	topical	application	to	an	infected	omphalocele,	dermal	absorption
can	occur.

Methylmercury	 is	 well	 absorbed	 after	 inhalation,	 ingestion,	 and	 probably
dermal	exposure.	It	is	widely	distributed	throughout	the	body.	In	the	blood,	more
than	90%	is	found	in	the	RBCs,	with	whole	blood-to-plasma	ratios	of	200:1	to
300:1.47	 Methylmercury	 is	 present	 in	 the	 body	 as	 water-soluble	 complexes
mainly	attached	to	thiol	ligands	and	is	highly	mobile,	readily	crossing	the	blood-
brain	 and	 placental	 barriers.	 It	 enters	 the	 endothelial	 cells	 of	 the	 blood-brain
barrier	 as	 a	 specific	 complex	 with	 l-cysteine.	 This	 L-cysteine	 complex	 is



structurally	 similar	 to	 the	 large	 neutral	 amino	 acid	 l-methionine	 and	 is	 carried
across	 the	 cell	 membrane	 on	 the	 large	 neutral	 amino	 acid	 carrier.48
Methylmercury	is	transported	out	of	mammalian	cells	as	a	complex	with	reduced
glutathione	 and	 is	 secreted	 into	 bile.	 The	 glutathione	 moiety	 is	 degraded,
releasing	 the	 methylmercury-cysteine	 complex.	 This	 complex,	 in	 part,	 is
reabsorbed	 back	 into	 the	 bloodstream,	 and	 in	 part	 secreted	 into	 the	 intestinal
tract.	Once	in	the	intestinal	tract	it	is	in	part	reabsorbed	into	the	portal	circulation
and	 in	 part	 demethylated	 by	 intestinal	 microflora,	 thereby	 completing	 the
enterohepatic	 cycle.49	 Extensive	 enterohepatic	 recirculation	 in	 the	GI	 tract	 has
been	 demonstrated	 to	 occur	 with	 methylmercury.50	 The	 major	 route	 of
methylmercury	 excretion	 is	 in	 the	 feces,	 with	 less	 than	 10%	 appearing	 in	 the
urine.	In	humans,	about	10%	of	the	body’s	methylmercury	burden	is	in	the	CNS
and	the	biologic	half-life	of	methylmercury	is	45	to	70	days.

The	 CNS	 is	 particularly	 vulnerable	 to	 the	 toxic	 effects	 of	 methylmercury.
Methylmercury	 has	 been	 shown	 to	 alter	 brain	 ornithine	 decarboxylase,	 an
enzyme	associated	with	cellular	maturity,	and	neurotransmitter	uptake	at	the	pre-
and	 postsynaptic	 adrenergic	 receptor	 sites.	 In	 addition,	 methylmercury	 is	 a
potent	teratogen	and	reproductive	toxin.	Developmental	toxicity	is	due	in	part	to
methylmercury’s	disruption	of	microtubule	assembly,	which	in	turn	disrupts	cell
division	and	cell	migration.33

Clinical	Toxicity
Most	 of	 the	 detailed	 information	 regarding	 toxicity	 has	 been	 derived	 from
methylmercury	 poisoning	 cases.	 Methylmercury	 is	 a	 cumulative	 poison,
primarily	 affecting	 the	CNS.	There	 does	 not	 appear	 to	 be	 a	 distinct	 difference
between	 acute	 and	 chronic	 methylmercury	 poisoning.	 Following	 acute
methylmercury	intoxication,	symptoms	are	usually	delayed	for	several	weeks	or
months.	The	classic	triad	of	methylmercury	poisoning	is	dysarthria,	ataxia,	and
constricted	 visual	 fields.51	 Other	 signs	 and	 symptoms	 include	 paresthesias,
hearing	 impairment,	 progressive	 incoordination,	 loss	 of	 voluntary	 movement,
and	 intellectual	 disability.	 Though	 individuals	 poisoned	 with	 methylmercury
may	 experience	 some	 improvement	 of	 these	 symptoms	 over	months	 to	 years,
some	 degree	 of	 permanent	 neurological	 injury	 typically	 occurs.	 Perinatal
exposure	to	methylmercury	has	caused	intellectual	disability	and	a	cerebral	palsy
of	 syndrome	 in	 offspring.	 Ethylmercury	 compounds	 may	 also	 cause
gastroenteritis.



Diagnostic	Evaluation
Diagnosis	depends	on	the	integration	of	characteristic	findings	with	a	history	of
known	 or	 potential	 exposure	 and	 the	 presence	 of	 an	 elevated	 whole	 blood
mercury	 concentration,	 which	 may	 reflect	 recent	 exposure.	 Whole	 blood
mercury	 concentrations	 greater	 than	 20	 µg	 per	 dL	 have	 been	 associated	 with
symptoms.	Hair	 concentrations	 have	 been	 used	 to	 document	 remote	 exposure.
Urinary	mercury	concentrations	are	not	useful.

Management
1 	 General	 management	 considerations	 are	 the	 same	 as	 for	 elemental	 mercury
poisoning.	 Following	 acute	 ingestion	 of	 organic	 mercurials,	 gastric	 lavage
should	be	performed.	Administration	of	activated	charcoal	may	be	of	benefit.	A
successful	way	to	increase	the	rate	of	methylmercury	excretion	is	to	introduce	a
nonabsorbable	mercury-binding	substance	(polythiol	resin)	into	the	GI	tract	so	as
to	 interrupt	 the	enterohepatic	 recirculation	of	methylmercury.52,53	Repeated	oral
administration	 of	 a	 polythiol	 resin	 in	 methylmercury	 intoxication	 may	 be
beneficial.

Limited	 data	 suggest	 that	 oral	 neostigmine	may	 improve	motor	 strength	 in
patients	with	moderate-to-severe	chronic	methylmercury	intoxication.	DMSA	is
the	 preferred	 chelating	 agent.	 BAL	 appears	 to	 be	 ineffective	 in	 treating
neurologic	signs	and	symptoms	of	methylmercury	poisoning.	In	addition,	animal
studies	show	that	BAL	may	redistribute	mercury	 to	 the	brain	from	other	 tissue
sites.39-41	In	contrast,	DMSA	was	effective	for	reducing	the	brain	concentration	of
methylmercury,	and	DMSA	prevented	the	development	of	cerebellar	damage	of
methylmercury-poisoned	 animals.54	 However,	 among	 humans,	 the	 effect	 of
DMSA	on	clinical	outcomes	has	not	yet	been	fully	studied.

Hemodialysis	is	of	little	value	because	methylmercury	has	a	large	volume	of
distribution,	 and	 a	 considerable	 amount	 of	 methylmercury	 resides	 within	 the
RBCs.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	39-year-old	man	presents	to	the	emergency	department	with	nausea,
vomiting,	diarrhea,	abdominal	pain,	and	dark	colored	urine	that	has	persisted	for



the	past	12	hours.	He	has	been	generally	healthy	aside	from	an	episode	of	acute
appendicitis	6	years	ago	that	resulted	in	an	appendectomy.	His	social	history	is
notable	for	occasional	ethanol	consumption	(he	reports	2-3	beers	per	month).	He
works	as	a	smelter.	On	physical	examination,	his	heart	rate	is	114	beats	per
minute	and	the	remainder	of	his	physical	examination	is	normal.	He	is
uncomfortable,	intermittently	retching,	with	a	dusky,	bronze	tint	to	his	skin.	His
abdomen	is	soft,	nondistended,	nontender,	and	without	organomegaly.	A
complete	blood	count	is	notable	for	a	hemoglobin	of	8.6	g/dL	and	a	blood	smear
demonstrates	anisocytosis	and	poikilocytosis.	Which	one	of	the	following
treatment	options	is	the	most	appropriate	for	this	patient?

A. 	British	anti-Lewisite	(BAL)
B. 	Calcium	disodium	edetate	(CaEDTA)
C. 	Exchange	transfusion
D. 	2,3-Dimercaptosuccinic	acid	(DMSA)

2. 	A	26-year-old	woman,	her	29-year-old	husband,	and	their	22-month-old
daughter	present	to	the	emergency	department	for	evaluation.	All	have	felt	ill	for
the	past	2	days	with	fever,	cough,	vomiting,	and	diarrhea.	All	were	previously
healthy.	They	recently	moved	into	a	small	room	heated	by	a	radiator	above	the
maternal	grandfather’s	garage,	as	they	recently	lost	their	own	housing.	In	the
room	were	several	open	and	unmarked	containers	situated	on	top	of	the	radiator.
The	parents	moved	these	to	a	high	shelf	out	of	the	child’s	reach	and	are
confident	she	did	not	ingest	anything.	On	physical	exam,	all	three	are	febrile,
tachycardic,	and	tachypneic,	with	coarse	breath	sounds	on	lung	auscultation.
Which	one	of	the	following	investigations	is	most	likely	to	establish	the	correct
diagnosis?

A. 	24-hour	urine	mercury	excretion
B. 	24-hour	urine	total	arsenic	concentrations
C. 	Heavy	metal	content	in	hair	and	nail	segments
D. 	Whole	blood	lead	concentrations

3. 	A	53-year-old	man	with	hypertension	is	admitted	to	the	intensive	care	unit
for	altered	mental	status.	His	wife	reports	that	for	several	months	her	husband
has	been	complaining	of	headaches,	difficulty	concentrating,	myalgias	and
difficulty	sleeping,	and	has	overall	seemed	withdrawn.	He	has	had	chronic
constipation	for	years	that	has	been	manageable	with	fiber	supplementation,	but
more	recently	has	become	worse	and	accompanied	by	intermittent,	severe



abdominal	cramping.	Today,	he	became	acutely	confused	and	seemed	unsteady
on	his	feet,	so	his	wife	brought	him	in	for	evaluation.	On	physical	examination,
his	vital	signs	are	remarkable	for	a	blood	pressure	of	148/92	mmHg.	He	is	alert
but	disoriented,	is	tremulous	with	a	wide-based	gait,	and	has	a	benign	abdominal
examination.	Laboratory	investigations	reveal	a	creatinine	of	2.3	mg/dL	and	a
hemoglobin	of	9.1	g/dL.	Which	one	of	the	following	would	explain	these
findings?

A. 	Patient	is	a	pescatarian	and	particularly	favors	large	predatory	fish
B. 	Patient	works	in	a	battery	manufacturing	plant
C. 	Patient	is	a	dentist	and	regularly	prepares	“silver	fillings”	as	dental
amalgams
D. 	Patient	takes	traditional	Chinese	medicine	containing	cinnabar	for
insomnia

Answers

1.	The	correct	answer	is	C.
Rationale:	The	patient’s	 clinical	 presentation	of	 abdominal	 pain	 and	bronze

skin,	 along	 with	 laboratory	 evidence	 of	 hemolysis,	 in	 a	 smelter	 worker,	 is
consistent	 with	 arsine	 toxicity.	 Of	 the	 treatment	 options,	 only	 exchange
transfusion	 is	 an	 appropriate	 therapeutic	 intervention	 (choice	 C	 is	 correct).
British	 anti-Lewisite	 has	 not	 been	 shown	 to	 be	 beneficial	 in	 cases	 of	 acute
hemolytic	 anemia	 due	 to	 arsine	 toxicity,	 though	 it	 is	 used	 in	 other	 forms	 of
arsenic	 poisoning	 (choice	 A	 is	 incorrect).	 Calcium	 disodium	 edetate	 is
appropriate	for	the	treatment	of	lead	poisoning,	not	arsine	poisoning	(choice	B	is
incorrect).	 2,3-Dimercaptosuccinic	 acid	 is	 used	 for	 mercury	 poisoning	 or	 less
severe	poisoning	from	lead	or	other	forms	of	arsenic	but	would	be	inappropriate
treatment	for	arsine	gas	poisoning	(choice	D	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	This	presentation	is	consistent	with	exposure	to	mercury	vapor	in

the	small,	enclosed	space	over	a	few	days.	Fever,	cough,	vomiting,	and	diarrhea
are	nonspecific	signs	and	symptoms	and	could	be	due	to	an	infectious	etiology,
but	all	answer	choices	relate	to	poisoning.	Arsenic	poisoning	would	have	severe
gastrointestinal	symptoms	as	the	initial	clinical	manifestation	and	would	not	be
expected	to	cause	fever	(choice	B	is	incorrect).	Testing	for	heavy	metals	in	hair
and	nail	segments	is	sometimes	useful	in	documenting	remote	exposures	but	is



inappropriate	 for	 investigating	 the	 acute	 exposures	 in	 this	 clinical	 scenario
(choice	C	is	incorrect).	Lead	poisoning	can	present	with	a	variety	of	nonspecific
symptoms	 that	 may	 overlap	 some	 with	 elemental	 mercury	 vapor	 poisoning.
However,	lead	poisoning	would	not	be	expected	to	cause	fever	or	cough	(choice
D	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	This	case	describes	 lead	 toxicity.	Of	all	 the	answer	choices,	only

working	 in	 a	 battery	 manufacturing	 plant	 would	 put	 this	 patient	 at	 risk	 for
significant	lead	exposure	(choice	B	is	correct).	A	diet	heavy	in	large,	predatory
fish	would	 exposure	 the	patient	 to	 a	 variety	 of	 heavy	metals	 including	 arsenic
and	 mercury.	 Though	 lead	 does	 bioaccumulate	 in	 large	 predatory	 fish,	 it	 is
primarily	concentrated	outside	of	the	muscle,	so	heavy	consumption	of	fish	meat
is	 not	 a	 significant	 risk	 factor	 for	 lead	 toxicity	 (choice	 A	 is	 incorrect).	 Silver
fillings	 used	 as	 dental	 amalgams	 contain	 mercury,	 not	 lead	 (choice	 C	 is
incorrect).	 While	 lead	 may	 be	 present	 in	 some	 traditional	 remedies,	 cinnabar
contains	mercury	(choice	D	is	incorrect).
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Chapter	112
Hydrocarbon	Poisoning
William	J.	Lewander,	Alfred	Aleguas

KEY	POINTS:
1.	 Hydrocarbons	are	a	group	of	organic	compounds	composed

primarily	of	hydrogen	and	carbon.	Although	often	mixtures,
hydrocarbons	may	be	divided	into	four	basic	types:	aliphatic,
halogenated,	aromatic,	and	terpene.

2.	 Hydrocarbon	exposures	are	frequent	and	account	for	an	inordinate
number	of	health	care	visits	and	hospital	admissions.

3.	 After	ingestion,	the	major	toxicity	of	petroleum	distillates	is	their
potential	to	cause	a	fulminant,	and	sometimes	fatal,	chemical
pneumonitis.	Aspiration	of	even	small	amounts	may	produce	severe
pulmonary	toxicity.

4.	 Halogenated	hydrocarbons	pose	an	aspiration	risk,	are	readily
absorbed,	and	can	cause	systemic	toxicities,	most	notably	of	the
CNS,	cardiovascular,	hepatic,	and	renal	systems.

5.	 Aromatic	hydrocarbons	include	benzene,	toluene,	xylene,	diphenyl,
phenol,	and	styrene,	and	have	both	acute	and	chronic	effects.

6.	 Terpenes	include	turpentine,	pine	oil,	and	camphor	and	their
toxicities	almost	always	result	from	ingestion.

INTRODUCTION
1 	 Hydrocarbons	 are	 a	 group	 of	 organic	 compounds	 composed	 primarily	 of
hydrogen	 and	 carbon.	Although	 often	mixtures,	 hydrocarbons	may	 be	 divided
into	four	basic	types:	aliphatic,	halogenated,	aromatic,	and	terpene.

2 	Hydrocarbon	exposures	are	frequent	and	account	for	an	inordinate	number



of	 health	 care	 visits	 and	 hospital	 admissions.	 The	 American	 Association	 of
Poison	 Control	 Centers	 reported	 30,969	 hydrocarbon	 exposures	 in	 2019.1
Twenty-five	percent	were	seen	in	a	health	care	facility,	and	there	were	18	deaths.
More	than	25%	of	total	exposures	occurred	in	children	younger	than	6	years	of
age	and	involved	ingestions,	and	most	of	these	were	accidental.	Over	5%	of	the
fatalities	in	this	age	group	were	related	to	hydrocarbons	during	the	year	of	 this
report	.1

Storage	in	unmarked,	readily	accessible	containers	and	an	attractive	color	or
aroma	 account	 for	 the	 high	 percentage	 of	 exposures	 among	 young	 children.
Among	 adolescents	 and	 adults,	 poisoning	 generally	 results	 from	 inhalational
abuse,	 occupational	 exposure,	 intentional	 ingestion,	 or	 accidental	 aspiration
during	 the	siphoning	of	 fuels.	Cutaneous	and	even	 intravenous	exposures	have
also	 been	 described.	 Intentional	 ingestions	 by	 adults	 usually	 involve	 larger
volumes,	 and	 there	 is	 a	 much	 greater	 likelihood	 of	 other	 coingested	 drugs	 or
toxins.	The	majority	of	deaths	are	caused	by	intentional	inhalational	abuse.

ALIPHATIC	HYDROCARBONS
Aliphatic	 hydrocarbons,	 known	 as	 petroleum	 distillates,	 are	 straight-chain
compounds	produced	from	the	fractional	distillation	of	natural	petroleum	(Table
112.1).	They	are	the	most	common	cause	of	hydrocarbon	poisoning.

TABLE	112.1

Common	Petroleum	Distillates

Product Synonym Main	Use

Gasoline Petroleum	spirits Fuel

Petroleum	naphtha	fluid Ligroin Cigarette	lighter

VM&P	naphtha	thinner Varnish	naphtha Paint	or	varnish

Mineral	spirits Painter’s	naphtha Dry	cleaner

Stoddard	solvent Solvent

White	spirits Paint	thinner



Varsol

Mineral	turpentine

Petroleum	spirits

Kerosene	fluid Coal	oil Charcoal	lighter

Solvent

Fuel	for	stoves,	lamps

Fuel	oil Home	heating	oil Fuel

Diesel	oil Gas	oil Furniture	polish

VM&P,	varnish	makers’	and	painters’

3 	After	ingestion,	the	major	toxicity	of	petroleum	distillates	is	their	potential
to	cause	a	fulminant,	and	sometimes	fatal,	chemical	pneumonitis.	Aspiration	of
even	small	amounts	may	produce	severe	pulmonary	toxicity.	Although	vomiting
often	precedes	and	precipitates	aspiration,	lack	of	vomiting	does	not	preclude	the
possibility	that	aspiration	has	occurred.	Little	or	no	systemic	toxicity	occurs	even
with	intragastric	administration	of	large	doses	(12-18	mL	per	kg).2

The	 risk	of	 aspiration	 increases	with	 lower	viscosity,	 lower	 surface	 tension,
and	higher	volatility.	Viscosity,	the	tendency	to	resist	flow,	is	the	most	important
property	 determining	 aspiration	 potential.3	 Substances	 with	 low	 viscosity	 (eg,
gasoline,	 mineral	 seal	 oil,	 and	 kerosene)	 have	 a	 high	 aspiration	 potential,
whereas	 those	 with	 high	 viscosity	 (eg,	 mineral	 oil	 and	 fuel	 oil)	 have	 a	 lower
potential	for	aspiration.	Reduced	surface	tension	may	also	allow	a	substance	to
spread	 rapidly	 from	 the	 upper	 gastrointestinal	 (GI)	 tract	 to	 the	 trachea.	 High
volatility	 (tendency	 of	 a	 liquid	 to	 become	 a	 gas)	 increases	 the	 likelihood	 of
pulmonary	absorption.

Aspirated	petroleum	distillates	inhibit	 the	function	of	surfactant,	resulting	in
alveolar	collapse,	ventilation-perfusion	mismatch,	and	subsequent	hypoxemia.	In
addition,	 bronchospasm	 and	 direct	 capillary	 damage	 lead	 to	 a	 chemical
pneumonitis	 and	 hemorrhagic	 bronchitis–alveolitis.3,4	 In	 animals	 exposed	 to
kerosene,	 acute	 alveolitis	 peaked	 at	 3	 days	 and	 resolved	 by	 10	 days.4
Histologically,	a	chronic	proliferative	process	occurred,	peaking	at	10	days	and
resolving	 over	 several	 weeks.	 When	 highly	 viscous	 petroleum	 distillates	 are
aspirated,	 a	 less	 inflammatory,	more	 localized,	 and	 indolent	 lipoid	 pneumonia



may	occur.5
Following	ingestion	of	aliphatic	hydrocarbons,	central	nervous	system	(CNS)

manifestations	 result	 principally	 from	 hypoxia	 and	 acidosis	 caused	 by
pulmonary	 toxicity.6	Although	 systemic	 toxicity	 is	 uncommon,	 it	may	 be	 seen
when	 the	petroleum	distillate	 is	a	vehicle	 for	more	 toxic	substances	 (eg,	heavy
metal	 and	 pesticide),	 if	 it	 contains	 additives,	 or	 if	 a	 concomitant	 or	 massive
ingestion	 has	 occurred.7	 Cardiovascular,	 hepatic,	 renal,	 and	 hematological
toxicities	depend	on	the	specific	toxic	substance	involved.

Use	 of	 aliphatic	 hydrocarbons	 as	 volatile	 substances	 of	 abuse	 (VSA)	 is	 a
serious	and	growing	problem.	It	is	most	often	seen	among	adolescents	who	use
VSA	as	an	easily	available,	legal,	and	affordable	substitute	for	other	intoxicants.8
The	 most	 common	 aliphatic	 VSA	 are	 n-hexane,	 n-butane,	 isobutane,	 and
propane—ingredients	 of	 adhesives,	 aerosols,	 liquefied	 petroleum	 gas	 (ie,
cigarette	 lighter	 refills	and	camp	stoves),	 and	gasoline.	 Inhalation	may	 involve
sniffing,	 “huffing”	 (spraying	 the	 solvent	 onto	 a	 cloth	 held	 to	 the	 mouth	 and
nose),	“bagging”	(spraying	the	solvent	into	a	paper	or	plastic	bag	and	repeatedly
inhaling	the	vapors),	or	a	variant	of	these	techniques.8	These	highly	lipid-soluble
substances	 are	 rapidly	 absorbed	 through	 the	 lungs	 and	 distributed	 to	 the	CNS
and	 fatty	 tissues.9	 The	 onset	 of	 symptoms	 occurs	 in	 seconds	 to	minutes,	 with
peak	 effects	 occurring	 somewhat	 later	 owing	 to	 slower	 diffusion	 into	 tissues.
Elimination	of	aliphatic	hydrocarbon	VSA	is	primarily	by	pulmonary	excretion,
and	 successive	 oxidation	 and	metabolism	by	 hepatic	 cytochrome	P450	mixed-
function	oxidases.9

Aliphatic	VSA	toxicity	includes	acute	and	chronic	neurological	dysfunction;
asphyxia;	 cardiovascular	 abnormalities;	 and	 pulmonary,	 GI,	 and	 cutaneous
irritation.	 CNS	 toxicities	 range	 from	 stimulation	 at	 initial	 or	 low	 doses	 to	 a
depressant	 effect,	 with	 general	 inhibition	 of	 cortical	 function	 at	 high	 doses.10
Peripheral	 neuropathy	 and	 irreversible	 CNS	 damage	 have	 been	 reported.11,12
Inhaled	aliphatic	hydrocarbons	are	asphyxiants	 (as	well	as	pulmonary	 irritants)
and	 may	 cause	 hypoxemia	 by	 decreasing	 the	 partial	 pressure	 of	 oxygen	 in
inspired	 air.	 Their	 arrhythmogenic	 effects	 are	 thought	 to	 be	 owing	 to	 their
potentiation	 of	 endogenous	 catecholamines	 (cardiac	 sensitization),	 which	 may
promote	 dysrhythmias	 (eg,	 ventricular	 tachycardia	 or	 fibrillation).13	 Additional
factors	 such	 as	 hypoxia,	 acidosis,	 electrolyte	 abnormalities,	 and	 underlying
cardiac	conditions	may	contribute	to	arrhythmias.	Dermal	and	mucosal	irritation
is	due	to	their	ability	to	dissolve	lipids	after	prolonged	or	high-dose	exposure.14
Deaths	associated	with	inhalational	abuse	may	result	from	coma	with	respiratory
depression,	 aspiration,	 or	 injuries	 incurred	 while	 intoxicated	 as	 well	 as	 from
cardiac	arrhythmias.15



Clinical	Manifestations
The	clinical	course	after	the	ingestion	of	petroleum	distillates	primarily	depends
on	 the	 presence	 or	 absence	 of	 concomitant	 aspiration	 and	 its	 severity.	 The
patients	who	aspirate	generally	demonstrate	symptoms	within	30	minutes;	those
who	 do	 not	 have	 symptoms	 within	 6	 hours	 will	 remain	 asymptomatic.16
Presenting	 signs	 and	 symptoms	 usually	 involve	 three	 main	 organ	 systems:
pulmonary,	 CNS,	 and	 GI.	 Cardiovascular,	 renal,	 hematologic,	 and	 cutaneous
toxicities	 have	 also	been	 reported.16,17	 In	most	 cases,	 symptoms	 resolve	during
the	next	2	to	5	days	with	supportive	care.16,17

Initial	coughing,	gasping,	and	choking	may	progress	and	peak	during	the	first
24	to	48	hours	to	tachypnea	with	grunting	respirations,	nasal	flaring,	retractions,
and	cyanosis.7,16	The	odor	of	petroleum	distillates	may	be	apparent	on	the	breath.
Wheezing,	 rhonchi,	 and	 rales	may	 be	 heard	 on	 auscultation.	 For	 severe	 cases,
pulmonary	edema	and	hemoptysis	occur.	Arterial	blood	gases	may	demonstrate
hypoxemia	 from	 ventilation-perfusion	 mismatch	 and	 early	 hypocarbia,	 which
progresses	 to	 hypercarbia	 and	 acidosis.	 Abnormalities	 on	 chest	 radiographs
occur	 among	 up	 to	 75%	 of	 hospitalized	 patients,	 appearing	within	 2	 hours	 in
88%	of	the	patients	and	12	hours	in	98%,7,16	but	may	be	delayed	up	to	72	hours.
Early	 radiographic	 abnormalities	 include	 unilateral,	 but	 more	 commonly
bilateral,	basilar	infiltrates	and	fine	punctate	perihilar	densities.	Localized	areas
of	 atelectasis	 are	 often	 present,	whereas	 pleural	 effusions,	 pneumatoceles,	 and
pneumothoraces	 occur	 infrequently.18	 Pneumatoceles	 generally	 occur	 3	 to	 15
days	 after	 ingestion	 and	 resolve	 during	 15	 days	 to	 21	months.19	 Radiographic
findings	 correlate	 poorly	 with	 clinical	 symptoms	 and	 may	 persist	 for	 several
days	 or	 weeks	 after	 symptoms	 have	 resolved.18,19	 Asymptomatic	 patients	 may
have	 abnormal	 chest	 radiographs,	 whereas	 symptomatic	 patients	 may	 have
minimal	or	no	radiographic	abnormalities	early	during	their	course.7

Within	 the	 first	 24	 to	 48	 hours,	 fever	 (38	 °C-39	 °C)	 and	 leukocytosis	 are
common.16	 The	 persistence	 of	 fever	 beyond	 48	 hours	 suggests	 bacterial
superinfection.

CNS	 involvement	 may	 occur	 among	 those	 with	 aspiration-induced
hypoxemia,	 large	 intentional	 ingestions,	 or	 ingestions	 of	mixtures	 that	 contain
other	toxic	agents	(eg,	aromatic	hydrocarbons).	Symptoms	range	from	dizziness
and	lethargy	(91%)	to	somnolence	(5%)	and,	rarely,	coma	(3%)	and	convulsions
(1%).7	 The	 severity	 of	 CNS	 dysfunction	 often	 correlates	 with	 the	 severity	 of
aspiration.

GI	symptoms,	such	as	local	irritation	of	the	oropharynx	(eg,	burning),	nausea,
vomiting,	 and	 abdominal	 pain,	 are	 commonly	 reported.	 Hematemesis	 and



melena	occur	rarely.7	Vomiting	appears	to	increase	the	likelihood	of	aspiration.20
Cardiovascular	toxicity	is	uncommon,	but	dysrhythmias	and	sudden	death	after
gasoline	siphoning	have	been	reported.13,14

Inhalation	 abuse	 may	 present	 with	 a	 range	 of	 acute	 CNS	 manifestations,
including	 dizziness,	 incoordination,	 restlessness,	 excitement,	 euphoria,
confusion,	 hallucinations,	 slurred	 speech,	 and	 coma	 with	 respiratory
depression.10,11	Peripheral	neuropathy	has	been	reported	after	chronic	exposure.11
Pulmonary	toxicity	may	present	as	respiratory	distress	with	cyanosis,	or	syncope
with	 tachycardia	or	bradycardia.	GI	 irritation	may	cause	nausea,	vomiting,	and
abdominal	 pain.	 Dermatologic	 manifestations	 range	 from	 perioral	 frost	 or
pigmentation	(after	direct	inhalation	from	a	container)	to	local	skin	irritation.7

Cases	 of	 acute	 renal	 tubular	 necrosis,21	 hemoglobinuria	 secondary	 to
intravascular	hemolysis,22	severe	burns	after	prolonged	immersion	in	gasoline,23
and	 supraglottitis24	 have	 been	 reported.	 Aliphatic	 hydrocarbons	 are	 highly
flammable,	especially	gasoline,	and	accidental	 thermal	burns	may	occur	during
recreational	 use.25	 Therefore,	 the	 patients	 with	 unexplained	 burns	 should	 be
questioned	 regarding	 possible	 inhalation	 abuse.	 Chronic	 leaded	 gasoline
inhalation	 may	 also	 be	 accompanied	 by	 organolead	 poisoning.26	 Parenteral
administration	 of	 petroleum	 distillates	 has	 caused	 local	 cellulitis,
thrombophlebitis,	 and	 necrotizing	 myositis,	 with	 resultant	 compartment
syndromes.	 Associated	 systemic	 effects	 include	 febrile	 reactions,	 hemorrhagic
pneumonitis,	pulmonary	edema,	seizures,	and	CNS	depression.27,28

Diagnostic	Evaluation
After	 ingestion,	diagnostic	evaluation	 includes	a	 thorough	history	 (eg,	 identity,
amount,	 and	 concentration	 of	 toxin;	 time	 of	 ingestion;	 and	 symptoms	 before
presentation	at	health	care	facility)	and	a	physical	examination	(focusing	on	vital
signs	 and	 the	 respiratory,	 CNS,	 and	 GI	 systems).	 Pulse	 oximetry	 should	 be
monitored	and	a	chest	radiograph	obtained	in	all	symptomatic	patients	and	when
aspiration	 is	 suspected.	 For	 symptomatic	 patients	 or	 those	 who	 have	 ingested
concomitant	 toxins	 or	 toxic	 additives,	 laboratory	 evaluation	 should	 include	 an
arterial	 blood	 gas	 determination;	 complete	 blood	 cell	 count;	 electrolyte,	 blood
urea	nitrogen,	creatinine,	and	glucose	measurements;	 liver	function	tests;	and	a
urinalysis.

Management



The	patients	with	ingestions	who	remain	or	become	asymptomatic	with	a	normal
chest	 radiograph	 (obtained	2	hours	or	more	after	exposure)	may	be	discharged
after	 6	 hours	 of	 observation.	 All	 symptomatic	 patients,	 those	 with	 abnormal
chest	radiographs,	arterial	blood	gases,	or	pulse	oximetry,	and	the	patients	with
suicidal	 intent	 should	 be	 hospitalized.	 Gastric	 decontamination	 is	 not
recommended	 after	 petroleum	 distillate	 ingestion	 because	 absorption	 and
systemic	 toxicity	 are	minimal,	 and	 spontaneous	 or	 induced	 vomiting	 increases
the	 risk	 of	 aspiration	 and	 pneumonitis.29	 Gastric	 decontamination	 is
recommended	only	when	potentially	 toxic	amounts	of	aromatic	or	halogenated
hydrocarbons,	pesticides,	heavy	metals,	or	other	substances	have	been	ingested
within	 1	 to	 2	 hours	 or	 when	 time	 of	 ingestion	 is	 unknown	 and	 there	 are	 no
contradictions.	 Ipecac	 syrup	 is	 not	 recommended	 for	GI	 decontamination.	The
patients	who	are	unconscious,	unable	 to	protect	 the	airway	 (eg,	poor	or	absent
gag	reflex),	or	deteriorating	should	be	intubated	with	a	cuffed	endotracheal	tube
and	 then	 have	 gastric	 aspiration	 or	 lavage	 performed.	 Activated	 charcoal	 and
cathartic	 should	be	considered	when	a	 toxic	additive	 is	present	or	concomitant
ingestion	 has	 occurred.	 If	 cutaneous	 exposure	 has	 occurred,	 contaminated
clothing	 should	 be	 removed	 cautiously,	 and	 the	 skin	 thoroughly	 washed	 with
soap	and	water.7

All	patients	with	respiratory	symptoms	should	be	given	oxygen,	placed	on	a
cardiac	monitor,	and	have	intravenous	access	established.	An	arterial	blood	gas
determination	and	chest	radiograph	should	be	obtained.	The	need	for	intubation
should	be	based	on	clinical	assessment	of	respiratory	distress	and	objective	data
from	 arterial	 blood	 gases	 or	 pulse	 oximetry.	 Chest	 radiographs	 do	 not	 always
correlate	with	clinical	status	and	should	not	be	used	as	the	sole	determinant	for
respiratory	 interventions.	 Noninvasive	 ventilation	 may	 be	 helpful	 for
maintaining	oxygenation,	and	the	patient	should	be	carefully	monitored	for	 the
development	 of	 a	 pneumothorax.	 Bronchospasm	 should	 be	 treated	 with	 β2-
agonist	bronchodilators.13

Supportive	 care	 of	 pneumonitis	 includes	 careful	 monitoring	 of	 acid-base,
fluid,	 and	 electrolyte	 balance	 (eg,	 cautious	 hydration	 to	 avoid	 pulmonary
edema),	 serial	 arterial	 blood	 gases	 or	 pulse	 oximetry,	 and	 chest	 radiograph
evaluation.	 Complete	 blood	 cell	 counts	 with	 differential,	 sputum,	 or	 tracheal
aspirate	Gram	stains	and	cultures	can	assist	with	determining	whether	bacterial
superinfection	has	occurred.	Baseline	renal	and	liver	function	studies	and	a	toxic
screen	 should	 be	 obtained	 if	 toxic	 additives	 or	 concomitant	 ingestion	 is
suspected.	 Animal	 and	 clinical	 investigations	 have	 failed	 to	 demonstrate	 any
beneficial	effect	of	steroid	treatment.30	Two	animal	studies	indicate	that	they	may
be	harmful.31,32	 In	addition,	prophylactic	antibiotics	have	not	been	shown	to	be



helpful.31	 Fever	 and	 leukocytosis	 secondary	 to	 chemical	 pneumonitis	 are
common	during	the	first	24	to	48	hours	in	the	absence	of	superimposed	bacterial
pneumonia.7	 Antibiotics	 should	 be	 given	 only	 to	 patients	 with	 documented
bacterial	 pneumonias	 (based	on	Gram	stain	with	 culture	of	 sputum	or	 tracheal
aspirate	results)	or	worsening	chest	radiograph,	leukocytosis,	and	fever	after	the
first	 40	 hours.7	 Successful	 use	 of	 high-frequency	 percussive	 ventilation	 and
extracorporeal	membrane	oxygenation	for	the	treatment	of	respiratory	failure	has
been	reported.33-35	Other	measures	such	as	cardiopulmonary	bypass,	partial	liquid
fluorocarbon	 ventilation,	 and	 exogenous	 surfactant	 have	 been	 suggested	 for
refractory	cases,	but	the	data	to	support	their	use	are	limited.36

Most	 patients	 with	 petroleum	 distillate	 poisoning	 recover	 fully	 with
supportive	 care.	 Because	 minor	 pulmonary	 function	 abnormalities	 have	 been
detected	 in	 as	 many	 as	 82%	 of	 the	 patients	 with	 aspiration	 pneumonitis	 who
subsequently	 become	asymptomatic,37	 follow-up	 care	with	 pulmonary	 function
testing	 should	 be	 considered.	 When	 appropriate,	 the	 patient	 should	 receive
psychiatric	evaluation	and	poison-prevention	education	before	final	disposition.

HALOGENATED	HYDROCARBONS
4 	Halogenated	hydrocarbons	are	aliphatic	and	aromatic	derivatives	that	contain
one	or	more	atoms	of	chlorine,	bromine,	fluorine,	or	iodine.	Although	dozens	of
halogenated	 hydrocarbons	 are	 currently	 recognized,	 relatively	 few	 account	 for
the	 majority	 of	 the	 toxic	 exposures.	 Like	 the	 aliphatic	 agents,	 halogenated
hydrocarbons	pose	an	aspiration	risk.	However,	they	are	more	readily	absorbed
from	 the	 GI	 tract	 and	 can	 cause	 systemic	 toxicity,	 most	 notably	 of	 the	 CNS,
cardiovascular	system,	and	hepatic	and	renal	systems.

Halogenated	hydrocarbons	are	used	 in	 the	household	and	industry.	They	are
frequently	used	as	solvents,	degreasers,	dry-cleaning	agents,	refrigerants,	aerosol
propellants,	 and	 fumigants.	 Toxic	 exposures	 occur	 most	 commonly	 through
inhalation,	 and	 several	 halogenated	 hydrocarbons	 (eg,	 trichloroethylene,
methylene	chloride,	and	fluorocarbons)	are	intentionally	inhaled	for	recreational
purposes.11	Bagging	and	huffing	have	been	associated	with	a	number	of	solvent-
abuse	deaths.

After	 absorption	 from	 the	 GI	 tract	 and	 occasionally	 through	 the	 skin,
halogenated	hydrocarbons	are	concentrated	 in	adipose	 tissue,	 liver,	and	kidney.
Metabolism	 and	 elimination	 vary	 according	 to	 the	 individual	 substance,	 with
most	undergoing	at	least	some	excretion	through	the	lungs	as	unchanged	parent
compound	 and	 nearly	 all	 undergoing	 some	 degree	 of	metabolism	 in	 the	 liver,



with	 subsequent	 excretion	 of	metabolites	 by	 the	 lungs	 and/or	 kidneys.	Carbon
tetrachloride	(CCl4),	methylene	 chloride,	 and	 trichloroethane	 are	 prototypes	 of
this	class.

Carbon	Tetrachloride
Previously	 used	 as	 a	 dry-cleaning	 agent	 and	 antihelminthic,	 CCl4	 is	 now
restricted	 to	 industrial	 use,	 primarily	 in	 the	 production	 of	 refrigerants,	 aerosol
propellants,	and	solvents.	It	 is	well	absorbed	through	the	skin,38	lungs,	and	GI
tract,	 and	 it	 is	 concentrated	 in	 adipose	 tissue.39	 Approximately	 50%	 of	 an
absorbed	 dose	 is	 excreted	 unchanged	 by	 the	 lungs.	 Most	 of	 the	 remainder	 is
metabolized	by	the	liver	to	reactive	intermediates	or	free	radicals,	or	both,	which
covalently	 bind	 to	 proteins	 and	 induce	 lipid	 peroxidation,	 resulting	 in
hepatocellular	damage.40	 Ethanol,	methanol,	 and	 isopropyl	 alcohol	 all	 increase
CCl4	 hepatotoxicity,	 presumably	 through	 enzyme	 induction.41	 At	 lower	 doses,
fatty	 degeneration	 of	 the	 liver	 occurs;	 at	 higher	 concentrations,	 centrilobular
necrosis	 results.42	 In	 addition	 to	 hepatic	 damage,	 CCl4	 produces	 acute	 tubular
necrosis	of	the	kidney,	affecting	the	proximal	tubules	and	Henle	loop.	Although
a	direct	nephrotoxic	effect	is	likely,43	volume	contraction	may	contribute	to	renal
failure	in	some	patients.44

Inhalation	exposure	to	CCl4	may	produce	symptoms	ranging	from	mild	CNS
depression	 to	 coma	 and	 death.45	 Although	 the	 estimated	 lethal	 dose	 of	 orally
ingested	CCl4	 is	 90	 to	 100	 mL,	 deaths	 have	 occasionally	 been	 reported	 after
much	smaller	doses.

Nausea,	 vomiting,	 abdominal	 pain,	 diarrhea,	 drowsiness,	 and	 light-
headedness	usually	occur	within	a	few	hours	of	exposure,	regardless	of	route	of
exposure.	 Although	 liver	 enzymes	 may	 start	 to	 rise	 on	 the	 first	 day	 after
exposure,	 clinical	 hepatotoxicity	 generally	 occurs	 on	 days	 2	 to	 4,	 with	 fever,
liver	tenderness	and	enlargement,	and	jaundice.45	Decline	of	renal	function	may
occur	concomitantly	with	hepatic	dysfunction,	although	renal	 failure	can	occur
in	 the	 absence	 of	 hepatic	 failure.46	 Rarely,	 CCl4	 toxicity	 is	 accompanied	 by
coma,	convulsions,	or	myocarditis.

Early	fatalities	are	a	result	of	respiratory	depression	or	cardiac	dysrhythmias
caused	by	cardiac	sensitization	to	circulating	catecholamines.	Later	deaths	occur
as	the	result	of	hepatic	or	renal	failure,	generally	within	the	first	week.	Among
nonfatal	 cases,	 liver	 function	 tests	 generally	 return	 to	 normal	within	 2	weeks;
recovery	is	usually	complete.

Treatment	 initially	 involves	 stabilization	 and	 monitoring	 for	 respiratory



depression	 and	 cardiac	 dysrhythmias.	 Exposure	 should	 be	 interrupted	 by
removing	 victims	 of	 inhalation	 from	 the	 exposure	 site;	 in	 dermal	 exposures,
contaminated	clothing	should	be	removed	and	the	skin	washed	thoroughly.	The
patients	who	ingest	more	than	0.3	mL	per	kg	should	undergo	gastric	aspiration	or
lavage,	 preferably	 within	 3	 to	 4	 hours	 of	 ingestion.47	 Abdominal	 radiographs
may	 be	 helpful	 for	 confirming	 suspected	 ingestions	 because	 CCl4	 is
radiopaque.48	There	is	no	evidence	for	the	use	of	activated	charcoal	for	adsorbing
CCl4.	Laboratory	evaluation	should	include	a	complete	blood	cell	count,	routine
serum	 chemistries,	 liver	 function	 tests,	 and	 urinalysis.	 The	 patients	 with
respiratory	 symptoms	 or	 altered	 mental	 status	 should	 also	 be	 evaluated	 for
possible	 aspiration	 pneumonitis,	 as	 described	 for	 aliphatic	 hydrocarbon
exposures.	 Although	 CCl4	 appears	 not	 to	 be	 well	 removed	 by	 hemodialysis,
dialysis	may	be	required	in	cases	of	renal	failure.49

Animal	 studies	 suggest	 that	 hyperbaric	 oxygen	may	 increase	 survival	 after
intragastric	 administration	 of	 CCl4,50	 although	 little	 human	 data	 exist	 on	 this
topic.51	Additional	experimental	work	is	being	conducted	to	examine	the	utility
of	N-acetylcysteine	 for	 the	 reduction	 of	 CCl4-induced	 hepatotoxicity.	 Because
toxic	 intermediates	 of	 hepatic	 P450	 are	 thought	 to	 be	 responsible	 for	 CCl4
toxicity,	it	is	thought	that	N-acetylcysteine	may	help	prevent	the	development	of
liver	failure.52	Although	human	experience	with	this	therapy	is	extremely	limited
and	 still	 considered	 experimental,	 a	 dosage	 schedule	 identical	 to	 that	 for
acetaminophen	is	generally	used.

Methylene	Chloride
Methylene	chloride	is	a	colorless,	volatile	liquid	commonly	used	as	a	solvent	for
aerosol	 products	 and	 as	 a	 degreaser	 and	 paint	 remover.	 It	 is	 well	 absorbed
through	the	lungs	and	GI	tract,	but	absorption	through	intact	skin	appears	to	be
minimal.	The	majority	of	 a	dose	 is	metabolized	by	 the	 liver	 to	 carbon	dioxide
and	carbon	monoxide	with	small	amounts	exhaled	unchanged.53

The	main	 toxicity	 of	 methylene	 chloride	 is	 CNS	 depression,	 which	 results
from	 direct	 effects	 and	 from	 cellular	 asphyxia	 due	 to	 elevated	 levels	 of
carboxyhemoglobin.54	 An	 8-hour	 exposure	 to	 250	 ppm	 of	 methylene	 chloride
resulted	 in	 carboxyhemoglobin	 fractions	 greater	 than	 8%,55	 and	 with	 large
exposures,	carboxyhemoglobin	fractions	up	to	50%	have	been	reported.	For	the
few	 cases	 of	 methylene	 chloride	 ingestion	 that	 have	 been	 reported,	 CNS
depression,	 tachypnea,	 and	 corrosive	 injury	 to	 the	 GI	 tract	 were	 the	 most
common	findings.56	When	the	carboxyhemoglobin	fraction	is	elevated,	signs	and



symptoms	of	carbon	monoxide	poisoning	may	also	be	evident.57	Nephrotoxicity
and	hepatotoxicity	have	also	been	reported.58,59

Treatment	 involves	 stabilization,	 evaluation,	 and	 monitoring	 for	 aspiration,
CNS	 and	 cardiovascular	 depression,	 dysrhythmias,	 corrosive	 injury,	 carbon
monoxide	poisoning,	 and	hepatic	 and	 renal	dysfunction.	The	patient	 should	be
removed	 from	 the	 source	 of	 inhalation	 exposure,	 and	 contaminated	 clothing
should	 be	 removed.	Exposed	 skin	 should	 be	washed	with	 soap	 and	water.	 For
cases	of	ingestion,	gastric	aspiration,	or	lavage	should	be	considered.	The	role	of
activated	charcoal	 for	methylene	chloride	 ingestions	 is	unclear.60	 For	 all	 cases,
the	 carboxyhemoglobin	 fraction	 as	 well	 as	 complete	 blood	 cell	 count,	 routine
serum	chemistries,	liver	function	tests,	and	urinalysis	should	be	determined,	and
supplemental	oxygen	provided.

Hyperbaric	 oxygen	 is	 controversial	 for	 carbon	monoxide	 poisoning	 and	 its
role	 after	 methylene	 chloride	 toxicity	 is	 even	 less	 clear.61	 It	 is	 reasonable	 to
institute	 hyperbaric	 therapy	 when	 elevated	 carboxyhemoglobin	 levels	 and
symptoms	 of	 carbon	monoxide	 toxicity	 are	 present.	Management	 is	 otherwise
supportive.

Trichloroethane
1,1,1-Trichloroethane	has	been	widely	marketed	as	a	safer	alternative	to	CCl4	for
use	as	a	cleaning	agent	and	degreaser.	It	is	also	present	in	typewriter	correction
fluid	and	aerosol	hairsprays,	water	repellents,	and	furniture	polishes.	In	spite	of
its	 relative	 safety,	 death	 can	 occur,	 usually	 as	 a	 result	 of	 occupational	 or
recreational	inhalation	exposure.62,63

Trichloroethane	 is	 rapidly	 absorbed	 through	 the	 lungs	 and	 GI	 tract.	 Under
most	circumstances,	significant	cutaneous	absorption	is	unlikely.	Distribution	is
greatest	to	tissues	with	a	high	concentration	of	lipid,	including	the	CNS.	Most	of
an	 absorbed	 dose	 is	 excreted	 unchanged	 through	 the	 lungs,	 with	 smaller
quantities	metabolized	in	the	liver	and	excreted	by	the	kidneys.7,9

Toxicity	primarily	involves	the	CNS,	with	signs	and	symptoms	ranging	from
dizziness,	 headache,	 fatigue,	 and	 ataxia	 with	 mild-to-moderate	 exposures	 to
seizures,	coma,	apnea,	and	death	at	higher	vapor	concentrations.64

As	 with	 the	 aliphatic	 hydrocarbons,	 trichloroethane-induced	 cardiac
sensitization	 to	 the	 effects	 of	 circulating	 catecholamines	 is	 thought	 to	 be
responsible	for	sudden	death	associated	with	inhalational	exposure.65	Premature
ventricular	 contractions	 and	 ST	 depression	 have	 been	 observed	 after	 acute
inhalation,66	and	myocarditis	has	been	reported	after	chronic	inhalation	abuse.67



Hepatic	and	renal	toxicities	are	rare.
Management	 involves	 the	 evaluation	and	 treatment	 for	 aspiration,	CNS	and

cardiovascular	 depression,	 and	 dysrhythmias.	 Decontamination	 measures	 may
also	be	appropriate.	In	the	absence	of	sudden	death,	recovery	is	generally	rapid
and	complete.

AROMATIC	HYDROCARBONS
5 	 Aromatic	 hydrocarbons	 contain	 one	 or	 more	 benzene	 rings.	 They	 include
benzene,	toluene,	xylene,	diphenyl,	phenol,	and	styrene.	Aromatic	hydrocarbons
are	common	constituents	of	glues,	paints,	paint	 removers,	 lacquers,	degreasers,
and	adhesives.	Although	the	aromatic	hydrocarbons	have	aspiration	risks	similar
to	those	of	the	other	hydrocarbons,	they	also	exhibit	potentially	severe	systemic
toxicity.	 Exposure	 is	 primarily	 through	 inhalation	 (occupational	 or	 abuse)	 or
from	 ingestion.	 Benzene,	 toluene,	 and	 xylene	 are	 the	 three	 most	 commonly
encountered	agents.

Benzene
Benzene	 is	 a	 colorless	 liquid	 used	 widely	 in	 the	 chemical	 industry	 and	 less
commonly	as	a	solvent.	 It	 is	well	absorbed	 through	 the	 lungs	and	GI	 tract,	but
absorption	 through	 the	 skin	 is	 limited.68	 The	 lungs	 excrete	 up	 to	 50%	 of	 an
absorbed	dose	unchanged,	whereas	most	of	the	remaining	amount	is	metabolized
by	hepatic	P450	enzymes	 to	potentially	cytotoxic	metabolites.69	Elimination	of
the	parent	compound	and	its	metabolites	generally	occurs	within	48	hours.

Benzene	 has	 acute	 and	 chronic	 toxicity.	 Acute	 exposure	 primarily	 causes
CNS	depression.70	Initial	euphoria	is	rapidly	followed	by	nausea,	dizziness,	and
headache;	 subsequent	 progression	 to	 ataxia,	 seizures,	 and	 coma	 may	 occur.
Persistent	symptoms	may	include	insomnia,	anorexia,	and	headache.

5 	 Inhalation	of	high	 concentrations	may	 lead	 to	 development	 of	 pulmonary
edema;	 as	with	 other	 hydrocarbons,	 aspiration,	 and	 cardiac	 dysrhythmias	may
develop.	 Long-term	 exposure	 to	 benzene	 may	 result	 in	 a	 depression	 of	 bone
marrow	 elements,	 which	 may	 progress	 to	 aplastic	 anemia.71	 Epidemiological
studies	 also	 suggest	 an	 increased	 risk	 of	 acute	 myelocytic	 and	 monocytic
leukemia	in	workers	with	prolonged	exposure	to	benzene.72

Management	 should	 focus	 on	 stabilizing	 the	 patients,	 and	 evaluation	 and
monitoring	 for	 aspiration,	 CNS	 and	 cardiovascular	 depression,	 and
dysrhythmias.	It	is	generally	agreed	that	amounts	in	excess	of	1	to	2	mL	per	kg



should	be	removed	from	the	GI	tract	(via	gastric	aspiration	or	lavage),	although
some	sources	recommend	removal	of	virtually	any	amount.	The	role	of	activated
charcoal	in	this	setting	is	unproven.7	Subsequent	therapy	is	supportive.

Toluene
Toluene	 is	 a	 colorless,	 volatile,	 and	 sweet-smelling	 liquid	 that	 is	 a	 common
ingredient	in	paints,	paint	thinners,	lacquers,	and	glues	(eg,	airplane	model	glue).
Although	toxicity	may	occur	accidentally	after	industrial	or	household	exposure,
toluene	is	one	of	the	most	commonly	abused	solvents.73	It	is	highly	lipid	soluble,
and	peak	blood	concentrations	occur	within	15	to	30	minutes	with	inhalation.45
Animal	studies	suggest	that	ingested	toluene	is	well	absorbed	from	the	GI	tract,
within	1	to	2	hours	after	exposure.	Absorption	through	intact	skin	is	slow.

Approximately	20%	of	an	absorbed	dose	is	exhaled	unchanged.	Most	of	the
remainder	is	metabolized	by	the	liver’s	cytochrome	P450	system.	Elimination	is
biphasic,	 with	 an	 initial	 α-phase	 having	 a	 half-life	 of	 4	 to	 5	 hours74	 and
representing	exhalation	combined	with	distribution	to	fatty	tissues.9	The	β-phase
has	an	apparent	half-life	of	15	to	20	hours	and	represents	hepatic	metabolism.

5 	Toxic	effects	involve	the	CNS	and	peripheral	nervous	system	as	well	as	the
kidney	and	heart.75	Electrolyte	and	metabolic	disturbances	may	also	result.	Acute
exposure	 to	 toluene	 has	 variable	 effects	 on	 the	 CNS,	 depending	 on	 the
concentration	 and	duration	of	 exposure.73	 Initially,	 toluene	 causes	 intoxication,
which	 can	 progress	 to	 coma	 with	 prolonged	 exposure	 to	 high	 concentrations.
Chronic	abuse	may	also	lead	to	persistent	signs	and	symptoms	of	acute	toxicity,
including	 neuropsychiatric	 symptoms,	 weakness,	 nausea,	 vomiting,	 peripheral
neuropathy,	 rhabdomyolysis,73	 and	 abdominal	 pain.8	 Toluene	 toxicity	 is
associated	with	a	high	incidence	of	renal	dysfunction,	particularly	renal	tubular
acidosis	 (ie,	 bicarbonate	 wasting).73,76	 Laboratory	 findings	 include	 metabolic
acidosis	(generally	without	an	increased	anion	gap),	electrolyte	disturbances	(eg,
hypokalemia,	 hypocalcemia,	 hypophosphatemia,	 and	 hyperchloremia),	 and
hematuria,	 proteinuria,	 and	 pyuria.76	 These	 abnormalities	 are	 the	 result	 of
tubulointerstitial	damage	and	are	generally	reversible	on	cessation	of	exposure.
As	with	 other	 hydrocarbons,	 acute	 toluene	 inhalation	 has	 also	 been	 associated
with	sudden	cardiorespiratory	arrest.77

The	 diagnosis	 of	 toluene	 poisoning	 is	 generally	 made	 on	 the	 basis	 of	 the
history,	with	known	exposure	or	solvent	abuse	 the	prominent	features.	Toluene
toxicity	 should	 also	be	 considered	 in	 any	 individual	with	 altered	mental	 status
and	metabolic	acidosis	of	unclear	cause.78	Management	includes	evaluation	and
treatment	 for	 aspiration;	 CNS	 and	 cardiovascular	 depression;	 dysrhythmias;



renal	 dysfunction;	 fluid,	 electrolyte,	 and	 acid-base	 disturbances;	 and
rhabdomyolysis.	 Laboratory	 testing	 should	 include	 calcium	 and	 phosphate
levels.	 Gastric	 aspiration	 or	 lavage	 may	 be	 appropriate	 in	 cases	 of	 ingestion
(with	recognition	of	the	aspiration	risk).

Xylene
Xylene	is	a	clear	 liquid	that	 is	widely	used	as	a	solvent	of	paints	and	lacquers,
degreasers,	adhesives,	cleaning	agents,	and	aviation	fuel.	 It	 is	 rapidly	absorbed
by	 the	 pulmonary	 and	GI	 systems	 and,	 to	 some	 extent,	 through	 the	 skin.	 The
highest	 concentrations	 are	 found	 in	 the	 adrenal	 gland,	 bone	 marrow,	 spleen,
brain,	 and	 blood.45	 Small	 amounts	 are	 excreted	 unchanged	 through	 the	 lungs;
most	of	the	remainder	is	metabolized	in	the	liver	and	metabolites	excreted	in	the
urine.	Ethanol	consumption	causes	delays	of	metabolic	clearance	of	xylene.

Xylene	primarily	 affects	 the	CNS.79	As	with	 other	 hydrocarbons,	 inhalation
has	 been	 associated	 with	 sudden	 death,	 presumably	 secondary	 to	 cardiac
dysrhythmia.80	 At	 low	 doses,	 headache,	 nausea,	 light-headedness,	 and	 ataxia
may	develop;	at	higher	doses,	confusion,	coma,	and	respiratory	depression	may
develop.	Hepatic	damage,	Fanconi	 syndrome,	 and	pulmonary	edema	have	also
been	described.80,81	The	evaluation	and	treatment	of	xylene	exposure	are	similar
to	that	described	for	other	aromatic	hydrocarbons.

TERPENES
Terpenes	 are	 aliphatic	 cyclic	 hydrocarbons.	 They	 include	 turpentine,	 pine	 oil,
and	camphor.	Camphor	is	discussed	elsewhere.7,82	As	its	name	suggests,	pine	oil
is	 the	product	of	pine	 trees	and	composed	primarily	of	 terpene	alcohols.	 It	 is	a
component	 in	 household	 cleaners	 (eg,	 Pine-Sol,	 Clorox	 Company,	 Oakland,
CA),	 normally	 present	 in	 concentrations	 of	 20%	 to	 35%	 but	 occasionally	 in
concentrations	 exceeding	 60%.	 Turpentine	 is	 a	 pine	 tree	 distillate	 commonly
used	as	a	solvent	for	paint	and	varnish.

6 	Toxicity	almost	always	results	 from	ingestion.	The	aspiration	risk	appears
to	 be	 somewhat	 less	 than	 that	 of	 other	 aliphatic	 hydrocarbons,	 presumably
because	 of	 the	 lower	 volatility	 of	 terpenes;	 CNS	 and	 GI	 effects	 are	 more
pronounced,	 however.	 Ingestions	 of	more	 than	 2	mL	 per	 kg	 of	 turpentine	 are
considered	 potentially	 toxic.83	 Although	 60	 to	 120	 g	 of	 pine	 oil	 is	 commonly
cited	 as	 the	 lethal	 dose	 in	 adults,	 survival	 has	 been	 reported	 after	 ingestion	of
400	to	500	g	.84	The	minimal	lethal	dose	of	pine	oil	reported	in	children	is	14	g.85



Turpentine	 is	well	absorbed	 through	 the	 lungs	and	GI	 tract83	and	distributed
throughout	the	body,	with	highest	concentrations	in	the	liver,	spleen,	brain,	and
kidney.83	Although	 the	specifics	of	 its	metabolism	are	unclear,	 turpentine	or	 its
metabolites	 are	 largely	 excreted	 through	 the	 kidney.	 Pine	 oil	 is	 also	 well
absorbed	from	the	GI	tract,	and	after	absorption,	it	is	metabolized	by	the	epoxide
pathway	 and	 excreted	 in	 the	 urine.84	 Although	 the	 volume	 of	 distribution	 is
unknown,	it	is	thought	to	be	large,	with	high	concentrations	in	the	brain,	kidney,
and	lung.

Manifestations	 of	 toxicity	 include	 nausea,	 vomiting,	 diarrhea,	 weakness,
somnolence,	or	agitation.	 In	 severe	cases,	 stupor	or	coma	may	 result,	 although
seizures	 appear	 to	 be	 uncommon.86	 Systemic	 toxicity,	 when	 it	 occurs,	 usually
develops	within	2	 to	3	hours	of	 ingestion.	 In	mild	and	moderate	cases,	GI	and
CNS	symptoms	generally	resolve	within	12	hours.	Turpentine	ingestion	has	been
associated	with	 hemorrhagic	 cystitis,	with	 dysuria	 and	 hematuria	 occurring	 12
hours	to	3	days	after	exposure.87

Management	 includes	 the	 evaluation	 and	 treatment	 for	 aspiration,
gastroenteritis,	and	CNS	depression.	The	distinctive	odors	of	turpentine	and	pine
oil	may	provide	a	clue	to	diagnosis.	Gastric	aspiration	or	lavage	is	recommended
for	patients	who	present	within	2	hours	of	ingesting	greater	than	2	mL	per	kg	of
turpentine	or	5	mL	of	pure	pine	oil.88	Because	of	 the	risk	of	aspiration,	airway
protection	should	be	considered	for	all	but	the	most	alert	patients.

Patients	who	remain	asymptomatic	or	have	only	mild	GI	or	CNS	symptoms	6
hours	after	ingestion	are	unlikely	to	develop	serious	complications.	Patients	with
pulmonary	complications	or	 severe	CNS	depression	 require	 intensive	care	unit
admission	and	often	require	ventilatory	support.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	most	common	toxicity	seen	after	petroleum	distillate
ingestion?

A. 	Altered	mental	status	and	seizures
B. 	Aspiration	and	chemical	pneumonitis
C. 	Cardiac	dysrhythmias
D. 	Gastrointestinal	bleeding



2. 	What	is	the	most	common	cause	of	hydrocarbon-associated	fatalities?

A. 	Acute	renal	tubular	necrosis
B. 	Bone	marrow	suppression
C. 	Cardiac	dysrhythmias
D. 	Fulminant	hepatic	failure

3. 	A	3-year-old	child	is	found	drinking	kerosene	in	the	garage.	She	initially
coughed	but	has	been	asymptomatic	ever	since.	The	parents	decide	to	have	her
evaluated	and	arrive	at	the	emergency	department	one	hour	later,	at	which	time
she	still	has	no	symptoms.	What	is	the	most	appropriate	management?

A. 	Administer	activated	charcoal
B. 	Admit	for	overnight	observation
C. 	Check	chest	x-ray	in	3	to	5	hours;	if	normal	discharge	to	home
D. 	Discharge	to	home	with	continued	monitoring	by	parents

Answers

1.	The	correct	answer	is	B.
Rationale:	 Petroleum	 distillates	 are	 hydrocarbon	 solvents	 produced	 from

crude	 oil.	 These	 solvents	 include	 mineral	 spirits,	 kerosene,	 and	 white	 spirits.
They	 are	 good	 for	 removal	 of	 heavy	 oil	 and	 grease,	 but	 these	 properties	 also
mean	 they	 have	 a	 tendency	 to	 get	 in	 the	 airway	 when	 ingested	 (choice	 B	 is
correct).	Other	choices	listed	are	less	common,	though	lethargy	and	seizures	can
be	 seen	 with	 substantial	 absorption	 of	 halogenated	 hydrocarbons,	 and	 cardiac
dysrhythmias	can	be	fatal	(choices	A,	C,	and	D	are	not	the	best	answers).

2.	The	correct	answer	is	C.
Rationale:	Acute	 exposures	 to	hydrocarbon	gases	 and	vapors	 can	 affect	 the

eyes,	lungs,	and	central	nervous	system.	If	present	in	sufficient	concentrations	to
displace	oxygen,	this	exposure	can	sensitize	the	heart	to	catecholamines,	causing
abnormal	rhythms	and	ventricular	fibrillation	leading	to	sudden	death	(choice	C
is	the	correct	answer	because	choices	A,	C,	and	D	are	less	common).	Even	a	30
second	 exposure	 to	 high	 concentrations	 of	 hydrocarbons	 and	 a	 low-oxygen
atmosphere	can	result	in	the	rapid	onset	of	respiratory	depression,	hypoxia,	and
fatal	 cardiac	 arrhythmias.	 Preexisting	 coronary	 artery	 disease	 may	 exacerbate
that	risk.



3.	The	correct	answer	is	C.
Rationale:	 Pneumonitis	 may	 be	 seen	 on	 x-ray	 as	 early	 as	 2	 hours	 after

poisoning.	If	there	are	no	symptoms,	and	if	the	chest	film	is	normal	4	to	6	hours
after	ingestion,	then	the	patient	can	be	discharged	(choice	C	is	correct).	It	would
be	premature	to	discharge	home	or	admit	without	imaging	(choices	B	and	D	are
incorrect).	 Of	 note,	 activated	 charcoal	 is	 specifically	 contraindicated	 in
hydrocarbon	poisoning,	as	it	does	not	bind	hydrocarbons	and	it	increases	the	risk
of	hydrocarbon	aspiration	(choice	A	is	incorrect).
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Chapter	113
Hydrofluoric	Acid	Poisoning
Kennon	Heard

KEY	POINTS:
1.	 Hydrofluoric	acid	exposure	can	produce	severe	hypocalcemia	and

cardiovascular	collapse.
2.	 Dermal	exposures	can	produce	severe	pain	that	can	progress	to

tissue	necrosis	with	minimal	initial	findings.
3.	 While	accidental	ingestions	generally	do	well,	deliberate	or	large

accidental	ingestions	can	rapidly	progress	from	asymptomatic	to
critically	ill.

INTRODUCTION
1 	Hydrofluoric	acid	 (HF)	 is	 a	 commonly	encountered	 industrial	 reagent	 that	 is
available	 in	 concentrations	 from	 6%	 to	 90%.	 It	 is	 used	 for	 the	 production	 of
fluorocarbons,	 for	 etching	 glass	 and	 silicon,	 and	 as	 a	 household	 rust-removal
agent.	 Sodium	 fluoride	 is	 used	 as	 a	 rodenticide	 and	 also	 as	 a	 preservative	 in
blood	 collection	 tubes.	Ammonium	 bifluoride,	 a	 related	 compound,	 is	 used	 in
rust	removers,	commonly	found	in	commercial	car	washes.

MECHANISM	OF	ACTION
HF	(pK	a	=	3.8)	is	a	weak	acid.	Hence,	compared	with	other	acids,	it	is	relatively
less	ionized	at	any	given	pH.	This	allows	HF	to	penetrate	more	deeply	into	tissue
and	 to	be	more	 readily	absorbed	 into	 the	systemic	circulation	 than	other	acids.
Once	absorbed,	HF	disassociates	and	the	fluoride	anion	binds	to	divalent	cations,
forming	insoluble	salts	(primarily	calcium	fluoride,	fluorapatite,	and	magnesium



fluoride).	 This	 results	 in	 tissue	 and	 systemic	 hypocalcemia	 and
hypomagnesemia.	 Fluoride	 also	 directly	 poisons	 several	 enzymes	 and	 cellular
transport	 proteins.	 High-concentration	 HF	 exposures	 result	 in	 rapid	 onset	 of
local	 pain	 and	 tissue	 injury	 with	 or	 without	 systemic	 toxicity,	 whereas	 low-
concentration	 ingestion	 can	 result	 in	 life-threatening	 hypocalcemia	 and
hypomagnesemia,	with	minimal	or	absent	local	corrosive	effect.

DERMAL	EXPOSURE

Clinical	Manifestations
2 	Although	most	dermal	exposures	will	result	in	minor	symptoms	or	superficial
chemical	 burns,	 systemic	 toxicity	 may	 occur	 following	 dermal	 exposure.
Symptoms	may	 be	 delayed	 for	 24	 hours	 or	more	 following	 low-concentration
(<20%	 HF)	 exposure,	 and	 there	 is	 often	 severe	 pain	 with	 minimal	 skin
abnormalities.	 Symptoms	 can	 develop	 within	 several	 hours	 of	 exposure	 to
medium	concentrations	(20%-50%	HF).	Although	the	initial	injury	is	not	always
visible,	 the	 patients	 exposed	 to	medium-concentration	 products	 often	 go	 on	 to
have	erythema,	blanching,	or	necrosis	of	 the	 involved	area.	High-concentration
(>50%	HF)	exposures	result	in	the	immediate	injury	expected	after	exposure	to
concentrated	 acids.	 The	 patients	 may	 develop	 full-	 or	 partial-thickness	 injury
that	includes	tissue	necrosis	and	eschar	formation.1

Evaluation	and	Treatment
Laboratory	 studies	 are	 not	 indicated	 for	 small,	 low-concentration	 dermal
exposures.	However,	 exposure	 to	 products	 containing	more	 than	 50%	HF	 that
involve	more	 than	 1%	 of	 the	 skin	 or	 exposure	 to	 any	HF	 product	 that	 affects
more	 than	 5%	 of	 the	 skin	 can	 cause	 hypocalcemia,	 so	 the	 patients	with	 these
burns	 should	 have	 serum	 calcium	 levels	 monitored,	 as	 described	 in	 the
“Systemic	Toxicity”	section.2

The	most	important	step	during	the	treatment	is	decontamination	by	irrigating
the	affected	area	for	at	least	15	minutes	as	quickly	as	possible.	In	one	large	case
series	of	exposures,	many	of	which	involved	concentrations	of	greater	than	40%
HF,	 immediate	 irrigation	 produced	 excellent	 outcome	 in	 the	 majority	 of	 the
patients.3	A	proprietary	 irrigating	solution	developed	 to	bind	 fluoride,	does	not
appear	to	offer	any	improvement	over	water	irrigation.4



After	 irrigation,	 apply	 a	 2.3%	 to	 2.5%	 calcium	 gluconate	 preparation	 in	 a
water-soluble	gel	to	the	exposed	areas	for	at	least	30	minutes	or	until	symptoms
resolve.5	This	treatment	often	remains	effective,	even	when	it	is	delayed	several
hours	 after	 symptoms	 develop.6	 The	 role	 of	 topical	 therapy	 following	 high-
concentration	exposures	is	less	well	defined,	but	it	is	recommended.7

When	 pain	 is	 not	 relieved	 by	 topical	 therapy,	 regional	 intra-arterial	 or
intravenous	(IV)	calcium	perfusion	should	be	initiated.	The	major	drawback	of
intra-arterial	 perfusion	 is	 the	 requirement	 for	 arterial	 catheterization.	 Brachial,
radial,	 and	 femoral	 catheterization	 have	 all	 been	 described.	 Following
cannulation,	monitor	arterial	waveform	to	assure	that	the	catheter	remains	patent
and	 properly	 placed	 within	 the	 artery.	 If	 there	 is	 any	 question	 as	 to	 adequate
placement,	 perform	 arteriography	 prior	 to	 infusing	 calcium.	 Flushing	 the
catheter	with	heparin	may	help	keep	the	catheter	patent.2	The	largest	case	series
reported	infusion	of	50	mL	of	2.5%	calcium	gluconate	in	saline	over	4	hours.2	It
is	not	uncommon	to	have	to	repeat	the	dose	several	times	over	a	12-	to	24-hour
period.

Regional	 perfusion	using	 a	Bier	 block	may	 allow	 treatment	without	 arterial
cannulation.	Some	clinicians	advocate	this	technique	before	proceeding	to	intra-
arterial	 administration.	 This	 technique	 requires	 venous	 cannulation	 for	 direct
administration	 in	 the	 affected	 extremity.	 After	 IV	 cannula	 placement,	 the
extremity	 is	 exsanguinated	 by	 elevation	 and	 compression	 with	 an	 Esmarch
bandage.	A	blood	pressure	cuff	or	pneumatic	tourniquet	should	be	inflated	to	a
pressure	 of	 100	 mm	 Hg	 above	 systolic	 pressure	 and	 remain	 up	 for	 15	 to	 20
minutes	 following	calcium	administration.	The	usual	dose	 is	40	mL	of	a	2.5%
calcium	gluconate	solution.8	The	cuff	is	then	gradually	deflated	over	5	minutes.
Pain	is	usually	relieved	within	minutes	of	the	calcium	administration.

If	the	affected	area	is	not	an	extremity,	calcium	can	be	directly	injected	into
the	 burn.	 The	most	 common	method	 is	 injection	 of	 0.3	 to	 0.5	mL	 per	 cm2	of
2.5%	 calcium	 gluconate.	 Calcium	 chloride	 should	 not	 be	 used,	 because	 it	 can
cause	tissue	injury.	Excision	of	exposed	tissue	is	not	recommended.

OCULAR	EXPOSURE

Clinical	Manifestations
Although	 most	 human	 reports	 describe	 good	 outcomes	 following	 ocular	 HF
exposure,	 animal	 studies	 have	 demonstrated	 that	 severe	 injury	 is	 possible.



Although	most	patients	have	rapid	onset	of	pain,	HF	can	penetrate	the	eye	and
cause	severe	and	delayed	injury.

Evaluation	and	Treatment
Immediate	 irrigation	 is	 the	 most	 important	 treatment.	 Irrigation	 with	 calcium
salts	appears	to	offer	no	benefit	over	saline	in	animal	models,	and	may	increase
the	 incidence	 of	 ulceration.9	 Following	 irrigation,	 the	 pH	 should	 be	measured
and	a	fluorescein	examination	should	be	performed.	All	patients	with	persistent
symptoms	or	obvious	corneal	damage	should	have	 immediate	evaluation	by	an
ophthalmologist.	 Some	 will	 require	 admission	 for	 continuous	 irrigation.	 The
patients	who	are	asymptomatic	after	 irrigation	should	have	next-day	 follow-up
with	 an	 ophthalmologist.	 Routine	 therapy	 for	 corneal	 burns	 from	 HF	 has
included	 mydriatics,	 topical	 antibiotics,	 and	 steroids.10-12	 Treatment	 of	 these
burns	 with	 calcium	 gluconate	 eye	 drops	 has	 been	 suggested,	 but	 systematic
human	studies	have	not	been	reported.12

INHALATION

Clinical	Manifestations
Inhalation	 of	 HF	 may	 result	 in	 severe	 airway	 injury,	 pulmonary	 injury,	 or
systemic	 fluoride	 poisoning.	The	 patients	may	 present	with	 severe	 or	minimal
symptoms	and	go	on	 to	develop	complications	over	 time.13	Although	 systemic
fluoride	 poisoning	may	 occur,14	 the	 major	 mechanism	 of	 pulmonary	 injury	 is
acute	lung	injury.

Evaluation	and	Treatment
Following	 inhalation	 of	 HF,	 the	 patient	 should	 have	 a	 chest	 radiograph,
evaluation	 of	 oxygenation,	 and	 monitoring	 for	 hypocalcemia.	 Treatment	 is
supportive,	 and	 early	 airway	 intervention	 may	 be	 required	 for	 patients	 with
symptoms	of	upper	airway	obstruction.	There	are	several	uncontrolled	reports	of
good	 outcomes	 following	 treatment	with	 nebulized	 calcium	gluconate	 solution
(2.5%-5.0%).15,16



INGESTION

Clinical	Manifestations
3 	Oropharyngeal	burns	are	rarely	noted,	even	after	fatal	poisonings.17	Although
gastrointestinal	symptoms	such	as	nausea,	vomiting,	and	gastritis	may	occur,	the
primary	manifestation	 of	 oral	 HF	 exposures	 is	 systemic	 fluoride	 toxicity	 (see
later).	Following	accidental	sip	ingestions,	the	patients	who	are	able	to	swallow
should	be	given	30	to	60	mL	of	water	to	drink	to	dilute	any	HF	still	 in	contact
with	 the	 esophageal	 mucosa.	 Although	 it	 is	 commonly	 recommended	 to
administer	calcium	or	magnesium	antacids,	animals	studies	have	found	that	very
high	 doses	 are	 required	 to	 affect	 mortality.18,19	 The	 patients	 with	 accidental
ingestion	of	products	containing	more	than	7%	HF	or	deliberate	ingestion	of	any
HF	or	ammonium	fluoride	product	are	at	high	 risk	 for	 systemic	poisoning	and
require	 continuous	 cardiac	 monitoring,	 reliable	 vascular	 access,	 and	 close
monitoring	of	serum	calcium	levels,	as	described	in	the	next	section.

Systemic	Toxicity
Systemic	 fluoride	 toxicity	 may	 occur	 following	 inhalation,	 dermal,	 or	 oral
exposure	to	HF-containing	products.	Although	the	exact	mechanism	of	fluoride
toxicity	 requires	 continued	 research,20	 human	 cases	 of	 fatal	 HF	 toxicity
consistently	demonstrate	profound	hypocalcemia.21	Other	manifestations	include
hypomagnesemia,	acidosis,	and	hyperkalemia.	Minimally	 symptomatic	patients
may	progress	rapidly	to	cardiovascular	collapse.22

Because	 successful	 resuscitation	 from	 cardiac	 arrest	 following	 systemic
fluoride	 poisoning	 is	 rare,	 treatment	 should	 be	 started	 early	 to	 prevent	 cardiac
dysrhythmias	 and	 arrest.	 The	 patients	 should	 have	 continuous	 cardiac
monitoring,	 reliable	 vascular	 access,	 and	 frequent	 measurement	 of	 serum
calcium	 and	 magnesium	 levels.	 If	 the	 history	 suggests	 that	 there	 has	 been	 a
significant	 exposure,	 prophylactic	 calcium	 should	 be	 initiated	 at	 a	 rate	 of	 1	 g
over	30	minutes.20	The	patients	who	have	normal	vital	signs	and	remain	stable
should	have	serum	calcium	levels	monitored	every	30	minutes	for	the	first	2	to	3
hours.	Calcium	chloride	1-g	boluses	 should	be	 repeated	 as	needed	 to	maintain
the	 serum	 calcium	 in	 the	 high	 normal	 range.	 The	 patients	with	 hypocalcemia,
dysrhythmias,	 or	 hypotension	 should	 receive	 2	 to	 3	 g	 of	 calcium	 every	 15
minutes,	and	central	venous	access	should	be	obtained.	Successful	treatment	of
cardiac	 arrest	 has	 generally	 been	 associated	with	 administration	of	 large	doses



(>10	 g)	 of	 calcium.	 Intravenous	magnesium	 sulfate	 2	 to	 6	 g	 over	 30	minutes
followed	by	a	continuous	1-	to	4-g	infusion	has	also	been	suggested.

Beyond	 calcium	 and	 magnesium	 administration,	 fluoride-poisoned	 patients
require	 aggressive	 supportive	 care.	 The	 patients	 with	 symptoms	 of	 airway
involvement	 should	 be	 intubated.	 Similarly,	 ventilation	 and	 oxygenation
problems	 are	 rare	 but	 should	 be	 treated	 promptly	 when	 present.	 Successful
electrical	 cardioversion	 for	 dysrhythmias	 following	 calcium	 and	 magnesium
therapy	has	been	reported.23

A	 therapy	 that	 is	 unproven	 but	 has	 theoretical	 benefit	 is	 serum	 and	 urine
alkalinization.	 One	 animal	 study	 showed	 that	 systemic	 alkalosis	 increased	 the
fatal	fluoride	dose	of	rats.24	Although	this	study	has	obvious	limitations,	serum
alkalinization	 should	 be	 considered	 for	 critically	 ill	 patients.	 However,	 over
alkalinization	 may	 worsen	 hypocalcemia;	 therefore,	 serum	 pH	 should	 be
maintained	between	7.4	and	7.5.	Although	fluoride	 is	cleared	by	hemodialysis,
the	patients	with	severe	poisoning	may	be	too	unstable	to	tolerate	dialysis.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	An	18-month-old	child	presents	after	placing	a	bottle	of	5%	hydrofluoric
acid	rust	remover	to	her	mouth.	It	is	not	clear	if	she	ingested	any.	She	is
asymptomatic	and	has	a	normal	exam.	What	is	the	most	appropriate
management?

A. 	Empiric	administration	of	IV	calcium
B. 	Gastric	lavage
C. 	Oral	administration	of	calcium	carbonate
D. 	Treatment	only	if	hypocalcemia	develops

2. 	An	18-year-old	man	presents	after	ingestion	of	a	7%	hydrofluoric	acid
solution	in	a	self-harm	attempt.	The	patient	reports	ingesting	several	swallows	of
the	product.	He	reports	some	epigastric	discomfort	but	otherwise	no	symptoms.
His	vital	signs	are	normal.	He	has	no	oral	burns	or	symptoms	of	airway	injury.
What	is	the	most	appropriate	next	step	in	management?

A. 	Begin	empiric	IV	calcium	administration
B. 	Intubation	and	gastric	lavage



C. 	Oral	administration	of	calcium	carbonate
D. 	Treatment	only	if	hypocalcemia	develops

3. 	A	37-year-old	woman	presents	with	bilateral	hand	pain.	She	states	that	she
was	using	a	rust	removal	product	and	was	not	wearing	gloves.	She	stopped	using
the	product	around	6	hours	ago	and	pain	developed	2	hours	prior	to	presentation.
Her	vital	signs	are	unremarkable	and	exam	is	normal	other	than	some	redness	of
the	hands.	After	irrigation	with	water,	what	is	the	most	appropriate	next	step	for
management?

A. 	Intra-arterial	calcium	gluconate
B. 	Regional	intravenous	administration	(Bier	block)	of	calcium
gluconate
C. 	Subcutaneous	injection	of	calcium	gluconate
D. 	Topical	calcium	gluconate

Answers

1.	The	correct	answer	is	D.
Rationale:	 Most	 accidental	 pediatric	 ingestions	 do	 well	 without	 treatment

(choices	A,	B,	and	C	are	not	the	best	answers).	Given	that	the	amount	ingested	is
not	clear,	it	is	reasonable	to	monitor	and	treat	if	hypocalcemia	develops	(choice
D	is	correct).

2.	The	correct	answer	is	A.
Rationale:	Patients	with	deliberate	ingestion	of	hydrofluoric	acid	can	develop

rapid	 severe	 hypocalcemia	 and	 cardiovascular	 collapse.	 Early	 intravenous
calcium	administration	is	associated	with	survival	(choice	A	is	correct	and	D	is
not	the	best	answer).	Oral	calcium	carbonate	and	gastric	lavage	are	not	effective
in	this	setting	(choices	B	and	C	are	incorrect).

3.	The	correct	answer	is	D.
Rationale:	Initial	conservative	management	with	topical	treatment	is	effective

for	most	patients	(choice	D	is	correct).	Patients	who	fail	topical	treatment	should
be	considered	for	the	more	aggressive	measures	as	listed.
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Chapter	114
Iron	Poisoning
Milton	Tenenbein

KEY	POINTS:
1.	 Serum	iron	concentration	validates	that	iron	overdose	has	occurred,

guides	management,	and	aids	in	the	prognosis,	whereas	metabolic
acidosis	indicates	the	presence	of	iron	poisoning.

2.	 Cardiovascular	shock	from	iron	poisoning	may	be	hypovolemic,
distributive,	or	cardiogenic.

3.	 Deferoxamine	should	be	administered	by	intravenous	infusion	and
rarely	greater	than	for	24	hours.

4.	 Always	fluid-resuscitate	the	patient	prior	to	initiating	deferoxamine
because	deferoxamine	in	the	presence	of	a	decreased	intravascular
volume	may	result	in	acute	kidney	injury.

5.	 Hepatotoxicity,	the	second	commonest	cause	of	fatality,	has	a
precipitous	course,	and	liver	transplantation	is	a	consideration.

6.	 Pregnancy	is	not	an	indication	for	withholding	deferoxamine.

INTRODUCTION
Historically,	 iron	 poisoning	 is	 the	 most	 common	 cause	 of	 poisoning	 death	 in
children	younger	than	6	years1;	however,	morbidity	and	mortality	have	decreased
secondary	 to	 unit-dose	 packaging	 of	 iron	 supplements.2	 Notably,	 a	 clinically
important	proportion	of	iron	overdoses	is	purposeful,	involving	adolescents	and
adults,	and	resulting	in	significant	morbidity	and	mortality.3

Iron	occurs	naturally	in	the	body.	It	is	highly	reactive,	and	there	are	complex
mechanisms	 for	 its	 absorption,	 transport,	 and	 storage.	 The	 capacity	 of	 these
systems	 to	 cope	 with	 an	 acute	 overdose	 is	 unknown;	 it	 likely	 varies	 from
individual	 to	 individual	 and	 with	 the	 state	 of	 iron	 stores.	 Incomplete



understanding	 of	 iron	 toxicokinetics	 is	 primarily	 responsible	 for	 controversies
regarding	(1)	 toxic	dose;	 (2)	gastrointestinal	decontamination;	 (3)	effectiveness
of	 intragastric	 complexation	 therapies;	 and	 (4)	 the	 indications,	 dose,	 duration,
and	effectiveness	of	deferoxamine	therapy.

PHARMACOLOGY
Iron	 is	 readily	 available	 as	 ferrous	 salts,	 either	 alone	 or	 in	 combination	 with
other	 minerals	 and	 vitamins.	 Its	 common	 salts	 are	 ferrous	 gluconate,	 sulfate,
fumarate,	 and	 succinate,	which	 are	 12%,	 20%,	 33%,	 and	 35%	 elemental	 iron,
respectively.	 These	 fractions	 are	 important	 because	 toxicity	 is	 related	 to	 the
amount	 of	 elemental	 iron	 ingested.	Carbonyl	 iron	 is	 a	 highly	 purified	 form	 of
metallic	iron.	It	is	uncharged	and	not	a	salt.4

Iron	absorption,	transport,	and	storage	are	well	reviewed	elsewhere.5	Because
there	 is	 no	 endogenous	 mechanism	 for	 iron	 excretion,	 total	 body	 iron	 is	 a
function	 of	 the	 absorptive	 process.	 Absorption	 occurs	 in	 the	 proximal	 small
bowel,	with	approximately	10%	of	the	ingested	dose	absorbed,	but	with	10-fold
variations,	 depending	 on	 iron	 stores	 and	 the	 amount	 ingested.	 The	 actual
mechanism	of	iron	absorption	is	not	well	understood,	but	it	is	believed	to	be	an
active	process.	Even	after	massive	overdose,	a	relatively	small	amount	(15%)	is
actually	absorbed.6

Peak	serum	iron	concentrations	occur	within	4	to	6	hours	after	overdose.	The
half-life	 after	 therapeutic	 dosing	 is	 approximately	 6	 hours,5	 with	 rapid	 decline
because	of	tissue	distribution.	In	plasma,	iron	is	bound	to	transferrin,	a	specific
β1-globulin	responsible	for	iron	transport	throughout	the	body.	In	iron	overdose,
transferrin-binding	 capacity	 is	 exceeded,	 but	 free	 plasma	 iron	 does	 not	 truly
exist.	 Iron	 complexes	 with	 other	 plasma	 proteins	 and	 organic	 ligands	 and	 is
referred	 to	 as	non–transferrin-bound	plasma	 iron.7	However,	 it	 is	 only	 loosely
bound	and	is	quite	available	to	produce	tissue	damage	and	organ	dysfunction.

There	 are	 two	 typical	 overdose	 scenarios:	 innocent	 overdose	 by	 young
children	 (exploratory	 ingestion)	 and	 purposeful	 overdose	 by	 adolescents	 and
adults.	Serious	iron	overdose	in	young	children	frequently	involves	the	ingestion
of	a	product	intended	for	adults,	typically	a	prenatal	iron	supplement.	Ingestion
of	 pediatric	 preparations,	 such	 as	 multivitamin	 plus	 iron	 tablets,	 is	 more
common8;	such	preparations	are	unlikely	to	result	in	significant	toxicity	because
of	their	low	elemental	iron	content	(as	little	as	4	mg	per	tablet).	Although	liquid
iron	preparations	are	often	found	in	homes	with	infants	and	toddlers,	there	are	no
published	cases	of	clinically	important	iron	poisoning	from	these	products.	Iron



overdose	 is	 less	common	among	 teenagers	and	adults,	but	when	 it	occurs,	 it	 is
typically	more	severe.	Of	particular	note	is	the	high	incidence	of	deliberate	iron
overdose	in	pregnant	women.9

Iron	 exerts	 both	 local	 and	 systemic	 effects.	 The	 local	 irritant	 effect	 on	 the
gastrointestinal	 tract	 results	 in	 nausea,	 vomiting,	 abdominal	 cramps,	 and
diarrhea.	These	symptoms	are	produced	by	relatively	small	doses	(20	mg/kg	of
elemental	 iron).	 The	 extent	 of	 systemic	 toxicity	 is	 dose	 related.	Because	most
published	data	 are	 anecdotal,	 specific	 values	 have	not	 been	 established.	 In	 the
pediatric	 literature,	more	 than	60	mg/kg	of	 elemental	 iron	produces	 significant
systemic	toxicity,10	with	a	lethal	dose	being	200	to	250	mg/kg.10	Both	the	figures
are	 likely	overestimates;	more	 realistic	 figures	 are	probably	half	 as	much.	The
lowest	reported	lethal	dose	for	a	toddler	is	approximately	75	mg/kg	of	elemental
iron.11	 The	 author’s	 own	 experience	 and	 that	 of	 others12	 suggest	 that	 the	 toxic
dose	for	adults	is	similar	to	that	in	children.	An	ingestion	of	1.5	g	of	elemental
iron	by	an	adult	should	be	a	cause	for	concern.	Adults	have	died	after	ingestion
of	as	little	as	2	g13	and	5	g12	of	elemental	iron;	the	former	patient	had	significant
hepatic	 disease,	 and	 the	 latter	 ingested	 70	 mg	 per	 kg.	 There	 have	 been	 no
published	 reports	 of	 serious	 or	 fatal	 poisoning	 from	 the	 ingestion	 of	 carbonyl
iron	products.4	Although	its	bioavailability	after	therapeutic	dosing	is	similar	to
that	of	ferrous	salts,	 its	absorption	is	 limited	after	an	overdose.	Single	doses	of
10	g	(140	mg/kg)	have	been	tolerated	in	humans.

Poor,	unpredictable	absorption	of	 iron	and	its	unknown	capacity	for	binding
by	ferritin	and	as	hemosiderin	contribute	to	uncertainty	regarding	the	toxic	dose.
As	 reflected	by	 serum	 iron	concentrations,	which	 are	measured	 in	micrograms
per	deciliter,	the	size	of	the	potentially	toxic	iron	pool	is	likely	to	be	small—on
the	order	of	milligrams—even	after	gram	quantities	of	iron	have	been	ingested.
That	 the	 body	 burden	 of	 iron	 is	 relatively	 small	 after	 an	 overdose	 is	 not	well
appreciated,	 but	 it	 has	 important	 implications	 for	 the	 dose	 and	 duration	 of
deferoxamine	therapy.

Iron	itself	is	neither	caustic	nor	corrosive.	However,	iron	is	a	potent	catalyst
of	 free	 radical	 formation	 resulting	 in	 highly	 reactive	 species	 that	 attack
intracellular	 molecules.14	 Iron-generated	 free	 radical	 formation	 is	 thought	 to
contribute	to	acute	iron	toxicity15	and	to	be	responsible	for	much	of	the	damage
and	dysfunction	of	chronic	iron	overload.7

Free	 radicals	 produce	 damage	 at	 their	 site	 of	 origin.	 Because	 of	 local
protective	mechanisms,	a	significant	concentration	of	free	radicals	is	required	to
cause	damage.	Sites	exposed	to	high	iron	concentrations	are	most	susceptible	to
injury.	 One	 such	 area	 is	 the	 gastrointestinal	 tract.	 Gastrointestinal	 mucosal
necrosis	 and	 bleeding16	 may	 occur	 without	 systemic	 toxicity.	 Notably,	 gut



toxicity	can	occur	distally	with	proximal	sparing16	and	may	be	absent	in	the	face
of	fatal	systemic	poisoning.6

Systemic	 toxicity	 results	 when	 the	 absorbed	 iron	 is	 transported	 to	 target
organs,	 particularly	 the	 liver	 and	 heart.	 Non–transferrin-bound	 iron	 is	 rapidly
cleared	by	the	liver,17	putting	this	organ	at	risk	for	toxicity.18

CLINICAL	TOXICITY
Traditionally,	 acute	 iron	 intoxication	 is	 divided	 into	 five	 clinical	 stages19:
gastrointestinal	 toxicity,	 relative	 stability,	 circulatory	 shock,	 hepatic	 necrosis,
and	 gastrointestinal	 scarring.	 An	 orderly	 progression	 through	 all	 these	 stages
may	 not	 occur.	 Fatalities	 are	 possible	 without	 significant	 gastrointestinal
involvement,6	and	hepatotoxicity	may	be	absent	 in	otherwise	severe	poisoning.
Presenting	symptoms	and	signs	depend	on	the	time	since	ingestion.

The	 most	 common	 time	 of	 presentation	 is	 during	 the	 first	 stage
(gastrointestinal	 toxicity),	 when	 abdominal	 pain,	 vomiting,	 diarrhea,
hematemesis,	 and	 hematochezia	 can	 be	 seen.	 Gastrointestinal	 toxicity	 usually
occurs	 within	 the	 first	 few	 hours	 of	 overdose.	 The	 severity	 of	 this	 stage	 is
variable.	 Life-threatening	 hypovolemic	 shock	 may	 occur,	 especially	 if	 initial
symptoms	were	severe	or	 ignored.	Occasionally,	segmental	 intestinal	 infarction
may	 occur,	 necessitating	 bowel	 resection.16	 Isolated	 hepatotoxicity	 or
gastrointestinal	obstruction	would	be	an	unlikely	presentation	of	iron	poisoning.

The	second	stage,	a	period	of	relative	stability,	follows	initial	gastrointestinal
symptoms.	Apparent	improvement	in	the	patient’s	clinical	status	should	not	lead
to	 complacency.	 Patients	 are	 not	 completely	 asymptomatic;	 careful	 assessment
and	 repeated	 monitoring	 typically	 shows	 some	 degree	 of	 hypovolemia,
hypoperfusion,	and	acidosis.

2 	The	 third	 stage,	 circulatory	 shock,	 can	occur	within	 several	 hours	of	 iron
overdose	and	may	persist	up	to	48	to	72	hours.	Its	pathogenesis	is	complex	and
poorly	 understood	 and	 is	 based	 on	 the	 results	 of	 limited	 experimental	 animal
data.20-23	 Circulatory	 shock	 may	 be	 hypovolemic,	 distributive,	 or	 cardiogenic.
The	time	of	onset	can	be	somewhat	helpful	for	elucidating	its	cause,	but	there	is
considerable	 overlap.	 Shock	 occurring	 within	 a	 few	 hours	 of	 the	 overdose
suggests	 hypovolemia	 secondary	 to	 fluid	 and,	 rarely,	 blood	 loss	 from	 the
gastrointestinal	 tract.	Hyperferremia-associated	coagulopathy	may	contribute	 to
bleeding.24	Distributive	shock	depends	on	iron	absorption	and	begins	within	the
first	24	hours.	Suggested	mechanisms	include	direct	effects	of	iron	or	ferritin	or
an	 effect	mediated	 by	 release	 of	 vasoactive	 substances,	 resulting	 in	 decreased



vascular	 tone	 or	 increased	 vascular	 permeability.22	 Cardiogenic	 shock	 usually
occurs	1	to	3	days	after	overdose.25

The	occurrence	of	metabolic	acidosis	during	iron	poisoning	usually	precedes
circulatory	 shock.	Acidosis	 is	 a	direct	 toxic	 effect	of	 iron	 that	occurs	 after	 the
plasma’s	capacity	to	bind	the	absorbed	ferric	ion	has	been	exceeded.	When	this
occurs,	the	ferric	ion	becomes	hydrated	and	protons	are	released	[Fe3+	+	3H2O	→
Fe(OH)3	 +	 3H+].	 Thus,	 each	 unbound	 ferric	 ion	 generates	 three	 protons.	 The
acidosis	 can	 be	 quite	 profound,	 requiring	 large	 amounts	 of	 bicarbonate	 for
treatment.23	 Other	 factors	 contributing	 to	 acidosis	 include	 iron’s	 interference
with	intracellular	oxidative	metabolism	and	hypoperfusion.

4 	 The	 fourth	 stage,	 hepatotoxicity,	 is	 second	 only	 to	 circulatory	 shock	 as	 a
cause	of	death.18	It	may	occur	any	time	during	the	first	48	hours	after	overdose.
The	pathogenesis	of	hepatic	necrosis	is	believed	to	be	iron-catalyzed	free	radical
production	 and	 subsequent	 lipid	 peroxidation	 of	 hepatic	 mitochondrial
membranes.15

The	 fifth	 stage,	 gastrointestinal	 scarring,	 is	 the	 consequence	 of	 iron’s	 local
action	on	the	gut	and	usually	occurs	2	to	4	weeks	after	overdose.	Ongoing	and
protracted	 abdominal	 pain	 during	 the	 first	 week	 is	 associated	 with	 the	 later
development	 of	 this	 complication.16	Most	 cases	 involve	 the	 gastric	 outlet,	 but
isolated	strictures	of	the	distal	intestine	have	been	reported.16

6 	 The	 consequences	 of	 iron	 poisoning	 in	 pregnant	 women	 are	 no	 different
from	 those	 in	 other	 patients,	 but	 because	 transplacental	 iron	 passage	 is	 an
energy-requiring	 saturable	process,	 the	 fetus	 is	 relatively	protected.26	Although
chronic	 administration	 of	 deferoxamine	 in	 normoferremic	 pregnant	 rodents	 is
associated	with	skeletal	abnormalities	in	their	offspring,	this	is	not	relevant	to	the
acute	short-term	deferoxamine	administration	required	for	the	treatment	of	iron
poisoned	pregnant	women.26	The	health	of	the	fetus	depends	on	its	mother,	and
treatment	should	be	no	different	from	that	given	to	a	nonpregnant	woman.

DIAGNOSTIC	EVALUATION
Essential	 laboratory	 tests	 include	 abdominal	 imaging,	 serum	 iron	 and
bicarbonate	 concentrations,	 and	blood	gas	determinations.	Because	 iron	 tablets
are	 radiopaque,	 abdominal	 imaging	 can	 be	 used	 to	 verify	 an	 overdose	 and
quantify	 the	 amount	 ingested.27-29	 However,	 iron	 tablets	 may	 not	 be	 visible	 if
they	have	dissolved	or	been	chewed,	a	 liquid	preparation	has	been	ingested,	or
there	is	only	a	small	amount	of	iron	in	each	tablet	(eg,	pediatric	iron-containing
multivitamins).30	 Abdominal	 imaging	 is	 key	 to	 the	 initial	management	 of	 iron



overdose.	Within	the	first	6	hours	of	ingestion,	patients	with	a	negative	imaging
study	 and	 without	 gastrointestinal	 signs	 or	 symptoms	 are	 unlikely	 to	 develop
clinically	 significant	 iron	 poisoning.	 If	 tablets	 are	 visible,	 serial	 abdominal
imaging	 may	 be	 used	 to	 assess	 the	 effectiveness	 of	 gastrointestinal
decontamination.

1 	 Serum	 iron	 concentration	 is	 the	 single	most	 important	 test.	 It	 verifies	 the
ingestion,	 guides	 management,	 and	 provides	 prognostic	 information.	 A	 peak
serum	 concentration	 of	 less	 than	 500	µg/dL	 (90	µmol/L)	 is	 usually	 associated
with	 negligible-to-mild	 systemic	 toxicity;	 however,	 there	 may	 be	 significant
gastrointestinal	 symptoms.	Moderate	 systemic	 toxicity	 is	 expected	with	a	peak
concentration	 of	 500	 to	 1000	 µg/dL	 (90-180	 µmol/L).	 A	 peak	 serum
concentration	 greater	 than	 1000	µg/dL	 (180	µmol/L)	 is	 associated	with	 severe
toxicity,	 such	 as	 profound	 acidosis,	 shock,	 hepatotoxicity,	 coma,	 and	 death.
Mortality	approaches	100%	when	serum	concentration	is	greater	than	10,000	µg
per	dL	(1800	µmol/L).	The	time	of	blood	sampling	to	estimate	peak	serum	iron
concentration	should	be	4	to	6	hours	after	an	acute	overdose.	Serial	serum	iron
concentration	 determinations	 are	 recommended	 during	 the	 early	 hours	 after
overdose,	especially	when	 the	 first	value	 is	300	 to	500	µg/dL	 (55-90	µmol/L).
Determinations	 should	 be	 obtained	 every	 2	 hours	 until	 a	 definite	 downward
trend	 is	 established.	 Concurrent	 abdominal	 imaging	 may	 be	 helpful.	 If	 many
tablets	are	visible,	the	subsequent	serum	iron	concentration	will	likely	be	higher.
It	is	desirable	to	obtain	blood	specimens	before	initiating	deferoxamine	therapy
because	 it	 can	 confound	 the	 laboratory	 determination	 of	 serum	 iron
concentration,	 resulting	 in	 falsely	 lower	 values.31	 When	 clinically	 indicated,
deferoxamine	therapy	should	not	be	delayed	because	of	blood	sampling	issues.

Blood	gas	or	serum	bicarbonate	determinations	should	be	done	early	because
acidosis	is	an	early	objective	indicator	of	systemic	toxicity.	Frequency	of	blood
gas	 determinations	 is	 guided	 by	 previous	 values,	 the	 need	 for	 bicarbonate
therapy,	and	clinical	course.	A	pH	of	less	than	7.30	indicates	significant	toxicity.

4 	 Recommended	 laboratory	 tests	 include	 blood	 coagulation,	 hepatic,	 and
renal	panels.	Coagulation	studies	should	be	done	early	and	repeated	throughout
the	 first	 few	 days	 in	 patients	 with	 significant	 toxicity	 because	 a	 biphasic
coagulopathy	 may	 develop.24	 Blood	 should	 be	 typed	 and	 cross-matched	 as
clinically	indicated.	Hepatic	panels	should	be	monitored	daily	during	the	first	72
hours	 and	 longer	 when	 values	 remain	 significantly	 abnormal.	 Renal	 panels
should	be	obtained	regularly	because	of	the	risk	for	acute	renal	failure.32	Iron	is
not	directly	nephrotoxic,	however,	acute	renal	failure	may	result	from	shock	or
deferoxamine	therapy	without	adequate	fluid	replacement.32

The	total	iron-binding	capacity	(TIBC)	is	not	recommended	in	the	assessment



or	 management	 of	 patients	 with	 iron	 overdose	 because	 it	 is	 unreliable	 during
hyperferremic	 states	 and	 it	 does	 not	 predict	 iron	 toxicity.33	 It	 is	 difficult	 to
accurately	 predict	 outcomes	 because	 the	 published	 literature	 consists	 of
anecdotal	 reports.	Survival	 is	 expected	with	peak	 serum	 iron	concentrations	of
less	than	1000	µg/dL	(180	µmol/L)	and	proper	supportive	care.	The	main	causes
of	death	are	shock	and	hepatic	failure.

Differential	diagnosis	becomes	an	issue	when	the	history	of	iron	overdose	is
unknown.	In	this	situation,	diagnosis	can	be	a	challenge	because	of	the	multiple
and	varied	clinical	features	at	presentation	(eg,	abdominal	pain,	gastrointestinal
hemorrhage,	 shock,	 and	 coma).	 From	 the	 poisoning	 perspective,	 corrosive
ingestion	and	acute	heavy	metal	poisoning	are	the	main	considerations.

MANAGEMENT
The	initial	management	of	a	patient	with	an	iron	overdose	presents	a	challenge
because	 the	 patient	 often	 presents	 before	 maximal	 clinical	 toxicity.	 Many
patients,	especially	young	children,	may	be	asymptomatic	or	only	mildly	ill.	The
challenge	 is	 identifying	 those	who	are	destined	 to	 suffer	 significant	 toxicity	 in
order	to	place	them	in	an	appropriate	setting	for	the	required	level	of	care.	The
decision	 for	 the	 iron-overdosed	 critically	 ill	 patient	 is	 straightforward.	 Table
114.1	 provides	 guidelines	 for	 intensive	 care	 unit	 admission	 for	 those	 patients
who	are	not	critically	ill.

TABLE	114.1

Suggested	Criteria	for	Admission	of	the	Noncritically	Ill
Iron-Overdosed	Patient	to	an	Intensive	Care	Unit

Admit	to	ICU Strongly	Consider
Admission	to	ICU

Amount	of	Elemental	Iron	Ingested	

Child	(<6	y) >60	mg/kg 45-60	mg/kg

Adult	(all	others) >3.0	g 2.0-3.0	g

Tablets	Seen	in	Abdominal	Imaginga	



Child	(<6	y) 1/kg 0.75-1.00/kg

Adult	(all	others) >50 33-50

Peak	Serum	Iron
Concentrations

>1000	µ	g/dL
(>180	µmol/L)

750-1000	µ	g/dL	(135-
180	µmol/L)

Arterial	pH <7.30 7.30-7.35

Not	all	criteria	need	to	be	present.
aAssuming	60-mg	elemental	iron/tablet.
ICU,	intensive	care	unit.

Because	 activated	 charcoal	 does	 not	 adsorb	 iron,28	 whole-bowel	 irrigation
(WBI)	 (Figure	 114.1)	 is	 recommended	 as	 the	 decontamination	 procedure	 of
choice	for	the	iron-overdose	patient.29	WBI	should	be	considered	when	there	is
imaging	 documentation	 of	 iron	 ingestion	 and	 when	 there	 is	 a	 history	 of
elemental	 iron	 ingestion	 greater	 than	 60	 mg/kg	 by	 children	 and	 1.5	 g/kg	 by
adults.	 When	 emesis	 hampers	 effective	 WBI,	 consider	 ondansetron	 (4-8	 mg
intravenously	(IV)	for	adults	or	0.1-0.2	mg	per	kg	for	children).

	

Figure	 114.1 	 Abdominal	 imaging	 of	 a	 16-year-old	 girl	 with	 a
potentially	lethal	iron	overdose	after	syrup	of	ipecac-induced	emesis
and	 gastric	 lavage.Gastroscopy	 ruled	 out	 adherence	 of	 iron	 to	 the
stomach	 wall	 and	 medication	 concretion.	 She	 subsequently
underwent	 whole-bowel	 irrigation.	 Her	 peak	 serum	 iron



concentration	was	 253	µg/dL	 (46	µmol/L),	 and	 she	was	 not	 treated
with	deferoxamine.

Iron	can	become	adherent	 to	 the	gastrointestinal	mucosa	or	may	form	tablet
bezoars.34	A	computed	tomographic	abdominal	scan	or	plain	abdominal	imaging
studies	 in	 three	 planes	 (flat,	 upright,	 and	 decubitus)	 should	 identify	 these	 two
situations.	Barium	studies	are	unlikely	 to	be	helpful	because	of	 the	anticipated
lack	of	contrast	between	barium	and	iron.	If	WBI	is	ineffective,	removal	of	iron
via	 gastrotomy	 should	 be	 considered.34,35	 For	 surgical	 intervention	 to	 be
effective,	it	should	be	done	before	the	iron	is	absorbed,	and	most	tablets	must	be
in	a	 localized	area	 rather	 than	scattered	 throughout	 the	gastrointestinal	 tract.	A
combined	 approach	 of	 gastrotomy	 for	 tablet	 retrieval	 followed	 by	 WBI	 after
surgery	 has	 been	 described.35	 The	 former	 removed	 the	 iron	 from	 the	 stomach,
and	the	latter	removed	it	from	the	intestinal	tract.	Endoscopic	removal	of	an	iron
bezoar	from	the	stomach	has	been	reported.36

The	 oral	 administration	 of	 bicarbonate,	 phosphate,	 or	 deferoxamine	 is	 not
recommended.	 These	 agents	 have	 been	 advocated	 as	 a	 way	 to	 decrease	 iron
absorption	by	precipitating	it	as	an	insoluble	salt	or	by	chelating	it.	In	vitro37	and
animal38	studies	do	not	support	bicarbonate	or	phosphate	administration,	and	the
latter	 therapy	has	resulted	 in	hypocalcemia	and	hypovolemia	 in	 iron-overdosed
patients.39	 Oral	 deferoxamine	 is	 not	 recommended.	 Although	 it	 is	 neither
appreciably	 toxic	 nor	 absorbed	 from	 the	 gastrointestinal	 tract,	 its	 chelate,
ferrioxamine,19,21,40	has	been	shown	to	be	lethal	in	animals.21,41

Supportive	 care	 should	 be	 provided	 concurrently	 with	 gastrointestinal
decontamination.	 In	 patients	with	 severe	 poisoning,	 two	 IV	 lines	 are	 required:
one	 for	 fluid	 resuscitation	 and	 bicarbonate	 administration	 and	 the	 other	 for
deferoxamine	therapy.	Very	large	amounts	of	crystalloid	and	bicarbonate	may	be
required,23	and	occasionally,	colloid	or	blood	may	be	necessary.	Because	of	the
complex	 nature	 of	 shock	 in	 iron	 poisoning,	 assessment	 of	 cardiac	 output	 or
myocardial	 contractility	 by	 ultrasound	 may	 be	 helpful.	 Early	 shock	 should
respond	to	vigorous	volume	resuscitation;	occasionally,	pressor	therapy	may	be
needed.	 Late	 shock	 usually	 requires	 inotropic	 support.	An	 arterial	 catheter	 for
frequent	 blood	 gas	 determinations	 and	 a	 Foley	 catheter	 for	 monitoring	 urine
output	are	essential	for	all	critically	ill	patients.

Parameters	requiring	serial	monitoring	include	arterial	blood	gas;	hematocrit;
serum	 electrolytes;	 and	 renal,	 hepatic,	 and	 blood	 coagulation	 panels.	 The
frequency	of	these	determinations	depends	on	previous	results	and	the	patient’s
clinical	condition	and	response	to	therapy.

5 	A	 patient	with	 acute	 renal	 failure	may	 require	 hemodialysis,	 especially	 if



deferoxamine	 therapy	 is	 continued,	 to	 remove	 the	 toxic	 chelate,	 ferrioxamine.
Hemodialysis	or	hemoperfusion	is	not	recommended	for	iron	removal	because	of
the	rapid	extravascular	distribution	of	the	iron	and	its	binding	to	plasma	proteins
as	 non–transferrin-bound	 iron.7	 Acute	 hepatic	 failure	 is	 managed	 by	 standard
protocols.	 However,	 once	 established,	 precipitous	 decompensation	 is	 frequent
and	liver	transplantation	has	been	reported	to	be	effective	treatment.42

Coagulopathy	 during	 the	 first	 few	 hours	 after	 overdose	 is	 related	 to	 serum
iron	 concentration	 and	 is	 transient.	 Specific	 therapy	 is	 unnecessary.
Deferoxamine	 lowers	 the	 serum	 iron	 concentration	 and	 may	 hasten	 its
resolution.24	Coagulopathy	occurring	many	hours	to	a	few	days	after	overdose	is
a	 manifestation	 of	 hepatic	 failure.	 Administration	 of	 fresh	 frozen	 plasma	 is
recommended,	because	vitamin	K1	is	unlikely	to	be	helpful.

Deferoxamine,	the	specific	treatment	of	choice	for	acute	iron	poisoning,15,19	is
a	 naturally	 occurring	 siderophore	 isolated	 from	 Streptomyces	 pilosus.	 Its
pharmacology	 was	 described	 in	 the	 early	 1960s.43,44	 Its	 binding	 constant	 for
ferric	iron	is	1031,	which	compares	with	1027	to	1029	for	transferrin.	It	is	capable
of	 removing	 iron	 from	 ferritin	 and	 hemosiderin	 and,	 to	 a	 very	 minor	 degree,
from	transferrin,	but	not	from	cytochromes,	hemoglobin,	or	myoglobin.

Although	 deferoxamine	 is	 regarded	 as	 the	 treatment	 of	 choice,	 its
effectiveness	has	been	questioned	because	it	has	limited	chelating	capacity	and
only	small	amounts	of	iron	are	recovered	in	the	urine	after	its	administration	to
iron-poisoned	patients.45	The	manufacturer’s	 recommended	daily	deferoxamine
dosage	of	6	g	is	capable	of	chelating	510	mg	of	iron	or	8.5	ferrous	sulfate	tablets.
Although	this	would	seem	to	be	insignificant	for	the	patient	who	has	ingested	50
tablets,	 the	poor	absorption	of	 iron	and	 the	body’s	 large	storage	capacity	 for	 it
result	in	only	a	relatively	small	amount	being	responsible	for	toxicity.	Therefore,
the	chelation	of	small	amounts	of	iron	may	be	beneficial.	Alternatively,	510	mg
of	iron	is	approximately	10%	of	the	total	amount	of	iron	and	approximately	35%
of	the	nonheme	iron	in	a	70-kg	man.46

Historically,	therapy	was	based	on	the	deferoxamine	chelation	challenge	test
and	relied	on	visualization	of	a	change	in	urine	color	to	rusty	orange	(vin	rosé)
caused	 by	 the	 presence	 of	 ferrioxamine	 after	 intramuscular	 deferoxamine
administration.	This	test	has	never	been	validated	and	is	not	recommended.

Traditional	indications	for	deferoxamine	therapy	have	been	based	on	the	peak
serum	iron	concentration,	the	serum	iron	concentration	relative	to	the	TIBC,	the
results	 of	 a	 chelation	 challenge	 test,	 and	 the	 patient’s	 clinical	 condition.
Deferoxamine	 therapy	 has	 been	 recommended	 for	 those	with	 peak	 serum	 iron
concentrations	 ranging	 from	 300	 to	 500	 µg/dL	 (55-90	 µmol/L).47	 Significant
morbidity	 is	 unlikely	 with	 peak	 concentrations	 of	 less	 than	 500	 µg/dL



(90	µmol/L).	Hence,	 a	 serum	 iron	 concentration	 of	 500	µg/dL	 (90	µmol/L)	 or
greater	 is	 recommended	 as	 an	 indication	 for	 deferoxamine	 therapy	 in	 an
otherwise	 asymptomatic	 patient.	 Deferoxamine	 therapy	 is	 indicated	 when
symptoms	and	signs	of	severe	iron	poisoning	are	present,	regardless	of	the	serum
iron	 concentration.	 These	 include	 acidosis,	 shock,	 and	 decreased	 level	 of
consciousness	 or	 coma.	 Although	 some	 toxicologists	 also	 advocate
deferoxamine	 therapy	 for	 those	 with	 recurrent	 vomiting	 or	 diarrhea,	 these
symptoms	can	be	seen	in	patients	who	do	not	develop	systemic	toxicity.

4 	The	patient	should	be	fluid	resuscitated	prior	to	IV	deferoxamine	therapy	to
avoid	acute	kidney	injury.	Continuous	IV	infusion	is	 the	recommended	method
for	 administering	 deferoxamine.	 This	 is	 based	 on	 studies	 in	 patients	 with
transfusion-induced	 iron	 overload,	 demonstrating	 IV	 deferoxamine	 results	 in
greater	 urinary	 iron	 elimination,	 higher	 peak	 and	 more	 stable	 serum
deferoxamine	concentrations.48	Deferoxamine	should	be	administered	at	a	rate	of
15	mg/kg/h.

3 	 The	 optimal	 dose	 of	 deferoxamine	 is	 uncertain.	 The	 manufacturer
recommends	a	daily	maximum	dose	of	6	g	given	in	divided	doses.	A	continuous
infusion	 protocol	 of	 15	 mg/kg/h	 until	 24	 hours	 after	 the	 urine	 returns	 to	 its
normal	 color	 has	 also	 been	 recommended.15	 The	 latter	 protocol	 exceeds	 the
manufacturer’s	 guidelines	 for	 patients	 heavier	 than	 17	 kg.	 Neither
recommendation	 is	evidence	based.	Only	 two	patients	 treated	with	15	mg/kg/h
over	 a	 prolonged	 course	 have	 been	 well	 described	 in	 the	 literature.49,50
Furthermore,	 continuous	 IV	 deferoxamine	 therapy	 for	 patients	with	 acute	 iron
poisoning	 for	 longer	 than	 24	 to	 48	 hours	 has	 been	 associated	 with	 the
development	of	 acute	 respiratory	distress	 syndrome.51	Four	patients	with	mild-
to-moderate	 iron	poisoning	without	 evidence	of	 shock,	 acidosis,	or	 sepsis	who
received	 15	 mg/kg/hour	 of	 deferoxamine	 IV	 for	 2	 to	 3	 days	 died	 of
noncardiogenic	 pulmonary	 edema.51	 Continuous	 IV	 deferoxamine	 therapy
should	not	 routinely	 exceed	 the	 first	 24	hours;	 rarely	needed	beyond	24	hours
and	 should	 be	 used	 with	 caution	 for	 periods	 longer	 than	 this.	 If	 prolonged
chelation	 therapy	 is	deemed	necessary,	 interrupting	 therapy	 for	12	of	 every	24
hours	to	allow	excretion	of	ferrioxamine	can	be	considered.	Careful	monitoring
of	 pulmonary	 status	 is	 required	 during	 prolonged	 therapy.	 Indications	 for
discontinuing	 deferoxamine	 therapy	 include	 resolution	 of	 the	 symptoms	 and
signs	of	systemic	iron	toxicity	and	correction	of	acidosis.

Adverse	 drug	 events	 from	 short-term	 deferoxamine	 therapy	 are	 few,	 but
significant.	Rapid	IV	administration	is	associated	with	tachycardia,	hypotension,
shock,	 a	 generalized	 beet-red	 flushing	 of	 the	 skin,	 blotchy	 erythema,	 and
urticaria.	Patients	receiving	deferoxamine	may	be	at	 increased	risk	for	Yersinia



infections.	 Yersinia	 septicemia	 has	 been	 reported	 in	 patients	 treated	 with
deferoxamine.27,52

All	 patients	 with	 purposeful	 ingestions	 should	 be	 referred	 to	 psychiatric
evaluation	 and	 disposition.	 Those	 who	 have	 required	 deferoxamine	 therapy
should	 have	 a	 follow-up	 visit	 approximately	 1	 month	 after	 discharge.	 At	 this
time,	 the	 patient’s	 iron	 status	 and	 gastrointestinal	 tract	 should	 be	 assessed.
Patients	should	also	be	advised	of	 the	symptoms	of	gastrointestinal	obstruction
and	to	return	immediately	if	they	occur.	Chronic	hepatic	or	cardiac	dysfunction
has	not	been	reported	after	acute	iron	overdose.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	From	the	following	list	of	iron	compounds,	which	is	the	least	toxic?

A. 	Carbonyl	iron
B. 	Ferrous	fumarate
C. 	Ferrous	gluconate
D. 	Ferrous	sulfate

2. 	Iron	toxicity	is	well	known	to	directly	damage	all	of	the	following	organs,
EXCEPT:

A. 	Heart
B. 	Intestine
C. 	Kidney
D. 	Liver

3. 	Which	of	the	following	test	results	is	most	likely	associated	with	severe
iron	toxicity?

A. 	Iron	tablets	visible	on	x-ray,	4	hours	after	ingestion
B. 	Presence	of	metabolic	acidosis
C. 	Serum	iron	concentration	greater	than	serum	TIBC	(total	iron
binding	concentration)
D. 	Serum	iron	concentration	of	300	µg/dL,	4	hours	after	ingestion



Answers

1.	The	correct	answer	is	A.
Rationale:	 Iron	 can	 damage	 gastrointestinal	 mucosa	 and	 impair	 oxidative

phosphorylation	and	mitochondrial	 function.	Toxicity	can	occur	with	all	of	 the
listed	 compositions,	 but	 carbonyl	 iron,	 a	 highly	 purified	 form	 of	metallic	 iron
that	is	uncharged	and	not	a	salt,	is	least	toxic	(choice	A	is	correct).

2.	The	correct	answer	is	C.
Rationale:	Iron	is	not	directly	nephrotoxic	(choice	C	is	the	“correct”,	wrong

answer).	However,	 acute	 renal	 failure	may	 result	 from	 shock	 due	 to	 fluid	 and
blood	loss,	or	even	from	the	deferoxamine	given	for	chelation,	especially	in	the
absence	of	adequate	fluid	replacement.	Hemorrhagic	necrosis	of	gastrointestinal
mucosa	can	occur.	At	the	cellular	level,	iron	impairs	metabolism	in	the	heart	and
liver.

3.	The	correct	answer	is	B.
Rationale:	 Blood	 gas	 or	 serum	 bicarbonate	 determinations	 should	 be	 done

early	in	evaluation	because	metabolic	acidosis	is	an	early,	objective	indicator	of
systemic	toxicity	(choice	B	is	correct).	Peak	iron	serum	level	occurs	4	to	6	hours
after	ingestion.	Sustained	release/enteric	coated	tablets	may	have	peak	levels	at	8
hours.	Mild	 to	moderate	 toxicity	begins	 at	 levels	of	500	 (choices	C	and	D	are
incorrect).	There	is	no	correlation	between	radiopacities	on	x-ray	and	severity	of
poisoning	(choice	A	is	incorrect).
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Chapter	115
Isoniazid	Poisoning
James	B.	Mowry,	Greene	Shepherd,	Adam	G.	Overberg

KEY	POINTS:
1.	 Isoniazid	is	rapidly	and	almost	completely	absorbed	from	the

gastrointestinal	tract	following	oral	administration	and	has	a	small
volume	of	distribution.

2.	 Isoniazid	is	rapidly	metabolized	by	N-acetyltransferase	2	and	genetic
variation	causes	significant	interpatient	variations	in	plasma
concentration,	elimination	half-life,	and	toxicity.

3.	 Central	nervous	system	toxicity	of	acute	isoniazid	poisoning	is	due	to
inhibition	of	pyridoxine-mediated	γ-aminobutyric	acid	(GABA).

4.	 Serious	isoniazid-induced	hepatotoxicity	during	therapeutic	dosing
may	develop	in	0.1%	to	1.1%	of	patients.

5.	 The	triad	of	tonic-clonic	seizures	refractory	to	γ-aminobutyric	acid	A
receptor	agonists,	metabolic	acidosis	refractory	to	sodium
bicarbonate	therapy,	and	coma	suggests	isoniazid	toxicity.

6.	 Acute	isoniazid	toxicity	is	effectively	treated	with	high	dose
pyridoxine	and	γ-aminobutyric	acid	A	receptor	agonists.

7.	 Pyridoxine	should	be	administered	as	a	gram	of	pyridoxine	per	gram
of	isoniazid	ingested.

8.	 If	an	unknown	amount	of	isoniazid	is	ingested,	5	g	in	adults	or	70	mg
per	kg	(maximum	5	g)	in	children	should	be	administered.

9.	 Extracorporeal	treatments	for	acute	isoniazid	toxicity	may	be
considered	when	adequate	pyridoxine	doses	are	unavailable	and
seizures	are	uncontrolled	by	γ-aminobutyric	acid	A	receptor	agonists.



INTRODUCTION
Isoniazid	(isonicotinic	acid	hydrazide	[INH])	is	the	cornerstone	of	treatment	and
prevention	of	tuberculosis.	It	is	available	under	a	variety	of	brand	names	as	50-,
100-,	and	300-mg	 tablets;	as	an	oral	 syrup	 (50	mg	per	5	mL);	as	an	 injectable
solution	 (100	 mg	 per	 mL);	 and	 in	 powder	 form.	 It	 is	 also	 available	 in
combination	with	other	antitubercular	drugs	such	as	pyridoxine	and	rifampin.

In	 2019,	 the	 American	 Association	 of	 Poison	 Control	 Centers	 reported	 96
cases	with	 exposure	 to	 INH,	 including	 62	 single	 exposures;	 77%	 of	 the	 cases
involved	 adults	 or	 adolescents,	with	 52%	being	 unintentional.	No	 deaths	were
reported,	but	32%	of	the	cases	exhibited	moderate-to-severe	toxicity.1

PHARMACOLOGY
1 	As	a	bactericidal	agent,	INH	interferes	with	lipid	and	nucleic	acid	biosynthesis
in	 the	 growing	Mycobacterium	 organism.	 It	 is	 rapidly	 and	 almost	 completely
absorbed	 after	 oral	 administration,	 with	 peak	 plasma	 concentrations	 occurring
within	1	 to	2	hours.2	The	 rate	 and	extent	of	 absorption	 are	decreased	by	 food.
The	volume	of	distribution	of	INH	approximates	total	body	water	(0.67	±	0.15	L
per	 kg),	with	 cerebrospinal	 fluid	 concentrations	 90%	 of	 those	 of	 serum.3	 INH
passes	into	breast	milk	and	through	the	placental	barrier.	There	is	little	protein-
binding.

2 	Between	75%	and	95%	of	an	INH	dose	is	acetylated	in	the	liver	within	24
hours	by	N-acetyltransferase	2	 (NAT2)	 to	 acetylisoniazid	 and	by	hydrolysis	 to
isonicotinic	acid	and	hydrazine.2	In	addition,	variable	amounts	of	both	INH	and
acetylisoniazid	are	oxidized	by	cytochrome	P450	2E1	(CYP2E1)	to	hepatotoxic
intermediates.4	 Genetic	 polymorphisms	 of	 metabolism	 cause	 significant
variations	 of	 plasma	 concentration,	 elimination	 half-life,	 and	 toxicity.	 The
elimination	 half-life	 among	 rapid	 acetylators	 (eg,	 people	 of	 Asian,	 Inuit,	 and
American	Indian	descent)	is	0.5	to	1.5	hours,	whereas	it	is	2	to	4	hours	in	slow
acetylators	(eg,	people	of	African	and	Caucasian	descent).5	The	elimination	half-
life	can	be	prolonged	among	people	with	liver	disease.	Rapid	acetylators	excrete
2.5%	of	 INH	as	unchanged	drug,	compared	with	10%	for	slow	acetylators.2	 In
addition,	slow	acetylators	may	have	a	higher	percentage	of	the	dose	metabolized
to	hydrazine,	a	potential	hepatotoxin.6	INH	exhibits	dose-dependent	inhibition	of
cytochrome	P450	2C19	and	cytochrome	P450	3A,	increasing	the	risk	of	adverse
drug	 reactions	 among	 slow	 acetylators	 during	 the	 coadministration	 of	 drugs
metabolized	by	these	enzymes	(eg,	phenytoin,	carbamazepine,	or	diazepam).



Acute	ingestion	of	1.5	to	3	g	in	adults	may	be	toxic,	with	6	to	10	g	uniformly
associated	with	 severe	 toxicity	 and	 significant	mortality.7	Among	patients	with
preexisting	seizure	disorders,	seizures	have	occurred	with	 therapeutic	dosing	at
doses	as	low	as	14	mg	per	kg	per	day;	19	mg	per	kg	per	day	resulted	in	seizures
in	a	7-year-old	child.7

Daily	 therapeutic	 INH	doses	 produce	peak	 serum	concentrations	 between	1
and	7	µg	per	mL.	Intermittent	INH	therapy	may	produce	concentrations	between
16	 and	 32	 µg	 per	 mL.	 Serum	 INH	 concentrations	 following	 acute	 ingestions
have	 ranged	 from	 20	 µg	 per	 mL	 to	 more	 than	 710	 µg	 per	 mL,	 with	 little
correlation	to	severity	of	intoxication.8-11

3 	 The	 central	 nervous	 system	 (CNS)	 toxicity	 of	 INH	 and	 its	metabolites	 is
believed	 to	 be	 due	 to	 a	 decrease	 in	 the	 concentration	 of	 γ-aminobutyric	 acid
(GABA),	an	inhibitory	neurotransmitter	that	suppresses	neuronal	depolarization
by	 opening	 chloride	 ionophores	 (Figure	 115.1).	 Isoniazid	 combines	 with
pyridoxine	 (vitamin	 B6)	 and	 is	 excreted	 in	 the	 urine	 as	 pyridoxal
isonicotinylhydrazine.12	It	also	competes	with	pyridoxine	for	pyridoxine	kinase,
the	enzyme	that	converts	pyridoxine	to	pyridoxal	5′-phosphate,	the	cofactor	for
glutamic	 acid	 decarboxylase–mediated	 conversion	 of	 the	 excitatory
neurotransmitter	glutamate	 to	GABA.13	 In	addition,	 INH	inhibits	glutamic	acid
decarboxylase	activity.	Isoniazid	metabolites	hydrazides	and	hydrazones	inhibit
pyridoxal	5′-phosphate	 and	pyridoxine	kinase,	 respectively.13,14	 These	 all	 result
in	decreased	GABA	and	increased	CNS	concentrations	of	glutamate.14,15

	



Figure	115.1 	Role	of	isoniazid	in	the	reduction	of	γ-aminobutyric
acid	 (GABA)	 concentration.Cl−,	 chloride	 ions;	 ,	 inhibited	 by	 -
isoniazid;	 GAD,	 glutamic	 acid	 decarboxylase;	 GOT,	 glutamic
oxaloacetic	 transaminase;	PK,	pyridoxine	kinase;	PLP,	pyridoxal	5′-
phosphate.

INH	 causes	 a	 peripheral	 neuropathy	 that	 may	 be	 responsive	 to	 pyridoxine
supplementation.16	Wallerian	 degeneration	 of	 the	myelin	 sheath	 and	 axon	with
blockade	 of	 fast	 axoplasmic	 transport	 is	 noted,	 with	 sensory	 nerves	 affected
more	 than	 motor	 nerves.	 Peripheral	 neuropathy	 is	 most	 commonly	 associated
with	 chronic	 INH	 use	 in	 slow	 acetylators	 but	 may	 occur	 after	 acute	 massive
overdose.17,18

4 	 The	 mechanism	 of	 INH-induced	 hepatic	 injury	 is	 not	 completely
understood.	 Up	 to	 10%	 of	 patients	 may	 develop	 elevations	 of	 serum
aminotransferase	 activities	 ≤3x	 upper	 limit	 of	 normal	 (ULN),	 while	 serious
hepatotoxicity	characterized	by	serum	aminotransferase	activities	>5x	ULN	may
develop	in	0.1%	to	1.1%	of	INH	treated	patients,	especially	those	with	advanced
age	 and	 alcohol	 consumption.19-22	 Concurrent	 rifampin	 therapy	 increases	 the
incidence	of	hepatitis	to	2.7%	among	adults	and	6.9%	among	children.19-23	It	is
unclear	 whether	 this	 effect	 is	 due	 to	 an	 influence	 of	 rifampin	 on	 INH
metabolism,	 or	 to	 the	 additive	 effect	 of	 two	 hepatotoxic	 drugs.21	 The
histopathological	 pattern	 of	 hepatic	 injury	 closely	 resembles	 viral	 hepatitis.
Hypersensitivity	seems	unlikely,	as	rechallenge	often	fails	to	produce	recurrence.
Hepatic	 damage	may	 be	 due	 to	 hydrazine	metabolites	 of	 INH	 that	 covalently
bind	 to	 liver	 macromolecules	 resulting	 in	 necrosis.24	 The	 severity	 of
hepatotoxicity	may	be	related	to	high-activity	genotypes	of	CYP2E1,	producing
increased	 concentrations	 of	 reactive	 metabolites.4	 Recent	 work	 suggests	 that
slow	 acetylators	 are	 more	 susceptible	 to	 antitubercular	 drug–induced	 hepatitis
and	 may	 develop	 more	 severe	 hepatotoxicity	 than	 do	 rapid	 acetylators.4
Additional	risk	factors	may	include	homozygous	null	mutations	in	GSTM112	or
GSTT113,	 the	 absence	 of	 HLA-DQA1*0102,	 and	 the	 presence	 of	 HLA-
DQB1*0201	alleles.4

The	severe	metabolic	acidosis	seen	with	acute	INH	toxicity	is	almost	entirely
due	 to	 seizure	activity	and	 is	associated	with	marked	 increase	of	 serum	 lactate
levels.25	 Although	 INH	 may	 interfere	 with	 nicotinamide	 adenine	 dinucleotide
(NAD)-mediated	 conversion	 of	 lactate	 to	 pyruvate,	 acidosis	 was	 not	 observed
during	animal	studies	until	seizures	occurred	with	blood	pH	and	lactate	returning
to	control	values	within	2	hours	of	diazepam	and	pyridoxine	treatment.25	While



an	 increase	 of	 serum	 β-hydroxybutyrate	 concentration	 has	 also	 been	 reported
following	INH	overdose,	its	contribution	to	INH-induced	acidosis	is	unclear.

CLINICAL	PRESENTATION
5 	Signs	and	symptoms	usually	appear	within	30	minutes	to	2	hours	following	an
acute	INH	overdose.	The	median	(interquartile	range)	onset	is	1.5	(1-2.8)	hours
for	 patients	 treated	 without	 extracorporeal	 therapy	 and	 2.0	 (1.0,3.3)	 hours	 for
cases	treated	with	extracorporeal	therapy.26	Nausea,	vomiting,	dizziness,	slurred
speech,	 blurred	 vision,	 and	 visual	 hallucinations	 (eg,	 bright	 colors,	 spots,	 and
strange	 designs)	 are	 among	 the	 first	 manifestations.7,8	 Stupor	 and	 coma	 can
develop	 rapidly,	 followed	 by	 intractable	 tonic-clonic	 generalized	 or	 localized
seizures,	 hyperreflexia	 or	 areflexia,	 and	 cyanosis.7,8	 In	 severe	 cases,
cardiovascular	and	respiratory	collapse	results	in	death.	Oliguria	progressing	to
anuria	 has	 been	 reported.7	 The	 metabolic	 alterations	 are	 striking	 and	 include
severe	 metabolic	 acidosis,	 hyperglycemia,	 glycosuria,	 ketonuria,	 and
hyperkalemia.7,8,10	The	triad	of	seizures	refractory	to	anticonvulsants,	metabolic
acidosis	 refractory	 to	 sodium	 bicarbonate	 therapy,	 and	 coma	 suggests	 INH
toxicity.

Some	 patients	 develop	 increases	 of	 their	 serum	 aminotransferase	 activities
within	 the	 first	 few	 months	 of	 initiating	 INH	 therapy,	 but	 most	 are
asymptomatic.	 However,	 serious	 hepatotoxicity	 may	 develop,	 but	 rarely
fulminant	 liver	 failure.	 Fatalities	 from	 INH-induced	 hepatitis	 during
chemoprophylaxis	 are	 between	 4.2	 and	 7.0	 per	 100,000	 persons.27	 When
peripheral	 neuropathy	 occurs,	 it	 is	 within	 3	 to	 35	 weeks	 of	 initiating	 the
therapy.28	 Other	 chronic	 effects	 include	 dysarthria,	 irritability,	 seizures,
dysphoria,	 and	 inability	 to	concentrate.19	Optic	neuritis	 and	optic	 atrophy	have
also	 been	 reported,	 but	 their	 occurrence	 is	 often	 associated	 with	 the
administration	of	ethambutol	as	well.

Psychosis	has	been	 reported	among	patients	during	 therapeutic	 INH	dosing.
Symptoms	include	irritability,	disorientation,	visual	and	auditory	hallucinations,
paranoid	 delusions,	 and	 suicidal	 ideation.	 Isoniazid-associated	 psychosis	 has
been	 reported	 among	 patients	 on	multidrug	 and	monodrug	 therapies,	with	 and
without	 a	 previous	 psychiatric	 history,	 and	 therapy	 with	 and	 without
pyridoxine.29

Pellagra	 is	a	disease	caused	by	niacin	(vitamin	B3)	deficiency	characterized
by	 dermatitis,	 diarrhea,	 and	 dementia,	 which	 is	 potentially	 fatal.	 Its	 rare
association	 with	 INH	 was	 first	 reported	 in	 a	 patient	 also	 taking	 prophylactic



pyridoxine.	It	is	thought	that	INH,	and	perhaps	pyridoxine	as	well,	competitively
inhibit	 NAD	 and	 nicotinamide	 adenine	 dinucleotide	 phosphate	 production	 in
genetically	 susceptible	 individuals.	 This	 causes	 a	 decreased	 ability	 to	 repair
cellular	 damage	 in	 tissues	 with	 high	 cellular	 turnover	 rates,	 such	 as	 skin	 and
gastrointestinal	 mucosa,	 resulting	 in	 photosensitivity	 and	 gastrointestinal	 cell
damage.30

DIAGNOSTIC	EVALUATION
Initial	 laboratory	 evaluation	 should	 include	 serum	 electrolytes,	 blood	 urea
nitrogen,	 creatinine,	 glucose,	 calcium,	 and	 magnesium	 levels.	 Laboratory
workup	for	anion-gap	metabolic	acidosis	(eg,	serum	methanol,	ethylene	glycol,
salicylate,	and	acetaminophen	levels)	should	also	be	considered.	Arterial	blood
gases,	 electrocardiogram,	 chest	 radiograph,	 head	 computed	 tomography,	 and
lumbar	puncture	should	be	obtained	as	clinically	indicated.

Qualitative	INH	identification	in	urine	using	reagent-impregnated	paper	strips
or	 a	 point-of-care	 testing	 device	 sensitive	 to	 INH	metabolites	 and	 quantitative
serum	INH	identification	are	not	widely	available.

Acute	INH	toxicity	should	be	considered	in	the	differential	diagnosis	of	any
patient	 presenting	 with	 unexplained	 intractable	 seizure	 activity,	 metabolic
acidosis,	 or	 coma.7,11	 See	Table	 115.1	 for	 some	 conditions	 that	may	 resemble
INH	toxicity	and/or	cause	anion-gap	metabolic	acidosis.

TABLE	115.1

Differential	Diagnosis:	INH	Intoxication

Clinical	Presentation Anion-Gap	Metabolic
Acidosis

Central	nervous	system	tumors	and
infections
Electrolyte	abnormalities
Hypoglycemia
Thyroid	dysfunction
Poisonings
Antihistamines

Alcoholic	ketoacidosis
Diabetic	ketoacidosis
Diethylene	glycol
Ethylene	glycol
Iron
Lactic	acidosis
Metformin



Antipsychotics,	first	generation	(eg,
loxapine)
Bupropion
Carbon	monoxide
Cholinergics
Citalopram
Cyanide
Organophosphates
Sympathomimetics
Theophylline
Tramadol
Tricyclic	antidepressants	(eg,

amoxapine)

Methanol
Propylene	glycol
Salicylates
Starvation
Uremia

Ingestion	of	rifampin-INH	combination	products	may	produce,	in	addition	to
the	 symptoms	of	 INH	poisoning,	 (a)	 a	 striking	 red-orange	discoloration	of	 the
skin,	urine,	sclera,	and	mucous	membranes;	 (b)	periorbital	or	 facial	edema;	 (c)
pruritus;	and	(d)	nausea,	vomiting,	or	diffuse	abdominal	tenderness.31,32	Transient
elevations	 in	 hepatic	 transaminases,	 total	 bilirubin,	 and	 alkaline	 phosphatase,
indicating	cholestasis,	may	also	be	noted.

MANAGEMENT
The	 initial	 management	 of	 a	 patient	 with	 acute	 INH	 overdose	 focuses	 on
protection	of	airway,	support	of	respiration,	treatment	of	seizures,	correction	of
metabolic	 acidosis,	 minimization	 of	 drug	 absorption,	 and,	 in	 selected	 cases,
enhancement	of	INH	elimination.

Gastrointestinal	 decontamination,	 if	 performed,	 should	 consist	 of	 the
administration	 of	 activated	 charcoal.	 Gastric	 lavage	 followed	 by	 activated
charcoal	should	be	considered	for	severely	ill	patients	who	have	been	intubated.
Emesis	 is	 contraindicated	 because	 of	 the	 potential	 for	 rapid	 and	 unpredictable
onset	of	seizures	and	coma.

Patients	 who	 have	 ingested	 a	 potentially	 toxic	 INH	 dose	 and	 are
asymptomatic	 should	 be	 observed	 for	 at	 least	 4	 hours,7	 longer	 observation	 or
admission	may	be	warranted	for	patients	who	are	slow	acetylators.	For	ingested
doses	 ≥1.5	 g	 or	 20	 mg	 per	 kg	 gastrointestinal	 decontamination	 should	 be
considered	based	on	the	timing	of	presentation.7	All	symptomatic	patients	should



be	admitted	to	an	intensive	care	setting.
6 	 Seizures	 are	 often	 refractory	 to	 most	 conventional	 anticonvulsants.33

Pyridoxine	 has	 dose-related	 effectiveness	 against	 seizures	 at	 a	 dose	 of	 4:1
pyridoxine	 to	 INH	and	prevents	mortality	 at	 doses	 of	 1:1	 to	 4:1	 pyridoxine	 to
INH	 in	 canine	 models	 of	 INH	 toxicity.34	 In	 animal	 studies,	 when	 single-
anticonvulsant	regimens	of	pyridoxine,	phenobarbital,	pentobarbital,	phenytoin,
and	diazepam	were	compared	 to	 the	 latter	 four	anticonvulsants	 in	combination
with	pyridoxine,	pyridoxine	was	the	only	single	agent	that	reduced	the	severity
of	seizures	and	prevented	death	at	a	dose	of	2:1	pyridoxine	to	INH.33	Pyridoxine
is	 the	 physiological	 antidote	 for	 INH-induced	 seizures	 and	 GABA	 type	 A
(GABAA)	 receptor	 agonists	 (benzodiazepines	 or	 barbiturates)	 have	 marked
synergism	 with	 pyridoxine.33	 Therefore,	 pyridoxine,	 in	 conjunction	 with	 a
GABAA	 receptor	 agonist,	 is	 the	 preferred	 treatment	 for	 INH	 neurotoxicity.
Pyridoxine	restores	GABA	production	so	that	GABAA	receptor	agonists	such	as
benzodiazepines	 or	 barbiturates	 can	 enhance	 GABA	 receptor	 activity.	 If
pyridoxine	 is	 unavailable,	 a	 benzodiazepine	 appears	 to	 be	 the	 most	 effective
single	anticonvulsant,	but	their	effectiveness	may	be	limited	due	to	low	GABA
concentrations	 in	 the	 CNS,	 and	 large	 doses	 may	 be	 required,	 necessitating
intubation	 and	 mechanical	 ventilation.	 Barbiturates	 may	 also	 be	 effective	 but
may	be	more	sedating	than	benzodiazepines.	No	data	are	available	on	the	use	of
other	GABAA	antagonists	in	INH	overdose.

7 	 8 	Intravenous	pyridoxine	therapy	should	be	administered	at	the	first	sign	of
neurological	 toxicity	 in	 doses	 equal	 to	 the	 amount	 of	 INH	 ingested.7,8,15	 For
patients	 with	 status	 epilepticus,	 1	 g	 of	 pyridoxine	 should	 be	 administered	 for
each	gram	of	INH	ingested	at	a	rate	of	1	g	per	minute.	INH-overdosed	patients
treated	 with	 such	 pyridoxine	 dosing	 exhibited	 no	 recurrent	 seizure	 activity,	 a
decreased	duration	of	coma,	and	prompt	resolution	of	their	metabolic	acidosis.11
If	the	amount	of	INH	ingested	is	unknown,	at	least	5	g	of	pyridoxine	should	be
administered.7,8	While	some	references	limit	the	dose	of	pyridoxine	to	70	mg	per
kg	 (maximum	 5	 g)	 for	 children,	 evidence	 for	 that	 is	 lacking.35	 For	 patients
without	 seizures,	 the	 pyridoxine	 dose	 may	 be	 administered	 over	 30	 to	 60
minutes.	The	pyridoxine	dose	should	be	repeated	when	seizures	persist	or	recur.
Intravenous	 diazepam	 or	 lorazepam	 should	 also	 be	 given	 in	 conjunction	 with
pyridoxine.7,33	As	there	may	be	inadequate	supplies	of	intravenous	pyridoxine	at
treating	facilities,36,37	oral	high-dose	pyridoxine	may	be	 tried	 in	 the	same	doses
as	 intravenous	 pyridoxine.38,39	 To	 accomplish	 this,	 pyridoxine	 tablets	 may	 be
crushed,	 mixed	 with	 fluid,	 and	 administered	 via	 a	 nasogastric	 tube.	 Seizures
refractory	 to	 pyridoxine	 and	 diazepam	 have	 been	 successfully	 treated	 with



thiopental-induced	 coma.	 Reversal	 of	 prolonged	 INH-induced	 coma	 has	 been
temporally	 associated	 with	 pyridoxine	 therapy.40	 Unless	 the	 patient	 has
experienced	 significant	 anoxia	 as	 a	 result	 of	 coma	 or	 seizures,	 neurological
recovery	may	be	expected	within	24	to	48	hours.

Treatment	of	metabolic	acidosis	 should	be	guided	by	arterial	blood	gas	and
electrolyte	measurements.	For	most	cases,	 intravenous	sodium	bicarbonate	will
not	 correct	 acid-base	 abnormalities	 until	 seizure	 activity	 is	 terminated.11
Bicarbonate	may	be	considered	when	the	arterial	pH	is	lower	than	7.2.

9 	 Isoniazid	 exhibits	 many	 physical	 characteristics	 making	 it	 amenable	 to
extracorporeal	 elimination	 from	 the	 body.	 A	 systematic	 review	 by	 the
Extracorporeal	Treatments	in	Poisoning	(EXTRIP)	workgroup	assessed	isoniazid
as	 “Moderately	 Dialyzable”	 by	 hemodialysis	 for	 patients	 with	 normal	 kidney
function	(quality	of	evidence	=	C)	and	“Dialyzable”	by	hemodialysis	for	patients
with	 impaired	 kidney	 function	 (quality	 of	 evidence	 =	 A).26	 However,	 when
compared	to	standard	therapy	with	pyridoxine	and	GABAA	receptor	agonists,	no
benefit	could	be	attributed	to	extracorporeal	 treatments	(ECTR),	although	there
was	 evidence	 of	 added	 costs	 and	 harms	 related	 to	 the	 double	 lumen	 catheter
insertion,	the	extracorporeal	procedure	itself,	and	the	potential	for	extracorporeal
removal	 of	 pyridoxine.	 The	EXTRIP	workgroup	 suggested	 against	 performing
ECTR	in	addition	to	standard	care	(weak	recommendation,	very	low	quality	of
evidence)	for	patients	with	isoniazid	poisoning.	If	adequate	doses	of	pyridoxine
could	not	be	administered,	ECTR	was	suggested	only	for	patients	with	seizures
refractory	to	GABAA	receptor	agonists	(weak	recommendation,	very	low	quality
of	evidence).

Prevention	 of	 peripheral	 neuropathy	 during	 chronic	 INH	 therapy	 can	 be
accomplished	by	the	administration	of	pyridoxine,	15	to	50	mg	per	day,	in	high-
risk	 patients.	 Peripheral	 neuropathy	 that	 develops	 during	 INH	 therapy	 is
generally	 reversible	 on	 withdrawal	 of	 INH	 and	 treatment	 with	 high-dose
pyridoxine	(100-200	mg	per	day).	However,	the	neuropathy	may	take	months	to
a	year	or	more	to	resolve,	and	in	some	cases,	it	may	be	permanent.

The	management	of	INH-induced	hepatotoxicity	includes	supportive	care	and
cessation	 or	 reduction	 of	 INH	 administration.	 It	 is	 recommended	 that	 INH	 be
discontinued	 in	patients	whose	 transaminase	concentrations	have	 risen	 to	 three
times	the	ULN	in	the	presence	of	jaundice	or	hepatitis	symptoms	or	greater	than
five	times	the	ULN	if	asymptomatic.20,41

There	 is	no	specific	 treatment	 for	 the	 toxicity	seen	from	the	combination	of
INH	and	rifampin.	Psychosis	usually	responds	to	pyridoxine	administration,	and
patients	may	also	benefit	from	antipsychotic	medications	such	as	risperidone	or



quetiapine.29	 The	 rare	 complication	 of	 pellagra	 responds	 to	 discontinuation	 of
INH	and	institution	of	nicotinamide	therapy.30

Acute	INH	poisoning	is	a	medical	emergency	resulting	in	intractable	seizure
activity,	 coma,	 and	 severe	 metabolic	 acidosis.	 Effective	 treatment	 consists	 of
rapid	administration	of	high-dose	 intravenous	pyridoxine	and	GABAA	 receptor
agonists.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	22-year-old	woman	with	HIV,	tuberculosis,	and	depression	who	recently
immigrated	from	Bangladesh	is	brought	to	the	hospital	in	status	epilepticus.	On
arrival	her	vital	signs	are	heart	rate	120	beats	per	minute,	blood	pressure
150/90	mmHg,	respirations	20	per	minute,	and	temperature	38	°C.	Initial
laboratory	studies	with	normal	values	in	parentheses	are	shown:
Serum	sodium:	138	mEq/L	(136-144	mEq/L).
Serum	potassium:	5.8	mEq/L	(3.7-5.2	mEq/L).
Serum	chloride:	99	mEq/L	(96-106	mEq/L).
CO2	(carbon	dioxide):	13	mEq/L	(22-28	mEq/L).
BUN:	11	mg/dL	(8-23	mg/L).
Creatinine:	0.9	mg/dL	(0.3-0.9	mg/L).
Glucose:	220	mg/dL	(70-110	mg/dL).
Serum	calcium	(total):	9.1	mg/dL	(8.2-10.2	mg/dL).
Serum	AST	(SGOT)	60	IU/L	(8-48	IU/L).
Serum	ALT	(SGPT)	49	IU/L	(7-55	IU/L).

Treatment	with	4	mg	intravenous	lorazepam	three	times	over	30	minutes	is
ineffective	for	stopping	her	seizures.	An	overdose	of	which	of	the	following
patient’s	medications	would	explain	her	clinical	presentation?

A. 	Dolutegravir
B. 	Escitalopram
C. 	Isoniazid
D. 	Rifapentine

2. 	You	are	managing	a	patient	with	refractory	seizures	when	additional
history	becomes	available	from	questioning	family	members.	After



nonadherence	to	her	tuberculosis	medications,	the	patient	attempted	to	“catch
up”	by	taking	18	of	her	300	mg	isoniazid	tablets	all	at	once.	Which	of	the
following	intravenous	medications	would	be	the	most	appropriate	to	administer
at	this	time?

A. 	Levetiracetam	40	to	60	mg/kg
B. 	Lorazepam	4	mg
C. 	Phenobarbital	20	mg/kg
D. 	Pyridoxine	5.4	g

3. 	By	what	mechanism	does	pyridoxine	serve	as	an	antidote	for	isoniazid
overdose?

A. 	It	antagonizes	glutamate	receptors
B. 	It	enhances	acetalization	of	isoniazid
C. 	It	inhibits	conversion	of	isoniazid	into	hydrazine
D. 	It	promotes	the	synthesis	of	GABA

Answers

1.	The	correct	answer	is	C.
Rationale:	Of	 the	 drugs	 listed,	 this	 clinical	 picture	 of	 seizures	 refractory	 to

GABAA	receptor	agonist	lorazepam,	coma,	and	metabolic	acidosis	would	be	due
to	isoniazid	overdose	(choice	C	is	correct).	None	of	the	other	medication	choices
cause	 seizures	 (choices	A,	B,	 and	D	 are	 incorrect).	Overdoses	 of	 dolutegravir
and	lamivudine	result	in	lactic	acidosis,	hypokalemia,	and	altered	mental	status.
Somnolence,	nausea,	vomiting,	tachycardia,	QT	prolongation,	and	tremor	occur
with	escitalopram.	Nausea,	vomiting,	lethargy,	and	hepatoxicity	may	occur	after
rifapentine	overdose.

2.	The	correct	answer	is	D.
Rationale:	The	mechanism	of	toxicity	of	isoniazid	is	an	absolute	decrease	in

γ-aminobutyric	 acid	 (GABA)	 production.	 The	 most	 specific	 treatment	 for
isoniazid	 overdose	 is	 a	 gram-per-gram	 dose	 of	 pyridoxine	 to	 increase	 GABA
formation	 (choice	 D	 is	 correct).	 All	 of	 the	 other	 listed	 medications	 work	 by
potentiating	GABAA	receptor	activity,	which	means	they	require	the	presence	of
GABA	and	would	therefore	be	ineffective	in	this	case.

3.	The	correct	answer	is	D.



Rationale:	 Isoniazid	 interferes	 with	 the	 pyridoxine-mediated	 conversion	 of
glutamate	to	γ-aminobutyric	acid	(GABA).	Administration	of	pyridoxine	allows
it	 to	 be	 converted	 to	 pyridoxyl	 5′	 phosphate	which	 is	 required	 in	 the	 glutamic
oxaloacetic	transaminase-mediated	conversion	of	glutamate	to	GABA	(choice	D
is	correct).	Pyridoxine	by	itself	has	no	effect	on	the	metabolism	of	isoniazid	or
its	metabolites,	and	no	direct	effect	on	neuronal	receptors	(Choices	A,	B,	and	C
are	incorrect).
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Chapter	116
Lithium	Poisoning
Thanjira	Jiranantakan,	Kent	R.	Olson

KEY	POINTS:
1.	 Lithium	is	often	used	in	combination	with	other	antidepressant	or

antipsychotic	medications,	so	patients	with	lithium	toxicity	may	have
coingestions.

2.	 Gastrointestinal	decontamination	after	acute	lithium	overdose	is	of
limited	value,	but	whole-bowel	irrigation	is	recommended	in	selected
overdose	cases	of	modified	release	formulation.

3.	 Lithium	exposure	pattern	(acute	vs	chronic),	clinical	findings,	and
kidney	function	are	better	predictors	of	lithium	toxicity	than	serum
lithium	concentration	alone.

4.	 Neurotoxicity	is	the	main	concern	in	patients	with	lithium	poisoning.
5.	 Intravascular	crystalloid	fluid	replacement	or	resuscitation	with

isotonic	saline	is	key	to	renal	elimination	of	lithium	in	patients	with
normal	or	mildly	impaired	kidney	function.

6.	 Extracorporeal	removal	of	lithium	is	recommended	in	patients	with
severe	lithium	toxicity	and/or	impaired	kidney	function.

INTRODUCTION
Lithium	was	 introduced	 in	 the	19th	century	 for	 the	 treatment	of	gout.	Toxicity
was	rarely	encountered	because	of	low	recommended	dosage.	Lithium	chloride
was	briefly	marketed	as	a	salt	substitute	for	patients	with	congestive	heart	failure
in	 the	1940s,	but	was	withdrawn	 from	 the	market	 after	 case	 reports	of	 serious
intoxication	and	death	associated	with	its	use.	In	1949,	its	antimanic	properties
were	reported,	and	lithium	has	found	increasingly	wide	psychiatric	use	since	its



approval	 by	 the	U.S.	 Food	 and	Drug	Administration	 (FDA)	 in	 1970.1	Lithium
treatment	in	psychiatric	diseases	has	evolved	over	six	decades,	but	it	remains	a
cornerstone	“mood	stabilizer”	that	is	used	worldwide.2

1 	Many	studies	have	shown	the	benefits	of	lithium	as	a	treatment	for	bipolar
disorder,	 acute	mania,	 and	 bipolar	 depression	with	 a	 risk	 of	 suicide;	 however,
recommendations	 concerning	 its	 clinical	 use	 vary	 among	 international
guidelines.	Lithium	is	 recommended	as	monotherapy,	as	 first-line	 treatment,	or
in	combination	with	other	antidepressant	or	antipsychotic	medications	based	on
different	clinical	scenarios	and	various	guidelines.3

Lithium	had	been	prescribed	for	patients	with	various	causes	of	neutropenia
as	it	induces	neutrophilia	(up	to	1.5-2.0	times	the	reference	leukocyte	counts)	by
enhanced	production	of	granulocyte	colony-stimulating	factor	and	stimulation	of
pluripotent	stem	cell	production.4,5	However,	lithium	use	in	this	context	has	not
gained	popularity	given	its	reported	toxicities	and	the	availability	of	recombinant
granulocyte	colony-stimulating	factor.

There	 is	 growing	 evidence	 to	 support	 possible	 neuroprotective	 and
neurogenerative	effects	of	lithium	based	on	preclinical	and	clinical	studies.	The
potential	benefits	of	lithium	as	treatment	for	degenerative,	neurodevelopmental,
and	 postcerebral	 traumatic	 or	 ischemic	 disorders	 have	 been	 proposed.	 The
current	biological	plausibility	and	published	positive	results	support	the	need	for
further	investigations.6,7

Lithium	 is	 available	 in	 conventional	 tablets	 or	 capsules	 containing	150	mg,
300	 mg,	 and	 600	 mg	 (4,	 8,	 and	 16	 mmol	 [or	 mEq],	 respectively)	 of	 lithium
carbonate	 (Li2CO3)	 or	 in	 modified-release	 preparations	 containing	 300	 and
450	mg	(8	and	12	mmol,	respectively)	of	lithium	carbonate.	Liquid	solutions	of
lithium	 citrate	 containing	 8	mmol	 of	 lithium	 ion	 (equivalent	 to	 the	 amount	 of
lithium	 in	 300	 mg	 of	 lithium	 carbonate)	 per	 5	 mL	 are	 also	 available.	 It	 is
important	 to	 note	 that	 although	 lithium	 carbonate	 and	 lithium	 citrate	 are	 the
commonly	 prescribed	 forms,	 other	 lithium	 salts	 (lithium	 acetate,	 lithium
gluconate,	 lithium	 orotate,	 and	 lithium	 sulfate)	 and	 different	 dosage	 forms	 are
also	available	in	some	countries.6-8

PHARMACOLOGY
Lithium	 is	 the	 lightest	 alkali	metal	 (∼7.0	Da),	 occupying	 the	 same	column	 in
the	periodic	table	as	sodium	and	potassium	elements	with	which	it	shares	some
properties.	 Lithium	 forms	 a	 single-charged	 cation	 (Li+)	 that	 is	 associated	with
various	 salts.	 Lithium	 has	 no	 known	 normal	 physiological	 role	 in	 the	 human



body.	The	exact	mechanism	of	 its	 therapeutic	and	 toxic	effects	 remains	poorly
elucidated.	Lithium	 is	known	 to	 suppress	 inositol	 signaling,	which	may	be	 the
mechanism	for	mood	stabilization.	It	inhibits	glycogen	synthase	kinase-3	(GSK-
3β),	 a	 component	 of	 diverse	 signaling	 pathways	 responsible	 for	 energy
metabolism,	neuroprotection,	and	neuroplasticity.	Lithium	decreases	the	release
of	 norepinephrine	 and	 dopamine	 from	 terminal	 nerve	 endings	 and	 may
temporarily	 increase	 the	 release	of	 serotonin.	Lithium	affects	 ion	 transport	and
cell	membrane	potential	by	competing	with	sodium	and	potassium	and	possibly
other	cations.	However,	unlike	sodium	and	potassium,	lithium	does	not	produce
a	 large	 distribution	 gradient	 and	 therefore	 cannot	 maintain	 a	 significant
membrane	potential.8,9

Lithium	is	readily	absorbed	from	the	gastrointestinal	tract.	The	bioavailability
of	 conventional	 tablets	 and	 capsules	 and	 the	 liquid	 solution	 is	 95%	 to	 100%;
bioavailability	is	not	affected	by	food.	Normally,	absorption	is	complete	within	6
hours;	peak	levels	are	reached	in	1	to	2	hours.	Modified-release	preparations	are
less	predictably	absorbed	(60%	to	90%),	and	peak	levels	may	be	lower	than	with
the	 conventional	 form	 and	 may	 be	 delayed	 by	 more	 than	 4	 to	 12	 hours.8-10
Overdose	 has	 resulted	 from	 delayed	 peak	 levels	 followed	 by	 secondary	 peak
levels	as	long	as	148	hours	following	ingestion.10

Lithium	initially	occupies	an	apparent	volume	of	distribution	of	0.3	to	0.4	L
per	 kg,	 but	 further	 distribution	 into	 various	 intracellular	 tissue	 compartments
occurs	over	6	to	10	hours,	with	a	final	volume	of	distribution	of	0.7	to	1.0	L	per
kg.	This	explains	why	initial	serum	lithium	levels	may	be	very	high,	with	few	or
no	 signs	 of	 toxicity.	 After	 a	 single	 dose,	 the	 equilibrium	 (postdistributional)
serum	lithium	concentration	can	be	expected	to	increase	by	1.0	to	1.5	mmol	per
L	for	each	1.0	mmol	of	lithium	per	kilogram	of	body	weight.	Steady-state	tissue
levels	 are	 achieved	 after	 3	 to	 4	 days	 of	 therapy.	Tissue	 distribution	 is	 uneven;
whereas	 the	 cerebrospinal	 fluid	 lithium	 concentration	 is	 50%	 to	 80%	 that	 of
plasma,	 the	 bile	 concentration	 may	 be	 twofold	 greater	 than	 that	 of	 plasma.
Lithium	 is	 not	 significantly	 bound	 to	 serum	 proteins.	 It	 freely	 crosses	 the
placenta.8	 One	 animal	 study	 demonstrated	 that	 brain	 lithium	 accumulation	 is
prominent	in	acute-on-chronically	poisoned	rats	compared	with	acutely	poisoned
rats.	Moreover,	 brain	 lithium	 distribution	 is	 increased	 in	 chronically	 poisoned
rats	compared	with	acute-on-chronically	poisoned	rats.11

Lithium	is	not	metabolized.	More	 than	95%	of	absorbed	 lithium	is	excreted
by	 the	kidneys,	with	4%	to	5%	eliminated	 in	sweat	and	1%	in	 feces.	 It	 is	also
excreted	in	breast	milk.	Eighty	percent	of	renally	filtered	lithium	is	reabsorbed	in
the	proximal	tubule	(60%)	and	the	thick	ascending	limb	of	the	loop	of	Henle	and
collecting	duct	(20%)	against	a	concentration	gradient	that	does	not	distinguish



lithium	from	sodium.	Sodium	depletion	can	result	in	as	much	as	a	50%	increase
in	 renal	 lithium	 reabsorption.	 The	 usual	 renal	 clearance	 is	 15	 to	 30	 mL	 per
minute,	 but	 it	 may	 be	 10	 to	 15	 mL	 per	 minute	 or	 less	 in	 the	 elderly	 and	 in
patients	with	kidney	dysfunction	or	dehydration.8	The	lithium	excretion	rate	may
vary	among	different	types	of	kidney	failure.	One	study	demonstrated	increased
fractional	 excretion	 of	 lithium	 among	 patients	 with	 prerenal	 failure,	 but
decreased	fractional	excretion	during	acute	 tubular	necrosis	 renal	 failure.12	The
elimination	 half-life	 averages	 16	 to	 30	 hours;	 in	 patients	with	 chronic	 lithium
intoxication,	it	may	be	as	long	as	58	hours.9,13

Therapeutic	 levels	 are	 achieved	 by	 administration	 of	 600	 to	 1200	mg	 (16-
32	 mmol)	 of	 lithium	 carbonate	 per	 day	 in	 adults.	 Therapeutic	 serum	 lithium
concentrations	are	usually	considered	to	be	0.60	to	1.00	mmol	per	L;	prophylaxis
against	recurrent	manic-depressive	illness	may	be	achieved	with	levels	of	0.75	to
1.00	 mmol	 per	 L.	 Tissue	 distribution	 is	 complete	 at	 12	 hours	 after	 ingestion.
Onset	of	therapeutic	effects	usually	requires	5	to	21	days	after	initiation	of	daily
drug	 administration.	 Careful	 monitoring	 of	 serum	 lithium	 concentrations	 is
essential	 because	 of	 its	 low	 toxic-to-therapeutic	 ratio	 or	 so-called	 narrow
therapeutic	index.2,3,14

Lithium	intoxication	primarily	involves	the	central	nervous	system	(CNS)	and
kidneys,	 although	 a	 variety	 of	 other	 organ	 systems	 are	 also	 affected	 (Table
116.1).	 Lithium	 intoxication	may	 follow	 an	 acute	 overdose,	 an	 increase	 in	 the
daily	therapeutic	dose,	or	a	decrease	in	lithium	elimination	by	the	kidneys.	Most
serious	 toxicity	 occurs	 in	 patients	with	 chronic	 intoxication,	 especially	 among
older	patients	and	patients	with	renal	insufficiency.13

TABLE	116.1

Common	Features	of	Lithium	Intoxication

Feature Number a Percentage	of	Total

Hyperreflexia 22 79

Confusion 19b 68

Tremor 18 64

Agitation 17 61



Drowsiness 16b 57

Increased	tone 16 57

Ataxia 14 50

Dysarthria 10 36

Myoclonus 7 25

Vomiting 7 25

Mutism 5 18

Convulsions 4 14

Ankle	clonus 4 14

Diarrhea 4 14

Extensor	plantar	responses 3 11

Acute	diabetes	insipidus 3 11

Acute	renal	failure 2 7

Coma	(grades	III–IV) 1 4

aFrom	a	total	of	28	patients,	25	patients	were	on	therapeutic	lithium	dosing,	3	patients	had	acute
overdose	on	therapeutic	lithium	dosing.
bExcludes	one	patient	who	also	took	temazepam	in	overdose.

Modified	from	Dyson	EH,	Simpson	D,	Prescott	LF,	et	al.	Self-poisoning	and	therapeutic
intoxication	with	lithium.	Hum	Toxicol.	1987;6:325,	Copyright	©	1987	by	Permission	of	SAGE
Publications.

Acute	 ingestion	 of	 at	 least	 40	 mg	 per	 kg	 (1	 mmol	 per	 kg)	 of	 lithium
carbonate	by	a	lithium-naive	person	would	be	required	to	produce	a	potentially
toxic	serum	lithium	concentration.	The	acute	toxic	dose	for	a	patient	on	lithium
therapy	 (“acute-on-chronic”	overdose)	depends	on	 the	existing	body	burden	of
lithium	 (“tissue	 soaking”).	 The	 dose	 required	 to	 produce	 chronic	 intoxication
depends	on	the	individual’s	rate	of	renal	lithium	elimination.

Concurrent	 medications	 may	 interact	 with	 lithium	 to	 alter	 its
pharmacokinetics	or	directly	enhance	its	toxicity.	Drugs	that	alter	renal	function
such	 as	 diuretics	 may	 promote	 fluid	 and	 sodium	 loss,	 leading	 to	 enhanced



tubular	 lithium	reabsorption.	This	effect	appears	 to	be	much	less	apparent	with
furosemide	 than	with	 thiazide	diuretics.	Aminophylline,	 urea,	 bicarbonate,	 and
acetazolamide	may	decrease	serum	lithium	 levels	by	 increasing	 the	glomerular
filtration	 rate	 (GFR).	 Nonsteroidal	 anti-inflammatory	 drugs,	 including	 the
selective	 cyclooxygenase-2	 inhibitor	 rofecoxib,	 may	 decrease	 the	 GFR	 and
lithium	 elimination.	 Antipsychotic	 medications	 may	 have	 additive	 CNS
depressant	 effects;	 in	 addition,	 lithium	 may	 enhance	 their	 dopamine-blocking
and	 serotonergic	 effects	 and	 induce	 or	 aggravate	 rigidity	 and	 hyperthermia,
possibly	 inducing	 neuroleptic	 malignant	 syndrome	 and	 serotonin	 syndrome.15
Angiotensin-converting	enzyme	inhibitors	have	been	reported	to	increase	steady-
state	 lithium	concentrations	by	36.1%	and	 reduce	 lithium	clearance	by	25.5%,
resulting	in	lithium	toxicity.16

Risk	factors	for	lithium	toxicity	are	summarized	in	Table	116.2.

TABLE	116.2

Risk	Factors	for	Lithium	Toxicity

Risk	Factor Mechanism

Renal	dysfunction,	dehydration,	hyponatremia,	heart
failure,	advanced	age

Decrease	lithium
elimination

Diuretics,	nonsteroidal	anti-inflammatory	drugs	and
angiotensin-converting	enzyme	inhibitors

Drugs	altering	renal
function

Modified-release	formulations Ongoing	absorption

Chronic	or	acute-on-chronic	lithium	poisoning Pattern	of	toxicity

Medications	(eg,	antidepressants,	antipsychotics,
sedative	drugs,	iodine,	calcium-channel	blockers)

Additive	effects	on
organ	specific
toxicities

Reprinted	by	permission	from	Springer	Nature:	From	Grandjean	EM,	Aubry	JM:	Lithium:	updated
human	knowledge	using	an	evidence-based	approach:	part	III:	clinical	safety.	CNS	Drugs.
2009;23(5):397-418

CLINICAL	MANIFESTATIONS



There	are	three	clinical	patterns	of	lithium	intoxication:	acute	lithium	poisoning
in	 a	 lithium-naive	 individual	 who	 takes	 an	 acute	 overdose;	 acute-on-chronic
lithium	poisoning	 (a	 patient	 on	 lithium	 therapy	who	 takes	 an	 acute	 overdose);
and	 chronic	 lithium	 poisoning	 in	 a	 patient	 on	 lithium	 therapy	 whose	 lithium
body	burden	gradually	accumulates	without	taking	an	acute	overdose.9

After	 acute	 lithium	overdose,	 the	 predominant	 initial	 symptoms	 are	 nausea,
vomiting,	abdominal	pain,	or	diarrhea.2	Patients	do	not	usually	have	significant
neurological	manifestations	despite	high	serum	lithium	levels	during	the	first	12
hours	 or	more	 after	 acute	 overdose	 because	 lithium	 is	 slowly	 taken	 up	 by	 the
brain	 and	 other	 tissues.13	 Serum	 lithium	 concentration	 alone	 does	 not	 predict
lithium	 toxicity.	 Serum	 lithium	 concentrations	 as	 high	 as	 10.6	 mmol	 per	 L
without	significant	toxicity	have	been	reported	after	acute	on	chronic	overdose.17
However,	 toxicity	may	develop	during	 the	 subsequent	24	 to	48	hours,	 even	as
serum	 levels	 fall.15	 There	 does	 not	 appear	 to	 be	 any	 clinical	 variable	 that
accurately	predicts	which	patients	will	deteriorate.	The	use	of	cerebrospinal	fluid
levels	 to	 estimate	 brain	 levels	 more	 closely	 has	 been	 advocated.	 However,
cerebrospinal	 fluid	 levels	 may	 not	 reflect	 intracellular	 brain	 tissue	 levels	 or
predict	the	level	of	coma.11

A	 relatively	 smaller	 lithium	overdose	may	 result	 in	 toxicity	 among	patients
who	 are	 on	 lithium	 therapy;	 depending	 on	 their	 preoverdose	 CNS	 lithium
burden.	These	patients	have	a	clinical	course	similar	to	those	following	an	acute
overdose.

Patients	with	chronic	lithium	overdose	are	typically	brought	to	an	Emergency
Department	because	of	gradual	onset	of	neurological	symptoms.	There	is	often	a
recent	 history	 of	 excessive	 fluid	 loss	 caused	 by	 infective	 illness,	 renal
insufficiency,	 or	 the	 addition	 of	 new	 drugs	 such	 as	 diuretics	 and	 nonsteroidal
anti-inflammatory	agents.2

4 	The	main	concern	during	lithium	toxicity	is	neurological	involvement	that
usually	 develops	 gradually	 and	may	 become	progressively	 severe	 over	 several
days.	 The	 manifestations	 of	 lithium	 neurotoxicity	 include	 lethargy,	 memory
impairment,	 tremor,	 confusion,	 agitation,	 delirium,	 hyperreflexia,	 dysarthria,
nystagmus,	 ataxia,	 muscle	 fasciculations,	 extrapyramidal	 syndromes,
choreoathetoid	 movements,	 coma,	 seizures,	 nonconvulsive	 status	 epilepticus
(which	 may	 clinically	 resemble	 a	 nonictal	 encephalopathy),	 neuroleptic
malignant	 syndrome,	 and	 serotonin	 syndrome.2,18-20	 Lithium	 neurotoxicity	may
worsen	even	as	 serum	 lithium	 levels	are	declining	and	may	persist	 for	days	 to
weeks	after	lithium	therapy	ceased,	in	part,	because	lithium	slowly	redistributes
from	 neurons	 as	 well	 as	 possibly	 neuronal	 damage	 (eg,	 demyelination).



Neurological	 deficits	 may	 persist	 longer	 than	 2	 months,	 also	 known	 as
“syndrome	of	 irreversible	 lithium-effectuated	neurotoxicity”	or	“SILENT.”	The
most	common	sequela	of	this	syndrome	is	persistent	cerebellar	dysfunction,	but
extrapyramidal,	 cognitive,	 and	 brainstem	 dysfunctions	 may	 also	 be	 evident.18
Reduced	 brain	 volume	 was	 demonstrated	 in	 one	 patient	 diagnosed	 with
SILENT.21	Risk	 factors	 for	SILENT	 include	high	serum	 lithium	concentrations
during	 acute	 intoxication,	 presence	 of	 fever,	 concurrent	 medications	 (eg,
antipsychotics,	 tricyclic	antidepressants,	and	anticonvulsants).	It	 is	 important	to
note	 that	SILENT	can	occur	among	patients	with	 therapeutic	or	subtherapeutic
serum	lithium	concentrations.18

Cardiovascular	manifestations	of	lithium	toxicity	are	usually	nonspecific	and
benign.	 It	 can	 be	 delayed	 owing	 to	 progressive	 lithium	 equilibrium	 between
intracellular	 and	 extracellular	 compartments.	 Abnormalities	 of	 the
electrocardiogram	(ECG)	are	often	similar	 to	 those	seen	with	hypokalemia	and
may	result	from	displacement	of	intracellular	potassium	by	lithium;	U	waves	and
flattened,	biphasic,	or	inverted	T	waves	can	be	seen	with	therapeutic	doses	and
mild	 overdoses.	 Sinus	 and	 junctional	 bradycardia,	 sinoatrial	 and	 first-degree
atrioventricular	 (AV)	 block,	 and	 QRS	 and	 QTc	 interval	 prolongation	 may	 be
seen	 with	 severe	 intoxication.22	 Life-threatening	 dysrhythmias	 (eg,	 complete
heart	block)	are	rare	but	may	result	in	death.23,24	Risk	for	lithium	cardiotoxicity
include	 age	 older	 than	 65	 years	 with	 baseline	 ECG	 abnormalities,	 intrinsic
cardiac	 conduction	 or	 structural	 abnormalities,	 use	 of	 renal	 toxic	medications,
and	concomitant	use	of	AV	nodal–blocking	agents.24	Lithium	cardiotoxicity	has
been	 associated	 with	 ECG	 ST	 segment	 elevations	 consistent	 with	 acute
myocardial	 infarction	 and	 Takotsubo	 cardiomyopathy.25,26	 Pulse	 and	 blood
pressure	 abnormalities	may	 be	 seen	 during	moderate	 or	 severe	 poisoning,	 but
they	 are	 usually	 not	 pronounced.	 Hypotension	 is	 more	 often	 caused	 by
dehydration,	which	 can	be	 a	 cause	 and	 a	 complication	of	 lithium	 intoxication,
rather	than	direct	cardiotoxicity.15

Effects	on	renal	function	in	chronic	lithium	therapy	include	impaired	urinary
concentrating	ability,	nephrogenic	diabetes	insipidus	(NDI),	and	a	sodium-losing
nephritis.2	 Nephrogenic	 diabetes	 insipidus	 is	 the	 most	 common	 adverse	 renal
effect	of	lithium	toxicity.27	Clinically,	this	manifests	as	polyuria	and	polydipsia.
These	effects	appear	to	be	dose	related	and	usually	correct	within	several	weeks
of	 discontinuing	 lithium	 therapy.15	 Risk	 factors	 for	 the	 development	 of	 NDI
include	lithium	treatment	duration,	maintaining	a	high	therapeutic	serum	lithium
concentration,	and	use	of	modified-release	formulation.2,27	Excessive	water	and
sodium	 loss	 lead	 to	 increased	proximal	 tubular	 lithium	reabsorption	by	normal
transport	mechanisms	 for	 sodium	 reabsorption.	Renal	 lithium	 elimination	may



be	significantly	decreased	by	illnesses	associated	with	decreased	GRF	(eg,	fever
with	 sweating,	 gastroenteritis,	 and	 heart	 failure)	 or	 by	 medications	 such	 as
diuretics.	Elevated	lithium	levels	may	further	aggravate	nephrotoxicity.	A	patient
on	 a	 stable	 lithium	 dosing	 with	 a	 therapeutic	 serum	 lithium	 concentration	 for
years	may	suddenly	develop	life-threatening	lithium	toxicity.

Metabolic	 abnormalities	 associated	with	 lithium	use	 include	 hypercalcemia,
hypermagnesemia,	 nonketotic	 hyperglycemia,	 transient	 diabetic	 ketoacidosis,
and	 goiter.	 Hypothyroidism	 or	 hyperthyroidism	 due	 to	 lithium	 intoxication	 is
rarely	reported.2,15

Lithium	is	classified	as	FDA	pregnancy	category	D	(positive	evidence	of	risk
but	benefit	may	outweigh	risk)	and	lactation	category	L4	(possibly	hazardous).3
Lithium	 is	 teratogenic	 in	 rats,	 mice,	 and	 rabbits.	 Ebstein	 anomaly,
hypothyroidism,	and	“floppy-baby	syndrome”	have	been	reported	in	infants	born
to	mothers	on	lithium	therapy.2

DIAGNOSTIC	EVALUATION
The	 patient’s	 history	 should	 include	 the	 of	 lithium	 preparation	 ingested,	 the
amount(s)	 and	 time(s)	 of	 ingestion,	 and	 the	 nature	 of	 the	 symptoms.	 It	 is
important	 to	differentiate	patients	with	acute	 lithium	overdose	 from	 those	with
acute	 on	 chronic	 or	 chronic	 intoxication.	 Patients	 with	 acute	 on	 chronic	 or
chronic	 lithium	 intoxication	 may	 manifest	 more	 severe	 signs	 and	 symptoms
despite	 lower	 serum	 lithium	 concentrations	 compared	with	 patients	with	 acute
overdose.	It	may	be	helpful	to	obtain	collateral	history	of	recent	illness,	change
in	medication,	excessive	fluid	loss,	or	poor	oral	intake.

The	physical	examination	should	focus	on	vital	signs,	neurological	function,
volume	 and	 cardiovascular	 status.	 All	 patients	 should	 have	 an	 ECG	 and
laboratory	evaluation,	including	serum	electrolytes,	glucose,	blood	urea	nitrogen,
and	 creatinine,	 and	 serum	 lithium	 concentration.	 Note:	 some	 blood	 specimen
tubes	 may	 contain	 lithium	 heparin	 (eg,	 a	 green-top	 tube),	 which	 could	 give
falsely	 elevated	 serum	 lithium	 concentrations.	 Serum	 lithium	 concentrations
should	 be	 repeated	 at	 6-hour	 intervals	 until	 less	 than	 1	 mmol/L.14	 Blood	 for
thyroid	 function	 testing	 and	 calcium	 and	 magnesium	 concentrations	 may	 be
warranted	in	some	cases.2	Electroencephalography	(EEG)	should	be	considered
in	patients	who	present	with	coma,	altered	or	depressed	mental	status	to	rule	out
nonconvulsive	 status	 epilepticus.	 The	 EEG	 may	 demonstrate	 triphasic	 waves,
commonly	seen	in	metabolic	encephalopathy,	or	bihemispheric	slowing	(4-	to	5-
Hz	theta	range)	with	bilateral	periodic	triphasic	waves	of	1-	to	2-Hz	frequency,



which	have	also	been	found	in	a	patient	with	Creutzfeldt-Jakob	disease.20
3 	Serum	lithium	concentrations	can	be	misleading.	Classification	for	severity

of	 lithium	 intoxication	 according	 to	 serum	 lithium	 concentration	 (mild	 =	 1.5-
2.5	mmol	per	L,	serious	=	2.5-3.5	mmol	per	L,	and	life-threatening	=>3.5	mmol
per	 L)	 was	 previously	 recommended	 based	 on	 a	 review	 of	 123	 patients	 who
ingested	 immediate	 release	 lithium.19	 However,	 there	 does	 not	 appear	 to	 be	 a
clear-cut	relationship	between	serum	concentrations	and	severity	of	toxicity,	and
decisions	 for	 treatment	 should	be	based	on	clinical	parameters.	Elevated	blood
urea	 nitrogen	 and	 creatinine	 reflect	 renal	 insufficiency	 and	 suggest	 that
intoxication	 results	 from	 gradual	 accumulation	 of	 lithium	 rather	 than	 acute
ingestion.	Elevated	creatinine	may	also	be	caused	by	cross-reactivity	of	the	assay
with	creatinine	from	muscle	breakdown	and	should	prompt	the	measurement	of
serum	creatinine	phosphokinase	and	urinalysis	for	myoglobinuria.

Patients	 with	 lithium-induced	 NDI	 usually	 have	 dilute	 urine	 with	 a	 low
measured	osmolality	relative	to	serum	and	hypernatremia.	The	diagnosis	of	NDI
is	 confirmed	 by	 the	 inability	 of	 the	 kidneys	 to	 produce	 a	 concentrate	 urine	 in
response	to	vasopressin	challenge.27

Leukocytosis	 may	 be	 evident	 among	 patients	 on	 lithium	 therapy.	 It	 is	 a
nonspecific	 finding	 and	 does	 not	 reflect	 severity	 of	 intoxication.	A	 reduced	 or
absent	anion	gap	may	occur	with	severe	lithium	carbonate	intoxication,	probably
because	the	carbonate	anion	(but	not	the	lithium	cation)	is	measured	and	used	in
calculating	the	anion	gap.28

Plain	 abdominal	 imaging	may	 reveal	 radiopaque	 lithium	 tablets	 after	 acute
ingestion.	 However,	 a	 negative	 imaging	 study	 is	 nondiagnostic	 of	 an	 acute
ingestion.29

Differential	 diagnosis	 of	 patients	 with	 lithium	 poisoning	 includes	 hypoxia,
hypoglycemia,	 hypothermia	 or	 hyperthermia,	 acid-base	 and	 or	 electrolyte
disturbances,	CNS	infection,	head	trauma,	and	intracranial	bleeding.	In	a	patient
with	 hyperthermia	 and	 rigidity	 who	 is	 also	 taking	 antipsychotic	 medications,
neuroleptic	malignant	syndrome	and	serotonin	syndrome	should	be	considered.
Other	drug	intoxications	should	be	considered,	especially	when	CNS	symptoms
appear	shortly	after	an	acute	overdose.

MANAGEMENT
Initial	 management	 of	 patients	 with	 altered	 mental	 status	 should	 include
assessment	and	stabilization	of	the	airway;	administration	of	oxygen	and	assisted
ventilation,	 if	 needed;	 vascular	 access	 and	 continuous	 ECG	 monitoring;	 and



administration	 of	 dextrose,	 naloxone,	 and	 thiamine	 as	 appropriate.
Benzodiazepines	 or	 barbiturates	 should	 be	 administered	 to	 patients	 with
refractory	seizures.	The	EEG	should	be	used	to	confirm	the	resolution	of	seizure
activity	 in	 patients	 with	 nonconvulsive	 status	 epilepticus.	 If	 hyperthermia	 is
present,	 cooling	measures	 should	 be	 instituted,	 including	 evaporative	 cooling,
tepid	 sponging,	 and	 fanning.	 Neuromuscular	 paralysis	 and	 endotracheal
intubation,	 a	 reliable	 approach	 to	 rapidly	 lower	 body	 temperature,	 can	 be
considered	 as	 needed.	 Hypovolemia,	 if	 present,	 should	 be	 treated	 with
intravenous	 crystalloids.	 Cardiac	 dysrhythmias	 should	 be	 treated	 according	 to
current	advanced	cardiac	life	support	guidelines.

2 	 Gastrointestinal	 tract	 decontamination	 should	 be	 considered	 after	 acute
ingestion	 to	 prevent	 continued	 absorption	of	 lithium.	 Ipecac-induced	 emesis	 is
not	recommended.	Gastric	lavage	may	be	of	benefit	in	selected	clinical	situations
(eg,	 symptomatic	 patient	 following	 a	 massive	 overdose).30	 Activated	 charcoal
does	 not	 effectively	 bind	 lithium,	 but	 may	 be	 considered	 following
polypharmacy	 overdose.31	 Whole-bowel	 irrigation	 (Chapter	 96:	 General
Considerations	 in	 the	 Evaluation	 and	 Treatment	 of	 Poisoning)	 has	 been
recommended	 for	 large	 ingestions,	 especially	 if	 they	 involve	modified-release
tablets.32	 If	 a	 tablet	mass	 or	 concretion	 is	 suspected	because	of	 persistent	 high
serum	 lithium	 concentrations,	 contrast	 imaging	 studies,	 ultrasound,	 or
gastroduodenal	 endoscopy	 and	 surgical	 removal	 should	 be	 considered.33
Preliminary	evidence	 in	animals	and	human	volunteers	suggests	 that	 the	cation
exchange	(sodium	for	lithium)	resin	sodium	polystyrene	sulfonate	(Kayexalate)
may	 enhance	 lithium	 elimination.34-36	 One	 retrospective	 study	 showed	 sodium
polystyrene	sulfonate	significantly	reduced	the	serum	lithium	half-life	in	patients
with	 chronic	 lithium	 overdose,	 but	 whether	 this	 is	 clinically	 meaningful	 in
lithium	overdose	remains	to	be	determined.34	Treatment	emergent	adverse	events
include	hypokalemia,	constipation,	volume	overload,	and	colonic	necrosis.

Lithium-induced	 NDI	 does	 not	 respond	 to	 vasopressin,	 but	 it	 has	 been
reported	 to	 improve	 with	 hydrochlorothiazide,	 amiloride,	 carbamazepine,	 and
indomethacin.15	 However,	 the	 gradual	 onset	 and	 the	 duration	 required	 of
hydrochlorothiazide,	 carbamazepine,	 and	 amiloride	 therapy	 would	 limit	 their
clinical	 usefulness.	 One	 case	 report	 suggests	 indomethacin	 may	 be	 acutely
effective	for	treating	lithium-induced	NDI.37

5 	 Intravenous	 crystalloid	 fluid	 therapy	 (eg,	 normal	 saline	 10-20	mL	 per	 kg
bolus	 followed	 by	 normal	 saline	 infusion	 targeting	 a	 urine	 output	 of	 1-
3	mL/kg/h)	is	effective	in	maximizing	GFR	and	maintaining	renal	elimination	of
lithium	in	most	patients	with	mild	or	moderate	intoxication.

A	 crude	 estimate	 of	 renal	 lithium	 clearance	 can	 be	 calculated	 from



simultaneous	urine	and	serum	lithium	levels	and	urine	flow	rate:	Renal	lithium
clearance	=	urine	flow	rate	(mL	per	minute)	×	urine	lithium	(mmol	per	L)/serum
lithium	(mmol	per	L).	Normal	lithium	clearance	is	15	to	30	mL	per	minute.	If	the
clearance	 is	 below	 normal	 for	 a	 patient	 without	 underlying	 cardiac	 or	 renal
dysfunction,	 the	 rate	 of	 fluid	 administration	 should	 be	 increased	 because	 this
suggests	low	renal	perfusion	secondary	to	dehydration.	In	human	studies,	water
loading,	 furosemide,	 thiazide,	 ethacrynic	 acid,	 ammonium	 chloride,	 and
spironolactone	did	not	increase	lithium	clearance.

6 	 Hemodialysis	 is	 the	 most	 efficient	 method	 for	 rapidly	 removing	 lithium
from	the	central	compartment,	achieving	clearance	rates	of	up	to	170	to	180	mL
per	 minute.9,38,39	 However,	 lithium	 is	 only	 slowly	 removed	 from	 intracellular
tissue	 compartments,	 especially	 the	 brain,	 and	 rebound	 increases	 of	 serum
lithium	levels	often	occur	within	several	hours	after	hemodialysis.	Hemodialysis
should	 be	 repeated	 until	 the	 serum	 level	 drawn	 6	 to	 8	 hours	 after	 the	 last
hemodialysis	 is	 1	 mmol	 per	 L	 or	 less.9,14,39	 However,	 despite	 repeated
hemodialyses,	 patients	 with	 significant	 neurological	 toxicity	 do	 not	 promptly
improve.	Recovery,	if	it	occurs,	may	be	protracted.

The	 indications	 for	 hemodialysis	 are	 not	 well	 established,	 and	 hence
recommendations	 for	 management	 of	 lithium	 poisoning	 vary	 widely.40	 It	 is
generally	agreed	 that	patients	with	severe	clinical	 toxicity	and	 those	with	renal
dysfunction	should	undergo	hemodialysis.	Asymptomatic	patients	or	those	with
mild-to-moderate	intoxication	who	are	otherwise	healthy	may	be	managed	with
intravenous	fluids	as	long	as	they	remain	clinically	stable	or	are	improving	with
satisfactory	 lithium	 clearance	 (more	 than	 15-20	 mL	 per	 minute).	 Renal
replacement	 therapy	 (eg,	 venovenous	 or	 arteriovenous	 hemodiafiltration)	 has
been	 reported	 to	 successfully	 remove	 lithium	 without	 the	 need	 for
hemodialysis.41	 In	 one	 case,	 14	 hours	 of	 continuous	 arteriovenous
hemodiafiltration	 was	 estimated	 to	 achieve	 lithium	 elimination	 equivalent	 to
5.75	hours	of	hemodialysis.42	In	another	case	report,	clearances	of	up	to	38	mL
per	 minute	 were	 achieved	 with	 continuous	 venovenous	 hemodiafiltration.43
However,	 in	 the	 acute	 setting,	 hemodialysis	 is	 most	 effective	 for	 quickly
reducing	the	serum	lithium	concentration,	and	it	can	be	followed	by	continuous
renal	replacement	therapy	to	maintain	a	slow	but	continuous	removal	of	lithium,
thus	mitigating	a	rebound	in	the	central	compartment	lithium	concentration.

A	systematic	review	and	consensus	recommendations	were	published	in	2015
by	 the	 Extracorporeal	 Treatments	 in	 Poisoning	 (EXTRIP)	 Workgroup,	 an
international	 panel	 of	 clinicians	 from	a	broad	 range	of	medical	 specialties	 and
representing	diverse	professional	societies.	This	Workgroup	indicated	there	is	a
very	low	quality	of	evidence	for	all	recommendations,	because	most	publications



were	 case	 reports.	 The	 Workgroup’s	 recommendation	 for	 extracorporeal
treatment	 based	 on	 patient’s	 history,	 physical	 examination,	 ECG	 findings,	 and
serum	lithium	concentrations	were	largely	based	on	opinion.9	Recommendations
by	 the	 EXTRIP	 Workgroup	 are	 summarized	 in	 Figure	 116.1.	 Intermittent
hemodialysis	(IHD)	is	recommended	(1D)	as	 the	preferred	method	of	removal,
but	continuous	 renal	 replacement	 therapy	 (CRRT)	 is	acceptable	 (1D)	 if	 IHD	is
not	 available.	 IHD	 and	 CRRT	 are	 equally	 acceptable	 for	 additional	 treatment
(1D).	It	is	recommended	(1D)	to	continue	extracorporeal	treatment	(eg,	IHD	or
CRRT)	until	the	serum	lithium	level	is	less	than	1	mmol	per	L,	or	for	a	minimum
of	6	hours	if	serum	lithium	concentrations	are	unavailable.

	

Figure	 116.1 	 Extracorporeal	 Treatment	 (ECTR)	 for	 lithium
poisoning;	Recommendation	 from	 the	Extracorporeal	 Treatments	 in
Poisoning	 (EXTRIP)	 Workgroup	 (2015).AKI,	 acute	 kidney	 injury;
CKD,	 chronic	 kidney	 disease;	CRRT,	 continuous	 renal	 replacement
therapy;	 eGFR,	 estimated	 glomerular	 filtration	 rate;	 HD,
hemodialysis.	 1Impaired	kidney	 function	defined	as	 (1)	 stage	3B,	4,
or	 5	CKD	 (ie,	 eGFR	<45	mL/min	per	1.73	m2;	 (2)	Kidney	Disease
Improving	 Global	 Outcomes	 stage	 2	 or	 3	 AKI;	 (3)	 If	 no	 baseline
creatinine,	Serum	Cr	2	mg/dL	(176	µmol/L)	in	adults	and	1.5	mg/dL
(132	 µmol/L)	 in	 elderly/low-muscle	 mass	 patients;	 and	 (4)	 If	 no
baseline	creatinine,	Serum	Cr	>	2	times	the	upper	limit	of	normal	for
age	 and	 sex	 in	 children,	 the	 presence	 of	 oligo/anuria	 should	 raise
awareness	of	impaired	kidney	function.	1D2:	Strong	recommendation,



very	low	evidence,	2D3:	Weak	recommendation,	very	low	evidence.

The	application	of	EXTRIP	recommendations	for	lithium	poisoning	has	been
debated	by	clinical	toxicologists,	as	it	does	not	take	the	of	lithium	toxicity	into
account.	Moreover,	one	criterion	for	IHD	is	if	the	serum	lithium	concentration	is
expected	to	be	more	than	1	mEq/L	at	36	hours	post	ingestion,	but	EXTRIP	does
not	 provide	 a	 tool	 to	make	 this	 estimate.43	Alternate	 protocols	 using	 a	 lithium
nomogram44	and	the	“Paris”	criteria	(serum	lithium	>5.2	mmol/L	and	creatinine
>200	μmol/L)45	have	been	proposed,	but	they	have	yet	to	be	validated.

SUMMARY
Lithium	is	an	effective	mood	stabilizer	with	a	narrow	 therapeutic	 index.	 It	can
cause	 significant	 neurotoxicity,	 mainly	 among	 patients	 with	 chronic	 exposure
and	 reduced	 kidney	 function.	 While	 the	 serum	 lithium	 level	 is	 useful	 for
treatment	monitoring,	it	does	not	correlate	well	with	systemic	toxicity	especially
after	acute	or	acute-on-chronic	overdose,	and	treatment	decisions	rest	largely	on
clinical	manifestations.	 The	 cornerstone	 of	 treatment	 for	 lithium	 toxicity	 is	 to
cease	 lithium	 exposure	 and	 to	 maximize	 GFR	 and	 urine	 flow	 with	 saline
infusion.	Criteria	for	extracorporeal	removal	for	lithium	toxicity	are	the	subject
of	controversy	but	are	largely	based	on	clinical	severity	and	the	level	of	kidney
impairment.	Lithium	 toxicity	may	 result	 in	 permanent	 neurological	 damage	 or
death.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	60-year-old	man	presents	to	the	emergency	department	following	an
intentional	lithium	SR	(sustained	release)	overdose	of	9	g	one	hour	before
arrival.	He	has	been	on	lithium	SR	450	mg	twice	daily	for	10	years	due	to
bipolar	disorder.	His	serum	lithium	level	was	in	therapeutic	range	1	month	ago.
He	is	awake	and	alert	with	normal	vital	signs	and	has	active	bowel	sounds.	What
is	the	most	appropriate	approach	to	gastrointestinal	decontamination?

A. 	Activated	charcoal
B. 	Gastric	lavage



C. 	Sodium	polystyrene	sulfonate
D. 	Whole-bowel	irrigation

2. 	A	50-year-old	man	presents	to	the	emergency	department	after	feeling
unwell	for	the	past	few	days.	He	had	significant	diarrhea	and	vomiting,	fatigue,
nausea,	and	difficulty	walking.	He	continued	to	take	his	medications,	including
lithium	750	mg	and	perindopril	8	mg	daily.	On	physical	examination,	he	is	alert
and	oriented	with	normal	vital	signs.	Pulmonary,	cardiac,	and	abdominal
examinations	are	unremarkable.	He	has	a	mild	tremor	and	hyperreflexia	in	both
lower	extremities,	but	no	sustained	clonus.	Laboratory	investigations	12	hours
after	his	last	lithium	dose	showed	serum	lithium	concentration	2.5	mEq/L,
creatinine	2	mg/dL,	BUN	40	mg/dL,	Na	135	mEq/L,	K	5	mEq/L,	Cl	96	mEq/L,
and	HCO3	26	mEq/L.	What	is	the	most	appropriate	next	step	in	management?

A. 	Forced	diuresis
B. 	Hemodialysis
C. 	Normal	saline	infusion
D. 	Sodium	polystyrene	sulfonate

3. 	An	80-year-old	woman	nursing	home	resident	is	brought	to	the	emergency
department	by	ambulance	because	of	seizures	and	loss	of	consciousness.	She	has
been	drowsy,	agitated	and	“shaking”	since	yesterday.	Seizures	ceased	after
intravenous	midazolam	2.5	mg	was	administered.	She	was	endotracheally
intubated,	given	normal	saline	infusion,	and	admitted	to	the	intensive	care	unit.
Her	vital	signs	are	temperature	38	°C,	heart	rate	110	beats/min,	and	blood
pressure	150/80	mm	Hg.	She	has	horizontal	nystagmus,	brisk	deep	tendon
reflexes,	and	sustained	clonus	(eight	beats)	bilaterally.	Her	serum	lithium
concentration	is	4.5	mEq/L	with	a	creatinine	of	3.0	mg/dL.	You	appropriately
decide	that	an	extracorporeal	technique	is	needed	to	treat	her	lithium	toxicity.
Which	of	the	following	is	the	most	appropriate	choice?

A. 	Continuous	venovenous	hemodialysis	(CVVHD)
B. 	Intermittent	hemodialysis	(IHD)
C. 	Sustained	low-efficiency	dialysis	(SLED)
D. 	Slow	continuous	ultrafiltration	dialysis	(SLUF)

Answers

1.	The	correct	answer	is	D.



Rationale:	Because	he	 ingested	a	 large	amount	of	 lithium	sustained	 release,
has	presented	to	the	hospital	early,	and	has	no	contraindications,	this	patient	may
benefit	 from	 GI	 decontamination.	 He	 is	 at	 high	 risk	 of	 neurologic	 toxicity
because	he	already	has	a	significant	central	nervous	system	lithium	burden	from
chronic	use.	Whole	bowel	irrigation	is	the	most	appropriate	method	(choice	D	is
correct).	Activated	charcoal	does	not	bind	with	 lithium	(choice	A	 is	 incorrect).
The	role	of	gastric	lavage	for	removing	modified	released	preparation	from	the
stomach	 is	 unclear	 (choice	 B	 is	 not	 the	 best	 answer).	 Sodium	 polystyrene
sulfonate	involves	a	slow	cation	exchange	process	and	is	inappropriate	for	urgent
GI	decontamination	(choice	C	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	 This	 patient	 has	 mild	 lithium	 toxicity	 as	 evidenced	 by	 fatigue,

nausea,	 tremor,	 and	 hyperreflexia.	 He	 developed	 acute	 kidney	 injury	 with
prerenal	 azotemia	 because	 of	 fluid	 and	 sodium	 loss	 from	 the	 diarrhea	 and
vomiting.	 More	 than	 95%	 of	 absorbed	 lithium	 is	 excreted	 by	 the	 kidneys.
Sodium	 depletion	 can	 result	 in	 as	 much	 as	 a	 50%	 increase	 in	 lithium
reabsorption,	 so	 intravascular	 fluid	 replacement	 or	 resuscitation	 with	 normal
saline	 is	 the	 most	 important	 treatment	 for	 this	 patient	 (choice	 C	 is	 correct).
Forced	diuresis	(eg,	administering	loop	diuretics	or	osmotic	agents)	may	initially
increase	elimination,	but	has	the	potential	to	cause	volume	depletion	and	sodium
loss	 (choice	A	 is	 incorrect).	Hemodialysis	can	be	considered	 for	a	patient	with
central	 nervous	 system	 manifestations	 of	 lithium	 toxicity	 (eg,	 confusion,
irritability,	 ataxia,	 seizures)	 and	or	 kidney	 impairment,	 but	 intravenous	 normal
saline	 infusion	 should	 be	 tried	 first	 (choice	B	 is	 not	 the	 best	 answer).	 Sodium
polystyrene	 sulfonate	 or	 Kayexalate	 exchanges	 sodium	 for	 lithium	 and	 may
enhance	its	elimination	based	on	animal	studies	and	healthy	volunteers,	but	it	is
a	 relatively	slow	process	and	not	as	beneficial	as	acutely	administering	normal
saline	 (choice	 D	 is	 incorrect).	 Moreover,	 sodium	 polystyrene	 sulfonate	 use	 is
associated	 with	 hypokalemia,	 constipation,	 volume	 overload,	 and	 colonic
necrosis.

3.	The	correct	answer	is	B.
Rationale:	This	patient	is	severely	lithium	toxic,	and	her	lithium	body	burden

should	be	reduced	urgently.	Intermittent	hemodialysis	(IHD)	is	the	most	efficient
method	 for	 rapidly	 removing	 lithium	 from	 the	 central	 compartment,	 achieving
clearance	 rates	 of	 up	 to	170	 to	180	mL	per	minute	 (choice	B	 is	 correct).	This
patient	 has	 stable	 hemodynamic	 parameters,	 so	 she	 should	 be	 able	 to	 tolerate
IHD.	In	the	event	that	IHD	is	unavailable	or	when	the	patient	is	unstable,	other



extracorporeal	 techniques	may	be	considered	 (choices	A,	C,	and	D	are	not	 the
best	answers).
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Chapter	117
Methylxanthine	Poisoning
Janetta	L	Iwanicki

KEY	POINTS:
1.	 Theophylline	was	used	exclusively	as	a	bronchodilator	and	as	a

respiratory	stimulant	for	the	treatment	of	apnea	of	prematurity	in
neonates.	Uses	for	theophylline	now	include	preconditioning	of
cardiac	ischemia,	treatment	of	bradycardia,	amelioration	of	perinatal
asphyxia,	and	protection	from	contrast-induced	nephropathy.

2.	 At	therapeutic	theophylline	dosing,	hepatic	metabolism	generally
occurs	by	first-order	elimination	kinetics,	and	following	overdose
theophylline	exhibits	saturable	(Michaelis-Menten)	kinetics	leading	to
prolonged,	unpredictable	elimination	rates.

3.	 The	steady-state	serum	theophylline	concentration	and	elimination
half-life	are	effected	by	xenobiotics	(eg,	CYP1A2	and	CYP3A4
inhibitors),	chemicals	(eg,	polyaromatic	hydrocarbons	of	cigarette
smoke),	and	medical	conditions	(eg,	heart	failure,	liver	disease,
hyperthyroidism,	cystic	fibrosis).

4.	 Most	clinical	features	of	theophylline	toxicity	are	probably	due	to	the
combined	effects	of	adenosine	receptor	antagonism	and
catecholamine	release.

5.	 Manifestations	of	theophylline	and	caffeine	toxicity	can	be	classified
into	five	categories:	cardiac,	neurologic,	gastrointestinal,
musculoskeletal,	and	metabolic.

6.	 Metabolic	disturbances	accompanying	theophylline	intoxication
include	metabolic	acidosis,	hypokalemia,	hyperglycemia,
hypophosphatemia,	hypomagnesemia,	and	hypercalcemia;
hypokalemia	and	hyperglycemia	strongly	correlate	with	the	degree	of



intoxication	following	acute	theophylline	poisoning.
7.	 The	most	striking	feature	of	chronic	theophylline	overmedication	is

that	there	is	no	significant	correlation	between	serum	theophylline
concentration	and	the	appearance	of	life-threatening	events;	patients
older	than	75	years	have	a	10-fold	greater	risk	of	a	life-threatening
event	than	do	adolescents	with	comparable	serum	theophylline
concentration.

8.	 Management	of	theophylline	intoxication	consists	of	stabilization,
decreasing	absorption,	and	enhancing	elimination.	Seizures	should
be	treated	aggressively	with	high-dose	benzodiazepine.

9.	 The	pharmacokinetic	profile	of	caffeine	resembles	theophylline,	with
an	important	exception:	whereas	theophylline	metabolism	produces
inactive	metabolites,	caffeine	is	metabolized	to	theophylline.

10.	 Management	of	caffeine	intoxication	follows	the	same	principles	as
theophylline	intoxication.

INTRODUCTION
1 	 1 	 The	 methylxanthines	 most	 commonly	 used	 in	 the	 clinical	 setting	 are
theophylline	 and	 its	 ethylenediamine	 salt,	 aminophylline.	 Until	 recently,
theophylline	was	 used	 exclusively	 as	 a	 bronchodilator	 for	 the	management	 of
reversible	obstructive	pulmonary	diseases	and	as	a	respiratory	stimulant	for	the
treatment	 of	 apnea	 of	 prematurity	 in	 neonates.	 During	 the	 1980s,	 its	 use	 fell
dramatically	 as	 more	 effective	 therapies	 for	 recurrent	 bronchospasm	 became
available.1	However,	there	has	been	renewed	interest	in	theophylline	as	the	scope
of	 its	 pharmacologic	 benefits	 broadens.	 Uses	 for	 theophylline	 now	 include
preconditioning	of	cardiac	ischemia,2	treatment	of	bradycardia,3	amelioration	of
perinatal	asphyxia,4	and	protection	from	contrast-induced	nephropathy5.	Recent
clinical	trials	of	theophylline	for	asthma	have	demonstrated	substantial	benefits,
restoring	interest	in	the	drug	for	this	indication.6,7	Despite	its	renewed	popularity,
theophylline,	 with	 its	 potent	 pharmacologic	 actions,	 variable	 metabolic
disposition	for	humans,	and	narrow	therapeutic-to-toxic	ratio,	is	a	common	cause
of	intoxication.1,8

Caffeine	and	theobromine	are	other	widely	used	methylxanthines.	Caffeine	is
found	in	beverages	such	as	coffee	and	tea,	energy	drinks	(eg,	sodas	or	water)	or
dietary	 energy	 supplements	 (eg,	 guarana	 or	 kola),	 energy	 foods	 such	 as	mints



and	gum,	and	pharmaceutical	preparations	(eg,	antisleep	drugs).	Although	severe
toxicity	from	caffeine	ingestion	is	uncommon,	case	reports	of	serious	poisoning
among	 children	 and	 adults	 are	 well	 documented.9	 Because	 caffeine	 and	 other
xanthine	derivatives	are	structurally	similar	to	theophylline,	signs	and	symptoms
of	toxicity	resemble	those	seen	in	theophylline	intoxication,	and	the	approach	to
management	should	be	similar.

Three	 clinical	 scenarios	 account	 for	 most	 cases	 of	 theophylline	 poisoning:
unintentional	ingestions	by	children,	intentional	ingestions	(suicide	attempts)	by
adolescents	or	adults,	and	medication	errors	 (miscalculation	of	dose,	change	 in
frequency	 of	 administration,	 lack	 of	 serum	 drug	 level	 monitoring,	 or	 an
unrecognized	 drug-drug	 or	 drug-disease	 interactions).1,10,11	 Most	 cases	 of
theophylline	intoxication	result	from	chronic,	unintentional	overmedication.

PHARMACOLOGY
Theophylline	is	available	commercially	as	a	liquid,	tablet,	and	modified-release
formulation,	or	a	solution	for	intravenous	administration.	Overdose	of	modified-
release	 theophylline	 can	 lead	 to	 a	 marked	 delay	 in	 complete	 absorption,	 with
peak	serum	theophylline	concentrations	occurring	as	long	as	15	to	24	hours	after
ingestion.12	 Therapeutic	 serum	 theophylline	 concentrations	 range	 from	 10	 to
20	µg	per	mL.

A	 loading	 dose	 of	 5	 to	 6	 mg	 per	 kg	 of	 intravenous	 aminophylline	 should
produce	 a	 serum	 theophylline	 concentration	 of	 10	 µg	 per	 mL	 in	 patients	 not
currently	 taking	 theophylline.	 Maintenance	 dosaging	 vary	 with	 age	 and
underlying	conditions	(Table	117.1).	For	patients	regularly	taking	theophylline,	a
loading	 dose	 increases	 the	 steady-state	 serum	 theophylline	 level.	 Typically,
administration	 of	 1	 mg	 per	 kg	 of	 theophylline	 raises	 the	 serum	 drug
concentration	by	2	µg	per	mL.	This	relationship	can	also	be	used	to	predict	the
theophylline	 concentration	 after	 an	 overdose;	 the	 maximum	 possible	 drug
concentration	 (in	 µg	 per	 mL)	 should	 be	 no	 more	 than	 twice	 the	 ingested	 or
administered	dose	(in	mg	per	kg).

TABLE	117.1

Intravenous	Aminophylline	Maintenance	Doses



Age	Group Infusion	Rate	(mg/kg/h)

Newborn 0.3-0.4

1-6	mo 0.5-0.6

6	mo-9	y 1.0-1.2

9-16	y 0.9-1.1

Smoker	age	12-50	y 1.0

Nonsmoker	age	16-50	y 0.5-0.7

Older	than	50	y 0.4-0.6

Cor	pulmonale 0.3-0.5

Liver	failure 0.1-0.5

Congestive	heart	failure 0.1-0.5

2 	 3 	Theophylline	has	a	volume	of	distribution	of	0.4	L	per	kg	and	is	40%	to
65%	bound	to	plasma	proteins.13	Its	metabolism	is	almost	exclusively	by	hepatic
cytochrome	P450	system;	it	 is	oxidized	or	demethylated	in	the	liver	by	at	 least
two	 isoenzymes	 (CYP1A2	 and	 CYP3A4).13	 Less	 than	 15%	 of	 the	 drug	 is
excreted	 unchanged	 in	 urine.	 At	 therapeutic	 dosing,	 hepatic	 metabolism
generally	occurs	by	first-order	elimination	kinetics.14	The	drug	exhibits	saturable
(Michaelis-Menten)	 kinetics	 in	 overdose	 leading	 to	 prolonged,	 unpredictable
elimination	 rates.	 The	 elimination	 half-life	 of	 theophylline	 also	 varies	 widely
with	age:	typical	half-lives	are	20	to	30	hours	in	premature	infants,	4	to	7	hours
for	newborns,	3	to	4	hours	for	children	6	months	to	18	years	of	age,	and	8	to	9
hours	for	adults.13,14	Many	xenobiotics,	chemicals,	and	medical	conditions	affect
the	 steady-state	 serum	 concentration	 and	 elimination	 half-life	 of	 theophylline
(Table	117.2).	The	xenobiotics	that	inhibit	theophylline	clearance	are	those	that
inhibit	 CYP1A2	 and	 CYP3A4,	 including	 erythromycin,	 clarithromycin,
ciprofloxacin,	 and	 cimetidine.13,15	 Xenobiotics	 that	 increase	 theophylline
clearance	 include	 barbiturates,	 carbamazepine,	 and	 the	 polyaromatic
hydrocarbons	of	cigarette	smoke	(including	passive	smoke	inhalation).16	Enzyme
induction	by	these	xenobiotics	can	be	temporary;	in	patients	who	smoke	and	quit
abruptly,	 theophylline	 clearance	 can	 fall	 to	 normal	 within	 days,	 leading	 to
inadvertent	theophylline	intoxication	unless	dose	is	adjusted	accordingly.	Several



disease	 states	 are	 associated	 with	 a	 reduction	 in	 theophylline	 clearance,
including	 heart	 failure	 and	 liver	 disease.13	 Both	 hyperthyroidism	 and	 cystic
fibrosis	are	associated	with	increased	elimination	of	theophylline.17

TABLE	117.2

Factors	Affecting	Serum	Theophylline	Concentrations

Drugs	that	Increase	Theophylline	Clearance

Barbiturates
Carbamazepine
Cigarette	smoke
Phenytoin
Rifampin

Drugs	that	Decrease	Theophylline	Clearance

Cimetidine
Ciprofloxacin
Clarithromycin
Fluvoxamine
Erythromycin
Norfloxacin
Ofloxacin
Zafirlukast

Conditions	that	Increase	Theophylline	Clearance

Cigarette	smoking
Cystic	fibrosis
Hyperthyroidism

Conditions	that	Decrease	Theophylline	Clearance

Hepatitis/cirrhosis
Congestive	heart	failure
Some	viral	infections

Theophylline	 has	 a	 variety	 of	 physiological	 effects	 at	 therapeutic	 dosing



(Table	 117.3).	 These	 effects	 include	 smooth	 muscle	 relaxation,	 mild	 central
nervous	system	(CNS)	excitation,	and	diuresis.	Intoxication	is	associated	with	an
array	 of	 other	 metabolic	 and	 clinical	 consequences.	 Although	 the	 effects	 of
theophylline	 have	 been	 well	 characterized,	 their	 pharmacologic	 and
pathophysiologic	mechanisms	remain	poorly	understood.	Three	primary	cellular
mechanisms	 of	 theophylline	 action	 have	 been	 theorized:	 inhibition	 of	 “second
messenger”	 cyclic	 guanosine	 monophosphate	 or	 cyclic	 adenosine
monophosphate	(cAMP)	activity,	adenosine	receptor	antagonism,	and	adrenergic
hyperstimulation	(particularly	at	the	β-adrenergic	receptor)	secondary	to	elevated
levels	 of	 circulating	 plasma	 catecholamines.18,19	 Inhibition	 of	 calcium
translocation	and	leukotriene	production	have	also	been	postulated	as	additional
mechanisms.

TABLE	117.3

Physiologic	Effects	of	Theophylline

Central	Nervous	System

Stimulation	of	cortical	centers
Stimulation	of	medullary	respiratory	center
Nausea	and	emesis
Cerebral	vasoconstriction	and	decreased	cerebral	blood	flow

Cardiovascular

Positive	inotropic	and	chronotropic	effects
Vascular	smooth	muscle	relaxation

Pulmonary

Bronchial	smooth	muscle	relaxation
Increased	ventilation
Stimulation	of	diaphragmatic	and	intercostal	muscles

Gastrointestinal

Increased	gastric	acid	and	pepsin	secretion
Relaxation	of	esophageal	smooth	muscle	and	possible	reflux

Renal



Increased	blood	flow	and	glomerular	filtration	rate
Increased	diuresis	(<48	h)

Endocrine

Increased	plasma	catecholamines
Augmented	dopamine	β-hydroxylase	and	rennin

Metabolic

Lipolysis
Gluconeogenesis	and	glycogenolysis

Musculoskeletal

Augmented	contractility
Disturbances	in	depolarization	(eg,	tremor)

The	 physiological	 changes	 seen	 with	 therapeutic	 theophylline	 dosing,
including	 tachycardia,	 diuresis,	 bronchodilation,	 and	 CNS	 excitation,	 were
thought	 to	 result	 from	 theophylline’s	 inhibition	 of	 phosphodiesterase,	 the
intracellular	enzyme	that	inactivates	cAMP.20	Such	enzyme	inhibition	would	lead
to	 elevated	 intracellular	 cAMP	 concentrations,	 affecting	 a	 broad	 range	 of
physiologic	responses.	However,	 this	 theory	has	been	brought	 into	question;	 in
vitro	 data	 suggest	 phosphodiesterase	 inhibition	 does	 not	 occur	 at	 therapeutic
serum	concentrations	of	theophylline	and	that	increased	cAMP	activity	is	not	a
major	mechanism	of	its	therapeutic	effects.21	Whether	the	increased	theophylline
concentrations	 seen	 for	 the	 intoxicated	 patient	 are	 sufficient	 to	 inhibit
phosphodiesterase	activity	is	unclear.

Investigation	 has	 also	 been	 directed	 at	 the	 role	 of	 adenosine	 receptor
antagonism	 as	 a	mechanism	of	 theophylline	 action.	Adenosine	 is	 a	 nucleoside
that	promotes	smooth	muscle	constriction,	slows	cardiac	conduction,	and	acts	as
an	 endogenous	 anticonvulsant.	 The	 chemical	 structures	 of	 theophylline	 and
adenosine	 are	 similar	 and	with	 adenosine	 having	 opposite	 physiologic	 actions
than	 theophylline,	 theophylline	 may	 be	 a	 simple	 competitive	 antagonist	 at
bronchial	 and	 vascular	 smooth	 muscle,	 cardiac,	 and	 CNS	 sites.	 However,
adenosine	 antagonism	 alone	 does	 not	 provide	 a	 complete	 explanation	 for
theophylline’s	pharmacological	effects.22

4 	 Additional	 data	 suggest	 that	 many	 of	 theophylline’s	 actions	 can	 be



accounted	 for	 by	 its	 stimulation	 of	 plasma	 catecholamine	 release.17	 Plasma
concentrations	 of	 epinephrine,	 norepinephrine,	 and	 dopamine	 all	 rise
significantly	after	 theophylline	administration.	With	 therapeutic	dosing,	plasma
catecholamine	 activity	 typically	 increases	 four-	 to	 sixfold.	 After	 theophylline
intoxication,	 plasma	 catecholamine	 activity	 may	 rise	 to	 30-fold.18,19	 Increased
plasma	 catecholamines	 provide	 a	 ready	 explanation	 for	many	 of	 the	 effects	 of
theophylline	 seen	after	 therapeutic	dosing	and	potentially	mediate	many	of	 the
effects	 of	 theophylline	 intoxication.	 In	 all	 probability,	 the	 combined	 effects	 of
adenosine	 receptor	 antagonism	 and	 catecholamine	 release	 are	 responsible	 for
most	clinical	features	of	theophylline	toxicity.

Plasma	 catecholamines,	 particularly	 epinephrine,	 are	 capable	 of	 inducing
hypokalemia,	 hyperglycemia,	 and	 metabolic	 acidosis.	 Epinephrine-induced
hypokalemia	appears	to	result	from	β2-adrenergic	receptor–linked	stimulation	of
Na+/K+	 adenosine	 triphosphatase.	This	 leads	 to	 increased	 intracellular	 transport
of	 potassium	 with	 preservation	 of	 total	 body	 potassium	 content.23	 Consistent
with	 the	 theories	 of	 plasma	 catecholamine	 activity	 is	 the	 observation	 that
theophylline-induced	 hypokalemia	 can	 be	 inhibited	 by	 pretreatment	 with
propranolol	or	reversed	by	propranolol	administration.24

The	CNS	effects	of	theophylline	intoxication	include	respiratory	stimulation,
vomiting,	 and	 seizures.	 These	 may	 result	 from	 disturbances	 in	 CNS	 cyclic
guanosine	monophosphate	activity,	adenosine	antagonism,	or	adrenergic	excess.
Changes	 in	 neuronal	 transmembrane	 potentials	 by	 any	 of	 these	 mechanisms
would	 lower	 excitation	 thresholds.	 In	 addition,	 there	 are	 theories	 that
theophylline	 inhibits	CNS	γ-aminobutyric	 acid	 receptor	 activity	 and	 stimulates
N-methyl-d-aspartate	 and	 other	 excitatory	 neurotransmitter	 production.
Theophylline	 administration	 has	 been	 associated	 with	 an	 abnormal
electroencephalogram	pattern	in	34%	of	children	and	12%	of	adults.25	Cerebral
vascular	effects	are	also	significant	with	theophylline	and	other	methylxanthines
because	 they	 are	 potent	 cerebral	 vasoconstrictors.	 This	 is	 the	 presumed
mechanism	 of	 caffeine	 in	 the	 treatment	 of	 migraine	 headache.	 However,
decreases	in	cerebral	blood	flow	can	be	extreme,	particularly	during	inhalational
anesthetic	administration.26

CLINICAL	TOXICITY
5 	Manifestations	of	 theophylline	 toxicity	can	be	classified	 into	 five	categories:
cardiac,	 CNS,	 gastrointestinal	 (GI),	 musculoskeletal,	 and	 metabolic1,8.	 The
cardiovascular	 effects	 of	 theophylline	 intoxication	 consist	 of	 rhythm	 and



vascular	disturbances.	The	hallmark	(and	first	sign)	of	theophylline	poisoning	is
sinus	 tachycardia,	which	occurs	 in	more	 than	95%	of	cases.	With	more	 severe
intoxication,	 unstable	 supraventricular	 and	 ventricular	 tachydysrhythmias	 may
occur.	 A	 common	 cause	 of	 death	 with	 severe	 theophylline	 intoxication	 is
intractable	ventricular	dysrhythmias.

Blood	 pressure	 disturbances	 are	 also	 common.	 With	 mild	 intoxication,	 an
elevated	blood	pressure	may	be	present,	although	severe	hypertension	is	unusual
in	 isolated	 theophylline	 poisoning.	 In	 cases	 of	 severe	 theophylline	 toxicity,
hypotension	with	 a	widened	pulse	 pressure	 is	 seen	 in	 the	 face	 of	 an	 increased
cardiac	 index.	 Hypotension	 is	 caused	 by	 a	 marked	 fall	 in	 systemic	 vascular
resistance.

The	CNS	effects	of	theophylline	poisoning	become	prominent	for	those	with
severe	 overdose.	 The	 stimulatory	 actions	 of	 theophylline	 first	 produce
hyperventilation	 with	 mild	 respiratory	 alkalosis.	 Significantly	 intoxicated
patients	 develop	 agitation	 and	 anxiety.	Vomiting,	which	 can	 be	 severe,	 results
partly	 from	stimulation	of	 the	vomiting	center	of	 the	medullary	chemoreceptor
trigger	 zone.	 The	 most	 severe	 CNS	 manifestation	 of	 theophylline	 toxicity	 is
seizures;	 these	 are	 a	 poor	 prognostic	 sign.	 Theophylline-induced	 seizures	 are
typically	 tonic-clonic	 in	 nature	 and	may	 be	 focal;	 they	may	 be	 single,	 but	 are
commonly	 multiple	 and	 typically	 resistant	 to	 conventional	 anticonvulsants.
Theophylline	 toxic	 seizures	 are	 associated	 with	 a	 high	 frequency	 of	 adverse
neurologic	 outcomes	 and	 a	 mortality	 that	 approaches	 50%	 among	 elderly
patients.27

The	GI	 effects	 of	 theophylline	 poisoning	 consist	 of	 vomiting,	 diarrhea,	 and
hematemesis.	Vomiting	results	in	part	from	hypersecretion	of	gastric	acid	and	the
hormone	gastrin	and	enzyme	pepsin.28	These	 acids	 and	digestive	hormone	 and
enzyme	 are	 gastric	 irritants	 that	 can	 produce	 mucosal	 hemorrhage	 with
hematemesis.	 Finally,	 theophylline	 is	 a	 potent	 relaxer	 of	 lower	 esophageal
sphincter	resting	tone;	this	action	facilitates	the	reflux	of	gastric	contents.

Skeletal	muscle	tremor	is	a	common	feature	of	theophylline	poisoning.	These
tremors	are	coarse;	myoclonic	jerks	may	also	be	present.	Muscular	hypertonicity
also	 appears	 to	 be	 linked	 to	 theophylline’s	 actions	 as	 a	 β2-adrenergic	 receptor
agonist;	 this	 is	 evidenced	 by	 a	 similar	 syndrome	 associated	 with	 excess
administration	of	potent	β2-agonists	(eg,	terbutaline).

6 	A	number	of	metabolic	disturbances	accompany	theophylline	intoxication:
metabolic	 acidosis,	 hypokalemia,	 hyperglycemia,	 hypophosphatemia,
hypomagnesemia,	 and	 hypercalcemia.29,30	 Metabolic	 acidosis	 may	 appear	 late
and	is	typically	modest;	acidemia	may	be	blunted	by	a	superimposed	respiratory



alkalosis.	Hypokalemia	and	hyperglycemia	strongly	correlate	with	the	degree	of
intoxication	 following	 acute	 theophylline	 poisoning.31	 However,	 there	 are	 no
obvious	 clinical	 consequences	 of	 hypokalemia.	 Hypercalcemia	 and
hypophosphatemia	are	common,	but	not	 invariable	disturbances.	Their	cause	 is
unclear,	 although	 theophylline	 (and	 epinephrine)	 has	 been	 shown	 to	 increase
concentrations	of	parathyroid	hormone,	 and	 correction	of	 theophylline-induced
hypercalcemia	has	been	reported	after	propranolol	administration.32

Several	studies	have	suggested	 that	 the	metabolic	and	clinical	consequences
of	 theophylline	 intoxication	 vary,	 depending	 on	 whether	 the	 poisoning	 occurs
through	 a	 single	 ingestion	 (or	 single	 intravenous	 overdose),	 chronic
overmedication,	 or	 acute-on-therapeutic	 intoxication,	 in	 which	 the	 patient	 has
maintained	serum	theophylline	concentrations	 in	 the	 therapeutic	range	but	 then
received	a	single	 toxic	dose.11	With	acute	 theophylline	 intoxication,	 the	 patient
ingests	a	single	toxic	dose	of	theophylline	or	inadvertently	receives	a	toxic	dose
of	 intravenous	 aminophylline.	 The	 clinical	 course	 of	 acute	 theophylline
intoxication	 strongly	 correlates	 with	 serum	 theophylline	 concentration.	 Serum
theophylline	concentrations	of	20	 to	40	µg	per	mL	are	associated	with	nausea,
vomiting,	and	tachycardia.	When	theophylline	concentrations	are	40	to	70	µg	per
mL,	 premature	 ventricular	 contractions,	 agitation,	 and	 tremor	 appear.	 At
theophylline	concentrations	greater	 than	80	µg	per	mL,	 life-threatening	events,
including	severe	cardiac	dysrhythmias	and	intractable	seizures,	may	occur	(Table
117.4).33	 Hypokalemia	 can	 be	 profound	 after	 acute	 intoxication,	 with	 serum
potassium	concentrations	falling	to	as	low	as	2.1	mEq	per	L.	Serum	glucose	can
be	as	high	as	300	to	350	mg	per	dL.

TABLE	117.4

Signs	and	Symptoms	Associated	with	Acute	Theophylline
Toxicity

Serum	theophylline
Concentration	(µg/mL) Signs	and	Symptoms

20-40 Nausea,	vomiting,	tachycardia

40-70 Premature	ventricular	contractions,	agitation,
tremor



>80 Life-threatening	events,	severe	cardiac
dysrhythmias,	seizures,	status	epilepticus

7 	In	chronic	theophylline	overmedication,	the	patient	ingests	theophylline	for
at	least	24	hours	at	doses	or	under	conditions	that	exceed	theophylline	clearance.
The	 result	 is	 a	 relatively	 slow	 rise	 in	 body	 “theophylline	 burden”	 to	 toxic
concentrations.	Victims	of	chronic	overmedication	are	more	likely	to	be	neonates
or	elderly	patients	who	have	underlying	cardiac	disease	or	are	 taking/receiving
medications	 that	 inhibit	 theophylline	 metabolism.	 These	 factors	 contribute	 to
greater	 morbidity	 and	 mortality	 after	 chronic	 theophylline	 overmedication.1
Signs	 of	 severe	 intoxication	 may	 occur	 with	 steady-state	 serum	 theophylline
concentrations	as	low	as	20	to	30	µg	per	mL.	Seizures	have	occurred	in	patients
with	concentrations	as	low	as	17	µg	per	mL.	Patients	with	chronic	theophylline
overmedication	are	also	less	likely	to	have	hypokalemia	and	hyperglycemia.	The
most	striking	feature	of	chronic	 theophylline	overmedication	 is	 that	 there	 is	no
significant	 correlation	 between	 serum	 theophylline	 concentration	 and	 the
appearance	 of	 life-threatening	 events.1,11,34	 Seizures	 and	 dysrhythmias	 may
appear	with	serum	theophylline	concentrations	in	the	therapeutic	or	mildly	toxic
range.11,34	As	 a	 result,	 serum	 theophylline	 concentration	 should	 not	 be	 used	 to
predict	the	appearance	of	these	events.

Patients	who	are	chronically	receiving	theophylline	at	appropriate	doses	and
then	 take	 or	 receive	 an	 acute	 overdose	 of	 theophylline	 develop	 acute-on-
therapeutic	 theophylline	 intoxication.	For	 these	patients,	clinical	and	metabolic
consequences	have	features	that	are	intermediate	between	those	found	with	acute
intoxication	and	chronic	overmedication.	Clinical	manifestations	are	 somewhat
predicted	by	peak	serum	theophylline	concentration,	with	life-threatening	events
usually	not	appearing	until	serum	theophylline	concentrations	exceed	60	µg	per
mL.	Metabolic	 disturbances	 are	 not	 as	 severe	 and	 have	 little	 or	 no	 correlation
with	serum	theophylline	concentration.1,10,11

7 	 Patient	 age	 appears	 to	 be	 a	 significant	 risk	 factor	 for	 the	 development	 of
life-threatening	 events	 after	 theophylline	 intoxication	 for	 those	 at	 extremes	 of
age	 (ie,	 neonates	 and	 elderly	 patients).1	 For	 example,	 after	 chronic
overmedication,	patients	older	than	75	years	have	an	almost	10-fold	greater	risk
of	 a	 life-threatening	 event	 than	 do	 adolescents	 with	 comparable	 serum
theophylline	 concentration1.	 There	 is	 evidence	 that	 for	 patients	 with	 chronic
theophylline	intoxication,	age	is	a	better	predictor	of	major	toxicity	than	serum
theophylline	 concentration.	 Potential	 explanations	 for	 this	 observation	 include
the	differing	pharmacokinetics	found	at	extremes	of	age	or	the	higher	prevalence



of	significant	underlying	multisystem	disease	and	use	of	multiple	drugs	in	these
patients.

DIAGNOSTIC	EVALUATION
Essential	 laboratory	 studies	 to	 obtain	 in	 the	 patient	 with	 theophylline
intoxication	include	serum	theophylline	concentration,	serum	electrolytes,	blood
urea	 nitrogen,	 creatinine,	 glucose,	 calcium,	 magnesium,	 phosphorus,	 liver
function	 panel,	 and	 creatinine	 phosphokinase.	 Urine	 should	 be	 frequently
evaluated	 for	 evidence	 of	 myoglobinuria.	 An	 electrocardiogram	 should	 be
obtained;	 all	 patients	 with	 theophylline	 intoxication	 should	 be	 placed	 on
continuous	electrocardiogram	monitoring.	Arterial	blood	gas	and	complete	blood
cell	count	should	be	obtained	as	clinically	indicated.

Sequential	serum	theophylline	concentrations	should	be	obtained	every	1	to	2
hours	until	a	plateau	and	subsequent	substantive	decline	have	been	documented
because	delayed	peaks	 in	serum	theophylline	concentration	may	occur	after	an
overdose.	All	abnormal	laboratory	studies	should	be	serially	monitored	until	all
values	have	trended	or	returned	to	baseline.

MANAGEMENT
8 	 The	 management	 of	 theophylline	 intoxication	 consists	 of	 stabilization,
decreasing	 absorption,	 and	 enhancing	 elimination.	 After	 acute	 ingestion,
decreasing	absorption	is	a	primary	concern.	Treatment	of	chronic	intoxication	or
intoxication	 after	 intravenous	 administration	 of	 theophylline	 generally	 focuses
more	on	enhancing	elimination.

Airway	protection	 is	paramount,	and	 the	 threshold	for	 tracheal	 intubation	 in
the	 patient	 with	 altered	 consciousness	 or	 seizures	 should	 be	 low.	 Assisted
ventilation	may	be	necessary	when	there	is	coingestion	of	a	CNS	depressant	or
when	medications	that	depress	respiratory	drive,	such	as	diazepam	for	seizures,
are	required	for	management.

When	 hypotension	 does	 not	 respond	 to	 an	 initial	 intravenous	 fluid	 bolus,
propranolol	may	have	a	positive	effect	on	blood	pressure	stabilization.	When	a
vasopressor	 is	 also	 required,	 α-adrenergic	 agents	 such	 as	 phenylephrine	 or
norepinephrine	 may	 be	 more	 effect;	 dopamine,	 which	 has	 some	 vasodilating
properties	at	low	doses,	may	be	relatively	ineffective.

Although	no	controlled	clinical	studies	are	available,	there	have	been	reports



of	 success	 in	 treating	 tachydysrhythmias,	 particularly	 supraventricular
tachycardias,	 with	 β-adrenergic	 antagonists,	 such	 as	 propranolol.	 Propranolol
counters	 tachycardia,	 restores	 coronary	 blood	 flow,	 and	 interrupts	 the	 reentry
phenomena	that	often	underlie	theophylline-induced	dysrhythmias.18	A	potential
hazard	of	propranolol	administration	is	drug-induced	bronchospasm;	therefore,	it
should	be	used	cautiously,	if	at	all,	 in	patients	with	significant	reactive	airways
disease.	 Esmolol,	 an	 ultrashort-acting	 β1-selective	 antagonist,	 has	 also	 been
shown	to	be	effective	for	select	theophylline-induced	tachydysrhythmias.35

The	antidysrhythmic	agent	adenosine	has	become	the	treatment	of	choice	for
supraventricular	 tachycardias	and	may	be	an	 important	 therapeutic	addition	for
the	management	 of	 theophylline-induced	 tachyarrhythmias.	 Having	 significant
effects	 on	 atrioventricular	 node	 conduction,	 adenosine	 can	 promptly	 reverse
supraventricular	tachycardias.	Moreover,	because	of	the	evidence	that	adenosine
and	 theophylline	 compete	 for	 the	 same	 receptor,	 adenosine	may	 be	 a	 specific
antidote	 for	 theophylline-induced	 supraventricular	 tachycardia.	 However,
clinical	data	with	regard	to	this	are	limited.36,37	Amiodarone	or	lidocaine	are	the
recommended	treatments	of	ventricular	irritability	associated	with	hemodynamic
compromise.

8 	Seizures	should	be	treated	aggressively.	High-dose	benzodiazepine	may	be
necessary	for	seizure	termination.	Phenytoin	may	be	ineffective	for	theophylline-
induced	seizures,38	and	in	animal	studies,	it	appears	to	contribute	to	theophylline-
induced	 seizures.	When	 seizures	become	prolonged,	 a	 rapid-acting	barbiturate,
such	as	thiopental	or	pentobarbital,	may	be	necessary.	Neuromuscular	blockade
and	general	anesthesia	should	be	considered	for	seizures	that	are	unresponsive	to
previously	mentioned	treatments,	because	significant	morbidity	may	result	from
the	 rhabdomyolysis,	 hyperthermia,	 and	 acidosis	 of	 status	 epilepticus.	 There	 is
some	 evidence	 that	 propranolol	 may	 help	 prevent	 or	 control	 theophylline-
induced	seizures.39

The	 control	 of	 xanthine-induced	 gastric	 hypersecretion	 and	 vomiting	 may
include	 administration	 of	 H2-antagonists.40	 Cimetidine	 administration	 is
relatively	 contraindicated	 in	 theophylline	 poisoning	 because	 it	 inhibits
theophylline	 metabolism.	 Metoclopramide	 is	 also	 an	 effective	 antiemetic	 that
stimulates	 upper	 GI	 motility	 and	 increases	 lower	 esophageal	 tone,	 without
affecting	theophylline	clearance.	The	initial	intravenous	dose	of	metoclopramide
is	 0.5	 to	 1.0	 mg	 per	 kg	 for	 adults	 or	 0.1	 mg	 per	 kg	 for	 children	 (maximum,
1.0	 mg	 per	 kg)	 and	 is	 associated	 with	 idiosyncratic	 dystonic	 reactions.
Ondansetron	 is	 an	 alternative	 antiemetic,	 offering	 the	 advantage	 of	 effective
antiemesis	with	no	alterations	in	mental	status	and	no	risk	of	dystonic	reaction.



The	 phenothiazine	 antiemetics	 prochlorperazine	 and	 promethazine	 can	 lower
seizure	threshold	and	should	not	be	administered.

Treatment	of	metabolic	acidosis	is	aimed	at	maintaining	a	normal	serum	pH.
For	hypokalemia,	it	is	important	to	emphasize	that	because	hypokalemia’s	origin
is	 predominantly	 the	 intracellular	 potassium	 shift	with	minimal	 losses	 of	 total
body	 potassium	 content	 through	 urine	 or	 vomitus,	 reversal	 of	 hypokalemia	 is
best	 accomplished	 by	 lowering	 the	 theophylline	 concentration.	 Aggressive
replacement	of	potassium	may	result	in	“overshoot”	hyperkalemia.41	Intravenous
infusions	 of	 potassium	 chloride	 or	 potassium	 phosphate	 at	 40	 mEq	 per	 L	 in
saline	solution	should	be	adequate;	intravenous	boluses	are	usually	not	indicated.
Hypophosphatemia,	hypomagnesemia,	hypercalcemia,	and	hyperglycemia	rarely
require	correction.

Because	 vomiting	 is	 such	 a	 prominent	 feature	 of	 theophylline	 intoxication,
there	is	rarely	a	need	to	perform	gastric	emptying.	However,	activated	charcoal
(Chapter	 96:	 General	 Considerations	 in	 the	 Evaluation	 and	 Treatment	 of
Poisoning)	is	highly	effective	for	reducing	theophylline	absorption	from	the	GI
tract	 and	 should	be	 administered	 to	 all	 patients	with	 recent	 ingestions.	Whole-
bowel	 irrigation	 (Chapter	 96:	 General	 Considerations	 in	 the	 Evaluation	 and
Treatment	 of	 Poisoning)	 may	 be	 effective	 for	 decreasing	 GI	 transit	 time	 of
theophylline,	particularly	with	modified-release	formulations,	but	its	role	for	the
treatment	of	theophylline	intoxication	remains	undefined.

The	 repeated	 administration	 of	 activated	 charcoal	 (multiple-dose	 activated
charcoal	 [MDAC];	 Chapter	 96:	 General	 Considerations	 in	 the	 Evaluation	 and
Treatment	 of	 Poisoning)	 is	 a	 valuable	 therapeutic	 measure	 for	 enhancing
theophylline	 elimination.42,43	 Moreover,	 because	 MDAC	 acts	 through	 the
principle	 of	 “gastrointestinal	 dialysis,”	 it	 is	 effective	 even	 when	 theophylline
intoxication	occurs	after	intravenous	administration	of	aminophylline.	MDAC	is
potentially	as	effective	as	hemodialysis	for	accelerating	theophylline	clearance.44
However,	 it	 is	 not	 a	 substitute	 for	 hemodialysis	 for	 situations	 where	 rapid
reduction	of	body	theophylline	burden	is	essential.	All	patients	with	significant
theophylline	intoxication	should	receive	MDAC,	if	there	is	no	contraindication.
Typical	dosing	is	1	g	per	kg	charcoal	every	4	hours	(maximum,	50	g	per	dose)
until	the	theophylline	level	is	less	than	15	µg	per	mL.	An	effective	alternative	is
20	 g	 every	 2	 hours.43	 Another	 alternative	 to	 bolus	 serial	 charcoal	 is
administration	 via	 continuous	 nasogastric	 infusion	 at	 a	 rate	 of	 0.25	 to
0.50	 g/kg/h.	 Repeated	 vomiting,	 present	 in	 up	 to	 80%	 of	 patients	 with
theophylline	 intoxication,45	 may	 delay	 or	 prevent	 successful	 MDAC
administration.	Aggressive	antiemetic	therapy	is	usually	necessary.

For	 severely	 intoxicated	patients	or	patients	with	moderate	 toxicity	who	are



unable	to	tolerate	MDAC,	rapid	removal	of	theophylline	is	essential.	This	is	best
accomplished	by	hemodialysis	or	hemoperfusion.	If	the	need	for	extracorporeal
drug	 removal	 is	 anticipated,	 a	 nephrologist	 should	 be	 involved	 early	 in
management.	 Because	 of	 the	 time	 and	 personnel	 required	 to	 initiate
extracorporeal	drug	removal,	early	notification	can	expedite	the	process	once	the
decision	 has	 been	 made.	 Morbidity	 and	 mortality	 may	 be	 significantly	 lower
when	 these	 procedures	 are	 undertaken	 before	 the	 onset	 of	 life-threatening
disturbances.	 Indications	 for	 extracorporeal	drug	 removal	 include	patients	who
are	 high	 risk	 for	 hemodynamic	 instability	 or	 repeated	 seizures	 (regardless	 of
serum	 theophylline	 concentration)	 and	 acute	 intoxication	 with	 a	 serum
theophylline	concentration	greater	than	80	µg	per	mL.	Extracorporeal	measures
should	be	considered	for	patients	younger	than	6	months	or	older	than	60	years
with	 chronic	 intoxication	 and	 a	 theophylline	 concentration	 greater	 than	 30	 µg
per	mL	(Table	117.5).

TABLE	117.5

Considerations	for	Extracorporeal	Enhanced	Elimination	of
Theophylline

Hemodynamic	instability	(eg,	persistent	cardiac	dysrhythmias	and
hypotension)

Seizures	(eg,	status	epilepticus	or	recurrent	seizures)

Acute	intoxication:	Serum	theophylline	level	>	80	µg/mL

Chronic	intoxication:	Age	<	6	mo	or	>	60	y	and	theophylline	level	>
30	µg/mL

Charcoal	hemoperfusion	has	traditionally	been	considered	the	extracorporeal
drug-removal	 method	 of	 choice	 for	 theophylline	 intoxication.46	 It	 reduces	 the
elimination	half-life	 of	 theophylline	 to	 as	 low	as	0.7	 to	2.1	hours,44	 increasing
clearance	 four-	 to	 sixfold.46	 However,	 hemoperfusion	 has	 significant	 risks,
including	 hypotension,	 thrombocytopenia,	 red	 cell	 destruction,	 bleeding
diathesis,	 and	 hypocalcemia.	 Also,	 there	 are	 few	 medical	 centers	 with	 the
equipment	and	personnel	needed	to	perform	this	procedure.	The	combination	of
scarce	 access	 to	 the	 procedure,	 increasing	 efficiency	 of	 hemodialysis,	 and	 the



comparable	 effectiveness	 of	 the	 two	 procedures	 has	 made	 hemodialysis	 the
preferred	procedure	for	treatment	of	severe	theophylline	intoxication.47

Hemodialysis	 has	 many	 advantages	 over	 hemoperfusion.	 First,	 it	 is	 a
technique	that	is	widely	available	and	relatively	simple	to	perform.	The	need	for
administration	of	blood	products	is	considerably	less	with	hemodialysis.	Dialysis
can	 also	 increase	 theophylline	 clearance	 substantially,	 depending	 on	 the	 blood
flow	rates	achieved	by	the	device.	Also,	hemodialysis	does	not	require	the	same
degree	of	anticoagulation	 required	by	hemoperfusion,	which	 lowers	 the	 risk	of
bleeding	 diathesis.	 Finally,	 the	 overall	 rate	 of	 complications	 is	 lower	 for
hemodialysis	than	for	hemoperfusion.

Peritoneal	 dialysis	 is	 an	 ineffective	mode	 of	 drug	 removal	 for	 theophylline
intoxication	and	is	not	recommended.	Exchange	transfusion,	formerly	thought	to
have	no	role	 in	 theophylline	poisoning,	has	been	successfully	used	 in	neonates
with	severe	intoxication.48	Other	extracorporeal	drug-removal	methods,	such	as
hemofiltration	 and	 plasmapheresis,	 have	 not	 been	 sufficiently	 evaluated,
although	 there	 are	 case	 reports	 that	 these	 procedures	 have	 therapeutic	 value.49
Hemofiltration,	 because	 it	 is	 a	 slow,	 passive,	 cardiac	 output–dependent
technique,	is	unlikely	to	effect	the	rapid	removal	of	theophylline.

CAFFEINE
Caffeine	 is	 a	 component	 of	 the	 three	 most	 popular	 beverages	 in	 the	 world:
coffee,	tea,	and	carbonated	soft	drinks.	It	is	also	used	therapeutically	as	an	anti-
sleep	 aid	 and	 in	many	 headache	medications.	Having	 a	wide	margin	 of	 safety
and	a	relatively	short	elimination	half-life—3	hours	in	adults,	but	1	to	6	days	in
neonates—caffeine	can	be	ingested	daily	in	amounts	as	high	as	1	g.50	However,
daily	 doses	 in	 this	 range	 are	 associated	 with	 adverse	 events	 such	 as	 anxiety,
jitteriness,	 and	 tachycardia.	The	U.S.	Food	and	Drug	Administration	 considers
caffeine	in	cola-beverages	to	be	generally	regarded	as	safe.51

9 	 The	 pharmacokinetic	 profile	 of	 caffeine	 resembles	 theophylline,	 with	 an
important	 exception:	 whereas	 theophylline	 (1,3-dimethylxanthine)	 metabolism
produces	 inactive	 metabolites,	 caffeine	 (1,3,7-trimethylxanthine)	 undergoes	 7-
demethylation	 to	 form	 theophylline.	Therefore,	 caffeine	 ingestion	 is	 invariably
associated	 with	 measurable	 serum	 theophylline	 concentrations.	 After	 caffeine
intoxication,	 serum	 theophylline	 concentration	 is	 a	 useful	measure	 of	 toxicity.
Many	 of	 the	 clinical	manifestations	 of	 caffeine	 intoxication	may	 in	 fact	 result
from	the	effects	of	theophylline	at	its	susceptible	end	organs.

5 	 The	 single	 ingestion	 of	more	 than	 1.5	 g	 of	 caffeine	 (30-50	mg	 per	 kg	 in



children)	can	produce	serious	adverse	effects	with	the	same	manifestations	found
in	acute	theophylline	intoxication.52	Ingestions	of	more	than	100	to	200	mg	per
kg	are	potentially	 lethal.50	Manifestations	 of	 caffeine	 toxicity	 can	 be	 classified
into	 five	 categories:	 GI,	 neurologic,	 metabolic,	 cardiac,	 and	 musculoskeletal.9
Nausea	 and	 vomiting,	 with	 occasional	 hematemesis,	 predominate.	 CNS
excitation	may	be	manifested	by	anxiety,	agitation,	and	seizures	in	severe	cases.
The	same	hypokalemia,	hyperglycemia,	and	metabolic	acidosis	that	appear	after
severe	acute	 theophylline	 intoxication	occur	with	caffeine	poisoning.	The	most
common	 cause	 of	 death	 after	 caffeine	 intoxication	 is	 intractable	 cardiac
dysrhythmias53;	 severe	 acute	 overdoses	 have	 led	 to	 myocardial	 infarction.
Musculoskeletal	effects	can	be	prominent	with	caffeine	intoxication;	one	feature
is	 the	appearance	of	severe	rhabdomyolysis.	Life-threatening	events	after	acute
caffeine	intoxication	are	associated	with	serum	concentrations	of	more	than	100
to	150	µg	per	mL.	However,	seizures	after	caffeine	intoxication	have	occurred	at
serum	 concentrations	 as	 low	 as	 50	 µg	 per	mL.	 Death	 has	 been	 reported	 with
serum	 concentrations	 as	 low	 as	 80	 µg	 per	 mL.	 However,	 serum	 caffeine
concentrations	as	high	as	385	µg	per	mL	have	been	associated	with	survival.54

In	 recent	 years,	 the	 growing	 popularity	 of	 “energy”	 drinks	 and	 foods
containing	caffeine,	taurine,	and	guarana	has	led	to	increased	concerns	regarding
caffeine	toxicity.	The	amount	of	caffeine	contained	in	these	drinks	and	foods	is
highly	variable,	and	the	reported	amounts	often	do	not	take	into	account	guarana
and	other	additives.	Increasing	consumption	of	energy	drinks	and	foods	has	led
to	 increased	 emergency	 department	 visits	 due	 to	 caffeine	 toxicity,	 with
symptoms	ranging	from	palpitations	and	tremor	to	ventricular	dysrhythmias	and
seizures.	 In	addition,	 several	deaths	have	been	associated	with	consumption	of
energy	drinks.55	The	combined	use	of	energy	drinks	with	alcohol	is	of	particular
concern,	with	 some	 evidence	 to	 show	 that	 the	 combination	 leads	 to	 decreased
fatigue	 from	 alcohol	 intoxication	 and	 an	 increased	 desire	 to	 continue	 drinking
with	potential	for	increased	risky	behaviors.56

1 	 0 	 Management	 of	 caffeine	 intoxication	 follows	 the	 same	 principles	 as
theophylline	 intoxication.	 Patient	 stabilization	 includes	 treatment	 of	 life-
threatening	 seizures	 and	 cardiac	 dysrhythmias.	 Activated	 charcoal	 should	 be
administered	 as	 soon	 as	 possible	 to	 provide	 GI	 decontamination.	 Aggressive
antiemetic	 therapy	 should	 be	 administered.	MDAC	 is	 presumed	 to	 be	 equally
effective	 for	 caffeine	 intoxication.	 Caffeine	 can	 be	 rapidly	 eliminated	 via
hemodialysis;	this	procedure	should	be	considered	in	those	who	are	high	risk	for
seizures,	 cardiac	 dysrhythmias,	 or	 serum	 caffeine	 concentrations	 in	 excess	 of
100	µg	per	mL.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	laboratory	findings	correlate	with	the	degree	of
acute	theophylline	poisoning?

A. 	Hypocalcemia	and	hypophosphatemia
B. 	Hypochloremia	and	metabolic	alkalosis
C. 	Hypokalemia	and	hyperglycemia
D. 	Hyponatremia	and	hypomagnesemia

2. 	Which	of	the	following	statements	about	theophylline	is	true?

A. 	It	has	the	same	physiological	actions	as	adenosine
B. 	Its	clearance	is	decreased	by	CYP1A2	and	CYP3A4	inhibitors
C. 	It	is	metabolized	to	caffeine
D. 	Seizures	from	its	toxicity	should	be	treated	with	phenytoin

3. 	What	mechanism	is	most	likely	responsible	for	the	clinical	manifestations
of	theophylline	toxicity?

A. 	Adenosine	receptor	antagonism	and	catecholamine	release
B. 	Phosphodiesterase	inhibition	and	increased	cyclic	adenosine
monophosphate
C. 	Potassium	channel	antagonism	and	sodium-potassium	adenosine
triphosphatase	(Na+/K+-ATPase)	inhibition
D. 	Sodium	and	calcium	channel	antagonism

Answers

1.	The	correct	answer	is	C.
Rationale:	 Hypokalemia	 and	 hyperglycemia	 strongly	 correlate	 with	 the

degree	of	 intoxication	 from	acute	 theophylline	poisoning	 (choice	C	 is	correct).



Other	 metabolic	 disturbances	 accompanying	 theophylline	 intoxication	 include
hypophosphatemia,	 hypomagnesemia,	 and	 hypercalcemia	 are	 not	 as	 tightly
associated	with	theophylline	levels	(choices	A	and	D	are	not	the	best	answers).
Respiratory	 alkalosis	 is	 the	 most	 common	 acid-base	 alteration,	 but	 mild
metabolic	acidosis	has	been	reported	(choice	B	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	Many	 xenobiotics,	 chemicals,	 and	medical	 conditions	 affect	 the

steady-state	 serum	 concentration	 and	 elimination	 half-life	 of	 theophylline.	The
xenobiotics	 that	 inhibit	 theophylline	 clearance	 are	 those	 that	 inhibit	 CYP1A2
and	CYP3A4	(choice	B	is	correct).	The	chemical	structures	of	theophylline	and
adenosine	are	similar	but	 theophylline	acts	as	an	adenosine	receptor	antagonist
and	the	two	drugs	thus	have	generally	opposing	physiological	actions	(choice	A
is	 incorrect).	 Theophylline	 appears	 to	 be	 a	 simple	 adenosine	 competitive
antagonist	 at	 bronchial	 and	 vascular	 smooth	 muscle,	 cardiac,	 and	 CNS	 sites
although	adenosine	antagonism	alone	does	not	provide	a	complete	explanation
for	theophylline’s	pharmacologic	effects.	In	all	probability,	the	combined	effects
of	adenosine	receptor	antagonism	and	catecholamine	release	are	responsible	for
most	clinical	features	of	theophylline	intoxication.	The	pharmacokinetic	profile
of	 caffeine	 resembles	 theophylline,	 with	 an	 important	 exception:	 whereas
metabolism	 of	 theophylline	 (1,3-dimethylxanthine)	 produces	 inactive
metabolites,	 caffeine	 (1,3,7-trimethylxanthine)	 undergoes	 7-demethylation	 to
form	 theophylline	 (choice	 C	 is	 incorrect).	 Seizures	 should	 be	 treated
aggressively.	 High-dose	 benzodiazepine	 may	 be	 necessary	 for	 seizure
termination.	Phenytoin	may	be	ineffective	for	theophylline-induced	seizures,	and
in	animal	studies,	it	appears	to	even	worsen	them	(choice	D	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	 The	 physiological	 changes	 seen	 with	 therapeutic	 theophylline

dosing,	 including	 tachycardia,	 diuresis,	 bronchodilation,	 and	 CNS	 excitation,
were	 thought	 to	 result	 from	 theophylline’s	 inhibition	of	phosphodiesterase,	 the
intracellular	enzyme	that	inactivates	cAMP.	Such	enzyme	inhibition	would	lead
to	 elevated	 intracellular	 cAMP	 concentrations.	 However,	 this	 theory	 has	 been
brought	 into	 question.	 In	 vitro	 data	 suggest	 phosphodiesterase	 inhibition	 does
not	 occur	 at	 therapeutic	 serum	 concentrations.	 Whether	 the	 increased
theophylline	 concentrations	 seen	 in	 the	 intoxicated	 patient	 are	 sufficient	 to
inhibit	phosphodiesterase	activity	is	unclear.	Investigation	has	also	been	directed
at	 the	 role	 of	 adenosine	 receptor	 antagonism.	 Adenosine	 is	 a	 nucleoside	 that
promotes	smooth	muscle	constriction,	slows	cardiac	conduction,	and	acts	as	an



endogenous	 anticonvulsant.	 The	 chemical	 structures	 of	 theophylline	 and
adenosine	 are	 similar	 and	 so	 theophylline	 may	 be	 a	 simple	 competitive
antagonist,	 but	 stimulation	 of	 plasma	 catecholamine	 release	 is	 also	 likely
involved.	With	 therapeutic	 theophylline	 dosing,	 plasma	 catecholamine	 activity
typically	 increases	 four-	 to	 sixfold.	 In	 theophylline	 intoxication,	 plasma
catecholamine	 activity	 may	 rise	 30-fold.	 Increased	 plasma	 catecholamines
provide	 a	 ready	 explanation	 for	 the	 many	 effects	 of	 theophylline	 seen	 after
therapeutic	 dosing	 and,	 potentially,	 many	 of	 the	 effects	 of	 theophylline
intoxication.	Therefore,	 the	combined	effects	of	adenosine	receptor	antagonism
and	catecholamine	release,	rather	than	PDE	inhibition	and	cAMP	increases,	are
probably	responsible	for	most	clinical	features	of	theophylline	toxicity	(choice	A
is	correct).
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Chapter	118
Opioid	Poisoning
Stephanie	T.	Weiss,	Luke	Yip

KEY	POINTS:
1.	 “Opioid”	is	a	general	term	that	encompasses	the	naturally	occurring

opiates	from	the	poppy	plant	as	well	as	a	growing	number	of
semisynthetic	and	synthetic	compounds	that	bind	to	the	mu,	kappa,
delta,	and	nociceptin	opioid	peptide	receptors.

2.	 A	major	driver	of	the	current	worldwide	opioid	epidemic	is	the
increasing	prevalence	of	highly	potent	synthetic	opioids	in	the	illicit
drug	supply.

3.	 Stimulation	of	the	Mu	Opioid	Peptide	(MOP)	receptors	is	responsible
for	the	most	significant	clinical	effects	of	opioid	agents,	including
analgesia,	physical	dependence,	and	respiratory	depression.

4.	 The	classic	opioid	toxidrome	includes	respiratory	depression,	miosis,
and	impaired	cognition,	but	not	all	opioid	overdose	cases	present
with	this	complete	triad.

5.	 Several	opioids	have	additional	agent-specific	effects	such	as
cardiotoxicity	or	neurotoxicity	that	may	be	due	to	the	parent
compound,	active	metabolites,	or	contaminants.

6.	 Fentanyl	patches	form	depots	with	ongoing	release	of	drug,	and	all
opioid	overdose	patients	should	be	undressed	completely	to	check
for	the	presence	of	fentanyl	patches.

7.	 Consider	the	possibility	of	toxic	coingestants	such	as
acetaminophen,	antihistamines,	and	other	sedatives/ventilatory
depressants	in	all	opioid	overdose	patients.

8.	 Naloxone	is	relatively	short-acting	compared	to	many	opioids,	and
recurrence	of	respiratory	depression	following	opioid	overdose	is



common.

INTRODUCTION
1 	 Although	 “opiates”	 and	 “opioids”	 are	 often	 used	 interchangeably,	 the	 term
“opiate”	 specifically	 refers	 to	 the	 natural	 products	 (morphine,	 codeine,	 and
thebaine)	obtained	from	the	seedpods	of	the	poppy	plant	Papaver	somniferum.	In
contrast,	“opioid”	refers	not	only	to	these	three	opiates	but	also	encompasses	the
semisynthetic	 compounds	 that	 are	 derived	 from	 them	 (eg,	 diacetylmorphine,
oxycodone,	 hydrocodone,	 and	 buprenorphine),	 as	 well	 as	 a	 growing	 group	 of
fully	synthetic	compounds	(eg,	loperamide,	tramadol,	fentanyl,	and	methadone)
that	 have	 no	 structural	 relationship	 to	 the	 opiates.1	 The	 natural	 products
mitragynine	and	7-hydroxymitragynine	from	the	kratom	plant,	also	structurally
unrelated	to	the	opiates,	can	also	be	classified	as	opioids.2

2 	Misuse	of	opioids,	including	morbidity	and	mortality	due	to	overdose,	has
become	a	serious	worldwide	problem.3	 Illicit	drug	manufacturers	have	combed
the	 chemical	 literature	 in	 an	 effort	 to	 synthesize	 previously	 published	 opioids
that	can	circumvent	 the	use	of	controlled	or	unavailable	precursor	compounds.
Such	clandestine	 laboratories	have	produced	potent	 synthetic	opioids	 including
fentanyl,	 fentanyl	 analogs,	 and	 novel	 nonfentanyl	 opioids	 (eg,	 U-47700,
isotonitazene,	 and	 brorphine)	 for	 the	 recreational	 drug	market,	 contributing	 to
the	opioid	epidemic.4	These	compounds	often	have	limited	preclinical	or	clinical
data,	increasing	the	risk	of	adverse	events	with	their	use.

Street	 drugs	 often	 contain	 psychoactive	 adulterants	 or	 “cutting	 agents”	 (eg,
caffeine,	 quinine/quinidine,	 lidocaine,	 procaine,	 levamisole,	 and	 phenacetin	 or
acetaminophen).	 In	 addition,	 contaminants	 from	 the	 heroin	 manufacturing
process	like	acetylcodeine,	or	other	toxins	such	as	heavy	metals	or	bacteria,	may
also	be	present.5,6	Thus,	the	clinical	effects	seen	in	a	person	using	heroin	or	illicit
synthetic	opioids	may	be	only	partly	related	to	the	opioid	component.

PHARMACODYNAMICS
Opioids	 interact	with	 central	 nervous	 system	 (CNS)	 receptors	 to	 produce	 their
analgesic,	 euphoric,	 and	 sedative	effects.	Currently,	 three	main	opioid	 receptor
types	 are	 recognized:	 the	Mu	opioid	 peptide	 (MOP),	 the	 kappa	opioid	Peptide
(KOP),	and	the	delta	opioid	peptide	receptors,	along	with	the	nociceptin	opioid
peptide	 receptor.1,7	 Two	 other	 opioid	 receptor	 nomenclature	 systems	 not



approved	 by	 the	 International	 Union	 of	 Basic	 and	 Clinical	 Pharmacology	 are
also	sometimes	used;	all	three	of	these	nomenclature	systems	are	summarized	in
Table	118.1.

TABLE	118.1

Opioid	Peptide	Receptor	Nomenclature,	Ligands,	and
Clinical	Effects1,7

IUPHAR-
Approved
Nomenclature

DOP	(delta
[δ])

KOP	(kappa
[κ])

MOP	(mu
[µ])

NOP
(Nociceptin)

Alternative
Nomenclature

DOR,	OP1 KOR,	OP2 MOR,	OP3 ORL1,	OP

Endogenous
Ligands
(primary	ligands
bolded/italicized)

Enkephalins,
Endorphins

Dynorphins Endorphins,
Enkephalins,
Dynorphins,
Endomorphins

Nociceptins

CNS:	Analgesic
Effects

Supraspinal
and	Spinal
Analgesia

Supraspinal	and
Spinal	Analgesia

Supraspinal
and	Spinal
Analgesia

Modulation	of
Opioid	Analgesia

CNS:	Other
Effects

Seizures Sedation,
Dysphoria	or
Euphoria,
Miosis,
Psychotomimesis

Sedation,
Euphoria,
Miosis

Anxiolytic,
Modulates
Learning/Memory

Cardiovascular Bradycardia,
Orthostatic
Hypotension

Modulates	Blood
Pressure	and
Heart	Rate

Endocrine Prolactin	and
Growth
Hormone
Release



Gastrointestinal Vomiting,
Anorexia,
Constipation

Increased	Food
Intake

Immune Pruritus
(Histamine
Release)

Pulmonary Modulation
of
Respiratory
Depression

Dyspnea,
Respiratory
Depression

Respiratory
Depression

Urinary Diuresis Urinary
Retention

Diuresis

General
Systemic

Modulation
of	MOP
function

Physical
Dependence

Physical
Dependence

CNS,	central	nervous	system;	IUPHAR,	International	Union	of	Basic	and	Clinical	Pharmacology;
OP,	Opioid	Peptide;	ORL1,	Opioid	Receptor-Like	1.
From	Trescot	AM,	Datta	S,	Lee	M,	et	al.	Opioid	pharmacology.	Pain	physician.	2008;11(2
suppl):S133-S53	and	Cox	BM,	Christie	MJ,	Devi	L,	et	al.	Challenges	for	opioid	receptor
nomenclature:	IUPHAR	Review	9.	Br	J	Pharmacol.	2015;172(2):317-323.

Opioids	 can	 elicit	 three	 main	 types	 of	 actions	 when	 binding	 to	 opioid
receptors:	 full	 agonism,	 partial	 agonism,	 and	 antagonism.	 Full	 agonists	 (eg,
morphine,	hydromorphone,	fentanyl)	have	high	efficacy	(large	effect	or	strength
of	activity)	when	binding	to	the	receptors.	Antagonists	(eg,	naloxone,	naltrexone,
nalmefene)	 bind	 to	 the	 receptors	 but	 lack	 efficacy.	 Partial	 agonists	 (eg,
nalbuphine,	buprenorphine,	pentazocine)	have	some	efficacy	that	is	less	than	that
of	 full	 agonists	 at	 the	 receptors;	 these	 agents	 function	 as	 mixed	 partial
agonists/antagonists	 when	 binding	 to	 different	 opioid	 receptors	 subtypes.1
Relevant	pharmacological	 characteristics	of	 individual	 opioids	 are	 summarized
in	Table	118.2	and	are	also	discussed	below	(see	Pharmacological	Highlights	of
Individual	Opioids).

TABLE	118.2



Individual	Opioid	Agonists	and	Antagonists	Attributes1,8

Opioid	Agent
(Brand	Names)

KOP
Activity

MOP
Activity

Attributes	of	Special
Note

Full	Agonists

Morphine
(MSContin,
Kadian)

Full
Agonist

Full
Agonist

Prototypical	opioid,	active
metabolite	(M6G)
accumulates	in	renal
impairment

Diacetylmorphine
(Heroin)

Full
Agonist

Full
Agonist

Prodrug	with	multiple	active
metabolites	(6-MAM,
morphine,	M6G)

Codeine	(various
depending	on
coformulants)

Full
Agonist

Full
Agonist

Prodrug	of	morphine,	may	be
toxic	in	CYP2D6	ultrarapid
metabolizers,	usually
coformulated	with	other
compounds

Hydrocodone
(Norco,	Vicodan,
many	others)

Full
Agonist

Full
Agonist

Only	available	with
coformulants	in	the	U.S.,
metabolized	by	CYP2D6	to
the	more	potent
hydromorphone

Hydromorphone
(Dilaudid)

Full
Agonist

Full
Agonist

Hydromorphone-3-
glucuronide	metabolite	may
cause	neurotoxicity	such	as
seizures

Oxycodone
(Roxicodone,
Oxycontin)

Full
Agonist

Full
Agonist

Metabolized	by	CPY2D6	to
the	more	potent
oxymorphone	and
noroxymorphone,	which	may
produce	some	of	its	analgesic
effect

Oxymorphone Full Full Only	available	as	the	generic



(Opana) Agonist Agonist in	the	U.S.,	metabolized	via
glucuronidation

Fentanyl
(Duragesic,	Actiq,
Sublimaze,	others)

Full
Agonist

Full
Agonist

Toxicity	and	mortality	may
occur	due	to	misuse	of
patches	or	rapid	IV
administration	(wooden	chest
syndrome)

Methadone
(Dolophine,
Methadose)

Full
Agonist

Full
Agonist

L(R)-enantiomer	is	an	opioid
agonist,	D(S)-enantiomer	is
an	NMDA	antagonist,	QTc
prolongation,	many	drug-
drug	interactions

Meperidine
(Demerol)

Full
Agonist

Full
Agonist

Serotonin	syndrome	can
occur	if	combined	with	other
serotonergic	agents,	active
metabolite	normeperidine
causes	seizures

Diphenoxylate-
Atropine
(Lomotil)

Full
Agonist

Full
Agonist

Coformulated	with	atropine;
both	components	may	cause
ileus	in	overdose

Loperamide
(Imodium)

Full
Agonist

Full
Agonist

No	CNS	effects	at	therapeutic
doses	but	can	cause
cardiotoxicity	or	death	with
misuse

Partial	Agonists	and	Mixed	Agonists/Antagonists

Buprenorphine
(Suboxone,
Subutex,	Zubsolv)

Antagonist Partial
Agonist

Accumulation	of	the	active
metabolite	norbuprenorphine
may	cause	respiratory
depression	if	given	with	PGP
inhibitor

Tramadol
(Ultram)

Weak
Agonist

Weak	or
Partial
Agonist

Metabolite	O-
desmethyltramadol	is	the
more	active	MOP	agonist,
also	blocks	serotonin	and



norepinephrine	reuptake

Mitragynine
(Kratom)

Partial
Agonist

Antagonist Has	both	stimulant	and
opioid	effects	and	an	active
metabolite	(7-
hydroxymitragynine)

Pentazocine
(Talwin)

Full
Agonist	or
Partial
Agonist

Antagonist
or	Partial
Agonist

May	have	psychotomimetic
or	dysphoric	effects	due	to	its
κ-agonism,	may	increase	risk
of	seizures	or	serotonin
syndrome

Nalbuphine
(Nubain)

Full
Agonist	or
Partial
Agonist

Antagonist
or	Partial
Agonist

Not	scheduled	by	the	DEA	as
a	controlled	substance	(unlike
pentazocine	and	butorphanol,
which	are	both	schedule	IV)

Butorphanol
(Stadol)

Full
Agonist	or
Partial
Agonist

Antagonist
or	Partial
Agonist

Butorphanol	nasal	spray	can
be	used	in	the	management	of
migraine	headaches

Antagonists

Naloxone
(Narcan)

Antagonist Antagonist Short-acting,	primarily	used
to	reverse	opioid	overdose

Naltrexone
(ReVia,	Vivitrol)

Antagonist Antagonist Long-acting,	primarily	used
to	treat	opioid	and	alcohol
use	disorders,	has	an	active
metabolite	(6-β-naltrexol)

Nalmefene
(Selincro,	Revex)

Partial
Agonist

Antagonist Not	available	in	the	U.S.,
primarily	used	to	treat
alcohol	use	disorder	in
Europe

CNS,	central	nervous	system;	DEA,	the	US	Drug	Enforcement	Agency;	IV,	intravenous;	KOP,
kappa	opioid	peptide;	6-MAM,	6-monoacetylmorphine;	M6G,	morphine-6-glucuronide;	MOP,	mu
opioid	peptide;	NMDA,	N-methyl-D-aspartic	acid;	PGP,	P-glycoprotein.
From	Trescot	AM,	Datta	S,	Lee	M,	et	al.	Opioid	pharmacology.	Pain	physician.	2008;11(2



suppl):S133-S53	and	Smith	HS.	The	metabolism	of	opioid	agents	and	the	clinical	impact	of	their
active	metabolites.	Clin	J	Pain.	2011;27(9):	824-838.

3 	Stimulation	of	the	MOP	receptors	is	the	most	clinically	relevant	action	of
therapeutic	use	and	misuse	of	opioids.	At	 therapeutic	doses,	full	MOP	agonists
produce	 analgesia	 in	 a	 dose-dependent	manner	 that	 is	 primarily	 limited	by	 the
occurrence	 of	 adverse	 effects	 (eg,	 dysphoria,	 nausea	 and	 vomiting,	 pruritus,
orthostatic	 hypotension,	 and	 respiratory	 failure)1,9,10	 (see	Table	 118.1).	 Mixed
partial	agonists/antagonists	may	have	a	ceiling	effect	for	analgesia,	although	this
does	 not	 appear	 to	 be	 the	 case	 for	 buprenorphine	 despite	 its	 ceiling	 effect	 for
respiratory	depression.11

PHARMACOKINETICS
Opioids	 are	 generally	 well	 absorbed	 after	 parenteral,	 inhalational,	 or
transmucosal	administration.	However,	the	bioavailability	of	orally	administered
opioids	 is	 variable	 because	 of	 considerable	 first-pass	 metabolism.11	 Analgesia
occurs	rapidly	after	parenteral	opioid	administration	and	within	15	to	30	minutes
after	 oral	 dosing	 of	 an	 instant-release	 opioid	 formulation,	 with	 peak	 plasma
concentrations	generally	occurring	within	1	to	2	hours.1,12	However,	 therapeutic
and	toxic	serum	opioid	concentrations	are	not	well	established	and	may	overlap
considerably.	Acute	 opioid	 overdose	 decreases	 peristalsis	 and	 can	 cause	 ileus,
resulting	 in	 delayed	 and	 prolonged	 absorption	 of	 the	 ingested	 opioid.	 Drug-
metabolizing	enzymes	(eg,	cytochrome	P450	(CYP450))	may	become	saturated
following	 an	 overdose,	 converting	 drug	 elimination	 kinetics	 from	 first-order
(therapeutic	dosing)	to	zero-order	(overdose).	This	results	in	unpredictable	dose-
response	 effects	 and	 prolonged	 opioid	 toxicity	 beyond	 the	 usual	 expected
timeframe.10

Opioids	 generally	 undergo	 phase	 I	 hepatic	 biotransformation,	 including
hydroxylation	or	dealkylation,	by	CYP450	enzymes	and/or	phase	II	glucuronide
conjugation.1,8	 Only	 a	 small	 fraction	 of	 the	 parent	 compound	 is	 excreted
unchanged	in	the	urine.8,12	In	addition,	some	opioids	(eg,	tramadol	and	codeine)
are	prodrugs	 that	 are	bioactivated,	while	others	 (eg,	oxycodone	and	morphine)
have	active	metabolites.1,8	Thus,	for	many	opioids,	active	metabolites	contribute
to	their	toxicologic	profile.	See	Table	118.2.

PHARMACOLOGICAL	HIGHLIGHTS	OF



INDIVIDUAL	OPIOIDS
All	 opioids	 elicit	 the	 same	 overall	 physiologic	 effects	 as	 morphine,	 the
protocompound.1,8,10	Common	adverse	effects	associated	with	morphine	include
dysphoria	 or	 euphoria,	 nausea,	 vomiting,	 orthostatic	 hypotension,	 and	 pruritus
due	to	histamine	release.1	Morphine	is	primarily	metabolized	via	glucuronidation
and	 is	 associated	 with	 enterohepatic	 recirculation.11,12	 The	 predominant
metabolite,	morphine-3-glucuronide	 (M3G),	has	 insignificant	analgesic	activity
and	 may	 be	 responsible	 for	 neuroexcitatory	 and	 hyperalgesic	 effects.1,8
Morphine-6-glucoronide	 (M6G)	 is	an	active	metabolite	 that	was	 found	 to	have
greater	analgesic	activity	than	morphine	among	some	studies.1,8,12	Both	M3G	and
M6G	 are	 renally	 excreted.	 Opioid	 toxicity	 (M6G	 accumulation)	 and
neuroexcitatory	adverse	events	(M3G	accumulation)	may	occur	among	patients
with	renal	insufficiency.8,13

In	 the	 United	 States	 (U.S.),	 diacetylmorphine	 (heroin)	 is	 only	 available
illicitly	 and	 is	 typically	 adulterated	 to	 give	 a	 purity	 of	 13.5%	 to	98%.5	Heroin
can	be	administered	intravenously	(IV),	intranasally,	or	inhaled	as	a	vapor.	It	can
also	 be	 mixed	 with	 other	 street	 drugs,	 typically	 amphetamines	 or	 cocaine,	 to
form	 a	 “speedball.”14	 The	 initial	 heroin	 “rush”	 occurs	 due	 to	 its	 high	 lipid
solubility	and	rapid	penetration	into	the	CNS.	Heroin	is	a	prodrug	with	a	plasma
half-life	<20	minutes.12	 It	 is	 rapidly	deacetylated	 to	6-monoacetylmorphine	 (6-
MAM)	and	subsequently	to	morphine.	6-MAM	is	thought	to	be	the	predominant
active	 metabolite	 responsible	 for	 the	 clinical	 effects	 of	 heroin,	 although
morphine	and	M6G	(to	which	it	is	structurally	similar)	also	contribute.12

Codeine	is	an	opiate	with	mild	analgesic	effects	and	is	used	as	an	antitussive.
It	 is	 well	 absorbed	 orally	 and	 has	 an	 analgesic	 potency	 about	 half	 that	 of
morphine.1	Codeine	 is	primarily	metabolized	by	glucuronidation	and	CYP3A4.
In	 addition,	 ∼5%	 to	 10%	 of	 the	 codeine	 is	 metabolized	 to	 morphine	 by
CYP2D6,	 a	 highly	 polymorphic	 enzyme,	 in	 wild-(extensive)	 metabolizers.8
However,	 morphine	 formation	 may	 be	 greatly	 increased	 for	 patients	 having
duplicated	 or	 amplified	 CYP2D6	 genes	 (ultrarapid	 metabolizers),	 resulting	 in
opioid	 toxicity.8,13	 This	 effect	 may	 be	 synergized	 by	 coadministration	 of
CYP3A4	inhibitors	(eg,	macrolide	antibiotics	or	azole	antifungals).13	Up	to	10%
of	codeine	may	also	be	metabolized	via	an	unknown	mechanism	to	hydrocodone
with	unclear	clinical	effects.8

Hydrocodone	 and	oxycodone	 are	orally	 administered	 semisynthetic	opioids.
In	 the	U.S.,	hydrocodone	 is	only	available	as	a	combination	product	 (typically
with	 acetaminophen),	 while	 oxycodone	 is	 available	 either	 by	 itself	 or	 in



combination	 products.	 Both	 hydrocodone	 and	 oxycodone	 are	 demethylated	 by
CYP2D6	 to	 more	 active	 metabolites	 (hydromorphone	 and	 oxymorphone,
respectively),	which	are	also	used	in	clinical	medicine.1,8	Overdose	on	sustained-
release	formulations	of	these	opioids	may	result	in	a	prolonged	clinical	course.10
In	 addition,	 the	 extended-release	 properties	 of	 some	 formulations	 can	 be
circumvented	 by	 crushing	 or	 dissolving	 the	 tablets	 and	 then	 injecting	 or
insufflating	them,	potentially	leading	to	lethal	overdose.

Most	of	 the	current	 illicit	 fentanyl	supply	 in	 the	U.S.	 is	 imported	and	 is	not
being	diverted	from	pharmaceutical	 fentanyl	sources.	However,	pharmaceutical
fentanyl	may	be	misused	by	hospital	personnel,	and	fentanyl	overdose	remains	a
serious	 occupational	 risk	 for	 anesthesia	 providers.15	 Fentanyl	 is	 a	 lipophilic
synthetic	 opioid	 that	 is	 10	 to	 400×	more	 potent	 than	 morphine	 depending	 on
route	of	administration.	When	administered	IV,	it	rapidly	crosses	the	blood-brain
barrier	 and	 is	 redistributed	 to	 other	 tissues	 and	metabolized,	 giving	 it	 a	 short
duration	of	action	of	30	to	60	minutes.15	Fentanyl	is	formulated	to	be	delivered
by	 a	 variety	 of	 routes	 (eg,	 transmucosal,	 buccal,	 nasal,	 sublingual,	 IV,	 and
transdermal).15,16	 Serious	 adverse	 events	 can	 occur	 with	 misuse	 (eg,	 chew,
smoke,	inject)	of	fentanyl	patches,	which	contain	high	concentrations	of	the	drug
and	form	a	depot	at	 the	epidermal-dermal	junction	that	acts	as	a	drug	reservoir
after	application.1,16	 In	 addition,	 regular	 exposure	 of	 a	 fentanyl	 patch	 to	 a	 heat
source	plus	increased	physical	activities	my	lead	to	a	potential	increase	in	serum
fentanyl	concentrations.17	Rapid	IV	fentanyl	administration	in	either	hospital	or
illicit	use	settings	may	cause	laryngospasm	and	acute	muscular	rigidity	involving
the	trunk	and	chest	wall	(wooden	chest	syndrome).17

Methadone	is	a	racemic	mix	of	R(−)-	and	S(+)-methadone.	The	S-enantiomer
is	 an	 N-methyl-D-aspartate	 (NMDA)	 receptor	 and	 human	 ether-a-go-go
potassium	 channel	 antagonist	with	 some	 serotonin	 reuptake	 inhibition	 activity,
while	 the	 R-enantiomer	 also	 binds	 to	 the	MOP	 receptor.1,8	Methadone	 is	 well
absorbed	 orally,	 producing	 a	 peak	 plasma	 level	 within	 2	 to	 4	 hours.	 It	 has	 a
prolonged	 but	 variable	 serum	 half-life	 between	 15	 and	 55	 hours,	 although	 the
half-life	is	usually	assumed	to	be	24	hours	in	patients	on	long-term	maintenance
therapy.8	Because	of	 the	 long	half-life,	 a	 protracted	 clinical	 course	 is	 expected
following	 an	 overdose.10	 Three	 enzymes	 (CYP2B6,	 CYP2C19,	 and	 CYP3A4)
appear	 to	 be	 primarily	 responsible	 for	 methadone	 metabolism	 to	 its	 primary
metabolite	 2-ethyl-1,5-dimethyl-3,3-diphenylpyrroli- nium	 (EDDP).18,19
Xenobiotics	that	interact	with	CYP2B6,	CYP2C19,	and	CYP3A4	can	enhance	or
inhibit	methadone	metabolism,	 leading	to	possible	 treatment	failure	or	 toxicity,
respectively.8,18	 In	 addition,	 prolonged	 QTc	 interval	 with	 an	 increased	 risk	 of
torsades	 de	 pointe	 is	 associated	 with	 high-dose	 methadone	 dosing,	 especially



when	methadone	is	combined	with	other	medications	that	also	prolong	QTc.1,20,21
Of	 note,	 the	 incomplete	 cross-tolerance	 between	methadone	 and	 other	 opioids
means	 that	 the	morphine	milligram	equivalent	of	methadone	is	dose	dependent
and	 highly	 variable;	 thus,	 opioid	 conversion	 tables	 should	 not	 be	 used	 for
converting	between	other	opioids	and	methadone.22

Propoxyphene,	 a	methadone	 analog,	was	 removed	 from	 the	U.S.	market	 in
2010	due	 to	 reports	of	 serious	adverse	events	 (eg,	 seizures,	 respiratory	 failure,
dysrhythmias,	 circulatory	 collapse,	 and	 death).8	 Its	 sodium	 channel	 blockade
activity	 resulted	 in	 cardiotoxicity	 and	 seizures	 due	 to	 QRS	 prolongation.	 The
propoxyphene	metabolite	norpropoxyphene	is	 inactive	at	MOP	receptors,	but	 it
can	 still	 accumulate	 and	 cause	 cardiotoxicity,	 especially	 in	 patients	with	 renal
insufficiency.1,23

Meperidine	(pethidine)	is	a	weak	full	MOP	agonist	that	also	has	serotonergic
and	 anticholinergic	 activity.1,24	 Its	 two	 primary	 metabolic	 pathways	 are	 ester
hydrolysis	and	N-demethylation	to	normeperidine,	an	active	metabolite	with	half
the	 analgesic	 potency	 of	 meperidine	 and	 twice	 the	 convulsant	 property.	 The
elimination	half-lives	of	meperidine	and	normeperidine	are	3	to	4	hours	and	15
to	 30	 hours,	 respectively,	 but	 they	 can	 be	 much	 longer	 in	 patients	 with	 renal
failure.1,8,25	Prolonged	meperidine	administration	may	also	lead	to	normeperidine
accumulation	in	the	absence	of	renal	impairment,	causing	neuroexcitatory	effects
(eg,	 agitation,	 tremors,	 myoclonus,	 and	 seizures).8,24,25	 Of	 historical	 note,
meperidine	was	one	of	the	serotonergic	agents	contributing	to	the	1984	death	of
Libby	 Zion	 from	 unrecognized	 serotonin	 syndrome.	 This	 case	 catalyzed	 the
implementation	of	resident	work	hour	limits,	including	the	80-hour	work	week.26
In	 addition,	 IV	 injection	 of	 a	 neurotoxic	 contaminant	 (1-methyl-4-phenyl-1,2, 
5,6-tetrahydropyridine,	or	MPTP)	produced	during	 the	clandestine	 synthesis	of
the	 meperidine	 analog	 1-methyl-4-phenyl-4-propionoxypiperidine	 led	 to	 an
outbreak	of	Parkinsonism	of	several	people	within	days	of	exposure,	confirming
the	 selective	 toxicity	 of	 MPTP	 for	 dopaminergic	 neurons	 in	 the	 substantia
nigra.27

The	synthetic	opioid	diphenoxylate	is	structurally	similar	to	meperidine	and	is
coformulated	with	 atropine	 as	 a	 therapy	 for	 diarrhea	 (Lomotil).	At	 therapeutic
doses,	 the	 drug	 has	 no	 significant	 CNS	 effects.	 Toxic	 ingestions,	 which	 are
primarily	 reported	 among	 pediatric	 patients,	may	 present	 as	 predominantly	 an
opioid	toxidrome,	predominantly	an	anticholinergic	toxidrome,	or	with	features
of	 both.	 In	 addition,	 delayed	 opioid	 effects	 may	 occur	 because	 of	 decreased
gastrointestinal	 (GI)	 motility	 and	 accumulation	 of	 the	 active	 diphenoxylate
metabolite	difenoxin,	a	potent	opioid	with	a	12-	to	14-	hour	half-life.28

The	meperidine	analog	loperamide	is	also	used	to	treat	diarrhea.	It	lacks	CNS



activity	at	 therapeutic	doses	≤16	mg/d.	Barriers	 to	CNS	activity	of	 loperamide
include	 its	 limited	 GI	 absorption,	 rapid	 hepatic	 first-pass	 metabolism,	 and	 P-
glycoprotein	 transporter–mediated	 drug	 efflux	 from	 the	 brain.	 However,	 these
barriers	 can	 be	 overcome	 by	 taking	 large	 supratherapeutic	 doses	 of	 several
hundred	 milligrams	 and/or	 coingesting	 loperamide	 with	 a	 P-glycoprotein
inhibitor	 (eg,	 quinidine,	 sertraline,	 or	 paroxetine).	 Such	misuse	 of	 loperamide,
which	 has	 been	 popularized	 on	 the	 internet	 as	 a	method	 for	 preventing	 opioid
withdrawal	 or	 for	 recreational	 purposes,	 has	 led	 to	 severe	 adverse	 outcomes
including	 respiratory	 depression,	 cardiotoxicity	 due	 to	 QRS	 and	 QTc
prolongation,	and	deaths.29

Tramadol	 is	 a	 centrally	 acting	 analgesic	 with	 moderate	 affinity	 for	 MOP
receptors.1,8,30	 It	 is	 a	weak	 agonist	 at	 the	MOP	 receptor	 that	 is	metabolized	 by
CYP2D6	to	the	more	active	metabolite	O-desmethyltramadol,1,8,31	subjecting	it	to
the	 same	 enzyme	 polymorphism	 effects	 described	 previously	 for	 codeine.	 A
significant	portion	of	tramadol’s	analgesic	effects	are	attributed	to	its	nonopioid
properties,	 including	 blocking	 the	 reuptake	 of	 norepinephrine	 and	 serotonin	 at
synapses	in	the	descending	neural	pathways,	which	inhibits	pain	responses	in	the
spinal	 cord.30	 Tramadol	 is	 associated	 with	 seizures	 during	 overdose	 and	 may
contribute	to	serotonin	syndrome	when	taken	with	other	serotonergic	agents.1,31

Buprenorphine	 is	 a	 KOP	 antagonist	 and	 an	 MOP	 partial	 agonist.	 Its	 high
affinity	for	and	slow	dissociation	from	the	MOP	receptor	means	that	it	displaces
most	 other	 opioids	 from	 the	 MOP	 receptor.	 Buprenorphine’s	 dose-response
curve	 displays	 a	 ceiling	 for	 ventilatory	 effects,	 resulting	 in	 less	 respiratory
depression	during	overdose,	but	none	 for	analgesic	effects.11,32	However,	apnea
may	 still	 occur,	 especially	 when	 buprenorphine	 is	 used	 in	 combination	 with
sedatives	 or	 taken	 along	 with	 p-glycoprotein	 inhibitors,	 which	 allow
accumulation	 of	 its	 active	 metabolite	 norbuprenorphine	 in	 the	 brain.8,32
Buprenorphine	 has	 poor	 oral	 bioavailability	 and	 can	 be	 administered
sublingually,	buccally,	transdermally,	IV,	or	by	depot	injection.	In	an	attempt	to
curtail	buprenorphine	misuse,	the	sublingual	preparation	often	contains	naloxone
in	a	4:1	ratio.32	When	this	combination	is	parenterally	administered,	 the	effects
of	buprenorphine	are	antagonized	by	naloxone,	which	can	precipitate	withdrawal
among	opioid-dependent	individuals.1

Three	other	mixed	KOP	agonist/MOP	antagonist	opioids	have	more	 limited
use	for	specific	indications.33	Pentazocine	has	one-third	the	analgesic	potency	of
morphine,	 and	 it	 is	 associated	 with	 psychotomimesis,	 seizures,	 and	 serotonin
syndrome.	 The	 combination	 of	 pentazocine	 with	 the	 antihistamine
tripelennamine,	known	as	“T’s	and	Blues,”	was	used	in	some	Midwestern	states
as	a	heroin	substitute	in	the	early	1980s.34	Butorphanol	and	nalbuphine	are	used



to	augment	anesthesia	and	provide	analgesia	in	some	perioperative	or	peripartum
settings.	They	have	fewer	KOP-associated	psychotomimetic	effects	compared	to
pentazocine.33

Kratom	and	tianeptine	are	two	nontraditional	compounds	with	mixed	opioid
and	 other	 properties	 that	 are	 commonly	 bought	 from	 the	 internet.	 Kratom	 is
derived	 from	 the	 leaves	 of	 the	 Southeast	 Asian	 tree	Mitragyna	 speciosa.	 It	 is
reported	to	have	stimulant	and	antidepressant	effects	as	well	as	analgesic	effects,
and	 is	 sometimes	 used	 to	 self-treat	 opioid	 use	 disorder.	 The	 major	 kratom
alkaloid	 is	 mitragynine,	 which	 is	 metabolized	 to	 a	more	 active	metabolite,	 7-
hydroxymitragynine.	 Both	 alkaloids	 are	 partial	 agonists	 at	 the	 MOP	 receptor,
and	mitragynine	also	binds	 to	α2	adrenergic	 receptors,	A2a	adenosine	receptors,
D2	dopamine	receptors,	and	5-HT2C	and	5-HT7	serotonin	receptors.35	Tianeptine
is	not	available	in	the	U.S.	but	is	approved	as	an	atypical	antidepressant	in	other
countries.	Although	it	is	structurally	similar	to	tricyclic	antidepressants	(TCAs),
tianeptine	 does	 not	 appear	 to	 cause	TCA	 toxicities	 such	 as	 seizures	 or	 cardiac
dysrhythmias.	 Along	 with	 being	 a	 full	 MOP	 receptor	 agonist,	 it	 has	 multiple
other	pharmacological	effects	(eg,	enhancing	serotonin	reuptake	and	modulating
NMDA	and	other	glutamatergic	 receptors).	High	doses	of	 tianeptine	have	been
reported	to	cause	respiratory	depression.36

The	antitussive	dextromethorphan	is	an	opioid	derivative,	but	it	does	not	bind
to	 any	 of	 the	 opioid	 receptors	 and	 is	 not	 itself	 an	 opioid.37	 Like	 codeine,
dextromethorphan	 is	 a	 prodrug	 that	 is	 metabolized	 by	 CYP2D6	 to	 its	 active
metabolite,	 dextrorphan.13	 At	 therapeutic	 doses,	 dextromethorphan	 lacks
analgesic	 or	 euphoric	 effect	 properties.	 However,	 at	 supratherapeutic	 doses,
dextrorphan	is	a	noncompetitive	NMDA	receptor	antagonist	causing	dissociative
effects	 as	 well	 as	 a	 serotonin	 reuptake	 inhibitor	 that	 can	 result	 in
neuropsychiatric	effects	and	serotonin	syndrome.	Overdose	of	dextromethorphan
hydrobromide	 salts	 has	 resulted	 in	 case	 reports	 of	 bromide	 poisoning	 with
impaired	 CNS	 function,	 acneiform	 rash,	 and	 a	 negative	 anion	 gap	 with
hyperchloremia	due	to	erroneous	reading	of	the	bromide	ion	as	chloride.37

CLINICAL	PRESENTATION	IN	OVERDOSE
4 	 The	 triad	 of	 miosis,	 respiratory	 depression,	 and	 CNS	 depression	 is	 the
hallmark	 of	 the	 opioid	 toxidrome,	 but	 the	 full	 triad	may	 not	 be	 present	 in	 all
cases.	 Miosis	 is	 a	 usual	 finding	 in	 single-agent	 opioid	 poisoning	 with	 the
exception	of	meperidine,	propoxyphene,	and	 tramadol.	Miosis	may	also	not	be
seen	 in	 the	 context	 of	 coingestion	 of	 opioids	with	 other	 substances	 that	 cause



mydriasis	 such	 as	 anticholinergic	 or	 sympathomimetic	 agents.	 Conversely,
miosis	 with	 coma	 may	 occur	 with	 overdoses	 of	 nonopioids	 including
antipsychotics,	 anticonvulsants,	 and	 sedatives;	 thus,	 a	 finding	of	miosis	 should
not	be	used	by	itself	to	diagnose	opioid	overdose.10

Respiratory	 failure	 is	 the	most	 serious	 consequence	 of	 opiate	 overdose.10,38
Opioids	reduce	the	sensitivity	of	the	medullary	chemoreceptors	in	the	respiratory
centers	 to	 hypercapnia	 and	 depress	 the	 ventilatory	 response	 of	 the	 peripheral
chemoreceptors	to	hypoxia.	In	particular,	rapidly	administered	doses	of	opioids
cause	 respirations	 to	 become	 slower	 and	more	 irregular	with	 disruption	 of	 the
normal	 ventilatory	 pattern	 and	 decreased	 tidal	 volume.38	 The	 peak	 ventilatory-
depressant	effect	is	usually	noted	within	minutes	of	IV	morphine	administration,
but	ventilatory	depression	may	be	delayed	an	hour	or	more	when	 the	opioid	 is
intramuscularly	 administered.12	 Normal	 carbon	 dioxide	 sensitivity	 and	 minute
volume	usually	return	5	to	6	hours	after	a	therapeutic	dose.	Of	note,	combination
of	opioids	with	other	 substances	 that	cause	CNS	or	 respiratory	depression	 (eg,
anesthetics,	 benzodiazepines,	 and	 alcohol)	 synergizes	 these	 opioid	 effects	 and
increases	the	risk	of	respiratory	failure	and	death.38

Pulmonary	edema	is	another	serious	concern	that	may	complicate	the	clinical
course	 of	 opioid	 overdose.	 Although	 naloxone	 administration	 is	 sometimes
thought	to	be	the	cause	of	pulmonary	edema	in	these	patients,	opioid	overdose–
associated	pulmonary	edema	has	been	well	documented	both	with	and	without
naloxone	administration.10,39,40	 In	 addition,	 healthy	 subjects	who	 received	high-
dose	naloxone	infusions	up	to	4	mg/kg	in	the	absence	of	exogenous	opioids	did
not	 develop	 pulmonary	 edema	 despite	 developing	 multiple	 other	 significant,
dose-dependent	 physiological	 and	 psychological	 effects.40,41	 Thus,	 naloxone
administration	 is	not	 the	primary	cause	of	opioid-associated	pulmonary	edema,
and	 concern	 for	 precipitating	 pulmonary	 edema	 should	 not	 preclude	 naloxone
administration	to	patients	with	life-threatening	respiratory	depression.10	Potential
causes	of	pulmonary	edema	in	these	cases	may	include	fluid	extravasation	due	to
decreased	 intrathoracic	 pressure	 occurring	with	 attempted	 respiration	 against	 a
closed	 glottis,	 or	 postresuscitation	 pulmonary	 capillary	 leakage	 caused	 by	 a
sympathetic	vasoactive	effect.10,39

Other	 potential	 pulmonary	 complications	 associated	 with	 illicit	 opioid	 use
include	 pulmonary	 infections,	 especially	 aspiration	 pneumonia	 which	 can
progress	to	lung	abscess,	community-acquired	pneumonia,	and	septic	embolism
from	 infected	 vein	 thrombosis	 or	 endocarditis.40,42	 Injection	 drug	 use	 can	 also
lead	to	pulmonary	granulomatosis	due	to	deposition	of	injected	particulates	into
the	 lungs	and	pulmonary	arterial	hypertension.	 Inhalational	drug	use	can	cause
bronchial	 hyperreactivity,	 aspiration	 of	 foreign	 bodies,	 and	 barotrauma	 due	 to



prolonged	 breath-holding.	 In	 addition,	 street	 drug	 adulterants	 are	 potential
pulmonary	 irritants	 and	 toxins	 that	 may	 cause	 dyspnea,	 hypoxemia,	 and
reticulonodular	 infiltrates	 on	 chest	 imaging	 studies	 as	well	 as	 hypersensitivity
pneumonitis.40

Along	 with	 respiratory	 infections,	 people	 who	 use	 drugs,	 and	 especially
people	who	inject	drugs,	are	at	increased	risk	of	developing	other	viral	infections
(eg,	human	immunodeficiency	virus	and	hepatitis	C)	and	bacterial	infections	(eg,
cellulitis,	 abscesses,	 phlebitis,	 wound	 botulism,	 endocarditis,	 osteomyelitis,
meningitis,	 and	 septicemia).42	 Other	 adverse	 events	 of	 acute	 opioid	 overdose
include	 hypothermia,	 liver	 injury,	 compartment	 syndrome,	 rhabdomyolysis,
hyperkalemia,	and	acute	renal	failure	due	to	opioid	toxicity,	adulterants	in	street
drugs,	or	prolonged	coma.10

Body	 packers	 or	 “mules”	 are	 people	 who	 transport	 large	 number	 of
concentrated	heroin	packets	 in	 their	GI	 tract	 from	one	country	 to	 another.	The
major	 concern	 due	 to	 this	 practice	 is	 packet	 rupture,	 which	 may	 cause	 life-
threatening	 and	 prolonged	 opioid	 toxicity.	 However,	 bowel	 obstruction	 due	 to
physical	blockade	of	the	GI	tract	by	multiple	retained	packets	is	another	serious
possible	complication.43,44

TOXICITY	FEATURES	OF	SPECIFIC	AGENTS
FOLLOWING	OVERDOSE
Specific	opioid	agents	having	notable	 toxicity	effects	are	 listed	 in	Table	118.3,
and	a	brief	discussion	of	several	of	these	agents	is	provided	below.

TABLE	118.3

Opioids	With	Notable	Toxicity	Effects

Opioid	Agent Cardiac
Complications

Neurological
Complications

Other	Notable
Complications

Buprenorphine Precipitated
withdrawal45

Fentanyl Wooden	chest
syndrome17



Heroin Nonspecific	ST
changes,	sinus
tachycardia,
atrial
enlargement,
dysrhythmias46

Leukoencephalopathy
after	“chasing	the
dragon”47

Loperamide QTc
prolongation,
torsades	de
pointes29

Meperidine Seizures24,25 Serotonin
syndrome24

Methadone QTc
prolongation,
torsades	de
pointes19-21

Pentazocine Hypertension34 Seizures34

Propoxyphene QRS	and	QTc
prolongation,
cardiac	arrest23

Seizures,	dizziness23

Tramadol Seizures31 Serotonin
syndrome31

5Neurotoxicity:	 Seizures	 and	 focal	 neurologic	 signs	 are	 usually	 absent	with
opioid	intoxication	unless	it	is	complicated	by	severe	hypoxia	or	an	intracranial
process	 (eg,	 brain	 abscess	 or	 subarachnoid	 hemorrhage).	 Seizures	 may	 also
occur	 due	 to	 proconvulsive	 adulterants	 or	 with	 use	 of	 proconvulsant	 opioids
including	 meperidine,	 propoxyphene,	 pentazocine,	 or	 tramadol.1,23-25,31,34
Leukoencephalopathy	 associated	 with	 inhalational	 heroin	 use	 (“chasing	 the
dragon”)	typically	progresses	over	several	weeks.	Initially,	cerebellar	ataxia	and
motor	 restlessness	 may	 be	 followed	 by	 the	 development	 of	 pyramidal	 tract
lesions,	 pseudobulbar	 reflexes,	 spastic	 paresis,	 myoclonic	 jerks,	 and
choreoathetoid	 movements.	 A	 quarter	 of	 patients	 may	 progress	 to	 hypotonic
paresis,	 akinetic	 mutism,	 and	 death.	 The	 causative	 agent	 of	 this	 condition	 is



unknown,	but	is	suspected	to	be	a	contaminant.47
Cardiotoxicity:	 Hypotension	 may	 occur	 after	 opioid	 overdose,	 although

pentazocine	 intoxication	 may	 result	 in	 hypertension.34	 Electrocardiographic
abnormalities	 associated	with	 heroin	 overdose	 include	 sinus	 tachycardia,	 atrial
fibrillation,	and	ventricular	tachycardia,	and	may	be	related	to	hypoxemia,	direct
effects	 of	 heroin	 and	 its	 metabolites,	 or	 adulterants	 (eg,	 quinine).46	 High-dose
loperamide	and	methadone	use	is	associated	with	bradycardia,	QTc	prolongation,
and	torsades	de	pointes.19,21,29
Other	 Individual	 Toxicities:	 Wooden	 chest	 syndrome,	 a	 life-threatening

complication	 associated	with	 fentanyl	 use,	 appears	 to	 be	mediated	 by	 indirect
cholinergic	 and	 adrenergic	 stimulation	 that	 prevents	 spontaneous	 breathing	 or
assisted	ventilation.17	 Potent	partial	 agonists	 like	buprenorphine	 can	precipitate
opioid	 withdrawal	 when	 administered	 to	 patients	 who	 are	 dependent	 on	 full
agonists.32,45,48	 Interactions	 between	meperidine	 and	 tramadol	with	monoamine
oxidase	 inhibitors	 or	 selective	 serotonin	 reuptake	 inhibitors	 may	 result	 in	 the
serotonin	syndrome.	Patients	with	severe	serotonin	syndrome	exhibit	rapid	onset
of	 altered	mental	 status,	muscle	 rigidity,	 hyperthermia,	 autonomic	dysfunction,
seizures,	coma,	and	death.24,31,49

DIAGNOSTIC	EVALUATION	AND	DIFFERENTIAL
6 	 7 	Diagnosis	 of	 opioid	 overdose	 is	 primarily	 a	 clinical	 diagnosis,	 and	 opioid
toxicity	should	be	on	the	differential	of	any	patient	with	the	triad	of	respiratory
depression,	miosis,	and	coma.	It	is	essential	to	completely	undress	the	patient	to
rule	 out	 the	 possibility	 of	 ongoing	 exposure	 due	 to	 use	 of	 fentanyl	 patches.
Consideration	 should	 be	 given	 to	 the	 possibility	 of	 acetaminophen,
antihistamine,	 or	 dextromethorphan	 toxicity	 due	 to	 coformulants	 of	 opioid
pharmaceuticals.10	 Of	 note,	 the	 classic	 triad	 of	 opiate	 toxicity	 may	 not	 be
apparent	after	a	mixed	overdose.

Although	urine	drug	screening	(UDS),	with	or	without	chromatography/mass
spectrometry	confirmatory	or	quantitative	testing,	is	commonly	performed	when
drug	 use	 is	 suspected,	 results	 of	 these	 tests	 typically	 do	 not	 contribute	 to	 the
diagnosis	 or	 management	 of	 opioid	 toxicity.10	 As	 detailed	 in	 Table	 118.4,
commercial	 opiate	 UDS	 assays,	 which	 detect	 morphine	 and	 some	 morphine
derivatives,	will	not	detect	synthetic	opioids	like	methadone	and	fentanyl	unless
substance-specific	tests	for	these	opioids	are	performed.50	Although	naloxone	is
structurally	similar	to	oxymorphone,	naloxone	has	not	been	shown	to	give	false-
positive	results	for	opiates	on	UDS.51	However,	illicit	opioid	use	can	give	false-



positive	 serologic	 results	 for	 syphilis	 that	may	 resolve	with	methadone	 opioid
agonist	therapy.52

TABLE	118.4

Expected	Results	on	Urine	Drug	Screens	(UDS)	for
Commonly	Encountered	Opiates,	Semisynthetic	Opioids,
and	Synthetic	Opioids

Substance Significant
Metabolites

Detected
by
Standard
UDS?

Specialized
UDS
Available?

Opiates	(Natural	Products	from	the	Poppy	Plant,	Papaver	somniferum)

Morphine Morphine-3-Glucuronide,
Morphine-6-Glucuronide

Yesa Not
Applicable

Codeine Codeine-6-Glucuronide,
Morphine,	Norcodeine,
Hydrocodone

Yesa Not
Applicable

Semi-Synthetic	Opioids	(Not	Naturally	Occurring	But	Chemically
Derived	from	Opiates)

Heroin 6-Monoacetylmorphine,
Morphine

Yesa Not
Applicable

Hydrocodone Norhydrocodone,
Hydromorphone,
Dihydrocodeinec

Sometimesa Yesb

Hydromorphone Hydromorphone-3-
Glucuronide

Sometimesa Yesb

Oxycodone Noroxycodone,
Oxymorphone

No Yesb

Oxymorphone Oxymorphone-3- No Yesb



Glucuronide

Buprenorphine Norbuprenorphine,
Buprenorphine-3-
Glucuronide

No Yesb

Synthetic	Opioids	(Synthesized	in	a	Lab	and	Structurally	Distinct	from
Opiates)

Fentanyl Norfentanyl,
Despropionylfentanyl

No Yesb

Methadone 2-Ethylidene-1,5-
Dimethyl-3,3-
Diphenylpyrrolidine
(EDDP)

No Yesb

Tramadol N-Desmethyltramadol,	O-
Desmethyltramadol

No Yesb

Loperamide N-Desmethyl-Loperamide No Nob

Miscellaneous	(Opioid	Natural	Product	Not	Belonging	to	the	Above
Categories)

Mitragynine
(Kratom)

7-Hydroxymitragynine No Yesb

aStandard	clinic	or	hospital	UDS	opiate	immunoassays	cross-react	with	morphine,	with	drugs	that
are	metabolized	into	morphine	(codeine,	heroin),	and	in	some	cases,	with	certain	semisynthetic
opioids	that	are	similar	enough	in	structure	to	morphine	to	be	recognized	by	antimorphine
antibodies	(hydrocodone,	hydromorphone).	The	ordering	clinician	can	consult	with	the	clinical
chemist	directing	their	lab	for	information	regarding	whether	the	particular	opiate	immunoassay	in
use	by	that	lab	cross-reacts	with	these	compounds.
bSpecialized	UDS	assays	to	detect	many	other	semisynthetic	and	synthetic	opioids	are
commercially	available,	but	not	all	such	tests	may	be	included	in	a	given	lab’s	testing	menu.	Note
that	at	this	time,	loperamide	can	only	be	detected	via	confirmatory	chromatography-mass
spectrometry	testing.	See	previous	note	regarding	lab	consultation.
cDespite	containing	the	term	“codeine”	in	its	name,	dihydrocodeine	is	a	minor	metabolite	of
hydrocodone	and	is	not	a	direct	metabolite	of	codeine.	Although	hydrocodone	can	be	a	minor
metabolite	of	codeine,	dihydrocodeine	is	not	generally	detected	after	codeine	ingestion	via	urine
drug	testing.
Reproduced	with	permission	from	Boyer	EW,	Shannon	M.	The	serotonin	syndrome.	N	Engl	J
Med.	2005;352(11):1112-1120.



Laboratory	 studies	 such	 as	 complete	 blood	 cell	 count,	 serum	 electrolytes,
blood	 urea	 nitrogen,	 creatinine	 and	 creatine	 phosphokinase,	 urinalysis,	 arterial
blood	 gas,	 electrocardiography,	 chest	 and	 abdominal	 imaging	 studies,	 head
computed	 tomography,	 and	 lumbar	 puncture	 should	 be	 obtained	 as	 clinically
indicated.	 Arterial	 blood	 gas	may	 reflect	 hypoventilation,	 respiratory	 acidosis,
and	 metabolic	 acidosis.1	 When	 signs	 of	 pulmonary	 edema	 are	 present,	 chest
imaging	 studies	 typically	 reveal	 bilateral	 fluffy	 alveolar	 infiltrates,	 and
occasionally	 unilateral	 in	 nature,	 that	 generally	 resolve.40	 Echocardiograms
usually	show	normal	cardiac	 function	with	 the	exception	of	cardiotoxic	effects
associated	with	 specific	 agents	 (Table	 118.3).	Leukoencephalopathy	 associated
with	heroin	use	via	“chasing	the	dragon”	initially	appears	as	hypoattenuation	of
the	 cerebellar	 white	 matter	 on	 cranial	 imaging,	 although	 this	 may	 only	 be
apparent	 among	 those	 with	 advanced	 disease.47	 For	 body	 packers,	 abdominal
imaging	 studies	may	have	 limited	 sensitivity	 in	detecting	 intraluminal	packets,
and	 further	 investigation	 should	 be	 performed	 despite	 negative	 imaging	 in	 all
patients	for	whom	body	packing	is	suspected.43,44

MANAGEMENT	OF	OPIOID	OVERDOSE
Respiratory	Depression:	Ventilatory	support	 (nasopharyngeal	airway,	bag-valve
mask	 ventilation)	 is	 paramount	 for	 the	 management	 of	 patients	 with	 opioid
toxicity,	with	 restoring	adequate	ventilation	and	 securing	 the	airway	as	 the	 top
priorities.10	The	opioid	receptor	antagonist	naloxone	reverses	the	ventilatory	and
CNS	depressive	effects	of	opioid	toxicity.10,53	The	goal	of	naloxone	therapy	is	to
re-establish	 adequate	 spontaneous	 ventilation.	 The	 initial	 IV	 naloxone	 dose
should	 be	 0.04	 to	 0.1	mg	 if	 the	 patient	 is	 possibly	 opioid	 dependent	 to	 avoid
precipitating	acute	opioid-withdrawal	syndrome.10,54	Higher	starting	doses	of	0.4
to	2	mg	can	be	used	 for	nonopioid-dependent	patients.48,53,54	When	 this	dose	 is
insufficient	 to	 restore	 spontaneous	 ventilations,	 the	 dose	 should	 be	 escalated
every	2	to	3	minutes	until	spontaneous	breathing	occurs.	IV	naloxone	boluses	of
up	 to	 10	 to	 15	 mg	 may	 be	 necessary	 because	 many	 synthetic	 opioids	 and
sustained-release	opioid	preparations	may	not	respond	to	conventional	naloxone
doses.10,54	 Despite	 their	 strong	 affinity	 to	 opioid	 receptors,	 buprenorphine	 and
fentanyl	 overdoses	 can	 be	 treated	 effectively	 with	 naloxone,	 although	 higher
naloxone	doses	may	be	required.9,54

8 	Naloxone	may	be	administered	by	intramuscular,	endotracheal,	 inhalation,
sublingual,	 intraosseous,	 and	 intranasal	 routes	 when	 vascular	 access	 is	 not
readily	 available.53,54	 Naloxone	 is	 effective	 for	 reversing	 long-acting	 opioid



toxicity.	 However,	 recurrence	 of	 ventilatory	 and	 CNS	 depression	 is	 common
because	of	the	relatively	short	elimination	half-life	of	naloxone	(30-100	minutes)
and	repeat	naloxone	boluses	may	be	 required	every	20	 to	60	minutes.9,10,53,55	A
continuous	 naloxone	 infusion	 may	 be	 considered	 for	 patients	 who	 have	 a
positive	 response	 but	 require	 repeated	 bolus	 doses	 because	 of	 recurrent
respiratory	depression.10,53-55	A	therapeutic	continuous	naloxone	infusion	can	be
made	by	administering	two	thirds	of	the	effective	naloxone	bolus	dose	per	hour
(see	 the	antidotes	 section	of	Chapter	96).55	The	 infusion	 is	 titrated	 to	maintain
adequate	spontaneous	ventilation	without	precipitating	acute	opioid	withdrawal
and	empirically	continued	for	12	to	24	hours.10,55	Patients	who	are	intoxicated	by
sustained-release	 opioid	 formulations	 have	 recurrent	 respiratory	 depression	 or
require	 multiple	 naloxone	 boluses	 or	 naloxone	 infusions	 or	 endotracheal
intubation	 should	 be	 admitted	 to	 an	 ICU.10,54	After	 naloxone	 bolus	 or	 infusion
therapy	 is	 discontinued,	 the	 patient	 should	 be	 observed	 for	 4	 to	 6	 hours	 for
recurrent	respiratory	depression.10

Naltrexone	 and	 nalmefene	 (not	 available	 in	 the	 U.S.)	 are	 two	 additional
opioid	antagonists	that	are	primarily	used	for	alcohol	use	disorder	treatment,	and
in	 the	 case	 of	 naltrexone,	 for	 opioid	 use	 disorder	 treatment	 as	 well.48	 Both
compounds	have	been	studied	for	possible	use	to	reverse	acute	overdoses	from
potent	 synthetic	 opioids	 because	of	 their	 high	 affinities	 for	 the	MOP	and	 their
relatively	long	half-lives	compared	with	naloxone.	However,	neither	naltrexone
nor	nalmefene	 is	currently	U.S.	Food	and	Drug	Administration-approved	 to	be
used	for	this	purpose.56,57
Cardiopulmonary	Toxicity:	Hypotension	 after	 opioid	 overdose	may	 respond

to	 naloxone	 therapy,53	 but	 may	 require	 fluid	 resuscitation	 and	 vasopressors.
Overzealous	 fluid	 resuscitation	 should	 be	 avoided	 because	 of	 the	 risk	 of
pulmonary	 edema.	 The	 management	 of	 pulmonary	 edema	 should	 include
adequate	 ventilation,	 oxygenation,	 and	 intubation	 with	 low	 tidal	 volume
positive-pressure	ventilation	as	needed.39,40	Inotropic	agents	and	diuretics	appear
to	be	of	little	value.10	Bradycardia	or	QTc	prolongation	secondary	to	methadone
administration	may	 respond	 to	 discontinuing	 the	 drug	 or	 decreasing	 the	 dose;
symptomatic	bradycardia	and	torsades	de	pointes	should	be	managed	according
to	current	guidelines.21
Neurotoxicity:	 The	 management	 of	 drug-induced	 or	 withdrawal	 seizures

should	 follow	 current	 treatment	 guidelines	 (see	 Chapter	 151)	 including
administration	of	benzodiazepines	or	barbiturates.58	Seizures	have	been	reported
after	 naloxone	 administration	 for	 tramadol	 overdose,	 although	 recent	 evidence
suggests	that	naloxone	does	not	induce	seizures	when	used	in	these	patients	and
may	 even	 be	 associated	with	 decreased	 seizure	 risk	 after	 tramadol	 ingestion.59



The	management	of	serotonin	syndrome	is	primarily	supportive	(see	Chapters	96
and	 103),	 including	 discontinuation	 of	 serotonergic	 drugs	 and	 treatment	 with
benzodiazepines.	 However,	 in	 severe	 toxicity,	 ICU	 admission,	 intubation	 and
neuromuscular	 paralysis,	 active	 cooling,	 and	 5-HT2A	 antagonist	 treatment	 (eg,
cyproheptadine	12	mg	orally	or	by	nasogastric	tube,	followed	by	4-8	mg	every	6
hours)	may	be	necessary.49
GI	 Decontamination:	 GI	 decontamination	 is	 generally	 not	 helpful	 when

treating	 opioid	 overdoses	 but	 can	 be	 considered	 for	 selected	 cases	 (eg,	 large
overdoses	 or	 modified	 release	 formulations).	 Administration	 of	 activated
charcoal	 may	 be	 reasonable	 for	 patients	 with	 a	 secured	 airway	 and	 no	 other
contraindications.10	 The	 scientific	 evidence	 is	 inconclusive	 about	 the	 optimal
management	 of	 body	 packers.	 Asymptomatic	 body	 packers	 should	 be
conservatively	managed	when	the	condition	of	packaging	does	not	appear	to	be
compromised.43,44	One	proposed	guideline	 involves	 the	oral	administration	of	a
water-soluble	contrast	solution	followed	by	serial	abdominal	radiographs	(Table
118.5).60,61	Whole	 bowel	 irrigation	with	 polyethylene	 glycol	 electrolyte	 lavage
solution	(PEG-ELS)	or	enemas	to	facilitate	intact	packet	removal	has	also	been
advocated	on	 the	basis	of	case	 reports,44	with	 the	following	caveats:	PEG-ELS
may	increase	heroin	absorption	from	the	gut	in	the	event	of	packet	rupture,43	and
clear	rectal	effluent	does	not	guarantee	that	all	packets	have	been	evacuated	from
the	 GI	 tract.	 Patients	 who	 develop	 signs	 of	 opioid	 toxicity	 should	 receive
naloxone,	while	signs	of	mechanical	obstruction	by	intraluminal	packets	should
prompt	urgent	surgical	consultation.43,44

TABLE	118.5

Proposed	Medical	Management	for	Asymptomatic	Body
Packers60

1.	 Administer	an	oral	dose	of	water-soluble	contrast	(eg,	Gastrografin):
1	mL/kga

2.	 Perform	abdominal	(supine	and	upright)	imaging	studies	at	least	5	h	after
oral	contrast	administration

3.	 If	imaging	studies	are	positive,	perform	daily	abdominal	imaging	studies,
and	after	a	spontaneous	bowel	movement

4.	 All	bowel	movements	are	checked	for	drug	packets



5.	 The	patient	may	be	discharged	after	passage	of	two	packet-free	bowel
movements	and	negative	abdominal	imaging	studies

aPatients	are	permitted	normal	oral	intake,	and	vascular	access	should	be	maintained.
From	Murray	BP,	Carpenter	JE,	Dunkley	CA,	et	al.	Seizures	in	tramadol	overdoses	reported	in	the
ToxIC	registry:	predisposing	factors	and	the	role	of	naloxone.	Clinl	Toxicol.	2019;57(8):692-696.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	one	of	the	following	best	characterizes	the	opioid	toxidrome?

A. 	Miosis,	bradypnea,	bronchorrhea,	profound	diaphoresis,	seizures,
and	depressed	mental	status
B. 	Miosis,	sluggish	speech,	confused	or	sleepy,	respiratory	depression,
and	feeling	cold
C. 	Mydriasis,	diaphoresis,	agitation,	unable	to	sit	still,	and	picking	at
skin	instead	of	engaging	in	a	conversation
D. 	Mydriasis,	dry	mucous	membranes,	hot	and	flushed	skin,	and
hallucinations	of	bugs	crawling

2. 	Opioids	with	short	half-lives	may	still	have	prolonged	effects	when
administered	at	supratherapeutic	doses.	What	best	explains	this	observation?

A. 	Enzymes	that	metabolize	drugs	become	saturated,	leading	to	zero-
order	kinetics
B. 	High	serum	concentrations	of	opioids	can	inhibit	enzyme	rates	of
metabolism,	producing	a	synergistic	effect



C. 	Opioid	receptor	expression	is	upregulated,	leading	to	increased
opioid-receptor	binding
D. 	Supersaturation	of	opioid	receptors	causes	the	receptors	to	be
perpetually	occupied	and	continuously	stimulated

3. 	What	is	the	goal	of	naloxone	treatment	in	a	patient	who	overdosed	on	an
opioid?

A. 	Normal	mental	status
B. 	Normothermia
C. 	Reversing	miosis
D. 	Spontaneous	ventilation

Answers

1.	The	correct	answer	is	B.
Rationale:	The	opioid	 toxidrome	 is	characterized	by	miosis,	ventilatory	and

central	 nervous	 system	 depression,	 and	 hypothermia	 (choice	 B	 is	 correct).
Choice	 A	 would	 be	 consistent	 with	 cholinergic	 toxidrome.	 Choice	 C	 is	 the
sympathomimetic	 toxidrome,	while	 choice	D	 is	 consistent	with	 anticholinergic
toxidrome.

2.	The	correct	answer	is	A.
Rationale:	 Saturation	 of	 cytochromes	 P450	 (CYP)	 enzymes	 causes	 drug

metabolism	 to	 convert	 from	 first-order	 (constant	 fraction	metabolized	 per	 unit
time)	to	zero-order	(constant	amount	metabolized	per	unit	of	time)	(choice	A	is
correct).	 This,	 along	with	 prolonged	 absorption	 that	may	 occur	 due	 to	 opioid-
induced	 ileus,	 can	 lead	 to	 the	 greatly	 prolonged	 toxicokinetics	 seen	 during
overdose.	 The	 rate	 of	 opioid	 degradation	 by	 metabolic	 enzymes	 is	 largely
independent	 of	 opioid	 substrate	 concentration	 (choice	 B	 is	 incorrect).	 Opioid
receptor	 expression	 or	 binding	 is	 not	 a	 major	 determinant	 of	 their	 rates	 of
degradation	(choices	C	and	D	are	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 The	 goal	 of	 naloxone	 treatment	 is	 to	 reverse	 the	 ventilatory

depressant	 effects	 of	 an	 opioid	 overdose	 and	 allow	 the	 patient	 to	 resume
adequate	 spontaneous	 ventilation	 (choice	 D	 is	 correct).	 Intravenous	 naloxone
dosing	 (starting	with	0.04	mg)	 should	be	 titrated	 to	 this	desired	clinical	 effect.
Waking	 the	 patient	 up	 completely	 may	 precipitate	 acute	 opioid	 withdrawal



leading	 to	 significant	distress	 for	both	patient	and	healthcare	staff	 (choice	A	 is
incorrect).	 Pupil	 size	 is	 not	 a	 reliable	 or	 useful	 measure	 of	 naloxone	 effect
(choice	 C	 is	 incorrect).	 Clinicians	 should	 implement	 guideline	 recommended
measures,	and	not	rely	on	naloxone	effects,	for	hypothermic	patients	(choice	B	is
incorrect).
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Chapter	119
Pesticide-Herbicide	Poisoning
William	K.	Chiang,	Richard	Y.	Wang

KEY	POINTS:
1.	 Organochlorines	can	cause	significant	neurological	symptoms	such

as	tremors,	confusion,	and	seizures.
2.	 Pyrethroids	are	generally	safe,	but	large	ingestion	of	pyrethroids	can

be	mistaken	for	organophosphate	toxicity,	presenting	with	tremors,
salivation,	fasciculations,	choreoathetosis,	coma,	and	seizures.

3.	 Second-generation	anticoagulant	rodenticides	such	as	brodifacoum,
bromadiolone,	difenacoum,	chlorophacinone,	and	diphacinone	can
cause	coagulopathy	that	can	last	for	months.

4.	 The	daily	maintenance	vitamin	K1	dosing	required	to	treat
anticoagulant	rodenticide	toxicity	is	quite	high,	typically	at	100	mg	in
divided	dosing.

5.	 Strychnine	causes	diffuse	severe	muscle	contractions	because	of
the	antagonism	of	glycine	postsynaptic	receptors	in	the	spinal	cord.

6.	 Venous-arterial	extracorporeal	membrane	oxygenation	(VA-ECMO)
support	is	critical	during	the	management	of	severe	aluminum	and
zinc	phosphide	toxicity.

7.	 Any	ingestion	of	paraquat	should	be	considered	to	be	potentially
lethal;	therefore,	early	gastrointestinal	decontamination	is	paramount
to	minimize	the	exposure.

8.	 Oxygen	supplementation	should	be	avoided	or	minimized	to
maintain	pulse	oximetry	saturation	no	higher	than	90%	with	paraquat
ingestion.



INTRODUCTION
A	 pesticide	 is	 as	 an	 agent	 intended	 for	 killing,	 preventing,	 repelling,	 or
mitigating	any	pest.	Despite	their	inherent	toxicity,	pesticide	usage	continues	to
increase;	 environmental	 contamination	 and	 reports	 of	 epidemic	 pesticide
poisoning	are	inevitable.	The	health	consequences	from	the	long-term	and	low-
level	 exposure	 to	 these	 chemicals,	 such	 as	 carcinogenesis,	 teratogenicity,
reproductive	disorders,	and	neurologic	sequelae,	may	be	significant	and	difficult
to	measure.	In	many	countries	in	which	there	are	limited	regulations	on	pesticide
usage,	pesticide	 ingestion	 is	one	of	 the	 leading	 forms	of	 suicide,	 and	pesticide
exposure	 is	 a	 major	 occupational	 risk.	 Even	 in	 the	 United	 States,	 pesticide
exposures	 remain	 a	 major	 public	 health	 problem.	 Worldwide	 statistics	 on
pesticide	 poisonings	 are	 limited	 because	 of	 gross	 underreporting	 from
developing	 countries.	 The	 incidence	 of	 pesticide	 fatalities	 has	 been	 declining
over	the	past	2	decades;	this	is	likely	related	to	the	restriction	and	banning	of	a
number	 of	 potent	 pesticides	 by	 many	 countries.	 Despite	 this	 decline,
conservative	estimates	for	suicides	from	pesticides	worldwide	exceeded	160,000
deaths	annually	and	accounted	for	20%	of	suicides.1

This	chapter	focuses	on	selected	pesticides	that	are	most	clinically	important.
Some	of	the	common	pesticides	are	provided	in	Table	119.1.	Organophosphate
insecticides	 are	 covered	 in	 Chapter	 108:	 Cholinergic	 Poisoning.	 Further
information	 on	 the	 identification	 and	 toxicity	 of	 pesticide	 products	 may	 be
obtained	from	sources	such	as	material	safety	data	sheets,	Hayes’	Handbook	of
Pesticide	 Toxicology,	 Farm	 Chemicals	 Handbook,	 and	 the	 pesticide	 label
database	(https://apps.cdpr.ca.gov/docs/label/labelque.cfm).

TABLE	119.1

Common	Pesticides

Inorganic	and	Organometal	Pesticides
Aluminum	phosphide
Antimony	potassium	tartrate
Arsenical	pesticides
Barium	carbonate
Boric	acid
Calcium	chloride

http://www.cdpr.ca.gov/docs/label/labelque.htm


Copper	sulfate
Elemental	mercury
Elemental	sulfur
Lead	arsenate
Mercuric	chloride
Methylmercury
Phosphorus
Sodium	chlorate
Sodium	dichromate
Thallium	sulfate
Zinc	chloride
Zinc	phosphide

Pyrethrins,	Pyrethroids,	and	Plant-Derived	Pesticides
Anabasine
Barthrin
Blasticidin	S
Cartap
Chlordecone
Cyfluthrin
Cyfluthrinate
Cyhalothrin
Cypermethrin
Decamethrin
Deltamethrin
Fluvalinate
Nicotine
Phenothrin
Pyrethrins
Resmethrin
Ricin
Rotenone
Sabadilla
Strychnine
Tralocythrin
Tralomethrin

Fumigants	and	Nematocides
Acrylonitrile



Aluminum	phosphide
Boron	trifluoride
Carbon	disulfide
Carbon	tetrachloride
Chloropicrin
1,2-Dibromoethane
1,2-Dichloroethane
p-Dichlorobenzene
1,2-Dichloropropane
1,3-Dichloropropene
Epoxyethane
Hydrogen	cyanide
Methylbromide
Naphthalene
1,1,1-Trichloroethane
Trichloroethylene

Synthetic	Organic	Rodenticides
ANTU
Brodifacoum
Chloralose
Difenacoum
Diphacinone
Fluoroacetamide
Fluoroethanol
Norbormide
Pyriminil
Sodium	fluoroacetate
Warfarin

Herbicides
Amitrole
Atrazine
Bromoxynil
Cycloate
Dicamba
Dichlobenil
2,4-Dichlorophenoxyacetic	acid
Diquat



Diuron
Ioxynil
MCPA
Mecoprop
Molinate
Phenmedipham
Paraquat
Propanil
Propazine
Pyrazon
Silvex
Simazine
TCA
2,3,5-Trichlorophenoxyacetic	acid

Fungicides	and	Biocides

Benomyl
Captafol
Captan
1-Chlorodinitrobenzene
Dichloran
Diphenyl
Maneb
Organotins	(tributyltin)
Quintozene
Tetrachlorophthalide
Thiabendazole
Thiram
Thiophanate-methyl
Zineb
Ziram

Organochlorine	Insecticides

Aldrin
Chlordane
Chlorobenzilate
Chlordecone
DDT



Dicofol
Dieldrin
Endrin
Endosulfan
Ethylan	(1,1-dichloro-2,2-bis(4-methoxyphenyl)	ethane)
Heptachlor
Hexachlorobenzene
Isobenzan
Kelevan
Kelthane
Lindane	(γ-hexachlorocyclohexane)
Mirex
Methoxychlor
TDE
Toxaphene

Organophosphate	Insecticides

Azinphos-methyl
Carbophenothion
Carejin
Chlorfenvinphos
Chlorphoxim
Chlorpyrifos
Demeton
Demeton-methyl
Dialifos
Diazinon
Dicapthon
Dichlofenthion
Dichlorvos
Dicrotophos
Dimefox
Dioxathion
Edifenphos
Endothion
Fenitrothion
Fensulfothion
Fenthion



Fonofos
Formothion
Jodfenphos
Leptophos
Malathion
Merphos
Methidathion
Mevinphos
Mipafox
Monocrotophos
Naled
Oxydemeton-methyl
Parathion
Parathion-methyl
Phenthoate
Phorate
Phosalone
Phosphamidon
Phoxim
Pirimiphos-methyl
Schradan
Temephos
Thiometon
Trichlorfon

Carbamates

Aldicarb
Bendiocarb
4-Benzothienyl-N-methylcarbamate
Bufencarb
Carbaryl
Carbofuran
Dioxacarb
Isolan
3-Isopropyl	phenyl-N-methylcarbamate
Landrin
Methomyl
Mexacarbate



Oxamyl
Phencyclocarb
Promecarb
Propoxur

Miscellaneous	Pesticides

Azoxybenzene
Busulfan
Chlorambucil
Chlordimeform
Chlorfenson
DEET
5-Fluorouracil
Hexamethylmelamine
Metaldehyde
Methotrexate
Porfiromycin
Propargite
Thiotepa

Nitro	compounds	and	Related	Phenolic	Pesticides

Binapacryl
Dinocap
2,4-Dinitrophenol
Dinoseb
Pentachlorophenol

ANTU,	α-naphthylthiourea;	DDT,	dichlorodiphenyltrichloroethane;	DEET,	N-N-diethyl-m-toluamide;
MCPA,	4-chloro-2-methylphenoxyacetic	acid;	TCA,	trichloroacetic	acid;	TDE,	1,1-dichloro-2,2-
bis(4-chlorophenyl)ethane.
Classifications	Adapted	from	Hayes	Wj	Jr,	Laws	Er,	Eds.	Handbook	of	Pesticide	Toxicology.
Academic;	1991.

ORGANOCHLORINES
Organochlorine	compounds	are	commonly	used	as	 insecticides,	 soil	 fumigants,
solvents,	and	herbicides.	Human	toxicity	can	result	from	either	acute	or	chronic
exposure.	 Contamination	 typically	 occurs	 during	 production	 or	 application	 of



these	agents.	Infants	and	toddlers	are	at	risk	for	toxicity	from	bioaccumulation	in
foodstuffs	and	excretion	in	breast	milk.	Maternal	exposure	is	important	because
these	compounds	can	be	concentrated	in	fetal	tissues.	These	toxicants	can	cause
a	 variety	 of	 systemic	 manifestations,	 but	 are	 most	 notable	 for	 their	 central
nervous	 system	 (CNS)	 effects.	 Organochlorines	 can	 be	 divided	 into	 four
structural	categories:	dichlorodiphenyltrichloroethane	(DDT)	and	related	agents,
hexachlorocyclohexanes,	 cyclodienes,	 and	 toxaphenes.	Chlordane,	 chlordecone
(Kepone),	DDT,	dieldrin,	endrin,	heptachlor,	kelevan,	methoxychlor,	and	mirex
are	no	longer	being	used	or	registered	for	use	in	the	United	States.

Pharmacology
The	organochlorines	are	well	absorbed	 from	the	gastrointestinal	 (GI)	 tract.	For
example,	death	can	occur	within	2	hours	of	 intentionally	 ingesting	endosulfan,
and	most	 deaths	 associated	with	 chlordane	 have	 been	 from	 oral	 exposures	 by
children.	The	serum	half-lives	of	these	chemicals	are	long,	varying	from	days	to
months,	 because	 of	 their	 high	 lipid	 solubility.	 This	 allows	 these	 agents	 to	 be
stored	 in	 fatty	 tissues	 (eg,	 brain)	 with	 the	 resultant	 delayed	 clearance.	 The
organochlorines	 are	 known	 to	 concentrate	 in	 breast	 milk	 and	 fetal	 tissues.	 At
delivery,	it	has	been	shown	that	fetal	blood	and	tissue	had	higher	concentrations
of	lindane	(γ-hexachlorocyclohexane,	Kwell)	than	maternal	samples.2,3	However,
teratogenic	effects	have	not	been	demonstrated	by	the	limited	number	of	animal
studies	performed.4

Organochlorines	 are	 metabolized	 by	 the	 hepatic	 cytochrome	 P450	 (CYP)
enzymes	in	the	liver.	Toxaphene,	chlordane,	DDT,	and	lindane	can	induce	CYP
activity	 and	 affect	 not	 only	 their	 own	 metabolism	 but	 also	 the	 effects	 of
coadministered	medications.5

Chlordane	 has	 several	 metabolites,	 such	 as	 heptachlor,	 oxychlordane,	 and
heptachlor	 epoxide.	 Most	 of	 the	 available	 information	 on	 chlordane	 and
metabolite	 tissue	distribution	 is	 from	case	 reports	of	unintentional	and	suicidal
exposures.	Depending	on	the	source,	the	elimination	half-life	of	chlordane	varies
from	21	to	88	days.6,7	Most	of	the	chlordane	and	metabolites	are	excreted	by	the
biliary	system.	On	absorption	into	the	body,	aldrin	is	rapidly	metabolized	to	the
epoxide	derivative,	dieldrin.	Because	very	little	of	aldrin	remains,	its	toxicity	is
attributed	to	dieldrin.	Dieldrin	is	stored	in	fatty	tissues,	and	its	elimination	half-
life	 in	 humans	 is	 approximately	 369	 days.8	 Endrin,	 an	 isomer	 of	 dieldrin,	 is
rapidly	metabolized	in	both	humans	and	animals,	with	an	elimination	half-life	of
2	to	6	days.9



1 	Organochlorines	have	several	mechanisms	of	action.	They	alter	sodium	and
potassium	 channel	 activity	 and	 ion	movement	 across	 the	 neuronal	membranes
and	 can	 be	 toxic	 to	 axons.	 For	 example,	DDT	 facilitates	 sodium	 ion	 transport
and	 inhibits	 potassium	 transport.	 This	 can	 result	 in	 spontaneous	 firing	 and
prolongation	of	action	potentials	and	repetitive	firing	after	a	stimulus.	DDT	also
inhibits	Na+/K+	 adenosine	 triphosphatase	 and	 calmodulin	 activities,	 which	 can
reduce	 the	 rate	 of	 neuronal	 repolarization.	 This	 may	 account	 for	 some	 of	 the
neurological	 manifestations	 such	 as	 paresthesias,	 thought	 disturbances,
myoclonus,	and	seizures.	Cyclodienes,	hexachlorocyclohexanes,	and	 toxaphene
manifest	neurotoxicity	by	inhibiting	γ-aminobutyric	acid	receptor	function	in	the
CNS.	 In	 the	 limbic	 system,	 lindane	 can	 directly	 excite	 neurons	 and	 result	 in
agitation	 and	 seizures.10	 Abnormalities	 of	 respiratory	 rate	 patterns	 can	 result
from	direct	medullary	toxicity	or	pulmonary	aspiration.	The	level	of	toxicity	of
the	 various	 organochlorines	 can	 be	 categorized	 into	 high,	 moderate,	 and	 low
(Table	119.2).

TABLE	119.2

Organochlorine	Levels	of	Toxicity

High Endrin,	dieldrin,	aldrin,	and	endosulfan

Moderate Chlordecone,	heptachlor,	chlordane,	toxaphene,
dichlorodiphenyltrichloroethane,	and	hexachlorobenzene

Low Methoxychlor,	perthane,	kelthane,	chlorobenzilate,	and	mirex

Clinical	Toxicity
Poisoning	 can	 result	 from	 ingestion,	 dermal	 absorption,	 or	 inhalation.
Inadvertent	human	exposures	to	aldrin	and	dieldrin	have	resulted	from	pesticide
spraying	and	mixing	which	causes	dermal	and	inhalational	absorption.	The	use
of	 lindane	 in	 home	 vaporizers	 has	 resulted	 in	 significant	 inhalation	 toxicity.
Agents	such	as	dieldrin,	lindane,	and	Kepone	have	good	dermal	penetration.	As
little	 as	 two	 total	 body	 applications	 on	 two	 successive	 days	 of	 1%	 lindane
(Kwell),	 a	 common	 scabicide,	 resulted	 in	 seizures	 in	 an	 18-month-old	 child.11
The	peak	concentration	of	lindane	occurs	6	hours	after	dermal	application;	thus,
delayed	 and	 prolonged	 manifestations	 of	 toxicity	 may	 occur	 from	 dermal



absorption.	 Workers	 who	 directly	 handled	 lindane	 had	 health	 complaints	 of
headaches,	 paresthesias,	 tremors,	 confusion,	 and	 memory	 impairment.12	 Also,
seizures	 have	 been	 reported	 by	 occupational	 surveys	 among	 sprayers	 and
applicators	 of	 aldrin	 and	 dieldrin.13	 Dermatitis	 can	 occur	 from	 the	 topical
exposure	dicofol	and	methoxychlor.	Intradermal	and	subcutaneous	injections	of
these	agents	can	result	in	chemical	dermatitis	and	sterile	abscesses.14	Dicofol	and
methoxychlor	have	minimal	toxicity.

1 	Seizures	are	 the	most	prominent	CNS	effect	of	 these	agents.	The	seizures
occur	 soon	 after	 exposure,	 may	 present	 without	 a	 prodrome,	 and	 can	 be
protracted	 in	 duration.9	 Late-onset	 seizures	 may	 result	 from	 delayed	 GI	 or
dermal	 absorption.	 Acute	 exposures	 to	 DDT	 present	 initially	 with	 tremors,
nausea,	 vomiting,	 muscle	 weakness,	 and	 confusion,	 which	 may	 progress	 to
seizures.15	 Among	 the	 organochlorines,	 both	 psychomotor	 agitation	 and	 CNS
depression	have	been	described.	Chlordecone,	mirex,	 and	endosulfan	are	more
likely	 to	 cause	 tremors	 and	 agitation	 than	 seizures.	 Kelthane,	 perthane,
methoxychlor,	 and	 lindane	 are	 more	 likely	 to	 cause	 CNS	 sedation	 than
excitation.	Endrin	 is	 considered	one	of	 the	most	 toxic	of	 the	cyclodienes,	with
reports	 of	 hyperthermia	 and	 decerebrate	 posturing9.	 In	 1984,	 an	 outbreak	 of
endrin	 toxicity	 from	 contaminated	 foodstuffs	 occurred	 in	 Pakistan,	 where
seizures	resulted	in	a	10%	mortality	rate.16

Neurological	 symptoms	 resolve	quickly	because	of	 rapid	distribution	of	 the
organochlorines	from	blood	to	lipid	stores.	Because	redistribution	back	into	the
blood	 pool	 can	 occur	 at	 a	 later	 time,	 continual	 observation	 of	 the	 patient	 for
delayed	 toxicity	 may	 be	 warranted.	 Some	 of	 the	 long-term	 CNS	 effects	 (ie,
thought	 disturbances)	 after	 significant	 exposures	 may	 be	 owing	 to	 direct
chemical	 toxicity	 or	 anoxic	 encephalopathy	 from	 sustained	 seizures.
Chlordecone	is	a	recognized	neurotoxin,	causing	peripheral	neuropathies.17

Nausea,	 vomiting,	 and	 diarrhea	 may	 occur	 after	 ingestions,	 especially	 if
petroleum	distillates	 are	 part	 of	 the	preparation.	Pulmonary	 aspiration	of	 these
agents	 can	 cause	 tachypnea	 and	 significant	 respiratory	 distress,	 with	 resultant
pulmonary	edema.	When	dicofol	 is	heated	or	comes	 in	contact	with	an	acid,	 it
decomposes	 to	 hydrogen	 chloride,	 which	 causes	 respiratory	 irritation.9
Hypersensitivity	pneumonitis	may	 result	 from	 inhalational	 exposures	when	 the
organochlorine	is	mixed	with	pyrethrins.

Hypotension	with	decreased	cardiac	output	and	a	prolonged	QT	interval	have
been	reported	from	endosulfan	poisoning.18

Significant	 elevations	 of	 liver	 enzymes	 were	 reported	 in	 a	 group	 of	 19
workers	with	a	10-year	exposure	to	lindane.19	Acute	oral	exposures	to	lindane	in
animals	may	 cause	 fatty	 degeneration	 and	 necrosis	 of	 the	 liver.	 From	 the	 few



reports	 of	 human	 exposures	 to	 chlordane,	 there	 is	 little	 evidence	 of
hepatotoxicity	 from	 this	 agent.20	 Microsomal	 enzyme	 induction	 has	 been
demonstrated	 by	 animals	 that	 were	 orally	 administered	 chlordane.	 Long-term
exposure	among	233	workers	with	aldrin,	dieldrin,	endrin,	and	telodrin	for	4	to
12	years	was	not	associated	with	any	significant	elevation	of	hepatic	enzymes	or
hepatic	enzyme	induction.

Hematologic	dyscrasias,	including	aplastic	anemia,	leukopenia,	leukocytosis,
granulocytopenia,	 granulocytosis,	 eosinophilia,	 thrombocytopenia,	 and
pancytopenia,	have	been	 reported	after	 repeated	 lindane	exposures.21	However,
all	of	 the	 involved	preparations	also	contained	benzene,	which	can	account	 for
such	 findings.	 Megaloblastic	 anemia	 and	 bone	 marrow	 depression	 have	 been
associated	with	chlordane	exposures.	DDT	and	toxaphene	are	suspected	human
carcinogens.22	The	risks	for	aldrin	and	dieldrin	as	human	carcinogens	could	not
be	 determined	 by	 International	 Agency	 for	 Research	 on	 Cancer	 because	 of
insufficient	human	and	animal	data.

Diagnostic	Evaluation
Serum	concentrations	of	 these	organochlorines	are	commonly	measured	by	gas
chromatography/mass	 spectrometry.	 In	 an	 obvious	 exposure	 to	 these	 agents,
these	 measurements	 are	 academic	 and	 would	 not	 alter	 clinical	 management.
There	 are	 no	 correlations	 between	 concentrations	 in	 body	 tissues	 and	 specific
health	 effects.	 If	 the	 diagnosis	 is	 in	 doubt,	 these	 measurements	 can	 at	 least
confirm	or	rule	out	the	exposure	to	the	insecticide.	Although	blood	is	commonly
sampled	for	the	detection	of	these	chemicals,	adipose	tissue,	or	human	milk	may
be	used	as	well.	The	laboratory	should	be	consulted	regarding	the	availability	of
analytical	methods	for	biological	specimens	other	than	blood.	An	acute	exposure
can	 be	 determined	 by	 a	 quantitative	 comparison	 of	 parent	 compound	 to
metabolite.	 Because	 DDT	 and	 aldrin	 are	 rapidly	 metabolized	 after	 systemic
absorption,	 their	 elevated	 concentrations	 in	 the	 blood	 would	 support	 a	 recent
exposure.

Chlorinated	 hydrocarbons	 are	 radiopaque,	 and	 their	 radiopacity	 is	 directly
related	 to	 the	 number	 of	 chlorine	 atoms	 per	 molecule.	 Thus,	 radiographs	 can
assist	with	demonstrating	aspiration	pneumonia	or	gut	burden.

Management
Rescue	workers	and	health	care	providers	must	use	proper	equipment,	 such	as



gloves	 and	 gowns,	 to	 prevent	 unnecessary	 exposure	 to	 these	 chemicals	 when
providing	 assistance	 to	 these	 patients.	 Initial	 treatment	 of	 organochlorine
exposure	 involves	 limiting	 further	 chemical	 absorption	 by	 the	 patient.	 The
patient	 should	 be	 removed	 from	 the	 scene,	 disrobed,	 and	 thoroughly	 and
repeatedly	 washed	 with	 soap	 and	 water.	 Washing	 should	 include	 hair	 and
fingernails.	The	patient’s	clothing	and	leather	goods	must	be	placed	in	a	plastic
bag	and	discarded	because	of	the	tenacious	binding	of	these	agents	to	leather.	All
wash	water	should	be	contained	and	discarded	as	hazardous	waste	by	qualified
personnel.

The	 role	 of	 gastric	 decontamination	 depends	 on	 the	 clinical	 presentation.
Immediately	after	an	intentional	ingestion	and	for	asymptomatic	patients	without
spontaneous	 emesis,	 gastric	 aspiration	 should	 be	 carefully	 performed	 with	 a
small	 nasogastric	 tube.	 Activated	 charcoal	 should	 be	 administered	 soon	 after
ingestion	(preferably	within	1	hour)	because	it	can	limit	further	gut	absorption.23
Also,	cholestyramine	may	interrupt	enteric	circulation	and	enhance	elimination.
Chlordecone	 and	 chlordane	 undergo	 enterohepatic	 circulation,	 and
cholestyramine	 is	 indicated	 for	 symptomatic	 patients.	 In	 a	 controlled	 trial,
cholestyramine	 was	 administered	 as	 16	 g	 per	 day	 to	 symptomatic	 factory
workers	exposed	to	chlordecone.	After	5	months,	chlordecone	fecal	elimination
was	 shown	 to	 increase	 by	 3.3	 to	 17.8	 times,	 with	 neurological	 symptoms
improving	as	concentrations	declined.24	Milk-	and	oil-based	cathartics	should	be
avoided	 because	 their	 high	 lipid	 solubility	 can	 enhance	 gut	 absorption.
Hemodialysis	 is	 not	 effective	 for	 enhancing	 elimination	 of	 these	 chemicals
because	 of	 their	 high	 volume	 of	 distribution	 and	 protein	 binding.25
Hemoperfusion	is	probably	of	no	benefit.25

Organochlorine-induced	 seizures	 are	 managed	 with	 benzodiazepines	 and
barbiturates.	 Phenytoin	 has	 not	 been	 demonstrated	 to	 be	more	 effective	 as	 an
anticonvulsant	 than	 barbiturates	 and	 it	 may	 actually	 increase	 the	 incidence	 of
these	 seizures.26	 Aggressive	 seizure	 control	 is	 warranted	 to	 limit	 further
development	 of	 CNS	 damage,	 metabolic	 acidosis,	 hyperthermia,
rhabdomyolysis,	and	myoglobinuric	renal	failure.

Respiratory	 distress	 caused	 by	 bronchospasm	 is	 managed	 with	 humidified
oxygen	 and	 nebulized	 bronchodilators.	 Parenteral	 administration	 of	 adrenergic
amines	 is	 not	 recommended	 because	 it	 may	 potentiate	 myocardial	 irritability.
Early	 administration	 of	 steroids	 and	 prophylactic	 use	 of	 antibiotics	 for
pulmonary	 aspiration	 have	 not	 been	 demonstrated	 to	 improve	 patients’
outcomes.	The	early	use	of	antibiotics	may	predispose	to	the	selective	growth	of
resistant	bacterial	organisms.

After	 appropriate	 decontamination,	 asymptomatic	 patients	 with	 an	 oral



exposure	 can	 be	 observed	 for	 6	 hours	 and	 then	 discharged	when	 their	 clinical
status	remains	unchanged.	The	patients	presenting	with	cardiovascular,	CNS,	or
persistent	respiratory	manifestations	should	be	admitted	for	further	 therapy	and
observation.

PYRETHROIDS
Pyrethrum	 is	 a	 collection	 of	 naturally	 occurring	 insecticide	 esters	 from	 the
chrysanthemum	flower.	The	pyrethrin	I	ester	has	the	greatest	insecticidal	activity
and	is	subject	to	rapid	environmental	degradation.	To	enhance	their	effectiveness
for	commercial	use,	synthetic	alternatives	known	as	pyrethroids	were	developed
that	 are	 more	 resistant	 to	 decay.	 These	 compounds	 are	 present	 in	 consumer
products,	from	flea	and	tick	removers	for	pets	to	topical	pediculicides.

Pharmacology
Pyrethroids	can	be	separated	into	two	classes	based	on	their	chemical	structures.
For	example,	type	II	pyrethroids	have	a	cyano	group	at	the	alpha	carbon,	such	as
deltamethrin.	The	pyrethroids	(including	pyrethrins)	delay	closure	of	the	sodium
channel	during	the	end	of	depolarization,	with	resultant	insect	paralysis.	Type	I
pyrethroids	maintain	the	sodium	channel	in	the	open	position	for	a	shorter	period
than	 type	 II	 pyrethroids.	 In	 addition,	 type	 II	 pyrethroids	 antagonize	 inhibitory
chloride	channels	and	alter	calcium	ion	transients,	but	the	contribution	of	these
findings	to	clinical	toxicity	is	unclear.	Piperonyl	butoxide	is	commonly	added	to
commercial	 preparations	 to	 inhibit	 insects’	 ability	 to	metabolize	 the	pyrethroid
and	prolong	activity.	 In	mammals,	 these	agents	are	 relatively	nontoxic	because
of	 the	 low	 concentrations	 and	 the	 rapid	 mammalian	 metabolism	 of	 these
chemicals.	 However,	 people	 who	 are	 allergic	 to	 ragweed	 may	 have
hypersensitivity	 reactions	 to	 pyrethroids.	The	degree	of	 this	 cross-sensitization
has	 been	 reported	 to	 be	 as	 high	 as	 46%.	 Pyrethroids	 have	 no	 effects	 on
cholinesterase	 activity,	 and	 atropine	 and	 pralidoxime	 are	 not	 indicated	 for
therapy.

Pyrethroids	are	readily	absorbed	from	the	GI	tract.	Dermal	absorption	varies
depending	on	the	of	agent	and	additive	organic	solvents.	Systemic	absorption	is
enhanced	in	 the	presence	of	petroleum	distillates.	These	compounds	are	highly
lipid-soluble	and	largely	metabolized	by	the	mixed-function	oxidase	enzymes	in
the	liver.



Clinical	Toxicity
2 	 Poisoning	 from	 pyrethroids	 can	 result	 from	 inhalational,	 dermal,	 or	 oral
exposures.	 Nausea,	 vomiting,	 and	 diarrhea	 may	 occur	 after	 ingestion.27,28
Neurological	 manifestations	 and	 hypersensitivity	 reactions,	 including
anaphylaxis,	 are	 the	 most	 common	 forms	 of	 systemic	 toxicity.	 Neurological
findings	 depend	 on	 the	 and	 concentration	 of	 the	 pyrethroid	 and	 include
paresthesias,	 muscle	 fasciculations,	 coma,	 and	 seizures.27,28	 For	 example,
poisoned	patients	tend	to	present	with	tremors	from	type	I	pyrethroids	and	with
choreoathetosis,	 salivation,	 and	 fasciculations	 from	 type	 II	 pyrethroids.	 Large
type	II	pyrethroid	ingestions	can	often	be	mistaken	for	organophoshate	toxicity.
However,	 type	 II	 pyrethroid	 toxicity	 does	 not	 have	 miosis	 or	 needs	 for
antimuscarinic	(such	as	atropine)	therapy.

Management
Treatment	 is	 very	 similar	 to	 that	 described	 for	 organochlorines	 (see	 previous
discussion).	 GI	 decontamination	 may	 be	 appropriate	 but	 there	 is	 no	 role	 for
repeat-dose–activated	 charcoal	 and	 cholestyramine	 therapy	 because
enterohepatic	 circulation	 has	 not	 been	 demonstrated	 for	 the	 pyrethroids.
Hypersensitivity	 reactions,	 including	 anaphylaxis,	 should	 be	 managed	 with
epinephrine,	 steroids,	 antihistamines,	 bronchodilators,	 and	 vasopressors,	 as
indicated.

Asymptomatic	patients	with	oral	exposures	can	be	observed	for	6	hours	and
medically	 cleared	 of	 toxicity	 if	 their	 clinical	 status	 remains	 unchanged.	 The
patients	 presenting	 with	 cardiovascular,	 CNS,	 or	 persistent	 respiratory
manifestations	 should	 be	 admitted	 for	 further	 therapy	 and	 observation.	 The
patients	 presenting	 with	 cholinergic	 manifestations	 after	 a	 mixed	 ingestion	 of
pesticides	 should	 be	 treated	 for	 organophosphate	 toxicity	 (Chapter	 108:
Cholinergic	Poisoning),	which	includes	pralidoxime	and	an	appropriate	amount
of	atropine	to	dry	secretions.

ANTICOAGULANTS
Bishydroxycoumarin	 (dicumarol),	 the	 first	 anticoagulant,	 was	 isolated	 as	 the
hemorrhagic	agent	in	sweet	clover	disease,	a	bleeding	disorder	that	resulted	from
the	ingestion	of	spoiled	clover	silage.	Numerous	congeners,	such	as	warfarin	(3-
α-acetonylbenzyl-4-hydroxycoumarin),	have	since	been	synthesized	and	used	as



rodenticides.	Typically,	 for	 the	bait	 to	be	effective,	 the	 rodent	must	consume	 it
for	3	to	10	days;	however,	continuous	feeding	for	21	days	may	be	necessary	to
achieve	 100%	 mortality.	 As	 rodents	 became	 increasingly	 resistant,	 warfarin
derivatives	 were	 introduced	 and	 have	 supplanted	 warfarin.	 These
“superwarfarins,”	 second-generation	 anticoagulants,	 or	 long-acting
anticoagulants,	 including	 brodifacoum,	 difenacoum,	 and	 indanedione
derivatives,	have	longer	lipophilic	phenyl	side	chains	that	increase	their	potency
(approximately	 100	 times	 more	 potent	 than	 warfarin)	 and	 their	 half-life	 and
duration	of	action	 29	Most	anticoagulant	 rodenticide	 is	packaged	with	cereal	or
other	 food	 products	 as	 bait,	 with	 the	 amount	 of	 rodenticide	 in	 the	 product
varying	 from	 0.005%	 to	 0.025%	 per	 weight.	 Since	 2008,	 the	 Environmental
Protection	 Agency	 has	 restricted	 the	 sale	 of	 loose	 bait	 forms	 of	 long-acting
anticoagulant	 rodenticides	 in	 the	United	States.	They	are	sold	as	bait	blocks	 in
limited	quantity,	and	must	be	placed	in	weather	and	tamper	resistant	stations	to
prevent	 child	 and	 pet	 exposure.	 Several	 state	 regulatory	 agencies	 have	 limited
the	 use	 of	 long-acting	 anticoagulant	 rodenticides	 to	 certified	 pesticide
applicators	 only	 because	 of	 bioaccumulation	 and	 risk	 to	 predators	 and
nontargeted	wildlife.	However,	long-acting	anticoagulant	rodenticides	are	readily
available	 on	 the	 internet.	 Acute	 accidental	 or	 suicidal	 ingestion	 of	 a	 minimal
amount	 of	 bait	 containing	 long-acting	 anticoagulants	 is	 unlikely	 to	 cause
toxicity.30	However,	a	“mouthful”	of	a	long-acting	anticoagulant	ingestion	in	an
adult	 human	has	been	 reported	 to	 cause	 significant	 coagulopathy.	 In	2018,	 the
Centers	 for	Disease	Control	 and	Prevention	 reported	greater	 than	300	cases	of
brodifacoum	 and	 other	 long-acting	 anticoagulant-adulterated	 synthetic
cannabinoid-associated	 coagulopathy.	 The	 largest	 cluster	 occurred	 in	 Illinois
with	 greater	 than	 150	 cases	 31	 This	 highlights	 the	 ease	 of	 long-acting
anticoagulant	toxicity	and	the	difficulty	in	diagnosing	unsuspected	cases.

Pharmacology
3 	Warfarin	and	its	derivatives	are	oxidized	by	CYP	hepatic	microsomal	enzymes
into	 inactive	 metabolites	 in	 the	 liver.	 More	 specifically,	 warfarin	 and	 its
enantiomers	are	metabolized	by	CYP	2D6,	3A4,	and	2C9.	The	plasma	half-life
of	warfarin	is	42	hours,	with	duration	of	action	of	2	to	5	days.	The	long-acting
anticoagulants	are	concentrated	in	the	liver	and	have	extremely	long	half-lives;
brodifacoum	has	 a	 half-life	 of	 120	 days	 in	 dogs,	 61	 hours	 in	 rabbits,	 and	 156
hours	in	rats.32,33	The	half-life	of	long-acting	anticoagulants	may	be	affected	by
the	 dose.	 The	 exact	 half-life	 of	 long-acting	 anticoagulants	 in	 humans	 is
unknown.	 Case	 reports	 in	 human	 exposures	 have	 reported	 half-lives	 of	 6	 to



23	days	 for	chlorophacinone	and	16	 to	39	days	 for	brodifacoum.29,34-36	Clinical
coagulopathy	may	persist	as	long	as	42	to	300	days.29,34-36

These	anticoagulants	inhibit	vitamin	K	2,3-epoxide	reductase	and,	to	a	lesser
extent,	 vitamin	 K	 reductase.	 These	 enzymes	 are	 responsible	 for	 the	 cyclic
regeneration	of	vitamin	K.37	Vitamin	K	 is	 the	 active	 coenzyme	 responsible	 for
activation	of	clotting	factors	II,	VII,	IX,	and	X,	as	well	as	anticoagulant	factors
protein	C	and	protein	S,	by	hepatic	γ-carboxylation	of	the	N-terminal	glutamate
residual	of	these	proteins.37	Once	activated,	vitamin	K-dependent	clotting	factors
can	 interact	 with	 calcium	 and	 phospholipids	 in	 the	 coagulation	 cascade.
Inhibition	of	vitamin	K	2,3-epoxide	reductase	and	vitamin	K	reductase	depletes
vitamin	K	and	vitamin	K-dependent	 clotting	 factors,	 resulting	 in	 coagulopathy
and	bleeding.	The	half-lives	of	vitamin	K-dependent	clotting	factors	are	7	hours
for	 factor	VII,	24	hours	 for	 factor	 IX,	36	hours	 for	 factor	X,	and	50	hours	 for
factor	 II.35	 Because	 factor	 VII	 has	 the	 shortest	 half-life	 of	 the	 vitamin	 K-
dependent	 clotting	 factors,	 increases	 in	 prothrombin	 time	 or	 international
normalized	ratio	(INR)	are	not	seen	until	50%	to	70%	of	factor	VII	is	depleted.
In	 a	 healthy	 person,	 this	 change	 occurs	 24	 to	 48	 hours	 after	 ingestion.29,30
Clinical	 coagulopathy	 may	 not	 be	 evident	 for	 several	 days	 when	 the	 other
vitamin	K-dependent	factors	are	also	depleted,	however.

Clinical	Toxicity
The	 primary	 manifestation	 of	 poisoning	 is	 coagulopathy.	 The	 most	 common
signs	 are	 cutaneous	 bleeding,	 soft-tissue	 ecchymosis,	 gingival	 bleeding,
epistaxis,	hematuria,	and	increased	menstrual	bleeding.29,34	Gross	hematuria,	GI
bleeding,	hemoptysis,	and	peritoneal	and	diffuse	alveolar	bleeding	may	occur	in
patients	with	more	 serious	poisoning.29,38	 Fatalities	 are	 uncommon	 and	 usually
result	from	complications	of	intracranial	hemorrhage.29,39

Management
Gastric	 decontamination	 with	 activated	 charcoal	 should	 be	 initiated	 for	 acute
ingestions.	The	most	important	laboratory	studies	are	the	prothrombin	time	and
INR.	 Soon	 after	 an	 acute	 ingestion,	 values	 are	 expected	 to	 be	 normal;	 assays
must	 be	 repeated	 at	 least	 48	 hours	 after	 exposure	 because	 of	 delayed
coagulopathy.	 Prophylactic	 vitamin	 K	 therapy	 can	 delay	 the	 onset	 of
coagulopathy,	 and	 is	 not	 recommended	 as	 it	 may	 obscure	 the	 diagnosis	 and
mandate	 prolonged	 coagulation	 profile	 monitoring,	 which	 might	 otherwise	 be



unnecessary.	 Clotting	 factor	 analysis,	 particularly	 for	 factor	 VII,	 is	 a	 more
sensitive	 and	 earlier	 indicator	 of	 coagulopathy.	 Factor	 analysis	 does	 not	 offer
more	 useful	 information	 in	 most	 patients	 with	 minimal	 ingestions,	 however.
Occasionally,	serum	detection	for	warfarin	and	its	derivatives	has	demonstrated
unsuspected	 exposures	 in	 patients	 with	 coagulopathy	 of	 unknown	 cause.	 In
patients	 with	 coagulopathy,	 serial	 monitoring	 of	 warfarin	 derivative
concentrations	 can	 assist	 in	 predicting	 the	 duration	 of	 coagulopathy	 and
therapy.35

The	 primary	 treatment	 of	 anticoagulant	 toxicity	 is	 vitamin	 K	 replacement,
which	 is	 indicated	 in	 patients	with	 evidence	of	 coagulopathy.	Warfarin	 and	 its
congeners	have	much	less	effect	on	human	than	on	rat	vitamin	K	reductase,	thus
allowing	vitamin	K	rescue	therapy	for	anticoagulant	toxicity	in	humans.	Because
a	 single	 dose	 of	 vitamin	K	 therapy	 cannot	 affect	 the	 prolonged	 toxicity	 of	 the
long-acting	 anticoagulants,	 empiric	 vitamin	 K	 therapy	 is	 not	 recommended,
unless	the	patient	has	a	coagulopathy.	Vitamin	K	is	not	immediately	effective	in
reversing	coagulopathy;	four-factor	prothrombin	factor	concentrates	(PCCs)	are
indicated	 in	 patients	 with	 significant	 bleeding	 diathesis	 (Table	 119.3).40	 Four-
factor	 PCCs	 are	 preferred	 over	 three-factor	 PCCs,	 which	 lack	 factor	 VII,	 and
activated	factor	VII.40,41	PCCs	are	also	preferable	to	fresh	frozen	plasma	because
of	less	fluid	load,	lower	infection	risk,	and	more	rapid	correction	of	the	INR	in
patients	with	 a	 coagulopathy	 from	warfarin	 toxicity.40,41	 PCCs	 contain	 heparin
and	may	be	contraindicated	in	patients	with	heparin-induced	thrombocytopenia.

TABLE	119.3

Treatment	Guidelines	for	Coagulopathy	from	Long-Acting
Anticoagulant	Rodenticides	in	Patients	with	No	Underlying
Risks	for	Thromboembolism

Active	Bleeding,	Major,	and	Life	Threatening

1.	 Clotting	factors	replacement:
Four-factor	prothrombin	complex	concentrates	(50	units/kg)a
and

2.	 Vitamin	K1	intravenous	(adult	10	mg,	pediatrics	100	µg/kg	by	slow
infusion)



3.	 Packed	red	blood	cells	for	significant	bleeding	(ie,	anemia	and
hypotension)

No	Active	Bleeding	and	International	Normalized	Ratio	(INR)	≥4.0

1.	 Oral	vitamin	K1,	start	at	50	mg	3–4	times	daily	until	coagulopathy	is
reversed	(1-2	d),	then	maintain	at	100	mg	daily,	with	continued
monitoring	of	INR,	factor	VII,	and	long-acting	anticoagulant	rodenticide
level	to	determine	vitamin	K	dosing	and	duration	of	therapy

aSecond-line	therapy:	fresh	frozen	plasma	(15	mL/kg).

4 	 3 	Only	vitamin	K1	(phytonadione)	should	be	used	because	the	other	forms
(K2,	 K3,	 and	 K4)	 are	 ineffective	 in	 the	 treatment	 of	 anticoagulant	 toxicity.
Vitamin	 K1	 can	 be	 administered	 orally,	 subcutaneously,	 intramuscularly,	 and
intravenously.	 Intravenous	 administration	 has	 been	 associated	 with
anaphylactoid	 reactions	 and	 death42;	 slow	 intravenous	 administration	 (10	 mg
over	 30-60	minutes)	 is	 recommended	 for	 those	 with	 acute	 bleeding	 diathesis.
Intramuscular	 injection	 may	 cause	 hematoma	 formation	 in	 patients	 with
coagulopathy.	Subcutaneous	administration	of	vitamin	K1	is	safe	and	may	be	less
effective	than	the	oral	route.43	Treatment	should	be	switched	to	oral	vitamin	K1

once	 bleeding	 is	 controlled	 and	 the	 patient’s	 GI	 tract	 deemed	 intact	 for	 oral
absorption.	The	half-life	of	oral	vitamin	K1	is	approximately	6	hours.35	The	oral
vitamin	 K1	 dose	 required	 to	 reverse	 coagulopathy	 is	 variable,	 but	 typically
ranges	from	100	to	300	mg	per	day,	divided	three	to	four	times	per	day.29,35	Once
coagulopathy	is	 reversed,	 the	most	common	maintenance	dose	for	oral	vitamin
K1	 is	100	mg	(range	20-300	mg)	daily,	but	can	also	be	divided	 into	 two	doses
daily.29	The	amount	of	vitamin	K	 therapy	must	be	 titrated	 to	clinical	 response,
however.	 The	 duration	 of	 vitamin	 K	 therapy	 and	 coagulopathy	 is	 also	 highly
variable,	ranging	from	40	to	300	days.29	The	cost	of	human	oral	vitamin	K1	in
the	 United	 States	 can	 be	 very	 expensive,	 with	 treatment	 cost	 as	 much	 as
$24,000-$34,000	 per	month,	 which	must	 be	 considered	 early	 in	 the	 discharge
planning.31	Using	intravenous	vitamin	K1	formulations	orally	can	be	less	costly.
When	the	patient’s	INR	has	remained	normal	for	several	days	after	stopping	the
treatment,	 vitamin	 K	 therapy	 can	 be	 discontinued.	 The	 trend	 of	 the	 patient’s
concentration	of	clotting	factors	during	this	period	may	assist	the	determination



of	 this	 clinical	 endpoint.	Various	methods	 have	 been	 proposed	 to	 decrease	 the
duration	of	 coagulopathy,	 including	 administration	of	 hepatic	 enzyme	 inducers
such	 as	 phenobarbital.	 There	 is	 no	 good	 evidence	 to	 support	 any	 of	 these
therapies,	however.

STRYCHNINE
The	 use	 of	 strychnine	 as	 a	 pesticide	 dates	 back	 to	 the	 16th	 century,	 when	 an
extract	of	the	Filipino	St.	Ignatius	bean	(Strychnos	ignatii)	was	introduced	as	a
rodenticide	in	Europe.	Strychnine	was	used	as	a	tonic,	cathartic,	and	aphrodisiac
as	 late	 as	 1970	 and	 resulted	 in	 numerous	 deaths.44	 It	 is	 also	 found	 as	 an
adulterant	in	illicit	drugs,	such	as	cocaine	and	heroin.	The	only	“legitimate”	uses
of	 strychnine	 today	 are	 as	 a	 pesticide	 and	 in	 research	 study	 of	 neural
transmission.

Pharmacology
Strychnine	is	rapidly	absorbed	through	the	nasal	mucosa	and	orally	in	the	small
intestine.	It	undergoes	hepatic	oxidative	transformation	to	unknown	metabolites,
and	only	10%	to	20%	is	excreted	unchanged	in	 the	urine	within	24	hours.	The
half-life	 of	 strychnine	 in	 humans	 is	 10	 to	 16	 hours,	 and	 the	 volume	 of
distribution	is	13	L	per	kg.45,46

5 	Strychnine	competitively	antagonizes	postsynaptic	glycine	receptors	at	 the
spinal	 cord	 and,	 to	 a	 lesser	 degree,	 at	 the	 brain	 stem,	 cerebral	 cortex,	 and
hippocampus.44	Strychnine-binding	 sites	overlap,	but	are	distinct	 from	glycine-
binding	 sites	 at	 the	 glycine	 receptor.47	Glycine	 receptors	 at	 the	 cerebral	 cortex
and	 hippocampus	 are	 of	 a	 subinsensitive	 to	 strychnine	 and	 are	 minimally
affected.44	The	action	of	glycine	is	similar	to	that	of	gamma-aminobutyric	acid	in
that	 it	 enhances	 chloride	 channel	 conduction,	 resulting	 in	 hyperpolarization	 of
postsynaptic	membrane	and	an	increased	threshold	for	neurologic	transmission.48
The	highest	concentration	of	glycine	receptors	is	found	at	the	ventral	horn	motor
neurons	 in	 the	 spinal	 cord.48	 Glycine	 antagonism	 reduces	 neuromuscular
inhibition,	 including	 reciprocal	 inhibition	 between	 antagonistic	 muscles,
resulting	 in	 contraction	 of	 both	 flexor	 and	 extensor	 muscle	 groups.49	 The
pharmacologic	 effect	 of	 strychnine	 is	 similar	 to	 that	 of	 tetanus	 toxin,	 which
inhibits	the	release	of	glycine	at	postsynaptic	neurons	in	the	spinal	cord.48



Clinical	Toxicity
5 	The	onset	of	toxicity	is	usually	within	15	to	30	minutes	of	exposure.	The	lethal
dose	in	adults	is	typically	50	to	100	mg,	but	it	may	be	as	little	as	5	to	10	mg	in
children.	Diffuse	muscle	contractions	and	spasms	are	the	primary	manifestations
of	 strychnine	 toxicity.	 Facial	 muscle	 spasms	 result	 in	 risus	 sardonicus	 (the
“sardonic	 smile”)	 and	 trismus.	 Opisthotonos,	 abdominal	 muscle	 contractions,
and	 tonic	 movements	 of	 the	 extremities	 may	 resemble	 convulsions.	 Because
glycine	has	limited	effects	in	the	higher	CNS	centers,	seizures	are	unlikely	and
mental	 status	 is	normally	preserved	until	 the	patient	 is	hypoxic	or	moribund	 49
The	 extensor	 muscles	 appear	 to	 be	 more	 affected	 than	 the	 flexor	 muscles
because	 they	 are	 the	 antigravity	 muscles	 and	 generally	 stronger.	 Muscle
contractions	 can	 be	 triggered	 or	 amplified	 by	 any	 stimulations,	 including
auditory,	 tactile,	 and	 visual	 stimuli,	 and	 may	 lead	 to	 lactic	 acidosis,
rhabdomyolysis,	 and	 hyperthermia.49,50	 Respiratory	 depression	 results	 from
sustained	 chest	 and	 diaphragmatic	 muscle	 contractions	 and	 brain-stem
depression.	Death	is	related	to	respiratory	depression,	anoxia,	hyperthermia,	and
complications	from	significant	muscle	contractions.45	The	clinical	manifestations
of	strychnine	toxicity	differ	from	tetanus	infection	in	that	the	onset	of	symptoms
of	 tetanus	 infection	 is	 more	 gradual	 and	 the	 duration	 of	 illness	 is	 more
prolonged.

Management
Securing	the	airway,	assisting	breathing,	and	maintaining	the	circulatory	system
are	 the	 immediate	 goals	 in	 symptomatic	 patients.	 Electrolytes,	 acid-base
changes,	 oxygenation	 saturation,	 renal	 function,	 urine	 output,	 and	 temperature
should	 be	 monitored	 carefully	 in	 symptomatic	 patients.	 GI	 decontamination
should	 be	 performed	 in	 any	 case	 of	 suspected	 strychnine	 ingestion.	 Enhanced
elimination	 by	 urinary	 manipulation	 has	 no	 effect	 because	 of	 minimal	 renal
elimination.	Hemodialysis	 or	 charcoal	 hemoperfusion	 is	 ineffective	 because	 of
the	large	volume	of	distribution.

Termination	 of	 muscle	 contractions	 prevents	 or	 reverses	 lactic	 acidosis,
rhabdomyolysis,	hyperthermia,	and	respiratory	depression.	Benzodiazepines	are
the	 initial	 agents	 of	 choice	 in	 attenuating	 musculoskeletal	 signs	 and
symptoms.50,51	 Benzodiazepines	 enhance	 γ-aminobutyric	 acid	 effects	 in	 the
spinal	 cord	 and	 may	 displace	 strychnine	 binding	 to	 glycine	 receptors.47,48
Barbiturates	also	are	reported	to	be	useful	in	the	treatment	of	strychnine	toxicity.
These	agents	may	not	be	completely	effective	in	patients	with	severe	strychnine



poisoning,	 however,	 and	 other	 agents	 such	 as	 propofol	 and	 adjunct
nondepolarizing	 neuromuscular	 blockade	 may	 be	 required.47,51	 Strychnine
toxicity	usually	resolves	within	12	to	24	hours.44,51	Supportive	therapy	should	be
continued	until	the	patient	is	asymptomatic.

SODIUM	MONOFLUOROACETATE
Sodium	monofluoroacetate	 is	 frequently	 referred	 to	 as	 “compound	 1080,”	 the
number	 assigned	 to	 the	 compound	 during	 its	 initial	 development.	 It	 is	 the
primary	 toxic	 constituent	 in	 the	 South	 African	 gifblaar	 (Dichapetalum
cymosum),	but	it	is	also	present	in	other	plants	in	South	America	and	Australia.
Fluoroacetate	 is	 highly	 toxic	 to	 all	 mammals,	 and	 its	 use	 was	 banned	 in	 the
United	 States	 in	 1972	 because	 of	 human	 fatalities	 and	 indiscriminate
extermination	 of	 nontargeted	 species.	 The	 congener	 sodium	 fluoroacetamide
(compound	1081),	also	used	as	a	pesticide,	has	mechanisms	and	effects	similar
to	 those	 of	 fluoroacetate.	 Since	 1985,	 fluoroacetate	 was	 reintroduced	 but
restricted	 to	 livestock	protection	collars	 (tubular	 collars	 filled	with	1%	sodium
fluoroacetate	solution,	which	is	released	when	bitten	by	predators).	In	Australia
and	New	Zealand,	fluoroacetate	is	still	used	as	a	pesticide	for	control	of	invasive
mammals,	such	as	rabbits,	foxes,	feral	pigs,	wild	dogs,	and	possums.

Pharmacology
Fluoroacetate	 appears	 to	 be	 minimally	 absorbed	 through	 skin	 but	 rapidly
absorbed	from	the	GI	tract.	It	is	metabolized	to	fluorocitrate	in	the	tricarboxylic
acid	 (TCA)	 cycle,	 with	 12%	 of	 the	 ingested	 dose	 excreted	 in	 the	 urine.52	 In
animals	with	 relative	 resistance	 to	monofluoroacetate,	 a	 hepatic	 defluorination
system	cleaves	the	carbon–fluoride	bond	to	detoxify	the	compound.

Fluoroacetate	 is	 structurally	 similar	 to	 acetate	 and	 is	 incorporated	 into	 the
TCA	 cycle	with	 the	 assistance	 of	 acetyl	 coenzyme	A.	 Fluoroacetate	 combines
with	 citrate	 to	 form	 fluorocitrate	 in	 the	 TCA	 cycle.53	 Fluorocitrate	 inhibits
aconitase	 and	 succinate	 dehydrogenase	 and	 disrupts	 the	 TCA	 cycle,	 halting
cellular	 respiration	 and	 causing	 cell	 death.53	 Organs	 with	 high	 metabolic
demands,	such	as	the	brain	and	heart,	are	immediately	affected.53	The	lethal	dose
of	sodium	monofluoroacetate	is	2	to	10	mg	per	kg.

Clinical	Toxicity



The	 onset	 of	 poisoning	 occurs	 within	 1	 to	 2	 hours	 of	 exposure.	 Nausea	 and
vomiting	are	followed	by	CNS	and	cardiovascular	manifestations,	which	are	the
primary	 toxicities	 in	 humans.53,54	 The	 patient	 may	 present	 with	 agitation,
lethargy,	 seizures,	 and	 coma.54-56	 Cardiovascular	 manifestations	 include
tachycardia,	 premature	 ventricular	 contractions,	 ST-segment	 abnormalities,
hypotension,	 ventricular	 tachycardia,	 and	 ventricular	 fibrillation.53	 Acute	 renal
failure	 may	 be	 related	 to	 hypotension,	 rhabdomyolysis,	 and	 the	 direct	 toxic
effects	of	monofluoroacetate	on	kidney	function.54	Fatality	is	related	to	CNS	and
cardiovascular	 toxicities.53,55	 Laboratory	 abnormalities	 include	 significant
metabolic	acidosis	and	hypocalcemia	from	the	fluoride,	citrate,	and	fluoroacetate
ions.53

Management
General	 supportive	 measures	 are	 paramount	 and	 aimed	 at	 maintaining	 the
airway,	breathing,	and	circulation.	Activated	charcoal	should	be	administered	to
all	 suspected	 oral	 exposures	 presenting	 within	 1	 to	 2	 hours	 after	 ingestion.
Seizures	 should	 be	 treated	 with	 benzodiazepines,	 barbiturates,	 or	 propofol.
Hypocalcemia	and	prolonged	QTc	intervals	may	require	calcium	and	magnesium
supplementation.	 Various	 treatments	 have	 been	 tested	 in	 animals.57	 The	 most
useful	agent	appears	to	be	glyceryl	monoacetate,	which	provides	excess	acetate
as	 a	 substrate	 for	 the	TCA	cycle.53,57	 The	 clinical	 use	 of	 glyceryl	monoacetate
remains	unproven,	however.

ALUMINUM	AND	ZINC	PHOSPHIDES
Aluminum	and	zinc	phosphides	(AlP	and	Zn3P2)	are	highly	toxic	insecticides	and
rodenticides	 commonly	 used	 as	 solid	 fumigants	 and	 grain	 preservatives.	 They
are	 considered	 to	 be	 ideal	 pesticides	 for	 grain	 preservation	 because	 of	 the
simplicity	 of	 application,	 low	 cost,	 and	 high	 efficacy	 without	 grain
contamination.	 Although	 highly	 restricted	 in	 the	 United	 States,	 aluminum
phosphide	 is	 widely	 available	 and	 commonly	 used	 for	 home	 grain	 storage	 in
Asia	 and	 the	 Middle	 East,	 often	 sold	 as	 “rice	 tablet.”	 Typically,	 each	 pellet
contains	3	g	of	56%	aluminum	phosphide.	Aluminum	phosphide	has	become	one
of	the	most	common	suicidal	agents	in	rural	India	and	parts	of	the	Middle	East.
As	little	as	0.5	g	can	be	fatal	 to	an	adult.	Phosphides	are	widely	used	by	grain
freighters	and	have	emerged	as	 the	major	maritime	occupational	health	hazard.



Phosphine	(PH3)	is	slowly	liberated	when	phosphides	react	with	moisture	in	the
environment.

Pharmacology
Phosphides	react	with	water	to	form	phosphine;	the	reaction	is	exothermic	and	it
may	be	accelerated	in	the	acidic	environment	of	the	stomach.58	Phosphine	is	then
readily	absorbed	in	the	stomach.	Phosphine	itself	can	also	be	absorbed	through
the	lungs.	There	is	limited	information	on	the	pharmacokinetics	and	metabolism
of	phosphine,	although	it	is	known	to	be	partly	eliminated	through	the	lungs.

The	 exact	mechanisms	 of	 toxicity	 have	 not	 been	 completely	 elucidated	 but
likely	 multifactorial.	 The	 most	 cited	 mechanism	 is	 related	 to	 noncompetitive
inhibition	of	 cytochrome	C	oxidase	 (complex	 IV	 in	 the	mitochondria)	 but	 this
inhibition	 may	 be	 incomplete.59,60	 Other	 important	 mechanisms	 include	 the
inhibition	 of	 catalase	 and	 peroxidase,	 causing	 increases	 in	 the	 production	 of
superoxide	dismutase	and	 lipid	peroxidation.59-61	As	a	cellular	 toxin,	phosphine
has	deleterious	effects	on	multiple	organ	systems,	particularly	organs	with	high
metabolic	demands.

Clinical	Toxicity
Inhalation	 of	 phosphine	 gas	 results	 in	 immediate	 eye	 and	 mucus	 membrane
irritation	and	early	onset	of	pulmonary	symptoms.58	Oral	ingestion	of	phosphides
causes	 profound	 GI	 symptoms,	 including	 nausea,	 vomiting,	 and	 abdominal
pain.58	In	these	instances,	esophageal	 lesions,	such	as	ulcers,	perforations,	and
strictures,	 can	 occur	 and	 they	 are	 typically	 associated	 with	 the	 ingestion	 of
undiluted	pellets.58	The	diagnosis	may	be	 suggested	 from	a	decaying	 fish	odor
released	by	substituted	phosphines	and	diphosphines.	Silver	nitrate–impregnated
paper	 blackens	 in	 the	 presence	 of	 phosphine	 in	 the	 gastric	 fluid.60	 Respiratory
symptoms	 include	 cough,	 dyspnea,	 and	 chest	 tightness.	 Pulmonary	 edema	 and
respiratory	 failure	 may	 be	 delayed	 for	 several	 hours	 after	 oral	 exposure	 to
phosphides.58	Hypotension	and	shock	are	expected	within	6	hours	after	 serious
exposures.	Fatalities	are	related	to	cardiovascular	collapse	from	vasodilation	and
myocardial	 damage.60,62-64	 Cardiac	 hypokinesis	 and	 decreased	 left	 ventricular
ejection	 fractions	 have	 been	 demonstrated	 by	 echocardiography.60	 Various
electrocardiographic	 changes	 have	 been	 reported,	 including	 ST-segment
elevation	 and	 depression,	 QRS	 prolongation,	 bundle-branch	 blocks,
atrioventricular	 nodal	 blockade,	 and	 supraventricular	 and	 ventricular



tachycardia.62-64	CNS	symptoms	may	include	headache,	drowsiness,	paresthesia,
and	 tremor,	 but	 encephalopathy	 is	 uncommon	 unless	 the	 patient	 is	 in	 shock.60
Other	 manifestations	 include	 severe	 metabolic	 acidosis,	 hepatitis,	 and	 renal
failure.60,65	Mortality	rates	vary	from	38%	to	77%	after	suicidal	ingestions.

Management
The	patient	should	be	immediately	removed	from	the	contaminated	environment
after	 the	 rescuer	 is	 adequately	 protected.	 Airway,	 breathing,	 and	 circulatory
support	 are	 important	 in	 the	 immediate	management.	 Even	 though	 there	 is	 no
reported	secondary	toxicity	to	health	care	providers,	the	resuscitation	area	should
be	 well	 ventilated.	 Activated	 charcoal	 should	 be	 mixed	 with	 sorbitol	 or
magnesium	 citrate,	 rather	 than	 plain	 water,	 to	 reduce	 further	 liberation	 of
phosphine	 in	 the	 GI	 tract.	 Other	 suggestions	 including	 careful	 lavage	 with
sodium	bicarbonate,	antacid,	potassium	permanganate,	or	coconut	oil	but	has	not
been	adequately	studied	and	cannot	be	recommended	currently.

Cardiac	 monitoring	 and	 electrocardiography	 should	 be	 performed	 in
suspected	 phosphine	 toxicity.	 Respiratory	 status	 should	 be	 monitored	 by
continued	clinical	evaluation.	Hypo-	and	hypermagnesemia	have	been	reported
with	aluminum	phosphide	poisoning.62,63	Chest	radiography,	pulse	oximetry,	and
arterial	blood	gases	should	be	obtained	as	clinically	indicated.

6 	There	is	no	antidote	for	phosphide	or	phosphine	poisoning.	The	mainstay	of
therapy	 is	 supportive	 care,	 and	 expected	 mortality	 is	 high.	 However,
nonrandomized	 case	 series	 demonstrated	 the	 role	 of	 venous-arterial
extracorporeal	 membrane	 oxygenation	 (VA-ECMO)	 in	 the	 management	 of
phosphide	 toxicity.	 The	 use	 of	 VA-ECMO	 in	 this	 single	 center	 decreased	 the
mortality	of	severe	phosphide	poisoning	from	84.4%	to	40%.66	Early	transfers	to
ECMO-capable	medical	centers	should	be	considered	in	patients	with	significant
phosphide	 exposures.	 Patients	 with	 significant	 toxicities	 such	 as	 hypotension,
shock,	 left	 ventricular	 dysfunction,	 and	 severe	 acidemia	 should	 be	 supported
with	ECMO.	Although	intravenous	magnesium	therapy	has	been	successful	for
treating	 various	 dysrhythmias,	 current	 studies	 results	 are	 contradictory.63,65
Magnesium	therapy	after	phosphide	poisoning	should	be	considered	for	patients
with	 dysrhythmias	 or	 hypomagnesemia.	 There	 are	 inadequate	 data	 to	 support
other	 therapies	 such	 as	 N-acetylcysteine,	 vitamin	 E,	 and	 acetyl-L-carnitine	 to
decrease	oxidative	stress	or	improve	ATP	production.

METHYL	BROMIDE



Methyl	bromide	(bromomethane,	CH3Br)	is	a	colorless	halogenated	hydrocarbon
gas	primarily	used	as	a	fumigant	for	the	control	of	nematodes,	insects,	rodents,
fungi,	and	weeds.	Methyl	bromide	was	one	of	the	most	widely	used	pesticides	in
the	 United	 States	 and	 worldwide	 since	 the	 abandonment	 of	 chlordane	 and
acrylonitrile	 as	 fumigants.	 Because	methyl	 bromide	 causes	 ozone	 depletion	 in
the	 stratosphere,	 the	 Montreal	 Protocol	 restricted	 its	 use	 in	 most	 developed
countries	 since	 2005.	 The	 United	 Nations	 proposed	 complete	 elimination	 of
methyl	bromide	use	worldwide	by	2015.	However,	methyl	bromide	is	still	in	use
in	many	countries	and	in	the	United	States	is	mostly	limited	to	the	treatment	of
commodities	 such	 fruits,	 vegetables,	 seedlings,	 and	 soil,	 or	 under	 critical	 use
exemptions.	 Methyl	 bromide	 was	 particularly	 popular	 in	 the	 food	 industry
because	 it	 is	 extremely	effective,	 is	 able	 to	diffuse	 into	any	empty	 spaces,	 and
does	not	 leave	any	residues	after	proper	ventilation.	Space	fumigation	of	 fruits
and	 tobacco	 can	 be	 performed	 in	 an	 airtight	 (fumigation)	 chamber.	 For	 soil
fumigation,	 methyl	 bromide	 can	 be	 applied	 underground	 and	 sealed	 with	 an
overlying	 tent	 or	 polyethylene	 cover.	 For	 structural	 fumigation,	 gasproof
tarpaulins	 are	 applied	 over	 the	 structure	 before	 the	 application	 of	 methyl
bromide.	Methyl	bromide	is	still	used	for	the	manufacture	of	chemicals	such	as
aniline	dyes.	It	has	a	musty	and	chloroform-like	odor	at	high	concentrations,	but
it	 is	 odorless	 at	 lower,	 but	 still	 very	 toxic,	 concentrations.	 Because	 methyl
bromide	 is	 heavier	 than	 air,	 it	 is	 particularly	 dangerous	 in	 an	 enclosed
environment.	 Inadvertent	 exposures	 from	 accidents	 or	 inadequate	 ventilation
have	caused	significant	toxicities	and	fatalities.67-69

Pharmacology
Methyl	bromide	is	primarily	absorbed	through	the	lungs.	Cutaneous	absorption
is	minimal.	Methyl	bromide	easily	penetrates	and	is	retained	in	cloth,	rubber,	and
leather.	 It	 is	 eliminated	 unchanged	 in	 the	 lungs,	 but	 a	 small	 proportion	 is
metabolized	 to	 5-methylcysteine	 and	 inorganic	 bromide;	 these	 are	 excreted	 in
the	urine.70

Because	of	the	low	electronegativity	of	bromide,	methyl	bromide	is	a	highly
reactive	 chemical.68	 The	 mechanism	 of	 toxicity	 is	 probably	 related	 to	 the
methylation	of	sulfhydryl	groups	in	different	intracellular	enzymes	and	depletion
of	 glutathione.68	 Methyl	 bromide	 can	 readily	 penetrate	 through	 lipid	 cell
membranes.68	Low	concentrations	of	bromide	may	be	detected	in	the	serum	after
significant	 exposure	 to	 methyl	 bromide,	 but	 they	 do	 not	 correlate	 well	 with
toxicity.67	The	symptoms	of	methyl	bromide	toxicity	are	distinctly	different	from



those	of	bromide	salt	toxicity.71
Toxic	effects	primarily	involve	the	central	nervous	and	pulmonary	systems.68

Although	 exposures	 to	 concentrations	 of	 2000	 ppm	 or	 greater	 may	 produce
immediate	CNS	 depression	 and	 respiratory	 failure,	 symptoms	may	 be	 delayed
for	 1	 to	 6	 hours	 or	 longer	with	 exposure	 to	 lower	 concentrations.	The	 current
occupational	 exposure	 limits	 for	 methyl	 bromide	 are	 a	 Cal/OSHA	 (California
Division	 of	 Occupational	 Safety	 and	 Health)	 permissible	 exposure	 limit	 of
1	 ppm	 with	 an	 8-hour	 time	 weighted	 average	 and	 an	 ACGIH	 (American
Conference	 of	 Governmental	 Industrial	 Hygienists)	 threshold	 limit	 value	 of
1	ppm.72

Clinical	Toxicity
The	 patients	 with	 mild	 toxicity	 may	 manifest	 dizziness,	 headache,	 confusion,
weakness,	 nausea,	 vomiting,	 and	 dyspnea.68	 Initial	 or	 mild	 symptoms	 are
frequently	 dismissed	 as	 viral	 symptoms.	 Skin	 irritation	 and	 burns	 commonly
underlie	 clothes	 and	 rubber	 gloves,	 where	 the	methyl	 bromide	 gas	 is	 trapped.
After	 a	 significant	 exposure,	 the	 patient	may	 present	with	 tremor,	myoclonus,
and	behavioral	changes.67,73	Severe	toxicity	may	result	in	bronchitis,	pulmonary
edema,	 convulsions,	 and	 coma.67	 Fatality	 is	 related	 to	 pulmonary	 and	 CNS
toxicities,	 although	 damage	 to	 different	 internal	 organs	 has	 been
demonstrated.67,71	Prolonged	exposure	 to	 low	concentrations	of	methyl	bromide
may	 cause	 subacute	 neurological	 effects,	 such	 as	 headaches,	 confusion,
behavioral	 changes,	 visual	 disturbance,	 and	 motor	 and	 sensory	 deficits.73-75
Residual	 neurological	 deficits	 may	 remain	 after	 significant	 acute	 or	 chronic
exposure.71,75

The	essential	laboratory	studies	for	patients	with	methyl	bromide	intoxication
are	arterial	blood	gas	or	pulse	oximetry	monitoring.	Chest	radiography	is	useful
in	 evaluating	 the	 patients	 with	 pulmonary	 symptoms.	 Serum	 bromide
concentrations	may	suggest	 exposure,	but	do	not	 correlate	with	 the	 severity	of
exposure.	Serum	bromide	concentrations	varied	from	4.0	 to	65.6	mg	per	dL	 in
methyl	 bromide	 fatalities.67,71,76	 When	 the	 serum	 bromide	 concentration	 is
significantly	elevated,	an	elevated	chloride	concentration	may	be	observed	with
older	chemistry	analyzers.75

Management
Treatment	 consists	 of	 supportive	 therapy,	 particularly	 of	 the	 airway,	 breathing,



and	 circulation.	 Because	 methyl	 bromide	 is	 a	 gas,	 GI	 decontamination	 is	 not
relevant.	Clothing	should	be	completely	removed	and	the	skin	washed	with	soap
and	water	 to	 eliminate	 potential	methyl	 bromide	 residues.	Various	 compounds
with	 sulfhydryl	 groups,	 such	 as	 dimercaprol	 and	N-acetylcysteine,	 have	 been
suggested	as	potential	antidotes	but	have	not	been	demonstrated	to	be	effective.

N,N-DIETHYL-M-TOLUAMIDE
N,N-Diethyl-meta-toluamide	 (diethyltoluamide	 or	 DEET)	 was	 initially
synthesized	in	1954	and	marketed	as	an	insect	repellent.	Currently,	DEET	is	the
most	effective	and	one	of	the	most	widely	used	insect	repellents.	Use	of	DEET
continues	 to	 increase	 with	 increasing	 public	 concern	 with	 arthropod-borne
diseases,	 including	Lyme	disease,	 dengue,	 and	West	Nile	 virus	 infections.	The
concentration	of	DEET	in	the	various	products	varies	from	5%	to	100%.

Pharmacology
DEET	is	well	absorbed	through	the	skin,	with	48%	of	the	applied	dose	absorbed
within	 6	 hours.	 The	 plasma	 concentration	 peaks	 1	 hour	 after	 dermal
application.77	DEET	is	primarily	metabolized	in	the	liver	by	several	CYPs,	and
70%	of	 the	 absorbed	dose	 is	 excreted	 as	metabolites	within	 the	 first	 24	hours.
Another	 10%	 to	 15%	 is	 excreted	 unchanged	 in	 the	 urine.77,78	 DEET	 and	 its
metabolites	 may	 accumulate	 in	 the	 fatty	 tissue,	 particularly	 after	 repeated
applications.

The	mechanism	of	DEET	toxicity	remains	to	be	elucidated.	Animals	develop
CNS	 symptoms	 similar	 to	 those	 reported	 by	 humans.	Most	 reports	 of	 human
poisoning	 involve	 children,	 likely	 because	 children	 absorb	 a	 higher	 ratio	 of
DEET	relative	to	their	body	weight.	The	initial	theory	suggested	that	the	patients
with	ornithine-carbamoyltransferase	deficiency	might	be	particularly	susceptible
to	DEET	toxicity.	However,	this	theory	has	not	been	substantiated.

Clinical	Toxicity
Toxicity	 from	 DEET	 is	 primarily	 related	 to	 dermal	 exposures.	 Given	 the
ubiquitous	use	of	DEET,	the	overall	reported	adverse	events	are	uncommon.78,79
DEET	may	 cause	 toxicity	 that	 is	 limited	 to	 skin	 irritation,	 contact	 dermatitis,
skin	 necrosis,	 and	 urticaria.78	 Anaphylactic	 reactions	 have	 occasionally	 been
reported	with	cutaneous	application.80	Manifestations	of	systemic	poisoning	vary



from	 anxiety	 to	 behavioral	 changes,	 tremors,	 lethargy,	 ataxia,	 confusion,
seizures,	 and	 coma.79,81,82	 Almost	 all	 of	 these	 case	 reports	 are	 related	 to
application	of	concentrated	DEET	preparations	or	repeated	application	of	lower
concentration	preparations.78,79	Oral	exposures	 to	DEET	are	uncommon	but	can
result	 in	 rapid	 onset	 of	 confusion,	 opisthotonus,	 and	 seizures	 even	with	 small
ingestions.83

Management
Treatment	is	largely	supportive.	The	patients	with	dermal	exposure	should	have
their	 skin	washed	with	 soap	 and	water	 to	 prevent	 further	 systemic	 absorption.
Activated	 charcoal	 may	 be	 considered	 for	 oral	 ingestion	 within	 1	 hour	 of
presentation.	 Seizures	 may	 be	 treated	 with	 benzodiazepines,	 barbiturates,	 or
propofol.	Neurologic	workup	may	be	required	in	many	patients.	The	symptoms
of	DEET	toxicity	should	be	distinguished	from	those	of	Reye	syndrome.	There	is
no	antidote,	and	extracorporeal	removal	procedures	are	not	helpful.	Measures	to
prevent	 DEET	 toxicity	 may	 be	 the	 most	 important	 treatment.	 These	 include
avoidance	of	concentrated	DEET	preparations.	Products	containing	20%	to	30%
DEET	 are	 adequate	 and	 safer	 than	 those	 with	 higher	 concentrations;
concentrations	of	10%	or	 less	are	 recommended	 for	children.	DEET	should	be
applied	only	 to	 exposed	 skin.	An	 additional	 agent,	 such	 as	 permethrin,	 can	be
applied	 to	 clothing	 and	may	 decrease	 the	 need	 of	 DEET.	 The	 skin	 should	 be
washed	 with	 soap	 when	 the	 insect	 repellent	 is	 no	 longer	 required,	 and	 the
number	of	repeat	applications	should	be	limited.

PENTACHLOROPHENOL
Pentachlorophenol	was	first	synthesized	in	1841	and	first	used	as	a	pesticide	in
1936.	It	is	primarily	used	as	a	wood	preservative,	however.	Unlike	other	types	of
pesticide	 toxicity	 among	 adults,	 pentachlorophenol	 poisoning	 usually	 results
from	 occupational	 exposure.	 Occupational	 exposures	 to	 pentachlorophenol	 at
wood-treating	 facilities	 frequently	 result	 from	 improper	 ventilation	 and
inadequate	 engineering	 controls.	 Low-concentration,	 prolonged	 exposures	 to
pentachlorophenol	 have	 been	 reported	 by	 log	 home	 residents	 from
pentachlorophenol-treated	 wood.	 Epidemics	 of	 infant	 poisoning	 have	 resulted
from	 diapers	 improperly	 laundered	 with	 pentachlorophenol-containing
antimicrobial	soaps.



Pharmacology
Pentachlorophenol	can	be	absorbed	by	 the	 respiratory,	oral,	 and	dermal	 routes,
although	 pulmonary	 absorption	 is	 the	 most	 efficient	 route.	 The	 volume	 of
distribution	is	0.35	L	per	kg	and	the	pK	a	is	5.0.84	Pentachlorophenol	is	primarily
(74%)	 eliminated	 unchanged	 in	 the	 urine.	 A	 small	 proportion	 is	 oxidized	 to
chlorohydroquinone,	which	 is	 then	 eliminated	 in	 the	 urine.	After	 a	 single	 oral
exposure,	the	plasma	half-life	of	pentachlorophenol	is	27	to	35	hours.84	Because
of	the	low	pK	a	and	significant	renal	elimination,	pentachlorophenol	elimination
can	be	enhanced	by	urinary	alkalinization.85

The	 mechanism	 of	 toxicity	 of	 pentachlorophenol	 is	 similar	 to	 that	 of
dinitrophenol:	 these	 agents	 uncouple	 oxidative	 phosphorylation	 by	 altering	 the
mitochondrial	 membrane	 and	 function	 as	 chemical	 ionophores	 to	 transport
protons	 without	 linking	 them	 to	 ATP	 synthesis.86	 The	 shift	 in	 the	 proton
electrochemical	gradient	resulted	in	potential	energy	dissipation	as	heat	 instead
of	ATP	production,	leading	to	altered	thermohomeostasis	and	hyperthermia.

Clinical	Toxicity
Acute	 exposure	 results	 in	 headache,	 diaphoresis,	 nausea,	 vomiting,	 weakness,
abdominal	pain,	and	fever.	With	severe	toxicity,	significant	hyperthermia	(up	to
108	 °F	 or	 42.2	 °C),	 coma,	 convulsions,	 cerebral	 edema,	 and	 cardiovascular
collapse	may	occur.87,88	Laboratory	studies	may	reveal	a	respiratory	alkalosis	and
metabolic	 acidosis	 from	 significant	 exposures.	 Chronic	 exposures	 to
pentachlorophenol	 have	 been	 reported	 to	 cause	 aplastic	 anemia,	 intravascular
hemolysis,	 and	 pancreatitis.89-91	 Chloracne	 has	 also	 been	 reported	 from	 these
exposures	because	of	dioxin	contamination	in	the	product.

Management
Initial	 treatment	 includes	 oxygen	 supplementation,	 airway	 support,	 fluid
resuscitation,	 and	 cardiac	 monitoring.	 Glucose	 should	 be	 monitored	 for
hypoglycemia.	Core	 temperature	 should	 be	 frequently	monitored,	 and	 external
cooling	 should	 be	 initiated	 immediately	 for	 significant	 hyperthermia.	 Seizures
should	 be	 treated	 with	 benzodiazepines,	 barbiturates,	 or	 propofol	 to	 prevent
further	temperature	increase	and	rhabdomyolysis.	Fluid	administration	should	be
adequate	 to	 maintain	 a	 urine	 output	 of	 1	 to	 2	 mL	 per	 minute.	 Gastric
decontamination	 (Chapter	 96:	 General	 Considerations	 in	 the	 Evaluation	 and



Treatment	of	Poisoning)	should	be	performed	for	oral	exposure.	The	skin	should
be	 decontaminated	 with	 soap	 and	 water.	 Urinary	 alkalinization	 should	 be
considered	 in	 patients	with	 significant	 pentachlorophenol	 toxicity,	 although	 its
clinical	efficacy	remains	unproven.85

PARAQUAT
7 	 Paraquat	 (1,1-dimethyl,4,4-bipyridyl	 dichloride)	 was	 developed	 in	 1882	 and
for	 many	 years	 was	 used	 as	 an	 oxidation-reduction	 indicator.	 An	 electron
donation	 to	 the	 compound	 forms	 a	 blue	 free	 radical;	 hence,	 paraquat	 was
commonly	 called	methyl	 viologen.	 The	 herbicidal	 properties	 of	 paraquat	 were
discovered	 in	 1955,	 and	 it	 was	 marketed	 as	 an	 herbicide	 in	 1962.	 Today,
paraquat	 is	most	 commonly	 used	 as	 a	 nonselective	 contact	 herbicide	 by	many
countries.	 Paraquat	 can	 be	 applied	 safely	 when	 used	 according	 to	 the
manufacturer’s	 guidelines.	 Typically,	 it	 is	 available	 as	 a	 10%	 to	 30%
concentrated	solution	for	agricultural	use	or	as	a	5%	powder	for	domestic	use.	A
new	and	safer	formulation	Inteon	(contains	an	alginate	that	gels	in	acidic	milieu,
an	 emetic,	 and	 the	 osmotic	 cathartic	 magnesium	 sulfate)	 is	 designed	 to	 slow
gastric	absorption	of	paraquat,	 and	 increase	vomiting	and	 intestinal	 transit,	but
these	 effects	 have	 not	 been	 substantiated.	 Once	 diluted,	 paraquat	 has	 limited
absorption	through	the	skin92	and	by	aerosolization	into	the	respiratory	system.93
Paraquat	is	naturally	inactivated	in	the	soil	and	leaves	little	active	residue	in	the
environment.	Despite	 its	many	desirable	properties,	however,	 the	consequences
of	ingesting	concentrated	paraquat	products	are	deadly.	Paraquat	is	considered	to
be	one	of	 the	most	 toxic	pesticides.	The	median	lethal	dose	of	paraquat	 is	3	 to
5	g	in	adults.	As	little	as	a	mouthful	(10-15	mL)	of	a	20%	solution	of	paraquat	is
fatal.	 Paraquat	 ingestion	 is	 a	 prevalent	 method	 of	 suicide	 in	 countries	 of	 the
Asia-Pacific	 region	 and	 the	West	 Indies.1	 Paraquat	 is	 banned	 in	more	 than	 50
countries	 but	 is	 still	 used	 in	 many	 developing	 countries	 and	 by	 commercial
licensed	users	in	the	United	States.

Pharmacology
Although	oral	 exposure	 to	paraquat	 is	 the	most	common	 route	of	 toxicity,	 less
than	5%	of	the	ingested	amount	is	actually	absorbed.	Any	recent	food	ingestion
may	 decrease	 the	 amount	 of	 systemic	 absorption.	 The	 peak	 plasma	 and	 lung
concentration	are	 reached	within	1	 to	2	hours	and	5	 to	7	hours	after	 ingestion,
respectively.94	 Plasma	 paraquat	 concentrations	 decline	 rapidly	 after	 peak



absorption	because	of	tissue	distribution.	Paraquat	is	particularly	sequestered	in
the	 lungs,	 kidneys,	 and	muscles.94,95	 The	 volume	 of	 distribution	 of	 paraquat	 is
approximately	1.2	to	1.6	L	per	kg,	but	follows	a	multicompartment	distribution
model.95,96	 Paraquat	 is	 eliminated	 unchanged	 by	 the	 kidneys,	with	 90%	 of	 the
ingested	dose	within	12	to	24	hours.95	The	terminal	plasma	half-life	of	paraquat
is	12	hours	with	normal	 renal	 function,	but	 it	may	be	 as	 long	as	120	hours	 as
renal	function	deteriorates.95

Dermal	 absorption	of	 paraquat	 is	minimal	 unless	 the	 exposure	 is	 prolonged
with	 concentrated	 solutions.92	 Aerosolized	 paraquat	 particles	 have	 a	 diameter
greater	 than	5	µm	and	do	not	reach	the	lower	respiratory	tree.93	Concern	about
paraquat	absorption	from	smoking	marijuana	is	unfounded	because	much	of	the
paraquat	 is	 pyrolyzed	 during	 the	 smoking	 process.97	 Paraquat	 toxicity	 from
marijuana	smoking	has	not	been	reported.

The	primary	organ	of	toxicity	is	the	lung	because	of	selective	accumulation	of
paraquat.	Paraquat	is	actively	transported	into	type	I	and	II	alveolar	cells	through
an	 existing	 transport	 system	 for	 endogenous	 polyamines.	 Paraquat	 and
polyamines	 share	 a	 common	 structural	 property:	 they	 have	 two	 positively
charged	 quaternary	 nitrogen	 atoms	 separated	 by	 a	 distance	 of	 6	 to	 7	 nm.98
Diquat,	 another	 related	 herbicide	 with	 different	 structural	 features,	 is	 not
selectively	taken	up	and	does	not	appear	to	cause	pulmonary	toxicity.	Inside	the
cell,	paraquat	undergoes	redox	recycling,	where	a	single-electron	reduction	into
paraquat	 free	 radical	 by	 NADPH.	 This	 free	 radical	 reacts	 (oxidizes	 by)	 with
oxygen	 to	 form	 superoxide	 free	 radicals	 and	 recycles	 back	 to	 react	 with
NADPH.	This	 reaction	depletes	NADPH.	The	 superoxide	 free	 radicals	 deplete
glutathione	 and	 cause	 lipid	 peroxidation	 and	 cellular	 apoptosis.99,100	 This
mechanism	of	action	is	also	responsible	for	the	phytotoxic	property	of	paraquat.
There	 is	 also	 evidence	 for	 direct	 inhibition	 of	 electron	 chain	 transfers	 in
mitochondria.99

Clinical	Toxicity
The	 onset	 and	 severity	 of	 poisoning	 are	 largely	 determined	 by	 the	 amount	 of
exposure.	The	patients	who	 ingest	more	 than	40	mg	per	 kg	usually	die	within
hours	to	a	few	days.	These	patients	experience	multiple	organ	failure,	including
acute	 lung	 injury,	 cerebral	 edema,	 myocardial	 necrosis,	 and	 hepatic	 and	 renal
failure.99,100	Death	can	be	dramatic	and	may	occur	even	before	the	development
of	significant	chest	 radiographic	abnormalities.99	The	patients	who	 ingest	20	 to
40	mg	per	kg	of	paraquat	are	most	likely	to	die	from	pulmonary	fibrosis,	which
progresses	after	a	few	days	to	a	few	weeks.99	Ingestion	of	less	than	20	mg	per	kg



may	lead	to	mild	toxicity.
Paraquat	 is	 extremely	 corrosive	 to	 mucous	 membranes,	 and	 the	 patients

frequently	complain	of	pain	in	the	mouth,	throat,	esophagus,	and	abdomen.99	The
absence	of	significant	ulcerations	in	the	esophagus	or	stomach	within	the	first	24
hours	of	exposure	may	be	a	good	prognostic	indicator.	The	development	of	renal
failure	 is	 a	 poor	 prognostic	 indicator.100	 This	 phenomenon	 cannot	 be	 fully
explained	by	the	decreased	elimination	of	paraquat	by	the	body	because	most	of
the	paraquat	dose	 is	eliminated	within	 the	first	24	hours,	even	 in	 the	setting	of
renal	failure.94	Conversely,	 renal	 failure	may	signify	a	 large	paraquat	exposure.
Almost	all	patients	with	renal	failure	from	paraquat	have	significant	pulmonary
toxicity,	 but	 there	 are	 occasional	 reports	 of	 renal	 failure	 without	 significant
pulmonary	toxicity.101	The	prognosis	for	a	patient	with	paraquat	ingestion	can	be
best	 determined	 by	 the	measurement	 of	 plasma	 paraquat	 concentration	 and	 its
relation	to	time	of	ingestion.	The	nomogram	initially	was	presented	by	Proudfoot
et	al102	and	subsequently	refined	by	Hart	et	al.103	The	severity	index	of	paraquat
poisoning	 (SIPP)	 can	 also	 be	 calculated	 based	 on	 the	 paraquat	 serum
concentration	(in	mg	per	L)	multiplied	by	the	time	of	ingestion	in	hours.	A	SIPP
of	10	 to	50	predicts	death	from	respiratory	failure	and	greater	 than	50	predicts
death	 from	 circulatory	 failure.104	 The	 availability	 of	 paraquat	 measurements
depends	 on	 regional	 practice	 because	 this	 laboratory	 analysis	 is	 not	 routine.
Sodium	dithionite	test	is	readily	available	can	be	applied	to	the	urine	or	plasma
for	prognosis.105	Although	it	is	generally	accepted	that	paraquat	is	not	absorbed
through	the	skin,	it	can	be	corrosive	to	the	skin	and	nails.	Occasionally,	dermal
absorption	 and	 systemic	 toxicity	 may	 occur	 from	 prolonged	 exposure	 or
exposure	to	concentrated	products.92

Management
7 	 It	 is	 critical	 to	 prevent	 systemic	 absorption	 of	 paraquat.	Once	 ingested,	 it	 is
rapidly	 absorbed	 and	 sequestered,	 frequently	 leading	 to	 death.	 GI
decontamination	 should	 be	 performed	 for	 any	 suspected	 paraquat	 ingestion.
Orogastric	lavage	should	be	performed	if	the	ingestion	is	within	1	to	2	hours	and
if	the	patient	did	not	have	any	vomiting.	Fuller’s	earth	(1-2	g	per	kg)	or	activated
charcoal	 should	 be	 administered	with	 a	 cathartic	 agent	 as	 soon	 as	 possible	 to
bind	any	 residual	paraquat	 in	 the	GI	 tract.106	Multiple	doses	of	oral	 adsorbents
should	be	continued	until	there	is	evidence	of	adsorbent	in	the	stool.	This	is	done
to	 prevent	 desorption	 of	 the	 paraquat.	 Any	 dermal	 exposure	 should	 be
thoroughly	washed	with	soap	and	water.	Plasma	and	urine	analytical	methods	to
detect	paraquat	are	useful	 to	confirm	the	diagnosis	and	assess	 the	prognosis.	A



rapid	qualitative	screen	for	paraquat	exposure	may	be	performed	by	the	addition
of	sodium	dithionite	to	urine	under	alkaline	condition.	A	change	in	color	to	blue
confirms	exposure	to	paraquat.99	Furthermore,	prognosis	may	be	predicted	by	the
degree	 of	 color	 change:	 dark	 blue	 for	 poor	 prognosis	 and	 light	 blue	 for
moderate-to-severe	poisoning.105

8 	The	treatment	of	paraquat	 toxicity	consists	of	supportive	care,	particularly
for	circulatory	monitoring	and	support.	Palliative	care	should	be	considered	and
discussed	 with	 patients	 and	 their	 family	 in	 those	 determined	 to	 have	 poor
prognosis.	Oxygen	supplementation	should	be	avoided	because	 it	may	increase
the	 formation	 of	 paraquat	 free	 radicals	 and	 worsen	 pulmonary	 toxicity.99,107
Supplemental	oxygen	should	be	administered	only	when	it	is	necessary	such	that
no	higher	than	90%	saturation	is	maintained	by	pulse	oximetry,	even	though	the
prognosis	is	grave	in	this	group	of	patients.

Experimental	 therapies	 for	 paraquat	 toxicity	 have	 been	 formulated	 using
various	strategies.	Forced	diuresis	does	not	have	significant	effects	on	paraquat
elimination.	 Hemodialysis	 and	 charcoal	 hemoperfusion	 are	 similar	 to
endogenous	 renal	 clearance	 of	 paraquat	 but	may	 increase	 elimination	 in	 those
with	 renal	 dysfunction.	 In	 an	 animal	 model,	 the	 institution	 of	 charcoal
hemoperfusion	within	2	hours	after	paraquat	ingestion	decreased	the	fatality	rate,
and	 institution	 of	 hemoperfusion	 2	 hours	 after	 paraquat	 administration	 did	 not
alter	 the	 paraquat	 concentration	 in	 the	 central	 compartment.96	 Clinically,
hemodialysis,	 charcoal	 hemoperfusion,	 and	 continuous	 arteriovenous
hemofiltration	have	not	altered	mortality	rates	but	may	be	necessary	for	patients
with	 renal	 failure.	 There	 are	 significant	 limitations	 to	 applying	 extracorporeal
procedures.	 Because	 of	 the	 relatively	 large	 volume	 of	 distribution,	 rapid
sequestration	 into	 tissue	 compartments,	 and	 good	 endogenous	 clearance,
extracorporeal	 removal	 must	 be	 performed	 during	 peak	 absorption	 (within	 2
hours	 after	 ingestion)	 to	 significantly	decrease	 the	paraquat	 load	 in	 the	 central
compartments.96	Because	most	patients	present	a	number	of	hours	after	ingestion
and	the	logistics	of	extracorporeal	removal	typically	translate	into	an	additional
1-	to	2-hour	delay,	the	amount	of	paraquat	removed	is	often	insignificant.

Immunotherapy	with	monoclonal	antibody	fragments	(Fab	[fragment	antigen-
binding	 region],	 Fv	 [variable	 fragment])	 against	 paraquat	 or	 against	 the	 active
transport	mechanism	 in	 the	 cells	 is	 intriguing.108	More	 research	 is	 required	 to
assess	the	value	of	this	therapy,	however.	Various	agents	such	as	putrescine	and
spermidine	 and	 β-adrenergic	 receptor	 blockers	 have	 been	 demonstrated	 to
prevent	 active	 transport	 of	paraquat	 into	 lung	 tissues	but	 failed	 to	provide	 any
benefits	in	vivo.99

Various	antioxidants	and	 free	 radical	 scavengers,	 such	as	vitamins	C	and	E,



deferoxamine,	superoxide	dismutase,	clofibrate,	selenium,	glutathione	peroxide,
and	N-acetylcysteine,	have	been	 tested	against	paraquat	 toxicity.	To	date,	 there
has	been	no	or	 insignificant	 improvement	of	outcomes	 for	 animal	models.99	 A
recent	 study	 using	 inhaled	 nitric	 oxide	 for	 rats	 demonstrated	 benefits	 of
preventing	pulmonary	 injuries	and	survival.99	The	most	controversial	 treatment
is	 related	 to	 the	 use	 of	 pulse-dose	methylprednisolone	 and	 cyclophosphamide
therapy,	 to	 limit	 acute	 inflammatory	 response.	 Corticosteroid	 also	 activates	 p-
glycoprotein	 to	 increase	 efflux	 and	 decrease	 the	 intracellular	 concentration	 of
paraquat.109	 Several	 studies	 have	 demonstrated	 increased	 patient	 survival	 with
corticosteroids	 and	 cyclophosphamide	 therapy	 (Table	 119.4).109-111	 A	 meta-
analysis	of	 the	 three	prospective	 randomized	controlled	studies	with	 the	use	of
methylprednisolone	 and	 cyclophosphamide	 in	 164	 patients	 appears	 to	 show
decreased	mortality	(RR	0.72,	95%	CI	0.59-0.89)	among	patients	with	moderate-
to-severe	 poisoning	 from	 ingested	 paraquat.112	 All	 patients	 received	 GI
decontamination	and	two	sessions	of	charcoal	hemoperfusion	within	24	hours	of
hospitalization,	which	were	 completed	 prior	 to	 the	 initiation	 of	 the	 pulse-dose
therapy.	Cyclophosphamide	can	cause	a	transient	leukopenia	(white	blood	cell	<
3000	per	µL)	among	patients	treated	with	the	protocol.110	The	largest	prospective
randomized	 controlled	 study	 of	 298	 patients	was	 terminated	 early	 because	 the
sale	 of	 paraquat	 was	 banned	 during	 the	 clinical	 trial	 in	 Sri	 Lanka,	 and	 it
demonstrated	no	difference	of	mortality,	62%	for	the	placebo	group	vs	53%	for
the	treatment	group	for	 in-hospital,	and	71%	for	 the	placebo	group	vs	68%	for
the	treatment	group	at	3	months.113	The	effectiveness	of	methylprednisolone	and
cyclophosphamide	 may	 be	 further	 clarified	 by	 the	 meta-analysis	 of	 all
prospective	controlled	study	data.

TABLE	119.4

Treatment	Guidelines	for	Pulse-Dose	Methylprednisolone
and	Cyclophosphamide	in	Patients	with	Paraquat	Toxicity110

Initial	Pulse-Dose	Therapy

Cyclophosphamide	15	mg/kg/d	administered	as	an	infusion	in	200	mL	D5NS
over	2	h	for	2	d

Methylprednisolone	1	g/d	administered	as	an	infusion	in	200	mL	D5NS	over	2
h	for	3	d



After	Initial	Pulse-Dose	Therapy

Dexamethasone	5	mg	IV	every	6	h	until	PaO2	≥	80	mm	Hg	or	death

If	PaO	2	<	60	mm	Hg	after	initial	pulse	therapy,	repeat	pulse-dose	therapy
with

Methylprednisolone	1	g/d	administered	as	an	infusion	in	200	mL	D5NS	over	2
h	for	3	d,	and

If	WBC	>	3000	per	µL	at	>2	wk	after	initial	pulse-dose	therapy,	add

Cyclophosphamide	15	mg/kg/d	administered	as	an	infusion	in	200	mL	D5NS
over	2	h	for	1	d

D5NS,	dextrose	5%	in	normal	saline;	IV,	intravenous;	PaO2,	partial	pressure	of	oxygen;	WBC,
white	blood	cell.
Initiated	after	gastrointestinal	decontamination	and	two	sessions	of	charcoal	hemoperfusion	within
24	h	of	ingesting	paraquat	in	patients	with	moderate-to-severe	toxicity.

From	Lin	JL,	Lin-Tan	DT,	Chen	KH,	et	al.	Repeated	pulse	of	methylprednisolone	and
cyclophosphamide	with	continuous	dexamethasone	therapy	for	patients	with	severe	paraquat
poisoning.	Crit	Care	Med.	2006;34:368-373.

Other	 agents	 that	 may	 alter	 pulmonary	 fibrosis,	 such	 as	 colchicine,
nonsteroidal	 anti-inflammatory	 agents,	 collagen	 synthesis	 inhibitors,	 and
angiotensin-converting	enzyme	inhibitors,	also	require	further	study.	Lysine	and
sodium	acetylsalicylates	modulate	inflammation	and	apoptosis,	chelate	paraquat,
and	may	have	potential	effects	in	animals,	but	these	require	further	investigation.
Niacin,	which	increases	nicotinamide	adenine	dinucleotide	phosphate	synthesis,
has	some	protective	effects	in	rats,	but	it	 is	unclear	if	 it	 is	applicable	to	human
toxicity.99

Early	 lung	 transplantation	 has	 been	 unsuccessful	 because	 of	 toxicity	 to	 the
transplanted	 lung	 when	 paraquat	 is	 redistributed	 from	 tissue	 stores.114,115	 A
successful	case	of	lung	transplantation	was	performed	for	a	patient	44	days	after
paraquat	 poisoning.116	 Extracorporeal	 membrane	 oxygenation	 should	 be
investigated	in	the	future	as	a	potential	bridge	to	pulmonary	transplantation.117

DIQUAT
Diquat	 (1,1′-ethylene-2,2′-dipyridylium	 ion)	 is	 a	 contact	 herbicide	 with	 action



and	structure	similar	to	that	of	paraquat.	Diquat	and	paraquat	liberate	hydrogen
peroxide	and	oxygen	free	radicals,	resulting	in	toxicity	to	plants	and	animals.118
The	use	of	diquat	 is	more	limited	and	hence	results	 in	fewer	intoxications	than
does	paraquat.	Diquat	is	often	formulated	with	paraquat.

Pharmacology
The	kinetics	of	diquat	are	unknown	in	humans.	In	animal	models,	less	than	10%
of	the	oral	dose	is	absorbed.	More	than	90%	of	the	absorbed	dose	is	eliminated
unchanged	by	the	kidneys.119	There	are	no	known	metabolites	of	diquat.

Although	 diquat	 is	 less	 toxic	 than	 paraquat,	 human	 fatalities	 have	 been
reported	with	ingestion	of	20	to	50	mL	of	a	20%	solution.120	Similar	to	paraquat,
diquat	 causes	 multiple	 organ	 damage.	 Diquat	 normally	 spares	 the	 pulmonary
system,	 however.120	 This	 is	 because	 diquat	 is	 not	 actively	 transported	 to	 and
concentrated	in	the	alveolar	cells	of	the	lungs.98

Clinical	Toxicity
Symptoms	 of	 diquat	 toxicity	 may	 be	 delayed	 several	 hours	 to	 2	 days.120
Vomiting,	 abdominal	 pain,	 GI	 tract	 erosions,	 and	 paralytic	 ileus	 are	 common
manifestations	 of	 toxicity.120,121	 Acute	 renal	 failure	 may	 be	 related	 to
hypovolemia	and	the	direct	toxic	effects.	The	effects	of	diquat	on	the	CNS	may
result	in	lethargy,	seizures,	and	coma.121	Brain-stem	infarctions	may	be	specific
to	 diquat	 toxicity.	 All	 patients	 who	 die	 have	 significant	 CNS	 manifestations
before	cardiovascular	collapse.121,122	Topical	exposure	to	diquat	can	occasionally
result	in	severe	skin	burns.123

Management
Treatment	 is	 largely	supportive	and	similar	 to	 that	 for	paraquat.	Gastric	 lavage
should	 be	 performed	 for	 any	 potential	 diquat	 ingestion	 within	 1	 hour	 if	 the
patient	 has	 not	 vomited.	 Fuller’s	 earth	 or	 activated	 charcoal	 should	 be
administered	as	soon	as	possible.	Hemodialysis	or	hemoperfusion	has	not	been
demonstrated	 to	 be	 effective	 for	 the	 treatment	 of	 diquat	 toxicity	 but	 may	 be
necessary	in	patients	with	renal	failure.122,124

CHLOROPHENOXY	HERBICIDES



Chlorophenoxy	 herbicides	 are	 used	 to	 control	 broad-leaf	 weeds	 and	 woody
plants.	They	exert	their	effects	by	mimicking	the	action	of	auxins	(plant	growth
hormones)	and	cause	overstimulation	of	plant	growth.	Numerous	derivatives	are
available	for	agricultural	and	domestic	use.125	The	most	commonly	used	agents
include	 2,4-dichlorophenoxyacetic	 acid	 (2,4-D),	 2,4,5-trichlorophenoxyacetic
acid	(2,4,5-T),	and	2-methyl-4-chlorophenoxypropionic	acid.	Many	preparations
contain	 more	 than	 one	 chlorophenoxy	 herbicide	 or	 other	 types	 of	 herbicides.
Despite	extensive	use	of	these	agents,	fatality	and	significant	toxicity	are	limited.
The	chlorophenoxy	herbicides	are	notorious	because	of	dioxin	contamination	in
Agent	 Orange,	 a	 1-to-1	mixture	 of	 2,4-D	 and	 2,4,5-T	 used	 extensively	 in	 the
Vietnam	War,	so	named	for	the	color	of	the	drums	used	to	store	it.	Agent	Orange
contained	 dioxin	 (2,3,7,9-tetrachlorodibenzodioxin),	 a	 contaminant	 in	 the
synthesis	of	chlorophenoxy	compounds	and	a	potent	teratogen	in	animals.126,127

Pharmacology
In	 general,	 chlorophenoxy	 herbicides	 are	 well	 absorbed	 orally.	 Inhalation
absorption	 from	 occupational	 exposure	 can	 be	 significant	 with	 associated
systemic	toxicity.	They	have	small	volumes	of	distribution,	large	renal	excretion,
and	a	low	pK	a.128	2,4-D	has	a	volume	of	distribution	of	0.1	to	0.3	L	per	kg	and	a
pK	a	of	2.6	to	3.5.128	Oral	doses	of	5	mg	per	kg	in	human	volunteers	produce	no
ill	 effects.	 The	 peak	 serum	 concentration	 is	 achieved	 within	 4	 to	 12	 hours,129
80%	 of	 the	 absorbed	 dose	 is	 eliminated	 unchanged	 in	 the	 urine,	 and	 13%	 is
eliminated	as	acid-labile	conjugates.	The	plasma	half-life	is	18	to	40	hours	and
varies	 with	 urine	 pH;	 it	 may	 range	 from	 4	 to	 220	 hours.130	 The	 volume	 of
distribution	of	2,4,5-T	is	6.1	L	per	kg.	It	is	exclusively	excreted	unchanged	in	the
urine,	and	the	plasma	half-life	is	11	to	23	hours.131

Various	 mechanisms	 of	 toxicity	 for	 humans	 are	 postulated.	 Uncoupling	 of
oxidative	 phosphorylation	 has	 been	 demonstrated	 in	 vitro	 and	 may	 be
responsible	for	a	mild	heat	exhaustion	syndrome.132,133	Chlorophenoxy	herbicides
can	interfere	with	the	TCA	cycle	and	cellular	metabolism	by	forming	analogues
with	acetyl	coenzyme	A.131,132	There	may	be	other	direct	toxic	effects	on	skeletal
muscles	and	peripheral	nerves.134

Clinical	Toxicity
GI	 symptoms	 are	 common,	 and	 the	 patients	 frequently	 experience	 nausea,
vomiting,	 diarrhea,	 and	 abdominal	 pain.135,136	Ulcerations	may	 occur	 at	 the



mouth	and	pharynx,	but	are	uncommon	elsewhere	in	the	GI	tract.132	A	mild	heat
exhaustion	syndrome	consisting	of	 fever,	diaphoresis,	and	hyperventilation	can
be	seen.135	The	CNS	 is	particularly	affected,	and	 the	patients	may	present	with
confusion,	lethargy,	convulsions,	and	coma.135,137	Prolonged	coma	(up	to	4	days)
has	been	reported	with	2,4-D	toxicity.138	Myotonia,	rhabdomyolysis,	and	chronic
muscle	 weakness	 are	 also	 reported.136	 Renal	 complications	 may	 result	 from
rhabdomyolysis	and	myoglobinuria.139	Hypocalcemia	may	occasionally	be	seen
as	a	result	of	rhabdomyolysis	and	hyperphosphatemia.137	Fatality	is	uncommon,
and	 the	 cause	 of	 death	 remains	 unclear.130,140,141	 Chlorophenoxy	 assays	 are	 not
widely	available	and	do	not	correlate	well	with	clinical	 toxicity,	even	 though	a
total	 chlorophenoxy	 herbicide	 concentration	 of	 greater	 than	 0.5	 g	 per	 L	 was
purported	to	be	associated	with	severe	toxicity.133,134

Management
Gastric	 decontamination	 with	 lavage	 may	 be	 considered	 within	 1	 hour	 of
ingestion	 in	 patients	 without	 vomiting.	 Activated	 charcoal	 should	 be
administered.	 Skin	 should	 be	 decontaminated	 with	 soap	 and	 water.	 Basic
supportive	therapies	include	the	maintenance	of	good	urine	output	(1-2	mL/kg/h)
with	 fluid	 resuscitation	 and	 external	 cooling	 for	 hyperthermia.	 Because	 of	 the
low	 pK	 a	 and	 renal	 elimination	 of	 chlorophenoxy	 herbicides,	 urinary
alkalinization	can	significantly	enhance	renal	excretion	and	decrease	the	plasma
half-life	of	various	chlorophenoxy	herbicides.135	Thus,	it	should	be	initiated	for
patients	 with	 significant	 toxicity	 by	 using	 a	 sodium	 bicarbonate	 infusion	 to
titrate	the	urinary	pH	to	7.50	to	8.0.	The	patient’s	fluid	status	should	be	closely
monitored	 because	 renal	 dysfunction	 may	 develop	 from	 chlorophenoxy
herbicide	 toxicity.	 Although	 the	 utility	 of	 extracorporeal	 elimination	 of
chlorophenoxy	 herbicides	 in	 poisoned	 patients	 has	 not	 been	 studied,
hemodialysis	 may	 be	 useful	 for	 2,4-D	 because	 of	 its	 small	 volume	 of
distribution.	 In	 severe	 cases	 and	 in	 patients	 with	 renal	 insufficiency,
hemodialysis	 may	 be	 preferred	 because	 it	 produces	 good	 herbicide	 clearance,
without	 the	 need	 for	 pH	 manipulation	 and	 administration	 of	 large	 amount	 of
intravenous	fluid.

CHLORATE	SALTS
Chlorate	 salts	 (sodium	chlorate	 [NaClO3]	 and	potassium	chlorate	 [KClO3])	 are



nonspecific	 herbicides.	 They	 are	 also	 used	 in	 the	 manufacture	 of	 explosives,
dyestuffs,	tanning	agents,	and	matches.

Pharmacology
Chlorates	 are	 strong	 oxidizing	 agents	 that	 result	 in	 methemoglobinemia	 and
hemolysis.	 They	 have	 direct	 toxic	 effects	 on	 the	 kidneys	 and	 indirect
nephrotoxicity	from	hemoglobinuria.	Because	chlorates	are	primarily	eliminated
by	 the	kidneys,	 nephrotoxicity	 further	 enhances	 their	 toxicity.	The	 acute	 lethal
dose	is	25	to	35	g.142

Clinical	Toxicity
GI	 symptoms	 are	 prominent	within	 hours	 after	 an	 acute	 exposure	 and	 include
nausea,	 vomiting,	 diarrhea,	 and	 abdominal	 pain.142-144	 Methemoglobinemia
and	hemolytic	anemia	result	from	the	oxidizing	effects.	Both	entities	can	cause	a
significantly	 decreased	 oxygen-carrying	 capacity	 and	 cellular	 hypoxia.143,145
Cyanosis	 may	 be	 evident	 with	 significant	 methemoglobinemia.	 Acute	 renal
failure	 typically	 develops	 within	 48	 hours	 after	 exposure.144,146	 Significant
hyperkalemia	from	hemolysis	is	another	potential	fatal	complication.

Management
Initial	 supportive	 care	 should	 be	 directed	 at	 the	 airway,	 breathing,	 and
maintenance	of	 circulation.	Continuous	 cardiac	monitoring	 should	be	 initiated.
Gastric	 decontamination	 should	 be	 performed	 within	 2	 hours	 after	 ingestion,
unless	 the	 patient	 already	 has	 significant	 vomiting.	 Laboratory	 studies	 should
include	 hemoglobin,	 serum	 electrolytes,	 blood	 urea	 nitrogen,	 creatinine,	 and
methemoglobin	concentrations.	Electrocardiogram	and	arterial	blood	gas	should
be	obtained	as	clinically	indicated.	Intravenous	or	oral	sodium	thiosulfate	(2-5	g
in	200	mL	of	5%	sodium	bicarbonate	solution)	has	been	advocated	to	inactivate
the	 chlorate	 ion,	 but	 its	 efficacy	 has	 not	 been	 clinically	 proven.147	Methylene
blue	should	be	administered	for	clinically	significant	methemoglobinemia,	but	it
may	 not	 be	 effective	 in	 the	 setting	 of	 significant	 hemolysis	 because	 intact
intracellular	enzymes	are	required	for	its	therapeutic	effect.148	Methylene	blue	is
indicated	in	patients	with	a	methemoglobin	concentration	of	more	than	20%	or	at
a	lower	value	in	symptomatic	patients	with	anemia.	The	initial	dose	is	1	to	2	mg
per	kg	administered	intravenously	over	5	minutes,	and	a	response	is	anticipated



within	 30	 minutes.	 Subsequent	 doses	 of	 methylene	 blue	 can	 be	 administered
when	 there	 is	 initial	 success,	 but	 it	 is	withheld	when	no	 response	 is	 observed.
Exchange	 transfusion	 may	 be	 required	 for	 refractory	 methemoglobinemia	 or
significant	hemolysis.	Hemodialysis	can	remove	chlorates	and	is	recommended
for	patients	with	associated	renal	dysfunction.142,147
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	35-year-old	man	ingested	two	tablets	of	aluminum	phosphide	3	hours
prior	to	arrival	to	the	hospital.	He	vomited	at	home.	He	is	currently	unresponsive
and	intubated.	Activated	charcoal	was	administered	via	nasogastric	tube.	His
blood	pressure	is	90/50	mm	Hg,	with	heart	rate	120	beats	per	minute.	His	chest
radiograph	demonstrates	diffuse	bilateral	infiltrates.	His	electrocardiogram
shows	sinus	rhythm	at	120	beats	per	minute,	with	frequent	premature	ventricular
beats,	and	nonspecific	T-wave	abnormalities.	Bedside	point	of	care
echocardiogram	indicates	diffuse	hypokinesis	with	low	ejection	fraction.	Arterial
blood	gas	on	80%	oxygen	is	pH	of	7.15,	PCO2	of	42	mm	Hg,	and	PO2	of	80	mm
Hg.	Serum	electrolytes	are	remarkable	for	a	bicarbonate	of	14	mEq/L	and	anion
gap	of	21	mEq/L.	Which	of	the	following	interventions	is	most	likely	to	reduce
this	patient’s	mortality?

A. 	Hemodialysis
B. 	High-dose	diazepam	and	epinephrine	infusion
C. 	Intravenous	N-acetylcysteine
D. 	Venoarterial	extracorporeal	membrane	oxygenation

2. 	Which	one	of	the	following	statements	regarding	paraquat	poisoning	is
correct?

A. 	Early	lung	transplant	(within	3	weeks)	is	likely



B. 	Hemodialysis	is	recommended
C. 	Only	Fuller’s	earth	should	be	used	for	gastrointestinal
decontamination
D. 	Oxygen	therapy	may	increase	pulmonary	toxicity

3. 	Three	coworkers	present	to	the	emergency	department	with	progressive
generalized	weakness,	severe	myoclonus,	fasciculations,	disorientation,	and
difficulty	speaking.	They	work	together	at	a	fruit	and	produce	warehouse	where
the	illness	started	2	days	ago.	They	vary	in	age	from	22	to	33	years,	have	no	past
medical	history,	and	take	no	medications.	On	physical	examination,	they	are
alert	but	mildly	confused,	with	vital	signs	only	significant	for	a	mild	sinus
tachycardia.	Lung,	cardiac,	and	abdominal	examinations	are	unremarkable.
Neurologic	examination	confirms	the	findings	upon	presentation.	Finger-stick
blood	glucose	and	venous	carboxyhemoglobin	levels	are	normal,	but	in	one
worker	the	serum	chloride	is	112	mEq/L	(normal	96	mEq/L	to	106	mEq/L).
Which	one	of	the	following	is	the	most	likely	explanation	for	this	clinical
presentation?

A. 	Carbon	monoxide	toxicity
B. 	Ethanol	toxicity
C. 	Hepatic	encephalopathy
D. 	Methyl	bromide	toxicity

Answers

1.	The	correct	answer	is	D.
Rationale:	 There	 are	 no	 randomized	 studies	 on	 the	 use	 of	 extracorporeal

membrane	 oxygenation	 (EMCO)	 for	 phosphine	 poisoning.	 However,	 an
observational	 study	 in	 a	 cohort	 of	 severely	 poisoned	 patients	 demonstrated
significantly	 lower	 mortality	 rates	 (33%)	 with	 ECMO	 therapy	 compared	 to
conventional	therapy	(87%)	(choice	D	is	correct).	Hemodialysis	does	not	remove
phosphine	 and	 has	 no	 significant	 impact	 on	 patient	 outcomes	 (choice	 A	 is
incorrect).	 Mechanical	 ventilation,	 high-dose	 diazepam,	 and	 epinephrine
infusion	 are	 considered	 the	 primary	 therapy	 for	 chloroquine	 overdose,	 not
phosphine	 (choice	B	 is	 incorrect).	N-acetylcysteine	 is	 the	 standard	 therapy	 for
acetaminophen	 toxicity	 and	has	 limited	 adverse	 effects,	with	 potential	 benefits
from	animal	models	for	phosphine	toxicity	as	a	free	radical	scavenger.	However,
there	 is	 inadequate	 human	data	 on	 the	 use	 of	 intravenous	N-acetylcysteine	 for



phosphine	toxicity	(choice	C	is	not	the	best	answer).	Not	listed	here	as	a	choice,
magnesium	would	also	be	incorrect;	after	initial	reports	on	the	potential	benefits,
subsequent	studies	did	not	confirm	its	utility.

2.	The	correct	answer	is	D.
Rationale:	 The	 pathophysiology	 of	 paraquat	 toxicity	 is	 secondary	 to	 the

formation	of	paraquat	 free	 radical	 from	NADPH	reduction	which	subsequently
reacts	with	oxygen	to	form	superoxide	free	radicals.	The	superoxide	free	radicals
lead	 to	 the	 depletion	 of	 NADPH,	 lipid	 peroxidation,	 and	 apoptosis.	 Unlike
diquat,	paraquat	is	actively	transported	in	the	alveolar	cells,	causing	much	more
pulmonary	 toxicity.	 Excess	 oxygen	 increases	 the	 formation	 of	 superoxide	 free
radicals	 (choice	 D	 is	 correct).	 Oxygen	 supplementation	 should	 be	 limited	 to
maintaining	oxygen	saturation	no	higher	than	90%.	Lung	transplantation	within
the	first	few	weeks	after	paraquat	exposure	may	not	be	possible	due	to	residual
paraquat	concentration	in	the	blood	(choice	A	is	incorrect).	The	measurement	of
serum	 paraquat	 may	 be	 helpful	 for	 determining	 the	 timing	 of	 lung
transplantation.	 Hemodialysis	 is	 not	 useful	 for	 preventing	 paraquat	 toxicity
(choice	B	is	incorrect).	Either	Fuller’s	earth	or	activated	charcoal	can	be	used	to
bind	to	paraquat	in	the	gastrointestinal	tract	(choice	C	is	incorrect).	Because	the
prognosis	 for	 paraquat	 ingestion	 is	 so	 grave,	 early	 gastrointestinal
decontamination	with	either	of	them	is	critical.

3.	The	correct	answer	is	D.
Rationale:	The	acute	presentation	of	new	clinical	manifestations	in	a	group	of

people	 from	a	single	 location	suggests	an	exposure	 to	a	 toxicologic	agent.	The
central	 nervous	 system	 disorder,	 myoclonus,	 mildly	 elevated	 serum	 chloride
concentration,	 and	 history	 of	 work	 at	 a	 fruit	 and	 produce	 warehouse	 indicate
methyl	bromide	toxicity	(choice	D	is	correct).	Methyl	bromide	is	a	fumigant,	and
the	 common	 route	 of	 exposure	 is	 inhalation.	 The	 carboxyhemoglobin
concentration	was	unremarkable	on	the	venous	blood	gas	(choice	A	is	incorrect),
ethanol	 toxicity	does	not	cause	hyperchloremia	(choice	B	is	 incorrect),	and	 the
time	 of	 onset	 for	 disease	 in	 these	 workers	 was	 not	 consistent	 for	 hepatic
encephalopathy	(choice	C	is	incorrect).
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Chapter	120
Phencyclidine	and	Hallucinogen
Poisoning
Jennie	A.	Buchanan,	Luke	Yip

KEY	POINTS:
1.	 Phencyclidine	is	a	dissociative	anesthetic	and	has	a	number	of

analogues	(eg,	ketamine)	that	may	also	be	abused.
2.	 Phencyclidine	has	a	complex	mechanism	of	action	in	the	central

nervous	system	that	includes	NMDA	antagonist,	biogenic	amine
reuptake	antagonist,	and	sigma	receptor	agonist.

3.	 Phencyclidine	toxicity	presents	with	a	wide	array	of	clinical	signs	and
symptoms	(eg,	nystagmus,	tachycardia,	hypertension,	altered
mentation,	hallucinations,	psychosis,	rhabdomyolysis,	hyperthermia,
seizure	and	coma).

4.	 Qualitative	phencyclidine	testing	is	available,	but	false	positives	are
common.

5.	 Treat	mild	agitation	from	phencyclidine	with	benzodiazepines,
moderate-to-severe	agitation	with	escalating	doses	of
benzodiazepines	(butyrophenones	[eg,	haloperidol]	as	adjuncts),
and	if	rapid-sequence	intubation	is	required,	a	nondepolarizing
paralytic	agent	may	be	preferred.

6.	 Hallucinogens	have	a	complex	mechanism	of	action	that	involves
central	nervous	system	neurotransmitters	such	as	serotonin,
dopamine,	and	glutamate.

7.	 Hallucinogens	cause	an	alteration	in	mood,	thought	process	and
perception	that	can	be	severe	or	life-threatening;	some	may
precipitate	serotonin	syndrome.



PHENCYCLIDINE
1 	 Phencyclidine	 (phenyl-cyclohexyl-piperidine,	 or	 PCP)	 is	 a	 dissociative
anesthetic	 chemically	 related	 to	 ketamine.	 Phencyclidine	 is	 a	 synthetic
compound	 developed	 in	 the	 1950s	 as	 a	 general	 anesthetic	 (Sernyl).	 It	 was
associated	with	 a	 high	 incidence	of	 postoperative	 hallucinations,	 delirium,	 and
mania.	 In	1967,	PCP	was	reintroduced	and	marketed	as	a	veterinary	anesthetic
(Sernylan).	Currently,	PCP	is	a	schedule	II	substance	(schedule	I-V,	with	V	being
least	 addictive	 or	 at	 risk	 for	 abuse)	 by	 the	US	Drug	Enforcement	Agency	 and
ketamine	is	a	schedule	III	agent.	As	an	illicit	drug,	PCP	is	available	as	a	white
crystalline	powder	(angel	dust),	tablet	(PeaCe	Pill),	crystals,	and	liquid	(whack);
it	can	be	snorted,	smoked,	ingested,	or	injected.	Tables	120.1	and	120.2	display
some	of	the	common	slang,	or	street	names,	for	both	PCP	and	ketamine.

TABLE	120.1

Slang	Terms	(Street	Names)	for	Phencyclidine

Angel	dust KJ

Boat Lovely

Crystal Mist

Cyclone Ozone

DOA PeaCe	pill

Elephant	tranquilizer Rocket	fuel

Embalming	fluid Scuffle

Goon Shermans

Hog Tic	tac

Horse	tranquilizer Whack

KJ Zoom

Lovely



When	combined	with	marijuana,	it	is	referred	to	as	Killer	Joints,	Supergrass,	Superweed,	Fry,
Lovelies,	Wet	waters.

When	combined	with	tobacco,	it	is	referred	to	as	Clickers	and	Primos.
When	combined	with	cocaine,	it	is	referred	to	as	Space	or	Wack.

When	combined	with	MDMA,	it	is	referred	to	as	Domex.
When	combined	with	LSD,	it	is	referred	to	as	Black	Acid.

TABLE	120.2

Slang	Terms	(Street	Names)	for	Ketamine

Blind	squid Kit	Kat

Cat	tranquilizer K-hold

Cat	valium K-ways

Green Special	K

Honey	Oil Special	La	coke

Jet Super	acid

K Super	C

Keller Vitamin	C

Kelly’s	day

Pharmacology
There	are	 two	forms	of	PCP,	acid	and	base.	Both	are	odorless,	nonvolatile	and
may	be	ingested	or	injected.	The	acid	form	is	a	white	crystalline	substance	sold
as	or	incorporated	into	tablets.	It	decomposes	and	becomes	inactive	when	heated
and	smoked.	The	PCP	base	form	is	a	grayish-white	amorphous	powder	that	can
be	 smoked	 after	 incorporation	 into	 marijuana	 (eg,	 Supergrass,	 Superweed)	 or
tobacco	(eg,	Clickers,	Primos)	cigarettes.	More	often,	the	base	is	dissolved	in	a
liquid	hydrocarbon	and	applied	to	the	wrapper	of	a	tobacco	cigarette.	The	ether-
like	 or	 formaldehyde	 odor	 surrounding	 some	 patients	 who	 have	 used	 PCP	 is
from	the	volatile	hydrocarbon	used	to	dissolve	PCP	base.



Several	analogues	of	PCP	are	occasionally	used	as	street	drugs	(Table	120.3).
Their	 pharmacological	 actions	 are	 similar	 to	 those	 of	 PCP	 and	 cannot	 be
clinically	 distinguished.	 One	 analogue,	 3-methoxyphencyclidine,	 recently	 has
been	 associated	with	 several	 deaths.1-5	 In	 addition,	 street	PCP	 samples	may	be
contaminated	 with	 1-piperidinocyclohexane-carbonitrile	 (PCC),	 a	 precursor	 of
PCP	that	 is	more	potent	 than	PCP	and	capable	of	generating	cyanide,	although
the	clinical	significance	of	this	is	unclear.

TABLE	120.3

Phencyclidine	Analogues	Used	as	Street	Drugs

Gacyclidine

3-MeO-PCP	(3-methoxyphencyclidine)

MXP	(methoxphenidine,	2-MeO-Diphenidine)

PCC	(1-piperidinocyclohexane-carbonitrile)

PCE	(cyclohexamine,	eticyclidine,	N-ethyl-1-phenylcyclohexylpyrrolidine)

PCPP	(phenylcyclopentylpiperidine)

PHP	(phenylcyclohexylpyrrolidine,	rolicyclidine)

TCP	(thienylcyclohexylpiperidine,	1-[1-(2-thienyl)cyclohexyl]piperidine)

2 	 Phencyclidine	 has	 multiple	 mechanisms	 of	 action	 (Table	 120.4),	 which
helps	to	explain	the	varied	clinical	presentations	associated	with	PCP	use.6-18	The
notable	 mechanisms	 include	 noncompetitive	 NMDA	 antagonism	 causing
psychosis	 leading	 to	 release	 of	 excitatory	 neurotransmitters	 (eg,	 glutamate,
glycine,	 and	 aspartate),	 sigma	 receptor	 stimulation	 causing	 psychosis	 and
anticholinergic	effects	and	blockade	of	biogenic	amine	reuptake	(eg,	dopamine,
norepinephrine	and	serotonin)	causing	adrenergic	(eg,	tachycardia,	hypertension,
and	 anxiety),	 and	 dopaminergic	 (eg	 motivation,	 sexual	 arousal,	 and	 cognitive
control)	 effects.	 Phencyclidine	 is	 well	 absorbed	 from	 the	 gastrointestinal	 (GI)
tract	with	 peak	 effect	 at	 90	minutes	 as	well	 as	 the	 respiratory	 tract	with	 peak
effect	 at	 22	minutes.	 Intravenous	 injection	 causes	 an	 immediate	 effect	 with	 a
duration	 of	 1	 to	 2	 hours.	 Drinking	 PCP,	 intravenous	 PCP,	 or	 swallowing



remnants	 of	 PCP-soaked	 cigarettes	 have	 resulted	 in	 severe	 intoxication	within
1	 hour.	 Phencyclidine	 is	 a	weak	 base	 (pK	 a	 8.5),	 has	 a	 volume	 of	 distribution
6.2	 L	 per	 kg,	 and	 is	 extensively	 protein-bound	 (65%).19	 Phencyclidine
concentrates	 in	 the	brain,	 lungs,	adipose	tissue,	and	liver.	It	displays	first	order
kinetics	 with	 an	 average	 serum	 half-life	 of	 17	 hours	 (range	 7-26	 hours)	 in
controlled	 studies.	 Phencyclidine	 is	 metabolized	 by	 the	 liver	 and	 excreted
predominantly	 as	 inactive	 compounds.	 Small	 amounts	 of	 PCP	 are	 excreted	 in
perspiration,	 saliva,	 and	 gastric	 juice.	 Phencyclidine	 has	 been	 detected	 in
umbilical	and	infant	blood,	amniotic	fluid,	and	breast	milk.

TABLE	120.4

Phencyclidine	Pharmacology

Sites Actions

N-Methyl-d-aspartate
receptor

Glutamate	antagonist

D2	dopamine	receptor Blocks	dopamine	reuptake

Interferes	with	dopamine	release

Serotonergic	receptor Antagonist

Cholinesterase Antagonist

Nicotinic	receptor Antagonist

Muscarinic	receptor Anticholinergic	effects	(eg,	tachycardia,	mydriasis,
and	urinary)

Cholinergic	effects	(eg,	miosis,	salivation,	and
diaphoresis)

Binds	to	receptors	in	the	heart

Na+	and	K+	channels Antagonist

Presynaptic	brain
neurons

Increase	catecholamine	release
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Clinical	Toxicity
3 	Clinical	experience	with	PCP	intoxication	is	largely	derived	from	case	reports
and	 clinical	 series.20-27	 Phencyclidine	 intoxication	 results	 in	 a	 wide	 range	 of
clinical	effects.	Most	patients	present	with	altered	mentation	often	stimulated	or
depressed.

The	 physical	 characteristics	 of	 PCP	 intoxication	 are	 nystagmus	 and
hypertension.	Nystagmus	may	 be	 horizontal,	 vertical,	 or	 rotary.	These	 patients
may	 have	 systolic	 or	 diastolic	 hypertension.	 Hypertension	 usually	 resolves
within	4	hours,	but	a	significant	number	of	patients	may	remain	hypertensive	for
more	than	24	hours.

Tachycardia	is	common.	However,	heart	rates	greater	than	120	per	minute	are
unusual.	 Hypothermia	 (<36.7	 °C),	 hyperthermia	 (>38.9	 °C),	 respiratory
compromise,	tachypnea,	hypotension,	and	cardiac	arrest	have	all	been	reported.

Patients	 may	 present	 with	 delirium	 or	 normal	 sensorium.	 Lethargy,	 stupor,
and	 unconsciousness	 are	 uncommon	 presentations.	 The	 most	 common
behavioral	effects	are	violence	and	agitation,	which	may	predispose	patients	 to
traumatic	 injuries.	 Patients	may	 exhibit	 bizarre	 behaviors	 such	 as	 driving	 less
than	10	mph	on	the	freeway,	“playing	bumper	cars”	on	the	freeway,	sleeping	on
top	of	cars	that	are	blocking	traffic,	lying	down	in	a	busy	street,	and	wandering
or	 acting	 bizarrely	 in	 public.	 Approximately	 20%	 of	 PCP	 users	 report
hallucinations	or	delusions.	The	visual	hallucinations	are	typically	concrete	and



realistic	(eg,	blue	fish).	These	patients	may	appear	mute	or	have	a	“blank	stare”
appearance.

The	most	 common	neuromuscular	 finding	 is	 rigidity	of	 all	 extremities.	 It	 is
often	associated	with	jerky	or	thrashing	movements,	tremors,	or	twitching.	Other
musculoskeletal	disturbances	include	oculogyric	crisis,	trismus,	facial	grimacing,
circumoral	muscle	 twitching,	 lip	 smacking	 or	 chewing	movements,	 torticollis,
tongue	 spasms,	 opisthotonos,	 and	 catalepsy.	 Patients	 may	 exhibit	 self-limited
slow,	 writhing	 movements	 of	 extremities	 and/or	 body.	 Athetosis	 and	 muscle
stiffness	may	simultaneously	appear.	 Intermittent	 athetoid	movements	may	 last
for	 more	 than	 10	 hours.	 Rhabdomyolysis	 may	 occur,	 even	 in	 calm-appearing
patients.	Grand	mal	seizures	and	status	epilepticus	are	uncommon.

The	 major	 autonomic	 effects	 are	 profuse	 diaphoresis,	 copious	 oral	 or
pulmonary	 secretions,	 and	 urinary	 retention.	 Bronchospasm	 has	 been	 reported
among	patients	who	 smoked,	 sniffed,	 or	 snorted	PCP.	Pupillary	 size	 is	 usually
normal,	but	miosis	or	mydriasis	has	been	described.

In	one	case	series,	acute	PCP	intoxication	was	divided	into	major	and	minor
clinical	 syndromes.26	 Major	 syndromes	 represent	 moderate-to-severe	 PCP
intoxication	 and	 are	 characterized	 by	 delirium,	 toxic	 psychosis,	 catatonic
syndrome,	and	coma.	They	may	include	any	of	the	previously	discussed	effects.
Minor	 syndromes	 represent	 mild	 PCP	 intoxication	 and	 are	 characterized	 by
lethargy	 or	 stupor,	 bizarre	 behavior,	 violent	 behavior,	 agitation,	 and	 euphoria.
However,	complications	are	rare.

Delirium	 is	 the	 most	 common	 presentation	 of	 PCP	 intoxication.	 These
patients	may	 be	 found	wandering	 in	 traffic	 or	 appear	 intoxicated	with	 ethanol
and	 may	 exhibit	 slurred,	 bizarre,	 or	 repetitive	 speech;	 ataxia;	 disorientation;
confusion;	poor	judgment;	inappropriate	affect;	amnesia	of	recent	events;	bizarre
behavior;	agitation;	and	violence.	The	duration	of	delirium	often	lasts	for	a	few
hours	and	rarely	lasts	more	than	3	days,	but	has	been	reported	to	persist	for	1	to
3	weeks.

Psychosis	may	appear	 in	some	patients	 following	PCP	use	and	may	 last	 for
days	 to	 weeks	 despite	 abstinence;	 typically,	 symptoms	 become	 more	 severe
during	the	first	few	days	of	its	course.	Phencyclidine	psychosis	may	be	defined
as	 a	 schizophreniform	 psychosis.	 Characteristically,	 there	 is	 autistic	 and
delusional	 thinking,	 commonly	 including	 global	 paranoia,	 delusions	 of
superhuman	strength	and	invulnerability,	as	well	as	delusions	of	persecution	and
grandiosity.	 Affect	 is	 generally	 blunted,	 with	 periods	 of	 suspiciousness	 often
alternating	with	extreme	anger	or	terror.	These	patients	are	ambivalent	and	their
behavior	 is	unpredictable	even	toward	 their	 friends	and	relatives.	They	may	be
reluctantly	cooperative	1	minute	and	violently	aggressive	 the	next.	Some	carry



lethal	 weapons	 to	 protect	 themselves	 from	 their	 imagined	 persecutors.
Bystanders	 have	 been	 unexpectedly,	 furiously,	 and	 unremittingly	 attacked
without	provocation.	Hallucinations	may	be	auditory	or	visual,	or	both,	and	may
involve	seeing	brilliantly	colored	objects,	but	objects	are	not	distorted	and	there
are	 no	 kaleidoscopic	 effects.	 The	 patients	 may	 be	 preoccupied	 with	 religious
thoughts	or	have	religious	delusions.	It	is	common	for	patients	to	have	pressured
speech,	 scream,	or	make	animal	 sounds.	 In	 the	 initial	phase	of	PCP	psychosis,
the	patients	may	be	an	immediate	danger	to	themselves	on	the	basis	of	impaired
judgment	and	being	unable	to	care	for	themselves.	Their	violent	and	threatening
behavior	 may	 provoke	 lethal	 countermeasures	 by	 those	 around	 them.	 These
patients	 may	 also	 be	 a	 danger	 to	 others	 because	 of	 their	 misperceptions,
paranoia,	 and	 hostility,	 compounded	 by	 confusion,	 violent	 behavior,	 and	 the
unpredictable	 behavior.	 This	 initial	 phase	 gradually	 transitions	 to	 a	 phase
characterized	 by	 intermittent	 periods	 of	 gross	 paranoia,	 agitation,	 terror,	 and
hyperactivity	alternating	with	quiet	paranoid	watchfulness	over	 the	course	of	a
week.	 Affect	 may	 remain	 constricted.	 The	 patients	 may	 explode	 in	 an
unexpected	flurry	of	violence	when	inappropriate	demands	are	not	immediately
met.	 A	 third	 phase	 begins	 on	 an	 average	 of	 10th	 day	 of	 hospitalization.	 It	 is
characterized	 by	 rapid	 reintegration	 of	 premorbid	 personality,	 development	 of
insight	into	the	events	leading	to	the	hospitalization.	There	is	often	amnesia	from
the	early	events	of	the	psychosis.

Patients	may	present	with	a	catatonic	syndrome	that	is	primarily	manifests	as
a	 combination	 of	 signs:	 posturing,	 catalepsy,	 rigidity,	 mutism,	 staring,
negativism,	nudism,	impulsiveness,	agitation,	violence,	and	stupor.	Stereotypies,
mannerisms,	 grimacing,	 and	verbigeration	may	 also	 be	 present.	These	 patients
are	typically	mute,	staring	blankly,	motionless,	stiff,	standing	with	extremities	or
head	 in	 bizarre	 positions,	 and	 unresponsive	 to	 noxious	 stimuli.	 The	 most
common	 PCP	 catatonic	 syndrome	 usually	 does	 not	 persist	 for	 more	 than	 24
hours	(range	2-6	days),	and	most	patients	recover	within	4	 to	6	hours.	Patients
may	 emerge	 from	 their	 catatonic	 syndrome	 with	 agitation	 or	 combativeness,
delirium,	lethargy,	psychosis,	bizarre	behavior,	or	normal	sensorium.

Violent,	agitated,	and	euphoric	patients	typically	have	a	clear	sensorium.	The
patients	 with	 euphoria	 may	 report	 a	 sense	 of	 “well-being”	 or	 feeling	 “spaced
out,”	“freaked	out,”	or	“tingling	all	over.”	The	patients	with	delirium	and	violent
or	 bizarre	 behavior	may	 subsequently	 lapse	 into	 coma.	 Coma	may	 also	 occur
abruptly	 and	 may	 last	 up	 to	 6	 days.	 Patients	 emerging	 from	 their	 coma	 may
exhibit	delirium,	catatonic	syndrome,	toxic	psychosis,	stupor,	agitation,	violence,
bizarre	 behavior,	 or	 normal	 sensorium.	 The	 duration	 of	 this	 emergent
phenomenon	is	variable.



Neonatal	 jitteriness,	 hypertonicity,	 and	 vomiting	 have	 been	 associated	 with
maternal	PCP	use.	Infants	are	also	more	likely	to	suffer	from	intrauterine	growth
retardation	 and	 mothers	 are	 likely	 to	 have	 precipitated	 labor.28	 Chronic	 PCP
intoxication	 has	 not	 been	 described,	 and	 there	 is	 no	 documentation	 of	 PCP
flashbacks.	Common	clinical	effects	are	summarized	in	Table	120.5.

TABLE	120.5

Common	Phencyclidine	Effects

Hypertension,	tachycardia

Nystagmus

Delirium	or	normal	sensorium

Violent	or	agitated,	bizarre	behavior

Rigid	extremities

Athetoid	movements

Rhabdomyolysis

Diaphoresis,	copious	oral	or	pulmonary	secretions,	urinary	retention

Diagnostic	Evaluation
Phencyclidine	 intoxication	 is	 a	 clinical	 diagnosis.	 It	 is	 based	 on	 a	 history	 of
possible	 PCP	 exposure	 associated	 with	 clinical	 findings	 consistent	 with	 PCP
intoxication	and	the	exclusion	of	other	neuropsychiatric	or	behavioral	disorders.
Drug	 history	 should	 include	 of	 product,	 method	 of	 use,	 time	 of	 exposure,
circumstances	surrounding	intoxication,	and	description	of	effects	witnessed	by
others	 or	 experienced	 by	 the	 patient.	 Particular	 attention	 should	 be	 paid	 to
abnormal	behavior	that	may	have	resulted	in	occult	trauma	(eg,	jumps	or	falls).

The	 physical	 examination	 should	 focus	 on	 vital	 signs,	 sensorium,	 behavior,
and	 musculoskeletal,	 autonomic,	 and	 neurologic	 findings.	 A	 thorough
examination	 should	 be	 performed	 to	 exclude	 occult	 trauma.	 Explosions	 in
clandestine	 PCP	 laboratories	 may	 have	 consequences	 of	 smoke	 or	 chemical
inhalation,	 thermal	 or	 chemical	 burns,	 and	 blunt	 or	 penetrating	 trauma	 for



patients	in	the	immediate	vicinity.
Laboratory	tests	should	include	complete	blood	cell	count,	serum	electrolytes,

blood	urea	nitrogen,	creatinine,	glucose,	creatinine	phosphokinase	 (CPK),	 liver
function	tests,	and	urine	analysis	to	include	myoglobin.	Common	abnormal	test
results	 associated	with	PCP	 intoxication	 include	 hypoglycemia,	 elevated	white
blood	 cell	 count,	 serum	 CPK,	 liver	 function	 tests,	 and	 uric	 acid.	 Chest
radiograph,	electrocardiogram,	arterial	blood	gas,	computed	 tomography	of	 the
head,	and	lumbar	puncture	should	be	obtained	as	clinically	indicated.

4 	Serum	or	urine	PCP	levels	can	confirm	the	diagnosis	of	PCP	intoxication,
but	 neither	 contributes	 to	 patient	 management	 nor	 correlates	 with	 severity	 of
intoxication.	 Rapid	 urine	 qualitative	 drug	 screens	 that	 detect	 PCP	 should	 be
interpreted	 with	 caution	 because	 of	 false	 positive	 results	 that	 can	 occur	 with
other	 drugs	 (eg,	 diphenhyramine,	 alprazolam,	 clonazepam,	 carvedilol,
dextromethorphan,	 doxylamine,	 ketamine,	 lamotrigine,	 thioriadizine,	 tramadol,
ibuprofen,	 imipramine,	 meperdine,	 mesoridizine,	 venlafaxine,	 and	 o-
desmethylvenlafaxine).29	 Diphenhydramine	 may	 interfere	 with	 PCP
determination	 by	 gas-liquid	 chromatography.	 Simultaneous	 use	 of	 other
substances	(eg,	marijuana,	benzodiazepine,	and	cocaine)	is	common.30

Management
The	 immediate	 management	 is	 to	 assess	 and	 treat	 acute	 threats	 to	 airway,
breathing,	 and	circulation.	Close	monitoring	of	 the	patient	 in	a	quiet	 area	with
limited	 stimuli	may	 reduce	 the	 need	 for	 physical	 restraint	 or	 pharmacological
sedation	 and	 provide	 a	 safe	 environment	 for	 the	 patient,	 attending	 staff,	 and
other	patients.	Routine	gastric	decontamination	is	not	recommended.

The	 patients	 with	 major	 PCP	 intoxication	 syndrome	 or	 complicated	 minor
PCP	intoxication	syndrome	should	be	managed	in	an	intensive	care	unit.	These
patients	 should	 receive	 supplemental	oxygen,	 secure	vascular	access,	 and	have
their	vital	signs	and	cardiac	rhythm	continuously	monitored.	A	core	temperature
should	be	obtained	for	all	patients.

5 	 Hemodynamic	 effects	 of	 PCP	 usually	 do	 not	 require	 specific	 treatment.
Abnormal	 vital	 signs	 should	 be	managed	 in	 the	 context	 of	 the	 overall	 clinical
status	of	the	patient.	Mild	sinus	tachycardia	or	hypertension	not	associated	with
psychomotor	agitation	or	evidence	of	end-organ	damage	usually	do	not	require
pharmacological	 treatment.	 Treatment	 of	 psychomotor	 agitation	 using
benzodiazepine	often	results	 in	 improvement	or	 resolution	of	sinus	 tachycardia
and	 hypertension.	 Persistent	 significant	 hypertension	 despite	 resolution	 of
psychomotor	agitation,	or	 if	 there	 is	 evidence	of	end-organ	damage,	 should	be



treated	with	intravenous	antihypertensives	such	as	nitroprusside	or	nitroglycerin
titrated	 to	 effect.	The	use	of	β-adrenergic	 antagonists	 to	 treat	 isolated	drugs	of
abuse-induced	 tachycardia	 or	 hypertension	 is	 not	 routinely	 recommended	 and
may	have	deleterious	effects.

Patients	with	hypotension	should	receive	fluid	resuscitation	while	alternative
causes	are	being	investigated	(eg,	occult	trauma,	sepsis).	Persistent	hypotension
refractory	 to	 fluids	 necessitates	 a	 vasopressor	 such	 as	 norepinephrine	 or
epinephrine.	 Bedside	 or	 invasive	 hemodynamic	 monitoring	 may	 provide
important	 data	 to	 guide	 pharmacological	 intervention.	 Cardiac	 dysrhythmias
should	 be	 managed	 according	 to	 current	 Advanced	 Cardiac	 Life	 Support
guidelines.

5 	Core	temperature	approaching	or	exceeding	104°F	(40	°C)	is	 immediately
life-threatening	 and	 warrants	 aggressive	 management.	 Rapid-sequence
induction,	 intubation,	 and	 ventilation	 may	 be	 required;	 a	 nondepolarizing
paralytic	 agent	 (eg,	 rocuronium)	 may	 be	 preferred	 because	 of	 risk	 of
hyperkalemia	 related	 to	 rhabdomyolysis.	 Begin	 continuous	 monitoring	 of	 the
patient’s	core	 temperature,	and	initiate	active	cooling	measures.	Active	cooling
should	 be	 terminated	 when	 the	 patient’s	 core	 temperature	 approaches	 101°F
(38.3	 °C).	 Antipyretics	 (eg,	 acetaminophen,	 aspirin,	 and	 nonsteroidal	 anti-
inflammatory	 drugs)	 are	 not	 useful,	 and	 there	 is	 no	 good	 evidence	 that
dantrolene,	 bromocriptine,	 or	 amantadine	 enhances	 the	 cooling	 process	 in
patients	with	life-threatening	hyperthermia.

The	initial	management	of	a	patient	with	altered	mental	status	should	include
assessment	 and	 treatment	 of	 all	 readily	 reversible	 causes	 such	 as	 hypoxia,
hypoglycemia,	opioid	 toxicity,	 and	 thiamine	deficiency.	 Imaging	 studies	of	 the
head	 should	 be	 performed	 for	 patients	 with	 persistent	 altered	 mental	 status,
followed	 by	 lumbar	 puncture	 as	 clinically	 indicated.	 Antibiotic	 and	 antiviral
medications	 should	 be	 administered	 as	 soon	 as	 the	 diagnosis	 of	meningitis	 or
encephalitis	is	entertained.

5 	 Mild	 psychomotor	 agitation	 usually	 does	 not	 require	 active	 intervention.
However,	aggressive	treatment	of	PCP	psychosis	 is	critical	 to	prevent	 injury	to
the	patient	or	others.	The	patient	should	be	isolated	in	a	secured	bare	seclusion
room	with	 frequent	 but	 unobtrusive	 observation,	 seclusion	 safeguards	 for	 staff
and	 other	 patients,	 and	 calming	 through	 reduction	 of	 stimuli.	 Historically
haloperidol	 and	 chlorpromazine	 (after	 excluding	 acute	 anticholinergic	 toxicity)
have	been	reported	to	be	safe	and	effective	treatment	of	PCP	psychosis24,31	along
with	 benzodiazepines.	Benzodiazepines	 are	 preferred	 for	 patients	 because	 they
lack	 anticholinergic	 and	 extrapyramidal	 side	 effects,	 do	 not	 lower	 seizure
threshold,	 and	 have	 not	 been	 associated	 with	 hyperthermia	 or	 neuroleptic



malignant	 syndrome.	The	dose	of	benzodiazepine	should	be	 titrated	 to	achieve
moderate	 sedation	 to	obviate	physical	 restraints.	Occasionally,	 large	doses	 (eg,
>100	 mg	 of	 diazepam)	 may	 be	 necessary	 to	 achieve	 safe	 gentle	 sedation.
Butyrophenones	 (eg,	 droperidol	 and	 haloperidol)	 may	 be	 used	 as	 adjunct
therapy.	The	patient’s	ability	to	protect	the	airway	should	be	carefully	monitored.
Intubation	 and	 ventilation	 are	 indicated	 for	 persistent	 life-threatening	 signs	 or
symptoms.	Sedation	with	a	barbiturate	or	propofol	infusion	is	often	utilized.

Seizures	 should	 be	 treated	 with	 intravenous	 benzodiazepines.	 Cumulative
high-dose	 benzodiazepines	 may	 be	 required.	 If	 seizure	 activity	 is	 not	 rapidly
controlled,	 intravenous	 propofol	 or	 phenobarbital	 is	 indicated.	 Seizures
refractory	 to	 sedative	hypnotic	drugs	 should	be	managed	with	nondepolarizing
neuromuscular	 blockade	 because	 of	 risk	 for	 hyperkalemia	 due	 to
rhabdomyolysis	 and	 general	 anesthesia,	 along	 with	 continuous
electroencephalogram	monitoring.

Fluid	 management	 should	 address	 electrolyte	 and	 acid-base	 abnormalities.
Management	 of	 rhabdomyolysis	 should	 include	 treatment	 of	 psychomotor
agitation	and	generous	intravenous	crystalloid	fluids	to	maintain	urine	output	of
at	 least	 2	 to	 3	mL/kg/h	 to	maximize	 glomerular	 filtration	 rate.	Because	 serum
myoglobin	 levels	 are	 not	 usually	 rapidly	 available,	 serum	 CPK	 may	 be
monitored	 noting	 that	 the	 clinically	 important	 myoglobin	 serum	 peak	 may
precede	 the	 CPK	 peak	 by	 several	 hours.	 Care	 should	 be	 taken	 to	 prevent
dependent	muscle	injury.

Although	 urinary	 acidification	 can	 increase	 renal	 PCP	 excretion,	 the	 risks
associated	with	 urinary	 acidification	 outweigh	 potential	 benefits	 and	 it	 should
not	be	utilized.	Hemodialysis	is	not	indicated	for	enhanced	drug	elimination,	but
may	be	necessary	in	patients	with	acute	renal	failure.

Patients	with	 suicidal	 ideation	 or	 persistent	 psychosis	 should	 be	 referred	 to
the	psychiatric	service	for	evaluation	and	disposition.

HALLUCINOGENS
7 	 7 	 The	 term	 “hallucinogen”	 has	 come	 to	 describe	 lysergic	 acid	 (LSD,	 or
“acid”),	 and	 related	 compounds	 based	 on	 their	 reported	 hallucinogenic	 effects
causing	 an	 alteration	 in	mood,	 perception	 and	 thought.	Other	 designations	 for
this	 class	 of	 drugs	 include	 psychedelics,	 psychotomimetics,	 and	 entheogens.
Hallucinogens	are	primarily	composed	of	 synthetic	 indolamines	 (derivatives	of
tryptamine),	 phenethylamines	 (derivatives	 of	 amphetamine,	 Chapter	 99:
Amphetamines),	 and	 botanical	 products.	 The	 psychedelic	 experience	 may



precipitate	 homicidal	 acts,	 self-destructive	 behavior,	 accidental	 injuries,	 and
acute	or	chronic	psychosis.	Physiological	effects	vary	from	mild	flushing	to	life-
threatening	alterations	of	vital	signs,	coma,	seizures,	and	coagulopathy.	Recently,
there	 has	 been	 renewed	 interest	 in	 these	 agents	 for	 the	 treatment	 of	 mood,
anxiety,	and	substance-use	disorders.32

Pharmacology
Synthetic	hallucinogens	are	sold	as	 liquid,	powder,	 tablets,	capsules,	microdots
(dried	 drug	 residue)	 on	 printed	 paper,	 liquid-impregnated	 blotter	 paper,	 and	 as
windowpanes	(translucent	3	×	3	mm	gelatin	squares).

The	 routes	 of	 administration	 are	 oral,	 intranasal,	 sublingual,	 conjunctival,
inhalational,	and	 intravenous.	Blotter	paper	 is	chewed	and	swallowed,	whereas
microdot	 paper	 is	 usually	 licked.	 Windowpanes	 are	 usually	 placed	 under	 the
tongue	or	in	the	conjunctival	sac,	and	may	also	be	swallowed.

Hallucinogens	 are	 readily	 absorbed	 from	 the	 GI	 tract,	 metabolized	 by	 the
liver,	and	excreted	predominately	as	pharmacologically	inactive	compounds.	The
clinical	effects	produced	by	different	agents	are	similar.

6 	The	mechanisms	of	action	for	hallucinogens	are	complex	and	presumed	to
involve	 various	 neurotransmitters	 in	 the	 central	 nervous	 system	 including
serotonin,	 dopamine,	 and	 glutamate.	 Hallucinogenic	 effects	 on	 thought	 and
perception	appear	to	primarily	involve	serotonin	(5-hydroxytryptamine,	or	5HT)
neurotransmission.	Serotonin	modulates	psychologic	and	physiologic	processes
such	as	affect,	mood,	personality,	sexual	activity,	appetite,	motor	function,	pain
perception,	sleep	induction,	and	temperature	regulation.	Tryptamine	derivatives
from	 the	 tryptophan	 metabolism	 have	 been	 shown	 to	 be	 a	 sigma-1	 receptor
agonist	and	their	hallucinogenic	effects	are	believed	to	be	primarily	mediated	by
the	5-HT2A	receptor.33

Lysergic	acid,	 the	most	widely	abused	 tryptamine	derivative,	was	originally
synthesized	 from	 an	 ergot	 alkaloid.	 The	 structural	 similarity	 between
tryptamines	and	serotonin	engenders	significant	activity	at	serotonergic	receptors
across	this	chemical	class.	Lysergic	acid	has	the	highest	affinity	for	the	5-HT2A

receptor	 and	 the	 highest	 potency	 for	 hallucinogenic	 effects	 in	 humans.34
Experimentally,	 the	 stimulus	 effects	 of	 LSD	 are	 completely	 antagonistic	 by
acting	as	a	highly	selective	5-HT2A	antagonist.	The	usual	street	form	is	a	1	cm2

piece	 of	 blotter	 paper	 (tabs).	 At	 doses	 of	 100	 µg,	 LSD	 produces	 perceptual
distortions	and	hallucinations.

Morning	 glory	 (Ipomoea	 and	Rivea	 genera)	 seeds	 contain	 LSD	 derivatives



that	 are	 one-tenth	 as	 potent	 as	 LSD.	 Users	 report	 that	 to	 achieve	 the	 desired
hallucinogenic	effect	requires	ingestion	of	200	to	300	macerated	seeds.	Hawaiian
baby	woodrose	(Argyreia	nervosa)	seeds	also	contain	LSD	derivatives	and	5	to
10	macerated	seeds	may	cause	symptoms.35,36

Psilocybin	 and	 psilocin	 are	 tryptamine	 derivatives	 found	 in	 Psilocybe	 and
other	hallucinogenic	fungi	(magic	mushrooms).	It	is	usually	sold	in	the	form	of
dried	mushroom,	capsules,	or	paper	packets	of	brown	powder.	Pure	psilocybin	is
available	in	capsules	of	white	powder.	The	behavioral	effective	psilocybin	dose
is	5	to	15	mg,	which	is	equivalent	to	ingestion	of	one	to	five	large	mushrooms.
However,	 the	 clinical	 effects	 are	 dependent	 on	 a	 number	 of	 factors,	 including
dose,	method	of	preparation,	and	individual	patient	factors.

The	 toads	 of	 the	 genus	Bufo	 secrete	 venom	 from	 their	 parotid	 glands	 onto
their	skin.	This	venom	contains	bufodienolides,	which	is	a	mixture	of	purported
hallucinogenic	 tryptamine	 derivatives	 (eg,	 5-hydroxy-N,N-dimethyltryptamine,
5-OH-DMT,	 also	 known	 as	 bufotenine)	 and	 cardioactive	 compounds	 (eg,
bufogenin	 and	 bufotoxin;	 Chapter	 107:	 Cardiac	 Glycoside	 Poisoning).37
Bufoalvarius	 possesses	 an	 enzyme,	 O-methyl	 transferase,	 that	 converts
bufotenine	 to	 a	 potent	 hallucinogen	 5-methoxy-N,N-dimethyltryptamine	 (5-
MeO-DMT).	 It	 is	 reported	 to	 be	 a	 constituent	 of	 hallucinogenic	 snuffs	 from
northwest	South	America,	derived	from	the	leguminaceous	tree	Anadenanthera
peregrina.	 5-MeO-DMT	 accounts	 for	 much	 of	 the	 psychoactivity	 of	 South
American	snuffs	derived	from	Anadenanthera	peregrina	as	well	as	those	derived
from	species	of	Virola,	a	genus	of	trees	in	the	nutmeg	family.	Hence,	toad	licking
has	been	popularized	by	 the	belief	 that	hallucinogenic	effects	may	be	achieved
by	licking	the	skin	of	live	toads.

Dimethyltryptamine	 (DMT),	 a	 tryptamine	 derivative,	 is	 an	 endogenous
hallucinogen	 found	 in	 some	 plant	 species	 (eg,	 Virola	 calophylla,	 Phalaris
aquatica,	Acacia	maidenii,	Acacia	phlebophylla,	and	Acacia	obtusifolia)	and	is	a
trace	 amine	 that	 is	 endogenously	 synthesized	 from	 tryptophan	 in	 mammals.
Dimethyltryptamine	 is	 rapidly	 and	 extensively	 metabolized	 to	 3-indoleacetic
acid	 by	 monoamine	 oxidase	 A,	 which	 may	 explain	 the	 reported	 lack	 of
psychoactive	 effects	 following	DMT	 ingestion	 and	 its	 significant	 psychotropic
activity	 when	 smoked,	 injected,	 or	 insufflated.33	 However,	 the	 psychoactive
activity	of	DMT	is	preserved	when	ingested	in	combination	with	a	monoamine
oxidase	 inhibitor	 (eg,	 “ayahuasca,”	 a	 DMT,	 and	 β-carboline	 plant	 decoction).
Street	DMT	 is	 available	 as	 a	 liquid	 or	 yellow-tan	 powder	 that	 is	 sprinkled	 on
tobacco,	marijuana,	 or	 parsley	 and	 smoked.	 Smoking	 is	 the	 preferred	 route	 of
exposure,	and	is	claimed	to	produce	potent	psychospiritual	effects.

Mescaline,	another	amphetamine	congener,	 is	 the	psychedelic	constituent	of



peyote	 (North	 American	 dumping	 cactus,	 Lophophora	 williamsii)	 and	 other
cacti.	 Small	 segments	 of	 the	 crown	 of	 the	 cactus,	 known	 as	 “buttons”	 or
“moons,”	may	be	swallowed	whole	or	chopped	into	small	pieces.	Ground	peyote
may	be	smoked.	The	hallucinogenic	dose	of	mescaline	is	approximately	300	mg,
corresponding	to	6	to	12	buttons.
Salvia	divinorum	is	an	herb	commonly	found	in	South	and	Central	America,

it	 contains	 salvinorin	A,	which	 is	 distinct	 among	hallucinogens	 in	 that	 it	 is	 an
opioid	κ	receptor	agonist.38

Clinical	Toxicity
Acute	 psychedelic	 effects	 (trip	 or	 tripping)	 are	 characterized	 by	 changes	 in
sensory	 perception.	 They	 include	 euphoria	 or	 dysphoria;	 an	 increase	 in	 the
intensity	 of	 sensory	 perception;	 distortions	 of	 time,	 place,	 and	 body	 image;
visual	 hallucinations;	 synesthesias	 (i.e.,	 seeing	 sounds	 and	 hearing	 colors);
illusions;	 loss	 of	 spatial	 sense;	 and	 feelings	 of	 unreality.	 The	 visual
hallucinations	are	characteristically	nebulous,	rapidly	changing,	and	unreal	(eg,
streaks	 and	 blobs	 of	 color	 or	 kaleidoscopic,	 multicolored	 shifting	 patterns).
Visions	 and	 mystical	 experiences	 have	 been	 described.	 Hallucinogenic	 drug
effects	may	be	variable,	even	in	the	same	individual	on	different	occasions.	The
person	 is	 usually	 awake	 and	 may	 appear	 hyperalert,	 but	 is	 often	 quiet,	 calm,
withdrawn,	 depressed,	 uncommunicative,	 and	 oblivious	 to	 surroundings	 or
preoccupied	with	internal	stimuli.	For	some	people,	 the	psychedelic	experience
may	be	frightening	or	terrifying,	which	results	in	anxiety,	agitation,	violence,	or
panic	 (eg,	 “bad	 trip”	 or	 “bummer”).	 In	 general,	 tryptamine,	 amphetamine
derivatives,	 and	 mescaline	 have	 clinical	 effects	 similar	 to	 those	 of	 LSD.	 The
most	 common	 presentation	 is	 acute	 panic	 reactions.	 The	 patients	 typically
present	 with	 anxiety,	 apprehension,	 a	 sense	 of	 loss	 of	 self-control,	 and
frightening	illusions.

7 	The	subjective	effects	of	LSD	(eg,	alterations	of	mood,	perceptual	changes,
and	cognitive	impairment)	typically	begin	within	30	to	60	minutes,	peak	at	2	to	4
hours,	 and	 return	 to	 baseline	 within	 12	 hours.	 Although	 LSD	 may	 induce
profound	 perceptual	 changes,	 there	 is	 a	 lack	 of	 good	 data	 to	 suggest	 adverse
physical	events	as	a	direct	consequence	of	LSD	administration.	There	does	not
appear	to	be	a	documented	case	of	LSD	overdose	death.	However,	massive	LSD
overdose	has	resulted	in	severe	autonomic	effects	such	as	coma,	toxic	psychosis,
hyperventilation,	 respiratory	 arrest,	 hypertension,	 hyperthermia,	 tachycardia,
athetosis,	dystonic	movements,	and	coagulopathy.39,40	Lysergic	acid	use	has	been
associated	with	serotonin	syndrome.	An	adverse	consequence	attributed	to	LSD



use	 that	 is	 recognized	 in	 DSM-V	 is	 “Hallucinogen	 Persisting	 Perception
Disorder”	 or	 “flashbacks,”	 a	 condition	 in	 which	 a	 person	 reexperiences,
following	 the	 cessation	 of	 hallucinogen	 exposure,	 perceptual	 symptoms	 that
were	experienced	while	intoxicated	with	the	hallucinogen.41	“Flashbacks”	can	be
triggered	 by	 stress,	 illness,	 and	 exercise.	 Persistent	 LSD	 effects	 may	 include
prolonged	 psychotic	 reactions,	 depression,	 and	 exacerbation	 of	 preexisting
psychiatric	illness.

The	 initial	 effects	 of	 morning	 glory	 seeds	 are	 listlessness,	 apathy,	 and
irritability,	 followed	by	mild	LSD-effects.	Severe	psychedelic	 reactions	as	well
as	 “flashbacks”	 have	 been	 reported.	 Hawaiian	 baby	 woodrose	 presents
similarly.36,42

The	 clinical	 effects	 of	 “magic	 mushrooms”	 may	 include	 mydriasis,
tachycardia,	 hypertension,	 hyperreflexia,	 facial	 or	 truncal	 flushing,	 behavior,
emotional	 or	 mood	 alterations	 (eg,	 dysphoria	 and	 frightening	 experiences	 or
“bad	 trips”),	 perceptual	 disorders	 (eg,	 visual	 distortions,	 hallucinations,
distortions	 of	 body	 image	 or	 depersonalization,	 and	 paraesthesias),	 and	 panic
attacks.43	The	experience	of	serious	negative	effects	(eg,	“bad	trip”)	is	probably	a
reason	for	seeking	medical	care.	In	these	cases,	the	individuals	may	be	severely
agitated,	 confused,	 extremely	 anxious,	 disoriented	with	 impaired	 concentration
and	 judgment	 (eg,	 walking	 beside	 a	 railway	 line),	 and	 acutely	 psychotic
experiencing	bizarre	 and	 frightening	 images,	 severe	paranoia,	 and	 total	 loss	of
reality	with	consequent	accidents,	self-injury	or	suicide	attempts.	A	“bad	trip”	is
usually	 followed	 by	 faintness,	 sadness	 and	 depression	 and	 paranoid
interpretations,	which	may	persist	for	months.	Some	of	these	symptoms	may	be
associated	with	concomitant	use	of	other	illicit	substances.	For	some	individuals,
the	use	of	“magic	mushrooms”	may	exacerbate	underlying	personality	disorders
and	 psychosis-like	 states.	 Flashbacks	 have	 been	 reported	 following	 psilocybin
intoxication.44	Intravenous	injection	of	Psilocybe	mushroom	extract	has	resulted
in	systemic	autonomic	effects	that	include	nausea,	protracted	vomiting,	diarrhea,
rigors,	hyperpyrexia,	arthralgias,	severe	myalgias,	loin	pain,	headache,	and	skin
eruptions.	Laboratory	results	included	hypoxemia,	leukocytosis	with	a	left	shift,
elevated	renal	and	liver	function	studies,	and	mild	methemoglobinemia.

The	 purported	 hallucinogenic	 effects	 that	 may	 be	 derived	 from	 licking	 the
skin	of	live	toads	of	the	genus	Bufo	may	be	clinically	inconsequential	compared
with	the	serious	effects	of	the	cardioactive	compounds	(eg,	cardiac	dysrhythmias
and	death);	see	Chapter	107:	Cardiac	Glycoside	Poisoning.37

Dimethyltryptamine	effects	include	colorful	visual	hallucinations	(eg,	rapidly
moving,	 multidimensional,	 kaleidoscopic	 display	 of	 intensely	 colored	 abstract
and	representational	images),	auditory	effects	that	were	not	frank	hallucinations,



dissociation	of	awareness	from	the	physical	body,	transient	anxiety,	a	dream-like
state,	 euphoria,	 and	 feelings	 of	 alternating	 heat	 and	 cold,	which	 usually	 peaks
after	a	few	minutes	and	resolve	within	30	minutes.45

Peyote	 can	 have	 strong	 emetic	 effects	 and	 has	 been	 reported	 to	 cause
profound	nausea	and	vomiting	preceding	hallucinations.

Salvia	divinorum	hallucinogenic	effects	often	last	for	a	few	hours	if	ingested,
and	less	 if	smoked.	Clinical	effects	 include	elevation	in	mood,	calmness,	sense
of	 introspection,	 synesthesia,	 and	 mild	 sympathomimetic	 symptoms,	 but
respiratory	depression	has	not	been	reported.38

Diagnostic	Evaluation
Hallucinogen	 intoxication	 is	 a	 clinical	 diagnosis.	 It	 is	 based	 on	 a	 history	 of
possible	hallucinogen	exposure	associated	with	clinical	findings	consistent	with
hallucinogenic	 effects.	 The	 history	 should	 include	 a	 prior	 drug	 abuse	 and
psychiatric	 illness.	 Often,	 the	 name	 of	 the	 drug	 is	 not	 given	 but	 the	 route	 of
intoxication	and	dosage	form	are	described	(eg,	ate	a	paper,	chewed	a	button,	put
acid	in	my	eye).	Sometimes	the	only	history	is	“on	a	trip.”

Physical	 examination	 should	 focus	 on	 eliciting	 signs	 of	 autonomic
disturbances,	 synesthesias,	 illusions,	 hallucinations,	 delusions,	 and	 abnormal
behavior.	 Laboratory	 tests	 should	 include	 serum	 electrolytes,	 blood	 urea
nitrogen,	creatinine,	glucose,	CPK,	and	urinalysis.	Urine	toxicology	screen	may
confirm	 the	 diagnosis	 of	 psychedelic	 hallucinogen	 intoxication	 and	 may	 be
useful	 in	 patients	 with	 unexplained	 hallucinations.	 Quantitative	 hallucinogen
drug	levels	are	not	clinically	useful	and	do	not	contribute	to	patient	management.
Although	laboratory	tests	are	available	for	LSD	and	its	metabolite,	it	is	not	part
of	 most	 standard	 drug	 abuse	 screens.	 Electrocardiogram,	 arterial	 blood	 gas,
imaging	studies,	and	lumbar	puncture	should	be	obtained	as	clinically	indicated.

Management
Management	 of	 hallucinogenic	 tryptamine	 is	 similar	 to	 that	 for	PCP	exposure.
Patients	should	be	placed	in	a	quiet	area	with	limited	stimuli	accompanied	by	a
patient	 advocate.	 The	 advocate	 should	 provide	 reality	 testing	 and	 reassure	 the
patient	 that	 it	 is	 a	 drug-induced	 experience	 and	 the	 adverse	 drug	 event	 will
resolve	within	a	few	hours.	This	approach	may	not	be	practical	or	effective	for
severely	 disturbed	 or	 uncommunicative	 patients,	 and	 liberal	 intravenous
benzodiazepine	 doses	 should	 be	 administered	 to	 control	 anxiety.	Depressed	 or



withdrawn	 patients	 are	 unpredictable	 and	 should	 be	 kept	 under	 close
observation.	GI	decontamination	is	unlikely	to	benefit	a	symptomatic	patient	and
is	 not	 indicated.	 For	 patients	 exhibiting	 serotonin	 syndrome,	 treatment	 with
chlorpromazine	or	cyproheptadine	may	be	considered.	Patients	are	expected	 to
recover	 within	 24	 hours.	 Persistent	 signs	 and	 symptoms	 may	 be	 caused	 by	 a
psychiatric	 condition	 precipitated	 by	 the	 hallucinogenic	 drug,	 and	 the	 patient
should	be	referred	to	the	psychiatric	service	for	evaluation	and	disposition.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	35-year-old	man	is	brought	in	by	emergency	medical	services	because
he	is	extremely	violent	and	agitated	after	ingesting	phencyclidine	(PCP).	A
paramedic	administered	a	total	of	20	mg	of	midazolam	intravenously	in	the	field
without	effect.	Vital	signs	on	arrival	are	blood	pressure	200/110	mm	Hg,	pulse
118/minute,	respiratory	rate	36/minute,	and	temperature	40	°C,	with	SpO2	92%
on	room	air	and	a	finger	stick	blood	glucose	of	200	mg/dL.	You	administer	a
total	of	40	mg	of	midazolam	and	20	mg	of	haloperidol	intravenously	without
effect.	The	patient	continues	to	violently	pull	on	his	restraints.	What	is	the	most
appropriate	next	step	in	management?

A. 	Initiate	dexmedetomidine	infusion	and	forced	diuresis
B. 	Initiate	ketamine	infusion	and	urine	alkalinization
C. 	Initiate	propofol	and	chlorpromazine	infusions
D. 	Initiate	rapid	sequence	intubation	and	active	cooling

2. 	A	25-year-old	woman	with	a	history	of	epilepsy,	depression,	and	seasonal
allergies	undergoes	a	urine	drug	screen	for	work	clearance	which	returns	positive
for	phencyclidine	(PCP).	The	patient	adamantly	denies	using	illicit	drugs.	Which
of	her	medications	most	likely	caused	the	false-positive	urine	drug	screen?

A. 	Diphenhydramine
B. 	Lamotrigine
C. 	Venlafaxine
D. 	All	of	the	above

3. 	A	25-year	-old	woman	presents	to	the	emergency	room	hallucinating	after



attending	a	religious	ceremony.	She	reports	a	massive	amount	of	vomiting	prior
to	the	hallucinations.	Vital	signs	on	arrival	are	blood	pressure	of	120/60	mm	Hg,
heart	rate	95	beats/minute,	respiratory	rate	16	breaths/minute,	and	temperature
36	°C.	Her	SpO2	is	98%	on	room	air	and	finger	stick	blood	glucose	is
100	mg/dL.	Which	of	the	following	was	most	likely	ingested	during	the
ceremony?

A. 	Hawaiian	baby	woodrose
B. 	Morning	glory
C. 	Peyote
D. 	Psilocybin

Answers

1.	The	correct	answer	is	D.
Rationale:	 This	 patient	 failed	 multiple	 sedative	 agents	 and	 is	 persistently

agitated	 and	 violent	 with	 severely	 abnormal	 vital	 signs.	 He	 needs	 to	 be
emergently	 paralyzed,	 sedated,	 and	 cooled	 (choice	 D	 is	 correct).	 Of	 note,	 he
should	be	paralyzed	with	a	nondepolarizing	paralytic	like	rocuronium	because	of
the	 risk	of	hyperkalemia	 related	 to	 rhabdomyolysis.	Succinylcholine	 should	be
avoided.	Dexmedetomidine,	while	often	used	as	sedative	agent,	is	not	a	first-line
agent	for	the	treatment	of	PCP	toxicity	like	benzodiazepines.	Furthermore,	urine
acidification,	 alkalinization,	 and	 forced	 diuresis	 are	 unproven	 treatments	 for
phencyclidine	 (PCP)	 intoxication	 (choices	A	and	B	are	 incorrect).	 Initiation	of
propofol	and	chlorpromazine	 infusions	 is	unlikely	 to	help	as	has	already	failed
antipsychotics,	and	a	propofol	infusion	should	not	be	used	in	a	patient	without	a
secured	airway	(choice	C	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	All	of	 the	medications	 listed	may	cause	 false-positive	 results	 for

phencyclidine	on	urine	drug	screens.	Although	not	listed	here,	another	common
over-the-counter	agent	that	does	this	is	dextromethorphan.

3.	The	correct	answer	is	C.
Rationale:	 Peyote	 often	 causes	 profound	 nausea	 and	 vomiting	 followed	 by

hallucinations	 (choice	C	 is	 correct).	While	 all	 of	 the	 other	 answer	 choices	 are
also	 hallucinogens,	 none	 of	 them	 regularly	 cause	 severe	 nausea	 and	 vomiting
prior.
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Chapter	121
Salicylate	and	Other	Nonsteroidal	Anti-
inflammatory	Drug	Poisoning
Henry	D.	Swoboda,	Marco	L.	A.	Sivilotti

KEY	POINTS:
1.	 Nonsalicylate	NSAID	overdoses	are	generally	treated	with

supportive	care,	and	are	rarely	severe	unless	massive.	A	small
number	of	these	NSAIDs	have	additional,	atypical	toxicities	but	these
NSAIDs	are	rarely	used	today.

2.	 Salicylate	toxicity	classically	includes	a	mixed	respiratory	alkalosis
with	metabolic	acidosis,	tinnitus	with	or	without	hyperthermia,	and
progressive	GI,	neurological,	and	pulmonary	complications	as	the
toxicity	worsens.	Chronic	salicylism	frequently	has	an	occult
presentation	with	increased	severity,	and	can	resemble	sepsis	or
delirium.	Early	salicylate	overdose	presents	with	a	primary
respiratory	alkalosis,	with	subsequent	development	of	primary,
anion-gap	metabolic	acidosis.

3.	 Salicylate	metabolism	changes	from	first	order	to	zero	order	in
overdose	as	hepatic	metabolism	is	saturated.

4.	 Care	should	be	taken	in	sedating	or	intubating	and	ventilating
salicylate	poisoned	patients	to	prevent	academia	with	resultant	rapid
distribution	of	salicylate	and	increased	toxicity.

5.	 Treatment	priorities	during	salicylate	overdose	include	GI
decontamination,	fluid	resuscitation,	alkalization	of	the	serum	and
urine,	and	emergency	hemodialysis	for	severe	overdose.

INTRODUCTION



Nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs)	 include	 aspirin,	 related
salicylates	 (Table	 121.1),	 and	 a	 variety	 of	 other	 drugs	 (eg,	 ibuprofen,
indomethacin,	phenylbutazone,	and	ketorolac),	which	modulate	inflammation	by
inhibiting	 cyclooxygenase	 (COX).	 In	 clinical	 use	 for	 100	 years,	 aspirin	 still
enjoys	 widespread	 popularity	 in	 the	 adult	 population,	 both	 by	 self-medication
and	by	physician-recommended	usage.

TABLE	121.1

Salicylate	Preparations

Compound Common/Trade
Names

Percentage
Salicylate

Acetylsalicylic	acid Aspirin 75

Bismuth	subsalicylate In	Pepto-Bismol 37

Choline	salicylate Arthropan 56

Choline	and	magnesium
salicylate

Trilisate 76

Difluorophenyl	salicylic
acid

– –

Diflunisal Dolobid –a

Homomenthyl	salicylate In	sunscreens 51

Magnesium	salicylate Doan’s	Caplets,
Magan

90

Methyl	salicylate Oil	of	wintergreen 89

Salicylic	acid In	topical	keratolytics 100

Salicylsalicylic	acid Salsalate,	Disalcid 96

Sodium	salicylate Pabalate 84

Trolamine	salicylate Aspercreme 48



aNot	hydrolyzed	to	salicylic	acid	but	may	cause	screening	tests	for	salicylate	to	be	falsely	positive.

While	 the	 institution	of	 child-resistant	 packaging	 and	 concerns	 about	Reye
syndrome	resulted	in	a	dramatic	decline	in	pediatric	overdose,	aspirin	remains	a
leading	cause	of	death	due	to	pharmaceutical	overdose.1-3	Reducing	the	amount
of	aspirin	available	over	the	counter	was	associated	with	fewer	overdose	deaths
in	 the	 United	 Kingdom.4	 Nevertheless,	 vigilance	 remains	 necessary	 because
chronic	 salicylate	 intoxication,	 particularly	 among	 the	 elderly,	 is	 commonly
unrecognized	 or	 mistaken	 for	 other	 conditions,	 such	 as	 sepsis,	 dehydration,
dementia,	 and	 multiorgan	 failure.	 In	 contrast,	 most	 other	 NSAIDs	 have	 a
substantially	 greater	 safety	 margin	 than	 aspirin	 when	 overdosed.	 Although
availability	without	prescription	has	 resulted	 in	 increased	use	and	frequency	of
overdose,	significant	acute	toxicity	is	uncommon.1,5,6

PHARMACOLOGY
All	 NSAIDs	 have	 analgesic	 and	 antipyretic	 as	 well	 as	 anti-inflammatory
activities.	 These	 effects	 are	 due	 to	 inhibition	 of	 COX,	 also	 known	 as
prostaglandin	 G/H	 synthase,	 the	 enzyme	 responsible	 for	 the	 conversion	 of
arachidonic	 acid	 to	 prostaglandins	 and	 thromboxanes.7	 The	 analgesic	 dose	 of
most	NSAIDs	 is	approximately	one-half	 the	anti-inflammatory	dose.	For	 some
NSAIDs,	such	as	aspirin,	ibuprofen,	and	fenoprofen,	this	gap	is	larger,	whereas
the	converse	is	true	for	sulindac	and	piroxicam.	Antipyretic	effects	appear	to	be
due	 to	 decreased	 pyrogen	 production	 peripherally	 as	 well	 as	 to	 a	 central
hypothalamic	 effect.	 The	 existence	 of	 central	 nervous	 system	 (CNS)	 sites	 of
action	mediating	analgesic	activity	has	been	postulated.8

Two	 isoforms	 of	 COX	 have	 been	 characterized:	 COX-1,	 constitutionally
present	in	platelets,	endothelium,	gastric	mucosa,	and	the	kidneys;	and	COX-2,
induced	 by	 a	 variety	 of	 inflammatory	 mediators	 (eg,	 cytokines,	 endotoxin,
growth	 factors,	 hormones,	 and	 tumor	 promoters)	 but	 suppressed	 by
glucocorticoids.7	 The	 anti-inflammatory	 and	 analgesic	 properties	 of	 NSAIDs
appear	to	be	primarily	due	to	the	inhibition	of	COX-2.	Their	adverse	effects	on
gastric	mucosa	(eg,	hemorrhage,	ulceration,	and	perforation)	and	kidney	function
(eg,	decreased	renal	blood	flow	and	glomerular	filtration	rate),	and	their	effects
on	platelet	function	appear	to	be	mediated	primarily	by	COX-1.7,9,10

NSAIDs	 can	 be	 classified	 on	 the	 basis	 of	 their	 selectivity	 for	 COX-2.	 In
particular,	 the	 coxibs,	 rofecoxib,	 valdecoxib,	 and	 celecoxib	 were	 developed
specifically	 for	 their	COX-2	 selectivity	 and	 the	promise	of	 improved	 safety11).



However,	an	increased	risk	of	myocardial	infarction	and	stroke	was	identified	in
clinical	trials	and	led	to	regulatory	restrictions.12,13	These	adverse	cardiovascular
effects	appear	 to	be	due	to	a	relative	excess	of	COX-1–generated	thromboxane
A2,	 which	 is	 vasoconstrictive	 and	 platelet-activating	 (ie,	 prothrombic),	 and	 a
relative	 lack	 of	 COX-2–generated	 prostaglandin	 I2	 (prostacyclin),	 which	 is
vasodilatory	and	platelet	inhibitory	(ie,	antithrombotic).7,12	It	is	important	to	note
that	traditional	NSAIDS	diclofenac,	meloxicam,	and	nabumetone	exhibit	partial
COX-2	 selectivity,	 and	 that	 other	 traditional,	 nonselective	 NSAIDs	 may	 also
contribute	to	adverse	cardiovascular	events.	Thus,	selectivity	is	relative,	and	all
NSAIDs	 inhibit	both	COX	isoforms	 in	a	dose-dependent	manner.	 Inhibition	of
COX-1	 may	 result	 in	 increased	 lipoxygenation	 of	 arachidonic	 acid	 to
leukotrienes.	This	 alternate	metabolic	pathway	 seems	 to	be	 responsible	 for	 the
sometimes	fatal	allergic	reactions	to	NSAIDs	especially	prevalent	among	adults
with	asthma	and	nasal	polyps.14,15

Aspirin	 (acetylsalicylic	 acid)	 is	 unique	 in	 that	 it	 acetylates	 a	 serine	 residue
near	the	active	site	of	COX,	thereby	irreversibly	inhibiting	its	catalytic	function.
In	contrast,	the	inhibition	of	COX	by	other	NSAIDs	is	reversible	and	transient.
This	difference	in	activity	is	most	notable	in	platelets,	in	which	thromboxane	A2

is	 essential	 for	 normal	 function.16	 Even	 in	 low	 doses	 (80	mg),	 aspirin	 inhibits
platelet	 aggregation	and	prolongs	 the	bleeding	 time	 for	up	 to	1	week	 (pending
the	production	of	new	platelets),	whereas	other	NSAIDs	do	not	have	clinically
significant	effects	on	platelets.17

In	high	doses,	aspirin	and	other	salicylates	also	inhibit	the	hepatic	synthesis	of
clotting	factor	VII	and,	to	some	degree,	factors	IX	and	X,	thereby	prolonging	the
prothrombin	time.	This	effect	appears	to	be	due	to	interference	with	the	activity
of	 vitamin	K	 and	 can	 be	 reversed	 by	 administration	 of	 phytonadione	 (vitamin
K1).	 In	 contrast,	 other	 NSAIDs	 have	 insignificant	 effects	 on	 clotting-factor
synthesis.17

Salicylates
Salicylates	are	available	in	oral,	rectal,	and	topical	formulations.	Enteric-coated
and	 sustained-release	 aspirin	 tablets	 are	 also	 marketed.	 Aspirin	 preparations
frequently	 contain	 other	 drugs	 such	 as	 anticholinergics,	 antihistamines,
barbiturates,	 caffeine,	 decongestants,	 muscle	 relaxants,	 and	 opioids.	 The
recommended	pediatric	dose	of	aspirin	is	10	to	20	mg/kg	of	body	weight	every	6
hours,	up	to	60	mg/kg/d;	for	adults,	the	recommended	dose	is	1000	mg	initially,
followed	 by	 650	 mg	 every	 4	 hours	 for	 anti-inflammatory	 effect.	 Multiple



formulations	 of	 other	 salicylate	 salts	 exist	 with	 various	 indications,	 and	 may
contain	very	high	concentrations	of	salicylate	(see	Table	121.1).	After	a	single
oral	dose	of	aspirin,	therapeutic	effects	begin	within	30	minutes,	peak	in	1	to	2
hours,	and	last	approximately	4	hours.

Being	a	weak	acid	(pK	a,	3.5),	aspirin	is	predominantly	nonionized	at	gastric
pH	and,	therefore,	theoretically	well	absorbed	in	the	stomach.	However,	gastric
acidity	slows	the	dissolution	of	 tablets.	Hence,	most	absorption	actually	occurs
in	 the	 small	 intestine,	 probably	 because	 of	 its	 much	 larger	 surface	 area	 and
despite	 its	 higher	 pH.	 Peak	 serum	 salicylate	 levels	 of	 10	 to	 20	 mg/dL	 (0.7-
1.4	 mmol/L)	 occur	 1	 to	 2	 hours	 after	 ingestion	 of	 a	 single	 therapeutic	 dose.
Levels	up	to	30	mg/dL	can	occur	with	long-term	therapy	and	may	be	targeted	for
maximal	 anti-inflammatory	 effects	 in	 some	 patients.	 Absorption	 is	 delayed	 or
prolonged	after	ingestion	of	enteric-coated	or	sustained-release	preparations	and
suppository	 use.18	 With	 overdose,	 slow	 pill	 dissolution,	 and	 delayed	 gastric
emptying	due	to	aspirin-induced	pylorospasm	may	lead	to	absorption	continuing
for	24	hours	or	longer	after	ingestion.19,20

During	 absorption,	 aspirin	 is	 rapidly	 hydrolyzed	 to	 its	 active	 metabolite,
salicylic	acid.	At	physiological	pH,	salicylic	acid	(pK	a,	3.0)	is	more	than	99.9%
ionized	 to	 salicylate,	 which,	 in	 contrast	 to	 nonionized	 salicylic	 acid,	 diffuses
poorly	across	cell	membranes.	The	drug	may	become	sequestered	preferentially
in	inflamed	tissue	due	to	this	pH-dependent	ionization.

The	apparent	volume	of	distribution	of	salicylate	at	pH	7.4	is	only	0.15	L	per
kg	at	therapeutic	doses,	in	part	due	to	its	extensive	protein	binding.	Only	free	(ie,
unbound)	 salicylate	 is	 pharmacologically	 active.	 However,	 salicylate	 is
somewhat	 unique	 in	 that	 its	 apparent	 volume	 of	 distribution	 is	 not	 constant.
Higher	drug	 levels	as	a	 result	of	chronic	 therapeutic	dosing	or	acute	overdose,
low	albumin	levels,	and	the	presence	of	other	drugs	that	bind	to	albumin	increase
the	amount	and	fraction	of	free	drug.	When	this	occurs,	the	apparent	volume	of
distribution	may	 increase	 to	0.60	L/kg.21	Acidemia,	 as	 a	 consequence	of	 either
concomitant	 illness	 or	 severe	 poisoning,	 may	 further	 increase	 the	 fraction	 of
nonionized,	 diffusible	 drug,	 promote	 its	 tissue	 penetration,	 and	 increase	 the
apparent	volume	of	distribution	even	more.

3 	After	single	 therapeutic	doses,	salicylate	 is	metabolized	 in	 the	 liver	 to	 the
inactive	metabolites	 salicyluric	 acid	 (the	 glycine	 conjugate;	 75%	of	 the	 dose),
salicylphenolic	 glucuronide	 (10%),	 salicylacyl	 glucuronide	 (5%),	 and	 gentisic
acid	(less	than	1%).	The	remaining	10%	of	the	dose	is	excreted	unchanged	in	the
urine.	When	serum	concentrations	exceed	20	mg/dL,	the	two	main	pathways	of
metabolism	 become	 saturated,	 and	 elimination	 changes	 from	 first	 order	 (ie,



proportional	 to	 the	 serum	 level)	 to	 zero	 order	 (constant),	 as	 described	 by
Michaelis-Menten	kinetics.	Hence,	 the	 apparent	half-life	of	 salicylate	 is	2	 to	3
hours	 after	 a	 single	 therapeutic	 dose,	 6	 to	 12	 hours	 with	 chronic	 therapeutic
dosing	(ie,	serum	levels	of	20-30	mg/dL),	and	20	to	40	hours	with	overdose	(ie,
when	levels	exceed	30	mg	per	dL)22).	Because	of	saturable	metabolism,	a	small
increase	in	the	daily	dose	can	lead	to	a	large	increase	in	serum	drug	levels,	with
the	 potential	 for	 unintentional	 poisoning.23	 Depletion	 of	 glycine	 stores	 may
reduce	the	capacity	of	the	salicyluric	acid	pathway	and	further	slow	elimination
after	overdose.24

Renal	excretion	of	salicylate	becomes	the	most	important	route	of	elimination
when	 hepatic	 transformation	 becomes	 saturated.	 The	 rate	 of	 excretion	 is
determined	 by	 the	 glomerular	 filtration,	 active	 proximal	 tubular	 secretion	 of
salicylate,	and	passive	distal	tubular	reabsorption	of	salicylic	acid.	Alkalinization
of	the	urine	decreases	the	passive	reabsorption	of	salicylic	acid	by	converting	it
to	 ionized,	 nondiffusible	 salicylate	 and	 thereby	 increases	 drug	 excretion.
Similarly,	 increasing	 the	 rate	 of	 urine	 flow	 increases	 drug	 clearance	 by
increasing	the	glomerular	filtration	and	decreasing	the	distal	tubular	reabsorption
of	salicylic	acid	(by	diluting	its	concentration	in	the	tubular	 lumen).	Combined
alkalinization	and	diuresis	can	augment	the	renal	elimination	of	salicylate	by	20-
fold	 or	 more.25,26	 Conversely,	 dehydration	 and	 aciduria	 perhaps	 due	 to
preexisting	illness	or	to	salicylate	poisoning	itself	decrease	salicylate	excretion,
and	increase	the	duration	of	toxicity	once	it	develops.

Salicylates	 readily	 cross	 the	 placenta	 and	 enter	 breast	 milk.	 Salicylate
elimination	 in	 the	 fetus	 or	 infant	 may	 be	 prolonged	 because	 of	 immature
metabolic	 pathways	 and	 renal	 function.27	 It	may	 also	 be	 prolonged	 in	 patients
with	liver	or	renal	disease.

The	pathophysiology	of	salicylate	poisoning	is	multifactorial.28-32	Initially	and
in	mild	poisoning,	direct	stimulation	of	the	respiratory	center	in	the	medulla	by
toxic	 salicylate	 concentrations	 results	 in	 a	 respiratory	 alkalosis,	 unless	 blunted
by	 concomitant	 ingestion	 of	 CNS	 depressants.29	 Direct	 stimulation	 of	 the
medullary	 chemoreceptor	 zone	 and	 irritant	 effects	 on	 the	 gastrointestinal	 tract
are	 responsible	 for	 nausea	 and	 vomiting.	 Exaggerated	 antipyretic	 effects
involving	the	hypothalamus	may	cause	vasodilation	and	sweating.33	Dehydration
results	 from	 gastrointestinal,	 skin,	 and	 insensible	 fluid	 losses.	 The	 osmotic
diuresis	 that	 occurs	 as	 bicarbonate	 is	 excreted	 in	 response	 to	 alkalemia	 also
contributes	 to	 dehydration.	 Sodium	 and	 potassium	 depletion	 result	 from
excretion	of	these	electrolytes	along	with	bicarbonate	(in	exchange	for	hydrogen
ion	 reabsorption).	A	 functional	hypocalcemia	 (decreased	 ionized	calcium)	may
accompany	alkalemia	and	cause	or	contribute	to	cardiac	arrhythmias,	tetany,	and



seizures.
Subsequently,	 during	moderate	 poisoning,	 the	 accumulation	 of	 salicylate	 in

cells	 causes	 uncoupling	 of	mitochondrial	 oxidative	 phosphorylation,	 inhibition
of	 the	 Krebs	 cycle	 and	 amino	 acid	 metabolism,	 and	 stimulation	 of
gluconeogenesis,	glycolysis,	and	lipid	metabolism.34	These	derangements	result
in	 increased	 but	 ineffective	 metabolism,	 with	 increased	 glucose,	 lipid,	 and
oxygen	 consumption	 and	 increased	 amino	 acid,	 carbon	 dioxide,	 glucose,
ketoacid,	lactic	acid,	and	pyruvic	acid	production.	High	serum	levels	of	organic
acids	 contribute	 to	 an	 increased	 anion-gap	 metabolic	 acidosis,	 and	 the	 renal
excretion	of	 these	acids	 results	 in	aciduria.	However,	 increased	carbon	dioxide
production	further	stimulates	the	respiratory	center,	and	the	respiratory	alkalosis
persists,	resulting	in	alkalemia	with	paradoxical	aciduria.

In	 severe	 poisoning,	 progressive	 dehydration	 and	 impaired	 cellular
metabolism	 cause	 multisystem	 organ	 dysfunction.	 Metabolic	 acidosis	 with
acidemia	 becomes	 the	 dominant	 acid–base	 disturbance.	 Respiratory	 acidosis,
lactic	acidosis,	and	impaired	renal	excretion	of	organic	acids	due	to	dehydration
and	 acute	 tubular	 necrosis	 contribute	 to	 the	 acidemia.	 Acidemia	 increases	 the
fraction	 of	 nonionized	 salicylate	 in	 serum,	 thereby	 promoting	 its	 tissue
penetration	 and	 toxicity,	 and	 precipitous	 clinical	 deterioration	may	 ensue	with
increasing	 brain	 salicylate	 levels.	 Impaired	 cellular	 metabolism	 can	 cause
increased	 capillary	permeability	 leading	 to	 cerebral	 edema	 and	noncardiogenic
pulmonary	edema	or	acute	 respiratory	distress	 syndrome.	Coma,	hyperthermia,
and	 seizures	 may	 result	 from	 impaired	 cellular	 metabolism,	 cardiovascular
depression,	 cerebral	 edema,	 acidemia,	 hypoglycemia,	 and	 acute	 white	 matter
damage	 due	 to	 myelin	 disintegration	 and	 activation	 of	 glial	 caspase	 3.35,36
Respiratory	alkalosis	may	be	replaced	by	respiratory	acidosis	if	coma	or	seizures
cause	 respiratory	depression.	Tissue	hypoxia	 resulting	 from	pulmonary	edema,
impaired	 perfusion,	 or	 seizures	 may	 lead	 to	 anaerobic	 metabolism	 and
concomitant	lactic	acidosis.

Hemorrhagic	diathesis	may	result	from	increased	capillary	fragility,	decreased
platelet	 adhesiveness,	 thrombocytopenia,	 and	 coagulopathy	 secondary	 to	 liver
dysfunction.	It	occurs	primarily	in	patients	with	chronic	poisoning.

Other	Nonsteroidal	Anti-inflammatory	Drugs
Despite	their	structural	diversity,	the	pharmacokinetics	of	traditional	NSAIDs	are
quite	similar.	Like	aspirin,	they	are	weak	acids,	with	pK	a	ranging	from	3.5	to	5.6
and	pH-dependent	 ionization	being	the	major	determinant	of	 tissue	distribution



and	sequestration.	They	are	rapidly	absorbed	after	ingestion,	have	small	volumes
of	distribution	(0.08-0.20	L/kg),	and	are	90%	to	99%	protein	bound	(principally
to	 albumin).	 Most	 have	 half-lives	 of	 less	 than	 8	 hours,	 with	 low	 non–flow-
dependent	hepatic	clearance,	primarily	by	the	CYP2C	subfamily	of	cytochrome
P450	 enzymes,	 to	 inactive	 metabolites	 that	 are	 then	 conjugated,	 mostly	 with
glucuronic	acid,	and	excreted	in	 the	urine.	Sulindac	is	one	exception	in	 that	 its
sulfide	metabolite	is	the	active	form	of	the	drug	and	has	a	half-life	of	16	hours.37
Nabumetone	 is	 also	 a	 prodrug,	 and	 its	 active	 metabolite,	 6-methoxy-2-
naphthylacetic	acid,	has	a	half-life	of	more	than	20	hours	(and	even	longer	in	the
elderly).38	 Phenylbutazone,	 oxyphenbutazone,	 and	 piroxicam	 are	 notable	 for
half-lives	of	longer	than	30	hours.	Diflunisal,	like	aspirin,	has	a	dose-dependent
half-life	 of	 5	 to	 20	 hours.	 Indomethacin,	 sulindac,	 etodolac,	 piroxicam,
carprofen,	 and	 meloxicam	 undergo	 enterohepatic	 recirculation.37,39,40	 Small
amounts	(less	than	10%)	of	nonsalicylate	NSAIDs	are	excreted	unchanged	in	the
urine,	 limiting	 the	 effect	 of	 urine	 pH	 on	 clearance.	 The	 coxibs	 are	 nonacidic
drugs,10	highly	protein	bound	and	primarily	metabolized	in	the	liver.

In	contrast	to	salicylates,	the	metabolism	of	most	nonsalicylate	NSAIDs	is	not
saturable	 or	 prolonged	 during	 overdose,	 and	 elimination	 follows	 first-order
kinetics.	 An	 exception	 is	 phenylbutazone,	 whose	 elimination	 may	 follow
Michaelis-Menten	kinetics.

Toxic	 effects	 of	 NSAIDs	 appear	 to	 be	 primarily	 due	 to	 exaggerated
pharmacological	 effects,	 with	 gastric	 irritation	 and	 renal	 dysfunction	 resulting
from	the	inhibition	of	prostaglandin	synthesis.	In	contrast	to	salicylate	poisoning,
the	acidosis	that	sometimes	occurs	with	large	overdoses	of	these	agents	appears
to	be	due	to	high	levels	of	parent	drug	and	metabolites	rather	than	to	disruption
of	metabolism.41

CLINICAL	TOXICITY

Salicylates
Salicylate	poisoning	may	occur	with	acute	as	well	as	chronic	overdose.28-32,42-48	It
most	 commonly	 results	 from	 ingestion,	 but	 poisoning	 due	 to	 topical	 use49	 and
rectal	 self-administration50	 has	 been	 reported.	 The	 ingestion	 of	 topical
preparations	 of	 methyl	 salicylate	 (oil	 of	 wintergreen,	 also	 present	 in	 Chinese
propriety	medicines)	can	result	in	rapid-onset	poisoning,	due	to	its	concentration,
rapid	 absorption	 kinetics,	 and	 higher	 lipid	 solubility.	 Infants	 may	 become



poisoned	by	 ingesting	 the	breast	milk	of	women	chronically	 taking	 therapeutic
doses	 of	 salicylate.51	 Intrauterine	 fetal	 demise	 resulting	 from	 poisoning	 during
pregnancy52	and	neonatal	poisoning	resulting	from	the	transplacental	diffusion	of
therapeutic	doses	of	salicylate	taken	before	delivery53	have	also	been	described.
Delays	 to	 presentation,	 diagnosis,	 and	 chronicity	 increase	 the	 severity	 and
mortality.44,54,55	 With	 severe	 poisoning,	 the	 fatality	 rate	 may	 be	 as	 high	 as
50%.45,48

Regardless	of	whether	poisoning	is	acute	or	chronic,	it	can	be	characterized	as
mild,	moderate,	or	severe	on	the	basis	of	the	serum	pH	and	underlying	acid-base
disturbance	(Table	121.2).	This	approach	was	first	described	in	the	classic	papers
by	Done,42,56	 who	 also	 developed	 a	 nomogram	 that	 attempted	 to	 correlate	 the
severity	 of	 poisoning	 with	 a	 timed	 salicylate	 level	 after	 acute	 ingestion.
Although	Done	nomogram	has	subsequently	been	shown	to	have	poor	predictive
value,43,54	his	observation	 that	 the	clinical	 severity	of	poisoning	correlates	with
acid-base	status	remains	undisputed.

TABLE	121.2

Severity	of	Salicylate	Poisoning

Severity
Grade

Serum
pH Underlying	Acid–Base	Abnormality

Mild >7.45 Respiratory	alkalosis

Moderate 7.35-
7.45

Combined	respiratory	alkalosis	and	metabolic
acidosis;	paradoxical	aciduria

Severe <7.35 Metabolic	acidosis	with	or	without	respiratory
acidosis

Mild	 poisoning	 is	 characterized	 by	 alkalemia	 (serum	 pH	 greater	 than	 7.45)
and	a	pure	respiratory	alkalosis.	It	may	develop	2	to	8	hours	after	acute	ingestion
of	 150	 to	 300	 mg/kg	 of	 aspirin42,56	 or	 any	 time	 during	 chronic	 therapy.
Associated	 signs	 and	 symptoms	 include	 nausea,	 vomiting,	 abdominal	 pain,
headache,	tinnitus,	tachypnea	(or	subtle	hyperpnea),	ataxia,	dizziness,	agitation,
and	lethargy.	The	anion	gap	(Chapter	198)	is	normal	until	late	in	this	stage,	when
compensatory	 renal	 bicarbonate	 excretion	 eventually	 lowers	 the	 serum



bicarbonate	 level.	 Serum	glucose,	 potassium,	 and	 sodium	values	may	be	high,
low,	 or	 normal.	Despite	 total	 body	 fluid	 and	 electrolyte	 depletion	 and	 clinical
dehydration,	 laboratory	 evidence	 of	 dehydration	 (eg,	 hemoconcentration,
increased	 serum	 blood	 urea	 nitrogen	 [BUN]	 and	 creatinine,	 increased	 urine
specific	gravity)	may	be	absent.

Moderate	poisoning	is	characterized	by	a	near	normal	serum	pH	(7.35-7.45)
with	 an	 underlying	 metabolic	 acidosis	 as	 well	 as	 respiratory	 alkalosis.	 It	 can
occur	 4	 to	 12	 hours	 after	 an	 acute	 overdose	 of	 300	 to	 500	 mg	 per	 kg	 of
aspirin.42,56	 It	may	also	occur	among	patients	with	chronic	 ingestion	who	delay
seeking	 medical	 care	 for	 symptoms	 of	 mild	 poisoning	 and	 continue	 to	 take
salicylate.	Electrolyte	analysis	demonstrates	a	low	serum	bicarbonate	value	with
an	 increased	 anion	 gap.	 Gastrointestinal	 and	 neurological	 symptoms	 are	more
pronounced.	 There	 may	 be	 agitation,	 asterixis,	 diaphoresis,	 deafness,	 pallor,
confusion,	slurred	speech,	disorientation,	hallucinations,	tachycardia,	tachypnea,
and	 orthostatic	 hypotension.	 Leukocytosis;	 thrombocytopenia;	 increased	 or
decreased	serum	glucose	and	sodium	values;	hypokalemia;	and	increased	serum
BUN,	creatinine,	and	ketones	may	be	present.

2 	 Severe	 poisoning	 is	 defined	 by	 the	 presence	 of	 acidemia	 (serum	 pH	 less
than	7.35)	with	underlying	metabolic	acidosis	and	a	high	anion	gap.	It	can	occur
6	 to	 24	 hours	 or	 more	 after	 the	 acute	 ingestion	 of	 more	 than	 500	 mg/kg	 of
aspirin42,56	 or	 in	 unrecognized	 or	 untreated	 chronic	 poisoning.	 Severe
dehydration	and	marked	sinus	tachycardia	are	often	present.	Other	findings	may
include	 coma,	 seizures,	 papilledema,	 hypotension,	 dysrhythmias,	 congestive
heart	 failure,	 oliguria,	 hypothermia	 or	 hyperthermia,	 rhabdomyolysis,	 and
multiple	 organ	 failure.48,55,57	 Hypoglycemia,	 pulmonary	 edema,	 and	 cerebral
edema	or	hemorrhage	may	be	present.47	Asystole	 is	 the	most	common	terminal
dysrhythmia,	 but	 ventricular	 tachycardia	 and	 ventricular	 fibrillation	 can	 also
occur.47,48,58,59	 When	 cardiac	 arrest	 occurs,	 death	 appears	 to	 be	 inevitable.
Successful	resuscitation	in	this	situation	has	yet	to	be	reported.59

Although	 an	 increased	 anion-gap	 metabolic	 acidosis	 is	 often	 said	 to	 be	 a
hallmark	 of	 salicylate	 poisoning,	 in	 reality	 a	 variety	 of	 acid–base	 disturbances
may	be	seen	depending	on	 the	delay	 to	presentation	and	severity	of	poisoning.
As	noted	earlier,	 the	 anion	gap	may	be	normal	 and	acidosis	 absent	 in	 early	or
mild	intoxication.	In	addition,	the	anion	gap	is	rarely	above	20	mEq/L,	even	in
advanced	poisoning.29	For	adults,	combined	respiratory	alkalosis	and	metabolic
acidosis	 is	 the	most	common	finding	(50%-61%),	followed	by	pure	respiratory
alkalosis	 (20%-25%),	 pure	 metabolic	 acidosis	 (15%-20%),	 and	 a	 combined
respiratory	and	metabolic	acidosis	(5%).29,48	Metabolic	acidosis	is	more	common
and	 respiratory	 alkalosis	 more	 often	 absent	 among	 children	 than	 adults,44,48



suggesting	 that	 children	 progress	more	 rapidly	 from	mild	 to	 severe	 poisoning,
perhaps	 because	 of	 more	 rapid	 and	 extensive	 tissue	 distribution	 of	 drug.60
Metabolic	 acidosis	 is	 also	 more	 common	 among	 patients	 with	 large	 acute
ingestions,	chronic	intoxication,	and	delayed	presentation	or	treatment.29,44,45,48,61
The	 onset	 and	 progression	 of	 toxicity	 may	 be	 delayed	 after	 overdose	 with
enteric-coated	or	sustained-release	formulations.18

Potential	 complications	 of	 both	 therapeutic	 and	 toxic	 doses	 of	 salicylate
include	 gastrointestinal	 tract	 bleeding,	 increased	 prothrombin	 time,	 hepatic
toxicity,	 pancreatitis,	 proteinuria,	 and	 abnormal	 urinary	 sediment.	 Significant
bleeding,	gastrointestinal	tract	perforation,	blindness,	and	inappropriate	secretion
of	antidiuretic	hormone	are	rare	complications	of	acute	poisoning.

Other	Nonsteroidal	Anti-inflammatory	Drugs
With	 the	exception	of	mefenamic	acid	and	phenylbutazone,	 significant	 toxicity
from	 acute	 overdose	 is	 unusual	 and	 occurs	 following	 massive	 ingestion.
Manifestations	 typically	 include	 nausea,	 vomiting,	 abdominal	 pain,	 headache,
confusion,	 tinnitus,	 drowsiness,	 and	 hyperventilation.5,62,63	 Glycosuria,
hematuria,	 and	 proteinuria	 are	 also	 common.	 Occasionally,	 acute	 renal	 failure
(acute	 tubular	 necrosis	 or	 interstitial	 nephritis)	 can	 develop.	 Symptoms	 rarely
last	more	than	several	hours,	and	acute	renal	toxicity	is	almost	always	reversible
over	a	period	of	a	few	days	to	weeks.	Experience	with	selective	COX-2	inhibitor
overdose	 is	 limited,	 but	 acute	 toxicity	 appears	 to	 be	 similar	 to	 nonselective
NSAIDS.63

Muscle	 twitching	 and	 grand	 mal	 seizures	 have	 been	 reported	 in	 30%	 of
mefenamic	acid	overdoses.64	Apnea,	 coma,	 and	 cardiac	 arrest	 can	 also	occur.64
Metabolic	 acidosis,	 coma,	 seizures,	 hepatic	 dysfunction,	 hypotension,	 and
cardiovascular	 collapse	 are	 relatively	 frequent	 after	 phenylbutazone
overdose.62,63,65-67	 Uncommonly,	 coma,	 hyperactivity,	 hypothermia,	 seizures,
metabolic	 acidosis,	 acute	 renal	 insufficiency,	 thrombocytopenia,	 acute
respiratory	 distress	 syndrome,	 upper	 gastrointestinal	 tract	 bleeding,	 and
respiratory	 depression	 are	 seen	 in	 ibuprofen	 poisoning.41,67-70	 Death	 from
ibuprofen	alone	is	extremely	rare.1,5,6	Seizures	and	metabolic	acidosis	have	also
been	reported	during	ketoprofen	and	naproxen	poisoning.71,72

Minimum	toxic	and	 lethal	doses	are	not	well	defined.	Little	correlation	was
found	 between	 the	 amount	 of	 ibuprofen	 reportedly	 ingested	 and	 symptoms	 of
adults.66	 In	 the	 pediatric	 population,	 however,	 the	 mean	 amount	 ingested	 was
much	 greater	 in	 symptomatic	 patients	 (440	 mg/kg)	 than	 asymptomatic	 ones
(114	mg/kg).68	Elderly	patients	are	at	increased	risk	of	developing	toxicity	with



both	 therapeutic	 doses	 and	 overdoses.	 Even	 with	 severe	 poisoning,	 complete
recovery	usually	occurs	within	24	to	48	hours.

DIAGNOSTIC	EVALUATION
The	history	 should	 include	 the	 time	or	 times	of	 ingestion,	 the	 specific	product
and	 formulation,	 the	 amount	 ingested,	 and	 any	 concomitant	 ingestion	 or
medication	use.	Physical	examination	should	focus	on	vital	signs,	neurologic	and
cardiopulmonary	function,	and	assessment	of	 the	state	of	hydration.	Vital	signs
should	 include	 an	 accurate	 temperature	 and	 respiratory	 rate	 and,	 if	 possible,
orthostatic	measurements	of	pulse	and	blood	pressure.	The	abdomen	should	be
evaluated	 for	 peritoneal	 signs	 suggestive	 of	 perforation.	 The	 urine	 should	 be
tested	for	pH,	ketones,	and	occult	blood.

Salicylates
Laboratory	 evaluation	 of	 patients	 with	 salicylate	 poisoning	 should	 include
arterial	 or	 venous	 blood	 gases,	 complete	 blood	 cell	 count,	 serum	 electrolyte,
glucose,	 BUN,	 creatinine,	 and	 salicylate	 levels,	 and	 urinalysis.	 Patients	 with
moderate-to-severe	 salicylate	 poisoning	 should	 also	 have	 serum	 calcium,
magnesium,	 and	 ketones,	 liver	 function	 tests,	 coagulation	 profile,
electrocardiogram,	and	chest	radiograph.	Because	patients	often	confuse	aspirin
and	acetaminophen,	testing	should	be	performed	for	both.

The	 ferric	 chloride	 spot	 test	 can	 be	 used	 to	 rapidly	 detect	 the	 presence	 of
salicylate	 in	 urine	 or	 commercial	 products.73	 Several	 drops	 of	 10%	 ferric
chloride	turn	urine	purple	if	salicylate	is	present.	A	positive	urine	test	indicates
exposure	 but	 not	 overdose,	 because	 positive	 results	 are	 seen	 with	 therapeutic
dosing.	 False-positive	 reactions	 may	 be	 caused	 by	 acetoacetic	 acid,
phenylpyruvic	 acid,	 phenothiazines,	 and	phenylbutazone.	Diflunisal	may	 result
in	 falsely	 elevated	 serum	 salicylate	 levels	 when	 measured	 by	 fluorescence
polarization	immunoassay	or	the	Trinder	colorimetric	assay.74

Serum	salicylate	concentrations	may	be	reported	as	mmol/L,	mg/dL,	or	mg/L,
so	special	attention	to	the	reported	units	must	be	paid	to	avoid	misinterpretation.
Salicylate	 concentrations	must	 also	 be	 interpreted	with	 respect	 to	 the	 duration
(ie,	acute	vs	chronic	overdose),	time	of	ingestion,	and	the	serum	pH.	At	similar
salicylate	concentrations,	patients	with	chronic	poisoning	tend	to	be	more	ill	than
those	with	 acute	 poisoning.30,47,48	 Soon	 after	 an	 acute	 overdose,	 concentrations
can	 be	 quite	 high	 (eg,	 greater	 than	 60	 mg/dL)	 in	 the	 absence	 of	 significant



toxicity.	Conversely,	with	chronic	overdosage	and	late	in	the	course	of	an	acute
overdose,	moderate	 or	 severe	 toxicity	may	 be	 present	 despite	 serum	 salicylate
concentrations	in	or	 just	above	the	high	therapeutic	range.	At	similar	salicylate
concentrations,	 children,	 the	elderly,	 and	 those	with	underlying	disease	 tend	 to
be	 more	 ill	 than	 otherwise	 healthy	 adults.30,46,60,75	 Poisoning	 of	 such	 patients,
particularly	 if	 chronic,	 can	 occasionally	 be	 seen	 with	 therapeutic	 salicylate
levels.	Acidemia	 facilitates	 passage	 of	 drug	 into	 the	 brain,	worsening	 toxicity.
Hence,	as	noted	previously,	the	severity	of	poisoning	is	ultimately	determined	by
acid-base	status	and	clinical	findings.

Serial	 salicylate	 levels	 are	 necessary	 for	 confirming	 the	 diagnosis	 and
monitoring	the	efficacy	of	treatment,	but	do	not	obviate	the	need	for	continued
clinical	 and	 metabolic	 monitoring.	 Depending	 on	 the	 severity	 and	 course	 of
poisoning,	drug	levels	and	other	laboratory	tests	should	initially	be	repeated	at	2-
hour	 intervals.	 Because	 of	 delayed	 and	 erratic	 absorption,	 it	 is	 imperative	 to
demonstrate	 a	 falling	 and	 near-zero	 salicylate	 concentration	 to	 exclude
significant	ongoing	absorption	after	overdose,	which	generally	 requires	at	 least
12	hours	even	in	mild	overdoses.20

Historically,	approximately	1	 in	4	patients	with	chronic	salicylate	poisoning
are	 initially	 undiagnosed.29,45,61	 These	 patients	 are	 typically	 elderly,	 have	 a
variety	of	presenting	complaints	and	underlying	illnesses,	and	have	been	taking
aspirin	 with	 therapeutic	 intent.	 To	 avoid	 missing	 the	 diagnosis,	 all	 patients
should	 be	 asked	 specifically	 about	 the	 use	 of	 nonprescription	 drugs.	 Asking
about	 tinnitus	 or	 hearing	 distortion,	which	 occurs	with	 salicylate	 levels	 in	 the
high	 end	 of	 the	 therapeutic	 range	 (ie,	 20-30	 mg/dL),	 may	 also	 suggest	 the
diagnosis	 for	 patients	 with	 unknown	 ingestions	 or	 unexplained	 complaints.
Occult	 salicylate	 poisoning	 should	 be	 considered	 in	 any	 patient	 with	 an
unexplained	 acid–base	 disturbance,	 altered	 mental	 status,	 hyperthermia,
diaphoresis,	dyspnea,	vomiting,	or	pulmonary	edema.29,61

The	 differential	 diagnosis	 of	 salicylate	 poisoning	 includes	 infection,	 CNS
trauma	 and	 tumors,	 congestive	 heart	 failure,	 chronic	 obstructive	 pulmonary
disease,	poisoning	with	carbon	monoxide,	isoniazid,	lithium,	and	valproate,	and
other	 causes	 of	 an	 elevated	 anion-gap	 acidosis,	 particularly	 methanol	 and
ethylene	 glycol	 (Chapter	 198).	 Hemodynamic,	 autonomic,	 and	 laboratory
manifestations	of	severe	poisoning	resemble	the	systemic	inflammatory	response
syndrome	 and	may	 be	mistaken	 for	 sepsis.53,57,76	 Salicylate	 poisoning	 has	 also
been	 misdiagnosed	 as	 alcohol	 intoxication,	 alcohol	 withdrawal,	 dementia,
diabetic	ketoacidosis,	impending	myocardial	infarction,	hepatic	encephalopathy,
and	viral	encephalitis.

Among	 infants	 and	 children,	 salicylate	 poisoning	 may	 be	 confused	 with



inborn	errors	of	metabolism.	It	may	be	particularly	difficult	to	distinguish	from
Reye	syndrome,	because	they	are	not	only	similar	in	presentation	but	appear	to
be	interrelated.77,78	Fatty	 infiltration	of	 the	 liver	on	pathologic	examination	of	a
biopsy	 specimen,	 low	 (ie,	 subtherapeutic)	 cerebrospinal	 fluid	 salicylate	 levels,
and	 high	 alanine,	 glutamine,	 and	 lysine	 levels	 indicate	 Reye	 syndrome	 rather
than	 salicylate	 poisoning.	 Radiopaque	 densities	 in	 the	 stomach	 on	 abdominal
radiograph	 suggest	 the	 possibility	 of	 an	 enteric-coated	 or	 sustained-release
formulation	or	a	magnesium	or	bismuth	salt	of	salicylate.

Other	Nonsteroidal	Anti-inflammatory	Drugs
The	initial	evaluation	of	patients	with	nonsalicylate-NSAID	overdose	is	similar
to	that	for	salicylates.	Evaluation	of	acid-base,	electrolyte,	and	renal	parameters
is	 particularly	 important.	 Additional	 ancillary	 testing	 is	 dictated	 by	 clinical
severity.	Quantitative	serum	levels	of	nonsalicylate	NSAIDs	are	neither	routinely
available	nor	necessary	for	treatment.

Many	medical	conditions	and	other	 intoxications	cause	signs	and	symptoms
similar	 to	 those	 seen	 in	 nonsalicylate	 NSAID	 poisoning.	 In	 the	 absence	 of	 a
history	of	ingestion,	the	diagnosis	is	made	by	exclusion	of	other	etiologies.

MANAGEMENT

Salicylates
4 	Supportive	care,	limiting	drug	absorption,	and	enhancing	drug	elimination	are
the	goals	of	therapy.	Resuscitative	measures	should	be	instituted	when	necessary.
It	 is	 critically	 important	 to	 remember	 that,	 should	 endotracheal	 intubation	 be
necessary,	hyperventilation	must	be	accomplished	before,	during,	and	after	 this
procedure	 to	 prevent	 worsening	 acidemia,	 which	 increases	 the	 fraction	 of
nonionized	 salicylic	 acid	 available	 for	 tissue	 distribution,	 thereby	 enhancing
toxicity.	 The	 administration	 of	 respiratory	 depressants	 or	 failure	 to	 adequately
hyperventilate	unconscious	or	paralyzed	patients	can	result	in	rapid	deterioration
and	death	of	severely	poisoned	patients.54,58,79,80	Because	an	increase	in	the	partial
pressure	of	carbon	dioxide	(PCO2)	is	almost	inevitable	following	intubation	and
mechanical	ventilation,	it	is	recommended	that	patients	with	arterial	PCO2	values
below	 20	 mm	 Hg	 be	 given	 an	 intravenous	 bolus	 of	 1	 to	 2	 mEq/kg	 sodium
bicarbonate	 at	 the	 time	 of	 intubation.	 Arterial	 blood	 gases	 should	 always	 be



checked	after	intubation	and	after	bicarbonate	therapy.
Because	 CNS	 hypoglycemia	 may	 occur	 despite	 a	 normal	 serum	 glucose

value,81	50	mL	of	50%	dextrose	 in	water	should	be	given	 intravenously	 to	any
patient	with	an	altered	mental	status	whose	capillary	glucose	concentration	is	not
elevated.42	 Anticonvulsants	 (eg,	 benzodiazepines,	 propofol,	 or	 barbiturates)	 as
well	as	supplemental	glucose	should	be	given	to	patients	with	seizures.	It	is	also
prudent	 to	 administer	 sodium	 bicarbonate	 to	 patients	 who	 have	 seizures,	 as
acidemia	 is	 likely	 to	 worsen.	 Hyperthermia	 should	 be	 treated	 with	 cooling
blankets,	ice	packs,	and	evaporative	methods	(Chapter	185).

Central	 venous	pressure	monitoring	 and/or	 point	 of	 care	 ultrasound	may	be
helpful	 for	optimal	 treatment	of	hypotension,	 especially	 if	 there	 is	 evidence	of
heart	 failure	 or	 pulmonary	 edema.	 Patients	with	 noncardiac	 pulmonary	 edema
should	be	treated	with	positive	pressure	ventilation	rather	than	diuretics.	Again,
maintaining	hyperventilation	and	reducing	acidemia	are	critical	in	patients	with
compromised	pulmonary	function.

Additional	supportive	measures	are	directed	at	correction	of	dehydration	and
metabolic	 derangements.	 The	 degree	 of	 dehydration	 parallels	 the	 severity	 of
poisoning,56	 but	 it	 is	 often	 unappreciated,	 underestimated,	 or	 undertreated.
Patients	with	mild,	moderate,	or	severe	poisoning	typically	have	volume	deficits
of	1	to	2,	3	to	4,	or	5	to	6	L	(20,	40,	and	60	mL/kg	in	children),	respectively.	In
the	 presence	 of	 acidemia,	 hypokalemia	 is	 more	 severe	 than	 indicated	 by	 the
serum	 potassium	 level	 (by	 approximately	 0.6	 mEq/L	 for	 each	 0.1	 unit	 of
decrease	in	pH)	and	should	be	treated	accordingly.

Acidemia	 should	 also	 be	 treated	 aggressively	 with	 intravenous	 NaHCO3.
Because	the	respiratory	alkalosis	is	a	concomitant	primary	acid-base	disturbance
and	 not	 just	 a	 compensatory	 response,	 the	 administration	 of	 bicarbonate	 is
unlikely	 to	 blunt	 the	 respiratory	 drive	 and	 increase	 the	 PCO2,	 which	 might
otherwise	 limit	 the	 change	 in	 serum	pH.	 In	 addition,	 the	 goal	 of	 therapy	 is	 to
limit	the	tissue	distribution	of	salicylates	by	increasing	the	serum	pH.	The	dose
of	bicarbonate	needed	may	be	substantial,	and	is	typically	200	to	300	mEq	in	an
adult	with	severe	poisoning.

As	with	repleting	volume,	at	least	half	of	the	NaHCO3	deficit	should	be	given
during	 the	 first	 hour	 either	 by	 continuous	 infusion	 or	 by	 0.5	 to	 1.0	 mEq/kg
boluses	every	10	minutes.	Arterial	blood	gases	should	be	reevaluated	during	and
after	 such	 therapy.	 Potential	 complications	 of	 NaHCO3	 administration	 include
excessive	 alkalemia,	 hypokalemia,	 hypocalcemia,	 hypernatremia,	 and	 fluid
overload.	 Relative	 contraindications	 to	 hypertonic	 NaHCO3	 include	 oliguric
renal	failure,	congestive	heart	failure,	and	cerebral	or	pulmonary	edema.



Tetany	 should	 be	 treated	 with	 intravenous	 calcium	 chloride	 or	 calcium
gluconate	 (10	mL	of	 a	10%	solution	over	5-10	minutes).	Fresh-frozen	plasma,
red	blood	cell,	and	platelet	transfusions	may	be	required	for	patients	with	active
bleeding	 or	 significant	 blood	 loss.	 Asymptomatic	 increases	 in	 international
normalized	ratio	can	be	treated	with	vitamin	K.

Gastrointestinal	 decontamination	 should	 be	 performed	 for	 all	 patients	 with
intentional	 overdoses	 and	 those	 with	 accidental	 ingestions	 of	 greater	 than
150	 mg	 per	 kg.	 Because	 of	 delayed	 absorption,	 decontamination	 may	 be
effective	 for	 as	 long	 as	 24	 hours	 after	 overdose,	 even	 in	 patients	 with
spontaneous	 vomiting.19	 Considerable	 diversity	 of	 opinion	 exists,	 however,
regarding	the	optimal	method	of	decontamination.82

Activated	 charcoal	 is	 effective	 for	 preventing	 salicylate	 absorption	 and,
therefore,	it	is	recommended	for	all	significant	ingestions,	regardless	of	delay	in
presentation.	Multiple	 oral	 doses	 of	 charcoal83	 or	 gastric	 lavage	 preceded	 and
followed	by	 activated	 charcoal	may	 be	 even	more	 effective	 for	 preventing	 the
absorption	of	large	overdoses.84	Many	grams	of	aspirin	have	been	recovered	by
lavage	up	to	24	hours	after	ingestion.19	Repeated	doses	of	activated	charcoal	or
whole-bowel	irrigation	may	be	effective	for	patients	who	have	ingested	enteric-
coated	or	 sustained-release	 formulations	and	 those	with	 serum	drug	 levels	 that
continue	to	rise	despite	other	decontamination	measures.85

The	 efficacy	 of	 multiple-dose	 charcoal	 therapy	 for	 enhancing	 salicylate
elimination	 may	 depend	 on	 the	 formulation.	 Increases	 of	 serum	 salicylate
elimination	 reported	using	 an	 effervescent	 preparation	 containing	bicarbonate86
could	 not	 be	 replicated	 with	 multiple	 doses	 of	 noneffervescent	 charcoal	 in
simulated	 overdose	 (i.e.,	 less	 than	 3	 g)	 in	 humans.87-90	 Oral	 charcoal	 did	 not
substantially	 accelerate	 the	 elimination	 of	 intravenously	 administered	 salicylic
acid,	 discounting	 the	 role	 of	 gut	 dialysis	 or	 enterohepatic	 circulation.91	 If
multiple-dose	 charcoal	 is	 used,	 sorbitol	 should	 not	 be	 included	 with	 the
subsequent	doses.92,93

Salicylate	 elimination	 can	 be	 enhanced	 by	 urine	 alkalinization	 and
diuresis,25,26,30,94	 extracorporeal	 removal,95	 and	 perhaps	 by	 glycine
administration.46,96	It	should	be	emphasized	that	alkalinizing	the	serum	and	urine,
and	establishing	a	urine	output	of	1	to	2	mL/kg/h	are	critically	important	goals	in
the	management	of	patients	with	salicylate	toxicity.31,97	Moreover,	alkalinization
of	 the	 urine	 is	 difficult	 to	 achieve	 in	 patients	 with	 acidemia	 and	 aciduria	 (ie,
severe	clinical	toxicity).56	Theoretical	concerns	regarding	pulmonary	or	cerebral
edema	 should	 not	 preclude	 aggressive	 fluid	 therapy,	 as	 administering	 only
maintenance	 fluids	 intravenously	 is	 insufficient	 treatment	 for	 a	 patient	 with
salicylate	poisoning.



Indications	 for	 urine	 alkalinization	 and	 alkaline	 diuresis	 include	 acid-base
abnormalities	and	systemic	symptoms	with	a	salicylate	level	that	is	greater	than
30	 mg/dL	 after	 an	 acute	 overdose.	 Patients	 with	 chronic	 overdoses	 may	 be
symptomatic	 and	 require	 treatment	 at	 lower	 salicylate	 levels.	 The	 goal	 is	 to
achieve	a	urine	pH	of	7.5	or	greater.	All	patients	 treated	with	alkaline	diuresis
need	 close	monitoring	 in	 an	 intensive	 care	 unit	 or	 step	 down	 setting.	 Bladder
catheterization	is	essential	in	those	with	moderate	or	severe	poisoning,	as	hourly
monitoring	of	urine	output	and	pH	is	 required.	Arterial	or	venous	blood	gases,
electrolytes,	 BUN,	 creatinine,	 glucose,	 and	 salicylate	 concentrations	 should
initially	 be	 rechecked	 at	 2-hour	 intervals,	 depending	 on	 the	 severity	 of
poisoning,	 the	 results	of	previous	 testing,	 and	 the	 response	 to	 therapy.	Cardiac
monitoring	 and	 frequent	 reevaluations	 of	 vital	 signs,	 mental	 status,	 and
pulmonary	function	are	also	necessary	during	alkaline	diuresis.97

Alkalinization	of	 the	urine	may	be	 impossible	 to	achieve	 in	 the	presence	of
either	 dehydration	 or	 hypokalemia,	 because	 hydrogen	 ions	 are	 excreted	 in
exchange	 for	 reabsorbed	 sodium	 and	 potassium,	 respectively.54	 Therefore,
correction	of	fluid	and	potassium	deficits	is	critical.

The	 amount	 of	 bicarbonate	 and	 supplementary	 potassium	 necessary	 to
achieve	 and	 maintain	 an	 alkaline	 urine	 depends	 on	 the	 severity	 of	 poisoning
(Table	 121.2).	 For	 example,	 after	 1	 to	 2	 L	 of	 crystalloid	 by	 bolus,	 the	 initial
intravenous	fluids	for	a	moderately	poisoned	adult	could	be	1	L	over	2	hours	of
5%	dextrose	in	one-half	normal	saline	to	which	75	mEq	of	sodium	bicarbonate
(ie,	 1.5	 ampoules	 of	 8.4%	 sodium	 bicarbonate)	 and	 40	 mEq	 of	 potassium
chloride	 have	 been	 added.	 In	 severe	 poisoning,	 however,	 150	mEq	 of	 sodium
bicarbonate	 (ie,	 3	 ampoules	 of	 8.4%	 sodium	 bicarbonate)	 and	 60	 mEq	 of
potassium	chloride	 should	be	added	 to	each	 liter	of	5%	dextrose	 in	water,	 and
adjusted	as	necessary.	In	patients	with	hypernatremia,	a	more	hypotonic	solution
should	be	used.	In	the	case	of	sodium	bicarbonate	unavailability,	sodium	acetate
may	 be	 used	 similarly	 to	 sodium	 bicarbonate	 (ie,	 150	meq	 of	 sodium	 acetate
added	 to	 each	 liter	 of	 5%	 dextrose	 in	 water	 and	 administered	 at	 two	 times
maintenance),	but	to	avoid	the	side	effects	of	hypopnea	and	hypotension	caution
must	 be	 taken	 to	 administer	 bolus	 doses	 no	 faster	 than	 1	 meq/kg	 over	 15
minutes.98	Again,	the	use	of	a	dextrose-containing	solution	is	important	because
of	 the	 potential	 for	 occult	 CNS	 hypoglycemia.	 Although	 forced	 diuresis	 (eg,
500	mL	per	hour	urine	output	in	adults)	is	no	longer	recommended,97,99	achieving
a	moderate	diuresis	(1-2	mL/kg/h)	is	recommended.	While	counterintuitive,	even
patients	with	mild	 poisoning	 (ie,	 alkalemia)	 should	 be	 given	 bicarbonate	 (and
fluids)	to	replace	ongoing	renal	losses	and	prevent	deterioration.

Carbonic	 anhydrase	 inhibitors	 (eg,	 acetazolamide)	 should	 never	 be	 used	 to



alkalinize	the	urine,	because	the	resultant	systemic	acidosis	may	promote	tissue
distribution	 of	 salicylate	 and	 result	 in	 clinical	 deterioration.100,101	 Similarly,	 the
use	 of	 tris-hydroxymethyl	 aminomethane,	 an	 organic	 H+	 buffer,	 to	 increase
serum	 and	 urine	 pH	 is	 not	 recommended.	 Although	 tris-hydroxymethyl
aminomethane	 has	 been	 suggested	 for	 the	 treatment	 of	 acidemia	 and	 aciduria
refractory	 to	 bicarbonate	 administration,	 it	 has	 not	 been	 studied	 in	 human
salicylate	 poisoning	 and	 has	 a	 number	 of	 potential	 adverse	 effects	 (eg,
hypoglycemia,	 extravasation	 necrosis,	 phlebitis,	 respiratory	 depression,	 and
increased	 intracellular	 pH	 leading	 to	 decreased	 pH	 gradients	 with	 increased
tissue	distribution	and	intracellular	trapping	of	salicylate).102

The	 complications	 of	 alkaline	 diuresis	 include	 excessive	 alkalemia,
hypokalemia,	 hypocalcemia,	 hypernatremia,	 and	 fluid	 overload.46,97,99	 Young
children,	 the	 elderly,	 and	 those	 with	 severe	 poisoning	 are	most	 susceptible	 to
such	complications.	Alkaline	diuresis	is	contraindicated	for	patients	with	oliguric
renal	 failure,	 congestive	 heart	 failure,	 and	 cerebral	 or	 pulmonary	 edema.	Such
therapy	 should	 be	 withheld	 or	 discontinued	 if	 the	 serum	 pH	 exceeds	 7.55.
Similarly,	 patients	 with	 moderate	 poisoning	 who	 have	 liver	 dysfunction	 and,
hence,	 impaired	 ability	 to	 eliminate	 salicylate	 may	 also	 benefit	 from
hemodialysis.

5 	Hemodialysis	is	indicated	for	patients	with	severe	poisoning	and	those	with
moderate	 poisoning	 who	 fail	 to	 improve	 with	 alkaline	 diuresis.31,33,45,46,54,95
Hemodialysis	is	essential	for	patients	with	coma,	seizures,	cerebral	or	pulmonary
edema,	 and	 renal	 failure.33,48)	Hemodialysis	 should	also	be	 strongly	considered
when	patients	demonstrate	any	impairment	of	the	level	of	consciousness,	rather
than	waiting	for	unresponsiveness	or	coma.95	Acidemia	and	temperature	greater
than	38	 °C	 are	 associated	with	 high	mortality48	 and	 should	 also	 be	 considered
potential	 indications	 for	 hemodialysis,	 particularly	 if	 the	 patient	 is	 resistant	 to
bicarbonate	and	fluid	therapy.	Patients	who	are	intubated	also	have	a	high	risk	of
mortality	and	should	be	considered	for	hemodialysis.78

A	 high	 salicylate	 level	 is	 often	 cited	 as	 a	 stand-alone	 indication	 for
hemodialysis	but	recommendations	vary	widely,	with	cutoffs	ranging	from	40	to
200	mg/dL	(100	mg/dL	being	the	most	common)	for	acute	ingestions	and	60	to
80	 mg/dL	 for	 chronic	 exposures.102	 A	 recent	 international	 multidisciplinary
group	 “recommended”	 extracorporeal	 treatment	 when	 concentrations	 exceed
100	mg/dL,	and	“suggested”	it	for	concentrations	over	90	mg/dL,	based	on	“very
weak”	evidence	(see	Table	121.3).95	In	one	study,45	salicylate	levels	in	fatal	cases
ranged	 from	 34	 to	 193	mg/dL	 and	 in	 another,47	 some	 patients	 died	 with	 drug
levels	 in	 the	 therapeutic	 range.	 Moreover,	 drug	 levels	 do	 not	 discriminate
patients	who	die	 from	 survivors.47,48	Clearly,	 the	 salicylate	 level	 should	 not	 be



used	as	the	sole	indication	for	hemodialysis.	Instead,	the	severity	of	poisoning	is
determined	by	clinical	findings,	which	reflect	tissue	drug	concentration,	and	do
not	 necessarily	 correspond	 to	 blood	 levels,	 especially	 when	 acidemia	 is
present.100	Moreover,	 a	 serum	 salicylate	 concentration	 should	 be	 interpreted	 in
the	context	of	a	simultaneous	measurement	of	serum	pH.	Hence,	hemodialysis	is
appropriate	for	patients	with	high	drug	 levels	who	have	severe	clinical	 toxicity
(particularly	 acidemia),	 but	 it	 may	 not	 be	 necessary	 in	 those	 without	 such
manifestations.48	 Conversely,	 patients	 with	 low	 salicylate	 levels,	 particularly
those	 with	 chronic	 salicylate	 toxicity	 and/or	 significant	 underlying
cardiorespiratory	 disease,	 should	 be	 treated	 with	 hemodialysis	 if	 they	 exhibit
clinical	 or	 laboratory	 manifestations	 of	 severe	 toxicity.	 Because	 of	 delays
inherent	 in	 the	 turnaround	 time	 for	 measuring	 salicylate	 and	 in	 preparing	 for
hemodialysis,	 the	 projected	 clinical	 course	 should	 also	 be	 considered.	Waiting
for	 the	 salicylate	 level	 to	 reach	 some	 predetermined	 level	 before	 initiating
hemodialysis	 for	 patients	 who	 are	 severely	 poisoned	 or	 deteriorating	 despite
other	treatments	is	ill-advised.

TABLE	121.3

Indications	for	Hemodialysis	in	Salicylate	Poisoning

Salicylate	concentration	>6.5-7.2	mmol/L	(90-100	mg/dL)
Salicylate	concentration	>5.8-6.5	mmol/L	(80-90	mg/dL)	in	the	presence	of
impaired	kidney	function
Altered	mental	status
New	hypoxemia	requiring	supplemental	oxygen
Failure	of	standard	therapy	(supportive	measures,	bicarbonate,	etc)
Systemic	pH	≤	7.20

Hemodialysis	 is	 preferred	 over	 continuous	 renal	 replacement	 therapy	 or
hemoperfusion	 due	 to	 the	 rapid	 clearances	 and	 correction	 of	 fluid,	 electrolyte,
and	 acid-base	 abnormalities	 achieved.95,103	 Peritoneal	 dialysis	 and	 exchange
transfusion	 are	 also	 less	 effective.104	A	 high-bicarbonate	 (eg,	 up	 to	 40	mEq/L)
dialysate	solution	(bath)	should	be	used,	and	potassium	should	usually	be	added
to	 the	dialysate	 solution.	Hemodialysis	 should	be	performed	 for	at	 least	4	 to	6
hours,	and	salicylate	concentrations	are	below	20	mg/dL.95



Failure	to	adequately	correct	fluid	deficits	prior	to	initiating	hemodialysis	can
result	 in	 disastrous	 consequences.	 In	 contrast	 to	 the	 typical	 dialysis	 (ie,	 renal
failure)	 patient	 who	 is	 fluid	 overloaded,	 those	 with	 salicylate	 poisoning	 are
typically	 hypovolemic.	 Uncorrected	 or	 occult	 hypovolemia	 can	 result	 in
cardiovascular	decompensation	with	hemodynamic	instability,	and	even	cardiac
arrest,	 when	 dialysis	 is	 started	 because	 of	 the	 acute	 decrease	 in	 intravascular
volume	 that	 can	 occur	 at	 the	 beginning	 of	 dialysis.	 This	 complication	 can	 be
prevented	or	minimized	by	ensuring	adequate	volume	resuscitation,	and	priming
the	tubing	and	pump	with	saline	(rather	than	blood)	prior	to	initiating	dialysis.

Other	Nonsteroidal	Anti-inflammatory	Drugs
1 	 The	 treatment	 of	 nonsalicylate	 NSAID	 poisoning	 is	 supportive	 and
symptomatic,	 and	 most	 patients	 require	 only	 observation.	 However,	 airway
protection	 and	 mechanical	 ventilation,	 fluid	 resuscitation,	 anticonvulsants	 for
seizures,	 bicarbonate	 for	 acidosis,	 and	 blood	 products	 for	 gastrointestinal	 tract
bleeding	 may	 occasionally	 be	 required.	 Renal	 function	 should	 be	 monitored
carefully	 for	 patients	 with	 abnormal	 urinalysis,	 underlying	 renal	 disease,	 or
advanced	age.	Liver	 function	 tests	 should	be	 followed	 for	patients	with	 severe
phenylbutazone	and	piroxicam	poisoning.67

Gastrointestinal	 decontamination	 with	 activated	 charcoal	 should	 be
considered	for	patients	who	present	soon	after	a	significant	ingestion,	defined	as
greater	 than	ten	therapeutic	doses	for	adults	and	more	than	five	adult	doses	for
children.62,63	Although	charcoal	hemoperfusion	has	been	used	 to	 treat	 a	patient
with	 severe	 phenylbutazone	 poisoning	 who	 had	 impaired	 renal	 and	 hepatic
function,65	 extracorporeal	 elimination	 measures	 are	 unlikely	 to	 be	 effective
because	 of	 the	 high-protein	 binding	 and	 rapid	 intrinsic	 elimination	 of	 these
agents.	Multiple-dose	 charcoal	 therapy	enhances	 the	 elimination	of	 therapeutic
doses	 of	 phenylbutazone	 by	 30%105	 and	 may	 be	 similarly	 effective	 for	 other
agents,	 but	 the	 clinical	 benefit	 of	 such	 therapy	 after	 overdose	 is	 likely	 to	 be
limited.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	An	80-year-old	woman	with	arthritis	presents	with	delirium	following



increased	use	of	acetylsalicylic	acid	orally	and	methylsalicylic	acid	topically.
Her	serum	salicylate	concentration	is	50	mg/dL	and	arterial	blood	gas	reveals	a
pH	of	7.30	and	pCO2	of	40	mm/Hg.	She	is	started	on	a	bicarbonate	infusion	at
twice	the	maintenance	fluids	rate	with	potassium	supplementation.	Her	mental
status	deteriorates	with	intermittent	agitation	and	increasing	delirium	despite
boluses	of	D50W.	What	is	the	most	appropriate	next	step	in	management?

A. 	Activated	charcoal
B. 	Continued	observation
C. 	Hemodialysis
D. 	Lorazepam

2. 	A	43-year-old	man	presents	12	hours	after	an	acetylsalicylic	acid	(Aspirin)
overdose.	His	initial	salicylate	concentration	is	65	mg/dL	and	he	is	started	on	a
bicarbonate	drip	at	twice	maintenance	fluids	rate	with	potassium
supplementation.	His	blood	gas	reveals	a	serum	pH	of	7.5.	Potassium
concentration	is	4.5	mmol/L	with	a	normal	creatinine.	Urine	pH	is	8	and	his
urine	output	is	2	cc/kg/h.	The	patient’s	mental	status	is	normal	and	respiratory
status	is	stable,	as	demonstrated	by	a	persistent	respiratory	alkalosis.	Subsequent
salicylate	concentrations	obtained	every	2	hours	are	68	mg/dL,	66	mg/dL,	and
75	mg/dL.	What	is	the	most	appropriate	next	step	in	management?

A. 	Acetazolamide
B. 	Activated	charcoal
C. 	Hemodialysis
D. 	Intubation	and	hyperventilation

3. 	Which	acid-base	disturbances(s)	would	be	consistent	with	salicylate
overdose?

A. 	Respiratory	acidosis	with	metabolic	acidosis
B. 	Respiratory	alkalosis
C. 	Respiratory	alkalosis	with	metabolic	acidosis.
D. 	All	of	the	above

Answers

1.	The	correct	answer	is	C.
Rationale:	This	patient	requires	hemodialysis	given	her	progression	to	severe



salicylate	toxicity	despite	treatment	(choice	C	is	correct).	She	is	likely	unable	to
generate	the	respiratory	alkalosis	expected	with	salicylate	overdose,	and	has	an
altered	mental	 status	 indicating	 a	 high	 end-organ	 (brain)	 burden	 of	 salicylate.
Emergency	hemodialysis	is	indicated	to	rapidly	draw	salicylate	out	of	the	central
nervous	 system.	While	 the	 patient’s	 salicylate	 level	 is	 not	 extremely	 high,	 the
severity	 of	 her	 symptoms,	 the	 chronicity	 of	 the	 overdose,	 and	 the	 continued
worsening	 despite	medical	 therapy—especially	 of	 her	mental	 status—all	make
further	observation	without	hemodialysis	very	high	risk	(choice	B	is	incorrect).
Activated	 charcoal	 is	 unlikely	 to	 significantly	 help	 with	 chronic	 toxicity	 and
would	 increase	 the	 risk	 of	 aspiration	 for	 this	 altered	 patient	 (choice	 A	 is
incorrect).	 She	 has	 been	 appropriately	 empirically	 treated	 with	 supplemental
dextrose	 for	 possible	 occult	 CNS	 hypoglycemia	 without	 improvement.	 This
patient	 should	 not	 be	 sedated	 as	 it	 would	 be	 expected	 to	 further	 decrease	 her
respirations	and	worsen	her	acidosis	(choice	D	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	 This	 patient’s	 serial	 salicylate	 concentrations	 are	 most	 likely

explained	 by	 ongoing	 absorption	 of	 acetylsalicylic	 acid,	 potentially	 due	 to
delayed	gastric	emptying	and	bezoar	formation.	Activated	charcoal,	even	several
hours	after	acute	overdose,	would	be	expected	 to	adsorb	drug	remaining	 in	 the
stomach	 and	 thus	 decrease	 its	 subsequent	 absorption	 from	 the	 small	 intestine
(choice	 B	 is	 correct).	 Acetazolamide	 causes	 systemic	 acidosis	 and	 is
contraindicated	 in	 salicylate	 overdose	 (choice	 A	 is	 incorrect).	 The	 patient	 is
ventilating	 well	 spontaneously,	 and	 his	 treatment	 has	 reached	 the	 medically
optimal	 targets	 for	 urine	 output,	 urine	 pH	 and	 blood	 pH.	 He	 may	 eventually
require	hemodialysis	if	his	salicylate	concentration	continues	to	rise,	but	at	this
time	he	is	clinically	well	and	has	not	failed	standard	therapy,	but	for	the	lack	of
GI	 decontamination	 (choice	 C	 is	 incorrect).	 Mechanical	 ventilation	 is	 not
indicated	 and	 could	 result	 in	 a	 life-threatening	 drop	 in	 pH	 when	 sedated	 or
paralyzed	for	intubation	due	to	loss	of	his	natural	hyperventilation	(choice	D	is
incorrect).

3.	The	correct	answer	is	D.
Rationale:	 Early	 overdose	 is	 associated	 with	 direct	 stimulation	 of	 the

respiratory	 center	 leading	 to	 primary	 respiratory	 alkalosis.	 As	 overdose
progresses,	 a	 coprimary	 metabolic	 acidosis	 develops	 while	 the	 respiratory
alkalosis	 is	 still	present.	 In	 late	overdose,	 confusion,	 fatigue,	 seizures,	 cerebral
edema,	 and	 mechanical	 ventilation	 can	 all	 contribute	 to	 respiratory	 acidosis,
which	in	turn	causes	a	rapid	fall	in	blood	pH	facilitating	access	of	salicylate	into



the	brain—a	rapid	downward	spiral	(choice	D	is	the	best	answer).
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Chapter	122
Sedative-Hypnotic	Agent	Poisoning
Andis	Graudins,	Dino	Druda

KEY	POINTS:
1.	 Airway	protection	and	judicious	supportive	care	are	the	mainstay	of

management	for	sedative-hypnotic	drug	poisoning.
2.	 Avoid	routine	flumazenil	use	in	situations	where	there	is	high

probability	of	sedative-hypnotic	drug	overdose	because	flumazenil
treatment	emergent	adverse	events	include	acute	withdrawal
syndrome,	seizures,	and	dysrhythmias.

3.	 Enhanced	elimination	methods	for	severe	barbiturate	poisoning
include	multidose	activated	charcoal	(MDAC)	and	hemodialysis.

4.	 Chloral	hydrate	toxicity	can	cause	ventricular	dysrhythmias,	which
are	best	treated	with	short-acting	intravenous	β-blockers.

5.	 Severe	baclofen	toxicity	can	manifest	as	prolonged	coma	that
mimics	brain	death.

6.	 γ-Hydroxybutyrate	(GHB)	intoxication	results	in	rapid	onset	of	coma
with	myoclonic	jerks	but	is	associated	with	rapid	recovery	with	good
supportive	care.

INTRODUCTION
Sedative-hypnotics	 include	 benzodiazepines	 (BZDs),	 barbiturates,	 non-
BZD/nonbarbiturate	 agents	 (NBNBs).	 In	 the	 1960s,	 NBNBs,	 such	 as
meprobamate,	were	 introduced	 and	 became	 popular.	Older	NBNBs	 have	 been
mostly	supplanted	by	BZDs,	which	have	greater	efficacy	and	a	larger	therapeutic
ratio,	and	are	currently	one	of	the	most	widely	prescribed	classes	of	drug	(Table
122.1).	BZDs	 and	 their	 derivatives	 are	 used	 to	 treat	 anxiety,	 depression,	 panic



disorders,	 insomnia,	 musculoskeletal	 disorders,	 seizures,	 and	 alcohol
withdrawal,	and	are	used	as	adjuncts	for	anesthesia	and	procedural	sedation.	The
chronic	use	of	all	sedative-hypnotics	can	result	in	physical	tolerance,	addiction,
misuse,	 and	 acute	 withdrawal	 syndrome	 on	 abrupt	 cessation	 of	 therapy.
Withdrawal	syndromes	are	discussed	in	Chapter	125.

TABLE	122.1

Sedative-Hypnotic	Agents

Benzodiazepines Barbiturates Nonbenzodiazepine
Nonbarbiturates

Alprazolam Amobarbital Alpidem

Bromazepam Aprobarbital Baclofen

Brotizolam Butalbital Buspirone

Chlordiazepoxide Mephobarbital Carisoprodol

Clobazam Pentobarbital Chloral	hydrate

Clorazepate Phenobarbital Ethinamate

Diazepam Secobarbital Ethchlorvynol

Estazolam Thiopental Glutethimide

Flunitrazepam Meprobamate

Flurazepam Methaqualone

Halazepam Methyprylon

Lorazepam Paraldehyde

Midazolam Zaleplon

Nitrazepam Zolpidem

Oxazepam Zopiclone



Quazepam

Triazolam

BENZODIAZEPINES

Pharmacology
γ-aminobutyric	 acid	 (GABA)	 is	 the	 major	 inhibitory	 neurotransmitter	 in	 the
central	 nervous	 system	 (CNS).	 GABA-A	 receptors	 are	 ligand	 gated	 chloride
channels	 with	 topographically	 distinct	 receptor	 sites	 for	 pharmacologically
active	substances	 (eg,	BZDs,	barbiturates,	ethanol,	and	convulsants).	GABA-A
receptor	 chloride	 channels	 can	 be	 opened	 by	 GABA	 and	 are	 modulated	 by
pharmacologically	 active	 substances	 interacting	with	 their	 respective	 receptors
that	 populate	 the	 GABA-A	 receptors.	 GABA-A	 receptor	 chloride	 channels
mediate	 inhibitory	 neurotransmission	 pathways	 in	 the	 CNS	 by	 modulating
cellular	 chloride	 flux.	 GABA-A	 receptors	 exist	 as	 pentamers	 composed	 of	 at
least	three	(α,	β,	γ)	subunits	and	their	respective	subtypes,	which	entails	a	great
structural	 as	 well	 as	 pharmacological	 heterogeneity.	 GABA-A	 receptors	 are
widely	distributed	throughout	the	CNS.

BZDs	 bind	 to	 BZD	 receptor	 sites	 located	 at	 the	 junction	 of	 an	 α	 and	 a	 γ
subunit	of	the	GABA-A	receptors	and	act	as	an	allosteric	modulator.	Variations
in	 the	 subtypes	 of	 α	 subunits	 have	 been	 shown	 to	 result	 in	 different
pharmacological	response	to	BZDs.1	Binding	of	a	BZD	to	the	GABA-A	receptor
induces	 a	 conformational	 change	 that	 enhances	 its	 affinity	 for	 GABA	 and
increases	 the	 frequency	 of	 chloride	 channel	 opening	 in	 response	 to	 GABA
binding.	 This	 allows	 for	 increased	 influx	 of	 chloride	 ions	 and	 produces
hyperpolarization	and	decreases	neuronal	excitability.	BZDs	can	only	modulate
ongoing	GABA-ergic	activity	and	cannot	elicit	chloride	ion	flux	in	the	absence
of	GABA.

The	 BZD	 receptors	 have	 previously	 been	 classified	 according	 their
glycoprotein	subunit	composition	and	their	respective	clinical	phenotypes.	Type
1	 (BZ1)	 receptors	 contain	 the	α1	 subunit	 and	 are	 responsible	 for	 the	 observed
sedative,	hypnotic,	and	amnestic	effects.	Type	2	(BZ2)	receptors	contain	the	α2,
α3,	 or	 α5	 subunit	 and	 are	 involved	 in	 anxiolysis	 and	 anticonvulsant	 effects.1
Advancements	 in	 our	 understanding	 of	 neurophysiology	 gave	 way	 to	 BZD
receptors	 being	 described	 by	 their	 subunit	 composition	 and	 are	 classified	 as



having	high,	intermediate,	or	low	affinity	binding	sites.2
BZD	absorption	from	the	gastrointestinal	(GI)	 tract	depends	on	factors	such

as	chemical	properties	and	pharmaceutical	formulation	of	each	drug.	Peak	serum
concentration	 usually	 occurs	 within	 3	 hours	 post	 ingestion;	 intramuscular
absorption	 can	 be	 erratic	 and	 delayed.	Duration	 of	 action	 is	 dependent	 on	 the
lipophilicity	of	each	compound:	the	more	lipophilic,	 the	shorter	the	duration	of
action.	BZDs	are	highly	(85%-99%)	protein-bound.	Their	volume	of	distribution
depends	 on	 lipid	 solubility	 and	 varies	 from	 0.26	 to	 0.58	 L/kg	 for
chlordiazepoxide	 to	 0.95	 to	 2.00	 L/kg	 for	 diazepam.	 BZDs	 are	 primarily
metabolized	 in	 the	 liver	 by	 cytochrome	 P450	 3A4	 (CYP3A4)	 and	 then
glucuronidated.	 Metabolism	 may	 be	 reduced	 by	 CYP3A4	 inhibitors	 such	 as
fluoxetine.3	BZDs	can	be	classified	on	 the	basis	of	 elimination	half-life	 (Table
122.2).

TABLE	122.2

Duration	of	Action	and	Elimination	Half-Life	(t½)	of
Benzodiazepines

Agent Duration
(h)

Elimination
t½(h)

Peak
Effect	(h)

Active
Metabolites

Ultrashort-acting <10

Midazolam
(Versed)

2-5 0.3-0.8 −

Temazepam
(Restoril)

10 2-3 −

Triazolam
(Halcion)

1.7-3.0 0.5-1.5 +

Brotizolam 5 1 −

Short-acting 10-24

Alprazolam
(Xanax)

11-14 0.7-1.6 +



Lorazepam
(Ativan)

10-20 2 −

Oxazepam	(Serax) 3-21 1-2 −

Bromazepam 8-20 1-2 −

Flunitrazepam 20-30 2-8 +

Estazolam 10-24 1 −

Long-acting >24 5-30 2-4 +

Chlordiazepoxide
(Librium)

36-200 1.0–2.5 +

Clorazepate
(Tranxene)

10-50 1–4 −

Clonazepam
(Klonopin)

20-50 1–2 +

Diazepam
(Valium)

50-100 3–6 +

Flurazepam
(Dalmane)

26-200 6 +

Quazepam 11-77 1–3 +

Clobazam 14 1–3 +

Halazepam Metabolites:
50-100

+

Prazepam
(Centrax)

25-41 6 +

Metabolites:
40-114

BZD	toxicity	is	dose	dependent	and	may	vary	between	individual	agents.	One
comparative	 study	 found	 that	 alprazolam	 overdose	 may	 have	 contributed	 to
increased	hospital	length	of	stay	and	more	frequent	intensive	care	unit	admission



when	compared	 to	other	BZDs	after	multivariate	 analysis	 adjusting	 for	 factors
such	 as	 age,	 dose,	 and	 coingested	drugs.4	 Fatality	 from	pure	BZD	overdose	 is
uncommon.	 A	 retrospective	 review	 of	 1239	 overdoses	 from	 one	 medical
examiner’s	 office	 revealed	 only	 two	 deaths,	 0.2%	 of	 total	 deaths,	 solely
attributed	to	diazepam	overdose.5	In	chronic	BZD	users,	tolerance	to	the	sedative
effects	develops	relatively	quickly,	and	may	develop	in	the	absence	of	physical
dependence.6

There	 has	 been	 a	 rise	 in	 the	 use	 and	 abuse	 of	 so-called	 designer	 BZDs	 in
recent	years.	This	term	is	somewhat	of	a	misnomer,	as	it	includes	BZD	marketed
in	 only	 a	 few	 countries,	 analogues	 of	 therapeutically	 approved	 BZDs	 and
metabolites	of	registered	BZDs.7	A	review	of	US	National	Poison	Data	System
records	between	2014	and	2017	showed	a	330%	increase	in	reported	exposures
to	 these	 drugs.	 Fortunately,	 severe	 effects,	 including	 death,	 were	 relatively
uncommon.8

Clinical	Presentation
BZD	 overdose	 commonly	 occurs	 as	 a	 part	 of	 polypharmacy	 and	 or	 ethanol
ingestion.	 BZDs	 alone	 produce	 slurred	 speech,	 lethargy,	 ataxia,	 amnesia,
nystagmus,	 and	 coma.	 Loss	 of	 deep	 tendon	 reflexes	 and	 apnea	 are	 unusual
except	with	 a	massive	 overdose.	Complications	 such	 as	 pulmonary	 aspiration,
hypoxic	cardiac	arrest,	and	acute	lung	injury	are	also	possible	but	are	more	likely
to	occur	in	mixed	sedative	ingestions.

Diagnostic	Evaluation
Recommended	 laboratory	 studies	 include	 serum	 electrolytes,	 creatinine,	 and
glucose.	 Because	 BZDs	may	 be	 involved	 in	 a	 polypharmacy	 overdose,	 serum
acetaminophen	 concentration	 and	 a	 12-lead	 electrocardiogram	 should	 also	 be
obtained.	 Qualitative	 urine	 drug	 testing	 using	 immunoassay	 techniques	 has
limitations	 in	detecting	certain	BZDs.	Immunoassay	techniques	are	based	upon
competitive	binding	between	an	antibody	and	antigen.	The	antibodies	used	are
usually	sensitive	and	specific	for	a	certain	drug,	which	for	BZD	immunoassays
is	commonly	oxazepam.	However,	not	all	BZDs	are	metabolized	to	oxazepam	or
similar	 metabolites	 and	 immunoassay	 techniques	 may	 fail	 to	 detect	 certain
BZDs.9	 As	 a	 result,	 it	 is	 important	 to	 know	 the	 immunoassay	 techniques	 a
laboratory	uses	for	urine	drug	testing,	as	this	will	inform	on	drugs	that	can	and
cannot	 be	 detected.	 Quantitative	 serum	 testing	 for	 BZD	 is	 unhelpful	 in	 the



clinical	management	of	overdose.

Management
1 	The	most	 important	aspect	of	BZD	overdose	management	 is	supportive	care.
Airway	management	 should	 precede	 all	 interventions.	 Endotracheal	 intubation
and	mechanical	ventilation	is	indicated	if	the	patient	cannot	adequately	maintain
spontaneous	 ventilation	 or	 protect	 the	 airway.	 Vascular	 access	 should	 be
established.	 The	 patient	 should	 be	 placed	 on	 continuous	 pulse	 oximetry	 and
cardiac	monitoring.	Activated	 charcoal	 (AC)	 administration	 following	 isolated
BZD	overdose	is	highly	unlikely	to	be	of	clinical	benefit.	The	harmful	risks	of
AC	administration	 to	an	awake	or	 sedated	patient	with	 isolated	BZD	overdose
outweigh	 the	 low	 risk	 of	 morbidity	 and	 mortality	 associated	 with	 BZD
poisoning.

Flumazenil	 (Romazicon,	 Anexate)	 is	 a	 specific	 BZD	 antagonist	 that
competitively	displaces	BZDs	from	their	receptor	binding	sites	and	can	prevent
or	 reverse	 centrally	 mediated	 BZD	 effects	 (eg,	 sedation,	 anticonvulsant,
anxiolysis).10	Flumazenil	is	indicated	for	reversal	of	sedation	that	is	secondary	to
BZD	 therapy.	Flumazenil	 effectively	 reverses	BZD	 induced	 sedation,	 but	 does
not	 consistently	 reverse	 BZD	 induced	 respiratory	 depression.	 Improvement	 in
respiratory	 function	 can	 result	 from	 an	 increased	 level	 of	 consciousness	while
central	 respiratory	 drive	 remains	 depressed.	 In	 cases	 where	 flumazenil	 is
effective	 in	 reversing	 BZD-induced	 respiratory	 depression,	 the	 effect	 is	 short-
lived.11	Flumazenil	does	not	fully	reverse	the	amnestic	effects	of	BZDs.	Patients
may	appear	awake	and	alert,	but	subsequent	recall	(eg,	of	 instructions)	may	be
poor.

2 	 For	 most	 patients	 with	 isolated	 BZD	 poisoning,	 supportive	 care	 with
attention	 to	airway	and	respiratory	status	 is	all	 that	 is	 required	 to	manage	 their
overdose.	 Flumazenil	 should	 not	 be	 used	 in	 place	 of	 airway	 management	 in
patients	with	compromised	respiratory	function	and	is	rarely,	if	ever,	indicated	to
treat	 sedation	 in	 BZD	 poisoning	 or	 polypharmacy	 overdose	 involving	 BZD.
Serious	adverse	events	associated	with	flumazenil	use	include	acute	withdrawal
syndrome	 and	 seizures,	 particularly	 in	 BZD-tolerant	 patients.11	 Flumazenil
should	 be	 avoided	 in	 patients	 on	 short-term	 BZD	 therapy,12	 suspected	 to	 be
BZD-tolerant,	 or	 suspected	 of	 polypharmacy	 overdose	where	 reversal	 of	BZD
effect	 may	 unmask	 the	 epileptogenic	 effects	 of	 coingestants	 (eg,	 cyclic
antidepressants,	isoniazid,	or	cocaine).	Flumazenil	is	contraindicated	in	patients
with	 electrocardiographic	 evidence	 of	 sodium	 channel	 blockade	 (eg,	 cyclic
antidepressant	poisoning)	with	prolonged	QRS	duration.



Flumazenil	 is	 used	 as	 a	 diagnostic	 tool	 for	 undifferentiated	 coma	 and	 after
iatrogenic	 BZD	 overdose.	 Despite	 this,	 scientific	 evidence	 is	 inconclusive
regarding	 the	 role	 of	 flumazenil	 in	 the	management	 of	BZD-poisoned	 patient.
The	 use	 of	 flumazenil	 has	 not	 been	 demonstrated	 to	 reduce	 hospital	 length	 of
stay	 or	 the	 need	 for	 high-dependency	 monitoring	 in	 patients	 with	 BZD
overdose.13

When	flumazenil	is	used	as	a	diagnostic	tool,	the	initial	dose	should	be	0.05
to	0.1	mg	and	it	can	be	repeated	at	30-second	intervals.	In	general,	if	the	desired
responses	are	not	achieved	after	a	total	of	1	mg,	the	diagnosis	of	BZD	poisoning
is	 unlikely.	 The	 aim	 of	 flumazenil	 therapy	 is	 to	 keep	 the	 patient	 moderately
drowsy	and	easily	aroused,	but	not	to	have	the	patient	awake,	alert,	and	keen	to
self-discharge	from	hospital.	Flumazenil	has	a	short	half-life	(approximately	50
minutes),	 and	a	continuous	 infusion	may	be	considered	 in	patients	with	 severe
BZD	 toxicity.	 Flumazenil	 therapy	may	 precipitate	 refractory	 seizures	 in	BZD-
dependent	 patients	 and	 may	 require	 treatment	 with	 large	 doses	 of	 BZDs	 or
barbiturates.14

BARBITURATES
Since	 the	advent	of	BZDs	and	other	newer	sedative-hypnotics,	 the	prescription
of	barbiturates	and	the	incidence	of	severe	poisoning	have	declined.	However,	a
review	 of	 barbiturate-related	 deaths	 in	 Australia	 between	 2000	 and	 2018
demonstrated	that	while	there	is	a	reduction	in	prescription	and	community	use
of	barbiturates,	the	rate	of	intentional	self-harm	with	barbiturates	has	increased.15
The	 recommendation	 that	 pentobarbital	 is	 a	 good	 drug	 for	 euthanasia	 in	 pro-
euthanasia	resources	may	be	contributing	to	an	increase	in	self-poisonings	with
barbiturates	obtained	illicitly	for	this	purpose.16

Pharmacology
Barbiturates	depress	the	activity	of	all	excitable	tissues.	They	have	a	binding	site
on	 the	 GABA-A	 receptor	 and	 enhance	 GABA	 postexcitatory	 inhibition.
Barbiturates	 exhibit	 differential	 effects	 on	 the	 GABA-A	 receptor.	 At	 low
concentrations,	barbiturates	act	allosterically	to	increase	the	duration	of	chloride
channel	 opening	 in	 the	 presence	 of	 GABA,	 thus	 increasing	 inward	 neuronal
chloride	 flux	 and	 hyperpolarizing	 the	 cell.	 At	 high	 concentrations,	 some
barbiturates	 can	 directly	 open	 the	GABA-A	 receptor	 chloride	 channel	without
the	presence	of	GABA.17



Barbiturates	are	available	in	various	formulations	and	are	classified	according
to	their	duration	of	action.	Ultrashort-acting	barbiturates	are	highly	lipid	soluble
and	rapidly	partition	into	the	CNS,	with	subsequent	redistribution	to	all	tissues.
When	 parenterally	 administered,	 they	 have	 rapid	 onset	 with	 less	 than	 1-hour
duration	of	 effect;	 their	predominant	 role	 is	 for	 induction	of	 anesthesia.	Short-
and	 intermediate-acting	barbiturates	 are	 intermediate	 in	 lipid	 solubility	 and	are
used	as	 anxiolytics	 and	 sedatives.	Long-acting	barbiturates	have	 relatively	 low
lipid	solubility	and	are	mainly	used	as	anticonvulsants.	Systemic	 toxicity	 tends
to	be	a	function	of	the	drug’s	elimination	half-life	(Table	122.3).

TABLE	122.3

Duration	of	Action	and	Elimination	Half-Life	(t½)	of
Barbiturates

Barbiturate Duration
(h)

Elimination
t½	(h)

Ultrashort-acting <½

Thiopental	(Pentothal) 8-10

Methohexital	(Brevital) 3-5

Short-acting 3

Pentobarbital	(Nembutal) 15-50

Secobarbital	(Seconal) 15-40

Intermediate-acting 3-6

Amobarbital	(Amytal) 10-40

Butabarbital	(Butisol) 35-50

Long-acting 6-12

Barbital 48

Mephobarbital	(not	licensed	for	use	in	the
United	States)

10-70



Phenobarbital	(Luminal) 80-120

Adapted	from	Mihic	SJ,	Mayfield	J,	Harris	RA.	Hypnotics	and	sedatives.	In:	Brunton	LL,	Hilal-
Dandan	R,	Knollmann	BC,	eds.	Goodman	&	Gilman’s	The	Pharmacological	Basis	of
Therapeutics.	13th	ed.	McGraw	Hill	Education;	2018:347.

After	 oral	 administration,	 absorption	 of	 barbiturates	 is	 rapid	 and	 relatively
complete	 from	 the	GI	 tract;	 sodium	salts	 are	more	quickly	absorbed	 than	 their
corresponding	free	acids.	Secobarbital	has	the	highest	degree	of	lipid	solubility
and	thus	the	fastest	distribution,	phenobarbital	is	the	least	lipid	soluble	and	has
the	 slowest	 distribution.	 Phenobarbital	 readily	 crosses	 the	 placenta	 and	 is
excreted	into	breast	milk.	When	administered	IV,	fetal	blood	concentrations	are
approximately	 equal	 to	maternal	 serum	 concentration.	 Barbiturates	 are	mainly
metabolized	by	the	liver	into	inactive	water-soluble	compounds	and	then	renally
excreted	 or	 conjugated	 to	 glucuronic	 acid	 and	 excreted	 in	 bile.	One	 important
aspect	of	barbiturate	metabolism	 is	 their	 effect	 on	hepatic	microsomal	 enzyme
system	 (cytochrome	P450	 [CYP]	 enzymes).	Acutely,	 barbiturates	 interact	with
CYP	 enzymes	 and	 inhibit	 biotransformation	 of	 other	 CYP	 enzyme	 substrates;
likewise,	other	substrates	can	inhibit	barbiturate	metabolism.	Chronic	barbiturate
use	induces	microsomal	enzymes	(CYP1A2,	2C9,	2C19,	3A4)	and	increases	the
metabolism	 of	 their	 substrates,	 which	 includes	 barbiturates	 themselves.	 This
enzyme	 autoinduction	 contributes	 to	 barbiturate	 tolerance	 due	 to	 increased
barbiturate	 metabolism	 and	 can	 lead	 to	 patients	 requiring	 larger	 dosages	 of
barbiturates	 to	 achieve	 therapeutic	 effect.	 Short-acting	 barbiturates	 are	 almost
completely	metabolized	by	the	liver,	whereas	longer-acting	barbiturates	also	rely
on	 urinary	 excretion	 for	 elimination	 (eg,	 phenobarbital,	 25%-33%;	 barbital,
95%).	Renal	elimination	of	long-acting	barbiturates	can	be	enhanced	by	urinary
alkalinization	as	they	are	weak	acids.	The	kinetics	of	barbiturate	elimination	are
mixed:	first	order	at	low	concentrations	and	zero	order	at	high	concentrations.18
Toxic	dose	is	in	the	range	of	6	to	10	g	for	the	long-acting	barbiturates	and	3	to
6	g	for	the	short-acting	barbiturates.	Most	patients	demonstrate	some	degree	of
sedation	 after	 ingestion	 of	 more	 than	 8	 mg/kg	 of	 phenobarbital.	 Barbiturate
tolerant	patients	may	require	5	to	10	times	the	normal	barbiturate	dose	used	for
sedation.	 Depending	 on	 the	 degree	 of	 tolerance,	 the	 drug	 concentration
associated	with	coma	ranges	from	80	to	120	µg/mL	for	phenobarbital	and	15	to
50	µg/mL	for	 short-acting	barbiturates.	Coingestion	of	 sedative-hypnotic	drugs
can	 have	 an	 additive	 effect	 and	 result	 in	 toxicity	 at	 lower	 doses	 and	 blood
concentrations.19



Clinical	Manifestations
Barbiturate	 poisoning	 primarily	 affects	 the	 CNS	 to	 suppress	 the	 medullary
respiratory	center	and	is	clinically	manifested	as	respiratory	depression.20	When
a	barbiturate	overdose	is	combined	with	other	sedative-hypnotic	medications	or
alcohol,	there	is	an	additive	CNS	and	respiratory	depressive	effect.	Following	a
serious	 barbiturate	 overdose,	 sedation	 rapidly	 progresses	 to	 respiratory
depression,	 and	 coma.	 Barbiturate	 poisoning	 can	 cause	 hypotension	 and
cardiovascular	 collapse,	 but	 cardiac	 dysrhythmias	 are	 rare.	 Cardiovascular
toxicity	 is	 caused	 by	 direct	 depression	 of	 the	 medullary	 centers,	 direct
myocardial	suppression,	and	peripheral	vasodilatation.	Hypothermia	may	result
from	loss	of	autonomic	function	and	decrease	in	overall	muscle	activity.	The	gut
becomes	 atonic.	Bullous	 skin	 lesions	 (“barb	 blisters”)	 can	 occur	 over	 pressure
points	 in	 up	 to	 6%	 of	 patients.21	 These	 are	 tense	 bullous	 lesions	 containing
acellular	fluid	with	detectable	amounts	of	barbiturate.	Bulla	formation,	although
common	for	severe	barbiturate	poisoning,	 is	not	pathognomonic	for	barbiturate
poisoning.	 Bulla	 formation	 is	 also	 reported	 in	 cases	 of	 poisoning	 from	 other
toxicants	 including	 carbon	 monoxide,	 BZDs,	 tricyclic	 antidepressants,
phenothiazines,	 and	 opioids.22	 The	 exact	 etiopathogenesis	 of	 these	 blisters	 is
unclear,	but	in	general	they	are	benign	and	self-limiting,	usually	healing	without
scarring.23	Crystalluria	is	reported	following	primidone	overdose.

Diagnostic	Evaluation
Serum	phenobarbital	concentrations	should	be	measured	in	overdoses	involving
primidone	or	phenobarbital;	phenobarbital	is	a	metabolite	of	primidone.	Testing
blood	 samples	 for	 other	 barbiturates	 is	 not	 helpful	 because	 results	 are	 usually
unavailable	 in	 a	 clinically	 useful	 timeframe.	 Other	 investigations	 such	 as
complete	blood	cell	 count,	 serum	electrolytes,	 renal	 and	 liver	 function	 studies,
creatinine	 phosphokinase,	 glucose,	 ECG,	 serum	 acetaminophen	 and	 salicylate
concentration,	 urinalysis,	 arterial	 blood	 gas,	 imaging	 studies,	 and	 lumbar
puncture	should	be	performed	as	clinically	indicated.

Management
1 	 The	 mainstay	 of	 management	 following	 barbiturate	 overdose	 is	 supportive
care.	Early	attention	to	airway	management	and	ventilation	is	imperative	as	up	to
40%	 of	 patients	 can	 develop	 pulmonary	 aspiration.	 Vital	 signs	 should	 be
frequently	 monitored,	 vascular	 access	 should	 be	 established,	 and	 the	 patient



should	 be	 placed	 on	 continuous	 pulse	 oximetry	 and	 cardiac	 monitoring.	 GI
decontamination	 with	 a	 dose	 of	 AC	 should	 be	 considered	 following	 large
ingestions	in	patients	with	a	secured	airway.	Hypotension	is	initially	treated	with
intravenous	crystalloid	loading,	and	may	require	vasopressors	and/or	inotropes.
Bedside	 echocardiography	 or	 invasive	 hemodynamic	 monitoring	 can	 guide
choice	 of	 vasoactive	 and/or	 cardioactive	 drugs.	 Hypothermic	 patients	 require
rewarming.

3 	There	is	no	specific	antidote	for	barbiturate	overdose.	However,	treatments
that	 enhance	barbiturate	 elimination	 should	be	 considered	 in	 severe	poisoning,
with	 the	 aim	 of	 reducing	 the	 duration	 of	 assisted	 ventilation,	 intubation,	 and
coma.	Urinary	alkalinization	and	multidose	activated	charcoal	(MDAC)	enhance
the	elimination	of	phenobarbital	and	possibly	other	barbiturates.	In	a	systematic
review	of	enhanced	elimination	 techniques	 in	barbiturate	poisoning,	primidone
was	considered	amenable	to	enhanced	elimination	by	MDAC.24	In	a	study	of	30
patients	 treated	 for	 phenobarbital	 overdose,	 MDAC	 alone	 was	 more	 effective
than	 urinary	 alkalinization	 alone,	 or	 a	 combination	 of	 the	 two	 treatments	 in
decreasing	 plasma	 phenobarbital	 concentrations	 and	 reducing	 plasma	 half-life.
This	was	 associated	with	 greater	 total	 body	 clearance	 than	would	 be	 expected
with	 no	 treatment.25	 In	 joint	 position	 papers,	 the	 American	 and	 European
toxicology	associations	indicated	that	MDAC	should	be	considered	following	a
life-threatening	phenobarbital	 overdose;	MDAC	 is	more	 effective	 compared	 to
urinary	 alkalinization	 in	 reducing	 the	mean	phenobarbital	 elimination	half-life,
increasing	the	mean	total	body	phenobarbital	clearance,	and	decreasing	the	mean
duration	of	assisted	ventilation,	intubation,	and	coma.26,27

3 	Other	 options	 for	 enhanced	 elimination	 of	 barbiturates	 are	 extracorporeal
methods.	However,	 despite	 extracorporeal	 removal	 increasing	 the	 clearance	 of
short-acting	 barbiturates	 to	 some	 degree,	 the	 clinical	 utility	 is	 limited.24	 The
EXTRIP	 group	 recommends	 that	 extracorporeal	 treatments	 be	 considered	 for
severe	 long-acting	 barbiturate	 poisoning	 (eg,	 phenobarbital)	 when	 life-
threatening	 toxicity	 is	present.20	However,	 extracorporeal	 treatments	 are	 not	 as
effective	 in	 short-acting	 barbiturate	 poisoning.	 The	 recommended	 modality	 is
intermittent	hemodialysis	(IHD),	which	gives	similar	barbiturate	clearance	rates
to	 charcoal	 hemoperfusion,	 but	with	 less	 associated	 complications	 and	 greater
familiarity	 and	 availability.	 Continuous	 renal	 replacement	 therapy	 has	 a	 lower
clearance	 rate	 than	 IHD	 and	 charcoal	 hemoperfusion	 but	 is	 an	 acceptable
alternative	 should	 neither	 be	 available.	 MDAC	 therapy	 should	 be	 continued
during	IHD	as	 this	combination	should	provide	greater	reduction	 in	barbiturate
body	burden	and	improve	outcomes.20

Suggested	 indications	 for	 hemodialysis	 include	 prolonged	 coma,	 persistent



shock	 despite	 fluid	 resuscitation,	 ongoing	 toxicity	 despite	 MDAC,	 rising
barbiturate	 concentrations	 despite	 MDAC,	 and	 if	 respiratory	 depression
necessitating	mechanical	ventilation	is	present.	The	effectiveness	of	IHD	should
be	 based	 on	 clinical	 response	 to	 barbiturate	 removal	 (eg,	 resolution	 of	 coma).
Clinicians	 should	 be	 aware	 of	 the	 potential	 for	 barbiturate	 rebound,	 and	 for
precipitation	of	withdrawal	following	IHD	in	barbiturate-dependent	patients.24

Importantly,	 following	 barbiturate	 poisoning,	 there	 is	 potential	 for	 full
recovery	with	good	supportive	care,	despite	the	presence	of	prolonged	coma,	and
an	 isoelectric	 electroencephalogram.	 Any	 decision	 to	 withdraw	 care	 should
involve	a	multidisciplinary	approach	with	input	from	neurology	and	toxicology
services	 and	 confirmation	 that	 the	 serum	 barbiturate	 concentration	 is
undetectable.28

NONBENZODIAZEPINE,	NONBARBITURATE
SEDATIVE-HYPNOTICS
Non-BZD/nonbarbiturate	 sedative-hypnotics	 include	 glutethimide	 (Doriden),
ethchlorvynol	(Placidyl),	meprobamate	(Miltown),	chloral	hydrate	(Noctec),	and
the	antispasmodic	muscle	relaxants	carisoprodol	(Soma)	and	baclofen	(Lioresal).
Toxic	 effects	 can	 be	 seen	 from	 therapeutic	 and	 illicit	 use.	The	 combination	 of
glutethimide	and	codeine,	colloquially	known	as	“loads”	became	a	popular	drug
of	 abuse,	 and	 overdose	was	 associated	with	 numerous	 fatalities.29	 Due	 to	 this
abuse	 and	 harm	 potential,	 coupled	 with	 the	 increasing	 use	 of	 BZDs,	 the
production	 of	 glutethimide	was	 discontinued	 in	 the	United	 States	 in	 the	 1993.
Similarly,	production	of	ethchlorvynol	was	discontinued	in	the	United	States	in
1999.

Newer	agents	have	been	developed	to	circumvent	some	of	the	adverse	events
associated	 with	 BZD	 use,	 and	 they	 vary	 in	 their	 toxicity	 in	 overdose.	 These
include	buspirone,	a	partial	5-hydroxytryptamine	1A	(5-HT1A)	 receptor	agonist;
zopiclone,	 a	 cyclopyrrolone	 with	 sedative-hypnotic	 activity;	 and	 zolpidem,
which	is	an	imidazopyridine	sedative-hypnotic	and	anxiolytic	agent.	All	of	these
medications	 have	 a	 high	 abuse	 potential	 secondary	 to	 their	 ability	 to	 induce
tolerance	and	dependence.

Chloral	Hydrate
Chloral	hydrate	has	been	used	as	a	sedative-hypnotic	drug	since	the	mid	to	late



19th	century.	It	is	still	used	in	pediatric	patients	for	procedural	sedation,	often	in
outpatient	 settings,	 with	 ongoing	 incidence	 of	 toxicity	 and	 fatality.30	 Chloral
hydrate	 is	 rapidly	 absorbed	 from	 the	 GI	 tract,	 with	 onset	 of	 action	 within	 30
minutes.	It	is	rapidly	metabolized	in	the	liver	by	alcohol	dehydrogenase	(ADH)
to	the	active	metabolite	trichloroethanol	(TCE),	which	is	thought	to	be	primarily
responsible	 for	 the	 sedative	properties	of	 chloral	hydrate.	 In	one	animal	 study,
increased	 sedation	 was	 observed	 when	 chloral	 hydrate	 was	 administered	 with
fomepizole	 (an	 ADH	 inhibitor),	 compared	 to	 chloral	 hydrate	 alone,	 which
suggests	chloral	hydrate	has	 intrinsic	sedative	properties.31	Chloral	hydrate	and
ethanol	 influence	 each	 other’s	 metabolism	 in	 several	 ways.	 Chloral	 hydrate
competes	with	ethanol	for	ADH,	thereby	prolonging	the	effect	of	ethanol.	Also,
ethanol	 metabolism	 generates	 nicotinamide	 adenine	 dinucleotide,	 which	 is	 a
cofactor	 for	 chloral	 hydrate	 metabolism.32	 Trichloroethanol	 undergoes	 either
glucuronidation	or	oxidation	to	form	inactive	urocholic	acid	and	trichloroacetic
acid,	respectively.	The	elimination	half-life	of	TCE	is	4	to	12	hours.	Metabolism
of	TCE	 increases	with	 age,	primarily	due	 to	maturation	of	 the	glucuronidation
pathway	 in	 neonates.	 The	 elimination	 half-life	 of	 TCE	 is	 three	 to	 four	 times
longer	 in	 neonates	 and	 infants	 than	 it	 is	 in	 older	 children.32	 This	 has	 clinical
implications	 for	 neonates,	 especially	 if	 chloral	 hydrate	 is	 administered	 in	 a
multiple	 dose	 regimen.	 It	 is	 thought	 that	 TCE	metabolism	 is	 saturable	 at	 high
doses,	further	prolonging	its	elimination.33

The	usual	therapeutic	dose	of	chloral	hydrate	in	children	is	25	to	100	mg/kg,
but	significant	toxicity	is	reported	with	doses	of	1.5	g	and	survival	reported	with
doses	as	high	as	38	g.	For	adults,	toxicity	is	seen	after	more	than	2	g	and	death	is
possible	 with	 doses	 greater	 than	 10	 g.33	 Survival	 has	 been	 reported	 following
ingestion	 of	 chloral	 hydrate	 70	 g,	 requiring	 intensive	 care	 support	 and
extracorporeal	elimination.34

Clinical	 features	 of	 chloral	 hydrate	 toxicity	 develop	 rapidly	 following
overdose.	 Patients	 may	 exhibit	 a	 characteristic	 pearlike	 odor.	 CNS	 effects
include	drowsiness,	respiratory	depression,	coma,	and	hypothermia.	Pupils	may
initially	be	small	but	in	deep	coma	may	become	dilated.	GI	effects	from	mucosal
irritation	 can	 lead	 to	 gastritis,	 nausea	 and	 vomiting	 with	 risk	 of	 pulmonary
aspiration.	The	most	serious	manifestations	of	toxicity	are	respiratory	failure	and
cardiovascular	instability	due	to	refractory	ventricular	tachydysrhythmias.33	It	is
theorized	 that	 chloral	 hydrate	 shortens	 the	 cardiac	 refractory	 period,	 depresses
myocardium	contractility,	and	sensitizes	the	myocardium	to	catecholamines	and
that	this	effect	is	reduced	or	abolished	by	β-adrenergic	blockade.30	Dysrhythmias
associated	with	chloral	hydrate	toxicity	include	multifocal	premature	ventricular
ectopic	beats,	supraventricular	dysrhythmias,	and	ventricular	dysrhythmias.33,35



1 	 4 	 The	 treatment	 of	 chloral	 hydrate	 toxicity	 is	 primarily	 supportive.	 All
patients	 with	 suspected	 chloral	 hydrate	 poisoning	 should	 have	 an	 IV	 access,
continuous	 pulse	 oximetry	 and	 cardiac	 monitoring.	 Airway	 support	 and
ventilation	 should	 be	 instituted	 as	 clinically	 indicated.	 Cardiac	 dysrhythmias
may	 not	 respond	 to	 conventional	 antidysrhythmic	 agents	 such	 as	 lidocaine.	 β-
Blockers,	 such	 as	 propranolol,	 have	 been	 successfully	 used	 to	 treat	 refractory
dysrhythmias.33,36	 One	 suggested	 dosing	 is	 intravenous	 propranolol	 0.5	 mg
aliquots	titrated	to	blood	pressure	and	resolution	of	dysrhythmia	followed	by	an
infusion	 of	 1	 to	 2	 mg/h	 to	 maintain	 a	 normal	 heart	 rate	 for	 12	 to	 24	 hours
following	 resolution	 of	 dysrhythmia.33,36	 Alternatively,	 in	 situations	 where
parenteral	propranolol	is	unavailable,	a	shorter-acting	agent	such	as	esmolol	or	a
cardioselective	β-blocker	(eg,	metoprolol)	can	be	considered.	In	cases	of	massive
overdose	with	ongoing	coma,	refractory	dysrhythmias,	or	hypotension,	enhanced
TCE	 elimination	 with	 combined	 hemodialysis	 and	 hemoperfusion	 have	 been
reported.34	 Chloral	 hydrate	 is	 reportedly	 radiopaque	 and	 may	 be	 seen	 on
abdominal	 imaging	 following	 a	 large	 ingestion;	 a	 negative	 imaging	 study	 is
nondiagnostic.	Hypothermia	can	be	treated	with	passive	rewarming.

Meprobamate	and	Carisoprodol
Meprobamate	 (eg,	 Equanil,	 Miltown)	 is	 an	 unusual	 member	 of	 this	 class	 of
medication.	It	has	antianxiety	and	muscle-relaxant	effects	in	addition	to	sedative
properties.	 Meprobamate	 is	 available	 in	 regular	 and	 modified-release
formulations.	Toxicity	has	been	reported	after	ingestion	of	2	g	and	fatalities	have
been	 reported	 after	 ingestion	 of	 12	 g	 in	 adults,	 but	 survival	 has	 been	 reported
with	doses	as	high	as	40	g.37

Meprobamate	 is	 rapidly	 absorbed	 from	 the	 GI	 tract	 following	 an	 oral
ingestion,	reaching	mean	peak	serum	concentration	within	3	hours,	and	having	a
mean	half-life	 of	 11.3	hours.38	 The	 drug	 is	mainly	metabolized	 in	 the	 liver	 by
CYP3A4	and	its	inactive	metabolites	are	excreted	in	the	urine.	Very	little	of	the
drug	 is	 plasma-protein	 bound.	 Meprobamate	 potentiates	 GABA-A	 receptor
chloride	 channel	 currents	 and	 inhibits	N-methyl-D-aspartate	 (NMDA)	 receptor
ion	 channel	 currents.	Similar	 to	 certain	barbiturates,	meprobamate	 can	directly
open	the	GABA-A	receptor	chloride	channel	in	the	absence	of	GABA.39

The	most	concerning	clinical	features	of	serious	meprobamate	poisoning	are
CNS	 and	 respiratory	 depression,	 coma,	 and	 hypotension.37	 The	 hypotension
associated	 with	 meprobamate	 toxicity	 is	 thought	 to	 be	 due	 to	 varying
contributions	 from	 direct	 meprobamate	 cardiac	 toxicity,	 hypovolemia,	 and
peripheral	 vasodilatation.40	 Serum	 meprobamate	 concentrations	 greater	 than



10	mg/dL	are	associated	with	serious	toxicity	and	deep	coma,41	and	a	persistently
elevated	serum	concentration	may	indicate	ongoing	drug	absorption	from	bezoar
formation.

1 	 Treatment	 of	 meprobamate	 poisoning	 is	 similar	 to	 that	 for	 the	 other
medications	 in	 this	 class.	 The	 mainstay	 of	 treatment	 is	 supportive,	 with
endotracheal	 intubation	 and	 mechanical	 ventilation	 for	 airway	 protection	 and
managing	respiratory	depression.	Management	of	hypotension	is	best	guided	by
bedside	echocardiography	or	invasive	hemodynamic	monitoring,	with	inotropes
being	indicated	in	cases	with	cardiac	hypokinesia.40	MDAC	has	been	reported	to
reduce	 the	elimination	half-life	of	meprobamate	 following	overdose42	 and	may
be	considered	 in	a	patient	with	a	secured	airway	following	a	serious	overdose.
Extracorporeal	 techniques	 to	 enhance	 meprobamate	 elimination	 should	 be
considered	 in	 patients	with	 cardiovascular	 compromise	 or	 patients	who	 fail	 to
improve	with	supportive	treatment.43

Carisoprodol	 (Soma,	 Rela)	 is	 a	 centrally	 acting	 muscle	 relaxant.	 It	 is
extensively	 metabolized	 primarily	 to	 meprobamate	 by	 CYP2C19	 in	 the	 liver,
reaching	 mean	 peak	 effect	 serum	 concentration	 within	 2	 hours,	 and	 having	 a
mean	elimination	half-life	of	1.7	to	2.0	hours.	The	predominant	adverse	event	of
carisoprodol	is	drowsiness	and	coma,	which	may	be	due	to	carisoprodol	as	well
as	 its	 metabolite	 meprobamate.44	 In	 addition,	 agitation,	 tachycardia,
hypertension,	and	bizarre	movements	have	been	described,	and	there	have	been
reports	 of	 features	 consistent	 with	 serotonin	 excess	 following	 overdose.45
Management	of	carisoprodol	toxicity	is	similar	to	that	for	meprobamate	toxicity.

Baclofen
Although	 usually	 not	 considered	 a	 sedative	 or	 hypnotic,	 baclofen	 (Lioresal)
toxicity	 mimics	 that	 of	 sedative-hypnotics.	 Baclofen	 is	 a	 synthetic	 GABA
analogue	and	is	a	selective	GABA-B	(G	protein-coupled	metabotropic)	receptor
agonist.	GABA-B	 receptors	 are	 critical	 in	 synaptic	 processing	within	 the	CNS
and	are	present	in	pre-	and	postsynaptic	sites.	GABA-B	receptors	mediate	their
inhibitory	neurotransmission	pathways	by	increasing	outward	potassium	channel
conductance	 through	 activating	 inwardly	 rectifying	 potassium	 channels
(postsynaptic	 sites),	 inactivating	 voltage-gated	 calcium	 channels	 (presynaptic
sites),	and	 inhibiting	adenylate	cyclase,	producing	membrane	hyperpolarization
and	decreasing	neurotransmitter	release.	Baclofen	is	primarily	used	for	treatment
of	 spasticity.	 Recently,	 baclofen	 is	 increasingly	 being	 prescribed	 for	 the
management	 of	 alcohol	misuse	 disorders.	 Baclofen	 can	 be	 administered	 either
orally	 or	 intrathecally	 via	 programmable	 implanted	 infusion	 pumps,	 which



mitigates	systemic	adverse	events.
Following	oral	ingestion,	baclofen	is	rapidly	absorbed	from	the	GI	tract,	with

peak	plasma	concentration	within	3	hours.	Baclofen	 is	primarily	eliminated	by
the	 kidneys	 and	 is	 detected	 mostly	 unchanged	 in	 urine.	 Elimination	 is	 best
described	by	first-order	kinetics,	with	a	half-life	of	2	to	6	hours	after	therapeutic
dosing.	 However,	 patients	 with	 compromised	 renal	 function	 may	 develop
neurotoxicity	during	subtherapeutic	or	therapeutic	baclofen	dosing.

Baclofen	 toxicity	 following	 intrathecal	 delivery	 is	 predominantly	 associated
with	 the	 refilling	 process,	 pump	 programming	 errors,	 or	 problems	 with	 dose
titration.	Overdosing	resulting	from	pump	malfunction	is	less	common.46

5 	 Clinical	 features	 of	 oral	 or	 intrathecal	 baclofen	 toxicity	 are	 similar,	 apart
from	 a	 latent	 period	 following	 oral	 ingestion	 as	 plasma	 concentrations	 reach
their	 peak.	 Neurology	 includes	 seizures,	 encephalopathy,	 delirium,	 altered
consciousness,	 coma,	 myoclonus,	 apnea,	 and	 hypothermia.	 Coma	 can	 be
profound	 and	 prolonged	 (eg,	 1	 week),	 with	 unreactive	 pupils	 and	 near-absent
brainstem	 reflexes,	 mimicking	 brain	 death.	 Ingested	 doses	 of	 greater	 than
200	mg	are	associated	with	a	higher	 incidence	of	delirium	and	coma	requiring
mechanical	 ventilation	 as	 well	 as	 increased	 hospital	 length	 of	 stay.47
Cardiovascular	 effects	 include	bradycardia	 or	 tachycardia,	 PR	 and	QT	 interval
prolongation,	junctional	escape	beats,	hypotension,	and	hypertension.48,49

1 	Management	of	baclofen	toxicity	is	supportive.	It	is	reasonable	to	consider
the	early	use	of	a	single	dose	of	AC	in	patients	with	a	secured	airway,	especially
if	 more	 than	 200	 mg	 baclofen	 was	 ingested.	 Mechanical	 ventilation	 may	 be
required	 for	 several	 days	 in	 deeply	 comatose	 patients.50	 Hypotension	 may
respond	 to	 intravenous	 crystalloid	 bolus.	 BZDs	 should	 be	 used	 to	 control
seizures	 or	 myoclonus,	 while	 being	 aware	 that	 they	 will	 contribute	 to	 further
respiratory	or	CNS	depression.

Intrathecal	 baclofen	 overdose	 is	 best	 managed	 by	 specific	 steps	 that	 help
reduce	 the	 baclofen	 burden	 in	 the	 intrathecal	 space.	 The	 specialist	 physician
monitoring	 the	 therapy	 should	 be	 alerted	 as	 soon	 as	 possible,	 and	 the	 pump
should	 be	 stopped	 and	 programming	 interrogated	 for	 errors.	 To	 decrease	 the
intrathecal	baclofen	load,	30	mL	of	cerebrospinal	fluid	can	be	withdrawn,	either
through	 the	 pump	 reservoir,	 or	 via	 separate	 lumbar	 puncture.51	 Physostigmine
has	been	used	as	a	 treatment	for	coma	in	cases	of	 intrathecal	baclofen	toxicity.
Reports	of	effectiveness	are	mixed,	and	due	to	potential	adverse	effects,	it	is	not
routinely	recommended.46	The	baclofen	infusion	should	not	be	ceased	for	more
than	48	hours,	as	this	may	lead	to	a	withdrawal	syndrome	and	cause	damage	to
the	pump	system.46



Buspirone
Buspirone	 is	 an	 anxiolytic	 drug.	 It	 is	 a	 partial	 agonist	 at	 serotonin	 5-HT1A

receptors	 and	 has	moderate	 antagonist	 effects	 at	 central	 dopamine	 receptors52;
limited	affinity	for	BZD	receptors	and	no	effect	on	GABA	binding.	Although	the
mechanism	 of	 action	 of	 buspirone	 is	 incompletely	 understood,	 its	 primary
neuropharmacological	 effects	 are	 believed	 to	 be	 mediated	 through	 5-HT1A

receptors.
Following	 oral	 administration,	 buspirone	 is	 rapidly	 absorbed,	 but	 poor

bioavailability,	and	undergoes	extensive	hepatic	first	pass	metabolism	primarily
oxidative	dealkylation	mediated	by	CYP3A4.	Peak	serum	concentration	occurs
within	1.5	hours,	with	an	elimination	half-life	of	2	 to	3	hours.53	At	 low	doses,
buspirone	 is	 predominately	 anxiolytic,	 although	 it	 may	 take	 several	 weeks	 to
reach	this	effect.	At	high	doses,	buspirone	can	cause	sedation	similar	to	that	seen
with	BZDs	but	it	is	much	less	than	that	seen	with	an	equivalent	dose	of	the	BZD.
Adverse	 drug	 events	 reported	 during	 therapeutic	 dosing	 include	weakness,	 GI
distress,	 dysphoria,	 headache,	 and	 dizziness.	 Flumazenil	 does	 not	 reverse
buspirone	 effects.	 A	 withdrawal	 syndrome	 may	 occur	 if	 buspirone	 use	 is
abruptly	discontinued.	Buspirone	is	not	cross-tolerant	with	BZDs	evident	by	the
inability	of	buspirone	to	mitigate	BZD	withdrawal	symptoms.

1 	 Buspirone	 is	 not	 commonly	 seen	 in	 the	 overdose	 setting.	 Serotonin
syndrome	has	rarely	been	reported	when	buspirone	was	administered	with	other
serotonergic	 medications.54	 Supportive	 care	 is	 the	 mainstay	 of	 buspirone
overdose	management.

Z-Drugs
Three	non-BZD	drugs	zopiclone,	zolpidem,	and	zaleplon	are	commonly	known
as	the	“Z-drugs.”	They	were	developed	in	the	1980s	as	alternatives	to	BZDs	for
the	management	of	insomnia.

Zopiclone	and	Eszopiclone
Zopiclone	(Imovane)	has	a	cyclopyrrolone	structure	that	is	unrelated	to	BZDs	or
other	 sedative-hypnotics.	 It	 is	 available	 as	 a	 racemic	 mixture	 of	 two
stereoisomers,	one	of	which,	 the	S-isomer,	 is	marketed	 in	 the	United	States	 as
eszopiclone	(Lunesta).

Zopiclone	preferentially	binds	to	the	α1	subunit	of	the	BZ1	receptor	located
on	 the	 GABA-A	 receptor	 that	 is	 associated	 with	 sedation	 and	 amnesia.	 In



contrast,	 eszopiclone	 has	 greater	 affinity	 for	 α2	 and	 α3	 subunits	 of	 the	 BZ1
receptor	that	is	associated	with	sleep	regulation	and	anxiolysis.55	Both	zopiclone
and	eszopiclone	are	well	absorbed	orally,	reaching	maximal	concentration	within
1	 to	2	hours.	They	undergo	extensive	metabolism,	primarily	by	CYP3A4,	with
active	metabolites	that	are	renally	excreted.	Elimination	half-life	of	zopiclone	is
5	to	6	hours.55

Adverse	effects	after	therapeutic	dosing	include	a	bitter	taste	in	the	mouth	and
hangover	sedation	into	the	next	day,	with	potential	impairment	of	psychomotor
performance.

Isolated	 zopiclone	 poisoning	 commonly	 follows	 a	 benign	 course,	 with
sedation	being	the	predominant	feature.	Patients	with	concurrent	ethanol	or	other
sedative	 medication	 ingestion	 may	 develop	 greater	 sedation.	 A	 case	 series	 of
eszopiclone	 ingestions	 in	which	 51%	of	 the	 cases	 involved	 eszopiclone	 as	 the
sole	 ingestant,	 the	 commonest	 adverse	 event	 was	 drowsiness.56
Methemoglobinemia	 has	 been	 reported	 following	 overdose	 of	 zopiclone.	 This
may	be	related	to	oxidative	stress	caused	by	an	N-oxide	metabolite	of	the	parent
drug.57

1 	 Management	 of	 zopiclone	 and	 eszopiclone	 poisoning	 is	 supportive,	 with
attention	to	airway	and	respiratory	support.	In	view	of	the	rapid	absorption	and
sedative	 effects,	 decontamination	 with	 AC	 is	 not	 indicated.	 Sedation	 from
zopiclone	 poisoning	 may	 be	 temporarily	 reversed	 by	 flumazenil.58	 However,
routine	use	of	flumazenil	is	not	warranted	and	does	not	replace	good	supportive
care.	 Methemoglobinemia	 should	 be	 managed	 along	 conventional	 lines,	 with
administration	 of	 supplemental	 oxygen,	 and	 methylene	 blue	 if	 symptoms	 are
significant	or	methemoglobin	concentration	is	greater	than	20%.

Zolpidem
Zolpidem	is	an	imidazopyridine	drug	and	exerts	its	effects	through	activation	of
the	 α1	 subunit	 of	 the	 BZ1	 receptor	 located	 on	 the	 GABA-A	 receptor.	 It	 is	 a
potent	 sedative-hypnotic,	 with	minimal	 anxiolysis.55	 It	 is	 available	 as	 both	 an
immediate-release	 (IR)	 and	 a	 controlled-release	 (CR)	 preparation.	 After
ingestion,	 the	time	to	maximum	plasma	zolpidem	concentration	is	1	 to	2	hours
for	 the	IR	preparation	and	1.5	 to	2.5	hours	 for	 the	CR	preparation.	 It	 is	highly
protein	 bound	 and	 metabolized	 in	 the	 liver,	 predominantly	 by	 CYP3A4	 to
inactive	metabolites.	Elimination	half-life	is	2.5	to	3	hours.	Zolpidem	exhibited
zero-order	 kinetics	 following	 overdose	 in	 a	 pediatric	 patient.59	 Adverse	 events
associated	 with	 zolpidem	 use	 are	 similar	 to	 zopiclone.	 Of	 the	 “Z-drugs,”
zolpidem	 is	 particularly	 associated	 with	 complex	 behaviors	 such	 as



sleepwalking,	sleep-driving,	and	hallucinations.60
The	 most	 common	 clinical	 feature	 of	 zolpidem	 overdose	 is	 drowsiness.

Significant	 coma	 and	 respiratory	 depression	 are	 unusual.61	 Usually,	 symptoms
improve	within	a	 few	hours.	Other	 reported	effects	 include	 tachycardia,	ataxia,
slurred	speech,	vomiting,	and	hallucinations.62	The	reported	effects	of	poisoning
with	IR	and	CR	preparations	are	similar.	However,	the	CR	formulation	was	less
likely	 to	 cause	 drowsiness	 and	 hallucinations	 and	 more	 likely	 to	 result	 in
ataxia.62	Deaths	are	 reported	following	zolpidem	overdose	 in	combination	with
other	CNS	depressants.

1 	 Management	 of	 zolpidem	 poisoning	 is	 similar	 to	 that	 of	 zopiclone	 and
treatment	 is	 predominantly	 supportive.	 Flumazenil	 has	 been	 used	 to	 reverse
sedation	from	zolpidem	overdose	in	adult	and	pediatric	patients.59

Zaleplon
Zaleplon	is	a	pyrazolopyrimidine	drug	that	selectively	binds	at	the	α1	subunit	of
the	 BZ1	 receptor	 located	 on	 the	 GABA-A	 receptor	 and	 has	 low	 affinity	 and
potency	 at	 the	 α2	 and	 α3	 subunits	 of	 the	BZ1	 receptor.	 It	 is	 ultrashort	 acting,
with	 a	 rapid-onset,	 rapid-offset	 profile.	 The	 time	 to	 maximum	 effect	 is
approximately	1	hour,	and	the	elimination	half-life	is	in	the	order	of	1	hour.	It	is
hepatically	metabolized	to	inactive	metabolites,	predominantly	through	aldehyde
oxidase,	but	also	has	a	minor	pathway	through	CYP3A4.55

Adverse	 drug	 events	 are	 similar	 to	 zolpidem	 (eg,	 drowsiness,	 dizziness,	GI
upset,	 headache,	 and	 hallucinations),	 but	 are	 of	 shorter	 duration	 and	 lesser
magnitude.63	 Clinical	 effects	 observed	 after	 overdose	 were	 also	 similar	 to
zolpidem,	 (eg,	 drowsiness,	 slurred	 speech,	 hallucinations,	 ataxia,	 and
tachycardia).63	 Interestingly,	 following	 overdose,	 a	 blue-green	 discoloration	 of
urine	 and	 gastric	 fluid	 has	 been	 reported.	 This	 is	 thought	 to	 be	 due	 to	 the
relatively	high	content	of	indigo	carmine	in	the	capsules.64,65

1 	 Management	 of	 zaleplon	 overdose	 is	 similar	 to	 that	 of	 zopiclone	 and
treatment	is	predominantly	supportive.	As	with	the	other	“Z	drugs,”	reversal	of
sedation	and	coma	following	flumazenil	administration	has	been	reported.64

γ-Hydroxybutyrate
γ-Hydroxybutyrate	 (GHB)	was	 initially	 trialed	as	an	anesthetic	 induction	agent
in	 the	1960s	and	1970s.	 It	never	gained	widespread	clinical	use	because	of	 its
adverse	event	profile,	narrow	therapeutic	 index,	and	lack	of	analgesic	effects.66
GHB	was	subsequently	found	to	be	a	naturally	occurring	GABA	precursor	and



metabolite	 in	 the	 CNS.	 It	 interacts	 with	 specific	 GHB	 receptors,	 acts	 as	 a
neuromodulator	in	the	GABA,	serotonin,	and	opioid	system,	and	has	effects	on
dopamine	 neurotransmission.	 Exogenous	 sources	 of	 GHB	 can	 act	 as	 a	 partial
agonist	at	GABA-B	receptors	and	are	metabolized	to	form	GABA.67

GHB	is	used	as	a	recreational	drug.	Colloquially,	it	is	known	as	“G,”	“Liquid
ecstasy,”	or	“Fantasy”	and	became	popular	for	its	purported	euphoric,	relaxant,
and	 sexual	 effects.	 It	 is	 also	 implicated	 in	 drug-facilitated	 sexual	 assault.
Because	of	rescheduling	of	GHB	in	various	countries,	there	has	been	increasing
use	 of	 precursor	 chemicals	 such	 as	 γ-butyrolactone	 (GBL)	 and	 1,4-butanediol
(1,4-BD),	which	are	solvents	obtainable	from	industrial	sources.	Both	are	rapidly
metabolized	 to	GHB	 and	 have	 similar	 clinical	 effects.	 In	 a	worldwide	 case	 of
commercial	GHB	 toxicity,	 children	 accidentally	 ingested	 a	 brand	 of	 toy	 beads
(“Bindeez”	or	“Aquadots”)	that	were	contaminated	with	1,4-BD	rather	than	the
intended	1,5-pentanediol.68	The	sodium	salt	of	GHB,	sodium	oxybate	(Xyrem),
is	approved	as	a	treatment	for	cataplexy	associated	with	narcolepsy	in	the	United
States	and	other	countries.

Following	oral	administration,	GHB	and	its	precursors	are	rapidly	absorbed,
reaching	 peak	 concentration	 within	 30	 minutes.	 γ-Butyrolactone	 is	 rapidly
converted	to	GHB	by	serum	lactonase.	1,4-Butanediol	is	metabolized	in	the	liver
by	ADH,	then	aldehyde	dehydrogenase	to	GHB.	This	reaction	can	be	inhibited
by	 ethanol	 and	 fomepizole.67	 GHB	 is	 metabolized	 in	 the	 liver	 by	 succinate
semialdehyde	to	succinate,	which	then	enters	the	Krebs	cycle,	and	is	ultimately
metabolized	 to	 carbon	 dioxide	 and	water.	Metabolism	 of	 GHB	 is	 saturable	 at
high	 doses	 leading	 to	 zero-order	 kinetics	 initially.	 A	 small	 amount	 of	 GHB
(2%-5%)	is	eliminated	unchanged	in	the	urine.

6 	Clinical	effects	of	GHB	poisoning	occur	rapidly	after	ingestion	and	may	be
potentiated	 by	 the	 effects	 of	 alcohol	 or	 other	 sedative-hypnotic	 drugs.	 GHB
poisoning	 is	 characterized	 by	 drowsiness,	 euphoria,	 hallucinations,	 delirium,
nausea,	 vomiting,	 and	 mild	 hypothermia.	 Myoclonic	 jerks	 and	 seizurelike
activity	may	 occur.	 Pupils	 are	 commonly	 small.	 Doses	 greater	 than	 50	mg/kg
may	lead	to	coma	and/or	respiratory	depression.67	Cardiovascular	effects	include
bradycardia	and	hypotension.	Recovery	from	coma	is	typically	rapid,	with	return
to	 normal	 consciousness	 within	 a	 few	 hours	 of	 ingestion.	 Deaths	 have	 been
reported,	 either	 due	 to	 drug	 ingestion	 itself	 or	 occurring	 as	 a	 result	 of
misadventure	while	 intoxicated,	both	with	GHB	in	 isolation,	or	 in	combination
with	 other	 drugs	 of	 abuse.	 In	 a	 series	 of	GHB-related	 deaths,	 by	 far	 the	most
common	cause	of	death	was	prehospital	 cardiorespiratory	arrest.69	Chronic	 use
can	 lead	 to	 tolerance	 and	 physical	 dependence,	 and	 a	 withdrawal	 syndrome
characterized	 by	 anxiety,	 agitation,	 hallucinations,	 paranoia,	 tachycardia	 and



hypertension,	delirium,	psychosis,	rhabdomyolysis,	and	seizures	in	severe	cases.
This	withdrawal	syndrome	can	occur	within	hours	following	abstinence	from	the
last	GHB	dose.67

1 	 Management	 of	 GHB	 overdose	 is	 supportive.	 Airway	 protection	 and
ventilatory	 support	 are	 the	 mainstay	 of	 treatment.	 Prolonged	 sedation	 may
indicate	 coingestion	 of	 other	 sedative	 drugs.	 Because	 of	 the	 expected	 short
period	 of	 unconsciousness	 and	 expected	 rapid	 recovery,	 the	 necessity	 of
endotracheal	intubation	and	mechanical	ventilation	is	variable.	In	a	retrospective
study	comparing	conservative	airway	management	to	intubation	in	patients	with
GHB	overdose	and	have	a	Glasgow	Coma	Scale	≤8,	 intubation	was	associated
with	a	greater	emergency	department	length	of	stay	and	increased	likelihood	of
hospital	admission.70	Because	GHB	is	usually	ingested	in	liquid	form	and	rapid
deterioration	in	consciousness	can	be	expected,	GI	decontamination	with	AC	is
not	 indicated.	 There	 is	 no	 specific	 antidote	 for	 GHB	 poisoning,	 but	 various
agents	have	been	investigated.	Physostigmine,	flumazenil,	and	naloxone	do	not
reverse	sedation	following	GHB	overdose	and	are	not	recommended.67

Continuous	 venovenous	 hemodiafiltration	 (CVVH)	 has	 been	 used	 to
successfully	 treat	 severe	 acidemia	 in	 a	 patient	 following	 a	 massive	 (600	mL)
GBL	 ingestion.71	 It	 is	 theorized	 that	 the	 rapid	 metabolism	 of	 large	 quantities
GBL	 to	 GHB	 by	 plasma	 lactonase	 resulted	 in	 dissociation	 of	 the	 GHB	 (pK	 a
4.72)	to	its	anion	and	hydrogen	ions,	producing	the	severe	acidosis	in	this	case.
In	 most	 cases,	 the	 ingested	 dose	 is	 not	 as	 large	 as	 in	 this	 one	 and	 rapid
endogenous	 clearance	 results	 in	 a	 short	 duration	 of	 symptoms.	 Importantly,
CVVH	was	not	used	to	enhance	GBL	or	GHB	elimination	in	this	case,	only	to
treat	the	marked	acidemia.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	previously	healthy	20-year-old	man	is	brought	to	the	emergency
department	(ED)	after	collapsing	while	dancing	at	a	night	club.	At	arrival	he	was
unconscious	with	a	Glasgow	Coma	Score	3,	heart	rate	56	beats	per	minute,
blood	pressure	110/56	mm	Hg,	and	a	temperature	36	°C.	Occasional	myoclonic
jerks	were	noted.	Pupils	were	small	but	reactive.	There	was	no	response	to	a
total	of	800	µg	of	IV	naloxone	and	he	was	endotracheally	intubated	and
ventilated	for	airway	protection.	Blood	sugar	was	normal	and	head	CT	scan



revealed	no	acute	abnormality.	Over	the	next	few	hours,	he	required	escalating
doses	of	propofol	for	sedation,	culminating	in	him	rapidly	self-extubating
6	hours	after	initial	presentation.	He	was	guarded	regarding	the	events	leading	to
his	presentation,	and	promptly	discharged	himself	from	the	hospital	against
medical	advice.	Which	of	the	following	drug	ingestions	was	most	likely
responsible

A. 	γ-hydroxybutyrate
B. 	Heroin
C. 	Phenobarbital
D. 	Zopiclone

2. 	Which	one	of	the	following	statements	is	correct	regarding	the	use	of
flumazenil	to	reverse	sedation	following	a	drug	overdose?

A. 	It	is	contraindicated	in	patients	aged	less	than	12	years
B. 	It	is	safe	to	use	in	patients	on	long-term	benzodiazepine	therapy
C. 	It	should	be	avoided	in	patients	with	suspected	multidrug	overdose
D. 	Its	use	reduces	intensive	care	unit	admission	rates

3. 	Which	one	of	the	following	is	the	preferred	initial	method	for	enhancing
phenobarbital	elimination	following	an	overdose?

A. 	Charcoal	hemoperfusion
B. 	Continuous	renal	replacement	therapy
C. 	Multidose	activated	charcoal
D. 	Urinary	alkalinization

Answers

1.	The	correct	answer	is	A.
Rationale:	 This	 is	 a	 classic	 clinical	 picture	 of	 γ-hydroxybutyrate	 overdose

(GHB),	 with	 rapid	 loss	 of	 consciousness,	 relative	 bradycardia,	 miosis,	 and
myoclonic	 jerks,	 followed	 by	 a	 rapid	 recovery	 in	 conscious	 state	 (choice	A	 is
correct).	 The	 clinical	 history	 and	 lack	 of	 response	 to	 naloxone	 make	 heroin
overdose	 unlikely	 (choice	 B	 is	 incorrect).	 The	 speed	 of	 recovery	 is	 not
characteristic	 of	 phenobarbital	 poisoning	 (choice	C	 is	 incorrect).	 The	 depth	 of
coma	makes	zopiclone	less	likely	(choice	D	is	incorrect).



2.	The	correct	answer	is	C.
Rationale:	Flumazenil	should	be	avoided	for	patients	suspected	of	multidrug

overdose,	as	there	is	potential	to	unmask	the	epileptogenic	effects	of	coingested
substances	(choice	C	is	correct).	One	of	the	potential	indications	for	flumazenil
use	 may	 be	 to	 reverse	 the	 effects	 of	 benzodiazepine	 ingestions	 by	 toddlers
(choice	A	is	incorrect).	For	patients	on	long-term	benzodiazepine	therapy,	there
is	 a	 risk	of	 precipitating	withdrawal	 and	 seizures	with	 flumazenil	 (choice	B	 is
incorrect).	The	use	of	 flumazenil	has	not	been	demonstrated	 to	 reduce	hospital
length	 of	 stay	 or	 the	 need	 for	 high-intensity	 monitoring	 for	 patients	 with
benzodiazepine	overdose	(choice	D	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	 Multidose	 activated	 charcoal	 (MDAC)	 is	 the	 preferred	 initial

method	for	enhancing	phenobarbital	elimination	and	has	been	shown	to	be	more
effective	than	urinary	alkalinization	(choice	C	is	correct,	choice	D	is	incorrect).
Extracorporeal	 elimination	methods	 can	be	 employed	 if	MDAC	 is	 failing,	 and
the	 preferred	 extracorporeal	 technique	 is	 intermittent	 hemodialysis	 (choices	 A
and	B	are	incorrect).
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Chapter	123
Terrestrial	Envenomations
Dalia	Alwasiyah,	Michael	C.	Beuhler

KEY	POINTS:
1.	 Serious	envenomations	caused	by	pit	vipers	typically	produce	local

findings	of	swelling,	pain,	bullae,	and	potentially	severe	ecchymosis
which	are	not	predictive	of	systemic	coagulopathy,	which	is
uncommon	with	rattlesnakes	and	rare	with
copperheads/cottonmouths.

2.	 There	are	two	antivenoms	for	pit	vipers;	both	are	IgG	fragments
(FabAV	and	F(ab’)2AV)	that	are	significantly	safer	than	whole-
immunoglobulin–based	ones	and	are	indicated	for	symptomatic
patients.

3.	 Although	coral	snake	bites	may	be	mild	and	may	not	be	visible,
severe	coral	snake	envenomations	occur	in	the	United	States.

4.	 Patients	suspected	of	suffering	from	a	coral	snake	bite	should	be
monitored	for	24-hours	for	paralysis	and	respiratory	failure,	as	these
signs	of	neurological	compromise	can	be	delayed.

5.	 North	American	coral	snake	antivenin	(a	whole-immunoglobulin
product)	is	used	to	treat	symptomatic	coral	snake	bite	patients	at	the
first	sign	of	systemic	symptoms.

6.	 Widow	spider	envenomations	produce	systemic	manifestations	of
muscular	rigidity	and	spasms,	and	severe	pain.	Respiratory
compromise	and	cardiac	complications	rarely	occur.

7.	 Widow	spider	antivenom	(whole	immunoglobulin)	is	rarely	used,	and
management	is	focused	on	control	of	pain	and	muscle	spasm	with
opiates	and	benzodiazepines.

8.	 Recluse	spider	envenomations’	management	is	centered	on	good



wound	care	and	recognizing	and	treating	systemic	complications;
there	is	no	antivenom	or	specific	treatment.

9.	 Life-threatening	systemic	complications	from	recluse	envenomation
include	hemolysis	and	renal	failure	which	occur	more	often	among
children.

10.	 The	majority	of	Centruroides	sculpturatus	envenomations	will	have
no	symptoms	or	minor	symptoms,	but	small	children	are	at	risk	from
respiratory	compromise	due	to	muscular	spasms	of	the	airway	and
increased	secretions.

11.	 Cases	of	C.	sculpturatus	envenomations	may	be	managed	without
antivenom,	especially	when	they	occur	at	geographically	distant
areas	from	where	C.	sculpturatus	is	found.

12.	 When	using	antivenoms,	especially	whole-immunoglobulin–based
ones,	it	is	wise	to	seek	assistance	from	a	medical	toxicologist	by
potentially	contacting	your	local	poison	center.

INTRODUCTION
Few	 topics	 in	medicine	 are	 as	 steeped	 in	 controversy	 and	 anecdotal	 treatment
recommendations	 as	 the	 field	 of	 toxicology,	 which	 includes	 the	 treatment	 of
envenomations.	 In	 developing	 nations,	 life-threatening	 encounters	 with
venomous	snakes	and	scorpions	are	common	and	have	much	greater	morbidity
and	mortality.	Fortunately,	 the	 toll	of	human	suffering	 that	venomous	creatures
exact	 in	developed	countries	 is	 relatively	 low.	This	chapter	offers	guidance	 for
the	evaluation	and	management	of	bites	and	stings	of	venomous	snakes,	spiders,
and	scorpions	indigenous	to	North	America	(Table	123.1).	Although	the	general
principles	of	management	of	envenomations	outlined	here	may	be	applicable	to
other	regions	of	the	world,	specific	approaches,	such	as	indications	for	and	types
and	 antivenom	 dosing,	 vary	 by	 region.	 Local	 experts	 should	 be	 consulted	 for
advice,	especially	for	rare	envenomations.

TABLE	123	1

Antivenom	Guidance	for	North	American	Terrestrial
Envenomations



Envenomation	Type Antivenom Dose Additional
Doses

Common
systems
affected

Rattlesnakes Fab	(sheep)
-OR-

4-8
vials

2-8	vials	plus
Maintenanceb

Tissue
destruction,
coagulopathy,
hypotension

F(ab’)2	(equine) 10
vials

4-10	vials

Copperhead/cottonmouth Fab	(sheep)
-OR-

4-6
vials

2-6	vialsb Tissue
destruction

F(ab’)2	(equine) 10
vials

4-10	vials

Coral	(Eastern,	Texas) Whole
immunoglobulin
(equine)a

3-6
vials

3-6	vials Neuromuscular
(paralysis)

Exotic	snakes Probably
availablea

Varies Varies Varies

Widow	spider Whole
immunoglobulin
(equine)a

1c c Neurologic
(pain),
musculoskeletal

Recluse	spider None – – Tissue
destruction,
hemolysis,
renal

Bark	scorpion F(ab’)2	(equine) 1-3
vials

1	vial Neurologic-
involuntary
movements,
pulmonary

aWhen	using	antivenoms,	especially	whole-immunoglobulin	or	exotic/nonnative	species,	it	is
encouraged	to	consult	with	an	experienced	medical	toxicologist.



bMaintenance	dosing	for	the	Fab	is	an	additional	2	vials	every	6	hours	of	Fab	for	3	doses	after
achieving	initial	control.	Maintenance	dosing	is	not	routinely	required	for	copperhead/cottonmouth
envenomations.
cRarely	required	as	symptoms	often	can	be	treated	with	opioids	and	benzodiazepines,	and	a
second	dose	is	almost	never	required.

SNAKE	ENVENOMATION
All	of	the	terrestrial	American	venomous	snakes	belong	to	one	of	two	families:
Viperidae	 (subfamily	Crotalinae,	 or	 pit	 vipers)	 and	Elapidae	 (or	 coral	 snakes).
Venomous	snakes	are	native	 to	every	state	of	 the	United	States	except	Alaska,
Hawaii,	Maine,	and	Rhode	Island.

Pit	Viper	Envenomation
The	vast	majority	of	venomous	snakebites	in	North	America	are	inflicted	by	pit
vipers.	Rattlesnakes	(genera	Crotalus	and	Sistrurus)	account	 for	25%	of	yearly
reported	 indigenous	 snake	 bites,	 while	 Agkistrodon	 spp,	 which	 consist	 of
cottonmouth/water	 moccasins	 (Agkistrodon	 piscivorus)	 and	 copperheads
(Agkistrodon	contortrix),	 account	 for	50%	of	yearly	 reported	 indigenous	 snake
bites.1	These	snakes	possess	paired,	pit	organs	on	the	anterolateral	aspects	of	the
head	that	should	not	be	mistaken	for	their	nostrils.	These	heat-sensitive	sensory
organs	aid	the	snake	in	aiming	its	strike	and	contribute	to	the	quantity	of	venom
injected.2,3	 Identification	 of	 the	 exact	 of	 viper	 is	 not	 critical,	 although	 effort
should	be	made	to	differentiate	a	rattlesnake	from	an	Agkistrodon	bite.	Of	note,
juvenile	cottonmouths	are	often	mistaken	for	copperheads.4

1 	 Pit	 viper	 venoms	 contain	 numerous	 enzymatic	 components	 and	 several
nonenzymatic,	 low-molecular-weight	 polypeptides.	 Venom	 compositions	 vary
not	only	from	species	 to	species	but	from	snake	to	snake	within	a	species,	and
even	in	an	individual	snake	depending	on	its	age,	size,	health,	and	other	factors.5
In	general,	the	most	serious	envenomations	in	North	America	are	caused	by	the
rattlesnakes	 (particularly	 Crotalus	 spp),	 with	 Agkistrodon	 bites	 causing
predominantly	local	findings	with	rare	serious	systemic	toxicity.

The	 major	 enzymes	 in	 pit	 viper	 venoms	 include	 hyaluronidase	 (spreading
factor),	phospholipase	A	(responsible	for	cell	membrane	disruption),	kallikrein-
like	enzymes,	and	various	proteases	(causing	local	tissue	destruction).2,6	Venom
metalloproteinases,	 termed	 disintegrins,	 result	 in	 disruption	 of	 vascular
integrity.7	Despite	 the	 impressive	 toxicity	 of	 such	 enzymes,	 the	 nonenzymatic,
low-molecular-weight	 polypeptide	 fractions	 likely	 provide	 greater	 contribution



to	 venom	 lethality.	 The	 toxicity	 of	 pit	 viper	 venom	may	 also	 be	 enhanced	 by
release	 of	 various	 host	 compounds	 from	 damaged	 tissue	 (eg,	 histamine,
bradykinin,	and	serotonin).2

Clinical	Manifestations
Envenomated	 patients	 typically	 experience	moderate-to-severe	 pain	 at	 the	 bite
site	within	a	few	minutes.	The	pain	is	often	described	as	burning	and	may	radiate
along	 the	 bitten	 extremity.	 Swelling	 at	 the	 bite	 site,	 often	 associated	 with
ecchymosis,	 soon	 follows	 and	may	 progress	 along	 the	 entire	 extremity	within
hours.	 Rapid	 lymphatic	 absorption	 of	 venom	 may	 lead	 to	 impressive,	 early
lymphangitis	and	regional	adenopathy.

1 	 Within	 the	 first	 24	 to	 36	 hours,	 vesicles	 and	 hemorrhagic	 bullae	 may
develop	at	or	near	 the	bite	 site	and	along	 the	bitten	extremity,	 especially	areas
where	lymphatic	drainage	was	inhibited.	Petechiae,	ecchymosis,	or	purpura	may
also	be	present.	Systemic	manifestations	of	pit	viper	envenomation	can	involve
virtually	 any	 organ	 system	 (except	 for	 the	 brain);	 however,	Agkistrodon	 bites
uncommonly	 manifest	 significant	 systemic	 effects.	 Nausea	 and	 vomiting	 are
common	and	may	appear	early	with	 severe	bites.	Weakness,	diaphoresis,	 fever
and	chills,	dizziness,	and	syncope	may	also	occur.2	Some	patients	experience	a
minty,	 rubbery,	 or	 metallic	 taste	 in	 their	 mouth.2	 Muscle	 fasciculations
(myokymia)	 or	 paresthesias	 of	 the	 scalp,	 face,	 tongue,	 or	 digits	 suggest
neurotoxicity	 which	 may	 progress	 to	 become	 clinically	 significant	 weakness
depending	on	 the	of	viper.8	Systemic	coagulopathy	can	 lead	 to	bleeding	at	any
anatomic	 site,	 including	 the	 gastrointestinal,	 respiratory,	 genitourinary,	 and
central	 nervous	 systems,	 although	 clinically	 significant	 bleeding	 (not	 just
laboratory	 abnormalities)	 is	 uncommon	 following	 rattlesnake	 bites	 in	 North
America	and	is	almost	unheard	of	with	Agkistrodon	bites.9

Alterations	of	heart	rate	and	blood	pressure	may	occur.	Hypotension	from	the
venom	 is	 due	 to	 increased	 vascular	 permeability	 causing	 hypovolemia	 and
possibly	 vasodilatation,	 whereas	 contributions	 to	 delayed	 shock	 include	 blood
loss	 and	 rare	 hemolysis.2,10	 Pulmonary	 edema	 can	 occur	 after	 severe
envenomations	 and	 is	 secondary	 to	 disruption	 of	 pulmonary	 vasculature.
Multifactorial	 renal	 failure	 may	 occur	 but	 is	 very	 uncommon;	 contributing
factors	 include	 hypotension,	 as	 well	 as	 hemoglobin,	 myoglobin,	 and	 fibrin
deposition	in	renal	tubules.

Muscle	weakness	may	 be	 seen	 after	 bites	 by	 some	 rattlesnakes	 such	 as	 the
Eastern	diamondback	rattlesnake	(Crotalus	adamanteus)	and	some	specimens	of
the	 Mohave	 rattlesnake	 (Crotalus	 scutulatus)	 that	 possess	 phospholipase	 A2



neurotoxins	in	their	venoms.8,11	Respiratory	distress	may	rarely	occur	because	of
respiratory	 muscle	 fasciculations	 and	 incoordination,	 pulmonary	 edema,	 or
anaphylactic	reactions	to	venom	or	antivenom.

Snake	 venoms	 do	 not	 appear	 to	 cross	 the	 blood-brain	 barrier	 to	 any
significant	extent,	and	rare	findings	such	as	seizures	and	coma	are	secondary	to
hypotension,	 hypoxia,	 or	 intracranial	 bleeding.	 In	 rare	 cases,	 prothrombotic
venom	components	may	have	resulted	in	cerebral	infarcts.12

Intravascular	 envenomation	 is	 a	 rare	 event	 that	 causes	 rapid	 hemodynamic
collapse	 and	 multisystem	 organ	 failure	 that	 is	 often	 fatal;	 for	 a	 patient	 who
clinically	deteriorates	soon	after	a	bite	near	a	vessel,	 this	should	be	considered
along	 with	 the	 possibility	 of	 direct	 venom	 effects	 or	 severe	 immunological
reactions.13,14

Diagnostic	Evaluation
Important	aspects	of	the	history	include	details	of	the	incident	such	as	and	size	of
snake	 if	known,	 time	and	number	of	bites,	 and	methods	of	 first	 aid	applied	as
some	interventions	can	be	detrimental.	Additionally,	the	patient’s	medical	history
including	 any	 prior	 snakebites,	 prior	 antivenom,	 medications,	 allergies,	 and
tetanus	 immunization	 status	 should	 be	 obtained.	 If	 the	 of	 snake	 is	 not	 known,
knowledge	of	what	of	crotalid	are	indigenous	to	the	area	where	the	bite	occurred
can	 be	 helpful	 because	 for	many	 areas	 of	 the	 United	 States,	 only	 one	 or	 two
types	are	usually	found.

Pit	 viper	 envenomation	 can	be	 a	 true	medical	 emergency	with	 potential	 for
multisystem	involvement,	and	the	treating	clinician	must	maintain	vigilance	for
onset	or	progression	of	signs	and	symptoms.	Although	approximately	20%-25%
of	 bites	 by	 pit	 vipers	 in	 the	 United	 States	 result	 in	 no	 envenomation	 (“dry
bites”),	in	some	cases	where	envenomation	has	occurred,	onset	of	toxicity	may
be	delayed	for	hours,	and	swelling	can	have	significant	late	progression.	2,15

Puncture-wound	 patterns	 can	 be	 misleading	 in	 the	 diagnosis	 of	 snakebite.
Occasionally,	 there	 is	only	a	single	puncture	wound	or	many	tiny	punctures.	A
dry	bite	may	or	may	not	have	 fang	puncture	marks,	but	 there	 is	no	more	pain
than	 would	 be	 expected	 from	 simple	 puncture	 wound(s).	 Occasionally	 with
subfascial	injections	(ie,	into	muscle	or	joint	compartments)	the	pain	can	be	out
of	proportion	to	the	degree	of	swelling	typical	for	subcutaneous	envenomations.
Envenomation	 is	confirmed	by	 the	presence	of	 local	 tissue	effects	 (progressive
swelling	 as	 often	 assessed	 by	 serial	 measurements	 of	 limb	 circumference),
systemic	effects,	and/or	laboratory	abnormalities,	recognizing	that	the	incidence
of	 the	 latter	 two	with	 typical	Agkistrodon	envenomations	 is	 lower,	and	 there	 is



some	 uncertainty	 about	 the	 reproducibility	 of	 limb	 circumference
measurements.16

Essential	 laboratory	 studies	 for	 rattlesnakes	 include	 a	 complete	 blood	 cell
count	 (CBC),	 serum	 electrolytes,	 blood	 urea	 nitrogen,	 creatinine,	 prothrombin
time	(PT),	 international	normalized	 ratio	 (INR),	 fibrinogen,	and	urine	analysis.
For	 clinically	 severe	 envenomations	 (ie,	 generally	 not	Agkistrodon),	 blood	 for
and	 screening	 should	 also	 be	 sent	 for	 evaluation	 because	 direct	 venom	 effects
and	 antivenom	 effects	 may	 interfere	 with	 this	 process	 later.	 Obtain	 a	 chest
radiograph,	 arterial	 blood	 gas,	 and	 an	 electrocardiogram	 (ECG)	 as	 clinically
indicated.	 The	 use	 of	 creatinine	 phosphokinase	 (CPK)	 is	 not	 well	 defined	 for
routine	 North	 American	 crotalid	 envenomations	 but	 should	 be	 performed	 for
patients	 with	 significant	 fasciculations	 or	 patients	 with	 clinically	 severe
envenomations	especially	when	the	clinical	exam	suggests	the	possibility	of	the
deeper	muscular	compartment	involvement	(ie,	not	subcutaneous).
Agkistrodon	 envenomations	 generally	 require	 fewer	 laboratories	 with

PT/INR,	CBC,	and	fibrinogen	(if	available)	sufficing	for	most	unless	significant
systemic	 effects	 or	 bleeding	 are	 noted.	 Additionally,	 for	 clinically	 stable
Agkistrodon	 envenomation	 with	 minimal	 swelling	 and	 no	 coagulopathy	 at	 6
hours	post	bite,	the	incidence	of	delayed	toxicity	is	small.

Occasionally,	the	history	and	diagnosis	may	be	unclear,	especially	in	children.
When	patients	present	without	having	seen	a	snake	and	have	no	findings	other
than	 puncture	wounds	 and	mild	 pain,	 the	 differential	 diagnosis	 includes	 a	 dry
bite,	 bite	 or	 sting	 by	 other	 animal	 or	 arthropod	 (eg,	 nonvenomous	 snake,
centipede,	wasp,	or	spider),	and	mechanical	puncture	wounds	(eg,	cactus	spines).
Persistent	 oozing	 of	 blood	 that	 should	 have	 coagulated	 from	puncture	wounds
suggests	 the	 presence	 of	 (at	 least	 local)	 coagulopathy	 and	 should	 heighten
suspicion	of	pit	viper	bite	in	this	clinical	context.

Management
First	aid	efforts	are	best	limited	to	reassuring	the	victim,	removal	of	any	jewelry,
immobilizing	 and	 splinting	 the	 extremity	 at	 the	 level	 of	 the	 heart,	 and
transporting	as	quickly	as	possible	to	a	hospital.	Some	first	aid	measures	to	avoid
include	 incision,	 suction,	 constriction	 bands,	 pressure	 immobilization,
tourniquets,	 packing	 of	 the	 extremity	 in	 ice,	 or	 application	 of	 electric	 shocks.
These	methods	are	ineffective	and	may	result	in	further	complications.17–19

Initial	management	should	focus	on	any	derangements	of	the	patient’s	airway,
breathing,	 or	 circulation.	 Fatal	 hypersensitivity	 reactions	 have	 occurred
following	crotalid	envenomation	in	sensitized	individuals.	Envenomations	from



some	 rattlesnakes	 occasionally	 cause	 a	 rapid	 onset	 angioedema	 which	 can
compromise	 the	 airway.	 Intravascular	 envenomations	 can	 cause	 rapid	 onset
hypotension	 and	 cardiac	 arrest.14	 Even	without	 those	 specific	 situations,	 some
rattlesnake	envenomations	can	rapidly	develop	hypotension	due	to	hypovolemia
and	 other	 hemodynamic	 effects.	 Cardiac,	 blood	 pressure,	 and	 pulse	 oximetry
monitoring	 should	 be	 in	 place.	 For	 rattlesnakes,	 preferably	 two	 large-bore
intravenous	(IV)	lines	should	be	started	to	provide	fluid	resuscitation,	ideally	in
sites	other	than	the	bitten	extremity.

Management	 of	 significant	 pit	 viper	 envenomation	 centers	 on	 the	 judicious
use	 of	 an	 appropriate	 antivenom.	 In	 North	 America,	 antivenom	 therapy	 is
indicated	 for	 victims	 with	 progressive	 local	 tissue	 findings	 or	 systemic
abnormalities	 (significant	 systemic	 symptoms	 or	 signs	 [eg,	 hypotension],	 or
significant	laboratory	abnormalities	[eg,	increased	international	normalized	ratio,
hypofibrinogenemia,	or	thrombocytopenia])	(see	Table	123.1).	Copperhead	bites
rarely	have	significant	systemic	or	laboratory	abnormalities	and	so	antivenom	is
indicated	usually	to	control	soft	tissue	swelling.	Consultation	with	a	toxicology
expert	is	prudent	especially	in	borderline	and	critically	ill	cases.

Antivenom	Administration
Antivenom	 should	 initially	 be	 administered	 in	 a	 closely	 monitored	 setting;
subsequent	 doses	 still	 require	monitoring	 but	 can	 be	 given	 in	 a	 less	 intensive
hospital	 setting.	 Epinephrine	 and	 endotracheal	 intubation	 equipment	 should	 be
immediately	available	at	the	bedside	during	initial	antivenom	administration,	and
a	 medical	 practitioner	 should	 be	 available	 to	 manage	 any	 acute	 adverse	 drug
effects	that	may	develop.	If	possible,	although	risk	is	low	for	significant	adverse
effects,	 informed	 consent	 should	 be	 obtained	 before	 antivenom	 administration
especially	for	borderline	cases.

In	the	United	States,	there	are	two	commercially	available	antivenom	for	pit
viper	 bites:	 CroFab	 (Crotalidae	 polyvalent	 immune	 FabAV)	 and	 Anavip
(Crotalidae	polyvalent	immune	F(ab’)2AV).	The	FabAV	product	is	made	in	sheep
using	 Crotalus	 atrox	 (western	 diamondback),	 C.	 adamanteus	 (eastern
diamondback),	 C.	 scutulatus	 (mojave	 rattlesnake)	 and	 A.	 piscivorus
(cottonmouth)	whereas	the	F(ab’)2AV	product	is	made	in	horses	using	Crotalus
simus	(central	American	rattlesnake)	and	Bothrops	asper	(fer-de-lance).	Both	are
antiserum	containing	pooled,	purified	immunoglobulin	fragments	with	the	larger
F(ab’)2AV	 fragment	 having	 a	 longer	 half-life	 in	 the	 serum	 than	 the	 FabAV
fragment.20	Both	come	in	a	lyophilized	state,	mercury	preservative	free	and	are



effective	against	all	North	American	pit	vipers.	Both	have	considerable	expense
associated	with	them.

2 	 The	 administration	 of	 antivenom	 for	 pit	 viper	 envenomation	 needs	 to	 be
tailored	to	the	patient,	with	the	majority	of	rattlesnake	envenomations	requiring
treatment.	Copperhead	envenomations	are	often	 less	severe,	and	not	all	 require
antivenom	treatment.21	There	are	less	data	with	A.	piscivorus	envenomations,	but
envenomations	 appear	 to	be	 clinically	 similar	 to	 copperhead	 envenomations	 in
severity	and	character	and	 the	 snakes	are	not	as	aggressive	as	often	portrayed,
but	there	might	be	an	increased	incidence	of	coagulopathy	which	could	require
additional	antivenom.22,23	Although	 there	are	no	defined	end	points	 in	 terms	of
time	 or	 dosage	 for	 when	 to	 withhold	 antivenom,	 antivenom	 is	 beneficial	 for
treating	 only	 findings	 directly	 related	 to	 continued	 presence	 of	 unbound,
circulating	venom	(eg,	progressive	 swelling	and	ongoing	coagulopathy).	Rapid
swelling	 (over	 initial	 1-2	 hours)	 or	 swelling	 involving	 the	 fingers	 and	 hand,
especially	when	there	is	functional	impairment	should	strongly	be	considered	for
treatment.	 There	 is	 some	 evidence	 that	 suggests	 with	 FabAV	 that	 earlier
treatment	 of	 more	 clinically	 severe	 envenomations	 results	 in	 better	 functional
outcomes	 after	 discharge,	 but	 the	 difference	 was	 not	 significant	 at	 1	month.24
Antivenom	is	 ineffective	 in	 reversing	end-organ	damage	 that	has	 resulted	from
prior	venom	effects	(eg,	renal	failure).	The	efficacy	of	antivenom	in	preventing
local	wound	necrosis	is	limited,	because	it	cannot	reverse	local	cellular	damage
once	 it	has	been	 initiated	by	 rapidly	acting	venom	enzymes	and	nonenzymatic
polypeptides.

2 	Dosing	of	antivenom	is	based	not	on	age	or	size	of	the	patient	but	rather	on
the	 species	 of	 snake	 (ie,	 rattlesnake	 vs	 Agkistrodon),	 anatomic	 location	 and
venom	 load	 delivered	 to	 the	 victim.	 As	 children	 generally	 receive	 similar
quantities	 of	 venom	 in	 a	 bite	 as	 adults	 do,	 pediatric	 dosing	 is	 the	 same	 as	 for
adults.	 However,	 as	 children’s	 limbs	 and	 body	 are	 smaller,	 they	 may	 suffer
greater	proportional	local	tissue	injury	and	potentially	systemic	effects	from	pit
viper	 envenomations.	 The	 starting	 dose	 of	 FabAV	 is	 4	 to	 6	 vials	 for	 treating
patients	 with	 pit	 viper	 envenomations	 and	 signs	 or	 symptoms	 of	 systemic
toxicity	 or	 evidence	 of	 progressive	 local	 venom	 effects.	 In	 victims	 with
hypotension	or	bleeding,	the	starting	FabAV	dose	should	be	increased	to	8	to	12
vials.25	 The	 initial	 dosage	 range	 of	 FabAV	 for	 copperhead	 envenomation	 is
typically	between	4	and	6	vials.21,26	The	starting	dose	of	F(ab’)2AV	 is	10,	vials
and,	 unlike	 the	 FabAV	 product,	 it	 may	 require	 a	 similar	 dose	 for	 both
Agkistrodon	 spp	 and	 rattlesnakes	 potentially	 due	 to	 the	 relatively	 lower
neutralizing	 ability	 of	 the	 F(ab’)2AV	 product	 for	 Agkistrodon	 species	 venom



compared	to	the	rattlesnake	venom.27
Each	vial	should	be	reconstituted	with	≈18	mL	of	warm	(not	hot)	saline	and

the	vials	gently	agitated	(vigorous	shaking	of	the	vials	may	cause	development
of	 foam,	 resulting	 in	 less	 delivered	 protective	 antibody	 fragments).	 The	 total
dose	to	be	administered	is	diluted	in	at	least	250	mL	of	normal	saline	and	infused
over	 1	 hour,	 starting	 slowly	 at	 the	 onset	 of	 infusion	 (ie,	 10	 mL/hour)	 and
gradually	 increasing	 the	rate.	During	 the	first	hour	after	 the	dose	 is	completed,
the	 patient	 is	 monitored	 for	 further	 progression	 of	 local	 effects	 and	 systemic
symptoms.	 Hematology	 studies	 (CBC,	 PT/INR,	 and	 fibrinogen)	 should	 be
repeated	 about	 2	 hours	 later	 with	 rattlesnake	 envenomations	 or	 patients	 with
initial	coagulation	abnormalities;	if	more	antivenom	is	already	planned	and	there
is	 no	 evidence	 of	 clinical	 bleeding	 these	 repeat	 hematology	 studies	 can	 be
delayed.	 Additional	 doses	 of	 antivenom	 may	 be	 required	 if	 venom	 effects
continue	to	progress—FabAV	is	dosed	in	2	to	6	vial	increments,	and	F(ab’)2AV
is	 dosed	 with	 an	 additional	 10	 vials	 amounts	 as	 per	 package	 insert,	 although
additional	F(ab’)2AV	doses	 of	 less	 than	 10	 have	 been	 used	 in	 some	 patients.28

This	 pattern	 of	 administration	 and	 reassessment	 is	 continued	 until	 the	 patient
stabilizes.	 Coagulation	 studies	 will	 not	 normalize	 after	 the	 initial	 dose	 (and
normal	 should	 not	 be	 the	 goal),	 because	 time	 is	 required	 for	 repletion	 of
coagulation	factors	after	venom	neutralization,	but	 there	should	be	evidence	of
stabilization.29	 Further	 doses	 may	 be	 needed	 at	 the	 physician’s	 discretion
depending	on	 the	patient’s	 clinical	 picture,	 especially	when	 initial	 stabilization
has	not	been	completely	accomplished.

Because	 of	 the	 shorter	 half-life	 of	 antivenom	 compared	 to	 venom
components,	 additional	maintenance	doses	of	antivenom	may	be	 required	after
stabilization	 to	 prevent	 late	 coagulopathy	with	 rattlesnake	 envenomations.	The
dose	is	two	vials	of	FabAV	administered	every	6	hours	for	three	additional	doses
(for	 a	 total	 of	 12	 vials).	 Patients	 who	 receive	 the	 initial	 stabilizing	 dose
F(ab’)2AV	 have	 a	 lower	 incidence	 of	 late	 coagulopathy	 and	 do	 not	 routinely
require	 maintenance	 vials;	 should	 they	 have	 a	 late	 coagulopathy,	 it	 may	 be
treated	with	4	vial	amounts	of	F(ab’)2AV.27,28	As	 the	 incidence	of	coagulopathy
from	copperheads	and	cottonmouths	is	low	(<1%),	maintenance	vials	of	FabAV
are	not	indicated	to	prevent	coagulopathy.9

There	 is	 evidence	 suggesting	 minor	 but	 statistically	 significant	 improved
functional	 outcome	 at	 the	 2-week	 point	 in	 patients	 with	 copperhead
envenomations	 who	 receive	 a	 full	 12	 vials	 dose	 of	 FabAV	 (6	 initial+6
maintenance).30	 However,	 there	 was	 no	 comparison	 to	 the	 more	 typical
stabilizing	 dose	 of	 4	 to	 6	 vials	 FabAV	 and	 their	 primary	 outcome	 was	 not



significant	from	placebo	at	4	weeks.	A	reanalysis	of	the	study	suggested	that	this
transient	 functional	benefit	was	driven	by	 the	more	severe	envenomation	cases
who	 typically	 require	 a	 larger	 dose	 of	 antivenom	 for	 stabilization,	 suggesting
adequate	 initial	 titration	 for	 stabilization	 with	 close	 observation	 is	 a	 viable
alternative.31

Adverse	effects	of	antivenoms,	as	heterologous	 serum	products,	 are	divided
into	 three	 major	 groups:	 anaphylaxis,	 anaphylactoid	 reactions,	 and	 serum
sickness.

Acute	 reactions	 to	both	antivenoms	most	commonly	manifest	with	 rash	and
urticaria,	 although	 bronchospasm,	 hypotension,	 and	 angioedema	 can	 also
occur.27,32,33	The	 incidence	of	acute	 reactions	 to	FabAV	is	approximately	2%	to
8%.33,34	The	incidence	of	acute	reactions	to	Fab’)2AV	in	a	comparative	study	was
similar	to	FabAV	but	other	studies	suggest	it	might	be	greater.27,28	If	the	patient
experiences	 hypotension,	 bronchospasm,	 flushing,	 or	 other	 acute	 reaction,	 the
infusion	should	be	stopped.	After	stabilization,	FabAV	antivenom	infusions	are
usually	 tolerated	 when	 restarted	 at	 a	 slower	 rate	 (>90%	 of	 the	 time),	 but	 the
decision	 to	 restart	 depends	 on	 the	 severity	 of	 the	 initial	 reaction	 and	 relevant
comorbidities;	 less	 is	 known	 about	 the	 ability	 to	 restart	 F(ab’)2AV	 although
reactions	to	both	antivenoms	tend	to	be	mild.28,33	Management	of	acute	reactions
centers	 on	 rapid	 diagnosis,	 temporarily	 halting	 the	 infusion	 and	 treating	 with
epinephrine,	antihistamines,	and	steroids	(Chapter	68:	Anaphylaxis).	Generally,
once	the	reaction	is	controlled,	the	antivenom	infusion	can	be	restarted,	often	at
a	slower	rate.

Serum	 sickness	 is	 characterized	 by	 pruritus,	 fever,	 arthralgias,
lymphadenopathy,	 and	 malaise,	 which	 can	 occur	 5	 days	 to	 2	 weeks	 after
antivenom	therapy.26,35	The	incidence	of	serum	sickness	occurs	in	approximately
5%-10%	 of	 patients,	 with	 probable	 increase	 in	 patients	 with	 larger	 doses	 of
antivenom;	 greater	 incidence	 of	 serum	 sickness	 has	 also	 been	 reported	 when
there	 has	 been	 longer,	 structured	 monitoring	 that	 includes	 minor
symptoms.28,33,35,36	Serum	sickness	is	possible	from	any	exogenous	protein	load,
and	 this	 includes	 patients	 not	 treated	 with	 antivenom.26,37	 The	 serum	 sickness
reported	 from	 both	 antivenoms	 has	 been	 relatively	 benign	 and	 easily	 treated
usually	 with	 antihistamines	 and	 nonsteroidal	 anti-inflammatory	 drugs	 until
symptoms	 resolve.	 In	 recent	 years,	 steroids	 have	 been	 used	 uncommonly	 and
doses	have	been	less	than	what	has	been	required	for	serum	sickness	historically
seen	from	the	older	whole-immunoglobulin	G	(IgG)	equine	antivenom.

Supportive	Measures



Venom-induced	 hypotension	 should	 be	 treated	 with	 antivenom	 and	 volume
expansion.	If	organ	perfusion	fails	to	respond	promptly	with	crystalloid	infusion
(1-2	L	 in	an	adult	 and	20-40	mL	per	kg	 in	a	child),	 administration	of	albumin
may	 be	 considered.2,10	 Vasopressors	 such	 as	 norepinephrine	 may	 be	 required
after	adequate	volume	resuscitation	of	refractory	cases.2

Although	pit	viper	envenomation	can	result	in	significant	coagulopathies,	the
incidence	 of	 clinically	 significant	 bleeding	 in	 the	 United	 States	 is	 low.	 After
adequate	 antivenom	 administration,	 management	 of	 coagulopathy	 in	 patients
with	evidence	of	major	bleeding	may	require	administration	of	packed	red	blood
cells,	 platelets,	 fresh	 frozen	 plasma,	 and/or	 cryoprecipitate	 as	 guided	 by	 both
clinical	and	laboratory	assessment;	isolated	abnormalities	in	coagulation	studies
(with	 the	 exception	of	 severe	 thrombocytopenia)	 should	not	 be	 treated	 as	 they
rarely	 develop	 clinically	 significant	 bleeding.2,38	 There	 is	 limited	 experience
using	 recombinant	 factor	 VIIa	 for	 severe	 coagulopathy	 not	 responding	 to
standard	blood	products	following	rattlesnake	bite.39	Antivenom	therapy	should
be	 started	 before	 the	 infusion	 of	 blood	 products	 to	 avoid	 augmenting	 the
consumptive	coagulopathy.

Therapy	 to	prevent	 acute	 renal	 failure	 includes	ensuring	adequate	hydration
and	monitoring	urinary	output.	If	renal	failure	occurs,	dialysis	may	be	required,
although	 it	 does	 not	 remove	 the	 high-molecular-weight	 circulating	 venom
components.2	While	steroids	are	useful	in	the	management	of	adverse	reactions
to	antivenom	(see	previous	discussion),	there	is	no	role	for	them	in	the	primary
management	of	snake	envenomation.

Wound	Care	and	Surgery
Wound	care	begins	with	cleaning	the	bite	site	with	a	suitable	germicidal	solution
and	 covering	 it	with	 a	 dry,	 sterile	 dressing	 that	 allows	 frequent	 assessment	 as
well	as	not	being	constrictive.	If	there	is	skin	breakdown	or	local	injury,	the	area
should	have	additional	padding.

Elevation	 of	 the	 envenomated	 extremity	 is	 commonly	 used	 among
toxicologists	 treating	 North	 American	 pit	 viper	 envenomations	 but	 there	 is
limited	 evidence	 of	 efficacy.40	 For	 patients	 with	 hemodynamic	 stability,	 the
extremity	should	be	elevated	in	a	well-padded	splint	with	the	major	joints	(wrist,
elbow,	knee,	ankle)	close	 to	neutral	position	 to	allow	for	unimpeded	lymphatic
drainage,	along	with	the	initiation	of	antivenom	for	those	who	require	it.2	Proper
elevation	 is	 rarely	 accomplished	 simply	with	 a	pillow	on	 the	patient’s	 chest	 in
the	case	of	an	upper	extremity	bite.	Additionally,	when	the	elbow	or	knee	is	kept
flexed	 there	 can	 be	 local	 tissue	 effects	 proximal	 to	 the	 bite	 site	 likely	 from



impaired	 lymphatic	 drainage.	 Antibiotics	 are	 unnecessary	 unless	 the	 wound
appears	clinically	infected.41	Tetanus	 immunization	status	should	be	updated	as
necessary.

Intact	hemorrhagic	blebs	and	bullae	should	be	protected.	When	they	rupture,
they	 can	 be	 unroofed	 after	 any	 attendant	 coagulopathy	 has	 been	 reversed	 and
managed	with	nonadherent	dressings.	Wound	debridement	may	be	necessary	 if
there	 is	 significant	 tissue	 necrosis.	 The	 use	 of	 hyperbaric	 oxygen	 therapy	 is
unlikely	 to	 be	 of	 benefit	 during	 the	 acute	 envenomations	 but	may	 have	 a	 role
during	 recovery.2,42	 Physical	 therapy	 is	 an	 important	 part	 of	 the	 care	 plan	 for
returning	the	extremity	to	its	pre-envenomation	functional	capacity.

The	role	of	surgery	in	the	primary	management	of	pit	viper	envenomation	is
very	 limited.	 The	 speed	 with	 which	 snake	 venom	 is	 absorbed	 makes	 routine
excision	of	the	bite	site	fruitless,	and	routine	exploration	of	the	site	does	little	to
mitigate	systemic	effects	of	venom,	may	worsen	the	overall	outcome	by	adding
surgical	trauma,	and	can	prolong	hospitalization.2

The	 incidence	of	 compartment	 syndrome	after	 snake	 envenomation	 appears
very	low	despite	the	frequently	impressive	local	findings	of	bitten	extremities;	in
fact,	 one	 study	 demonstrated	 an	 increase	 in	 pulse	 volume	 in	 the	 majority	 of
clinically	significant	rattlesnake	bites.43	Myonecrosis	is	usually	caused	by	direct
venom	effects	and	rarely	vascular	compromise.	Fasciotomy	remains	rare	and	is
often	 associated	 with	 inappropriate	 cryotherapy,	 tourniquet	 treatment	 or
inadequate	 antivenom	 therapy.	 If	 there	 is	 concern	 about	 an	 impending
compartment	syndrome,	 intracompartmental	pressures	should	be	checked	using
standard	technique.	If	pressures	exceed	30	to	40	mm	Hg	and	remain	elevated	for
more	than	1	hour	despite	treatment	with	antivenom,	mannitol	infusion	should	be
considered	 (1-2	 g	 per	 kg	 in	 a	 normotensive	 patient),	 and	 fasciotomy	 may	 be
required.44	 When	 compartment	 pressures	 are	 high,	 limb	 elevation	 has	 the
potential	for	both	harm	and	benefit;	it	theoretically	decreases	perfusion	pressure
but	may	also	decrease	distal	 limb	swelling.	While	some	evidence	suggests	 that
fasciotomy	may	worsen	 local	myonecrosis,	and	an	extensive	 review	concluded
there	 is	 no	 role	 for	 routine	 fasciotomy	 or	 dermotomy	 following	 crotalid
envenomation,	 unabated	 elevation	 of	 intracompartmental	 pressures	 can	 have
disastrous	effects,	such	as	debilitating	neuropathy.45–47	The	clinical	signs	of	when
a	dermotomy	becomes	necessary	 are	 unclear	 as	 compartment	 pressures	 cannot
be	determined	in	the	finger.	When	possible,	informed	consent	should	be	obtained
before	proceeding	with	any	surgical	procedure.

Disposition	and	Outcome



Patients	 with	 apparent	 dry	 bites	 can	 be	 discharged	 from	 the	 emergency
department	if	they	remain	asymptomatic	with	normal	laboratory	values	(repeated
prior	 to	 discharge)	 and	 vital	 signs	 after	 8	 hours	 of	 observation.25	 Additional
observation	time	(12-24	hours)	should	be	considered	for	patients	at	the	extremes
of	 age,	 lower	 extremity	 envenomations,	 rattlesnake	 bites	 and	 those	 with
significant	 comorbidities.25	 ICU	 admission	 is	 rarely	 required	 for	 Agkistrodon
envenomations.	Observing	all	rattlesnake	bites	for	18	hours	after	 initial	control
with	 antivenom	 is	 reasonable	 (but	 not	 always	 necessary),	 and	 this	 time	would
include	the	scheduled	maintenance	doses	of	FabAV	(if	administered).	The	major
reasons	for	poor	outcomes	 in	pit	viper	envenomation	are	delay	 in	presentation,
harmful	 first	 aid	measures,	 inadequate	 fluid	 resuscitation,	 inappropriate	 use	 of
vasopressors,	and	delay	in	administration	or	inadequate	dosing	of	antivenom.48

The	envenomated	patient	can	be	discharged	from	the	hospital	when	all	venom
effects	have	begun	to	resolve	and	when	antivenom	therapy	is	complete,	which	is
usually	 within	 48	 hours	 after	 admission.	 Agkistrodon	 envenomations	 may	 be
managed	with	significantly	less	observation	time.	At	the	time	of	discharge,	every
patient	 should	 have	 appropriate	 follow-up	 arranged	 for	 continued	wound	 care
and	 physical	 therapy	 and	 should	 be	warned	 about	 the	 symptoms	 of	 infection,
deep	 vein	 thrombosis,	 bleeding,	 easy	 bruising,	 and	 serum	 sickness.	 The
incidence	of	upper-extremity	functional	disability	after	pit	viper	envenomation	is
greater	 than	 lower	 extremity	 functional	 disability.49	 Serum	 sickness	 is
uncommon	 (although	 potentially	 more	 common	 with	 larger	 antivenom	 doses)
and	 generally	 mild	 with	 the	 currently	 used	 antivenoms;	 patients	 should	 seek
medical	 care	 if	 symptoms	 of	 rash,	 joint	 pain,	 fever,	 or	 abdominal	 pain	 occur.
Venom-induced	 coagulopathy	 and	 thrombocytopenia	may	 recur	 anytime	 up	 to
14	days	after	the	last	dose	of	antivenom,	and	fatal	intracranial	bleeding	and	other
cases	of	major	delayed	bleeding	have	been	reported.50–53

Patients	 should	 be	 followed	 up	 with	 after	 discharge	 from	 the	 hospital,
especially	 if	 they	 are	 observed	 for	 less	 than	 24	 hours.	 While	 late
thrombocytopenia	and	coagulopathy	occur,	they	mostly	happen	in	patients	with
initial	evidence	of	thrombocytopenia	or	coagulopathy,	but	there	are	exceptions.54
Patients	 bitten	 by	 a	 rattlesnake	 or	 those	with	 evidence	 of	 coagulopathy	 at	 any
point	(thrombocytopenia	or	hypofibrinogenemia)	should	have	a	repeat	complete
blood	count	and	coagulation	studies	at	2	to	3	days	and	3	to	5	days	after	the	last
dose	 of	 FabAV	 or	 F(ab’)2AV,	 and	 they	 should	 be	 warned	 to	 avoid	 elective
procedures	and	risky	activities	(such	as	contact	sports)	for	at	least	2	weeks.25	The
incidence	 of	 late	 coagulopathy	 from	 F(ab’)2AV	 is	 about	 one-fifth	 that	 of
FabAV.36,55,56



If	on	follow-up	there	is	evidence	of	clinically	significant	bleeding,	worsening
or	severe	lab	abnormalities	(ie,	platelet	count	<	25,000	per	µL,	INR	>	3,	aPTT	>
50	seconds,	fibrinogen	<	50	mg	per	dL,	or	multicomponent	coagulopathy),	or	if
the	 patient	 has	 an	 underlying	 condition	 that	 makes	 him	 prone	 to	 bleeding	 or
engages	in	activities	that	make	him	prone	to	trauma,	additional	antivenom	can	be
considered.29,50,57

Coral	Snake	Envenomation
3 	Coral	snakes	are	members	of	the	Elapidae	family.	There	are	three	predominant
species	 in	 the	 United	 States:	Micrurus	 fulvius	 (eastern	 coral	 snake),	Micrurus
tener	(Texas	coral	snake),	and	Micruroides	euryxanthus	(Sonoran	coral	snake).58
In	 the	United	 States,	 the	most	 severe	 coral	 snake	 envenomations	 are	with	 the
eastern	 coral	 snake,	 followed	 by	 the	 Texas	 coral	 snake.59	 The	 Sonoran	 coral
snake	 is	 not	 known	 to	 cause	 symptoms	 in	 human	 envenomations;	 all	 further
discussions	refer	to	Micrurus	species.

Coral	 snakes	 deliver	 venom	 through	 grooved	 small,	 fixed	 front	 fangs	 and
their	 venom	 delivery	 apparatus	 is	 less	 efficient	 than	 pit	 vipers.2	 Even	 though
their	fangs	are	small,	a	large	eastern	coral	snake	can	produce	enough	venom	to
kill	 five	 adult	 humans.60	 Coral	 snakes	 are	 docile	 and	 often	 retreat	 when
confronted	 but	 can	 attack	 if	 mishandled.61	 Coral	 snakes	 envenomations	 are
uncommon;	there	were	76	coral	snake	bites	reported	in	the	United	States	in	2020
which	was	 a	 typical	 year.1	Many	 of	 these	 encounters	 occur	when	 the	 snake	 is
mistaken	for	a	nonvenomous	king	snake	(Lampropeltis	elapsoides),	or	when	the
patient	is	inebriated.61

Eastern	 coral	 snakes	 have	 been	 described	 to	 more	 commonly	 “chew”	 and
latch	 on	 to	 their	 assailants,	while	 the	 Texas	 coral	 snakes	 seem	 to	 envenomate
with	more	efficiency	and	let	go	quickly	more	than	half	the	time.	59,61,62

4 	 There	 are	 multiple	 toxins	 in	 coral	 snake	 venom	 with	 neurotoxic,
cardiotoxic,	myotoxic,	and	hematotoxic	effects.	However,	the	predominant	toxic
effects	 of	 coral	 snake	 venom	 in	 humans	 in	 the	United	States	 seem	 to	 be	 from
postsynaptic	neuromuscular	acetylcholine	receptor	blockade.63,64

Clinical	Manifestations
Local	 examination	may	 reveal	 fang	marks	 or	 scratches	 but	 there	 are	 cases	 of
envenomation	where	 there	were	no	visible	 fang	marks	 at	 all.61,65	Even	without
fang	 marks,	 patients	 can	 experience	 swelling	 and	 ecchymosis	 soon	 after	 the
bite.59,61,62	The	patients	may	also	experience	local	paresthesia	and	pain	which	can



sometimes	 be	 quite	 significant	 and	 can	 radiate	 proximally	 occasionally	 with
muscle	fasciculations.2,59,61,62

4 	Mild	systemic	findings	may	start	within	30	minutes	of	envenomation.	Early
manifestations	 include	euphoria,	and	anxiety;	nausea,	vomiting,	and	abdominal
pain	 are	 common.59,61,62	Other	 complaints	 include	 dizziness,	weakness,	 fatigue,
blurred	 vision,	 salivation,	 and	 difficulty	 breathing.59,61,62	 Serious	 neurological
symptoms	 can	 be	 delayed	 for	 up	 to	 18	 hours.61,62	 Neurologic	 involvement	 is
serious	and	much	more	common	in	eastern	coral	snake	envenomations.59	These
neurological	 findings	 include	 extraocular	 muscle	 paresis,	 ptosis,	 diplopia,
pinpoint	pupils,	dysphagia,	dysphonia,	stridor,	slurred	speech,	laryngeal	spasms,
bulbar	 palsies,	 and	 limb	 paralysis.61,62	 Death	 from	 coral	 snake	 envenomations
occurs	due	to	respiratory	failure	or	cardiovascular	collapse.61,62,66

Diagnostic	Evaluation
Important	history	elements	are	similar	as	to	what	is	obtained	from	victims	of	pit
viper	bites	except	in	this	situation,	snake	identification	is	much	more	important.
In	areas	where	coral	snakes	coexist	with	harmless	coral	snake	mimics,	such	as
Lampropeltis	species,	it	is	helpful	if	the	color	pattern	of	the	offending	snake	can
be	obtained	or,	better	yet,	if	the	victim	can	provide	a	photo	of	the	reptile.

The	differential	diagnosis	of	coral	 snake	envenomation	 is	usually	 limited	 to
bites	 by	 other	 brightly	 colored,	 nonvenomous	 snakes.	Native	US	 coral	 snakes
can	be	identified	by	a	characteristic	red,	yellow,	and	black	banding	pattern,	with
the	red	and	yellow	bands	being	contiguous,	“red	on	yellow,	kill	a	fellow;	red	on
black,	 venom	 lack.”	 These	 bands	 completely	 encircle	 the	 body,	 and	 they	 also
have	 a	 black	 snout.	 67	 In	 the	harmless	 coral	 snake	mimics,	 the	 red	 and	yellow
bands	are	separated	by	black	bands,	and	the	bands	do	not	completely	encircle	the
body.	There	is	sometimes	a	description	of	the	snake	“chewing”	on	the	victim	for
several	seconds,	but	this	is	not	necessary	for	envenomation.

Management
Rapid	 transportation	 to	 a	 hospital	 is	 critical	 following	 coral	 snake	 bites.	 In
Australia,	 where	 all	 native	 venomous	 snakes	 are	 elapid	 relatives	 of	 the	 coral
snake,	 a	 potentially	 beneficial	 first	 aid	 intervention	 is	 the	 use	 of	 a	 pressure-
immobilization	wrap.	 In	 this	 technique,	 the	 involved	 extremity	 is	 entirely	 and
firmly	wrapped	with	an	elastic	or	crepe	bandage	and	then	splinted.68	An	animal
study	 demonstrated	 benefit	 of	 this	 technique	 in	 prolonging	 survival	 following
eastern	 coral	 snake	 venom	 injection.69	 However,	 this	 pressure-immobilization



wrap	 can	 be	 difficult	 to	 apply	 correctly	 with	 very	 low	 rates	 of	 successful
application	 observed	 in	 controlled	 settings	 which	may	 delay	 presentation	 to	 a
health	care	facility.70,71	In	addition,	pressure	immobilization	is	not	recommended
for	 pit	 viper	 bites	 (more	 commonly	 encountered	 in	North	America).	 For	 these
reasons,	pressure	immobilization	is	not	recommended	for	snake	bites	occurring
in	North	America.19

As	with	pit	viper	envenomations,	attention	is	initially	directed	to	the	patient’s
airway,	 breathing,	 and	 circulatory	 status.	 The	 patient	 should	 be	 placed	 on	 a
cardiac	 monitor	 and	 at	 least	 one	 IV	 line	 should	 be	 established.	 The	 patient’s
respiratory	status	should	be	monitored	closely	either	with	pulse	oximetry	or	end
tidal	 CO2	 monitoring.	 Impending	 respiratory	 failure	 is	 suggested	 by	 cyanosis,
trismus,	 laryngeal	 or	 pharyngeal	 spasm,	 increased	 salivation,	 or	 any	 sign	 of
cranial	nerve	paralysis.	61	Once	the	airway	and	respiratory	status	are	addressed,	a
more	complete	physical	 examination	 is	performed,	paying	 specific	 attention	 to
neurological	 findings.	 Laboratory	 evaluation	 is	 limited	 to	 obtaining	 a	 CPK	 in
symptomatic	patients	as	some	develop	rhabdomyolysis,	but	other	organ	systems
(other	than	neurologic)	do	not	appear	to	be	affected.61

Antivenom	Therapy	(Also	See	“Pit	Viper	Envenomation”	section)
As	 with	 most	 venomous	 snakebites,	 definitive	 management	 of	 significant
Micrurus	 bites	 should	center	on	early	use	of	 the	appropriate	antivenom,	North
American	Coral	Snake	Antivenin.	Due	to	the	shortage	of	this	antivenom	over	the
last	10	years,	the	practice	of	administering	antivenom	to	all	eastern	coral	snake
bites,	even	those	asymptomatic	has	been	questioned.72	If	the	decision	is	made	not
to	 give	 the	 antivenom	 prophylactically,	 it	 is	 very	 important	 to	 administer
antivenom	immediately	at	the	first	sign	of	systemic	envenomation	or	neurologic
symptoms,	because	antivenom	will	not	reverse	neurological	involvement	but	can
halt	 the	 progression	 and	 may	 prevent	 respiratory	 compromise.72	 Texas	 coral
snake	envenomations	should	not	be	 treated	prophylactically;	antivenom	can	be
held	until	the	development	of	systemic	effects	(not	just	local	paresthesia).

5 	 The	 coral	 snake	 antivenom	 is	 an	 equine	 derived	 full	 immunoglobulin,
unlike	pit	viper	antivenoms,	and	thus	has	a	much	higher	incidence	of	immediate
and	delayed	hypersensitivity.	Allergic	 reactions	occur	 in	up	 to	35%	of	patients
receiving	the	antivenom,	with	hives	being	the	most	frequent	reaction.61,72	These
reactions	 can	 be	 more	 severe	 and	 potentially	 life-threatening;	 shortness	 of
breath,	hypotension,	or	angioedema	occur	in	about	8%	of	patients	receiving	the
coral	snake	antivenom.72	Additional	 cautions	 should	be	 taken	 for	 patients	with
previous	exposure	to	equine-derived	products.	Skin	testing	is	not	recommended.



Hypersensitivity	 reactions	 should	 be	 treated	 with	 antihistamines,	 steroids,	 and
epinephrine;	 some	patients	may	require	an	epinephrine	 infusion	along	with	 the
antivenom	depending	on	their	clinical	status.

5 	 A	 typical	 starting	 dose	 is	 3	 to	 6	 vials	 diluted	 and	 infused	 IV	 with	 slow
gradual	advancement	of	the	infusion	rate	to	administer	the	total	dose	over	about
1	to	2	hours.2,61	More	vials	should	be	given	to	patients	with	severe	symptoms	or
continued	 neurotoxicity	 with	 20	 vials	 being	 the	 largest	 amount	 given	 in	 one
series.61	 Antivenin	 should	 be	 administered	 in	 a	 monitored	 setting,	 ideally	 in
consultation	with	 a	 toxicologist,	 and	with	 informed	 consent	 for	 severe	 allergic
reactions	and	anaphylaxis	if	possible.

Management	of	any	coral	snake	bite,	in	the	absence	of	available	antivenom,	is
supportive.	Airway	protection	and	ventilatory	support	may	be	required	for	days
following	Micrurus	bites.61,72

Wound	Care
The	wounds	from	a	coral	snake	bite	should	be	washed	with	a	germicidal	solution
and	 tetanus	 prophylaxis	 updated	 as	 necessary.	 Prophylactic	 antibiotics	 are	 not
indicated.

Disposition	and	Outcome
All	patients	with	potential	 coral	 snake	bites	 should	be	 admitted	 for	 at	 least	 24
hours	for	close	monitoring	regardless	of	symptoms	or	antivenom	requirement.	In
the	absence	of	anoxic	cerebral	insults,	total	resolution	of	all	signs	or	symptoms
(eg,	 weakness)	 is	 expected	 without	 any	 long-term	 sequelae.	 In	 some	 cases,
resolution	 of	 symptoms	 may	 take	 several	 weeks.61	 Upon	 discharge,	 patients
should	be	instructed	to	watch	for	signs	of	serum	sickness	and	wound	infection;
serum	sickness	from	the	whole-IgG	antivenom	is	likely	to	be	much	more	severe
that	 that	caused	by	 the	Fab/F(ab’)2	pit	viper	antivenoms	and	may	 require	 large
doses	of	steroids	to	treat.

Death	 from	coral	 snake	 envenomations	 is	 extremely	 rare.	 In	 earlier	 studies,
the	case	 fatality	was	as	high	as	10%.	Nowadays,	when	 these	cases	are	 treated,
death	almost	never	occurs.1,62,66,72

Exotic	(Imported)	Snake	Envenomation
Exotic	(nonindigenous)	venomous	snakes	are	commonly	kept	in	zoos,	museums,
and	 sometimes	 by	 private	 individuals	 in	 “underground	 zoos.”	 If	 a	 patient	 has
been	 bitten	 by	 an	 exotic	 venomous	 snake,	 every	 effort	 should	 be	 made	 to



definitively	identify	the	snake	and	where	it	originated	from.	Usually,	the	owners
know	 this	 about	 their	 snakes,	 but	 for	 unknown	 snake	 species,	 they	 can	 be
identified	by	contacting	available	zoo	personnel	or	herpetologists.	The	 treating
medical	 practitioner	 should	 contact	 a	 regional	 poison	 control	 center	 for
assistance	 (1-800-222-1222).	These	centers	have	access	 to	a	national	 listing	of
available	exotic	antivenoms	in	stock	by	zoos	in	the	United	States	and	may	have
other	sources	to	draw	upon.	First	aid	may	include	pressure	immobilization	which
is	not	recommended	for	North	American	snake	bites;	when	appropriately	applied
these	pressure	wraps	should	not	be	taken	down	until	the	correct	antivenom	is	at
the	bedside.19	Antivenoms	tend	to	be	quite	specific	for	the	species	against	which
they	protect	and	should	be	used	only	if	 there	is	clear	evidence	of	their	efficacy
against	 the	offending	 species,	 something	which	 the	 regional	 poison	 center	 and
their	associated	medical	toxicologists	should	also	be	able	to	assist	with.	Several
of	these	antivenoms	are	not	affinity	purified	and	potentially	have	a	much	greater
incidence	of	hypersensitivity	reactions,	thus	necessitating	careful	monitoring	and
anticipation	 of	 greater	 likelihood	 of	 serum	 sickness.	 Sound	 supportive	 care,
combined	with	rapid	 initiation	of	appropriate	antivenom	when	available,	offers
the	best	chances	of	an	optimal	outcome.

SPIDER	ENVENOMATION

Widow	Spider	Envenomation
There	 are	 five	 species	 of	 widow	 in	 the	 United	 States:	 Latrodectus	 mactans
(Southern	 black	 widow	 spider),	 Latrodectus	 hesperus	 (Western	 black	 widow
spider),	 Latrodectus	 variolus	 (Northern	 black	 widow	 spider),	 L.	 bishopi	 (red
widow	spider),	 and	Latrodectus	geometricus	 (brown	widow	spider).73	Of	 these
species,	 L.	 mactans,	 L.	 hesperus,	 and	 L.	 geometricus	 can	 cause	 human
envenomations.74–77

Widow	spiders	are	found	in	all	 the	48	contiguous	states	and	Hawaii	and	are
responsible	 for	 most	 of	 the	 exceedingly	 rare	 spider-related	 deaths	 in	 North
America.73	 Only	 the	 female	 is	 dangerous	 to	 humans;	 the	male	 is	 incapable	 of
delivering	 a	 bite	 through	 human	 skin.	 The	 classic	 black	 spider	 with	 a	 red
hourglass	shape	on	the	ventral	part	of	the	abdomen	is	characteristic	of	an	adult
female	L.	mactans.	The	red	shape	may	not	appear	exactly	as	an	hourglass.	These
spiders	can	appear	browner	under	certain	circumstances,	and	then	revert	back	to
the	 black	 color.78	 Other	 venomous	widow	 species	 can	 appear	 brown	 and	may



lack	the	traditional	red	markings.
The	 widow	 spiders	 are	 not	 aggressive	 spiders,	 and	 usually	 attack	 when

accidently	 encountered.	 Of	 these	 spiders,	 the	 brown	 widow	 is	 the	 least
aggressive,	 and	 retreats	 when	 encountered	 leading	 to	 a	 lower	 incidence	 of
envenomations.73,78

The	venom	of	all	species	of	widow	spiders	is	similar	in	composition	and	toxic
effects.	 The	 most	 deleterious	 venom	 component	 is	 alpha-latrotoxin,	 a	 potent
neurotoxin	that	acts	on	the	presynaptic	neuronal	terminals.	It	induces	release	of
neurotransmitters	 into	 the	 synapse	 including	 acetylcholine,	 norepinephrine,
dopamine,	epinephrine,	and	glutamate.78,79	The	widow	species’	venom	varies	in
toxicity,	but	the	toxicity	of	the	venom	is	not	the	only	factor	that	predicts	severity
of	envenomations.	The	venom	yield	of	each	spider	may	be	small,	leading	to	less
severe	envenomations.	73,80

Clinical	Manifestations
The	widow	 spider’s	 bite	may	 be	 unnoticed	 by	 the	 patient	 or	may	 be	 felt	 as	 a
sharp	sting.78	Shortly	after	the	bite	the	patient	may	feel	pain	of	the	affected	limb.
Findings	 at	 the	bite	 site	may	appear	 as	 a	 small	 erythematous	puncture	wound,
surrounded	by	an	area	of	blanching,	and	an	outer	rim	of	erythema	(a	target-like
or	halo	lesion).	There	may	also	be	localized	diaphoresis	at	the	bite	site.81

6 	 Systemic	 symptoms	 of	widow	 spider	 bits	 can	 start	within	minutes	 of	 the
bite	or	be	delayed	for	up	to	12	hours,	but	most	patients	have	symptoms	within
2	 hours.81	 The	 most	 common	 symptoms	 are	 dermal	 irritation	 and	 pain.77,81
Generalized	muscle	 pain,	 muscle	 spasms,	 abdominal	 pain,	 back	 pain,	 and	 leg
pain	are	generally	more	common	than	local	pain	at	the	bite	site.74,78,81,82	Muscle
rigidity	can	involve	the	chest	wall,	which	can	rarely	result	in	respiratory	failure.
Spasms	 of	 abdominal	 musculature	 can	 mimic	 an	 acute	 abdomen,	 although
rebound	tenderness	is	usually	absent.

These	 patients	 can	 also	 have	 hypertension	 and	 for	 patients	 at	 risk,	 this
hypertension	can	 lead	 to	 cerebrovascular	 accidents,	 exacerbation	of	 congestive
heart	 failure,	 and	 myocardial	 ischemia.81	 Latrodectus	 spp	 can	 cause
cardiomyopathy	 with	 ECG	 changes,	 elevated	 troponin,	 and	 echocardiographic
findings,	even	in	previously	healthy	patients.83–85	Priapism	can	occur	and	may	be
more	 common	 in	 children.74,84,86	 Other	 symptoms	 of	 Latrodectus	 sp
envenomations	 include	 but	 are	 not	 limited	 to	 periorbital	 edema,	 lacrimation,
blepharospasm	(the	constellation	of	those	known	as	Latrodectus	facies),	urinary
retention,	anxiety,	and	agitation.75–77,81,86

Pregnant	 women	 do	 not	 present	 any	 differently	 than	 nonpregnant	 women.



Also,	there	is	no	evidence	that	Latrodectus	sp	envenomations	cause	adverse	fetal
outcomes.87,88

Diagnostic	Evaluation
The	history	surrounding	a	widow	spider	bite	can	be	confusing	if	a	spider	was	not
seen.	A	high	index	of	suspicion	should	be	maintained	in	patients	presenting	with
compatible	complaints,	especially	if	the	environment	suggests	the	possibility	of
a	 spider	 encounter.	 The	 physical	 examination	 entails	 a	 general	 screening	with
particular	 attention	 to	 the	 vital	 signs,	 which	 should	 be	 checked	 at	 frequent
intervals.	 The	 patients	 should	 be	 undressed	 as	 the	 spider	 may	 be	 hiding	 in
patient’s	 clothing.	Also,	 undressing	 the	 patient	may	make	 finding	 the	 bite	 site
easier,	although	the	site	can	be	unremarkable.

There	are	no	diagnostic	changes	 in	 routine	 laboratory	 tests	 in	widow	spider
envenomation;	 an	 elevation	 in	 white	 blood	 cell	 count	 and	 serum	 creatine
phosphokinase	values	may	be	seen.	Proteinuria	has	been	reported.77,78,81	An	ECG,
chest	 radiograph,	 cardiac	 enzymes,	 and	 echocardiogram	 should	 be	 obtained	 as
clinically	 indicated.	A	pregnancy	 test	 should	be	obtained	 in	women	due	 to	 the
similarities	between	a	Latrodectus	sp	envenomation	and	preeclampsia	as	well	as
the	 potential	 fetal	 harm	 from	 uncontrolled	 hypertension	 triggered	 by	 the
envenomation.87,88

The	differential	diagnosis	 includes	envenomations	by	other	arthropods,	such
as	 neurotoxic	 scorpions	 (see	 “Scorpion	 Envenomation”	 section,	 but	 these	 are
geographically	 limited),	 and	 systemic	 disorders,	 such	 as	 sympathomimetic
overdose,	dystonic	reaction,	heat	cramps,	heat	stroke,	opiate	withdrawal,	tetanus,
sickle	cell	crisis,	and	strychnine	poisoning.	Other	causes	of	abdominal	pain	and
rigidity	such	as	anatomical/surgical	reasons	should	be	considered.

Management
Although	there	are	no	specific	first	aid	measures	effective	in	widow	spider	bites,
temporary	application	of	ice	to	the	bite	site	may	reduce	pain.	Adequate	airway,
respiration,	 and	 circulatory	 status	 should	 be	 ensured.	After	 instituting	 oxygen,
cardiac,	and	pulse	oximetry	monitoring,	and	starting	an	IV	line,	attention	should
be	 directed	 to	 alleviating	 painful	 muscle	 spasms	 using	 a	 combination	 of
benzodiazepines	and	opioids,	although	analgesia	may	prove	difficult	to	achieve.
Calcium	 gluconate	 and	 muscle	 relaxants	 such	 as	 methocarbamol	 are	 not
effective.77,81	Hypertension	usually	responds	to	bed	rest,	analgesics,	and	adequate
sedation.	Specific	antihypertensive	agents	can	be	used	if	necessary.



Antivenom	Therapy
A	 specific,	 equine,	 whole-immunoglobulin	 antivenom	 available	 in	 the	 United
States,	 Antivenin	 (Latrodectus	 mactans)	 (Black	 Widow	 Spider	 Antivenin)
(manufactured	 by	Merck	&	Co.,	 Inc,	West	 Point,	 PA),	 appears,	 in	 vitro,	 to	 be
able	 to	bind	all	Latrodectus	venoms,	 regardless	of	species.89	This	antivenom	is
highly	effective	and	has	been	proven	to	resolve	symptoms	and	markedly	reduce
the	 duration	 of	 illness.	 It	 is	 also	 associated	 overall	with	 less	 adverse	 reactions
than	 benzodiazepines.	 However,	 acute	 allergic	 reactions	 to	 the	 antivenom	 and
serum	sickness	can	occur.	These	are	usually	mild	and	respond	to	antihistamines.
However,	 there	 have	 been	 reports	 of	 deaths	 from	 the	 antivenom	 in	 asthmatic
patients,	which,	given	 this	envenomation	 is	not	 fatal,	 should	give	pause	before
considering	its	use.77,79,81,89

7 	 Antivenom	 should	 be	 considered	 in	 patients	 with	 widow	 spider	 bits	 and
evidence	of	 significant	envenomation,	 ideally	before	high	doses	of	opiates	and
benzodiazepines	 are	 given	 to	 control	 pain	 and	muscle	 spasm,	 as	 such	 patients
may	become	markedly	sedated	after	the	catecholamine	surge	is	removed	by	the
antivenom.	 It	 should	 be	 considered	 for	 patients	 with	 hypertensive	 crises,
myocardial	involvement,	and	priapism.	Assistance	from	an	expert	toxicologist	or
poison	 center	 is	 crucial	 when	 dealing	 with	 Latrodectus	 sp	 envenomations
especially	when	deciding	the	use	of	antivenom.74,77–79,84,89

If	 antivenom	 is	 to	 be	 given,	 informed	 consent	 should	 be	 obtained,	 and	 the
patient	 should	 be	 in	 a	 monitored	 setting	 with	 epinephrine	 available	 at	 the
bedside.	 Premedicating	 with	 IV	 antihistamines	 (H1	 and	H2	 blockers),	 will	 not
change	 the	 incidence	 of	 severe	 allergic	 reactions.	 Skin	 testing	 is	 not
recommended.79

The	antivenom	should	be	given	IV	as	one	reconstituted	vial	further	diluted	in
100	mL	of	 normal	 saline,	 administered	 over	 30	minutes.90	 Signs	 or	 symptoms
should	completely	 resolve	within	a	 few	hours	of	antivenom	administration.	As
most	 envenomations	 will	 respond	 to	 one	 vial,	 alternative	 diagnosis	 should	 be
considered	before	administering	a	second	vial.74,75,77,78,81,86,89

Wound	Care
Since	 these	 wounds	 are	 usually	 barely	 visible,	 no	 specific	 wound	 care	 is
indicated.

Disposition	and	Outcome
The	clinical	course	of	most	patients	with	widow	spider	envenomation	is	benign;
death	is	extremely	rare	unless	caused	by	the	antivenom.77,81	However,	significant



pain	and	 spasms	can	persist	 for	2	 to	3	days.	Most	healthy	adults	do	well	with
supportive	measures	and	adequate	administration	of	parenteral	benzodiazepines
and	 opioids.77,81	 Patients	 can	 be	 discharged	 from	 the	 hospital	 when	 signs	 or
symptoms	 of	 envenomation	 have	 been	 significantly	 controlled.	 Patients	 may
seem	to	improve	with	initial	treatment	and	be	discharged	from	the	hospital,	only
to	 come	 back	 a	 few	 hours	 later	 with	 recurrent	 symptoms.	 Therefore,	 it	 is
important	 to	 educate	 these	patients	 regarding	 recurrence	of	 symptoms,	provide
adequate	outpatient	medications	(opioids,	benzodiazepines)	and	return	guidance
precautions.81	 If	 antivenom	was	 administered,	 the	 patients	 should	 be	 educated
about	serum	sickness,	although	given	the	protein	load	of	only	one	vial,	may	not
be	as	severe	as	is	seen	with	other,	larger	whole-IgG	antivenom	loads	(see	“Coral
Snakes”	section).

Recluse	Spider	Envenomation
Although	 a	 blanket	 term	 of	Loxosceles	 reclusa	 is	 used	 to	 describe	 the	 brown
recluse,	 the	 Loxosceles	 genus	 spiders	 have	 at	 least	 50	 species	 that	 are	 easily
transported	between	regions.	The	group	encompasses	at	least	five	species	in	the
United	States	which	are	all	venomous.	Subspecies	 in	 this	group	are	difficult	 to
differentiate	 from	 one	 another	 but	 the	 approach	 to	 their	 envenomations	 is	 the
same.	 They	 are	 found	 throughout	 the	 southern,	 south-central,	 and	midwestern
and	in	the	western	part	of	the	United	States,	and	their	range	is	dynamic.91

The	most	characteristic	feature	of	these	spiders	is	that	they	are	brown,	which
is	 not	 very	 helpful.	 The	 classically	 described	 violin-shaped	 marking	 on	 the
dorsal	aspect	of	the	cephalothorax	may	not	be	present	in	some	of	these	spiders,
and	 when	 present	 may	 be	 difficult	 to	 see.	With	 close	 examination,	 they	 have
three	pairs	of	eyes,	in	contrast	to	the	four	pairs	found	in	most	spiders.	The	adult
body	is	10	to	15	mm	long	and	the	legs	span	2	to	3	cm.	Both	the	male	and	female
spiders	can	envenomate.91	These	spiders	live	in	warm,	dry,	dark	areas.	In	warm
climate,	 they	may	be	 found	 in	woodpiles,	or	 in	 sheds.	 In	colder	climates,	 they
can	 be	 found	 indoors,	 in	 attics,	 basements,	 and	 old	 piles	 of	 clothes.
Envenomations	occur	when	these	spiders	are	encountered	by	accident.92,93

While	 recluse	 spiders	 may	 cause	 severe	 dermonecrosis	 (necrotic
arachnidism),	 the	 majority	 of	 bites	 in	 the	 United	 States	 result	 in	 insignificant
lesions.93	Also,	 the	overwhelming	majority	of	patients	 that	present	with	a	chief
complaint	 of	 “spider	 bite,”	 have	 another	 dermatologic	 or	 soft	 tissue	 process
affecting	them	and	in	many	cases	these	are	methicillin-resistant	Staphylococcus
aureus	(MRSA)	infections.	94

The	 venoms	 of	 the	 different	 species	 of	 recluse	 spider	 have	 similar	 toxic



effects.	The	key	component	of	 their	venom	is	sphingomyelinase	D,	which	acts
by	 triggering	 the	 complement	 cascade	 and	 the	 inflammatory	 response	 system.
This	leads	to	endothelial	damage,	microthrombi,	and	inflammation	which	in	turn
result	in	local	cutaneous	necrosis,	and	systemic	manifestations.93,95,96

Clinical	Manifestations
The	clinical	course	of	recluse	spider	envenomation	(loxoscelism)	varies	from	a
mild	 temporary	 irritation	 at	 the	 bite	 site	 to	 a	 rare,	 severe,	 potentially	 fatal
systemic	reaction.93,97,98	The	bite	is	occasionally	felt	as	a	mild	stinging	sensation,
although	 it	may	go	completely	unnoticed.	During	 the	next	 several	hours,	 there
may	be	pruritus,	 tingling,	mild	 swelling,	 redness,	 or	 blanching	 at	 the	bite	 site.
Variable	 degrees	 of	 local	 pain	 and	 tenderness	 due	 to	 local	 vasospasm	 and
ischemia	 occur	 within	 2	 to	 8	 hours.	 Later,	 a	 small	 central	 vesicle	 (clear	 or
hemorrhagic)	 often	 develops	 at	 the	 site	 and	may	 initially	 be	 surrounded	 by	 a
zone	 of	 blanching,	 then	 an	 irregular	 zone	 of	 erythema	 or	 ecchymosis.	 The
patients	 may	 also	 develop	 a	 generalized	 macular	 rash	 over	 their	 entire	 body.
After	the	third	day,	the	central	vesicle	degrades	and	forms	a	necrotic	lesion	that
may	develop	into	an	eschar.	At	this	point,	these	lesions	may	follow	the	classical
description	of	red	(outer	rim	of	inflammation	and	erythema),	white	(middle	zone
of	blanching),	and	blue	(central	necrotic	area).	If	by	the	third	day	patients	do	not
have	local	changes,	they	are	unlikely	to	develop	dermonecrosis.93

Systemic	 (viscerocutaneous)	 loxoscelism	 is	 rare	 in	 the	 United	 States.
Depending	on	 the	area	and	population,	 the	rate	of	systemic	 loxoscelism	ranges
between	0.7%	and	40%.	It	also	tends	to	be	more	common	in	children.93,97,99

Systemic	symptoms	generally	start	between	24	and	72	hours	after	the	bite	and
can	 occur	 before	 cutaneous	 findings	 become	 impressive.93,98–101	 Symptoms	 can
be	 mild	 with	 fever,	 chills,	 headache,	 malaise,	 weakness,	 nausea,	 vomiting,
myalgias,	 and	 arthralgias.92,97–99	 However,	 the	 presence	 of	 mild	 symptoms
doesn’t	 exclude	 more	 serious	 underlying	 effects.	 These	 patients	 can	 develop
hemolysis,	 rhabdomyolysis,	 acute	 renal	 failure,	 hematuria,	 and	 disseminated
intravascular	 coagulation,	 with	 hemolysis	 being	 more	 common	 in	 African
American	children.99	A	concerning	aspect	of	systemic	 loxoscelism	is	 that	 these
deleterious	effects	can	be	delayed	and	can	occur	beyond	96	hours	from	the	initial
bite.99

Diagnostic	Evaluation
It	 is	 uncommon	 for	 a	 victim	 of	 a	Loxosceles	 bite	 to	 see	 the	 offending	 spider



because	the	bite	is	relatively	painless,	and	a	large	percentage	of	bites	occur	while
the	victim	is	asleep,	or	when	they	are	dressing.93,102	Therefore,	the	spider	is	rarely
available	 for	 identification	 which	 makes	 diagnosing	 early	 lesions	 difficult.
Cutaneous	 loxoscelism	 should	 be	 on	 the	 differential	 diagnosis	 if	 the	 precise
cause	of	the	lesion	is	unknown	and	if	a	spider	was	seen.102

An	 examination	 for	 evidence	 of	 systemic	 loxoscelism	 should	 be	 performed
when	envenomation	is	suspected.	Leukocytosis	can	be	present	in	these	patients;
it	 is	 a	 nonspecific	 finding,	 but	 it	may	be	 predictive	 of	 hemolysis.99	A	baseline
hemoglobin	is	helpful,	as	observing	trends	can	assist	diagnosing	hemolysis	early.
Creatinine	 kinase,	 urine	 analysis,	 lactate	 dehydrogenase,	 renal	 function,	 and
hepatic	 function	 should	 be	 assessed.	 Acute	 kidney	 injury	 can	 occur
independently	 or	 because	 of	 rhabdomyolysis	 or	 hemolysis.	 Patients	may	 have
elevated	 transaminases	 because	 of	 rhabdomyolysis,	 shock,	 or	 hemolysis.	 They
may	also	have	hyperbilirubinemia.	In	cases	of	hemolysis,	the	patients	may	have
significant	 hyperkalemia.	 Direct	 antiglobulin	 testing	 (DAT)	 may	 reveal	 IgG
antibodies	or	complement	C3	on	red	cell	surfaces.	However,	not	all	patients	with
hemolysis	have	positive	DAT	testing.98,99

There	is	no	commercially	available	test	to	definitively	diagnose	recluse	spider
envenomation.	The	differential	diagnosis	for	Loxosceles	envenomation	includes
bites	 or	 stings	 by	 other	 arthropods	 (eg,	 spiders,	 ticks,	 scorpions,	 ants,	 fleas,
kissing	 bugs,	 bedbugs,	 and	 biting	 flies),	 superficial	 skin	 infections	 (especially
MRSA	 Staphylococcus	 aureus),	 cutaneous	 anthrax,	 diabetic	 ulcers,	 plant
puncture	 wounds,	 sporotrichosis,	 toxic	 epidermal	 necrolysis,	 pyoderma
gangrenosum,	 erythema	 nodosum,	 erythema	 migrans,	 herpes	 zoster,	 herpes
simplex,	erythema	multiforme,	purpura	fulminans,	and	contact	dermatitis.

Management
8 	There	is	no	definitive	therapy	for	recluse	spider	envenomation	(loxoscelism);
no	 commercial	 antivenoms	 exist	 for	 Loxosceles	 bites	 in	 the	 United	 States.
Patient’s	 care	 revolves	 around	 good	 wound	 care	 and	 early	 detection	 and
treatment	of	systemic	complications

Initial	 management	 of	 systemic	 loxoscelism	 includes	 adequate	 hydration,
maintaining	 electrolyte	 balance,	 and	 administering	 antipyretics	 and	 analgesics.
Antihistamines	can	be	used	for	itching.

Systemic	steroids	have	no	role	in	the	treatment	of	cutaneous	loxoscelism	and
will	not	prevent	the	occurrence	of	hemolysis.	However,	once	hemolysis	occurs,
corticosteroids	have	been	used,	although	there	are	not	much	data	to	support	their
efficacy;	 successful	 treatment	 of	 hemolysis	 has	 been	 reported	 both	 with	 and



without	corticosteroids.93,98,99,103
The	definitive	management	of	hemolysis	is	with	blood	products	as	needed.	In

severe	cases,	plasma	exchange	can	be	considered.103
The	 patient’s	 urine	 output	 should	 be	 monitored,	 and	 patients	 should	 be

hydrated	 to	maintain	 a	 urine	 output	 of	 2	 to	 3	mL/kg/hour.	This	 is	 particularly
important	 in	cases	with	hemoglobinuria	 and	 rhabdomyolysis	 as	 it	may	prevent
renal	failure.93	If	renal	failure	develops,	dialysis	may	be	indicated	as	a	supportive
measure,	 not	 to	 remove	 the	 circulating	 venom.	 There	 is	 no	 antivenom	 for
Loxosceles	envenomations.

Wound	Care
In	 these	cases,	a	multimodal	approach	may	be	necessary.	However,	 there	 is	no
therapy	that	has	been	proven	to	reduce	or	prevent	wound	necrosis.93

Early	on,	irrigation	may	be	helpful	because	there	is	direct	correlation	with	the
extent	 of	 venom	diffusion	 and	 skin	 necrosis.95	Heat	 is	 contraindicated,	 as	 it	 is
believed	to	produce	more	severe	local	damage.93	Previously	suggested	measures
to	control	local	necrosis	but	have	been	proven	to	be	ineffective	include	steroids,
antihistamines,	 dapsone,	 phentolamine,	 low-molecular-weight	 dextran,	 topical
nitroglycerin,	 triamcinolone,	 colchicine,	 and	 early	 incision.	 In	 fact,	 some	 of
these	measures	may	worsen	the	outcomes.93,104,105

Early	 incision	 is	 contraindicated	 because	 it	 worsens	 wound	 healing	 and
scarring.	The	early	wound	is	not	indicative	of	the	extent	of	venom	diffusion,	and
early	 incision	 will	 not	 remove	 the	 tissue	 the	 venom	 has	 diffused	 into.	 Even
though	wound	edges	may	appear	healthy,	 they	are	most	 likely	already	affected
by	 the	 venom.	 This	 will	 lead	 to	 poor	 wound	 healing	 and	 extensive	 scarring.
Therefore,	it	is	important	to	wait	for	the	wound	to	declare	itself	before	deciding
on	any	surgical	therapy,	and	this	may	take	weeks.93,105

Although	 there	 are	 no	 human	 randomized	 controlled	 trials	 to	 prove
effectiveness	of	hyperbaric	oxygen	treatment	to	limit	extent	of	wound	necrosis,
animal	 studies	 seem	 promising.106	 Also,	 hyperbaric	 therapy	 seems	 to	 aid	 in
wound	healing	after	the	wound	has	declared	itself.107

Because	of	 the	destructive	features	of	 the	venom,	 these	bites	usually	do	not
get	 infected	 and	 so	 if	 the	 diagnosis	 of	 envenomation	 is	 certain,	 prophylactic
antibiotics	are	not	indicated.	However,	if	there	is	doubt,	providing	antibiotics	to
cover	for	MRSA	is	reasonable.93

Disposition	and	Outcome
Any	 patient	 with	 suspected	 systemic	 loxoscelism	 should	 be	 admitted	 to	 the



hospital	 and	 have	 frequent	 hemoglobin	 measurements,	 lactate	 dehydrogenase
and	 urine	 analysis	 to	 detect	 the	 onset	 of	 any	 hemolysis.	 Patients	with	 isolated
cutaneous	 involvement	should	have	frequent	outpatient	wound	checks	until	 the
wound	 is	 clearly	 healing.	 Plastic	 and	 reconstructive	 surgery	 may	 need	 to	 be
involved,	as	these	wounds	can	be	disfiguring	and	debilitating,	requiring	surgical
repair	and	revision,	but	most	heal	well	with	conservative	therapy	alone.

9 	Death	from	systemic	loxoscelism	in	the	United	States	is	extremely	rare	but
when	death	occurs,	it	is	usually	in	the	pediatric	population	because	of	hemolysis
or	renal	failure.93,97

SCORPION	ENVENOMATION
Although	 there	are	at	 least	40	 species	of	 scorpions	 found	 in	 the	United	States,
only	 the	 bark	 scorpion	 (Centruroides	 sculpturatus	 [formerly	 Centruroides
exilicauda]),	is	sufficiently	toxic	to	be	medically	significant.	The	bark	scorpion
is	 found	 throughout	Arizona	with	 isolated	 colonies	 located	 in	 bordering	 states
(Nevada,	New	Mexico,	Northwestern	Mexico,	Colorado,	Utah,	and	California).
However,	 envenomations	can	be	 found	outside	 these	 locations	 if	 the	 scorpions
manage	to	get	on	vehicles	or	luggage	that	travels	outside	these	locations.108

Historically,	 C.	 sculpturatus	 was	 responsible	 for	 the	 most	 venom-related
fatalities	 in	 Arizona	 but	 currently	 deaths	 from	C.	 sculpturatus	 are	 unheard	 of
because	 of	 improved	 access	 to	 healthcare,	 advances	 in	 critical	 care,	 and	 the
availability	of	a	highly	effective	and	safe	antivenom.	However,	envenomations
are	still	a	concern,	especially	in	children.109–111

The	C.	sculpturatus	 is	a	climbing	scorpion	 (trees,	walls);	 it	does	not	 live	 in
burrows.	They	generally	shelter	during	daytime	and	are	active	at	night.	They	are
not	aggressive	toward	humans	and	tend	to	sting	when	accidentally	encountered
or	 intentionally	 handled.	There	 are	 other	 similar	 looking	 pale	 scorpions	 in	 the
desert	southwest;	the	desert	hairy	scorpion	(Hadrurus	arizonensis)	is	larger	with
a	darker	body,	 the	Arizona	stripe-tailed	scorpion	(Paravaejovis	spinigerus)	 is	a
burrowing	species	with	bulkier	pedipalps	(front	pincers)	and	tail,	and	the	yellow
ground	 scorpion	 (Vaejovis	 confusus)	 is	 a	 burrowing	 species	 with	 delicate
pedipalps	and	a	bulky,	wide	tail.108	Definitive	determination	of	 the	species	of	a
scorpion	requires	close	examination	of	the	base	of	the	stinger	for	a	tubercle	and
the	 proximal	 tail	 segment	 for	 a	 rectangular	 rather	 than	 square	 shape.
Unfortunately,	 these	 morphological	 features	 may	 sometimes	 only	 be	 visible
under	a	magnifying	glass.112	Contrary	to	popular	belief,	the	bark	scorpion	is	not
the	only	scorpion	 that	 fluoresces	under	ultraviolet	 light;	 this	 is	a	feature	 that	 is



shared	by	all	scorpions.108,113
The	venom	of	C.	sculpturatus	is	complex.	It	contains	several	low-molecular-

weight	 proteins,	 peptidases,	 nucleosidases,	 lipids,	 mucoproteins,	 and	 amino
acids.	The	purpose	of	these	components	is	defense	and	capture	of	prey.	The	most
clinically	significant	targets	for	C.	sculpturatus	venom	are	the	sodium	channels
and	 the	potassium	channels.112,114,115	Both	 toxins	bind	 to	 sodium	channels,	both
activating	and	prolonging	the	activation	of	these	channels.	This	leads	to	neuronal
excitation,	 stimulation	 of	 both	 the	 sympathetic	 and	 parasympathetic	 nervous
system,	 and	 eventually	 leads	 to	 the	 release	 of	 epinephrine,	 norepinephrine,
neuropeptide	Y,	and	endothelin	1.116

Clinical	Manifestations
1 	 0 	 Although	 most	 C.	 sculpturatus	 stings	 result	 in	 minor	 symptoms,
envenomation	 can	 be	 severe.	 Young	 children	 seem	 to	 suffer	 more	 severe
envenomations.111,112

Envenomations	tend	to	occur	in	exposed	areas	with	the	limbs	being	the	most
common	site	of	envenomation.	Patients	usually	experience	pain	with	or	without
paresthesia	 at	 the	 site	 of	 the	 sting.	There	 is	 usually	 no	 visible	 sting	mark,	 but
when	the	sting	site	is	tapped	patients	feel	hyperesthesia	and	intense	pain;	this	is
called	 a	 positive	 tap	 test.	 Local	 pain	 and	 paresthesia	may	 travel	 proximally	 to
affect	the	entire	limb	and	may	also	become	generalized	pain	and	paresthesia.112

Systemic	findings	occur	after	local	findings	and	the	time	to	onset	of	systemic
manifestations	varies	between	15	mins	and	5	hours	after	 the	sting.112	The	most
common	 systemic	 manifestation	 is	 agitation	 or	 motor	 hyperactivity.	 This	 can
range	from	mild	anxiousness	 to	excessive	 jerking	motions	resembling	seizures.
Patients	may	also	have	fasciculations	and	muscle	spasms	of	the	trunk.111,112,117
C.	 sculpturatus	 envenomation	 causes	 cranial	 nerve	 dysfunction	 and	 ocular

involvement	 is	 common.	 Opsoclonus	 or	 multidirectional	 dysconjugate	 ocular
motions	 are	 sometimes	 mistaken	 for	 nystagmus.111,112	 Tongue	 fasciculations,
pharyngeal	 and	 laryngeal	 spasms,	 together	 with	 hypersalivation,	 can	 cause
respiratory	compromise	requiring	intubation.	Up	to	24%	of	patients	will	require
intubation	in	the	absence	of	antivenom.111,112	In	extremely	rare	situations,	patients
can	 develop	 pulmonary	 edema	 as	 a	 direct	 effect	 of	 the	 venom,	 further
complicating	 their	 respiratory	 issues.109,111	 Symptoms	 unique	 to	 adults	 include
diminished	fine	motor	skills,	and	a	change	in	taste	and	smell.118	Vomiting,	fever,
tachycardia,	 and	 hypertension	 can	 also	 occur.111,112	Classically,	 clinical	 features
can	 be	 graded	 using	 the	 grading	 system	 in	 Table	 123.2.	 Grading	 the
envenomation	can	be	useful	in	guiding	therapy.111,112



TABLE	123.2

Grading	Scale	for	Bark	Scorpion	(Centruroides
sculpturatus)	Envenomation	Severity112

Grade Description

I Local	pain	and	paresthesia

II Grade	I	+	pain	and	paresthesia	remote	from	the	sting	site

III Cranial	nerve	involvement	OR	restlessness,	involuntary	increase	in
muscular	activity

IV BOTH	Cranial	nerve	involvement	AND	restlessness,	involuntary
increase	in	muscular	activity

Copyright	©1983	From	Curry	SC,	Vance	MV,	Ryan	PJ,	et	al.	Envenomation	by	the	scorpion
Centruroides	sculpturatus.	Clin	Toxicol.	1983;21(4–5):417–49.	Reproduced	by	permission	of
Taylor	and	Francis	Group,	LLC,	a	division	of	Informa	plc.

Diagnostic	Evaluation
The	diagnosis	of	C.	sculpturatus	envenomation	is	made	clinically.	Having	a	high
index	of	suspicion	in	endemic	areas	is	key	because	obtaining	a	history	of	being
stung	 or	 seeing	 a	 scorpion	 in	 the	 area	 isn’t	 always	 reliable,	 especially	 with
younger	children.

With	 the	 absence	 of	 a	 sting	mark,	 the	 clinical	 picture	 after	 a	 bark	 scorpion
sting	may	 be	 confused	with	 another	 diagnosis	 such	 as	 central	 nervous	 system
infection,	 black	 widow	 spider	 envenomation,	 drug	 reaction	 (dystonic	 or
serotonergic),	 intoxication	 (eg,	 pesticides,	 sympathomimetics	 especially
methamphetamine,	 or	 methylxanthines),	 drug	 withdrawal,	 anaphylaxis,	 or
seizure	disorder.	There	 isn’t	 any	 specific	 lab	 test	 that	 indicates	C.	sculpturatus
envenomation.

The	white	blood	cell	count	and	serum	glucose	may	be	elevated.	Increases	in
serum	 amylase,	 creatine	 phosphokinase,	 and	 renal	 function	 studies,
abnormalities	 in	 coagulation	 parameters,	 and	 cerebral	 spinal	 fluid	 pleocytosis
have	 been	 reported.	 Since	 the	 majority	 of	 these	 envenomations	 are	 mild	 or



asymptomatic,	 no	 labs	 are	 necessary	 for	 victims	 without	 neurological
signs.111,112,117

Management
1 	 0 	 In	 adults,	 the	majority	 of	C.	 sculpturatus	 stings	 can	 be	 treated	 with	 cold
compresses	and	analgesics	at	home.	However,	adults	with	manifestations	beyond
local	pain	and	all	young	children	should	be	monitored	in	a	hospital	specifically
for	neurological	involvement	and	respiratory	compromise.	The	airway	should	be
secured	if	there	are	signs	of	respiratory	failure	or	inability	to	handle	secretions.
In	patients	with	excessive	secretions,	atropine	and	glycopyrrolate	can	be	used	to
reduce	secretions.111

1 	 1 	Patients	with	C.	sculpturatus	 stings	 can	be	managed	without	 the	use	of
antivenom.	 However,	 the	 antivenom	 is	 safe	 and	 effective	 in	 reversing
neurological	 findings	 and	may	prevent	 intubation	 and	hospitalization.112,119	The
antivenom	usually	does	not	affect	local	pain.	Local	pain	should	be	treated	with
opiate	 analgesics,	preferably	 fentanyl	or	hydromorphone	as	 they	have	minimal
histamine	 release	 and	 morphine	 might	 make	 the	 pain	 worse.113	 Patients	 may
require	 benzodiazepines	 for	 restlessness.111,112	 Hypertension,	 fever,	 and
tachycardia	 can	 be	 treated	 with	 benzodiazepines	 and	 cooling.	 Patients	 usually
will	not	require	antihypertensives	or	antidysrhythmics.111

Antivenom	Therapy
11Centruroides	 immune	F(ab’)2	(Anascorp)	 is	an	equine	product	 that	has	been
shown	 to	 rapidly	 reverse	 systemic	 toxicity	 following	 C.	 sculpturatus
envenomation.	It	is	approved	to	treat	significant	C.	sculpturatus	envenomation	in
both	 children	 and	 adults.	 The	 antivenom	 is	 highly	 effective	 in	 neutralizing	C.
sculpturatus	venom	and	reversing	toxicity—it	is	also	extremely	safe.	Initially,	its
use	 was	 limited	 due	 to	 the	 cost	 ($4000+/vial).	 However,	 studies	 have
demonstrated	 that	 the	 antivenom	 is	 extremely	 effective	 in	 preventing
hospitalization,	decreasing	benzodiazepines,	and	reducing	 intensive	care	needs,
thus	justifying	its	cost.110,113,119

The	antivenom	reverses	neurological	findings,	muscular	spasms,	and	airway
compromise	 within	 4	 hours	 of	 administration.	 However,	 it	 seems	 to	 have	 no
effect	 on	 local	 pain	 and	 paresthesia.110,113,119,120	 Therefore,	 it	 is	 most	 beneficial
when	used	in	patients	with	grade	III	or	greater	envenomations.

The	starting	dose	in	both	adults	and	children	is	three	vials	dissolved	in	50	mL
saline,	however,	it	is	reasonable	to	start	with	a	single	vial	in	patients	with	grade



III	 envenomations	 with	 isolated	 ocular	 involvement	 or	 isolated	 restlessness.120
With	 the	patient	closely	monitored,	 the	dose	 is	given	 IV	over	10	minutes.	The
patient	is	then	observed	for	30	to	60	minutes.	If	symptoms	fail	to	resolve,	further
antivenom	 is	 given	 in	 one	 vial	 aliquots.	 This	 sequence	 is	 repeated	 until
symptoms	improve.	Most	patients	will	require	only	three	vials.	If	the	diagnosis	is
correct	 their	 symptoms	 should	 resolve	 within	 4	 hours,	 and	 they	 can	 be
discharged	at	that	time.110,113,119,120

Allergic	reactions	from	Centruroides	F(ab’)2AV	are	extremely	rare.	A	delayed
rash	 and	 vomiting	 can	 rarely	 occur	 days	 after	 receiving	 the	 antivenom.	 Both
combined	 reactions	 occur	 in	 less	 than	 1%	 of	 patients	 receiving	 Centruroides
F(ab’)2 AV.110,113,117,119,121	Serum	sickness	has	been	very	rare	(≈0.5%)	and	mild	in
nature,	as	systemic	corticosteroids	were	used	in	less	than	half	of	the	cases.121

Wound	Care
There	 is	no	specific	wound	care	needed	 for	bark	scorpion	envenomation;	 local
findings	 include	 only	 erythema	 and	 pain,	 and	 the	 site	 is	 unlikely	 to	 become
infected.	 Ice	 packs	 and	 analgesics	 are	 sufficient	 for	 local	 symptoms,	 but
morphine	 should	 potentially	 be	 avoided.	 If	 pain	 is	 resistant	 to	 these	measures,
some	authors	suggest	infiltration	of	local	anesthetics	without	epinephrine.112,113,116

Disposition	and	Outcome
Systemic	manifestations	should	resolve	within	4	hours	of	 receiving	antivenom.
These	patients	only	need	a	 short	observation	after	 receiving	 the	 antivenom	 for
symptom	 resolution	 and	 for	 potential	 allergic	 reactions	 prior	 to	 discharge.
Symptoms	of	envenomation	are	not	expected	to	return.	Less	than	3%	of	patients
who	 receive	 antivenom	will	 require	 intubation	 and	 less	 than	 10%	will	 require
admission.120	However,	adults	with	comorbidities	have	higher	rates	of	intubation,
admission,	and	hospital	length	of	stay.122

Mechanical	 ventilation	 is	 required	 in	 up	 to	 24%	 of	 patients	 who	 have
systemic	manifestations	and	do	not	 receive	antivenom.	However,	 even	without
the	antivenom,	with	advanced	critical	care,	these	patients	usually	have	a	hospital
stay	less	than	72-hours.111,120

Local	pain	may	last	for	days	after	initial	sting.	However,	long-term	morbidity
from	C.	sculpturatus	stings	alone	does	not	occur.113

CONCLUSION



1 	 2 	The	key	 to	managing	an	envenomation	victim,	 regardless	of	 the	offending
organism,	is	to	be	alert	for	signs	or	symptoms	suggesting	worsening	toxicity,	and
to	be	ready	to	intervene	quickly	when	indicated.	At	times,	that	intervention	may
involve	administration	of	a	specific	antidote	such	as	antivenom,	but	more	often	it
involves	providing	sound	supportive	care	according	to	the	tenets	of	critical	care
medicine.	 When	 using	 antivenoms,	 especially	 whole-immunoglobulin–based
ones,	 it	 is	 wise	 to	 seek	 assistance	 from	 a	 medical	 toxicologist	 which	 can	 be
accomplished	by	contacting	the	local	poison	center.

Acknowledgments

Robert	Lee	Norris,	MD,	contributed	to	this	chapter	in	a	previous	edition.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	29-year-old	man	cleaning	a	chicken	coop	was	bitten	through	gloves	by	a
snake	described	as	having	a	“diamond-shaped”	pattern.	There	are	timber
rattlesnakes	and	copperheads	in	the	area.	He	has	a	single	puncture	wound	to	his
index	finger.	Symptoms	include	paresthesia,	bruising	and	swelling	to	the	finger,
and,	30	minutes	later,	he	has	swelling	up	to	but	not	past	his	wrist.	His	vital	signs
are	normal,	and	he	has	no	systemic	symptoms.	What	is	the	most	appropriate	next
step	in	management?

A. 	Crotalid	antivenom	FabAV—10	vials
B. 	Crotalid	antivenom	F(ab’)2AV—6	vials
C. 	Elevate	arm,	check	PT/INR,	platelets	and	fibrinogen	6	hours	post
bite,	and	reassess
D. 	North	American	Coral	Snake	Antivenom—3	vials

2. 	A	37-year-old	man	complains	of	neck	and	back	spasms	3	hours	after	being
bitten	by	a	black	widow	spider	on	his	right	leg.	He	has	a	past	medical	history	of
asthma	treated	with	albuterol	and	fluticasone	inhalers.	Vitals	are	blood	pressure
159/74	mm	Hg,	heart	rate	103	beats/min,	and	respiratory	rate	22	breaths/min.	He
receives	one	30	mg	dose	of	ketorolac,	1	mg	of	hydromorphone,	and	1	mg	of
lorazepam	but	continues	to	have	painful	neck	and	back	spasms.	What	is	the	most



appropriate	next	step	in	management?

A. 	Black	widow	spider	antivenom	1	vial
B. 	Diphenhydramine	50	mg
C. 	Indomethacin	50	mg
D. 	Lorazepam	2	mg	every	30	minutes

3. 	A	21-year-old	man	presents	with	a	chief	complaint	of	a	spider	bite	1	day
ago	that	he	says	was	a	brown	recluse.	On	examination,	there	is	an	erythematous,
raised,	warm	lesion	on	the	left	forearm.	His	vitals	are	normal,	he	has	no	systemic
symptoms,	his	urine	is	pale	in	color,	and	his	pain	is	controlled	with	minimal
analgesia.	What	is	the	most	appropriate	management?

A. 	Administer	recluse	antivenom,	half	around	the	site,	half
intravenously
B. 	Administer	black	widow	antivenom,	1	vial
C. 	Check	CBC	with	diff,	Type	and	cross,	LDH,	U/A	and	admit	for
observation
D. 	Evaluate	for	methicillin-resistant	Staphylococcus	aureus	(MRSA)

4. 	A	2-year-old	healthy	child	on	no	medications	presents	to	an	Arizona
emergency	department.	He	has	been	inconsolable,	agitated,	and	hysterical	for	the
last	hour.	Initial	vital	signs	are	positive	for	tachycardia	and	tachypnea,	but	no
fever.	Exam	demonstrates	clear	lungs,	normal	eye	exam,	and	all	four	extremities
are	normal	with	no	skin	lesions.	The	tap	test	is	impossible	to	conduct	due	to	the
child’s	nature.	What	is	the	most	appropriate	next	step	in	management?

A. 	Benzodiazepine
B. 	Centruroides	immune	F(ab’)2	antivenom
C. 	Crotalid	Antivenom	FabAV—10	vials
D. 	Crotalid	Antivenom	F(ab’)2AV—10	vials

5. 	A	2-year-old	child	presents	to	the	emergency	department	at	6pm	after
being	bitten	by	a	copperhead.	The	bite	is	to	the	calf,	and	there	are	two	oozing
puncture	wounds	about	1.5	cm	apart	with	some	mild	local	erythema.	The	calf	is
soft,	and	there	is	no	swelling.	Vitals	are	normal,	and	physical	exam	is	otherwise
unremarkable.	Over	the	first	few	hours	of	observation	the	patient	has	minimal
pain.	What	is	the	most	appropriate	management?



A. 	Administer	IV	Crotalid	Antivenom
B. 	Admit	for	observation	overnight
C. 	Discharge	now	with	follow-up	in	3	days
D. 	Observe	for	a	total	of	6	hours,	if	no	progression,	then	follow	up	in
3	days

Answer

1.	The	correct	answer	is	B.
Rationale:	This	appears	to	be	a	pit	viper	envenomation	and	given	the	amount

of	swelling	over	such	a	short	period	of	time	the	patient	should	be	treated.	Either
the	FabAV	or	F(ab’)2AV	are	acceptable,	but	 the	 initial	dosing	for	 the	FabAV	is
typically	4	to	8	vials	for	a	probable	rattlesnake	bite,	not	10	vials	(so	choice	B	is
correct).	 Coral	 snakes	 generally	 bite	 and	 latch	 on,	 do	 not	 often	 (choice	 D	 is
incorrect)	cause	one	or	two	puncture	wounds,	and	do	not	cause	this	much	local
swelling.	While	elevating	the	hand	and	obtaining	laboratory	testing	is	important,
this	 patient	 has	 enough	 clinical	 reason	 now	 to	 treat	 with	 antivenom	 without
further	delay	(choice	C	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 This	 patient	 has	 minimal	 risk	 of	 sequelae	 from	 the	 mild

tachycardia	and	hypertension,	and	so	there	is	time	to	titrate	up	standard	therapy
(opioids	and	benzodiazepines).	Additional	doses	will	be	needed	of	both,	but	the
lorazepam	is	certainly	underdosed	at	this	point	(choice	D	is	correct).	Antivenom
is	 a	 whole-immunoglobulin	 equine	 antivenom	 with	 a	 significant	 rate	 of
anaphylaxis.	This	case	resulted	in	death	from	cardiac	arrest	when	antivenom	was
given.

3.	The	correct	answer	is	D.
Rationale:	While	 brown	 recluses	 can	 cause	 necrotic	 lesions	 in	 adults,	 their

evolution	 is	 over	 several	 days	 and	 often	 the	 spider	 bite	 is	 unrecognized.	Most
often	 with	 this	 initial	 presentation	 the	 lesion	 turns	 out	 to	 be	 a	 skin	 MRSA
infection	 (choice	D	 is	 correct).	There	 is	no	antivenom	for	brown	 recluse	bites.
The	 laboratories	 suggested	might	 be	 appropriate	 for	 a	 child	where	 the	 history
was	concerning	for	a	recluse	bite	with	systemic	effects	such	as	fever,	weakness,
and	malaise.

4.	The	correct	answer	is	A.



Rationale:	While	 some	 of	 the	 symptoms	 this	 child	 is	 having	 are	 consistent
with	Centruroides	(bark	scorpion)	envenomation,	with	no	increase	in	secretions
and	no	ocular	findings	(no	opsoclonus)	that	diagnosis	should	be	questioned.	The
tap	 test	or	 tapping	 in	 the	area	of	 a	 suspected	 scorpion	 sting	 to	 see	 if	pain	gets
worse,	 will	 be	 impossible	 to	 conduct	 with	 this	 child.	 Initial	 treatment	 for	 a
Centruroides	 sting	 would	 be	 benzodiazepines	 (choice	 A	 is	 correct)	 with
antivenom	 reserved	 for	 systemic	 symptoms.	 Acute	 amphetamine	 toxicity	 can
appear	 similar	 and	 would	 initially	 be	 treated	 with	 benzodiazepines	 and
potentially	antipsychotics	depending	on	the	response.

5.	The	correct	answer	is	B.
Rationale:	Lower	extremity	bites	from	copperheads	especially	to	ankle	or	calf

can	have	significant	delay	in	progression	of	swelling,	so	admission	is	warranted
(choice	B	 is	 correct).	 Children	may	 also	 have	 greater	 extremity	 injury	 from	 a
copperhead	bite	relative	to	adults	as	their	limbs	are	smaller	and	the	venom	load
is	 larger	per	unit	weight.	With	 a	 full	 8	hours	observation	 this	 patient	 could	be
discharged	if	he	has	an	excellent	support	network,	negative/normal	laboratories
at	 6	 hours,	 and	 a	 follow-up	 8	 hours	 after	 discharge	 (usually	 by	 phone)	 but
waiting	3	days	is	too	long	(choices	C	and	D	are	incorrect).	For	this	patient	who
has	 what	 looks	 to	 be	 a	 “dry”	 bite	 (a	 bite	 without	 venom	 administration),
antivenom	should	not	be	used	at	this	point	(choice	A	is	incorrect).
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Chapter	124
Therapeutic	Agents	for	Overdoses	and
Poisonings1
Laurie	Seidel	Halmo,	Susan	E.	Gorman*,	Jerry	D.	Thomas,	Luke	Yip

1*The	findings	and	conclusions	in	this	study	are	those	of	the	author	and	do	not	necessarily
represent	the	views	of	the	US	Department	of	Health	and	Human	Services	Office	of	the	Assistant
Secretary	for	Preparedness	and	Response.	Use	of	trade	names	and	commercial	sources	is	for
identification	only	and	does	not	constitute	endorsement	by	the	US	Department	of	Health	and
Human	Services	Office	of	the	Assistant	Secretary	for	Preparedness	and	Response.

INTRODUCTION
This	is	a	list	of	therapeutic	agents	that	are	used	in	medical	toxicology,	organized
into	 Table	 124.1	 to	 facilitate	 rapid	 access	 to	 concise	 information	 guiding
indication	 and	 dosing	 of	 a	 therapeutic	 agent.	 The	 table	 is	 divided	 into	 four
columns.	 The	 first	 column	 is	 alphabetically	 organized	 in	 terms	 of	 a	 specific
agent;	individual	agents	appear	alphabetically	in	the	Index.	The	second	column
focuses	 on	 indications	 and	 uses	 in	 medical	 toxicology.	 The	 third	 column
provides	 guidelines	 for	 dosing	 of	 the	 therapeutic	 agent.	 The	 fourth	 column
highlights	 caveats	 and	potential	 complications.	The	 content	 of	 this	 table	 is	 not
intended	to	be	a	comprehensive	list	of	therapeutic	agents	and	is	not	a	substitute
for	 reference	 textbooks	 in	 medical	 toxicology	 (eg,	 Goldfrank’s	 Toxicologic
Emergencies)	and	does	not	address	envenomations	by	exotic	venomous	creatures
or	 envenomations	 outside	 the	 United	 States.	 Some	 of	 the	 listed	 therapeutic
agents	 may	 not	 be	 available	 to	 every	 clinician,	 and	 it	 may	 be	 prudent	 to	 be
familiar	with	the	therapeutic	agents	that	are	available	in	the	respective	clinician’s
practice.

TABLE	124.1

Therapeutic
Agent Uses Dosing



Activated
charcoal

GI	decontamination

Multiple	dose
consideration:
Carbamazepine,
dapsone,
methotrexate,
phenobarbital,
quinine,
theophylline.

Oral/nasogastric	single	dose:	1-2	g/kg.
Oral/nasogastric	multiple	dose:	Hourly,	every	2	h,	or
every	4	h	at	dose	equivalent	to	12.5	g/h	for	12-24	h.

Theophylline
poisoning

Activated	charcoal	1-2	g/kg	followed	by	hourly,	every	2
h,	or	every	4	h	at	a	dose	equivalent	to	12.5	g/h	(Peds:	10-
25	g)	until	serum	theophylline	<15	μg/mL;	alternatively,
0.25-0.5	g/kg/h	continuous	nasogastric	infusion;	not	in
patients	with	decreased	bowel	sounds/ileus.

Andexanet
alfa
(coagulation
factor	Xa
(recombinant),
inactivated-
zhzo)

Therapeutic	factor-Xa
inhibitor	(i.e.,
apixaban/rivaroxaban)
dosing	with	excessive
factor-Xa	body
burden:	Patient
hemorrhaging	or	high
risk	for	hemorrhaging

First:	Choose	high-	or	low-dose	andexanet	alfa	based	on
specific	factor	Xa	inhibitor,	last	factor	Xa	inhibitor	dose,
and	time	since	last	factor	Xa	inhibitor	dose:

FXa	Inhibitor FXa
Inhibitor
Last
Dose

<	8	h	or
Unknown



Rivaroxaban ≤10	mg Low	dose

>10	mg
or
unknown

High	dose

Apixaban ≤5	mg Low	dose

>5	mg	or
Unknown

High	dose

Second:	IV	andexanet	alfa	dosing:

Dose Initial	IV
Bolus

Follow-
On	IV
Infusion

Total
Number
of	200	mg
Vials

Low-
dose

400	mg	at
a	target
rate	of
30	mg/min

4	mg/min
for	up	to
120
minutes
(480	mg)

5
(2	vials
bolus	+	3
vials
infusion)

High
dose

800	mg	at
a	target
rate	of
30	mg/min

8	mg/min
for	up	to
120	min
(960	mg)

9
(4	vials
bolus	+	5
vials
infusion)

Therapeutic
Agent Uses Dosing

Third:	Blood	component	therapy	(eg,	PRBC,	PCC,	FEIBA,	FFP)

Antivenom Known	or
suspected
elapidae	(eg,
coral	snake)
envenomation
Viperidae

Elapidae

IV	coral	snake	antivenom	4-6	vials,	each	vial
diluted	in	50-100	mL	normal	saline	and
administered	over	1	h;	if	signs/symptoms	appear
or	progress,	administer	4-6	more	vials	of



(subfamily
Crotalinae:	pit
vipers,	eg,
rattle	snake)

antivenom.

Viperidae

IV	CroFab®	(BTG	International	Inc):	Administer
4-6	vials;	carefully	monitor	for	further	progression
of	local	effects	and	systemic	symptoms;	repeat
laboratory	studies	(ie,	CBC,	PT/INR,	fibrin,	fibrin
degradation	products)	1	h	after	completing
antivenom	infusion;	administer	additional	rounds
of	antivenom	(4-6	vials)	if	initial	control	(ie,
reversal	or	marked	attenuation	of	all	venom
effects)	has	not	been	achieved;	continue	this
pattern	until	control	is	evident,	then	administer	2
vials	of	CroFab®	every	6	h	for	3	additional	doses;
most	cases	8-12	vials	to	establish	initial	control.
Reconstitute	each	CroFab®	vial	with	normal
saline	10	mL	and	roll	vials	between	hands;	dilute
total	dose	to	be	administered	in	normal	saline
250	mL	and	infuse	over	1	h.

OR

IV	Anavip®	(Rare	Disease	Therapeutics,	Inc):
Administer	10	vials;	monitor	for	progression	of
local	effects	and	systemic	symptoms;	repeat
laboratory	studies	(ie,	CBC,	PT/INR,	fibrin,	fibrin
degradation	products)	1	h	after	antivenom
infusion;	administer	additional	rounds	of
antivenom	(10	vials)	if	initial	control	(ie,	reversal
or	marked	attenuation	of	all	venom	effects)	not
achieved.	After	initial	control,	administer
additional	4	vials	for	re-emergence	of
local/systemic	symptoms	or	coagulopathy,	as
needed.



Known	or
suspected
widow	spider
(Latrodectus
sp.,	eg,	black
widow)
envenomation

Lactrodectus

IV	antivenom	(preferable)	one	reconstituted	vial
further	diluted	in	50-100	mL	of	normal	saline	over
30	min	or	IM	antivenom	one	reconstituted	vial	in
the	anterolateral	thigh;	signs/symptoms	should
completely	resolve	within	a	few	hours;	a	second
vial	can	be	administered	if	necessary.

Known	or
suspected
scorpion
(Centruroides
sp)
envenomation

Centruroides

IV	Anascorp®:	Administer	3	vials;	monitor	for
resolution	of	clinically	important	signs	of
envenomation	for	60	min	following	antivenom
infusion;	administer	additional	one	vial	every	30-
60	min,	if	needed,	and	monitor	for	resolution	of
clinically	important	signs	of	envenomation	for	60
min	following	antivenom	infusion.
Reconstitute	each	Anascorp®	vial	with	normal
saline	5	mL	and	mix	by	continuous	gentle
swirling;	dilute	total	dose	to	be	administered	in
normal	saline	50	mL	and	infuse	over	10	min.

Atropine Cholinesterase
inhibitors	(eg,
organic
phosphorus
agents,	nerve

IV	atropine	1-4	mg	(Peds:	0.05	mg/kg),	double	the
dose	every	5-10	min	as	needed	until	pulmonary
secretions	are	controlled	(tachycardia	is	not	a
contraindication	to	atropine);	once	stabilized	start
atropine	infusion	(10%-20%	of	total	dose	for



agents) stabilization	per	hour);	restart	atropine	at	the	first
signs	of	cholinergic	excess;	administer	with
pralidoxime	(see	Pralidoxime).

BAT—
botulism
antitoxin
heptavalent
(A,	B,	C,	D,
E,	F,	G)

Botulism BAT,	equine-derived	antibody	to	7	known	botulinum
toxin	types	(A-G),	treatment	of	naturally	occurring
non-infant	botulism	is	available	from	state/local
health	department	or	Centers	for	Disease	Control	and
Prevention	(CDC);	additional	emergency
consultation	available	from	CDC	botulism	duty
officer	via	CDC	Emergency	Operations	Center,
telephone,	770-488-7100;
https://www.cdc.gov/botulism/health-
professional.html.

http://www.bt.cdc.gov/agent/botulism


Infant	botulism
types	A	and	B

BabyBIG	(botulism	immune	globulin)	clinical
consultation	through	Infant	Botulism	Treatment	and
Prevention	Program,	Division	of	Communicable
Disease	Control,	California	Department	of	Public
Health:
https://www.infantbotulism.org/physician/obtain.php.

Calcium Calcium
channel
antagonist
poisoning

IV	calcium	gluconate	(10%)	0.6	mL/kg	bolus
(0.2	mL/kg	10%	calcium	chloride)	over	5-10	min
followed	by	continuous	calcium	gluconate	infusion
at	0.6-1.5	mL/kg/h	(0.2-0.5	mL/kg/h	10%	calcium
chloride),	titrate	infusion	to	cardiac	output;	follow
ionized	calcium	levels	every	30	min	initially	and
then	every	2	h,	maintain	ionized	calcium	twice
normal.



Hydrofluoric
acid

Digital
exposure	and
pain

Apply	a	2.3%-2.5%	calcium	gluconate	preparation	in
a	water-soluble	gel	to	exposed	area(s)	≥	30	min	or
until	symptoms	resolve.
Pain	unrelieved	by	gel	therapy

Continuous	regional	intra-arterial	infusion:	Place
catheter	in	direction	of	blood	flow	by	Seldinger
technique,	continuously	monitor	arterial	waveform
(arteriography	if	any	concern	as	to	adequate
placement);	calcium	gluconate	0.5%	per	hour
titrated	to	pain/tenderness.

OR

Regional	intra-arterial	infusion:	infuse	50	mL	of
2.5%	calcium	gluconate	in	normal	saline	over	4	h;
repeated	doses	may	be	required	over	12-24	h
based	on	pain	relief.

OR

Regional	intravenous	infusion:	Administer	40	mL
of	a	2.5%	calcium	gluconate	solution	by	Bier
block	technique	(ie,	catheterize	a	distal	vein	and
exsanguinate	extremity	by	elevation	and
compression	with	an	Esmarch	bandage,	inflate
blood	pressure	cuff	to	100	mm	Hg	above	systolic
pressure	and	maintain	for	15-20	min	following
calcium	administration,	gradually	deflate	cuff	over
5	min).



Symptomatic
inhalation
exposure.
History
suggestive	of
a	substantive
dermal	or
oral
exposure
that	may
lead	to
systemic
toxicity.

Nebulized	calcium	gluconate	(eg,	4	mL	of	2.5%
solution	in	normal	saline)	may	improve	symptoms
following	mild	exposure.
Oral	calcium	or	magnesium	containing	antacids	30-
60	mL.
IV	calcium	chloride	1	g	over	30	min;	monitor
patients	with	normal	vital	signs	and	hemodynamics
with	serum	calcium	levels	every	30	min	for	2-3	h;	IV
calcium	chloride	1-g	boluses	to	maintain	serum
calcium	concentration	in	the	high	laboratory
reference	range,	repeat	as	needed;	fall	in	serum
calcium	concentration	below	reference	range,
dysrhythmias,	or	fall	in	blood	pressure	is	treated	with
IV	calcium	chloride	2-	to	3-g	boluses	every	15	min
or	IV	magnesium	sulfate	(see	Magnesium).

Therapeutic	Agent Uses Dosing Caveat
Complication

Carboxypeptidase-
G2	(glucarpidase)

Methotrexate	(MTX)
overdose	or	serum	MTX
concentration	>1	μmol/L

(2	h	after
leucovorin
administration)

CPDG2	acts
only	on
extracellular



with	delayed	MTX
clearance	due	to	renal
dysfunction.

IV
carboxypeptidase
(CPDG2)	50	U/kg
over	5	min;	a
second	50	U/kg
dose	may	be
administered	48	h
later;	do	not
administer
leucovorin	within	2
h	before	or	after	a
CPDG2	dose;
leucovorin	is	a
CPDG2	substrate
(see	Leucovorin
and	Sodium
bicarbonate).
Intrathecal	CPDG2
2000	U	in	12	mL
normal	saline	over
5	min.

MTX	and	MTX
redistribution
may	occur;
second	CPDG2
dose	at	48	h.
MTX
metabolite	may
cross-react	with
commercial
MTX
immunoassays;
HPLC	is
preferred	for
measuring	MTX
≤48	h	of
CPDG2.

Carnitine Valproic	acid	(VPA)
overdose

Coma,	symptomatic
hyperammonemia,
symptomatic
hepatotoxicity,	or	rising
serum	ammonia	levels.
Acute	overdose	without
hepatic	enzyme
abnormalities	or
hyperammonemia.

IV	L-carnitine
100	mg/kg	(max
6	g)	over	30	min
followed	by
15	mg/kg	over	10-
30	min	every	4	h
until	clinical
improvement;
consider	treatment
for	patients	with
serum	VPA
>450	µg/mL.
Consider	oral	L-
carnitine
100	mg/kg/d	(max
3	g)	divided	every



6	h.

Chelators

Dimercaprol	(BAL,
British	anti-
Lewisite).
D-penicillamine
Edetate	calcium
disodium	(calcium
disodium	versenate,
CaNa2EDTA).
Deferoximine
(DFO)
Diethylenetriamine-
pentaacetate
(DTPA).
Prussian	blue
(ferric
hexacyanoferrate).
Succimer	(2,3-
dimercapto-
succinic	acid,
DMSA).

Arsenic	(As):	Suspected
acute	symptomatic	As
poisoning

IM	BAL	3-5	mg/kg
every	4	h,
gradually	tapering
to	every	12	h	over
several	days;
switched	to	DMSA
10	mg/kg	every	8	h
for	5	d,	reduced	to
every	12	h	for
another	2	wk;
consider	additional
course	of	treatment
based	on
posttreatment
results:	24	h
urinary	As
excretion	is
followed	before,
during,	and	after
chelation	with
continued
chelation	therapy
until	the	urinary	As
excretion
<25	μg/24	h	or
during	the	recovery
period	when
urinary	inorganic
As	concentration
<100	μg/24	h	or
total	blood	As
<200	μg/L.
BAL/DMSA
unavailable	or
intolerable:	Oral
D-penicillamine
25	mg/kg	every	6	h

Closely	monitor
for	serious
hematologic	and
renal	adverse
events.
Penicillin
allergy
theoretically
have	cross-
sensitivity	to
penicillamine.



(1	g/d	max).

Lead	(Pb)

Symptomatic	Pb
encephalopathy

IM	BAL	75	mg/m2

(3-5	mg/kg)	every
4	h.	After	4	h	have
elapsed	since	the
BAL	priming	dose
start	IV
CaNa2EDTA
1500	mg/m2/d
(30	mg/kg/d).	In
cases	of	cerebral
edema	and	or
increased
intracranial
pressure	associated
with
encephalopathy,
administer
CaNa2EDTA	(same
dosage)	by	deep
IM	injection
(extremely	painful)
along	with
procaine	0.5%	in
two	to	three
divided	doses
every	8-12	h.
Continue	BAL	and
CaNa2EDTA	5	d.
Cessation	of
chelation	is	often
followed	by	a
rebound	in	blood
Pb	concentration,
consider	a	second
chelation	course
based	on	whole



blood	Pb
concentration	after
2	days	interruption
of	BAL	and
CaNa2EDTA
treatment,	and	the
persistence	or
recurrence	of
symptoms.	A	third
course	may	be
required	if	the
whole	blood
concentration
rebounds
≥50	μg/dL	within
48	h	after	second
chelation
treatment.	If
chelation	is
required	for	the
third	time,	it
should	begin	a
week	after	the	last
dose	of	BAL	and
CaNa2EDTA.

Symptomatic	patients
who	are	not	overtly
encephalopathic

IM	BAL	50	mg/m2

(2-3	mg/kg)	every
4	h.	After	4	h	have
elapsed	since	the
BAL	priming	dose,
start	IV
CaNa2EDTA
1000	mg/m2/d	(20-
30	mg/kg/d)	or	in
2-3	divided	doses
every	8-12	h.	BAL
and	CaNa2EDTA



should	be
continued	for	5	d
with	daily
monitoring	of
whole	blood	Pb
concentrations.
BAL	may	be
discontinued	any
time	during	these
5	d	if	the	whole
blood	Pb	level
<50	μg/dL	but
CaNa2EDTA
treatment	should
continue	for	5	d.	A
second	or	third
course	of	chelation
may	be	considered
based	on	the	same
guidelines	as	in	the
previous
paragraph.

Asymptomatic	patients
with	whole	blood	Pb
levels	≥70	μg/dL

BAL	and
CaNa2EDTA	in	the
same	doses	and
with	the	same
guidelines	as	for
treatment	of
symptomatic	Pb
poisoning	without
encephalopathy.	A
second	course	of
CaNa2EDTA
chelation	alone
may	be	necessary
if	whole	blood	Pb
concentration
rebounds



≥50	μg/dL	within
5-7	d	after
chelation	has
ceased.
Alternative:	Oral
DMSA	10	mg/kg
(350	mg/m2)	every
8	h	for	5	d	then
every	12	h	for
2	wk.	Additional
course	of	treatment
may	be	considered
based	on
posttreatment
whole	blood	Pb
concentrations	and
the	persistence	or
recurrence	of
symptoms.	An
interval	≥2	wk	may
be	indicated	to
assess	the	extent	of
posttreatment
rebound	in	whole
blood	Pb
concentration.

Mercury	(Hg)

Elemental	Hg
poisoning

Oral	DMSA
(10	mg/kg	every	8
h,	tapering	to	every
12	h	over	the	next
several	days	and
continued	until
urinary	Hg
concentration
approaches
background)	may
enhance	urinary
Hg	excretion	and

Chelation	not
proven	to
improve	clinical
outcomes.
BAL	may
redistribute	Hg
to	the	brain.
Confirming
elemental	Hg
exposure:	24-h
urinary	Hg
excretion



reduce
nephrotoxicity
after	GI	absorption
of	elemental	Hg.

<50	μg/24	h
most	useful	tool
in	diagnosing
acute	exposure
(normal	whole
blood	mercury
concentration
<2	μg/dL	and
“spot”	urine
mercury	Hg
concentration
<10	μg/L).

Suspected	acute
inorganic	Hg	poisoning

BAL	and	DMSA;
see	Arsenic.

BAL	is	most
effective	within
4	hours	of
ingestion.
Confirming	Hg
exposure:	See
Elemental	Hg
whole	blood	Hg
concentrations
>50	μg/dL	in
acute	poisoning
associated	with
gastroenteritis
and	acute	renal
tubular	necrosis.

Organic	Hg	poisoning DMSA	appears
promising	in
animal	studies	(see
Elemental	Hg)

Chelation	not
proven	to
improve	clinical
outcomes.
Confirmatory
Hg	exposure:
Whole	blood
Hg
concentrations
>20	μg/dL



associated	with
symptoms;
urinary	Hg
concentration
not	useful.

Iron	(Fe)	poisoning:
symptomatic	patient	(eg,
recurrent	vomiting	or
diarrhea,	acidosis,	shock,
and	decreased	level	of
consciousness	or	coma)
regardless	of	serum	Fe
concentration	or
asymptomatic	patient	with
serum	Fe	concentration
≥500	μg/dL	(90	μmol/L).

IV	DFO	initiated
slowly	and
gradually	increased
to	15	mg/kg/h	over
20-30	min	and
continued	for	24	h;
continuous	IV
DFO	therapy	>24	h
(rarely	needed)	is
interrupted	for	12
of	every	24	h;
treatment
endpoints	include
resolution	of
systemic
signs/symptoms,
correction	of
acidosis,	and	return
of	urine	color	to
normal	(if	patient
developed	vin	rosé
colored	urine
during	therapy).

Rapid	infusion
associated	with
tachycardia,
hypotension,
shock,
generalized	beet
red	flushing	of
the	skin,	blotchy
erythema,	and
urticaria.
Acute	renal
failure	can
result	when
deferoxamine	is
administered	to
hypovolemic
patients.
Pulmonary
toxicity
associated	with
continuous
infusion	therapy
over	days.
Deferoxamine
therapy	may
increase	risk	for
Yersinia
bacteremia.

Known	or	suspected
internal	contamination
with	radioactive	cesium
(Cs)	or

Adults/adolescents:
Oral	Prussian	blue
3	g	t.i.d,	Peds	(2-
12	y):	1	g	t.i.d.;

Administer
Prussian	blue	as
soon	as	possible
after	suspected



radioactive/nonradioactive
thallium	(Tl).

treatment	should
continue	for	30	d
minimum	and
patient	should	be
reassessed	for
residual	whole
body	radioactivity
and	duration	of
treatment	should
be	guided	by	the
level	of
contamination	and
clinical	judgment.

contamination;
verify
contamination
as	soon	as
possible.
Prussian	blue
does	not	treat
the
complications
of	radiation
exposure.
Obtain
quantitative
baseline	of	the
internalized
radioactive
contamination
by	whole	body
counting	and/or
bioassay	(eg,
biodosimetry)
or	feces/urine
sample.	Obtain
weekly
radioactivity
counts	in	urine
and	fecal
samples	to
monitor
radioactive
elimination	rate.
Prussian	blue
capsules	can	be
opened	and
mixed	with	food
or	drinks.
Complications
of	Prussian	blue
treatment



include
constipation,
hypokalemia,
blue-colored
stools,	and	blue
discoloration	of
mouth/teeth.

Known	or	suspected
internal	contamination
with	plutonium,
americium,	or	curium.

Day	1:	IV	calcium-
DTPA	(CaDTPA)	1
g	(Peds	14	mg/kg,
max	1	g)	in	5	mL
over	3-4	min	or	in
100-250	mL	D5W,
normal	saline,	or
LR	over	30	min.
Day	2:	IV	zinc-
DTPA	(ZnDTPA)	1
g	(Peds	14	mg/kg,
max	1	g)	in	5	mL
over	3-4	min	or	in
100-250	mL	D5W,
normal	saline,	or
LR	over	30	min
every	day
(continue	with
daily	CaDTPA
dosing	if	ZnDTPA
not	available);
treatment	duration
based	on	individual
response	and
weekly
radioactivity	in
blood,	urine,	and
fecal	samples.

Administer
DTPA	as	soon
as	possible	after
suspected
contamination;
verify
contamination
as	soon	as
possible.
ZnDTPA	should
be	used	for	any
further	chelation
after	the	first
dose	of
CaDTPA;
monitor	CBC
with
differential,
BUN,	serum
chemistries	and
electrolytes,	and
urinalysis
regularly;	if
using	more	than
one	CaDTPA
dose,	monitor
these	laboratory
tests	carefully
and	consider
mineral
supplementation



containing	zinc
as	appropriate.

Internal	plutonium,
americium,	or	curium
contamination	by
inhalation.

Day	1:	Nebulize
diluted	CaDTPA	1
g	(Peds	14	mg/kg,
max	1	g)	at	a	1:1
ratio	with	sterile
water	or	saline.
Day	2:	Nebulize
diluted	ZnDTPA	1
g	(Peds	14	mg/kg,
max	1	g)	at	a	1:1
ratio	with	sterile
water	or	saline;
after	nebulization,
encourage
individuals	not	to
swallow	any
expectorant;
treatment	duration
based	on	individual
response	and
weekly
radioactivity	in
blood,	urine,	and
fecal	samples.

Obtain
quantitative
baseline	of	the
internalized
radioactive
contamination
by	whole	body
counting	and/or
bioassay	(eg,
biodosimetry)
or	feces/urine
sample.	Obtain
weekly
radioactivity
counts	in	blood,
urine,	and	fecal
samples	to
monitor
radioactive
contaminant
elimination	rate.
Nebulized
therapy	may
exacerbate
asthma	or
precipitate
respiratory
adverse	events.

Therapeutic	Agent Uses Dosing Caveat
Complication

Coagulation	factors

PCC
Activated	PCC

Patients	with	or
suspected	major
vitamin	K

Patients	with	or
suspected	major
vitamin	K

PCC:	Contraindicated
in	disseminated
intravascular



(FEBIA®)
FFP
rFVIIa

antagonist	(eg,
warfarin	or
superwarfarin	[eg,
brodifacoum])
anticoagulant-
related
hemorrhage.

antagonist-related
hemorrhage	or
INR	>20.

PCC	50	U/kg
or	FEIBA®	80
IU/kg	or	FFP
10-20	mL/kg	or
rFVIIa	15-
90	µg/kg.

AND

IV	vitamin	K1

(see	Vitamin	K1
).

Excessive	INR
with	and	without
bleeding	in
patients	on
warfarin

INR	<5.0:
Lower	dose	or
omit	next
warfarin	dose.
INR	5.0-9.0:
Discontinue
warfarin	for
several	doses,
high	risk	(eg,
age,	recent
hemorrhage,
alcoholism,
hepatic	or	renal
impairment,
and	NSAID
use)	omit	next
warfarin	dose
and	administer

coagulation	and
uncompensated	liver
disease;	adverse
events	include
thrombosis,
disseminated
intravascular
coagulation,	blood-
borne	pathogens
transmission,	allergic
reactions.
FEIBA®:
Hypersensitivity,
allergic/anaphylactoid
reactions;	serious
adverse	events
include
thromboembolism.
FFP:	Adverse	events
include	transfusion-
related	acute	lung
injury,	volume
overload,
allergic/anaphylactic
reactions,	blood-
borne	pathogens,
febrile	nonhemolytic
transfusion	reactions,
red	blood	cell
alloimmunization,
hemolytic	transfusion
reactions.
rFVIIa:	Blood-borne
pathogen
transmission	unlikely,
obviates	volume
constraints	of	FFP
administration,
reduces	time	for



oral	vitamin	K1

1.0-2.5	mg	or
IV	vitamin	K1

0.5-1.0	mg.
INR	9.0-20.0:
Oral	vitamin	K1

3.0-5.0	mg.
INR	>20.0:	IV
vitamin	K1

10	mg	and	PCC
or	FFP	or
rFVIIa	and
repeat	vitamin
K1	doses	every
12	h	as	needed.

administration	and
achieving	adequate
hemostasis.

In	addition	to
idarucizumab	or	if
idarucizumab
unavailable	for
suspected	major
dabigatran-related
hemorrhage;	in
addition	to
andexanet	alfa	or
if	andexanet	alfa
unavailable	for
suspected	major
apixaban-	or
rivaroxaban-
related
hemorrhage.

IV	PCC	50	U/kg
or	IV	FEIBA®	80
IU/kg	or	FFP	10-
20	mL/kg,
additional	dosing
based	on	serial
clotting	times
profile;	PCC	and
FEIBA®	may	be
more	effective
than	FFP.

ACE	inhibitor–-
associated
angioedema.

IV	FFP	2-4	U. Priority	airway
management.

Complement	1	(C1)
esterase	inhibitor

ACE	inhibitor–
associated

IV	C1	esterase
inhibitor	20

Priority	airway
management.



concentrate. angioedema. IU/kg.

Cyanide	(CN)
“antidote”

Dicobalt	edetate
Hydroxocobalamin
Sodium	nitrite	and
sodium	thiosulfate
(i.e.,	Nithiodote®)
4-
Dimethylaminophe--
nol	(4-DMAP)

Known	or
suspected	CN
toxicity	(eg,	fire	in
an	enclosed
space),	severe	and
unexplainable
anion	gap
metabolic	acidosis
(ie,	plasma	lactate
≥8.0	mmol/L).

IV
hydroxocobalamin
5	g	over	15	min,
repeat	1-2	doses
based	on	clinical
response.
OR
IV	sodium	nitrite
300	mg	(10	mL	of
a	3%	solution	at
2.5-5	mL/min)
(Peds:	0.2	mL/kg
of	a	3%	solution
[6	mg/kg	or	6-
8	mL/m2	BSA]	at
2.5-5	mL/min,
max	10	mL
[300	mg])	and	IV
sodium	thiosulfate
12.5	g	(50	mL	of	a
25%	solution
immediately
following	sodium
nitrite)	(Peds:
1	mL/kg
[250	mg/kg	or	30-
40	mL/m2	BSA],
max	12.5	g
[50	mL]);	reduce
sodium	nitrite
dosage
proportionately	to
Hgb	concentration
in	patients	with
known	anemia;
repeat	treatment
using	half	original

Transient	pink
discoloration	of
mucous	membranes,
skin,	urine;	may
interfere	with
colorimetric
determinations	of
serum	iron,	bilirubin,
creatinine
concentration.
Caution	when	using
nitrites	in	cases	of
suspected
concomitant	carbon
monoxide	exposure
(eg,	house	fires).
Nitrite	dosing	based
on	Hgb
concentration:



dose	of	sodium
nitrite	and	sodium
thiosulfate	if	signs
of	poisoning
reappear;	if
diagnosis	is
uncertain,
administer	IV
sodium	thiosulfate
alone.
OR

IV	4-DMAP	3-
5	mg/kg.
OR
IV	dicobalt
edetate	300	mg
(Peds:	10	mg/kg,
max	300	mg)	over
1-5	min	if	certain
of	the	diagnosis
particularly	when
patient	is
unconscious	with
deteriorating	vital
signs;	repeat	1-2
doses	based	on
clinical	response.

4-DMAP:	Precise
extent	of	induced
methemoglobinemia
may	not	be
predictable.
Dicobalt	edetate
adverse	events
include	hypotension,
cardiac	dysrhythmias,
and	angioedema.

Dantrolene Acute	malignant
hyperthermia
(MH)	crisis

Initial	dosing

IV	dantrolene
2.5-mg/kg
bolus
immediately
followed	by
sequential	1-
mg/kg	boluses
(without
interruption)

*Package	insert
10	mg/kg	max.
Dosing	beyond
10	mg/kg	is
suggested	if
hypermetabolic	state
persists	due	to	MH
crisis.
IV	formulation	pH
∼9.5;	extravasation



until	clinical
improvement	or
10	mg/kg
max*.

After	stabilization

IV	dantrolene
1	mg/kg	every
4-6	h	for	at
least	24	h.

OR

Oral	dantrolene
sodium
capsules	1-
2	mg/kg	every
6	hours	for	1-
3	d.

MH	crisis
management
hotline:	Malignant
Hyperthermia
Association	of	the
United	States
(MHAUS)	1-800-
644-9737	(outside
North	America
001-209-417-
3722).

may	lead	to	tissue
necrosis.
Dantrolene	and
calcium	channel
blocker	combination
therapy	may	result	in
cardiovascular
collapse	with
hyperkalemia.
Adverse	events
include	skeletal
muscle	weakness	that
may	lead	to
respiratory	failure.

Dextrose Hypoglycemia Bolus

Adult:	IV
dextrose	0.5-
1.0	g/kg
(D50W	1.0-
2.0	mL/kg).
Child:	IV
dextrose

Repeat	bolus(es)	may
be	indicated
depending	on	clinical
response.
Continuous	infusion
of	D5W	or	D10W	in
patients	requiring
multiple	boluses	(eg,



0.5	g/kg
(D25W
2	mL/kg).
Infant:	IV
dextrose
0.5	g/kg
(D10W
5	mL/kg).

sulfonylurea
overdose)	(see
Octreotide

Digoxin-specific
antibody	fragments

Digoxin	overdose:
Symptomatic
patients,	cardiac
dysrhythmias	that
threaten	or	result
in	hemodynamic
compromise,
serum	potassium
>5.0	mmol/L,
serum	digoxin
concentration
>10.0	ng/mL
(12.8	nmol/L)	6	h
after	overdose	or
>15	ng/mL
(19.2	nmol/L)	at
any	time

Digoxin	antibody
(DigiFab®)
dosing:

From	dose
ingested:	One
vial	of
DigiFab®
(40	mg)	binds
0.6	mg	of
digoxin;
Example:
Ingestion	of
3	mg	of	digoxin
(bioavailability
80%	[0.8])
requires	4	vials.
From	serum
digoxin
concentration:
see	Box	124.1.
By	titration:
Administer	4-6
vials	of
DigiFab®	and
repeat
depending	on
clinical	effect.
Empiric	therapy
(eg,	malignant

Box	124.1.	Digoxin
antibody	(DigiFab®)
dosing	calculator
allows	neutralizing
fractional	serum
digoxin	concentration
in	patients	on	digoxin
therapy;	neutralize
enough	digoxin	to
stabilize	patient.
May	be	effective
treatment	following
naturally	occurring
cardioactive	steroid
(eg,	plant	or	animal
origin)	poisoning.
DigiFab®	(1200	mg)
is	safe	and	effective
for	yellow	oleander–
induced	cardiac
dysrhythmias	(eg,
bradycardia,
<40/min),	sinus	arrest
or	block,	atrial
tachydysrhythmias,
second-	or	third-
degree
atrioventricular	block.



dysrhythmia):
10-20	vials
(adult	or
pediatric).

Ethanol Toxic	alcohol	(eg,
methanol,
ethylene	glycol)
poisoning

IV	ethanol	(10%
solution	in	D5W)
10	mL/kg	over	1	h
followed	by
1.5	mL/kg/h,
target	serum
ethanol
100	mg/dL	until
toxic	alcohol	is
undetectable	and
clear	clinical-
biochemical
recovery.
Hemodialysis
consideration:
Increase	ethanol
infusion	to
3.0	mL/kg/h	at	the
time	of
hemodialysis	and
decrease	to
1.5	mL/kg/h	after
hemodialysis;
closely	monitor
serum	ethanol	and
glucose	level;
adverse	events
include
hypoglycemia,
fluid	overload,
inebriation.
Continue	ethanol
treatment	until
undetectable

Ethanol	only	
metabolism
alcohols
Continuous
monitoring	required
to	maintain	serum
EtOH	>100	mg/dL
Consider	fomepizole
therapy	(see
Fomepizole



serum	toxic
alcohol	level
(significant	toxic
alcohol	may
rebound	following
hemodialysis).

Known,
suspected,	or
symptomatic
monofluoroacetate
exposure

Oral	ethanol
(96%)	40-60	mL,
followed	by	IV
ethanol	(10%
solution	in	D5W)
10	mL/kg	over	1	h
and	1.5	mL/kg/h
for	next	6-8	h.

Ethanol	treatment	of
monofluoroacetate
exposure	based	on
preclinical	data.

Therapeutic
Agent Uses Dosing Caveat

Complication

Flumazenil Diagnostic	aid	in
assessing
benzodiazepine
(BZD)	poisoning

IV	flumazenil	0.1-
0.2	mg	followed	by
0.1-0.2	mg	every
minute	(max	2	mg)
until	awake,	failure
to	respond	makes
BZD	unlikely	cause.

Not	a	treatment	for
BZD	poisoning.
Use	in	patients	on
chronic	BZD	therapy
or	in	tricyclic/BZD
overdose	may	result
in	status	epilepticus.
Reverses
sedative/anxiolytic
effects;	inconsistent
in	reversing	BZD-
induced	respiratory
depression.

Fomepizole	(4-
methylpyrazole,
4MP)

Toxic	alcohol	(eg,
methanol,	ethylene
glycol)

IV	4MP	15	mg/kg
followed	by
10	mg/kg	every	12	h
×	4	doses,	then
15	mg/kg	every	12	h

4MP	only	inhibits
metabolism	of	toxic
alcohols.
4MP	extends
elimination	half-life



thereafter	until	toxic
alcohol	is
undetectable	and
clear	clinical-
biochemical
recovery;	all
infusions	over	30
min.
Hemodialysis
consideration:
Administer	next
scheduled	4MP	dose
if	≥	6	h	since	last
dose;	during
hemodialysis	dosing
is	every	4	h;	end	of
dialysis	and	time	of
last	dose	1-3	h
administer	half	of
next	scheduled	dose,
>3	h	administer	next
scheduled	dose.
Continue	4MP
treatment	until
undetectable	serum
toxic	alcohol	level
(significant	toxic
alcohol	may	rebound
following
hemodialysis).

of	toxic	alcohols;
consider	concurrent
hemodialysis	(
renal	replacement
therapy	or
hemofiltration).

Glucagon Calcium	channel	and
beta-adrenergic
antagonist	poisoning
with	associated
bradycardia.

IV	glucagon	5	mg
bolus,	titrate	to	heart
rate	by	doubling	the
bolus	dose	every	5-
10	min,	and	if	an
effective	dose	is
achieved	start	an
infusion	to	deliver

Vomiting	and
aspiration;	consider
pretreatment	with
antiemetic	and
secure	airway.
More	chronotropic
than	ionotropic
effect.



the	effective	bolus
dose	each	hour	(eg,
heart	rate	increased
after	2	successive	5
mg	boluses,	then
administer	10	mg/h).

High-dose
insulin
euglycemic
therapy	(HIET;
euglycemic
clamp)

Calcium	channel	and
beta-adrenergic
antagonist	poisoning
with	hypodynamic
myocardium.

IV	regular	insulin	1
IU/kg	bolus	followed
by	infusion	0.5
IU/kg/h	titrated	every
30	min	to	desired
effect	on	contractility
or	blood	pressure
(echocardiography
for	measuring
myocardial
response);
euglycemia	=	serum
glucose	100-
250	mg/dL	(5.5-
14	mmol/L)	is
maintained	by	IV
dextrose	25	g	bolus
with	initial	insulin
bolus	(unless	serum
glucose	>400	mg/dL
[22	mmol/L])
followed	by	dextrose
infusion	0.5	g/kg/h
titrated	based	on
bedside	glucose
monitoring	every	20-
30	min	until	serum
glucose	is	stable	and
then	every	1-2	h;
replace	potassium
if	<2.5	mmol/L	and	a
source	of	potassium

Increased	chance	of
clinical	benefit	with
early	HIET	based	on
early	hypodynamic
myocardium
detection	(eg,
echocardiography);
clinical	response	not
immediate.
Adverse	events
include	numerical
hypoglycemia,
hypokalemia,
hypophosphatemia,
and
hypomagnesemia.



loss.

Icatibant ACE	inhibitor–
associated
angioedema.

Subcutaneous
icatibant	30	mg
injected	into
abdominal	area.

Priority	airway
management.

Idarucizumab Therapeutic
dabigatran	dosing
with	excessive
dabigatran	body
burden:	Patient
hemorrhaging	or	high
risk	for
hemorrhaging.

IV	idarucizumab	5	g
(2	vials,	each
contains	2.5	g)	either
as	bolus	injection	by
consecutively
injecting	both	vials
OR	two	consecutive
infusions	and	blood
component	therapy
(eg,	PRBC,	PCC,
activated	PCC,	FFP);
additional
idarucizumab	dosing
based	on	at	least	12
hourly	clotting	times
profile	(eg,	ECT,	TT,
aPTT,	INR	or	PT),	6-
8	hourly	in	AKI/renal
failure.

Idarucizumab
corrects	clotting
times	profile	within
minutes,	but	median
time	to	effective
homeostasis	2.5-11.4
h;	adjunct	blood
component	therapy
and	emergency
procedural
interventions	in	life-
threatening
hemorrhage;	PCC
and	activated	PCC
may	be	more
effective	than	FFP.
Hemostasis	with
blood	component
and	idarucizumab
therapy	outweighs
thrombotic	risk.
Clotting	times
profile	increase	with
increasing	blood
dabigatran
concentration,
relationship	not
directly	linear	in
overdose;	can
qualitatively	inform
on	the	need	for
additional



idarucizumab
dosing.	ECT	and	TT
most
accurate/specific.
Dabigatran	activity
resurgence	12	h	(6-8
h	in	AKI/renal
failure)	following
idarucizumab
dosing.
Serious
idarucizumab
adverse	reaction	risk
in	patients	with
hereditary	fructose
intolerance	due	to
sorbitol	excipient.
Idarucizumab
adverse	events
include	headache,
hypokalemia,
delirium,
constipation,	fever,
and	pneumonia.
Hemoclot®
Thrombin	Inhibitor
assay	(Hyphen
BioMed,	Neuville-
sur-Oise,	France),	a
diluted	thrombin
clotting	time	assay:
Quantitative	plasma
dabigatran	activity
measurement;
approved	for	clinical
use	in	Canada	and
Europe.



Leucovorin
(folinic	acid)

Methotrexate	(MTX)
overdose	(see
Carboxypepdidase-
G2	and	Sodium
bicarbonate).

Leucovorin	is	the
active	form	of	folic
acid.	Folic	acid	
not	and	cannot	be
substitute	for
leucovorin	(folinic
acid).
Levoleucovorin	(L-
leucovorin)	is	the
biologically	active
form;	thus,
levoleucovorin
requires	only	half
the	leucovorin	dose.

Known	amount	of
MTX	ingested	or
administered.

Initial	IV	leucovorin
dose	in	milligram
that	is	equal	to	or
greater	than	the
estimated	ingested
MTX	dose,	repeat
the	folinic	acid	dose
3-6	h	until	serum
MTX	concentration
<1	×	10−7	molar.

Leucovorin	most
beneficial	≤1	h	of
exposure,	and	given
as	soon	as	possible
after	excessive	MTX
exposure.

Unknown	MTX
dose

IV	leucovorin
10	mg/m2

Leucovorin	infusion
rate	should
be	<	160	mg/min.

Leucovorin	dosing
based	on	serum
MTX	drug
concentration
Carboxypepdidase-
G2

MTX	≥1	×	10−5	M:
IV	leucovorin
1000	mg/m2	every	6
h.
MTX	5	×	10−6-1	×
10−5	M:	IV
leucovorin
100	mg/m2	every	3	h.
MTX	5	×	10−7-5	×
10−6	M:	IV

Do	not	administer
leucovorin	within	2
h	before	or	after	a
dose	of	CPDG2;
leucovorin	is	a
CPDG2	substrate.
Monitor	serum	MTX
concentrations	at	12,
24,	and	48	h
postexposure	and



leucovorin	10	mg/m2

every	3	h	or
30	mg/m2	every	6	h.
MTX	1	×	10−7-5	×
10−7	M:	Oral
leucovorin	10	mg/m2

every	6	h	until	MTX
<1	×	10−7	M.

adjust	leucovorin
dosage	accordingly.
Leucovorin	is
continued	until
serum	MTX
concentration
<0.1	μmol/L	in
patients	undergoing
chemotherapy	or
<0.01	μmol/L	in
patients	without
cancer;	therapy	is
continued	until
marrow	recovery	in
severe	cases	even
when	serum	MTX
becomes
undetectable.

Methanol
poisoning

IV	leucovorin
2	mg/kg	every	4-6	h
until	toxic	alcohol	is
undetectable,	clear
clinical-biochemical
recovery;	if
leucovorin	not
available	IV	folic
acid	50-70	mg	every
4	h;	leucovorin
preferred	over	folic
acid.
Hemodialysis
consideration:
Administer
additional	leucovorin
dose	at	end	of
hemodialysis.

Lipid	emulsion Local	anesthetic	(eg, IV	lipid	emulsion Laboratory	data	and



therapy	(LET) bupivacaine)	toxicity (eg,	Intralipid,
Liposyn	III	20%,
500	mL	bottle)

1-2	mL/kg	over	1
min	and	infusion
0.25	mL/kg/min.
Repeat	bolus	at	3-
5	min	intervals	2-
3×	if	circulation
not	restored.
After	another	5
min	increase
infusion	rate	to
0.5	mL/kg/min	if
circulation	not
been	restored.
Continue	infusion
until
hemodynamic
recovery
(>8	mL/kg
unlikely	to	be
effective).

clinical	experience
with	LET	in
bupivacaine,
levobupivacaine,
mepivacaine,
prilocaine,	and
ropivacaine	toxicity
suggests	early	LET
to	attenuate
progression	of	local
anesthetic	toxic
syndrome.
Consider	LET	in
patients	with	severe
lipophilic	xenobiotic
toxicity	(eg,
bupropion,
haloperidol,
lamotrigine,
nebivolol,
quetiapine,
sertraline,
verapamil).
Adverse	events
include	pancreatitis,
acute	lung	injury,
and	lipemia-induced
laboratory
interference.

Magnesium Hydrofluoric	acid:
Oral	exposure

Oral	calcium	or
magnesium
containing	antacids
30-60	mL.
History	suggestive	of
a	substantive
exposure	that	may
lead	to	systemic



toxicity:	IV
magnesium	sulfate	2-
6	g	over	30	min
follow	by	an	infusion
1-4	g/h;	additional
magnesium	boluses
as	indicated	by
careful	clinical
assessments	and
laboratory
investigations	or	IV
calcium	chloride	(see
Calcium).

Methylene
blue	(1%
solution)

Symptomatic
methemoglobinemia
or	methemoglobin
>20%

IV	methylene	blue	1-
2	mg/kg	over	5	min,
repeat	doses	may	be
needed;	onset	of
action	≤30	min.

Effectiveness	may
be	limited	in
chlorate	poisoning
and	may	need	to
proceed	with
hemodialysis.
Repetitive	or
continuous
methylene	blue
dosing	and	GI
decontamination
may	be	needed	when
there	is	continued
absorption	or	slow
elimination	of	an
agent	producing
methemoglobinemia:
IV	methylene	blue
0.05%	(in	normal
saline)	0.1	mg/kg/h
or	3-7	mg/h	has	been
suggested.

Amlodipine
vasodilatory	shock

(See	Symptomatic
methemoglobinemia



or	methemoglobin
>20%).

Therapeutic
Agent Uses Dosing Caveat

Complication

N-
acetylcysteine
(NAC)

Acetaminophen
(APAP)
Other	causes	of
liver	failure	(eg,
essential	oil
toxicity)

Oral:	140	mg/kg
followed	by
70	mg/kg	every	4	h
(dilute	3:1	with
carbonated/fruit
beverage	for
palatability);	repeat
the	same	oral	dose	if
vomiting	occurs
within	1	h.
OR
IV:	150	mg/kg	in
200	mL	D5W	over	1
h	followed	by
50	mg/kg	in	500	mL
D5W	over	4	h
followed	by
100	mg/kg	in	1	L
D5W	over	16	h
(6.25	mg/kg/h).

Oral	NAC:	IV	antiemetic	(eg,	ondansetron
8	mg;	Peds:	0.2	mg/kg,	max	8	mg)	for
associated	nausea/vomiting
Anaphylactoid	reaction:	Asthmatics	may	be
more	sensitive;	consider	reducing	NAC
infusion	rate	by	50%	or	changing	to	oral
NAC.
Mindful	of	infusion	volume	in	pediatrics.

Naloxone Opioid	overdose
with	respiratory,
CNS,	or
cardiovascular
compromise.

IV	naloxone	0.04-
0.1	mg	if	opioid
dependent	otherwise
2	mg;	10-20	mg
may	be	required	for
high-potency
opioids	(eg,
methadone,
pentazocine,
propoxyphene,
diphenoxylate);
repeat	IV	naloxone

Aspiration	risk:	Rapid
lead	to	vomiting	in	semiconscious	patient.
Goal	is	to	reestablish	adequate	spontaneous
ventilation;
intralingual/endotracheal/intraosseous/IM/SC
administration	if	no	immediate	IV	access;
bag-valve-mask	ventilation	until	naloxone
takes	effect.
May	be	effective	following	clonidine
overdose.



boluses	may	be
required	every	20-
60	min.
Therapeutic	IV
naloxone	infusion:
Multiply	the
effective	naloxone
bolus	dose	by	6.6,
add	that	quantity	to
1000	mL	normal
saline,	infuse
solution	at
100	mL/h,	titrate	to
maintain	adequate
spontaneous
ventilation	without
precipitating	opioid
withdrawal,
empirically	continue
for	12-24	h;
carefully	observe
for	2-4	h	for
recurrent	respiratory
depression	after
discontinuing
naloxone	infusion;
allow	naloxone	to
abate	in	acute
iatrogenic	opioid
withdrawal.

Octreotide Sulfonylurea-
induced
hypoglycemia

IV	octreotide
50	µg/h	or	IM
octreotide	100	µg

Acute	hypoglycemia	should	be	treated	with
IV	dextrose	(see	Dextrose

Physostigmine Physostigmine
diagnostic	aid:
selective	use	in
anticholinergic

IV	physostigmine
0.5-2	mg	at
≤0.5	mg/min	(Peds:
0.02	mg/kg	at

Contraindications	include	early	(<6	h)	cyclic
antidepressant	overdose,	overdose	with
cardiac	conduction	delay,	cyclic
antidepressant	poisoning	with	high-



agitation	and
delirium	resulting
from	unknown
ingestion;	a
positive	response
(eg,	patient
awakens,	provides
history	consistent
with
anticholinergic
toxicity)	obviates
additional	testing
(eg,	cranial
computed
tomography	and
lumbar	puncture).

0.5	mg/min),	if	no
reversal	of
anticholinergic
effect	within	10-20
min	administer	an
additional	1-2	mg.

dose/drug-level	phenomena	(eg,	hypotension,
coma,	seizures,	cardiac	conduction	delays,
and	dysrhythmias,	bronchospasm,
mechanical	intestinal	or	urogenital	tract
obstruction).

Polyethylene
glycol
electrolyte
(PEG)
solution

Whole	bowel
irrigation	(WBI)
for	gastrointestinal
decontamination
following	oral
ingestion/overdose
(eg,	modified-
release	drug
formulation,
heavy	metal).

See	Box	124.2. Stabilize	patient	and	take	precautionary
measures	to	minimize	aspiration	prior	to
WBI.

Potassium
iodide	(KI)

Following	large
radioactive	iodine
release	(eg,
nuclear	power
plant	incident)
public	health
officials	may
recommend	KI
treatment.

Recommended	oral
KI	dosing	until	your
healthcare	provider
or	public	health
official	says	you
may	stop

Age	>40	years
thyroid	exposure
≥5	Gy:	KI
130	mg/d.

Only	use	KI	as	directed	by	a	
official!



Age	18-40	years
thyroid	exposure
≥0.1	Gy:	KI
130	mg/d.
Pregnant/lactating
women	thyroid
exposure
≥0.05	Gy:	KI
130	mg/d.
Age	3-18	years
thyroid	exposure
≥0.05	Gy:	KI
65	mg/d.
Age	1	mo	to
3	years	thyroid
exposure
≥0.05	Gy:	KI
32	mg/d.
Birth	to	age	1	mo
thyroid	exposure
≥0.05	Gy:	KI
16	mg/d.

Pralidoxime Cholinesterase
inhibitors	(eg,
organophosphorus
agents,	nerve
agents)	poisoning.

IV	pralidoxime
30	mg/kg	over	30
min	followed	by	a
continuous	infusion
8-10	mg/kg/h	with
empiric	dose
adjustment	based	on
clinical	response,
continue	until
atropine	has	not
been	required	for
24-48	h	and	patient
extubated;	restart
pralidoxime	if
recurrent
signs/symptoms.

Administer	with	atropine	following
organophosphorous	or	nerve	agent	poisoning
(see	Atropine).



Protamine Known	heparin
dose	administered

IV	protamine	dose
(1	mg	of	protamine
sulfate	neutralizes
100	U	[1	mg]	of
heparin)	is
calculated	from	the
dose	of	heparin
administered	and
heparin’s
approximate	half-
life	(ie,	60-90	min),
such	that	the
amount	of
protamine	does	not
exceed	the	expected
intravascular
amount	of	heparin	at
the	time	of	infusion.
Slowly	administer
protamine	over	15
min.

Be	prepared	to	manage	acute	anaphylactic
(shock)	and	anaphylactoid	reactions.
Protamine	administered	in	the	absence	of
heparin	or	in	an	amount	exceeding	that
necessary	for	heparin	neutralization	can	act
as	an	anticoagulant	and	may	inhibit	platelet
function	with	a	resultant	weaker	clot.

Overdose	with	an
unknown	heparin
quantity:
protamine	use
based	on	a	correct
clinical	setting	and
a	prolonged	partial
thromboplastin
time	(PTT)	and
persistent
bleeding.	Empiric
protamine	dosing
based	on	activated
coagulation	time
(ACT).

ACT	200-300	sec:
IV	protamine
0.6	mg/kg.
ACT	300-400	sec:
IV	protamine
1.2	mg/kg.
Repeat	ACT	5-15
min	following
protamine	dose	and
in	2-8	h	to	evaluate
heparin	rebound,
further	dosing	based
on	these	values.
ACT	not	available:
IV	protamine	25-
50	mg	(adult)	and

Incomplete	neutralization	of	low-molecular-
weight	heparins.



adjusted
accordingly.	Repeat
dosing	in	several
hours	may	be
necessary	if	heparin
rebound	occurs.

Pyridoxine
(vitamin	B6)

Ethylene	glycol
poisoning.
Isoniazid	(INH)
overdoses.

IV	pyridoxine	3-
5	mg/kg/d	or	50	mg
every	6	h	until	toxic
alcohol	is
undetectable	and
acidemia	resolved.

Required	doses	often	exceed	hospital	and/or
regional	supplies.

Therapeutic
Agent Uses Dosing Caveat

Complication

First	sign	of
neurotoxicity.

IV	diazepam	or
equivalent	and
pyridoxine	in
milligram	doses
equal	to	the
amount	of	INH
ingested	or	5	g	in
cases	of
unknown
amount	of
ingestion
administered
over	30-60	min.

Seizing	patients. IV
benzodiazepine
and	pyridoxine
in	milligram
doses	equal	to
the	amount	of
INH	ingested	or
5	g	in	cases	of



unknown
amount	of
ingestion	at
500	mg/min	until
seizures
terminate	and
remainder	of
dose	infused
over	next	few
hours;	repeat
pyridoxine	dose
if	seizures	persist
or	recur.

Sodium
bicarbonate

Ethylene	glycol	and
methanol
poisoning.

IV	sodium
bicarbonate	1-2
mmol/kg
boluses,	target
blood	pH	7.40
and	urine	pH
7.0-8.0.

Large	doses	may	be
needed	to	treat
metabolic	acidosis	and
may	produce
hypocalcemia.
Potassium
replacement/supplement.

Sodium	channel
antagonist	effect
(eg,	tricyclic
antidepressants,
type	I
antidysrhythmic
drug	toxicity).

ECG	(maximal
limb-lead)	QRS
≥120	ms	or
RaVR	≥3	mm	or
R/SaVR	≥0.7:	IV
sodium
bicarbonate	1-2
mmol/kg	bolus	×
2;	repeat	ECG
every	3-5	min;
IV	sodium
bicarbonate	1-2
mmol/kg	bolus
until	QRS
duration
stabilized.



Salicylate	(ASA)
poisoning

Urine
alkalinization:
IV	sodium
bicarbonate	1-2
mmol/kg	bolus
followed	by
continuous
infusion	of
sodium
bicarbonate
150	mmol	mixed
in	1000	mL
D5W	starting	at
1.5	to	2.0	times
maintenance
rate,	adjusted	to
maintain	urinary
pH	8.0	and
arterial
pH	<7.55;	assess
clinical
status/laboratory
parameters	(eg,
electrolytes,
acid-base,	urine
pH)	hourly;
terminate	when
clear	clinical-
biochemical
recovery	and
serial	decline	in
serum	ASA
concentration
toward
therapeutic
range.

Methotrexate	(see
Carboxypeptidase-

Urine
alkalinization:



G2	and
Leucovorin)	and
chlorpropamide
overdoses,
symptomatic
chlorophenoxy
herbicide
poisoning,	known
or	symptomatic
pentachlorophenol
poisoning

See	Salicylate
(ASA)
poisoning;
reassess	clinical
status/laboratory
parameters	(eg,
electrolytes,
acid-base,	urine
pH)	hourly;
terminate	when
clear	clinical-
biochemical
recovery.

Sugammadex Reverse	rocuronium
bromide	and
vecuronium
bromide
neuromuscular
blockade

Rocuronium

IV
sugammadex
16	mg/kg
bolus	if	need
to	reverse
neuromuscular
blockade	∼3
min	after	a
single	dose	of
rocuronium
1.2	mg/kg.

Rocuronium	or
vecuronium

IV
sugammadex
4	mg/kg	bolus
if	spontaneous
twitch
recovery
response
reached	1-2
post-tetanic
counts	and

Dosing	based	on	actual
body	weight	and	not
recommended	in	patients
with	severe	renal
impairment.
Adverse	events	include
anaphylaxis,	marked
bradycardia,	abnormal
coagulation	profile.
Monitor	patient	to	assure
adequate	ventilation	and
maintenance	of	a	patent
airway.	Satisfactory
recovery	determined	by
skeletal	muscle	tone,
respiratory
measurements,	and
peripheral	nerve
stimulation.
Toremifene	has	a	high
binding	affinity	for
sugammadex	and	may
displace
rocuronium/vecuronium
from	sugammadex.



there	are	no
twitch
responses	to
train-of-four
(TOF)
stimulation.
IV
sugammadex
2	mg/kg	bolus
if	spontaneous
recovery	has
reached	the
reappearance
of	the	second
twitch	in
response	to
TOF
stimulation.

Thiamine Ethylene	glycol
poisoning

IV	thiamine
100	mg/d	or
every	6	h	until
toxic	alcohol	is
undetectable	and
acidemia
resolved.

Tocilizumab Chimeric	antigen
receptor	(CAR)-T
cell–induced
severe/life-
threatening
cytokine	release
syndrome,	age
≥2	years

Patient	<30	kg:
IV	tocilizumab
12	mg/kg,
≥30	kg:	8	mg/kg
(800	mg	per
infusion	max).	If
no	improvement,
may	be	given	in
combination
with	a
corticosteroid

IV	dosing	only.



(eg,
dexamethasone)
and	repeat	dose
every	8	h	up	to	3
additional	doses.

Uridine
triacetate

5-Fluorouracil	or
capecitabine
overdose	regardless
of	symptoms,	or
patients	with	early-
onset,	severe,	or
life-threatening
cardiac	or	CNS,
and/or	early-onset
severe	adverse
reactions	(eg,	GI
and	neutropenia)
within	96	h
following	end	of
fluorouracil	or
capecitabine
administration.

Oral	uridine
triacetate	(UT)
10	g	(Peds:
6.2	g/m2,	max
10	g)	every	6	h
for	20	doses
(regardless	of
meals).

Pediatric	UT	dose	

Mix	each	UT	dose	with
3-4	oz	soft	foods	(eg,
applesauce,	pudding,
yogurt)	and	ingest	<30



min;	do	not	chew	UT
granules;	drink	4	ounces
water.
Vomits	<2	h	of	UT	dose:
Give	another	full	dose
after	vomiting;	give	next
dose	at	regularly
scheduled	time.
Missed	scheduled	UT
dose:	Give	that	dose	as
soon	as	possible;	give
next	dose	at	regularly
scheduled	time.
UT	via	nasogastric	or
gastrostomy	tube:

Dissolve	3-4	oz	(90-
120	mL)	food	starch–
based	thickening
product	in	water.
Crush	10	g	of	UT
granules	to	a	fine
powder.
Add	crushed	granules
to	reconstituted	food
starch–based
thickening	product.
Pediatrics:	Prepare
mixture	at	a	ratio
<1	g/10	mL	of
reconstituted	food
starch–based
thickening.
Flush	tube	with	water
after	each	dose.

Vitamin	K	1 Patients	with	or
suspected	vitamin
K	(epoxide	cycle)

IV	vitamin	K1

10	mg	(diluted
with	5%

IV	vitamin	K	is
associated	with
anaphylaxis



antagonist	(eg,
warfarin	and
superwarfarin	[eg,
brodifacoum])
related	hemorrhage
or	INR	>20.

dextrose,	0.9%
sodium	chloride,
or	5%	dextrose
in	0.9%	sodium
chloride;
administered	at
≤1	mg/min;	be
prepared	to	treat
anaphylaxis)	or
oral/nasogastric
vitamin	K1

7	mg/kg/d
divided	every	6
h.
Endpoint	of
vitamin	K1

therapy:
Discontinue
therapy	at	an
arbitrary	time
and	obtain	serial
INR/PT,	restart
vitamin	K1	when
INR/PT	is
elevated	or
monitor	serum
factor	VII
concentration
when	vitamin	K1

therapy	is
withheld,	restart
vitamin	K1	when
a	progressive
decrease	in
factor	VII	levels
to	30%	of
normal	or	serum
brodifacoum

Life-threatening
hemorrhage:
Concurrently
administered	IV	PCC	50
U/kg	or	IV	FFP	10-
20	mL/kg	or	IV	rFVIIa
15-90	µg/kg	with
vitamin	K1.



concentration
<10	ng/mL,	or
when	serum
vitamin	K	2,3-
epoxide
concentration
begins	to	fall.

Legend:	ACE,	angiotensin	converting	enzyme;	AKI,	acute	kidney	injury;	aPTT,	activated	partial
thromboplastin	time;	BSA,	body	surface	area;	CNS,	central	nervous	system;	D10W,	dextrose	10%
water;	D25W,	dextrose	25%	water;	D50W,	dextrose	50%	water;	D5W,	dextrose	5%	water;	ECT,
ecarin	clotting	time;	FEIBA®,	factor	eight	inhibitor	bypassing	activity;	FFP,	fresh	frozen	plasma;	g,
gram;	GI,	gastrointestinal;	Gy,	gray;	h,	hours;	IM,	intramuscular;	INR,	international	normalized
ratio;	IV,	intravenous;	LMWH,	low-molecular-weight	heparin;	LR,	Lactated	Ringer;	max,	maximum;
mo,	month;	NS,	normal	saline;	NSAID,	nonsteroidal	anti-inflammatory	drug;	PCC,	prothrombin
complex	concentrate;	Peds,	Pediatrics;	PRBC,	packed	red	blood	cells;	PT,	prothrombin	time;
R/SaVR,	R-wave/S-wave	ratio	in	lead	aVR;	RaVR,	terminal	R	wave	in	lead	aVR;	rFVIIa,
recombinant	activated	factor	VII;	SC,	subcutaneous;	TT,	thrombin	time;	wks,	weeks.

BOX	124.1

Digoxin	Antibody	(DigiFab®)	Dosing	Calculator.

Vd:	 Adults,	 8	 L/kg;	 children	 2	 to	 10	 years,	 13	 L/kg;	 infants	 2	 to
24	months,	16	L/kg;	neonates,	10	L/kg.

BOX	124.2

Polyethylene	Glycol	Solution	(PEG)	Whole	Bowel	Irrigation.

Insert	nasogastric/oral	tube	and	administer	PEG	solution	at	2	L/h	for



5	 hours	 and	 clear	 rectal	 effluent	 is	 evident	 (small	 children:
500	mL/h);	 doubtful	 patients	 would	 be	 cooperative	 or	 tolerate	 oral
PEG	 and	 clear	 rectal	 effluent	 does	 not	 guarantee	 complete
evacuation	of	the	GI	tract.



Chapter	125
Withdrawal	Syndromes
Ashley	Haynes,	Paul	M.	Wax

KEY	POINTS:
1.	 Therapeutic	use,	misuse,	or	abuse	of	a	drug	can	lead	to	tolerance,

and	when	the	drug	dosage	is	abruptly	decreased	or	the	drug	is
abruptly	discontinued,	it	can	precipitate	withdrawal.

2.	 Withdrawal	symptoms	can	be	treated	with	substances	that	are	cross-
tolerant	or	activate	the	same	receptors	as	the	initial	substance.

3.	 Alcohol	withdrawal	is	potentially	life-threatening	if	untreated.
Benzodiazepines	are	the	first-line	drug	for	treating	alcohol
withdrawal.

4.	 Methadone	or	buprenorphine	are	preferred	treatment	of	opioid
withdrawal	for	critically	ill	patients.

5.	 Stimulant	withdrawal	and	“cocaine	washed-out	syndrome”	are
generally	not	life-threatening	and	care	is	supportive.

INTRODUCTION
As	many	as	20%	of	hospitalized	adult	patients	 in	most	medical	settings	have	a
history	of	an	alcohol-related	condition.1	 In	 recent	 surveys,	 as	many	 as	 14%	of
Americans	 experience	 an	 alcohol	 use	 disorder	 during	 their	 lifetime.2	 For	 the
purposes	of	this	chapter,	alcohol	refers	specifically	to	ethanol,	unless	otherwise
stated.	 Anticipation	 and	 recognition	 of	 early	 signs	 of	 sedative-hypnotic
withdrawal	 of	 the	 sedative-hypnotic	 abuser	 allow	 for	 timely	 treatment	 and
prevent	 the	 development	 of	 serious	 withdrawal	 events,	 such	 as	 seizures,
hyperthermia,	 delirium,	 and	 death.	 The	management	 of	withdrawal	 syndromes
from	 γ-hydroxybutyrate	 (GHB)	 and	 baclofen	may	 be	 particularly	 challenging.
Recognition	 and	 treatment	 of	 the	 less	 life-threatening	 signs	 and	 symptoms	 of



opioid	 withdrawal	 avoid	 unnecessary	 investigation	 of	 the	 frequently	 severe
gastrointestinal	 symptoms	 and	make	 the	 patient	more	 comfortable	 and	 able	 to
cooperate.	Because	ethanol	and	other	sedative-hypnotic	withdrawal	may	be	life-
threatening	 events,	 the	 patients	with	 signs	 of	 significant	withdrawal	 should	 be
admitted	 and	 managed	 in	 the	 intensive	 care	 unit	 (ICU).	 In	 addition,	 drug-
dependent	 patients	 admitted	 to	 the	 ICU	 for	 the	 management	 of	 other	 serious
medical	 or	 surgical	 problems	 may	 subsequently	 enter	 withdrawal	 in	 this
substance-free	environment.

1 	 2 	 Clinical	 withdrawal	 implies	 the	 presence	 of	 physical	 tolerance	 and
dependency.	 Factors	 contributing	 to	 the	 development	 of	 dependency	 include
dose	of	the	drug,	duration	of	effect,	frequency	of	administration,	and	duration	of
use.	 Shorter-acting	 drugs	 require	 more	 frequent	 administration	 to	 produce
dependency	 and	 are	 associated	 with	 more	 acute	 and	 severe	 withdrawal
symptoms	 than	 longer-acting	 drugs.	 Tolerance	 is	 defined	 as	 a	 decreased
physiological	 response	 elicited	 by	 a	 given	 dose	 of	 the	 drug.	 The	 patient	 who
chronically	ingests	a	large	amount	of	ethanol	may	not	be	sedated	by	a	dose	that
would	render	a	naïve	drinker	comatose.	A	heroin	abuser	who	has	been	drug-free
during	 a	 year’s	 imprisonment	 may	 suffer	 fatal	 ventilatory	 depression	 from	 a
heroin	 dose	 that	 previously	 resulted	 in	 mild	 sedation.	 This	 physiological
tolerance	to	drug	effects	that	occurs	with	chronic	use	may	arise	from	changes	in
drug	metabolism,	such	as	induction	of	cytochrome	P450	enzymes	and	changes	in
drug	affect	at	the	cellular	level.	This	can	occur	with	misuse	or	abuse,	but	also	at
therapeutic	 dosing	 of	 some	 medications.	 Cross-tolerance	 occurs	 when	 the
chronic	ingestion	of	one	substance	decreases	the	response	to	a	second	substance.
Cross-dependency	allows	one	drug	 to	be	 substituted	 for	another	 to	alleviate	or
prevent	 withdrawal	 symptoms.	 Ethanol,	 barbiturates,	 and	 nonbarbiturate
sedative-hypnotic	agents	are	cross-tolerant	and	cross-dependent	with	one	another
but	 not	 with	 other	 sedating	 drugs	 such	 as	 opioids,	 neuroleptics,	 or
antihistamines.	These	factors	have	important	therapeutic	implications.

In	 the	 context	 of	 substance	 use,	 misuse	 is	 defined	 as	 “any	 intentional
therapeutic	use	of	a	drug	product	in	an	inappropriate	way.”	Abuse	is	defined	as
“any	 intentional,	 non-therapeutic	 use	 of	 a	 drug	 product	 or	 substance	 for	 the
purpose	of	achieving	a	desirable	psychological	or	physiological	effect.”3	These
terms	are	no	longer	used	as	diagnoses,	but	the	term	“substance	use	disorder”	is
used	 with	 specific	 Diagnostic	 and	 Statistical	 Manual	 of	 Mental	 Disorders
(DSM)	criteria.

ETHANOL	WITHDRAWAL



Pathophysiology
Ethanol	produces	 its	behavioral	and	physiological	effects	 (relaxation,	euphoria,
disinhibition,	 slurred	 speech,	 ataxia,	 sedation,	 stupor,	 coma,	 and	 ventilatory
depression	 (Chapter	 98)	 through	 modulation	 of	 neuroreceptors	 and	 ion
channels.4	It	acts,	in	part,	by	interacting	with	the	γ-aminobutyric	acid	(GABAA)
receptor	 complex,	 potentiating	 inhibitory	 GABA-ergic	 receptor	 function	 by
inducing	 chloride	 flux	 through	 the	 chloride	 channel	 of	 the	 receptor	 complex.
Ethanol	 also	 inhibits	 excitatory	 N-methyl-d-aspartate	 (NMDA)	 glutamate
receptor	 function,	 contributing	 to	 impaired	 cognition	 and	 blackouts	 associated
with	 chronic	 ethanol	 abuse.5	 Inhibition	 of	 NMDA	 receptor	 function	 changes
intracellular	 calcium	 levels	 and,	 as	 a	 result,	 affects	 cell-signaling	 cascades,
including	phosphorylation.5	Other	neurotransmitter	systems	affected	by	ethanol
include	 dopamine	 and	 serotonin.6	 Ethanol	 has	 been	 found	 to	 affect	 5-
hydroxytryptamine	 receptor	 function	 by	 increasing	 the	 affinity	 with	 which
agonists	bind	this	receptor.4	Ethanol	consumption	may	also	result	in	an	increase
in	endogenous	opiates,	particularly	with	respect	to	ligands	for	the	kappa	opioid
receptor,	 contributing	 to	 its	 euphoric	 effect.7	 Although	 it	 was	 not	 recognized
until	 the	 1950s	 that	 delirium	was	 a	 consequence	 of	 ethanol	withdrawal	 rather
than	 toxicity,	 the	hallmarks	of	ethanol	and	other	sedative-hypnotic	 intoxication
are	distinctly	different	from	the	manifestations	of	withdrawal	from	these	agents,
with	the	exception	of	baclofen	as	discussed	later	in	this	chapter.8,9

Ethanol	withdrawal	produces	a	hyperadrenergic	state	characterized	by	intense
sympathetic	 nervous	 system	 activation.	 This	 may	 be	 due,	 in	 part,	 to
compensatory	 central	 nervous	 system	 (CNS)	 mechanisms	 that	 counteract	 the
depressant	 effects	 of	 acute	 ethanol	 intoxication.	 During	 withdrawal,	 these
compensatory	 mechanisms	 are	 unopposed,	 resulting	 in	 increased	 neural
stimulation.10	 In	 support	 of	 this	 theory,	 elevated	 levels	 of	 plasma	 and	 urinary
catecholamines	have	been	associated	with	tachycardia,	elevated	blood	pressure,
and	 tremors	 observed	 in	 withdrawing	 patients.	 A	 decrease	 in	 the	 inhibitory
activity	of	presynaptic	α2-receptors	has	also	been	demonstrated	and	may	explain,
in	part,	the	increase	in	plasma	norepinephrine	levels.	In	addition,	an	increase	in
β-adrenergic	 receptors	 during	withdrawal	 has	 been	demonstrated	 as	well	 as	 an
increase	 in	 plasma	 levels	 of	 the	 dopamine	 metabolite	 homovanillic	 acid	 in
patients	presenting	with	delirium	tremens.11

Compensatory	 changes	 in	 number,	 composition,	 and	 function	 of	 inhibitory
GABAA	 receptors	 and	 excitatory	 NMDA	 glutamate	 receptors	 during	 chronic



ethanol	abuse	may	contribute	 to	 the	CNS	stimulation	brought	on	by	 the	abrupt
cessation	of	ethanol	use.	The	acute	withdrawal	of	the	GABA-potentiating	effects
of	 ethanol	 leads	 to	 a	 disinhibition	 of	 neural	 pathways	 in	 the	 CNS.6	 During
withdrawal,	 ethanol’s	 enhancing	 effect	 on	 chloride	 flux	 through	 the	 GABAA

receptor	chloride	channel	is	lost,	resulting	in	a	decrease	in	GABA-ergic	function
and	 manifest	 as	 tachycardia,	 diaphoresis,	 tremors,	 anxiety,	 and	 seizures.6
Upregulation	 in	 NMDA	 glutamate	 receptors	 and	 changes	 in	 their	 receptor
subunit	composition	increases	calcium	flux	through	these	receptors.12	This	likely
contributes	 to	 the	 excitotoxic	 neuronal	 cell	 death	 associated	 with	 ethanol
withdrawal.13	 Repeated	 episodes	 of	 withdrawal	 increase	 the	 propensity	 for
ethanol	 withdrawal	 seizures	 (“rum	 fits”)	 through	 altered	 GABAA	 and	 NMDA
receptor	 function.6	 Because	 NMDA	 receptors	 mediate	 dopaminergic
transmission,	 the	 increased	 NMDA	 receptor	 function	 that	 occurs	 during
withdrawal	 may	 also	 lead	 to	 decreased	 dopaminergic	 and	 serotonergic
transmission,	contributing	to	alcohol	craving.5

Ethanol	withdrawal	occurs	when	an	ethanol-dependent	patient	abruptly	stops
drinking	or	drinks	at	a	slower	rate	than	usual.	In	either	case,	a	relative	significant
drop	 in	 the	 serum	 ethanol	 concentration	 occurs.	 Signs	 of	 withdrawal	 are
commonly	 present	 even	 when	 serum	 ethanol	 concentrations	 are	 greater	 than
100	mg/dL.14	 The	 patients	 admitted	 to	 the	 ICU	with	 ethanol	withdrawal	 often
have	 a	 significant	 underlying	 disease	 (eg,	 alcoholic	 gastritis,	 hepatitis,
pancreatitis,	and	pneumonia)	that	has	led	to	an	inability	to	maintain	an	adequate
ethanol	intake	and	precipitate	withdrawal.	These	patients	typically	present	to	the
hospital	after	24	to	48	hours	of	abdominal	pain	or	fever	and	may	be	tremulous	or
have	had	a	withdrawal	 seizure.	Another	of	 ICU	patient	prone	 to	withdrawal	 is
one	who	has	continued	to	imbibe	ethanol	nearly	to	the	moment	of	arrival	at	the
hospital.	Intoxicated	patients	are	prone	to	experience	traumatic	events	and	arrive
in	 the	 operating	 room,	 recovery	 room,	 or	 ICU	 still	 intoxicated.	 A	 history	 of
ethanol	misuse	or	previous	withdrawal	may	not	be	available	in	the	postoperative
or	intubated	patient	when	initial	signs	of	withdrawal	occur.	Failure	to	recognize
ethanol	withdrawal	in	the	seriously	ill	or	injured	patient	may	lead	to	prolonged
complications.2,15

Clinical	Manifestations
Ethanol	withdrawal	manifests	 in	 a	 variety	 of	 signs	 and	 symptoms	 that	 vary	 in
severity	 and	 duration.	 In	 their	 landmark	 article,	 Victor	 and	 Adams9	 described
withdrawal	 as	 a	 tremulous-hallucinating-epileptic-delirious	 state.	Although	 this



description	is	often	used	to	divide	ethanol	withdrawal	syndrome	into	four	stages,
it	 is	 important	 to	 remember	 that	 the	manifestations	 of	 ethanol	withdrawal	 is	 a
progressive	 continuum	 of	 severity.	 The	 patient	 in	 ethanol	 withdrawal	 may
exhibit	one	or	more	of	these	manifestations.	The	sequence	of	clinical	events	may
be	inconsistent	or	there	is	no	clear	divide	between	the	stages	of	withdrawal.	The
severity	 of	 the	 withdrawal	 is	 often	 dose-dependent,	 with	 more	 severe
manifestations	associated	with	heavier	and	longer	periods	of	drinking.16

Tremulousness	and	seizures	are	 the	most	common	clinical	manifestations	of
ethanol	withdrawal.	They	tend	to	occur	early	and	are	generally	considered	mild-
to-moderate	 ethanol	 withdrawal	 symptoms.	 The	 most	 serious	 clinical
presentation	 of	 ethanol	withdrawal	 is	 delirium	 tremens.	 It	 is	 a	 life-threatening
late	manifestation	of	 ethanol	withdrawal;	5%	of	patients	who	manifest	 ethanol
withdrawal	progress	to	delirium	tremens.1,6

Mild	 ethanol	 withdrawal	 is	 usually	 characterized	 by	 a	 period	 of	 acute
tremulousness	(the	“shakes”)	that	begins	6	to	8	hours	after	a	reduction	in	ethanol
intake.1,17	 The	 patients	 usually	 complain	 of	 tremulousness,	 nausea,	 vomiting,
anorexia,	 anxiety,	 and	 insomnia.	 Physical	 examination	 reveals	 mild	 CNS	 and
autonomic	 hyperactivity	 (eg,	 tachycardia,	 mild	 hypertension,	 hyperreflexia,
irritability,	 and	 a	 resting	 tremor).	 Occasionally,	 significant	 tremor	may	 not	 be
appreciated	despite	the	patient’s	complaint	of	feeling	“shaky	inside.”	This	milder
form	of	withdrawal	 is	 characterized	by	a	 clear	 sensorium,	 although	 the	patient
may	have	a	minor	disorientation	to	time.	Symptoms	of	mild	ethanol	withdrawal
usually	peak	between	24	and	36	hours,	and	75%	to	80%	of	these	patients	recover
uneventfully	in	a	few	days.	Approximately	20%	to	25%	of	the	patients	with	mild
ethanol	withdrawal	progress	to	serious	withdrawal	manifestations	(eg,	seizures,
hallucinations,	delirium	tremens).

Seizures	 that	 occur	 among	 alcoholics	 may	 or	 may	 not	 be	 due	 to	 ethanol
withdrawal.	Although	ethanol	withdrawal	accounts	 for	many	of	 these	 seizures,
other	 common	 causes	 include	 preexisting	 idiopathic	 and	 posttraumatic
epilepsy.8,9,18	 Other	 complications	 of	 ethanol	 abuse	 (eg,	 hypoglycemia,
hypomagnesemia,	and	hyponatremia)	not	necessarily	associated	with	withdrawal
may	 also	 precipitate	 seizures.18	 Ethanol	 intoxication	 itself	 is	 not	 thought	 to	 be
proconvulsant.	 Alcoholic	 patients	 with	 a	 history	 of	 epilepsy	 appear	 to	 have	 a
greater	 incidence	of	 seizures	 than	 those	without	 a	 preexisting	 seizure	disorder.
Failure	 to	 comply	with	 anticonvulsant	 regimens	may,	 in	 part,	 account	 for	 this.
Brief	 abstinence	 (even	 overnight)	 may	 also	 lower	 the	 seizure	 threshold
sufficiently	 to	 provoke	 seizures	 among	 susceptible	 patients.	 It	 is	 important	 to
differentiate	 between	 a	 patient	 with	 ethanol	 withdrawal	 seizures	 and	 a	 patient
with	an	underlying	seizure	disorder	unrelated	to	ethanol	withdrawal	because	they



have	different	management	strategies.19
Early	 studies	 showed	 that	 as	many	as	12%	 to	33%	of	patients	with	 ethanol

withdrawal	 developed	 seizures.8,9	 Most	 ethanol	 withdrawal	 seizures	 occur
between	6	and	48	hours	after	cessation	or	relative	abstinence	from	drinking.6,17
Mild-to-moderate	 signs	of	withdrawal	may	precede	 the	 seizures,	or	 the	 seizure
may	herald	the	onset	of	ethanol	withdrawal.	They	are	short,	generalized,	tonic-
clonic	seizures,	40%	of	which	are	limited	to	a	single	isolated	event.	Often	a	short
burst	of	two	to	six	seizures	with	normal	sensorium	between	seizures	occurs	over
a	few	hours.	The	patients	with	ethanol	withdrawal	seizures	usually	have	normal
baseline	 electroencephalograms,	 in	 contrast	 to	 those	 with	 underlying	 seizure
disorders.	 Status	 epilepticus	 or	 recurrent	 seizure	 activity	 lasting	 longer	 than	 6
hours	 is	 distinctly	 uncommon	 during	 ethanol	withdrawal	 and	 suggests	 another
diagnosis.

Ethanol	 withdrawal	 seizures	 may	 foreshadow	 the	 development	 of	 delirium
tremens.	In	one	retrospective	study,	35%	of	the	patients	with	ethanol	withdrawal
seizures	 developed	 delirium	 tremens.18	 In	 most	 patients,	 postictal	 confusion
blends	imperceptibly	into	delirium	tremens.	As	many	as	40%	of	the	patients	in
whom	delirium	tremens	subsequently	developed	exhibited	an	initial	clearing	of
their	postictal	state	followed	by	the	onset	of	delirium	tremens	12	hours	to	5	days
later.17

Disordered	perceptions	characterized	by	hallucinations	and	nightmares	were
noted	 in	 25%	 of	 tremulous	 patients	 in	 early	 ethanol	 withdrawal.9	 The
hallucinations	were	predominantly	visual	in	nature,	auditory	in	20%	of	the	cases,
and	 rarely	 tactile	 (“formication”)	 or	 olfactory.	 Commonly	 described	 visual
phenomena	include	the	graphic	depiction	of	bugs	crawling	on	the	walls	or	bed.

2Acute	alcoholic	hallucinosis	refers	to	a	subset	of	hallucinating	patients	who
do	 not	 demonstrate	 tremulousness	 or	 other	 signs	 of	 sympathetic	 hyperactivity.
This	uncommon	clinical	presentation	(occurring	among	2%	of	the	patients)	is	a
distinct	manifestation	of	 ethanol	withdrawal	 that	usually	begins	within	8	 to	48
hours	 of	 cessation	 of	 drinking.9	 It	 is	 characterized	 by	 disabling	 auditory
hallucinations,	often	of	a	persecutory	nature.	These	patients	display	no	evidence
of	formal	thought	disorder,	have	no	personal	or	family	history	of	schizophrenia,
and	are	usually	oriented	to	person	and	place.	In	most	cases,	symptoms	last	for	1
to	6	days,	although	they	may	persist	 for	months	and	come	to	resemble	chronic
paranoid	 schizophrenia.	 These	 symptoms	 usually	 improve	 when	 treated	 with
cross-tolerant	agents	such	as	benzodiazepines.

Delirium	 tremens	 is	 characterized	 by	 a	 significant	 alteration	 of	 sensorium
associated	with	 dramatic	 autonomic	 and	 CNS	 hyperactivity.	 Delirium	 tremens
appears	 to	 be	 more	 common	 among	 patients	 with	 a	 history	 of	 significant



withdrawal	 and	 a	 long	 history	 of	 ethanol	 misuse.	 The	 patients	 among	 whom
delirium	 tremens	 develops	 may	 not	 have	 demonstrated	 earlier	 signs	 of
withdrawal.	 Other	 patients	 who	 have	 had	 ethanol	 withdrawal	 seizures	 or
hallucinations	 may	 deceptively	 improve	 before	 the	 onset	 of	 delirium	 tremens
(most	commonly	73-96	hours	after	last	drink),	which	is	rarely	seen	before	48	to
72	hours	after	cessation	or	reduction	of	drinking	and	may	be	delayed	for	as	long
as	 5	 to	 14	 days.6,9	 These	 patients	 are	 truly	 delirious,	 exhibiting	 autonomic
disturbances	 (eg,	 tachycardia,	 hypertension,	 tachypnea,	 hyperpyrexia,
diaphoresis,	and	mydriasis),	disorientation,	global	confusion,	hallucinations,	and
delusions.	 Speech	 is	 unintelligible.	 Psychomotor	 disturbances	 (eg,	 picking	 at
bedclothes,	restlessness,	and	agitation)	are	common.	Cardiac	dysrhythmias	may
also	occur.20	Seizures	rarely	occur	during	delirium	tremens.	Concomitant	illness,
trauma,	 seizures,	 or	 therapeutic	 drugs	 may	 mask	 or	 modify	 the	 typical
presentation.

3 	 Mortality	 associated	 with	 delirium	 tremens	 varies	 with	 the	 presence	 of
underlying	 disease.	 Higher	 mortality	 is	 associated	 with	 comorbidities	 (eg,
pneumonia,	 meningitis,	 pancreatitis,	 gastrointestinal	 bleeding,	 or	 major
trauma).20,21	 For	 the	 untreated	 patient	 without	 serious	 comorbidities,	 mortality
usually	 is	 a	 consequence	 of	 severe	 dehydration	 or	 hyperthermia,	 or	 both,
precipitating	cardiovascular	collapse.20,22	Before	adequate	therapeutic	agents	(eg,
benzodiazepines	 and	 phenobarbital)	 were	 available,	 the	 mortality	 rate	 of
delirium	 tremens	was	 12%	 to	 52%.23	With	 the	 advent	 of	 benzodiazepines	 and
intensive	supportive	care,	as	well	as	early	recognition	of	ethanol	withdrawal,	the
mortality	rate	of	delirium	tremens	approached	0%	to	2%	21,24,25.

Diagnostic	Evaluation
Ethanol-related	 hypoglycemia	 needs	 to	 be	 quickly	 differentiated	 from
withdrawal.	 Clinically,	 these	 two	 conditions	 may	 appear	 remarkably	 similar,
although	 only	 hypoglycemia	 rapidly	 improves	 after	 intravenous	 (IV)	 glucose
administration,	and	is	easily	detected	by	rapid	point	of	care	testing.

The	 differential	 diagnosis	 of	 ethanol	withdrawal	 includes	 other	 causes	 of	 a
hyperadrenergic	 state	 such	 as	 sympathomimetic	 agents,	 monoamine	 oxidase
inhibitors,	 phencyclidine,	 anticholinergic	 agents,	 and	 lithium	 overdoses,
neuroleptic	malignant	syndrome	and	serotonin	syndrome,	as	well	as	withdrawal
from	 other	 sedative-hypnotics	 (eg,	 benzodiazepines,	 barbiturates,	 GHB,	 and
baclofen)	 (see	 the	 following	 discussion).	 For	 the	 elderly	 patient	 at	 risk	 for
delirium	(age	65	years	and	older,	cognitive	impairment,	severe	illness,	or	current
hip	fracture),	use	of	opioids	and	benzodiazepines	appears	to	confer	the	greatest



risk	of	developing	delirium.26
Significant	 underlying	metabolic,	 traumatic,	 and	 infectious	 disorders	 should

be	 excluded	 for	 the	 patient	 with	 altered	mental	 status	 associated	with	 ethanol
withdrawal.	 Differentiation	 may	 require	 laboratory	 investigations,	 computed
tomographic	 scan	 of	 the	 head,	 and	 lumbar	 puncture.	 These	 include	 CNS
emergencies	 (eg,	 intracranial	 bleeds,	 meningitis,	 and	 encephalitis),	 sepsis,
metabolic	causes	(eg,	hypoxia,	hypercarbia,	thiamine	deficiency),	acid-base	and
electrolyte	abnormalities	 (eg,	sodium	and	calcium),	and	endocrine	disturbances
(eg,	 thyroid	 storm	 and	 pheochromocytoma).	 Distinguishing	 between	 delirium
tremens	 and	hepatic	 encephalopathy	may	be	 difficult,	 especially	 because	 these
conditions	often	coexist.

Management
A	successful	strategy	for	managing	ethanol	withdrawal	needs	to	address	several
key	goals:	alleviation	of	symptoms,	prevention	of	progression	of	withdrawal	to	a
more	serious	stage,	avoidance	of	complications,	treatment	of	coexisting	medical
problems,	 and	 planning	 for	 long-term	 rehabilitation	 and	 drug	 independence.6
Initial	management	involves	securing	the	airway,	breathing,	and	circulation.	The
patients	 with	 an	 altered	 level	 of	 consciousness	 require	 oxygen	 and	 IV
administration	 of	 at	 least	 100	 mg	 thiamine	 and	 50	 g	 glucose.	 The	 latter	 two
substrates	 are	 particularly	 important,	 as	 Wernicke	 encephalopathy	 and
hypoglycemia	 may	 be	 confused	 or	 coexist	 with	 ethanol	 withdrawal.	 Severely
agitated	 patients	may	 initially	 require	 physical	 restraints	 to	 prevent	 injury	 and
facilitate	 chemical	 sedation.	 Prolonged	 use	 of	 physical	 restraints	 without
adequate	sedation	may	be	detrimental	because	agitated	patients	often	continue	to
struggle	 against	 their	 restraints.	 Such	 activity	 perpetuates	 the	 risk	 for
hyperthermia,	 rhabdomyolysis,	 and	 resultant	 myoglobinuric	 renal	 failure.	 One
retrospective	 review	 of	 35	 deaths	 attributed	 to	 delirium	 tremens	 found	 that
mortality	correlated	with	the	use	of	restraints	and	hyperthermia.27

Volume	 resuscitation,	 correction	 of	 acid-base	 and	 electrolyte	 abnormalities,
and	vigilance	in	the	diagnosis	and	treatment	of	coexisting	medical	and	surgical
disorders	 are	 vital	 for	 preventing	morbidity	 and	mortality	 for	 the	 patient	with
delirium	tremens.6,17,28

3 	Achievement	of	adequate	chemical	sedation	is	the	cornerstone	of	successful
treatment	 of	 ethanol	 withdrawal.29	 Sedation	 alleviates	 the	 excitatory
manifestations	 of	 withdrawal,	 prevents	 progression	 to	 delirium	 tremens,	 and
prevents	 common	complications	of	 agitation	 (eg,	 trauma,	 rhabdomyolysis,	 and
hyperthermia).	 Although	 many	 agents	 have	 been	 used	 over	 the	 years,



benzodiazepines	have	proved	the	most	effective.1,6,17,28-30	Benzodiazepines,	unlike
the	 neuroleptics,	 are	 cross-tolerant	with	 ethanol	 and	 function	 as	 a	 replacement
drug	 for	 the	 short-acting	 ethanol,	 increasing	 the	 affinity	 of	 GABA	 for	 the
GABAA	 receptor.6	 Benzodiazepines	 are	 the	 first-line	 treatment	 of	 ethanol
withdrawal.

Diazepam	(Valium),	chlordiazepoxide	(Librium),	and	lorazepam	(Ativan)	are
the	most	commonly	used	parenteral	benzodiazepines	to	facilitate	rapid	sedation
and	 are	 titrated	 to	 effect.	 Of	 these	 agents,	 only	 lorazepam	 has	 reliable
intramuscular	 (IM)	 absorption.6,16	 Lorazepam,	 a	 shorter-acting	 agent,	 has	 no
active	metabolite	and	 is	better	 tolerated	among	 the	elderly	and	among	patients
with	 hepatic	 dysfunction,	 producing	 less	 sedation.	 Diazepam	 and
chlordiazepoxide	 are	 long-acting	 agents	 with	 active	 metabolites	 that	 prolong
their	therapeutic	effects,	avoiding	the	need	for	frequent	dosing	that	is	associated
with	 shorter-acting	 agents.	 Continuous	 IV	 midazolam	 infusion,	 a	 short-acting
agent,	 has	 also	 been	 recommended	 for	 the	 treatment	 of	 delirium	 tremens.
However,	this	approach	requires	more	vigilant	monitoring	and	does	not	provide
the	advantages	of	a	long-acting	benzodiazepine	that	is	gradually	eliminated	over
several	days.

The	 scientific	 evidence	 is	 inconclusive	 about	 the	 efficacy	 of	 one
benzodiazepine	 over	 another	 for	 the	 treatment	 of	 ethanol	 withdrawal.6,29-31
Although	 some	 investigators	 suggest	 lorazepam	may	 be	 the	 preferred	 agent,32
long-acting	 benzodiazepines	 such	 as	 diazepam	 may	 be	 more	 effective	 for
preventing	ethanol	withdrawal	seizures	and	contributing	to	smoother	withdrawal
with	less	breakthrough	or	rebound	symptoms.14,33

The	treatment	of	ethanol	withdrawal	in	the	ICU	is	with	a	symptom-triggered
benzodiazepine	regimen.14,25,34	The	Clinical	Institute	Withdrawal	Assessment	for
Alcohol	 (CIWA-Ar)	 scale	 is	 a	 reliable,	 validated	 scale	 to	 assess	 severity	 of
ethanol	 withdrawal,	 so	 treatment	 can	 be	 appropriately	 titrated	 and
individualized.	It	includes	subjective	parameters	(eg,	anxiety,	auditory	and	visual
disturbances,	headache,	and	nausea)	as	well	as	objective	parameters	(eg,	tremor,
sweating,	agitation,	and	clouding	of	sensorium).	A	score	of	<8	to	10	is	consistent
with	 minimal-to-mild	 withdrawal;	 score	 of	 <8	 typically	 does	 not	 require
treatment.	A	 score	 of	 8	 to	 15	 is	 consistent	with	moderate	withdrawal.	A	 score
>15	 indicates	severe	withdrawal	with	 impending	delirium	tremens	 if	untreated.
For	 severely	 agitated	 or	 intubated	 patients,	 subjective	 parameters	 may	 be
difficult	to	evaluate,	and	a	tool	such	as	the	Richmond	Agitation-Sedation	Scale
(RASS)	 may	 be	 used	 instead,	 with	 a	 goal	 of	 0	 to	 −1.6,14	 The	 Brief	 Alcohol
Withdrawal	 Scale	 (BAWS)	 is	 a	 simplified	 scale	 that	 includes	 assessment	 of
sweating,	agitation	(RASS),	tremor,	confusion,	and	hallucinations.35	The	dose	of



benzodiazepines	 needed	 to	 achieve	 adequate	 sedation	 varies	 considerably
depending	 on	 the	 patient’s	 tolerance	 to	 alcohol.	 Although	 the	 oral	 route	 of
administration	may	be	appropriate	in	patients	with	mild	withdrawal,	the	IV	route
of	administration	may	be	required	for	those	with	significant	signs	of	withdrawal.
IV	benzodiazepine	is	titrated	to	the	patient’s	needs,	with	a	goal	of	CIWA-Ar	<8
to	10,	by	the	use	of	frequent	boluses	until	withdrawal	symptoms	subside.	Using
such	a	front-loading	technique	helps	avoid	undertreatment	or	excessive	sedation.
For	example,	5	to	20	mg	of	diazepam	can	be	administered	to	the	patient	every	5
minutes	until	patient	has	a	CIWA-AR	<8	to	10	or	a	RASS	0.	Initial	safe	titration
of	 benzodiazepines	 requires	 continual	 reevaluation	 by	 a	 physician	 or
appropriately	trained	nurse	at	the	bedside.	In	patients	with	moderate	withdrawal
symptoms,	a	symptom-triggered	approach,	instead	of	a	fixed-schedule	approach,
resulted	 in	 reduced	 medication	 requirement	 (9	 vs	 68	 hours).36	 A	 study	 of	 a
surgical	 ICU	 patients	 demonstrated	 that	 this	 symptom-orientated	 bolus-titrated
approach	decreases	 the	severity	and	duration	of	ethanol	withdrawal	symptoms,
resulting	 in	 reduced	 medication	 requirements,	 fewer	 days	 of	 mechanical
ventilation,	 lower	 incidence	 of	 pneumonia,	 and	 shorter	 ICU	 stay.37	 Early
escalating	benzodiazepine	therapy	is	associated	with	both	shorter	ICU	lengths	of
stay	as	well	as	shorter	hospitalization.38

Failure	 to	 achieve	 adequate	 sedation	with	 conventional	 doses	 of	 the	 chosen
benzodiazepine	 should	 not	 prompt	 a	 switch	 to	 an	 alternative	 benzodiazepine.
Some	 patients	 require	 very	 high	 doses	 to	 achieve	 sedation;	 cases	 of	 patients
receiving	up	to	2000	mg	of	diazepam	during	the	first	2	days	have	been	reported.1
Research	 into	 GABAA	 receptors	 suggests	 resistance	 to	 large	 doses	 of
benzodiazepines	 in	 some	 patients	 with	 ethanol	 withdrawal	 may	 be	 due	 to
alterations	in	GABAA	receptor	subunit	expression.39	In	patients	with	alcohol	use
disorder,	 postmortem	 brain	 samples	 showed	 increased	 GABAA	 receptor	 α1
subunit	mRNA	expression	in	the	superior	frontal	cortex	with	no	change	in	α2,	α3,
or	α4	subunit	mRNA	expression.	In	addition,	the	total	concentration	of	α	subunits
was	 increased.	 In	 a	 rodent	 model	 of	 chronic	 alcohol	 dependence,	 decreased
expression	of	benzodiazepine	sensitive	GABAA	receptor	α1	and	α2	subunits	and
increased	 expression	 of	 benzodiazepine	 insensitive	GABAA	 receptor	α4	 and	 α6
subunits	 were	 demonstrated	 in	 the	 hippocampus	 of	 the	 brain.	 This	 may	 be	 a
reason	 that	 continued	 attempts	 to	 achieve	 sedation	 with	 escalating
benzodiazepine	 dosage	 or	 using	 only	 benzodiazepines	 in	 patients	 who	 may
possess	a	“resistant”	population	of	GABAA	receptors	is	a	futile	effort.	If	a	patient
with	 severe	 ethanol	 withdrawal	 is	 unresponsive	 to	 large	 doses	 of	 a
benzodiazepine	(eg,	40	mg	of	diazepam	in	the	first	hour	or	200	mg	of	diazepam



or	40	mg	of	 lorazepam	over	3-4	hours),	 the	addition	of	 a	 second	GABA-ergic
agent	 (eg,	 a	 barbiturate	 or	 propofol)	 is	 warranted.6,28	 Barbiturates,	 bind	 to	 the
GABAA	 receptor	 at	 a	 site	 separate	 from	 the	 benzodiazepine	 binding	 site
regardless	of	 the	GABAA	 receptor	 specific	α	 subunit	 composition,	 is	 often	 the
next	agent	of	choice.15	The	sequential	addition	of	other	agents	may	be	necessary.

Barbiturates,	 particularly	 intermediate	 and	 long-acting	 agents	 such	 as
pentobarbital	and	phenobarbital,	are	cross-tolerant	sedative-hypnotic	agents	that
can	be	used	in	the	treatment	of	ethanol	withdrawal,	either	alone	or	as	an	adjunct
for	 resistant	 ethanol	 withdrawal.10,15	 Phenobarbital	 dosing	 may	 require	 up	 to
1500	to	2000	mg	orally	or	IV	on	Day	1	in	patients	with	delirium.1	Barbiturates
are	 titrated	 to	 a	 CIWA-Ar	 score	 of	 <8	 to	 10	 or	 RASS	 of	 0.6,40	 One	 study
compared	 a	 phenobarbital	 protocol	 with	 a	 benzodiazepine	 protocol	 in
conjunction	 with	 the	 CIWA-Ar	 scale	 demonstrated	 shorter	 ICU	 and	 hospital
stays,	 decreased	 need	 for	 adjunctive	 pharmacotherapy,	 and	 decreased	 need	 for
mechanical	 ventilation.41	 Ethanol	 withdrawal	 patients	 with	 idiopathic	 or
posttraumatic	 epilepsy	 who	 require	 maintenance	 anticonvulsant	 levels	 may
particularly	benefit	from	this	alternative	strategy.	Excess	sedation	and	a	greater
tendency	 to	 produce	 ventilatory	 depression	 may	 be	 more	 of	 a	 concern	 with
barbiturates	as	compared	with	benzodiazepines.

Changes	in	NMDA	glutamate	receptor	physiology	may	be	important	in	both
clinical	signs	and	symptoms	of	ethanol	withdrawal	and	the	excitotoxic	neuronal
cell	 death.	 In	 animal	 studies,	 NMDA	 receptor	 antagonists	 attenuated	 the
development	 of	 ethanol	 dependence	 when	 concomitantly	 administered	 with
benzodiazepines	or	barbiturates,	and	prevented	withdrawal	seizures	and	neuronal
excitotoxicity	when	 administered	 during	withdrawal	 periods.	 Patients	 who	 are
refractory	 to	 high	 dose	 GABAA	 agonists	 may	 benefit	 from	 addressing	 the
GABA-ergic	as	well	as	the	glutaminergic	manifestations	of	ethanol	withdrawal.

Propofol,	 a	 sedative-hypnotic	 agent	 used	 for	 induction	 and	maintenance	 of
anesthesia,	is	a	GABAA	receptor	agonist	as	well	as	a	NMDA	receptor	antagonist.
Although	propofol	maintains	cross-tolerance	with	GABAA	 receptors,	 the	 effect
is	 less	 than	 with	 benzodiazepines.42	 Propofol	 has	 been	 successfully	 used	 for
treatment	 of	 severe	 ethanol	 withdrawal	 that	 is	 resistant	 to	 large	 doses	 of
benzodiazepines	 (>1000	 mg/d).6,42,43	 Propofol	 has	 a	 rapid	 onset	 and	 offset	 of
sedation	 with	 short-term	 administration	 (<72	 hours)	 and	 is	 easily	 titratable.
When	propofol	is	administered	as	a	continuous	infusion	for	sedation,	the	offset
of	 sedation	 depends	 on	 depth	 of	 sedation	 maintained,	 infusion	 duration,	 and
body	mass	 index.	A	rare	but	potentially	 lethal	adverse	event,	propofol	 infusion
syndrome,	 is	 associated	 with	 continuous	 infusion	 of	 propofol	 for	 extended



periods	(adults:	>5	mg/kg/h	for	>58	hours;	pediatrics:	>4	mg/kg/h	for	>48	h).43	It
is	 characterized	 by	 acute	 bradycardia	 with	 progression	 to	 asystole;
hyperlipidemia;	 metabolic	 acidosis;	 rhabdomyolysis	 or	 myoglobinuria;	 and	 an
enlarged	or	 fatty	 liver.	The	 scientific	 evidence	 is	 inconclusive	 about	 the	 added
benefit	 of	 propofol	 to	 the	 use	 of	 benzodiazepines	 for	 the	 treatment	 of	 alcohol
withdrawal.43,44

Ketamine	is	another	agent	with	NMDA	antagonistic	properties	that	has	been
used	for	the	treatment	of	ethanol	withdrawal.	Unlike	propofol,	ketamine	has	no
effects	 on	 GABA	 receptors.	 One	 retrospective	 review	 demonstrated	 adjunct
ketamine	 to	 benzodiazepine	 treatment	 for	 ethanol	 withdrawal	 reduced
benzodiazepine	requirements.45

α2-Adrenergic	 agonists	 (eg,	 clonidine,	 lofexidine,	 dexmedetomidine)	 have
been	promoted	as	primary	agents	and	adjuncts	to	sedative-hypnotic	treatment	for
ethanol	 withdrawal	 as	 well	 as	 opioid	 withdrawal	 (see	 “Opioid	 Withdrawal”
section).	α2-adrenergic	agonists	exert	 their	cardiovascular	effects	by	stimulation
of	central	α2-adrenergic	receptors	in	the	locus	ceruleus	of	the	brain.	Stimulation
of	 these	 α2-receptors	 results	 in	 feedback	 inhibition	 of	 norepinephrine	 activity,
decreasing	 the	 firing	 rate	 of	 noradrenergic	 neurons.46	 These	 noradrenergic
neurons	 also	 possess	 opioid	 receptors	 whose	 stimulation	 produces	 a	 similar
reduction	 in	 sympathetic	 activity	 through	 the	 same	 intracellular	 messenger
system.47	 Although	 α2-agonists	 may	 help	 relieve	 mild	 withdrawal	 symptoms
such	as	tremor,	diaphoresis,	and	tachycardia,	scientific	evidence	is	inconclusive
that	 they	 prevent	 delirium	 tremens.6	One	 randomized,	 double-blinded,	 placebo
control	trial	comparing	oral	diazepam	or	alprazolam,	clonidine,	and	placebo	for
the	treatment	of	mild	ethanol	withdrawal	showed	that	the	benzodiazepines	were
more	efficacious	for	attenuating	withdrawal	symptoms.48	Dexmedetomidine	may
be	 an	 effective	 adjunct	 treatment	 for	 the	 hyperadrenergic	 state	 during	 severe
alcohol	 withdrawal.49	 Dexmedetomidine	 has	 anesthetic,	 anxiolytic,	 analgesic,
and	 sympatholytic	 effects	 and	 is	 indicated	 for	 sedation	 but	 does	 not	 cause
significant	 ventilatory	 depression.46	 Adjunctive	 dexmedetomidine	 use	 with
lorazepam	 can	 decrease	 its	 requirement	 in	 patients	 with	 severe	 alcohol
withdrawal	in	the	first	24	hours.50

β-Blockers	 may	 be	 useful	 as	 adjunctive	 therapy	 to	 reduce	 the	 autonomic
symptoms	of	ethanol	withdrawal.	However,	these	agents	do	not	prevent	or	treat
seizures	or	delirium	tremens;	propranolol	may	worsen	the	delirium	and	mask	the
symptoms	of	impeding	delirium	tremens.6

IV	ethanol	and	oral	ethanol	have	been	used	 to	 treat	ethanol	withdrawal	and
continue	 to	 be	 used	 by	 some	 medical	 practitioners,	 especially	 surgeons.51
However,	 IV	 ethanol	 has	 inconsistent	 pharmacokinetic	 profile	 and	 narrow



therapeutic	 index,	 intensifies	 the	 biochemical	 abnormalities	 associated	 with
ethanol	metabolism,	shifting	energy	production	toward	lactate	and	ketogenesis.52
The	 use	 of	 ethanol	 for	 the	 treatment	 of	 ethanol	 withdrawal	 is	 not
recommended.53

Baclofen	is	a	GABAB	agonist	that	may	have	a	role	in	the	treatment	of	ethanol
withdrawal.	 In	a	 randomized	single	blinded	study,	baclofen	was	comparable	 to
diazepam	 in	 attenuating	 symptoms	 of	 moderate	 ethanol	 withdrawal	 in	 an
outpatient	 setting.54	 Baclofen	 has	 also	 been	 shown	 to	 be	 more	 effective	 than
placebo	 in	 controlling	 craving	 and	 in	 inducing	 abstinence	 from	 ethanol.55	 The
mechanism	for	this	effect	may	be	due	to	the	influence	of	GABAB	agonist	on	the
mesolimbic	dopamine	pathway.	Baclofen	has	not	been	studied	as	a	treatment	for
ethanol	 withdrawal	 in	 the	 intensive	 care	 setting.	 The	 scientific	 evidence	 is
inconclusive	 about	 the	 safety	 and	 efficacy	 of	 baclofen	 for	 the	 treatment	 of
ethanol	withdrawal.56

Sodium	oxybate,	the	sodium	salt	of	GHB,	is	an	agonist	at	GHB	and	GABAB

receptors,	 may	 have	 a	 role	 in	 the	 treatment	 of	 ethanol	 withdrawal.	 In
randomized,	controlled	trials,	sodium	oxybate	was	comparable	to	diazepam	and
clomethiazole	 in	 relieving	 symptoms	 of	 moderate	 ethanol	 withdrawal	 in	 an
outpatient	setting.57	Sodium	oxybate	alleviates	ethanol	withdrawal	symptoms	of
anxiety,	agitation,	and	depression	more	quickly	 than	diazepam,	possibly	due	 to
its	action	on	dopaminergic	and	serotonergic	neurotransmitter	systems.	Transient
vertigo	was	the	most	commonly	reported	treatment	emergent	adverse	event	but
also	 occurred	 with	 clomethiazole	 and	 diazepam	 treatment.	 This	 method	 of
treatment	is	not	commonly	used	in	some	countries,	such	as	the	United	States.

The	 use	 of	 phenothiazines	 and	 butyrophenones	 to	 treat	 ethanol	 withdrawal
has	been	associated	with	excessive	fatalities.29,52	These	agents	have	been	shown
to	 lower	 the	 seizure	 threshold,	 induce	 hypotension,	 impair	 thermoregulation,
prolong	the	QTc	interval,	and	precipitate	dystonic	reactions.6	These	drugs	have
no	role	in	the	management	of	ethanol	withdrawal.

Magnesium	 sulfate	 has	 been	 suggested	 as	 a	 potential	 therapy	 for	 ethanol
withdrawal.	 However,	 scientific	 evidence	 is	 inconclusive	 that	 magnesium
supplementation	 alleviates	 signs	 or	 symptoms	 of	 ethanol	withdrawal,	 either	 in
normomagnesemic	or	in	hypomagnesemic	patients.58

Adequate	 chemical	 sedation	 of	 patients	 with	 early	 signs	 of	 ethanol
withdrawal	reduces	their	risk	of	withdrawal	seizures	and	progression	to	delirium
tremens.	Patients	who	have	had	a	withdrawal	seizure	are	at	risk	for	progression
to	delirium	tremens	and	should	be	sedated	with	benzodiazepines	or	barbiturates,
as	previously	discussed.	Once	delirium	tremens	has	manifested,	sedation	with	a



benzodiazepine	 may	 not	 completely	 reverse	 mental	 status	 abnormalities.	 This
may	be	a	consequence	of	the	incomplete	cross-tolerance	of	benzodiazepine	with
ethanol	 or	 the	 CNS	 effects	 of	withdrawal	may	 not	 be	 immediately	 reversible.
One	 randomized,	 double-blind,	 placebo	 control	 trial	 evaluating	 patients
presenting	 to	 emergency	 departments	 with	 ethanol	 withdrawal	 seizures	 and
lacking	other	signs	of	moderate	ethanol	withdrawal	showed	that	a	one-time	dose
of	IV	lorazepam	of	2	mg	was	more	effective	than	placebo	for	reducing	the	risk
of	recurrent	withdrawal	seizures.59	Phenytoin	is	ineffective	for	the	prevention	or
treatment	of	ethanol	withdrawal	seizures.6,60

The	 use	 of	 anticonvulsants	 to	 prevent	 or	 treat	 ethanol	 withdrawal	 seizures
should	 be	 limited	 to	 patients	with	 an	 underlying	 seizure	 disorder	who	 require
maintenance	anticonvulsant	 therapy.6	These	patients	 often	 seize	 at	 the	onset	 of
mild	 withdrawal	 secondary	 to	 poor	 compliance	 with	 their	 anticonvulsant
regimen	 and	 require	 restoration	 of	 therapeutic	 serum	 anticonvulsant	 (eg,
phenytoin)	 concentrations.	 Patients	 who	 present	 with	 an	 apparent	 ethanol
withdrawal	 seizure	 but	 do	 not	 have	 a	 history	 of	 either	 underlying	 seizure
disorder	or	previous	ethanol	withdrawal	seizures	require	a	full	seizure	workup.
For	 the	 rare	 patient	 in	 ethanol	 withdrawal	 who	 develops	 status	 epilepticus,
aggressive	 anticonvulsant	 treatment	 is	 indicated	with	phenobarbital	 in	 addition
to	benzodiazepines.	Seizures	and	status	epilepticus	during	delirium	tremens	are
rare	sequelae	of	ethanol	withdrawal	that	require	an	investigation	into	underlying
traumatic	 injuries	 and	 infection,	 regardless	 of	 any	 previous	 history	 of	 ethanol
withdrawal	seizures.

BENZODIAZEPINE	WITHDRAWAL
Benzodiazepines	 first	 entered	 the	 US	market	 in	 early	 1960s	 and	 replaced	 the
barbiturates	 as	 the	 most	 widely	 prescribed	 sedative-hypnotic	 agents.	 Initially,
benzodiazepines	 appeared	 to	be	 less	 toxic	 and	 less	 likely	 to	 cause	dependence
than	 the	 barbiturates.61	 Subsequent	 clinical	 experience	 has	 shown	 that
withdrawal	 from	 benzodiazepines	 may	 be	 as	 severe	 as	 withdrawal	 from
barbiturates	or	ethanol.	It	is	estimated	that	5%	to	10%	of	the	adults	in	the	United
States	 use	 benzodiazepines	 on	 a	 regular	 basis.62	 The	 early	 signs	 of
benzodiazepine	 withdrawal	 are	 similar	 to	 ethanol	 withdrawal.	 However,	 the
onset	 of	 benzodiazepine	 withdrawal	 may	 be	 delayed.	 When	 a	 hospitalized
patient	 develops	 delayed	 tachycardia,	 hypertension,	 and	 irritability,	 prior
benzodiazepine	misuse	should	be	suspected.



Pathophysiology
Signs	 and	 symptoms	 of	 benzodiazepine	 withdrawal	 occur	 when	 a	 tolerant
individual	experiences	a	decline	in	CNS	benzodiazepine	concentration.	A	patient
who	has	 taken	 therapeutic	amounts	of	benzodiazepine	over	an	extended	period
may	also	experience	withdrawal	(therapeutic	dose	withdrawal),61	although	more
commonly	 it	 occurs	 among	 those	who	 have	 been	 regularly	 taking	 higher	 than
recommended	 antianxiety	 doses.63	 A	 high	 daily	 dose	 and	 long	 duration	 of
benzodiazepine	 use	 correlate	 with	 a	 higher	 risk	 of	 developing	 a	 moderate-to-
severe	 withdrawal	 syndrome.64	 Although	 benzodiazepine	 withdrawal	 usually
occurs	after	abrupt	discontinuation	of	benzodiazepine,	it	may	occur	during	drug
tapering.65	Iatrogenic	benzodiazepine	withdrawal	has	been	described	for	patients
following	discontinuation	of	midazolam-induced	sedation	in	the	ICU.

The	 mechanisms	 of	 benzodiazepine	 tolerance	 and	 withdrawal	 involve
modulation	of	GABAA	receptor	conformation	and	composition	of	the	receptor’s
subunits	 may	 be	 similar	 to	 those	 that	 occur	 with	 chronic	 ethanol	 use.64
Ultimately,	 a	 decrease	 of	 benzodiazepine	 dosing	 results	 in	 unopposed	 nervous
system	stimulation	and	an	increase	in	agitation	and	anxiety.

There	is	variability	in	the	time	course	and	severity	of	withdrawal	among	the
various	 benzodiazepines	 because	 of	 their	 differing	 pharmacokinetics.61	 Drug
half-life	 and	 the	 presence	 of	 active	 metabolites	 correlate	 with	 the	 onset,
frequency,	and	severity	of	withdrawal	symptoms.	The	onset	of	withdrawal	from
shorter-acting	 benzodiazepines	 without	 active	 metabolites	 (eg,	 lorazepam	 or
alprazolam)	may	be	precipitous	with	marked	symptoms	as	early	as	24	hours	after
cessation	 of	 therapy.	 Signs	 of	 withdrawal	 from	 longer-acting	 benzodiazepines
(eg,	 diazepam)	 with	 active	 metabolites	 may	 be	 delayed	 for	 8	 days	 or	 longer.
While	 the	most	severe	withdrawal	symptoms	will	 resolve	within	3	 to	4	weeks,
mild	protracted	withdrawal	symptoms	may	persist	for	months.66	Concurrent	use
of	 other	 cross-tolerant	 sedative-hypnotic	 drugs	 (eg,	 ethanol,	 barbiturates,
meprobamate)	with	benzodiazepines	increases	the	risk	of	developing	withdrawal
on	abrupt	discontinuation	of	these	drugs.

The	 administration	of	 the	 competitive	benzodiazepine	 antagonist	 flumazenil
can	 result	 in	 iatrogenic	 benzodiazepine	 withdrawal.	 Flumazenil	 is	 sometimes
used	to	reverse	sedation	in	the	settings	of	benzodiazepine	overdose,	IV	moderate
sedation,	 and	 general	 anesthesia.	 However,	 flumazenil	 may	 not	 fully	 reverse
ventilatory	 depression	 associated	 with	 benzodiazepines.63	 A	 history	 of
benzodiazepine	 use	 and	 dependence	 may	 not	 be	 available	 when	 unconscious
patients	 are	 admitted	 to	 the	 ICU.	 Flumazenil	 should	 be	 used	with	 caution	 for
these	patients	because	 it	can	precipitate	benzodiazepine	withdrawal	 that	 results



in	seizures	and	death	(Chapters	124	and	151).

Clinical	Manifestations
Benzodiazepine	withdrawal	 is	 characterized	 by	CNS	 excitation	 and	 autonomic
hyperactivity.	 Mild	 manifestations	 of	 withdrawal	 include	 psychological
symptoms	 (eg,	 anxiety,	 apprehension,	 irritability,	mood	 swings,	dysphoria,	 and
insomnia)	and	somatic	complaints	(eg,	nausea,	palpitations,	tremor,	diaphoresis,
and	muscle	twitching).

More	 severe	 signs	 of	 withdrawal	 include	 vomiting,	 cramps,	 tachycardia,
postural	hypotension,	and	hyperthermia.	Significant	neuromuscular	hyperactivity
may	 be	manifested	 as	 fasciculations,	 myoclonic	 jerks,	 and	 CNS	 hyperactivity
may	manifest	 as	 seizures.17,61	Agitated	delirium	accompanied	by	hallucinations
and	paranoid	delusions,	and	catatonia,	have	been	described.67

Clonazepam	withdrawal	symptoms	may	develop	2	to	7	days	after	cessation	of
therapy.	Clonazepam	withdrawal	may	be	precipitated	or	accentuated,	or	both,	by
concomitant	neuroleptic	therapy.68

Diagnostic	Evaluation
Benzodiazepine	withdrawal	may	be	difficult	 to	distinguish	 from	an	underlying
anxiety	 disorder.61,63	 The	 time	 course	 of	 the	 symptoms	 helps	 distinguish	 these
two	diagnoses.	Withdrawal	symptoms	often	worsen	rapidly	in	the	early	period,
followed	by	gradual	 improvement	 and	 resolution.	Unmasked	 anxiety	disorders
tend	 not	 to	 deteriorate	 significantly	 and	 persist	 with	 time.	 Perceptual
disturbances,	 not	 generally	 associated	 with	 underlying	 anxiety	 disorders,	 are
commonly	 found	 during	 early	 benzodiazepine	 withdrawal	 and	 may	 also	 help
distinguish	 withdrawal	 from	 the	 return	 of	 anxiety.	 These	 disturbances	 include
paresthesias,	 tinnitus,	 visual	 abnormalities,	 vertigo,	 metallic	 taste,
depersonalization,	and	derealization.17,61

Management
2 	Treatment	strategies	 for	benzodiazepine	withdrawal	are	similar	 to	 those	used
for	ethanol	withdrawal	with	the	exception	that	reintroduction	of	the	drug	is	often
warranted	for	benzodiazepine	withdrawal.	Reinstitution	of	the	drug	at	a	dose	that
relieves	withdrawal	symptoms	followed	by	slow	withdrawal	during	2	to	4	weeks
minimizes	symptoms	and	allows	for	a	slow	decrease	in	tolerance	without	severe



withdrawal	symptoms.	Alternatively,	a	similar	cross-tolerant	agent	can	be	used.
A	long-acting	benzodiazepine	such	as	diazepam	or	chlordiazepoxide	is	preferred
in	 severe	 withdrawal.	 Short-acting	 agents	 may	 be	 disadvantageous	 because
maintenance	of	 therapeutic	serum	drug	levels	requires	frequent	drug	dosing.	In
patients	with	moderate-to-severe	symptoms	(eg,	seizures	and	delirium),	small	IV
boluses	 (eg,	diazepam	5	mg)	should	be	administered	until	adequate	sedation	 is
achieved.	 Patients	 experiencing	 milder	 symptoms	 can	 be	 treated	 by	 the	 oral
route.	Barbiturates	such	as	pentobarbital	and	phenobarbital	can	also	be	used	for
the	treatment	of	benzodiazepine	withdrawal.63

β-Blockers	and	clonidine	have	been	used	to	treat	benzodiazepine	withdrawal.
Propranolol	(10-40	mg	every	6	hours)	may	ameliorate	tremor,	muscle	twitching,
tachycardia,	and	hypertension.	However,	it	has	little	effect	on	anxiety,	agitation,
and	 dysphoria.	 Although	 the	 use	 of	 clonidine	 has	 been	 advocated,	 its
effectiveness	for	modulating	the	intensity,	severity,	and	duration	of	withdrawal	is
unclear.	 As	 with	 ethanol	 withdrawal,	 it	 is	 important	 to	 realize	 that	 treating
peripheral	manifestations	of	withdrawal	may	obscure	early	 signs	of	 impending
delirium	 tremens	 and	 impedes	 the	 assessment	 of	 adequate	 sedation.
Phenothiazines	 and	 butyrophenones	 exhibit	 no	 cross-tolerance	 to	 the
benzodiazepines	 and	 do	 not	 have	 a	 role	 in	 the	 treatment	 of	 benzodiazepine
withdrawal,	for	the	same	reasons	as	in	ethanol	withdrawal.

Limited	 data	 are	 available	 on	 the	 treatment	 of	 flumazenil-induced
benzodiazepine	 withdrawal.	 Supportive	 care	 should	 be	 sufficient	 in	 the
management	of	mild	benzodiazepine	withdrawal	symptoms	because	flumazenil
has	a	relatively	short	half-life	(approximately	1	hour).	However,	the	precipitation
of	 seizure	activity	may	 require	 treatment	with	a	benzodiazepine	or	barbiturate.
Owing	 to	 flumazenil	 blockade	of	 benzodiazepine	binding	 site,	 higher	 doses	 of
GABA-ergic	agonists	may	be	required.61,63

Γ-HYDROXYBUTYRATE	WITHDRAWAL
GHB	is	an	agonist	at	GHB	and	GABAB	 receptors	and	has	high	affinity	 for	 the
α4-subunit	of	the	GABAA	receptor.	GHB	is	metabolized	to	GABA	that	binds	to
GABAA	 and	 GABAB	 receptors.	 Withdrawal	 from	 GHB	 or	 its	 congeners	 γ-
butyrolactone	and	1,4-butanediol	(Chapter	122)	may	be	dramatic	and	potentially
life-threatening.69	 The	 pathophysiology	 is	 similar	 to	 that	 for	 benzodiazepine
withdrawal.	Heavy	users	 of	 these	 substances	 report	 using	multiple	 daily	 doses
(as	 frequent	 as	 every	 1-3	 hours)	 around	 the	 clock.70	 Withdrawal	 symptoms



include	 agitation,	 mental	 status	 changes,	 hypertension,	 tachycardia,
tremulousness,	 diaphoresis,	 tachypnea,	 rigidity,	 irritability,	 paranoia,	 insomnia,
and	 auditory	 and	 visual	 hallucinations.69	 In	 severe	 withdrawal	 cases,	 potential
life-threatening	delirium,	psychosis,	rhabdomyolysis,	and	seizures,	are	observed.
High-frequency	GHB	 users	 appear	 to	 be	 at	 highest	 risk	 for	 developing	 severe
withdrawal	 following	 abrupt	 discontinued	 use	 of	 these	 substances.	 Onset	 of
symptoms	begins	1	to	6	hours	after	the	last	dose.71	Severe	withdrawal	symptoms
may	 persist	 for	more	 than	 15	 days	 and	 require	 prolonged	 ICU	 care.	Many	 of
these	patients	require	physical	restraints	and	heavy	chemical	sedation.	The	use	of
IV	 benzodiazepine	 and	 other	 cross-tolerant	 agents	 is	 recommended	 in	 the
management	of	these	patients,	although	some	patients	may	be	refractory	to	large
doses	of	benzodiazepines.	Successful	treatment	of	this	subset	of	the	patients	with
propofol,	 barbiturates,	 and	 baclofen	 has	 been	 reported.69	 Barbiturates	 such	 as
pentobarbital	may	be	helpful	because	unlike	benzodiazepines,	 they	are	capable
of	 opening	 GABAA	 receptor	 chloride	 channels	 independently	 of	 GABA’s
presence	as	well	as	increasing	the	duration	of	channels	opening.	IV	pentobarbital
dosages	used	in	case	series	were	1	to	2	mg/kg	every	30	to	60	minutes,	titrated	to
improvement	in	vital	signs	and	altered	sensorium.72	Baclofen	(10	mg	orally	three
times	daily)	has	been	used	to	treat	GHB	withdrawal	based	on	the	fact	that	both
GHB	and	baclofen	are	GABAB	 receptor	agonists.	Animal	data	suggest	most	of
the	 clinical	 effects	 of	GHB	 are	GABAB	 receptor	 dependent	 and	 chronic	GHB
administration	caused	cross-tolerance	to	baclofen	but	not	to	flunitrazepam.73

BACLOFEN	WITHDRAWAL
Baclofen	 is	 a	 GABAB	 receptor	 agonist	 used	 to	 treat	 spasticity	 resulting	 from
multiple	 sclerosis	 or	 CNS	 injury.	 It	 can	 be	 taken	 orally	 or	 delivered	 by	 an
intrathecal	 pump,	 which	 achieves	 higher	 CNS	 concentrations	 without	 the
adverse	 events	 associated	with	 large	oral	 dosing.	An	 abrupt	 discontinuation	or
decrease	of	either	oral	or	intrathecal	baclofen	dosage	may	result	in	a	withdrawal
syndrome.74	 The	 pathophysiology	 is	 similar	 to	 that	 for	 benzodiazepine
withdrawal.	 There	 are	 many	 scenarios	 in	 which	 an	 intrathecal	 drug	 delivery
system	 may	 fail,	 including	 errors	 in	 programming	 the	 pump	 or	 filling	 the
reservoir,	 the	 development	 of	 kinks	 or	 occlusions	 in	 the	 tubing,	 and	 battery
failure.

The	 features	 of	 oral	 and	 intrathecal	 baclofen	 withdrawal	 are	 similar	 with
regard	to	time	of	onset.	Onset	of	withdrawal	symptoms	may	occur	within	a	few



hours	 to	 a	 few	 days	 after	 a	 decrease	 in	 baclofen	 dose	 or	 sudden	 intrathecal
pump–	 and	 catheter-related	 system	 malfunction.75,76	 Mild-to-moderate
withdrawal	 symptoms	 may	 include	 pruritus,	 increased	 spasticity,	 tachycardia,
hypertension	 or	 autonomic	 dysreflexia,	 neuromuscular	 rigidity,	 hyperreflexia,
and	 psychosis.	 Severe	 withdrawal	 may	 result	 in	 seizures,	 delirium,
rhabdomyolysis,	 hyperthermia,	 disseminated	 intravascular	 coagulation,
circulatory	 failure,	 multisystem	 organ	 failure,	 delirium,	 coma,	 and	 cardiac
arrest.74,77	 Death	 has	 been	 reported	 following	 acute	 intrathecal	 baclofen
withdrawal.	 Some	 reports	 indicate	 intrathecal	 baclofen	 withdrawal	 is	 a	 more
serious	 problem	 because	 it	 results	 in	 serious	 systemic	 effects	 rather	 than	 the
psychiatric	 and	 neurologic	 effects	 from	 oral	 baclofen	 withdrawal,	 and
hallucinations	 may	 be	 more	 frequent	 following	 oral	 baclofen	 withdrawal;	 the
mechanism	is	unclear.	Rarely	do	patients	develop	a	reversible	cardiomyopathy.
The	 delirium	 observed	 with	 baclofen	 withdrawal	 may	 resemble	 the	 altered
mental	status	observed	with	baclofen	intoxication.	The	differential	diagnosis	of
baclofen	 withdrawal	 should	 include	 baclofen	 toxicity,	 infection	 (sepsis),
serotonin	syndrome,	and	neuroleptic	malignant	syndrome.

In	addition	to	supportive	care,	the	most	important	step	in	the	management	of
baclofen	 withdrawal	 is	 baclofen	 replacement.	 Intrathecal	 pump–	 and	 catheter-
related	system	malfunction	should	be	suspected	and	assessed	by	imaging	studies
(eg,	 plain	 films,	 fluoroscopy,	CT,	 nuclear	medicine	 flow	 studies,	 dye	 studies),
port	 aspirations,	 or	 if	 necessary,	 operative	 exploration.	 Intrathecal	 pump–	 and
catheter-related	system	malfunction	should	be	remedied	as	soon	as	possible	and
the	 previous	 intrathecal	 baclofen	 dose	 reinstituted.78	 Intrathecal	 baclofen
withdrawal	may	be	 confirmed	by	cautiously	 administering	 a	bolus	of	baclofen
by	the	intrathecal	pump,	by	way	of	lumbar	puncture,	or	by	a	lumbar	drain,	and
assessing	 for	 improvement	 in	 30	 to	 60	 minutes.	 If	 there	 is	 any	 delay	 in
administering	 intrathecal	 baclofen,	 other	 IV	 sedative	 medications	 (eg,
benzodiazepines,	 barbiturates,	 or	 propofol)	 should	 be	 administered.	 Oral
baclofen	 (10	 and	 30	 mg	 every	 4-8	 hours)	 may	 also	 be	 used	 to	 treat	 patients
withdrawing	 from	 intrathecal	baclofen,	 though	 large	doses	may	be	needed	and
clinical	 improvement	may	 be	 delayed	 by	 several	 hours	 or	may	 not	 respond	 to
oral	replacement	therapy.78,79

The	 patients	 who	were	 receiving	 oral	 baclofen	 therapy	may	 have	 the	 drug
administered	by	nasogastric	tube	if	they	are	unable	to	take	it	by	mouth.	As	with
oral	 baclofen	 dosing	 and	 with	 benzodiazepine	 treatment	 of	 severe	 ethanol
withdrawal,	 large	 doses	 of	 these	 agents	 may	 be	 necessary	 to	 control	 severe
symptoms,	 with	 attention	 to	 airway	 support	 if	 the	 patient	 is	 not	 already
intubated.	There	are	case	 reports	 that	cyproheptadine	 (4-8	mg	orally	every	6-8



hours)	 may	 be	 a	 useful	 adjunct	 to	 baclofen	 and	 benzodiazepines	 for	 the
management	of	patients	with	acute	intrathecal	baclofen	withdrawal.

OPIOID	WITHDRAWAL
Signs	 and	 symptoms	 of	 opioid	 withdrawal	 occur	 when	 a	 tolerant	 individual
experiences	 a	 decline	 in	 CNS	 opioid	 concentration.	 Unlike	 withdrawal	 from
sedative-hypnotic	agents,	the	manifestations	of	opioid	withdrawal	are	rarely	life-
threatening.17	Recognition	of	this	problem	facilitates	optimal	management	of	the
critically	ill	patient.

Pathophysiology
Opioid	 receptors	 in	 the	 locus	 ceruleus	 bind	 endogenous	 opioidlike	 substances
known	as	endorphins	and	enkephalins	as	well	as	exogenous	opioids	(eg,	heroin,
methadone,	or	codeine).	Stimulation	of	opioid	receptors	decreases	the	firing	rate
of	 locus	 ceruleus	 noradrenergic	 neurons,	 resulting	 in	 decreased	 catecholamine
release.	 Opioid-mediated	 stimulation	 of	 inhibitory	 adrenergic	 receptors,	 also
found	 in	 the	 locus	ceruleus,	causes	a	 similar	 reduction	 in	 sympathetic	outflow.
Chronic	opioid	use	may	produce	an	increase	or	upregulation	of	these	adrenergic
receptors.	 Subsequent	 withdrawal	 of	 opioids	 results	 in	 increased	 sympathetic
discharge	and	noradrenergic	hyperactivity.

The	 time	 course	 of	 the	 opioid	 withdrawal	 syndrome	 depends	 on
pharmacokinetics	 of	 the	 individual	 opioids.	 Withdrawal	 symptoms	 usually
appear	 about	 the	 time	 of	 the	 next	 expected	 opioid	 dose.17,80	Withdrawal	 from
heroin	 (short	 half-life)	 usually	 occurs	 within	 12	 hours	 after	 the	 last	 dose,
whereas	withdrawal	 from	methadone	 (long	 half-life)	 usually	 occurs	within	 48
hours	 after	 the	 last	 dose.	Withdrawal	 symptoms	are	more	 intense	 if	 the	opioid
has	 a	 shorter	 half-life,	 whereas	 symptoms	 are	 less	 dramatic	 but	 often	 more
prolonged	 if	 the	 opioid	 has	 a	 longer	 half-life.	Methadone	withdrawal	may	 not
peak	until	the	sixth	day	of	abstinence	and	may	persist	up	to	10	days.	Iatrogenic
opioid	withdrawal	may	complicate	ventilator	weaning	in	intensive	care	patients
because	of	prolonged	opioid	use	to	facilitate	ventilator	management.81

Clinical	Manifestations
Early	 signs	 of	 opioid	 withdrawal	 include	 mydriasis,	 lacrimation,	 rhinorrhea,
diaphoresis,	yawning,	piloerection,	anxiety,	and	restlessness.17,80	With	time,	some



of	 these	 symptoms	 may	 worsen	 and	 be	 accompanied	 by	 increased	 heart	 rate,
blood	 pressure,	 and	 respiratory	 rate.	 Myalgias,	 vomiting,	 diarrhea,	 anorexia,
abdominal	pain,	and	dehydration	accompany	more	severe	withdrawal.	Although
these	patients	may	become	extremely	restless,	fever,	seizures	(except	in	cases	of
neonatal	withdrawal),	 and	mental	 status	 changes	 are	 uncharacteristic	 of	 opioid
withdrawal.	An	intense	craving	for	opioids	accompanies	withdrawal	symptoms.
Recognition	of	 these	signs	and	symptoms	 in	 the	ICU	patient	obviates	 the	need
for	 extensive	 workups	 and	 puts	 clinically	 puzzling	 pain	 complaints	 in
perspective.	 Appropriate	 therapy	 alleviates	 patient’s	 discomfort	 and	 facilitates
the	management	of	more	urgent	ICU	problems.	After	resolution	of	the	physical
(somatic)	 effects	 of	 withdrawal,	 cognitive	 (affective)	 effects,	 especially
dysphoria,	may	persist	for	weeks.

Naloxone,	 naltrexone,	 and	 nalmefene	 are	 pure	 opioid	 receptor	 antagonists
with	mean	serum	half-lives	of	64	minutes,	4	hours,	and	10.8	hours,	respectively.
The	 activity	 of	 naltrexone	 is	 believed	 to	 be	 due	 to	 both	 parent	 and	 the	 6-β-
naltrexol	metabolite	with	a	mean	half-life	of	13	hours.	Precipitated	withdrawal
may	suddenly	occur	in	the	opioid-dependent	patient	following	administration	of
any	one	of	these	opioid	receptor	antagonists.82	This	iatrogenic	withdrawal	often
occurs	after	naloxone	is	administered	to	a	patient	with	opioid	overdose	or	who	is
lethargic	 or	 comatose	 and	 has	 unrecognized	 opioid	 dependency.	 Naloxone
precipitated	withdrawal	may	also	occur	among	opioid	dependent	patients	when
naloxone	 is	 used	 to	 reverse	 the	 effects	 of	 an	 opioid	 used	 during	 procedural
sedation.	 Vomiting	 and	 subsequent	 aspiration	 are	 major	 complications	 arising
from	 this	 scenario.	 Precipitated	withdrawal	 from	 naloxone	 is	 of	 brief	 duration
due	 to	 its	 short	 half-life	 and	 treatment	 to	 alleviate	 the	 effects	 of	 naloxone
precipitated	 withdrawal	 is	 usually	 unwarranted.	 However,	 opioid	 receptor
antagonist	 precipitated	 withdrawal	 may	 be	 severe	 and	 include	 hypertensive
emergency83,84;	 naltrexone	 and	 nalmefene	 precipitated	 withdrawal	 may	 be
particularly	prolonged.85	A	less	commonly	recognized	cause	of	iatrogenic	opioid
withdrawal	 is	 the	 administration	 of	 an	 opioid	 partial	 agonist-antagonist	 agent
(eg,	buprenorphine	[Subutex],	nalbuphine	[Nubain],	butorphanol	[Stadol])	to	an
opioid-dependent	person.

Naloxone,	when	required,	should	not	be	withheld	from	the	dependent	patient.
A	starting	dose	of	naloxone	0.04	to	0.10	mg	should	be	used	and	titrated	until	the
desired	 effect	 (reversal	 of	 hypoventilation)	 is	 achieved	 or	 mild	 signs	 of
withdrawal	 occur.	 Coma	 or	 hypoventilation	 that	 persists	 after	 naloxone
administration	and	the	onset	of	withdrawal	signs,	such	as	sweating,	tachycardia,
or	dilated	pupils,	 suggest	another	contributing	substance	or	cause	of	 the	coma,
and	additional	naloxone	administration	will	not	reverse	it.86



Management
2 	 Treatment	 of	 opioid	 withdrawal	 is	 a	 two-tier	 approach,	 using	 cross-tolerant
opioid	 replacement	 or	 sympatholytic	 therapy	 (eg,	 clonidine),	 or	 both.	 The
benzodiazepines	are	not	cross-tolerant	with	opioids,	and	are	used	to	treat	anxiety
associated	 with	 opioid	 withdrawal.	 The	 Clinical	 Opiate	 Withdrawal	 Scale
(COWS)	is	a	validated	tool	used	to	assess	the	severity	of	withdrawal	symptoms
and	response	to	treatment.87

4 	 Buprenorphine,	 a	 partiаl	 opioid	 µ	 receptor	 agonist	 and	 opioid	 κ	 receptor
antagonist,	 has	 been	 increasingly	 advocated	 for	 opioid	maintenance	 as	well	 as
short-term	management	 of	 opioid	 detoxification	 and	 opioid	withdrawal	 during
concurrent	 medical	 illness.85,88,89	 Buprenorphine	 has	 a	 more	 favorable	 safety
profile	because	of	its	ceiling	effects	(flattening	dose-effect	curve)	for	ventilatory
depression,	sedation,	and	subjective	measures	(euphoria/liking	the	drug),	which
distinguishes	 it	 from	 full	 opioid	 receptor	 agonists	 (eg,	 methadone).	 However,
poison	 center	 data	 suggest	 ventilatory	 depression	 may	 occur	 at	 high	 doses.90
Forensic	 case	 series	 of	 buprenorphine	 deaths	 showed	 these	 are	 almost	 always
attributed	to	mixed	overdoses	(eg,	opioids,	benzodiazepines,	ethanol).91,92	Death
attributed	 to	 buprenorphine	 as	 a	 sole	 agent	 is	 very	 rare,	 occurring	 almost
exclusively	 in	 children.93	 Buprenorphine	 has	 a	 higher	 affinity	 for	 the	 opioid	 µ
receptor	 than	 does	 heroin	 or	 methadone	 and	 will	 displace	 them	 from	 the
receptors.	Administering	buprenorphine	soon	after	the	last	heroin	or	methadone
dose	will	precipitate	withdrawal	because	of	decrease	in	effective	opioid	activity.
Buprenorphine	 produces	 a	 milder	 withdrawal	 syndrome	 when	 treatment	 is
ceased.	One	case	of	deliberate	buprenorphine	overdose	resulted	in	severe	opioid
withdrawal	 lasting	 4	 days	 but	 without	 ventilatory	 depression.94	 Opioid
withdrawal	symptoms	may	resolve	more	quickly	with	buprenorphine	 than	with
methadone,	 but	 the	 effectiveness	 for	 maintenance	 treatment	 of	 heroin
dependence	is	similar	between	the	two	agents.95	Buprenorphine	does	not	prolong
the	QTc	interval	at	therapeutic	doses.96,97	Buprenorphine	has	a	longer	mean	half-
life	(34	hours)	than	methadone	(24	hours),	so	an	additional	benefit	is	that	it	may
be	 administered	 every	 other	 day	 or	 even	 three	 times	 a	 week	 as	 maintenance
therapy	for	opioid	addicted	patients.

Sublingual	buprenorphine	tablets	and	solution	are	available	as	monotherapies
as	well	as	in	combination	with	naloxone	in	a	2:0.5,	4:1,	or	8:2	(buprenorphine-
naloxone)	 ratios	 (Suboxone).	 The	 sublingual	 naloxone	 component	 is	 poorly
absorbed	 and	 does	 not	 interfere	 with	 buprenorphine’s	 effects	 when	 taken	 as
directed.	 Naloxone	 is	 added	 to	 the	 buprenorphine	 to	 block	 its	 euphorigenic
effects	if	buprenorphine	is	diverted	for	illicit	IV	use	(eg,	crushing	and	dissolving



tablets).
Sublingual	 buprenorphine	 dosing	 for	 opioid	 dependence	maintenance	 starts

with	an	introductory	dose	of	2	to	4	mg,	up	to	8	mg	on	the	first	day,	based	on	the
patient’s	degree	of	neuroadaptation	to	opioids.	Current	recommendations	are	to
use	 buprenorphine-naloxone	 (Suboxone)	 formulations.	 Ideally,	 buprenorphine
induction	 is	done	when	 the	patient	 is	 exhibiting	early	 signs	of	withdrawal	 (eg,
yawning	and	rhinorrhea)	to	minimize	the	risk	of	precipitating	severe	withdrawal.
This	is	usually	at	least	6	hours	after	the	last	heroin	use.	The	first	buprenorphine-
naloxone	 dose	 is	 typically	 initiated	 after	 the	 onset	 of	mild	withdrawal,	with	 a
COWS	score	of	at	least	6,	preferably	greater	than	10.	Dosing	may	be	advanced
by	 4	 mg/d	 on	 subsequent	 induction	 days	 as	 necessary	 to	 control	 withdrawal
symptoms,	 up	 to	 a	 total	 dose	 of	 32	mg/d.	 If	 the	 patient	 is	 on	methadone,	 the
methadone	dose	should	be	tapered	to	no	more	than	30	mg/d	for	at	least	1	week
prior	 to	 buprenorphine	 induction.	 The	 first	 dose	 of	 buprenorphine	 should	 be
administered	 at	 least	 24	 hours	 after	 the	 last	methadone	 dose.	 In	 this	 instance,
buprenorphine	 monotherapy	 is	 preferred	 with	 transition	 to	 combined	 therapy
with	naloxone	on	day	2.	Precipitated	withdrawal	symptoms	usually	start	1	 to	4
hours	 after	 buprenorphine	 induction	 and	 last	 about	 12	 hours.	These	 symptoms
are	 worst	 during	 the	 first	 day,	 but	 patients	 transitioning	 from	 methadone	 to
buprenorphine	may	experience	mild	discomfort	and	dysphoria	for	1	to	2	weeks,
depending	on	 the	methadone	dosage	at	 transition.	Symptomatic	 treatment	with
medication	such	as	clonidine	may	be	used	during	this	period,	as	needed.85,98

Anecdotal	reports	indicate	buprenorphine	precipitated	withdrawal	may	occur
more	 than	 72	 hours	 after	 last	 dose	 of	 fentanyl	 or	 fentanyl	 analog,	 despite	 the
onset	 of	 mild	 withdrawal	 prior	 to	 buprenorphine	 induction.	 Due	 to	 the	 high
potency	 of	 fentanyl	 and	 its	 lower	 affinity	 for	 the	 opioid	 µ	 receptor	 relative	 to
buprenorphine,	 some	 clinicians	 advocate	 waiting	 until	 moderate	 withdrawal
(COWS	score	>	13)	is	present	prior	to	buprenorphine	induction.	As	fentanyl	is
displaced	by	buprenorphine	from	the	opioid	µ	receptors,	the	increased	opioid	µ
occupancy	by	buprenorphine	can	 lead	 to	greater	withdrawal	symptoms.	This	 is
of	 particular	 interest	 because	 much	 of	 the	 heroin,	 as	 well	 as	 many	 other
pharmaceuticals	 purchased	 on	 the	 streets,	 contains	 some	 amount	 of	 fentanyl.99
One	 proposed	 strategy	 is	 buprenorphine	 microdose	 induction	 with	 the	 initial
buprenorphine	 dose	 of	 less	 than	 2	 mg,	 which	 seems	 to	 minimize	 opioid
withdrawal	 symptoms,	 reduce	dropout	 rate	during	 induction,	and	decrease	 fear
of	withdrawal.100-102

In	 addition	 to	maintenance	 therapy,	 there	 are	 tapering	 opioid	 detoxification
regimens	 starting	with	 buprenorphine	 doses	 from	1	 to	 8	mg	 daily	 and	 tapered
over	5	to	14	days.103



4 	 Substitution	 of	 long-acting	methadone	 for	 heroin	 has	 played	 a	 prominent
role	 in	 the	 management	 of	 opioid	 addiction.	 First	 used	 in	 the	 1960s	 for	 the
treatment	of	heroin	addiction,	methadone	was	chosen	for	its	chemical	similarity
to	heroin,	oral	availability,	and	long	half-life	(mean	24	hours).	Although	the	use
of	 oral	 methadone	 for	 outpatient	 treatment	 of	 opioid	 dependence	 is	 tightly
regulated,	 physicians	 do	 not	 need	 special	 licensing	 to	 prescribe	methadone	 to
hospitalized	patients.	Methadone	has	been	 administered	by	nasogastric	 tube	or
subcutaneously	to	treat	iatrogenic	opioid	withdrawal	symptoms.	Methadone	may
be	useful	for	alleviating	withdrawal	symptoms	in	opioid	dependent	patients.	The
dose	should	be	judiciously	titrated	to	alleviate	symptoms	but	avoid	sedation.	A
safe	 initial	 dose	 is	 20	 mg	 orally	 or	 10	 mg	 IM.	 The	 IM	 route	 guarantees
absorption	in	the	vomiting	patient.80	Withdrawal	symptoms	are	usually	alleviated
within	 30	 to	 60	minutes	 following	 parenteral	 administration;	 longer	 following
the	 oral	 route.	 A	 second	 10	 mg	 IM	 dose	 can	 be	 administered	 if	 significant
symptoms	persist	1	hour	following	the	first	IM	dose.	IM	methadone	10	to	20	mg
should	alleviate	most	physical	effects	of	withdrawal,	although	some	patients	may
require	 20	 to	 40	mg	 daily	 or	 divided	 twice	 per	 day	 to	 alleviate	 psychological
withdrawal.	 In	general,	methadone	dosing	 to	alleviate	withdrawal	symptoms	 is
considerably	 less	 than	 dosing	 for	methadone	maintenance	 treatment.	Although
opioid	 withdrawal	 should	 not	 be	 attempted	 in	 patients	 with	 an	 acute	 medical
illness,	once	medically	stable,	heroin-dependent	patients	can	be	tapered	off	their
heroin	needs	with	methadone	over	1	week.104

Methadone-dependent	 patients	 in	 maintenance	 programs,	 may	 be	 managed
with	 much	 larger	 methadone	 doses,	 and	 require	 at	 least	 4	 weeks	 of	 tapering
dosages	if	methadone	is	to	be	stopped	for	reasons	such	as	QTc	prolongation	or
drug-drug	 interactions.104	Notable	drugs	 that	 interact	with	methadone,	 lowering
its	plasma	concentration	and	potentially	precipitating	opioid	withdrawal,	include
rifampin	and	phenytoin.	If	the	medication	cannot	be	tapered	slowly	due	to	life-
threatening	drug	interactions	or	contraindications,	treatment	with	buprenorphine
may	be	considered	to	manage	withdrawal.

Acute	 pain	management	 for	 patients	 on	methadone	 treatment	 is	 a	 complex
issue.	In	patients	on	methadone	therapy,	 the	established	maintenance	dose	may
not	provide	adequate	analgesia	in	acutely	painful	conditions	because	of	tolerance
to	 the	 analgesic	 effects	 of	 methadone.	 Successful	 pain	 relief	 requires
continuation	 of	 the	 methadone	 maintenance	 dose	 supplemented	 by	 additional
(opioid	and	nonopioid)	analgesics.105

Every	 attempt	 should	 be	 made	 to	 minimize	 significant	 withdrawal
manifestations	 for	 the	 opioid-dependent	 pregnant	 patient.	Withdrawal	 in	 these
patients	 may	 adversely	 affect	 the	 developing	 fetus,	 causing	 fetal	 distress	 and



intrauterine	 death.	 Oral	 methadone	maintenance	 treatment	 is	 more	 compatible
with	maternal	and	fetal	well-being	than	continued	heroin	abuse	and	would	likely
decrease	 the	 risk	 of	 vertical	 human	 immunodeficiency	 virus	 transmission.106
Methadone	 is	 often	 preferred	 to	 buprenorphine	 for	 maintenance,	 as	 induction
with	 buprenorphine	 will	 usually	 require	 mild	 withdrawal.	 After	 delivery,	 the
neonate	 must	 be	 hospitalized	 and	 tapered	 off	 the	 methadone.	 In	 selected
pregnancies,	lowering	the	maternal	methadone	maintenance	dosage	may	lead	to
decreased	incidence	and	severity	of	neonatal	withdrawal.107

Although	methadone	 has	 been	 extensively	 used	 for	 decades	 to	 assist	 opiate
addicted	patients	circumvent	the	health	problems	associated	with	illicit	IV	drug
abuse,	there	are	concerns	about	the	safety	of	methadone	maintenance	treatment.
Methadone	 is	 known	 to	 cause	 dose-related	 ventilatory	 depression	 and	 sleep
apnea,	 which	 varies	 greatly	 based	 on	 a	 patient’s	 underlying	 tolerance.	 The
majority	 of	 methadone	 associated	 deaths	 are	 likely	 due	 to	 decreased	 level	 of
consciousness	 and	 ventilatory	 depression.	 The	 risk	 of	 apnea	 increases	 when
methadone	is	combined	with	other	depressant	drugs.85,108	Another	concern	is	that
disproportionate	 numbers	 of	 the	 patients	 on	 methadone	 were	 found	 to	 have
sudden	 cardiac	 death,	 often	 without	 underlying	 structural	 heart	 disease.108
Methadone	 blocks	 the	 human	 ether-à-go-go–related	 gene	 (hERG)	 and	 the
subunit	 of	 the	 voltage-gated	 potassium	 channels,	 especially	 at	 high	 dosages
(mean	daily	dose	397-415	mg),	and	prolongs	cardiac	repolarization	(prolonging
the	 QTc	 interval	 and	 predisposing	 to	 torsade	 de	 pointes).	 The	 association
between	methadone,	prolonged	QTc,	and	torsade	de	pointes	led	some	clinicians
to	suggest	QTc	screening	prior	to	initiating	methadone	maintenance	therapy	and
ECG	monitoring	for	QTc	prolongation	during	chronic	methadone	therapy.96

Clonidine	 is	 also	used	 to	 treat	 autonomic	hyperactivity	 symptoms	of	opioid
withdrawal;	 it	 will	 not	 relieve	 insomnia.47	 Clonidine	 treatment	 without	 the
addition	of	a	replacement	opioid	has	been	found	to	be	as	effective	as	methadone
for	 preventing	 opioid	 withdrawal	 symptoms	 in	 medically	 ill	 hospitalized
patients.	Clonidine	may	be	administered	in	doses	of	0.1	to	0.2	mg	every	4	to	6
hours.	 Treatment	 is	 often	 continued	 for	 5	 to	 10	 days	 and	 then	 tapered	 by
0.2	mg/d.	Clonidine	 transdermal	patches	can	also	be	used,	but	has	a	very	slow
onset	and	may	take	2	to	3	days	to	achieve	therapeutic	drug	levels.	Tachyphylaxis
to	the	effects	of	clonidine	may	develop	by	10	to	14	days.	The	most	concerning
adverse	 event	 of	 clonidine	 is	 hypotension,	 especially	with	 the	 first	 dose.	 This
requires	 close	 monitoring.	 In	 recent	 studies,	 patients	 who	 were	 treated	 with
buprenorphine-naloxone	were	more	likely	to	complete	short-term	detoxification
programs	and	report	fewer	withdrawal	and	craving	symptoms	than	those	treated
with	clonidine.109	Although	buprenorphine-naloxone	treatment	seems	to	be	more



efficient	 than	 clonidine	 for	 reducing	 opioid	 withdrawal	 symptoms	 during	 the
initial	 course	 of	 detoxification,	 differences	 were	 negligible	 after	 day	 5	 of	 a
10	days	treatment	course.110

Combination	 therapy	with	 clonidine	 and	 naltrexone	 has	 also	 been	 used	 for
rapid	opioid	detoxification.	Proponents	of	this	approach	emphasize	the	shortened
period	 of	 withdrawal	 associated	 with	 the	 addition	 of	 naltrexone.	 Continuing
naltrexone	 as	 deterrent	 therapy	 after	 opioid	 withdrawal	 (akin	 to	 the	 use	 of
disulfiram	with	alcoholics)	has	also	been	advocated,	but	this	approach	has	a	high
attrition	 rate.	Delirium	has	 been	 reported	 during	 rapid	 opioid	 detoxification	 of
methadone	maintenance	patients.

Ultrarapid	 detoxification	 (administering	 high	 doses	 of	 an	 opioid	 antagonist
and	clonidine	to	individuals	with	opioid	use	disorder	while	under	deep	sedation
or	 [general]	 anesthesia)	 has	 been	 suggested	 as	 a	 method	 of	 achieving
detoxification	 from	 opioids	 within	 24	 to	 48	 hours.	 This	 method	 has	 been
associated	 with	 pulmonary	 and	 renal	 failure	 as	 well	 as	 other	 complications,
including	death.	Additionally,	 long-term	follow-up	has	demonstrated	relapse	of
drug	abuse	in	many	of	these	patients.111	This	approach	is	not	recommended.

NICOTINE	WITHDRAWAL
In	 the	 United	 States,	 14%	 of	 the	 population	 smokes	 tobacco	 cigarettes.112
Nicotine	binds	nicotinic	acetylcholine	receptors	and	induces	 their	upregulation.
Signs	and	symptoms	of	nicotine	withdrawal	include	agitation,	anxiety,	insomnia,
and	bradycardia;	rarely	delirium.17	Symptoms	generally	begin	1	 to	2	days	after
last	use,	peak	within	the	first	week,	and	persist	for	2	to	4	weeks	or	longer	with
cravings	 lasting	 up	 to	 6	 weeks.113	While	 nicotine	 replacement	 therapy	 can	 be
used	 to	prevent	or	alleviate	 symptoms	of	withdrawal,	 there	are	data	 to	 suggest
harm	 associated	 with	 nicotine	 replacement	 therapy	 in	 ICU	 patients.
Retrospective	 studies	 have	 suggested	 increased	 mortality,	 as	 well	 as	 use	 of
psychotropic	 medications	 and	 restraints	 among	 patients	 receiving	 nicotine
replacement.114-116	However,	 one	 small	 randomized	controlled	 trial	 showed	 less
delirium,	sedation	and	coma	with	nicotine	replacement	therapy,	and	no	effects	on
morbidity	 or	 mortality.117	 One	 observational	 study	 demonstrated	 nicotine
replacement	 therapy	 did	 not	 affect	 mortality,	 length	 of	 hospital	 stay	 or
mechanical	 ventilator	 use	 in	 active	 smokers	 admitted	 to	 an	 ICU.118	 Clinical
studies	 regarding	 the	 roles	 of	 other	 agents	 (eg,	 bupropion	 and	 varenicline)	 to
treat	nicotine	withdrawal	for	critically	ill	adults	are	lacking.113



STIMULANT	WITHDRAWAL
5 	 Stimulants,	 such	 as	 cocaine,	 amphetamines,	 and	 new	 novel	 psychoactive
substances	 (eg,	 synthetic	 cathinones	 [bath	 salts	 or	 molly]),	 function	 by
increasing	 the	 activity	 of	 monoamine	 neurotransmitters	 (dopamine,
norepinephrine,	 and	 serotonin)	 in	 the	 brain	 through	 a	 variety	 of	 mechanisms.
When	the	use	of	 these	stimulants	 is	abruptly	stopped,	symptoms	of	withdrawal
may	 develop	 that	 largely	 reflect	 a	 depletion	 of	 these	 monoamine
neurotransmitters.119,120	Clinical	manifestations	 of	 stimulant	withdrawal	 include
fatigue;	 sleepiness;	 psychomotor	 retardation;	 hypersomnia;	 hyperphagia;	 and
mood	changes	such	as	depression,	anxiety,	and	aggression.	These	may	develop
within	6	to	12	hours	of	last	use,	and	lasting	up	to	4	days	in	the	setting	of	cocaine
use,	or	up	to	2	weeks	following	heavy	amphetamine	use.119-121	Mood	changes	and
sleep	 disruption	 may	 persist	 for	 weeks.	 In	 general,	 these	 symptoms	 are	 not
acutely	 life-threatening.	 Currently,	 there	 is	 no	 targeted	 treatments	 and	 care
remains	 symptomatic	 management.	 Benzodiazepines	 or	 other	 anxiolytics,
antidepressants	(in	particular	mirtazapine)	and	antipsychotics	have	been	used	to
treat	 stimulant	 withdrawal.122	 “Cocaine	 washed-out	 syndrome”	 is	 a	 rare
complication	following	cocaine	binges	and	is	characterized	by	decreased	level	of
consciousness	 (eg,	 lethargy,	 somnolence,	 and	 coma);	 patients	 seem	 too
exhausted	 to	 talk	 or	 move.123	 Its	 mechanism	 is	 believed	 to	 reflect	 CNS
overstimulation	 and	 subsequent	 catecholamine	 depletion	 resulting	 from
sustained	blockade	of	catecholamine	reuptake	by	cocaine.	“Cocaine	washed-out
syndrome”	is	a	diagnosis	of	exclusion,	and	its	treatment	is	supportive	care.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	50-year-old	man	is	admitted	to	the	hospital	with	pneumonia	and	started
on	appropriate	antibiotics.	On	day	2	of	his	admission,	he	is	diaphoretic,
tremulous,	anxious,	and	complains	of	headaches.	His	vital	signs	are	HR	130
beats/min,	BP	150/90	mm	Hg,	RR	18	breaths/min,	T	37	°C,	pulse	oximetry	98%
(room	air).	He	has	intermittent	periods	of	confusion.	Complete	blood	count	is
normal,	and	liver	enzymes	are	mildly	elevated	but	serum	ammonia	level	is
normal.	His	wife	reports	he	has	heavy	alcohol	intake	every	evening	before	bed.
Which	one	of	the	following	is	the	most	appropriate	treatment	for	this	patient?



A. 	Benzodiazepine
B. 	Phenothiazine
C. 	Propofol
D. 	Thiamine

2. 	A	32-week	pregnant	patient	presents	with	hypertension	and	is	admitted	for
preeclampsia	workup	and	treatment.	She	admits	to	daily	heroin	use,	with	her	last
dose	12	hours	ago.	Her	vital	signs	are	HR	120	beats/min,	BP	145/90	mm	Hg,	RR
20	breaths/min,	T	37	°C.	She	exhibits	mydriasis,	lacrimation,	rhinorrhea,
diaphoresis,	yawning,	piloerection,	anxiety,	and	restlessness.	Which	one	of	the
following	is	the	best	treatment	strategy	for	this	patient?

A. 	Methadone
B. 	Morphine
C. 	Ultrarapid	opioid	detoxification
D. 	Wait	72	hours,	then	buprenorphine-naloxone	(Suboxone)

3. 	A	30-year-old	man	is	admitted	to	the	hospital	with	hallucinations.	He
reports	self-medicating	with	excessive	amounts	of	clonazepam	daily	for	several
months	with	his	last	dose	more	than	24	hours	ago.	His	vital	signs	are	HR	110
beats/min,	BP	150/90	mm	Hg,	RR	18	breaths/min,	T	37	°C.	Which	one	of	the
following	is	the	most	appropriate	initial	treatment?

A. 	Clonidine
B. 	Diazepam
C. 	Propranolol
D. 	Sodium	oxybate

Answers

1.	The	correct	answer	is	A.
Rationale:	This	patient	clinical	course—including	the	newly	revealed	history

—is	consistent	with	acute	alcohol	withdrawal.	While	additional	work-up	to	rule
out	other	conditions	 is	appropriate,	 a	Clinical	 Institute	Withdrawal	Assessment
of	Alcohol	Scale,	Revised	 (CIWA-Ar)	 score	 should	 be	 obtained	 and	 treatment
initiated	 to	 prevent	 further	 decompensation.	 First	 line	 treatment	 is
benzodiazepines	 using	 a	 symptom-triggered	 approach	 based	 on	 that	 CIWA-Ar
score	(choice	A	is	correct).	An	antipsychotic	will	not	prevent	further	decline	of
his	 overall	 withdrawal	 syndrome	 or	 the	 development	 of	 seizures	 (choice	 B	 is



incorrect).	 Propofol	 may	 be	 appropriate	 as	 an	 adjunctive	 agent	 for	 refractory
withdrawal	 if	 there	 is	 an	 incomplete	 response	 to	benzodiazepines,	but	 it	 is	not
first	line	therapy	(choice	C	is	incorrect).	Thiamine	is	appropriate	for	prophylaxis
and	treatment	of	Wernicke’s	encephalopathy	but	is	an	inappropriate	single	agent
treatment	for	acute	alcohol	withdrawal	(choice	D	is	incorrect).	If	a	patient	with
severe	 alcohol	withdrawal	 is	 unresponsive	 to	 large	 doses	 of	 a	 benzodiazepine,
additional	therapies	to	include	barbiturates	may	be	warranted.

2.	The	correct	answer	is	A.
Rationale:	 It	 is	 appropriate	 to	 initiate	 oral	 opioid	 substitution	 therapy	 to

alleviate	 this	 patient’s	 opioid	 withdrawal	 symptoms	 followed	 by	 daily
maintenance	 therapy.	 Every	 attempt	 should	 be	 made	 to	 minimize	 significant
opioid	withdrawal	manifestations	here	as	it	may	adversely	affect	the	developing
fetus	 to	 include	 fetal	 distress	 and	 intrauterine	 death.	 Oral	 methadone
maintenance	 treatment	 is	more	 compatible	 with	maternal	 and	 fetal	 well-being
than	continued	heroin	abuse	and	would	likely	decrease	the	risk	of	vertical	human
immunodeficiency	virus	 transmission	(choice	A	is	correct).	Methadone	is	often
preferred	 to	 buprenorphine	 for	 maintenance,	 as	 induction	 with	 buprenorphine
will	 usually	 precipitate	mild	withdrawal.	Buprenorphine	may	be	 appropriate	 if
her	withdrawal	was	moderate	 at	 presentation,	 however	 it	 is	 not	 appropriate	 to
leave	 withdrawal	 untreated	 for	 several	 days	 (choice	 D	 is	 incorrect).	 Ideally,
buprenorphine	induction	is	done	when	the	patient	is	exhibiting	early	stages	(eg,
yawning	and	rhinorrhea)	to	minimize	the	risk	of	precipitating	severe	withdrawal.
This	is	usually	at	least	6	hours	after	the	last	heroin	use.	The	first	buprenorphine
dose	is	typically	initiated	after	the	onset	of	mild	withdrawal,	with	a	COWS	score
of	at	least	6,	and	preferably	greater	than	10.	Dosing	may	be	advanced	by	4	mg/d
on	subsequent	 induction	days	as	necessary	 to	control	withdrawal	symptoms	up
to	 a	 total	 dose	 of	 32	 mg/d.	 A	 morphine	 taper	 would	 increase	 the	 chance	 of
protracted	 withdrawal	 and	 is	 not	 recommended	 (choice	 B	 is	 incorrect).
Ultrarapid	 opioid	 detoxification	 (administering	 high	 doses	 of	 an	 opioid
antagonist	(eg,	naltrexone)	and	clonidine	to	individuals	with	opioid	use	disorder
while	under	deep	sedation	or	general	anesthesia)	has	been	suggested	as	a	method
of	 achieving	 detoxification	 within	 24	 to	 48	 hours.	 This	 method	 has	 been
associated	 with	 pulmonary	 and	 renal	 failure	 as	 well	 as	 other	 complications,
including	death.	Additionally,	 long-term	follow-up	has	demonstrated	high	rates
of	 relapse	 of	 drug	 abuse	 among	 these	 patients.	 This	 approach	 is	 not
recommended	 in	 acutely	 ill	 patients	 and	 safety	 has	 not	 been	 investigated	 for
pregnant	patients	(choice	C	is	incorrect).	Not	listed	as	choices	here,	but	clonidine
and	lofexidine	may	help	diminish	symptoms,	but	opioid	substitution	treatment	is



still	the	preferred	strategy	for	opioid	withdrawal	during	pregnancy.

3.	The	correct	answer	is	B.
Rationale:	This	 patient’s	 history	 and	 clinical	 presentation	 is	 consistent	with

benzodiazepine	withdrawal.	 The	 best	 course	 of	 action	 is	 to	 administer	 a	 long-
acting	benzodiazepine	and	slowly	taper	dosage	over	2	to	4	weeks,	as	withdrawal
symptoms	 can	 be	 protracted.	 Tapering	 allows	 a	 slow	 decrease	 in	 tolerance
without	 severe	 withdrawal	 symptoms.	 Alternatively,	 a	 similar	 cross-tolerant
agent	 can	 be	 used.	 Long-acting	 benzodiazepines	 such	 as	 diazepam	 or
chlordiazepoxide	 are	 preferred	 for	 severe	 withdrawal	 (choice	 B	 is	 correct).
Short-acting	agents	may	be	disadvantageous	because	maintenance	of	therapeutic
serum	drug	concentrations	requires	 frequent	dosing.	 In	patients	with	moderate-
to-severe	symptoms	(eg,	seizures	and	delirium),	small	IV	boluses	(eg,	diazepam
5	 mg)	 should	 be	 administered	 until	 adequate	 sedation	 is	 achieved.	 Patients
experiencing	 milder	 symptoms	 can	 be	 treated	 via	 the	 oral	 route.	 Barbiturates
such	 as	 pentobarbital	 and	 phenobarbital	 can	 also	 be	 used	 for	 the	 treatment	 of
benzodiazepine	 withdrawal.	 β-Blockers	 and	 clonidine	 have	 been	 used	 to	 treat
benzodiazepine	 withdrawal.	 Propranolol	 (10-40	 mg	 every	 6	 hours)	 may
ameliorate	tremor,	muscle	twitching,	tachycardia,	and	hypertension.	However,	it
has	little	effect	on	anxiety,	agitation,	and	dysphoria	(choice	C	is	incorrect	in	this
case).	 Similarly,	 while	 clonidine	 has	 been	 advocated,	 its	 effectiveness	 for
modulating	the	intensity,	severity,	and	duration	of	withdrawal	is	unclear	(choice
A	is	incorrect).	As	with	ethanol	withdrawal,	it	is	important	to	realize	that	treating
peripheral	manifestations	of	withdrawal	may	obscure	early	 signs	of	 impending
delirium	 tremens,	 and	 impedes	 the	 assessment	 of	 adequate	 sedation.	 For	 this
patient	 with	 likely	 benzodiazepine	 use	 disorder,	 resuming	 a	 short-acting
benzodiazepine	 in	 the	 absence	 of	 other	 treatment	 would	 contribute	 to	 further
abuse.	Sodium	oxybate	and	baclofen	are	GABAB	agonists	and	may	help	mitigate
some	withdrawal	 symptoms,	but	 they	alone	will	not	be	 sufficient	 to	 fully	 treat
withdrawal	involving	the	GABAA	receptors	(choice	D	is	incorrect).
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KEY	POINTS:
1.	 Hospitals	that	are	accredited	by	the	Joint	Commission	or	comparable

agencies	must	meet	specific	requirements	for	emergency
management	and	disaster	preparedness.

2.	 Surge	capacity	refers	to	the	ability	of	a	hospital	or	other	health	care
system	to	expand	its	normal	operating	capacity	in	the	setting	of	an
emergency.

3.	 There	are	three	key	determinants	of	critical	care	surge	capacity:
staff,	supplies,	and	space.

HOSPITAL	AND	COMMUNITY	DISASTER
RESPONSE

The	Importance	of	Hospitals	in	Disaster	Response



Disasters	are,	by	definition,	unplanned	occurrences.	Large-scale	catastrophes	can
strike	 communities	 and	 their	 hospitals	 without	 warning,	 with	 events	 ranging
from	sudden	traumatic	events,	such	as	an	earthquake	or	explosion,	to	sustained
events	 such	 as	 H1N1	 influenza	 or	 the	 coronavirus	 disease	 2019	 (COVID-19)
pandemic.	 Hospitals	 are	 a	 major	 source	 of	 a	 community’s	 medical	 care,
particularly	 during	 acute	 emergencies.	 Ambulances	 will	 routinely	 transport
critically	 ill	or	 injured	patients	 to	 the	nearest	hospital,	often	independently	of	a
given	 hospital’s	 stated	 capabilities	 in	 the	 setting	 of	 a	 large-scale	 disaster.	 It	 is
especially	difficult	to	provide	critical	care	outside	of	the	hospital	setting	during
such	 a	 disaster.	 Although	 it	 may	 be	 possible	 to	 provide	 medical	 care	 in	 an
available	 building,	 such	 as	 a	 school	 gymnasium,	 for	 low-acuity	 patients,	 the
provision	of	critical	care	 in	such	a	setting	would	require	difficult	 to	obtain	and
deploy	medical	equipment,	supplies,	and	trained	staff.

1 	 In	 order	 to	maintain	 its	 capability	 to	 respond	 to	 the	most	 critical	 patients
during	 a	 disaster,	 the	 hospital	must	 be	 part	 of	 a	 community-based	 health	 care
response	 system	 that	 can	 be	 efficiently	mobilized	 during	 a	 catastrophic	 event.
Hospitals	 that	 are	 accredited	by	 the	 Joint	Commission	or	 comparable	 agencies
must	 meet	 specific	 requirements	 for	 emergency	 management	 and	 disaster
preparedness.	 These	 requirements	 include	 continuity-of-operations	 plans,	 an
internal	operations	center	with	an	incident	command	structure,	and	the	planning
and	conduct	of	disaster	response	exercises	in	coordination	with	the	neighboring
community.1	 The	 Centers	 for	 Medicare	 &	 Medicaid	 Services	 (CMS)	 has
similarly	 published	 emergency	 preparedness	 requirements	 for	 both	 health	 care
providers	 and	 suppliers,	 with	 the	 goal	 of	 maintaining	 access	 to	 health	 care
services	 during	 emergencies.	 These	 requirements	 are	 broken	 down	 into	 four
elements:	 (1)	 emergency	 planning,	 (2)	 policies	 and	 procedures,	 (3)
communication,	and	(4)	training	and	testing.	Hospitals	in	the	United	States	must
comply	with	these	regulations	in	order	to	continue	to	receive	CMS	funding.2

The	large	numbers	of	patients	requiring	care	immediately	after	a	disaster,	the
continued	flow	of	patients	during	a	prolonged	disaster,	and	the	 loss	of	hospital
infrastructure	 as	 a	 result	 of	 a	 disaster	 all	 have	 the	 potential	 to	 overwhelm
hospital	 resources.	A	hospital’s	 surge	capacity	 refers	 to	 “the	 ability	 to	 provide
adequate	medical	evaluation	and	care	during	events	that	exceed	the	limits	of	the
normal	medical	infrastructure	of	an	affected	community.”3	To	provide	adequate
surge	capacity	and	maintain	medical	system	resiliency	during	disasters,	hospitals
and	 communities	 must	 have	 medical	 preparedness	 plans,	 as	 well	 as	 carefully
planned	command	and	control	systems	that	will	efficiently	manage	the	medical
response.



Local	Community	Medical	Response

Incident	Command	Systems
In	 the	 United	 States,	 the	 National	 Incident	 Management	 Systems	 (NIMS)
provides	a	framework	for	disaster	response	by	hospitals	and	local	governments.
This	 includes	 the	 requirement	 that	 both	 hospitals	 and	 communities	 have	 an
Incident	Command	System	(ICS).4	In	general,	ICS	models	use	a	modular	system
with	 a	 single	 incident	 commander	 (IC)	 who	 directly	 supervises	 a	 variable
number	of	subsections.	A	typical	ICS	includes	five	principal	components:

1.	 Leadership—This	is	the	command	section,	chaired	by	the	leader	of	the
response	effort	(the	IC).	The	IC	is	supported	by	special	staff,	such	as	public
affairs,	safety,	legal	counsel,	and	others	as	needed.

2.	 Operations—This	section	oversees	and	coordinates	the	immediate	response
and	ongoing	operational	activities.	This	tends	to	be	the	most	active	section
during	a	disaster.

3.	 Planning—This	section	assesses	the	potential	for	future	events,	develops
contingency	plans	for	future	events,	and	plans	timelines	for	the	deployment
of	critical	resources.	These	planning	activities	permit	the	operations	branch
to	focus	on	managing	the	response	to	active	events.

4.	 Logistics—This	section	focuses	on	the	logistical	support	that	every	event
requires,	including	equipment,	personnel,	supplies,	and	infrastructure
support.

5.	 Finance—This	section	accounts	for	and	manages	all	money	that	is	spent
during	responding	to	a	disaster.	While	immediate	costs	and	purchases
during	a	disaster	may	be	supported	by	affected	communities	and	hospitals,
accurate	purchasing	records,	inventory	records,	personnel	costs,	and
transportation	costs	must	be	carefully	managed	in	order	to	recoup	costs
after	the	event	insofar	as	possible.

The	Hospital	Incident	Command	System	(HICS)	manages	the	response	within
the	 hospital	 and	 coordinates	 the	 hospital’s	 efforts	 with	 the	 overall	 community
response.	Similar	to	the	community	incident	commander,	the	HICS	is	also	led	by
hospital	 IC	 from	 within	 the	 hospital’s	 existing	 leadership	 structure.	 The
hospital’s	IC	and	the	community	IC	communicate	with	each	other	directly	or	via
liaison	 personnel.	 The	 organization	 and	 leadership	 of	 the	 HICS	 is	 usually
different	 than	 organizational	 structure	 and	 leadership	 of	 day-to-day	 hospital
operations.	 Hospitals,	 including	 their	 intensive	 care	 units	 (ICUs),	 must	 assign



personnel	 to	 specific	 HICS	 positions	 as	 part	 of	 their	 disaster	 preparedness
planning.	Each	individual	assigned	to	an	HICS	position	has	specific	duties	that
must	 be	 performed	 prior	 to,	 during,	 and	 following	 the	 disaster	 response.	 It	 is
imperative	 that	 all	 HICS	 personnel	 be	 fully	 trained	 for	 the	 duties	 they	 are
required	to	perform.

During	day-to-day	hospital	operations,	ICUs	often	function	as	individual	silos
(ie,	 CICU	 [cardiac	 ICU],	 SICU	 [surgical	 ICU],	 MICU	 [medical	 ICU],	 PICU
[pediatric	 ICU],	 NICU	 [neonatal	 ICU])	 that	 function	 relatively	 independently
from	one	another.	In	a	disaster	scenario	with	limited	resources,	these	ICUs	must
coordinate	 patient	 movement	 and	 resource	 utilization,	 and	 do	 it	 quickly	 often
without	typical	infrastructure	in	place.	This	ICU	coordination	should	be	directed
by	 a	 critical	 care	 team	 leader	 (CCTL),	 a	 clinician	 experienced	 in	 critical	 care
whose	 role	 is	 to	 facilitate	horizontal	coordination	across	all	 ICUs	and	between
ICUs	 and	other	 areas	 of	 the	 hospital.	The	CCTL	 should	 communicate	 directly
with	hospital	IC	and	all	ICUs,	as	well	as	with	inflow/outflow	points	such	as	the
emergency	 department,	 operating	 room,	 and	 floor.	 The	CCTL	 is	 essential	 to	 a
coordinated	emergency	mass	critical	care	response.5

Surge	Capacity
2Surge	capacity	refers	to	the	ability	of	a	hospital	or	other	health	care	system	to
expand	 its	 normal	 operating	 capacity	 in	 the	 setting	 of	 an	 emergency.	 The	 key
aspects	 of	 surge	 capacity	 can	 be	 summarized	 as	 “stuff,	 staff,	 and	 space.”
Inadequacy	 in	 any	 of	 these	 three	 categories	 will	 reduce	 a	 hospital’s	 ability	 to
respond	during	a	disaster.	The	American	College	of	Chest	Physicians	(CHEST)
Task	Force	for	Mass	Critical	Care	(henceforth	referred	to	as	“the	CHEST	Task
Force”)	provides	a	classification	system	for	differing	levels	of	surge	response	in
their	 2014	 consensus	 statement	 on	 the	management	 of	 the	 critically	 ill	 during
disasters	and	pandemics3:

Conventional	capacity:	In	this	category	of	surge	response,	the	hospital	should
be	able	to	increase	its	critical	care	capacity	by	approximately	20%	above	its
normal	limitations.	This	level	would	be	implemented	during	major	mass-
casualty	incidents	that	trigger	activation	of	the	hospital	emergency	operations
plan.	Most	facilities	can	achieve	this	level	of	response	using	existing	staffing
and	resources,	including	strategies	such	as	reduction	in	elective	procedures
and	facilitated	transfer	of	appropriate	patients	out	of	ICUs.6
Contingency	capacity:	This	level	would	be	used	temporarily	during	a	major
mass	casualty	incident,	or	on	a	longer-term	basis	during	a	disaster	whose



medical	demands	exceeded	routine	hospital	and	community	resources.	This
level	of	response	implies	the	need	to	increase	a	hospital’s	critical	care	capacity
by	100%	and	may	require	the	use	of	alternate	hospital	resources	for	the
provision	of	critical	care,	for	example,	the	use	of	postanesthesia	care	unit
spaces	and	staff	as	overflow	space.7	In	general,	the	level	of	medical	care
provided	at	this	level	of	surge	response	would	be	within	the	usual	community
standards.
Crisis	capacity:	This	level	would	be	implemented	in	catastrophic	situations
that	result	in	a	significant	impact	on	standard	of	medical	care	that	can	be
provided.	Examples	of	such	an	event,	which	implies	a	200%	increase	in	the
critical	care	demand	on	a	hospital,	include	a	prolonged	pandemic,	a	natural
disaster	with	extensive	destruction	to	infrastructure,	large-scale	terrorist
attack,	or	prolonged	violent	conflict.	Severe	limitations	of	space,	staff,	and
supplies	would	not	allow	hospitals	to	provide	the	usual	standard	of	medical
care.	At	the	crisis	level,	institutions	will	need	to	consider	triage	principles,
rationing	of	care,	and	other	potential	ethical	challenges	while	maximizing
their	ability	to	provide	the	best	possible	care	to	the	greatest	number	of
patients.

As	 recent	 experience	 with	 crisis	 care	 has	 increased,	 some	 experts	 have
proposed	 a	 transition	 between	 contingency	 and	 crisis,	 described	 as	 a	 critical
clinical	prioritization	 (CCP)	 level.	CCP	 is	a	 stage	before	crisis	capacity	where
clinicians	utilize	resources	in	ways	that	are	generally	within	the	standard	of	care
with	 some	 variation.	 For	 example,	 patients	 requiring	 continuous	 kidney
replacement	 therapy	 might	 receive	 treatment	 for	 12	 h/d	 instead	 of	 24	 hours,
permitting	two	patients	to	receive	treatment	instead	of	one.	The	use	of	such	care
modifications	 in	CCP,	while	still	meeting	 the	definition	of	contingency	care,	 is
an	indicator	of	impending	crisis	within	a	health	system.8

Hospitals	 and	 their	 critical	 care	 units	 should	 develop	 disaster	 preparedness
plans	 that	 contain	 specific	 criteria	 for	 each	 level	 of	 surge	 capacity.	 Identical
disasters	might	have	very	different	effects	on	different	hospitals,	depending	on
an	institution’s	size	and	mission.	For	example,	an	eight-victim	automobile	crash
may	require	a	conventional	level	of	surge	capacity	for	a	large	hospital	that	has	a
level	 1	 trauma	 center	 but	 could	 require	 a	 contingency	 or	 crisis	 level	 of	 surge
capacity	for	a	small	community	hospital.

During	 contingency	 and	 crisis	 capacity	 scenarios,	 a	 hospital	 may	 need	 to
optimize	its	resources	in	order	to	maximize	its	ability	to	care	for	those	patients	in
greatest	 need.	 Several	 state	 and	 local	 governments	 in	 the	 United	 States,	 in
collaboration	with	the	Center	for	Preparedness	and	Response	at	 the	CDC,	have



developed	 plans	 based	 on	 the	 Modular	 Emergency	 Medical	 System	 (MEMS)
framework.	MEMS	provides	 a	method	 for	 a	 community	 to	manage	 a	 surge	 of
patients	 who	 require	 screening,	 triage,	 antibiotic	 treatment,	 immunizations,
prophylaxis,	or	noncritical	 inpatient	care.	By	providing	 temporary	 facilities	 for
noncritical	care,	hospitals	can	redirect	resources	toward	more	acute	needs.

The	major	MEMS	 components	 are	Neighborhood	Emergency	Help	Centers
(NEHC)	 and	 Acute	 Care	 Centers	 (ACC).	 Both	 types	 of	 centers	 can	 provide
screening	 and	 triage.	 The	 NEHC	 provides	 routine,	 nonurgent	 outpatient	 care.
The	ACC	can	provide	inpatient	care	to	acutely	ill	noncritical	patients.	The	ACC
can	 receive	 patients	 directly	 from	 an	 incident	 or	 permit	 hospitals	 can	 offload
stable	 inpatients	 in	 order	 to	 free	 up	 hospital	 critical	 care	 bed	 space	 during
overwhelming	 events.	 During	 the	 COVID-19	 pandemic,	 a	 similar	 concept
(termed	“alternative	care	sites,”	or	ACS)	was	employed	by	some	jurisdictions	in
the	United	States	and	globally,	often	with	the	support	of	federal	agencies	such	as
the	 Department	 of	 Defense	 (DOD)	 or	 the	 Federal	 Emergency	 Management
Agency	 (FEMA).9	 Local	 or	 regional	 authorities	 can	 open	 an	NEHC,	ACC,	 or
ACS	under	two	scenarios:	(1)	when	a	federal	public	health	incident	or	a	federal
disaster	 is	 declared	 or	 (2)	 when	 the	 state	 governor	 has	 issued	 a	 state	 of
emergency.	A	carefully	executed	MEMS	plan	allows	hospitals	to	offload	stable
patients	 to	 an	 ACC/ACS,	 preventing	 the	 hospital	 from	 being	 overwhelmed
during	a	disaster	and	allowing	the	hospital	to	expand	its	critical	care	capabilities
by	utilizing	non-ICU	hospital	beds	for	critical	care,	if	necessary.

CRITICAL	CARE	IN	DISASTERS
During	a	major	disaster,	nothing	will	challenge	hospitals	more	than	attempting	to
provide	 high-quality	 critical	 care	 with	 limited	 resources.	 This	 has	 been	 sadly
proven	during	the	ongoing	COVID-19	pandemic,	with	over	485	million	reported
cases	 (likely	 a	major	underestimate)	 and	6	million	deaths	worldwide	 since	 the
emergence	of	the	severe	acute	respiratory	syndrome	coronavirus	2	(SARS-CoV-
2)	in	late	2019	at	the	time	of	this	writing.10

Disasters	 requiring	 critical	 care	 resources	 include	massive	 traumatic	 events,
such	 as	 during	 a	 natural	 disaster,	 transportation-related	 accident,	 or	 violent
trauma	such	as	a	deliberate	explosion	or	mass	shooting.	Since	 the	2003	severe
acute	respiratory	syndrome	(SARS)	outbreak	in	Toronto,	the	2009	to	2010	H1N1
influenza	pandemic,	and	COVID-19,	disease	outbreaks	are	well	recognized	as	a
form	 of	 disaster	 for	 hospitals.	 Lastly,	 disasters	 may	 affect	 hospitals	 through
destruction	 of	 the	 hospital	 infrastructure	 itself,	 such	 as	 during	 a	 hurricane	 or



earthquake,	or	by	illness	or	injury	that	afflict	the	hospital	staff;	in	both	scenarios,
the	mission	of	the	hospital	is	impaired	at	a	time	when	it	is	needed	most.

These	 three	 categories	 of	 disaster	 (trauma,	 epidemic,	 and	 degradation	 of
hospital	functions)	can	and	do	coexist.	The	2010	earthquake	in	Haiti	 led	to	the
immediate	 death	 of	 230,000	 people,	 but	 the	 mass	 trauma	 was	 followed	 by	 a
cholera	 epidemic	 that	 affected	 352,033	 during	 2011	 alone.	 The	 devastation	 to
Haiti’s	medical	 system,	 already	 fragile	 before	 the	 quake,	 further	 impaired	 that
country’s	ability	to	cope	with	the	other	two	disasters.11	In	a	resource-rich	setting,
the	case-fatality	rate	in	the	2003	SARS	epidemic	was	reduced	from	a	predicted
20%	 to	 the	 actual	 rate	 of	 6.5%,	 despite	 some	 shortcomings	 noted	 in	 advance
planning.12,13	 Even	 in	 abundantly	 resourced	 regions,	 however,	 heavy	 patient
loads	 can	 exceed	 the	 capacity	 of	 hospital	 staff	 to	 meet	 clinical	 needs,	 with
increased	 ICU	 bed	 occupancy	 linked	 to	 increased	 mortality	 during	 sustained
surges.14

The	 ratio	 of	 ICU	 beds	 to	 population	 (25.8	 beds/100,000	 residents)	 is
relatively	 high	 in	 the	 United	 States,	 considerably	 higher	 than	 the	 average
capacity	 of	 12	 beds/100,000	 residents	 within	 other	 member	 countries	 in	 the
Organization	 for	 Economic	 Cooperation	 and	 Development	 (OECD).	 Among
OECD	members,	 the	 ICU	 bed/population	 ratio	 is	 as	 low	 as	 3.6	 beds/100,000
residents	 in	 New	 Zealand	 and	 5.2	 beds/100,000	 residents	 in	 Japan;	 Germany
reports	the	highest	ratio	at	33.9	beds/100,000	residents.15	As	of	2022,	there	were
an	estimated	89,000	staffed	nonneonatal	critical	care	beds	in	the	United	States.16
Between	 2000	 and	 2010,	 the	United	 States	 saw	 a	 17.8%	 increase	 in	 ICU	 bed
capacity	 from	 2000,	 despite	 a	 2.2%	 decrease	 in	 the	 total	 number	 of	 staffed
hospital	beds.	The	bulk	of	this	growth	has	occurred	in	academic	medical	centers
and	other	large	hospitals,	suggesting	that	potential	surge	capacity	may	be	limited
at	 smaller	 nonteaching	 hospitals.17	 In	 a	 2013	 report,	 mean	 hourly	 ICU	 bed
occupancy	 in	 the	United	States	was	 68.2%,	 and	only	 39.5%	of	 patients	 in	US
ICUs	required	mechanical	ventilation	at	any	given	time	on	average.18	The	initial
surges	of	COVID-19	in	the	US	did	lead	to	an	increase	of	8772	more	beds	in	July
2020	when	compared	with	2019,	although	some	of	 this	 rise	may	have	 resulted
from	 temporary	 increases	 in	 capacity	 and	 using	 alternate	 sites	 for	 critical	 care
(eg,	PACUs)	and	not	permanent	new	beds.19

Of	 special	 note,	 there	 is	 a	 disproportionate	paucity	of	 pediatric	 critical	 care
resources	 should	we	 become	 resource	 limited	 during	 a	 disaster.	Also	 in	 2022,
there	were	only	5037	pediatric	ICU	(PICU)	beds	in	the	United	States	(5.6%	of
the	89,000	critical	care	beds	listed	above),16	yet	24%	of	the	population	is	under
the	age	of	18	years.	This	relative	scarcity	of	pediatric	critical	care	resources	may
present	 unequal	 access	 to	 care	 for	 children	 as	 compared	 to	 adults	 during



disasters,	 a	 time	when	children	often	are	disproportionately	affected.	Although
the	relative	impact	of	the	recent	pandemic	on	children	has	been	less	severe	than
on	adults,20	disasters	regularly	have	a	disproportionate	impact	on	children.21	It	is
recommended	 that	 all	 hospitals,	 adult	 and	 pediatric	 alike,	 maintain	 a	 baseline
capacity	 to	 provide	 pediatric	 emergency	 mass	 critical	 care.22	 In	 emergencies,
older	 children	 with	 selected	 diagnoses	 (eg,	 diabetic	 ketoacidosis,	 community-
acquired	sepsis)	may	be	 transferred	 to	adult	 ICUs,	with	 telemedicine	access	 to
pediatric	consultants	as	needed.23	Additionally,	some	of	the	23,000	NICU	beds	in
the	United	States	could	be	repurposed	 to	care	 for	younger	children	affected	by
disaster,	but	such	changes	would	require	systemwide	coordination.24

Overall,	these	data	suggest	that	hospitals	have	a	consistent,	although	uneven,
ability	 to	 expand	 their	 critical	 care	 capacity	 during	 a	 disaster.	 However,	 there
may	not	be	a	 sufficient	number	of	critical	care	beds	 to	meet	 the	demands	of	a
pandemic	 that	 affects	 an	 entire	 country	 at	 the	 same	 time,	 even	 with	 normal
excess	 capacity.	 Critically	 ill	 patients	who	 are	 not	 admitted	 to	 an	 ICU	 have	 a
three-	to	fivefold	greater	mortality	rate	compared	with	those	who	are	cared	for	in
an	 ICU.25	 Similarly,	 hospital	 mortality	 increases	 during	 public	 health
emergencies	as	caseloads	 increase,	 including	 the	numbers	of	patients	 requiring
general	 ward	 care,	 intensive	 care,	 and	 mechanical	 ventilation,	 due	 in	 part	 to
increased	 strain	 and	 resource	 limitations.26	 Thus,	 if	 critical	 care	 capabilities
become	overwhelmed	by	large	numbers	of	critically	ill	or	injured	patients	during
a	disaster,	high	mortality	rates	are	likely	to	occur.	This	increased	mortality	may
be	mitigated	 and	 reduced,	when	 possible,	 through	 patient	 transfers	 from	more
affected	to	less	affected	centers.27

Surging	Assets	to	Optimize	Critical	Care	Capability
In	 planning	 for	 surge	 capacity	 during	 disasters,	 hospitals	 need	 to	 prepare	 for
events	 that	 have	 a	 sudden	 impact	 and	 are	 of	 relatively	 short	 duration,	 such	 as
transportation	accidents	and	explosions,	as	well	as	more	prolonged	events,	such
as	natural	disasters	and	pandemics.28,29	In	a	prolonged	emergency,	health	systems
may	move	between	conventional,	contingency,	and	crisis	settings,	depending	on
patient	 needs	 and	 available	 resources	 (Figure	 126.1).	 Broadly	 speaking,	 there
are	three	key	determinants	of	critical	care	surge	capacity3,5:



	

Figure	 126.1 	 Surge	 and	 triage	 continuum	 in	 public	 health
emergencies.ICU,	intensive	care	unit;	LTC,	long-term	care.(Reprinted
from	Maves	RC,	Downar	J,	Dichter	JR,	et	al.	Triage	of	scarce	critical
care	 resources	 in	 COVID-19	 an	 implementation	 guide	 for	 regional
allocation:	an	expert	panel	report	of	the	Task	Force	for	Mass	Critical
Care	 and	 the	 American	 College	 of	 Chest	 Physicians.	 Chest.
2020;158:212-225,	with	permission	from	Elsevier.)

Supplies	(or	“stuff”):	consumables	and	durable	equipment	necessary	for
providing	critical	care.
Staff:	the	availability	of	trained	critical	care	clinicians	and	support	personnel.
3Space:	the	physical	space	within	(or	potentially	outside	of)	the	hospital	that
can	be	used	to	provide	critical	care	to	a	large	number	of	critically	ill	or	injured
patients.

Supplies
Patients	are	generally	admitted	 to	 ICUs	because	of	monitoring	needs,	 the	need
for	intensive	care	nursing,	or	the	need	for	treatment	with	special	equipment.	The
provision	of	mechanical	ventilation	is	the	most	common	requirement	needed	to
manage	critically	 ill	patients	with	 respiratory	compromise.	The	main	challenge
when	 providing	 this	 important	 therapeutic	 modality	 during	 a	 disaster	 is	 the
availability	of	mechanical	ventilators.

In	 2010,	 there	 were	 estimated	 to	 be	 approximately	 62,000	 full-feature
ventilators	in	the	United	States,	or	20	ventilators	per	100,000	residents,	plus	an
additional	 100,000	 ventilators	with	 fewer	 features	 but	which	 could	 be	 used	 in
disasters.30	In	response	to	the	COVID-19	pandemic,	the	US	Federal	Government
ordered	an	additional	200,000	ventilators	(later	reduced	to	130,000)	through	the
Defense	Production	Act.	However,	only	some	of	them	were	suitable	for	the	care



of	patients	with	severe	respiratory	failure,	although	the	others	could	theoretically
be	 used	 for	 ventilation	 of	 patients	 with	 relatively	 normal	 lungs	 (eg,	 after
neurologic	 injury).31	 During	 a	 future	 respiratory	 viral	 pandemic,	 demand	 for
mechanical	ventilators	in	the	United	States	could	increase	by	60,000,	assuming	a
30%	attack	rate	and	a	high	case-fatality	rate	of	0.25%	to	0.5%.32	Even	with	these
additional	ventilators,	it	is	estimated	that	the	United	States	could	utilize	no	more
than	 56,000	 additional	 ventilators	 due	 to	 limitations	 in	 the	 numbers	 of	 trained
respiratory	therapists.33	Thus,	in	preparing	to	provide	mechanical	ventilation	to	a
large	number	of	critically	ill	disaster	casualties,	planners	need	to	consider	other
options,	 such	 as	 high-flow	nasal	 cannula	 oxygenation	or	 noninvasive	 positive-
pressure	 ventilation	 for	 selected	 patients.	 Anesthesia	 machines	 and	 transport
ventilators	 could	 serve	as	 additional	options,	 although	 these	could	be	 similarly
limited	 by	 numbers	 of	 trained	 personnel	 and	 have	 disadvantages	 in	 regard	 to
infection	control.34-37

The	provision	of	critical	care	during	a	disaster	will	also	 require	 that	a	 large
quantity	 of	 supplies	 and	 pharmaceuticals	 be	 readily	 available	 to	 critical	 care
staff.	The	Joint	Commission	currently	requires	that	accredited	hospitals	plan	for
96	 hours	 of	 autonomous	 function,	 without	 external	 resupply,	 in	 the	 event	 of
disaster	(although	96	hours	of	supplies	and	the	ability	to	function	at	full	capacity
are	not	required).	In	2005,	during	the	Hurricane	Katrina	disaster	in	New	Orleans,
the	 lack	of	 available	 supplies	 forced	 the	 staff	 at	Charity	Hospital	 to	 improvise
critical	care	practices	and	deviate	from	the	usual	standards	of	care	prior	to	final
evacuation	of	the	hospital.38	Hospitals	in	areas	affected	by	the	Great	East	Japan
Earthquake	 and	 subsequent	 tsunami	 in	 2011	 and	 by	Hurricane	 Sandy	 in	 2012
showed	comparable	experiences,	if	different	in	magnitude.	In	Miyagi	Prefecture
in	Japan,	for	example,	six	out	of	14	of	hospitals	had	less	than	1	day	of	food	on
hand	at	 the	 time	of	 the	quake,	and	another	six	hospitals	had	less	 than	1	day	of
medical	 supplies.	 Just-in-time	 supply	 practices	 at	 New	 York	 City	 hospitals
produced	 some	 similar	 shortages,	 offset	 in	 part	 by	 supplies	 available	 from
elsewhere	in	the	city.39,40	During	the	COVID-19	pandemic,	increased	patient	care
needs	 and	 supply	 chain	 disruptions	 led	 to	 frequent	 shortages	 of	 personal
protective	 equipment	 and	 key	 medications,	 requiring	 regional	 authorities	 and
health	 systems	 to	 develop	 methods	 for	 equipment	 reuse,	 repurposing,	 and
conservation.41,42

Figure	 126.2	 provides	 recommendations	 from	 the	 CHEST	 Task	 Force	 on
means	to	conserve	supplies	at	differing	levels	of	surge	response.



	

Figure	 126.2 	 Methods	 for	 optimizing	 available	 supplies	 in
differing	degrees	of	surge	response	during	disasters.(Reprinted	from
Hick	JL,	Einav	S,	Hanfling	D,	et	al.	Surge	capacity	principles:	care	of
the	critically	ill	and	injured	during	pandemics	and	disasters	–	CHEST
consensus	 statement.	 Chest.	 2014;146:e1S-e16S,	 with	 permission
from	Elsevier.)

Staff
A	 significant	 challenge	 when	 maintaining	 critical	 care	 capability	 during	 a
disaster	 will	 be	 the	 availability	 of	 a	 sufficient	 number	 of	 trained	 personnel.
Shortages	of	intensivists,	critical	care	nurses,	respiratory	therapists,	critical	care
pharmacists,	 and	other	 specially	 trained	personnel	may	be	a	 limiting	 factor	 for
caring	 for	 large	 numbers	 of	 critically	 ill	 patients.	 In	 infectious	 outbreaks	 or
natural	disasters,	hospital	staff	may	themselves	be	victims,	further	decreasing	the
institution’s	 ability	 to	 respond.43,44	 Whenever	 feasible,	 experienced	 clinicians
should	 perform	 direct	 patient	 care.	 Those	 clinicians	 not	 normally	 working	 in
critical	 care	 settings	 should	 be	 cross-trained,	 or	 retrained,	 on	 essential	 bedside
skills	 in	 the	 ICU	as	part	of	a	hospital’s	disaster	preparedness	program.	Finally,
systematic	procedures	(such	as	protocols)	should	be	instituted	and	understood	by
all	 critical	 care	 personnel,	 in	 order	 to	 standardize	 processes,	 maximize	 good
outcomes,	and	maximize	safety	to	patients	and	staff	during	a	disaster.8

During	contingency	and	crisis	conditions,	intensivists	will	need	to	focus	part
of	 their	 effort	 on	 supervising	 cross-trained	 physicians	 from	 other	 specialties.
Nonintensivist	 physicians	 who	 are	 skilled	 in	 acute	 care,	 such	 as	 hospitalists,
emergency	physicians,	and	general	surgeons,	could	be	assigned	six	patients	each
(assuming	that	other	urgent	clinical	duties	do	not	 take	precedence).	Intensivists
could	supervise	up	 to	 four	such	clinicians,	 thereby	extending	 their	critical	care
coverage	 to	 30	 patients	 or	 more.8	 Additionally,	 specialists	 with	 ICU-relevant
technical	 skills	 such	 as	 anesthesiologists	 and	 cardiologists	 (such	 as	 intubation



and	central	venous	catheterization)	may	function	as	“procedure	teams”	to	offload
work	from	the	primary	critical	care	services.45

Comparable	models	have	been	proposed	 for	 critical	 care	nurses	 supervising
non-CCRNs,	 critical	 care	 pharmacists	 supervising	 other	 pharmacists,	 and	 so
forth.	 In	 crisis	 surge	 settings,	 standard	 patient	 ratios	 may	 not	 be	 able	 to	 be
applied.	ICU	charge	nurses	could	match	several	non-ICU	nurses	 to	appropriate
patients,	leaving	only	the	most	complex	patients	under	the	sole	care	of	other	ICU
nurses.	 Specific	 bedside	 care	 procedures	 could	 be	 assigned	 to	 non-ICU	nurses
(bathing,	 vital	 signs,	 catheter	 management,	 medication	 delivery,	 etc),	 thereby
permitting	ICU	nurses	to	oversee	the	provision	of	specific	critical	nursing	care	to
several	patients	 (eg,	 titration	of	vasoactive	medications).	Respiratory	 therapists
usually	 provide	 care	 to	 four	 to	 six	 ICU	 patients,	 but	 surge	 requirements	 may
mandate	 a	 higher	 ratio	 of	 patients	 per	 therapist,	 ICU	 therapists	 supervising
outpatient	or	non-ICU	therapists,	or	even	ICU	therapists	directing	nontherapists
in	basic	care.	Finally,	oncology,	outpatient,	or	other	non-ICU	pharmacists	may
similarly	 be	 asked	 to	 support	 operations	 under	 the	 direction	 of	 critical	 care
pharmacists.	Training	 for	 such	 processes	will	 become	necessary	 for	 prolonged
events	that	will	severely	strain	staff	resources	during	a	major	disaster.5,46

Space
It	is	important	to	remember	that	critical	care	is	a	concept,	not	a	location.	During
a	major	disaster,	space	 limitations	may	require	 that	critical	care	be	provided	 in
other	 areas	 of	 a	 hospital.25,47,48	 If	 it	 becomes	 necessary	 to	 provide	 critical	 care
outside	of	an	ICU	during	a	major	disaster,	it	should	be	provided	in	those	areas	of
a	hospital	that	are	most	analogous	to	an	ICU.

In	 the	 initial	 phases	 of	 a	 surge	 requirement,	 hospitals	 should	 be	 able	 to
accommodate	up	to	a	20%	increase	in	critically	ill	patients	with	minimal	impact,
assuming	that	supplies	and	staff	are	available	and	the	hospital	is	not	at	maximum
capacity.	Stable	ICU	patients	with	 less	severe	needs	can	be	 transferred	 to	step-
down	 units,	 telemetry	 areas,	 postanesthesia	 care	 units,	 or	 other	 settings	 as
appropriate.49	Total	hospital	bed	space	 should	be	decompressed	by	 transferring
stable	 ward	 patients	 to	 home	 care,	 to	 skilled	 nursing	 facilities,	 or	 to	 alternate
community	facilities	such	as	an	ACC.	As	an	emergency	mass	critical	care	event
progresses,	formal	critical	care	space	will	need	to	expand	into	other	areas	of	the
hospital,	with	the	hospital	continuing	to	make	room	for	critically	ill	patients	by
transferring	 the	 most	 stable	 inpatients	 elsewhere.	 Although	 increased	 hospital
mortality	has	been	seen	with	higher	overall	patient	numbers	during	public	health
emergencies,	 as	 noted	 previously,	 patients	 receiving	 care	 in	 expanded,



“nontraditional”	ICU	spaces	do	not	appear	to	have	a	greater	risk	for	death	than
patients	receiving	care	in	usual	ICU	spaces.50

An	 alternative	 to	 expanding	 internal	 ICU	 capability	 is	 for	 communities	 to
develop	 and	 deploy	 “field”	 ICUs.	 Critical	 care	 has	 been	 provided	 in	 such
settings	 before,	with	 recent	 experience	 in	New	York	City	 following	Hurricane
Sandy	and	at	the	Javits	Center	during	the	early	COVID-19	pandemic,	as	well	as
during	humanitarian	international	missions	or	military	operations.5,51-53	However,
because	 of	 the	 logistical	 requirements	 for	 specialized	 equipment,	 infection
control	support,	and	the	relocation	of	trained	personnel,	critical	care	should	only
be	provided	in	“field”	settings	as	a	last	resort.	In	most	major	disaster	situations,
such	facilities	can	be	best	used	for	 the	management	of	noncritically	 ill	patients
who	are	transferred	from	hospitals	in	order	to	free	up	space	for	the	management
of	the	critically	ill.

CRISIS	STANDARDS	OF	CARE	AND	CRITICAL
CARE	TRIAGE
In	a	2009	report,	the	Institute	of	Medicine	defined	crisis	standards	of	care	(CSC)
as	a	“substantial	change	in	usual	healthcare	operations	and	the	level	of	care	it	is
possible	 to	 deliver	 which	 is	 made	 necessary	 by	 a	 pervasive	 or	 catastrophic
disaster.”54	The	goal	of	critical	care	surge	responses	and	CSC	during	a	disaster	is
to	provide	the	greatest	good	for	 the	greatest	number	of	patients.	Clinicians	and
institutions	 should	 strive	 to	 manage	 resources	 within	 their	 own	 facility	 and
region	with	the	goal	of	providing	usual	critical	care	practices	to	the	best	extent
possible.	 However,	 during	 a	 major	 disaster,	 as	 resources	 become	 increasingly
limited,	health	systems	must	have	a	plan	in	place	to	change	the	focus	of	critical
care	from	the	needs	of	the	individual	to	the	needs	of	the	population	as	a	whole.
This	 requires	 a	 defined	 triage	 plan	 to	 be	 developed,	 communicated,	 and
implemented	fairly.

Ethical	and	Legal	Principles
Utilitarian	 principles	 guide	 the	 theory	 of	 the	 “greatest	 good	 for	 the	 greatest
number.”	 In	 times	 of	 overwhelming	 resource	 constraints,	 it	 may	 become
necessary	 to	 target	 limited	 capabilities	 to	 those	with	 the	 greatest	 likelihood	 of
benefitting	from	the	care.	Patients	who	are	unlikely	to	recover	or	improve	are	not
abandoned	 but	 are	 provided	 with	 the	 best	 available	 therapies	 as	 well	 as



appropriate	 palliative	 care,	 when	 indicated.	 This	 fundamental	 principle	 guides
the	implementation	of	a	mass-casualty	triage	system	during	major	disasters.55,56

If	 surge	 measures	 do	 not	 meet	 demand,	 then	 individual	 autonomy	may	 be
limited.	 Such	 a	 shift	 of	 health	 care	 priorities	 requires	 active	 community
involvement	 and	 an	 open,	 transparent	 decision-making	 processes.	As	we	 have
become	more	acutely	aware	of	the	impact	of	health	inequities	in	our	societies,	it
is	also	critical	that	any	such	triage	system	not	further	exacerbate	prior	injustices,
such	as	 through	disparate	 impacts	on	already	underserved	communities.57	Such
plans	 for	 the	 fair	and	 just	 rationing	of	critical	care	 resources	during	periods	of
overwhelming	demand	must	be	developed	prior	to	the	disaster.

Importantly,	in	order	to	implement	such	processes,	providers	must	feel	secure
in	 their	 legal	protection.	Hence,	providers	 should	be	 legally	protected	by	 local
and	state	law	if	there	is	a	need	to	deviate	from	the	usual	standards	of	care	during
CSC.	 The	 CHEST	 Task	 Force	 recommends	 that	 uniformly	 accepted,
predetermined	algorithms	be	developed	for	triaging	critically	ill	patients	during	a
disaster,	with	adherence	to	these	algorithms	being	sufficient	to	provide	necessary
legal	protection	to	providers	and	other	decision	makers.58	The	need	for	such	legal
protection	 was	 poignantly	 highlighted	 in	 New	 Orleans	 during	 the	 Hurricane
Katrina	disaster,	as	palliative	care	was	provided	to	some	patients	as	evacuation
attempts	were	repeatedly	delayed	and	hospital	capabilities	were	overwhelmed.59
In	 response	 to	 prior	 disasters	 and	 pandemics,	 multiple	 jurisdictions	 have
developed	allocation	systems	for	scarce	resources	in	times	of	disaster,	which	we
will	describe	under	the	general	term	of	“critical	care	triage.”

Critical	Care	Triage
There	 remains	 debate	 about	 the	 preferred	method	of	 triage	 in	 a	major	 disaster
where	 patient	 needs	 exceed	 available	 critical	 care	 resources.	 Although	 triage
principles	have	historically	focused	most	heavily	on	mechanical	ventilators,	any
scarce	 resource	 could	 be	 subject	 to	 triage,	 including	 systems	 for	 kidney
replacement	 therapy60	or	key	medications.61	 In	 the	specific	 setting	of	ventilator
allocation	 for	 respiratory	 pandemics,	 controversy	 persists	 regarding	 the	 most
equitable	 form	 of	 patient	 selection.	 Although	 a	 simple	 “first-come-first-serve”
system	 may	 seem	 equitable,	 for	 example,	 such	 a	 system	 would
disproportionately	benefit	patients	with	regular	access	to	care	and	transportation
and	 conversely	 harm	 others	 without	 such	 advantages.62	 Similarly,	 modeling
studies	have	suggested	that	a	random	lottery	system	for	ventilators	would	lead	to
increased	 population	mortality	 compared	with	 a	 scoring	 system,	 including	 for
vulnerable	groups.63



Planning	for	the	triage	of	critically	ill	patients	during	a	major	disaster	should
include	 well-defined	 “triggers”	 that	 promptly	 alert	 hospital	 and	 community
leadership	 to	 the	 fact	 that	 critical	 care	 resources	 are	 being	 overwhelmed	 and
there	 is	 a	 need	 to	 direct	 the	 use	 of	 a	 triage	 process.55,58	 Such	 triggers	 would
include	a	lack	of	critical	equipment	or	medical	supplies,	inadequate	critical	care
spaces,	 inadequate	 staff,	 and	 inadequate	 capability	 to	 transfer	 noncritically	 ill
patients	to	other	facilities.

Once	 the	 requirement	 to	 triage	 care	 has	 been	directed,	 health	 systems	must
determine	 which	 patients	 should	 receive	 specific	 scare	 resources	 and	 which
patients	 should	 not.	 This	 process	 needs	 to	 be	 carefully	 planned	 and	 evaluated
with	 community	 involvement	 prior	 to	 a	 catastrophic	 event.	 If,	 for	 example,	 a
health	 system	 or	 region	 proposes	 to	 exclude	 critical	 care	 to	 the	 very	 elderly
during	 a	 major	 disaster,	 then	 community	 representatives	 from	 the	 elderly
population	would	need	to	be	included	in	such	decisions.	Similarly,	members	of
minority	 groups,	 persons	 with	 disabilities,	 and	 other	 groups	 at	 risk	 must	 be
included	in	these	community	discussions	to	ensure	that	benefits,	as	well	as	risks,
are	shared	equitably	during	a	disaster.64,65

Several	 severity-of-illness	models	 have	 been	 developed	 for	 the	 ICU	 setting
that	may	be	applied	to	the	triage	process.	However,	such	scoring	systems	appear
to	 have	 limited	 discriminant	 power	 for	 scarce	 resource	 allocation.	 The
Sequential	Organ	Failure	Assessment	 (SOFA)	 score	 is	widely	 used	 by	 various
jurisdictions	 in	 CSC	 triage	 protocols,	 for	 example,	 based	 in	 part	 on	 its
prepandemic	 performance	 in	 predicting	 in-hospital	mortality	 in	 a	 general	 ICU
population.66	 SOFA	 scores	 at	 time	 of	 presentation,	 however,	 correlate	 poorly
with	overall	survival	for	both	influenza	and	COVID-19,67-69	and	many	experts	no
longer	 recommend	 its	 continued	 use	 in	 this	 capacity.58,70,71	 Disease-specific
scoring	 systems,	 such	as	 the	 Injury	Severity	Score	 (ISS)	 for	 trauma,	 and	other
prognostic	 tools	 may	 perform	 better	 in	 triage	 situations	 but	 require	 further
research	and	validation.

Health	 systems	 and	 legal	 jurisdictions	 should	 establish	 triage	 systems	 in
advance	of	a	disaster,	with	either	a	designated	triage	officer	or	triage	team	who
will	 make	 decisions	 based	 on	 predetermined	 guidelines.	 A	 triage	 team,
consisting	of	an	experienced	intensivist	and	another	acute	care	physician,	may	be
preferable	to	a	single	triage	officer,	given	the	emotional	burden	and	the	utility	of
a	second	“set	of	eyes”	during	a	crisis.	This	group,	operating	independently	from
the	 bedside	 clinicians,	 would	 gather	 periodic	 patient	 data	 to	 determine	 the
severity	 of	 illness	 and	 document	 improvement,	 stability,	 or	 deterioration	 of
critically	ill	patients	over	time.	Patients	who	deteriorate	or	fail	to	improve	over
time	would	 have	 their	 critical	 care	 resources	 reallocated	 to	 other	 patients.	The



availability	 of	 an	 experienced	 critical	 care	 triage	 team	 has	 the	 advantage	 of
removing	the	burden	of	triage	decisions	from	busy	clinicians	who	are	providing
critical	care	at	the	bedside.	This	team	also	removes	some	of	the	inherent	bias	that
providers	 may	 have	 when	 making	 decisions	 for	 patients	 personally	 known	 to
them.	 In	 the	 HICS,	 the	 critical	 care	 triage	 team	 should	 operate	 under	 the
command	of	the	hospital	operations	section	chief.

In	 order	 to	 assure	 compliance	 and	 integrity	 of	 the	 triage	 process,	 a	 review
committee	 should	 be	 established	 to	 oversee	 triage	 plans	 and	 operations.	 This
committee,	distinct	from	the	triage	team,	would:

Work	with	regional	planners	and	maintain	situational	awareness	in	the
community	and	state,	regarding	the	ongoing	use	and	need	of	triage	protocols;
Review	the	implementation	of	the	local	triage	protocol,	to	ensure	compliance
and	integrity	of	triage	operations;
Serve	as	a	forum	for	appeals	by	patients,	families,	and	staff	regarding	the
accurate	and	ethical	implementation	of	the	triage	tool;	and
Participate	in	the	real-time	epidemiological	evaluation	of	the	catastrophic
event,	to	help	public	health	and	other	officials	determine	the	ongoing	validity
of	the	various	predictive	scores	as	a	triage	tool	for	critically	ill	patients.

SUMMARY
Preparing	 ICUs	 for	 disasters	 requires	 a	methodical	 approach	within	 a	 defined
organizational	structure	in	order	to	optimize	care	for	large	numbers	of	critically
ill	patients.	 Ideally,	hospitals	are	 the	optimal	setting	 to	provide	critical	care	 for
severely	 ill	 and	 injured	 patients.	 During	 major	 disasters,	 hospitals	 should
coordinate	 with	 regional	 medical	 response	 systems	 to	 offload	 patients	 with
minor	injuries	or	illnesses	so	that	hospital	resources	can	be	focused	on	the	care
of	critically	ill	patients.

Predisaster	 planning	 and	 training	 are	 essential	 for	 mitigating	 the	 adverse
effects	 of	 an	 overwhelming	 disaster	 on	 hospitals	 and	 their	 communities.
Carefully	 developed	 plans	 for	 surging	 critical	 care	 resources	 will	 facilitate
continuation	 of	 usual	 hospital	 processes	 for	 as	 long	 as	 possible.	 However,	 if
surge	 procedures	 fail	 to	 meet	 the	 critical	 care	 demands	 of	 an	 overwhelming
patient	 influx,	 processes	 to	 triage	 and	 alter	 the	 usual	 standards	 of	 critical	 care
must	 be	 implemented.	These	 planning	 concepts	 and	 guidelines	 can	 help	 guide
critical	 care	 practitioners	 to	 care	 for	 their	 patients	 under	 the	 challenging
conditions	of	a	catastrophic	disaster.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	accrediting	organization	that	mandates	hospital-level
emergency	management	and	disaster	preparedness	planning?

A. 	Centers	for	Disease	Control	and	Prevention
B. 	Department	of	Health	and	Human	Services
C. 	Occupational	Safety	and	Health	Administration
D. 	The	Joint	Commission

2. 	How	is	“surge	capacity”	best	defined	during	a	disaster?

A. 	The	ability	to	expand	normal	hospital	operating	capacity
B. 	The	ability	to	“forward	deploy”	medical	personnel
C. 	The	ability	to	triage	and	transfer	patients	to	other	sites
D. 	The	ability	to	use	nonclinical	space	to	provide	clinical	services

3. 	The	key	determinants	of	critical	care	surge	capacity	include	all	of	the
following,	EXCEPT:

A. 	Storage
B. 	Space
C. 	Staff
D. 	Supplies

Answers

1.	The	correct	answer	is	D.
Rationale:	Hospitals	that	are	accredited	by	The	Joint	Commission	must	meet

specific	 requirements	 for	 emergency	 management	 and	 disaster	 preparedness
(choice	 D	 is	 correct).	 Governmental	 agencies	 including	 the	 Department	 of
Health	and	Human	Services,	the	Occupational	Safety	and	Health	Administration,
and	 Centers	 for	 Disease	 Control	 and	 Prevention	 are	 all	 important	 resources
during	a	disaster,	but	they	do	not	accredit	hospitals.

2.	The	correct	answer	is	A.



Rationale:	 Surge	 capacity	 refers	 to	 the	 ability	 of	 a	 hospital	 or	 other	 health
care	 system	 to	 expand	 its	 normal	 operating	 capacity	 in	 the	 setting	 of	 an
emergency	(choice	A	is	correct).	Sending	patients	to	other	sites	is	common	when
capacity	 is	 exceeded	 but	 it	 is	 not	 an	 example	 of	 surge	 capacity	 (choice	 C	 is
incorrect).	Providing	clinical	 services	 in	nonclinical	 spaces	or	 at	 forward	areas
such	 as	 field	 hospitals	 are	 examples	 of	 interventions	 that	 could	 be	 part	 of	 a
system’s	 surge	 capacity	 but	 do	 not	 reflect	 the	 general	 definition	 of	 the	 term
(choices	B	and	D	are	incorrect).

3.	The	correct	answer	is	A.
Rationale:	The	three	key	determinants	of	critical	care	surge	capacity	are	staff,

supplies,	and	space.	While	adequate	storage	space	can	be	very	helpful,	it	is	not	a
key	element	(choice	A	is	the	“correct”	wrong	answer).
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Chapter	127
Chemical	Agents	of	Mass	Destruction
James	Geiling,	Randy	S.	Wax,	Lawrence	C.	Mohr

KEY	POINTS:
1.	 All	patients	presenting	to	hospital	after	exposure	to	chemical	agents

must	receive	appropriate	decontamination	prior	to	entering	the
facility,	taking	special	care	to	flag	those	who	bypass	decontamination
at	scene	and	require	hospital-based	decontamination	at	the	point	of
entry.

2.	 Critical	care	clinicians	must	be	familiar	with	the	signs	and	symptoms
caused	by	different	chemical	agents,	both	to	detect	those	cases
without	obvious	known	exposure	and	to	provide	agent-specific
treatment	when	available.

3.	 Regardless	of	the	chemical	agent	used	to	harm	a	patient,	supportive
care	with	high-quality	evidence-based	organ	system	support	remains
a	mainstay	of	treatment	for	exposed	patients	developing	critical
illness.

INTRODUCTION
If	supposedly	civilized	nations	confined	their	warfare	to	attacks	on	the	enemy’s
troops,	 the	 matter	 of	 defense	 against	 warfare	 chemicals	 would	 be	 purely	 a
military	problem,	and	would	be	beyond	the	scope	of	this	chapter.	But	such	is	far
from	the	case.	In	these	days	of	total	warfare,	the	civilians,	including	women	and
children,	are	subject	to	attack	during	most	conflicts.1,2

Chemical	agents	of	 terror	have	moved	to	 the	forefront	of	concern	for	health
care	 providers	 as	 weapons	 of	 mass	 destruction	 (WMD)	 have	 become	 readily
available	 to	 both	 domestic	 and	 international	 terrorists.	 Critical	 care	 physicians
must	 be	 familiar	with	 these	 agents,	 their	 impact	 on	 patients,	 and	 the	 potential



dangers	these	compounds	can	cause	to	health	care	workers.
Although	 terrorists	 have	 traditionally	 focused	 their	 efforts	 on	 the	 use	 of

conventional	explosives,	chemical	agents	have	emerged	as	attractive	weapons	of
terrorism	for	a	variety	of	reasons:

Raw	materials	for	their	production	are	readily	available	throughout	the	world.
Raw	materials	are	inexpensive.
A	chemical	weapon	of	mass	destruction	can	be	produced	with	relatively	small
amounts	of	raw	materials.
They	may	be	odorless,	colorless,	and	tasteless.
They	are	difficult	to	detect.
They	do	not	destroy	infrastructure.
They	possess	a	latency	period	between	the	time	of	exposure	and	the
development	of	clinical	symptoms.
Their	use	produces	a	mass	media	response.3

The	 events	 of	 September	 11,	 2001	 and	 subsequent	 terrorist	 threats	 have
changed	the	nature	of	physician	training	and	preparation	requirements.	Whereas
most	 physicians	 have	 prepared	 for	 mass	 casualty	 events	 from	 multisystem
trauma,	as	in	transportation	accidents,	they	now	must	know	how	to	provide	mass
care	to	victims	following	a	WMD	event.	This	chapter	focuses	on	the	recognition
and	 management	 of	 patients	 exposed	 to	 common	 chemical	 agents	 of	 mass
destruction.

HISTORY
Chemical	agents	of	mass	destruction	are	gaseous,	liquid,	or	solid	substances	that
are	employed	against	a	population	because	of	their	direct	toxic	effects.	Virtually
any	toxic	substance	can	be	used	as	an	agent	of	mass	destruction.	However,	those
that	have	been	successfully	weaponized	are	characterized	by	ease	of	production,
ease	of	handling	during	weapon	assembly,	dispersion	properties,	 and	ability	 to
cause	injury	and	death	at	relatively	low	concentrations.4

Although	 the	 first	 reported	 use	 of	 chemical	 agents	 dates	 back	 to	 1000	 bc
when	 Chinese	 forces	 used	 arsenical	 smokes,	 the	 use	 of	 chemical	 agents	 for
warfare	 began	 in	 earnest	 during	World	War	 I	 when	 German	 forces	 seeking	 a
breakout	from	the	stalemate	of	trench	warfare	released	150	tons	of	chlorine	gas
on	April	15,	1915,	near	Ypres,	Belgium,	resulting	in	800	deaths	and	the	retreat	of
15,000	Allied	troops,	largely	because	of	the	psychological	terror	produced	by	the
attack.



The	next	major	use	of	chemical	weapons	took	place	more	than	2	years	later,
on	July	12,	1917,	again	near	Ypres,	when	German	forces	attacked	Allied	troops
with	 artillery	 shells	 containing	 sulfur	 mustard.	 Although	 many	 of	 the	 20,000
casualties	had	debilitating	injuries,	less	than	5%	of	the	troops	died	as	a	result	of
the	chemical	attack.	Persistent	and	nonvolatile,	sulfur	mustard	caused	a	host	of
new	 problems	 for	 Allied	 forces,	 including	 a	 latency	 period	 before	 the	 effects
appeared	 and	 the	 need	 for	 men,	 and	 their	 horses,	 to	 wear	 protective
overgarments.5

The	Geneva	Convention	of	1925	banned	the	use	of	chemical	warfare	agents
because	of	the	physical	and	psychological	trauma	they	imposed	on	their	victims.

Nerve	agents	appeared	in	the	1930s	when	the	German	industrial	chemist,	Dr.
Gerhard	Schrader,	began	research	into	the	development	of	stronger	insecticides,
the	first	two	of	which	were	tabun	and	sarin.	German	forces	stockpiled	these	for
use	in	World	War	II,	but	never	used	them.

Chemical	 agents	were	 used	 sporadically	 in	 the	 second	half	 of	 the	 twentieth
century.	The	United	States	used	defoliants	and	riot-controlled	agents	in	Vietnam.
Iraq	used	mustard,	 tabun,	and	eventually	sarin	against	Iran	in	the	Iran-Iraq	war
of	 the	1980s.	Later	 in	 the	1980s,	 reports	 implicated	 Iraq	 in	 the	use	of	 cyanide
against	the	Kurdish	population	of	northern	Iraq.6

The	 Aum	 Shinrikyo	 religious	 cult	 released	 sarin	 gas	 on	 two	 occasions	 in
Japan	 in	 the	 1990s.	The	 first	 took	 place	 on	 June	 27,	 1994,	 in	Matsumoto	 and
resulted	in	600	persons	exposed,	58	admitted	to	the	hospital,	and	seven	deaths.7
The	more	famous	and	larger	event	took	place	the	following	year,	on	March	20,
1995,	 when	 they	 released	 sarin	 gas	 in	 the	 Tokyo	 subway	 system	 during	 rush
hour.	The	subway	system	attack	resulted	in	the	deaths	of	11	commuters	and	the
medical	evaluation	of	approximately	5000	individuals.8

In	 2002,	 Chechan	 separatists	 overtook	 a	 Moscow	 theater,	 taking	 over	 800
hostages.	Four	days	later,	Russian	Special	Forces	fumigated	the	building	with	a
derivative	of	the	narcotic	fentanyl.	Although	this	method	broke	the	siege,	all	but
two	of	the	41	terrorists	and	129	hostages	died	from	opiate	toxicity.9

Another	 example	 of	 recent	 use	 of	 chemical	 weapons	 occurred	 in	 the	 early
morning	 hours	 of	August	 21,	 2013	 in	 the	 Ein	Tarma	 and	Zamalka	 suburbs	 of
Damascus,	 Syria.	 Social	media	 reports	 and	 videos	 as	well	 as	 satellite	 imagery
demonstrated	large	numbers	of	sick	adults	and	children	with	no	visible	trauma;
medical	personnel	described	the	symptoms	as	most	consistent	with	exposure	to	a
nerve	agent.10	Three	Damascus	hospitals	received	over	3000	casualties	where	the
principal	 antidote	 atropine	 was	 in	 short	 supply	 and	 exposure	 to	 contaminated
patients	 at	 one	 hospital	 resulted	 in	 41	 staff	 members,	 including	 10	 doctors,
becoming	 contaminated.11	 The	 attack	 killed	 approximately	 1429	 people,



including	426	children.12
There	 have	 been	 multiple	 examples	 of	 chemical	 weapon	 use	 targeted	 at

individuals	 as	 an	 assassination	 tool.	 Kim	 Jong-nam,	 the	 son	 of	 North	 Korean
leader	Kim	Jong-il,	was	assassinated	in	2017	using	nerve	agent	VX.13	Multiple
unsuccessful	assassination	attempts	using	nerve	agents	have	been	noted	related
to	 Russian	 individuals,	 such	 as	 a	 former	 spy	 and	 his	 daughter	 in	 the	 United
Kingdom	 in	 201814	 and	 politician	 Alexei	 Navalny	 in	 2020.15	 These	 events
highlight	 the	 need	 for	 clinicians	 to	 be	 aware	 of	 the	 signs	 and	 symptoms	 of
chemical	 weapon	 exposure,	 and	 to	 consider	 this	 possibility	 when	 caring	 for
individuals	 outside	 of	 war	 zones,	 known	 terrorist	 events	 or	 other	 known
chemical	exposure.

In	 1993,	 the	Chemical	Weapons	Convention	 (CWC)	went	 into	 effect	 as	 an
international	 treaty	 that	 bans	 the	 use,	 development,	 production,	 acquisition,
transfer,	stockpiling,	and	retention	of	chemical	weapons	by	signatory	nations.	At
the	 time	 of	 this	 writing,	 the	 CWC	was	 ratified	 by	 193	 nations,	 including	 the
United	 States;	 South	 Sudan,	 North	 Korea,	 and	 Egypt	 have	 not	 done	 so.	 The
CWC	 is	 administered	 by	 the	 Organisation	 for	 the	 Prohibition	 of	 Chemical
Weapons,	 which	 conducts	 regular	 inspections	 and	 monitors	 compliance	 with
provisions	of	the	treaty.16

DETECTION	AND	DECONTAMINATION
Initial	steps	 for	 the	management	of	chemical	agent	casualties	 include	detection
of	 the	 chemical	 agent	 used	 during	 the	 attack	 and	 the	 decontamination	 of
casualties.	Detailed	discussions	on	detection	and	decontamination	are	beyond	the
scope	 of	 this	 chapter.	 However,	 hospital-based	 critical	 care	 physicians	 should
understand	 basic	 concepts	 of	 these	 topics	 to	 better	 care	 for	 their	 patients	 and
protect	themselves	and	their	facilities	from	potential	harm.

The	most	important	tool	for	detecting	the	use	of	these	agents	is	accurate	and
timely	 intelligence	 from	military	 or	 law	 enforcement	 agencies.	 Unfortunately,
hospitals	are	not	usually	in	the	information-sharing	and	decision-making	circles
with	 these	 groups.	 As	 a	 result,	 initial	 awareness	 of	 a	 chemical	 agent	 attack
typically	 occurs	with	 the	 first	 patient	 presenting	 to	 the	 emergency	department.
Hospitals	and	physicians	can	improve	their	preparedness	for	the	management	of
chemical	agent	casualties	by	actively	participating	in	disaster-planning	activities
at	 their	 respective	 communities.	 In	 addition	 to	 prior	 education	 on	 patient
presentation	after	 exposure	 to	 chemical	 agents,	 some	online	clinical	diagnostic
tools	 are	 becoming	 available	 to	 help	 clinicians	 consider	 different	 types	 of



exposures,	such	as	the	CHEMM	Intelligent	Syndromes	Tool	(CHEMM-IST	2.0)
available	 on	 the	 U.S.	 Department	 of	 Health	 &	 Human	 Services	 website
(https://chemm.hhs.gov/chemmist.htm).17

Various	 types	 of	 sensing	 devices	 can	 be	 used	 for	 the	 detection	 of	 chemical
agents	 in	 the	 environment.18	 At	 the	 present	 time,	 all	 commercially	 available
detection	 equipment	 uses	 point	 source	 technology;	 that	 is,	 proximity	 to	 the
substance	is	required.	The	handheld	Chemical	Agent	Monitor	uses	ion	mobility
spectrometry	 to	 detect	 mustard	 and	 nerve	 agents.	 Chemical	 agent	 detection
papers,	such	as	the	M8	and	M9	papers	(Anachemia,	Lachine,	Quebec,	Canada),
can	 be	 used	 to	 detect	 mustard	 and	 nerve	 agents.	 The	 M256	 Detection	 Kit
(Anachemia,	 Lachine,	 Quebec,	 Canada)	 can	 detect	 mustard,	 nerve	 agents,
phosgene,	and	cyanide.	Standoff	capability,	that	is,	detecting	agents	from	as	far
away	as	5	km,	has	been	developed	 to	detect	contaminated	areas	without	being
exposed.19	 Other	 nonexhaustive	 examples	 of	 detection	 equipment	 available
include	 the	Draeger	CDS	Kit,	Hazmat	 Smart	 Strips,	Chemical	Agent	Detector
C2	Kit,	and	the	Chemical	Agent	Monitor	(CAM).20	Many	of	the	readily	available
detection	strategies	cannot	detect	lower	levels	of	chemical	agent,	thus	being	less
useful	to	confirm	successful	decontamination	or	detect	chemical	agents	remotely
from	 the	 site	of	exposure.21	Most	hospitals	will	 not	have	capability	 to	 confirm
exposure	 or	 nature	 of	 chemical	 agents	 used	 in	 a	 timely	 manner	 to	 influence
patient	care	or	protect	their	facilities,	and	will	often	need	to	collaborate	with	first
responder	 agencies,	 law	 enforcement	 or	 military	 to	 assist	 in	 chemical	 agent
detection	and	identification.

As	 health	 care	 providers,	 use	 of	 samples	 from	 patients	 rather	 than
environmental	 sampling	may	be	helpful	 for	clinical	and	 forensic	purposes.	For
example,	 dilute	 traces	 of	 chemical	 agent	 metabolites	 of	 sulfur	 mustard	 (HD),
sarin	(GB),	soman	(GD),	VX,	and	Russian	VX	(RVX)	can	be	detected	in	urine
samples	 from	 exposed	 patients	 using	 fast	 liquid	 chromatography-tandem	mass
spectrometry.22	 Sulfur	 mustard	 exposure	 can	 also	 be	 determined	 from	 hair
analysis	 of	 patients	 with	 suspected	 exposure.23	 Further	 development	 of	 rapid,
easy,	 and	 affordable	 technology	 to	 help	 hospitals	 detect	 and	 identify	 chemical
weapon	agents	is	expected	to	make	new	technologies	available.

Ideally,	 the	 decontamination	 of	 chemical	 agent	 casualties	 should	 be
accomplished	 by	 first	 responders	 or	 hazardous	 material	 personnel	 prior	 to
evacuation	or	transport	to	a	medical	facility.	Unfortunately,	most	disaster	victims
bypass	 emergency	 medical	 system	 transport	 and	 arrive	 unannounced	 at	 the
closest	 hospital.	 As	 a	 result,	 hospitals	 must	 be	 prepared	 to	 decontaminate
chemical	 agent	 casualties	 prior	 to	 admission.	 Facilities	 and	 protocols	 to
decontaminate	 such	 casualties	 should	 be	 developed	 by	 all	 hospitals.	 Such
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processes	are	needed	to	protect	the	victims	from	further	exposure	and	to	prevent
the	 spread	 of	 chemical	 agents	 within	 the	 hospital	 and	 among	 health	 care
providers.

Critical	 care	 physicians,	 nurses,	 and	 support	 personnel	may	 be	 called	 on	 to
help	 develop	 decontamination	 protocols	 and	 assist	 in	 the	 decontamination
process.	 It	 is	 imperative	 that	 all	 individuals	 designated	 to	 serve	 on
decontamination	teams	be	thoroughly	trained	in	the	procedures,	precautions,	and
protective	 clothing	 required	 by	 the	 decontamination	 process.	 Attempting	 to
provide	 help	 in	 a	 contaminated	 environment	 without	 prior	 training	 puts	 the
health	 care	 provider	 at	 risk	 of	 being	 exposed	 to	 a	 chemical	 agent	 and	 could
impede	 the	 delivery	 of	 effective	 medical	 care	 for	 the	 victims	 of	 a	 chemical
attack.	One	common	(and	potential	fatal)	error	made	by	health	care	providers	is
to	rely	on	personal	protective	equipment	effective	for	protection	from	biological
hazards	 (such	 as	N95	 respirators)	which	 provide	 insufficient	 protection	 during
decontamination	or	care	of	contaminated	chemical	agent	exposed	casualties.

The	 sarin	 gas	 release	 in	 Tokyo	 provides	 a	 clear	 example	 of	 the	 need	 for
preparation	 and	 training	 prior	 to	 a	 chemical	 attack.	 Of	 the	 1364	 emergency
personnel	 who	 responded	 to	 the	 attack,	 135	 (9.9%)	 became	 symptomatic	 and
required	 medical	 support	 themselves.	 None	 of	 the	 first	 responders	 wore
protective	 clothing	 or	 face	masks	 and	 off-gassing	 of	 the	 chemical	 agent	 from
clothing	 of	 victims	 played	 a	 significant	 role	 in	 their	 complaints.	 These	 effects
were	evident	among	hospital	staff	as	well	 first	 responders.	 It	was	reported	 that
23%	 of	 the	 staff	 at	 the	 hospital	 that	 received	 the	 patients	 also	 experienced
symptoms.24

The	Occupational	Safety	 and	Health	Administration	 (OSHA)	mandates	 that
all	health	care	providers	be	trained	to	perform	their	duties	without	jeopardizing
the	health	 and	 safety	of	 themselves	or	 coworkers.	 It	 provides	guidance	 for	 the
use	 of	 personal	 protective	 equipment	 and	 requires	 that	 written	 plans	 be
developed	 for	 hospitals	 to	 train	 teams	 for	 the	 use	 of	 personal	 protective
equipment	 to	 receive	 contaminated	 victims.25	 Most	 medical	 facilities	 prepare
their	decontamination	teams	to	operate	in	OSHA	personal	protective	equipment
level	 C,	 that	 is,	 full-face	 mask	 with	 an	 air-purifying	 canister	 respirator	 and
chemical-resistant	clothing.	Recurrent	training	and	drills	in	the	use	of	available
and	appropriate	personal	protective	equipment	by	hospital	staff	is	recommended
to	 ensure	 readiness	 in	 the	 event	 of	 a	 chemical	 agent	 event.	 The	 Emergency
Preparedness	and	Response	Exercise	Program	at	 the	Harvard	School	of	Public
Health	hosts	some	useful	decontamination	resources	for	hospitals	on	its	website
(https://www.hsph.harvard.edu/preparedness/toolkits/hospital-decontamination-
2/).26	 The	 PRISM:	 Primary	 Response	 Incident	 Scene	 Management	 toolkit
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available	 online,	 although	 not	 primarily	 targeted	 at	 hospital	 decontamination
preparedness,	 also	 provides	 useful	 information	 for	 hospital	 emergency
preparedness	 teams
(https://www.medicalcountermeasures.gov/barda/cbrn/prism/).27

Decontamination	 strategies	 for	 chemical	 exposure	 can	 include	 mechanical
removal	 of	 agents	 (eg,	 washing	 or	 wiping),	 chemical	 deactivation,	 or	 a
combination	of	both	approaches.	Mechanical	removal	without	deactivation	may
result	 in	 spread	 of	 some	 agents	 at	 the	 decontamination	 area	 and	 create
contaminated	 waste.	 Chemical	 deactivation	 may	 be	 generic	 or	 specific	 for
certain	 agents.	 For	most	 situations,	 effective	 chemical	 decontamination	 can	 be
performed	by	carefully	removing	the	victim’s	clothing	and	thoroughly	washing
the	victim	with	soap	and	water.	It	has	been	reported	that	removing	contaminated
clothing	 alone	 can	 eliminate	 85%	 to	 90%	 of	 chemical	 contaminants.28	 Use	 of
specific	 solutions	 to	 facilitate	 decontamination,	 such	 as	 0.5%	 hypochlorite
solutions,	may	be	less	useful	than	water/soap	strategies	given	the	potential	delay
of	 preparing	 and	 deploying	 specialized	 solutions.	 More	 recently,	 focus	 on	 a
sequential	 approach	of	disrobing,	 initial	guided	dry	 self-decontamination	using
absorbent	materials	 (unless	a	powder	or	caustic	substance)	and	subsequent	wet
decontamination	 has	 been	 shown	 to	 be	 highly	 effective	 for	 compliant,
ambulatory	 patients.29	 Critically	 ill	 patients	 will	 require	 more	 technical
decontamination	 by	 appropriately	 protected	 staff	 given	 their	 inability	 to
participate	in	their	own	care.

The	M291	Skin	Decontamination	Kit	has	been	in	use	by	the	military	for	many
years,	 and	 can	 facilitate	 mechanical	 removal	 and	 partial	 deactivation	 of	 some
agents.	 Other	 technology,	 such	 as	 Reactive	 Skin	 Decontamination	 Lotion
(RSDL)	 (O’Dell	 Engineering	 Ltd/E-Z-EM	 Canada	 Inc.,	 Canada)	 may	 be
superior.30	 It	 is	 not	 used	 for	 prophylactic	 protection	 or	 total	 body
decontamination,	 but,	 if	 applied	 early	 following	 exposure,	 is	 effective	 for
neutralizing	 chemical	 warfare	 agents	 and	 T2	 mycotoxins.31	 However,	 during
exposures	 associated	 with	 trauma,	 RSDL	 may	 interfere	 with	 normal	 wound
healing.32

In	addition	to	skin	and	wound	decontamination	products,	other	strategies	may
be	used	 to	decontaminate	personal	protective	equipment	 and	external	 surfaces.
For	 example,	 FAST-ACT	 (TIMILON	 Technology	 Acquisitions,	 Fort	 Myers,
Florida)	 acts	 as	 a	nanosorbent	 to	 adsorb	 and	neutralize	 chemical	 agents	 and	 is
available	 in	a	spray	powder,	pressure	bottles,	and	on	the	surface	of	a	glove	for
easy	wiping.	EasyDECON	(Envirofoam	Technologies,	Huntsville,	Alabama)	can
be	used	to	decontaminate	exposed	environmental	surfaces.	Normally	employed
as	a	foam,	it	effectively	neutralizes	a	variety	of	chemical	agents	including	nerve
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gases	 and	 mustard.33	 A	 study	 from	 the	 Czech	 Republic	 provides	 an	 excellent
example	 of	 a	 comparative	 approach	 to	 chemical	 agent	 decontamination
strategies,	 taking	 into	 consideration	 multiple	 factors	 relevant	 to	 different
operating	environments	and	expected	exposures.34

Finally,	medical	facilities	must	consider	environmental	variables	such	as	wind
direction,	 wind	 velocity,	 temperature,	 and	 water	 runoff	 when	 setting	 up
decontamination	 areas.	 These	 environmental	 considerations	 are	 important	 for
protecting	patients	and	employees	from	exposure	to	chemical	agents,	as	well	as
minimizing	the	risk	of	contaminating	buildings	and	equipment	during	the	patient
decontamination	process.

CLASSIFICATION	OF	CHEMICAL	AGENTS
Chemical	 agents	 are	 normally	 classified	 into	 broad	 categories	 based	 on	 their
mechanisms	of	action	and	physiological	effects.	The	most	common	classification
scheme	divides	them	into	the	following	categories:

Nerve	agents
Vesicants
Cyanide	agents	or	“blood”	agents
Pulmonary	agents	or	“choking”	agents
Nonlethal	incapacitating	agents

Nerve	Agents
Because	 they	are	 the	most	 toxic,	nerve	agents	are	 the	most	 feared	of	chemical
agents.	 All	 nerve	 agents	 are	 organophosphorus	 compounds,	 which	 inhibit
butyrylcholinesterase	 in	 the	 plasma,	 acetylcholinesterase	 (AChE)	 in	 the	 red
blood	 cell	 (RBC),	 and	 AChE	 at	 cholinergic	 receptor	 sites	 in	 the	 central	 and
peripheral	nervous	systems.	The	chemical	bond	between	nerve	agent	molecules
and	AChE	is	irreversible,	its	activity	returning	only	with	new	AChE	synthesis	or
RBC	 turnover	 (1%	 per	 day).35	 The	 decrease	 of	 AChE	 activity	 results	 in	 the
accumulation	of	acetylcholine	at	both	muscarinic	and	nicotinic	receptors	 in	 the
central	 nervous	 system	 and	 neuromuscular	 junctions	 of	 the	 peripheral	 nervous
system.	Cholinergic	 overstimulation	 resulting	 from	 the	 accumulation	of	 excess
acetylcholine	at	these	sites	is	responsible	for	the	clinical	manifestations	of	nerve
agent	toxicity.36

After	an	acute	exposure	to	nerve	agents,	RBC	AChE	reflects	nervous	system



AChE	activity	better	than	the	activity	of	butyrylcholinesterase	in	the	plasma.	The
measurement	of	RBC	AChE	activity	can	now	be	confirmed	with	commercially
available	 point-of-care	 testing,	 assuming	 that	 the	 devices	 are	 present	 and
personnel	are	trained	on	their	usage.37	However,	its	measurement	is	not	common
at	most	clinical	laboratories.

Several	different	nerve	agents	currently	exist,	each	characterized	by	a	unique
molecular	 structure	 that	 irreversibly	 inhibits	 AChE.	 Compounds	 that	 were
originally	 developed	 in	 Germany	 have	 been	 designated	 as	 the	 “G”	 series	 of
nerves	agents.	The	“V”	series	of	agents	are	better	absorbed	through	the	skin	than
the	“G”	agents	and	are	 so	designated	because	 they	are	more	“venomous.”	The
most	common	nerve	agents	include:

GA	(tabun):	ethyl	N,N-dimethylphosphoramidocyanidate
GB	(sarin):	isopropyl	methyl	phosphonofluoridate
GD	(soman):	pinacolyl	methyl	phosphonofluoridate
GF:	O-cyclohexyl-methylphosphonofluoridate
VX:	O-ethyl	S-(2-(diisopropylaminoethyl)	methyl	phosphonothiolate

The	“G”	agents	are	volatile,	whereas	VX	is	a	persistent,	oily	substance	with
better	percutaneous	absorption.	Each	of	these	agents	can	be	dispersed	through	a
variety	of	weapons	and	munitions.	A	recent	report	of	the	potential	for	misuse	of
new	 artificial	 intelligence	 technology	 to	 easily	 create	 novel	 potential	 chemical
weapon	 agents	 raises	 concerns	 that	 more	 lethal	 agents	 have	 yet	 to	 be	 created
should	such	efforts	be	considered	despite	bans	and	treaties.38

Inhalation	 of	 nerve	 gas	 is	 the	 most	 effective	 means	 of	 producing	 clinical
effects,	although	it	can	also	be	ingested.	High	doses	of	persistent	nerve	agents,
such	as	VX,	can	be	absorbed	through	the	skin.	The	clinical	effects	of	nerve	agent
toxicity	 occur	 as	 a	 result	 of	 acetylcholine	 accumulating	 at	 both	 nicotinic	 sites
(autonomic	ganglia	 and	 skeletal	muscle)	 as	well	 as	muscarinic	 sites	 (including
postganglionic	 parasympathetic	 fibers,	 glands,	 and	 pulmonary	 and
gastrointestinal	smooth	muscles).	Nicotinic	receptors	appear	to	be	most	sensitive
to	 the	effects	of	nerve	agents,	with	 inactivation	of	AChE	in	autonomic	ganglia
and	 the	 neuromuscular	 junction	 of	 skeletal	 muscle	 responsible	 for	 many
symptoms	and	signs	of	nerve	agent	exposure.	The	typical	clinical	manifestations
of	 nerve	 agent	 toxicity	 are	 similar	 to	 those	 produced	 by	 organophosphate
insecticides,	although	nerve	agents	are	up	to	1000	times	more	toxic.36

The	basic	clinical	syndrome	produced	by	nerve	agents	can	be	remembered	by
the	 acronym	 “SLUDGE”:	 salivation,	 lacrimation,	 urination,	 defecation,	 gastric
distress,	 and	 emesis.	 Alternatively,	 “DUMBELS”	 (diarrhea,	 urination,	 miosis,
bradycardia/bronchorrhea/bronchospasm,	 emesis,	 lacrimation,



salivation/secretion/sweating)	 provides	 a	 more	 detailed	 tool	 to	 remember	 the
muscarinic	signs	and	symptoms.39	Specific	signs	and	symptoms	of	various	organ
systems	depend	on	the	dose	of	nerve	agent	received.	Inhalation	of	a	nerve	agent
usually	 produces	 immediate	 effects	 that	 occur	within	 seconds	 to	minutes	 after
exposure.	Dermal	absorption	usually	produces	delayed	effects	 that	can	develop
at	any	time	between	10	minutes	and	18	hours	after	skin	exposure,	depending	on
the	dose.	Common	signs	and	symptoms	for	each	organ	system	are	summarized
here.

Inhalation	 of	 a	 nerve	 agent	 results	 in	 the	 development	 of	 rhinorrhea,
bronchorrhea,	 and	bronchoconstriction	 soon	after	 exposure.	Dyspnea	and	chest
tightness	are	common	early	symptoms.	Coughing	and	wheezing	may	occur.	The
volume	 of	 airway	 secretions,	 the	 magnitude	 of	 bronchoconstriction,	 and	 the
severity	of	airway	symptoms	all	increase	with	higher	exposure	doses.	High-dose
or	 prolonged	 exposure	 may	 result	 in	 diaphragmatic	 weakness	 and	 centrally
mediated	apnea,	which	can	result	in	ventilatory	failure.35,36

Although	 vagally	 mediated	 bradycardia	 is	 the	 expected	 heart	 rate	 response
from	 cholinergic	 overstimulation	 of	 muscarinic	 receptors,	 this	 is	 commonly
overridden	 by	 tachycardia	 resulting	 from	 nicotinic-mediated	 adrenergic
stimulation	 and	 hypoxia.	 First-,	 second-,	 and	 third-degree	 heart	 block	 may
occur.35,36	Prolongation	of	the	QTc	interval	can	precipitate	torsade	de	pointes	and
has	a	poor	prognosis.40	Although	hypertension	may	occur	as	a	result	of	nicotinic-
mediated	 adrenergic	 stimulation,	 blood	 pressure	 usually	 remains	 normal.	 A
decline	of	blood	pressure	is	typically	a	sign	of	impending	death.5

Muscarinic	and	nicotinic	stimulation	of	the	peripheral	nervous	system	results
in	 muscle	 fasciculations	 and	 profuse	 sweating,	 respectively.	Muscle	 weakness
and	 muscle	 paralysis	 may	 occur	 following	 high-dose	 exposures.	 Seizures	 can
develop	suddenly.	The	seizures	may	resolve	spontaneously,	but	can	be	prolonged
with	status	epilepticus.35,36	Smaller-exposure	doses	typically	result	in	nonspecific
neurologic	 findings	 including	 an	 inability	 to	 concentrate,	 insomnia,	 irritability,
and	depression.	A	variety	of	psychologic	and	behavioral	changes,	ranging	from
mild	 confusion	 to	 severe	 anxiety,	 can	 also	 occur.33	Hallucinations	 or	 complete
disorientation	do	not	appear.	Mild	exposure	also	may	result	in	a	slight	decline	of
memory	function,	as	observed	in	first	responders	in	the	Tokyo	sarin	gas	release
of	1995.41	 In	 the	decade	since	 that	event,	 those	exposed	continue	 to	have	mild
cerebellar	effects	and	posttraumatic	stress	disorder.42

Direct	contact	of	the	eyes	with	nerve	agent	vapor	causes	miosis	that	is	usually
associated	 with	 intense	 ocular	 pain.	 Patients	 also	 complain	 of	 blurred	 or	 dim
vision	and	typically	have	injected	conjunctivae	with	significant	lacrimation.

Nausea	 and	vomiting	may	be	 among	 the	 first	 signs	 of	 nerve	 agent	 toxicity.



Abdominal	cramping	and	diarrhea	may	also	occur.35,36
Unfortunately,	few	of	the	clinical	signs	or	symptoms	listed	here	may	appear

following	exposure	 to	a	high	dose	of	nerve	agent.	This	 is	because	the	range	of
exposure	of	doses,	which	produce	clinical	 symptoms,	 is	only	slightly	 less	 than
those	 which	 cause	 death.	 Therefore,	 central	 nervous	 system	 collapse	 with
seizures,	loss	of	consciousness,	and	central	apnea	may	be	the	first	signs	of	nerve
agent	toxicity	following	a	high-dose	exposure.35

Management	of	all	nerve	agent	casualties	begins	with	the	traditional	“ABCs”
of	 resuscitation:	 airway,	 breathing,	 and	 circulation	 support.	 Contaminated
patients	should	be	managed	in	the	following	order:

Airway	management
Breathing	support
Circulation	and	hemorrhage	control
Antidote	administration
Decontamination
Wound	dressing
Evacuation	to	a	noncontaminated	treatment	location43

Ventilatory	 failure	 is	 the	 primary	 cause	 of	 death	 following	 nerve	 agent
exposure.44	As	a	result,	airway	management	and	breathing	support	are	extremely
important	 for	 the	 management	 of	 nerve	 agent	 casualties.	 The	 nausea	 and
vomiting	that	these	patients	typically	experience	must	be	considered	during	their
airway	management.	 In	 this	regard,	all	patients	should	be	considered	 to	have	a
full	 stomach.	 Endotracheal	 intubation	 and	 assisted	 ventilation	 are	 required	 for
the	management	of	ventilatory	failure.	High	airway	resistance	necessitating	 the
need	 of	 pressures	 up	 to	 50	 to	 70	 cm	 of	 water	 may	 complicate	 ventilatory
support.36	Because	of	high	airway	pressures,	if	a	cuffed	endotracheal	tube	cannot
be	 placed,	 an	 esophageal	 supraglottic	 airway	may	 be	 preferable	 to	 a	 laryngeal
mask	 airway.45	 Once	 an	 effective	 airway	 has	 been	 established,	 ventilatory
assistance	can	be	provided	by	manual	ventilation	using	a	bag-valve	device	or	by
mechanical	ventilation.	Nebulized	ipratropium	can	be	used	for	 the	treatment	of
bronchospasm	that	may,	in	turn,	result	in	decreased	airway	resistance.35	Frequent
suctioning	is	necessary	to	remove	the	copious	airway	secretions	associated	with
nerve	 agent	 exposure.	 The	 use	 of	 depolarizing	 neuromuscular	 blocking	 agents
during	ventilatory	assistance	should	be	avoided.46

The	 principal	 antidote	 for	 nerve	 agents	 is	 atropine.	 Atropine	 is	 an
anticholinergic	drug	that	blocks	acetylcholine	receptor	sites.	As	a	result,	atropine
blocks	the	pathophysiologic	effects	of	the	excess	acetylcholine	that	accumulates
as	 a	 result	 of	 nerve	 gas	 exposure;	 it	 is	 most	 effective	 at	 muscarinic	 sites.



Atropine	 is	 primarily	 used	 for	 the	 purpose	 of	 drying	 up	 the	 copious	 airway
secretions	 that	 patients	 develop	 following	 nerve	 agent	 exposure.	 The	 standard
adult	 dosing	 regimen	 is	 2	 mg,	 administered	 intramuscularly,	 every	 5	 to	 10
minutes,	 titrated	to	the	patient’s	secretions.	The	recommended	pediatric	dose	is
0.05	mg/kg,	with	 a	minimum	dose	of	0.1	mg,	 administered	 intravenously	 (IV)
every	 2	 to	 5	minutes,	 titrated	 to	 effect.36,44	Among	 severe	 cases,	 adult	 patients
may	require	10	to	20	mg	of	atropine	in	the	first	hour	to	control	secretions.	The
administration	 of	 atropine	 to	 a	 hypoxemic	 patient	 could	 precipitate	 the
development	 of	 ventricular	 fibrillation.	 Therefore,	 oxygen	 should	 be
administered	and	hypoxemia	corrected	before	atropine	is	given.43,47	Miosis	will
not	 respond	 to	 parenteral	 atropine.	 Topical	 tropicamide	 is	 effective	 for	 the
treatment	of	miosis	and	the	relief	of	ocular	pain.44	Atropine	alone	may	not	be	an
effective	 treatment	 for	 terminating	 seizures	 or	 reversing	 ventilatory	 failure.36,47
Bulk	atropine	is	available	for	reconstitution	and	may	be	required	in	the	setting	of
mass	nerve	agent	casualties.

Scopolamine,	 an	 antimuscarinic	 drug	 that	 has	 both	 central	 and	 peripheral
effects,	has	been	proposed	as	an	adjunct	agent	in	addition	to	atropine	for	synergy
in	 severe	 cases	 of	 nerve	 agent	 toxicity,	 as	 an	 atropine-sparing	 adjunct	 during
mass	 casualty	 events	 with	 limited	 atropine	 supply,	 and	 in	 rare	 cases	 of
documented	severe	allergic	reaction	to	atropine.48	For	adults,	scopolamine	could
be	given	as	a	1	mg	dose	by	IV,	 intramuscular	 (IM),	or	 inhalation	routes	where
available;	however,	 it	 should	be	viewed	as	adjunct	or	 supplemental	 to	primary
atropine	treatment.49

Pralidoxime	chloride	is	the	other	major	antidote	for	nerve	agents.	It	functions
by	 “prying	 off”	 the	 nerve	 agent	 molecule	 from	 AChE,	 thereby	 rendering	 the
enzyme	 active	 again.	 Unfortunately,	 it	 must	 be	 given	 early,	 before	 the	 agent-
enzyme	bond	matures	or	“ages”	which	occurs	in	as	little	as	2	minutes	for	soman
but	takes	3	to	4	hours	for	sarin.	Once	the	agent-enzyme	bond	completely	ages,
the	 bond	 is	 irreversible	 and	 pralidoxime	 chloride	 has	 no	 therapeutic	 effect.
Pralidoxime	chloride	 is	only	effective	at	nicotinic	 sites	and,	 therefore,	helps	 to
increase	muscle	strength.	The	standard	adult	dose	is	15	to	25	mg/kg	or	1	g,	given
intravenously	 (in	 100-250	 mL	 of	 0.9%	 saline)	 during	 20	 to	 30	 minutes.	 The
initial	 dose	may	be	 followed	by	 an	 infusion	of	 200	 to	 500	mg/h,	 if	 necessary.
Higher	dosing	with	a	2	g	load	followed	by	1	g/h	for	48	hours	has	been	shown	to
significantly	 decrease	 atropine	 requirements	 and	 the	 duration	 of	 mechanical
ventilation	 for	 patients	 poisoned	 by	 organophosphate	 pesticides.50	 The
recommended	 pediatric	 dose	 is	 15	 to	 25	 mg/kg	 administered	 intravenously
during	 30	 to	 40	 minutes.	 Severe	 hypertension	 is	 a	 potential	 side	 effect	 of
pralidoxime	 chloride,	 and	 this	 can	 be	 rapidly	 reversed	 by	 a	 5-mg	 intravenous



infusion	of	phentolamine.44
Atropine	 and	 pralidoxime	 chloride	 traditionally	 came	 packaged	 as	 two

autoinjectors	 in	 commercially	 available	 kits,	 called	 MARK-I	 Nerve	 Agent
Antidote	 Kits	 (Meridian	 Medical	 Technologies,	 Columbia,	 MD).	 Each	 kit
contained	 one	 AtroPen	 autoinjector	 containing	 2	 mg	 of	 atropine	 and	 one
pralidoxime	chloride	autoinjector	containing	600	mg	of	pralidoxime	chloride.	To
simplify	 treatment,	 the	 same	 company	 has	 developed	 the	 Antidote	 Treatment
Nerve	Agent,	Autoinjector	 (ATNAA),	 a	 single	 autoinjector	 2.1	mg	of	 atropine
and	600	mg	of	pralidoxime	chloride,51	which	has	essentially	replaced	the	use	of
the	 MARK-I	 kit.	 For	 civilian	 use,	 the	 same	 dual	 preparations	 of	 agents	 are
available	in	autoinjector	format	from	other	manufacturers,	such	as	Duodote	from
Pfizer.	 Because	 of	 risks	 of	 hypertension	 when	 doses	 of	 pralidoxime	 exceed
2000	mg	 (or	 after	 approximately	 three	 doses	 of	ATNAA	or	Duodote),	 therapy
would	 switch	 to	 atropine	 alone	 at	 that	 point	 for	 additional	 symptom	 control.52
Education	 for	 those	 trained	 to	manage	 patients	with	 nerve	 agent	 exposure	 has
more	 recently	 encouraged	 earlier	 use	 of	 the	 full	 three-dose	 therapy	 of
ATNAA/Duodote.

Historically,	 diazepam	 has	 been	 the	 anticonvulsant	 recommended	 for	 the
management	 of	 seizures	 associated	with	 nerve	 agent	 exposure.	 In	 the	 hospital
setting,	diazepam	may	be	given	intravenously.	The	adult	intravenous	dose	is	5	to
10	mg	every	10	to	20	minutes	until	seizures	resolve,	but	not	to	exceed	30	mg	in
an	 8-hour	 period.	 The	 pediatric	 dose	 is	 15	 to	 25	 mg/kg.35	 Autoinjectors	 that
contain	10	mg	of	diazepam	(CANA—Convulsant	Antidote	for	Nerve	Agent)	are
available	for	use	in	the	field	(Meridian	Medical	Technologies).	In	both	hospital
and	 prehospital	 settings,	 health	 care	 providers	must	 carefully	monitor	 patients
for	 signs	 of	 ventilatory	 failure	 following	 the	 administration	 of	 diazepam.
Lorazepam	and	midazolam	that	are	typically	used	during	an	intensive	care	unit
(ICU)	stay	and	are	also	effective	for	controlling	seizures	following	nerve	agent
exposure.53,54	 IM	 midazolam	 is	 expected	 to	 replace	 diazepam	 as	 the	 initial
treatment	 of	 choice	 for	 seizures	 related	 to	 nerve	 agent	 exposure,	 particularly
once	an	autoinjector	is	available	and	approved	for	use.	Early	work	examining	the
potential	benefit	of	ketamine	as	an	adjunct	therapy	for	neuroprotection	has	been
published	 but	 not	 incorporated	 into	 usual	 clinical	 practice.55	 The	 use	 of
phenytoin	is	not	recommended.56

Newer	 therapies	 with	 bioscavengers	 are	 currently	 being	 investigated	 as	 an
additional	means	of	mitigating	or	treating	the	effects	of	nerve	agents;	they	can	be
stoichiometric	 (cholinesterases)	 or	 catalytic	 (paraoxonase,	 phosphotriesterase).
These	enzymes	sequester	the	agent	before	they	reach	the	cholinesterase	targets,
thus	 preventing	 any	 “downstream”	 clinical	 effects	 once	 the	 esterase	 has	 been



inhibited.	 This	 therapeutic	 modality	 may	 prove	 most	 useful	 for	 slow-release
VX57,58;	however,	a	more	recent	study	suggested	potential	effectiveness	also	with
G-agents.59

Moderately	poisoned	patients	with	systemic	signs	and	symptoms	of	exposure
required	2.5	hospitalization	days	following	the	Tokyo	sarin	gas	attack,	whereas
those	 on	 mechanical	 ventilation	 stayed	 over	 8	 days.	 Despite	 initial	 clinical
improvement,	failure	to	treat	persistent	VX	with	oxime	therapy	can	lead	to	need
for	 prolonged	 mechanical	 ventilation	 support	 and	 contribute	 to	 worse	 patient
outcomes.	 Measurements	 of	 RBC	 AChE	 activity	 may	 help	 detect	 persistent
presence	of	VX	and	guide	 the	use	of	prolonged	oxime	 therapy	 to	shorten	 ICU
length	of	stay.37

Decontamination	 remains	 a	 key	 step	 during	 the	 treatment	 of	 nerve	 agent
casualties	 because	minimizing	 exposure	 to	 the	 agent	 decreases	 the	 severity	 of
toxic	 effects.	 Removal	 of	 all	 clothing,	 dry	 decontamination	when	 appropriate,
rinsing	 the	 eyes	with	water	 or	 normal	 saline	 for	 10	minutes,	 and	washing	 the
entire	body	once	with	soap	and	water	should	suffice.	Decontamination	should	be
conducted	as	soon	as	possible	after	ventilatory	and	circulatory	support	has	been
initiated	 and	 antidotes	 have	 been	 administered.	 Rapid	 decontamination	 is
especially	important	for	nerve	agents	that	can	be	absorbed	through	the	skin.	It	is
important	 for	health	care	providers	 to	wear	protective	clothing	and	 face	masks
prior	to	and	during	contamination	of	nerve	agent	casualties.24,35

Vesicants60

The	 two	principal	vesicants	or	“blister	agents”	are	sulfur	mustard	and	 lewisite.
This	 section	 focuses	 on	 the	 more	 notable	 sulfur	 mustard	 (bis-[2-chloroethyl]
sulfide)	 that	 is	 commonly	 referred	 to	 as	 mustard.	 Lewisite	 has	 similar	 health
effects	 except	 for	 the	 immediacy	 of	 its	 action	 in	 comparison	 to	 mustard.	 It
normally	 takes	 several	 hours	 between	 contact	 with	 mustard	 and	 the	 onset	 of
signs	and	symptoms,	with	the	specific	latency	period	depending	on	the	exposure
dose.	 In	 general,	 the	 higher	 the	 exposure	 dose,	 the	 shorter	 the	 latency	 period.
Mustard	is	an	oily	liquid	that	ranges	from	clear	to	pale	yellow	to	dark	brown	in
color.	It	classically	smells	like	onion,	garlic,	or	mustard,	which	is	allegedly	how
it	got	 its	name.	At	 temperate	conditions,	 it	 is	a	persistent	 liquid	 that	volatilizes
slowly.	At	 temperatures	 greater	 than	100	 °F,	 however,	mustard	 evaporates	 and
mustard	vapor	becomes	a	major	hazard.	As	a	weapon,	mustard	will	most	likely
be	employed	as	a	contact	agent.61

On	entering	living	cells,	mustard	alkylates	and	cross-links	DNA	causing	DNA



strand	 breaks	 and	 eventually	 leading	 to	 cell	 death.	Mustard	 damages	 any	 skin
that	it	contacts,	resulting	in	vesicle	or	bullae	formation	within	4	to	24	hours	after
exposure.	 Vesicle	 formation	 typically	 peaks	 within	 several	 days	 after	 contact
with	 the	 skin;	 the	 bullae	 fluid	 is	 not	 toxic	 and	 is	 therefore	 not	 a	 threat	 to
providers.	As	the	most	sensitive	organ	to	low	dosage	exposures,	contact	with	the
eyes	may	result	 in	painful	 irritation,	conjunctivitis,	blepharospasm,	and	corneal
opacity	 related	 to	 edema	 and	 pannus	 formation.	 Blindness	 can	 occur	 if	 the
corneal	pannus	is	severe	and	covers	the	visual	axis.	Eyelid	burns	may	be	first	or
second	degree.

Mild-to-severe	 airway	damage	 can	occur	 following	mustard	 inhalation	with
most	effects	occurring	on	the	upper	airways.	However,	the	extent	and	severity	of
airway	 damage	 is	 dose-dependent,	 with	 lower	 doses	 primarily	 affecting	 the
upper	 airways	 and	 higher	 doses	 affecting	 both	 upper	 and	 lower	 airways.	High
inhalational	doses	can	cause	a	severe	 inflammatory	exudate,	pulmonary	edema
with	 hemorrhage,	 necrosis	 of	 mucous	 membranes,	 mucosal	 sloughing,
parenchymal	 tissue	 destruction,	 and	 pseudomembrane	 formation.	 Sloughed
mucosal	 tissue	 and	 pseudomembranes	 can	 cause	 obstruction	 of	 the	 lower
airways	 and	 serve	 as	 a	 nidus	 for	 respiratory	 tract	 infections,	 principally
Pseudomonas.	Other	pulmonary	problems	include	asthma,	 laryngospasm,	acute
bronchitis,	 chronic	 bronchitis,	 bronchiectasis,	 tracheobronchial	 stenosis,
pulmonary	fibrosis,	bronchiolitis	obliterans,	and	pleural	thickening.62-64	Hypoxia
and	hypercarbia	may	occur	as	a	result	of	ventilation-perfusion	mismatch	caused
by	 airway	mucosal	 sloughing	 and	 hyperreactive	 or	 bronchitic	 airways.	 Severe
gastrointestinal	 side	 effects	 and	bone	marrow	 suppression	 can	occur	 following
ingestion	 of	 high	 doses	 of	 mustard.	 Leukopenia	 with	 a	 cell	 count	 less	 than
200	 cells/µL3	 portends	 a	 poor	 prognosis.	 Sepsis	 may	 occur	 as	 a	 result	 of
leukopenia	 and	 the	 breakdown	 of	 skin,	 respiratory	 epithelium,	 and
gastrointestinal	mucosa.65

Decontamination	 is	 a	 critical	 component	 of	 the	 management	 of	 mustard
casualties.	 Indeed,	decontamination	within	1	 to	2	minutes	after	exposure	 is	 the
most	effective	means	of	reducing	serious	skin	and	tissue	damage	from	mustard.
Because	of	its	persistence,	removal	of	mustard	from	casualties	must	occur	before
admission	to	a	medical	treatment	facility	so	health	care	workers	do	not	become
contaminated.	 In	general,	 the	medical	 care	of	mustard	 casualties	 is	 supportive.
Areas	 of	 denuded	 skin	 should	be	 treated	 like	burns	 and	 liberally	 covered	with
silver	sulfadiazine	ointment.28	Calamine	 lotion	and	 topical	 steroids	may	 soothe
mild	 burning	 and	 itching	 of	 erythematous	 areas	 of	 skin.	 Nonsteroidal	 anti-
inflammatory	 drugs	 may	 help	 to	 mitigate	 pain	 associated	 with	 cutaneous
inflammation.	 Cooling	 the	 skin	 to	 15	 °C	 and	 applying	 deferoxamine	 or	 zinc



oxide	may	also	be	beneficial.66,67	Skin	healing	following	mustard	exposure	takes
longer	 than	 skin	 healing	 following	 thermal	 burns.	 Some	 patients	 may	 require
skin	grafts	and	reconstructive	surgery.

Respiratory	care	is	mostly	supportive.	Bronchodilators	may	be	useful	for	the
treatment	of	 asthma-like	 symptoms	 related	 to	hyperreactive	 airways.	N	acetyl-
cysteine	 may	 not	 only	 treat	 bronchial	 lesions,	 but	 also	 prevent	 further	 injury
from	oxidative	 stress.	Corticosteroids	may	 also	 be	 helpful,	 but	 should	 be	 used
with	 caution	because	of	 the	 risk	of	 superinfection.68	 Intubation	 and	 ventilatory
support	 may	 be	 necessary	 for	 the	 management	 of	 severe	 laryngospasm	 or
respiratory	 failure	 following	 high	 doses	 of	 inhaled	 mustard.	 Outpatient
noninvasive	ventilation	may	mitigate	hospital	admissions	for	those	with	chronic
lung	 disease.69	 Bronchoscopy	 may	 be	 necessary	 to	 remove	 pseudomembrane
fragments	 from	 the	 airway.	Chronic,	 progressive	 tracheobronchial	 stenosis	 has
been	 reported	 following	 mustard	 inhalation,	 and	 may	 require	 periodic
bronchoscopy	 with	 bougienage	 or	 balloon	 dilation,	 or	 laser	 photoresection	 to
maintain	airway	patency.70

For	 systemic	 toxicity,	 early	 treatment	 with	 nonsteroidal	 anti-inflammatory
agents	may	be	useful.	Thiosulfate	decreases	toxicity	for	animals;	also	in	animal
models,	 granulocyte	 colony	 stimulating	 factor	 has	 been	 shown	 to	 reduce	 the
duration	of	neutropenia	by	approximately	half.71	British	anti-lewisite	 (BAL)	or
dimercaprol	 is	 a	 specific	 antidote	 than	 can	 be	 administered	 to	 patients	 with
exposure	to	lewisite	but	not	other	vesicant	agents	such	as	mustards.	This	is	given
as	 an	 IM	 injection	 and	 can	 reduce	 systemic	 effects	 of	 lewisite	 but	 not	 topical
damage.72

In	summary,	acute	mortality	is	relatively	low,	but	morbidity	is	high	following
exposure	 to	 a	 vesicant.	 The	 severity	 and	 duration	 of	 illness	 and	 injuries	 are
directly	 related	 to	 the	 exposure	 dose	 and	 routes	 of	 exposure.	 Because	 of	 the
persistence	 of	 mustard,	 decontamination	 is	 critically	 important	 in	 the
management	of	mustard	casualties	and	for	protecting	health	care	workers	 from
being	 exposed.	 Victims	 will	 consume	 significant	 health	 care	 resources	 in	 the
management	of	their	acute	care	needs	and	some	will	require	prolonged	periods
of	treatment	and	rehabilitation	for	chronic	sequelae.

Cyanide
Cyanide	 can	 exist	 either	 as	 gas	 or	 as	 a	 colorless,	 volatile	 liquid	 that	 easily
vaporizes.	 In	 both	 physical	 states,	 it	 typically	 has	 the	 smell	 of	 bitter	 almonds,
although	 40%	 to	 60%	 of	 the	 population	 is	 unable	 to	 detect	 this	 odor.	 It	 is	 a
chemical	 asphyxiant	 of	 the	 that	 is	 historically	 classified	 as	 a	 “blood”	 agent.



Cyanide	 can	 be	 used	 as	 an	 agent	 of	mass	 destruction	 in	 two	 chemical	 forms:
hydrogen	cyanide	and	cyanogen	chloride.	Although	very	lethal	in	high	doses,	the
volatility	of	cyanide	makes	it	difficult	to	weaponize,	and	it	ranks	among	the	least
lethal	of	the	common	chemical	agents	of	mass	destruction.	Cyanide	produces	its
pathologic	 effects	 by	 binding	 to	 iron-containing	 sites	 on	 mitochondrial
cytochrome	 a3,	 a	 key	 enzyme	 of	 the	 cytochrome	 oxidase	 system	 involved	 in
aerobic	metabolism.	 The	 binding	 of	 cyanide	 to	 cytochrome	 a3	 can	 occur	 very
rapidly,	 effectively	 stopping	 cellular	 respiration	 and	 forcing	 affected	 cells	 into
anaerobic	metabolism.	Cyanide	also	has	an	increased	affinity	for	the	ferric	ion	of
methemoglobin	that	is	a	property	exploited	for	treatment	of	cyanide	poisoning.73

The	clinical	manifestations	of	cyanide	poisoning	result	 from	the	 inability	of
cells	to	extract	and	use	oxygen.	The	onset	of	signs	and	symptoms	occurs	rapidly
following	inhalation	(within	15	seconds),	whereas	a	delayed	response	of	up	to	30
minutes	 follows	 ingestion.	 Metabolic	 acidosis	 develops	 as	 a	 consequence	 of
increased	 lactate	 production	 from	 anaerobic	 metabolism.	 Compensatory
mechanisms	 to	 increase	 oxygen	 delivery	 to	 tissues	 include	 tachycardia	 and
increased	minute	ventilation,	which	are	the	earliest	clinical	signs.	Dyspnea	may
occur	as	a	result	of	the	hyperpnea.	Other	signs	include	agitation,	anxiety,	vertigo,
headache,	muscle	weakness,	and	trembling.	Diaphoresis	and	flushing	sometimes
occur.	Seizures	have	been	 reported.	Dilated,	unresponsive	pupils	and	coma	are
late	signs	of	cyanide	poisoning	and	portend	a	poor	prognosis.	Without	treatment,
cyanide	victims	eventually	develop	apnea	and	cardiac	dysrhythmias,	followed	by
death	from	cardiac	arrest.73

Both	the	administration	of	specific	antidote	therapy	and	supportive	care	must
be	 given	 as	 soon	 as	 possible	 after	 exposure	 to	 cyanide.	 Hydroxocobalamin,	 a
precursor	of	vitamin	B12,	 is	the	preferred	treatment	option	for	both	pre-	and	in-
hospital	 management.	 Cyanokit	 (Dey	 L.P.,	 Napa	 CA.,	 www.cyanokit.com)
contains	two	vials	of	2.5	g	of	lyophilized	hydroxocobalamin	that	is	reconstituted
in	100	cc	saline	for	administration.	The	standard	initial	adult	dose	is	5	g	infused
over	 15	 minutes	 with	 an	 additional	 5	 g	 given	 depending	 on	 the	 patient’s
condition.	Hydroxocobalamin	binds	with	cyanide	to	form	cyanocobalamin	that	is
then	excreted	in	the	urine.	It	is	well	tolerated	with	no	known	major	toxicities.	Of
note,	 this	 red	 molecule	 results	 in	 red	 mucous	 membranes,	 skin,	 and	 urine.74
Historically,	cyanide	antidote	kits	containing	a	combination	of	sodium	nitrite	and
sodium	 thiosulfate,	 inducing	methemoglobinemia	 and	 subsequent	 excretion	 of
bound	 cyanide,	 were	 used	 as	 standard.	 However,	 due	 to	 the	 potential	 toxic
effects	 and	 complexity	 of	 the	 regimen,	 hydroxocobalamin	 has	 instead	 become
the	preferred	approach	to	treatment.	The	induction	of	methemoglobinemia	with
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sodium	 nitrite	 and	 sodium	 thiosulfate	 in	 the	 setting	 of	 concurrent	 carbon
monoxide	poisoning,	such	as	after	exposure	to	toxic	smoke	in	an	enclosed	space,
could	worsen	 tissue	hypoxia	due	 to	 adverse	 effects	on	 the	oxygen-hemoglobin
dissociation.	The	Nithiodote	kit	(Cangene	BioPharma/Hope	Pharmaceuticals)	is
a	U.S.	Food	and	Drug	Administration–approved	premixed	drug	combination	of
sodium	 nitrite	 followed	 by	 sodium	 thiosulfate	 that	 can	 be	 used	 for	 cyanide
toxicity	when	hydroxocobalamin	is	not	available.

Unfortunately,	these	therapies	require	intravenous	antidote	administration	and
several	 minutes	 time	 before	 becoming	 effective.	 These	 factors	 impede	 their
application	 to	 large	 numbers	 of	 victims.	 Thus,	 research	 efforts	 have	 recently
focused	 on	 developing	 quick	 acting,	 intramuscular	 antidotes.	 Sulfanegen,	 a
dimer	 prodrug	 of	 3-mercaptopyruvate,	 serves	 as	 a	 sulfur	 donor	 via	 3-
mercaptopyruvate	 sulfur	 transferase	 to	 cyanide,	 producing	 thiocyanate	 and
pyruvate.	 In	 addition	 to	 its	 stability	 for	 IM	 injection,	 it	 also	 exerts	 its	 effects
within	3	minutes.75,76

Supportive	care	for	cyanide	poisoning	includes	the	administration	of	oxygen
that	has	been	shown	to	be	effective	for	managing	hypoxia,	even	though	the	poor
cellular	 uptake	 and	 utilization	 of	 oxygen	 found	 with	 cyanide	 toxicity	 would
suggest	 supplemental	 oxygen	 to	 be	 of	 little	 efficacy.	 Hyperbaric	 oxygen	 may
also	be	beneficial	for	selected	severely	ill	patients,	though	this	therapy	would	be
difficult	 to	 institute	 in	 a	mass	 casualty	 setting.28	Ventilatory	 support	 should	 be
provided	when	needed.	Consideration	 should	be	given	 to	 the	administration	of
sodium	bicarbonate	 for	 the	 treatment	of	 severe	 lactic	acidosis	 for	patients	who
are	 unconscious	 or	 hemodynamically	 unstable.	 Arterial	 blood	 gas	 analysis	 is
used	 to	guide	 the	need	for	 repeat	doses	of	sodium	bicarbonate	 to	ensure	 that	a
metabolic	 alkalosis	 does	 not	 develop.	 In	 most	 cases	 of	 cyanide	 poisoning,
appropriate	 supportive	 care	 in	 conjunction	 with	 the	 administration	 of
hydroxocobalamin	or	sodium	nitrite/sodium	thiosulfate	before	cardiac	arrest	can
result	in	a	complete	recovery	over	a	period	of	several	days.73,74,77

Pulmonary	or	“Choking”	Agents
Pulmonary	 or	 “choking”	 agents	 cause	 acute	 lung	 injury	 after	 inhalation.	 The
acute	lung	injury	produced	by	these	agents	typically	results	in	the	development
of	pulmonary	edema.	Phosgene	and	chlorine	are	the	two	most	common	chemical
agents	in	this	category.	Both	were	used	as	chemical	warfare	agents	in	World	War
I.	 Their	 effects	 relate,	 in	 part,	 to	 their	 water	 solubility.	 Highly	 water-soluble
gases	 like	ammonia,	hydrogen	chloride,	and	sulfur	dioxide	affect	primarily	 the
eyes	 and	 upper	 airway	 mucous	 membranes.	 Chlorine,	 a	 moderately	 water-



soluble	 gas,	 affects	 the	 upper	 airway	 less	 but	 also	 damages	 the	 lower	 airway.
Finally,	 slightly	 water-soluble	 gases	 like	 phosgene	 affect	 primarily	 the	 lower
airways.

Phosgene	is	a	colorless	gas	at	room	temperature,	but	becomes	a	volatile	liquid
on	 cooling	 or	 compression.	 The	 gaseous	 form	 has	 an	 odor	 of	 green	 corn	 or
freshly	mown	hay.	The	gas	is	denser	than	air	and	accumulates	in	low-lying	areas.
On	 exposure	 to	 water,	 phosgene	 hydrolyzes	 to	 form	 carbon	 dioxide	 and
hydrochloric	acid.	These	hydrolysis	products	may	cause	phosgene	gas	to	appear
as	a	white	cloud	when	it	comes	into	contact	with	water	vapor	in	the	air.78

Initial	symptoms	of	phosgene	poisoning	are	primarily	related	to	inflammatory
irritation	 of	 the	 eyes	 and	 mucous	 membranes	 of	 the	 oronasopharynx.	 The
irritation	is	caused	by	the	hydrochloric	acid	that	is	formed	when	phosgene	reacts
with	 tissue	 water.	 Initial	 symptoms	 occur	 shortly	 after	 exposure	 and	 include
burning	 sensation	 in	 eyes,	 conjunctival	 erythema,	 increased	 lacrimation,
soreness	of	the	throat	and	nasal	membranes,	rhinorrhea,	coughing,	choking,	and
tightness	in	the	chest.	Nausea,	occasional	vomiting,	and	headache	have	also	been
reported	 to	 occur	 shortly	 after	 phosgene	 exposure.	 These	 may	 be	 the	 only
symptoms	 that	occur	 following	a	 low-concentration	exposure.	However,	a	 life-
threatening	 illness,	 characterized	 by	 noncardiogenic	 pulmonary	 edema	 and
respiratory	failure,	can	develop	after	exposure	to	higher	concentrations.

Inhaled	 phosgene	 causes	 the	 formation	 of	 hydrochloric	 acid	 in	 the	 airways
and	 alveoli	 that	 causes	 direct	 inflammatory	 injury	 to	 epithelial	 cells	 and
endothelial	 cells	 of	 pulmonary	 capillaries.	 In	 addition,	 phosgene	 causes	 an
acylation	 reaction	 with	 amino,	 hydroxyl,	 and	 sulfhydryl	 groups	 on	 cellular
macromolecules,	resulting	in	changes	to	surfactant	structure	and	function	and	the
development	 of	 reactive	 oxygen	 and	 nitrogen	 species.	 In	 addition,	 phosgene
stimulates	neuronal	Ca2+	channels,	resulting	in	neurotransmitter	release,	and	can
induce	 vasoconstriction.79	 It	 also	 stimulates	 the	 synthesis	 of	 lipoxygenase-
derived	leukotrienes	that	results	in	the	chemotactic	attraction	of	neutrophils	and
their	 accumulation	 in	 the	 lung.	 In	 the	 lung,	 the	 damaged	 alveolar-capillary
membrane	 leads	 to	 pulmonary	 edema.	 This	 effect	 only	 occurs	 through	 direct
inhalation.

As	 noted	 earlier,	 inhaled	 phosgene	 affects	 primarily	 the	 lower	 respiratory
tract,	causing	diffuse	bronchoalveolar	injury,	bronchospasm,	and	noncardiogenic
pulmonary	 edema.	 Exertion	 tends	 to	 decrease	 the	 latency	 period	 between
phosgene	 inhalation	 and	 the	 development	 of	 pulmonary	 symptoms,	 as	well	 as
exacerbate	 pulmonary	 symptoms	 once	 they	 occur.	 Phosgene-produced
pulmonary	edema	may	begin	as	early	as	2	to	6	hours	after	inhalation.	Although
the	pulmonary	edema	may	appear	to	be	mild	at	first,	it	can	become	extensive	and



life-threatening.	Normal	pulmonary	lymphatic	drainage	may	be	overwhelmed	by
increasing	 pulmonary	 edema	 that	 leads	 to	 the	 development	 of	 the	 acute
respiratory	distress	syndrome	(ARDS)	in	some	individuals.	The	onset	of	ARDS
may	be	delayed	for	up	to	48	hours	after	phosgene	inhalation.80

Chlorine	 is	 a	greenish-yellow,	noncombustible	gas	 at	 room	 temperature	 and
normal	 atmospheric	 pressure.	 It	 is	 heavier	 than	 air	 and	 gravitates	 to	 low-lying
areas	if	released	in	the	environment.	Chlorine	has	a	strong,	pungent	odor	similar
to	bleach	that	is	usually	detectable	by	smell,	even	in	low	concentrations.	It	is	a
highly	reactive	element	and,	 like	phosgene,	forms	hydrochloric	acid	on	contact
with	water.78

Symptoms	 of	 chlorine	 exposure	 are	 similar	 to	 those	 following	 exposure	 to
phosgene.	 Initial	 symptoms	 occur	 within	 minutes	 after	 exposure	 and	 include
burning	of	the	eyes,	redness	of	the	conjunctivae,	increased	lacrimation,	soreness
of	the	throat	and	nasal	membranes,	rhinorrhea,	coughing,	choking,	and	tightness
in	the	chest.	Burning	and	blistering	of	the	skin	can	occur	shortly	after	contact	of
chlorine	with	exposed	areas.81

Inhalation	 of	 chlorine,	 even	 in	 low	 concentrations,	 causes	 immediate
coughing	 and	 choking	 that	 can	 be	 severe.	 The	 coughing	 and	 choking	 tend	 to
prevent	some	of	 the	 inhaled	chlorine	 from	reaching	 the	peripheral	airways	and
lung	tissue.	Thus,	 inhaled	chlorine	 typically	affects	 the	upper	airway	primarily,
causing	 laryngeal	 edema,	 laryngospasm,	 and	 bronchospasm.	 Hoarseness	 and
aphonia	 may	 occur.	 Dyspnea	 is	 the	 first	 sign	 of	 upper	 airway	 involvement,
followed	by	copious	secretions,	productive	cough,	and	chest	tightness.	Wheezing
typically	 occurs	 with	 bronchospasm.	 Individuals	 with	 a	 history	 of	 asthma	 or
airway	 hyperactivity	 may	 have	 particularly	 severe	 bronchospasm.	 Severe
bronchospasm	may	cause	mediastinal	and	subcutaneous	emphysema	secondary
to	 air	 trapping.	 Inhalation	 of	 high	 concentrations	 of	 chlorine	 may	 produce
laryngospasm	that	is	severe	enough	to	cause	sudden	death.78	Chlorine	exposure
also	may	 result	 in	 long-term	neurocognitive	 deficits,	 including	 choice	 reaction
time,	balance,	visual	field	changes,	and	verbal	recall.82

Noncardiogenic	 pulmonary	 edema	 can	 occur	within	 2	 to	 4	 hours	 following
the	inhalation	of	chlorine,	especially	at	high	concentrations.83	Frothy	sputum	and
rales	may	be	the	first	clinical	signs	of	pulmonary	edema.	Radiographic	signs	of
pulmonary	edema	typically	lag	behind	the	development	of	clinical	symptoms.84
The	development	of	ARDS	with	hypoxemic	 respiratory	 failure	may	eventually
occur.	The	fluid	losses	associated	with	severe	pulmonary	edema	and	ARDS	can
be	so	profound	that	hypovolemic	shock	develops.

Management	 of	 individuals	 exposed	 to	 inhaled	 phosgene	 and	 chlorine	 is
essentially	supportive	with	no	specific	antidote	available	for	either	agent.	For	all



cases,	 the	 patient	 must	 be	 removed	 from	 the	 contaminated	 environment	 and
decontaminated	 as	 soon	 as	 possible	 by	 washing	 the	 patient	 with	 soap	 and
copious	amounts	of	water	 for	3	 to	5	minutes.	The	eyes	should	be	flushed	with
normal	 saline.	 Exertion	 should	 be	 minimized	 during	 transport	 and
hospitalization.

Aggressive	 bronchodilator	 therapy	 with	 a	 nebulized	 β-2	 agonist	 is	 the
mainstay	of	therapy	for	bronchospasm.	Nebulized	ipratropium	may	be	added	if
the	β-2	agonist	alone	 is	 ineffective.	Systemic	corticosteroids	may	be	useful	 for
the	treatment	of	severe	bronchospasm,	particularly	among	individuals	who	have
a	history	of	 asthma	or	 airway	hyperreactivity.	Animal	 studies	have	 shown	 that
inhaled	 corticosteroids	 improve	 oxygenation	 and	 attenuate	 the	 development	 of
acute	 lung	 injury,	 especially	 when	 given	 in	 conjunction	 with	 an	 inhaled
bronchodilator85;	 this	 has	 not,	 however,	 been	 validated	 for	 humans.	 The
combination	 of	 steroids	with	 nebulized	 sodium	 bicarbonate	was	 efficacious	 in
the	treatment	of	25	soldiers	who	were	exposed	to	acute	chlorine	gas	inhalation.86
Thus,	 although	 systemic	 corticosteroids	 are	 recommended	 for	 life-threatening
situations,	 there	 is	no	definitive	clinical	evidence	 for	 their	efficacy	 in	 reducing
the	severity	of	acute	lung	injury	or	pulmonary	edema.

Bacterial	superinfection	of	the	airways	can	lead	to	the	development	of	severe
tracheobronchitis	 and	pneumonia	3	 to	5	days	 after	 toxic	 irritant	 exposure.	The
presence	 of	 persistent	 fever,	 elevated	white	 blood,	 or	 the	 production	 of	 thick,
purulent	 sputum	 should	 prompt	 the	 physician	 to	 obtain	 cultures	 of	 sputum,
blood,	 and	 any	 pleural	 fluid	 that	 is	 evident	 on	 chest	 radiograph.	 Empiric
antibiotics	 should	be	given	 in	 accordance	with	 the	guidelines	 for	 ICU	patients
with	community-acquired	pneumonia.78

Intubation	 and	 mechanical	 ventilation	 may	 be	 required	 for	 severe
bronchospasm,	laryngospasm,	and	pulmonary	edema.	They	are	usually	required
for	 the	management	 of	ARDS	 and	 respiratory	 failure.	Given	 the	 rapidity	with
which	 these	problems	can	develop,	preparations	 for	 intubation	and	mechanical
ventilation	should	take	place	during	the	latency	period,	before	serious	respiratory
problems	develop.	Nasotracheal	intubation	should	not	be	performed	because	of
nasal	 inflammation.	Orotracheal	 intubation	with	visualization	of	 the	airways	 is
the	 recommended	 technique.	 During	 mechanical	 ventilation,	 an	 appropriate
amount	 of	 positive	 end-expiratory	 pressure,	 typically	 in	 the	 range	 of	 5	 to
10	cm	H2O,	and	other	rescue	therapies	may	be	needed	to	improve	oxygenation
for	 patients	 with	 pulmonary	 edema	 or	 ARDS	 (Chapters	 163	 and	 166).
Appropriately	 titrated	PEEP	and	protective	ventilation	 strategies	with	6	mL/kg
tidal	volumes	improve	oxygenation,	are	thought	to	decrease	shunt	fraction,	and
improve	 mortality.87,88	 Extracorporeal	 life	 support,	 in	 combination	 with



supplemental	PEEP	ventilation,	may	also	play	a	role	in	managing	severe	cases	of
pulmonary	agent	exposure	with	refractory	oxygenation	and	ventilation.89

Careful	attention	must	be	given	to	fluid	balance	and	the	administration	of	IV
fluids	 in	 patients	 with	 pulmonary	 edema	 and	 ARDS.	 Vasopressors	 may	 be
required	for	the	treatment	of	hypotension	to	mitigate	positive	fluid	balance	in	the
setting	of	ARDS.	Both	ibuprofen	and	acetylcysteine	aerosol	have	demonstrated
some	 efficacy	 for	 preventing	 phosgene-induced	 lung	 injury	 of	 animal	models,
although	there	are	no	human	clinical	trials	regarding	their	use.90,91

Pulmonary	 edema	 that	 appears	 within	 4	 hours	 after	 phosgene	 or	 chlorine
exposure	 is	a	poor	prognostic	sign.	Some	individuals	may	develop	the	reactive
airways	 dysfunction	 syndrome	 (RADS)	 following	 phosgene	 or	 chlorine
inhalation.92,93	 This	 disorder	 is	 characterized	 by	 chronic,	 nonspecific	 airway
hyperreactivity	that	persists	after	the	patient	has	recovered	from	the	effects	of	an
acute	 exposure.	 Patients	who	 develop	RADS	 should	 receive	 prompt	 treatment
with	oral	prednisone	(40-80	mg	daily	for	10-15	days)	followed	by	treatment	with
a	high	dose	of	 an	 inhaled	 corticosteroid,	 such	 as	beclomethasone	 (2000	μg/d).
RADS	 patients	 should	 be	 followed	 closely	with	 serial	methacholine	 bronchial
challenge	 testing,	 and	 the	 dose	 of	 oral	 corticosteroid	 should	 be	 tapered	 in
accordance	with	improvements	of	airway	hyperresponsiveness.	It	may	take	years
for	 some	 individuals	 with	 RADS	 to	 show	 significant	 improvement	 of	 airway
hyperresponsiveness.94	 However,	 most	 individuals	 who	 survive	 phosgene	 or
chlorine	exposure	will	recover	completely	with	no	long-term	effects.78

With	 increased	understanding	of	 the	mechanisms	of	cellular	damage,	newer
therapies	 are	 being	 investigated.	 These	 may	 include	 neuromodulators	 that
interrupt	 signaling	 pathways,	 phosphodiesterase	 inhibitors,	 angiotensin,	 and
endothelin.80	Approaches	 to	 upregulate	 repair	 to	 damaged	 alveolar	membranes
with	 keratinocyte	 growth	 factor,	 epithelial	 growth	 factor,	 and	 basic	 fibroblast
growth	factor	are	being	explored	for	the	management	of	ARDS	that	results	from
inhalational	injury.79	Several	stem	cell	lines	could	also	prove	useful	in	the	future
for	mitigating	the	long-term	effects	of	inhalation	injury	such	as	asthma,	chronic
obstructive	pulmonary	disease,	pulmonary	fibrosis,	and	lung	cancer.95

Nonlethal	Incapacitating	Agents
Chemical	agents	that	cause	temporary	incapacitation	are	commonly	classified	as
nonlethal	 agents.	 These	 chemical	 agents,	 although	 potentially	 lethal	 in	 high
concentrations,	 are	 typically	 employed	 at	 doses	 that	 cause	 temporary	 injury.
They	 are	 commonly	 used	 to	 incapacitate	 unruly	 individuals	 or	 groups	 in	 riot
control	 situations.	 However,	 they	 could	 also	 be	 used	 by	 terrorists	 during	 an



attack.	 In	 this	 regard,	 they	could	be	used	alone,	 they	could	be	used	prior	 to	an
attack	 with	 conventional	 weapons,	 or	 they	 could	 be	 used	 in	 conjunction	 with
other	chemical,	biologic,	or	radiologic	agents	of	mass	destruction.

The	 most	 common	 incapacitating	 agent	 is	 BZ	 (QNB;	 3-quinuclidinyl
benzilate),	 a	 competitive	 inhibitor	 of	 acetylcholine	 at	 postsynaptic	 and
postjunctional	 muscarinic	 receptors.	 BZ	 is	 a	 stable,	 odorless,	 persistent
crystalline	solid.	It	is	usually	dispersed	as	a	fine	solid	powder,	although	it	can	be
dissolved	in	a	liquid	substrate	and	dispersed	as	a	liquid	aerosol.	Both	the	powder
and	 aerosolized	 forms	 can	 be	 readily	 ingested	 or	 inhaled.	 Ingestion	 and
inhalation	of	BZ	particles	 that	 are	1	μm	 in	 size	 result	 in	bioavailability	 that	 is
approximately	80%	and	50%	of	a	parenteral	dose,	respectively.96

The	 clinical	 effects	 of	 BZ	 are	 similar	 to	 those	 of	 atropine,	 although	 BZ	 is
approximately	25	 times	more	potent	and	has	a	much	longer	duration	of	action.
Symptoms	of	exposure	 include	mydriasis,	blurred	vision,	dry	mouth,	 indistinct
speech,	 dry	 skin,	 increased	deep	 tendon	 reflexes,	 poor	 coordination,	 decreased
level	 of	 concentration,	 illusions,	 and	 short-term	 memory	 deficits.	 The	 most
prominent	 central	 nervous	 system	 effects	 of	 BZ	 are	 related	 to	 the	 so-called
anticholinergic	delirium.	The	delirium	typically	occurs	after	high-dose	exposure
and	 has	 been	 described	 as	 a	 “walking	 dream,”	 a	 syndrome	 characterized	 by
periods	 of	 staring,	 unintelligible	 muttering,	 occasional	 shouting,	 and	 bizarre
hallucinations.	The	degree	of	delirium	can	 fluctuate	 frequently	 from	minute	 to
minute,	with	 periods	 of	 lucidity	 and	 appropriate	 responses	 interspersed	 among
periods	of	severely	altered	mental	status.5,96

The	 intensity	 and	duration	 of	 anticholinergic	 symptoms	 associated	with	BZ
exposure	are	dose-dependent,	with	higher	doses	causing	more	severe	symptoms
and	 a	 longer	 durations	 of	 effects.	 Incapacitating	 symptoms	 typically	 appear
within	1	hour	after	exposure,	peak	at	approximately	8	hours	after	exposure,	and
subside	gradually	during	the	next	48	to	72	hours.

All	 individuals	 exposed	 to	 BZ	 should	 be	 decontaminated	 by	 washing	 the
entire	 body	 with	 soap	 and	 water.	 Medical	 therapy	 is	 mostly	 supportive,	 to
include	 control	 of	 the	 patient	 for	 the	 prevention	 of	 accidents,	 removal	 of
dangerous	objects	from	the	patient’s	environment	to	prevent	self-inflicted	harm
during	delirium,	moist	 swabs	or	hard	candy	 for	dryness	of	 the	mouth,	keeping
the	 room	 temperature	 at	 75	 °F	 or	 below	 to	 prevent	 the	 development	 of
hyperthermia,	 and	 the	 use	 of	 topical	 antibiotics	 and	 sterile	 dressings	 for
abrasions	of	dry,	parched	skin.	Severe	signs	and	symptoms	of	BZ	exposure	can
be	 treated	 with	 physostigmine	 which	 temporarily	 raises	 acetylcholine
concentrations	 by	 binding	 reversibly	 to	 anticholinesterase	 on	 postsynaptic	 or
postjunctional	membranes.	Physostigmine	can	be	administered	either	IV	or	IM.



The	recommended	IV	dose	is	0.5	to	1.0	mg	by	slow	infusion	at	a	rate	over	2	to	5
minutes	for	adults	and	0.01	mg/kg	for	children.	The	patient	should	be	evaluated
every	 hour	 for	 improvement	 in	 signs	 and	 symptoms,	 with	 physostigmine
readministered	 periodically	 at	 a	 dose	 and	 time	 interval	 that	 is	 titrated	 to	 the
severity	 of	 clinical	 signs.	 Physostigmine	 can	 cause	 a	 precipitous	 decrease	 in
heart	rate	and	patients	should	be	carefully	monitored	during	its	administration.	It
should	 not	 be	 administered	 to	 any	 patient	 with	 cardiopulmonary	 instability,
hypoxemia,	 electrolyte	 imbalance,	 or	 acid-base	 disturbances	 that	 predispose	 to
cardiac	 dysrhythmias	 and	 seizures.	 An	 IV	 test	 dose	 of	 1	 mg	 should	 be
administered	 to	 adults	 if	 the	 diagnosis	 of	 BZ	 exposure	 is	 in	 doubt.	 If	 slight
improvement	 is	 noted	 and	 there	 are	 no	 adverse	 effects	within	 1	 hour,	 the	 full
dose	can	be	given.5,96

Riot	 control	 agents	 are	 intended	 to	 produce	 unpleasant	 but	 nonpersistent
medical	effects.	They	are	sometimes	referred	to	as	irritants.	The	two	riot	control
agents	 most	 commonly	 used	 are	 2-chloro-1-phenylethanone	 (CN	 or	 MACE;
MACE	Security	International,	Cleveland,	OH)	and	2-chlorobenzalmalononitrile
(CS	or	 tear	gas).	Another	product	used	 for	 riot	 control	or	 security	 is	oleoresin
capsaicin	(OC	or	pepper	spray).	All	riot	control	agents	cause	significant	irritation
to	 the	 eyes,	 upper	 airways,	 and	 skin.	 In	 addition	 to	 burning	 of	 the	 eyes	 and
increased	 lacrimation,	 exposed	 individuals	 may	 experience	 temporary
blepharospasm	 with	 transient	 blindness.	 Upper	 airway	 symptoms	 include
rhinorrhea,	sneezing,	salivation,	and	tightness	of	the	chest.	Exposed	individuals
with	preexisting	reactive	airway	disease	may	develop	bronchospasm,	which	can
progress	 to	 respiratory	 failure.97	Because	 riot	 control	 agents	 are	 dispersed	 as	 a
solid	 powder,	 decontamination	 consists	 of	 getting	 the	 victims	 out	 of	 any
confined	spaces	and	 into	 fresh	air,	 removing	 their	clothing,	and	 irrigating	 their
eyes	and	mucous	membranes	with	normal	saline.	Treatment	 is	nonspecific	and
supportive.	The	latency	period	for	most	symptoms	is	hours	to	several	weeks,	and
most	resolve	in	15	to	30	minutes	though	they	can	last	several	days;	exacerbation
of	 reactive	 airway	 disease	 may	 last	 many	 months.	 Episodes	 of	 acute
bronchospasm	 in	 susceptible	 individuals	 should	 be	 treated	 with	 a	 short-acting
beta-2	agonist.98,99	Providers	must	be	aware	that	exposure	to	agents	in	a	patient’s
oropharynx	 may	 produce	 symptoms	 in	 the	 provider	 during	 endotracheal	 or
nasogastric	intubations.

Finally,	a	variety	of	other	readily	available	compounds	can	be	aerosolized	and
need	 to	 be	 considered	 as	 potential	 incapacitating	 agents.	 Nausea-producing
agents	 such	 as	 diphenylaminearsine	 (DM	 or	 “adamsite”)	 can	 produce
incapacitating	 gastrointestinal	 symptoms.	 Psychedelic	 drugs,	 such	 as	 3,4-
methylenedioxymethamphetamine	 and	 phencyclidine,	 are	 easily	 obtained	 and



could	be	used	as	aerosolized	incapacitating	agents.	In	October	2002,	carfentanil,
a	 potent	 aerosolized	 derivative	 of	 fentanyl,	 was	 probably	 employed	 in
combination	with	halothane	in	an	attempt	by	Russian	authorities	to	release	more
than	 800	 hostages	 held	 by	 terrorists	 in	 Moscow’s	 Dubrovka	 Theater.
Unfortunately,	 127	 hostages	 in	 the	 theater	 died,	 and	 more	 than	 650	 were
hospitalized	 after	 being	 exposed	 to	 the	 chemicals	 that	were	used	 in	 the	 rescue
attempt.9	This	is	a	good	example	of	how	readily	available	pharmaceutical	agents
can	be	used	to	incapacitate,	or	even	kill,	a	large	number	of	individuals.

SUMMARY
Chemical	agents	pose	 a	 significant	 threat	 to	 populations	 throughout	 the	world,
whether	 accidentally	 released	 from	 an	 industrial	 or	 transportation	 accident,	 or
released	 intentionally	 as	 part	 of	 a	 crime	 or	 terrorist	 event.	 Regardless	 of	 the
cause	of	release,	they	have	the	potential	to	produce	a	large	number	of	casualties
in	a	short	period	of	time.	However,	the	terminology	weapons	of	mass	destruction
does	not	entirely	reflect	the	impact	that	a	terrorist	attack	with	such	agents	could
have	 on	 the	 general	 population.	 Even	 a	 relatively	 small	 number	 of	 casualties
from	a	terrorist	attack	would	be	likely	to	cause	significant	psychological	trauma,
resulting	 in	 anxiety	 and	 behavioral	 changes	 among	 large	 numbers	 of	 “worried
well.”	 Such	 psychological	 trauma	 could	 significantly	 disrupt	 healthy	 business
and	 community	 activities	 for	 a	 long	 period	 of	 time.	 Instilling	widespread	 fear
and	 anxiety	 in	 the	 general	 population	 is	 a	 primary	 goal	 of	 terrorism	 and,
unfortunately,	the	use	of	chemical	agents	is	an	efficient	method	of	achieving	that
goal.

Critical	 care	 providers	 must	 be	 prepared	 to	 deal	 with	 the	 recognition,
decontamination,	 transport,	 medical	 treatment,	 and	 psychological	 trauma	 of
casualties	resulting	from	chemical	agents.	They	must	also	be	prepared	to	protect
themselves	and	colleagues	from	contamination	with	chemical	agents	during	the
course	of	 patient	 care.	Training	 in	 the	medical	management	of	 chemical	 agent
casualties	and	planning	for	mass	casualty	situations	are	essential	 to	ensure	 that
the	 best	 possible	 care	 is	 provided	 to	 the	 victims	 of	 a	 chemical	 exposure	 or
chemical	attack.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	statements	is	true	regarding	decontamination	of
patients	exposed	to	a	chemical	weapon?

A. 	Decontamination	of	patients	with	soap	and	water	is	sufficient
B. 	Patients	should	wear	their	clothing	during	decontamination	to
prevent	hypothermia
C. 	Hospital	staff	rarely	become	ill	caring	for	incoming	patients
D. 	Routine	hospital	personal	protective	equipment	is	sufficient

2. 	Multiple	patients	are	brought	in	from	the	scene	of	an	incident	at	the	local
courthouse.	All	are	demonstrating	dry	mouth,	dry	skin,	blurred	vision,
hallucinations,	confusion,	and	dilated	pupils.	Which	of	the	following	agents	is
most	likely	responsible?

A. 	Nonlethal	incapacitating	agent	(BZ)
B. 	Nerve	agent	(sarin)
C. 	Pulmonary	agent	(such	as	chlorine	gas	or	phosgene)
D. 	Vesicant	agent	(sulfur	mustard	or	lewisite)

3. 	You	have	been	asked	to	assist	in	the	resuscitation	of	a	patient	with
suspected	exposure	to	a	nerve	agent.	You	are	wearing	appropriate	personal
protective	equipment.	The	patient	was	decontaminated	on	scene	by	the	fire
department.	Just	prior	to	arrival	at	your	hospital,	the	patient	stopped	breathing,
and	paramedics	began	manual	bag	ventilation.	The	patient	is	unresponsive,	has
no	respiratory	effort,	and	oxygen	saturation	is	80%	despite	bag	ventilation.	Pulse
is	60	beats/min	with	a	blood	pressure	of	80/40.	The	patient	has	no	intravenous
access.	What	is	the	most	appropriate	next	step	in	management?

A. 	Administer	intramuscular	diazepam
B. 	Endotracheally	intubate



C. 	Place	peripheral	intravenous	line
D. 	Repeat	decontamination

Answers

1.	The	correct	answer	is	A.
Rationale:	Copious	water	with	soap	is	usually	sufficient	for	decontamination

after	chemical	agent	exposure	(choice	A	is	correct).	Removal	of	clothing	is	very
effective	 in	eliminating	most	of	 the	chemical	agent	 that	 is	present	 (choice	B	 is
incorrect).	 Patients	 who	 present	 to	 the	 hospital	 without	 documented	 prior
decontamination	must	be	decontaminated	prior	 to	entering	 the	 facility.	Routine
personal	protective	equipment	worn	by	hospital	staff	for	biohazard	protection	is
not	 sufficient	 when	 decontaminating	 patients	 with	 chemical	 agent	 exposure
(choice	 D	 is	 incorrect).	 There	 are	 many	 documented	 cases	 of	 hospital	 staff
becoming	ill	during	chemical	agent	events	from	failure	to	decontaminate	patients
safely	(choice	C	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	 The	 setting	 and	 symptoms	 described	 are	 most	 consistent	 with

exposure	 to	BZ	 (choice	A	 is	 correct).	Nerve	 agents	 cause	 excessive	 secretions
and	constricted	pupils,	which	are	the	opposite	of	the	findings	here	(choice	B	is
incorrect).	 Pulmonary	 agents	 would	 present	 with	 signs	 of	 inflammation	 and
irritation	 of	 the	 eyes	 and	 mucous	 membranes,	 followed	 by	 progressive
respiratory	 symptoms	 (choice	 C	 is	 incorrect).	 Eye	 and	 cutaneous	 symptoms
would	 be	 seen	 in	 the	 earlier	 presentation	 of	 vesicant	 exposure	 (choice	 D	 is
incorrect).	 Not	 listed	 as	 a	 choice,	 but	 cyanide	 toxicity	 would	 present	 with
diaphoresis,	tachycardia,	seizures,	and	shortness	of	breath.

3.	The	correct	answer	is	B.
Rationale:	 Securing	 the	 airway	 and	 providing	 effective	 oxygenation	 and

ventilation	 is	 the	 priority,	 as	 the	 patient	 is	 not	 oxygenating	 well	 despite	 bag
ventilation	(choice	B	is	correct).	Intramuscular	antidotes	can	be	given	once	the
airway	is	secure,	and,	in	any	event,	diazepam	is	not	indicated	in	the	absence	of
seizures	 (choice	 A	 is	 incorrect).	 IV	 access	 can	 be	 delayed	 as	 sedation	 is	 not
needed	 for	 intubation	 in	 this	 case	 and,	 as	 above,	 antidotes	 can	 be	 given	 via
intramuscular	 or	 intraosseous	 route	 (choice	 C	 is	 incorrect).	 The	 patient	 has
already	had	adequate	decontamination	documented	(choice	D	is	incorrect).
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KEY	POINT:

1.	 The	major	types	of	radiation	emergencies	include	radiologic	dispersion
devices	(RDDs),	or	“dirty	bombs,”	explosion	of	a	nuclear	weapon,	and
accidents	that	release	radiation	from	nuclear	power	plants.

INTRODUCTION
The	 objective	 of	 this	 chapter	 is	 to	 become	 familiar	 with	 the	 medical
consequences	and	casualty	management	considerations	following	a	radiologic	or
nuclear	incident.

TYPES	OF	RADIATION	EMERGENCIES
1 	 Radiation	 emergencies	 may	 result	 from	 accidental	 or	 deliberate	 events.
Radiologic	dispersion	devices	(RDDs),	or	“dirty	bombs,”	cause	the	intentional
dissemination	 of	 radioactive	 material	 without	 a	 nuclear	 detonation.	 The
radioactive	 material	 is	 released	 and	 dispersed	 by	 the	 detonation	 of	 a	 high-
explosive	 charge.	 It	 is	 important	 to	 note	 that	 dirty	 bombs	 are	 not	 nuclear
weapons	and	are	not	viewed	as	weapons	of	mass	destruction.	RDDs	may	cause
internal	 radiation	exposure	 through	 the	 inhalation	or	 ingestion	of	contaminated
materials	 in	 the	 food	 chain	 and	 external	 radiation	 exposure	 through	 surface
contamination.1,2	 The	 adverse	 health	 effects	 depend	 on	 the	 and	 amount	 of
explosive	and	radioactive	material	used,	as	well	as	atmospheric	conditions	at	the
time	 of	 detonation.	Most	 injuries	 from	 a	 dirty	 bomb	will	 come	 from	 the	 blast



effects	of	the	conventional	explosion.1,2	Delayed	health	effects	that	might	occur
following	 an	 RDD	 attack,	 such	 as	 the	 development	 of	 various	 cancers,	 are
related	 to	 the	radiation	exposure	dose	and	the	amount	of	 internal	 radiation	 that
results	from	inhalation,	ingestion,	and	absorption	of	radioactive	material	through
the	 skin	 or	 open	 wounds.	 An	 RDD	 can	 also	 cause	 significant	 short-term	 and
long-term	 anxiety	 and	 depression	 among	members	 of	 the	 population	 that	 was
attacked.2,3

1 	A	nuclear	explosion	results	from	nuclear	fission	or	thermonuclear	fusion	of
a	weapon,	during	which	a	tremendous	amount	of	energy	is	suddenly	released	in
the	form	of	heat,	blast,	and	radiation.	Human	injury	is	caused	by	exposure	to	a
combination	of	these	three	forms	of	energy	following	a	nuclear	detonation.	The
energy	released	from	a	nuclear	explosion	can	be	very	intense	and	lead	to	acute,
life-threatening	 medical	 problems	 such	 as	 acute	 radiation	 syndrome	 (ARS),
radiation	 burns,	 thermal	 burns,	 and	 blast	 injuries.	Radiation	 exposure	 can	 also
result	in	various	types	of	organ	damage	and	malignancies	over	many	years	when
an	 individual	 survives	 the	 initial	 short-term	 effects	 of	 a	 nuclear	 explosion.3
Weapons	 that	 cause	 a	 nuclear	 explosion	 are	 classified	 as	 weapons	 of	 mass
destruction.

1Nuclear	 power	 plant	 accidents	 are	 another	 potential	 source	 of	 radiation
exposure.	 The	 Chernobyl	 nuclear	 accident	 in	 Ukraine,	 the	 Three	 Mile	 Island
event	in	Pennsylvania,	and	the	Fukushima	Daiichi	Nuclear	Power	Plant	accident
in	Japan	are	notable	examples.

Nuclear	power	plant	accidents	differ	from	nuclear	weapon	detonations	in	that
nuclear	 weapons	 use	 enriched	 uranium	 or	 plutonium	 in	 higher	 concentrations
than	those	used	in	power	plant	reactors.	Reactor	accidents	can	release	a	number
of	 radioisotopes	 that	 have	 a	 variety	 of	 different	 health	 effects	 on	 humans.
Radioisotopes	 with	 very	 short	 or	 very	 long	 half-lives,	 as	 well	 as	 gaseous
radioisotopes	 that	 are	 released	 in	 small	quantities,	may	not	produce	 significant
internal	 or	 external	 radiation	 injuries,	 whereas	 the	 iodine-131	 isotope	 can
contaminate	 the	 environment	 with	 long-term	 effects.4	 The	 accident	 at	 the
Fukushima	Daiichi	Nuclear	Power	Plant	in	Japan	in	March	2011	resulted	in	the
environmental	 release	 of	 radioactive	 substances,	 predominantly	 iodine-131,
caesium-134,	 xenon-133,	 and	 strontium-90.	 Most	 radioactivity	 was	 released
during	approximately	40	days,	with	traces	of	radioisotopes	detected	globally.	No
acute	 radiation	 injuries	 were	 reported	 from	 the	 Fukushima	 Daiichi	 Nuclear
Power	 Plant	 disaster.	 Based	 on	 the	 published	 data,	 the	 maximum	 estimated
lifetime	cancer	mortality	and	morbidity	from	Fukushima	Daiichi	Nuclear	Power
Plant,	however,	are	increased	for	the	exposed	population.4-6



BASIC	RADIATION	PHYSICS
Radiation	is	defined	as	energy	that	is	transmitted	through	space.	The	transmitted
energy	may	be	in	high-speed	particles	or	electromagnetic	waves.	There	are	two
general	types	of	radiation:	ionizing	radiation	and	nonionizing	radiation.

Nonionizing	 radiation	 does	 not	 have	 enough	 energy	 to	 remove	 electrons
from	their	orbits.

Ionizing	 radiation	 has	 enough	 energy	 to	 remove	 tightly	 bound	 electrons
from	 their	 orbits	 and	 cause	 an	 atom	 to	 become	 charged.	 Ionizing	 radiation	 is
more	 harmful	 to	 humans	 than	 nonionizing	 radiation	 and	 is	 the	 of	 radiation
expected	to	be	released	by	a	radiologic	or	nuclear	attack.

Ionizing	radiation	can	take	four	forms:	alpha,	beta,	gamma,	and	neutron.	Each
specific	 of	 ionizing	 radiation	 has	 a	 different	 penetrating	 distance	 on	 inert
material	and	human	tissues.

Alpha	radiation	consists	of	the	emission	of	a	helium	nucleus	from	a	parent
nucleus,	such	as	uranium-235;	it	is	a	particle	that	has	an	atomic	mass	of	four	and
a	 charge	of	 plus	 one.	Alpha	particles	will	 not	 penetrate	 paper	 or	 intact	 human
skin.	However,	if	alpha	particles	are	ingested,	inhaled,	or	internalized	through	a
break	in	the	skin,	they	can	do	a	tremendous	amount	of	internal	damage	to	human
cells	and	tissues.7,8

Beta	radiation	is	the	emission	of	a	small	negatively	charged	particle	from	a
parent	nucleus,	such	as	potassium-40.	Beta	particles	have	an	almost	undetectable
mass	 and	 a	 charge	 of	 minus	 one,	 similar	 to	 an	 electron.	 Beta	 radiation	 will
penetrate	paper,	 thin	 layers	of	skin,	and	the	conjunctiva	of	 the	eye	but	will	not
penetrate	thin	layers	of	plastic	or	aluminum	foil.	Beta	particles	travel	relatively
short	 distances	 and	will	 be	 stopped	 by	most	 clothing.	As	with	 alpha	 particles,
beta	 radiation	 can	 induce	 severe	 damage	 to	 human	 tissues	 when	 inhaled	 or
ingested.7,8

Gamma	 radiation	 is	 high-energy	 electromagnetic	 waves	 from	 a	 parent
nucleus,	 such	 as	 cobalt-60.	 Gamma	 rays	 have	 no	 mass	 and	 no	 charge	 and
frequently	accompany	the	emission	of	alpha	or	beta	particles.	Gamma	rays	can
travel	 significant	 distances	 and	 are	 a	 highly	 penetrating	 of	 ionizing	 radiation.
They	 readily	 penetrate	 skin	 and	 clothing.	 Gamma	 radiation	 can	 cause
considerable	damage	to	human	cells	and	tissues	after	penetration.	Several	inches
of	lead	or	several	feet	of	concrete	is	required	to	stop	gamma	rays.7,8

Neutrons	are	very	high-energy	particles	emitted	from	parent	nuclei,	such	as
uranium-235	and	plutonium-239,	during	a	nuclear	chain	reaction.	Nuclear	chain
reactions	 can	 be	 controlled,	 such	 as	 the	 kind	 found	 in	 a	 nuclear	 reactor,	 or



uncontrolled,	 such	as	 the	 that	causes	a	nuclear	explosion.	Neutrons	can	 induce
severe	damage	 to	 human	 cells	 and	 tissues.7,8	Neutrons	 are	 high-energy	nuclear
particles	 that	 have	 no	 charge.	 Neutron	 radiation	 readily	 penetrates	 skin	 and
clothing	 and	 can	 cause	 significant	 damage	 to	 internal	 tissues	 and	 organs.
Neutrons	 primarily	 cause	 biologic	 damage	 by	 colliding	 with	 other	 particles.
They	 transfer	 the	most	energy	when	 they	collide	with	particles	about	 the	same
size,	 especially	 protons.	 These	 high-energy,	 subatomic	 collisions	 result	 in	 the
dislodgement	of	protons	and	tightly	bound	electrons	from	atoms	bombarded	by
neutrons,	 with	 ionization	 of	 atoms	 in	 surrounding	 cells	 and	 tissues.	 Neutron
radiation	is	extremely	harmful	to	humans.	It	cannot	be	stopped	by	plastic,	glass,
or	lead;	it	can	only	be	stopped	by	several	feet	of	concrete.7,8

Ionizing	 radiation	 causes	 damages	 to	 human	 cells	 and	 tissues	 through	 two
biologic	mechanisms:	 (1)	 direct	 high-energy	 damage	 to	 deoxyribonucleic	 acid
(DNA)	 molecules	 and	 (2)	 the	 generation	 of	 free	 radicals,	 which	 secondarily
damage	DNA	molecules	by	superoxide	radicals	generated	from	ionized	water.

The	 fate	 of	 irradiated	 human	 cells	 is	 dependent	 on	 the	 dose	 of	 radiation
received.

Low-dose	exposures	are	characterized	by	DNA	and	cellular	repair.
Moderate-dose	exposures	are	characterized	by	permanently	damaged	DNA

and	 significantly	 altered	 cells,	 which	 may	 be	 eliminated	 by	 apoptosis	 or
reproduced	abnormally,	eventually	leading	to	cancer	development.

High-dose	 radiation	 exposures	 typically	 result	 in	 cell	 death,	which	 causes
several	serious	ARSs	that	can	result	in	the	death	of	the	organism.9,10

Human	radiation	exposure	can	be	categorized	as	either	external	or	internal.
External	exposure	 occurs	 either	whole	 body	 or	 partial	 body	 depending	 on

the	 surface	 area	 exposed	 to	 radiation.	 Radioactive	 material	 is	 on	 the	 skin	 or
clothes.

Internal	exposure	may	occur	 from	the	 inhalation,	 ingestion,	or	 transdermal
penetration	of	radioactive	material.

Combined	radiation	 injuries	may	also	occur	among	cases	where	 radiation
exposure	 and	 trauma	 occur	 concurrently.	 During	 combined	 radiation	 injuries,
radioactive	material	can	be	introduced	through	open	wounds.

Radiation	 exposure	 does	 not	 always	 entail	 contamination,	 and	 conversely,
contamination	does	not	equate	to	significant	radiation	exposure	(Figure	128.1).



	

Figure	 128.1 	 Radiation	 contamination	 versus	 exposure.From
https://www.cdc.gov/nceh/radiation/emergencies/infographic_contamination_versus_exposure.pdf
Accessed	December	19,	2021.

RADIATION	DOSES
Physicians	must	 be	 familiar	with	 two	units	 of	 radiation	doses:	 the	 rad	 and	 the
gray	(Gy).	It	is	not	essential	for	clinicians	to	understand	the	physics	that	underlie
the	determination	of	these	doses.	Still,	clinicians	need	to	know	that	these	are	the
units	used	to	express	the	amount	of	radiation	absorbed	by	human	tissues.	The	rad
is	the	traditional	unit	of	radiation-absorbed	dose.	The	gray	is	the	newer	Standard
International	unit	of	radiation	exposure.	One	gray	(100	centigrays	or	100	cGy)	is
equal	to	100	rads.11

Radiation	 doses	 can	 be	 measured	 by	 using	 several	 techniques.	 Radiation
detection,	 indication,	 and	 computation	 (RADIAC)	 devices	 such	 as	 the	Geiger-
Muller	 counters	 can	 help	 detect	 radiation	 exposures	 at	 a	 given	 time	 compared
with	 dosimeters	 that	 measure	 the	 total	 dose	 accumulated.	 There	 are	 many

https://www.cdc.gov/nceh/radiation/emergencies/infographic_contamination_versus_exposure.pdf


different	 types	 of	 RADIAC	 meters,	 each	 of	 which	 may	 be	 more	 sensitive	 to
specific	 types	 of	 radiation,	 such	 as	 alpha,	 gamma,	 or	 neutrons,	 than	 to	 other
types	of	 radiation.	Therefore,	 it	 is	 necessary	 to	know	both	 the	 capabilities	 and
limitations	 of	 any	RADIAC	meter	 that	 one	 uses	 to	 determine	 radiation	 doses.
Useful	clinical	indicators	of	whole-body	radiation	dose	are	the	time	to	vomiting
and	total	lymphocyte	count	at	24	to	48	hours	post	exposure.12	The	dose	range	in
gray	and	the	estimated	lethality	associated	with	each	dose	range	are	illustrated	in
Table	128.1.

TABLE	128.1

Prognosis	at	48	Hours	Based	on	Lymphocyte	Count
Depression	After	Acute	Whole-Body	Exposure

Minimal	Lymphocyte
Count	Absorbed	48	h
After	Exposure

Approximate
Absorbed
Dose	(Gy)

Prognosis

1000-3000/mm3	(normal
range)

0-0.5 No	significant	injury

1000-1500/mm3 1-2 Significant	but	probably
nonlethal	injury,	good
prognosis

500-1000/mm3 2-4 Severe	injury,	fair
prognosis

100-500/mm3 4-8 Very	severe	injury,	poor
prognosis

<100/mm3 >8 High	incidence	of	lethality
even	with	hematopoietic
stimulation

From	Flynn	DF,	Goans	RE.	Triage	and	treatment	of	radiation	and	combined-injury	mass
casualties.	In:	Textbooks	of	Military	Medicine:	Medical	Consequences	of	Radiological	and	Nuclear
Weapons.	Borden	Institute,	Office	of	The	Surgeon	General,	AMEDD	Center	and	School;	2013:23.
Accessed	September	28,	2017.	http://www.cs.amedd.army.mil/borden/FileDownloadpublic.aspx?
docid=b3d9d96a-a8b8-499c-bddf-e27791466b77

http://www.cs.amedd.army.mil/borden/FileDownloadpublic.aspx?docid=b3d9d96a-a8b8-499c-bddf-e27791466b77


Chromosomal	 aberrations	 and	 translocations	 of	 lymphocytes	 can	 also
estimate	 both	 the	of	 radiation	 exposure	 and	dose.	One	 such	method	 called	 the
dicentric	chromosomal	assay	is	considered	the	gold	standard	for	estimating	 the
absorbed	amount	of	the	exposed	radiation.	The	assay	is	very	sensitive	to	ionizing
radiation.13,14	These	methods	require	considerable	expertise	in	fluorescent	in	situ
hybridization	techniques	and	interpreting	chromosomal	abnormalities.

OVERVIEW	OF	RADIATION	CASUALTIES
Radiation	casualties	are	of	two	general	types:	an	ARS	and	delayed	illnesses	that
may	occur	many	years	after	radiation	exposure.

ARS	is	a	life-threatening	condition	consisting	of	a	continuum	of	dose-related
subsyndromes	 that	 occur	 shortly	 after	 high-dose	 radiation	 exposure,	 such	 as
those	 following	 the	detonation	of	a	nuclear	weapon.	 It	 is	a	deterministic	effect
that	 may	 develop	 among	 radiation-exposed	 individuals	 following	 a	 radiologic
incident.	The	pathophysiology	behind	the	cell	damage	from	ionizing	radiation	is
due	 to	 specific	 cell	 lines’	 radiosensitivity.	 ARS	 consists	 of	 a	 continuum	 of
complex	 and	 unique	 medical	 subsyndromes	 that	 involve	 the	 hematopoietic,
gastrointestinal,	and	central	nervous	systems	 in	a	dose-related	fashion.	Patients
who	 develop	 acute	 radiation	 subsyndromes	 require	 prompt	 assessment	 and
critical	care	management	to	minimize	loss	of	life.

Delayed	 illnesses	 include	 malignancies	 such	 as	 leukemia,	 lymphoma,	 and
various	solid	tumors;	late	organ	damage,	including	thyroid	dysfunction;	fibrotic
changes	of	organs	including	the	skin,	blood	vessels,	and	lymphatics;	pregnancy
loss;	and	genetic	abnormalities	of	progeny.	Delayed	illness	caused	by	radiation	is
likely	from	lower	exposure	than	needed	for	the	ARS.	In	general,	the	higher	the
radiation	 dose,	 the	 more	 severe	 the	 acute	 effects	 of	 radiation	 exposure,	 the
greater	the	probability	of	delayed	illnesses,	and	the	higher	the	mortality	rate.3,15

In	 considering	 the	 human	 dose-response	 to	 radiation	 exposure,	 the
measurement	LD	(lethal	dose)50/60	is	commonly	used.	The	LD50/60	is	the	radiation
dose	that	causes	a	50%	mortality	rate	 in	an	exposed	population	within	60	days
following	 exposure.	 For	 whole-body	 radiation	 exposure,	 the	 LD50/60,	 with	 no
treatment,	is	3	to	4	Gy.	Therefore,	50%	of	a	population	that	receives	a	radiation
dose	of	3	 to	4	Gy	will	 die	within	60	days	unless	 they	 receive	 treatment.	With
appropriate	treatment,	including	antibiotics	and	transfusions	following	radiation
exposure,	the	LD50/60	can	be	calculated	as	4	to	5	Gy.15



ACUTE	RADIATION	SYNDROME	AND
SUBSYNDROMES
ARS	 is	 a	 continuum	 of	 dose-related	 organ	 system	 subsyndromes	 that	 develop
after	 acute	 radiation	 exposure	of	 greater	 than	1	Gy.	Three	main	 subsyndromes
occur:	 the	 hematopoietic	 subsyndrome,	 gastrointestinal	 subsyndrome,	 and
central	 nervous	 system	 subsyndrome.	Each	 of	 these	 subsyndromes	 occurs	 in	 a
dose-dependent	manner.	The	hematopoietic	 subsyndrome	occurs	with	 radiation
exposures	 greater	 than	 1	 Gy.	 The	 gastrointestinal	 subsyndrome	 occurs	 in
addition	 to	 the	 hematopoietic	 subsyndrome	 at	 radiation	 exposures	 greater	 than
6	 Gy.	 The	 central	 nervous	 system	 subsyndrome	 occurs	 in	 addition	 to	 the
hematopoietic	and	gastrointestinal	 subsyndromes	at	 radiation	exposures	greater
than	or	equal	to	20	Gy.

PHASES
Prodromal	 phase—Patients	 in	 this	 phase	 present	 with	 nausea,	 vomiting,
diarrhea,	and	fatigue	that	last	for	minutes	to	days.	The	higher	the	radiation	dose,
the	more	 rapid	 the	 onset	 and	 the	more	 severe	 the	 symptoms	 of	 the	 prodromal
phase.

Latent	phase—Patients	appear	 to	 recover	 in	 this	often	asymptomatic	phase.
The	latent	phase	may	last	for	several	days	to	1	month,	with	the	period	inversely
proportional	 to	 the	 radiation	 exposure	 dose;	 the	 higher	 the	 radiation	 dose,	 the
shorter	this	phase.

Manifest	 illness	 phase—This	 phase	 of	 acute	 radiation	 illness	 lasts	 from
several	 days	 to	 several	 weeks.	 It	 is	 characterized	 by	 the	 manifestation	 of	 the
hematopoietic,	 gastrointestinal,	 and	 central	 nervous	 system	 subsyndromes,
according	to	the	exposure	dose	that	the	patient	received.16

Some	 individuals	 may	 develop	 radiation-associated	 multiple	 organ
dysfunction	 syndromes	 (MODSs)	 associated	 with	 the	 above	 organ-specific
clinical	 syndromes.	Multiple	 organ	 system	 dysfunctions	 typically	 occur	 in	 the
manifest	 illness	phase,	but	 they	may	also	happen	early	after	sublethal	radiation
exposure.	 Many	 patients	 with	 hematopoietic,	 gastrointestinal,	 and	 central
nervous	 system	 subsyndromes	 and	 MODSs	 will	 require	 management	 in	 an
intensive	care	unit.17



The	Hematopoietic	Subsyndrome
The	hematopoietic	subsyndrome	typically	occurs	with	a	radiation	dose	of	greater
than	 1	Gy.	 It	 is	 characterized	 by	 bone	marrow	 suppression	 resulting	 from	 the
radiation-induced	 destruction	 of	 hematopoietic	 stem	 cells	 within	 the	 bone
marrow.	Hematopoietic	stem	cell	destruction	results	in	a	progressive	decrease	of
peripheral	 blood	 lymphocytes,	 neutrophils,	 and	 platelets.	 Both	 the	 magnitude
and	 the	 time	 course	 of	 the	 pancytopenia	 are	 related	 to	 the	 radiation	 dose.	 In
general,	 the	 higher	 the	 radiation	 dose,	 the	more	 profound	 and	 the	 quicker	 the
pancytopenia	occurs.15

Lymphocytic	stem	cells	are	exquisitely	sensitive	to	radiation,	and	circulating
lymphocytes	 decrease	 rapidly	 following	 radiation	 exposure	 (see	Table	 128.1).
On	the	other	hand,	erythrocytic	stem	cells	seem	to	be	more	resistant	to	radiation
than	lymphocytic,	neutrophilic,	and	thrombocytic	stem	cells.	Therefore,	the	red
blood	cell	count	and	hemoglobin	concentration	typically	do	not	decrease	to	the
same	 extent	 as	 lymphocytes,	 neutrophils,	 or	 platelets	 following	 radiation
exposure.12

As	 presented	 in	 Table	 128.1,	 the	 hematologic	 effects	 of	 acute	 radiation
exposure	 are	 dependent	 on	 the	 radiation	 dose.	 Radiation	 exposure	 of	 3	Gy	 or
more	results	in	more	significant	hematologic	effects	than	a	radiation	exposure	of
1	Gy.	Lymphocytes	will	decrease	rapidly	following	radiation	exposure	of	3	Gy,
and	 they	 will	 stay	 low	 for	 a	 relatively	 long	 period.	 Typically,	 it	 takes
approximately	 90	 days	 before	 lymphocytes	 recover	 from	 a	 3-Gy	 radiation
exposure.	 After	 an	 initial	 intravascular	 demargination,	 neutrophils	 will	 also
decline	rapidly	following	a	3-Gy	exposure.	Neutrophils	do	not	fall	as	rapidly	as
lymphocytes,	but	between	3	and	5	days	following	exposure;	such	patients	will	be
significantly	 neutropenic.	 Platelets	 also	 decrease	 steadily	 following	 a	 3-Gy
exposure,	 and	 patients	 will	 become	 significantly	 thrombocytopenic	 at	 2	 to
3	weeks.	Both	platelets	and	neutrophils	will	reach	a	nadir,	with	values	close	to
zero,	 approximately	 30	 days	 following	 a	 3-Gy	 exposure.	 Platelets	 and
neutrophils	 then	 recover	 gradually	 during	 the	 next	 30	 to	 40	 days.	 However,
lymphocytes	remain	low	for	a	more	extended	period	and	typically	do	not	begin
to	recover	for	at	least	90	days	following	a	3-Gy	exposure.	Thus,	about	a	month
following	 a	 3-Gy	 exposure,	 patients	 will	 be	 significantly	 lymphopenic,
neutropenic,	and	thrombocytopenic.	Such	patients	are	susceptible	to	developing
serious	infections	and	severe	bleeding	problems	during	that	time.12,18

The	Gastrointestinal	Subsyndrome



The	gastrointestinal	 subsyndrome	 typically	occurs	 following	an	acute	 radiation
dose	greater	than	6	Gy.	It	develops	as	a	result	of	radiation	damage	to	intestinal
epithelial	cells.	The	loss	of	epithelial	cells	results	in	denudation	of	the	intestinal
mucosa.	 Following	 the	 asymptomatic	 latent	 phase,	 patients	 will	 develop	 a
manifest	 illness/clinical	 phase	 of	 fever,	 vomiting,	 and	 severe	 diarrhea.
Malabsorption,	severe	fluid	losses	and	significant	electrolyte	derangements	will
follow.	 Most	 patients	 will	 have	 severe	 pancytopenia	 due	 to	 a	 coexisting
hematopoietic	 subsyndrome.	 Mucosal	 translocation	 of	 pathogens,	 sepsis,	 and
opportunistic	infections	commonly	occur.	The	resulting	sepsis	can	be	severe	and
typically	 involves	 enteric	 organisms	 that	migrate	 into	 the	 systemic	 circulation
through	damaged	and	denuded	gastrointestinal	mucosa.	Approximately	10	days
after	 the	 onset	 of	 the	 manifest	 illness	 phase,	 these	 patients	 typically	 develop
fulminant	 bloody	 diarrhea	 that	 usually	 results	 in	 shock	 and	 subsequent
death.15,16,19

Acute	Radiation	Dermatitis
Acute	radiation	dermatitis	may	occur	in	conjunction	with	acute	radiation	illness.
The	 symptoms	 and	 signs	 of	 acute	 radiation	 dermatitis	 typically	 appear	 several
days	after	radiation	exposure.	Although	acute	radiation	dermatitis	is	essentially	a
radiation	burn,	it	is	different	from	the	thermal	burns	that	may	occur	immediately
after	skin	exposure	to	a	nuclear	explosion.	The	Centers	for	Disease	Control	and
Prevention	has	classified	cutaneous	 radiation	 injury	 into	 three	grades	based	on
the	extent	of	radiation	exposure.	Exposure	of	the	skin	to	radiation	doses	greater
than	2	Gy	causes	epilation	and	typically	occurs	14	to	21	days	postexposure.	On
exposure	 to	 6	Gy,	 erythema	 develops	 secondary	 to	 arteriolar	 constriction	with
capillary	dilation	and	local	edema.	At	10	to	15	Gy	radiation,	dry	desquamation
occurs	because	of	the	involvement	of	the	germinal	layer	of	the	epidermis.	This
leads	 to	 thinning	 of	 the	 epidermis	 and	 desquamation	 of	 the	 skin.	 Wet
desquamation	 occurs	 when	 the	 skin	 is	 exposed	 to	 10	 to	 25	 Gy	 of	 radiation,
causing	intracellular	edema	to	progress	to	macroscopic	bullae.

For	 patients	 exposed	 to	 greater	 than	 25	 Gy	 of	 radiation,	 radionecrosis	 and
skin	 ulceration	 occur.	 The	 two	main	 approaches	 for	managing	 acute	 radiation
skin	 injury	 are	 operative	 and	 nonoperative	 treatment.	Nonoperative	 treatments
include	 infection	 control	 and	 pain	 and	 wound	 care	 management.	 Operative
treatments	 include	 superficial	 debridement	 to	 prevent	 septic	 foci	 and	 skin
grafting	when	this	is	required.	Topical	antibiotics	with	dressings	are	used	for	the
blistering	 phase,	 and	 silver	 sulfadiazine	 cream	 with	 nonadherent	 dressings	 is
preferred	for	wet	desquamation.	Systemic	antibiotics	are	used	for	selected	cases.



Radiation-induced	 skin	 ulcers,	 nonhealing	 wounds,	 and	 skin	 ulcers	 with
intractable	 pain	 need	 surgical	 interventions.	 Tissue	 grafts	 may	 be	 required	 at
necrotic	sites	involving	large	dermal	areas.12,20

The	Central	Nervous	System	Subsyndrome
The	 central	 nervous	 system	 subsyndrome	 is	 seen	 with	 radiation	 doses	 greater
than	or	equal	to	20	Gy,	although	cognitive	dysfunction	can	be	seen	with	amounts
greater	than	10	Gy.	The	latent	period	is	very	short,	lasting	from	several	hours	to
3	days.	Patients	typically	develop	nausea,	vomiting,	diarrhea,	and	confusion	after
the	asymptomatic	 latent	period.	Microvascular	 leaks	 in	 the	cerebral	 circulation
result	in	cerebral	edema.	Elevated	intracranial	pressure	and	cerebral	anoxia	may
develop	rapidly.	Mental	status	changes	appear	early	in	the	manifest	illness	phase,
and	the	patient	eventually	becomes	comatose.	Seizures	and	burning	dysesthesia
may	occur.	Patients	typically	die	within	hours	to	several	days	after	the	onset	of
the	manifest	illness	phase	of	the	central	nervous	system	subsyndrome.1,15,21,22

Multiple	Organ	Dysfunction	Syndrome
Some	patients	may	develop	multiple	organ	system	dysfunction	(MOD)	following
exposure	to	ionizing	radiation.	This	syndrome	was	first	reported	after	 the	1999
Tokaimura	 nuclear	 accident.23	 Radiation-induced	 multiorgan	 involvement	 or
multiple	organ	failure	is	defined	as	a	progressive	dysfunction	of	greater	than	two
organs	over	time.23	They	are	not	limited	to	the	four-organ	system	included	in	the
ARS.	 The	 principal	 organs	 involved	 are	 the	 lungs,	 liver,	 kidney,	 and
cardiovascular	system.	There	is	no	well-defined	dose-effect	relationship	that	has
been	 associated	 with	 its	 development.	 The	 pathophysiology	 behind	 the
development	 of	 MOD	 is	 still	 not	 well	 construed.	 However,	 it	 may	 be	 a
consequence	of	a	“two-hit	phenomenon”	where	the	initial	insult	is	considered	a
consequence	 of	 irradiation-induced	 radiolysis	 of	 cells,	 inflammation,	 increased
prooxidative	metabolic	reactions,	and	injury	to	hematopoietic,	lymphoid	tissues,
intestinal	mucosa,	or	vascular	endothelium.	The	damage	to	gut	mucosa	leads	to
bacterial	 translocation	 and	 spread	 of	 the	 bacterial	 pathogens	 and
proinflammatory	 agents	 through	 the	 vascular	 system	 leading	 to	 septic
inflammatory	and	metabolic	responses.15,17,24-26	Such	patients	will	require	prompt
supportive	 care	 and	 treatment	 in	 an	 intensive	 care	 unit	 to	 maximize	 their
potential	for	survival.23



Prognosis
The	prognosis	of	patients	who	develop	acute	radiation	subsyndromes	depends	on
the	 radiation	 dose	 they	 were	 acutely	 exposed	 to	 and	 whether	 they	 have
concomitant	 trauma.	 Nearly	 all	 patients	 exposed	 to	 1	 to	 2	 Gy	 will	 survive.
Survival	is	possible	for	patients	exposed	to	doses	of	2	to	6	Gy,	but	many	of	these
patients	 will	 require	 prompt	 treatment	 and	 intensive	 care	 to	 live.	 Survival	 is
possible,	but	improbable,	for	patients	exposed	to	doses	of	6	to	8	Gy.	In	addition
to	 prolonged	 critical	 care	 support,	 these	 patients	 may	 require	 stem	 cell
transplantation.	 Even	 with	 the	 most	 aggressive	 treatment,	 mortality	 is
exceptionally	 high	 following	 exposure	 doses	 above	 10	 Gy	 and	 has	 not	 been
reported	following	doses	greater	than	20	Gy.27

Management
Initial	medical	care	for	all	casualties	of	a	radiation	exposure	event	will	 include
triage,	 resuscitation,	 stabilization,	 decontamination,	 and	 treatment	 of
concomitant	 injuries	 (see	 Figure	 128.2).	 All	 patients	 with	 significant	 acute
radiation	 exposure	 will	 need	 supportive	 care.	 This	 consists	 of	 fluids	 and
electrolyte	 replacement,	 antiemetic	 agents	 to	 manage	 vomiting,	 antidiarrheal
agents	 to	 control	 diarrhea,	 proton	 pump	 inhibitors	 for	 gastrointestinal	 ulcer
prophylaxis,	pain	management,	psychological	support,	and	palliative	care	when
death	 is	 imminent.	 The	main	 objective	 of	management	 for	ARS	 is	 to	 prevent
neutropenia	that	can	lead	to	sepsis.	Care	should	be	taken	to	prevent	infection	or
bleeding	 by	 avoiding	 unnecessary	 instrumentation,	 particularly	 involving	 the
gastrointestinal	tract.



	

Figure	 128.2 	 REAC/TS	 patient	 decontamination	 and	 treatment
pathway.From	 REAC/TS	 Pocket	 Guide.
https://orise.orau.gov/resources/reacts/documents/radiation-patient-
treatment-algorithm.pdf.	Accessed	December	31,	2021.

DECONTAMINATION
To	prevent	contamination	of	other	patients	and	medical	staff,	radiation	casualties
must	be	decontaminated	before	admission	into	a	hospital.	However,	 life-saving
emergency	 medical	 care	 should	 be	 performed	 as	 soon	 as	 possible	 and	 before
decontamination.	 Therefore,	 a	 special	 emergency	 treatment	 area	 where
potentially	 contaminated	 patients	 can	 be	 treated	 and	 stabilized	 will	 be	 set	 up
outside	 the	 hospital.	 Once	 a	 patient	 has	 been	 stabilized,	 decontamination	 can
occur	 in	 another	 specially	 designated	 area	 outside	 the	 hospital.	 It	 is
recommended	 that	 the	 designated	 decontamination	 area	 be	 at	 least	 50	 yards
downwind	from	the	hospital	or	another	treatment	area.

All	health	care	workers	should	protect	themselves	with	scrubs,	gowns,	masks,

https://orise.orau.gov/resources/reacts/documents/radiation-patient-treatment-algorithm.pdf


double	 gloves,	 and	 shoe	 covers	 during	 the	 treatment	 and	 decontamination	 of
radiation	 casualties.	 These	 measures	 provide	 sufficient	 protection	 from	 most
radioactive	 isotopes	 that	 could	 be	 contaminating	 a	 patient.	 It	 is	 recommended
that	 health	 care	 workers	 continue	 to	 observe	 these	 measures	 after
decontamination	 of	 a	 radiation	 casualty	 because	 it	 is	 possible	 that	 the
decontamination	 could	 be	 incomplete	 and	 residual	 radioactive	 material	 could
remain	on	or	in	the	patient.	It	is	best	to	assume	that	every	patient	near	a	radiation
exposure	 event	 has	 been	 contaminated,	 even	 if	 no	 radiation	 is	 detected	 by	 a
RADIAC	meter.	Such	patients	should	be	decontaminated	as	usual,	and	members
of	the	decontamination	team	and	medical	treatment	staff	should	wear	protective
clothing.

The	 decontamination	 process	 is	 quite	 simple.	 All	 of	 the	 patient’s	 clothing
must	be	removed	and	discarded	into	a	clearly	labeled	and	secure	container	to	not
further	contaminate	people	and	surroundings	after	removal.	If	the	clothing	needs
to	 be	 cut	 off	 the	 patient,	 the	 scissors	 should	 be	 washed	 with	 soap	 and	 water
between	each	cut	to	avoid	spreading	contamination	on	subsequent	cuts.	After	all
the	clothing	has	been	removed,	the	patient	is	thoroughly	washed	with	soap	and
water.	 This	 simple	 soap-and-water	 process	 is	 effective	 in	 removing	more	 than
95%	 of	 external	 residual	 radioactive	 material	 from	 radiation-exposed
patients.1,12,20,27-30

Once	 a	 radiation-exposed	 patient	 has	 been	 stabilized	 and	 decontaminated,
they	 should	 be	 admitted	 into	 the	 hospital	 or	 another	 treatment	 facility	 for
definitive	 care.	Again,	 it	 is	 best	 to	 assume	 that	 hospitalized	 radiation-exposed
patients	may	 still	be	contaminated,	 even	after	 the	decontamination	process	has
been	 completed.	 It	 is	 recommended	 that	 all	 radiation	 casualties	 be	 admitted	 to
specially	designated	areas	of	 the	hospital.	The	staff	of	 these	areas	should	wear
appropriate	protective	clothing,	as	described	earlier.

Hematopoietic	 growth	 factors	 or	 colony-stimulating	 factors	 (CSFs)	 are
endogenous	glycoproteins	 that	 stimulate	 the	bone	marrow	stem	cells	 to	mature
into	blood	cell	types.	The	basis	for	using	CSFs	for	patients	exposed	to	radiation
is	 derived	 from	 studies	 that	 followed	 patients	 with	 cancer,	 a	 small	 cohort	 of
radiation-exposed	 victims,	 and	 several	 prospective	 trials	 of	 canines	 and
nonhuman	 primates	 exposed	 to	 radiation.	 Growth	 factor	 therapies	 should	 be
prophylactically	initiated	for	early	recovery	of	hematopoiesis,	preferably	within
2	 to	 4	 days	 for	 those	 exposed	 to	 a	 significant	 level	 of	 whole-body	 radiation,
particularly	 greater	 than	 3	Gy.	Multiple	 studies	 have	 demonstrated	 the	 role	 of
granulocyte	 colony-stimulating	 factors	 (G-CSFs)	 in	 reducing	 the	 duration	 of
radiation-induced	 neutropenia,	 enhancing	 neutrophil	 recovery,	 and	 providing
survival	 benefits.	 For	 radiation	 emergency	 events	 involving	 <100	 casualties,



growth	factor	therapy	can	be	considered	for	patients	exposed	to	radiation	of	2	to
6	Gy	when	there	is	no	significant	burn	or	trauma.	If	the	exposure	is	between	2
and	6	Gy	 and	 the	patients	 have	burns	or	 trauma,	 growth	 factor	 therapy	 is	 still
warranted.	The	treatment	is	usually	continued	until	the	absolute	neutrophil	count
is	more	than	1000/µL.27	When	the	exposure	is	greater	than	6	Gy	without	trauma,
it	is	prudent	to	consider	stem	cell	transplant.20

Various	types	of	G-CSFs	can	be	given:	G-CSF	(filgrastim),	pegylated	G-CSF
(pegfilgrastim),	 or	 granulocyte-macrophage	 colony-stimulating	 factor	 (GM-
CSF)	(sargramostim)	and	thrombopoietin	receptor	agonist	(romiplostim).	These
are	 all	 commercially	 available	 preparations	 used	 to	 manage	 hematopoietic
subsyndromes	 and	 approved	 for	ARS.	The	 recommended	doses	 of	 the	 various
cytokines	for	treating	acute	radiation	subsyndromes	in	adults	are	summarized	in
Table	128.2.27,31,32

TABLE	128.2

Available	Colony-Stimulating	Factors	(CSFs)

Growth	Factor/CSF Dose

Filgrastim 10	µg/kg/d	qd	SC	until	absolute	neutrophil	count
is	>1000	mm3

Sargramostim	(GM-
CSF)

7-12	µg/kg/d	qd	SC	until	absolute	neutrophil
count	is	>1000	mm3

Pegfilgrastim	(pegylated
G-CSF)

6	mg	once	SC

Romiplostim	(TPO-RA) 10	μg/kg/d	administered	as	SC

G-CSF,	granulocyte	colony-stimulating	factor;	GM-CSF,	granulocyte-macrophage	colony-
stimulating	factor;	qd,	every	day;	SC,	subcutaneous.

The	role	of	antibiotics	 for	 treating	ARS	depends	on	 the	patient’s	absorbed
radiation	dose,	absolute	neutrophil	counts,	and	potential	sources	of	infection.	No
antibiotic	 prophylaxis	 is	 recommended	 for	 patients	 who	 received	 radiation
<2	Gy.	For	patients	exposed	to	a	moderate	amount	of	radiation	ranging	from	2	to
6	 Gy,	 antibacterials	 are	 initiated	 for	 febrile	 neutropenia	 along	 with	 possible



antiviral	 and	 antifungal	 prophylaxis.	 Antibacterials	 are	 considered	 when	 focal
infections	are	identified	in	afebrile	but	neutropenic	patients.	For	severe	cases	of
radiation	exposure	 to	5	 to	10	Gy,	early	antiviral,	antifungal,	and	antibiotics	are
started	for	anticipated	significant	immune	suppression.	Fluoroquinolones	with	or
without	 amoxicillin/penicillin	 for	 streptococcal	 coverage	 is	 the	 preferred
prophylactic	 regimen	 in	 these	 patients.	 The	 initial	 antifungal	 and	 antiviral
regimens	are	fluconazole	and	acyclovir,	respectively.	Prophylactic	antibacterials
are	 continued	 until	 treatment	 failure	 or	 development	 of	 neutropenic	 fever	 or
when	 the	 absolute	 neutrophil	 count	 is	 greater	 than	 500/µL.	 In	 such	 cases,
fluoroquinolones	 are	 discontinued,	 and	 antibacterials	 with	 antipseudomonal
coverage	are	introduced.	Gram-positive	coverage	is	initiated	as	per	the	hospital
sensitivity	 biogram	 and	 identification	 of	 methicillin-resistant	 Staphylococcus
aureus	 colonization	 status.	 The	 Infectious	 Diseases	 Society	 of	 America
guidelines	 for	 neutropenic	 fever	 management	 is	 recommended	 for	 febrile
neutropenic	 patients.12,20	 Therapeutics	 to	 support	 and	 restore	 the	 microbiome,
such	as	probiotics,	diet,	fecal	 transplantation,	and	toll-like	receptor	binders,	are
areas	of	promising	investigation.33-35

Blood	 transfusions	 are	 indicated	 for	 patients	 with	 an	 acute	 radiation
subsyndrome	 who	 have	 severe	 bone	 marrow	 damage	 or	 require	 concurrent
trauma	 resuscitation.	 Transfusion	 requirements	 do	 not	 rise	 until	 2	 to	 4	 weeks
after	 exposure	 unless	 the	 patient	 needs	 replacement	 of	 blood	 products	 for
accompanying	trauma.	The	purpose	of	blood	transfusions	for	such	patients	is	to
provide	 erythrocytes	 to	 improve	 oxygen-carrying	 capacity,	 blood	 volume	 to
improve	 hemodynamic	 parameters,	 and	 factors	 to	 help	 prevent	 bleeding.	 All
cellular	 products	 in	 the	 blood	 to	 be	 transfused	 should	 be	 leukoreduced	 and
irradiated	 to	 25	 Gy	 to	 prevent	 transfusion-related	 graft-versus-host	 reaction
among	immunocompromised	patients.20

Stem	 cell	 transplantation	 should	 be	 considered	 for	 certain	 patients	 with
acute	 radiation	 illness.	 Allogeneic	 stem	 cell	 transplantation	 is	 indicated	 for
individuals	with	a	radiation	exposure	dose	of	7	to	10	Gy.20

ACUTE	RADIATION	ILLNESS	AND	TRAUMA
The	 blast	 from	 a	 nuclear	 detonation	 can	 produce	 significant	 trauma	 and
associated	 radiation	 injuries.	The	 injuries	 from	these	blasts	arise	 from	the	high
pressures	 and	 wind,	 flash	 from	 the	 nuclear	 explosion,	 thermal	 pulses,	 and
secondary	fires.

The	management	of	combined	radiation	injuries	and	trauma	presents	unique



challenges	 to	 the	physician.	There	 is	a	 significantly	 increased	mortality	among
patients	 who	 have	 this	 combination	 of	 an	 ARS	 and	 an	 injury.	 These	 patients
require	 prompt	medical	 and	 surgical	 care	 to	 survive.	 They	 should	 receive	 the
treatments	for	ARSs,	as	described	earlier	in	the	subsyndrome	sections.	They	are
also	very	susceptible	to	operative	and	postoperative	infections	due	to	decreased
neutrophil	 and	 lymphocyte	 counts	 and	 require	 2	 to	 3	 months	 for	 their	 bone
marrow	 to	 recover	 from	 the	 acute	 radiation	 exposure.	 For	 a	 patient	 with	 a
combination	 of	 an	 ARS	 and	 trauma	 requiring	 surgery,	 the	 surgery	 must	 be
performed	36	to	48	hours	after	the	initial	radiation	exposure	because	of	the	high
risk	of	radiation-induced	cell	damage	and	resultant	poor	healing.	When	surgery
is	not	performed	during	this	“window	of	opportunity”	following	acute	radiation
exposure,	 it	 may	 have	 to	 be	 postponed	 for	 up	 to	 2	 months	 until	 full
hematopoietic	recovery	has	been	achieved.12,20

Internal	Contamination
Internal	 contamination	 is	 contamination	 within	 the	 body	 and	 can	 occur	 by
inhalation,	 ingestion,	 injection,	 or	 the	 transdermal	 penetration	 of	 radioactive
materials.	Contamination	enters	via	various	portals,	such	as	the	nose,	the	mouth,
and	a	wound,	or	with	a	large	enough	dose,	by	the	penetration	of	gamma	rays	or
neutrons	 directly	 through	 intact	 skin.	 Internal	 organs	 commonly	 affected	 by
internal	 radiation	 contamination	 are	 the	 thyroid,	 the	 lung,	 the	 liver,	 adipose
tissue,	 and	 bone.	 Leukemia	 and	 various	 cancers	 can	 develop	 in	 these	 organs
many	years	after	acute	radiation	exposure	with	internal	contamination.

Assessment	of	Potential	Internal	Radiation	Contamination
The	 patient	 history	 is	 crucial	 to	 determining	 whether	 they	 have	 experienced
internal	 contamination.	 Any	 history	 that	 suggests	 that	 a	 patient	 may	 have
inhaled,	 ingested,	 or	 internalized	 radioactive	 material	 through	 open	 wounds
should	 prompt	 further	 evaluation	 for	 internal	 contamination.	 This	 assessment
should	attempt	to	 identify	both	the	radiation	dose	received	and,	when	possible,
the	 specific	 isotopes	 that	 caused	 the	 internal	 contamination.	 An	 initial	 patient
survey	 should	 be	 performed	 with	 a	 RADIAC	 meter,	 especially	 around	 the
mouth,	 nose,	 and	 wounds,	 to	 give	 some	 idea	 of	 the	 extent	 of	 any	 possible
internal	exposure.	The	diction	of	radioactive	isotopes	on	nasal	swabs	can	be	very
helpful	 to	 determine	 whether	 a	 patient	 has	 been	 exposed	 internally.	 If	 it	 is
suspected	that	a	person	has	inhaled	a	significant	amount	of	radioactive	material,



bronchoalveolar	 lavage	 can	 be	 considered	 for	 identifying	 inhaled	 radioactive
isotopes	 and	 removing	 residual	 contaminated	 materials	 from	 the	 lungs.
Bronchoalveolar	 lavage	 has	 been	 shown	 to	 be	 effective	 for	 removing	 inhaled
material	contaminated	with	radioactive	isotopes	from	the	lungs	of	animals.	The
collection	and	analysis	of	stool	and	urine	samples	can	help	determine	the	and	the
amount	of	 internal	 radiation	 that	an	 individual	might	have	 received.	Chest	and
whole-body	 radiation	 counts	 can	 also	 help	 determine	 the	 extent	 of	 internal
radiation	 contamination.	 Unfortunately,	 however,	 most	 medical	 institutions
cannot	 do	 either	 chest	 or	 whole-body	 radiation	 counts.	 The	 analysis	 of	 nasal
swabs,	 stool	 samples,	 and	 urine	 samples	 are	 the	 most	 practical	 methods	 for
determining	the	and	extent	of	internal	radiation	contamination	used	by	hospital-
based	physicians.12

Treatment	of	Internal	Radiation	Contamination
Patients	 who	 have	 experienced	 internal	 radiation	 contamination	 should	 be
promptly	treated	to	reduce	the	absorbed	radiation	dose	and	prevent	future	health
problems.	 The	 treatment	 goals	 are	 to	 reduce	 the	 absorption	 and	 enhance	 the
elimination	 of	 the	 internal	 radionuclide	 contaminant.	 There	 are	 three	 main
categories	 of	 agents	 used	 to	 treat	 internal	 radiation	 contamination:	 purgative
agents,	blocking	agents,	 and	chelation	agents.	Specific	 agents	are	used	 to	 treat
internal	contamination	by	specific	 radioactive	 isotopes.	Such	 treatment	 is	most
effective	when	 given	 as	 soon	 as	 possible	 after	 the	 radiation	 exposure.	 Gastric
lavage	 can	 be	 used	 to	 empty	 the	 stomach	 after	 the	 potential	 ingestion	 of
radionuclides.	When	 promptly	 performed,	 it	 can	 decrease	 the	 concentration	 of
radionuclides	 in	 the	gastrointestinal	 tract.	This	could	result	 in	a	decrease	in	 the
absorbed	 radiation	 dose.	 In	 deciding	 whether	 to	 treat	 a	 patient	 for	 internal
radiation	 contamination,	 the	 physician	 should	 treat	 potentially	 exposed
individuals	empirically	based	on	the	information	that	is	available.1,12,20,28

Purgative	Agents
Purgative	 agents	 help	 to	 remove	 radionuclides	 from	 the	 gastrointestinal	 tract.
The	most	common	purgatives	are	 laxatives	and	enemas,	which	help	reduce	 the
residence	time	of	radionuclides	in	the	colon.	Prussian	blue	(ferric	ferrocyanide)
is	an	 ion	exchange	resin	 that	binds	cesium-137	 in	 the	gastrointestinal	 tract	and
facilitates	 its	 secretion.	 Patients	 who	 have	 experienced	 internal	 cesium-137
should	 be	 treated	 with	 oral	 Prussian	 blue	 (3	 g,	 three	 times	 daily)	 for	 at	 least
3	weeks.	Aluminum	phosphate	binds	strontium-90	in	the	gastrointestinal	tract.	A



single,	 100-mL	 oral	 dose	 of	 aluminum	 phosphate	 gel	 will	 reduce	 the
gastrointestinal	 absorption	 of	 strontium-90	 by	 85%.	Oral	 aluminum	 phosphate
should	be	used	if	internal	contamination	with	strontium-90	is	expected.1,12,20,27-30

Blocking	Agents
Blocking	 agents	 block	 both	 the	 uptake	 and	 bioavailability	 of	 internal
radionuclide	contaminants.	The	most	crucial	blocking	agent	is	potassium	iodide,
which	 is	 used	 to	 treat	 internal	 contamination	 with	 iodine-125/131.	 Potassium
iodide	 blocks	 the	 uptake	 of	 radioactive	 iodine	 by	 increasing	 the	 uptake	 of	 the
nonradioactive	 isotope.	 Because	 the	 thyroid	 gland	 is	 susceptible	 to	 internal
contamination	with	iodine-125/131,	potassium	iodine	should	be	given	as	soon	as
possible	after	radioactive	iodine	exposure.	It	 is	recommended	that	patients	take
300	 mg	 of	 potassium	 iodide	 per	 day	 for	 7	 to	 14	 days	 following	 a	 potential
iodine-125/131	 exposure.	 Potassium	 iodide	 can	 also	 be	 taken	 prophylactically
when	 there	 is	 sufficient	 warning	 of	 a	 potential	 iodine-125/131	 exposure.	 The
standard	prophylactic	regimen	is	a	single	130-mg	dose	of	potassium.

Chelation	Agents
Chelation	 agents	 are	 the	 mainstay	 of	 treatment	 for	 internal	 radiation
contamination.	Chelation	 agents	 are	 substances	 that	 bind	 strongly	with	 certain
metals	 to	 form	 a	 stable,	 soluble	 complex	 that	 the	 kidneys	 can	 excrete.
Diethylenetriaminepentaacetic	acid	(DTPA)	is	the	most	effective	and	commonly
recommended	 chelation	 agent	 for	 treating	 internal	 radiation	 contamination.
DTPA	complexes	are	very	 stable	and	water	 soluble	and	are	unlikely	 to	 release
bound	radionuclides	before	renal	excretion.	DTPA	chelation	therapy	is	especially
effective	 for	 treating	 internal	 radiation	 contamination	with	 curium,	 americium,
and	plutonium.	DTPA	is	administered	as	an	intravenous	solution	of	1	g	dissolved
in	250	mL	of	saline	or	5%	glucose,	infused	over	1	h/d	for	up	to	5	days.	The	use
of	DTPA	is	contraindicated	 to	 treat	uranium-238/235	contamination	because	of
an	increased	risk	of	renal	damage.	It	is	recommended	that	internal	contamination
with	 uranium-238/235	 be	 treated	with	 oral	 sodium	 bicarbonate,	 with	 the	 dose
regulated	to	maintain	an	alkaline	urine	pH.	Excretion	of	uranium-238/235	can	be
enhanced	with	the	addition	of	a	diuretic,	such	as	furosemide.1,12

Dimercaprol	is	a	chelation	agent	that	is	particularly	useful	for	treating	internal
contamination	with	polonium-210.	Dimercaprol	is	a	chelation	agent	for	mercury
poisoning.	For	polonium-210	contamination,	5	mg/kg	of	dimercaprol	should	be
given	 initially,	 followed	 by	 2.5	 mg/kg	 twice	 daily	 for	 10	 days.	 Dimercaprol



should	 be	 given	 by	 deep	 intramuscular	 injection	 only;	 it	 should	 not	 be	 given
intravenously.	Dimercaprol	is	very	nephrotoxic	and	should	always	be	used	with
caution.	It	is	recommended	that	oral	sodium	bicarbonate	be	given	to	maintain	an
alkaline	urine	pH,	which	decreases	the	risk	of	nephrotoxicity	by	preventing	the
dimercaprol-polonium-210	 complex	 from	 dissociating	 in	 the	 urine.	 Serum
creatinine	 and	 urine	 pH	 should	 be	 carefully	 monitored	 during	 treatment	 with
dimercaprol.1,12,20,27-30

Need	for	Rapid	Treatment
To	be	most	 effective,	 treatment	 for	 internal	 contamination	 should	begin	within
hours	after	the	radiation	exposure.	Early	information	on	the	history	of	a	radiation
exposure	 incident	 may	 or	 may	 not	 identify	 the	 significant	 isotopes	 involved.
Patients	will	 likely	 present	with	 no	 clinical	 symptoms	 other	 than	 conventional
trauma.	Therefore,	critical	decisions	regarding	the	initial,	empirical	treatment	of
potential	internal	radiation	contamination	may	have	to	be	based	on	the	provided
historical	information.	It	is	imperative	that	physicians	who	could	be	involved	in
managing	radiation	casualties	be	familiar	with	the	agents	used	for	the	treatment
of	the	most	likely	internal	radiation	contaminants.	These	agents	are	summarized
in	Table	128.3.

TABLE	128.3

Agents	Used	to	Treat	Common	Internal	Radiation
Contaminants

Radionuclide Primary
Toxicity Treatment Agent

Category Route

Americium-
241

Bone
and	liver

Diethylenetriaminepentaacetic
acid	(DTPA)

Chelation Intravenous
(IV)	infusion

Cesium-137 Total
body

Prussian	blue Purgative Oral

Cobalt-60 Total
body

DTPA Chelation IV	infusion

Iodine-125/131 Thyroid Potassium	iodide	blocking Oral



Plutonium-239 Bone
and	lung

DTPA Chelation IV	infusion

Polonium-210 Lung
and
kidney

Dimercaprol Chelation Intramuscular
injection

Strontium-90 Bone Aluminum	phosphate Purgative Oral

Uranium-
238/235

Kidney NaHCO3	and	diuretic Chelation Oral

MANAGEMENT	SUMMARY
Patients	 exposed	 to	 potentially	 life-threatening	 doses	 of	 radiation	 will	 require
critical	care	management	during	the	manifest	illness	phase	of	an	acute	radiation
subsyndrome.	 To	 reduce	 the	 potential	 for	 radioactive	 contamination,	 it	 is
recommended	 that	 such	 patients	 be	 cared	 for	 in	 specially	 designated	 areas	 of
intensive	care	units	or	a	designated	hospital	area	converted	to	an	intensive	care
unit	to	manage	radiation	casualties.	A	short	summary	of	care	of	the	seriously	ill
radiation	patients	is	presented	in	Table	128.4.

TABLE	128.4

Management	of	Acute	Radiation	Syndromes	and	Critical
Care	of	Acute	Radiation	Injury

Syndrome Recommendation	and	Its	Strengtha

Hematopoietic G-CSF	(granulocyte	colony-stimulating	factor)	or	GM-CSF
(granulocyte-macrophage	colony-stimulating	factor)	when
absolute	neutrophil	count	<	0.5	×	109	cells/L	(↑)
Erythropoietic	stimulating	agents	in	patients	with	prolonged
anemia	(↓)
Hematopoietic	stem	cells	after	failure	of	2-3	wk	of	cytokine
treatment	to	induce	recovery	from	marrow	aplasia	in	the
absence	of	nonhematopoietic	organ	failure	(↓)



Gastrointestinal Fluoroquinolone	or	similar	antibiotic	from	2	to	4	d	after
radiation	exposure	(↓)
Bowel	decontamination	and	parenteral	antibiotics	when
indicated	(↓)
Prophylactic	serotonin	receptor	antagonist	when	suspected
exposure	is	>2	Gy	(↓)
Loperamide,	as	needed	for	control	of	diarrhea	(↓)

Cutaneous Topical	class	II-III	corticosteroids,	topical	antibiotics,	and
topical	antihistamines	applied	to	radiation	burns,	ulcer,	or
blisters	(↑)
Systemic	corticosteroids	for	radiation	burns,	ulcers,	or
necrosis	in	the	absence	of	a	specific	indication	for	systemic
corticosteroid	use	(strong	against	the	practice)
Surgical	excision	and	graft	of	radiation	ulcers	or	localized
necrosis	with	intractable	pain	(↑)

Neurovascular Supportive	care	with	a	serotonin	receptor	antagonist,
mannitol,	furosemide,	and	analgesics	(↑)

Critical	care Fluid,	electrolyte	replacement	therapy,	and	sedatives	in
patients	with	significant	burns,	hypovolemia,	and/or	shock
(↑)
Mechanical	ventilation	with	a	lung-protective	strategy	in
patients	with	acute	respiratory	failure	(↑)
Selective	oropharyngeal	decontamination	or	selective
decontamination	of	the	digestive	tract	(↓)
Maintain	average	blood	glucose	of	140-180	mg/dL	(7.8-
10	mmol/L)	for	majority	of	critical	care	patients	(↓)
H2	blocker	or	proton	pump	inhibitor	(↓)

aStrength	of	recommendation	in	favor	of	the	practice:	↑,	strong;	↓,	weak.

Modified	from	Dainiak	N.	Medical	management	of	acute	radiation	syndrome	and	associated
infections	in	a	high-casualty	incident.	J	Radiat	Res.	2018;59(suppl	2):ii54-ii64.
doi:10.1093/jrr/rry004

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	Which	of	the	following	radiation	emergencies	is	likely	to	cause	the	most
cases	of	Acute	Radiation	Sickness	(ARS)?

A. 	Detonation	of	a	nuclear	weapon
B. 	Radiologic	dispersion	devices	(RDDs),	or	“dirty	bombs”
C. 	Release	of	radiation	from	a	nautical	nuclear-powered	vessel	while	in
port
D. 	Terrestrial	nuclear	power	plant	accidents

2. 	Either	lead	or	concrete	is	the	most	appropriate	protection	for	which	of	the
following	types	of	ionizing	radiation?

A. 	Alpha	particles
B. 	Beta	particles
C. 	Gamma	radiation
D. 	Neutrons

3. 	Acute	Radiation	Sickness	(ARS)	evolves	from	a	prodromal	and	latent
phase	to	a	manifest	injury	phase	involving	specific	organ	systems.	Which	of	the
following	organ	system–specific	subsyndromes	occurs	at	the	highest	median
radiation	exposure?

A. 	Gastrointestinal	subsyndrome
B. 	Neurological	subsyndrome
C. 	Hematopoietic	subsyndrome

Answers

1.	The	correct	answer	is	A.
Rationale:	 Detonation	 of	 a	 nuclear	 weapon	 has	 been	 associated	 with	 the

highest	incidence	of	Acute	Radiation	Sickness	(ARS)	(choice	A	is	correct).	Most
injuries	 from	RDDs	 result	 from	 the	blast	 effects	of	 the	conventional	 explosion
rather	 than	 from	 ARS	 (choice	 B	 is	 incorrect).	 ARS	 is	 less	 common	 after
radiation	 release	 from	nuclear	power	plants.	 In	 fact,	no	acute	 radiation	 injuries
have	 been	 reported	 from	 40	 days	 of	 radioactive	 material	 release	 during	 the
March	2011	Fukushima	Daiichi	Nuclear	Power	Plant	disaster	(choices	C	and	D
are	incorrect).



2.	The	correct	answer	is	C.
Rationale:	 Lead	 and	 concrete	 are	 the	 most	 common	 forms	 of	 protection

against	gamma	radiation	including	that	emitted	from	medical	devices	(choice	C
is	correct).	Alpha	radiation	will	not	penetrate	 intact	skin,	and	beta	particles	are
stopped	 by	 clothing,	making	 lead	 and	 concrete	 not	 the	 best	 protection	 options
(choices	 A	 and	 B	 are	 incorrect).	 Lead	 is	 not	 effective	 for	 stopping	 neutrons
(choice	D	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 The	 neurological	 subsyndrome	 occurs	 among	 those	 exposed	 to

20	Gy	(choice	B	is	correct)	who	also	have	the	gastrointestinal	and	hematopoietic
subsyndromes.	 Those	 exposed	 to	 6	 Gy	 often	 develop	 the	 gastrointestinal
subsyndrome	 (choice	 A	 is	 incorrect)	 in	 addition	 to	 the	 hematopoietic
subsyndrome	 that	occurs	 among	 those	 exposed	 to	1	or	more	 cGy	 (choice	C	 is
incorrect).
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Chapter	129
Critical	Care	Consequences	of	Weapons
(or	Agents)	of	Mass	Destruction—
Biological	Agents	of	Mass	Destruction
Ryan	C.	Maves,	Bhavita	J.	Gaglani,	Charles	G.	Volk1,	Konrad	L.	Davis

1Title	17	U.S.C.	§105	provides	that	“Copyright	protection	under	this	title	is	not	available	for	any
work	of	the	United	States	Government.”	Title	17	U.S.C.	§101	defines	a	US	Government	work	as	a
work	prepared	by	a	military	service	member	or	employee	of	the	US	Government	as	part	of	that
person’s	official	duties.	The	views	expressed	in	this	article	are	those	of	the	authors	and	do	not
necessarily	reflect	the	official	policy	or	position	of	the	Department	of	the	Navy,	the	Department	of
Defense,	or	the	US	Government.

KEY	POINTS:
1.	 Diseases	such	as	plague,	anthrax,	and	tularemia	can	present

sporadically,	but	the	incidence	of	multiple	cases	in	a	cluster	or	large
outbreak	suggests	the	possibility	of	a	bioterrorism	attack.

2.	 Anthrax,	plague,	and	tularemia	have	overlapping	syndromes	that
include	lymphatic/cutaneous,	pulmonary,	and	systemic	forms.

3.	 Mortality	for	these	diseases	can	be	high	if	appropriate	early	therapy
is	not	initiated.	The	first	line	of	defense	against	these	agents	is	the
astute	clinician	at	the	bedside.

INTRODUCTION

OVERVIEW
Ancient	 use	 of	 contaminated	water,	 animal	 carcasses,	 and	 toxins	 used	 as	 tools
against	enemy	forces	date	as	early	as	prehistoric	times	and	the	first	evidence	of



mass	 use	 was	 in	 184	 BCE	 when	 Hannibal	 ordered	 serpent-filled	 pots	 to	 be
hurled	onto	enemy	decks	in	the	Battle	of	the	Eurymedon.	The	pots	shattered,	and
the	 ensuing	 chaos	 gave	 victory	 to	 the	 Carthaginians.	 During	 the	 French	 and
Indian	War	 in	1763,	British	Captain	Simeon	Ecuyer	used	“two	Blankets	 and	a
Handkerchief	 from	 the	Smallpox	Hospital”	 intentionally	as	 a	biologic	agent	 to
weaken	 Native	 Americans’	 support	 of	 the	 French,	 leading	 to	 outbreaks	 of
smallpox	 among	 tribes	 in	 the	 Ohio	 region.1	 German,	 Japanese,	 British,	 and
American	forces	all	evaluated	the	potential	use	of	bioweapons	during	World	War
I.	 In	October	 2001,	 anthrax	 attacks	 in	 the	US	mail	 system	 led	 to	 22	 cases	 of
anthrax	 and	 five	 deaths.2	More	 recently,	 armed	 conflicts	 in	 Syria	 and	Ukraine
have	 raised	 concern	 about	 the	 use	 of	 biological	 weapons	 in	 warfare.	 These
events	 demonstrate	 the	 need	 for	 clinicians	 to	 be	 prepared	 to	 deal	 with
bioterrorism	attacks	in	their	respective	communities.	Additionally,	the	concept	of
“biocrime”	is	important	for	clinicians	to	distinguish,	where	there	is	a	malevolent
motivation	to	use	a	biologic	agent	against	an	individual	person.3

The	Centers	for	Disease	Control	and	Prevention	(CDC)	categorizes	potential
bioterrorism	 agents	 based	 on	 their	 severity,	 availability,	 and	 potential	 for
widespread	 harm	 in	 the	 event	 of	 release.	 The	 agents	 in	 each	 category	 are
summarized	in	Table	129.1.	Category	A	agents	have	the	greatest	potential	for	the
production	 of	 mass	 casualties	 and	 a	 major	 adverse	 public	 health	 impact.
Category	 B	 agents	 have	 potential	 for	 large-scale	 dissemination	 and	 mass
casualties	 but	 with	 less	 illness	 and	 death	 than	 category	A	 agents.	Category	C
agents	are	 those	 that	do	not	pose	a	high	bioterrorism	 threat	at	 the	present	 time
but	could	emerge	as	a	future	 threat.	This	chapter	focuses	on	category	A	agents
that	have	the	greatest	ability	to	cause	mass	casualties	and	significant	loss	of	life.
However,	some	category	B	agents,	such	as	ricin,	are	also	discussed	because	of
their	 potential	 to	 be	 used	 as	 clandestine	 agents	 of	 terrorism.4	 Table	 129.2
provides	 the	clinician	some	useful	emergency	response	phone	numbers	 in	case
there	is	suspicion	of	an	incident.

TABLE	129.1

Bioterrorism	Risk	Categories

Category	A Category	B Category	C

Bacillus	anthracis Coxiella	burnetii	(Q Nipah	virus



(anthrax)
Yersinia	pestis	(plague)
Variola	major
(smallpox)
Clostridium	botulinum
(botulism)
Francisella	tularensis
(tularemia)
Viral	hemorrhagic
fevers

fever)
Brucella	spp.
(brucellosis)
Burkholderia	mallei
(Glanders)
Ricin
Clostridium
perfringens	
Epsilon	toxin
Staphylococcal
enterotoxin	B

Hantavirus
Tick-borne	hemorrhagic
fever	viruses
Tick-borne	encephalitis
viruses
Yellow	fever
Multidrug-resistant
tuberculosis

Adapted	from	CDC.gov,	Christian	MD.	Biowarfare	and	bioterrorism.	Crit	Care	Clin.	2013;29:717-
756.

TABLE	129.2

Emergency	Response	Phone	Numbers

USAMRIID	emergency	response	line 888-872-
7443

U.S.	Army	Chemical	Materials	Activity	Operations	Center
line

410-436-
4484

(CDC)	Emergency	response	line 770-488-
7100

FEMA	Center	for	Domestic	Preparedness	line 866-213-
9553

CDC,	Centers	for	Disease	Control	and	Prevention;	FEMA,	Federal	Emergency	Management
Agency;	USAMRIID,	U.S.	Army	Medical	Research	Institute	of	Infectious	Diseases.

SMALLPOX
The	 last	 case	 of	 endemic	 smallpox	 occurred	 in	 Somalia	 in	 1977.	 In	 1980,	 the
World	 Health	 Organization	 (WHO)	 declared	 that	 the	 disease	 was	 eradicated.



However,	in	recent	years	there	has	been	renewed	concern	about	the	variola	virus,
the	causative	agent	of	smallpox,	primarily	owing	to	the	potential	of	variola	as	a
biologic	weapon	of	mass	destruction.	As	a	result	of	this	concern,	the	WHO	has
restricted	the	number	of	laboratories	officially	authorized	to	serve	as	repositories
for	the	variola	virus	to	two:	the	CDC	in	Atlanta,	Georgia,	and	the	Vector	Institute
in	Novosibirsk,	Russia.5

Although	 smallpox	 has	 been	 officially	 declared	 to	 be	 eradicated,	 there	 is	 a
possibility	 for	 its	 reemergence.	 Live	 smallpox	 virus	 has	 been	 inadvertently
stored	 in	 laboratories	 from	 past	 experiments,	 leading	 to	 the	 potential	 for
accidental	 release.6	 There	 is	 historical	 evidence	 of	 smallpox	 virus	 survival	 in
interred	and	exhumed	individuals	from	the	18th	century.7

The	US	military	began	vaccination	of	deploying	forces	against	smallpox	on
December	 13,	 2002.8	 Much	 has	 been	 learned	 regarding	 the	 indications,
contraindications,	 and	 efficacy	 of	 the	 vaccine	 since	 this	 mass	 immunization
process	 began.	 Considerable	 thought	 has	 also	 been	 given	 to	 the	 dire
consequences	of	a	smallpox	attack	and	 the	preparations	necessary	 to	manage	a
large-scale	 epidemic	 resulting	 from	 such	 an	 attack.9	 This	 section	 focuses	 on
those	 aspects	 of	 smallpox	 infection	 that	 are	 most	 relevant	 to	 the	 critical	 care
physician.

Virology
The	causative	agent	of	smallpox,	the	variola	virus,	is	a	member	of	the	Poxviridae
family,	subfamily	Chordopoxvirinae,	and	genus	Orthopoxvirus.	This	genus	also
includes	vaccinia	(used	in	the	smallpox	vaccine),	monkeypox	virus,	camel	pox,
and	 cowpox.	 The	 variola	 virus,	 like	 other	 poxviruses,	 is	 a	 large,	 enveloped,
deoxyribonucleic	 acid	 (DNA)	 virus.	 Poxviridae	 are	 the	 only	 viruses	 that	 can
replicate	in	the	cytoplasm	of	cells	without	involvement	of	the	cell	nucleus.	The
variola	virus	has	a	brick-shaped	morphology,	measures	260	by	150	nm,	and	has
one	of	 the	 largest	viral	genomes	known.	Humans	are	 the	only	known	reservoir
for	 the	 variola	 virus,	 although	monkeys	 are	 susceptible	 to	 infection.	There	 are
two	 strains	 of	 variola,	 variola	major	 and	 variola	minor.	Variola	major	 is	more
virulent	 with	 a	 mortality	 rate	 between	 20%	 and	 50%	 in	 infected	 individuals.
Variola	minor	causes	a	similar	illness,	but	the	mortality	is	less	than	1%.10

Transmission	and	Pathogenesis
Transmission	 of	 variola	 occurs	 from	 person	 to	 person	 by	 the	 dispersion	 of



respiratory	droplet	nuclei.	Transmission	is	enhanced	by	infected	individuals	who
have	 a	 cough,	 although	 detailed	 dispersal	 and	 pathogenic	 mechanisms	 are
unclear	 owing	 to	 limited	 technologic	 tools	 available	 when	 smallpox	 was
endemic.11	 Although	 infrequent,	 infection	 has	 occurred	 following	 contact	with
infected	clothing,	bedding,	or	other	contaminated	fomites.12

Following	 inhalation,	 the	 variola	 virus	 seeds	 the	 mucus	 membranes	 of	 the
upper	 and	 lower	 respiratory	 tract	 and	 then	migrates	 to	 regional	 lymph	 nodes,
where	viral	replication	occurs.	Viral	replication	in	regional	lymph	nodes	leads	to
viremia,	resulting	in	systemic	dissemination	of	the	virus	to	the	liver,	spleen,	skin,
lung,	brain,	bone	marrow,	and	other	organs.	Clinical	symptoms	typically	develop
after	an	incubation	period	of	7	to	17	days.	Following	the	initial	infection	period
of	1	to	4	days	in	which	viremia	occurs,	 the	clinical	manifestations	of	smallpox
appear	in	a	series	of	distinct	phases.	These	phases	are	uniquely	characteristic	of
smallpox	and	are	summarized	in	Table	129.3.

TABLE	129.3

Smallpox
Disease Smallpox	Signs	and	Symptoms

Incubation
period
(duration:
7-17	d)
Not
contagious

Exposure	to	the	virus	is	followed	by	an	incubation	period
during	which	people	do	not	have	any	symptoms	and	may	feel
fine.	This	incubation	period	averages	about	12-14	d	but	can
range	from	7-17	d.	During	this	time,	people	are	not	contagious.

Initial
symptoms
(prodrome)
(duration:
2-4	d)
Sometimes
contagiousa

The	first	symptoms	of	smallpox	include	fever,	malaise,
headache	and	body	ache,	and	sometimes	vomiting.	The	fever	is
usually	high,	in	the	range	of	101-104	°F.	At	this	time,	people	are
usually	too	sick	to	carry	on	their	normal	activities.	This	is	called
the	prodrome	phase	and	may	last	for	2-4	d.

Early	rash
(duration:
about	4	d)
Most

A	rash	emerges	first	as	small	red	spots	on	the	tongue	and	in	the
mouth.
These	spots	develop	into	sores	that	break	open	and	spread	large
amounts	of	the	virus	into	the	mouth	and	throat.	At	this	time,	the



contagious	 person	becomes	most	contagious.
Around	the	time	the	sores	in	the	mouth	break	down,	a	rash
appears	on	the	skin,	starting	on	the	face	and	spreading	to	the
arms	and	legs	and	then	to	the	hands	and	feet.	Usually,	the	rash
spreads	to	all	parts	of	the	body	within	24	h.	As	the	rash	appears,
the	fever	usually	falls	and	the	person	may	start	to	feel	better.
By	the	third	day	of	the	rash,	the	rash	becomes	raised	bumps.
By	the	fourth	day,	the	bumps	fill	with	a	thick,	opaque	fluid	and
often	have	a	depression	in	the	center	that	looks	like	a	belly
button.	(This	is	a	major	distinguishing	characteristic	of
smallpox.)
Fever	often	will	rise	again	at	this	time	and	remain	high	until
scabs	form	over	the	bumps.

Pustular
rash
(duration:
about	5	d)
Contagious

The	bumps	become	pustules—sharply	raised,	usually	round
and	firm	to	the	touch	as	if	there’s	a	small	round	object	under	the
skin.	People	often	say	the	bumps	feel	like	BB	pellets	embedded
in	the	skin.

Pustules
and	scabs
(duration:
about	5	d)
Contagious

The	pustules	begin	to	form	a	crust	and	then	scab.
By	the	end	of	the	second	week	after	the	rash	appears,	most	of
the	sores	have	scabbed	over.

Resolving
scabs
(duration:
about	6	d)
Contagious

The	scabs	begin	to	fall	off,	leaving	marks	on	the	skin	that
eventually	become	pitted	scars.	Most	scabs	will	have	fallen	off
3	wks	after	the	rash	appears.
The	person	is	contagious	to	others	until	all	of	the	scabs	have
fallen	off.

Scabs
resolved
Not
contagious

Scabs	have	fallen	off.	Person	is	no	longer	contagious.

aSmallpox	may	be	contagious	during	the	prodrome	phase	but	is	most	infectious	during	the	first	7
to	10	d	following	rash	onset.
From	https://www.cdc.gov/smallpox/symptoms/index.html.	Accessed	September	17,	2016;

https://www.cdc.gov/smallpox/symptoms/index.html


https://upload.wikimedia.org/wikipedia/commons/6/6a/Smallpox_%28variola_orthopox_virus_%29_Early_Rash_vs_chickenpox.gif

Unlike	 varicella,	 the	 skin	 lesions	 of	 smallpox	 are	mostly	 of	 the	 same	 and
same	 stage	of	development	 throughout	 each	clinical	phase	 (Figures	129.1	 and
129.2).	In	contrast,	the	skin	lesions	associated	with	varicella	are	greatest	on	the
trunk,	 spare	 the	hands	 and	 soles,	 and	 are	 at	multiple	 stages	 at	 any	given	 time,
with	papules,	vesicles,	and	crusts	all	present	simultaneously.

	

Figure	 129.1 	 Smallpox	 pustular	 phase	 umbilicated	 lesions.
(Picture	 from	 Quick	 Bio-Agents	 Guide.	 1st	 ed.;	 2012.	 Accessed
September	 21,	 2016.
http://www.usamriid.army.mil/education/instruct.htm).

	

Figure	 129.2 	 Smallpox	 pustular	 lesions	 of	 the	 hands.(Picture
from	Quick	 Bio-Agents	 Guide.	 1st	 ed.;	 2012.	 Accessed	 September

https://upload.wikimedia.org/wikipedia/commons/6/6a/Smallpox_%28variola_orthopox_virus_%29_Early_Rash_vs_chickenpox.gif
http://www.usamriid.army.mil/education/instruct.htm


21,	2016.	http://www.usamriid.army.mil/education/instruct.htm).

The	 historical	 mortality	 rate	 from	 the	 usual	 variety	 of	 smallpox	 was	 3%
among	vaccinated	 individuals	and	30%	among	 the	unvaccinated.	The	 systemic
inflammatory	 response	 to	 smallpox	 results	 in	 severe	 hypotension	 during	 the
second	 week	 of	 illness.	 Respiratory	 complications,	 such	 as	 pneumonia,	 and
secondary	bacteremia	are	common.	Severe	intravascular	volume	and	electrolyte
imbalances	 may	 occur,	 along	 with	 associated	 acute	 kidney	 injury.	 Rare
secondary	manifestations	include	encephalitis,	arthritis,	and	orchitis.10

Two	 atypical	 manifestations	 of	 smallpox	 have	 very	 high	 mortality	 rates.
Hemorrhagic	 smallpox	 occurs	 in	 less	 than	 3%	 of	 infected	 individuals.	 The
hemorrhagic	 form	 is	 characterized	 by	 a	 short	 incubation	 period	 and	 an
erythematous	 skin	 eruption	 that	 later	 becomes	 petechial	 and	 hemorrhagic,
similar	 to	 the	 lesions	 seen	 in	 meningococcemia.	 Most	 individuals	 with	 the
hemorrhagic	 form	 of	 smallpox	 die	 5	 to	 6	 days	 after	 onset	 of	 the	 rash.	 The
malignant	 form,	or	“flat	 smallpox,”	 is	characterized	by	a	 fine-grained,	 reddish,
nonpustular,	 and	 confluent	 rash,	 occasionally	with	 hemorrhage.	The	malignant
form	occurs	in	2%	to	5%	of	infected	individuals.	Affected	patients	have	severe
systemic	illness	and	most	die	within	several	days.	Pulmonary	edema	is	frequent
with	 both	 hemorrhagic	 and	malignant	 (flat)	 smallpox,	 contributing	 to	 the	 high
mortality.10

The	primary	long-term	sequelae	of	smallpox	are	the	“pockmarks”	that	affect
the	 skin.	These	pitted	 lesions	may	permanently	 scar	 the	 face.	Panophthalmitis,
viral	 keratitis,	 and	 corneal	 ulcers	 can	 cause	 permanent	 blindness	 in	 1%	 of
infected	individuals.	Infection	with	smallpox	results	in	lifelong	immunity.13

Diagnosis
The	differential	diagnosis	of	papulovesicular	 lesions	 that	can	be	confused	with
smallpox	includes	chickenpox	(varicella),	shingles	(herpes	zoster),	disseminated
herpes	 simplex,	 monkeypox,	 drug	 eruptions,	 generalized	 vaccinia,	 eczema
vaccinatum,	 impetigo,	 bullous	 pemphigoid,	 erythema	 multiforme,	 molluscum
contagiosum,	 and	 secondary	 syphilis.	 Severe	 varicella	 is	 the	 most	 common
eruption	 that	 can	 be	 confused	 with	 smallpox.	Table	 129.4	 delineates	 clinical
features	that	can	help	to	distinguish	varicella	from	smallpox.

TABLE	129.4

http://www.usamriid.army.mil/education/instruct.htm


Distinguishing	Characteristics	Between	Smallpox	and
Chickenpox

Smallpox Chickenpox

Prodrome 2-4	d	of	high	fever,	headache
backache,	vomiting,	abdominal
pain

Absent	to	mild,	1	d

Rash Starts	in	oral	mucosa,	spreads
to	face,	and	expands
centripetally

Starts	on	trunk	and	expands
centrifugally

Palms/soles Common Rare

Timing Lesions	appear	and	progress	at
same	time

Lesions	occur	in	crops;
lesions	at	varied	stages	of
maturation

Pain May	be	painful Often	pruritic

Depth Pitting	and	deep	scars Superficial;	does	not	scar

Smallpox	can	be	confirmed	by	the	analysis	of	skin	scrapings,	vesicular	fluid,
or	 oropharyngeal	 swabs.	 Polymerase	 chain	 reaction	 (PCR)	 assays	 are	 the
mainstay	 of	 smallpox	 diagnosis.	 Serological	 testing	 is	 not	 useful	 for
differentiating	 the	 variola	 virus	 from	 other	 orthopoxviruses.	 If	 smallpox	 is
suspected,	 the	 local	 public	 health	 department	 must	 be	 notified	 immediately.
Public	 health	 departments	 can	 provide	 valuable	 assistance	 in	 collecting
specimens	and	getting	them	to	an	appropriate	laboratory	for	analysis.	Laboratory
specimens	 should	 only	 be	 manipulated	 and	 processed	 at	 laboratories	 with
biosafety	level	4	facilities.	Specimens	should	be	collected	using	respiratory	and
contact	 isolation	 procedures,	 ideally	 by	 previously	 vaccinated	 personnel.
Specimen	collection	techniques	and	guidelines	are	available	from	public	health
departments,	WHO,	and	the	CDC.14

Infection	Control
Individuals	with	smallpox	are	most	infectious	within	the	first	7	to	10	days	of	the



rash,	 but	 the	 disease	 is	 contagious	 until	 all	 crusted	 lesions	 have	 fallen	 off.10
Secondary	cases	occur	among	family	members	or	health	care	workers	who	are
exposed	to	an	infectious	individual.	The	rate	of	transmission	may	be	as	high	as
six	 new	 cases	 for	 every	 infected	 person	 among	 unvaccinated	 contacts.15	 All
individuals	who	have	direct	 contact	with	 the	 index	case	 should	be	quarantined
for	17	days	 in	 respiratory	 isolation.	Home	quarantine	will	be	necessary	during
mass	 casualty	 situations.	 Health	 care	 workers	 caring	 for	 infected	 individuals
should	 be	 vaccinated	 and	 use	 strict	 airborne	 and	 contact	 isolation	 procedures.
Infected	 patients	 should	 be	 placed	 in	 respiratory	 and	 contact	 precautions	 and
managed	 in	 a	 negative-pressure	 isolation	 room.	 Patients	 should	 remain	 under
precautions	 until	 all	 crusted	 lesions	 have	 fallen	 off.	 Patients	 and	 exposed
personnel	 should	 also	 be	 vaccinated	when	 the	 disease	 is	 in	 the	 early	 stage.	 If
performed	early,	vaccination	may	significantly	decrease	the	severity	of	smallpox
symptoms.13,16

Treatment
Cidofovir	is	a	long-acting	nucleotide	analogue	antiviral	drug,	currently	approved
in	the	United	States	for	use	in	cytomegalovirus	(CMV)	retinitis.	This	agent	has
broad-spectrum	 in	 vitro	 activity	 against	 numerous	 DNA	 viruses,	 including
orthopoxviruses	in	animal	models.	Cidofovir	must	be	administered	intravenously
and	 carries	 a	 high	 risk	 of	 nephrotoxicity,	 requiring	 coadministration	with	 oral
probenecid	to	minimize	this	risk.	Cidofovir	given	at	the	time	of,	or	immediately
following,	 exposure	 has	 the	 potential	 to	 prevent	 cowpox,	 vaccinia,	 and
monkeypox.	 Aerosolized	 cidofovir	 has	 been	 shown	 to	 protect	 mice	 against
intranasal	challenge	with	the	cowpox	virus.17

Tecovirimat	(previously	known	as	ST-246)	was	approved	in	the	United	States
in	 2018	 for	 the	 treatment	 of	 smallpox	 caused	 by	 variola	 virus	 in	 adults	 and
pediatric	 patients	 weighing	 at	 least	 13	 kg.	 Consistent	 with	 its	 targeting	 of	 an
orthopoxvirus-specific	 protein,	 tecovirimat	 had	 low	 cytotoxicity	 and	 a	 wide
therapeutic	index	for	inhibiting	orthopoxviruses	in	cell	culture.	Tecovirimat	has
not	been	 tested	 in	humans	with	smallpox	but	has	been	given	 to	healthy	human
volunteers,	confirming	its	safety.	Common	side	effects	include	headache,	nausea,
abdominal	 pain,	 and	vomiting.	The	proposed	dosing	 regimen	 (600	mg	 twice	 a
day	for	14	days)	has	been	demonstrated	to	be	safe	and	well	tolerated	in	healthy
volunteers.	Treatment	showed	high	efficacy	when	administered	to	animals	up	to
5	days	after	exposure,	at	the	onset	of	symptoms.18

Brincidovir	 is	 an	 oral	 lipid	 conjugate	 derivative	 of	 cidofovir	 and	 was
approved	in	the	United	States	in	2021	for	the	treatment	of	smallpox	in	adults	and



pediatric	patients,	including	neonates.	Brincidofovir	has	in	vitro	activity	against
adenoviruses	and	other	double-stranded	DNA	viruses	and	has	been	evaluated	in
multiple	 trials	 against	 other	 DNA	 viral	 infections,	 particularly	 adenovirus	 and
CMV	 in	 immunocompromised	 hosts.19	 For	 brincidofovir	 use	 in	 smallpox,	 the
adult	 regimen	 is	 200	mg	 by	mouth,	 given	 on	 days	 1	 and	 8.	Common	 adverse
reactions	 include	diarrhea,	nausea,	vomiting,	and	abdominal	pain.	 It	appears	 to
have	a	superior	renal	safety	profile	when	compared	to	cidofovir.20

Vaccinia	 immune	 globulin	 (VIG)	 is	 an	 investigational	 agent	 that	 improves
survival	in	animal	models	of	orthopoxvirus	infection,	but	its	benefit	in	smallpox
is	unproven21	(Table	129.5).

TABLE	129.5

Agents	in	the	Treatment	of	Smallpox

Agent Mechanism	and	Response

Cidofovir Long-acting	nucleotide	analogue	that	selectively	inhibits	viral
DNA	polymerase.	Intravenous,	nephrotoxic;	must	be
coadministered	with	probenecid.	Investigational	inhaled	form
(NanoFOVIR,	Nanotherapeutics	Corp.,	Florida,	United
States)	under	investigation	for	postexposure	prophylaxis	in
rabbit	model	of	poxvirus	infection

Brincidofovir
(CMX001)

Lipid-conjugated	form	of	cidofovir;	may	be	administered
orally

Tecovirimat
(ST-246)

Inhibits	poxvirus	egress	from	infected	host	cells,	with
reductions	in	dermal	lesion	counts,	oropharyngeal	virus
shedding,	and	viral	DNA	circulating	in	the	blood	of
nonhuman	primates.	Resistance	has	been	described	when	used
in	treatment	of	human	disseminated	vaccinia.

VIG Investigational.	Utilized	in	the	treatment	of	disseminated
vaccinia	with	experience	during	monkeypox	outbreaks.	No
human	data	on	efficacy	against	smallpox.	Must	be	obtained
from	CDC	Strategic	National	Stockpile	via	state	public	health
departments.



Derived	from	Smee	DF.	Orthopoxvirus	inhibitors	that	are	active	in	animal	models:	an	update	from
2008	to	2012.	Future	Virol.	2013;8:891-901.

CDC,	Centers	for	Disease	Control	and	Prevention;	DNA,	deoxyribonucleic	acid;	VIG,	vaccinia
immune	globulin.

Immunization
Smallpox	 vaccination	 is	 based	 on	 the	 principle	 of	 cross-immunity	 between
variola	 and	vaccinia,	 a	derivative	of	 the	 closely	 related	 cowpox	virus	 (and	 the
ultimate	source	of	the	word	“vaccine”).	Vaccination	continues	to	be	the	mainstay
of	 smallpox	 prevention.	 First-generation	 live	 virus	 vaccines	 (Dryvax,	 Lancy-
Vaxina,	 and	 L-IVP)	 were	 effective,	 but	 at	 the	 cost	 of	 numerous	 side	 effects,
reactions,	and	contraindications.	Newer-generation	vaccines	include	replication-
competent	 vaccines	 such	 as	 ACAM2000	 (Sanofi	 Pasteur)	 and	 the	 APSV
(Aventis	Pasteur),	which	are	capable	of	replication	in	human	cells,	and	modified
vaccinia	 Ankara	 (MVA,	 Bavarian	 Nordic),	 a	 highly	 attenuated	 vaccinia	 strain
that	is	incapable	of	replication	in	mammalian	cells	and	is	recommended	for	use
in	 immunocompromised	 persons	 for	 whom	ACAM2000	 and	 APSV	would	 be
contraindicated.	There	 has	 been	 considerable	 discussion	 regarding	 the	 efficacy
of	 preexposure	mass	 vaccination	 to	 protect	 the	 public	 against	 smallpox	 in	 the
event	 of	 a	 bioterrorism	attack.	The	CDC	maintains	 three	 smallpox	vaccines	 in
the	 national	 stockpile:	 ACAM2000,	 APSV,	 and	MVA.19	Table	 129.6	 provides
recommended	usage.

TABLE	129.6

Summary	of	CDC	Recommendations	for	Smallpox	Vaccine
Use	During	a	Postevent	Vaccination	Program,	by
Population	and	Risk

Population
Exposed	to
Smallpox
Virus

High	Risk	for
Smallpox	Infection
without	Known
Exposure	to	Smallpox
Virus

Persons	without	severe
immunodeficiency	or	relative

Recommended
with

Recommended	with
ACAM2000



contraindications ACAM2000

Severely	immunodeficient
persons	who	are	not	expected	to
benefit	from	smallpox	vaccine
include	those	with:

HIV	CD4	cell	count	<
50	cells/μL
Bone	marrow	transplant
(<4	mo)
SCID
Complete	DiGeorge
syndrome
Other	immunocompromised
states	requiring	isolation

Not
recommended
but	reasonable
to	consider
MVA	when
antivirals	are
not
immediately
available

Not	recommended

Persons	with	other
immunocompromised	states	(ie,
solid	organ	transplant	recipients
within	3	mo	of	transplantation,
bone	marrow	transplant
recipients	during	the	4-24	mo
time	period	following
transplantation,	transplant
recipients	with	active	graft-vs-
host	disease,	and	individuals
receiving	immunosuppressive
therapies)

Recommended
with
ACAM2000

Recommended	with	MVA
if	vaccine	is	available	and
regulatory	mechanism	in
place

Atopic	dermatitis Recommended
with
ACAM2000

Recommended	with	MVA
but	ACAM2000	preferred
for	persons	with	history
of	smallpox	vaccination
without	complications

HIV	CD4	cell	count	50-
199	cells/μL

Recommended
with
ACAM2000

Recommended	with	MVA



HIV	CD4	cell	count	>200	cells/
μL

Recommended
with
ACAM2000

Recommended	with
ACAM2000

Allergy	to	vaccine	or	vaccine
component

Previous	dose:
Recommended
with
ACAM2000	in
facility
capable	of
treating	an
anaphylactic
reaction
Vaccine
component	of
ACAM2000:
Recommended
with	APSV,
but	if
unavailable,
administer
ACAM2000	in
facility
capable	of
treating	an
anaphylactic
reaction

If	available,	use	vaccine
that	does	not	contain	the
known	allergen	(vaccine
strain	or	component).	If
such	a	vaccine	is
unavailable,	the	person
should	be	offered
vaccination	with	any
available	smallpox
vaccine	in	a	facility
capable	of	treating	an
anaphylactic	reaction

Pregnant	and	breastfeeding
womena

Recommended
with
ACAM2000

Recommended	with
ACAM2000

Age:	pediatric	and	geriatrica Recommended
with
ACAM2000

Recommended	with
ACAM2000

Known	heart	disease	or	cardiac
risk	factorsa

Recommended
with
ACAM2000

Recommended	with
ACAM2000



Health	care	workersa Recommended
with
ACAM2000

Recommended	with
ACAM2000

Persons	who	cannot	be
vaccinated	for	any	reason	(eg,
medical	conditions,	resource
constraints,	or	otherwise)

Provide	clear	information	about	prodromal
and	disease-specific	manifestations,	how	to
self-assess	for	these	symptoms,	and	when
and	where	to	seek	care	if	these	symptoms
occur.	Monitor	for	signs	and	symptoms
suggestive	of	smallpox,	including	fever	and
prostration

aPersons	with	a	relative	contraindication	should	be	classified	on	the	basis	of	the	relative
contraindication	rather	than	on	their	pregnancy,	breastfeeding,	age,	cardiac,	or	health	care	worker
status.

CD4,	cluster	of	differentiation	4;	CDC,	Centers	for	Disease	Control	and	Prevention;	HIV,	human
immune	deficiency	virus;	SCID,	severe	combined	immunodeficiency;	MVA,	modified	vaccinia
Ankara.
From	Petersen	BW	DI,	Pertowski	CA.	Clinical	guidance	for	smallpox	vaccine	use	in	a	postevent
vaccination	program.	MMWR	Recomm	Rep.	2015;64:1-30.

The	 most	 common	 adverse	 reactions	 following	 smallpox	 vaccination	 are
tenderness	and	erythema	at	the	injection	site	and	secondary	bacterial	infections.22
Inadvertent	autoinoculation	of	another	body	site,	generalized	vaccinia	 (vesicles
or	pustules	appearing	on	normal	skin	distant	from	the	vaccination	site),	eczema
vaccinatum,	vaccinia	keratitis,	encephalitis,	and	progressive	vaccinia	have	been
reported	 in	 primary	 vaccinations.	 Myopericarditis	 was	 reported	 for	 200	 cases
from	a	prior	US	military	vaccination	program,	at	a	rate	of	117	cases	per	million
vaccines.23	This	postvaccination	myopericarditis	is	likely	to	be	immunologically
mediated	and	not	the	result	of	direct	infection	of	the	myocardium.	The	reported
rate	 of	 cardiac	 mortality	 is	 1.1	 deaths	 per	 million	 primary	 vaccines.	 Routine
vaccination	is	not	recommended	for	persons	with	known	cardiac	disease	or	three
or	more	risk	factors	for	coronary	artery	disease,	but	vaccination	is	recommended
for	persons	following	a	known	exposure	or	at	high	risk	for	exposure.13

Contraindications	 to	 smallpox	 vaccination	 include	 immunocompromise;
eczema;	 exfoliative	 skin	 conditions;	 pemphigus;	 cardiac	 disease	 as	 previously
described;	and	allergy	to	any	component	of	the	vaccine.	Infants	under	1	year	of
age,	 pregnant	 women,	 and	 women	 who	 are	 breastfeeding	 should	 not	 receive
routine	vaccination.	Individuals	who	are	taking	high-dose	corticosteroids	should



not	be	vaccinated	within	1	month	of	completing	corticosteroid	therapy.	Although
testing	 for	 human	 immunodeficiency	 virus	 (HIV)	 is	 not	 mandatory	 prior	 to
smallpox	vaccination,	HIV	testing	should	be	readily	available	to	all	individuals
considering	 smallpox	 vaccination.24	 Individuals	 with	 a	 contraindication	 to
vaccination	 should	 avoid	 people	who	have	 been	 recently	 vaccinated,	 owing	 to
possible	transmission	of	vaccinia	from	viral	shedding	at	the	vaccination	site.25

Health	 care	 workers	 must	 be	 aware	 of	 the	 possibility	 for	 the	 nosocomial
transmission	 of	 vaccinia	 during	 the	 hospitalization	 of	 a	 patient	 recently
vaccinated	 with	 a	 live,	 replication-competent	 vaccine.26	 Direct	 carriage	 of	 the
virus	on	the	hands,	nasal	mucosa,	fomites,	contaminated	equipment,	and	laundry
has	 been	 implicated	 in	 the	 transmission	 of	 vaccinia.	 Risk	 of	 the	 nosocomial
transmission	 can	 be	 mitigated	 by	 several	 simple	 precautions.	 Semipermeable
dressings	 should	 be	 applied	 to	 the	 site	 of	 a	 recent	 vaccination	 and	 changed
frequently	if	there	is	evidence	of	the	accumulation	of	purulent	material.	Gloves
must	 be	 worn	 during	 dressing	 changes	 and	 meticulous	 handwashing	 with
antimicrobial	soap	must	be	performed	by	all	health	care	providers,	both	before
and	 after	 contact	 with	 a	 recently	 vaccinated	 patient.	 Contaminated	 dressings
should	 be	 disposed	 of	 in	 a	 biohazard	 container.	 If	 at	 all	 possible,	 health	 care
workers	who	are	responsible	for	dressing	changes	should	be	vaccinated	against
smallpox,	 but	 nonvaccinated	 individuals	 are	 acceptable	 as	 long	 as	 appropriate
precautions	are	observed.13,27

Treatment	 of	 adverse	 effects	 following	 smallpox	 vaccination	 include
supportive	 therapy;	 administration	 of	 VIG,	 cidofovir,	 brincidofovir,	 or
tecovirimat;	 and	 an	 antiviral	 ophthalmic	 ointment,	 such	 as	 trifluridine	 or
vidarabine,	 for	eye	 involvement.	VIG	 is	available	 from	 the	CDC,	although	 the
supply	 is	 limited.	 Cidofovir	 is	 available	 at	 no	 cost	 from	 the	 CDC	 under
investigational	 use	when	 a	 patient	 fails	 to	 respond	 to	VIG,	 the	 patient	 is	 near
death,	or	all	inventories	of	VIG	are	depleted.	The	dose	of	cidofovir	is	5	mg	per
kg,	given	intravenously,	over	60	minutes	as	a	single	dose.	Brincidofovir	has	been
used	 for	 patients	 with	 disseminated	 vaccinia	 in	 combination	 with	 VIG	 and
tecovirimat	 (ST-246)	with	reasonable	outcomes.28	Based	on	 this	 limited	human
experience	 as	 well	 as	 animal	 data,21	 it	 appears	 that	 combination	 therapy	 with
VIG	and	either	 cidofovir	or	brincidofovir	 represents	 the	best	 available	 therapy
for	disseminated	vaccinia,	and	possibly	for	smallpox,	at	this	time.

In	 the	 event	 of	 an	 intentional	 release	 of	 variola	 virus,	 the	 priority	 of
vaccination	(Table	129.6)	is	as	follows13:

Group	1:	Individuals	directly	exposed	to	the	release.
Group	2:	Individuals	with	face-to-face	household	contact	with	a	directly



exposed	individual.
Group	3:	Personnel	directly	involved	in	the	evaluation,	care,	or	transport	of
infected	patients.
Group	4:	Laboratory	personnel	responsible	for	handling	and	processing
specimens,	and	others	who	may	be	exposed	to	infectious	materials.

ANTHRAX
3 	In	the	fall	of	2001,	22	cases	of	anthrax	with	five	deaths	occurred	in	the	United
States	 due	 to	 anthrax	 spores	 in	 envelopes	 sent	 through	 the	 US	 mail.	 Early
recognition	 and	 treatment	 of	 anthrax	 by	 astute	 clinicians	 was	 responsible	 for
preventing	 additional	 deaths.2	 Identification	 of	 a	 single	 case	 should	 prompt
notification	of	local,	state,	and	national	public	health	authorities.	The	CDC	and
US	military	have	rapid	response	teams	with	specialized	expertise,	 training,	and
equipment	 that	 can	 be	 deployed	 immediately	 to	 assist	 local	 authorities	 in	 the
event	of	a	bioterrorism	attack.29	Cases	of	endemic	anthrax	occur	 in	developing
countries	 worldwide,	 with	 sporadic	 cases	 occurring	 in	 industrialized	 countries
owing	to	occupational	exposure	or	illegal	drug	abuse.

Microbiology
Bacillus	anthracis	 is	 a	 large,	 gram-positive,	 aerobic,	 spore-forming,	 nonmotile
bacillus	as	shown	in	Figure	129.3.	The	endospore	form	of	B.	anthracis	is	found
in	 the	 soil	 of	 many	 regions	 of	 the	 world.	 Its	 virulence	 is	 determined	 by	 two
plasmids.	One	plasmid	involves	the	synthesis	of	a	poly-D-glutamic	acid	capsule
that	 inhibits	phagocytosis	of	vegetative	bacilli	and	 the	other	contains	genes	for
the	synthesis	of	exotoxins.	The	exotoxins	are	known	as	protective	antigen	(PA),
edema	factor,	and	lethal	factor.	The	PA	is	a	binding	protein	that	is	necessary	for
entry	into	the	host	cell	and	combines	with	both	edema	factor	and	lethal	factor	to
produce	 edema	 toxin	 and	 lethal	 toxin.	 Edema	 toxin	 converts	 adenosine
triphosphate	 to	 cyclic	 adenosine	 monophosphate	 (cAMP),	 resulting	 in	 high
intracellular	 cAMP	 levels	 that	 impair	 water	 homeostasis	 and	 thereby	 cause
cellular	 edema.	 Lethal	 toxin	 stimulates	 the	 overproduction	 of	 cytokines,
primarily	tumor	necrosis	factor	α	and	interleukin	1β	that	cause	macrophage	lysis.
The	sudden	release	of	inflammatory	mediators	appears	to	be	responsible	for	the
marked	clinical	toxicity	of	the	bacteremic	form	of	anthrax.30



	

Figure	 129.3 	 Bacillus	 anthracis.This	 photomicrograph	 reveals
numerous	 rod-shaped	 Bacillus	 anthracis	 bacteria,	 demonstrating
typical	 large,	 rectangular-appearing	 gram-positive	 bacilli	 in	 chains
with	 classic	 “box-car”	 morphology.(Reproduced	 from	 the	 Public
Health	 Image	 Library,	 Centers	 for	 Disease	 Control	 and	 Prevention,
http://phil.cdc.gov.)

Clinical	Manifestations
1 	There	are	three	major	forms	of	anthrax	infection.	The	clinical	characteristics	of
each	form	are	determined	by	the	route	of	entry	of	the	anthrax	spores.	Cutaneous
anthrax	 is	 the	 most	 common	 naturally	 occurring	 form,	 comprising
approximately	95%	of	cases.	Spores	enter	 the	body	 through	breaks	 in	 the	 skin
and	 germinate	 within	 days,	 resulting	 in	 soft	 tissue	 or	 mucosal	 edema	 and
localized	necrosis.	Initially,	a	painless	pruritic	papule	appears	as	in	Figure	129.4,
followed	by	vesiculation,	ulceration,	and	a	black	“coal-like”	painless	eschar	as
shown	in	Figure	129.5,	 thereby	demonstrating	 the	origin	or	 the	name,	 anthrax
(anthrax	 is	 the	Greek	word	 for	 coal).	 A	 surrounding	 rim	 of	 nonpitting	 edema
may	distinguish	the	eschar	of	anthrax	from	other	diseases,	such	as	 typhus.	The
eschar	sloughs	within	2	to	3	weeks	of	onset.	Painful	proximal	lymphadenopathy
and	 lymphangitis	may	 accompany	 the	 primary	 lesion.	 Cutaneous	 anthrax	may
spread	hematogenously	with	significant	morbidity	and	death	in	a	small	number
of	 individuals.	Cutaneous	anthrax	has	been	 reported	 to	cause	microangiopathic
hemolytic	anemia,	renal	dysfunction,	and	coagulopathy.31

http://phil.cdc.gov


	

Figure	129.4 	Cutaneous	anthrax	papule.(Picture	from	Quick	Bio-
Agents	 Guide.	 1st	 ed.;	 2012.	 Accessed	 September	 21,	 2016.
http://www.usamriid.army.mil/education/instruct.htm).

http://www.usamriid.army.mil/education/instruct.htm


	

Figure	129.5 	Cutaneous	anthrax	eschar.(Picture	from	Quick	Bio-
Agents	 Guide.	 1st	 ed.;	 2012.	 Accessed	 September	 21,	 2016.
http://www.usamriid.army.mil/education/instruct.htm).

Gastrointestinal	 and	 oropharyngeal	 anthrax	 is	 a	 rare	 manifestation	 of
anthrax,	 usually	 occurring	 following	 the	 ingestion	 of	 contaminated	 meat	 and
mostly	 seen	 in	Africa.	Mucosal	 ulcers,	 edema,	 and	 regional	 lymphadenopathy
are	initial	manifestations.	In	the	oropharyngeal	form,	pseudomembranes	are	seen
in	 the	 oropharynx	 and	 upper	 airway	 obstruction	 can	 develop.	 In	 the
gastrointestinal	 form,	 a	necrotizing	 infection	progresses	 from	 the	 esophagus	 to
the	 cecum.	 Fever,	 nausea,	 vomiting,	 abdominal	 pain,	 gastrointestinal	 bleeding,
and	 bloody	 diarrhea	 are	 typical	 symptoms.	 Death	 results	 from	 intestinal
perforation	or	sepsis.30

The	 third	 form	of	 anthrax	 infection	 is	 inhalational	anthrax.	Anthrax	 spores
are	 1	 to	 1.5	 μm	 in	 size	 and	 easily	 deposit	 in	 the	 alveoli	 following	 inhalation.
There,	 the	 endospores	 are	 phagocytosed	 by	 the	 pulmonary	 macrophages	 and
transported	 via	 lymphatics	 to	 the	 mediastinal	 lymph	 nodes,	 where	 they	 may
remain	dormant	as	“vegetative	cells”	for	approximately	10	to	60	days	or	longer.
Once	germination	 in	 the	 lymph	nodes	 is	complete,	bacterial	 replication	occurs.
The	 replicating	 bacteria	 release	 edema	 and	 lethal	 toxins	 that	 produce	 a
hemorrhagic	mediastinitis.

Inhalational	 anthrax	 may	 present	 as	 a	 biphasic	 illness,	 with	 the	 initial

http://www.usamriid.army.mil/education/instruct.htm


syndrome	resembling	an	upper	respiratory	tract	infection	to	include	fever,	chills,
fatigue,	nonproductive	cough,	nausea,	dyspnea,	chest	pain,	and	myalgias	(Table
129.7).	 These	 symptoms	 typically	 last	 for	 2	 to	 3	 days	 and	 then	 progress	 to	 a
more	severe,	fulminant	illness.	Meningitis	warrants	more	aggressive	therapy	and
must	 be	 considered	 early	 in	 the	 evaluation.29	 Almost	 50%	 of	 patients	 with
inhalational	 anthrax	 develop	 hemorrhagic	 meningitis	 as	 a	 result	 of	 the
hematogenous	 spread	 of	 B.	 anthracis.	 Dyspnea	 and	 shock	 characterize	 the
fulminant	 phase	 of	 inhalational	 anthrax,	 although	 the	 severity	 of	 presentation
may	 vary	 based	 on	 inoculum	 size	 and	 underlying	 host	 factors.32	 Chest
radiographs	 show	 mediastinal	 widening	 and	 pleural	 effusions	 that	 may	 be
massive.	B.	anthracis	 bacilli,	 bacillary	 fragments,	 and	 anthrax	 antigens	 can	 be
identified	 by	 immunohistochemistry	 testing	 of	 the	 pleural	 fluid.33	 Although
parenchymal	 infiltrates	 are	 not	 prominent,	 a	 focal	 hemorrhagic	 necrotizing
pneumonitis	was	noted	in	11	of	42	autopsy	patients	from	the	accidental	release
of	anthrax	in	Sverdlovsk,	USSR	(Union	of	Soviet	Socialist	Republics),	in	1979.
Massive	bacteremia	 causes	overwhelming	 septic	 shock	 and	death	within	hours
after	 the	onset	of	 symptoms.34	The	 lethal	 dose	 to	kill	 50%	of	persons	 exposed
(LD50)	to	weapons-grade	anthrax	is	reported	as	2500	to	55,000	spores,	but	as	few
as	one	to	three	spores	may	be	sufficient	to	cause	infection.35

TABLE	129.7

Number	and	Percentage	of	Symptoms,	Signs,	and
Diagnostic	Findings	at	Hospital	Admission	for	Patients	in
the	United	States	With	Inhalational	Anthrax,	2001-2011

Characteristic No. %

Symptoms

Fever/chills 12/13 92

Fatigue/malaise 12/13 92

Cough 11/13 85

Nausea/vomiting 9/13 69

Diaphoresis 8/13 62



Chest	pain 7/13 54

Myalgia 6/13 46

Confusion 5/13 38

Headache 4/13 31

Signs

Heart	rate	>90	beats/min 13/13 100

Abnormal	core	temperature	fever	>	38.0	°C	or	hypothermia
<36.0	°C)

8/13 62

Hypoxemia	(PaO2	<	85	mm	Hg) 3/9 33

Tachypnea	(>20	breaths/min) 2/13 15

Abnormal	laboratory	value

Elevated	transaminases	(ALT	or	AST	above	normal	limits) 9/11 82

Leukocytosis	(WBC	>	12	×	103/μL) 2/13 15

Radiographic	Findings

Pleural	effusion 9/13 69

Infiltrate 8/13 62

Mediastinal	widening 5/13 38

From	Bower	WA,	Hendricks	K,	Pillai	S,	et	al.	Centers	for	disease	control	and	prevention,	clinical
framework	and	medical	countermeasure	use	during	an	anthrax	mass-casualty	incident,	CDC
recommendations.	MMWR	Recomm	Rep.	2015;64:4.	http://www.cdc.gov/mmwr/indrr_2015.html.
ALT,	alanine	transaminase;	AST,	aspartate	transaminase;	PaO2,	partial	pressure	of	oxygen;	WBC,
white	blood	cells.

Diagnosis
3 	 A	 high	 index	 of	 suspicion	 is	 necessary	 to	 make	 the	 diagnosis	 of	 anthrax.
Laboratory	findings	from	the	US	outbreak	in	2001	showed	that	most	patients	had
a	 neutrophil-predominant	 leukocytosis.	 Elevated	 transaminases,	 hyponatremia,
and	hypoxemia	were	also	noted.36	All	patients	had	abnormal	 chest	 radiographs

http://www.cdc.gov/mmwr/indrr_2015.html


with	 mediastinal	 widening,	 pleural	 effusions,	 consolidation,	 and	 infiltrates
predominating.	Mediastinal	widening	is	strongly	suggestive	of	anthrax,	although
computed	tomography	may	be	necessary	to	confirm	its	presence.37	B.	anthracis
is	 easily	 cultured	 from	blood,	 cerebral	 spinal	 fluid,	 ascites,	 and	vesicular	 fluid
with	 standard	microbiology	 techniques.	 The	 laboratory	must	 be	 notified	when
the	diagnosis	of	anthrax	is	being	considered.	Biosafety	level	2	conditions	apply
for	workers	handling	specimens,	because	most	clinical	specimens	have	spores	in
the	vegetative	state	that	are	not	easily	transmitted.	The	presence	of	large	gram-
positive	rods	in	short	chains	is	considered	presumptive	of	B.	anthracis	until	the
results	 of	 cultures	 and	 other	 confirmatory	 tests	 are	 obtained.	 Confirmatory
testing	 can	 be	 performed	 by	 the	 CDC	 Laboratory	 Response	 Network,	 Public
Health	England	or	Health	Protection	Scotland	in	the	United	Kingdom,	and	other
similar	national	agencies.	Rapid	detection	tests	based	on	immunohistochemistry
and	PCR	techniques	are	available	via	the	Laboratory	Response	Network.38	Nasal
swabs	 are	 only	 useful	 for	 determining	 exposure	 in	 large	 groups	 of	 exposed
persons;	they	have	no	role	in	individual	diagnosis.

Treatment
Owing	to	the	fulminant	course	of	systemic	anthrax,	prompt	initiation	of	therapy
is	 essential	 for	 survival.	 Meningitis	 is	 a	 common	 complication	 of	 systemic
anthrax	and	must	be	treated	empirically	until	excluded	by	lumbar	puncture.39

Systemic	anthrax	should	be	divided	into	meningeal	and	nonmeningeal	disease
for	purposes	of	initial	therapy.	Current	guidelines	for	the	management	of	anthrax
recommend	 the	 combination	 of	 an	 intravenous	 fluoroquinolone	 (ciprofloxacin,
levofloxacin,	 or	 moxifloxacin)	 with	 a	 carbapenem	 (meropenem	 or	 imipenem)
and	either	a	protein-synthesis	inhibitor	(clindamycin	or	linezolid)	or	rifampin	(an
RNA	 polymerase	 inhibitor	 with	 similar	 efficacy	 as	 the	 traditional	 protein-
synthesis	inhibitors).	Once	meningitis	has	been	excluded,	either	a	quinolone	or	a
carbapenem	may	 be	 used;	 combination	 therapy	 is	 no	 longer	 necessary	 in	 that
setting.	 Carbapenems	 may	 be	 replaced	 with	 intravenous	 penicillin	 G	 or
ampicillin	once	susceptibility	has	been	confirmed.	Doxycycline	may	be	used	in
lieu	of	clindamycin	or	linezolid	in	less	severe	nonmeningeal	disease.	There	are
limited	 data	 regarding	 treatment	 of	 pregnant	 women	 for	 anthrax,	 but	 anthrax
infection	 is	 associated	 with	 both	 maternal	 and	 fetal	 death.	 Patients	 who	 are
pregnant,	postpartum,	or	lactating	should	therefore	receive	the	same	treatment	as
nonpregnant	adults	with	few	exceptions.	Tables	129.8	and	129.9	provide	dosage
summaries.



TABLE	129.8

Intravenous	Treatment	for	Systemic	Anthrax	With
Possible/Confirmed	Meningitis

Bactericidal	agent	(fluoroquinolone)	
Ciprofloxacin,	400	mg	every	8	h	
Or	
Levofloxacin,	750	mg	every	24	h
Or	
Moxifloxacin,	400	mg	every	24	h

Plus	
Bactericidal	agent	(β-lactam)	
For	all	strains,	regardless	of	penicillin	susceptibility	or	if	susceptibility	is

unknown
Meropenem,	2	g	every	8	h	
Or	
Imipenem,	1	g	every	6	ha	
Alternatives	for	penicillin-susceptible	strains	only
Penicillin	G,	4	million	units	every	4	h
Or	
Ampicillin,	3	g	every	6	h

Plus	
Protein	synthesis	inhibitor	
Linezolid,	600	mg	every	12	hb	
Or	
Clindamycin,	900	mg	every	8	h	
Or



Linezolid,	600	mg	every	12	hb

Or	
Rifampin,	600	mg	every	12	hc	
Or	
Chloramphenicol,	1	g	every	6-8	hd

Duration	of	treatment:	>2-3	wk	until	clinical	criteria	for	stability	are	met	(see	text).	Patients
exposed	to	aerosolized	spores	will	require	prophylaxis	to	complete	an	antimicrobial	drug	course	of
60	d	from	onset	of	illness.	Systemic	anthrax	includes	anthrax	meningitis;	inhalation,	injection,	and
gastrointestinal	anthrax;	and	cutaneous	anthrax	with	systemic	involvement,	extensive	edema,	or
lesions	of	the	head	or	neck.	Preferred	drugs	are	indicated	in	boldface.
aIncreased	risk	for	seizures	associated	with	imipenem/cilastatin	treatment.
bLinezolid	should	be	used	with	caution	in	patients	with	thrombocytopenia.	Linezolid	use	for	>14	d
has	additional	hematopoietic	toxicity.
cRifampin	is	not	a	protein	synthesis	inhibitor.	However,	it	may	be	used	in	combination	with	other
antimicrobial	drugs	on	the	basis	of	its	in	vitro	synergy.
dShould	only	be	used	if	other	options	are	not	available	because	of	toxicity	concerns.
Recommendations	derived	from	Hendricks	KA,	Wright	ME,	Shadomy	SV,	et	al.	Centers	for
disease	control	and	prevention	expert	panel	meetings	on	prevention	and	treatment	of	anthrax	in
adults.	Emerg	Infect	Dis.	2014;20:e130687.

TABLE	129.9

Intravenous	Therapy	for	Systemic	Anthrax	When
Meningitis	Has	Been	Excluded

Bactericidal	drug	
For	all	strains,	regardless	of	penicillin	susceptibility	or	if	susceptibility	is
unknown
Ciprofloxacin,	400	mg	every	8	h	
Or	
Levofloxacin,	750	mg	every	24	h	
Or	



Moxifloxacin,	400	mg	every	24	h	
Or	
Meropenem,	2	g	every	8	h	
Or	
Imipenem,	1	g	every	6	ha	
Or	
Vancomycin,	60	mg/kg/d	intravenous	divided	every	8	h	(maintain	serum

trough	concentrations	of	15-20	μg/mL)
Alternatives	for	penicillin-susceptible	strains	
Penicillin	G,	4	million	units	every	4	h
Or
Ampicillin,	3	g	every	6	h	

Plus	
Protein	synthesis	inhibitor	
Clindamycin,	900	mg	every	8	h	
Or	
Linezolid,	600	mg	every	12	hb	
Or	
Doxycycline,	200	mg	initially,	then	100	mg	every	12	hc	
Or	
Rifampin,	600	mg	every	12hd¶

Duration	of	treatment:	for	2	wks	until	clinical	criteria	for	stability	are	met.	Patients	exposed	to
aerosolized	spores	will	require	prophylaxis	to	complete	an	antimicrobial	drug	course	of	60	d	from
onset	of	illness.	Systemic	anthrax	includes	anthrax	meningitis;	inhalation,	injection,	and
gastrointestinal	anthrax;	and	cutaneous	anthrax	with	systemic	involvement,	extensive	edema,	or
lesions	of	the	head	or	neck.	Preferred	drugs	are	indicated	in	boldface.
aIncreased	risk	for	seizures	associated	with	imipenem/cilastatin	treatment.
bLinezolid	should	be	used	with	caution	in	patients	with	thrombocytopenia	because	it	might
exacerbate	it.	Linezolid	use	for	>14	d	has	additional	hematopoietic	toxicity.
cA	single	10	to	14	d	course	of	doxycycline	is	not	routinely	associated	with	tooth	staining.



dRifampin	is	not	a	protein	synthesis	inhibitor.	However,	it	may	be	used	in	combination	with	other
antimicrobials	drugs	on	the	basis	of	its	in	vitro	synergy.

Recommendations	derived	from	Hendricks	KA,	Wright	ME,	Shadomy	SV,	et	al.	Centers	for
disease	control	and	prevention	expert	panel	meetings	on	prevention	and	treatment	of	anthrax	in
adults.	Emerg	Infect	Dis.	2014;20:e130687.

The	use	of	systemic	corticosteroids	has	been	suggested	for	meningitis,	severe
edema,	and	airway	compromise.	Cutaneous	anthrax	with	systemic	involvement;
significant	edema;	and	lesions	of	the	head	and	neck	should	be	treated	similarly.
Uncomplicated	cutaneous	anthrax	can	be	treated	with	an	oral	fluoroquinolone	or
doxycycline	for	7	to	10	days;	however,	owing	to	the	possibility	of	concomitant
inhalational	exposure,	a	60-day	course	is	recommended.40

In	 the	 setting	 of	 a	 mass	 event,	 resources	 may	 become	 overwhelmed.	 In
December	 2015,	 the	 CDC	 Working	 Group	 for	 Anthrax	 Countermeasures
proposed	 a	 “Clinical	 Framework	 and	Medical	Countermeasure	Use	During	 an
Anthrax	 Mass-Casualty	 Incident”	 to	 be	 implemented	 only	 if	 triggered	 by
local/state/federal	 authority.29,41	 Figure	 129.6	 shows	 the	 proposed	 triage
algorithm	(also	see	Chapter	126).

	



Figure	 129.6 	 Crisis	 Standards	 of	 Care	 framework	 for	 medical
countermeasure	 prioritization	 among	 hospitalized	 persons	 with
known	 or	 potential	 exposure	 to	 anthrax.The	 clinical	 algorithm
addresses	 four	 decision	 points	 where	 resource	 limitations	 might
impact	 clinical	 management	 during	 an	 anthrax	 mass-casualty
incident.	 The	 first	 decision	 point	 involves	 diagnostic	 evaluation	 of
anthrax	 meningitis,	 which	 is	 necessary	 to	 determine	 optimal
antimicrobial	 therapy.	The	 second	decision	point	 involves	 treatment
regimens	of	combination	intravenous	antimicrobial	therapy.	The	third
decision	point	involves	administration	of	antitoxins,	as	an	adjunctive
therapy.	 The	 fourth	 decision	 point	 involves	 the	 identification	 and
drainage	 of	 fluid	 collections,	 which	 have	 been	 associated	 with	 a
survival	benefit.	Local	triage	teams	should	be	activated	as	outlined	in
the	 IOM	 2012	 Crisis	 Standards	 of	 Care.	 Admission	 criteria	 for
nonsystemically	 ill	 patients	 may	 depend	 on	 local	 and	 regional	 bed
space.	 Clinicians	 may	 choose	 to	 administer	 a	 second	 oral
antimicrobial	for	patients	with	nonspecific	symptoms	of	anthrax	who
do	 not	 meet	 the	 criteria	 for	 hospitalization.	 Close	 follow-up	 is
recommended.	 Patients	 with	 meningitis	 or	 in	 whom	 meningitis
cannot	 be	 excluded	 should	 be	 treated	 aggressively	 and	 receive
antitoxin	 even	 if	 an	 antitoxin	 shortage	 exists.	Drainage	of	 effusions
improves	 survival.	 Clinicians	 experienced	 with	 management	 of
effusions	 should	assess	 for	 significant	 fluid	 collections	and	drain	 as
possible	under	 the	current	standard	of	care.	Patients	with	meningitis
or	in	whom	meningitis	cannot	be	excluded	should	receive	a	minimum
of	14	days	of	IV	antimicrobials	before	stepping	down	to	single	agent.
CNS,	 central	 nervous	 system;	 IOM,	 Institute	 of	 Medicine;	 IV,
intravenous;	PEP,	postexposure	prophylaxis.

Prophylaxis
All	persons	potentially	exposed	to	anthrax	should	receive	prophylaxis	with	oral
ciprofloxacin	(500	mg	twice	daily),	levofloxacin	(500	mg	daily),	or	doxycycline
(100	 mg	 twice	 daily)	 for	 60	 days,	 regardless	 of	 laboratory	 test	 results.	 Nasal
swabs	 can	 confirm	 exposure	 to	 anthrax,	 but	 cannot	 exclude	 it.	 High-dose
penicillin	or	ampicillin	may	be	an	acceptable	alternative	for	60	days	in	patients



who	are	allergic	or	intolerant	to	the	recommended	antibiotics.38
Anthrax	 vaccine	 adsorbed	 (AVA,	 Biothrax,	 Emergent	 BioSolutions)	 is	 the

only	licensed	human	anthrax	vaccine	in	the	United	States.	The	vaccine	consists
of	supernatant	material	from	cultures	of	a	toxigenic,	nonencapsulated	strain	of	B.
anthracis.	A	six-dose	series	has	been	used	by	the	US	military	but	is	not	available
to	 the	 general	 public	 at	 the	 present	 time.	 Approximately	 95%	 of	 vaccinated
individuals	 seroconvert	 after	 the	 third	 dose	 of	 vaccine.	 A	 review	 by	 the	 U.S.
Army	Medical	Research	Institute	of	Infectious	Diseases	(USAMRIID)	reported
a	1%	(101/10,722)	incidence	of	systemic	symptoms,	most	commonly	headache.
Local	 or	 injection	 site	 reactions	 occurred	 in	 3.6%.42	 A	 study	 comparing	 four
subcutaneous	injections	of	anthrax	vaccine	adsorbed	(AVA)	with	three	and	four
intramuscular	 (IM)	 injections	 of	 AVA	 showed	 similar	 immunoprotection	 at
7	 months	 with	 fewer	 adverse	 effects	 at	 the	 injection	 site.	 Following	 an
aerosolized	 B.	 anthracis	 attack,	 postexposure	 prophylactic	 vaccination	 and
antibiotic	 therapy	 remain	 the	most	 effective	 and	 least	 expensive	 strategies.30,38
AV7909	(NuThrax)	is	an	investigational	second-generation	anthrax	vaccine	with
reported	 improved	 immunogenicity	 that	 requires	 fewer	 dose	 administrations	 to
achieve	 protective	 immunity	 than	 AVA.43	 It	 is	 under	 evaluation	 for	 potential
emergency	use	in	the	setting	of	a	large-scale	outbreak.

Adjunctive	 immunotherapy	 is	 available	 in	 the	 event	 of	 suspected	 or
confirmed	anthrax	exposure.	There	are	currently	three	products	available,	 to	be
given	 in	 combination	 with	 antibacterial	 therapy:	 raxibacumab,	 a	 recombinant
monoclonal	 antibody	 directed	 against	 the	B.	 anthracis	 PA44;	 obiltoxaximab,	 a
humanized	 chimeric	 monoclonal	 antibody	 also	 directed	 against	 PA45;	 and
anthrax	 immune	 globulin	 intravenous	 (AIGIV),	which	 is	 a	 purified	 polyclonal
preparation	 of	 antianthrax	 immunoglobulin	 derived	 from	 vaccinated	 human
donors.41	There	 are	no	head-to-head	 trials	 comparing	 these	 three	products	 (nor
do	any	such	 trials	appear	 likely),	but	all	 three	have	been	approved	by	 the	U.S.
Food	 and	 Drug	 Administration	 (FDA)	 and	 are	 reasonable	 adjuncts	 to
antimicrobial	therapy	and	aggressive	critical	care	in	the	treatment	of	anthrax.

TULAREMIA
Tularemia	 is	 a	 zoonosis	 caused	 by	 Francisella	 tularensis,	 an	 intracellular,
nonspore-forming,	 aerobic	 gram-negative	 coccobacillus.	 Its	 primary	 reservoirs
in	 nature	 are	 small	 mammals,	 such	 as	 rodents	 and	 rabbits.	 In	 the	 mid-20th
century,	both	the	United	States	and	the	former	Soviet	Union	developed	biologic
weapons	 that	 could	 disperse	 F.	 tularensis.46	 There	 remains	 concern	 that	 F.



tularensis	could	be	used	as	an	agent	of	bioterrorism.47	In	a	1970	report,	the	WHO
estimated	 that	50	kg	of	 aerosolized	F.	 tularensis	 dispersed	over	a	metropolitan
area	of	5	million	people	could	cause	19,000	deaths	and	250,000	 incapacitating
illnesses.	The	impact	of	such	an	attack	could	linger	for	several	weeks	to	months
because	of	disease	relapses.48

Microbiology
F.	 tularensis	 can	 survive	 in	 moist	 soil,	 water,	 and	 animal	 carcasses	 for	 many
weeks.	Chlorination	of	water	prevents	its	spread	through	water	contamination.	F.
tularensis	 can	 be	 aerosolized,	 and	 inhalation	 of	 aerosolized	 organisms	 poses	 a
threat	to	those	exposed.	The	most	common	isolate,	and	the	most	virulent	form,	is
F.	tularensis	biovar	tularensis	 (group	A).	 Inoculation	or	 inhalation	of	as	few	as
200	 organisms	 may	 cause	 clinical	 disease.49	 Transmission	 of	 F.	 tularensis	 to
humans	occurs	predominantly	 through	 tick	 and	 flea	bites,	 handling	of	 infected
animals,	 ingestion	 of	 contaminated	 food	 and	 water,	 and	 inhalation	 of	 the
aerosolized	organism.	There	is	no	human-to-human	transmission.	As	a	biologic
weapon,	 the	organism	would	most	 likely	be	dispersed	 as	 an	 aerosol	 and	 cause
mass	 casualties	 from	 an	 acute	 febrile	 illness	 that	 may	 progress	 to	 severe
pneumonia.49,50

Epidemiology
Tularemia	occurs	throughout	the	northern	hemisphere,	with	highest	incidence	in
Russia	 and	 Scandinavia.	 In	 the	 United	 States,	 80	 to	 150	 tularemia	 cases	 are
reported	 per	 year,	most	 often	 from	 the	 south-central	 and	western	 states.51	 The
predominant	 mode	 of	 transmission	 to	 humans	 in	 the	 United	 States	 is	 by	 tick
bites,	most	often	in	spring	and	summer.	Hunters	and	trappers	exposed	to	animal
reservoirs	 are	 at	 high	 risk	 for	 exposure.	 The	 incidence	 of	 tularemia	 is
considerably	 higher	 in	 northern	 and	 central	 Europe,	with	 over	 1000	 cases	 per
year	 in	 Czechia	 and	 Hungary	 and	 over	 4000	 cases	 per	 year	 in	 Finland	 and
Sweden.52	 An	 outbreak	 of	 tularemia	 on	 Martha’s	 Vineyard,	 Massachusetts,
during	 the	 summer	 of	 2000	 was	 associated	 with	 lawn	 mowing	 and	 brush
cutting.53

Pathogenesis
F.	tularensis	enters	the	human	host	via	the	eye,	respiratory	tract,	gastrointestinal



tract,	or	a	break	in	the	skin.	The	virulence	of	the	organism	depends	on	its	ability
to	replicate	within	the	macrophage	and	other	phagocytic	cell	types.	F.	tularensis
evades	host	defenses	such	as	Toll-like	receptor-4,	which	is	normally	stimulated
by	 bacterial	 endotoxin,	 and	 replicates	 in	 the	 host	 macrophage.	 Eventually,
apoptosis	 of	 the	macrophage	 occurs	with	 the	 subsequent	 release	 of	 organisms
resulting	 in	 secondary	 involvement	of	 the	 local	 lymph	nodes	and	bacteremia.54
Once	bacteremia	develops,	F.	 tularensis	 infects	 the	 lungs,	pleura,	 spleen,	 liver,
and	kidney.	The	host	 defense	 against	F.	 tularensis	 is	 T-cell	 independent	 in	 the
first	 3	 days	 and	T-cell	 dependent	 after	 3	 days	 of	 infection.	On	histopathology,
granulomata	 with	 necrosis	 may	 be	 seen	 in	 infected	 organs.	 Following
inhalational	 exposure,	 hemorrhagic	 airway	 inflammation	 may	 progress	 to
pneumonia,	 pleuritis,	 and	 pleural	 effusion.	 The	 role	 of	 humoral	 immunity	 is
uncertain.

Clinical	Features
1 	The	clinical	manifestations	of	tularemia	depend	on	the	site	of	entry,	exposure
dose,	 virulence	 of	 the	 strain,	 and	 host	 immune	 factors.	 Hematogenous	 spread
may	occur	 from	any	of	 the	 initial	 clinical	presentations.	Syndromes	 associated
with	 tularemia	are	classified	as	primary	pneumonic,	 typhoidal,	ulceroglandular,
oculoglandular,	oropharyngeal,	and	septic.	The	ulceroglandular	form	is	the	most
common	naturally	occurring	form	of	tularemia.	After	an	incubation	period	of	3
to	6	days	(range,	1-25	days)	following	a	vector	bite	or	animal	contact,	patients
present	with	high	fevers	(85%),	chills	(52%),	headache	(45%),	cough	(38%),	and
myalgias	 (31%).	 They	 may	 also	 have	 malaise,	 chest	 pain,	 abdominal	 pain,
nausea,	vomiting,	and	diarrhea.	A	pulse-temperature	dissociation	(Faget’s	sign)
is	 often	 seen.	 At	 the	 site	 of	 inoculation,	 a	 tender	 papule	 develops	 that	 later
becomes	 a	 pustule	 and	 ulcerates	 as	 shown	 in	 Figure	 129.7.	 Lymph	 nodes
draining	the	inoculation	site	become	enlarged	and	painful	(85%).	Infected	lymph
nodes	may	become	suppurative,	ulcerate,	and	remain	enlarged	for	a	long	period
of	time.	Exudative	pharyngitis	and	tonsillitis	may	develop	following	ingestion	of
contaminated	 food	 or	 inhalation	 of	 the	 aerosolized	 organism.	 Systemic	 illness
caused	 by	 F.	 tularensis	 without	 lymphadenopathy	 and	 presenting	 with	 fever,
diarrhea,	 dehydration,	 hypotension,	 and	 meningismus	 is	 referred	 to	 as	 the
typhoidal	form.



	

Figure	 129.7 	 Tularemia	 cutaneous	 ulcer	with	 heaped	 up	 edges.
(Picture	 from	 Quick	 Bio-Agents	 Guide.	 1st	 ed.;	 2012.	 Accessed
September	 21,	 2016.
http://www.usamriid.army.mil/education/instruct.htm).

2 	The	pneumonic	form	of	tularemia	may	occur	as	a	primary	pleuropneumonia
following	 the	 inhalation	 of	 aerosolized	 organisms.	 The	 pneumonic	 form	 may
also	 occur	 as	 a	 result	 of	 hematogenous	 spread	 from	other	 sites	 of	 infection	 or
following	 oropharyngeal	 tularemia.	 After	 inhalational	 exposure,	 constitutional
symptoms,	 such	 as	 fever	 and	 chills,	 typically	 precede	 the	 onset	 of	 respiratory
symptoms.	 The	 respiratory	 symptoms	 include	 a	 dry	 or	 minimally	 productive
cough,	 pleuritic	 chest	 pain,	 shortness	 of	 breath,	 and	 hemoptysis.	 Pleural
effusions,	 either	 unilateral	 or	 bilateral,	 can	 occur.	 Pneumonic	 tularemia	 can
rapidly	progress	 to	 respiratory	failure	with	acute	 respiratory	distress	syndrome,
multiorgan	 failure,	 disseminated	 intravascular	 coagulation,	 rhabdomyolysis,
renal	 failure,	 and	 hepatitis.	Delays	 of	 diagnosis	 and	 failure	 to	 institute	 prompt
aminoglycoside	 therapy	result	 in	higher	morbidity	and	mortality.	The	mortality
rate	 of	 untreated	 pneumonic	 tularemia	 is	 60%,	 but	 the	 mortality	 rate	 is
significantly	reduced	to	1%	to	2.5%	with	antibiotic	therapy.50

Laboratory	and	Radiographic	Findings
Lack	 of	 response	 to	 conventional	 treatment	 for	 skin	 ulcers	 or	 community-
acquired	pneumonia,	along	with	a	history	of	exposure	to	animals,	may	serve	as
diagnostic	clues	for	tularemia.	A	complete	blood	count	may	show	a	leukocytosis
with	 a	 normal	 differential	 or	 mild	 lymphocytosis.	 Mild	 elevations	 of	 lactic
dehydrogenase,	transaminases,	and	alkaline	phosphatase	may	be	seen	on	a	serum
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chemistry	panel.	If	rhabdomyolysis	is	present,	an	elevated	serum	creatine	kinase
concentration	and	urine	myoglobin	may	be	seen.50

Pneumonic	 tularemia	 can	 present	 with	 multiple	 abnormalities	 on	 a	 chest
radiograph	 (Figure	 129.8),	most	 often	 showing	 unilateral	 or	 bilateral	 airspace
opacities,	with	hilar	adenopathy	and	pleural	effusion	in	approximately	30%	each.
Chest	 radiographs	 may	 be	 normal	 in	 7%	 of	 patients,	 although	 computed
tomography	 of	 the	 chest	 is	 typically	 abnormal	 in	 these	 cases	 (54).	 Cavitary
lesions	occur	in	approximately	15%	of	cases.55

	

Figure	129.8 	Tularemia	pneumonia.Chest	radiograph	from	a	27-
year-old	man	who	 contracted	 tularemic	 pneumonia	 after	 skinning	 a
rabbit	that	he	had	hunted.(Courtesy	of	Angeline	A.	Lazarus,	MD.)

Diagnosis
F.	 tularensis	 can	 be	 isolated	 from	 sputum,	 blood,	 and	 other	 body	 fluids	 but	 is
difficult	to	culture	on	conventional	media;	cysteine	or	sulfhydryl	compounds	are
required	 for	 F.	 tularensis	 to	 grow.	 Notification	 of	 laboratory	 personnel	 that
tularemia	is	suspected	is	mandatory,	both	to	enhance	the	yield	of	culture	and	to
ensure	 appropriate	 biosafety	procedures.	Routine	diagnostic	 procedures	 can	be
performed	 in	biosafety	 level	2	conditions.	Examination	of	cultures	 in	which	F.
tularensis	is	suspected	may	be	done	in	a	biologic	safety	cabinet,	but	procedures
that	might	produce	aerosols	or	droplets	must	be	conducted	under	biosafety	level
3	conditions.55

Owing	 to	 the	 high	 infectivity	 and	 difficulty	 with	 cultures,	 serological
evaluation	 is	often	employed.	Examination	of	secretions	and	biopsy	specimens
with	direct	fluorescent	antibody	or	immunochemical	stains	may	help	to	identify



the	 organism.	 The	 diagnosis	 is	 often	 made	 through	 serologic	 testing	 using
enzyme-linked	immunosorbent	assay	(ELISA)	or	microagglutination	test	(MAT).
Serological	titers	may	not	be	elevated	early	in	the	course	of	disease.	A	fourfold
rise	 is	 typically	 seen	 during	 the	 course	 of	 illness.	MAT	appears	 to	 have	 fewer
false-positive	results	than	ELISA,	and	a	single	MAT	titer	of	1:160	or	greater	is
often	considered	 supportive	of	 the	diagnosis.56	Antibodies	 to	F.	 tularensis	may
cross-react	with	other	bacteria,	 such	as	Brucella,	Proteus,	 and	Yersinia	 species
because	 of	 their	 particular	 variant	 of	 endotoxin	 (a	 lipooligosaccharide),	which
decreases	 the	specificity	of	serology-based	assays.	Antibiotic	 therapy	can	blunt
the	 serological	 response	 and	 mask	 the	 convalescent	 rise	 in	 titer	 needed	 to
confirm	the	diagnosis.	Antibody	levels	against	F.	tularensis	can	persist	for	years,
so	distinguishing	between	acute	and	remote	infection	also	may	be	difficult.

The	 combined	 use	 of	 ELISA	 and	 confirmatory	 testing,	 such	 as	 MAT	 and
immunofluorescence	 assays,	 may	 be	 the	 most	 suitable	 approach	 to	 the
serological	diagnosis	of	tularemia.57,58	Other	diagnostic	methods	include	antigen
detection	assays	and	PCR.	A	multitarget	real-time	TaqMan	PCR	assay	(Applied
Biosystems,	 Foster	 City,	 CA)	 has	 been	 reported	 to	 have	 high	 sensitivity	 and
specificity	 for	 the	 diagnosis	 of	 tularemia	 and	 may	 be	 a	 valuable	 tool	 for	 the
analysis	 of	 clinical	 specimens	 and	 field	 samples	 following	 a	 bioterrorism
attack.59

Treatment
The	 historic	 treatment	 of	 choice	 for	 tularemia	 in	 adults	 is	 streptomycin,	 10	 to
15	 mg/kg,	 given	 IM	 or	 intravenously	 (IV)	 twice	 daily.	 Gentamicin,	 5	 mg/kg,
given	 IM	 or	 IV	 once	 daily,	 is	 an	 acceptable	 alternative	 and	 more	 widely
available	 in	 resource-rich	 settings.	 For	 children,	 the	 preferred	 antibiotics	 are
streptomycin,	 15	 mg	 /kg,	 given	 IM	 twice	 daily	 (not	 to	 exceed	 2	 g/d)	 or
gentamicin,	2.5	mg/kg,	given	IM	or	IV	thrice	daily.	Alternate	choices	for	adults
with	milder	 disease	 are	 doxycycline,	with	 a	 200	mg	 loading	 dose	 (IV	 or	 PO)
followed	 by	 100	 mg	 twice	 daily;	 chloramphenicol,	 15	 mg/kg,	 given	 IV	 four
times	daily;	or	ciprofloxacin,	400	mg,	given	IV	or	PO	twice	daily.	For	children,
alternate	 choices	 are	 doxycycline,	 100	 mg,	 given	 IV	 twice	 daily	 if	 the	 child
weighs	 45	 kg	 or	more,	 and	 doxycycline,	 2.2	mg/kg,	 given	 IV	 twice	 daily	 for
children	weighing	less	than	45	kg.	Chloramphenicol	and	ciprofloxacin	can	also
be	used	as	alternate	antibiotics	for	children.	The	ciprofloxacin	dose	for	children
should	 not	 exceed	 1	 g/day.	 Treatment	 with	 streptomycin,	 gentamicin,	 or
ciprofloxacin	 should	 be	 continued	 for	 10	 days	 and	 for	 14	 to	 21	 days	 with
doxycycline.	 β-Lactams	and	macrolides	 are	not	 recommended	 for	 treatment	of



tularemia.
In	 a	mass	 casualty	 setting	 caused	 by	 tularemia,	 the	 preferred	 antibiotic	 for

adults	 (including	pregnant	women)	 is	doxycycline,	 100	mg,	 taken	orally	 twice
daily,	 or	 ciprofloxacin	 500	 mg,	 taken	 orally	 twice	 daily.	 For	 children,	 the
preferred	choices	are	doxycycline,	100	mg,	taken	orally	twice	daily	if	the	child
weighs	45	kg	or	more;	doxycycline,	2.2	mg/kg,	 taken	orally	 twice	daily	 if	 the
child	weighs	less	than	45	kg;	or	ciprofloxacin,	15	mg/kg,	taken	orally	twice	daily
and	not	 to	exceed	1	g/d.	Treatment	with	ciprofloxacin	should	be	continued	 for
10	days;	treatment	with	doxycycline	should	be	continued	for	14	to	21	days.	For
immunosuppressed	 patients,	 either	 streptomycin	 or	 gentamicin	 is	 the	 preferred
antibiotic	in	mass	casualty	situations.50

Prophylaxis
Individuals	exposed	to	F.	tularensis	may	be	protected	against	systemic	infection
if	 they	 receive	 prophylactic	 antibiotics	 during	 the	 incubation	 period.	 For
postexposure	prophylaxis,	either	doxycycline	100	mg,	 taken	orally	 twice	daily,
or	ciprofloxacin	500	mg,	taken	orally	twice	daily	for	14	days,	is	recommended.
Both	 doxycycline	 and	 ciprofloxacin	 can	 be	 taken	 by	 pregnant	 women	 for
postexposure	prophylaxis.	Postexposure	prophylaxis	for	children	is	the	same	as
treatment	during	mass	casualty	situations.50

Immunization
In	Russia,	 a	 live	 attenuated	 vaccine	 has	 been	 used	 to	 offer	 protection	 to	 those
living	 in	 tularemia-endemic	 areas	 and	 transferred	 to	 the	 United	 States.	 It	 is
currently	the	only	vaccine	available	under	FDA	Investigational	New	Drug	Status
and	has	been	administered	to	hundreds	since	the	1950s	by	the	USAMRIID.	Very
few	side	effects	 from	 the	 scarification	 (similar	 to	 smallpox	vaccine)	occur	and
partial	high-dose	respiratory	protection	against	the	type	A	strain	has	been	shown.
Novel	 investigational	 vaccines	 remain	 under	 development	 but	 are	 not	 yet
available	for	clinical	use.60

PLAGUE
Few	infectious	diseases	have	had	the	same	impact	on	human	history	and	human
biology	as	 the	plague.	Similar	 to	 tularemia,	plague	is	a	zoonosis	with	a	natural
reservoir	in	rodents	for	which	humans	are	incidental	hosts.	Multiple	pandemics



of	 plague	 are	 believed	 to	 have	 occurred	 since	 the	 6th	 century	 CE,	 with	 the
“Black	Death”	 of	 the	 14th	 century	 taking	 the	 lives	 of	 over	 40	million	 people
while	leaving	deep	impressions	in	European	and	Asian	culture,	religion,	and	art.
The	causative	organism,	Yersinia	pestis,	was	identified	by	and	ultimately	named
for	French	physician	Alexandre	Yersin	during	the	1894	plague	epidemic	in	Hong
Kong.42	 In	 recent	 years,	 the	 highly	 contagious	 nature	 of	 plague	 has	 raised
concerns	about	its	possible	use	as	an	agent	of	bioterrorism.

Microbiology
Plague	 is	 caused	by	Y.	pestis,	 a	 gram-negative,	 nonmotile	 coccobacillus	 of	 the
family	 Enterobacterales,	 closely	 related	 to	 Escherichia,	Klebsiella,	 and	 other
enteric	 gram-negative	 organisms	 and	 sharing	 their	 typical	 bipolar	 “safety	 pin”
staining	 appearance	 under	 Wright-Giemsa	 stains	 (Figure	 129.9).	 In	 common
with	 other	 gram-negative	 bacilli,	 Y.	 pestis	 has	 a	 lipopolysaccharide	 endotoxin
that	mediates	much	of	the	exuberant	host	inflammatory	response,	with	resulting
sepsis,	 acute	 respiratory	 distress	 syndrome,	 and	 multiorgan	 failure.61,62	 In
addition,	 Y.	 pestis	 carries	 three	 distinct	 plasmids	 responsible	 for	 much	 of	 its
virulence:	pYV/pCD1,	which	encodes	for	a	secretion	apparatus	that	permits	the
delivery	 of	 cytotoxins	 into	mammalian	 host	 cells;	 pFra/pMT1,	which	 encodes
for	the	anti-phagocytic	fimbrial	antigen	F1;	and	pPst/pPCP/pPla,	which	encodes
for	 a	 plasminogen	 activator	 and	 other	 exotoxins	 permitting	 invasion	 of	 host
tissues.63,64

	

Figure	 129.9 	 Reported	 cases	 of	 human	 plague—the	 United
States,	 1970-2012.(From:	 CDC	 website,	 September	 2015.



https://www.cdc.gov/plague/maps/.)

Y.	pestis	 is	 naturally	 transmitted	 by	 the	 bite	 of	 a	 plague-infected	 flea,	most
commonly	Xenopsylla	cheopis,	although	the	human	body	louse	may	play	a	role
in	 human-to-human	 transmission	 during	 epidemics.	 After	 ingestion	 of	 blood
from	an	infected	animal,	bacteria	multiply	 in	 the	digestive	tract	of	 the	flea	and
are	 then	regurgitated	 into	 the	next	mammalian	victim	following	a	bite.65	Major
reservoirs	of	plague	 in	North	America	 include	 the	deer	mouse,	prairie	dog	and
ground	squirrel,	but	infections	of	domestic	cats	and	dogs	with	secondary	human
cases	have	been	reported	in	the	past	two	decades.66	Transmission	to	humans	also
occurs	 by	 direct	 contact	 with	 infected	 live	 or	 dead	 animals,	 inhalation	 of
respiratory	droplets	from	patients	with	pneumonic	plague,	or	from	direct	contact
with	infected	body	fluids	or	tissue.67,68

Plague	as	a	Bioweapon
The	history	of	biowarfare	begins	with	the	plague.	In	1346,	Mongol	forces	of	the
Golden	Horde	besieged	the	Genoese	enclave	of	Kaffa	on	the	Crimean	peninsula.
During	the	siege,	the	Golden	Horde	reportedly	catapulted	the	corpses	of	plague
victims	into	the	city,	an	event	that	may	have	led	to	the	introduction	of	plague	to
Western	 Europe	 and	 ultimately	 to	 the	 Black	 Death.69	 In	 more	 recent	 years,
plague	 was	 developed	 as	 a	 bioweapon	 by	 the	 former	 Soviet	 Union,	 Imperial
Japan,	and	the	United	States	before	the	destruction	of	the	US	biological	weapon
stockpile	in	the	early	1970s.70

When	 used	 as	 a	 bioweapon,	 Y.	 pestis	 may	 produce	 differing	 syndromes
depending	 on	 the	 mode	 of	 dispersal.	 Aerosol	 spread	 would	 be	 expected	 to
produce	pneumonic	plague,	whereas	the	release	of	infected	fleas	should	lead	to
bubonic	 or	 septicemic	 plague.67,70	 Due	 to	 the	 highly	 contagious	 nature	 of
pneumonic	plague,	the	WHO	estimates	that	50	kg	of	Y.	pestis	aerosolized	over	a
population	 of	 5	 million	 people	 could	 result	 in	 150,000	 infections	 and	 36,000
deaths	from	primary	infections	and	secondary	transmission.71	The	CDC	currently
classifies	 plague	 as	 a	 tier	 1	 threat	 agent,	 indicating	 a	 pathogen	 or	 toxin	 with
maximum	potential	risk	to	public	health	in	the	event	of	release.

Epidemiology
2 	Plague	exists	worldwide,	primarily	in	Africa	and	Asia.	75%	of	human	plague
cases	reported	to	the	WHO	in	recent	years	have	been	in	Madagascar,	including	a
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major	epidemic	of	primarily	pneumonic	plague	in	2017	with	2414	reported	cases
and	135	deaths.72	Since	2001,	there	have	been	a	median	of	three	human	plague
cases	per	year	in	the	United	States,	with	a	mortality	rate	of	16%	with	appropriate
antimicrobial	 and	 supportive	 treatments.73	 The	majority	 of	 plague	 cases	 in	 the
United	 States	 come	 from	 the	 states	 of	 Arizona,	 New	Mexico,	 California,	 and
Colorado,	with	rare	cases	from	Texas	and	Oregon	as	shown	in	Figure	129.10.	In
the	 preantibiotic	 era,	 the	 plague	 mortality	 rate	 for	 the	 United	 States	 was
approximately	 66%,	 with	 increased	 mortality	 seen	 among	 ethnic	 minorities
(91%)	 compared	with	 non-Latino	whites	 (53%).	 Since	 the	 advent	 of	 effective
antibiotic	 therapy,	 no	 gender-	 or	 racial-associated	 differences	 in	 US	 plague
mortality	have	been	noted,	however.73

	

Figure	129.10 	Wright-Giemsa	stain	of	blood	showing	nonmotile,
encapsulated,	 aerobic	 rod	 with	 “safety	 pin”	 appearance	 of	 Yersinia
pestis.(Picture	 from	 Quick	 Bio-Agents	 Guide.	 1st	 ed.;	 2012.
Accessed	 September	 21,	 2016.
http://www.usamriid.army.mil/education/instruct.htm).

Pathogenesis
1 	Human	plague	occurs	in	bubonic,	septicemic,	and	primary	pneumonic	 forms.
After	 entering	 the	 body	 through	 a	 flea	 bite,	 bacteria	 migrate	 via	 cutaneous
lymphatics	 to	 the	 regional	 lymph	 nodes	 and	 are	 subjected	 to	 phagocytosis.	Y.
pestis	 is	 taken	up	by	host	 neutrophils	 and	macrophages	via	 the	FPR1	 receptor
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but	evades	destruction	by	phagocytosis	 through	plasmid-encoded	proteins	such
as	 Yops	 and	 F1	 fimbrial	 antigen.	 Surviving	 bacteria	 then	 proliferate
intracellularly,	 with	 secondary	 spread	 through	 host	 lymphatics	 and	 ultimately
progress	 to	 bacteremia	 and	 sepsis.	 Host	 tissue	 invasion	 is	 enhanced	 by	 the
production	 of	 procoagulant	 and	 anticoagulant	 enzymes	 by	 the	 bacterium,
including	 plasminogen	 activators.74	 The	 initial	 infection	 causes	 lymphadenitis
and	 local	 swelling	 that	 is	 referred	 to	as	 the	“bubo”	 (hence,	 the	name	“bubonic
plague”)	(Figure	129.11).	These	buboes	contain	dense	concentrates	of	Yersinia
bacilli	 along	with	 necrosis.	Bacterial	modification	 of	 lipid	A	 helps	 evade	 host
innate	immunity	by	blunting	the	sensitivity	of	toll-like	receptor	4	to	endotoxin,
further	facilitating	bacterial	proliferation	and	spread.75	In	the	absence	of	therapy,
bacteremia,	sepsis,	and	death	usually	follow.67,74

	

Figure	 129.11 	 Bubonic	 plague	 with	 characteristic	 bubo.(From:
CDC	Web	Site.	http://www.cdc.gov/ncidod/dvbid/plague/diagnosis).

In	a	minority	of	cases,	primary	pneumonic	plague	results	from	the	inhalation
of	infected	droplets,	either	from	another	infected	host	or	from	the	aerosolization
of	a	draining	bubo.	Human	pneumonic	plague	resulting	from	transmission	from
infected	animals	has	been	 reported.76	Following	 inhalation,	Y.	pestis	 bacilli	 are
engulfed	 preferentially	 by	 pulmonary	 macrophages	 before	 neutrophil
recruitment	 takes	place.	They	are	then	transported	to	the	lymphatic	system	and
regional	 lymph	 nodes,	 with	 secondary	 bacteremia	 and	 seeding	 of	 the	 spleen,
liver,	skin,	mucous	membranes,	and	other	organs.74	Primary	septicemic	plague
results	from	the	direct	inoculation	of	Y.	pestis	bacilli	into	the	bloodstream,	which
presents	 with	 nonspecific	 signs	 similar	 to	 other	 acute	 febrile	 illnesses	 with
sepsis.	 It	 is	 important	 to	 note	 that	 these	 entities	may	 overlap;	 pneumonic	 and
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bubonic	plague	can	and	often	do	progress	 to	 septicemia.	Rare	 forms	of	plague
are	 plague	 meningitis	 and	 plague	 pharyngitis.	 Plague	 meningitis	 occurs
following	 the	hematogenous	spread	of	Y.	pestis	bacilli	 to	 the	meninges.	Plague
pharyngitis	may	occur	following	the	ingestion	or	inhalation	of	Y.	pestis	bacilli.77

Clinical	Presentation
The	 incubation	 period	 and	 clinical	manifestations	 of	 plague	 vary	 according	 to
mode	 of	 transmission.	 80%	 to	 85%	 of	 plague	 cases	 diagnosed	 in	 the	 United
States	 are	 bubonic,	 10%	 to	 12%	 are	 primary	 septicemic,	 and	 roughly	 3%	 are
primary	 pneumonic	 plague.73	 Bubonic	 plague	 may	 progress	 to	 septicemic	 or
pneumonic	 plague	 in	 23%	 and	 9%	 of	 cases,	 respectively.	 The	 clinical
presentation	of	plague	of	children	is	similar	to	that	of	adults,	although	secondary
progression	 to	 plague	meningitis	 appears	 to	 be	more	 common	 in	 children.65,77
There	 are	 limited	 data	 regarding	 unique	 manifestations	 of	 plague	 in	 pregnant
women.78

Septicemic	Plague
2 	A	minority	of	patients	exposed	to	Y.	pestis	develop	septicemic	plague,	either	as
a	 primary	 form	 (without	 buboes)	 or	 secondary	 to	 the	 hematogenous	 spread	 of
bubonic	or	primary	pneumonic	plague.	Presenting	features	of	septicemic	plague
are	 nonspecific	 and	 difficult	 to	 distinguish	 from	 other	 undifferentiated	 febrile
syndromes,	 with	 fever,	 delirium,	 nausea,	 and	 hypotension	 being	 typical.
Abdominal	 pain,	 hepatosplenomegaly,	 disseminated	 intravascular	 coagulation,
and	 purpura	 fulminans	 have	 been	 reported,	 along	 with	 distal	 gangrene	 of	 the
nose	 and	 digits,	 similar	 in	 appearance	 to	 meningococcemia.	 Without	 rapid
treatment,	 the	 disease	 progresses	 to	 septic	 shock,	 anuria,	 and	 the	 acute
respiratory	distress	syndrome.	The	untreated	mortality	rate	of	septicemic	plague
has	been	reported	as	high	as	93%	to	100%.73,77

Pneumonic	Plague
2 	Plague	is	highly	contagious	by	the	airborne	route,	and	droplet	precautions	are
mandatory	 for	 any	 patient	 suspected	 of	 having	 plague.	 Primary	 pneumonic
plague	occurs	by	 inhaling	 infected	droplets,	which	may	 result	 from	respiratory
transmission	 from	 another	 patient	 with	 pneumonic	 plague	 as	 well	 as	 from	 a
draining	bubo,	and	is	characterized	by	a	severe,	rapidly	progressive	pneumonia
and	sepsis	that	is	rapidly	fatal	if	not	treated	promptly.67	Buboes	may	develop	in



the	 cervical	 area.	 Acute	 respiratory	 failure	 requiring	mechanical	 ventilation	 is
common.	 Strict	 droplet	 isolation	 is	 mandatory.	 Chest	 radiographs	 most	 often
show	bilateral	alveolar	airspace	opacities,	although	effusions	and	cavitation	may
occur.65,67,79	 Alveolar	 opacities	 in	 secondary	 pneumonic	 plague	 may	 have	 a
nodular	appearance	consistent	with	hematogenous	spread.	Anterior	mediastinal
adenopathy	 is	 very	 rare	 in	 primary	 pneumonic	 plague,	 but	 hilar	 node
enlargement	is	often	present,	a	feature	which	may	distinguish	pneumonic	plague
from	inhalational	anthrax.	Similar	 to	septicemic	plague,	 the	untreated	mortality
rate	of	primary	pneumonic	plague	approaches	100%.67,73,77

Secondary	 pneumonic	 plague	 occurs	 among	 approximately	 12%	 of
individuals	 with	 bubonic	 plague	 or	 primary	 septicemic	 plague	 following	 the
hematogenous	spread	of	Y.	pestis	 bacilli	 to	 the	 lungs.	 It	 typically	presents	 as	 a
severe	 bronchopneumonia	 with	 cough,	 dyspnea,	 chest	 pain,	 and	 hemoptysis.
Chest	radiographs	show	bilateral,	patchy	alveolar	infiltrates	that	may	progress	to
consolidation.	 In	 contrast	 to	 primary	 pneumonic	 plague,	mediastinal,	 cervical,
and	hilar	adenopathy	may	occur	(Figure	129.12).67,79

	

Figure	 129.12 	 A	 38-year-old	man	 from	Himachal	 Pradesh	was
admitted	 with	 complaints	 of	 fever,	 cough,	 hemoptysis,	 and
dyspnea.There	 is	endemic	pneumonic	plague	owing	to	 the	prevalent
custom	 of	 hunting	 wild	 rats	 and	 rodents.	 Sputum	 examination	 was
positive	for	Yersinia	pestis.	The	patient	was	successfully	treated	with



antibiotics.(Chest	 radiograph	 courtesy	 of	 Sanjay	 Jain,	 MD,
Department	 of	 Internal	 Medicine,	 and	 Surinder	 K.	 Jindal,	 MD,
Professor	 of	Medicine,	 Postgraduate	 Institute	 of	Medical	 Education
and	Research,	Chandigarh,	India.)

Diagnosis
The	presence	of	a	bubo	in	an	ill	patient	should	serve	as	an	adequate	clue	for	the
majority	 of	 clinicians	 to	 the	 possibility	 of	 plague.	 Similar	 lesions	 and	 clinical
syndromes	 may	 be	 seen	 with	 ulceroglandular	 tularemia	 (which	 raises	 similar
concerns	 in	 regard	 to	 bioterrorism	 and	 is	 managed	 with	 comparable
antimicrobial	 agents),	 epidemic	 typhus,	 suppurative	 infections	 (eg,
Staphylococcus	 aureus),	 and	 bartonellosis.	 The	 lesions	 of	 chancroid,
lymphogranuloma	 venereum,	 syphilitic	 lymphadenitis,	 and	 mycobacterial
disease	 may	 be	 grossly	 similar	 but	 present	 in	 a	 more	 subacute	 manner	 and
generally	without	the	severe	illness	and	prostration	seen	with	plague.

Conversely,	 the	 diagnosis	 of	 pneumonic	 and	 septicemic	 plague	 can	 be
markedly	more	 difficult	 given	 the	 absence	 of	 distinctive	 clinical	 findings.	The
radiographic	findings	of	pneumonic	plague	are	nonspecific,	although	the	absence
of	mediastinal	widening	may	help	distinguish	 it	 from	inhalational	anthrax.	The
presence	 of	 the	 characteristic	 gram-negative	 rods	 in	 the	 sputum	 of	 an
immunocompetent	 patient,	 particularly	 with	 a	 suitable	 exposure	 history,	 must
raise	 the	 concern	 for	 plague.	 Primary	 septicemic	 plague’s	 high	 mortality	 is
related	in	part	to	delays	of	diagnosis.	Exposure	history,	purpura	fulminans,	septic
shock,	and	acral	gangrene	are	all	consistent	but	strongly	resemble	the	syndromes
seen	with	meningococcemia,	rickettsioses,	and	pneumococcal	and	pseudomonal
sepsis.73,74,77,79

Laboratory	Diagnosis
A	 mild-to-moderate	 leukocytosis	 with	 neutrophil	 predominance	 and	 toxic
granulations	 are	 seen	 in	 all	 forms	 of	 plague.	 Among	 severe	 cases,	 elevated
transaminases,	 azotemia,	 and	 coagulopathy	 with	 disseminated	 intravascular
coagulation	 are	 seen.	 Gram	 stains	 of	 sputum,	 blood,	 or	 lymph	 node	 aspirates
may	show	typical	enteric	gram-negative	bacilli	with	bipolar	staining,	similar	to
Escherichia	 coli,	 Klebsiella,	 and	 other	 Enterobacterales.	 Microscopic
examination	of	a	sputum	specimen	prepared	with	Wright-Giemsa	stain	will	show



the	characteristic	bipolar	staining	pattern	more	clearly	(Figure	129.10).76
Y.	 pestis	 will	 grow	 rapidly	 on	 conventional	 bacteriologic	 media.	 However,

misidentification	 of	 Y.	 pestis	 has	 been	 described	 with	 automated	 bacterial
identification	 devices.80	 With	 the	 increasing	 availability	 of	 mass	 spectrometry
(matrix-assisted	 laser	 desorption/ionization	 time-of-flight,	 or	 MALDI-TOF)	 in
clinical	laboratories,	these	errors	should	be	less	frequent.	Rapid	diagnostic	tests
such	 as	 immunoglobulin-M	 immunoassay,	 direct	 fluorescent	 antibody	 testing,
and	 PCR	 are	 available	 through	 the	 CDC,	 Department	 of	 Defense	 laboratories
(including	 the	USAMRIID),	 and	 state	 public	 health	 laboratories.	Rapid	 plague
detection	 through	 the	 use	 of	 multiplex	 PCR	 panels	 (which	 also	 often	 include
primers	 for	 multiple	 potential	 bioterror	 agents)	 are	 available	 and	 are	 highly
sensitive.	 Direct	 fluorescent	 antibody	 staining	 for	 Yersinia	 pestis	 (Figure
129.13)	and	dipstick	antigen	detection	tests	are	highly	specific	and	are	available
at	some	centers.	Rapid	diagnostic	assays	using	monoclonal	antibodies	to	the	F1
capsular	 antigen	 show	promise	 for	 the	 early	on-site	diagnosis	of	plague,	 as	do
monoclonal	 antibodies	 directed	 at	 detection	 of	 Y.	 pestis	 lipopolysaccharide.
Additional	 tests	 for	 detection	 and	 confirmation	 that	 are	 available	 through	 the
Laboratory	Response	Network	include	PCR	assays;	molecular-based	subtyping;
and	immunohistochemistry	on	formalin-fixed	tissues.81

	

Figure	 129.13 	 Fluorescence	 antibody	 positivity	 for	 Yersinia
pestis	 is	 seen	 as	 bright,	 intense	 green	 staining	 around	 the	 bacterial
cell.(Reproduced	 from	 the	Public	Health	 Image	Library,	Centers	 for



Disease	Control	and	Prevention,	http://phil.cdc.gov.)

Plague	 should	 be	 suspected	 among	 persons	 with	 symptoms	 of	 fever	 and
lymphadenopathy	 if	 they	 reside	 in,	 or	 have	 recently	 traveled	 to,	 a	 plague-
endemic	 area	 and	when	 gram-negative	 and/or	 bipolar-staining	 coccobacilli	 are
seen	on	a	smear	taken	from	affected	tissues.	The	diagnosis	of	plague	should	be
presumed	when	immunofluorescence	staining	of	smear	or	material	is	positive	for
the	presence	of	Y.	pestis	F1	antigen	and/or	a	single	serum	specimen	shows	 the
anti-F1	 antigen	 in	 a	 titer	 of	 greater	 than	1:10	by	 agglutination.	A	diagnosis	 of
plague	is	confirmed	when	one	or	more	of	the	following	criteria	are	met:	isolation
of	Y.	pestis	from	a	clinical	specimen,	a	single	Y.	pestis	antibody	titer	of	more	than
1:128	dilution,	a	fourfold	rise	in	paired	sera	antibody	titer	to	Y.	pestis	F1	antigen
(with	the	second	assay	obtained	6-8	weeks	after	convalescence),	or	if	PCR-based
testing	of	body	fluids	or	tissues	is	positive	for	Y.	pestis.	Antibody	susceptibility
testing	should	be	performed	at	a	reference	laboratory.74,82

Plague	 as	 a	 bioterrorism	 agent	 should	 be	 suspected	when	multiple	 cases	 of
severe	and	rapidly	progressive	pneumonic	plague	cases	are	seen	with	fulminant
systemic	symptoms	and	hemoptysis.	Although	pretreatment	specimens	should	be
obtained	 when	 possible,	 treatment	 of	 suspected	 plague	 should	 not	 be	 delayed
while	awaiting	confirmatory	results.

Treatment
CDC	 guidelines	 for	 plague	 therapy	 were	 updated	 in	 2021	 (75).	 Empiric
treatment	for	plague	varies	depending	on	the	form	of	the	disease.	Doxycycline	is
the	 recommended	 first-line	 agent	 for	 bubonic	 and	 pharyngeal	 plague	 in	 adults
and	 children	 (Table	 129.10).	 For	 septicemic	 and	 pneumonic	 plague,	 preferred
agents	include	either	an	intravenous	or	oral	fluoroquinolone	(eg,	levofloxacin	or
moxifloxacin)	 or	 an	 aminoglycoside	 (gentamicin	 or	 streptomycin)	 (Table
129.11).	 In	 severe	 cases,	 dual	 therapy	with	 two	 separate	 drug	 classes,	 such	 as
doxycycline	in	combination	with	gentamicin	or	levofloxacin,	is	recommended.77
Antimicrobial	 resistance	 among	 Y.	 pestis	 is	 rare,	 with	 the	 majority	 of	 clinical
isolates	 maintaining	 susceptibility	 to	 the	 recommended	 agents,	 although
streptomycin	 resistance	 was	 identified	 in	 a	 2013	 outbreak	 in	 Madagascar.83,84
However,	plague	 is	uniformly	 resistant	 to	β-lactam	antibiotics.	The	duration	of
treatment	 is	 10	 to	 14	 days.	 Oral	 therapy	 may	 be	 initiated	 once	 a	 patient
demonstrates	clinical	stabilization	and	improvement.	For	breastfeeding	mothers
and	 infants,	 treatment	 with	 fluoroquinolones	 or	 aminoglycosides	 is
recommended,	but	tetracyclines	and	may	be	used	if	other	agents	are	unavailable

http://www.cdc.gov/ncidod/dvbid/plague/bacterium.htm


or	otherwise	inappropriate.77

TABLE	129.10

Treatment	of	Bubonic	and	Pharyngeal	Plague	in	Adults

Antibiotic Dose Notes

Ciprofloxacin 400	mg	every
8	hrs	IV	or
750	mg	every
12	h	PO

Effective	as	monotherapy,	but
combination	therapy	with	doxycycline
may	be	considered	for	large	buboes.
Preferred	in	pregnancy	and	breastfeeding

Levofloxacin 750	mg	every
24	h	IV	or	PO

Effective	as	monotherapy,	but
combination	therapy	with	doxycycline
may	be	considered	for	large	buboes.
Preferred	in	pregnancy	and	breastfeeding

Moxifloxacin 400	mg	every
24	h	IV	or	PO

Effective	as	monotherapy,	but
combination	therapy	with	doxycycline
may	be	considered	for	large	buboes.
Preferred	in	pregnancy	and	breastfeeding

Doxycycline 200	mg
loading	dose,
then	100	mg
every	12	h	IV
or	PO

Effective	as	monotherapy,	but
combination	therapy	with	a
fluoroquinolone	may	be	considered	for
large	buboes

Gentamicin 5	mg/kg
every	24	h	IV
or	IM

Not	approved	by	the	FDA	for	treatment
of	plague.	Has	been	used	off-label	for
treatment	of	naturally	occurring	plague

Streptomycin 1	g	every	12
h	IV	or	IM

Not	widely	available	in	the	United	States.
The	IV	formulation	of	streptomycin	has
not	been	approved	by	the	FDA,	but	the
IM	formulation	has	been	given	IV	as	an
off-label	use.



Trimethoprim-
sulfamethoxazole

5	mg/kg
(trimethoprim
component)
every	8	hrs
IV	or	PO

Alternative	option.	Not	approved	by	the
FDA	for	treatment	of	plague

Adapted	from	Nelson	CA,	Meaney-Delman	D,	Fleck-Derderian	S,	Cooley	KM,	Yu	PA,	Mead	PS.
Antimicrobial	Treatment	and	Prophylaxis	of	Plague:	Recommendations	for	Naturally	Acquired
Infections	and	Bioterrorism	Response.	MMWR	Recomm	Rep.	2021;70(No.	RR-3):1-27.
Recommended	duration	of	therapy	is	10	to	14	days.	Intravenous	therapy	may	be	switched	to	oral
therapy	in	stable	patients	who	are	improving	clinically.	Monotherapy	is	generally	adequate	for
sporadic,	naturally	occurring	cases.	Dual	therapy	with	antimicrobials	of	two	different	classes	is
suggested	for	suspected	intentional	release	of	Yersinia	pestis	and	may	be	considered	for	larger
buboes.

FDA,	U.S.	Food	and	Drug	Administration;	IM,	intramuscular;	IV,	intravenous;	PO,	oral.

TABLE	129.11

Treatment	of	Septicemic	and	Pneumonic	Plague	in	Adults

Antibiotic Dose Notes

Ciprofloxacin 400	mg	every
8	h	IV	or
750	mg	every
12	h	PO

First-line	option

Levofloxacin 750	mg	every
24	h	IV	or	PO

First-line	option

Moxifloxacin 400	mg	every
24	h	IV	or	PO

First-line	option

Gentamicin 5	mg/kg
every	24	h	IV
or	IM

First-line	option.	Not	approved	by	the
FDA	for	treatment	of	plague.	Has	been
used	off-label	for	treatment	of	naturally
occurring	plague

Streptomycin 1	g	every	12
h	IV	or	IM

First-line	option	but	not	widely	available
in	the	United	States.	The	IV	formulation



of	streptomycin	has	not	been	approved	by
the	FDA,	but	the	IM	formulation	has
been	given	IV	as	an	off-label	use

Doxycycline 200	mg
loading	dose,
then	100	mg
every	12	h	IV
or	PO

Alternative	option

Trimethoprim-
sulfamethoxazole

5	mg/kg
(trimethoprim
component)
every	8	h	IV
or	PO

Alternative	option.	Not	approved	by	the
FDA	for	treatment	of	plague

Adapted	from	Nelson	CA,	Meaney-Delman	D,	Fleck-Derderian	S,	Cooley	KM,	Yu	PA,	Mead	PS.
Antimicrobial	Treatment	and	Prophylaxis	of	Plague:	Recommendations	for	Naturally	Acquired
Infections	and	Bioterrorism	Response.	MMWR	Recomm	Rep.	2021;70(No.	RR-3):1-27.

Recommended	duration	of	therapy	is	10	to	14	days.	Intravenous	therapy	may	be	switched	to	oral
therapy	in	stable	patients	who	are	improving	clinically.	Dual	therapy	with	antimicrobials	of	two
different	classes	is	suggested	for	suspected	intentional	release	of	Yersinia	pestis	and	for	severe
disease.
FDA,	U.S.	Food	and	Drug	Administration;	IM,	intramuscular;	IV,	intravenous;	PO,	oral.

Mass	Casualty	Treatment	and	Prophylaxis
Recommendations	for	mass	casualty	prophylaxis	following	plague	exposure	are
summarized	 in	Table	129.12.	 In	 a	mass	 casualty	 situation	 from	 the	 intentional
release	 of	 plague,	 the	 urgency	 to	 initiate	 prompt	 treatment	 of	 infected
individuals,	as	well	as	prophylaxis	for	those	exposed	but	uninfected,	may	cause	a
significant	 stress	on	health	 care	 capabilities.	The	CDC	 recommends	 the	use	of
oral	 ciprofloxacin	500	 to	750	mg	 taken	 twice	daily,	 levofloxacin	750	mg	once
daily,	moxifloxacin	400	mg	daily,	or	doxycycline	100	mg	taken	twice	daily	for
adults	 and	 pregnant	women,	 both	 for	 treatment	 and	 postexposure	 prophylaxis.
All	 individuals	who	come	within	2	meters	of	a	patient	with	pneumonic	plague
should	 receive	 postexposure	 prophylaxis.	 Standard	 duration	 of	 prophylaxis	 is
7	 days.77	 There	 may	 be	 a	 future	 role	 for	 concomitant	 postexposure	 vaccine
prophylaxis,	should	one	become	available.85



TABLE	129.12

Mass	Casualty	Exposure	Treatment	and	Prophylaxis	for
Plague

Population Antimicrobial Dosage

Adults	aged
≥18	y

Ciprofloxacin 500-750	mg	every	12	h	PO

Levofloxacin 500-750	mg	every	24	h	PO

Moxifloxacin 400	mg	every	24	h	PO

Doxycycline 100	mg	every	12	h	PO

Trimethoprim-
sulfamethoxazole

5	mg/kg	(trimethoprim	component)	every
12	h	PO.	(alternate	regimen)

Children
aged	≥1	mo
to	≤17	y

Ciprofloxacin 15	mg/kg	every	12	h	PO	(maximum
750	mg/dose)

Levofloxacin Body	weight	<	50	kg:	8	mg/kg	every	12	h
PO	(maximum	250	mg/dose)
Body	weight	≥	50	kg:	500-750	mg	every
24	h	PO

Doxycycline Body	weight	<	45	kg:	2.2	mg/kg	every	12
h	PO
Body	weight	≥	45	kg:	100	mg	every	12	h
PO

Moxifloxacin Alternate	regimen.	
Infants	and	children	aged	≥	3	mo	to
≤23	mos:	6	mg/kg	every	12	h	PO
Children	aged	2-5	y:	5	mg/kg	every	12	h
PO
Children	aged	6-11	y:	4	mg/kg	every	12	h
PO
Children	and	adolescents	aged	12	to
≤17	y:	Body	weight	<	45	kg:	4	mg/kg
every	12	h	PO	(maximum	dose	for	all



children	<	45	kg:	200	mg/dose)
Body	weight	≥	45	kg:	400	mg	every	24	h
PO

Trimethoprim-
sulfamethoxazole

Alternate	regimen.	
5	mg/kg	(trimethoprim	component)	every
12	h	PO

Adapted	from	Nelson	CA,	Meaney-Delman	D,	Fleck-Derderian	S,	Cooley	KM,	Yu	PA,	Mead	PS.
Antimicrobial	Treatment	and	Prophylaxis	of	Plague:	Recommendations	for	Naturally	Acquired
Infections	and	Bioterrorism	Response.	MMWR	Recomm	Rep	2021;70(No.	RR-3):1-27.
Recommended	duration	of	prophylaxis	is	7	days.

IM,	intramuscular;	IV,	intravenous;	PO,	oral.

Immunization
There	is	no	approved	vaccine	available	in	the	United	States	at	present.	A	killed,
whole-cell	vaccine	against	plague	was	available	until	1999	for	those	at	high	risk
for	exposure,	but	 this	vaccine	was	not	 effective	against	pneumonic	plague	and
was	 unlikely	 to	 provide	 adequate	 protection	 in	 a	 biowarfare	 setting.	 Current
vaccines	 in	 development	 include	 recombinant	 vectors	 encoding	 for	 Yersinia
epitopes,	 oral	 subunit	 vaccines	 comprising	F1	 and	 rV	 antigens,	 and	 attenuated
and	 modified	 strains	 of	 the	 closely	 related	 but	 less	 virulent	 Yersinia
pseudotuberculosis.86	One	goal	of	using	Y	pseudotuberculosis	as	a	vector	would
be	 the	 possibility	 to	 cover	 both	 plague	 and	 anthrax,	 two	 of	 the	 most	 likely
biowarfare	agents.	Development	of	oligonucleotide	vaccines	has	largely	stalled,
but	there	may	be	renewed	interest	given	the	success	of	the	mRNA	SARS-CoV-2
(severe	acute	 respiratory	 syndrome	coronavirus	2)	vaccines.	All	 still	 remain	 in
various	 stages	 of	 development,	 however,	 and	 none	 are	 currently	 available	 for
general	use.87

Infection	Control
Patients	 suspected	 of	 plague	 should	 be	 placed	 immediately	 into	 respiratory
droplet	 precaution	 isolation,	 with	 access	 to	 the	 patient	 room	 restricted	 to
essential	 staff.	 Gowns,	 gloves,	 surgical	 masks,	 and	 eye	 protection	 should	 be
worn	 by	 all	 staff.	 Aerosolizing	 procedures	 should	 be	 kept	 to	 a	 minimum	 and
avoided	if	possible.	Negative	pressure	isolation	or	N95	masks	are	not	necessary
for	plague,	although	infections	that	may	present	similarly	to	pneumonic	plague



(eg,	 SARS-CoV-2)	 may	 require	 negative	 pressure	 rooms	 or	 PAPRs;	 thus,
requiring	 a	 higher	 level	 of	 protection	 while	 diagnostic	 testing	 is	 underway.
Following	 48	 hours	 of	 therapy	 with	 appropriate	 antibiotics	 and	 with	 clear
clinical	 improvement,	patients	with	both	nonpneumonic	plague	and	pneumonic
plague	may	be	removed	from	isolation.77	Laboratory	workers	must	be	warned	of
potential	plague	infection	owing	to	the	risk	of	laboratory-acquired	plague.68

BOTULINUM	TOXIN
Botulinum	is	an	extremely	potent	neurotoxin	 that	 inhibits	acetylcholine	release
and	 is	 produced	by	Clostridium	botulinum,	 an	 anaerobic,	 spore-forming	 gram-
positive	 bacterium	 present	 in	 the	 soil.	 Botulinum	 toxin	 can	 be	 inactivated	 by
temperatures	 above	 85	 °C	 for	 5	 minutes,	 but	Clostridium	 spores	 can	 survive
temperatures	of	105	°C	for	up	to	4	hours,	although	they	are	readily	destroyed	by
chlorine.	 Spores	 may	 remain	 viable	 for	 over	 30	 years	 in	 a	 dry	 state	 and	 are
resistant	 to	ultraviolet	 light	exposure.61	The	botulinum	toxin	is	among	the	most
poisonous	 substances	 known.	 It	 can	 cause	 a	 serious,	 life-threatening	 paralytic
illness	among	exposed	individuals,	is	easily	produced	in	a	laboratory,	and	can	be
easily	 transported.	 In	 view	 of	 these	 properties,	 botulinum	 toxin	 has	 been
designated	 as	 a	 category	 A	 bioterrorism	 threat	 by	 the	 CDC	 and	 European
Union.61	 The	 general	 features	 and	 management	 of	 botulism	 are	 presented	 in
Chapter	 85,	 but	 the	 implications	 of	 botulism	 as	 a	 bioterrorist	 weapon	 are
discussed	here.

Botulinum	Toxin	as	an	Agent	of	Bioterrorism
There	 are	 three	 forms	 of	 naturally	 occurring	 botulism:	 foodborne	 botulism,
wound	botulism,	and	intestinal	(infant	and	adult)	botulism.	All	forms	of	botulism
can	 produce	 a	 serious	 paralytic	 illness	 that	 can	 lead	 to	 respiratory	 failure	 and
death.

Botulinum	 toxin	 solution	 is	 a	 colorless,	 odorless,	 tasteless	 liquid.	There	 are
seven	 different	 antigenic	 types:	 botulinum	A,	B,	C,	D,	E,	 F,	 and	G.	Given	 its
extreme	 potency,	 botulinum	 toxin	 could	 produce	 devastating	 effects	 and	mass
casualties	if	intentionally	dispersed	by	aerosol	or	used	to	contaminate	the	water
supply.61,88	 Botulinum	 toxin	 types	 A,	 B,	 E,	 and	 F	 have	 been	 associated	 with
naturally	occurring	 foodborne	botulism.	Types	C	and	D	botulinum	 toxin	cause
natural	 disease	 in	 birds	 and	 cattle.	 Type	G	 botulinum	 toxin	 is	 found	 in	 South
America,	 but	 it	 has	 not	 been	 associated	with	 foodborne	 botulism.	 Inhalational



challenge	 studies	 with	 aerosolized	 botulinum	 toxin	 of	 primates	 have
demonstrated	the	development	of	illness	following	exposure	to	all	seven	toxins.
Researchers	suspect	that	humans	are	also	susceptible	to	these	types.61,88

The	 intentional	 use	 of	 botulinum	 toxin	 can	 be	 either	 inhalational	 or
foodborne.	In	the	1930s,	the	Japanese	military	reportedly	executed	Manchurian
prisoners	 by	 feeding	 them	cultures	 of	Clostridium	botulinum.	 Botulinum	 toxin
was	produced	by	the	United	States	for	use	as	a	bioweapon	from	World	War	II	to
the	 early	 1970s	 when	 the	 bioweapon	 program	 was	 terminated.	 Following	 the
1972	 Convention	 on	 the	 Prohibition	 of	 the	 Development	 and	 Stockpiling	 of
Biological	and	Toxin	Weapons,	both	the	former	Soviet	Union	and	Iraq	continued
to	develop	botulinum	toxin	as	a	biowarfare	agent.	After	 the	1991	Persian	Gulf
War,	 Iraq	 admitted	 to	United	Nations	weapons	 inspectors	 that	 it	 had	produced
and	stockpiled	biologic	weapons	containing	botulinum	toxin.88

There	 remains	 considerable	 concern	 about	 the	 potential	 use	 of	 botulinum
toxin	as	a	bioweapon.	Contamination	of	either	a	food	or	a	beverage	source	with
botulinum	 toxin	 could	 result	 in	 mass	 casualties,	 overwhelming	 hospitals	 and
intensive	 care	 units,	 and	 creating	 significant	 anxiety	 among	 the	 general
population.88	It	has	been	estimated	that	1	g	of	botulinum	toxin	added	to	milk	that
is	commercially	distributed	and	consumed	by	568,000	individuals	can	result	 in
100,000	cases	of	botulism.62	 It	 has	 also	been	estimated	 that	 1	g	of	 aerosolized
botulinum	toxin	could	potentially	kill	more	than	1	million	people.88

Pathogenesis
Inhalational	and	foodborne	exposures	typically	have	a	12-	to	36-hour	incubation
period.	However,	symptoms	have	been	reported	within	6	hours	and	as	late	as	10
days	 following	 exposure.	 Following	 exposure,	 the	 toxin	 enters	 the	 circulation,
and	 the	 heavy	 chain	 of	 the	 toxin	 binds	 to	 the	 neuronal	 membrane	 on	 the
presynaptic	 side	 of	 the	 neuromuscular	 junction.	 The	 toxin	 enters	 the	 neuronal
cell,	 after	which	 the	 light	 chain	 of	 the	 toxin	 cleaves	 the	 SNARE	proteins	 that
form	 the	 synaptic	 fusion	 complex89	 (see	 Figure	 129.14	 for	 structure	 of
botulinum	toxin	A).	Disruption	of	the	synaptic	fusion	complex	prevents	release
of	 acetylcholine	 into	 the	 synaptic	 cleft,	 leading	 to	 paralysis	 that	 may	 last	 for
several	months.	Death	from	botulism	is	most	often	caused	by	respiratory	muscle
paralysis.	The	central	nervous	system	is	unaffected	because	botulism	toxin	does
not	 cross	 the	 blood-brain	 barrier.	A	 prospective,	 observational	 cohort	 study	 of
137	botulism	patients	in	Thailand	showed	that	those	individuals	presenting	with
vomiting,	urinary	 retention,	or	any	cranial	nerve	abnormality	 (eg,	dysarthria	or
diplopia)	were	likely	to	progress	to	respiratory	failure,	whereas	a	long	incubation



period	before	symptom	onset	was	associated	with	a	more	favorable	prognosis.90

	

Figure	129.14 	Botulinum	neurotoxin	 a	 is	 composed	of	 an	∼50
KDa	light	chain	(red)	linked	by	a	single	disulfide	bond	to	the	∼100
KDa	 heavy	 chain.The	 light	 chain	 functions	 as	 a	 zinc-dependent
endopeptidase.	 The	 heavy	 chain	 has	 two	 components	 (blue	 and
purple).(Reprinted	by	permission	from	Springer:	Lacy	DB,	Tepp	W,
Cohen	AC,	 et	 al.	 Crystal	 structure	 of	 botulinum	 neurotoxin	 type	A
and	 implications	 for	 toxicity.	 Nat	 Struct	 Biol.	 1998;5:898-902.
Reproduced	from	the	Chapter	16,	Botulinum	Toxin,	Medical	Agents
of	Biologic	Warfare,	USAMRIID,	10th	edition,	2012	[open	source].)

Diagnosis
As	cases	of	botulism	are	rare,	clinicians	must	have	a	high	level	of	suspicion.	The
wide	spectrum	of	signs	and	symptoms	further	complicates	the	diagnosis	and	can
lead	to	delayed	recognition,	as	has	been	observed	with	foodborne	botulism	being
mistaken	 for	 myasthenia	 gravis,	 Guillain-Barré	 syndrome,	 stroke,	 or	 even
psychiatric	 disorders.	 In	 children,	 the	 differential	 diagnosis	 may	 also	 include
poisoning,	intoxications,	and	poliomyelitis.	Typical	botulism	manifests	as	cranial
nerve	 palsies,	 followed	 by	 symmetric,	 bilateral,	 descending	 flaccid	 paralysis
affecting	the	proximal	before	the	distal	musculature.	The	scope	and	severity	of
paralysis	 is	 proportional	 to	 the	 amount	 of	 antitoxin	 exposed.	With	 time,	 these
symptoms	 can	 progress	 to	 respiratory	 failure	 and	 death.	 Respiratory	 failure



without	 the	 preceding	 neurologic	 deficits	 is	 rare.	 Fever	 or	 encephalopathy
suggests	an	alternate	diagnosis.91

Ancillary	 testing	 is	 usually	 normal	 in	 botulism.	 Unlike	 Guillain-Barré
syndrome,	 CSF	 protein	 levels	 are	 not	 elevated.	 Unlike	 myasthenia	 gravis,
edrophonium	testing	is	negative.	Results	from	electrodiagnostic	studies	such	as
electromyography,	 nerve	 conduction,	 and	 repetitive	 nerve	 stimulation	 are
variable	and	may	change	depending	on	the	stage	of	disease	course.	Botulism	is
confirmed	 in	 symptomatic	 patients	 by	 confirming	 one	 of	 the	 following:	 (1)
botulinum	 neurotoxin	 in	 serum,	 stool,	 or	 gastric	 contents;	 (2)	 botulinum
neurotoxin-producing	 species	 of	 Clostridium	 (eg,	 C.	 botulinum,	 Clostridium
baratii,	 or	 Clostridium	 butyricum)	 in	 stool,	 wound	 culture,	 or	 food;	 or	 (3)
botulinum	 neurotoxin	 in	 food	 consumed	 by	 a	 symptomatic	 person.	 The	 gold
standard	 for	 diagnosis,	 the	 mouse	 bioassay,	 is	 only	 available	 in	 specialized
public	 health	 laboratories.92	 PCR	 testing	may	 be	more	widely	 available	 but	 is
limited	 to	 the	 identification	 of	 Clostridium	 DNA	 (not	 the	 presence	 of
neurotoxin).	 Additional	 testing	 (such	 as	 the	 mouse	 assay)	 is	 still	 required	 to
verify	either	a	 toxin-producing	strain	or	 the	 toxin	 itself.	Mass	spectrometry	for
the	toxin	is	both	highly	sensitive	and	specific	but	is	only	performed	at	the	CDC
and	 a	 limited	 number	 of	 other	 public	 health	 laboratories.	 Specimens	 for
botulinum	testing	should	be	stored	and	transported	at	refrigeration	temperatures
(36	 °F-46	 °F	 [2	 °C- 8	 °C]),	 not	 frozen.	 If	 botulism	 is	 suspected,	 immediately
contact	the	local	or	state	health	department	to	facilitate	expert	consultation	and
possibly	testing	and	treatment	by	the	CDC.

Treatment
The	 treatment	 of	 botulism	 includes	 supportive	 care,	 mechanical	 ventilation	 if
necessary,	 and	 the	 administration	 of	 botulinum	 antitoxin.	 In	 severe	 cases,	 2	 to
8	weeks	of	ventilator	support	may	be	required	prior	to	recovery.	In	an	outbreak
following	 an	 intentional	 release,	 the	 health	 care	 demands	 may	 rapidly
overwhelm	 current	 capabilities,	 especially	 with	 regard	 to	 the	 availability	 of
mechanical	 ventilators	 and	 critical	 care	 providers.	 There	 is	 a	 supply	 of
mechanical	 ventilators	 in	 the	 Strategic	 National	 Stockpile	 (SNS)	 and	 in	 some
state	 caches	 that	 can	be	deployed	 in	 the	 event	of	 a	mass	 casualty.	The	 request
must	be	coordinated	via	the	local-state-national	Incident	Command	System.	The
CDC	has	an	algorithm	and	 triage	 tool	based	on	 the	care	 setting	 (conventional,
contingency,	or	crisis)	to	guide	evaluation	and	treatment.91

Specific	 therapy	 for	 botulism	 involves	 the	 administration	 of	 botulinum
antitoxin.	 Early	 suspicion	 of	 botulism	 and	 the	 prompt	 administration	 of



botulinum	antitoxin	can	reduce	nerve	damage	and	disease	severity.	The	goal	of
antitoxin	 therapy	 is	 to	 prevent	 further	 paralysis	 by	 neutralizing	 unbound
botulinum	 toxin	 in	 the	 circulation.	A	 heptavalent	 botulinum	 antitoxin	 (HBAT)
approved	by	 the	FDA	 is	available	 for	 the	 treatment	of	noninfant	patients.	This
heptavalent	 antitoxin	 contains	 equine-derived	 antibody	 to	 all	 seven	 botulinum
toxins	from	A	to	G.	Pregnant	women	with	suspected	foodborne	botulism	should
be	treated	with	HBAT	in	the	same	manner	as	nonpregnant	patients.	If	botulism	is
confirmed,	the	CDC	will	provide	heptavalent	antitoxin	and	detailed	instructions
for	 its	 intravenous	 administration	 (contact	 the	 local	 health	 department	 or	 if
unavailable,	 the	 CDC	 at	 770-488-7100).91	 Additional	 doses	 of	 botulinum
antitoxin	 will	 be	 needed	 when	 multiple	 cases	 of	 botulism	 occur	 after	 an
intentional	 release.	Following	 the	 initial	 administration	of	 botulinum	antitoxin,
patients	 should	 be	 carefully	 assessed	 for	 refractory	 symptoms,	 such	 as	 rapidly
progressing	 paralysis,	 severe	 airway	 obstruction,	 or	 overwhelming	 respiratory
tract	secretions,	which	may	indicate	the	need	for	an	additional	dose.

Hypersensitivity	 reactions	 to	 botulinum	 antitoxin	may	 occur.	 These	 include
anaphylaxis,	 serum	 sickness,	 chills,	 fever,	 dyspnea,	 cutaneous	 erythema,	 and
edema	of	 the	 tongue.	The	 incidence	of	hypersensitivity	with	 the	 recommended
one-vial	 dose	 is	 about	 1%.	 A	 small	 dose	 can	 be	 given	 initially	 to	 screen	 for
hypersensitivity,	but	this	may	be	impractical	in	a	mass	casualty	situation.93

Human-derived	anti–A/B	botulinum	toxin	immunoglobulin	(BabyBIG-IV)	is
available	as	an	orphan	drug	for	 the	 treatment	of	 infant	botulism,	but	 it	has	not
been	tested	for	adults	and	is	currently	only	available	for	infants	under	1	year	of
age.	 The	 FDA-approved	 HBAT	 dose	 for	 infants	 is	 10%	 of	 the	 adult	 dose,
regardless	of	weight.	Child	botulism	is	treated	with	weight-based	dose	brackets
of	HBAT	based	on	the	Salisbury	rule.91,94

Prophylaxis
In	 the	 United	 States,	 a	 pentavalent	 botulinum	 toxoid	 vaccine	 was	 previously
available	from	the	CDC	for	the	immunization	of	laboratory	workers	and	military
personnel	 at	 risk	 for	 botulinum	 toxin	 exposure,	 but	 this	 vaccine	 is	 no	 longer
available	as	of	2011	owing	to	evidence	of	decreasing	immunogenicity	from	the
source	 strain.	 At	 the	 present	 time,	 there	 is	 no	 generally	 recommended
prophylactic	 therapy	 for	 the	 prevention	 of	 botulism.	 High-risk	 exposures	may
receive	HBAT	on	a	case-by-case	basis,	in	consultation	with	CDC.95

RICIN



Ricin	 is	 a	 potent	 toxin	 belonging	 to	 the	 broad	 family	 of	 ribosome-inhibiting
proteins	and	is	easily	extracted	from	seeds	contained	in	the	bean	(Figure	129.15)
of	the	castor	plant,	Ricinus	communis.	The	castor	plant,	a	native	plant	of	Africa,
is	 a	 common	 outdoor	 plant	 in	warm	 climates	 and	 is	 also	 used	 for	 ornamental
purposes.	Castor	bean	seeds,	castor	oil,	and	the	castor	plant	have	been	used	for
many	centuries	 for	 their	medicinal,	 lubricant,	and	decorative	properties.	Castor
bean	seeds	contain	high	concentrations	of	ricin,	and	ingestion	of	as	few	as	three
seeds	 can	 be	 fatal.	 Ricin	 is	 an	 immunotoxin,	 allergen,	 and	 toxic	 enzyme	 that
inhibits	 protein	 synthesis.	 As	 a	 result	 of	 its	 biochemical	 properties,	 ricin	 has
antitumor	 effects	 and	 has	 undergone	 phase	 I	 and	 phase	 II	 clinical	 trials	 as	 a
chemotherapeutic	 agent.	 Ricin	 can	 be	 inactivated	 by	 heating	 to	 80	 °C	 for	 10
minutes.	It	is	odorless	and	tasteless	and	can	be	produced	in	liquid,	crystalline,	or
dry	 powder	 forms.	Both	 the	 liquid	 and	 powder	 forms	 have	 the	 potential	 to	 be
aerosolized.96

	

Figure	 129.15 	 Castor	 beans	 (Ricinus	 communis).(Picture	 from
Quick	 Bio-Agents	 Guide.	 1st	 ed.;	 2012.	 Accessed	 September	 21,
2016.	http://www.usamriid.army.mil/education/instruct.htm).

Toxicology
Ricin	 is	 66-kd	 globular	 protein	 consisting	 of	 two	 sulfide-linked	 polypeptide
chains,	A	and	B.	The	B	chain	binds	 to	 the	cell	 surface	at	galactose-containing
sites	and	facilitates	entry	of	the	A	chain	into	the	cell.	The	A	chain	then	enters	the
cytosol	 of	 a	 cell;	 inactivates	 the	 28S	 ribosomal	 subunits;	 inhibits	 protein
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synthesis;	 and	 causes	 cell	 death.	 Both	 the	 toxicity	 and	 the	 lethality	 of	 ricin
depend	on	the	exposure	dose	and	the	route	of	administration.	In	murine	models,
the	LD50	and	time	of	death	are	3	to	5	μg/kg	and	60	hours	by	inhalation,	5	μg/kg
and	90	hours	by	intravenous	injection,	and	20	mg/kg	and	85	hours	by	intragastric
administration.	The	lethal	doses	of	ricin	for	humans	are	estimated	to	be	3	μg	per
kg	by	inhalation	and	by	intravenous	injection.96,97	On	exposure	to	lethal	doses	of
ricin	by	inhalation,	rats	develop	a	necrotizing	tracheobronchitis	and	pneumonia
with	parenchymal	inflammation	and	pulmonary	edema.98	In	nonhuman	primates,
inhalation	of	ricin	leads	to	death	within	48	hours	of	exposure,	and	autopsy	shows
diffuse	 necrosis	 of	 airways,	 severe	 pulmonary	 edema,	 severe	 fibrinopurulent
pneumonia,	and	mediastinal	lymphadenitis.99

Ricin	as	an	Agent	of	Bioterrorism
Its	 high	 toxicity,	 relative	 ease	 of	 production,	 ease	 of	 dissemination,	 and	 its
stability	in	ambient	conditions	make	ricin	a	potential	agent	of	bioterrorism.	Ricin
can	be	dispersed	as	an	aerosol	or	as	a	contaminant	of	food	and	beverages	for	the
purpose	of	 causing	multiple	 casualties.	Ricin	may	be	an	 ideal	 agent	 for	 small-
scale	bioterrorism	attacks	against	high-value	targets,	because	the	large	quantities
needed	for	a	large-scale	attack	are	thought	be	logistically	difficult.96

There	have	been	several	reports	of	the	use	or	intended	use	of	ricin	in	terrorist
activities.	 In	 1978,	 a	Bulgarian	 diplomat	 named	Georgi	Markov,	was	 killed	 in
London	by	a	 ricin-containing	pellet	 fired	 from	an	umbrella-based	weapon100	as
shown	 in	 Figure	 129.16.	 In	 January	 2003,	 British	 authorities	 arrested	 10
individuals	from	North	Africa	who	were	residing	in	a	London	apartment	where
ricin	 was	 found.	 In	 October	 2003,	 ricin	 was	 identified	 in	 an	 envelope	 at	 a
Greenville	 Post	 Office,	 South	 Carolina.	 In	 November	 2003,	 an	 envelope
addressed	to	the	White	House	was	reportedly	intercepted	by	the	Secret	Service
and	was	found	to	contain	ricin.	In	February	2004,	ricin	was	reportedly	detected
in	 the	 Dirksen	 Senate	 Office	 Building.101	 A	 review	 of	 the	 Global	 Terrorism
Database	from	1970	to	2018	found	ricin	to	be	the	third	most	common	biologic
terror	agent,	behind	anthrax	and	salmonella,	highlighting	the	need	for	clinicians
to	be	familiar	with	the	recognition	and	management	of	ricin	poisoning.102



	

Figure	 129.16 	 Diagram	 of	 “umbrella	 gun”	 clandestine	 weapon
used	 to	 assassinate	 Bulgarian	 exile	 Georgi	 Markov	 in	 London	 in
1978.The	poison	projectile	was	propelled	 through	 the	hollow	 tip	by
the	pressure	released	from	a	carbon	dioxide	cartridge.(Original	work
by	 van	 Keuren	 RT.	 Chemical	 and	 Biological	 Warfare,	 An
Investigative	Guide.	Office	 of	Enforcement,	 Strategic	 Investigations
Division,	US	Customs	Service;	1990:89.	Reproduced	from	Chapter	1,
History	of	Biological	Weapons:	From	Poisoned	Darts	 to	 Intentional
Epidemics,	 in	Medical	 Aspects	 of	 Biological	 Warfare,	 The	 Borden
Institute,	Fort	Sam	Houston,	Texas.	1st	ed.;	2007.)

Human	Ricin	Toxicity
The	 pathological	 changes	 and	 clinical	 symptoms	 caused	 by	 ricin	 exposure
depend	on	 the	exposure	dose	and	 the	route	of	exposure.	The	clinical	effects	of
ricin	 for	 humans	have	been	described	 following	 cases	of	 castor	 seed	 ingestion
and	 parenteral	 use	 in	 chemotherapeutic	 clinical	 trials.	 The	 clinical	 findings
observed	 in	 animal	 models	 after	 the	 oral	 or	 parenteral	 administration	 of	 ricin
appear	 to	 correlate	 with	 the	 clinical	 findings	 of	 humans	 exposed	 to	 oral	 or
parenteral	 ricin.	Human	data	on	 inhalational	exposure	 to	ricin	are	very	 limited.
The	 findings	 from	animals	 following	 inhalational	exposure	are	presumed	 to	be
similar	to	those	that	would	be	experienced	by	humans	following	ricin	inhalation.
Leukocytosis	 appears	 to	 be	 a	 consistent	 finding,	 regardless	 of	 the	 route	 of
exposure.	Ricin	 toxicity	by	any	route	of	exposure	can	produce	a	 flulike	 illness
with	 fevers,	 myalgias,	 and	 arthralgias,	 as	 well	 as	 hallucinations	 and
seizures.101,103

Gastrointestinal	Route
Compared	to	other	routes	of	ricin	exposure,	the	gastrointestinal	route	is	the	least
toxic,	and	severity	can	vary	based	on	the	amount	of	ricin	ingested.	A	review	of
880	 cases	 of	 mostly	 accidental	 castor	 seed	 ingestions	 reported	 symptoms



consisting	of	nausea,	vomiting,	and	abdominal	cramping	within	a	few	hours	after
ingestion,	 followed	 by	 diarrhea	 that	 may	 become	 bloody	 and	 lead	 to	 volume
depletion,	 hypotension,	 severe	 electrolyte	 loss,	 tachypnea,	 tachycardia,	 and
delirium	with	hallucinations.	Case	fatality	rates	of	1.5%	have	been	reported.101,103

Parenteral	Route
In	cases	of	ricin	toxicity	produced	by	parenteral	administration,	pain	at	 the	site
of	injection,	fatigue,	malaise,	headache,	rigors,	and	fever	were	noted	in	the	first
24	 hours.	 Patients	 also	 showed	 local	 necrotic	 lymphadenopathy.	 Ricin,	 when
used	 as	 a	 chemotherapeutic	 agent	 at	 a	 dose	of	 18	 to	 20	μg/kg,	 caused	nausea,
vomiting,	 myalgia,	 and	 fatigue.	 More	 serious	 adverse	 effects	 may	 include
pulmonary	 edema,	 hypoalbuminemia,	 heart	 failure,	 shock,	 rhabdomyolysis,
necrotizing	 fasciitis,	 acute	 liver	 and	 kidney	 failure,	 gastrointestinal	 bleeding,
thrombocytopenia,	and	bleeding	diatheses.104

Inhalational	Route
Patients	with	inhalational	exposure	to	ricin	may	develop	symptoms	within	3	to
24	hours.	 In	nonhuman	primate	models,	aerosolized	 ricin	given	 in	 lethal	doses
produces	severe	diffuse,	necrotizing	bronchiolitis,	massive	alveolar	edema	with
hemorrhage,	 and	 hemorrhagic	 tracheobronchial	 lymphadenitis,	 with	 death
occurring	 in	as	 little	as	36	hours	after	exposure.	Sublethal	exposure	appears	 to
produce	a	chronic	pulmonary	fibrosis	in	surviving	animals.	The	only	information
regarding	human	 inhalational	 exposure	 is	 related	 to	 castor	 seed	dust.	Reported
symptoms	 from	 dust	 inhalation	 include	 itchy	 eyes,	 nasal	 and	 bronchial
congestion,	 urticaria,	 chest	 tightness,	 and	 bronchospasm,	 all	 suggestive	 of	 an
allergic	syndrome.99,101

Ricin	as	an	Allergen
Type	I	and	IV	hypersensitivity	syndromes	have	been	reported	following	dermal
exposure	to	castor	seeds	and	castor	seed	dust,	including	an	anaphylactic-reaction
in	 a	 woman	 when	 a	 seed	 from	 her	 castor-bean	 necklace	 disintegrated	 in	 her
fingers.	The	woman	experienced	rhinitis,	sneezing,	periorbital	edema,	and	facial
urticaria,	 requiring	 a	 subcutaneous	 injection	 of	 epinephrine.	 Although	 the
incidence	 of	 ricin-associated	 allergic	 reactions	 is	 unknown,	 they	 may	 be
relatively	 frequent	 among	 exposed	 individuals	 because	 of	 the	 immunogenic
properties	of	the	ricin	molecule.



Diagnosis
The	diagnosis	of	ricin	toxicity	is	challenging.	The	differential	diagnosis	includes
exposure	 to	 staphylococcal	 enterotoxin,	 phosgene,	 oxides	 of	 nitrogen,	 and
organohalides.	 If	 a	 bioterrorism	 attack	 is	 suspected,	 anthrax,	 plague,	 and
tularemia	should	also	be	considered.	Ricin	intoxication	by	the	inhalational	route
can	 be	 confirmed	 by	ELISA	 analysis	 of	 nasal	mucosal	 swabs	 taken	within	 24
hours	of	exposure.	Specific	ricin	antigen	testing	or	immunochemical	staining	of
serum	and	respiratory	secretions	can	also	be	performed.	Serum	and	respiratory
samples	may	also	be	sent	 for	PCR	evaluation,	although	highly	purified	ricin	 is
unlikely	 to	contain	significant	amounts	of	nucleic	acid	for	detection.97	Because
ricin	 is	 an	 immunogenic	 toxin,	 a	 significant	 increase	 of	 the	 antiricin	 antibody
titer	2	weeks	after	exposure	may	also	be	helpful	for	confirming	the	diagnosis.	It
is	 recommended	 that	acute	and	convalescent	antibody	 titers	be	obtained	 for	all
individuals	 suspected	 of	 ricin	 intoxication.	 However,	 antiricin	 antibodies	 are
rapidly	metabolized	and	excreted,	so	the	absence	of	a	significant	increase	in	titer
does	not	exclude	the	diagnosis.101	Urine	 testing	for	 the	ricin	biomarker	 ricinine
remains	under	investigation.105

Neutrophilic	 leukocytosis	 is	 usually	 present	 in	 peripheral	 blood.	 Pleural
effusions	and	bilateral	alveolar	 infiltrates,	 indicative	of	pulmonary	edema,	may
be	seen	on	chest	radiographs.	Arterial	blood	gases	should	be	monitored	to	assess
oxygenation,	 the	 adequacy	 of	 ventilation,	 and	 acid-base	 status.	 Myocardial
ischemia,	cardiac	dysrhythmias,	and	cardiac	conduction	abnormalities	may	occur
and	 should	 be	 evaluated	 through	 routine	 electrocardiography	 and
echocardiography.101

Treatment
The	 management	 of	 ricin	 intoxication	 is	 largely	 supportive,	 regardless	 of	 the
route	 of	 exposure.	 All	 patients	 suspected	 of	 ricin	 intoxication	 should	 be
decontaminated	 by	 removing	 all	 clothing	 and	washing	 the	 skin	with	 soap	 and
water.	Careful	attention	to	fluid	and	electrolyte	balance	is	essential,	especially	in
patients	 with	 pulmonary	 edema.	 Vasopressors	 may	 be	 needed	 for	 the
management	 of	 severe	 hypotension.	 If	 ricin	 ingestion	 has	 occurred,	 gastric
lavage	may	be	helpful	 for	 removing	 ricin	 from	 the	gastrointestinal	 tract.	 If	 the
patient	is	alert,	activated	charcoal	can	be	given.

If	 inhalation	 is	 the	 route	 of	 exposure,	 effective	 airway	 management	 is
essential.	 Bronchospasm	 should	 be	 treated	 with	 a	 nebulized	 bronchodilator.
Patients	with	 severe	 pulmonary	 edema	will	 require	 intubation	 and	mechanical



ventilation.	Oxygen	should	be	administered	at	a	concentration	sufficient	to	keep
the	 arterial	 oxygen	 tension	 (PaO2)	 between	 60	 and	 100	 mm	 Hg.	 Myocardial
infarction,	myocardial	 ischemia,	 cardiac	 dysrhythmias,	 and	 cardiac	 conduction
abnormalities	 should	 be	 treated	 as	 appropriate.	Mild	 allergic	 reactions	 can	 be
treated	with	 an	 antihistamine.	Epinephrine	 should	be	given	 for	 anaphylaxis.	A
nonsteroidal	anti-inflammatory	drug	can	be	given	for	arthralgias	and	myalgias.101

There	 is	 no	 FDA-approved	 therapy	 for	 ricin.	 Chimeric	 and	 monoclonal
antibodies	 directed	 against	 the	 different	 portions	 of	 the	 ricin	 toxin	 have
demonstrated	 benefits	 in	 animal	 models,	 including	 nonhuman	 primates.106
Animal	 studies	 for	 post-exposure	 prophylaxis	 have	 also	 shown	 promising
results,107	 but	 human	 clinical	 data	 are	 presently	 lacking.108	Most	 patients	 with
moderate	 dose	 ricin	 intoxication	 should	 survive	 the	 acute	 effects	 with
appropriate	 supportive	 care	 promptly	 after	 exposure.	 However,	 because	 the
clinical	effects	of	ricin	intoxication	are	dose-related,	individuals	exposed	to	high
concentrations	may	die	from	cardiopulmonary	arrest	despite	optimal	supportive
care.101

Immunization
RiVax/Alum	 (Soligenix,	 Princeton,	New	 Jersey)	 and	RVEc	 (USAMRIID,	 Fort
Detrick,	Maryland)	 are	 recombinant	 inactivated	 ricin	 A-chain	 toxoid	 vaccines
that	have	been	shown	to	be	immunogenic	and	safe	in	small	phase	1	human	trials.
These	vaccines	appear	to	be	comparably	immunogenic	in	animal	models.109	The
use	 of	 these	 agents	 in	 cases	 of	 a	 human	 outbreak	 or	 attack	 remains	 to	 be
determined.

Table	 129.13	 provides	 a	 useful	 summary	 table	 of	 biologic	 agents,	 clinical
features,	and	initial	treatment.

TABLE	129.13

Summary	of	Common	Clinical	Syndromes	Caused	by
Agents	of	Bioterrorism

Condition Pathogen
or	Source

Clinical
syndrome(s) Contagious Incubation

Period
Vaccine
Available

Anthrax Bacillus Cutaneous, No 1-6	d Yes



anthracis inhalational,	GI

Botulism Clostridium
botulinum

Inhalational	or
gastrointestinal

No ½-5	d No

Plague Yersinia
pestis

Bubonic,
septicemic,
pneumonic

Yes 1-7	d
(usually	2-
3	d)

No

Ricin	toxin Ricinus
communis

Gastrointestinal,
parenteral,
inhalational

No 18-24	h No

Smallpox Variola
virus

Classic,
hemorrhagic

Yes 7-17	d
(average
12	d)

Yes

Tularemia Francisella
tularensis

Ulceroglandular,
oculoglandular,
pneumonic,
typhoidal

No 1-21	d
(average	3-
6	d)

No



GI,	gastrointestinal;	IV,	intravenous;	PO,	oral;	VIG,	vaccinia	immune	globulin.

Derived	from	Adalja	AA,	Toner	E,	Inglesbey	TV.	Clinical	management	of	potential	bioterrorism-
related	conditions.	N	Engl	J	Med.	2013;372:954-962,	2015,	and	from	Christian	MD.	Biowarfare
and	bioterrorism.	Crit	Care	Clin.	2013;29:717-756.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	incidence	patterns	most	strongly	suggests	an
anthrax	bioterrorism	attack?

A. 	3	cases	occurring	over	2	weeks	among	patients	with	a	common
exposure
B. 	20	cases	occurring	over	3	days	among	patients	with	a	common
exposure
C. 	10	cases	occurring	over	1	year	in	the	same	city
D. 	50	cases	occurring	over	3	years	from	different	regions	of	a	country

2. 	Syndromes	of	anthrax,	plague,	and	tularemia	share	all	of	the	following
forms,	EXCEPT:

A. 	Lymphatic/cutaneous
B. 	Pulmonary
C. 	Renal
D. 	Systemic

3. 	What	is	the	most	important	strategy	to	avoid	treatment	delay	for	victims	of
a	bioterrorism	attack?

A. 	Astute	clinicians
B. 	Availability	of	rapid	testing
C. 	Governmental	lockdowns
D. 	Population	surveillance

Answers

1.	The	correct	answer	is	B.



Rationale:	 Multiple	 cases	 in	 a	 cluster	 or	 large	 outbreak	 suggests	 the
possibility	 of	 a	 bioterrorism	 attack	more	 than	 sporadic	 occurrence.	 Clustering
involves	 the	 number	 of	 cases,	 their	 physical	 proximity	 to	 a	 common	 location,
and	the	timing	of	disease	onset.	Many	cases	with	a	common	exposure	and	nearly
identical	disease	onset	are	most	suggestive	of	bioterrorism	(choice	B	is	correct).
Smaller	numbers	over	longer	periods	of	time	are	less	suggestive	(choices	A	and
C	 are	 incorrect),	 and	 even	 larger	 temporal	 and	 geographic	 diversity	would	 be
much	more	consistent	with	sporadic	disease	occurrence	(choice	D	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	Anthrax,	plague,	 and	 tularemia	have	overlapping	 syndromes	 that

include	lymphatic/cutaneous,	pulmonary,	and	systemic	disease—but	not	renal—
forms	(choice	C	is	the	“correct”,	wrong	answer).

3.	The	correct	answer	is	A.
Rationale:	 Timely	 treatment	 is	 most	 dependent	 on	 an	 astute,	 frontline

clinician	having	an	 index	of	clinical	suspicion	for	possible	bioterrorism	attacks
(choice	A	is	correct).
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Section	12

ICU	DESIGN,	ORGANIZATION,
OPERATION	AND	OUTCOME	MEASURES
NEIL	A.	HALPERN

Chapter	130
Intensive	Care	Unit	Design
Neil	A.	Halpern,	Lilly	A.	Bothwell,	Diana	C.	Anderson

KEY	POINTS:
1.	 ICU	design	is	a	complex	process	that	must	accommodate	and

address	continuously	evolving	guidelines,	regulatory	standards,
evidence	based	practice,	logistical	needs,	technologies,	innovations,
and	costs.

2.	 An	ICU	is	a	semiautonomous	mini-hospital	that	should	be	designed
and	harmonized	with	other	ICUs	and	hospital	support	services.

3.	 ICU	design	only	succeeds	if	common	goals	for	design,	space,
purpose,	and	funding	are	shared	between	the	critical	care	medicine
design	team	and	the	hospital	administration.

4.	 Existing	guidelines,	recommendations,	expert	opinions	and	actual	or
virtual	visits	to	newly	designed	and	award	winning	ICUs	should	be
sought	by	ICU	design	team	members	to	help	gain	core	knowledge	of
innovative	and	successful	ICU	designs.

5.	 The	ICU	design	process	may	take	several	years	from	the	vision	of
the	design	to	occupancy.

6.	 The	patient	room	is	the	central	point	of	the	ICU	experience	for
patient,	ICU	and	supporting	staff,	visitors,	logistics	and	informatics.



7.	 Optimally,	the	patient	room	is	an	autonomous	space	having	all	the
technologies	needed	to	functionally	care	for	the	typical	ICU	patient
as	defined	for	a	general	or	a	specialized	ICU.

8.	 The	interface	of	the	patient	room	and	the	ICU	corridors	must	provide
for	patient	privacy,	infection	control	and	a	workspace	for	staff.

9.	 The	ICU	patient	room,	corridors	and	visitor	and	staff	spaces	should
be	designed	as	healing	environments.

10.	 The	ICU	corridors	unite	all	ICU	components	and	its	design	plays	an
essential	role	in	supporting	the	physical	and	social	unity	of	the	ICU,
as	well	as	logistical	functions.

11.	 Designing	the	ICU	informatics	infrastructure	requires	a	broader	skill
set	than	the	standard	build	and	therefore,	requires	an	ICU	and
hospital	team	broadly	trained	and	knowledgeable	in	the	intricacies	of
ICU	informatics,	as	well	as	the	hospital’s	informatics	capabilities.

12.	 Caring	for	COVID-19	patients	showed	the	limits	of	the	existing	ICU
design;	thus,	new	designs	should	incorporate	the	lessons	learned.

INTRODUCTION
In	 2010,	 there	were	 approximately	 6100	 intensive	 care	 units	 (ICUs)	with	 over
104,000	beds	in	the	3100	acute	care	hospitals	in	the	United	States.1	Periodically,
these	 ICUs	 need	 to	 be	 renovated	 or	 new	 ICUs	 built.2	 Thus,	 hospital-based
intensivist	 leaders	at	some	point	 in	 their	careers	may	be	asked	 to	participate	 in
designing	new	or	 renovating	 existing	 ICUs.	For	 simplicity	 of	 presentation,	we
have	divided	this	chapter	into	five	sections:	(1)	the	ICU	design	process,	(2)	the
ICU	patient	room,	(3)	central	support	areas,	(4)	ICU	informatics,	and	(5)	future
trends.	Although	we	classify	these	areas	separately,	they	are	indeed	interrelated.

THE	ICU	DESIGN	PROCESS
1 	 2 	Health	care	design	is	a	complex	process	that	must	accommodate	and	address
continuously	evolving	guidelines,	regulatory	standards,	evidence	based	practice
and	 innovations.3	 Several	 core	 principles	 should	 guide	 ICU-specific	 design.4
First,	an	ICU	is	a	semiautonomous	minihospital.	Second,	new	or	renovated	ICU
locations	should	be	harmonized	with	other	 ICUs	and	hospital	support	services.



Third,	the	design	must	balance	innovation	and	functionality,	space	and	physical
limitations,	costs,	and	security	and	healing.	Fourth,	ICU	design	should	consider
long-term	 functionality,	 sustainability	 and	 resilience	 because	 the	 ICU	 design
must	last	one	to	two	decades.	Finally,	ICU	design	should	embrace	the	growing
field	of	evidence-based	design	(EBD)	with	excellent	 long-term	reviews	of	ICU
design	 and	 environments	 inclusive	 of	 suggested	 outcome	 parameters	 to	 be
considered	in	the	design	process.2,3,5-12	With	that	said,	ICU	designers	should	also
be	open	to	innovation	and	new	approaches	not	yet	studied	if	the	novel	ideas	meet
the	needs	of	the	new	ICU.

Critically	 ill	 patients	 and	 ICU	 beds	 are	 projected	 to	 represent	 increasingly
larger	 percentages	 of	 hospital	 inpatient	 platforms	 in	 the	 future	 than	 today.13
Additionally,	 the	 ICUs	 of	 the	 future	 may	 also	 be	 far	 more	 technologically
focused	than	current	units	(General	Medical	ICU	vs	Advanced	Therapeutics	and
Cardiac	 Device	 ICUs).	 Therefore,	 the	 ICU	 design	 should	 be	 able	 to
accommodate	 evolving	 perspectives	 for	 the	 number	 of	 ICU	 beds	 per	 unit	 and
differences	between	critical	care	delivery	models	 for	 large	and	small	hospitals.
The	 average	 number	 of	 ICU	 beds	 per	 unit	 has	 increased	 over	 the	 last	 three
decades	with	adult	ICUs	now	bigger	by	almost	six	beds,	or	29%.14	Historically,	a
higher	 percentage	 of	 hospital	 beds	 are	 dedicated	 to	 critical	 care	 in	 larger	 than
smaller	 hospitals,15	 and	 there	 are	 multiple	 specialty	 ICUs	 within	 the	 large
academic	 medical	 centers,	 whereas	 one	 large	 multipurpose	 adult	 ICU	 may
suffice	for	smaller	community	hospitals.	Design	should	also	not	be	confined	to
traditional	ICUs,	as	ICUs	may	be	incorporated	into	the	emergency	departments
(EDs)	of	large	academic	centers.

ICU	Design	Team
3 	ICU	design	can	only	succeed	if	common	goals	for	design,	space,	purpose,	and
funding	 are	 shared	 between	 the	 critical	 care	 medicine	 team	 and	 the	 hospital
administration.4	 The	 ICU	 design	 process	 benefits	 from	 being	 inclusive	 and
collaborative3,4,8;	 therefore,	 the	 ICU	 design	 team	 should	 include	 a	 variety	 of
disciplines	including	hospital	administration;	the	ICU	clinical	team	(physicians,
nurses,	and	pharmacists);	allied	health	care	support	(infection	control	specialists,
respiratory	 therapy,	 nutrition	 support,	 care	 coordination,	 and	 social	work);	 and
the	technical	groups	(architects,	engineers,	equipment,	and	informatics).	Of	note,
health	care	architecture	 is	a	subspecialty	architecture	field,	with	its	own	board-
certification	process;	thus,	ideally,	health	care	architects	with	a	prior	track	record
of	successful	 ICU	design	experience	should	be	engaged.	It	 is	also	 important	 to
include	 end	 users	 (current	 and	 former	 patients	 and	 family	 representatives),



because	these	groups	can	offer	unique	insights.9

Initial	Vision	and	Benchmarking
Before	 detailed	 design	 discussions	 begin,	 the	 hospital	 should	 articulate	 their
vision4,16	including	the	location	of	the	unit(s)	(with	consideration	to	accessibility
from	other	 departments)	 and	 the	number	of	 beds.	The	vision	 for	 the	new	 ICU
should	reflect	the	ICU	team’s	approach	to	patient	and	family	care,	workflow,	use
of	 technology,	 apportionment	 of	 space	 between	 patient	 and	 supportive	 areas,
logistics	 of	 unit	 function	 (centralized,	 decentralized	 or	 hybrid)	 and	 the	 ICU’s
physical	 and	 logistical	 relationships	 with	 the	 remainder	 of	 the	 hospital.
Developing	 the	 ICU	design	vision	may	be	 improved	by	exposing	 the	group	 to
other	well	designed	ICUs	through	real	or	virtual	visits.

Design	Guidelines	and	Regulatory	Standards
4 	 Existing	 evidence-based	 guidelines,	 recommendations	 and	 expert	 opinions
should	be	sought	and	provided	to	ICU	design	team	members	 to	help	the	group
gain	 core	 knowledge	 of	 ICU	 design4,5,16-20.	 Two	 primary	 sources	 include	 the
Guidelines	for	Design	and	Construction	of	Hospitals	and	Outpatient	Facilities,
published	 by	 the	 Facility	 Guidelines	 Institute	 (FGI)21	 and	 “Guidelines	 for
Intensive	Care	Unit	Design”	published	by	the	Society	of	Critical	Care	Medicine
(SCCM).17	 FGI	 focuses	 on	minimum	 but	 well-conceived	 standards	 for	 design
and	 construction	 that	 are	 accepted	 by	 most	 states	 of	 the	 United	 States.	 The
SCCM	guidelines	describe	universal	functions	that	should	be	accommodated	for
the	modern	ICU.	Both	sets	of	guidelines	have	expanded	their	recommendations
to	 include	 the	 social,	 psychologic,	 and/or	 cultural	 aspects	 of	 facility
performance,	thus	responding	to	the	need	for	a	more	comprehensive	approach	to
health	facility	design.2	SCCM	also	maintains	a	digest	of	 the	ICU	design	award
winners	 and	 includes	 architectural	 design	 drawings,	 pictures,	 and	 videos	 of
outstanding	ICUs	from	throughout	the	world.22

Design	Timeline	and	Mock-Ups
5 	The	ICU	design	process	may	take	several	years	from	the	vision	of	the	design
to	occupancy.4	The	design	committee	 should	meet	 regularly	on	a	 set	 schedule.
Schematics,	 computerized	 renderings	 and	 full-scale	 physical	 and	 virtual
prototypes	or	mock-ups	of	 the	patient	 rooms	should	be	provided.	The	physical



mock-ups	may	range	from	simple	tape	on	the	floor	to	indicate	room	outlines	and
components,	 to	 the	 use	 of	 cardboard	 walls	 and	 spaces	 with	 devices	 and
finishings.8,23	Physical	mock-ups	permit	 staff	 to	gain	 a	 sense	of	how	 the	 space
and	 room	 set	 up	will	 accommodate	 patient	 care	 and	workflow.	 Virtual	 reality
(VR)	 technologies,	 in	 contrast,	 offer	 immersive,	 interactive	 mock-ups	 to
experience	 the	ICU	design.24	Virtual	mock-ups	early	during	 the	design	process
can	yield	time	and	cost	savings,	as	well	as	functionality	improvement	as	there	is
less	physical	 rework.	 In	addition,	VR	offers	 the	benefit	of	 real-time	 interactive
elements	 within	 the	 proposed	 design	 (eg,	 changing	 lighting	 levels,	 differing
levels	of	sound-absorption,	object	positioning	and	sizing).

Renovation	vs	New	Construction
Renovations	 and	 new	 construction	 are	 heavily	 regulated	 by	 building	 codes.
Renovations	 require	 an	 update	 of	 existing	 spaces	 to	 current	 building	 codes.	 In
new	 construction,	 the	 design	 begins	 with	 a	 clean	 slate	 and	 is	 built	 to	 current
code.	Renovations	of	existing	ICUs	are	usually	limited	in	scope	and	may	range
from	a	cosmetic	upgrade	to	a	total	overhaul.25	Additionally,	renovations	are	often
more	 complicated	 than	 new	build	 because	 of	 the	 restrictions	 of	 building	 in	 an
older	space	(ie,	existing	floor-to-ceiling	heights;	structural	depths;	and	presence
of	elevators	and	staircases).	Phasing	of	renovations	and	future	occupancy	must
be	 factored	 into	 ICU	design	projects	 to	minimize	disruption	 to	existing	patient
services	 as	 well	 as	 mitigating	 noise	 and	 vibration	 resulting	 from	 construction
activities.21

Occupancy	Phase	and	Postoccupancy	Evaluation
Preoccupancy	 preparations	 including	 moving	 day	 simulations	 can	 diminish
moving	 day	 anxiety	 and	mistakes.	 Non-ICU	 staff	 and	 the	 family	members	 of
current	ICU	patients	should	be	made	aware	of	the	moving	date	to	minimize	their
angst.

A	 postoccupancy	 evaluation	 (POE)	 process	 that	 identifies	major	 issues	 and
unanticipated	problems	and	plans	for	short-	and	long-term	fixes	should	be	part	of
the	 project.	 POEs	 tend	 to	 focus	 on	 end-user	 impressions	 after	 occupying	 the
facility,	 but	 not	 necessarily	 on	 clinical	 performance	 measures.2	 When
implemented	during	health	care	design,	research	findings	demonstrate	that	POEs
can	 positively	 impact	 patient	 and	 visitor	 experiences	 and	 satisfaction;	 create
supportive	 work	 environments	 for	 staff	 and	 caregivers;	 and	 help	 achieve



organizational	objectives.26

THE	ICU	PATIENT	ROOM

ICU	Layout
Beyond	 the	 design	 of	 the	 patient	 room,	 the	 ICU	 layout	 may	 be	 the	 most
important	design	 feature,	 as	 it	 affects	 all	 aspects	of	 intensive	care	 services	 (ie,
patient	 flow	 and	 visibility,	 logistical	 support,	 staffing	 workflow,	 and	 family
integration).12,13,19,27,28	 Moreover,	 the	 layout	 determines	 the	 location	 and
functionality	of	 internal	 ICU	spaces	and	 the	 relationship	between	 ICU	 internal
and	 non-ICU	 external	 spaces	 and	 logistical	 support.	 Within	 the	 physical
limitations	of	the	space,	designers	have	applied	various	types	and	combinations
of	 layouts	 (Figure	 130.1)	 to	 solve	 throughput	 and	 circulation	 challenges	 for
patients,	staff	and	visitors,	clean	and	used	supplies,	and	equipment.

	



Figure	 130.1 	 ICU	 configurations:	 rectangular	 (A),	 circular	 (B),
triangular	(C),	and	square	(D).	The	“racetrack”	(A)	with	patient	beds
around	the	perimeter	and	nursing	stations	and	supportive	services	in
the	Central	Area	 (CA)	 is	most	 common	 in	 current	 ICUs.	Corridors
cut	through	the	central	areas	to	facilitate	staff	movement.	CA,	center
area;	ICU,	intensive	care	unit.

ICU	layout	selections	are	usually	dictated	by	the	location	of	fixed	nonusable
areas	 (ie,	windows,	 staircases,	elevators,	and	plumbing).	Layout	decisions	may
also	 be	 guided	 by	 considerations	 that	 address	 safety	 vs	 efficiency,	 support	 vs
function,	 and	 revenue-generation	 (patient	 rooms)	 vs	 logistical	 spaces.13,28	 The
racetrack	 (patient	 beds	 around	 the	 perimeter	with	 services	 in	 the	 center	 and	 a
corridor	space	in	between)	appears	 to	be	the	most	dominant	unit	 layout	among
award-winning	adult	ICUs.27

ICU	Patient	Room
6 	The	central	point	of	the	ICU	experience	is	the	patient	room.5,16-20,23	Guidelines
advise	single-bed	rather	than	multibed	rooms	in	order	to	enhance	patient	safety,
privacy,	and	 infection	control	and	 to	decrease	ICU	delirium.12,17,21,29	Each	room
should	 offer	 a	 healing	 environment	 with	 access	 to	 outdoor	 views	 through
windows	and	be	equipped	to	function	as	an	autonomous	area	with	the	necessary
space	for	procedures	and	associated	staff.30	Infection	prevention	measures	should
likewise	 be	 incorporated	 in	 the	 selection	 of	 finishes,	 which	 can	 have	 biocidal
properties	 (ie,	 copper	 or	 silver).12	 Concomitantly,	 the	 rooms	 should	 be	 fully
interwoven	into	the	ICU	and	hospital	workflow	and	social	fabric.

Patient	Room	Standardization
Ideally,	the	layout	of	all	ICU	patient	rooms	should	be	standardized	for	size	and
design.	At	a	baseline,	minimal	patient	room	size	requirements	are	usually	guided
by	 the	 FGI	 and	 state-based	 rules.21	 However,	 the	 consistency	 of	 space
availability	 depends	 upon	 the	 limitations	 of	 the	 physical	 layout	 (ie,	 plumbing
conduits);	 this	 is	 particularly	 limiting	 in	 ICU	 renovations.	 Specialty	 ICUs	 (ie,
trauma	 or	 cardiac	 device)	may	 purposefully	 construct	 some	 rooms	 larger	 than
others	for	resuscitation	purposes.	The	build	of	at	 least	one	 large	bariatric	room
per	ICU	should	be	considered	as	obesity	rates	are	increasing,	reflecting	a	trend	in
the	 general	 population.	 In	 terms	 of	 room	 design,	 standardization12,19,31	 allows



staff	 to	move	 in	 and	out	 of	 each	 room	efficiently.	Furthermore,	 staff	members
always	know	where	devices	are	installed	and	supplies	stored	and	placed.	Room
standardization	 may	 save	 design	 and	 construction	 time,	 costs	 and	 improve
patient	 safety.23,32	 Based	 on	 the	 COVID-19	 (coronavirus	 disease	 2019)
experiences,	we	suggest	that	the	majority	of	patient	rooms	be	airborne	infection
isolation	 room	 (AIIR),	 otherwise	 known	 as	 negative	 pressure,	 however,	 some
rooms	should	be	capable	of	positive	pressure.

Patient	Room	Zones
ICU	 patient	 rooms	 can	 be	 subdivided,	 physically	 or	 virtually,	 into	 four	 zones:
patient,	caregiver	(work),	family	(visitor),	and	room	entrance	(Figure	130.2).17,19
The	 room’s	 traditional	 focal	 point	 is	 the	 patient	 bed.	 However,	 with	 mobile
medical	utility	distribution	systems	and	patient	lifts	(next	section),	easily	moved
ICU	beds	to	face	multi	directions	including	windows,	as	well	as	an	emphasis	on
early	patient	mobility,	 perhaps	 the	 entirety	of	 the	 room	should	be	viewed	 as	 a
patient	zone.	The	caregiver	zone	includes	work	areas	for	medication	preparation
as	 well	 as	 computers,	 displays,	 and	 storage	 areas	 and	 should	 be	 calibrated	 to
permit	 ready	 interplay	 between	 critically	 ill	 patients	 and	 their	 families.33	 The
family	 zone	 should	 incorporate	 comfortable	 chairs;	 power	 and	USB	 (universal
serial	bus)	charging	outlets;	wireless	access;	and,	 if	 space	permits,	a	 long-term
visiting	alcove	with	a	chair-sofa-bed,	 table,	 light,	 sink,	 locker,	and	 refrigerator.
The	 room	 entrance	 may	 open	 directly	 from	 the	 ICU	 corridor	 or	 be	 set	 back
providing	an	“anteroom”	space	(Figure	130.3).	Opening	directly	to	the	corridor
provides	space	for	the	patient	room;	in	contrast,	setting	the	room	back	provides	a
staging	area	for	workstation;	handwashing	system;	storage	space;	coat	hangers;
and	 identification	 and	 informational	 display	 systems.	 A	 hybrid	 design	 that
incorporates	both	direct	 hallway	access	 and	a	 setback	may	provide	 the	best	 of
both	worlds	(Figure	130.3C).



	

Figure	130.2 	 The	 ICU	patient	 room	 is	 divided	 into	 four	 zones:
patient	(1),	caregiver	(2),	family	(bedside—3A	or	long	term—3B)	and
entryway	 (4).This	 figure	 also	 demonstrates	 a	 nurse	 server	 with
bidirectional	 access,	 work	 area,	 supply	 space,	 mobile	 articulating
arms	 (booms),	 bathroom,	 webcam,	 Wi-Fi	 transmitter,	 and	 a
workstation	 and	 a	 staging	 area	 immediately	 outside	 the	 room.	 ICU,
intensive	care	unit.



	

Figure	130.3 	 Patient	 rooms	may	 open	 directly	 into	 the	 hallway
without	any	workstation	 (WS)	 (A)	 or	with	 a	 shared	workstation	 for
the	 two	 rooms	 (B).	 Alternatively,	 the	 rooms	 can	 be	 set	 back	 to
provide	a	 staging	area	 (C—left	 room—full	 staging	or	 right	 room—
partial	or	hybrid	staging)	in	front	of	each	room	with	one	workstation
per	room.



Medical	Utility	Distribution	Systems	and	Patient	Lifts
Medical	equipment	is	installed	on	a	medical	utility	distribution	system	that	frees
the	floor	and	facilitates	ready	access	to	the	patient	for	procedural	equipment	and
staff	as	well	as	visitors.	The	selection	of	the	medical	utility	distribution	system
guides	 the	 room’s	 logistical	 and	 clinical	 support	 and	workflow.34	 The	medical
utility	distribution	system	brings	the	hospital’s	supportive	infrastructure	(medical
gases,	vacuum,	plumbing,	electrical	and	data	 jacks)	 to	 the	patient	and	provides
the	 venue	 for	 installing	medical	 devices	 (ie,	 physiologic	monitors,	mechanical
ventilators,	 infusion	 pumps),	 communications	 and	 entertainment	 systems	 and
storage	 for	disposable	supplies.	The	medical	utility	distribution	system	choices
are	 divided	 between	 fixed	 headwalls	 or	 floor-mounted	 columns	 vs	 mobile
articulating	columns	 (booms)	mounted	 to	 the	 ceilings	or	walls	 (Figure	 130.4).
The	stationary	systems	are	less	expensive	than	the	mobile	systems;	however,	the
mobile	booms	offer	greater	flexibility,	patient	access	and	bed	movement.





Figure	 130.4 	 Utilities	 and	 devices	 are	mounted	 on	 a	 stationary
headboard	 (A),	 stationary	 (left)	 or	 rotating	 (right)	 columns	 (B),	 or
mobile	articulating	columns	(booms)	(C).	The	booms	can	be	attached
to	the	walls	or	ceiling,	at	any	corner	of	the	bed	and	swivel	and	move
horizontally	or	vertically.

Similarly,	it	has	become	commonplace	to	install	patient	lifts	in	each	room	to
facilitate	 patient	movement	 in	 and	 out	 of	 the	 ICU	 bed	 rather	 than	 bringing	 in
standalone	 patient	 lifts.	 The	 permanently	 installed	 lifts	 also	 limit	 workplace
injuries	for	nursing	staff	members.

Bedside	Medical	Technologies
7 	 ICU	 patient	 room	medical	 devices	 can	 be	 divided	 into	 devices	 permanently
installed	or	kept	in	the	room	vs	devices	that	are	brought	to	the	room	as	needed.	It
is	challenging	 to	classify	 these	 two	groups	of	devices	distinctly.	Optimally,	 the
patient	 room	 is	 an	 autonomous	 space	 having	 all	 the	 devices	 and	 technologies
needed	to	care	for	the	typical	ICU	patient.	However,	much	of	the	decision	as	to
what	is	installed	or	kept	in	an	ICU	room	beyond	its	core	components	of	an	ICU
bed,	 physiologic	 monitor,	 mechanical	 ventilator,	 infusion	 pumps,	 pneumatic
compression	 devices,	 nurse-call	 intercom	 station,	 computers,	 webcam,	 video
electroencephalography,	 and	entertainment	 systems	 is	dependent	upon	multiple
factors.	 These	 include	 the	 ICU	 approach	 to	 “loading”	 or	 prepositioning	 every
possible	bedside	ICU	technology	in	each	ICU	room	vs	purchasing	and	storing	a
smaller	quantity	of	devices	and	bringing	them	to	the	ICU	rooms	when	required.
Factors	 of	 ICU	 mission	 (general	 vs	 specialized	 ICU),	 space	 (both	 within	 the
rooms	 and	 in	 ICU	 storage	 areas),	 infection	 control,	 workflow,	 approach	 to
decentralized	 or	 centralized	 care,	 and	 fiscal	 realities	 also	 play	 strong	 roles	 in
these	decisions.

Examples	 of	 devices	 that	 could	 be	 brought	 in	 and	 out	 of	 the	 patient	 room
include	 point-of-care	 testing	 (POCT)	 systems,	 ultrasonography	 devices,
continuous	 renal	 replacement	 therapy	 machines,	 ECMO	 (extracorporeal
membrane	 oxygenation)	 and	 other	 advanced	 cardiac	 support	 devices,
noninvasive	 hemodynamic	 monitors,	 electronic	 urine	 measuring/temperature
system,	 disposable	 bronchoscopy	 carts,	 and	 feeding	 pumps.	 ICUs	 commonly
also	 utilize	 procedure	 carts.	 Additionally,	 mobile	 computed	 tomography	 (CT)
and	 magnetic	 resonance	 imaging	 (MRI)	 scanners	 have	 now	 reached	 the



marketplace	and	 their	use	will	decrease	 the	need	for	patient	 transports.	Further
advances	 of	 ICU	 bedside	 imaging	 are	 predicted,	 inclusive	 of	 hybrid
multimodality	scanning.35

Patient	Room	Logistics	and	Waste	Management	Systems
Each	patient	room	must	have	adequate	storage	spaces	for	supplies,	medications,
and	 linens.	Storage	 systems	may	 include	drawers	 (secured	and	unsecured)	 and
cabinets,	 and/or	 mobile	 carts.	 Nurse	 servers	 (cabinets	 with	 bidirectional	 and
secure	 access	 from	both	 outside	 and	 inside	 the	 room)	may	be	 a	 good	 solution
(Figure	130.2)	 to	 improve	privacy	 and	 infection	 control	 by	 stocking	 the	 room
from	 the	outside.	The	doors	of	 the	nurse	 servers	 should	close	automatically	 to
prevent	 bidirectional	 air	 flow	 from	 occurring	 especially	 during	 smoke
conditions.

Guidelines	require	that	an	ICU	patient	room	have	direct	access	to	an	enclosed
bathroom	for	waste	disposal.21	Thus,	 the	design	process	must	be	optimized	 for
bathroom	location	(ie,	front	of	room,	back	of	room,	or	front	and	back	of	adjacent
rooms)	(Figure	130.5).	These	decisions	are	usually	based	upon	 the	availability
of	 plumbing;	 nevertheless,	 the	 impact	 on	 patient	 visualization,	 window
availability,	or	workflow	is	also	important.	Patient	bathrooms	should	have	waste
management	 systems:	 sanitizers	 for	 reusable	 bedpans	 or	macerators	 to	 destroy
single-use	bedpans.



	

Figure	 130.5 	 The	 ICU	 patient	 room	 bathroom	 (WC)	 can	 be
located	 in	 front	 of	 the	 room	 (A)	 (“inboard”),	 back	 of	 room
(“outboard”)	 (B),	 and	 in	 the	 front	 of	 one	 room	and	 the	 back	of	 the
adjacent	 room	 (“nested”)	 (C).	 The	 impact	 on	 patient	 visualization
from	 the	 hallway,	 window	 availability,	 and	 workflow	 should	 be
considered	by	the	design	team.	ICU,	intensive	care	unit.

Front	of	ICU	Room



8 	The	front	of	 the	ICU	patient	 room	is	 the	 interface	of	 the	room	with	 the	ICU
corridor.	 This	 area	 controls	 room	 entry,	 patient	 observation,	 patient	 privacy,
sound	transmission,	infection	prevention,	and	impedance	of	smoke.	Options	for
front-of-room	privacy	 include	curtains	alone,	clear	glass	doors	and	curtains,	or
glass	 doors	 with	 integrated	 privacy	 solutions	 (manually	 or	 electronically
controlled	 integral	 blinds	 or	 electronic	 glass	 [liquid	 crystal	 devices	 (LCD)	 or
eGlass]).	Curtains	are	more	economical	 to	 install	 than	glass	 systems;	however,
the	curtains	are	suboptimal	controllers	of	sound,	infection	mitigation,	or	smoke
while	also	presenting	the	challenge	of	being	difficult	to	clean	locally.	Thus,	glass
systems	with	different	privacy	 solutions	are	 recommended.	However,	 the	glass
doors	may	 be	 heavy	 to	move	manually;	 thus,	 electric	 sliding	 or	 front	 opening
doors	activated	by	sensors	are	commonly	installed.

The	 front	 of	 each	 room	 may	 incorporate	 a	 built-in	 clinical	 workstation
(decentralized).	 These	 workstations	 help	 deploy	 staff	 close	 to	 the	 patient.6,12,19
Such	workstations	are	generally	designed	as	one	per	room	or	one	per	two	rooms
depending	on	space	considerations	and	room	build	(Figure	130.3B	and	C).	The
workstations	 should	 have	 ready	 digital	 access	 to	 all	 bedside	 physiologic	 data
(mirrored	on	displays	or	web	based)	and	to	the	electronic	medical	record	(EMR).
If	 space	 does	 not	 permit	 a	 decentralized	 clinical	 workstation,	 many	 ICUs
position	mobile	carts	near	each	patient	room	for	monitoring	and	staff	charting.

The	Room	as	a	Healing	and	Monitored	Environment
9 	Although	 the	design	 features	 that	 transform	 ICUs	 into	healing	 environments
are	 not	 definitively	 identified,	 it	 is	 well	 known	 that	 the	 physical	 environment
affects	 the	 physiology,	 psychology,	 and	 social	 behaviors	 of	 all	 those	 who
experience	 it.7,12,36	 Thus,	 it	 makes	 sense	 that	 the	 patient	 room	 environment
promote	healing	and	serenity	by	addressing	sound,	light,	temperature,	humidity,
visuals,	and	entertainment.12,37,38

The	 patient	 room	 environment	 is	 a	 mix	 of	 the	 physical	 construct	 and
informatics	 technologies.	Soft	 colors	 for	walls	 and	 ceiling	may	contribute	 to	 a
relaxing	and	patient-centric	environment.	Artwork	can	be	mounted	on	 the	ICU
walls,	embedded	in	privacy	curtains	and	ceiling	tiles,	or	electronically	projected
within	video	displays,	or	integrated	into	electronic	displays.

Natural	 light	 is	 essential	 to	 the	well-being	 of	 patients	 and	 staff.	 Thus,	 ICU
patient	rooms	in	the	US	are	now	required	to	have	windows.17,21,38	However,	 the
associated	 glare	 should	 be	 controlled	 with	 antiglare	 glass	 as	 well	 as	 sunlight
reducing	 shades,	 preferably	with	 electronic	 controllers.	The	 room	 itself	 should
have	computerized	lighting	systems	with	circadian	rhythms	and	computer	based



or	 manual	 overrides	 to	 accommodate	 patient	 and	 staff	 needs,	 and	 procedure
lighting.

Limiting	 loud	 noise	 by	 applying	 sound	 control	 within	 the	 patient	 rooms
positively	 influences	 patient	 outcomes	 by	 lowering	 physiologic	 stress,
disorientation,	 sleep	 disturbance,	 and	 feelings	 of	 fear.12,39,40	 The	 highest	 noise
levels	 in	 the	 ICU	 have	 been	 shown	 to	 be	 related	 to	 staff	 conversation	 and
medical	 equipment.	 Acoustic	 control	 within	 the	 ICU	 is	 achieved	 through	 the
integration	of	sound	minimizers	(ie,	sound-absorbent	finishings	and	ceiling	tiles,
acoustic	baffling	in	the	walls,	soundproofed	windows,	and	sound	attenuators	in
the	 heating,	 ventilation,	 and	 air-conditioning	 [HVAC]	 system),	 patient	 level
sound	 mitigators	 (ie,	 sound-canceling	 headphones	 or	 sound	 masking)	 and
systems	that	control	bedside	alarm	volume	and	communication	broadcasts.

Entertainment	 may	 be	 provided	 through	 televisions	 or	 visor-based	 video
displays.	Relaxing	music	or	music	chosen	by	the	patient	has	also	been	shown	to
positively	contribute	to	a	healing	environment	by	reducing	anxiety	and	sedative
use.41	A	“low-tech”	white	board	 should	 also	be	 available	 in	 each	 room	 for	 the
display	of	positive	messages,	get-well	cards,	and	family	pictures.

Integrated	multiparameter	sensors	that	continuously	monitor	the	environment
inclusive	of	temperature,	humidity,	light,	and	sound	can	provide	alerts	to	staff	for
major	deviations.	Patient	controls	(ie,	remote	handsets,	or	other	media	support)
to	personalize	the	environment	(light,	shades,	temperature,	music,	and	artwork)
help	enhance	“person-centered	care”	and	give	a	sense	of	at-homeness	to	patients
and	their	caregivers.	This	is	especially	important	to	the	well-being	of	those	with
long	ICU	stays.42	Remotely	controlled	webcams	can	be	used	to	provide	remote
monitoring	 of	 the	 patient	 and	 the	 environment	 by	 providers.	 These	 webcams
provide	image	capture	and	automated	movement	recognition	alerts.43

CENTRAL	SUPPORT	AREAS
1 	 0 	The	ICU	corridors	unite	all	 ICU	components	 including	 the	central	clinical,
visitor,	staff	and	supply	and	supportive	spaces	and	the	patient	rooms.	Design	of
these	areas	is	dependent	on	hospitals	and	the	ICU’s	approaches	to	centralized	or
decentralized	care,	logistics,	and	space	availability.

Corridors	and	Elevators
The	 ICU	 corridor	 design	 in	 association	 with	 visitor	 and	 transport	 elevator
locations	controls	ingress	and	egress	to	the	ICU	and	occasionally	to	air	transport



spaces.	The	corridor	design	may	include	designated	entryways	for	patients	and
supplies	to	enhance	patient	privacy	and	decrease	visitor	distractions.	Within	the
ICU,	the	corridors	provide	fixed	pathways	for	patients,	staff,	visitors,	 logistical
support,	and	mobile	carts	 (ie,	 imaging	devices	and	procedural	 towers)	 to	move
around	 the	 ICU	 and	 to	 allow	 patient	 access	 to	 ICU-based	 imaging	 and
procedural	suites.

The	ICU	corridor	layout	should	promote	the	physical	and	social	unity	of	the
ICU	 especially	when	 there	 are	multiple	 pods	 or	 large	 stretches	 of	 ICU	 spaces
that	would	benefit	from	interconnectivity.	However,	these	goals	may	be	limited
by	physical	barriers	 (ie,	 staircases,	 elevators,	 supportive	conduits,	 and	closets).
Nevertheless,	 the	 corridors,	 through	 their	 finishings,	 artwork,	 and	 sound	 and
light	 control,	 set	 the	 emotional	 tone	 for	 the	 ICU.	 These	 considerations	 are
relevant,	 because	 hallways	 are	 commonly	 used	 to	 conduct	 rounds,	 impromptu
clinical	 consultations,	 and	 family	 meetings.	Moreover,	 the	 corridors	 may	 also
impact	 the	 patient	 psyche	 as	 patients	 frequently	 walk	 through	 the	 corridors
within	the	context	of	mobility	programs.44

The	corridor	and	elevator	design	must	meet	basic	building	codes.	However,
beyond	 size	 capacity	 to	 accommodate	 the	 patient	 bed,	 staff,	 and	 other	 care
devices,	we	 suggest	 that	 elevators	 used	 to	 transport	 ICU	 patients	 be	 equipped
with	 utility	 panels	 that	 provide	 power,	 oxygen,	 and	 suction.	 Perhaps	 corridors
outside	elevators	also	should	include	such	supportive	utilities.

Central	Care	Stations
ICUs	 central	 staffing	 areas,	 otherwise	 known	 as	 nursing	 stations,	 are	 usually
congregation	spaces	for	staff	to	work,	chart	on	the	EMR,	handle	telephone	and
other	communications,	and	speak	with	consultants.	These	spaces	also	provide	an
area	 for	 ICU	 and	 non-ICU	 staff	 to	 congregate,	 share	 patient	 and	 ICU
responsibilities	and	experiences,	observe	the	ICU,	and	build	camaraderie.45	Such
spaces	must	now	be	designed	with	more	attention	to	infection	prevention	among
the	 staff.	 Central	 areas	 may	 also	 include	 conference	 rooms,	 offices,	 and
restrooms.	Greeting	desks	may	be	situated	alone	or	as	part	of	these	areas.

Technologies	 in	 these	 central	 areas	 usually	 include	 telephones,	 nurse-call
communication	 stations,	 computers,	 high-definition	 image	 review	 stations,
computerized	 displays	 of	 ICU	 patients	 and	 staff,	 laboratory-specimen	 label
printers,	 pneumatic	 tube	 stations,	 nourishment	 stations;	 emergency	 alerts,	 and
cutoff	switches	 for	 ICU	utilities.	Central	 stations	are	commonly	 the	hub	where
alarms	 are	 processed	 and	 displayed	 from	 physiological	 monitoring	 or
surveillance	systems.20,43,46



Optimally,	unobstructed	views	of	the	ICU	beds	should	be	available	from	the
central	 care	 stations.	 Studies	 have	 suggested	 that	 decreased	 visibility	 may
negatively	 affect	 clinical	 outcomes	 for	 severely	 ill	 patients	 assigned	 to	 rooms
that	are	poorly	visualized	by	staff.47,48	In	reality,	unimpeded	views	are	commonly
precluded	 by	 the	 ICU	 layout.	 However,	 visibility	 from	 central	 areas	 can	 be
enhanced	 electronically	 through	 the	 use	 of	webcams	 in	 each	 room	and	 central
displays	of	bedside	devices.

In	a	small	ICU,	one	centrally	located	station	may	suffice;	in	contrast,	multiple
central	stations	may	be	needed	for	a	large	ICU	with	several	bed	pods.	The	layout
of	these	areas	is	primarily	guided	by	the	bed	configurations	in	space	availability
(Figure	130.1).

ICU	Storage	Spaces,	Supplies,	and	Medical	Devices
Properly	 positioning	 and	 sizing	 the	 central	 storage	 areas	 requires	 a	 sound
understanding	 of	 the	 logistical	 approaches	 (centralized	 and/or	 decentralized)
deployed	by	both	the	hospital	and	ICU.	Storage	spaces	should	be	both	accessible
to	 transport	 or	 cargo	 elevators	 and	 be	 relatively	 close	 to	 patient	 care	 areas.
Storage	 spaces	 may	 include	 a	 combination	 of	 traditional	 supply	 rooms	 (with
stationary	 or	 track-based	 shelving);	 closed	 supply	 cabinets;	 rolling	 exchange
carts,	alcoves	along	the	ICU	hallways	and	within	the	patient	rooms	themselves.

Right	 sizing	 the	 storage	 space	 requires	 correct	 assumptions	 of	 ICU	 supply
utilization	 of	 consumables	 and	 the	 hospitals’	 capabilities	 of	 restocking.	 These
assumptions	 are	 facilitated	 by	 real-time	 locating	 systems/solutions	 (RTLS)
including	the	installation	of	storage	units	with	electronic	inventory	controls	and
the	 tagging	 of	 expensive	 supplies	 to	 allow	 for20,43,49	 tracking	 of	 supplies	 at	 the
patient	use	level.	Central	storage	spaces	must	also	be	able	to	accommodate	and
provide	 charging	 outlets	 for	 mobile	 medical	 devices	 (ie,	 infusion	 pumps,
ventilators,	 and	 specialty	monitoring	 or	 imaging	 devices).	 The	 space	 allocated
for	 storage	 of	 both	 single-use	 supplies	 and	 capital	 equipment	 is	 especially
important	 to	prevent	 the	 ICU	corridors	 from	being	“overrun.”45	However,	with
good	 design,	 the	 ICU	 corridors,	with	well-positioned	 alcoves,	 can	 supplement
storage	 rooms	 and	 provide	 spaces	 for	 mobile	 devices,	 carts,	 and	 supportive
supplies.	 Lastly,	 the	 patient	 rooms	 also	 function	 as	 part	 of	 decentralized
logistical	support,	so	these	must	be	fully	incorporated	into	the	ICU	supply	chain.

Pharmacy



Hospitals	 may	 have	 centralized	 or	 decentralized	 pharmacy	 and	 medication
distribution	systems	and	staffing	models.	Therefore,	the	design	of	ICU	pharmacy
systems	must	 be	 coordinated	 with	 the	 hospital’s	 pharmacy.	 Options	 include	 a
fully	 equipped	 satellite	 ICU	 pharmacy	 vs	 a	 pharmacy	 area	 with	 minimal
resources.	Both	 alternatives	 commonly	 utilize	 decentralized	 self-contained	 and
secure	automated	medication	disposing	units.	Medications	may	also	be	stored	in
secured	cabinets	at	the	ICU	bedside.

ICU	Laboratory	and	POCT
Many	ICUs	utilize	laboratory	testing	from	a	centralized	lab.	However,	if	POCT
is	 incorporated,	 the	 design	 must	 accommodate	 POCT	 systems	 either	 at	 the
bedside	or	in	a	small	ICU	lab.

POCT	focuses	primarily	on	whole	blood	analyses	using	either	 large	devices
placed	 in	 defined	 ICU	 locations	 (ICU	 stat	 laboratory	 or	 central	 station)	 or	 on
carts	or	using	smaller	devices	amenable	for	positioning	at	each	ICU	bedside.50	A
combination	of	POCT	modalities	and	 locations	may	be	used	depending	on	 the
ICU	workflow,	 required	 testing,	 and	 available	 space	 and	 resources.	 Pneumatic
tube	stations	are	still	required	to	transport	specimens	to	laboratories	outside	the
ICU	 area	 as	 POCT	 is	 currently	 not	 a	 complete	 replacement	 for	 the	 central
laboratory.	 Another	 consideration	 for	 ICU	 testing	 is	 that	 certain	 blood	 tests
require	 ice	 if	 they	are	 to	be	 transported	 to	other	areas	 for	processing;	 thus,	 the
ICU	should	have	an	ice	machine	available.51

Infection	Control	and	Prevention
Effective	 infection	 control	 requires	 both	 an	 ICU	 culture	 that	 is	 responsive	 to
infection	 deterrence	 and	 an	 ICU	 infrastructure	 designed	 to	 support	 infection
prevention.	Core	 infrastructure	elements	 include	 systems	 that	provide	clean	air
and	 water,	 and	 waste	 sequestration	 and	 elimination.	 Well-known	 hygienic
approaches	 to	 surfaces	 include	 the	use	of	nonporous,	well-sealed,	 and	easy-to-
clean	 surfaces	 and	 finishings	 throughout	 the	 patient	 rooms	 as	 well	 as	 self-
cleaning	 copper	 or	 silver	 surfaces.	 Some	 ICUs	 also	 use	 surface	 surveillance
monitors.

Sinks,	hand	sanitizers	and	fluid	dispensers	should	be	ubiquitous,	visible,	and
accessible.	The	sink	design	should	address	sink	depth,	sink	guards,	faucet	type,
controls,	 and	 cleanability.52	 Some	 ICUs	 have	 included	 electronic	 handwashing
surveillance.	Room-based	or	mobile	environmental	decontamination	systems	(ie,



ultraviolet	light,	hydrogen	peroxide	dispersion,	and	continuous	air	disinfection)19
have	been	studied;	however,	to	date,	these	are	not	commonly	used.

Unfortunately,	even	in	the	setting	of	optimal	infection	control	design,	serious
infections	 will	 likely	 remain	 an	 ICU	 problem.	 Therefore,	 ICUs	may	maintain
duplicate	 devices	 for	 primary	 use	 with	 highly	 infectious	 patients	 (ie,
bronchoscopy	 towers	 with	 reusable	 bronchoscopes	 and	 disposable
bronchoscopes).	 Some	 ICUs	 have	 even	 developed	 “super”	 isolation	 patient
zones	that	group	highly	infectious	patients	together	with	designated	ICU	traffic
patterns.	The	COVID-19	experience	has	also	shown	the	efficacy	of	using	remote
control	 for	 certain	medical	 devices	 to	minimize	 staff-patient	 interactions,	 thus
reducing	infectious	exposure	to	health	care	personnel.53

Visitor	Support
Visitor	 (family	members,	 loved	ones,	 friends)	 support	 is	 a	 significant	 factor	 in
patient	 recovery.	 Concomitantly,	 family	 members	 and	 visitors	 can	 become
emotionally	depleted	when	their	loved	one	is	an	ICU	patient.	With	these	factors
in	 mind,	 it	 is	 important	 to	 build	 family/visitor	 areas	 to	 promote	 visitor
wellness54,55	 that	 include	 both	 the	 traditional	 “waiting	 room”	 as	well	 as	 in	 the
family	zone	within	the	patient	room	(Figure	130.2).	Moreover,	the	patient	room
should	 include	digital	 interfaces	 to	permit	 remote	visitor	engagement	when	 in- 
person	visitation	is	not	feasible.

Optimally	 the	 ICU	 family/visitor	 designated	 space	 should	 be	 in	 close
proximity	 to	 the	 ICU.	Similar	 to	healing	environments	 in	patients’	 rooms;	 soft
lighting,	 warm	 colors,	 large	 windows,	 nature-themed	 artwork	 (either	 real	 or
electronic),	 and	 quiet	 background	 entertainment	 set	 a	 serene	 tone.	 Privacy,	 if
possible,	 should	be	provided	using	small	groups	of	comfortable	chairs	 that	are
separated	by	dividers.	Chairs	to	patient	ratios	are	included	in	FGI	Guidelines.21
This	space	should	include	wireless	Internet	access	and	USB	outlets	for	charging
purposes.	 Nourishment	 areas	 as	 well	 as	 bathrooms,	 lockers,	 and	 coat	 hangers
should	be	the	norm.	Long-term	sleeping	accommodations,	if	possible,	provide	a
space	 for	 visitors	 who	 prefer	 to	 remain	 nearby.	 The	 inclusion	 of	 consultation
rooms	and	social	work	offices	near	the	waiting	areas	and	the	addition	of	respite
areas	 for	 ICU	 visitors	 within	 the	 ICU	 hallways	 also	 help	 promote	 family
meetings	and	social	and	emotional	support.

Areas	for	Staff	Respite	and	Meetings



The	ICU	clinical	staff	members	regularly	face	extreme	stress;	therefore,	the	ICU
design	must	provide	staff	lounges	(break	rooms),	best	located	within	the	ICU	to
permit	 a	 private	 place	 for	 staff	 relaxation.	 The	 lounges	 should	 be	 tastefully
decorated	 and	 include	window-based	 lighting;	 comfortable	 seating;	 tables	 and
access	 to	 computers;	 ICU	 communications;	 and	 entertainment.	 Bathrooms,
changing	areas,	lockers	and	scrub	dispensers,	napping	alcoves,	and	nourishment
stations	 complete	 the	 lounge	 furnishings.	 In	 ICUs	 that	maintain	 24/7	 clinician
availability,	 sleeping	 accommodations	 (on-call	 suites)	 with	 bathrooms	 and
showers	should	also	be	provided.

Conference	Rooms
Staff	meetings,	educational	programs,	and	family	meetings	are	sustained	through
the	construction	of	multipurpose	conference	rooms	within	the	ICU	environs.	The
seating	 capacities	 of	 these	 rooms	 should	 be	 based	 upon	 predicted	 usage.
Furnishings	should	 include	comfortable	seating;	conference	tables	with	built-in
informatics	 access;	 audiovisual	 video	 systems;	 wireless	 access;	 smart	 boards;
electronic	 attendance	 and	 scheduling	 systems;	 food	 preparation;	 and	 storage
areas.

Staff	Communications
Telephones,	 smart	 phones,	 nurse-call	 intercom	 systems,	 and	 pagers	 are	 typical
components	of	the	ICU	communications	environment.	These	devices	may	all	be
integrated	 into	 one	middleware	 platform.	Functionalities	 include	 point-to-point
and	 global	 messaging,	 telephone	 and	 alarm	 communications,	 and	 real-time
locating	 of	 staff.	 Even	 in	 these	 advanced	 settings,	 land-line	 telephones	 and
overhead	 speakers	 continue	 to	 be	 of	 value	 in	 providing	 reliable	 ICU
communications.	Panic	buttons	can	be	installed	in	commonly	used	work	areas	or
incorporated	into	communications	gear.

Signage	and	Wayfinding
In	addition	to	a	well-designed	ICU	layout,	good	signage	is	necessary	for	efficient
wayfinding.	 Directional	 signs	 should	 be	 clear	 in	 their	 content	 and	 visibility.
Signs	 (both	 actual	 and	 electronic)	 at	 the	 ICU	 entrance	 provide	 descriptive
information	about	the	ICU	(ie,	surgical	or	medical	ICU)	and	point	the	visitor	in
the	direction	of	groups	of	patient	rooms.	Interestingly,	each	room	in	an	ICU	may



have	two	designations:	the	architectural	designation	(used	for	fire	codes)	and	bed
number	 (bed	 1,	 2,	 3,	 etc).	 Signage	 can	 also	 include	 ICU	 visiting	 hours	 and
leadership	names	(ie,	ICU	director	and	nurse	leader).

Security	and	Fire	Safety
Security	 for	 patients	 and	 staff	 is	 crucial	 in	 the	 ICU	 setting.	 Electronic
identification	card–coded	access	should	be	used	for	staff	at	all	secure	doorways.
The	 ICU	 entrance	 optimally	 should	 be	 staffed	 by	 dedicated	 receptionists.
However,	 staffing	 limitations	may	 preclude	 full-time	 greeters;	 therefore,	 other
systems	 for	 visitor	 identification	 (ie,	 closed-circuit	 televisions	 with	 electronic
buzzers)	should	be	installed	at	ICU	entrances.

Beyond	 the	 basic	 fire	 safety	 devices	 required	by	 code	 (ie,	 smoke	detectors,
automated	 sprinklers,	 fire	 extinguishers,	 fire	 and	 smoke	 alerting	 systems
including	fire	alarm	pull-stations,	sound	or	light	alerts,	and	overhead	speakers),
there	 are	 four	 design	 elements	 that	 help	 ensure	 the	 safety	 of	 the	 ICU	 in	 the
setting	of	fire	or	smoke.	The	first	involves	selection	of	products	and	furnishings
with	a	 low	fire	 load	and	minimal	 release	of	heat	and	 toxic	smoke.	The	second
addresses	the	construct	of	compartments	that	are	fire	and	smoke–rated.	The	third
is	 the	 use	 of	 protective	 technologies	 within	 the	 HVAC	 system	 to	 prevent	 the
spread	of	smoke	and	other	products	of	combustion	from	one	area	to	another.	The
last	 is	 the	 integration	 of	 experienced	 fire	 safety	 officers	 into	 the	 ICU	 design
process.19

ICU	INFORMATICS
1 	 1 	 The	 deployment	 of	 advanced	 informatics	 into	 an	 ICU,	 creates	 a	 “smart”
ICU.20,43	 However,	 designing	 the	 ICU	 informatics	 infrastructure	 requires	 a
different	skill	set	 than	 the	standard	build	and	 therefore	requires	a	 team	broadly
trained	in	the	intricacies	of	informatics.	The	overall	objective	of	the	smart	ICU	is
the	 digital	 integration	 and	 harmonization	 of	 the	 patient,	 medical	 devices,	 and
staff	with	the	hospital	and	ICU	middleware	in	regard	to	all	aspects	of	care,	data,
and	medical	decisions.	The	result	of	this	unification	creates	a	digital	information
platform	 and	 repository	 useful	 to	 monitor	 and	 study	 patient	 care	 and	 ICU
activities	 both	 in	 the	 aggregate	 and	 by	 patient	 with	 the	 ongoing	 and	 future
applications	of	artificial	intelligence	and	machine	learning.56,57



Advanced	ICU	Informatics	Concepts
Integral	 to	 advanced	 informatics	 are	 four	 concepts.	 The	 first	 concept	 is	 the
recognition	 that	 medical	 devices	 are	 informatics	 platforms	 that	 require
occasional	hardware	and	software	upgrades	 (or	new	hardware	once	 the	vendor
sunsets	 existing	 platforms).	 Thus,	 informatics	 purchases	 should	 be	 detail
oriented,	including	careful	assessment	of	the	systems	in	simulation	laboratories
and	 incorporation	 of	 the	 costs	 of	 software	 upgrades	 and	 licensing	 agreements
into	the	prospective	budget.	The	second	is	the	linkage	or	association	(location	or
patient	centric)	of	the	patient	with	the	medical	devices	and	the	data	generated	by
those	devices	 (Figure	130.6).	The	 third	 informatics	concept	 is	 the	necessity	of
interoperability	 between	 systems.	 Interoperability	 aligns	 the	 proprietary	 data
output	 languages	 of	 the	 medical	 devices	 with	 the	 recipient	 middleware.
Interoperability	allows	the	data	generated	by	one	device	to	be	clearly	understood
by	the	receiving	middleware.	Without	interoperability,	the	data	produced	by	the
medical	device	may	not	be	integrated	into	the	EMR,	even	though	the	devices	are
connected	 to	 the	 hospital	 network.	 The	 fourth	 concept	 addresses	 time
synchronization	 between	 all	 medical	 devices,	 middleware,	 and	 the	 hospital
network.	 Time	 synchronization	 helps	 create	 a	 correctly	 time-stamped	 medical
record	for	all	data	regardless	of	data	sources.

	

Figure	130.6 	 Two	 overlapping	 connectivity	 envelopes	 surround
the	 patient.The	 first	 is	 local	 and	 connects	 data	 from	 stationary	 or
mobile	 bedside	 devices	 (physiological	 monitors,	 mechanical
ventilators,	 and	 infusion	 pumps),	 providers,	 supplies,	 and	 medical
applications	(laboratory	samples,	blood	products,	and	medications)	to



the	hospital	envelope.	All	devices	and	medical	applications	must	be
associated	 (linked)	 with	 the	 patient.	 Each	 data	 source	 has	 its	 own
AUTO-IDENTIFIER	 (Auto-ID	 tag)	 for	 tracking	 either	 within	 the
electronic	 medical	 record	 or	 the	 real-time	 locating	 system.	 A
bridge/adapter/mini-PC	may	be	placed	on	medical	devices	to	identify
the	device	 and	 transmit	 both	 information	 about	 the	device	 and	data
generated	 by	 the	 device.	 The	 Auto-ID	 tags	 and	 the
bridge/adapter/mini-PCs	 are	 tracked	 by	 an	 assortment	 of	wired	 and
wireless	 connectivity	 solutions	 (within	 the	 local	 connectivity
envelope).	 Devices	 themselves	 can	 have	 their	 own	 onboard
connectivity	 technologies	 (ie,	 Wi-Fi	 transmitters	 or	 barcode
scanners).	 Devices	 may	 also	 be	 linked	 to	 the	 local	 connectivity
envelope	 indirectly	 through	nurse	call	system	rather	 than	directly	 to
the	 network.	 The	 second	 is	 the	 hospital	 connectivity	 envelope
consisting	 servers	 and	middleware	 invisible	 to	 the	 ICU	 and	 patient
room,	 remotely	 positioned,	 and	 includes	 backup	 systems.	 RFID,
radio-frequency	identification;	IR,	infrared;	ICU,	intensive	care	unit.
(From	Anderson	DC,	Jackson	AA,	Halpern	NA.	 Informatics	 for	 the
modern	intensive	care	unit.	Crit	Care	Nurs	Q.	2018;41(1):60-67.)

Building	the	Smart	ICU
The	 smart	 ICU	 infrastructure	 requires	 the	 development	 of	 two	 overlapping
connectivity	 envelopes	 around	 the	 patient	 (Figure	 130.6).	 A	 local	 envelope
encompasses	 the	 patient,	 medical	 devices,	 health	 care	 staff,	 as	 well	 as
pharmacological	 and	 other	 care	 elements.20,43	 The	 core	 components	 of	 this
envelope	 include	 a	 robust	 wired	 and	 wireless	 infrastructure	 at	 each	 bedside,
device	integrators	within	the	patient	room	to	connect	and	communicate	with	data
sources,	identification	tags	on	data	sources	for	tracking	purposes,	transmitters	on
medical	 devices	 to	 transmit	 their	 data,	 and	 middleware	 (the	 software	 that
connects	 and	 provides	 interoperability	 and	 other	 applications	 between	medical
devices).	 The	 second	 envelope	 is	 the	 hospital	 connectivity	 envelope	 where
hospital	 network-based	 servers	 and	 middleware	 connect	 to	 the	 local	 ICU
envelope.	This	secondary	envelope	is	invisible,	remotely	positioned,	and	should
include	backup	systems.43



Middleware
The	 U.S.	 Food	 and	 Drug	 Administration	 (FDA)	 classifies	 data	 management
middleware	 commonly	 used	 in	 the	 ICU	 (ie,	middleware	 connected	 to	 primary
bedside	 devices)	 as	 class	 1	 medical	 device	 data	 systems	 (MDDS).	 MDDS
devices	maintain	electronic	data	storage,	 transfer,	and	display,	and	also	convert
device	data	 from	one	 format	 to	 another.	The	MDDS	does	not	modify	 the	data
and	 does	 not	 control	 the	 functions	 or	 parameters	 of	 any	 connected	 device.
Applications	inherent	in	ICU	middleware	include	transforming	hospital	and	ICU
data	and	alarms	into	actionable	information,	managing	devices,	applying	RTLS,
creating	 smart	 displays,	 providing	 data	 for	 decision	 support,	 and	 facilitating
telemedicine	 programs.	 The	 hospital’s	 bed	 management	 system	 should	 be
interfaced	 with	 the	 ICU	 middleware	 to	 automatically	 populate	 the	 ICU
middleware	 with	 the	 ICU	 patient	 census	 by	 their	 assigned	 locations.	 ICU
middleware	should	also	be	compliant	with	hospital	privacy	protocols	and	lastly
should	have	off-site	backup	systems.

Moreover,	 stand-alone	 medical	 devices	 (ie,	 mechanical	 ventilators)	 can	 be
linked	 together	 through	 vendor	 specific	 or	 neutral	 middleware	 to	 generate	 a
“virtual”	device	community.	In	this	scenario,	all	ventilators	and	associated	data
in	 the	 facility	 can	 be	 viewed	 simultaneously	 rather	 than	 as	 individual	 devices
alone.	 Additionally,	 such	 systems	 provide	 data	 storage,	 alarm	 transmission,
report	generation,	and	remote	viewing	capabilities.

Alarm	Systems
Local	medical	 devices	 through	 their	 own	 alarm	 settings	 present	 alarms	 at	 the
bedside.	Alarm	middleware	transforms	alarms	from	bedside	medical	devices	into
relevant	 and	 actionable	 information,	 thus	 mitigating	 nuisance	 alarms	 and	 the
resultant	alarm	fatigue	on	both	patients	and	staff.	Such	middleware	delivers	the
alarms	 to	 designated	 providers	 associated	 with	 the	 patient	 in	 real	 time	 in	 a
variety	of	communication	systems,	formats,	and	displays.	The	most	sophisticated
of	 these	 systems	 can	 process	 and	 create	 customized	 alarms	 based	 upon
combinations	of	alarms	and	other	data	 (ie,	multiple	physiologic	and	 laboratory
values)	as	well	as	create	personalized	patient	alarms	from	streaming	raw	device
data.	Middleware,	 either	 incorporated	 into	 the	 alarm	systems	or	 superimposed,
can	also	aggregate	alarm	data	into	customized	dashboards.	These	dashboards	are
then	used	for	data-driven	understanding	of	the	local	devices	and	their	alarms	and
help	 generate	 alarm	 improvement	 strategies	 for	 ICU	 leadership	 and	 hospital-
based	alarm	committees.



Real-Time	Locating	Systems
RTLS	middleware	offers	solutions	to	improve	workflow	efficiencies	of	all	assets
(staff,	 patients,	 equipment,	 consumables,	 and	 patient	 rooms).20,43,49	 Previously,
RTLS	were	used	primarily	to	locate	tagged	devices	(mobile	asset	tracking)	and
to	provide	notification	if	devices	leave	designated	areas.	With	advancements	to
RTLS	 technology,	 the	 usage	 of	 consumable-tagged	 supplies	 can	 be	 tracked	 in
order	 to	 monitor	 inventory	 and	 directly	 link	 devices	 or	 supplies	 to	 patient	 or
clinical	 area.	 Within	 the	 ICU,	 RTLS	 can	 also	 be	 integrated	 into	 nurse	 call
systems	and	used	to	monitor	patient	and	staff	movements,	compliance	with	hand
washing	protocols,	and	the	environment.

Data	Integration,	Smart	Displays,	Decision	Support,	and
Artificial	Intelligence
As	 EMR	 and	middleware	 applications	 have	 improved	 in	 their	 capabilities	 for
data	 integration,	 transmission,	 and	 display,	 the	 ICU	 informatics	 design	 can
include	imaginative	approaches	to	displaying	information	and	trends	utilizing	a
variety	 of	 formats	 and	 devices.	 Real-time	 intelligent	 algorithms	 and	 decisions
support	 analytics	 which	 monitor	 and	 detect	 for	 clinical	 abnormalities	 can	 be
incorporated	 for	 clinical	 support.	 Additionally,	 all	 ICU	 data	 can	 be	 developed
into	large	research	databases,	both	internal	and	external	to	the	hospital,	to	store
and	 analyze	 patient	 data	 and	 benchmarks.	 These	 databases	 can	 be	 utilized	 to
further	 drive	 local	 artificial	 intelligence	 (AI)	 and	 machine	 learning	 efforts,
identify	trends,	as	well	as	facilitate	research	efforts.

The	utilization	of	AI,	big	data,	and	machine	learning	has	been	shown	to	assist
staff	with	more	personalized	clinical	decisions	based	upon	predictive	analytics.
AI	was	used	during	the	COVID-19	pandemic	to	estimate	probability	of	disease
or	 outcome	 and	 can	 also	 be	 used	 for	 hospital	 resource	 planning,	 geospatial
critical	 care	 demand	 prediction,	 and	 intelligent	 patient	 flow	management.58	 In
February	2021,	the	FDA	gave	510(k)	clearance	for,	CLEWICU,	an	AI-powered
predictive	 analytic	 device	 for	 use	 of	 predicting	 patient	 deterioration.59	 The
application	of	AI	 in	 the	 ICU	 is	expected	 to	expand	as	 its	uses	and	capabilities
become	more	common	place.

Tele–Critical	Care
Components	 of	 the	 ICU	 informatics	 design	 can	 provide	 the	 framework	 for
telemedicine	 through	 the	 use	 of	 bidirectional	 interfaces	 and	 communications



systems	that	transmit	data,	clinician	orders,	video	and	voice	between	ICU	areas
and	 the	 ICU’s	 tele–critical	 care	 or	 tele-ICU	 center.	 This	 allows	 the	 remote
intensivists	 to	 identify	 signals	 of	 potential	 physiologic	 instability	 and
communicate	 actionable	 commands	 to	 bedside	 caregivers.	 Such	 solutions	 are
applicable	whether	the	hospital	outsources	telemedicine	to	a	third	party	at	either
an	on-	or	off-site	location,	or	internally	to	the	hospital’s	own	telemedicine	team.
On-site	 local	 facilitators	 are	 required	 for	 the	 performance	 of	 physical
examinations	 and	 procedures.	Remote	 or	 locally	 controlled	 robots	 can	 also	 be
used	 for	 this	 purpose;	 however,	 intensivists	 are	 still	 currently	 preferred	 by
nursing	personnel.60	The	increased	use	of	tele–critical	care	may	potentially	help
current	and	projected	health	care	staffing	issues.

Alternatively,	the	hospital	can	set	up	its	own	mobile	tele–critical	care	system
using	 members	 of	 its	 critical	 care	 team.	 This	 is	 enabled	 using	 web-based
monitoring	 systems	 and	 middleware	 interfaces	 with	 bedside	 monitors,
ventilators,	webcams	 and	 alert	 systems	 that	 send	 information	 to	 desk-based	 or
handheld	 platforms	 used	 by	 the	 local	 intensivists	 or	 other	 advanced	 practice
practitioners	(APPs)	so	they	can	respond	in	real	time	to	ICU	problems.

Technological	Advancements
In	recent	years	there	have	been	many	improvements	to	the	ICU	medical	devices.
For	 example,	 current	 ICU	 beds	 have	 significant	 technological	 improvements
resulting	 in	 “smart	 beds.”	 These	 beds	 include	 integrated	 networking	 and
communication	 capabilities,	 alarms,	 mobility-options,	 graphical	 interfaces,
sensors,	monitors,	and	data	collection	tools.61	Smart	beds	can	be	connected	to	the
hospital	 network	providing	 the	medical	 record	with	 information	mitigating	 the
need	for	periodic	charting.

With	the	passage	of	time	medical	imaging	devices	are	becoming	smaller,	and
more	mobile	and	economical	with	 increasingly	 improved	wireless	 transmission
capabilities.	 Incorporating	 such	 technologies	 directly	 into	 the	 patient	 room	 (ie,
Ultrasound	 devices)	 or	 on	 site	within	 the	 ICU	platform	 (eg,	 portable	 head	CT
and	MRI	machines)	decreases	 the	need	 to	bring	medical	devices	with	potential
infection	control	problems	into	the	room	or	to	transport	critically	ill	potentially
infectious	patients	outside	the	room.

Monitoring	 technologies	 are	 rapidly	 advancing	 to	 become	 noninvasive,
ergonomic,	wearable,	and	wireless.	For	example,	wireless	and	wearable,	battery-
free,	ultrathin	“skin-like”sensors	biosensors	can	contribute	to	continuous	patient
monitoring.62	The	data	 from	these	sensors	can	be	processed	 through	filters	and
algorithms	 to	 increase	 accessibility	 to	 information	 and	 alert	 caregivers	 to



interventions.
Even	 toilets	 (with	 the	unique	patient	 touchpoints	of	 skin	 and	human	waste)

have	the	capability	to	be	integrated	with	biosensor	and	monitoring	feedback	with
capabilities	 including	 measuring	 urine	 flow	 rate	 to	 monitor	 bladder	 health,
monitoring	 of	 bowel	 movements	 indicating	 irregularities,	 or	 measuring	 more
traditional	values	such	as	hormones	levels,	vitamin	deficiencies,	pregnancy,	and
presence	of	infection.

Utilization	of	new	therapy	and	intervention	options	to	decrease	delirium	and
reduce	 post-intensive	 care	 syndrome	 (PICS)	 are	 now	 being	 introduced.	 These
may	 include	VR-based	neurocognitive	 stimulation	 tools	 that	both	 take	up	 little
space	and	may	enhance	memory	outcomes	in	ICU	survivors.63

ICU	Sustainability
Environmental	 sustainability	 initiatives	 are	 being	 applied	 to	 the	 critical	 care
setting.12,64	 Thus,	 the	 need	 for	 ICU	 designers	 to	 address	 the	 performance	 of
critical	 care	 products,	 systems,	 and	 processes	 in	 their	 contribution	 to	 CO2

emissions	and	water	consumption.	Additionally,	the	ICU	should	be	aware	of	the
negative	environmental	effects	of	nonrenewable	single–patient	use	supplies.

FUTURE	TRENDS
The	 ICU	 of	 the	 future	 will	 likely	 incorporate	 the	 cost-savings	 possibilities
derived	from	economies	of	scale.	Thus,	larger	units	with	more	ICU	beds	per	unit
and	 consolidated	 management	 may	 become	 the	 norm.	 Larger	 units	 may	 also
include	multispecialty	or	single	specialty	units,	with	smaller	groupings	of	beds
supported	by	a	balance	of	centralized	and	decentralized	staff	central	stations	and
logistical	support	areas.

Standardization	of	ICU	design	with	 identical	vendor-based	technologies	and
systems	in	multiple	units	within	one	medical	center	may	become	more	common.
ICUs	will	 likely	be	 located	 in	 close	proximity	 to	 each	other	 especially	 in	new
facilities.	 Core	 areas	 adjacent	 to	 or	 within	 these	 units	 may	 include	 shared
multiuse	 diagnostic	 and	 treatment	 technologies;	 administrative,	 educational,
and/or	research	spaces;	and	family	areas.	Patient-	and	family-centered	care	will
be	encouraged	 through	 the	build	of	 larger	patient	 rooms	 that	 are	better	 able	 to
accommodate	family	and	required	bathroom	space.



Effects	of	COVID-19	on	ICU	and	Surge	Capacity	Design
1 	 2 	 Caring	 for	 COVID-19	 patients	 in	 the	 ICU	 and	 in	 novel	 or	 pop-up	 ICUs
demanded	innovative	thinking	and	invention	while	experiencing	acute	shortages
of	ICU	beds,	staff	and	supplies,	increased	demand	and	intensity	of	care,	and	new
levels	of	infection	control	measures.	Going	forward,	ICU	designs	should	include
the	 features	 that	were	 found	 to	be	vital	 in	 caring	 for	patients	 from	outside	 the
patient	 room	 including	 installation	 of	 power	 outlets	 for	 medical	 devices,
conduits	to	pass	through	IV	tubing	and	ventilator	circuits	from	outside	the	room
as	 well	 as	 windows	 to	 pass	 supplies	 into	 the	 room.	 Similarly,	 physiological
monitoring	 should	 be	 duplicated	 and	 controllable	 from	 outside	 the	 room,	 and
ventilators	 should	 also	 be	manageable	 from	 outside	 the	 room.65	Moreover,	 all
patient	rooms	should	be	capable	of	negative	pressure.	Another	noted	downside
of	 current	 ICU	 design	 was	 the	 lack	 of	 protected	 space	 for	 donning	 personal
protective	equipment	prior	to	entering	each	individual	patient’s	room.66	Beyond
the	immediacy	of	the	patient	room,	staff	congregate	working	spaces	were	found
to	 be	 crowded	 especially	 in	 the	 setting	 of	 easily	 transmissible	 viruses.	 Future
ICU	design	should	address	these	issues.	Another	critical	element	learned	during
COVID-19	 was	 the	 need	 to	 install	 technology	 to	 provide	 human	 connectivity
especially	 as	 staff	 was	 primarily	 outside	 the	 room	 and	 visitors	 were	 blocked
from	coming	into	the	ICUs.

Additionally,	as	new	areas	of	the	hospital	are	renovated	or	constructed	anew,
the	 designers	 should	 incorporate	 infrastructure	 that	 allow	 these	 spaces	 to	 be
efficiently	 and	 rapidly	 activated	 for	 ICU	 surge	 capacity.	 This	 is	 important	 to
address	 both	 a	 rapid	 increase	 in	 critically	 ill	 patients	 as	 in	 the	 COVID-19
pandemic	or	for	backup	space	in	case	of	catastrophic	ICU	events	where	the	ICU
must	be	emergently	evacuated.

CONCLUSIONS
The	 ICU	 is	 an	 ever-changing	 and	 rapidly	 advancing	 environment.	 Future	 ICU
designs	 will	 need	 to	 be	 flexible,	 incorporating	 design	 decisions	 that
accommodate	 changing	 care	 practices	 and	 information	 technology.	 Research
supporting	 the	 impact	 of	 the	 built	 environment	 as	 well	 as	 new	 experiences
should	exert	a	strong	influence	on	multidisciplinary	design	 teams,	as	 they	seek
solutions	 to	 maximize	 operational	 efficiency	 and	 create	 supportive,	 safe,	 and
healing	environments	for	patients,	families,	and	clinical	staff.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	As	the	critical	care	director,	you	have	been	tasked	to	design	a	new
intensive	care	unit.	Who	should	constitute	your	team?

A. 	A	multidisciplinary	team	with	experienced	ICU	architects
B. 	Hospital	administrators	and	ICU	architects
C. 	You	and	a	nurse
D. 	Your	designee	and	all	of	the	ICU	attendings

2. 	A	hospital	team	is	charged	with	designing	a	new	ICU	but	has	no
experience.	Which	of	the	following	would	be	their	best	way	to	learn	more	prior
to	making	their	own	plans?

A. 	Request	national	ICU	guidelines
B. 	Review	only	peer-reviewed	randomized	trials
C. 	Visit	local	ICUs,	taking	pictures
D. 	Visit	award-winning	ICUs	and	get	expert	opinions

3. 	When	designing	the	interface	between	ICU	patient	rooms	and	the	ICU
corridors	all	of	the	following	are	important	considerations,	EXCEPT:

A. 	Enhancing	visibility	from	nursing	station
B. 	Minimizing	square	footage	for	energy	efficiency
C. 	Protecting	privacy	of	patients	and	families
D. 	Reducing	amount	of	noise	entering	the	patients’	rooms

Answers

1.	The	correct	answer	is	A.
Rationale:	 A	 multidisciplinary	 team	 with	 experience	 in	 ICU	 builds	 will

provide	the	requisite	talent	and	experience	(choice	A	is	correct).	This	will	ensure
that	 all	 needs	 of	 ICU	 patients	 and	 staff	 are	 met	 with	 attention	 to—but	 not
primary	 emphasis	 on—cost	 control.	 Choices	 B,	 C,	 and	 D	 are	 less
comprehensive.



2.	The	correct	answer	is	D.
Rationale:	 A	 multifaceted	 approach	 is	 important	 given	 the	 importance	 of

setting	 up	 a	 new	 intensive	 care	 unit.	 Visiting	 successful	 units	 and	 soliciting
expert	 opinion	would	 be	 a	 good	 place	 to	 start	 (choice	D	 is	 correct).	 Of	 note,
limiting	 oneself	 to	 only	 peer-reviewed	 trials	 may	 limit	 opportunities	 for
innovation	(choice	B	is	incorrect).	While	reviewing	guidelines	is	helpful,	this	is
not	 as	 effective	 as	 visiting	 experts	 in	 their	 own	 ICUs	 or	 visiting	 non–award-
winning	units	(choices	A	and	C	are	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 Patient	 room	 privacy,	 infection	 control,	 noise	 abatement,	 and

visibility	are	among	the	many	important	features	of	ICU	design	(choices	A,	C,
and	D	are	all	 true	answers).	Making	 the	rooms	too	small	might	 limit	space	for
medical	 support	 devices	 and	 personnel	 (choice	 B	 is	 the	 “correct”,	 wrong
answer).
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Chapter	131
Intensive	Care	Unit	Organization	and
Management
Mark	A.	Tidswell,	Bogdan	Tiru,	Thomas	L.	Higgins

KEY	POINTS:
1.	 Models	of	ICU	organization	are	generally	open,	closed,	or

semiclosed.
2.	 ICU	directors	serve	a	wide	variety	of	roles	that	range	from	defining

long-term	strategic	goals	to	tactical	and	managerial	oversight	of	day-
to-day	ICU	activities.

3.	 Current	trends	in	ICU	staffing	include	24/7	attending	presence,
telemedicine,	advanced	practitioners,	and	alignment	with	Leapfrog
Group	recommendations.

4.	 Monitoring	quality	in	the	ICU	is	an	important	ongoing	activity	in	the
operation	of	an	ICU,	and	patient	outcomes	are	best	understood
when	adjusted	for	acute	and	chronic	illness	severity.

5.	 Interpersonal	and	interdisciplinary	communication	is	essential	for	a
high-functioning	ICU.

INTRODUCTION
The	 importance	 of	 delivering	 critical	 care	 to	 medically	 ill	 patients	 grows	 as
severity	 of	 illness	 of	 hospitalized	 patients	 increases.	 Demands	 for	 intensivist
input	have	escalated	for	patients	in	acute	care	wards,	and	around	the	clock	in	the
intensive	care	units	 (ICUs).	The	recent	and	ongoing	struggle	with	severe	acute
respiratory	 syndrome	coronavirus	2	 (SARS-CoV-2)	 in	2020	 to	2021	highlights
the	strengths	and	weaknesses	of	the	organization	of	critical	care.

Organization	 is	 the	 act	 of	 assembling	 elements	 into	 an	 orderly,	 functional



whole.	 ICU	 organization	 encompasses	 strategies	 to	 enhance	 patient	 safety,
improve	 efficiency,	 implement	 effective	 therapies	 and	 processes,	 integrate	 the
ICU	within	 the	 larger	 structures	 of	 the	 institution	 and	 the	 community,	 ensure
compliance	with	 state	 and	 national	 regulations,	 and	 promote	 best	 practices	 for
the	 discipline.	 Organization	 of	 an	 ICU	 should	 optimally	 enhance	 other
significant	 factors	 that	 contribute	 to	 workplace	 success	 including	 innovation,
growth,	resilience,	a	healthy	culture,	commitment	to	learning,	an	environment	of
excellence,	respect	for	all,	and	strong	communication.

Management	 of	 an	 ICU	 requires	 the	 skill	 to	 direct,	maintain	 and	 revise	 the
organized	 ICU	 systems	 in	 order	 to	 cope	 with	 change.	 The	 concept	 of	 patient
“bedside	management”	is	familiar	to	clinicians	who	titrate	vasopressors	or	adjust
ventilator	 settings.	 Management	 of	 an	 ICU	 by	 an	 ICU	 Director	 and	 their
designees	 begins	 with	 and	 extends	 beyond	 implementing	 policies	 and
procedures,	 organizing	 service	 and	 teaching	 rounds,	 preparing	 budgets,	 and
complying	with	regulations.	The	successful	ICU	Director	will	manage	the	ICU
and	must	also	innovate	and	facilitate	change.

The	cost	of	health	care	now	represents	17.7%	of	the	gross	domestic	product
in	the	United	States.1	Although	the	total	number	of	hospital	beds	are	decreasing,
ICU	 beds	 and	 utilization	 are	 increasing.2	 The	Healthcare	 Cost	 and	Utilization
Project	 (HCUP)	 in	 2011	 showed	 that	 hospital	 admissions	 involving	 ICU	 care
accounted	 for	 27%	 of	 all	 hospital	 stays	 and	 48%	 of	 aggregate	 total	 hospital
charges.3	 Hospital	 admissions	 involving	 ICU	 stays	 were	 more	 than	 twice	 as
costly	as	other	hospital	admissions,	with	greater	ICU	utilization	in	metropolitan
regions,	 private/for	 profit,	 teaching	 institutions,	 and	 high-level	 trauma	 centers.
This	trend	for	ICU	beds	as	a	greater	percentage	of	total	beds	is	not	limited	to	the
United	 States.4	 The	 Center	 for	 Medicare	 and	 Medicaid	 Services	 forecasts	 an
increase	 in	 volume	 and	 intensity	 of	 medical	 services	 as	 the	 “baby	 boom”
generation	 enters	 retirement.5	 Proposals	 to	 reduce	 critical	 care	 beds	 and
physicians	point	out	that	many	ICUs	care	for	patients	who	are	not	critically	ill,
and	that	intensivist	shortages	are	frequently	geographical	as	well	as	numerical.6
Physician	and	nursing	shortages7	 and	 increasing	 costs	will	 constrain	growth	of
intensive	 care	 services,	while	 consumer	 demand	 and	 an	 aging	 population	with
chronic	diseases	will	exacerbate	capacity	 issues.	New,	unpredictable	 risks	such
as	 novel	 bacterial	 and	 viral	 threats,	mass	 casualty	 events,	 or	 terrorism	 require
preparedness.	Meanwhile,	attention	is	needed	to	prevent	medical	errors	(even	if
some	estimates	of	errors	are	exaggerated).8	The	ICU	director	must	pay	attention
to	 the	 health	 and	well-being	of	 the	 ICU	and	 its	 staff	 in	 addition	 to	 organizing
delivery	of	care	to	meet	the	needs	of	individual	patients.9

This	chapter	focuses	on	the	most	relevant	subset	of	ICU	organization	patterns,



the	 roles	 of	 the	 ICU	 director,	 human	 resource	 issues,	methods	 for	monitoring
clinical	ICU	care,	and	ancillary	management	issues.

1	ICU	ORGANIZATION
Although	 in	 most	 countries	 worldwide	 critically	 ill	 patients	 receive	 care	 in
“closed”	ICUs,	controversy	around	“closed”	vs	“open”	models	of	care	continues
in	 the	United	States.	These	 terms	 identify	 the	physicians	primarily	 responsible
for	medical	decision	making	within	an	ICU.	There	are	three	common	models	for
ICU	organization:

1.	 Open	ICU:	In	the	traditional	open	ICU	model,	a	primary	physician	with
hospital	privileges	may	admit	and	care	for	patients.	Patient	care	decisions
are	made	by	the	admitting	physician,	often	with	the	input	of	consultants.
Admission	and	discharge	(triage)	decisions	fall	to	the	ICU	director	only	in
event	of	a	bed	or	staffing	shortage.	Elective	consultation	with	intensivists
occurs	at	the	discretion	of	the	primary	attending	physician.	The	major
perceived	benefit	of	this	model	is	continuity	of	care,	although	continuity	is
arguably	less	likely	when	the	admitting	physician	is	a	hospitalist	rather	than
the	patient’s	primary	care	provider.	By	necessity,	the	open	model	remains
prevalent	in	the	United	States,	since	greater	than	50%	of	ICUs	(typically	in
smaller	hospitals)	lack	daytime	intensivist	coverage.10

2.	 Closed	ICU:	In	a	closed	ICU,	all	patients	are	managed	by	a	team	of
intensivists	(a	physician	with	specialty	training	in	intensive	care	medicine)
or	in	partnership	with	an	admitting	primary	attending	service	for	the
duration	of	the	ICU	stay.	Perceived	benefits	of	this	model	include	clinician
expertise,	timely	patient	assessment	and	treatment,	use	of	clinical	protocols
and	checklists,	and	attention	to	evidence-based	critical	care	that	result	in
reduced	mortality,	complications,	resource	use,	and	ICU	and	hospital	length
of	stay	(LOS).	This	model	is	common	in	Europe,	Latin	America,11	and
Australia-New	Zealand,	and	continues	to	gain	acceptance	in	the	United
States	based	on	research	findings	and	external	pressure	from	the	Leapfrog
Group12	and	payers.	Ample	evidence	indicates	that	daytime	on-site
intensivists	improve	processes	of	care	and	staff	satisfaction	and	decrease
ICU	complications	and	hospital	LOS,13	although	some	studies	found	no
reduction	in	mortality	with	high-intensity	daytime	physician	staffing.10

3.	 Transitional	(Semiclosed)	ICU:	In	this	model	an	intensivist	reviews	all
ICU	referrals	for	appropriateness	(gatekeeping).	Final	decisions	on



admission,	discharge	and	triage	rest	with	the	physician	unit	director	or	their
designee.	The	intensivist	may	be	directly	responsible	for	some	patients,	and
may	consult	on	some,	or	all	of	the	care,	of	other	patients	in	conjunction
with	an	attending	physician.	Alternatively,	the	intensivist’s	role	may	be
limited	to	triage	functions	and	emergency	response,	but	more	often
encompasses	hemodynamic,	respiratory,	fluid,	nutritional	and	safety
management.	This	model	is	seen	in	the	transition	phase	between	open	and
closed	models	of	care	and	remains	common	in	surgical	ICUs	where	an
attending	surgeon	addresses	overall	supervision	and	the	specific	operative
aspects	of	a	patient’s	care	(eg,	wound	care,	transplant	immunosuppressive
regimens)	while	delegating	resuscitation,	physiologic	monitoring,	organ
system	support,	and	ICU	safety	issues	to	the	intensivist.	ICU	telemedicine
(discussed	later)	may	become	the	dominant	form	of	the	semiclosed	unit.

A	systematic	 review	of	 the	 literature	 in	2001	by	Pronovost	and	colleagues14
examined	 physician	 staffing	 patterns	 and	 clinical	 outcomes.	 Studies	 were
classified	 as	 low-intensity	 staffing	 (a	 model	 other	 than	 closed	 or	 mandatory
consult)	or	high-intensity	staffing	(closed	ICU	model	or	mandatory	critical	care
consultation	model).	 The	 high-intensity	model	was	 associated	with	 lower	 ICU
mortality	 (pooled	 mortality	 risk	 estimate	 0.61)	 and	 lower	 hospital	 mortality
(pooled	 mortality	 risk	 estimate	 0.71).	 The	 literature	 overwhelmingly	 favors
intensivist	 staffing	 models.	 Only	 one	 retrospective	 analysis	 of	 the	 Project
IMPACT	database	by	Levy	and	colleagues	 in	200815	demonstrated	higher	odds
for	 hospital	 mortality	 in	 patients	 managed	 by	 critical	 care	 physicians,	 a
counterintuitive	 finding	 that	might	be	 the	 result	of	differences	between	sites	 in
ICU	 administration,	 team	 composition	 and	 function,	 and	 unmeasured
confounders	 including	case	mix	differences16	 and	 the	 role	of	 trainees	and	part-
time	academic	faculty.17	The	higher	risk-adjusted	mortality	in	teaching	hospitals
where	more	invasive	interventions	are	performed18	may	also	obscure	beneficial
effects	 of	 full-time	 intensivists.	 A	 systematic	 review	 and	 meta-analysis	 of	 52
studies	 by	Wilcox	 and	 colleagues	 in	 2013	 compared	 high-intensity	 staffing	 to
low	intensity	staffing	of	ICU,	and	24-hour	in	hospital	coverage	to	daytime	only
coverage.	 High-intensity	 staffing	 was	 associated	 with	 lower	 hospital	 and	 ICU
mortality	 (RR	 0.81;	 95%	CI	 0.68-0.96),	 along	with	 reduced	 hospital	 and	 ICU
LOS.	For	ICU	with	high-intensity	staffing,	24-hour	in	house	intensivist	coverage
did	not	significantly	improve	mortality.19

Case-control	 studies,	 where	 outcomes	 were	 examined	 before	 and	 after
implementing	 a	 closed	 model,	 offer	 additional	 insight	 into	 the	 value	 of
intensivists.	Patients	admitted	 to	closed	units	 tend	 to	be	sicker,20,21	 as	might	be



expected	with	tighter	triage	criteria,	and	nursing	confidence	in	physician	clinical
judgment	improves.18	These	efficiencies	are	reflected	in	shorter	ICU	and	hospital
LOS.20	 The	 effect	 of	 dedicated	 intensivist	 staffing	 on	 ICU	 LOS	 remains
significant	 after	 case-mix	 is	 adjusted	 for	 risk	 factors	 such	 as	 patient	 age,
admission	severity	of	illness,	pre-ICU	LOS	and	percentage	of	patients	requiring
mechanical	 ventilation.22	 Moreover,	 the	 closed	 ICU	 model	 may	 decrease
resource	 use	 through	 fewer	 inappropriate	 admissions,	 reducing	 complications
that	prolong	duration	of	stay,	and	increasing	timely	ICU	discharge.

In	most	hospitals	the	ICU	directors	and	physicians	report	to	their	department,
institute	 or	 service-line	 director.	 Ostensibly,	 differences	 in	 departmental
priorities	 and	 in	 patient	 characteristics	 may	 direct	 differences	 in	 physician
staffing	 among	 units	 within	 a	 single	 institution.	 However,	 distinct	 units	 often
share	 resources	 such	as	nurses,	 respiratory	 therapists,	 and	equipment,	 and	may
find	 it	 necessary	 to	 admit	 off-service	 ICU	 populations	 during	 times	 of	 high
census.	In	some	hospitals	with	separate	medical	ICU,	surgical	ICU,	critical	care
unit	(CCU),	and	other	units,	the	medical	directors	of	various	units	may	be	part	of
“critical	 care	 organizations”	 that	 coordinate	 patient	 care	 activity	 and	 resources
for	multiple	CCUs	within	 the	 institution	 or	 across	 several	 hospitals	 under	 one
corporate	 umbrella.23	 There	 is	 value	 to	 a	 critical	 care	 practice	 committee
(CCPC),	composed	of	physician	and	nursing	representatives	from	each	ICU,	the
emergency	 department,	 the	 postanesthesia	 recovery	 unit,	 along	 with
representatives	 from	pharmacy,	 central	 supply,	 clinical	 engineering,	 respiratory
therapy,	 and	 purchasing.	 A	 hospitalwide	 CCPC	 can	 create	 efficiency	 by
standardization	 of	 policies	 and	 procedures23,24	 implementation	 of	 care	 bundles,
decisions	 on	 supplies	 and	 equipment	 purchases,	maintenance	 of	 “Code”	 carts,
and	quality	improvement	initiatives	relevant	to	all	the	ICUs	represented.25

ROLE	OF	THE	ICU	DIRECTOR
2 	 The	 Joint	 Commission	 requires	 that	 an	 individual	 is	 designated	 as	 the	 ICU
director,	 but	 actual	 job	 descriptions	 vary.23	 At	 one	 end	 of	 the	 spectrum,	 the
medical	director	may	simply	serve	an	administrative	 role,	approve	critical	care
policies	and	function	as	a	resource	for	questions	that	cannot	be	solved	by	nursing
administration.	They	might	triage	ICU	admissions	and	discharges	only	in	times
of	high	census	and	may	have	a	limited	role	in	the	delivery	of	critical	care	except
to	their	own	patients.	At	the	other	extreme,	the	medical	director	may	lead	a	team
that	is	responsible	for	all	patients	in	the	ICU.	Optimally,	ICU	directors	will	have
good	 working	 relationships	 with	 consulting	 subspecialist	 groups	 and	 with	 the



nursing	manager	 in	each	unit,	and	 interact	extensively	with	other	professionals
(pharmacists,	 dieticians,	 social	 workers,	 clergy,	 and	 utilization	 management
specialists).	 Essential	 character	 traits	 of	 the	 successful	 ICU	 director	 include
willingness	 to	collaborate,	ability	 to	delegate,	 trust	 in	colleagues,	and	excellent
communication	skills.

Non-clinical	 duties	 for	 physician	 ICU	 Directors	 may	 include	 committee
membership,	administrative	tasks,	budget	preparation,	educational	activities,	and
the	business	of	running	the	ICU	physician	practice.	With	physician	management,
ICU	occupancy	rates	and	number	of	patients	misallocated	to	ICU	beds	decline,26
and	 transitions	 of	 care	 (including	 ICU	 readmission)	 improve	 by	 addressing
policies	 to	 avoid	 postdischarge	 medical	 deterioration,	 improper	 triage	 or
administrative	 problems.27	 Knowledge	 of	 case-management	 rules	 (and
consultation	with	case	managers)	can	improve	ICU	performance.

Responsibilities	 of	 the	 ICU	 Director	 can	 best	 be	 divided	 into	 strategic	 vs
tactical	 tasks	 (Table	 131.1).	 Strategic	 tasks	 involve	 the	 “big	 picture”:	 data
analysis,	 recognition	 of	 patterns	 and	 trends,	 setting	 priorities,	 considering
alternatives,	and	implementing	change.	The	ICU	Director	is	often	the	champion
for	 process	 improvement	 projects.	 Areas	 deserving	 of	 strategic	 consideration
include	 optimizing	 communication,	 cost	 containment,	 maintaining	 the	 overall
culture	of	the	ICU,	quality	improvement	efforts,	education	of	physicians,	nurses
and	 other	 health	 professionals,	 optimizing	 the	 implementation	 of	 electronic
medical	 record	 systems,	 and	 coping	with	 change	 driven	 by	 ICU,	 hospital	 and
external	 factors.28	 Developing	 a	 strategic	 vision,	 communicating	 it	 well,	 and
leading	by	example	are	essential.	The	effective	ICU	director	will	communicate
frequently	with	institutional	stakeholders	such	as	their	department	chairpersons,
and	directors	of	clinical	operations	and	health	care	quality.

TABLE	131.1

Strategic	vs	Tactical	Duties	of	the	ICU	Director

Strategic Tactical

Creating	ICU	vision	and	mission
statement

Conflict	resolution,	communicating
vision

Evaluating	and	improving	quality	of
care

Implementing	care	“bundles”	and
protocols



Right-sizing	physician	workload Hiring	new	staff;	creating	call
schedule

Fostering	interdisciplinary
relationships

Interdisciplinary	rounds.	Joint
conferences

Planning	for	the	future:	facilities,
staffing,	and	emerging	illnesses

Budgeting,	space	and	equipment
needs,	responding	to	new	crises

Delivering	value Specific	cost-containment	initiatives

Economic	self-sufficiency	of	practice Monthly	review	of	financial
statements

Professional	development Physician	and	nursing	education

Efficient	resource	management Bed	triage:	written	policies

Exploiting	advanced	technology Implementing	electronic	medical
records

ICU,	intensive	care	unit.

Tactical	 chores	 consist	 of	 the	 day-to-day,	 “hands-on”	 running	 of	 the	 unit.
Beyond	patient	 care,	 the	 ICU	director	 is	 involved	with	human	 resource	 issues,
scheduling	concerns,	patient	triage,	bed	allocation,	and	conflict	resolution.29	The
ICU	director	might	 also	be	 authorized	 (by	hospital	 policy)	 to	 intervene	 in	 any
patient’s	 care	and	charged	with	evaluating	 issues	and	complaints	 that	originate
from	family	members,	nursing	staff,	other	physicians,	or	hospital	administration.
A	 potential	 danger	 is	 that	 numerous	 tactical	 tasks	 consume	 time	 needed	 for
strategic	 thinking	 and	 direction.	 Implementation	 of	 computerized	 order	 sets,
therapist-directed	 protocols,	 and	 other	 “bundles”	 of	 care30	 help	 to	 decrease
tactical	 decisions	 and	 leave	 more	 time	 for	 strategic	 planning.	 However,	 the
strategic	 leader	 needs	 to	 maintain	 patient	 contact	 for	 it	 is	 the	 experienced
interpretation	of	clues	and	subtleties	that	define	the	expert.31

The	conceptual	frameworks32	and	business	skills	for	ICU	leadership	may	be
acquired	 in	 business	 school	 or	 on-the-job.	 Important	 characteristics	 of	 leaders
include	self-awareness,	self-regulation,	motivation,	empathy,	and	social	skill.33,34
The	 American	 Association	 for	 Physician	 Leadership	 is	 one	 organization	 that
provides	guidance	to	succeed	in	medical	management,35	ranging	from	journals	to
seminars	to	master’s	degree	(MBA)	preparation.



ICU	PROVIDER	STAFFING
3 	 A	 survey	 of	 critical	 care	 organizations	 from	 twenty-three	 academic	medical
centers	 (104	 ICUs)	 revealed	 various	 ICU	 models	 of	 care	 including	 full-time
intensivists	(33%),	shift	work	intensivists	(28%),	and	a	hybrid	model	of	full-time
and	shift-work	intensivists	(26%).	Physician	extenders	provided	care	in	36%	of
the	ICUs,	with	hospitalist	involvement	in	21%	of	the	medical	centers.	Fourteen
percent	of	these	academic	centers	provided	a	telemedicine	service.23

Intensivist	 coverage	 around	 the	 clock	 (24	hours	×	7	days,	 or	 24/7)	 requires
more	 physician	 hours	 and	 thus	 costs	 much	 more	 than	 the	 traditional	 model.
Despite	 intuition	 that	more	 intensivist	 hours	might	yield	better	outcomes	 there
are	no	differences	in	risk-adjusted	mortality	or	family	satisfaction	metrics	from
adding	 24/7	 staffing	 when	 high-intensity	 daytime	 intensivists	 are	 already
present.36	 Studies	 show	 that	 24/7	 intensivist	 provides	 no	 measurable
improvements	 compared	 to	 nighttime	 coverage	 of	 the	 ICU	 provided	 by
nonintensivists	 or	 trainees.37	 A	 single-center	 trial	 found	 no	 differences	 in
mortality	 or	 ICU	 LOS	 for	 a	 night	 shift	 intensivist	 compared	 to	 having	 an
intensivist	on	call	from	home	via	phone	contact.38	Perhaps	the	nonsuperiority	of
a	 24/7	 model	 of	 care	 indicates	 that	 ICU	 organization,	 culture,	 and	 protocols
organized	by	intensivists	during	the	day	reduces	the	need	for	intensivist	presence
at	night.	While	outcome	differences	can	be	demonstrated	as	a	 function	of	 ICU
admission	 time	 and	 day	 of	 week,39-43	 at	 the	 hospital	 level,	 there	 are	 no
statistically	significant	mortality	differences	based	on	time	of	admission	for	most
(77%)	diagnoses,	including	acute	myocardial	infarction,	congestive	heart	failure,
pneumonia,	 stroke,	 gastrointestinal	 bleeding,	 and	 many	 surgical	 conditions.
Mortality	 was	 higher,	 though,	 in	 patients	 with	 ruptured	 abdominal	 aortic
aneurysms,	 acute	 epiglottitis,	 and	 pulmonary	 embolus,	 when	 these	 patients
presented	on	 the	weekend.44	Ultimately,	due	 to	 the	 shortage	of	 intensivists,	 in-
house	 24/7	 coverage	 is	 impractical	 in	 more	 than	 half	 of	 U.S.	 hospitals,	 and
efforts	are	now	underway	to	educate	a	hospitalist	workforce	for	this	task.42,45

Arguments	 in	 favor	 of	 24/7	 intensivist	 coverage	 are	 convincing	 to	 many
hospitals	and	intensivists	despite	lack	of	proven	outcome	benefit.	The	increasing
intensity	and	complexity	of	care	and	interventions	may	require	around-the-clock
expertise	for	complex	medical	decision-making,	triage,	and	family	meetings	that
cannot	be	delivered	over	the	phone.	No	evidence	indicates	that	continuity	of	care
should	be	the	highest	priority.	Indeed,	a	survey	of	North	American	ICUs	in	2020
reported	that	intensivists	were	on	clinical	service	for	shorter	periods—a	median
of	7	consecutive	days.46	Additionally,	intensivists	describe	less	“burnout”	when



working	fewer	consecutive	days.47,48
In	 specialty	 Cardiac	 Surgery	 ICU	 24/7	 staffing	 with	 intensivists	 may	 be

beneficial.	In	propensity	matched	observational	studies	of	medical	intensivist	for
care	 of	 patients	 following	 cardiac	 surgery,	 outcomes	 such	 as	 post-op
complications	 and	 duration	 of	 mechanical	 ventilation	 were	 improved	 by
integrating	 an	 intensivist	 into	 the	 postoperative	 care	 team.49,50	 A	 single-center
study	 in	 which	 nighttime	 resident	 trainees	 were	 replaced	 (due	 to	 duty	 hours
restrictions)	 with	 intensivists	 in	 a	 cardiac	 surgery	 ICU	 found	 that	 after	 the
staffing	 change	 there	were	 significant	 reductions	 in	major	 complications	 (odds
ratio	 0.73,	 95%	 confidence	 interval	 0.36-0.85),	 time	 on	mechanical	 ventilator,
and	readmissions.51

Prospective	 studies	 of	 staffing	 models	 are	 needed	 to	 define	 best	 practice,
since	most	of	the	trials	to	date	are	retrospective	and	observational	after	changes
in	the	ICU	staffing.	There	are	highly	plausible	reasons	for	staffing	models	such
as	 24/7,	 but	 a	 lack	 of	 a	 proven	 connection	 between	 staffing	 models	 and
outcomes,	 and	 the	 processes	 (clinical	 behaviors)	 of	 intensivists	 which	 might
affect	mortality	and	LOS.	Studies	of	ICU	staffing	have	only	evaluated	a	few	of
the	processes	by	which	intensivists	improve	outcomes,	such	as	multidisciplinary
rounds,	checklists,	and	adherence	 to	evidence-based	care	 including	compliance
with	protocols	for	low	tidal	volume	ventilation	in	ARDS.13,52

ICU	TELEMEDICINE
Remote	 intensive	 care	with	 ICU	 telemedicine	may	 be	 a	 partial	 solution	 to	 the
intensivist	 shortage.	 In	 ICU	 telemedicine,	 critical	 care	 physicians	 and	 nurses
provide	 team-based	 real-time	 support	 to	 multiple	 CCUs	 from	 a	 centralized
location.	ICU	telemedicine	grew	from	0.9%	of	total	U.S.	ICU	beds	in	200353	and
7.9%	in	201054	to	15	to	20%	in	2020.55	Tele-ICU	systems	may	permit	intensivists
to	 monitor	 more	 patients,	 including	 patients	 without	 access	 to	 an	 intensivist.
Despite	 a	 shortage	 of	 data,	 the	 Leapfrog	 Group	 and	 the	 University	 Health
System	 Consortium	 encourage	 tele-ICU.12	 A	 meta-analysis	 of	 13	 studies
involving	35	ICUs	showed	that	although	telemedicine	was	associated	with	 less
ICU	mortality	 and	 shorter	 ICU	LOS,	 overall	 hospital	mortality	 and	LOS	were
unchanged.56	 An	 early	 evaluation	 of	 tele-ICU	 did	 not	 demonstrate	 any
differences	in	adjusted	hospital	and	ICU	mortality,	LOS,	or	complications	after
telemedicine	 intervention,	 however	 subsequent	 larger	 studies	 demonstrated
lower	ICU	and	hospital	mortality	and	LOS	with	ICU	telemedicine.57	Of	interest,
improved	survival	was	observed	in	the	sicker	population	while	mortality	for	less



severely	 ill	 patients	 appeared	 to	 increase.	 Implementing	 and	 maintaining
telemedicine	is	expensive	even	if	built	with	“off	the	shelf”	technology.58	Studies
are	 needed	 to	 determine	 whether	 cost-effectiveness	 of	 ICU	 telemedicine	 is
generalizable.

PHYSICIAN	HUMAN	RESOURCE	ISSUES
Predictions	 from	 200059	 of	 a	 serious	 shortage	 of	 intensivists	 by	 2020	 were
accurate,	and	this	shortage	will	keep	worsening.60	Critical	care	workforce	needs
are	 not	 adequately	 addressed	 by	 public	 policy	 and	 the	 current
Medicare/Medicaid	 reimbursement	 rate	 is	 frequently	 insufficient	 to	 cover
physician	 salary	 and	 benefits.	 Intensivists	 previously	 willing	 to	 work	 66-hour
weeks	 and	 10-	 to	 12-hour	 long	 shifts	 are	 finding	 alternatives	 in	 research	 or
administration	 as	 they	 age.61	 It	 is	 unknown	 at	what	 level	 of	 intensity	 the	 next
generation	 of	 intensivists	 will	 be	 willing	 to	 work.	 Steadily	 increasing	 salaries
associated	with	increasing	demand,	particularly	during	the	2020-1	SARS-CoV-2
pandemic,	 may	 lead	 to	 higher	 salaries	 eventually	making	 critical	 care	 a	more
viable	career	choice	compared	to	specialties	with	shorter	working	hours	and	less
stress.	 Schedules	 for	 emergency	medicine	 physicians	 (three	 12-hour	 shifts	 for
46	weeks,	or	1656	clinical	hours)	or	hospitalists	(typically	1760	hours	per	year)
are	 currently	 more	 attractive	 than	 standard	 critical	 care	 jobs.	 It	 is	 likely	 that
intensivists	 will	 work	 fewer	 hours	 annually,	 further	 increasing	 demand	 for
intensivists.

To	meet	Leapfrog	Group	standards	for	in-house	intensivist	staffing	(minimum
of	8	hours,	7	days	per	week12,62)	 requires	at	 least	2920	hours	per	year	plus	off-
hours	 coverage	 and	 Fundamental	 Critical	 Care	 Support	 (FCCS)-certified
physicians	 or	 physician	 extenders	 immediately	 available	 in-house	 during	 the
other	16	hours	per	day.	Depending	on	the	size	and	acuity	of	the	ICU,	more	than
one	intensivist	may	be	needed	for	daytime	rounding.

To	project	staffing	needs	for	an	ICU,	consider	the	concept	of	a	clinical	full-
time	equivalent	(FTE)	to	represent	 the	amount	of	work	done	by	one	individual
working	only	on	direct	patient-care	 tasks	 in	 the	 intensive	unit.	 In	reality,	many
ICU	 clinicians	will	 also	 allocate	 professional	 time	 to	 research,	 administration,
education,	 trauma	 team,	 emergency	 medicine,	 pulmonary	 clinic,	 or
anesthesiology.	 The	 number	 of	 clinical	 hours	 worked	 annually	 may	 vary	 by
institution.	Respondents	to	a	Society	of	Critical	Care	Medicine	(SCCM)	survey
reported	 annual	work	 hours	 from	 less	 than	 1000	 to	more	 than	 4000,	 but	most
commonly	 2000	 to	 2500	 hours.61	 If	 a	 full-time	 intensivist	 were	 to	work	 2250



hours	 annually	 (after	 accounting	 for	 vacation,	 holidays,	 and	CME	 time),	 these
hours	could	be	divided	into	45	5-day	weeks	of	10-hour	days,	or	27	7-day	weeks
of	12-hour	days.	As	an	example,	an	estimate	of	the	number	of	FTE	needed	for
in-house	ICU	coverage,	24/7	by	12	hour	shifts	365	days	per	year	(approximately
9000	hours),	is	obtained	by	dividing	9000	hours	by	2250	hours	per	FTE,	to	yield
4.0	FTE	to	cover	the	workload.	Additional	nonclinical	time	would	be	needed	for
administrative,	 educational,	 and	 quality	 assurance	 activities.	 An	 ICU	 medical
director	will	need	significant	administrative	time	(0.2-0.5	FTE,	depending	on	the
size	 of	 the	 ICU	 and	 number	 of	 physicians	 and	 advanced	 practitioners
supervised).	 For	 daytime-only	 coverage	 of	 an	 ICU	 fewer	 FTEs	 would	 be
required,	although	on-call	hours	must	still	be	staffed.	In	one	survey	of	152	ICUs
at	 24	 academic	 hospitals,	 intensivists	were	 in-house	 in	 49%,	with	 off-hours	 in
house	coverage	provided	by	advanced	practitioners	(63%)	hospitalists	(21%)	or
via	telemedicine	(14%).23

Staffing	must	 consider	 the	 number	 of	 beds	 and	 intensivist-to-patient	 ratios,
for	which	there	is	little	guidance.	In	England	and	Wales,	where	intensivists	staff
80%	of	ICUs,	there	are	three	consultants	for	the	average	6-bed	general	ICU,	and
another	three	consultants	in	the	on-call	rotation.63	A	retrospective	study	from	the
Mayo	Clinic64	did	not	find	differences	 in	mortality	rate	for	daytime	intensivist-
to-bed	ratios	between	1:7.5	and	1:15,	although	ICU	LOS	increased	at	the	higher
extreme	of	1:15.	A	retrospective	analysis	of	Intensive	Care	National	Audit	and
Research	 Centre	 (ICNARC)	 survey	 data	 from	 94	 UK	 closed	 adult	 ICUs,
observed	a	median	daytime	ratio	of	8.5	patients	(IQR	6.9–10.8)	per	intensivist;
overall	ICU	mortality	was	19.1%,	and	hospital	mortality	25.7%,	suggesting	these
were	 relatively	 high-acuity	 units.	 Further	 analysis	 suggested	 hospital	mortality
was	lowest	when	patient	to	intensivist	ratio	was	7.5	to	1.65	Larger	hospitals	with
closed	 units	 may	 take	 advantage	 of	 cross-coverage	 between	 units,	 providing
daytime	care	at	intensivist	to	patient	ratios	of	1:8	to	1:12;	and	increasing	the	ratio
during	 off-hours	when	 there	 are	 fewer	 acute	 interventions	 or	 procedures	 to	 be
accomplished.

MULTIDISCIPLINARY	MODELS:	ADVANCED
PRACTITIONERS
Given	 the	 shortage	of	 intensivists,	 advanced	practitioners	might	be	used	 to	 fill
out	 24/7	 ICU	 coverage.	 Other	 driving	 forces	 that	 are	 accelerating	 use	 of
advanced	practitioners	include	cutbacks	in	federal	funding	for	residency	training



and	 ACGME	 duty	 hour	 limitations	 for	 medical	 trainees.59	 “Advanced
practitioner”	(AP)	is	a	broad	term	describing	nurse	practitioners	(NPs),	certified
registered	 nurse	 anesthetists	 (CRNAs),	 certified	 nurse	midwives	 (CNMs),	 and
physician	assistants	(PAs).	Surveys	of	adult	ICUs	in	academic	medical	centers	in
the	 United	 States	 indicate	 that	 PAs	 provide	 care	 in	 about	 25%	 and	 NPs	 in
>50%.66	 Compared	with	 housestaff,	 NPs	 and	 PAs	 in	 a	 single	 academic	 center
study	 showed	 no	 difference	 in	 mortality,	 readmission	 rates	 or	 length	 of	 ICU
stay.67	 Nonphysician	 providers	 improve	 patient	 satisfaction,68	 LOS,	 mortality,
and	 duration	 of	 mechanical	 ventilation.66,69,70	 NP	 and	 PA	 may	 focus	 on
procedures	or	implementation	of	protocols,71	freeing	intensivists	to	evaluate	and
manage	 the	most	 complex	 patients.	 Planning	 for	 disasters	 such	 as	 the	 SARS-
CoV-2	 pandemic	 may	 require	 the	 use	 of	 NPs,	 PAs,	 CRNAs,	 and	 non-ICU
physicians.72	 The	 SCCM	 and	 other	 organizations	 offer	 material	 to	 rapidly
educate	advanced	practitioners	on	ICU	roles	during	disasters.73

As	health	care	financing	transitions	from	fee-for-service	to	global	payments,
there	 is	 budgetary	 pressure	 to	 transfer	 tasks	 to	 other	 providers.74	Figure	 131.1
suggests	one	conceptual	approach	to	sharing	care	in	the	ICU	environment.	The
universe	 of	 patient	 presentations	 is	 plotted	 along	 a	 y-axis	 of	 “certain	 to
uncertain”	 vs	 an	 x-axis	 of	 “simple	 to	 complex.”	 Critical	 care	 physicians
concentrate	 efforts	 where	 certainty	 of	 the	 diagnosis	 is	 low,	 or	 physiology	 is
complex	and	unstable.	When	the	diagnosis	is	known	or	the	patient	is	stable	then
care	 can	be	delegated	 to	 advanced	practitioners	or	delivered	by	protocols	with
physician	oversight.	However,	when	patient	care	is	delegated,	and	in	light	of	the
dynamic	nature	of	critically	ill	patients,	frequent	communication	is	necessary	to
ensure	that	all	aspects	of	care	remain	within	the	capability	of	the	AP.

	

Figure	 131.1 	 Conceptual	 representation	 and	 description	 of	 the
range	 of	 ICU	 patients.This	 graphic	 could	 be	 used	 to	 allocate



physician	 or	 advanced	 practitioner	 responsibility	 within	 an	 ICU.
Patients	are	described	within	the	graph	based	on	two	factors:	degree
of	 certainty	 in	 the	 correct	 diagnosis	 along	 a	 y-axis	 (“certain	 to
uncertain”)	 vs	 level	 of	 complexity	 of	 ICU	 care	 along	 the	 x-axis
(“simple	 to	 complex”).	 Critical	 care	 physician	 effort	 is	 assigned
directly	 to	 patients	 when	 there	 is	 uncertainty	 and/or	 physiology	 is
complex	 and	 unstable.	 When	 the	 diagnosis	 is	 known	 and/or	 the
patient	is	stable	then	care	can	be	delegated	to	advanced	practitioners
or	 delivered	 by	 protocols	 with	 physician	 oversight.	 ARDS,	 acute
respiratory	 distress	 syndrome;	 ARF,	 acute	 renal	 failure;	 CHF,
congestive	 heart	 failure;	 ICU,	 intensive	 care	 unit;	 DO,	 doctor	 of
osteopathy;	 ECMO,	 extracorporeal	 membrane	 oxygenation;	 HFO,
high-frequency	 oscillatory	 ventilation;	 LPVS,	 lung-protective
ventilation	 strategy;	MD,	 medical	 doctor;	 MSOF,	 multiple	 systems
organ	 failure;	 NP,	 nurse	 practitioner;	 PA,	 physician	 assistant;	 RN,
registered	nurse;	RRT,	rapid	response	team.

Professional	 societies	 project	 an	 inability	 to	 meet	 critical	 care	 demand	 not
only	 due	 to	 a	 shortage	 of	 intensivists	 but	 also	 more	 significant	 shortages	 of
critical	 care	 nurses	 and	 respiratory	 therapists.75	 The	 advanced	 practitioner	 and
other	nonphysician	professionals	will	continue	 to	be	a	major	component	of	 the
health	care	delivery	model	for	critically	ill	patients.

BUDGET	AND	PROFESSIONAL
REIMBURSEMENT	ISSUES
The	ICU	director	may	be	responsible	for	managing	the	budget	of	the	entire	CCU
but	 most	 often	 will	 be	 concerned	 with	 budgets	 and	 revenue	 from	 physician
professional	activity.	 In	 the	United	States,	critical	care	 revenue	 is	generated	by
billing	 critical	 care	 codes	 (CPT	 code	 99291	 and	 99292)	 when	 the	 patient
qualifies	 for	 time-based	 bedside	 critical	 care,	 or	 billing	 evaluation	 and
management	codes	(typically	CPT	code	99232-33	for	subsequent	hospital	care,
and	99251-53	inpatient	consultation).76,77	Revenue	received	may	be	50%	or	less
of	 what	 was	 actually	 billed,	 due	 to	 low	 Medicaid	 reimbursement	 rates	 and
contracts	negotiated	with	insurers.	Thus,	it	may	not	be	possible	for	a	critical	care
physician	group	to	be	self-funded	based	on	patient	care	revenue	(net	collections)
alone,	especially	when	providing	24/7	in-house	coverage.



The	 landscape	 of	 billing	 and	 coding	 is	 constantly	 changing,	 and	 the	 2015
Medicare	 Access	 and	 CHIP	 Reauthorization	 Act	 (MACRA)78	 encourages	 a
transition	 from	 fee-for-service	 billing	 to	 population	 health	 where	 global	 “per
member	 per	 month”	 payments	 cover	 all	 medical	 care.	 While	 there	 may	 be
opportunities	 with	 24/7	 staffing	 to	 increase	 billing	 and/or	 decrease	 cost
particularly	 through	 decreased	 ICU	 and	 hospital	 LOS,	 the	 economics	 of	 ICU
care	are	complex	and	true	cost	savings	are	only	realized	when	resources	such	as
ICU	personnel	can	be	reduced	or	redeployed,	or	the	number	of	beds	reduced.79,80
The	 ICU	 director	 often	 plays	 a	 role	 tracking	 each	 physician’s	 billing	 for
appropriateness	 and	 timeliness.	Periodic	 internal	 audits	help	 confirm	physician
compliance	with	Medicare	and	insurer	billing	rules.	The	Centers	for	Medicare	&
Medicaid	 Services	 (CMS)	 implemented	 a	 recovery	 audit	 contractor	 (RAC)
program	to	review	billing	and	identify	over-	and	underpayment.81

MONITORING	CLINICAL	CARE
4 	Good	structure	(attributes	of	the	setting	in	which	care	occurs)	facilitates	good
process	(what	is	actually	done),	which	is	intended	to	promote	good	outcome	(or
results).82	 While	 the	 Joint	 Commission	 historically	 focused	 on	 structural
elements	 such	 as	 medical	 staff	 organization,	 available	 equipment	 and	 human
resources,	 its	 emphasis	 is	 now	 on	 analysis	 of	 process	 and	 outcome.83	 Most
benchmarking	currently	takes	place	by	outcome	assessment,	using	mortality	and
resource	utilization	as	endpoints.	Because	patients	present	with	different	 levels
of	 disease	 and	 physiologic	 reserve,	 raw	 outcome	 measures	 such	 as	 mortality
must	be	adjusted	for	severity	of	 illness.84	For	 the	 ICU,	 tools	 include	 the	Acute
Physiology	and	Chronic	Health	Evaluation	(APACHE)	system,85-87	the	Mortality
Probability	 Model	 (MPM),88,89	 the	 Simplified	 Acute	 Physiology	 Score
(SAPS),90,91	 and	 the	 ICNARC	 model.92	 These	 systems	 are	 based	 on	 large
databases,	 report	acceptable	discrimination	and	calibration,	and	are	extensively
validated	in	the	peer-reviewed	literature.	However,	only	a	minority	of	hospitals
consistently	collect	this	of	data.	APACHE	and	MPM	are	generally	used	in	North
America,	SAPS	 in	Europe	and	South	America,	 and	 ICNARC	 in	Great	Britain.
Models	can	be	employed	in	any	location	as	long	as	the	model	is	recalibrated	for
the	local	environment.93

An	APACHE	 IV	 score	 is	 composed	 of	 the	Acute	 Physiology	 Score	 (APS),
age,	and	chronic	health	 items.	The	APS	 is	generated	by	summing	point	values
based	on	physiologic	derangement	in	17	variables	and	then	adding	points	for	age
and	chronic	health	 status.87	While	 the	mortality	 estimate	 is	 not	 accurate	 for	 an



individual	 patient,	 the	APACHE	 system	 is	 quite	 reliable	 at	 assessing	mortality
outcome	for	sufficiently	large	groups	of	patients.	APACHE	IV	is	also	useful	for
assessing	ICU	LOS	(resource	consumption)	in	groups	of	patients.94	Plans	call	to
extend	the	APACHE	system	beyond	the	ICU.95

The	 MPM-III	 model	 was	 developed	 and	 validated	 using	 Project	 IMPACT
data	(an	initiative	of	the	SCCM)	from	55,459	patients	at	103	participating	ICUs
in	North	America.96	MPM-III	scoring	has	the	advantage	of	ease	and	immediacy,
since	 it	 is	 generated	 on	 admission,	 compared	 to	 the	 more	 detailed,	 disease-
specific	 predictions	 of	 the	 APACHE	 system	 at	 24	 hours	 and	 beyond.	 The
primary	 clinical	 limitation	 of	 outcome-adjustment	 models	 is	 that	 they	 predict
outcome	 in	 groups	 of	 patients	 but	 not	 when	 making	 individual	 therapeutic
decisions.	 In	 fact,	 ICU	 physicians	 discriminate	 between	 survivors	 and
nonsurvivors	 more	 accurately	 than	 scoring	 systems,	 at	 least	 in	 the	 initial	 24
hours	of	care.97

Specialized	 scoring	 systems	 are	more	 appropriate	 for	 pediatric	 (eg,	 PRISM
[Pediatric	Risk	of	Mortality]),98	trauma,99,100	or	cardiac	surgical	units.101	Cardiac
surgical	systems	downplay	acute	physiology,	which	is	deliberately	controlled	by
the	 operating	 room	 team,	 and	 emphasize	 variables	 such	 as	 left	 ventricular
function,	intra-aortic	balloon	pump	use,	and	cardiopulmonary	bypass	time	which
might	not	be	available	or	clinically	relevant	in	other	patient	groups.	Performance
of	 the	general	 severity	models	deteriorates	when	case-mix	 in	 an	 ICU	becomes
skewed.102

ICU	performance	can	be	ascertained	by	generating	predicted	mortality	 rates
for	groups	of	patients	using	APACHE,	ICNARC,	MPM,	or	SAPS	as	a	tool,	and
then	 comparing	 observed	 actual	 results	 (numerator)	 to	 that	 prediction
(denominator).	The	 ratio	 of	 observed	mortality	 to	 predicted	mortality	 is	 called
the	standardized	mortality	ratio	(SMR).	An	ICU	with	an	SMR	close	to	1.0	would
be	 exhibiting	 expected	 performance	 for	 its	 case-mix	 of	 patients.	 SMRs
significantly	 greater	 than	 1	 indicate	 a	 higher-than-expected	 mortality	 while
SMRs	 less	 than	 1	 suggest	 outcomes	 better	 than	 expected.	 APACHE	 SMR	 is
calculated	 with	 disease-specific	 coefficients,	 which	 may	 not	 be	 available	 for
novel	 illnesses.	 For	 example,	 early	 data	 suggest	 the	 ICU	 diagnosis	 of	 SARS-
CoV-2	 is	 associated	 with	 more	 than	 50%	 increases	 in	 expected	mortality	 and
ICU	LOS	than	non-COVID	viral	pneumonia.103

Events	 and	 therapies	 prior	 to	 ICU	 admission	 that	 alter	 physiology	 at
admission	 create	 a	 “lead	 time”	 bias	 which	 measurably	 affects	 outcome.104
Because	 the	 SMR	will	 also	 be	 affected	 by	 differing	 use	 of	 postacute	 facilities
and	the	percentage	of	patients	with	DNR	orders,	 it	may	not	always	be	valid	 in
interhospital	 comparisons	 unless	 applied	 to	 similar	 types	 of	 hospitals	 with



similar	policies.105
Both	clinical	performance	and	cost-effectiveness	should	be	considered	when

defining	high	quality	ICU	care.	Rapoport	and	Teres106	first	described	a	method,
since	updated,84	that	graphically	displays	both	severity-adjusted	clinical	outcome
and	 cost-effectiveness	 (Figure	 131.2).	 In	 this	 graphic,	 Severity-adjusted
Mortality	 (SMR)	 is	 displayed	 on	 the	 x-axis	 and	 normalized	weighted	 hospital
days	(as	a	proxy	for	cost)	on	the	y-axis.	Standard	deviations	of	 the	normalized
scale	 are	 displayed	 relative	 to	 the	 group	 mean	 at	 the	 origin	 (0,0).	 Units
performing	 significantly	better	 than	predicted	 for	both	dimensions	of	 care	will
chart	in	the	right	upper	quadrant	of	the	graph.

	

Figure	 131.2 	 Standardized	 Clinical/Resource	 Utilization
Performance	Index	(Rapoport-Teres	plot).For	each	hospital	a	point	is
displayed	representing	both	standardized	mortality	ratio	(SMR)	along
the	x-axis	and	Resource	Use	Index	(weighted	hospital	length	of	stay)
along	the	y-axis.	The	numbering	of	 the	axes	are	standard	deviations
from	 the	 mean	 at	 the	 origin	 (0,0)	 for	 all	 hospitals.	 Hospital	 A	 has
superior	risk	adjusted	mortality,	while	hospital	B	has	a	superior	risk-
adjusted	length	of	stay.	Hospital	X	has	a	short	length	of	stay,	but	risk-
adjusted	 mortality	 worse	 than	 predicted.	 Hospital	 Y	 has	 length-of-
stay	 issues	 while	 remaining	 within	 the	 expected	 severity-adjusted
mortality	range	(risk-adjusted	index	of	-1	to	+1).	ICU,	intensive	care
unit.

CRITICAL	CARE	OUTREACH	SERVICE	AND
EARLY	WARNING	SYSTEMS



Critical	illness	is	commonly	heralded	by	a	constellation	of	quantifiable	changes
in	 physiological	 and	 biochemical	 measurements.	 Abnormal	 values	 of	 selected
physiological	measurements	may	indicate	a	patient’s	risk	level	(as	with	severity
scores)	 and	 may	 also	 be	 used	 “real-time”	 to	 predict	 clinical	 deterioration	 on
hospital	wards.	 It	may	 be	 possible	 to	 identify	 patients	 at	 risk	 for	 deterioration
and	reduce	ICU	admissions	or	ICU	LOS.	A	number	of	studies	observed	signs	of
physiologic	deterioration	hours	prior	to	a	cardiorespiratory	arrest,	leading	many
hospitals	 to	 introduce	 critical	 care	 outreach	 services	 such	 as	 rapid	 response
teams	(RRT)	and/or	an	early	warning	system	(EWS)	to	identify	and	intervene	on
potentially	 deteriorating	 patients.	 The	 composition	 of	 RRTs	 varies	 between
institutions,	 using	 differing	 combinations	 of	 critical	 care	 nurse,	 respiratory
therapist,	hospitalist,	physician	assistant,	and	resident	or	fellow,	whereas	smaller
hospitals	may	simply	use	one	nurse.

Implementation	 of	 an	 RRT	 model	 of	 care	 (also	 called	 medical	 emergency
team	 or	MET)	 on	 hospital	 wards	 led	 to	 17%	 to	 50%	 fewer	 cardiorespiratory
arrests.95,98,107	 Few	 studies,	 to	 date,	 show	 any	 significant	 decline	 in	 rate	 of
unintended	ICU	admissions	or	overall	hospital	mortality	with	the	introduction	of
an	RRT	model	of	care	delivery.	A	2010	meta-analysis	by	Chan	et	al	 involving
1.3	million	patient	admissions	concluded	 that	although	RRT	programs	 reduced
rates	of	cardiopulmonary	arrest	outside	of	the	ICU,	there	was	not	a	reduction	in
hospital	 mortality.108	 Such	 a	 meta-analysis	 suffers	 from	 methodological
limitations,	 varying	 staffing	 models,	 and	 limited	 number	 of	 randomized
controlled	 trials.	 It	 is	 possible	 that	 RRT	 involvement	 may	 boost	 end-of-life
discussions	 in	 patients	 on	 the	wards	 that	might	 otherwise	 not	 take	 place,	 thus
avoiding	cardiopulmonary	resuscitation	and	consequently	not	improving	hospital
mortality	 rates.	 Because	 EWS	 and	 RRT	 deployment	 will	 affect	 ICU	 resource
utilization,	 ICU	 leaders	 need	 to	 be	 involved	 in	 planning,	 implementing,	 and
maintaining	these	systems.

OPERATIONAL	ISSUES
Nurse	 staffing	 levels	 are	 now	 subject	 to	 public	 scrutiny.109	 Excessive	 nursing
workload	 correlates	 with	 increased	 mortality,110,111	 longer	 hospital	 LOS	 and
increased	complications,111-113	and	 the	spread	of	 resistant	bacterial	organisms	 in
the	ICU.114	Adverse	 events	 are	 reported	 to	 occur	 in	 about	 20%	of	 critically	 ill
patients,	with	 roughly	 half	 reportedly	 being	 preventable.115	 The	most	 common
cause	 of	 an	 adverse	 event	 is	 failure	 to	 carry	 out	 intended	 treatment	 correctly,
often	 because	 of	 miscommunication	 or	 poor	 coordination	 of	 care.116	 Some



hospitals	use	simulation	exercises	or	formal	crew	resource	management	training,
adapted	 from	 the	 aviation	 industry,	 to	 improve	 team	 collaboration	 and
coordination,	 and	 ultimately	 improve	 patient	 safety.	 The	 ICU	 director,	 in
conjunction	with	 the	nurse	manager	 and	other	 professionals,	will	 play	 a	major
role	 in	 defining	 and	 maintaining	 the	 organizational	 culture	 of	 the	 ICU.
Disruptive	 physician	 behavior	 adversely	 affects	 nursing	 retention117	 and
occasionally	will	 require	 the	 intervention	of	 the	medical	director,	perhaps	with
the	 assistance	 of	 the	 hospital’s	 physician	 health	 or	 medical	 staff	 health
committee.	 Effective	 teamwork	 is	 essential,	 and	 team	 leadership	 is	 vital	 in
promoting	team	interaction	and	coordination.23

Interdisciplinary	 communication	 is	 fostered	 by	 many	 formal	 and	 informal
efforts.	At	a	basic	 level,	 the	 format	 for	daily	 ICU	rounds	 should	encourage	all
members	 of	 the	 team	 to	 contribute	 information,	 ask	 questions,	 and	 make
suggestions	for	 the	direction	of	care.	Formal	multidisciplinary	rounds	for	 long-
stay	patients,	often	held	weekly,	are	useful	when	discussing	the	trajectory	of	care
with	the	opportunity	to	collect	additional	insight	from	allied	health	professionals,
social	 service,	 and	 clergy.	 Conferences,	 journal	 club,	 lectures,	 and	 research
projects	offer	opportunities	for	beneficial	interdisciplinary	interaction.

QUALITY	IMPROVEMENT	INITIATIVES
5 	 ICU	 quality	 checklists	 are	 tools	 used	 to	 ensure	 that	 basic	 issues	 (safety
protocols,	nutrition,	catheter	removal)	are	not	inadvertently	forgotten	during	the
inevitable	 “crisis	 mode”	 of	 a	 typical	 ICU	 day.	 Pronovost	 et	 al	 showed	 that	 a
combination	 of	 a	 checklist	 and	 a	 listing	 of	 daily	 goals	 reduced	 central	 line
associated	 blood	 stream	 infection	 rates.118	 The	ABCDEF	 bundle	 (Table	 131.2)
checklist	 assesses	 daily	 adherence	 to	 best	 practice	 in	 multiple	 domains.	 A
before/after	 comparative	 study	 in	 15,000	 patients	 across	 68	 ICUs	 by	Wes	 Ely
and	colleagues	demonstrated	a	reduction	in	hospital	mortality	and	improvement
in	other	outcomes	related	to	implementation	of	the	ABCDEF	bundle	checklist.119
A	sample	daily	bedside	checklist	from	our	institution	is	shown	in	Figure	131.3.

TABLE	131.2

ABCDEF	Bundle	for	Daily	Checklist



Description	and	Goals

A Assess,	prevent,	and	manage	pain

B Both	spontaneous	awakening	and	breathing	trials

C Choice	of	analgesia	and	sedation

D Delirium	assessment,	prevention,	and	management

E Early	mobility	and	exercise

F Family	engagement	and	empowerment

	

Figure	 131.3 	 Hardcopy	 representation	 of	 an	 electronic	 bedside
daily	 ICU	 checklist	 example.ARDS,	 acute	 respiratory	 distress
syndrome;	CAM-ICU,	confusion	assessment	method	for	the	intensive
care	 unit;	 D/C,	Discontinue;	 E,	 Cycle	 Ergometer;	HCP,	 health	 care
provider;	 ICU,	 intensive	 care	unit;	N,	no;	N/A,	not	 applicable;	RN,
registered	 nurse;	 RT,	 respiratory	 therapist;	 SAT,	 spontaneous



awakening	 trials;	 SBT,	 spontaneous	 breathing	 trials;	 VT,	 tidal
volume;	 VTE,	 venous	 thromboembolism;	 Y,	 yes.(Courtesy	 of	 the
ICU	Communication	Committee/February	2019.)

As	discussed	 earlier,	 ICU	directors	 should	 track	 severity-adjusted	mortality,
complications	 and	 resource	 utilization	 (LOS,	 readmissions,	 ventilator	 days).
Increasingly,	a	balanced	scorecard	approach	will	also	 track	patient	 satisfaction,
typically	 via	 postdischarge	 surveys	 of	 patients	 through	 the	Hospital	Consumer
Assessment	 of	 Healthcare	 Providers	 and	 Systems	 (HCAHPS)	 program120

administered	by	the	CMS.	While	ICUs	are	not	specifically	tracked	by	HCAHPS,
the	 ICU	 stay	 is	 part	 of	 the	 patient’s	 hospital	 experience	 and	 can	 contribute	 to
patient	impressions.	Items	such	as	nurse	responsiveness,	physician	explanations,
and	 the	 ICU	 environment	 are	 considered	 in	 the	 questionnaire.	 The	 patients’
proxies	and	family	members	may	be	much	more	attuned	to	perceived	quality	of
care	 delivery,	 ICU	 culture	 issues,	 and	 provider	 communication	 style	 than	 the
patient.	A	multicenter	 evaluation	 of	 a	 scoring	 system	 for	 family	 satisfaction121
identifies	the	key	components	for	family	satisfaction:	assurance	(the	need	to	feel
hope	for	a	desired	outcome),	proximity	(the	need	for	personal	contact	and	to	be
physically	 and	 emotionally	 near	 the	 patient),	 information	 (consistent,	 realistic,
and	 timely),	 personal	 comfort,	 and	 support	 (resources,	 support	 systems,	 and
ventilation).	 Written	 materials	 (booklets,	 information	 sheets)	 can	 help	 meet
family	 informational	 needs,	 especially	with	 older,	 better	 educated	 patients	 and
their	relatives.122	Effective	communication	with	families	during	the	ICU	stay	is
associated	with	better	long-term	mental	health	in	families	of	patients	dying	in	the
ICU.123

SUMMARY
With	 critical	 care	 consuming	more	 than	 15%	 of	 hospital	 resources,	 economic
considerations	 continue	 to	 drive	 the	 agenda	 in	 hospitals	 and	 ICUs.	 We	 can
expect	 further	 changes	with	 the	wave	 of	 “baby	 boomers”	 reaching	 retirement,
increasing	incidence	of	obesity,	diabetes,	and	vascular	disease	in	the	population,
and	 sporadic	emergence	of	new	 threats,	 such	as	newer	viral	pathogens	 (Ebola,
Zika,	pandemic	strains	of	 influenza	virus,	and	most	 recently	SARS-CoV-2).	 In
the	 face	 of	 higher	 acuity	 and	 larger	 chronically	 ill	 populations,	 hospitals	 are
places	 for	 the	 hyperacutely	 ill,	 and	 much	 of	 recovery	 and	 recuperation
outsourced	 to	 other	 facilities.	 As	 this	 trend	 continues,	 intensive	 care	 will
consume	an	ever-greater	proportion	of	 total	hospital	costs,	 even	as	 this	growth



becomes	constrained	by	economics,	bed	shortages,	and	insufficient	numbers	of
nurses	 and	 physicians	 specializing	 in	 critical	 care.	 In	many	 hospitals	 that	 now
deliver	care	in	intermediate	care	units,	patients	that	were	previously	considered
ICU	level	now	receive	care	 in	 these	specialty	units,	 leaving	 the	“sickest	of	 the
sick”	in	the	ICU.	As	a	result,	there	is	a	need	for	more	hospitalists,	rapid	response
teams,	and	ICU	consultations	in	the	new	paradigm	of	the	“ICU	without	walls.”
These	changes	compel	reevaluation	of	ICU	organizational	practices	(increasing
the	 value	 of	 “closed”	 units),	 human	 resource	 needs,	 a	 more	 management-
oriented	 role	 for	 the	 ICU	 director,	 and	 critical	 care	 management	 coordination
that	 involve	 professionals	 from	 more	 than	 one	 discipline	 or	 one	 ICU.
Benchmarking	 critical	 care	 outcomes	 becomes	 essential	 for	 managing	 the
increasingly	complex	world	of	 the	ICU,	and	we	are	on	the	threshold	of	having
computerized	 real-time	systems	 to	automate	some	of	 the	 tactical	decisions	 that
occupy	too	much	professional	time.	Telemedicine,	increased	automation,	use	of
physician	extenders	and	protocol	supported	care	are	all	potential	solutions	to	the
current	 and	 impending	 crises	 in	 critical	 care	 delivery.	 Continued	 change
emphasizes	the	need	for	both	clinically	and	managerially	competent	physicians
to	organize	and	manage	the	increasingly	complex	world	of	critical	care.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	associated	with	decreased	ICU	mortality	rates?

A. 	Adding	advanced	practice	providers	to	the	rounding	team
B. 	Daily	compliance	with	ABCDEF	bundle
C. 	Implementation	of	ICU	telemedicine
D. 	Presence	of	hospital	rapid	response	teams

2. 	ICU	severity	of	illness	models	such	as	APACHE	IV	and	MPM-III	are	used
to:

A. 	Allocate	resources	to	more	severely	ill	patients
B. 	Compare	outcomes	at	different	time	periods	within	an	ICU
C. 	Predict	an	individual	patient’s	ICU	survival
D. 	Rank	ICU	quality



3. 	Regarding	ICU	staffing,	which	of	the	following	is	correct?

A. 	Daytime	staffing	of	ICU	with	an	intensivist	is	a	Leapfrog	Group
standard
B. 	An	intensivist-to-patient	ratio	of	1:12	leads	to	improved	outcomes
C. 	Mortality	outcomes	improve	with	overnight	intensivist	staffing
D. 	APACHE	adjusts	predicted	outcomes	based	on	ICU	nurse	staffing

Answers

1.	The	correct	answer	is	B.
Rationale:	 A	 mainstay	 of	 daily	 ICU	 care	 is	 the	 use	 of	 checklists,	 first

popularized	 and	 later	 studied	 by	Peter	Pronovost	 and	 colleagues.	Recent	work
evaluated	 the	 implementation	 of	 specific	 elements	 of	 ICU	 checklists,	 or
“bundles.”	Wes	Ely	and	colleagues	reported	a	large	15,000	patient	observational
study	demonstrating	improvements	in	mortality	related	to	implementation	of	the
ABCDEF	bundle	 (choice	B	 is	 correct).	The	 elements	 are	Assess,	Prevent,	 and
Manage	 Pain;	 Both	 Spontaneous	 Awakening	 Trials	 (SAT)	 and	 Spontaneous
Breathing	 Trials	 (SBT);	Choice	 of	 analgesia	 and	 sedation;	Delirium:	 Assess,
Prevent,	and	Manage;	Early	mobility	and	Exercise;	and	Family	engagement	and
empowerment.	 Systematic	 evaluation	 of	 the	 other	 organizational	 strategies	 in
widespread	 use,	 listed	 here	 as	 choices,	 have	 not	 convincingly	 demonstrated
improvements	in	mortality	rates.

2.	The	correct	answer	is	B.
Rationale:	 The	 limitations	 of	 severity	 of	 illness	 scores	 are	 discussed	 in	 the

chapter.	Overall,	 scores	 are	 derived	 from	 severity	 of	 acute	 illness	 and	 chronic
comorbidities	 and,	 in	 a	 large	 series	of	patients,	 are	 associated	with	a	mortality
rate	 per	 thousand	 patients	 studied.	 This	 allows	 assessing	 outcomes	 within	 an
ICU	over	time	(choice	B	is	correct)	but	not	quality	across	institutions	(choice	D
is	incorrect).	Different	populations	in	different	ICUs	can	vary	in	mortality	even
with	the	same	mean	prognostic	score.	Scores	are	a	means	of	communicating	the
severity	of	 illness	of	patients	 seen	 in	 the	 ICU,	 and	 to	 improve	 communication
when	 discussing	 staffing	 and	 resource	 allocation	 with	 hospital	 administrators,
but	 have	 not	 been	 validated	 for	 reallocating	 resources	 (choice	A	 is	 incorrect).
Scores	do	not	accurately	predict	whether	any	one	individual	patient	will	survive
(choice	C	is	incorrect)	and	the	value	is	limited	to	only	the	likelihood	of	survival.

3.	The	correct	answer	is	A.



Rationale:	ICU	staffing	is	an	important	concern	for	organizing	and	managing
an	ICU.	The	Leapfrog	Group	standards	are	met	in	part	by	daytime	staffing	of	an
ICU	 (choice	 A	 is	 correct).	 In	 addition,	 it	 is	 necessary	 to	 have	 a	 critical	 care
“effector”	 (resident,	 advanced	 practitioner,	 or,	 in	 some	 institutions,	 a	 24/7
intensivist)	 to	 respond	 to	 the	 bedside	 at	 all	 hours	 of	 day	 or	 night.	 There	 is
inconclusive	 data	 regarding	 the	 value	 of	 24/7	 intensivists,	 and	 this	 is	 not	 a
Leapfrog	 Group	 requirement	 for	 ICU	 staffing	 (choice	 C	 is	 incorrect).	 Some
authors	have	reported	optimal	outcomes	for	an	intensivist-to-patient	ratio	<1:10,
but	because	of	wide	variation	in	patient	severity	of	illness,	an	optimal	ratio	has
not	been	determined	 (choice	B	 is	 incorrect).	Although	nurse	 staffing	 ratios	are
important	and	have	an	impact	on	patient	mortality,	the	APACHE	score	elements
are	limited	to	diagnosis,	acute	physiologic	data,	and	chronic	health	problems	and
does	not	take	nurse	staffing	into	account	(choice	D	is	incorrect).
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Chapter	132
Critical	Care	Information	Systems
(Systems	of	Engagement	and	Insight)
Joseph	J.	Frassica,	Vitaly	Herasevich

KEY	POINTS:
1.	 Even	though	89%	of	US	hospitals	have	implemented	some	sort	of

electronic	health	record	as	of	2020,	we	have	just	begun	to	tap	the
potential	benefits	to	patient	outcomes	and	staff	and	patient
experience.

2.	 Systems	of	record,	engagement,	and	insight	each	serve	a	distinct
purpose	in	the	critical	care	information	technology	ecosystem.

3.	 Telemedicine	and	telemonitoring	are	an	integral	part	of	the	modern
practice	of	medicine.	The	COVID-19	pandemic	enabled	quick
adoption	of	this	technology.

INTRODUCTION
1 	 Since	 the	 first	 implementation	 of	 the	 electronic	 health	 record	 (EHR)	 in	 the
United	States	over	5	decades	ago,	critical	care	medicine	has	been	established	as
a	 specialty	 and	 important	 force	 in	 health	 care	 both	 for	 research	 and	 practice.
Although	technology	has	played	an	essential	role	for	the	creation	of	the	specialty
(eg,	ventilators	and	cardiovascular	monitoring),	the	implementation	of	the	EHR
in	US	hospitals	antensive	care	units	(ICUs)	played	a	meager	role	until	the	2009
passage	 of	 the	 American	 Recovery	 and	 Reinvestment	 Act	 (ARRA),	 which
included	 Health	 Information	 Technology	 for	 Economic	 and	 Clinical	 Health
(HITECH)	Act.1	 The	HITECH	Act	 stimulated	 the	 implementation	 of	 EHRs	 at
US	hospitals,	 as	 a	 result	 of	 the	 distribution	of	 bonuses	 for	 the	 achievement	 of
“meaningful	 use”	 of	 information	 technology	 (IT),	 and	 penalties	 for	 failure	 of



achievement.	This	represents	the	broadest	single	transformation	ever	undertaken
of	the	clinical	information	infrastructure	of	US	health	care.	As	a	result,	by	2020,
more	than	89	percent	of	all	hospitals	have	implemented	inpatient	or	ambulatory
EHR	systems.2

General	information	about	the	electronic	medical	record	(EMR),	departmental
information	systems,	and	coding	and	billing	information	systems	is	extensively
documented,	 thus	 we	 assume	 that	 the	 critical	 care	 clinician	 already	 has	 a
working	 knowledge	 of	 these	 basic	 components	 of	 the	 modern	 health	 care
information	infrastructure.	Herein,	we	address	the	ICU-specific	IT	functionality
of	greatest	interest	to	the	practicing	intensivist.	In	2021,	within	the	United	States,
core	functionality	for	ICU	record-keeping	is	primarily	delivered	through	a	core
EMR	system.	In	many	cases,	these	enhanced	functions	are	delivered	through	the
user	 interface	 (UI)	 of	 the	 EMR.	 Alternatively,	 in	 some	 circumstances	 the
workflow	 of	 the	 clinician,	 or	 the	 information	 content,	 dictates	 that	 the
knowledge	be	delivered	 through	UIs	 that	 are	adjacent	or	are	available	 in	other
formats	 such	 as	 mobile	 devices,	 or	 within	 the	 UIs	 of	 bedside	 devices	 that
monitor	 and	 deliver	 therapeutic	 care.	 Outside	 of	 the	 United	 States,	 the
penetration	 of	 core	 EMR	 systems	 is	 currently	 limited	 but	 growing.	 In	 these
countries,	 core	 record-keeping	 functionality	 primarily	 resides	 within	 location-
specific	departmental	systems	that	deliver	workflow,	decision	support,	and	other
functionalities	 listed	 in	 the	 diagram	 below	 either	 directly	 or	 in	 concert	 with
supporting	systems.	A	schematic	relationship	between	IT	elements	in	a	modern
ICU	is	outlined	in	Figure	132.1.

	

Figure	132.1 	Typical	components	of	modern	IT	infrastructure	in
critical	care.The	core	EMR	is	commonly	the	primary	delivery	system
of	 ICU-specific	 functionalities.	The	critical	 care	 information	 system
(CCIS)	 also	 could	 be	 a	 separate	 system.	 Additional	 systems	 sit
adjacent	to	and	above	the	core	EMR,	thus	enhancing	its	value.	EMR,
electronic	medical	record;	ICU,	intensive	care	unit.

In	this	chapter,	we	address	(a)	core	EMR	(systems	of	record)	and	(systems	of
engagement),	(b)	Tele-ICU	systems,	(c)	decision	and	workflow	support	systems



in	critical	care	(systems	of	insight),	and	(d)	analytical	repositories	and	reporting
tools.

The	most	mature	implementation	of	critical	care	information	systems	(CCIS)
consists	of	tools	which	largely	meet	the	needs	of	the	hands-on	caregivers.	That
could	include	separate	CCIS	or	critical	care	functionalities	embedded	in	the	core
EMR.	 Historically,	 massive	 amounts	 of	 data	 documenting	 an	 ICU	 patient’s
clinical	 status	 and	 treatment	 were	 recorded	 on	 large	 double-sided	 paper	 flow
sheets,	which	were	plagued	with	problems	of	legibility,	inaccurate	calculations,
and	use	being	restricted	to	a	single	person	at	a	time.	By	replacing	this	document
with	 computerized	 flow	 sheets	 and	 screens,	 each	 customized	 to	 a	 specific
purpose,	those	problems	have	been	improved	dramatically,	however	the	number
of	 data	 points	 for	 an	 average	 ICU	 patient	 in	 any	 24-hour	 period	may	 exceed
1300	items.3

Going	 beyond	 simple	 replacement	 of	 paper	 documents	 provides	 an
opportunity	to	present	information	such	that	patterns	are	more	easily	recognized.
For	 example,	 correlation	 of	measures	 of	 physiological	 stability;	 clinical	 status
(such	as	urinary	output	and	body	weight);	and	administration	of	medications	can
facilitate	 clinical	 analyses	 by	 juxtaposing	 interdependent	 variables.	With	 these
tools,	 physiological	 trends	occurring	over	 longer	periods	of	 time	 can	be	 easily
displayed,	whereas	in	the	past,	these	were	laboriously	drawn	by	hand.

Optimal	use	of	 clinical	 information	 systems	 should	also	guide	 the	hands-on
caregivers	to	provide	care	using	evidence-based	protocols.	For	example,	simply
creating	a	place	to	document	the	position	of	head	of	the	bed	underscores	that	this
is	 an	 important	 issue	 to	 be	 managed	 in	 prevention	 of	 ventilator-associated
pneumonia	 (VAP).	Explanatory	 information	 can	 also	 be	 provided	 on	 a	 just-in-
time	 basis	 to	 encourage	 protocol	 compliance.	 Computer	 provider	 order	 entry
(CPOE)	 provides	 prompts	 and	 order	 sets	 can	 also	 facilitate	 standardization	 of
care.

Collecting	 and	 displaying	 information	 electronically	 in	 a	 coded	 computable
form	makes	these	data	available	for	continuous	analysis	and	enables	detection	of
patterns	 of	 possible	 clinical	 deterioration.	 Collecting	 this	 information
electronically	also	allows	scrutiny	of	vastly	larger	data	sets	than	can	be	retained
and	 analyzed	by	 the	human	brain.	These	 analyses	 can	 also	occur	 continuously
and	simultaneously	for	every	patient	providing	a	safety	net	early	warning	system
(EWS)	that	can	notify	clinicians	of	potential	deterioration	that	may	otherwise	go
unnoticed	 until	 significantly	 advanced.	 Monitoring	 on	 a	 near	 real-time	 basis
provides	timely	feedback	and	is	an	opportunity	to	intervene	to	improve	ongoing
care.	With	recent	advances	in	computer	science	and	communication	technologies
telemedicine	services	have	become	routine	practice.



Finally,	 computable	 information	 that	 describes	 in	 detail	 both	 the	 patient’s
status	and	 treatment	can	be	used	 to	analyze	adherence	 to	protocols	 for	optimal
care,	resource	utilization,	and	outcomes.

See	Table	1	for	a	glossary	of	key	terms.

TABLE	132.1

Glossary	of	Key	Terms

Definition

Artificial
intelligence	(AI)

Simulation	of	human	intelligence	processes	by	machines,
including	learning,	reasoning,	and	self-correction

Clinical	decision
support	systems
(CDSS)
Decision	support
system	(DSS)
Clinical	decision
support	(CDS) 

Computer-based	application	provides	reminders	and	best-
practice	guidance	in	the	context	of	data	specific	to	the
patient	that	helps	physicians	make	clinical	decisions

Computer	vision
(CV)

A	field	of	AI	that	enables	computers	to	derive	meaningful
information	from	digital	images,	videos,	and	other	visual
inputs

Computerized
physician	order
entry	(CPOE) 

Computer	system	that	allows	direct	entry	of	medical
orders	to	EMR

Core	EMR In	complex	HIS	software/platform	covers	most	of	EMR
functionality.	Other	systems	considered	as	supplementary
there

Critical	care
information
system	(CCIS) 

EMR	implementing	specific	requirements	for	critical	care
ICU	patients

Data	warehouse
or	central	data

Collection	of	data	gathered	from	one	or	more	data
repositories	to	create	a	central	database.	Data



repository
(CDR) 

warehousing	also	includes	the	architecture	and	tools
needed	to	collect,	query,	analyze,	and	present	information

Deep	learning
(DL)

ML	technique	for	creating	and	training	neural	networks

Electronic
medical	record
(EMR)	or
electronic	health
record	(EHR)

Variations	of	terms	for	all	electronic	patient	care	systems
containing	current	and	historical	patient	information

Electronic	patient
record	(EPR) 

Similar	to	the	EMR	but	focuses	on	information	gathered
by	specific	provider

Hospital
information
system	(HIS)
Clinical
information
system	(CIS) 

Comprehensive,	integrated	computerized	information
system	designed	to	manage	clinical,	administrative,	and
financial	aspects	of	a	hospital

Machine	learning
(ML)

An	application	of	AI	that	can	learn	and	improve	without
being	programmed

SYSTEMS	OF	RECORD	(CORE	EMR)	AND
SYSTEMS	OF	ENGAGEMENT	(CRITICAL	CARE
INFORMATION	SYSTEMS)
2 	 Core	 EMR	 in	 hospitals	 and	 inpatient	 settings	 target	 a	 number	 of	 workflow
needs.	The	main	vital	function	of	these	systems	is	to	capture	documentation	such
as	diagnostic	processes,	patient	progress,	and	 treatment	for	patient	care	as	well
as	documentation	for	billing	and	legal	purposes.	Core	EMR	systems	are	today’s
health	care	“systems	of	record.”	The	modern	EMR	also	collects	and	stores	data
from	 other	 clinical	 systems	 such	 as	 radiology,	 laboratory,	 and	 coding	 systems
incorporating	data	from	these	ancillary	systems	into	a	comprehensive	record	of
patient	data.	Core	EMR	systems	also	provide	processes	and	controls	that	guide
provider	prescribing.	CPOE	is	a	key	component	of	these	systems	and	is	an	area



where	 core	 systems	 have	 had	 a	 significant	 positive	 impact	 on	 care	 through
guidance	 and	 decision	 support	 provided	 to	 clinicians	 in	 the	 ordering	 process.
While	 the	 large-scale	 data	 collection	 in	 core	 EMR	 systems	 has	 significant
potential	 to	 advance	 the	 quality	 of	 care,	 studies	 have	 shown	mixed	 results	 in
their	impact.4,5

Critical	 care	 information	 systems	 (CCIS)	 can	 be	 thought	 of	 as	 “systems	 of
engagement.”	In	the	industrial	world,	“systems	of	engagement”	are	the	primary
workflow	UIs	 that	 take	 advantage	 of	 underlying	 data	 in	 the	 transactional	 data
collection	 core	 EMR,	 the	 systems	 of	 record.6	 These	 systems	 of	 engagement
provide	workflow	support	and	support	for	decisions	leveraging	data	collected	in
the	 core	 EMR	 and	 other	 systems	 to	 provide	 views	 of	 patient	 condition	 and
trajectory	 that	 might	 be	 difficult	 to	 extract	 from	 the	 more	 transactional	 core
EMR.	 These	 systems	 of	 engagement	 have	 additional	 components	 such	 as
charting	 modules	 that	 capture	 high-resolution	 data	 from	 medical	 devices	 and
present	 this	 information	 in	ways	 that	 are	 familiar	 to	 those	who	work	 in	 these
environments.

At	the	most	basic	level,	CCIS	systems	of	engagement	put	an	end	to	juggling
awkwardly	 large	multipage	 flow	 sheets	 or	 sorting	 through	 pages	 of	 electronic
results	 in	 the	 EMR.	 Like	 CPOE,	 they	 eliminate	 the	 confusion	 and	 potential
errors	 that	can	result	 from	illegible	handwriting	and	other	 issues	 that	arise	 in	a
highly	 dynamic	 environment	 like	 the	 ICU.	 The	 truly	 significant	 contributions
CCIS	 makes	 to	 patient	 safety	 are	 in	 the	 areas	 of	 care	 processes	 and	 medical
decision-making.	 First	 among	 these	 is	 the	 ease	 of	 access	 to	 data.	Access	 to	 a
paper	 record	can	be	problematic	 in	 the	 ICU,	where	multiple	clinicians	need	 to
assess	 the	 patient’s	 clinical	 condition	 and	 response	 to	 treatment	 core	 EMR
systems	have	solved	this	problem.	Electronic	records	allow	multiple	caregivers
to	 view	 the	 data	 at	 the	 same	 time,	without	waiting	 to	 access	 the	 one-and-only
paper	 chart.	 Clinicians	 not	 in	 the	 ICU	 can	 also	 check	 on	 a	 patient’s	 status
without	physically	having	to	be	in	the	unit,	allowing	them	to	be	consulted	at	the
very	moment	 their	 expertise	 is	 needed.	When	 timeliness	 is	 critical,	 access	 is	 a
critical	 enabler.	 However,	 these	 systems	 of	 record	 largely	 re-create	 the	 paper
record	 of	 the	 past	 in	 electronic	 form	 adding	 little	 to	 the	 interpretation	 and
filtering	of	the	large	amount	of	data	confronting	bedside	clinicians	as	they	make
decisions	on	behalf	of	their	patients.

The	 impact	 of	 access	 on	 patient	 safety	 is	 enhanced	 when	 clinicians	 have
confidence	 that	 the	 data	 provided	 are	 accurate	 and	 timely.	 By	 automating
bedside	data	acquisition,	CCIS	ensures	 that	 relatively	 simple	measures	 such	as
input/output	 and	 more	 complicated	 and	 time-consuming	 calculations	 such	 as
hemodynamic	 calculations	 are	 presented.	 Once	 validated	 by	 a	 clinician,



automated	data	becomes	a	part	of	the	legal	patient	record.	In	addition,	CCIS	can
automatically	acquire	data	directly	 from	monitoring	equipment	and	ventilators,
eliminating	delays	and	errors	of	data	gathering.	Such	automated	data	gathering
provides	 today’s	decision	support	systems	with	access	 to	up-to-the-minute	data
for	surveillance	and	prediction.	Today,	the	automated	acquisition	and	utilization
of	 real-time	 data	 is	 aided	 by	 advances	 of	 analytics	 and	machine	 learning	 that
allow	systems	to	filter	out	outlier	and	erroneous	data.

Unlike	the	paper	flow	sheet	with	its	fixed	content	or	the	EMR,	with	its	need
to	 be	 the	 legal	 persistent	 record,	 CCIS	 Systems	 of	 Engagement	 offer	 the
potential	 for	 multiple	 displays	 of	 data.	 Each	 display	 may	 provide	 a	 problem-
oriented	view	suitable	for	problem-oriented	analyses.

CCIS	 further	 supports	 the	 clinician	 by	 easing	 trend	 recognition.	 Specific
displays	can	establish	the	correlation	of	events	over	time.	Other	displays	provide
multiday	 views,	 which	 are	 critical	 for	 measures	 like	 fluid	 balance	 and	 fever
curves,	 surpassing	 the	 paper	 flow	 sheet’s	 view	 of	 only	 1	 day	 at	 a	 time.	 The
displays	in	CCIS	integrate	multiple	data	elements	that	stood	in	isolation	on	the
paper	flow	sheet.	By	combining	vital	signs,	laboratory	results,	ventilator	settings,
medication	drips,	and	medication	administration,	the	CCIS	enables	clinicians	to
address	the	complicated	clinical	scenarios	characteristic	of	critically	ill	patients
in	ICUs.	This	integrated	record	also	assures	attention	to	details	that	might	be	lost
in	 a	 frenetic	 setting,	 for	 example,	 by	 issuing	 a	 warning	 that	 a	 medication	 is
overdue	or	being	dosed	earlier	than	appropriate	per	orders.7

TELE-ICU	SYSTEMS
3 	 The	 realities	 of	 the	 critical	 care	 environment	 are	 such	 that	 patients	 may	 be
critically	 ill	 and	 yet	 not	 be	 in	 a	 setting	 where	 their	 care	 needs	 can	 be
expeditiously	met.	For	example,	a	patient	might	be	in	a	small	or	distant	hospital
where	 intensivist	coverage	 is	not	available.	 In	1997,	only	27%	of	ICU	patients
were	 treated	 by	 intensivists.8	 As	 of	 2019,	 52%	 of	 acute	 care	 hospitals	 had
intensivists	on	staff	and	75%	of	the	ICU	beds	in	the	United	States	were	covered
by	 intensivists.	 However,	 most	 of	 the	 intensivist-staffed	 beds	 remain	 in
metropolitan	areas.	In	more	rural	areas,	many	patients	continued	to	be	treated	by
nonintensivists	 in	 community	 settings.9	 Despite	 the	 advances	 in	 coverage	 of
critically	ill	patients	by	intensivists	over	the	past	12	years	there	are	still	settings
where	an	intensivist	may	not	be	physically	present	to	respond	to	decompensation
such	as	inpatient	wards,	and	rural	hospitals.	Telemedicine	potentially	bridges	this
gap	 by	 providing	 the	 ability	 for	 intensivist	 oversight	 of	 patients	 while	 not



physically	 present	 at	 the	 bedside.	Modern	 ICU	 telemedicine	 takes	 one	 of	 two
approaches—on	demand	(consultative	telemedicine)	and	vigilance	telemedicine
(remote	patient	monitoring).	Both	approaches	are	dependent	on	 the	availability
of	a	suitably	trained	intensivist	at	a	remote	location	equipped	with	a	microphone
and	 speaker	 and	 a	 high-bandwidth	 Internet	 connection,	 one	 or	 more	 high-
resolution	 cameras	 (which	 may	 be	 controlled	 by	 the	 remote	 physician)	 and
communication	systems	to	speak	with	caregivers,	patients	and	family	who	are	in
or	 near	 the	 patient’s	 room.	 Connectivity	 of	 the	 telemedicine	 system	 and	 the
hospital	 varies	 according	 to	 institutional	 capabilities	 and	 can	 include	 access	 to
the	 real-time	 physiological	 monitoring	 system,	 clinical	 information	 system,
image	 archiving	 and	 communication	 systems,	 webcams,	 etc.10	 Growth	 of
acceptance	of	the	telemedicine	approach	to	ICU	care	began	to	grow	in	2004	with
mounting	 evidence	 of	 a	 positive	 impact	 on	 mortality	 through	 the	 use	 of	 the
technology.11	 As	 of	 2011,	 41	 Tele-ICU	 support	 centers	 reached	 249	 hospitals
nationwide.12	The	COVID-19	(coronavirus	disease	2019)	crisis	has	added	further
momentum	to	the	use	of	telemedicine	to	address	shortages	in	staffing	and	surges
in	critically	ill	patients.11

ON-DEMAND/CONSULTATIVE	TELEMEDICINE
On-demand	or	 consultative	 telemedicine	 technology	 allows	 a	 remote	 caregiver
to	 provide	 expert	 consultation	 from	 a	 location	 remote	 from	 the	 patient.	 This
capability	 allows	 for	 distributed	 systems	 of	 care	 to	 effectively	 deal	 with
relatively	 low	 frequency	 events	 such	 as	 effectively	 triaging	 suspected	 stroke
patients	to	necessary	levels	of	care	or	the	treatment	and	safe	transport	of	severely
ill	children	who	present	for	emergency	care	to	institutions	without	the	immediate
availability	 of	 pediatric	 specialists	 and	 to	 guide	 pretransfer	 resuscitation	 and
stabilization.

A	form	of	 technology	that	 is	particularly	well	suited	for	 the	interaction	with
an	 individual	patient	 is	a	mobile	 robot,	offering	what	 is	 referred	 to	as	“robotic
telepresence.”	One	form	of	this	device	can	be	driven	remotely	by	the	physician
from	its	 storage	 location	 to	 the	patient’s	 location	 in	 the	appropriately	equipped
facility.	Using	wireless	connectivity,	the	robot	establishes	a	similar	connection	to
that	 which	 exists	 in	 rooms	 that	 have	 been	 specifically	 wired	 for	 these
capabilities.	 As	 the	 costs	 of	 connectivity	 have	 decreased,	 institutions	 that
formerly	 limited	 installations	 to	 those	 fixed	 in	 ICUs	have	 been	 able	 to	 deploy
telemedicine	more	widely	 across	 the	 hospital.	 It	 is	 clear	 that	 patients	 in	 other
patient	care	locations	can	decompensate	and	may	need	to	be	monitored.	Robots



may	 provide	 a	 lower	 cost	 means	 to	 augment	 the	 expertise	 of	 rapid	 response
teams	(RRTs).

Human-human	interaction	is	a	large	part	of	the	successful	implementation	of
telemedicine	systems.	Interactions	may	be	initiated	by	the	caregiving	staff	from
any	 care	 location.	 In	 such	 circumstances	 acceptance	 has	 been	 generally	 very
favorable	 as	 nurses	 feel	 that	 trained	 physicians	with	 access	 to	 patient	 data	 are
available	to	help	them	and	their	patients	at	all	hours.

VIGILANCE	TELEMEDICINE/REMOTE	PATIENT
MONITORING
In	 institutions	where	multiple	 ICUs	 have	 been	 equipped	with	 cameras	 in	 each
room	 and	 connectivity	 to	 clinical	 information	 systems	 and	 other	 clinical	 data
sources	has	been	established,	a	team	may	be	established	at	a	central	monitoring
location	 which	 may	 be	 distant	 from	 the	 ICUs	 and	 hospital(s).	 Automated
analyses	and	 alerts	 of	 data	 from	 bedside	monitors,	mechanical	 ventilators	 and
laboratory	 tests	 inform	 off-site	 providers	 to	 perform	 patient	 assessments.
Alternatively,	bedside	providers	can	request	evaluation	and	off-site	management.
Interventions,	 including	 the	 ordering	 of	 diagnostic	 tests,	 medications	 or
consultations,	or	the	manipulation	of	life	support	devices	can	be	done	by	off-site
providers	or	by	their	 linked	on-site	providers.	Thus,	a	single	patient	interaction
may	be	initiated	by	the	off-site	physician	as	well	as	by	hands-on	caregivers.	Like
any	 team	 endeavor,	 effectiveness	 is	 determined	 in	 part	 by	 communication
timeliness	and	dynamics	of	 trust	and	responsibility	among	the	bedside	and	off-
site	 team	 members.	 In	 recent	 years,	 on-demand	 telemedicine	 solutions	 have
become	 available.	 For	 example,	 stroke	 telemedicine	 is	 used	 by	 underserved
hospitals	 as	 a	 consultation	 service	 by	 specialists	 from	 stroke	 centers13;	 similar
services	exist	for	psychiatry14	and	diabetes	care	as	well.15

Tele-ICU	 APM	 (active	 patient	 monitoring)	 systems	 are	 regulated	 by	 U.S.
Food	and	Drug	Administration	(FDA)	class	II	certification.16,17

The	primary	responsibilities	of	the	remote	monitoring	team	are	identification
of	 unfavorable	 trends	 and	 intervening	 to	 enhance	 best	 practice	 adherence,
perform	care	plan	reviews	for	patients	admitted	after	daytime	hours,	and	provide
ICU	pharmacist18	and	review	of	afterhours	medication	orders	which	provides	an
additional	safety	net	for	patients	in	the	ICU.19

An	 important	 capability	of	 remote	monitoring	 is	 the	opportunity	 to	perform
virtual	rounds	on	the	sickest	patients.	The	acuity	status	is	used	to	identify	which



patients	 might	 most	 benefit	 from	 closer	 observation.	 In	 this	 way,	 the	 remote
physician	 can	 perform	 virtual	 rounds	 at	 intervals	 customized	 to	 the	 patient
condition	to	judge	the	effects	of	medications	that	may	have	been	administered	or
support	 technologies	 and	 to	 determine	 whether	 physiological	 responses	 are
improving	or	deteriorating.	This	surveillance	can	be	an	important	complement	to
bedside	care.

An	 additional	 role	 played	 by	 a	 central	monitoring	 team	 is	 to	 identify	when
patients	who	are	eligible	for	a	protocol	are	not	being	managed	according	 to	an
established	 protocol.	 It	 is	 important	 to	 recognize	 that	 clinical	 care	 protocols
active	at	US	hospitals	require	local	hospital	approval,	which	may	include	formal
approval	 by	 an	 appropriate	 administrative	 body	 such	 as	 a	 physician	 medical
executive	committee.	For	best	alignment,	protocolized	care	management	by	the
remote	monitoring	team	needs	to	conform	to	local	hospital	protocols.

Modern	 smartphones	 and	 small	 tablets	 have	 replaced	many	medical	 pagers
and	also	provide	the	means	to	deliver	high-resolution	bedside	monitoring	device
(BMDI)	 data,	 as	 well	 as	 complete	 access	 to	 the	 EMR	 and	 highly	 automated
decision	support	systems	from	any	location	at	any	time.	Although	telemedicine
has	enabled	new	health	care	structures,	as	noted	earlier,	these	new	technologies
delivered	to	the	individual	practitioner	are	likely	to	transform	medicine	and	the
practice	 of	 telemedicine	 in	 the	 coming	 years	 in	 ways	 that	 are	 similar	 to	 their
impact	in	the	business	world.20

SYSTEMS	OF	INSIGHT	(DECISION	SUPPORT
AND	ANALYTICS	SYSTEMS	IN	CRITICAL	CARE)

Real-Time	Clinical	Decision	Support	(CDS)
2 	CDS	has	been	defined	as	a	system	that	uses	two	or	more	items	of	patient	data
to	generate	case-specific	advice.10	In	practical	terms,	CDS	includes	a	wide	range
of	 functions,	 including	 predefined	 rules,	 alerts,	 reminders,	 workflow,	 and
collaboration	 tools—and	 associated	 content—for	 improved	 medical	 decision-
making.21,22

Based	on	functionality	CDS	could	be	divided	into	six	broad	categories:

1.	 Alerting
2.	 Interpretation
3.	 Assisting



4.	 Critiquing
5.	 Diagnosing
6.	 Managing

CDS	 is	 often	 intended	 to	 facilitate	 the	 introduction	 of	 and	 conformance	 to
evolving	evidence-based	medical	protocols	and	standards	of	care	while	enabling
appropriate	 individual	 physician	 discretion	 (such	 as	 during	 order	 entry).	Basic
CDS	is	frequently	driven	by	rules	which	are	built	on	IF/THEN	logic	statements.
Rule-based	CDS	systems	create	recommendations	that	are	often	easily	converted
into	human-readable	form	allowing	clinicians	to	understand	the	logic	underlying
the	 CDS	 recommendations.	 Recent	 advances	 of	 machine	 learning	 and	 the
availability	 of	 large-scale	 data	 with	 high-resolution	 physiological	 parameters
have	enabled	the	development	of	more	advanced	and	complex	CDS	tools.	Such
complex	 CDS	 must	 also	 provide	 a	 means	 for	 clinicians	 to	 understand	 the
underlying	 calculations	 and/or	 input	 parameters	 that	 lead	 to	 treatment
recommendations.

Over	the	past	decade,	the	primary	user	experience	of	CDS	has	been	the	alert
message.	A	growing	 number	 of	 studies	 have	 revealed	 the	 critical	 limitation	 of
alerts	 that,	 by	 design,	 interrupt	 the	 clinician’s	 workflow,	 in	 particular,	 during
order	entry.23,24	The	primary	reason	for	 this	 limitation	 lies	 in	 the	fact	 that	 these
CDS	 systems	 were	 designed	mainly	 to	 alert	 post	 hoc—after	 the	 clinician	 has
requested	 a	 particular	 item	 (eg,	 drug,	 dose,	 or	 test).	 CDS	 has	 the	 potential	 to
provide	 special	 value	 in	 settings	 like	 the	 ICU	 owing	 to	 the	 density	 of	 data
routinely	 presented	 to	 the	 busy	 critical	 care	 physician	 and	 the	 ability	 of
computers	to	combine,	synthesize,	and	correlate	these	data	and	then	create	more
complex	 rules	 and	 information	 interpretation	 displays.22	 Studies	 have
demonstrated	that	critical	care	rounds	may	challenge	the	physician	with	20	times
more	 data	 elements	 than	 the	 human	brain	 can	 simultaneously	 process.23	 In	 the
past,	 we	 have	 relied	 on	 the	 team	 approach	 to	 cope	 with	 this	 data	 overload.
However,	 in	 the	 current	 practice	 reality	 of	 competing	 priorities	 for	 intensivist
time	 and	 numerous	 handoffs	 among	 providers,	 there	 is	 a	 growing	 need	 for	 IT
solutions	to	take	more	of	a	primary	role	in	caring	for	the	patient	and	unburdening
the	 ICU	 clinician.	 Emerging	 developments	 in	 the	 areas	 of	 visual	 design	 and
complex	 rules	 and	 algorithms	 aimed	 at	 addressing	 these	 needs	 for	 more
automation	to	handle	the	massive	amount	of	ICU	data	are	described	later	in	this
chapter.

PREDICTIVE	ANALYTICS



Predictive	analytics	enable	an	organization	 to	estimate	or	anticipate	 the	 risk	of
future	events,	and	are	used	increasingly	in	other	industries,	such	as	for	predicting
consumer	 behavior.	 In	 health	 care,	 these	 techniques	 are	 often	 applied	 for
planning	demand	for	health	care	services	and	facilities;	 for	 identification	of	at-
risk	 populations;	 and	 for	 actuarial	 projection	 of	 health	 care	 utilization	 or	 life
span.	 Multiple	 mathematical	 modeling	 and	 machine	 learning	 methods	 can	 be
used	for	creation	of	models	(Figure	132.2).

	

Figure	132.2 	Predictive	analytical	methods	 that	 can	be	used	 for
building	clinical	models.

Today’s	CDS	 systems	 take	 advantage	 of	 large-scale	 databases	 composed	 of
highly	 granular	 patient	 data	 to	 drive	 algorithms	 that	 help	 clinicians	 predict
physiologic	 deterioration	 progressively	 earlier	 in	 the	 ICU	course.	Examples	 of
predictive	 models	 in	 use	 today	 include	 the	 individual	 patient	 predictions
components	 of	 the	 APACHE	 IV	 ICU	models	 referenced	 previously,25	 and	 the
Northern	 New	 England	 Cardiovascular	 Disease	 Study	 Group’s	 preoperative
mortality	 risk	 and	 cerebrovascular	 accident	 and	 risk	 of	 vascular	 complication
models.26	In	addition,	clinical	registries	for	cardiac	surgery,	invasive	cardiology,
general	 surgery,	 and	 stroke,	 among	 others,	 can	 provide	 expected	 risk,
complication	 and	 mortality	 models	 for	 specific	 populations	 of	 patients.	 Not
intended	to	replace	but	to	support	physician	judgment,	predictive	models	to	date
have	focused	on	evaluating	the	appropriateness	of	ICU	admission	and	readiness
for	discharge,	assessing	patient	progress	and	effectiveness	of	current	 therapies,
building	care	 team	consensus	around	prognosis	 and	care	 strategies,	 identifying
patients	 for	 palliative	 care	 assessments,	 and	 improving	 communications	 and
setting	 realistic	 expectations	 with	 patients	 and	 families.	 Additional	 efforts
targeting	databases	that	incorporate	clinical	patient	data	along	with	genomic	and



expression	data.
The	expectation	 is	 that	powerful	prediction	models	will	 result	 from	analysis

of	 this	 large-scale	 aggregated	 patient	 history,	 outcomes,	 and	 genomic	 data	 set.
An	 example	 of	 such	 a	 large-scale	 database	 is	 currently	 being	 collected	 and
analyzed	by	a	collaborative	of	industrial,	medical,	and	academic	partners	(MIT,
Philips	Healthcare,	 and	 the	Beth	 Israel	Deaconess	Medical	 Center).27	 To	 date,
analysis	of	 this	data	set	 (MIMIC	II)	has	 resulted	 in	multiple	prediction	models
that	provide	EWSs	for	several	specific	types	of	physiological	deterioration.	One
such	model	consists	of	an	algorithm	developed	with	advanced	machine	learning
techniques	 that,	 when	 applied	 to	 near	 real-time	 patient	 physiological	 data,	 is
capable	of	predicting	hemodynamic	deterioration	hours	before	its	occurrence.28,29
Alerts	 from	 advanced	 CDS	 systems	 hold	 the	 promise	 of	 improving	 response
times	 to	 patient	 events.	 Although	 it	 seems	 to	 logically	 follow	 that	 such	 early
identification	of	physiological	deterioration	would	allow	earlier	intervention	and
prevention	 of	 patient	 crises,	 the	 effects	 of	 these	 interventions	 on	 patient
outcomes	 are	 yet	 to	 be	 determined.	 Another	 example	 of	 a	 multidimensional
near–real-time	 database	 is	 the	 ICU	 data	 mart	 of	 the	 Mayo	 Clinic.	 This	 data
system	 includes	 laboratory,	 radiology,	 medication,	 fluids,	 physicians’	 notes,
nurses’	 flow	 sheet	 data	 as	well	 as	CPOE.	 It	 contains	 over	 250,000	 ICU	 visits
over	13	years.30

Early	Warning	Systems
In	the	ICU	and	throughout	the	hospital,	specialized	tools	can	address	“failure	to
rescue,”	which	has	been	identified	by	 the	Agency	for	Healthcare	Research	and
Quality	 (AHRQ)	 as	 accounting	 for	 the	 majority	 of	 patient-safety	 Medicare
deaths.	These	tools	provide	proactive	clinical	surveillance,	interpret	patient	data
(which	 are	 collected	 by	 the	 CCIS),	 and	 act	 as	 EWSs.	 EWSs	 help	 caregivers
recognize	critical	data	among	the	numerous	data	elements	on	every	patient	and
may	 even	 provide	 early	 warnings	 for	 the	 systemic	 inflammatory	 response
syndrome	(SIRS),	severe	sepsis,	and	other	adverse	conditions.

During	failure	to	rescue,	the	patient	experiences	clinical	decompensation	over
a	 period	 of	 hours,	 without	 intervention	 by	 caregivers.	 This	 error	 of	 omission
occurs	for	any	of	several	reasons.	The	changes	of	the	patient’s	condition	may	be
subtle;	for	example,	a	physiological	value	may	be	decreased,	but	not	alarmingly
so	 unless	 viewed	 as	 part	 of	 a	 trend.	 In	 other	 cases,	 changes	 may	 not	 be
appreciated	for	what	they	signify.	Clinicians	may	lack	the	necessary	expertise	to
discern	 such	 changes	 or	 may	 be	 overwhelmed	 with	 other	 tasks.	 Indeed,
according	to	the	AHRQ,	there	is	strong	evidence	that	the	level	of	staffing	and	the



nursing	skill-mix	are	both	factors	in	this	of	delay.
Delays	 in	 detecting	 changes	 are	 of	 grave	 concern	 for	 a	 simple	 reason:	 the

earlier	 the	 intervention,	 the	greater	 the	 likelihood	for	a	better	clinical	outcome.
Intervening	at	 the	 first	 signs	of	decompensation	may	make	 it	 possible	 to	 avert
cardiorespiratory	 and	 renal	 failure	 or	 address	 more	 treatable	 complications.
Studies	of	clinical	 instability	suggest	 that	patients	experience	symptoms	before
critical	 events	 like	 cardiac	 arrest.	 In	 one	 study,	 70%	 showed	 evidence	 of
respiratory	 deterioration	 within	 8	 hours	 of	 arrest;	 in	 another,	 66%	 of	 patients
showed	abnormal	signs	and	symptoms	within	6	hours.31

Proactive	 clinical	 surveillance	 systems	 highlight	 trends	 and	 out-of-bounds
values	 and	 conditions	 for	 further	 scrutiny.	 They	 provide	 displays
—“dashboards”—that	integrate	different	data	elements	to	optimize	evaluation	of
clinical	 problems	 (Figure	 132.3).	 An	 example	 of	 such	 a	 system	 is	 “clinical
control	 tower”	 or	 AMP	 (acute	 care	 multipatient	 viewer)	 that	 is	 designed	 to
support	 decisions	 hospitalwide	 using	 clinical	 surveillance	 mechanisms.	 Pilot
testing	of	algorithm	for	unmet	needs	for	palliative	care	consultation	using	AMP
shows	positive	results.32

	

Figure	 132.3 	 AMP	 technology	 allows	 implement	 clinical
surveillance	 like	 prediction	 models	 or	 scores	 across	 geographically
distributed	health	care	facility.AMP,	acute	care	multipatient	viewer.

An	additional	feature	offers	severity	scoring	for	the	purpose	of	early	detection
of	 decompensation,	 issuing	 modified	 early	 warning	 scores	 to	 alert	 clinicians,
especially	 on	 hospital	 wards,	 of	 developing	 but	 unrecognized	 problems.
Although	 early	 knowledge	 of	 patient	 deterioration	 is	 an	 important	 step	 for
improving	 safety,	 a	 complete	 approach	 requires	 a	 mechanism	 to	 respond	 to
patient	 deterioration	 as	 well.	 One	 approach	 is	 to	 create	 RRTs	 or	 medical
emergency	teams.33	The	RRT	consists	of	clinicians	and	nurses	with	critical	care
expertise	that	can	be	called	anywhere	in	the	hospital	when	a	patient	experiences



acute	physiological	conditions.

Concurrent	Process	Monitoring
Concurrent	 process	monitoring,	 a	 dynamic	 process	 that	 includes	 feedback	 and
proactive	 control,	 is	 also	 provided	 by	 CCIS	 and	 electronically	 monitors	 the
details	 that	 define	 adherence	 rates	 to	 a	 clinical	 care	 process.	 When	 data	 are
captured	 and	 stored	 as	 discrete	 data	 elements,	 they	 are	 available	 for	 analyses.
When	 analyses	 are	 concurrent	 (eg,	 performed	 as	 care	 is	 delivered),	 these	 data
allow	managers	and	caregivers	to	have	visibility	into	global	processes	of	care.	In
the	 ICU,	 concurrent	 process	 monitoring	 allows	 evaluation	 of	 whether	 a
particular	 practice	 is	 actually	 being	 implemented	 and	 whether	 it	 is	 affecting
outcomes,	 such	as	elevation	of	 the	head	of	 the	bed	 to	 reduce	 the	 likelihood	of
VAP,	or	documenting	the	central	line	insertion	bundle	to	decrease	the	likelihood
of	a	central	line–associated	bloodstream	infection	(CLABSI).

Historically,	 organizations	 are	 good	 at	 creating	 policies	 and	procedures,	 but
much	less	effective	in	deploying	them.	Although	it	is	easy	to	sit	in	a	conference
room	and	discuss	policies	and	procedures	it	is	much	more	difficult	to	get	people
to	 follow	 them.	 If	 data	 are	 extracted	 and	 tabulated	manually,	 it	 is	 laborious	 to
determine	whether	a	particular	practice	is	being	implemented.	Additionally,	the
reporting	 is	 retrospective	 long	after	 the	events	being	 studied	have	occurred.	 In
such	cases,	caregivers	may	believe	“It	used	to	be	that	bad,	but	now	we’re	better.”
In	contrast,	concurrent	process	analyses	allow	the	 implementation	of	evidence-
based	 practices	 by	 identifying	 and	 reinforcing	 practice	 patterns	 as	 they	 occur.
Moreover,	concurrent	monitoring	takes	advantage	of	data	already	being	gathered
in	 the	 course	 of	 care,	 eliminating	 the	 need	 for	 duplicate	 data	 entry	 or	 chart
abstraction.

ADVANCES	OF	DATA	VISUALIZATION
Although	 many	 organizations	 have	 successfully	 applied	 performance	 metrics,
severity	 scores,	 and	 predictive	 risk	models	 for	 improved	 quality	 and	 decision-
making,	 data	 collection/calculation	 and	 integrated	 display	 are	 likely	 to	 expand
more	in	the	next	decade	than	in	all	previous	ones.	Designers	have	much	work	to
do	 to	 accomplish	 meaningful	 display	 of	 the	 most	 important	 patient,	 process,
alerting,	and	predictive	information	without	overloading	the	clinician’s	ability	to
absorb	 and	 respond.	 Three	 examples	 of	 the	 application	 of	 modern	 data
visualization	techniques	are	represented	in	Figures	132.4	and	132.5.



	

Figure	132.4 	Hospital-acquired	infection	indicators	dashboard.A
comprehensive	 real-time	 ICU	 hospital-acquired	 infection	 (HAI)
dashboard,	 including	 HAI	 rates	 and	 detailed	 bundle	 compliance
results	 for	 prevention	 of	 catheter-related	 bloodstream	 infection	 and
VAP.	 This	 is	 a	 live	 intranet	web	 display	 that	 is	 updated	 constantly.
Both	 reports	 are	 widely	 available	 within	 the	 Memorial	 Hermann
Health	 system	and	have	helped	drive	performance	 excellence.	Near
real-time	 availability	 of	 bundle	 compliance	 and	 hand	 hygiene	 data
have	driven	the	incidence	of	CLABSI	and	VAP	to	zero	or	near-zero
levels	across	the	Memorial	Hermann	Health	system.	CLABSI,	central
line–associated	 bloodstream	 infection;	 VAP,	 ventilator-associated
pneumonia.(From	 Potes	 C,	 Conroy	 B,	 Xu-Wilson	 M,	 Newth	 C,
Inwald	D,	Frassica	J.	A	clinical	prediction	model	to	identify	patients
at	high	risk	of	hemodynamic	instability	in	the	pediatric	intensive	care
unit.	 Crit	 Care.	 2017;21(1):282.	 Courtesy	 of	 Memorial	 Hermann
Healthcare	System,	Houston,	Texas.)



	

Figure	 132.5 	 Real-time	 population-based	 monitoring
dashboard.The	 green	 banner	 indicates	 a	 case	 that	 is	 in	 compliance
with	the	Surgical	Care	Improvement	Project	metric	(SCIP-Inf-4).	The
red	banner	indicates	a	case	in	which	the	provider	has	failed	to	comply
with	the	SCIP-Inf-4	metric.

Novel	 real-time	CDS	Systems	of	Engagement	with	guaranteed	feedback	are
the	next	generation	of	such	systems.	They	are	based	on	 the	data	 from	the	core
EMR.	These	systems	are	fully	automated	systems	for	the	most	part,	not	requiring
any	additional	data	entry	to	produce	their	guidance.	Implementation	of	one	such
system,	 Surgical	 Care	 Improvement	 Project	 metric	 (SCIP-Inf-4)	 that	 targeted
hyperglycemia	 control	 of	 patients	 undergoing	 cardiac	 surgery	 increased	 the
compliance	rate	with	the	SCIP-Inf-4	from	87.3%	to	96.5%.34	The	UI	contains	a
decision	support	tool	for	glycemic	control.	The	expanded	view	of	an	individual
patient’s	 data	 displays	 glucose	 measurements,	 interventions,	 and	 patient
relocation	between	the	operating	room,	intensive	care	unit,	and	general	care	area,
in	addition	to	the	patient’s	age,	surgical	procedure,	and	diagnosis	of	diabetes	if
present.	 The	 detailed	 view	 displays	 data	 in	 an	 interactive	 timeline	 chart.	 A
vertical	 plot	 band	 (yellow)	 highlights	 the	 12	 to	 18	 and	 18	 to	 24	 hour	 time
windows;	 a	 horizontal	 plot	 band	 reflects	 normal	 and	 critical	 glucose	 levels
specified	by	Medicare	(Figure	132.5).

GOING	FORWARD
Early	recognition	of	critical	disease	states	and	syndromes	is	sometimes	difficult
and	 delayed	 given	 the	 often	 nonspecific	 nature	 of	 the	 clinical	 presentation.	 In
recent	years,	artificial	intelligence	(AI)/machine	learning	(ML)	has	been	used	to



develop	 decision	 support	 tools	 for	 clinical	 medicine.	 These	 algorithms	 are
derived	from	retrospective	data	sets.	These	real-world	data	sets	are	often	poorly
curated	 and	 have	 missing	 and	 sometime	 unreliable	 data.	 Algorithms	 derived
solely	 from	 these	 data	 sets	 without	 significant	 clinical	 “supervision”	 often
perform	 poorly	 in	 real-life	 implementations.	 However,	 carefully	 constructed
AI/ML-based	 algorithms	 that	 are	 designed	 with	 clinical	 “supervision”	 can
perform	remarkably	well	across	a	variety	of	settings.	Recently,	advances	 in	AI
and	deep	learning	(DL)	techniques	have	allowed	the	recognition	of	objects	and
actions	using	video	as	an	input	parameter	as	well.	The	field	of	“computer	vision”
(CV)	 is	 used	broadly	 in	modern	world	 outside	medicine.	Computer	 vision	has
been	implemented	for	many	industries	such	as	the	security,	military,	agriculture,
automobile,	 and	 retail	 industries.	CV	as	a	part	of	 telehealth	 technologies	has	a
huge	 potential	 for	 quality	 and	 patient	 safety	 improvement	 in	 the	 ICU.	While
highly	 trained	 physicians	 cannot	 be	 present	 at	 each	 patient	 bed	 24/7,	 a	 digital
monitoring	 device	 and	 CV	 driven	 by	 AI	 could	 close	 this	 gap.	 Granular	 and
autonomous	monitoring	 of	 critically	 ill	 patients	 in	 the	 ICU	 is	 feasible	 using	 a
noninvasive	CV	technology.35	DL	techniques	using	CV	was	recently	successfully
piloted	to	measure	contactless	heart	and	respiratory	rate.36,37	Assessment	of	pain
can	 be	 optimized	 and	 automated	 as	 CV	 is	 also	 capable	 of	 analyzing	 facial
expressions	of	pain.38

With	 wider	 acceptance	 by	 clinicians	 and	 patients	 CV	 technology,	 when
appropriately	applied,	might	be	a	potent	 tool	and	benefit	 the	health	care	of	 the
21st	century.39

ANALYTICAL	REPOSITORIES	AND	REPORTING
TOOLS
Since	the	Institute	of	Medicine	published	its	1999	“exposé”	on	patient	safety,40
the	 ICU	 has	 received	 increased	 national	 attention	 as	 an	 important	 target	 for
medical	 error	 reduction	 and	 improved	 quality.	 Both	 the	 Leapfrog	 Group
collaborative	 of	 large	 employers	 and	 the	 Centers	 for	 Medicare	 &	 Medicaid
Services	have	focused	on	developing	national	performance	measurement	metrics
for	 ICU	and	Acute	Care.41	 Information	 technology	 can	be	used	 to	more	 easily
gather	patient,	process,	and	outcomes	data	 that	 support	 reporting	solutions	 that
facilitate	 improvement.	 Performance	 measures	 are	 typically	 categorized	 as
structural	 (how	 care	 is	 organized),	 process	 (what	 is	 done),	 or	 outcomes
(including	medical/functional,	 such	 as	 death	 or	 the	 ability	 to	 perform	 specific



functions	 of	 daily	 life);	 experiential,	 which	 covers	 both	 patients/families	 and
providers;	and	financial,	which	includes	both	cost/resource	use	and	profitability
perspectives.

Structure	 and	 process	 measures	 are	 used	 on	 the	 presumption	 that	 their
variance	causes	a	specific	significant	variance	in	one	or	more	outcomes.	Popular
examples	 of	 structural	 ICU	measurable	 processes	 include	 intensivist	 coverage
and	 nurse	 staffing	 levels.	 Head-of-bed	 elevation	 for	 mechanically	 ventilated
patients	to	prevent	nosocomial	pneumonia	and	associated	increased	mortality	are
examples	of	contemporary	measurable	processes.

One	of	the	most	significant	challenges	for	quality	improvement	efforts	is	the
lack	 of	 trust	 or	 alignment	 that	 can	 exist	 among	 clinicians,	 hospital
administrators,	 insurance	 companies,	 and	 government	 over	 the	 motivation
behind	measurement.	Clinicians	believe	that	the	purpose	of	measurement	should
be	 to	 understand	 and	 improve—although	 they	 too	often,	 and	 too	often	 rightly,
assume	payers’	and	overseers’	plan	to	use	metrics	only	to	judge	and	to	penalize
—not	to	reward	superior	performance	or	improve	patient	care	but	only	to	drive
down	costs.

Given	 this	 environment,	 without	 standardized	 measures	 of	 meaningful
medical	 outcomes	 that	 are	 defined,	 understood,	 and	 accepted	 by	 the	 relevant
clinical	 community,	 achieving	 significant	 progress	 with	 clinicians	 accepting
computer	 driven	 metrics	 will	 continue	 to	 be	 difficult.	 Business	 intelligence
systems,	including	performance	dashboard	techniques,	that	combine	clinical	data
from	 computer-based	 patient	 records	 with	 financial	 data	 for	 analysis	 and
reporting	 solutions	 are	 predicted	 to	 be	 an	 area	 of	 increased	 interest	 including
real-time	systems	(Figure	132.6).

	

Figure	 132.6 	 Real-time	 electronic	 “cockpit”	 for	 ICU	 resource
utilization	 in	 Mayo	 Clinic	 ICUs.Automatic	 resource	 utilization
“cockpit”	at	Mayo	Clinic	ICUs.	It	shows	in	real	time	the	number	of



current	 patients,	 admissions,	 discharges,	 ventilator	 utilizations,
ECMO	machines,	do-not-resuscitate	patients;	and	patients	with	organ
support	 like	 dialysis	 and	 vasopressors.	 ECMO,	 extracorporeal
membrane	 oxygenation;	 ICU,	 intensive	 care	 unit.(©	 2014	 Mayo
Foundation	 for	 Medical	 Education	 and	 Research.	 Used	 with
permission	of	Mayo	Foundation	for	Medical	Education	and	Research,
all	rights	reserved.)

As	 this	 evolution	 occurs,	 critical	 care	 leaders	will	want	 to	 assure	 that	 their
unique	information	needs	are	met	in	these	systems	and	that	appropriate	attention
is	 given	 to	 elements	 like	 risk	 adjustment	 and	 critical	 care–specific	 process
analysis.	Niche	 ICU	 analytical	 systems	 such	 as	 the	Virtual	 Pediatric	 Intensive
Care	 Unit	 (PICU)	 Performance	 System/National	 Association	 of	 Children’s
Hospitals	 and	 Related	 Institutions,	 the	 Vermont	 Oxford	 Network	 for	 neonatal
intensive	care,	and	Cerner	Corporation’s	Acute	Physiology,	Age,	Chronic	Health
Evaluation	 (APACHE)	 prognostic,	 concurrent,	 and	 retrospective	 decision
support	system	focused	on	adult	ICU	patients	are	also	available.42

RISK	ADJUSTMENT	MODELS	FOR	COMPARING
ICU	OUTCOMES
Risk	adjustment,	severity	adjustment,	or	case-mix	adjustment	are	terms	used	to
describe	 mathematical	 models	 derived	 from	 large	 data	 sets	 of	 a	 particular
population	whose	 purpose	 is	 to	 represent	 the	 relative	 risks	 individual	 patients
bring	at	 the	 entry	point	 to	 care	process.	Patient	 risk	 factors	 impact	which	care
processes	and	resources	are	required	to	produce	similar	outcomes	and	what	the
best	 realistically	 achievable	 outcomes	 are.	 Modeling	 research	 needs	 to	 define
three	elements:	(1)	the	binary	or	continuous	outcome	variable(s)	to	be	modeled
(eg,	lived/died,	length	of	stay),	(2)	the	beginning	and	end	points	in	time	(eg,	at
admission	to	the	ICU,	at	discharge	from	the	hospital,	at	a	specific	time	point	like
100	 days),	 and	 (3)	 the	 specific	 risk	 factors	 to	 be	 included	 (eg,	 age/gestational
age,	weight/birth	weight,	diagnosis,	physiology).

However,	 because	 the	 data	 from	many	 hospital	EMRs	 are	 often	 difficult	 to
access,	 the	most	 viable	 data	 source	 to	 develop	 risk	 adjustment	 has	 been	 those
using	 administrative	 (claims)	 data,	 examples	 being	 APR-DRGs	 (all	 patient
refined	diagnosis-related	groups)	and	disease	staging.	Model	developers	 juggle
the	 collection	 cost	 vs	 the	 desirability	 of	 capturing	 specific	 data,	 but



unequivocally	more	detailed	patient	data	than	that	included	in	claims	databases
are	required	to	adequately	represent	patient-risk	variance	in	the	ICU	population.
Model	developers	also	struggle	with	defining	reasonable	end	points	for	capturing
outcomes.	 They	 also	 need	 to	 consider	 and	 factor	 in	 relationships	 among
institutions	 and	 settings,	 potentially	 “gaming”	 the	 system.	 A	 report	 card	 that
inadequately	adjusts	for	patient	risk	might	under	value	hospitals	and	physicians
who	 take	 on	 the	 highest	 risk	 patients,	 or	 encourage	 entities	 to	 transfer	 dying
patients	to	reduce	their	mortality.42	As	Iezonni43	notes,	“developing	risk	adjusters
de	novo	is	complicated	and	often	frustrating.”	Risk	models	for	adult,	pediatric,
and	neonatal	ICU	populations	have	been	sufficiently	vetted	and	have	sufficiently
evolved	 to	 serve	 as	 the	 foundation	 for	 nationally	 standardized	 outcomes
measurement	 in	 an	 increasingly	 automated	 hospital	 environment.	 Risk	models
need	 to	 be	 reevaluated	 periodically	 to	 assure	 that	 they	 remain	 consistent	 with
current	 patient	 factors,	 care	 process	 improvements,	 and	 outcomes	 experience.
They	 should	 also	 be	 evaluated	 for	 their	 appropriateness	 at	 geographies	 not
included	in	their	modeling	data	sets.

There	 are	 multiple	 risk-adjustment	 models	 in	 current	 use.44	 Representative
examples	 of	 ICU	 risk-adjustment	 models	 based	 primarily	 on	 US	 patient	 data
include:

1.	 APACHE	IV	(Acute	Physiology,	Age,	Chronic	Health	Evaluation,	4th
version).25

2.	 PRISM	(Pediatric	Risk	of	Mortality).45
3.	 SNAP/SNAPPE	(Score	for	Neonatal	Acute	Physiology).46

In	 conclusion,	 the	 modern	 CCIS	 System	 of	 Engagement	 is	 a	 dynamic
information	instrument	or	set	of	functionalities	delivered	as	an	enhancement	 to
the	 core	EMR	 that	 extends	 the	 capabilities	of	 the	 intensive	 care	physician	 and
staff	 in	ways	 that	would	 be	 considered	 science	 fiction	 only	 a	 generations	 ago.
The	 rapid	 adoption	 of	 these	 new	 information	 tools	 is	 now	 anticipated,	 as	 the
complexity	 of	 medical	 care,	 particularly	 in	 the	 ICU	 setting,	 becomes
increasingly	demanding	and	evidence-based	decision-making	moves	from	a	goal
to	 an	 expectation	 for	 acute	medical	 care.	 The	most	 critical	 element	 for	 taking
advantage	 of	 these	 new	 possibilities	 is	 that	 senior	 medical	 executives,	 ICU
directors,	 and	 clinicians	 must	 “own”	 the	 responsibility	 for	 localizing	 and
embracing	 performance	 metrics	 and	 the	 advancing	 base	 of	 evidence-based
decision	support	being	made	available	by	these	new	tools.

Future	 generations	 of	 evolving	 Systems	 of	 Engagement	 and	 Insight	 are
utilizing	the	data	created	by	the	digitalization	of	health	care.	Key	functionalities



of	Critical	Care	Information	Systems	of	Engagement	of	future	will	include:

1.	 Patient	and	location	context	detection	for	targeted	decision	support.
2.	 Improved	UIs	at	the	point	of	care	allowing	the	appropriate	presentation	of

patient	data	that	are	critical	to	decision-making	while	filtering	nonessential
data	resulting	in	reduction	of	information	overload.

3.	 Seamless	integration	into	the	environment	and	workflow	to	optimize
patient-centered	outcomes.

4.	 Expansion	outside	of	the	ICU	to	recognize	patients	at	risk	of	critical	illness
outside	of	the	critical	care	area.

5.	 Systematic	surveillance	of	health	care	delivery	with	real	time	feedback	on
performance	to	providers.

6.	 Secondary	data	use	for	modeling	and	in	silico	clinical	trials.
7.	 Support	for	cost-effective	administrative	decision-making	through	the

automated	measurements	and	reports.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	critical	difference	between	information	in	databases,	such	as
MIMIC,	and	information	in	registries,	such	as	the	APACHE	and	Vermont
Oxford	Network?

A. 	APACHE	data	are	high-resolution	physiology	and	demographics
B. 	MIMIC	data	are	deidentified
C. 	Registry	data	are	less	granular
D. 	Vermont	Oxford	Network	data	are	freely	available	to	the	public

2. 	All	of	the	following	are	reasons	for	“failure	to	rescue”	patients	who	are



deteriorating	under	our	care,	EXCEPT:

A. 	Absence	of	an	intensivist	in-house
B. 	Staff	skill	level
C. 	Staffing	level	of	the	unit
D. 	Subtle	signs	of	deterioration

3. 	All	of	the	following	are	functions	of	clinical	decision	support	(CDS)
systems,	EXCEPT:

A. 	Alerting
B. 	Critiquing
C. 	Interpreting
D. 	Predicting

Answers

1.	The	correct	answer	is	C.
Rationale:	 Disease	 registries	 are	 created	 to	 track	 populations	 of	 patients,

combining	 data	 from	 multiple	 sites	 to	 form	 an	 aggregate	 view	 of	 factors
contributing	 to	 outcomes.	 Typically,	 this	 includes	 physiological	 measures	 and
ranges,	 as	 well	 as	 demographics,	 interventions,	 and	 outcomes.	 The	 data
contained	 is	 selective,	 including	 that	 considered	 by	 the	 curating	 agency	 to	 be
important	for	the	analysis	of	factors	contributing	to	outcomes	and	comparison	of
performance	of	providers	and	institutions.	In	contrast,	databases	such	as	MIMIC
are	“high-resolution”,	containing	all	of	the	electronic	data	available	for	a	cohort
of	patients	(choice	C	is	correct	and	choice	A	is	incorrect).	High-resolution	data
sets	include	waveforms	and	numeric	measurements	at	specified	intervals	as	well
as	 reports,	 clinician	 notes,	 outcomes,	 and	 scores.	High-resolution	 data	 sets	 are
often	 used	 for	 machine	 learning/artificial	 intelligence	 (AI)	 discovery.	 Specific
data,	patient	confidentiality,	and	fee	structure	may	be	similar.	Data	in	either	may
be	 deidentified	 and	 is	 data	 set	 specific	 (choice	 B	 is	 not	 the	 best	 answer)	 and
many,	 including	 the	Vermont	Oxford	Network	 data,	 are	 not	 publicly	 available
(choice	D	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	 Failure	 to	 rescue	 is	 recognized	 by	 the	 Agency	 for	 Healthcare

Research	 and	Quality	 (AHRQ)	as	 accounting	 for	most	 patient-safety	Medicare
deaths.	Factors	associated	with	failure	to	rescue	include	often	subtle	and	gradual



physiologic	 deterioration	 which	 can	 be	 missed	 by	 staff	 who	 are	 not	 highly
skilled	in	detecting	these	changes	in	patients	outside	of	the	intensive	care	unit	as
well	as	higher	staff	to	patient	ratios	often	found	in	this	setting	(choices	B,	C,	and
D	are	all	 true	answers).	The	presence	of	an	 in-house	 intensivist	alone	may	not
alter	 this	 early	 recognition	 (choice	 A	 is	 the	 “correct”	 wrong	 answer).	 Early
warning	 scoring	 systems	 and	 processes	 have	 helped	 to	 overcome	 some	 of	 the
variability	and	delays	of	rescue.

3.	The	correct	answer	is	D.
Rationale:	 CDS	 Systems	 alert,	 interpret,	 assist	 with	 decision-making	 and

management,	and	provide	critiques	of	management	decisions	(choices	A,	B,	and
C	 are	 all	 true	 answers).	 However,	 systems	 that	 provide	 prediction	 of	 patient
trajectory	 and	outcome	are	 instead	 referred	 to	 as	 “predictive	 analytic	 systems”
(choice	D	is	the	“correct”,	wrong	answer).	Of	note,	predictive	analytic	systems
may	 sometimes	 provide	 input	 into	 CDS	 systems	 to	 further	 improve	 their
performance.
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Chapter	133
Defining	and	Measuring	Patient	Safety	in
the	Critical	Care	Unit
Sahil	Kumar	Virdi,	Hayley	B.	Gershengorn,	Steven	Y.	Chang,	David	E.
Ost,	Kelly	L.	Cervellione,	Alan	M.	Fein

KEY	POINTS:
1.	 Medical	errors	are	mistakes	made	during	the	process	of	care	that

can	result	in	patient	harm.	They	may	also	include	slips	(erroneous
behavior)	or	lapses	that	result	from	fatigue	or	distraction.

2.	 Traditional	incident	reporting	is	ineffective	and	should	be	replaced	by
targeting	monitoring,	discharge	data	evaluation,	ICU	audits,	and
trigger	tools.

3.	 ICU	organization	has	significant	impact	on	patient	safety.	Factors
affecting	safety	include	coverage	by	intensivists	and	nonintensivist
providers,	intensivist-to-patient	ratios,	duty	hours,	and	nursing	staff.

4.	 Establishing	a	culture	of	safety	through	staff	and	resident	training
processes	including	simulation	is	a	key	component	of	improving
patient	safety	in	critically	ill	patients.

5.	 Both	government	and	nongovernment	regulatory	agencies	play	an
increasing	role	in	safeguarding	patient	safety	in	the	ICU.

INTRODUCTION
Patient	safety	is	a	major	concern	of	the	general	public;	policy	makers;	and	local,
state,	 and	 national	 governments.	 Frequent	 news	 coverage	 has	 been	 devoted	 to
victims	 of	 serious	 medical	 errors.	 In	 the	 2000	 publication	 of	 the	 Institute	 of
Medicine	To	 Err	 Is	 Human:	 Building	 a	 Safer	 Health	 System,1	 the	 substantial
risks	of	American	medical	care	were	highlighted,	particularly	the	nearly	100,000



deaths	per	year	 that	 could	be	attributed	 to	medical	errors.	This	number	 is	now
estimated	to	have	climbed	to	over	250,000	per	year	in	American	hospitals.2	The
importance	of	a	safety	culture	in	the	high-risk	environment	of	the	intensive	care
unit	(ICU)	is	becoming	increasingly	recognized.3	A	culture	of	safety	must	be	a
pillar	 that	 promotes	 patient	 well-being	 using	 coordinated	 intra-	 and
interdisciplinary	networks	both	within	and	between	the	care	teams.	This	includes
leaders	 who	 are	 committed	 to	 safety	 and	 staff	 who	 understand	 that,	 although
errors	are	inevitable,	they	must	be	reported	so	that	preventable	risks	and	hazards
can	be	 identified	and	procedural	upgrades	 implemented	on	a	continuing	basis.4
Organizational	 characteristics	 of	 safe	 programs	 include	 strong	 managerial
commitment,	 systematic	and	perpetual	 safety	 training,	 frequent	communication
between	 workers	 and	 management,	 a	 stable	 workforce,	 and	 positive
reinforcement	for	good	safety	practices.

The	ICU,	like	all	hospital	units,	benefits	from	integrated	systems	that	identify
safety	problems	and	report	them	to	providers	so	that	they	can	track	performance.
ICU	 patient	 safety	 reporting	 systems	 should	 identify	 trends	 and	 patterns	 that
allow	 health	 care	 organizations,	 governmental	 agencies,	 and	 private
accreditation	 organizations	 to	 monitor	 the	 quality	 and	 safety	 of	 ICU	 care
delivery.5	 Systems	 should	 also	 create	 large	 data	 repositories	 that	 facilitate
strategies	 to	 reduce	 the	 risk	of	preventable	medical	 incidents.6,7	Patient	Safety:
Achieving	a	New	Standard	of	Care	emphasized	the	importance	of	standardizing
information	 on	 patient	 safety	 to	 improve	 outcomes	 of	 care,6	 and	 a	 common
taxonomy	of	patient	safety	terms.1,8,9

To	 date,	 governmental	 and	 private	 sector	 accrediting	 bodies	 have	 not	 fully
coordinated	 their	 efforts	 to	 develop	 integrated,	 validated,	 and	 reliable	 systems
for	monitoring	medical	 errors	 and	measuring	 patient	 safety.10	 The	 Centers	 for
Medicare	 &	Medicaid	 Services	 (CMS)	 and	 state	 health	 departments,	 in	 some
cases,	mandate	 reporting	and	specific	 treatment	algorithms	for	critical	 illnesses
like	sepsis11	and	ventilator-associated	pneumonia.12	Herein,	we	aim	to	provide	a
framework	for	conceptualizing	safety	in	light	of	this	challenging	landscape.

SAFETY	LESSONS	FROM	OTHER	INDUSTRIES
Safety	and	error	prevention	in	the	health	care	setting	should	aspire	to	achieve	the
excellent	records	compiled	by	that	of	aviation,	banking,	chemical	manufacturing,
and	peacetime	military	services.	Approaches	to	safety	used	by	these	disciplines
include	well-defined	 strategies	 to	 protect	workers	 and	 customers.	 Technology-
based	 methodologies	 are	 part	 of	 these	 strategies,	 but	 organizational	 and



psychological	factors	are	also	addressed.	For	instance,	the	aviation	industry	has
focused	 on	 the	 importance	 of	 teamwork	 for	 reinforcing	 a	 safety	 culture.
Recently,	 the	 importance	 of	 “crew	 resource	 management”	 in	 the	 critical	 care
environment	has	been	fully	recognized.13-16

The	 persistence	 of	 fatalities	 among	 the	 aviation	 and	 auto	 transportation
industries	 suggests	 that	 the	 success	 of	 safety	 efforts	 may	 be	 hindered	 by
competing	 risk	 factors,	 such	 as	 high	 volumes,	 greater	 complexity	 of	 products,
cost	 reduction	 pressures,	 and	 rapidly	 changing	 designs.	 For	 health	 care,	 the
evolving	 patient	 populations,	 with	 increasing	 numbers	 of	 very	 old,
immunocompromised,	 and	 high	 risk	 patients,	 presents	 additional	 challenges	 to
improving	measurements	of	safety.	As	with	other	 industries,	 technology	is	also
rapidly	 evolving.17	 Anesthesiology,	 in	 particular,	 has	 made	 substantial
contributions	 through	 its	 development	 of	 a	 safety	 culture	 and	 equipment
manufacturing	 standardization,	 associated	 with	 a	 substantial	 reduction	 of
anesthesia-related	errors.18,19

DEFINITIONS
The	basic	terms	commonly	used	to	define	concepts	of	patient	safety	are	listed	in
Table	133.1,	along	with	the	working	definitions.20

TABLE	133.1

General	Terms	Used	in	Patient	Safety

Quality:	the	degree	to	which	health	services	for	individuals	and	populations
increase	the	likelihood	of	desired	health	outcomes	and	are	consistent	with
current	professional	knowledge

Patient	safety:	the	absence	of	the	potential	for,	or	the	occurrence	of,	health
care–associated	injury	to	patients	created	by	avoiding	medical	errors	as	well
as	taking	action	to	prevent	errors	from	causing	injury.	Freedom	from
accidental	or	preventable	injuries	produced	by	medical	care

Medical	errors:	mistakes	made	in	the	process	of	care	that	result	in	or	have
the	potential	to	result	in	harm	to	patients.	Mistakes	include	the	failure	of	a
planned	action	to	be	completed	as	intended	or	the	use	of	a	wrong	plan	to



achieve	an	aim.	These	can	be	the	result	of	an	action	that	is	taken	(error	of
commission)	or	an	action	that	is	not	taken	(error	of	omission)

Active	errors:	errors	that	occur	at	the	interface	between	a	human	provider
and	a	care	delivery	system	(eg,	mechanical	ventilator,	intravenous	pump)	and
typically	involve	readily	apparent	actions	(eg,	adjusting	a	dial	incorrectly)

Latent	errors:	less	obvious	failures	of	a	health	care	organization	or	structure
that	contributed	to	errors	or	allowed	the	errors	to	harm	patients.	An	example
of	a	latent	error	would	be	understaffing	of	nurses	in	an	intensive	care	unit.

Serious	medical	errors:	a	medical	error	that	causes	harm	(or	injury)	or	has
the	potential	to	cause	harm.	Includes	preventable	adverse	events,	intercepted
serious	errors,	and	nonintercepted	serious	errors.	Does	not	include	trivial
errors	with	little	or	no	potential	for	harm	or	nonpreventable	adverse	events

Intercepted	serious	error:	a	serious	medical	error	that	is	caught	before
reaching	the	patient

Nonintercepted	serious	error:	a	serious	medical	error	that	is	not	caught	and
therefore	reaches	the	patient	but	because	of	good	fortune	or	because	the
patient	had	sufficient	reserves	to	buffer	the	error,	it	did	not	cause	clinically
detectable	harm

Nonpreventable	adverse	event:	unavoidable	injury	due	to	appropriate
medical	care

Preventable	adverse	event:	injury	due	to	a	nonintercepted	serious	error	in
medical	care

Slips:	failures	of	automatic	behaviors	or	lapses	in	concentration	(eg,	forgetting
to	perform	a	routine	task	due	to	a	lapse	in	memory)	and	often	occur	from
fatigue	or	distractions	in	the	workplace

Mistakes:	incorrect	choices,	such	as	choosing	the	wrong	drug	for	a	clinical
condition,	and	typically	result	from	inexperience	or	lack	of	knowledge	or
training

Incident:	an	event	or	circumstance	that	could	have,	or	did	lead	to,	unintended
and/or	unnecessary	harm	to	a	person

Harm:	death,	injury,	suffering,	dissatisfaction,	or	disability	experienced	by	a
person



Near	miss:	any	incident	that	could	potentially	lead	to	patient	harm

Adverse	event:	any	injury	due	to	medical	management,	rather	than	the
underlying	disease

Adapted	from	Pronovost	PJ,	Thompson	DA,	Holzmueller	CG,	Lubomski	LH,	Morlock	LL.	Defining
and	measuring	patient	safety.	Crit	Care	Clin.	2005;21:1-19.	vii.	From	Lohr	KN,	Schroeder	SA.	A
strategy	for	quality	assurance	in	Medicare.	N	Engl	J	Med.	1990;322(10):707-712.	From	Agency
for	Healthcare	Research	and	Quality.	AHRQ’s	Patient	safety	initiative:	building	foundations,
reducing	risks.	Interim	Report	to	the	Senate	Committee	on	Appropriations.	AHRQ	Publications	04-
RG005;	2003.	From	PSNet	Patient	Safety	Net:	Glossary.	https://psnet.ahrq.gov/glossary-0.	From
Reason	J.	Human	Error.	Cambridge	University	Press;	1990.	From	Reason	J.	Human	error:
models	and	management.	BMJ.	2000;320(7237):768-770.	From	Rothschild	JM,	Landrigan	CP,
Cronin	JW,	et	al.	The	Critical	Care	Safety	Study:	the	incidence	and	nature	of	adverse	events	and
serious	medical	errors	in	intensive	care.	Crit	Care	Med.	2005;33(8):1694-1700.

Health	care	quality	 is	 defined	as	 “the	degree	 to	which	health	 services	 for
individuals	 and	populations	 increase	 the	 likelihood	of	 desired	 health	 outcomes
and	are	consistent	with	current	professional	knowledge.”4,21,27	Several	attributes
that	 define	 quality	 care	 are	 being	 safe,	 patient	 centered,	 timely,	 effective,
efficient,	and	equitable.27	Thus,	patient	safety	is	one	domain	within	the	broader
context	of	quality.

Patient	safety	has	been	defined	by	the	Agency	for	Health	Care	Research	and
Quality	 (AHRQ)	 as	 “the	 absence	 of	 the	 potential	 for,	 or	 the	 occurrence	 of,
healthcare	 associated	 injury	 to	 patients	 created	 by	 avoiding	 medical	 errors	 as
well	as	taking	action	to	prevent	errors	from	causing	injury”22	and	“freedom	from
accidental	or	preventable	injuries	produced	by	medical	care.”23

1Medical	errors	 are	 defined	 as	 “mistakes	made	 during	 the	 process	 of	 care
that	result	in	or	have	the	potential	to	result	in	harm	to	patients.	Mistakes	include
the	failure	of	a	planned	action	to	be	completed	as	intended,	or	the	use	of	a	wrong
plan	to	achieve	an	aim.	These	can	be	the	result	of	an	action	that	is	taken	(error	of
commission)	 or	 an	 action	 that	 is	 not	 taken	 (error	 of	 omission).”22	 Errors	 of
commission	 (eg,	 ordering	 an	 incorrect	 drug	 dose)	 are	more	 readily	 noted	 than
errors	 of	 omission	 (eg,	 failure	 to	 order	 heparin	 for	 venous	 thromboembolism
prophylaxis).	 Errors	 may	 be	 active	 or	 latent.24,25	 Active	 errors	 occur	 at	 the
interface	between	a	human	provider	and	a	care	delivery	system	(eg,	mechanical
ventilator,	intravenous	pump),	and	typically	involve	readily	apparent	actions	(eg,
adjusting	a	dial	 incorrectly).	Latent	errors	define	a	 less	obvious	failure	such	as
understaffing	 of	 nurses	 for	 an	 ICU.	 Other	 error	 descriptors	 include
preventability,	 seriousness,	 and	 whether	 the	 error	 was	 intercepted	 before



affecting	a	patient.26
Errors	 have	 also	 been	 classified	 as	 slips	 (erroneous	 behavior)	 or	 lapses

(erroneous	 memory),28	 and	 often	 result	 from	 fatigue	 or	 distractions	 at	 the
workplace.	 Mistakes	 represent	 incorrect	 choices,	 such	 as	 choosing	 the	 wrong
drug	 for	 a	 clinical	 condition,	 and	 typically	 result	 from	 inexperience	 or	 lack	 of
knowledge	 or	 training.	 Slips	 are	 more	 responsive	 to	 removing	 distractions	 or
automating	monotonous	tasks,	whereas	mistakes	respond	to	increased	training	or
supervision.

Incidents	are	defined	as	unanticipated	events	or	circumstances	not	consistent
with	 the	 routine	 care	 of	 a	 particular	 patient,	 which	 lead	 to	 unintended	 or
unnecessary	harm,	loss,	or	damage.

Adverse	 events	 are	 defined	 as	 “untoward	 and	 usually	 unanticipated
outcomes	that	occurs	in	association	with	health	care”1,22	or	as	“any	injury	due	to
medical	management,	rather	 than	the	underlying	disease.”26	Adverse	events	are
not	necessarily	due	to	poor	quality	care.29	As	an	example,	central	venous	catheter
placement	that	results	in	pneumothorax	would	constitute	an	adverse	event	even
if	 best	 practices	 were	 adhered	 to	 during	 placement.	 Errors	 of	 diagnosis	 are
emerging	as	equally	important	causes	of	adverse	ICU	outcomes.30

MEASUREMENT	OF	SAFETY	IN	THE	INTENSIVE
CARE	UNIT
Patient	 safety	 metrics	 can	 focus	 on	 structure,	 process,	 or	 outcome.	 Structure
refers	 to	 the	 physical	 environment	 (eg,	 buildings,	 equipment,	 information
technology	resources).	Process	refers	to	the	way	health	care	is	delivered	or	how
the	health	care	system	works.	Outcomes	are	the	downstream	measures	of	health
(eg,	 mortality,	 quality	 of	 life,	 etc).	 A	 specific	 and	 challenging	 dimension	 of
safety	 is	“safety	culture,”	reflecting	 the	attitudes	and	beliefs	of	 the	 local	health
care	 workforce.31	 The	 primary	 methods	 of	 measuring	 safety	 culture	 include
incident	 reporting,	 targeted	 monitoring,	 discharge	 data	 sets,	 process	 of	 care
measurements,	trigger	tools,	ICU	audits,	and	direct	observations.26

INCIDENT	REPORTING
2 	 Traditional	 incident	 reporting	 of	 specific	 adverse	 events	 has	 been	 largely
ineffective	 for	 several	 reasons.32	 First,	 reports	 focus	 on	 the	 provider	 who
committed	an	error	rather	than	on	systems	of	care,	discouraging	self-reporting	of



errors.6	Second,	each	report	of	an	error	represents	only	a	“numerator”	value.	 It
does	 not	 provide	 insight	 into	 the	 pool	 of	 patients	 at	 risk	 for	 similar	 errors,
making	assessing	the	overall	safety	of	an	ICU	challenging.	Third,	definitions	of
errors	 used	 by	 incident	 reporting	 systems	 vary	 and	 often	 lack	 the	 specific
domains	 of	 structure,	 process,	 and	 outcome,	 thereby	 impeding	 the	 ability	 to
“deconstruct”	an	error	and	understand	its	root	cause(s)	and	patient	impact.

Advances	 like	 electronic	 systems	 that	 allow	 anonymous	 reporting	 of	 errors
encourage	providers	who	have	either	committed	an	error	or	have	knowledge	of
an	 error	 to	 enter	 related	 information	 into	 a	 central	 data	 repository.33	 The
Intensive	 Care	 Unit	 Safety	 Reporting	 System	 (ICUSRS)	 is	 an	 anonymous
reporting	system	that	focuses	on	“systems	factors”	rather	 than	“person	factors”
and	provides	expert	analyses	with	feedback	and	guidance	to	improve	processes
of	 care	 and	 prevent	 error	 recurrences.20,34	 The	 University	 Health	 Systems
Consortium’s	Safety	Net	reporting	system	can	generate	consolidated	reports	with
application	to	the	ICU.33

Institutional	commitment	to	a	“culture	of	safety”	has	a	motivational	effect	on
error	 reporting	 because	 health	 care	 providers	 recognize	 that	 “someone	 is
listening”	 and	 that	 there	 is	 accountability.	 Process	 elements	 that	 enhance	 error
reporting	include	a	team	that	(a)	convenes	to	develop	preventative	solutions	to	a
reported	error,	(b)	generates	plans	to	improve	the	care,	and	(c)	has	a	method	for
implementing	 and	 measuring	 the	 impact	 of	 their	 plan.35	 However,	 problems
remain	with	the	taxonomy	used	to	describe	errors	and	adverse	events.	The	Joint
Commission	 (JC)	 published	 a	 patient	 safety	 event	 taxonomy	 and	 classification
scheme	for	near	misses,	errors,	and	adverse	events20	which	allows	classification
of	a	patient	safety	event	and	includes	impact—the	outcome	or	effects	of	medical
error	 and	 systems	 failure;	 type—the	 implied	 or	 visible	 processes	 that	 failed;
domain—the	 setting	 in	 which	 an	 incident	 occurred	 and	 the	 of	 individuals
involved;	 cause—the	 factors	 that	 led	 to	 an	 incident;	 and	 prevention	 and
mitigation—the	measures	 taken	 to	 reduce	 incidence	 and	magnitude	 of	 adverse
occurrences.	 The	 ICUSRS	 reporting	 platform	 uses	 a	 similar	 framework	 and
recognizes	 that	 errors	 are	multifactorial	 and	 include	multiple	variables	 such	as
caregiver	 performance,	 systems	 of	 care,	 resource	 availability,	 functioning	 of
teams,	and	the	environment	of	care.10

TARGETED	MONITORING
A	 complementary	 approach	 to	 incident	 reporting	 is	 targeted	monitoring.	 ICUs
can	 measure	 their	 patient	 safety	 outcomes	 by	 monitoring	 a	 specific	 indicator,



such	 as	 the	 incidence	 of	Clostridium	difficile	 infection	 or	 ventilator-associated
pneumonia.	 In	so	doing,	ICUs	are	challenged	to	define	 their	denominators	(eg,
patients	at	risk	for	an	event)	and	select	indicators	that	can	be	counted	to	provide
an	 accurate	 numerator	 (eg,	 patients	 experiencing	 an	 event).	 The	 denominators
are	especially	difficult	to	measure	and	have	major	impacts	on	interpretation10,20;
for	instance,	C.	difficile	infection	rates	can	be	described	per	ICU	patient,	patient
ICU	 days,	 or	 at-risk	 patient	 ICU	 days.	 The	 numerator	 data	 are	 equally
challenging	because	of	 the	 time	and	expense	of	chart	extraction,	which	cannot
always	be	fully	automated	even	with	electronic	health	 records.	For	example,	 if
the	patient	population	changes	or	new	services	are	added,	appropriate	adjustment
to	define	hazard	rates	will	be	needed.

DISCHARGE	DATA
Discharge	 data	 represent	 a	 source	 of	 information	 that	 allows	 the	 retrospective
collection	 of	 quality	 and	 safety	 indicators	 to	 profile	 ICU	 performance.36-38
AHRQ	has	developed	empirical	measures	of	quality	and	safety	from	multistate
discharge	 data	with	 a	 redesign	 of	 the	 original	Healthcare	Cost	 and	Utilization
Project	Quality	Indicators.39	Although	most	of	these	indicators	relate	to	surgical
patients,	newer	 indicators	are	being	designed	 to	measure	 the	 safety	of	care	 for
medical	patients	with	critical	illnesses,	such	as	myocardial	infarction,	stroke,	and
congestive	heart	failure.

Discharge	data	analysis	gives	insight	into	outcomes,	but	little	information	on
structure	or	process.	Large	data	sets	can	have	limited	data	with	variable	quality
for	clinically	relevant	covariates,	so	controlling	for	confounders	is	difficult	and
caution	 may	 be	 needed	 when	 interpreting	 results.	 Moreover,	 making
interinstitutional	 comparisons	 can	 be	 difficult	 as	 adequate	 adjustment	 for
differing	 case	 mix	 is	 needed,	 especially	 when	 there	 is	 substantial	 patient
heterogeneity	 and	 rapid	 changes	 of	 care	 processes.	 However,	 carefully
constructed	 analyses	 using	 discharge	 data	 can	 be	 an	 important	 tool	 for
hypothesis	generation	so	that	studies	better	designed	to	assess	causation	can	be
initiated.

PROCESS	OF	CARE	MEASUREMENT
Safety	can	also	be	measured	by	determination	of	the	proportion	of	patients	who
receive	care	that	has	a	strong	evidentiary	base	for	improving	clinical	outcomes.



Clinicians	often	have	 a	 stronger	 sense	of	 accountability	 toward	processes	 than
toward	outcomes	because	process	measures	are	more	easily	linked	to	a	particular
provider	or	 team.40	To	 serve	as	an	accurate	measure	of	 safety	and	 to	 influence
quality	 improvement,	 however,	 process	 measures	 should	 have	 a	 strong	 causal
relationship	with	the	outcome.	Medication	errors	and	adverse	drug	events	occur
commonly	in	the	ICU41	and	can	be	limited	by	the	use	of	formatted	or	electronic
drug-ordering	forms.42	Computerized	physician	order	entry	(order-sets)	for	drugs
has	 the	 potential	 to	 decrease	 the	 rate	 of	 serious	 medication	 errors43	 and	 has
improved	 clinical	 outcomes	 when	 applied	 to	 antibiotic	 prescribing.44	 Adding
allergy	 or	 drug-drug	 interaction	 monitoring	 and	 reviewing	 evidence-based
clinical	 practice	 guidelines,45	 such	 as	 standardizing	 orders	 for	 ventilator
management	in	the	ICU,	has	also	been	useful.46

It	 is	 important	 to	 recognize	 some	 of	 the	 limitations	 and	 difficulties	 of
measuring	 process	 compliance	 when	 applied	 to	 more	 complex	 problems.
Identifying	those	patients	eligible	for	a	particular	protocol	during	the	appropriate
time	period	is	critical.	Examples	include	the	use	of	thrombolytics	for	myocardial
infarction	and	stroke.	As	with	incident	reporting,	determining	the	numerator	for
such	process	of	care	measures	is	fairly	easy	(eg,	who	actually	received	the	drug),
but	 determining	 the	 denominator	 can	 be	more	 difficult	 and	 resource	 intensive
(eg,	 reviewing	 every	 chart	 of	 patients	 presenting	 with	 angina	 or	 suspected
myocardial	 infarction	 to	 assess	 candidacy	 for	 therapy).	 In	 addition,	 chart
abstraction	 usually	 requires	 a	 high	 level	 of	 expert	 judgment.	 Thus,	 process
measurement	may	be	a	suitable	approach	to	improving	safety	for	those	problems
in	which	 there	 is	a	strong	evidence	base	and	for	which	 the	costs	of	 identifying
the	 patient	 population	 (both	 numerator	 and	 denominator)	 are	 justified	 by	 the
value	of	information	obtained.

INTENSIVE	CARE	UNIT	AUDITS
An	 audit	 of	 the	 existing	 care	 delivery	 structure	 of	 an	 ICU	 can	 also	 measure
patient	safety.	Evidence	supports	improved	outcomes	for	ICUs	staffed	by	board-
certified	intensivists.47-49	Additional	structure	measures	to	maintain	and	enhance
the	 competency	 of	 medical	 staff,	 residents,50	 and	 nurses,51,52	 as	 well	 as
technology	such	as	smart	pumps	and	bar	coding,53	can	be	helpful.	Surveys	allow
ICU	leadership	to	assess	the	status	of	their	units’	culture	of	safety.54-57	Pronovost
and	 Sexton56	 recommend	 that	 a	 Safety	 Attitudes	 Questionnaire	 be	 performed
annually	 to	 assess	 the	 entire	 organization’s	 safety	 culture.	 Once	 measured,
focused	interventions	can	be	designed	and	implemented.



TRIGGER	TOOLS
Trigger	 tools	 detect	 organizational	 signals	 for	 adverse	 events.58	 For	 instance,
orders	 for	 flumazenil	may	 identify	 patients	 who	were	 given	 an	 overdose	 of	 a
benzodiazepine.	The	flumazenil	order,	therefore,	would	trigger	a	chart	review.	A
set	 of	 triggers	 can	 be	 used	 to	 identify	medical	 records	 for	 retrospective	 safety
review	or	used	in	“real	time”	to	identify	a	specific	patient	at	risk	of	an	adverse
outcome.	Trigger	tools	for	the	ICU	have	been	shown	to	be	a	practical	approach
to	enhancing	detection	of	adverse	events.59,60

LIMITATIONS	OF	EXISTING	METRICS	AND
THEIR	APPLICATIONS
The	 majority	 of	 data	 collected	 to	 measure	 safety	 is	 process	 oriented.	 Despite
proponents	 of	 this	 approach,61	 the	 evidence	 that	 the	 use	 of	 process	 measures
translates	into	better	outcomes	is	limited.62,63	Proper	measures	require	collecting
information	on	a	very	large	population,	which	constitutes	the	denominator	of	the
rates	being	measured.

To	be	valid,	measures	 should	be	examined	as	 rates,	defined	as	an	event	per
person	 time	 at	 risk.	 This	 is	 different	 from	 a	 proportion,	 which	 is	 defined	 as
events	 per	 case,	 with	 no	 measure	 of	 time	 at	 risk.	 Most	 “rates”	 reported	 for
patient	 safety	 purposes	 are	 actually	 proportions.	 For	 some	 outcomes,	 such	 as
pneumothorax	 following	 lung	 biopsy,	 a	 proportion	 may	 be	 suitable.	 But	 for
many	other	 outcomes,	 person	 time	 at	 risk	 is	 relevant	 (eg,	 ventilator-associated
pneumonia).	 In	 addition,	 the	 magnitude	 and	 direction	 of	 bias	 for	 reported
outcomes	can	be	substantial	when	data	from	a	non–randomly	selected	sample	or
the	wrong	population	(ie,	those	not	at	risk)	are	used.

There	 are	 a	 variety	 of	 endorsed	 quality	 and	 safety	 measures	 currently
available,	but	which	ones	are	best	 is	not	clear	and	will	depend	largely	on	local
factors.	 The	 cost-effectiveness	 of	 even	 the	 best	 evidence-based	 measures	 and
interventions	 is	difficult	 to	prove,	 and	 the	potential	benefits	of	 implementation
vary	depending	on	context.	The	National	Quality	Forum	measures	for	quality	in
intensive	 care	 serve	 to	 highlight	 some	 of	 the	 difficulties	 encountered.	 As	 of
October	 2015,	 the	 National	 Quality	 Forum	 had	 endorsed	 various	 ICU	 quality
measures,	 including	ICU	length	of	stay,	venous	 thromboembolism	prophylaxis,
in-hospital	mortality,	 catheter-associated	urinary	 tract	 infection,	 and	C.	difficile
infection.64	 Some	 previously	 identified	 measures	 that	 have	 been	 questioned



include	severity-standardized	average	 length	of	 stay,	ventilator	and	central	 line
bundle	compliance,	and	glycemic	control	with	intravenous	insulin.	Investigators
have	tried	through	surveys,	expert	panels,	and	literature	reviews	to	identify	the
most	useful	ICU	indicators	with	varying	results.65,66

Currently,	 there	 is	 no	 single	 commonly	 agreed-upon	 safety	 score	 card	 for
universal	use.	As	such,	the	choice	of	safety	and	quality	metrics	for	a	given	ICU
needs	to	be	driven	by	local	factors.	The	selection	process	should	consider	valid
rates,	whether	proportions	are	sufficient,	whether	the	outcomes	being	measured
are	 preventable	with	 intervention,	 potential	 bias,	 costs	 of	 implementation,	 and
strength	of	the	evidence.

INTENSIVE	CARE	UNIT	ORGANIZATION
3 	 ICU	organization	can	impact	patient	safety	and	quality.	Although	the	bulk	of
evidence	supports	 the	value	of	 intensivist-led	critical	care	units,	 it	 is	estimated
that	 a	majority	of	 critically	 ill	 patients	 in	 the	United	States	 are	not	 seen	by	an
intensivist	and	that	the	gap	between	supply	and	demand	for	intensivists	will	only
widen	 in	 the	 coming	 decades.67	 Theory	 became	 reality	 upon	 the	 start	 of	 the
COVID-19	(coronavirus	disease	2019)	pandemic,	when	a	shortage	of	intensivists
led	to	suboptimal	care	in	many	areas	across	the	nation.	Hospitals	were	forced	to
adopt	 tiered-staffing	models	 during	 surges	 because	 of	 the	 lack	 of	 fully	 trained
ICU	physicians.68,69

Current	 controversies	 of	 this	 area	 include	 (1)	 whether	 round-the-clock
intensivist	 staffing	 is	 required,	 (2)	 the	number	of	patients	 an	 intensivist	 should
oversee	care	for	at	a	given	time,	(3)	an	intensivist’s	role	within	the	hospital,	(4)
the	 role	 of	 nonphysician	 providers	 and	 nonintensivists,	 (5)	 the	 role	 and
integration	of	regional	intensive	care	centers,	and	(6)	the	effectiveness	and	role
of	telemedicine.

24/7	COVERAGE	BY	AN	INTENSIVIST
Patients	 become	 critically	 ill	 24	 hours	 a	 day,	 7	 days	 a	 week,	 suggesting	 that
having	 an	 intensivist	 present	 throughout	 the	 day	 and	 night	 is	 essential.	 In
Germany,	24/7	intensivist	coverage	is	the	rule70;	however,	this	staffing	strategy	is
less	 frequently	 employed	 elsewhere	 (3%	 of	 ICUs	 in	 the	UK,71	 8%	 to	 29%	 of
ICUs	 in	 the	United	 States,72-75	 and	 50%	 of	 ICUs	 in	 Thailand76).	 The	 evidence
base	 is	 still	 controversial	 as	 to	 whether	 continuous	 intensivist-coverage	 is



associated	with	improvements	of	patient	outcomes.	Before-after	studies	of	onsite
coverage	 overnight	 produced	 conflicting	 results.	 For	 example,	 one	 found
improvements	 of	 standardized	 mortality	 ratios	 whereas	 another	 showed	 no
difference	 of	 survival	 (albeit	 improvements	 of	 complications	 and	 shorter	 ICU
length	of	stay	were	noted).75,77-79	However,	for	some,	addition	of	such	providers
improved	 mortality	 for	 units	 with	 low	 daytime	 staffing	 intensity.79	 A	 meta-
analysis	 supported	 this	 lack	 of	 association	 of	 nighttime	 intensivists	 and
meaningful	 patient	 outcomes.47	 Other	 studies	 found	 no	 association	 with	 the
shiftwork	 model	 (including	 overnight	 onsite	 intensivist)	 and	 any	 measured
patient	 outcomes.80,81	 Despite	 this	 conflicting	 evidence,	 adoption	 of	 24/7	 ICU
coverage	 has	 increased	 throughout	 the	 United	 States.	 Presence	 of	 a	 24/7
intensivist	 has	 the	 potential	 to	 enhance	 processes	 like	 meeting	 with	 families,
assistance	with	triage,	education	of	night	teams,	supervision	of	procedures,	and
expert	consultation	outside	of	the	ICU.

INTENSIVIST-TO-PATIENT	RATIOS
Higher	 staffing	 ratios,	 whether	 nursing	 or	 physician,	 should	 theoretically
improve	 quality.	 However,	 evidence	 is	 inconsistent.	 In	 a	 single-center
observational	 study	 at	 an	 academic	 medical	 ICU	 in	 which	 intensivist	 staffing
changed	 over	 time,	 there	 was	 no	 difference	 of	 hospital	 or	 ICU	 mortality,
although	 a	 higher	 ICU	 length	 of	 stay	 was	 seen	 for	 patients	 whose	 intensivist
covered	 15	 vs	 ≤12	 beds.82	 Survey	 respondents	 reported	 increased	 time
constraints,	stress,	and	difficulties	teaching	trainees	as	patient	load	increased.83	A
prospective	 observational	 study	 of	 eight	 ICUs	 found	 that	 the	 relative	 risk	 of
death	 for	 ICU	patients	was	2.0	 (95%	confidence	 interval:	1.3-3.2)	 for	 shifts	 in
which	an	intensivist	cared	for	>14	patients.	A	multicenter	retrospective	study	of
UK	 ICUs	 found	 a	 U-shaped	 relationship	 of	 patient-to-intensivist	 ratio	 and
hospital	 mortality	 with	 optimal	 outcomes	 observed	 with	 7.5	 patients	 per
intensivist.84	The	Society	of	Critical	Care	Medicine	concluded	that	“advocating	a
specific	maximum	number	of	patients	cared	for	is	unrealistic,”	yet	cautioned	that
care	must	 be	 taken	 to	 recognize	 the	 impact	 of	 staffing	 ratios	 on	 direct	 patient
care,	 efficiency	 of	 ICU	 rounds,	 non–patient	 care-related	 activities,	 and	 trainee
education.85

INTENSIVISTS	OUTSIDE	THE	WALLS	OF	THE



ICU
Critically	 ill	patients	exist	 in	non-ICU	areas	of	 the	hospital.86,87	At	 times,	 these
patients	are	at	the	onset	of	their	critical	illness	or	awaiting	transfer	to	an	ICU—a
situation	 known	 to	 be	 associated	with	 poor	 outcomes.88,89	 A	 common	 form	 of
outreach	 is	 the	 rapid	 response	 or	medical	 emergency	 team,	which	 is	 triggered
when	a	patient	clinically	deteriorates	outside	of	the	ICU.90	These	are	becoming
increasingly	common	aspects	of	hospital	organizations.	Staffing	of	these	teams	is
inconsistent,	but	can	include	an	intensivist.91-94	The	impact	of	such	outreach	on
patient	safety	and	outcomes	 is	 inconsistent,95-98	but	 satisfaction	of	ward	staff	 is
improved.99-101

NONINTENSIVIST	PROVIDERS	IN	THE	ICU
Physician	assistants	and	nurse	practitioners	have	been	 increasingly	 involved	 in
the	 care	 of	 ICU	 patients	 over	 the	 past	 2	 decades.73,102,103	 Although	 trained
differently,	it	is	now	possible	for	both	types	of	providers	to	specialize	in	critical
care	(residency	in	critical	care	medicine	for	physician	assistants104	and	acute	care
track	for	nurse	practitioners105).	Both	providers	can	assume	similar	roles	as	part
of	an	ICU	team.	A	common	model	(and	one	examined	by	published	studies)	is
the	 substitution	 of	 a	 nonphysician	 provider	 into	 a	 supervised	 role	 traditionally
assumed	by	house	staff.	Several	studies	comparing	a	medical	 ICU	staffed	with
nonphysician	providers	to	one	staffed	with	residents,	reported	no	differences	of
outcomes,	 including	 mortality,	 length	 of	 stay,	 and	 discharge	 destination	 for
survivors.106-110

Additional	approaches	can	be	employed	to	supplement	the	medical	ICU	staff
to	 improve	 patient	 care	 and	 reduce	 medical	 errors.	 Nonintensivist	 attending
physicians	 who	 demonstrate	 interest	 can	 receive	 critical	 care	 training,	 as
provided	by	the	Society	of	Critical	Care	Medicine	and	the	Society	of	Hospitalist
Medicine.	Additionally,	emergency	medicine	residency	graduates	who	complete
a	 critical	 care	 fellowship	 can	 sit	 for	 the	 Critical	 Care	 Medicine	 board
examinations,111	 creating	 a	 new	 group	 of	 intensivists.112	 Together,	 these
approaches	 may	 lead	 to	 the	 provision	 of	 safer	 care	 and	 increase	 access	 to
qualified	critical	care	specialists.

ALTERNATIVE	STRATEGIES	FOR	DELIVERING



CRITICAL	CARE
Hospitals	 wanting	 to	 meet	 the	 standards	 of	 the	 Leapfrog	 Group
(www.leapfroggroup.org)	 are	 required	 to	 have	 intensivists	 (1)	 present	 during
daytime	 hours	 and	 exclusively	 provide	 care	 in	 the	 ICU	 and	 (2)	 able	 to	 return
pages	at	least	95%	of	the	time	within	5	minutes	when	not	on	site;	or	be	available
via	 telemedicine	 and	 arrange	 for	 an	 intensivist	 or	 physician	 extender	 to	 be
available	within	5	minutes.	Due	to	a	shortage	of	critical	care	physicians;	not	all
ICUs	can	be	staffed	to	these	standards	without	telemedicine	support.67,72,113

One	 potential	 solution	 to	 the	 critical	 care	 workforce	 shortage	 is	 the
regionalization	 of	 intensive	 care	 services	 in	 which	 high-risk	 patients	 can	 be
transferred	 to	 centers	 with	 more	 capability.114-116	 This	 is	 already	 a	 common
practice	 for	 trauma	 patients	 and	 neonates.117,118	 Higher	 hospital	 volume	 of
nonsurgical	mechanically	ventilated	and	sepsis	patients	correlates	with	improved
outcomes	 for	 each119,120	 and	 the	 effects	 of	 transport	 related	 delays	 of	 care	 on
outcomes	is	an	area	of	active	research.

It	 may	 make	 sense	 to	 centralize	 complex	 life	 support	 therapies	 such	 as
extracorporeal	membrane	oxygenation	(ECMO).	Robust	support	for	widespread
use	of	ECMO	as	a	therapy	for	severe	acute	respiratory	failure	is	lacking	despite
some	positive	results.121,122	The	call	for	ECMO	to	be	studied	and	regionalized	is
supported	 by	 mixed	 results	 using	 ECMO	 during	 the	 2009	 H1N1	 and	 the
COVID-19	 pandemics.123	 A	 recent	 meta-analysis	 demonstrated	 a	 positive
volume-outcome	 relationship.124-127	 Although	 it	 has	 been	 shown	 that	 the	 most
critically	ill,	including	those	on	ECMO,	can	be	safely	transported,	it	is	not	clear
that	regionalization	improves	outcomes.128	Strong	data	do	not	yet	exist	 to	show
mortality	benefits	for	regionalization	of	ICU	services.129	And	care	must	be	taken
to	mitigate	potential	unintended	negative	consequences	of	interhospital	transfers
on	family	members.130

Intuitively,	 ICU	 telemedicine	 should	 improve	 the	 outcomes	 of	 critically	 ill
patients,	but	like	regionalization,	it	requires	further	study.131	At	present,	there	are
some	data	 to	suggest	 that	 ICU	telemedicine	 improves	outcomes	 in	a	variety	of
settings,	whereas	no	data	exist	to	show	worsened	outcomes.132-135	The	addition	of
a	supplementary	 layer	of	 telemedicine	monitoring	has	shown	a	positive	 impact
on	ICU	mortality	and	length	of	stay,	as	well	as	adherence	to	critical	care	“best
practices.“133	Despite	demonstrated	advantages,	 ICU	 telemedicine	has	not	been
widely	adopted.	Between	2003	and	2010,	the	number	of	US	hospitals	employing
this	strategy	increased	from	0.4%	to	4.6%.	Most	of	the	expansion	was	in	the	first
4	 years	 (101%	 growth),	 after	 which	 growth	 plateaued	 at	 8.1%	 per	 year.136

http://www.leapfroggroup.org


Evaluation	in	2018	revealed	16.5%	of	US	acute	care	hospitals	used	tele-ICU137

and,	as	demand	for	critical	care	surged	with	COVID,	there	was	further	tele-ICU
expansion.138

PHYSICIAN	TRAINING	AND	DEVELOPMENT	OF
A	CULTURE	OF	SAFETY
4 	 During	 residency	 training,	 physicians	 first	 acquire	 familiarity	 with	 patient
safety.	Because	developing	a	culture	of	safety	is	essential	for	improving	patient
safety,	 resident	 training	 is	 central	 to	developing	 long-term	 solutions.	However,
the	 ICU	experience	can	be	one	 in	which	 residents	 themselves	become	a	 safety
issue.	Lack	of	supervision,	experience,	and	resident	fatigue	can	adversely	affect
patient	safety.	It	is	thus	useful	to	separate	the	issues	of	safety	into	those	related	to
proper	resident	training,	which	affects	the	culture	of	safety	in	the	long	term,	and
those	related	to	resident	performance,	which	impacts	patient	safety	in	the	short
term.

Optimal	 resident	 performance	 requires	 adequate	 rest,	 supervision,	 and
sufficient	 training.	 Deficiencies	 in	 each	 of	 these	 domains	 may	 lead	 to	 latent
medical	errors	(eg,	errors	due	to	the	design	of	the	educational	system	as	well	as
the	health	care	delivery	system).

Fatigue	 has	 been	 associated	 with	 altered	 moods,	 depression,	 anxiety,
confusion,	 anger,	 and	 most	 recently,	 impairment	 of	 clinical	 performance.139,140
However,	 trainee	 extended	 work	 hours	 and	 exhaustion	 were	 long-standing
traditions	in	medical	education	and	had	often	been	the	hallmarks	of	“excellence”
in	educational	programs	with	workweeks	of	120	hours	and	on-call	shifts	of	48
hours	 often	 standard.	 Fatigue	 and	 long	 hours
(http://www.washingtonpost.com/wp-
dyn/content/article/2006/11/24/AR2006112400985.html;141)	 resulted	 in	 duty
hour	 restrictions	 in	 1989,	 based	 on	 the	 New	 York	 State	 Bell	 Commission’s
recommendations	that	trainees	could	not	work	more	than	80	hours	per	week,	or
more	 than	24	consecutive	hours.	New	requirements	mandated	 that	more	senior
physicians	 be	 present	 in	 the	 hospital	 24/7.	 Responding	 primarily	 to	 public
pressure,	the	Accreditation	Council	for	Graduate	Medical	Education	(ACGME)
instituted	standards	that	were	similar	 to	 those	of	 the	Bell	Commission	in	2003,
with	further	restrictions	in	2011.142,143	Assumptions	were	made	that	patient	safety
and	medical	education	would	benefit	from	well-rested	house	staff.

A	 2004	 study	 found	 that	 medical	 interns	 made	 more	 serious	 errors	 in	 the

http://www.washingtonpost.com/wp-dyn/content/article/2006/11/24/AR2006112400985.html


critical	care	setting	when	working	a	“traditional”	work	schedule	compared	with
one	in	which	extended	shifts	were	eliminated	and	the	number	of	hours	worked
per	week	was	 shortened.144	 There	were	 concerns	 about	 the	 need	 for	 attending
physicians	 to	make	 decisions	 based	 on	 secondhand	 information	 from	 covering
residents.145,146	Other	studies	have	either	shown	no	benefit	or	worse	outcomes	in
institutions	with	ACGME	restrictions,147-149	A	systematic	review	by	the	ACGME
was	 inconclusive	 and	 called	 for	 further	 high-quality	 research	 into	 the	 benefits
and	 harms	 of	work	 hour	 restrictions.150	A	 survey	 of	 ICU	 directors	 and	 critical
care	 program	 directors	 (medicine,	 surgery,	 anesthesiology,	 and	 pediatrics)
supported	 the	view	 that	 the	mandated	work	hour	 restrictions	 adversely	 limited
trainee	education,	professionalism,	and	patient	care.151

Prospective	 studies	 of	 work	 hours	 for	 both	 surgical	 and	 medical	 residents
showed	 that	 restricted	versus	unrestricted	duty	hours	 resulted	 in	similar	patient
outcomes.152,153	A	2020	study	of	pediatric	 ICU	residents,	however,	 showed	 that
eliminating	extended	hours	was	 associated	with	more	 serious	 errors.154	 Further
investigation	is	clearly	warranted	given	these	discrepancies.

Previous	 paradigms	 of	 critical	 care	 education	 have	 emphasized	 knowledge
acquisition	 over	 performance.	 Common	 educational	 tools	 for	 the	 ICU	 are
teaching	at	 the	bedside	and	formal	 lectures,	but	clinical	workload	for	attending
physicians	 has	 increased,	 whereas	 resident	 availability	 for	 teaching	 has
decreased,	 partly	 because	 of	 ACGME-mandated	 changes.	 Senior	 physicians
seem	most	 open	 to	 incorporating	web-based	 learning	modules	 and	 simulations
(computer-based	and/or	with	a	mannequin).151

Simulation	 can	 train	 physicians	 in	 the	 cognitive,	 procedural,	 and	 problem-
solving	 aspects	 of	 critical	 care	 and	 has	 been	 increasingly	 used	 as	 an	 effective
training	tool.140	First	pioneered	by	Edwin	Link,	who	designed	a	flight	simulator
for	 pilots	 in	 the	 1920s,	 simulators	 are	 used	 today	 by	 all	 commercial	 airlines,
astronauts,	 the	 military,	 and	 the	 nuclear	 power	 industry.	 Medical	 simulators
frequently	incorporate	computers	and	virtual	reality	but	need	not	imply	use	of	a
computer.	 Simulators	 traditionally	 focused	 on	 cardiopulmonary	 resuscitation
models	and	heart	sounds	evaluation	but	now	also	include	mechanical	models	of
the	airway	to	teach	basic	bronchoscopy	as	well	as	simulators	with	virtual	reality
augmentation.155	 For	 critical	 care,	 tasks	 can	 be	 broadly	 grouped	 into	 cognitive
tasks	 (eg,	 management	 of	 acute	 respiratory	 failure)	 and	 hemodynamic
compromise,156	conflict	resolution,157	mechanical	procedural	tasks	(eg,	bag-valve
mask	ventilation,158	 intubation,159,160	bronchoscopy,155	 central	 line	 placement,161)
and	team	performance	tasks	(eg,	respiratory	failure	using	the	Anesthesia	Crisis
Resource	 Management	 [ACRM]	 course,162	 Advanced	 Cardiac	 Life	 Support
[ACLS]).163



The	 benefits	 of	 simulation	 training	 as	 compared	 with	 standard	 teaching
methods	 on	 real-life	 performance	 has	 been	 demonstrated	 in	 only	 a	 few
studies.152,160,164,165	However,	 there	 is	a	much	 larger	body	of	evidence	 for	which
surrogate	 outcomes	 (not	 real-life	 performance	 per	 se)	 have	 been	 used	 to
demonstrate	the	benefit	of	simulation	training	including	student	confidence160	or
performance	 on	 a	 model.158-160,163	 The	 advantages	 hypothesized	 for	 simulation
include	 safety,	 efficiency,	 and	 availability.	 Intricate	 elements	 and	 potential
complications	 of	 difficult	 procedures,	 as	 well	 as	 the	 response	 to	 equipment
malfunction,	can	be	selectively	and	repeatedly	rehearsed.	The	ability	to	provide
immediate	 feedback	and	 team	 training	 is	also	enhanced.	Employing	simulation
models	may	positively	 impact	direct	and	indirect	costs	associated	with	 training
and	educating	personnel	 through	 reduced	use	of	operating	 rooms	and	potential
reductions	 of	malpractice	 claims.	 It	 is	 anticipated	 that	 as	 the	 expense	 of	 such
equipment	 diminishes,	 simulators	will	 be	 increasingly	 adopted.	 The	American
Thoracic	Society	Skills-based	Working	Group	has	formalized	recommendations
for	using	simulation	as	an	adjunct	to	traditional	training.166

REGULATION	AND	GOVERNMENT	IMPACT	ON
PATIENT	SAFETY
5 	The	role	of	governmental	and	nongovernmental	 regulation	has	 increased	and
has	taken	on	an	international	scope.	There	have	been	many	new	regulatory	and
reimbursement	 initiatives	 originating	 from	 the	 public	 sector	 (federal	 and	 state
governments	 and	 agencies	 [eg,	 www.ahrq.com]),	 state	 and	 county	 health
departments,	purchasers,	nongovernmental	organizations	(eg,	JC,	ACGME),	and
international	 organizations	 (eg,	 World	 Health	 Organization	 [WHO]).	 The
hypothesis	 that	 significant	 mortality	 can	 be	 attributed	 to	 medical	 errors	 has
facilitated	 the	 implementation	 of	 rules	 and	 guidelines.	 Regulatory	 efforts
encompass	 rules	 and	 regulations,	 but	 also	 accreditation	 of	 organizations,
certification	of	providers,	and	 reimbursement	programs	based	on	patient	 safety
processes	and	outcomes.

CMS	 has	 adopted	 pay-for-performance	 reimbursement	 models167	 and
nonreimbursement	strategies	for	complications	of	care	related	to	specific	“never
events.”168	Some	 regulatory	 initiatives	may	 risk	causing	confusion	and	malaise
for	 health	 care	 providers	 as	 they	 attempt	 to	 comply	 with	 conflicting	 rules,
mandates,	and	guidelines,	and	thus	may	actually	become	impediments	to	patient
safety.	For	example,	national	guidelines	for	sepsis	management	incorporated	into

http://www.ahrq.com


the	CMS	 inpatient	quality	 reporting	 requirements	 (posted	on	QualityNet,	April
2015)	 spurred	 significant	 comment	 from	 the	 critical	 care	 and	 emergency
medicine	 communities,	 as	 rapid	 adjustment	 of	 guideline	 recommendations
occurred.	 As	 has	 been	 suggested,	 protocols	 that	 mandate	 certain	 physician
behaviors	 may	 adversely	 affect	 diagnosis,	 antibiotic	 choices,	 utilization	 of
invasive	procedures,	and	consumption	of	critical	care	resources.169,170

The	ACGME	 has	 included	 patient	 safety	 concerns	 for	 its	 resident	 program
accreditation	 process,	 both	 when	 mandating	 duty	 hour	 limitations	 and	 for
requiring	 the	 inclusion	of	patient	 safety	 in	educational	 curricula.	Likewise,	 the
American	 Board	 of	 Medical	 Specialties	 requires	 evidence	 of	 practice
improvement	efforts	for	maintenance	of	certification.	Regarding	organizational-
level	regulations,	the	JC	publishes	an	annual	update	of	its	national	patient	safety
goals	 in	support	of	 their	standards	for	accreditation,	which	include	ICU-related
processes	 of	 care.171	 In	 2005,	 the	 JC	 and	 Joint	Commission	 International	were
designated	by	the	WHO	as	the	first	members	of	the	WHO	Collaborating	Centre
for	Patient	Safety.	This	effort	demonstrates	the	international	intent	to	create	links
between	 key	 organizations	 and	 individuals	 with	 expertise	 in	 patient	 safety
(accrediting	bodies,	national	patient	safety	agencies,	professional	societies,	and
others).	Furthermore,	 global	 action	plan	was	 adopted	by	Seventy-fourth	World
Health	Assembly	in	2021	with	a	vision	of	“a	world	in	which	no	one	is	harmed	in
health	 care,	 and	 every	 patient	 receives	 safe	 and	 respectful	 care,	 every	 time,
everywhere.”172	 In	 addition	 to	 providing	 strategic	 direction	 for	 eliminating
avoidable	 harm	 in	 health	 care,	 the	 action	 plan	 also	 provides	 framework	 for
countries	to	develop	their	respective	national	action	plans	on	patient	safety.172

Independent,	not-for-profit	organizations,	such	as	the	Institute	for	Healthcare
Improvement	 (IHI),	 develop	 programs	 to	 accelerate	 improvement,	 stimulate
promising	 concepts,	 and	 assist	 health	 care	 organizations	 to	 implement	 new
concepts.	 The	 IHI	 has	 considerable	 influence	 on	 regulators	 with	 respect	 to
adoption	of	care	bundles	(eg,	ventilator,	central	line,	sepsis),	intensivist	staffing
models,	 and	 rapid	 response	 teams
(http://www.ihi.org/IHI/Topics/CriticalCare/IntensiveCare/Changes/IntensiveCareChangesIndex.htm
Because	 of	 the	 emphasis	 on	 rapid	 promotion	 of	 promising	 new	 interventions,
policies	are	sometimes	endorsed	ahead	of	firm	supporting	evidence.	Other	areas
of	 regulation	 include	 minimum	 nursing	 staffing	 ratios	 to	 meet	 workload
demands173	 for	Medicare-participating	 hospitals	 and	 work	 hour	 limitations	 for
nurses	 and	 residents.	 Hospitals	 have	 been	 required	 to	 implement	 specific
improvements	and	to	develop	a	program	for	quality	assessment	led	by	a	health
care	safety	officer.

http://www.ihi.org/IHI/Topics/CriticalCare/IntensiveCare/Changes/IntensiveCareChangesIndex.htm


CONCLUSIONS
Safety	 is	an	 increasingly	pressing	concern	for	 the	high-risk	environment	of	 the
ICU.	 There	 is	 ongoing	 implementation	 of	 integrated	 and	 coordinated	 systems
that	 identify	 and	 report	 patient	 safety	 problems.	 Such	 systems	 can	 improve
structure,	processes,	and	outcomes	of	care	 for	 the	 ICU.	 ICU	reporting	systems
identify	 trends	 and	 patterns	 that	 can	 facilitate	 health	 care	 improvement	 and
reduce	preventable	medical	incidents.	Because	safety	and	error	prevention	in	the
health	care	setting	compares	unfavorably	to	other	industries,	a	major	thrust	has
been	 to	 adopt	 strategies	 and	 technologies	 that	 have	 proved	 successful	 in	 other
settings	and	apply	them	to	the	ICU.	Continuing	to	establish	common	definitions
of	health	care–related	safety	concepts	as	well	as	systems	for	safety	monitoring
and	 reporting	 will	 improve	 individual	 and	 group	 capabilities,	 thus	 improving
patient	 safety.	Approaches	 that	have	been	 implemented	 in	 the	 ICU	community
include	incident	reporting,	targeted	monitoring	of	process	of	care	and	discharges,
trigger	tools	and	ICU	audits.	Integration	of	electronic	ICU	patient	data	with	non–
ICU	 patient	 data	 across	 a	 hospital’s	 computerized	 medical	 record	 may	 help
promote	 patient	 safety.	 Similarly,	 thoughtful	 hospital	 and	 ICU	 designs
emphasizing	 patient	 and	 staff	 safety	 (ie,	 placement	 of	 the	 ICU	 adjacent	 to
emergency	departments	and	surgical	suites	to	facilitate	rapid	transfer	of	unstable
patients)	and	new	informatics	systems	 that	electronically	distribute	 filtered	and
targeted	 smart	 alerts	 are	 evolving.	 Coupled	 with	 regulation	 by	 public	 sector
agencies,	 developing	 a	 culture	 of	 safety	 through	 graduate	 and	 postgraduate
medical	education	will	prove	essential	to	achieving	substantive	and	long-lasting
quality	improvement	for	critical	care.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	During	a	COVID-19	surge,	an	ICU	expands	to	include	50%	more	beds	by
utilizing	space	on	another	floor.	However,	there	is	only	a	20%	increase	in	ICU-
trained	nurse	staffing,	causing	patients	to	receive	less-than-optimal	care.	What	of
medical	error	is	this?

A. 	Active	error
B. 	Intercepted	serious	error



C. 	Latent	error
D. 	Mistake
E. 	Slip

2. 	Increased	training	on	proper	use	of	equipment	in	the	ICU	will	most	likely
decrease	which	of	error?

A. 	Active	errors
B. 	Latent	errors

3. 	The	Joint	Commission’s	patient	safety	event	taxonomy	includes	all	of	the
following	domains	EXCEPT:

A. 	Cause	(the	factors	that	led	to	the	incident)
B. 	Domain	(the	setting	of	the	incident	and	of	individual	involved)
C. 	Individual	(the	person	who	committed	the	error)
D. 	Impact	(the	outcome	or	effect	of	error)
E. 	Type	(the	processes	that	failed)

4. 	Although	there	is	conflicting	evidence	surrounding	the	impact	of	24-hour
intensivist	staffing	on	patient	outcomes,	continuous	presence	of	an	ICU-trained
physician	in	the	unit	may	enhance	processes	and	contribute	to	improved	safety.
For	example,	continuous	presence	of	an	ICU-trained	physician	overseeing
inexperienced	residents	overnight	may	help	to	reduce	preventable	adverse
events.	Which	of	the	following	is	a	preventable	adverse	event?

A. 	An	unresponsive	patient	with	unknown	past	medical	history	has	an
allergic	reaction	to	an	antibiotic
B. 	A	patient	in	the	ICU	receives	prophylactic	dose	enoxaparin	even
though	they	meet	criteria	for	full-dose	anticoagulation	and	develops	a	new
venous	thromboembolism
C. 	A	patient	undergoes	an	indicated	angiography	to	evaluate	the
coronary	arteries	and	develops	a	stroke
D. 	A	patient	undergoing	chemotherapy	earlier	in	the	week	is	admitted	to
the	ICU	for	sepsis	and	develops	severe	thrombocytopenia	from	her
infection

5. 	The	American	Thoracic	Society	(ATS)	recommends	which	of	the
following	for	enhancing	resident	education	in	the	ICU,	possibly	promoting	a
safer	culture?



A. 	Decreased	duty	hours	in	the	unit
B. 	Increased	duty	hours	in	the	unit
C. 	Increased	use	of	telemedicine	while	the	resident	is	outside	the
hospital
D. 	Regulation	of	nurse	staffing	ratios
E. 	Use	of	simulations

Answers

1.	The	correct	answer	is	C.
Rationale:	Medical	errors	can	be	classified	as	latent	or	active.	Understaffing

is	 a	 common	 ICU	 latent	 error	 (choice	C	 is	 correct	 and	 choice	A	 is	 incorrect).
Slips	 (erroneous	 behavior)	 and	 lapses	 (erroneous	memory)	 are	 types	 of	 active
errors	that	often	result	from	fatigue	or	distractions	at	the	workplace	(choice	E	is
incorrect).	Mistakes	(incorrect	choices),	such	as	choosing	the	wrong	drug	for	a
clinical	condition,	are	also	active	errors,	and	 typically	 result	 from	inexperience
or	 lack	 of	 knowledge	 or	 training	 (choice	 D	 is	 incorrect).	 Because	 less	 than
optimal	 care	 occurred,	 this	 latent	 error	 was	 not	 intercepted	 (choice	 B	 is
incorrect).

2.	The	correct	answer	is	A.
Rationale:	Training	reduces	mistakes	which	are	one	of	active	error	(choice	A

is	correct).

3.	The	correct	answer	is	C.
Rationale:	The	Joint	Commission’s	patient	safety	taxonomy	includes	Impact,

Domain,	Cause,	and	Type.	The	taxonomy	does	not	include	the	individual	(choice
C	is	the	“correct”,	wrong	answer).

4.	The	correct	answer	is	B.
Rationale:	Individuals	with	more	training	are	better	able	to	prevent	mistakes

like	 choosing	 the	wrong	 dose	 of	 enoxaparin	 (choice	B	 is	 correct).	An	 adverse
reaction	to	an	antibiotic	when	a	history	of	allergy	is	not	available,	a	stroke	that
occurs	 during	 a	 standard	 of	 care	 procedure	 and	 laboratory	 abnormalities	 that
occur	 as	 the	 result	 of	 disease	 represent	 adverse	 events	 that	 are	 not	 related	 to
medical	errors.

5.	The	correct	answer	is	E.
Rationale:	ATS	guidelines	 recommend	 the	 use	 of	 simulation	 as	 a	means	 of



providing	training	to	prevent	medical	errors.	Increased	duty	hours	could	increase
fatigue,	which	 is	 a	 cause	 of	medical	 errors	 (choice	E	 is	 incorrect).	The	 use	 of
telemedicine,	reducing	on	unit	duty	hours,	and	increasing	nursing	staffing	ratios
are	 methods	 of	 reducing	 medical	 errors,	 but	 not	 part	 of	 the	 ATS
recommendations.
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Chapter	134
Assessing	the	Impact	of	Critical	Care
Anica	C.	Law,	May	Hua,	Nandita	R.	Nadig,	Kelly	C.	Vranas

KEY	POINTS:
1.	 Critical	care	outcomes	research	evaluates	the	impact	of	ICU	care	on

various	stakeholders,	including	patients,	families,	health	systems,
and	society	at	large.

2.	 Although	mortality	is	a	common	end	point	in	critical	care	outcomes
research,	it	is	insufficient	on	its	own,	as	it	is	subject	to	multiple
confounders,	assumes	that	there	is	no	state	worse	than	death,	and
may	fail	to	account	for	patient’s	preferences	and	goals	of	care.	For
these	reasons,	it	is	important	to	consider	additional	patient-centered
outcomes	including	health-related	quality	of	life,	as	well	as
functional,	psychological,	and	cognitive	impairments	now	recognized
as	post-ICU	syndrome	(PICS).

3.	 There	is	growing	consensus	of	the	importance	of	providing	family-
centered	care	in	the	ICU.	Lack	of	family-centered	care	can
negatively	impact	patient	outcomes	and	affect	the	mental	health	of
families,	known	as	post-ICU	syndrome—family	(PICS-F).

4.	 In	the	conduct	of	outcomes	research,	observational	studies	are
traditionally	limited	by	confounding	and	bias.	However,	thoughtful
design	(eg,	considering	biases	between	study	groups);	advanced
techniques	(eg,	quasi-experimental	methods);	and	novel,	granular
data	sources	(eg,	electronic	health	records)	can	allow	investigators
to	overcome	these	obstacles	and	even	draw	causal	inferences.

5.	 Randomized	controlled	trials	are	traditionally	limited	by	resource	use,
feasibility,	ethical	constraints,	and	limited	generalizability.	However,
pragmatic	and	adaptive	trial	designs	improve	on	study	efficiency	and



generalizability.

INTRODUCTION
During	 the	 last	 four	 decades,	 critical	 care	 has	matured	 into	 a	 distinct	medical
specialty.	Sepsis,	 respiratory	 failure,	 and	 the	care	of	 complicated	postoperative
patients	 are	 now	 commonly	 perceived	 as	 the	 purview	 of	 the	 intensivist.
Concomitant	with	 this	 evolution	 of	 critical	 care	medicine	 has	 been	 a	 growing
focus	 on	 health	 care	 outcomes.	 This	 emphasis	 reflects	 the	 realization	 that
critically	 ill	 subjects	 face	 a	 high	 risk	 of	 mortality	 and	 morbidity,	 and	 that
therapies	 used	 in	 the	 intensive	 care	 unit	 (ICU)	 are	 associated	with	 substantial
costs.1,2	In	addition,	there	is	the	concern	that	ICU	interventions	may	only	delay
rather	 than	prevent	mortality,	 or	 that	mortality	 reduction	 comes	 at	 the	price	 of
significant	morbidity.

1 	Outcomes	 research	 reflects	a	 systematic	effort	 to	address	 these	 issues	and
concerns.	 According	 to	 a	 position	 statement	 on	 outcomes	 research	 in	 critical
care,	“Outcomes	research	is	employed	to	formulate	clinical	practice	guidelines,
to	 evaluate	 the	 quality	 of	 care,	 and	 to	 inform	 health	 policy	 decisions.”3	 Like
clinical	 critical	 care,	 outcomes	 research	 draws	 on	 many	 different	 tools	 and
expertise	 in	multiple	disciplines.	 Ideally,	 research	conducted	 in	 the	ICU	setting
involves	 multidisciplinary	 stakeholders	 with	 expertise	 in	 clinical	 medicine,
economics,	 psychology,	 anthropology	 (to	 understand	 patient	 and	 physician
behavior),	 epidemiology	 (to	 identify	 disease	 patterns	 and	 burdens),	 and	 health
services	research	(to	study	process).3	Rather	than	being	centered	on	a	particular
disease	 or	 a	 physiologic	 measure,	 outcomes	 research	 describes	 the	 impact	 of
interventions	 on	 several	 key	 stakeholder	 groups,	 including	 patients	 and	 their
loved	 ones,	 the	 health	 system,	 and	 society	 at	 large.	 Also,	 in	 distinction	 to
traditional	 clinical	 research,	 outcomes	 research	 attempts	 to	 facilitate	 debates
about	 competing	plans	 for	 resource	 allocation,	 research	priorities,	 and	national
health	policies.	For	these	reasons,	outcomes	research	is	now	a	key	component	of
the	 biomedical	 enterprise,	 integrating	 with	 mechanistic	 and	 clinical	 work	 in
building	the	triumvirate	of	information	needed	to	translate	research	findings	into
clinical	practice.

OUTCOMES	IN	CRITICAL	CARE	RESEARCH
“The	 success	 of	 intensive	 care	 is	 not,	 therefore,	 to	 be	 measured	 only	 by	 the



statistics	of	survival	as	if	each	death	is	a	medical	failure,	it	is	to	be	measured	by
the	quality	of	life	preserved	or	restored,	and	by	the	quality	of	dying	of	those	in
whose	interest	it	is	to	die,	and	by	the	quality	of	human	relationships	involved.”
(From	Dunstan	GR.	Hard	questions	in	intensive	care.	A	moralist	answers
questions	put	to	him	at	a	meeting	of	the	Intensive	Care	Society,	Autumn,	1984.
Anaesthesia.	1985;40(5):479–482.)
Gordon	Dunstan,	English	ethicist,	19844

Critical	care	represents	an	enormous	burden	on	the	health	care	system,	with
more	than	5	million	patients	hospitalized	annually	and	costs	approaching	1%	of
the	 gross	 domestic	 product	 in	 the	 United	 States.5,6	 Approximately	 30%	 of
Americans	 utilize	 ICU	 services	within	 30	 days	 of	 death,	 and	 this	 number	will
likely	 grow	 over	 time	 as	 the	 population	 ages	 and	 the	 demand	 for	 critical	 care
increases.7,8	 For	 these	 reasons,	 it	 is	 important	 to	 define	 and	measure	 outcomes
that	are	meaningful	to	patients,	families,	health	care	systems,	and	society	at	large
as	part	of	efforts	to	improve	the	quality	and	experience	of	ICU	care.

Since	the	advent	of	critical	care	in	the	1950s,	clinicians	and	researchers	have
focused	on	survival	from	acute	critical	illness	as	the	primary	outcome	because	it
is	patient-centered	and	easily	measured.	Over	the	subsequent	decades,	however,
practitioners	 have	 increasingly	 recognized	 that	 surviving	 acute	 critical	 illness
may	not	represent	the	best	or	sole	outcome	of	interest.	For	example,	a	growing
evidence	 base	 has	 revealed	 that	 many	 survivors	 of	 critical	 illness	 and	 their
families	 go	 on	 to	 experience	 a	 cluster	 of	 complications	 such	 as	 impaired
cognition,	mental	 health,	 and	 physical	 function,	 known	 as	 post–intensive	 care
syndromes	(PICSs).	These	findings	suggest	that	both	clinicians	and	researchers
should	consider	the	burden	of	survival	in	addition	to	the	burden	of	dying	when
developing	measures	of	meaningful	outcomes	in	the	field	of	critical	care.

Furthermore,	 the	 ICU	 represents	 an	 organizational	 innovation	 in	which	 the
sickest	 hospitalized	 patients	 are	 grouped	 into	 the	 same	 location	 in	 order	 to
benefit	from	the	expertise	of	clinicians	experienced	in	treating	critical	illness.9	A
rich	 body	 of	 evidence	 has	 emerged	 over	 recent	 decades	 demonstrating	 the
influence	 of	 ICU	 structure	 and	 processes	 of	 care	 on	 patient	 outcomes.
Understanding	 and	 measuring	 ICU	 organizational	 factors	 and	 care	 processes
associated	with	 improved	 outcomes	 are	 key	 components	 of	 efforts	 to	 improve
the	 quality	 and	 value	 of	 our	 critical	 care	 delivery	 system.	 In	 the	 following
section,	 we	 will	 discuss	 common	 and	 emerging	 critical	 care	 outcomes	 at	 the
levels	 of	 the	 patient,	 families,	 hospitals,	 and	 society,	 including	 strengths	 and
limitations	of	each	(Figure	134.1).



	

Figure	 134.1 	 Outcomes	 relevant	 to	 key	 stakeholders	 in	 critical
care.

Patient-Centered	Outcomes

Mortality
2 	With	respect	to	end	points,	mortality	remains	the	center	of	investigative	efforts
because	it	is	easily	measured	and	has	tangible	meaning	to	the	patient,	health	care
institutions,	and	society.	Historically,	 short-term	mortality	end	points	 (eg,	 ICU,
hospital,	 28-,	 60-,	 or	 90-day	 mortality)	 have	 commonly	 served	 as	 primary
outcomes	for	clinical	research	that	test	an	intervention	or	exposure	in	the	ICU.10
However,	 mortality	 is	 imperfect	 because,	 as	 a	 time-dependent	 variable,	 it	 is
subject	to	confounding	by	multiple	factors	and	may	fail	to	capture	the	value	of	a
particular	 intervention.	 Further,	 mortality	 may	 not	 always	 be	 an	 “adverse”
outcome;	 withdrawal	 of	 life-sustaining	 treatment	 and	 a	 transition	 to	 comfort-
focused	care	may	be	viewed	as	concordant	with	a	patient’s	stated	goals	of	care
and	therefore	high-quality	care.	Focusing	only	on	mortality	also	fails	to	address
the	survivor’s	quality	of	life	and	misses	the	potential	for	survival	to	be	rated	by
some	as	even	worse	than	death.

Moreover,	 limitations	 exist	 when	 using	 mortality	 as	 a	 tool	 for	 comparing
outcomes	across	different	ICUs.	Although	tracked	nearly	uniformly	among	ICUs
throughout	 the	 world,	 ICU	mortality	 is	 a	 relatively	 uninformative	 measure	 of
ICU	performance	due	to	differences	in	patient	case	mix	(eg,	differences	between
ICUs	 in	 age,	 comorbidities,	 and	 diagnoses	 and	 severities	 of	 illness	 among
admitted	patients),	 as	well	 as	admission	and	discharge	policies.11	 For	 example,
some	ICUs	serve	as	major	referral	centers	for	and	receive	multiple	transfers	from
other	hospitals.	These	patients	 tend	 to	be	sicker	or	 in	need	of	specialized	care,



thereby	potentially	 raising	 the	mortality	 rates	of	 ICUs	accepting	such	high-risk
cases.	 Similarly,	 ICUs	 using	 either	 in-hospital	 step-down	 units	 or	 outside
facilities	such	as	skilled	nursing	facilities	or	long-term	acute	care	hospitals	may
discharge	 individuals	 at	 different	 rates	 than	 ICUs	 lacking	 access	 to	 these
resources,	potentially	altering	ICU	mortality	rates	if	patients	are	transferred	out
of	the	ICU	prior	to	their	deaths.	For	these	reasons,	it	is	important	to	account	for
both	patient-level	factors	(eg,	severity	of	illness,	goals	of	care),	as	well	as	ICU
and	 hospital	 characteristics	 (eg,	 case	 mix,	 number	 of	 beds,	 presence	 of	 step-
down	 unit,	 transfer	 practices)	 when	 considering	 hospital	 mortality	 as	 a
meaningful	end	point	in	critical	care	outcomes	research.12

Severity	of	Illness	Tools
Multiple	 tools	 exist	 to	 measure	 severity	 of	 illness,	 often	 differing	 in	 which
variables	are	measured,	when	those	variables	are	measured,	and	which	outcome
they	 are	 describing	 (ie,	 ICU	 mortality	 or	 hospital	 mortality).	 The	 Acute
Physiology	 and	 Chronic	 Health	 Evaluation	 (APACHE)	 score,	 the	 Simplified
Acute	 Physiology	 Score	 (SAPS),	 the	 Sequential	 Organ	 Failure	 Assessment
(SOFA)	 score,	 and	 the	Multiple	Organ	Dysfunction	Score	 are	 commonly	 used
systems	 to	measure	 severity	 of	 illness.11,13-15	 Importantly,	 all	 severity-of-illness
scoring	systems16,17	were	developed	and	validated	on	 large	patient	populations,
which	limits	their	utility	for	individual	clinical	decision-making	at	bedside.

Additional	limitations	of	severity-of-illness	tools	include	the	need	for	regular
recalibration	 to	 reflect	 interventions	 and	 technologies	 that	 have	 improved	over
time	 and	 the	 possibility	 of	 errors	 in	 score	 calculation.18	 For	 example,	 the
APACHE	 system	 is	 now	 on	 its	 fourth	 revision	 (APACHE	 IVa).	 Compared	 to
APACHE	II,	APACHE	IVa	is	significantly	improved	in	terms	of	the	explanatory
power19	yet	 remains	proprietary	and	subject	 to	purchase.	For	 this	reason,	many
critical	care	researchers	have	adopted	the	APACHE	II	approach,	as	its	equations
are	 published	 and	 freely	 available.	 However,	 in	 one	 study,	 APACHE	 II	 was
noted	to	have	strikingly	poor	interrater	agreement	(κ	=	0.20).20	Assessment	of	the
Glasgow	 Coma	 Score,	 a	 key	 component	 of	 severity-of-illness	 scores,	 is	 a
common	source	of	variability	since	it	may	be	confounded	by	the	use	of	sedation
among	 critically	 ill	 patients.	 For	 these	 reasons,	 researchers	 and	 administrators
alike	 should	 use	 caution	 when	 employing	 older	 severity-of-illness	 tools	 to
compute	predicted	mortalities	among	more	recent	populations	or	across	ICUs.

Days	Alive	and	Without	Organ	Failure



Due	to	the	limitations	of	mortality	described	earlier,	researchers	are	increasingly
using	 the	 concept	 of	 organ	 failure–free	 days	 as	 a	 meaningful	 outcome
measure,1,10	acknowledging	that	some	interventions	may	still	be	beneficial	even
if	 they	 do	 not	 reduce	 short-term	 mortality.	 Because	 this	 outcome	 is	 organ
system-specific	rather	than	based	on	the	patient’s	location	of	care,	it	can	capture
morbidity	 that	 transpires	outside	 the	 ICU	(eg,	 the	need	 for	continued	dialysis).
This	 organ	 failure–free	day	paradigm	can	 also	 account	 for	 shifts	 in	 a	 patient’s
clinical	 status	 that	 might	 not	 be	 measured	 accurately	 if	 a	 researcher	 only
recorded	 mortality	 (eg,	 the	 need	 for	 reintubation).	 Additionally,	 the	 organ
failure–free	 day	 paradigm	 allows	 one	 to	 capture	 the	 effect	 of	 interventions	 on
markers	of	resource	utilization	and	cost.	Differences	in	interventions	such	as	the
use	 of	 mechanical	 ventilation,	 dialysis,	 and	 vasopressors	 have	 important
implications	 for	 patients	 as	well	 as	 health	 care	 institutions,	 third-party	 payers,
and	policy	makers.

The	 evidence	 base	 describing	 management	 of	 sepsis	 offers	 an	 illustrative
example.	 Multiple	 randomized	 controlled	 trials	 (RCTs)	 in	 septic	 shock	 using
mortality	as	the	primary	end	point	have	virtually	all	been	negative,21	but	 recent
evidence	has	shown	that	the	degree	of	acute	organ	dysfunction	among	survivors
of	 septic	 shock	 is	 associated	 with	 1-	 and	 5-year	 mortality.22	 Specifically,	 a
reexamination	of	three	RCTs	of	vasopressors	used	in	septic	shock—all	of	which
did	 not	 show	 differences	 in	 mortality—found	 significant	 differences	 between
treatment	groups	in	days	alive	and	free	of	vasopressors,	mechanical	ventilation,
and	 renal	 replacement	 therapy.23	 These	 findings	 suggest	 that	 days	 alive	 and
without	 organ	 failure	 as	 a	 primary	 end	 point	 provides	 some	 advantages	 over
mortality	 when	 studying	 ICU	 specific	 syndromes	 and	 effectiveness	 of
interventions.10	However,	methods	used	to	calculate	organ	failure–free	days	vary
substantially	across	studies	and	clinical	syndromes.23-26

Finally,	when	 considering	 the	 use	 organ	 failure–free	 days	 as	 a	 critical	 care
outcome,	 it	 is	 important	 to	consider	 the	following	question:	Is	 it	appropriate	 to
pool	 the	 outcome	 of	 death	 with	 that	 of	 surviving	 but	 requiring	 28	 days	 of
mechanical	 ventilation?	 The	 fundamental	 struggle	 in	 this	 question	 illustrates
why	organ	failure–free	days	can	only	be	used	as	an	adjunct	to	other	measures	of
outcomes	 in	 critical	 care.	 It	 is	 unclear	 whether	 organ	 failures	 correlate	 with
meaningful	 clinical	 outcomes	 or	 if	 surviving	 28	 days	 on	 a	 ventilator	 with	 a
respiratory	organ	failure	is	comparable	with	death.	Furthermore,	as	an	outcome,
organ	failure–free	days	may	not	apply	to	all	ICU	patients	since	not	all	of	 them
will	receive	life-sustaining	treatments.	Future	work	is	needed	to	develop	metrics
that	 incorporate	 organ	 failure–free	 days	with	mortality	 into	 a	 form	 of	 quality-
adjusted	survival	measure.	At	present,	the	concept	of	the	organ	failure–free	day



is	 often	 recorded	 as	 a	 secondary	 end	 point	 in	 trials	 of	 dealing	 with	 sepsis,
pneumonia,	and	respiratory	failure.	Because	of	the	issues	noted	here,	it	generally
is	not	considered	sufficiently	robust	to	serve	as	a	primary	end	point	on	its	own.

ICU	Length	of	Stay
ICU	length	of	stay	is	a	common	outcome	measure	used	to	indicate	resource	use
and	quality	of	care.27	It	is	easily	measured	via	electronic	health	records	(EHRs)
and	 is	 relevant	 to	 all	 ICU	 patients	 regardless	 of	 whether	 they	 require	 life-
sustaining	 treatment	 (as	 opposed	 to	 the	 outcome	 of	 organ	 failure–free	 days).28
Additionally,	it	provides	statistical	efficiency	as	a	continuous	outcome,29	making
it	 a	 potentially	 valuable	 metric	 of	 effectiveness	 that	 can	 be	 compared	 across
critical	 care	 studies.27	 However,	 because	many	 critically	 ill	 patients	 die	 in	 the
ICU,	it	may	be	difficult	 to	disentangle	 treatment	effects	on	length	of	stay	from
effects	 on	 mortality.30	 For	 example,	 a	 reduction	 in	 length	 of	 stay	 could	 be
achieved	 either	 by	 helping	 survivors	 recover	 faster,	 or	 by	 shortening
nonsurvivors’	lives.	To	address	this,	investigators	have	developed	novel	methods
that	combine	 ICU	 length	of	 stay	and	death	 into	a	composite	outcome	metric.30
Similarly,	the	timing	of	ICU	discharge	may	be	influenced	by	factors	independent
of	patients’	illnesses	or	the	interventions	they	receive,31	such	as	bed	availability,
clinical	 rounding	 schedules,	 and	 transfers	 to	 long-term	care	 facilities.	Defining
length	of	stay	as	the	time	between	admission	to	discharge	readiness	as	opposed
to	time	of	ICU	discharge	addresses	some	of	these	concerns,	but	fewer	than	5%	of
published	ICU-based	RCTs	in	the	modern	era	have	utilized	this	approach.27

Days	Spent	at	Home
Although	 length	of	stay	 is	a	common	outcome	 in	critical	care	 research,	 it	only
accounts	 for	 time	 spent	 in	 an	 acute	 care	 hospital.	 Many	 survivors	 of	 critical
illness	are	transferred	to	post–acute	care	facilities,	yet	most	patients	would	rather
be	at	home	than	in	health	care	facilities,	particularly	at	the	end	of	life.32	To	better
measure	 this,	 “days	 at	 home”	 has	 been	 proposed	 as	 an	 outcome	measure	 that
captures	 several	 important	 aspects	 of	 patient	 care	 including	 hospital	 length	 of
stay,	 readmissions,	 and	 death	 all	 together	 in	 one	 patient-centered	 outcome.12,33
For	example,	one	study	demonstrated	the	mean	number	of	days	spent	at	home	by
Medicare	 beneficiaries	 who	 died	 over	 a	 2-year	 period	 by	 hospital	 referral
regions.	 This	 study	 defined	 the	 outcome	 of	 “Days	 at	 Home	 during	 the	 Last
6	Months	of	Life”	as	180	days	minus	the	number	of	 inpatient	days	in	an	acute
care	 facility,	 an	 inpatient	 rehabilitation	 facility,	 a	 skilled	nursing	 facility,	 or	 an



inpatient	 hospice	 unit.33	 In	 this	 way,	 “Days	 at	 Home”	 represents	 a	 patient-
centered	 outcome	 that	 can	 help	 inform	 efforts	 to	 redesign	 our	 critical	 care
delivery	 system	 to	 be	 higher	 value	 and	 better	 reflect	 patients’	 goals	 and
preferences.

Long-Term	Outcomes	for	Survivors	of	Critical	Illness
2 	 In	recent	years,	 impairments	experienced	by	survivors	of	critical	 illness	have
been	recognized	as	its	own	entity	known	as	post-ICU	syndrome	(PICS).	PICS	is
characterized	 by	 new	 or	 worsening	 physical	 (neuromuscular	 weakness	 and
reduced	autonomy	for	activities	of	daily	living),	mental	(anxiety,	depression,	or
posttraumatic	 stress	 disorder),	 and	 neurocognitive	 disorders	 that	 negatively
affect	 daily	 functioning	 and	 quality	 of	 life	 in	 survivors	 of	 critical	 illness.34,35
Nearly	60%	of	ICU	survivors	experience	a	new,	enduring	impairment	in	one	or
more	of	these	domains,	and	nearly	one	quarter	of	these	patients	experience	two
or	more	impairments	at	1	year	after	hospitalization.36,37

Substantial	 heterogeneity	 exists	 among	 survivors	 of	 critical	 illness	 with
regard	 to	 the	 intensity	 and	 duration	 of	 PICS.34	 For	 this	 reason,	 “PICS”	 is
considered	an	umbrella	term	that	may	also	include	other	conditions	such	as	sleep
disorders,	 persistent	 pain,	 and	 endocrine	 or	 metabolic	 disorders.34,38,39
Additionally,	the	timeline	and	extent	of	recovery	following	ICU	admission	vary
greatly	between	patients	and	depend	 in	part	on	a	patient’s	pre-ICU	status.34	To
date,	no	validated	 tools	exist	 to	estimate	potential	 for	recovery,	and	 there	 is	no
clearly	 defined	 timeline	 in	 relation	 to	 PICS.	 For	 these	 reasons,	 assessing,
reproducing,	and	interpreting	research	focused	on	PICS	can	be	challenging	and
represents	 an	 important	 knowledge	 gap	 in	 the	 field	 of	 long-term	 outcomes
among	critical	illness	survivors.

With	these	limitations	in	mind,	a	variety	of	 tools	exist	 to	estimate	outcomes
across	the	three	key	domains	of	PICS	(ie,	physical,	cognitive,	and	psychiatric).
Persistent	ICU-acquired	muscle	weakness	is	a	common	component	of	PICS	and
is	 characterized	 by	 loss	 of	 both	 muscle	 mass	 and	 function	 due	 to	 combined
myopathy	and	polyneuropathy.34	Evaluation	should	be	initiated	while	the	patient
is	still	in	the	ICU	by	medical	professionals	trained	in	the	identification	of	ICU-
acquired	 weakness	 (eg,	 physical	 or	 occupational	 therapists).40	 Formal
electromyography	and	nerve	conduction	studies	can	confirm	 the	diagnosis,	but
are	often	unnecessary	as	 they	do	not	change	management.	Pulmonary	 function
tests	(including	spirometry,	lung	volumes,	diffusing	capacity)	can	be	performed
in	 select	 populations	 to	 formally	 assess	 lung	 function.	 Additionally,	 the
functional	status	of	ICU	survivors	can	be	estimated	using	the	6-minute	walk	test



and	 ADL	 (Activities	 of	 Daily	 Living)	 system.41	 ADL	 assessments	 are	 widely
familiar	 to	 clinicians	 and	 easy	 to	 implement,	 although	 their	 applicability	 to
critical	care	has	been	questioned	since	they	were	developed	specifically	for	the
elderly	and	therefore	may	not	apply	to	young	survivors	of	critical	illness.41

Cognitive	 impairment	 following	 critical	 illness	 is	 important	 because	 it	may
portend	difficulties	with	future	employment	and	return	to	work.	Evaluations	for
cognitive	impairment	are	typically	performed	at	the	time	of	hospital	discharge	or
in	the	post–acute	care	setting.	Validated	tests	to	screen	for	cognitive	impairment
include	the	Montreal	Cognitive	Assessment	(MoCa),	the	Modified	Mini-Mental
State	Examination	(MMSE),	and	the	Mini-Cog.	Although	the	MMSE	and	Mini-
Cog	 are	 best	 studied	 in	 the	 general	 population,	 the	 Society	 of	 Critical	 Care
Medicine	 recommends	use	of	MoCA	 for	 evaluation	of	 patients	with	 suspected
cognitive	impairment	following	critical	illness	because	it	tests	executive	function
abilities	and	is	a	more	sensitive	test	for	mild	cognitive	impairment.37,42

Finally,	 critical	 illness	 survivors	 should	 undergo	 formal	 mental	 health
screening	 to	 identify	 symptoms	 consistent	 with	 depression,	 anxiety,	 and/or
posttraumatic	stress	disorder.37	Although	no	screening	tests	have	been	validated
specifically	for	use	in	PICS,	a	number	of	tools	validated	in	other	populations	are
recommended	by	the	Society	of	Critical	Care	Medicine	for	use	in	critical	illness
survivors.	 The	 single	 item	 Hospital	 Anxiety	 and	 Depression	 Scale,	 the	 Beck
Depression	 Inventory,	and	 the	Beck	Anxiety	 Inventory	are	 instruments	used	 to
assess	 for	 symptoms	of	anxiety	and	depression.43,44	Additionally,	clinicians	can
use	the	Impact	of	Events	Scale-Revised	and	the	six-item	Impact	of	Event	Scale
to	screen	for	PTSD	symptoms.44,45	Finally,	the	36-item	Short	Form	Survey	(SF-
36)	developed	as	part	of	 the	RAND	Corporation’s	multiyear,	multisite	study	of
patient	 outcomes	 has	 been	 studied	 as	 a	 possible	 indicator	 of	 general	 mental
health	among	survivors	of	acute	respiratory	failure.46-48

Quality	of	Life
A	growing	body	of	evidence	has	demonstrated	that	quality	of	life	is	significantly
lower	 among	 survivors	 of	 critical	 illness	 and	 their	 family	members,	 and	 often
does	not	return	to	baseline	following	critical	illness.	A	systematic	review	of	53
studies	 found	 that	 ICU	 survivors	 consistently	 reported	 lower	 quality	 of	 life
compared	 with	 age-and	 gender-matched	 controls.49,50	 Interestingly,	 reduced
quality	 of	 life	 is	 often	 driven	 by	 impairment	 in	 the	 physical	 functioning,51	 but
prior	 studies	have	 found	no	 correlation	between	 the	 extent	of	 the	 limitation	of
quality	of	life	and	either	severity	of	illness	at	ICU	admission	or	the	duration	of
stay	in	the	ICU.52



Estimating	quality	of	life	poses	several	unique	challenges.	First,	it	is	difficult
to	determine	both	the	validity	and	reliability	of	quality-of-life	measures.	Second,
determination	of	quality	of	life	is	inherently	subjective	and	may	be	affected	both
by	those	answering	the	questions	and	how	they	are	asked.53	Generally	speaking,
quality	of	life	is	measured	using	a	survey	that	asks	about	certain	aspects	of	life,
including	 pain	 and	 impairment,	 functional	 status,	 social	 role,	 satisfaction,	 and
death	(as	death	may	be	viewed	by	some	as	worse	than	surviving).54	Quality-of-
life	scales	may	be	either	generic	or	disease-specific.	Generic	scales,	such	as	the
Sickness	Impact	Profile	or	the	SF-36	(described	earlier),	have	been	developed	in
large	diverse	populations	so	that	normal	values	are	available.54	Using	these	types
of	 instruments	 allows	 comparisons	 across	 multiple	 disease	 states	 and	 various
populations.	Disease-specific	 instruments,	 such	as	 the	St.	George’s	Respiratory
Disease	Questionnaire,	may	be	better	calibrated	 to	detect	changes	over	 time	as
they	 focus	 on	 only	 one	 disease	 state	 or	 organ	 system.	 These	 disease-specific
measures	 are	 also	 focused	 on	 aspects	 of	 quality	 of	 life	 that	 may	 be	 of	 most
concern	 to	 that	 specific	 group	 of	 patients.	 In	 other	 words,	 there	 is	 a	 tradeoff
among	rubrics	between	generalizability	and	resolution.	One	systematic	review	of
quality-of-life	 studies	 concluded:	 “There	 is	 no	 agreement	 as	 to	 the	 optimal
instrument	 and	 (that)	 differences	 between	 studies	 preclude	 meaningful
comparisons	or	pooling	of	results.”55

Family-Centered	Outcomes
3 	The	American	Medical	Association56	and	the	Agency	for	Healthcare	Research
and	Quality57	have	both	recognized	the	 importance	of	family-centered	care	and
acknowledged	 the	 interdependence	 of	 patients	 and	 family	 members	 during
illness.	In	the	ICU	setting,	it	is	especially	important	to	focus	on	the	needs	of	the
families	who	are	often	surrogate	decision	makers	 for	critically	 ill	patients	who
cannot	 make	 decisions	 for	 themselves.	 It	 is	 now	 accepted	 that	 families	 and
surrogate	decision	makers	of	ICU	patients	may	experience	psychological	distress
including	anxiety,	depression,	and	posttraumatic	stress.58,59	 Furthermore,	 family
members	 suffer	 long-term	 effects	 that	 may	 last	 for	 years—a	 constellation	 of
symptoms	 referred	 to	 as	 post–intensive	 care	 syndrome—family	 (PICS-F).35	 In
recognition	 of	 this	 syndrome,	 the	 Society	 of	 Critical	 Care	 Medicine	 has
recommended	five	evidence-based	strategies	for	delivering	family-centered	care
including	(1)	family	presence	in	the	ICU;	(2)	family	support	 though	education;
(3)	 routine/structured	 communication	 through	 family	 meetings;	 (4)	 proactive
consultations	 by	 palliative	 care,	 social	 workers,	 spiritual/family	 navigators,	 or
ethicists;	and,	 lastly,	 (5)	optimizing	operational	 factors	and	provision	of	 family



resources	for	rest	and	sleep.
Evaluating	 family-centered	 outcomes	 can	 be	 challenging	 since	 survey

instruments	used	to	measure	them	vary	in	reliability,	validity	and	psychometric
properties.60	 A	 universal	 instrument	 is	 impractical	 as	 outcomes	 assessed	 are
heterogeneous	and	based	on	goal,	context	and	the	population	being	studied.	For
example,	 studies	 evaluating	 family	 satisfaction	 as	 an	 outcome	 measure	 have
used	the	Critical	Care	Family	Needs	Inventory	and	the	Family	Satisfaction	in	the
Intensive	Care	Unit	as	survey	instruments.60-62	Studies	evaluating	psychological
distress	most	commonly	have	used	 the	Hospital	Anxiety	and	Depression	Scale
and	the	Impact	of	Event	Scale	up	to	3	to	6	months	post	ICU	stay.63-65

Various	 interventions	 aimed	 at	 improving	 family-centered	 outcomes	 have
been	evaluated	in	recent	years,	including	informational	leaflets,66	 ICU	diaries,65
structured	 family	 meetings,67	 proactive	 palliative	 care/spiritual/social	 work
consultations,68,69	 as	 well	 as	 having	 trained	 communication	 navigators	 in	 the
ICU.70	These	studies	have	captured	a	host	of	family-oriented	outcomes	ranging
from	 quality	 of	 communication,	 therapeutic	 alliance,	 anxiety,	 depression,	 and
posttraumatic	 stress,	 in	 addition	 to	 patient	 mortality,	 morbidity,	 and	 resource
utilization	 outcomes.63,71	 Hence,	 while	 there	 is	 widespread	 acknowledgment
about	the	burdens	on	families	of	ICU	patients	and	the	need	to	measure	family-
centered	 outcomes,	 there	 is	 still	 uncertainty	 on	 which	 outcomes	 are	 most
meaningful	to	families.

ICU	and	Hospital	Performance	Outcomes

ICU	Performance	Assessment	Using	Adherence	to
Evidence-Based	Practices
It	 is	 important	 to	 identify	 mechanisms	 that	 enable	 high-performing	 ICUs	 to
achieve	better	outcomes	compared	to	lower-performing	ICUs	as	part	of	efforts	to
improve	 the	 quality	 of	 care	 for	 ICU	 patients	 with	 different	 risk	 profiles	 and
across	 a	 variety	 of	 hospital	 settings.	 One	 potential	 mechanism	 that	 drives
performance	may	be	more	effective	implementation	of	evidence-based	practices
and	 processes	 of	 care	 that	 have	 been	 associated	 with	 improved	 clinical
outcomes.	These	practices	may	 include	venous	 thromboembolism	and/or	 stress
ulcer	 prophylaxis	 among	 high-risk	 ICU	 patients,72-74	 avoidance	 of	 liberal
transfusion	practices	among	nonbleeding	patients,75	and	avoidance	of	sustained
hyperglycemia	 in	 certain	 populations.76-79	 Furthermore,	 a	 growing	 body	 of
literature	has	emerged	linking	ICU	organizational	factors	and	protocols	to	patient



outcomes.	 For	 example,	 observational	 studies	 have	 demonstrated	 that	 higher
nurse-to-patient	ratio,	involvement	of	intensivists	in	the	care	of	all	ICU	patients,
daily	checklists,	and	the	use	of	daily	interprofessional	rounds	are	associated	with
improved	 outcomes.80-83	 RCTs	 have	 demonstrated	 mortality	 benefit	 from
implementation	 of	 clinical	 protocols	 used	 to	 guide	 lung	 protective	 ventilation
strategies,	sedation	weaning,	and	ventilator	liberation.84-87

However,	adoption	of	these	evidence-based	practices	across	ICUs	is	variable
and	 incomplete.84	 For	 example,	 low	 tidal	 volume	 ventilation	 has	 been	 the
standard	 of	 care	 for	 patients	 hospitalized	 with	 acute	 respiratory	 distress
syndrome	 (ARDS)	 for	 approximately	 20	 years,	 and	 yet	 remains	 incompletely
implemented	 for	 these	 patients.85,88	 Reasons	 for	 the	 incomplete	 adoption	 of
evidence-based	 practices	 are	 unclear,	 but	 may	 include	 high	 costs	 of
implementation,	 as	 well	 as	 lack	 of	 leadership	 and/or	 accountability.
Alternatively,	 improved	adherence	 to	evidence-based	practices	may	represent	a
signal	 of	 high-quality	 care	 that	 is	 otherwise	 unmeasured,	 such	 as	 care
coordination	 and	 local	 infrastructure	 for	 quality	 improvement.89,90	 For	 these
reasons,	 it	 is	 important	 to	 use	 multiple	 performance	 measures	 to	 assess	 ICU
quality,	 including	 structure,	 process,	 and	outcomes.	Future	work	 should	 utilize
implementation	science	frameworks	to	better	understand	barriers	and	facilitators
to	 the	 adherence	 of	 ICUs	 to	 evidence-based	 practices	 as	 part	 of	 efforts	 to
improve	patient	outcomes.

Hospital	Performance	Assessment	Using	Standardized
Mortality	Ratio
Mortality	 prediction	 equations	 using	 severity-of-illness	 tools	 described	 earlier
can	 also	 result	 in	 calculation	 of	 a	 standardized	 mortality	 ratio	 (SMR),	 which
divides	 the	 observed	mortality	 rate	 to	 the	 predicted	mortality.11	 Ratios	 greater
than	1	 suggest	 excess	mortality,	 indicating	 an	 ICU	has	 inferior	 outcomes	 after
adjusting	for	severity-of-illness	case	mix	(ie,	more	patients	died	than	one	might
expect	based	on	their	predicted	mortality).	On	the	other	hand,	SMR	of	less	than
1	implies	enhanced	survivorship	(eg,	fewer	patients	died	than	one	might	expect
based	on	their	predicted	mortality).

When	 comparing	 hospitals’	 performances,	 it	 is	 important	 to	 recognize
limitations	 inherent	 in	 SMR	 calculations.	 As	 they	 rely	 on	 severity-of-illness
scoring	 systems	 to	 calculate	 predicted	mortality	 (the	 SMR	 denominator),	 they
are	subject	to	limitations	of	these	scores,	including	imprecision	and	the	inability
to	fully	capture	some	aspects	of	disease	severity	or	other	case-mix	issues.	In	fact,
a	key	limitation	of	the	SMR	rests	on	whether	mortality	is	measured	at	the	ICU



level	or	at	hospital	discharge.	Calculating	the	SMR	for	the	entire	hospitalization
with	a	tool	designed	only	to	look	at	ICU	mortality	can	lead	one	to	reach	faulty
conclusions.	 Additionally,	 the	 SMR	 can	 be	 affected	 by	 the	 quality	 of	 data
collection	and	sample	size.	If	the	data	collected	are	biased,	then	the	calculations
of	predicted	mortality	may	be	incorrect.	Likewise,	if	the	sample	size	is	small,	the
estimated	confidence	intervals	around	the	SMR	may	be	so	wide	as	to	reinforce
the	notion	that	the	ICU	in	question	is	performing	as	predicted	when,	in	fact,	this
may	 not	 be	 the	 case.	 Finally,	 there	 is	 discordance	 in	 the	 published	 literature
regarding	 if	 and	 how	 well	 the	 SMR	 correlates	 with	 other	 markers	 of	 ICU
quality.11

Although	policy	makers,	third-party	payers,	and	patients	often	utilize	SMR	to
define	 “high-performing”	versus	 “low-performing”	hospitals,	 it	 is	 important	 to
recognize	 that	differences	 in	SMR	across	 institutions	do	not	necessarily	 reflect
true	differences	in	quality	and	performance	for	reasons	discussed	earlier.	Instead,
multiple	 measures	 beyond	 the	 SMR	 should	 be	 used	 to	 describe	 qualitative
differences	 in	 ICUs.	 Perhaps	 the	most	 useful	 application	 of	 SMR	 is	 to	 assess
interventions	 within	 an	 ICU	 or	 group	 of	 relatively	 homogenous	 ICUs	 over
time.11	If	one	ICU	has	historical	data	about	its	case	mix	and	performance,	it	can
then	 track	 over	 time	 how	 the	 SMR	 varies	 in	 response	 to	 interventions.	 By
identifying	these	trends	and	investigating	them,	ICU	staff	and	administrators	can
elucidate	potentially	harmful	or	helpful	changes	that	have	transpired	and	attempt
to	address	them.

Societal	Outcomes
Amid	 the	 strain	 placed	 on	 the	 critical	 care	 delivery	 system	worldwide	 by	 the
recent	 COVID-19	 (coronavirus	 disease	 2019)	 pandemic,	 it	 is	 important	 for
critical	care	researchers	to	consider	how	care	delivered	in	the	ICU	affects	society
at	large,	including	financial	burdens	associated	with	ICU	care.	The	ICU	remains
a	 major	 driver	 of	 health	 care	 costs,	 and	 demand	 for	 the	 ICU	 is	 expected	 to
increase	in	the	near	future	due	to	the	aging	population.	For	example,	during	the
next	 several	decades,	 the	 incidence	of	 severe	 sepsis	and	 septic	 shock	has	been
projected	to	rise	by	30%.91

Approximately	 2	 decades	 ago,	 ICU	 costs	 accounted	 for	 nearly	 1%	 of	 the
nation’s	gross	domestic	product.92	Since	 then,	critical	care	medicine	has	grown
significantly.	 Between	 2000	 and	 2010,	 the	 number	 of	 ICU	 beds	 increased	 by
17.8%	(88,235-103,900),	well-outpacing	the	growth	of	traditional	hospital	beds.
In	the	same	time	period,	expenditures	on	critical	care	in	the	United	States	nearly
doubled,	 from	 $56	 billion	 to	 $108	 billion,	 reflecting	 not	 just	 the	 growth	 in



number	of	ICU	beds,	but	also	the	increase	in	average	cost	per	day	of	ICU	care,
almost	doubling	from	$2669	to	$4300	per	day	between	2000	and	2010.93	Caring
for	 mechanically	 ventilated	 patients	 is	 particularly	 expensive,	 with	 costs
exceeding	$10,000	per	day	(as	of	2002)	on	the	first	day	of	ventilation.94

Historically,	a	physician’s	role	has	been	to	make	recommendations	based	on
the	best	available	medical	evidence	and	ethical	standards,	while	considering	the
patient’s	unique	health	needs,	values,	and	preferences.	More	recently,	physicians
have	had	to	consider	the	societal	perspective,	and	provide	(often	expensive)	care
necessary	for	the	individual	patient,	while	also	being	mindful	to	efficiently	and
equitably	 utilize	 resources.	 For	 example,	 recent	 literature	 has	 increasingly
highlighted	disparities	in	critical	care,	finding	inferior	outcomes	among	patients
with	acute	 respiratory	failure	at	safety	net	hospitals,95	and	among	patients	with
sepsis	 at	 hospitals	 caring	 for	 a	 disproportionately	 high	 number	 of	minorities.96
The	need	to	appreciate	the	economic	and	equitable	aspects	of	care	is	even	more
acute	 now	 in	 the	 United	 States	 since	 the	 Centers	 for	 Medicare	 &	 Medicaid
Services	 has	 shifted	 its	 focus	 to	 quality	 of	 care	 rather	 than	 volume	 for
reimbursement	purposes,	known	as	the	value-based	purchasing	program.97

METHODS	IN	OUTCOMES	RESEARCH
Methods	 used	 in	 outcomes	 research	 are	 as	 wide-ranging	 as	 the	 outcomes	 of
interest.	Traditionally	rooted	in	a	quantitative,	observational	approach,	outcomes
research	 can	 increasingly	 be	 qualitative	 or	 interventional	 in	 nature.	 Further,
statistical	 tools	 used	 in	 outcomes	 research	 have	 diversified	 in	 the	 last	 decade,
borrowing	 inferential,	 quasi-experimental	 techniques	 from	 social	 sciences	 and
adopting	 machine-learning	 strategies.	 Likewise,	 outcomes	 research	 can	 derive
evidence	 from	 sources	 as	 diverse	 as	 prospectively	 collected	 clinical	 trial	 data,
large	administrative	claims	databases,	 the	EHR,	surveys,	 interviews,	and	more.
All	methods	 and	 data	 sources	 have	 advantages	 and	 limitations,	with	 regard	 to
feasibility,	and	 internal	and	external	validity	 (Figure	134.2).	The	field	 requires
complementary	studies	of	all	types,	as	certain	study	designs	are	more	suitable	for
answering	 certain	 questions.	 Observational	 studies	 can	 efficiently	 provide
population-level	 insights	 into	 disease	 prevalence,	 long-term	 outcomes,	 and
practice	pattern	variation	but	need	to	be	analyzed	carefully	to	ensure	lack	of	bias
and	valid	conclusions.	RCTs	produce	unbiased	estimates	of	treatment	effects	on
outcomes	 but	 often	 take	more	 time	 and	 resources	 to	 conduct	 and	 can	 be	 less
generalizable.	 Additionally,	 implementation	 science	 and	 mixed-methods
approaches	 that	 combine	 quantitative	 methods	 with	 qualitative	 methods	 are



increasingly	 used	 to	 better	 understand	 how	 interventions	 may	 or	 may	 not
succeed	when	they	are	broadly	disseminated	in	clinical	practice.

	

Figure	 134.2 	 Strengths	 and	 limitations	 of	 common	 quantitative
study	designs	in	outcomes	research.Qualitative	methods	can	be	used
to	complement	any	of	quantitative	study.	RCT,	randomized	controlled
trial.(Courtesy	of	Allan	J.	Walkey,	MD.)

Observational	Studies
4 	 Observational	 studies	 form	 the	 foundation	 for	 outcomes	 research	 in	 critical
care.	Via	 either	 the	 collection	 of	 primary	 data	 (prospective)	 or	 the	 analysis	 of
secondary	 data	 (retrospective),	 observational	 studies	 seek	 to	 describe
epidemiologic	 patterns	 and	 identify	 associations	 between	 exposures	 (eg,	 risk
factors,	 medical	 intervention)	 and	 outcomes	 of	 interest	 (eg,	 development	 of
disease,	 improvement	 in	 quality	 of	 life).	 Observational	 studies	 are	 especially
useful	 in	 scenarios	 where	 either	 the	 exposure	 or	 outcome	 are	 rare	 or	 slow	 to
develop,	 or	 when	 randomization/trial	 enrollment	 is	 prohibitively	 expensive,
difficult,	or	unethical.	For	example,	it	may	be	difficult	or	considered	unethical	to
enroll	participants	in	studies	that	attempt	to	withhold	interventions	presumed	by
some	 to	 be	 beneficial	 (eg,	 transfusions,	 high-dose	 oxygen,	 increased	 nurse
staffing).	 Of	 the	 various	 types	 of	 observational	 studies	 (eg,	 case	 series,	 case-
control,	 cross-sectional,	 and	 cohort),	 cross-sectional	 and	 cohort	 studies	 are
particularly	important	in	critical	care	outcomes.

A	cross-sectional	design	has	the	advantage	of	looking	at	one	precise	time	or
over	a	short	period	of	time	at	a	specific	disease	and/or	practice.	This	snapshot-in-
time	approach	can	provide	important	insight	into	prevalence	of	disease	states	as
well	 as	 characterize	 variation	 in	 practice	 patterns,	 which	 may	 provide	 a
benchmark	 for	 use	 in	 future	 comparisons.	 For	 example,	 a	 1-day	 international
survey	of	 ICUs	demonstrated	 the	burden	of	 respiratory	 failure	 relative	 to	other
diseases	treated	in	the	ICU	and	also	documented	the	wide	range	in	practice	style



with	respect	to	the	use	of	mechanical	ventilation.98	However,	as	cross-sectional
data	 lack	 the	 dimension	of	 time,	 the	 temporal	 relationship	 between	 a	 potential
risk	 factor	 and	 an	 outcome,	 and	 therefore	 any	 causal	 relationship	 between	 the
two,	cannot	be	determined.

Cohort	studies,	on	the	other	hand,	allow	for	observation	over	time.	With	this
strategy,	subjects	are	selected	based	on	some	common	exposure	(eg,	a	diagnosis,
a	risk	factor)	and	then	observed	for	the	development	of	a	prespecified	outcome.
Cohorts	 may	 be	 followed	 prospectively	 or	 identified	 retrospectively.	 Often	 a
cohort	design	is	used	either	to	describe	the	natural	history	of	a	disease,	including
an	assessment	of	average	survival,	function,	or	quality	of	life,	or	to	capture	the
real-world	 outcomes	 associated	 with	 certain	 interventions/therapies.	 Most
importantly,	 cohort	 studies	 allow	 researchers	 to	 identify	 potential	 patterns	 and
relationships	which	can	suggest	causal	connections,	and,	which	in	turn,	can	serve
as	the	foundation	for	future	RCTs.	As	an	example,	a	prospective	cohort	study	of
patients	 mechanically	 ventilated	 in	 the	 ICU	 determined	 that	 ICU	 delirium
independently	 predicted	 hospital	 length	 of	 stay	 and	 6-month	 mortality99;	 this
work	subsequently	formed	the	basis	for	multiple	RCTs.100-103

Data	Sources	for	Observational	Studies
Traditionally,	 observational	 studies	 have	 relied	 on	 administrative	 data,	 ie,	 data
that	is	captured	in	the	process	of	delivering	medical	care.	These	data,	which	rely
heavily	on	insurance	databases	(eg,	Medicare),	 largely	consist	of	billing	claims
and	 diagnoses	 necessary	 to	 justify	 those	 claims.	 Advantages	 of	 these	 data
include	 a	 large	 sample	 size,	 being	 population-level	 (eg,	 national	 multicenter
studies	 can	 be	 performed)	 and	 longitudinal	 (ie,	 easy	 and	 efficient	 to	 follow
patients	 over	 time),	 but	 lack	 granularity	with	 regard	 to	 patient	 level	 variables.
The	advent	and	diffusion	of	EHRs	has	provided	a	 rich	 source	of	granular	data
that	 can	 be	 examined	 as	 part	 of	 many	 research	 efforts,	 irrespective	 of
methodology.	While	obtaining	comprehensive	longitudinal	data	in	the	EHR	may
be	more	challenging	as	these	data	often	come	from	a	single	medical	center,	the
data	 captured	 in	 EHR	 can	 allow	 investigators	 to	 track	 patients,	 their	 resource
use,	 and	 their	outcomes,	while	 also	providing	more	detailed	 information	about
multiple	components	of	clinical	care.	EHR	data	comprise	multiple	sources	and
types	of	data	 in	addition	to	what	 is	obtainable	 in	administrative	data,	 including
laboratory	 and	 imaging	 data	 and	 clinical	 documentation.	Moreover,	 increasing
reliance	 on	 EHRs	 across	 hospitals	 also	 makes	 it	 simpler	 for	 investigators	 to
amass	significant	amounts	of	data	on	larger	cohorts	of	patients,	making	the	EHR
a	major	resource	for	outcomes	research.



Despite	 its	 advantages,	 EHR	 data	 come	with	 its	 own	 challenges,	 including
issues	 related	 to	 “data	missingness”	 that	may	 introduce	 bias,104	 as	 well	 as	 the
need	 for	 complex	 methods	 to	 process	 the	 data	 related	 to	 clinical
documentation.105	In	addition,	different	EHRs	may	not	share	the	same	“common
data	model,”	or	underlying	data	structure,	making	it	difficult	 to	cross-walk	and
combine	 data	 arising	 from	 different	 EHR	 vendors.106	 Another	 common	 data
source	used	in	outcomes	research	is	a	clinical	registry	database	composed	of	data
collected	as	a	part	of	a	private	or	publicly	funded	quality-improvement	initiative
(eg,	Cerner’s	APACHE	Outcomes,	 the	UK’s	 Intensive	Care	National	Audit	&
Research	Centre,	Australia	 and	New	Zealand’s	Adult	Patient	Database).	These
data	may	balance	some	of	the	trade-offs	between	administrative	and	EHR	data,
as	 they	 are	 often	 population	 level	 and	 multicenter,	 but	 contain	 more	 detailed
clinical	 variables.	 While	 often	 high	 quality,	 these	 data	 are	 limited	 in	 their
availability.

Analytical	Methods	to	Address	Confounding	in
Observational	Studies
4 	 Unlike	 the	 controlled	 environment	 of	 the	 bench	 laboratory	 or	 clinical	 trial,
“real	world”	observational	studies	are	particularly	vulnerable	to	factors	that	may
affect	a	study’s	conclusions,	most	notably	biases	and	uncontrolled	confounding.
Yet,	 with	 thoughtful	 study	 design	 and	 analytical	 methods,	 results	 from
observational	 studies	 can	 be	 considered	 to	 be	 as	 “trustworthy”	 as	 those	 of
RCTs.107,108	 Biases	 are	 systematic	 errors	 inherent	 in	 the	 design	 of	 the	 study.
Selection	 bias	 occurs	 when	 a	 comparator/control	 group	 is	 fundamentally
different	than	the	intervention	group,	such	that	differences	in	outcome	cannot	be
attributed	 solely	 to	 the	 intervention.	Time-based	biases,	 such	as	 immortal	 time
bias,	 are	 underappreciated	 but	 can	 powerfully	 alter	 estimate	 of	 the	 benefit	 or
harm	 of	 an	 intervention.109	 Immortal	 time	 bias	 (sometimes	 called	 survivor
treatment	bias)	occurs	when	a	gap	in	time	occurs	between	the	start	of	the	study
period	and	the	intervention.	As	only	individuals	surviving	this	gap	in	 time	will
have	 the	 opportunity	 to	 receive	 an	 intervention,	 the	 resultant	 cohort	 that
ultimately	 receives	 the	 intervention	 may	 be	 fundamentally	 different	 (ie,	 more
robust)	than	the	initial	cohort	at	the	start	of	the	study	period,	biasing	in	favor	of
the	 intervention.	 Researchers	 can	 mitigate	 immortal	 time	 biases	 with	 various
techniques	(eg,	a	time-dependent	exposure	model	allotting	an	equivalent	amount
of	 time	 delay	 to	 the	 comparator	 group).	 For	 example,	 the	 initially	 perceived
beneficial	effect	of	oseltamivir	on	mortality	 in	critically	 ill	patients	with	H1N1
influenza	disappeared	 after	 accounting	 for	 the	 presence	of	 immortal	 time.110	A



field	like	critical	care,	where	mortality	is	high,	is	also	particularly	vulnerable	to
survivorship	bias,	whereby	data	from	decedents	are	inadequately	represented	in
final	 analyses	 (eg,	 in	 a	 survey	 of	 survivors	 regarding	 their	 decision	 to	 pursue
tracheostomy).111	Results	from	survivors	may	not	be	accurate	representations	of
the	 entire	 cohort’s	 prognosis	 or	 natural	 history.	 Researchers	 and	 readers	 alike
must	be	vigilant	of	detecting	such	biases	to	correctly	interpret	study	findings.

Observational	findings	can	also	be	influenced	by	confounding.	Confounding
variables	 modify	 (or	 even	 completely	 explain)	 the	 association	 between	 an
exposure	and	an	outcome,	leading	to	a	spurious	estimate	of	an	exposure-outcome
relationship.	 In	 critical	 care,	 confounding	 by	 indication,	 where	 outcomes	 are
related	 to	 the	 indication	 for	 a	 treatment	 as	opposed	 to	 the	 treatment	 itself,	 is	 a
major	 concern.	 For	 example,	 if	 the	 intervention	 group	 is	 sicker,	 and	 thereby
more	 (or	 less)	 likely	 to	 receive	an	 intervention	 than	 the	comparator	group,	 the
results	will	be	confounded	by	 treatment	 indication;	 the	 intervention	group	will
appear	to	have	worse	(or	better)	outcomes	due	to	the	intervention,	when	in	fact,
differences	 in	outcomes	may	 largely	be	explained	by	differences	 in	underlying
disease.	Other	common	confounders	include	age,	socioeconomic	status,	severity
of	acute	illness,	prior	comorbid	illness,	case	mix,	and	differences	in	care	patterns
and	resources	between	ICUs	and	hospitals.

Confounding	 may	 be	 managed	 in	 several	 ways.	 When	 only	 one	 or	 two
confounding	variables	 are	 at	 play,	 comparator	 and	 intervention	groups	may	be
made	more	similar	by	either	matching	or	stratifying	on	the	basis	of	confounding
variables.	Matching	can	be	performed	in	case-control	studies,	where	an	exposed
case	with	a	certain	confounding	characteristic	(eg,	smoking	history)	is	matched
to	 an	 unexposed	 control	 with	 the	 same	 characteristic	 and	 then	 compared.
Similarly,	stratification	allows	researchers	to	isolate	the	effect	of	a	confounding
variable	by	creating	 subgroups	within	 intervention	and	comparator	groups	 (eg,
by	 quartiles	 of	 severity-of-illness	 score),	 and	 then	 assessing	 for	 differences	 in
outcome	 within	 strata.	 Stratification	 has	 the	 added	 benefit	 of	 allowing	 for
assessment	 of	 effect	 modification,	 where	 different	 values	 of	 the	 variable	 of
interest	affect	the	impact	that	an	intervention	has	on	an	outcome.	For	example,	in
assessing	 for	 the	 effect	 of	 an	 intervention	 in	 men	 separately	 from	 women,
researchers	are	able	to	investigate	whether	sex	modifies	the	effectiveness	of	the
intervention.	Both	matching	 and	 stratification	 are	 limited	 to	 addressing	 only	 a
very	small	number	of	confounders.

Multivariable	 adjustment	 is	 the	 most	 common	 method	 used	 to	 adjust	 for
confounding.	 A	 mathematic	 equation	 is	 derived	 from	 subject	 data	 (including
exposure	 status,	 other	 covariates,	 and	 outcome	 of	 interest)	 to	 model	 the
association	 between	 exposure	 and	 outcome.	 Common	 model	 types	 include



logistic	regression,	linear	regression,	and	Cox	proportional	hazards;	the	of	model
used	depends	on	 the	outcome	of	 interest.	Multivariable	adjustment	models	can
adjust	 for	a	 larger	number	of	confounders,	but	 the	validity	of	findings	depends
on	a	good	model	fit;	mathematic	assumptions	of	the	model	must	not	be	violated.
Further,	 the	number	of	variables	 introduced	 into	models	 is	not	 limitless;	as	 the
number	of	variables	introduced	increases,	the	likelihood	of	finding	associations
simply	by	chance	increases	as	well.	Selection	of	variables	included	in	the	model
must	 be	 based	 in	 sound	 pathophysiologic	 rationale,	 using	 clinical	 observation
and	supporting	literature.

Integrating	all	of	 the	aforementioned	techniques,	propensity	scores	are	often
used	in	critical	care	outcomes	research	as	a	two-stage	approach	to	confounding
adjustment.	Propensity	scores	 first	combine	multiple	confounders	 to	generate	a
“probability	 of	 intervention;”	 this	 score	 can	 then	 be	 used	 in	 matching,
stratification,	 or	 weighting	 in	 regression	 analyses	 to	 adjust	 the	 estimate	 of	 an
association	 between	 outcome	 and	 exposure.	 For	 example,	 to	 determine	 the
association	 between	 anticoagulation	 and	 ischemic	 stroke	 and	 bleeding	 among
patients	with	sepsis	and	atrial	fibrillation,	investigators	used	propensity	scores	to
adjust	 for	 patient	 differences	 that	 may	 have	 led	 clinicians	 to	 administer
anticoagulation,	and	determined	that	use	of	anticoagulation	was	associated	with
a	higher	risk	of	bleeding,	but	no	difference	in	the	risk	of	stroke.112

Quasi-Experimental	Methods
4 	 Observational	 research	 is	 often	 criticized	 for	 potentially	 weaker	 internal
validity	 than	 RCTs.	 Even	 after	 adjusting	 for	 known	 confounders	 using	 the
aforementioned	 methods,	 residual	 unmeasured	 confounders	 may	 remain.	 As
such,	an	observed	association	between	exposure	and	an	outcome	may,	in	reality,
be	 weaker	 or	 nonexistent.	 Increasingly,	 quasi-experimental	 approaches	 (which
are	well-established	in	other	fields,	such	as	economics)	are	used	to	address	not
only	confounding,	but	also	to	make	arguments	for	a	causal	relationship	between
exposure	 and	 outcome.	 These	 methods—including	 instrumental	 variable
analysis,	 difference-in-differences	 design,	 interrupted	 time	 series	 (ITS),
regression	 discontinuity	 design	 (RDD)—all	 take	 advantage	 of	 a	 naturally
occurring	 randomizing	 event,	 which	 has	 the	 effect	 of	 balancing	 exposure	 and
control	 groups	 on	 both	 measured	 and	 unmeasured	 confounding.	 When	 the
necessary	 conditions	 for	 quasi-experimental	 methods	 are	 met,	 the	 inferences
derived	can	be	as	valid	and	reliable	as	RCTs.

An	instrumental	variable	(or	“instrument”)	is	one	that	directly	affects	the	risk
of	 exposure	 but	 is	 completely	 independent	 of	 the	 outcome.	 This	 is,	 in	 fact,



analogous	 to	 random	 assignment	 occurring	 in	 an	 RCT,	 where	 treatment
assignment	is	random	and	directly	correlated	with	whether	a	subject	receives	the
intervention	 but	 is	 not	 itself	 predictive	 of	 a	 subject’s	 outcome.	 Common
instruments	in	health	care	research	include	physician/institutional	preference	(in
situations	where	equipoise	between	two	treatments	exist,	and	practice	pattern	is
therefore	 random),	and	physical	distance	or	access	 to	care.	For	example,	 in	an
early	application	of	instrumental	variable	analysis,	the	distance	from	a	patient’s
home	to	a	 regional	catheterization	center	was	 the	 instrumental	variable	used	 to
determine	the	impact	of	cardiac	catheterization	on	mortality;	a	patient’s	distance
to	 a	 cardiac	 catheterization	 center	 directly	 influenced	 whether	 a	 patient	 was
likely	 to	 receive	 cardiac	 catheterization	 but	 in	 itself	 was	 independent	 of	 a
patient’s	 risk	 of	 death.113	 The	 validity	 of	 this	 approach	 depends	 on	 the
instrumental	 variable	 being	 completely	 independent	 from	 the	 outcome	 (eg,
distance	to	treatment	cannot	be	used	as	an	instrument	in	situations	where	patients
living	 farther	 away	 have	 worse	 outcomes	 due	 to	 delays	 in	 care).	 Finding	 an
appropriate	 instrument	 that	 satisfies	 these	 conditions	 is	 often	 the	 greatest
challenge	to	an	instrumental	variable	analysis.

RDD	 is	 a	 method	 that	 leverages	 the	 random	 nature	 of	 noise/error	 in
measuring	continuous	variables	 (eg,	 lab	 tests)	around	a	 treatment	or	diagnostic
threshold.114	 For	 example,	 RDD	 was	 used	 to	 assess	 the	 association	 between
intravenous	radiocontrast	and	clinically	significant	kidney	injury.115	To	rule	in	or
rule	 out	 a	 suspected	 pulmonary	 embolus,	 a	 patient’s	D-dimer	 is	 often	 used	 to
determine	whether	a	computed	tomographic	pulmonary	angiogram	(CTPA)	with
contrast	should	be	performed.	Patients	with	a	D-dimer	 just	below	or	above	 the
cutoff	of	500	ng/mL	are	not	markedly	different	 from	each	other	 (and	 therefore
would	 presumably	 have	 similar	 outcomes).	 This	may	 be	 due	 to	 lab	 error	 and
variability,	thus	there	is	some	randomness	to	whether	patients	happen	to	fall	just
above	 or	 below	 the	 diagnostic	 threshold.	 Indeed,	 comparing	 individuals	 above
and	 below	 the	 d-dimer	 threshold,	 patients	 were	 similar	 in	 terms	 of	 measured
confounders,	 differing	 only	 in	 their	 rates	 of	 CTPA	 exposure;	 moreover,	 at	 6-
month	 follow-up,	 patients	 in	 the	 two	 groups	 did	 not	 differ	 in	 estimated
glomerular	filtration	rate	or	need	for	kidney	replacement	therapy.

ITS	is	conceptually	similar	to	RDD	in	that	it	assesses	for	changes	in	outcome
surrounding	 around	 a	 threshold	 introduced	 in	 a	 continuous	 variable—in	 this
case,	 time.116	 The	 impact	 of	 policy	 changes	 or	 programs	 can	 be	 studied	 using
ITS;	 researchers	 would	 assess	 longitudinal	 outcome	 data	 before	 and	 after	 an
implementation	 date,	 and	 abrupt	 changes	 in	 trends	 around	 the	 implementation
date	 can	 be	 attributed	 to	 impact	 of	 the	 new	 program.	 For	 example,	 one	 study
used	an	ITS	analysis	to	evaluate	the	impact	of	ICU	nurse	staffing	legislation	on



patient	outcomes.117	Difference-in-differences	design	(also	known	as	“controlled
pre-post”)	 is	 another	method	used	 to	 evaluate	 the	 impact	of	 legislation	or	new
programs.	Difference-in-difference	designs	achieve	unbiased	effect	estimates	by
comparing	 temporal	 trends	 in	 intervention	 and	 comparison	groups,	 and	 can	be
conceptualized	as	an	 ITS	with	 the	addition	of	a	nonintervention	control	group,
which	allows	researchers	to	control	for	secular	trends	in	outcomes.	For	example,
a	study	using	a	difference-in-differences	approach	estimated	the	impact	of	ICU
telemedicine	 adoption,	 and	 found	 a	modest	 reduction	 in	mortality	 at	 hospitals
adopting	 ICU	 telemedicine	 compared	 to	 similar	 hospitals	 not	 adopting	 ICU
telemedicine	over	the	same	period	in	time.118

Data	Science	and	Machine	Learning
Critical	care	outcomes	research	is	witnessing	the	advent	of	a	new	generation	of
methods—machine	 learning.	 A	 data-rich	 environment	 such	 as	 the	 ICU,
especially	in	the	age	of	EHRs,	is	particularly	ripe	for	algorithms	that	can	extract
information	from	large	amounts	of	digital	 information.119	Machine	learning	can
be	divided	into	two	main	subgroups:	supervised	learning	(of	which	regression	is
one	type),	and	unsupervised	learning.	In	supervised	learning,	the	user	defines	the
input	(eg,	variables	of	interest)	as	well	as	the	output	(eg,	outcomes	of	interest),
with	the	expectation	that	an	algorithm	“learned”	from	existing	data	can	be	used
to	 make	 accurate	 predictions	 when	 exposed	 to	 new	 data.	 This	 method	 is
commonly	 used	 in	 critical	 care	 research	 to	 predict	 a	 variety	 of	 outcomes
including	mortality,	length	of	stay,	and	complications,120	and	often	have	greater
predictive	 accuracy	 than	 traditional	 regression	models.	For	 instance,	 one	 study
used	 a	 gradient	 boosted	 machine	 model	 to	 predict121	 whether	 patients	 would
develop	acute	kidney	injury	within	a	48-hour	period,	and	had	a	high	likelihood
of	 correctly	 classifying	 patients	 for	 both	 kidney	 injury	 (area	 under	 the	 curve
0.86)	 and	 need	 for	 renal	 replacement	 therapy	 (area	 under	 the	 curve	 0.95).	 In
unsupervised	 learning,	 the	 computer	 is	 given	 uncategorized	 data	 and	 learns
patterns	or	clusters	within	the	data.	This	approach	is	suitable	for	situations	where
researchers	 wish	 to	 identify	 latent	 variables	 or	 latent	 classes	 of	 patients;	 for
example,	 ARDS	 phenotypes	 have	 been	 identified	 using	 unsupervised	 learning
methods.122

Trials

Traditional	and	Pragmatic	Randomized	Controlled	Trials



5 	 RCTs	 are	 traditionally	 studies	 of	 efficacy	 (ie,	 the	 performance	 of	 an
intervention	 under	 a	 controlled	 setting)	 rather	 than	 effectiveness	 (ie,	 the
performance	 of	 an	 intervention	 in	 the	 “real	 world”).	 By	 definition,	 outcomes
research	primarily	seeks	to	evaluate	the	effects	of	medical	care	on	individual	and
societal	health	in	the	real	world.	RCTs	are	less	common	in	outcomes	research,	as
the	 highly	 controlled	 circumstances	 tend	 to	 limit	 generalizability	 (external
validity).	Increasingly	though,	pragmatic	trials	are	performed	as	a	compromise,
randomizing	 intervention	 assignments	 as	 in	 traditional	 RCTs	 (often	 times	 in
clusters,	rather	than	at	the	individual	level),	but	conducted	in	real-world	clinical
practice	 setting	 by	 clinicians	 among	 heterogeneous	 participants.123	 Data	 on
outcomes	and	covariates	of	interest	is	usually	limited	to	that	which	is	acquired	in
the	course	of	usual	clinical	practice.	Yet	what	is	lost	in	granular	detail	is	made	up
for	in	efficiency;	large	numbers	of	patients	can	be	enrolled	and	analyzed	quickly.
For	 example,	 just	 a	 few	months	 in	 the	 coronavirus	 disease	 2019	 (COVID-19)
pandemic,	 the	 Randomized	 Evaluation	 of	 COVID-19	 Therapy	 (RECOVERY)
trial	of	dexamethasone	in	patients	hospitalized	with	COVID-19	had	enrolled	and
randomized	 6425	 patients	 to	 intravenous	 dexamethasone	 or	 usual	 care	 and
published	their	findings	of	a	significant	28-day	mortality	benefit.124

Adaptive	Designs	in	Clinical	Trials
Adaptive	trials	 improve	the	efficiency	of	 traditional	RCTs	even	further	without
compromising	reliability	by	adjusting	on	the	basis	of	interim	analyses.	Whereas
traditional	 RCTs	 are	 designed	 using	 a	 frequentist	 approach	 that	 corrects	 for
possible	 type	 I	 errors	 (ie,	 false	 positive)	 by	 penalizing	 additional	 testing
(including	 interim	 analyses),	 adaptive	 trials	 use	 a	 bayesian	 framework,	 which
aims	 to	 maximize	 the	 utility	 of	 all	 available	 information.	 Frequent	 interim
analyses	are	built	 into	 the	 trial,	and	on	 the	basis	of	prespecified	decision	rules,
certain	aspects	of	the	trial	may	be	changed	including	the	allocation	ratio,	study
population,	 sample	 size,	 and	 intervention	 arms.125	 By	 making	 use	 of
accumulating	 data,	 adaptive	 trials	 may	 drop	 inferior	 intervention	 arms	 and/or
favor	 assignment	 of	 patients	 to	 treatment	 arms	 with	 highest	 probability	 of
superiority.	Such	assignment	is	more	likely	to	benefit	individual	patients,	which
aids	in	overcoming	ethical	barriers	to	applications	of	deferred	or	waived	consent
for	randomization.	Given	the	expensive	nature	of	trials	and	the	heterogeneity	in
critical	care	populations,	adaptive	trials	are	gaining	popularity	as	they	may	most
efficiently	provide	answers.	Perhaps	the	best	known	adaptive	trial	platform	is	the
Randomized,	Embedded,	Multifactorial	Adaptive	Platform	Trial	for	Community-
Acquired	Pneumonia	(REMAP-CAP),126	which	randomizes	patients	 to	multiple



interventions	 within	 four	 treatment	 domains:	 antibiotics,	 antiviral	 therapy	 for
influenza,	 host	 immunomodulation	 with	 extended	 macrolide	 therapy,	 and
alternative	 corticosteroid	 regimens,	 simultaneously	 representing	 240	 treatment
regimens	across	52	ICUs	in	13	countries	on	3	continents.

Qualitative	and	Mixed-Methods	Research
Whereas	 quantitative	 methods	 are	 fundamental	 to	 generating	 estimates	 of
prevalence,	 incidence,	 and	 magnitude	 of	 disease	 and	 intervention	 effects,
qualitative	 methods	 are	 increasingly	 used	 for	 outcomes	 research	 in	 a
complimentary	manner	 to	 describe	 the	 complex	 social	 processes	 that	 underlie
observed	 health	 care	 phenomena.	 Qualitative	 approaches	 that	 have	 been
borrowed	 from	 social	 sciences	 (anthropology	 and	 sociology)	 and	 are
increasingly	used	in	health	care	research	include	grounded	theory,	ethnography,
thematic	analysis,	and	positive	deviance.	These	approaches	utilize	tools	such	as
interviews,	 focus	 groups,	 immersive	 observation,	 and	 artifact	 collection	 (eg,
historical	 documents,	 clinical	 protocols,	 personal	 effects)127-129	 to	 collect
qualitative	data,	which	often	takes	the	form	of	words.	When	applied	with	rigor,
these	 methods	 can	 be	 used	 to	 understand	 the	 values,	 beliefs,	 barriers,	 and
facilitators	 that	underpin	 individual	behaviors	and	organizational	practices.	For
example,	 one	 focused	 ethnographic	 study	 of	 ICU	 telemedicine	 used	 a	 positive
deviance	approach	 to	compare	 ICUs	 that	had	 favorable	outcomes	 to	 ICUs	 that
did	 not.	 This	 study	 utilized	 direct	 observation,	 focus	 groups	 and	 interviews	 to
identify	 factors	 and	 domains	 associated	 with	 effective	 implementation	 of
telemedicine	in	the	ICU	setting.130	When	combining	qualitative	and	quantitative
approaches	(mixed-methods	research),	qualitative	data	may	 inform	quantitative
collection	(eg,	interviews	are	used	to	identify	domains	that	will	be	assessed	on	a
quantitative	survey),	or	may	be	used	to	better	understand	quantitative	results	(eg,
interviews	or	focus	groups	are	used	to	understand	why	an	intervention	may	have
produced	particular	results).	In	an	example	of	how	this	mixed-methods	approach
may	be	helpful,	an	RCT	of	a	palliative	care–led	family	meeting	intervention	that
focused	 on	 disclosing	 prognosis	 failed	 to	 improve	 symptoms	 of	 anxiety	 and
depression	in	surrogate	decision	makers,	and	unexpectedly	increased	symptoms
of	posttraumatic	stress.131	The	researchers	embedded	a	planned,	qualitative	study
within	the	RCT,	and	results	of	this	study	revealed	that	surrogates	felt	a	multitude
of	 emotions,	 often	 conflicting	 and	 simultaneously	 in	 response	 to	 the
intervention,132	which	may	explain	the	trial’s	unanticipated	results.



Cost-Effectiveness
Cost-effectiveness	analyses	(CEA)	are	economic	analyses	with	a	primary	goal	of
understanding	and	ascertaining	the	value	of	certain	therapies	aiming	to	affect	the
same	 health	 outcome.	 CEA	 may	 be	 used	 to	 compare	 and	 evaluate	 therapies,
particularly	in	the	setting	of	shared	or	limited	resources,	to	guide	decisions	about
resource	allocation.	These	analyses	have	 relevance	 for	health	care	systems	and
for	population-level	public	health,	and	are	of	interest	to	policy	makers,	hospitals,
health	care	payers,	health	care	providers	and	patients.	The	use	of	CEA	in	critical
care	is	particularly	relevant,	given	that	the	ICU	itself	may	be	a	scarce	resource,
and	 the	 cost	 of	 ICU	 care	 is	 high.	 The	 outcome	 of	 interest	 for	 a	 CEA	 is	 the
incremental	 cost-effectiveness	 ratio	 (ICER),	 which	 is	 obtained	 by	 dividing
difference	 in	cost	of	 two	therapies	by	differences	 in	effectiveness,	as	measured
by	change	in	health	outcome	(Figure	134.3).

	

Figure	 134.3 	 General	 formula	 for	 the	 incremental	 cost-
effectiveness	ratio	(ICER),	which	divides	the	difference	in	cost	by	the
difference	in	effect	of	two	treatments	of	interest.

As	 the	 numerator	 of	 the	 ICER	 is	 the	 difference	 in	 cost	 between	 two
treatments,	 robust	 determination	 of	 a	 therapy’s	 cost	 is	 essential	 but	 is
complicated	 by	 several	 issues.	 Often,	 estimated	 costs	 are	 not	 a	 complete
representation	of	health	care	costs,	as	studies	usually	only	account	 for	variable
costs	 (costs	 which	 change	 based	 on	 volume	 used)	 using	 a	 “microcosting”
approach,	 where	 individual	 costs	 arising	 from	 every	 input	 consumed	 in	 the
treatment	 of	 a	 particular	 patient	 are	 summed	 together.	 However,	 microcosting
can	be	limited	by	difficulties	in	obtaining	accurate	cost	data.	Common	sources	of
data	often	will	have	charge	(ie,	amount	billed	by	hospitals	and	clinicians),	which
is	only	partly	correlated	to	actual	costs133	(ie,	amount	of	money	spent	delivering
care).	As	cost-to-charge	ratios	differ	by	hospital	facility	and	for	different	services
rendered,	conversion	of	charges	to	costs	is	complex	but	possible	with	published
cost-to-charge	ratios.

For	critical	care	therapies	to	be	of	substantial	value,	high	costs	of	care	must
be	 matched	 by	 reasonably	 large	 increments	 in	 the	 outcomes	 of	 care.134	 To
calculate	 the	 ICER,	 the	 denominator	 is	 composed	 of	 the	 difference	 between



health	outcomes	with	the	treatment	of	interest,	most	often	measured	in	units	of
quality-adjusted-life-year	(QALY).	As	opposed	to	a	simpler	valuation	of	years	of
life	 saved,	 this	 calculation	 adds	 in	 an	 adjustment	 for	 quality	 of	 life	 by
multiplying	life	years	gained	by	a	weighted	utility	for	certain	states	of	living	(eg,
a	 utility	 of	 1	 for	 a	 year	 of	 perfect	 health).	 Consequently,	 for	 QALYs	 to	 be
calculated,	prior	studies	are	needed	to	ascertain	data	on	life	years	gained	for	each
treatment	as	well	as	utilities.	Utilities	are	obtained	by	asking	patients	to	rate	how
they	feel	 in	certain	states	of	health,	with	1	being	perfect	health,	0	being	death,
and	 negative	 ratings	 for	 states	 worse	 than	 death.	 Often,	 the	 conduct	 of	 CEAs
may	be	 limited	by	a	 lack	of	data	on	utilities,	which	may	be	difficult	 to	obtain.
Generally,	 treatments	 considered	 “cost-effective”	 have	 ICERs	 ranging	 from
$50,000	 to	$100,000	per	QALY.	A	2019	systematic	 review	of	CEAs	 in	critical
care	demonstrated	that	many	critical	care	therapies	had	favorable	ICERs	(below
$50,000	 per	 QALY).	 However,	 there	 has	 been	 an	 overall	 paucity	 of	 CEAs
published	 in	 the	 past	 2	 decades,135	 leaving	 uncertainty	 as	 to	 the	 benefits	 and
values	of	ICU	care	as	it	has	evolved	over	time.

CONCLUSIONS
Just	 as	 clinical	practice	 in	 critical	 care	has	matured,	 so	 too	have	 inquiries	 into
outcomes	 after	 critical	 illness,	 both	 in	 scope	 and	methods,	 so	much	more	 than
just	 hospital	 mortality	 matters	 to	 patients,	 caregivers,	 the	 health	 system,	 and
society.	Our	ability	to	investigate	these	outcomes	has	evolved	far	beyond	simple
observational	 cohort	 studies	 and	 traditional	 RCTs;	 advanced	 techniques	 have
improved	 internal	 validity	 of	 observational	 studies	 and	 external	 validity	 of
randomized	 trials.	When	 used	 in	 concert,	 these	methods	 can	 produce	 a	 robust
and	nuanced	understanding	of	critical	care	outcomes	as	multifaceted	as	critical
care	itself.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	statements	regarding	ICU	outcomes	metrics	is
true?

A. 	Severity-of-illness	scoring	systems	are	static	and	can	be	reliably	used



over	time
B. 	Severity-of-illness	scoring	systems	are	designed	to	be	used	at	the
bedside	to	aid	in	clinical	decision-making	for	an	individual	patient
C. 	Standardized	mortality	ratio	is	most	useful	when	comparing
performance	across	different	ICUs
D. 	“Days	alive	and	free	of	organ	failure”	is	a	composite	outcome	that
equates	death	with	the	absence	of	organ	failure–free	days	outside	the	ICU,
resource	utilization,	and	cost

2. 	Which	of	the	following	is	true	about	mortality	as	an	end	point	in	outcomes
research?

A. 	It	is	not	considered	a	“patient-centered”	outcome
B. 	It	requires	consideration	of	both	patient	factors	and	hospital
characteristics
C. 	It	is	meaningful	because	it	is	always	an	adverse	outcome
D. 	It	captures	the	value	of	particular	interventions	among	hospitalized
patients

3. 	Which	of	the	following	statements	is	true	regarding	research	methods	used
to	assess	outcomes	after	critical	illness?

A. 	Adaptive	design	in	clinical	trials	can	efficiently	compare	multiple
treatment	arms	simultaneously
B. 	Observational	studies	cannot	infer	causality	between	risk	factors	and
outcomes
C. 	Results	from	randomized	controlled	trials	are	more	trustworthy	than
results	from	observational	studies
D. 	Qualitative	methods	can	only	be	used	for	hypothesis	generation

Answers

1.	The	correct	answer	is	D.
Rationale:	Due	to	the	limitations	of	mortality	as	an	outcome	for	critically	ill

patients,	 researchers	 are	 increasingly	 using	 the	 concept	 of	 organ	 failure–free
days	as	a	meaningful	outcome	measure	because	it	is	organ	system–specific	and
can	 capture	morbidity	 that	 transpires	 (choice	 D	 is	 correct).	 Severity-of-illness
tools	need	 to	be	 regularly	 recalibrated	 to	 reflect	 interventions	and	 technologies
that	have	 improved	over	 time	and	 the	possibility	of	 errors	 in	 score	 calculation



(choice	A	is	incorrect).	Researchers	and	administrators	should	use	caution	when
employing	older	 severity-of-illness	models	 to	 compute	predicted	mortalities	 of
more	 recent	 populations	 or	 across	 ICUs.	 Severity-of-illness	 scoring	 systems
were	 developed	 and	 validated	 on	 large	 patient	 populations,	 which	 limits	 their
utility	 for	 individual	 clinical	 decision-making	 at	 the	 bedside	 (choice	 B	 is
incorrect).	 Standardized	 mortality	 ratio	 is	 most	 useful	 to	 compare	 the
performance	 of	 an	 ICU	 over	 time	 rather	 than	 to	 compare	 performances	 of
different	ICUs	to	each	other	(choice	C	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	 Morality	 is	 a	 relatively	 uninformative	 measure	 of	 ICU

performance	 due	 to	 differences	 of	 patient	 case	 mix	 (eg,	 differences	 between
ICUs	in	age,	comorbidities,	diagnoses	and	severities	of	 illness	among	admitted
patients),	 as	 well	 as	 admission	 and	 discharge	 policies.	 For	 this	 reason,	 it	 is
important	 consider	 both	 patient-level	 factors	 and	 hospital	 characteristics	when
using	mortality	as	an	end	point	in	outcomes	research	(choice	B	is	correct).	It	is
an	 important	 patient-centered	 outcome	 of	 critical	 care	 research	 because	 it	 is
easily	measured	and	has	tangible	meaning	to	the	patient,	health	care	institutions,
and	society	(choice	A	is	incorrect).	Furthermore,	mortality	may	not	always	be	an
“adverse”	 outcome;	withdrawal	 of	 life-sustaining	 treatment	 and	 a	 transition	 to
comfort-focused	care	may	be	viewed	as	concordant	with	a	patient’s	stated	goals
of	care	and	therefore	high-quality	care.	Focusing	only	on	mortality	also	fails	to
address	the	survivor’s	quality	of	life	and	misses	the	potential	for	survival	to	be
rated	by	some	as	even	worse	than	death	(choice	C	is	incorrect).	Finally,	because
mortality	 is	a	 time-dependent	variable,	 it	 is	subject	 to	confounding	by	multiple
factors	 and	 may	 fail	 to	 capture	 the	 value	 of	 a	 particular	 intervention	 among
hospitalized	patients	(choice	D	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	Adaptive	 design	 is	 an	 approach	 to	 conducting	 clinical	 trials	 that

increases	the	efficiency	of	the	study	by	examining	the	effect	of	an	intervention	in
multiple	arms	at	the	same	time;	over	the	course	of	the	trial,	updates	are	made	to
the	design	parameters	(eg,	proportion	of	participants	assigned	to	each	trial	arm)
via	 a	 predetermined	 set	 of	 decision	 rules	 (choice	 A	 is	 correct).	 While	 it	 is
traditionally	thought	that	observational	studies	cannot	infer	causality	between	an
exposure,	 or	 risk	 factor,	 and	 an	 outcome,	 newer	 designs	 and	 approaches	may
allow	 researchers	 to	 move	 beyond	 describing	 associations	 and	 finding	 effect
estimates	 that	 may	 be	 interpreted	 as	 causal	 effects	 (choice	 B	 is	 incorrect).
Furthermore,	 when	 using	 these	 types	 of	 study	 design	 or	 other	 methods	 to



carefully	control	 for	confounding,	 results	 from	observational	studies	have	been
found	 to	 match	 those	 of	 randomized	 clinical	 trials	 (choice	 C	 is	 incorrect).
Qualitative	methods	may	be	used	to	generate	hypotheses	and	inform	quantitative
measurements	 and	 are	 also	 a	 useful	 adjunct	 that	 may	 be	 used	 to	 explain
quantitative	results	(choice	D	is	incorrect).
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Chapter	135
Blockchain	Technology	and	Medical
Device	Security	in	the	Intensive	Care
Unit
CHRIS	Landon,	Ted.	Dellavecchia,	John	R.	Zaleski,	Neil	A.	Halpern

KEY	POINTS:
1.	 Blockchain	technology,	also	referred	to	as	a	distributed	ledger

technology,	records	transactions	in	a	systematic	and	chronological
order	where	the	data	are	immutable	and	cannot	be	manipulated.

2.	 Blockchain	technology	has	tremendous	potential	to	transform	the
health	care	industry	across	a	broad	spectrum	of	use	cases	within
care	delivery,	pharma,	life	sciences,	and	biological	research
domains.

3.	 Federated	learning	engines	aggregate	infinite	numbers	of	key
elements	such	as	vital	signs,	biometrics,	clinical	values,	laboratory
values,	and	demographics.

4.	 Blockchain	technology	may	augment	ICU	data	management	at	a
macro	level	by	sharing	data	and	learning	across	institutions	that
traditionally	have	not	collaborated	because	of	privacy,	security,	and
accuracy	concerns.

5.	 The	FDA	is	committed	to	exploring	the	use	of	real-world	data	in
regulatory	decision-making,	enhancing	its	ability	to	provide	fit	for
purpose	clinically	meaningful	information	about	the	safety	and
effectiveness	of	medical	products.

6.	 An	impediment	to	blockchain	adoption	is	that	the	technology	stacks
(incorporated	into	blockchain)	as	offered	by	vendors	today	have
fallen	short	of	the	hype.



INTRODUCTION
The	management	of	 technologically	dependent	patients	carries	with	it	concerns
over	data	 integrity,	data	 reliability,	 and	data	 timeliness,	particularly	as	data	are
the	essential	communication	link	to	the	critically	ill	patient	in	the	intensive	care
unit	 (ICU).	This	chapter	addresses	concerns	and	approaches	 in	 technology	and
function	 related	 to	 data	 integrity	 in	 intensive	 care	 and	 use	 cases	 where
technologies	and	data	are	essential	in	the	care	of	critically	ill	patients.

While	data	security	and	data	usability	may	seem	to	be	disparate	and	unrelated
topic	 areas,	 data	 security	 associated	 with	 the	 most	 vulnerable	 of	 patients	 is
essential	to	ensuring	trustworthy	and	reliable	data	and	data	integrity	for	frontline
clinical	decision	making.	Patients	who	are	ill	enough	to	be	admitted	to	an	ICU
are	those	in	whom	cardiac,	hemodynamic,	and	pulmonary	function	and	stability
must	be	closely	watched	and	guarded.	Adverse	intrusions	into	this	environment
that	 threaten	data	 integrity	may	put	 the	patient	at	 risk.	The	data	obtained	 from
point-of-care	 medical	 devices,	 including	 physiologic	 monitors,	 mechanical
ventilators,	 hemodialysis	 machines,	 and	 other	 invasive	 and	 noninvasive
monitoring	 equipment,	 are	 thus	 an	 essential	 link	 between	 the	 patient	 and	 the
clinician	to	support	patient	care	management.

The	 concept	 of	 blockchain	 is	 introduced	 as	 a	maturing	 technology	 that	 has
evolved	to	promote	the	integrity	and	traceability	of	both	hardware	and	software
from	 manufacture	 through	 discard,	 and	 everything	 in	 between.	 The	 reliable
capture	 of	 medical	 device	 data	 thus	 affords	 improved	 trustworthiness	 in	 the
essential	data	necessary	to	manage	and	intervene	in	patient	care.	Examples	of	the
types	 of	 data	 and	 their	 operational	 uses	 in	 ICU	 are	 presented	 to	 underscore	 a
better	 understanding	 of	 the	 role	 of	 data	 in	 the	management	 of	 this	 vulnerable
patient	cohort.

BLOCKCHAIN	DEFINED
1 	 Blockchain	 technology,	 also	 referred	 to	 as	 a	 distributed	 ledger	 technology
(Figure	 135.1),	 records	 transactions	 in	 a	 systematic	 and	 chronological	 order,
analogous	to	time	series	data.1	These	time	series	data	are	immutable	and	cannot
be	 manipulated.	 The	 published	 data	 are	 often	 referred	 to	 as	 a	 “single	 shared
source	of	truth.”	Blockchain	can	prove	whether	a	piece	of	data	is	authentic	and
distributed	 so	 that	 a	 “hacker”	 cannot	 attack	 and	 corrupt	 a	 single	 source.	 For
example,	 with	 blockchain	 distributing	 trusted	 data,	 there	 is	 an	 ever-emerging
ability	to	utilize	intelligent	algorithms	to	detect	fraud,	malfunction,	or	breaks	in



cold	chain	vaccine	transport.

	

Figure	135.1 	Properties	of	distributed	ledger	technology.

The	final	implementation	of	the	21th	Century	Cures	Act	(Cures	Act),	initially
signed	 into	 law	 on	 December	 13,	 2016,	 mandates	 sharing	 of	 the	 health	 care
information	to	patients	and	between	electronic	health	care	records	(EHRs).	The
institution	 of	 blockchain	 in	 this	 process	 provides	 secure	 supply	 chains,
accelerates	 research	 and	 development,	 and	 transforms	 service	 delivering	 needs
(economic	as	well	as	clinical	investment).

2 	 Blockchain	 technology	 has	 tremendous	 potential	 to	 transform	 the	 health
care	industry	across	a	broad	spectrum	of	use	cases	within	care	delivery,	pharma,
life	 sciences,	 and	 biological	 research	 domains.	More	 specifically	 the	 National
Institute	of	Standards	and	Technology	(NIST)	defines	it	as	a	tamper	evident	and
tamper	resistant	digital	ledger	implemented	in	a	distribution	fashion	(ie.,	without
a	 central	 repository)	 and	 usually	 without	 a	 central	 authority	 (eg,	 a	 bank,
company,	or	government).2	At	its	basic	level,	it	enables	a	community	of	users	to
record	 transactions	 in	 a	 shared	 ledger	 within	 a	 community,	 such	 that	 under
normal	operation	of	a	blockchain	network	transactions	cannot	be	changed	once
published	and	are	continually	updated	and	kept	in	sync.

Blockchain	networks	can	be	divided	in	two	broad	categories,	permissionless
and	 permissioned	 or,	 as	 often	 referred	 to	 in	 literature,	 respectively,	 public	 and
private	 blockchains.3	 In	 a	 permissionless	 blockchain,	 anybody	 can	 participate,
and	every	participant	is	anonymous.	There	is	neither	a	restriction	on	the	ability
to	read	from	the	blockchain	(this	ensures	public	verifiability)	nor	a	requirement
for	 preestablished	 identities	 for	 write	 access	 to	 the	 blockchain.	 In	 contrast,	 a
permissioned	network	is	far	more	restrictive.

The	power	and	unique	value	of	blockchain	is	most	evident	when	the	use	case
has	the	following	requirements:



1.	 Collaboration—when	multiple	parties	share	or	exchange	multiple
transactions,	such	as	via	a	shared	data	repository	or	database;

2.	 Trust—where	there	is	a	need	for	verifiable	trust	between	the	parties	(eg,	the
authenticity	and	provenance	of	the	data);

3.	 Security—data	are	hashed	cryptographically	and	act	as	an	additional
firewall	for	cyberattacks;

4.	 Privacy	of	data	often	to	meet	compliance	obligations,	eg,	General	Data
Protection	Regulation	(GDPR)	plus	regulations	like	Health	Insurance
Portability	and	Accountability	Act	(HIPAA)	where	patient	privacy	is	a
standard	for	processing	any	form	of	personal	health	information	(PHI);	and

5.	 Self-Sovereign	Identity,	or	self-managed	identity,	which	enhances	privacy
and	puts	the	individual	in	control	of	their	own	data,	and	includes	providing
varying	levels	of	transparency	depending	upon	the	predefined	role	of	a
stakeholder.1-4

PROSPECTIVE	ROLE(S)	FOR	ICU	DIAGNOSIS
AND	PATIENT	MANAGEMENT
In	 the	 ICU,	 the	 blockchain	 may	 be	 positioned	 as	 the	 backbone	 of	 an
interoperable,	 scalable,	 decentralized,	 computer	 platform	 (data	 and	 transaction
management	 utility)	 that	 ledgers	 immutable	 provenance	 of	 chronologically
sequenced	events.	Inputs	from	disparate,	myriad	ICU	“Internet	of	Things”	(IoT)
devices	 may	 be	 harmonized	 in	 the	 blocks	 with	 other	 relevant	 inputs	 to
dynamically	 assemble	 machine	 learning	 “nets”	 that	 may	 be	 expressed	 as
knowledge	graphs.4

Federated	learning	(FL)	as	a	distributed	machine	learning	(ML)	technique	has
lately	 attracted	 increasing	 attention	 of	 health	 care	 stakeholders,	 as	 FL	 is
perceived	as	a	promising	decentralized	methodology	to	address	data	privacy	and
security	 concerns.	The	FL	 approach	 stores	 and	maintains	 the	 privacy-sensitive
data	locally	while	allowing	multiple	sites	to	train	ML	models	collaboratively.

3 	 Federated	 learning	 engines	 supplement	 blockchain	 technologies	 by
aggregating	 nearly	 infinite	 numbers	 of	 key	 elements	 such	 as	 vital	 signs,
biometrics,	clinical	and	laboratory	values,	and	demographics.

Events	 such	 as	 critical	 surgery,	 onset	 of	 symptomatic	 trauma/shock,	 ICU
length	 of	 stay	 (LOS),	 time	 on	 mechanical	 ventilation,	 recovery	 rate,	 and
introduction	of	various	therapies	or	techniques	performed	may	also	be	recorded
on	 the	chain	 to	enrich	 the	body	of	knowledge	 in	an	“Encounter	360°”	fashion.



The	converged	datasets	between	multiple	institutions	or	multiple	sampling	time
points	are	 integrated	via	 interfaces	on	 the	chain	and	enable	neural	networks	of
autonomous	artificial	intelligence	(AI)	agents	to	recognize	patterns	of	evidence,
and	act	accordingly	on	the	deduced	results.	Digital	actions	may	take	the	form	of
smart	contract	microservices	and	execute	modeled	responses	previously	queued
in	 the	 algorithms.	 Response	 may	 vary	 anywhere	 from	 alerts,	 orders,	 triggers,
data	transmissions,	etc,	as	determined	by	unique	design.

Timing	is	a	key	factor	associated	with	improving	outcomes,	most	evident	in
the	moment-of-intervention	by	 the	 intensivist.	Therefore,	 absolute	value	of	 the
data	 is	 linearly	 related	 to	 early	 detection	 and	 accelerated	 decision	 support.
Indeed,	 integrating	 the	 blockchain	 into	 the	 ICU	 operation	 can	 engineer	 time-
sensitive	 interventions	 such	 that	 influencing	 optimal	 outcomes	 evolves	 as	 the
norm.	This	 scenario	makes	 it	 clear	 that	 a	 tactical	 role	of	 the	blockchain	 in	 the
ICU	 may	 be	 transformative	 and	 highly	 valued	 as	 the	 confluence	 of	 science,
technology	and	clinical	performance	are	combined	for	optimal	results	at	the	ICU
bedside.	Many	 other	 scenarios	may	 be	 assimilated	 using	 this	 technology.	 The
practitioner’s	 imagination	 is	 the	 only	 gate	 to	 extending	 the	 model	 presented
herein.	Although,	some	may	argue	that	the	functionality	as	described	above	may
be	accomplished	by	using	more	traditional	technologies,	it	would	be	difficult	to
successfully	 challenge	 that	 the	 blockchain	 is	 a	more	 simplified,	 durable,	 cost-
effective,	and	extensible	alternative.

4 	 By	 utilizing	 the	 proficiency	 inherent	 in	 the	 blockchain	 to	 create	 unique
digital	 keys	 that	 are	 resistant	 to	 decoding,	 the	 identity	 of	 each	 patient	 (and
associated	PHI)	may	be	obfuscated	and,	therefore,	the	data	have	strategic	value
as	 well	 as	 the	 tactical	 indications	 offered	 herein.	 Blockchain	 technology	 may
augment	 ICU	data	management	at	 a	macro	 level,	by	 sharing	data	and	 learning
across	 institutions	 that	 traditionally	 have	 not	 collaborated	 because	 of	 privacy,
security,	and	accuracy	concerns.

Attribution	 of	 details	 may	 relate	 to	 specific	 patient	 and	 or	 stratified
populations,	but	because	of	the	inherent	digital	trust	element	of	the	technology,
multiparty	 cooperation/collaboration	 efforts	 spanning	 health	 networks,	 regions,
and	even	country	boundaries	are	encouraged	without	concern	of	breached	trust
or	 compliance	 with	 pertinent	 regulatory	 measures.	 The	 availability	 of	 such
massive	 amounts	 of	 data	 would	 greatly	 promote	 clinical	 research,	 safety	 and
adverse	 event	 reporting	 and	 identification,	 and	 more	 accurate	 public	 health
reporting.

Given	the	above	scenario,	the	outcome	patterns	collected	can	be	merged	with
longitudinal,	 historical	 relevance	 across	 vast	 populations	 or	 disease	 groups
presenting	retrospective	value	following	the	ICU	encounter.	Consider	obtaining



access	 to	 hundreds	 if	 not	 thousands	 of	 similar	 encounters/episodes	 and
maintaining	a	continuous	evolution	(learning)	of	trusted	evidence	base4-6	that	is
statistically	 influential	due	 to	 the	capture	and	 inclusion	of	massive	numbers	of
results,	outcomes,	and	values	measured.	The	use	of	“automation	tools”	will	need
to	 demonstrate	 noninferiority	 or	 superiority	 to	 the	 current	 practice	 of	 human
review.	 Blockchain	 would	 allow	 safe	 and	 secure	 interoperability	 between
partners	of	the	broader	health	care	system,	which	is	necessary	when	dealing	with
sensitive	 health	 information	 and	 strict	 regulatory	 oversight.	 Centers	 of
cooperative	 informatics	may	 form	across	huge	geographies	 and	may	be	 fueled
by	creating	scaled	machine-learning	“nets”	trained	by	disparate	sources.	When	a
unique	 event	 or	 change	 of	 information	 occurs,	 every	 party	 authorized	 to	 read,
add,	modify,	 or	otherwise	 access	 the	data	gets	 simultaneous	 access	 to	 the	new
information	and	related	conclusions.	Research	distribution	and	large	volumes	of
data	may	 be	 shared,	 synthesized,	 analyzed,	 and	 understood	 for	 various	 trends
and	 or	 treatment/protocol	 insights.	 Clinical	 practitioners	 may	 be	 able	 to	more
rapidly	compare	 research	 results	 to	 facilitate	new	drug	and	 treatment	 therapies
consistent	with	improving	outcomes.

Blockchain	 technology	may	enable	 researchers,	 scientists,	and	organizations
to	access	 this	wide	 spectrum	of	data	with	cohorts	of	hundreds	of	 thousands	of
patients	beyond	 those	 treated	 in	 the	 ICU.	For	example,	use	of	blockchain	may
lead	 to	 advancements	 in	 the	 science	 of	 pharmacology:	 In	 particular,	 both
pharmacovigilance	 and	 pharmacogenetics	 may	 benefit	 from	 the	 statistical
representation	 that	 may	 be	 enabled	 by	 closing	 the	 real-time	 observation	 gaps
between	care	delivery	episodes	and	pharmaceutical	efficacy	values.	This	offers
the	ability	 to	 relate	outcomes	 from	across	entire	 spectrums	of	 service-line/care
delivery	continuums	 linked	with	drug	discovery	and	 trials,	gene	 therapies,	 and
bio-life	 science	 to	 establish	 real-world	 evidence	 (RWE)	 collaborations	 and
cooperatives	that	have	not	yet	emerged	as	common	place	in	today’s	health	care
model.

USE	OF	REAL-WORLD	EVIDENCE	TO	SUPPORT
MEDICAL	PRODUCT	DEVELOPMENT	AND
REGULATORY	DECISION-MAKING
IMPORTANCE	TO	FDA
Real-world	data	 (RWD)	are	data	 relating	 to	a	patient’s	health	 status	and/or	 the
delivery	of	health	care	routinely	collected	from	a	variety	of	sources.	Examples	of



RWD	 include	 data	 derived	 from	 EHRs,	 administrative	 claims,	 registry,	 and
patient	generated	data,	and	data	gathered	from	mobile	devices	and	other	digital
health	 technologies	or	DHTs.	RWE	 refers	 to	 clinical	 evidence	 about	 the	usage
and	potential	benefits	or	risks	of	a	U.S.	Food	and	Drug	Administration	(FDA)-
regulated	 product	 derived	 from	 analysis	 of	 RWD.	 Big	 data	 analytics	 enables
researchers	 to	 analyze	 diverse	 data	 sources	 (Figure	 135.2).	 In	 addition	 to	 the
Agency’s	 use	 of	 the	 FDA	 Sentinel	 and	 Biologics	 Effectiveness	 and	 Safety
(BEST)	initiative,	the	FDA	is	collaborating	with	the	Medical	Device	Innovation
Consortium	 (MDIC)	 to	 build	 the	 National	 Evaluation	 System	 for	 health
Technology	(NEST)	with	the	purpose	of	driving	the	quality	and	efficient	use	of
RWD	 to	 inform	 medical	 device	 development	 and	 evaluation	 throughout	 the
entire	 product	 life	 cycle.	 The	 NEST	 coordinating	 center	 (NESTcc)	 helps
researchers	 quickly	 access,	 link,	 and	 synthesize	 data	 from	 different	 sources
across	the	medical	device	landscape.

	

Figure	 135.2 	 Big	 data	 analytics	 supports	 the	 merging	 of	 real-
world	 data	 and	 evidence	 through	 the	 Medical	 Device	 Information
Consortium	 (MDIC),	 National	 Evaluation	 System	 for	 health
Technology	(NEST),	and	Biologics	Effectiveness	and	Safety	(BEST)
to	 support	 FDA	 decision-making.FDA,	 U.S.	 Food	 and	 Drug
Administration.

5 	The	FDA	is	committed	to	exploring	the	use	of	real-world	data	in	regulatory
decision-making	 enhancing	 its	 ability	 to	 provide	 fit-for-purpose	 clinically
meaningful	 information	about	the	safety	and	effectiveness	of	medical	products.
As	part	of	its	efforts	under	the	21st	Century	Cures	Act	(Public	Law	114-225),	the
FDA	 established	 the	 RWE	 program	 to	 explore	 the	 use	 of	 RWE	 in	 regulatory
decision-making.	 As	 a	 result,	 FDA	 is	 developing	 and	 supporting	 projects	 that
will	provide	insight	into	how	RWD	and	RWE	can	play	a	role	in	supporting	the



evaluation	of	a	product’s	safety	and	effectiveness.7

KEY	MEASURES	OF	SECURITY	AND	SAFETY
Perhaps	one	way	to	visualize	and	characterize	the	concepts	of	security	and	safety
is	 through	the	key	performance	measures	of	cost,	quality,	and	experience.	Cost
refers	to	financial	and	human	costs,	the	latter	in	terms	of	effort,	loss,	suffering,
and	 pain.	 Quality	 refers	 to	 accuracy	 and	 reliability	 of	 health	 care	 data,	 its
timeliness	 and	 accuracy.	 Experience	 refers	 to	 the	 provider/patient	 interaction
with	the	data	flowing	through	trusted	execution	environments	(TEEs).	The	TEE
is	 an	 isolated	 processing	 environment	 in	 which	 applications	 can	 be	 securely
executed	irrespective	of	the	rest	of	the	system	and	in	which	security	and	privacy
are	maintained.	One	might	visualize	a	virtual	private	network	(VPN)	as	a	TEE,
as	 data	 interactions	 within	 a	 VPN	 are	 not	 visible	 outside	 of	 the	 TEE	 unless
decrypted	 or	 otherwise	 made	 available	 physically	 outside	 of	 the	 protected
environment.8

Table	 135.1	 demonstrates	 the	 application	 of	 cost,	 quality,	 and	 experience
relative	 to	 three	 types	 of	 technological	 and	 functional	 applications.	 The	 first
example	 is	 integration	and	 interoperability.	 Inherent	 in	 the	cost	associated	with
integration	 and	 interoperability	 is	 our	 functioning	 within	 the	 confines	 of	 a
commonly	 defined	 standard	 (eg,	 Health	 Level	 Seven	 for	 discrete	 health	 care
transactions).	The	use	of	 standards	enables	 integration	and	 interoperability	 that
facilitates	improved	clinical	workflow	and	response	time	to	meet	patient	needs.
Hence,	 quality	 improvement	 is	 served	 by	 doing	 so.	 The	 provider	 and	 user
experience	 involves	 communicating	 and	dialoguing	using,	 eg,	web	portals	 that
enable	 a	 patient	 to	 review	 their	 information	 online	 (eg,	 outpatient	 laboratory
results),	while	accelerating	access	to	data	needed	for	treatment	and	patient	care
management.

TABLE	135.1

Blockchain	and	Health	Care	Delivery.

Cost Quality Experience

Integration	and
interoperability

Automate	claims	and
fraud	detection,

Transactional
interoperability—

Navigation
across	providers,



revenue	cycle/flow,
copay	and	deduction
accumulation,	and
other	elements	assured
in	granular	and
auditable	form
Reduces	variables	in
the	transaction	flow—
automate	consent,
prior	authorization,
assures/simplifies
data-sovereignty	etc

secure	provenance
aligned	with
patient
flow/interactions
—synced	with
data,	knowledge,
and	informed
consent	for	real-
time	integration
and	flow
Synthesize	w/	and
act	on	data	at	the
source—include
all	dimensions	of
care	and	wellness
decision	support
and	influence

lineage	of
historical
records,
evidence	base,
and	PHI
presented	at
encounter
Personalized	and
contextualized
consumer
experience
Precision,
simplicity,	and
mobility

Access	and	use Efficient	operating
models—focus	is	on
productivity	and
collaboration—care
and	wellness—vs	data
curation	and	control
Collectively	change
the	trajectory	of
economic	value	of
practitioner
hierarchies	by
leveraging	data	where
the	consumers	are—
compliant	w/
permissions
Generates	potential	for
financial	synergy
across	care	continuum
—primary,	specialty,
acute,	in/outpatient,
etc

Informed,
contextual
transitions	of	care
—intelligence	is
accessible	and
secure	from
interference
Distribution	of	AI
in	real	time—
complementary
for	API	streaming
and	event-	and
data-driven
architectures—
reduces	“noise	in
the	signal”
Secure
input/access	to
content	and	are
augmented	by
federated	ML	and

Reduce	variables
in	the	transaction
flow	and	auto-
opens
permissions,
consent,	and
prior
authorization
when	needed	in
sync	with
eligibility
Aggregated	and
analyzed	data,	in
the	shape	of
actionable
intelligence,
enabling	you	to
take	actions	and
decisions,	fast—
human	and	or
machine



AI	for	influenced
outcomes

Trust	and	value Permission,	consent,
and	prior	authorization
baked	into	the
transaction	and
consistent	with	digital
identify	tokens
Eligibility	=	enrolment
—no	additional
records	or
intermediary	involved
∼40%	of	data
produced	in	real	time
—the	value	of
information	decreases
over	time—accelerates
trusted,	federated
learning	for	real-time,
contextual
intervention

Value-based	and
population
management
programs	operate
on	trusted	datasets
shared/contributed
by	all	with
immutable	record
of	truth—
practitioner
insights	for
efficiency	and
efficacy
Immutable
identity,
credentialing,	and
access
management
architectures	for
compliance	and
privacy—
enhanced	identity
governance

Patient/consumer
engaged	because
trust	is	assured
via	TEEs	and
digital	identity
so	contextual
interactions	are
therefore
adopted/valued
and	pursued
Consumer
relationship
management
becomes	a
reality	for	HC

Copyright	Ted	DellaVecchia.	In:	Vecchia	D,	Linton	JR,	Hardjono	T.	Healthcare	and	the	Data
Challenge.	Symbotix;	2020.

AI,	artificial	intelligence;	API,	application	programming	interface;	HC,	health	care;	ML,	machine
learning;	PHI,	personal	health	information;	TEE,	trusted	execution	environment.

From	the	perspective	of	data	access	and	use,	productivity	is	served	through
improved	 data	 access,	 thus	 reducing	 costs	 in	 terms	 of	 time	 to	 access.
Furthermore,	 improved	 access	 promotes	 usage	of	 data	 to	 support	 retrospective
assessment,	quality	improvement	initiatives	(evaluate	LOS,	time	on	mechanical
ventilation,	morbidity	vs	mortality,	 etc)	 to	promote	continuous	 feedback	 to	 the
care	 providers	 and	 leadership	 resulting	 in	 a	 closed	 loop	 system	 that	 facilitates
improving	 experiences	 for	 the	 patient	 and	 providers.	 The	 resultant	 experience
includes	 fully	 aggregated	 and	 time-aligned	 data,	 facilitating	 cross-patient	 and



cross-temporal	 views,	 further	 improving	 insight	 into	 conditions,	 treatment,
patient	response,	etc.	Finally,	from	the	perspective	of	trust	and	value,	authorized
access	and	protection	of	data	facilitate	improved	trust	in	the	use	of	patient	data
and	reduced	concern	over	unauthorized	data	breaches	or	exposure	of	personally
identifiable	 information	 or	 personal	 health	 information	 (PII	 and	 PHI,
respectively).

BLOCKCHAINS	IN	HEALTH	CARE/CURRENT
SCOPE	OF	PRACTICE
Current	health	care	implementations	and	emerging	use	cases	include:

Penetration	of	blockchain	into	today’s	health	care	dominant	design.
Automation	of	transactional	processing	between	providers	and	payers	has
emerged	as	a	common1	choice	for	the	penetration	of	blockchain	into	today’s
health	care	dominant	design.	The	American	National	Standards	Institute
(ANSI)	X.12/Health	Information	Portability	and	Accountability	Act	(HIPAA)
transaction	set	is	typically	the	place	where	several	organizations	have	begun	to
leverage	the	collaborative	nature	of	the	blockchain.	This	encompasses	health
care	claims/payment	adjudication	clearing	houses.	Blockchain	is	uniquely
adapted	to	claims	processing	because	of	its	ability	to	ledger	longitudinal
medical	events	as	they	occur,	without	the	potential	for	changing	the	data	at	a
later	stage	for	purposes	of	fraud.	Multiple	parties	can	interact	with	the	data
and	preserve	patient	privacy,	and	access	to	specified	data	may	be	managed	as
needed	(eg,	the	medical	institutions	have	full	transparency	over	the	data
enabling	accurate	coding	to	minimize	mistakes	or	data	corruption	in
submissions	to	insurers).	If	deployed	at	scale,	the	payer	and	provider	may
consume,	analyze,	and	adjudicate	these	time-sensitive	transactions	by	sharing
and	operating	off	the	same	dataset	for	shared	populations	without	fear	of
unauthorized	modification	or	potential	misrepresentations.
Multidisciplinary	coordination.	Blockchain	actualizes	coordination	across
service	lines	within	health	systems	where	patient	flow,	skilled	labor
workflow/utilization,	specialty	coordination,	transitions	of	care,	and	other
collaborative	and	quality-related	performance	are	enhanced	by	secure
distribution	of	relevant	information	and	tracking.	Blockchain	will	allow
biologists,	emergency	physicians,	radiologists,	nurses,	specialists,	surgeons,
pharmacists,	and	other	providers	along	the	health	care	continuum	to	operate
more	efficiently	by	working	off	the	same	records	of	truth.	In	these	scenarios,



improved	safety,	reduced	medical	errors,	accelerated	diagnosis	and
interventions	all	become	possible,	and	care	can	be	personalized	to	each
patient.
Internet	of	Medical	Things	(also	called	IoMT).	The	Internet	of	Medical
Things	facilitates	the	tracking	of	supply-chain	supplies	where	smart	contracts
may	execute	orders	to	maintain	continuous	inventory	levels	of	consumables	in
the	health	care	delivery	settings.	This	may	be	extended	to	the	tracing	of
supplies,	drugs,	and	or	other	time	and	temperature	sensitive	materials	such	as
genetic	materials,	tissue/organs	(for	harvest/donation),	blood	products,	and	or
vaccines	that	are	perishable	and	rely	on	strict	adherence	to	temperature	and	or
other	environmental	variables.	Blockchain	offers	immutable	transparency	for
tracking	and	tracing	cold	chain	distribution	channels,	maintains	a	ledger	from
shipment	to	delivery	and	beyond,	and	offers	capabilities	to	trigger
remediations	events	or	send	alerts	to	those	responsible	to	assure	safety/quality
of	the	shipment	contents	and	delivery	performance.

THOUGHTS	ON	BLOCKCHAIN	EVALUATION
6 	 Many	 design	 patterns	 and	 implementations	 of	 blockchain	 technology	 have
emerged	in	the	market	and	blockchain	has	been	received	with	much	promise	and
expectation.	 However,	 to	 date,	 large-scale	 significant	 blockchain
implementations	 have	 been	 few	 in	 the	 health	 care	 domain.	 One	 of	 the
impediments	to	blockchain	adoption	is	that	the	technology	stacks	(incorporated
into	blockchain)	and	offered	by	vendors	in	the	market	today	have	fallen	short	of
the	 hype.	 Technology	 stacks	 are	 a	 combination	 of	 programming	 languages,
frameworks,	and	tools	that	developers	use	to	build	a	web	or	mobile	app.	The	two
main	 components	 of	 any	 app	 are	 client-side	 (front-end)	 and	 server-side	 (back-
end).	Each	 layer	of	 the	application	 is	built	 atop	 the	one	below,	 thus	creating	a
stack.

Most	stack	shortfalls	are	typified	by	concerns	with	interoperability,	response-
time	performance,	scale,	and	or	bandwidth/compute/storage	costs	related	to	total
cost	 of	 ownership.	 Devvio,	 a	 software	 engineering	 firm,	 has	 eliminated	 these
inherent	concerns	by	incorporating	an	elegant	architectural	feature	referred	to	as
“sharding”	 into	 blockchain.	 Sharding	 distributes	 subsets	 of	 the	 database	 into
horizontal	 partitions	 serving	 only	 a	 selective	 portion	 of	 the	 overall	 workload.
Using	 this	 approach,	Devvio	 can	 express	 networks	 as	 shards	 that	 respectively
maintain	 independent	 blockchains	 within	 the	 overall	 network.	 By	 vectoring
transactions	that	operate	across	shards	through	a	single	blockchain	network,	the



Devvio	design	eliminates	bottlenecks	across	 the	entire	network	of	blockchains.
Transaction-throughput,	 interoperability,	 scale,	 and	 adaptability	 are	 thus
optimized	while	costs	and	response	times	are	dramatically	decreased.

Evaluating	 investments	 in	 blockchain	 technology	 should	 include	 the
following:

Scalability	(network	sharding,	highly	distributed/performant	architecture,
transactions	per	second	at	optimal	peak,	resource	consumption	such	as
compute	and	network/bandwidth	overhead,	distributed	IoT/Edge	capabilities);
Interoperability	(open	APIs,	platform	agnostic	(handhelds,	mobility,
mainframes),	cloud	agnostic,	codependence	on	other	middleware,	cost-neutral
federation);
Engineering	adoption	(ease	of	operation/development,	integration
frameworks,	accelerators,	portability	adaptors,	open-source	code	repositories,
fault	tolerance	mechanisms);
Governance	(Can	the	network	perform	with	sufficient	legitimacy,	inclusivity,
and	transparency	to	provide	effective,	yet	decentralized	leadership	and	still
optimally	serve	divergent	needs	of	multiple	parties,	ability	to	effectuate
computational	governance?);	and
Digital	identity	(Is	the	digital	privacy	solution	effective,	consistent,	and	does
it	enable	verifiable	permission/consent/authentication,	operates	in	trustless
execution	mode,	simple	but	effective	protocols,	parameterized	key-
management,	tokenization,	enablement	of	regulatory	compliance?).

SUMMARY	AND	CONCLUSIONS
Whether	 in	 the	 ICU	 or	 across	 the	 entire	 care/wellness	 ecosystem,	 significant
health	care	advancements	will	undoubtedly	be	unlocked	through	the	adoption	of
blockchain	 technology.	We	 believe	 that	 blockchain	 is	 a	 perfect	 match	 for	 the
idiosyncrasies	 of	 the	 super–data-intensive/interdependent,	 highly	 regulated,
health	 care	 industry.	 As	 a	 complement	 to	 the	 current	 data	 apparatus	 and	 the
expanding	 capacities	 of	 the	 IoT/Edge,	 the	 role	 of	 blockchain	 to	 extend	 trusted
reach	 and	 immutable,	 time-sequenced	 source	 of	 truth	 across	 perceived
boundaries	 within	 or	 across	 institutional	 boundaries	 is	 innovative	 and
transformative.

Organizations	 that	have	made	significant	 investments	 in	existing	technology
assets	(applications,	systems,	platforms,	skilled	labor,	etc)	may	benefit	most	by
integrating	 blockchain	 technology	 to	 extend	 clinical	 and/or	 business	 operating



models	not	 considered	before	due	 to	prohibitive	 complexity,	 risks,	 or	 costs.	 In
essence,	 this	 technology	 offers	 functional	 gain	 while	 optimizing	 existing
information	 technology	 and	 return	 on	 investment.	 The	 advancement	 of	 shared
learning,	 multidisciplinary	 collaboration,	 cross	 functional	 interoperability,	 and
trusted	 transactions,	 while	 introducing	 simplified	 use-of-knowledge	 in-the-
moment,	may	completely	reinvent	the	current	dominant	design	of	health	care	as
we	know	it.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	greatest	challenge	to	blockchain	adoption	currently	underway?

A. 	Automating	payments	between	providers	and	payers
B. 	Available	technology
C. 	Distribution	of	medication	and	vaccines
D. 	Governance	between	institutions

2. 	In	the	Patient	Safety	Movement,	the	necessity	to	examine	medical	errors
to	the	same	depth	the	Federal	Aviation	Administration	does	in	plane	crashes
requires	the	essence	of	a	“black	box”	for	every	institution	providing	medical
care.	What	is	the	potential	value	of	Blockchain	toward	this	cause?

A. 	Creates	unique	digital	keys	that	prevent	tracing	of	individuals
B. 	Offers	a	firewall	between	institutions
C. 	Includes	massive	numbers	of	testing	results,	outcomes
D. 	Open	access	allows	all	to	review	data

3. 	A	benefit	of	Blockchain	for	health	care	would	be	which	of	the	following?

A. 	Prevention	of	artificial	intelligence	analyses
B. 	Processing	times	limit	hasty	clinical	decisions
C. 	Transaction	records	are	held	by	the	government

Answers



1.	The	correct	answer	is	D.
Rationale:	 Blockchain	 will	 allow	 biologists,	 emergency	 physicians,

radiologists,	nurses,	specialists,	surgeons,	pharmacists,	and	other	providers	along
the	health	care	continuum	to	operate	more	efficiently	by	working	off	 the	same
records	of	truth.	Multidisciplinary	coordination	across	service	lines	within	health
systems	 where	 patient	 flow,	 skilled	 labor	 work	 flow/utilization,	 specialty
coordination,	 transitions	 of	 care,	 and	 other	 collaborative	 and	 quality	 related
performance	 are	 enhanced	 by	 secure	 distribution	 of	 relevant	 information	 and
tracking.	In	these	scenarios,	improved	safety,	reduced	medical	errors,	accelerated
diagnosis	and	interventions	all	become	possible,	and	care	can	be	personalized	to
each	 patient.	 Technology,	 distribution	 systems,	 and	 payment	 automaton	 are
available	(choices	B,	C,	and	D	are	incorrect),	governance	between	institutions	is
the	current	challenge	(choice	D	is	correct).

2.	The	correct	answer	is	C.
Rationale:	Blockchain	includes	massive	numbers	of	test	results	and	outcomes

(C	is	correct).	It	 is	not	open	access	or	a	firewall,	and	does	not	allow	tracing	of
individuals	(choices	A,	B,	and	D	are	incorrect).	The	power	and	unique	value	of
blockchain	is	most	evident	when	the	use	case	has	the	following	requirements:	(1)
collaboration—when	 multiple	 parties	 need	 to	 share/exchange	 multiple
transactions	or	data	 in	a	shared	repository;	 (2)	 trust—where	 there	 is	a	need	for
verify	 the	 authenticity	 and	 provenance	 of	 the	 data;	 (3)	 security—data	 are
“hashed”	cryptographically	(translating	a	given	key	into	a	code)	and	acts	as	an
additional	firewall	against	attacks;	(4)	privacy	of	data	often	to	meet	compliance
obligations,	 for	 example	 GDPR	 plus	 regulations	 like	 HIPAA	 where	 patient
privacy	 is	 a	 standard	 for	 processing	 any	 form	 of	 personal	 health	 information
(PHI);	 (5)	 self-sovereign	 identity	 (SSI)	 or	 self-managed	 identity,	 enhances
privacy	and	puts	the	individual	in	control	of	their	own	data,	including	providing
varying	 levels	 of	 transparency	 depending	 upon	 the	 predefined	 role	 of	 a
stakeholder.

3.	The	correct	answer	is	B.
Rationale:	 The	 National	 Institute	 of	 Standards	 and	 Technology	 (NIST)

defines	 Blockchain	 as	 a	 tamper	 evident	 and	 tamper	 resistant	 digital	 ledger
implemented	 in	a	distributed	 fashion	 (without	a	central	 repository)	and	usually
without	a	central	authority,	such	as	a	bank,	company,	or	government	(choice	C	is
incorrect).	Blockchain	does	not	prevent	artificial	intelligence	analyses	(choice	A
is	 incorrect)	 but	 does	 have	 processing	 times	 that	 can	 limit	 its	 use	 for	 clinical
decision-making	(choice	B	is	correct).
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Section	13

ENDOCRINE	PROBLEMS	IN	THE
INTENSIVE	CARE	UNIT
NEIL	ARONIN	•	DAVID	M.	HARLAN

Chapter	136
Management	of	Hyperglycemia	in
Critically	Ill	Patients
Asem	H.	Ali,	Vrushali	H.	Shah,	David	M.	Harlan,	Leslie	J.	Domalik

KEY	POINTS:
1.	 All	patients	admitted	to	the	ICU	should	be	evaluated	for

hyperglycemia.
2.	 Hyperglycemia	during	an	ICU	stay	is	associated	with	poor	outcomes.
3.	 Hypoglycemia	during	an	ICU	stay	is	associated	with	increased

mortality.
4.	 Glycemic	management	should	target	blood	glucose	140	to

180	mg/dL	for	most	patients.
5.	 Patients	with	1	diabetes	should	be	always	treated	with	insulin.
6.	 Insulin	infusions	remain	the	mainstay	of	therapy	for	hyperglycemia

during	an	ICU	stay.
7.	 Use	of	“sliding	scale”	and	intermittent	insulin	dosing,	intravenously	or

subcutaneously,	as	the	sole	means	of	glycemia	control	should	be
avoided.

8.	 Oral	antidiabetic	agents	should	not	be	used	at	the	onset	of	critical
illness.



INTRODUCTION
Hyperglycemia	 is	 a	 common	 problem	 that	 complicates	 the	 delivery	 of	 critical
care.	Approximately,	37.1	million	people,	or	14.7%	of	the	adult	US	population,
have	diabetes	out	of	which	23%	were	unaware	of	the	diagnosis.	The	percentage
of	 adults	 with	 diabetes	 increases	with	 age	 reaching	 29.2%	 among	 those	 older
than	65	years.1	Epidemiology	alone	would	make	diabetes	a	common	problem	in
the	intensive	care	unit	(ICU),	but	poorly	controlled	diabetes	also	predisposes	to
cardiovascular,2	 renal,3	 and	 infectious4-6	 complications	 that	 often	 require
intensive	 surgical	 and	 medical	 care.	 In	 addition,	 hyperglycemia	 frequently
occurs	among	severely	ill	ICU	patients	who	have	no	prior	history	of	diabetes.7

ETIOLOGY	AND	PATHOPHYSIOLOGY

Metabolic	Homeostasis
Individuals	 with	 normal	 glucose	 tolerance	 maintain	 their	 blood	 glucose
concentration	between	60	and	120	mg/dL,	which	is	controlled	by	the	degree	of
tissue	 insulinization.8	This	 is	 a	 function	of	 the	amount	of	 insulin	available	and
responsiveness	of	 target	 tissues.	After	eating,	blood	glucose	concentration	rises
but	 remains	within	 the	normal	 range	 as	 a	 result	 of	 increased	 insulin	 secretion.
Insulin	 first	promotes	 the	 transport	of	glucose	 into	cells,	 repletes	glycogen	and
protein	stores,	and	then	mediates	the	storage	of	excess	glucose	as	triglycerides.
When	absorption	of	nutrients	 is	complete,	 the	concentrations	of	all	metabolites
and	hormones	return	to	basal	levels.

In	the	fasting	state,	two	mechanisms	keep	blood	glucose	concentration	in	the
normal	range,	glycogenolysis	and	gluconeogenesis.	Initially,	hepatic	glycogen	is
mobilized.	If	fasting	persists	longer	than	12	to	18	hours,	peripheral	tissues	begin
to	 use	 free	 fatty	 acids	 for	 fuel,	 thereby	 sparing	 glucose.	 At	 the	 same	 time,
gluconeogenesis	 supplies	 glucose	 for	 obligate	 glycolytic	 tissues,	 most	 notably
the	central	nervous	system.	When	starvation	continues	for	more	than	72	hours,	a
progressive	 decrease	 of	 hepatic	 gluconeogenesis	 occurs	 because	 of	 decreased
amino	 acid	 release	 in	 the	 periphery.	 Thus,	 brain	 tissue	 begins	 to	 use	 ketone
bodies	as	an	alternative	fuel	source.8	Furthermore,	lactate,	pyruvate,	and	glycerol
become	the	main	gluconeogenic	precursors	in	place	of	amino	acids.	At	all	times,
a	low	level	of	circulating	insulin	regulates	the	rate	of	lipolysis,	glucose	transport,
and	gluconeogenesis.



Metabolic	Stress
Major	 surgery	 and	 critical	 illness	 are	 physiologically	 stressful	 events	 that
provoke	complex	metabolic	responses.	Tissue	hypoxia	and	hypoxemia	adversely
affect	 normal	 oxidative	 phosphorylation,	 and	 counterregulatory	 hormones	 are
secreted.	These	hormones	include	epinephrine,	norepinephrine,	cortisol,	growth
hormone,	glucagon,	and	the	balance	between	various	proinflammatory	and	anti-
inflammatory	 cytokines	 (eg,	 IL-6,	 IL-8,	MCP-1,	 and	 IL-10).	 They	 raise	 blood
glucose	 concentration,	 mobilize	 alternative	 fuels,	 and	 increase	 peripheral
resistance	 to	 the	 effects	 of	 insulin.	From	 the	 ICU	patient,	 their	 effects	may	be
further	 amplified	 by	 the	 concurrent	 administration	 of	 exogenous	 vasopressors,
glucocorticoids,	and	other	drugs	that	can	affect	intermediary	metabolism.

Stress	and	the	Diabetic	State
Stress-induced	changes	of	metabolism	normally	lead	to	increased	insulin	release.
This	in	turn	enhances	peripheral	glucose	utilization	and	inhibits	alternative	fuel
mobilization.	 In	 this	way,	 the	 body	 resists	 stress	without	 losing	 control	 of	 the
biochemical	 machinery.	 Among	 patients	 with	 decreased	 insulin	 reserves	 (ie,
diabetes	 mellitus),	 failure	 of	 this	 feedback	 loop	 produces	 hyperglycemia	 and
related	 metabolic	 complications.	 To	 preclude	 these	 complications,	 careful
management	of	insulin,	fluid,	and	electrolytes	is	necessary.

DIAGNOSIS	OF	HYPERGLYCEMIA	FOR	THE
INTENSIVE	CARE	UNIT	PATIENT

Diagnostic	Criteria
1 	All	acutely	ill	patients	should	have	their	blood	glucose	level	measured	at	entry
into	 the	 ICU	and	at	 regular	 intervals	 throughout	 their	 stay.	Any	blood	glucose
concentration	 greater	 than	 140	 mg/dL	 of	 patients	 without	 prior	 history	 of
diabetes	is	defined	as	stress	hyperglycemia.7,9,10	Most	seriously	 ill	patients	with
hyperglycemia	 do	 not	 have	 a	 preexisting	 diagnosis	 of	 diabetes.11	 Although	 a
HbA1c	≥	6.5	can	suggest	a	diagnosis	of	preexisting	diabetes,	a	formal	diagnosis
of	new-onset	diabetes	should	be	made	upon	resolution	of	acute	illness.



Assessment	of	Severity11

Whenever	 the	 glucose	 concentration	 of	 any	 patient	 is	 greater	 than	 about
250	 mg/dL,	 actual	 or	 impending	 ketoacidosis	 and	 hyperosmolality	 must	 be
considered	that	require	urgent	treatment	and	are	discussed	in	Chapter	137.

TREATMENT	OF	CRITICALLY	ILL	PATIENTS
WITH	PREEXISTING	DIABETES

Initial	Evaluation
Physicians	caring	for	patients	with	diabetes	during	an	ICU	stay	should	attempt	to
determine	 the	 of	 diabetes,	 its	 duration,	 the	 presence	 of	 diabetic	 complications,
and	the	degree	of	previous	glycemic	control.

Diabetes	 is	 not	 one	 disease	 but	 rather	 a	 family	 of	 syndromes	 that	 have	 in
common	 hyperglycemia	 resulting	 from	 inadequate	 insulinization.	 These
syndromes	 vary	 with	 respect	 to	 genetics,	 pathophysiology,	 and	 appropriate
treatment	 modalities.	 Diabetes	 can	 be	 generally	 classified	 into	 the	 following
general	categories	as	outlined	in	Tables	136.113	and	136.2

TABLE	136.1

Classification	of	Diabetic	Syndromes12

Type	1	diabetes	(β-cell	destruction)	autoimmune	(1A)	and	idiopathic	(1B)

Type	2	diabetes	(insulin	resistance	with	variable	insulin	secretory	defect)

Other	specific	types
Genetic	defects	of	β-cell	function	(eg,	MODY,	mitochondrial	DNA)
Genetic	defects	in	insulin	action	(eg,	lipoatrophic	diabetes)
Diseases	of	the	exocrine	pancreas	(eg,	cystic	fibrosis,	hemochromatosis,

pancreatitis)
Endocrinopathies	(eg,	acromegaly,	Cushing	syndrome)
Drug	or	chemical	induced	(eg,	glucocorticoids,	atypical	antipsychotics,

thiazide	and	loop	diuretic,	vasopressors)
Infections	(eg,	congenital	rubella)



Uncommon	forms	of	immune-mediated	diabetes	(eg,	stiff-man	syndrome)
Other	genetic	syndromes	associated	with	diabetes

Gestational	diabetes	mellitus	(diabetes	diagnosed	in	the	second	or	third
trimester	of	pregnancy	that	was	not	clearly	overt	diabetes	prior	to	gestation)

MODY,	maturity-onset	diabetes	of	the	young.

Used	with	permission	of	American	Association	of	Critical-Care	Nurses,	from	Lacara	T,	Domagtoy
C,	Lickliter	D:	Comparison	of	point-of-care	and	laboratory	glucose	analysis	in	critically	ill	patients.
Am	J	Crit	Care.	2007;16(4):336-46;	permission	conveyed	through	Copyright	Clearance	Center,
Inc.

TABLE	136.2

Some	Causes	of	“Secondary”	Diabetes

Type Examples Type Examples

Drug
induced

Thiazide	diuretics
Loop	diuretics	(eg,
furosemide,	ethacrynic	acid,
metolazone)
Antihypertensive	agents	(eg,
β-adrenergic	blockers,
calcium	channel	blockers,
clonidine,	diazoxide)
HIV	protease	inhibitors
Hormones	(eg,
glucocorticoids,	oral
contraceptives,	a-adrenergic
agents,	glucagon,	growth
hormone)
Interferon-α
sympathomimetic	drugs

Other
endocrine
disorders

Cushing	syndrome,
pheochromocytoma
and
paraganglionoma,
acromegaly
Primary
hyperaldosteronism,
hyperthyroidism
Polyendocrine
autoimmune
syndromes
POEMS	syndrome
(eg,
polyneuropathy,
organomegaly,
endocrinopathy,
monoclonal
gammopathy,	skin
changes)
Somatostatinoma



Glucagonoma

Antineoplastic	agents	(eg,
asparaginase,	mithramycin,
streptozocin,	5-fluorouracil)
Phenytoin	(Dilantin)
Theophylline
Niacin
Cyclosporine
Phenothiazines
Lithium
Isoniazid
Pentamidine
Olanzapine	(Zyprexa)
Gatifloxacin

Other
genetic
syndromes

Down	syndrome
Klinefelter
syndrome
Turner	syndrome
Wolfram	syndrome
Friedreich	ataxia
Huntington	disease
Lawrence-Moon-
Bardet-Biedl
syndrome
Myotonic	dystrophy
Prader-Willi-
Labhart	syndrome
Porphyria
Glycogen	storage
disease

Pancreatic
diseases

Hemochromatosis
Pancreatic	cancer
Pancreatitis
Cystic	fibrosis
Fibrocalculous
pancreatopathy
Abdominal	trauma

Partial	listing	of	causes	of	secondary	diabetes.12,88	Additional	possible	causes	have	been
published	as	isolated	case	reports.

Table	 136.1	 outlines	 the	 American	 Diabetes	 Association’s	 classification
system.13

5 	There	is	near	total	deficiency	of	insulin	of	patients	with	1	diabetes.8,14	These
patients	require	exogenous	insulin	for	survival.	Those	who	are	not	given	insulin
can	neither	store	nor	use	glucose,	and	unregulated	gluconeogenesis	and	lipolysis
occur.	In	this	hypercatabolic	state,	accelerating	amino	acid	and	fat	mobilization
produces	 hyperglycemia,	 hyperlipidemia,	 and	 ketosis.	 The	 excess	 glucose
produced	 by	 uncontrolled	 gluconeogenesis	 remains	 in	 the	 circulation,	 because
there	is	no	insulin	to	stimulate	glucose	transport	into	cells.	The	osmotic	diuresis
of	glucose	and	the	buffering	of	ketoacids	produce	secondary	fluid	and	electrolyte



shifts.	Ultimately,	diabetic	ketoacidosis	(DKA)	occurs.	The	insulin	can	be	given
either	 as	 a	 continuous	 insulin	 infusion	 or	 as	 conventional	 subcutaneous
injections.	 The	 key	 ICU	 issue	 is	 continuity	 of	 treatment.	 Inappropriate
discontinuation	of	insulin	treatment,	even	for	relatively	brief	intervals,	can	lead
to	serious	metabolic	complications.

Type	2	diabetes	 is	characterized	by	relative,	 rather	 than	absolute,	deficiency
of	 insulin.	 It	 involves	 defects	 of	 both	 insulin	 action	 and	 insulin	 secretion.
Impaired	 responses	 to	 insulin	 of	 peripheral	 tissues	 is	 often	 the	 dominant
feature.15	Depending	 on	 severity,	 duration,	 or	 presence	 of	 complications	many
patients	 with	 2	 diabetes	 are	 on	 insulin	 therapy.	 Even	 when	 2	 diabetes	 is
untreated,	 there	 is	 usually	 enough	 insulin	 present	 to	 control	 lipid	mobilization
and	prevent	ketoacidosis	when	the	patient	is	otherwise	well.	They	can,	however,
develop	 DKA	 in	 the	 presence	 of	 sufficient	 intercurrent	 stress.	 In	 the	 ICU,
patients	with	 2	 diabetes	whose	 diabetes	 is	 uncontrolled	 should	 be	 treated	with
insulin.

ICU	patients	with	any	form	of	uncontrolled	hyperglycemia	require	insulin	to
control	hyperglycemia	and	prevent	short-term	metabolic	complications.	Patients
who	have	undergone	total	pancreatectomy	have	absolute	insulin	deficiency,	are
ketosis	 prone,	 and	 are	 insulin	 dependent.	 Patients	 with	 other	 diseases	 of	 the
exocrine	 pancreas	 (eg,	 pancreatitis)	 can	 develop	 variable	 degrees	 of	 insulin
deficiency	and,	while	in	the	ICU,	should	be	considered	at	risk	for	ketoacidosis.
Gestational	diabetes	of	an	ICU	patient	should	also	be	treated	with	insulin.

Long-standing	diabetes	is	associated	with	complications	that	tend	to	be	more
severe	for	patients	with	glycemia	that	is	poorly	controlled.16,17	These	sequelae	of
diabetes	 complicate	 the	management	of	 critical	 illnesses.	Diabetes	 is	 a	 leading
cause	 of	 cardiovascular	 and	 peripheral	 vascular	 disease.	 Assessments	 of	 both
cardiac	 function	 and	 peripheral	 circulation	 are	 advisable	 for	 all	 patients	 with
diabetes.	 Diabetic	 neuropathy	 can	 affect	 the	 autonomic	 nervous	 system,	 with
implications	 for	managing	 blood	 pressure,	 heart	 rate,	 and	 voiding.	Autonomic
neuropathy	should	be	suspected	in	patients	with	an	abnormal	pupillary	response
to	 light	 or	 absence	 of	 heart	 rate	 response	 (R-R	 interval	 change	 in	 the
electrocardiogram)	during	a	Valsalva	maneuver.	Assessment	of	kidney	function
should	 include	 a	 urinalysis	 for	 protein;	 albuminuria	 typically	 precedes
abnormalities	of	blood	urea	nitrogen	and	creatinine	levels.	Diabetic	eye	disease
is	 not	 a	 contraindication	 to	 anticoagulation,	 but	 its	 severity	 should	 be
documented	before	instituting	therapy.

A	history	of	poor	glycemic	control	should	alert	the	clinician	to	other	potential
problems,	 including	 poor	 nutrition.	 This	 has	 important	 implications	 for
resistance	 to	 infections	 and	 for	 wound	 healing;	 nutritional	 assessment	 and



vitamin	 repletion	may	be	helpful.	Thiamine,	 in	particular,	 is	 a	 critical	 cofactor
for	 carbohydrate	 metabolism,	 and	 patients	 with	 uncontrolled	 diabetes	 may	 be
thiamine	 deficient.	 Occult	 infections	 to	 which	 individuals	 with	 diabetes	 are
particularly	 susceptible	 include	 osteomyelitis,	 cellulitis,	 tuberculosis,
cholecystitis,	gingivitis,	sinusitis,	cystitis,	and	pyelonephritis.4,5,18	Patients	with	2
diabetes	 frequently	 have	 hypertriglyceridemia	 and	 may	 develop	 pancreatitis
because	of	high	levels	of	triglycerides.19

Glucose	Monitoring
Hospital-grade	 bedside	 blood	 glucose	 monitoring	 systems	 for	 point-of-care
glucose	 determinations	 are	 accurate12,20	 but	 can	 be	 influenced	 by	 hematocrit,
creatinine	concentration,	plasma	protein	concentration,	and	PO2,	all	of	which	can
be	 abnormal	 among	 ICU	 patients.21-23	 Extremely	 elevated	 blood	 glucose
concentrations	 may	 be	 outside	 the	 range	 accurately	 measured	 by	 the	 bedside
monitor	 and	 should	 be	 verified	 with	 a	 serum	 sample	 sent	 to	 the	 laboratory.24
Therapy	should	not	be	delayed	by	waiting	for	confirmatory	results	of	laboratory
glucose	concentration.

Promising	new	technology	for	continuous	glucose	monitoring	(CGM)	has	the
potential	 to	 improve	detection	and	prevention	of	hypoglycemia	and	to	alert	 the
development	 of	 hyperglycemia	 and	 allow	 for	 earlier	 intervention	 to	 minimize
glucose	variability	in	ICU	patients.25-30	CGM	devices	that	measure	subcutaneous
glucose	readings	may	be	 less	accurate	among	patients	with31	hypoperfusion,	or
during	 certain	 situations	 that	 can	 directly	 impact	 the	 sensor,	 such	 as	 prone
position	ventilation	or	turning	for	bathing	that	can	compress	the	sensor,	bleeding
around	 the	 sensor,	 or	 hypothermia.	 In	 addition,	 sensors	 would	 need	 to	 be
removed	 for	 MRI	 scans.	 During	 the	 COVID-19	 pandemic,	 the	 US	 Food	 and
Drug	 Administration	 issued	 the	 emergency	 use	 authorization	 for	 the	 inpatient
use	of	CGM	to	reduce	exposure	of	staff	to	infection,	reduce	nursing	workloads,
and	 conserve	 resources	 at	 a	 time	 of	 limited	 Personal	 Protective	 Equipment
(PPE).	Several	 studies	have	been	published	 since	 then	 to	 examine	 the	use	 and
accuracy	of	CGM	 in	 ICU	settings,	 albeit	with	 small	numbers	of	patients.25,27-29
These	studies	consistently	show	that	CGM	device	use	in	the	ICU	is	feasible	and
allows	for	reduced	point-of-care	testing	without	compromising	glycemic	control,
and	results	are	accurate	comparing	favorably	to	the	accuracy	in	outpatient	CGM
use.	 Invasive	 indwelling	 intravascular	 sensors	 that	 measure	 blood	 glucose
directly	 are	 also	 under	 development	 and	 have	 the	 potential	 for	 increased
accuracy	for	critically	ill	patients.32,33



Why	Control	Hyperglycemia	during	Critical	Illness?

Hyperglycemia	Among	the	Critically	Ill	Predicts	Adverse
Outcomes
2 	 It	 is	 intuitively	plausible	 to	assume	 that	glucose	concentration	should	always
be	in	the	normal	range,	and	studies	show	that	hyperglycemia	among	critically	ill
patients	 is	 associated	 with	 adverse	 outcomes.	 Even	 minimal	 hyperglycemia,
plasma	glucose	concentration	>110	mg/dL,	has	been	shown	to	predict	increased
in-hospital	mortality	and	the	risk	of	congestive	heart	failure	among	patients	with
acute	 myocardial	 infarction.34	 Hyperglycemic	 patients	 also	 have	 an	 increased
risk	of	wound	infection	as	well	as	overall	mortality	following	cardiac	surgery.34-
36	 Hyperglycemia	 is	 also	 associated	 with	 poor	 outcomes	 among	 patients	 with
stroke.37	Patients	for	whom	diabetes	is	diagnosed	for	the	first	time	during	an	ICU
admission	 reportedly	 have	 an	 18-fold	 increase	 of	 their	 risk	 for	 in-hospital
mortality.38

How	Does	Hyperglycemia	Adversely	Affect	Outcomes?
Hyperglycemia	 predisposes	 to	 disturbances	 in	 electrolyte	 equilibrium.	Because
uncontrolled	 hyperglycemia	 also	 provokes	 an	 osmotic	 diuresis,	 symptomatic
hyponatremia	 can	 result.	 Hypokalemia	 predisposes	 to	 arrhythmia,	 and
hypophosphatemia	may	 interfere	with	platelet	 function	and	white	 cell	motility.
The	susceptibility	of	patients	with	diabetes	to	infections	is	well	recognized.4,5,18
Uncontrolled	glycemia	appears	to	impair	innate	immune	responses,	granulocyte
function,	 and,	 possibly,	 lymphocyte	 function	 and	 adaptive	 immune	 function,
including	antibody	formation.39-42	Some	microorganisms	express	more	virulence
factors	 in	 a	 high-glucose	 environment.41	 Endothelial	 functions	 may	 also	 be
impaired	by	hyperglycemia.43	In	general,	better	regulation	of	blood	glucose	leads
to	improvement	of	these	parameters.

What	Is	the	Evidence	That	Control	of	Blood	Glucose
Concentration	Alters	Clinical	Outcomes	for	Intensive	Care
Unit	Patients?
Recognizing	that	hyperglycemia	is	a	risk	factor	for	adverse	outcomes	is	not	the
same	as	saying	that	tight	control	of	hyperglycemia	for	critically	ill	patients,	with
the	attendant	risk	of	hypoglycemia,	is	beneficial.	Hyperglycemia,	hypoglycemia,



and	 increased	 glycemic	 variability	 are	 all	 independently	 associated	 with
mortality	of	critically	ill	patients.44

In	2001,	the	Leuven	Surgical	Trial	study	of	surgical	ICU	patients	by	Van	den
Berghe	et	al.45	reported	that	intensive	insulin	therapy	with	a	“near-normal”	target
plasma	 glucose	 concentration	 <	 110	 mg/dL	 reduced	 in-hospital	 mortality	 by
34%,	 septicemia	 by	 46%,	 acute	 renal	 failure	 by	 41%,	 and	 critical-illness
polyneuropathy	 by	 44%.	 This	 study,	 together	 with	 the	 results	 of	 other	 single-
institution	 reports	 and	 retrospective	 studies,35,46,47	 generated	 widespread
acceptance	 of	 the	 concept	 that	 intensive	 glycemic	 control	 is	 important	 for
critically	 ill	 patients.	 This	 then	 led	 to	 implementation	 of	 intensive	 glycemic
control	protocols	in	a	majority	of	academic	ICU	programs.48

A	subsequent	 report	 from	 the	Van	 den	Berghe	 group11	 as	well	 as	 two	 large
multicenter	 randomized	 controlled	 trials	 of	 blood	 glucose	 management	 of
heterogeneous	ICU	populations	failed	to	show	benefits	for	near-normal	diabetes
control	in	the	ICU.	The	GLUControl	trial	randomized	to	two	regimens	of	insulin
therapy	 targeted	 to	 achieve	 a	 plasma	 glucose	 concentration	 of	 either	 80	 to
110	mg/dL	 or	 140	 to	 180	mg/dL.49	 The	 trial	was	 stopped	 early	 because	 of	 an
increased	 frequency	of	 hypoglycemia	 together	with	 lack	 of	 clinical	 benefit	 for
the	 intensive	 insulin	 therapy	 cohort.	 The	 NICE-SUGAR	 (Normoglycemia	 in
Intensive	Care	 Evaluation	 and	 Survival	Using	Glucose	Algorithm	Regulation)
trial	 randomized	 to	 intensive	 (81-108	 mg/dL)	 or	 conventional	 (≤180	 mg/dL)
management.50	 The	 investigators	 reported	 that	 intensive	 glucose	 control
increased	 mortality	 and	 the	 rate	 of	 hypoglycemia	 compared	 with	 the
conventional	target	cohort.

3 	 Several	 trials	 have	 now	 highlighted	 the	 importance	 of	 avoiding
hypoglycemia	 during	 an	 ICU	 stay.51	 It	 has	 been	 suggested	 that	 patients	 with
diabetes	may	benefit	 from	higher	glucose	 target	 ranges	 than	will	 those	without
diabetes.44,52	 The	 preponderance	 of	 data	 for	 critically	 ill	 patients	 suggests	 that
intensive	management	to	normal	blood	glucose	levels	is	not	beneficial	and	may
be	harmful,	and	the	ideal	glycemia	target	range	remains	controversial.53,54

Recommended	Glycemic	Targets
4 	 The	 American	 Association	 of	 Clinical	 Endocrinologists	 (AACE)	 and
American	Diabetes	Association	(ADA)	recommend	a	glycemic	target	of	140	to
180	mg/dL	in	the	ICU	setting,	noting	that	greater	benefit	may	be	realized	at	the
lower	 end	 of	 this	 range.55	 Table	 136.3	 summarizes	 our	 recommendations.
Glucose	 concentrations	 of	 less	 than	 80	 mg/dL	 should	 be	 stringently	 avoided
because	 they	 pose	 the	 hazard	 of	 hypoglycemia	 and	 might	 contribute	 to



mortality.45,57,58

TABLE	136.3

Diabetes	Treatment	Goals	in	Critically	Ill	and	Surgical
Patientsa

Zone Target	Blood	Glucose	(mg/dL)

Too	low	for	safety
Goal
Hyperglycemia
Severe	hyperglycemia
Surgical	range

<120
140-180
181-300
>300
140-200

aAt	our	institutions,	we	recommend	that	all	intensive	care	unit	patients	with	blood	glucose
concentrations	>140	mg/dL	be	treated	with	a	continuous	intravenous	infusion	of	regular	insulin
with	a	target	as	close	as	possible	to	140.56	A	less	stringent	target	range	may	be	preferred	during
the	perioperative	period	and	whenever	staffing	or	training	constraints	prevent	the	implementation
of	more	intensive	therapy.	Patients	with	1	diabetes	must	be	treated	with	insulin	at	all	times.

Treatment	of	Hyperglycemia	for	the	Critically	Ill
6 	 5 	 8 	 Most	 ICU	 patients	 will	 require	 treatment	 for	 hyperglycemia,	 and	 we
recommend	that	 they	be	treated	with	a	continuous	intravenous	(IV)	infusion	of
regular	 insulin.55	 Patients	 known	 to	 have	 1	 diabetes	 are	 absolutely	 insulin
dependent,	 and	 they	must	 be	 treated	with	 exogenous	 insulin	 at	 all	 times.	Oral
hypoglycemic	agents	should	not	be	used	when	critical	 illness	has	not	resolved.
Their	absorption,	metabolism,	and	excretion	cannot	be	adequately	predicted	for
the	 individual	 critically	 ill	 patient.	 Sulfonylureas	 can	 cause	 severe
hypoglycemia.59	Metformin	 should	 be	 discontinued	because	 it	 can	 cause	 lactic
acidosis	 in	 the	 setting	 of	 renal	 failure.60	 SGLT-2	 inhibitors	 can	 lead	 to
dehydration	and	euglycemic	DKA.61,62

Insulin	Therapy
Insulin	 infusion	 algorithms	 are	 used	 to	 achieve	 blood	 sugar	 targets	 during	 an
ICU	stay.	Protocols	require	guidelines	for	adjustment	of	the	insulin	infusion	rate



in	 response	 to	 both	 the	 absolute	 value	 and	 the	 rate	 of	 change	 in	 the	 glucose
concentration.	 Glucose	 concentration	 should	 be	 checked	 hourly	 until	 it	 is
consistently	 in	 the	 target	 range	 of	 140	 to	 180	mg/dL,	 and	 every	 2	 to	 4	 hours
thereafter.	During	the	initial	period,	adjustments	to	the	insulin	infusion	rate	will
depend	 on	 the	 patient’s	 sensitivity	 to	 insulin	 and	 the	 observed	 response	 to
therapy,	 which	 cannot	 be	 exactly	 predicted.	 Concurrent	 glucose	 infusions	 or
parenteral	 or	 enteral	 feeding	will	 also	 affect	 the	 dose	 required.	Diluted	 insulin
solutions	 prepared	 for	 continuous	 insulin	 infusions	 have	 a	 limited	 storage	 life
because	insulin	adheres	to	the	plastic	infusion	bag.	There	is	no	advantage	to	the
use	 of	 rapid-acting	 semisynthetic	 insulin	 for	 this	 purpose,	 but	 it	 can	 be	 used
when	 regular	 insulin	 is	 unavailable.	 It	 should	 be	 stressed	 that	 it	 is	 entirely
appropriate	 to	 infuse	 insulin	 at	 low	 rates	 (eg,	 0.5	 U/h).	 A	 low	 rate	 of	 insulin
infusion	is	often	all	that	is	needed	to	prevent	ketoacidosis	among	patients	with	1
diabetes.

Adjustment	of	the	Insulin	Infusion	Rate
The	amount	of	insulin	required	by	a	given	ICU	patient	will	depend	in	large	part
on	 the	 degree	 of	 insulin	 resistance	 induced	 by	 the	 primary	 illness,	 the	 agents
used	 in	 its	 treatment,	 the	 and	 amount	 of	 nutritional	 support,	 and	 the	 patient’s
body	 mass	 index.	 An	 escalating	 insulin	 infusion	 requirement	 is	 a	 sensitive
indicator	of	increasing	insulin	resistance	and	requires	careful	reevaluation	of	the
patient’s	 overall	 metabolic	 status.	 Stressors	 that	 increase	 insulin	 resistance
include	sepsis,	occult	infections,	heart	disease,	tissue	ischemia,	hypoxemia,	and
various	 medications.	 The	 most	 common	 offending	 medications	 are
glucocorticoids	and	vasopressors.

For	 otherwise	 stable	 patients,	 instituting	 or	 increasing	 enteral	 or	 parenteral
nutrition	 typically	 increases	 insulin	 requirements.	 Insulin-mediated	 glucose
disposal	 is	 impaired	 among	 stressed	 patients	 with	 hyperglycemia.	 To	 control
hyperglycemia	 among	 the	 critically	 ill,	 a	 choice	 must	 sometimes	 be	 made
between	increasing	insulin	infusion	rates	and	reducing	carbohydrate	feeding.	We
recommend	that	insulin	infusion	rates	not	be	increased	beyond	20	u/h	(480	u/d)
without	 first	 decreasing	 any	 exogenous	 carbohydrate	 loads,	 especially	 for
patients	who	are	obese.	This	 suggestion	 is	because	maximal	 insulin	effects	are
achieved	 when	 only	 some	 of	 the	 available	 insulin	 receptors	 are	 occupied.63,64
High	 concentrations	 of	 insulin,	 such	 as	 those	 achieved	 during	 continuous	 IV
infusions	 at	 high	 rates,	 desensitize	 target	 tissues	 at	 both	 the	 receptor	 and
postreceptor	levels,	paradoxically	enhancing	insulin	resistance.65

Factors	 that	 increase	 insulin	 sensitivity	 among	 critically	 ill	 patients	 include



improvement	of	intercurrent	illnesses,	changes	in	medications,	and	reductions	of
enteral	 or	 parenteral	 feeding.	 Occasionally,	 hepatic	 failure,	 renal	 failure,	 or
adrenal	insufficiency	leads	to	decreased	insulin	requirements.

When	 plasma	 glucose	 concentration	 is	 lower	 than	 140	 mg/dL,	 a	 common
response	is	to	discontinue	insulin	completely.	For	patients	with	1	diabetes,	this	is
always	 inappropriate	 because	 it	 can	 precipitate	 hyperglycemia	 and	 ketosis
within	hours.	The	proper	response	 is	 to	reduce	 the	 insulin	 infusion	rate	 to	1	or
even	 0.5	 u/h	 and,	 if	 necessary,	 to	 give	 glucose	 in	 the	 form	 of	 5%	 or	 10%
dextrose	 in	 water.	 We	 recommend	 the	 same	 strategy	 for	 most	 other
hyperglycemic	 ICU	 patients	 as	 well.	 Unless	 their	 primary	 disease	 state	 has
improved	 dramatically,	 they	 frequently	 experience	 recurrent	 hyperglycemia.
Critically	 ill	 patients	with	hyperglycemia	 should	 receive	 continuous	 IV	 insulin
until	they	demonstrate	clear	improvement	of	overall	clinical	status	and	stability
of	glycemic	control	that	extends	over	several	blood	glucose	determinations.

Transition	to	Other	Forms	of	Therapy
When	the	condition	of	a	critically	 ill	patient	with	hyperglycemia	has	 improved
and	 continuous	 insulin	 infusion	 is	 no	 longer	 needed,	 subsequent	 therapy	 will
depend	on	 the	 cause	of	 the	hyperglycemia.	Patients	with	 “secondary	diabetes”
(eg,	 catecholamine-	 or	 steroid-induced)	 may	 need	 no	 further	 treatment	 for
glucose	control	after	the	offending	drug	is	stopped.	In	contrast,	all	patients	with
1	and	most	with	2	diabetes	will	continue	to	require	insulin.	This	should	include
intermediate-	 or	 long-acting	 insulin	 (eg,	 neutral	 protamine	 Hagedorn	 [NPH],
glargine,	 or	 detemir).	We	 recommend	 against	 the	 use	 of	 insulin	 degludec	 for
inpatients	because	its	duration	of	action	of	up	to	42	hours	limits	options	for	daily
adjustment.

It	 is	not	uncommon	for	glycemic	control	 to	deteriorate	during	 the	 transition
from	IV	insulin	therapy	to	subcutaneous	insulin	therapy.	It	is	essential	that	the	IV
infusion	 of	 regular	 insulin	 be	 continued	 for	 2	 to	 3	 hours	 after	 the	 first
subcutaneous	injection	of	basal	insulin	is	given.	The	initial	dose	of	subcutaneous
insulin	 should	 be	 estimated	 from	 a	 review	 of	 the	 preceding	 stable	 IV	 insulin
requirements	over	 the	6	hours	prior	 to	discontinuation	of	 the	insulin	drip	using
the	following	procedure.

Calculating	the	Starting	Intermediate	(NPH)	or	Long-Acting
(Glargine	or	Detemir)	Insulin	Dose



1.	 The	average	hourly	insulin	drip	rate	for	the	last	6	hours	is	___u/h.
2.	 Multiply	by	24	to	give	a	daily	usage	rate:	___u/h.
3.	 Multiply	by	70%	to	85%	to	estimate	the	first	day’s	total	insulin	dose:

___units.
4.	 The	total	daily	insulin	dose	can	be	divided	into	basal	and	nutritional	insulin.
5.	 Basal	insulin	can	be	administered	in	divided	doses	twice	daily;	glargine	and

detemir	can	be	given	once	daily.	Dose	adjustment	may	be	necessary	after
first	dose	given.	Review	daily	thereafter.

When	patients	are	eating,	a	rapid-acting	 insulin	(eg,	 lispro,	aspart,	or	glulisine)
should	 be	 given	 before	 each	 meal.	 Patients	 receiving	 parenteral	 or	 enteral
nutrition	 should	 receive	 short-acting	 insulin	 as	 part	 of	 their	 daily	 insulin
requirement.	 Some	 stable	 patients	 with	 2	 diabetes	 can	 be	 managed	 with
noninsulin	 hypoglycemic	 agents	 or	 diet	 alone,	 but	 that	 therapeutic	 decision	 is
best	made	after	discharge	from	the	ICU	on	a	regimen	of	subcutaneous	insulin.

SURGERY	IN	THE	CRITICALLY	ILL	PATIENT
WITH	DIABETES
Critically	 ill	 patients	 frequently	 require	 invasive	 procedures,	 surgery,	 and
intensive	 postoperative	 care.	 It	 is	 generally	 accepted	 that	 good	 perioperative
control	 of	 glucose	 is	 desirable,	 but	 the	 target	 levels	 of	 glucose	 and	 the	 ideal
method	of	insulin	delivery	during	surgery	need	to	be	individualized.66

Abdominal	 pain	 accompanied	 by	 guarding	 and	 rebound	 tenderness	 is	 a
common	symptom	of	DKA.	The	diagnosis	of	DKA	has	on	occasion	been	made
at	 laparotomy,	 and	 this	 disorder	 must	 be	 excluded	 for	 every	 patient	 being
evaluated	for	an	abdominal	surgery.	The	patient	with	trauma	being	prepared	for
surgery	 should	also	be	 evaluated	 for	diabetes,	 regardless	of	mental	 status.	The
stress	of	major	trauma	and	shock	is	less	likely	to	be	survived	if	ketoacidosis	or
hyperosmolality	 is	 present	 or	 allowed	 to	 develop.	 Severe	 trauma	 causes	 the
release	of	counterregulatory	hormones,	cytokines,	and	other	unidentified	factors
that	can	rapidly	induce	a	state	of	severe	insulin	resistance.

Transfers	from	the	Intensive	Care	Unit	or	Emergency
Department	to	the	Operating	Room
The	 ICU	 patient	 with	 diabetes	 who	 requires	 surgery	 should	 be	 sent	 to	 the



operating	 room	 or	 procedure	 suite	 with	 infusions	 of	 both	 insulin	 and	 5%
dextrose	 in	half-normal	saline.	Treatment	of	hyperglycemia	of	diabetic	patients
being	prepared	for	urgent	major	surgery	is	also	best	achieved	with	an	IV	insulin
infusion.	In	general,	premedication	of	patients	with	diabetes	should	be	kept	to	a
minimum.	With	respect	to	the	and	the	route	of	anesthesia,	the	regional	and	local
routes	 are	 preferred	 if	 possible.	 Inhalant	 and	 parenteral	 anesthetics	 affect
carbohydrate	metabolism	either	directly	through	impairment	of	insulin	secretion
or	indirectly	through	interference	with	the	peripheral	action	of	insulin	on	glucose
utilization.56,66,67	 Volatile	 anesthetics	 including	 halothane	 and	 isoflurane	 inhibit
insulin	 release,	 and	 nitrous	 oxide	 promotes	 sympathetic	 stimulation	 and
catecholamine	 release.	 Barbiturates	 share	 some	 of	 these	 effects	 and	 block	 the
removal	 of	 glucose	 and	 perhaps	 free	 fatty	 acids	 from	 the	 circulation.	 Some
anesthetic	 agents,	 including	 halothane,	 have	 also	 been	 associated	 with
hypoglycemia.

Management	After	Emergency	Procedures
Patients	 managed	 with	 an	 insulin	 infusion	 must	 be	 either	 maintained	 on	 the
infusion	or	switched	to	subcutaneous	insulin	regimen.	Those	kept	on	the	infusion
must	 have	 frequent	 blood	 glucose	 testing.	 Patients	 no	 longer	 critically	 ill	who
can	 resume	 oral	 feedings	 can	 be	 transitioned	 to	 a	 basal	 and	 bolus	 insulin
regimen.	 The	 most	 important	 point	 is	 that	 insulin	 should	 not	 be	 abruptly
discontinued,	 because	 severe	 hyperglycemia	 and	 ketosis	 may	 ensue.	 Patients
who	remain	critically	ill	should	remain	on	a	continuous	IV	insulin	infusion.

Postoperative	recovery	in	the	ICU	may	be	accompanied	by	reduced	levels	of
counterregulatory	 hormones	 and	 cytokines	 and	 may	 require	 reduced	 insulin
doses.	An	increase	in	insulin	requirements	during	the	postoperative	period	may
signify	 increasing	 insulin	resistance	and	should	prompt	 the	search	for	 infection
or	another	complication.

Hyperalimentation	and	Diabetes
If	blood	glucose	rises	above	140	mg/dL	for	a	severely	ill	patient	on	continuous
hyperalimentation,	an	insulin	infusion	should	be	administered.	The	admixture	of
insulin	with	parenteral	nutrition	formulations,	although	a	common	practice,	can
be	problematic.	There	is	too	much	variability	among	severely	ill	patients	to	rely
on	 a	 fixed	 ratio	 of	 insulin	 to	 carbohydrate.	 If	 insulin	 is	 added	 to	 parenteral
nutrition	 formulations,	 the	 dose	 should	 be	 limited	 to	 less	 than	 50%	 of	 the



individual’s	 total	 insulin	 requirement,	 with	 the	 residual	 administered	 by	 IV
insulin	 infusion	or	 subcutaneous	 injection.	This	 allows	 rapid	adjustment	of	 the
insulin	 dose	 for	 changing	 metabolic	 needs.	 If	 an	 obese	 patient	 receiving
hyperalimentation	 develops	 severe	 hyperglycemia	 and	 a	 large	 insulin
requirement,	 consideration	 should	 be	 given	 to	 reducing	 the	 amount	 of
carbohydrate	administered.68,69	ICU	physicians	should	be	aware	that	infusions	of
fructose,	 sorbitol,	 and	 other	 total	 parenteral	 nutrition	 formulations	 have
occasionally	led	to	lactic	acidosis.70

PITFALLS	IN	THE	CARE	OF	THE	CRITICALLY	ILL
PATIENT	WITH	HYPERGLYCEMIA

Sliding	Scales
We	 cannot	 overstate	 the	 need	 to	 obtain	 frequent	 blood	 glucose	 specimens	 for
evaluating	glucose	control.	During	critical	illness,	these	should	be	used	to	guide
adjustments	 of	 the	 rate	 of	 insulin	 infusion.	 There	 is	 no	 role	 for	 intermittent
insulin	boluses	that	are	given	only	after	hyperglycemia	has	occurred71;	the	use	of
“sliding	scales”	should	be	actively	discouraged.72	Patients	with	1	diabetes	whose
insulin	is	withheld	until	hyperglycemia	occurs	can	quickly	develop	ketoacidosis.

A	 patient	who	 has	 begun	 taking	 insulin	 should	 continue	 to	 receive	 it	 daily
until	 the	 need	 has	 unequivocally	 disappeared.	 A	 previously	 normoglycemic
patient	who	develops	hyperglycemia	in	the	course	of	a	severe	illness	should	be
treated	continuously	with	insulin	until	the	stress	of	the	illness	has	been	reduced
to	 the	point	at	which	an	 independent	assessment	of	 the	need	for	 insulin	can	be
made.

Sporadic	Insulin	Administration
7 	 Unfortunately,	 some	 patients	 are	 treated	 with	 regular	 insulin	 IV	 or
subcutaneous	injections	on	an	intermittent	schedule,	whenever	a	very	high	blood
glucose	concentration	is	noticed.	This	disorganized	approach	to	the	management
of	hyperglycemia	leads	to	erratic	glycemic	control	and	potentially	serious	shifts
in	 fluids	and	electrolytes.	The	best	way	 to	avoid	 these	problems	 is	 to	maintain
ICU	patients	with	hyperglycemia	on	a	continuous	infusion	of	regular	insulin.



The	Diabetic	Kidney	and	Radiographic	Contrast	Agents
Acute	 hyperglycemia	 appears	 to	 be	 an	 independent	 risk	 factor	 for	 the
development	 of	 contrast-induced	 nephropathy	 (CIN).	 The	 risk	 of	 CIN	 is	 even
greater	for	the	diabetic	patient	with	preexisting	renal	insufficiency,	hypotension,
congestive	 heart	 failure,	 or	 anemia.	Mehran	 et	 al.73	 have	 developed	 a	 scoring
system	 that	 can	 be	 used	 to	 quantify	 the	 risk	 of	 CIN.	 Consensus	 guidelines
recommend	 adequate	 IV	 volume	 expansion	 with	 isotonic	 crystalloid	 (1.0-
1.5	mL/kg/h)	for	3	 to	12	hours	before	 the	procedure	and	continued	for	6	 to	24
hours	 afterward	 to	 lessen	 the	 probability	 of	 CIN	 in	 patients	 at	 risk.74	 Data
regarding	the	use	of	bicarbonate	and	N-acetylcysteine	remain	equivocal.75

COVID-19	and	Hyperglycemia
The	COVID-19	pandemic	has	been	devastating	for	the	world	population.	Data	as
of	March	2022	show	over	450,000,00	people	worldwide	have	been	infected	with
the	SARS-CoV-2	virus.76	Furthermore,	it	is	estimated	that	over	6	million	of	those
affected	 have	 died	 from	 COVID-19	 infection.	 The	 medical	 community	 faced
uncharted	 territory	 regarding	 treatment	 of	 this	 potentially	 devastating	 disease.
The	 result	 has	 been	 a	 vast	 literature	 of	 observational	 studies,	 with	 sometimes
conflicting	 results,	 that	 have	 been	 difficult	 to	 interpret.	 The	 association	 of
COVID-19	 infection	 with	 diabetes,	 hypertension,	 cardiovascular	 disease,
obesity,	and	kidney	disease	with	increased	risk	of	hospitalization,	morbidity,	and
mortality	has	gained	attention	over	these	past	2	years.77-79

New-onset	diabetes	has	been	associated	with	COVID-19	infection.	Outcomes
may	be	worse	among	those	admitted	to	the	hospital	with	new-onset	diabetes,	as
has	been	reported	 in	 the	past	with	other	 infections	and	severe	 illness.	Potential
mechanisms	 for	 the	 development	 of	 new-onset	 diabetes	 include	 impairment	 of
insulin	 secretion	 and	 glucose	 uptake,	 stress	 hyperglycemia	 that	 can	 be	 more
severe	 secondary	 to	 cytokine	 storm,	 steroid-induced	 hyperglycemia,	 and
undiagnosed	 preinfection	 glycemic	 abnormalities	 that	 can	 be	 magnified
secondary	to	changes	of	 lifestyle	during	the	pandemic.	Whether	 this	new-onset
diabetes	 is	 permanent	 remains	 to	 be	 seen,	 especially	 as	 we	 learn	 more	 about
post-COVID-19	syndrome.80

Glycemic	 control	 has	 proven	 to	 be	 challenging	 in	 the	 face	 of	 COVID-19
infection.	This	is	likely	impacted	by	acute	inflammatory	responses	and	cytokine
storm	precipitated	by	SARS-CoV2.	Treatment	of	 the	COVID-19	infection	with
dexamethasone	 can	 further	 exacerbate	 glycemic	 control.	 It	 is	 noteworthy	 that
patients	 with	 COVID-19	 and	 ARDS,	 unlike	 other	 infections,	 can	 have



significantly	 higher	 insulin	 requirements,	 thought	 to	 be	 related	 to	 insulin
resistance	 related	 to	 viral	 interactions	 with	 adipose	 tissue.81	 Patients	 with
diabetes	 and	 uncontrolled	 hyperglycemia	 have	 been	 shown	 to	 have	 higher
mortality	 and	 increased	 length	 of	 stay	 when	 compared	 with	 patients	 without
diabetes	or	uncontrolled	hyperglycemia.82,83	There	are	no	current	 indications	 to
change	 diabetes	 management	 for	 patients	 with	 COVID-19	 from	 previous
guidelines.	 Patients	with	COVID-19	 infection	 are	 at	 higher	 risk	 for	DKA	 and
mixed	hyperglycemia	crisis,81	which	is	discussed	in	Chapter	137.

Early	 in	 the	pandemic,	with	 increased	risk	of	exposure	and	scarcity	of	PPE,
certain	 guidance	 and	 recommendations	 were	 created	 to	 help	 mitigate	 the
circumstances.84-86	In	addition	to	studies	on	CGM	use,	a	few	studies	have	looked
at	 the	use	of	 insulin	 infusion	protocols	 in	conjunction	with	CGM,	although	the
data	 are	 limited.87,88	 The	 general	 principles	 for	 the	 management	 of
hyperglycemia	 (non-DKA/Hyperosmolar	 Hyperglycemic	 State	 (HHS))	 remain
consistent	with	prior	guidelines,	although	certain	additional	protocols	have	been
considered.84-86	 Our	 institution	 has	 adopted	 a	 subcutaneous	 protocol	 based	 on
previously	 published	 data,89	 utilizing	 rapid-acting	 insulin	 every	 4	 hours	 to
achieve	glycemic	control	with	 the	ability	 to	escalate	 insulin	 intensity	based	on
resultant	blood	sugars.	This	was	only	devised	for	non-DKA/HHS	patients	who
otherwise	would	have	qualified	for	 the	ICU	glycemic	protocol	and	allowed	for
reduced	 risk	 of	 exposure	 of	 staff	 since	 less	 frequent	 glucose	 monitoring	 was
required.	In	patients	who	are	eating	or	receiving	enteral	feeds,	a	combination	of
basal	 insulin	plus	nutritional	 insulin	with	a	correction	scale	may	be	utilized.	 In
situations	when	glycemic	control	cannot	be	achieved	with	subcutaneous	insulin
regimens,	it	is	recommended	that	IV	insulin	protocols	be	implemented.	This	can
be	 done	 using	 basal	 insulin	 along	with	 the	 IV	 infusion,	 especially	 for	 patients
with	high	insulin	requirements.

CONCLUSIONS
The	 key	 to	 successful	 care	 of	 the	 critically	 ill	 patient	 with	 diabetes	 is	 careful
monitoring	 of	 glycemia	 and	 fastidious	 treatment	with	 an	 insulin	 regimen	with
evidence-based	 glycemic	 targets.	 These	 patients	 have	 defects	 of	 normal
metabolic	regulation	during	the	stress	of	critical	illness	or	after	surgery.	Careful
monitoring	 of	 blood	 glucose	 and	 adjustment	 of	 insulin	 based	 on	 these	 results
minimizes	 glycemic	 swings	 that	 lead	 to	 hyperglycemia	 or	 hypoglycemia.
Advances	of	therapy,	based	on	randomized	controlled	trials	or	meta-analyses	of
such	 trials,	 are	 summarized	 in	 Table	 136.4.	 Treating	 to	 these	 recommended



targets	demands	time	and	attention,	but	achieving	them	will	minimize	the	special
risks	 faced	 by	 patients	 with	 hyperglycemia	 or	 hypoglycemia	 complicating	 the
stress	of	severe	illness,	injury,	or	surgery.

TABLE	136.4

Advances	in	Management	of	Diabetes	in	Critically	Ill
Patients

Recommendation Comments

Anticipate
hyperglycemia	at
any	time	during	an
ICU	admission

New	onset	of	hyperglycemia	due	to	stress	is	very
common.28,89	We	recommend	treating	diabetes	in	all
patients	whose	plasma	glucose	concentration
is	>140	mg/dL.56	ICU	patients	with	newly	recognized
hyperglycemia	should	be	evaluated	for	persistence	of
impaired	glucose	tolerance	after	recovery

Avoid
hyperglycemia	in
the	ICU	because	it	is
associated	with	poor
outcome

Observational	studies	have	documented	an	adverse
association	of	hyperglycemia	with	wound	infection,
congestive	heart	failure,	recovery	from	stroke,	and
overall	mortality44,45,47,48

Avoid	hypoglycemia
in	the	ICU	because
it	is	associated	with
increased	mortality

Two	recent	clinical	studies	document	increased
mortality	in	critically	ill	patients	who	experience
hypoglycemia	during	hospitalization63,64

With	current
technology	it	is	not
safe	to	seek	to	lower
glucose
concentration	to
<110	mg/dL	in	ICU
patients

Five	large	randomized	clinical	trials	have
demonstrated	either	no	reduction28,60,62	or	an	increase
in	ICU	mortality61	associated	with	intensive	insulin
treatment.	All	showed	increased	risk	of	hypoglycemia.
Only	one	of	these	showed	reduced	morbidity28

Be	alert	to	the
presence	of	1

Patients	with	1	diabetes	are	absolutely	insulin
dependent,	and	they	must	be	treated	with	insulin	at	all



diabetes times

Treatment	of
diabetes	using	only
“sliding	scale”
boluses	of	insulin,
whether	intravenous
or	subcutaneous,
should	be	avoided

Sliding	scale	prescriptions	given	only	after
hyperglycemia	has	occurred	amplify	the	risk	of
hypoglycemia,	recurrent	hyperglycemia,	and	even
ketoacidosis.	There	is	no	role	for	them	in	the	ICU,82
and	their	use	is	actively	discouraged.83	Continuous
insulin	infusion	is	the	treatment	of	choice	for	diabetes
in	the	ICU

Oral	hypoglycemic
agents	should	not	be
used	in	the	ICU

Insulin	is	the	only	acceptable	agent	for	control	of
diabetes	in	the	ICU.	The	absorption,	metabolism,
distribution,	and	excretion	of	oral	agents	cannot	be
predicted	in	the	critically	ill	patient.	As	a	result,	for
example,	sulfonylureas	can	cause	persistent
hypoglycemia68	and	metformin	can	cause	lactic
acidosis	in	the	setting	of	renal	failure69

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	54-year-old	man	with	a	history	of	uncontrolled	2	diabetes	mellitus,
hypertension,	and	hyperlipidemia	is	admitted	to	the	ICU	with	a	ST-elevation
myocardial	infarction	(STEMI).	Coronary	artery	bypass	surgery	(CABG)	is
planned	given	the	diffuse	multivessel	coronary	artery	disease	found	at	cardiac
catheterization.	His	diabetes	was	diagnosed	about	15	years	ago.	His	home
medications	include	metformin,	lisinopril,	dulaglutide,	canagliflozin,	glipizide,
gabapentin,	and	atorvastatin.	Vitals	signs	include	HR	124	beats/min,	BP	92/60
mm	Hg,	and	BMI	of	42.1	kg/m2.	Physical	examination	reveals	acanthosis	on	the
nape	of	neck	and	multiple	skin	tags.	He	has	bilateral	edema	with	skin
discoloration	and	thickened	yellow	toenails.	Labs	on	admission	include	Na	132
mEq/L,	K	4.2	mEq/L,	glucose	268	mg/dL,	creatinine	2.2	mg/dL,	CO2	26
mEq/L,	glomerular	filtration	rate	46,	and	an	HbA1c	of	11.2%.	He	is	currently
taking	nothing	by	mouth	(NPO)	and	is	on	pressor	support	and	heparin,	with
surgery	scheduled	for	the	following	morning.	What	is	the	most	appropriate	way
to	manage	his	hyperglycemia?



A. 	Continue	home	medications,	check	blood	sugars	every	6	hours,	and
use	sliding	scale	regular	insulin	when	blood	glucose	is	greater	than
150	mg/dL
B. 	Hold	all	home	medications,	check	blood	sugars	every	4	hours,	and
use	sliding	scale	rapid-acting	insulin	when	glucose	is	greater	than
150	mg/dL
C. 	Hold	all	home	medications,	and	start	continuous	insulin	infusion
with	regular	insulin
D. 	Hold	all	home	medications,	and	start	regimen	of	basal	and
correctional	insulin

2. 	A	patient	with	longstanding	diabetes	undergoes	successful	CABG	and	is
ready	to	transition	to	the	medical	ward.	He	has	started	eating,	which	he	has
tolerated	fairly	well.	He	is	currently	on	an	insulin	infusion	and	is	being	actively
diuresed	with	furosemide.	He	would	like	to	restart	his	home	medications	and
prefers	to	be	off	insulin.	His	home	regimen	was	metformin,	dulaglutide,
canagliflozin,	and	glipizide,	and	his	A1C	was	11.2%.	What	is	the	most
appropriate	diabetes	management?

A. 	Hold	metformin,	restart	glipizide,	and	use	a	sliding	scale	with	rapid-
acting	insulin	before	meals	and	bedtime
B. 	Restart	metformin,	glipizide,	and	canagliflozin	to	transition	off	the
insulin	infusion
C. 	Transition	to	a	basal	and	bolus	insulin	regimen	and	discontinue
insulin	infusion
D. 	Transition	to	a	sliding	scale	with	rapid-acting	insulin	before	meals
and	bedtime

3. 	What	is	the	major	advantage	of	treating	hyperglycemia	after	coronary
artery	bypass	surgery	(CABG)?

A. 	Reduced	microvascular	complications	over	3	months
B. 	Reduced	readmission	rate
C. 	Reduced	hypoglycemia
D. 	Reduced	deep	sternal	wound	infections

Answers

1.	The	correct	answer	is	C.



Rational:	 This	 patient	 has	 uncontrolled	 diabetes	 and	 presents	 with
hyperglycemia	in	the	setting	of	acute	stress	from	the	myocardial	 infarction	and
background	 insulin	 resistance	given	his	class	3	obesity.	His	outpatient	diabetes
control	is	poor	as	evidenced	by	the	HbA1C	of	11.2%.	Blood	glucose	control	is
known	 to	 impact	 surgery	 outcomes	 after	 CABG.	 Metformin	 should	 be	 held
perioperatively	 given	 the	 increased	 risk	 of	 lactic	 acidosis	 and	 gastrointestinal
discomfort.	Based	on	recent	recommendations,	SGLT-2	inhibitors	should	be	held
3	to	4	days	prior	to	elective	surgical	procedures	to	avoid	the	risk	of	euglycemic
diabetic	ketoacidosis	(DKA).	Sulfonylureas	should	be	held	in	times	of	fasting	as
they	carry	a	high	risk	of	hypoglycemia.	A	basal	and	bolus	insulin	regimen	could
be	 used,	 but	 the	 need	 for	 pressor	 support	 and	 improved	 preoperative	 blood
glucose	 control	makes	 this	 a	 suboptimal	 choice.	 Sliding	 scale	 insulin,	with	 its
resultant	 blood	 glucose	 variability,	 is	 not	 a	 reasonable	 option	 for	 this	 patient.
Given	 the	 need	 for	 tight	 blood	 glucose	 control,	 a	 planned	 surgery	 within	 24
hours,	and	current	pressor	requirement,	starting	continuous	IV	insulin	infusion	is
the	most	appropriate	next	step	(choice	C	is	correct).

2.	The	correct	answer	is	C.
Rational:	 It	 is	 imperative	 that	blood	sugar	control	be	maintained	during	 the

period	 of	 transition	 from	 insulin	 infusion	 to	 subcutaneous	 insulin	 regimen
(choice	 C	 is	 correct).	 It	 has	 been	 shown	 that	 tight	 blood	 glucose	 control
following	 CABG	 reduces	 the	 risk	 of	 infectious	 complications,	 including	 deep
sternal	wound	infection.	Given	the	patient	continues	to	be	actively	diuresed	and
may	 have	 changes	 in	 his	 fluid	 status,	 the	 use	 of	 SGLT	 2	 inhibitors	 is
discouraged.	 In	 addition,	 he	may	have	 changes	 in	 his	 renal	 function	 related	 to
diuresis	 and	 fluid	 shifts,	 so	 it	 is	 important	 to	 avoid	 the	 use	 of	 metformin	 to
minimize	the	risk	for	lactic	acidosis.	Given	his	oral	intake	is	fair	but	not	back	to
his	 baseline,	 the	 use	 of	 sulfonylurea	 increases	 his	 risk	 for	 hypoglycemia	 and
makes	 it	 difficult	 to	 titrate	 to	 glycemic	 targets	 based	 on	 nutritional	 intake.	 A
sliding	 scale	alone	 is	not	appropriate	 in	 the	 situation	and	will	 increase	glucose
variability.

3.	The	correct	answer	is	D.
Rational:	 Perioperative	 hyperglycemia	 in	 cardiac	 surgery	 patients	 adversely

affects	mortality,	length	of	stay,	and	infection	rates	based	on	data	from	Furnary
et	al	in	the	Portland	Diabetic	Project	(choice	D	is	correct).
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Chapter	137
Diabetic	Comas
Leslie	J.	Domalik,	Vrushali	H.	Shah,	David	M	Harlan,	Asem	H.	Ali

KEY	POINTS:
1.	 All	patients	with	DKA	or	HHS	require	intensive	monitoring	of	fluid

volume,	electrolytes,	glucose,	and	clinical	status.
2.	 There	is	significant	overlap	between	diabetic	emergencies.
3.	 All	patients	should	be	evaluated	for	predisposing/precipitating

factors.
4.	 Volume	repletion	is	the	mainstay	of	therapy	for	both	DKA	and	HHS.
5.	 Precautions	should	be	taken	to	avoid	DKA/HHS	in	susceptible

populations.
6.	 Transitioning	of	patients	with	DKA/HHS	from	intravenous	insulin	to

the	appropriate	subcutaneous	insulin	regimen	is	necessary	to	avoid
recurrence.

INTRODUCTION

The	Acute	Metabolic	Complications	of	Diabetes:	the
Overlap	Concept
The	most	urgent	metabolic	complications	of	diabetes	are	hypoglycemia,	diabetic
ketoacidosis	 (DKA),	 hyperosmolar	 hyperglycemic	 syndrome	 (HHS),	 and
alcoholic	 ketoacidosis	 (ethanol-induced	 hypoglycemia).	 These	 diagnostic
possibilities	 must	 be	 considered	 for	 any	 lethargic	 or	 comatose	 patient.	 In
addition	 to	 being	 life-threatening	 conditions,	 they	 account	 for	 thousands	 of
hospitalizations	and	substantial	costs.1	Recognition	of	these	diabetic	emergencies
is	particularly	important	because	these	conditions	are	reversible	with	appropriate



treatment.
2 	 Although	 DKA	 and	 HHS	 are	 discussed	 separately,	 it	 is	 important	 to

recognize	 that	 metabolic	 decompensation	 related	 to	 hyperglycemia	 can	 take
many	forms	depending	on	the	severity	of	insulin	deficiency,	underlying	genetic
predisposition,	and	intercurrent	illnesses.	There	is	frequent	overlap	of	the	clinical
phenotypes,	and	clinicians	should	be	aware	of	this	concept.1-3	DKA	can	occur	for
a	patient	with	2	diabetes;	up	to	a	third	of	patients	with	HHS	have	no	prior	history
of	 diabetes;	 both	 DKA	 and	 HHS	 can	 be	 complicated	 by	 lactic,	 uremic,
starvation,	or	alcoholic	forms	of	metabolic	acidosis,	and	ketoacidosis	 itself	can
occur	 in	 the	 setting	 of	 profound	 hypoglycemia.4	 These	metabolic	 disturbances
can	overlap	to	yield	both	classical	DKA	and	nonclassical	presentations	of	HHS
and	other	ketotic	and	acidotic	states.

For	 a	 comatose	 patient	 with	 a	 blood	 glucose	 concentration	 of	 less	 than
50	mg/dL	or	if	for	any	reason	the	blood	glucose	cannot	be	measured	rapidly,	the
first	diagnostic	and	 therapeutic	step	should	be	 the	 infusion	of	50	mL	of	a	50%
dextrose	 solution,	 or	 when	 intravenous	 is	 not	 available,	 injection	 of	 1	 mg
glucagon	 intramuscularly	 or	 subcutaneously.	 If	 the	 patient	 does	 not	 respond,
other	causes	of	coma	need	to	be	evaluated.

DIABETIC	KETOACIDOSIS
DKA	 is	 composed	 of	 the	 triad	 of	 hyperglycemia,	 metabolic	 acidosis,	 and
ketonemia.	 Any	 person	 with	 diabetes	 can	 develop	 DKA,1	 but	 it	 most	 often
occurs	 in	 those	with	1	diabetes.	Before	 the	discovery	of	 insulin,	most	 patients
with	 1	 diabetes	 died	 during	 an	 episode	 of	 DKA.	With	 current	 intensive	 care,
overall	mortality	from	DKA	has	fallen	to	less	than	1%	but	is	higher	among	the
elderly	and	those	with	concomitant	major	illness.5

Pathophysiology	and	Etiology

Normal	Glucose	Homeostasis
Glucose	promotes	insulin	release	from	pancreatic	β-cells.	Insulin	is	necessary	for
glucose	 to	 enter	most	 tissues;	 erythrocytes,	 heart,	 and	 neurons	 are	 exceptions.
Fates	of	glucose	include	metabolism	for	energy,	storage	in	liver	and	muscle	cells
as	 glycogen,	 and	 conversion	 into	 triglycerides	 in	 adipose	 tissue.	 Insulin	 also
activates	 lipoprotein	 lipase,	 allowing	 clearance	 of	 triglycerides	 from	 the



circulation,	 and	 storing	 triglycerides	 intracellularly.	 Insulin	 also	 inhibits	 the
breakdown	 and	 release	 of	 previously	 stored	 fat	 by	 inhibition	 of	 hormone-
sensitive	lipase.	In	skeletal	muscle,	insulin	permits	both	amino	acids	and	glucose
to	enter	cells	for	oxidation	or	storage.6,7

During	 the	 fasted	 state,	 insulin	 concentrations	 decrease,	 and	 glucagon
concentrations	 increase,	 this	 allows	 for	 activation	 of	 catabolic	 pathways,	 and
stored	fuels	(glucose,	amino	acids,	and	fats)	are	mobilized	to	meet	energy	needs.
Liver	glycogen	provides	glucose	for	only	several	hours.	Muscle	glycogen	must
undergo	 anaerobic	 glycolysis,	 generating	 lactate,	 which	 can	 cross	 the	 plasma
membrane	 and	 be	 converted	 into	 glucose	 in	 the	 liver.	 The	 liver	 synthesizes
glucose	 from	 muscle-derived	 amino	 acids,	 or	 using	 the	 glycerol	 backbone	 of
triglycerides,	through	the	process	of	gluconeogenesis,	which	is	the	major	source
of	 hepatic	 glucose	 output	 after	 glycogen	 stores	 are	 exhausted.8	 To	 conserve
muscle	mass	during	starvation,	glucose	consumption	is	reduced,	and	fatty	acids
released	from	adipose	tissue	become	the	principal	fuel	source.	Some	fatty	acids
are	transformed	by	the	liver	into	ketoacids.9	The	rate	of	catabolism	is	regulated
by	insulin.	As	circulating	glucose	concentration	decreases,	insulin	concentration
decreases	 and	glucagon	 increases.	This	 permits	 lipolysis	 and	proteolysis	while
stimulating	gluconeogenesis,	all	 to	maintain	normal	glucose	concentrations.	As
glucose	concentration	increases,	this	stimulates	insulin	secretion	and	a	decrease
in	 glucagon	 secretion,	 which	 in	 turn	 reduces	 or	 halts	 catabolism.	 Precise
regulation	 of	 insulin	 secretion,	 even	 in	 the	 absence	 of	 food	 intake,	 achieves
continuous	 control	 of	 carbohydrate	metabolism.	This	 is	 summarized	 in	Figure
137.1.

	

Figure	137.1 	Metabolic	effects	of	insulin	in	normal	and	diabetic



states.Upper:	entries	illustrate	the	anabolic	storage-promoting	effects
of	 insulin	 that	 occur	 with	 eating.	 Middle:	 entries	 illustrate	 the
controlled	catabolic	effects	that	occur	during	fasting.	Bottom:	entries
illustrate	 the	 uncontrolled	 catabolism	 that	 ensues	 from	 absolute
deficiency	of	insulin	in	1	diabetes.

Abnormal	Glucose	Homeostasis
DKA	 can	 be	 viewed	 as	 a	 “superfasted”	 state	 that	 occurs	 when	 there	 is
insufficient	 insulin	 available	 to	 regulate	 carbohydrate	 metabolism.7	 Without
insulin,	glucose	no	longer	enters	most	cells	for	storage	or	metabolism.	Glucagon
secretion	is	increased	and	hepatic	glucose	production	increases	without	restraint.
When	the	renal	threshold	for	glucose	is	exceeded	(180-200	mg/dL),	an	osmotic
diuresis	 ensues,	 and	 water	 and	 electrolytes	 are	 lost.	 When	 insulin	 deficiency
persists,	the	stress-response	hormones	cortisol,	epinephrine,	norepinephrine,	and
growth	hormone	are	released	and	accelerate	catabolism.	Glucagon	excess,	along
with	insulin	deficiency,	 is	responsible	for	 the	oxidation	of	fatty	acids	 to	ketone
bodies	 by	 the	 liver.	 When	 the	 rate	 of	 hepatic	 ketoacid	 generation	 exceeds
peripheral	 utilization,	 DKA	 ensues.	 This	 results	 in	 the	 life-threatening
combination	 of	 hyperglycemia,	 acidemia,	 ketonemia,	 loss	 of	 free	 water,	 and
depletion	of	electrolytes.

New-onset	 1	 diabetes	 commonly	 presents	 as	 ketoacidosis,	 but	 most	 cases
occur	 among	 individuals	 known	 to	 have	 diabetes.	 Dietary	 indiscretion	 of	 a
person	 with	 known	 treated	 diabetes	 may	 produce	 classic	 hyperglycemia,
polydipsia,	 and	 polyuria	 but	 not	 ketosis.	 Any	 hyperglycemic	 diabetic	 patient
with	ketonuria	should	be	evaluated	for	DKA.

3 	 Ketoacidosis	 occurs	 most	 often	 among	 patients	 who	 have	 omitted	 their
insulin	 or	 who	 have	 an	 intercurrent	 stressor.10	 Infection	 produces	 a	 state	 of
insulin	resistance,	in	part	because	of	the	presence	of	high	inflammatory	cytokine
levels.	 This	 can	 be	 a	 common	 trigger	 of	 DKA	 for	 patients	 admitted	 to	 an
intensive	 care	 unit	 (ICU).11	 Severe	 stress	 occasionally	 causes	 ketosis	 among
patients	with	2	diabetes.5	African	Americans	and	Hispanics	with	2	diabetes	may
be	particularly	susceptible	to	the	development	of	ketosis.12-14	Other	stressors	that
can	 precipitate	 ketosis	 include	 acute	 myocardial	 infarction,	 emotional	 stress,
cancer,	 drugs	 that	 interfere	 with	 insulin	 release	 or	 action,	 pregnancy,
menstruation,	 and	 various	 endocrinopathies.	 The	 use	 of	 sodium-glucose
cotransporter-2	 (SGLT-2)	 inhibitors	 appears	 to	 increase	 the	 risk	 of	 euglycemic
DKA.10,15	Among	those	using	insulin	pumps,	catheter	site	problems	resulting	in



leakage	 or	 nondelivery	 of	 insulin	 can	 precipitate	 DKA.10	 Occasionally,	 no
precipitating	factor	can	be	identified.

Clinical	Manifestations
Most	 patients	 with	 DKA	 are	 lethargic;	 about	 10%	 are	 comatose.16	 They	 have
typically	 lost	 large	quantities	of	 fluid;	 their	 skin,	 lips,	 and	 tongue	are	dry;	 and
their	 eyes	 are	 soft	 to	 palpation.	 Postural	 hypotension	 is	 common,	 but	 shock	 is
rare.17

Patients	with	DKA	have	rapid	deep	respirations	(called	Kussmaul	breathing),
and	 their	 breath	 has	 a	 sweet	 fruity	 odor.	 Some	 patients	 with	 new-onset	 DKA
have	been	misdiagnosed	as	having	psychological	hyperventilation.18	If	a	patient
with	DKA	 is	 not	 tachypneic,	 the	 physician	 should	 suspect	 that	 severe	 acidosis
(pH	<	7.1)	may	be	depressing	the	respiratory	drive.19

It	 is	 important	 to	measure	 the	 temperature	accurately.	Because	 the	patient	 is
hyperventilating,	 rectal	 or	 tympanic	 temperature	 should	 be	measured.	 Patients
with	DKA	do	not	have	fever,	unless	an	intercurrent	process,	usually	infection,	is
present.	 Similarly,	 the	 rare	 cases	 of	 hypothermia	 in	 DKA	 are	 associated	 with
sepsis.20

Abdominal	 pain	 is	 common	 and	may	 be	 accompanied	 by	 a	 tender	 guarded
abdomen	 with	 diminished	 or	 absent	 bowel	 sounds.	 DKA	 should	 always	 be
excluded	when	evaluating	abdominal	pain.21	What	may	appear	 to	be	a	 surgical
condition	will	resolve	with	correction	of	the	acidosis.

Patients	 with	 DKA	 may	 be	 nauseous	 and	 vomit	 guaiac-positive	 coffee
grounds–like	 material.	 This	 is	 probably	 due	 to	 gastric	 atony,	 distension,	 and
rupture	of	mucosal	blood	vessels.	Pleuritic	chest	pain	may	also	be	present.	The
cause	is	unknown,	but	it	resolves	with	treatment	of	the	DKA.

The	 nose	 and	 sinuses	 of	 all	 patients	with	DKA	 should	 be	 examined.	Acute
sinusitis	 and	 a	 black	 intranasal	 eschar	 should	 suggest	 mucormycosis,	 an
opportunistic	 fungal	 infection	 that	 disseminates	 rapidly	 in	 acidotic	 patients.
Mucormycosis	 is	 often	 fatal;	 survival	 requires	 prompt	 diagnosis.22	 DKA	 as	 a
complication	 of	 pregnancy	 can	 occur	 at	 lower	 glucose	 concentrations	 and
progress	 rapidly.	During	pregnancy,	 rates	of	 fetal	 loss	 can	be	high	when	DKA
occurs	 with	 new-onset	 diabetes,	 when	 it	 is	 due	 to	 poor	 adherence	 to	 insulin
therapy	in	preexisting	diabetes,	or	when	pregnancy	is	complicated	by	infection.23

Laboratory	Diagnosis
Hyperglycemia,	acidemia,	and	ketosis	 in	 the	appropriate	clinical	setting	are	the



criteria	for	the	diagnosis	of	DKA.

Blood	Glucose
Normal	plasma	glucose	concentration	is	60	to	120	mg/dL	(3.3-6.7	mmol).	Whole
blood	glucose	concentrations	are	15%	to	20%	lower.	Fingerstick	blood	glucose
determinations	are	performed	on	whole	capillary	blood,	and	most	meters	correct
for	this	offset.	Calibrated	glucose	meters	suitable	for	use	in	the	ICU	are	accurate
over	a	wide	range	of	concentrations,	but	accuracy	 is	 reduced	by	very	high	and
low	 glucose	 concentrations	 and	 acidemia;	 when	 these	 conditions	 are	 present,
results	 should	 be	 confirmed	 by	 a	 clinical	 laboratory	 measurement.24	 Meters
intended	for	home	use	may	give	less	reproducibly	accurate	results.

5 	 Among	 patients	 with	 DKA,	 blood	 glucose	 concentrations	 of	 400	 to
800	mg/dL	 are	 typical.	As	many	 as	 15%	of	 cases	 of	DKA	present	with	 blood
glucose	 concentrations	 less	 than	 300	 mg/dL,25	 and	 in	 rare	 situations,	 patients
present	 with	 blood	 glucose	 below	 180	 mg/dL	 and	 ketoacidosis	 (euglycemic
DKA).26	Typically,	these	are	younger	or	pregnant	patients	with	a	high	glomerular
filtration	rate	(GFR).	Administration	of	insulin	prior	to	presentation,	antecedent
food	restrictions,	and	use	of	SGLT-2	inhibitors	can	also	lower	plasma	glucose	at
presentation.5	More	often,	 the	solute	diuresis	causes	dehydration,	decreases	 the
GFR,	and	further	increases	circulating	blood	glucose	concentration.	Euglycemia
DKA	should	be	prevented	by	avoidance	of	use	of	SGLT-2	inhibitors	in	situations
predisposing	 to	 ketosis	 such	 as	 volume	 depletion,	 reduced	 oral	 intake,	 excess
alcohol	 consumption,	 inpatient	 hospitalization/surgery,	 and	 individuals	 with
latent	 autoimmune	 diabetes	 in	 adults.	 This	 is	 similar	 to	 the	 consensus	 for	 risk
management	 of	 DKA	 for	 patients	 with	 1	 diabetes	 treated	 with	 SGLT-2
inhibitors.27	 Although	 SGLT-2	 inhibitors	 are	 used	 by	 patients	 with	 1	 diabetes,
they	are	not	currently	U.S.	Food	and	Drug	Administration	(FDA)	approved	for
this	use	in	the	United	States.28

Electrolytes

Sodium
Serum	sodium	concentration	is	quite	variable	in	DKA	and	must	be	interpreted	in
the	context	of	serum	glucose	and	lipid	concentrations.	If	extremely	abnormal,	it
needs	 special	 attention	 during	management.	Large	 amounts	 of	 sodium	are	 lost
during	 the	 osmotic	 diuresis	 in	 DKA,	 and	 the	 serum	 concentration	 does	 not
necessarily	 reflect	 this	 loss.	 Because	 sodium	 resides	 principally	 in	 the
extracellular	 fluid	space,	elevated	sodium	concentration	may	simply	 reflect	 the



degree	of	free	water	loss.
Abnormally	 low	sodium	concentrations	may	be	due	 to	 the	osmotic	effect	of

large	amounts	of	extracellular	glucose.	The	osmotic	activity	of	glucose,	drawing
free	water	from	the	intracellular	to	the	extracellular	space,	produces	a	fall	of	1.6
mEq/L	 of	 sodium	 for	 every	 increase	 of	 100	 mg/dL	 in	 blood	 glucose
concentration	 more	 than	 100	 mg/dL.29	 The	 “corrected”	 serum	 sodium	 of	 a
patient	with	a	measured	concentration	of	135	mEq/L	and	a	glucose	concentration
of	600	mg/dL	is	[1.6	×	(6	−	1)]	+	135,	or	143	mEq	per	L.	The	patient	presenting
with	an	elevated	serum	sodium	concentration	despite	hyperglycemia	has	a	severe
total	body	free	water	deficit.

It	 is	 also	 important	 to	 be	 certain	 that	 abnormally	 low	 serum	 sodium
concentrations	 of	DKA	 patients	 are	 not	 factitious.	 Sodium	 resides	 only	 in	 the
aqueous	 phase	 of	 plasma	 and	 when	 the	 nonaqueous	 constituents	 such	 as
triglycerides	increase	substantially,	the	reported	concentration	of	sodium	will	be
spuriously	 low	 with	 older	 testing	 methods.	 Current	 technology	 using	 “ion-
specific”	electrodes	is	unaffected	by	this	problem.

Chloride
Chloride	 concentrations	 are	 usually	 not	 helpful	 for	 the	 diagnosis	 of	 DKA,
although	they	may	provide	useful	information.	Hyperchloremia	may	sometimes
represent	a	more	chronic	ketoacidotic	state30	and	may	be	associated	with	slower
recovery.31	 Extremely	 low	 levels	 of	 chloride	 may	 result	 from	 vomiting.32
Hyperchloremic	 acidosis	 can	 also	 occur	 during	 recovery	 from	 DKA	 as	 a
consequence	of	urinary	losses	of	neutralized	ketone	body	salts.33

Potassium
Potassium	is	the	electrolyte	that	must	be	monitored	vigilantly	during	therapy.	All
patients	with	DKA	are	at	risk	of	life-threatening	hypokalemia	during	treatment,
although	 the	 serum	 potassium	 concentration	 is	 usually	 elevated	 at
presentation.31,34	This	elevation	 is	due	 to	catabolism	of	 tissue,	dehydration,	and
shifts	in	potassium	from	the	intracellular	to	the	extracellular	space	as	hydrogen
ions	 are	 buffered.	 An	 initially	 elevated	 serum	 potassium	 concentration	 should
never	obscure	 the	 fact	 that	 total	 body	potassium	 loss	 (in	 the	 range	of	 200-700
mEq)	 occurs	 with	 ketoacidosis.	 The	 greatest	 potassium	 loss	 accompanies	 the
osmotic	diuresis	of	glucose.	Additional	losses	are	due	to	the	excretion	of	ketone
bodies	 as	 potassium	 salts,	 dehydration-induced	 secondary	 hyperaldosteronism,
and	vomiting.	Potassium	replacement	is	virtually	always	necessary	early	during
DKA	therapy.	 It	 should	be	started	as	 soon	as	 the	potassium	concentration	 is	at



the	 upper	 end	 of	 the	 normal	 range	 because	 continued	 insulin	 therapy	 will
invariably	 cause	 the	 potassium	 concentration	 to	 fall	 further.	 Normal	 or	 low
concentrations	of	potassium	early	in	ketoacidosis	reflect	a	very	severe	potassium
deficit.

Magnesium
Like	potassium,	serum	magnesium	concentrations	among	patients	with	untreated
DKA	tend	to	be	elevated	initially,	but	they	fall	with	subsequent	hydration.

Bicarbonate
Serum	 bicarbonate	 concentrations	 are	 low	 with	 ketoacidosis19	 because	 of
neutralization	 of	 ketone	 bodies,	 which	 are	 acids.	 Bicarbonate	 buffer	 in	 the
extracellular	 compartment	 represents	 the	 first	 line	 of	 defense	 in	 acid-base
homeostasis.	Hydrogen	 ion	 (H+)	 from	 ketoacids	 is	 neutralized	 by	 bicarbonate,
producing	carbonic	acid,	water,	and	CO2.	As	CO2	 is	cleared	 through	 the	 lungs,
the	 neutralized	 salts	 of	 the	 ketone	 bodies	 are	 excreted	 in	 the	 urine.	 Among
patients	with	established	DKA,	the	serum	bicarbonate	concentration	is	typically
less	than	15	mEq/L	and	can	be	much	lower.

Phosphorous
Elevated	serum	phosphate	concentrations	are	common	with	untreated	DKA;	the
mechanism	is	not	clear.	After	therapy,	there	is	a	precipitous	decline	to	subnormal
levels.	 It	 has	 been	 estimated	 that	 as	much	 as	 1	mmol/kg	 of	 phosphate	 is	 lost
during	DKA.	Hypophosphatemia	of	less	than	0.5	mmol/L	has	been	described	for
both	DKA	and	HHS.35

Acidosis
Arterial	blood	gas	and	pH	measurements	are	essential	for	the	management	of	all
but	the	mildest	cases	of	DKA.	The	arterial	pH	in	DKA	is	almost	always	less	than
7.3.	If	arterial	samples	cannot	be	obtained,	venous	or	capillary	samples	may	be
used,	 although	 they	provide	 less	 information.36	DKA	classically	 presents	 as	 an
anion	gap	acidosis.	The	anion	gap	should	be	calculated	for	all	acidemic	patients.
In	 addition	 to	 confirming	 the	 diagnosis	 of	 DKA,	 the	 anion	 gap	 can	 be	 used
together	with	plasma	ketone	measurements	to	obtain	important	additional	insight
into	 the	nature	and	severity	of	a	given	case.37	More	chronic	ketoacidotic	states
may	 be	 associated	 with	 hyperchloremic	 rather	 than	 anion	 gap	 acidosis,30
probably	 as	 a	 consequence	of	 the	 loss	of	 neutralized	ketone	body	 salts.33	 Rare
cases	 of	DKA	 are	 complicated	 by	 intercurrent	metabolic	 alkalosis,	most	 often



from	severe	vomiting.32,38

Plasma	Ketones	and	β-Hydroxybutyrate
Plasma	 ketones	 should	 be	measured	 for	 all	 patients	with	 diabetes	who	 appear
critically	ill	or	exhibit	signs	of	dehydration	at	the	time	of	presentation.	When	the
nitroprusside	test	is	used,	the	results	are	usually	expressed	as	the	highest	dilution
of	 serum	 that	 gives	 a	 positive	 reaction.	 This	 test	 is	 always	 positive	 (>1:2
dilution)	 during	 DKA,	 but	 its	 result	 may	 not	 reflect	 the	 full	 extent	 of
ketogenesis.	 This	 is	 because	 the	 test	 measures	 only	 acetoacetate	 (AcAc)	 and
acetone.	 It	 does	 not	 measure	 β-hydroxybutyrate	 (BOHB),	 which,	 although	 a
“ketone	 body,”	 is	 a	 hydroxyl	 acid	 and	 not	 a	 ketone.	Normally,	 the	BOHB-to-
AcAc	 ratio	 is	 3:1,	 but	 acidosis	 increases	 the	 ratio	 to	 6:1	 or	 even	 12:1	 as	 pH
decreases.	The	BOHB-to-AcAc	ratio	at	pH	7.1	is	at	least	6:1.

BOHB	can	be	measured	directly,	and	the	test	is	available	from	many	hospital
laboratories.	 Measurement	 of	 BOHB	 concentration,	 if	 the	 result	 is	 available
rapidly,	 can	also	be	used	 to	establish	 the	diagnosis	of	DKA.	The	advantage	of
BOHB	measurement	derives	from	the	fact	that	it	is	the	major	ketone	body,	and
its	concentration	is	a	better	indicator	of	the	severity	of	ketoacidosis.

The	 results	 of	 plasma	 ketone,	 BOHB,	 anion	 gap,	 and	 arterial	 pH
measurements	 can	 be	 used	 to	 determine	 whether	 a	 pure	 or	 mixed	 anion	 gap
acidosis	 is	 present.	 The	 highest	 positive	 ketone	 dilution	 is	 multiplied	 by
0.1	 mmol/L	 to	 obtain	 an	 estimate	 of	 AcAc	 concentration;	 the	 BOHB	 can	 be
measured	 directly.	 If	 a	 patient’s	 anion	 gap	 is	 greater	 than	 the	 estimated
contribution	of	ketone	bodies	(AcAc	plus	BOHB),	the	presence	of	an	additional
unmeasured	 anion	 should	 be	 considered	 (eg,	 lactate,	 salicylate,	 uremic
compounds,	methanol,	or	ethylene	glycol).

Ketone	body	measurements	 are	 also	useful	 for	monitoring	 the	 resolution	of
DKA.	During	severe	acidosis,	ketones	as	measured	by	the	nitroprusside	reaction
initially	rise	rather	than	fall	as	the	acidosis	improves.	This	is	due	to	conversion
of	 BOHB	 back	 to	 AcAc.	 Clearance	 of	 ketone	 bodies	 occurs	 slowly;	 frequent
measurement	of	ketones	and	BOHB	is	generally	unnecessary.

It	 is	 worth	 noting	 that	 certain	 home	 blood	 monitors	 have	 the	 capacity	 to
measure	 not	 only	 glucose	 but	 also	 “ketones.”	 These	 meters	 measure	 BOHB
rather	than	AcAc	using	strips	distinct	from	those	used	to	measure	glucose.	They
can	 warn	 patients	 of	 impending	 or	 established	 ketoacidosis	 prior	 to	 hospital
presentation.

Blood	Urea	Nitrogen	and	Creatinine



The	 blood	 urea	 nitrogen	 (BUN)	 of	 patients	with	DKA	 is	 typically	 elevated	 to
values	between	25	and	50	mg/dL	due	not	only	to	prerenal	azotemia	from	volume
depletion	but	also	from	increased	ureagenesis.	Patients	with	DKA	are	in	a	state
of	 uncontrolled	 gluconeogenesis;	 the	 large	 quantities	 of	 amino	 acids	 released
from	 muscle	 for	 conversion	 to	 glucose	 produce	 hyperaminoacidemia.	 These
amino	acids	 increase	substrate	availability	for	ureagenesis.	Although	the	serum
creatinine	concentration	usually	reflects	 the	degree	of	dehydration	and	prerenal
azotemia	 during	 DKA	 accurately,39	 spurious	 elevations	 occasionally	 occur
because	AcAc	interferes	with	some	older	creatinine	assays.40

Complete	Blood	Count
Hematocrit	 and	hemoglobin	during	DKA	are	usually	high	and	 in	proportion	 to
the	degree	of	dehydration.	Low	values	suggest	preexisting	anemia	or	acute	blood
loss.	 A	 characteristic	 hematologic	 finding	 during	 DKA	 is	 leukocytosis.	 The
white	cell	count	can	be	elevated	to	20,000	or	more	with	a	shift	to	the	left	in	the
absence	 of	 infection,	 but	 concurrent	 infection	 should	 be	 actively	 sought
whenever	the	white	count	is	significantly	elevated.16,41

Triglycerides
Insulin	deficiency	impairs	clearance	of	lipid	from	the	circulation	and	accelerates
hepatic	 production	 of	 very	 low-density	 lipoprotein.6	 During	 DKA,	 there	 is
marked	 elevation	 of	 serum	 triglyceride	 concentrations	 that	 may	 be	 clinically
obvious	in	the	form	of	lactescent	serum.	With	insulin	therapy,	this	biochemical
derangement	 reverses.	 When	 a	 patient	 can	 eat	 during	 the	 onset	 of	 DKA,
hyperchylomicronemia	may	also	be	present.

Urine
Urinary	 glucose	 and	 acetone	 should	 be	measured.	 If	 pyuria	 is	 present,	 a	 urine
specimen	 should	 be	 sent	 for	 culture	 and	 sensitivity.	 Catheterization	 should	 be
avoided	 unless	 the	 patient	 is	 comatose	 or	 anuric.	 A	 pregnancy	 test	 should	 be
performed	for	women	of	childbearing	age,	as	pregnancy	can	precipitate	DKA.

Serum	Amylase	and	Lipase
Serum	 amylase	 and	 lipase	 concentrations	 are	 sometimes	 elevated	 during	 acute
ketoacidosis,	but	 they	do	not	necessarily	 imply	exocrine	pancreatic	disease.42,43
For	some	cases,	the	amylase	may	be	of	salivary	gland	origin.

Other	Laboratory	Findings



Uric	 acid	 concentrations	 may	 be	 elevated	 during	 acute	 DKA44	 as	 a	 result	 of
impaired	 renal	 function	 or	 competition	 from	 ketone	 bodies	 at	 sites	 of	 tubular
secretion.	Hepatic	enlargement	with	fatty	 infiltration	of	parenchymal	cells	may
occur	during	acute	DKA.	Increased	levels	of	C-reactive	protein	and	interleukin	6
may	be	indicative	of	underlying	infection	precipitating	DKA.45

Treatment
Patients	with	severe	DKA	should	be	hospitalized	in	an	ICU.	Delaying	intensive
care	greatly	 increases	morbidity,	and	detaining	patients	 in	 the	emergency	room
long	after	the	diagnosis	is	established	should	be	avoided.	Some	hospitals	are	able
to	 treat	 DKA	 outside	 the	 ICU	with	 protocols	 involving	 close	monitoring,	 and
report	good	outcomes.46	Treatment	should	be	directed	at	three	main	problems—
fluid	deficits,	electrolyte	abnormalities,	and	insulin	deficiency—in	that	order.47

Recording	of	Data
1 	 The	 comprehensive	 flow	 sheet	 of	 vital	 signs,	 laboratory	 data,	 and	 treatment
that	 is	part	of	 the	modern	electronic	ICU	greatly	enhances	management.	 In	 the
absence	of	electronic	 records,	a	comprehensive	paper	 flow	sheet	 is	essential	 to
follow	the	responses	to	therapy.	Standardized	protocols	may	improve	efficiency
of	care.

Fluid	Replacement
Fluid	 and	 electrolyte	 therapy	 always	 takes	 precedence	 over	 insulin
administration	 during	 the	 treatment	 of	 DKA.	 Insulin	 administration	 before
volume	and	potassium	repletion	can	cause	shock	and	arrhythmias.48

4 	The	free	water	deficits	of	adults	with	DKA	generally	range	between	5	and
11	L,	typically	about	100	mL/kg,	and	are	due	primarily	to	the	osmotic	diuresis	of
hyperglycemia.47,49	Vomiting	and	hyperventilation	may	also	contribute	 to	water
losses.	 Initial	 fluid	 resuscitation	 should	 be	 an	 infusion	 of	 0.9%	 saline.
Approximately	2	L	or	25	mL/kg	should	be	given	during	the	first	hour	to	restore
blood	volume,	stabilize	blood	pressure,	and	reestablish	urine	flow.	Another	liter
of	0.9%	saline	can	 typically	be	given	during	 the	next	2	hours.	The	subsequent
rate	of	 fluid	 replacement	depends	on	 individual	 clinical	 circumstances.	During
the	 first	24	hours,	75%	of	 the	estimated	 total	water	deficit	 should	be	 replaced.
Urine	flow	should	be	maintained	at	approximately	30	to	60	mL	or	0.5	mL/kg/h.
Fluid	replacement	after	the	first	2	L	may	be	changed	to	hypotonic	0.45%	saline



when	hypernatremia	is	present.50

Electrolytes

Sodium,	Chloride,	and	Potassium
Sodium	 and	 chloride	 are	 replaced	 together	 with	 free	 water	 as	 just	 described.
Potassium	must	be	added	to	the	saline.	Because	serum	potassium	concentration
does	not	accurately	reflect	total	body	potassium,	replacement	should	be	initiated
early	 during	 treatment.	 Until	 the	 serum	 potassium	 concentration	 is	 known,
replacement	should	be	carried	out	cautiously.	The	recommended	initial	repletion
rate	is	20	mEq/h	as	KCl	or	K3PO4.	When	the	serum	value	is	known,	the	rate	of
potassium	 administration	 can	 be	 adjusted.	 If	 a	 nasogastric	 tube	 is	 in	 place,
electrolyte	 losses	 due	 to	 gastric	 suctioning	 must	 also	 be	 considered.	 Typical
potassium	 deficits	 in	 DKA	 are	 3	 to	 5	 mEq/kg,	 but	 if	 hypokalemia	 or
normokalemia	 is	 present	 at	 the	 time	 of	 admission,	 the	 deficit	 may	 be	 much
higher,	up	to	10	mEq/kg.

Potassium	 concentration	 often	 falls	 precipitously	 after	 starting	 therapy.	 K+

shifts	from	the	extracellular	to	the	intracellular	space	in	the	presence	of	glucose
and	 insulin.	 As	 acidemia	 resolves,	 buffered	 intracellular	 H+	 is	 exchanged	 for
extracellular	K+,	 further	lowering	the	serum	potassium	concentration.	A	sudden
reduction	 in	 serum	 potassium	 concentration	 can	 cause	 flaccid	 paralysis,
respiratory	failure,	and	life-threatening	cardiac	arrhythmias.	If	a	patient	in	mild
DKA	 is	 alert	 and	 able	 to	 tolerate	 liquids,	 potassium	 should	 be	 given	 orally.	 If
potassium	must	be	replaced	intravenously,	it	must	never	be	by	IV	push	but	rather
mixed	with	other	intravenous	fluids	and	infused	by	a	controlled	pump	such	that
infusion	rates	generally	do	not	exceed	20	mEq/hour.

Phosphate
Depletion	 of	 phosphate	 occurs	 with	 DKA.	 Initially,	 the	 concentration	 of
phosphate	is	elevated,	but	levels	may	decrease	to	less	than	1	mmol/L	within	4	to
6	 hours	 of	 starting	 insulin	 treatment.	 Persistent	 severe	 hypophosphatemia	 can
cause	 neurologic	 disturbances,	 arthralgias,	 muscle	 weakness	 with	 respiratory
impairment,	rhabdomyolysis,	and	liver	dysfunction.51

Except	when	hypophosphatemia	 is	 severe	 (≤1.0	mg/dL),	 however,	 the	 need
for	 phosphate	 replacement	 during	 treatment	 of	 DKA	may	 be	more	 theoretical
than	 real.	No	 studies	 have	 demonstrated	 that	 replacement	 of	 phosphate	 affects
the	course	or	outcome	from	ketoacidosis.52,53

For	 treating	 severe	 hypophosphatemia,	 potassium	 phosphate	 (20	 mEq	 K+;



16	mmol	 PO4
3)	 can	 be	 added	 to	 replacement	 fluids	 in	 place	 of	 KCl.	 Because

phosphate	deficits	during	DKA	average	only	1.0	mmol/kg,	it	is	rarely	necessary
to	administer	more	than	one	5-mL	ampoule	of	potassium	phosphate.	Thereafter,
potassium	 should	 be	 replaced	 as	 KCl.	 The	 hazards	 of	 parenteral	 phosphate
administration	 include	 hypomagnesemia,	 hypocalcemia,	 and	 metastatic
calcification.54	 If	 a	 patient	with	DKA	 can	 tolerate	 oral	medication,	 phosphate-
containing	antacids	(eg,	Neutra	Phos)	can	be	given.

Bicarbonate
Despite	 the	 presence	 of	 a	 low	 serum	 bicarbonate	 concentration	 and	 severe
acidemia,	most	authorities	now	concur	that	there	is	no	need	for	the	routine	use	of
bicarbonate	 therapy	 for	 DKA.55-59	 Neutralization	 is	 intuitively	 appealing,	 but
fluid	 and	 electrolyte	 replacement	 alone	 will	 ameliorate	 the	 acidosis,	 and
bicarbonate	 therapy	 may	 produce	 adverse	 effects.	 These	 include	 severe	 acute
hypokalemia,60	late	alkalosis	due	to	paradoxical	cerebrospinal	fluid	acidosis,61	a
shift	in	the	oxygen	dissociation	curve	to	the	left	that	results	in	tissue	hypoxia	and
lactic	 acidosis,62	 and	 increased	 hepatic	 ketogenesis.59	 Among	 children,
bicarbonate	 therapy	 may	 increase	 the	 risk	 of	 cerebral	 edema.63	 Bicarbonate
replacement	 during	 DKA	 should	 be	 used	 only	 when	 hypotensive	 shock	 is
unresponsive	 to	 rapid	 fluid	 replacement,64	 buffering	 capability	 is	 completely
exhausted,	 respiratory	 responses	 are	maximal,	 and	 acidemia	 is	worsening,47	 or
for	 those	 with	 advanced	 preexisting	 renal	 dysfunction.65	 Even	 in	 these
circumstances,	 bicarbonate	 can	 only	 “buy	 time”	 until	 metabolic	 treatment
reverses	 the	 acidosis.	 On	 those	 rare	 occasions	 when	 it	 may	 possibly	 be
beneficial,	 two	ampoules	of	sodium	bicarbonate	 (100	mEq	 total)	 in	400	mL	of
sterile	water	with	20	mEq	KCL	should	be	infused	over	2	hours.5,65

Magnesium
Hypermagnesemia	 may	 occur	 early	 in	 the	 course	 of	 DKA,66	 but	 serum	 Mg2+
concentrations	generally	 return	 to	normal	without	 specific	 treatment.	For	 some
patients,	Mg2+	stores	may	be	depleted,	and	hypomagnesemia	may	rarely	lead	to
cardiac	arrest.67	Dysrhythmia	should	alert	the	physician	to	the	possible	need	for
magnesium	supplementation.

Insulin
Insulin	therapy	for	DKA	is	essential	but	should	be	instituted	only	after	fluid	and
electrolyte	 resuscitation	 is	underway.47	Regular	 (crystalline)	 insulin	 is	 typically



used	for	intravenous	infusions;	semisynthetic	rapid-acting	insulins	approved	for
intravenous	administration	offer	no	advantage	by	this	route.	Regular	insulin	for
infusion	can	be	added	to	0.9%	saline	(at	a	concentration	of	1.0	unit/mL).	Blood
glucose	concentration	should	be	measured	every	1	 to	2	hours	after	 starting	 the
infusion.	 There	 are	 numerous	 published	 insulin	 infusion	 protocols	 that	 are
validated	and	take	into	account	glucose	changes	and	the	rate	of	those	changes	as
an	indicator	of	insulin	sensitivity	and	inform	insulin	titration.	This	allows	for	the
safe	and	effective	titration	of	insulin	to	achieve	timely	blood	glucose	goals	and
minimize	 the	risk	for	hypoglycemia.	Computerized	protocols	are	also	available
and	allow	 for	more	 complex	 calculations	 for	 insulin	 adjustments.	They	 further
can	provide	alerts	and	alarms	that	can	help	to	promote	protocol	adherence.68-72

If	 for	 some	 reason	 a	 continuous	 infusion	 cannot	 be	 given,	 an	 initial
intravenous	 bolus	 of	 10	 units	 of	 short-acting	 insulin	 followed	 by	 repeated
subcutaneous	 or	 intramuscular	 short-acting	 insulin	 injections	 can	be	 used.	The
onset	of	action	of	intravenous	regular	insulin	occurs	within	minutes;	bolus	doses
peak	within	30	minutes,	and	the	duration	of	action	is	2	to	3	hours.	When	DKA	is
treated	 with	 frequent	 subcutaneous	 insulin	 injections,	 very	 short-acting
analogues	 may	 be	 advantageous	 because	 of	 their	 rapid	 onset	 of	 action.	 Their
shorter	 duration	 of	 action	may,	 however,	 require	more	 frequent	monitoring	 of
blood	glucose	concentration.	The	safety	and	efficacy	of	 repeated	 subcutaneous
injections	of	rapid-acting	insulin	analogues	every	1	to	2	hours	for	the	treatment
of	uncomplicated	DKA	is	well	documented.73

Once	 the	 plasma	 glucose	 concentration	 approaches	 200	 mg/dL,	 glucose
infusion	 D5W	 or	 D5	 1/2NS	 should	 be	 started,	 and	 the	 insulin	 infusion	 rate
should	be	adjusted	to	maintain	insulinization	and	inhibit	ketogenesis.	Following
this,	the	goal	should	be	to	maintain	the	blood	glucose	concentration	between	140
and	180	mg/dL,	by	adjusting	the	glucose	infusion	and	insulin	infusion	rates	until
DKA	resolves.	Insulin	should	never	be	stopped	entirely	during	the	treatment	of
DKA,	 even	 if	 the	 infusion	 rate	 is	 reduced	 to	 only	 0.5	 unit/h	 or	 less.	 This	 is
particularly	important	for	children	with	DKA	because	their	high	GFR	and	high
rate	of	urinary	glucose	excretion	can	lead	to	a	low	blood	glucose	concentration
before	ketone	production	has	been	reversed	by	insulin	administration.

As	 noted	 above,	 resolving	 DKA	 is	 often	 accompanied	 by	 an	 increase	 in
plasma	ketones	(principally	AcAc)	as	BOHB	is	reoxidized.	Total	ketone	bodies
(AcAc	 plus	 BOHB)	 slowly	 fall	 throughout	 treatment,	 and	 the	 increase	 in
measured	ketones	is	transient.	An	increase	in	conventionally	measured	“plasma
ketones”	during	the	early	hours	of	DKA	treatment	does	not	necessarily	mean	that
treatment	 is	 inadequate	 and	 that	 more	 insulin	 is	 needed.	 The	 entire	 clinical
picture	 must	 be	 assessed,	 and	 when	 the	 acidosis	 and	 hyperglycemia	 are



resolving,	the	rise	in	ketones	should	be	interpreted	as	a	sign	of	improvement.

Complications
The	 morbidity	 and	 mortality	 associated	 with	 DKA	 are	 proportional	 to	 the
severity	of	coma	and	acidemia	at	the	time	of	presentation.	Many	complications
can	occur	despite	appropriate	therapy.

Hypotension	and	Shock
Hypotension	 is	 an	 important	 complication	 of	 DKA.	 It	 is	 usually	 caused	 by
volume	 depletion,	 and	 normally	 fluid	 replacement	 alone	 will	 reverse	 it.74
Persistent	 hypotension	 should	 prompt	 consideration	 of	 fluid	 shifts,	 bleeding,
severe	 acidosis,	 hypokalemia,	 arrhythmia,	 myocardial	 infarction,	 sepsis,	 and
adrenal	insufficiency.

When	insulin	is	administered	to	a	patient	with	DKA,	both	glucose	and	water
move	to	the	intracellular	space.	Blood	pressure	may	then	fall	as	extracellular	and
intravascular	 volumes	 decrease.	 Increasing	 the	 rate	 of	 fluid	 replacement	 can
usually	reverse	this.

If	 shock	 persists	 despite	 fluid	 replacement,	 occult	 blood	 loss	 should	 be
considered.	 Patients	with	 gastric	 ulcer,	 colitis,	 or	 hemorrhagic	 pancreatitis	 can
bleed	 into	 the	 gut	 lumen	 or	 peritoneum.	 Physical	 examination	 and	 an
inappropriately	 low	 hematocrit	 in	 the	 face	 of	 dehydration	 are	 clues	 to	 this
complication.

A	shift	in	K+	from	the	extracellular	to	the	intracellular	fluid	space	after	insulin
administration	 can	 lower	 serum	 potassium	 concentration	 and	 cause	 cardiac
arrhythmias.

Patients	 with	 hypotension	 and	 increased	 central	 venous	 pressure	 should	 be
evaluated	for	heart	disease.	Myocardial	 infarction	is	 the	most	common	finding,
but	other	conditions	such	as	cardiac	tamponade	and	diastolic	cardiac	dysfunction
can	 occur.	 Myocardial	 infarction	 is	 a	 common	 complication	 of	 long-standing
diabetes,	 and	 its	 classic	 symptoms	 may	 be	 less	 obvious	 in	 the	 diabetic
population.	Patients	in	DKA	who	have	had	a	myocardial	infarction	have	a	poorer
prognosis.75

Gram-negative	 sepsis	 is	 another	 cause	 of	 shock	 in	 ketoacidosis.64
Pyelonephritis	 and	 pneumonia	 are	 common	 among	 such	 cases	 and	 must	 be
treated	 appropriately	 when	 encountered.	 Ketoacidosis	 per	 se	 does	 not	 cause
fever.

It	 is	 not	 uncommon	 for	 patients	with	 1	 diabetes	 to	 have	 other	 autoimmune



diseases,	 and	 adrenal	 insufficiency	 should	 be	 considered	 among	 cases	 of
ketoacidosis	with	 refractory	 shock.	The	 stress	of	DKA	may	uncover	 a	 state	of
partial	adrenal	insufficiency	requiring	glucocorticoid	replacement.

The	 initial	 approach	 to	 the	 patient	 in	 shock	 is	 additional	 fluid	 replacement.
Thereafter,	 further	 diagnostic	 procedures	 are	 necessary.	 Cardiac	 rhythm,
respiratory,	and	hemodynamic	monitoring	is	recommended.

Thrombosis
The	dehydration	and	intravascular	volume	contraction	common	with	DKA	may
activate	 coagulation	 factors.76	 Thrombosis	 of	 cerebral	 vessels	 and	 stroke	 are
recognized	complications	of	DKA.	Some	authorities	suggest	 the	routine	use	of
low-dose	heparin	during	 the	management	of	DKA,	but	 there	 are	no	 controlled
studies	to	document	its	efficacy.77

Cerebral	Edema
Subclinical	brain	edema	may	be	common	during	DKA,78	but	clinically	important
cerebral	edema	 is	a	 rare	complication	among	adults.	 It	occurs	more	commonly
among	children,79	with	a	reported	frequency	of	0.3%	to	0.5%	in	pediatric	cases
of	 DKA.80,81	 Cerebral	 edema	 has	 been	 associated	 with	 very	 high	 mortality
(24%),80	but	a	recent	retrospective	analysis	shows	current	mortality	rates	are	less
than	10%.82	It	usually	occurs	a	few	hours	after	the	initiation	of	therapy.	Children
who	 develop	 cerebral	 edema	 during	 treatment	 for	 DKA	 may	 initially	 have	 a
relatively	normal	serum	osmolality	and	then	experience	a	progressive	decline	in
serum	sodium	concentration.83	Treatment	with	bicarbonate	 increases	 the	risk	of
cerebral	edema	among	children	with	DKA	who	present	with	azotemia	and	a	low
PCO2.63	Greater	baseline	acidosis,	higher	potassium	and	urea	concentrations,	and
large	volumes	of	administered	fluids	are	also	risk	factors	for	cerebral	edema.84

The	 exact	mechanism	 of	 cerebral	 edema	 is	 unknown,	 but	 it	may	 involve	 a
combination	 of	 fluid	 shifts,	 thrombosis	 of	 intracerebral	 vessels,	 and	 effects	 on
ion	exchange	mechanisms.65,85	The	most	effective	 treatment	 for	cerebral	edema
is	 probably	 mannitol,82,86	 although	 hypertonic	 saline	 is	 being	 used	 with
increasing	frequency.82,87	Steroids	are	not	recommended.88,89	Unfortunately,	even
when	diagnosed	early,	cerebral	edema	may	cause	permanent	neurologic	damage
or	death.

Renal	Failure



Hyperglycemic	 patients	 given	 intravenous	 fluids	 should	 have	 brisk	 urine	 flow.
Patients	with	DKA	who	 do	 not	 void	within	 a	 few	 hours	 of	 therapy	 should	 be
considered	 oliguric.	 A	 common	 cause	 of	 oliguria	 is	 postrenal	 obstruction	 and
bladder	 scanning	 is	 recommended.	 A	 dilated	 atonic	 bladder	 is	 common	 in
comatose	 patients	 and	 even	 more	 common	 in	 diabetic	 patients	 with	 severe
neuropathy	 and	 DKA.	 Occasionally,	 patients	 with	 DKA	 precipitated	 by
pyelonephritis	develop	acute	tubular	necrosis.	Acute	renal	failure	in	the	absence
of	infection	is	an	uncommon	complication	of	DKA.90

Recurrent	Diabetic	Ketoacidosis
6 	If	ketoacidosis	reappears	for	a	patient	who	has	received	adequate	amounts	of
insulin,	infection	or	a	severe	contrainsulin	state	(eg,	Cushing	syndrome)	should
be	suspected.	More	commonly,	the	problem	is	iatrogenic.	The	physician	treating
DKA	notes	that	the	blood	glucose	concentration	has	fallen,	mistakenly	assumes
the	 condition	 has	 been	 cured,	 and	 discontinues	 insulin	 treatment.	 Because	 the
duration	 of	 action	 of	 intravenous	 insulin	 is	 brief	 and	 these	 patients	 make	 no
insulin,	 ketone	 production	 resumes	 and	 ketosis	 soon	 recurs.2	 Insulin	 infusions
should	be	continued,	if	only	at	0.5	to	1	unit/h,	until	the	patient	is	well	enough	to
be	 switched	 to	 subcutaneous	 injections	of	 long-acting	 insulin.	The	 intravenous
infusion	 of	 insulin	 should	 be	 continued	 for	 2	 to	 3	 hours	 after	 the	 first
subcutaneous	 injection	of	 intermediate-acting	or	 long-acting	insulin	 is	given	so
that	 the	 subcutaneous	 insulin	 has	 time	 to	 appear	 in	 the	 bloodstream.	Cases	 of
insulin-resistant	 DKA	 with	 recurrent	 hyperglycemia	 that	 respond	 to	 treatment
with	insulin-like	growth	factor	I	have	been	described,91	but	 these	are	extremely
uncommon.

Low	Blood	Glucose	Concentration
The	 blood	 glucose	 concentrations	 during	 DKA	 usually	 decrease	 rapidly	 as	 a
result	 of	 renal	 excretion	 as	 soon	 as	 fluid	 is	 administered	 and	 urine	 flow	 is
established.74	After	insulin	is	given,	glucose	is	metabolized	as	well	as	excreted,
and	blood	glucose	concentrations	may	fall	rapidly.	The	physician	must	be	alert	to
the	possibility	of	precipitous	reductions	in	glycemia	and	frequent	monitoring	of
blood	glucose	is	recommended.	To	avoid	cerebral	edema,	the	goal	of	the	first	24
hours	 of	 DKA	 treatment	 is	 a	 blood	 glucose	 concentration	 not	 less	 than
200	mg/dL.

When	 the	blood	glucose	 concentration	 falls	 to	200	mg/dL,	 a	D5	containing
intravenous	 fluid	 should	 be	 administered	 together	with	 insulin.92	 Dual	 therapy



inhibits	ketone	production	while	precluding	hypoglycemia.	For	the	first	24	hours
of	treatment,	continuous	intravenous	infusion	of	insulin	is	recommended.

Follow-Up	Care	of	Diabetic	Ketoacidosis
After	 a	 patient	 has	 recovered	 from	 DKA,	 the	 physician’s	 goal	 should	 be
prevention	 of	 further	 episodes.93	 This	 requires	 the	 identification	 of	 any
precipitating	 factors.	 Any	 lack	 of	 education	 regarding	 diabetes	 should	 be
remedied.

HYPERGLYCEMIC	HYPEROSMOLAR
SYNDROME
Severe	hyperglycemia,	dehydration,	and	coma	have	long	been	known	to	occur	in
the	 absence	 of	 significant	 acidosis	 or	 ketonemia	 among	 older	 patients	 with
diabetes.94	 This	 syndrome	 is	 designated	 as	 HHS.	 Mortality	 with	 HHS	 has
historically	 been	 high,	 on	 the	 order	 of	 approximately	 50%,	 but	 increasing
recognition	and	improved	ICU-based	treatment	have	substantially	improved	this
figure;	mortality	more	 recently	 is	 on	 the	 order	 of	 15%.75,95	With	 optimal	 care,
HHS	managed	in	an	ICU	setting	can	carry	a	relatively	favorable	prognosis.	Of
note	 is	 the	 fact	 that,	 with	 the	 increasing	 prevalence	 of	 obesity	 and	 2	 diabetes
among	 children,	 a	 similar	 disorder	 is	 being	 reported	 for	 the	 pediatric
population.96,97	The	syndrome	can	be	the	initial	presentation	of	2	diabetes	and,	in
the	 United	 States,	 may	 occur	 with	 disproportionate	 frequency	 among	 African
American	youth.

Pathophysiology	and	Etiology
The	 pathophysiology	 that	 gives	 rise	 to	 HHS	 requires	 that	 three	 interrelated
elements	 be	 present:	 insulin	 deficiency,	 renal	 impairment,	 and	 cognitive
impairment.

Insulin	Deficiency
Relative	 insulin	 deficiency	 is	 the	 fundamental	 defect	 in	 HHS.	 Patients	 have
sufficient	 insulin	 to	 inhibit	 ketone	 body	 formation	 but	 not	 enough	 to	 prevent
hyperglucagonemia,	 glycogenolysis,	 and	 gluconeogenesis.98	 The	 resulting



hyperglycemia	 induces	an	osmotic	diuresis,	with	 resultant	 fluid	and	electrolyte
losses.

Paradoxically,	 venous	 insulin	 concentration	 levels	 of	 patients	with	HHS	are
comparable	 with	 those	 sometimes	 observed	 in	 DKA.99	 Animals	 with
experimentally	 induced	 HHS	 have	 portal	 insulin	 concentrations	 higher	 than
those	of	animals	with	experimental	ketoacidosis.100	The	data	suggest	that	partial
insulinization	of	the	liver	with	HHS	enables	affected	patients	to	metabolize	free
fatty	 acids	 and	 thereby	avoid	ketogenesis	 in	 the	 face	of	 severe	hyperglycemia.
Additional	 data	 indicate,	 however,	 that	 hepatic	 insulinization	 alone	 cannot
account	for	the	absence	of	ketosis	in	HHS.	Ketone	bodies	can	be	induced	when
medium-chain	 triglycerides	 (precursors	 of	 fatty	 acids)	 are	 administered	 to
animals	with	an	experimental	HHS	syndrome.101	The	result	suggests	that	patients
with	 HHS	 would	 produce	 ketones	 despite	 hepatic	 insulinization	 if	 enough
substrate	in	the	form	of	free	fatty	acids	were	present.	Their	resistance	to	ketosis
must	therefore	depend	on	limited	availability	of	circulating	free	fatty	acids.102

The	 low	 concentrations	 of	 free	 fatty	 acids	 during	 HHS	 may	 be	 due	 to
relatively	low	concentrations	of	lipolytic	hormones103	including	growth	hormone
and	cortisol,	concentrations	of	which	are	 lower	 in	HHS	than	 in	DKA.	Another
explanation	is	that	hyperosmolality	itself	inhibits	the	release	of	free	fatty	acids.104
Additional	unidentified	factors	may	play	a	role.

Renal	Impairment
Some	 degree	 of	 renal	 impairment	 accompanies	 all	 cases	 of	 HHS.	 Younger
patients	with	diabetes	have	a	normal	GFR	and,	even	in	the	event	of	DKA,	filter
enough	 glucose	 into	 the	 urine	 to	 prevent	 extreme	 hyperglycemia.	 In	 contrast,
typical	 patients	 with	 HHS	 are	 older.	 Their	 renal	 blood	 flow	 and	 GFR	 are
reduced,	 and	 they	 cannot	 readily	 excrete	 a	 glucose	 load.	 When	 they	 become
hyperglycemic,	the	glucose	is	neither	metabolized	nor	excreted.	It	remains	in	the
extracellular	fluid	space.	The	resulting	increase	in	osmolality,	 together	with	the
decreased	GFR,	 causes	 still	 less	 glucose	 to	 be	 excreted.	 It	 has	 been	 suggested
that,	 among	 children	 with	 baseline	 normal	 renal	 function,	 extreme
hyperglycemia	may	be	precipitated	by	intake	of	large	amounts	of	sugary	drinks
to	compensate	for	urinary	fluid	losses.97

The	 underlying	 renal	 abnormality	 of	 HHS	 may	 be	 prerenal,	 renal,	 or
postrenal.	The	common	result	is	that	affected	patients	are	unable	to	compensate
for	the	hyperglycemia	with	an	osmotic	diuresis.	The	result	is	an	extremely	high
glucose	concentration.	Severe	hyperglycemia	itself	can	cause	prerenal	azotemia
because	glycosuria	causes	a	hypotonic	osmotic	diuresis	resulting	in	urinary	loss



of	free	water.	 If	not	replaced	orally,	 this	 loss	causes	reductions	in	 intravascular
volume	and	renal	perfusion.

Cerebral	Impairment
Hyperglycemia	 leading	 to	 hyperosmolality	 normally	 activates	 thirst.	 The
combination	 of	 mild	 diabetes	 and	 azotemia	 does	 not	 lead	 to	 HHS	 unless	 the
affected	 individual	 does	 not	 drink	 sufficient	water	 to	 prevent	 hyperosmolality.
Invariably,	HHS	 involves	 acute	 or	 chronic	 impairment	 of	 cerebral	 function.	A
common	history	involves	an	elderly	patient	with	impaired	cognitive	function	due
to	 cerebrovascular	 disease,	 dementia,	 or	 central	 nervous	 system–depressant
medications.	This	 impairment	may	involve	either	concurrent	 impairment	of	 the
normal	 thirst	 mechanism	 or	 an	 inability	 to	 respond	 to	 thirst	 due	 to	 speech	 or
motor	deficits.	Patients	with	trauma	or	burns	have	large	insensible	water	losses,
are	 often	 unable	 to	 drink,	 and	 are	 also	 susceptible	 to	 HHS	 in	 the	 absence	 of
adequate	parenteral	fluids.

Animal	studies	confirm	that	fluid	restriction	is	necessary	to	produce	an	HHS-
like	 disorder.	 Diabetic	 rats	 do	 not	 develop	 HHS	 unless	 they	 are	 deprived	 of
water.105	Decreased	 thirst	 leads	 to	 increased	dehydration,	 increased	 stupor,	 and
further	decreases	in	fluid	intake.	Other	factors,	such	as	angiotensin,	may	also	be
involved.106

Interrelationships
To	summarize,	three	interrelated	factors	are	required	for	HHS.	Insulin	deficiency
leads	to	hyperglycemia	and	glycosuria.	Impaired	renal	function	exaggerates	the
hyperglycemia	 and	 leads	 to	 hyperosmolality.	 Decreased	 free	 water	 intake
precludes	 dilutional	 compensation	 and	 further	 exacerbates	 prerenal	 azotemia.
Together,	 these	 three	 factors	 produce	 dehydration	 and	 the	 hyperosmolar
hyperglycemic	state.

The	severe	dehydration	that	occurs	with	this	syndrome	is	due	to	the	osmotic
diuresis	 of	 glucose	 in	 the	 absence	 of	 compensatory	 free	 water	 intake.
Dehydration,	 in	 turn,	 leads	 to	 hemoconcentration,	 setting	 the	 stage	 for	 severe
prerenal	 azotemia,	 thrombosis,	 and	 shock.	 As	 glucose	 and	 osmolality	 rise,
cerebral	 function	 is	progressively	compromised.	Coma	ensues	when	 the	 serum
osmolality	is	350	mOsm/kg.107	Severe	HHS	may	take	several	days	to	develop.

Clinical	Findings	in	Hyperglycemic	Hyperosmolar



Syndrome
Patients	 who	 develop	 HHS	 are	 typically	 middle	 aged	 or	 elderly.108,109	 The
syndrome	 occurs	 less	 commonly	 among	 younger	 patients	 and	 rarely	 among
infants96	and	may	represent	an	overlap	with	DKA.2	Patients	often	have	a	history
of	2	diabetes	treated	with	diet	and/or	oral	hypoglycemic	agents.	There	may	be	a
prodrome	of	progressive	polyuria	and	polydipsia	and,	occasionally,	polyphagia
lasting	days	to	several	weeks.

Most	 patients	 have	 underlying	 diseases.	Renal	 and	 cardiovascular	 disorders
are	the	most	common.	Other	intercurrent	problems	include	infection,	myocardial
infarction,	 stroke,	 hemorrhage,	 and	 trauma.109	 Additional	 predisposing	 factors
include	 dialysis,110	 hyperalimentation,111	 and	 medications.	 Diazoxide,112
phenytoin,113	 propranolol,114	 immunosuppressive	 agents,115	 cimetidine,116	 and
the	antipsychotic	drugs	clozapine	and	olanzapine117,118	all	impair	insulin	secretion
or	action	and	have	been	implicated	as	causes	of	HHS.	The	disorder	has	also	been
associated	with	treatment	of	HIV	with	the	nucleoside	analogue	didanosine119	and
lithium-induced	diabetes	insipidus.120,121

3 	Fever	 is	 a	common	 finding	during	HHS	even	 in	 the	absence	of	 infection,
but	 infection	 must	 be	 rigorously	 excluded	 for	 all	 cases.	 Patients	 may	 have
hypotension	 and	 tachycardia	 due	 to	 dehydration,	 and	 they	 frequently
hyperventilate.	 Neurologic	 manifestations	 include	 tremors	 and	 fasciculations.
Mental	 status	 ranges	 from	 mild	 disorientation	 to	 obtundation	 and	 coma
depending	on	the	degree	of	abnormalities	in	osmolality	and	perfusion.122	Up	to	a
third	 of	 patients	 with	 HHS	 may	 seize,123	 and	 many	 in	 this	 group	 are
misdiagnosed	as	having	primary	intracerebral	disease.	Once	treatment	has	been
instituted,	 neurologic	 symptoms	 may	 clear	 rapidly.	 The	 hyperventilation	 may
reflect	 lactic	 acidosis,	 a	 common	 complication	 of	 severe	 dehydration	 and
hypotension.	Rapid	respiration	of	a	hyperglycemic	patient	does	not	always	imply
ketoacidosis.

Diagnosis
The	 key	 to	 the	 diagnosis	 of	 HHS	 is	 the	 demonstration	 of	 hyperglycemia	 and
hyperosmolality	without	significant	ketosis	in	the	appropriate	clinical	setting.

Blood	Glucose	Concentration
Blood	glucose	concentrations	in	HHS	are	generally	higher	than	in	DKA,	usually
greater	than	600	mg/dL.	Values	as	high	as	2000	mg/dL	occur.



Acetone
Most	 patients	 in	 HHS	 are	 not	 ketonemic.	 Serum	 acetone	 levels	 are	 usually
normal	 or	 only	 slightly	 elevated,	 seldom	 exceeding	 a	 dilution	 of	 1:2.
Occasionally,	 patients	 with	 HHS	 develop	 a	 severe	 intercurrent	 metabolic
acidosis.	In	these	extremely	ill	patients,	a	severe	hyperosmolar	state	may	overlap
with	ketoacidosis.	Such	cases	are	uncommon.

Osmolality
Serum	 osmolality	 of	 comatose	 patients	 is	 usually	more	 than	 350	mOsm/kg.	 It
can	 be	 measured	 directly	 in	 the	 laboratory	 but	 is	 easily	 and	 quickly
approximated	from	BUN,	sodium,	potassium,	and	glucose	concentrations.

Acid-Base	Balance
Most	 patients	 with	 HHS	 are	 only	 mildly	 acidotic.	 Serum	 bicarbonate
concentration	 and	 arterial	 pH	 are	 usually	 close	 to	 normal.	 The	 average	 pH	 is
about	 7.25	 before	 treatment,	 and	HCO3	 is	 typically	 ≥15	mEq/L.	The	 acidemia
most	 often	 represents	 either	 mild	 lactic	 acidosis	 or	 uremic	 acidosis.	 When	 a
significant	anion	gap	 is	present,	other	causes	of	acidosis	should	be	considered.
These	include	salicylate,	methanol,	and	ethylene	glycol	ingestions.

Renal	Function
As	outlined	above,	renal	function	is	always	impaired	among	patients	with	HHS.
In	 addition	 to	 any	 preexisting	 renal	 disease,	 dehydration	 induces	 prerenal
azotemia,	and	the	ratio	of	BUN	to	creatinine	is	usually	greater	than	30:1.	BUN
and	 creatinine	 should	 be	 repeated	 after	 treatment	 to	 determine	 the	 degree	 of
intrinsic	renal	impairment.

Electrolytes
The	 serum	 sodium	concentration	during	 early	HHS	 is	 highly	variable,	 ranging
between	100	and	180	mEq/L.	Hyponatremia	may	result	from	the	dilutional	effect
of	osmotically	active	glucose	among	patients	with	high	free	water	intake	in	the
face	of	 impaired	 renal	 function.	As	mentioned	previously,	 for	each	100	mg/dL
increase	in	blood	glucose	in	excess	of	100	mg/dL,	serum	sodium	concentration
falls	approximately	1.6	mEq/L.	When	severe	hypotonic	fluid	losses	occur	in	the



later	 stages	 of	 HHS,	 patients	 may	 become	 hypernatremic.	 Because	 sodium
remains	 in	 the	 extracellular	 fluid	 compartment,	 this	 electrolyte	 should	 be
followed	to	assess	the	state	of	hydration.	Frequent	calculations	of	the	corrected
sodium	 need	 to	 be	 done	 to	 properly	 guide	 the	 choice	 of	 fluids	 and	 rates	 for
rehydration.124

Serum	potassium	concentration	during	HHS	syndrome	is	also	variable.	It	may
range	 from	 2.2	 to	 7.8	 mEq/L.	 Hypokalemia	 requires	 immediate	 potassium
replacement.	As	mentioned	later,	serum	potassium	concentrations	decrease	after
treatment	 with	 insulin	 is	 begun.	 Hyperkalemia	 often	 responds	 to	 fluid
replacement	and	 improvement	 in	urinary	output.	Patients	with	HHS,	 like	 those
with	DKA,	lose	substantial	quantities	of	electrolytes.

Treatment

Overview
5 	The	best	 treatment	 for	HHS	 is	 prevention.	The	 condition	 can	be	 avoided	by
periodic	 attention	 to	 blood	 glucose	 control	 and	 mental	 status.	 Susceptible
individuals	are	 those	with	mildly	 impaired	glucose	metabolism.	They	are	often
the	 elderly	 who	 live	 alone.	 They	 may	 be	 hospitalized	 in	 patients	 who	 have
experienced	 trauma,	 undergone	 extensive	 surgery,	 or	 been	 placed	 on
hyperalimentation	 regimens.	 They	 may	 also	 be	 residents	 of	 nursing	 homes,
although	improvements	in	care	appear	to	have	reduced	this	risk.109	Individuals	in
all	 these	 settings	 can	 be	 at	 risk	 of	 hyperglycemia	 and	 hyperosmolality.	When
HHS	does	occur,	continuous	vigilance	for	monitoring	the	details	of	the	patient’s
clinical	progress	at	the	bedside	is	the	key	to	achieving	a	successful	outcome.

Fluid	Replacement
4 	Patients	with	HHS	are,	without	exception,	profoundly	dehydrated.	The	primary
emphasis	 is	volume	repletion.	Within	 the	first	2	hours,	1	 to	2	L	of	0.9%	saline
should	be	given,	with	a	total	of	6	to	8	L	(100-200	mL/kg)	over	the	first	12	hours.
Normal	saline	is	recommended,	even	if	hypernatremia	is	present,	to	expand	the
extracellular	 fluid	 compartment	 rapidly.	 After	 initial	 volume	 expansion	 and
restoration	 of	 normotension,	 subsequent	 treatment	 for	 dehydration	 in	 this
syndrome	emphasizes	 free	water	 replacement.	The	osmotic	diuresis	of	glucose
produces	free	water	loss	in	excess	of	solute	loss.	The	initial	infusion	of	normal
saline	 must	 never	 be	 overlooked,	 however,	 because	 it	 rapidly	 expands	 the



extracellular	 compartment	 and	 helps	 reestablish	 adequate	 perfusion.	 The
corrected	serum	sodium	can	be	used	to	help	decide	when	the	switch	from	0.9%
saline	to	0.45%	saline	should	be	made.	The	rate	of	fluid	administration	must	be
adjusted	 as	 appropriate	 to	 the	 patient’s	 clinical	 status.	 Elderly	 patients	 with
cardiovascular	impairment	may	require	less	aggressive	replacement.

Electrolytes
As	 soon	 as	 adequate	 urine	 flow	 has	 been	 established	 and	 the	 degree	 of
hypokalemia	 estimated,	 potassium	 supplementation	 should	 be	 added	 to
intravenous	 fluids.	 During	 the	 initial	 phases	 of	 therapy,	 serum	 potassium
concentration	should	be	checked	frequently	and	the	electrocardiogram	monitored
for	 changes	 in	 morphology	 and	 rhythm.	 A	 sudden	 fall	 in	 serum	 potassium
concentration	frequently	accompanies	the	initiation	of	insulin	therapy.102	Cardiac
arrhythmias	induced	by	hypokalemia	may	be	irreversible,	particularly	among	the
elderly.	 The	 potassium	 deficit	 of	 HHS	 can	 be	 ≥5	 mEq/kg,	 but	 generally,	 the
magnitude	of	the	loss	is	not	as	great	as	that	encountered	during	DKA.125

Insulin
Most	 patients	 with	 HHS	 are	 more	 sensitive	 to	 insulin	 than	 are	 patients	 with
DKA.102	In	addition,	blood	glucose	concentration	in	HHS	can	fall	rapidly	when
urine	 output	 is	 reestablished	 after	 volume	 expansion	 with	 saline.	 The
combination	of	insulin	sensitivity	and	glucose	diuresis	puts	patients	with	HHS	at
risk	of	sudden	unexpected	hypoglycemia.	Treatment	with	insulin	is	essential	but
should	be	instituted	with	careful	monitoring	and	only	after	fluid	and	electrolyte
resuscitation	is	underway.

Continuous	 infusion	 with	 short-acting	 insulin	 is	 now	 standard	 but	 must	 be
used	with	great	caution.	Insulin	infusion	protocols,	as	discussed	above	for	DKA,
are	appropriate	and	require	close	and	consistent	monitoring	of	glucose	levels	and
rates	 of	 glucose	 change	 in	 order	 to	 make	 appropriate	 changes	 to	 the	 insulin
infusion	and	prevent	hypoglycemia.	As	emphasized	repeatedly,	normalization	of
glucose	 is	not	 the	primary	goal	of	 treatment;	 fluid	and	electrolyte	 resuscitation
take	precedence	and	often	improve	glycemia	substantially	before	any	insulin	is
given.	An	attempt	should	be	made	to	maintain	blood	glucose	concentration	near
250	 mg/dL	 for	 the	 first	 24	 hours.	 Rapid	 fall	 in	 blood	 glucose	 concentration
correlates	with	the	development	of	cerebral	edema.107,126



Complications

Hypotension
When	 insulin	 is	 administered	 to	 patients	 with	 HHS	 syndrome,	 glucose	 shifts
from	 the	 extracellular	 to	 the	 intracellular	 compartment.	 Because	 glucose	 is
osmotically	 active,	 the	 movement	 of	 glucose	 intracellularly	 draws	 free	 water
from	 the	 extracellular	 compartment.	 The	 rapid	 intracellular	 movement	 of	 free
water	 compromises	 intravascular	 volume	 and	may	precipitate	 hypotension	 and
shock.127	The	use	of	normal	 (0.9%)	saline	for	 initial	volume	replacement	helps
prevent	hypotension.	The	higher	osmolality	of	normal	(308	mOsm/L)	compared
with	half-normal	(154	mOsm/L)	saline	reduces	the	osmotic	effect	of	the	glucose
shifts	that	follow	insulin	administration.128

The	 magnitude	 of	 the	 fluid	 shifts	 that	 can	 be	 induced	 by	 insulin	 was
illustrated	in	a	dramatic	case	report.	A	patient	with	congestive	heart	failure	and
preexisting	renal	disease	was	found	to	have	severe	hyperglycemia.	Because	fluid
replacement	was	contraindicated,	the	patient	was	treated	with	insulin	alone.	The
insulin	 treatment	 resulted	 in	 a	 shift	 in	 fluid	 from	 the	 extracellular	 to	 the
intracellular	compartment	sufficient	to	ameliorate	the	congestive	heart	failure.129

Cerebral	Edema
Blood	 glucose	 concentrations	 should	 never	 be	 reduced	 precipitously.	 Rapid
reduction	is	a	major	contributor	to	the	development	of	cerebral	edema	and	a	fatal
outcome	 in	HHS.	The	exact	 cause	of	 cerebral	 edema	 in	HHS	 is	unknown,	but
animal	 studies	 suggest	 that	neuronal	 intracellular	osmolality	 increases	 in	HHS.
The	 osmotically	 active	 solute	 has	 not	 been	 identified.	 The	 term	 idiogenic
osmoles	 is	 used	 to	 describe	 these	 uncharacterized,	 osmotically	 active,
nondiffusible	substances.130	They	draw	water	into	neurons	when	the	extracellular
osmolality	 drops	 as	 a	 result	 of	 the	 intracellular	movement	 of	 glucose.	 This	 is
followed	 by	 severe	 edema,	 increased	 intracranial	 pressure,	 and	 disturbed
hypothalamic	function.

Thrombosis
Large	 vessel	 thromboembolic	 events	 are	 an	 important	 cause	 of	mortality	 from
HHS.	 Severe	 dehydration	 and	 hyperosmolality	 lead	 to	 reduced	 cardiac	 output
and	hyperviscosity,	predisposing	to	venous	and	arterial	thrombosis.	Use	of	low-
dose	heparin	prophylaxis	is	recommended	for	high-risk	patients.131



Continuous	Glucose	Monitor	Use	for	ICU	Patients
Numerous	 clinical	 trials	 have	 been	 and	 are	 being	 conducted	 to	 investigate	 the
feasibility	 of	 continuous	 glucose	 monitor	 (CGM)	 use	 in	 the	 ICU	 population.
There	 is	 the	 potential	 to	 facilitate	 more	 appropriate	 insulin	 delivery,	 decrease
ICU	 LOS,	 and	 minimize	 hypoglycemia	 in	 these	 patients,	 but	 definitive
validation	 of	 the	 accuracy	 of	 these	 devices	 and	 feasibility	 for	 ICU	 patients
remains	to	be	done.	The	FDA	approved	emergency	use	of	these	devices	during
the	COVID-19	(coronavirus	disease	2019)	pandemic	which	demonstrated	early
feasibility	 and	 accuracy	 data	 for	 these	 devices,	 which	 allowed	 for	 decreased
POC	glucose	testing.132,133

COVID-19	and	DKA/HHS
As	 previously	 noted	 in	 Chapter	 136,	 patients	 with	 diabetes	 have	 increased
morbidity	 and	 mortality	 from	 COVID-19	 infections.	 Although	 the	 data	 are
limited,	 several	 publications	 indicate	 that	 most	 patients	 who	 developed
DKA/HHS	 associated	with	COVID-19	 infection	were	 older,134-136	 had	 a	 higher
BMI,134	and	were	more	often	of	Hispanic	and	Non-White	descent,	with	greater
severity	 in	 Hispanics.137	 Additionally,	 DKA	 admissions	 were	 increased	 in
patients	 with	 2	 diabetes	 relative	 to	 those	 with	 1	 diabetes.136,138	 Patients	 with
COVID-19	and	diabetic	ketoacidosis	have	a	greater	associated	mortality,	relating
to	older	age	and	COVID-19	severity.136,139

One	hypothesis	linking	the	development	of	diabetic	ketoacidosis	to	COVID-
19	infection	is	the	interaction	between	angiotensin-converting	enzyme	2	(ACE2)
and	 SARS-CoV-2	 (severe	 acute	 respiratory	 syndrome	 coronavirus	 2)	 virus
leading	to	suppression	of	β-cell	function.140	Another	possibility	 is	direct	 insults
to	 beta	 cell	 integrity	 either	 due	 to	 enhanced	 autoimmune	 response	 or	 toxicity
related	 to	 excessive	 cytokine	 induced	 inflammation.141	 With	 a	 more	 severe
disease,	 and	 the	 higher	 counterregulatory	 hormones	 and	 cytokines	 that	 are
observed	with	COVID-19	infections,	this	would	lead	to	higher	rates	of	lipolysis
and	 thus	 diabetic	 ketoacidosis.	 Similarly,	 patients	 requiring	 vasopressors	 and
high	dose	glucocorticoids	would	be	at	higher	risk	to	develop	DKA.

The	 treatment	 of	 diabetic	 ketoacidosis	 follows	 the	 same	 guidelines	 as	 the
management	 of	 DKA	 in	 other	 situations.142	 During	 the	 early	 pandemic,	 when
PPE	was	limited,	some	facilities	reduced	the	frequency	of	monitoring	to	every	2
to	4	hours	once	 infusion	 rates	 stabilized,	 in	order	 to	minimize	exposure	of	 the
staff.143	 In	 the	 setting	 of	 mild-to-moderate	 DKA,	 some	 have	 recommended
considering	the	use	of	rapid	acting	insulin	every	3	to	4	hours	in	uncomplicated



settings	(patients	not	requiring	pressors	or	high	dose	glucocorticoids)144	based	on
previous	 studies	 proposing	 treatment	 of	 DKA	 using	 subcutaneous	 insulin
injection	 protocols,73	 though	 the	 data	 to	 support	 this	 use	 in	 the	 setting	 of
COVID-19	infection	are	lacking.

CONCLUSIONS
The	 diabetic	 emergencies	 are	 often	 described	 as	 discrete	 entities,	 but	 they
frequently	 present	 as	 overlapping	 disorders.2,3	 Patients	 with	 DKA	 often	 have
concurrent	 mild	 lactic	 acidosis	 and	 may	 also	 develop	 hyperosmolality.	 Initial
treatment	 of	 all	 diabetic	 comas	must	 always	 emphasize	 fluid	 resuscitation	 and
electrolyte	repletion.	DKA	and	HHS	also	require	careful	management	of	insulin
therapy.	Physicians	must	obtain	the	relevant	history,	perform	a	thorough	physical
examination,	 classify	 the	 disorder,	 and	 treat	 appropriately.	 The	 approach	 to
treatment	 is	 summarized	 in	 Figure	 137.2.	 With	 care,	 nearly	 all	 patients	 with
DKA	and	most	with	HHS	can	survive.

	

Figure	 137.2 	 Algorithm	 for	 the	 diagnosis	 of	 diabetic
coma.Measured	 osmolality	 is	 greater	 than	 predicted;	 result	 in
freezing	point	depression	test	is	increased	by	1	mOsm/5	mg%	EtOH.
↑,	mildly	elevated;	↑,	moderately	elevated;	↑↑↑,	extremely	elevated.
BUN,	 blood	 urea	 nitrogen;	 ↑↑↑,	 severely	 elevated;	 ↓,	 mildly



depressed;	 CBC,	 complete	 blood	 count;	 D50W,	 50%	 dextrose	 in
water;	 DKA,	 diabetic	 ketoacidosis;	 Dx,	 diagnosis;	 EtOH,	 ethanol;
HHS,	 hyperosmolar	 hyperglycemic	 syndrome;	 N,	 normal;	 PCO2,
partial	 pessure	 of	 CO2.(Illustration	 adapted	 by	 Albert	 Miller	 and
derived	 from	 Albert	 Lindsey	 CA,	 Faloon	 GR,	 Unger	 RH.	 Plasma
glucagon	in	hyperosmolar	coma.	JAMA.	1974;229:1771.)

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	61-year-old	man	with	1	diabetes	mellitus	was	found	wandering	by	a
neighbor	who	noted	him	to	be	confused	and	talking	gibberish.	EMS	was	called
and	fingerstick	glucose	was	found	to	be	556	mg/dL.	Kussmaul	breathing	and
vitals	were	HR	102	beats/min,	BP	88/60	mm	Hg,	and	RR	30	breaths/min.	IV
access	was	secured,	IV	fluids	were	started,	and	the	patient	was	transported	to	the
ED.	Initial	labs	showed	BUN	56	mg/dL,	creatinine	2.1	mg/dL,	glucose
593	mg/dL,	potassium	5.6	mmol/L,	sodium	142	mmol/L,	chloride	108	mmol/L,
CO2	7	mmol/L,	anion	gap	27,	lactate	3.1	mmol/L,	and	beta-hydroxybutyrate
7.76	mmol/L.	Initial	evaluation	also	included	a	normal	CXR,	troponin	level,	and
EKG.	Head	CT	was	negative.	Urinalysis	was	nitrite	positive,	with	WBC	and
bacteria.	Which	option	is	next	best	step	in	management?

A. 	Start	IV	insulin	infusion
B. 	Start	IV	fluids	resuscitation	followed	by	IV	insulin	infusion
C. 	Start	outpatient	dose	of	insulin	glargine	subcutaneously
D. 	Start	regular	insulin	sliding	scale	every	6	hours

2. 	A	61-year-old	man	admitted	with	diabetic	ketoacidosis	is	improving,	with
data	anion	gap	18,	bicarbonate	14	mmol/L,	and	blood	glucose	are	gradually
improving.	His	mental	status	has	also	improved.	However,	on	the	next	blood
glucose	check,	it	is	noted	to	be	64	mg/dL.	What	is	the	most	appropriate
management?

A. 	Stop	insulin	infusion	and	follow	glucose	levels
B. 	Treat	hypoglycemia	with	dextrose	and	reduce	insulin	infusion	rate



C. 	Treat	hypoglycemia	with	dextrose	and	stop	insulin	infusion
D. 	Treat	hypoglycemia	with	dextrose	and	transition	to	subcutaneous
insulin	regimen

3. 	A	61-year-old	man’s	diabetic	ketoacidosis	has	resolved,	and	he	is	started
on	and	tolerates	an	oral	diet.	His	glucose	normalized,	anion	gap	closed,	and	he	is
ready	for	transfer	to	the	medical	ward.	What	is	the	best	plan	for	transition	of	his
diabetes	management?

A. 	Stop	insulin	infusion	and	monitor	blood	glucose	levels
B. 	Restart	home	insulin	regimen	once	blood	glucose	levels	are	above
225	mg/dL
C. 	Transition	to	a	basal/bolus	insulin	regimen	based	on	current	insulin
infusion	requirement
D. 	Transition	to	an	insulin	sliding	scale	at	meals	and	bedtime

Answers

1.	The	correct	answer	is	B.
Rationale:	 The	 patient	 is	 presenting	 with	 typical	 diabetic	 ketoacidosis.

Generally,	 patients	 with	 DKA	 have	 a	 significant	 fluid	 deficit	 and	 require
aggressive	 IV	 fluid	 resuscitation	 to	 restore	 blood	 volume,	 stabilize	 blood
pressure,	 and	 reestablish	 urine	 flow.	 Fluid	 and	 electrolyte	 therapy	 should	 take
precedence	 over	 insulin	 administration	 during	 the	 early	 treatment	 of	 diabetic
ketoacidosis	 (choice	 B	 is	 incorrect).	 Insulin	 administration	 should	 fall	 low	 on
your	 list	 of	 priorities	 (choice	 A	 is	 incorrect).	 Administering	 insulin	 prior	 to
volume	 and	potassium	 repletion	 can	 lead	 to	 shock	 and	 arrhythmias.	Given	 the
severity	 of	 this	 patient’s	 presentation	 with	 diabetic	 ketoacidosis,	 intravenous
insulin	infusion	should	be	used	rather	than	starting	his	outpatient	insulin	regimen
(choice	C	is	 incorrect).	An	insulin	sliding	scale	alone	 is	not	appropriate	 in	 this
situation	and	can	lead	to	worsening	of	his	acidosis	(choice	D	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	 In	 this	 situation,	 the	 anion	 gap	 remains	 elevated,	 and	 the

bicarbonate	remains	low,	it	is	most	appropriate	to	continue	on	insulin	infusion	in
order	 to	 resolve	 his	 acidosis.	 However,	 given	 he	 has	 hypoglycemia,	 we	 must
treat	 with	 dextrose,	 and	 reduce	 his	 insulin	 infusion	 rate	 (choice	 B	 is	 correct).
Stopping	 insulin	 infusion	 at	 this	 stage	 would	 lead	 to	 recurrence	 of	 diabetic
ketoacidosis	 (choices	 A	 and	 C	 are	 incorrect).	 Transition	 to	 a	 subcutaneous



insulin	regimen	would	not	be	appropriate	at	this	time	given	the	persistence	of	his
anion	gap	metabolic	acidosis	(choice	D	is	incorrect)

3.	The	correct	answer	is	C.
Rationale:	Now	that	his	anion	gap	metabolic	acidosis	has	resolved,	and	he	is

able	to	consume	an	oral	diet,	he	should	be	transitioned	to	a	basal/bolus	regimen
based	 on	 his	 current	 insulin	 requirements	 (choice	 C	 is	 correct).	 His	 current
insulin	 requirement	may	 be	 higher	 or	 lower	 than	 his	 home	 regimen,	 based	 on
oral	 intake	 and	 severity	 of	 illness	 (choice	 B	 is	 incorrect).	 Stopping	 insulin
administration	or	switching	to	sliding	scale	would	be	detrimental	and	could	lead
to	 recurrence	 of	 DKA	 even	 at	 mildly	 elevated	 blood	 glucose	 levels	 in	 the
absence	of	insulin	(choice	A	and	D	are	incorrect).
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Chapter	138
Hypoglycemia
John	P.	Mordes,	Michael	J.	Thompson,	David	M.	Harlan,	Samir	Malkani

KEY	POINTS:
1.	 Hypoglycemia	is	common.	It	increases	morbidity	and	mortality	in	the

ICU	and	must	be	avoided.
2.	 Excess	exogenous	insulin	is	the	most	common	cause	of

hypoglycemia	in	the	ICU,	but	there	are	many	other	causes	that	need
to	be	considered	and	investigated.

3.	 Long-acting	insulins	and	sulfonylureas	can	cause	hypoglycemia	that
can	last	for	days	in	an	ICU	setting.

INTRODUCTION
1 	 Hypoglycemia	 occurs	 often	 in	 the	 intensive	 care	 unit	 (ICU)	 as	 both	 an
admission	diagnosis	and	a	complication	of	 therapy.	Many	factors	predispose	to
it.1,2	 In	 studies	 of	 intensive	 insulin	 therapy	 in	 ICU	 populations,	 hypoglycemia
occurred	 in	 up	 to	 6.8%	 of	 patients.3,4	 Another	 study	 of	 more	 than	 2200	 ICU
patients	 reported	 that	 nearly	 7%	 experienced	 at	 least	 one	 episode	 of
hypoglycemia.5	 Estimates	 of	 prevalence	 range	 as	 high	 as	 25%.6	 Severe,
prolonged	hypoglycemia	 can	 cause	 permanent	 neurological	 and	 cardiovascular
damage.7-9	 Hypoglycemia	 is	 a	 consistent	 marker	 of	 poor	 outcomes	 including
increased	 mortality	 in	 hospitalized	 patients	 in	 general,10-14	 and	 in	 particular
among	 all	 critically	 ill	 adults,15-18	 including	 burn	 patients,19	 children,20	 and
COVID-19	(coronavirus	disease	2019)	patients.19	This	occurs	irrespective	of	the
presence	or	absence	of	a	previous	diabetes	diagnosis.17

DEFINITION	OF	HYPOGLYCEMIA



Endocrine	 Society	 Guidelines	 for	 approaching	 the	 diagnosis	 of	 hypoglycemic
disorders	 have	 changed	 little	 in	 recent	 years.21	 No	 specific	 blood	 glucose
concentration	defines	hypoglycemia.8	“Whipple	triad”22	defines	hypoglycemia	as
(1)	 documentation	 of	 a	 low	 blood	 glucose	 concentration,	 (2)	 concurrent
symptoms	of	hypoglycemia,	and	(3)	resolution	of	symptoms	after	administration
of	glucose.	Typically,	this	concentration	in	serum	is	<54	mg/dL	(3.0	mM).21	For
persons	 with	 known	 diabetes,	 the	 American	 Diabetes	 Association	 advocates
different	 definitions	 (Table	 138.1).23	 The	 physiologic	 definition	 is	 a	 blood
glucose	 concentration	 low	 enough	 to	 cause	 the	 release	 of	 counterregulatory
hormones	 (eg,	 catecholamines)	 and	 impair	 the	 function	 of	 the	 central	 nervous
system	(CNS).	That	blood	glucose	threshold	can	be	quite	variable.

TABLE	138.1

Classification	of	Hypoglycemia	in	Persons	With	Known
Diabetes

Severe Requires	assistance;	recovery	with	CHO;	with	or
without	measured	glucose

Documented
symptomatic

Typical	symptoms;	glucose	<70	mg/dL

Asymptomatic Glucose	<70	mg/dL;	no	symptoms

Probable
asymptomatic

Symptoms	with	no	measured	glucose

Relative	or
pseudohypoglycemia

Symptoms	with	measured	glucose	>70	mg/dL

CHO,	carbohydrate
From	Seaquist	ER,	Anderson	J,	Childs	B,	et	al.	Hypoglycemia	and	diabetes:	a	report	of	a
workgroup	of	the	American	Diabetes	Association	and	the	Endocrine	Society.	Diabetes	Care.
2013;36(5):1384-1395.

SYMPTOMS	AND	SIGNS	OF	HYPOGLYCEMIA



Counterregulatory	hormones	released	in	response	to	low	glucose	concentrations
cause	 sympathoadrenal	 symptoms	 and	 signs.	 Prominent	 symptoms	 include
hunger,	tingling,	shakiness,	weakness,	palpitations,	and	anxiety.24	Corresponding
signs	include	diaphoresis,	tachycardia,	peripheral	vasoconstriction,	and	widening
of	 the	 pulse	 pressure.	 These	 findings	 may	 be	 absent	 in	 patients	 receiving
sympatholytic	 drugs	 (eg,	 β-blockers)	 and	 in	 patients	 with	 diabetes	 who	 have
autonomic	 neuropathy.	 Hypoglycemia-associated	 autonomic	 failure	 (HAAF)
compromises	 awareness	 of,	 and	 responses	 to,	 low	 glucose	 and	 is	 a	 major
contributor	to	the	development	of	severe	and	recurrent	hypoglycemia	in	patients
with	1	or	advanced	2.25

Early	 symptoms	 and	 signs	 of	 neuroglycopenia	 include	 altered	 vision,
difficulty	thinking	and	sensations	of	warmth,	weakness,	and	fatigue.	These	may
be	 followed	 by	 confusion,	 slurred	 speech,	 and	 other	 nonspecific	 behavioral
changes.	Severe	neuroglycopenia	can	cause	disturbances	of	integrative	function,
obtundation,	seizures,	coma,	and,	rarely,	a	permanent	vegetative	state.

Hypoglycemia	 can	 have	 many	 complications.8,26	 These	 include	 acute
pulmonary	 edema27	 supraventricular	 and	 ventricular	 tachycardias,	 atrial
fibrillation,	and	junctional	dysrhythmias.28-30	Electrocardiographic	abnormalities
associated	with	hypoglycemia	include	T	wave	flattening,	increased	Q-T	interval,
ST	segment	depression,	and	repolarization	abnormalities.31-33	Bradycardias	have
also	been	attributed	to	hypoglycemia,	but	only	rarely.34	Prolonged	hypoglycemia
can	 be	 associated	with	 hypothermia,35-37	 respiratory	 failure,38	 and	 hypokalemia
and	hypophosphatemia.39	Mortality	rates	attributable	to	hypoglycemia	reportedly
remain	 elevated	 for	 weeks	 after	 discharge	 from	 the	 ICU,	 but	 the	 causal
relationship	of	that	association,	if	any,	is	not	understood.17

NORMAL	GLUCOSE	REGULATORY
PHYSIOLOGY

Glucose	Utilization
Plasma	 glucose	 concentration	 is	 maintained	 in	 a	 narrow	 range	 (∼60-
∼120	mg/dL;	∼3.3-∼6.7	mmol).	The	organ	most	dependent	on	glucose	is	the
brain,	 which	 consumes	∼150	 g/day.	 Unlike	 fat	 or	muscle,	 the	 CNS	 does	 not
require	 insulin	 for	 glucose	 transport.	 During	 starvation	 the	 brain	 uses	 ketone
bodies	as	a	substitute	fuel	(Chapter	137),	but	acquisition	of	the	capability	to	use
this	alternate	substrate	requires	hours	to	days.	Even	during	prolonged	starvation,



the	 brain	 still	 needs	∼44	 g/d	 of	 glucose.	 Other	 tissues	 with	 obligate	 glucose
needs	include	erythrocytes	(∼36	g/d)	and	renal	medulla	(∼25	g/d).

Sources	of	Plasma	Glucose
There	 are	 two	 sources	 of	 blood	 glucose:	 endogenously	 produced	 and	 ingested
carbohydrate.	 In	 the	 postprandial	 state,	 the	 concentration	 of	 circulating	 insulin
rises	in	response	to	the	increase	in	glucose	concentration	and,	to	a	lesser	extent,
other	stimuli.	The	insulin	promotes	(1)	transport	of	glucose	into	skeletal	muscle
for	 immediate	 use	 or	 storage	 as	 muscle	 glycogen	 and	 (2)	 hepatic	 storage	 of
glucose	 in	 the	 form	 of	 liver	 glycogen.	When	 all	 other	metabolic	 demands	 for
glucose	are	being	met,	some	excess	glucose	is	used	for	synthesis	of	triglyceride.

During	brief	starvation,	such	as	when	asleep,	the	principal	source	of	glucose
is	hepatic	glycogen.	During	prolonged	starvation	glucose	is	produced	principally
from	 conversion	 of	 muscle-derived	 amino	 acids.	 Smaller	 contributions	 to
gluconeogenesis	 are	 made	 by	 (1)	 glycerol	 derived	 from	 fat	 and	 (2)	 lactate
produced	 by	 anaerobic	 glycolysis.	 When	 euglycemia	 is	 maintained	 by
glycogenolysis	or	gluconeogenesis,	insulin	levels	are	low	but	never	zero.

The	liver	stores	only	60	to	80	g	of	glycogen,	a	supply	that	is	exhausted	by	an
overnight	 fast.	 Muscle	 glycogen	 stores	 are	∼120	 g,	 but	 this	 glycogen	 is	 not
directly	available	for	the	maintenance	of	systemic	glucose	concentrations	due	to
the	 lack	 of	 glucose	 6-phosphatase	 in	 muscle.	 Muscle	 glycogen	 contributes	 to
plasma	 glucose	 only	 via	 anaerobic	 glycolysis	 leading	 to	 the	 production	 of
lactate,	 which	 is	 transported	 to	 the	 liver	 and	 converted	 into	 glucose.	 The
shuttling	of	glucose	to	muscle	and	lactate	to	the	liver	comprises	the	Cori	cycle.
Muscle	can	also	amidate	pyruvate	to	form	alanine,	which	is	then	exported	to	the
liver	and	converted	to	glucose.	Gluconeogenesis	occurs	principally	in	the	liver,
and	to	a	lesser	extent	in	the	renal	cortex,	using	amino	acids,	glycerol,	and	lactate
as	 substrates.	 The	 enzymes	 and	 pathways	 required	 for	 gluconeogenesis	 are
shown	in	Figure	138.1.



	

Figure	 138.1 	 Metabolic	 pathways	 important	 in	 the	 response	 to
hypoglycemia.The	 thick,	 annotated	 arrows	 indicate	 the	 key	 steps	 in
glycogen	 breakdown	 and	 gluconeogenesis.	 In	 the	 presence	 of	 low
circulating	 insulin	 concentrations,	 phosphorylase	 activity	 is
increased,	 leading	 to	 the	 release	 of	 glucose	 1-phosphate,	 which	 is
then	converted	to	glucose	6-phosphate	and	finally	to	glucose	through
the	action	of	glucose	6-phosphatase.	Glucose	 is	also	generated	from
three	carbon	precursors	by	gluconeogenesis.	This	process	essentially
reverses	 glycolysis	 and	 is	 controlled	 by	 four	 enzymes:	 (1)	 pyruvate
carboxylase,	 (2)	 phosphoenolpyruvate	 carboxykinase,	 (3)	 fructose
1,6-diphosphatase,	 and	 (4)	 glucose	 6-phosphatase.	 Within	 the	 box
delimited	by	dotted	 lines,	 the	metabolic	 effects	of	 ethanol	 ingestion
are	 indicated.	 Ethanol	 is	 converted	 to	 acetaldehyde	 and	 then	 to
acetate,	 producing	 reduced	 nicotinamide	 adenine	 dinucleotide
(NADH).	The	high	concentration	of	NADH	favors	the	generation	of
lactate	 from	pyruvate,	 decreasing	 the	 concentration	of	 the	 latter.	As
the	 availability	 of	 pyruvate	 as	 a	 gluconeogenic	 precursor	 declines,
glucose	 production	 via	 gluconeogenesis	 also	 declines,	 and
hypoglycemia	can	ensue.	diP,	diphosphate.

Hormonal	Regulation	of	Plasma	Glucose	Concentration
Insulin	 is	 the	most	 important	 regulator	 of	 glycemia,	 promoting	glucose	uptake
and	storage	in	the	fed	state,	and	regulating	glycogenolysis,	gluconeogenesis,	and
lipolysis	 in	 the	 fasted	state.	Glucagon,	glucocorticoids,	catecholamines,	growth
hormone,	and,	to	a	lesser	degree,	thyroxine	promote	the	formation	of	glucose	in



the	fasted	state	and	in	general	counteract	the	actions	of	insulin.	Foremost	among
these	“counterregulatory”	hormones	 is	glucagon,	which	 is	 secreted	 in	 response
to	 low	 glucose.	 It	 promotes	 both	 glycogenolysis	 (an	 immediate	 effect)	 and
gluconeogenesis	 (a	 delayed	 but	 more	 enduring	 effect).	 Glucocorticoids
antagonize	 the	 action	 of	 insulin,	 stimulating	 gluconeogenesis	 and	 inhibiting
glucose	utilization	by	muscle	and	adipose	 tissue.	Catecholamines	also	promote
glycogenolysis	 and	 gluconeogenesis.	 The	 actions	 of	 growth	 hormone	 are
complex,	but	its	ability	to	induce	insulin	resistance	is	significant	in	the	defense
against	prolonged	hypoglycemia.40	The	influence	of	thyroxine	on	blood	glucose
concentration	 is	 probably	 indirect.	 Fasting	 glucose	 tends	 to	 be	 elevated	 and
decreased	in	hyperthyroid	and	hypothyroid	patients,	respectively.

CLASSIFICATION	OF	HYPOGLYCEMIA
Hypoglycemia	can	be	classified	as	fasting	(or	postabsorptive)	or	postprandial	(or
“reactive”).	The	former	always	represents	a	major	health	problem	that	requires
further	evaluation.	Hypoglycemia	that	occurs	only	after	eating	can	be	difficult	to
assess.	 It	 is	 usually	 minimally	 symptomatic	 and	 is	 attributed	 variously	 to	 an
exaggerated	 insulin	 response,	 renal	 glycosuria,	 defects	 in	 glucagon	 responses,
and/or	 high	 insulin	 sensitivity.41,42	 Some	 cases	 of	 postprandial	 hypoglycemia,
however,	are	severe	and	associated	with	health	issues	including	mutations	in	the
insulin	 receptor,43	 autoantibodies	 against	 insulin,44	 and	 postprandial
hyperinsulinemic	 hypoglycemia	 following	 bariatric	 and	 other	 upper
gastrointestinal	 surgeries.45	 The	 condition,	 also	 referred	 to	 as	 “late	 dumping
syndrome,”46	is	now	recognized	as	a	common	complication	of	bariatric	surgery.47
Postprandial	hypoglycemia	generally	does	not	require	intensive	care.

DIFFERENTIAL	DIAGNOSIS	OF	HYPOGLYCEMIA
2 	Hypoglycemia	that	fulfills	Whipple	triad	always	implies	a	major	disturbance	in
glucose	 homeostasis,	 which	 is	 dependent	 on	 three	 factors:	 (1)	 the	 hormonal
milieu,	 (2)	 the	 viability	 of	 organs	 responsible	 for	 gluconeogenesis,	 and	 (3)
availability	of	substrate	for	conversion	to	glucose.8	The	differential	diagnosis	of
medically	important	hypoglycemia	subsumes	three	corresponding	categories:	(1)
states	of	hormonal	 imbalance,	principally	excess	 insulin,	 (2)	 states	of	 impaired
endogenous	glucose	production,	and	(3)	states	in	which	gluconeogenic	substrates
are	unavailable.



Hypoglycemia	due	to	Hormonal	Imbalance

Insulin

Insulin	Overdoses	in	Diabetic	Patients
Insulin	overdose	 is	 the	most	 common	cause	of	hypoglycemia.	 In	an	outpatient
setting,	it	is	frequently	the	result	of	a	missed	meal	or	increased	exercise	and	less
often	 the	 result	 of	 inadvertent	 injection	 of	 short-acting	 in	 place	 of	 long-acting
insulin.	Occasionally	an	overdose	is	intentional,	particularly	among	adolescents.
Rarely,	 overdoses	 represent	 attempts	 at	 suicide	 or	 homicide.48	 The	 rapidity	 of
onset	and	duration	of	hypoglycemia	depend	on	the	of	insulin	(see	Table	138.2).

TABLE	138.2

Insulin	Preparations

Class Preparation
Onset
of
Action

Peak Duration

Fast-Acting Nasal	Insulin	(Afrezza)b	
Aspart	(NovoLog	Fiasp)b	
Glulisine	(Apidra)b	
Lispro	(Admelog,
Humalog	Lyumjev)b	
Regular	(Humulin	R,
Novolin	R)a

12-15
∼15	min
∼15	min
∼15	min
30-60
min

60
45-90
min
50-60
min
30
min-
2.5	h
2-4	h

2.5-3
3-5	h
∼4	h
3-6	h
5-7	h

Intermediate-
Acting

NPH	(Humulin	N,
Novolin	N)

1-2	h 4-14	h 16-24	h

Long-	and
UltraLong-
Acting

Glargine	(Basaglar,
Lantus,	Semglee	and
Toujeo)b	
Detemir	(Levemir)b	

1.5-5	h
1	h
30-60
min

No
peak
No
peak

18	to	>24
h
Up	to	24
h



Regular	U500	(Humulin
R	U-500)
Degludec	(Tresiba)b

1	h 2-4	h
No
peak

Up	to	24
h
Up	to	42
h

Combinations 70%	NPH,	30%	Regular
(Humulin
70/30™,	Novolin
70/30™)
75%	protamine	lispro,
25%	lisprob	
70%	protamine	aspart,
30%	aspartb	
50%	protamine	lispro,
50%	lisprob

30	min
15	min
15	min
15	min

4-8	h
1.5	h
1.5	h
1.5	h

24	h
10-16	h
10-16	h
10-16	h

Data	are	for	recombinant	human	insulin	or	semisynthetic	insulin	administered	subcutaneously	or
nasally.	Protamine	lispro	and	protamine	aspart	insulins	are	available	only	in	fixed-ratio
combinations.	NPH,	neutral	protamine	Hagedorn.
aHumulin	is	available	in	U100	and	U500	concentrations.	Toujeo	is	available	in	a	U300
concentration.	Tresiba	is	available	in	both	U100	and	U200	concentrations.
bSemisynthetic	insulin.	Trade	names	are	given	in	parentheses.	Additional	semisynthetic	insulins
are	under	development.

Hypoglycemia	 is	 often	 more	 severe	 among	 patients	 with	 long-standing	 1
diabetes	 and	 advanced	 2	 diabetes	 due	 to	 intercurrent	 HAAF.25	 This	 is
characterized	 by	 a	 defective	 counterregulatory	 response	 and/or	 “hypoglycemia
unawareness.”	 Impaired	 glucagon	 and	 epinephrine	 responses	 are	 common,
resulting	 in	 the	 abrupt	 development	 of	 severe	 hypoglycemia.25	 When
counterregulation	 is	 impaired,	 adrenergic	 warning	 signals	 like	 tremor,
diaphoresis,	and	tachycardia	may	not	occur	and	neuroglycopenic	symptoms	can
develop	rapidly.	Inadequate	counterregulatory	responses	can	also	delay	recovery
from	hypoglycemia.

Hypoglycemia	 in	 ICU	 patients	 can	 result	 from	 rapid	 changes	 in	 clinical
status,	 medications	 that	 impair	 counterregulation	 (eg,	 high-dose	 β-adrenergic
blockers),	and	the	presence	of	intercurrent	disease	processes.	Although	insulin-
induced	hypoglycemia	is	easily	diagnosed	in	the	ICU,	it	is	crucial	to	determine
exactly	why	it	occurred.	Vigilance	is	critical.

Intensive	 insulin	 management	 is	 demanding	 and	 hypoglycemia	 can	 occur
frequently.5,6	Occasionally,	insulin	is	administered	either	in	the	wrong	dose	or	in



response	 to	a	 factitiously	elevated	blood	glucose	measurement	or	 to	 the	wrong
patient.	 Even	 the	most	 careful	 attempts	 to	 lower	 blood	 glucose	 in	 the	 ICU	 to
levels	 <110	mg/dL	with	 current	 technology,	 can	 frequently	 be	 associated	with
hypoglycemia.49-53	 The	 occurrence	 of	 hypoglycemia	 is	more	 closely	 associated
with	excessive	rates	of	insulin	infusion	than	with	the	cumulative	dose.54	Failure
to	adjust	insulin	infusion	rate	after	decreasing	nutritional	support	is	common,	for
example	 after	 interruption	 of	 enteral	 or	 parenteral	 for	 some	 reason.5	 Total
parenteral	 nutrition	 solutions	 containing	 insulin	 can	 produce	 hypoglycemia,6
particularly	 if	 improvement	 in	 a	 patient’s	 underlying	 condition	 restores
peripheral	 insulin	 sensitivity.	 Insulin-induced	 hypoglycemia	 in	 the	 ICU	 can	 be
related	to	adrenal	insufficiency,	renal	failure,	sepsis,	or	drug	toxicity,	continuous
venovenous	 hemofiltration	 with	 bicarbonate	 replacement	 fluid,	 and	 need	 for
inotropic	support.6

Intentional	Insulin	and	Oral	Hypoglycemic	Agent	Overdoses	in	Nondiabetic
Patients
“Factitious”	hypoglycemia	should	be	suspected	in	anyone	with	access	to	insulin
or	 oral	 hypoglycemic	 agents,	 including	 health	 care	 workers	 and	 relatives	 of
persons	with	diabetes.	The	diagnosis	can	be	difficult.	These	patients	are	trying	to
frustrate	 rather	 than	 facilitate	 a	 diagnosis,	 and	 they	 may	 devise	 ingenious
methods	to	conceal	their	actions.	Insulin	intended	for	surreptitious	injection	has
been	found	hidden	in	electronic	devices	and	body	cavities.	Surreptitious	use	of
oral	hypoglycemic	agents,	which	act	by	increasing	endogenous	insulin	secretion,
can	 be	 particularly	 problematic	 to	 diagnose.55,56	 Factitious	 hypoglycemia	 can
represent	malingering,	 attempted	 suicide	 or	 homicide,	Münchausen	 syndrome,
and	Münchausen-by-proxy	syndrome.48	 It	has	also	been	reported	to	result	 from
adulteration	of	herbal	and	counterfeit	prescription	drugs	with	oral	agents.57,58

Insulinoma
Insulinomas	 are	 insulin-secreting	 pancreatic	 islet	 tumors.	 They	 are	 uncommon
but	 do	 represent	 the	 most	 common	 form	 of	 pancreatic	 islet	 neoplasm.	 Most
(>90%)	 are	 nonmalignant.	 They	 are	 typically	 small	 and	 difficult	 to	 visualize
radiographically.	 Endocrine	 Society	 guidelines	 specify	 the	 critical	 diagnostic
findings	 as:	 plasma	 insulin	 concentrations	 of	 at	 least	 3	 μU/mL	 (18	 pmol/L),
plasma	C-peptide	concentrations	of	at	least	0.6	ng/mL	(0.2	nmol/L),	and	plasma
proinsulin	concentrations	of	at	least	5.0	pmol/L	when	the	fasting	plasma	glucose
concentrations	are	below	54	mg/dL	(3.0	mmol/L).21	In	some	cases	a	modification
of	these	criteria	may	be	of	use.59



It	can	be	difficult	to	differentiate	among	insulinoma,	factitious	hypoglycemia
due	 to	 self-administration	 of	 insulin,	 and	 abuse	 of	 oral	 hypoglycemic	 agents.
When	 intentional	 insulin	 overdose	 is	 suspected,	 insulin	 measurements	 are	 of
limited	value.	Patients	with	 factitious	hypoglycemia	may	have	circulating	anti-
insulin	antibodies	 that	 interfere	with	 the	 radioimmunoassay	 for	 insulin.	This	 is
true	 even	 if	 human	 insulin	 is	 injected.	 These	 patients	 may	 appear	 to	 have
elevated	 levels	 of	 insulin,	 just	 as	 would	 patients	 with	 an	 insulinoma.	 In	 this
circumstance	 simultaneous,	 glucose,	 insulin	 and	 C-peptide	 concentrations	 are
helpful.	 Insulin	 and	 C-peptide	 are	 normally	 cosecreted	 by	 the	 pancreas	 in
equimolar	 quantities,	 but	 C-peptide	 is	 not	 present	 in	 insulin	 for	 injection.
Absence	 of	 C-peptide	 in	 a	 patient	 with	 unexplained	 fasting	 hypoglycemia
strengthens	 the	 possibility	 of	 surreptitious	 insulin	 use.	 If	 oral	 hypoglycemic
agent	abuse	is	suspected,	both	serum	and	urine	should	be	screened.

Nonislet	Tumors	that	Secrete	Insulin
Rarely,	 complex	 endocrine	 tumors	 may	 secrete	 both	 insulin	 and	 other
hormones.60-62	Hypoglycemia	due	to	ectopic	secretion	of	insulin	by	nonendocrine
tumors	is	rare.63-65

Nesidioblastosis
Nesidioblastosis	 (nonmalignant	 islet	 cell	 hyperplasia)	 has	 classically	 been
described	 as	 a	 rare	 form	 of	 islet	 adenomatosis	 that	 leads	 to	 insulin-mediated
hypoglycemia.	 In	 infants,	nesidioblastosis	 is	 characterized	by	 islet	hyperplasia,
β-cell	 hypertrophy,	 and	 increased	β-cell	mass.	 It	 can	 be	 either	 diffuse	 or	 focal
and	is	sometimes	termed	persistent	hyperinsulinemic	hypoglycemia	of	infancy.66-
69	 In	 recent	 years,	 however,	 it	 has	 been	 recognized	 that	 most	 cases	 of
hypoglycemia	in	infancy	can	be	ascribed	to	inborn	errors	of	metabolism	that	are
described	later.70-72

A	few	cases	of	 adult	nesidioblastosis	 causing	 refractory	hypoglycemia	have
been	 reported.67,73,74	 The	 pathological	 findings	 are	 even	 less	 consistent	 than	 in
infants,75	and	the	cause	is	unknown.

Postprandial	Hyperinsulinemic	Hypoglycemia
Cases	of	postprandial	hyperinsulinemic	hypoglycemia	are	being	diagnosed	with
increasing	 frequency	 in	 adults	who	had	previously	undergone	bariatric	 surgery
for	 weight	 reduction.45,47,76,77	 Cases	 most	 commonly	 occur	 after	 roux-en-Y
surgery78	 but	 can	 occur	 after	 sleeve	 gastrectomy79	 and	 other	 forms	 of	 upper



gastrointestinal	 surgery	 (eg,	 fundoplication).80	 Post–roux-en-Y	 surgery
hypoglycemia	was	first	proposed	to	be	due	to	the	induction	of	nesidioblastosis,
but	 this	 is	 now	 thought	 to	 be	 unlikely.75,81	 Alternative	 explanations	 include
“dumping,”46	 alterations	 in	 gut	 hormones	 including	 glucagon-like	 peptide	 1
(GLP-1),77	 alterations	 in	 cytokines,82	 and	 alteration	 of	 the	 microbiome.83
Hypoglycemia	after	GI	 surgery	 rarely	 requires	 ICU	care.	The	 initial	outpatient
approach	 to	 patients	 with	 post–gastric	 bypass	 hypoglycemia	 focuses	 on
avoidance	 of	 high	 carbohydrate	 content	 meals.	 Delaying	 carbohydrate
absorption	 with	 α-glucosidase	 inhibitor	 therapy	 can	 prevent	 hypoglycemic
episodes.84	 In	 refractory	 cases	 treatments	 have	 included	 diazoxide,	 calcium
channel	blockade,84	 octreotide	and	pasareotide,85	GLP-1	 antagonists,86	cytokine
inhibition	with	anakinra,82	percutaneous	gastrostomy	into	the	remnant	stomach,87
conversion	 of	 a	 roux-en-Y	 to	 a	 sleeve	 gastrectomy,88	 surgical	 reversal,88	 and
partial	pancreatectomy.89

Antibody-Mediated	(‘Autoimmune”)	Hypoglycemia
 Autoimmune	 hypoglycemia	 can	 result	 from	 autoantibodies	 directed	 against
insulin	 itself	or	 autoantibodies	directed	against	 the	 insulin	 receptor.90	Both	 can
occur	 in	 either	 insulin-treated91	 or	 nondiabetic	 individuals,	 and	 both	 types	 of
autoantibody	can	be	 found	 in	 the	 same	patient.92	Rare	but	often	overlooked,	 it
occurs	 at	 a	 higher	 rate	 among	Asians	 than	 other	 ethnicities	 and	 occurs	 in	 the
absence	of	previous	exposure	 to	exogenous	 insulin	or	pathologic	abnormalities
of	β-cells.93	 In	 the	 case	 of	 autoantibodies	 directed	 against	 insulin	 itself,	 serum
insulin	 concentrations	 typically	 are	 extremely	 high,	 usually	 higher	 than	 those
produced	 by	 insulinomas.	 It	 is	 assumed	 that	 in	 these	 cases,	 glucose
administration	 causes	 excessive	 insulin	 response	 because	 the	 antibodies	 bind
most	of	the	insulin	secreted,	creating	a	reservoir	of	antibody-bound	insulin.	The
autoantibodies	have	both	a	high	binding	capacity	and	low	affinity	that	can	lead
to	 high	 spontaneous	 dissociation94	 In	 the	 presence	 of	 hyperglycemia	 insulin
secretion	is	increased	and	if	the	binding	capacity	of	the	antibodies	is	exceeded,
hypoglycemia	 ensues.	 Helpful	 clues	 to	 distinguishing	 the	 condition	 from
insulinoma	include	extremely	high	insulin	concentrations	and	an	inverted	insulin
to	 C-peptide	 ratio	 that	 is	 >1,	 a	 ratio	 seen	 only	 in	 this	 condition	 and	 in
hypoglycemia	 due	 to	 exogenous	 insulin	 overdose95,96	 If	 suspected,	 insulin
antibody	titers	should	be	measured.

Endogenous	antibodies	that	bind	to	and	activate	the	insulin	receptor	can	also
cause	hypoglycemia.97	About	90%	of	cases	have	been	reported	from	Japan.98	The
syndrome	 is	 reportedly	 associated	 with	 the	 medications	 or	 metabolites



containing	a	sulfhydryl	group99	like	clopidogrel.100,101	Some	cases	are	associated
with	other	autoimmune	disorders,102-105	and	a	few	have	occurred	in	patients	with
myeloma.106	Previous	exposure	to	exogenous	insulin	is	not	necessary,	but	some
patients	may	have	an	abnormal	insulin	molecule.107	Metformin	may	be	helpful	in
management.108	 Some	 cases	 respond	 to	 immunosuppressive	 therapy.97	 The
natural	history	of	this	syndrome	is	that	the	anti-receptor	antibodies	disappear	and
the	syndrome	resolves	over	a	time	course	of	months	to	years.44

Pancreas	and	Islet	Transplantation
Hypoglycemia	 after	 pancreas	 and	 islet	 transplantation	 can	 occur,109	 but	 it	 is
generally	 not	 a	 significant	 clinical	 problem.110,111	 Islet	 transplantation	 has	 been
reported	 to	 resolve	 hypoglycemia	 unawareness.112	 There	 is	 a	 report	 of
nesidioblastosis-like	transformation	of	a	successful	pancreas	allograft.113

Paraneoplastic	Non–Islet	Cell	Tumor	Hypoglycemia
Certain	 tumors	not	of	pancreatic	 islet	origin	are	associated	with	paraneoplastic
hypoglycemia	 clinically	 indistinguishable	 from	 that	 caused	 by	 islet	 cell
neoplasms.114	 Whereas	 insulinomas	 are	 typically	 quite	 small,	 nonpancreatic
neoplasms	associated	with	hypoglycemia	tend	to	be	large	mesenchymal	tumors.
The	large	size	initially	suggested	that	excessive	glucose	utilization	by	the	tumor
was	 the	 cause	 of	 the	 hypoglycemia,	 but	 subsequent	 studies	 documented	 that
most	 cases	 result	 from	 secretion	 of	 high-molecular-weight	 insulinlike	 growth
factor	 II	 (pro-IGF-II	 or	 “big	 IGF-II”).115-117	 Pro-IGF-II	 levels	 decrease
significantly,	 and	 hypoglycemia	 resolves	 after	 successful	 tumor	 resection.118-123
Abnormal	 processing	 of	 the	 IGF-II	 molecule	 is	 likely	 to	 cause	 most
cases.119,121,124	Diagnosis	 is	 based	on	 the	 finding	of	 low	 insulin,	C-peptide,	 and
insulinlike	 growth	 factor	 I	 (IGF-1)	 concentrations	 during	 hypoglycemia	 and	 is
confirmed	by	finding	an	IGF2/IGF1	ratio	>10	(normal	<	3).114	Patients	with	this
syndrome	 will	 sometimes	 have	 acromegalic	 features	 and	 seborrheic	 keratoses
due	 to	 the	 high	 IGF	 concentrations.	 Non–islet	 cell	 neoplasms	 associated	 with
hypoglycemia	 include	 gastrointestinal	 stromal	 cell	 tumors,125
hemangiopericytoma,126-128	 hepatoma,129,130	 uterine	 tumors,131	 renal	 tumors,132
mesenteric	 sarcomas,133	 colorectal	 cancer,134	 gastric	 cancer,135	 adrenocortical
carcinoma,	 Hodgkin	 lymphoma,136	 poorly	 differentiated	 thyroid	 cancer,137
somatostatinoma,138	phylloides	tumor,139	and	leukemia.140	Multiple	myeloma	may
also	cause	hypoglycemia	via	an	antibody-mediated	mechanism.104	Hypoglycemia
associated	with	high	levels	of	IGF-I	has	rarely	been	reported.141



Hypoglycemia	due	to	Noninsulin	Hypoglycemic	Agents
Pharmaceuticals	other	than	insulin	that	are	used	to	treat	2	diabetes	fall	into	two
classes.	 “Hypoglycemic	 agents”	 enhance	 insulin	 secretion	 and	 can	 cause
hyperinsulinemic	 hypoglycemia.	 The	 sulfonylureas	 and	meglitinides	 belong	 to
this	class;	all	are	 taken	orally.	The	second	class	 is	“antidiabetic	agents.”	These
promote	normoglycemia	through	mechanisms	other	than	enhancement	of	insulin
secretion;	 they	 include	 both	 oral	 and	 injectable	 agents.	 When	 given	 as
monotherapy	they	do	not	cause	hypoglycemia,	but	they	can	amplify	the	glucose-
lowering	 activity	 of	 insulin	 and	 the	 oral	 hypoglycemic	 agents.	 The
thiazolidinediones	 (TZDs),	 biguanides,	 alpha	 glucosidase	 inhibitors,	 sodium-
glucose	 cotransporter	 2	 (SGLT-2)	 inhibitors,	 gliptins,	 and	 bromocriptine
mesylate	 are	 oral	 antidiabetic	 agents.	 Exenatide,	 liraglutide,	 and	 pramlintide,
among	others,	are	injectable	antidiabetic	agents.	As	discussed	later,	many	drugs
not	 used	 in	 the	 treatment	 of	 diabetes	 can	 also	 amplify	 the	 glucose-lowering
activity	of	oral	hypoglycemic	agents,	and	a	complete	medication	history	can	be
critical	in	the	diagnosis	of	hypoglycemia.

Sulfonylureas
After	 insulin,	 these	 are	 the	 most	 common	 cause	 of	 hypoglycemia.142
Sulfonylureas	reduce	serum	glucose	by	increasing	insulin	secretion,	which	also
inhibits	 inhibiting	glycogenolysis	and	gluconeogenesis,	enhancing	 the	response
of	target	tissues	to	the	effects	of	insulin.143	Three	sulfonylureas	are	in	use	in	the
United	 States,	 glipizide,	 glyburide,	 and	 glimepiride	 (Table	 138.3).	 Severe
hypoglycemia	is	not	common	with	appropriate	administration	of	these	drugs,144
but	it	can	be	observed	in	several	contexts.	In	all	age	groups	the	condition	is	most
often	 observed	 in	 the	 context	 of	 decreased	 carbohydrate	 intake.	 Maternal
treatment	 of	 diabetes	 with	 glyburide	 can	 lead	 to	 postpartum	 hypoglycemia	 in
neonates.145	 In	 patients	 between	 the	 ages	 of	 11	 and	 30	 years,	 as	 substantial
number	of	hypoglycemic	comas	are	due	 to	sulfonylurea	agents.56	Half	of	 these
cases	 are	 suicide	 attempts.142	 In	 patients	 with	 2	 diabetes	 older	 than	 60	 years,
sulfonylurea-induced	hypoglycemia	is	a	frequent	complication.

TABLE	138.3

Oral	Hypoglycemic	Agents



Usual	Total	Daily
Dose	(mg)

Half-
Life
(hr)

Duration	of
Action	(hr)

Sulfonylureas

Glimepiride	(Amaryl) 1-4 2-8 12-24

Glipizide	(Glucotrol) 10-20 1.1-3.7 12-24

Glyburide	(DiaBeta,
Glynase,	Micronase)

3-20 0.7-3.0 12-24

Other	Insulin	Secretagogues

Nateglinide	(Starlix) 180-360 1.5 <4

Repaglinide	(Prandin) 1.5-16 1 4

Oral	hypoglycemic	agents	available	in	the	United	States.	Glipizide	is	also	known	as
glibenclamide.	Gliclazide	and	gliquidone	are	second-generation	sulfonylureas	available	outside
the	United	States.	Overdoses	with	any	of	these	drugs	can	cause	hypoglycemia.	Some	trade
names	are	given	in	parentheses.	“First-generation”	sulfonylureas	are	no	longer	used	and	have
been	omitted.

Liver	 disease	 decreases	 the	 clearance	 of	 glipizide,	 glyburide,	 and
glimepiride.	 Metabolites	 of	 sulfonylureas	 are	 excreted	 in	 urine	 with	 one
exception;	 50%	 of	 glyburide	 metabolites	 are	 excreted	 in	 bile.	 Glipizide	 is
metabolized	 by	 the	 liver	 into	 inactive	metabolites	 so	 dose	 adjustments	 are	 not
necessary	 in	 patients	 with	 chronic	 kidney	 disease.	 In	 general,	 sulfonylurea-
induced	hypoglycemia	is	most	often	observed	in	older	individuals	in	the	setting
of	acute	or	chronic	starvation	superimposed	on	mild	 to	moderate	 liver	or	 renal
failure.

The	half-life	of	some	sulfonylureas	is	>24	hours	and	the	duration	of	action	is
often	even	longer	(Table	138.3).	Hepatic	and	renal	insufficiency	can	extend	their
half-lives.	Patients	with	sulfonylurea-induced	hypoglycemia	should	therefore	be
hospitalized	 after	 initial	 resuscitation	 with	 glucose.	 They	 require	 continued
treatment	with	oral	and	intravenous	glucose	for	a	minimum	of	18	to	24	hours.

When	oral	agent	overdose	is	suspected,	serum	and	urine	should	be	screened
for	sulfonylurea	compounds.	Sulfonylurea	drugs	circulate	bound	to	proteins,	and
drugs	 of	 several	 classes	 can	 displace	 sulfonylureas	 and	 enhance	 their
hypoglycemic	 effect	 (Table	 138.3).	 The	 constellation	 of	 insulin	 concentration



≥3.9	μU/mL,	C-peptide	≥1.4	ng/mL,	and	glucose	<49	mg/dL	may	be	helpful	in
diagnosing	sulfonylurea-induced	hypoglycemia.55

Repaglinide	and	Nateglinide
Repaglinide	(Prandin)	and	nateglinide	(Starlix),	 like	 the	sulfonylureas,	 increase
endogenous	 insulin	 secretion	 but	 do	 so	 by	 a	 different	 mechanism.	 Both	 have
been	reported	to	cause	hypoglycemia.	Both	are	rapidly	eliminated.

Antidiabetic	Agents
Biguanides,	when	given	as	monotherapy,	induce	hypoglycemia	much	less	often
than	do	sulfonylureas,146,147	 probably	by	 inhibiting	gluconeogenesis.	Metformin
is	 the	 only	 biguanide	 available	 in	 the	 United	 States.	 It	 is	 also	 available	 in
combination	 with	 oral	 hypoglycemic	 agents,	 for	 example	 glyburide
(Glucovance),	 glipizide	 (Metaglip),	 and	 repaglinide	 (Prandimet).	 Overdosage
with	these	combination	drugs	can	cause	severe	hypoglycemia.	TZDs	and	gliptins
are	 also	 available	 in	 fixed	 ratio	 combinations	 with	 metformin;	 some	 of	 these
have	been	associated	with	hypoglycemia.

Drugs	 of	 the	 TZD	 class,	 including	 pioglitazone	 (Actos)	 and	 rosiglitazone
(Avandia),	 do	 not	 cause	 hypoglycemia	 when	 used	 as	 monotherapy	 but	 can
potentiate	 hypoglycemia	 caused	 by	 insulin	 or	 sulfonylureas.	 They	 act	 by
increasing	insulin	sensitivity.

Acarbose	 (Precose)	 and	 miglitol	 (Glyset)	 are	 α-glucosidase	 inhibitors	 that
inhibit	 the	digestion	of	complex	carbohydrates;	 they	have	not	been	 reported	 to
cause	hypoglycemia	when	used	as	monotherapy.	Patients	treated	with	insulin	or
sulfonylureas	 in	 addition	 to	 acarbose	 who	 experience	 hypoglycemia	 may	 not
respond	 to	 the	 oral	 administration	 of	 complex	 sugars	 but	 should	 respond	 to
monomeric	glucose.

Exenatide	 (Bydureon,	 Byetta),	 dulaglutide	 (Trulicity),	 semaglutide
(Ozempic),	lixisenatide	(Adlyxin),	liraglutide	(Victoza,	Saxenda),	and	tirzepatide
(Mounjaro)	 are	 injectable	 mimetics	 of	 gut	 incretins.148,149	 Rybelsus	 is	 an	 oral
formulation	 of	 semaglutide.	 Soliqua	 is	 lixisenatide	 premixed	 with	 glargine
insulin	and	Xultophy	is	liraglutide	premixed	with	degludec	insulin.	The	incretins
augment	glucose-dependent	 insulin	secretion	and	 reduce	postprandial	glucagon
secretion.	When	given	as	monotherapy	they	rarely	cause	hypoglycemia,	but	the
risk	increases	with	concurrent	sulfonylurea	or	insulin	use.

Gliptins	are	inhibitors	of	the	enzyme	dipeptidyl	peptidase	4.	They	inhibit	the
degradation	of	endogenous	gut	 incretins	and	have	glucose	lowering	effects	and
hypoglycemia	 risks	 similar	 to	 those	 of	 the	 gut	 incretins.	 Drugs	 in	 this	 class



include	 sitagliptin	 (Januvia),	 linagliptin	 (Tradjenta),	 alogliptin	 (Nesina),	 and
saxagliptin	(Onglyza).

Pramlintide	(Symlin)	is	a	mimetic	of	the	islet	hormone	amylin.	It	suppresses
postmeal	 glucagon	 secretion	 and	 delays	 gastric	 emptying.	 It	 is	 targeted	 at
controlling	 postmeal	 hyperglycemia	 in	 diabetic	 patients	 who	 are	 also	 taking
insulin.	Like	exenatide,	it	has	been	associated	with	hypoglycemia.

Gliflozins	 are	 inhibitors	 of	 the	 SGLT2	 in	 the	 kidney.	 They	 reduce	 blood
glucose	 by	 reducing	 renal	 reabsorption	 of	 glucose	 and	 as	monotherapy	 do	 not
cause	 hypoglycemia.149	 SGLT2	 inhibitors	 include	 canagliflozin	 (Invokana),
empagliflozin	(Jardiance),	dapagliflozin	(Farxiga),	and	ertugliflozin	(Steglatro).
As	noted	earlier,	some	are	available	combined	with	metformin	or	a	gliptin,	and
these	combination	products	can	sometimes	cause	hypoglycemia.

Bromocriptine	 is	 an	 oral	 dopamine	 agonist	 that	 is	 used	 in	 the	 treatment	 of
pituitary	tumors	and	Parkinson	disease.	A	micronized	formulation	(Cycloset)	is
approved	for	treating	2	diabetes.150	Its	mechanism	of	action	is	unclear.	It	has	not
been	reported	to	cause	hypoglycemia.

Medication	Errors
Severe	 hypoglycemia	 can	 result	 from	 inadvertent	 substitution	 of	 an	 oral
hypoglycemic	 agent	 for	 a	 different	 medication.	 Medication	 errors	 due	 to
phonetic	similarity	in	name	are	exemplified	by	cases	in	which	chlorpromazine	or
chloroquine	 has	 been	 prescribed	 but	 chlorpropamide	 (an	 older	 sulfonylurea
sometimes	used	for	treating	central	diabetes	insipidus)	inadvertently	dispensed.

Other	Drugs	and	Poisons	that	Cause	Hypoglycemia
Dozens	 of	 drugs	 and	 toxins	 have	 been	 reported	 to	 cause	 or	 predispose	 to
hypoglycemia	 (Table	 138.4).	 For	 some,	 like	 ethanol,	 the	 association	 is	 well
documented	 and	 the	 mechanism	 well	 understood.	 For	 most,	 however,	 the
evidence	 supporting	 an	 association	 is	 poor	 and	 the	 mechanism	 of	 action	 is
unknown.	Some	are	based	only	on	a	single	case	report.	In	some	instances,	drug-
drug	 interactions	 may	 be	 amplifying	 the	 hypoglycemic	 effect	 of	 concurrently
administered	 oral	 hypoglycemic	 agents.	 In	 other	 instances,	 the	 data	 are
contaminated	 by	 intercurrent	 sepsis	 or	 other	 disease.	 Few	 rechallenge	 data	 to
support	the	association	are	available.	An	analysis	of	the	quality	of	the	evidence
implicating	many	drugs	as	the	cause	hypoglycemia	is	available165	as	is	a	review
of	mechanisms	and	relative	risk.9	Some	drugs	with	stronger	supporting	evidence
are	indicated	in	Table	138.4.



TABLE	138.4

Drugs	and	Toxins	Associated	With	Hypoglycemia

Agents	that	Increase
Circulating	Insulin

Agents	that
Impair
Gluconeogenesis

Uncertain	or	Other	Mechanisms	of
action

Direct	stimulants	of	insulin
secretion
Oral	hypoglycemic	agents
(Table	138.2)
β-2	adrenergic	agonists	(eg,
Albuterol™151)
Calcium
Chloroquine	(Aralen™)	
Cibenzoline	
Diisopyramide	(Norpace™)
Quinidine
Quinine	
Ritodrine	(Yutopar™)
Terbutaline
Trimethoprim/sulfamethoxazole
(Bactrim™)152,153	
Destruction	of	β-cells	with
insulin	release	
Pentamidine	(Pentam™)	
Streptozocin
Agents	that	enhance	the	action
of	oral	agents	
Clarithromycin154	
Imipramine	(Tofranil™)
NSAIDs
Phenylbutazone
(Butazolidin™)
Salicylates
Sulfonamides
Warfarin	(Coumadin™)

Hepatotoxins	
Acetaminophen
(Tylenol™,
Tempra™)
Propoxyphene
(Darvon™)	
Amanitatoxin
Inhibition	of
gluconeogenesis	
Akee	fruit
Ethanol
Metformin
Metoprolol
(Lopressor™)
Nadolol
(Corgard™)
Phenformin
Pindolol	(Visken™)
Propranolol
(Inderal™)

ACE	Inhibitors
Acetazolamide
(Diamox™)
Aspirin
Aluminum	hydroxide
(Dialume™)
Anabolic	steroids
Azapropazone
Chlorpromazine
(Thorazine™)
Cimetidine
Ciprofloxacin,
gatifloxacin,	clinafloxacin
Clofibrate
Clopidogrel100,101	
Dandelions155	
Dexmedetomidine156	
Diphenhydramine
Doxepin	(Sinequan™,
Adapin™)
“Ecstasy”	(MDMA)157
Enflurane	Formestane
Ethylenediaminetetraacetic
acid	(Versene™)
Etanercept158,159	
Etomidate160	
Fenoterol
Fluoxetine



A	sampling	of	common	trade	names	is	shown	in	parentheses;	the	enumeration	of	trade	names	is
not	exhaustive.	Data	for	some	listed	agents	are	very	limited	or	anecdotal	or	involved	treatment
with	more	than	one	drug.	Drugs	for	which	better	documentation	is	available	are	indicated	in	bold
italic.	MDMA:	3,4-methylenedioxymethamphetamine;	NSAIDs,	nonsteroidal	anti-inflammatory
drugs;	ACE,	angiotensin-converting	enzyme.
Adapted	from	Marks	V,	Teale	JD.	Drug-induced	hypoglycemia.	Endocrinol	Metab	Clin	North	Am.
1999;28:555-577;	Fang	C,	Fan	CW,	Yu	YY,	et	al.	Severe	hypoglycemia	caused	by	recurrent
sarcomatoid	carcinoma	in	the	pelvic	cavity:	a	case	report.	Medicine	(Baltimore).
2015;94(42):e1577;	Seltzer	HS.	Drug-induced	hypoglycemia.	A	review	of	1418	cases.	Endocrinol
Metab	Clin	North	Am.	1989;18:163-183;	and	Murad	MH,	Coto-Yglesias	F,	Wang	AT,	et	al.	Clinical
review:	drug-induced	hypoglycemia:	a	systematic	review.	J	Clin	Endocrinol	Metab.
2009;94(3):741-745.

Ethanol-Induced	Hypoglycemia	(Alcoholic	Ketoacidosis)
Ethanol-induced	 hypoglycemia	 is	most	 often	 observed	 in	 children	 and	 chronic
alcohol	 abusers.	 The	most	 common	 history	 is	 binge	 drinking	 in	 the	 setting	 of
poor	 intake	 of	 other	 dietary	 carbohydrates.	 Patients	 usually	 present	 in	 a
stuporous	or	comatose	state;	nausea,	vomiting	and	abdominal	pain	are	common.
Ethanol	concentration	is	typically	low,	and	alcoholic	hypoglycemia	can	occur	up
to	30	hours	after	the	ingestion	of	alcoholic	beverages.	Blood	glucose	as	low	as
5	mg/dL	has	been	recorded.	Ketonuria	and	ketonemia	are	frequently	present	and
reflect	the	appropriately	low	circulating	insulin	concentration.

Ethanol	 causes	 hypoglycemia	 by	 suppressing	 hepatic	 gluconeogenesis.
Glycogenolysis	 is	 not	 affected.	When	 ethanol	 is	 oxidized	 to	 acetaldehyde	 and
acetate,	NAD+	 is	reduced	to	NADH.	The	reduced	NAD+:NADH	ratio	produces
an	 unfavorable	 intracellular	 environment	 for	 the	 oxidation	 of	 substrates	 of
gluconeogenesis	such	as	 lactate	and	glutamate	 to	pyruvate	and	α-ketoglutarate,
respectively	 (Figure	 138.1).	 As	 a	 result,	 intracellular	 levels	 of	 pyruvate	 are
below	 the	Michaelis	 constant	 (Km)	 of	 pyruvate	 carboxylase,	 one	 of	 the	 rate-
limiting	 steps	 in	 gluconeogenesis.	 Ethanol	 also	 inhibits	 hepatic	 uptake	 of	 the
gluconeogenic	precursors	glycerol,	alanine,	and	lactate,	and	inhibits	 the	release
of	alanine	from	muscle.

Management	 consists	 of	 rehydration	with	 intravenous	 fluids	 and	 glucose	 to
correct	hypoglycemia.	Parenteral	thiamine	(100	mg)	should	be	given	to	prevent
Wernicke	encephalopathy.	Treatment	with	glucose	and	fluids	rapidly	reverses	the



condition	and	sodium	bicarbonate	is	generally	unnecessary.

β-Adrenergic	Receptor	Antagonists
The	 nonselective	 β-blockers	 propranolol,	 pindolol,	 and	 nadolol	 reportedly
predispose	 to	 hypoglycemia	 in	 diverse	 clinical	 settings,	 often	 by	 synergizing
with	another	agent	or	delaying	recovery.	Both	diabetic	and	nondiabetic	patients
undergoing	hemodialysis	are	susceptible.	Neonates	may	also	have	hypoglycemia
during	 their	 first	 24	 hours	 of	 life	 as	 a	 result	 of	 propranolol	 treatment	 of	 the
mother	 for	cardiac	arrhythmias,	hypertension,	or	 thyrotoxicosis.	Hypoglycemia
in	 infants	 treated	with	propranolol	 for	 congenital	hemangiomas,	 cyanotic	heart
disease,	and	neonatal	 thyrotoxicosis	has	also	been	reported.	Hypoglycemia	 is	a
documented	 complication	 of	 β-blockade	 in	 the	 pediatric	 ICU.166	 These	 drugs
increase	 the	 risk	 of	 hypoglycemia	 in	 patients	who	 are	 undernourished	 or	who
have	liver	disease	and	occasionally	when	administered	prior	to	cardiac	surgery.

Antiarrhythmic	Agents
Quinidine	can	enhance	insulin	secretion	and	produce	hypoglycemia	in	ill,	fasting
patients.167	 Hypoglycemia	 has	 been	 reported	 in	 patients	 treated	 with
diisopyramide,	an	antiarrhythmic	agent	with	pharmacologic	properties	similar	to
those	of	quinidine.168,169	In	neither	case	is	supporting	evidence	strong.

Antibiotics
There	 is	 evidence165	 that	 pentamidine,	 used	 to	 treat	 Pneumocystis	 jirovecii
infection,	can	be	toxic	to	pancreatic	β-cells,	causing	transient	hypoglycemia	due
to	 the	 release	 of	 stored	 insulin.	 It	 eventually	 results	 in	 diabetes	 in	 some
patients.142	 Similarly,	 quinine,	 chemically	 related	 to	 quinidine,	 is	 known	 to
elevate	insulin	concentrations	in	patients	being	treated	for	malaria.170,171	Patients
with	cerebral	malaria	are	most	prone	to	hypoglycemia,	possibly	due	to	the	high
intake	of	glucose	by	malarial	parasites,	 coupled	with	 increased	 insulin	 release.
Quinine	may	rarely	cause	hypoglycemia	in	normal	individuals.

Gatifloxacin	 (Tequin),172-175	 levofloxacin	 (Levaquin),172,176	 ciprofloxacin
(Cipro),177,178	 and	 other	 fluoroquinolones	 reportedly	 cause	 hypoglycemia,
particularly	when	administered	to	patients	who	are	also	receiving	sulfonylureas.
Gatifloxacin	may	carry	the	highest	risk	of	hypoglycemia,	yet	paradoxically	some
patients	 treated	with	 this	 drug	 also	 experience	 new	 onset	 of	 hyperglycemia.172
Trimethoprim/sulfamethoxazole	 has	 also	 been	 reported	 to	 cause



hyperinsulinemic	 hypoglycemia	 in	 the	 setting	 of	 malnutrition	 and	 infection,
renal	failure152	and	oral	hypoglycemic	therapy.

Salicylates
Salicylate	intoxication	reportedly	causes	hypoglycemia	occasionally	in	children
but	only	very	rarely	in	adults.142,179	In	children	it	may	be	a	component	of	aspirin-
associated	Reyes	syndrome.	The	frequency	of	salicylate-induced	hypoglycemia
is	 difficult	 to	 ascertain	 due	 to	 intercurrent	 acidosis	 and	 renal	 or	 hepatic
impairment	in	many	cases	of	intoxication.

Angiotensin-Converting	Enzyme	Inhibitors
Cases	 of	 hypoglycemia	 associated	with	ACE	 inhibitors	 have	 been	 reported	 in
persons	with	both	types	1	and	2	diabetes,170,180-183	but	the	quality	of	the	evidence
is	 low.165	No	mechanism	 for	 the	 effect	 has	been	 identified,	 and	 a	 retrospective
analysis	of	 nearly	 14,000	 persons	with	 diabetes	 failed	 to	 identify	 an	 increased
risk	of	hypoglycemia	associated	with	this	class	of	drugs.184

Poisons
Several	plant	substances	can	cause	hypoglycemia.	Hypoglycin	A	toxin	is	found
in	akee	fruit,	a	staple	of	the	Jamaican	diet.	The	ripe	fruit	is	edible,	but	immature
fruit	 causes	vomiting	a	 few	days	after	 ingestion.	Affected	patients	have	 severe
hypoglycemia	 due	 to	 inhibition	 of	 hepatic	 gluconeogenesis	 by	 hypoglycin.185
Amanitatoxins	produced	by	the	mushroom	Amanita	phalloides	are	 inhibitors	of
RNA	 polymerase	 and	 cause	 hepatocellular	 necrosis.	 Fatal	 hypoglycemia	 can
result	 from	 the	 ensuing	 complete	 depletion	 of	 hepatic	 glycogen	 and	 decreased
capacity	for	gluconeogenesis.186

Hypoglycemia	Associated	with	Deficiencies	in
Counterregulatory	Hormones
Glucocorticoid	insufficiency	can	cause	hypoglycemia	in	children	by	decreasing
glycogenolysis	and	gluconeogenesis.	It	rarely	causes	hypoglycemia	in	adults.187
Malnutrition	may	contribute	to	the	development	of	hypoglycemia	in	these	cases.
Patients	with	panhypopituitarism	are	prone	to	hypoglycemia	and	have	increased
sensitivity	 to	 insulin.187	 Although	 catecholamines	 play	 a	 significant	 role	 in
preventing	 and	 reversing	 hypoglycemia,	 their	 absence	 does	 not	 commonly



predispose	 to	 hypoglycemia.	 Adrenalectomized	 patients	 with	 sympathetic
denervation	 due	 to	 spinal	 cord	 transection	 maintain	 euglycemia.	 Glucagon
deficiency,	 as	 in	 persons	 with	 postpancreatectomy	 diabetes,	 can	 contribute	 to
hypoglycemia.

Fasting	Hypoglycemia	due	to	Inadequate	Production	of
Endogenous	Glucose

Liver	Damage
About	90%	of	gluconeogenesis	occurs	in	the	liver,	and	the	remainder	in	the	renal
cortex.	Hepatic	injury	can	cause	hypoglycemia	but	only	when	the	insult	is	very
severe;	 only	 about	 20%	 of	 normal	 liver	 biosynthetic	 capability	 is	 needed	 to
maintain	 normal	 glucose	 homeostasis.188	 Hypoglycemia	 seldom	 occurs	 in	 the
setting	of	isolated,	limited	hepatic	failure	and	is	not	the	cause	of	hepatic	coma.186
Hypoglycemia	due	to	toxic	or	infectious	hepatitis	is	rare	but	does	occur	when	the
disorder	 is	 fulminant.	Hepatotoxins	 that	 can	 impair	gluconeogenesis	 and	cause
hypoglycemia	 include	 carbon	 tetrachloride,	 the	A.	phalloides	mushroom	 toxin,
and	 urethane.	 Drugs	 that	 cause	 hypoglycemia	 by	 inducing	 hepatocellular
necrosis	 include	 acetaminophen,	 isoniazid,	 sodium	 valproate,	 methyldopa,
tetracycline,	 and	 halothane.186	 Neither	 tests	 of	 hepatocellular	 integrity	 (eg,
transaminases)	nor	tests	of	hepatic	function	(eg,	bilirubin	concentration)	nor	the
presence	of	structural	damage	(eg,	cirrhosis,	chronic	active	hepatitis,	metastatic
liver	 disease)	 correlate	 well	 with	 the	 capability	 of	 the	 liver	 to	 maintain
normoglycemia.

Congestive	heart	failure	(CHF)	from	any	cause	can	lead	to	hepatic	congestion
and	 hypoglycemia	 in	 adults	 and	 children.	 Patients	with	 this	 syndrome	 usually
have	severe	failure	with	cardiac	cachexia,	malnutrition,	and	muscle	wasting.	The
mechanism	by	which	CHF	leads	to	hypoglycemia	is	not	completely	understood.
Changes	 in	 hepatic	 blood	 flow	 may	 alter	 the	 delivery	 of	 gluconeogenic
precursors	 or	 changes	 in	 intracellular	 redox	 state	 may	 decrease	 the
gluconeogenic	capacity	of	the	hepatocyte.	Hypoglycemia	in	this	setting	resolves
with	successful	treatment	of	the	CHF.186	Hypoglycemia	in	association	with	CHF
due	 to	 thyrotoxicosis189	 and	 rewarming	 from	 severe	 hypothermia190	 has	 been
reported.

Renal	Damage



Some	patients	with	diabetes	develop	improved	glucose	tolerance	with	the	onset
of	renal	failure.	A	decrease	in	insulin	requirements	and	more	frequent	episodes
of	 hypoglycemia	may	 also	occur.191	 There	 is	 no	 correlation	 between	 degree	 of
renal	failure	and	severity	of	hypoglycemia	in	these	patients,	and	the	underlying
mechanisms	 are	 not	 completely	 understood.	 Investigators	 variously	 implicate
delayed	 insulin	 clearance,	 deficiencies	 in	 the	 delivery	 of	 gluconeogenic
substrate,187	and	hepatic	insufficiency	secondary	to	uremia.192

Symptomatic	hypoglycemia	occurs	in	many	diabetic	patients	receiving	either
hemodialysis	 or	 ambulatory	 peritoneal	 dialysis.193,194	 Any	 dialysis	 patient	 who
experiences	 a	 change	 in	 mental	 status	 should	 be	 evaluated	 for	 hypoglycemia.
The	 symptoms	 and	 signs	 of	 neuroglycopenia	 resemble	 those	 of	 the	 dialysis
disequilibrium	 syndrome	 commonly	 induced	 by	 fluid	 shifts.	 These	 include
fatigue,	 confusion,	 lethargy,	 and	 even	 coma.	 Postdialysis	 hypoglycemia	 in
diabetic	patients,	if	prolonged,	can	be	fatal.195

Spontaneous	 fasting	 hypoglycemia	 has	 also	 been	 reported	 to	 occur	 in
nondiabetic	patients	with	end-stage	 renal	disease.196-198	 It	 is	not	clear,	however,
whether	these	rare	cases	represent	a	distinct	clinical	entity199	or	instances	of	renal
failure	 enhancing	 intercurrent	 disorders	 that	 predispose	 to	 hypoglycemia.200
These	 might	 include	 drug	 ingestion,	 liver	 disease,	 and	 adrenal	 or	 pituitary
insufficiency.

Fasting	Hypoglycemia	due	to	the	Unavailability	of
Gluconeogenic	Substrate
Substrate	 deficiency	 leads	 to	 hypoglycemia	 in	 ketotic	 hypoglycemia	 of
childhood.201	 Patients	 with	 this	 condition,	 a	 variant	 of	 the	 normal	 response	 to
starvation,	 are	 usually	 diagnosed	 between	 18	months	 and	 5	 years	 of	 age.	 The
hallmark	 of	 the	 condition	 is	 a	 low	 basal	 concentration	 of	 the	 gluconeogenic
precursor	alanine,	and	the	hypoglycemia	can	be	corrected	with	either	glucose	or
alanine.

Other	Causes	of	Hypoglycemia

Sepsis
Sepsis	has	occasionally	been	implicated	as	a	cause	of	hypoglycemia.202-205	Shock
and	liver	failure	were	 intercurrent	problems	in	some	cases.203	Under	conditions
of	 decreased	 hepatic	 reserve,	 the	 combination	 of	 circulatory	 failure	 and



impairment	of	gluconeogenesis	by	endotoxin	may	lead	to	hypoglycemia.	Septic
hypoglycemic	patients	are	often	acidotic,	and	the	fatality	rate	is	high.202,203	In	one
report,	only	1	of	15	such	patients	survived	1	month	after	onset	of	hypoglycemia
and	hypotension.203

Inborn	Errors	of	Metabolism
The	 commonest	 cause	 of	 transient	 neonatal	 hypoglycemia	 is	 maternal
diabetes.206	However,	many	different	genetic	mutations	have	been	 identified	as
causes	 of	 persistent	 hypoglycemia.	Rapid	 diagnosis	 of	 neonatal	 and	 childhood
hypoglycemia	due	to	whatever	cause	is	crucial	to	avoid	damage	to	the	maturing
CNS.	 Congenital	 enzyme	 deficiencies	 and	 abnormalities	 in	 the	 function	 of
specific	 enzymes	 typically	 produce	 hypoglycemia	 in	 the	 context	 of	 glycogen
storage	 disease,	 impaired	 hepatic	 gluconeogenesis,	 or	 respiratory	 chain
defects.70-72,207	 Mutations	 of	 the	 sulfonylurea	 receptor	 can	 also	 cause
hypoglycemia,	 for	 example.208	 These	 uncommon	 conditions	 usually	 present	 as
hypoglycemia	 in	 infancy.	 Examples	 include	 Costello	 syndrome209	 and	 the
Beckwith-Wiedemann	 syndrome.210	 Hypoglycemia	 due	 to	 inborn	 errors	 of
metabolism	 can	 persist	 into	 adulthood	 and	 be	 observed	 in	 cases	 previously
diagnosed	 in	 childhood	 or	 as	 a	 new	 finding	 in	 a	 critically	 ill	 adult.92,114,211
Pediatric	hypoglycemia	disorders	are	reviewed	elsewhere.68-70

Exercise-Induced	Hypoglycemia
Physical	 exercise–induced	 hyperinsulinemic	 hypoglycemia	 is	 an	 autosomal-
dominant	hyperinsulinemia	syndrome.212	The	cause	appears	to	be	to	failure	of	β
cell-specific	 transcriptional	 silencing	 of	 a	 gene,	 SLC16A1,	 that	 encodes
monocarboxylate	 transporter	 1,	 important	 in	 pyruvate	 stimulated	 insulin
release.213

LABORATORY	DIAGNOSIS	OF	HYPOGLYCEMIA

Normal	Blood	Glucose	Concentration
Normal	 plasma	 glucose	 is	 60	 to	 120	 mg/dL	 (3.3-6.7	 mmol).	 Whole	 blood
glucose	 concentrations	 are	 15%	 to	 20%	 lower.	 Fingerstick	 blood	 glucose
determinations	are	performed	on	whole	capillary	blood,	and	most	meters	reflect
this	offset.	Symptoms	of	hypoglycemia	generally	occur	when	plasma	glucose	is



<54	mg/dL	(2.8	mmol)	or	the	whole	blood	glucose	concentration	is	<40	mg/dL
(2.2	 mmol),	 but	 in	 any	 given	 individual	 (especially	 in	 individuals	 with	 long-
standing	hyperglycemia),	it	may	occur	at	higher	glucose	concentrations.

Point-Of-Care	Glucose	Measurement
Calibrated	 hospital-quality	 point-of-care	 glucose	 meter	 technology	 is	 accurate
over	a	wide	range	of	concentrations;	values	between	40	and	350	mg/dL	generally
agree	well	with	values	obtained	using	standard	laboratory	methods.	They	are	less
sensitive	 to	 hypoxia	 and	 dehydration	 than	 are	 glucose	 meters	 for	 home	 use,
which	 can	 be	 less	 accurate.214	 Because	 any	 fingerstick	 blood	 glucose
determination	can	be	less	accurate	at	the	lower	end	of	the	scale,	they	may	require
confirmation	by	a	clinical	laboratory.	Interpretation	of	fingerstick	glucose	should
take	 into	 account	 the	 clinical	 context,	 symptoms,	 and	 response	 to	 glucose
administration.	 Fingerstick	 glucose	 can	 be	 particularly	 misleading	 in	 patients
who	 are	 hypoperfused,215,216	 in	 shock217	 or	 undergoing	 cardiopulmonary
resuscitation.218	This	has	led	to	the	recommendation	of	using	arterial	blood	rather
than	 capillary	 or	 venous	 blood	 when	 using	 glucose	 meters	 in	 critically	 ill
patients,	 especially	 in	 those	 with	 hemodynamic	 failure.219	 Certain	 meter
technologies	 are	 inaccurate	 in	 the	 presence	 of	 various	 interfering
substances.220,221	Newer	meters	are	recommended	over	older	ones	in	the	ICU.

There	 are	 several	 physiologic	 exceptions	 to	guideline	values	 for	 diagnosing
hypoglycemia	in	very	ill	patients	not	receiving	insulin.	After	about	48	hours	of
starvation	 many	 individuals,	 particularly	 women,	 have	 a	 plasma	 glucose
concentration	 less	 than	 50	 mg/dL	 (2.8	 mmol).	 After	 72	 hours	 of	 fasting	 the
plasma	 glucose	 may	 approach	 40	 mg/dL	 (2.2	 mmol).	 Starved	 individuals	 are
nonetheless	 asymptomatic,	 do	 not	 fulfill	 Whipple	 triad,	 and	 are	 not
physiologically	or	clinically	hypoglycemic.	The	absence	of	symptoms	is	due	to
the	 shift	 to	 ketones	 for	 CNS	 metabolism.	 Comparably	 low	 plasma	 glucose,
60	mg/dL	(3.3	mmol)	or	less,	is	also	encountered	in	pregnancy.	Again,	there	are
no	 symptoms	 of	 hypoglycemia	 per	 se	 in	 these	 cases.	 Finally,	 rare	 individuals
may	have	an	anomalously	low	“set	point”	for	blood	glucose	concentration,	and
such	 individuals	appear	asymptomatic	 in	 the	 face	of	persistent	glycemia	 in	 the
range	of	35	to	45	mg/dL.222

Continuous	Glucose	Monitoring
Continuous	glucose	monitoring	(CGM)	devices	from	several	manufacturers	have



revolutionized	outpatient	diabetes	management	for	many	patients.	It	is	becoming
clear	 that	 new	 technology	 for	 real-time	 continuous	 monitoring	 of	 glucose
concentration	has	the	potential	 to	improve	glucose	control	and	outcomes	in	the
ICU.	 In	 part	 driven	 by	 the	 demands	 of	 diabetes	 management	 in	 severely	 ill
COVID-19	patients	with	their	high	burden	of	frequent	point-of-care	testing,	new
studies	 have	 documented	 the	 accuracy223-226	 of	 CGM	 in	 real-word	 ICU
environments	and	its	ability	to	increase	time-in-range,	reducing	both	hypo-	and
hyperglycemic	 fluctuations.227	 One	 small	 study	 reported	 reduced	 COVID-19
mortality	 in	diabetic	patients	managed	with	CGM	compared	with	point-of-care
testing.228	As	of	this	writing	there	are	no	official	guidelines	for	CGM	use	in	the
ICU	and	no	 experience	with	 true	 “closed	 loop”	 insulin	 dosing	 in	which	CGM
data	control	an	insulin	pump.	It	may	not	be	useful	in	certain	circumstances.229	In
some	situations	hospitalized	patients	who	were	already	using	hybrid	closed	loop
pumps	and	CGM	devices	as	outpatients	have	successfully	continued	to	use	their
pump/CGM	 systems	 in	 the	 hospital	 and	 maintained	 good	 glycemic	 control.230
Premature	device	 failure	 can	be	 expected	 to	 occur	 in	 some	patients.224,231	 How
this	 technology	will	 affect	 glycemic	 control232	 or	 the	management	 of	 neonatal
hypoglycemia233	or	ICU	outcomes	remains	to	be	determined	in	large	studies,	but
is	 potentially	 transformative,	 especially	 when	 closed	 loop	 artificial	 pancreas
systems	are	perfected.234

Spurious	or	Artifactual	Hypoglycemia
These	terms	apply	to	glucose	concentrations	reported	as	low	but	that	came	from
a	normoglycemic	patient.	This	is	most	commonly	due	to	storing	blood	samples
at	 room	temperature	 for	 long	periods	before	 laboratory	analysis.	As	a	 result	of
anaerobic	glycolysis	by	blood	elements,	 the	actual	glucose	concentration	in	the
test	 tube	may	decline.	The	 effect	 is	 enhanced	 if	 large	 numbers	 of	white	 blood
cells	are	present	in	the	sample	as	the	result	of	severe	leukocytosis	or	leukemia.235
Perhaps	 surprisingly,	 even	 a	 laboratory	 glucose	 determination	 can	 be	 spurious
because	plasma	glucose	concentration	remains	difficult	to	assay	with	consistent
accuracy.236

Spurious	Hyperglycemia	Leading	to	Insulin	Overdose
Falsely	 elevated	 glucose	 readings	 can	 lead	 to	 inappropriate	 insulin
administration	 and	 hypoglycemia.	 The	 commonest	 cause	 of	 spurious
hyperglycemia	in	the	ICU	is	measurement	of	glucose	in	blood	obtained	from	an



extremity	 into	which	 glucose	 is	 being	 infused.	 Falsely	 elevated	 blood	 glucose
resulting	 from	 the	 use	 of	 glucose	 dehydrogenase	 pyrroloquinoline	 quinone
(GDH-PQQ)	 glucose	 test	 strips	 in	 patients	 receiving	 parenteral	 nutrition
products	containing	maltose,	galactose,	or	icodextrin	peritoneal	dialysis	solution
have	 led	 to	 fatal	 overdoses	 of	 insulin.237	 After	 U.S.	 Food	 and	 Drug
Administration	 warning	 of	 this	 concern	 in	 2009	 glucose	 test	 strip	 most
manufacturers	 have	 voluntarily	 switched	 glucose	 testing	 to	 non	 GDH-PQQ
methodologies.238

Testing	for	Ketonuria
Urinary	ketone	testing	can	facilitate	the	differential	diagnosis	of	hypoglycemia.
Normally,	 fasting	 is	 associated	 with	 low	 circulating	 insulin	 that	 promotes
gluconeogenesis	 and	 lipolysis.	 Hypoglycemia	 in	 association	 with	 ketonuria
enhances	the	likelihood	that	the	cause	is	not	excess	insulin.

Other	Studies
In	addition	to	glucose	and	urinary	ketones,	additional	tests	should	be	ordered	as
appropriate	 to	 the	 patient’s	 underlying	 medical	 condition.	 In	 general,	 these
should	 always	 include	 studies	 of	 hepatic	 and	 renal	 function.	Obtain	 additional
serum	and	plasma	samples	from	any	comatose,	hypoglycemic	patient	when	they
are	 first	 seen.	 This	 permits	 assays	 for	 medications,	 insulin/glucose	 ratios,
proinsulin,	 and	 C-peptide	 to	 be	 performed	 later,	 if	 indicated.	 Testing	 for	 oral
hypoglycemic	 agents	 requires	 sophisticated	 laboratory	 methods,	 and	 it	 is
recommended	that	 laboratory	personnel	be	consulted	 to	ensure	 that	appropriate
specimens	 (urine,	 blood,	 or	 both)	 are	 ordered.	 A	 cosyntropin	 (Cortrosyn)	 test
should	be	performed	if	adrenal	insufficiency	is	suspected.

MANAGEMENT	OF	HYPOGLYCEMIA

Initial	Management	with	Glucose
When	symptomatic	hypoglycemia	is	suspected,	remember	Whipple’s	triad.	After
fingerstick	 glucose	 determination,	 the	 treatment	 is	 glucose	 administration,	 and
the	diagnostic	outcome	 is	 resolution	of	 symptoms.	 It	 is	 important	 to	document
the	 presence	 of	 hypoglycemia	 before	 giving	 glucose.	 Most	 patients	 with
depressed	mental	status	are	not	hypoglycemic.239



The	practice	of	giving	intravenous	glucose	empirically	assumes	that	it	could
be	useful	and	is	always	harmless.240	This	belief	has	been	called	into	question.	In
cases	of	stroke,	 in	particular	 ischemic	stroke,	hyperglycemia	may	be	predictive
of	 poor	 outcome,241,242	 and	 empiric	 use	 of	 hypertonic	 dextrose	 has	 been
discouraged	 by	 many	 authors.218,239,243,244	 In	 addition,	 even	 in	 those	 cases	 in
which	 empiric	 glucose	 appears	 to	 be	 resuscitative,	 there	 is	 no	 way	 to	 back-
calculate	what	might	have	been	the	antecedent	glucose	concentration.245

In	 the	 hospital,	 treatment	 of	 hypoglycemia	 is	 with	 intravenous	 D-glucose
(dextrose)	if	a	patient	is	unresponsive	or	might	aspirate,	but	if	a	patient	is	alert
and	cooperative,	oral	carbohydrate	(eg,	sucrose	in	orange	juice	or	glucose	tablets
or	gel)	is	preferable.

In	general,	 all	 comatose	patients,	 including	 trauma	patients,	 should	undergo
fingerstick	 glucose	 determination,	 and	 the	 threshold	 for	 administration	 of
intravenous	glucose	in	addition	to	standard	life-support	measures	should	be	low.
Treatment	 with	 glucose	 is	 lifesaving	 in	 the	 presence	 of	 hypoglycemic	 coma.
Early	 responders	 recognize	 that	 altered	 mental	 status	 due	 to	 hypoglycemia	 is
sometimes	the	root	cause	of	the	tramatic	event.246

The	initial	treatment	of	documented	hypoglycemia	in	the	patient	with	stupor
or	coma	has	traditionally	consisted	of	the	intravenous	injection	of	50	mL	of	50%
dextrose	 in	 water	 (D50W)	 over	 3	 to	 5	 minutes.	 Care	 must	 be	 taken	 to	 avoid
subcutaneous	extravasation;	the	solution	is	hypertonic	and	can	cause	local	tissue
damage	and	severe	pain.	Alternatively,	10%	dextrose	delivered	 in	5	g	(50	mL)
aliquots	 can	 be	 equally	 efficacious	 and	 results	 in	 lower	 posttreatment	 blood
glucose	 levels.247	 If	 hypoglycemia	 is	 present,	 treatment	 with	 glucose	 usually
leads	 to	 improved	 mental	 status	 within	 minutes.	 It	 is	 difficult,	 however,	 to
predict	 the	 magnitude	 of	 the	 glucose	 response	 to	 a	 bolus	 of	 intravenous
glucose,244	and	elderly	patients	and	patients	with	very	prolonged	hypoglycemia
may	have	a	delayed	response.

Subsequent	Management

Glucose
3 	The	prompt	improvement	that	usually	occurs	in	hypoglycemic	patients	treated
with	 intravenous	 glucose	 can	 be	misleading.	When	 hypoglycemia	 occurs	 in	 a
diabetic	patient	taking	insulin,	no	additional	treatment	may	be	needed,	but	there
are	many	other	causes	of	hypoglycemia.	The	 initial	bolus	of	glucose	 treats	 the
symptoms	of	hypoglycemia	but	not	their	cause.	The	most	common	error	in	the



management	 of	 hypoglycemia	 is	 inadequate	 treatment	 leading	 to	 recurrent
symptoms.

After	the	first	bolus	of	D50W,	an	infusion	of	D5W	or	D10W	glucose	should
be	started	in	any	patient	whose	hypoglycemic	episode	is	not	clearly	due	simply
to	 excess	 short-	 or	 intermediate-acting	 insulin.	 The	 choice	 of	 D5W	 or	 D10W
glucose	depends	on	the	severity	of	the	initial	hypoglycemia.	This	infusion	allows
the	 critical	 care	 physician	 to	 evaluate	 the	 cause	 of	 the	 hypoglycemic	 episode
while	 protecting	 the	 patient	 from	 recurrence.	 An	 appropriate	 target	 glucose
concentration	 is	 100	 mg/dL	 (5.6	 mM).	 It	 is	 advisable	 not	 to	 overtreat	 with
glucose,	especially	in	the	case	of	oral	hypoglycemic	agent	poisoning.	Extremely
high	 serum	 glucose	 may	 stimulate	 endogenous	 insulin	 secretion,	 causing
rebound	hyperinsulinemia	and	recurrent	hypoglycemia.248

Hypoglycemia	due	to	Long-Acting	Insulin
If	 long-acting	 insulin	 (Table	 138.2)	 might	 have	 caused	 the	 hypoglycemic
episode,	continuation	of	the	glucose	infusion,	fingerstick	blood	glucose	testing,
and	 periodic	 adjustment	 of	 the	 infusion	 rate	may	 be	 required.	The	 duration	 of
therapy	 depends	 on	 the	 particular	 insulin	 preparation	 and	 the	 dose	 taken.
Massive	insulin	overdose	(2500	units	of	NPH	[neutral	protamine	Hagedorn])	has
been	associated	with	persistent	hypoglycemia	for	up	to	6	days.246

Hypoglycemia	due	to	Sulfonylureas
When	 the	 cause	 of	 hypoglycemia	 is	 sulfonylurea	 ingestion	 (Table	 138.3),	 the
patient	should	usually	be	admitted	to	hospital	because	of	the	prolonged	duration
of	 action	 of	 most	 members	 of	 this	 class	 of	 drugs.	 Efforts	 to	 prevent	 drug
absorption	 and	 increase	 elimination	 should	 be	 considered.	 Activated	 charcoal
adsorbs	 sulfonylureas,	 and	 urinary	 alkalinization	 may	 enhance	 excretion.249,250
Charcoal	hemoperfusion	is	probably	not	indicated	except	in	the	setting	of	renal
failure	 and	massive	overdose.251	Continuous	 intravenous	 glucose	 is	mandatory.
Oral	 carbohydrate	 should	 be	 provided	 if	 the	 patient	 can	 eat.	 It	 is	 particularly
important	 that	 the	 glucose	 infusion	 be	 continued	 while	 the	 patient	 recovering
from	a	sulfonylurea	overdose	is	asleep.	Cases	of	persistent	sulfonylurea-induced
hypoglycemia	 requiring	 up	 to	 27	 days	 of	 intravenous	 glucose	 have	 been
reported.252	 The	 typical	 patient	 with	 this	 condition	 requires	 2	 to	 3	 days	 of
intravenous	 glucose	 therapy.142,253	 As	 discussed	 later,	 octreotide	 and	 diazoxide
may	be	a	helpful	adjuvant	therapy	in	some	cases.



Refractory	Hypoglycemia
If	 the	 history	 and	 physical	 examination	 do	 not	 immediately	 establish	 the
underlying	 cause	 of	 hypoglycemia,	 continuation	 of	 the	 infusion	 and	 glycemia
monitoring	 are	 required.	 Persistent	 severe	 hypoglycemia	 requires	 intensive
monitoring.	Blood	glucose	should	be	measured	every	1	to	3	hours	and	the	serum
glucose	concentration	maintained	at	a	 target	 level	of	100	mg/dL	(5.6	mmol/L).
Diagnostic	 studies	 can	 be	 obtained	 as	 appropriate	 during	 continuous	 glucose
infusion.

Intravenous	 glucose	 should	 continue	 until	 normoglycemia	 is	 achieved.	 To
determine	whether	parenteral	glucose	is	no	longer	needed,	the	infusion	should	be
discontinued	 and	 blood	 glucose	 concentration	 measured	 every	 15	 minutes.	 If
blood	glucose	falls	to	<50	mg/dL	or	if	the	patient	becomes	symptomatic,	glucose
infusion	is	resumed.	Depending	on	the	etiology	of	the	hypoglycemia,	parenteral
glucose	infusion	may	be	required	for	many	days	and	the	use	of	additional	drugs
should	 be	 considered	 (see	 later).	 When	 hypoglycemia	 is	 due	 to	 impaired
gluconeogenesis	 in	 the	 setting	 of	 liver	 disease,	 renal	 disease,	 or	 CHF,	 only
treatment	of	the	underlying	condition	will	prevent	recurrence.	When	a	tumor	is
the	course	of	hypoglycemia,	surgery	is	the	definitive	therapy.

Drugs	Other	than	Glucose	in	the	Management	of
Hypoglycemia
Most	cases	of	hypoglycemia	in	the	ICU	can	be	treated	with	glucose	alone.	When
recurrent	severe	hypoglycemia	or	volume	management	is	a	problem,	intensivists
may	 wish	 to	 consider	 the	 addition	 of	 adjunctive	 therapies.	 Particularly	 when
hypoglycemia	is	due	to	an	insulinoma,	nesidioblastosis,	or	other	tumor	it	may	be
necessary	 to	 supplement	 the	 glucose	 infusion	 with	 drugs	 that	 inhibit	 insulin
secretion.

Glucocorticoids
Parenteral	 adrenocortical	 steroids	 can	 increase	 gluconeogenic	 substrates	 and
inhibit	 insulin	action	 in	 the	periphery.	Hydrocortisone	sodium	succinate	can	be
given	 at	 a	 dose	 of	 100	mg/L	 of	 glucose	 infused.	 This	 therapy	 is	 beneficial	 in
patients	whose	 hypoglycemia	 is	 in	 the	 context	 of	 adrenocortical	 insufficiency;
one	 case	 report	 describes	 utility	 in	 hemangiopericytoma-associated
hypoglycemia.127	It	is	not	helpful	in	sulfonylurea	poisoning.254



Octreotide	(Sandostatin)
Somatostatin	 is	 produced	 in	 pancreatic	 islet	 delta	 cells	 and	 inhibits	 insulin
secretion.	 The	 long-acting	 analog	 octreotide	 can	 inhibit	 sulfonylurea-induced
insulin	 secretion,	 and	 it	 has	 been	 used	 as	 supplemental	 therapy	 for
insulinomas,255	 oral	 agent-induced	 hypoglycemia,256-263	 and	 quinine-induced
hypoglycemia	 in	malaria,171	 and	 reportedly	 in	 insulin	 glargine	 overdose	where
the	 mechanism	 of	 action	 is	 obscure.264	 The	 dose	 is	 1	 to	 2	 units/kg	 every	 8
hours.259

Diazoxide	(Hyperstat)
Diazoxide	 is	 a	 benzothiadiazine	 nondiuretic	 antihypertensive	 agent	 that	 blocks
the	 secretion	 of	 insulin	 from	 both	 normal	 and	 neoplastic	 β-cells.	 To	 treat
hypoglycemia,	diazoxide	is	infused	at	a	dose	of	300	mg	(1-3	mg/kg	in	children)
in	D5W	over	30	min	every	4	hours,	or	as	a	constant	infusion	of	1	mg/kg/h.	It	has
been	reported	to	be	effective	in	reversing	severe,	refractory	hypoglycemia	due	to
sulfonylurea	 poisoning,254	 insulinoma,265	 noninsulinoma	 persistent
hyperinsulinemic	hypoglycemia,266	and	neonatal	hyperinsulinemic	hypoglycemia
due	to	certain	gene	mutations.267

Glucagon
The	primary	action	of	exogenous	glucagon	in	the	treatment	of	hypoglycemia	is
the	promotion	of	glycogenolysis.	It	is	most	effective	in	patients	with	ample	liver
glycogen	 stores.	 Glucagon	 is	 a	 useful	 drug	 for	 out-of-hospital	 treatment	 of
hypoglycemia	 due	 to	 excess	 insulin	 in	 known	 diabetic	 patients.	 It	 is	 good
practice	to	teach	family	members	of	diabetic	patients	to	administer	parenteral	or
intranasal	glucagon.	In	the	intensive	care	setting,	however,	there	is	seldom	need
to	administer	glucagon	unless	vascular	access	cannot	be	maintained.	In	addition,
glucagon	can	stimulate	insulin	secretion	and	promote	recurrent	hypoglycemia.268
It	has	also	been	associated	with	hypoglycemia	when	used	as	premedication	for
endoscopy.269

Rapamycin	(Sirolimus)
In	 one	 case	 report,	 rapamycin	 was	 effective	 in	 controlling	 intractable
hypoglycemia	in	a	patient	with	metastatic	 insulinoma.270	The	drug	was	 thought
to	 act	 both	 by	 reducing	 the	 malignant	 β-cell	 proliferation	 and	 by	 inhibiting



insulin	production.	In	another	case	report,	it	was	used	to	treat	hyperinsulinemic
hypoglycemia	of	infancy.271

PREVENTION	OF	HYPOGLYCEMIA	IN	THE	ICU
With	reported	prevalence	rates	of	5%	and	higher,3,5,6	prevention	of	hypoglycemia
is	 central	 to	 the	 metabolic	 management	 of	 the	 ICU	 patient.4	 In	 general,	 oral
antidiabetic	 agents	 like	 sulfonylureas	 should	 be	 discontinued	 in	 seriously	 ill
patients.272	 Insulin	 infusions	 require	 meticulous	 management.	 Several	 studies
have	demonstrated	that	hypoglycemia	can	be	avoided	while	achieving	glycemic
control	by	using	structured	insulin	orders	and	management	algorithms273,274	and
avoidance	of	high	insulin	infusion	rates.275	Such	protocols	are	discussed	in	detail
in	Chapter	136.	Up	to	a	 third	of	patients	admitted	to	an	emergency	department
with	 severe	 hypoglycemia	 may	 experience	 recurrent	 hypoglycemia	 in	 the
hospital.276	 Strategies	 for	 preventing	 recurrent	 hypoglycemia,	 in	 particular	 the
promise	of	CGM,	have	been	outlined	earlier.

CONCLUSION
Hypoglycemia	is	a	serious	problem	in	any	hospitalized	patient	and	a	predictor	of
mortality	in	the	critically	ill.15,16	It	must	be	considered	in	all	cases	of	stupor	and
coma.	 Diagnosis	 is	 based	 on	 Whipple’s	 triad,	 and	 evaluation	 should	 take	 no
more	than	a	few	minutes.	After	initial	therapy	with	glucose,	remember	that	only
the	symptoms	and	not	the	cause	have	been	treated.	The	most	common	cause	of
hypoglycemia	is	insulin	overdosage	in	individuals	with	diabetes;	in	the	ICU	this
can	be	a	complication	of	strict	glucose	control	protocols.	Hypoglycemia	due	to
intercurrent	 medical	 conditions	 requires	 correction	 of	 the	 underlying	 disorder.
Patients	 with	 sulfonylurea-	 or	 insulinoma-induced	 hypoglycemia	 may	 require
aggressive	 treatment	 of	 hypoglycemia	 with	 parenteral	 glucose	 for	many	 days.
Key	points	are	summarized	in	Table	138.5.

TABLE	138.5

Hypoglycemia:	Diagnosis,	Management,	Evidence



Recommendation Comments

Suspect
hypoglycemia	in	all
cases	of	altered
mental	status

Hypoglycemia	is	a	very	common	reversible	cause	of
altered	mental	status.

Be	aware	that
intensive	therapy
with	insulin
infusions	carries	a
risk	of
hypoglycemia

Attempting	to	lower	blood	glucose	in	the	ICU	to	levels
<110	mg/dL	is	frequently	associated	with
hypoglycemia49-53	(see	Chapter	136).

Consider	10%
dextrose	rather	than
50%	dextrose.

D10W	can	be	as	efficacious	as	D50W	while	lessening
the	risk	of	subsequent	hyperglycemia.247

Fingerstick	glucose
concentrations	can
at	times	be
misleading

Measurements	from	an	extremity	in	which	glucose	is
being	infused	or	in	the	setting	of	shock,217	CPR,218	and
parenteral	nutrition	products	containing	maltose	or
galactose277	may	be	inaccurate.

Suspect	overdose	of
an	anti-diabetic
medication	when
unexplained
hypoglycemia	is
encountered	in	the
ICU

Medication	errors	are	common	in	hospitals.278
Hypoglycemia	is	commonly	caused	by	overdosage
with	exogenous	insulin	and	overdosage	with	oral
hypoglycemic	agents	that	enhance	endogenous	insulin
secretion.

If	hypoglycemia	is
thought	to	be	due	to
a	drug	not	used	to
treat	diabetes,
evaluate	the	case
thoughtfully.

Many	medications	reportedly	cause	hypoglycemia
(Table	138.3),	but	evidence	supporting	the	association
is	often	poor.165	Hypoglycemia	may	be	due	to	a	drug-
drug	interaction,	and	discontinuation	of	a	suspect
medication	may	not	always	be	appropriate.

When	treating
refractory
hypoglycemia

Cortisol	is	an	important	glucose-counterregulatory
hormone	and	renal	insufficiency	predisposes	to
hypoglycemia	in	persons	being	treated	for	diabetes.



always	exclude
adrenal	insufficiency

The	role	of
continuous	glucose
monitoring	in	the
ICU	is	promising.

Continuous	monitoring	of	glucose	concentration	in	the
ICU	has	been	documented	to	be	accurate.225,226	It	holds
out	the	promise	of	enhanced	detection	and	reduced
frequency	of	hypoglycemia	in	the	ICU	setting	while
reducing	both	nursing	workload	and	patient
discomfort.	Its	use	should	be	given	consideration	in
any	ICU.

Key	elements	in	the	diagnosis	and	management	of	hypoglycemia	in	the	ICU.	ICU,	intensive	care
unit;	D10W,	dextrose	10%	in	water;	CPR,	cadiopulmonary	resuscitation;	D50W,	dextrose	50%	in
water.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	45-year-old	man	with	a	history	of	2	diabetes	is	brought	to	the
emergency	department	following	a	motor	vehicle	collision	in	which	he	sustained
multiple	fractures.	His	blood	glucose	concentration	was	30	mg/dL.	He	was
treated	with	intravenous	glucose	and,	after	stabilization	of	his	fractures,	admitted
to	the	ICU.	Hypoglycemia	persists,	requiring	infusion	of	10%	dextrose.
Additional	laboratory	data	obtained	prior	to	glucose	infusion	include	insulin
(low),	C-peptide	(low),	venous	pH	(low),	lactate	(low),	blood	alcohol	level
(within	legal	driving	limit),	CBC	(normal),	and	renal	function	(normal).	What	is
the	most	likely	explanation	for	the	hypoglycemia?

A. 	Alcoholic	ketoacidosis
B. 	Insulinoma
C. 	Insulin	overdose
D. 	Sulfonylurea	overdose

2. 	A	55-year-old	woman	is	hospitalized	with	COVID-19	and	intubated	for
respiratory	failure.	Her	past	history	includes	insulin-treated	1	diabetes,	and	she	is
receiving	an	intravenous	insulin	infusion.	She	has	been	hypotensive	and	is
receiving	pressors	and	antibiotics.	Routine	fingerstick	glucose	concentration	is



reported	by	nursing	to	be	35	and	so	the	insulin	infusion	is	suspended.	Four	hours
later	another	fingerstick	glucose	is	reported	to	be	greater	than	400.	Venous	pH	is
7.0.	What	is	the	most	likely	explanation	for	the	glucose	readings?

A. 	Inadvertent	insulin	overdose
B. 	Respiratory	acidosis
C. 	Spurious	hyperglycemia
D. 	Spurious	hypoglycemia

3. 	A	65-year-old	man	with	2	diabetes,	heart	failure,	and	chronic	kidney
disease	(stage	3)	was	admitted	with	confusion	and	hypoglycemia.	His	outpatient
medications	include	an	SGLT-2	inhibitor	and	insulin	degludec.	He	lives	alone,
and	it	was	a	visiting	nurse	who	found	him	and	arranged	emergency	transport.
EMTs	administered	50	mL	of	50%	dextrose	for	a	glucose	finger	stick	in	the	30s.
On	arrival,	his	glucose	concentration	was	86	mg/dL,	and	he	was	awake	and	alert
but	not	fully	oriented.	While	awaiting	a	meal	and	discharge	planning,	he	became
unresponsive	and	was	found	to	have	recurrent	hypoglycemia	with	a	glucose	of
38,	shortness	of	breath,	and	new	S-T	segment	elevations.	He	was	given	another
bolus	of	50%	glucose,	started	on	a	5%	glucose	infusion,	and	admitted	to	the	ICU
where	his	glucose	is	now	again	under	40.	What	is	the	most	likely	explanation	for
the	hypoglycemia?

A. 	Alcohol-induced	hypoglycemia
B. 	Hypoglycemia	from	hypoperfusion
C. 	Insulin	overdose
D. 	SGLT-2	overdose

Answers

1.	The	correct	answer	is	A.
Rationale:	 Alcohol	 levels	 may	 be	 low	 due	 to	 metabolism	 while	 the

hypoglycemia	from	metabolic	 toxicity	of	ethanol	persists	 (choice	A	is	correct).
Urinary	ketones	may	be	negative,	and	ketosis	confirmed	by	measurement	of	β-
hydroxy	 butyrate.	 The	 low	 insulin	 and	 c-peptide	 exclude	 insulin	 overdose,
sulfonylurea	overdose,	and	insulinoma.

2.	The	correct	answer	is	D.
Rationale:	The	most	likely	sequence	of	events	was	a	spurious	initial	diagnosis

of	 hypoglycemia	 (choice	 D	 is	 correct).	 Hypotension,	 poor	 perfusion,	 or	 rapid



infusion	of	 saline	 can	make	 fingerstick	measurements	 inaccurate,	 especially	 at
low	glucose	concentrations.	A	laboratory	glucose	confirmation	of	hypoglycemia,
or,	 at	 minimum,	 a	 repeat	 fingerstick	 obtained	 from	 a	 different	 site	 should	 be
obtained	before	suspending	insulin	in	a	patient	with	1	diabetes.	Rapid	increase	of
glucose	 in	 such	 a	 patient	 not	 receiving	 insulin	 is	 likely.	 The	 hyperglycemia	 is
likely	 real	 from	 insulin	 having	 been	 discontinued	 (choice	 C	 is	 incorrect)	 and,
while	insulin	overdose	is	possible,	it	is	not	common	with	current	infusion	pump
technologies	(choice	A	is	incorrect).	Her	low	pH	is	better	explained	by	stopping
her	intravenous	insulin	(metabolic	diabetic	ketoacidosis)	than	by	her	respiratory
failure	(choice	B	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	Severe	persistent	hypoglycemia	can	lead	to	multiple	complications

including	heart	failure	and	myocardial	infarction.	Elderly	patients	are	most	likely
to	 suffer	 the	 effects	 of	 overdosage	 with	 long-acting	 insulins,	 and	 degludec
overdosage	can	last	for	up	to	6	days	(choice	C	is	correct).	His	presentation	does
not	 strongly	 suggest	 hypoperfusion	 or	 alcohol	 ingestion	 (choices	A	 and	B	 are
incorrect).	SGLT	monotherapy	is	not	associated	with	hypoglycemia	(choice	D	is
incorrect).
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Chapter	139
Hypoadrenal	Crisis	and	the	Stress
Management	of	the	Patient	on	Chronic
Steroid	Therapy
Eyad	Hamoudeh,	Neil	Aronin

KEY	POINTS:
1.	 Hyponatremia	should	always	trigger	the	consideration	of	adrenal

insufficiency	as	it	was	present	in	84%	of	undiagnosed	patients.
2.	 Patients	with	low	albumin	should	have	a	lower	threshold	for	random

and	cosyntropin-stimulated	cortisol	levels.
3.	 Random	cortisol	level	is	the	main	tool	for	evaluation	of	adrenal

function	for	critically	ill	patients.
4.	 A	baseline	ACTH	and	cortisol	before	administration	of

hydrocortisone	is	essential	for	diagnosis	and	should	be	drawn
without	causing	a	delay	of	treatment.

5.	 Patients	with	septic	shock	who	are	pressor-dependent	or	refractory
to	fluid	resuscitation	can	be	given	a	short	course	of	hydrocortisone
regardless	of	their	serum	cortisol	levels.

6.	 Hydrocortisone	(cortisol)	is	the	preferred	drug	for	treatment	of	an
adrenal	crisis.

INTRODUCTION
Adrenal	crisis	is	a	severe	and	life-threatening	condition	due	to	the	central	role	of
adrenal	hormones	in	metabolism,	salt,	and	fluid	homeostasis.	Data	from	national
registries	 indicate	 an	 approximate	 doubling	 of	mortality	 rates	 in	 patients	 with
primary	adrenocortical	insufficiency	compared	to	matched	controls.1	Six	to	eight



percent	 of	 patients	 with	 adrenal	 insufficiency	 have	 an	 annual	 incidence	 of
adrenal	 crisis.	 Adrenal	 crises	 are	 more	 frequent	 among	 patients	 with	 primary
than	 secondary	 adrenal	 insufficiency	 and	 are	 uncommon	 among	 patients	 with
hypoadrenalism	due	to	long-term	glucocorticoid	therapy.2

There	 is	 no	 universally	 accepted	 definition	 of	 an	 adrenal	 crisis.	An	 adrenal
crisis	has	been	defined	as	an	acute	deterioration	in	health	status	associated	with
hypotension	 with	 systolic	 blood	 pressure	 <	 100	 mm	 Hg	 or	 systolic	 blood
pressure	≥	20	mm	Hg	lower	than	usual,	with	features	that	resolve	within	1	to	2
hours	after	parenteral	glucocorticoid	administration.	When	hypotension	ascribed
to	 an	 adrenal	 crisis	 does	 not	 respond,	 or	 responds	 poorly,	 to	 glucocorticoid
administration,	 the	 coexistence	 of	 other	 illnesses	 associated	with	 hypotension,
such	as	sepsis,	should	be	considered.3

Adrenal	glands	are	crucial	for	survival	under	conditions	of	stress.	The	normal
response	 to	 psychological	 stress	 or	 illness	 comprises	 a	 rise	 in	 serum	 cortisol.
This	 association	 is	 a	beneficial	 adaptation,	 because	of	 the	profound	metabolic,
cardiovascular,	 and	 immunological	 effects	 of	 cortisol.	 In	 patients	with	 adrenal
insufficiency,	 glucocorticoid	 replacement	 reduces	 mortality.4	 There	 exists
significant	debate	 regarding	 so-called	 relative	or	critical	 illness–related	adrenal
insufficiency;	 it	 is	 important	 to	 develop	 a	 management	 strategy	 to	 guide
treatment	of	critically	ill	patients.

Pathophysiology
During	normal	physiology,	∼90%	of	circulating	cortisol	is	protein	bound,	with
80%	bound	to	cortisol-binding	globulin	(CBG)	and	10%	bound	to	albumin.	Only
the	 10%	 free	 cortisol	 fraction	 is	 lipid	 soluble	 and	 can	 diffuse	 across	 the	 cell
membrane	 to	 bind	 to	 the	 cytoplasmic	 glucocorticoid	 receptor.	 Cortisol	 exerts
systemic	 effects	 via	 genomic	 and	 nongenomic	 effects.5	 Cortisol	 has	 highly
pleiotropic	effects	that	are	due	to	transcriptional	modulation	of	genes	bearing	a
glucocorticoid	response	element	(29%	of	all	genes).6

Cortisol	suppresses	anabolism	and	stimulates	catabolism,	ensuring	sufficient
elementary	 sources	 of	 energy	 during	 times	 of	 stress.	 Cortisol	 causes	 fluid
retention	via	activation	of	 the	mineralocorticoid	receptor	and	maintains	cardiac
contractility,	vascular	tone,	and	blood	pressure,	by	mediating	and	enhancing	the
action	of	angiotensin	II,	epinephrine,	and	norepinephrine.	Cortisol	regulates	the
innate	immune	response	and	inflammation	that	follow	a	biphasic	dose-response
curve:	 Low	 concentrations	 of	 cortisol	 exert	 immune-stimulatory	 effects,	 and
high	concentrations	of	cortisol	induce	immune-suppressive	effects.5

Increased	 systemic	 cortisol	 availability	 is	 vital	 to	 avoid	 shock	 and	 organ



failure,	combat	infections,	and	repair	tissue	damage.	During	stress	response,	the
hypothalamus	releases	corticotropin-releasing	hormone	(CRH),	which	stimulates
the	 pituitary	 gland	 to	 release	 corticotropin	 (ACTH).	During	 acute	 illness,	 both
plasma	ACTH	and	serum	cortisol	levels	are	initially	elevated.	After	a	few	days,
there	is	a	sharp	fall	in	plasma	ACTH	levels,	through	feedback-inhibited	ACTH
release,	yet	serum	cortisol	levels	continue	to	be	elevated.7	Prolonged	low	ACTH
levels	negatively	 affect	 adrenocortical	 integrity	 and	 function	 and	may	 result	 in
decreased	cortisol	response	to	cosyntropin.8

Systemic	cortisol	is	increased	during	critical	illness	due	to	multiple	factors—
ACTH-driven	 increase	 in	 cortisol	 production	 and	 secretion;	 increased	 cortisol
half-life	with	median	half-life	 about	 five	 times	 longer	 for	 critically	 ill	 patients
compared	 with	 demographically	 matched	 controls;	 suppressed	 expression	 and
activity	 of	 cortisol-metabolizing	 enzymes,	 leading	 to	 decreased	 cortisol
breakdown	 in	 the	 liver	 and	 kidney;	 rapid,	 sustained	 drop	 of	 circulating	 CBG,
causing	 elevated	 free	 corticosterone	 levels—partially	 explaining	 why	 ACTH
levels	are	low	rather	than	high	in	ICU	patients.5

ETIOLOGY
Adrenal	cortical	insufficiency	has	an	estimated	prevalence	of	1%	to	3%	among
the	 general	 population.	 The	most	 common	 premorbid	 suppression	 of	 the	HPA
axis	 is	 long-term	 treatment	 with	 corticosteroids.9	 The	 most	 common	 cause	 of
primary	adrenal	failure	in	western	countries	is	Addison	disease,	an	autoimmune
disease	 that	 often	 coexists	 with	 other	 autoimmune	 endocrinopathies,	 such	 as
autoimmune	 thyroid	 disease	 (eg,	 Hashimoto	 thyroiditis),	 1	 diabetes,	 and
premature	 ovarian	 insufficiency.	 In	 other	 parts	 of	 the	world,	 infections	 have	 a
larger	 role,	 especially	 tuberculosis	of	 the	adrenal	gland.10	 Pituitary	dysfunction
can	 also	 result	 in	 cortisol	 yet	 not	 aldosterone	 insufficiency.	 Once	 adrenal
insufficiency	 is	 diagnosed,	 it	 is	 necessary	 to	 determine	 the	 cause.	 In	 cases	 of
primary	 adrenal	 insufficiency,	 testing	 for	 21-hydroxylase	 autoantibodies	 is
recommended.10

The	 most	 common	 inherited	 form	 of	 primary	 adrenal	 insufficiency	 is
congenital	adrenal	hyperplasia.	More	than	95%	of	congenital	adrenal	hyperplasia
cases	 are	 caused	 by	 recessive	 mutations	 in	 the	 gene	 coding	 for	 steroid	 21-
hydroxylase,	a	key	enzyme	in	cortisol	and	aldosterone	biosynthesis.1

Adrenal	 enzyme	 inhibitors	 (mitotane,	 ketoconazole,	 metyrapone,	 and
etomidate)	 are	 examples	 of	 agents	 that	 may	 induce	 adrenal	 insufficiency.
Etomidate	used	as	a	sedative	agent	powerfully	suppresses	cortisol	production	for



up	 to	 48	 hours	 by	 inhibiting	 11-beta-hydroxylase.	 Use	 of	 etomidate	 before
application	 of	 hydrocortisone	 has	 been	 associated	 with	 an	 increased	 28-day
mortality	 rate.5,8	 Some	 types	 of	 immunotherapy	 may	 also	 precipitate	 adrenal
crises.	For	example,	immune-checkpoint	inhibitor	therapy,	used	in	the	treatment
of	malignancy	(eg,	melanoma),	may	cause	adrenal	insufficiency	(risk	<	1%)	due
to	 induction	 of	 hypophysitis	 (and	 other	 pituitary	 hormone	 deficits)	 or
adrenalitis.3

Adrenal	 crisis	 occurs	 when	 the	 adrenal	 glands	 cannot	 produce	 sufficient
cortisol	 in	 response	 to	 an	 increased	 need.	Gastroenteritis	 and	 infection	 are	 the
most	 frequent	 causes	 of	 adrenal	 crisis,	 followed	 by	 surgical	 and	 dental
procedures,	 injuries,	 myocardial	 infarction,	 allergic	 reactions,	 severe
hypoglycemia	 among	 patients	 with	 diabetes,	 and	 severe	 psychological	 stress.1
Gastroenteritis	 can	 be	 particularly	 hazardous,	 as	 vomiting	 and	 diarrhea	 impair
the	 absorption	 of	 oral	 medication	 and	 may	 also	 exacerbate	 dehydration.
However,	 the	 abdominal	 symptoms	of	 adrenal	 crisis	may	 lead	 to	 an	 erroneous
diagnosis	of	gastroenteritis.	Infections	commonly	precipitate	adrenal	crises	with
predominantly	 bacterial	 infections	 among	 older	 patients	 and	 viral	 infections
among	children.3

Nonadherence	 to	 glucocorticoid	 replacement	 therapy	 may	 also	 precipitate
adrenal	crisis.	Patients	need	to	be	educated	about	the	dangers	of	glucocorticoid
dose	omission	or	cessation,	particularly	during	a	perioperative	period	or	illness.11
Key	 strategies	 for	 prevention	 of	 adrenal	 crisis	 include	 an	 individualized
prescription	and	plan	for	the	use	of	supplementary	glucocorticoid	administration
during	 periods	 of	 physiological	 stress;	 use	 of	 parenteral	 hydrocortisone,
preferably	at	home,	when	oral	glucocorticoids	cannot	be	taken;	and	the	provision
of	devices,	such	as	a	medical	alert	bracelet	or	necklace.3

DIAGNOSIS:	CLINICAL	PRESENTATION	AND
DIAGNOSTIC	WORKUP
Clinical	manifestations	 that	 suggest	adrenal	 insufficiency	 include	a	nonspecific
history	 of	 progressive	 weakness,	 lassitude,	 fatigue,	 anorexia,	 vomiting,	 and
constipation.	The	most	frequent	clinical	sign	is	fatigue,	present	in	84%	to	95%	of
patients.12	 Due	 to	 the	 nonspecific	 presentation	 diagnosis	 can	 be	 delayed	 and
adrenal	 crisis	 might	 be	 the	 first	 presentation.	 Many	 individuals	 with	 adrenal
insufficiency	 secondary	 to	 steroid	 treatment	 paradoxically	 have	 Cushingoid
features	because	of	pharmacological	steroid	treatment.



1 	 A	 survey	 of	 247	 individuals	 with	 undiagnosed	 adrenal	 insufficiency
indicated	 that	 hyponatremia	 was	 present	 in	 84%,	 high	 TSH	 in	 52%	 and
hyperkalemia	in	34%	of	individuals.13	Thus,	hyponatremia	should	always	trigger
a	 consideration	of	 adrenal	 insufficiency.	Hyponatremia	 is	 secondary	 to	 sodium
loss	linked	to	aldosterone	deficiency	and	to	hemodilution	linked	to	the	syndrome
of	 inappropriate	 secretion	 of	 ADH	 induced	 by	 cortisol	 deficiency12	 (Table
139.1).

TABLE	139.1

Clinical	Presentation	of	Adrenal	Crisis

Symptoms:
Severe	weakness	and	fatigue
Anorexia,	nausea,	vomiting
Muscle	pain	and	cramps,	joint	pain
Abdominal	pain
Postural	dizziness,	syncope
Impaired	cognitive	function,	confusion

Signs:
Abdominal	tenderness	or	guarding
Skin	hyperpigmentation	(only	in	primary	adrenal	insufficiency)
Fever
Dehydration
Hypotension:	systolic	pressure	<100	mm	Hg	in	adults	or	≥20	mm	Hg	lower
than	usual	in	adults
Delirium,	obtundation,	coma

Blood	tests:
Hyponatremia
Hyperkalemia
Hypercalcemia
Hypoglycemia	(mainly	in	children)
Neutropenia,	eosinophilia,	lymphocytosis
Increased	creatinine	caused	by	prerenal	failure



DIAGNOSTIC	WORKUP
5 	 4 	 Evaluation	 of	 adrenal	 function	 during	 critical	 illness	 is	 complex	 due	 to
limited	 diagnostic	 tools	 and	 lack	 of	 strong	 evidence	 for	 guideline
recommendations	 that	 encompass	 all	 patients.	 A	 heightened	 level	 of	 clinical
suspicion	 of	 adrenal	 insufficiency	 is	 warranted	 for	 patients	 with	 compatible
symptoms	who	 also	 have	 conditions	 associated	with	 adrenal	 insufficiency,	 for
example,	 autoimmune	 disorders,	 or	 take	 relevant	 medications.	 Prevalence	 of
adrenal	insufficiency	during	critical	illness	is	difficult	to	estimate;	blood	pressure
response	to	hydrocortisone	administration	among	patients	with	septic	shock	may
not	 equate	 to	 underlying	 adrenal	 insufficiency.	 Patients	with	 septic	 shock	who
are	 pressor-dependent	 or	 refractory	 to	 fluid	 resuscitation	 can	 be	 given	 a	 short
course	 of	 hydrocortisone	 regardless	 of	 their	 serum	 cortisol	 levels.8	 In	 acutely
sick	patients	with	clinical	signs	and	symptoms	of	adrenal	insufficiency,	treatment
should	 not	 be	 delayed	 awaiting	 test	 results,	 as	 delayed	 treatment	 can	 increase
morbidity	and	mortality.10	It	is	important	to	draw	blood	for	diagnostic	purposes
before	 any	 steroid	 treatment	 is	 given.	 A	 single	 baseline	 ACTH	 and	 cortisol
before	administration	of	hydrocortisone	is	essential	for	diagnosis.	Confirmatory
cosyntropin	 testing	can	be	performed	after	 treatment,	with	 temporary	cessation
of	glucocorticoid	when	the	patient’s	condition	is	stable.

3 	 2 	Diurnal	variation	of	cortisol	secretion	is	 lost	during	critical	 illness.	As	a
result,	a	 random	serum	cortisol	 level	 is	 the	main	 tool	 for	evaluation	of	adrenal
function	 in	 critically	 ill	 patients.14	 Serum	 cortisol	 is	 a	 good	 marker	 of	 the
hypothalamic-pituitary-adrenal	 axis	 activity,	 and	 is	 usually	 proportional	 to
degree	 of	 stress.	 There	 is	 no	 consensus	 on	 serum	 cortisol	 cutoffs	 that	 should
trigger	 glucocorticoid	 treatment	 in	 critically	 ill	 patients;	 however,	 a	 random
serum	 cortisol	 of	 less	 than	 15	 to	 18	 µg/dL	 has	 been	 suggested	 as	 a	 threshold
level	 at	 which	 to	 start	 glucocorticoids.8,12	 Critically	 ill	 patients	 with
hypoalbuminemia	(albumin	levels	≤	2.5	g/dL)	had	significantly	lower	basal	and
stimulated	total	cortisol	levels.	Accordingly,	a	lower	serum	cortisol	threshold	of
10	µg/dL	can	be	used	as	a	cutoff	for	these	patients.15	In	patients	with	significant
hypoproteinemia,	 free	 cortisol	 levels	 provide	 a	 better	 assessment	 of	 adrenal
function.	 Some	 limitations	 to	 the	 use	 of	 free	 cortisol	 include	 the	 lack	 of	 easy
access	and	the	long	turnaround	time.

The	 corticotropin	 stimulation	 test	 should	 not	 be	 used	 to	 define	 adrenal
insufficiency	of	critically	ill	patients.	However,	for	patients	without	septic	shock
and	 borderline	 random	 cortisol	 levels,	 performing	 the	 stimulation	 test	may	 be
reasonable.	The	results	of	the	corticotropin	test	are	not	significantly	affected	by



diurnal	 variations,	 so	 the	 test	 can	 be	 performed	 without	 time	 constraints.10
Traditionally,	 a	 peak	 cortisol	 concentration	 after	 acute	 stimulation	 with
corticotropin	exceeding	18	µg/dL	(500	nmol/L)	has	been	accepted	as	evidence	of
sufficient	 adrenocortical	 responsiveness.10	 Most	 critical	 care	 studies	 have
reported	 use	 of	 a	 250-µg	 dose.	 One	 microgram	 use	 is	 not	 recommended	 for
critically	 ill	 patients,	 and	 the	 low-dose	 test	 adds	 no	 further	 sensitivity	 or
specificity	over	the	high-dose	test.16

Salivary	 cortisol	 has	 been	 evaluated	 as	 a	 surrogate	 for	 serum	 free	 cortisol.
Salivary	 cortisol	 concentrations	 are	 elevated	 among	 critically	 ill	 patients	 and
demonstrate	 good	 correlation	 with	 serum	 free	 cortisol	 levels.	 The	 laboratory
measurement	 of	 salivary	 cortisol	 is	 relatively	 simple	 compared	 to	 serum	 free
cortisol,	but	obtaining	saliva	samples	from	intubated	patients	can	be	challenging.
Data	on	the	use	of	salivary	cortisol	for	critically	ill	patients	are	limited;	hence,	it
is	currently	not	an	accepted	standard	test	for	assessing	adrenal	function.8,16

TREATMENT
Treatment	 of	 an	 adrenal	 crisis	 is	 effective	when	 administered	 promptly	 before
prolonged	hypotension	leads	to	irremediable	effects.	Treatment	includes	prompt
administration	of	 intravenous	 (IV)	hydrocortisone,	given	as	a	100	mg	bolus	 to
saturate	 the	aldosterone	 receptor,	 thereby	obtaining	a	desired	mineralocorticoid
effect,	 followed	 by	 200	 mg	 every	 24	 hours,	 administered	 as	 a	 continuous
infusion	or	as	frequent	IV	(or	intramuscular)	boluses	(50	mg)	every	6	hours,	with
subsequent	 doses	 tailored	 to	 the	 clinical	 response.	 A	 continuous	 infusion	 or
frequent	boluses	every	6	hours	may	be	preferred	over	8	to	12	hourly	boluses,	as
this	avoids	very	high	peak	levels	after	IV	bolus	administration.3,10

6 	Hydrocortisone	(cortisol)	 is	 the	preferred	drug	for	 treatment	of	an	adrenal
crisis	 because	 of	 its	 physiological	 glucocorticoid	 pharmacokinetics,	 plasma
protein	 binding,	 tissue	 distribution,	 and	 balanced	 glucocorticoid-
mineralocorticoid	effects.	When	hydrocortisone	 is	unavailable,	other	parenteral
glucocorticoids	 such	 as	 methylprednisolone	 (40	 mg	 every	 24	 hours),
prednisolone	 (25	mg	 as	 a	 bolus,	 followed	 by	 two	 25-mg	 doses,	 for	 a	 total	 of
75	mg	in	the	first	24	hours;	thereafter,	50	mg	every	24	hours),	or	dexamethasone
(4	 mg	 every	 24	 hours)	 may	 be	 used.	 Fludrocortisone	 is	 not	 required	 when
hydrocortisone	doses	exceed	50	mg	given	every	24	hours	but	would	need	to	be
administered	 with	 dexamethasone	 because	 dexamethasone	 does	 not	 have
mineralocorticoid	 properties.	 As	 a	 practical	 matter,	 for	 patients	 with	 primary
adrenal	 insufficiency,	 fludrocortisone	 therapy	 is	 usually	 resumed	 once	 the



adrenal	crisis	has	resolved,	and	oral	hydrocortisone	replacement	is	feasible.3,10
During	an	ongoing	adrenal	crisis	of	adults,	IV	0.9%	normal	saline	should	be

administered	 (1000	mL	within	 the	 first	 hour)	with	 adjustment	 for	 the	 patient’s
circulatory	status,	body	weight,	and	relevant	coexisting	conditions.	IV	dextrose
5%	 in	 normal	 saline	 is	 given	 for	 hypoglycemia	 (ie,	 when	 the	 glucose	 values
<70	 mg/dL).	 Saline	 infusion	 at	 a	 slower	 rate	 with	 parenteral	 hydrocortisone
administered	as	a	continuous	IV	infusion	of	200	mg/d	(or	as	50	mg	four	times	a
day)	 should	 be	 continued	 for	 24	 to	 48	 h	 until	 the	 patient	 can	 take	 oral
medications.

Concomitant	 investigation	 and	 treatment	 of	 the	 precipitating	 illness	 are
required	 for	 all	 patients	 with	 adrenal	 crisis.	 Persistent	 shock	 despite	 specific
treatment	 of	 adrenal	 crisis	 suggests	 another	 cause	 of	 hypotension.	 After
successful	 management	 of	 an	 adrenal	 crisis,	 hydrocortisone	 doses	 should	 be
tapered	to	the	patient’s	usual	maintenance	dose	typically	over	a	3-day	period.	An
assessment	of	preventable	precipitating	events	 should	be	made,	and	preventive
strategies	 should	 be	 explained	 to	 the	 patient,	 including	 self-administration	 of
parenteral	hydrocortisone.

GLUCOCORTICOID	USE	FOR	STRESSED
PATIENTS	ON	GLUCOCORTICOID	TREATMENT
Based	on	NHANES	(National	Health	and	Nutrition	Examination	Survey)	data,
the	 estimated	 prevalence	 of	 glucocorticoid	 use	 in	 the	United	 States	 is	 1.2%.17
Daily	 use	 of	 5	mg	 or	more	 of	 prednisolone	 for	 longer	 than	 3	 weeks	 by	 oral,
inhaled,	 intranasal,	 intra-articular,	 or	 topical	 routes	 might	 lead	 to	 ACTH
deficiency	 with	 resultant	 tertiary	 adrenal	 insufficiency.	 Presence	 of	 clinical
features	of	Cushing	syndrome	may	be	a	clue	to	prior	GC	intake.	Opiates	can	also
suppress	ACTH	release	and	lead	to	functional	adrenal	failure,	which	is	noted	in
10%	to	20%	of	individuals	using	daily	morphine-equivalent	doses	of	100	mg	or
greater.1

All	glucocorticoid-dependent	patients	are	at	risk	of	adrenal	crisis	because	of
surgical	 stress	 or	 illness.	The	 frequency	of	 occurrence	of	 symptomatic	 adrenal
insufficiency	 during	 or	 after	 corticosteroid	 therapy	 is	 unknown,	 thus	 the
condition	 must	 be	 suspected	 in	 emergency	 situations.	 In	 a	 study	 of	 general
practitioners	 in	 the	UK,	 episodes	of	 acute	 adrenal	 insufficiency	during	 inhaled
corticosteroid	 therapy	 for	 asthma	was	 reported	 in	4%	of	patients	 (children	and
adults).18



Oral	stress	dosing	of	glucocorticoids,	designed	to	replicate	the	cortisol	stress
response,	 involves	doubling	or	 tripling	 the	replacement	dose,	depending	on	the
intensity	of	 the	stress	 (eg,	a	double	dose	for	a	 lower	fever	 [temperature	<	38.5
°C]	and	a	triple	dose	for	a	higher	fever	[temperature	≥	38.5	°C]),	usually	of	2-	to
3-day	duration	until	the	illness	has	abated.3	If	the	patient	is	unable	to	tolerate	oral
medication	due	 to	vomiting	or	 trauma,	an	early	parenteral	 injection	of	100	mg
hydrocortisone	is	indicated.

It	 is	 estimated	 that	 adults	 secrete	 75	 to	 100	 mg	 of	 cortisol	 daily	 (fivefold
increase)	in	response	to	major	surgery	and	50	mg/d	in	response	to	minor	surgery.
Plasma	 cortisol	 concentration	 typically	 returns	 to	 baseline	 within	 24	 to	 48	 h.
Hydrocortisone	100	mg	IV	at	the	start	of	major	surgery,	followed	by	an	infusion
of	 200	mg/24	 h,	 is	 recommended.	 If	 recovery	 is	 uncomplicated,	 doubling	 the
regular	oral	replacement	dose	of	hydrocortisone	for	48	h,	and	for	up	to	a	week
following	 major	 surgery	 before	 the	 maintenance	 dose	 is	 resumed	 is	 also
recommended.19

CRITICAL	ILLNESS–RELATED
CORTICOSTEROID	INSUFFICIENCY
In	2000,	a	study	postulated	that	relative	adrenal	failure	may	be	diagnosed	by	an
ACTH	stimulation	test	and	is	present	when	the	incremental	total	plasma	cortisol
response	 to	 250	 μg	 of	 ACTH	 is	 <9	 μg/dL,	 irrespective	 of	 the	 basal	 cortisol
level.20	Furthermore,	it	was	hypothesized	that	patients	with	relative	insufficiency
would	benefit	from	glucocorticoid	treatment	in	a	stress	dose.

In	2008,	the	term	critical	illness–related	corticosteroid	insufficiency	(CIRCI)
was	 introduced	 to	 replace	 relative	 adrenal	 insufficiency	 by	 Society	 of	 Critical
Care	 Medicine	 and	 European	 Society	 of	 Intensive	 Care	 Medicine.21	 Despite
ongoing	 controversy	 and	 low	 quality	 of	 evidence,	 the	 2017	 clinical	 practice
guidelines	advise	using	an	ACTH	stimulation	test	 to	diagnose	CIRCI	when	the
incremental	 rise	 of	 plasma	 total	 cortisol	 concentration	 is	 <9	 μg/dL	 or	 when	 a
random	 total	 plasma	 cortisol	 is	 below	 10	 μg/dL	 and	 continue	 to	 advise	 the
treatment	of	patients	with	septic	shock	with	200	to	400	mg	of	hydrocortisone	per
day.16

The	hypothesis	that	patients	with	septic	shock	and	CIRCI	would	benefit	from
stress	doses	of	hydrocortisone	was	first	tested	in	a	2002	trial	followed	by	a	larger
randomized	controlled	 trial	 in	2018	by	 the	 same	principal	 investigator.22,23	The
two	trials	added	50	μg	of	oral	fludrocortisone	to	a	daily	dose	of	200	mg	of	IV



hydrocortisone	to	patients	in	the	intervention	arm	and	showed	that	mortality	was
reduced	 in	 the	 treatment	 group.	Only	 the	 first	 2002	 trial	 revealed	 that	 patients
with	a	low	incremental	total	cortisol	response	to	250	μg	of	IV	ACTH	benefited
from	the	intervention,	whereas	those	with	a	higher	response	could	be	harmed.

Several	 other	 randomized	 controlled	 trials	 of	 patients	 with	 septic	 shock
followed,	with	mortality	as	the	primary	end	point,	which	showed	no	differences
of	mortality.24	The	addition	of	 fludrocortisone	 to	 the	200	mg	of	hydrocortisone
may	 explain	 the	 outcome	 differences	 of	 the	 trials;	 however,	 this	 hypothesis
appears	unlikely,	as	all	mineralocorticoid	receptors	are	expectedly	occupied	after
a	200	mg	dose	of	hydrocortisone.5

The	 large	 randomized	 controlled	 trials	 on	 the	 effect	 of	 low	 200	 to	 400	mg
hydrocortisone	 for	 septic	 shock	 showed	no	uniform	mortality	benefits	but	 also
no	serious	short-term	harm,	apart	 from	more	pronounced	hyperglycemia	by	all
studies.5	 Most	 studies,	 however,	 showed	 the	 reversal	 of	 shock	 and	 earlier
weaning	from	mechanical	ventilation.	Clinicians	may	therefore	conclude	that	 it
is	safe	to	treat	patients	with	severe	refractory	septic	shock	with	200	to	400	mg	of
hydrocortisone	per	day.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	65-year-old	man	is	brought	to	the	emergency	department	after	passing
out	at	home.	He	has	noticed	nausea,	recurrent	vomiting,	dizziness,	and	severe
fatigue	for	a	few	days.	Past	history	includes	hypertension	and	polymyositis
treated	with	prednisone.	On	physical	exam,	his	BP	is	98/50	mm	Hg,	temp	is
99.5	F,	and	pulse	is	101	beats/min.	He	has	central	obesity,	with	a	BMI	of	36
kg/m2,	a	round	face,	and	some	skin	striae.	Lab	testing	is	significant	for
hyponatremia	and	acute	renal	failure.	The	patient	is	treated	with	a	bolus	of
normal	saline	but	remains	hypotensive	and	lethargic.	You	are	consulted	about	the
possibility	of	secondary	adrenal	insufficiency.	Which	of	the	following	testing
strategies	is	most	appropriate?

A. 	Order	random	serum	cortisol	level	now,	administer	steroids	if	less
than	10
B. 	Order	random	serum	cortisol	level	and	ACTH	now,	give	steroids
now	pending	results



C. 	Perform	cosyntropin	stimulation	test	now
D. 	Perform	cosyntropin	stimulation	test	first	thing	in	the	morning

2. 	What	is	the	recommended	treatment	for	someone	in	adrenal	crisis?

A. 	Dexamethasone	4	mg	IV	once	daily
B. 	Hydrocortisone	100	mg	IV	now,	followed	by	50	mg	IV	every	6	hours
C. 	Hydrocortisone	100	mg	IV	now,	followed	by	50	mg	IV	every	6
hours,	plus	fludrocortisone	50	µg	daily
D. 	Hydrocortisone	200	mg	IV	once	daily

3. 	Regarding	critically	ill	patients,	hypothalamic-pituitary-gonadal	responses,
which	of	the	following	is	DECREASED?

A. 	Corticotropin	(ACTH)
B. 	Corticotropin-releasing	hormone	(CRH)
C. 	Cortisol-binding	globulin	(CBG)
D. 	Cortisol	half-life

Answers

1.	The	correct	answer	is	B.
Rationale:	This	patient	has	clinical	features	of	Cushing	syndrome	consistent

with	 his	 reported	 steroid	 use.	 He	 is	 acutely	 ill	 with	 hypotension,	 especially
relative	to	his	known	hypertension.	Further	history	would	reveal	he	discontinued
his	 prednisone	 one	 month	 ago.	 Prompt	 administration	 of	 intravenous
hydrocortisone	 is	 indicated,	 given	 as	 a	 100	 mg	 bolus	 (choice	 B	 is	 correct).
Awaiting	 test	 results	 can	 increase	 morbidity	 and	 mortality	 (other	 choices	 are
incorrect).	A	 single	 baseline	ACTH	and	 cortisol	 level	 before	 administration	of
hydrocortisone	 will	 be	 able	 to	 later	 confirm	 the	 diagnosis,	 and	 cosyntropin
stimulation	 testing	 is	 neither	 required	 nor	 appropriate	 during	 this	 acute
presentation.

2.	The	correct	answer	is	B.
Rationale:	Hydrocortisone	is	the	preferred	treatment	for	adrenal	crisis,	given

as	 a	 100	mg	 bolus	 to	 saturate	 the	 aldosterone	 receptors,	 followed	 by	 200	mg
every	24	hours	administered	as	a	continuous	infusion	or	as	frequent,	intravenous
(or	 intramuscular)	 boluses	 (50	 mg	 every	 6	 hours)	 (choice	 B	 is	 correct).	 The
continuous	infusion	or	frequent	boluses	may	be	preferred	over	single	dose	daily



as	 this	avoids	very	high	peak	 levels	 (choice	D	 is	 incorrect).	Fludrocortisone	 is
not	 required	when	 hydrocortisone	 doses	 exceeds	 50	mg	 but	would	 need	 to	 be
given	if	dexamethasone	was	used	for	treatment	because,	unlike	hydrocortisone,
dexamethasone	does	not	have	mineralocorticoid	properties	(choices	A	and	C	are
incorrect).

3.	The	correct	answer	is	C.
Rationale:	During	acute	illness,	there	is	decreased	clearance	of	cortisol	and	a

decrease	of	CBG	(choice	C	is	correct),	resulting	in	an	increase	in	both	free	and
total	cortisol	levels.	ACTH,	CRH,	and	cortisol	half-life	all	increase	(choices	A,
B,	and	D	are	incorrect).
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Chapter	140
Disorders	of	Mineral	Metabolism
Seth	M.	Arum,	Gabriela	Szabo

KEY	POINTS:
1.	 Calcium,	magnesium,	and	phosphorus	are	the	main,	clinically

relevant	minerals	that	can	have	an	important	impact	on	general
health	and	on	the	course	of	a	critical	illness.

2.	 Elevated	serum	calcium	measurements	have	been	reported	among
approximately	1%	of	the	general	population.	The	causes	of
hypercalcemia	can	be	differentiated	into	two	broad	groups	defined
by	whether	or	not	the	process	is	driven	by	abnormal	parathyroid
tissue.

3.	 The	aims	of	treatment	of	hypercalcemia	are	to	minimize	its	effects	on
central	nervous	system	(CNS),	renal,	and	cardiovascular	function.
General	concepts	in	the	management	involve	attempts	to	(a)
increase	renal	calcium	clearance,	(b)	decrease	bone	resorption,	and
(c)	decrease	intestinal	calcium	absorption.

4.	 Hypomagnesemia	is	much	more	common	than	hypermagnesemia
among	hospitalized	patients.	The	increased	CNS	excitability	in	the
patient	with	hypomagnesemia	is	partly	due	to	the	accompanying
hypocalcemia,	which	results	from	impaired	PTH	secretion	and
decreased	peripheral	tissue	responsiveness	to	PTH.

5.	 Hypophosphatemia	can	be	seen	in	up	to	3%	of	hospitalized	patients
or	34%	of	patients	in	the	ICU.1	It	can	result	from	impaired	intestinal
phosphate	absorption	or	increased	renal	phosphate	excretion.

INTRODUCTION



1 	 Disorders	 of	mineral	metabolism,	 although	 common,	 are	 rarely	 the	 primary
cause	 of	 admission	 to	 an	 intensive	 care	 unit	 (ICU).	 However,	 these	 disorders
frequently	exacerbate	life-threatening	injuries	and	illness.	Calcium,	magnesium,
and	 phosphorus	 are	 the	 main,	 clinically	 relevant	 minerals	 that	 can	 have	 an
important	 impact	 on	 general	 health	 and	 on	 the	 course	 of	 a	 critical	 illness.
Calcium	 ions	 regulate	 membrane	 potentials,	 the	 coagulation	 cascade,
neurotransmitter	 release,	 hormone-receptor	 interactions,	 and	 intercellular
communication	through	channels	and	ion	exchange.	Magnesium	is	necessary	for
parathyroid	 hormone	 (PTH)	 secretion	 and	 maintenance	 of	 serum	 calcium,
neuromuscular	 function,	 and	 membrane	 sodium-potassium	 adenosine
triphosphatase	(ATPase)	activity.	Phosphate,	the	major	intracellular	anion,	is	also
instrumental	 for	 normal	 cellular	 function.	 It	 is	 a	 component	 of	 nucleic	 acids,
phospholipids,	 and	 high-energy	 nucleotides,	 and	 is	 necessary	 for	 oxidative
metabolic	 pathway	 function.	 Phosphorus	 can	 also	 complex	 with	 calcium,	 and
thus,	phosphorus	metabolism	is	related	to	calcium	and	magnesium	homeostasis.
Therefore,	 symptoms	 of	 abnormal	 phosphorus	 metabolism	 often	 reflect	 the
abnormalities	of	circulating	calcium	and	magnesium.	Calcium,	magnesium,	and
phosphate	 balance	 are	 controlled	 through	 the	 interactions	 of	 PTH,	 1α,25-
dihydroxyvitamin	D	(1,25-D),	calcitonin,	and	fibroblast	growth	factor	23	(FGF-
23).

CALCIUM	DISORDERS

Calcium	Physiology
Ninety-eight	percent	of	total	body	calcium	is	stored	in	bone,	whereas	about	1%
is	 located	 in	 extracellular	 fluids.2	 Approximately	 half	 of	 the	 calcium	 in	 the
extracellular	 fluids	 is	 bound	 to	 albumin	 or	 other	 anions	 with	 the	 remaining
free/ionized	 calcium	 being	 biologically	 active.3	 Acid-base	 balance	 affects	 the
binding	of	 calcium	 to	 albumin.4	Hyperventilation,	 and	 the	 resultant	 respiratory
alkalosis,	 enhances	 the	 binding	 of	 calcium	 to	 albumin,	 thereby	 acutely
decreasing	the	ionized	calcium	and	causing	symptoms	of	hypocalcemia	despite
unchanged	 levels	 of	 total	 calcium.	 Similarly,	 changes	 in	 serum	 protein	 levels
affect	total	serum	calcium.	The	measured	total	calcium	level	in	the	serum	can	be
corrected	 to	 account	 for	 changes	 in	 serum	 proteins	 by	 using	 the	 following
formula5:



Although	 the	 formula	 takes	 into	 account	 changes	 in	 serum	proteins,	 it	 does
not	consider	 the	 impact	of	alterations	 in	pH	 that	 frequently	occur	during	acute
illness.	Measuring	the	ionized	calcium	directly	is	another	option	that	should	not
be	affected	by	either	the	serum	proteins	or	the	pH.

Calcium	homeostasis	is	a	function	of	absorption	from	the	intestine	(primarily
the	 small	 intestine	 by	 active	 transport	 and	 facilitated	 diffusion),	 bone
resorption/formation,	 and	 urinary	 excretion.	 The	 average	 diet	 contains	 500	 to
1500	mg	of	calcium	per	day.	For	young	individuals,	the	efficiency	of	intestinal
absorption	varies	inversely	with	the	amount	of	calcium	ingested.	Approximately
300	mg	of	calcium	is	exchanged	daily	between	plasma	and	bone.	Serum	calcium
is	 in	equilibrium	with	 intracellular	calcium	and	calcium	 in	bone	and	 is	 filtered
through	the	kidney.	Urinary	calcium	excretion	(normally	100-300	mg	of	calcium
per	 day)	 depends	 on	 the	 glomerular	 filtration	 rate	 and	 the	 tubular	 sodium
reabsorption.	 Loop	 diuretics	 enhance	 urinary	 calcium	 excretion	 in	 conjunction
with	their	effect	on	sodium	excretion.

Hormonal	Regulation	of	Calcium
Calcium	 absorption,	 excretion,	 and	 bone	 resorption/formation	 are	 in	 large	 part
regulated	by	three	hormones:	PTH,	1,25-D,	and	calcitonin.

Parathyroid	Hormone
PTH	is	an	84-amino	acid	polypeptide	produced	and	secreted	by	the	chief	cells	of
the	parathyroid	gland.6	Secretion	of	PTH	 is	 suppressed	by	 the	calcium-sensing
receptor,	thereby	stimulated	by	low	levels	of	serum	calcium.	The	rapid	release	of
PTH	 in	 response	 to	 hypocalcemia	 is	 essential	 for	 calcium	 homeostasis.	 The
target	organs	for	PTH	are	bone	and	kidneys.	Chronic	PTH	secretion	stimulates
osteoclasts	via	the	production	of	receptor	activator	of	nuclear	factor	kappa	ligand
(RANKL)	from	osteoblasts.7	This	 results	 in	bone	 resorption	and	dissolution	of
hydroxyapatite	 crystals	 resulting	 in	 the	 release	 of	 calcium	 and	 phosphate.	 The
renal	 effects	 of	 PTH	 include	 decreased	 proximal	 tubular	 reabsorption	 of
phosphate	 (phosphate	 wasting),	 enhanced	 distal	 tubular	 calcium	 reabsorption
(calcium	retention),	and	increased	renal	1α-hydroxylase	activity	(enhanced	1,25-
D	 production).	 It	 is	 through	 the	 increased	 production	 of	 1,25-D	 that	 PTH



indirectly	increases	intestinal	absorption	of	calcium.
As	 opposed	 to	 the	 catabolic	 effects	 that	 PTH	 can	 have	 on	 bone	 through

stimulating	 RANKL	 production,	 anabolic	 effects	 occur	 with	 intermittent
administration	 of	 low-dose	 PTH.	 Intermittent	 administration	 of	 PTH	 does	 not
impact	 RANKL	 as	 it	 does	 with	 constant	 administration,	 likely	 explaining	 the
differing	 effects	 on	 bone	mass.7	 In	 fact,	 daily	 subcutaneous	 injections	 of	 PTH
derivatives	 have	 been	 shown	 to	 increase	 bone	 mineral	 density	 and	 decrease
fracture	risk	of	various	populations.8,9

Magnesium	is	mandatory	for	PTH	secretion	and	end-organ	response.	Studies
have	shown	that	hypomagnesemia	impairs	PTH	secretion	and	the	renal	response
to	 PTH	 administration.	 Much	 of	 this	 is	 often	 reversible	 with	 magnesium
repletion.10	Clinically,	correction	of	the	hypocalcemia	can	often	only	be	achieved
after	correcting	hypomagnesemia.

Vitamin	D
Vitamin	D	is	a	steroid	hormone	that	is	essential	for	calcium	balance	and	is	also
likely	important	for	numerous	other	cellular	functions.11	Activation	of	vitamin	D
requires	25-hydroxylation	in	the	liver	and	1-hydroxylation	in	the	kidney	to	form
the	active	hormone	1,25-D.	Negative	feedback	is	exerted	by	1,25-D	on	its	own
production	by	 suppressing	1α-hydroxylase	activity	and	 stimulating	 the	enzyme
24-hydroxylase	 to	 produce	 the	 biologically	 inactive	 steroids	 24,25(OH)2D	 and
1,24,25(OH)3D.	 FGF-23	 also	 suppresses	 1,25-D	 synthesis,12	 though	 this	 is
discussed	in	more	detail	as	part	of	its	role	in	phosphorus	physiology.

The	effects	of	1,25-D	are	exerted	through	interactions	with	nuclear	receptors
located	 in	 a	 variety	 of	 cells,	 including	 enterocytes,	 parathyroid	 chief	 cells,
osteoblasts,	 and	 renal	 tubular	 cells.	 1,25-D	 increases	 intestinal	 absorption	 of
calcium	and	phosphate.	It	has	also	been	shown	to	suppress	PTH	gene	expression
as	a	negative	feedback	mechanism.12

Calcitonin
Calcitonin	 is	 a	 32-amino	 acid	 polypeptide	 produced	 by	 the	 C-cells	 of	 the
thyroid.13	It	is	secreted	in	response	to	elevations	in	serum	calcium.	It	can	also	be
stimulated	 by	 certain	 gastrointestinal	 (GI)	 tract	 hormones	 (eg,	 gastrin).	 The
primary	 physiological	 function	 of	 calcitonin	 for	 humans	 remains	 unclear.
Medullary	carcinoma	of	the	thyroid	is	a	malignant	neoplasm	of	the	C-cells	and	is
characterized	 by	 elevated	 calcitonin	 levels.	 However,	 calcium,	 phosphate,	 and
PTH	 levels	 remain	 normal.	 Also,	 patients	 can	 have	 undetectable	 levels	 of



calcitonin	after	a	thyroidectomy	with	no	clear	detrimental	systemic	effects.
Despite	the	lack	of	clinical	consequences	from	endogenous	calcitonin	excess

or	 deficiency,	 exogenous	 calcitonin	 is	 a	 potent	 inhibitor	 of	 bone	 resorption.	 It
also	acts	on	the	kidneys	to	enhance	excretion	of	calcium,	phosphate,	magnesium,
and	sodium.13	Both	of	these	mechanisms	make	calcitonin	useful	in	the	treatment
of	hypercalcemia.	The	effect	of	calcitonin	on	bone	 resorption	 is	 lost	over	 time
due	 to	 tachyphylaxis.13	 This	 phenomenon,	 possibly	 due	 to	 downregulation	 of
calcitonin	 receptors,	 is	 of	 clinical	 importance	 when	 treating	 patients	 with
hypercalcemia.	 The	 excellent	 short-term	 effects	 of	 calcitonin	 to	 lower	 serum
calcium	 (within	 12-48	 hours)	 allows	 the	 institution	 of	 therapies	 that	 require
several	days	to	attain	maximal	effectiveness	(eg,	bisphosphonates).

Calcitonin	is	rarely	used	for	the	treatment	of	osteoporosis.	The	administration
of	a	salmon	calcitonin	nasal	spray	has	been	shown	to	decrease	markers	of	bone
turnover,	 increase	 bone	mineral	 density	 at	 the	 spine,	 and	 decrease	 the	 risk	 of
vertebral	fractures	in	postmenopausal	women	with	osteoporosis.14

Hypercalcemia
Hypercalcemia	 is	 an	 abnormality	 of	 the	 balance	 between	 different	 body
compartments	 and	 can	 result	 from	 increased	 bone	 resorption,	 decreased	 renal
excretion,	increased	GI	absorption,	or	any	combination	of	these	mechanisms.

The	 signs	 and	 symptoms	 of	 hypercalcemia	 are	 protean	 and	 can	 be	 divided
into	 four	 groups:	 (a)	 neurophyschiatric	 (depression,	 cognitive	 dysfunction,
lethargy,	hyporeflexia,	confusion,	 stupor,	coma)	 (b)	 renal	 (polyuria,	polydipsia,
renal	 tubular	 acidosis,	 hypercalciuria,	 nephrolithiasis),	 (c)	 gastrointestinal
(constipation,	 nausea,	 vomiting),	 and	 (d)	 cardiovascular	 (short	 QT	 interval,
arrythmias,	HTN,	valvular	 and	vascular	 calcifications,	 endothelial	 dysfunction,
and	ventricular	hypertrophy).14a

Differential	Diagnosis
2 	 Elevated	 serum	 calcium	 measurements	 have	 been	 reported	 among
approximately	1%	of	the	general	population.15	The	causes	of	hypercalcemia	can
be	differentiated	into	two	broad	groups	defined	by	whether	or	not	the	process	is
driven	by	parathyroid	hormone	secretion.15a,15b	Hence,	the	groups	are	termed	(a)
PTH-independent	 hypercalcemia	 and	 (b)	 PTH-dependent	 hypercalcemia.	 In
PTH-independent	 hypercalcemia,	 given	 that	 hypercalcemia	 is	 not	mediated	 by
abnormal	parathyroid	hormone,	and	 the	PTH	level	 is	appropriately	suppressed.
In	 PTH-dependent	 hypercalcemia,	 the	 process	 is	 driven	 by	 dysregulated



parathyroid	hormone	secretion,	and	the	PTH	level	is	elevated,	or	inappropriately
normal.

PTH-independent	 hypercalcemia	 is	 more	 common	 among	 hospitalized
patients.	 Hypercalcemia	 of	 malignancy	 is	 the	 most	 common	 cause	 of	 PTH-
independent	 hypercalcemia.	 The	 malignancies	 most	 often	 associated	 with
hypercalcemia	 include	 lung	 (35%),	 breast	 (25%),	 hematologic	 (myeloma	 and
lymphoma	 [14%]),	 head	 and	 neck	 (6%),	 and	 renal	 (3%).16	 The	 hypercalcemia
can	be	mediated	by	secretion	of	parathyroid	hormone–related	peptide	(PTHrP),
most	commonly	seen	in	squamous	cell	carcinomas	(often	lung	or	head	and	neck
tumors);	autonomous	activation	of	1,25-D	(occasionally	seen	with	lymphomas);
or	by	lytic	bone	lesions/metastases.17	See	Chapter	94:	Ontologic	Emergencies	for
a	complete	discussion	of	the	hypercalcemia	of	malignancy.

Other	 possible	 causes	 of	 PTH-independent	 hypercalcemia	 include
granulomatous	 diseases,	 immobilization,	 milk-alkali	 syndrome,	 thyrotoxicosis,
vitamin	D	or	vitamin	A	intoxication,	or	Addison	disease.

Granulomatous	 diseases	 such	 as	 sarcoidosis	 and	 tuberculosis	 can	 cause
hypercalcemia	due	to	autonomous	1,25-D	production	by	the	granulomas	(similar
to	 certain	 lymphomas).	 These	 patients	 have	 increased	 intestinal	 calcium
absorption	 and	 sensitivity	 to	 vitamin	 D	 intake.	 Hypercalcemia	 occurs	 among
10%	of	patients,	though	hypercalciuria	has	been	documented	among	as	many	as
20%.18

Immobilization	causes	hypercalcemia	as	a	result	of	decreased	bone	formation
and	 persistent	 bone	 resorption.	 Hypercalcemia	 in	 the	 immobilized	 individual
occurs	most	commonly	among	patients	with	high	bone	turnover	(eg,	adolescents
during	the	growth	spurt	or	individuals	with	Paget	disease	or	thyrotoxicosis).

PTH-dependent	 hypercalcemia	 is	 much	 more	 common	 in	 the	 outpatient
setting,	 although	 these	 patients	 can	 be	 hospitalized	 due	 to	 other	 issues.	 PTH-
dependent	 hypercalcemia	 can	 be	 caused	 by	 primary	 or	 tertiary
hyperparathyroidism.	 Another	 possible	 cause	 is	 familial	 hypocalciuric
hypercalcemia	 (FHH).	 The	 routine	measurement	 of	 serum	 calcium	 has	 altered
the	 clinical	 presentation	 of	 hyperparathyroidism	with	most	 patients	 presenting
with	asymptomatic	hypercalcemia.

Primary	or	tertiary	hyperparathyroidism	results	from	autonomous	secretion	of
PTH	 despite	 elevated	 serum	 calcium	 levels.	 The	 latter	 occurs	 typically	 after
chronic	secondary	hyperparathyroidism	in	the	setting	of	end-stage	renal	failure.
Hypercalcemia	 develops	 due	 to	 increased	 bone	 resorption,	 increased	 intestinal
calcium	absorption	 from	stimulation	of	1,25-D	production,	and	 increased	 renal
tubular	 calcium	 reabsorption.	The	patient	 can	be	hypophosphatemic	due	 to	 the
phosphaturic	 effect	 of	 PTH.	 The	 hormone	 also	 induces	 renal	 bicarbonate



wasting,	 resulting	 in	 a	 mild	 hyperchloremic	 acidosis.	 In	 primary
hyperparathyroidism,	 a	 single	 adenoma	 is	 present	 in	 80%	 to	 85%	 of	 cases,
whereas	 four-gland	 hyperplasia	 occurs	 in	 10%	 to	 15%	 of	 cases.19	 Parathyroid
cancer	 is	 present	 among	 less	 than	 1%	 of	 these	 patients	 and	 typically	 presents
with	much	higher	serum	calcium	levels.20

Parathyroid	 hyperplasia	 or	 adenomas	 can	 also	 occur	 as	 part	 of	 the	multiple
endocrine	 neoplasia	 (MEN)	 syndromes.	 Type	 I	 MEN	 involves	 tumors	 of	 the
pituitary,	 pancreas,	 and	 parathyroids	 (usually	 hyperplasia),	 whereas	 type	 II	 is
associated	 with	 pheochromocytoma,	 medullary	 cancer	 of	 the	 thyroid,	 and
primary	hyperparathyroidism	(hyperplasia	or	adenoma).21

FHH	is	an	autosomal	dominant	disorder	characterized	by	hypercalcemia	with
inappropriately	 normal	 or	 elevated	 PTH	 levels.	 It	 is	 usually	 caused	 by	 an
inactivating	mutation	 in	 the	 calcium-sensing	 receptor	 gene,22	 thereby	 requiring
higher	 serum	calcium	 levels	 to	 suppress	 secretion	of	PTH	(ie,	an	 increased	set
point	 of	 serum	 calcium).	 In	 contrast	 to	 primary	 hyperparathyroidism,	 patients
with	FHH	have	relative	hypocalciuria	(fractional	excretion	of	calcium	<0.01),	do
not	seem	to	be	at	increased	risk	of	nephrolithiasis	or	bone	disease,	and	cannot	be
cured	 surgically,	 unless	 rendered	 hypocalcemic	 by	 removal	 of	 all	 parathyroid
tissue.23

Several	 medications	 can	 induce	 hypercalcemia	 as	 well.	 Hypercalcemia
associated	with	 the	use	of	 thiazide	diuretics	 is	often	an	 indicator	of	underlying
primary	 hyperparathyroidism.	 Vitamin	 D	 and	 vitamin	 A	 intoxication	 can	 also
cause	 hypercalcemia.	 Lithium	 may	 also	 affect	 parathyroid	 function	 and	 is
associated	 with	 hypercalcemia	 and	 either	 elevated,	 or	 inappropriately	 normal,
PTH	levels	(PTH-dependent	hypercalcemia).24

Laboratory	Evaluation
Hypercalcemia	should	always	be	considered	for	 the	patient	with	altered	mental
status.	A	total	serum	calcium	level	alone	usually	makes	the	diagnosis.	However,
altered	 binding	 of	 calcium	 to	 proteins,	 as	 can	 occur	with	 hypoalbuminemia	 or
with	abnormal	proteins	(eg,	myeloma),	or	an	acid-base	imbalance	may	affect	the
free	calcium	level.	Ionized	calcium	levels	should	not	be	affected	by	these	issues.
Because	of	 the	 interrelationships	among	calcium,	magnesium,	and	phosphorus,
the	latter	two	minerals	should	be	measured	in	all	cases	involving	altered	calcium
metabolism.	 An	 electrocardiogram	 to	 determine	 the	 QT	 interval	 is	 very
important	to	assess	the	severity	and	urgency	of	the	patient’s	hypercalcemia.

The	differential	diagnosis	of	the	hypercalcemia	can	be	narrowed	down	with	a
serum	intact	PTH	measurement.	If	PTH	levels	are	physiologically	suppressed	by



the	 hypercalcemia,	 then	 PTH-independent	 sources	 should	 be	 sought,	 with
malignancy	 being	 the	 most	 common.	 If	 malignancy	 is	 suspected,	 obtaining
PTHrP	 and	 1,25-D	 levels	 can	 provide	 useful	 clues.	 In	 the	 absence	 of	 PTH,
elevated	 1,25-D	 levels	 imply	 autonomous	 production,	 most	 commonly
associated	 with	 lymphomas	 and	 granulomatous	 diseases.17,18	 A	 bone	 or	 PET
(positron	emission	 tomography)	 scan	may	 identify	 a	metastatic	 focus.	Because
myeloma	is	characterized	by	bone	resorption	with	little	bone	formation,	the	bone
scan	 is	 usually	 negative,	 but	 a	 skeletal	 survey	 may	 detect	 lytic	 lesions.	 The
diagnosis	would	 then	be	confirmed	by	urine	and	serum	protein	electrophoresis
with	immunofixation,	kappa	and	lambda	light	chains,	and	bone	marrow	biopsy.

The	diagnosis	of	milk-alkali	syndrome	is	made	by	the	patient’s	history,	often
revealing	 large	 quantities	 of	 calcium	 carbonate	 ingestion.	 In	 this	 instance,	 the
patient	 should	 also	 be	 alkalotic	 with	 an	 elevated	 bicarbonate	 level.
Thyrotoxicosis	and	Addison	disease	can	be	ruled	out	with	thyroid	function	tests
and	 a	 cosyntropin	 stimulation	 test,	 respectively	 (Chapter	 139:	 Hypoadrenal
Crisis	and	the	Stress	Management	of	the	Patient	on	Chronic	Steroid	Therapy	for
a	discussion	about	evaluating	adrenal	 function	 for	 the	critically	 ill).	Vitamin	A
and	D	 intoxication	 can	be	 evaluated	by	measuring	25-hydroxy	vitamin	D,	 and
Vitamin	 A	 levels	 when	 respectively.	 If	 PTH-dependent	 hypercalcemia	 is
confirmed	with	elevated	or	inappropriately	normal	PTH	levels,	a	24-hour	urine
for	 a	 fractional	 excretion	 of	 calcium	 can	 be	 done	 to	 differentiate	 primary
hyperparathyroidism	from	FHH,	though	this	test	may	be	altered	by	calcium	and
vitamin	D	status,	renal	failure	or	the	use	of	various	diuretics.

Management
3 	 The	 aim	 of	 treatment	 of	 acute	 hypercalcemia	 is	 to	 minimize	 its	 effects	 on
central	 nervous	 system	 (CNS),	 renal,	 and	 cardiovascular	 function.	Appropriate
treatment	of	hypercalcemia	depends,	 in	part,	on	 the	cause.	General	concepts	 in
the	 management	 involve	 attempts	 to	 (a)	 increase	 renal	 calcium	 clearance,	 (b)
decrease	bone	resorption,	and	(c)	decrease	intestinal	calcium	absorption.	To	this
end,	it	is	critical	that	the	pathophysiology	of	the	disease	process	be	understood.
If,	 for	 example,	 the	 hypercalcemia	 in	 a	 patient	 with	 myeloma	 is	 due	 to	 a
combination	 of	 increased	 bone	 resorption	 plus	 decreased	 renal	 calcium
clearance,	 successful	 management	 of	 the	 hypercalcemia	 requires	 that	 both
processes	be	treated.	Specific	measures	directed	toward	the	pathophysiology	of
the	hypercalcemia	are	discussed.

Hydration	and	Diuresis



Saline	 hydration	 creates	 a	 diuresis	 that	 increases	 renal	 calcium	 excretion	 by
decreasing	 calcium	 reabsorption	 in	 the	 proximal	 tubule.	 Hydration	 plays	 a
critical	role	in	the	initial	management	of	hypercalcemia	because	the	onset	of	the
therapeutic	 response	 is	 rapid.	 The	 aim	 of	 therapy	 is	 to	 achieve	 a	 urine	 output
>75	mL/h.	This	often	requires	the	administration	of	200	to	500	mL/h	of	normal
saline.17,25	Because	a	potential	complication	of	administration	of	this	amount	of
saline	 is	 congestive	 heart	 failure,	 extreme	 care	 must	 be	 taken	 in	 treating	 the
patient	with	underlying	cardiac	disease	or	 renal	 insufficiency.	The	concomitant
administration	 of	 a	 loop	 diuretic	 helps	 prevent	 volume	 overload	 and	 further
increases	 renal	 calcium	 excretion	 by	 inhibiting	 distal	 tubular	 calcium
reabsorption.	 Although	 the	 clinical	 benefits	 of	 using	 this	 routinely	 are
debated,17,26	furosemide	20	to	40	mg	administered	by	the	intravenous	(IV)	route
has	 been	 used	 historically	 once	 rehydration	 has	 been	 achieved,25	 especially	 if
volume	overload	develops.	Measurement	of	serum	electrolytes,	phosphorus,	and
magnesium	 is	 mandatory	 during	 saline	 hydration	 to	 replace	 adequately	 the
quantities	lost	in	the	urine.	If	renal	or	cardiac	failure	precludes	the	use	of	saline
hydration,	dialysis	with	a	calcium-free	dialysate	is	an	effective	alternative.

Calcitonin
Calcitonin	reduces	the	resorption	of	calcium	from	bone	by	inhibiting	osteoclasts.
It	 also	exerts	 transient	effects	 to	 increase	 the	 renal	 excretion	of	calcium,	along
with	sodium,	potassium,	magnesium,	and	phosphate.	The	benefits	of	calcitonin
for	 the	 treatment	 of	 hypercalcemia	 include	 (a)	 rapid	 onset	within	 2	 hours,	 (b)
maximal	effect	within	24	to	48	hours,	and	(c)	low	toxicity.13	It	can	be	used	safely
in	patients	with	renal	failure,	and	its	side	effects	are	limited	to	transient	nausea,
facial	flushing,	and	occasional	hypersensitivity	at	the	injection	site.	The	dose	is	4
to	 8	 IU/kg	 body	 weight	 subcutaneously	 or	 intramuscularly	 every	 12	 hours.17
Calcitonin	is	usually	effective	only	for	4	to	7	days,13	but	it	is	still	recommended
for	 use	 due	 to	 the	 rapid	 response,26a	 as	 bisphosphonates	 often	 require	 several
days	to	attain	maximal	effectiveness.

Bisphosphonates
Bisphosphonates	 are	 synthetic	 analogues	 of	 pyrophosphate	 that	 are	 potent
inhibitors	 of	 bone	 resorption	 through	 inhibition	 of	 osteoclastic	 activity	 and
survival.17	 Because	 of	 the	 delay	 of	 reduction	 in	 serum	 calcium	 with
bisphosphonates,	these	agents	are	often	used	in	conjunction	with	other	therapies.
Pamidronate	can	be	infused	IV	as	60	or	90	mg	over	2	 to	6	hours.17	Zoledronic
acid	at	a	dose	of	4	mg	IV	over	not	 less	 than	15	minutes	has	been	shown	to	be



more	effective	at	normalizing	serum	calcium	in	patients	with	hypercalcemia	of
malignancy.27	 Renal	 function	 must	 be	 monitored,	 and	 the	 doses	 of	 either
medication	may	be	repeated	after	a	minimum	of	7	days	to	allow	a	full	response
to	the	initial	dose.17	With	long-term	use,	there	is	an	increased	risk	of	developing
osteonecrosis	of	the	jaw.28

Denosumab
Denosumab	 is	a	monoclonal	antibody	directed	against	RANKL,	preventing	 the
binding	of	RANKL	to	osteoclasts,	thereby	inhibiting	their	development/activity
and	 decreasing	 bone	 resorption.	 This	 agent	 is	 approved	 for	 the	 treatment	 of
postmenopausal	 women	 with	 osteoporosis	 and	 has	 been	 shown	 to	 reduce	 the
incidence	 of	 vertebral,	 nonvertebral,	 and	 hip	 fractures.29	 It	 has	 also	 been
approved	 for	 the	 prevention	 of	 skeletal-related	 events	 (SREs)	 in	 patients	 with
bone	 metastases	 from	 solid	 tumors.30	 In	 December	 2014,	 denosumab	 was
approved	 by	 the	 US	 Food	 and	 Drug	 Administration	 (FDA)	 for	 patients	 with
hypercalcemia	 of	malignancy	 based	 on	 a	 single-arm	 study	 of	 33	 patients	with
hypercalcemia	of	malignancy	refractory	to	bisphosphonates	showed	that	64%	of
subjects	had	a	complete	response	to	a	dose	of	120	mg	subcutaneously	on	days	1,
8,	15,	29,	and	every	4	weeks	for	a	median	of	8	weeks.31	The	short-term	adverse
events	 were	 worsening	 hypercalcemia	 and	 dyspnea,	 but	 like	 bisphosphonates,
long-term	use	is	associated	with	an	increased	risk	of	developing	osteonecrosis	of
the	 jaw.28	 More	 recently,	 retrospective	 studies	 have	 shown	 similar	 efficacy
compared	 with	 IV	 bisphosphonates	 at	 treating	 hypercalcemia	 in	 patients	 with
Multiple	Myeloma,31a	though	the	improvement	in	SREs	with	denosumab	has	led
to	recommendations	for	use	over	bisphosphonates	in	treatment	of	hypercalcemia
of	malignancy.26a

Glucocorticoids
Glucocorticoids	 inhibit	 the	 1-alpha-hydroxylase	 enzyme,	 thereby	 limiting	 the
conversion	of	 25-D	 to	1,25-D.	They	 also	 interfere	with	GI	 calcium	absorption
making	 them	 particularly	 effective	 in	 treating	 hypercalcemia	 due	 to	 calcitriol-
associated	malignancy	 (such	 as	 can	 be	 seen	with	Non-Hodgkin’s	Lymphoma).
They	can	also	be	combined	with	denosumab	or	IV	bisphosphonates	in	refractory
cases.26a

Cinacalcet
Cinacalcet	 is	 an	 agonist	 of	 the	 calcium-sensing	 receptor	 (also	 called	 a
calcimimetic).	In	PTH-dependent	hypercalcemia,	it	will	suppress	PTH	secretion



and	lower	serum	calcium	levels.32	It	has	been	approved	for	the	chronic	treatment
of	severe	hypercalcemia	of	patients	with	primary	hyperparathyroidism	who	are
unable	to	undergo	parathyroidectomy,	but	it	has	no	role	in	the	treatment	of	acute
hypercalcemia.

Hypocalcemia
Hypocalcemia	 is	 frequently	encountered	among	critically	 ill	patients.	Although
low	serum	albumin	concentrations	may	explain	some	hypocalcemia,	up	to	18%
of	 hospitalized	 patients	 and	 85%	 of	 patients	 in	 ICUs	 were	 found	 to	 have
hypocalcemia.33	 The	 symptoms	 of	 hypocalcemia	 can	 range	 from	 paresthesias
and	tetany,	to	seizures	or	fatal	laryngospasm.	A	positive	Chvostek	sign	(muscle
spasm	in	response	to	tapping	the	facial	nerve)	is	suggestive,	but	not	diagnostic,
of	 hypocalcemia.	 Trousseau	 sign	 (carpal	 spasm	 precipitated	 by	 inflation	 of	 a
blood	 pressure	 cuff	 above	 the	 systolic	 blood	 pressure)	 is	 more	 sensitive	 and
specific.33	 In	 contrast	 to	 the	 QT	 interval	 shortening	 in	 hypercalcemia,
hypocalcemia	 is	 attended	 by	 an	 increase	 in	 the	 QT	 interval	 on	 the
electrocardiogram,	 predisposing	 patients	 to	 cardiac	 arrhythmias.	 Chronic
hypocalcemia	 is	 associated	 with	 basal	 ganglia	 calcification	 and	 cataract
formation.5

Differential	Diagnosis
Risk	 factors	 for	 the	development	of	 hypocalcemia	 among	hospitalized	patients
include	alkalosis,	renal	failure,	and	multiple	transfusions.	Although	pancreatitis
is	associated	with	hypocalcemia,	the	mechanism	is	unclear.	Hyperphosphatemia
is	 the	 suspected	 cause	 of	 hypocalcemia	 attending	 tumor	 lysis	 and
rhabdomyolysis.

Inadequate,	 or	 absent,	 PTH	 secretion	 is	 a	 cause	 of	 hypocalcemia.
Hypoparathyroidism	 is	 most	 common	 after	 neck	 surgery	 for	 thyroid	 or
parathyroid	 disease,	 but	 it	 can	 also	 rarely	 be	 seen	 with	 neck	 irradiation,	 as	 a
result	 of	 iron	 deposition	 in	 hemochromatosis	 or	 thalassemia,	 or	 in	 severe
magnesium	 deficiency.5	 Idiopathic	 hypoparathyroidism	 can	 be	 familial	 or
sporadic.	An	autoimmune	phenomenon	may	explain	 the	 idiopathic	variety	 and
may	 be	 found	 together	 with	 other	 autoimmune	 endocrine	 dysfunction.	 Target
tissue	 unresponsiveness	 due	 to	 a	 defect	 in	 the	 cell	 membrane	 G	 protein	 is
characterized	 by	 hypocalcemia	 and	 hyperphosphatemia	 in	 the	 presence	 of
elevated	 PTH	 levels.	 This	 is	 commonly	 known	 as	 pseudohypoparathyroidism,
and	 can	 be	 associated	 with	 Albright	 hereditary	 osteodystrophy	 (short,	 stocky



habitus;	round	facies;	and	short	metacarpals,	metatarsals,	or	both).34
Hypocalcemia	 can	 also	 signify	 vitamin	 D	 deficiency.	 Although	 nutritional

rickets	 is	 rare	 in	 the	 United	 States,	 vitamin	 D	 deficiency	 is	 not.12	 Vitamin	 D
deficiency	may	be	the	result	of	liver	or	renal	failure	with	impaired	hydroxylation
of	the	parent	compound,	but	is	most	often	caused	by	inadequate	sun	exposure	or
malabsorption.

Laboratory	Evaluation
A	low	corrected	serum	calcium	or	ionized	calcium	level	confirms	the	diagnosis.
Studies	 to	 discern	 the	 cause	 may	 include	 creatinine,	 phosphate,	 amylase,	 and
magnesium	 levels;	 liver	 function	 tests;	 and	 25-hydroxyvitamin	 D	 and	 PTH
levels.	 In	 hypoparathyroidism	 due	 to	 the	 absence	 of	 PTH	 or	 target	 tissue
unresponsiveness,	serum	phosphate	levels	tend	to	be	high	as	a	result	of	absence
of	the	phosphaturic	effect	of	PTH.

Management
Treatment	of	hypocalcemia	depends	on	its	severity	and	chronicity.	Symptomatic
patients	 should	 be	 treated	 with	 IV	 calcium.	 A	 10-mL	 vial	 of	 10%	 calcium
gluconate	provides	93	mg	of	elemental	calcium.	One	or	two	10-mL	vials	should
be	administered	in	100	mL	5%	dextrose	in	water	over	10	minutes.33	Calcium	to
be	administered	IV	should	always	be	diluted	because	concentrated	solutions	are
very	 irritating	 to	 veins.	 Electrocardiographic	 monitoring	 during	 calcium
supplementation	is	recommended	as	arrhythmias	can	occur	from	overcorrection.
Often,	the	initial	bolus	needs	to	be	followed	by	a	continuous	infusion	which	can
be	 started	with	 10	 vials	 of	 calcium	 gluconate	 in	 1	 L	 of	 5%	 dextrose	 in	water
running	 at	 50	mL/h.	This	 can	 then	 be	 adjusted	 to	maintain	 the	 serum	 calcium
levels	 in	 the	 lower	 portion	 of	 the	 normal	 range.33	 Hypocalcemia	 may	 mask
digitalis	 toxicity.	 In	 these	 situations,	 a	 slower	 rate	of	 calcium	administration	 is
recommended	to	prevent	cardiac	arrhythmias.

Oral	 supplementation	 should	 be	 instituted	 concurrently	 to	 provide	 500	 to
1000	mg	of	elemental	calcium	three	times	daily.	When	calcium	supplementation
alone	does	not	maintain	adequate	serum	calcium	levels,	vitamin	D	preparations
may	be	administered.	Ergocalciferol	(vitamin	D2)	has	a	wide	safety	margin	and
relatively	 low	 cost.	 The	 usual	 dose	 is	 25,000	 to	 100,000	 IU	 daily.	 This
preparation	has	a	slow	onset	of	action	because	it	must	be	25-hydroxylated	in	the
liver	 and	 1α-hydroxylated	 in	 the	 kidney.	 The	 preparation	 has	 a	 long	 half-life
because	it	is	stored	in	fat.	Activated	vitamin	D	preparations	that	act	more	rapidly



are	also	available.	Calcitriol	is	1,25-D3	and	can	be	given	as	0.25	to	1.0	µg,	once
or	twice	daily.	This	has	a	shorter	half-life	than	vitamin	D	but	is	more	potent.	It
can	be	used	for	long-term	management	but	has	a	narrower	therapeutic	window.5

Up	until	relatively	recently,	there	was	no	approved	hormone	replacement	for
hypoparathyroidism.	In	2013,	a	phase	3	trial	of	recombinant	human	PTH	(1-84)
showed	that	53%	of	subjects	with	hypoparathyroidism	were	able	to	reduce	their
calcium	and	active	vitamin	D	doses	by	>50%.35	This	prompted	FDA	approval	of
this	medication	in	2015	for	patients	with	hypoparathyroidism	who	are	not	well
controlled	on	standard	treatment	with	calcium	and	active	vitamin	D.36

The	goal	of	treating	hypocalcemia	is	to	prevent	symptoms	attributable	to	low
calcium	and	to	avoid	hypercalciuria	and	hypercalcemia.	In	the	hypoparathyroid
patient,	total	serum	calcium	should	be	maintained	between	8.0	and	8.5	mg/dL.	In
the	absence	of	PTH,	circulating	calcium	levels	greater	than	9.0	mg/dL	are	often
attended	 by	 hypercalciuria	 and	 an	 increased	 risk	 of	 nephrolithiasis	 or
nephrocalcinosis.	 If	 hypercalciuria	 occurs	 despite	 lower	 serum	 calcium
concentrations,	 thiazide	 diuretics	 can	 be	 used	 to	 try	 and	 enhance	 tubular
reabsorption	of	calcium.5	This	should	be	less	of	an	issue	when	injectable	PTH	is
used	for	the	treatment	regimen.36

MAGNESIUM	DISORDERS

Magnesium	Physiology
Magnesium	 is	 the	 major	 intracellular	 divalent	 cation.	 Two-thirds	 of	 the	 total
body	 content	 of	 magnesium	 is	 found	 in	 bone	 and	 only	 2%	 is	 found	 in	 the
extracellular	space.	Muscle	and	liver	are	the	soft	tissues	that	contain	the	greatest
amount	 of	 magnesium.	 Thirty	 percent	 of	 extracellular	 magnesium	 circulates
bound	 to	 protein.6	 Therefore,	 as	 with	 circulating	 calcium	 levels,	 the	 serum
albumin	 concentration	 must	 be	 known	 to	 interpret	 total	 magnesium	 levels.
Magnesium	 absorption	 occurs	 throughout	 the	 small	 intestine.	 Like	 calcium,
magnesium	is	reabsorbed	in	the	kidney	tubules.

Magnesium	is	necessary	for	normal	sodium-	and	potassium-activated	ATPase,
PTH	secretion,	and	neuromuscular	function.	Decreased	sodium-	and	potassium-
activated	ATPase	due	 to	hypomagnesemia	 can	 result	 in	 intracellular	 potassium
depletion.	 Magnesium-induced	 decreases	 of	 PTH	 secretion	 result	 in
hypocalcemia	 that	 can	 only	 be	 corrected	 by	 magnesium	 replacement.
Hypomagnesemia	 is	 often	 attended	 by	 CNS	 hyperexcitability,	 whereas



hypermagnesemia	 results	 in	 CNS	 depression.	 This	 can	 be	 independent	 of
changes	in	serum	calcium	concentration.37

Hypermagnesemia
Hypermagnesemia	is	often	attended	by	a	loss	of	deep	tendon	reflexes	and	CNS
depression.	Flaccid	paralysis,	hypotension,	confusion,	and	coma	may	result	from
magnesium	 levels	 greater	 than	 6	 mg/dL.37	 The	 most	 common	 cause	 of
hypermagnesemia	 among	 hospitalized	 patients	 is	 renal	 failure.	 The
hypermagnesemia	 may	 be	 aggravated	 by	 the	 administration	 of	 magnesium-
containing	 antacids.	 Diabetic	 ketoacidosis	 is	 usually	 attended	 by
hypermagnesemia,	but	this	typically	reflects	dehydration,	which	masks	the	total
body	magnesium	depletion	resulting	from	the	glucose-induced	osmotic	diuresis.

Management
The	 actions	 of	 magnesium	 on	 neuromuscular	 function	 are	 antagonized	 by
calcium.	 Emergency	 treatment	 of	 the	 magnesium-induced	 CNS	 depression
includes	 IV	 administration	 of	 one	 to	 two	 10-mL	 vials	 of	 calcium	 gluconate
diluted	in	100	mL	5%	dextrose	in	water	over	5	to	10	minutes	to	prevent	venous
irritation.37	The	dose	may	be	repeated	as	necessary.	Total	serum	calcium	must	be
monitored	and	not	allowed	to	exceed	11	mg/dL.

Definitive	 treatment	 of	 the	 hypermagnesemia	 requires	 increasing	 renal
magnesium	 excretion.	 In	 the	 presence	 of	 normal	 renal	 function,	 increased
magnesium	excretion	can	be	achieved	by	IV	administration	of	furosemide,	20	to
40	mg	IV,	every	1	 to	2	hours,	along	with	 fluid	hydration,	 though	 there	 is	 little
literature	to	support	its	use.37	Serum	electrolytes,	particularly	potassium,	must	be
closely	monitored.	Dialysis	 is	 the	 treatment	of	 choice	when	kidney	 function	 is
impaired	and	the	patient	is	symptomatic	from	hypermagnesemia.

Hypomagnesemia
4 	 Hypomagnesemia	 is	 much	 more	 common	 than	 hypermagnesemia	 among
hospitalized	 patients.6	 The	 increased	 CNS	 excitability	 in	 the	 patient	 with
hypomagnesemia	is	partly	due	to	the	accompanying	hypocalcemia,	which	results
from	impaired	PTH	secretion	and	decreased	peripheral	tissue	responsiveness	to
PTH.	The	intracellular	potassium	depletion	seen	with	hypomagnesemia	can	also
exacerbate	digitalis	toxicity.

Hypomagnesemia	 may	 result	 from	 decreased	 intestinal	 absorption	 (eg,



steatorrhea),	 or	 more	 commonly	 from	 increased	 renal	 excretion	 due	 to	 an
osmotic	diuresis	(eg,	hyperglycemia),	tubular	disorders	(postobstructive	diuresis,
hypercalcemia,	 genetic	 disorders)	 or	 drugs	 (eg,	 ethanol,	 diuretics,
aminoglycosides,	or	cisplatin).	Dietary	deficiency	alone	is	rarely	the	explanation
for	 hypomagnesemia.	 The	 exceptions	 are	 starvation	 or	 prolonged	 parenteral
feeding.37

Hypomagnesemia	 in	 the	 alcohol	 abuser	 may	 also	 be	 partly	 attributable	 to
dietary	deficiency.	Hypomagnesemia	is	encountered	in	30%	of	alcoholics.37

Management
Magnesium	may	be	administered	orally	or	parenterally.	When	serum	magnesium
levels	are	below	1.2	mg/dL,	or	if	the	patient	is	symptomatic,	parenteral	treatment
is	indicated.	Because	magnesium	is	predominately	intracellular,	the	serum	levels
typically	 underestimate	 the	 deficit.	 Therefore,	 it	 is	 recommended	 to	 give	 8	 to
12	g	of	magnesium	sulfate	over	the	first	24	hours	followed	by	4	to	6	g/d	for	3	to
4	days	to	replete	body	stores.37	Serum	magnesium	and	calcium	levels	should	be
monitored.	The	dose	should	be	reduced	by	75%	in	patients	with	renal	failure.

For	 patients	 with	 mild	 magnesium	 deficiency,	 oral	 therapy	 is	 usually
satisfactory.	Magnesium	oxide	400	mg	(241	mg	of	elemental	magnesium)	can	be
given	as	one	 to	 two	tablets	daily.	Diarrhea	 is	 the	most	common	side	effect.	As
with	 all	 magnesium	 supplementation,	 levels	must	 be	monitored	 closely	 in	 the
patient	with	renal	insufficiency.

PHOSPHORUS	DISORDERS

Phosphorus	Physiology
Eighty-five	 percent	 of	 total	 body	 phosphorus	 is	 found	 in	 bone.	 Extracellular
phosphate	 accounts	 for	 only	 1%	 of	 total	 body	 phosphorus.6	 Phosphorus	 is	 a
component	of	nucleic	acids	and	phospholipids	and	is	a	cofactor	for	a	number	of
enzymes.	Because	of	shifts	in	phosphate	between	intracellular	and	extracellular
compartments,	serum	phosphate	levels	often	do	not	accurately	reflect	total	body
stores.	 For	 example,	 because	 acidosis	 causes	 a	 shift	 in	 phosphate	 from	within
cells	to	the	extracellular	compartment,	serum	phosphate	levels	may	be	normal	in
the	 acidotic	 patient	 despite	 depletion	 of	 total	 body	 stores.4	 As	 the	 acidosis	 is
corrected,	serum	phosphate	levels	may	fall.



Phosphorus	is	regulated	by	PTH,	1,25-D,	as	well	as	phosphatonins	like	FGF-
23.6a	 Both	 secreted	 by	 the	 parathyroid	 glands	 and	 FGF-23	 secreted	 by	 the
osteocytes	 stimulate	 phosphate	 excretion	 by	 the	 kidneys.	While	 PTH	 activates
1α- hydroxylase	activity	FGF-23	directly	suppresses	it.	Phosphate	retention	(as	in
renal	 failure)	 leads	 to	 an	 increase	 in	 FGF-23,	 thereby	 suppressing	 1,25-D
production	and	inhibiting	phosphorus	absorption	in	the	intestine.	In	the	setting	of
normal	renal	function,	excess	FGF-23	(as	in	X-linked	hypophosphatemic	rickets
[XLH]	 or	 tumor-induced	 osteomalacia	 [TIO]).	 leads	 to	 excess	 phosphaturia,
hypophosphatemia,	and	mineralization	defects	in	bone.38,40

Hyperphosphatemia
Increased	phosphate	levels	are	most	often	encountered	among	patients	with	renal
failure	 or	 hypoparathyroidism.	 Both	 of	 these	 conditions	 result	 in	 impaired
phosphate	excretion.	Hyperphosphatemia	can	also	be	seen	from	cellular	leaks	as
in	 hemolysis,	 rhabdomyolysis,	 or	 the	 tumor	 lysis	 syndrome.	 The
hyperphosphatemia,	 along	 with	 diminished	 renal	 1,25-D	 production	 from
increased	 FGF-23,	 results	 in	 hypocalcemia.	 The	 symptoms	 are	 usually
attributable	to	the	accompanying	hypocalcemia,	and	not	the	hyperphosphatemia
per	 se.39	 Therefore,	 in	 the	 symptomatic	 patient,	 therapy	 should	 be	 directed	 at
correction	of	the	hypocalcemia.

Chronic	 management	 of	 hyperphosphatemia	 can	 be	 accomplished	 with
limiting	 phosphate	 intake	 as	well	 as	 using	 phosphate	 binders,	 such	 as	 calcium
acetate	667	mg,	 two	 tablets	with	meals,	 sevelamer	800	mg,	one	 to	 two	 tablets
with	meals,	or	lanthanum	carbonate	500	to	1000	mg	with	meals.4,39

Hypophosphatemia
5 	Hypophosphatemia	can	be	seen	in	up	to	3%	of	hospitalized	patients	or	34%	of
patients	in	the	ICU.1	It	can	result	from	impaired	intestinal	phosphate	absorption
or	 increased	 renal	 phosphate	 excretion.	 The	 cause	 of	 hypophosphatemia	 in
alcoholics	 is	 often	 multifactorial	 but	 most	 likely	 reflects	 malnutrition	 and	 the
accompanying	 vomiting.	 When	 taken	 in	 excess,	 phosphate-binding	 antacids
impair	 phosphate	 absorption.	 The	 resulting	 hypophosphatemia	 can	 stimulate
1,25-D	 production	 and	 cause	 hypercalcemia,	 which	 has	 been	 confused	 with
hyperparathyroidism.

Renal	 phosphate	 excretion	 is	 increased	 in	 hyperparathyroidism,	 vitamin	 D
deficiency,	 and	 with	 osmotic	 diuresis.	 There	 are	 also	 rare	 genetic	 and



paraneoplastic	 conditions	 that	 cause	 increased	 phosphate	 excretion	 through
excess	 FGF-23	 levels.38	 PTH	 inhibits	 renal	 tubular	 phosphate	 reabsorption,
resulting	in	hypophosphatemia	when	secreted	in	excess.	Serum	phosphate	levels
are	 reduced	 in	 vitamin	 D	 deficiency	 due	 to	 impaired	 intestinal	 phosphate
absorption	 and	 increased	 renal	 phosphate	 excretion	 (the	 result	 of	 secondary
hyperparathyroidism	in	response	to	the	associated	hypocalcemia).	The	patient	in
diabetic	ketoacidosis	has	a	total	body	phosphorus	deficit,	despite	normal	serum
phosphorus	 levels.	 In	 the	 early	 stages	 of	 the	 illness,	 the	 rising	 serum	 glucose
levels	cause	an	osmotic	diuresis	with	increased	renal	phosphate	loss.	However,
the	developing	acidosis	causes	a	shift	in	phosphorus	from	the	intracellular	to	the
extracellular	 compartment.	 This	 shift,	 along	 with	 the	 accompanying	 volume
depletion,	 tends	 to	 normalize	 the	 serum	 phosphorus	 levels.	 Rehydration	 and
insulin	treatment	with	resolution	of	the	acidosis	may	cause	a	rapid	fall	in	serum
phosphorus	levels.

The	potential	consequences	of	severe	hypophosphatemia	are	impaired	oxygen
delivery	 to	 the	 tissues	 due	 to	 decreased	 red	 blood	 cell	 2,3-diphosphoglycerate
levels,	 muscle	 weakness,	 ileus,	 cardiomyopathy	 seizures,	 coma;	 and
rhabdomyolysis	 is	most	 likely	 to	occur	when	 severe	hypophosphatemia	occurs
after	 prolonged	 mild	 hypophosphatemia	 (eg,	 in	 the	 hospitalized	 alcoholic	 in
whom	phosphate	falls	precipitously	during	carbohydrate	administration).

Management
While	 treatment	 of	 hypophosphatremia	 requires	 addressing	 and	 correcting	 its
cause,	 severe	 hypophosphatemia	 (<1.5	 mg/dL)	 requires	 immediate	 correction
with	parenteral	therapy.4	Potassium	phosphate	or	sodium	phosphate	can	be	used
depending	 on	 the	 patient’s	 potassium	 level.	 15	 mmol	 may	 be	 added	 to	 5%
dextrose	in	water	and	given	IV	over	2	hours.1	Further	treatment	depends	on	the
serum	phosphate	levels	and	clinical	condition.	The	dose	may	be	repeated	up	to
three	times	in	the	first	24	hours	until	phosphate	levels	normalize.

Parenteral	 therapy	 should	 be	 cautiously	 prescribed	 in	 patients	 with	 renal
failure	or	hypocalcemia.	 In	 the	patient	with	renal	 failure,	 IV	 therapy	can	cause
hyperphosphatemia,	 worsen	 hypocalcemia,	 and	 cause	 metastatic	 calcification,
primarily	in	the	kidney.	The	latter	can	occur	if	the	patient	is	hypercalcemic	or	if
the	phosphate	 is	administered	 too	rapidly.	 Initial	doses	should	be	50%	lower	 if
the	patient	is	in	renal	failure	or	hypercalcemic.4

Oral	preparations	of	potassium	phosphate	 (K-Phos	Neutral)	 can	be	used	 for
milder	hypophosphatemia	or	for	chronic	management.	The	usual	oral	dose	is	1
to	4	g/d	in	divided	doses.	The	most	common	side	effect	is	diarrhea.



For	FGF23–mediated	disorders,	like	XLH,	or	TIO,	specific	medical	treatment
can	 be	 employed:	 in	 addition	 to	 phosphate	 replacement,	 active	 vitamin	 D
analogues	 (calcitriol,	 alfacalcidiol)	 are	 utilized	 to	 increase	 phosphate	 intestinal
absorption,	 and	 also	 to	 decrease	 secondary	 hyperparathyroidism	 induced	 by
phosphate	 administration38,40;	 Burosumab,	 a	 human	 anti-FGF23	 monoclonal
antibody,	was	FDA	approved	 for	 children	with	XLH,	 symptomatic	 adults,	 and
also	for	patients	with	unidentifiable	or	unresectable	TIO,	and	has	a	role	in	long-
term	resolution	of	hypophosphatemia	in	these	conditions.41-43

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Calcium,	magnesium,	and	phosphate	serum	levels	are	controlled	by	of	all
of	the	following,	EXCEPT:

A. 	Aldosterone
B. 	Calcitonin
C. 	Fibroblast	growth	factor	23	(FGF-23)
D. 	Parathyroid	hormone	(PTH)

2. 	How	much	calcium	does	the	average	daily	American	diet	contain?

A. 	<100	mg
B. 	100	to	250	mg
C. 	500	to	1500	mg
D. 	>2000	mg

3. 	Which	of	the	following	profiles	is	most	likely	in	a	patient	with
hypomagnesemia?

A. 	High	calcium	and	high	PTH
B. 	Low	calcium	and	high	PTH
C. 	High	calcium	and	low	PTH
D. 	Low	calcium	and	low	PTH

Answers



1.	The	correct	answer	is	A.
Rationale:	Aldosterone	regulates	sodium,	potassium,	and	hydrogen	ion,	but	it

is	not	a	major,	direct	regulator	of	calcium,	magnesium,	or	phosphate	(choice	B	is
the	 “correct”,	 wrong	 answer).	 These	 essential	 elements	 are	 instead	 controlled
through	the	interactions	of	PTH,	1,25-dihydroxyvitamin	D	(1,25-D),	calcitonin,
and	fibroblast	growth	factor	23	(FGF-23).

2.	The	correct	answer	is	C.
Rationale:	The	average	American	diet	contains	between	500	and	1500	mg	of

calcium	per	day	(choice	C	is	correct).

3.	The	correct	answer	is	D.
Rationale:	 Hypomagnesemia	 impairs	 the	 release	 of	 PTH,	 which	 in	 turn

results	in	hypocalcemia	(choice	D	is	correct).
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Chapter	141
Severe	Hyperthyroidism
Marjorie	S.	Safran

KEY	POINTS:
1.	 Thyroid	storm	occurs	most	commonly	among	patients	with	severe

underlying	thyrotoxicosis,	frequently	undiagnosed,	who	become	ill	for
other	reasons.

2.	 The	diagnosis	is	made	on	clinical	grounds	in	a	patient	with
hyperthyroidism	with	coexisting	signs	of	fever,	tachycardia,	agitation,
and	delirium	which	can	progress	to	heart	failure	and	even	vascular
collapse.

3.	 Treatment	of	thyroid	storm	is	directed	toward	therapy	of	the
underlying	illness,	supportive	care,	blocking	peripheral	effects	of
thyroid	hormone,	and	inhibition	of	thyroid	hormone	synthesis	and
release.

INTRODUCTION
1 	 Patients	 with	 thyrotoxicosis	 rarely	 need	 hospitalization.	 However,	 some
patients	 with	 severe	 thyrotoxicosis	 develop	 a	 decompensated	 clinical
presentation	 called	 thyroid	 storm.	 It	 is	 characterized	 by	 hyperpyrexia,
tachycardia,	 and	 delirium1	 and	 generally	 occurs	 among	 patients	 with	 severe
thyrotoxicosis,	 who	 then	 experience	 a	 physiological	 insult.	 The	 cause	 of	 this
rapid	 decompensation	 is	 unknown,	 but	 it	 may	 be	 partly	 because	 of	 a	 sudden
inhibition	of	 thyroid	hormone	binding	 to	plasma	proteins	 causing	 a	 rise	of	 the
already	 elevated	 free	 hormone	 pool,	 increased	 sensitivity	 to	 the	 effects	 of
catecholamines,	 or	 a	 change	 of	 intracellular	 response	 to	 thyroid	 hormones.2
Thyroid	storm	accounts	for	no	more	than	2%	of	hospital	admissions	for	all	forms
and	complications	of	thyrotoxicosis,	and	the	diagnosis	is	often	difficult	to	make



because	 there	 is	 a	 fine	 line	 between	 severe	 thyrotoxicosis	 and	 thyroid	 storm.
Even	when	properly	treated,	thyroid	storm	has	a	mortality	rate	of	7%	to	30%.3

RISK	FACTORS
Thyroid	 storm	 occurs	most	 commonly	 among	 patients	 with	 severe	 underlying
thyrotoxicosis,	 frequently	undiagnosed,	who	become	 ill	 for	other	 reasons,	 such
as	 infections	 (including	SARS-CoV-2),	 trauma,	 labor,	 diabetic	 ketoacidosis,	 or
pulmonary	 and	 cardiovascular	 disorders.	 It	 can	 occur	 during	 or	 after
nonthyroidal	surgery,	and	has	been	reported	after	external	beam	radiation	to	the
neck,4	 ingestion	 of	 sympathomimetic	 drugs	 (such	 as	 pseudoephedrine)	 in	 a
thyrotoxic	patient,5	 rarely	with	 intentional	 or	 accidental	 overdoses,6,7	 and	 after
cancer	treatment	with	checkpoint	inhibitors,	particularly	anti-PD-1	Ab.8	Thyroid
storm	may	rarely	occur	approximately	10	to	14	days	after	the	administration	of
radioactive	iodine	(I-131)	among	patients	with	large	goiters	who	have	not	been
adequately	 pretreated	 with	 propylthiouracil	 (PTU)	 or	 methimazole	 (MMI)	 to
deplete	 the	gland	of	 stored	 thyroxine	 (T4)	 and	 triiodothyronine	 (T3)9	 or	 among
untreated	patients	who	undergo	thyroid	surgery.	While	β-blockers	can	be	used	to
decrease	 symptoms	 of	 excess	 thyroid	 hormone	 release,	 they	may	 not	 prevent
thyroid	 storm.	 Other	 risk	 factors	 include	 treatment	 with	 amiodarone	 and
stopping	antithyroid	medications.

CLINICAL	MANIFESTATIONS
2 	There	is	no	absolute	level	of	circulating	thyroid	hormones	indicative	of	thyroid
storm,	and	the	diagnosis	is	made	on	a	clinical	basis3.	Patients	with	thyroid	storm
are	 almost	 always	 febrile	 (temperature	 usually	 higher	 than	 100	 °F)	 and	 have
rapid	 sinus	 tachycardia	 and	 tachyarrhythmias	 (especially	 atrial	 fibrillation	 in
elderly	 patients)	 out	 of	 proportion	 to	 the	 degree	 of	 fever,	 that	 can	 frequently
result	 in	 congestive	 heart	 failure.	 Patients	 are	 often	 agitated,	 delirious,	 and
tremulous,	with	hot,	flushed	skin	due	to	vasodilation.	The	skin	may	be	moist	or
dry,	 depending	 on	 the	 state	 of	 hydration.	 Diarrhea	 occurs	 frequently	 and
contributes	to	dehydration	and	hypovolemia.	Vascular	collapse	and	shock,	which
are	 poor	 prognostic	 signs,	 may	 occur.	 Hepatomegaly	 with	 abnormal	 liver
enzymes	and	splenomegaly	can	be	present;	jaundice	portends	a	poor	prognosis.

Most	patients	display	the	classic	signs	of	thyrotoxic	Graves	disease,	including
ophthalmopathy,	 or	 toxic	 uni-nodular	 or	multinodular	 goiter.	 However,	 among



elderly	patients,	apathy,	severe	myopathy,	profound	weight	loss,	and	congestive
heart	 failure	 may	 be	 the	 predominant	 findings.	 As	 thyroid	 storm	 progresses,
coma,	hypotension,	vascular	collapse,	and	death	may	ensue	unless	active	therapy
is	instituted.

DIAGNOSIS	AND	DIFFERENTIAL	DIAGNOSIS
2 	The	diagnosis	of	thyroid	storm	is	made	on	clinical	grounds.	Thyroid	function
tests	do	not	differentiate	between	severe	thyrotoxicosis	and	thyroid	storm.	Serum
T4	 concentrations	 are	 usually	 similar,	 although	 it	 has	 been	 suggested	 that	 the
serum-free	T4	concentration	 is	significantly	higher	among	patients	with	 thyroid
storm,2	which	might	partially	explain	their	more	severe	symptoms.	On	the	other
hand,	the	serum	T3	concentrations	are	not	higher	and	in	fact	may	be	less	elevated
or	 even	 normal	 among	 these	 patients	 when	 the	 precipitating	 cause	 is	 an
intercurrent	 illness	 or	 surgery,	 because	 peripheral	 T3	 production	 from	 T4	 is
markedly	impaired	by	a	wide	variety	of	acute	and	chronic	systemic	illnesses	[see
Chapter	143	Nonthyroidal	Illness	Syndrome].	Liver	function	tests	are	frequently
abnormal,	 especially	 among	 elderly	 patients	 with	 congestive	 heart	 failure.
Elevations	of	total	and	free	serum	calcium	concentrations	may	occur.

The	 differential	 diagnosis	 for	 a	 patient	 presenting	 with	 hyperpyrexia,
delirium,	 and	 tachycardia	 includes	 severe	 infection,	 malignant	 hyperthermia,10
neuroleptic	malignant	syndrome,	and	acute	mania	with	life-threatening	catatonia.
Thyroid	storm	can	be	distinguished	from	these	disorders	clinically	by	a	history
of	 thyroid	 disease,	 thyroid	 hormone,	 or	 iodine	 ingestion,	 and	 the	 presence	 on
physical	 examination	 of	 a	 goiter	 or	 the	 stigmata	 of	 Graves	 disease,	 including
ophthalmopathy,	 onycholysis,	 and	 pretibial	 myxedema.	 However,	 any	 of	 the
disorders	mentioned	in	the	differential	diagnosis	can	coexist	with	thyroid	storm
since	 they	 may	 precipitate	 decompensation	 for	 a	 patient	 with	 pre-existing
hyperthyroidism.

TREATMENT
3 	Treatment	of	thyroid	storm	is	directed	toward	therapy	of	the	underlying	illness,
supportive	care,	blocking	peripheral	 effects	of	 thyroid	hormone,	 and	 inhibition
of	thyroid	hormone	synthesis	and	release	(Table	141.1).



TABLE	141.1

Treatment	of	Thyroid	Storm

Therapy	of	underlying	intercurrent	illness

Digoxin,	diuretics,	antibiotics,	IV	fluid	supplemented	with	B-complex
vitamins,	and	insulin	for	diabetic	ketoacidosisSupportive	care	Cooling
blanket,	antipyretics	(not	aspirin),	or	both	for	hyperpyrexia

Block	peripheral	effects	of
thyroid	hormone

β-Adrenergic	blocking	drugs

Propranolol	(β1-	and	β2-
blocker)

1	mg	IV/min	for	a	total	of	2-10	mg

40-120	mg	PO	q4-6h

Metoprolol	(β1-blocker) 100-400	mg	PO	q12h

Atenolol	(β1-blocker) 50-100	mg	PO	daily

Esmolol	(β1-blocker) 500	µg/kg	over	1	min,	then	50-
100	µg/kg/min

Deplete	catecholamines

Reserpine Test	dose	of	0.25	mg	IM,	then	initial	dose	of
1-5	mg

1.0-2.5	mg	IM	q4-6h

Guanethidine 1-2	mg/kg	PO	q4-6h

Inhibition	of	synthesis	of	thyroid	hormones

Propylthiouracil	(PTU) ∼800	mg	PO	stat	and	200	mg	q8h

600	mg	in	90	mL	of	water	by	rectum,	as	a
retention	enema,	followed	by	250	mg	q4h

Methimazole	(MMI) ∼80	mg	PO	stat	and	40	mg	PO	q12h



40	mg	dissolved	in	aqueous	solution	by
rectum	q6h

Block	release	of	thyroid	hormone	from	thyroid	gland

Saturated	solution	of
potassium	iodide

5	drops	PO	q8h

Lugol’s	solution 10	drops	PO	q8h

Lithium 300	mg	q6h,	adjust	to	serum	lithium	level
∼1	mEq/L

Inhibition	of	peripheral	5ʹ-monodeiodination	of	thyroxine	(T4)	to
triiodothyronine	(T3)

Corticosteroids Equivalent	to	300-400	mg	hydrocortisone
daily,	especially	dexamethasone,	2	mg	q6h

Propranolol,	metoprolol,
atenolol,	and	possibly	esmolol

Propylthiouracil

Remove	thyroid	hormones	from	the	circulation

Plasmapheresis

Charcoal	hemoperfusion

Cholestyramine 4	g	PO	q6h

IM,	intramuscularly;	IV,	intravenous;	PO,	oral.

Underlying	Illness
3 	Nonthyroidal	 illness	and	surgery	of	previously	undiagnosed	or	only	partially
treated	 patients	with	 hyperthyroidism	 are	 the	most	 common	 causes	 of	 thyroid
storm.	 Thus,	 the	 precipitating	 disease	 should	 be	 vigorously	 treated.	 Cardiac
arrhythmias	and	congestive	heart	failure	require	approximately	twice	the	dose	of
digoxin	 required	 for	 euthyroid	 patients	 or	 alternative	 management,	 and
refractory	 arrhythmias	 should	 alert	 the	 physician	 to	 the	 presence	 of
thyrotoxicosis.	 Patients	 may	 also	 have	 peripheral	 resistance	 to	 heparin	 and



insulin	 requiring	 higher	 doses.	 Treatment	 of	 underlying	 disease	 includes
adequate	 antibiotic	 therapy;	 careful	 fluid,	 electrolyte,	 and	 vitamin
supplementation;	 vigorous	 pulmonary	 therapy;	 and	 careful	 pre-	 and
postoperative	care.

A	cooling	blanket	can	be	used	when	the	temperature	rises	above	101	°F,	but
the	shivering	response	that	results	from	central	cooling	should	be	decreased	by
using	 drugs	 that	 block	 the	 central	 thermoregulatory	 centers,	 such	 as
chlorpromazine	 or	 meperidine,	 25	 to	 50	 mg	 every	 4	 to	 6	 hours.	 Antipyretics
other	 than	 salicylates	 may	 also	 be	 given	 since	 salicylates	 must	 be	 avoided
because	 they	 displace	 thyroid	 hormones	 from	 serum-binding	 proteins	 and	 can
increase	the	free	hormone	concentrations.10

Blockade	of	Peripheral	Effects	of	Thyroid	Hormone
Many	of	the	clinical	manifestations	of	hyperthyroidism	can	be	alleviated	by	the
administration	 of	 drugs	 that	 deplete	 or	 block	 the	 peripheral	 action	 of	 the
catecholamines.	β-Adrenergic	blocking	agents	are	currently	the	drugs	of	choice
in	 alleviating	 the	 catecholamine-dependent	 signs	 and	 symptoms	 of
thyrotoxicosis	and	thyroid	storm.	The	widest	experience	has	been	achieved	with
propranolol,	which	also	has	the	advantage	of	decreasing	T4	to	T3	conversion	(see
later).	Tachycardia	and	tremors	can	be	improved	within	minutes	of	intravenous
administration.	Oral	doses	 in	 the	range	of	60	 to	120	mg	every	6	hours	may	be
required.11

Because	 propranolol	 may	 be	 contraindicated	 for	 patients	 with	 congestive
heart	failure,	it	is	frequently	debated	whether	to	use	β-blockers	for	patients	with
severe	 thyrotoxicosis	 or	 thyroid	 storm.	 However,	 tachycardia	 and
tachyarrhythmias	are	major	contributing	factors	to	the	congestive	failure	in	many
of	these	patients,	so	β-blockers	may	be	used	cautiously	along	with	digoxin	and
other	 cardiotropic	 drugs	 and	 diuretics.	 Rarely,	 hypotension	 and	 cardiac	 arrest
occur	after	intravenous	administration	of	β-blockers	among	patients	with	severe
congestive	 failure	 and	 severe	 thyrotoxicosis.12	 For	 patients	 with	 asthma,	 the
more	selective	β1-blocking	drugs,	such	as	metoprolol	and	atenolol,	may	be	used.
A	 short-acting	β1-blocker,	esmolol,13	 and	 diltiazem	 can	 also	 be	 used	 to	 control
the	tachyarrhythmias.14

Inhibition	of	Thyroid	Hormone	Synthesis
The	antithyroid	drugs,	PTU	and	MMI,	are	potent	 inhibitors	of	 the	synthesis	of



both	 T4	 and	 T3.	 Although	 the	 onset	 of	 action	 is	 rapid,	 PTU	 and	 MMI	 only
partially	 block	 thyroid	 hormone	 synthesis.	 Weeks	 are	 required	 to	 deplete	 the
thyroid	 of	 stored	 hormone	 and	 observe	 clinical	 effects	 of	 these	 drugs.
Intravenous	MMI	is	available	in	Europe,	but	in	the	United	States,	administration
by	 either	 nasogastric	 tube	 or	 by	 rectum	 may	 be	 used.15	 PTU	 has	 the	 added
advantage	 of	 partially	 blocking	 the	 peripheral	 conversion	 of	 T4	 to	 T3	 and
therefore	 may	 be	 the	 drug	 of	 choice,	 although	 a	 recent	 retrospective	 study
showed	 no	 difference	 of	 mortality	 or	 disease	 severity	 among	 patients	 treated
with	MMI	vs	PTU.16	These	drugs	are	not	effective	when	thyroid	storm	is	caused
by	excess	ingestion	of	thyroid	hormone	(see	the	section	Thyrotoxicosis	Factitia)
or	 painful	 or	 silent	 thyroiditis	 because	 they	 affect	 the	 synthesis	 of	 thyroid
hormone	and	do	not	affect	its	unregulated	release	or	peripheral	activity.

Blockade	of	Thyroid	Hormone	Release
Iodide	 administration	 plays	 a	 major	 role	 in	 the	 treatment	 of	 thyroid	 storm
because	of	 its	 rapid	 inhibition	of	 thyroid	hormone	release	from	the	gland.	This
effect	occurs	almost	immediately	after	oral	or	intravenous	administration.	It	must
be	delayed	at	least	1	hour	after	the	first	dose	of	thionamide	to	prevent	the	iodine
being	used	as	a	 substrate	 for	new	hormone	synthesis.	As	with	PTU	and	MMI,
iodide	 therapy	 is	 not	 useful	 in	 thyroid	 storm	 caused	 by	 ingestion	 of	 excess
amounts	of	thyroid	hormone.

Lugol’s	solution	or	saturated	solution	of	potassium	iodide	can	be	given	orally
or	as	a	potassium	iodide	enema,	1	g	in	60	mL	of	water,	followed	by	500	mg	of
potassium	iodide	in	20	mL	of	water	every	6	hours	for	a	patient	who	is	unable	to
receive	 oral	 medication.	 Iodide	 therapy	 results	 in	 dramatic	 improvement	 and
should	be	maintained	until	the	serum	T4	and	T3	concentrations	are	normal	or	near
normal.	For	patients	allergic	 to	 iodine,	 lithium	has	been	used	 to	 inhibit	 thyroid
hormone	release	and	partially	inhibit	thyroid	hormone	synthesis.17,18

Inhibition	of	Peripheral	Generation	of	Triiodothyronine
It	 is	 generally	 believed	 that	 the	major	 bioactive	 hormone	 is	T3,	 that	 the	major
source	 of	 circulating	 T3	 is	 derived	 from	 T4,	 and	 that	 most,	 if	 not	 all,	 of	 the
metabolic	effects	of	T4	result	from	the	intracellular	generation	of	T3	from	T4.	A
variety	 of	 drugs	 impair	 the	 outer-ring	 monodeiodination	 of	 T4	 to	 T3,	 thus
decreasing	 the	 peripheral	 generation	 of	 T3.	 Propranolol,	 some	 selective	 β1-



blocking	drugs,19	and	PTU	are	relatively	weak	inhibitors	of	T4	to	T3	conversion.
Corticosteroids,	 especially	 dexamethasone,	 are	 potent	 inhibitors	 when
administered	at	high	doses	and	also	have	an	inhibitory	effect	on	thyroid	hormone
hypersecretion.	 Historically,	 the	 survival	 rate	 for	 thyroid	 storm	 was	 improved
when	 corticosteroids	 were	 added	 to	 the	 treatment	 regimen.	 Because	 relative
adrenal	 insufficiency	 may	 be	 present	 among	 patients	 with	 thyroid	 storm,
glucocorticoid	 therapy	would	 also	 correct	 this	 possibility.	 Indeed,	 combination
therapy	 of	 severe	 hyperthyroidism	with	 PTU,	 iodides,	 and	 dexamethasone	 has
resulted	in	a	marked	reduction	of	serum	T3	concentration	within	24	hours.

The	gallbladder	dyes,	iopanoic	acid	(Telepaque),	and	ipodate	(Oragrafin),	are
potent	 inhibitors	 of	 T4	 to	 T3	 conversion	 and	 successfully	 used	 in	 treatment	 of
thyroid	 storm,20	 but	 are	 no	 longer	 available	 in	 the	 United	 States.	 Similarly,
amiodarone	 also	 decreases	T3	 levels.	 In	 addition,	 it	 is	 rich	 in	 iodine,	 and	may
also	block	entrance	of	T4	 into	the	cell.	Although	this	drug	has	been	used	in	the
short-term	 (2	weeks)	 treatment	of	 thyrotoxicosis,	 it	 should	not	be	used	 for	 the
treatment	of	thyroid	storm	because	its	long	half-life	and	high	iodide	content	can
then	result	in	persistent,	severe	hyperthyroidism.21

Removal	of	Thyroid	Hormone	From	the	Circulation
Direct	removal	of	thyroid	hormone	from	the	circulation	is	occasionally	required
for	patients	who	do	not	 respond	 to	conventional	medical	 treatments.	There	are
case	 reports	 of	 successful	 use	 of	 plasmapheresis22	 and	 charcoal	 plasma
perfusion.23	 Cholestyramine,	 which	 binds	 T3	 and	 T4	 in	 the	 gut	 and	 decreases
serum	 T3	 and	 T4	 concentrations	 by	 increasing	 the	 fecal	 excretion	 of	 these
hormones,24	may	also	be	useful,	particularly	when	used	early	for	a	patient	after
an	overdose.

Thyrotoxicosis	Factitia
The	 inadvertent	 ingestion	 of	 excess	 amounts	 of	 thyroid	 hormone	 most
commonly	 occurs	 among	 children,	 although	 adults	 may	 also	 ingest	 excess
hormone	 for	 weight	 reduction	 or	 as	 a	 suicide	 attempt.6,7,25	 Gastric	 lavage	 or
emesis	 induction	 should	 be	 performed	 as	 soon	 as	 possible	 after	 ingestion.
Occasionally,	 oral	 charcoal	 administration	 can	 be	 useful.	 As	 previously
mentioned,	this	form	of	thyrotoxicosis	is	not	caused	by	endogenous	production
of	 thyroid	 hormone;	 therefore,	 drugs	 that	 inhibit	 the	 synthesis	 of	T4	 and	T3	or



those	that	block	thyroid	hormone	release	are	not	helpful.	Therapy	should	focus
on	 preventing	 the	 peripheral	 effects	 of	 excessive	 thyroid	 hormone	 with	 β-
adrenergic	blocking	drugs	and	possibly	corticosteroids.	Cholestyramine	may	also
be	useful	to	decrease	serum	thyroid	hormone	levels,	as	above.

CONCLUSIONS
It	is	evident	that	each	patient	must	be	treated	individually	and	that	a	set	protocol
cannot	 be	 advised	 for	 all	 patients.	 Specific	 therapy	 should	 be	 directed	 toward
inhibiting	the	synthesis	and	release	of	T4	and	T3	 from	the	thyroid,	blocking	the
peripheral	conversion	of	T4	 to	T3,	 relieving	 the	catecholamine-mediated	effects
by	 β-adrenergic	 blockade,	 and	 treating	 the	 possibility	 of	 decreased	 adrenal
reserve	 with	 corticosteroids.	 Associated	 and	 precipitating	 diseases	 should	 be
vigorously	 treated.	 Iodine	 often	 works	 quickly	 to	 improve	 thyroid	 hormone
levels	but	will	delay	the	use	of	radioactive	iodine	treatment	of	hyperthyroidism
and	 thus	 should	 be	 saved	 for	 patients	 with	 thyroid	 storm,	 not	 just	 severe
thyrotoxicosis.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	statements	regarding	thyroid	storm	is	correct?

A. 	Early	recognition	and	treatment	is	associated	with	zero	mortality
B. 	Nonthyroidal	illness	or	surgery	can	precipitate	it
C. 	Radioactive	iodine	treatment	prevents	it	from	occurring
D. 	Very	high	thyroid	hormone	levels	are	required	for	the	diagnosis

2. 	Treatment	of	thyroid	storm	may	include	all	of	the	following	therapies,
EXCEPT:

A. 	Beta-adrenergic	blocking	agents	to	block	the	peripheral	effects	of
catecholamines
B. 	Corticosteroids	to	decrease	T4	to	T3	conversion
C. 	Salicylates	to	bring	down	accompanying	fever
D. 	Thionamides	to	decrease	thyroid	hormone	production



Answers

1.	The	correct	answer	is	B.
Rationale:	 Nonthyroidal	 illness	 or	 surgery	 can	 precipitate	 thyroid	 storm	 in

undiagnosed	 and/or	 undertreated	 hyperthyroid	 patients	 (choice	 B	 is	 correct).
Even	with	proper	recognition	and	treatment,	there	is	still	mortality	(choice	A	is
incorrect).	Thyroid	 storm	has	been	described	after	 radioactive	 iodine	 treatment
for	 thyrotoxicosis	 (choice	C	 is	 incorrect).	Absolute	 thyroid	hormone	 levels	 are
not	indicative	of	thyroid	storm.	Thus,	 there	is	a	fine	line	between	patients	with
high	 thyroid	 hormone	 levels	 and	 thyroid	 storm	 who	 can	 have	 other	 clinical
findings	such	as	fever,	tachycardia,	and	delirium	(choice	D	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	 Treatment	 of	 thyroid	 storm	 is	multipronged,	 including	 iodine	 to

reduce	thyroid	hormone	release,	corticosteroids	to	decrease	T4	to	T3	conversion,
and	 beta-adrenergic	 antagonists	 to	 block	 the	 peripheral	 effects	 of
catecholamines.	However,	 salicylates	 increase	 free	 thyroid	hormone	 levels	 and
should	never	be	used	(choice	C	is	the	“correct”,	wrong	answer).
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Chapter	142
Myxedema	Coma
Mira	Sofia	Torres,	Charles	H.	Emerson,	Craig	M.	Lilly

KEY	POINTS:
1.	 Despite	early	and	intensive	treatment,	mortality	from	myxedema

coma	is	still	as	high	as	30%	to	50%.
2.	 More	than	95%	of	patients	with	hypothyroidism	have	primary	thyroid

disease.	Most	patients	with	primary	hypothyroidism	have	either
autoimmune	thyroid	failure	or	hypothyroidism	secondary	to	ablative
procedures	on	the	thyroid.

3.	 One	of	the	immediate	measures	for	treating	myxedema	coma	is	to
administer	300	mg	hydrocortisone	intravenously	in	three	divided
doses	during	the	first	24	hours.

4.	 Administration	of	thyroid	hormone	is	the	definitive	treatment	of
myxedema	coma	and	is	essential	for	reversing	hypotension,
hypothermia,	and	depressed	consciousness.

INTRODUCTION
1 	 Myxedema	 coma	 is	 a	 syndrome	 that	 occurs	 in	 advanced	 untreated
hypothyroidism.1-5	It	is	defined	by	a	group	of	characteristic	clinical	features	and
not	by	laboratory	evidence	of	severe	hypothyroidism	(Table	142.1).	Myxedema
coma	 is	 generally	 preceded	 by	 increasingly	 severe	 signs	 and	 symptoms	 of
thyroid	insufficiency.	Fortunately,	it	is	quite	rare.	Hypothyroid	patients	who	are
neglectful	 or	 whose	 contact	 with	 family	 and	 friends	 is	 limited	 are	 most
vulnerable.	 Despite	 early	 and	 intensive	 treatment,	 mortality	 from	 myxedema
coma	is	still	as	high	as	30%	to	50%.2,4,6,7



TABLE	142.1

Clinical	Features	of	Myxedema	Coma

Mental	obtundation
Coarse,	dry	skin
Myxedema	facies
Hypothermia
Hypoglycemia
Bradycardia	and	hypotension
Electrocardiographic	changes
Atonic	gastrointestinal	tract
Atonic	bladder
Pleural,	pericardial,	and	peritoneal	effusions

ETIOLOGY	AND	PATHOPHYSIOLOGY
By	 definition,	 myxedema	 coma	 does	 not	 occur	 in	 the	 absence	 of
hypothyroidism.	 If	 hypothyroidism	 is	 due	 to	 hypothalamic	 or	 pituitary
insufficiency,	the	condition	is	even	more	serious	because	it	is	also	accompanied
by	 adrenal	 failure.	 Pituitary	 tumors	 are	 the	 major	 cause	 of	 central
hypothyroidism	in	the	United	States.	In	regions	with	poor	access	to	health	care,
postpartum	 pituitary	 necrosis	 is	 prevalent	 and	 is	 therefore	 another	 important
cause	of	secondary	hypothyroidism.

2 	 More	 than	 95%	 of	 patients	 with	 hypothyroidism	 have	 primary	 thyroid
disease.	 Most	 patients	 with	 primary	 hypothyroidism	 have	 either	 autoimmune
thyroid	 failure	 or	 hypothyroidism	 secondary	 to	 ablative	 procedures	 on	 the
thyroid.	 These	 include	 radioactive	 iodine	 and	 surgery	 for	 hyperthyroidism,
thyroid	resection	for	thyroid	cancer,	and	external	thyroid	irradiation	for	head	and
neck	 tumors.	 Certain	 drugs,	 such	 as	 lithium	 carbonate	 and	 amiodarone,	 can
cause	hypothyroidism	but	are	only	rarely	associated	with	myxedema	coma.

Myxedema	coma	 is	 distinguished	 from	uncomplicated	hypothyroidism	by	 a



variety	of	features	that	relate	to	central	nervous	system	(CNS)	dysfunction.	The
pathophysiology	of	myxedema	coma	will	become	clearer	when	there	is	a	better
understanding	 of	 the	 effects	 of	 thyroid	 hormone	 on	 the	 brain.	 Narcotics	 and
hypnotics	 should	 be	 used	with	 caution	 for	 hypothyroid	 patients	 because	 these
patients	 are	 very	 sensitive	 to	 their	 sedative	 effects.	 These	 agents,	 alone	 or	 in
combination	 with	 other	 factors,	 may	 precipitate	 myxedema	 coma	 among
hypothyroid	 patients.	 Other	 precipitating	 factors	 include	 trauma,	 surgery,	 and
severe	infection.1-9	The	most	important	factor	for	temperate	climates,	however,	is
cold	stress.	In	one	series,	9	of	11	patients	with	myxedema	coma	were	admitted	in
the	late	fall	or	winter.2

CLINICAL	MANIFESTATIONS
Patients	are	partially	or	completely	obtunded.	Therefore,	the	history	must	often
be	obtained	from	other	sources.	Friends,	relatives,	and	acquaintances	might	have
noted	 increasing	 lethargy,	 complaints	 of	 cold	 intolerance,	 and	 changes	 in	 the
voice.	 An	 outdated	 container	 of	 l-thyroxine	 discovered	 with	 the	 patient’s
belongings	 suggests	 that	 they	 have	 been	 remiss	 in	 taking	 medication.	 The
medical	record	may	also	indicate	that	the	patient	was	taking	thyroid	hormone	or
may	 refer	 to	 previous	 treatment	with	 radioactive	 iodine.	A	 thyroidectomy	 scar
suggests	 the	possibility	of	hypothyroidism.	Other	 than	coma	itself,	 the	cardinal
manifestations	 are	 hypothermia	 and	 hypotension.	 Hypotonia	 of	 the
gastrointestinal	tract	is	common	and	often	so	severe	as	to	suggest	an	obstructive
lesion.	Urinary	retention	due	to	a	hypotonic	bladder	is	related	but	less	frequently
observed.	 Most	 patients	 have	 the	 physical	 features	 of	 severe	 hypothyroidism,
including	 bradycardia	 and	 slow	 relaxation	 of	 the	 deep	 tendon	 reflexes.	 A
myxedematous	 facies	 (Figure	 142.1)	 results	 from	 the	 dry	 puffy	 skin,	 pallor,
hypercarotenemia,	periorbital	edema,	and	patchy	hair	loss.1



	

Figure	142.1 	Characteristic	facies	of	severe	hypothyroidism.Note
the	facial	and	periorbital	puffiness	and	the	dull,	lethargic	expression.

DIAGNOSIS	AND	DIFFERENTIAL	DIAGNOSIS
The	diagnosis	of	myxedema	coma	is	based	on	the	presence	of	the	characteristic
clinical	 syndrome	 in	a	patient	with	hypothyroidism.	The	 laboratory’s	 role	 is	 to
confirm	that	the	patient	is	hypothyroid	and	determine	whether	there	are	treatable
complications	of	myxedema	coma,	such	as	hypoventilation,	hypoglycemia,	and
hyponatremia.	 Because	 of	 the	 gravity	 of	 myxedema	 coma,	 treatment	 must	 be
instituted	before	laboratory	tests	confirm	the	diagnosis.

The	 diagnostic	 laboratory	 features	 of	 primary	 hypothyroidism	 are	 a
subnormal	 serum-free	 thyroxine	 index	 or	 serum-free	 thyroxine	 (T4)
concentration	 and	 an	 elevated	 serum	 thyroid-stimulating	 hormone	 (TSH)
concentration.	 The	 serum-free	 thyroxine	 index	 or	 free	 T4	 is	 also	 low	 among
severely	ill	patients	with	a	wide	variety	of	conditions.	This	is	the	so-called	sick
euthyroid	 syndrome	 or	 nonthyroidal	 illness.	 Unlike	 patients	 with	 myxedema
coma,	however,	serum	TSH	concentrations	are	not	elevated	among	patients	with
the	sick	euthyroid	syndrome,	except	 in	a	small	percentage,	and	usually	as	 they



are	 clearly	 recovering	 from	 their	 severe	 illness.	 Distinction	 between
hypothyroidism	 secondary	 to	 pituitary	 or	 hypothalamic	 disease	 (ie,	 central
hypothyroidism)	 and	 the	 sick	 euthyroid	 syndrome	 is	 difficult	 because	 serum
TSH	 concentrations	 are	 low	 or,	 when	 TSH	 bioactivity	 is	 reduced	 during
secondary	 hypothyroidism,	 only	 mildly	 elevated	 among	 patients	 with	 central
hypothyroidism.	 It	 is	 important	 to	 measure	 TSH	 as	 well	 as	 the	 serum-free
thyroxine	or	free	thyroxine	index	for	patients	presenting	with	myxedema	coma.
In	central	hypothyroidism,	the	typical	clinical	presentation	of	the	myxedematous
patient	 would	 help	 establish	 the	 diagnosis.	 The	 sick	 euthyroid	 syndrome	 is
discussed	in	Chapter	143.	The	measurement	of	the	total	serum	triiodothyronine
(T3)	 concentration	 is	 of	 little	 value	 for	 the	 diagnosis	 of	 hypothyroidism	 or
myxedema	coma.	It	lacks	sensitivity	for	the	diagnosis	of	hypothyroidism	and	is
depressed	not	only	by	illness	but	also	by	fasting.

Alone,	few	of	the	signs	and	symptoms	described	in	this	chapter	are	unique	to
myxedema	 coma.	 For	 example,	 the	 differential	 diagnosis	 of	 hypothermia
includes	 numerous	 conditions,	 such	 as	 malnutrition,	 sepsis,	 hypoglycemia,
multisystem	 trauma,	 prolonged	 cardiac	 arrest,	 and	 exposure	 to	 alcohol	 and
certain	 drugs	 or	 toxins.10,11	 Hypotension	 and	 hypoventilation,	 other	 cardinal
features	of	myxedema	coma,	occur	with	other	disease	states.	What	distinguishes
myxedema	coma	from	other	disorders	is	laboratory	evidence	of	hypothyroidism,
characteristic	 myxedema	 facies	 with	 periorbital	 puffiness,	 skin	 changes,
obtundation,	and,	frequently,	a	constellation	of	other	physical	signs	characteristic
of	severe	hypothyroidism.	Recently,	two	scoring	systems	have	been	proposed	for
the	diagnosis	 of	myxedema	coma,	based	on	 clinical	 features	 and	 laboratory	or
imaging	findings	However,	these	are	both	based	on	small	groups	of	patients,	and
their	utility	has	not	been	well	validated.12,13

TREATMENT
As	noted	earlier,	for	most	patients	with	myxedema	coma,	hypothyroidism	is	due
to	 primary	 thyroid	 disease.	 The	 initial	 management	 of	 myxedema	 coma	 due
either	to	primary	thyroid	disease	or	central	(pituitary	or	hypothalamic)	disease	is
similar,	since	glucocorticoids	are	recommended	for	all	patients.	The	only	proviso
is	that	for	patients	with	central	hypothyroidism,	additional	evaluation	of	the	CNS
for	 the	 presence	 of	 space-occupying	 lesions	may	 be	warranted.	 Therefore,	 the
management	team	must	be	alert	for	evidence	of	space-occupying	lesions	within
or	in	the	region	of	the	pituitary	for	all	patients	with	myxedema	coma.

Treatment	 of	 myxedema	 coma	 consists	 of	 management	 of	 hypoglycemia,



respiratory	 depression,	 hyponatremia,	 hypothermia,	 hypotension,	 and
administration	of	thyroid	hormone	(Table	142.2).	All	patients	require	continuous
monitoring	of	the	electrocardiogram	and	an	intravenous	line	to	administer	fluids
and	drugs.	Baseline	thyroid	function	tests,	serum	cortisol,	complete	blood	count,
blood	urea	nitrogen,	creatinine,	plasma	glucose,	and	electrolytes	are	mandatory.
Pneumonia	commonly	develops	or	may	be	the	precipitating	factor	and	must	be
treated	promptly	(Chapter	181).	Hypothyroidism	and	myxedema	coma	are	also
associated	 with	 hemostatic	 abnormalities,	 particularly	 capillary	 bleeding	 and
cerebral	 hemorrhage.2,14,15	 Although	 bleeding	 should	 be	 anticipated	 for	 many
patients,	few	strategies	have	evolved	to	counter	this	disorder.

TABLE	142.2

Treatment	of	Myxedema	Coma

Assisted	ventilation	for	hypoventilation
Intravenous	glucose	for	hypoglycemia
Water	restriction	or	hypertonic	saline	for	severe	hyponatremia
Passive	rewarming	for	hypothermia
Administration	of	T4	or	T3	IVa	
Administration	of	hydrocortisonea	
Treatment	of	underlying	infection	and	other	illnesses,	if	present
Avoidance	of	all	sedatives,	hypnotics,	and	narcotics

IV,	intravenously;	T3,	triiodothyronine;	T4,	thyroxine.
aDosage	must	be	individualized	(see	text).

Hypoglycemia
Because	 hypoglycemia	 is	 not	 unusual	 in	 myxedema	 coma,	 50	 mL	 of	 50%
glucose	 should	 immediately	 be	 administered	 intravenously	when	 point-of-care
glucose	 testing	 is	 not	 available	 to	 avoid	 any	 delay	 in	 treatment	 of	 this	 serious
complication.	Chapter	138	details	the	management	of	hypoglycemia.



Hypoventilation
Respiratory	 center	 depression	 is	 common	 in	 severe	 hypothyroidism	 and
myxedema	coma.	Arterial	blood	gases	should	be	routinely	obtained,	therefore,	to
rule	 out	 hypoventilation.	 If	 respiratory	 center	 depression	 is	 clinically	 obvious,
assisted	ventilation	with	oxygen	supplementation	must	be	started	without	delay,
taking	care	not	to	correct	chronic	hypercapnia	too	rapidly	(Chapter	165).

Hyponatremia
Hyponatremia,	 which	 results	 from	 impaired	 free	 water	 clearance,	 is	 most
deleterious	to	CNS	function	when	it	develops	rapidly.	Although	hyponatremia	is
present	 in	 some	patients,	 it	 is	 usually	 not	 the	 cause	 of	 coma	because	 its	 onset
tends	to	be	gradual.	A	limiting	factor	is	that	water	intake	decreases	as	myxedema
coma	develops,	offsetting	the	tendency	toward	hyponatremia.	Treatment	consists
of	 restriction	of	 free	water.	 If	 the	 serum	sodium	concentration	 is	 less	 than	110
mEq/L,	hypertonic	saline	and,	in	some	cases,	furosemide	should	be	administered
(Chapter	199).

Hypothermia
Hypothermia	is	one	of	the	hallmarks	of	myxedema	coma.	It	can	be	overlooked
or	 its	 severity	 underestimated,	 however,	 if	 an	 out-of-date	 or	 poorly	 calibrated
thermometer	is	used.	Regardless	of	the	cause,	hypothermia	is	associated	with	a
decrease	 in	 the	basal	metabolic	 rate,	myocardial	 irritability,	and	blood	pressure
alterations.	Blood	pressure	initially	rises	and	then	gradually	falls.	Changes	in	the
cardiovascular	 status	 are	 accompanied	 by	 electrocardiographic	 changes.	 First,
there	is	sinus	bradycardia,	then	T-wave	inversion,	and	finally	the	development	of
a	J	wave.10	At	core	temperatures	below	28	°C,	ventricular	fibrillation	is	a	major
threat	to	life.

Despite	 its	gravity,	 the	management	of	 the	hypothermia	of	myxedema	coma
differs	 from	 the	 treatment	 of	 exposure-induced	 hypothermia	 in	 euthyroid
subjects.	 In	myxedema	 coma,	 the	 patient	 should	 be	 kept	 in	 a	warm	 room	 and
covered	with	blankets.	Active	rewarming	should	be	avoided	because	it	increases
oxygen	 consumption	 and	 promotes	 peripheral	 vasodilation	 and	 circulatory
collapse.	 Active	 rewarming	 is	 recommended	 only	 for	 situations	 of	 severe
hypothermia	in	which	ventricular	fibrillation	is	an	immediate	threat.



Hypotension
Hypotension	 is	another	ominous	feature	of	myxedema	coma.	Hypothermia	and
thyroid	 hormone	 deficiency	 per	 se	 are	 the	 two	 most	 important	 causes	 of
hypotension,	but	bleeding	and,	perhaps	in	some	cases,	decreased	adrenal	reserve
may	 also	 play	 a	 role.	 Because	 hypothermia	 itself	 produces	 hypotension,	 some
improvement	 in	blood	pressure	 can	be	 expected	 if	 passive	measures	 to	 restore
body	 temperature	 are	 successful.	 Intravenous	 fluids	 should	 be	 administered
carefully	as	patients	undergo	rewarming.	Anemia	is	common	in	hypothyroidism
and	 has	 a	 multifactorial	 basis.	 In	 patients	 in	 whom	 anemia	 is	 severe	 or	 there
appears	to	be	active	bleeding,	a	case	can	be	made	for	transfusion.	If	this	course
is	chosen,	 it	must	be	done	with	great	caution	because	patients	with	myxedema
coma	 are	 extremely	 prone	 to	 circulatory	 collapse.	 Sympathomimetic
vasoconstrictors	or	 inotropic	agents	have	very	 limited	use	 in	myxedema	coma.
The	 response	 to	 these	 drugs	 is	 poor,	 and	 myxedematous	 patients	 are	 very
sensitive	to	their	toxic	effects.

Glucocorticoid	Therapy
3 	Although	 there	 is	 little	evidence	 that	hypotension	 in	myxedema	coma	results
from	 adrenal	 insufficiency,	 there	 are	 at	 least	 theoretic	 reasons	 for	 considering
that	these	patients	have	decreased	adrenal	reserve.	Furthermore,	it	is	sometimes
unclear	whether	the	myxedema	coma	is	due	to	primary	or	pituitary-hypothalamic
hypothyroidism.	 Therefore,	 one	 of	 the	 immediate	 measures	 in	 treating
myxedema	coma	is	to	administer	300	mg	hydrocortisone	intravenously	in	three
divided	 doses	 during	 the	 first	 24	 hours.	 Gradually	 decreasing	 doses	 of
hydrocortisone	should	be	administered	over	the	next	few	days,	depending	on	the
patient’s	 response,	 or	 until	 adrenal	 insufficiency	 has	 been	 excluded.	 This
protocol	is	recommended	even	in	the	absence	of	hypotension.

Sepsis
Infections,	especially	pneumonia	and	urosepsis,	are	precipitants	or	comorbidities
in	up	to	80%	of	patients	with	myxedema	coma,	and	sepsis	is	an	important	cause
of	 death	 for	 these	 patients.2,4,6-8	 Some	 signs	 of	 sepsis	 such	 as	 tachycardia	 and
fever	may	 be	 absent	 in	 the	 initial	 presentation	 of	 patients	 with	myxedema.	 A
careful	 evaluation	 for	 underlying	 infections	 should	 be	 conducted	 for	 each
patient.	 When	 suspected,	 such	 infections	 should	 be	 treated	 aggressively.	 The
management	of	sepsis	is	discussed	in	detail	in	Chapter	38.



Thyroid	Hormone
4 	Administration	 of	 thyroid	 hormone	 is	 the	 definitive	 treatment	 of	myxedema
coma	 and	 is	 essential	 for	 reversing	 hypotension,	 hypothermia,	 and	 depressed
consciousness.	The	sensorium	may	be	improved	for	a	few	patients	when	glucose
is	given	or	hypoventilation	corrected,	but	deterioration	recurs	if	thyroid	hormone
is	 not	 given.	 The	 gastrointestinal	 absorption	 of	 thyroid	 hormone	 is	 often
markedly	reduced	during	myxedema	coma.	Therefore,	thyroid	hormone	must	be
given	by	the	intravenous	route.	To	ensure	proper	dosing,	synthetic	preparations
should	be	used.

There	are	no	large	controlled	studies	of	the	optimum	form	of	thyroid	hormone
for	myxedema	coma	or,	for	that	matter,	any	aspect	of	the	treatment	of	myxedema
coma.	Both	T4	and	T3	have	been	used	with	varying	degrees	of	success,	and	each
has	its	theoretical	advantages.	T4	is	advantageous	because	most	thyroid	hormone
is	secreted	in	the	form	of	T4.	For	this	and	other	reasons,	plasma	and	intracellular
T4	and	T3	profiles	are	more	stable	and	representative	of	the	normal	condition	if
T4	rather	than	T3	is	administered.	Conversely,	T3	is	advantageous	because	it	has	a
more	rapid	onset	of	action	than	T4.

The	 best	 doses	 for	 treating	 myxedema	 coma	 have	 not	 been	 studied	 in	 a
rigorous	fashion.	As	is	the	case	when	deciding	between	T4	and	T3,	the	choice	is
not	 straightforward.	 In	 patients	 with	 long-standing	 untreated	 hypothyroidism,
thyroid	 hormone	 treatment	 is	 usually	 initiated	 at	 low	 doses.	 These	 patients
frequently	 have	 underlying	 arteriosclerotic	 cardiovascular	 disease,	 and	 initial
therapy	with	full	replacement	doses	of	thyroid	hormone	can	precipitate	angina	or
myocardial	 infarction.	 On	 the	 other	 hand,	 in	 near-terminal	 patients	 with
myxedema	 coma,	 the	 need	 for	 thyroid	 hormone	 is	 urgent.	 In	 this	 setting,	 the
blood	 pressure	 and	 body	 temperature	 can	 increase	 within	 hours	 after	 thyroid
hormone	is	started.

We	 and	 others16	 prefer	 T4	 for	 all	 but	 the	 most	 severe	 cases	 of	 myxedema
coma.	 Except	 in	 elderly	 patients,	 the	 initial	 intravenous	 dose	 of	 T4	 should	 be
between	 0.2	 and	 0.4	 mg,	 with	 the	 larger	 doses	 in	 this	 range	 used	 for	 more
comatose	 patients,	 those	 with	 more	 severe	 hypotension	 or	 hypothermia,	 and
those	with	large	body	mass.	In	the	elderly	patient	or	those	with	a	history	of	heart
disease,	the	initial	T4	dose	should	probably	not	exceed	0.4	mg.	Doses	exceeding
0.5	mg/d	may	be	associated	with	higher	mortality.6	If	there	is	no	improvement	in
the	state	of	consciousness,	blood	pressure,	or	core	temperature	in	the	first	6	to	12
hours	 after	 the	 initial	 dose,	 T4	 should	 again	 be	 administered	 to	 bring	 the	 total
dose	during	the	first	24	hours	to	0.4	mg.	Thyroid	hormone	should	then	be	given



again	24	hours	later	and	every	24	hours	thereafter.	After	 the	first	24	hours,	 the
subsequent	 doses	 should	 range	 from	 0.05	 to	 0.2	 mg	 daily,	 depending	 on	 the
clinical	 response.	 If	 the	 treatment	 is	 not	 maintained,	 coma	 may	 recur.	 One
prospective	study	randomly	assigned	11	patients	 to	 two	groups:	one	received	a
loading	 dose	 of	 0.5	mg	 of	 T4	 intravenously	 followed	 by	 a	 daily	 maintenance
dose	of	0.1	mg	intravenously	(“high-dose”	group);	the	other	group	received	only
the	 maintenance	 dose	 of	 0.1	 mg	 daily	 (“low-dose”	 group).	 Four	 of	 eleven
patients	died,	but	only	one	of	them	was	in	the	“high-dose”	group.	The	mortality
rate	 was	 lower	 in	 the	 “high-dose”	 group,	 but	 did	 not	 reach	 statistical
significance.	However,	the	sample	size	was	small.	Based	on	this	information,	it
was	suggested	that	patients	who	receive	a	loading	dose	fared	better	than	those	on
less	 vigorous	 regimens.8	 A	 smaller	 dose	 in	 comatose	 patients	 is	 probably
indicated	 in	 very	 elderly	 patients,6	 or	 in	 patients	 who	 are	 normotensive	 and
euthermic	and	have	another	explanation	 for	 their	 comatose	 state,	 such	as	CNS
trauma	or	recent	sedative	ingestion.	Another	situation	that	calls	for	lower	doses
is	the	patient	who	has	had	an	acute	myocardial	infarction	and	whose	hypotension
appears	 to	 be	 secondary	 to	 the	 myocardial	 infarction,	 which	 is	 a	 major
contributor	 to	 the	 patient’s	 depressed	 sensorium.	 In	 these	 cases,	 ventilatory
support	should	be	given	and	intravenous	doses	of	as	little	as	0.05	to	0.1	mg	of	T4

administered	 in	 the	 first	 24	 hours.	 Care	 must	 be	 taken	 when	 making	 the
diagnosis	of	myocardial	infarction,	however,	since	creatine	kinase-MB	activity	is
increased	 in	 the	 absence	 of	 myocardial	 infarction	 in	 a	 few	 patients	 with
myxedema	 coma.17,18	 Troponin	 levels	 are	 more	 specific	 markers	 of	 cardiac
injury,	 and	 are	 probably	 affected	 to	 a	 lesser	 degree,	 although	 there	 have	 also
been	 reports	 of	 troponin	 elevations	 during	 hypothyroidism	 in	 the	 absence	 of
cardiac	disease.19-23

For	severe	cases	of	myxedema	coma	where	there	is	a	poor	initial	response	to
levothyroxine,	 addition	 of	 intravenous	 T3	 may	 be	 considered.16	 If	 T3	 is	 used,
however,	 greater	 caution	 must	 be	 exercised	 to	 avoid	 overstimulation	 of	 the
cardiovascular	system2	 and	 too	 rapid	 an	 increase	 in	 oxygen	 consumption.	 It	 is
clear	that	T3	has	been	lifesaving	in	some	patients,	but	high	doses	of	administered
T3	and	high	calculated	plasma	T3	concentrations	have	also	been	associated	with
increased	mortality.2,6	 Although	 doses	 as	 high	 as	 0.2	mg	 of	 T3	 in	 the	 first	 24
hours	 have	 been	 used,	 as	 little	 as	 0.0025	 mg	 has	 been	 reported	 to	 increase
cardiac	 output,	 heart	 rate,	 ventricular	 stroke	 work,	 oxygen	 consumption,	 and
oxygen	 delivery	 during	 myxedema	 coma.24	 Based	 on	 American	 Thyroid
Association	 recommendations,	 a	 loading	 dose	 5	 to	 20	 μg	 of	 T3	 can	 be	 given
intravenously,	 in	 addition	 to	 levothyroxine.	This	 can	be	 followed	by	a	dose	of



2.5	to	10	μg	of	T3	every	8	hours.16	If	signs	of	myocardial	ischemia	develop,	the
dose	 of	 T3	 should	 be	 reduced.	 Particularly	worrisome	would	 be	 a	 decrease	 in
blood	 pressure	 in	 the	 face	 of	 an	 increase	 in	 body	 temperature,	 suggesting	 that
cardiovascular	 decompensation	 is	 occurring	 in	 the	 face	 of	 increased	 oxygen
demands.	If	there	is	gradual	improvement	of	metabolic	parameters,	the	T3	can	be
tapered	 and	 T4	 treatment	 continued.	 When	 the	 patient	 stabilizes	 and	 is	 fully
conscious,	 T4	 can	 be	 given	 by	 the	 oral	 instead	 of	 the	 intravenous	 route.	 T4

therapy	 must	 be	 closely	 monitored,	 however,	 as	 T4	 malabsorption	 can	 be	 a
serious	problem	in	a	variety	of	clinical	settings.	If	the	clinical	response	to	oral	T4

is	not	maintained	or	serum	T4	concentrations	fall,	the	patient	should	be	switched
back	to	intravenous	T4	therapy.

Although	myxedema	coma	is	associated	with	a	high	mortality,	many	patients
survive	by	using	judicious	therapy	aimed	at	correcting	the	secondary	metabolic
disturbances	 and	 reversing	 the	 hypothyroid	 state.	 This	 must	 be	 done	 in	 a
sustained	 but	 gradual	 fashion,	 however,	 because	 an	 effort	 to	 correct
hypothyroidism	too	rapidly	may	completely	negate	the	beneficial	effects	of	 the
initial	treatment.

Pertinent	clinical	studies	of	myxedema	coma	are	listed	in	Table	142.3.

TABLE	142.3

Pertinent	Clinical	Studies	of	Myxedema	Coma

Myxedema	coma	has	a	high	mortality	rate	and	is	often	the	first
manifestation	of	thyroid	disease2,5-8
Old	age	is	associated	with	increased	mortality	in	myxedema	coma.2,6
Sepsis	and	infection	are	important	contributors	of	mortality.2,4,6-8
Higher	doses	of	T4	(≥0.5	mg/d)	combined	with	T3	(≥75	μg/d)	have	been
associated	with	worse	outcome.	It	is	not	known	it	this	association	is	due	to
patients	with	more	severe	forms	of	myxedema	coma	being	treated	with
higher	doses	of	thyroid	hormone.2,6

T3,	triiodothyronine;	T4,	thyroxine.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	The	American	Thyroid	Association	(ATA)	recommended	loading	dose	of
T3	to	supplement	T4	therapy	for	severe	myxedema	coma	is:

A. 	1	to	5	μg	of	intravenous	T3

B. 	5	to	20	μg	of	intravenous	T3

C. 	10	to	30	μg	of	enteral	T3

D. 	50	to	100	μg	of	intravenous	T3

E. 	None	of	the	above

2. 	The	recommended	steroid	and	dose	for	the	treatment	of	myxedema	coma
is:

A. 	0.1	mg	of	enteral	fludrocortisone	daily
B. 	1	mg	intravenous	dexamethasone	twice	daily
C. 	50	mg	of	intravenous	hydrocortisone	every	6	hours
D. 	100	mg	of	intravenous	hydrocortisone	every	8	hours
E. 	None	of	the	aforementioned

3. 	All	of	the	following	are	associated	with	myxedema	coma	EXCEPT:

A. 	Hypernatremia
B. 	Hypoglycemia
C. 	Hypotension
D. 	Hypothermia
E. 	Hypoventilation

Answers

1.	The	correct	answer	is	B.
Rationale:	The	American	Thyroid	Association	(ATA)	recommends	a	loading

dose	5	to	20	μg	of	intravenous	T3	when	supplementation	is	indicated	(choice	B	is
correct).	Intravenous	dosing	is	recommended	over	enteral	dosing.



2.	The	correct	answer	is	D.
Rationale:	The	 recommended	corticosteroid	 for	myxedema	coma	 is	300	mg

intravenous	 hydrocortisone	 in	 divided	 doses	 daily	 (choice	 D	 is	 correct).
Fludrocortisone	has	predominantly	mineralocorticoid	rather	 than	glucocorticoid
effects,	and	dexamethasone	has	few	mineralocorticoid	effects.

3.	The	correct	answer	is	A.
Rationale:	 Myxedema	 coma	 is	 associated	 with	 hyponatremia	 and	 not

hypernatremia	 (choice	 A	 is	 the	 “correct”,	 wrong	 answer).	 Hypothermia,
hypotension,	 hypoventilation,	 and	 hypoglycemia	 are	 all	 clinical	 features	 of
myxedema	coma.
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Chapter	143
Nonthyroidal	Illness	Syndrome	(Sick
Euthyroid	Syndrome)	in	the	Intensive
Care	Unit
Shirin	Haddady,	Alan	P.	Farwell

KEY	POINTS:
1.	 The	sick	euthyroid	syndrome	should	not	be	viewed	as	an	isolated

pathologic	event	but	as	part	of	a	coordinated	systemic	reaction	to
illness	that	involves	both	the	immune	and	endocrine	systems.

2.	 The	sick	euthyroid	syndrome	is	the	most	common	thyroid	disorder
seen	in	patients	admitted	with	COVID-19	infection.	The	frequency
increases	with	the	severity	of	the	illness	and	is	associated	with	a	7-
to	11-fold	increase	in	mortality.

3.	 The	only	current	trials	examining	the	utility	of	thyroid	hormone
treatment	in	the	sick	euthyroid	syndrome	are	in	the	setting	of	acute
myocardial	infarction	and	the	results	show	a	minimal/subclinical
benefit	at	best.

4.	 At	the	present	time,	in	the	absence	of	any	clinical	evidence	of
hypothyroidism,	there	does	not	appear	to	be	any	compelling
evidence	for	the	use	of	thyroid	hormone	therapy	for	any	patient	with
decreased	thyroid	hormone	parameters	due	to	the	sick	euthyroid
syndrome.

INTRODUCTION
1 	Critical	 illness	 causes	multiple	 alterations	 in	 thyroid	hormone	concentrations
among	 patients	 who	 have	 no	 previously	 diagnosed	 intrinsic	 thyroid	 disease.1-8



These	effects	are	nonspecific	and	relate	 to	 the	severity	of	 the	 illness.	The	most
common	 alterations	 of	 thyroid	 hormone	 parameters	 seen	 among	 these	 cases
includes	 low	 triiodothyronine	 (T3)	 levels,	 normal	 thyroid	 stimulating	 hormone
(TSH)	 levels,	 and	 increased	 reverse	 triiodothyronine	 (rT3)	 levels.	 Despite
abnormalities	of	serum	thyroid	hormone	parameters,	there	is	little	evidence	that
these	 patients	 have	 clinically	 significant	 thyroid	 dysfunction.	 The	 changes	 in
serum	thyroid	function	associated	with	a	wide	variety	of	acute	illness	have	been
termed	“sick	euthyroid	syndrome,”	“nonthyroidal	illness	syndrome,”	or	“low	T3

syndrome.”	 The	 changes	 in	 thyroid	 hormone	 parameters	 seen	 with	 the	 sick
euthyroid	 syndrome	are	 thought	 to	be	a	 response	 to	 systemic	 illness	 through	a
variety	 of	 different	 pathways.	 These	 changes	 are	 rarely	 isolated	 and	 often	 are
associated	 with	 alterations	 in	 other	 endocrine	 systems,	 such	 as	 reductions	 in
serum	 gonadotropin	 and	 sex	 hormone	 concentrations9	 and	 increases	 in	 serum
corticotropin	 and	 cortisol	 levels.10	 Similar	 changes	 of	 endocrine	 function	 have
been	 shown	 experimentally	 by	 the	 administration	 of	 cytokines	 from	 the
interleukin	(IL)	and	interferon	families	as	well	as	tumor	necrosis	factor	α	(TNF-
α).11	One	theory	postulates	that	euthyroid	sick	syndrome	may	be	a	compensatory
mechanism	 in	 response	 to	 the	 oxidative	 stress	 of	 acute	 illness.	 Thus,	 the	 sick
euthyroid	syndrome	should	not	be	viewed	as	an	isolated	pathologic	event	but	as
part	of	a	coordinated	systemic	reaction	to	illness	that	involves	both	the	immune
and	endocrine	systems.

The	 differentiation	 between	 patients	 with	 the	 sick	 euthyroid	 syndrome	 and
those	with	intrinsic	thyroid	disease	is	a	frequent	diagnostic	problem	for	intensive
care	 unit	 (ICU)	 physicians.	 This	 chapter	 will	 first	 review	 normal	 thyroid
physiology	 and	 discuss	 the	 changes	 in	 thyroid	 hormone	metabolism	 seen	with
critical	illness.	Management	of	these	patients	and	the	identification	of	those	with
intrinsic	 thyroid	 disease	 will	 then	 be	 discussed.	 Finally,	 the	 use	 of	 thyroid
hormone	replacement	in	the	sick	euthyroid	syndrome	will	be	reviewed.

NORMAL	THYROID	HORMONE	ECONOMY

Regulation
The	 synthesis	 and	 secretion	 of	 thyroid	 hormone	 is	 under	 the	 control	 of	 the
anterior	 pituitary	 hormone,	 thyrotropin	 (TSH).	 In	 a	 classic	 negative	 feedback
system,	 TSH	 secretion	 increases	 when	 serum	 thyroid	 hormone	 levels	 fall	 and
decreases	 when	 they	 rise	 (Figure	 143.1).	 TSH	 secretion	 is	 also	 under	 the



regulation	of	the	hypothalamic	hormone,	thyrotropin-releasing	hormone	(TRH).
The	 negative	 feedback	 of	 thyroid	 hormone	 is	 targeted	 mainly	 at	 the	 pituitary
level	but	likely	affects	TRH	release	from	the	hypothalamus	as	well.	In	addition,
input	from	higher	cortical	centers	can	affect	hypothalamic	TRH	secretion.

	

Figure	 143.1 	 Diagram	 of	 the	 hypothalamic-pituitary-thyroid
axis.The	inhibitory	effect	of	T4	and	T3	on	thyrotropin	(TSH)	secretion
is	 shown	 by	 the	 dashed	 line	 and	 minus	 sign,	 and	 the	 stimulatory
effects	 of	 thyrotropin-releasing	 hormone	 (TRH)	 on	 TSH	 secretion
and	TSH	on	thyroid	secretion	are	shown	by	 the	solid	 lines	and	plus
signs.	T4	and	T3	may	also	have	an	inhibitory	effect	on	TRH	secretion.
(From	Toft	AD.	Thyrotropin:	assay,	secretory	physiology,	and	testing
of	 regulation,	 In:	 Braverman	 LE,	 Utiger	 RD,	 eds.	 The	 Thyroid:	 A
Fundamental	and	Clinical	Text.	Lippincott;	1991,	with	permission.)



Under	 the	 influence	 of	 TSH,	 the	 thyroid	 gland	 synthesizes	 and	 releases
thyroid	 hormone.	 Thyroxine	 (T4,	 65%	 iodine	 by	 weight)	 is	 the	 principal
secretory	 product	 of	 the	 thyroid	 gland,	 comprising	∼90%	 of	 secreted	 thyroid
hormone	 under	 normal	 conditions.12	 Although	 T4	 may	 have	 direct	 actions	 in
some	tissues,	T4	primarily	functions	as	a	hormone	precursor	that	is	metabolized
in	 peripheral	 tissues	 to	 the	 transcriptionally	 active	 3,5,3′-triiodothyronine	 (T3,
59%	iodine	by	weight).

Metabolic	Pathways
The	 major	 pathway	 of	 metabolism	 of	 T4	 is	 by	 sequential	 monodeiodination13

(Figure	 143.2).	 At	 least	 three	 deiodinases,	 each	with	 its	 unique	 expression	 in
different	organs,	catalyze	the	deiodination	reactions	involved	in	the	metabolism
of	T4.	Removal	of	the	5′-,	or	outer	ring,	iodine	by	1	iodothyronine	5′-deiodinase
(1	 deiodinase,	 D1)	 is	 the	 “activating”	 metabolic	 pathway,	 leading	 to	 the
formation	 of	 T3.	 Removal	 of	 the	 inner	 ring,	 or	 5-,	 iodine	 by	 3	 iodothyronine
deiodinase	 (3	 deiodinase,	 D3)	 is	 the	 “inactivating”	 pathway,	 producing	 the
metabolically	inactive	hormone,	3,3′,5′-triiodothyronine	(reverse	T3,	rT3).	Type	1
deiodinase	(D1)	is	found	most	abundantly	in	the	liver,	kidneys,	and	thyroid.	It	is
upregulated	 in	 hyperthyroidism	 and	 downregulated	 in	 hypothyroidism.	 Type	 3
deiodinase	 is	 expressed	 primarily	 in	 the	 brain,	 in	 skin,	 and	 in	 placental	 and
chorionic	membranes.	The	actions	of	D3	also	 include	 the	 inactivation	of	T3	 to
form	T2,	another	 inactive	metabolite.	Under	normal	conditions,	∼41%	of	T4	 is
converted	to	T3,	∼38%	is	converted	to	rT3,	and	∼21%	is	metabolized	via	other
pathways,	such	as	conjugation	in	the	liver	and	excretion	in	the	bile.3,5



	

Figure	143.2 	Pathways	of	 thyroid	hormone	metabolism.Thyroid
hormones	are	metabolized	by	outer	ring	deiodination	(1,	1	and	2	5′-
deiodinase),	 inner	 ring	 deiodination	 (2,	 3	 5-deiodinase),	 or	 by
nondeiodinative	pathways	(3).	Deiodination	 is	 the	major	 route	of	T4

metabolism	in	healthy	individuals,	and	nondeiodinative	pathways	of
metabolism	assume	a	greater	role	in	critically	ill	patients.

T3	 is	 the	 metabolically	 active	 thyroid	 hormone	 and	 exerts	 its	 actions	 via
binding	to	chromatin-bound	nuclear	receptors	and	regulating	gene	transcription
in	 responsive	 tissues.14	 Important	 for	 understanding	 of	 the	 alterations	 of
circulating	thyroid	hormone	levels	seen	with	critical	illness	is	the	fact	that	only
∼10%	of	circulating	T3	is	secreted	directly	by	the	thyroid	gland,	whereas	>80%
of	T3	is	derived	from	conversion	of	T4	in	peripheral	tissues.12,13	Thus,	factors	that
affect	peripheral	T4	to	T3	conversion	will	have	significant	effects	on	circulating
T3	 levels.	Serum	levels	of	T3	are	approximately	100-fold	 less	 than	 those	of	T4,
and,	like	T4,	T3	is	metabolized	by	deiodination	to	form	diiodothyronine	(T2)	and
by	conjugation	in	the	liver.	The	half-life	of	circulating	T4	is	5	to	8	days	and	that
of	T3	is	1.3	to	3	days.15



Serum-Binding	Proteins
Both	 T4	 and	 T3	 circulate	 in	 the	 serum	 as	 bound	 hormones	 to	 several	 proteins
synthesized	by	the	liver.16	Thyroxine-binding	globulin	(TBG)	is	the	predominant
transport	 protein	 and	 binds	∼80%	of	 the	 circulating	 serum	 thyroid	 hormones.
The	affinity	of	T4	for	TBG	is	approximately	10-fold	greater	than	that	of	T3	and	is
part	 of	 the	 reason	 that	 circulating	 T4	 levels	 are	 higher	 than	 T3	 levels.	 Other
serum-binding	 proteins	 include	 transthyretin,17	 which	 binds	∼15%	 of	 T4	 but
little,	if	any	T3,	and	albumin,	which	has	a	low	affinity	but	a	very	large	binding
capacity	 for	 T4	 and	 T3.	 Overall,	 99.97%	 of	 circulating	 T4	 and	 99.7%	 of
circulating	T3	is	bound	to	plasma	proteins.

Free	Hormone	Concept
Essential	 to	 the	 understanding	 of	 the	 regulation	 of	 thyroid	 function	 and	 the
alterations	of	circulating	thyroid	hormones	seen	with	critical	illness	is	the	“free
hormone”	concept,	which	is	 that	only	the	unbound	hormone	has	any	metabolic
activity.	Under	the	regulation	by	the	pituitary,	overall	thyroid	function	is	affected
when	 there	are	any	changes	 in	 free	hormone	concentrations.	Changes	 in	either
the	concentrations	of	binding	proteins	or	the	binding	affinity	of	thyroid	hormone
to	 the	 serum-binding	 proteins	 have	 significant	 effects	 on	 the	 total	 serum
hormone	 levels	 because	 of	 the	 high	 degree	 of	 binding	 of	 T4	 and	 T3	 to	 these
proteins.	Despite	 these	changes,	 this	does	not	necessarily	 translate	 into	 thyroid
dysfunction.

THYROID	HORMONE	ECONOMY	WITH	CRITICAL
ILLNESS
The	widespread	changes	in	thyroid	hormone	economy	of	the	critically	ill	patient
occur	 as	 a	 result	 of	 (a)	 alterations	 of	 the	 peripheral	metabolism	of	 the	 thyroid
hormones,	 (b)	 alterations	 of	 TSH	 regulation,	 (c)	 alterations	 of	 the	 binding	 of
thyroid	hormone	to	TBG,	(d)	alterations	of	thyroid	hormone	transporters,	and	(e)
alterations	of	nuclear	thyroid	hormone	receptors.7



Alterations	of	Metabolic	Pathways
The	 acute	 decrease	 of	 T3	 and	 increase	 of	 rT3	 early	 in	 the	 euthyroid	 sick
syndrome	initially	was	thought	to	result	solely	from	the	acute	inhibition	of	D1	in
liver	and	kidneys	by	a	variety	of	factors	(Table	143.1).13	However,	increased	D3
activity	in	liver	and	inflammatory	cells	has	been	reported	in	both	animal	models
of	tissue	injury	and	hospitalized	patients	with	acute	illnesses.18	Studies	of	human
tissues	obtained	from	patients	who	died	during	acute	illness	showed	a	decrease
of	D1	activity	and	an	 increase	of	D3	activity,	whereas	 there	was	no	change	or
absent	D2	 activities	 in	 liver	 and	 skeletal	muscles.19-21	 In	 addition,	 increases	 of
nondeiodinative	 pathways	 such	 as	 sulfoconjugation12	 and	 alanine	 side	 chain
deamination/decarboxylation1	 have	 been	 reported	 to	 be	 increased	 with	 the
euthyroid	 sick	 syndrome.	 Thus,	 it	 has	 become	 clear	 that	 there	 are	 many
pathways	 that	 all	 serve	 to	 drive	 down	 T3	 levels	 early	 in	 the	 euthyroid	 sick
syndrome.

TABLE	143.1

Factors	That	Inhibit	Type	1	5′-Deiodinase	Activity

Acute	and	chronic	illness

Caloric	deprivation

Malnutrition

Glucocorticoids

β-Adrenergic	blocking	drugs	(eg,	propranolol)

Oral	cholecystographic	agents	(eg,	iopanoic	acid,	sodium	ipodate)

Amiodarone

Propylthiouracil

Fatty	acids

Fetal/neonatal	period

Selenium	deficiency



Cytokines	(interleukins	1	and	6)

Hepatic	disease

An	extensive	review	of	thyroid	hormone	metabolism	with	inflammation	and
infection	by	Boelen	et	al22	described	different	alterations	of	deiodinase	activity	in
different	tissues	during	acute	illness,	as	summarized	in	Table	143.2.	In	a	rodent
model	of	acute	inflammation,	liver	D1	expression	is	decreased,	presumably	as	a
result	of	 regulation	 through	 thyroid	hormone	receptor	β1	(TRβ1).22	Changes	 in
deiodinase	 expression	 have	 also	 been	 seen	 in	 a	 pig	 model	 of	 septic	 shock
induced	 by	 bacterial	 endotoxin,	 lipopolysaccharide	 (LPS),	 with	 decreases	 in
liver	 and	 kidney	 D1	 expression	 and	 activity	 and	 increases	 in	 hypothalamic,
thyroidal,	and	liver	D3	activity.23

TABLE	143.2

Tissue-Specific	Alterations	in	Iodothyronine	Deiodinases	in
Illness14

Organ Model Alterations	in	Deiodinases

Hypothalamus

Rodent—acute	illness Increased	D2	mRNA	expression	and	activity

Mouse—acute
inflammation

Decreased	D3	activity

Mouse—chronic
inflammation

Increased	D2	expression;	decreased	D3	activity

Rabbit—critical	illness Increased	D2	expression;	unchanged	D3	activity

Liver

Rodent—acute
inflammation

Decreased	D1	expression;	decreased	D3	expression

Rodent—chronic
inflammation

D1	mRNA	expression	unaffected;	decreased	D3
mRNA	expression	and	activity



Muscle

Rodent—acute
inflammation

Increased	D2	expression;	decreased	D3	expression

Mice—chronic
inflammation

Increased	D2	and	D3	mRNA	expression	and	activity

Humans	and	mice—
bacterial	sepsis

Decreased	D2	expression;	unchanged	or	increased
D3	expression

Adipose	tissue

Humans—bacterial
sepsis

No	change	in	D1	or	D3	activities

From	Yen	PM,	Brent	GA,	Hollenberg	AN.	Intracellular	actions	of	thyroid	hormone.	In:	Braverman
LE,	Cooper	DS,	Kopp	PA,	eds.	Werner	and	Ingbar’s	the	Thyroid.	Lippincott	Williams	and	Wilkins;
2021:128-142.

In	 the	 hypothalamus,	 D2	 is	 thought	 to	 be	 the	 major	 contributor	 of
hypothalamic	 T3	 production.	 In	 the	 rodent	 model	 of	 acute	 illness,	 there	 is	 an
increase	in	D2	mRNA	expression	and	activity	seen	in	the	hypothalamus,24	which
is	also	seen	in	 the	mouse	model	of	chronic	 inflammation8,22	and	among	rabbits
with	 chronic	 illness.25	 The	 mechanism	 of	 this	 increase	 of	 D2	 expression	 and
activity	is	unclear	at	this	time,	but	it	appears	independent	of	change	in	serum	T3

levels,	 and	 the	 activation	of	nuclear	 factor-κB	pathway	may	be	 involved.22	 On
the	other	hand,	hypothalamic	D3	activity	is	unaltered	among	rabbits	with	chronic
illness25	 and	 decreased	 for	 mice	 models	 of	 both	 acute	 and	 chronic
inflammation.22	 The	 subsequent	 increase	 in	 local	 hypothalamic	 T3	 levels	 may
contribute	 to	 the	 decrease	 in	 hypothalamic	 TRH	mRNA	 expression	 seen	with
acute	illness.

Data	 from	 the	 deiodinase	 knockout	 mice	 model	 have	 raised	 questions
regarding	the	clinical	significance	of	the	changes	in	deiodinase	activity	with	the
euthyroid	sick	syndrome.	The	illness-induced	changes	in	serum	T4	and	T3	levels
were	not	significantly	different	between	wild-and	TRβ1	knockout	mice,	despite
differences	seen	for	 liver	D1	mRNA	expression	and	activity.26	Similar	 findings
were	 reported	 for	 alterations	 of	 liver	 D3	 expression	 and	 activity	 in	 mouse
models.22	 The	 relative	 lack	 of	 effects	 of	 changes	 in	 deiodinase	 expression	 and
activity	 on	 serum	 thyroid	 hormone	 levels	 have	 also	 been	 shown	 in	 various



deiodinase	knockout	mice	models,	as	 serum	T3	 appears	preserved	even	 though
rT3	levels	are	undetectable.12,26

Alterations	of	Thyroid	Stimulating	Hormone	Secretion
Serum	TSH	 levels	 usually	 remain	normal	 during	 early	 phases	 of	 acute	 illness.
However,	with	illness	progression,	TSH	steadily	decreases	as	a	result	of	multiple
factors	 (Table	 143.3).	These	 include	 several	medications	 used	 for	 treatment	 of
critical	 illness,	 such	 as	 dopamine	 and	 glucocorticoids,	 that	 have	 a	 direct
inhibitory	effect	on	TSH	secretion.27,28	Elevated	endogenous	cortisol	also	plays	a
role	 in	 suppressing	 TSH,	 especially	 during	 fasting	 and	 undernutrition.29	 In
addition,	D2	activity	has	been	reported	to	be	increased	in	the	pituitary	with	the
euthyroid	sick	syndrome,	increasing	local	production	of	T3	and	decreasing	TSH
synthesis.30-32	Further,	increased	production	of	thyroid	hormone	metabolites	such
as	 3,5,3′-triiodothyroacetic	 acid	 (Triac)	 during	 acute	 illnesses	 also	 has	 a	 direct
inhibitory	effect	on	TSH	synthesis.

TABLE	143.3

Factors	That	Alter	TSH	Secretion

Increase	TSH	Secretion Decrease	TSH	Secretion

Chlorpromazine Acute	and	chronic	illness

Cimetidine Adrenergic	agonists

Domperidone Caloric	restriction

Dopamine	antagonists Carbamazepine

Haloperidol Clofibrate

Iodide Cyproheptadine

Lithium Dopamine	and	dopamine	agonists

Metoclopramide Endogenous	depression

Sulfapyridine Glucocorticoids



Radiographic	contrast	agents Insulin-like	growth	factor	1
Metergoline
Methysergide
Opiates
Phenytoin
Phentolamine
Pimozide
Somatostatin
Serotonin
Surgical	stress
Thyroid	hormone	metabolites

TSH,	thyroid-stimulating	hormone.

There	is	ample	evidence	of	decreased	TRH	production	and	secretion	leading
to	 a	 decrease	 in	 TSH	 in	 the	 euthyroid	 sick	 syndrome.1,22	 Leptin,	 a	 hormone
encoded	 by	 the	ob	 gene	 and	 secreted	 by	 adipocytes,	 plays	 a	 role	 in	 balancing
energy	 intake	 and	 expenditure.	 Leptin	 has	 been	 reported	 to	 directly	 regulate
TRH	production,	and	leptin	and	TSH	levels	are	directly	related.33,34	Serum	leptin
levels	 decrease	 during	 fasting	 as	 well	 as	 among	 elderly	 patients	 with	 the
euthyroid	sick	syndrome,	leading	to	subsequent	decreases	in	TSH	levels.35	These
changes	likely	serve	as	an	adaptive	mechanism	to	reduce	catabolic	process	and
energy	expenditure	in	the	setting	of	acute	illness.35-37	Increased	hypothalamic	D2
activity	as	well	as	increased	Triac	production	also	has	been	reported	to	directly
decrease	TSH	production,	similar	to	that	observed	in	the	pituitary.22

Some	 investigators	 have	 hypothesized	 a	 central	 role	 for	 decreased	 TRH
production	 in	 the	 euthyroid	 sick	 syndrome.38	 Further,	 TRH	 therapy	 has	 been
postulated	 as	 a	 therapeutic	 intervention.	 Indeed,	 a	 trial	 of	 exogenous	 TRH
administration	 in	 conjunction	 with	 growth	 hormone-releasing	 peptide-2	 in	 14
patients	with	prolonged	critical	illness	has	been	shown	to	restore	the	alterations
seen	 in	 serum	 thyroid	 hormone	 parameters,	 with	 subsequent	 improvement	 for
some	of	the	cardiometabolic	parameters	such	as	protein	degradation.38

Alterations	of	Serum	Thyroid	Hormone-Binding	Proteins
The	majority	of	thyroid	hormone	is	bound	to	various	binding	proteins	in	plasma,
primarily	 TBG	 as	 well	 as	 transthyretin	 and	 albumin.	 As	 both	 acute	 and
prolonged	illnesses	are	typically	accompanied	by	malnutrition	and	high	catabolic
state,	serum	levels	of	binding	protein	are	frequently	reduced.16	A	rapid	decrease



in	TBG	levels	has	also	been	seen	among	postcardiac	bypass	patients,	which	may
also	contribute	to	the	decrease	in	serum	T3	shortly	after	cardiac	surgery.39

In	addition	to	decreases	in	the	serum	levels	of	binding	proteins,	binding	of	T4

to	 TBG	 is	 frequently	 decreased	 by	 a	 variety	 of	 factors	 present	 with	 critical
illness	 (Table	 143.4).1	 Certain	 medications	 (heparin,	 furosemide,	 antiseizure
medications,	 salicylates)	 have	 been	 implicated	 in	 this	 decrease	 in	 binding.	 In
addition,	 a	 factor	 that	 has	 the	 characteristics	 of	 unsaturated	 nonesterified	 fatty
acids	has	been	reported	to	interfere	with	TBG	binding	as	well	as	inhibit	T4	to	T3

conversion8	 and	 block	 transport	 of	 T4	 into	 tissue	 in	 the	 euthyroid	 sick
syndrome.8,40,41

TABLE	143.4

Factors	That	Alter	Binding	of	T4	to	TBG

Increase
Binding Decrease	Binding

Estrogens
Methadone
Clofibrate
5-Fluorouracil
Heroin
Tamoxifen
Liver	disease
Porphyria
HIV	infection
Inherited

Drugs	
Glucocorticoids
Androgens
l-Asparaginase
Salicylates
Mefenamic	acid
Antiseizure	medications	(phenytoin,	Tegretol),
raloxifene
Furosemide
Heparin
Systemic	factors	
Inherited
Acute	illness



Nonesterified	free	fatty	acids

HIV,	human	immunodeficiency	virus.

Alterations	of	Thyroid	Hormone	Transporters
Thyroid	 hormones	 are	 transported	 across	 the	 plasma	 membrane	 by	 specific
thyroid	 hormone	 transporters,	 most	 notably	 those	 of	 the	 monocarboxylate
transporter	 (MCT)	 and	 organic	 anion–transporting	 polypeptide	 (OATP)
families.42,43	 Of	 these,	 MCT8,	 MCT10,	 and	 OATP1C1	 have	 been	 extensively
studied.	 OATP1C1	 has	 been	 characterized	 in	 rat	 brain	 and	 found	 to	 have
significant	 action	 for	 transporting	 T4	 across	 the	 blood-brain	 barrier.	 It	 is	 also
found	to	be	regulated,	in	part,	by	thyroid	hormone	levels	in	the	brain.44	MCT8	is
found	in	cortical	regions,	striatum,	cerebellum,	and	hypothalamus,	and	transports
both	T4	and	T3,	whereas	MCT10	preferentially	transports	T3	and	is	expressed	in
liver,	kidney,	and	muscle.43,45

There	 is	 impaired	 transport	 of	 T4	 into	 peripheral	 tissues	 such	 as	 liver	 and
kidney	 seen	 with	 the	 euthyroid	 sick	 syndrome	 and	 with	 starvation,	 thereby
decreasing	 the	 availability	 of	 substrate	 for	 T3	 production	 in	 these	 tissues.46

Consistent	with	these	observations,	liver	and	muscle	MCT8	mRNA	expression	is
decreased	 among	 patients	 with	 acute	 illness	 or	 acute	 surgical	 stress,	 although
MCT10	mRNA	expression	was	not	affected.	However,	there	are	conflicting	data
from	 animal	 studies	 showing	 increased	 OATP1C1	 and	 MCT10	 mRNA
expression,	while	MCT8	mRNA	expression	did	not	change	in	a	rabbit	model	of
prolonged	illness,	contrary	to	what	would	be	expected	given	findings	seen	with
the	euthyroid	sick	syndrome	and	starvation.25	Further	studies	are	needed	to	better
elucidate	the	underlying	mechanisms	of	altered	thyroid	hormone	transport	with
the	euthyroid	sick	syndrome.

Alterations	of	Nuclear	Thyroid	Hormone	Receptors
Thyroid	 hormone	 activity	 is	 mediated	 by	 binding	 to	 TRs,	 with	 two	 main
isoforms:	TRα	and	TRβ.	TRs	are	ligand-bound	transcription	factors	that	regulate
transcription	of	a	variety	of	 target	genes	 in	various	 tissues.14	Concentrations	of
the	receptor	isoforms	vary	by	tissues,	with	TRα	predominating	in	brain,	TRβ	in
liver,	and	both	 in	cardiac	muscles.	Animal	studies	have	shown	conflicting	data
regarding	changes	in	TRs	with	the	euthyroid	sick	syndrome.	In	a	mouse	model



of	acute	illness	induced	by	bacterial	endotoxin,	LPS,	a	rapid	decrease	in	mRNA
for	 both	 TRα	 and	 TRβ	 as	 well	 as	 coactivator	 expression	 was	 seen	 in	 cardiac
tissue.47	This	decrease	 in	TRβ	mRNA	expression	was	 also	 seen	 in	heart,	 liver,
and	kidney	with	a	LPS-induced	pig	model	of	acute	septic	shock.23	On	the	other
hand,	there	was	no	significant	change	in	the	levels	of	either	TRα	or	TRβ	among
rabbits	in	a	prolonged	illness	model.25	Human	studies	of	patients	with	liver	and
renal	failure	showed	increased	TRα	and	TRβ	expression	in	mononuclear	cells.48
These	 findings	 were	 different	 from	 that	 seen	 for	 humans	 with	 chronic	 liver
disease,	 where	 no	 change	 in	 TR	 expression	 in	 hepatic	 tissues	 was	 seen.22
Meanwhile,	 adipose	 tissue	 from	 patients	 with	 septic	 shock	 showed	 decreased
levels	of	transcription	factors	for	TRβ1,	with	no	significant	change	in	expression
for	 TRα1	 and	 other	 coactivators	 or	 corepressors.23	 The	 mechanisms	 for	 these
alterations	in	TRs	remain	unclear.

Role	of	Cytokines	for	the	Pathogenesis	of	the	Sick
Euthyroid	Syndrome
Cytokines	 are	 medium-sized	 polypeptide	 hormones	 secreted	 by	 mononuclear
cells	 of	 the	 lymphoid	 system	 in	 response	 to	 a	 variety	 of	 stimuli,	 including
infection	 by	 foreign	 organisms,	 invasion	 by	 foreign	 cells,	 metabolic
derangements,	 and	 organ	 system	 dysfunction.49	 Cytokines	 have	 an	 array	 of
systemic	 and	 local	 actions	 characteristic	 of	 illness,	 such	 as	 fever,	 prostration,
inflammation,	 and	 the	 initiation	 of	 wound	 repair.	 Cytokine	 production	 by
lymphoid	 cells	 is	 essential	 for	 the	development	 and	maintenance	of	 immunity.
The	 actions	 of	 cytokines	 include	 both	 autocrine	 and	 paracrine	 effects	 on	 cell
proliferation	and	differentiation	and	on	induction	of	other	cytokines.	Classes	of
cytokines	include	the	ILs	(1-12),	interferons	(α,	β,	and	γ),	TNFs	(α	and	β),	and
other	assorted	growth	factors.	Of	these	cytokines,	TNF-α	and	several	ILs	(IL-1,
IL-6,	and	IL-10)	have	been	extensively	studied	for	their	role	in	the	pathogenesis
of	the	sick	euthyroid	syndrome.11,50

TNF-α,	IL-1,	and	IL-6	concentrations	are	increased	with	systemic	illness	and
are	implicated	as	mediators	of	endotoxemia-induced	shock,	fever,	and	metabolic
acidosis.	 TNF-α	 and	 IL-1	 both	 induce	 the	 production	 of	 IL-6	 and	TNF-α	 also
induces	 IL-1	 production	 and	 activates	 nuclear	 factor-kappa	B	 (NF-κB),	which
has	 been	 shown	 to	 inhibit	 hepatic	 1	 5′-deiodinase	 activity.51	 Serum
concentrations	 of	 these	 cytokines	 have	 shown	 to	 be	 inversely	 proportional	 to
serum	T3	 concentrations	 in	children	 (IL-6	and	TNF-α52);	 postoperative	patients
(IL-653);	hospitalized	patients,	 including	 those	with	acute	myocardial	 infarction



(IL-654-56);	 after	 bone	 marrow	 transplantation	 (IL-6	 and	 TNF-α57);	 and	 among
nursing	home	patients	(TNF-α58).	However,	there	have	been	reports	of	a	lack	of
correlation	 between	 IL-6	 and	 TNF-α	 after	 abdominal	 surgery59	 and	 with
rheumatoid	arthritis.60	 The	 administration	 of	 cytokines	 to	 animals	 produces	 an
acute	fall	in	serum	T3	concentrations	among	rats	(TNF-α,61	IL-1,62,63	IL-664)	and
mice	(IL-1,65,66	 IL-667)	 and	 shows	 a	 direct	 inhibitory	 effect	 on	 thyroid	 cells	 in
culture	(TNF-α61,64,68	and	IL-168-70).	Variable	effects	on	deiodinase	enzymes	have
been	reported,	including	an	inhibition	of	1	5′-deiodinase	(IL-1β,71	NF-κB)51	and
inhibition	(TNF-α,	IL-1,	and	IL-672)	and	induction30	of	2	5′-deiodinase	response
to	LPS.

The	administration	of	TNF-α73	or	IL-674	to	healthy	human	volunteers	as	well
as	 isolated	 limb	 perfusion	 of	 cancer	 patients	 with	 TNF-α75	 also	 produced	 an
acute	decrease	in	both	serum	T3	and	TSH	concentrations	and	a	rise	in	serum	rT3

concentrations,	whereas	the	administration	of	an	IL-1α	receptor	antagonist	failed
to	 alter	 the	 decrease	 in	 serum	 thyroid	 hormone	 concentrations	 observed	 after
infusion	 of	 endotoxin	 in	 healthy	 males.76	 In	 addition,	 recovery	 from	 these
changes	 in	 thyroid	 hormone	 parameters	 was	 associated	 with	 a	 rise	 in	 TSH,75
similar	to	the	recovery	phase	of	the	sick	euthyroid	syndrome	(see	later).

Other	 cytokines	 have	 been	 variably	 investigated	 as	 to	 their	 role	 in	 the
pathogenesis	of	 the	sick	euthyroid	syndrome.	 Interferon	α	causes	a	decrease	 in
serum	T3	and	TSH	and	a	rise	in	serum	rT3	concentrations	in	both	humans77	and
mice,69	 and	 has	 been	 shown	 to	 directly	 inhibit	 thyroidal	 1	 5′-deiodinase
activity,64,68	whereas	 interferon	γ	 appears	 to	have	no	effect	on	 thyroid	hormone
parameters.78	An	increase	in	TSH	has	been	observed	among	patients	treated	with
IL-2.79	 Soluble	 cytokine	 receptors	may	 play	 a	 regulatory	 role	 for	 the	 cytokine
cascade	 by	 functioning	 as	 either	 carrier	 proteins	 or	 cytokine	 inhibitors49	 and
serum	T3	levels	were	found	to	be	inversely	proportional	to	soluble	receptors	for
TNF-α,	IL-1,	and	IL-2	among	hospitalized	patients.75

Oxidative	stress,	whether	or	not	mediated	via	cytokines,	also	may	play	a	role
in	 the	development	of	 the	 sick	 euthyroid	 syndrome.	N-acetylcysteine	 (a	 potent
intracellular	 antioxidant)	 administration	 to	 patients	 with	 acute	 myocardial
infarction	has	been	shown	to	prevent	changes	in	T3	and	rT3	seen	during	the	acute
phase	of	sick	euthyroid	syndrome,	without	altering	the	increased	levels	of	IL-6.80
This	observation	may	hint	that	oxidative	stress	due	to	increased	reactive	oxygen
species	seen	with	many	disorders	may	play	a	role	in	disruption	of	deiodinases.

From	 the	data	discussed	earlier,	 it	 is	 likely	 that	 cytokines	play	a	 role	 in	 the
alterations	 of	 thyroid	 hormone	metabolism	 that	 occur	 during	 systemic	 illness.
Although	 all	 cytokines	 examined	 to	 date	 can	 produce	 the	 sick	 euthyroid



syndrome	 in	 either	 humans	 or	 rodents	 when	 administered	 at	 pharmacologic
doses,	 no	 one	 cytokine	 can	 be	 singled	 out	 as	 the	 primary	 mediator	 of	 the
syndrome.	 This	 is	 not	 unexpected,	 given	 the	 diverse	 interrelationships	 and
cascade	 nature	 of	 the	 cytokine	 network.	Whether	 the	 sick	 euthyroid	 syndrome
results	 from	 activation	 of	 the	 cytokine	 network	 or	 simply	 represents	 an
endocrine	 response	 to	 systemic	 illness	 resulting	 from	 the	 same	mediators	 that
trigger	the	cytokine	cascade	remains	to	be	determined.

Stages	of	the	Sick	Euthyroid	Syndrome
As	 discussed	 earlier,	 critical	 illness	 causes	 multiple	 nonspecific	 alterations	 of
thyroid	 hormone	 concentrations	 among	 patients	 without	 intrinsic	 thyroid
dysfunction	that	relate	to	the	severity	of	the	illness.1-8	One	group	has	postulated
that	sick	euthyroid	syndrome	may	be	a	compensatory	mechanism	in	response	to
the	oxidative	stress	of	acute	illness.81	Irrespective	of	the	underlying	cause,	these
alterations	of	thyroid	hormone	parameters	represent	a	continuum	of	changes	that
depend	 on	 the	 severity	 of	 the	 illness	 and	 that	 can	 be	 categorized	 into	 several
distinct	 stages	 (Figure	 143.3).1	 The	wide	 spectrum	 of	 changes	 observed	 often
results	 from	 the	 differing	 points	 in	 the	 course	 of	 the	 illness	 that	 the	 thyroid
function	tests	were	obtained.	Importantly,	 these	changes	are	rarely	 isolated	and
often	associated	with	alterations	of	other	endocrine	systems,	such	as	decreases	in
serum	 gonadotropin	 and	 sex	 hormone	 concentrations82	 and	 increases	 in	 serum
adrenocorticotropic	 hormone	 and	 cortisol	 levels.83	 Thus,	 the	 sick	 euthyroid
syndrome	should	not	be	viewed	as	an	isolated	pathologic	event	but	as	part	of	a
coordinated	 systemic	 reaction	 to	 illness	 involving	 both	 the	 immune	 and
endocrine	systems.

	

Figure	143.3 	Alterations	in	thyroid	hormone	concentrations	with
critical	illness.Schematic	representation	of	the	continuum	of	changes
in	serum	thyroid	hormone	levels	in	patients	with	nonthyroidal	illness.
These	alterations	become	more	pronounced	with	 increasing	severity



of	 the	 illness	 and	 return	 to	 the	normal	 range	 as	 the	 illness	 subsides
and	 the	patient	 recovers.	A	rapidly	rising	mortality	accompanies	 the
fall	in	total	and	free	T4	levels.

Low	T3	State
Common	 to	 all	 of	 the	 abnormalities	 of	 thyroid	 hormone	 concentrations	 seen
among	critically	ill	patients	is	a	substantial	depression	of	serum	T3	levels,	which
can	occur	as	early	as	24	hours	after	the	onset	of	illness.	Over	half	of	the	patients
admitted	 to	 the	 medical	 service	 will	 demonstrate	 depressed	 serum	 T3

concentrations.84,85	 The	 development	 of	 the	 low	 T3	 state	 arises	 from	 the
impairment	 of	 peripheral	 T4	 to	 T3	 conversion	 through	 the	 inhibition	 of	 1
deiodinase	 (discussed	 earlier).	 This	 results	 in	 the	 marked	 reduction	 in	 T3

production	 and	 rT3	 degradation,86	 thereby	 leading	 to	 the	 reciprocal	 changes	 in
serum	T3	 and	 serum	 rT3	 concentrations.	 Low	 T3	 levels	 are	 also	 found	 in	 the
peripheral	tissues.19	Previously,	it	was	thought	that	the	inhibition	of	1	deiodinase
was	the	sole	cause	of	the	low	T3	syndrome	by	decreasing	T3	production.	Further
studies	 suggest	 that	 increased	 3	 deiodinase	 with	 critical	 illness	 increases	 T3

disposal,	 adding	 to	 the	 decrease	 in	 serum	 T3	 levels.18,19	 TR	 expression	 is	 also
decreased	 with	 acute	 nonthyroidal	 illnesses,87	 possibly	 in	 response	 to	 the
decrease	in	tissue	T3	levels.

High	T4	State
Serum	T4	levels	may	be	elevated	early	in	acute	illness	because	of	either	the	acute
inhibition	 of	 1	 deiodinase	 or	 increased	 TBG	 levels.	 This	 is	 seen	 most	 often
among	the	elderly	and	among	patients	with	psychiatric	disorders.	As	the	duration
of	illness	increases,	nondeiodinative	pathways	of	T4	degradation	increase	serum
T4	levels	to	the	normal	range.12

Low	T4	State
As	 the	 severity	 and	 the	 duration	 of	 the	 illness	 increase,	 serum	 total	 T4	 levels
decrease	 into	 the	 subnormal	 range.	 Contributors	 to	 this	 decrease	 in	 serum	 T4

levels	 are	 (a)	 a	 decrease	 in	 the	 binding	 of	 T4	 to	 serum	 carrier	 proteins,	 (b)	 a



decrease	 in	 serum	TSH	 levels	 leading	 to	decreased	 thyroidal	production	of	T4,
and	(c)	an	increase	in	nondeiodinative	pathways	of	T4	metabolism.	The	decline
of	 serum	 T4	 levels	 correlates	 with	 prognosis	 in	 the	 ICU,	 with	 mortality
increasing	 as	 serum	 T4	 levels	 drop	 below	 4	 µg/dL	 and	 approaching	 80%	 for
patients	with	 serum	T4	 levels	 below	2	µg/dL.88-90	Despite	marked	 decreases	 of
serum	 total	 T4	 and	 T3	 levels	 among	 critically	 ill	 patients,	 their	 free	 hormone
levels	have	been	reported	to	be	normal	or	even	elevated,91,92	providing	a	possible
explanation	 for	 why	 most	 patients	 appear	 euthyroid	 despite	 thyroid	 hormone
levels	in	the	hypothyroid	range.	Thus,	the	low	T4	state	is	unlikely	to	be	a	result
of	 a	hormone-deficient	 state	 and	 is	 probably	more	of	 a	marker	of	multisystem
failure	of	these	critically	ill	patients.

Recovery	State
As	 acute	 illness	 resolves,	 so	 do	 the	 alterations	 in	 thyroid	 hormone
concentrations.	 This	 stage	 may	 be	 prolonged	 and	 is	 characterized	 by	 modest
increases	 in	 serum	 TSH	 levels.93	 Full	 recovery,	 with	 restoration	 of	 thyroid
hormone	levels	to	the	normal	range,	may	require	several	weeks94	or	months	after
hospital	discharge.85	One	study	reported	that	35	of	40	patients	with	nonthyroidal
illness	after	coronary	artery	bypass	grafting	(CABG)	were	able	to	regain	normal
thyroid	function	within	6	months	after	surgery.95

ALTERATIONS	OF	THYROID	FUNCTION	IN
SPECIFIC	CRITICAL	ILLNESSES

Caloric	Deprivation
Most,	if	not	all,	nonthyroidal	illness	is	associated	with	decreased	caloric	intake,
catabolism,	 and/or	 malnutrition.	 Caloric	 deprivation	 is	 the	 most	 common
inhibitory	factor	of	1	5′-deiodinase.13,96,97	Serum	T3	levels	decrease	and	rT3	levels
increase	within	24	hours	of	the	onset	of	a	fast.	The	decrease	in	serum	T3	 levels
may	possibly	be	an	adaptive	response	in	order	to	preserve	the	total	body	protein
stores.	 Indeed,	 restoring	 the	 serum	T3	 to	 normal	 during	 starvation	 results	 in	 a
marked	increase	in	urinary	nitrogen	excretion.98	Thus,	the	inhibition	of	T4	to	T3

conversion	 during	 starvation	 can	 be	 viewed	 as	 a	 condition	 of	 adaptive



hypothyroidism.99,100	 Further	 support	 for	 the	 role	 of	 caloric	 deprivation	 during
the	development	of	the	sick	euthyroid	syndrome	is	the	demonstration	that	early
nutritional	 support	 for	 postoperative	 patients	 can	 prevent	 development	 of	 the
euthyroid	sick	syndrome.100,101	On	the	other	hand,	early	feeding	within	24	hours
of	 hospitalized	 burn	 patients	 with	 evidence	 of	 the	 euthyroid	 sick	 syndrome,
compared	 to	 delayed	 feeding	 after	 more	 than	 48	 hours,	 was	 associated	 with
prevention	 of	 the	 euthyroid	 sick	 syndrome	 development	 as	 well	 as	 decreased
length	of	stay	(Table	143.5).129	In	a	large	randomized	clinical	trial	that	parenteral
nutrition	postponed	to	1	week	after	ICU	admission	had	beneficial	effects	on	the
rates	of	complications	as	well	as	timing	of	recovery.130	Comparison	of	critically
ill	 patients	 who	 received	 early	 parenteral	 nutrition	 to	 patients	 who	 received
parenteral	 nutrition	 after	 1	week	 showed	 a	 lower	 level	 of	T3	 and	T3/rT3	 and	 a
higher	 level	 of	 rT3	 in	 the	 latter	 group.	 Similar	 results	 were	 reported	 in
children.131,132

TABLE	143.5

Summary	of	Clinical	Trials	on	the	Effects	of	Treatment	of
the	Sick	Euthyroid	Syndrome	With	Thyroid	Hormone

Illness Results	of	Trial

Starvation/undernutrition Treatment	with	T3	results	in	increased	protein
breakdown	and	increased	nitrogen	excretion	in
fasting	normal	and	obese	patients98,99

General	intensive	care
unit	patients

No	benefit	of	L-T4	on	general	medical	patients,102

patients	with	acute	renal	failure103	or	those
undergoing	renal	transplantation104	
No	benefit	of	T3	in	burn	patients105

Premature	infants No	benefit	of	L-T4	on	developmental	indices	of
premature	infants	at	26-28	weeks’	gestation106	
Possible	beneficial	effect	of	L-T4	on	infants	of	25-
26	weeks’	gestation	but	possible	deleterious
effects	on	infants	of	27-30	weeks’	gestation107	
No	benefit	of	T3

108	



Meta-analysis	shows	no	significant	effects	of
thyroid	hormone	treatment	in	premature	infants109

Patients	undergoing
cardiac	surgical
procedures

Small	studies	suggest	improved	hemodynamic
variables	with	T3.110,111	
Large	trials	show	no	benefit	of	T3	in	patients
undergoing	cardiac	bypass.112-114	
Possible	improvement	in	hemodynamic	variables
and	hospital	stay	with	T3	in	children	undergoing
cardiac	surgical	procedures115-117

Cardiac	donors Variable	results—helpful,118,119	no	benefit120,121—of
the	effects	of	T3	in	preserving	function	of	normal
hearts	in	brain-dead	cardiac	donors	before
transplantation
Possible	benefits	of	T3	in	improving	function	of
impaired	hearts	before	transplantation,	potentially
increasing	the	pool	of	organs	available	for
transplantation120,122	
Consensus	conferences	recommend	the	use	of	T3

as	part	of	the	hormonal	resuscitation	in	donors
whose	cardiac	ejection	fraction	is	<45%119

Congestive	heart	failure A	small	uncontrolled	study	suggested	that	short-
term	L-T4	therapy	increased	cardiac	output	and
functional	capacity	and	decreased	systemic
vascular	resistance.123	
Improved	hemodynamic	variables	and
neurohumoral	profiles	with	short-term	IV	T3

infusion,	possibly	necessitating	supraphysiologic
concentrations124,125

Acute	MI No	arrhythmias	or	adverse	effects
Oral	T3	after	STEMI—no	difference	in	ejection
fraction	or	infarct	size,	improved	wall	motion
score	index126	
Oral	L-T4	after	MI—no	difference	in	ejection
fraction,	infarct	size,	or	patient-reported
outcomes127	



IV	T3	over	48	h	after	MI—positive	trend	in
improved	ejection	fraction128

T3,	triiodothyronine;	L-T4,	levothyroxine;	IV,	intravenous;	MI,	myocardial	infarction;	STEMI,	ST-
elevation	myocardial	infarction.
Adapted	from	Sun	L,	Farwell	AP.	Euthyroid	sick	syndrome.	Compr	Physiol.	2016;6(2):1071-1080.

HIV	Infection
A	unique	pattern	of	changes	in	circulating	thyroid	hormone	levels	is	seen	among
patients	with	human	immunodeficiency	virus	(HIV)	infection	and	in	those	with
acquired	 immune	 deficiency	 syndrome	 (AIDS).132	 A	 progressive	 increase	 in
TBG	 levels	 is	 commonly	 observed,	 and	 T4	 levels	 rarely	 decrease	 below	 the
normal	 range.	 Serum	 rT3	 levels	 fail	 to	 rise	 with	 advancing	 infections	 and	 are
only	 modestly	 increased	 in	 preterminal	 AIDS	 patients.	 Most	 striking	 is	 the
observation	that	serum	T3	levels	remain	in	the	normal	range	despite	progression
of	 the	HIV	 infection	 and	 are	 only	mildly	 decreased	 among	 critically	 ill	AIDS
patients,	suggesting	that	these	“inappropriately	normal”	T3	 levels	play	a	 role	 in
the	 wasting	 and	 weight	 loss	 seen	 in	 the	 terminal	 phases	 of	 this	 disease.	 In
contrast	to	T4	levels	of	the	sick	euthyroid	syndrome,	it	is	the	decreased	serum	T3

levels	 in	 AIDS	 patients	 admitted	 to	 the	 ICU	 with	 Pneumocystis	 jirovecii
infections	that	correlates	with	increased	mortality.133

Gastrointestinal	Disorders
Nonthyroidal	 illness	 syndrome	 has	 been	 reported	 in	∼65%	 of	 patients	 with
acute	pancreatitis	admitted	 to	one	ICU.134	Those	patients	were	 found	 to	have	a
longer	ICU	stay,	lower	serum	albumin	and	higher	APACHE	II	scores.	They	also
were	 more	 likely	 to	 develop	 infected	 pancreatic	 necrosis	 and	 gastrointestinal
fistula.	In	contrast	to	the	decrease	in	thyroid	hormone	levels	seen	in	critically	ill
patients,	individuals	suffering	from	acute	and	chronic	hepatocellular	dysfunction
often	have	marked	elevations	of	total	T4	levels	similar	to	those	seen	in	patients
with	 thyrotoxicosis.135	T3	 levels	 are	 also	 higher	 than	 expected	with	 illness	 and
tend	 to	 fall	 late	 in	 the	 course	 of	 terminal	 liver	 disease.	 The	 etiology	 of	 these
increased	 thyroid	 hormone	 concentrations	 is	 the	 increased	 discharge	 of	 TBG
following	destruction	of	hepatocytes.	Free	hormone	measurements	remain	in	the
normal	range.	As	with	other	illnesses,	the	low	T4	syndrome	can	be	seen	among



patients	with	cirrhosis	and	is	associated	with	increased	mortality.136

Cardiac	Disease
Thyroid	 hormones	 have	 profound	 effects	 on	 the	 cardiovascular	 system.137
Cardiac	 contractility,	 systolic	 time	 intervals,	 and	heart	 rate	 are	 all	 increased	 in
thyrotoxicosis	 and	 decreased	 in	 hypothyroidism.	 Multiple	 cardiac	 genes	 are
either	 positively	 or	 negatively	 altered	 by	 thyroid	 hormone.	 Serum	 T4	 and	 T3

levels	 fall	 acutely	 following	 myocardial	 infarction,127	 cardiac	 arrest,138,139	 and
CABG	 with	 and	 without	 cardiopulmonary	 bypass.95,140	 A	 significant	 inverse
relationship	 between	 free	 T3	 and	 global	 oxygen	 consumption	 has	 been
demonstrated	after	CABG	with	and	without	cardiopulmonary	bypass.140	 In	 one
study,	 43%	 of	 patients	 undergoing	 surgery	 for	 type	 A	 Aortic	 dissection
developed	 nonthyroidal	 illness.	 In-hospital	 death	 rate	 and	 in-hospital
cardiovascular	 and	 cerebral	 events,	 acute	 kidney	 injury	 and	 pulmonary
complications	 were	 seen	 more	 often	 in	 this	 group.140	 Nonthyroidal	 illness
syndrome	has	also	been	found	with	a	prevalence	of	62.2%	among	patients	with
stress	cardiomyopathy.141	 In	contrast	 to	other	medical	 illnesses	where	serum	T4

levels	 are	 correlated	 with	 prognosis,	 serum	 T3	 concentrations	 are	 a	 negative
prognostic	 factor	 for	 patients	 with	 congestive	 heart	 failure	 and	 with	 coronary
artery	disease,142,143	 raising	a	question	as	 to	what,	 if	any,	role	 thyroid	hormones
play	in	acute	cardiac	injury.

COVID-19	Infection
2 	 The	 sick	 euthyroid	 syndrome	 is	 the	most	 common	 thyroid	 disorder	 seen	 in
patients	admitted	with	COVID-19	(coronavirus	disease	2019)	 infection	and	the
frequency	increases	with	the	severity	of	the	illness.144-149	When	restricted	to	the
low	T3	syndrome,	48%	to	57%	will	have	the	nonthyroidal	illness	syndrome.147,148
Adding	 abnormal	 TSH	 values	 and	 the	 frequency	 increases	 to	 92%	 of	 thyroid
disorders.147	 Nonthyroidal	 illness	 was	 the	 most	 common	 thyroid	 disorder	 in
patients	 admitted	 with	 acute	 respiratory	 distress	 syndrome	 due	 to	 COVID-19
infection	and	admission	levels	of	free	T3	were	significantly	lower	both	in	those
admitted	 to	 ICU	and	 in	nonsurvivors.144	Further,	 the	 level	of	 free	T3	and	TSH
was	 significantly	 reduced	 as	 compared	 to	 a	 group	 of	 control	 euthyroid
individuals	 in	 patients	 admitted	 with	 pneumonia	 related	 to	 COVID-19.145
Mortality	 is	 increased	 between	 7	 and	 11-fold	 in	 hospitalized	 patients	 with
COVID-19	infection	with	the	nonthyroidal	illness	syndrome.146,148	In	one	study,



20%	 of	 the	 patients	 admitted	with	 COVID-19	 infection	with	 the	 nonthyroidal
illness	 syndrome	 died	 compared	 to	 no	 deaths	 in	 patients	 with	 normal	 thyroid
levels.147

Miscellaneous
In	children	admitted	for	diabetic	ketoacidosis,	occurrence	of	nonthyroidal	illness
and	lower	level	of	free	T4	were	associated	with	higher	degree	of	acidosis.150

Non-thyroidal	 illness	 was	 also	 detected	 in	 patients	 with	 obstructive	 sleep
apnea.151

MANAGEMENT	OF	THE	CRITICALLY	ILL
PATIENT	WITH	ABNORMAL	THYROID
FUNCTION	TESTS

Evaluation
The	 identification	 of	 the	 critically	 ill	 patient	 with	 intrinsic	 thyroid	 disease	 is
often	 difficult	 and	 always	 a	 diagnostic	 challenge.	 The	 routine	 screening	 of	 an
ICU	 population	 for	 the	 presence	 of	 thyroid	 dysfunction	 is	 not	 recommended
because	 of	 the	 high	 prevalence	 of	 abnormal	 thyroid	 function	 tests	 and	 low
prevalence	 of	 true	 thyroid	 dysfunction.	Whenever	 possible,	 it	 is	 best	 to	 defer
evaluation	of	the	thyroid-pituitary	axis	until	the	patient	has	recovered	from	his	or
her	 acute	 illness.	 In	 principle,	 when	 thyroid	 function	 tests	 are	 ordered	 for	 a
hospitalized	patient,	 it	should	be	with	a	high	clinical	index	of	suspicion	for	the
presence	 of	 thyroid	 dysfunction.	 For	 example,	 thyroid	 function	 should	 be
evaluated	 for	 the	patient	admitted	 to	 the	 ICU	with	 tachyarrhythmias	when	 that
patient	 also	 has	 a	 goiter,	 proptosis,	 and	 a	 tremor.	 Similarly,	 the	 patient	with	 a
large	 pericardial	 effusion,	 hypothermia,	 a	 goiter,	 and	 “hung-up”	 deep	 tendon
reflexes	 should	 suggest	 the	diagnosis	of	hypothyroidism.	 In	 practice,	 however,
thyroid	 function	 tests	 are	 ordered	 in	 the	 patient	 with	 less-specific	 clinical
findings	and	often	present	a	diagnostic	dilemma.	Because	every	 test	of	 thyroid
hormone	 function	 can	 be	 altered	 in	 the	 critically	 ill	 patient,	 no	 single	 test	 can
definitively	rule	in	or	rule	out	the	presence	of	intrinsic	thyroid	dysfunction.

Primary	Tests



Sensitive	Thyrotropin	Assays
The	development	of	 the	sensitive	TSH	assay	has	both	helped	and	hindered	 the
evaluation	 of	 thyroid	 function	 among	 the	 critically	 ill.	 These	 new	 assays	 have
greatly	expanded	the	lower	range	of	the	TSH	assay,	so	the	typical	sensitive	TSH
assay	has	a	 lower	 limit	of	detection	of	0.01	 to	0.03	mU/L,	which	 is	20-	 to	30-
fold	 lower	 than	 the	 lower	 limit	 of	 the	 normal	 range.	 With	 this	 improved
sensitivity	 has	 come	 the	 recognition	 of	 an	 increased	 frequency	 of	 subnormal
TSH	values	among	hospitalized	patients,	 indicating	that	 transient	abnormalities
of	 TSH	 secretion	 are	 commonplace	 among	 those	 with	 acute	 illness.	 To	 what
degree	 this	 TSH	 dysregulation	 represents	 clinically	 significant	 alterations	 of
thyroid	function	is	uncertain.

Abnormal	thyroid	function	tests	have	been	reported	in	20%	to	40%	of	acutely
ill	 patients,	 of	 which	 >80%	 have	 no	 intrinsic	 thyroid	 dysfunction	 after	 the
resolution	of	the	illness.84,85,152	In	a	study	of	1580	hospitalized	patients,	only	24%
of	patients	with	suppressed	TSH	values	(TSH	<assay	limit	of	detection)	and	50%
of	patients	with	TSH	values	>20	mU/L	were	found	to	have	thyroid	disease.84,85
More	 importantly,	 none	 of	 the	 patients	 with	 subnormal	 but	 detectable	 TSH
values	 and	 only	 14%	 of	 patients	 with	 elevated	 TSH	 values	 <20	 mU/L	 were
subsequently	diagnosed	with	 intrinsic	 thyroid	dysfunction.	The	development	of
sensitive	 third-generation	 TSH	 assays	 has	 led	 to	 small	 improvements	 in
discerning	 between	 overt	 hyperthyroidism	 and	 nonthyroidal	 illness.85	 Overall,
however,	 while	 a	 normal	 TSH	 level	 has	 a	 high	 predictive	 value	 for	 normal
thyroid	function,	an	abnormal	TSH	value	alone	is	not	helpful	for	the	evaluation
of	thyroid	function	in	the	critically	ill	patient.

Serum	T4	Assays
Measurement	 of	 free	 thyroid	 hormone	 concentrations	 in	 the	 patient	 with
nonthyroidal	 illness	 is	 fraught	 with	 difficulty.93	 The	 gold	 standard	 of	 the
determination	of	 free	hormone	 levels	 is	 by	 equilibrium	dialysis.	However,	 this
technique	 is	 labor	 intensive	and	 time	consuming	and,	 thus,	 is	 rarely	used.	The
most	 commonly	 available	 laboratory	 tests	 of	 thyroid	 hormone	 concentrations,
the	free	T4	 index,	free	T4,	and	free	T3,	are	measured	by	analog	methods,	which
represent	estimates	of	 the	free	hormone	concentration	and	are	therefore	subject
to	inaccuracies.91

The	free	T4	index	is	determined	by	multiplying	the	total	T4	concentration	by
the	 T3-	 or	 T4-resin	 uptake,	 which	 is	 an	 inverse	 estimate	 of	 serum	 TBG
concentrations.153	Recent	developments	have	allowed	the	measurement	of	free	T4



levels	by	the	analog	method,	a	less	expensive	alternative	to	the	free	T4	index,154

but	the	two	tests	are	likely	comparably	accurate.155	In	a	healthy	population,	there
is	 a	 close	 correlation	 between	 the	 free	 T4	 index	 and	 free	 T4	 levels.	 Among
critically	ill	patients,	this	association	is	no	longer	seen,	mainly	due	to	difficulties
in	estimating	TBG	binding	with	resin	uptake	tests.	In	spite	of	this,	the	sensitivity
of	 the	 free	 T4	 index	 in	 a	 large	 study	 of	 hospitalized	 patients	 was	 92.3%,	 as
compared	to	90.7%	for	the	sensitive	TSH	test.85

Secondary	Tests

Serum	T3	and	rT3	Assays
As	 previously	 discussed,	 serum	 T3	 concentrations	 are	 affected	 to	 the	 greatest
degree	 by	 the	 alterations	 in	 thyroid	 hormone	 economy	 resulting	 from	 acute
illness.	Therefore,	there	is	no	indication	for	the	routine	measurement	of	serum	T3

levels	in	the	initial	evaluation	of	thyroid	function	in	the	critically	ill	patient.	This
test	 should	 only	 be	 obtained	 if	 thyrotoxicosis	 is	 clinically	 suspected	 in	 the
presence	 of	 a	 suppressed	 sensitive	TSH	value	 and	 an	 elevated	 or	 high	 normal
free	T4	index	or	free	T4	determination.	Thus,	in	patients	with	an	elevated	free	T4

index	 or	 free	 T4	 and	 a	 suppressed	 TSH,	 the	 finding	 of	 an	 elevated	 serum	 T3

concentration	will	differentiate	between	 thyrotoxicosis	and	 the	high	T4	 state	of
the	 sick	 euthyroid	 syndrome.	 The	 total	 T3	 assay	 is	 preferable	 to	 the	 free	 T3

(analog)	 assay	 because	 of	 the	 variability	 between	 laboratories	 with	 the	 latter
test.153

Although	 some	 investigators	 have	 reported	 that	 serum	 rT3	 levels	 are	 a
significant	 prognostic	 indicator	 of	 mortality	 in	 the	 ICU,156	 rT3	 levels	 are
generally	 unreliable	 and	 should	 not	 be	 used	 to	 distinguish	 between	 intrinsic
thyroid	dysfunction	and	nonthyroidal	illness.157

Serum	Thyroid	Autoantibodies
Autoantibodies	 to	 thyroglobulin	 and	 thyroid	 peroxidase,	 two	 intrinsic	 thyroid
proteins,	are	commonly	ordered	 tests.153	Although	 significant	 titers	of	 either	or
both	of	these	antibodies	indicate	the	presence	of	autoimmune	thyroid	disease,	the
presence	 of	 thyroid	 autoantibodies	 alone	 does	 not	 necessarily	 indicate	 thyroid
dysfunction,	 as	 they	 are	 present	 among	 approximately	 12%	 to	 26%	 of	 the
general	population.158	Thyroid	autoantibodies	do,	however,	add	to	the	sensitivity



of	abnormal	TSH	and	free	thyroxine	index	values	for	diagnosing	known	intrinsic
thyroid	disease.84,85

Imaging	Studies
Imaging	studies	are	rarely	essential	for	the	diagnosis	of	thyroid	disorders	of	the
critically	ill	patient.	Occasionally,	functional	analysis	of	the	thyroid	gland	using
the	radioisotope	123I	may	be	useful	for	the	patient	with	suspected	thyrotoxicosis
and	equivocal	laboratory	tests.	However,	these	studies	are	labor	intensive	and	the
management	 of	 the	 underlying	 acute	 illness	 often	 overshadows	 the	 benefits	 of
obtaining	these	studies.	Although	anatomic	studies	such	as	ultrasound,	 isotopic
imaging,	computed	 tomography,	and	magnetic	 resonance	 imaging	are	useful	 in
the	evaluation	of	thyroid	nodules	and	goiter,	these	conditions	rarely	are	the	cause
of	acute	illness;	as	such,	these	studies	are	not	usually	helpful	for	the	critically	ill
patient.

Diagnosis
As	 indicated,	 the	diagnostic	 significance	of	 a	 single	abnormal	 thyroid	 function
test	is	low.	The	best	single	test	to	screen	for	thyroid	dysfunction	is	either	the	free
T4	index	or	the	free	T4,	realizing	that	subtle	changes	in	thyroid	function	will	be
missed.	However,	a	reasonable	approach	to	 the	initial	evaluation	of	 the	thyroid
function	in	the	critically	ill	patient	is	to	obtain	either	free	T4	index	or	free	T4	and
TSH	measurements	in	patients	with	a	high	clinical	suspicion	for	intrinsic	thyroid
dysfunction.	Assessment	of	these	values	in	the	context	of	the	duration,	severity,
and	 stage	 of	 illness	 of	 the	 patient	 will	 allow	 the	 correct	 diagnosis	 for	 most
patients.	For	example,	a	mildly	elevated	TSH	coupled	with	a	low	free	T4	 index
or	 free	T4	 is	more	 likely	 to	 indicate	 primary	hypothyroidism	early	 in	 an	 acute
illness	as	opposed	to	the	same	values	obtained	during	the	recovery	phase	of	the
illness.	Similarly,	 the	combination	of	an	elevated	TSH	and	 low	normal	 free	T4

index	 or	 free	 T4	 is	 more	 likely	 to	 indicate	 thyroid	 dysfunction	 in	 the
hypothermic,	bradycardic	patient	than	the	tachycardic,	normothermic	individual.
A	 rise	 in	TSH	during	worsening	 stages	of	critical	 illness	 is	 likely	 to	be	due	 to
thyroid	 hormone	 deficiency,	 so	 attention	 should	 be	 given	 to	 thyroid	 hormone
replacement	or	titration	of	thyroid	hormone	dose	in	a	patient	who	is	already	on
treatment.159	 If	 both	 the	 free	T4	 index	 or	 free	T4	 and	TSH	 are	 normal,	 thyroid
dysfunction	 is	 effectively	 eliminated	 as	 a	 significant	 contributing	 factor	 to	 the
clinical	 picture.	 If	 the	 diagnosis	 is	 still	 unclear,	 measurement	 of	 thyroid



antibodies	 is	 helpful	 as	 a	marker	 of	 intrinsic	 thyroid	 disease	 and	 increases	 the
sensitivity	of	both	the	free	T4	index	or	free	T4	and	the	TSH.	Only	in	the	case	of	a
suppressed	 TSH	 and	 a	 mid-to-high	 normal	 free	 T4	 index	 or	 free	 T4	 is
measurement	of	serum	T3	levels	indicated.

Prognosis
Both	 serum	T4	 and	 serum	T3	 concentrations	 have	 been	 associated	 as	 negative
indicators	 of	 prognosis	 when	 they	 are	 low.	 As	mentioned	 previously,	 a	 direct
relationship	 exists	 between	 low	 serum	 T4	 levels	 and	 poor	 outcomes	 among
critically	 ill	 patients.152	 In	 acutely	 ill	 older	 patients	 with	 nonthyroidal	 illness
syndrome,	mortality	 rate	was	 significantly	 higher,	with	 an	 inverse	 relationship
between	free	T3	values	and	death	rates.160	The	same	relationship	was	found	for
burn	patients,	with	 free	T3	 and	TSH	 levels	 lower	 in	nonsurvivors	 compared	 to
survivors.161	Among	patients	on	mechanical	ventilation,	patients	with	low	free	T3

had	higher	mortality	rate	and	longer	duration	of	mechanical	ventilation	and	ICU
length	 of	 stay.161	 Addition	 of	 free	 T3	 level	 to	 the	 APACHE	 II	 score	 has	 been
suggested	 by	 some	 investigators	 to	 improve	 the	 ability	 to	 predict	mortality	 of
critically	 ill	 adults.162	 Nonthyroidal	 illness	 is	 common	 in	 patients	 with	 septic
shock	and	has	a	negative	prognostic	value.163	 In	a	recent	meta-analysis,	∼10%
mortality	was	observed	 in	hospitalized	patients	with	COVID-19	 infection	with
the	nonthyroidal	illness	syndrome.146	Further,	hospitalized	patients	with	COVID-
19	infection	with	the	nonthyroidal	illness	syndrome	had	a	longer	hospitalization,
more	 frequent	 intubation	 and	 transfer	 to	 the	 intensive	 care	 unit	 and	 a	 higher
mortality	 rate164	 and	 is	predictive	of	all-cause	mortality.165	 In	 different	 types	of
cardiac	 diseases	 the	 prognostic	 value	 of	 low	 T3	 has	 been	 shown,	 including
coronary	 artery	 disease,	 chronic	 heart	 failure	 and	 after	 coronary	 artery	 bypass
grafting.142,143,163,167	Low	T3	is	associated	with	prolonged	mechanical	ventilation
after	cardiac	surgery.168	Lower	free	T4	on	admission	is	associated	with	a	higher
mortality	rate	in	1	year	after	CVA.169

TREATMENT	OF	THE	SICK	EUTHYROID
SYNDROME	WITH	THYROID	HORMONE

Thyroid	Hormone	Therapy	of	General	ICU	Patients



There	are	only	a	few	studies	examining	the	use	of	supplemental	thyroid	hormone
therapy	for	the	critically	ill	general	medical	patient.	The	initial	study	of	medical
ICU	patients	 by	Brent	 and	Hershman	 examined	 the	 effect	 of	 thyroid	 hormone
therapy	 for	 patients	 with	 serum	 T4	 levels	 <5	 µg/dL	 but	 with	 no	 evidence	 of
intrinsic	 thyroid	 dysfunction.102	 Either	 T4	 or	 placebo	 was	 given	 intravenously
(IV)	on	a	daily	basis,	with	subsequent	normalization	of	serum	T4	levels	by	day	5
in	 the	T4-treated	group.	There	was	no	difference	 in	mortality	 between	 the	 two
groups	 and	 the	 elevation	of	TSH	and	 serum	T3	 concentrations	 seen	during	 the
recovery	phase	of	acute	illness	was	delayed	for	the	T4-treated	group,	suggesting
that	T4	replacement	was	detrimental	to	the	restoration	of	normal	pituitary-thyroid
regulation.	A	double-blind	study	with	T4	 for	patients	with	acute	 renal	 failure103

showed	that	the	mortality	in	the	non–T4-treated	control	group	was	significantly
less	than	in	the	T4-treated	group;	however,	the	mortality	of	the	T4-treated	group
was	 similar	 to	 that	 institution’s	 experience	 and	 in	 historical	 controls,	 so	 a
specific	deleterious	effect	of	T4	could	not	be	proved.	A	follow-up	double-blind
study	with	T4	 for	 patients	 after	 renal	 transplantation	 by	 the	 same	group104	also
failed	to	find	any	benefit.

One	could	argue	that	L-T4	therapy	for	the	sick	euthyroid	syndrome	would	be
unlikely	 to	 have	 any	 effect	 because	 of	 the	 marked	 inhibition	 of	 T4	 to	 T3

conversion,	 preventing	 significant	 increases	 in	 serum	 T3	 concentrations.
Addressing	 this	 issue,	Becker	et	 al105	 examined	 the	 effect	 of	 treatment	with	T3

among	36	patients	with	acute	burn	injuries.	Treatment	with	L-T3	200	µg	daily	in
four	divided	doses	orally	normalized	serum	T3	concentrations	but	resulted	in	no
change	 in	 either	 mortality	 or	 basal	 metabolic	 rate.	 Thus,	 despite	 the	 poor
prognosis	 of	 the	 general	 ICU	 patients	 with	 the	 sick	 euthyroid	 syndrome,153	 it
does	 not	 appear	 that	 treatment	 with	 either	 L-T4	 or	 L-T3	 provides	 significant
benefit	to	these	patients.

Thyroid	Hormone	Therapy	in	Premature	Infants
Fetal	 thyroid	function	begins	between	8	and	10	weeks’	gestation	and	continues
to	 mature	 throughout	 pregnancy.170,171	 Serum	 T4	 concentrations	 remain	 low
throughout	 most	 of	 the	 second	 trimester	 and	 then	 steadily	 increase,	 with	 a
twofold	rise	occurring	between	24	and	34	weeks,	at	which	time	serum	T4	levels
plateau.172	 There	 has	 been	 a	 remarkable	 increase	 in	 the	 number	 of	 surviving
premature	 infants,	 especially	 in	 those	 <30	 weeks’	 gestation.	 All	 premature



infants	 have	 some	 degree	 of	 transient	 hypothyroxinemia,	 with	 serum	 T4

concentrations	 varying	 directly	with	 gestational	 age.173	 Approximately	 50%	 of
infants	 born	 <30	 weeks’	 gestation	 have	 serum	 T4	 concentrations
<6.5	µg/dL.172,174,175	 Superimposed	 on	 this	 physiologic	 hypothyroxinemia	 often
are	 concurrent	 illnesses	 such	 as	 respiratory	 distress	 syndrome,	 infections,	 and
malnutrition	that	contribute	to	the	development	of	the	sick	euthyroid	syndrome.
Severe	 hypothyroxinemia	 with	 concentrations	 <4	 µg/dL	were	 seen	 in	 21%	 of
preterm	 babies,	 ranging	 from	 40%	 at	 23	 weeks’	 gestation	 to	 10.2%	 at
29	 weeks.173	 Unlike	 adults,	 among	 whom	 most	 abnormalities	 resulting	 from
clinical	hypothyroxinemia	are	reversible,	untreated	congenital	hypothyroxinemia
can	potentially	have	a	devastating	effect	on	brain	development	of	the	neonate.176-
178

Reuss	et	al179	 showed	 that	 severe	hypothyroxinemia	of	premature	 infants	of
<33	weeks’	gestation	correlated	with	a	fourfold	increase	in	a	diagnosis	cerebral
palsy.	 In	 the	 study	with	 the	 longest	 follow-up,	hypothyroxinemia	 in	premature
infants	 of	 <32	weeks’	 gestation	was	 associated	with	 a	 30%	 increase	 in	 school
failure,	poor	school	performance,	and	need	 for	special	education	by	9	years	of
age.180

The	 initial	 double-blind	 study	 of	 T4	 treatment	 of	 23	 premature	 infants	 of
gestational	 age	 26	 to	 28	weeks	with	 hypothyroxinemia	 showed	 no	 differences
between	 the	groups	 in	developmental	 indices	at	1	year	of	age.106	 In	 the	 largest
study	 to	 date,	 200	 infants	 born	 at	 25	 to	 30	 weeks’	 gestation	 received	 either
thyroxine	 or	 placebo	 for	 6	 weeks	 and	 neurologic	 development	 was	 assessed
periodically	up	to	24	months.107	Although	there	appeared	to	be	a	beneficial	effect
for	thyroxine	in	the	very	young	(25-26	weeks’	gestation),	there	also	appeared	to
be	 a	 deleterious	 effect	 on	 the	 infants	 of	 27	 to	 30	weeks’	 gestation.	This	 study
group	 was	 reevaluated	 3	 years	 later	 at	 early	 school	 age	 and	 reported	 a	 trend
toward	 a	 benefit	 of	 T4	 supplementation	 on	 IQ	 and	 behavioral	 issues	 at
24/25	weeks’	gestation	but	a	significant	deleterious	effect	on	IQ	and	no	effect	on
behavioral	issues	in	those	treated	at	29	weeks’	gestation.181	Three	other	studies,
two	using	T4

182,183	 and	one	using	T3
108	 failed	 to	 show	any	 significant	 effects	 of

thyroid	hormone	treatment.	Finally,	an	extensive	meta-analysis	and	review	of	the
literature	 concluded	 that	 thyroid	 hormone	 treatment	 failed	 to	 reduce	 neonatal
mortality,	 improve	 neurodevelopmental	 outcome,	 or	 reduce	 the	 severity	 of	 the
respiratory	distress	syndrome.109	Thus,	there	is	no	indication	currently	for	the	use
of	thyroid	hormone	treatment	for	premature	infants.

Thyroid	Hormone	Therapy	in	Cardiac	Surgery



Within	 15	 to	 30	minutes	 after	 placing	 the	 patient	 on	 bypass,	 serum	T4	 and	T3

levels	 fall	 and	 serum	 rT3	 levels	 increase.184	 These	 alterations	 may	 persist	 for
several	days	postoperatively.96,140	These	changes	also	have	been	observed	in	off-
pump	 cardiopulmonary	 bypass.185	 Alterations	 of	 thyroid	 hormone	 parameters
during	 and	 after	 cardiopulmonary	 bypass	 have	 been	 confirmed	 by	 multiple
human	 and	 animal	 studies.96,97,186-189	 The	 etiology	 of	 these	 rapid	 changes	 in
thyroid	 hormone	 concentrations	 remains	 unclear;	 one	 proposal	 suggests	 that
these	alterations	may	result	from	enhanced	degradation	of	TBG.39	Experimental
studies	of	animals	have	shown	that	T3	replacement	after	cardiopulmonary	bypass
significantly	 improves	 cardiac	 contractility	 and	 left	 ventricular	 function	 and
decreases	systemic	vascular	resistance.110,111,190-194	Initial	studies	on	the	use	of	T3

for	humans	undergoing	cardiac	surgery	suggested	that	hormone-treated	patients
may	 require	 less	 ionotropic	 support110	 and	 have	 improved	 hemodynamic
parameters.111	 However,	 the	 clearly	 demonstrable	 benefit	 of	 T3	 repletion	 in
animals	 has	 not	 been	 translated	 into	 similar	 benefits	 for	 humans	 undergoing
coronary	artery	bypass	in	controlled	clinical	trials.

A	large	placebo-controlled	trial112	found	no	effect	of	T3	on	any	postoperative
hemodynamic	parameters,	although	a	follow-up	report	of	this	same	patient	group
suggested	a	lower	incidence	in	atrial	fibrillation	for	the	T3-treated	group	after	the
first	 postoperative	 day.113	 However,	 a	 lack	 of	 effect	 for	 T3	 was	 shown
conclusively	 in	 a	 double-blind	 placebo-controlled	 trial,118	 as	 there	 were	 no
significant	differences	in	the	incidence	of	arrhythmia	or	the	need	for	ionotropic
support	or	vasodilator	drugs	in	the	24	hours	following	surgery	or	in	perioperative
mortality	or	morbidity	between	the	T3	and	the	placebo	groups.	Somewhat	more
promising	 results	 have	 been	 reported	 for	 children	 undergoing	 cardiac	 surgery
with	 improved	 hemodynamic	 parameters	 and	 a	 suggestion	 that	 the	 need	 for
intensive	 postoperative	 care	 is	 decreased	with	 IV	L-T3.115,116,195	 Further	 studies
may	are	indicated	in	this	population.195	However,	despite	the	promise	of	animal
studies,	 there	 is	 no	 indication	 for	 the	 routine	 use	 of	 T3	 in	 adult	 patients
undergoing	cardiac	surgery.

T3	for	Brain-Dead	Potential	Heart	Donors
After	brain	death	occurs,	there	is	a	progressive	reduction	in	cardiac	contractility,
depletion	 of	 high-energy	 phosphates,	 and	 accumulation	 of	 tissue	 lactate.118,120
These	changes	coincide	with	a	rapid	decline	in	serum	T3	concentrations	and	an
increase	in	serum	rT3	concentrations	within	minutes	to	hours.	An	initial	study	of



human	heart	donors118	showed	that	T3	treatment	in	human	heart	donors	results	in
hemodynamic	 stability,	 a	 decrease	 in	 ionotropic	 support,	 and	 preservation	 of
cardiac	 function	 prior	 to	 transplantation.	 At	 least	 four	 other	 groups	 have
subsequent	beneficial	effects	of	T3	 therapy	 in	conjunction	with	other	hormones
for	organ	donors,	especially	 those	 that	are	unstable.119	Two	other	groups	found
no	 significant	 clinical	 effects	 of	 T3	 over	 placebo	 on	 human	 donor	 cardiac
function,120,121	 provided	 there	 was	 no	 antecedent	 cardiac	 dysfunction	 of	 the
donor.	Another	study	examined	the	use	of	T3	to	resuscitate	impaired	donor	hearts
with	 lower	ejection	 fractions,	higher	 filling	pressures,	and	 increased	 ionotropic
support	 prior	 to	 transplantation.120,122	 Subsequently,	 several	 consensus
conferences	held	in	the	United	States	and	Canada	have	recommended	the	use	of
hormonal	 resuscitation	 consisting	 of	 T3	 (4	 µg	 bolus	 followed	 by	 a	 3	 µg/h
infusion),	vasopressin,	methylprednisolone,	and	insulin	for	donors	whose	cardiac
ejection	fraction	is	less	than	45%	in	an	effort	to	increase	the	suitability	of	hearts
for	 transplantation.119,196	 Thus,	 T3	 may	 be	 beneficial	 to	 stabilize	 or	 improve
cardiac	function	of	donors	prior	to	cardiac	transplantation.

Thyroid	Hormone	Therapy	in	Congestive	Heart	Failure
When	T3	and	 thyroid	hormone	analogs	were	 initially	studied	as	adjuncts	 to	 the
treatment	of	heart	 failure,197,198	 the	 rationale	 for	 the	use	of	 these	hormones	had
been	 as	 pharmacological	 agents	 for	 their	 potential	 ionotropic	 properties	 and
interactions	 with	 the	 adrenergic	 system	 rather	 than	 as	 hormonal	 replacement
therapy	 to	 correct	 abnormal	 serum	 thyroid	 hormone	 concentrations.	 Recently,
more	 attention	 has	 been	 paid	 to	 the	 interactions	 between	 the	 heart	 and	 the
thyroid	 hormones	 for	 cardiac	 disease	 states.	 For	 both	 cardiac	 failure	 and
hypothyroidism,	cardiac	output	and	cardiac	contractility	is	decreased.	Decreased
serum	 T3	 concentrations	 typical	 of	 the	 sick	 euthyroid	 syndrome	 are	 often
observed	 among	 patients	 with	 congestive	 heart	 failure,	 whereas	 serum	 T4

concentrations	 remain	 normal.199-201	 Importantly,	 the	 T3	 found	 in	 cardiac
myocytes	 appears	 to	 come	 from	 the	 circulating	T3	 pool	 rather	 than	 from	 local
deiodination	of	T4,	indicating	that	the	heart	may	be	more	responsive	to	changes
in	 circulating	 serum	 T3	 concentrations.137	 Consistent	 with	 this	 observation,
similar	 decreases	 in	 cardiac	 genes,	 including	 α-myosin	 heavy	 chain,
sarcoplasmic	calcium	ATPase,	and	β1-adrenergic	receptors,	have	been	observed
for	both	hypothyroidism	and	in	heart	failure.137	Finally,	low	T3	levels	have	been
determined	 to	 be	 a	 strong	 predictor	 of	 mortality	 for	 patients	 with	 congestive



heart	failure.143,144	These	observations	have	led	several	 investigators	to	examine
the	role	of	thyroid	hormone	treatment	for	patients	with	congestive	heart	failure.

An	 initial	 uncontrolled	 study	 examined	 the	 effect	 of	 oral	 T4	 therapy	 on	 20
patients	with	dilated	cardiomyopathy.123	Cardiac	output	and	functional	capacity
was	 increased	 and	 systemic	 vascular	 resistance	 decreased.	 Hamilton	 et	 al124
examined	the	effect	of	a	supraphysiologic	IV	infusion	of	T3	on	cardiac	function
for	 patients	 with	 New	 York	 Heart	 Association	 (NYHA)	 class	 III	 or	 IV	 heart
failure.	 Cardiac	 output	 increased	 and	 systemic	 vascular	 resistance	 decreased
without	 any	 untoward	 effects.	 Pingitore	 et	 al125	 randomized	 20	 patients	 with
NYHA	 class	 III	 or	 less	 heart	 failure	 to	 a	 3-day	 IV	 infusion	 of	 T3	 or	 placebo.
During	 the	 first	day	of	 the	T3	 infusion,	 serum	T3	 levels	were	 supraphysiologic
and	 then	 declined	 to	 the	 high	 normal	 range	 on	 days	 2	 and	 3.	 The	T3	 infusion
produced	a	significant	improvement	in	the	neurohumoral	profile,	with	a	decrease
in	 serum	 noradrenaline,	 N-terminal	 pro-B-natriuretic	 peptide,	 and	 aldosterone
concentrations,	 and	 an	 increase	 in	 left	 ventricular	 end	 diastolic	 volume.	 As
above-normal	serum	T3	concentrations	were	achieved	during	all	or	part	of	these
two	 studies,	 there	 is	 a	 question	 of	 whether	 the	 beneficial	 effects	 of	 T3	 are	 a
pharmacological	 effect	 rather	 than	 a	 physiological	 one.	There	 are	 currently	 no
studies	on	the	long-term	use	of	T3	for	the	treatment	of	congestive	heart	failure.
However,	 as	 with	 children	 undergoing	 cardiac	 surgery,	 more	 studies	 may	 be
indicated	in	this	patient	population.

Thyroid	Hormone	Therapy	in	Acute	Myocardial	Infarction
3 	There	have	been	 three	recent	 randomized	clinical	 trials	evaluating	 the	use	of
thyroid	 hormone	 in	 the	 setting	 of	 acute	myocardial	 infarction—THIRST	 from
Italy,202	ThyrAMI-2	from	the	United	Kingdom,127	and	ThyRepair	from	Greece.128
In	 the	THIRST	 trial,	37	patients	were	admitted	with	STEMI	with	19	 receiving
oral	T3	15	μg/kg	in	divided	doses	starting	72	h	after	admission	and	continuing
for	 6	months.	 There	 was	 no	 difference	 in	 ejection	 fraction	 or	 infarct	 size	 but
there	was	improved	wall	motion	score	index.	The	ThyrAMI-2	study	enrolled	95
patients	 with	 half	 receiving	 oral	 L-T4	 titrated	 to	 a	 TSH	 of	 0.4	 to	 2.5	mIU/L.
There	 was	 no	 difference	 in	 ejection	 fraction,	 infarct	 size,	 or	 patient-reported
outcomes.	The	ThyRepair	trial	enrolled	37	patients	with	half	receiving	0.8	μg/kg
IV	T3	bolus	followed	by	a	0.113	μg/kg/h	infusion	for	48	hours.	While	there	was
a	 positive	 trend	 of	 improved	 ejection	 fraction,	 this	 did	 not	 reach	 significance.
Importantly,	 in	 all	 of	 these	 trials,	 T3	 therapy	 was	 well	 tolerated	 with	 no



arrhythmias	or	adverse	effects.

Thyroid	Hormone	Therapy	for	the	Hypothyroid	Patient	in
the	Intensive	Care	Unit
This	chapter	has	discussed	 the	evaluation	and	management	of	patients	without
intrinsic	 thyroid	 dysfunction	 who	 present	 with	 abnormal	 thyroid	 hormone
parameters	as	a	result	of	nonthyroidal	illness.	However,	thyroid	hormone	therapy
is	needed	when	 the	hypothyroid	patient	presents	 to	 the	ICU.	By	definition,	 the
nonthyroidal	 illness	 syndrome	 excludes	 patients	 with	 intrinsic	 thyroid
dysfunction;	 however,	 all	 of	 the	 changes	 in	 TSH	 secretion,	 thyroid	 hormone
metabolism,	 and	 thyroid-binding	 proteins	 discussed	 earlier	 also	 occur	 in	 the
hypothyroid	 patient.	 As	 such,	 the	 same	 caveats	 toward	 measuring	 thyroid
hormone	parameters	exist.	Most	importantly,	an	admission	to	the	ICU	is	not	the
time	 to	 determine	 the	 adequacy	 of	 thyroid	 hormone	 replacement	 in	 a
hypothyroid	patient	on	a	previously	stable	outpatient	regimen.

Hypothyroid	patients	should	be	continued	on	their	outpatient	L-T4	dose.	Oral
L-T4	 is	 the	 preferred	 method	 for	 replacing	 thyroid	 hormone	 in	 a	 hypothyroid
patient.	Because	of	the	long	half-life	of	about	7	days	of	L-T4,	the	L-T4	dose	can
be	held	for	1	to	2	days	if	the	oral	route	is	unavailable.	If	oral	therapy	cannot	be
resumed	within	3	days,	IV	L-T4	should	be	administered.	Because	less	than	75%
of	an	oral	dose	of	L-T4	is	absorbed,	the	IV	L-T4	dose	should	be	∼75%	less	than
the	oral	dose.	Neither	oral	nor	IV	L-T3	is	indicated	in	the	hypothyroid	patient	in
the	absence	of	myxedema	coma.

If	 hypothyroidism	 is	 diagnosed	 in	 the	 ICU	 setting	 and	 initiation	 of	 thyroid
hormone	 replacement	 is	 required,	 special	 consideration	 should	 be	 given	 to
patients	 with	 coronary	 artery	 disease.	 In	 patients	 with	 significant	 preexisting
coronary	 artery	 disease,	 starting	 thyroid	 hormone	may	 aggravate	 angina.	 It	 is
recommended	 that	 the	 initial	 dose	 of	 L-T4	 should	 not	 exceed	 25	 µg	 for	 those
with	known	ischemic	heart	disease	and	50	µg	for	patients	aged	65	years	or	older
without	such	a	preexisting	diagnosis.

The	 oral	 dose	 of	 L-T4	may	 differ	 in	 the	 ICU	 setting	 due	 to	 pharmacologic
agents	 or	 gastrointestinal	 conditions	 that	may	decrease	 the	 absorption	 of	L-T4.
Patients	 with	 jejunoileal	 bypass	 surgery,	 bowel	 resection,	 malabsorptive
disorders	 (like	 celiac	 disease),	 and	 conditions	 that	 impair	 gastric	 acidity	 may
need	adjustment	in	the	dose	of	L-T4.	L-T4	should	not	be	administered	within	2	to
3	hours	of	calcium	carbonate,	bile	acid	sequestrants,	 ferrous	sulfate,	phosphate



binders,	 sucralfate,	 and	 aluminum-containing	 antacids,	 as	 they	 may	 interfere
with	 the	 absorption	 of	L-T4.	Also	 by	 their	 effect	 of	 decreasing	 gastric	 acidity,
proton	pump	inhibitors,	if	given	for	a	long	period,	may	decrease	the	absorption
of	L-T4.

4	SUMMARY
In	summary,	the	spectrum	of	alterations	of	thyroid	hormone	concentrations	and
regulation	 seen	 among	 critically	 ill	 patients	 is	 the	 result	 of	 a	 coordinated
systemic	 reaction	 to	 illness.	 The	 question	 of	 whether	 the	 sick	 euthyroid
syndrome	 of	 critically	 ill	 patients	 represents	 pathologic	 alterations	 of	 thyroid
function	 that	 negatively	 impacts	 these	 patients	 or	 simply	 reflects	 multisystem
failure	 (ie,	 respiratory,	 cardiac,	 renal,	 hepatic	 failure)	 that	 occurs	 among
critically	ill	patients	is	still	debatable.	The	interpretation	of	thyroid	function	tests
of	 the	 ICU	 patient	 and	 the	 identification	 of	 patients	 with	 intrinsic	 thyroid
dysfunction	 is	often	difficult	and	must	 take	 into	consideration	both	 the	clinical
assessment	of	the	patient	and	the	duration	and	severity	of	the	illness.	Whenever
possible,	it	is	best	to	defer	the	evaluation	of	thyroid	function	until	the	patient	has
recovered	from	the	critical	illness.	Thyroid	hormone	replacement	therapy	has	not
been	shown	to	be	of	benefit	in	the	vast	majority	of	these	patients	in	the	published
studies	to	date	(Table	143.4).	At	the	present	time,	in	the	absence	of	any	clinical
evidence	 of	 hypothyroidism,	 there	 does	 not	 appear	 to	 be	 any	 compelling
evidence	for	the	use	of	thyroid	hormone	therapy	for	any	patient	with	decreased
thyroid	hormone	parameters	due	to	the	sick	euthyroid	syndrome.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	The	most	common	profile	of	euthyroid	sick	syndrome	is:

A. 	High	T4,	normal	TSH,	normal	T3,	and	normal	rT3
B. 	Normal	T4,	high	TSH,	normal	T3,	and	normal	rT3
C. 	Normal	T4,	normal	TSH,	normal	T3,	and	normal	rT3
D. 	Normal	T4,	normal	TSH,	high	T3,	and	low	rT3
E. 	Normal	T4,	normal	TSH,	low	T3,	and	high	rT3



2. 	The	cause	of	altered	thyroxine	levels	during	critical	illness	is	thought	to	be
due	to:

A. 	Alterations	of	metabolic	rate
B. 	Altered	levels	of	cortisol	and	gonadotropins
C. 	Increased	IL-22	levels
D. 	Oxidative	stress	and	cytokine	release	during	severe	illness

3. 	The	following	is	the	metabolically	active	thyroid	hormone	that	exerts	its
actions	via	binding	to	specific	chromatin-bound	nuclear	receptors:

A. 	rT3
B. 	T4
C. 	T3
D. 	TSH

Answers

1.	The	correct	answer	is	E.
Rationale:	 The	 most	 common	 profile	 includes	 low	 triiodothyronine	 (T3)

levels,	normal	thyroid	stimulating	hormone	(TSH)	levels,	and	increased	reverse
triiodothyronine	(rT3)	levels	(choice	E	is	correct).

2.	The	correct	answer	is	D.
Rationale:	 Experimental	 models	 of	 cytokines	 and	 oxidative	 stress	 suggest

these	factors	alter	thyroxine	levels	in	the	pattern	associated	with	euthyroid	sick
syndrome	 (choice	 D	 is	 correct).	Metabolic	 rate	 and	 cortisol	 and	 gonadotropin
levels	are	also	affected	by	these	factors	rather	than	causing	changes	of	thyroxine
levels	directly	 (choices	A	and	B	are	 incorrect).	 IL-22	 levels	are	not	among	 the
cytokines	that	are	elevated	during	critical	illness	known	to	alter	thyroxine	levels
(choice	C	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	 The	 metabolically	 active	 thyroid	 hormone	 is	 T3	 (choice	 C	 is

correct).	Only	10%	of	circulating	T3	is	released	directly	from	the	thyroid	gland,
the	majority	of	T3	is	a	degradation	product	of	T4	by	monodeiodination	(choice
B	 is	 incorrect).	 Monodeiodination	 of	 T4	 also	 generates	 rT3,	 which	 is
metabolically	 inactive	 (choice	 A	 is	 incorrect).	 The	 TSH	 peptide	 is	 not	 a
metabolically	active	hormone	(choice	D	is	incorrect).
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NEUROLOGIC	PROBLEMS	IN	THE
INTENSIVE	CARE	UNIT
WILEY	R.	HALL

Chapter	144
An	Approach	to	Neurologic	Problems	in
the	Intensive	Care	Unit
Wiley	R.	Hall

KEY	POINTS:
1.	 Any	recent	change	of	mental	status	in	a	patient	in	the	ICU	requires

prompt	investigation.
2.	 The	need	for	prompt	recognition	and	early	treatment	of	significantly

increased	ICP	cannot	be	overemphasized.
3.	 Any	patient	whose	sequential	seizures	cannot	be	arrested	promptly

with	routine	management	(eg,	intravenous	benzodiazepines,
phenytoin)	must	be	observed	in	the	ICU,	where	therapy	ranging	up
to	general	anesthesia	with	artificial	ventilation	may	be	required.

INTRODUCTION
Neurologic	problems	present	in	the	intensive	care	unit	(ICU)	in	two	modes:	(1)
primary	 neurologic	 problems,	 usually	 under	 the	 care	 of	 a	 neurologist	 or
neurosurgeon,	and	(2)	secondary	neurologic	complications,	occurring	in	patients
with	 other	 medical	 or	 surgical	 disorders.	 Only	 a	 handful	 of	 common	 clinical
situations	bring	neurologists	and	patients	together	in	the	ICU,	although	they	may



be	caused	by	myriad	disease	states.1	These	situations	include:

1.	 Altered	states	of	consciousness;	coma
2.	 Monitoring	of	increased	intracranial	pressure	(ICP),	respirations
3.	 Determination	of	brain	death
4.	 Prevention	of	further	damage	to	the	central	nervous	system
5.	 Management	of	seizures	or	status	epilepticus
6.	 Management	of	a	neurologic	disease	that	occurs	in	the	course	of	a	severe

medical	disease
7.	 Management	of	a	severe	medical	disease	that	develops	in	the	course	of	a

neurologic	illness

Patients	with	primary	neurologic	problems	most	commonly	have	conditions
with	 an	 identified	 cause,	 such	 as	 stroke,	 head	 trauma,	 seizures,	 infectious	 or
immune	 meningoencephalitis,	 Guillain-Barré	 syndrome,	 or	 myasthenia	 gravis.
Such	patients	are	admitted	to	the	ICU	for	close	observation	and	management	of
vital	 functions,	 such	as	 respiration,	control	of	 ICP,	or	arrest	of	 seizure	activity.
Frequently,	the	neurologist	is	called	on	to	evaluate	the	neurologic	complications
of	medical	disease:	impairment	of	consciousness	in	a	patient	who	has	undergone
cardiopulmonary	resuscitation,	development	of	delirium	in	an	elderly	individual
with	a	 serious	 infection,	or	occurrence	of	 focal	neurologic	deficits	 in	 a	patient
with	 a	 ponderous	 medical	 record	 that	 reveals	 long-standing	 diabetes,	 renal
failure,	hypertension,	and	pulmonary	disease.

The	questions	posed	to	the	neurologic	consultant	are	often	difficult	to	frame.
The	 classic	 neurologic	 methodology,	 which	 involves	 a	 comprehensive	 history
and	 meticulous	 examination,	 is	 rarely	 possible	 for	 patients	 encumbered	 with
endotracheal	 tubes,	 cardiac	monitors,	 and	 indwelling	 arterial	 and	venous	 lines.
Neurologists	 must	 adopt	 special	 strategies	 to	 function	 effectively	 in	 the	 ICU,
focusing	sharply	on	the	specific	question	with	which	they	are	dealing.

INDICATIONS	FOR	NEUROLOGIC
CONSULTATION	IN	THE	INTENSIVE	CARE	UNIT

Depressed	State	of	Consciousness
The	 patient	with	 the	most	 common	of	 ICU	neurologic	 problems—a	depressed
state	of	consciousness,	ranging	from	agitated	delirium	to	coma—raises	a	host	of



questions.	 Does	 the	 patient	 have	 a	 focal	 brainstem	 lesion	 or	 diffuse	 cerebral
involvement?	 Is	 there	 an	 anatomic	 lesion	 or	 a	metabolic	 disorder?	 Have	 vital
brainstem	functions	been	impaired?	Is	ICP	increased?

The	 most	 common	 primary	 neurologic	 causes	 of	 depressed	 consciousness
include	 head	 trauma,	 intracranial	 hemorrhage,	 post–cardiac	 arrest	 anoxia-
ischemia,	 and	 nonconvulsive	 seizures.2	 The	 secondary	 conditions	 seen	 most
often	are	metabolic,	such	as	anoxia,	drug	intoxication,	or	diabetic	ketoacidosis.
In	every	case,	it	is	crucial	to	establish	whether	depressed	consciousness	is	due	to
intrinsic	 brainstem	 damage,	 increased	 ICP,	 toxins,	 widespread	 anoxia	 or
ischemia,	or	some	other	 less	common	cause.	 It	 is	particularly	 important	 to	sort
out	rapidly	the	component(s)	that	may	be	treatable.

Examination	of	the	patient	with	depressed	consciousness	exemplifies	some	of
the	 difficulties	 of	 neurologic	 care	 in	 the	 ICU.	 Details	 of	 this	 examination	 are
described	 elsewhere,	 and	 full	 mastery	 of	 the	 examination	 of	 the	 lethargic	 to
comatose	patient	is	an	art	into	itself.3	Like	the	standard	neurologic	examination,
however,	 it	 includes	evaluation	of	mental	status,	cranial	nerve	functions,	motor
functions	 and	 coordination,	 reflexes,	 sensation,	 and	 vascular	 integrity.	 The
observations	 made	 must	 be	 used	 to	 answer	 the	 questions	 posed	 above,
supplemented	by	appropriate	laboratory	studies	when	possible.

A	detailed	evaluation	of	memory	and	cognitive	function	is	rarely	possible	for
patients	 who	 are	 lethargic,	 and	 never	 possible	 in	 those	 who	 are	 stuporous	 or
comatose.	Instead,	the	physician	must	estimate	the	patient’s	responsiveness.	The
Glasgow	Coma	Scale	score	is	a	simple,	but	useful,	way	to	document	the	patient’s
sensorium.

Cranial	nerve	evaluations	include	determination	of	vision,	done	by	observing
how	 the	 patient	 follows	 a	 large	 object	 or	 a	 light,	 gazes	 toward	 right	 and	 left
visual	 fields,	 or	 blinks	 to	 a	 visual	 threat.	 Pupillary	 size,	 equality,	 and
responsiveness	 to	 light	 are	 assessed.	 Corneal	 reflexes,	 cough,	 and	 vibrissal
(nasal)	 reflexes	 are	 evaluated.	 “Doll’s	 eyes”	 (vestibuloocular)	 responses	 are
determined	 by	 rotation	 of	 the	 head	 from	 side	 to	 side;	 if	 they	 are	 absent	 or
contraindicated	by	cervical	spine	immobilization,	ice	water	caloric	testing	can	be
carried	 out.	 Facial	movements	 are	 assessed	 in	 response	 to	 painful	 supraorbital
stimuli;	the	gag	reflex	is	tested	in	the	usual	fashion.

Motor	function	is	evaluated	as	completely	as	possible.	All	limbs	are	observed
for	spontaneous	movement	and	symmetry	as	well	as	tremor	or	other	adventitious
movements.	If	no	spontaneous	movements	take	place,	a	pinch	or	other	noxious
stimulus	can	be	used	 to	observe	purposeful	defensive	movements.	Decerebrate
(ie,	 four-limb	 extensor)	 and	 decorticate	 (ie,	 upper	 limbs	 flexor,	 lower	 limbs
extensor)	 rigidity	 are	 observed.	 Tone	 is	 assessed	 passively	 for	 spasticity	 or



rigidity.	 Deep	 tendon	 reflexes	 are	 checked	 in	 the	 usual	 way,	 working	 around
restraints	 and	 intravenous	 tubing.	 Grasp,	 suck,	 snout,	 and	 plantar	 reflexes	 are
evaluated.

Pain	is	often	the	only	sensory	modality	that	can	be	tested.	The	physician	must
determine	whether	withdrawal	from	pinch	or	pinprick	is	appropriately	defensive
or	 (in	 the	 lower	 extremities)	 merely	 part	 of	 an	 exaggerated	 extensor-plantar
response	with	triple	flexion	(flexion	at	hip,	knee,	and	great	toe),	which	may	be
mistaken	for	purposeful	withdrawal.	Finally,	 the	vascular	status	is	evaluated	by
listening	for	bruits	over	the	carotid	and	subclavian	arteries,	the	vertebral	arteries,
and	the	orbits.

Such	an	examination	reveals	the	patient’s	state	of	consciousness,	the	integrity
of	 brainstem	 reflexes,	 and	 the	 presence	 or	 absence	 of	 lateralizing	 or	 focal
neurologic	 deficits.	 The	 value	 of	 the	 systematic	 (if	 limited)	 neurologic
examination	 cannot	 be	 overestimated.	 For	 example,	 in	 a	 comatose	 patient,	 the
finding	of	decerebrate	 rigidity	 that	 points	 to	 significant	damage	at	 the	 level	 of
the	 pons	 may	 be	 more	 valuable	 than	 many	 laboratory	 studies,	 and	 unilateral
weakness	of	limbs	with	ipsilateral	hyperreflexia	indicates	a	focal	brain	disorder
rather	than	a	diffuse	metabolic	problem.

Neurodiagnostic	studies	are	often	critical	in	the	analysis	of	comatose	patients
in	the	ICU,	but	the	patient’s	immobility	and	dependence	on	life	support	systems
present	special	difficulties.	A	neuroradiology	suite	 that	 is	distant	 from	the	 ICU
presents	additional	obstacles.	Bedside	computed	tomography	may	be	available,
and	 reduces	 the	 risk	 of	 complications	 associated	 with	 transportation	 of	 the
critically	ill	patient	outside	the	intensive	care	unit.

Management	of	the	patient	with	depressed	consciousness	depends	largely	on
the	cause.	Techniques	for	eliminating	toxins,	reducing	ICP,	and	maintaining	vital
functions	must	be	applied,	depending	on	the	diagnostic	context	(Chapter	145).

Altered	Mental	Function
In	patients	who	remain	relatively	alert,	other	organic	disorders	may	affect	mental
function,	 producing	 an	 often	 perplexing	 variety	 of	 clinical	 patterns.	 These
include	confusion,	delirium,	aphasia,	and	isolated	memory	impairment.	The	first
question	 for	 the	 physician	 is	 whether	 the	 patient’s	 abnormal	 mental	 function
represents	a	recent	change	that	is	part	of	the	present	illness,	or	instead	is	part	of	a
long-standing	problem.	It	 is	also	critical	 to	note	whether	 the	change	developed
abruptly	(eg,	after	surgery	or	cardiac	arrest)	or	if	there	is	no	known	precipitating
event;	and	whether	it	is	improving,	worsening,	or	stable.

Confusion	 and	 delirium	 are	 commonly	 reversible	 and	 generally	 result	 from



metabolic	 and	 toxic	 disorders	 (Chapters	 145	 and	 146).	 Persistent	 aphasia	 and
isolated	memory	impairment	suggest	focal	damage	to	the	brain,	and	an	anatomic
lesion	should	be	sought.	Dementia—cognitive	and	memory	impairment—cannot
be	accurately	evaluated	in	patients	who	have	a	depressed	state	of	consciousness
or	the	other	mental	changes	indicated	above.	When	dementia	occurs	de	novo	in	a
patient	with	a	clear	sensorium,	 it	may	 indicate	either	 reversible	conditions	 (eg,
drug-induced,	depression-related)	or	 irreversible	damage	 (eg,	diffuse	 anoxia	or
ischemia;	Chapter	148).

1 	Any	recent	change	of	mental	status	in	a	patient	in	the	ICU	requires	prompt
investigation.	Whether	 it	 signals	worsening	of	 the	underlying	medical	disorder
or	 direct	 involvement	 of	 the	 brain,	 the	 change	 should	 be	 assessed	 by	 an
experienced	 neurologist	 as	 early	 in	 its	 evolution	 as	 possible,	 before	 it	 is
complicated	by	the	passage	of	time,	advance	of	disease,	and	effects	of	additional
treatments.

Support	of	Respiration	and	Other	Vital	Functions
Respiratory	support	is	needed	for	neurologic	patients	in	two	circumstances:	loss
of	 brainstem	 reflex	 control	 of	 respiration	 and	 impairment	 of	 effective
transmission	 of	 reflex	 impulses	 to	 functioning	 respiratory	 muscles.	 Ischemia,
anoxia,	 compression,	 hemorrhage,	 and	 toxic	 depression	 may	 alter	 brainstem
control	of	respirations,	producing	characteristic	respiratory	patterns	that	depend
on	 the	 site	 of	 damage,3	 such	 as	 central	 neurogenic	 hyperventilation,	 Cheyne-
Stokes	or	periodic	breathing,	or	apnea.	The	intensivist	and	neurologist	should	be
familiar	with	 the	 use	 of	 positive	 end-expiratory	 pressure	 and	 other	 ventilatory
regimens,	operation	and	interpreting	readout	of	the	hospital’s	respirators,	and	the
endotracheal	intubation	equipment.	Further,	the	neurologist	must	understand	the
neurologic	 significance	 of	 different	 respiratory	 patterns,	 which	 are	 as	 much	 a
part	of	the	ICU	neurologic	examination	as	is	reflex	testing.

Effective	transmission	of	respiratory	impulses	may	be	impaired	at	the	cervical
spinal	 cord,	 anterior	 horn	 cells,	 peripheral	 nerves,	 neuromuscular	 junctions,	 or
muscles	of	respiration.	Cervical	traumatic	injuries,	amyotrophic	lateral	sclerosis,
Guillain-Barré	 syndrome,	 myasthenia	 gravis,	 and	 muscular	 dystrophy	 may
interfere	with	breathing	at	the	respective	levels	noted.	Some	of	these	conditions
are	transitory	(eg,	Guillain-Barré	syndrome)	or	treatable	(eg,	myasthenia	gravis),
with	 complete	 recovery	 depending	 largely	 on	 the	 success	 of	 maintaining
respiration.	 Even	 in	 incurable	 conditions	 (eg,	 amyotrophic	 lateral	 sclerosis),
sustaining	 respiration	 during	 periods	 of	 decompensation,	 such	 as	 respiratory
infections,	can	prolong	life	significantly.



Monitoring	of	Intracranial	Pressure	and	State	of
Consciousness
In	 a	 number	 of	 neurologic	 disorders,	 extremely	 close	 observation	 is	 needed	 to
avoid	 the	 development	 of	 dangerous,	 often	 irreversible,	 further	 damage	 to	 the
brain.	The	most	common	disorder	requiring	such	monitoring	is	head	trauma.	The
lethargic	patient	must	be	carefully	observed	for	evidence	of	increasing	ICP	due
to	cerebral	edema,	intracranial	(subdural,	epidural,	intracerebral)	hemorrhage,	or
both.4

2 	 The	 need	 for	 prompt	 recognition	 and	 early	 treatment	 of	 significantly
increased	ICP	cannot	be	overemphasized.	Once	uncal	or	tonsillar	herniation	with
brainstem	compression	and	development	of	Duret	hemorrhages	has	occurred,	the
consequences	of	this	secondary	effect	of	brain	injury	may	far	outweigh	the	initial
damage.	 The	methods	 for	managing	 ICP	with	 pressure-detecting	 catheters	 are
described	in	Chapter	30.

Determination	of	Brain	Death
With	the	recognition	that	death	of	the	brain	and	brainstem	is	equivalent	to	death
of	 the	 patient,	 even	 though	 the	 heart	 continues	 to	 beat	 and	 respirations	 are
sustained	by	artificial	ventilation,	 the	need	to	ascertain	brain	death	has	become
more	 critical.5	 Early	 identification	 of	 brain	 death	 has	 three	 important
justifications:	 (1)	 the	 use	 of	 viable	 donor	 organs	 for	 transplantation,	 (2)	 the
termination	 of	 the	 hopeless	 vigil	 of	 a	 distraught	 family,	 and	 (3)	 the	 freeing	 of
ICU	beds	for	patients	who	may	be	helped.

It	should	be	emphasized	 that	brain	death	 is	specifically	a	determination	 that
the	 brain	 and	 the	 brainstem	 are	 already	 dead—not	 a	 prediction	 that	 useful
recovery	is	unlikely.

Prevention	of	Further	Damage	to	the	Central	Nervous
System
A	variety	of	neurologic	disorders	have	the	potential	 to	cause	further	damage	to
the	central	nervous	 system.	Acute	 strokes,	or	 stroke	 in	evolution,	 for	 example,
may	 be	 arrested	 by	 thrombolytic	 treatment,6	 endovascular	 clot	 removal7	 or
angioplasty,	 and	 stenting.	 These	 modalities	 may	 limit	 or	 even	 reverse	 the
underlying	ischemic	process;	and	neuroprotective	agents	may,	in	the	foreseeable



future,	 prevent	 further	 damage.	 Coma	 following	 cardiac	 arrest	 should	 be
promptly	 treated	 with	 normothermic	 temperature	 management	 to	 preserve
neurologic	 function	 (see	 Chapter	 195:	 Management	 of	 the	 Cardiac	 Arrest
Survivor).8	 Spinal	 cord	 compression	 by	 metastatic	 tumor	 urgently	 requires
surgical	 decompression	 followed	 by	 radiation	 therapy	 to	 avoid	 irreversible
complete	 cord	 transection.9	 Among	 the	 infectious	 diseases	 of	 the	 nervous
system,	 bacterial	 meningitis	 and	 certain	 treatable	 encephalitides	 (eg,	 herpes
simplex)	 require	 the	 immediate	 institution	 of	 antibiotic	 or	 antiviral	 therapy;
spinal	 epidural	 abscess	 requires	 prompt	 surgical	 decompression	 as	 well.
Although	much	of	neurologic	practice	 involves	disorders	 for	which	progress	 is
measured	in	months	or	years,	cerebral	anoxia,	ischemia,	hemorrhage,	increased
ICP,	 spinal	 cord	 compression,	 infectious	 diseases,	 and	 other	 acute	 disorders
require	prompt	institution	of	treatment	to	avoid	extension	of	the	initial	process.	It
is	 useful	 to	 remember	 that,	 as	 a	 largely	 postmitotic	 structure,	 the	 brain	 has	 a
limited	capability	for	regeneration,	and	its	ability	to	survive	without	a	continuing
supply	of	nutrients	is	measured	in	minutes.	Only	in	the	ICU,	with	its	facilities	for
careful	monitoring	and	adjustment	of	 therapy,	can	many	of	 these	 treatments	be
successfully	carried	out.

Management	of	Status	Epilepticus
3 	 Unlike	 simple,	 brief	 seizures,	 status	 epilepticus	 threatens	 lasting	 deficits	 or
death	 if	 not	 controlled	 (Chapter	 151).	 Any	 patient	 whose	 sequential	 seizures
cannot	 be	 arrested	 promptly	 with	 routine	 management	 (eg,	 intravenous
benzodiazepines,	 phenytoin)	 must	 be	 observed	 in	 the	 ICU,	 where	 therapy
ranging	up	to	general	anesthesia	with	artificial	ventilation	may	be	required.

Evaluation	of	Neurologic	Disease	Accompanying	Severe
Medical	Disease
Neurologic	signs	or	symptoms	develop	in	many	patients	admitted	to	the	ICU	for
myocardial	 infarction,	 subacute	 bacterial	 endocarditis,	 cardiac	 arrhythmia,
pneumonia,	 acute	 respiratory	 distress	 syndrome,	 septic	 shock,	 renal	 disease,
hepatic	failure,	and	other	similar	disorders	while	they	are	under	treatment	for	the
primary	 medical	 problem.	 Numerous	 questions	 are	 raised:	 Is	 the	 neurologic
finding	 a	 consequence	of	 the	underlying	disease,	 or	 is	 it	 coincidental?	Does	 it
demand	further	investigation	at	once,	or	can	it	wait?	Should	therapy	be	changed,
or	 should	 new	 therapy	 be	 started?	 These	 issues	 demand	 the	 attention	 of	 the



neurologist.

Management	of	Severe	Medical	Disease	Accompanying
Neurologic	Illness
For	 patients	 with	 severe	 medical	 disease	 accompanying	 neurologic	 illness,
unrelated	 medical	 illness	 most	 often	 develops	 in	 the	 setting	 of	 a	 chronic
neurologic	 disorder.	 The	 demented	 patient	 may	 experience	 a	 myocardial
infarction,	 or	 septicemia	 may	 develop	 in	 the	 patient	 with	 multiple	 sclerosis.
Indirect	relationships	should	be	sought.	Does	the	demented	patient	have	multiple
cerebral	 emboli	 from	 underlying	 cardiac	 disease?	 Is	 the	 patient	 with	 multiple
sclerosis	 septicemic	 from	 a	 bladder	 infection	 due	 to	 impaired	 urinary	 control?
Early	 recognition	 of	 a	 change	 in	 the	 seriousness	 of	 the	 neurologic	 patient’s
condition	is	often	difficult,	but	it	may	be	critical	to	a	successful	outcome.

PROGNOSTIC	AND	ETHICAL	CONSIDERATIONS
When	 severe	 damage	 involves	 the	 brain,	 either	 as	 a	 separate	 neurologic
condition	or	as	a	secondary	consequence	of	other	medical	disease,	the	physician
who	 requested	 neurologic	 consultation	 and	 the	 family	 often	 need	 guidance
regarding	 the	 probable	 outcome.	 There	 are	 three	 critical	 questions:	 Will	 the
patient	 survive?	 Has	 irreversible	 brain	 damage	 occurred?	 What	 is	 the	 likely
degree	of	residual	disability?

There	 are	 few	 simple	 rules	 that	 can	 be	 applied	 infallibly	 to	 determine	 the
prognosis	in,	for	example,	comatose	patients,	especially	early	in	the	course.	The
most	 important	consideration	 is	often	whether	 irreversible	damage	has	affected
crucial	areas	of	the	brain,	rather	than	the	depth	of	impairment	of	consciousness.
The	patient	with	glutethimide	poisoning,	for	example,	may	show	no	evidence	of
any	neurologic	function	yet	can	recover	fully	if	vital	functions	are	maintained.	In
contrast,	the	comatose	patient	with	head	trauma	resulting	in	pontine	hemorrhage
and	 decerebrate	 rigidity	 may	 have	 a	 far	 worse	 prognosis.	 The	 probability	 of
neurologic	recovery	generally	declines	with	advancing	age,	size	and	location	of
the	lesion,	and	duration	of	deficit.	A	number	of	studies	have	provided	statistical
guidelines	that	are	of	value	in	gauging	the	probability	of	recovery.10,11	Guidelines
for	 the	 evaluation	 of	 prognosis	 following	 cardiac	 arrest	 and	 resuscitation	 are
particularly	well	documented,	and	the	absence	of	pupillary	and	corneal	reflexes
or	 motor	 response	 to	 pain,	 the	 occurrence	 of	 myoclonic	 status	 epilepticus,
absence	of	somatosensory	evoked	potentials	(N20),	and	elevated	neuron-specific



enolase	are	particularly	useful	in	early	determination	of	poor	prognosis.10
Early	during	coma,	the	physician	should	not	be	hasty	in	abandoning	hope	and

vigorous	medical	 efforts	 to	maintain	 survival	 and	 to	 limit	 neurologic	 damage.
Late	 in	 the	 course,	 or	 as	 poor	 prognostic	 signs	 accumulate,	 it	 is	 important	 to
recognize	 the	 outer	 limits	 of	 possible	 recovery	 and	 to	 assess	 the	 value	 of
continuing	 life	support	accordingly.	The	patient’s	wishes,	expressed	 in	a	 living
will	 or	 durable	 power	 of	 attorney	 for	 health	 care	 and	 as	 interpreted	 by	 close,
responsible	family	members	(“substituted	judgment”),	should	combine	with	the
physician’s	 prognostic	 judgment	 to	 help	determine	 a	medical	 course	of	 action.
Although	 management	 in	 the	 ICU	 usually	 entails	 the	 unstinting	 use	 of	 every
available	 means	 of	 life	 support	 and	 treatment,	 there	 must	 eventually	 be	 a
transition	 either	 to	 recovery	 or	 to	 a	 permanent	 state	 of	 dependence,	 and	 the
nature	 and	 extent	 of	 continued	 treatment	 should	 be	 adjusted	 accordingly.	 The
technical	 means	 of	 maintaining	 survival	 almost	 indefinitely	 by	 the	 use	 of
extraordinary	measures	is	now	available.	It	is	important	for	the	physician	and	the
patient’s	family	to	consider	whether,	in	the	case	of	a	patient	with	irreversible	and
severe	neurologic	damage,	 they	are	extending	 life	or	prolonging	the	process	of
dying.12

It	is	clear	that	neurologic	problems	abound	in	the	ICU.	A	successful	approach
to	 these	disorders	 requires	 the	physician	 to	 recognize	 the	nature	of	 the	clinical
situation	 prompting	 neurologic	 consultation	 or	 admission	 to	 the	 ICU.	 An
analysis	 of	 which	 of	 the	 types	 of	 neurologic	 clinical	 situations	 is	 being
encountered	often	 guides	 the	 physician	 initially	 in	 diagnosis	 and	management.
The	following	chapters	discuss	some	of	the	more	common	neurologic	problems
encountered	in	the	ICU,	with	specific	attention	to	management	in	the	ICU	and	a
broader	view	of	the	neurologic	conditions	in	general.
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MULTIPLE	CHOICE	QUESTIONS

Questions



1. 	Which	of	the	following	ICU	patients	most	likely	requires	an	emergent
neurological	intervention?

A. 	Change	in	mental	status	during	treatment	for	delirium	tremens
B. 	Mild	confusion	in	a	trauma	patient	with	anisocoria
C. 	New	dysarthria	and	somnolence	in	a	hospice	patient	requesting
comfort	care
D. 	Prolonged	decline	of	mental	status	after	sedation	for	mechanical
ventilation

2. 	Elevated	intracranial	pressure	(ICP)	with	neurological	findings	can	occur
in	the	setting	of	traumatic	brain	injury	(TBI).	What	is	the	cut	off	value	that	has
been	used	as	an	intervention	trigger	in	randomized	TBI	clinical	trial	protocols?

A. 	5	mm	Hg
B. 	10	mm	Hg
C. 	20	mm	Hg
D. 	25	mm	Hg

3. 	When	triaging	patients	during	times	of	limited	resources,	which	of	the
following	patient	histories	is	the	strongest	indication	for	ICU	admission?

A. 	A	3-minute	self-resolving	major	motor	seizure	with	brief	and
resolved	postictal	state
B. 	Brief	partial	complex	seizures	that	occur	several	times	a	week
C. 	Improving	somnolence	after	a	self-resolving	seizure,	with	a	history
traumatic	brain	injury	last	year
D. 	Sequential	seizures	that	have	not	arrested	after	intravenous
lorazepam	and	phenytoin

Answers

1.	The	correct	answer	is	B.
Rationale:	Any	recent	change	of	mental	status	in	a	patient	in	the	ICU	requires

prompt	 investigation.	 For	 new	 focal	 neurological	 findings	 with	 decline	 in
cognitive	 function	 this	 can	 include	 emergent	 surgical	 intervention	 (choice	B	 is
correct)	 unless	 there	 are	 care	 restrictions	 (choice	 C	 is	 incorrect).	 Decline	 of
mental	 status	when	 temporally	 related	 to	 sedation	 is	most	 often	 not	 a	 surgical
issue	(choices	A	and	D	are	incorrect).



2.	The	correct	answer	is	C.
Rationale:	A	cutoff	value	of	20	mm	Hg	was	used	by	investigators	in	the	2012

New	England	 Journal	 of	Medicine	 study	 reported	 by	Chesnut	 and	 colleagues,
and	subsequently	(choice	C	is	correct).

3.	The	correct	answer	is	D.
Rationale:	Any	patient	whose	sequential	seizures	cannot	be	arrested	promptly

with	routine	management	(eg,	intravenous	benzodiazepines,	phenytoin)	must	be
observed	 in	 the	ICU.	There	 therapy	may	eventually	escalate	 to	 include	general
anesthesia	 with	 mechanical	 ventilation	 for	 status	 epilepticus	 (choice	 D	 is
correct).	 Patients	with	 self-resolving	 seizures	may	 also	benefit	 from	 ICU	 level
care	but	have	weaker	indications	than	those	in	status.
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Chapter	145
Evaluating	the	Patient	With	Altered
Consciousness	in	the	Intensive	Care	Unit
Raphael	A.	Carandang,	Lawrence	J.	Hayward

KEY	POINTS:
1.	 Altered	consciousness	is	common	in	the	ICU	and	has	various

etiologies	including	serious	life-threatening	emergencies.
2.	 Disorders	of	consciousness	exist	on	a	continuum	of	severity	and

involve	arousal	and	awareness.
3.	 The	neuroanatomical	substrate	for	consciousness	is	the	reticular

activating	system	and	bihemispheric	activity	and	lesions	causing
coma	typically	affect	one	or	the	other.

4.	 The	evaluation	of	patients	with	altered	consciousness	requires	a
systematic	and	efficient	approach,	a	detailed	history,	thorough
bedside	physical	and	neurological	examination,	and	appropriate
ancillary	diagnostics.

5.	 Prognostication	in	coma	and	disorders	of	consciousness	can	vary
greatly	depending	on	the	anatomy	involved	and	the	etiology	and
pathophysiology	of	the	altered	mental	status,	and	efforts	should	be
made	to	avoid	premature	prognostication	and	self-fulfilling	prophecy.

INTRODUCTION
1 	 4 	The	spectrum	of	disease	that	 leads	to	acute	impairment	of	consciousness	is
broad;	 the	 disorders	 are	 varied	 and	 potentially	 life	 threatening	 and	 may	 be
treatable	if	recognized	early.	The	clinician	evaluating	the	patient	with	an	altered
level	 of	 consciousness	 must	 do	 so	 in	 a	 systematic	 and	 efficient	 fashion.	 The
approach	 consists	 of	 (1)	 rapidly	 determining	 the	 of	 mental	 status	 change,	 (2)



administering	 life	 support	 measures	 where	 urgently	 needed,	 (3)	 obtaining	 a
detailed	history	and	physical	examination	directed	at	determining	more	precisely
the	 cause	 of	 the	 nervous	 system	 disorder,	 (4)	 selecting	 appropriate	 and
informative	 diagnostic	 and	 laboratory	 studies,	 (5)	 initiating	 more	 definitive
treatment	based	on	this	assessment,	and	(6)	understanding	the	temporal	profiles
of	 the	 various	 causes	 of	 altered	 mental	 status	 and	 the	 projected	 timeline	 of
improvement	if	expected	and	avoiding	premature	prognostication.

2 	As	 a	practical	matter,	consciousness	 refers	 to	 a	 state	of	 awareness	of	 self
and	 environment	 that	 depends	 on	 intact	 arousal	 and	 content.1,2	 Arousal	 is	 the
level	 of	 attentive	 wakefulness	 and	 readiness	 to	 respond	 to	 relevant	 sensory
information.	Alerting	 stimuli	 activate	 the	 ascending	 reticular	 activating	 system
(ARAS)	 within	 the	 brainstem	 and	 extending	 to	 the	 thalamus	 and	 projects	 to
multiple	cortical	areas.	Awareness	is	the	ability	to	interact	with	the	environment,
and	recognize	 the	content	of	consciousness,	 for	example,	self	and	environment
on	a	meaningful	cognitive	level.	Disorders	of	consciousness	can	be	understood
and	 classified	 on	 these	 based	 on	 these	 two	 components	 of	 consciousness3
(Figure	145.1).

	

Figure	 145.1 	 Two	 factors	 that	 contribute	 to	 consciousness:
arousal	 and	 awareness.There	 are	 variable	 levels	 of	 arousal	 and
awareness	 in	sleep,	whereas	 there	 is	none	 in	brain	death.	Vegetative
state	 and	minimally	 conscious	 states	 have	 arousal	 but	 no	 to	 limited
awareness.	 Locked-in	 patients	 have	 full	 arousal	 and	 awareness	 but
can	 appear	 comatose	 because	 of	 limited	 motor	 ability	 to	 respond.
(From	 Blume	 C,	 del	 Giudice	 R,	 Wislowska	 M,	 et	 al.	 Across	 the
consciousness	continuum	–	from	unresponsive	wakefulness	to	sleep.
Front	Hum	Neurosci.	2015;9(105):1-14.)

Diminished	arousal	implies	dysfunction	of	either	the	ARAS	or	both	cerebral
hemispheres;	 lesions	 of	 the	 brainstem	 sparing	 the	 ARAS	 or	 of	 only	 one



hemisphere	 do	 not	 affect	 wakefulness.	 This	 chapter	 defines	 altered	 states	 of
consciousness	 and	 presents	 a	 systematic	 approach	 to	 bedside	 evaluation	 and
prognostication	of	the	comatose	patient.

ALTERED	STATES	OF	CONSCIOUSNESS
Neurologists	 are	 frequently	 consulted	 for	 evaluation	 of	 patients	 who	 appear
unconscious,	confused,	or	awake	and	alert	but	noncommunicative.	“Alteration	of
mental	 status	 or	 ΔMS,”	 which	 is	 common	 terminology	 used	 in	 neurological
consultation	from	other	services,	 is	very	nonspecific	and	can	be	anything	from
disorientation	 to	 delirium	 to	 aphasia	 to	 true	 coma.	 A	 more	 detailed	 history
including	 specific	 circumstances	 (patient	 receiving	 sedative	 drugs,	 fever,
hypothermia,	 hypoglycemia),	 temporal	 profile	 (acute	 onset	 or	 fluctuating	 over
hours,	progressive	or	intermittent),	and	accompanying	signs	and	symptoms	(eye
movements	 or	 gaze	 deviation,	 focal	 or	 generalized	 weakness	 or	 rhythmic
movements,	severe	headache	or	vomiting,	etc)	can	help	expedite	the	evaluation
by	 the	 neurologist	 and	 facilitate	 instituting	 therapies	 which	 may	 be	 time
sensitive.

Levels	of	Consciousness
Patients	who	 appear	 unconscious	 lie	mostly	motionless,	 usually	with	 the	 eyes
closed	and	seemingly	unaware	of	their	environment.	Levels	of	consciousness	are
distinguished	 by	 the	 alertness	 and	 response	 to	 stimuli	 and	 there	 are	 various
scales	that	have	been	proposed.	The	terms	delirium	and	confusion	are	used	for
patients	 who	 are	 awake	 often	 with	 eyes	 open	 with	 poor	 attention	 to	 the
environment	 resulting	 in	 inability	 to	state	where	 they	are,	what	 time	 it	 is,	with
verbal	responses	that	can	be	inappropriate	or	 in	response	to	hallucinations,	etc.
The	 terms	 drowsiness,	 somnolence,	 and	 lethargy	 are	 often	 used
interchangeably	and	refer	to	the	patient	who	is	sleepy,	sleeps	more	than	usual	or
tends	 to	 fall	asleep	but	can	be	aroused	with	verbal	 stimuli	and	 is	 interactive—
answering	questions,	and	following	commands	or	is	awake	but	dull	or	delayed	in
responding.	Obtundation	 is	 a	 deeper	 level	 that	 requires	 vigorous	 physical	 or
noxious	 stimuli	 to	 elicit	 a	 verbal	 response	 or	 interaction	 which	 is	 limited
compared	 to	 the	 lethargic	or	somnolent	patient.	Stupor	 refers	 to	a	patient	who
needs	 vigorous	 noxious	 stimuli	 to	 elicit	 groaning	 or	 grimacing	 and	 motor
responses	such	as	localization	or	warding	off	the	pain	stimuli.	Coma	is	reserved
for	 those	 who	 are	 truly	 unresponsive	 to	 pain	 except	 for	 posturing,	 reflexive,



nonpurposeful	movements	or	perhaps	tachypnea	or	tachycardia.

Neuroanatomical	Basis	for	Depressed	Consciousness
Consciousness	is	deemed	depressed	when	suprathreshold	sensory	stimulation	is
required	 for	 arousal	 and	 wakefulness	 cannot	 be	 maintained	 unless	 the
stimulation	is	continuous.1,2

3 	 The	 reticular	 activating	 system	 refers	 to	 multiple	 interconnected	 and
collaborative	 arousal	 systems	which	 include	 the	 reticular	 formation	 as	well	 as
other	related	structures	that	secrete	various	activating	neurotransmitters	such	as
serotonin,	 norepinephrine,	 dopamine,	 and	 acetylcholine.	 The	 ARAS’s	 role	 in
arousal	 resides	 mostly	 in	 the	 rostral	 brainstem:	 midbrain	 and	 upper	 pons	 and
connects	to	higher	brain	centers	to	activate	them	(Figure	145.2).	This	 fits	with
observations	 that	 bilateral	 lesions	 in	 midbrain	 and	 rostral	 pons	 affect
consciousness.	 Magnetic	 resonance	 imaging	 (MRI)	 studies	 looking	 at	 lesions
causing	 coma	 implicate	 the	 parabrachial	 region	 as	 well	 as	 the	 laterodorsal
tegmental	 nucleus,	 rostral	 raphe	 complex,	 locus	 coeruleus,	 and	 nucleus	 pontis
oralis.4	Although	 there	 are	 reticular	 formation	projections	 that	utilize	 serotonin
and	norepinephrine	to	the	caudal	brainstem:	lower	pons	and	medulla,	those	have
a	 primarily	 autonomic	 function	 such	 as	 controlling	 respiration	 and
cardiovascular	function	and	are	not	as	involved	in	consciousness.

	

Figure	 145.2 	 Anatomical	 substrates	 of	 arousal	 and
awareness.Consciousness	 involves	 two	 main	 components:	 arousal
and	 awareness	 of	 oneself	 and	 of	 the	 environment.	 Awareness	 is



dependent	 on	 the	 integrity	 of	 specific	 anatomical	 regions.	 The
ascending	 reticular	 activating	 system	 (ARAS),	 the	 primary	 arousal
structure,	 is	 located	 in	 the	 upper	 pons	 and	 lower	 midbrain	 in	 the
posterior	 part	 of	 the	 upper	 two-thirds	 of	 the	 brainstem.	 A	 ventral
pathway	 (black	 solid	 arrows)	 projects	 to	 the	 hypothalamus	 (Hypo)
and	 basal	 forebrain	 (Bfb);	 a	 dorsal	 pathway	 (black	 dashed	 arrows)
projects	 to	 the	 reticular	 nuclei	 of	 the	 thalamus	 (Thal);	 and	 a	 third
pathway	(light	gray	arrows)	projects	directly	into	the	cortical	regions.
From	 the	 basal	 forebrain,	 two	 main	 bundles	 project	 diffusely	 to
several	cortical	areas.	The	reticular	nuclei	of	the	thalamus	connect	to
other	nuclei	 in	the	thalamus.	They	are	involved	in	a	 thalamocortical
circuit	 that	 controls	 cortical	 activity.	 Some	 regions	 of	 the	 cerebral
cortex	 may	 also	 make	 specific	 contributions	 to	 consciousness.
(Reprinted	 by	 permission	 from	 Springer:	 Weiss	 N,	 Galanaud	 D,
Carpentier	 A,	 et	 al.	 Clinical	 review:	 prognostic	 value	 of	 magnetic
resonance	 imaging	 in	 acute	 brain	 injury	 and	 coma.	 Crit	 Care.
2007;11:230.	doi:10.1186/cc6107)

As	 such,	 lesions	 that	 cause	 alterations	 in	 consciousness	 will	 involve	 the
ARAS	 or	 both	 cerebral	 hemispheres:	 the	 former	 by	 brainstem	 damage,	 or
compression	 due	 to	 masses	 situated	 in	 other	 compartments,	 and	 the	 latter	 by
multifocal	 insults	 or	 unilateral	 lesions	 with	 associated	 major	 mass	 effect.	 In
addition,	a	wide	array	of	metabolic	derangements,	toxins,	or	diffuse	injuries	may
depress	consciousness	by	affecting	the	ARAS,	the	cerebral	hemispheres,	or	both.
The	 etiologies	 are	 diverse	 (Table	 145.1),	 with	 the	 degree	 of	 depression
dependent	on	the	nature	of	the	insult,	its	duration,	and	the	location	and	extent	of
the	brain	injury.

TABLE	145.1

Differential	Diagnosis	of	Depressed	Consciousness

I.	Depressed	consciousness	with	lateralizing	signs	of	brain	disease:	brain
tumor,	cerebral	hemorrhage,	cerebral	thrombosis,	cerebral	embolism,
contusion,	subdural	or	epidural	hemorrhage,	brain	abscess,	hypertensive
encephalopathy



II.	Depressed	consciousness	with	signs	of	meningeal	irritation:	meningitis,
subarachnoid	hemorrhage,	leptomeningeal	carcinoma,	or	lymphoma

III.	Depressed	consciousness	without	lateralizing	or	meningeal	signs:
alcohol,	barbiturate,	or	opiate	intoxication:	carbon	monoxide	poisoning,
neuroleptic	malignant	syndrome,	anoxia,	hyponatremia,	hypoglycemia,
diabetic	coma,	uremia,	hepatic	coma,	hypercapnia,	nonconvulsive	status
epilepticus,	infectious	encephalitis,	acute	hydrocephalus,	concussion,
diffuse	axonal	injury,	hypothermia

Adapted	from	Adams	RD,	Victor	M.	Principles	of	Neurology.	4th	ed.	McGraw-Hill;	1989.

Patients	with	discrete	diencephalic	or	midbrain	tegmentum	lesions	may	also
present	with	somnolence.5,6	Because	these	lesions	affect	the	ARAS	and	spare	the
cerebral	hemispheres,	 cognitive	 content	 is	usually	preserved.	Rostral	 extension
of	a	midline	lesion	may	involve	thalamic	structures	(especially	the	dorsomedial
nuclei)	 and	 cause	 difficulties	 with	 the	 ability	 to	 store	 new	 memories.	 Other
mesencephalic	 structures	may	be	affected	and	cause	abnormalities	of	pupillary
function,	internuclear	ophthalmoplegia,	and	third	nerve	dysfunction.	The	bedside
examination	of	brainstem	reflexes	provides	surrogate	markers	for	areas	or	levels
of	the	brainstem	given	the	proximity	of	the	various	cranial	nerve	nuclei	to	other
structures	including	components	of	the	ARAS	as	well	as	descending	motor	and
sensory	 tracts.	 The	 various	 movements	 seen	 in	 response	 to	 pain	 are	 also
important	components	of	the	evaluation	of	the	patient	with	altered	mental	status.

Patients	 in	 coma	 are	 unresponsive	 to	 suprathreshold	 sensory	 stimulation,
including	noxious	stimulation	that	is	strong	enough	to	arouse	a	deeply	sleeping
patient	 but	 not	 strong	 enough	 to	 cause	 physical	 injury.	 Although	 the	 patient
usually	 lies	motionless,	movements	such	as	stereotyped,	 inappropriate	postures
(decerebration	 and	 decortication)	 and	 spinal	 cord	 reflexes	 (triple	 flexion	 and
Babinski	responses)	may	occur.	Posturing	can	define	the	level	of	the	lesion	in	the
brainstem	 with	 decorticate	 posturing	 occurring	 with	 lesions	 above	 the	 red
nucleus	and	decerebrate	posturing	occurring	with	injury	to	levels	below	it.

The	 different	 kinds	 of	 alteration	 in	 consciousness	 and	 unresponsive	 states
include	 normal	 sleep,	 depressed	 consciousness,	 psychogenic	 coma,	 locked-in
state,	vegetative	states,	minimally	conscious	state,	and	brain	death.

Sleep
The	 most	 common	 cause	 of	 lethargy	 or	 somnolence	 in	 the	 hospital	 is	 sleep



deprivation,	mostly	iatrogenic,	especially	in	the	around-the-clock	care	setting	of
the	 intensive	 care	 unit	 (ICU).	 Sleep	 is	 an	 important	 physiological	 process	 and
sleep	deprivation	 is	 associated	with	many	 adverse	 effects	 particularly	 delirium
which	 impacts	 outcome	 and	 survival.	A	 review	of	 sleep	 in	 the	 ICU7	 discusses
abnormalities	 in	 sleep	 physiology	 and	 circadian	 rhythm,	 the	 methods	 and
challenges	 to	 measuring	 accurately	 sleep	 in	 the	 ICU	 with	 polysomnography,
actigraphy,	 and	 questionnaires	 and	 the	 various	 disruptors	 of	 patient	 sleep	 and
methods	 to	 improve	 sleep	 in	 the	 setting	 of	 critical	 illness	 as	 well	 as	 sleep
disturbances	 that	 persist	 or	 develop	 after	 critical	 illness.	 The	 normal
unconsciousness	 of	 sleep	 is	 characterized	 by	 prompt	 reversibility	 on	 threshold
sensory	 stimulation,	 and	 maintenance	 of	 wakefulness	 following	 arousal.	 The
degree	of	stimulation	required	depends	on	the	stage	of	sleep	(stage	IV	non–rapid
eye	movement	sleep	is	the	deepest)	and	the	sensory	stimulation	used.

Psychogenic	Coma
Patients	in	psychogenic	coma	appear	comatose	but	have	clinical	and	laboratory
evidence	of	wakefulness.1	 Psychogenic	 unresponsiveness	may	be	 suggested	by
active	resistance	or	rapid	closure	of	 the	eyelids,	pupillary	constriction	to	visual
threat,	fast	phase	of	nystagmus	(ie,	a	saccade)	on	oculovestibular	or	optokinetic
testing,	and	avoidance	of	self-injury	(eg,	by	averting	an	arm	dropped	toward	the
patient’s	face)	or	annoying	stimulation	such	as	a	nasal	tickle	(moving	head	away
from	stimulus).	Caloric	 testing	with	 ice	water	 irrigation	of	 the	 ear	will	 elicit	 a
normal	 nystagmoid	 response	 with	 the	 fast	 or	 corrective	 component	 directed
away	 from	 the	 irrigated	 ear	 and	 possibly	 some	 nausea	 and	 vomiting.	 Deep
tendon	 reflex	 examination	 is	 often	 normal	 but	 can	 be	 voluntarily	 suppressed.
Electroencephalographic	(EEG)	alpha	waves	that	attenuate	with	eye	opening	are
inconsistent	 with	 coma	 or	 sleep.	 Most	 diagnostic	 tests	 will	 be	 unrevealing.
Psychiatric	 conditions	 that	 may	 be	 associated	 with	 psychogenic	 coma	 are
conversion	 reactions	 secondary	 to	 hysterical	 personality,	 severe	 depression,	 or
acute	 situational	 reaction,	 catatonic	 schizophrenia,	 dissociative	 or	 fugue	 states,
severe	psychotic	depression,	malingering	and	catatonia.	It	should	be	emphasized
that	 psychogenic	 coma	 is	 a	 diagnosis	 of	 exclusion	 and	 that	 a	 comprehensive
workup	 for	 medical	 causes	 of	 unresponsiveness	 should	 be	 pursued	 and	 other
causes	ruled	out	before	assuming	a	patient	has	psychogenic	unresponsiveness	or
coma.

Catatonia



Although	catatonia	falls	under	the	category	of	psychogenic	unresponsiveness,	it
will	 be	 discussed	 separately	 given	 a	 more	 developed	 pathophysiological
hypothesis,	assessment	tools	and	diagnostic	bedside	tests	as	well	as	implications
for	 management.	 Catatonia	 is	 a	 behavioral	 syndrome	 characterized	 by	 the
inability	to	move	normally.	It	can	be	caused	by	various	psychiatric	and	medical
etiologies	 including	 schizophrenia,	 depression,	 and	 even	 autoimmune
encephalitis.	 The	 23	 salient	 features	 of	 catatonia	 are	 itemized	 in	 the	 Bush-
Francis	Catatonia	Rating	 Scale	 (Table	 145.2)	 and	 include	 immobility,	mutism,
staring,	posturing,	grimacing,	echopraxia,	stereotypy,	mannerisms,	rigidity,	waxy
flexibility,	 muscle	 resistance,	 grasp	 reflex,	 and	 perseveration,	 among	 others.
Although	the	pathogenesis	of	catatonia	is	unknown,	the	current	theories	involve
dysfunction	 of	 pathways	 involving	 the	 basal	 ganglia,	 thalamus	 and	 the
prefrontal,	 orbitofrontal	 and	 parietal	 cortices	 and	 decreased	 activity	 of	 the	 γ-
aminobutyric	 acid	 A	 (GABAA)8	 and	 dopamine	 D2	 receptors	 and	 possible
upregulation	 of	 the	 N-methyl-D-aspartate	 receptors.9	 Administering
benzodiazepines,	usually	Lorazepam	1	to	2	mg	intravenously	(IV)	at	the	bedside
and	observing	a	response	within	5	to	10	minutes	is	thought	to	be	diagnostic	for
catatonia.	 If	 no	 initial	 response	 is	 seen	 this	 may	 be	 repeated	 but	 the	 risks	 of
administering	benzodiazepines	to	an	unresponsive	patient	need	to	be	considered.
Management	 recommendations	 include	 ruling	 out	 other	 etiologies	 including
neuroleptic	 malignant	 syndrome,	 supportive	 medical	 care	 for	 an	 immobile
patient,	 avoiding	 antidopaminergic	 agents,	 benzodiazepines,	 and
electroconvulsive	therapy.

TABLE	145.2

Bush-Francis	Catatonia	Rating	Scale

1.	 Immobility/stupor:	extreme	hypoactivity,	immobile,	minimally
responsive	to	stimuli
0 Absent
1 Sits	abnormally	still,	may	interact	briefly
2 Virtually	no	interaction	with	external	world
3 Stuporous,	nonreactive	to	pain	stimuli

2.	 Mutism:	verbally	unresponsive	or	minimally	responsive
0 Absent



1 Verbally	unresponsive	to	majority	of	questions;	incomprehensive
whisper.
2 Speaks	less	than	20	words/5	mins
3 No	speech

3.	 Staring:	fixed	gaze,	little	or	no	visual	scanning	of	environment,
decreased	blinking
0	Absent
1	Poor	eye	contact,	repeatedly	gazes	less	than	20s	between	shifting	of
attention;	decreased	blinking
2	Gaze	held	longer	than	20s,	occasionally	shifts	attention
3	Fixed	gaze,	nonreactive

4.	 Posturing/catelepsy:	spontaneous	maintenance	of	posture,	including
mundane	(eg,	sitting	or	standing	for	long	periods	without	reacting)
0 Absent
1 Less	than	1	min
2 Greater	than	1	min	but	less	than	15	mins
3 Bizarre	posturing,	or	mundane	maintained	for	more	than	15	mins

5.	 Grimacing:	maintenance	of	odd	facial	expressions
0	Absent
1 Less	than	10	s
2 Less	than	1	min
3 Bizarre	expressions	for	more	than	1	min

6.	 Echopraxia/echolalia:	mimicking	of	examiner’s	movements	or	speech
0 Absent
1 Occasional
2 Frequent
3 Constant

7.	 Stereotypy:	repetitive	non–goal-directed	activity	(eg,	finger	play,
repeated	touching	or	rubbing	self);	abnormality	not	inherent	in	act	but	in
its	frequency
0 Absent
1 Occasional
2 Frequent
3 Constant

8.	 Mannerisms:	odd	purposeful	movements	(hopping	or	walking	tiptoe,
saluting	passers-by	or	exaggerated	caricatures	of	mundane	movements);
abnormality	inherent	in	act	itself
0 Absent
1 Occasional



2 Frequent
3 Constant

9.	 Stereotyped	and	meaningless	repetition	of	words	and	phrases
(verbigeration):	repetition	of	phrases	and	sentences
0 Absent
1 Occasional
2 Frequent	difficult	to	interrupt
3 Constant

10.	 Rigidity:	maintenance	of	a	rigid	position	despite	efforts	to	be	moved
(exclude	if	cogwheeling	or	tremor	present)
0 Absent
1 Mild	resistance
2 Moderate
3 Severe,	cannot	be	repostured

11.	 Negativism:	apparently	motiveless	resistance	to	instructions	or	attempts
to	move/examine	patients.	Contrary	behavior,	does	exact	opposite	of
instruction
0 Absent
1 Mild	resistance	and/or	occasionally	contrary
2 Moderate	resistance	and/or	frequently	contrary
3 Severe	resistance	and/or	continually	contrary

12.	 Waxy	flexibility:	during	repositioning	of	patient,	patient	offers	initial
resistance	before	allowing	themselves	to	be	repositioned,	similar	to	that
of	a	bending	candle
0 Absent
4 Present

13.	 Withdrawal:	refusal	to	eat,	drink,	and/or	make	eye	contact
0 Absent
1 Minimal	oral	intake/interaction	for	less	than	1	d
2 Minimal	oral	intake/interaction	for	more	than	1	d
3 No	oral	intake/interaction	for	1	d	or	more

14.	 Excitement:	extreme	hyperactivity,	constant	motor	unrest	which	is
apparently	nonpurposeful.	Not	to	be	attributed	to	akathisia	or	goal-
directed	agitation
1 Excessive	motion,	intermittent
2 Constant	motion,	hyperkinetic	without	rest	periods
3 Full	blown	catatonic	excitement,	endless	frenzied	motor	activity
----------------End	of	Screening	Items----------------------------------

15.	 Impulsivity:	patient	suddenly	engages	in	inappropriate	behavior	without



provocation.	Afterward	can	give	no,	or	only	a	facile,	explanation
0 Absent
1 Occasional
2 Frequent
3 Constant	or	not	redirectable

16.	 Automatic	obedience:	exaggerated	cooperation	with	the	examiner’s
request	or	spontaneous	continuation	of	movement	requested
0 Absent
1 Occasional
2 Frequent
3 Constant

17.	 Passive	obedience	(mitgehen):	patient	raises	arm	in	response	to	light
pressure	of	finger	despite	instructions	to	the	contrary	(0—Absent;	3—
Present).

18.	 Muscle	resistance	(gegenhalten):	involuntary	resistance	to	passive
movement	of	a	limb	to	a	new	position.	Resistance	increases	with	the
speed	of	the	movement.
0 Absent
3 Present

19.	 Motorically	stuck	(ambitendency):	patient	appears	stuck	in	indecisive,
hesitant	motor	movements
0 Absent
3 Present

20.	 Grasp	reflex:	striking	the	patient’s	open	palm	with	two	extended	fingers
resulting	in	automatic	closure	of	the	patient’s	hand
0 Absent
3 Present

21.	 Perseveration:	repeatedly	returns	to	same	topic	or	persists	with	same
movements
0 Absent
3 Present

22.	 Combativeness:	belligerence	or	aggression	usually	in	an	undirected
manner,	without	explanation
0 Absent
1 Occasionally	strikes	out,	low	potential	for	injury
2 Frequently	strikes	out,	moderate	potential	for	injury
3 Serious	danger	to	others

23.	 Autonomic	abnormality:	abnormality	of	body	temperature,	blood
pressure,	pulse,	respiratory	rate,	inappropriate	sweating,	flushing



0 Absent
1 Abnormality	of	one	parameter	(excluding	preexisting
hypertension)
2 Abnormality	of	two	parameters
3 Abnormality	of	three	or	more	parameters

Adapted	from	Bush	G,	Fink	M,	Petrides	G,	Dowling	F,	Francis	A,	Catatonia	I.	Rating	scale	and
standardized	examination.	Acta	Psychiatr	Scand.	1996;93(2):129-136.

Locked-In	State
The	 locked-in	 state	 is	 a	 nearly	 total	 paralysis	without	 loss	 of	 consciousness.10
Because	 the	most	 common	cause	of	 this	 state	 is	destruction	of	 the	base	of	 the
pons,	 the	 patient	 is	 completely	 paralyzed	 except	 for	 muscles	 subserved	 by
midbrain	structures	(ie,	vertical	eye	movements	and	blinking).	Consciousness	is
preserved	because	the	ARAS	is	located	in	the	tegmentum	of	the	pons,	dorsal	to
the	damaged	area.	The	most	frequent	cause	 is	cerebrovascular	such	as	cerebral
infarction	 from	 a	 basilar	 thromboembolism	 or	 pontine	 hemorrhage	 from
uncontrolled	 hypertension;	 less	 frequent	 etiologies	 of	 the	 syndrome	 are	 acute
polyneuropathy	 (Guillain-Barré	 syndrome),	 acute	 poliomyelitis,	 toxins	 that
block	 transmission	 at	 the	 neuromuscular	 junction,	 and	myasthenia	 gravis.	 It	 is
important	 to	 note	 that	 locked-in	 patients	 are	 capable	 of	 hearing,	 seeing,	 and
feeling	external	 stimuli	 and	pain.	Adequate	analgesia	and	anxiolysis	 should	be
provided	despite	 the	absence	of	external	signs	of	pain	and	anxiety.	A	5-	 to	10-
year	survival	has	been	reported	in	as	high	as	80%	of	patients	in	some	series	and
a	surprising	58%	of	patients	surveyed	reported	satisfaction	with	life	despite	their
disability	in	a	small	case	series.11

Brain	Death
The	term	brain	death	refers	to	a	determination	of	physical	death	by	brain-based,
rather	 than	 cardiopulmonary-based,	 criteria.12	 Brain	 death	 is	 the	 irreversible
destruction	 of	 the	 brain,	 with	 the	 resulting	 total	 absence	 of	 all	 cortical	 and
brainstem	 function,	 although	 spinal	 cord	 reflexes	may	 remain.13	 It	 is	 not	 to	 be
confused	with	severe	but	incomplete	brain	damage	with	a	poor	prognosis	or	with
a	vegetative	state,	conditions	in	which	some	function	of	vital	brain	centers	still
remains.	In	brain	death,	support	of	other	organs	is	futile	for	the	patient,	whereas
when	 there	 is	 some	 residual	 brain	or	 brainstem	 function,	 or	 a	 vegetative	 state,



decisions	 regarding	 ongoing	 life	 support	 clearly	 depend	 on	 the	 wishes	 of	 the
patient	or	his	or	her	proxy.

In	 brain	 death,	 pupils	 are	 mid-position	 and	 round	 (not	 oval),	 and	 apnea
persists	even	when	arterial	carbon	dioxide	tension	(PCO2)	is	raised	to	levels	that
should	stimulate	respiration.	Table	145.3	summarizes	the	guidelines	used	in	the
United	States.	Brain	death	may	be	simulated	by	drug	intoxications	and	cannot	be
evaluated	 when	 toxic	 drugs	 are	 present;	 depending	 on	 preserved	 renal	 and
hepatic	 function	 most	 such	 toxic	 effects	 do	 not	 persist	 longer	 than	 36	 hours.
Hypothermia	also	precludes	a	diagnosis	of	brain	death,	and	the	patient	must	be
brought	to	normal	temperature	prior	to	declaring	death.	Brain	death	is	a	clinical
diagnosis,	but	ancillary	tests	such	as	an	EEG	and	blood	flow	studies	(transcranial
Doppler,	 technetium	 99m	 scan,	 or	 conventional	 cerebral	 angiography)	may	 be
useful	where	the	clinical	examination	is	compromised	by	sedating	medications.
Unresponsiveness	 that	 can	 mimic	 brain	 death	 may	 occur	 with	 extensive
brainstem	 destruction,	 for	 example,	 after	 basilar	 artery	 thrombosis.	 Despite
absent	brainstem	reflexes,	continued	cortical	activity	on	the	EEG	and	persistent
cerebral	blood	flow	would	demonstrate	that	the	patient	is	not	brain	dead.

TABLE	145.3

Criteria	for	Brain	Death

Prerequisites

A.	 Clinical	or	neuroimaging	evidence	of	an	acute	CNS	catastrophe
compatible	with	the	clinical	diagnosis	of	brain	death

B.	 Exclusion	of	complicating	medical	conditions	that	may	confound	clinical
assessment	(no	severe	electrolyte,	acid-	base,	endocrine	disturbance,
hypotension,	or	hypoxemia)

C.	 No	drug	intoxication	or	poisoning
D.	 Core	temperature	>	36	°C	(96.8	°F)

Criteria

1.	 Cerebral	functions	are	absent.
Coma,	and	absence	of	motor	responses	including	decerebrate
posturing,	although	spinal	reflexes	may	be	seen



2.	 Brainstem	functions	are	absent.
Absence	of	pupillary	responses	to	light;	pupils	at	mid-position	and
dilated
Absent	corneal	reflexes,	caloric	reflexes,	gag	reflex,	cough	in	response
to	tracheal	suctioning,	sucking	and	rooting	reflexes
Absence	of	respiratory	drive	at	PaCO2	60	mm	Hg,	or	20	mm	Hg
above	normal	baseline	values
Interval	between	two	separate	examinations	varies	depending	on	the
age	of	the	patient	if	pediatric,	but	for	adults	is	usually	at	least	6	h

3.	 Ancillary	diagnostic	tests:
EEG	showing	electrocerebral	silence
Technetium	Tc	99m	hexametazime	nuclear	scan	showing	absence	of
activity	in	brain
Cerebral	angiography	showing	absence	of	blood	flow	in	cerebral
vessels
Transcranial	Doppler	showing	lack	of	diastolic	or	reverberating	flow
and	small	systolic	peaks	in	early	systole

CNS,	central	nervous	system;	PaCO2,	partial	pressure	of	carbon	dioxide.

Revised	table	from	AAN	Practice	Guidelines.	A	report	of	the	Quality	Standards	Subcommittee	of
the	American	Academy	of	Neurology.	1994;	and	Wijdicks	EFM.	The	diagnosis	of	brain	death.	N
Engl	J	Med.	2001;344:1215.

The	American	Academy	of	Neurology	has	published	practice	parameters	for
the	 determination	 of	 brain	 death.	 The	 criteria	 take	 into	 account	 etiology,
performance	of	two	separate	clinical	examinations	6	hours	apart,	and	include	the
method	 of	 apnea	 testing	 with	 preoxygenation	 and	 oxygen.14	 Since	 criteria	 for
brain	 death	 vary	 from	 state	 to	 state,	 and	 procedures	 to	 determine	 brain	 death
differ	 among	 institutions,	 it	 is	 important	 to	 be	 familiar	 with	 the	 guidelines	 in
your	 institution.15	 The	 occurrence	 of	 brain	 death	 provides	 the	 opportunity	 for
organ	 donation,	 and	most	 institutions	 have	 a	 protocol	 that	 includes	 informing
organ	bank	organizations	to	facilitate	this.

Patient	Who	Appears	Confused
Confusion	 is	a	general	 term	used	for	patients	who	do	not	think	with	customary
speed,	 clarity,	 or	 coherence.	 The	 causes	 of	 this	 condition	 include	 an	 acute
confusional	state,	dementia,	inapparent	seizures,	and	receptive	aphasia.



Acute	Confusional	State
When	 the	 cerebral	 hemispheres	 are	 insulted	 by	 toxic,	 metabolic,	 anoxic,
structural,	or	 infectious	processes,	 the	patient	may	appear	acutely	confused.16,17
Poor	 arousal	 and	 an	 abnormal	 content	 of	 consciousness	may	 contribute	 to	 the
clinical	 presentation,	 and	 the	 etiologies	 are	 legion	 (Table	 145.4).	 Patients	with
clouded	consciousness	are	easily	distracted	or	startled	by	environmental	stimuli.
Their	 processing	 of	 information	 is	 slow	 and	 effortful,	 arousal	 fluctuates	 from
drowsiness	to	hyperexcitability,	and	poor	attention	span	impairs	recall	and	recent
memory.	 If	 sensorial	 clouding	 becomes	 more	 advanced,	 sensory	 input	 is
increasingly	 misinterpreted,	 daytime	 drowsiness	 alternates	 with	 nocturnal
agitation,	 disorientation	 for	 place	 and	 time	 becomes	 apparent,	 and	 repeated
prompting	is	required	for	a	response	to	even	the	simplest	commands.

TABLE	145.4

Classification	of	Acute	Confusional	States

ACS	not	associated	with	focal	or	lateralizing	neurologic	signs	and	normal
CSF
Metabolic	disorders
Hepatic	encephalopathy
Uremia
Hypercapnia
Hypoglycemia
Diabetic	ketotic	coma
Porphyria
Hypercalcemia

Infectious	disorders
Septicemiaa
Pneumoniaa
Typhoid	fevera
Rheumatic	fevera

Drug	intoxication
Opiates
Barbiturates
Tricyclic	antidepressants
Other	sedatives



Amphetaminesa
Anticholinergic	medicationsa

Abstinence	states	(ie,	withdrawal	states)
Alcohol	(delirium	tremens)a
Barbituratesa
Benzodiazepinesa

States	that	reduce	cerebral	blood	flow	or	oxygen	content
Hypoxic	encephalopathy
Congestive	heart	failure
Cardiac	arrhythmias

Situational	psychoses	(diagnoses)
Postoperative	psychosisa
Posttraumatic	psychosisa
Puerperal	psychosisa
Intensive	care	unit	psychosisa

ACS	associated	with	focal	or	lateralizing	neurologic	signs	and/or	abnormal
CSF
Cerebrovascular	disease	or	space-occupying	lesions	(especially	of	the	right
parietal,	inferofrontal,	and	temporal	lobes)
Ischemic	infarcta
Neoplasma

Abscessa
Hemorrhage	(intraparenchymal,	subdural,	epidural)a
Granuloma

Infectious	disorders
Meningitisa
Encephalitisa

Subarachnoid	hemorrhagea
Cerebral	contusion	and	lacerationa

ACS	sometimes	associated	with	focal	or	lateralizing	neurologic	signs
Postconvulsive	deliriuma

Acute	hydrocephalus
Nonconvulsive	status	epilepticus
Nonketotic	diabetic	coma

ACS,	acute	confusional	state;	CSF,	cerebrospinal	fluid.
Adapted	from	Adams	RD,	Victor	M.	Principles	of	Neurology.	4th	ed.	McGraw-Hill;	1989.
aThese	disorders	may	be	associated	with	signs	of	psychomotor	overactivity	or	delirium.



Delirious	 patients	 typically	 manifest	 acutely	 fluctuating	 confusion,	 with
psychomotor	 overactivity,	 agitation,	 autonomic	 instability,	 and	 often	 visual
hallucinations.	Clinical	 observations	 frequently	 suggest	 that	 the	 disturbance	 of
cognition	 or	 perception	 is	 directly	 related	 to	 a	 potentially	 reversible	 general
medical	 condition	 rather	 than	 to	 an	 evolving	 dementia.	 Hyperexcitability	may
alternate	 with	 periods	 of	 drowsiness	 or	 relative	 lucidity.	 Signs	 of	 autonomic
overactivity	 include	 pupillary	 dilatation,	 diaphoresis,	 tachycardia,	 and
hypertension.	 Patients	 with	 delirium	may	 not	 sleep,	 sometimes	 for	 periods	 of
several	 days;	 the	 success	 of	 treatment	 can	 be	 judged	 by	 the	 development	 of
normal	 sleep.	 Delirium	 tremens,	 the	 most	 serious	 consequence	 of	 ethanol
withdrawal,	is	perhaps	the	best-known	example	of	this	state.	Because	the	routine
Mini-Mental	 State	 Examination	 often	 cannot	 be	 administered	 to	 unstable,
intubated	 patients,	 alternative	 screening	 tools	 have	 been	 developed	 for	 early
detection	and	monitoring	of	delirium	in	the	ICU.18,19	Validated	tools	such	as	the
Confusion	Assessment	Method,	or	CAM-ICU	scale,	have	the	advantage	of	being
simple	and	easy	to	administer,	highly	reliable	and	applicable	in	patients	who	are
intubated.	 Systematic	 screening	 may	 help	 detect	 early	 delirium	 and	 allow
prompt,	 cost-effective	 treatment.	 Delirium	 has	 been	 linked	 to	 prolonged	 ICU
stay	 and	 ventilator	 days	 and	 is	 associated	 with	 postdischarge	 cognitive
dysfunction	and	worse	6-month	mortality	outcomes.19,20	The	use	of	interventions
that	 reduce	 delirium	 in	 the	 ICU	 include	 reduction	 and	 intermittent	 use	 of
sedatives,	 or	 spontaneous	 awakening	 trials,	 as	 well	 as	 sedation	 with	 alpha
adrenergic	medications	such	as	dexmedetomidine.21,22

In	beclouded	dementia,	confusion	is	superimposed	on	an	underlying	subacute
or	 chronic	 cognitive	 disorder.	 The	 preexisting	 cerebral	 dysfunction	 may	 be
mental	 retardation,	 developmental	 delay,	 dementia,	 or	 the	 deficits	 from	 a
vascular,	 neoplastic,	 or	 demyelinative	 process.	 In	 some	 cases,	 the	 underlying
disorder	 is	 not	 diagnosed	 until	 the	 confusion	 appears	 during	 an	 intercurrent
illness	 (eg,	 sepsis	 or	 infection,	 congestive	 heart	 failure,	 surgical	 procedures,
anemia,	drug	overdose,	or	intolerance).

Dementia
Patients	 with	 dementia	 have	 subacute	 or	 chronic	 intellectual	 dysfunction
unaccompanied	 by	 a	 reduction	 in	 arousal.23	 The	 patient	 exhibits	 a	 decline	 in
multiple	 cognitive	 functions,	 including	 memory,	 language,	 spatial	 orientation,
personality,	 abstract	 thinking,	 and	 insight.	 The	 ability	 to	 carry	 out	 testing
requires	 relative	 preservation	 of	 attention	 and	 language	 comprehension.	 The
causes	 of	 dementia	 include	 degenerative	 processes	 (Alzheimer	 disease,	 Pick



disease,	 Huntington	 disease),	 metabolic	 and	 nutritional	 disorders
(hypothyroidism,	pellagra,	vitamin	B12	deficiency),	infectious	diseases	(subacute
spongiform	 encephalopathy,	 acquired	 immunodeficiency	 syndrome	 dementia,
neurosyphilis,	chronic	meningitis,	progressive	multifocal	leukoencephalopathy),
cerebrovascular	 disorders	 (multi-infarct	 dementia,	 anoxia-ischemia),
hydrocephalus	 with	 normal	 or	 increased	 intracranial	 pressure,	 and	 toxins.
Although	dementia	is	rarely	newly	diagnosed	in	the	acute	ICU	setting,	knowing
a	 patient’s	 baseline	 cognitive	 status	 and	 of	 a	 preexisting	 dementia	 has
implications	 for	 patient	 care	 as	 these	 patients	 can	 be	 more	 susceptible	 to
encephalopathy	 from	 any	 cause,	more	 sensitive	 to	medication	 side	 effects	 and
are	at	higher	risk	for	delirium.

Inapparent	Seizures
Patients	 with	 nonconvulsive	 status	 epilepticus	 may	 appear	 disoriented,
episodically	 unresponsive,	 or	 alternately	 lucid	 and	 confused;	 the	 EEG	 shows
continuous	or	frequent	epileptiform	discharges.24,25	Careful	observation	may	alert
the	 clinician	 to	 seizure	 phenomena,	 such	 as	 episodic	 staring,	 eye	 deviation	 or
nystagmoid	 jerks,	 facial	 or	 hand	 clonic	 activity,	 and	 automatisms.	 Intermittent
and	somewhat	abrupt	clinical	changes	on	serial	bedside	neurological	assessment
may	be	a	clue	that	seizures	may	be	occurring.	The	syndrome	may	be	the	result	of
a	generalized	(absence)	status	or	a	complex	partial	status.	Complex	partial	status
is	the	more	common	form	seen	in	the	ICU	and	may	not	be	preceded	by	a	history
of	complex	partial	seizures.	The	origin	of	the	abnormal	focal	discharge	may	be
from	 the	 temporal,	 frontal,	 or	 occipital	 lobes,	 and	 the	 EEG	 pattern	 during	 the
ictus	is	variable.	Inapparent	seizures	may	occur	in	as	many	as	19%	of	all	patients
in	the	ICU,	and	56%	of	patients	who	are	comatose	at	the	time	of	the	monitoring.
The	 yield	 of	 EEG	 monitoring	 is	 increased	 by	 continuous	 monitoring	 for	 24
hours.26	Nonconvulsive	status	epilepticus	should	be	considered	and	is	the	cause
of	 otherwise	 unexplained	 coma	 in	 as	 many	 as	 8%	 of	 patients.27	 A
benzodiazepine,	 such	 as	 diazepam	 or	 lorazepam,	 may	 eliminate	 the	 discharge
and	improve	the	patient’s	confusion.

Receptive	Aphasia
Patients	 with	 receptive	 aphasia	 often	 appear	 confused	 because	 they	 have	 a
disorder	of	language	comprehension.28	The	patient	is	awake	and	alert	but	unable
to	 comprehend	 written	 or	 verbal	 commands	 despite	 voluminous	 (fluent)



spontaneous	speech.	Paraphasias	may	be	present	(especially	when	the	patient	is
asked	to	name	objects)	and	consist	of	either	inappropriately	substituted	words	or
nonsensical	 jargon.	 The	 responsible	 lesions	 are	 located	 in	 the	 dominant
temporoparietal	 cortex	 and	 are	 often	 associated	 with	 subtle	 focal	 neurologic
signs,	 including	 mild	 pronator	 drift	 of	 the	 right	 hand,	 right	 homonymous
hemianopsia	 or	 superior	 quadrantanopsia,	 and	 right-sided	 sensory	 loss;	 gross
hemiparesis	is	usually	not	found,	as	the	frontal	motor	cortex	is	not	affected.

Patient	Who	Appears	Awake	and	Alert	But
Noncommunicative
Although	 sensory	 stimulation	may	 arouse	 these	 patients,	 they	 seem	 unable	 or
unwilling	 to	 speak.	 The	 causes	 of	 this	 condition	 include	 mutism,	 akinetic
mutism,	and	the	persistent	vegetative	state	(PVS).

Mutism
Mutism	 is	 a	 manifestation	 of	 many	 clinical	 conditions,	 including	 aphonia,
anarthria,	oral-lingual	apraxia,	and	aphasia.	Only	in	aphasia,	however,	is	written
expression	also	impaired	(ie,	agraphia).

Aphonia	due	to	paralysis	of	the	vocal	cords	and	anarthria	due	to	paralysis	of
the	articulatory	muscles	are	usually	evident	clinically	in	patients	who	are	unable
to	make	sounds	but	who	mouth	words	appropriately.	Oral-lingual	(facial)	apraxia
is	a	disorder	of	learned	mouth	movements	(eg,	speaking,	blowing	kisses,	sucking
through	 a	 straw,	 protruding	 the	 tongue	 to	 command)	 seen	 with	 isolated	 and
discrete	lesions	involving	the	facial	area	of	the	dominant	motor	cortex.17,28

Patients	 with	 expressive	 aphasia	 are	 unable	 to	 communicate	 normally	 by
verbal	 or	 written	 language.1,16,17	 Nonfluent	 (Broca)	 aphasia	 with	 diminished
“telegraphic”	output	 is	usually	 intensely	frustrating	 to	 the	patient;	occasionally,
singing	 his	 or	 her	 words,	 rather	 than	 merely	 saying	 them,	 improves	 speech.
Lesion	location	differs	depending	on	whether	comprehension	is	also	affected	or
whether	comprehension	and	repetition	of	words	are	relatively	preserved	or	lost.
At	 the	 least,	 the	dominant	 frontal	cortex	 is	 involved,	and	some	degree	of	 right
hemiparesis	is	usually	present.

Abulia
Patients	with	abulia	“lack	will”	and	are	apathetic	with	slow	 to	no	 responses	 to



verbal	stimuli	and	do	not	initiate	any	activity	or	conversations.	When	adequately
stimulated	 these	 patients	 appear	 to	 be	 cognitively	 intact.	 In	 contrast	 to	 the
obtunded	 or	 stuporous	 patient,	 they	 are	 fully,	 alertly	 awake.1	 Abulic	 patients
often	have	bilateral	frontal	lobe	disease.	Specific	regions	implicated	include	the
anterior	cingulate	cortex	but	also	been	described	in	other	subcortical	lesions.

Akinetic	Mutism
Patients	 with	 akinetic	 mutism	 appear	 alert	 and	 exhibit	 sleep-wake	 cycles,	 but
they	show	little	evidence	of	cognitive	function	and	do	not	meaningfully	interact
with	 the	 environment.1,17	 Brainstem	 function	 is	 intact,	 and	 patients	 may	 open
their	 eyes	 to	 verbal	 stimuli	 or	 track	 moving	 objects.	 They	 have	 a	 paucity	 of
movement	even	to	noxious	stimulation,	despite	little	evidence	of	corticospinal	or
corticobulbar	damage.	Akinetic	mutism	 is	a	more	severe	 form	of	abulia	and	 is
associated	 with	 large	 bilateral	 lesions	 of	 the	 basomedial	 frontal	 lobes,	 small
lesions	of	 the	paramedian	reticular	formation	in	the	posterior	diencephalon	and
midbrain,	and	subacute	communicating	hydrocephalus.

Persistent	Vegetative	State
Patients	in	a	PVS	are	also	akinetic	and	mute	but	lack	outward	manifestations	of
any	significant	brain	activity	other	 than	reflex	responses.1,17	These	may	include
decerebrate	 or	 decorticate	 posturing,	 deep	 tendon	 reflexes,	 Babinski	 or	 triple
flexion	reflexes,	yawning,	and	so	on.	The	term	is	usually	reserved	for	the	patient
who	 has	 recovered	 only	 to	 this	 extent	 from	 coma	 due	 to	 a	 severe	 anoxic,
metabolic,	 or	 traumatic	 brain	 injury	 (TBI),	 and	 has	 been	 in	 this	 condition	 for
over	a	month.	Neuropathologic	findings	 in	anoxic	encephalopathy	may	include
cortical	 pseudolaminar	 necrosis,	 cerebellar	 Purkinje	 cell	 loss,	 and	 necrosis	 of
hippocampal	 cortex	 but	 relative	 sparing	 of	 brainstem	 structures.29	 PVS	 is
considered	 chronic	 if	 the	 patient	 has	 been	 in	 this	 state	 for	 3	 months	 after
nontraumatic	or	anoxic	brain	injury,	and	more	than	12	months	after	TBI.30

Minimally	Conscious	State
These	 are	 patients	who,	 similar	 to	 those	 in	 the	 vegetative	 state,	 have	 severely
impaired	consciousness,	also	manifest	the	posturing,	reflexes,	and	diurnal	cycles,
but	 in	addition	show	evidence	of	self	and	environmental	awareness.	They	may
follow	 simple	 commands,	 give	 gestural	 yes	 or	 no	 responses,	 verbalize



intelligibly,	 and	do	other	purposeful	behaviors	and	visual	 tracking.1,16,17	This	 is
considered	 to	 be	 a	 transitional	 phase	 of	 recovery	 from	 coma	 after	 PVS,	 and
patients	 with	 TBI	 who	 are	 in	 a	 minimally	 conscious	 state	 have	 significantly
better	 outcomes	 at	 1	 year	 than	 PVS	 patients.	Many	 publicized	 reports	 of	 late
recoveries	from	vegetative	states	were	patients	in	MCS.

BEDSIDE	EVALUATION	OF	THE	COMATOSE
PATIENT
Coma	 in	 the	 ICU	 is	 a	 medical	 emergency.	 The	 goal	 of	 each	 evaluation	 is	 to
identify	and	treat	promptly	(if	applicable)	the	cause	of	the	comatose	state;	even
if	no	definitive	treatment	is	available,	general	medical	and	neurologic	support	is
necessary.	 A	 neurologic	 consultation	 should	 be	 obtained	 early;	 the	 practice	 of
obtaining	 imaging	studies	before	a	careful	and	systematic	examination	 is	often
counterproductive	when	it	delays	focused	evaluation	and	treatment.	The	proper
approach	 requires	 (1)	 immediate	 administration	 of	 life-support	 measures,	 (2)
completion	 of	 a	 general	 physical	 examination,	 (3)	 performance	 and
interpretation	of	the	neurologic	examination,	(4)	selection	of	ancillary	tests,	and
(5)	institution	of	definitive	treatment,	based	on	the	above	observations.

Initial	Measures
As	in	all	emergencies,	vital	signs,	respiration,	and	circulation	are	first	stabilized
and	 monitored;	 the	 comatose	 patient	 often	 requires	 an	 endotracheal	 tube	 for
respiratory	support	and	airway	protection.	A	large-bore	IV	line	is	started,	and	the
blood	is	drawn	for	a	complete	blood	cell	count,	glucose,	electrolytes	(including
Ca2+),	 blood	 urea	 nitrogen,	 creatinine,	 liver	 transaminases,	 and	 a	 toxicology
screen.	 Arterial	 blood	 is	 obtained	 for	 determination	 of	 oxygen	 tension,	 PCO2,
and	pH.	If	there	is	any	doubt	about	the	etiology	of	coma,	100	mg	thiamine,	50	g
glucose,	and	0.4	mg	naloxone	are	administered	IV.

General	Physical	Examination
In	 addition	 to	 the	 usual	 complete	 examination,	 several	 points	 warrant	 special
attention.1,2,16	Severe	hypothermia	(rectal	temperature	less	than	or	equal	to	32	°C
or	 89.6	 °F)	 may	 cause	 coma	 (as	 in	 elderly	 patients	 exposed	 to	 the	 cold)	 or
provide	 clues	 to	 other	 etiologies	 (eg,	 overwhelming	 sepsis,	 drug	 or	 alcohol



intoxication,	 hypothyroidism,	 hypoglycemia,	 Wernicke’s	 encephalopathy).31
Severe	hyperthermia	may	result	from	intracranial	causes,	including	infection	and
anterior	 hypothalamic	 or	 pontine	 destruction.	 Meningeal	 signs	 (eg,	 nuchal
rigidity)	 may	 be	 absent	 in	 deeply	 comatose	 patients,	 even	 in	 the	 presence	 of
overwhelming	bacterial	meningitis.	This	sign	should	never	be	sought	if	cervical
spine	fracture	or	dislocation	is	suspected.

The	 skin	 should	 be	 thoroughly	 inspected	 for	 signs	 of	 trauma.	 Basilar	 skull
fractures	may	 be	 signaled	 by	 blood	 behind	 the	 ear	 (Battle	 sign),	 cerebrospinal
fluid	 rhinorrhea,	 or	 otorrhea.	 Orbital	 fractures	 may	 cause	 bleeding	 into
periorbital	tissues	(“raccoon	eyes”).

The	 breath	 odor	 may	 suggest	 metabolic	 derangement	 or	 intoxication.	 The
spoiled	 fruit	 odor	 of	 diabetic	 coma,	 the	 uriniferous	 odor	 of	 uremia,	 and	 the
musty	fetor	of	hepatic	encephalopathy	sometimes	can	be	recognized.	Although
the	odor	of	alcohol	is	usually	noted,	its	presence	does	not	rule	out	superimposed
structural	causes	of	coma	(eg,	subdural	hematoma),	and	its	absence	does	not	rule
out	intoxication	with	odorless	spirits	(eg,	vodka).

Respiratory	 patterns	 in	 comatose	 patients	 are	 distinctive.1,16,17	 Bilateral
hemispheric	or	diencephalic	disturbances	as	well	as	systemic	disorders	may	lead
to	 periodic	 breathing	 in	 which	 increasing	 and	 then	 decreasing	 breaths
(crescendo-decrescendo)	 alternate	 with	 apnea	 (Cheyne-Stokes	 respirations).
Lesions	 of	 the	midbrain-pontine	 tegmentum	may	 give	 rise	 to	 tachypnea	 and	 a
respiratory	 alkalosis	 unresponsive	 to	 oxygen	 (central	 neurogenic
hyperventilation),	 but	 this	 is	 much	 less	 common	 than	 hyperpnea	 due	 to	 low
oxygen	 tension,	 metabolic	 acidosis,	 or	 a	 primary	 respiratory	 alkalosis	 (eg,
salicylate	poisoning).	Lesions	of	the	inferior	pons	may	be	associated	with	2-to	3-
second	pauses	 following	 full	 inspiration	 (apneustic	breathing).	Compressive	or
intrinsic	lesions	of	the	medulla	may	cause	chaotic	breathing	of	varying	rate	and
depth	 (Biot	breathing).	Complete	brainstem	destruction	 results	 in	 apnea	 that	 is
unresponsive	to	elevated	PCO2.

Neurologic	Examination
The	goal	of	the	neurologic	examination	in	the	comatose	patient	is	to	determine
the	 location	 of	 the	 lesion	 (ARAS	 or	 bilateral	 cerebral	 hemispheres)	 and	 its
etiology	 (structural,	 causing	 destruction	 or	 compression	 of	 brain	 substance;
toxic,	metabolic,	anoxic,	or	traumatic,	affecting	the	nervous	system	in	a	diffuse
or	multifocal	manner;	subarachnoid	blood	or	infection;	or	nonconvulsive	status
epilepticus).	 A	 critical	 part	 of	 this	 determination	 is	 the	 medical	 history,	 and



heroic	 efforts	 to	 locate	 family	 members,	 witnesses,	 and	 medication	 lists	 are
almost	 always	 rewarded.	 For	 example,	 truly	 sudden	 coma	 in	 a	 healthy	 person
suggests	drug	intoxication,	intracranial	hemorrhage,	meningoencephalitis,	or	an
unwitnessed	seizure.

Often	 an	 intubated	 patient	 with	 altered	 mental	 status	 will	 be	 on
pharmacological	sedation	or	anxiolysis	for	management	of	respiration,	or	safety
in	agitated	or	combative	patients.	Neurological	examination	should	be	performed
after	 discontinuing	 any	 sedating	 medication	 that	 may	 alter	 the	 patient’s
responsiveness	and	significantly	alter	the	examination	findings.

Neurologic	 assessment	 must	 include	 a	 description	 of	 the	 level	 of
consciousness,	examination	of	the	pupils,	direct	ophthalmoscopy,	observation	of
spontaneous	and	induced	ocular	movements,	elicitation	of	the	corneal	reflex,	and
tests	 of	 motor	 system	 function	 (including	 spontaneous	 and	 induced	 limb
movements	and	asymmetries	of	tone),	deep	tendon	reflexes,	pathologic	reflexes,
and	 response	 to	 sensory	 stimulation—often	 pain.	 The	 importance	 of	 repeat
examinations	to	document	the	temporal	course	of	the	patient’s	condition	cannot
be	overemphasized.

Level	of	Consciousness
The	 level	 of	 consciousness	 is	 determined	 first	 by	 observing	 the	 patient
undisturbed	 for	 several	 minutes.	 Any	 spontaneous	 (eg,	 yawning,	 sneezing)	 or
responsive	(eg,	 to	ventilator	noise)	movements	or	postures	are	noted.	A	battery
of	graduated	sensory	stimuli	is	applied	(whispered	names,	shouted	names,	loud
noise,	 visual	 threat,	 noxious	 stimulation	 by	 supraorbital	 compression,	 vibrissal
(nasal)	stimulation,	sternal	rub,	nail	bed	compression,	or	medial	thigh	pinch)	and
the	response	recorded	(eg,	opens	eyes,	squeezes	eyes	shut,	blinks	symmetrically
to	 visual	 threat,	 nods,	 turns	 head,	 groans,	 grimaces,	 purposefully	 withdraws,
displays	 stereotyped	 posturing).	 Initially	 using	 centrally	 located	 noxious
stimulation	 such	 as	 a	 sternal	 rub	 is	 important	 in	 order	 to	 tell	 if	 the	 patient	 is
localizing	 or	 merely	 withdrawing.	 Such	 careful	 documentation	 allows	 serial
assessments	of	subtle	changes	over	time	by	multiple	examiners.

Serial	 documentation	 and	 accurate	 and	 reliable	 communication	 of	 findings
can	be	 facilitated	by	 the	use	of	 standardized	scales	 such	as	 the	Glasgow	coma
scale.	While	 originally	 intended	 for	 use	 in	TBI,	 the	Glasgow	Coma	Scale	 has
become	 widely	 used	 and	 has	 been	 found	 to	 be	 predictive	 of	 outcomes,
particularly	 in	 TBI	 (Table	 145.5).	 Because	 of	 its	 limitations,	 a	 more
comprehensive	 coma	 scale	 called	 the	 Full	 Outline	 of	 Unresponsiveness,	 or
FOUR	 score,	 incorporates	 brainstem	 reflexes	 and	 respiration.1,16,17,32	 These



grading	 scales	 are	 helpful	 to	 standardize	 assessment,	 improve	 communication
and	 serial	 monitoring	 but	 are	 limited	 and	 cannot	 be	 substituted	 for	 a	 detailed
bedside	neurological	examination.

TABLE	145.5

Coma	Grading	Scales

Glasgow	Coma	Scale	
Eye	response
	4	=	Eyes	open	spontaneously
	3	=	Eye	opening	to	verbal	command
	2	=	Eye	opening	to	pain
	1	=	No	eye	opening

Motor	response
	6	=	Obeys	commands
	5	=	Localizing	pain
	4	=	Withdrawal	from	pain
	3	=	Flexion	response
	2	=	Extension	response
	1	=	No	motor	response

Verbal	response
	5	=	Oriented
	4	=	Confused
	3	=	Inappropriate	words
	2	=	Incomprehensible	words
	1	=	No	verbal	response

FOUR	score	
Eye	response
	4	=	Eyelids	open	or	opened,	tracking,	or	blinking	to	command
	3	=	Eyelids	open	but	not	tracking
	2	=	Eyelids	closed	but	open	to	loud	voice
	1	=	Eyelids	closed	but	open	to	pain
	0	=	Eyelids	remained	closed	with	pain

Motor	response
	4	=	Thumbs-up,	fist,	or	peace	sign
	3	=	Localizing	to	pain



	2	=	Flexion	response	to	pain
	1	=	Extension	response	to	pain
	0	=	No	response	to	pain	or	generalized	myoclonus

Brainstem	reflexes
	4	=	Pupils	and	corneals	intact
	3	=	One	pupil	wide	and	fixed
	2	=	Pupil	or	corneal	reflex	absent
	1	=	Pupil	and	corneal	reflexes	absent
	0	=	Absent	pupil,	corneal,	and	cough	reflexes

Respiration
	4	=	Not	intubated,	regular	breathing	pattern
	3	=	Not	intubated,	Cheyne-Stokes	breathing
	2	=	Not	intubated,	irregular	breathing
	1	=	Breathes	above	ventilator	rate
	0	=	Breathes	at	ventilator	rate	or	apnea

Pupils
The	pupils	are	examined	for	size,	equality,	and	reactivity	to	light.	Normal	pupils
confirm	the	integrity	of	a	circuit	involving	the	retina,	optic	nerve,	midbrain,	third
cranial	 nerve,	 and	 pupillary	 constrictors.	 A	 strong	 flashlight	 and	 magnifying
glass,	 or	 an	ophthalmoscope,	 are	usually	necessary,	 and	darkening	 the	 room	 is
helpful.	In	difficult	cases,	sometimes	pupillometry	can	be	employed.

Symmetrically	 small,	 light-reactive	 pupils	 (miosis)	 are	 normally	 seen	 in
elderly	 and	 sleeping	 patients.	 Opiates,	 organophosphates,	 pilocarpine,
phenothiazines,	 and	 barbiturates	 produce	 small	 pupils	 that	 may	 appear	 to	 be
unreactive	 to	 light,	 whereas	 a	 large	 lesion	 of	 the	 pons	 (ie,	 hemorrhage)
characteristically	 produces	 tiny	 pinpoint	 pupils.	 Symmetrically	 large	 pupils
(mydriasis)	that	do	not	react	to	light	suggest	midbrain	damage,	but	they	may	also
be	 seen	 following	 resuscitation	when	 atropine	 has	 been	 used	 (in	 this	 case,	 the
pupils	do	not	constrict	to	1%	pilocarpine),33	in	cases	of	anoxia,	following	pressor
doses	 of	 dopamine,34	 and	 often	 in	 amphetamine	 or	 cocaine	 intoxication.
Bilaterally	 fixed	 and	 midposition	 pupils	 indicate	 absent	 midbrain	 function,
although	 severe	 hypothermia,31	 hypotension,	 or	 intoxication	 with
succinylcholine35	or	glutethimide36	must	be	ruled	out.

Pupillary	 asymmetry	 (anisocoria)	 suggests	 neurologic	dysfunction	 if	 it	 is	 of
recent	 onset,	 the	 inequality	 is	 more	 than	 1	 mm,	 and	 the	 degree	 of	 anisocoria
changes	with	ambient	lighting.37	When	the	larger	pupil	is	sluggishly	reactive	or



fixed	 to	 light	 (but	 the	 contralateral	 consensual	 response	 is	 spared),	 uncal
herniation	due	 to	an	 ipsilateral	hemispheric	mass	compressing	 the	 third	cranial
nerve	against	the	petroclinoid	ligament	must	be	considered.	Unilateral	pupillary
dilatation	 may	 also	 indicate	 a	 mass	 in	 the	 cavernous	 sinus,	 aneurysm	 of	 the
posterior	communicating	artery,	focal	seizure,	or	 topical	atropinelike	drugs	(eg,
used	 for	 ophthalmoscopic	 examination).	 On	 the	 other	 hand,	 with	 Horner’s
syndrome	 the	 affected	 pupil	 is	 smaller.	 In	 this	 condition,	 the	 pupillary
asymmetry	 is	 increased	 in	 darkness	 and	 the	 smaller	 pupil	 is	 associated	 with
partial	 ptosis	 of	 the	 upper	 eyelid,	 straightening	 of	 the	 lower	 eyelid,	 and	 facial
anhidrosis.	 It	 may	 be	 caused	 by	 damage	 to	 descending	 sympathetic	 fibers
anywhere	 from	 the	 hypothalamus	 to	 the	 upper	 thoracic	 cord,	 or	 to	 ascending
sympathetic	 fibers	 in	 the	 cervical	 sympathetic	 chain,	 the	 superior	 cervical
ganglion,	the	carotid	artery,	or	the	cavernous	sinus.

Measuring	 the	 neurological	 pupil	 index	 (NPI)	 with	 a	 pupillometer	 can
facilitate	 assessment	 in	 situations	 when	 pupil	 assessment	 is	 clinically	 difficult
and	 changes	 in	 the	 NPI	 can	 be	 an	 early	 indicator	 of	 increased	 intracranial
pressure.38

Direct	Ophthalmoscopy
Direct	 ophthalmoscopy	 may	 be	 limited	 by	 miosis	 or	 cataracts,	 but	 the	 pupils
should	never	be	pharmacologically	dilated	without	clear	documentation	(with	a
large	sign	taped	to	the	patient’s	bed),	or	if	the	patient’s	condition	is	uncertain	or
unstable.	Obscuration	of	the	disk	margins,	absent	venous	pulsations,	and	flame-
shaped	 hemorrhages	 suggest	 early	 papilledema	 from	 an	 intracranial	 mass	 or
systemic	hypertension.39	Subhyaloid	and	vitreous	hemorrhages	may	be	observed
in	 the	patient	with	subarachnoid	hemorrhage	or	suddenly	 increased	intracranial
pressure.

Ocular	Movements
Assessment	of	ocular	movements	begins	by	observing	for	tonic	deviation	of	the
eyes	 at	 rest.1	 The	 eyes	 may	 deviate	 toward	 the	 side	 of	 a	 lesion	 in	 the	 motor
cortex	(a	gaze	preference—away	from	the	hemiparetic	limbs)	but	usually	can	be
induced	to	cross	the	midline.	The	eyes	deviate	away	from	the	side	of	a	pontine
lesion	(toward	the	hemiparetic	limbs)	and	cannot	be	moved	across	the	midline	(a
gaze	paralysis).	A	seizure	 focus	 in	 the	 frontal	 (area	8)	or	supplementary	motor
(area	 6)	 cortex	 can	 drive	 the	 eyes	 or	 cause	 nystagmoid	 jerks	 contralaterally



(toward	the	side	of	the	convulsing	limbs).40	Tonic	upward	eye	deviation	may	be
seen	 after	 anoxia,41	 and	 tonic	 downward	 deviation	 may	 be	 seen	 in	 thalamic
hemorrhage,	midbrain	compression,	and	hepatic	encephalopathy.

Spontaneous	 eye	 movements	 may	 have	 a	 localizing	 value.	 Roving	 eye
movements	 (slow	 and	 random,	 usually	 conjugate	 and	 horizontal)	 and	 periodic
alternating	(“ping-pong”)	gaze	(cyclic,	conjugate	excursions	 to	 the	extremes	of
lateral	 gaze	 every	 2-3	 seconds)42	 are	 found	 in	 patients	 with	 intact	 brainstem
function.	Ocular	bobbing	consists	of	a	rapid	conjugate	downward	jerk	followed
by	a	slow	upward	drift	(rate	and	rhythm	are	variable)	and	suggests	a	lesion	in	the
pons	or	posterior	 fossa,	especially	 if	horizontal	eye	movements	are	 impaired.43
The	reverse	movement,	ocular	dipping	 (slow	downward,	 fast	upward)	can	also
be	 seen	 less	 reliably	 in	 pontine	 lesions	 but	 also	 after	 anoxia	 and	 in	 status
epilepticus.44	Conjugate	spasmodic	eye	movements,	rotating	the	eyes	upward	for
minutes	or	longer	(oculogyric	crisis),	in	some	patients	may	be	an	untoward	effect
of	neuroleptic	medications.

If	 spontaneous	 eye	 movements	 are	 absent	 or	 restricted	 to	 a	 particular
direction,	 reflex	movements	 should	 be	 tested	 by	 oculocephalic	 (“doll’s	 eyes”)
and	oculovestibular	(caloric)	stimulation.1,16,17,45	Full	eye	movements	induced	by
these	 maneuvers	 confirm	 the	 integrity	 of	 the	 brainstem	 tegmentum	 from	 the
medullary-pontine	junction	to	the	midbrain.	Oculocephalic	testing	is	never	done
in	patients	with	suspected	cervical	spine	fracture	or	dislocation.	The	maneuver	is
performed	 by	 holding	 the	 patient’s	 eyelids	 open	 and	 briskly	 rotating	 the	 head
from	one	side	 to	 the	other	 (for	horizontal	eye	movements)	and	from	flexion	 to
extension	 (for	 vertical	 eye	 movements).	 In	 comatose	 patients	 with	 an	 intact
brainstem,	the	eyes	deviate	to	the	side	opposite	the	direction	of	head	movement.
If	 the	 oculocephalic	 response	 is	 not	 obtained	 or	 the	movements	 are	 limited	 or
asymmetric,	the	oculovestibular	reflex	should	be	tested.	This	is	never	done	until
the	tympanic	membrane	is	examined	and	seen	to	be	intact.	The	patient’s	head	is
elevated	to	30°	above	horizontal,	and	up	to	120	mL	ice	water	is	instilled	slowly
in	the	external	auditory	meatus	with	a	large	syringe	and	attached	Teflon	catheter.
Each	 ear	 is	 tested	 separately	 for	 horizontal	 eye	 movements,	 with	 a	 5-minute
interval	between	right	and	left	ears.	In	awake	patients	(or	those	in	psychogenic
coma),	nystagmus	with	the	fast	phase	away	from	the	irrigated	ear	is	induced.	In
comatose	 patients	 with	 an	 intact	 brainstem,	 a	 tonic	 conjugate	 eye	 deviation
toward	the	irrigated	ear	is	seen;	a	defective	response	implies	brainstem	damage.
Vertical	 eye	movements	 can	be	 induced	by	 irrigating	both	 ears	 simultaneously
with	 cold	water	 (eyes	 deviate	 downward)	 and	with	warm	 (44	 °C)	water	 (eyes
deviate	 upward).	 Absent	 or	 deranged	 responses	 can	 be	 caused,	 in	 addition	 to
various	 brainstem	 lesions,	 by	 previous	 vestibular	 (labyrinthine	 end-organ)



lesions,	 vestibulosuppressant	 drugs	 (eg,	 benzodiazepines,	 antihistamines,
anticholinergics),	 hepatic	 encephalopathy,	 and	 neuromuscular	 blockers	 (eg,
succinylcholine).	An	ophthalmoplegia	after	IV	phenytoin	is	well	known.46

Corneal	Reflex
The	corneal	reflex	is	obtained	by	lightly	touching	the	limbus	of	the	cornea	with	a
fine	material	(wisp	of	cotton,	rolled	corner	of	tissue	paper,	or	a	squirt	of	saline).
Both	 eyes	 should	 blink	 to	 unilateral	 stimulation,	 confirming	 the	 integrity	 of	 a
circuit	 involving	 the	 fifth	 cranial	 nerve,	 trigeminal	 sensory	 and	 facial	 motor
nuclei	in	the	pons,	and	both	seventh	cranial	nerves.	A	blunted	corneal	response	is
commonly	 seen	 in	 chronic	 contact	 lens	 wearers.	 An	 absent	 blink	 on	 the
stimulated	 side	 with	 an	 intact	 contralateral	 (consensual)	 response	 indicates
ipsilateral	motor	damage.

Motor	System
The	 examination	 of	 the	motor	 system	 identifies	 whether	 limb	movements	 are
appropriate	 and	 purposeful	 or	 inappropriate	 and	 stereotyped.	 Left-right
asymmetries	 or	 worsening	 of	 the	motor	 response	 over	 time	must	 be	 carefully
noted.	Appropriate	movements	include	spontaneous	turning	in	bed,	drawing	up
the	sheets,	crossing	the	legs	modestly,	or	rapid	withdrawal	(especially	abduction)
from	noxious	 stimulation.	Applying	noxious	 stimuli	 centrally	 such	as	a	 sternal
rub	or	pinching	the	proximal	area	of	an	arm	or	leg	will	allow	distinction	between
localization	which	is	purposeful	and	indicates	intact	awareness	at	a	cortical	level
versus	 mere	 withdrawal	 which	 can	 be	 a	 brainstem	 reflex	 and	 this	 can	 have
prognostic	 implications.	 Inappropriate	 movements	 include	 spontaneous	 or
induced	 flexion-internal	 rotation	 of	 the	 arms	 with	 extension	 of	 the	 legs
(decorticate	 posturing)	 or	 extension-adduction	 of	 all	 limbs	 (decerebrate
posturing);	whether	 flexor	 or	 extensor	 postures	 are	 induced	 depends	 partly	 on
the	 position	 of	 the	 limbs.47	 These	 responses	 may	 occur	 occasionally	 in	 toxic-
metabolic	 coma48,49	 but	 are	 more	 common	 with	 anatomic	 brainstem	 lesions.
Facial	 grimaces	or	groans	despite	 absent	motor	 responses	 suggest	 that	 sensory
pathways	are	grossly	intact.	Flexion	of	the	leg	at	the	hip,	knee,	and	ankle	(triple
flexion	 response)	 is	 a	 spinally	mediated	 exaggerated	Babinski	 reflex	 that	may
persist	in	brain	death.

Other	spontaneous	movements	of	the	limbs	and	trunk	have	been	observed	in
brain	 dead	 patients	 and	 are	 all	 forms	 of	 spinal	 reflexes,	 including	myokymia,



trunk	 flexion	 and	 the	 Lazarus	 sign,	 wherein	 the	 patient	 actually	 extends	 and
pronates	 his	 or	 her	 arms	 forward	 and	 then	 crosses	 them	 over	 the	 chest.1,16,17,50
These	 signs	 are	 easily	 misinterpreted	 by	 family	 members	 as	 well	 as	 medical
practitioners	who	are	not	well-versed	in	the	neurological	examination.

INTERPRETATION	OF	THE	NEUROLOGIC
EXAMINATION
In	 general,	 focal	 neurologic	 signs	 suggest	 a	 structural	 cause	 of	 coma.
Nevertheless,	focal	weakness	is	not	unknown	in	hypoglycemia,	hyperglycemia,
hyponatremia,	 hyperkalemia,	 and	 rarely	 hepatic	 and	 uremic
encephalopathies51,52;	 and	 continuous	 focal	 motor	 seizures	 (epilepsia	 partialis
continua)	 may	 be	 a	 presenting	 sign	 of	 the	 hyperglycemic	 nonketotic
hyperosmolar	state.53	 Focal	 signs	 due	 to	 preexisting	 deficits	may	deceive	 even
the	ablest	clinician.	For	example,	 if	generalized	seizures	from	a	new	metabolic
imbalance	 develop	 in	 a	 patient	 with	 an	 old	 hemiplegia	 due	 to	 a	 cerebral
infarction,	 apparently	 focal	 convulsions	 of	 the	 nonplegic	 limbs	 might	 falsely
suggest	a	structural	 lesion	of	 the	 intact	cerebral	hemisphere	contralateral	 to	 the
previously	infarcted	one.	Other	false	localizing	signs	include	sixth	nerve	palsies
(due	 to	 transmitted	 increased	 intracranial	 pressure),	 visual	 field	 cuts	 (due	 to
compression	 of	 the	 posterior	 cerebral	 artery),	 and	 hemiparesis	 ipsilateral	 to	 a
third	 nerve	 palsy	 (due	 to	 compression	 of	 the	 contralateral	 cerebral	 peduncle
against	the	tentorium	[Kernohan	notch]).

Conversely,	 a	 nonfocal	 examination	 does	 not	 invariably	 indicate	 toxic-
metabolic	 coma.	 Symmetric	 neurologic	 dysfunction	 may	 be	 caused	 by
meningoencephalitis,	 subarachnoid	 hemorrhage,	 bilateral	 subdural	 hematomas,
or	 thrombosis	 of	 the	 superior	 sagittal	 sinus.	 Multifocal	 seizures,	 myoclonus,
asterixis,	 or	 fluctuation	 of	 the	 examination	 suggests	 a	 toxic	 or	 metabolic
etiology,	although	periodic	increases	in	intracranial	pressure	(plateau	waves)	and
nonconvulsive	seizures	may	lead	to	a	waxing	and	waning	mental	status.

A	 preserved	 pupillary	 light	 reflex	 even	 in	 deep	 coma	 with	 absent
oculovestibular	and	motor	responses	suggests	a	toxic	or	metabolic	etiology.	It	is
important	 to	 note	 that	 the	 pupils	 may	 be	 unreactive	 to	 light	 in	 severe
hypothermia,	 deep	 barbiturate	 coma	 (the	 patient	 is	 usually	 apneic	 and
hypotensive	 if	 the	pupils	are	 fixed),	and	glutethimide	overdose.	 In	addition,	an
expanding	 posterior	 fossa	 mass	 (eg,	 cerebellar	 hemorrhage)	 may	 present	 with
early	signs	of	pontine	compression	and	small,	light-reactive	pupils.54



A	 useful	 rule	 is	 that	 toxic-metabolic	 coma	 usually	 has	 incomplete	 but
symmetric	dysfunction	of	neural	systems	affecting	many	 levels	of	 the	neuraxis
simultaneously	while	retaining	the	integrity	of	other	functions	at	the	same	levels.
Structural	 coma	 is	 characterized	 by	 regionally	 restricted	 anatomic	 defects.1,16,17
For	example,	toxic-metabolic	coma	might	present	with	intact	pupillary	reactivity
and	 corneal	 reflexes	 but	 an	 absence	 of	 horizontal	 (pontine)	 and	 vertical
(midbrain)	reflex	eye	movements	to	oculovestibular	testing.	Such	a	presentation
would	be	inconsistent	with	coma	from	a	structural	cause.

ANCILLARY	TESTS
Imaging	studies	are	often	necessary	and	always	 informative	 in	 the	patient	with
altered	consciousness	 to	 shed	 light	on	 the	eticlogy	or	 structural	 contributors	 to
the	 patient’s	 clinical	 presentation,	 but	 require	 interpretation	 specific	 to	 the
patient’s	clinical	data	and	examination.	Neuroanatomical	correlation	of	imaging
and	 examination	 are	 essential	 in	 their	 use	 and	 also	 provide	 useful	 prognostic
information.55

A	 computed	 tomographic	 (CT)	 scan	 without	 contrast	 infusion	 can	 reliably
demonstrate	intracranial	bleeding	such	as	intraparenchymal,	epidural	or	subdural
hematoma,	or	 intraventricular	hemorrhage.	CT	scans	 reveal	hydrocephalus	and
may	show	anoxic-ischemic	brain	injury,	with	loss	of	gray-white	differentiation,
border-zone	infarction	from	hypoperfusion,	and	diffuse	cerebral	edema	(Figure
145.3).	Other	coma-inducing	lesions	shown	by	CT	scan	include	massive	middle
cerebral	 infarction,	 uncal	herniation,	 and	midline	 shift	 from	 large	mass	 lesions
with	 cerebral	 edema.	 Contrast	 enhancement	 may	 be	 required	 for	 suspected
infectious	 or	 neoplastic	 masses.	 The	 CT	 scan	 does	 not	 reliably	 rule	 out
inflammation,	infection,	subarachnoid	blood,	or	early	ischemia.	CT	angiography
can	 be	 helpful	 in	 showing	 large	 vessel	 occlusion	 or	 dissection	 but	 has	 limited
sensitivity	and	specificity.	A	CT	scan	can	be	considered	the	initial	brain	imaging
study	in	patients	with	coma	if	lesions	that	require	emergent	surgical	intervention,
such	as	acute	cerebellar	hemorrhage,	are	considered.1,16,17



	

Figure	145.3 	Noncontrast	CT	 scan	 of	 patient	with	 anoxic	 brain
injury.Diffuse	cerebral	edema	with	loss	of	gray-white	differentiation,
obliteration	 of	 basal	 cisterns,	 multiple	 areas	 of	 hypodensity
suggestive	 of	 anoxic-ischemic	 injury,	 and	 venous	 stasis	 with
hyperdensity	 of	 the	 venous	 sinuses.	 This	 patient	 was	 brain	 dead
clinically	and	by	apnea	testing.

Magnetic	 resonance	 imaging	 or	 MRI	 is	 clearly	 superior	 to	 CT	 scan	 in
resolution,	 and	 special	 sequences	 are	 highly	 sensitive	 to	 acute	 ischemia	 and
encephalitis.	MRI	 is	 superior	 for	 anatomical	 detail	 and	 can	 produce	 excellent
images	of	 the	posterior	fossa,	brainstem,	and	craniocervical	 junction.	Diffusion
weighted	MRI	 studies,	 and	particularly	whole	brain	median	 apparent	 diffusion
coefficient	 imaging,	 is	useful	 in	assessing	prognosis	 following	anoxic/ischemic
coma.56,57	While	it	is	not	always	logistically	possible	to	perform	MRI	imaging	on
patients	in	the	ICU,	whenever	possible	it	provides	important	information.

New	 developments	 and	 research	 using	 functional	 magnetic	 resonance
imaging	 (fMRI)	 are	 not	 only	 shedding	 light	 on	 the	 importance	 of	 specific
structures	 to	 consciousness	 and	 other	 clinical	 states	 such	 as	 abulia	 but	 also
furthering	 our	 understanding	 of	 the	 importance	 of	 connectivity58	 and	 specific
circuits	 to	 coma	 (Figure	 145.3).	 Numerous	 studies	 in	 patients	 in	 PVS	 and
minimally	conscious	state	showing	activation	in	the	primary	auditory	cortex	and
higher	 order	 temporal	 lobe	 areas	 when	 their	 names	 are	 spoken	 to	 them	 by
familiar	 voices	 and	 other	 speech	 comprehension	 tasks	 with	 the	 level	 of
activation	being	found	to	be	highest	in	patients	who	improved	from	PVS	to	MCS
suggest	 the	 possibility	 of	 a	 new	 frontier	 in	 clinical	 research	 into	 coma	 and
clinical	utility	in	prognostication.59,60

The	cerebrospinal	fluid	must	be	examined	if	meningoencephalitis	is	suspected
or	if	subarachnoid	blood	is	not	visualized	on	the	CT	scan.	Occasionally,	a	sterile
cerebrospinal	 fluid	 pleocytosis	 follows	 status	 epilepticus.61	 The	 cerebrospinal
fluid	sent	for	protein	14-3-3	may	also	be	useful	for	the	diagnosis	of	Creutzfeldt-



Jakob	disease.	Cytology	and	VEGF	 (vascular	 endothelial	growth	 factor)	 levels
can	 confirm	 the	 diagnosis	 of	 carcinomatous	meningitis;	 and	 antibodies	 can	 be
evaluated	in	paraneoplastic	syndromes	such	as	limbic	encephalitis.

EEG	provides	a	physiologic	marker	of	brain	function	and	may	be	helpful	in
nonconvulsive	 status	 epilepticus	 and	 psychogenic	 coma,	 and	 for	 documenting
(but	 not	 primarily	 establishing)	 brain	 death	 by	 the	 presence	 of	 electrocerebral
silence.	 Research	 is	 currently	 ongoing	 to	 correlate	 EEG	 background	 patterns
with	fMRI	and	PET	(positron	emission	tomography)	scans	in	response	to	speech
comprehension	tasks	and	investigating	the	utility	of	EEG	for	prognostication	in
patients	with	altered	consciousness.62

In	 unresponsive	 patients,	 somatosensory	 or	 brainstem	 auditory	 evoked
potentials	may	be	very	useful	in	evaluating	the	integrity	of	spinal,	brainstem,	or
cortical	 pathways	 and,	 compared	 to	 EEG,	 are	 much	 less	 susceptible	 to	 drug
effects	and	hypothermia.	SSEPs	are	useful	 in	prognostication	of	 recovery	from
anoxic/ischemic	coma	during	the	first	few	days	after	cardiac	arrest.

INITIATION	OF	EMERGENCY	TREATMENT
Definitive	 treatment	 of	 altered	 consciousness	 depends	 on	 the	 underlying
pathophysiologic	process,	but	urgent	 therapeutic	 interventions	may	be	 required
in	life-threatening	conditions	or	to	prevent	further	central	nervous	system	insult.
Meticulous	 nursing	 care	 (fluid	 replacement,	 oxygenation	 and	 prevention	 of
aspiration,	 nutrition,	 corneal	 protection,	 and	 conscientious	 skin,	 bowel,	 and
bladder	care)	is	essential.	Unnecessary	sedation	should	be	avoided—it	obscures
evaluation	of	 the	patient’s	state	of	consciousness	and	makes	assessment	of	any
changes	in	the	sensorium	or	cognition	inaccessible	to	testing.

Clinical	 trials	are	continuing	to	validate	acute	therapies	 that	may	protect	 the
brain	 after	 insults	 such	 as	 cardiac	 arrest.	 For	 example,	 the	 induction	 of	 mild
hypothermia	 (33	 °C	 for	 12-24	 hours)	 in	 comatose	 survivors	 of	 cardiac	 arrest
improved	the	neurologic	outcome	in	two	randomized	clinical	trials.63,64	The	most
reent	 TTM2	 trial	 results	 reported	 no	 difference	 in	 mortality	 and	 outcomes	 at
6	months	between	post-out	of	hospital	cardiac	arrest	patients	who	were	 treated
with	targeted	hypothermia	at	33°	vs	normothermia.65	The	results	of	his	trial	and
others	needs	to	be	interpreted	in	the	context	of	the	50%	survival	rate	in	patients
treated	with	targeted	temperature	management	versus	the	historical	survival	rate
of	 25%.	 A	 randomized	 clinical	 trial66	 comparing	 moderate	 therapeutic
hypothermia	of	33°	vs	normothermia	of	37°	 in	 comatose	patients	 after	 cardiac
arrest	from	nonshockable	rhythms	reported	a	higher	percentage	of	patients	with



favorable	 neurological	 outcome	 at	 90	 days.	 The	 most	 recent	 guidelines	 and
expert	 opinion	 still	 recommend	 initiating	 hypothermia	 in	 post–cardiac	 arrest
patients	who	are	comatose	for	24	hours	regardless	of	whether	they	present	in	a
shockable	or	nonshockable	rhythm.67,68

Hypothermia	appeared	ineffective	as	an	acute	treatment	for	TBI	in	one	large
randomized	controlled	trial69	but	may	have	been	related	to	the	delay	in	achieving
goal	 temperature,	 duration	 of	 cooling,	 as	 well	 as	 other	 factors.	 A	 recent
systematic	review	of	12	Randomized	Controlled	Trials	that	pooled	1069	patients
concluded	 that	 clinical	 mortality	 and	 outcome	 benefit	 may	 be	 derived	 from
cooling	 patients	 with	 TBI	 to	 a	 temperature	 of	 32	 to	 33	 °C	 for	 48	 hours	 and
slowly	 rewarming	 them	 24	 hours	 after	 discontinuation	 of	 therapy.70	 A
multicenter	 randomized	 clinical	 trial	 of	 early	 induced	 hypothermia	 for	 severe
TBI	for	48	hours	failed	to	show	benefit	but	was	terminated	prematurely	and	was
confounded	by	intracranial	hypertension	during	rewarming.71

A	 more	 recent	 clinical	 trial	 of	 therapeutic	 hypothermia	 (33	 °C)	 vs
normothermia	 (36.5	 °C)	 in	 children	 who	 remained	 unconscious	 after	 out-of-
hospital	cardiac	arrest	again	showed	no	benefit	in	survival	with	good	functional
outcome	 at	 1	 year.72	 Despite	 several	 failed	 clinical	 trials,	 there	 remains	 a
physiological	basis	for	its	use	and	there	is	still	some	interest	in	hypothermia	and
its	 effects	 on	 edema	 and	 intracranial	 pressure.	 However,	 the	 challenges	 of
achieving	therapeutic	hypothermia	and	multiple	complications	including	cardiac
arrhythmia,	coagulopathy,	and	infection,	as	well	as	complications	of	rewarming
have	 hindered	 significant	 progress	 in	 its	 utility.73,74	 Many	 guidelines	 have
adapted	a	more	 conservative	 targeted	 temperature	management	protocol	which
includes	 an	option	 for	 goal	 temperature	of	 36°	 rather	 than	 the	previous	32°	 to
24°.75,76	 If	 patients	 sustaining	 a	 neurologic	 insult	 are	 hypothermic	 upon
admission	to	the	ICU,	it	may	be	prudent	to	avoid	aggressively	warming	them	to
normothermic	 levels.	The	benefit	 from	mild	hypothermia	 likely	 involves	more
complex	 biochemical	 mechanisms	 distinct	 from	 a	 simple	 reduction	 of
oxygenation	 requirements.	 The	 deleterious	 effects	 of	 fever	 in	 brain	 injury	 are
well	documented	 in	 the	 laboratory	and	clinical	outcome	studies	 in	a	variety	of
diseases.77	 Unfortunately,	 outside	 of	 comatose	 patients	 post	 cardiac	 arrest,
targeted	temperature	to	hypothermia	has	not	proven	to	be	beneficial.	Maintaining
normothermia	with	standardized	protocols,	however,	remains	a	mainstay	of	good
critical	care	management.

PROGNOSTICATION



5 	 Most	 of	 the	 literature	 on	 prognosis	 of	 comatose	 patients	 comes	 from
nontraumatic	coma,	 largely	anoxic-ischemic	brain	 injury.	A	 landmark	paper	by
Levy,	Plum,	and	associates	from	1981	established	the	neurological	examination
—particularly	brainstem	reflexes	including	pupillary,	corneal,	and	oculocephalic
reflexes—as	 important	 predictors	 of	 poor	 outcome	 in	 nontraumatic	 coma.78
Multiple	studies	followed	which	confirmed	the	importance	of	motor	responses	in
addition	to	brainstem	examination,	and	some	diagnostic	tests	were	established	as
useful	 in	 predicting	 outcomes;	 these	 are	 well	 summarized	 in	 the	 American
Academy	 of	 Neurology	 Practice	 Parameter	 by	 Wijdicks	 et	 al,	 published	 in
2006.79	 Given	 the	 life-or-death	 responsibility	 of	 the	 physician	 providing	 a
prognosis,	only	clinical	indicators	or	diagnostic	tests	that	are	highly	specific	with
a	near	zero	 false-positive	 rate	are	utilized.	A	poor	outcome	 is	predicted	by	 the
absence	of	 pupillary	 and	 corneal	 reflexes,	 absent	 or	 extensor	motor	 responses,
absent	 responses	 to	 caloric	 testing	 of	 the	 oculovestibular	 reflex	 at	 day	 3	 post
arrest,	and	the	presence	of	myoclonic	status	epilepticus	on	day	1	post	arrest.	The
absence	 of	 N20	 responses	 on	 somatosensory	 evoked	 potential	 (SSEP)	 testing,
and	 the	 finding	of	 serum	neuron-specific	 enolase	 levels	more	 than	33	μg/L	on
days	 1	 to	 3	 post	 arrest	 also	 indicate	 a	 poor	 prognosis	 (Figure	 145.2).
Prognostication	 must	 include	 consideration	 of	 the	 etiology	 of	 the	 disease
process,	the	clinical	examination	findings,	and	radiological	evidence	of	damage
to	the	upper	pons,	midbrain,	diencephalon,	and	other	vital	structures	for	arousal.

Recent	 studies	 have	 shown	 a	 significant	 percentage	 of	 misdiagnosis	 of
disorders	of	consciousness,	with	up	to	40%	of	cases	of	minimally	conscious	state
patients	misdiagnosed	as	being	in	a	vegetative	state.80	Errors	in	assessment	can
arise	 if	 (1)	 there	 is	 overemphasis	 on	 imaging	 studies	which	 provide	 structural
information	but	no	functional	information	about	the	brain.	For	example,	even	the
idea	 that	 structural	 injury	 to	 the	 brainstem	 which	 was	 previously	 thought	 to
portend	a	poor	prognosis	has	been	proven	to	depend	on	the	underlying	pathology
and	 size	 of	 the	 lesion.	 A	 recent	 study	 of	 severe	 TBI	 patients	 with	 coma	 and
brainstem	hemorrhages81	analyzed	the	prognostic	value	of	brainstem	hemorrhage
detected	by	CT	scan	within	48	hours	and	 looked	at	6-month	outcome	with	 the
GOSE	and	found	that	patients	with	severe	TBI	and	brainstem	hemorrhages	that
were	 smaller	 and	 compatible	 with	 traumatic	 axonal	 injury	 had	 a	 reasonable
chance	 for	 recovery	 vs	 those	 with	 Duret	 hemorrhages	 or	 large	 hemorrhagic
contusions	 of	 1	 cm	 size;	 (2)	 neurological	 assessment	 is	 confounded	 by
medications/sedation	 or	 toxicological	 considerations	 and	 underlying	 medical
conditions	 which	 may	 impact	 pharmacokinetic	 clearance	 of	 medication	 or
preexisting	 brain	 conditions	 which	 may	 prolong	 pharmacodynamic	 effects	 of
drugs	 can	 make	 neurological	 examinations	 suboptimal;	 (3)	 there	 is	 a	 lack	 of



experience	 examining	 comatose	 patients	 and	 understanding	 that	 examinations
can	fluctuate	over	time,	lack	of	neuroanatomical	knowledge	or	experience	with
clinical-radiological	 neuroanatomical	 correlation,	 or	 bias	 toward	 limited
subjective	personal	case	exposure	or	in	the	case	of	the	acute	practitioner	whose
practice	 is	 limited	 to	 the	acute	critical	care	setting	with	no	 regular	exposure	 to
positive	 outcomes;	 and	 (4)	 lack	 of	 understanding	 about	 the	 pathological
condition	and	knowledge	about	reasonable	time	frames	for	clinical	improvement
for	various	conditions.	For	example,	what	is	a	reasonable	timeframe	to	expect	a
patient	 to	 improve	from	severe	TBI,	anoxic	brain	 injury	or	stroke?	Is	24	or	48
hours	enough	time?

These	 may	 all	 result	 in	 overly	 negative	 prognostication	 and	 lead	 to
withdrawal	 of	 care	 which	 continues	 to	 be	 the	 leading	 cause	 of	 mortality	 in
comatose	patients.	Given	this	concern	for	premature	prognostication,	therapeutic
nihilism,	and	self-fulfilling	prophecy,	the	American	Academy	of	Neurology	and
American	Congress	of	Rehabilitation	Medicine	have	issued	a	level	A	guideline,82
which	recommends	that	clinicians	discussing	prognosis	with	families	during	the
acute	phase	(or	first	28	days	of	the	disorder)	avoid	statements	that	suggest	these
patients	 have	 a	universally	poor	prognosis.	The	guidelines	 also	 recommending
serial	 assessments	 utilizing,	 the	 disability	 rating	 scale,	 electrophysiological
studies	such	as	evoked	potentials	and	EEG	at	2	to	3	months	after	injury	among
other	tests	to	aid	in	prognostication	for	12-month	outcome.	These	guidelines	are
based	on	the	acknowledgment	that	some	patients	with	disorders	of	consciousness
can	improve	with	time	to	consciousness,	communicativeness	and	even	functional
independence	and	 that	 recovery	can	occur	on	a	 temporal	 spectrum	from	acute,
subacute	 to	 chronic	 timeframes.	 fMRI,	 EEG,	 and	 PET	 scan	 studies	 have
identified	 patients	with	 inability	 to	 speak	 or	 exhibit	motor	 behaviors	 but	 with
functional	imaging	study	evidence	of	cognition.83	These	discoveries	and	ongoing
research	 are	 looking	 into	 potential	 biomarkers	 that	 may	 predict	 outcomes	 in
these	 patients	 and	 have	 resulted	 in	 a	 reclassification	 of	 disorders	 of
consciousness80	to	include	coma,	vegetative	state,	minimally	conscious	state,	but
also	emergence	from	minimally	conscious	state	and	cognitive-motor	dissociation
(see	 Table	 145.6).	 They	 also	 raise	 fundamental	 scientific	 questions	 about
consciousness	 that	 has	 implications	 for	 care	 and	 management	 as	 well	 as
prognostication	 and	 ethics.	 Because	 of	 these	 concerns	 and	 developments,	 the
Neurocritical	 Care	 Society	 has	 assembled	 a	 multidisciplinary	 campaign
including	clinical,	 research,	and	public	health	 initiatives	called	Curing	Coma,84
which	hopes	to	reframe	the	idea	of	coma	as	a	treatable	medical	entity	to	counter
the	 therapeutic	 nihilism	 and	 self-fulfilling	 prophecies	 that	 are	 impacting
outcome,	 further	 scientific	 research	 to	 better	 understand	 coma	 and	 develop



biomarkers,	and	develop	clinical	treatment	strategies	to	help	improve	outcomes.

TABLE	145.6

Clinical	Features	of	Disorders	of	Consciousness

Coma VS MCS eMCS CMD

Eye	opening None Spontaneous Spontaneous Spontaneous Spontaneous

Movement None Reflexive;
nonpurposeful

Automatic;
object
manipulation

Functional
object	use

Reflexive;
patterned

Response	to
noxious	stimuli

Reflexive;
posturing;
none

Posturing;
withdrawal

Localization N/A Posturing;
withdrawal

Visual	response None Startle;	none Sustained
pursuit
and/or
fixation,
may	reach
for	objects
(MCS−)	or
recognize
objects
(MCS+)

Recognizes
objects

Startle	or	none

Affective
response

None Random Congruent
with
stimulus

Congruent
with
stimulus

Random

Response	to
command

None None Inconsistent,
reproducible

Consistent,
reproducible

Consistent,
reproducible	(as
detected	by
neuroimaging	or
electrophysiology)

Vocalization None None Inconsistent, Intelligible None



random
vocalization
or	none
(MCS−);
inconsistent
intelligible
words
(MCS+)

words

Communication None None Unreliable Reliable In	rare
individuals,
detected	by
neuroimaging	or
electrophysiology

CMD,	cognitive-motor	dissociation;	eMCS,	emergence	from	minimally	conscious	state;	MCS,
minimally	conscious	state;	N/A,	not	applicable;	VS,	vegetative	state.
Reprinted	from	Goss	AL,	Creutzfeldt	CJ.	Prognostication,	ethical	issues	and	palliative	care	in
disorders	of	consciousness.	Neurol	Clin.	2022;40(1):59-75,	with	permission	from	Elsevier.

Although	 not	 an	 emergent	 therapy,	 there	 are	 data	 to	 support	 the	 use	 of
stimulants	 such	 as	 amantadine	 in	 patients	 with	 disorders	 of	 consciousness	 or
coma	with	 improvement	 in	 the	rate	of	 functional	 improvement	as	measured	by
the	Disability	Rating	Scale,	 best	 studied	 in	TBI	patients.85	A	 recent	 study	 also
showed	significant	differences	in	neurological	recovery	ratios	using	the	Glasgow
Coma	 Score	 on	 admission	 versus	 discharge	 in	 severe	 TBI	 when	 given
amantadine	and	methylphenidate.86	Larger	 clinical	 trials	 are	 needed	 to	 validate
these	findings.

CONCLUSION
Altered	 consciousness	 is	 common	 in	 patients	 in	 the	 ICU.	 A	 systematic	 and
efficient	 approach	 is	 required	 to	 determine	 the	 location	 of	 the	 responsible
lesion(s)	or	 the	cause(s)	of	 impaired	consciousness,	both	to	allow	institution	of
definitive	therapies	and	to	assess	the	prognosis	accurately.

Acknowledgments

We	 gratefully	 acknowledge	 the	 contributions	 of	 previous	 edition	 author,	 Dr.



David	 A.	 Drachman†	 (†	 deceased),	 as	 portions	 of	 those	 chapters	 have	 been
retained	in	this	revision.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	lists	disorders	of	consciousness	in	order	of
increasing	severity?

A. 	Confusion,	lethargy,	obtundation,	stupor,	coma
B. 	Delirium,	dementia,	encephalopathy,	seizures
C. 	Locked-in	syndrome,	delirium,	confusion,	stupor,	coma
D. 	Somnolence,	lethargy,	drowsiness,	coma,	stupor

2. 	Which	of	the	following	patients	requires	emergent	brain	imaging?

A. 	A	24-year-old	man	with	aggressive,	combative	behavior	attempting
to	self-extubate
B. 	A	54-year-old	woman	with	traumatic	brain	injury	who	develops
anisocoria
C. 	A	78-year-old	man	with	history	of	dementia	with	episodes	of
agitation	followed	by	sleepiness
D. 	A	64-year-old	woman	unresponsive	with	a	finger-stick	glucose	of
40	mg/dL

3. 	In	which	of	the	following	states	does	the	patient	appear	awake	and	alert
but	is	noncommunicative?

A. 	Delirium
B. 	Dementia
C. 	Persistent	vegetative	state
D. 	Receptive	aphasia

Answers

1.	The	correct	answer	is	A.



Rationale:	 The	 continuum	 progresses	 from	 awake,	 alert	 and	 confused,	 to
lethargic	 (somnolent	 or	 drowsy	 but	 arousable	 by	 verbal	 stimuli),	 to	 obtunded
(requiring	 vigorous	 physical	 or	 noxious	 stimuli	 but	 still	 able	 to	 elicit	 a	 verbal
response),	to	stuporous	(where	severe	noxious	stimuli	is	needed	to	get	groaning
or	grimacing),	up	to	comatose	(completely	unresponsive)	(choice	A	is	correct).

2.	The	correct	answer	is	B.
Rationale:	 Anisocoria	 in	 the	 unresponsive	 patient	 with	 a	 history	 of	 brain

injury	 can	 indicate	 clinical	 herniation	 and	 requires	 STAT	CT	 scan	 of	 the	 head
and	 immediate	 treatment	 which	 may	 include	 osmotherapy	 with	 mannitol	 or
hypertonic	 saline	 (choice	B	 is	 correct).	The	patient	 in	 choice	A	 is	 agitated	but
purposeful	and	presents	with	a	nonfocal	exam.	The	patient	in	choice	B	likely	has
delirium	on	top	of	baseline	dementia.	The	patient	in	choice	D	likely	has	severe
metabolic	encephalopathy	from	hypoglycemia	and	requires	immediate	dextrose.

3.	The	correct	answer	is	C.
Rationale:	 Patients	 in	 a	 persistent	 vegetative	 state	 can	have	 their	 eyes	open

and	 appear	 alert	 but	 are	 noncommunicative	 (choice	 C	 is	 correct).	 Delirious
patients	are	typically	verbal,	with	confused	speech	and	hallucinations	(choice	A
is	 incorrect).	Patients	 that	 have	dementia	 can	be	 alert	 and	 interactive,	 but	 they
have	impaired	memory	and	cognition	reflected	in	their	conversations	(choice	B
is	incorrect).	Patients	with	receptive	aphasia	typically	have	verbal	output	which
is	unintelligible	with	paraphasic	errors	(choice	D	is	incorrect).
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Chapter	146
Metabolic	Encephalopathy
Alaaedin	Alhomosh

KEY	POINTS:
1.	 Metabolic	encephalopathy	is	the	most	common	cause	of	altered

mental	status	in	the	ICU	and,	with	early	recognition,	is	one	of	the
most	treatable.

2.	 The	physical	examination	may	give	clues	to	the	etiology	of	metabolic
encephalopathy.

3.	 Laboratory	investigation	is	critical	in	determining	the	etiology	of
metabolic	encephalopathy.

4.	 Hypoglycemia	is	common	and	should	always	be	considered	and
empiric	treatment	may	be	advised	for	sudden	mental	status	changes
in	the	ICU.

5.	 Lumbar	puncture	is	indicated	in	cases	associated	with	fever,
headache,	or	meningismus.	Neuroimaging	is	indicated	before
puncture	in	cases	with	a	focally	abnormal	neurologic	examination.

INTRODUCTION
1 	Metabolic	encephalopathy	is	a	general	term	used	to	describe	any	process	that
affects	global	cortical	function	by	altering	biochemical	functioning	of	the	brain.
Metabolic	encephalopathy	is	the	most	common	cause	of	altered	mental	status	in
the	intensive	care	unit	(ICU)	setting,	and	is	also	one	of	the	most	treatable.	Early
recognition	 of	 metabolic	 encephalopathy,	 therefore,	 is	 critical	 for	 the
management	 of	 the	 ICU	 patient.	 The	 patients	 who	 are	 most	 at	 risk	 for
development	 of	 a	 metabolic	 encephalopathy	 are	 those	 with	 organ	 failure,	 the
elderly	 (>60	years	of	age),	 those	receiving	multiple	drugs	with	central	nervous
system	 (CNS)	 toxicity,	 and	 those	 with	 severe	 nutritional	 deficiencies	 such	 as



cancer	patients	and	alcoholics.	Other	risk	factors	include	infection,	temperature
dysregulation	 (hypothermia	 or	 fever),	 chronic	 degenerative	 neurologic	 or
psychiatric	diseases	such	as	dementia	or	schizophrenia,	and	endocrine	disorders.
Metabolic	encephalopathy	is	always	suspected	when	there	is	an	altered	cognitive
status	 in	 the	absence	of	focal	neurological	signs	or	an	obvious	anatomic	 lesion
such	as	an	acute	cerebrovascular	accident	or	head	injury.	A	patient	may	progress
over	 days	 from	 intermittent	 agitation	 into	 depressed	 consciousness	 or	 quickly
into	coma	without	any	antecedent	signs	(eg,	with	hypoglycemia).	In	mild	cases,
it	is	easily	mistaken	for	fatigue	or	psychogenic	depression,	whereas	more	severe
cases	may	develop	into	coma	and	be	life- threatening.

The	 observed	 altered	 mental	 status	 may	 start	 as	 mild	 confusion	 with
intermittent	 disorientation	 to	 person,	 time,	 or	 place,	 and	difficulty	 attending	 to
questions	 or	 tasks	 at	 hand.	 Delirium	 is	 a	 further	 change	 toward	 heightened
arousal	 alternating	 with	 somnolence,	 often	 worse	 at	 night	 and	 fluctuating
throughout	 the	 day.	 Finally,	 progression	 to	 lethargy,	 a	 state	 of	 sleepiness	 in
which	 the	 person	 is	 difficult	 to	 arouse	 by	 vigorous	 stimulation,	 can	 lead	 into
stupor	 or	 coma	 as	 impaired	 consciousness	 ensues.	 This	 sequence	 of	 events	 is
often	 punctuated	 by	 focal	 or	 generalized	 tonic-clonic	 seizures	 and	 postictal
somnolence	as	part	of	the	overall	clinical	picture	(Table	146.1).

TABLE	146.1

Patient	Profile	in	Metabolic	Encephalopathy

Gradual	onset	over	hours

Progressive	if	untreated

Waxing	and	waning	level	of	consciousness

Patient	treated	with	multiple	CNS-acting	drugs

Patient	with	organ	failure,	postoperative	state,	electrolyte	disturbance,
endocrine	disease

No	evidence	of	brain	tumor	or	stroke	on	neurologic	examination—usually
nonfocal	(except	hypoglycemia	or	focal	seizures)

Sometimes	heralded	by	seizures—focal	or	generalized



Increased	spontaneous	motor	activity—restlessness,	asterixis,	myoclonus,
tremors,	rigidity,	etc

Abnormal	blood	chemistries,	blood	gases,	anemia

Usually	normal	CNS	imaging	studies

Generalized	electroencephalographic	abnormalities—slowing,	triphasic	waves

Gradual	recovery	once	treatment	is	initiated

CNS,	central	nervous	system.

Disorders	that	can	be	confused	with	metabolic	encephalopathy	include	brain
tumors,	 encephalitis,	 meningitis,	 closed	 head	 trauma,	 and	 brainstem
cerebrovascular	 events.	 Brain	 tumors	 are	 usually	 recognizable	 because	 they
produce	 focal	 neurologic	 deficits	 such	 as	 hemiplegia	 or	 hemianopsia,	 as	 do
traumatic	 lesions	 of	 the	 brain	 and	 cortical	 strokes.	 Hypoglycemia	 can	 also
present	 focally	 and	 is	 discussed	 further	 in	 the	 section	 on	 Hypoglycemic
Encephalopathy.	Brainstem	stroke	due	to	thrombosis	of	the	basilar	artery	can	be
deceptive	 because	 there	may	 be	 a	 gradual	 progression	 of	 signs	 and	 symptoms
over	several	hours	rather	than	a	sudden	presentation.	Table	146.2	outlines	some
of	 the	 cardinal	 differences	 between	 brainstem	 stroke	 and	 metabolic
encephalopathy.

TABLE	146.2

Signs	and	Symptoms	of	Brainstem	Cerebrovascular
Accident	(CVA)	and	Metabolic	Encephalopathy

Brainstem	CVA Metabolic
Encephalopathy

Patient
profile

Known	vascular	disease,
Hypercoagulable	state

Organ	failure

Acute	onset	(<8	h) Subacute	onset	(>8	h)
except	in	hypoglycemia

Usually	>50	y Any	age,	often	>60	y



Motor
involvement

Hemiplegic	or	paraplegic Moving	all	limbs	except
for	hypoglycemia

Sensory
involvement

Unilateral	facial	sensory	change
or	hemianesthesia

No	sensory	symptoms

Mental
status

Obtunded	or	agitated Waxing	and	waning

Pupils May	have	Horner	syndrome;	may
have	fixed,	dilated	pupil

Small,	normoactive

Eye
movements

Disconjugate,	skew	deviation,	cr
N.	III,	IV,	VI	paresis

Conjugate,	midline

Respirations Apneustic,	central	hyperpnea,
ataxic

Normal,
hyperpneic	+	brief	apnea

EVALUATION

Clinical	Examination
2 	 Initial	observation	of	 the	patient’s	 level	of	 arousal,	 posture	 in	bed,	breathing
pattern,	 vital	 signs,	 and	 behavioral	 fluctuations	 is	 highly	 suggestive	 of	 a
metabolic	disturbance	in	many	cases.	Waxing	and	waning	levels	of	activity	are
the	 hallmark	 of	metabolic	 encephalopathy	 and	may	 occur	 over	 hours	 to	 days.
Often	 signs	 of	 sympathetic	 overactivity	 (tachycardia,	 elevated	 blood	 pressure,
tremulousness)	and	abnormal	sleep	patterns	or	“sun-downing”	are	present.

Mild	 behavioral	 changes	 are	 the	 earliest	 manifestations,	 such	 as	 lack	 of
attentiveness	 to	 surroundings	 or	 a	 paucity	 of	 spontaneous	 speech,	 which	 may
give	 the	patient	 an	 apathetic	 or	withdrawn	appearance.	The	Mini-Mental	State
Examination	easily	reveals	mild	confusion	and	can	be	used	to	grade	the	patient’s
level	 of	 cognitive	 performance	 sequentially.1	 When	 there	 is	 impaired
consciousness,	however,	this	test	is	unreliable.

The	cranial	nerve	examination	is	focused	on	pupillary	responses,	oculomotor
function,	 and	 respiratory	 patterns	 (Table	 146.3).	 As	 a	 rule,	 pupils	 are	 small,
symmetric,	and	responsive	to	light	in	metabolic	causes	of	obtundation	or	coma.
Noteworthy	 exceptions	 to	 this	 are	 anticholinergic	 poisoning	 (eg,	 atropine,



scopolamine),	 which	 produces	 dilated	 sluggish	 pupils,	 and	 glutethimide
(Doriden)	 poisoning,	 which	 results	 in	 mid-	 to	 large-sized	 sluggish	 or	 fixed
pupils.2	Ocular	movements	are	usually	unaffected	initially,	with	eyes	in	midline
position	 or	 slightly	 deviated	 outward	 and	 upward	 at	 rest	 (Bell	 phenomenon).
Doll’s	 eye	maneuvers	 produce	 conjugate	 deviation	 of	 the	 eyes	 opposite	 to	 the
direction	of	 head	 rotation.	As	 the	 level	 of	 brainstem	 suppression	progresses	 to
coma,	these	responses	may	disappear	completely,	especially	with	an	overdose	of
sedative	 drugs.	 In	 the	 face	 of	 hyperpnea	 and	 decerebrate	 rigidity,	 the
preservation	of	doll’s	eyes	 is	a	useful	 sign	pointing	 to	a	metabolic,	 rather	 than
anatomic,	cause	of	coma.

TABLE	146.3

Evaluation	for	Metabolic	Encephalopathy

Neurologic	examination

Mental	status

Pupillary	responses

Oculomotor	responses

Respiratory	pattern

Motor	activity,	strength

Deep	tendon	reflexes,	plantar	responses

Initial	laboratory	tests

Blood	sugar,	electrolytes,	lactate	dehydrogenase,	serum	glutamic	oxaloacetic
transaminase,	serum	glutamic	pyruvic	transaminase,	bilirubin,	PT/INR,
ammonia,	blood	urea	nitrogen,	creatinine,	white	blood	cell	count/differential,
hemoglobin,	hematocrit,	blood	gases

Electroencephalography

Neuroimaging

Head	computed	tomography	or	magnetic	resonance	imaging



±Lumbar	puncture,	toxicity	screens,	serum	and	urine	osmolality,	psychiatric
examination

Changes	in	the	respiratory	pattern	are	the	next	most	important	finding	for	the
diagnosis	of	metabolic	encephalopathy,	also	providing	a	clue	as	to	its	etiology.	In
the	mildly	 confused	 patient,	 breathing	may	 be	 normal,	 but	 lethargic	 or	mildly
obtunded	patients	tend	to	hyperventilate,	with	brief	spells	of	apnea.	This	is	due
to	 transient	 lowering	 of	 the	 partial	 pressure	 of	 carbon	 dioxide	 (PCO2)	 below
15	mm	Hg	without	the	appropriate	CNS	drive	to	breathe	more	rapidly	at	a	lower
tidal	 volume.	 After	 12	 to	 30	 seconds	 of	 apnea,	 the	 cycle	 of	 hyperventilation
appears	again,	resulting	in	a	pattern	of	“periodic	respirations.”3	Hypoventilation
is	usually	seen	with	depressant	drug	overdoses,	chronic	pulmonary	failure,	and
metabolic	alkalosis	of	any	cause.	Cheyne-Stokes	respiration,	a	rhythmic	cycle	of
waxing	and	waning	hyperpnea/apnea,	is	another	pattern	that	is	occasionally	seen
in	metabolic	encephalopathy	caused	by	uremia	or	hypoxia,	but	more	commonly
this	 indicates	 bilateral	 structural	 lesions	 of	 the	 cortex.	 Other	 neurogenic
respiratory	 patterns,	 such	 as	 constant	 or	 “central”	 neurogenic	 hyperventilation,
cluster	breathing,	and	ataxic	breathing,	are	signs	of	brainstem	dysfunction	due	to
structural	damage	or	 suppression	by	barbiturates.	These	 changes	 are	 seen	only
when	the	patient	is	stuporous	or	comatose.
Abnormal	motor	activity	is	characteristic	of	many	metabolic	encephalopathies

and	 is	 quite	 varied	 in	 appearance;	 tremors,	 myoclonus,	 asterixis,	 rigidity,	 and
choreoathetosis	 may	 be	 seen.	 Tremors	 are	 rhythmic,	 involuntary	 oscillatory
movements	seen	in	all	limbs,	and	often	exaggerated	during	voluntary	movement.
Tremors	occur	most	often	in	early	hypoglycemic	encephalopathy,	thyrotoxicosis,
acute	 uremia,	 chronic	 dialysis	 encephalopathy,	 hypercapnia,	 and	 drug
intoxication,	especially	with	sympathomimetic	agents.

Myoclonus	 is	multifocal,	 appearing	as	brief	 shock-like	contractions	of	 large
muscle	 groups.	 Synchronous	myoclonic	 jerks	 in	 all	 limbs	 can	 be	 seen	 in	 any
patient	who	is	slipping	in	and	out	of	a	drowsy	sleep—also	known	as	sleep-onset
myoclonus.	This	 is	often	seen	among	patients	who	are	receiving	 large	doses	of
narcotics.	 Multifocal	 myoclonus,	 in	 contrast,	 is	 seen	 in	 hypoxic-ischemic
encephalopathy,	chronic	hepatic	failure	of	all	 types,	uremia,	pulmonary	failure,
and	intoxication	with	methaqualone	and	psychedelic	agents.4

Asterixis	 is	 a	 flapping	 movement	 produced	 by	 unsustained	 muscle
contractions	against	gravity.	Rhythmic	extension	and	flexion	of	the	outstretched
limb	is	present,	which	disappears	at	rest.	The	most	common	setting	for	this	is	in
hepatic	encephalopathy	of	any	cause,	frequently	with	flapping	of	the	hands,	feet,



jaw,	 and	 tongue.	 Subacute	 uremia	 and	 pulmonary	 failure	 produce	 asterixis
accompanied	 by	 myoclonus,	 which	 presents	 a	 picture	 of	 almost	 constant
muscular	jerking	movements.

Rigidity	 or	 generalized	 muscle	 spasms	 are	 states	 of	 constant	 muscle
contraction	that	are	seen	when	the	degree	of	metabolic	encephalopathy	is	more
severe	and	leads	 to	stupor	or	coma.	This	can	be	the	result	of	end-stage	hepatic
failure,	 hypoglycemia	 (<25	mg	 glucose/dL)	 lasting	 more	 than	 a	 few	minutes,
acute	renal	failure,	hyperthermia,	and	hypothermia	below	92	°F	rectally.	Rigidity
with	 dystonic	 posturing	 is	 a	 clue	 to	 amphetamine	 or	 phenothiazine	 poisoning.
Choreoathetosis,	 on	 the	other	hand,	occurs	 in	 chronic	hepatic	 failure,	 subacute
bacterial	 endocarditis,	 posthypoxic	 insult,	 Reye	 syndrome,	 chronic	 dialysis,
chronic	 hypoglycemia,	 and	 chronic	 hyperparathyroidism,	 appearing	 as	 a
nonpatterned	sequence	of	twisting	or	dance-like	limb	movements.

The	reflex	examination	often	reveals	diffuse	hyperreflexia,	symmetric	except
in	 limbs	 that	were	previously	affected	by	a	structural	 lesion.	Plantar	responses,
also	known	as	the	Babinski	reflex,	are	typically	extensor	in	both	feet	and	can	be
elicited	easily.	In	contrast,	the	sensory	examination	is	usually	not	affected,	but	is
unreliable	 if	 the	 patient	 is	 agitated	 or	 obtunded.	Response	 to	 pinprick,	 painful
pinch/pressure,	 or	 a	 cold	 stimulus	 on	 the	 limbs	 is	 the	 most	 useful	 in
demonstrating	a	grossly	intact	sensory	arc.
Abnormal	 autonomic	 responses	 in	 metabolic	 encephalopathy	 may	 demand

intervention	 and	 can	 cause	 significant	 morbidity	 and	 mortality.	 Hypotension,
unresponsive	 to	 volume	 expansion,	 points	 to	 intoxication	 with	 barbiturates	 or
opiates,	 myxedema,	 or	 Addisonian	 crisis.	 In	 this	 setting,	 occult	 sepsis	 must
always	be	 ruled	out	before	 treating	 for	specific	metabolic	derangements.	Fever
and	 leukocytosis	 may	 be	 absent	 in	 very	 debilitated	 patients.	 Examination	 of
urine,	 blood	 cell	 counts	 and	 coagulation	 factors,	 blood	 and	 sputum	 cultures,
chest	 x-ray,	 and	 a	 lumbar	 puncture	 are	 essential	 to	 rule	 out	 infection.	 If	 there
remains	any	doubt	about	the	cause	of	hypotension,	empiric	antibiotics,	naloxone
hydrochloride	 (Narcan)	 for	 possible	 opiate	 overdose,	 intravenous	 (IV)	 glucose
(one	 ampoule),	 and	vasopressor	 should	be	 added	 to	 other	 supportive	measures
acutely	while	the	cause	is	being	investigated.
Seizures	 are	 another	 significant	 symptom	 of	 metabolic	 encephalopathy,

especially	 in	 uremia,	 hypoglycemia,	 pancreatic	 failure,	 and	 various	 types	 of
metabolic	acidosis	(eg,	ethylene	glycol,	salicylates,	etc.).	They	occur	most	often
at	the	onset	of	the	metabolic	disturbance,	for	example,	as	the	blood	urea	nitrogen
(BUN)	 is	climbing	acutely,	and	as	a	preterminal	expression	of	severe	neuronal
injury	in	a	comatose	patient.	Management	of	the	seizures	is	typically	ineffective
until	 the	 underlying	 cause	 is	 corrected.	 In	 renal	 failure,	 however,	 one-third	 to



half	of	the	standard	loading	doses	of	phenytoin	or	phenobarbital	may	be	all	that
is	needed	to	control	seizures.	The	interictal	electroencephalogram	(EEG)	serves
as	a	guideline	to	the	need	for	continued	treatment	once	the	encephalopathy	has
cleared	 or	 has	 become	 chronic	 and	 stable.	 A	 persistent	 focus	 of	 epileptiform
activity	 on	 the	 recording	 warrants	 further	 investigation	 and	 anticonvulsant
therapy.4

3 	 4 	The	laboratory	investigation	of	patients	with	delirium	or	coma	is	crucial
in	 defining	 the	 cause	 of	 a	metabolic	 encephalopathy.	 Blood	 tests	 for	 glucose,
electrolytes,	and	blood	gases	should	be	drawn	immediately	along	with	a	panel	of
hepatic	function	tests	(ratio	of	serum	alanine	aminotransferase	to	serum	aspartate
aminotransferase,	 lactate	 dehydrogenase,	 ammonia	 [NH4

+]),	 BUN,	 and
creatinine.	 Serum	 and	 urine	 osmolality,	 cerebrospinal	 fluid	 (CSF)	 analysis,
serum	magnesium	 and	 phosphate	 levels,	 and	 specific	 hormone	 levels	 may	 be
needed	 to	 define	 the	 cause	 of	 encephalopathy	 further.	 Careful	 review	 of	 all
medications	 taken	 before	 and	 during	 hospitalization	 may	 direct	 attention	 to
toxicology	screens	of	blood	and	urine.	The	general	toxicology	screen	should	be
sensitive	 to	 opiates,	 benzodiazepines,	 caffeine	 and	 salicylates,	 theophylline,
barbiturates,	and	alcohol.	Additional	drug	levels	should	be	ordered	if	their	use	is
known	or	 suspected	 (eg,	digoxin,	 cocaine,	phenytoin,	 etc.).	 If	 there	has	been	a
sudden	change	in	mental	status,	a	bolus	of	25	g	glucose	should	be	administered
intravenously	without	hesitation	to	avoid	prolonged	hypoglycemia.

Pharmacogenomic	studies	have	revealed	that	there	are	58	genetic	variants	in
metabolic	pathways	that	play	a	significant	role	in	drug	metabolism	and	activity
at	 target	 sites,	 thus	 influencing	 toxicity.	 The	 most	 significant	 of	 these	 are
cytochrome	 P450	 (CYP)	 3A9	 and	 CYP2D6	 which	 can	 be	 overexpressed
(ultrarapid	metabolizers),	underexpressed	(poor	metabolizers),	or	normal.	Many
selective	serotonin	reuptake	inhibitors	and	cardiovascular	agents	are	metabolized
by	 these	 two	 classes	 of	 enzymes	 and	 the	 aforementioned	 variants	 may	 cause
drug	levels	to	be	too	high	or	to	be	converted	to	active	forms	so	quickly	that	peak
levels	are	higher	than	expected,	contributing	to	the	adverse	effect	profiles.	Poor
metabolizers	may	also	have	more	drug-drug	interactions	because	of	competitive
inhibition	 of	 clearance	 of	 one	 drug	 versus	 the	 other	 when	 coadministered.
Reference	 lists	 for	problematic	pharmacogenomic	effects	are	updated	 regularly
and	widely	available	on	websites	for	pharmacologists	and	toxicologists.	General
availability	 of	 testing	 for	 CYP	 variants	 is	 limited	 currently	 but	 may	 become
important	in	the	near	future	in	screening	for	drug-induced	encephalopathy	as	the
technology	becomes	less	expensive	and	quicker.

In	 general,	 the	 EEG	 during	 metabolic	 encephalopathy	 is	 abnormal;
background	slowing	is	the	most	common	pattern	found	(<9	Hz).5	Other	patterns



can	 also	 be	 useful	 in	 identifying	 or	 corroborating	 the	 cause	 of	 the
encephalopathy.	 Slow	 activity	 that	 is	 prominent	 frontally,	 with	 deep	 triphasic
waves	(in	the	2-4	Hz	range),	is	characteristic	of	hepatic	encephalopathy	but	can
also	 be	 seen	 in	 renal	 failure.6	 This	 has	 also	 been	 reported	 in	 levetiracetam
toxicity,7	 hyperammonemic	 states	 due	 to	 gastroplasty8,9	 and
ureterosigmoidostomy,10	 and	 rare	 metabolic	 disorders	 such	 as	 ornithine
transcarbamylase	deficiency.9	Spreading	of	the	slow	activity	toward	the	occipital
leads	is	a	sign	of	deepening	coma	in	this	setting.	Bursts	of	high	voltage	activity
amidst	 normal	 background	 frequencies	 are	 also	 a	 sign	 of	 diffuse	 metabolic
disturbance.	 More	 importantly,	 the	 EEG	 in	 a	 patient	 with	 an	 acute
encephalopathy	 of	 unknown	 cause	 may	 reveal	 subclinical	 (electrical,
nonconvulsive)	 status	 epilepticus,	 warranting	 urgent	 and	 aggressive
anticonvulsant	 treatment.	This	 is	particularly	common	in	 the	case	of	alcoholics
and	diabetics,	who	are	at	risk	of	multiple	CNS	insults.
Neuroimaging	 (computed	 tomography	 [CT]	 or	magnetic	 resonance	 imaging

[MRI])	scans	are	often	crucial	in	situations	in	which	there	is	rapid	deterioration
of	 mental	 status	 without	 focal	 signs	 or	 an	 obvious	 metabolic	 cause	 such	 as
hypoglycemia.	Most	mass	lesions,	such	as	subdural	hematomas	or	brain	tumors,
are	evidenced	clinically	by	a	rostrocaudal	progression	of	neurologic	signs.	The
initial	 picture	 may	 be	 nonfocal	 with	 obtundation,	 but	 this	 is	 followed
sequentially	by	 flexor	or	 extensor	posturing	on	one	or	both	 sides	 and	 then	 the
loss	 of	 pupillary	 or	 caloric	 responses.	 Later,	 medullary	 respiratory	 patterns	 or
bradycardia	appear.	A	noncontrast	head	CT	or	MRI	is	definitive	in	many	cases
but	 does	 not	 always	 distinguish	 a	 brainstem	 stroke.	 Early	 consultation	 by	 a
neurologist	is	crucial,	especially	when	the	cause	of	impaired	consciousness	is	not
clearly	due	 to	a	metabolic	disorder.	Transient	changes	 in	vascular	permeability
associated	with	Wernicke	 encephalopathy	 can	manifest	 as	 vasogenic	 edema	 in
the	 brainstem	 periaqueductal	 and	 fourth	 ventricular	 areas	 along	 with	 contrast
enhancement	of	the	mammillary	bodies	on	brain	MRI.11

5Lumbar	 puncture	 is	 also	 indicated	 when	 there	 is	 a	 rapid	 onset	 of
encephalopathy,	 especially	 with	 a	 fever,	 headache,	 or	 meningismus.	 Occult
subarachnoid	 hemorrhage,	 infection,	 or	 elevated	 intracranial	 pressure	 may	 be
found	in	the	absence	of	funduscopic	changes	or	clear-cut	clinical	history.	Ideally,
the	lumbar	puncture	should	be	performed	atraumatically	with	a	small	(22-gauge)
spinal	needle	and	a	simultaneous	sample	of	serum	obtained	to	compare	glucose
and	protein	levels	in	the	blood	and	CSF.

ETIOLOGY



Hepatic	Failure
The	clinical	onset	of	hepatic	encephalopathy	may	be	subtle,	with	a	blunting	of
affect	and	lethargy,	or	more	dramatic	in	10%	to	20%,	with	mania	or	an	agitated
delirium.12	 It	 is	easy	 to	recognize	hepatic	encephalopathy	in	an	 individual	with
the	 obvious	 stigmata	 of	 chronic	 liver	 disease,	 such	 as	 ascites,	 varices,	 or
jaundice.	In	those	without	apparent	 liver	disease,	 the	mental	changes	may	only
appear	 after	 an	 additional	metabolic	 demand	 on	 the	 liver.	 Such	 stressors	 are	 a
high-protein	 meal,	 gastrointestinal	 bleeding	 with	 increased	 blood	 absorption
from	 the	 gut,	 or	 hepatically	metabolized	 drugs.13	 Sedatives	 and	 acetazolamide
are	particular	offenders	in	this	situation.

Asterixis	 is	 the	next	most	common	clinical	 sign,	 appearing	 in	all	 limbs,	 the
jaw,	 and	 the	 tongue.	 As	 the	 patient	 progresses	 into	 a	 coma,	 asterixis	 may	 be
replaced	 by	 muscle	 spasticity	 and	 decorticate	 or	 decerebrate	 posturing	 to
stimulation.	The	Babinski	responses	are	present	(extensor	plantar	reflexes),	and
gaze-evoked	ocular	movements	are	variable	at	this	stage;	pupillary	responses	are
always	preserved.	Oculocephalic	and	vestibuloocular	(caloric)	responses	remain
until	 the	 patient	 is	 moribund.	 Hyperventilation	 is	 another	 consistent	 sign	 of
hepatic	encephalopathy	and	results	in	respiratory	alkalosis.	The	ocular,	pupillary,
and	respiratory	patterns	above	help	to	distinguish	severe	hepatic	encephalopathy
from	space-occupying	lesions	of	the	cortex	and	brainstem.

The	 pathophysiology	 of	 hepatic	 coma	 is	 not	 certain,	 but	 it	 is	 thought	 to	 be
caused	 by	 portacaval	 shunting	 of	 neurotoxic	 substances.	These	 putative	 toxins
include	excess	ammonia,	large	molecules	normally	excluded	by	the	blood-brain
barrier,14	 increased	 water,	 and	 the	 “false”	 neurotransmitter	 octopamine.15
Hypoglycemia,	 as	 a	 result	 of	 decreased	 glycogen	 stores	 in	 the	 liver,	 may
complicate	the	CNS	picture.

The	 serum	 transaminases	 are	 usually	 elevated	 two-	 to	 threefold,	 and	 serum
ammonia	is	at	least	in	the	high	normal	range	once	the	patient	is	lethargic—with	a
linear	 correlation	 thereafter	 between	 higher	 laboratory	 values	 and	 lower
cognitive	 state.	 The	 CSF	 remains	 normal	 until	 the	 serum	 bilirubin	 exceeds
approximately	5	mg/dL,	which	tints	the	fluid	yellow.	The	EEG	characteristically
shows	 progressive	 slowing	 from	 the	 frontal	 to	 the	 occipital	 leads	 as	 coma
deepens.	Triphasic	waves	are	seen	in	most	cases	but	are	not	pathognomonic.

Therapy	for	hepatic	encephalopathy	is	directed	toward	decreasing	the	amount
of	toxic	substances	that	are	being	shunted	to	the	brain.	Neomycin	and	lactulose
help	to	sterilize	and	flush	the	gut.	A	protein-restricted	diet	and	the	exclusion	of



hepatically	cleared	drugs	decrease	the	metabolic	load,	and	IV	glucose	effectively
maintains	 the	 serum	 glucose	 level.	 Neurologic	 recovery	 then	 depends	 on	 the
capacity	 of	 the	 liver	 to	 regenerate	 at	 least	 25%	 of	 its	 full	 function.	 With
prolonged	 or	 repeated	 bouts	 of	 hepatic	 coma,	 there	 may	 be	 persistent,
irreversible	 signs	 of	 basal	 ganglia	 dysfunction	 evidenced	 by	 chorea,	 postural
tremors,	or	a	parkinsonian	picture	(acquired	hepatocerebral	degeneration).16,17

Reye	Syndrome
Reye	 syndrome	 is	 a	 unique	 and	 quite	 morbid	 form	 of	 acute	 hepatic
encephalopathy	seen	in	children,	usually	between	ages	1	and	10	years.	It	occurs
in	 the	 clinical	 setting	 of	 an	 acute	 viral	 infection,	 for	 example,	 chickenpox	 or
influenza	A	or	B,	plus	aspirin	therapy.18	Approximately	4	to	7	days	after	the	viral
symptoms	start,	 the	child	becomes	irritable,	with	vomiting	and	sometimes	with
headache	 or	 blurred	 vision.	 An	 agitated	 delirium,	 combativeness,	 and
progressive	obtundation	rapidly	ensue	over	hours,	followed	by	hyperventilation,
pupillary	 dilatation,	 and	 generalized	 seizures.	 Later	 in	 the	 course,	 decerebrate
rigidity,	Babinski	responses,	and	papilledema	may	develop	as	well.

The	pathology	of	Reye	syndrome	 includes	 infiltration	of	 the	 liver	and	other
visceral	organs	with	small	fat	droplets	and	diffuse	cerebral	edema.	In	cases	that
are	 complicated	 by	 severe	 hypoglycemia	 and	 seizures,	 anoxic	 damage	 with
laminar	necrosis	of	the	cerebral	cortex	is	also	found.	The	cause	of	these	changes
is	presumed	to	be	mitochondrial	poisoning,	but	the	pathogenic	agent	has	not	yet
been	 identified.	 Acetylsalicylic	 acid	 has	 consistently	 been	 implicated	 in	 this
cellular	 damage.	 This	 has	 led	 to	 the	 standard	 practice	 of	 prescribing
acetaminophen	 instead	 of	 aspirin	 for	 viral	 symptoms	 in	 children,	 notably
reducing	the	incidence	of	Reye	syndrome.18

The	differential	diagnosis	relies	on	measurement	of	liver	function	and	a	high
index	of	suspicion	in	the	appropriate	setting.	The	serum	transaminases	rise	three-
to	 fivefold	 in	 the	 first	 48	 hours,	 and	 the	 serum	 ammonia	 is	 dramatically
increased,	sometimes	into	the	200	µmol/L	range.	Hypoglycemia	is	also	an	early
sign,	aggravating	the	lactic	acidosis	and	respiratory	alkalosis	that	are	seen	later
in	the	course.

Treatment	 for	 Reye	 syndrome	 is	 directed	 toward	 diminishing	 the	 cerebral
edema,	controlling	seizures,	and	providing	adequate	electrolytes	and	glucose	for
support	 while	 the	 liver	 is	 effectively	 shut	 down	 with	 respect	 to	 oxidative
metabolism.	This	is	best	achieved	in	an	ICU	with	a	standard	protocol	for	Reye
disease	 using	 intracranial	 pressure	 monitoring	 and	 mannitol	 or	 glycerol	 for
reduction	of	intracranial	pressure.19



The	 prognosis	 in	 recent	 years	 has	 improved	 markedly;	 mortality	 and
morbidity	 are	now	10%	 to	20%,	as	opposed	 to	40%	 to	50%	 two	decades	 ago.
Factors	 that	 contribute	 to	 a	 poor	 outcome	 are	 age	 less	 than	 1	 year,	 serum
ammonia	 levels	more	 than	 five	 times	normal	 at	 their	 peak,	 and	 a	 prothrombin
time	more	than	20	seconds.	Other	negative	prognostic	indicators	are	renal	failure
and	 a	 very	 rapid	 progression	 of	 liver	 failure	 in	 the	 first	 48	 hours.	 Early
intervention	is	the	key	to	a	good	outcome	neurologically	and	systemically.

Renal	Failure
Uremic	encephalopathy	may	develop	acutely,	be	superimposed	on	chronic	renal
insufficiency,	 or	 occur	 as	 a	 consequence	 of	 chronic	 dialysis.	 It	 is	 often	 a
complication	of	systemic	diseases	that	independently	affect	the	kidneys	and	the
CNS	such	as	collagen	vascular	disease,	malignant	hypertension,	drug	overdoses,
diabetes,	or	bacterial	sepsis.	The	clinical	picture	is	initially	variable	and	does	not
correlate	directly	with	measures	of	renal	failure	such	as	BUN	and	creatinine.

The	 first	 sign	 of	 encephalopathy	 in	 uremia	 is	 delirium	or	 a	 decrease	 in	 the
level	of	consciousness;	hyperventilation	and	 increased	motor	activity	 follow	as
the	 patient	 becomes	 obtunded.	 Also,	 there	 is	 a	 high	 frequency	 of	 generalized
convulsions	at	 the	outset	and	a	metabolic	acidosis	with	low	serum	bicarbonate.
The	motor	component	is	prominent	in	many	patients	with	multifocal	myoclonus,
hypertonus	 or	 asterixis,	 and	 tremors,	 together	 producing	 a	 picture	 of	 “tic
convulsif”—as	 if	 the	 patient	 has	 fasciculations.20	 Oculomotor	 function	 and
pupillary	 responses	 are	 normal,	 but	 deep	 tendon	 reflexes	may	 be	 asymmetric,
and	 focal	 weakness	 often	 occurs,	 with	 shifting	 hemiparesis	 during	 a	 single
period	of	encephalopathy.	The	variability	of	focal	motor	signs	helps	to	rule	out	a
structural	lesion	but	does	not	obviate	the	need	to	look	for	multifocal	seizures	in	a
patient	with	overt	twitching	and	depressed	consciousness.

Studies	 of	 the	 effect	 of	 uremia	 on	 neuronal	 function	 have	 not	 been	 able	 to
demonstrate	a	direct	correlation	between	the	cognitive	state	and	levels	of	BUN
or	 with	 any	 other	 biochemical	 or	 electrolyte	 markers.	 The	 EEG,	 although
becoming	slower	with	higher	levels	of	BUN,	also	does	not	correlate	with	mental
status	 changes,	 especially	 in	 chronic	 uremia.21	 Hence,	 the	 pathophysiology	 of
uremic	encephalopathy	is	not	known.

The	major	diagnostic	differential	to	consider	is	between	a	hypertensive	crisis
and	uremic	encephalopathy,	because	malignant	hypertension	often	leads	rapidly
to	 renal	 failure	 and	 neurologic	 signs.	 Evidence	 of	 papilledema,	 retinal
vasospasm,	and	cortical	blindness	or	aphasia,	with	a	diastolic	blood	pressure	of
more	 than	120	mm	Hg,	argues	strongly	for	a	hypertensive	crisis.	 In	contrast,	a



sudden	rise	of	BUN	alone	is	most	consistent	with	uremic	encephalopathy.
Two	 variants	 of	 this	 disorder	 are	 seen	 in	 patients	 on	 peritoneal	 dialysis	 or

hemodialysis.	 The	 acute	 dialysis	 disequilibrium	 syndrome	 is	 seen	 in	 children
more	 often	 than	 in	 adults	 undergoing	 hemodialysis	 with	 large	 exchanges	 of
dialysate.	A	sudden	shift	of	solutes	out	of	the	vascular	compartment	produces	a
hyperosmolar	state	in	the	brain	and	subsequent	water	resorption	intracerebrally.
This	 results	 in	water	 intoxication,	 with	 florid	 encephalopathy	within	 30	 to	 60
minutes.	Slower	dialysis	obviates	the	problem	in	general.22
Dialysis	dementia	is	insidious	by	comparison	and	is	evidenced	by	postdialysis

lethargy,	 asterixis,	 myoclonus,	 dysphasia,	 and	 progressive	 loss	 of	 cognitive
abilities	 over	 years.	 This	 disorder	 has	 been	 linked	 to	 increased	 amounts	 of
aluminum	 in	 the	 dialysate	 augmented	 by	 aluminum-containing	 antacids	 in	 the
diet.22	Although	 the	brains	of	patients	with	 this	disorder	do	not	 contain	 excess
aluminum	compared	to	those	of	other	dialysis	patients,	elimination	of	aluminum
from	 these	 sources	 helps	 reverse	 the	 symptoms	 in	 the	 early	 stages.	 This
syndrome	is	now	relatively	rare.

The	body’s	response	to	sepsis	and	its	pathophysiologic	response	to	infection
can	 include	 encephalopathy	 ranging	 from	 decreased	 attention	 to	 disorientation
and	even	to	coma.23	Sepsis-associated	encephalopathy	(SAE)	represents	transient
and	reversible	brain	dysfunction,	occurring	when	the	source	of	sepsis	is	outside
the	CNS.17	Defining	SAE	must	logically	exclude	patients	with	CNS	insults	such
as	traumatic	brain	injury,	CNS	infection,	or	stroke,	to	name	a	few.23	Some	argue
it	 is	 important	 to	 distinguish	 between	 altered	 consciousness	 due	 to	 shock	 and
hypoxemia,	which	may	also	be	caused	by	sepsis;	however,	it	can	also	be	argued
that	these	represent	mechanisms	by	which	sepsis	can	cause	encephalopathy,	and
are	thus	included	in	the	definition	of	SAE.24	Inflammatory	signals	reach	the	brain
via	 the	 vagal	 nerves	 stimulating	 medullary	 autonomic	 nuclei	 and	 the
circumventricular	organs	that	allow	transport	of	inflammatory	mediators	into	the
brain.	Thus,	different	areas,	ranging	from	the	brainstem	to	the	frontal	cortex,	can
be	 affected.	 Three	major	 processes	 are	 thought	 to	 occur	 centrally.	 The	 first	 is
neuroinflammation	mediated	by	microglia	as	well	as	astrocytes.	It	is	thought	that
this	 inflammation	 can	 lead	 to	 oxidative	 stress	 and	 mitochondrial	 dysfunction.
Furthermore,	 it	 can	 cause	 a	 second	process,	which	 is	 the	buildup	of	glutamate
secondary	 to	 decreased	 removal	 by	 astrocytes.	 This	 causes	 apoptosis	 due	 to
excitotoxicity.	The	third	process	is	thought	to	be	ischemic	in	nature.	It	is	thought
that	 sepsis	and	 inflammation	 leads	 to	macro-	and	microcirculatory	dysfunction
as	 well	 as	 neurovascular	 uncoupling,	 which	 lead	 to	 ischemia.	 SAE	 can	 have
EEG	findings	ranging	from	theta	rhythm	to	delta	rhythms	to	triphasic	waves	or
even	burst	suppression.	Imaging	with	MRI	can	be	normal	or	show	focal	findings



such	as	white	matter	hyperintensity	or	ischemic	stroke.17	The	incidence	of	SAE
varies	widely	between	studies	and	can	occur	at	any	time	during	the	illness.	One
study	 by	Feng	 et	 al	 found	 a	 42.3%	 incidence	 among	patients	 in	 the	 ICU	with
sepsis.	They	also	found	higher	early	mortality	among	septic	patients	with	SAE,
and	 higher	 28-day	 and	 1-year	 mortality	 with	 an	 RR	 of	 2.868	 (95%	CI,	 1.73-
4.754).	 SAE	 was	 found	 to	 be	 correlated	 with	 Escherichia	 coli	 sepsis,	 higher
lactate,	higher	AST,	lower	WBC,	and	lower	PaO2/FiO2.	Interestingly,	there	was
no	difference	in	quality-of-life	indicators	among	sepsis	survivors	with	or	without
SAE.23

Pulmonary	Failure
A	combination	of	hypoxemia	and	hypercarbia	can	produce	typical	changes	of	a
metabolic	 encephalopathy	 in	 patients	 with	 underlying	 pulmonary	 failure.
Individuals	with	chronic	obstructive	pulmonary	disease,	for	example,	 tolerate	a
PCO2	 of	 50	 to	 60	mm	Hg	without	mental	 status	 changes.	However,	 a	 sudden
increase	of	PCO2	of	up	to	65	to	70	mm	Hg	due	to	hypoventilation,	or	impaired
oxygen	 exchange,	 can	 lead	 to	 lethargy,	 headaches,	 and	 a	 rise	 in	 intracranial
pressure.	Associated	 signs	are	papilledema	or	 retinal	vein	congestion,	extensor
Babinski	 signs,	 asterixis,	 myoclonus,	 and	 often,	 generalized	 tremors.	 Seizures
are	 rarely	 seen,	 and	 pupillary	 and	 oculomotor	 functions	 are	 preserved	 unless
there	is	a	concomitant	hypoxic-ischemic	insult.25

This	course	of	events	may	be	precipitated	by	systemic	infection	with	fatigue
of	ventilatory	muscles,	paralysis	of	 these	muscles	by	neuromuscular	disease	or
Guillain-Barré	syndrome,	and	sedative	drugs	with	their	depressant	effect	on	the
medullary	 respiratory	 center.	 In	 the	 well-compensated	 hypercarbic	 individual,
oxygen	therapy	may	be	counterproductive	by	decreasing	respiratory	drive	from
the	medulla.	Rapid	correction	of	hypercarbia	by	artificial	ventilation	exacerbates
the	compensatory	chronic	metabolic	alkalosis	 that	 these	patients	have,	possibly
resulting	in	a	further	depression	of	mental	status	plus	seizures.26

The	critical	factor	in	the	development	of	pulmonary	encephalopathy	is	a	rapid
increase	in	serum	PCO2.	This	may	be	complicated	by	the	presence	of	sedatives,
hypoxemia,	 cardiac	 failure,	 and	 renal	 hypoperfusion.	 Treatment	 is	 directed
toward	 slow	correction	of	hypercarbia	while	maintaining	an	adequate	PO2	 and
good	cerebral	blood	flow.	Prognosis	 for	 full	neurologic	 recovery	 is	good	 if	 the
patient	is	not	subjected	to	cerebral	ischemia	as	well.



Hypoglycemic	Encephalopathy
Hypoglycemia	 can	 occur	 as	 an	 isolated	 problem	 or	 as	 a	 complication	 of	 liver
failure,	of	tumors	producing	insulin-like	substances,	or	of	urea	cycle	defects.	The
most	common	case	is	that	of	a	diabetic	with	an	accidental	or	deliberate	overdose
of	 insulin	or	oral	hypoglycemic	agents.	An	initial	 insulin	reaction	occurs	when
the	 serum	 glucose	 drops	 below	 approximately	 40	 mg/dL,	 producing	 flushing,
sweating,	 faintness,	 palpitations,	 nausea,	 and	 anxiety.	 This	 persists	 for	 several
minutes	 before	 the	 patient	 becomes	 confused	 and	 either	 agitated	 or	 drowsy.27
Focal	neurologic	signs	such	as	hemiparesis,	cortical	blindness,	or	dysphasia	may
appear	 at	 this	 point,	 mimicking	 an	 acute	 stroke.28	 If	 the	 serum	 glucose	 drops
precipitously	 below	 30	 mg/dL,	 generalized	 convulsions	 may	 occur	 in	 flurries
followed	 by	 a	 postictal	 coma.	 Prompt	 correction	 of	 the	 hypoglycemia	 at	 this
point	leads	to	reversal	of	the	neurologic	deficits,	but	repeated	episodes	can	result
in	a	subtle	dementia	evolving	over	many	years.29

When	severe	hypoglycemia	 is	sustained	for	more	 than	10	minutes,	stepwise
progression	of	neurologic	signs	occurs.	The	first	step	is	motor	restlessness	with
frontal	 release	 signs	 such	 as	 sucking,	 grasping,	 and	 a	 tonic	 jaw	 jerk.	 Next,
diffuse	 muscle	 spasms	 appear	 and	 sometimes	 myoclonic	 jerks.	 Finally,
decerebrate	 rigidity	 is	 seen	 before	 the	 so-called	 medullary	 phase	 of
hypoglycemia.	The	medullary	phase	describes	a	state	of	deep	coma	with	dilated
pupils,	 bradycardia,	 hypoventilation,	 and	 generalized	 flaccidity,	 much	 like
hypoxic-ischemic	 coma.	 The	 pathologic	 changes	 associated	 with	 bouts	 of
hypoglycemic	 encephalopathy	 are	 also	 similar	 to	 hypoxic-ischemic	 insults,
although	the	cerebellum	is	relatively	spared.30

Differentiating	hypoglycemic	coma	from	a	seizure	disorder,	a	cerebrovascular
accident,	 or	 a	 drug	 overdose	 is	 not	 possible	 at	 the	 outset	 unless	 stat	 serum
glucose	 is	 obtained	 before	 IV	 fluids	 are	 administered.	 One	 should	 not	 delay
treatment	of	hypoglycemia	with	a	bolus	of	50	mL	50%	glucose	(one	ampoule)	if
there	is	doubt	about	the	cause	of	a	rapidly	evolving	coma,	because	hypoglycemic
encephalopathy	can	result	in	permanent	neurologic	deficits	if	not	reversed	in	20
minutes	or	less.	The	first	bolus	of	glucose	must	be	followed	by	close	monitoring
of	 blood	 glucose	 levels,	 because	 most	 agents	 that	 lead	 to	 symptomatic
hypoglycemia	are	long	acting.31

Hyperglycemic	Encephalopathy
Hyperglycemia	 that	 is	 severe	 enough	 to	 produce	 mental	 status	 changes	 rarely
occurs	 in	 isolation	 from	 other	 metabolic	 disturbances.	 Hypokalemia	 and



hypophosphatemia,	 hyperosmolality	 and	 ketoacidosis,	 or	 lactic	 acidosis	 often
accompanies	 serum	glucose	 levels	more	 than	 300	mg/dL.	 In	 contrast,	 acidosis
may	 be	 absent	 in	 nonketotic	 hyperglycemic	 hyperosmolar	 states,	 whereas	 the
serum	osmolality	is	often	more	than	350	mOsm/kg	and	serum	glucose	more	than
800	mg/dL.	 The	 neurologic	 changes	 in	 any	 case	 appear	 to	 correlate	 best	with
abnormalities	 of	 serum	 osmolality	 and	 the	 rate	 at	 which	 it	 is	 corrected.32	 In
juvenile	 or	 “brittle”	 diabetics,	 ketoacidosis	 develops	 after	 a	 dose	 of	 insulin	 is
missed	 or	 an	 occult	 infection	 occurs.	 The	 first	 changes	 are	 mild	 confusion,
lethargy,	and	deep	regular	inspirations	(Kussmaul	breathing)	in	addition	to	signs
of	 dehydration.	 Elderly	 patients	 are	 more	 prone	 to	 nonketotic	 hyperglycemia,
especially	 when	 they	 have	 an	 inadequate	 diet,	 take	 medications	 that	 interfere
with	 insulin	 metabolism	 (eg,	 phenytoin	 [Dilantin],	 steroids),	 or	 take	 oral
hypoglycemic	 agents.33	 Lactic	 acidosis	 may	 be	 present,	 in	 particular,	 with
phenformin.	These	patients	also	 tend	 to	have	 focal	or	generalized	seizures	and
transient	or	shifting	hemiplegia	as	 the	level	of	coma	deepens.	The	preservation
of	pupillary	and	oculocephalic	responses	helps	to	identify	the	clinical	picture	in
such	cases	as	being	metabolic	rather	than	structural.

The	hyperosmolality	 occurring	with	hyperglycemia	of	 any	 causes	 a	 shift	 of
water	 from	 the	 intracerebral	 to	 intravascular	 space	 with	 resulting	 brain
shrinkage.34	How	this	produces	 the	neurologic	changes	observed	 is	not	known.
More	 importantly,	 rapid	 correction	 of	 hyperosmolality	 by	 IV	 hydration	 and
insulin	 results	 in	cerebral	water	 intoxication	and	signs	of	 increased	 intracranial
pressure.	 This	 is	 exemplified	 by	 the	 patient	 who	 begins	 to	 awaken	 from	 a
hyperglycemic	 coma	 during	 IV	 therapy	 but	 later	 develops	 a	 headache	 and
recurrent	 lethargy	 and	 seems	 to	 drift	 back	 into	 the	 previous	 state.	 Significant
morbidity	and	mortality	follow	if	these	fluctuations	are	not	observed	and	the	IV
treatment	 is	 modified	 appropriately.35	 Other	 details	 of	 the	 management	 of
diabetic	coma	are	addressed	in	Chapter	137.

Other	Electrolyte	Disturbances
Acute	hyponatremia	and	hypernatremia	cause	fluid	shifts	and	critical	changes	in
serum	 osmolality,	 with	 the	 same	 effects	 on	 cerebral	 dysfunction	 as	 those
described	 above.	 Mild	 to	 moderate	 acute	 hyponatremia	 (120-130	 mEq/L)	 is
evidenced	by	confusion	or	delirium	with	asterixis	and	multifocal	myoclonus.	If
the	 serum	 sodium	 goes	 below	 110	 mEq/L,	 or	 drops	 at	 a	 rate	 more	 than	 5
mEq/L/h	to	120	mEq/L	and	below,	seizures	and	coma	are	likely	to	follow.	This
course	 of	 events	 portends	 permanent	 neurologic	 damage	 even	 after	 careful
therapy.36	 Common	 causes	 of	 hyponatremia	 are	 (1)	 the	 syndrome	 of



inappropriate	antidiuretic	hormone	secretion,	with	myriad	etiologies;	(2)	excess
volume	 expansion	 with	 hypotonic	 IV	 solutions;	 and	 (3)	 renal	 failure	 with	 a
decreased	 glomerular	 filtration	 rate.37	 Other	 less	 common	 causes	 include
psychogenic	polydipsia,	severe	congestive	heart	failure,	and	Addison	disease.38

The	 neurological	 signs	 of	 hyponatremia	 are	 nonspecific,	 and	 the	 general
approach	 to	 evaluation	 of	 an	 encephalopathy	 often	 identifies	 the	 problem.
Treatment	is	directed	toward	the	underlying	cause	with	fluid	restriction	in	mild
cases,	 unless	 total	 body	 sodium	 is	 depleted.	 In	 moderate	 cases	 (ie,	 a	 serum
sodium	of	105-115	mEq/L),	per	os	(PO)	sodium	supplementation	may	be	needed
as	 well.	 A	 serum	 sodium	 below	 100	 mEq/L	 is	 life-threatening.	 Correction	 of
hyponatremia	requires	ICU	monitoring	and	calculated	sodium	replacement	(see
Chapter	199).	Excessively	rapid	correction	of	severe	hyponatremia,	especially	in
alcoholic	 or	malnourished	 individuals,	 can	 be	 associated	with	 another	 rare	 but
serious	neurologic	complication	known	as	central	pontine	myelinolysis	(CPM).39
CPM	starts	with	a	flaccid	quadriparesis	and	inability	to	chew,	swallow,	or	talk,
or	“locked-in	syndrome”	developing	over	a	period	of	days.	Patients	who	recover
from	the	underlying	systemic	disorder	may	be	left	with	a	spastic	paraparesis	and
pseudobulbar	 speech;	 almost	 half	 may	 improve	 significantly	 over	 several
months.
Hypernatremia	 is	 not	 seen	 very	 often	 outside	 the	 hospital	 setting	 except	 in

children	 with	 severe	 diarrhea	 and	 inadequate	 PO	 fluid	 intake.	 Excess	 diuretic
therapy,	 hyperosmolar	 tube	 feedings,	 and	 restricted	 access	 to	 PO	 fluids	 are
reflected	 in	 a	 serum	 sodium	 of	 more	 than	 155	 mEq/L	 usually	 seen	 in
institutionalized	 patients.	 Clinically,	 one	 sees	 progressive	 confusion	 and
obtundation	in	subacute	cases.

The	cause	of	profound	hypernatremia	is	often	diabetes	insipidus,	which	may
be	 secondary	 to	 head	 trauma	 or	 other	 structural	 lesions	 of	 the	 hypothalamic
stalk.	Impaired	thirst	mechanisms	or	depressed	consciousness	interfere	with	the
polydipsia	 that	 is	 pathognomonic	 of	 diabetes	 insipidus.38	 The	 treatment	 of
symptomatic	 hypernatremia	 depends	 on	 its	 cause:	 dehydration	 alone	 or
complicated	 by	 additional	 sodium	 depletion	 due	 to	 hyperosmolar	 diuresis	 or
excessive	 sweating.	 Fluid	 replacement	 is	 accomplished	 with	 5%	 dextrose	 and
water	 at	 a	 rate	 dependent	 on	 the	 total	 body	 water	 deficit—half	 of	 the	 water
needed	 being	 administered	 IV	 in	 the	 first	 12	 to	 24	 hours	 and	 no	 faster	 (see
Chapter	199).	Saline	solutions	of	half	normal	strength	(0.45%)	are	used	in	most
other	cases.	The	exception	is	hyperosmolar	diabetic	coma,	in	which	insulin	and
isotonic	saline	are	both	necessary	to	correct	the	severe	serum	hypertonicity.
Metabolic	acidosis	 by	 itself	produces	only	mild	delirium	or	 confusion40	 but

may	 be	 accompanied	 by	 organ	 failure,	 direct	 CNS	 toxicity	 from	 drug



metabolites,	or	volume	depletion.	The	first	sign	of	an	encephalopathy	caused	by
metabolic	 acidosis	 is	 hyperpnea	 followed	 by	 mental	 status	 changes	 and	 mild
muscular	rigidity.	Ingestion	of	toxic	doses	of	poisons	such	as	methanol,	ethylene
glycol,	 and	 salicylates	 results	 in	 encephalopathy	 along	 with	 low	 serum
bicarbonate	 levels	 (less	 than	 15	 mEq/L).41	 Therapy	 must	 be	 directed	 toward
vigorous	correction	of	 the	metabolic	acidosis,	while	 the	specific	cause	 is	being
elucidated.

Pancreatic	Failure
Acute	pancreatitis	 rarely	 leads	 to	mental	 status	changes	during	 the	 initial	bout.
When	recurrent	or	chronic,	symptoms	of	encephalopathy	may	prominently	wax
and	 wane.42	 The	 clinical	 presentation	 is	 abdominal	 pain	 followed	 over	 2	 to
5	 days	 by	 hallucinosis,	 delirium,	 focal	 or	 generalized	 seizures,	 and	 bilateral
extensor	Babinski	responses.	As	the	serum	amylase	continues	to	rise,	the	patient
may	 lapse	 into	 a	 coma	 as	 a	 result	 of	 secondary	 hyperglycemia,	 hypocalcemia,
and	 hypotension.	 The	 exact	 cause	 of	 the	 encephalopathy	 is	 unknown;	 the
prognosis	 and	 treatment	 depend	 on	 the	 underlying	 cause	 and	 severity	 of	 the
pancreatitis.43

Endocrine	Disorders
Adrenal	 disorders	 are	 an	 important	 consideration	 in	 acute	 encephalopathy,
because	hypo-	and	hyperadrenalism	produce	alterations	in	CNS	function.44
Addison	disease	or	secondary	adrenocortical	deficiency	occurs	acutely	in	the

setting	 of	 septicemia,	 surgery,	 and,	 most	 frequently,	 sudden	 withdrawal	 of
chronically	administered	steroids.	In	the	latter,	one	does	not	see	the	stigmata	of
chronic	adrenocorticotropic	hormone	deficiency	but	 rather	hypotension,	 a	mild
hyponatremia,	 hypoglycemia,	 and	 hyperkalemia,	 together	 with	 a	 delirium	 or
stupor	that	fluctuates	erratically.45	The	electrolyte	disturbances	in	most	cases	are
not	severe	enough	to	explain	the	encephalopathy;	other	pathologic	mechanisms
such	 as	 cerebral	 hypoperfusion	 or	 water	 intoxication	 have	 been	 suggested.
Unlike	 many	 metabolic	 encephalopathies,	 adrenocortical	 insufficiency	 is
associated	with	decreased	muscle	 tone	 and	deep	 tendon	 reflexes.	Seizures	 and
papilledema	 may	 appear	 when	 the	 patient	 has	 a	 profound	 adrenocorticotropic
hormone	 deficiency	 and	 coma.	 The	 neurologic	 picture	 does	 not	 clear	 until
cortisone	 replacement	 is	 given	 along	 with	 treatment	 of	 the	 electrolyte
imbalances.46	 These	 patients	 are	 also	 particularly	 sensitive	 to	 sedative



medications	 and	 may	 lapse	 into	 coma	 with	 small	 doses	 of	 narcotics	 or
barbiturates.47
Excess	 steroids	 produce	 different	 forms	 of	 encephalopathy	 depending	 on

whether	 the	 source	 is	 endogenous	 or	 exogenous.	 In	 Cushing	 disease,
psychomotor	 depression	 and	 lethargy	 are	 the	 norm,	 whereas	 high	 doses	 of
prednisone	usually	cause	elation,	delirium,	or	frank	psychosis.48	The	latter	is	not
uncommon	 in	 the	 ICU	 setting	 due	 to	 the	 administration	 of	 stress	 levels	 of
steroids	 and	 multiple	 other	 CNS	 toxins.	 The	 behavioral	 changes	 are	 key	 to
recognizing	 this	 problem	 because	 there	 are	 no	 specific	 metabolic	 markers.49
Treatment	consists	of	withdrawal	of	the	steroids	and	sometimes	temporary	use	of
tranquilizers	 or	 lithium	 for	 the	 psychiatric	 features	 as	 well.	 Full	 neurologic
recovery	may	lag	behind	the	treatment	by	several	days	to	weeks.
Hypothyroidism	 is	now	a	rare	cause	of	encephalopathy	and	coma.	It	may	be

confused	 initially	 with	 other	 causes	 of	 hypotension,	 hypoventilation,	 and
hyponatremia,	 such	 as	 septic	 shock,	 brainstem	 infarcts,	 or	 an	 overdose	 of
sedatives.	The	diagnosis	should	be	considered	in	any	patient	with	hypothermia,
pretibial	edema,	pseudomyotonic	stretch	reflexes	 (eg,	delayed	relaxation	of	 the
knee	 jerk),	 and	 coarse	 hair	 or	 facies.	Muscle	 enzymes,	 serum	 cholesterol,	 and
lipids	 may	 be	 elevated	 along	 with	 the	 thyroid-stimulating	 hormone	 (TSH)
level.46	Diagnostic	 confirmation	 is	 often	 delayed	 by	 pending	 results	 of	 thyroid
function	 tests,	 but	 replacement	 therapy	 should	 be	 initiated	 early	 with	 IV
triiodothyronine	 or	 thyroxine.	 The	 constitutional	 symptoms	 may	 take	 several
weeks	 to	 respond,	 but	 the	 neurologic	 picture	 clears	 promptly	 with	 proper
treatment.	 Another	 form	 of	 hypothyroid-associated	 encephalopathy	 is	 seen	 in
Hashimoto	 thyroiditis	 with	 a	 subacute	 subtle	 change	 in	 personality,	 memory
deficits,	 and	 cerebellar	 ataxia	 accompanied	 by	 cerebellar	 atrophy	 on	 imaging
studies.	 Confirmation	 of	 the	 diagnosis	 requires	 specific	 tests	 for
antithyroglobulin	 and	 antithyroperoxidase	 antibodies	 along	 with	 an	 elevated
TSH.	Treatment	with	thyroid	replacement	therapy	often	results	in	recovery	over
a	few	months.
Thyrotoxicosis	 is	 more	 difficult	 to	 recognize	 because	 it	 can	 present	 in	 an

apathetic	 form,	 as	 a	 thyroid	 storm,	 or	 in	 a	 subacute	 form.	Elderly	 patients	 are
more	 likely	 to	 appear	 depressed	 or	 stuporous	 and	 without	 evidence	 of
hypermetabolism.50	The	key	to	the	diagnosis	in	such	cases	is	evidence	of	recent
weight	 loss	 and	 atrial	 fibrillation,	 often	 with	 congestive	 heart	 failure	 and	 a
proximal	 myopathy.	 In	 a	 thyroid	 storm,	 the	 patient	 with	 indolent
hyperthyroidism	may	be	stressed	by	an	 infection	or	 surgery	and	 responds	with
marked	 signs	 of	 hypermetabolism:	 tachycardia,	 fever,	 profuse	 sweating,	 and
pulmonary	 or	 congestive	 heart	 failure.	 Neurologically,	 the	 individual	 becomes



acutely	agitated	and	delirious	and	then	progresses	into	a	stupor.51	The	subacute
picture	 that	 precedes	 this	 is	 one	 of	mild	 irritability,	 nervousness,	 tremors,	 and
hyperactivity,	 and	 is	 often	 misconstrued	 as	 an	 affective	 disorder	 rather	 than
endocrine	 in	 origin.	 Ophthalmologic	 signs	 such	 as	 proptosis,	 chemosis,	 and
periorbital	edema	are	useful	in	identifying	this	form	of	thyrotoxicosis.

Therapy	for	thyrotoxic	encephalopathy	is	aimed	at	ablation	of	the	gland,	but
supportive	 care	 may	 require	 β-blockers,	 digoxin,	 diuretics,	 and	 sometimes
dexamethasone	 and	 sedatives	 for	 the	 associated	 hypermetabolic	 state.
Encephalopathy	 is	also	seen	 in	disorders	of	 the	pituitary	gland	and	parathyroid
gland,	 although	 rarely	 as	 a	 primary	 process.	Hypopituitarism	may	 result	 from
radiation	 or	 surgery	 to	 the	 area	 of	 the	 sella	 and	 can	 present	 as	 a	 chronic
encephalopathy	 with	 features	 of	 thyroid	 or	 adrenal	 insufficiency,	 or	 both.	 An
acute	 coma	 due	 to	 infarction	 or	 hemorrhage	 of	 the	 pituitary	 gland,	 known	 as
pituitary	 apoplexy,	 can	 be	 seen	 in	 acromegalics	 with	 large	 adenomas	 or	 in
patients	 with	 postpartum	 hemorrhage	 and	 hypotension	 (Sheehan
syndrome).52,53	 Subarachnoid	 blood	 and	 ocular	 abnormalities	 plus	 signs	 of
increased	intracranial	pressure	help	to	identify	the	pituitary	lesion	in	such	cases.
Encephalopathy	 from	 hyperpituitarism	 reflects	 the	 specific	 neurohumoral
substance	 that	 is	 being	 released	 in	 excess	 and	 does	 not	 represent	 a	 unique
syndrome.
Hyperparathyroidism	 may	 be	 manifest	 neurologically	 with	 asthenia	 or	 a

vague	change	in	personality.	The	patient	 is	mildly	depressed,	 lacks	energy,	and
fatigues	easily.	A	serum	calcium	more	than	12	mg/dL	and	elevated	parathormone
levels	 are	 important	 diagnostic	 findings.	 Occasionally,	 psychiatric	 symptoms
predominate,	 starting	 with	 delirium	 and	 psychosis,	 or	 obtundation	 and	 coma
when	the	serum	calcium	exceeds	15	mg/dL.	Hypercalcemia	caused	by	metastatic
bone	lesions,	paraneoplastic	parathormone-like	substances,	sarcoidosis,	primary
bone	 diseases,	 and	 renal	 failure	 is	 associated	 with	 a	 subacute	 or	 chronic
encephalopathy	 similar	 to	 hyperparathyroidism.	Treatment	 in	 these	 cases	must
be	 directed	 toward	 the	 underlying	 disease	 rather	 than	 addressing	 the
hypercalcemia	 alone.	 Primary	 hyperparathyroidism	 is	 effectively	 managed	 by
ablation	of	the	overactive	gland.	This	is	not	always	possible,	because	the	glands
often	 are	 ectopic	 and	 may	 escape	 discovery	 on	 selective	 angiography	 or
exploratory	surgery.

Hypocalcemia	 due	 to	 hypoparathyroidism	 produces	 an	 encephalopathy	 that
parallels	 the	 depression	 of	 serum	 calcium	 levels.	 At	 less	 than	 4.0	 mEq/L
calcium,	a	blunted	effect	and	seizures	are	common	and	may	be	confused	with	a
dementing	process	or	epilepsy.	The	motor	signs	of	hypocalcemia,	that	is,	tetany
or	 neuromuscular	 irritability,	 should	 make	 one	 suspicious	 of	 a	 metabolic



disturbance.38	 Another	 diagnostic	 dilemma	 is	 the	 occasional	 presentation	 of
hypocalcemia	with	papilledema	and	headache.	The	opening	pressure	on	lumbar
puncture	is	elevated	to	the	same	degree	as	in	pseudotumor	cerebri,	but	a	head	CT
is	 likely	 to	 show	 basal	 ganglia	 calcifications.46	 Furthermore,	 the	 presence	 of
cataracts	and	mental	dullness	in	a	previously	normal	individual	should	lead	one
to	check	the	serum	calcium	and	parathormone	levels.

The	 mechanism	 by	 which	 hypocalcemia	 and	 hypoparathyroidism	 produce
these	varied	neurologic	symptoms	is	not	known.	Replacement	of	serum	calcium
by	 dietary	 means	 is	 usually	 inadequate	 to	 correct	 the	 CNS	 disorder.
Supplementation	 with	 vitamin	 D	 and	 calcitriol	 enhances	 the	 absorption	 and
utilization	of	oral	calcium.54

Other	Causes	of	Encephalopathy
The	list	of	causes	of	diffuse	or	metabolic	encephalopathies	is	so	lengthy	that	the
problem	of	diagnosis	must	be	 resolved	by	a	process	of	elimination.	Drugs	and
toxins	 lead	 all	 other	 possible	 causes,	 with	 a	 frequency	 of	 approximately	 50%
(see	Chapters	96	through	125).	Hepatic,	renal,	or	pulmonary	failure	is	causative
in	another	12%	and	endocrine	or	electrolyte	disturbances	in	approximately	8%.
Other	 less	 common	 etiologies	 include	 thiamine	 deficiency	 (Wernicke
encephalopathy),	 cardiac	 bypass	 surgery,	 subacute	 bacterial	 endocarditis,	 and
hyperthermia.55	 All	 of	 these	 disorders	 produce	 microembolic	 or
microhemorrhagic/petechial	lesions	in	specific	areas	of	the	brain.
Wernicke	 encephalopathy	 develops	 acutely	 in	 the	 clinical	 setting	 of	 an

alcoholic	 or	 a	 malnourished	 individual,	 especially	 when	 IV	 glucose	 solutions
without	vitamin	supplementation	are	given.	Because	thiamine	is	a	cofactor	in	the
utilization	of	 cerebral	 glucose,	 it	 is	 depleted	by	 the	 IV	 infusion56,57;	confusion,
obtundation,	and	loss	of	short-term	memory	rapidly	ensue.	The	hallmark	of	this
entity	 is	 a	 striking	 impairment	 of	 ocular	 movements,	 causing	 an	 external
ophthalmoplegia,	 nystagmus,	 and	 diminished	 oculocephalic	 responses.	 Prompt
IV	 and	 PO	 administration	 of	 100	 mg	 thiamine	 restores	 ocular	 function
completely.	The	cerebral	symptoms	resolve	slowly	with	the	addition	of	100	mg
PO	thiamine	daily	for	3	days	or	more.	If	untreated,	the	patient	may	lapse	into	a
coma	due	to	autonomic	failure	with	accompanying	shock	and	hypothermia	and
often	death.	Repeated	or	untreated	episodes	of	Wernicke	disease	may	result	in	a
chronic	Korsakoff	psychosis	with	profound	memory	impairment.50

More	recently,	recognition	of	autoantibodies	to	potassium	channels	(VGKC-
Ab)	 and	 N-methyl-D-aspartate	 receptors	 presenting	 with	 a	 subacute	 limbic-
encephalopathy	has	led	to	exciting	research	into	the	role	of	channel	blockade	in



reversible	 mental	 status	 changes.	 In	 many	 cases,	 there	 is	 no	 evidence	 of	 an
occult	cancer	(eg,	testicular	or	ovarian	in	young	people)	and	the	prognosis	with
immunoglobulin	or	steroid	therapy	is	good.44
Hyperthermia	 due	 to	 heat	 stroke	 also	 has	 a	 characteristic	 clinical	 setting—

young	 individuals	 experiencing	 excessive	 sweating	 caused	 by	 overactivity	 and
elderly	 people	 receiving	 anticholinergics	 who	 are	 exposed	 to	 a	 hot
environment.52	 In	 both	 cases,	 neurologic	 changes	 occur	 when	 the	 core	 body
temperature	 reaches	 42	 °C	 (107.6	 °F).	 The	 patient	 may	 become	 agitated	 and
confused	with	intermittent	generalized	seizures	or	may	immediately	lapse	into	a
coma	as	 if	due	 to	a	 stroke.	The	presence	of	 tachycardia,	hot	and	dry	skin,	and
diffuse	 hypertonus	 occurring	 in	 the	 appropriate	 circumstances	 identifies	 the
likely	etiology.	Normal	pupillary	size	and	reflexes	(except	with	anticholinergics)
and	oculocephalic	responses	and	the	absence	of	focal	motor	signs	also	point	to	a
nonstructural	lesion.	However,	if	the	core	body	temperature	is	not	lowered	early
in	 the	 course,	 the	 patient	 may	 be	 left	 with	 sequelae	 similar	 to	 those	 seen	 in
hypoxic-ischemic	encephalopathy.	Other	causes	of	temperature	more	than	42	°C
are	rare	and	are	not	discussed	here.58

Up	 to	 20%	 of	 patients	with	 bacterial	 or	marantic	 endocarditis	 can	 present
with	a	subacute	encephalopathy	manifested	by	confusion	and	hyperpnea	with	or
without	 fever.59	 It	 should	 be	 suspected	 in	 any	 patient	 with	 gram-negative
sepsis59;	 ovarian	 cancer;	 malignant	 melanoma;	 adenocarcinoma	 of	 the	 lung,
breast,	 prostate,	 or	 pancreas;	 and	 an	 immunocompromised	 state.	 Definitive
diagnosis	 rests	 on	 the	 blood	 culture	 results	 and	 an	 echocardiogram	 showing
vegetations.	 Treatment	 is	 directed	 toward	 reducing	 or	 removing	 the	 cardiac
source.

CONCLUSIONS
Metabolic	 encephalopathy	 is	 one	 of	 the	 most	 frequently	 seen	 neurologic
disorders	 in	 the	 ICU.	 It	 is	 also	 one	 of	 the	 most	 diverse	 in	 its	 clinical
presentations	 and	 requires	 a	 systematic	 approach	 to	 define	 the	 etiology	 and	 to
institute	 effective	 treatment.	 The	 features	 that	 distinguish	 most	 metabolic
encephalopathies	 from	 structural	 lesions	 are	 (1)	 a	 nonfocal	 neurologic
examination,	 (2)	 increased	 motor	 activity,	 (3)	 intact	 ocular	 and	 pupillary
reflexes,	 and	 (4)	 laboratory	 abnormalities	 that	 support	 the	 clinical	 picture.
Additional	 tests	 such	 as	 an	 EEG,	 head	CT,	 or	 toxicology	 screen	 are	 useful	 in
ruling	out	other	possible	causes.

One	should	keep	 in	mind	that	many	patients	 in	 the	ICU	have	an	underlying



chronic	 encephalopathy	 due	 to	 long-standing	 illness.	 Therefore,	 they	 are	more
susceptible	 to	minor	metabolic	 perturbations	 induced	 by	 small	 doses	 of	 drugs,
slight	shifts	of	fluid	balance,	or	worsening	organ	failure.	Early	recognition	and
correction	of	 such	 factors	 improve	 the	patient’s	prognosis	 for	a	 full	neurologic
recovery.	 Toward	 this	 end,	 it	 is	 prudent	 to	 consult	 the	 neurologist	 before	 the
complications	of	multiple	 treatments	and	 further	changes	confound	 the	clinical
course.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	a	correct	physical	examination	finding:
description	seen	in	metabolic	encephalopathy?

A. 	Asterixis:	flapping	movements	of	the	hands,	feet,	jaw,	and	tongue
B. 	Myoclonus:	multifocal	small	muscle	jerking
C. 	Rigidity:	intermittent	contraction	of	muscle
D. 	Tremors:	arrhythmic	movements	of	the	extremities

2. 	Seizure	is	a	recognized	complication	of	which	of	the	following?

A. 	Barbiturate	overdose
B. 	Hyperparathyroidism
C. 	Hypoglycemia
D. 	Thyrotoxicosis

3. 	Hypotonia	on	physical	exam	would	most	likely	be	seen	with	which	of	the
following?

A. 	Acute	renal	failure



B. 	Adrenocortical	failure
C. 	Amphetamine	overdose
D. 	Hyperthyroidism

Answers

1.	The	correct	answer	is	A.
Rationale:	The	correct	answer	is	asterixis	(choice	A	is	correct).	Tremors	tend

to	 be	 rhythmic,	 not	 arrhythmic.	Myoclonus	 features	 shock-like	movements	 of
larger	 muscle	 groups,	 not	 small	 muscles.	 Rigidity	 tends	 to	 be	 persistent,	 not
intermittent.	 Not	 listed	 as	 a	 choice	 here,	 but	 choreoathetosis	 is	 dance-like
movements	 that	 can	 be	 seen	 following	 anoxia,	 hepatic	 failure,	 and
hyperparathyroidism.

2.	The	correct	answer	is	C.
Rationale:	 Hypoglycemia	 may	 result	 in	 seizures	 (choice	 C	 is	 correct).

Hyperparathyroidism	 would	 be	 more	 likely	 to	 feature	 choreoathetosis.
Barbiturate	overdose	presents	with	depressed	consciousness	and	hypoventilation.
Thyrotoxicosis	 could	 feature	 tremor,	 but	 EEG	 generally	 does	 not	 demonstrate
seizures.	 Not	 listed	 here	 as	 a	 choice,	 but	 hepatic	 failure	 may	 present	 with
triphasic	waves	on	EEG	and	myoclonus.

3.	The	correct	answer	is	B.
Rationale:	 Adrenocortical	 failure	 is	 most	 likely	 to	 be	 associated	 with

hypotonia	 (choice	 B	 is	 correct)	 such	 as	 with	 the	 sudden	 withdrawal	 of
supplemental	corticosteroids,	or	with	Addison	disease.	The	other	choices	 listed
tend	to	feature	increased	muscle	tone.
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Chapter	147
Mental	Status	Dysfunction	in	the
Intensive	Care	Unit
Andrew	M.	Galica,	Elizabeth	R.	Degrush,	Joan	M.	Swearer

KEY	POINTS:
1.	 Postoperative	cognitive	impairment	is	the	broad	term	that	includes

postoperative	delirium	(POD)	and	postoperative	cognitive
dysfunction	(POCD)—to	be	differentiated	from	focal	insults	that	can
occur	or	exist	in	the	ICU	and	also	cause	cognitive	impairment.

2.	 Though	cognitive	impairment	often	resolves,	it	can	persist	and	cause
poor	outcomes—including	increased	mortality.

3.	 Postoperative	cognitive	impairment	may	be	obvious	or	subtle	and
can	be	clarified	with	observation,	screening	tools,	and	more
dedicated	bedside	testing.

4.	 Postoperative	delirium	typically	reflects	a	fluctuating	course	in	the
hours/days	following	surgery,	whereas	postoperative	cognitive
dysfunction	represents	a	relative	decline	based	on	observation	and
mental	status	testing.

5.	 POD	and	POCD	share	risk	factors	and	may	exist	on	a	continuum,
but	the	underlying	relationship	is	not	yet	fully	understood.

6.	 Most	consistent	risk	factors	for	postoperative	cognitive	impairment
(not	stratified	by	POD	vs	POCD)	include	increasing	age,	preexisting
cognitive	impairment,	poor	functional	status,	and	of	surgery	(cardiac,
vascular,	and	orthopedic).

7.	 Interventions	with	best	evidence	relate	to	the	perioperative	phase
and	generally	relate	to	controlling	vascular	risk,	reducing
polypharmacy,	addressing	substance	use,	identifying	a	role	for



prehabilitation,	and	establishing	a	clear	cognitive	baseline.

INTRODUCTION
Cognitive	 dysfunction	 following	major	 surgery	 is	 one	 of	 the	 common	 reasons
neurologists	 are	 asked	 to	 see	 postoperative	 patients	 in	 the	 intensive	 care	 unit
(ICU):	 patients	 whose	 memory	 and	 intellectual	 abilities	 seem	 impaired	 when
they	otherwise	appear	 to	have	recovered	physically	from	the	 immediate	effects
of	 surgery.	 It	 is	 a	major	 concern	 for	 the	 family,	 the	 patient,	 and	 the	 physician
when	a	patient	is	found	not	to	be	cognitively	the	same	on	awakening	following
surgery	as	they	were	before.

1 	 2 	A	 formal	definition	of	postoperative	cognitive	 impairment	has	not	been
codified,	 and	 there	 are	 ongoing	 efforts	 to	 better	 define	 this	 entity.	 The
overarching	 term	 of	 postoperative	 cognitive	 impairment	 encompasses
postoperative	delirium	(POD)	and	postoperative	cognitive	dysfunction	(POCD).
Some	have	advocated	for	the	use	of	the	term	neurocognitive	disorder	(NCD),	a
DSM-5	 term,	 with	 a	 “postoperative”	 specifier	 (eg,	 postoperative	 NCD)	 rather
than	the	POCD	term.1,2	Whereas	postoperative	delirium	occurs	more	acutely	(24-
96	hours	postoperative)	and	can	be	measured	by	validated,	clinical	measures	(eg,
Confusion	 Assessment	 Method),	 POCD	 reflects	 a	 relative	 decline	 of
postoperative	 cognitive	 performance	 measured	 by	 evaluating	 mental	 status—
with	 no	 standardized	method	 to	 date.1-4	 It	 also	 remains	 unclear	 as	 to	 whether
POD	 and	 POCD	 occur	 on	 a	 spectrum	 or	 exist	 as	 two	 truly	 separate	 entities.
There	 is	growing	research	 to	suggest	 that	POD	may	increase	risk	for	POCD	at
1	month	postoperative	but	not	beyond.5,6	Both	entities	are	associated	with	poor
outcomes	 including	 increased	 mortality.5,7-9	 Acute	 encephalopathy	 is	 a	 similar
term	but	used	more	commonly	and	perhaps	accurately	to	describe	an	underlying
pathophysiological	 etiology	 in	 contrast	 to	 POD	 and	 POCD	 which	 reflect	 a
phenotypic	 or	 clinical	 presentation.	 The	 terms	 acute	 confusional	 state,	 acute
brain	 dysfunction,	 and	 altered	 mental	 status	 are	 broader	 and	 less	 clinically
helpful	 terms	 and	 should	 generally	 be	 avoided	 when	 attempting	 to	 most
accurately	convey	a	cognitive	state.9-11

Most	patients	will	return	to	their	preoperative	levels	of	cognitive	functioning
within	 1	 to	 3	 months	 of	 surgery,12,13	 but	 a	 percentage	 of	 patients	 will	 have
persistent	 changes	 for	 months	 and	 even	 years	 later,6,14,15	 and	 the	 precise
pathophysiological	 mechanisms	 for	 these	 cognitive	 changes	 have	 yet	 to	 be
elucidated.	 Proposed	 mechanisms	 include	 hyperventilation,	 hypotension,
cerebral	microemboli,	and	various	inflammatory	processes.16,17



There	 has	 been	 extensive	 research	 on	 cognitive	 changes	 following	 major
cardiac	and	major	noncardiac	surgeries.	It	 is,	however,	difficult	 to	compare	the
studies	by	literature	reviews	and	meta-analyses	directly	because	of	differences	of
the	 methods	 used,	 including	 patient	 sampling,	 specific	 tests	 used,	 testing
intervals,	 definition	 of	 cognitive	 decline,	 variable	 consideration	 of	 comorbid
factors,	 and	 lack	of	 comparison	groups.4,12	Despite	 these	differences,	 increased
age	 and	 risk	 factors	 for	 cerebrovascular	 disease	have	been	 the	most	 consistent
factors	associated	with	postoperative	cognitive	dysfunction.5,13

MENTAL	STATUS	EXAMINATION	IN	THE
INTENSIVE	CARE	UNIT
3 	The	primary	objectives	of	a	mental	status	evaluation	during	an	ICU	stay	are	to
screen	for	 the	presence	of	postoperative	cognitive	decline,	acute	psychiatric,	or
neurologic	events	such	as	stroke	or	transient	ischemic	attack.	Examiners	analyze
the	 nature	 and	 extent	 of	 the	 impairment,	 and	 change	 over	 time.	 Cognitive
changes	 may	 be	 obvious	 when	 there	 are	 gross	 deficits	 of	 learning,	 memory,
attention,	 or	 concentration.	 The	 decline	 can	 also	 be	 subtle,	 with	 problems	 of
initiative	or	planning	that	can	only	be	clarified	with	observation,	screening	tools,
and	more	dedicated	bedside	testing.

Many	mental	status	screening	tests	are	available	(eg,	18-23).	The	Confusion
Assessment	Method	 for	 the	 ICU	 (CAM-ICU22)	was	 designed	 and	 validated	 in
adult	ICU	populations,	and	can	be	used	on	intubated	and	nonverbal	patients.	A
brief	 screening	 test	 may	 provide	 a	 general	 impression	 of	 the	 patient’s	 mental
status,	 but	 the	 clinician	 must	 be	 able	 to	 assess	 areas	 of	 relative	 strength	 and
weakness	 in	greater	depth.	The	 following	 is	offered	as	 an	outline	 for	 a	mental
status	evaluation	in	the	ICU.24-26

Behavioral	Observation	and	Patient	Variables
Visual	observation	of	the	patient	during	an	ICU	stay	is	an	extremely	useful	part
of	the	mental	status	examination.	Many	details	can	be	gathered	from	the	moment
the	 examiner	 enters	 the	 room,	 including	 the	 patient’s	 alertness,	 the	 use	 of
sedating	medications	or	mechanical	ventilation,	and	their	level	of	mental	acuity.
Determining	the	patient’s	level	of	arousal	and	attention	is	the	essential	first	step
in	 a	 mental	 status	 examination.	 Arousal	 may	 range	 from	 unresponsiveness	 to
noxious	 stimuli,	 minimally	 responsive	 to	 voice	 or	 touch,	 normal	 alertness,



hyperalertness,	or	even	manic	states.	Attention	is	the	patient’s	ability	to	maintain
sustained	focus	on	a	task.	Mental	status	examination	depends	greatly	on	arousal
level	and	attention,	and	it	is	difficult	to	interpret	higher	cognitive	functions	when
these	are	not	adequate.

A	 patient	 who	 is	 easily	 distractible	 will	 perform	 poorly	 on	 most	 cognitive
tests.	Lack	of	motivation	and	effort	during	testing	can	have	deleterious	effects	on
test	 performance,	 and	may	 lead	 to	 an	 overestimation	 of	 cognitive	 impairment.
Abnormalities	 of	 mood	 and	 affect,	 and	 behavioral	 disturbances	 such	 as
psychosis,	disinhibition,	hyperactivity,	or	impulsivity	will	also	negatively	impact
the	 patient’s	 test	 performance.	 Test	 performance	 is	 compromised	 by
postoperative	 pain,	 use	 of	 analgesic	 and	 sedating	 medications,	 limitations	 of
strength	 and	 mobility,	 and	 possible	 sensory	 loss.	 Regardless,	 limitations	 of
testing	 give	 the	 examiner	 useful	 information	 about	 the	 patient’s	 current	 status
and	ability	to	interact	with	his	or	her	surroundings.

Other	patient	factors	that	can	influence	test	performance	include	demographic
variables	such	as	premorbid	cognitive	abilities,	age,	gender,	education,	cultural
background;	and	medical	and	psychosocial	history	including	psychiatric	history,
social	history,	and	present	life	circumstances.	A	history	from	family	members	is
extremely	useful	for	defining	these	variables.

Attention
The	patient’s	 level	of	attention	can	be	assessed	at	 the	bedside	using	digit	span,
which	also	depends	on	immediate	verbal	recall.	Repetition	of	digits	both	forward
and	 backward	 should	 be	 evaluated.	 Both	 tests	 consist	 of	 increasingly	 longer
strings	 of	 random	 number	 sequences	 that	 are	 presented	 aloud	 to	 the	 patient.
Seven	digits	forward	(plus	or	minus	two)	is	the	average	score	obtained	by	adults.
Digits	backward	normally	does	not	differ	from	forward	span	by	more	than	two
digits.	 If	 preferred,	 spelling	 WORLD	 forward	 and	 then	 backward	 or
alphabetizing	the	word	EARTH	can	be	alternatives	to	using	digit	span.20,27

Perseverance	 or	 the	 ability	 to	 sustain	 behavioral	 output	 can	 be	measured	 at
the	bedside	by	mental	tracking	tests.	Reciting	the	alphabet	or	days	of	the	week
forward	 requires	 minimal	 perseverance.	 Examples	 of	 more	 discriminating
attention	 tests	 include	 serial	 subtraction	of	7’s	 from	100	 to	6520	 or	 reciting	 the
months	of	the	year	backward.

Resistance	to	interference	and	response	inhibition	are	examples	of	executive
functioning	and	can	easily	be	observed	during	 testing	 informally.	Patients	who
struggle	 with	 task	 switching,	 perseverate	 on	 previous	 tasks,	 and	 who	 answer
impulsively	or	 intrusively	 show	poor	executive	 functioning.	This	can	be	 tested



formally	 with	 motor	 sequencing	 tasks.	 Examples	 include	 the	 “go-no-go”	 test
(when	the	examiner	taps	once,	the	patient	taps	twice,	but	when	the	examiner	taps
twice	the	patient	does	not	tap28;	or	the	patient	listens	to	a	list	of	letters	and	taps
his	or	her	hand	when	they	hear	the	identified	letter.21	Vigilance	can	also	be	tested
by	writing	alternating	sequences	(eg,	copying	a	sequence	of	script	such	as	“m	n
m	n	m	n.”29	Patients	with	impaired	attention	may	perseverate	on	one	element	of
the	task	rather	than	alternating	between	the	sequences.	A	useful	test	of	attention
is	having	the	patient	do	a	verbal	alphanumeric	sequence—alternating	letters	and
numbers	through	the	alphabet	(A-1,	B-2,	C-3,	…,	to	Z-26).

Speech	and	Language	Functions
Speech	 output	 should	 be	 assessed	 for	 fluency	 (rate	 and	 effort	 of	 speech),
articulation	 (normal	 or	 dysarthric),	 phrase	 length,	 prosody	 (melody,	 rhythm,
inflection),	content	(semantics	and	syntax),	and	paraphasias	(substitution	of	the
intended	word	with	a	rhyming	word,	a	wrong	word	from	the	same	category,	or	a
fabricated	 word).	 Output	 can	 be	 observed	 by	 verbal	 responses	 to	 open-ended
questions	or	by	having	the	patient	verbally	describe	a	complex	visual	scene,	such
as	 a	 photograph	 (“propositional	 speech”)	 or	 the	 Cookie	 Theft	 Picture.30
Alternatively,	the	patient	can	be	asked	to	describe	the	characteristics	of	an	entity
(eg,	 “What	 is	 a	 dog?”	 or	 “What	 is	 a	 box?”).	 Disorders	 of	 repetition	 can	 be
elicited	by	having	the	patient	repeat	phrases	that	vary	in	grammatical	complexity
(eg,	“Today	is	a	sunny	day”	vs	“no	ifs,	ands,	or	buts”).

Auditory	comprehension	can	be	assessed	at	the	bedside	in	a	number	of	ways.
Examples	 include	 pointing	 to	 named	 objects,	 such	 as	 body-part	 identification
(eg,	 “Point	 to	 your	 left	 thumb,”	 “show	 me	 two	 fingers	 on	 your	 right	 hand,”
“point	 to	 the	 ceiling	 after	 pointing	 to	 the	 floor,”	 “point	 your	 way	 out	 of	 this
room”)	 and	 following	 multistage	 oral	 commands.	 Speech	 comprehension	 can
also	be	assessed	by	asking	“yes/no”	questions	such	as	“Do	cows	fly?”

Common	objects	 (eg,	watch,	pen,	eyeglasses)	can	be	used	 to	 test	naming	 to
confrontation.	Component	parts	(eg,	lens,	frame)	may	detect	more	subtle	naming
deficits.	Oral	reading	can	be	done	at	bedside	by	having	the	patient	read	a	brief
passage	from	a	newspaper,	and	then	asked	“yes-no”	questions	about	its	content.

Asking	the	patient	to	write	a	sentence	of	their	own	or	copy	from	dictation	are
excellent	screening	tests	for	aphasic	writing	deficits.	Comprehension	can	also	be
assessed	 by	 having	 the	 patient	 follow	 written	 directions	 (eg,	 “Point	 to	 the
ceiling”	or	“close	your	eyes”).19	Word-list	 generation	by	 specific	 category	 (eg,
animals,	 items	 found	 in	 supermarket	 or	 hardware	 store)	 and	 by	 specific	 initial
letter	are	sensitive	to	both	language	and	attention	disorders.



Memory	Functions
Memory	 functions	 include	 immediate	 memory	 span,	 learning	 capacity	 and
retention,	 and	 retrieval	 of	 previously	 learned	 information	 (recent	 and	 remote).
Immediate	memory	 span	 is	 commonly	 assessed	with	 a	 digit	 span	 forward	 test
(described	 previously).	 Learning	 capacity	 can	 be	 investigated	 in	 a	 number	 of
ways.	For	example,	three	or	four	unrelated	words	are	presented	and	the	patient	is
instructed	 to	 remember	 them.	 After	 5	 minutes	 of	 other	 testing,	 the	 patient	 is
asked	 to	 recall	 the	 words.	 Nonverbal	 learning	 can	 be	 assessed	 in	 a	 similar
fashion	using	line	drawings	of	simple	geometric	figures	or	by	pointing	to	three
or	four	objects	in	the	room	and	asking	the	patient	to	recall	them	a	few	minutes
later.

Remote	memory	can	be	tested	by	asking	questions	about	political	figures	(eg,
naming	 the	 three	 previous	 Presidents),	 dates	 or	 details	 of	major	world	 events,
and	personal	history	(eg,	name	of	high	school	attended).

Visuospatial	and	Visuoconstructive	Abilities
Visuoconstructive	ability	is	tested	by	having	the	patient	copy	simple	figures	(eg,
cube,	daisy,	interlocking	pentagons).	Spatial	planning	can	be	assessed	with	clock
drawing.	The	patient	 is	 asked	 to	draw	 the	 face	of	 a	 clock	and	 to	 fill	 in	 all	 the
numbers.	Left-sided	visual	inattention	or	hemispatial	neglect	is	suggested	if	the
patient	places	 all	 the	numerals	on	one	 side	of	 the	 clock,	or	omits	 all	 numerals
normally	 on	 one	 side.	 Capacity	 to	 process	 number/time	 relationships	 can	 be
tested	by	having	the	patient	“set	the	time	to	10	minutes	past	11	o’clock.”

Executive	Functions	and	Other	Cognitive	Abilities
Executive	functioning	status	is	gathered	throughout	the	examination	as	described
earlier,	monitoring	for	ability	to	switch	tasks	and	inhibit	responses	when	needed.
Abstract	 thought	 can	 be	 assessed	 by	 asking	 how	 word	 pairs	 are	 alike.	 An
example	of	an	easy	similarity	test	pair	is	“broccoli-cauliflower”;	a	more	difficult
pair	 is	 “fish-dandelion.”	Mental	 arithmetic	 problems	 (eg,	 “How	many	quarters
are	 in	 $1.50?“)	 test	 reasoning	 ability	 as	 well	 as	 immediate	 memory	 and
concentration.	 Insight	 and	 judgment	 can	be	 approximated	when	discussing	 the
patient’s	 recent	medical	care	as	well	as	 their	understanding	of	 their	 status,	and
their	ability	to	manipulate	data	and	make	and	maintain	a	decision	regarding	the



next	steps.	Unfortunately,	there	are	no	reliable	tests	of	judgment.	Patients	may	be
able	 to	 describe	 an	 appropriate	 response	 to	 how	 they	would	 handle	 a	 scenario
(eg,	a	small	emergency)	but	may	not	behave	so	in	a	real	situation.

MENTAL	STATUS	DYSFUNCTION	IN	THE
INTENSIVE	CARE	UNIT

Delirium
4 	 Delirium	 is	 a	 very	 common	 cause	 of	 mental	 dysfunction	 in	 postoperative
patients	 in	 the	 ICU.	The	hallmark	 features	of	delirium	are	waxing	and	waning
inattentiveness,	 confusion,	 and	 psychomotor	 agitation.	 It	 may	 include	 sleep-
wake	 alterations	 and	 in	 many	 patients	 hyperalertness,	 with	 hallucinations	 or
visual	 misinterpretation	 of	 common	 objects.	 Hypoactive	 delirium	 with
alterations	 in	 arousal	 is	 often	 underrecognized.	 Fever,	 sepsis,	 metabolic	 and
endocrine	disturbances,	as	well	as	medication	use	or	withdrawal	are	among	the
causes	of	delirium;	this	is	discussed	in	more	detail	in	Chapters	145	and	157.	The
incidence	 of	 POD	 varies	 depending	 on	 many	 factors	 (eg,	 age,	 surgical
procedure)	with	reports	ranging	from	10%	to	50%	and	higher	incidence	reported
in	older	patients.	POD	is	also	becoming	more	recognized	as	a	strong	risk	factor
for	POCD.5,6,31,32

Postoperative	Cognitive	Decline/Dysfunction
5 	 5 	As	previously	noted,	changes	in	memory	and	concentration	are	often	seen	in
the	ICU	in	the	initial	postoperative	period.	These	changes	can,	however,	persist
beyond	 the	 immediate	 postoperative	period	when	 the	 effects	 of	 anesthesia	 and
analgesia	 directly	 affecting	 cognitive	 functions	 have	 clearly	 worn	 off.	 Most
mental	 status	 changes	 improve,	 but	 in	 some	 cases	 may	 continue	 following
discharge,	even	weeks,	months,	and	years	later	with	associated	impaired	quality
of	 life	 and	 increased	 mortality.18,33	 POCD	 more	 often	 reflects	 higher	 cortical
processes—like	 memory	 and	 executive	 functioning.	 POCD	 has	 been	 noted	 in
20%	to	50%	of	patients	after	cardiac	surgery	at	3	months	and	5%	to	55%	in	other
major	 surgeries.5,34-36	 POD	 and	 POCD	 share	 risk	 factors	 and	 may	 exist	 on	 a
continuum,	but	the	underlying	relationship	is	not	yet	fully	understood.



Focal	Syndromes
Stroke	 is	 another	 adverse	 neurological	 outcome	 from	 surgery—especially
cardiac	 surgery13	 or	 endovascular	 procedures,	 such	 as	 angioplasty—and	 is
usually	 recognized	 by	 the	 presence	 of	 focal	 or	 lateralizing	 deficits	 of	 sudden
onset	with	motor	weakness	 or	 sensory	 deficits	 (Chapters	 149	 and	 150).	 Focal
cognitive	deficits	indicative	of	cortical	dysfunction	include	aphasia,	apraxia,	and
agnosia.	 These	 can	 be	 discovered	 by	 a	 careful	 and	 thorough	 mental	 status
examination.	Focal	cognitive	deficits	are	seen	among	trauma	patients	who	may
have	 experienced	 a	 head-strike	 and/or	 loss	 of	 consciousness	 as	 part	 of	 their
trauma	event.	While	these	patients	may	undergo	emergent	surgery	for	non–head-
related	 reasons	 (eg,	 splenic	 laceration,	 orthopedic	 injury),	 they	 may	 have
cognitive	deficits	related	to	a	traumatic	brain	injury	that	is	unrelated	to	surgery
itself.37

6	RISK	FACTORS
6 	Risk	factors	for	POD	have	been	well	established,	while	the	body	of	literature
for	 POCD	 risk	 is	 not	 as	 robust	 given	 that	 POCD	 continues	 to	 be	 defined,
understood,	and	identified.	Table	147.1	highlights	consistently	found	risk	factors
for	 POD	 (and	 possibly	 for	 POCD).	 Elderly	 patients	 undergoing	major	 cardiac
(eg,	 coronary	 artery	 bypass	 grafting,	 thoracic	 vascular	 surgery)	 and	 major
noncardiac	 (eg,	 orthopedic,	 abdominal)	 surgery	 are	 at	 the	 greatest	 risk	 for
postoperative	cognitive	decline.	Other	 individual	 features	 that	 increase	 the	 risk
of	mental	status	dysfunction	include	previous	cerebrovascular	disease;	previous
and	 undetected	 cognitive	 impairment	 or	 dementia;	 and	 cardiovascular	 risk
factors	 such	 as	 hypertension,	 diabetes,	 and	 peripheral	 vascular	 disease.13,38-42
Though	neuropsychological	 and	cardiac	 factors	 are	most	 consistently	 reported,
comorbidities	 of	 respiratory,	 gastrointestinal,	 renal,	 and	 hematologic	 systems
have	also	been	identified.	Some	literature	has	suggested	a	phenoof	low	physical
and	 cognitive	 reserve	 that	 may	 be	 especially	 susceptible	 to	 POD.	 Identifying
high	 risk	 patients	 may	 give	 opportunities	 for	 early	 interventions	 and
planning.43,44

TABLE	147.1

Potential	Risk	Factors	for	Postoperative	Impairment



Potential	Risk	Factors	for	Postoperative	Delirium

Preoperative Intraoperative Postoperative

Increasing	age Type	of	surgery Pain

Multiple	comorbidities Duration	of	surgery Sleep	issues

Preexisting	cognitive
impairment

Surgical
techniques/approach

Mechanical	ventilation

Poor	functional	status
(including	hearing,	vision)

Hypotension/hypoxia Atrial	fibrillation,
other	cardiac
complications

Poor	nutritional	status Depth	of	sedation Anemia

Polypharmacy Need	for	transfusions Infection

Alcohol	or	drug	abuse Hypoxemia

Renal	issues

Intraoperative	 risk	 factors	 include	 surgical	 technique	 (eg,	 duration	 of
cardiopulmonary	 bypass,	 duration	 of	 aortic	 cross-clamping),	 hypotension,
manipulation	 of	 diseased	 aorta,	 and	 the	 effects	 of	 general	 anesthesia	 and
hypothermia.	 To	 assess	 these	 factors	 requires	 close	 scrutiny	 of	 the	 operative
record,	 and	 of	 the	 anesthesia	 chart.	 Atherothromboembolic	 phenomena
(microemboli)	 and	 hypoxia	 with	 watershed	 area	 injury	 secondary	 to
hypoperfusion	 are	 possible	 causative	 mechanisms	 of	 postoperative	 cognitive
dysfunction	due	to	intraoperative	events	during	surgery.12,45

A	number	of	postoperative	factors	can	also	affect	cognitive	status	during	an
ICU	 stay,	 including	 the	 use	 of	 analgesics,	 degree	 of	 physical	 discomfort,	 and
depression.4,46	 These	 factors	may	 produce	 short-term	 but	 self-limited	 cognitive
change.	 Nevertheless,	 they	 should	 be	 taken	 into	 account	 when	 assessing	 the
mental	status	of	a	patient	in	the	ICU.

INTERVENTIONS
7 	 7 	 Like	 risk	 factors,	 evidence	 for	 interventions	 remains	 strongest	 for	 POD,



while	 guidance	 for	 POCD	 interventions	 rely	 more	 on	 expert	 opinion	 and
consensus	statements.	Although	studies	for	POCD	interventions	are	lacking,	the
limited	 literature	 suggests	 that	 interventions	 for	 POD	 are	 likely	 relevant	 for
POCD	 as	 well	 (Table	 147.2).	 Interventions	 with	 best	 evidence	 relate	 to	 the
perioperative	 phase	 and	 generally	 relate	 to	 controlling	 vascular	 risk,	 reducing
polypharmacy,	 addressing	 substance	 use,	 identifying	 a	 role	 for	 prehabilitation,
and	establishing	a	clear	cognitive	baseline.	During	presurgical	screening,	it	may
be	 helpful	 to	 stratify	 patients	 by	 modifiable	 and	 nonmodifiable	 risk	 factors.
Modifiable	 risk	 factors	 may	 be	 addressed	 by	 a	 comprehensive	 review	 and
development	of	an	action	plan	to	optimize	the	patient	preoperatively	or	mitigate
impact	 on	 POD	 and	 POCD.	 Nonmodifiable	 risk	 factors	 may	 prompt	 more
detailed	 conversation	 about	 consent	 and	 risk	 with	 patient/family,	 and	 surgical
and	 postoperative	 planning	 with	 a	 multidisciplinary	 team.	 Intraoperative
interventions	 are	 limited	 and	 focus	 primarily	 on	 avoiding	 interventions	 or
instances	that	may	promote	POD.	Studies	have	investigated	but	not	shown	clear
evidence	for	the	following	POD	interventions:	use	of	specific	anesthetic	agents
or	doses;	use	of	regional/neuraxial	blockade	as	primary	anesthetic	technique;	use
of	prophylactic	medications,	or	use	of	electroencephalographic	monitoring	as	a
means	to	avoid	deep	anesthesia	(i.e.,	burst	suppression).	These	areas	of	research
remain	 active.	 Standardized	 delirium	 protocols	 are	 recommended	 during	 the
postoperative	period.45,47-50

TABLE	147.2

Interventions	for	Postoperative	Impairment

Interventions	for	Postoperative	Delirium

Preoperative Intraoperative Postoperative

Screen	for
nonmodifiable	risk
factors	(eg,	age,
longer	surgery
duration)

Avoid/limit	high	risk
medications	(eg,
benzodiazepines,
anticholinergics,	histamine
receptor	antagonists)

Screen	for	delirium

Screen	for	modifiable
risk	factors	(eg,

Use	sedation	with
dexmedetomidine	in	patients

Optimize
multimodal	pain



smoking,	poorly
controlled
comorbidities)

requiring	postoperative
mechanical	ventilation

control

Inform	and	discuss
risk	with	patient,
family,	and	care	team

Avoid	hypotension Avoid	high	risk
medications

Avoid	delirium	prophylaxis Pursue
nonpharmacologic
interventions	(eg,
Hospital	Elder	Life
Program)

SUMMARY
Testing	for	mental	status	dysfunction	of	a	patient	during	the	ICU	stay	can	be	a
complex	 and	 difficult	 task.	 Interpretation	 of	 test	 results	 can	 be	 confounded	 by
premorbid	 patient	 characteristics	 (eg,	 presence	 of	 a	 dementing	 illness
presurgically)	 and	 the	patient’s	 current	 status	 (eg,	drowsiness	 in	 the	 context	of
high-dose	 analgesics,	 sedatives,	 and	 other	 medications).	 Mental	 status	 testing
should	not	be	attempted	when	arousal	is	abnormal	or	when	the	patient	is	too	ill.
The	approach	to	testing	should	be	flexible	and	targeted	to	the	individual	patient’s
complaints	 and	 level	 of	 functioning.	Multiple	 time	 points	 for	 testing	 increases
diagnostic	 yield	 as	 a	 sense	 of	 a	 stable,	 fluctuating,	 or	 changing	 exam	 can	 be
appreciated.	More	studies	are	needed	to	identify	the	most	appropriate	time	points
for	this	testing.	Postoperative	cognitive	changes	can	range	from	obvious	deficits
of	 concentration	 and	 memory	 to	 subtle	 deficits	 of	 executive	 functioning.
Evidence	 of	 abnormality	 during	 a	 screening	 evaluation	 warrants	 a	 thorough
neurological	evaluation.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	63-year-old	woman	with	a	history	of	hypertension	and	hyperlipidemia



experienced	a	myocardial	infarction,	underwent	stenting,	and	was	admitted	to
the	ICU.	Prior	to	the	procedure,	she	was	working	fulltime	as	an	accountant.	On
postoperative	day	1,	her	mental	status	steadily	improved	as	sedation	was
discontinued.	In	the	afternoon	on	postoperative	day	2,	the	patient	was	unable	to
recall	events	or	conversations	from	earlier	in	the	day.	Bedside	testing	revealed
inattention	with	no	focal	somatosensory	deficits.	With	prolonged	questioning
and	examination,	she	would	become	agitated.	Her	family	had	noted	her	to	be
pleasant	and	“almost	back	to	her	normal	self”	earlier	that	morning.	By	day	3,
nursing	notes	that	her	condition	has	improved.	What	is	the	most	accepted	term
for	the	patient’s	mental	status	change?

A. 	Acute	brain	dysfunction
B. 	Acute	encephalopathy
C. 	Postoperative	cognitive	dysfunction
D. 	Postoperative	delirium

2. 	A	30-year-old	man	with	no	prior	past	medical	history	fell	from	a	ladder
while	working.	When	found,	he	was	unresponsive	but	otherwise
hemodynamically	stable.	In	the	ED,	he	was	noted	to	have	a	wrist	fracture,
several	rib	fractures,	and	an	intraparenchymal	brain	hemorrhage	in	the	left
temporal	lobe.	Due	to	a	worsening	exam	and	new	hemodynamic	instability,	he
underwent	emergent	decompressive	craniectomy	and	was	subsequently	admitted
to	the	ICU.	He	required	medication	for	pain	and	agitation.	On	postoperative	day
3,	the	family	requests	a	team	meeting	to	discuss	clinical	status	and	prognosis.
What	is	the	most	appropriate	way	to	determine	prognosis?

A. 	Inquire	about	preinjury	cognitive	status
B. 	Perform	electroencephalogram
C. 	Repeat	head	imaging
D. 	Wean	and	discontinue	sedation

3. 	A	72-year-old	woman	with	hypertension,	hyperlipidemia,	diabetes,	and
anxiety	is	planning	to	undergo	elective	hip	replacement.	She	has	never	had
surgery	before.	She	is	prescribed	sertraline	for	anxiety.	She	is	anxious	about	how
her	surgery	may	impact	her	cognition	and	wants	to	know	if	there	is	anything	that
she	can	do	to	mitigate	the	risk.	What	should	her	team	do	to	address	her
concerns?

A. 	Intraoperative	use	of	sevoflurane	anesthesia	rather	than	desflurane



B. 	Postoperative,	prophylactic	low-dose	haloperidol
C. 	Preoperative	cardiovascular	status	review	and	optimization
D. 	Preoperative	cognitive	training	sessions

Answers

1.	The	correct	answer	is	D.
Rationale:	 Postoperative	delirium	 reflects	 a	 fluctuating	 course	 characterized

by	 inattention,	 confusion,	 and	 agitation	 (choice	 D	 is	 correct).	 Postoperative
cognitive	dysfunction	reflects	a	cognitive	decline	as	measured	by	mental	status
testing	extending	beyond	the	early	timeframe	of	postoperative	delirium	(choice
C	 is	 incorrect).	 Acute	 encephalopathy	 describes	 a	 broad	 term	 that	 reflects
generalized	brain	dysfunction	due	 to	a	 systemic	underlying	cause	but	does	not
define	 or	 characterize	 those	 deficits	 in	 any	 detail	 (choice	 B	 is	 not	 the	 best
answer).	Acute	 brain	 dysfunction	 is	 a	 term,	 like	 encephalopathy,	 that	 is	 broad
and	does	not	accurately	or	 in	a	clinically	meaningful	way	describe	 the	clinical
presentation	(choice	A	is	not	the	best	answer).

2.	The	correct	answer	is	D.
Rationale:	 To	 obtain	 an	 accurate	 and	 reliable	mental	 status	 exam,	 sedation

should	be	stopped	(or	held)	as	it	will	obscure	the	cognitive	assessment	(choice	D
is	correct).	An	understanding	of	baseline,	preinjury	cognitive	status	is	necessary
to	 appreciate	 any	 change,	 but	 not	 useful	 when	 a	 reliable,	 current	 exam	 is	 not
available	 (choice	 A	 is	 incorrect).	 Repeat	 imaging	 may	 show	 radiographic
improvement	or	worsening	but	would	lack	a	clinical	exam	correlate	(choice	C	is
incorrect).	Similarly,	an	electroencephalogram	could	 theoretically	show	seizure
activity	or	 rhythms	suggestive	of	metabolic	dysfunction	or	medication	use,	but
would	 need	 to	 be	 interpreted	 in	 the	 context	 of	 a	 clinical	 exam	 (choice	 B	 is
incorrect).	 Serial	 bedside	 exams	 are	 helpful	 for	 establishing	 stability	 and
identifying	change,	but	will	not	be	helpful	if	the	exam	is	obscured	by	sedation.

3.	The	correct	answer	is	C.
Rationale:	 Screening	 for	 cardiovascular	 risk	 and	 optimizing	 cardiovascular

conditions	 have	 strong	 evidence	 for	 reducing	 postoperative	 cognitive	 delirium
and	 likely	 postoperative	 cognitive	 dysfunction	 as	 well	 (choice	 C	 is	 correct).
There	 is	 no	 clear	 evidence	 of	 benefit	 with	 one	 anesthetic	 agent	 vs	 another
(choice	A	 is	 incorrect)	 or	 for	 prophylactic	 treatment	 for	 delirium	 (choice	B	 is
incorrect).	 Presurgical	 cognitive	 training	 lacks	 strong	 evidence	 as	 an



intervention,	while	her	known	cardiovascular	 risk	 factors	present	 the	clear	 and
potentially	modifiable	 risk	 (choice	D	 is	 incorrect).	Of	 note,	while	medications
for	anxiety	are	important,	her	anxiety	may	improve	with	education,	discussion	of
her	questions,	and	developing	a	comprehensive	plan.
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Chapter	148
Generalized	Anoxia/Ischemia	of	the
Nervous	System
Banu	Sundar,	Majaz	Moonis

KEY	POINTS:
1.	 Neuronal	tissue	is	unique	is	its	high	dependence	on	a	continuous

source	of	oxygen.
2.	 Clinical	findings	and	other	diagnostic	indicators	are	useful	in	early

prognostication	following	hypoxic/anoxic	brain	injury.
3.	 Targeted	temperature	management	improves	outcomes	resulting

from	anoxic	brain	injury	due	to	cardiac	arrest.

INTRODUCTION
Anoxic	 brain	 injury	 results	 from	 inadequate	 oxygen	 supply	 to	 the	 brain.	 The
clinical	picture	ranges	from	mild	confusion	to	deep	coma	with	loss	of	brainstem
responses.	 Anoxic	 damage	 can	 be	 caused	 by	 circulatory	 collapse;	 respiratory
failure;	 or	 inadequate	 hemoglobin	 or	 its	 ability	 to	 bind	 and	 release	 oxygen.
Prognosis	 and	 management	 of	 the	 anoxic	 patient	 depend	 in	 part	 on	 which	 of
these	mechanisms	has	caused	the	injury.

PATHOGENESIS
1 	The	brain	 is	unique	 in	 that	 it	 uses	 almost	 exclusively	aerobic	metabolism	of
glucose	 and	 a	 continuous	 supply	 of	 oxygen	 is	 thus	 essential.	 The	 continuous
availability	 of	 oxygen	 is	 secured	 by	 the	 cerebral	 vasculature’s	 autoregulatory
mechanisms,1	which	control	 the	rate	of	blood	flow	over	a	wide	range	of	blood
pressures.	 Failure	 of	 autoregulatory	 mechanism	 results	 in	 a	 changeover	 from



aerobic	to	anaerobic	metabolism.
1 	 During	 cardiac	 arrest	 (CA),	 depletion	 of	 brain	 oxygen	 reserves	 occurs

within	10	seconds,	thereby	eliminating	the	major	source	of	neuronal	energy	from
ATP	 (adenosine	 triphosphate)	 and	 phosphokinase.	 Excessive	 glutamate	 release
and	 reduced	 reuptake	 lead	 to	 activation	 of	 the	 NMDA	 (N-methyl-d-aspartate)
receptors	 and	 consequent	 ischemic	 cascade.	 The	 resulting	 intracellular
(cytotoxic)	 edema	 leads	 to	 increased	 intracranial	 pressure.	 The	 changeover	 to
anaerobic	metabolism	results	in	neuronal	catabolism.	Buildup	of	lactic	acid	and
pyruvate	products	of	anaerobic	metabolism	potentiates	neuronal	damage.

DIAGNOSIS
The	 first	 question	 to	 address	when	 evaluating	 a	 comatose	 or	 obtunded	 patient
with	a	possible	hypoxic	insult	is	whether	the	impaired	consciousness	is	the	result
of	a	metabolic	insult	or	a	structural	brain	lesion.	Coma	caused	by	a	mass	lesion
is	usually	associated	with	focal	neurological	signs.	Computed	tomography	(CT)
or	magnetic	resonance	imaging	(MRI)	scans	usually	reveal	focal	lesions	in	this
setting.	Metabolic	causes,	including	anoxic	encephalopathy,	should	be	suspected
when	patients	with	impaired	consciousness	present	with	a	nonfocal	examination.

The	 diagnosis	 is	 often	 suggested	 by	 the	 clinical	 setting	 (eg,	CA	 in	 patients
with	arrhythmias	or	myocardial	infarctions,	or	severe	episodes	of	intraoperative
hypotension).	 Arterial	 blood	 gas	 determination,	 if	 obtained	 during	 the	 causal
event,	 can	 confirm	 the	 diagnosis.	 Acute	 decrease	 of	 the	 partial	 pressure	 of
oxygen	 to	 less	 than	 40	mm	Hg	 causes	 confusion,	 and	 to	 less	 than	 30	mm	Hg
results	in	coma.2	Associated	abnormalities	that	potentiate	anoxic	damage	include
anemia,	acidosis,	hypercapnia,	hyperthermia,	and	hypotension.

The	internist	or	neurologist	is	often	consulted	to	evaluate	the	patient	who	has
impaired	consciousness	after	well-documented	cerebral	hypoperfusion	event	that
has	 occurred	 during	 surgical	 operations	 requiring	 the	 use	 of	 extracorporeal
circulation.	The	neurological	examination	is	usually	nonfocal.	Because	surgical
patients	with	 such	 a	 history	 often	 have	 preexisting	 systemic	 illnesses,	 it	 is	 the
obligation	of	the	intensive	care	physician	to	determine	whether	the	new	deficits
are	caused	by	anoxic	encephalopathy,	or	by	other	treatable	conditions	secondary
to	 metabolic,	 infectious,	 or	 iatrogenic	 factors	 such	 as	 sedating	 medications.
Intracerebral	 hemorrhage	 and	 subdural	 hematomas	 should	 also	 be	 ruled	 out
because	they	can	occur	spontaneously	during	the	perioperative	period,	especially
among	anticoagulated	patients.



CLINICAL	COURSE	AND	PROGNOSIS
The	clinical	outcomes	for	patients	with	anoxic	injuries	depend	on	the	degree	and
duration	of	oxygen	deprivation	to	the	brain	as	well	as	the	maintenance	of	blood
flow.	With	complete	cessation	of	blood	flow	to	 the	brain,	consciousness	 is	 lost
after	several	seconds.	When	anoxia	is	moderately	prolonged,	the	patient	awakens
but	may	have	residual	deficits,	such	as	cognitive	impairment,	or	later	sequelae,
including	 extrapyramidal	 movement	 disorders	 or	 seizures,	 which	 may	 not
develop	for	days	to	weeks.

A	delayed	postanoxic	syndrome	may	occur	rarely	among	patients	with	carbon
monoxide	poisoning	after	the	initial	coma.	Three	to	30	days	following	the	initial
anoxic	 insult,	 after	 the	 patient	 has	 regained	 consciousness	 and	 cognitive
function,	 there	 is	 a	 secondary	 decline	 characterized	 by	 irritability,	 confusion,
lethargy,	clumsiness,	and	increased	muscle	tone;	patients	may	become	comatose
again	 and	 die.	 The	 cause	 is	 unknown,	 but	 it	 may	 be	 caused	 by	 alteration	 of
enzymatic	processes;	edema;	or	damage	to	small	blood	vessels.2,3

The	 overall	 prognosis	 for	 a	 meaningful	 recovery	 of	 patients	 with
nontraumatic	coma	is	guarded;	 the	 longer	patients	are	 in	coma,	 the	worse	 their
outcomes.4,5	 Maximal	 improvement	 usually	 occurs	 within	 the	 first	 30	 days.
Nonanoxic	metabolic	coma	carries	the	best	prognosis,	whereas	anoxic	coma	has
a	better	prognosis	than	coma	resulting	from	structural	lesions.	A	good	outcome
is	 seen	 in	 50%	 of	 patients	who	 awaken	within	 24	 hours.	Although	 infrequent
seizures	 or	 myoclonus	 do	 not	 affect	 prognosis,	 myoclonic	 or	 nonconvulsive
status	 epilepticus	 is	 a	 grave	 prognostic	 sign	 and	 is	 associated	 with	 poor
recovery.4,6

If	 consciousness	 is	 maintained	 during	 a	 hypoxic	 event,	 there	 is	 rarely
permanent	 brain	 damage.	 Irreversible	 damage	 is	 rarely	 seen	 in	 healthy
individuals	if	the	duration	of	anoxia	is	less	than	4	minutes,	although	it	may	occur
for	individuals	with	preexisting	cerebrovascular	disease	in	shorter	periods.

2 	In	cases	of	nontraumatic	coma,	the	most	valuable	prognostic	information	is
obtained	from	the	physical	examination	and	certain	other	diagnostic	 indicators.
Favorable	prognostic	indicators	include	the	following:

1.	 Recovery	of	multiple	brainstem	responses	within	48	hours	(pupillary,
oculocephalic,	and	corneal).4

2.	 Return	of	purposeful	responses	to	painful	stimuli	by	24	hours.
3.	 Primary	pulmonary	event	leading	to	coma.
4.	 Hypothermia	at	the	time	of	the	anoxic	event	may	be	protective.



5.	 Younger	age.7

Poor	prognostic	indicators	in	persistent	coma	include	the	following:

1.	 Absence	of	pupillary	and	corneal	responses,	and	withdrawal	response	to
pain	in	24	hours.8

2.	 The	loss	of	vestibulo-ocular	responses	at	12	hours,	presence	of	decerebrate
or	decorticate	posturing	at	24	hours,	and	absent	motor	response	to	pain	by
the	third	day.7,9,10

3.	 Electroencephalogram	(EEG)	within	24	hours	after	CA	showing
unfavorable	patterns	such	as	isoelectric,	low-voltage,	and	burst	suppression
with	identical	bursts.11

4.	 Bilateral	absences	of	the	N20	of	the	somatosensory	evoked	potentials
(SSEPs)	of	at	least	24	hours’	duration.12

5.	 Noncontrast	CT	scan	shows	lower	gray-white	matter	ratio	in	comatose
patients	after	CA.13

6.	 Extensive	abnormalities	on	diffusion-weighted	imaging.14,15
7.	 Myoclonus	or	status	epilepticus	the	first	day.

SSEPs	 are	 not	 abolished	 in	 reversible	 coma	 owing	 to	 metabolic	 or	 toxic
causes,	 sedative	 or	 anesthetic	 administration,	 nor	 even	 in	 barbiturate	 coma,
which	makes	its	absence	potentially	useful	in	the	diagnosis	of	brain	death.16

Serum	 neuron-specific	 enolase	 (NSE),	 and	 SSEP	 studies	 can	 assist	 in
accurately	 predicting	 poor	 outcomes	 of	 comatose	 patients	 after	CPR	 for	CA.17
When	prognosticating	by	the	clinical	criteria	alone,	one	must	be	careful	that	no
sedative,	 anesthetic,	 or	 anticonvulsant	 is	 being	 used,	 because	 these	 agents	 can
suppress	brainstem	reflexes.

Generalized	cerebral	anoxia	due	to	respiratory	insufficiency,	with	maintained
circulation,	carries	a	better	prognosis.	A	low	partial	pressure	of	oxygen	does	not
necessarily	convey	a	bad	prognosis	in	cases	of	isolated	hypoxia,	if	circulation	is
carefully	maintained.18,19	 Conversely,	 the	 presence	 of	 metabolic	 abnormalities,
such	as	lactic	acidosis,	worsens	prognosis.

For	cases	of	out-of-hospital	CA	(OHCA),	survival	depends	on	the	total	time
required	to	establish	effective	cerebral	blood	flow.	The	arrest	time	(AT)	and	the
CPR	 time	 to	effective	cardiac	 function	 represent	 a	continuum	from	absence	of
cerebral	 blood	 flow	 to	 effective	 circulation,	 and	 together	 represent	 the	 total
duration	 of	 ineffective	 cerebral	 blood	 flow.	 Short	AT	 is	 compatible	with	 good
outcomes	 even	 after	 longer	 periods	 of	CPR,	whereas	 increasing	 lengths	 of	AT
reduce	 the	 time	window	for	 successful	CPR.	AT,	CPR	 time,	and	prognosis	 for



neurological	recovery	are	summarized	in	Table	148.1.

TABLE	148.1

Prognosis	for	Functional	Neurologic	Recovery	With
Corroborating	Arrest	Time	and	CPR	Minutes20

Arrest	Time
(Minutes)

CPR	Time
(Minutes)

Prognosis	for	Functional
Neurological	Recovery

<6 <30 >50%

>6 <5 50%

>6 6-15 19%

>6 >15 0

CPR,	cardiac	pulmonary	resuscitation.
Arrest	time	is	the	time	from	collapse	to	the	time	CPR	is	started;	CPR	time	is	the	time	from
imitation	of	CPR	to	the	return	of	spontaneous	circulation	(ROSC).

From	Abramson	NS,	Safar	P,	Detre	KM.	Neurologic	recovery	after	cardiac	arrest:	effect	of
duration	of	ischemia.	Crit	Care	Med.	1985;14:930.

The	 OHCA	 outcome	 differed	 by	 time	 to	 first	 CPR	 and	 first	 documented
rhythm;	 shortening	 of	 time	 to	 first	 CPR	 is	 crucial	 for	 improving	 OHCA
outcomes.21	 Unsuccessful	 CPR	 before	 arrival	 at	 an	 emergency	 department
predicts	 a	 poor	 prognosis.22	 Emergency	 crew–witnessed	 arrests;	 consciousness
level	on	admission;	and	requirement	for	ventilation	are	independently	useful	 to
predict	in-hospital	outcome	and	mortality.23

Magnetic	resonance	spectroscopy	demonstrating	elevated	lactate	and	reduced
N-acetyl	aspartate	peaks	is	associated	with	a	poor	prognosis.24,25

Cerebrospinal	 fluid	 (CSF)	 lactate	 levels,	 NSE,	 and	 brain-creatine	 kinase
isoenzyme	levels,	may	have	predictive	value	24	hours	after	CA.26,27	Patients	with
either	serum	NSE	more	than	33	µg/L	at	24	hours,	or	CSF	brain-creatine	kinase
isoenzyme	more	than	50	U/L	at	48	to	72	hours,	had	a	poor	outcome.12,28

After	OHCA,	the	overall	probability	of	awakening	is	roughly	50%.29	Much	of
this	depends	on	the	duration	of	the	coma.	The	longer	a	patient	survived	without
awakening,	 the	 smaller	 the	 probability	 of	 awakening	 without	 deficits.30,31	 In



cases	 of	 OHCA,	 patients	 who	 are	 comatose	 on	 admission,	 but	 who	 awake	 to
follow	 commands	within	 2	 days,	 have	 an	 80%	probability	 of	 good	 neurologic
function	on	discharge	or	later.29

TREATMENT
Treatment	 approaches	 for	 CA	 and	 perioperative	 hypoxic	 encephalopathy	 are
similar.	Optimal	therapy	is	directed	at	preventing	the	recurrence	of	hypoxia.	To
ensure	that	the	oxygen-carrying	capacity	of	the	blood	is	restored,	excess	oxygen
administration	is	suggested	for	several	hours	after	anoxic	events.	Blood	pressure
is	maintained	at	normotensive	or	mildly	elevated	levels.	Mean	arterial	pressure
should	 be	 90	 to	 110	 mm	Hg	 for	 patients	 who	 are	 usually	 normotensive.	 The
partial	pressure	of	oxygen	should	be	more	than	100	mm	Hg.	The	partial	pressure
of	 carbon	dioxide	 is	 kept	 at	 the	patient’s	 baseline	 (usually	40	mm	Hg),	 unless
there	are	active	signs	of	cerebral	herniation;	if	herniation	is	suspected,	the	patient
may	 be	 hyperventilated	 pending	 osmotherapy	 or	 surgical	 intervention.	 Mild
hypovolemia	 and	 elevation	 of	 the	 head	 of	 the	 bed	 to	 30°	 reduce	 intracranial
pressure.	Vital	signs,	hematocrit,	electrolytes,	blood	sugar,	and	serum	osmolality
should	be	maintained	in	the	normal	range.	In	all	cases,	a	head	CT	or	MRI	scan
and	 complete	 metabolic	 studies	 should	 be	 obtained	 to	 exclude	 structural	 and
other	functional	causes.

Seizures	occur	among	25%	of	patients	with	anoxic	 coma.4	They	are	 treated
with	 loading	 and	 then	 maintenance	 doses	 of	 fosphenytoin	 (loading	 dose,	 15-
20	 mg	 phenytoin	 equivalents	 per	 kg,	 rate	 not	 to	 exceed	 100	 mg	 phenytoin
equivalents	 per	minute;	maintenance	 dose,	 5	mg	 phenytoin	 equivalents	 per	 kg
per	 day).	 Alternatively,	 intravenous	 phenytoin	 can	 be	 used	 (loading	 dose,	 18-
20	 mg/kg	 at	 a	 rate	 of	 50	 mg/min;	 maintenance	 dose,	 5	 mg/kg/d).	 Newer
medications	 (sodium	 valproate,	 levetiracetam)	 can	 be	 used	 as	 loading	 and
maintenance	treatment.	They	have	the	advantage	of	less	drug	interaction/adverse
reactions	 but	 have	 no	 proven	 efficacy	 over	 the	 other	 known	 antiseizure
medications.	Patients	with	cardiac	conduction	abnormalities	need	to	be	carefully
monitored	while	being	loaded	with	fosphenytoin	or	phenytoin.	Phenobarbital	is
usually	 avoided	 because	 of	 its	 sedative	 effects.	 However,	 when	 necessary,
loading	doses	in	adults	are	up	to	500	mg	intravenously,	and	maintenance	doses
are	 2	 to	 4	mg/kg/d.32	Because	 status	 epilepticus	 or	 frequent	 untreated	 seizures
can	 further	 damage	 the	 brain,	 an	 EEG	 should	 be	 obtained	 when	 there	 is	 any
question	of	subclinical	epileptiform	activity.8	Some	postanoxic	patients	develop
delayed	 intention	 myoclonus.	 This	 can	 be	 distinguished	 from	 seizure	 activity



because	 the	 latter	 is	 accompanied	 by	 an	 epileptiform	 discharge	 on	 the	 EEG,
whereas	myoclonus	is	not.

Steroids,	mannitol,	and	glycerol	are	 ineffective	and	 result	 in	elevated	serum
blood	 glucose,	 which	 increase	 production	 of	 lactic	 acid,	 possibly	 potentiating
preexisting	damage.

3 	 Since	 2003,	 therapeutic	 hypothermia	 (TH)	 has	 been	 a	 core	 therapeutic
component	of	post-CA	care	and	is	believed	to	improve	neurologic	outcomes	by
decreasing	 hypoxic	 ischemic	 brain	 injury.	 Current	 professional	 society	 guide-
lines	 recommend	a	 target	 temperature	of	32	 to	36	°C	for	at	 least	24	hours.	An
indepth	discussion	of	the	procedure	can	be	found	in	Chapter	195,	Management
of	the	Cardiac	Arrest	Survivor.

Contraindications	for	TH	include33:

1.	 Patients	demonstrating	rapid	and	complete	neurological	recovery.
2.	 Patients	with	DNR	(do-not-resuscitate)	orders.
3.	 Patients	with	active	bleeding	or	those	at	high	risk	of	bleeding.

SUMMARY
The	 effects	 of	 oxygen	 deprivation	 depend	 on	 many	 factors;	 the	 degree	 and
duration	 of	 hypoxia	 are	 the	most	 important.	 In	 cases	 of	 CA,	 brain	 damage	 is
proportional	 to	 the	 amount	 of	 time	 without	 perfusion.	 The	 patient’s	 age	 and
comorbid	 factors	 play	 a	 role	 for	 the	 body’s	 ability	 to	 withstand	 oxygen
deprivation.

Treatment	strategies	 for	 the	acute	phase	 focus	on	supportive	care.	Elevation
of	the	head	of	the	bed,	maintaining	a	relatively	hypovolemic	state,	and	avoidance
of	 hypotension	 may	 be	 of	 benefit.	 A	 vigorous	 search	 should	 be	 made	 for
concurrent	metabolic	abnormalities.

Prognosis	 is	 best	 determined	 by	 the	 early	 return	 of	 brainstem	 and	 cranial
nerve	 function.	 An	 evidence-based	 review	 based	 on	 American	 Academy	 of
Neurology	(AAN)	practice	parameters	shows	absence	of	brainstem	functions	72
hours	after	the	event	is	associated	with	poor	outcomes.17	Other	poor	prognostic
signs	 include	BAER	(brainstem	auditory	evoked	response)	showing	no	cortical
waves	8	hours	after	 the	circulatory	arrest;	absence	of	cortical	SSEP;	and	a	CT
scan	 demonstrating	 diffuse	 edema,	 loss	 of	 gray-white	 matter	 distinction,	 or
watershed	infarcts.	The	overall	functional	recovery	rate	is	approximately	13%.	If
a	patient	has	not	regained	consciousness	by	6	hours	after	the	onset	of	coma,	the
chance	of	survival	 for	1	year	 is	10%,	and	many	of	 these	survivors	 remain	 in	a



vegetative	state.
Induced	hypothermia	improves	outcomes	of	CA	survivors.	Numerous	studies

have	 shown	 that	 TH	 can	 be	 applied	 safely	 with	 minimal	 side	 effects.	 More
studies	 will	 be	 required	 to	 determine	 the	 optimal	 duration	 of	 TH,	 and
identification	 of	 patients	 who	 might	 benefit	 from	 deeper	 or	 more	 prolonged
hypothermia.	 It	 might	 be	 possible	 that	 less	 severely	 injured	 patients	 might
benefit	more	 from	TH,	 aiding	 in	 better	 functional	 recovery—a	 possibility	 that
should	be	explored	in	future	studies.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	56-year-old	woman	with	a	history	of	uncontrolled	diabetes	and	coronary
artery	disease	(coronary	artery	bypass	grafting	×	3)	has	a	cardiac	arrest.	The
ambulance	arrives	at	the	scene	in	13	minutes	and	resuscitated	her	pulse	in	8
minutes.	What	is	the	best	estimate	for	her	functional	neurological	recovery?

A. 	10%	to	20%
B. 	25%	to	50%
C. 	55%	to	65%
D. 	>70%

2. 	A	38-year-old	healthy	man	presents	with	coma	after	cardiac	arrest	for
3	minutes,	with	return	of	spontaneous	circulation	(ROSC)	after	4	minutes	of
CPR.	The	cardiac	rhythm	during	the	arrest	was	reported	to	be	ventricular
fibrillation.	What	additional	intervention	now	has	been	suggested	to	improve
neurological	outcomes?

A. 	Fosphenytoin
B. 	Hypothermia
C. 	Mannitol
D. 	Steroids



3. 	A	66-year-old	man	with	a	history	of	hypothyroidism	and	atrial	fibrillation
maintained	on	apixaban	has	been	on	ventilator	support	for	2	days	after	an	out-of-
hospital	cardiac	arrest	(OHCA).	His	family	wants	to	know	the	prognosis	for
functional	neurological	recovery.	The	patient	is	currently	maintained	on	propofol
drip	and	received	midazolam	boluses.	Which	of	the	following	would	be	most
helpful	for	evaluating	prognosis	at	this	time?

A. 	Assess	for	somatosensory	evoked	potentials
B. 	Check	corneal,	oculocephalic	reflexes
C. 	Perform	lumbar	puncture
D. 	Stop	sedatives	and	do	a	neurological	exam	in	24	hours

Answers

1.	The	correct	answer	is	A.
Rationale:	The	arrest	time	(AT)	of	13	minutes	is	greater	than	the	6-minute	AT

cutoff	 time,	 and	 6	minutes	 of	 CPR	 places	 her	 in	 the	 third	 lowest	 of	 the	 four
prognosis	groups	with	a	19%	probability	of	neurological	 recovery	(choice	A	is
correct).	Arrest	times	of	less	than	6	minutes	are	associated	with	more	favorable
neurological	 outcomes	when	 return	 of	 spontaneous	 circulation	 (ROSC)	 occurs
less	than	30	minutes	after	the	start	of	effective	CPR.	When	AT	is	longer	than	6
minutes	 and	ROSC	 is	 achieved	 in	 less	 than	5	minutes,	 a	25%	 to	50%	rates	of
neurological	recovery	can	be	expected.	The	best	prognosis	group	has	short	arrest
times	 (<6	 minutes)	 and	 can	 have	 CPR	 times	 of	 up	 to	 30	 minutes.	 This	 best
prognosis	group	is	associated	with	>50%	rates	of	neurological	recovery.

2.	The	correct	answer	is	B.
Rationale:	 In	 comatose	 patients	 with	 initial	 cardiac	 rhythm	 of	 ventricular

tachycardia	(VT)	or	ventricular	fibrillation	(VF)	after	cardiac	arrest,	therapeutic
hypothermia	 (TH)	 32-36	 °C	 for	 24	 hours)	 has	 been	 associated	 with	 better
neurological	outcomes	than	control	group	patients	(level	A	evidence)	(choice	B
is	correct).	Studies	of	fosphenytoin,	mannitol,	and	steroids	have	not	consistently
reported	efficacy.

3.	The	correct	answer	is	D.
Rationale:	The	72-hour	neurological	examination	is	 the	most	helpful	 testing

for	 assessment	 of	 post–cardiac	 arrest	 neurological	 prognosis	 (choice	 D	 is
correct).	 A	 complete	 exam	 is	 more	 informative	 than	 a	 partial	 examination
(choice	 B	 is	 incorrect).	 Lumbar	 puncture	 can	 be	 helpful	 for	 diagnosing	 CNS



infections	 but	 has	 limited	 ability	 to	 predict	 post	 arrest	 recovery	 (choice	 C	 is
incorrect).	Somatosensory	evoked	potentials	can	 identify	 intact	pathways	but	a
comprehensive	 neurological	 examination	 has	 more	 predictive	 power	 for	 post
arrest	neurological	function	(A	is	incorrect).
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Chapter	149
Cerebrovascular	Diseases
Richard	P.	GoddeauJr,	Majaz	Moonis

KEY	POINTS:
1.	 Thrombolytic	therapy	for	ischemic	stroke	may	be	considered	up	to

4.5	hours	after	onset	of	symptoms,	and	even	up	to	9	hours	for
selected	patients.

2.	 Endovascular	rescue	with	thrombectomy	is	of	value	for	patients	with
large	vessel	occlusion	up	to	6	hours	after	onset	of	symptoms,	and
even	up	to	24	hours	after	symptom	onset	for	selected	patients.

3.	 Initial	therapies	for	intracerebral	hemorrhage	(ICH)	target	decreasing
the	risk	of	continued	bleeding.

4.	 Prophylactic	anticonvulsants	are	not	routinely	employed	for	patients
with	ICH.

5.	 Studies	have	failed	to	show	benefits	of	routine	evacuation	of
intracranial	hematomas.	Exceptions	may	be	cerebellar	hematomas.

INTRODUCTION
The	 two	 major	 categories	 comprising	 acute	 cerebrovascular	 diseases	 are
ischemic	 and	 hemorrhagic	 strokes,	 the	 latter	 of	 which	 includes	 intracerebral
hemorrhage	(ICH).	Many	of	these	patients	require	management	in	the	intensive
care	 unit	 (ICU)	 to	 monitor	 and	 manage	 associated	 cerebral	 and	 systemic
complications	of	 the	disease	or	 acute	 therapies.	This	 chapter	 reviews	 the	basic
concepts	 of	 pathogenesis,	 diagnosis,	 evaluation,	 and	 management	 for	 patients
with	 ischemic	 cerebrovascular	 disease	 (ICVD)	 and	 ICH.	 Subarachnoid
hemorrhage	is	discussed	in	Chapter	150.



ISCHEMIC	CEREBROVASCULAR	DISEASE
ICVD	 includes	 transient	 ischemic	 attack	 (TIA)	 and	 ischemic	 stroke	 and
comprises	87%	of	all	strokes;	it	is	the	most	common	neurological	problem	that
leads	 to	 acute	 hospitalization.1	 To	 facilitate	 accurate	 diagnosis	 and	 appropriate
therapy,	 ICVD	 can	 be	 categorized	 along	 three	 axes:	 acuity,	 anatomic	 territory,
and	underlying	mechanism.

Acuity
Stroke	 onset	most	 frequently	 occurs	 suddenly	 and	without	warning.	However,
the	pathological	changes	of	 ICVD	leading	 to	 infarction	occur	over	hours.	This
concept	 of	 an	 acute	 stroke	 window	 of	 up	 to	 several	 hours	 duration	 for	 some
patients	identifies	an	opportunity	to	intervene	to	attenuate,	prevent	recurrence,	or
reverse	 the	deficits	 related	 to	ICVD,	which	 includes	both	TIAs	and	hyperacute
stroke.

TIAs	 are	 brief	 episodes	 of	 neurological	 dysfunction	 resulting	 from	 cerebral
ischemia	not	resulting	in	cerebral	infarction	identified	on	imaging.2	By	contrast,
patients	 with	 transient	 symptoms	 and	 evidence	 of	 infarction	 by	 imaging	 are
diagnosed	with	acute	ischemic	stroke.	Classically,	TIA	symptoms	last	for	a	few
to	15	minutes	but	occasionally	may	persist	for	hours.	The	risk	of	recurrent	TIA
or	 stroke	 is	 highest	 during	 the	 ensuing	 few	 days,3	 and	 both	 these	 acute
circumstances	 represent	 unstable	 cerebrovascular	 conditions	 for	 which	 prompt
evaluation	and	treatment	is	required.

1 	 Hyperacute	 stroke	 refers	 to	 the	 first	 several	 hours	 after	 a	 stroke	 has
occurred,	when	 thrombolytic	 therapy	may	be	 indicated	(Table	149.1).	Labeling
suggests	 the	 use	 of	 recombinant	 tissue	 plasminogen	 activator	 (rt-PA)	 in
applicable	 patients	 within	 3	 hours,	 but	 this	 has	 been	 expanded	 to	 within	 4.5
hours	 and	 is	 supported	 by	 a	 scientific	 statement	 from	 the	 American	 Heart
Association.4	Beyond	this	time	and	extending	typically	for	the	next	1	to	3	days,
is	 the	 acute	 period	 during	 which	 care	 directed	 at	 minimizing	 worsening	 or
recurrence	 is	 paramount.	 The	 following	 subacute	 period	 extends	 through
2	weeks	after	 the	event	and	 is	often	characterized	by	attention	 to	 rehabilitative
efforts.	Beyond	 this	 point—the	 chronic	 period—rehabilitative	 efforts	 continue,
and	the	focus	on	optimizing	long-term	secondary	preventive	therapy	is	critical.

TABLE	149.1



IV	rt-PA	Inclusion/Exclusion	Criteria

Inclusion	criteria	
Diagnosis	of	ischemic	stroke	causing	measurable	neurologic	deficit	
Onset	of	symptoms	<3	h	before	beginning	treatment
Age	≥	18	y
For	patients	presenting	between	3	and	4.5	h,	additional	inclusion	criteria:	
Age	<	80	y
Absent	combined	history	of	prior	stroke	and	diabetes
Absent	use	of	anticoagulants	(irrespective	of	INR)
Informed	consent	obtained	from	patient/representative
Absolute	exclusion:	Intracranial	hemorrhage
Relative	exclusion	criteria	
Significant	head	trauma	or	prior	stroke	in	previous	3	mo
Symptoms	suggest	subarachnoid	hemorrhage
Arterial	puncture	at	noncompressible	site	in	previous	7	d
History	of	previous	intracranial	hemorrhage
Intracranial	neoplasm,	arteriovenous	malformation,	or	aneurysm
Recent	intracranial	or	intraspinal	surgery
Elevated	blood	pressure	(systolic	>	185	mm	Hg	or	diastolic	>	110	mm	Hg)
Blood	glucose	concentration	<	50	mg/dL	(2.7	mmol/L)
Active	internal	bleeding
Acute	bleeding	diathesis,	including	but	not	limited	to:
Platelet	count	<	100,000/mm3	
Heparin	received	within	48	hours,	resulting	in	abnormally	elevated	aPTT
greater	than	the	upper	limit	of	normal
Current	use	of	anticoagulant	with	INR	>	1.7	or	PT	>	15	s



Current	use	of	direct	thrombin	inhibitors	or	direct	factor	Xa	inhibitors	with
elevated	sensitive	laboratory	tests	(such	as	aPTT,	INR,	platelet	count,	and
ECT;	TT;	or	appropriate	factor	Xa	activity	assays)
CT	demonstrates	multilobar	infarction	(hypodensity	>1/3	cerebral
hemisphere)	Relative	exclusion	criteria
Relative	contraindications	
Recent	experience	suggests	that	under	some	circumstances—with	careful
consideration	and	weighting	of	risk	to	benefit—patients	may	receive
fibrinolytic	therapy	despite	one	or	more	relative	contraindications.	Consider
risk	to	benefit	of	IV	rt-PA	administration	carefully	if	any	of	these	relative
contraindications	are	present:
Only	minor	or	rapidly	improving	stroke	symptoms	(clearing	spontaneously)
Pregnancy
Seizure	at	onset	with	postictal	residual	neurologic	impairments
Major	surgery	or	serious	trauma	within	previous	14	d
Recent	gastrointestinal	or	urinary	tract	hemorrhage	(within	previous	21	d)

Recent	acute	myocardial	infarction	(within	previous	3	mo)

aPTT,	activated	partial	thromboplastin	time;	ECT,	ecarin	clotting	time;	INR,	international
normalized	ratio;	IV	rt-PA,	intravenous	recombinant	tissue	plasminogen	activator;	PT,	prothrombin
time;	TT,	thrombin	time.

Anatomic	Territory
Two	broad	clinical	anatomic	categories	of	ICVD	syndromes	are	specified,	based
on	 the	 division	 of	 the	 cerebrovascular	 supply	 into	 those	 areas	 supplied	 by	 the
carotid	system	(anterior	circulation)	and	 those	supplied	by	 the	vertebral-basilar
system	(posterior	circulation).

Neurological	symptoms	are	attributed	to	hypofunctioning,	hypoperfused	brain
tissue	 from	 the	 vascular	 occlusion.	Those	 commonly	 encountered	with	 carotid
system	disease	include	aphasia,	monoparesis	or	hemiparesis,	monoparesthesia	or
hemiparesthesia,	 or	 monocular	 visual	 loss.	 Symptoms	 commonly	 encountered



with	 vertebral-basilar	 system	 disease	 include	 hemianopia,	 cortical	 blindness,
diplopia,	 vertigo,	 dysarthria,	 ataxia,	 and	 limb	 paresis	 or	 paresthesias.
Sensorimotor	 dysfunction	 is	 frequently	 contralateral	 to	 cranial	 nerve
dysfunction.	 Loss	 of	 consciousness	 or	 vertigo	 typically	 occurs	 with	 other
vertebral-basilar	symptoms,	and	they	are	rare	in	isolation	(less	than	5%).	Other
isolated	symptoms,	such	as	diplopia,	amnesia,	dysarthria,	and	light-headedness,
usually	 do	 not	 serve	 as	 a	 basis	 for	 the	 diagnosis	 of	 vertebral-basilar	 disease;
however,	 association	 with	 other	 brainstem	 symptoms	 may	 support	 this
diagnosis.5

Underlying	Mechanism
Acute	ICVD	is	a	vascular	disease	and	can	be	categorized	as	being	due	to	large
vessel	 thrombosis,	 small	 vessel	 thrombosis,	 cardioembolism,	 other	 known
etiology,	or	stroke	of	undetermined	etiology.

Large	 vessel	 atherothrombotic	 occlusion	 is	 caused	 by	 atherosclerosis	 in	 the
carotid	 or	 vertebral-basilar	 arteries	 and	 includes	 intracranial	 (cerebral)
atherosclerosis.	Large	vessel	disease	 is	a	common	cause	of	 ICVD.	The	pattern
and	 severity	 of	 the	 neurologic	 deficit	 depend	 on	 the	 arterial	 territory,	 the
completeness	of	occlusion,	and	the	extent	of	collateral	flow.5

Small	vessel	arterial	occlusion	occurs	frequently	due	to	lipohyalinosis	of	the
lenticulostriate	 arteries	 or	 basilar	 penetrators	 and	 results	 in	 a	 small	 area	 of
cerebral	 infarction	 called	 a	 lacune	 (Figure	 149.1).	 If	 a	 lacune	 occurs	 in	 the
internal	capsule,	thalamus,	or	basis	pontis,	substantial	neurological	deficits	may
occur	even	with	a	small	 lesion.	The	most	common	lacunar	syndromes	are	pure
motor	hemiparesis,	pure	sensory	loss,	ataxic	hemiparesis,	and	dysarthria-clumsy
hand	syndrome.6



	

Figure	149.1 	 Lacunar	 infarct	 involving	 the	 left	 internal	 capsule
seen	on	a	computed	tomography	scan.

The	typical	presentation	of	a	cardioembolic	stroke	is	with	maximal	deficit	at
onset,	although	a	small	minority	may	have	a	stuttering	clinical	course.	Diagnosis
may	be	difficult	when	the	patient	has	coexistent	cerebral	atherosclerotic	stenosis
since	 as	 many	 as	 one-third	 of	 patients	 with	 a	 cardiac	 embolic	 source	 have
another	 potential	 explanation	 for	 their	 strokes.7	 The	 most	 common	 cardiac
sources	 associated	 with	 cerebral	 embolic	 events	 are	 outlined	 in	Table	 149.2.
Nonvalvular	 embolic	 sources	 with	 atrial	 fibrillation	 are	 associated	 with	 an
annual	stroke	risk	between	2.2%	and	15%	depending	on	associated	risk	factors.8
Transmyocardial	 infarction,	 atrial	 fibrillation,	 and	 mechanical	 valves	 are
associated	 with	 a	 high	 risk,	 whereas	 the	 risk	 is	 lower	 for	 patients	 with
bioprosthetic	valves.	Patent	right-to-left	cardiac	shunts	have	been	recognized	by
contrast	 echocardiography	 with	 increasing	 frequency	 among	 younger	 patients
with	stroke.	In	the	absence	of	a	hypercoagulable	state	or	atrial	septal	aneurysm,	a
patent	 foramen	 ovale	 (PFO)	 is	 not	 considered	 a	 significant	 risk	 factor	 for
cardioembolic	 stroke,	with	up	 to	 25%	of	 the	healthy	population	noted	 to	 have
PFOs.9



TABLE	149.2

Cardiac	Sources	for	Cerebral	Emboli

Common

Nonvalvular	atrial	fibrillation

Acute	anterior	wall	myocardial	infarction

Ventricular	aneurysms	and	dyskinetic	segments

Rheumatic	valvular	disease

Prosthetic	cardiac	valves

Right-to-left	shunts

Bacterial	endocarditis

Less	common

Mitral	valve	prolapse

Cardiomyopathy

Bicuspid	aortic	valve

Atrial	myxoma

Nonbacterial	endocarditis

Mitral	annulus	calcification

Idiopathic	hypertrophic	subaortic	stenosis

Atrial	septal	aneurysm

The	 aggregated	 category	 of	 “other	 known”	 etiology	 includes	 rarer	 causes
distinct	 from	 the	 other	 categories.	 This	 includes	 traumatic	 or	 spontaneous
extracranial	 or	 intracranial	 arterial	 dissection,	 an	 important	 cause	 of	 stroke	 in
patients	under	age	50	years.	Thrombophilias,	whether	congenital	or	acquired,	are
more	likely	to	impact	the	venous	system	but	may	be	an	unusual	cause	of	artery
occlusion	 including	 ischemic	 stroke.	 Border-zone	 infarction	 is	 caused	 by



diminished	 cerebral	 blood	 flow	 resulting	 from	 cardiac	 arrest	 or	 systemic
hypotension,	 often	 associated	with	 cerebral	 arterial	 stenosis,	 resulting	 in	 focal
infarction	 and	 deficits	 occurring	 in	 well-described	 patterns	 of	 the	 end-arterial
distribution	between	major	vessels10	(Figure	149.2).	For	the	carotid	circulation,
border-zone	infarcts	occur	between	the	distribution	of	the	middle	cerebral	artery
(MCA)	and	either	the	anterior	or	posterior	cerebral	arteries.

	

Figure	 149.2 	 T1-weighted	 magnetic	 resonance	 imaging	 scan
demonstrating	 a	 watershed	 infarction	 (arrow)	 in	 the	 border	 zone
between	the	middle	and	posterior	cerebral	arteries.

Stroke	of	undetermined	etiology,	or	cryptogenic	stroke,	is	diagnosed	after	full
evaluation	for	other	known	causes	has	been	unrevealing.	This	entity	is	associated
with	 a	 better	 outcome	 than	 stroke	of	 other	 categories	 and	 requires	 the	 treating
clinicians	to	do	a	comprehensive	evaluation	when	the	cause	of	the	stroke	is	not
apparent.	 A	 subset	 of	 cryptogenic	 strokes	 includes	 those	 in	 patients	 with	 an
embolic	stroke	of	undetermined	source.	These	patients	 typically	have	a	pattern
of	 infarction	 consistent	 with	 embolism	 and	 have	 completed	 an	 evaluation	 to
exclude	other	causes	of	ischemic	stroke.



Differential	Diagnosis
Symptoms	suggestive	of	ICVD	may	mimic	the	symptoms	of	other	neurological
entities.	An	 important	 distinction	 is	 between	 ICH	 and	 ICVD.	Symptoms	more
suggestive	 of	 ICH,	 such	 as	 early	 obtundation,	 coma,	 seizures,	 headache,	 and
vomiting,	are	known	to	be	insufficiently	reliable	to	make	that	diagnosis	because
a	similar	presentation	may	be	seen	with	ischemic	stroke.	Conditions	other	 than
cerebrovascular	 events	 can	occasionally	 cause	 acute	 focal	neurological	deficits
and	 must	 be	 also	 be	 considered.	 Primary	 or	 metastatic	 brain	 tumors	 with
hemorrhage	 into	 the	 tumor	 may	 resemble	 a	 stroke	 (Figure	 149.3).	 Subdural
hematomas	(SDHs)	may	rarely	present	with	acute	focal	neurological	deficits	and
must	be	considered	for	elderly	patients,	even	without	a	history	of	head	trauma.
Patients	 with	 migraine	 headaches	 sometimes	 develop	 focal	 neurological
symptoms	either	before	or	during	the	early	phase	of	the	headache.	Rarely,	these
deficits	may	occur	 in	 the	absence	of	 a	headache	 (acephalgic	migraine)	or	may
persist	(migrainous	infarction).	Patients	with	focal	seizures	may	develop	sensory,
motor,	and	aphasic	symptoms	 that	can	mimic	ICVD,	although	 they	are	usually
stereotypical	and	transient.	Occasionally,	focal	neurological	deficits	may	follow
seizures	 and	 persist	 for	 24	 hours	 or	 longer	 (postictal,	 or	 Todd	 paralysis).	 An
important,	uncommon,	and	reversible	cause	of	acute	focal	neurological	deficits
is	 hypoglycemia,	 which	 should	 always	 be	 assessed	 before	 any	 aggressive
treatment	 is	 initiated	 for	 a	 presumed	 ischemic	 stroke.	 Similarly,	 among	 young
patients	 or	 patients	 with	 a	 psychiatric	 history,	 objective	 neurological	 signs	 or
corroborative	 radiological	 evidence	 must	 be	 established	 to	 avoid	 treating	 a
functional	paralysis	with	relatively	aggressive	therapy.	Finally,	worsening	of	an
old	 deficit	 should	 prompt	 a	 metabolic/infectious	 evaluation,	 because	 the
damaged	 lesion	 may	 act	 as	 a	 locus	 minoris	 resistentiae,	 with	 focal	 clinical
worsening	of	a	chronic	deficit.



	

Figure	 149.3 	 Malignant	 glioma	 with	 associated	 edema	 on	 a
computed	 tomography	 scan	 in	 a	 patient	 who	 abruptly	 developed	 a
pure	motor	deficit.The	arrow	points	to	the	lacunar	infarct.

Computed	tomography	(CT)	or	magnetic	resonance	(MR)	imaging	(MRI)	can
identify	 brain	 tumors,	 ICH,	 and	 SDH.	Diffusion-weighted	MRI	 sequences	 are
abnormal	 in	 acute	 stroke	 and	 typically	 normal	 among	 patients	 with	 migraine,
transient	 hypoglycemia,	 functional	 weakness,	 seizures	 or	 Todd	 paralysis,	 and
circumstances	attributed	to	worsening	of	an	old	ischemic	deficit.

Laboratory	and	Radiological	Evaluation
A	 comprehensive	workup	 to	 determine	 stroke	 suband	 severity,	 and	 to	 identify
possible	 multiple	 risk	 factors	 is	 important	 to	 determine	 effective	 treatment
options.	 Urgent	 imaging	 helps	 in	 the	 differential	 diagnosis	 and	 is	 key	 in
protocols	 for	 therapeutic	 intervention	 with	 rt-PA.	 Both	 CT-	 and	 MR-based
imaging	 studies	of	 the	brain	 are	 reliable	 and	 sensitive	means	of	differentiating
between	 ICVD,	 hemorrhage,	 and	 other	 mass	 lesions.	 Vascular	 imaging	 (CT



angiogram	 or	 MR	 angiogram)	 should	 be	 performed	 to	 define	 the	 vascular
territory	 involved	 and	 guide	 reperfusion	 treatment.	 When	 a	 CT	 angiography
(CTA)	 or	 MR	 angiography	 (MRA)	 cannot	 be	 obtained	 to	 image	 the
craniocervical	 vasculature,	 carotid	 artery	 ultrasound	 and	 transcranial	 Doppler
studies	may	provide	anatomic	and	physiological	 information	of	 the	 intracranial
and	 extracranial	 vessels.11,12	 CT	 perfusion	 or	 MR	 perfusion	 studies	 can	 help
guide	 the	 intravenous	 (IV)	 or	 endovascular	 therapy	 for	 equivocal	 or	 uncertain
cases.

CT	is	typically	faster,	is	more	readily	available,	and	does	not	require	patient
screening	for	contraindications	such	as	metallic	or	electrical	implants.	However,
MRI	 is	more	 sensitive	 than	CT	 for	 the	 identification	of	brain	 tumors	and	MRI
can	 identify	 infarction	 at	 an	 earlier	 stage	 (after	 several	 minutes	 of	 ischemia).
MRI-based	 diffusion-weighted	 imaging	 has	 important	 bearing	 on	 acute	 stroke
diagnosis	 and	 treatment.13	 Selected	 cases	 of	 suspected	 intracranial	 hemorrhage
with	 equivocal	 or	 negative	 findings	 on	 CT,	 MRI	 may	 detect	 subarachnoid,
subdural,	and	intraparenchymal	hemorrhage.14

An	 electrocardiogram	 should	 be	 obtained	 to	 assess	 possible	 underlying	 or
concurrent	cardiac	rhythm	or	 ischemic	changes.	Two-dimensional	 transthoracic
or	transesophageal	echocardiography	and	telemetry/Holter	monitoring	should	be
done	 routinely	because	patients	often	have	more	 than	one	potential	underlying
pathophysiology,	and	a	cardiac	structural	or	rhythm	abnormality	may	change	the
treatment	 approach	 (Figure	 149.4).	 A	 transesophageal	 echocardiogram	 should
be	 considered	 for	 patients	 under	 age	 50	 years,	 patients	 with	 an	 enlarged	 left
atrium,	and	for	cryptogenic	stroke	patients	of	all	ages.15,16

	

Figure	 149.4 	 Echocardiogram	 in	 a	 patient	 with	 cardioembolic
stroke,	 demonstrating	 a	 large	 thrombus	 (arrow)	 attached	 to	 the	 left



mitral	valve.

For	 patients	 with	 an	 embolic	 stroke	 of	 undetermined	 source,	 prolonged
ambulatory	telemetry,	or	loop	monitoring,	may	identify	additional	patients	with
covert	atrial	fibrillation.17

Routine	serology	including	complete	blood	count,	partial	thromboplastin	time
(PTT),	 prothrombin	 time	 (PT),	 comprehensive	 blood	 chemistry,	 chest
radiograph,	 erythrocyte	 sedimentation	 rate,	 syphilis	 serology,	 and	 urinalysis
should	be	obtained.	When	thrombolytic	therapy	is	being	contemplated,	the	blood
glucose,	PTT,	PT,	and	platelet	count	should	be	obtained	immediately	as	point-of-
care	 tests.	 Fasting	 lipid	 profile,	 homocysteine,	 and	 C-reactive	 protein	 can	 be
obtained	 by	 day	 2.	 Other	 blood	 studies,	 including	 anticardiolipin	 antibodies,
hypercoagulable	 testing,	 serum	 protein	 electrophoresis,	 and	 fibrinogen,	 should
be	 performed	 for	 patients	 age	 50	 years	 and	 younger	 and	 for	 patients	 with	 a
history	of	cancer,	recurrent	deep	vein	thrombosis,	or	a	family	history	suggestive
of	 an	 autosomal-dominant	 pattern	 of	 stroke.	 A	 lumbar	 puncture	 is	 typically
restricted	 to	 those	 for	 whom	 the	 diagnosis	 of	 subarachnoid	 hemorrhage,
meningitis,	 or	 cerebral	 vasculitis	 is	 suspected.	 For	 such	 patients	 with	 large
ischemic	strokes	with	cerebral	edema	or	mass	effect,	lumbar	puncture	is	delayed
until	the	risk	of	herniation	has	resolved.	Electroencephalography	may	be	helpful
when	associated	seizure	activity	is	suspected.

Treatment
The	treatment	of	ICVD	can	be	divided	into	 three	major	categories:	prevention,
supportive	therapy,	and	acute	interventions.

Stroke	Prevention
Stroke	prevention	is	geared	at	optimizing	identified	risk	factors.18	The	treatment
of	 hypertension	 and	 smoking	 cessation	 are	 important	 for	 the	 prevention	 of
stroke.	 Target	 blood	 pressure	 for	 most	 patients	 is	 <130/80	 mm	 Hg.	 Systolic
blood	pressure	reduction	by	5	to	10	mm	Hg	may	reduce	relative	risk	of	ischemic
stroke	by	20%	to	25%.	Angiotensin-converting	enzyme	inhibitors	or	angiotensin
receptor	 blockers	 may	 offer	 additional	 protection	 against	 first	 or	 recurrent
ischemic	stroke.

Use	of	HMG	CoA	reductase	inhibitors	(statins)	reduces	the	risk	of	 ischemic
stroke	 by	 16%	 to	 30%	 for	 patients	with	 or	without	 underlying	 ischemic	 heart
disease,	and	possibly	improves	the	outcome	after	ICVD.	The	American	College



of	 Chest	 Physicians	 and	 American	 Stroke	 Association	 guidelines	 recommend
starting	 all	 inpatients	 with	 hyperlipidemia	 (low-density	 lipoprotein	 [LDL]
greater	 than	 100	mg/dL)	 on	 a	 statin.	 Several	 trials	 suggest	 that	 reducing	LDL
cholesterol	to	70	mg/dL	with	statins	is	safe	and	may	have	a	plaque	stabilization
effect.19

For	 nonsurgical	 TIA	 or	 stroke	 patients,	 antiplatelet	 therapy	 with	 aspirin,
aspirin	and	extended-release	dipyridamole	(25/200	mg)	twice	daily,	clopidogrel
75	mg	once	daily,	or	ticlopidine	250	mg	twice	daily	is	beneficial.20,21	For	selected
patients	with	high	atherosclerotic	risks,	a	short	course	of	dual	antiplatelet	therapy
(typically	 with	 aspirin	 and	 clopidogrel)	 or	 aspirin	 with	 ticagrelor	 may	 be
beneficial.	 For	 high-risk	 TIA	 (ABCD	 score	 >	 3)	 or	 minor	 stroke	 (National
Institutes	of	Health	Stroke	Scale	(NIHSS)	<	5),	dual	therapy	is	recommended	for
3	 weeks,	 and	 for	 those	 treated	 with	 a	 stent	 and	 those	 with	 symptomatic
intracranial	 atherosclerosis,	 90	 days	 of	 dual	 antiplatelet	 therapy.22-24	 Atrial
fibrillation	with	or	without	valvular	heart	disease	is	associated	with	a	high	risk	of
stroke.	Anticoagulation	reduces	the	absolute	recurrent	stroke	relative	risk	by	8%
in	patients	with	nonvalvular	 atrial	 fibrillation.	The	 annual	 risk	of	 symptomatic
hemorrhage	 is	 1%,	 which	 can	 be	 minimized	 by	 keeping	 the	 international
normalized	 ratio	 (INR)	 between	 2	 and	 3.16	 Several	 direct	 anticoagulants	 have
shown	benefit	 in	 reducing	 the	 risk	of	 cardioembolic	 stroke25-28	 (Figure	 149.3).
They	 have	 the	 notable	 advantage	 over	warfarin	 at	 not	 requiring	 routine	 blood
monitoring	or	dietary	restrictions.

Patients	 with	 hyperglycemia	 should	 be	 aggressively	 treated	 to	 maintain
euglycemic	 control.	 Adherence	 to	 a	 diet	 rich	 in	 fruits	 and	 vegetables	 and	 a
regimen	 including	 routine	 aerobic	 exercise	 are	 also	 important	 for
cerebrovascular	health.

Selected	patients	with	ischemic	stroke	attributed	to	an	intra-atrial	cardiac	PFO
may	 benefit	 from	 percutaneous	 closure.	 Patients	 with	 stroke	 who	 have	 an
embolic-appearing	 infarct	 and	 no	 other	 source	 of	 stroke	 after	 comprehensive
vascular,	 serologic,	 and	 cardiac	 evaluations	 may	 benefit	 from	 referral	 for
consideration	of	PFO	closure.28-31	The	procedure	is	associated	with	a	risk	of	new
atrial	 fibrillation	 and	 rare	 complications	 such	 as	 infection	 or	 device	migration
(Table	149.3).

TABLE	149.3

Newer	Anticoagulants	for	Cardioembolic	Stroke	Prevention



Trial RE-
LY(Dabigatran)

ROCKET-
AF(Rivaroxaban) ARISTOTLE(Apixaban)

N 18,113 14,264 18,201

CHADS2>1 67% 100% 66%

%	Therapeutic
warfarin	time

64% 55% 62%

Stroke/year 1.0%	vs	1.6% 1.7%	vs	2.0% 1.2%	vs	1.5%

Ischemic
stroke/year

0.9%	vs	1.2% 1.3%	vs	1.4% 1.0%	vs	1.1%

Hemorrhage/year 3.1%	vs	3.4% 5.6%	vs	5.4% 4.1%	vs	6.0%

ICH/year 0.3%	vs	0.7% 0.8%	vs	1.2% 0.3%	vs	0.8%

Comparative	results	are	listed	as	“study	drug	versus	warfarin.”
Bold	denotes	significant	difference	within	study.
ICH	=	intracerebral	+	subdural	+	epidural	+	subarachnoid	bleeding.
Hemorrhage	=	symptomatic	bleeding	or	drop	Hgb	2	g/L	or	transfusion.

RE-LY	and	ENGAGE-AF	values	reported	in	reference	to	higher	dosing	regimens	used.

Supportive	Therapy
Supportive	 therapy	 for	 patients	with	 ICVD	 should	 begin	 upon	 hospitalization.
Treatment	of	elevated	blood	pressure	in	the	first	24	hours	of	an	ischemic	stroke
is	 reserved	 for	 those	 with	 malignant	 hypertension	 (>220	 mm	 Hg	 systolic,
120	mm	Hg	 diastolic)	 or	 other	 end-organ	 failure	 (eg,	 congestive	 heart	 failure,
renal	 failure,	 and	 hypertensive	 encephalopathy).	 The	 blood	 pressure	 typically
autoregulates	 spontaneously	with	 bed	 rest	 in	 the	 first	 few	 days	 after	 ischemic
stroke;	 if	 it	 remains	substantially	elevated,	 it	 should	be	carefully	 lowered	daily
up	 to	 20%	 of	 the	 mean	 arterial	 pressure.	 Subcutaneous	 heparin	 or	 low-
molecular-weight	heparin	therapy	should	be	considered	for	immobilized	patients
with	 ICVD	 to	 reduce	 the	 risk	 of	 deep	 venous	 thrombosis.	 Indwelling	 urinary
catheters	 and	unneeded	 IV	 lines	 should	be	 avoided,	 because	 they	 can	 serve	 as
portals	 of	 entry	 for	 infections.	 Elevated	 temperature	 should	 be	 treated	 with
antipyretics.	 Aspiration	 pneumonia	 can	 be	 avoided	 by	 delaying	 oral	 feedings
until	 safe	 swallowing	 is	 demonstrated.	 Early	 mobilization	 and	 rehabilitation



should	be	attempted.

Acute	Treatment
1 	 1 	 Thrombolytic	 therapy	 for	 patients	 with	 ICVD	 is	 directed	 at	 reversing	 the
neurological	 deficits	 and	 preventing	 progression.	 The	 total	 dose	 of	 IV	 tissue
plasminogen	 activator	 (tPA)	 for	 stroke	 is	 0.9	mg/kg,	 given	 as	 a	 60-minute	 IV
infusion,	 with	 10%	 of	 the	 total	 dose	 given	 as	 an	 initial	 bolus.	 The	 National
Institute	of	Neurological	Disorders	and	Stroke	(NINDS)	trial	demonstrated	that
patients	 treated	with	 rt-PA	within	 3	 hours	 of	 stroke	 onset	 had	 a	 13%	 absolute
greater	likelihood	of	being	free	of	disability	or	being	left	with	minor	disability	at
3	months.	The	benefits	were	greatest	for	those	treated	within	the	first	90	minutes
of	stroke	onset	compared	with	those	treated	between	90	and	180	minutes.	There
was	a	5.8%	greater	incidence	of	ICH	among	treated	patients,	as	compared	with
placebo	 (6.4%	 vs	 0.6%).	 However,	 overall	 mortality	 at	 3	 months	 was
comparable	for	the	rt-PA	and	placebo	groups.30	Subsequent	trials	have	identified
treatment	benefits	at	longer	intervals	since	symptom	onset.	The	ECASS	III	trial
extended	 the	 time	window	of	 IV	 rt-PA	up	 to	 4.5	 hours.	The	 absolute	 benefits,
although	 significant,	 were,	 as	 expected,	 less	 for	 this	 extended	 time	 window
group	(absolute	risk	reduction	of	7%).	Although	the	study	excluded	patients	over
age	 80	 years,	 those	 on	 anticoagulation	 (irrespective	 of	 the	 INR	 or	 PTT),	 and
those	with	diabetes	mellitus	and	stroke,	the	validity	of	these	exclusions	have	not
been	substantiated,	and	individual	management	should	be	decided	based	on	the
physician’s	 judgment.32	 The	 EXTEND	 trial	 demonstrated	 benefit	 with	 tPA	 for
patients	between	4.5	and	9	hours	after	symptom	onset	who	had	viable	ischemic
penumbra	on	perfusion	imaging.	Excellent	clinical	outcomes	were	more	frequent
for	 the	 tPA	 than	 the	 placebo	group	 (35%	vs	 30%).33	 These	 results	may	not	 be
applicable	to	centers	without	protocol-specified	penumbral	imaging.

Tenecteplase	 is	 an	 IV	 thrombolytic	 agent	 also	 shown	 to	 be	 effective	 for
patients	 within	 4.5	 hours	 of	 onset	 of	 ischemic	 stroke	 symptoms.	 The	 dose	 is
0.4	mg/kg	(maximum	dose	40	mg)	given	as	a	single	IV	bolus.	The	NOR-TEST
trial	 demonstrated	 similar	 functional	 outcomes	 and	 safety	 profiles	 in	 1100
patients	randomized	to	Tenecteplase	or	tPA.34

2 	Patients	with	large	artery	occlusion	(including	basilar	artery,	internal	carotid
artery,	 and	 proximal	 segment	 of	MCA)	 presenting	within	 6	 hours	may	 benefit
from	intra-arterial	 interventions.	The	results	of	several	 trials	each	showed	clear
benefits	 for	 the	use	of	 intra-arterial	 thrombectomy	for	selected	patients	beyond
the	standard	of	IV	tPA	therapy	alone.	Each	of	 these	trials	was	terminated	early
when	interim	analyses	showed	significant	efficacy	of	the	endovascular	treatment



arms	(Table	149.4).	Consistent	with	the	expected	target	population,	most	treated
patients	had	occlusion	of	 the	proximal	MCA,	had	severe	stroke	scores	(NIHSS
16-17),	and	were	treated	with	endovascular	therapy	in	addition	to	IV	rt-PA.	The
majority	 of	 patients	 were	 treated	 within	 6	 hours	 of	 symptom	 onset	 and	 had
relatively	 subtle	 findings	 of	 ischemia	 on	 head	 CT.	 Favorable	 functional
outcomes	at	90	days	were	significantly	more	frequent	for	the	treatment	arms	of
the	trials;	symptomatic	ICH	was	not	significantly	higher	than	that	of	the	control
groups.

TABLE	149.4

Contemporary	Endovascular	Ischemic	Stroke	Treatment
Trials

Variable MR
CLEAN ESCAPE EXTEND-

IA REVASCAT SWIFT-
PRIME

N 500 316 70 206 196

NIHSS
(median)

17	vs	18 16	vs	17 17	vs	13 17	vs	17 17	vs	17

Age
(mean)

65 71 70 66 66

Active
treatment

IA
(any)	+	IV
tPA	(87%)

IA	+	IV
tPA
(73%)

IA	(Solitaire
device)	+	IV
tPA	(100%)

IA	(Solitaire
device)	+	IV
tPA	(68%)

IA	(Solitaire
device)	+	IV
tPA	(100%)

Control
treatment

IV	tPA
(90%)

IV	tPA
(79%)

IV	tPA
(100%)

IV	tPA
(77%)

IV	tPA
(100%)

90-Day
good
outcome

33%	vs
19%

53%	vs
29%

71%	vs
40%

45%	vs
28%

60%	vs
35%

ICH	rate 7.7%	vs
6.4%

3.6%	vs
2.7%

0%	vs	6% 1.9%	vs
1.9%

0%	vs	3%

Comparative	results	are	listed	as	combined	treatment	(IV	rt-PA	+	IA	stent	retriever	clot	removal)



versus	IV	rt-PA	alone.

Bold	denotes	significant	difference	within	study	in	favor	of	combined	IV	and	endovascular	therapy
(14%	to	31%).
IA,	intra-arterial;	IV	tPA,	intravenous	tissue	plasminogen	activator.

2 	Selected	patients	with	a	 large	artery	occlusion	presenting	within	16	to	24
hours	 who	 have	 a	 viable	 ischemic	 penumbra	 on	 perfusion	 imaging	 may	 also
benefit	from	intra-arterial	intervention.	In	the	DEFUSE	3	trial,	a	good	functional
outcome	 was	 achieved	 by	 45%	 of	 patients	 with	 a	 large	 artery	 occlusion	 and
ischemia-to-infarct	 ratio	 of	 at	 least	 1.8	 who	 were	 treated	 with	 thrombectomy
compared	 with	 17%	 randomized	 to	 best	 medical	 therapy.	 Intracranial
hemorrhage	and	adverse	events	were	similar	for	both	groups,	and	mortality	was
lower	for	the	intervention	group.34	Similarly,	the	DAWN	trial	reported	that	49%
of	patients	with	large	artery	occlusion	and	perfusion	mismatch	who	were	treated
with	 thrombectomy	 achieved	 a	 good	 functional	 outcome	 at	 90	 days	 compared
with	 13%	 in	 the	 best	 medical	 therapy	 group.	 Mortality	 and	 symptomatic
intracranial	 hemorrhage	 rates	were	 similar	 for	 the	 groups.35	 The	magnitude	 of
effect	in	real-world	populations	is	uncertain	as	both	trials	were	terminated	early
for	efficacy	and	are	applicable	for	patients	with	perfusion	deficits	as	proscribed
by	trial	protocols.

After	 reperfusion	 therapies,	 patients	 should	 be	 admitted	 to	 the	 ICU	 or	 to	 a
dedicated	stroke	unit.	Blood	pressure	and	neurological	status	need	to	be	carefully
assessed	 at	 specified	 frequent	 time	 periods.	 Systolic	 blood	 pressure	 above
185	mm	or	mean	 blood	 pressure	 over	 130	mm	 is	 treated	with	 IV	 labetalol	 or
nicardipine.	Neurological	worsening	 should	prompt	 an	urgent	CT	 scan	 to	 look
for	 possible	 hemorrhagic	 conversion	 of	 the	 infarct.	 Anticoagulants	 and
antiplatelet	agents	are	typically	avoided	during	the	first	24	hours.	IV	access	and
invasive	procedures	should	be	kept	to	a	minimum	during	the	first	24	hours	after
rt-PA	administration.

Aspirin	 may	 reduce	 the	 risk	 of	 stroke	 recurrence	 after	 TIA	 or	 established
stroke	and	is	widely	used	for	this	indication.36	Combined	aspirin	and	extended-
release	 dipyridamole	 therapy	 may	 be	 more	 effective	 than	 aspirin	 alone	 for
reducing	 stroke	 recurrence.20	 In	 aspirin-allergic	 patients,	 clopidogrel	 or
ticlopidine	 can	 be	 used.	 The	 incidence	 of	 serious	 side	 effects	 is	 greater	 with
ticlopidine,	 which	 may	 cause	 neutropenia	 and	 thrombotic	 thrombocytopenic
purpura.	Because	thrombotic	thrombocytopenic	purpura	has	been	reported	with
both	drugs,	weekly	complete	blood	count	and	liver	function	tests	should	be	done
in	the	first	4	to	6	weeks	of	initiating	therapy.37

Anticoagulation	 with	 heparin	 or	 low-molecular-weight	 heparin	 has	 been



therapeutically	 used	 for	 those	with	 an	 indication	 (eg,	 atrial	 fibrillation	or	 deep
venous	thrombosis)	and	empirically	for	others,	despite	lack	of	proof	of	efficacy.
Likewise,	there	is	no	evidence	that	supports	the	use	of	empirical	anticoagulation
to	 improve	 stroke	 outcome	 in	 progressive	 stroke.	 Furthermore,	 the	 risk	 of
recurrent	stroke	 is	 low	(2%-3%)	 in	 the	first	 few	weeks	after	an	acute	 ischemic
stroke.29,38	 Patients	with	 cardioembolic	 stroke	 have	 a	 higher	 risk	 of	 recurrence
(4.5%-8.0%)	 within	 2	 weeks	 of	 the	 initial	 event,	 especially	 with	 associated
intracardiac	 thrombi.	 Heparin	 therapy	 may	 reduce	 this	 risk	 and	 may	 be
considered	 for	 patients	with	 small	 infarcts	within	 24	 to	 48	 hours	 of	 the	 initial
stroke.28	 Patients	with	 large	 acute	 infarcts	 should	 not	 receive	 heparin,	 because
they	have	a	higher	risk	of	bleeding	into	the	area	of	infarction.19,39	An	alternative
and	 safer	 approach	 is	 to	 begin	 anticoagulation	 within	 4	 to	 14	 days	 of	 stroke
onset.40

Cerebral	 edema	 among	 patients	with	 ICVD	 is	maximal	 between	 48	 and	 72
hours	 after	 onset	 but	 may	 extend	 up	 to	 5	 days	 after	 onset	 for	 infarcts	 in	 the
brainstem	and	cerebellum.	Corticosteroids	are	not	effective	for	ICVD.32	Osmotic
diuretics,	such	as	mannitol,	are	of	potential	value	for	cerebral	edema	with	mass
effect	associated	with	ICVD;	we	use	pulse	doses	(1	g/kg,	then	0.5	g/kg	every	6
hours)	 when	 cerebral	 edema	 progresses	 or	 occurs	 with	 clinical	 deterioration.
Intracranial	 pressure	 (ICP)	 monitoring	 to	 guide	 therapy	 should	 also	 be
considered.	 Controlled	 hyperventilation	 is	 perhaps	 the	 fastest	 temporizing
measure	 to	 reduce	 cerebral	 edema,	 but	 its	 effects	 are	 transient	 and	 regional
cerebral	 ischemia	 may	 worsen	 owing	 to	 vasoconstriction.	 Patients	 with	 large
ischemic	infarctions	of	the	MCA	territory	are	at	risk	of	massive	cerebral	edema
and	 herniation	 (malignant	 MCA	 syndrome).	 Timely	 decompressive
hemicraniectomy	 reduces	 the	 risk	 of	 death	 by	 50%	 (one	 in	 two	 patients)	 and
improves	the	outcome	by	25%	(one	in	four	patients).	Interestingly,	the	outcomes
of	this	trial	were	independent	of	the	site	of	infarction	or	the	presence	or	absence
of	aphasia.41

Summary
Successful	 therapy	 requires	 early	 appropriate	 intervention,	 directed	 by	 a	 rapid
initial	clinical	and	imaging	evaluation.	For	 large	vessel	occlusion	with	a	viable
penumbra,	IV	rt-PA	should	be	initiated	and	rapid	transfer	of	the	patient	to	a	site
where	 intra-arterial	 intervention	 is	 available	 should	 be	 the	 goal.	 Physicians
should	not	wait	 for	IV	rt-PA	to	finish	but	should	 initiate	a	 transfer	for	possible
thrombectomy	 as	 soon	 as	 practical.	 For	 all	 other	 situations,	 start	 IV	 rt-PA	 and
transfer	patients	to	a	neuro-ICU	for	completion	and	post-rt-PA	management.



Treatment	of	TIA	has	undergone	a	dramatic	change	since	we	recognized	that
the	risk	of	an	 ischemic	stroke	 is	10.5%	within	30	days	of	an	 initial	emergency
department	 evaluation.	 This	 risk	 can	 be	 reduced	 by	 80%	with	 acute	 inpatient
management	for	1	to	2	days.2	The	recognition	that	acute	high-dose	statins	reduce
the	 risk	 of	 stroke	 and	 improve	 outcomes	 irrespective	 of	 the	 LDL	 levels	 is	 an
important	addendum	to	our	management	strategy	within	the	acute	period	after	an
ischemic	stroke.

Decompressive	 hemicraniectomy	 with	 duraplasty	 is	 highly	 effective	 for
reducing	death	or	disability	related	to	large	MCA	infarcts,	with	a	50%	absolute
survival	 rate	 and	 a	 25%	 improved	 chance	 of	 a	 good	 outcome.	 Finally,	 stroke
prevention	is	the	most	effective	means	of	reducing	the	first	or	recurrent	stroke.18
Aggressive	 management	 of	 risk	 factors	 and	 the	 initiation	 of	 antithrombotic
therapy	and	statins	is	warranted	for	secondary	prevention	(Table	149.5).

TABLE	149.5

Summary	of	Recommendations	Based	on	Randomized
Controlled	Clinical	Trials

Ischemic	and	Hemorrhagic	Stroke	Management

TIA:	High	incidence	of	stroke	early	and	up	to	30	d;	early	inpatient
treatment	reduces	the	risk	of	ischemic	stroke	by	80%
ICVD:

Combined	treatment	(IV	rt-PA	+	IA	thrombectomy)	improves	absolute
outcome	by	18%-31%	in	selected	patients	with	large	vessel	stroke
In	hyperacute	ischemic	stroke,	early	high-dose	statins	are	associated	with
reduced	recurrence	and	improved	survival
In	malignant	MCA	syndrome,	early	DHC	increases	survival	by	50%	and
improves	outcome	by	25%
Stroke	prevention	strategies:	BP	<	140/90	(ACEI/ARB	preferred);	lipid
reduction	of	LDL	<	70	mg/dL	with	statins;	aggressive	DM	control,
HBA1c	<7%;	and	low-dose	aspirin	are	highly	effective	in	reducing	the
risk	of	first	or	recurrent	stroke.

ICH

Early	reduction	of	SBP	to	140	improves	survival



Rapid	reversal	of	anticoagulation	to	INR	<	1.6	may	improve	survival
Intraventricular	shunts	may	be	helpful	in	improving	survival	in	patients
with	ICH	and	IVH
Surgical	decompression	in	cerebellar	hemorrhage	>3	cm	diameter	or	with
brainstem	compression	and	obstructive	hydrocephalus	improves
neurologic	outcome	and	survival
Hematoma	evacuation	or	decompressive	hemicraniectomy	after	ICH	is	of
unproven	benefits

ACEI,	angiotensin-converting	enzyme	inhibitor;	ARB,	angiotensin	receptor	blocker;	BP,	blood
pressure;	DHC,	decompressive	hemicraniectomy;	DM,	diabetes	mellitus;	HBA1c,	glycated
hemoglobin;	IA,	intra-arterial;	ICH,	intracerebral	hemorrhage;	ICVD,	ischemic	cerebrovascular
disease;	INR,	international	normalized	ratio;	IVH,	intraventricular	hemorrhage;	IV	rt-PA,
intravenous	recombinant	tissue	plasminogen	activator;	LDL,	low-density	lipoprotein;	MCA,	middle
cerebral	artery;	SBP,	systolic	blood	pressure;	TIA,	transient	ischemic	attack.

INTRACEREBRAL	HEMORRHAGE
Intracerebral	hemorrhage	 refers	 to	bleeding	within	 the	brain	 tissue	and	may	be
divided	into	traumatic	and	nontraumatic	categories.	Nontraumatic	ICH	occurs	in
the	 setting	 of	 cerebrovascular	 disease	 and	 represents	 the	 second	 category	 of
stroke,	 after	 ischemic	 stroke.	 Nontraumatic	 ICH	 occurs	 less	 frequently	 than
ICVD	but	carries	a	higher	morbidity	and	often	requires	management	in	the	ICU.
Most	 of	 these	 cases	 are	 caused	 by	 spontaneous	 (primary)	 ICH,	 defined	 as
bleeding	 within	 the	 brain	 parenchyma	 without	 an	 underlying	 cause.	 Half	 of
primary	 ICH	 cases	 result	 from	 long-standing	 hypertension.	 Owing	 to	 the
aggressive	control	of	hypertension,	the	incidence	of	ICH	has	decreased	since	the
mid-1960s.	Nonetheless,	ICH	accounts	for	4%	to	11%	of	all	stroke	cases	in	the
United	States	and	16%	to	26%	of	all	stroke-related	deaths.42

Pathophysiology
Many	cases	of	primary	ICH	attributed	to	underlying	hypertension	are	believed	to
be	 caused	 by	 extravasation	 of	 arterial	 blood	 from	 ruptured	 microaneurysms
along	 the	 walls	 of	 small	 intracerebral	 arterioles.	 Microaneurysms	 known	 as
Charcot-Bouchard	 or	 miliary	 aneurysms	 tend	 to	 form	 on	 vessels	 at	 the	 usual
sites	of	ICH	and	develop	at	sites	of	vascular	branching	where	mechanical	stress
is	maximal.	The	aneurysm	wall	lacks	normal	vascular	histology	and	is	composed



mainly	of	connective	tissue	layers,	which	represent	a	weak	point	 in	 the	arterial
system.	 The	 formation	 of	 these	 aneurysms	 is	 favored	 by	 the	 processes	 of
lipohyalinosis	and	 fibrinoid	necrosis,	which	weaken	 the	walls	of	arterioles	and
are	accelerated	by	chronic	hypertension.	Although	Charcot-Bouchard	aneurysms
also	appear	in	the	normotensive	aging	brain,	their	frequency	is	notably	increased
in	hypertensive	patients.	They	are	commonly	observed	along	the	lenticulostriate
arteries,	thalamoperforate	arteries,	and	paramedian	branches	of	the	basilar	artery.
Although	 this	 distribution	 corresponds	 to	 the	 common	 sites	 of	 ICH,	 it	 is
impossible	to	prove	that	these	aneurysms	are	always	the	cause	of	bleeding,	and
the	 concept	 of	 arteriolar	 microdissection	 has	 been	 raised	 as	 an	 alternative
explanation.43

Elderly	patients,	particularly	those	with	a	history	of	cognitive	impairment	or
dementia,	can	develop	lobar	ICH	related	to	amyloid	angiopathy;	this	is	another
important	 underlying	 mechanism	 of	 ICH.34	 About	 5%	 to	 10%	 of	 cases	 of
spontaneous	 ICH	 result	 from	 amyloid	 angiopathy,	 making	 it	 second	 to
hypertension	 as	 an	 etiology	 for	 ICH.44	 Age-related	 deposition	 of	 β-amyloid
along	 the	 small	 arterials	 is	 thought	 to	 increase	 vessel	 wall	 fragility	 through
decreased	 elasticity	 and	 render	 the	 artery	 susceptible	 to	 spontaneous	 rupture.45
Diagnosis	 of	 this	 mechanism	 is	 often	 presumptive	 as	 proof	 of	 amyloid
deposition	 via	 brain	 biopsy	 can	 be	 prohibitively	 invasive	 and	 may	 be
unnecessary	as	therapy	is	supportive	and	an	imaging	signature	showing	multiple
lobar	 areas	 of	 microhemorrhage	 or	 cortical	 siderosis	 can	 be	 diagnostically
supportive.44-47

Other	 underlying	 causes	 include	 neoplasm,	 vasculitis,	 bleeding	 disorders,
prior	embolic	infarction,	ruptured	(berry)	aneurysm,	or	vascular	malformation.48

Irrespective	of	the	underlying	cause,	continued	extravasation	of	blood	results
in	the	formation	of	a	hematoma	with	secondary	accumulation	of	cerebral	edema.
The	lesion	may	become	large	enough	to	cause	midline	shift	of	cerebral	structures
followed	by	transtentorial	herniation.	Depending	on	the	size	and	location	of	the
ICH,	intraventricular	extension	can	occur	and	lead	to	the	development	of	acute
obstructive	hydrocephalus	or	the	later	development	of	a	chronic	communicating
hydrocephalus	 from	 impaired	 cerebrospinal	 fluid	 resorption.	 Some	 cases	 of
thromboembolic	 stroke	 may	 be	 misclassified	 as	 ICH,	 because	 blood	 may
extravasate	 and	 accumulate	 into	 large	 hematomas	 in	 areas	 of	 infarction.	 This
secondary	 hemorrhage	 may	 be	 mislabeled	 if	 an	 early	 imaging	 study	 is	 not
performed.49,50

Clinical	Manifestations



For	most	cases,	the	onset	of	ICH	is	during	the	waking	state	when	the	patient	is
active.	The	onset	is	abrupt,	and	the	development	of	neurological	deficits	occurs
progressively	 over	 minutes	 to	 hours.	 The	 clinical	 presentation	 of	 ICH	 is
monophasic,	 with	 symptoms	 rapidly	 progressing	 to	 maximum.	 Subsequent
clinical	 deterioration	 is	 usually	 because	 of	 the	 effects	 of	 cerebral	 edema49;
however,	 secondary	 bleeding	 and	 subsequent	 deterioration	 may	 also	 occur.	 It
was	 recently	 suggested	 that	 thalamic	 hemorrhages	 may	 bleed	 further	 among
patients	whose	hypertension	is	not	adequately	controlled.50

This	 contrasts	 with	 the	 fluctuating	 deficits	 commonly	 seen	 in
atherothrombotic	infarcts	or	with	the	appearance	of	maximal	deficits	at	onset	of
cardioembolic	 strokes.	 At	 presentation,	 44%	 to	 72%	 of	 patients	with	 ICH	 are
comatose.

The	average	age	of	onset	of	ICH	is	50	to	70	years,	younger	than	that	of	other
types	of	stroke.	Patients	may	report	 lateralized	headache;	vomiting	is	common,
and	 nuchal	 rigidity	 may	 be	 present.	 Seizures	 are	 seen	 more	 frequently	 at	 the
onset	of	ICH	(17%)	than	in	ICVD	and	are	more	likely	to	occur	if	 the	bleeding
involves	the	cerebral	cortex.48,51

Diagnosis
The	 diagnosis	 of	 ICH	 can	 be	 made	 by	 head	 CT,	 which	 provides	 accurate
information	about	the	size	and	site	of	the	hematoma	as	well	as	the	midline	shift
and	development	of	cerebral	edema.	Typically,	the	hemorrhage	is	hyperdense	on
CT	scan	during	the	acute	phase,	although	severe	anemia	or	ongoing	hemorrhage
may	attenuate	this	finding.	Acute	ICH	may	be	identified	by	MRI,	but	MRI	is	less
readily	available	and	requires	 longer	 imaging	 time.	 In	addition,	 the	appearance
of	blood	on	the	MRI	scan	varies	with	time	because	signal	intensity	is	related	to
the	state	of	degradation	of	the	hemoglobin.	For	typical	ICH	deoxyhemoglobin	is
found	during	the	first	3	days	after	ICH	and	is	not	well	visualized	by	T1-weighted
images	 but	 appears	 as	 an	 area	 of	 reduced	 signal	 intensity	 on	 T2-weighted
images.	 Days	 3	 to	 10	 after	 ICH,	 methemoglobin	 appears	 as	 increased	 signal
intensity	of	T1-weighted	images,	but	the	intracellular	portion	has	reduced	signal
intensity	on	T2-weighted	images.	During	the	chronic	phase,	the	ICH	has	broken
down	 to	 hemosiderin,	 which	 is	 poorly	 visualized	 on	 T1-weighted	 images	 but
appears	as	reduced	signal	intensity	on	T2-weighted	images.

CTA,	 MRA,	 or	 conventional	 angiography	 should	 also	 be	 considered	 for
selected	 cases	when	 an	 underlying	 aneurysm	or	 arteriovenous	malformation	 is
suspected.

This	is	particularly	important	or	pertinent	for	younger	patients	and	those	with



bleeding	in	an	atypical	location,	in	whom	a	larger	percentage	of	cases	of	ICH	are
caused	 by	 underlying	 vascular	 lesions,	 such	 as	 arteriovenous	malformation	 or
aneurysm.

Lumbar	puncture	 is	contraindicated	during	acute	ICH	because	of	 the	risk	of
herniation	 from	 mass	 effect.	 Testing	 on	 admission	 for	 ICH	 should	 include
coagulation	profile	and	platelet	counts	for	all	patients,	as	well	as	bleeding	time,
when	the	patient	is	on	aspirin.

Differential	Diagnosis
Although	 vasculopathy	 related	 to	 hypertension	 and	 amyloid	 angiopathy
constitute	the	majority	of	ICH,	other	etiologies	should	be	considered.	Ruptured
arteriovenous	 malformation	 is	 an	 important	 cause	 of	 ICH,	 particularly	 for
younger	 patients	 or	 those	 without	 other	 risk	 factors.	 ICH	 may	 also	 occur
uncommonly	from	a	ruptured	cerebral	aneurysm;	typically,	blood	is	also	evident
in	the	subarachnoid	space.

Secondary	 cerebral	 hemorrhage	 may	 occur	 after	 embolic	 infarction	 as	 the
lodged	 embolus	 fragments	 and	 ischemic	 distal	 vessels	 may	 rupture	 with
reperfusion.	 This	 is	 more	 common	 for	 patients	 with	 large	 embolic	 infarcts,
among	 patients	 who	 are	 anticoagulated,	 and	 among	 patients	 with	 poorly
controlled	hypertension.

ICH	accounts	 for	 0.5%	 to	1.5%	of	 all	 bleeding	 events	 related	 to	 the	use	of
oral	anticoagulants.	Oral	anticoagulation	increases	the	risk	of	ICH	8-	to	11-fold,
compared	 with	 unanticoagulated	 patients.	 Compared	 with	 patients	 with
spontaneous	 ICH,	 there	 is	 a	 trend	 toward	 larger	 hematomas	 and	 a	 higher
mortality	 rate	 in	 patients	 on	 anticoagulants.50,52	 Cerebellar	 hemorrhage	 is
relatively	common	among	anticoagulated	patients,	and	mortality	for	these	cases
may	be	as	high	as	65%.	Therefore,	among	anticoagulated	patients,	the	onset	of
focal	neurologic	signs,	even	if	slowly	progressive,	necessitates	CT	scan	to	rule
out	 ICH.42	 The	 use	 of	 fibrinolytic	 therapy,	 such	 as	 rt-PA,	 for	 coronary	 artery
occlusion	 has	 also	 been	 associated	 with	 ICH,	 especially	 when	 adjunctive
anticoagulant	 therapy	 is	 used.	 These	 cases	 have	 shown	 a	 predilection	 for	 the
subcortical	white	matter	and	lobar	areas	and	generally	have	a	poor	prognosis.55

ICH	 associated	 with	 the	 presence	 of	 primary	 or	 secondary	 brain	 tumors	 is
infrequent,	 accounting	 for	 only	 2%	 of	 all	 cases	 of	 ICH.	 Higher-grade
malignancies,	 such	 as	 glioblastoma	multiforme,	 are	more	 likely	 to	 bleed.	 The
presence	of	 thin-walled	 vessels	 in	 areas	 of	 neovascularization	 is	 thought	 to	 be
the	 underlying	 reason	 for	 these	 hemorrhages.	 Metastatic	 lesions	 with	 the
tendency	 to	 bleed	 include	 bronchogenic	 carcinoma,	 melanoma,	 renal	 cell



carcinoma,	 and	 choriocarcinoma.	 ICH	 is	 frequent	 in	 hematological	 disorders
such	 as	 leukemia	 and	 reflects	 both	 the	 underlying	 thrombocytopenia	 and
disseminated	 intravascular	 coagulopathy.	 When	 disseminated	 intravascular
coagulopathy	is	caused	by	other	organ	failure,	it	can	also	lead	to	ICH.

Sympathomimetic	 drugs,	 such	 as	 methamphetamine,	 pseudoephedrine,	 and
phenylpropanolamine,	may	cause	 ICH.	These	agents	are	suspected	of	 inducing
vasculopathy	with	vasospasm	or	sometimes	a	vasculitis.	Cocaine,	which	blocks
dopamine	 and	 norepinephrine	 reuptake,	 has	 been	 associated	 with	 ICH	 and
appears	 to	 incite	 cerebral	 vasospasm	 rather	 than	 a	 vasculitis.	 The	 secondary
hypertension	related	to	sympathetic	stimulation	may	also	cause	ICH	from	any	of
these	 agents.	 This	 may	 explain	 the	 lack	 of	 abnormal	 angiographic	 findings
among	 some	 of	 these	 cases,54	 although	 recently	 cerebral	 vasospasm	 was
demonstrated	with	MRA	after	acute	cocaine	administration.55	Reversible	cerebral
vasoconstriction	syndrome	describes	a	temporary	process	of	triggered	multifocal
vasospasm;	 patients	 may	 present	 with	 acute	 ICH.56	 Triggering	 events	 include
exposure	to	proserotonergic	medications	and	marijuana,	but	no	apparent	source
may	 be	 found.	 Acute	 elevation	 of	 blood	 pressure	 in	 otherwise	 normotensive
people,	such	as	that	which	may	follow	migraine,	is	postulated	to	result	at	times
in	 ICH.	 ICH	 secondary	 to	 focal	 autonomic	 dysregulation	 after	 carotid
reperfusion	 may	 also	 occur,	 typically	 3	 to	 5	 days	 after	 revascularization	 in
patients	with	suboptimal	blood	pressure	regulation.

Specific	Syndromes	of	Intracerebral	Hemorrhage
Hypertension-related	 ICH	 tends	 to	 occur	 in	 stereotyped	 locations.	 In	 order	 of
descending	 frequency,	 these	 locations	 are	 the	putamen	 (30%-50%),	 subcortical
white	matter	(15%),	thalamus	(10%),	pons	(10%),	and	cerebellum	(10%).48

ICH	 in	 the	 putamen	 is	 caused	 by	 bleeding	 from	 a	 lenticulostriate	 vessel.
Clinically	 it	 is	manifested	 by	 development	 of	 flaccid	 hemiplegia,	 hemisensory
disturbances	 of	 all	 primary	modalities,	 homonymous	 hemianopia,	 paralysis	 of
conjugate	gaze	to	the	side	opposite	the	lesion,	and	early	alteration	of	the	level	of
consciousness.	 Subcortical	 aphasia	 may	 occur	 when	 a	 putamen	 hemorrhage
involves	 the	 dominant	 hemisphere,	 and	 a	 hemineglect	 syndrome	when	 it	 is	 on
the	nondominant	side.

Thalamic	 ICH	 is	characterized	by	a	unilateral	 sensorimotor	deficit	 in	which
sensory	 findings	predominate.	A	variety	of	 eye	 signs	occur	 including	Parinaud
syndrome,	 forced	 disconjugate	 down-gaze	 deviation	 medially	 on	 the	 side
opposite	the	lesion,	pseudoabducens	paresis,	and	up-gaze	paresis.	Owing	to	the
location,	thalamic	ICH	may	rupture	into	the	ventricular	system.



Pontine	 ICH	has	 the	highest	mortality.	Quadriplegia,	brainstem	dysfunction,
and	small,	unreactive	pupils	are	seen	at	presentation,	and	many	patients	rapidly
develop	coma.	Bleeding	typically	arises	from	a	paramedian	branch	of	the	basilar
artery	 and	 almost	 always	 extends	 into	 the	 fourth	 ventricle.	Cases	 of	 unilateral
pontine	ICH	have	a	better	outcome.57

Cerebellar	 ICH	 most	 commonly	 involves	 the	 dentate	 nucleus	 (see	 Figure
149.5).	 Alteration	 of	 consciousness	 is	 unusual	 at	 onset,	 but	 progressive
deterioration	 with	 drowsiness	 typically	 occurs.	 Most	 patients	 initially	 present
with	the	following:	(a)	gait,	truncal,	or	limb	ataxia;	(b)	lower	motor	neuron	facial
paresis;	 or	 (c)	 an	 ipsilateral	 gaze	 palsy.	 Other	 common	 presenting	 signs	 and
symptoms	are	headache,	nausea,	vomiting,	vertigo,	nystagmus,	and	limb	ataxia.49
Early	surgical	intervention	is	indicated	for	lesions	larger	than	3	cm	or	in	smaller
lesions	with	clinical	progression,	because	cerebellar	hemorrhage	causes	death	in
up	 to	 60%	 of	 cases.	 Neurological	 deterioration	 due	 to	 hemorrhage,	 causing
obstructive	hydrocephalus	at	the	level	of	the	fourth	ventricle,	is	not	uncommon.
Surgical	 mortality	 is	 lower	 for	 patients	 who	 are	 still	 awake	 before	 operation;
therefore,	early	intervention	is	indicated.58

	



Figure	 149.5 	Midline	 cerebellar	 hemorrhage	 (arrow)	 seen	 on	 a
computed	tomography	scan.

Approximately	3%	of	cases	of	ICH	are	primarily	intraventricular	in	location.
These	events	have	minimal	focal	signs,	but	there	may	be	loss	of	consciousness	at
onset.	Hydrocephalus	is	a	major	complication.59

Treatment
3 	 The	 acute	 medical	 management	 of	 ICH	 is	 aimed	 at	 correction	 of	 any
predisposing	systemic	factors	to	prevent	further	clinical	deterioration.	Following
ICH,	 there	 is	 a	 hematoma	 growth	 of	 22%	 within	 the	 first	 24	 hours	 and
hypertension	is	a	major	management	problem	in	these	cases.	In	response	to	the
acute	elevation	of	ICP	caused	by	the	hematoma,	systemic	blood	pressure	rises	to
maintain	adequate	cerebral	perfusion	pressure.	This	response,	known	as	Cushing
reflex,	serves	to	protect	the	brain	against	ischemia,	but	autoregulation	of	cerebral
blood	 flow	 can	 be	 impaired	 after	 ICH	 or	 infarction.	 Among	 patients	 with
underlying	 chronic	 hypertension,	 the	 result	 may	 be	 excessively	 high	 blood
pressure.	 The	 best	 management	 of	 this	 dilemma	 remains	 controversial.	 In
chronic	hypertension,	the	lower	limit	of	cerebral	autoregulation	is	shifted	toward
higher	blood	pressure	and	acute	lowering	of	systolic	blood	pressure	is	known	to
result	 in	 unfavorable	 decreases	 in	 cerebral	 perfusion	 pressure.	 Sustained
hypertension	in	the	acute	phase	of	ICH,	however,	can	lead	to	further	bleeding	or
rapid	 accumulation	 of	 cerebral	 edema.60	 The	 recommended	 goal	 of	 systolic
blood	 pressure	 in	 the	 acute	 phase	 of	 ICH	 is	 between	 140	 and	 160	mm	Hg.60
Blood	pressure	should	be	lowered	gently	acutely,	and	β-blockers	are	the	agents
of	choice.	Alternatively,	a	calcium	channel	blocker	such	as	IV	nicardipine	may
be	useful	because	it	does	not	elevate	ICP	like	some	vasodilators.51,60

When	 the	 hematoma	 and	 associated	 cerebral	 edema	 raise	 ICP,	 clinical
deterioration	 typically	occurs.	Acutely,	hyperventilation	effectively	 lowers	 ICP,
but	 only	 for	 a	 matter	 of	 hours.	 Hyperosmolar	 agents,	 such	 as	 mannitol	 and
hypertonic	 saline,	 can	 provide	more	 sustained	 reductions	 of	 ICP.	 Their	 utility
remains	 unclear	 and	 the	 osmotic	 diuresis	 induced	 by	 these	 agents	 can	 lead	 to
dehydration,	electrolyte	 imbalances,	and	pulmonary	edema	 if	 the	patient	 is	not
carefully	managed.	Treatment	of	ICH	with	steroids	can	be	detrimental	to	overall
outcomes,	 and	 these	 are	 not	 routinely	 administered.61	 The	 value	 of	 ICP
monitoring	in	these	situations	remains	controversial.	Elevation	of	ICP	owing	to
hydrocephalus	is	treated	with	ventricular	cerebrospinal	fluid	diversion.



4 	Prophylactic	anticonvulsants	are	not	routinely	used	for	ICH.	When	seizures
are	 not	 present	 at	 onset,	 patients	 are	 generally	 at	 low	 risk	 for	 developing
seizures,	but	hemorrhage	into	the	cortex,	regardless	of	site	of	origin,	predisposes
to	 seizures.	 Subarachnoid	 or	 intraventricular	 extension	 of	 bleeding	 does	 not
increase	 the	 risk	 of	 seizures.	 Seizures	 have	 occasionally	 been	 reported	 with
hemorrhages	of	the	caudate	but	not	with	putaminal	or	thalamic	events.	Although
the	 incidence	of	chronic	epilepsy	from	ICH	is	 low	(6.5%-13.0%),	any	seizures
usually	begin	within	the	first	2	years	after	the	event.63,64

Prophylaxis	 against	 peripheral	 venous	 thrombosis	 should	 be	 accomplished
initially	with	 pneumatic	 boots.	 Chemical	 prophylaxis	may	 be	 started	 48	 to	 72
hours	 after	 cessation	 of	 bleeding	 for	 patients	 not	 at	 high	 risk	 for	 incipient
deterioration	requiring	surgery.

5 	 5 	At	present,	surgery	may	be	indicated	for	 lobar	ICH	in	which	the	patient
continues	to	deteriorate,	and	for	cerebellar	ICH.	Emergency	ventriculostomy	to
relieve	 hydrocephalus	 should	 be	 considered	 when	 this	 condition	 develops
acutely.	 Surgical	 intervention	 has	 not	 proved	 to	 be	 useful	 for	 improving
outcomes	of	other	intracerebral	hemorrhages.64

The	prognosis	for	ICH	is	worse	for	larger	lesions.	By	location,	pontine	ICH
has	the	highest	mortality,	followed	by	cerebellar	and	then	basal	ganglia	lesions.
Lobar	 ICH	 carries	 the	 most	 favorable	 outlook	 for	 survival	 and	 functional
recovery.49	 Clinical	 scoring	 systems	 can	 provide	 insight	 into	 mortality	 and
disability	 risk,	 important	 considerations	 for	 clinicians,	 and	 patients	 and	 their
families.	The	ICH	score	estimates	risk	of	death	by	30	days	and	is	predicated	on
patient	 age,	 admission	 Glasgow	 Coma	 Scale	 score,	 hemorrhage	 size,
intraventricular	extension,	and	infratentorial	origin	of	bleeding65,66	(Table	149.6).

TABLE	149.6

ICH	Score

Age	80+	Years Yes	=	1	No	=	0

GCS	at	presentation 3-4	=	2;	5-12	=	1;	13-15	=	0

ICH	volume	30+	mL Yes	=	1	No	=	0

Intraventricular	blood Yes	=	1	No	=	0

Infratentorial	origin	of	ICH Yes	=	1	No	=	0



SCORE
(30	d
mortality)

0	=	0% 1	=	13% 2	=	26% 3	=	72% 4	=	97% 5-
6	=	100%

GCS,	Glasgow	Coma	Scale;	ICH,	intracerebral	hemorrhage.

Summary
ICH	 can	 be	 neurologically	 devastating.	 Patients	 with	 ICH	 often	 require	 ICU
support	because	of	the	severity	of	disease,	particularly	when	it	is	complicated	by
markedly	 increased	 ICP.	 Treatments	 remain	 supportive,	 directed	 at	 attenuating
complications	 and	 promoting	 recovery.	 Although	 ICH	 is	 more	 severe	 than
ICVD,	many	patients	have	significant	recovery	with	expert	supportive	care	and
restorative	and	rehabilitative	efforts	(Table	149.5).
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	55-year-old	woman	with	a	past	medical	history	of	hypertension,
hyperlipidemia,	and	atrial	fibrillation	on	oral	anticoagulant	with	apixaban	(last
dose	12	hours	ago)	presents	with	acute-onset	aphasia	and	right	hemiplegia.
Symptoms	began	2	hours	before	presentation	to	the	emergency	department.	A
noncontrast	CT	of	the	head	reveals	infarction	of	20%	of	the	left	middle	cerebral
artery	territory,	and	CT	angiogram	of	the	head	and	neck	reveals	left	middle
cerebral	artery	occlusion.	What	is	the	most	appropriate	next	step	in
management?

A. 	Aspirin
B. 	Intravenous	tPA
C. 	Permissive	hypertension
D. 	Thrombectomy



2. 	A	44-year-old	woman	with	past	medical	history	of	migraine	with	aura	and
two	spontaneous	miscarriages	is	seen	in	the	neurology	clinic	1	week	after
experiencing	an	ischemic	stroke,	from	which	she	has	made	a	full	recovery.	Her
initial	workup	revealed	a	normal	lipid	profile,	negative	vasculitis	laboratory
testing,	and	an	echocardiogram	with	bubble	study	that	showed	a	small	patent
foramen	oval	(PFO)	with	Valsalva-induced	right-to-left	shunt.	All	of	the
following	are	appropriate	in	the	evaluation	and	management	of	this	patient,
EXCEPT:

A. 	Assess	for	hypercoagulable	state	including	lupus	anticoagulant
B. 	Extended	cardiac	monitoring	for	possible	atrial	fibrillation
C. 	Continue	low-dose	aspirin
D. 	Refer	for	PFO	closure

3. 	A	70-year-old	man	is	seen	3	hours	after	the	onset	of	a	severe	headache	and
left	hemiparesis.	His	blood	pressure	on	arrival	is	210/120	mm,	and	a	noncontrast
CT	of	the	head	reveals	a	moderate-sized	right	basal	ganglia	hemorrhage	with	a
2-mm	midline	shift.	On	examination	he	is	conscious	but	confused,	with	a	dense
left	hemiplegia.	What	is	the	most	appropriate	management?

A. 	Consult	neurosurgery	for	decompressive	hemicraniectomy	with
duraplasty
B. 	Consult	neurosurgery	for	hematoma	evacuation
C. 	Lower	systolic	blood	pressure	to	100	to	120	mm	Hg
D. 	Lower	systolic	blood	pressure	to	140	to	160	mm	Hg

Answers

1.	The	correct	answer	is	D.
Rational:	This	is	a	patient	who	is	in	the	time	window	for	intravenous	tPA	but

is	ineligible	because	she	is	has	taken	a	DOAC	(direct	oral	anticoagulant)	within
the	last	48	hours	(choice	B	is	incorrect).	Of	note,	a	few	studies	report	that,	after
reversal	with	specific	antagonists	for	DOACS	(ie,	Andexxa,	Praxbind),	patients
have	 been	 treated	 with	 intravenous	 tPA.	 However,	 there	 are	 no	 randomized
controlled	 trials	 yet	 to	 validate	 this	 approach.	 Furthermore,	 data	 are
accumulating	 to	 show	 primary	 thrombectomy	 without	 intravenous	 tPA	 is
associated	 with	 similar	 outcomes	 as	 intravenous	 tPA	 combined	 with
thrombectomy	 (choice	 D	 is	 correct).	 Supportive	 medical	 management	 with
antiplatelet	 agents	 and	 permissive	 hypertension	 are	 not	 the	 best	 choices	when



there	is	an	effective	treatment,	in	this	case	primary	thrombectomy	(choices	A	and
C	are	not	the	best	answers).

2.	The	correct	answer	is	D.
Rational:	Population	surveys	show	PFO	is	present	in	25%	to	30%	of	people

without	stroke,	so	a	comprehensive	evaluation	is	warranted	for	a	young	patient
with	ischemic	stroke	even	if	a	PFO	is	found.	Other	conditions	that	might	result
in	 a	 need	 for	 lifelong	 anticoagulation	may	 impact	 treatment	 decisions	 for	 the
PFO.	 In	 this	 case	 the	history	 is	 suggestive	of	 systemic	 lupus	erythematosus	or
antiphospholipid	antibody	syndrome.	PFO	closure	is	not	without	risks	including
a	 4%	 chance	 of	 inducing	 atrial	 fibrillation,	 which	 is	 permanent	 half	 the	 time,
requiring	long-term	anticoagulation	treatment	(choice	D	is	the	“correct”,	wrong
answer).	Continuing	aspirin	and	evaluation	for	atrial	fibrillation	are	indicated.

3.	The	correct	answer	is	D.
Rational:	Lowering	blood	pressure	 to	accepted	range	of	140	to	160	mm	Hg

should	 be	 the	 immediate	 goal	 (choice	 D	 is	 correct).	 Acute	 lowering	 of	 blood
pressure	 down	 to	 normal	 levels	 may	 compromise	 cerebral	 blood	 flow	 and
worsen	outcome	(choice	C	is	incorrect).	Hematoma	removal	and	decompressive
hemicraniectomy	are	not	usually	indicated	in	primary	intracerebral	hemorrhage
involving	deep	structures	(choices	A	and	B	are	incorrect).	While	large	cerebellar
hemorrhages	 may	 improve	 with	 suboccipital	 decompression,	 surgery	 for
supratentorial	 hemorrhages	would	 only	 be	 considered	 after	 all	 other	measures
including	extraventricular	drainage	and	osmotherapy	have	been	ineffective.
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Chapter	150
Subarachnoid	Hemorrhage
Alaaedin	Alhomosh

KEY	POINTS:
1.	 Aneurysmal	subarachnoid	hemorrhage	(aSAH)	presents	as	a

sudden,	severe	headache.
2.	 Noncontrast	CT	is	the	preferred	emergent	imaging	modality.
3.	 Endovascular	repair	is	the	preferred	method	of	treatment	in	most

aSAH	cases	and	should	be	accomplished	as	soon	as	feasible,	within
the	first	48	hours	of	care.

4.	 Vasospasm	is	a	common	complication	of	aSAH	and	a	major
contributor	to	morbidity	and	mortality.

5.	 Hypertensive	therapy,	with	volume	expansion	and	rescue
endovascular	therapy,	is	used	to	treat	vasospasm.

6.	 CSF	diversion	may	be	needed	to	remedy	hydrocephalus.
7.	 Cardiopulmonary	complications	may	include	dysrhythmias,

cardiomyopathy,	and	neurogenic	pulmonary	edema.
8.	 Hyponatremia	is	common	and	requires	hypertonic	saline	as	fluid

restriction	is	not	feasible	while	patients	are	at	risk	for	vasospasm.

INTRODUCTION
Subarachnoid	 hemorrhage	 (SAH)	 results	 from	 bleeding	 into	 the	 cerebrospinal
fluid	(CSF)–filled	cisterns	between	the	arachnoid	and	pia	mater	(Figure	150.1).
The	 treatment,	 complications,	 and	 prognosis	 vary	 according	 to	 the	 underlying
cause	 of	 the	 hemorrhage.	 A	 ruptured	 cerebral	 aneurysm	 is	 the	 most	 common
form	 of	 nontraumatic	 SAH,	 accounting	 for	 3%	 of	 all	 strokes.1	 SAH	 is	 a
neurological	 emergency	 requiring	 urgent	 management	 and	 intensive	 care	 unit



(ICU)	 level	 monitoring.	 Improvements	 of	 functional	 outcomes	 are	 owing	 to
early	recognition,	intervention,	and	intensive	care	management	to	limit	the	risks
of	 rebleeding,	 consequences	 of	 cerebral	 vasospasm	 (cVSP),	 and	 medical
complications.

	

Figure	150.1 	Shown	is	the	noncontrast	head	CT	of	a	large	SAH
from	 a	 ruptured	 berry	 aneurysm,	 resulting	 in	 blood	 in	 all	 major
cisterns,	 interhemispheric	 and	 Sylvian	 fissures,	 and	 both
ventricles.Mild	 obstructive	 hydrocephalus	 is	 also	 present,	 as	 visible
by	the	slightly	dilated	temporal	horns	(white	arrows).

EPIDEMIOLOGY
SAH	incidence	and	mortality	are	lower	for	Caucasians	than	other	racial	groups.1
The	 overall	 incidence	 is	 9	 per	 100,000	 person	 per	 year	 and	 progressively
increases	with	age	up	to	31	per	100,000	person	per	year	after	the	age	of	85	for	all
types	of	SAH	combined.	The	median	age	of	the	most	common	form	of	SAH,	the
aneurysmal	type,	is	53	years.1	SAH	is	a	female-predominant	disease,	with	two-
thirds	of	SAH	patients	being	women.2	Mortality	rate	from	a	ruptured	aneurysmal
subarachnoid	 hemorrhage	 (aSAH)	 varies	 between	 32%	 and	 44%,	 with	 early
rebleeding	 carrying	 the	 highest	 risk	 of	 mortality.3,4	 The	 risk	 of	 SAH	 is
significantly	 higher	 during	 the	 third	 trimester	 of	 pregnancy,	 and	 SAH	 from
aneurysmal	rupture	is	a	leading	cause	of	maternal	mortality,	accounting	for	6%
to	25%	of	maternal	deaths	during	pregnancy.



PATHOGENESIS
Saccular	(berry)	aneurysms	lack	 the	normal	muscular	media	and	elastic	 lamina
layers,	 making	 it	 more	 vulnerable	 to	 rupture.	 Eighty-five	 percent	 of	 saccular
aneurysms	are	located	in	the	anterior	circulation.5	Common	sites	for	aneurysms
are	at	 the	junction	of	the	anterior	cerebral	and	anterior	communicating	arteries,
the	 origin	 of	 the	 posterior	 communicating	 artery,	 the	 middle	 cerebral	 artery
trifurcation,	 and	 at	 the	 top	 of	 the	 basilar	 artery.	 Twenty	 percent	 to	 30%	 of
patients	 have	 multiple	 aneurysms.	 Several	 connective	 tissue	 diseases	 such	 as
polycystic	 kidney	 disease,	 Marfan	 syndrome,	 Ehlers-Danlos	 syndrome,
neurofibromatosis	 1,	 fibromuscular	 dysplasia,	 and	 coarctation	 of	 the	 aorta	 are
associated	with	 an	 increased	 incidence	 of	 intracerebral	 aneurysms.5,6	 Seven	 to
20%	 of	 patients	 with	 aSAH	 have	 first-	 or	 second-degree	 relatives	 with
intracranial	aneurysms.5	Familial	intracranial	aneurysms,	as	well	as	the	increased
frequency	 of	 other	 familial	 syndromes,	 lend	 support	 to	 the	 congenital	 theory.
Using	 modern	 genomic	 analysis,	 multiple	 genetic	 loci	 associated	 with	 the
presence	 of	 cerebral	 aneurysms	 have	 been	 and	 continue	 to	 be	 identified.7
Important	 risk	 factors	 include	 later	 age	 of	 onset,	 hypertension,	 cigarette
smoking,	alcohol	consumption,	amphetamine,	or	cocaine	use.	These	factors	may
contribute	 to	 aneurysmal	 formation	 and	 expansion	 through	 degenerative
processes.5,8

Non-aSAH	is	determined	based	on	the	failure	to	demonstrate	an	aneurysm	on
initial	 as	 well	 as	 repeat	 imaging	 studies,	 or	 when	 another	 etiology	 has	 been
identified	 (Figure	 150.2).	 Common	 causes	 include	 vascular	 malformation,
traumatic	 SAH,	 cerebral	 amyloid	 angiopathy,	 and	 reversible	 cerebral
vasoconstriction	syndrome.8	The	clinical	presentations	are	often	similar	to	that	of
aneurysmal	SAH.

	



Figure	 150.2 	 These	 noncontrast	 head	 CTs	 from	 two	 different
patients	 show	 high	 frontal-parietal	 nonaneurysmal	 SAH	 filling	 the
sulci	 in	 a	 localized	 area	 (circles).Both	 SAH	were	 spontaneous,	 and
repeat	 cerebral	 angiography	 was	 negative	 in	 both	 cases.	 Some
nonaneurysmal	 SAH	 can	 be	 subtle	 (as	 in	 these	 two	 patients);
therefore,	 the	head	CT	must	be	 reviewed	carefully,	 especially	when
there	is	a	convincing	clinical	history	of	a	sudden	onset	of	headache.

Perimesencephalic	SAH	refers	to	the	collection	of	blood	in	the	subarachnoid
space	 centered	 on	 the	 basal	 and	 suprasellar	 cisterns	 around	 the	 pons	 and	 the
midbrain	(Figure	150.3).	When	a	ruptured	aneurysm	cannot	be	identified	as	the
cause	 of	 the	 bleed,	 this	 distribution	 of	 subarachnoid	 blood	 is	 thus	 known	 as
nonaneurysmal	 perimesencephalic	 SAH.	 It	 represents	 5.8%	 of	 all	 SAH,	 often
lacks	 identification	of	 a	 specific	 cause,	 and	commonly	 follows	a	 rather	benign
course.8,9

	

Figure	150.3 	This	noncontrast	head	CT	from	a	single	patient	with
perimesencephalic	SAH	reveals	blood	 in	 the	perimesencephalic	and
prepontine	 cisterns	 (white	 arrows)	 only.This	 patient’s	 cerebral
angiogram	 was	 repeated	 twice,	 and	 never	 revealed	 any	 source	 of
bleeding.

CLINICAL	PRESENTATION
A	 “sentinel”	 (warning)	 hemorrhage	 occurs	 among	 approximately	 20%	 of
patients	and	 is	characterized	by	headache	or	meningismus	 that	 lasts	at	 least	48
hours	 in	 70%	 of	 cases.	 The	 event	 is	misdiagnosed	 in	 20%	 to	 40%	 as	 tension
headache,	 migraine,	 sinusitis,	 viral	 syndrome,	 aseptic	 meningitis,	 or
malingering.10	Evidence	of	a	warning	leak	must	be	treated	with	a	high	index	of



suspicion	 because	 such	 events	 precede	 major	 hemorrhage.	 Neurologic	 and
functional	 outcomes	 are	 greatly	 improved	 if	 the	 patient	 is	 treated	 while
neurologically	intact	before	a	major	rehemorrhage.11

1 	 SAH	 produces	 severe	 headache	 (maximum	 at	 onset,	 “worst	 headache	 of
life”),	 neck	 pain,	 nausea	 and	 vomiting,	 dizziness,	 diplopia,	 photophobia,	 and
lethargy.	At	 the	 time	 of	 rupture,	 45%	 of	 patients	 lose	 consciousness	 and	may
demonstrate	 abducens	 nerve	 palsies,	 reflecting	 the	 acute	 rise	 in	 intracranial
pressure	 (ICP)	 that	 may	 transiently	 equal	 or	 exceed	 mean	 arterial	 pressure.12
Early	seizures	after	SAH	(8%-11%)	reflect	a	rise	in	ICP	but	are	not	indicative	of
the	site	or	severity	of	rupture.13,14

CLINICAL	AND	RADIOLOGIC	GRADING
Several	 clinical	 grading	 scales	 have	been	developed	 to	 assess	 the	 severity	 and
prognosis	based	on	the	initial	presentation.	The	grading	scale	developed	by	Hunt
and	Hess15	 is	 useful	 in	 correlating	 the	 patient’s	 clinical	 status	 with	 prognosis
(Table	150.1).	Grades	I	and	II	at	presentation	have	a	relatively	good	prognosis,
grade	 III	 has	 an	 intermediate	 prognosis,	 and	 grades	 IV	 and	 V	 have	 a	 poor
prognosis.16	 The	 Hunt	 and	 Hess	 scale	 is	 clinically	 used	 predominantly	 in	 the
United	 States;	 much	 of	 the	 world	 has	 adopted	 the	 World	 Federation	 of
Neurological	Surgeons	scale	(WFNS).16	The	WFNS	uses	the	combined	Glasgow
Coma	Scale	along	with	clinical	motor	deficit	to	estimate	the	likelihood	of	a	poor
outcome	(Table	150.2).

TABLE	150.1

Hunt	and	Hess	Grading	Scale

Grade Symptoms Mortality
(%)

I Asymptomatic,	or	minimal	headache	and	slight	nuchal
rigidity

11

II Moderate-to-severe	headache,	nuchal	rigidity,	no
neurologic	deficit	other	than	cranial	nerve	palsy

26



III Drowsiness,	confusion,	or	mild	focal	deficit 37

IV Stupor,	moderate-to-severe	hemiparesis 71

V Deep	coma,	decerebrate	rigidity,	moribund	appearance 100

Serious	systemic	diseases,	such	as	hypertension,	diabetes,	severe	arteriosclerosis,	chronic
pulmonary	disease,	and	severe	vasospasm	seen	on	arteriography,	result	in	placement	of	the
patient	in	the	next	less	favorable	category.

TABLE	150.2

World	Federation	of	Neurologic	Surgeons	Grading	Scale

Grade Motor
Deficit

Glasgow
Coma	Scale

Risk	of	Severe	Disability,
Vegetative	State,	or	Death	(%)

1 − 15 13

2 − 13–14 20

3 + 13–14 42

4 ± 7–12 51

5 ± 3–6 68

The	 radiological	Fisher	Score	was	 developed	 in	 1981	using	 first-generation
head	computed	tomography	(CT)	to	estimate	the	risk	of	symptomatic	vasospasm
based	on	the	blood	distribution	pattern	on	the	initial	CT.17	Major	disadvantages
of	the	original	Fisher	Score	were	its	nonordinal	increase	in	the	vasospasm	risk,
making	 it	 nonintuitive	 to	 use	 at	 the	 bedside,	 as	well	 as	 that	 it	was	 difficult	 to
incorporate	into	statistical	models	used	in	the	research.	Therefore,	the	score	has
been	revised	and	validated	using	modern-technology	head	CT	in	a	much	larger
number	of	patients	and	is	now	known	and	routinely	used	as	the	Revised	Fisher
Score.18	 Its	 linear	increase	with	vasospasm	risk	is	based	on	SAH	clot	 thickness
and	the	presence	or	absence	of	intraventricular	hemorrhage.	It	is	the	radiological
score	in	current	use	(Table	150.3).



TABLE	150.3

Modified	Fisher	Scale

Grade IVH SAH	Characteristics	on
Admission	CT	Head	Scan

Risk	of	Symptomatic
Vasospasm	(%)

1 − Localized	thin	or	diffuse	thin 24

2 + Absent	or	localized	thin	or	diffuse
thin

33

3 − Localized	thick	or	diffuse	thick 33

4 + Localized	thick	or	diffuse	thick 40

CT,	computed	tomography;	IVH,	intraventricular	hemorrhage;	SAH,	subarachnoid	hemorrhage.

DIAGNOSTIC	EVALUATION
2 	When	SAH	is	suspected,	an	urgent	noncontrast	head	CT	should	be	obtained	to
identify,	localize,	and	quantify	the	hemorrhage.	The	sensitivity	of	a	noncontrast
CT	head	reaches	almost	100%	in	the	first	6	to	12	hours	and	remains	over	90%
sensitive	 at	 24	 hours	 when	 interpreted	 by	 an	 experienced	 physician.19,20	 The
sensitivity	 progressively	 declines	with	 time	 to	 around	 50%	 at	 5	 days.	When	 a
noncontrast	CT	head	is	nondiagnostic	and	the	clinical	suspicion	of	SAH	remains
high,	 an	 urgent	 lumbar	 puncture	 is	 indicated.	 The	 diagnostic	 finding	 is
xanthochromia,	 a	 yellowish	 appearance	 of	 the	 CSF	 following	 centrifugation.
This	is	the	result	of	blood	product	degradation	that	is	detected	≥2	hours	after	the
onset	of	SAH	and	remains	detectable	in	the	CSF	for	up	to	2	weeks.	Protein	may
be	elevated	and	glucose	may	be	very	slightly	depressed.	Opening	pressure	at	the
time	of	lumbar	puncture	may	reflect	the	elevation	of	ICP.

CT-angiogram	is	 the	preferred	noninvasive	study	to	 identify	an	aneurysm	in
the	 emergent	 setting	 with	 sensitivities	 and	 specificities	 nearing	 over	 98%.21,22
Magnetic	 resonance	 angiogram	 can	 be	 particularly	 helpful	 to	 diagnose	 SAH
several	 days	 after	 symptom	 onset	 when	 a	 head	 CT	 may	 be	 negative.	 MRI,
however,	is	less	readily	available	and	more	time	consuming.23

Four-vessel	cerebral	angiography	remains	the	gold	standard	and	is	necessary
to	 localize	 the	 lesion,	 assess	vasospasm,	 and	 the	possible	presence	of	multiple



aneurysms	 (Figure	 150.4).	 It	 should	 be	 performed	 as	 soon	 as	 possible	 after
initial	 hemorrhage	because	 endovascular	 treatment	 can	 commonly	be	provided
simultaneously	 (Figure	 150.5).	 If	 angiography	 does	 not	 reveal	 an	 aneurysm,
angiography	 may	 be	 repeated	 in	 1	 to	 3	 weeks	 as	 intraluminal	 thrombus	 or
extraluminal	compression	of	a	small	aneurysm	by	subarachnoid	clot	can	acutely
interfere	with	angiographic	visualization	of	aneurysms.24

	

Figure	 150.4 	 Shown	 is	 a	 3D	 reconstruction	 of	 a	 large	 anterior
communicating	 artery	 aneurysm	 (arrows).The	 advantages	 of	 3D
reconstruction	 techniques	 include	 a	 high-resolution	 view	 of	 the
aneurysm	 to	 visualize	 smaller,	 penetrating	 arteries	 coming	 off	 the
aneurysm	 versus	 parent	 vessel,	 as	 well	 as	 the	 ability	 to	 visualize
smaller	aneurysms	and	infundibulum-like	outpouchings.	Without	3D
reconstructions,	these	could	potentially	be	missed.

	

Figure	 150.5 	 Shown	 is	 the	 cerebral	 angiography	 of	 the	 same
patient	from	Figure	150.4,	which	reveals	an	anterior	communicating
artery	 aneurysm,	 precoil	 and	 postcoil	 (arrows).After	 coiling,	 the
aneurysm	 no	 longer	 fills.	 Although	 it	 appears	 that	 there	 may	 be	 a
filling	defect,	it	is	merely	the	coil	mass	overlying	the	parent	vessel	in
the	anterior-posterior	2D	view.



ANEURYSM	MANAGEMENT
SAH	 is	 immediately	 fatal	 for	 12%	 of	 cases,25	 while	 the	 28-day	 mortality	 is
35%.26	 In-hospital	 mortality	 is	 18%.27	 The	 high	 mortality	 is	 due	 to	 further
complications	 including	 rebleeding,	 delayed	 cVSP	 causing	 infarction,
hydrocephalus,	 increased	 ICP,	 seizures,	 and	 medical	 complications	 such	 as
myocardial	 infarction,	 stress	 cardiomyopathy,	 and	 neurogenic	 pulmonary
edema.27

3 	 After	 SAH,	 the	 initial	 goals	 of	 treatment	 are	 aimed	 at	 identification	 and
early	 aneurysm	 treatment,	 by	 either	 coiling	 or	 clipping.	 The	 International
Subarachnoid	Aneurysm	Trial	 (ISAT)	concluded	 that	patients	 receiving	coiling
were	more	 likely	 to	be	alive	and	 independent	at	10	years	compared	 to	patients
having	 undergone	 surgical	 clipping,	 albeit	 with	 a	 very	 low	 increased	 risk	 of
rebleeding	deemed	not	 to	outweigh	 the	benefit.28,29	One	downside	of	 coiling	 is
the	higher	aneurysm	recurrence	rate	on	follow-up	angiogram	6	months	or	longer
after	the	initial	coiling,	sometimes	requiring	repeat	coiling.28	Based	on	ISAT,	the
endovascular	 treatment	 of	 intracranial	 aneurysms,	 rather	 than	 the	 surgical
approach,	 is	 now	 the	 preferred	 treatment	 option	 and	 this	 should	 ideally	 be
accomplished	as	soon	as	feasible.3

NEUROLOGICAL	COMPLICATIONS

Rebleeding
Rebleeding	is	a	serious	and	frequent	complication	of	SAH.	The	rebleeding	risk
is	5.8%	in	the	first	24	hours	after	aSAH	and	carries	a	57%	mortality.30,31	Clinical
symptoms	 include	 sudden	 increase	 of	 headache,	 seizure,	 nausea,	 vomiting,
depressed	 level	 of	 consciousness,	 and	 new	 neurological	 deficits.	 A	 well-
recognized	risk	factor	for	rebleeding	is	hypertension	and	the	fluctuation	of	blood
pressures.32	 Although	 a	 relatively	 elevated	 blood	 pressure	 could	 promote
rebleeding,	 low	 blood	 pressure	may	 diminish	 cerebral	 perfusion,	 especially	 in
the	setting	of	high	ICP.	Prior	 to	securing	the	aneurysm,	systolic	blood	pressure
<160	mm	Hg	has	been	recommended,33	with	the	necessity	to	titrate	on	a	case-by-
case	basis	factoring	in	any	signs	of	cerebral	hypoperfusion.	The	blood	pressure
should	be	lowered	gently	and	is	best	managed	with	short-acting	agents	such	as
nicardipine	or	labetalol.34,35



Cerebral	Vasospasm	and	Delayed	Cerebral	Ischemia
4 	 cVSP	 and	 subsequent	 delayed	 cerebral	 ischemia	 (DCI)	 are	 a	major	 cause	 of
morbidity	 and	mortality	 post-SAH.	Only	 symptomatic	 but	 not	 angiographic	 or
transcranial	Doppler	 (TCD)-detected	 cVSP	has	 been	 associated	with	DCI,	 and
therefore	considered	the	clinically	meaningful	of	cVSP.36,37

cVSP	 is	evident	on	TCD	for	71%	of	patients	and	by	angiogram	for	60%	of
patients,38	 but	 it	 causes	 clinically	 evident	 symptoms	 for	 only	 36%.31	 This
difference	 probably	 reflects	 the	 adequacy	 of	 collateral	 circulation	 of	 the
individual	patient,	 the	degree	of	vessel	narrowing,	and	 the	 involvement	of	 less
critical	 brain	 structures.	 Unlike	 rebleeding,	 the	 clinical	 presentation	 of	 cVSP
occurs	progressively	over	a	period	of	hours	to	days.	It	may	be	apparent	as	early
as	the	third	day	after	hemorrhage,	with	a	peak	between	days	4	and	12,	and	rarely
as	long	as	3	weeks	after	SAH.32

Monitoring	for	cVSP	includes	frequent	neurological	examinations,	and	daily
or	every-other-day	TCD	monitoring.	Trends	in	the	TCD	from	baseline	early	after
SAH	onset	are	clinically	useful	because	an	elevated	blood	flow	velocity	is	often
detected	 before	 the	 occurrence	 of	 symptomatic	 vasospasm.	 Disadvantages
include	 diagnostic	 precision	 that	 is	 operator	 dependent	 and	 much	 lower
sensitivities	for	vessels	other	than	the	middle	cerebral	artery.

Although	the	calcium-channel	blocker	nimodipine	has	failed	to	prevent	cVSP,
it	 improves	morbidity	 from	vasospasm,	 and	 is	 the	 only	 therapeutic	 agent	with
level	I	evidence	to	support	its	use	post-SAH.39	The	current	standard	of	care	is	to
administer	prophylactically	60	mg	of	nimodipine	orally	every	4	hours	for	a	21-
day	 course	 beginning	 at	 the	 onset	 of	 all	 aneurysmal	 SAH.	 The	 main	 adverse
effect	is	mild	transient	hypotension.40

5 	 “Triple	H”	 (hypervolemic,	 hypertensive,	 and	 hemodilution)	 therapy	 is	 no
longer	 supported	 by	 guidelines,	 owing	 to	 the	 existing	 evidence	 of	 adverse
associations	with	outcomes	after	the	use	of	hemodilution.35	Prior	to	the	onset	of
symptomatic	 cVSP,	 maintaining	 a	 euvolemic	 state	 without	 prophylactically
induced	 hypertension	 is	 now	 recommended.3	 Once	 symptomatic	 cVSP	 occurs,
“HH-T”	 (hypertensive	 and	 hypervolemic	 therapy)	 is	 indicated.	 Elevation	 of
systemic	 arterial	 pressure	 produces	 a	 significant	 increase	 of	 regional	 cerebral
blood	 flow,41	 while	 optimal	 increase	 of	 blood	 pressure	 or	 the	 use	 of	 systolic
versus	mean	arterial	pressure	thresholds	is	not	known.

Intra-arterial	 infusion	 of	 vasodilators	 such	 as	 verapamil,	 nicardipine,	 and
milrinone37,42	 or,	 in	 refractory	 cases,	 angioplasty	 is	 another	 commonly	 used
endovascular	technique	for	the	treatment	of	cVSP.4,43	Patient	selection	criteria	for
treatment	 include	 the	 presence	 of	 clinically	 symptomatic	 cVSP	 without



infarction	in	a	patient	with	a	repaired	aneurysm.
The	severity	of	cVSP	and	subsequent	ischemia	appears	to	relate	to	the	amount

of	blood	in	the	CSF	space.44	Thus,	there	is	significant	interest	in	the	therapeutic
drainage	of	bloody	CSF.	To	achieve	this,	a	ventriculostomy	is	commonly	placed.
In	Europe,	an	additional	lumbar	drain	is	often	placed,29,45	but	due	to	the	lack	of
large	trials,	this	practice	has	not	been	established	as	routine	in	the	United	States.
The	 experimental	 use	 of	 intrathecal	 or	 intraventricular	 urokinase	 or	 tissue
plasminogen	activator	has	suggested	improved	outcomes	and	a	lower	incidence
of	angiographic	cVSP	and	infrequent	complications,46	although	the	trials	thus	far
have	been	underpowered.

Seizures
Seizures	 may	 increase	 ICP	 and	 may	 subsequently	 increase	 the	 risk	 for
rebleeding.	A	middle	cerebral	artery	aneurysm	and	a	thick	SAH	blood	clot	may
increase	 the	 risk	 of	 developing	 seizures,	 which	 is	 as	 high	 as	 27%,	 and	 is	 the
highest	 within	 the	 first	 day.40	 Use	 of	 prophylactic	 anticonvulsants	 such	 as
phenytoin	or	 levetiracetam	is	 indicated	prior	 to	securing	 the	aneurysm.	Studies
of	the	use	of	anticonvulsants,	in	particular	phenytoin,	have	been	associated	with
worse	neurological	 recovery,47,48	 and	 therefore,	guidelines	 recommend	stopping
the	 anticonvulsants	 as	 soon	 as	 the	 aneurysm	 has	 been	 secured,	 as	 long	 as	 the
patient	is	not	comatose	and	has	a	consistent	neurological	examination	to	follow.3
Continuation	of	anticonvulsants	may	be	justified	when	the	patient	had	seizures	at
SAH	onset	or	is	thought	to	be	at	very	high	risk.

Hydrocephalus
6 	 Hydrocephalus	 can	 develop	 acutely	 within	 the	 first	 24	 hours	 after	 SAH
because	 of	 impaired	 CSF	 resorption	 at	 the	 arachnoid	 granulations	 or	 the
presence	 of	 an	 intraventricular	 clot	 obstructing	 CSF	 outflow.49	 Clinically
significant	hydrocephalus	developing	subacutely	over	a	few	days	or	weeks	after
SAH	 is	 manifested	 by	 impairment	 of	 vertical	 gaze	 and	 progressive	 lethargy.
Ventricular	 CSF	 drainage	 is	 indicated	 when	 the	 clinical	 neurological
examination	deteriorates.	Although	ventriculostomy	or	lumbar	punctures	should
be	performed	with	caution	for	patients	with	an	unsecured	aneurysm,	it	does	not
seem	to	be	associated	with	a	significant	increased	risk	of	rebleeding.50	A	delayed
form	of	hydrocephalus	manifested	by	cognitive	changes	and	gait	disorders	may
be	observed	several	weeks	after	the	SAH;	in	these	cases,	a	ventriculoperitoneal



shunt	may	be	indicated.43

Cardiac	and	Pulmonary	Complications
7 	Cardiac	and	pulmonary	complications	may	be	seen	in	high-grade	SAH	in	the
first	 few	 days	 after	 aneurysm	 rupture.51,52	 Excessive	 sympathetic	 stimulation
(sympathetic	 surge)	 at	 the	 time	 of	 aneurysm	 rupture	 leads	 to	 cardiac
dysrhythmias	 in	 28%	 of	 SAH	 cases.53	 The	 increased	 levels	 of	 circulating
catecholamines	 influence	 the	α-receptors	 of	 the	myocardium	 and	 can	 result	 in
prolonged	 myofibril	 contraction,	 eventually	 causing	 myofibrillar	 degeneration
and	 necrosis.	 Elevated	 levels	 of	 serum	 troponin	 and	 brain	 natriuretic	 peptide
levels	 are	 common,	 but	 not	 due	 to	 coronary	 artery	 plaque	 rupture	 with
thrombocyte	 activation	 and	 adhesion.	 SAH	 is	 the	 most	 frequent	 neurological
cause	 for	 neurogenic	 electrocardiographic	 changes:	 large	 upright	 T	 waves,
inverted	T	waves,	 prolonged	QT	 intervals,	 prominent	U	waves,	 and	minor	ST
elevation	 or	 depression	 can	 occur.	 Despite	 ST-T	 changes,	 the	 incidence	 of
myocardial	 ischemia	 remains	 low.53,54	 Pathological	 Q	 waves	 are	 not	 common
after	 SAH	 and	 suggest	 the	 need	 for	 further	 investigations	 for	 myocardial
infarction.

The	 sympathetic	 surge	 also	 leads	 to	 stress	 cardiomyopathy	 and	 a	 global
compromise	 in	 cardiac	 left	 ventricular	 (LV)	 function.	 This	 usually	 transient
cardiomyopathy	 is	 characterized	 by	 global	 dysfunction	 not	 respecting	 the
coronary	arteries	vascular	territory	and	results	in	“apical	ballooning,”	giving	the
cardiac	silhouette	 the	shape	of	a	Japanese	octopus	 fishing	pot,	hence	 the	name
“Takotsubo”	 cardiomyopathy.	 In	 rare	 instances,	 an	 intra-aortic	 balloon	 pump
may	be	indicated	during	this	transient	cardiac	dysfunction.55-58

Neurogenic	pulmonary	edema	is	not	uncommon	with	high-grade	SAH.52	It	is
due	 to	 direct	 β-receptor	 stimulation	 in	 the	 lung	 during	 the	 sympathetic	 surge.
This	 can	 lead	 to	 sudden	 and	 early	massive	 increase	 in	 pulmonary	 lung	water,
with	 severe	hypoxemia.	Although	 the	pulmonary	edema	 is	 transient	during	 the
first	 24	 to	 48	 hours,	 early	 recognition	 and	 treatment	 with	 diuretics	 may	 be
lifesaving.59

GENERAL	ICU	MANAGEMENT
Once	 the	aneurysm	has	been	secured,	general	 ICU	management	 includes	close
neurological	and	hemodynamic	monitoring,	head	elevation	 to	 improve	cerebral
venous	 return	 and	 prevent	 increased	 ICP,	 and	 good	 pulmonary	 toilet	 to	 avoid



atelectasis	and	pneumonia.
Headache	often	persists	for	several	weeks,	even	after	securing	the	aneurysm,

and	is	due	to	meningeal	irritation	(chemical	meningitis)	from	the	blood	product
breakdown.	Pain	control	can	be	difficult,	and	opiates	are	commonly	required.	In
refractory	 pain,	 corticosteroids	 (dexamethasone)	 may	 help	 improve	 the
meningitic	symptoms.

8 	 Hyponatremia	 is	 found	 among	 30%	 of	 SAH	 cases.60,61	 It	 is	 caused	 by
hypothalamic	 dysfunction,	 sometimes	 causing	 the	 syndrome	 of	 inappropriate
antidiuretic	hormone	(SIADH),	but	much	more	commonly	cerebral	salt	wasting
(CSW)	owing	to	an	increase	in	circulating	brain	natriuretic	peptide	levels.	Serum
sodium	levels,	osmolality,	as	well	as	the	volume	status	must	be	followed	closely.
The	 usual	 treatment	 for	 SIADH	 is	 fluid	 restriction;	 however,	 this	 is
contraindicated	in	SAH,	because	it	may	exacerbate	cVSP,	and	hypertonic	saline
should	be	used	 instead	while	maintaining	euvolemia.62	CSW	 is	 a	 hypovolemic
hyponatremic	 state	 that	 responds	 to	 treatment	 with	 isotonic	 fluids	 and
fludrocortisone.63

Venous	thromboembolism	(VTE)	prophylaxis	should	be	started	immediately
on	 admission	 with	 the	 use	 of	 pneumatic	 compression	 boots.	 Although	 all
antiplatelet	 and	 anticoagulation	 medication	 should	 be	 discontinued	 on
admission,	 they	 should	 be	 restarted	 if	 still	 medically	 indicated	 along	 with
subcutaneous	 fractionated	 or	 unfractionated	 heparin	 for	 VTE	 prophylaxis	 as
soon	 as	 the	 aneurysm	 is	 secured.	With	 decreasing	 platelet	 counts,	 one	 should
have	a	high	degree	of	clinical	suspicion	for	heparin-induced	thrombocytopenia,
because	it	affects	6%	of	SAH	patients.62,64

Fever	 is	 a	 very	 common	 complication	 of	 SAH,	 and	 it	 is	 associated	 with
worse	outcomes.65	Although	fever	is,	therefore,	commonly	treated	with	induced
normothermia,	 one	 should	 note	 that	 no	 clinical	 trials	 have	 been	 conducted	 to
show	 improved	 outcome	 by	 applying	 normothermia	 and	 suppressing	 fever.
Anemia	 and	 hemoglobin	 concentration	 less	 than	 9	 g/dL	 have	 been	 associated
with	worse	outcome	as	well;	however,	optimal	hemoglobin	goal	 levels	are	not
known.66,67	Hyperglycemia	of	>200	mg/dL	is	also	associated	with	worse	outcome
but	should	be	treated	with	strict	avoidance	of	hypoglycemia.68

Summary	of	Recommendations

Early	identification	and	repair	of	the	ruptured	aneurysm	by	clipping,	or
preferably	when	feasible	by	coiling,	is	indicated	to	prevent	rebleeding28

ICU	care	should	entail	administration	of	enteral	nimodipine	for	21	d,



euvolemia,	normothermia,	blood	pressure	management,	and	adequate
oxygenation	and	ventilation39

Only	clinically	symptomatic	cVSP,	but	not	TCD	or	angiographic	cVSP,	should
be	treated	with	hypertensive	and	hypervolemic	therapies,	as	well	as	intra-
arterial	therapies41

Prophylactic	hypervolemia	and	hypertension	before	the	onset	of	symptomatic
cVSP	are	not	indicated3,49

Hemodilution	is	contraindicated	after	SAH35

Hydrocephalus	should	be	treated	with	ventricular	or	extraventricular	CSF
drainage49,50

Anticonvulsants	are	only	recommended	prior	to	securing	the	aneurysms,	and
should	be	stopped	as	soon	as	possible	thereafter48,50

Cardiac	and	pulmonary	complications	can	occur	after	high-grade	SAH;
aggressive	supportive	care	is	warranted	throughout	the	acute	moribund	phase,
as	they	are	usually	reversible	and	transient51-53

Admission	to	high-volume	SAH	centers	(>35	SAH/y)	is	recommended	as
improved	outcomes	can	be	achieved	compared	to	lower-volume	centers3,56,57

cVSP,	cerebral	vasospasm;	CSF,	cerebrospinal	fluid;	ICU,	intensive	care	unit;	SAH,	subarachnoid
hemorrhage;	TCD,	transcranial	Doppler.

HIGH-VOLUME	SAH	CENTERS
It	is	noteworthy	that	multiple	studies	have	shown	improved	survival	and	overall
outcomes	 when	 patients	 are	 treated	 in	 high-volume	 SAH	 treatment	 centers,
defined	as	a	yearly	volume	of	>35	SAH	patients	per	year.56,57	Therefore,	when
feasible,	 direct	 admission	 or	 transfer	 to	 a	 high-volume	 center	 with	 an
experienced	multidisciplinary	team	is	strongly	recommended.3

Utility	of	Ultrasonography	for	Management	of	SAH
Neurogenic	stunned	myocardium	(NSM)	is	a	 triad	of	 transient	LV	dysfunction,
elevation	 of	 cardiac	 enzymes,	 and	 electrocardiogram	 changes	 that	 may	 occur
with	SAH.58	The	intensivist	who	is	competent	in	goal-directed	echocardiography



(see	Chapter	16	on	Critical	Care	Echocardiography)	can	establish	the	diagnosis
at	point	of	care.

Echocardiography	Findings	of	NSM	(Takotsubo
Cardiomyopathy)
The	 usual	 pattern	 of	 abnormality	 is	 systolic	 wall	 motion	 abnormality	 that
involves	the	apical	LV	segments	with	sparing	of	the	mid	and	basal	segments	of
the	 myocardium.	 The	 apical	 hypokinesis	 may	 be	 severe	 with	 akinesis	 or
dyskinesis	of	the	involved	segments.	Because	the	base	of	the	heart	continues	to
contract,	 the	 apical	 dyskinesia	 results	 in	 a	 pattern	 of	 apical	 ballooning	 during
systole.	 Because	 the	 predominant	 abnormality	 is	 apical	 in	 position,	 the
abnormality	may	not	be	apparent	on	 the	parasternal	 long-axis	view.	The	apical
four-chamber	and	subcostal	long-axis	views	reveal	the	characteristic	abnormality
( 	Video	150.1).

Atypical	 patterns	 of	 NSM	 include	 segmental	 wall	 motion	 abnormalities
involving	 the	 basal	 and	 mid-ventricular	 myocardial	 segments	 resulting	 in	 an
inverted	 Takotsubo	 pattern	 where	 the	 apical	 segments	 exhibit	 normal
contractility,	 while	 the	 basal	 segments	 have	 reduced	 systolic	 function.69,70
Abnormalities	of	right	ventricular	function	have	been	described	as	well.71

Echocardiography	 cannot	 distinguish	 between	 NSM	 and	 myocardial
ischemia/infarction,	 as	 both	 entities	 result	 in	 segmental	 wall	 abnormalities.
Echocardiographic	 findings	 support	 the	 diagnosis	 of	 NSM,	 but	 clinical
correlation	 is	 required	 for	 definitive	 diagnosis.	 Advanced	 echocardiographic
measurements	 such	 as	 diastolic	 function,	 speckled	 tracking,	 and
MRI/echocardiographic	reveal	characteristic	abnormalities,	but	are	not	required
for	 diagnosis.72-74	 Goal-directed	 echocardiography	 examination	 is	 effective	 for
identifying	the	characteristic	features	of	NSM.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	early	complication	of	aneurysmal	subarachnoid	hemorrhage	(aSAH)
carries	the	highest	mortality?

A. 	Cerebral	ischemia	from	vasospasm



B. 	Hydrocephalus
C. 	Rebleeding
D. 	Seizures

2. 	Which	of	the	following	statements	is	true	regarding	Delayed	Cerebral
Ischemia	(DCI)?

A. 	It	is	best	treated	by	intra-arterial	vasopressors
B. 	It	is	clinically	evident	in	50%	of	aSAH	patients
C. 	It	is	more	common	with	higher	Fisher	Scale	scores
D. 	It	is	treated	by	“Triple	H”	therapy

3. 	Which	of	the	following	statements	is	true	regarding	hyponatremia	after
aneurysmal	subarachnoid	hemorrhage	(aSAH)?

A. 	It	is	best	managed	by	fluid	restriction
B. 	It	is	most	often	caused	by	SIADH
C. 	It	is	often	responsive	to	isotonic	fluid,	but	may	require	hypertonic
D. 	It	is	uncommon	and	benign

Answers

1.	The	correct	answer	is	C.
Rationale:	For	survivors	of	initial	aneurysm	rupture,	every	rebleed	carries	an

over	50%	risk	of	mortality,	and	therefore	early	treatment	of	patients	with	aSAH
involves	 aneurysm	obliteration	 and	 appropriate	management	 of	 blood	 pressure
and	 pain	 (choice	 C	 is	 correct).	 Vasospasm	 causes	 delayed	 cerebral	 ischemia
which	 is	 most	 prevalent	 on	 about	 days	 4	 through	 12	 (choice	 A	 is	 incorrect).
Hydrocephalus	 is	 a	 severe	 and	common	complication	 that	 is	managed	by	CSF
diversion	 and	 early,	 rapid	 transfer	 to	 a	 neurosurgical	 center	 (choice	 B	 is
incorrect).	 Seizures	 complicate	 up	 to	 one	 quarter	 of	 aSAH	 cases	 (choice	D	 is
incorrect).	Not	listed	here	as	a	choice,	but	hyponatremia	is	also	a	complication.	It
may	 exacerbate	 encephalopathy	 and	 cerebral	 edema,	 and	may	be	mitigated	 by
appropriate	fluid	management.

2.	The	correct	answer	is	C.
Rationale:	 The	 Fisher	 and	 Revised	 Fisher	 Scale	 scores	 the	 amount	 and

location	 of	 subarachnoid	 blood	 and	 correlates	 with	 the	 development	 of
vasospasm	 and	 delayed	 cerebral	 ischemia	 (choice	 C	 is	 correct).	 Induced



hypertension	 may	 improve	 symptoms,	 and	 escalation	 to	 intra-arterial
vasodilators,	 not	 pressors,	 and,	 in	 refractory	 cases,	 angioplasty	 may	 be
considered	 (choice	 A	 is	 incorrect).	 Vasospasm	 causes	 symptoms	 of	 DCI	 in
approximately	 one-third	 of	 aSAH	 patients,	 not	 50%	 (choice	 B	 is	 incorrect).
Vasospasm	 may	 be	 detected	 in	 60%	 to	 70%	 of	 patients	 when	 screened	 with
transcranial	 Doppler	 ultrasound	 or	 angiography,	 but	 the	 significance	 of	 such
clinically	 asymptomatic	 vasospasm—and	 any	 treatments	 thresholds—are	 still
under	investigation.	HHH	therapy	is	no	longer	standard	(choice	D	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	 In	 contrast	 to	 SIADH,	 cerebral	 salt	 wasting	 (CSW)	 is	 a

hypovolemic	hyponatremia	that	presents	in	up	to	one-third	of	patients	and	may
respond	to	isotonic	fluid	resuscitation	(choice	C	is	correct,	choice	A	is	incorrect).
After	 aSAH,	 CSW	 is	 the	 most	 common	 cause	 of	 hyponatremia	 (choice	 B	 is
incorrect).	It	may	lengthen	ICU	stay	and	may	exacerbate	brain	edema	(choice	D
is	incorrect).
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Chapter	151
Status	Epilepticus
Kyle	C.	Rossi,	Felicia	C.	Chu

KEY	POINTS:
1.	 While	the	hallmark	of	seizures	is	the	motor	convulsion,	many

patients	in	status	epilepticus	convulse	only	intermittently	or	present
in	a	nonconvulsive	state.

2.	 While	postanoxic	myoclonus	portends	a	poor	prognosis,	expert
evaluation	is	necessary	to	distinguish	the	hallmark	EEG	findings
from	less	malignant	forms.

3.	 Early	treatment	is	critical	and	involves	termination	of	seizures,
prevention	of	recurrent	seizures,	identification	of	etiology,	and
treatment	of	complications.

4.	 Empirical	treatment	with	glucose	is	often	wise,	and	pretreatment	of
nutritionally	deficient	patients	with	thiamine	is	critical.

INTRODUCTION
Status	 epilepticus	 (SE)	 is	 a	 neurological	 emergency	 encompassing	 the	 most
fulminant	 manifestation	 of	 epileptic	 seizure,	 either	 in	 the	 form	 of	 unusually
prolonged	 seizures	 or	 in	 the	 form	 of	 repetitive	 seizures.	 According	 to	 the
International	 League	 Against	 Epilepsy	 (ILAE),	 “SE	 is	 a	 condition	 resulting
either	from	the	failure	of	the	mechanisms	responsible	for	seizure	termination	or
from	the	initiation	of	mechanisms	which	lead	to	abnormally	prolonged	seizures
(after	time	point	t1).	It	is	a	condition	that	can	have	long-term	consequences	(after
time	 point	 t2),	 including	 neuronal	 death,	 neuronal	 injury,	 and	 alteration	 of
neuronal	 networks,	 depending	 on	 the	 and	 duration	 of	 seizures.”1,2	 Classically,
tonic-clonic	SE,	the	most	lethal	and	commonly	encountered	type,	is	defined	as	5



minutes	 (t1)	 of	 continuous	 convulsive	 seizure	 activity,	 or	 two	 or	more	 clinical
convulsive	seizures	with	incomplete	recovery	of	baseline	mental	status	between.
SE	 as	 a	 concept	 has	 grown	 to	 encompass	 a	 wide	 variety	 of	 different	 clinical
entities,	and	may	be	simply	divided	and	conceptualized	as	follows:

a.	 tonic-clonic	(convulsive)	SE,	including	unusually	prolonged	generalized
tonic-clonic	seizures,	or	where	the	patient	does	not	regain	consciousness
between	repeated	tonic-clonic	seizures;

b.	 focal	SE	with	preserved	awareness,3	characterized	by	continuous	or
repetitive	focal	seizures	without	loss	of	awareness4;

c.	 nonconvulsive	SE	(NCSE),	including	generalized	forms	such	as	absence
SE,	and	focal	SE	with	impaired	awareness	(previously	called	complex
partial	SE);	NCSE	is	also	used	to	describe	continuous	seizure	activity	(focal
or	generalized)	of	patients	who	are	comatose,	but	have	few	other	clinical
signs;

d.	 anoxic	myoclonic	SE,	which	occurs	following	cardiac	arrest	and	is
characterized	by	frequent,	often	stimulus-induced,	myoclonic	jerks	time-
locked	to	a	malignant	electroencephalography	(EEG)	pattern.

Tonic-Clonic	(Convulsive)	Status	Epilepticus
1 	Most	 generalized	 tonic-clonic	 SE	 begins	with	 focal	 onset	 seizures	 that	 have
secondarily	 generalized	 to	 tonic-clonic	 convulsions.5,6	 Most	 patients	 do	 not
actually	 convulse	 continuously,	 but	 rather	 recurrent	 seizures	 lasting	 several
minutes	each	are	separated	by	intervening	periods	of	prolonged	unconsciousness
without	 return	 to	 baseline	 mental	 status.	 During	 tonic-clonic	 SE,	 massive
autonomic	 discharge	 occurs	 with	 tachycardia	 and	 hypertension.	 Corneal	 and
pupillary	 reflexes	 are	 lost,	 and	 plantar	 reflexes	 may	 be	 extensor.	 As	 SE
continues,	the	motor	manifestations	may	progress	into	more	subtle	activity	such
as	 focal	 twitching,	 nystagmus,	 gaze	 deviation,	 or	 recurrent	 pupillary	 hippus.4
Among	 patients	 who	 are	 encephalopathic,	 SE	 may	 first	 present	 in	 this	 more
subtle	 form,	without	 observed	 convulsive	 activity;	EEG	 is	 required	 to	 confirm
the	 diagnosis	 for	 these	 cases.	 Of	 note,	 myoclonic	 SE	 with	 repetitive,
asynchronous	 myoclonus	 with	 variable	 clouding	 of	 consciousness	 is	 often
classified	as	a	form	of	convulsive	SE	and	may	progress	 into	generalized	tonic-
clonic	SE.

Focal	Status	Epilepticus	With	Preserved	Awareness



Focal	 SE	 with	 preserved	 awareness	 is	 the	 second	most	 common	 form	 of	 SE,
after	generalized	tonic-clonic	SE.4	In	focal	motor	SE,	clonic	activity	is	localized
usually	 to	 the	 face	or	an	extremity.	This	activity	may	spread,	corresponding	 to
the	somatotopic	organization	of	the	motor	cortex,	known	as	a	Jacksonian	march.
Alternatively,	 the	focal	motor	seizures	may	be	multifocal,	often	precipitated	by
metabolic	 disorders	 such	 as	 hyperglycemia	 with	 a	 hyperosmolar	 nonketotic
state.7	 Epilepsia	 partialis	 continua	 is	 a	 particularly	 prolonged	 form	 of	 focal
motor	 SE	 characterized	 by	 continuous,	 highly	 localized	 seizures	 that	 do	 not
generalize	and	in	which	consciousness	is	maintained.	Focal	motor	SE	typically
responds	 to	medications	such	as	phenytoin	and	other	standard	agents	 including
levetiracetam,	 but	 epilepsia	 partialis	 continua	 can	 be	 notoriously	 resistant	 to
treatment.

Nonconvulsive	Status	Epilepticus
2 	Nonconvulsive	status	epilepticus	(NCSE)	is	an	underrecognized	cause	of	coma
or	persistent	unexplained	encephalopathy.	In	one	study,	NCSE	was	present	in	8%
of	all	comatose	patients	studied,	all	without	signs	of	clinical	seizure	activity.8	In
other	 studies,	 a	 third	 of	 patients	 with	 unexplained	 altered	 mental	 status	 in
intensive	care	units	(ICUs)	were	in	NCSE.	NCSE	is	more	likely	to	occur	in	the
setting	of	acute	medical	problems,	both	systemic	and	neurological.8-10

NCSE	 includes	 absence	 SE	 and	 focal	 SE	 with	 impaired	 awareness
(previously	“dyscognitive	features”).4	Clinically,	both	present	with	a	prolonged
period	 of	 altered	 behavior	 and	 can	 masquerade	 as	 a	 psychiatric	 fugue	 state.
NCSE	can	be	defined	clinically	as	a	prolonged	confusional	state	of	30	minutes
or	longer,	involving	a	variable	level	of	altered	consciousness.8	Absence	SE	may
be	accompanied	by	subtle	myoclonic	movements	of	the	face,	eye	blinking,	and
occasional	automatisms	of	the	face	and	hands.	The	EEG	is	diagnostic,	revealing
continuous	generalized	 spike-wave	activity.	Focal	SE	with	 impaired	awareness
involves	 a	 state	 of	 continuous	 focal	 seizure	 with	 a	 combination	 of	 staring,
unresponsiveness,	language	disturbance,	and	motor	automatisms,	separated	by	a
confusional	 state,	 or	 a	 more	 prolonged	 state	 of	 partial	 responsiveness	 and
semipurposeful	automatisms.	The	EEG	can	show	either	recurrent	focal	evolving
seizure	 activity	 in	 one	 or	 more	 locations,	 or	 a	 continuous	 focal	 rhythmic	 or
periodic	pattern	(RPPs).11

Anoxic	Myoclonic	Status	Epilepticus



2 	Among	adults,	myoclonic	SE	is	most	commonly	caused	by	toxic	or	metabolic
encephalopathies,	 most	 commonly	 severe	 hypoxic	 ischemic	 encephalopathy
resulting	from	cardiac	arrest.12	When	recurrent	myoclonus	occurs	in	this	setting,
the	 patients	 are	 usually	 comatose,	 and	 the	 prognosis	 is	 poor.	 This	 anoxic
myoclonic	SE	represents	a	severe	stage	of	postanoxic	coma.	This	clinical	entity
is	 typically	 associated	 with	 “malignant”	 rhythmic	 or	 periodic	 patterns	 on	 the
EEG,	such	as	generalized	periodic	discharges	 (GPDs),	and	 in	some	cases	even
frank	seizures.	When	this	finding	occurs	in	the	setting	of	multiple	specific	EEG
features	 such	 as	 persistent	 discontinuity,	 background	 suppression,	 unequivocal
seizures,	and/or	lack	of	EEG	reactivity,13	prognosis	is	almost	invariably	poor.	In
these	 settings,	 many	 experts	 feel	 aggressive	 treatment	 is	 not	 warranted.14	 Of
note,	 care	 must	 be	 taken	 to	 differentiate	 this	 “malignant”	 anoxic	 myoclonic
status	epilepticus	from	a	more	benign	form	of	post-anoxic	myoclonus	syndrome
known	as	the	Lance-Adams	syndrome.15

ETIOLOGY
Some	of	the	major	etiologies	of	SE	are	shown	in	Table	151.1.	Symptomatic	SE,
resulting	 from	 an	 acute	 or	 chronic	 neurological	 or	metabolic	 insult,	 is	 at	 least
twice	as	common	as	idiopathic	SE	(presumed	genetic	etiology	for	the	seizures	in
an	otherwise	neurologically	normal	person).6	 In	adults,	 a	major	cause	of	SE	 is
stroke	(up	to	22%	of	cases)	or	changes	or	decreases	of	antiseizure	drugs	(ASDs)
(up	 to	 34%	 of	 cases).5	 Other	 etiologies	 include	 autoimmune	 encephalitides,
including	 limbic	 encephalitis	 or	 diffuse	 encephalitis,	 which	 may	 have	 a
paraneoplastic	or	nonparaneoplastic	cause.16	New-onset	refractory	SE	(NORSE)
refers	 to	 bouts	 of	 refractory	 SE	 due	 to	 unknown	 causes,	 some	 of	which	were
proven	to	be	either	infectious	or	autoimmune	in	etiology.17

TABLE	151.1

Etiologies	of	Status	Epilepticus

Structural	brain	lesion
Brain	trauma
Brain	tumor



Stroke
Hemorrhage

Central	nervous	system	infection	(encephalitis,	meningitis,	cerebritis,	abscess)
Autoimmune	encephalitis
Systemic	infection,	sepsis
Drugs
Toxic	(eg,	theophylline,	lidocaine,	carbapenems,	and	penicillin)
Withdrawal	state	(eg,	alcohol,	benzodiazepine,	and	barbiturate)
Antiseizure	drugs	(ASDs)
Nonadherence	to	medication
Errors	in	medication	(missed	doses,	underdosing)
Change	in	ASD	regimen
Altered	drug	absorption	or	drug-drug	interaction

Metabolic
Hypocalcemia
Hypomagnesemia
Hypoglycemia,	hyperglycemia
Hyponatremia
Hyperosmolar	state
Anoxia	or	hypoxia
Uremia
Hepatic	dysfunction

Idiopathic

PROGNOSIS	AND	SEQUELAE	OF	STATUS
EPILEPTICUS
Mortality	for	SE	depends	on	 the	specific	etiology,	duration	of	 the	episode,	and



the	 age	of	 the	patient.5,6	Cerebral	 hypoxic	 ischemic	 injury	 has	 been	 associated
with	 the	 highest	 mortality	 (typically	 anoxic	 myoclonic	 SE),	 and	 alcohol
withdrawal	 and	ASD	 discontinuation	with	 lower	mortality	 rates.	 Patients	with
idiopathic	SE	have	a	relatively	low	mortality	rate.	The	duration	of	convulsive	SE
longer	 than	 30	 minutes	 and	 age	 over	 70	 significantly	 increases	 mortality.6,18
Despite	modern	medical	care,	tonic-clonic	SE	still	has	an	overall	mortality	rate
of	20%.5,19	The	mortality	of	focal	SE	with	impaired	awareness	was	18%	in	one
study.20	 Other	 adverse	 outcomes	 include	 resultant	 cognitive	 impairment,
permanent	neurological	deficits,	and	chronic	epilepsy.

SE	itself	can	produce	profound	neuronal	damage.	Neuropathological	studies
of	 the	brains	of	 children	 and	 adults	who	died	 shortly	 after	SE	 reveal	 ischemic
neuronal	 changes	 in	 the	 hippocampus,	 middle	 layers	 of	 the	 cerebral	 cortex,
cerebellum	(Purkinje	cells),	basal	ganglia,	thalamus,	and	hypothalamus.21	These
changes	mimic	 those	of	severe	hypoxia	or	hypoglycemia.	Hyperthermia	during
an	 episode	 of	 SE	 has	 also	 been	 shown	 to	 correlate	 closely	with	 the	 degree	 of
central	nervous	system	(CNS)	damage.22

The	 perpetuation	 of	 SE	 is	 caused	 by	 an	 imbalance	 between	 excitotoxic
(glutamate-mediated)	 and	 inhibitory	 (γ-aminobutyric	 acid	 [GABA]	 mediated)
mechanisms.19,20	 Downregulation	 of	 GABA	 receptors,	 or	 excitotoxic
mechanisms	 involving	 glutamate	 receptors—both	 NMDA	 (N-methyl-D-
aspartate)	and	non-NMDA	receptors—are	 involved.5,19,23	Calcium	 influx	during
excitation	 is	 a	 critical	 component	 of	 neuronal	 injury	 and	 cell	 death,	 with
activation	 of	 proteases	 and	 lipases,	 leading	 to	 degradation	 of	 intracellular
elements.23

Abnormal	 neuronal	 activity	 alone	 can	 cause	 permanent	 neurological	 injury;
patients	 with	 focal	 SE	 without	 concomitant	 hypotension,	 hypoxia,	 or
hyperpyrexia	can	still	have	subsequent	neurologic	injury	in	the	specific	region	of
the	brain	associated	with	the	ongoing	seizure.	Chronic	memory	impairment	may
follow	 focal	 SE	 with	 impaired	 awareness,24	 and	 focal	 neuronal	 necrosis	 and
edema	has	been	found	after	focal	motor	status	in	the	involved	brain	regions.25,26
Focal	magnetic	resonance	imaging	(MRI)	changes	are	often	seen	after	prolonged
epileptic	activity,	particularly	on	diffusion-weighted	and	perfusion	MRI,	though
these	 changes	 may	 dissipate	 over	 time.27	Mortality	 of	 NCSE	with	 preexisting
epilepsy	is	lower	compared	to	NCSE	following	an	acute	medical	condition.8

SYSTEMIC	COMPLICATIONS
If	 convulsive	SE	 is	not	 terminated	promptly,	 secondary	metabolic	 and	medical



complications	 may	 occur	 (Table	 151.2).	 Hyperthermia	 may	 follow	 excessive
tonic	or	clonic	muscle	activity	or	hypothalamic	dysfunction,	or	may	be	caused
by	 an	underlying	 infection	 responsible	 for	 the	SE.	Both	 hyperthermia	 from	an
infection	 and	 that	 from	 SE	 per	 se	 can	 be	 accompanied	 by	 peripheral
leukocytosis21	due	to	demargination,	with	a	white	blood	cell	count	in	the	range
of	 12,700	 to	 28,000	 cells/µL.	 The	 differential	 may	 be	 normal	 or	 may	 show
lymphocytic	 or	 polymorphonuclear	 predominance,	 but	 band	 forms	 are	 rarely
present.	A	mild	cerebrospinal	fluid	(CSF)	pleocytosis	can	occur	during	SE21;	the
maximum	 cell	 count	 is	 usually	 less	 than	 80	 cells/µL,	 with	 an	 initial
polymorphonuclear	predominance	that	reverts	to	a	lymphocytic	predominance	as
the	 pleocytosis	 resolves	 over	 a	 few	 days.	 Mild	 transient	 elevations	 of	 CSF
protein	may	also	occur.	Lowering	of	the	CSF	glucose	level	does	not	occur,	and
reduced	 CSF	 glucose	 should	 raise	 concern	 for	 an	 underlying	 infectious	 or
inflammatory	process.

TABLE	151.2

Medical	Complications	of	Status	Epilepticus

Cardiovascular	system:	Hypertension,	tachycardia,	and	arrhythmias	may
occur	early	owing	to	autonomic	overactivity	and	be	further	complicated	by
shock	due	to	lactic	acidosis	or	by	pharmacological	intervention	for	the	status.

Respiratory	system:	Respiratory	dysfunction	may	be	caused	by	mechanical
impairment	from	tonic	muscle	contraction,	disturbed	respiratory	center
function,	and	autonomic	overactivity,	producing	increased	bronchial
constriction	and	secretions.Later	complications	include	apnea,	aspiration
pneumonia,	and	neurogenic	pulmonary	edema.

Renal	system:	Renal	impairment	may	occur	from	a	combination	of
rhabdomyolysis	with	myoglobinuria	and	hypotension	with	poor	renal
perfusion.	Later	complications	include	uremia	and	acute	tubular	necrosis.

Metabolic:	Increased	lactate	production	from	maximally	exercised	muscles
results	in	metabolic	acidosis	within	minutes	after	the	start	of	SE,	with	a
variable	respiratory	contribution	to	the	acidosis	from	carbon	dioxide	retention.
The	degree	of	acidosis	does	not	correlate	with	the	extent	of	neuropathological
damage.	After	cessation	of	the	seizure,	lactate	is	rapidly	metabolized,
resulting	in	spontaneous	resolution	of	the	acidosis.



Systemically,	hyperglycemia	initially	develops	owing	to	catecholamine	and
glucagon	release;	later,	hypoglycemia	occurs	due	to	increased	plasma	insulin,
increased	cerebral	glucose	consumption,	and	excessive	muscle	activity.

DIAGNOSIS
3 	SE	is	a	medical	emergency	and	must	be	diagnosed	and	treated	immediately	in
a	 critical	 care	 setting.	 Pharmacologic	 intervention	 is	 more	 effective	 at	 early
stages	of	SE	than	after	a	delay.5,8,19,23,28,29	Treatment	must	be	fourfold:	termination
of	 seizures,	 prevention	 of	 recurrent	 seizures,	 identification	 of	 etiology,	 and
treatment	of	complications.

The	 initial	 step	 is	 to	 confirm	 the	 diagnosis.	 The	 diagnosis	 of	 generalized
tonic-clonic	SE	or	focal	SE	is	usually	initially	made	on	a	clinical	basis.	That	is,
most	 cases	 of	 SE	 with	 ongoing	 clinical	 symptoms	 should	 be	 diagnosed	 and
treated	 on	 the	 basis	 of	 ongoing	 obvious	 seizure	 activity,	 recurrent	 seizures
without	 return	 to	 baseline	mental	 status	 in	 between,	 or	 persistent	 unexplained
encephalopathy	with	subtle	clinical	manifestation	suggestive	of	NCSE	(eg	slight
focal	 twitching,	 persistent	 pupillary	 hippus,	 gaze	 deviation).	 In	 any	 of	 these
cases,	treatment	should	be	initiated	on	a	clinical	basis.	Prompt	treatment	should
not	 be	 delayed	 for	 diagnostic	 confirmation	 with	 continuous	 EEG,	 though
continuous	EEG	is	often	useful	when	available	to	ensure	ongoing	seizures	have
terminated	as	expected.	A	flurry	of	isolated	seizures	separated	by	a	normal	level
of	consciousness	does	not	constitute	SE	(although	urgent	treatment	may	still	be
required).	NCSE	may	present	clinically	with	only	nonspecific	encephalopathy,	a
situation	 that	 is	 often	 underdiagnosed	 leading	 to	 treatment	 delays.	 In	 more
ambiguous	cases	such	as	this,	continuous	EEG	is	often	necessary	to	confirm	the
diagnosis	 prior	 to	 initiation	 of	 treatment,	 especially	when	 there	 are	 significant
risks	associated	with	treatment.

For	 diagnosis	 of	 NCSE,	 certain	 well-defined	 EEG	 criteria	 need	 to	 be	 met.
Importantly,	 these	 electrographic	 criteria	 are	 the	 basis	 upon	which	 the	 higher-
intensity	 treatments	 for	 status	 epilepticus	 described	 here	 are	 initiated	 and
escalated.	While	 electroencephalographers	 and	 neurologists	 may	 vary	 in	 their
sensitivity	 to	 diagnose	 and	 their	 aggressiveness	 of	 treatment,	 continuous	 EEG
use	in	and	of	itself	is	associated	with	lower	hospital	mortality.30

Electrographic	Status	Epilepticus



To	 diagnose	 NCSE	 on	 a	 purely	 electrographic	 basis	 (electrographic	 status
epilepticus	 [ESE]),	 there	must	be	continuous	electrographic	seizure	activity	 for
≥10	 continuous	 minutes.	 In	 this	 case,	 electrographic	 seizure	 activity	 can	 be
defined	 as	 any	 pattern	with	 definite	 electrographic	 evolution,	or	 any	 sustained
RPP	 of	 epileptiform	 discharges	 averaging	 ≥2.5	 Hz.	 Of	 note,	 these	 continuous
epileptiform	discharges	may	take	the	form	of	generalized	or	lateralized	periodic
discharges	 (ie,	 GPDs	 or	 LPDs),	 rhythmic	 delta	 activity	 (GRDA,	 LRDA),	 or
spike-wave	activity	(GSW,	LSW).31

Electroclinical	Status	Epilepticus
To	 diagnose	 NCSE	 using	 a	 combination	 of	 both	 EEG	 and	 clinical	 criteria
(electroclinical	 status	 epilepticus	 [ECSE]),	 there	 must	 be	 ≥10	 minutes	 of
continuous	electroclinical	seizure	activity	(any	definite	clinical	symptoms	time-
locked	 to	an	EEG	pattern),	or	≥10	minutes	of	 suspected	electrographic	 seizure
activity	 with	 both	 EEG	 and	 clinical	 improvement	 following	 treatment	 with	 a
parenteral	 ASD.	 Of	 note,	 specifically	 in	 the	 case	 of	 generalized	 convulsive
seizures,	≥5	minutes	of	seizure	activity	meets	criteria	for	ECSE.31

“Possible	Electroclinical	Status	Epilepticus”	and	the	Ictal-
Interictal	Continuum
These	terms	apply	when	there	are	persistent	rhythmic	and	periodic	EEG	patterns
that	 do	 not	 meet	 formal	 EEG	 criteria	 for	 electrographic	 seizure	 but	 may
nevertheless	be	contributing	to	impaired	awareness,	neuronal	 injury,	or	causing
other	 clinical	 symptoms.31	 The	 concept	 of	 ictal-interictal	 continuum	 illustrates
the	conceptual	blurred	lines	between	interictal	EEG	patterns	and	frank	ESE	and
is	 an	 active	 area	 of	 clinical	 research.	 For	 example,	 when	 there	 is	 a	 persistent
periodic	 pattern	 not	 meeting	 formal	 criteria	 for	 ESE,	 and	 it	 improves	 with
parenteral	 ASD	 but	 does	 not	 show	 clinical	 improvement,	 this	 would	 be
considered	“possible”	 electroclinical	 status	 epilepticus,	 and	often	 represents	 an
indeterminate	 clinical	 situation.	 In	 these	 cases,	 consultation	with	 neurology	 or
epilepsy	 physicians	 when	 available	 is	 recommended	 to	 determine	 the	 best
management	in	these	cases.32,33

INITIAL	ASSESSMENT



4 	 Once	 a	 diagnosis	 of	 SE	 is	 made,	 it	 is	 important	 to	 perform	 a	 rapid	 initial
assessment	of	medical	stability	and	workup	of	potential	etiologies	(Table	151.3).
Obtain	as	much	history	as	possible	within	 the	first	 few	minutes,	 including	any
history	of	preexisting	epilepsy	and	ASD	use,	alcohol	or	illicit	drug	abuse,	or	any
recent	 neurologic	 insult.	 The	 examination	 should	 focus	 on	 signs	 of	 systemic
illness	 (eg,	uremia,	hepatic	disease,	and	 infection),	 illicit	drug	use,	evidence	of
trauma,	or	focal	neurologic	abnormalities.	After	appropriate	blood	samples	have
been	 obtained,	 glucose	 administration	 is	 recommended	 given	 that
hypoglycemia	 is	 a	 rare	 but	 easily	 reversible	 cause	 of	 SE.	 Because	 glucose
administration	 may	 precipitate	 Wernicke-Korsakoff	 syndrome	 in	 individuals
with	poor	nutrition,	intravenous	(IV)	thiamine	should	be	given	prior	to	glucose.
Subsequent	IV	infusions	should	consist	of	saline	solution,	because	some	ASDs
precipitate	in	glucose	solutions.	The	patient	must	be	assessed	for	other	metabolic
consequences	of	SE.	Hyperthermia	should	be	treated	and	oxygenation	must	be
maintained.	 The	 metabolic	 acidosis	 that	 occurs	 does	 not	 adversely	 affect
neurologic	 outcomes	 and	 does	 not	 need	 treatment	 with	 bicarbonate.34	Blood
pressure	must	be	carefully	monitored;	the	systemic	hypertension	and	decreased
cerebrovascular	 resistance	 of	 early	 SE	 provide	 adequate	 blood	 flow	 for	 the
increased	metabolic	demand	in	the	brain,	but	eventually	hypotension	may	occur,
making	 the	 brain	 vulnerable	 to	 inadequate	 perfusion.	 Pharmacological
intervention	for	the	seizures	can	exacerbate	hypotension.

TABLE	151.3

Management	Guidelines	for	Generalized	Status	Epilepticus
in	Adults

0-9	min:	
If	diagnosis	is	uncertain,	observe	for:	recurrence	of	generalized	seizures
without	intervening	recovery	of	consciousness;	continuous	seizure	activity	>5
min.
ABCs
Establish	airway;	pulse	oximetry;	administer	O2;	cardiac	monitor.
Establish	IV	access	(NS	or	saline	lock),	bedside	rapid	glucose	determination.



If	hypoglycemic,	give	glucose	(D50)	50-100	mL	and	thiamine	100	mg	IV.
Labs:	CBC/diff,	electrolytes,	BUN/Cr/Glu,	anticonvulsant	drug	levels,
toxicology	screen,	other	labs	as	indicated	by	history/examination	(including
testing	for	pregnancy).
5-30	min:	
Within	10	minutes:	

Lorazepam	0.1	mg/kg	IV	(<2	mg/min),	given	2	mg	at	a	time	or	midazolam
10	mg	IM	(or	diazepam	0.1-0.2	mg/kg,	up	to	10	mg/dose,	<2	mg/min).
Within	30	minutes:	
Phenytoin	20	mg/kg	IV	at	≤50	mg/min	(fosphenytoin	150	mg	PEa/min),

slower	rate	in	elderly	or	if	hypotension	or	bradycardia	develop.	Draw	blood
for	level	10	min	after	infusion	complete.

Cardiac	monitoring;	frequent	BPs;	careful	observation	of	respiratory	status;
and	oximetry.
EEG	monitoring,	if	possible.
Consider	additional	5	mg/kg	boluses	of	phenytoin	to	a	maximum	dose
30	mg/kg	if	seizures	persist.
Lorazepam	as	needed	for	seizures	during	phenytoin	load.

Alternatives	for	phenytoin	or	if	seizures	continue:	
Levetiracetam	20-60	mg/kg	IV	at	2-5	mg/kg/min	IV.
Valproate	sodium	20-40	mg/kg	IV	at	3-6	mg/kg/min.	Watch	for
hyperammonemia,	pancreatitis,	thrombocytopenia,	and	hepatotoxicity.	Known
teratogen.
Phenobarbital	20	mg/kg	IV	load,	≤100	mg/min.	Anticipate	respiratory
depression	and	need	for	intubation.	Consider	for	alcohol	withdrawal.
Lacosamide	200-400	mg	IV	over	3-5	min.	Adverse	effects:	prolonged	PR
interval;	first	degree	AV	block;	and	bradyarrhythmia.



31-90	min:	
For	persistent	status:	induce	coma.
Intubate	if	not	previously	done.	Continuous	EEG	to	monitor	for	seizures	and
level	of	anesthesia.
Propofol	1-2	mg/kg	IV	bolus,	1-5	mg/kg/h	infusion.	Note:	5	mg/kg/h	=	83
mcg/kg/min.	Monitor	serum	for	lactate,	triglycerides,	CPK,	and	BUN/Cr;
ORMidazolam	0.2	mg/kg	IV	bolus,	infusion	0.1-2.0	mg/kg/h	(tolerance	after
72	h);	
ORPentobarbital	5	mg/kg	IV	load	(give	over	20	min);	repeat	as	needed	to
produce	burst-suppression	pattern	on	EEG.	Complete	EEG	suppression	may
be	needed	if	seizure	activity	persists	during	the	bursts.	Maintenance	infusion
0.5-5	mg/kg/h.	Monitor	serum	for	lactate,	osmolality,	bicarb,	and	Cr	for
propylene	glycol	syndrome.	Once	burst-suppression	pattern	is	established	on
EEG,	defined	by	10	s	of	suppression	with	1-2	s	bursts	of	cerebral	activity,
continue	for	24-48	h.	If	the	bursts	contain	epileptiform	activity,	consider
complete	EEG	suppression.	Monitor	EEG	every	1-2	h.	Adjust	medication
dose	as	needed.
Monitor	for	hypotension;	ileus;	propofol	infusion	syndrome;	or	propylene
glycol	syndrome	(pentobarbital	or	IV	lorazepam).
Continue	maintenance	doses	of	phenytoin,	levetiracetam,	valproic	acid,
lacosamide,	or	phenobarbital;	monitor	and	maintain	therapeutic	levels.
Taper	anesthetic	medication	at	24-48	h.	If	seizures	recur,	resume	infusion	for
24	h,	then	taper	again.	Continue	this	process	as	necessary.

aFosphenytoin	dosing	in	PE.
ABC,	airway,	breathing,	and	circulation;	AV,	atrioventricular	block;	BP,	blood	pressure;	BUN,	blood
urea	nitrogen;	CBC,	complete	blood	cell;	Cr,	creatine;	CPK,	creatine	phosphokinase;	D50,
dextrose	50%;	EEG,	electroencephalogram;	Glu,	glucose;	IV,	intravenous;	NS,	normal	saline;	PE,
phenytoin	equivalents;	IM,	intramuscular.



It	is	essential	to	determine	whether	a	metabolic	disorder	is	causing	the	SE;	if
this	is	the	case,	pharmacological	intervention	for	seizures	alone	is	not	effective.
Systemic	and	CNS	infections	must	be	excluded,	and	lumbar	puncture	is	often
necessary.	A	contrast-enhanced	head	computed	tomography	scan	can	be	useful
after	the	patient	has	been	medically	stabilized.	MRI	is	preferred	due	to	its	higher
sensitivity	for	small	and	more	subtle	lesions	but	may	not	be	practical	in	the	acute
setting.

MEDICAL	MANAGEMENT
Treatment	of	SE	must	proceed	 rapidly	and	deliberately.	Table	151.3	outlines	a
management	protocol.	For	generalized	SE,	 the	 initial	assessment	and	 treatment
should	begin	within	5	 to	10	minutes	of	 the	onset	of	seizure	activity.	Dosing	of
drugs	can	be	 found	 in	Tables	151.3	and	151.4,	and	pharmacological	properties
and	side	effects	in	Table	151.4.

TABLE	151.4

Properties	of	Drugs	Used	to	Treat	Status	Epilepticus

Drug Route Loading
Dose

Rate	of
Administration

Time
to
Enter
Brain

Time	to	Peak
Brain
Concentration
(min)

First	Line

Diazepam IV,
rectal

0.1-
0.2	mg/kg,
up	to
20	mg

2	mg/min	IV <10	s 8

Lorazepam IV 0.1	mg/kg 2	mg/min <2-3 23



(4-8	mg) min

Second	Line

Fosphenytoin IV 20	mg/kg 50	mg/min 1-3
min

3-6

Levetiracetam IV 60	mg/kg,
up	to	4.5	g

Valproate
sodium

IV 40	mg/kg Up	to	3-
5	mg/kg/min;
even	higher
bolus	rates	well
tolerated35

10
min

60

Phenobarbital IV 20	mg/kg 50-100	mg/min 3	min 5-15

IV,	intravenous.

First-Line	Treatment
IV	benzodiazepines	 are	 the	 appropriate	 initial	 treatment.	The	Veterans	Affairs
Status	Epilepticus	Cooperative	Study	Group	trial	suggested	that	phenobarbital	is
also	 effective	 as	 initial	 therapy,	 but	 phenytoin	 alone	without	 a	 benzodiazepine
may	be	less	effective.28,36	Diazepam	and	lorazepam	are	both	effective	for	treating
generalized	 SE,37	 but	 lorazepam	 has	 a	 longer	 duration	 of	 action	 (2-24	 hours),



compared	 to	 diazepam	 (10-25	 min),38	 and	 does	 not	 have	 extensive	 peripheral
tissue	uptake,	unlike	diazepam.	Although	lorazepam	has	slower	CNS	penetration
than	diazepam,	the	onset	of	action	of	less	than	3	minutes	is	acceptable.	For	these
reasons,	 lorazepam	 is	 the	 recommended	 first-line	 agent	 for	SE.	Both	 of	 these
drugs	 have	 significant	 and	 essentially	 the	 same	 cardiac,	 respiratory,	 and	 CNS
depressant	 side	 effects.29	 Respiratory	 depression	 and	 apnea,	 which	 are
potentiated	 by	 age	 and	 previous	 administration	 of	 sedative	 drugs,	 may	 occur
abruptly	with	doses	as	small	as	1	mg.	Hypotension,	which	occasionally	occurs,
may	 be	 partially	 caused	 by	 the	 propylene	 glycol	 solvent	 contained	 in	 the	 IV
forms	of	diazepam	and	lorazepam.

In	 2012,	 the	RAMPART	 study	 showed	 that	 if	 IV	 access	was	 not	 available,
intramuscular	 (IM)	 midazolam	 was	 as	 effective	 as	 IV	 lorazepam	 for	 the
prehospital	treatment	of	SE	by	paramedics,	and	this	was	not	associated	with	an
increase	in	respiratory	compromise	or	seizure	recurrence.39	Early	administration
of	adequate	doses	of	IV	lorazepam	remains	the	preferred	first-line	treatment	for
SE	 in	 the	 emergency	 department	 and	 other	 controlled	 clinical	 environments.
Adequate	 dosing	 of	 lorazepam	 is	 generally	 considered	 to	 be	 a	 maximum	 of
0.1	 mg/kg,	 which	 can	 be	 given	 in	 2	 to	 4	 mg	 IV	 boluses.	 Rectal	 diazepam
(0.2	mg/kg)	has	also	been	successful	for	achieving	rapid	therapeutic	 levels	and
effectively	 terminating	prolonged	generalized	 seizures.40	Significant	 respiratory
depression	 from	 rectal	 diazepam	has	not	been	 reported.41	 IM	administration	of
diazepam	is	unsuitable	for	the	treatment	of	status	owing	to	delayed	peak	levels.42
Furthermore,	 the	 peak	 concentration	 after	 IM	 injection	 is	 much	 less	 than	 that
after	IV	injection.

The	response	to	benzodiazepines	may	be	helpful	for	confirming	the	diagnosis
when	 it	 is	 in	 question.	 The	 patient	 should	 also	 be	 started	 on	 antiseizure
medication	appropriate	for	long-term	management,	given	as	a	loading	dose	when
appropriate.

Second-Line	Treatment
Regardless	of	treatment	response	to	the	first-line	agent,	a	second-line	medication
should	also	be	given	as	rapidly	as	possible	to	prevent	recurrence	of	seizures	or
SE.	In	the	cases	of	patients	with	known	epilepsy	on	other	ASDs,	these	second-
line	agents	can	be	given	in	addition	to	their	home	medications	(paying	mind	to
any	potential	 drug-drug	 interactions).	While	 fosphenytoin	was	 long	considered
the	ideal	second-line	agent,	the	2020	ESETT	study	has	essentially	revealed	that
fosphenytoin,	 levetiracetam,	 and	 valproate	 are	 equally	 effective	 at	 terminating
SE	when	given	at	the	proper	doses.43



Phenytoin	 was	 often	 given	 with	 benzodiazepines	 to	 control	 the	 SE	 and
prevent	recurrent	seizures.	IV	infusion	of	phenytoin	carries	a	risk	of	medication
extravasation	 into	 adjacent	 tissue,	 in	 which	 tissue	 necrosis	 can	 rarely	 occur
(purple	glove	syndrome).44	For	this	reason,	its	prodrug	fosphenytoin	is	strongly
preferred	for	the	treatment	of	status	epilepticus	to	facilitate	safe	rapid	infusion.

Fosphenytoin,	 a	 water-soluble	 prodrug	 of	 phenytoin,	 is	 rapidly	 converted
enzymatically	 to	 phenytoin.	 Rapid	 and	 complete	 absorption	 occurs	 after	 IM
administration.35,45	 Therapeutic	 phenytoin	 concentrations	 are	 attained	 by	 most
patients	 within	 10	 minutes	 of	 rapid	 IV	 infusion	 (150	 mg/min)	 and	 within	 30
minutes	 of	 slower	 IV	 infusion	 or	 IM	 injection.35,45	 Fosphenytoin	 is	 dosed	 by
“phenytoin	 equivalents”	 or	 mg	 PE,	 and	 thus	 the	 dosing	 is	 the	 same	 as	 for
phenytoin.	Cardiac	monitoring	is	required	during	IV	infusions	of	fosphenytoin.
A	 20	 mg/kg	 load	 is	 recommended	 for	 patients	 with	 normal	 liver	 function.	 If
seizures	continue,	additional	doses	of	up	to	another	10	mg/kg	can	be	given.	The
total	 serum	 level	 goal	 of	 phenytoin	 should	 be	 20	 to	 30	 μg/mL,	which	 can	 be
checked	 several	 hours	 after	 initial	 infusion.	 Of	 note,	 this	 level	 needs	 to	 be
corrected	 for	 serum	 albumin.	 Hypotension,	 electrocardiographic	 changes,	 and
respiratory	depression	can	occur	and	may	be	due	partly	to	the	propylene	glycol
diluent.5	 Simultaneous	 cardiac	 monitoring	 should	 be	 performed,	 and	 slower
infusion	 rates	 should	 be	 considered	 for	 patients	 who	 are	 elderly	 owing	 to
increased	susceptibility	to	cardiopulmonary	adverse	effects.46	Maintenance	doses
of	 phenytoin	 or	 fosphenytoin	 should	 be	 started	 within	 12	 to	 24	 hours	 of	 the
loading	 dose	 (typically	 5	mg/kg/day	 divided	 twice	 or	 three	 times	 daily),	 with
dose	adjustments	to	maintain	levels	in	the	high	therapeutic	range	(18-25	μg/mL).
Of	 note,	 phenytoin	 and	 fosphenytoin	 are	 often	 ineffective	 for	 treating	 absence
SE.

Levetiracetam	 is	 a	 synaptic	vesicle	 release	 (SV2A)	 inhibitor	and	 is	 rapidly
becoming	one	of	the	most	commonly	used	ASDs	in	clinical	practice.	This	is	in
part	due	to	its	relatively	low	adverse	effect	profile	compared	to	other	IV	ASDs.
In	ESETT,	 levetiracetam	was	given	 at	 60	mg/kg	 IV	 load,	with	 a	maximum	of
4.5	g.43	Notably,	this	is	a	considerably	higher	dose	than	what	is	a	typically	given
in	many	emergency	and	critical	care	settings.	Levetiracetam	is	unique	among	the
three	 main	 second-line	 agents	 in	 that	 it	 is	 cleared	 renally,	 an	 important
consideration	when	treating	patients	with	renal	dysfunction.

Valproate	is	an	ASD	with	multiple	mechanisms	of	action	including	blockade
of	voltage-gated	sodium	channels	and	increasing	brain	levels	of	GABA.	While	it
has	 long	 been	 considered	 an	 alternative	 ASD	 for	 the	 treatment	 of	 SE	 when
phenytoin	 is	 contraindicated,	 the	 ESETT	 trial	 has	 established	 it	 as	 equally
efficacious	 to	 phenytoin	 when	 given	 at	 the	 recommended	 40	 mg/kg	 loading



dose.43	Importantly,	if	valproate	is	given	along	with	phenytoin	or	fosphenytoin,	it
is	 important	 to	know	that	 these	medications	significantly	affect	 the	metabolism
and	 serum	 concentrations	 of	 one	 another	 given	 their	 respective	 effects	 on	 the
cytochrome	 P450	 system.	 Valproate	 raises	 phenytoin	 levels	 and	 phenytoin
lowers	 valproate	 levels,	 which	 can	 have	 unpredictable	 effects	 overall.	 IV
valproate	 is	 well	 tolerated,	 with	 relatively	 few	 adverse	 effects	 in	 the	 acute
setting.47-52	Valproate	levels	should	be	monitored	and	maintained	between	80	and
100	for	the	treatment	of	status	epilepticus.	Of	note,	valproate	is	very	effective	for
treatment	of	absence	SE	as	is	levetiracetam	(see	Table	151.3).5,53-55

Lacosamide	 is	 a	 slow	 sodium	 channel	 blocker,	 and	while	 it	 lacks	 the	 long
history	and	strong	evidence	base	of	the	prior	three	anticonvulsants,	it	represents
a	viable	alternative	agent56,57	that	could	be	used	if	a	contraindication	exists	to	the
others,	or	if	the	patient	is	already	taking	one	or	more	of	the	others.	Doses	of	300
to	400	mg	have	been	used	when	treating	SE.

Brivaracetam	 is	 another	 SV2A	 blocker	 similar	 in	 pharmacology	 to
levetiracetam,	 though	 varies	 in	 that	 it	 is	 metabolized	 in	 the	 liver	 and	 is
considerably	more	 potent.	 Similar	 to	 lacosamide,	 there	 is	 not	 the	 same	 strong
evidence	base	for	this	medication	for	SE,	but	ample	evidence	exists	to	consider	it
a	 viable	 alternative	 should	 contraindications	 exist	 to	 using	 the	 other
medications.58

Phenobarbital:	Phenobarbital	 is	a	useful	barbiturate	medication	 that	can	be
given	at	any	stage	in	the	treatment	of	SE.	It	can	be	used	at	lower	doses	prior	to
initiation	of	drug-induced	coma	in	an	attempt	to	avoid	this	progression,	or	after
intubation	 at	 considerably	 higher	 doses	 when	 another	 drug	 with	 a	 different
mechanism	is	needed.	With	phenobarbital	 infusions,	 respiratory	depression	can
occur,	especially	if	benzodiazepines	have	been	used.	Phenobarbital	may	also	be
used	 as	 a	 bridge	 if	 initial	 weaning	 off	 pentobarbital	 results	 in	 recurrence	 of
seizures	 (see	 below).	 Temporary	 supratherapeutic	 levels	 of	 phenobarbital	 (eg,
40-60	μg/mL)	may	be	needed	in	this	situation.

Third-Line	Treatment:	Refractory	SE
SE	 persisting	 after	 initiation	 of	 the	 first	 and	 second-line	 agents	 is	 considered
refractory	SE	(RSE).	Treatment	from	this	point	on	may	vary	considerably,	and
typically	involves	drug-induced	coma.	For	drug-induced	coma,	patients	must	be
intubated.	Agents	commonly	used	for	RSE	include	midazolam,	propofol,	or	later
pentobarbital	(see	Table	151.3).5,46	All	are	extremely	effective	when	used	at	the
proper	 dose	 for	 suppressing	 clinical	 and	 electrographic	 seizures.	 Continuous
EEG	 monitoring	 is	 mandatory	 during	 induction	 of	 coma.	 Of	 note,	 while



initiating	 these	 infusions,	 the	 addition	 of	 other	 ASDs	 is	 usually	 needed	 in
preparation	for	when	the	infusions	are	eventually	weaned.	NCSE	must	be	treated
quickly,	although	additional	trials	of	antiseizure	medications	are	often	warranted
prior	 to	 intubation	 and	 initiation	 of	 IV	 sedative	 agents.	 When	 needed,	 those
medication	doses	are	comparable	to	those	used	in	other	types	of	SE	(see	Table
151.3).

Propofol,	a	GABA	agonist,	is	a	potent	antiseizure	agent.5,59,60	Propofol	has	the
advantage	 of	 rapid	 induction	 and	 elimination,	 but	 slow	 downward	 titration	 is
important	to	avoid	recurrent	seizures.61	One	significant	disadvantage	of	this	drug
is	 the	 propofol	 infusion	 syndrome.	 This	 consists	 of	 profound	 hypotension,
rhabdomyolysis,	 hyperlipidemia,	 cardiac	 arrhythmias,	 and	 metabolic	 acidosis.
Of	 note,	 the	 doses	 of	 propofol	 used	 in	 the	 treatment	 of	 SE	 are	 considerably
higher	than	those	routinely	used	for	sedation.

Midazolam	 is	 comparably	 well-tolerated	 and	 effective.	 Compared	 to
pentobarbital,	 patients	 on	 midazolam	 have	 less	 cardiac	 depression	 and	 regain
consciousness	more	rapidly	after	discontinuation.62,63	Midazolam	can	be	used	in
combination	 with	 propofol	 to	 decrease	 the	 risk	 of	 the	 propofol	 infusion
syndrome.	Tolerance	to	the	antiseizure	effects	of	midazolam	can	develop	after	36
to	 48	 hours,	 which	 can	 lead	 to	 escalating	 dose	 requirements	 (tachyphylaxis).
Because	of	this,	if	SE	is	not	terminated	within	72	hours	of	midazolam	treatment,
changing	 to	 an	 alternative	 infusion	 such	 as	 propofol	 or	 pentobarbital	 is
recommended.	Of	note,	the	doses	of	midazolam	used	in	the	treatment	of	SE	are
considerably	higher	than	those	routinely	used	for	sedation.

The	 dose	 of	 propofol	 and	 midazolam	 must	 be	 sufficient	 to	 terminate	 any
seizure	activity	seen	on	the	EEG.	In	many	cases,	the	goal	is	to	produce	a	burst-
suppression	EEG	pattern,	characterized	by	a	flat	background	of	at	least	5	to	15
seconds	punctuated	by	bursts	of	mixed-frequency	activity	lasting	1	to	3	seconds
in	duration.	This	burst	 suppression	may	be	maintained	 for	periods	of	24	 to	48
hours.	 If	 the	 bursts	 contain	 significant	 epileptiform	 discharges	 (ie,	 highly
epileptiform	 bursts),	 the	 coma	 should	 be	 deepened,	 at	 times	 to	 virtual
electrocerebral	silence.	During	this	time	of	drug-induced	coma,	it	is	essential	to
maintain	 high	 therapeutic	 levels	 of	 all	 antiseizure	 medications	 to	 avoid
recurrence	of	SE	upon	eventual	tapering	of	anesthetic	agents.

Beyond:	Super-refractory	SE
In	cases	of	either	frank	SE	or	persistent	aggressive	epileptiform	activity	on	EEG
despite	drug-induced	coma,	additional	treatments	may	be	considered:

Pentobarbital	 infusion	 may	 result	 in	 cardiac	 depression,	 and	 careful



hemodynamic	monitoring	 is	 required.	Vasopressors	 are	 frequently	 needed,	 and
ileus	 is	 also	 common.	 Propylene	 glycol	 toxicity	 has	 been	 reported	 in	 patients
treated	 with	 barbiturate	 coma	 for	 refractory	 SE.	 These	 patients	 can	 develop
hypotension	 and	 hepatic	 and	 renal	 failure.	 Treatment	 may	 include
hemodialysis.64	Of	note,	when	pentobarbital	is	used,	it	typically	results	in	diffuse
EEG	background	suppression.

High-dose	 IV	ketamine	 is	 another	 agent	 that	 can	 be	 considered	 for	 super-
refractory	 SE	 (SRSE),	 especially	 when	 there	 are	 frank	 or	 relative
contraindications	 to	 using	 pentobarbital.	A	 prior	 study	 using	 ketamine	 for	 this
indication	(SRSE)	was	associated	with	a	decrease	 in	seizure	burden.	The	high-
dose	 ketamine	 infusions	 were	 associated	 with	 decreased	 vasopressor
requirements	and	were	not	associated	with	 increased	 intracranial	pressure.65	Of
note,	 there	 is	 relatively	 little	 prospective	 data	 to	 suggest	 that	 propofol,
midazolam,	or	pentobarbital	are	dramatically	different	in	efficacy	for	SE.	Several
studies	 seem	 to	 indicate	 that	 patients	 treated	 with	 pentobarbital	 have	 fewer
treatment	 failures	 and	 breakthrough	 seizures,	 but	 more	 frequent	 episodes	 of
hypotension.	There	is	no	clear	difference	in	mortality	among	the	three	agents.66

The	ketogenic	diet	 is	 an	 emerging	 nonpharmacological	 treatment	 of	 super-
refractory	SE.	The	high-fat	and	low-protein/carbohydrate	diet	is	administered	via
nasogastric	 tube	which	subsequently	 induces	a	metabolic	shift	 toward	acidosis,
resulting	in	ketonuria,	which	can	be	present	within	a	few	days	of	initiation	of	the
diet.	Successful	treatment	of	super-refractory	NCSE	with	the	ketogenic	diet	has
been	described.67,68

CONCLUSIONS
SE	 is	 a	 medical	 and	 neurological	 emergency	 requiring	 prompt	 and	 definitive
treatment.	 The	 morbidity	 and	 mortality	 associated	 with	 SE	 vary	 widely
according	to	the	of	SE	and	the	etiology.	For	convulsive	SE,	the	most	fulminant
and	dangerous	type,	 immediate	termination	of	ongoing	clinical	seizure	activity,
determination	 of	 the	 underlying	 etiology,	 and	medical	 stabilization	 of	 patients
are	essential.	IV	lorazepam	and	more	recently	intramuscular	midazolam	are	the
appropriate	 first-line	 medications	 for	 immediate	 short-term	 cessation	 of	 SE.
Recent	 trials	 have	 established	 the	 therapeutic	 equivalence	 of	 fosphenytoin,
levetiracetam,	 and	 valproate	 as	 the	 essential	 second-line	 treatment	 options.
Continuous	 EEG	 is	 becoming	 increasingly	 more	 prevalent	 in	 ICUs	 and	 is
essential	to	the	diagnosis	of	NCSE	and	is	useful	for	the	treatment	of	all	types	of
SE.	Critical	care	physicians	should	be	familiar	with	effective	treatment	protocols



for	 SE,	 because	 prompt	 and	 appropriate	 therapy	 is	 essential	 for	 reducing
morbidity	and	mortality.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	regarding	status	epilepticus	is	correct?

A. 	A	20-minute	EEG	revealing	severe	slowing	and	no	epileptiform
features	rules	out	status	epilepticus.
B. 	Status	epilepticus	is	present	in	8%	to	20%	of	patients	with
unexplained	coma	or	altered	mental	status.
C. 	IV	dextrose	may	be	given	safely	to	all	patients	suspected	of	having
hypoglycemia	as	a	cause	for	status	epilepticus.
D. 	30	minutes	of	continued	convulsions	or	altered	mental	status	is
required	for	the	diagnosis	of	status	epilepticus.
E. 	None	of	the	above

2. 	Which	of	the	following	causes	of	status	epilepticus	carries	the	highest
mortality?

A. 	Alcohol	withdrawal	seizures
B. 	Long-standing	epilepsy	with	nonadherence	to	prescribed
anticonvulsants
C. 	Idiopathic	status	epilepticus
D. 	Postanoxic	status	epilepticus
E. 	Status	epilepticus	caused	by	an	ischemic	stroke

3. 	Which	of	the	following	causes	of	status	epilepticus	carries	the	best
prognosis?

A. 	Alcohol	withdrawal	seizures
B. 	Long-standing	epilepsy	with	nonadherence	to	prescribed
anticonvulsants
C. 	Idiopathic	status	epilepticus
D. 	Postanoxic	status	epilepticus
E. 	Status	epilepticus	caused	by	an	ischemic	stroke



4. 	The	best	initial	treatment	for	status	epilepticus	is:

A. 	IV	midazolam
B. 	IM	midazolam
C. 	IV	lorazepam
D. 	IM	lorazepam
E. 	IV	diazepam

Answers

1.	The	correct	answer	is	B.
Rationale:	 Status	 epilepticus	 is	 present	 in	 8%	 to	 20%	 of	 patients	 with

unexplained	 coma	 or	 altered	 mental	 status	 (choice	 B	 is	 correct).	 To	 rule	 out
status	epilepticus	in	such	patients,	a	continuous	EEG	is	recommended	(choice	A
is	 incorrect).	 It	 is	 recommended	 that	 thiamine	 be	 administered	 IV	 to	 patients
suspected	of	having	 significant	malnutrition	before	giving	 IV	dextrose	 to	 limit
risk	 of	 Wernicke-Korsakoff	 Syndrome,	 cerebellar	 degeneration,	 and
cardiovascular	 dysfunction	 (choice	 C	 is	 incorrect).	 Status	 epilepticus	 is
diagnosed	when	a	patient	suffers	more	than	5	minutes	of	continuous	convulsions
or	 a	 series	 of	 convulsions	 without	 a	 return	 to	 baseline	 mentation	 between
convulsions	(choice	D	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 Status	 epilepticus	 in	 the	 setting	 of	 anoxic	 encephalopathy	 has

higher	 mortality	 (choice	 D	 is	 correct)	 than	 that	 due	 to	 alcohol	 withdrawal
medication	nonadherence,	idiopathic	or	associated	with	an	ischemic	stroke.

3.	The	correct	answer	is	A.
Rationale:	Status	epilepticus	from	alcohol	withdrawal	has	a	better	prognosis

(choice	A	is	correct)	than	when	it	is	associated	with	medication	nonadherence,	or
with	an	ischemic	stroke,	after	an	anoxic	event	or	when	idiopathic.

4.	The	correct	answer	is	C.
Rationale:	 The	 preferred	 initial	 treatment	 for	 status	 epilepticus	 is	 IV

lorazepam	 (choice	C	 is	 correct).	 IV	 lorazepam	has	 a	 longer	 duration	 of	 action
than	diazepam.	IM	midazolam	is	acceptable	when	IV	access	is	not	available	but
the	duration	of	action	is	shorter.
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Chapter	152
Guillain-Barré	Syndrome
Isabelita	R.	Bella,	David	A.	Chad

KEY	POINTS:
1.	 Acute	inflammatory	demyelinating	polyradiculoneuropathy	is	a

predominantly	motor	polyradiculoneuropathy	affecting	proximal
muscles	early	in	the	disease	course.	Objective	sensory	loss	is	mild
despite	significant	paresthesias.

2.	 Patients	should	be	closely	monitored	for	respiratory	insufficiency,
autonomic	dysfunction,	and	bulbar	weakness.	About	25%	to	30%	of
patients	require	mechanical	ventilation	while	autonomic	dysfunction
occurs	in	up	to	two-thirds	of	patients,	and	bulbar	weakness	occurs	in
half	of	patients.

3.	 Cerebrospinal	fluid	(CSF)	examination	is	helpful	for	supporting	the
diagnosis	of	Guillain-Barré	Syndrome	(GBS),	but	early	in	the	disease
course,	CSF	studies	may	be	normal	and	electrodiagnostic	studies
may	be	equivocal.	MRI	of	the	spine	may	show	enhancement	of
spinal	nerve	roots,	which	may	aid	in	diagnosis.

4.	 Intravenous	immunoglobulin	(IVIG)	and	plasmapheresis	are	equally
efficacious	for	hastening	recovery.

5.	 A	second	course	of	IVIG	is	not	beneficial	for	patients	with	severe
GBS	unresponsive	to	an	initial	course	of	IVIG	and	increases	risk	of
adverse	effects.

6.	 Combination	therapy	with	plasmapheresis	followed	by	IVIG	or	IVIG
followed	by	plasmapheresis	has	not	been	found	to	be	efficacious.

INTRODUCTION



Guillain-Barré	syndrome	(GBS)	was	described	by	Guillain,	Barré,	and	Strohl	in
1916	as	an	acute	flaccid	paralysis	with	areflexia	and	elevated	spinal	fluid	protein
without	 pleocytosis.1	 It	 is	 the	 most	 common	 cause	 of	 rapidly	 progressive
weakness	due	to	peripheral	nerve	involvement,	with	an	annual	incidence	of	0.6
to	2.0	cases	per	100,000	population.2	For	decades,	GBS	has	been	viewed	as	an
acute	 inflammatory	 demyelinating	 polyradiculoneuropathy	 (AIDP)	 affecting
nerve	roots	and	cranial	and	peripheral	nerves	of	unknown	cause	that	occurs	at	all
ages.	In	the	past	30	years,	the	recognition	of	primary	axonal	forms	of	GBS	has
broadened	the	spectrum	of	GBS	to	include	the	demyelinating	form	(AIDP)	and
axonal	 forms—acute	 motor	 axonal	 neuropathy	 (AMAN)	 and	 acute	 motor
sensory	 axonal	 neuropathy	 (AMSAN),	 as	well	 as	 the	Miller	 Fisher	 syndrome.
AIDP	 is	 the	most	 common	 subin	North	America	 and	 Europe,	whereas	 axonal
forms	are	more	common	in	northern	China,	Japan,	Central	America,	and	South
America.3

Because	of	the	potential	for	the	development	of	respiratory	insufficiency	and
autonomic	nervous	system	abnormalities,4	GBS	is	most	appropriately	recognized
as	 a	 potential	 medical	 and	 neurological	 emergency	 that	 typically	 requires
intensive	care,	to	treat	and	manage	the	potential	complications	of	the	illness.5

DIAGNOSIS

Clinical	Features	in	Acute	Inflammatory	Demyelinating
Polyradiculoneuropathy
GBS	often	occurs	2	 to	4	weeks	after	a	 flu-like	or	diarrheal	 illness	caused	by	a
variety	 of	 infectious	 agents,4	 including	 cytomegalovirus,	 Epstein-Barr	 and
herpes	 simplex	 viruses,	 mycoplasma,	 Chlamydia,	 and	 Campylobacter	 jejuni.6
More	 recently,	Zika	 virus	 and	SARS-CoV-2	 (Covid-19)	 have	 been	 reported	 in
association	 with	 GBS.7,8	 It	 can	 also	 be	 an	 early	 manifestation	 of	 human
immunodeficiency	 virus	 (HIV)	 infection	 before	 the	 development	 of	 an
immunosuppressed	 state.9	 Lyme	 disease	 may	 rarely	 produce	 a	 syndrome	 of
polyradiculopathy	 reminiscent	 of	 GBS.10	 Other	 antecedent	 events	 include
immunization,	 general	 surgery	 and	 renal	 transplantation,	Hodgkin	 disease,	 and
systemic	lupus	erythematosus.2,4

1 	The	illness	is	heralded	by	the	presence	of	dysesthesias	of	the	feet	or	hands,
or	both.	The	major	feature	is	weakness	that	evolves	rapidly	(usually	over	days)
and	classically	has	been	described	as	ascending	from	legs	to	arms	and,	in	severe



cases,	 to	 respiratory	 and	 bulbar	muscles.	Weakness	may,	 however,	 start	 in	 the
cranial	nerves	or	arms	and	descend	to	the	legs	or	start	simultaneously	in	the	arms
and	legs.2	Proximal	muscles	are	often	involved	early	in	the	course	of	the	disease.
Approximately	 80%	 of	 patients	 reach	 the	 nadir	 of	 their	 clinical	 course	 by
2	 weeks	 into	 the	 illness,	 and	 97%	 by	 1	 month.11	 Progression	 of	 symptoms
beyond	 4	 weeks	 but	 arresting	 within	 8	 weeks	 has	 been	 termed	 subacute
inflammatory	 demyelinating	 polyneuropathy,12	 whereas	 progression	 beyond
2	 months	 is	 designated	 chronic	 inflammatory	 demyelinating
polyradiculoneuropathy	(CIDP),	a	disorder	with	a	natural	history	different	from
GBS.13	Up	to	16%	of	patients	with	CIDP	may	present	acutely	as	GBS;	those	who
continue	to	progress	to	CIDP	more	often	have	pronounced	sensory	signs	and	are
less	 likely	 to	 have	 facial	 weakness,	 autonomic	 involvement,	 and	 a	 preceding
infectious	 illness	 or	 require	 mechanical	 ventilation.14	 A	 small	 percentage	 of
patients	 (up	 to	6%)	have	 recurrent	GBS;	 these	patients	 are	often	younger	 than
30	years,	have	milder	symptoms,	and	more	often	have	Miller	Fisher	syndrome.
Several	 years	 often	 pass	 between	 episodes,	 differentiating	 them	 from	 patients
with	 treatment-related	 fluctuation,	 where	 worsening	 occurs	 within	 the	 first
8	weeks	of	disease	onset	after	initial	improvement/stabilization.15

The	extent	 and	distribution	of	weakness	 in	GBS	are	variable.	Within	 a	 few
days,	a	patient	may	become	quadriparetic	and	become	respirator	dependent,	or
the	illness	may	take	a	benign	course	and	after	progression	for	3	weeks	produce
only	mild	weakness	of	the	face	and	limbs.

Physical	Findings
1 	 1 	 2 	In	a	typical	case	of	moderate	severity,	the	physical	examination	discloses
symmetric	weakness	 in	 proximal	 and	 distal	muscle	 groups	with	 attenuation	 or
loss	of	deep	tendon	reflexes	(Table	152.1).	In	the	early	stage	of	the	illness,	there
is	 no	 muscle	 wasting	 or	 fasciculation.	 If	 the	 attack	 is	 particularly	 severe	 and
axons	are	interrupted,	muscles	undergo	atrophy	and	scattered	fasciculations	may
be	 seen	 after	 a	 number	 of	 months.	 Sensory	 loss	 is	 usually	 mild,	 although	 a
variant	 of	 GBS	 is	 described	 in	 which	 sensory	 loss	 (involving	 large	 fiber
modalities)	 is	widespread,	 symmetric,	 and	profound.16	Respiratory	muscles	 are
often	involved,	and	25%	to	30%	of	patients	require	ventilator	assistance17	within
18	days	(mean	of	10	days)	after	onset18.

TABLE	152.1



Features	of	Guillain-Barré	Syndrome

Clinical
Features Laboratory	Features

Rapidly
progressive
weakness

Elevated	cerebrospinal	fluid	protein

Loss	of
reflexes

Acellular	cerebrospinal	fluid

Mild
dysesthesias
(in	AIDP)

Electromyogram:

Autonomic
dysfunction

In	AIDP:	slow	nerve	conduction	velocities,	conduction
block,	and	dispersed	responses

Respiratory
compromise

In	axonal	GBS:	low	motor	amplitudes,	normal	conduction
velocities,	and	normal	sensory	responses	in	AMAN

AIDP,	acute	inflammatory	demyelinating	polyradiculoneuropathy;	AMAN,	acute	motor	axonal
neuropathy;	GBS,	Guillain-Barré	syndrome.

There	is	often	mild	to	moderate	bilateral	facial	weakness.	Mild	weakness	of
the	 tongue	and	the	muscles	of	deglutition	may	also	develop.	Ophthalmoparesis
from	extraocular	motor	nerve	involvement	is	unusual	in	the	typical	patient	with
GBS.	 In	 the	 Miller	 Fisher	 variant,19	 however,	 ophthalmoplegia	 occurs	 in
combination	 with	 ataxia	 and	 areflexia,	 with	 little	 limb	 weakness.	 Pupillary
abnormalities	 have	 been	 noted	 in	 GBS20	 and	 in	 the	 Miller	 Fisher	 variant.21
Papilledema	is	rare.22

2 	 Autonomic	 nervous	 system	 disturbances	 occur	 in	 up	 to	 two-thirds	 of
patients	 and	 are	 potentially	 lethal.23	 Autonomic	 dysfunction	 takes	 the	 form	 of
excessive	or	 inadequate	activity	of	the	sympathetic	or	parasympathetic	nervous
system,	or	both.23,24	Common	findings	include	cardiac	arrhythmias	(eg,	persistent
sinus	 tachycardia,	 bradycardia,	 ventricular	 tachycardia,	 atrial	 flutter,	 atrial
fibrillation,	 and	 asystole),	 orthostatic	 hypotension,	 and	 transient	 or	 persistent
hypertension.	 Other	 changes	 include	 transient	 bladder	 paralysis,	 increased	 or
decreased	sweating,	and	paralytic	ileus.	The	pathophysiology	of	these	changes	is



not	 completely	 understood	 but	 may	 be	 caused	 by	 inflammation	 of	 the	 thinly
myelinated	and	unmyelinated	axons	of	the	peripheral	autonomic	nervous	system.
A	neuropathy	predominantly	affecting	the	peripheral	autonomic	nervous	system
has	 been	 described	 that	 may	 have	 a	 pathogenesis	 similar	 to	 that	 of	 GBS.25
Hypertension	 from	 dysautonomia	 may	 be	 responsible	 for	 the	 association	 of
posterior	reversible	encephalopathy	syndrome	seen	in	some	patients	with	GBS.26

Clinical	Features	of	Axonal	Forms
Like	AIDP,	axonal	 forms	present	with	 rapidly	progressive	weakness,	 areflexia,
and	 albuminocytological	 dissociation	 but	 differ	 in	 the	 following	 ways:	 (1)
patients	 with	 AMAN	 lack	 sensory	 abnormalities;	 (2)	 most	 often	 children	 and
young	 adults	 in	 northern	 China,	 Mexico,	 or	 Japan	 develop	 AMAN	 during
summer	months;	(3)	many	have	experienced	an	antecedent	Campylobacter	jejuni
infection.	Patients	with	AMAN	also	have	a	more	rapid	progression	to	their	nadir,
but	 recovery	 times	 are	 quicker27	 or	 similar28	 to	AIDP	 for	 some,	whereas	 other
patients	have	a	protracted	recovery.27

AMSAN	 is	 characterized	 by	 sensory	 and	motor	 deficits	 and	 a	 long	 time	 to
recovery.	In	the	series	by	Feasby	et	al,29	these	patients	had	a	much	shorter	time	to
peak	 severity	 (1	 week),	 had	 more	 severe	 symptoms	 with	 more	 than	 half
requiring	mechanical	ventilation,	and	had	inexcitable	motor	nerves;	most	had	a
poor	recovery.

Laboratory	Features
The	 most	 characteristic	 laboratory	 features	 of	 GBS	 are	 an	 abnormal
cerebrospinal	fluid	(CSF)	profile	with	albuminocytologic	dissociation	(elevated
protein	without	pleocytosis)	and	abnormal	nerve	conduction	studies.

3 	CSF	examination	is	helpful	for	supporting	the	diagnosis	of	GBS.	Although
the	CSF	 protein	may	 be	 normal	 in	 about	 50%	of	 patients	 if	 tested	 in	 the	 first
3	days,	by	1	week	into	the	illness,	CSF	protein	is	elevated	in	79%	of	patients,11
sometimes	to	levels	as	high	as	1	g/dL.	Rarely,	even	several	weeks	after	onset	of
GBS,	 the	 CSF	 protein	 remains	 normal	 and	 the	 diagnosis	 must	 rest	 on	 the
presence	 of	 otherwise	 typical	 clinical	 features.16	 The	 cell	 count	 is	 normal	 for
most	patients	with	GBS,	but	a	mild	pleocytosis	of	10	to	50	cells/µL	may	be	seen
in	15%	of	patients.11	The	presence	of	pleocytosis	should	raise	suspicion	for	HIV,
Lyme,	 cytomegalovirus,	 and	 carcinomatous	 or	 lymphomatous	 meningitis.	 The
CSF	glucose	is	expected	to	be	normal.



Electrodiagnostic	 studies	 in	 AIDP	 typically	 show	 a	 non-length-dependent,
motor	and	sensory	demyelinating	polyneuropathy	with	slowing	of	motor	nerve
conduction	velocities	(less	than	70%	of	the	lower	limit	of	normal);	increases	in
distal	 motor	 latencies;	 and	 evidence	 of	 temporal	 dispersion	 and	 partial
conduction	 block	 along	 motor	 fibers.	 F-waves	 are	 absent	 or	 have	 prolonged
latencies,	and	sensory	responses	are	reduced	or	absent.16,30	The	amplitude	of	the
evoked	motor	 responses	may	 be	 reduced	 because	 of	 axon	 loss	 or	 distal	 nerve
conduction	 block,	 and	 the	 responses	 are	 frequently	 dispersed	 because	 of
differential	 slowing	 along	 still-conducting	 axons.16,30	 Because	 the	 pathologic
process	may	 be	 restricted	 to	 spinal	 nerve	 roots	 and	 proximal	 nerve	 segments,
routine	nerve	conduction	 studies	 early	 in	 the	course	of	 the	neuropathy	may	be
normal	 initially.	 In	 such	 cases	H-reflexes	 are	often	 absent	 and	F-responses	 are
abnormal	(absent	or	prolonged	in	latency).	These	abnormal	late	responses	along
with	sural	sparing	(normal	sural	response)	and	reduced	or	absent	median	sensory
response	are	characteristic	of	early	GBS.31	Early	 in	 the	 course	of	GBS,	needle
electrode	 examination	 of	 voluntary	 contraction	 of	 weak	muscles	 demonstrates
reduced	 motor	 unit	 potential	 recruitment	 (decreased	 numbers	 of	 normal-
appearing	 motor	 unit	 potentials	 firing	 rapidly)	 because	 of	 nerve	 conduction
block.	Several	weeks	 later,	needle	examination	of	weak	muscles	 reveals	active
denervation	 changes,	 with	 fibrillation	 potentials	 and	 positive	 sharp	 waves,
reflecting	 the	 motor	 axon	 loss	 that	 is	 often	 part	 of	 AIDP	 and	 central	 to	 the
pathogenesis	of	AMAN	and	AMSAN.

For	 patients	 with	 the	 severe	 axonal	 form	 of	 GBS,	 AMSAN,	 motor	 and
sensory	nerves	may	be	electrically	inexcitable.29	In	AMAN,	motor	responses	are
low	or	absent,	whereas	conduction	velocities	and	sensory	responses	are	normal.32
Motor	conduction	block	without	temporal	dispersion	may	be	seen	in	AMAN	due
to	 reversible	 conduction	 failure	 at	 the	 nodes	 of	 Ranvier;	 this	 may	 lead	 to
confusion	in	correctly	classifying	axonal	versus	demyelinating	subtypes	on	first
presentation.33,34	 Serial	 electrodiagnostic	 studies	may	 help	 diagnose	 the	 correct
suband	 therefore	 more	 accurately	 predict	 prognosis.33,35	 The	 electrodiagnostic
findings	of	the	Miller	Fisher	syndrome	are	indicative	of	a	sensory	neuronopathy
with	 reduced	 or	 absent	 sensory	 responses	 throughout,	 despite	 normal	 motor
studies.

Except	 for	 a	 mild	 increase	 of	 the	 erythrocyte	 sedimentation	 rate,
hematological	 studies	 are	 normal.	 Serum	 electrolytes	 may	 disclose
hyponatremia,4	 sometimes	 to	 a	 marked	 degree,	 because	 of	 inappropriate
secretion	of	antidiuretic	hormone	(SIADH)	caused	by	a	disturbance	of	peripheral
volume	 receptors.	 There	 may	 be	 evidence	 of	 previous	 viral	 or	 mycoplasma
infection,	such	as	lymphopenia	or	atypical	lymphocytes.	In	some	cases,	evidence



of	recent	viral	infection	may	be	sought	by	measuring	antibody	(immunoglobulin
[Ig]	 M)	 titers	 against	 specific	 infectious	 agents,	 especially	 cytomegalovirus,
Epstein-Barr	virus,	and	C.	jejuni.	In	selected	cases,	screening	for	HIV	infection
should	be	undertaken.

Approximately	90%	of	patients	with	Miller	Fisher	syndrome	have	high	titers
of	GQ1b	antibodies,	and	their	presence	confirms	the	diagnosis	of	 this	disorder.
Antibodies	 to	 GM1,	 GD1a,	 GM1b,	 and	 GalNac-GD1a	 are	 associated	 with
axonal	forms	of	GBS.	Anti-GM1	antibodies	are	reported	among	10%	to	42%	of
patients	with	AMAN.36

Magnetic	resonance	imaging	(MRI)	studies	may	show	enhancement	of	spinal
nerve	roots	or	cauda	equina	in	83%	to	92%	of	patients	with	GBS37,38	in	addition
to	 enhancement	 of	 cranial	 nerves39;	 this	 may	 aid	 in	 diagnosis	 when
electrodiagnostic	studies	or	CSF	studies	are	equivocal.

DIFFERENTIAL	DIAGNOSIS
A	 number	 of	 well-defined	 conditions	 cause	 an	 acute	 or	 subacute	 onset	 of
generalized	weakness	and	must	be	differentiated	from	GBS	(Table	152.2).	These
are	 disorders	 of	 the	 motor	 unit	 affecting	 the	 neuromuscular	 junction	 (eg,
myasthenia	 gravis	 and	 botulism);	 peripheral	 nerve	 (eg,	 tick	 paralysis,	 shellfish
poisoning,	 toxic	 neuropathy,	 acute	 intermittent	 porphyria,	 and	 diphtheritic
neuropathy);	 motor	 neuron	 (eg,	 amyotrophic	 lateral	 sclerosis,	 poliomyelitis,
West	 Nile	 virus	 [WNV]	 neuroinvasive	 disease,	 and	 acute	 flaccid	 myelitis
[AFM]);	 and	 muscle	 (eg,	 periodic	 paralysis,	 metabolic	 myopathies,	 and
inflammatory	myopathies).	Other	conditions	characterized	by	severe	generalized
weakness	 are	 defined	 by	 the	 setting	 in	 which	 they	 are	 encountered—the
intensive	 care	 unit	 (ICU)—and	 are	 designated	 critical	 illness	 polyneuropathy
and	the	myopathy	of	intensive	care.

TABLE	152.2

Conditions	That	May	Mimic	Guillain-Barré	Syndrome

Disorder Major	Distinguishing	Features

Myasthenia	gravis Reflexes	are	spared



Ocular	weakness	predominates

Positive	response	to	edrophonium

EMG:	decremental	motor	response

Botulism Predominant	bulbar	involvement

Autonomic	abnormalities	(pupils)

EMG:	normal	velocities,	low	amplitudes,	and
incremental	response	(with	high-frequency	repetitive
nerve	stimulation)

Tick	paralysis Rapid	progression	(1-2	d)

Tick	present

Shellfish	poisoning Rapid	onset	(face,	finger,	and	toe	numbness)

Follows	consumption	of	mussels/clams

Toxic	neuropathies EMG:	usually	axon	loss

Organophosphorus Acute	cholinergic	reaction	toxicity

Porphyric
neuropathy

Mental	disturbance
Abdominal	pain

Diphtheritic
neuropathy

Prior	pharyngitis
Slower	evolution
Palatal/accommodation	paralysis
Myocarditis

Poliomyelitis Weakness,	pain,	and	tenderness

Preserved	sensation

Cerebrospinal	fluid:	protein	and	cell	count	elevated

West	Nile	virus
neuroinvasive
disease

Associated	fever,	meningitis,	or	encephalitis

Asymmetric	weakness



Cerebrospinal	fluid:	protein	and	cell	count	elevated

Acute	flaccid
paralysis

Asymmetric	weakness,	arms	>	legs

MRI	spinal	cord	shows	T2	hyperintensity	of	gray
matter

Cerebrospinal	fluid	pleocytosis

Periodic	paralysis Reflexes	normal

Cranial	nerves	and	respiration	spared

Abnormal	serum	potassium	concentration

Critical	illness
neuropathy

Sepsis	and	multiorgan	failure	>	2	wk
EMG:	axon	loss

Acute	myopathy	of
intensive	care

Tetraparesis	and	areflexia

Follows	prolonged	treatment	with	neuromuscular
blocking	agent	and	corticosteroids

Trauma,	status	asthmaticus,	and	organ	transplantation
associated

Clinical	and	EMG	features	of	myopathy

EMG,	electromyogram.

Intensive	Care	Unit–Related	Weakness
Unlike	 neuromuscular	 emergencies	 such	 as	 GBS,	 myasthenia	 gravis,	 or
porphyria,	in	which	rapidly	progressive	weakness	develops	before	admission	to
the	ICU,	a	number	of	conditions	(polyneuropathy,	myopathy,	and	neuromuscular
junction	disease)	affect	patients	already	 in	 the	 ICU	because	of	severe	systemic
illnesses.	These	conditions	are	discussed	in	more	detail	in	Chapter	154.	Critical
illness	 polyneuropathy	 is	 an	 axonal	 sensory	 and	 motor	 polyneuropathy
characterized	 by	 difficulty	 weaning	 from	 the	 ventilator,	 distal	 greater	 than



proximal	 muscle	 weakness,	 and	 reduced	 or	 absent	 reflexes	 that	 develop	 in
patients	with	 sepsis	 and	multiorgan	 failure.40	 The	 development	 of	weakness	 in
the	 midst	 of	 critical	 illness,	 as	 seen	 in	 critical	 illness	 polyneuropathy,	 helps
differentiate	this	disorder	from	axonal	GBS,	in	which	weakness	develops	days	to
weeks	 after	 an	 infection.41	A	 severe	 necrotizing	myopathy	 can	 also	 be	 seen	 in
critically	ill	patients.42	An	acute	myopathy	of	intensive	care	initially	described	in
patients	 treated	 with	 a	 combination	 of	 high-dose	 corticosteroids	 (equal	 to	 or
greater	 than	1000	mg	methylprednisolone)	 and	neuromuscular	 blocking	 agents
(NMBAs)	 for	 status	 asthmaticus43	 may	 also	 be	 encountered	 in	 the	 setting	 of
trauma,	organ	 transplantation,	burns,	 and	critical	 illness.	Patients	have	variable
degrees	of	generalized	weakness,	including	respiratory	muscles,	and	this	is	often
recognized	when	a	patient	has	difficulty	weaning	from	the	ventilator.	Prolonged
neuromuscular	blockade	 after	use	of	 the	nondepolarizing	NMBAs	can	be	 seen
especially	 in	 patients	 with	 coexistent	 renal	 failure	 and	 metabolic	 acidosis.
Presumably,	 the	 presence	 of	 an	 active	 metabolite	 accounts	 for	 the	 prolonged
weakness.44

Disorders	of	the	Neuromuscular	Junction
Among	 patients	 with	 myasthenia	 gravis,	 limb	 weakness	 is	 predominant
proximally	and	almost	always	associated	with	ocular	and	sometimes	pharyngeal
muscle	weakness	(see	Table	152.2;	see	Chapter	153.)	Muscular	fatigability	is	a
hallmark	of	the	disease.	Botulism	may	also	cause	acute	weakness	6	to	36	hours
after	 ingestion	of	 the	 toxin	 formed	by	Clostridium	botulinum.	The	condition	 is
characterized	 by	 weakness	 of	 cranial	 nerve–innervated	 muscles,	 autonomic
abnormalities	 (unreactive	 pupils	 and	 ileus),	 and	 occasional	 respiratory	 muscle
weakness	 necessitating	 ventilator	 assistance.	 Electrodiagnostic	 findings	 of	 low
compound	motor	 action	 potential	 amplitudes	 with	 postexercise	 facilitation	 are
key	in	diagnosing	this	condition.

Disorders	of	Peripheral	Nerve
Tick	 paralysis	 is	 produced	 by	 a	 toxin	 contained	 in	 the	 head	 of	 the	 tick
Dermacentor	andersoni	or	Dermacentor	vanabilis	 that	blocks	nerve	conduction
in	the	fine	terminal	portions	of	motor	and	sensory	nerves.	Weakness	associated
with	sensory	impairment	develops	rapidly	after	the	tick	has	embedded	itself	into
the	victim,	usually	over	1	to	2	days.	Shellfish	poisoning	gives	rise	to	symptoms
immediately	after	contaminated	mussels	or	clams	are	eaten.	Patients	complain	of



face,	 finger,	 and	 toe	 numbness	 and	 then	 note	 the	 development	 of	 rapidly
progressive	descending	paralysis,	which	may	involve	respiratory	muscles.
Toxic	neuropathies	may	 be	 caused	 by	 a	 number	 of	 heavy	metals,	 including

arsenic,	 thallium,	 and	 lead.	 These	 and	 other	 potential	 neurotoxins	 (eg,
nitrofurantoin)	 and	 industrial	 agents	 (eg,	 hexacarbons)	 may	 produce	 a	 rapidly
evolving	peripheral	neuropathy.	Most	acute	 toxic	neuropathies	are	axon	 loss	 in
character,	 but	 in	 the	 case	 of	 arsenic	 poisoning,	 electrodiagnostic	 features	may
simulate	 a	 demyelinating	 process	 identical	 to	 some	 forms	 of	 GBS.45
Organophosphorus	 insecticide	 toxicity	 causes	 a	 short-lived	 acute	 cholinergic
phase	marked	by	miosis,	salivation,	sweating,	and	fasciculation	followed	in	2	to
3	 weeks	 by	 an	 acute	 axon-loss	 polyneuropathy.46	 An	 intermediate	 syndrome
occurring	 24	 to	 96	 hours	 after	 the	 cholinergic	 phase	 and	 characterized	 by
multiple	cranial	nerve	palsies	and	 respiratory	 failure	has	also	been	described.47
The	latter	probably	results	from	a	defect	at	the	neuromuscular	junction.
Acute	 intermittent	 porphyria	 causes	 an	 acute	 polyneuropathy	 clinically

similar	 to	 GBS	 but	 differing	 by	 its	 association	 with	 mental	 disturbance	 and
abdominal	pain.	Attacks	of	paralysis	are	precipitated	by	ingestion	of	a	variety	of
drugs,	 including	 alcohol,	 barbiturates,	 estrogens,	 phenytoin,	 and	 sulfonamides.
The	 diagnosis	 may	 be	 established	 by	 demonstrating	 increased	 levels	 of
porphobilinogen	and	δ-aminolevulinic	acid	in	the	urine.
Diphtheritic	neuropathy	occurs	2	 to	8	weeks	after	a	 throat	 infection.	During

the	 height	 of	 the	 infection,	 there	 is	 numbness	 of	 the	 lips	 and	 paralysis	 of
pharyngeal	 and	 laryngeal	 muscles.	 At	 the	 time	 of	 the	 neuropathy,	 diphtheria
organisms	 may	 be	 cultured	 from	 the	 throat.	 Other	 clues	 to	 the	 diagnosis	 are
clinical	and	electrocardiographic	features	of	myocarditis.

Disorders	of	Motor	Neurons
Amyotrophic	 lateral	 sclerosis	 is	 a	 chronic	 disorder	 of	 the	 motor	 system	 that
generally	 evolves	 over	 several	 years	 to	 produce	 a	 state	 of	 severe	 generalized
muscle	 weakness,	 atrophy,	 and	 fasciculations.	 In	 most	 instances,	 respiratory
muscle	weakness	occurs	in	the	latter	stages	of	the	illness	after	the	diagnosis	has
been	 established.	 Rarely,	 however,	 patients	 present	 with	 acute	 to	 subacute
respiratory	 muscle	 weakness	 (ventilatory	 failure)	 as	 the	 first	 clinical
manifestation	of	 this	disease.	The	examination	of	 such	patients	often	discloses
some	features	of	lower	motor	neuron	loss	(muscle	atrophy	and	fasciculations)	in
limb	 and	 bulbar	 muscles.	 The	 presence	 of	 brisk	 deep	 tendon	 reflexes	 and
preserved	sensation	helps	to	distinguish	this	disorder	from	the	neuropathies	that
might	 cause	 acute	 ventilatory	 failure.	 Unlike	 the	 situation	 in	 GBS	 where	 a



picture	 of	 albuminocytologic	 dissociation	 is	 found,	 the	 CSF	 findings	 in
amyotrophic	lateral	sclerosis	are	normal.
Poliomyelitis	 is	 rarely	 seen	 today,	 but	 it	 has	 developed	 in	 close	 contacts	 of

newborns	 immunized	 with	 the	 live	 attenuated	 oral	 vaccine	 and	 individuals
whose	 own	 immunity	 to	 the	 virus	 has	 become	 inadequate.	 The	 disease	 is
characterized	 by	 weakness	 of	 rapid	 onset	 along	 with	 severe	 muscle	 pain	 and
tenderness.	 Respiratory	 muscles	 are	 often	 involved.	 Deep	 tendon	 reflexes	 are
depressed.	The	illness	is	distinguished	from	GBS	clinically	by	the	preservation
of	sensation	and	the	CSF	findings.	Serum	antibody	studies	may	help	identify	the
illness.

A	 poliomyelitis-like	 syndrome	may	 also	 be	 seen	 with	WNV	 neuroinvasive
disease.	 Infection	of	 the	anterior	horn	cells	by	WNV	produces	an	acute	flaccid
paralysis,	with	asymmetric	weakness	of	one	or	more	limbs,	particularly	the	legs,
along	 with	 hyporeflexia	 or	 areflexia.	 Overt	 sensory	 loss	 is	 typically	 absent,
whereas	loss	of	bowel	and	bladder	function	may	occur.	Unlike	GBS,	there	may
be	an	associated	meningitis,	encephalitis,	or	fever,	in	addition	to	CSF	pleocytosis
and	 elevated	 CSF	 protein.	 Diagnosis	 depends	 on	 detection	 of	 WNV-specific
antibodies	in	serum	or	CSF.48

AFM	 is	 a	 more	 recently	 recognized	 polio-like	 illness	 seen	 in	 children	 as
biennial	 outbreaks	 in	 late	 summer/early	 fall.	 Flaccid	 and	 profound	 weakness
affecting	one	or	more	limbs	occurs	over	hours	to	days	and	is	often	preceded	by	a
viral	syndrome	or	fever.	Bulbar,	respiratory,	facial,	neck,	extraocular,	and	trunk
muscles	may	 also	be	 affected.	Differentiating	 features	 from	GBS	 include	MRI
showing	T2-hyperintense	 lesions	of	 spinal	cord	gray	matter	 (most	prominently
affecting	cervical	cord	and	 longitudinally	extensive)	and	may	also	occur	 in	 the
brainstem	 along	with	 CSF	 pleocytosis.	 Enterovirus	 D68	 is	 suspected	 to	 cause
AFM,	although	it	has	not	been	isolated	in	CSF,	only	in	the	respiratory	tract.49

Disorders	of	Muscles
Periodic	 paralysis	 (hyperkalemic	 or	 hypokalemic)	 is	 a	 disorder	 of	 muscle
usually	 inherited	 in	 an	 autosomal-dominant	 fashion.	 Patients	 develop
generalized	weakness	over	a	period	of	hours	(see	Table	152.2).	Cranial	nerve–
supplied	 muscles	 are	 spared,	 there	 is	 generally	 no	 respiratory	 muscle
involvement,	 reflexes	 are	 normal,	 and	 there	 is	 no	 sensory	 involvement.	Serum
potassium	measurements	aid	in	the	diagnosis.

Rarely,	metabolic	myopathies	may	present	with	 the	 sudden	onset	of	muscle
weakness.	 Patients	 with	 abnormalities	 of	 glycogen	 metabolism	 (eg,
phosphorylase	deficiency)	or	lipid	metabolism	(eg,	carnitine	palmityl	transferase



deficiency)	may	 develop	weakness	 associated	with	 severe	 cramps	 and	muscle
fiber	 necrosis;	 the	 latter	 may	 result	 in	 creatine	 kinase	 elevations	 and
myoglobinuria.
Dermatomyositis,	 an	 inflammatory	 myopathy,	 may	 present	 with	 the	 acute

onset	of	proximal	muscle	(and,	rarely,	respiratory	muscle)	weakness.	In	contrast
to	the	acute	polyneuropathies,	deep	tendon	reflexes	are	spared,	cranial	nerves	are
rarely	involved,	and	serum	creatine	kinase	is	elevated.

PATHOGENESIS
AIDP	 is	 caused	 by	 immunologically	mediated	 demyelination	 of	 the	 peripheral
nervous	system.4	It	is	likely	that	humoral	and	cellular	components	of	the	immune
system	 participate	 in	 macrophage-induced	 peripheral	 nerve	 demyelination.2,3
Although	 the	 histological	 appearance	 of	 AIDP	 resembles	 experimental
autoimmune	 neuritis,	 in	 which	 a	 predominantly	 T	 cell–mediated	 immune
response	is	directed	against	peripheral	nerve	myelin	proteins,	the	role	of	T	cell–
mediated	 immunity	 in	 AIDP	 remains	 unclear.3	 The	 finding	 of	 complement
activation	markers	along	the	outer	surface	of	the	Schwann	cell50	have	led	to	the
speculation	 that	 complement-fixing	 antibodies	 directed	 toward	 as	 yet
unidentified	 epitopes	 on	 the	 outer	 surface	 of	 the	 Schwann	 cell	 play	 a	 role	 in
AIDP.	 Axonal	 degeneration	 may	 occur,	 especially	 in	 severe	 cases,	 as	 a
“bystander”	when	there	is	intense	inflammation.51,52

In	axonal	subtypes,	the	immune	response	is	targeted	to	a	different	portion	of
the	peripheral	nerve,	the	axon.53	There	is	strong	evidence	that	antibodies	directed
against	ganglioside	antigens	on	the	axolemma	target	macrophages	to	invade	the
axon	at	 the	node	of	Ranvier.3	The	rapid	decline	and	subsequent	quick	recovery
of	many	patients	with	AMAN	suggests	 that	 severe	 axonal	 degeneration	of	 the
nerve	 roots	 is	 unlikely	 to	 be	 the	 pathological	 basis	 for	 this	 disorder;	 proposed
mechanisms	 include	 physiological	 block	 of	 conduction	 or	 very	 distal
degeneration	 and	 subsequent	 regeneration	 of	 the	 intramuscular	 motor	 nerve
terminals.28

The	 presence	 of	 antiganglioside	 antibodies	 (GM1,	 GD1a,	 GM1b,	 and
GalNAcGD1a	antibodies	in	axonal	GBS	and	GQ1b	in	Miller	Fisher	syndrome)
and	the	finding	of	ganglioside-like	epitopes	on	some	strains	of	C.	jejuni	have	led
to	the	concept	of	molecular	mimicry,54	in	which	an	immune	attack	occurs	on	the
epitope	 shared	 by	 the	 nerve	 fiber	 and	 infectious	 organism,55	 as	 a	 possible
mechanism	 for	GBS,	 especially	C.	 jejuni–associated	GBS.	There	 is	 increasing
evidence	 that	 anti-GM1	 antibodies	 block	 sodium	 ion	 channels	 at	 the	 nodes	 of



Ranvier,	 transiently	 producing	 conduction	 failure.36	 In	 addition,	 Koga	 et	 al56
found	 evidence	 that	 the	 genetic	 polymorphism	 of	 C.	 jejuni	 determines	 the
production	 of	 specific	 autoantibodies	 and	 correlates	 with	 the	 clinical
presentation	 of	 GBS,	 possibly	 through	 modification	 of	 the	 host-mimicking
molecule.

PATHOLOGY
Pathological	studies	of	nerves	from	patients	dying	with	GBS	have	usually	shown
infiltration	of	 the	endoneurium	by	mononuclear	cells,	with	a	predilection	 for	a
perivenular	 distribution.51	 The	 inflammatory	 process	 occurs	 throughout	 the
length	of	 the	nerve,	 from	its	origin	at	a	 root	 level	 to	 the	distal	 ramifications	of
nerve	 twigs	 in	 the	 substance	 of	muscle	 fibers.	 The	 brunt	 of	 the	 inflammatory
process,	however,	occurs	at	more	proximal	 levels	(eg,	 roots,	spinal	nerves,	and
major	 plexuses)	 and	 takes	 the	 form	 of	 discrete	 foci	 of	 inflammation.
Macrophages	invade	intact	myelin	sheaths	and	denude	the	axons.3	Patients	with
prominent	 axon	 loss	 are	 least	 likely	 to	 recover	 fully	 and	 may	 be	 left	 with
functionally	significant	residual	motor	weakness.

In	AMAN	and	AMSAN,	there	is	evidence	of	Wallerian-like	degeneration	of
nerve	fibers,	but	only	minimal	inflammation	or	demyelination.	Macrophages	are
seen	within	the	periaxonal	space	especially	at	the	nodes	of	Ranvier,	displacing	or
surrounding	 the	axon	and	 leaving	 the	myelin	sheath	 intact.32	Abnormalities	 are
seen	 in	 nerve	 roots	 and	 peripheral	 nerves;	 in	 those	 with	 AMSAN,	motor	 and
sensory	 fibers	 are	 affected,	whereas	 only	motor	 fibers	 are	 affected	 in	AMAN,
with	sparing	of	sensory	fibers.

NATURAL	HISTORY
The	natural	history	of	GBS	in	the	moderately	to	severely	affected	patient	(ie,	a
patient	who	 is	 unable	 to	walk	 or	who	has	 severe	 respiratory	muscle	weakness
requiring	 a	 ventilator)	 is	 usually	 one	 of	 gradual	 improvement.	 The	 ability	 to
walk	unassisted	returns,	on	average,	in	approximately	3	months;	in	the	subset	of
respirator-dependent	patients,	the	average	time	to	recovery	is	6	months.57

MANAGEMENT



The	 three	 major	 treatment	 issues	 with	 GBS	 are	 controlling	 respiration	 and
deciding	 when	 to	 intubate	 the	 patient,	 recognizing	 and	 managing	 autonomic
dysfunction,	 and	determining	which	patients	 are	 candidates	 for	plasmapheresis
(PE)	or	intravenous	immunoglobulin	(IVIG)	(Table	152.3).

TABLE	152.3

Management	of	Guillain-Barré	Syndrome

General Monitor	Respiratory	Parameters:	VC,	Arterial
Blood	Gas

Intubate	if:

VC	<	12-15	mL/kg

Oropharyngeal	paresis	with	aspiration

Falling	vital	capacity	over	4-6	h

Respiratory	fatigue	with	VC	15	mL/kg

Use	short-acting	medications	to	control	autonomic
dysfunction

Nursing	care:	frequent	turns	to	avoid	pressure	sores

Place	pads	at	elbows	and	fibular	head	to	avoid	compression
neuropathies

Physical	therapy

Subcutaneous	heparin

Treatment:

Plasmapheresis Exchange	a	total	of	200	mL	plasma/kg	body	weight	over	7-
14	d	(40-50	mL/kg	for	3-5	sessions)a

Albumin	is	used	as	replacement	solution,	not	fresh-frozen
plasma

During	plasmapheresis,	monitor	blood	pressure	and	pulse



every	30	min

Obtain	complete	blood	cell	count	(baseline	and	before	each
exchange	to	calculate	plasma	volume)

Obtain	immunoglobulin	levels	before	first	exchange	and
after	last	exchange;	if	immunoglobulin	G	<	200	mg/dL	after
last	plasma	exchange,	infuse	400	mg/kg	IVIG

IVIG 2	g/kg	divided	over	5	consecutive	daysb	(0.4	g/kg/d	for	5	d)

IVIG,	intravenous	immunoglobulin;	VC,	vital	capacity.
From	The	Guillain-Barré	Syndrome	Study	Group.	Plasmapheresis	and	acute	Guillain-Barré
syndrome.	Neurology.	1985;35:1096-1104;	McKhann	GM,	Griffin	JW.	Plasmapheresis	and	the
Guillain-Barré	syndrome.	Ann	Neurol.	1987;22:762-763;	and	Van	der	Meche	FGA,	Schmitz	PIM;
Dutch	Guillain-Barré	Study	Group.	A	randomized	trial	comparing	intravenous	immune	globulin	and
plasma	exchange	in	Guillain-Barré	syndrome.	N	Engl	J	Med.	1992;326:1123-1129.
aThis	is	the	authors’	approach,	following	the	Guillain-Barré	Syndrome	Study	Group	guidelines.57
Other	published	guidelines	recommend	two	sessions	(exchanging	40	mL/kg	per	session)	for
ambulatory	patients	and	four	sessions	(exchanging	40	mL/kg	per	session)	for	nonambulatory
patients.68
bThe	authors	adhere	to	the	protocol	published	by	the	Dutch	Guillain-Barré	Study	Group.70

Patients	with	GBS	require	excellent	nursing	care,	medical	management,	and
emotional	support.	Respiratory	failure	is	one	of	 the	most	serious	complications
of	GBS.	Need	for	a	ventilator	cannot	be	reliably	predicted	on	the	basis	of	extent
of	 weakness;	 however,	 patients	 who	 are	 highly	 likely	 to	 require	 mechanical
ventilation	are	those	with	rapid	disease	progression,	bulbar	weakness,	autonomic
dysfunction,	 and	 bilateral	 facial	 weakness.58	 The	 Erasmus	 GBS	 Respiratory
Insufficiency	 Score	 (EGRIS)	 is	 a	 scale	 used	 to	 predict	 the	 risk	 of	 respiratory
failure	 during	 the	 first	 week	 of	 admission.59	 Clinical	 characteristics	 including
time	 between	 onset	 of	 weakness	 and	 admission	 (reflects	 rapidity	 of	 disease
onset),	severity	of	weakness	as	measured	by	the	Medical	Research	Council	sum
score,	and	presence	of	facial	or	bulbar	weakness	are	used	to	derive	a	score	from
0	to	7,	corresponding	to	1%	to	90%	probability	of	respiratory	insufficiency	in	the
first	week.	 This	may	 assist	 in	 deciding	 if	 a	 patient	 needs	 ICU	 level	 of	 care.59
Patients	 must	 be	 followed	 up	 carefully	 with	 measurements	 of	 maximum
inspiratory	pressure	and	forced	vital	capacity	(Figure	152.1)	until	weakness	has
stopped	 progressing,	 so	 the	 respiratory	 insufficiency	 can	 be	 anticipated	 and
managed	appropriately.	Ropper	and	Kehne60	suggest	intubation	if	any	one	of	the
following	criteria	is	met:	mechanical	ventilatory	failure	with	reduced	expiratory



vital	 capacity	 (VC)	 of	 12	 to	 15	mL/kg,	 oropharyngeal	 paresis	with	 aspiration,
falling	VC	over	4	to	6	hours,	or	clinical	signs	of	respiratory	fatigue	at	a	VC	of
15	 mL/kg.	 Lawn	 et	 al58	 found	 the	 following	 respiratory	 factors	 to	 be	 highly
associated	 with	 progression	 to	 respiratory	 failure:	 VC	 less	 than	 20	 mL/kg;
maximal	 inspiratory	 pressure	 (MIP)	 less	 negative	 than	 −30	 cm	H2O;	maximal
expiratory	 pressure	 (MEP)	 less	 positive	 than	 +40	 cm	 H2O;	 or	 a	 reduction	 of
more	 than	 30%	of	VC,	MIP,	 or	MEP	 in	 24	 hours.	 Elective	 intubation	may	 be
considered	 for	 these	 patients	 at	 particularly	 high	 risk	 for	 progression	 to
respiratory	 failure.	 Intubation	 should	 be	 accomplished	 with	 a	 soft-cuff	 low-
pressure	endotracheal	tube.	A	decision	to	delay	tracheostomy	for	7	to	10	days	is
likely	 to	avoid	 the	operation	for	as	many	as	one-third	of	patients	who	improve
rapidly	 and	 can	 be	 extubated	 after	 the	 first	 few	 days.60	 At	 1	 week,	 however,
several	factors	are	associated	with	high	risk	for	prolonged	mechanical	ventilation
including	 severe	 deltoid	 paresis	 (Medical	 Research	 Council	 [MRC]	 0-1),
unexcitable	nerves	on	nerve	conduction	studies,	or	axonal	subof	GBS	(AMAN);
these	patients	may	be	considered	for	tracheostomy	to	prevent	vocal	cord/tracheal
damage.61,62	Complications	of	 intubation	and	ventilator	assistance	are	described
in	Chapters	8	and	166.

	

Figure	 152.1 	 Relations	 between	 vital	 capacity	 (VC),
pathophysiology	 of	 lung	 function,	 and	 suggested	 therapy	 in
mechanical	 ventilatory	 failure.IMV,	 intermittent	 mandatory
ventilation.(From	Ropper	AH.	Guillain-Barré	 syndrome.	 In:	Ropper
AH,	Kennedy	SK,	Zervas	NT,	eds.	Neurological	 and	Neurosurgical
Intensive	Care.	University	Park	Press;	1983,	with	permission.)

The	 nursing	 and	medical	 team	must	 also	 be	 aware	 of	 the	many	 autonomic



nervous	 system	 disturbances	 that	 can	 occur.24	 Fluctuating	 blood	 pressure	 with
transient	hypertensive	 episodes,	 sometimes	 associated	with	 extreme	degrees	of
agitation,	may	be	present.	Other	manifestations	of	 sympathetic	nervous	system
overactivity	 include	 sudden	 diaphoresis,	 general	 vasoconstriction,	 and	 sinus
tachycardia.	 Evidence	 of	 underactivity	 of	 the	 sympathetic	 nervous	 system
includes	presence	of	marked	postural	hypotension	and	heightened	sensitivity	to
dehydration	 and	 sedative-hypnotic	 agents.	 Excessive	 parasympathetic	 nervous
system	 activity	 is	 reflected	 in	 facial	 flushing	 associated	 with	 a	 feeling	 of
generalized	 warmth	 and	 bradycardia.	 Electrocardiographic	 changes,	 consisting
of	ST-	and	T-wave	changes,	also	occur.	Therefore,	careful	monitoring	of	blood
pressure,	 fluid	 status,	and	cardiac	 rhythm	 is	absolutely	essential	 to	manage	 the
patient	with	GBS.	Hypertension	may	be	managed	with	short-acting	α-adrenergic
blocking	agents,	hypotension	with	fluids,	and	bradyarrhythmias	with	atropine.24
As	noted	earlier,	hyponatremia	may	occur	and	is	probably	best	managed	by	free
water	restriction.

The	bedridden	patient	needs	to	be	turned	frequently	to	avoid	the	development
of	pressure	sores.	Paralyzed	limbs	require	the	attention	of	the	physiotherapist	so
that	passive	limb	movements	can	be	carried	out	and	contractures	prevented.	The
ICU	 team	needs	 to	 be	 aware	 of	 the	 potential	 for	 development	 of	 compression
neuropathies	(most	commonly	of	the	ulnar	and	peroneal	nerves),	and	insulating
pads	should	be	placed	over	the	usual	susceptible	sites	(the	elbow	and	the	head	of
the	fibula).	Pain	may	be	treated	with	standard	doses	of	analgesic	agents,	but	they
do	 not	 often	 provide	 adequate	 relief.	 Gabapentin	 or	 carbamazepine	 is
particularly	helpful	for	treating	the	pain	in	the	acute	phase63	and,	when	disabling,
epidural	morphine	may	be	necessary.64	Deep	venous	thrombosis	and	pulmonary
embolism	are	 ever-present	 dangers	 for	 the	bedridden	patient	with	 immobilized
limbs;	for	 these	patients,	 in	addition	 to	physical	 therapy,	pharmacological	VTE
prophylaxis	and	sequential	mechanical	compression	devices	are	recommended.63

A	number	of	multicenter	studies57,65,66	showed	that	PE	has	a	beneficial	effect
on	 the	 course	of	 the	 illness,	 if	 started	within	30	days	of	 symptom	onset	 (most
effective	 when	 used	 in	 first	 week)	 even	 in	 those	 patients	 with	 several	 poor
prognostic	signs.67	Patients	treated	with	PE	are	able	to	walk,	on	average,	1	month
earlier	 than	 untreated	 patients;	 respirator-dependent	 patients	 so	 treated	 walk
3	months	 sooner	 than	 those	who	 do	 not	 receive	 plasma	 exchange.57	 The	GBS
study	 group	 guidelines	 recommend	 exchanging	 200	 to	 250	mL	 plasma	 per	 kg
body	weight	over	7	to	14	days	in	three	to	five	treatments.57	Five	percent	salt-poor
albumin	 is	 used	 as	 replacement	 fluid	 (fresh-frozen	 plasma	 should	 be	 avoided
because	 of	 risks	 of	 hepatitis,	 HIV,	 and	 occasionally	 pulmonary	 edema).	 It	 is
important	 to	 keep	 in	 mind,	 however,	 that	 there	 are	 also	 risks	 with	 albumin,



including	 bleeding,	 thrombosis,	 and	 infection	 (owing	 to	 loss	 of	 coagulating
factors	 and	 γ-globulins	 during	 plasma	 exchange,	 which	 are	 not	 present	 in	 the
albumin	 replacement	 fluid).	After	 each	exchange,	 γ-globulin	 can	be	 infused	 to
prevent	infection.

PE,	 in	 general,	 is	 recommended	 for	 patients	 who	 have	 reached	 or	 are
approaching	the	inability	to	walk	unaided,	who	require	intubation	or	demonstrate
a	 falling	 VC,	 and	 who	 have	 weakness	 of	 the	 bulbar	 musculature	 leading	 to
dysphagia	and	aspiration.68	The	French	Cooperative	Group	on	Plasma	Exchange
in	Guillain-Barré	Syndrome69	 also	 showed	 that	 treatment	of	patients	with	mild
GBS	 (ie,	 those	who	 are	 still	 ambulatory)	 is	 beneficial;	 two	 plasma	 exchanges
were	 more	 beneficial	 than	 none	 for	 time	 to	 onset	 of	 motor	 recovery	 among
patients	 with	 mild	 GBS.	 Patients	 with	 moderate	 (not	 ambulatory)	 or	 severe
(mechanically	ventilated)	GBS	benefited	from	four	exchanges;	those	with	severe
GBS	 did	 not	 benefit	 any	 further	 with	 the	 addition	 of	 two	 more	 exchanges.
Because	 of	 its	 potential	 for	 inducing	 hypotension,	 patients	 who	 have
compromise	 of	 their	 cardiovascular	 system	 or	 autonomic	 dysfunction	may	 not
tolerate	this	procedure.	PE	is	safe	for	pregnant	women	and	children.5

For	many	years,	PE	was	the	gold	standard	for	the	treatment	of	GBS.	In	1992,
a	 large	 randomized	 trial	 performed	 by	 Dutch	 investigators	 demonstrated	 that
treatment	with	IVIG	was	at	 least	as	effective	as	PE	and	might	be	superior.70	A
subsequent	 large	 randomized	 controlled	 trial	 (the	 Plasma
Exchange/Sandoglobulin	Guillain-Barré	 Syndrome	Trial	Group)	 confirmed	 the
equivalence	of	IVIG	and	plasma	exchange;	in	addition,	there	was	no	substantial
benefit	of	using	a	combination	of	plasma	exchange	followed	by	IVIG.71	In	light
of	these	studies,	plasma	exchange	or	IVIG	may	be	used	to	treat	GBS.	Although
both	treatments	are	equally	efficacious,	IVIG	has	become	the	preferred	treatment
because	of	its	relative	ease	of	administration	(PE	is	not	available	in	all	centers,
and	it	requires	good	venous	access	and	a	stable	cardiovascular	system).	In	3%	to
12%	 of	 patients	 given	 IVIG,	 side	 effects	 may	 occur	 that	 range	 from	 minor
reactions	 such	 as	 flu-like	 symptoms,	 headache,	 nausea,	 and	 malaise	 to	 more
severe	 side	 effects,	 including	 anaphylactic	 reactions	 in	 IgA-deficient	 persons,
transmission	 of	 hepatitis	 C,	 aseptic	 meningitis,	 and	 acute	 renal	 failure	 among
those	with	 renal	 insufficiency.	Absolute	contraindications	 to	 IVIG	are	unusual,
however.	For	example,	patients	with	IgA	deficiency	may	be	given	an	IgA-poor
preparation	 with	 very	 careful	 monitoring	 and	 precautions	 (pretreatment	 with
corticosteroids,	 diphenhydramine,	 and	 acetaminophen);	 individuals	 with	 renal
insufficiency	must	 be	 given	 an	 IVIG	 sucrose-poor	 preparation	with	 very	 close
monitoring	of	their	renal	status	and	consultation	with	a	specialist	in	Nephrology
before	infusion.



4 	 The	 American	 Academy	 of	 Neurology	 practice	 parameter	 recommends
treatment	of	patients	with	GBS	who	are	unable	to	walk	with	either	PE	or	IVIG;
treatment	is	beneficial	if	given	within	4	weeks	of	onset	of	neuropathic	symptoms
for	PE	and	within	2	weeks	(and	possibly	4	weeks)	of	onset	for	IVIG.72	For	those
patients	 who	 are	 still	 ambulatory,	 PE	may	 also	 be	 considered	 if	 given	 within
2	weeks	of	onset.	Treatment	with	PE	followed	by	IVIG	is	not	recommended.

Among	 about	 10%	of	 patients,73	 spontaneous	 relapse	 occurs	within	 days	 to
weeks	after	 initial	 improvement	or	stabilization	with	IVIG	or	PE,	often	among
those	 treated	 early	 during	 their	 illness.	 These	 treatment-related	 fluctuations
(TRFs)	 occur	 within	 8	 weeks	 after	 initial	 treatment	 and	 occur	 with	 similar
frequency	with	IVIG	or	PE.73,74	Presumably	the	active	disease	phase	lasts	longer
than	 the	 length	of	 initial	 treatment73;	 thus	 retreatment	with	 the	 same	 therapy	 is
commonly	 practiced,75	 although	 the	 evidence-based	 literature	 is	 lacking
regarding	the	efficacy	of	repeat	treatment.74,76	Acute-onset	CIDP	may	be	difficult
to	differentiate	from	GBS	with	TRF	early	on.	Features	suggestive	of	CIDP	rather
than	 GBS	 include	 deterioration	 after	 8	 weeks,	 the	 presence	 of	 three	 or	 more
relapses,	the	ability	to	walk	unaided,	and	the	lack	of	cranial	nerve	involvement.77

5 	 6 	 About	 40%	 to	 50%	 of	 patients	 with	 GBS	 do	 not	 respond	 to	 IVIG	 or
PE.57,70,76	Retreatment	with	 the	 same	 therapy	has	 also	been	 suggested	 for	 these
patients	who	are	severely	affected	and	unresponsive	to	treatment,	although	there
has	 been	 no	 evidence	 to	 support	 this.	 A	 recent	 double-blind,	 randomized,
placebo-controlled	 trial	 of	 patients	 with	 GBS	 with	 poor	 prognosis	 found	 no
benefit	with	a	second	IVIG	course	and	 instead	found	 increased	risk	of	adverse
events	 including	 thromboembolic	 events	 and	 vascular	 events;	 severe	 adverse
events	 occurred	 in	 51%	 given	 a	 second	 dose	 compared	 with	 23%	 given
placebo.78	 Thus,	 retreatment	 with	 IVIG	 for	 those	 patients	 with	 severe	 GBS
unresponsive	to	initial	IVIG	therapy	is	not	supported	at	this	time	given	the	lack
of	 benefit	 and	 potential	 harm.	 Combination	 therapy	 (PE	 followed	 by	 IVIG	 or
IVIG	 followed	 by	 PE)	 has	 also	 not	 been	 found	 to	 be	 efficacious.71,76,79	 In	 a
randomized	 controlled	 trial,	 PE	 followed	 by	 IVIG	 was	 not	 superior	 to	 either
treatment	 alone.71	 Likewise,	 a	 small	 retrospective	 study	 found	 that	 IVIG
followed	by	PE	was	not	superior	to	IVIG	alone;	patients	given	the	combination
therapy	actually	had	a	longer	hospitalization	and	worse	disability	grade,	perhaps
because	 they	 had	 a	 more	 severe	 disease	 course,	 or	 conceivably	 because	 PE
washes	out	the	IVIG	and	its	therapeutic	effects.76,79

Although	 it	 seems	 intuitively	 obvious	 that	 treatment	 of	 GBS	 with
corticosteroids	 should	 be	 beneficial,	 corticosteroids	 are	 ineffective	 and	 are	 not
recommended	in	the	treatment	of	GBS.

Emerging	 therapies	 currently	 being	 investigated	 include	 complement



inhibitors	 Eculizumab	 and	 C1q	 antibody,	 given	 findings	 from	 pathogenesis
studies	suggesting	involvement	of	complement-mediated	nerve	damage.62,80	In	a
small	phase	2	trial,	more	patients	treated	with	Eculizumab	(a	complement	factor
5	 inhibitor)	 in	 combination	with	 IVIG	were	 able	 to	 run	 by	week	 24	 than	 the
placebo	group,	a	secondary	outcome	measure.80	Finally,	 it	 is	most	 important	 to
address	the	emotional	needs	of	the	patient	with	GBS,	who	will	almost	certainly
be	 anxious,	 fearful,	 and	 depressed.	 The	 strong	 likelihood	 of	 a	 good	 outcome,
even	in	ventilated	patients,	is	noted	later	in	this	chapter.	Sometimes,	it	is	helpful
for	the	patient	to	speak	with	a	person	who	has	recovered	from	GBS.

OUTCOME	AND	PROGNOSTIC	FACTORS
For	most	patients	recovery	occurs	over	weeks	or	months,	but	for	some	patients,
muscle	strength	may	take	1.5	to	2.0	years	to	reach	its	best	state	with	an	intensive
rehabilitation	program.2	Recovery	is	not	always	complete;	only	60%	of	patients
recover	full	motor	strength	at	1	year,	whereas	14%	have	severe	motor	problems.
About	80%	are	able	 to	walk	 independently	at	6	months,	 improving	 to	84%	by
1	 year.81	 Although	 patients	 who	 are	 restored	 to	 nearly	 normal	 function	 can
resume	work	and	leisure	activities,	some	degree	of	ankle	dorsiflexor	weakness	or
numbness	 of	 the	 feet	 is	 commonly	 encountered.	 About	 5%	 to	 10%	 have	 a
protracted	course,	are	ventilator	dependent	for	several	months,	and	do	not	fully
recover.82	Despite	close	monitoring	in	the	ICU,	deaths	from	GBS	do	occur,	with
mortality	 in	 the	 range	 of	 3%	 to	 7%.83	 Causes	 of	 fatal	 outcomes	 include
dysautonomia,	 sepsis,	 acute	 respiratory	 distress	 syndrome,	 and	 pulmonary
emboli.5

Poor	prognostic	factors	include	older	age	(≥50	years),	severe	disease	at	nadir
(bedbound	 or	 requiring	 mechanical	 ventilation),	 rapid	 onset	 of	 disease,
preceding	 diarrheal	 illness,	 and	 evidence	 of	 axonal	 loss	 (reflected	 on
electrodiagnostic	 studies).3,36,81,84	 More	 recently,	 elevated	 CSF	 neurofilament
levels	 predicted	 poor	 outcome,	 presumably	 reflecting	 axonal	 damage	 of	 the
proximal	 motor	 nerve	 root.85	 A	 clinical	 prognostic	 scoring	 system	 has	 been
developed	to	help	predict	the	risk	of	being	unable	to	walk	at	6	months	(modified
Erasmus	 GBS	 Outcome	 Score-mEGOS)	 using	 age,	 presence	 or	 absence	 of
diarrhea,	 and	 severity	 of	 weakness	 calculated	 as	 the	 MRC	 sum	 score86;	 it	 is
available	online	at	https://gbstools.erasmusmc.nl/prognosis-tool.

SUMMARY

https://gbstools.erasmusmc.nl/prognosis-tool


Careful	attention	to	the	patient’s	history	and	thorough	examination	usually	point
to	 the	 diagnosis	 of	GBS,	which	may	be	 corroborated	by	 the	CSF	 findings	 (ie,
albuminocytologic	 dissociation)	 and	 results	 of	 electrophysiologic	 testing	 (ie,
acquired	demyelinating	or	axon-loss	polyneuropathy).	The	mainstay	of	treatment
is	 excellent	 nursing	 and	 medical	 care,	 with	 close	 attention	 to	 respiratory	 and
autonomic	function.	Although	10%	of	patients	with	GBS	are	left	with	substantial
residual	neurological	deficits,	the	majority	improve	and	resume	their	premorbid
lifestyles;	PE	and	IVIG	have	been	shown	to	enhance	recovery.

Advances	in	the	management	of	GBS,	based	on	randomized	controlled	trials
or	meta-analyses	of	such	trials,	are	summarized	in	Table	152.4.

TABLE	152.4

Advances	in	Management	Based	on	Major	Controlled
Clinical	Trials	of	Plasmapheresis	and	Intravenous
Immunoglobulin	in	Guillain-Barré	Syndrome

References Purpose Results

57 Compared	PE	with
supportive	care

PE	showed	beneficial	effect	in	time
to	improve	one	clinical	grade,	time
to	independent	walking,	and
outcome

70 Compared	various	PE
treatment	schedules	in
three	severity	groups

Mild	group:	Two	PEs	more
effective	than	none
Moderate	group:	Four	PEs	more
effective	than	two	PEs

Severe	group:	Six	PEs	not	more
beneficial	than	four	PEs

68 (a)	To	determine	effect
of	PE	initiated	within
17	d	onset	and	(b)	to
compare	albumin	and
FFP	as	replacement
fluids

PE	beneficial	when	administered
early.	No	significant	difference
between	albumin	and	FFP	but
albumin	preferred	owing	to	less
risks



59 To	determine	whether
IVIG	is	as	effective	as
PE

IVIG	is	as	effective	as	PE	and	may
be	superior

71 Compared	IVIG	with
PE,	and	combined
regimen	of	PE	followed
by	IVIG

PE	and	IVIG	are	equivalent	in
efficacy	when	treatment	is	given
within	the	first	2	weeks	of
symptoms.	The	combination	of	PE
followed	by	IVIG	was	not	more
beneficial

78 To	determine	if	a
second	IVIG	course	in
GBS	with	predicted
poor	outcome	is
beneficial

A	second	course	of	IVIG	is	not
more	beneficial	than	a	single	course
of	IVIG	and	carries	increased	risk
for	adverse	events

FFP,	fresh-frozen	plasma;	IVIG,	intravenous	immunoglobulin;	PE,	plasmapheresis.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	65-year-old	man	presents	with	a	3-day	history	of	rapidly	progressive
weakness,	initially	preceded	by	tingling	of	the	hands	and	feet,	followed	by
proximal	and	distal	leg	weakness	greater	then	arm	weakness,	such	that	he	was
unable	to	walk	the	morning	of	presentation.	Examination	shows	weakness	of	the
arms	(Medical	Research	Council	[MRC]	grade	3	out	of	5	proximally	and
distally),	weakness	of	the	legs	(MRC	2	proximally	and	distally),	and	mild
reduced	vibration	along	with	areflexia.	Babinskis	are	absent.	The	emergency
department	physician	is	concerned	about	the	possibility	of	Guillain-Barré
syndrome	(GBS).	Which	of	the	following	statements	about	GBS	is	correct?

A. 	Lack	of	conduction	velocity	slowing	or	prolonged	distal	latencies	on
nerve	conduction	excludes	the	diagnosis
B. 	Lumbar	puncture	CSF	showing	normal	protein	excludes	the
diagnosis
C. 	MRI	of	the	spine	with	contrast	has	a	high	specificity	for	the



diagnosis
D. 	Vital	capacity	and	negative	inspiratory	force	detect	early	respiratory
dysfunction

2. 	Which	of	the	following	clinical	or	laboratory	findings	have	been
associated	with	an	increased	risk	for	mechanical	ventilation	within	the	first	week
of	admission	in	patients	with	Guillain-Barré	syndrome	(GBS)?

A. 	History	of	diarrheal	illness,	presence	of	facial/bulbar	weakness,	CSF
protein	>	400	mg/dL
B. 	History	of	diarrheal	illness,	rapidity	of	disease	progression,	severity
of	weakness
C. 	Older	age,	severity	of	weakness,	CSF	protein	>	400	mg/dL
D. 	Presence	of	facial/bulbar	weakness,	rapidity	of	disease	progression,
severity	of	weakness

3. 	A	patient	with	suspected	Guillain-Barré	syndrome	(GBS)	gets	a	lumbar
puncture	showing	albuminocytologic	dissociation	and	an	EMG	suggestive	of
early	acute	inflammatory	demyelinating	polyneuropathy	(AIDP).	His	condition
worsened	the	next	day	and	he	required	mechanical	ventilation.	He	received	IVIG
2	g/kg	for	5	days	without	improvement	and	continues	to	be	severely	weak	and
intubated	9	days	after	completion	of	IVIG.	What	is	the	most	appropriate	next
step	in	management?

A. 	Add	intravenous	corticosteroids
B. 	Administer	an	additional	2	g/kg	of	IVIG
C. 	Start	plasmapheresis
D. 	Supportive	treatment

Answers

1.	The	correct	answer	is	D.
Rational:	 Vital	 capacity	 and	 negative	 inspiratory	 force	 measurements	 are

helpful	 for	 detecting	 early	 respiratory	 dysfunction	 (choice	D	 is	 correct).	 Pulse
oximetry	 and	 arterial	 blood	 gas	 are	 not	 helpful	 because	 hypoxemia	 and
hypercarbia	are	late	manifestations.	Early	during	GBS,	nerve	conduction	studies
may	not	show	conduction	velocity	slowing	or	prolonged	 latencies	 (choice	A	 is
incorrect).	 Likewise,	 lumbar	 puncture	may	 not	 show	 an	 elevated	 CSF	 protein
early	 on	 (choice	 B	 is	 incorrect).	 MRI	 of	 the	 spine	 with	 contrast	 may	 show



enhancement	of	the	spinal	nerve	roots	or	cauda	equina,	but	this	is	not	specific	for
GBS	as	it	may	be	seen	in	other	disorders	such	as	HIV-related	polyradiculopathy,
leptomeningeal	 metastasis,	 arachnoiditis,	 or	 neurosarcoidosis	 (choice	 C	 is
incorrect).	 MRI	 of	 the	 spine,	 however,	 may	 help	 exclude	 other	 spinal	 cord
disorders	that	mimic	GBS.

2.	The	correct	answer	is	D.
Rational:	 Risk	 factors	 for	 mechanical	 ventilation	 during	 the	 first	 week	 of

admission	 include	 rapid	 onset	 of	 disease	 (as	 reflected	 by	 the	 number	 of	 days
from	 onset	 to	 admission),	 severity	 of	 weakness,	 and	 presence	 of	 bulbar/facial
weakness,	the	features	used	in	the	EGRIS	score	(choice	D	is	correct).	Diarrheal
illness	is	often	caused	by	Campylobacter	jejuni,	which	is	more	often	associated
with	acute	motor	axonal	neuropathy	(AMAN),	where	proximal	muscle	weakness
and	 cranial	 nerves	 are	 relatively	 spared,	 possibly	 explaining	 the	 lack	 of
respiratory	insufficiency.	In	addition,	CSF	protein	level	has	not	been	associated
with	 increased	 risk	of	mechanical	ventilation.	Older	 age	 is	not	 associated	with
increased	 risk	 for	 respiratory	 insufficiency,	 although	 both	 are	 poor	 prognostic
factors	for	long-term	outcome.

3.	The	correct	answer	is	D.
Rational:	 This	 patient	 should	 be	 given	 supportive	 treatment	 that	will	 likely

include	 tracheostomy	and	percutaneous	endoscopic	gastrostomy	(PEG)	 feeding
tube	 (choice	D	 is	correct).	Corticosteroids	are	not	helpful	 in	GBS	(choice	A	 is
incorrect).	In	patients	with	severe	GBS	with	poor	prognosis,	a	recent	controlled
trial	 found	 that	 a	 second	 course	 of	 IVIG	 was	 not	 beneficial	 and	 exposed	 the
patient	 to	 increased	 adverse	 risks	 including	 thromboembolism	 (choice	 B	 is
incorrect).	Although	no	controlled	trials	exist	regarding	switching	from	IVIG	to
plasmapheresis,	a	retrospective	study	found	patients	given	this	combination	had
longer	 hospitalizations	 and	worse	 disability	 grade,	 so	most	 experts	 discourage
switching	therapies	(choice	C	is	incorrect).
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Chapter	153
Myasthenia	Gravis	in	the	Intensive	Care
Unit
Isabelita	R.	Bella,	Lan	Qin

KEY	POINTS:
1.	 Respiratory	function	should	be	monitored	closely	for	the	myasthenic

patient	who	shows	deterioration.	When	there	is	concern	for
impending	myasthenic	crisis,	serial	testing	with	forced	vital	capacity
and	maximal	inspiratory	pressure	should	be	performed.

2.	 Plasmapheresis	(PE)	and	intravenous	immunoglobulin	(IVIG)	appear
to	be	equally	efficacious	in	clinical	trials	of	myasthenia	crisis,	but
expert	consensus	suggests	that	PE	may	be	more	effective	and	may
act	more	rapidly.	The	choice	of	treatment	should	be	based	on
individual	patient	comorbidities.1

3.	 The	most	common	precipitants	to	myasthenic	exacerbation	or
myasthenic	crisis	are	infection	and	medications.	Evaluation	and
treatment	of	any	underlying	infection	along	with	discontinuation	of
any	offending	medication	is	paramount	in	the	treatment	of
myasthenic	crisis.

4.	 Biological	agents	targeting	specific	parts	of	the	immune	system	are
promising	alternative	therapies	to	conventional	immunosuppressive
treatment.

INTRODUCTION
Few	physicians	have	more	than	a	passing	acquaintance	with	myasthenia	gravis,
although	 it	 is	 by	 no	 means	 rare.	 The	 key	 to	 handling	 the	 emergent	 problems



associated	with	myasthenia	is	simply	the	management	of	airway	and	ventilatory
support	with	 the	 same	 care	 as	 in	 any	 other	 instance	 of	 respiratory	 failure	 (see
Chapters	8,	166,	and	167).	With	 respiration	under	control,	 the	 treatment	of	 the
underlying	 disease	 can	 be	 unhurried	 and	 orderly,	 and	 it	 is	 successful	 in	 most
patients.	 This	 chapter	 reviews	 briefly	 the	 pathogenesis,	 clinical	 spectrum,	 and
diagnosis	 of	 myasthenia	 gravis	 and	 focuses	 on	 the	 intensive	 care	 setting,
including	management	of	the	patient	in	crisis	or	in	the	perioperative	period.

PATHOGENESIS
Myasthenia	 gravis	 is	 an	 autoimmune	 disorder	 of	 neuromuscular	 transmission.2
Circulating	 antibodies	 react	 with	 components	 of	 acetylcholine	 receptors
(AChRs)	 within	 postsynaptic	 muscle	 membrane	 and	 activate	 complement-
mediated	 lysis	 of	 the	 muscle	 membrane,	 accelerate	 receptor	 degradation,	 and
impair	 receptor	 activation	 (ie,	 interfere	 with	 normal	 receptor	 activation	 by
acetylcholine).3	 The	 result	 is	 fewer	 receptors	 that	 can	 be	 activated	 at	 affected
neuromuscular	 junctions,	 causing	 weaker	 muscular	 contraction.
Electrophysiological	 studies	 of	 myasthenic	 neuromuscular	 junctions	 disclose
end-plate	potentials	 that	are	diminished	in	amplitude.4	These	observations	have
been	 clearly	 linked	 to	 the	 receptor	 alterations	 and	 an	 altered	 postsynaptic
response	 to	 normal	 quantal	 transmitter	 release	 from	 the	 presynaptic	 nerve
terminals.	 Understanding	 of	 this	 underlying	 pathophysiology	 has,	 in	 turn,
enabled	rational	approaches	to	treatment.	Various	immunosuppressive	therapies
and	acetylcholinesterase	inhibitors	are	primary	therapeutic	options	in	managing
myasthenia	gravis	(discussed	further	below).

EPIDEMIOLOGY
Myasthenia	gravis	is	not	rare;	its	prevalence	worldwide	ranges	from	150	to	250
cases	 per	 1	 million.5	 It	 can	 occur	 at	 any	 age.	 However,	 age	 of	 onset	 has	 a
bimodal	 distribution,5,6	 with	 one	 peak	 occurring	 between	 the	 second	 and	 third
decades	mostly	affecting	women	and	a	 second	peak	occurring	 in	 the	 sixth	and
seventh	decades	seen	mostly	in	men.4,6

CLINICAL	SPECTRUM



The	 clinical	 spectrum	 of	 myasthenia	 gravis	 is	 characterized	 as	 much	 by	 its
diversity	as	it	is	by	its	common	themes.	It	may	range	from	a	mild	and	relatively
inconsequential	 disease	 over	 a	 normal	 lifetime	 to	 a	 fulminant	 incapacitating
disorder.	 The	 course	 of	 a	 given	 patient	 may	 also	 vary	 widely.	 The	 clinical
hallmarks	 of	 the	 disease	 are	 weakness	 and	 exaggerated	 muscle	 fatigue.	 The
specific	 muscles	 involved	 and	 the	 severity	 of	 weakness	 are	 highly	 variable,
between	individuals	and	within	the	same	individual	over	time.

Ocular	 muscles	 are	 most	 frequently	 involved;	 diplopia	 is	 common,	 and
various	 patterns	 of	 ophthalmoparesis	 are	 seen.	 Bulbar	 muscles	 are	 also
frequently	affected,	leading	to	varying	combinations	of	facial	paresis,	dysarthria,
and	dysphagia.	Ptosis	is	common,	but	the	pupils	are	never	affected.	Limb	muscle
involvement	 may	 vary	 from	 very	 isolated	 weakness	 to	 generalized	 (usually
proximal)	 weakness	 and	 fatigability.	 Respiratory	 muscle	 weakness	 is
unfortunately	not	 rare,	 and	 respiratory	 insufficiency	and	 the	 inability	 to	handle
oral	and	upper	airway	secretions	are	the	critical	problems	that	bring	myasthenics
to	 the	 intensive	 care	 setting.	 Myasthenia	 should	 also	 be	 considered	 for	 any
patient	 who	 cannot	 be	 weaned	 from	 ventilator	 support	 after	 an	 otherwise
uncomplicated	surgical	procedure.

Approximately	 15%	 to	 20%	 of	 myasthenics	 have	 only	 ocular	 and	 eyelid
involvement.	Longitudinal	 studies	 indicate	 that	 if	 an	 individual	manifests	 only
oculomotor	weakness	for	more	than	2	years,	there	is	little	chance	of	later	limb	or
respiratory	weakness.	Although	several	clinical	classification	schemes	have	been
devised	 for	categorizing	myasthenics	according	 to	 the	distribution	and	severity
of	 their	 disease,	 it	 is	 preferable	 to	 emphasize	 the	 fact	 that	 myasthenics	 often
fluctuate	over	time,	with	variability	rather	than	constancy	being	the	norm.	Some
factors	 contributing	 to	 fluctuations	 of	 strength	 are	 recognizable	 (discussed
further	below);	many	fluctuations	appear	to	occur	at	random.

DIAGNOSTIC	STUDIES
The	 diagnosis	 of	 myasthenia	 gravis	 is	 clinically	 suggested	 for	 patients	 who
present	 with	 chronic	 ocular,	 bulbar,	 or	 appendicular	 weakness,	 variable	 over
time,	 with	 preservation	 of	 normal	 sensation	 and	 reflexes.	 More	 restricted
presentations	 require	 a	much	 broader	 differential	 diagnosis.	Myasthenia	 gravis
should	 always	 be	 considered	 in	 the	 differential	 diagnosis	 of	 isolated	 ocular	 or
bulbar	 weakness.	 Again,	 prominent	 muscular	 fatigability	 and	 temporal
fluctuation	are	key	features	of	the	disease.	Normal	pupils,	normal	sensation,	and
normal	 reflexes	 are	 to	 be	 expected	 and	 are	 helpful	 in	 diagnosing	 myasthenia



gravis	when	coincident	with	an	acute	or	subacute	paralytic	illness.
Once	 the	diagnosis	of	myasthenia	gravis	 is	suggested,	confirmation	rests	on

the	exclusion	of	other	diseases	and	supporting	clinical	and	laboratory	studies.	It
is	important	to	stress	that	although	abnormal	tests	may	be	diagnostic,	normal	test
results	do	not	exclude	the	diagnosis.

Ice	Pack	Test
The	ice	pack	test	is	easily	performed	at	the	bedside	and	is	used	to	help	determine
if	 ptosis	 is	 due	 to	myasthenia.	 It	 has	 a	 high	 sensitivity	 and	 specificity7	 and	 is
based	 on	 findings	 that	 neuromuscular	 transmission	 of	 myasthenic	 patients
improves	with	cooler	temperatures.	An	ice	pack	is	placed	over	the	ptotic	eyelid
for	2	to	5	minutes.	An	improvement	of	ptosis	by	at	least	2	mm	is	considered	a
positive	test.7

Edrophonium	Test
1 	 Edrophonium	 hydrochloride	 (Enlon;	 formerly	 “Tensilon”)	 is	 a	 fast,	 short-
acting	parenteral	cholinesterase	inhibitor.	It	reaches	peak	effect	within	1	minute
after	intravenous	injection	and	persists	to	some	extent	for	at	least	10	minutes.	It
had	 been	 used	 in	 the	 past	 as	 a	 diagnostic	 test	 for	myasthenia	 but	 is	 no	 longer
available	 in	 the	 United	 States	 as	 of	 2018.	 Myasthenic	 weakness	 typically
improves	 transiently	 after	 administration	 of	 4	 to	 10	 mg	 (0.4-1.0	 mL).	 The
edrophonium	 test	 may	 be	 blinded,	 with	 drug	 or	 normal	 saline	 being	 injected.
Whether	 drug	 or	 placebo,	 a	 0.2-mL	 test	 dose	 is	 given	 to	 screen	 for	 excessive
cholinergic	 side	 effects,	 such	 as	 cardiac	 arrhythmia,	 gastrointestinal
hyperactivity,	or	diaphoresis.	A	resuscitation	cart	should	always	be	available,	and
patients	 with	 known	 cardiac	 disease	 and	 elderly	 patients	 warrant
electrocardiographic	monitoring.	The	remaining	0.8	mL	is	given	after	1	minute.
Interpretation	of	 the	 test	 depends	on	 identifying	 and	observing	 an	unequivocal
baseline	 muscular	 deficit	 that	 can	 be	 improved	 following	 the	 injection	 of
edrophonium.	Ptosis	 and	ophthalmoparesis,	when	present,	 are	 semiquantifiable
and	well	 suited;	when	 respiratory	 compromise	 is	 present,	monitoring	maximal
inspiratory	pressure	(MIP)	or	vital	capacity	is	useful.	As	a	general	rule,	positive
responses	 are	dramatic;	 if	 there	 is	 any	doubt	 about	 the	positivity	of	 the	 test,	 it
should	be	considered	negative.	False-positive	edrophonium	tests	are	quite	 rare;
false	negatives	are	common.

Neostigmine	 is	 a	 longer-acting	 parenteral	 cholinesterase	 inhibitor	 that



sometimes	 affects	 a	 more	 obvious	 clinical	 response.	 It	 is	 also	 typically
associated	 with	 more	 obvious	 autonomic	 side	 effects.	 The	 1.5-mg	 test	 dose
(0.04	mg/kg	 in	 children)	 should	 therefore	 be	 preceded	 by	 0.5	mg	 of	 atropine;
both	may	be	given	subcutaneously.

Serological	Testing
Recognition	of	the	immune	nature	of	myasthenia	gravis	has	provided	a	relatively
sensitive	 and	 highly	 specific	 diagnostic	 study.	 Approximately	 85%	 of
myasthenics	 have	 detectable	 serum	 antibodies,	 which	 bind	 to	 AChRs.8	 The
sensitivity	drops	to	40%	to	70%	in	those	with	purely	ocular	myasthenia.9,10	The
antibodies	themselves	constitute	a	heterogeneous	group,	reacting	against	various
receptor	 subunits.	 Although	 the	 actual	 antibody	 titer	 is	 of	 little	 significance,
correlating	poorly	with	the	severity	of	disease	or	clinical	response	to	therapy,	the
presence	of	antibodies	 is	a	strong	indication	of	 the	disease.	A	normal	 test	does
not	 exclude	 the	 diagnosis,	 especially	 when	 the	 patient	 presents	 with
predominantly	ocular	 symptoms	and	signs.	Of	note,	 these	antibodies	have	also
been	 found	 in	 a	 small	 percentage	 of	 patients	 with	 Lambert-Eaton	myasthenic
syndrome;	patients	with	autoimmune	liver	disease;	and	patients	with	lung	cancer
without	neurological	disease.11

Among	seronegative	myasthenic	patients,	from	30%	to	70%	may	be	found	to
have	 antibodies	 directed	 against	 muscle-specific	 tyrosine	 kinase	 [MuSK],	 an
enzyme	 that	 catalyzes	 AChR	 aggregation	 in	 the	 formation	 of	 neuromuscular
junctions.7	Animal	models	have	also	recently	shown	that	MuSK	antibodies	may
reduce	AChR	clustering	and	thus	impair	neuromuscular	transmission.12	Patients
who	 have	 antibodies	 to	 MuSK	 are	 often	 young	 women	 (onset	 of	 symptoms
before	 40	 years	 of	 age)	 with	 prominent	 bulbar	 involvement13	 and	 neck	 or
respiratory	muscle	weakness.14	They	tend	to	have	more	severe	disease	requiring
aggressive	 immunosuppressive	 treatment13	 and	 have	 a	 higher	 frequency	 of
respiratory	 crisis	 compared	 to	 seronegative	 or	 AChR-positive	 myasthenics.15
Unlike	 patients	 with	 antibodies	 to	 AChR,	 there	 appears	 to	 be	 a	 correlation
between	MuSK	antibody	levels	and	disease	severity,	with	antibody	levels	often
decreasing	after	various	immunosuppressive	treatments	except	thymectomy.16

About	 10%	 of	 patients	 with	 generalized	 myasthenia	 gravis	 do	 not	 have
detectable	 antibodies	 to	AChR	 or	muscle	 specific	 kinase:	 double	 seronegative
myasthenia.	 The	 presence	 of	 anti–low-density	 lipoprotein	 receptor–related
protein	 4	 antibodies	 has	 been	 reported	 in	 a	 variable	 proportion	 of	 double
seronegative	cases17;	they	tend	to	have	mild	to	moderate	symptoms.5

Striated	muscle	antibodies	that	react	with	muscle	proteins	titin	and	ryanodine



receptor	 have	 also	 been	 found,	mainly	 in	 patients	with	 thymoma	 and	 in	 those
with	 late	 onset	myasthenia	 (onset	 of	 symptoms	 >50	 years	 of	 age).	 Thus,	 they
may	be	helpful	in	the	detection	or	recurrence	of	thymoma.	In	addition,	they	tend
to	be	associated	with	more	severe	disease,	and	therefore	may	aid	in	prognosis.18

Myasthenics	 also	 have	 an	 increased	 incidence	 of	 other	 autoantibodies,
including	 antithyroid	 antibodies,	 antiparietal	 cell	 antibodies,	 and	 antinuclear
antibodies,	 although	 routine	 screening	 for	 these	 is	 not	 part	 of	 the	 diagnostic
evaluation	for	suspected	myasthenia	gravis.

Electromyographic	Studies
The	 electromyographic	 hallmark	 of	 myasthenia	 gravis	 is	 a	 decrement	 in	 the
amplitude	 of	 the	muscle	 potential	 seen	 after	 exercise	 or	 slow	 repetitive	 nerve
stimulation.	The	decrement	should	be	at	least	10%	and	preferably	15%	or	more.
Routine	motor	and	sensory	conduction	studies	are	normal,	as	is	the	conventional
needle	examination.	The	more	severely	affected	patient	is	more	likely	to	show	a
decremental	 response;	 responses	 are	most	 consistently	 elicited	 from	 facial	 and
proximal	muscles.	If	a	significant	decrement	is	observed,	exercising	the	muscle
briefly	 for	 10	 seconds	 transiently	 reverses	 the	 decrement.19	 Single-fiber
electromyography	is	highly	sensitive,	documenting	increased	jitter20—variability
in	the	temporal	coupling	of	single	fibers	within	the	same	motor	unit.	 Increased
jitter,	 however,	 is	 far	 from	 specific;	 most	 peripheral	 neurogenic	 diseases	 also
lead	to	increased	jitter.

MISCELLANEOUS	STUDIES
Myasthenia	gravis	may	be	associated	with	either	malignant	thymoma	or	thymic
hyperplasia.	Once	a	diagnosis	is	established,	chest	imaging	should	be	obtained.
Because	 there	 is	 also	 a	 significant	 association	 with	 thyroid	 and	 other
autoimmune	 diseases,	 appropriate	 screening	 studies	 are	 indicated	 in	 the	 newly
diagnosed	 myasthenic.	 Muscle	 biopsy	 has	 no	 role	 in	 the	 evaluation	 of
myasthenia,	unless	there	is	a	strong	consideration	of	neurogenic	or	inflammatory
weakness.

CRITICAL	CARE	OF	THE	MYASTHENIC	PATIENT



Patient	in	Crisis
Crisis	 refers	 to	 threatened	 or	 actual	 respiratory	 compromise	 in	 a	 myasthenic
patient.	 It	 may	 reflect	 respiratory	 muscle	 insufficiency	 or	 inability	 to	 handle
secretions	 and	 oral	 intake,	 but	 it	 is	 typically	 a	 combination	 of	 both.	The	 2016
international	consensus	statement	defined	“impending	myasthenic	crisis”	as	the
“rapid	 clinical	worsening	of	MG	 that,	 in	 the	opinion	of	 the	 treating	physician,
could	 lead	 to	 crisis	 in	 the	 short	 term	 (days	 to	weeks).”	 “Manifest	myasthenic
crisis”	was	defined	as	 “a	 serious,	 life-threatening,	 rapid	worsening	of	MG	and
potential	 airway	 compromise	 from	 ventilatory	 or	 bulbar	 dysfunction.”1	 With
currently	available	treatments,	myasthenic	crisis	 is	not	common.	An	occasional
patient	presents	with	fulminating	disease;	crisis	management	then	coincides	with
initial	evaluation	and	institution	of	therapy.	Otherwise,	crisis	may	be	precipitated
by	other	illnesses,	such	as	influenza	or	other	infections,	surgery,	or	medications.

General	Measures
1 	 The	 respiratory	 function	 of	 any	 acutely	 deteriorating	 or	 severely	 weak
myasthenic	should	be	monitored	compulsively.	When	the	weakening	myasthenic
reaches	 a	 point	 at	 which	 increased	 respiratory	 effort	 is	 required,	 fatigue	 often
prevents	 the	effective	use	of	secondary	muscles,	and	respiratory	failure	 rapidly
ensues.	Arterial	blood	gas	values	and	even	oxygen	saturation	are	poor	indicators
of	 incipient	 failure	 in	 the	 face	 of	 respiratory	muscle	 compromise.	Forced	vital
capacity	 (FVC)	and	MIP	are	better	 indices	and	should	be	serially	charted.	The
FVC	 should	 be	 assessed	 with	 the	 patient	 both	 sitting	 and	 supine,	 because
diaphragmatic	 paresis	 may	 be	 accentuated	 in	 the	 supine	 position.	 MIP
measurement	 requires	 special	 care	 if	 the	 patient	 also	 has	 significant	 facial
weakness.	 An	 FVC	 less	 than	 20	 mL/kg	 or	 an	 MIP	 greater	 than	 (ie,	 not	 as
negative	 as)	 −30	 cm	 H2O	 suggests	 impending	 failure	 and	 usually	 warrants
intubation.	If	a	downward	trend	is	noted	(greater	than	30%	decrease),21	elective
intubation	 should	 be	 considered	 even	 sooner,	 unless	 there	 is	 a	 realistic
expectation	of	rapid	reversal.

Acute	 deterioration	 in	 a	 myasthenic	 always	 warrants	 consideration	 of
contributing	 circumstances	 or	 concurrent	 illness	 that	 may	 accentuate	 the
underlying	defect	 in	neuromuscular	 transmission.	The	major	considerations	are
listed	in	Table	153.1	and	discussed	later.

TABLE	153.1



Conditions	That	May	Underlie	Interim	Deterioration	in
Myasthenic	Patients

Intercurrent	infection;	occult	infection	should	be	excluded

Electrolyte	imbalance	(Na,	K,	Ca,	P,	and	Mg)

Cholinergic	crisis:	if	any	doubt,	discontinue	cholinesterase	inhibitors

Thyrotoxicosis,	hypothyroidism

Medication	effects	(see	Table	153.2)

The	 possibility	 of	 cholinergic	 crisis	 of	 patients	 receiving	 anticholinesterase
drugs	(eg,	pyridostigmine),	albeit	rare,	should	not	be	overlooked.	The	presence
of	 fasciculations,	 diaphoresis,	 or	 diarrhea	 should	 alert	 the	 clinician	 to	 this
possibility.	 It	 is	 no	 longer	 recommended	 to	 try	 to	 differentiate	 between
myasthenic	 and	 cholinergic	 crisis	 with	 edrophonium	 or	 neostigmine	 testing
because	of	 the	 rarity	of	 cholinergic	 crisis	 and	 the	difficulty	of	determining	 the
response.	 Because	 of	 the	 potential	 side	 effects	 with	 overdosage	 of
anticholinesterase	drugs	with	increased	pulmonary	secretions,	many	authors	now
recommend	discontinuation	of	cholinesterase	inhibitors	at	the	time	of	crisis3,22,23
and	 reinstituting	 them	when	 patients	 are	 stronger.	 This	 assumes	 that	 adequate
respiratory	 monitoring	 and	 support	 are	 in	 effect.	 A	 brief	 holiday	 from
cholinesterase	 inhibition	 also	 often	 results	 in	 an	 enhanced	 response	 to	 therapy
when	reinstituted.

3 	 3 	 Intercurrent	 infection	 is	often	associated	with	 increased	weakness	 in	 the
myasthenic	 patient.	 There	 should	 be	 a	 comprehensive	 search	 for	 systemic
infection	 in	 the	 deteriorating	 patient,	 particularly	 the	 patient	 receiving
immunosuppressive	therapy.	Any	infections	should	be	treated	aggressively.	Both
hypothyroid	 and	 hyperthyroid	 states	 are	 often	 associated	 with	 increased
weakness.	Again,	 there	 is	 an	 increased	 association	 between	 thyrotoxicosis	 and
myasthenia	gravis.	The	manifestations	of	electrolyte	imbalance	may	be	enhanced
in	myasthenic	patients.	Otherwise,	insignificant	electrolyte	effects	on	transmitter
release	 or	 muscle	 membrane	 excitability	 may	 be	 amplified	 at	 the	 myasthenic
neuromuscular	 junction.	 Potassium,	 calcium,	 phosphate,	 and	 magnesium
alterations	should	be	corrected	(however,	avoid	overtreating	hypomagnesemia	as
magnesium	is	a	neuromuscular	junction	blocker;	use	caution	and	monitor	closely
especially	 if	 giving	 magnesium	 intravenously).	 Myasthenia	 gravis	 may	 also



impart	enhanced	sensitivity	to	a	number	of	medications	that	have	only	minimal
effects	 on	 neuromuscular	 function	 in	 normal	 individuals.	Aminoglycoside	 and
fluoroquinolone	 antibiotics,	 β-blockers,	 and	many	cardiac	 antiarrhythmics	may
have	adverse	effects.	More	recently,	immune	checkpoint	inhibitors	used	to	treat
malignancies	 have	 been	 reported	 to	 trigger	 immune-related	 myasthenia.24
Anticholinergics,	 respiratory	 depressants,	 and	 sedatives	 of	 any	 kind	 should	 be
avoided	or	used	only	with	great	caution.	Neuromuscular-blocking	agents	should
never	 be	 administered	 to	myasthenic	 patients	 in	 the	 intensive	 care	 unit	 (ICU)
setting,	because	they	often	have	profound	and	prolonged	effects.	This	increased
sensitivity	 occasionally	 results	 in	 postoperative	 failure	 to	 wean	 in	 an
undiagnosed	 mild	 myasthenic	 patient	 who	 has	 undergone	 surgery	 for	 an
unrelated	problem.	Table	153.2	provides	a	comprehensive	listing	of	medications
that	may	further	impair	neuromuscular	transmission	in	myasthenic	patients.

TABLE	153.2

Medications	That	May	Accentuate	Weakness	in
Myasthenicsa

Antibiotics
Antiarrhythmics
and
Antihypertensives

Antirheumatics
and	Antimalarials Antipsychotics

Aminoglycosides
(eg,	gentamycin,
neomycin,
tobramycin)

Quinidine D-penicillamine Lithiumc

Fluoroquinolones
(eg,
ciprofloxacin,
levofloxacin,
moxifloxacin,
ofloxacin)

Procainamide Hydroxychloroquine Phenothiazines

Macrolides	(eg,
erythromycin,
azithromycin,

Beta	Blockersd	(eg,
atenolol,	labetalol,
metoprolol,

Chloroquine



clarithromycin) propranolol)

Telithromycin Calcium	channel
blockersd	(verapamil)

Quinine

Otherf	
Tetracyclines,
Clindamycin,
Vancomycin

aThis	is	not	an	all-inclusive	list.	Data	from	MGFA	International	Consensus	Guidance	for
Management	of	Myasthenia	Gravis25	and	Sheikh	et	al.26
bUsed	to	treat	myasthenia.	Avoid	starting	at	high	doses	unless	pretreated	with	IVIG	or
plasmapheresis.
cClosely	monitor	with	magnesium	replacement,	especially	when	given	intravenously.
dCan	be	used	in	stable	MG	but	monitor	closely.
eDrugs	causing	respiratory	depression	must	be	used	cautiously.
fUsually	well	tolerated	but	occasionally	can	cause	exacerbation.

Some	attention	should	also	be	given	to	the	general	environment	in	which	the
myasthenic	 is	 managed.	 The	 typical	 noisy,	 brightly	 illuminated	 ICU	 is	 not
conducive	to	rest	and	sleep,	which	is	crucial	for	the	myasthenic	patient	in	whom
fatigue	may	be	critical.

Special	 consideration	 must	 be	 given	 to	 respiratory	 care	 of	 the	 myasthenic.
Incentive	spirometry	should	be	avoided,	because	muscular	fatigue	outweighs	any
potential	benefit,	even	in	the	postoperative	patient.	Careful	attention	to	efficient
clearance	 of	 respiratory	 secretions	 is	 key	 and	 can	 be	 complicated	 by
cholinesterase	inhibitors,	which	increase	respiratory	secretions.	Atropine	may	be



used	to	minimize	this	effect,	but	its	other	autonomic	side	effects,	such	as	ileus,
constipation,	and	delirium,	may	limit	longer-term	use.

THERAPY	FOR	MYASTHENIC	CRISIS
Therapeutic	agents	used	in	the	critical	care	setting	parallel	those	available	to	the
patient	 with	 milder	 myasthenia	 gravis.	 Immunosuppressive	 therapies	 are	 the
major	considerations.	Any	myasthenic	patient	 in	crisis,	 if	not	already	receiving
immunosuppressive	 therapy,	 requires	 it.	 Symptomatic	 therapy	 with
cholinesterase	inhibitors	is	now	primarily	used	on	a	shorter-term	basis,	pending
response	 to	 immunomodulating	 therapies.	 Plasmapheresis,	 intravenous	 human
immune	globulin	 (IVIG),	 corticosteroids,	 and	 longer-term	 immunosuppressants
and	cholinesterase	inhibitors	are	discussed	individually.

Plasmapheresis
Recognition	of	 the	 role	of	 immunoglobulins	 in	 the	pathogenesis	of	myasthenia
gravis	stimulated	early,	uncontrolled	clinical	trials	of	plasmapheresis	as	soon	as
efficient	 pheresis	 technology	 became	 available.27	 The	 results	 have	 been	 quite
favorable,	prompting	the	National	Institutes	of	Health	Consensus	Conference	to
support	its	use	despite	the	lack	of	controlled	trials.28	Most	patients	demonstrate	a
significant	 clinical	 response	 within	 48	 hours	 of	 initiation	 of	 plasmapheresis,
although	 the	 response	 is	 short	 lived	 unless	 therapy	 is	 continued	 on	 an
intermittent	basis.	The	rapid	response	from	plasmapheresis	can	be	crucial	in	the
face	of	crisis,	providing	a	 short-term	reprieve	during	which	alternative	 therapy
can	be	 initiated	or	 any	 intercurrent	medical	 problems	 resolved.	Approximately
50	mL/kg	should	be	exchanged	per	session,29	approximating	60%	to	70%	of	total
plasma	 volume.	 Plasma	 removed	 is	 replaced	 by	 an	 equal	 volume	 of	 normal
saline	 and	 5%	 albumin,	 adjusted	 to	 maintain	 physiologic	 concentrations	 of
potassium,	 calcium,	 and	 magnesium.	 The	 usual	 course	 of	 treatment	 includes
three	 to	 seven	 pheresis	 sessions	 at	 24-	 to	 48-hour	 intervals.	 Many	 patients
develop	 increased	 sensitivity	 to	 cholinesterase	 inhibitors	 after	 plasmapheresis;
dosage	should	be	correspondingly	reduced.	The	major	potential	complications	of
plasmapheresis	 include	hypotension,	arrhythmia,	and	hypercoagulability	due	 to
hemoconcentration.	 Coincident	 cardiovascular	 disease	 is	 a	 relative
contraindication	 to	plasmapheresis.	Although	plasmapheresis	 is	 too	 invasive	 to
be	 used	 for	 long-term	 therapy	 for	 the	 majority	 of	 patients,	 periodic
plasmapheresis	 has	 been	 beneficial	 for	 some	 patients	with	moderate	 to	 severe



myasthenia	 refractory	 to	 immunosuppressive	 agents.30	 Selective	 removal	 of
AChR	 antibodies	 using	 immunoadsorption	 columns	 may	 also	 be	 a	 promising
alternative	to	plasmapheresis,	but	further	clinical	studies	are	required.31

Intravenous	Immunoglobulin
IVIG	 also	 frequently	 leads	 to	 rapid	 yet	 transient	 improvement	 in	 myasthenic
patients.32	 IVIG	 is	 a	 therapeutic	 option	 in	 the	 event	 of	 crisis	 or	 in	 the
perioperative	 period,	 particularly	 if	 the	 patient’s	 cardiovascular	 status	 limits
plasmapheresis.	The	customary	dose	 is	400	mg/kg/d	 for	5	consecutive	days.	A
lower	total	dose	of	1	g/kg	was	also	reported	to	be	equally	efficacious	to	2	g/kg,
although	 there	 was	 a	 trend	 toward	 slight	 superiority	 of	 the	 higher	 dose.33
Maximal	 improvement	 occurred	 by	 the	 second	 week	 after	 therapy,	 and	 the
therapeutic	 response	 usually	 persists	 for	 several	 weeks.	 Patients	 should	 be
pretreated	 with	 acetaminophen	 and	 diphenhydramine	 to	 prevent	 flu-like
symptoms	that	commonly	occur	during	infusion.	In	addition,	adequate	hydration
will	help	reduce	the	potential	complication	of	thrombosis.	Renal	function	should
be	checked	prior	to	initiation	of	therapy,	because	renal	failure	may	occur	in	those
with	 renal	 insufficiency.	 Likewise,	 an	 IgA	 level	 should	 be	 obtained	 because
patients	with	IgA	deficiency	may	develop	anaphylaxis.	Special	 formulations	of
IVIG	are	available	for	those	patients	who	are	IgA	deficient.

Plasmapheresis	vs	IVIG
2 	 Although	 IVIG	 and	 plasmapheresis	 were	 found	 to	 be	 equally	 efficacious	 in
some	trials,34,35	 others	 have	 reported	 that	 plasmapheresis	was	more	 efficacious
than	 IVIG,36	 led	 to	 earlier	 extubations,36,37	 and	 required	 fewer	 intubations38;
however,	 complications	 occurred	 more	 often	 with	 plasmapheresis.36	 The
Myasthenia	 Gravis	 Foundation	 of	 America	 (MGFA)	 in	 a	 2016	 international
consensus	statement	suggested	that	although	IVIG	and	plasmapheresis	appeared
equally	 effective	 in	 clinical	 trials	 of	myasthenic	 crisis,	 plasmapheresis	may	be
more	 effective,	 and	may	 act	more	 rapidly.1	 The	 choice	 of	 treatment	 should	 be
based	on	individual	patient	comorbidities	(eg,	plasmapheresis	should	not	be	used
in	 patients	 with	 sepsis	 or	 hemodynamic	 instability,	 while	 IVIG	 should	 not	 be
used	 in	 those	 with	 renal	 failure,	 hypercoaguable	 states,	 or	 immunoglobulin
hypersensitivity)	along	with	other	factors	such	as	availability.1

Longer-Term	Immunosuppression



Conventional	Immunotherapy
Corticosteroids	have	proven	to	be	an	effective	 long-term	therapy	for	almost	all
myasthenic	patients	whose	clinical	manifestations	cannot	be	well	managed	with
low	doses	of	cholinesterase	 inhibitors.	Despite	potential	 side	effects	associated
with	 corticosteroid	 therapy,	 a	 response	 rate	 of	 greater	 than	 80%	 supports	 its
use.39	Side	effects	can	be	minimized	with	appropriate	precautions.	Carbohydrate
metabolism,	electrolytes,	blood	pressure,	and	diet	should	be	closely	monitored;
bisphosphonates,	calcium	(500-1000	mg/d),	and	vitamin	D	supplementation	(at
least	800-1000	IU/d)	as	well	are	prudent	to	minimize	osteopenia.	Screening	for
tuberculosis	 exposure	 with	 skin	 testing	 and	 chest	 radiographs	 should	 be	 done
before	initiation	of	therapy.	Occult	infection	must	be	treated	or	excluded	for	the
deteriorating	myasthenic	patients.

Recommendations	 regarding	 corticosteroid	 preparation,	 dose,	 and	 regimen
vary.	Approximately	one-third	of	patients	may	become	transiently	weaker	before
they	 improve,	 if	 given	 high	 doses	 of	 prednisone	 initially.4	 Initiation	 with
relatively	low	doses	of	prednisone	and	increasing	in	a	stepwise	manner	has	been
advocated	by	some	clinicians	to	minimize	interim	deterioration,	especially	if	the
patient	 is	 not	 intubated.22	 The	 authors	 prefer	 to	 begin	 with	 15	 to	 20	 mg	 of
prednisone	or	its	equivalent	as	a	single	daily	dose,	increasing	the	dose	by	5	mg
every	3	to	5	days	until	a	dose	of	1	mg/kg/d	(usually	60-80	mg/d)	is	reached.	In
the	 critical	 care	 setting,	 concurrent	 plasmapheresis	 or	 IVIG	may	 offset	 initial
steroid-related	 deterioration;	 high	 doses	 of	 corticosteroids	 (1	mg/kg/d)	 can	 be
initiated	 in	 this	 situation,	 enabling	 a	more	 rapid	 response.	Oral	 corticosteroids
are	 preferable,	 because	 there	 is	 a	 risk	 of	 developing	 acute	 steroid-induced
myopathy	in	patients	with	myasthenia	who	are	given	high	doses	of	intravenous
corticosteroids.23,40

Once	maximal	 response	 is	 obtained,	 usually	within	 2	 to	 3	months,	 patients
may	be	gradually	shifted	 to	alternate-day	 therapy	by	concurrently	 reducing	 the
off-day	dose	and	increasing	the	on-day	dose,	with	a	10-mg	shift	made	once	each
week.	Some	individuals	note	a	definite	off-day	adverse	effect;	this	can	usually	be
countered	 with	 a	 10-mg	 alternate-day	 dose.	 Once	 stabilized	 on	 alternate-day
therapy,	 the	 on-day	 dose	 can	 be	 tapered	 by	 5	 mg/mo.	 Many	 patients	 can	 be
maintained	in	remission	with	as	little	as	20	to	25	mg	of	prednisone	every	other
day	(or	alternating	with	10	mg).	Only	rare	patients	remain	in	remission	if	therapy
is	discontinued,	and	overenthusiastic	 tapering	of	steroids	 is	an	all	 too	common
precipitant	of	unnecessary	disability	or	even	crisis.	Myasthenia	sometimes	remits
spontaneously,	and	 if	 the	patient	has	undergone	 thymectomy	(discussed	further
below),	 the	 probability	 of	 remission	 increases	 appreciably,	 making



discontinuation	of	therapy	a	more	realistic	option.
Azathioprine	 is	 often	 used	 as	 an	 alternative	 agent	 for	 longer-term

immunosuppression.	 It	 is	effective	 in	70%	to	90%	of	patients	with	myasthenia
gravis3	 and	 is	 often	 initiated	 in	 patients	 with	 an	 insufficient	 response	 to
corticosteroids,	as	a	steroid-sparing	agent,	or	in	patients	in	whom	corticosteroids
are	contraindicated.4	Azathioprine	is	limited	by	a	relatively	long	delay	before	its
effects	are	clinically	evident,	up	to	6	to	12	months,	but	its	side-effect	spectrum
compares	favorably	with	steroids	over	a	time	frame	of	many	years.	If	a	patient
tolerates	 a	 50-mg/d	 test	 dose,	 the	 daily	 dose	 can	 be	 increased	 by	 50	mg	 each
week	up	to	2	to	3	mg/kg/d.	The	dose	is	reduced	if	the	white	blood	cell	count	is
less	than	3000	per	µL;	an	elevated	mean	corpuscular	volume	can	also	be	used	to
assess	adequate	response.6,41	In	up	to	10%	of	patients,	an	influenza-like	reaction
characterized	by	fever,	malaise,	and	myalgias	occurs	within	the	first	few	weeks
of	 therapy	 and	 resolves	 after	 discontinuing	 the	 drug.3,41	 Patients	 should	 be
screened	 for	 thiopurine	 methyltransferase	 (TPMT)	 deficiency;	 those
homozygous	for	TPMT	mutations	cannot	metabolize	azathioprine	and	therefore
should	not	 receive	 the	drug.	Concurrent	 treatment	with	allopurinol	 should	also
be	 avoided	 because	 it	 interferes	 with	 the	 degradation	 of	 azathioprine,	 thereby
increasing	the	risk	of	bone	marrow	and	liver	toxicity.41

Another	agent	from	the	realm	of	transplant	medicine,	mycophenolate	mofetil
(CellCept),	has	also	been	used	effectively	for	longer-term	therapy.	Several	case
series,	 retrospective	analysis,	and	a	small	placebo-controlled,	double-blind	 trial
suggested	that	mycophenolate	mofetil	is	beneficial	for	patients	with	myasthenia
gravis.42–45	Because	 it	 is	better	 tolerated	 than	other	 immunosuppressants,	 it	 has
become	 widely	 used.	 Two	 large	 double-blinded	 randomized	 controlled	 trials,
however,	failed	to	show	any	benefit	of	mycophenolate	mofetil	over	placebo	for
patients	 with	 myasthenia	 gravis.46,47	 One	 study	 showed	 that	 mycophenolate
mofetil	was	not	 superior	 to	placebo	during	 a	 steroid	 taper,46	whereas	 the	other
study	showed	no	benefit	in	taking	mycophenolate	mofetil	with	20	mg	prednisone
compared	 to	 taking	 prednisone	 alone.47	 Several	 factors	 have	 been	 proposed	 to
explain	 these	 surprisingly	 negative	 results	 including	 the	 short	 duration	 of	 the
trials,	 selection	 of	 generally	 mildly	 affected	 patients,	 and	 the	 unexpected
significant	 response	 to	 low-dose	 prednisone.3	 Despite	 this,	 mycophenolate
mofetil	 is	 still	 widely	 used	 in	 the	 treatment	 of	 myasthenia	 gravis	 and	 is	 the
preferred	choice	 in	many	centers.	Relatively	 recent	 studies	 report	 exacerbation
of	 myasthenia	 gravis	 when	 mycophenolate	 mofetil	 was	 discontinued	 or
markedly	 reduced,	 supporting	 the	 belief	 that	 mycophenolate	 mofetil	 is
efficacious	in	myasthenia	gravis.48,49	The	standard	dose	is	1000	mg	twice	a	day,
but	doses	up	to	3000	mg/d	may	be	used.	Monthly	complete	blood	counts	should



be	performed	to	monitor	for	any	evidence	of	myelosuppression.
Cyclosporine	 appears	 to	be	 as	 effective	 as	 azathioprine	 for	 the	 treatment	 of

myasthenia	 gravis50	 and	 is	 used	 mainly	 for	 patients	 who	 are	 intolerant	 or
refractory	 to	 azathioprine.	Onset	 of	 clinical	 improvement	 is	 quicker	 than	with
azathioprine,	with	most	patients	noticing	improvement	after	1	to	3	months,	and
becoming	maximal	 around	 7	months.51	 Its	 major	 limitations	 are	 renal	 toxicity
and	hypertension,	which	are	seen	in	about	one-quarter	of	patients.	To	minimize
side	effects,	the	starting	dose	of	5	mg/kg/d	can	be	given	in	two	divided	doses	12
hours	apart,	 followed	by	adjustments	 to	maintain	a	predose	 trough	 level	 in	 the
range	of	100	 to	150	ng/L.	Subsequent	 adjustments	 can	be	made	depending	on
creatinine	 levels	 and	clinical	 improvement,	with	 the	aim	 to	 reduce	 the	dose	as
much	 as	 possible,	 once	 maximal	 improvement	 is	 obtained.51	 Renal	 function
(blood	urea	nitrogen	and	creatinine)	must	be	continually	monitored.	Significant
hypertension	 and	 preexisting	 renal	 disease	 are	 contraindications	 to	 the	 use	 of
cyclosporine.

In	 refractory	 cases	 in	 which	 it	 has	 proven	 difficult	 to	 achieve	 or	 maintain
remission,	high-dose	 cyclophosphamide	has	proven	effective.3	However,	 it	 has
significant	 side	 effects	 including	 bone	 marrow	 toxicity,	 hemorrhagic	 cystitis,
teratogenicity,	 and	 increased	 risk	 of	 infections	 and	 malignancies.	 Oral	 dosage
ranges	from	1	to	5	mg/kg/d.22

BIOLOGICAL	THERAPIES
4 	 Biologic	 agents	 targeting	 specific	 immune	 molecules	 are	 emerging	 as
promising	alternative	therapies	to	standard	immunosuppressive	treatment	in	the
chronic	 treatment	of	myasthenia	gravis.	These	 include	agents	 targeting	B-cells,
complement,	and	neonatal	FcRn	receptors.52

Rituximab	 is	 an	anti-CD20	monoclonal	 antibody	 that	depletes	 circulating	B
cells.	A	2017	systematic	review	of	case	reports	and	case	series	found	rituximab
to	 be	 a	 safe	 and	 effective	 treatment	 for	 patients	 with	 moderate	 to	 severe
refractory	 AchR	 antibody	 positive	 (AchR-Ab+)	 and	 MuSK	 antibody	 positive
(MuSK-Ab+)	myasthenia.53	Response	 rates	 ranged	 from	30%	to	72%,	with	 the
most	 robust	 response	occurring	 in	MuSK-Ab+	myasthenic	patients.53	This	was
supported	 by	 a	 multicenter	 blinded	 prospective	 review	 of	 MuSK-
Ab+	myasthenia	patients,	where	58%	of	 those	 receiving	 rituximab	had	a	more
favorable	outcome	compared	to	the	16%	who	did	not	receive	rituximab54;	those
receiving	 rituximab	 required	 a	 lower	 dose	 of	 prednisone	 and	 fewer
immunosuppressant	 drugs.	 Results	 from	 a	 recent	 phase	 2	 trial	 of	 rituximab	 in



AchR-Ab+	 generalized	 myasthenia	 patients,	 however,	 did	 not	 reveal	 a
significant	 difference	 in	 the	 steroid	 sparing	 effect	 of	 rituximab	 compared	 to
placebo,55	 suggesting	 that	 rituximab	 may	 not	 have	 as	 beneficial	 effects	 for
patients	with	mild	 to	moderate	generalized	AchR-Ab+	myasthenia.25	The	2020
updated	 International	 Consensus	 statement	 by	 the	 MGFA	 recommends
considering	 rituximab	as	 an	early	 treatment	option	 in	MuSK-Ab+	myasthenics
with	an	unsatisfactory	response	to	initial	immunotherapy;	however,	the	benefits
of	 rituximab	 for	 those	 with	 refractory	 AchR-Ab+	 myasthenia	 is	 uncertain.25
More	 recently,	 a	 retrospective	 study	 found	 that	 patients	 treated	with	 rituximab
early	 after	 the	 diagnosis	 of	 generalized	 non-MuSK-Ab+	 myasthenia	 (within
12	months)	achieved	remission	faster	than	those	with	refractory	disease	(treated
after	 12	months)	 and	 performed	 better	 than	 patients	 treated	with	 conventional
immunosuppressants.56	 Patients	 treated	 early	 with	 rituximab	 had	 less	 relapses,
were	 tapered	off	additional	 immunomodulatory	drugs	more	 rapidly,	had	 longer
sustained	remission,	and	were	less	likely	to	discontinue	medications	due	to	side
effects	than	patients	treated	with	conventional	immunotherapy.56	These	findings
suggest	 rituximab	 may	 be	 more	 beneficial	 earlier	 in	 the	 disease	 course,	 but
further	 placebo	 controlled	 randomized	 trials	 are	 needed.52,56	 Rituximab	 is
generally	well	tolerated,	but	side	effects	include	infection	and	infusion	reactions;
one	case	of	progressive	multifocal	leukoencephalopathy	has	been	reported	for	a
patient	 with	 myasthenia	 treated	 with	 multiple	 immunosuppressive	 agents
including	 rituximab.25,57	 A	 common	 induction	 dose	 used	 is	 375	mg/m2	 once	 a
week	 for	 4	weeks	 or	 1	 g	 every	 2	weeks	 for	 a	 total	 dose	 of	 2	 g,	 although	 the
optimal	dose	is	unknown.

Eculizumab	 is	 a	 monoclonal	 antibody	 that	 binds	 complement	 C5,
subsequently	 inhibiting	 the	 formation	 of	 C5b-induced	 membrane	 attack
complex,	 thereby	 preventing	 muscle	 membrane	 damage	 and	 subsequent
impairment	 of	 neuromuscular	 transmission.58	 After	 favorable	 results	 of	 a	 6-
month	phase	3	 randomized,	 double-blind,	 placebo-controlled	multicenter	 study
(REGAIN	 trial),	 the	 US	 Food	 and	 Drug	 Administration	 approved	 the	 use	 of
eculizumab	 in	 2017	 for	 use	 in	AchR-Ab+	 generalized	myasthenia	 gravis.	 The
study	 enrolled	 patients	 with	 refractory	 disease.	 Treated	 patients	 were	 given
weekly	 infusions	 of	 eculizumab	 900	 mg	 for	 4	 weeks	 then	 maintained	 on
1200	mg	every	2	weeks.	Although	the	study	did	not	show	statistical	significance
for	 the	primary	outcome	 (change	 in	 the	Myasthenia	Gravis	Activities	of	Daily
Living	 Scale	 (MG-ADL)	 score),	 the	 eculizumab	 group	 had	 less	 myasthenic
exacerbations	(10%	in	eculizumab	group	vs	24%	in	placebo	group),	required	less
rescue	therapy	(10%	in	eculizumab	group	vs	19%	in	placebo	group),	and	showed
improvement	 of	 other	 prespecified	 endpoints	 such	 as	 improvement	 of	 the



quantitative	MG	score	of	at	least	5	points	(45%	in	eculizumab	group	vs	19%	in
placebo	group).58	 In	an	open-label	 extension	 study	of	 the	REGAIN	 trial	where
patients	 received	 eculizumab	 infusions	 every	 2	 weeks	 for	 a	 mean	 of
22.7	months,	 the	 exacerbation	 rate	was	 reduced	by	75%	compared	 to	 the	year
before	REGAIN,	and	the	improved	functional	abilities	were	maintained	through
3	 years	 with	 ongoing	 therapy.	 Overall,	 about	 74%	 of	 these	 patients	 with
refractory	myasthenia	were	 felt	 to	 have	 clinically	 improved	 by	 the	 end	 of	 the
open-label	 extension	 study;	 in	 addition,	 56%	 of	 patients	 achieved	 minimal
manifestation	or	pharmacological	remission.59	Unlike	some	of	 the	conventional
long-term	 immunosuppressive	 therapies,	 improvement	 with	 eculizumab
occurred	rapidly,	with	beneficial	effects	seen	in	the	first	4	weeks	of	treatment	of
most	 responders	 (even	 after	 the	 first	 infusion)	while	most	 of	 the	 improvement
was	achieved	by	the	first	3	months.58

Eculizumab	is	generally	well	tolerated	and	generally	safe.	The	most	common
adverse	effects	were	headache	and	nasopharyngitis,	each	seen	in	about	one	third
of	 patients	 in	 the	 open-label	 extension	 study,	 followed	 by	 diarrhea	 and	 upper
respiratory	 infection.59	 Because	 of	 its	 mechanism	 of	 action,	 patients	 are
susceptible	 to	 infection	 from	 encapsulated	 bacteria	 such	 as	 Neisseria
meningitidis;	 therefore,	 it	 is	mandatory	 that	 immunization	 from	meningococcal
infection	 be	 given	 at	 least	 2	 weeks	 before	 initiation	 of	 eculizumab.60	 If
eculizumab	 needs	 to	 be	 started	 less	 than	 2	 weeks	 after	 vaccination,	 antibiotic
prophylaxis	for	4	weeks	after	 immunization	is	recommended.25	 Infections	were
the	most	 common	 adverse	 event	 of	 special	 interest;	 however,	 only	 1	 nonfatal
case	of	meningococcal	infection	was	reported	after	data	cutoff.59

Other	 promising	 biological	 therapies	 include	 complement	 inhibitors
ravulizumab	 (dosing	 is	 less	 frequent	 than	 eculizumab)	 and	 zilucoplan	 (given
subcutaneously)	 that	are	being	studied	 in	ongoing	phase	3	clinical	 trials.	FcRn
antagonists	 (efgartigimod	 and	 rozanolixizumab)	 work	 by	 reducing	 IgG
autoantibodies	and	are	in	phase	3	trials.52

Cholinesterase	Inhibitors
Cholinesterase	 inhibition	was	 the	mainstay	of	pharmacotherapy	 for	myasthenia
gravis	 before	 the	 advent	 of	 immunosuppressive	 therapies	 and	 thymectomy.
Many	 patients	 are	 now	 maintained	 in	 remission	 on	 corticosteroids	 or	 other
immunosuppressive	 agents,	 whereas	 others,	 in	 particular,	 those	 with	 mild
nonprogressive	 or	 purely	 ocular	 disease,	 require	 only	 treatment	 with	 an	 oral
anticholinesterase	 drug,	 such	 as	 pyridostigmine	 (Mestinon).	 If	 an	 acutely
deteriorating	patient	has	been	taking	a	cholinesterase	inhibitor,	the	possibility	of



cholinergic	crisis	should	be	entertained.	Overdosage	of	cholinesterase	inhibitors
may	produce	weakness	accompanied	by	muscarinic	symptoms	such	as	increased
pulmonary	 and	gastric	 secretions,	 bradycardia,	 nausea,	 vomiting,	 diarrhea,	 and
nicotinic	 symptoms	 such	 as	 fasciculations.3,23	 Many	 authors	 advocate
discontinuing	 anticholinesterase	 therapy	 during	 myasthenic	 crisis	 to	 minimize
secretions,	 avoid	 potential	 exacerbation	 of	 weakness	 due	 to	 overdosage	 of
cholinergic	medications,	 and	 allow	 for	 easier	 assessment	 of	 response	 to	 other
therapies.22,23	 It	 is	 reasonable	 to	 reinstitute	 anticholinesterase	 therapy	 when
patients	are	stronger,	starting	at	a	low	dosage	and	gradually	increasing	the	dose
until	there	is	clear	benefit.22

The	use	of	intravenous	anticholinesterase	therapy	is	controversial.	Infusion	of
intravenous	pyridostigmine	at	1	to	2	mg/h	during	crisis	was	found	in	one	small
retrospective	study	to	be	comparable	to	plasmapheresis.61	However,	intravenous
therapy	 carries	 the	 risk	 of	 dangerous	 side	 effects	 such	 as	 cardiac	 arrhythmias,
myocardial	 infarction	 (due	 to	 coronary	 vasospasm),	 airway	 obstruction,	 and
increased	 pulmonary	 secretions.23,62	 It	 is	 therefore	 more	 prudent	 to	 hold
cholinergic	 drugs	 until	 the	 patient	 is	 able	 to	 take	 them	 orally	 or	 through	 a
nasogastric	tube.23	If	intravenous	anticholinesterase	therapy	is	deemed	necessary,
neostigmine	and	pyridostigmine	preparations	 are	 available	 in	parenteral	 forms.
One	mg	of	neostigmine	given	intravenously	is	roughly	equivalent	to	120	mg	of
pyridostigmine	 taken	 by	 mouth.	 Conversion	 of	 oral	 pyridostigmine	 to
intravenous	pyridostigmine	is	30:1.

PERIOPERATIVE	MANAGEMENT	OF	THE
MYASTHENIC	PATIENT
An	intercurrent	problem	requiring	surgical	intervention	was	a	common	source	of
major	 morbidity	 and	 mortality	 for	 myasthenics	 before	 the	 1960s.	 Subsequent
developments	 in	 critical	 care	 techniques,	 especially	 respiratory	 care,	 and	 in
therapy	 of	 the	 underlying	 disease	 have	 dramatically	 improved	 this	 situation.
Perioperative	 management	 must	 be	 compulsive,	 yet	 myasthenia	 gravis	 should
rarely	preclude	surgical	treatment	that	is	otherwise	indicated.

Preoperative	Considerations
Myasthenia	 gravis	 is	 a	 major	 variable	 for	 surgical	 management,	 whether	 the
surgery	 is	 elective	 or	 emergent.	A	 neurologist	 (preferably	 the	 neurologist	who



has	been	managing	the	patient)	should	be	considered	an	integral	member	of	the
operative	 team.	 If	 the	 procedure	 is	 elective,	 the	 patient’s	 myasthenic	 status
should	 be	 optimized	 before	 anesthesia	 and	 surgery.	 Pulmonary	 function	 tests
should	 be	 reviewed	 in	 detail;	 if	 respiratory	 or	 bulbar	 muscle	 function	 is
compromised,	therapy	adjustments	should	be	undertaken	to	improve	respiratory
muscle	strength.	All	therapeutic	options	should	be	considered,	with	the	possible
exception	of	corticosteroids.	If	the	patient	is	not	receiving	steroids,	it	is	prudent
to	forgo	or	delay	this	 treatment	until	after	surgery,	because	corticosteroids	may
increase	the	risk	of	infection	and	retard	wound	healing.	If	the	patient	is	already
receiving	 corticosteroids,	 therapy	 should	 be	 continued,	 with	 a	 short-term
increment	in	dose	to	compensate	for	the	added	stress	of	anesthesia	and	surgery.
Plasmapheresis	or	intravenous	human	immune	globulin	is	often	useful	during	the
preoperative	 period,	 providing	 transient	 therapeutic	 benefits	 through	 the
operative	 and	 postoperative	 periods.	 A	 recent	 prospective,	 double-blind,
randomized	 study,	 however,	 showed	 that	 among	 those	 with	 stable,	 well-
controlled	myasthenia,	 preoperative	 IVIG	 is	 not	 needed	 to	 prevent	myasthenic
crisis.63	Once	dose	and	regimen	are	optimized,	cholinesterase	inhibitors	may	be
continued	up	to	 the	time	of	surgery.	They	should	then	be	discontinued	because
they	stimulate	respiratory	secretions.

It	is	crucial	that	all	physicians	involved	during	perioperative	management	of
the	myasthenic	are	aware	of	 the	particular	medications	that	may	accentuate	 the
underlying	 defect	 in	 neuromuscular	 transmission.	 It	 is	 appropriate	 to	 post	 a
warning	 regarding	 specific	 medications	 on	 the	 patient’s	 chart,	 in	 a	 manner
analogous	 to	 that	 for	 medication	 allergies.	 Premedication	 with	 sedatives	 or
opioids	 should	 be	 avoided	 because	 of	 potential	 respiratory	 depression.
Neuromuscular	 blockade	 should	 also	 be	 avoided	 during	 surgery	 unless
absolutely	 essential;	 if	 required,	 a	 nondepolarizing	 neuromuscular	 blocking
agent	(such	as	rocuronium)	at	a	reduced	dose	is	preferred,	with	sugammadex	as
the	 reversal	 agent	 as	 the	 latter	 avoids	 interference	 with	 the	 neuromuscular
junction.64	 Accentuated	 and	 prolonged	 effects	 should	 be	 anticipated.
Aminoglycoside	 and	 fluoroquinolone	 antibiotics	 should	 be	 avoided	 when
alternatives	 are	 available.	 There	 is	 no	 clear	 consensus	 in	 favor	 of	 any	 one
halogenated	 anesthetic	 agent;	 ether	 adversely	 affects	 neuromuscular
transmission.	 Again,	 close	 attention	 to	 metabolic	 homeostasis	 cannot	 be
overemphasized.

Postoperative	Care
Postoperative	care	of	the	myasthenic	patient	should	not	differ	greatly	from	that



of	other	patients,	provided	preoperative	and	intraoperative	management	has	been
successful.	The	patient’s	status	before	surgery	 is	often	 the	best	 indicator	of	 the
postoperative	 course.	 Intubation	 and	 mechanical	 ventilatory	 support	 must	 be
continued	 until	 the	 patient	 is	 alert	 and	 responsive	 and	 demonstrates	 and
maintains	 adequate	 pulmonary	 function.	 After	 extubation,	 serial	 pulmonary
function	testing	is	indicated.	An	FVC	less	than	20	mL/kg	and	MIP	greater	than
(ie,	 less	 negative	 than)	 −30	 cm	 H2O	 are	 threshold	 values	 when	 reintubation
should	be	considered.	If	needed,	cholinesterase	inhibitors	may	be	resumed	as	a
continuous	intravenous	infusion	until	bowel	function	is	restored	and	oral	intake
allowed.	 Increased	 sensitivity	 to	 cholinesterase	 inhibitors	 is	 expected	 after
surgical	 procedures,	 especially	 thymectomy.	 Resumption	 at	 a	 rate	 of	 no	more
than	 one-half	 the	 preoperative	 equivalent	 is	 often	 sufficient.	 Subsequent
adjustments	 should	 reflect	 clinical	 indices.	 The	 myasthenic	 whose
neuromuscular	 function	 deteriorates	 during	 the	 postoperative	 period	 is	 the
exception.	 In	 all	 probability,	 an	 intercurrent	 reversible	 factor	 underlies	 the
deterioration.	The	 spectrum	of	metabolic,	 infectious,	 and	pharmacologic	 issues
discussed	previously	should	be	reviewed.

Thymectomy
After	 several	 decades	 of	 controversy,	 there	 is	 now	 strong	 evidence	 that
thymectomy	 is	 beneficial	 for	 the	 treatment	 of	 nonthymomatous,	 generalized
AchR-Ab+	myasthenic	patients.	A	multicenter,	randomized,	rater-blinded	trial	of
myasthenia	 gravis	 thymectomy	 treatment	 (MGTX)	 for	 AchR-Ab+	 generalized
myasthenic	 patients	 between	 18	 and	 65	 years	 of	 age,	with	 disease	 duration	 of
less	than	5	years,	showed	favorable	results	for	patients	treated	with	transsternal
thymectomy	plus	prednisone	compared	to	patients	receiving	prednisone	alone.65
Patients	treated	with	thymectomy	had	improved	clinical	outcomes	(quantitative
MG	 score)	 and	 required	 lower	 doses	 of	 prednisone,	 with	 improvement	 seen
within	 the	 first	 year	 and	 maintained	 for	 the	 duration	 of	 the	 3-year	 study.25,65
Although	 this	 trial	 included	 patients	 up	 to	 age	 65	 years,	 the	 most	 benefits
occurred	among	patients	less	than	50	years	by	a	posthoc	analysis	of	the	MGTX
trial.25	The	American	Academy	of	Neurology	in	their	practice	parameter	update
recommends	 consideration	 of	 thymectomy	 for	 patients	 with	 AchR-
Ab+	 generalized	MG	who	 are	 aged	 18	 to	 65	 years.66	 Thymectomy	 should	 be
considered	 early	 during	 the	 course	 of	 myasthenia.	 It	 remains	 an	 elective
procedure	and	should	be	performed	when	the	patient	is	stable.25	The	myasthenic
with	marginal	respiratory	or	bulbar	function	should	be	optimally	treated	before



surgery.	The	perioperative	management	considerations	discussed	earlier	apply	to
prethymectomy	 and	 postthymectomy	 management.	 Although	 transsternal
thymectomy	was	used	by	 the	MGTX	 trial,	 it	 is	not	 clear	whether	 these	 results
can	 be	 generalized	 to	 minimally	 invasive	 surgical	 approaches	 such	 as	 video-
assisted	 thoracoscopic	 thymectomy	 and	 robotic-assisted	 thoracoscopic	 surgery,
where	there	may	be	risk	for	leaving	residual	thymic	tissue.66	Minimally	invasive
techniques	 are	 more	 commonly	 used	 by	 thoracic	 surgeons	 in	 current	 day
practice,	 however,	 as	 there	 are	 less	 complications,	 with	 less	 pain	 and	 better
safety	profile.	A	recent	meta-analysis	found	that	minimally	invasive	approaches
to	thymectomy	appeared	as	effective	for	achieving	complete	stable	remission	as
the	extended	transsternal	approach.67

CONCLUSION
Respiratory	failure	 is	no	 longer	 the	source	of	major	morbidity	and	mortality	 in
myasthenia	gravis	that	it	once	was.	When	it	does	occur,	appropriate	ventilatory
support	 and	 airway	 protection	 provide	 time	 for	 resolution	 of	 any	 intercurrent
problems	 and	 therapy	 of	 the	 underlying	 myasthenia.	 Plasmapheresis	 and
immunosuppression	are	usually	successful;	extended	intensive	care	stays	should
be	 rare	 occurrences.	 Treatment	 of	 myasthenia	 gravis	 with	 steroids,
immunosuppressive	 agents,	 and	 thymectomy	 usually	 enables	 these	 patients	 to
lead	essentially	normal	lives.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	70-year-old	man	with	a	history	of	COPD,	hypothyroidism,	renal	failure,
and	relatively	well-controlled	AchR-Ab+	myasthenia	on	Cellcept	and	low	dose
prednisone	presents	to	the	emergency	department	with	a	2-day	history	of	cough,
increased	shortness	of	breath,	and	recurrence	of	diplopia	and	swallowing



difficulties.	What	is	the	most	appropriate	next	step	in	evaluation?

A. 	Assess	vital	capacity	and	maximal	inspiratory	pressure
B. 	Check	serum	AchR	antibody	levels
C. 	Measure	pulse	oximetry
D. 	Obtain	arterial	blood	gas

2. 	A	70-year-old	man	with	a	history	of	COPD,	hypothyroidism,	renal	failure,
and	relatively	well-controlled	AchR-Ab+	myasthenia	on	Cellcept	and	low	dose
prednisone	presents	in	myasthenic	crisis.	What	of	the	following	is	most	likely	to
identify	the	precipitating	cause?

A. 	Check	of	serum	TSH
B. 	Discontinuation	of	Cellcept
C. 	EMG	studies	with	repetitive	nerve	stimulation
D. 	Review	of	medication	list	and	screening	for	infection

3. 	What	is	the	most	appropriate	therapy	for	a	73-year-old	patient	in
myasthenic	crisis	who	also	has	renal	failure?

A. 	Eculizumab
B. 	Intravenous	immunoglobulin
C. 	Plasmapheresis
D. 	Thymectomy

Answers

1.	The	correct	answer	is	A.
Rationale:	Because	of	the	apparent	myasthenic	crisis,	the	most	important	step

in	his	initial	evaluation	is	to	assess	respiratory	function	using	vital	capacity	and
maximal	 inspiratory	pressure	(choice	A	is	correct).	AchR	Ab	levels	are	helpful
in	 the	 diagnosis	 of	 myasthenia	 but	 do	 not	 correlate	 with	 disease	 severity	 or
clinical	response	(choice	B	is	incorrect).	On	the	other	hand,	MuSK	antibodies	do
appear	to	correlate	with	disease	severity	and	response	to	therapy.	Pulse	oximetry
and	 blood	 gases	 are	 not	 helpful	 in	 detecting	 early	 respiratory	 failure	 because
hypoxemia	 and	 hypercarbia	 are	 late	 manifestations	 (choices	 C	 and	 D	 are
incorrect).

2.	The	correct	answer	is	D.



Rationale:	The	most	common	precipitants	for	myasthenic	crisis	are	infection
and	medications,	so	it	would	be	important	to	screen	for	infection	and	review	his
medication	list	(choice	D	is	correct).	Thyroid	status	is	not	associated	with	crisis
(choice	 A	 is	 incorrect).	 Stopping	 Cellcept	 during	 an	 impending	 crisis	 would
worsen	his	clinical	status	(choice	B	is	incorrect).	EMG	studies	are	helpful	in	the
diagnosis	of	myasthenia,	but	this	patient	already	carries	this	diagnosis	(choice	C
is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	Although	plasmapheresis	and	IVIG	appear	to	be	equally	effective

in	the	treatment	of	myasthenic	crisis,	it	would	be	best	to	avoid	IVIG	in	someone
with	renal	failure;	thus,	plasmapheresis	is	the	preferred	choice	in	this	case	if	it	is
available	(choice	C	is	correct	and	choice	B	is	incorrect).	Eculizumab	should	not
be	 started	 unless	 the	 patient	 has	 received	 the	 meningococcal	 vaccine	 at	 least
2	 weeks	 prior	 to	 treatment	 due	 to	 increased	 susceptibility	 to	 Neisseria
meningitidis	(if	starting	less	than	2	weeks,	then	concomitant	antibiotic	treatment
is	required).	Although	beneficial	effects	were	seen	relatively	rapidly	within	 the
first	month	after	initiation	of	treatment,	eculizumab	is	more	useful	for	long-term
immunosuppression	(choice	A	is	 incorrect).	Thymectomy	should	be	used	when
the	patient	 is	 stable	and	not	while	 in	myasthenic	crisis	 (choice	D	 is	 incorrect).
Furthermore,	this	patient	is	older	than	the	population	studied	in	the	MGTX	trial,
so	it	 is	not	clear	if	 thymectomy	would	be	beneficial	and	he	would	be	at	higher
risk	 for	 surgical	 complications	 due	 to	 age	 and	 comorbidities.	 Finally,
thymectomy	is	used	for	long-term	immunosuppression	and	may	take	years	to	see
its	beneficial	effects.
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Chapter	154
Newly	Acquired	Weakness	in	the
Intensive	Care	Unit:	Critical	Illness
Myopathy	and	Neuropathy
David	A.	Chad,	Mehdi	Ghasemi

KEY	POINTS:
1.	 Critical	illness	myopathy	(CIM)	and	neuropathy	(CIP)	are	two

neuromuscular	conditions	within	the	intensive	care	setting	that
contribute	to	prolonged	mechanical	ventilation,	ventilator	weaning
failure,	and	increased	morbidity	and	mortality.

2.	 Both	CIM	and	CIP	manifest	with	severe	muscle	weakness,	with
additional	predominantly	length-dependent	axonal	sensorimotor
polyneuropathy	in	CIP,	and	depressed	or	loss	of	reflexes.

3.	 Major	predisposing	factors	for	CIM	and	CIP	include	sepsis	with
concurrent	encephalopathy,	asthma	exacerbation,	exposure	to
nondepolarizing	neuromuscular	blocking	agents,	corticosteroid
usage,	multiorgan	failure,	and	organ	transplantation.

4.	 Detailed	physical	examination,	assessment	for	underlying
comorbidities,	and	electrodiagnostic	studies	are	keys	in	diagnosis	of
CIM	and	CIP.

5.	 Differential	diagnoses	of	CIM/CIP	include	Guillain-Barré	syndrome
[GBS],	myasthenia	gravis	crisis,	botulism,	postsurgical
polyradiculoneuropathies,	and	prolonged	neuromuscular	blockade
by	muscle	relaxants.

6.	 Treatment	of	both	CIM	and	CIP	are	supportive	and	symptomatic	with
focus	on	treatment	of	underlying	condition,	avoiding	harmful
medications,	and	early	physical	therapy.



7.	 Depending	on	the	underlying	comorbidities,	the	recovery	from	CIP
and	CIM	is	variable	from	weeks	to	months.

INTRODUCTION
1 	 Although	 preexisting	 neuromuscular	 disorders	 (such	 as	 myasthenia	 gravis,
amyotrophic	 lateral	 sclerosis,	 and	 the	 Guillain-Barré	 syndrome	 [GBS])	 may
cause	 severe	 weakness	 involving	 respiratory	 muscles,	 leading	 to	 an	 intensive
care	unit	 (ICU)	admission;	 two	of	 the	most	common	causes	of	newly	acquired
weakness	 arising	 in	 the	 ICU	 setting—also	 designated	 “intensive	 care	 unit–
acquired	weakness”	(ICUAW)—are	critical	illness	myopathy	(CIM)	and	critical
illness	polyneuropathy	(CIP).1-3	CIM	is	probably	the	major	contributor	to	severe
ICUAW,	causing	most	instances	of	failure	to	wean	from	a	respirator	in	patients
with	 severe	 systemic	diseases	 in	 the	 ICU,	whereas	CIP	affects	70%	 to	80%	of
patients	with	severe	sepsis	and	multiorgan	failure.4	Even	experienced	clinicians
have	 great	 difficulty	 distinguishing	 between	 the	 myopathy	 and	 the
polyneuropathy	 of	 intensive	 care,	 especially	 because	 the	 two	 conditions	 often
coexist	 in	 an	 individual	 patient.4-6	 In	 the	 sections	 that	 follow,	we	 discuss	 each
disorder	and	comment	on	the	differential	diagnosis	of	severe	weakness	arising	in
the	ICU	setting.

CRITICAL	ILLNESS	MYOPATHY

Diagnosis
2 	 The	 hallmark	 of	 CIM	 is	 weakness	 that	 is	 typically	 diffuse	 in	 distribution,
affecting	 both	 limb	 and	 neck	 muscles.4,7,8	 As	 is	 typical	 of	 most	 myopathic
disorders,	weakness	tends	to	have	a	proximal	predominance	in	the	limbs,	but	it
may	 also	 involve	 distal	 muscles	 profoundly.	 Tendon	 reflexes	 tend	 to	 be
depressed	but	present;	however,	on	occasion,	 they	may	be	markedly	attenuated
or	 absent,	 possibly	 owing	 to	 a	 generalized	 reduction	 of	membrane	 excitability
that	 occurs	with	 sepsis.4	 There	may	 be	 facial	muscle	 involvement,	 and	 rarely,
extraocular	muscles	are	affected6,8;	other	muscles	supplied	by	cranial	nerves	are
usually	spared.	A	serious	and	common	complication	of	 the	myopathy	is	failure
to	 wean	 from	 a	 ventilator	 owing	 to	 marked	 weakness	 of	 the	 diaphragm.
Although	most	affected	patients	are	adults,	 severe	myopathic	muscle	weakness



may	 occur	 among	 children	 who	 receive	 organ	 transplants9	 and	 also	 among
critically	ill	children	admitted	to	the	pediatric	ICU.10,11

Risk	Factors
3 	CIM	develops	among	up	to	one-third	of	patients	treated	for	status	asthmaticus
in	 the	 ICU;	 and	 in	 this	 population,	 intravenous	 corticosteroids	 and
neuromuscular	blocking	agents	are	considered	major	risk	factors.6	Occasionally,
the	 myopathy	 develops	 among	 patients	 who	 have	 received	 high-dose
corticosteroids	alone,	without	neuromuscular	blocking	agents,	or	among	patients
who	 have	 received	 neither	 corticosteroids	 nor	 neuromuscular	 blocking	 agents,
but	the	latter	group	typically	has	severe	systemic	illness	with	multiorgan	failure
and	 sepsis.4	 Other	 predisposing	 factors	 for	 CIM	 may	 include	 pneumonia,
prolonged	 acidemia,	 acute	 respiratory	 distress	 syndrome,	 prolonged	 use	 of
aminoglycosides,	and	organ	transplantation.12	Overall,	CIM	accounts	for	42%	of
weakness	among	patients	in	the	surgical	and	medical	ICU	setting.8,13

Laboratory	Studies
Serum	creatine	kinase	 (CK),	electromyography	 (EMG),	and	muscle	biopsy	are
the	 most	 important	 and	 revealing	 studies	 in	 the	 diagnosis	 of	 ICU-acquired
muscle	weakness.8,12	Although	an	elevated	CK	level	usually	helps	to	support	the
diagnosis	of	myopathy	as	the	cause	of	weakness	of	an	ICU	patient,	in	CIM,	the
CK	rise	is	only	found	in	about	50%	of	affected	patients	and	occurs	early	in	the
course	of	the	illness,	peaks	within	a	few	days	of	onset,	then	declines	back	to	the
normal	range.6,7,14

EMG	Studies
4 	With	nerve	conduction	studies,	motor	responses	are	typically	low-amplitude	or
absent;	 and	 when	 responses	 can	 be	 elicited,	 the	 motor	 response	 durations	 are
commonly	 increased	 substantially—an	 important	 clue	 to	 the	 presence	 of
CIM.12,15	 This	 is	 caused	 by	 slowing	 of	 muscle	 fiber	 conduction	 velocity	 and
reduced	 excitability	 of	 the	 sarcolemmal	 membrane.6,12	 By	 contrast,	 sensory
responses	are	relatively	preserved,	with	amplitudes	that	are	>80%	of	normal	 in
two	or	more	nerves	 (although	 they	may	be	 reduced	when	 ICU	polyneuropathy
coexists	 with	 CIM).	 Sensory	 responses	 may	 also	 be	 reduced	 initially	 in
association	with	sepsis	and	increase	during	clinical	recovery.8,16	Needle	electrode
examination	 shows	 fibrillation	 potential	 activity	 and	 positive	 sharp	 waves	 in



resting	 muscle	 of	 some	 patients.	 On	 voluntary	 muscle	 activation,	 motor	 unit
potentials	 are	 small,	 of	 short	 duration,	 and	 have	 polyphasic	 form	 with	 early
recruitment,	 but	when	 there	 is	 severe	weakness	 or	 encephalopathy,	 the	 patient
may	be	unable	to	contract	muscles	sufficiently	to	permit	analysis	of	motor	unit
potentials.	 Patients	 with	 CIM	 demonstrated	 by	 direct	 muscle	 stimulation	 may
have	electrical	 inexcitability	of	 the	muscle	membrane	caused	by	myopathy.17,18
In	 clinical	 practice,	 stimulation	 of	 the	 anterior	 tibial	 muscle	 and	 the	 peroneal
nerve	at	the	fibular	head	can	be	informative.	In	CIM,	the	ratio	of	the	amplitude
of	 the	muscle	 response	 to	peroneal	 nerve	 stimulation	 is	>0.5,	 and	often	nearly
the	 same	 as	 with	 direct	 anterior	 tibial	 muscle	 stimulation-evoked	 response.
When	weakness	is	due	to	isolated	CIP,	direct	muscle	excitability	is	normal,	but
the	nerve-evoked	response	is	less	than	half	as	large.6,12

5 	When	 there	 are	 any	 clinical	 or	 electrodiagnostic	 features	 that	 are	 atypical
for	 CIM	 (eg,	 prominent	 cranial	 nerve	 involvement	 as	 might	 be	 seen	 in
myasthenia	gravis,	or	autonomic	dysfunction	as	 in	botulism),	 it	 is	 important	 to
consider	 an	 alternative	 primary,	 or	 a	 coexisting,	 disorder	 of	 neuromuscular
transmission.	 Repetitive	 nerve	 stimulation	 (2-3	 Hz)	 studies	 for	 a	 decremental
response	 as	 in	 myasthenia,	 and	 rapid	 rate	 (30-50	 Hz)	 stimulation	 looking	 for
evidence	 of	 postsynaptic	 facilitation	 as	 in	 botulism,	 may	 be	 helpful	 for	 the
evaluation	of	the	patient.

Muscle	Biopsy
Muscle	 biopsy	 is	 usually	 not	 necessary	 to	 establish	 the	 diagnosis	 of	 ICU
myopathy	 for	 patients	 with	 a	 stereotypical	 clinical	 presentation,	 and	 typical
nerve	conduction	and	needle	examination	findings	of	CIM.	The	muscle	biopsy
for	 CIM	 discloses	 muscle	 fiber	 atrophy,	 especially	 involving	 the	 fibers;	 a
variable	degree	of	muscle	 fiber	necrosis,	 and	 the	absence	of	any	 inflammatory
cells.	 The	 hallmark	 of	 the	 disorder—loss	 of	 myosin—can	 be	 confirmed
immunocytochemically	 or	 by	 electron	 microscopy	 as	 reduction	 in	 myosin-
adenosine	 triphosphatase	 reactivity	 in	 nonnecrotic	 fibers.4,8,14,16	 Severity	 ranges
from	“cachectic	myopathy”	(a	relatively	mild	myopathy	without	major	structural
damage)	to	a	more	severe	myopathy	with	thick	filament	loss,	and	even	the	most
severe	myopathy	with	pronounced	necrotizing	features.19

Pathophysiology
Myosin	loss	and	muscle	fiber	necrosis	contribute	to	persisting	weakness.	Myosin
loss	is	characteristic	of	CIM;	corticosteroids	often	cause	the	loss	of	myosin,	but



other	agents	that	block	the	neuromuscular	junction	in	ICU	patients	contribute	as
well.7,14,20	Consistent	with	this	hypothesis,	patients	with	myasthenia	can	develop
loss	of	myosin	thick	filaments	after	receiving	high-dose	corticosteroids21;	and	an
animal	model	 of	 dexamethasone	 plus	 denervation	 preferentially	 depletes	 thick
filaments,	with	 reduction	 in	muscle	 fiber	 size.20	 Some	 systemically	 ill	 patients
who	are	not	exposed	to	corticosteroids	or	neuromuscular	blocking	agents,	with
metabolic	acidosis	and	multiorgan	failure,	can	also	develop	CIM.	Acidosis	may
stimulate	 glucocorticoid	 production;	 increase	 muscle	 protein	 degradation;	 and
trigger	 thick	 filament	 loss7;	 likewise,	 inflammation;	 immobilization;	 the
endocrine	 stress	 response;	 nutritional	 deficits;	 metabolic	 alterations	 (eg,
hyperglycemia,	 hypoalbuminemia,	 mitochondrial	 dysfunction,	 and	 oxidative
stress);	 and	 compromise	 of	 the	 microcirculation	 to	 muscle	 tissue	 can	 cause
impaired	protein	synthesis.2,14,22-24

Treatment
5 	The	treatment	of	CIM	is	supportive	and	symptomatic:	treating	the	underlying
systemic	 illness	 and	 discontinuing	 or	 minimizing	 corticosteroids	 and
neuromuscular	 blocking	 agents	 to	 the	 extent	 possible.	 There	 is	 evidence	 from
two	large	trials	that	intensive	insulin	therapy	reduces	electrophysiologic	signs	of
CIM	and	CIP;	and	high	quality	evidence	that	it	reduces	duration	of	mechanical
ventilation,	ICU	stay	and	180-day	mortality,25	but	hypoglycemia	remains	a	major
concern.22	 Although	 there	 are	 no	 randomized	 controlled	 trials	 of	 physical
rehabilitation	 interventions	 for	CIM	or	neuropathy,	early	mobility	and	physical
therapy	 during	 the	 ICU	 stay	 may	 improve	 short-	 and	 long-term	 functional
outcomes	 including	 decreased	 length	 of	 stay.14,26,27	 Due	 to	 their	 immobility
status,	CIM	patients	have	also	an	 increased	 risk	of	deep	venous	 thrombosis	or
pressure	 ulcer;	 thus,	 appropriate	 deep	 venous	 thrombosis	 prophylaxis,
positioning	 of	 limbs,	 and	 regular	 full	 skin	 evaluations	 for	 pressure	 ulcers	 are
paramount.1,8,14	Although	initiation	of	early	nutrition	may	not	alter	the	extent	of
muscle	wasting	during	ICU	stay,	it	can	improve	ICU	outcomes.28

Outcomes
7 	 6 	When	the	patient	survives	their	systemic	illness,	recovery	occurs	over	weeks
to	 months,	 depending	 on	 the	 severity	 of	 the	 myopathy.7	 For	 patients	 whose
disease	severity	was	pronounced	and	for	those	with	concomitant	CIP,	recovery	is
expected	to	take	many	months,	along	with	the	need	for	tracheostomy	and	long-



term	 ventilatory	 support.	 For	 these	 patients,	 some	 motor	 recovery	 ultimately
occurs,	 but	 they	 are	 often	 left	 with	 residual	 long-term	 muscle	 weakness	 and
atrophy,	with	compromise	of	daily	functioning	and	ambulation.	CIP	is	the	main
contributor	to	persistent	disability;	and	in	cases	of	CIM	with	coexisting	CIP,	it	is
CIP	 per	 se	 that	 impedes	 recovery22;	 CIM	 in	 isolation	 can	 be	 associated	 with
complete	recovery.4,29

CRITICAL	ILLNESS	POLYNEUROPATHY

Diagnosis
2 	 Patients	 with	 CIP	 develop	 a	 symmetrical,	 sensorimotor,	 axon-loss
polyneuropathy4,12,30	most	prominent	in	the	lower	extremities,	with	depressed	or
absent	 reflexes.	 Facial	muscles	 are	 usually	 not	 affected	 helping	 to	 distinguish
this	disorder	from	GBS	where	bilateral	facial	paresis	occurs	in	>50%.31	In	most
cases	of	CIP,	distal	muscles	are	affected	more	than	proximal	muscles,	but	when
the	 disorder	 is	 severe	 there	 is	 generalized	 flaccid	 weakness	 and	 ventilatory
failure.	 There	 is	 usually	 distal	 sensory	 loss	 of	 pain,	 temperature	 and	 vibration
sense	 in	 patients	 alert	 enough	 to	 be	 tested.4	 Many	 patients	 with	 CIP	 have	 a
concomitant	 encephalopathy	 from	 their	 underlying	 multiorgan	 system	 failure,
sepsis,	or	both.4,12

Risk	Factors
3 	 Sepsis	 and	multiorgan	 failure	 are	 the	main	 risk	 factors	 for	 CIP.12,14,22,30	 One
prospective	 study	 that	 assessed	 patients	 clinically	 and	 electrophysiologically
found	that	70%	of	patients	had	evidence	of	an	axonal	polyneuropathy	on	average
28	 days	 after	 onset	 of	 sepsis	 and	multiorgan	 failure.32	 Approximately	 50%	 of
patients	 admitted	 to	 the	 ICU	 with	 sepsis	 and	 multiorgan	 failure	 for	 at	 least
2	weeks	will	have	EMG	evidence	for	an	axon-loss	polyneuropathy.

Laboratory	Studies

EMG	Studies
4 	The	most	important	diagnostic	test	for	CIP	is	the	EMG	that	shows	an	axonal
polyneuropathy	 with	 reduced—and	 in	 severe	 cases,	 absent—conduction



amplitude	 of	 sensory	 and	motor	 responses.	 The	 nerves	 of	 the	 lower	 limbs	 are
often	 more	 affected	 than	 those	 of	 the	 arms	 owing	 to	 the	 length-dependent
distribution	of	 pathology.12,30	Nerve	 conduction	velocities	 are	 generally	 normal
or	 only	 mildly	 reduced	 as	 is	 seen	 in	 axonal	 neuropathies.6	 Nerve	 conduction
studies	of	the	phrenic	nerves	will	generally	reveal	reduced	responses.	In	CIP,	the
direct	 muscle	 stimulation-evoked	 response	 of	 the	 anterior	 tibial	 muscle	 is
relatively	 higher	 than	 the	 response	 elicited	 by	 peroneal	 nerve	 stimulation;	 the
ratio	of	the	amplitude	of	nerve	stimulation-evoked	muscle	response	compared	to
direct	muscle	stimulation-evoked	response	is	<0.5.	Needle	electrode	examination
reveals	 typical	 features	 of	 acute	 denervation—positive	 sharp	 waves	 and
fibrillations—and	 reduced	 recruitment	 of	 motor	 unit	 potentials.	 More
pronounced	changes	are	seen	in	distal	than	in	proximal	muscles.	Nerve	biopsy	is
rarely	 indicated	 when	 evaluating	 a	 patient	 with	 suspected	 CIP,	 unless	 another
treatable	 etiology	 is	 suspected.	 Nerve	 histology	 of	 CIP	 shows	 distal	 axonal
degeneration	 of	 motor	 and	 sensory	 fibers;	 muscle	 shows	 atrophy	 of	 both	 and
fibers.4	Skin	biopsies	show	loss	of	intraepidermal	nerve	fibers	and	reduction	of
sweat	gland	innervation	indicating	small	fiber	pathology	during	the	acute	phase
of	critical	illness.33,34

Pathophysiology
The	 polyneuropathy	 is	 a	 complication	 of	 the	 systemic	 inflammatory	 response
triggered	 by	 sepsis,	 severe	 trauma,	 or	 burns.4	 It	 may	 be	 caused	 by	 impaired
microcirculation	 causing	 reduced	 nerve	 perfusion,	 edema,	 hypoxia,	 and
breakdown	 in	 the	 blood-nerve	 barrier.	 The	 neuropathy	may	 also	 be	 caused	 by
damage	 from	 cytokines,	 or	 by	 insulin	 resistance	 causing	 hyperglycemia	 with
damage	 to	 mitochondria.4	 Abnormal	 nerve	 excitability,	 caused	 by	 sodium
channel	inactivation,	may	cause	reversible	weakness	for	some	patients.22,35

Treatment
5 	Treatment	is	symptomatic	and	supportive,	with	stabilization	of	critical	medical
and	surgical	conditions	and	vigorous	 treatment	of	sepsis.	No	specific	 treatment
reduces	the	incidence	and	severity	of	CIP	(or	CIM).4	Although	intensive	insulin
treatment	of	hyperglycemia	 reduces	 the	 incidence	of	electrophysiological	 signs
of	CIP	and	CIM,	some	studies	suggest	mortality	may	be	greater	among	patients
treated	 to	 strict	normoglycemia.22	 Similar	 to	CIM,	 early	 physical	 rehabilitation
interventions	 are	 found	 to	 improve	 both	 short-	 and	 long-term	 functional



outcomes	in	CIP	patients.14,26,27

Outcomes
6 	 Recovery	 of	 sensory	 and	 motor	 function	 occurs	 over	 weeks	 to	 months,
depending	 on	 the	 severity	 of	 the	 neuropathy.	 In	 some	 instances	 of	 very	 slow
recovery	over	months,	long-term	ventilatory	support	may	be	required,	even	after
the	 underlying	 critical	 illness	 has	 resolved.	 Compared	 to	 patients	 with	 CIM,
those	with	CIP	tend	to	have	a	slower	and	less	complete	recovery.14	Eighty-eight
percent	of	CIM	patients	recovered	in	1	year	compared	with	55%	of	patients	with
CIP	 or	 CIP	 and	 CIM	 combined.29	 Survivors	 of	 CIP	 may	 be	 left	 with	 painful
dysesthesias	from	the	small	fiber	neuropathy.33

Differential	Diagnosis
5 	 Other	 peripheral	 neuropathies,	 neuromuscular	 junction	 disorders,	 and
myopathies	may	present	with	 acutely	 evolving	weakness	 and	 simulate	CIM	or
CIP.1,6,8,30,36	 Among	 the	 acute	 and	 severe	 polyneuropathies,	 the	 most	 common
acute	 and	 severe	 polyneuropathy	 is	 the	 GBS	 (Chapter	 152).	 Two-thirds	 of
patients	 have	 had	 a	 preceding	 viral	 or	 bacterial	 syndrome,	 an	 inoculation	 or
recent	surgery.	Most	patients	present	with	rapidly	progressive	areflexic	paralysis
beginning	 in	 the	 legs	 and	 spreading	 proximally;	 the	 diaphragm	 is	 involved	 in
25%	of	 cases	 and	 the	 facial	muscles	 in	more	 than	 50%.	Most	 patients’	EMGs
reveal	a	demyelinating	polyneuropathy	with	slowed	nerve	conduction	velocity	to
<70%	of	normal,	partial	conduction	block;	prolonged	distal	motor	latencies;	and
prolonged	 or	 absent	 late	 responses,	 distinguishing	 GBS	 from	 CIP.	 In	 most
patients	 with	 GBS,	 the	 cerebrospinal	 fluid	 (CSF)	 examination	 shows	 an
albuminocytologic	 dissociation	 (elevation	 in	 protein	 without	 pleocytosis)
distinguishing	GBS	 from	CIP	 in	which	 the	CSF	 findings	 are	normal.	GBS,	 an
immune-mediated	disorder,	 responds	to	 intravenous	immunoglobulin	or	plasma
exchange	(unlike	CIP	or	CIM	that	do	not),	making	early	recognition	essential	to
start	treatment	early	and	reduce	morbidity.

Peripheral	neuropathy	may	be	seen	in	some	patients	up	to	30	days	following	a
surgical	procedure.	Unlike	CIM	or	CIP,	 these	postsurgical	 axonal	neuropathies
are	 clinically	 heterogeneous,	 presenting	 as	 focal,	 multifocal,	 or	 diffuse
(polyradiculoneuropathy)	 disorders37;	 and	 unlike	 CIM	 or	 CIP,	 magnetic
resonance	 imaging	 (MRI)	 of	 nerves,	 roots,	 and	 plexuses	 shows	 inflammatory
changes.	These	neuropathies	often	respond	to	immunotherapy.



The	most	important	neuromuscular	junction	disorder	causing	acute	weakness
is	myasthenia	gravis	(Chapter	153).	Most	individuals	present	with	ocular	muscle
weakness	with	 ptosis	 and	 diplopia,	 and	 generalized	weakness	with	 a	 fatigable
component.	 More	 than	 90%	 of	 patients	 have	 antibodies	 to	 the	 acetylcholine
receptor,	 and	 abnormal	 EMG	 findings,	 with	 a	 decremental	 motor	 response
during	repetitive	nerve	stimulation	at	2	to	3	Hz.

Another	 neuromuscular	 junction	 disorder	 is	 prolonged	 neuromuscular
blockade	 by	 muscle	 relaxants,	 nearly	 always	 seen	 in	 patients	 with	 renal	 or
hepatic	 failure.	 It	 is	 often	 associated	with	 elevated	 levels	 of	 the	metabolite	 of
vecuronium	 and	 tends	 to	 improve	 after	 infusion	 of	 an	 acetylcholinesterase
inhibitor.

Botulism	 is	 a	 presynaptic	 disorder	 characterized	 by	 rapidly	 progressive,
diffuse,	 symmetrical	 weakness	 with	 a	 proximal	 predominance;	 dysarthria	 and
dysphagia;	 respiratory	 involvement;	 and	 a	 prominent	 autonomic	 component
(dilated	 pupils,	 bradyarrhythmia,	 ileus,	 orthostatic	 hypotension,	 and	 urinary
retention).	 Management	 consists	 of	 supportive	 care	 and	 administration	 of
trivalent	antitoxin.

THE	DIAGNOSTIC	CHALLENGE:
DISTINGUISHING	CRITICAL	ILLNESS
MYOPATHY	FROM	CRITICAL	ILLNESS
POLYNEUROPATHY
Severe	generalized	weakness	with	failure	to	wean	from	mechanical	ventilation;
preserved	reflexes	and	sensation;	a	transient	rise	in	CK;	and	relatively	preserved
sensory	responses	on	EMG	suggest	ICU	myopathy	rather	than	neuropathy.8,30,38
With	ICU	polyneuropathy,	sensory	loss;	areflexia;	and	the	EMG	findings	of	an
acute	neuropathic	disorder	 are	 typical.	Clinically,	 a	polyneuropathy	may	easily
be	missed	because	for	many	patients	detailed	sensory	examination	is	impossible
during	 their	 ICU	 stay,	 especially	 when	 there	 is	 a	 coexisting	 encephalopathy.
Further	 confounding	 the	 distinction,	 reflex	 loss	 can	 occur	 with	 both	 CIP	 and
myopathy;	fibrillation	potentials	may	be	present	with	both	disorders,	and	motor
unit	 potentials	 may	 not	 be	 elicitable	 owing	 to	 severe	 weakness	 or
encephalopathy.	 In	 the	 final	 analysis,	 it	 may	 be	 difficult	 to	 distinguish	 one
disorder	from	another	in	an	individual	case;	and	it	is	likely	that	in	many	patients
both	 disorders	 are	 present	 in	 varying	 degrees,6,12,39	 giving	 rise	 to	 a	 combined
syndrome	of	CIM	and	CIP.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	58-year-old	woman	with	history	of	major	depressive	disorder	on
amitriptyline	and	hypertension	on	lisinopril	was	found	unconscious	at	home	was
intubated	and	brought	to	the	intensive	care	unit.	A	serum	creatine	kinase	(CK)
level	was	mildly	elevated	at	729	U/L	(normal	range	49-348	U/L).	She	was
appropriately	treated	with	activated	charcoal,	sodium	bicarbonate	infusion,
oxygen	therapy,	and	physostigmine.	However,	her	ICU	course	was	complicated
by	aspiration	pneumonia,	sepsis,	and	acute	respiratory	distress	syndrome.	She
required	multiple	antibiotics,	intravenous	steroids,	and	high	positive	end-
expiratory	ventilator	pressure.	Twenty-five	days	post	admission	she	is	following
commands	but	is	still	connected	to	the	ventilator	with	a	tracheostomy.	On	exam,
she	is	unable	to	move	either	upper	extremity	off	the	bed	(although	she	can
wiggle	her	fingers),	but	she	can	move	her	lower	limbs	off	the	bed	and	wiggle	her
toes.	There	is	no	facial	muscle	weakness.	The	patient	does	not	have	any	pain,
numbness,	or	paresthesia	in	her	upper	and	lower	extremities,	and	no	diplopia	or
change	in	visual	acuity.	Deep	tendon	reflexes	are	slightly	decreased	in	upper
extremities,	but	symmetric,	with	no	pathologic	reflexes.	The	sensory	modalities
are	all	intact.	She	has	been	off	sedation	for	7	days.	Vital	signs	are	blood	pressure
135/83	mm	Hg,	pulse	78/min,	and	respiratory	rate	19/min	on	CPAP	of	10	mm
Hg.	Foley	catheter	is	draining	clear	urine.	Serum	CK	level	is	now	normal	(210
U/L).	Magnetic	resonance	imaging	(MRI)	of	brain	and	cervical	spine	are
unremarkable.	What	is	the	most	appropriate	next	step	in	the	assessment	of	this
patient’s	weakness?

A. 	Brachial	plexus	MRI
B. 	Cerebrospinal	fluid	study	for	protein	level	and	white	blood	cell	count
C. 	Deltoid	muscle	biopsy
D. 	Electromyography	and	nerve	conduction	study

2. 	What	is	the	most	characteristic	finding	in	the	muscle	biopsy	from	a	patient
with	critical	illness	myopathy	(CIM)?

A. 	Perifascicular	atrophic	muscle	fibers	with	infiltration	of
macrophages	and	dendritic	cells
B. 	Prominent	muscle	fiber	necrosis	with	infiltrating	macrophages	within



the	muscle	tissue	and	upregulation	of	major	histocompatibility	of	complex
class	I	(MHC-I)	on	the	surface	of	nonnecrotic	muscle	fibers
C. 	Prominent	muscle	fiber	atrophy,	myofiber	size	variation,	and
eosinophilic	aggregates	within	fibers
D. 	Prominent	muscle	fibers	atrophy,	variable	degree	of	muscle	fiber
necrosis,	with	reduction	in	myosin-adenosine	triphosphatase	reactivity	in
nonnecrotic	fibers,	and	absence	of	inflammatory	cells

3. 	What	is	most	likely	to	be	found	during	a	nerve	conduction	study	(NCS)	in
a	patient	with	critical	illness	polyneuropathy	(CIP)?

A. 	Axonal	sensorimotor	polyneuropathy
B. 	Demyelinating	motor	polyneuropathy
C. 	Mixed	axonal	and	demyelinating	motor	polyneuropathy
D. 	Non–length-dependent	axonal	sensory	ganglionopathy

Answers

1.	The	correct	answer	is	D.
Rationale:	This	clinical	history	illustrates	a	patient	after	prolonged	ICU	stay

with	 disproportionate	 weakness	 of	 the	 upper	 limbs	 as	 compared	 to	 the	 lower
limbs	and	face.	Ischemic	events	such	as	hypoxic/anoxic	or	hypoperfusion-related
central	nervous	system	(CNS)	injuries	should	not	be	overlooked	in	this	case,	as
these	 are	 not	 uncommon	 in	 patients	with	 drug	 overdose.	 The	 presentation	 fits
with	 man-in-the-barrel	 syndrome	 (MIBS)	 or	 brachial	 diplegia.	 Major	 CNS
differential	diagnoses	of	MIBS	include	bilateral	 frontal	 lobe	 lesions	(precentral
gyrus),	 bilateral	 anterior	 watershed	 infarction,	 pontine	 or	 extrapontine
myelinolysis,	anterior	spinal	artery	infarction,	atlantoaxial	dislocation,	Jefferson
fractures,	 and	 brachial	 amyotrophic	 diplegia	 (a	 variant	 of	 amyotrophic	 lateral
sclerosis).	However,	given	the	unremarkable	results	of	MRI	of	brain	and	cervical
spinal	 cord,	 ischemic	 or	 other	 lesions	 in	 the	 CNS	 can	 be	 excluded.	 Brachial
amyotrophic	 diplegia	 is	 also	 a	 rare	 entity	 and	 may	 not	 fit	 the	 patient’s
presentation	and	history.	Additionally,	one	would	typically	expect	some	sensory
involvement	 in	 a	 brachial	 plexopathy;	 therefore,	 brachial	 plexus	MRI	may	not
yield	 any	 further	 clues	 in	 this	 case	 (choice	 A	 is	 incorrect).	 The	 pattern	 of
proximal	muscle	weakness	 in	her	upper	 limbs	may	also	raise	 the	possibility	of
peripheral	 causes	 such	 as	 critical	 illness	 myopathy	 (CIM)	 or	 polyneuropathy
(CIP),	 inflammatory	or	 necrotizing	myopathies,	 rhabdomyolysis,	 and,	 to	 lesser



extent,	 myasthenia	 gravis.	 In	 both	 inflammatory/necrotizing	 myopathies	 and
rhabdomyolysis	we	would	expect	to	have	markedly	elevated	CK	levels.	Normal
current	CK	and	clear	urine	rules	out	an	underlying	rhabdomyolysis.	Since	she	is
off	 sedation,	 she	 would	 be	 alert	 to	 be	 able	 to	 participate	 in	 the	 needle
electromyography	 (EMG)	which	will	 result	 in	 a	 reliable	 study.	 Therefore,	 the
next	appropriate	step	to	evaluate	for	CIM,	CIP,	and	even	myasthenia	gravis,	is	to
perform	EMG/nerve	 conduction	 study	 (NCS)	 (choice	D	 is	 correct).	Given	 our
low	 suspicion	 for	 inflammatory/necrotizing	 myopathies	 in	 this	 case,	 muscle
biopsy	 would	 not	 be	 done	 prior	 to	 EMG/NCS	 (choice	 C	 is	 incorrect).
Considering	 the	 preserved	 reflexes,	 intact	 sensory	 exam,	 intact	 facial	muscles,
and	proximal	>	distal	upper	>	lower	limb	weakness	in	this	case,	it	is	unlikely	that
she	 has	 developed	 Guillain-Barre	 syndrome,	 and	 thus	 CSF	 assessment	 for
albuminocytologic	 dissociation	 (elevated	 protein	 without	 pleocytosis)	 would
also	be	low	yield	(choice	B	is	 incorrect).	Of	note,	EMG/NCS	would	even	help
find	GBS	demyelination	if	it	were	to	be	present.

2.	The	correct	answer	is	D.
Rationale:	The	muscle	biopsy	for	CIM	shows	muscle	fiber	atrophy,	especially

involving	the	fibers,	a	variable	degree	of	muscle	fiber	necrosis,	and	the	absence
of	any	inflammatory	cells	(choice	D	is	correct).	The	hallmark	of	the	disorder—
loss	 of	 myosin—can	 be	 confirmed	 immunocytochemically	 or	 by	 electron
microscopy	 as	 reduction	 in	 myosin-adenosine	 triphosphatase	 reactivity	 in
nonnecrotic	 fibers.	 Perifascicular	 atrophic	 muscle	 fibers	 with	 infiltration	 of
macrophages	 and	 dendritic	 cells	 would	 be	 a	 characteristic	 feature	 of
dermatomyositis,	 an	 inflammatory	 myopathy	 with	 proximal	 painful	 muscle
weakness	and	typical	skin	rashes	(choice	A	is	incorrect).	Prominent	muscle	fiber
necrosis	with	 predominantly	 infiltrating	macrophages	within	 the	muscle	 tissue
and	upregulation	of	MHC-I	on	the	surface	of	nonnecrotic	muscle	fibers	is	seen
in	 immune-mediated	 necrotizing	 myopathies	 which	 usually	 manifest	 with
progressive	 proximal	 muscle	 weakness	 with	 markedly	 elevated	 CK	 levels
(choice	 B	 is	 incorrect).	 A	 considerable	 number	 of	 these	 patients	 may	 have
positive	 serum	 anti-HMGCR	 (3-hydroxy-3-methylglutaryl-CoA	 reductase)	 or
anti-SRP	 (signal	 recognition	 particle)	 antibodies.	 Although	 prominent	 muscle
fibers	atrophy,	myofiber	size	variation,	and	eosinophilic	aggregates	within	fibers
may	be	seen	in	a	variety	of	myopathies,	especially	congenital	myopathies,	these
finding	are	very	atypical	for	CIM	(choice	C	is	incorrect).	Not	listed	as	a	choice,
but	 if	 the	 muscle	 biopsy	 featured	 endomysial	 inflammation	 and	 presence	 of
rimmed	 vacuoles	within	 fibers	 it	 would	 be	 characteristic	 features	 of	 inclusion
body	myositis	(IBM),	which	is	an	inflammatory	and	degenerative	muscle	disease



causing	painless	muscle	weakness	especially	in	proximal	lower	limbs	and	distal
upper	limbs.

3.	The	correct	answer	is	A.
Rationale:	 In	 patients	 with	 CIP,	 nerve	 conduction	 studies	 (NCSs)	 typically

show	 generalized	 reduced	 amplitudes	 in	 both	 sensory	 and	 motor	 responses,
which	indicates	an	axon-loss	injury	to	both	sensory	and	motor	nerves	(ie,	axonal
sensorimotor	 polyneuropathy)	 (choice	 A	 is	 correct).	 Demyelinating	 motor
polyneuropathy	 is	 not	 a	 pure	 NCS	 finding	 in	 CIP	 and	 indicates	 a	 coexisting
condition	such	as	acute	or	chronic	inflammatory	demyelinating	polyneuropathy
(AIDP	 or	 CIDP)	 (choice	 B	 is	 incorrect).	 Although	 there	 might	 be	 some
demyelinating	 features	 in	 the	 NCSs	 of	 patients	 with	 CIP,	 this	 is	 mainly
secondary	to	axonal	loss.	Additionally,	axonal	sensory	neuropathies	are	typically
present	 in	CIP,	making	mixed	axonal	and	demyelinating	motor	polyneuropathy
less	 likely	 (choice	 C	 is	 incorrect).	 Non–length-dependent	 axonal	 sensory
ganglionopathy	 is	 not	 seen	 in	 the	 CIP.	 This	 represents	 a	 different	 class	 of
diseases,	 sensory	 neuronopathies/ganglionopathies,	 that	 manifest	 purely	 with
painful	 sensory	 neuropathy	 with	 a	 variety	 of	 autoimmune	 (eg,	 Sjögren
syndrome)	or	nonautoimmune	(eg,	exposure	with	certain	chemotherapies	such	as
platin	agents)	etiologies	(choice	D	is	 incorrect).	Not	 listed	as	an	answer	choice
here,	but	multifocal	motor	neuropathy	with	conduction	blocks	predominantly	in
upper	 limbs	 would	 be	 a	 typical	 NCS	 finding	 in	 multifocal	 motor	 neuropathy
(MMN)	which	is	a	different	motor	neuropathy	caused	by	an	autoimmune	process
and	responds	well	to	intravenous	immunoglobulin	therapy.
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Chapter	155
Neuro-oncological	Problems	in	the
Intensive	Care	Unit
N.	Scott	Litofsky,	Kia	Ghiassi

KEY	POINTS:
1.	 Intracranial	pressure	elevation	may	be	managed	pharmacologically

with	mannitol,	hypertonic	saline,	or	glucocorticoids.	Glucocorticoids
have	the	advantage	of	a	sustained	therapeutic	effect.

2.	 Hydrocephalus	is	a	common	complication	and	may	arise	due	to
obstruction	of	CSF	flow	or	impairment	of	CSF	absorption	at	the
arachnoid	granulations.

3.	 Radiation	necrosis	may	be	difficult	to	distinguish	from	tumor
recurrence	on	MRI.	SPECT	is	helpful,	and	high-dose	glucocorticoids
improve	symptoms.

4.	 Venous	thromboembolism	is	an	important	complication	and
mechanical	and	chemical	prophylaxis	should	be	initiated	as	soon	as
feasible.

5.	 Prognostication	takes	into	account	the	origin	of	the	neoplasm	and
end-of-life	care	goals	must	be	individualized.

INTRODUCTION
Neuro-oncology	encompasses	 the	care	of	patients	with	neoplasms	affecting	 the
brain,	spinal	cord	and	peripheral	nervous	system.	These	tumors	may	arise	either
within	 the	nervous	system	itself	or	spread	from	systemic	malignancies.	Neuro-
oncology	patients	may	require	care	in	an	intensive	care	unit	(ICU)	at	a	number
of	 different	 phases	 of	 their	 illnesses.	 Many	 postoperative	 patients	 with	 brain
tumors	are	admitted	to	the	ICU.	Neuro-oncology	patients	are	also	admitted	to	the



ICU	if	they	suffer	catastrophic	or	near	catastrophic	neurological	decline	or	when
they	 are	 at	 high	 risk	 for	 sequelae.	 Lastly,	 neuro-oncology	 patients	 may	 also
suffer	from	medical	conditions	that	require	ICU	level	monitoring.

This	 chapter	 discusses	 the	 intensive	 care	 issues	 that	may	be	 encountered	 in
neuro-oncology	 patients,	 either	 following	 their	 surgery	 or	 as	 complications	 of
their	 diseases.	 These	 issues	 included	 elevated	 intracranial	 pressure	 (ICP),
hydrocephalus,	seizures,	postoperative	complications,	spinal	neoplastic	disease,
and	medical	systemic	complications.

ELEVATED	INTRACRANIAL	PRESSURE
Elevated	 ICP	 frequently	 complicates	 the	 course	 of	 patients	 with	 cerebral
neoplasms.	Both	primary	and	metastatic	tumors	of	the	brain	can	cause	elevated
ICP.	 Patients	 with	 aggressive	 brain	 tumors	 often	 succumb	 to	 uncontrollable
elevations	in	ICP.

Pathophysiology
Normal	ICP	ranges	between	5	and	15	cm	H2O.	This	pressure	is	generated	by	the
volumes	 of	 the	 various	 components	 contained	 in	 the	 fixed	 vault	 of	 the	 rigid
skull.	 These	 components	 include	 brain	 parenchyma	 (83%),	 cerebrospinal	 fluid
(CSF)	 (11%),	 extracellular	 water,	 and	 blood	 in	 vascular	 spaces	 (6%).	 A
perturbation	of	any	of	these	components	can	increase	ICP.	Any	additional	tissue
not	 normally	 present	 in	 the	 brain,	 such	 as	 a	 primary	 or	metastatic	 tumor,	 or	 a
hemorrhage	 associated	 with	 a	 tumor,	 can	 also	 increase	 ICP.	 Increases	 of	 the
volume	of	any	given	compartment	will	at	 first	only	cause	a	 slight	elevation	of
ICP	as	 the	 system	autoregulates	 to	 compensate.	Beyond	a	particular	 threshold,
further	expansion	of	a	compartment	will	 lead	 to	stark	elevations	of	 ICP.	While
the	numerical	value	of	the	ICP	cannot	be	ascertained	by	neurodiagnostic	images,
some	of	the	perturbations	are	evident	on	either	CT	scan	or	MRI.

Brain	tumors	can	affect	each	intracranial	component.	In	addition	to	the	bulk
due	 to	 the	 neoplasm	 itself,	 cerebral	 neoplasms	 produce	 vasogenic	 edema,1
secondary	 to	 increased	permeability	 of	 blood	vessels	within	 or	 adjacent	 to	 the
tumor,	 thereby	 increasing	 extracellular	 water.2,3	 Radiographically,	 this	 edema
corresponds	 to	 hypodensity	 on	 CT	 or	 hyperintensity	 on	 T2-weighted	 MRI
around	 the	 enhancing	 bulk	 of	 tumor.	 Tumor	 mass,	 or	 brain	 parenchyma
displaced	by	tumor,	may	obstruct	CSF	pathways,	causing	hydrocephalus.	Rarely,
at	 least	 theoretically,	 some	 brain	 tumors	 (choroid	 plexus	 papillomas	 and



carcinomas)	 may	 produce	 excessive	 CSF	 that	 can	 cause	 hydrocephalus	 and
thereby	 increase	 ICP.4	 Hydrocephalus	 will	 be	 discussed	 in	 further	 detail	 in	 a
section	later.	Intravascular	blood	volume	also	can	increase	among	patients	with
tumors	 as	 a	 result	 of	 hypoventilation.	 Seizure	 activity	 or	 ICP	 elevation	 can
reduce	 respiratory	 drive	 and	 cause	 hypoventilation.	 Hypoventilation	 increases
PCO2,	which	 precipitates	 arterial	 vasodilation,	 thereby	 increasing	 intravascular
volume	 and	 ICP.	 This	 increase	 can	 cause	 a	 vicious	 positive	 feedback	 loop	 by
further	 inhibiting	 ventilatory	 drive.	 Additionally,	 mechanical	 damage	 to
surrounding	brain	 parenchyma,	 herniation,	 and	 cerebral	 infarction	 (particularly
in	the	anterior	cerebral	artery	and	posterior	cerebral	artery	[PCA]	distributions)
from	compression	against	the	edge	of	the	falx	or	tentorium.

Signs	and	Symptoms
Patients	can	experience	a	variety	of	symptoms	and	signs	caused	by	elevated	ICP.
These	findings	do	not	necessarily	correlate	with	the	degree	of	elevated	pressure,
though	generally	the	higher	the	ICP,	the	more	severe	the	neurological	findings.

As	ICP	increases,	compression	of	the	reticular	activating	system	depresses	the
patient’s	level	of	consciousness.	These	findings	tend	to	occur	sequentially,	with
the	 patient	 progressing	 from	 an	 awake	 and	 alert	 status	 to	 progressively	 more
lethargic	states	and	eventually	to	coma.

Patients	 may	 develop	 a	 variety	 of	 cognitive	 changes	 from	 elevated	 ICP.
Disorientation,	short-term	memory	loss,	decreased	fund	of	knowledge,	and	loss
of	insight	and	judgment	can	occur	to	varying	degrees.

As	increasing	ICP	approaches	pressure	of	the	central	retinal	vein,	the	patient
usually	 loses	 spontaneous	 venous	 pulsations	 seen	 on	 routine	 funduscopic
examination.	Further	elevation	of	ICP	exceeding	the	central	retinal	vein	pressure
causes	swelling	of	 the	optic	 discs	 (papilledema).	Papilledema	does	not	 usually
occur	rapidly	from	elevated	ICP.	ICP	must	usually	be	elevated	for	several	days
before	papilledema	is	evident.	Although	papilledema	is	not	caused	by	a	specific
ICP,	 a	 prospective	 study	 comparing	 children	 with	 optic	 nerve	 head	 edema
(ONHE)	with	 age-matched	 controls	 showed	a	 significant	 correlation	with	CSF
opening	 pressures	 >28	 cm	 H2O	 in	 the	 OHNE	 group.5	 A	 patient	 with	 long-
standing	 papilledema	 may	 have	 constriction	 of	 his/her	 visual	 fields	 and/or
decreased	visual	acuity,	as	well.

Brain	 masses	 causing	 elevated	 ICP	 can	 cause	 brain	 shifts	 from	 one
intracranial	 compartment	 to	 another.	 Usually	 a	 brain	 shift,	 also	 known	 as	 a
“herniation,”	 is	 away	 from	 the	 mass	 causing	 the	 elevated	 ICP.	 Supratentorial



masses	may	cause	the	brain	to	herniate	inferiorly	through	the	tentorial	incisura.
With	 a	 resulting	 central	 diencephalic	 herniation	 syndrome,	 the	 patient
experiences	 simultaneous	 bilateral	 pupillary	 dilation	 from	 compression	 of	 the
tectum,	containing	 the	Edinger-Westphal	nucleus	of	 the	oculomotor	nerve	 (CN
III).	A	lateral	cerebral	mass,	particularly	if	in	the	temporal	lobe,	forces	the	uncus
of	 the	 temporal	 lobe	 to	 herniate	 through	 the	 incisura.	 This	 uncal	 herniation
causes	 compression	 of	 oculomotor	 nerve	 (CN	 III)	 between	 the	 PCA	 and	 the
superior	 cerebellar	 artery,	 resulting	 in	 unilateral	 pupillary	 dilation.	 In	 both
herniation	syndromes,	the	constrictive	phase	of	the	light	reflex	can	also	cease	to
function	 (unreactive	 pupils).	 Usually,	 though	 not	 always,	 decrement	 of	 the
patient’s	level	of	consciousness	precedes	pupillary	dysfunction.

Patients	 can	 also	 have	 light-near	 dissociation.	 Pressure	 on	 the	 tectum	 can
compress	the	retinotectal	fibers	that	are	part	of	the	afferent	limb	of	the	pupillary
light	 reflex;	 the	 pupil	 does	 not	 constrict	 to	 light	 well.	 However,	 those	 fibers
involved	in	the	afferent	limb	of	pupillary	accommodation	to	near	vision,	which
travel	to	the	tectum	through	other	pathways,	are	not	affected.	Patients,	therefore,
can	have	pupils	that	constrict	to	accommodation	but	not	to	light.	This	finding	is
a	very	subtle	sign	of	elevated	ICP.

Double	vision	may	be	present.	The	abducens	nerve	(CN	VI),	which	controls
abduction	of	the	eye,	has	the	longest	intracranial	course	of	the	cranial	nerves	and
is	at	highest	risk	of	dysfunction	when	ICP	is	elevated.	Diplopia	is	usually	more
pronounced	with	increasing	lateral	gaze,	either	unilaterally	or	bilaterally.

As	the	dura	and	blood	vessels	are	stretched	by	elevated	ICP,	the	patient	may
experience	 headache.	 Headache	 is	 frequently	 described	 as	 “bandlike”	 or
“pressure-like.”	It	tends	to	occur	more	commonly	in	the	early	morning	and	may
wake	 the	 patient	 from	 sleep.	 While	 the	 patient	 is	 sleeping,	 the	 recumbent
position	 decreases	 venous	 return	 to	 the	 heart,	 elevating	 ICP.	 In	 addition,
hypoventilation	 that	 occurs	 during	 sleep	 will	 also	 elevate	 ICP,	 increasing	 the
headache.

Not	uncommonly,	headache	is	associated	with	projectile	vomiting.	Vomiting
occurs	because	of	pressure	on	the	area	postrema.

In	addition	to	the	symptoms	and	signs	described	earlier,	patients	with	elevated
ICP	often	 experience	 neurological	 deficits	 from	 the	 compressive	 effects	 of	 the
mass	of	 the	 tumor	on	adjacent	neural	structures.	These	deficits	can	 include	 the
following:	hemiparesis,	aphasia,	visual	field	loss,	hearing	loss,	ataxia	(truncal	or
appendicular),	and	sensory	loss.	The	presence	of	these	findings	is	based	on	the
size,	location,	and	rapidity	of	growth	of	the	mass.	Slower-growing	tumors	allow
the	 brain	 to	 compensate;	 focal	 findings	 may	 not	 be	 evident	 until	 late	 in	 the
patient’s	course.



Management
Mechanical	and	pharmacologic	therapies	are	available	to	treat	elevated	ICP,	with
expectant	 reduction	 or	 elimination	 of	 signs	 and	 symptoms.	 Some	 require	 very
minimal	intervention,	while	others	are	much	more	invasive.

Pharmacological	Treatments
Furosemide,	 a	 loop	 diuretic,	 rapidly	 reduces	 systemic	 circulating	 volume.
Extracellular	 and	 intracellular	 water	 in	 the	 brain	 are	 drawn	 into	 the	 vascular
system	and	are	redistributed.	Furosemide	also	promotes	venous	pooling,	leading
to	 similar	 redistribution	 of	 fluids.	 Furosemide	 is	 generally	 used	 at	 an	 initial
resuscitative	 dose	 of	 1	 mg/kg	 in	 cerebral	 herniation.	 A	 theoretical	 benefit	 of
furosemide	 when	 used	 in	 conjunction	 with	 mannitol	 is	 based	 on	 causing
preferential	excretion	of	water	over	solute	in	the	renal	distal	tubule,	and	thereby
sustaining	 the	 osmotic	 gradient	 initially	 established	 by	 the	 mannitol	 infusion.
However,	evidence	for	its	safety	and	efficacy	only	exists	in	animal	models.6,7	For
a	patient	who	has	had	frequent	vomiting	and	is	already	dehydrated,	furosemide
can	cause	hypotension	from	the	additional	hypovolemia.

Mannitol	 is	 an	 osmotic	 diuretic	 with	 an	 osmolality	 of	 1098	 mOsm/L.	 It
requires	 an	 intact	 blood-brain	 barrier	 (BBB)	 to	 take	 effect,	 like	 other
hyperosmolar	 agents.	 Its	 effects	 are	 actually	 primarily	 predicated	 on	 reducing
blood	 viscosity,	 which	 assists	 in	 perfusion	 of	 peritumoral	 ischemic	 regions.
Secondarily,	 mannitol	 causes	 plasma	 volume	 expansion,	 creating	 a	 gradient
across	 the	BBB	 to	 draw	water	 out	 of	 the	 brain	 into	 the	 circulation	 due	 to	 the
tonicity	 of	 mannitol.	 The	 kidneys	 then	 excrete	 this	 fluid	 along	 with	 other
water.8,9	Mannitol	is	frequently	given	as	an	initial	resuscitative	dose	of	1	gm/kg,
followed	by	0.25	gm/kg	every	4	 to	6	hours	as	needed	 to	maintain	diuresis	and
control	 ICP.	 Mannitol	 is	 quite	 effective	 for	 lowering	 ICP	 and	 reversing	 early
cerebral	herniation.	Of	note,	mannitol	is	more	effective	with	higher	initial	ICP.8
Mannitol	may	also	be	used	when	patients	have	significant	mass	effect	identified
on	neuroimaging	studies	(Figure	155.1).	A	number	of	potential	risks	are	present
with	 long-term	 mannitol	 use.	 Hypotension	 can	 occur	 among	 already
hypovolemic	 patients.	 Patients	 can	 also	 become	 hyperosmolar	 and
hypernatremic	and	have	rebound	ICP	elevation	with	prolonged	use	or	disruption
of	the	BBB.	Acute	kidney	injury	is	another	important	consideration.	Mannitol	is
usually	withheld	from	the	patient	when	serum	osmolarity	exceeds	340	mOsm/l
or	the	osmolar	gap	exceeds	20	mOsm/kg.10



	

Figure	 155.1 	 A,	 This	 MRI	 scan,	 performed	 on	 a	 patient
presenting	 with	 headache	 and	memory	 lapses,	 shows	 an	 enhancing
mass	(T)	involving	the	corpus	callosum	and	right	parietal	area,	with
surrounding	 edema	 (E).	 Stereotactic	 biopsy	 revealed	 glioblastoma
multiforme.	B,	One	week	following	biopsy,	the	patient	was	admitted
to	the	ICU	with	obtundation	and	left	hemiparesis.	His	CT	scan	shows
increased	 edema	 (E)	 and	 right	 to	 left	midline	 shift	 (S)—parafalcine
herniation.	 He	 required	mannitol,	 increased	Decadron,	 and	 surgical
decompression	 to	 improve.	 CT,	 computed	 tomographic;	 ICU,
intensive	care	unit;	MRI,	magnetic	resonance	imaging.

Acetazolamide	 has	 been	 assessed	 for	 the	 management	 of	 idiopathic
intracranial	hypertension	but	not	due	to	any	other	cause	of	elevated	ICP.	In	a	rat
model,	 acetazolamide	 has	 been	 used	 to	 determine	 its	 effect	 on	 ICP	 and	Na/K
ATPase	activity.11	Significant	reduction	in	ICP	occurs	within	10	min	of	injection
compared	 to	 control	 animals	 (P	 <	 .05),	 reaching	 a	 maximum	 reduction	 at	 55
min	±	4%	(P	<	.00001).	Acetazolamide	also	significantly	decreases	the	activity
of	 the	 Na/K	 ATPase	 in	 choroid	 plexus	 epithelial	 cells	 compared	 to	 control
(P	=	.0022).	Significant	increases	of	aquaporin	1	proteins	occur	in	the	membrane
fraction	 of	 the	 choroid	 plexus	 90	 minutes	 after	 acetazolamide	 administration,
which	 contradicts	 the	 theory	 that	 Aquaporin-1	 and	Na/K	ATPase	 secrete	 CSF
across	the	choroid	plexus	cells.	Being	that	ICP	decreases,	some	have	suggested
that	the	time	point	recording	of	protein	content	was	early	and	that	acetazolamide
decreases	 Aquaporin-1	 content	 actually	 by	 promoting	 translocation	 to	 the
membrane,	allowing	it	to	be	tagged	for	degradation.11	Human	trials	are	lacking,
but	further	exploration	in	human	subjects	could	prove	fruitful.

Hypertonic	 saline	 (2%-23.4%	NaCl)	 is	 another	 hyperosmolar	 agent	 used	 to
combat	 elevated	 ICP,	with	 a	duration	of	 action	of	up	 to	6	hours.	 23.4%	saline
(“super	 salt”)	 has	 an	 osmolality	 of	 8008	 mOsm/L	 and	 gives	 the	 quickest



response	for	impending	herniation.	Super	salt	is	administered	as	a	30	to	60	mL
bolus	over	15	to	20	minutes.	3%	saline,	another	option,	should	be	administered
through	 central	 venous	 access	 like	 23.4%,	 as	 a	 125	 to	 250	mL	 bolus	 over	 30
minutes	 with	 a	 repeat	 bolus	 after	 30	minutes	 when	 indicated.	 Commonly,	 the
goal	is	to	raise	serum	sodium	by	5	mEq/L	in	the	first	hour,	though	not	to	exceed
12	 mEq/L	 in	 the	 first	 24	 hours.	 Target	 serum	 sodium	 ranges	 are	 typically
between	145	and	155	mEq/L.8	Similar	to	mannitol,	the	infusion	of	saline	in	the
intravascular	space	 increases	 intravascular	osmotic	pressure	 to	draw	fluid	from
the	intracranial	extracellular	spaces	into	the	vascular	spaces	to	help	decrease	ICP.
Additionally,	hypertonic	saline	 increases	arterial	blood	pressure,	cerebral	blood
perfusion,	blood	flow	brain	tissue	oxygen,	and	brain	tissue	pH.	Hypertonic	saline
may	 be	 better	 at	 decreasing	 ICP	 and	 may	 maintain	 its	 effects	 longer	 than
mannitol.12	 Studies	 comparing	 the	 use	 of	 mannitol	 and	 hypertonic	 saline	 for
patients	 undergoing	 brain	 tumor	 surgery	 show	 that	 hypertonic	 saline	 patients
experience	increased	brain	relaxation,	need	less	fluid,	and	had	normal	to	higher
serum	sodium.13,14	Moreover,	 these	studies	suggest	 that	hypertonic	saline	exerts
its	 effect	 by	 reducing	 edema.	 Hypertonic	 saline	 solutions	 are	 favored	 over
mannitol	when	patients	are	hypotensive,	as	well.	Potential	risks	during	the	usage
of	 hypertonic	 saline	 include	 volume	 overload-related	 cardiac	 arrhythmias,
hypokalemia,	 acute	 hypotension	with	 rapid	 infusion,	 and	 the	 neurological	 side
effects	 of	 rapid	 increase	 of	 serum	 sodium,	 including	 seizures,	 confusion,
lethargy,	and	central	pontine	myelinolysis.15

Studies	comparing	 the	efficacy	of	mannitol	and	hypertonic	saline	have	been
performed,	though	rarely	with	equiosmolar	amounts.	One	prospective	trial	using
a	 cohort	 of	 30	 patients	 with	 supratentorial	 tumors	 undergoing	 resection	 with
clinical	 or	 radiographic	 evidence	 of	 raised	 ICP	 compared	 nearly	 equiosmolar
amounts	of	3%	hypertonic	saline	and	mannitol	with	respect	to	brain	relaxation.16
These	were	administered	preoperatively	and	brain	relaxation	was	scored	by	the
neurosurgeon	on	a	 four-point	scale	 from	“perfectly	 relaxed”	 to	“bulging	brain”
and	on	a	three-point	scale	by	anesthesiologists	with	specific	anatomic	descriptors
intraoperatively.	 Though	 no	 differences	 of	 brain	 relaxation	 were	 observed
between	 the	 two	 groups,	 there	 were	 statistically	 significant	 drops	 of	 mean
arterial	 pressure	 and	 central	 venous	 pressure	 in	 the	 mannitol	 group.	 This
worsened	over	 the	180	minutes	of	 intraoperative	duration	with	 a	decrement	 in
MAP	 by	 18.9.	 Though	 cerebral	 perfusion	 pressure	was	 not	 recorded,	 the	 goal
MAP	 was	 not	 maintained	 with	 mannitol.	 There	 are	 data	 demonstrating
differences	of	ICP	control	for	this	population.	Ali	et	al	found	that	among	patients
undergoing	supratentorial	tumor	resection,	between	5	mL/kg	20%	mannitol	and
3%	 hypertonic	 saline	 as	 a	 15-minute	 infusion,	 standardized	 parenchymal	 ICP



monitors	 showed	 that	 hypertonic	 saline	 more	 effectively	 reduced	 ICP.17
However,	patients	with	raised	ICPs	were	excluded	from	this	study.

1 	 Glucocorticosteroids	 can	 markedly	 improve	 symptoms	 of	 elevated	 ICP
and/or	 mass	 effect	 for	 patients	 with	 cerebral	 neoplasms.	 They	 work	 by
stabilizing	 cell	 membranes	 and	 reducing	 vasogenic	 edema.1,18	 Dexamethasone
(Decadron)	is	 the	most	commonly	used	glucocorticosteroids.	An	initial	dose	of
10	 to	 20	mg	 is	 followed	 by	 4	 to	 6	mg	 every	 4	 to	 6	 hours,	 depending	 on	 the
severity	 of	 the	 patient’s	 clinical	 condition.	 Solu-Medrol	 (100	mg	 initially,	 and
then	 20-40	 mg	 every	 4-6	 hours)	 is	 another	 option.	 The	 total	 duration	 of
glucocorticosteroids	and	subsequent	 tapering	of	 them	should	be	 individualized.
One	option	is	to	initiate	tapering	when	the	patient	is	considered	clinically	stable
and/or	asymptomatic	postoperatively	by	reducing	50%	the	dose	every	1	to	2	or	5
to	7	days;	a	variety	of	viable	regimens	are	available.19	Glucocorticosteroids	are
the	medical	mainstay	of	brain	tumor	care	because	their	effects	are	sustained	over
time.	 A	 patient	 with	 vasogenic	 edema	 from	 tumor	 may	 require	 steroids	 for	 a
significant	period	of	 time.	 In	 the	 short	 term,	 steroids	 can	cause	hyperglycemia
and	 exacerbate	 diabetes	 mellitus,	 changing	 the	 patient’s	 insulin	 requirements.
Gastrointestinal	 hemorrhage	 or	 ulceration	 can	 occur;	 H2	 blockers,	 such	 as
famotidine	 are	 frequently	 given	 prophylactically.	 The	 stimulatory	 effect	 of
steroids	frequently	disrupts	sleep.	Long-term	use	of	steroids	may	be	associated
with	 proximal	muscle	weakness,	 avascular	 necrosis	 of	 the	 femoral	 head,	 easy
bruising,	and	other	findings	of	Cushing	syndrome.

Some	of	 the	 effects	 of	 long-term	glucocorticosteroid	 use	 can	be	 difficult	 to
distinguish	 from	 other	 conditions	 among	 patients	 with	 multiple	 medical
comorbidities.	 In	 a	 2015	 prospective	 cohort	 by	 Armstrong	 et	 al,	 the
Dexamethasone	 Symptom	 Questionnaire—Chronic	 (DSQ-C)	 was	 used	 to
evaluate	 the	 adverse	 effects	 of	 Dexamethasone	 over	 1	 month	 among	 patients
with	 brain	 tumors	 categorized	 as	 primary	 versus	metastatic	 and	 by	 grade	with
respect	 to	 the	mean	total	dose	of	steroid	administered.20	Linear	regression	used
was	for	effect	of	variables	such	as	steroid	duration	and	use	and	a	logistic	model
was	 used	 for	 binary	 outcomes.	 The	 DSQ-C	 is	 17-item,	 internally	 validated
questionnaire	 that	 asks	 patients	 to	 qualitatively	 assess	 the	 frequency	 of
symptoms	 listed.	 The	 most	 frequently	 reported	 symptoms	 were	 trouble	 with
sleep,	 increased	 appetite,	 and	 anger.	 Higher	 mean	 scores	 correlated	 with
increased	frequency	of	symptoms.	The	DSQ-C	may	be	a	useful	tool	to	identify,
predict,	 and	 moderate	 steroid	 doses	 with	 respect	 to	 adverse	 effects	 in	 this
population.

Another	 retrospective	 study,	 assessing	 4407	 patients	 over	 6	 years	 who	 had
craniotomy	for	tumor	resection	who	had	received	preoperative	steroids,	found	a



smaller	risk	for	prolonged	hospitalization	with	glucocorticosteroid	use,	but	after
adjusted	 analysis	 this	 finding	 was	 not	 found	 to	 reach	 statistical	 significance.
More	 importantly,	 in	 a	 propensity	 matched	 cohort,	 no	 perioperative
complications	were	observed.21

Extensive	research	of	the	role	of	ketogenic	diet	for	the	management	of	raised
ICP	 is	 lacking.	A	 single	 study	 in	 2020	 shows	 that	 a	 ketogenic	 diet	 is	 safe	 but
produces	no	impact	on	the	hemodynamics	of	patients	with	acute	brain	injury.1,73
Hemodynamic	parameters	include	intracranial	hypertension	index	(calculated	as
the	total	percentage	of	ICP	elevations	>20	mm	Hg)	and	cerebral	hypoperfusion
index	 (calculated	 similarly,	 although	 it	 accounted	 for	 the	 episodes	where	CPP
was	<50	mm	Hg).	Currently,	evidence	for	the	role	of	ketogenic	diet	for	patients
with	raised	ICP	is	very	limited	with	regard	to	safety	and	efficacy,	particularly	for
neuro-oncology	patients.1

Mechanical	Treatments
Head	elevation	is	perhaps	the	easiest	treatment	available	and	should	probably	be
the	 first	 intervention.	With	 head	 elevation,	 venous	 drainage	 from	 the	 brain	 is
increased,	thereby	reducing	blood	volume	within	its	intravascular	compartment.
Furthermore,	 head	 elevation	 prevents	 jugular	 kinking	 to	 promote	 venous
drainage,	 particularly	 if	 the	 head	 is	 not	 turned	 to	 one	 side	 or	 the	 other.	 Head
elevation	 poses	 minimal	 risk	 to	 the	 patient.	 Theoretically	 cerebral	 perfusion
could	be	diminished,	but	such	a	reduction	is	negligible	for	a	patient	with	normal
blood	pressure.

In	 contrast	 to	 cerebral	 vasodilation	 caused	 by	 hypoventilation,	 hypocarbia
from	 hyperventilation	 causes	 cerebral	 vasoconstriction,	 which	 reduces	 the
arterial	 intravascular	 blood	 volume	 within	 the	 brain.	 Hyperventilation	 can
therefore	 rapidly	 reduce	 ICP	 and	 reverse	 a	 cerebral	 herniation	 syndrome.
Although	 initial	 hyperventilation	 can	 be	 performed	 with	 an	 AMBU	 bag,
sustained	 hyperventilation	 is	 best	 archived	 by	 endotracheal	 intubation	 and
mechanical	 ventilation	 of	 the	 patient.	 Moderation	 of	 hyperventilation	 is
necessary	because	at	PCO2	 less	 than	25	mm	Hg,	 cerebral	 ischemia	may	 result
from	 profound	 vasoconstriction;	 moderation	 of	 hyperventilation	 is	 consistent
with	 Brain	 Trauma	 Foundation	 guidelines.22	 Current	 data	 regarding
hyperventilation	 for	elevated	 ICP	suggest	 that	hyperventilation	beyond	4	hours
to	a	PCO2	of	35	causes	impaired	oxygen	delivery	by	way	of	reduced	brain	tissue
oxygen	tension	out	of	proportion	with	the	benefit	derived	from	increasing	CVR
and	reducing	cerebral	blood	volume	and	subsequently	ICP.	To	this	end,	one	can
consider	 monitoring	 brain	 tissue	 oxygen	 tension	 or	 jugular	 venous	 oxygen



saturation.23	 A	 vasodilatory	 rebound	 from	 hyperventilation	 occurs	 after
approximately	 24	 hours,	 thereby	 negating	 its	 positive	 effects	 when
hyperventilation	is	used	chronically.24	Data	on	mortality	and	functional	outcomes
of	 hyperventilation	 for	 ICP	 management	 have	 been	 geared	 toward	 traumatic
brain	injury	patients	primarily	as	compared	to	those	with	intracranial	masses.

One	 of	 the	 most	 effective	 means	 of	 rapidly	 reducing	 ICP	 is	 to	 drain	 CSF.
Such	a	maneuver	is	effective	whether	or	not	the	patient	has	hydrocephalus.	For	a
patient	 with	 a	 brain	 tumor,	 the	 safest	 method	 of	 draining	 CSF	 is	 to	 place	 a
ventriculostomy,	 a	 catheter	 usually	 passed	 into	 the	 frontal	 horn	 of	 the	 lateral
ventricle	 via	 a	 small	 hole	 drilled	 through	 the	 skull.	 The	 procedure	 can	 be
performed	 using	 sterile	 technique	 by	 a	 neurosurgeon	 at	 the	 bedside.	 After
placement	 of	 a	 ventriculostomy,	 drainage	 of	 CSF	 into	 a	 bag	 at	 bedside	 can
reduce	ICP.	The	catheter	and	system	are	usually	coupled	to	a	pressure	transducer
so	that	ICP	can	be	measured.	As	per	the	Brain	Trauma	Foundation,	treatment	is
indicated	when	ICP	>22	mm	Hg.22	Although	this	recommendation	is	for	trauma
patients,	carryover	to	other	scenarios	where	ICP	may	be	elevated	is	reasonable.
One	difference	is	that	traumatic	brain	injury	can	sometimes	lead	to	global	mass
effect	 as	 opposed	 to	 the	 focal	 mass	 effect	 more	 commonly	 observed	 among
patients	with	intracranial	tumors.	Ultimately,	clinical	examination	in	conjunction
with	imaging	and	ICP	waveforms	can	dictate	the	ICP	above	which	CSF	ought	to
be	 drained.	 Some	 patients	 require	 treatment	 at	 lower	 levels	 of	 ICP	 to	 achieve
clinical	improvement.	By	contrast,	other	factors,	including	the	possibility	of	over
draining	 CSF,	 must	 also	 be	 considered.	 The	 risks	 of	 ventriculostomy	 include
hemorrhage	and	infection.	Therefore,	coagulation	studies	are	appropriate	before
the	 procedure	 is	 done,	 especially	 for	 patients	 who	 have	 received	 recent
chemotherapy.	The	risk	of	infection	increases	the	longer	the	catheter	remains	in
place.	Sometimes,	prophylactic	antibiotics	are	used.

Brain	tissue	oxygen	(PbO2)	can	also	be	monitored,	using	a	device	such	as	the
Licox	ICP	monitor	(Integra	Neuroscience,	Plainsboro,	New	Jersey)	that	monitors
ICP	and	brain	temperature,	as	well	as	PbO2.	The	rationale	behind	this	monitoring
tool	 is	 to	 provide	 clinicians	 in	 the	 operating	 room	 (OR)	 or	 ICU	 information
regarding	 oxygen	 supply	 and	 utilization	 in	 specific	 tissue	 beds,25	 alerting
clinicians	 to	areas	 that	are	at	risk	for	brain	damage	due	to	hypoxia.	Tissue	that
might	already	be	irreversible	compromised	can	be	differentiated	from	tissue	that
might	be	 at	 risk	 from	 ischemia	due	 to	 the	pressure	 exerted	by	 the	 tumor	mass
and	its	associated	edema.	Combining	this	information	with	the	measured	ICP	can
assist	in	tailoring	management	of	these	patients	in	the	neurocritical	care	setting
or	 the	 OR	 to	 promptly	 detect	 and	 prevent	 secondary	 ischemic	 events.	 One



drawback	 of	 the	 device	 relates	 to	 concerns	 regarding	 its	 accuracy	 and
reliability.26

Regardless	of	 the	methods	necessary	 to	 stabilize	and	 resuscitate	 the	patient,
the	 best	 means	 of	 controlling	 ICP	 long	 term	 is	 to	 remove	 the	 tumor,	 when
possible.	Unfortunately,	some	tumors	are	unresectable.	Gliomas	or	metastases	of
the	 thalamus	 or	 basal	 ganglia	 are	 generally	 not	 resected	 except	 in	 unusual
circumstances.	For	these	instances,	medical	management	is	necessary	to	control
ICP	until	adjuvant	 therapy,	such	as	radiation	 therapy,	can	shrink	 the	 tumor	and
reduce	 its	edema	producing	capabilities.	The	same	 rationale	applies	 to	patients
with	multifocal	cerebral	masses;	patients	with	more	 than	one	metastasis	do	not
usually	 have	 multiple	 operations	 to	 resect	 each	 tumor,	 especially	 when
symptoms	 are	 controllable	 with	 steroids.	 For	 patients	 with	 persistent
hydrocephalus,	CSF	shunting	can	be	performed	as	a	permanent	CSF	diversion.
In	performing	a	shunt,	a	neurosurgeon	can	introduce	a	catheter	into	the	ventricles
and	 tunnel	 it	 subcutaneously	 into	 the	 abdomen	 or	 pleural	 space.	 Further,	 an
adjustable	 valve	 is	 added	 to	 control	 the	 rate	 of	 CSF	 drainage.	 This	 drainage
method	 decreases	 the	 risk	 of	 infection	 associated	 with	 prolong	 usage	 of
ventriculostomy.	On	 the	other	hand,	 this	procedure	exposes	 the	patient	 to	 risks
associated	with	invasive	surgical	maneuvers,	such	as	hemorrhage,	stroke,	device
failure,	infection,	and	pneumothorax.27

On	the	other	hand,	when	the	tumor	is	resectable,	its	removal	can	relieve	the
brain	 of	 the	 extra	 mass,	 relieve	 obstruction	 to	 the	 flow	 of	 CSF,	 and	 reduce
vasogenic	 edema.	 In	 addition	 to	 relieving	 the	 signs	 and	 symptoms	 of	 elevated
ICP,	 tumor	 resection	 can	 also	 relieve	 the	 effects	 of	 compression	 on	 the
surrounding	brain,	improving	lateralizing	findings.	Some	tumors	can	be	removed
completely.	 These	 include	 meningiomas,	 vestibular	 schwannomas,
craniopharyngiomas,	 pituitary	 adenomas,	 and	 metastatic	 tumors.	 Microscopic
disease	may	 still	 be	 present	 in	 the	 tumor	 bed,	 particularly	 with	metastases	 or
craniopharyngioma,	which	may	require	adjuvant	therapies,	but	ICP	can	be	well
controlled.	Primary	glial	neoplasms,	however,	cannot	be	completely	removed	for
most	 patients.	 The	 bulk	 of	 tumor	 can	 be	 resected,	 and	 postoperative
neurodiagnostic	 images	may	show	no	residual	 tumor,	but	most	of	 these	 tumors
have	infiltrating	fingers	of	tumor	still	present.	Even	so,	removing	the	tumor	bulk
can	 alleviate	 elevated	 ICP,	 even	when	 the	 bulk	 is	 only	 partially	 removed.	 Per
National	Comprehensive	Cancer	Network	(NCCN)	guidelines,	for	patients	with
limited	 brain	 metastases,	 surgical	 resection	 can	 be	 considered	 for	 surgically
accessible	tumors	>3	cm	and	to	manage	mass	effects.	Other	factors	to	consider
when	making	the	decision	for	resection	include	the	systemic	treatment	plan	for
the	patient,	as	well	as	patient	prognosis.28



HYDROCEPHALUS
Brain	tumors	often	can	cause	hydrocephalus,	a	situation	in	which	the	patient	has
an	 increased	 volume	 of	 CSF	 under	 increased	 pressure.	 Hydrocephalus	 is
typically	 associated	 with	 enlargement	 of	 the	 ventricular	 system	 (or	 a	 portion
thereof)	 and	 compression	 of	 the	 normal	 brain	 parenchyma.	 A	 patient	 with
hydrocephalus	 may	 require	 urgent	 or	 emergent	 intensive	 care	 monitoring	 and
treatment.

Etiology
2 	Hydrocephalus	can	occur	from	a	variety	of	mechanisms	in	patients	with	brain
tumors.	It	 is	as	important	to	identify	the	etiology	of	the	hydrocephalus	because
the	definitive	treatment	of	hydrocephalus	will	be	based	on	the	mechanism	of	its
formation.	Some	tumors,	as	discussed	later,	are	more	likely	to	be	associated	with
certain	mechanisms	of	hydrocephalus	than	others.

Leptomeningeal	 infiltration	 by	 tumor	 cells	 in	 the	 subarachnoid	 space	 can
prevent	 the	 absorption	 of	 CSF	 through	 the	 arachnoid	 granulations,	 either	 by
occluding	 the	 granulations	 or	 preventing	 the	 flow	 of	 CSF	 from	 the	 outlet
foramen	 of	 the	 fourth	 ventricle	 around	 the	 dorsolateral	 convexities	 to	 the
granulations.	Metastatic	tumors	from	the	lung,	breast,	lymphoma,	and	leukemia
are	 the	most	 frequently	 involved	systemic	 tumors;	primary	 tumors	behaving	 in
this	 fashion	 include	 primitive	 neuroectodermal	 tumors	 (i.e.,	medulloblastoma),
ependymoma,	 and	 glioblastoma	 multiforme.	 A	 patient	 with	 carcinomatous
meningitis	will	frequently	have	a	stiff	neck	or	cranial	neuropathy	in	addition	to
symptoms	and	signs	of	elevated	ICP.

Large	 extra-axial	 “benign”	 tumors,	 usually	 in	 the	posterior	 fossa,	 can	 cause
hydrocephalus	 (Figure	 155.2).	 These	 tumors	 include	 those	 at	 the
cerebellopontine	 angle,	 such	 as	meningioma	 or	 vestibular	 schwannoma.	These
tumors	 displace	 the	 cerebellar	 hemisphere	 and	 obstruct	 the	 4th	 ventricle	 to
prevent	 adequate	 circulation	 of	 CSF.	 Rarely	 a	 choroid	 plexus	 papilloma	 can
emerge	 from	 the	 Foramen	 of	 Luschka	 and	 similarly	 compress	 the	 cerebellar
hemisphere.	 Meningiomas	 of	 the	 clivus	 or	 tentorium	 can	 also	 displace	 CSF
pathways	with	resulting	hydrocephalus.



	

Figure	 155.2 	A,	 This	 MRI,	 performed	 on	 a	 patient	 presenting
with	headache	and	obtundation,	shows	an	enhancing	mass	in	the	right
cerebellopontine	angle	 (T)	with	displacement	of	 the	 fourth	ventricle
(V)	to	the	left.	B,	Additional	views	of	the	MRI	show	hydrocephalus,
with	enlarged,	rounded	ventricles	(V)	and	transependymal	spread	of
CSF	 (C).	A	 ventriculostomy	 to	 drain	CSF	was	 placed	 to	 temporize
the	 patient	 prior	 to	 surgery.	 C,	 After	 resection	 of	 the	 tumor,	 a
meningioma,	 the	fourth	ventricle	returns	 toward	its	normal	position.
Edema	 (E)	 in	 the	 cerebellar	 hemisphere	 is	 still	 present.	 D,
Hydrocephalus	 has	 resolved,	 with	 the	 ventricle	 (V)	 returning	 to
normal	 size	 and	 shape.	 CSF,	 cerebrospinal	 fluid;	 MRI,	 magnetic
resonance	imaging.

Some	tumors	may	originate	from	a	ventricle	or	protrude	into	a	ventricle	and
occlude	 CSF	 pathways,	 thus	 producing	 hydrocephalus.	 These	 tumors	 include
medulloblastoma,	 ependymoma,	 choroid	 plexus	 papilloma,	 intraventricular
meningioma,	 colloid	 cyst,	 central	 neurocytoma,	 giant	 cell	 astrocytoma	 of
tuberous	sclerosis,	and	pineal	region	tumors.



Parenchymal	tumors	often	can	occlude	CSF	pathways.	Primary	or	metastatic
tumors	 in	 the	 thalamus	 or	 basal	 ganglia	 can	 displace	 brain	 parenchyma	 and
occlude	 the	Foramen	of	Monro	or	 the	 third	ventricle.29,30	Tumors	of	 the	pineal
region	may	 occlude	 the	 posterior	 third	 ventricle	 or	 cerebral	 aqueduct	 (Figure
155.3).	Brainstem	gliomas	or	tumors	of	the	cerebellar	hemispheres	can	compress
the	fourth	ventricle.31

	

Figure	 155.3 	 A,	 This	 sagittal	 MRI	 scan	 on	 a	 patient	 with
headache,	 lethargy,	 and	diffuse	weakness	 shows	 an	 enhancing	mass
(T)	 extending	 from	 the	pineal	 region	 to	 the	 fourth	ventricle	 (V).	B,
Axial	 views	 show	 the	 tumor	 (T)	 compressing	 the	 3rd	 ventricle	 (V)
with	hydrocephalus.	Despite	an	aggressive	surgical	 resection	of	 this
glioblastoma	 multiforme,	 the	 patient	 subsequently	 developed
recurrent	 hydrocephalus	 and	 required	 a	 ventriculoperitoneal	 shunt.
MRI,	magnetic	resonance	imaging.

Symptoms	and	Signs
The	 clinical	 picture	 of	 a	 patient	with	 hydrocephalus	 is	 frequently	 the	 same	 as
that	of	a	patient	with	elevated	ICP.	In	fact,	hydrocephalus	must	be	considered	in
the	 differential	 diagnosis	 for	 causes	 of	 elevated	 ICP.	 Patients	 with	 midline
masses	 or	 carcinomatous	 meningitis	 usually	 do	 not	 have	 lateralizing
neurological	 deficits	 such	 as	 hemiparesis.	 Those	 patients	 with	 unilateral	 brain
masses	 may	 have	 lateralizing	 deficits	 from	 compression	 of	 the	 previously
normally	but	marginally	functioning	brain	caused	by	progressive	hydrocephalus.

Evaluation



When	 hydrocephalus	 is	 suspected,	 evaluation	 should	 proceed	 promptly.	 Two
questions	 must	 be	 answered—“Does	 the	 patient	 have	 hydrocephalus?”	 and
“What	is	the	cause	of	the	hydrocephalus?”	Either	MRI	or	CT	can	answer	these
questions.	Because	MRI	delineates	better	anatomic	definition	of	the	brain,	more
readily	 illustrates	 the	 relationship	 of	 the	 lesion	 to	 CSF	 pathways,	 and	 shows
these	 features	 in	multiple	 planes,	MRI	with	 gadolinium	 is	 the	 preferred	 study.
Sometimes,	however,	the	patient	may	be	too	ill	to	easily	obtain	an	MRI,	or	MRI
may	not	be	readily	available.	In	these	circumstances	a	CT	scan	with	IV	contrast
may	be	sufficient.	The	purpose	of	the	contrast	agent	with	either	study	is	to	better
characterize	the	location	of	the	lesion	and	its	relationship	to	CSF	pathways.

Management
The	appropriate	intervention	for	a	patient	with	hydrocephalus	depends	on	several
factors.	These	include	the	cause	of	the	hydrocephalus,	the	anatomic	location	of
the	obstruction	to	CSF	flow,	and	the	patient’s	clinical	condition.

For	patients	 experiencing	 rapidly	progressive	deterioration,	 such	as	 cerebral
herniation,	 emergent	 management	 with	 a	 ventriculostomy,	 as	 described
previously,	to	divert	CSF	temporarily	can	improve	the	patient’s	clinical	picture.
Usually,	 the	 drainage	 chamber	 is	 set	 so	 that	 the	 system	 can	 be	 opened
intermittently	to	drain	CSF	for	ICP	greater	than	20	or	22	mm	Hg.	Some	patients,
however,	 require	 a	 lower	 ICP	 to	 achieve	 neurological	 improvement,	 so	 the
system	 can	 be	 opened	 for	 lower	 pressures.	 An	 alternative	method	 of	 draining
CSF	 for	 patients	 with	 hydrocephalus	 is	 to	 set	 the	 system	 to	 drain	 CSF
continuously	 at	 a	 particular	 pressure,	 for	 instance	 at	 15	 mm	 Hg;	 ICP	 is	 then
recorded	 on	 an	 hourly	 basis.	 This	 technique	 of	 CSF	 drainage	 should	 be
approached	 with	 some	 caution	 as	 large	 volumes	 of	 CSF	 can	 drain	 when	 the
patient	 strains	 or	 coughs,	 increasing	 intrathoracic	 pressure	 and	 therefore	 ICP
temporarily.	 If	 too	 much	 CSF	 drains,	 patients	 can	 develop	 subdural	 or
intraparenchymal	hemorrhages.

A	 patient	 may	 have	 only	 mild	 hydrocephalus	 and	 not	 be	 significantly
impaired	clinically.	Emergent	intervention	may	not	be	necessary,	and	the	patient
can	be	stabilized	with	Decadron,	with	or	without	mannitol	or	hypertonic	saline.
For	 this	 situation,	 resection	 of	 the	 tumor	 can	 provide	 long-term	 treatment	 of
hydrocephalus	by	decompressing	the	CSF	pathways,	particularly	with	posterior
fossa	or	pineal	region	tumors.	The	patient	may	not	require	CSF	diversion	at	all.
Timely	surgical	resection	is	indicated.

Occasionally	 hydrocephalus	 does	 not	 respond	 to	 surgical	 decompression
alone.	Anatomic	considerations	are	frequently	responsible.	Enough	tumor	might



not	 be	 able	 to	 be	 resected	 to	 decompress	 the	 CSF	 pathways.	 Alternatively,
absorptive	 capabilities	may	be	 compromised	by	 an	 inflammatory	process	 from
blood	or	tumor	products.	As	alluded	to	earlier,	a	permanent	shunt	is	necessary	to
treat	the	hydrocephalus.	Shunts	are	usually	well	tolerated	and	very	effective.	One
concern	 for	 a	patient	with	 a	 tumor	 in	which	malignant	 cells	 are	present	 in	 the
CSF	is	 that	 the	patient	will	have	 intraperitoneal	 spread	of	 tumor	via	 the	shunt,
which	occurs	uncommonly.	Persistent	 symptomatic	hydrocephalus	dictates	 that
the	shunt	be	placed	regardless	of	this	concern.

A	more	commonly	occurring	concern	for	the	patient	with	hydrocephalus,	who
has	been	shunted,	is	shunt	malfunction.32	Cellular	debris,	proteinaceous	material,
or	normal	choroid	plexus	can	occasionally	occlude	a	 shunt.	This	occurrence	 is
manifested	 by	 symptoms	 and	 signs	 of	 hydrocephalus	 and	 elevated	 ICP.
Treatment	 requires	 operative	 revision	 of	 the	 occluded	 portion	 of	 the	 shunt,
usually	with	replacement	of	the	ventricular	catheter	or	the	valve.

Endoscopic	 third	ventriculostomy	(ETV)	can	be	an	alternative	 to	a	 shunt	 in
cases	 in	which	the	outflow	of	 the	 third	ventricle	 is	obstructed	when	the	patient
has	 favorable	 anatomy.	 ETV	 is	 performed	 by	 using	 an	 endoscope	 to	 navigate
through	 the	 lateral	 ventricle	 through	 the	 foramen	 of	 Monro	 to	 the	 third
ventricular	floor.	A	hole	is	made	into	the	floor	of	the	third	ventricle	between	the
infundibular	 recess	 and	 mammillary	 bodies	 to	 create	 a	 conduit	 into	 the
subarachnoid	 space,	 provided	 that	 the	 distance	 between	 the	 clivus	 and	 basilar
artery	 and	 the	 floor	 of	 the	 third	 ventricle	 is	 adequate,	 usually	 3	 to	 5	mm.33,34
Device	failure	is	eliminated,	but	sometimes	the	ETV	is	not	effective,	and	a	shunt
must	subsequently	be	placed.19

Hydrocephalus	 can	 be	 somewhat	 problematic	 to	 treat	 for	 a	 patient	 with	 a
tumor	adjacent	to	the	third	ventricle.	In	this	situation,	the	lateral	ventricles	may
not	 communicate	 with	 each	 other	 through	 the	 third	 ventricle.	 In	 the	 most
extreme	case,	the	frontal	horns	of	the	lateral	ventricles	do	not	communicate	with
the	occipital	and	temporal	horns.	Therefore,	a	single	shunt	might	be	ineffective
for	 relieving	 the	 CSF	 obstruction.	 A	 ventriculogram,	 in	 which	 intrathecal
contrast	 is	 placed	 into	 the	 lateral	 ventricle	 via	 a	 ventricular	 catheter	 (either	 a
ventriculostomy	of	 the	ventricular	portion	of	a	shunt),	can	define	 the	nature	of
the	 obstruction.	 The	 patient	 may	 require	 two,	 three,	 or	 even	 four	 ventricular
catheters	to	adequately	drain	CSF.	Tumors	for	which	this	scenario	is	of	concern
include	 craniopharyngioma,	 central	 neurocytoma,	 pilocytic	 astrocytoma	 of	 the
hypothalamus,	 and	 glioblastoma,	 among	 other	 tumors	 involving	 the	 medial
septal	structures	of	the	brain.



SEIZURES
Seizures	 are	 a	 common	 occurrence	 among	 patients	 with	 brain	 tumors.	 About
40%	of	patients	with	gliomas	initially	present	to	medical	attention	with	a	seizure;
about	55%	of	glioma	patients	have	a	seizure	at	some	point	during	the	course	of
their	disease.	Some	low-grade	gliomas,	such	as	oligodendroglioma,	have	a	very
high	 likelihood	 of	 seizures.	 Approximately	 20%	 of	 patients	 with	 metastatic
tumors	have	a	seizure	at	some	time.35,36	With	regard	to	metastatic	tumor	origin,
malignant	melanomas	 have	 the	 highest	 incidence	 of	 seizure	 frequency	 (67%),
while	unspecified	types	of	lung	cancer	(particularly,	non–small	cell	lung	cancer:
29%)	and	gastrointestinal	cancer	(21%)	follow.	Parietal	lobe	metastases	have	the
highest	 incidence	 of	 pre-	 and	 postoperative	 seizures,	 while	 frontal	 lobe
metastases	follow.	Surprisingly,	peritumoral	edema	diameter	is	not	predictive	of
seizures	in	brain	metastases	as	opposed	to	meningiomas.37

Seizures	may	be	 focal	or	generalized.	A	patient	 remains	conscious	during	a
focal	 seizure.	 The	 seizure	 may	 be	 a	 motor	 seizure	 during	 which	 the	 patient’s
mouth	 twitches	 or	 an	 extremity	 moves	 uncontrollably.	 With	 a	 dominant
hemisphere	lesion,	aphasia	may	occur.	During	a	generalized	seizure,	the	patient
loses	 consciousness.	 Tonic-clonic	movements	may	 occur,	 and	 the	 patient	may
lose	bladder	control.

A	 patient	 can	 also	 experience	 status	 epilepticus,	 defined	 as	 ≥	 5	minutes	 of
sustained	seizure	activity	or	 failure	 to	 return	 to	baseline	 level	of	consciousness
between	 seizures.	 The	 tumor	 characteristics	 that	 increase	 risk	 of	 postoperative
status	epilepticus	tend	to	be	primary	brain	tumors,	particularly	meningiomas,	as
compared	to	metastatic	brain	tumors,	and	supratentorial	tumors	as	compared	to
infratentorial	 tumors,	 as	 identified	 in	 both	 hospital	 occurrences	 and
postdischarge	readmissions.38	 Status	 epilepticus	 is	 a	medical	 emergency	 that	 is
further	addressed	Chapter	151.

A	 less	 recognized	 seizure	 presentation	 among	 patients	with	 brain	 tumors	 is
nonconvulsive	 status	 epilepticus	 (NCSE).	 NCSE	 is	 defined	 as	 seizure	 activity
lasting	greater	than	30	minutes	with	patients	described	as	being	alert	or	having	a
depressed	 (ie,	 obtunded,	 stuporous,	 or	 comatose)	 level	 of	 consciousness,39	 and
can	only	be	diagnosed	for	these	patients	when	EEG	monitoring	captures	seizure
activity.40	 According	 to	 recent	 estimates,	 approximately	 10%	 of	 patients	 with
depressed	 level	 of	 consciousness	 in	 these	 settings	 are	 experiencing	 NCSE.27
Therefore,	 brain	 tumor	 patients	 with	 depressed	 level	 of	 consciousness	 should
undergo	 continuous	 video	EEG	monitoring	 to	 increase	 the	 ability	 of	 capturing
the	 characteristic	 3	 Hz	 interictal	 spikes	 associated	 with	 these	 types	 of



seizures.40,41	The	monitoring	should	be	continued	for	at	least	48	hours	to	increase
the	yield	of	the	study.41,42	Once	diagnosed,	appropriate	AED	should	be	started	to
help	improve	the	patient	outcome.

Further	 evaluation	 of	 the	 known	 brain	 tumor	 patient	 who	 presents	 with	 a
seizure	is	necessary.	Seizures	occur	among	patients	with	known	brain	tumors	for
a	 number	 of	 reasons.	 The	 most	 common	 reason	 is	 that	 the	 patient’s
anticonvulsant	 medication	 level	 is	 subtherapeutic.	 Drug	 requirements	 may
change	 as	 steroid	 requirements	 change.	 Decadron	 interacts	 with	 Phenytoin,
reducing	 phenytoin	 serum	 levels.43,44	 In	 this	 regard,	 phenytoin,	 phenobarbital,
carbamazepine,	 and	other	anticonvulsants	 that	 affect	 cytochrome	P450	enzyme
activity	should	be	avoided,	when	possible.	Levetiracetam	and	topiramate,	do	not
tend	 to	 affect	 cytochrome	 P450	 enzyme	 activity.	 Serum	 drug	 levels	 are
recommended	when	phenytoin,	valproic	acid,	or	carbamazepine	are	used,	as	they
are	the	most	useful	for	determining	whether	the	levels	of	these	drugs	are	in	the
therapeutic	 range.	 Levetiracetam	 levels,	 on	 the	 other	 hand,	 may	 not	 reflect
whether	 a	 patient	 has	 achieved	 therapeutic	 levels,	 but	 only	 reveal	whether	 the
patient	 is	 taking	 the	medication.	Other	 reasons	 for	 seizure	 include	a	 change	 in
the	character	of	the	tumor.	The	tumor	may	have	grown	in	size45	or	a	hemorrhage
within	 the	 tumor	may	have	occurred.	A	CT	scan	of	 the	head	without	and	with
contrast	helps	to	identify	these	complications.

While	 a	 single	 generalized	 seizure	 usually	 does	 not	 have	 long-term
consequences,	such	an	event	may	precipitate	rapid	deterioration	in	a	patient	with
elevated	ICP.	The	associated	hypercarbia	from	hypoventilation	can	increase	ICP
substantially;	 a	 stable	 patient	 can	 rapidly	 deteriorate	 even	 to	 the	 point	 of
developing	 a	 herniation	 syndrome.	 Hypoxia	 can	 further	 compromise	 brain
function	by	causing	cerebral	ischemia,	especially	in	the	area	already	affected	by
the	tumor.	Prompt	intervention	is	therefore	necessary.

Maintenance	 of	 an	 adequate	 airway	 and	 reestablishment	 of	 adequate
ventilation	is	essential.	Oxygen	should	be	provided	to	the	patient.	Intubation	and
mechanical	 ventilation	 may	 be	 required	 if	 the	 patient	 experiences
hypoventilation.

The	 best	 medication	 to	 acutely	 stop	 seizure	 activity	 in	 patients	 with	 status
epilepticus	 is	 lorazepam.	The	 initial	 dose	 is	 4	mg	 IV,	 and	 the	dose	 is	 repeated
every	 5	 minutes	 as	 needed,	 for	 up	 to	 a	 total	 of	 0.1	 mg/kg	 (labeled	 emergent
therapy)	until	the	seizure	activity	stops.	Should	this	total	be	required,	a	load	with
nonbenzodiazepine	 (labeled	 urgent	 control	 therapy)	 will	 be	 required.
Realistically,	an	antiepileptic	drug	should	be	loaded	even	before	a	second	dose	of
lorazepam	 is	 required.	 One	 option	 is	 levetiracetam	 loaded	 between	 40	 and
60	mg/kg	 IV	 for	 status	 epilepticus.	 Other	 options	 include	 valproic	 acid	 20	 to



40	mg/kg	IV,	phenytoin	at	20	mg/kg	IV,	or	phenobarbital	at	15	mg/kg	IV.
Prophylactic	anticonvulsants	administered	without	a	seizure	having	occurred

are	rarely	indicated	unless	the	patient	is	going	to	surgery.46	Following	a	seizure,
the	patient	should	be	started	on	an	anticonvulsant,	such	as	levetiracetam.	Dosing
for	prophylaxis	ranges	between	500	mg	and	3	gm	divided	in	twice	daily	doses.
Phenobarbital,	 although	more	 sedating	 than	 phenytoin,	 can	 also	 be	 used.	Both
phenytoin	 and	 phenobarbital	 are	 available	 in	 IV	 forms	 and	 be	 used	 when	 the
patient	is	unable	to	take	oral	or	enteral	medications.	Carbamazepine,	on	the	other
hand,	is	only	available	in	an	oral	form,	so	it	cannot	be	used	in	status	epilepticus
or	when	patients	cannot	tolerate	enteral	intake.

POSTOPERATIVE	COMPLICATIONS
One	of	the	most	common	reasons	for	a	patient	with	a	neuro-oncological	illness
to	be	admitted	to	an	ICU	is	for	observation	following	a	neurosurgical	procedure.
This	period	of	observation	may	just	be	overnight	or	it	may	be	longer,	dictated	by
the	patient’s	neurologic	and	medical	condition.	Although	perioperative	mortality
is	less	than	2%,	medical	or	neurological	complications	may	occur	among	up	to
30%	of	cases;	older	patients	 and	 those	with	 increased	neurological	deficits	 are
more	 likely	 to	 suffer	 these	morbidities.47	 Therefore,	 a	 variety	 of	 intraoperative
and	 postoperative	 complications	 must	 be	 recognized	 before	 the	 patient’s
neurological	or	medical	status	is	irreversibly	compromised.	Intervention	can	then
proceed	promptly.

To	anticipate	potential	complications,	vital	signs	and	neurochecks	are	usually
taken	hourly	by	nurses	in	the	ICU.	One	of	the	most	important	components	of	the
neurochecks	 is	 the	 patient’s	 level	 of	 consciousness,	 usually	 denoted	 by	 the
Glasgow	Coma	Scale	 (GCS)	score.48,49	This	 three-part	 score	consists	of	patient
responses	 in	 eye	 opening,	 motor,	 and	 verbal	 spheres.	 Originally	 developed	 to
document	 the	 level	 of	 consciousness	 in	 patients	 with	 head	 trauma,	 use	 of	 the
GCS	 can	 readily,	 reliably,	 and	 reproducibly	 identify	 changes	 of	 the	 patient’s
level	of	consciousness.	Furthermore,	 its	use	can	help	evaluate	the	effectiveness
of	 interventions	 by	 the	 reported	 trends.	 Other	 components	 of	 neurochecks
include	 pupillary	 light	 responses,	 orientation,	 and	 motor	 function.	 Any
decrement	 in	 function	warrants	 prompt	 evaluation.	 Such	 an	 evaluation	 should
include	 a	 CT	 scan	 of	 the	 head,	 serum	 electrolytes,	 blood	 gases,	 and
anticonvulsant	 level(s).	 Other	 tests	 may	 be	 required	 based	 on	 the	 patient’s
condition.	 Recent	 technological	 advancements	 have	 allowed	 for	 production	 of
mobile	CT	scanners	for	use	in	the	ICU.	While	the	resolution	is	significantly	less



than	traditional	CT	scanning,	the	mobile	CT	scanner	can	be	utilized	to	ascertain
gross	intracranial	pathology	for	patients	who	may	otherwise	be	too	unstable	for
transport.	 Evaluation	 of	 the	 ICU	 patient	 for	 intracerebral	 hemorrhage	 or
increased	ventricular	size	can	be	performed	at	the	patient’s	bedside	and	allow	for
rapid	 diagnosis	 of	 patients	 with	 acute	 changes	 in	 mental	 status.	 Mobile	 CT
scanning	has	also	been	utilized	intraoperatively	during	resection	of	glial	tumors
that	may	allow	for	more	complete	resection	of	intracranial	pathology.50

Intracranial	Hemorrhage
One	of	the	most	dramatic	complications	that	can	occur	during	the	postoperative
period	 is	 intracranial	 hemorrhage.	 Significant	 hemorrhage	 usually	 becomes
evident	within	6	to	12	hours	after	the	completion	of	surgery.	A	patient	can	bleed
into	 the	 tumor	 bed	 (Figure	 155.4),	 or	 into	 the	 subdural	 or	 epidural	 spaces.
Although	steps	are	 taken	during	surgery	 to	prevent	 such	complications,	oozing
from	small	vessels	in	the	tumor	bed	can	occur.	Traction	by	the	brain,	slackened
by	 tumor	 removal,	 mannitol,	 furosemide,	 hyperventilation	 and	 CSF	 drainage,
can	tear	or	stretch	draining	veins,	leading	to	blood	accumulation	in	the	subdural
space.	Because	 the	dura	 is	separated	from	the	bone	 to	perform	the	craniotomy,
the	epidural	space	is	no	longer	just	a	potential	space;	rather,	it	is	a	real	space	into
which	blood	can	ooze	from	underneath	the	bone	edges	and	accumulate.	A	patient
who	experiences	significant	hypertension	or	persistent	coughing	and	“bucking”
as	they	emerge	from	anesthesia	are	at	greater	risk	for	developing	a	postoperative
hemorrhage.	 Hypertension	 can	 cause	 bleeding	 from	 arterial-side	 vessels.	 The
increased	intrathoracic	pressure	that	occurs	with	coughing	or	bucking	against	the
endotracheal	 tube	can	precipitate	venous-side	bleeding,	 as	 can	 thrombosis	of	 a
draining	vein	after	manipulation.

	



Figure	 155.4 	A,	 This	MRI	 scan	 on	 a	 2-year-old	 shows	 a	 large
enhancing	mass	(T)	in	the	left	 temporoparietal	area.	B,	 Immediately
following	surgery	to	remove	the	rhabdoid	neuroepithelial	 tumor,	 the
patient	 had	 sustained	 hypertension	 and	 awakened	 slowly	 from	 her
anesthesia	 with	 a	 mild	 right	 hemiparesis.	 This	 CT	 scan	 shows
hemorrhage	 (H)	 in	 the	 tumor	 bed.	With	 blood	 pressure	 control	 and
observation,	the	patient	recovered	to	a	normal	level	of	consciousness
with	 resolution	of	her	hemiparesis	over	 several	days.	CT,	computed
tomographic;	MRI,	magnetic	resonance	imaging.

Postoperative	 hemorrhage	 should	 be	 suspected	 among	 patients	 who	 fail	 to
emerge	 adequately	 from	 anesthesia.	 Intracranial	 hemorrhage	 should	 also	 be	 a
concern	when	the	patient	deteriorates	following	emergence	from	anesthesia	and
develops	progressive	decline	 in	 level	of	consciousness,	pupillary	abnormalities
or	 new	 motor	 deficits.	 Prompt	 evaluation	 with	 a	 CT	 scan	 is	 indicated.
Coagulation	 deficits,	 particularly	 for	 patients	 who	 have	 had	 chemotherapy
recently	or	who	have	 liver	disease,	 should	be	 ruled	out	with	 laboratory	 testing
for	 protime,	 partial	 thromboplastin	 time,	 complete	 blood	 counts,	 and
thromboelastography	(TEG)	or	rotational	thromboelastometry	(ROTEM).

Should	 a	 significant	 intracranial	 hemorrhage	 be	 identified,	 the	 patient	 may
need	 to	 return	 to	 the	 OR	 for	 the	 hemorrhage	 to	 be	 evacuated.	 Mannitol	 and
reintubation	may	be	required	to	stabilize	the	patient’s	condition.	Occasionally,	if
the	neurological	deterioration	is	mild,	observation	or	mannitol	by	itself	may	be
sufficient	intervention.	As	the	blood	degrades	over	time	and	edema	subsides,	the
patient	should	improve	clinically.	Frequent	follow-up	CT	scanning	is	necessary
during	nonoperative	management	 to	evaluate	 the	 status	of	 the	hemorrhage	and
surrounding	brain.

Cerebral	Edema
Manipulation	 of	 the	 tumor	 and	 adjacent	 brain	 can	 lead	 to	 cerebral	 edema.
Clinical	 signs	 can	 appear	 quite	 similar	 to	 postoperative	 hemorrhage,	 although
deficits	from	edema	tend	to	occur	in	a	more	delayed	fashion.	Prompt	treatment
with	mannitol	and	dexamethasone	are	indicated	following	a	CT	scan	to	confirm
the	etiology	of	the	patient’s	neurological	change.

Endocrinopathy



Pituitary	tumors	may	be	associated	with	hypersecretory	or	hyposecretory	states.
Other	 tumors	 in	 the	 sella	 and	 parasellar	 areas	 may	 also	 be	 associated	 with
endocrinopathy,	 usually	 hypopituitarism.	 Surgery	 for	 tumors	 at	 these	 locations
can	cause	endocrine	deficits,	too.	Most	endocrinopathies	encountered	in	the	ICU
are	related	to	pituitary	hypofunction.

The	main	neurologically	related	endocrinopathy	evident	in	the	ICU	setting	is
diabetes	 insipidus	 (DI),	 most	 commonly	 after	 craniopharyngioma	 or	 pituitary
tumor	 resection.	DI	 in	up	 to	25%	of	patients	 postoperatively,	 and	2%	of	 these
patients	 develop	 permanent	DI.51	 DI,	 when	 it	 occurs,	 usually	 occurs	 18	 to	 36
hours	 following	 surgery.	 As	 per	 the	 Congress	 of	 Neurologic	 Surgeons
recommendation	 (level	 III),	 providers	 should	 monitor	 these	 patients	 for	 DI,
particularly	 between	 postoperative	 days	 1	 to	 2	 and	 days	 7	 to	 8.52	 Signs	 of	DI
include	an	increase	of	urine	output	greater	than	250	mL/hr	for	two	consecutive
hours,	a	corresponding	drop	in	urine	specific	gravity	to	less	than	1.005,	and	an
increase	 in	 serum	 sodium	 to	 greater	 than	 147	mEq/l.	 Urine	 output	with	DI	 is
generally	 ≥3	 L/24	 hours	 and	 even	 higher	 with	 complete	 central	 DI.	 Urine
osmolality	will	 tend	 to	be	<800	mOsm/kg.	A	patient	who	 is	 conscious	usually
experiences	 increased	 thirst.	 Hypotension	 can	 occur	 when	 the	 complication	 is
not	recognized	early.	Treatment	with	DDAVP	0.25	mL	(1	ug)	subcutaneously	or
IV	 is	 indicated	 when	 DI	 is	 recognized.	 DDAVP	 0.5	 to	 2.0	 mcg	 can	 be
administered	daily	in	IV	formulation.	Further	dosing	options	include	0.1	to	0.2
mcg	orally	 as	 a	 single	dose	 to	 as	much	as	0.3	mcg	 three	 times	per	day.	Nasal
administration	will	likely	need	to	be	avoided	during	the	immediate	postoperative
period	after	transsphenoidal	surgeries.

One	must	be	cautious	 that	 the	patient	 is	actually	experiencing	DI	and	 is	not
just	 mobilizing	 surgical	 fluids.	 For	 a	 patient	 who	 has	 had	 a	 transsphenoidal
resection	of	a	pituitary	tumor,	 increased	thirst	may	be	present	only	because	the
patient’s	nasal	packs	requires	him	or	her	to	mouth-breathe.	Diabetes	insipidus	is
usually	 transient,	 resolving	by	 about	72	hours	postoperatively.	For	 this	 reason,
over	the	first	several	days,	it	is	better	to	give	the	DDAVP	only	when	the	patient’s
findings	 indicate	 that	 treatment	 is	 appropriate.	 Occasionally,	 DI	 may	 be
permanent.	Intranasal	DDAVP	0.2	mL	at	night	is	an	effective	dosing	regimen	for
these	patients	in	the	subacute	to	chronic	phases	of	DI.

Hypocortisolemia	 is	not	 frequently	observed	acutely	 in	 the	 ICU,	as	patients
are	 usually	 on	 glucocorticosteroids.	However,	 after	 abrupt	 cessation	 of	 steroid
treatment,	 a	 patient	may	 experience	 an	 adrenal	 crisis.	Hypotension,	weakness,
and	 fatigue	 are	 the	 major	 findings.	 Because	 the	 steroid	 depletion	 is	 acute,
hyponatremia,	hyperkalemia,	and	hyperpigmentation	generally	are	not	observed.
Treatment	should	be	instituted	promptly	with	hydrocortisone	50	mg	IV	every	6



hours.	If	the	patient	did	not	happen	to	be	receiving	glucocorticosteroids,	a	basal
AM	cortisol	of	<3	mcg/dL	or	a	random	cortisol	level	of	<9	mcg/dL	both	warrant
treatment	 with	 stress-dose	 of	 glucocorticosteroids.	 When	 levels	 are	 in	 the
indeterminate	 range,	 the	 corticotropin	 stimulation	 test	 is	 indicated.	 Providers
should	 monitor	 for	 DI	 after	 beginning	 glucocorticosteroid	 treatment	 because
adrenal	insufficiency	can	mask	partial	DI.53

Hypothyroidism	 usually	 does	 not	 become	 evident	 for	 at	 least	 a	 week
following	 surgical	 injury	 to	 the	 pituitary	 gland	 or	 hypothalamus.	 Fatigue,
lethargy,	and	hyporeflexia	may	be	present.	Laboratory	testing	shows	low	T4	and
free	 thyroxine	 uptake,	 as	 well	 as	 low	 thyroid	 stimulating	 hormone:	 a	 central
hypothyroidism	 picture.	 For	 a	 patient	 with	 a	 sellar	 or	 parasellar	 tumor,
preoperative	 recognition	 and	 treatment	 of	 hypothyroidism	 helps	 prevent	 this
endocrinopathy	from	becoming	evident	postoperatively.

Postoperative	Central	Nervous	System	Infections
Infections	of	the	central	nervous	system	are	uncommon	among	neuro-oncology
patients.	Perioperative	antibiotics,	such	as	cefazolin	2	g	for	patients	<120	kg	or	3
g	 for	 patients	 ≥120	 kg	 within	 30	 minutes	 of	 the	 incision	 should	 be	 initially
prescribed	 and	 then	 dosed	 q8	 hours	 for	 up	 to	 24	 hours	 to	 reduce	 the	 risk	 of
infection.54,55	 Patients	with	 allergies	 to	 cephalosporins	 can	 receive	 vancomycin
instead.	The	likelihood	of	a	postoperative	infection	in	the	absence	of	CSF	leak	of
a	 clean	 operative	 field	 (one	 which	 does	 not	 involve	 the	 paranasal	 or	 mastoid
sinuses)	is	about	0.8%.56	Should	CSF	leak	occur	or	if	operative	time	is	extended,
the	risk	of	infection	increases.	Infection	can	occur	in	any	of	the	operative	spaces.

A	 patient	 may	 develop	 wound	 cellulitis.	 This	 superficial	 infection	 is
associated	 with	 erythema,	 induration,	 and	 sometimes	 wound	 drainage	 or
breakdown.	The	patient	may	have	a	fever	and/or	elevated	white	blood	cell	count.
This	 complication	 usually	 occurs	 within	 the	 first	 week	 after	 surgery.	 It	 will
usually	 respond	 to	antistaphylococcal	antibiotics	within	several	days.	A	10-day
course	 of	 antibiotics	 is	 sufficient.	 A	 14-day	 course	 may	 be	 needed	 when	 the
infection	is	severe,	response	is	slow,	or	when	the	patient	is	immunosuppressed.57
When	 drainage	 from	 the	 wound	 is	 present,	 it	 should	 be	 cultured	 to	 tailor
antibiotics	appropriately.

Bone	 flap	 infections	 are	more	 involved	 than	 simple	 postoperative	 cellulitis.
They	tend	to	occur	after	a	delay	of	several	days.	Drainage	from	a	breakdown	of
the	suture	line	or	from	the	scalp	near	 the	bone	flap	will	usually	be	present	and
should	 be	 cultured.	White	 blood	 count	 and	 erythrocyte	 sedimentation	 rate	 are
usually	elevated.	A	CT	scan	of	 the	head	may	show	an	epidural	 collection	or	 a



moth-eaten	appearance	of	the	bone.	Parenteral	antibiotics	for	several	weeks	are
necessary,	though	usually	insufficient	by	themselves.	Unfortunately,	because	the
bone	 flap	 is	 devascularized,	 removal	 of	 the	 infected	 bone	 flap	 is	 usually
necessary	to	eradicate	the	infection.	A	cranioplasty	can	be	performed	6	months
after	the	infection	has	resolved	to	reconstitute	the	integrity	of	the	skull.

Postoperative	 meningitis	 occurs	 infrequently,	 usually	 during	 the	 first	 week
after	surgery.	Fever	without	another	focus	of	infection	or	“stiff	neck”	are	usually
present.	Lumbar	puncture	is	essential	to	rule	out	meningitis.	A	CT	scan	is	usually
performed	 first	 to	 rule	 out	 a	 structural	 cause	 of	 the	 change	 in	 level	 of
consciousness	 that	 frequently	 accompanies	 the	 infection.	 The	 occurrence	 of
meningitis	often	necessitates	the	return	of	the	patient	from	the	floor	to	the	ICU.
When	 meningitis	 is	 suspected,	 parenteral	 antibiotics	 should	 be	 instituted
immediately	after	lumbar	puncture.	When	cultures	are	positive,	or	the	glucose	is
low	 in	 the	 presence	 of	 a	 neutrophilic	 pleocytosis	 of	 the	 CSF,	 then	 a	 14-day
course	of	broad-spectrum	antibiotics	 is	appropriate	with	modification	when	the
organism	 has	 been	 speciated	 and	 its	 sensitivities	 reported;	 a	 longer	 course	 is
sometimes	necessary.58	When	 the	 cultures	 are	 negative,	 the	 antibiotics	may	 be
stopped.

A	patient	with	cerebral	empyema	or	abscess	after	 surgery	 for	a	brain	 tumor
typically	experiences	headache	and	other	 symptoms	and	signs	of	elevated	 ICP.
Lateralizing	neurological	deficits	are	often	present.	A	CT	scan	with	IV	contrast
is	 essential.	 One	 can	 also	 consider	 diffusion-weighted	 MRI	 to	 distinguish
between	 abscess	 and	 remaining	 ring-enhancing	 metastases.	 With	 subdural	 or
epidural	 empyema,	 the	 dura	 or	 arachnoid	 usually	 densely	 enhances	 near	 an
adjacent	low-density	fluid	collection.	An	abscess	will	show	ring-enhancement	at
the	 surgical	 site,	 which	 can	 look	 very	 similar	 to	 the	 original	 tumor	 for	 some
cases.	Suspicion	of	empyema	or	abscess	necessitates	an	urgent	return	to	the	OR
to	 drain	 the	 collection	 of	 pus	 and	 obtain	 cultures.	 Six	 weeks	 of	 parenteral
antibiotics	are	then	necessary.

Radiation-related	Complications
3 	Most	patients	with	high-grade	primary	brain	tumors	or	metastatic	tumors	will
receive	external	beam	radiation	as	an	adjuvant	therapy	to	control	tumor	growth
for	 as	 long	 as	 possible.	 Although	 such	 treatment	 is	 usually	 tolerated	 without
difficulty,	a	patient	may	have	worsening	of	 their	neurological	condition	during
treatment.	 Radiation	 necrosis	 can	 occur	 whereby	 a	 necrotic	 lesion	 forms	with
resultant	 mass	 effect	 from	 damage	 to	 astrocytes,	 microglial	 cells	 and
oligodendrocytes	with	 resulting	 demyelination.	 Endothelial	 cell	 injury	 reduces



vascularity,	 and	 ischemia	 can	 also	 be	 present.	 Ultimately,	 the	 BBB	 becomes
damaged,	leading	to	increased	permeability	as	well	defective	neurogenesis.	The
earlier	 stage	 is	 characterized	 by	 cerebral	 edema.	 CT	 scan	 and	 MRI	 show	 an
increase	of	hypointense	signal	around	the	tumor	volume.	The	edema	tends	to	be
responsive	 to	 high-dose	 glucocorticosteroids.	 Once	 the	 patient	 improves,
glucocorticosteroids	can	be	slowly	tapered	to	their	maintenance	doses.

Much	 more	 rarely,	 a	 patient	 may	 deteriorate	 after	 a	 delay.	 The	 late	 stage
occurs	 approximately	 6	 to	 24	 months	 after	 completing	 radiation	 therapy.59
Imaging	studies	show	enhancement	of	the	area	treated.	Radiation	necrosis	can	be
difficult	 to	differentiate	from	tumor	recurrence	solely	on	the	basis	of	a	contrast
CT	or	gadolinium	MRI	as	the	two	entities,	particularly	with	the	case	of	primary
glioma,	look	similar.	Single-photon	emission	computed	tomography	(SPECT)	or
MR	spectroscopy	can	often	be	helpful	for	establishing	the	diagnosis;	tumor	tends
to	 have	 high	 metabolic	 activity,	 while	 radiation	 necrosis	 is	 metabolically
hypoactive.	Sometimes,	 a	 stereotactic	brain	biopsy	may	be	 required	 to	make	a
definitive	 diagnosis.	 High	 glucocorticosteroid	 doses	 are	 necessary	 to	 treat
radiation	 necrosis.	 Mannitol	 may	 initially	 be	 required	 when	 the	 patient	 has
significantly	deteriorated	 in	order	 to	stabilize	 the	patient	and	allow	the	steroids
time	 to	 work.	 Occasionally,	 a	 craniotomy	 to	 remove	 the	 necrotic	 mass	 is
required,	 as	 well.	 Though	 treatments	 such	 as	 hyperbaric	 oxygen	 therapy	 and
vascular	endothelial	growth	factor	inhibitors	have	been	proposed,	data	are	scarce
to	 support	 their	 use.	 Hyperbaric	 therapy	 is	 hypothesized	 to	 stimulate
angiogenesis	through	increased	concentration	of	oxygen.60

Single	fraction	stereotactic	radiosurgery	 is	more	 likely	 to	be	associated	with
the	 development	 of	 symptomatic	 radiation	 necrosis	 than	 conventional	 external
beam	radiation.	During	radiosurgery,	the	patient	receives	a	high	dose	of	radiation
to	 the	 tumor	 volume,	 sparing	 the	 surrounding	 normal	 brain.	 Even	 so,	 the
radiation	 that	 the	 surrounding	 brain	 receives	 may	 exceed	 its	 tolerance
particularly	when	previous	radiation	therapy	was	used	at	the	site.	Treatment	is	as
described	earlier.	Approximately	13%	to	50%	of	gliomas	and	10%	of	metastatic
tumors	 treated	 with	 radiosurgery	 may	 require	 subsequent	 surgical
decompression.61,62

SPINAL	TUMORS
Spinal	 tumors	 are	 much	 less	 common	 than	 intracranial	 tumors.	Most	 patients
with	 spine	 tumors	 do	 not	 require	 ICU	 treatment.	 Exceptions	 include	 patients
with	 spinal	 tumors	 involving	 the	 cervical	 spine	 or	 those	 who	 have	 had



transthoracic	 approaches	 to	 thoracic	 spinal	 neoplasms.	 These	 patients	 will
frequently	have	ICU	treatment	requirements.

A	 patient	 with	 a	 cervical	 spinal	 cord	 tumor	 may	 have	 compromise	 of
intercostal	 musculature	 or	 decreased	 diaphragmatic	 function	 with	 resultant
inability	 to	maintain	adequate	ventilation,	depending	on	 the	 level	of	 the	 tumor.
Forced	 vital	 capacity	 should	 be	 assessed	 every	 6	 hours,	 as	 its	 decrement	 will
usually	be	noted	before	respiratory	insufficiency	occurs.	A	decrease	below	10	to
12	 mL/kg	 usually	 requires	 semiurgent	 intubation	 and	 mechanical	 ventilation.
Once	 oxygen	 desaturation	 is	 noted,	 the	 patient	 can	 decompensate	 rapidly,	 and
emergency	resuscitative	efforts	may	be	required.

After	spinal	cord	surgery,	a	patient	may	experience	a	temporary	ileus.	Bowel
sounds	may	stop	and	the	abdomen	may	become	distended.	Frequently	the	patient
will	 need	 a	 nasogastric	 tube	 for	 decompression.	 Standard	 measures	 such	 as
limiting	opioids,	mobilizing	the	patient,	and	chewing	gum	can	help.	No	oral	or
enteral	intake	is	appropriate	until	the	ileus	subsides.	Medications	will	need	to	be
given	parenterally.

A	 spinal	 cord	 tumor	 is	 not	 infrequently	 associated	 with	 development	 of	 a
neurogenic	 bladder.	 The	 patient	 often	 requires	 a	 Foley	 catheter	 to	 decompress
the	bladder;	although	such	intervention	is	necessary,	it	can	mask	the	findings	of	a
neurogenic	 bladder.	 Attention	 to	 urinary	 retention	 following	 removal	 of	 the
Foley	catheter	is	in	order.	Urinary	tract	infections	are	also	not	uncommon,	either
related	to	long-term	Foley	catheter	placement	or	suboptimal	bladder	emptying.	A
long-term	intermittent	catheterization	program	to	maintain	bladder	volumes	less
than	500	mL	is	necessary	when	urinary	retention	persists.

SYSTEMIC	COMPLICATIONS
Not	 infrequently	 patients	 with	 neuro-oncological	 primary	 problems	 will
experience	systemic	complications	necessitating	evaluation	and	treatment	in	the
ICU.

Deep	Venous	Thrombosis	and	Pulmonary	Embolism
4 	Patients	with	brain	and	spinal	cord	tumors	are	at	risk	for	development	of	DVT
and	subsequent	PE.	Factors	such	as	prior	history	of	DVT,	female	gender,	older
age,	 high	 grade	 lesion,	 poor	 Karnofsky	 score,	 hypertension,	 and	 Caucasian
background	have	been	shown	to	 increase	 the	risk	of	 thromboembolism	for	 this
patient	 population.63	 Tumor	 types	 including	 oligodendroglioma,	 lymphoma,



glioma,	 mixed	 tumor,	 and	 metastatic	 lesion	 increase	 the	 risk	 of	 DVT/PE
development	in	patients.63,64	Precautions,	including	TED	stockings	or	sequential
leg	 compression	 boots,	 should	 be	 taken	 to	 prevent	 DVT	 from	 developing.
Prophylaxis	with	subcutaneous	heparin	(5000	units	twice	a	day)	could	be	started
as	 early	 as	 postoperative	 day	 1.65	 However,	 most	 physicians	 advocate	 starting
chemoprophylaxis	at	3	to	5	days	after	surgery.66	The	safety	of	DVT	prophylaxis
over	 30	 days	 postoperatively	 has	 been	 demonstrated	 in	 a	 cohort	 of	 those
undergoing	 intracranial	 surgery,	24.9%	of	whom	had	 intracranial	 tumors;	 eight
postoperative	intracranial	hemorrhages	occurred	in	the	entire	cohort,	though	six
of	these	patients	had	also	received	oral	anticoagulation	at	one	point	during	those
30	 days.	 Two	 of	 the	 eight	 had	 intracranial	 tumors	 (glioblastoma	 and
meningioma)	 and	 had	 intraparenchymal	 hemorrhage	 and	 epidural	 hematoma,
respectively).67	Venous	duplex	 scanning	 can	 recognize	DVT	before	 it	 becomes
symptomatic.

DVT	 should	 be	 suspected	when	 the	 patient	 complains	 of	 leg	 pain	 or	 has	 a
fever	 or	 elevated	 white	 count	 without	 a	 clear	 explanation.	 Venous	 duplex
scanning	 of	 the	 bilateral	 lower	 extremities	 should	 be	 obtained	 to	 assess	 for
development	 of	 DVT.	 PE	 usually	 presents	 with	 shortness	 of	 breath	 and	 chest
pain	 and	 a	 bedside	 echocardiogram	 may	 reveal	 findings	 of	 acute	 right	 heart
strain,	 including	McConnell	 sign.	 Blood	 gases	 show	 hypocarbia	 with	 mild	 to
moderate	hypoxia.	Administration	of	oxygen	is	indicated	to	maintain	the	oxygen
saturation	>92%	and	prompt	evaluation	with	V˙/Q˙	scan	and/or	CT-PE	study	are
indicated.

Once	 identified,	 treatment	 with	 anticoagulation	 may	 be	 problematic,
especially	in	the	immediate	postoperative	period	due	to	risk	of	hemorrhage.68,69
However,	 studies	 have	 shown	 that	 use	 of	 anticoagulation	 in	 the	 immediate
postoperative	period	is	safe	and	does	not	lead	to	increased	risk	of	hemorrhage.63
Alternatively,	patients	at	high	risk	for	PE	or	with	lower	extremity	VTE	can	have
placement	 of	 an	 inferior	 vena	 cava	 (Greenfield)	 filter	 to	 prevent	 PE	 until
2	weeks	have	transpired	from	surgery.	After	that	time,	the	use	of	anticoagulation
is	much	less	risky	and	is	the	preferred	treatment.

Cerebral	Infarction
About	15%	of	cancer	patients	have	significant	cerebrovascular	pathology	noted
at	autopsy.70	Patients	with	primary	brain	neoplasms	are	also	at	risk	for	cerebral
infarction.	 This	 complication	 may	 be	 related	 to	 the	 hypercoagulable	 states
present	among	patients	with	malignancies.	Alternatively,	because	these	patients
may	be	older	with	premorbid	atherosclerosis,	they	may	suffer	cerebral	infarction.



This	event	should	be	differentiated	from	hemorrhage	into	a	tumor	or	progressive
tumor	enlargement.	CT	scan	or	MRI	is	essential,	although	delay	until	after	full
emergence	from	anesthesia	 is	 reasonable	 to	avoid	unnecessary	diagnostic	 tests.
The	 issues	 regarding	 anticoagulation	 must	 be	 addressed	 as	 with	 deep	 venous
thrombosis	 or	 pulmonary	 embolism.	 Daily	 aspirin	 is	 generally	 safe.	 Oral
anticoagulants,	when	indicated,	should	be	reserved	for	a	patient	who	has	not	had
hemorrhage	into	the	tumor	and	who	is	at	least	2	weeks	postoperatively.

Systemic	Infections
Systemic	 infections	 are	 not	 uncommon,	 and	 most	 often	 include	 pneumonia,
urinary	 tract	 infections,	 or	 sepsis	 secondary	 to	 line	 placement.	 Their
management	 does	 not	 differ	 for	 the	 neuro-oncology	 patient	 than	 for	 any	 other
patient	in	the	ICU.

END-OF-LIFE	IN	THE	ICU
5 	Sadly,	despite	the	variety	of	available	therapies,	almost	all	primary	high-grade
gliomas	will	progress	and	the	patient	harboring	the	tumor	will	succumb	to	their
disease.	 A	 patient	 with	metastatic	 brain	 disease	may	 fail	 tumor	 treatments,	 as
well.	 Ideally,	 the	 patient’s	 providers	 have	 discussed	 these	 possibilities	 as	 the
patient	 begins	 to	 show	 signs	 of	 decline.	Though	 it	 is	 difficult	 to	 prognosticate
regarding	survival	for	patients	with	intracranial	tumors	as	a	whole,	survival	after
brain	metastases	can	be	estimated	with	high	accuracy	based	on	a	scoring	system
that	 takes	 patient	 characteristics	 into	 account.	 A	 retrospective	 cohort	 of	 3940
patients	 over	 22	 years,	 the	 Diagnosis-Specific	 Graded	 Prognostic	 Assessment
(DSGPA),	 was	 found	 to	 correlate	 with	 higher	 rates	 of	 survival.	 Prognostic
factors	varied	by	primary	malignant	 tissue.	For	 lung	cancer,	prognostic	 factors
were	Karnofsky	performance	score,	age,	presence	of	extracranial	metastases,	and
number	 of	 brain	 metastases.	 For	 melanoma	 and	 renal	 cell	 cancer,	 prognostic
factors	were	Karnofsky	performance	score	and	the	number	of	brain	metastases.
For	 breast	 cancer,	 prognostic	 factors	 were	 tumor	 subtype,	 Karnofsky
performance	 score,	 and	age.	For	GI	cancer,	 the	only	prognostic	 factor	was	 the
Karnofsky	performance	score.	The	DSGPA	accounted	for	many	of	these	factors.
Primary	 gastrointestinal	 malignancy	 was	 found	 to	 have	 the	 worst	 median
survival	 (5.4	 months)	 whereas	 primary	 breast	 cancer	 had	 the	 best	 (13.8)
months.71

The	patient	and	family	may	decide	to	limit	the	extent	of	care.	When	patients



are	unstable	or	further	care	is	futile	with	regard	to	survival,	providers	may	need
to	discuss	a	transition	to	comfort	oriented	care	with	the	patient	and	family.	The
most	 intensive	 interventions—surgery,	 ventriculostomy,	 and	 intubation	 for
hyperventilation—may	 be	 most	 readily	 decided	 against.	 Other	 interventions,
such	as	hyperosmolar	therapy,	may	be	withheld.	Sometimes,	a	decision	is	made
to	 stop	 all	 curative	 intent	 treatments.	 However,	 abrupt	 cessation	 of
dexamethasone	can	lead	to	symptoms	during	a	rapid	demise	of	the	patient.

On	 occasion,	 an	 aggressively	 treated	 patient	 will	 continue	 to	 deteriorate.
Elevated	 ICP	 can	 cause	 cardiac	 arrhythmias	 during	 the	 end	 stage.	 Prior	 to	 the
onset	of	such	cardiac	difficulties,	however,	the	patient	may	progress	to	the	point
of	 brain	 death.	 In	 the	United	 States,	 the	 definition	 of	 brain	 death	 requires	 the
patient	 to	not	be	hypotensive,	hypothermic,	hypernatremic,	undergoing	another
metabolic	abnormality,	not	have	excessive	acidemia,	within	72	hours	of	a	drug
overdose,	or	on	paralytic	or	sedative	medications.	The	etiology	of	 the	patient’s
condition	should	be	known.	The	clinical	exam	shows	the	patient	to	be	comatose,
without	 any	 brainstem	 reflexes,	 motor	 responses,	 or	 spontaneous	 respirations.
An	 apnea	 test	 is	 also	 necessary.	 In	 this	 test,	 the	 patient	 is	 provided	 flow-by
oxygen	 at	 the	 level	 of	 the	 carina	 via	 cannula	 through	 the	 endotracheal	 tube	 to
maintain	adequate	oxygenation	without	supplying	positive	pressure.	The	patient
is	disconnected	from	the	ventilator	and	observed	for	the	absence	of	respirations
for	10	minutes	(or	until	a	PCO2	of	60	mm	Hg	is	reached).	A	confirmatory	test,
such	as	electrocerebral	 silence	of	an	EEG	or	absence	of	brain	blood	flow	on	a
radionucleotide	 cerebral	 flow	 study,	 can	 also	 be	 helpful	 when	 clinical
examination	does	not	clearly	establish	that	brain	death	criteria	have	been	met.72
When	 these	 criteria	 are	 present,	 the	 patient	 should	 be	 declared	 brain	 dead	 and
removed	from	life	support.	Organ	donation	can	be	discussed	with	the	family	by
an	organ	procurement	organization.
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MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	72-year-old	man	with	a	history	of	hypertension	and	diabetes	mellitus
presents	to	the	emergency	department	after	a	tonic-clonic	seizure	lasting
1	minute,	witnessed	by	his	spouse.	He	now	feels	normal,	with	a	Glasgow	Coma
Scale	score	of	15	and	no	focal	neurological	deficits.	Brain	MRI	shows	a
3.8	×	3.1	cm	mass	in	the	right	frontoparietal	region	with	significant	vasogenic
edema.	The	patient	is	started	on	dexamethasone,	levetiracetam	and	perioperative
cefazolin	and	undergoes	a	right	sided	craniotomy	during	which	the	bulk	of	the
tumor	is	removed.	Frozen	pathology	is	notable	for	glioblastoma.	The	patient	is
extubated	to	2	L/min	oxygen	via	nasal	cannula.	His	neurological	examination
remains	at	baseline,	however,	2	days	later	he	deteriorates.	Vital	signs	are	blood
pressure	172/90	mm	Hg,	heart	rate	86	beats/min,	respiratory	rate	17	per	minute,
oxygen	saturation	93%	on	2	L/min	via	nasal	cannula,	and	temperature	38.3	°C.
He	does	not	open	eyes	to	sternal	rub,	supraorbital	pressure,	or	nail	bed	pressure.
Pupils	are	equal	at	3.5	mm	diameter	and	are	briskly	reactive	with	pupillary
indices	of	4.2	and	4.5	on	the	left	and	right,	respectively,	and	he	has	no	blink	to
threat.	Pupils	are	conjugate	and	no	gaze	preference	is	present.	He	grunts	to
painful	stimulus	and	minimally	withdraws	in	his	bilateral	upper	and	lower
extremities.	Clear	fluid	is	draining	from	his	incision.	He	is	intubated	for	airway
protection.	Which	of	the	following	is	the	likely	cause	of	his	clinical
deterioration?

A. 	Epidural	hematoma	due	to	dura	separation	from	bone	during
craniotomy
B. 	Hypertension	leading	to	arterial	vessel	bleeding
C. 	Meningitis	secondary	to	CSF	leak
D. 	Nonconvulsive	status	epilepticus

2. 	A	44-year-old	woman	with	a	history	of	migraines	presents	with	a	sudden,
diffuse	severe	headache	without	alleviating	factors,	and	nausea	and	vomiting.
Her	presenting	vital	signs	are	temperature	37.2	°C,	heart	rate	82	beats	per
minute,	blood	pressure	155/95	mm	Hg,	respiratory	rate	14	breaths/min,	and
SpO2	96%	on	room	air.	Noncontrast	head	CT	shows	a	colloid	cyst	in	the	third
ventricle	at	the	level	of	the	Foramen	of	Monroe.	She	undergoes	resection	via	a
transcallosal	approach	without	any	noted	intraoperative	complications	that	same
day.	Her	headache	is	nearly	completely	resolved	postoperatively.	The	next
morning,	she	experiences	a	worsening	headache,	vomits,	and	feels	short	of
breath.	Her	vital	signs	are	now	temperature	38.4	°C,	heart	rate	105	beats	per



minutes,	blood	pressure	194/105	mm	Hg,	respiratory	rate	22	breaths/min,	and
SpO2	86%	on	room	air.	Examination	is	notable	for	upward	gaze	paresis.	She
moves	all	four	extremities	spontaneously.	What	is	the	most	likely	diagnosis?

A. 	Acute	hydrocephalus
B. 	Cerebral	edema
C. 	Midbrain	hemorrhage
D. 	Nonconvulsive	status	epilepticus

3. 	A	35-year-old	man	without	any	past	medical	history	complains	of	fatigue,
headache,	and	loss	of	libido	for	the	last	4	weeks	with	double	vision	today.	MRI
shows	a	13	mm	pituitary	tumor	with	suprasellar	extension.	After	transsphenoidal
resection	of	the	pituitary	adenoma,	he	is	monitored	postoperatively.	He	remains
intubated	and	on	propofol	and	fentanyl	postoperatively.	On	the	morning	of
postoperative	day	2,	urine	specific	gravity	is	1.010	and	serum	sodium	is	138.
Later	in	the	day	his	urine	output	increases	to	350	mL/h	and	then	to
approximately	450	mL/h	for	3	hours	after	that.	What	is	the	most	appropriate	next
diagnostic	test	to	order?

A. 	Central	venous	pressure
B. 	Fractional	excretion	of	uric	acid
C. 	Repeat	urine	specific	gravity	and	serum	sodium
D. 	Urine	output	over	the	next	4	hours

Answers

1.	The	correct	answer	is	C.
Rationale:	This	patient	most	likely	has	meningitis	from	a	CSF	leak	(choice	C

is	correct).	His	temperature	meets	the	definition	of	fever	in	the	ICU	setting	per
the	Infectious	Disease	Society	of	America.	In	a	2015	prospective	study	assessing
prevalence	and	microbiological	characteristics	of	patient	undergoing	craniotomy,
334	 patients	 were	 evaluated.	 Of	 these,	 meningitis	 occurred	 in	 4.8%	 of	 the
patients	 whether	 or	 not	 CSF	 leak	 occurred.	 However,	 in	 the	 multivariate
analysis,	meningitis	 risk	was	 independently	 associated	with	CSF	 leak	with	 an
odds	 ratio	 of	 48.3	 (P	 <	 .001)	 in	 addition	 to	 accounting	 for	 the	 second	 most
common	cause	of	infection	after	craniotomy.	Additionally,	perioperative	steroid
use	 had	 an	 odds	 ratio	 of	 11.55	 (P	 =	 .005).	 In	 another	 prospective	 study,	 the
incidence	 of	 post	 craniotomy	 meningitis	 was	 5.5%.	 The	 lack	 of	 pupillary



abnormalities	 or	 motor	 deficits	 argues	 against	 cerebral	 edema.	 Though	 the
patient	was	hypertensive,	systolic	blood	pressure	was	not	 in	excess	of	160	and
the	 patient	 also	 did	 not	 have	 any	 pupillary	 abnormalities	 or	 motor	 deficits.
Additionally,	 if	 the	 patient	 was	 having	 an	 arterial	 bleed,	 he	 would	 likely
decompensate	more	quickly	(choice	B	is	not	 the	best	answer).	The	same	could
be	said	if	the	patient	had	an	epidural	hematoma	(choice	A	is	not	the	best	answer).
Nonconvulsive	 status	epilepticus	 is	a	possibility;	however,	 the	gradual	decline,
fever,	and	 lack	of	gaze	preference	all	argue	against	 it	 (choice	D	is	not	 the	best
answer).

2.	The	correct	answer	is	A.
Rationale:	 Patients	 are	 at	 risk	 of	 developing	 hydrocephalus	 following

resection	of	a	colloid	cyst	(choice	A	is	correct).	Postsurgical	blood	products	can
accumulate	postoperatively	and	obstruct	the	foramen	of	Monroe.	Patients	usually
need	 a	 ventriculostomy	 in	 such	 cases.	 Hypertension	 in	 conjunction	 with
headache,	 nausea,	 and	 vomiting	 are	 classic	 symptoms	 in	 hydrocephalus.
Retching	and	vomiting	can	 lead	to	 intraventricular	hemorrhage	in	patients	who
are	already	prone	to	bleeding	in	that	region.	A	systemic	inflammatory	response
is	 likely	 responsible	 for	 her	 respiratory	 status.	 She	 has	 upward	 gaze	 paresis,
commonly	referred	to	as	“sunset	sign,”	which	can	present	in	Parinaud	syndrome.
Though	more	 common	 among	 infants,	 it	 can	 present	 in	 adults	with	 both	 eyes
appearing	 to	 move	 downward	 with	 the	 sclera	 showing	 due	 to	 the	 lower	 lid
covering	the	pupils.	Upward	gaze	paresis	is	caused	by	the	aqueductal	distention
in	the	dorsal	midbrain	and	its	effect	on	the	vertical	gaze	innervation	bilaterally.
No	other	focal	neurologic	deficits	besides	the	upward	gaze	paresis	are	present	to
suggest	 midbrain	 involvement	 such	 as	 ataxia,	 vertigo,	 or	 parkinsonian	 signs
(choice	 C	 is	 incorrect).	 Cerebral	 edema	 or	 seizures	 would	 not	 explain	 the
neurological	findings	(choices	B	and	D	are	incorrect).

3.	The	correct	answer	is	C.
Rationale:	 Diabetes	 insipidus	 (DI)	 occurs	 in	 a	 quarter	 of	 patients	 after

pituitary	adenoma	resection.	A	prominent	symptom	is	polyuria.	This	patient	will
likely	have	dilute	urine	with	specific	gravity	<	1.005	and	serum	sodium	>	146	on
repeat	testing	(choice	C	is	correct).	Urine	specific	gravity	compares	the	density
of	 urine	 to	 that	 of	water	 and	 serves	 as	 an	 estimate	 of	 urine	osmolality.	Values
<1.005	 (hyposthenuria)	 are	 seen	 in	 diabetes	 insipidus	 and	 psychogenic
polydipsia.	Additionally,	 in	DI,	 urine	 osmolality	 can	 be	 expected	 to	 be	 below
800	 msom/kg	 and	 serum	 osmolality	 greater	 than	 300	 mOsm/kg.	 Treatment
includes	 desmopressin	 at	 0.5	 to	 2.0	 mcg	 intravenously	 or	 subcutaneously



initially	and	then	as	required.	Oral	doses	can	also	be	administered	at	0.1	to	0.2
mcg	up	to	three	times	a	day.	The	syndrome	of	Inappropriate	Diuretic	Hormone
(SIADH)	 occurs	 in	 up	 to	 9%	 of	 patients	 with	 pituitary	 adenomas.	 Patients
become	hyponatremic	with	serum	osmolalities	<270	mosm/kg,	urine	osmolality
>	100	mOsm/kg,	and	urine	sodium	>	30	meq/L.	The	laboratory	profiles	between
SIADH	 and	DI	 have	 overlapping	 ranges.	 The	way	 to	 distinguish	 between	 the
two,	aside	from	one	having	hyponatremia	and	the	other	having	hypernatremia,	is
to	 assess	 the	 patient’s	 urine	 specific	 gravity	 and	 effective	 arterial	 volume.
Central	venous	pressure	(CVP)	has	been	demonstrated	to	be	a	poor	indicator	of
effective	 arterial	 volume	 and	 preload	 though	 multiple	 meta-analyses	 and	 one
systematic	review	(choice	A	is	incorrect).	It	is	a	static	parameter	and	is	under	the
influence	 of	 thoracic,	 pericardial,	 and	 abdominal	 pressures.	 The	 fractional
excretion	 of	 uric	 acid	 (FEUA)	 is	 useful	 for	 distinguishing	 the	 cause	 of
hyponatremia	 for	 patients	 who	 have	 received	 diuretics.	 Patients	 with	 either
cerebral	 salt-wasting	 syndrome	 or	 SIADH	 can	 have	 hypouricemia	 and	 an
elevated	FEUA.	However,	 after	 correction	of	 hyponatremia,	 hypouricemia	 and
elevated	FEUA	may	normalize	with	SIADH	but	persist	for	cerebral	salt-wasting
syndrome	 (renal	 salt	 wasting)	 (choice	 B	 is	 incorrect).	 Urine	 output	 is	 already
well	 above	 the	 threshold	 of	 250	mL/h	 for	 two	 consecutive	 hours	 for	 diabetes
insipidus;	 therefore,	 further	monitoring	 is	 not	 as	 helpful	 and	would	only	delay
diagnosis	(choice	D	is	incorrect).
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Chapter	156
Miscellaneous	Neurological	Problems	in
the	Intensive	Care	Unit
Max	Ruben	Mandelbaum

KEY	POINTS:
1.	 Suicidal	hanging	causes	cerebral	injury	by	impairing	venous

drainage,	occluding	arterial	blood	supply,	and	by	anoxia.
2.	 Victims	of	lightning	strike	and	other	electrical	injuries	should	be

stabilized	with	full	resuscitative	efforts,	as	early	brainstem
dysfunction	may	not	be	permanent	and	thus	may	give	a	misleading
poor	prognosis.

3.	 Evacuation	to	fresh	air	and	administration	of	100%	oxygen	are
critical	immediate	treatments	for	suspected	carbon	monoxide
poisoning.

4.	 Most	patients	with	decompression	sickness	suffer	neurological
symptoms.	Recompression	in	a	bariatric	chamber	is	the	key	therapy.

INTRODUCTION
A	 wide	 variety	 of	 neurological	 problems	 may	 confront	 the	 physician	 in	 the
intensive	care	unit	(ICU),	including	several	important	disorders	for	which	basic
information	is	not	readily	available.	These	include:

Suicidal	hanging,	electrical	shock,	acute	carbon	monoxide	poisoning,	and
decompression	sickness,	which	present	so	blatantly	that	the	diagnosis	is	rarely
in	question,	yet	the	range	of	clinical	manifestations	and	their	management
may	be	unanticipated.
Electrical	injury,	which	may	affect	the	entire	neuraxis.
Carbon	monoxide	poisoning,	a	unique	mechanism	of	cerebral	hypoxic	injury.



Decompression	sickness,	which	includes	neurological	complications	in	80%
of	patients.
Cerebral	fat	embolism,	which	is	often	not	initially	suspected	if	other	surgical
or	medical	issues	take	precedence.
Singultus	(hiccups),	which	is	an	all	too	common	secondary	problem	that	may
further	weaken	the	severely	ill	patient.
Compression	neuropathies,	which	may	complicate	prolonged	bed	rest.

SUICIDAL	HANGING
Hanging	is	the	second	most	common	means	of	committing	suicide	in	the	United
States	 after	 self-inflicted	 gunshot	 wound.1	 Introduced	 in	 5th-century	 England,
hanging	proceeded	to	become	the	official	form	of	execution.	Early	on,	there	was
no	exact	procedure,	and	most	hangings	resulted	in	slow	strangulation.2	Changes
in	techniques,	with	the	victim	dropped	at	least	his	height	and	the	hangman’s	knot
placed	in	the	submental	location,	have	produced	a	consistently	fatal	bilateral	axis
pedicle	fracture,	resulting	in	complete	herniation	of	the	disc	and	severance	of	the
ligaments	 between	C2	 and	C3.3	This	 injury	 causes	 almost	 immediate	death	by
destroying	the	cardiac	and	respiratory	centers,	 lacerating	the	carotid	artery,	and
injuring	the	pharynx.2,3

1 	 Suicidal	 hangings	 are	 rarely	 so	 expert,	 and	 death	 usually	 results	 from
strangulation	 in	 the	 setting	 of	 interruption	 of	 cerebral	 blood	 flow.4	 A	minimal
amount	of	 compression	occludes	 the	 jugular	veins,	whereas	an	 increased	 force
occludes	 the	carotid	 arteries.5	A	much	 larger	 force	 is	necessary	 to	 arrest	blood
flow	 in	 the	 vertebral	 arteries.5	 Pressure	 on	 the	 jugular	 veins	 from	 the	 noose
results	 in	 venous	 obstruction	 and	 stagnation	 of	 cerebral	 blood	 flow,	 causing
hypoxia	 and	 loss	 of	 consciousness.3	 Cervical	 muscle	 tone	 then	 decreases,
allowing	 airway	 obstruction	 and	 arterial	 compression,	 further	 exacerbating
hypoxia.3	In	addition,	external	compression	of	the	carotid	bodies	or	vagal	sheath
can	 increase	 parasympathetic	 tone,	 whereas	 pressure	 on	 the	 pericarotid	 area
stimulates	 sympathetic	 tone;	 either	 can	 result	 in	 cardiac	 arrest.4,5	 The	 altered
autonomic	 tone	 may	 also	 cause	 a	 release	 of	 catecholamines,	 resulting	 in
neurogenic	 pulmonary	 edema,	 as	well	 as	 affect	 the	 respiratory	 smooth	muscle
tone,	causing	respiratory	acidosis	and	a	further	insult	to	cerebral	oxygenation.3

If	blood	flow	is	quickly	restored,	full	recovery	can	often	be	expected.	If	 the
blood	flow	is	interrupted	for	more	than	a	few	minutes,	however,	hypoxia	causes
cell	 death	 and	 cytotoxic	 and	 vasogenic	 edema,	 with	 increased	 intracranial
pressure.	There	is	selective	vulnerability	of	the	cerebral	cortex	(particularly	the



pyramidal	 cell	 layer),	 the	 globus	 pallidus,	 thalamus,	 hippocampus,	 and	 the
cerebellar	Purkinje	cells	to	anoxia	and	ischemia.

Diagnosis
Although	 the	 diagnosis	 is	 rarely	 in	 doubt,	 the	 patient	 may	 show	 a	 range	 of
findings,	varying	from	rope	burns	to	coma.	In	the	immediate	posthanging	period,
the	patient	most	commonly	shows	evidence	of	an	altered	level	of	consciousness,
ranging	 from	 restlessness,	 delirium,	 or	 violent	 agitation	 to	 lethargy,	 stupor,	 or
coma.	 Seizures,	 and	 rarely	 status	 epilepticus,	 may	 occur.4,5	 Injury	 to	 the	 neck
blood	vessels	occurs	in	40%	of	patients,	resulting	in	carotid	dissection,	thrombus
formation,	 and	distal	 ischemic	 infarcts.6	Venous	 occlusion	may	 lead	 to	 venous
congestion,	 venous	 ischemia,	 and	 hemorrhage.7	 Development	 of	 the	 acute
respiratory	distress	 syndrome	 (ARDS)	may	 result	 from	central	 nervous	 system
(CNS)	catecholamine	release,	causing	constriction	of	the	pulmonary	venules.3	In
incomplete	 hanging,	 the	 patient	 may	 also	 show	 signs	 of	 laryngeal	 and
pharyngeal	 edema,	 resulting	 in	 hoarseness,	 dysphagia,	 and	 stridor.3,7	 Although
infrequent	in	suicidal	hangings,	fracture	of	the	odontoid	and	injury	to	the	spinal
cord	may	occur.

Careful	 neurological	 examination	 should	 be	 performed,	 with	 particular
attention	to	alterations	in	the	level	of	consciousness	and	evidence	of	spinal	cord
injury,	such	as	paraparesis,	quadriparesis,	or	urinary	retention.	There	should	be
frequent	 monitoring	 of	 vital	 signs	 for	 evidence	 of	 autonomic	 instability	 and
stridor.	 Initial	 laboratory	evaluations	should	 include	radiographs	of	 the	cervical
spine;	 arterial	 blood	 gas	 determination;	 electrocardiogram	 (ECG);	 and	 cardiac
monitoring.	Computed	tomography	(CT)	angiogram	should	also	be	considered	if
suspicious	for	dissection	of	the	carotid	artery.8

Neuroimaging	of	the	brain	may	be	quite	variable,	from	a	normal	head	CT	in
many	 patients,	 to	 evidence	 of	 edema,	 hemorrhage,	 and	 ischemia.	 Owing	 to
decreased	blood	flow	and	the	resultant	hypoxia,	edema	may	be	seen	in	the	white
matter	 tracts.9	 Subcortical	 and	 subarachnoid	 hemorrhages	 may	 result	 from
venous	 occlusion,	 whereas	 ischemia	 may	 result	 from	 venous	 or	 arterial
occlusion,	 particularly	 in	 the	 areas	 of	 greatest	 vulnerability:	 the	 basal	 ganglia,
cortex,	thalamus,	and	hippocampus.10

Treatment
Patients	 quickly	 lose	 consciousness	 with	 hanging	 attempts	 but	 may	 still	 have



cardiac	 and	 respiratory	 function	 or	 can	 quickly	 regain	 these	 with	 prompt
cardiopulmonary	resuscitation	(CPR).	The	goals	of	treatment	are	to	maintain	an
adequate	 level	 of	 cerebral	 oxygenation,	 to	 decrease	 the	 raised	 intracranial
pressure,	and	to	monitor	and	treat	any	cardiac	arrhythmias	or	respiratory	distress
that	 may	 develop.	 After	 hanging,	 the	 mechanical	 trauma	 induced	 by
strangulation	 can	 also	 cause	 hemorrhage	 and	 edema	 in	 the	 paratracheal	 and
laryngeal	 areas	 and	 result	 in	 delayed	 but	 significant	 airway	 obstruction	 at	 any
time	within	 the	 first	24	hours.	Endotracheal	 intubation	 is	often	 required	due	 to
poor	 mental	 status,	 hypoxia	 due	 to	 ARDS,	 airway	 obstruction,	 or	 increased
intracranial	pressure.9	Management	of	 elevated	 intracranial	 pressure	 is	 covered
in	other	sections	of	this	text.

Other	 concerns	 for	 victims	 of	 hangings	 include	 fractures	 and	 thrombi.	 A
fracture	 of	 the	 odontoid	 requires	 immediate	 neurosurgical	 or	 orthopedic
intervention	 to	 stabilize	 the	 cervical	 spine	 and	 protect	 the	 cord	 from	 injury.
Carotid	 thrombus	may	 require	prompt	vascular	 intervention	 to	 remove	 the	clot
and	restore	patency	and	blood	flow.	 In	addition,	assessing	 the	patient	 for	other
evidence	 of	 self-inflicted	 injuries	 and	 intoxications	 is	 also	 warranted,	 as	 is	 a
complete	psychiatric	evaluation	once	the	patient	is	able	to	cooperate.

Course
The	 prognosis	 for	 recovery	 is	 not	 immediately	 apparent	 with	 the	 first
neurological	 examination.	 It	 should	 be	 noted	 that	 suicidality	 in	 itself	 is	 a
treatable	 and	 sometimes	 curable	 illness,	 and	 should	 not	 be	 relied	 upon	 to
determine	 code	 status.	Many	 patients	 make	 a	 satisfactory	 recovery	 despite	 an
initial	Glasgow	Coma	Scale	(GCS)	score	of	3.4	Still,	the	fatality	rate	for	suicidal
hangings	may	range	from	60%	to	70%.11	Indicators	for	a	good	recovery	include
a	hanging	time	of	less	than	5	minutes,	a	heartbeat	present	at	the	scene	or	in	the
emergency	room,	CPR	initiated	at	the	scene,	a	GCS	score	greater	than	3,	and	an
incomplete	 circumferential	 ligature.4	 Predictors	 of	 a	 poorer	 prognosis	 include
cardiopulmonary	arrest,	a	spontaneous	respiratory	rate	less	than	4/min,	need	for
intubation,	 and	 neurogenic	 pulmonary	 edema.5	 In	 patients	 who	 have
cardiopulmonary	arrest	 survival	 rate	 is	 less	 than	50%,	with	only	about	12%	of
survivors	having	a	good	neurological	outcome.12

Other	 neurological	 sequelae	 can	 become	 manifest	 either	 in	 the	 immediate
posthanging	 period	 or	 after	 a	 relatively	 asymptomatic	 latent	 period.	 The
individual	may	show	evidence	of	a	confusional	state;	a	circumscribed	retrograde
amnesia;	 Korsakoff	 syndrome;	 or	 even	 progressive	 dementia.7	 Transient
hemiparesis;	aphasia;	abnormal	movements;	motor	 restlessness;	and	myoclonic



jerks	also	can	characterize	this	period.7	Ear	numbness	may	result	from	injury	to
the	greater	auricular	nerve.13	Most	patients	who	survive	the	acute	phase	recover
to	 variable	 degrees.	 Three	 more	 severe	 delayed	 outcomes	 have	 also	 been
observed:	 (a)	 comatose	 state	with	minor	 neurological	 improvement	 and	 death;
(b)	early	neurological	recovery,	followed	by	cerebral	edema	with	uncontrollable
uncal	 herniation	 and	 severe	 morbidity	 or	 mortality;	 and	 (c)	 complete
neurological	recovery,	followed	by	delayed	encephalopathy	and	death.3

ELECTRICAL	INJURIES
Approximately	 4000	 injuries	 and	 1000	 deaths	 from	 electrical	 shock	 occur
annually	in	the	United	States.	Most	fatalities	occur	in	the	workplace,	but	a	third
result	from	contact	with	household	current.14	Approximately	400	people	per	year
are	affected	by	lightning	strikes,	with	one-third	of	victims	dying	owing	to	their
exposure.15

Pathophysiology
Electrical	 and	 lightning	 injuries	 are	 exceedingly	 variable	 and	 dependent	 on	 a
number	 of	 factors.	 Current	 flowing	 between	 two	 potentials,	 or	 amperage,	 is
equal	to	the	voltage	divided	by	the	resistance	to	current	flow	(I	=	V/R).	Current	is
generated	 by	 either	 an	 electrical	 source	 or	 a	 lightning	 strike.	 Current	 may	 be
direct,	 as	 with	 lightning,	 or	 alternating,	 as	 with	 most	 household	 appliances.
Alternating	current	has	a	 tendency	 to	produce	 tetanic	contractions	 that	prevent
voluntary	release	from	the	current	source,	thus	prolonging	the	electrical	contact
time	and	increasing	the	potential	for	injury.	Higher	voltages,	such	as	those	that
occur	with	lightning	or	with	contact	with	high-voltage	conductors,	produce	more
severe	injuries	than	those	caused	by	lower	voltages.	Wet	skin	and	tissues	high	in
water	content	provide	low	resistance	to	current	flow	and	are	at	a	higher	risk	for
injury,	whereas	 tissues	high	in	fat	and	air,	such	as	hollow	organs,	provide	high
resistance.	Nerves	and	blood	vessels	have	 lower	 than	expected	resistances,	and
thus	 are	 more	 sensitive	 to	 electrical	 injury	 than	 their	 water	 content	 would
suggest.16	Other	variables	that	affect	the	severity	of	damage	include	the	current
pathway	(ie,	whether	it	involves	the	heart,	diaphragm,	spinal	cord,	or	brain),	the
area	of	current	contact	and	exit,	and	the	duration	of	contact.16

In	 addition,	 lightning	 injuries	 are	 classified	 according	 to	 the	 of	 exposure.17
“Direct	strikes”	involve	direct	contact	between	the	lightning	bolt	and	the	highest
point	of	the	victim,	often	the	head.	“Side	flash”	involves	the	spread	of	electricity



from	 the	 lightning	 bolt	 to	 a	 nearby	 object	 and	 then	 to	 the	 patient.	 Side	 flash
victims	are	typically	exposed	to	less	voltage	and	current	than	with	a	direct	strike.
Finally,	“stride	current”	involves	the	spread	of	electricity	from	the	lightning	bolt
to	 the	 ground	 and	 then	 through	 contact	 points	 in	 the	 patient.	 Stride	 current
patients	 are	more	 likely	 to	 experience	 spinal	 cord	 injuries,	 because	 the	 current
crosses	through	the	spinal	cord	from	one	limb	to	another.

Neurological	Complications	of	Electrical	and	Lightning
Injuries
Neurological	sequelae	of	electrical	injuries	affect	both	the	central	and	peripheral
nervous	systems,	with	both	immediate	and	long-term	difficulties.

Immediate	Effects
Immediate	 neurological	 effects	 of	 electrical	 injuries	 are	 noted	 throughout	 the
neuraxis.	 10%	 to	 50%	of	 patients	 experience	 a	 brief	 loss	 of	 consciousness,	 as
well	 as	 headache,	 retrograde	 amnesia,	 and	 confusion.18	 Patients	with	 electrical
and	lightning	injuries	to	the	head	may	also	suffer	subarachnoid	or	parenchymal
hemorrhages,	particularly	 in	 the	basal	ganglia	and	brainstem.19	 In	patients	who
suffer	cardiac	or	respiratory	arrest,	posthypoxic	encephalopathy	may	develop	in
“watershed”	areas	of	 the	cerebral	cortex.	Less	commonly,	patients	may	present
with	cerebral	infarction	or	a	temporary	cerebellar	syndrome.19

2 	Catecholamine	 release	may	result	 in	autonomic	dysfunction,	as	evidenced
by	 transitory	 hypertension;	 tachycardia;	 diaphoresis;	 vasoconstriction	 of	 the
extremities;	and	fixed	and	dilated	pupils.20	Thus,	lightning-strike	victims	should
receive	full	resuscitative	efforts	despite	pupillary	changes,	because	these	may	not
indicate	 permanent	 brainstem	 dysfunction.	 Lightning-strike	 victims	 may	 also
suffer	 “keraunoparalysis,”	 a	 self-limited	 paralysis	 more	 often	 involving	 the
lower	 extremities,	 accompanied	 by	 a	 lack	 of	 peripheral	 pulses,	 pale	 and	 cold
extremities,	and	variable	paresthesias.19	Keraunoparalysis	 is	presumably	caused
by	localized	vasospasm	from	catecholamine	release.

Acute	 spinal	 cord	 injuries	 are	 also	 seen,	 particularly	 with	 stride	 current
injuries.	 The	 spectrum	 of	 spinal	 cord	 injuries	 includes	 paralysis,	 spasticity,
autonomic	 dysfunction,	 and,	 later,	 chronic	 pain	 and	 pressure	 ulcers.19	 Acute
neuropathies	are	typically	not	seen	with	lightning	strikes,	but	may	be	seen	with
electrical	 injuries	 in	 association	with	 compartment	 syndromes,	 local	 burns,	 or
vascular	 injury.21	 Both	 electrical	 and	 lightning-strike	 victims	 are	 vulnerable	 to



the	 subacute	 development	 of	 cataracts,	 whereas	 lightning-strike	 patients	 are
peculiarly	 susceptible	 to	 tympanic	 membrane	 rupture;	 vertigo;	 and	 hearing
loss.22,23

Delayed	Effects
Delayed	effects	of	electrical	and	 lightning	 injuries	may	also	span	 the	neuraxis.
Recognized	 neuropsychiatric	 effects	 include	 depression;	 posttraumatic	 stress
disorder;	 fatigue;	 irritability;	 and	 memory	 and	 concentration	 difficulties.24
Movement	 disorders	 have	 also	 been	 described,	 such	 as	 transient	 dystonias,
torticollis,	 and	 parkinsonism.19	 Delayed	 ophthalmologic	 and	 otologic
consequences	 include	cataracts,	 conductive	and	sensorineural	hearing	 loss,	 and
vertigo.22,23	Delayed	autonomic	dysfunction	may	manifest	as	reflex	sympathetic
dystrophy,	 presenting	 as	 a	 limb	with	burning	pain,	 cutaneous	vasoconstriction,
swelling,	 and	 sweating.20	 Prolonged	 and	 permanent	 spinal	 cord	 abnormalities
may	become	manifest	 in	 the	delayed	development	of	a	myelopathy	or	a	motor
neuronopathy.14,25	 Peripheral	 neuropathies	may	 result	 from	 compression	 due	 to
scarring	and	fibrosis	from	the	original	injury	or	delayed	ischemia	due	to	vascular
occlusion.26	 Peripheral	 neuropathies	 are	more	 likely	 to	 occur	 in	 areas	 directly
involved	 by	 the	 electrical	 current,	 but	 may	 also	 occur	 in	 limbs	 that	 were	 not
seemingly	in	the	current	path.27

Evaluation
Initial	 evaluation	 of	 the	 electrical-	 or	 lightning-injury	 patient	 involves
assessment	of	 the	 scene	and	evaluation	of	 safety.	Disconnect	electrical	 sources
before	 evaluating	 the	 patient.	 Contrary	 to	 conventional	 mythology,	 lightning-
strike	victims	are	not	electrically	charged	and	may	be	examined	immediately.

Assessment	 of	 cardiopulmonary	 status	 is	 essential,	 because	 many	 victims
suffer	cardiopulmonary	arrest	and	may	recover	well	if	CPR	is	initiated	promptly.
Cardiac	arrhythmias	and	asystole	commonly	accompany	 these	 injuries,	as	does
respiratory	 arrest	 due	 to	 passage	 of	 current	 through	 the	 brainstem	 respiratory
centers.	Stabilization	of	the	spine	is	also	essential,	owing	to	potential	spinal	cord
injuries	and	fractures	from	falls.

Neurological	Examination
The	 neurological	 examination	 should	 begin	 with	 assessment	 of	 the	 level	 of



consciousness.	 Initially,	many	patients	are	comatose,	but	 this	 is	often	brief	and
followed	by	a	period	of	confusion	and	amnesia,	lasting	hours	to	days.28	Seizures
are	 uncommon.	 The	 cranial	 nerve	 examination	 may	 reveal	 fixed	 and	 dilated
pupils,	blindness,	papilledema,	partial	hearing	loss,	and	tinnitus.	Rupture	of	the
tympanic	membranes	may	 also	 be	 present	with	 lightning	 injuries	 to	 the	 head.
Evaluation	 of	 the	 motor	 system	 for	 focal	 weakness	 and	 reflex	 changes	 may
indicate	cerebral	injuries,	myelopathy,	or	neuropathy.	Cerebral	lesions,	caused	by
hemorrhage	 or	 infarction,	may	 result	 in	 contralateral	 hemiparesis.	 Spinal	 cord
injuries	 are	 more	 common	 in	 the	 cervical	 region	 and	 produce	 paraparesis	 or
quadriparesis.	 Peripheral	 nerve	 injuries	 in	 the	 immediate	 assessment	 are
typically	 located	 in	areas	of	extensive	burns.	Sensory	 loss	 is	 less	 frequent	 than
motor	deficits	and	is	maximal	in	burned	areas.

Laboratory	Evaluation
Laboratory	 evaluations	 should	 be	 focused	 on	 the	 known	 complications	 of
electrical	 and	 lightning	 injuries.	 Serial	 determinations	 of	 electrolytes,	 renal
function,	and	hematocrit	are	essential	for	assessing	adequate	fluid	replacement.
Serum	 creatine	 kinase	 and	 urinary	 myoglobin	 are	 useful	 measures	 of	 muscle
necrosis.	Arterial	blood	gases	may	reveal	a	metabolic	acidosis.	ECG	and	cardiac
monitoring	 are	 used	 in	 patients	 with	 cardiopulmonary	 arrest	 or	 with	 known
current	pathways	 through	the	 thorax,	because	delayed	cardiac	arrhythmias	may
develop.	 Radiologic	 examinations	 of	 the	 long	 bones,	 spine,	 and	 skull	 are
indicated	when	 fractures	or	deep	burns	 are	 suspected	based	on	 the	history	and
physical	examination.	Magnetic	resonance	imaging	(MRI)	may	be	used	to	assess
spinal	 cord	 damage	 if	 signs	 of	 myelopathy	 are	 present.	 Cranial	 imaging	 is
indicated	when	 there	 is	 prolonged	 alteration	 of	 consciousness	 and	may	 reveal
intracranial	 hemorrhages,	 cerebral	 edema,	 or	 the	 effect	 of	 diffuse	 cerebral
hypoxia.	 The	 electroencephalogram	 (EEG)	 is	 also	 useful	 to	 rule	 out	 status
epilepticus	 in	 patients	 with	 prolonged	 unconsciousness.	 The	 EEG	 background
may	 remain	 slow	even	when	 the	mental	 status	has	 returned	 to	baseline.	Nerve
conduction	 studies	 and	 electromyography	 may	 be	 useful	 in	 localizing	 and
following	 axonal	 and	 demyelinating	 electrical	 injuries	 to	 the	 peripheral	 nerves
and	plexi,	although	they	are	not	generally	used	in	the	acute	evaluation.

Management
Evaluation	and	treatment	of	medical	concerns	are	essential	for	good	neurological



recovery.	 Efforts	 should	 focus	 on	 circulatory	 volume,	 hydration	 status,	 renal
function,	acidosis,	and	electrolyte	balance.	Because	high-voltage	electric	shock
victims	usually	have	myoglobinuria	 secondary	 to	burns	and	deep	 tissue	 injury,
their	 fluid	 needs	 are	 similar	 to	 those	 of	 crush	 injuries.	 Ultrasonographic
assessment	 of	 volume	 status	 can	 be	 helpful	 and	 urine	 output	 should	 be
maintained	at	greater	than	0.5	mL/kg/h.	Alkalinization	of	the	urine	and	osmotic
diuresis	with	mannitol	also	help	to	prevent	myoglobin	nephropathy.

Extensive	burns	due	 to	direct	current	or	clothing	 ignition	are	best	 treated	 in
specialized	 burn	 units.	 At	 times,	 skin	 grafts	 are	 required.	 Debridement	 of
necrotic	muscle	 and	 fasciotomy	are	 sometimes	necessary	 to	prevent	 secondary
ischemia	from	a	compartment	syndrome.	Amputation	might	be	required	if	there
is	significant	necrosis.	For	these	patients,	arteriography	may	assist	in	identifying
the	 level	of	viability.	Tetanus	prophylaxis	 and	prevention	of	 superinfection	are
also	needed.	Spine	and	long-bone	fractures	require	stabilization.

Recurrent	 seizures	 are	 treated	 with	 phenytoin	 (18-20	 mg/kg	 loading	 dose
followed	 by	 5-7	 mg/kg/d).	 Other	 antiepileptics,	 such	 as	 levetiracetam,	 should
also	 be	 considered.	 Because	 fluid	 restriction	 is	 contraindicated,	 patients	 with
signs	of	 increased	 intracranial	pressure	 require	osmotic	diuresis	with	mannitol.
Intracranial	pressure	monitoring	may	be	useful	in	patients	with	cerebral	edema.
Specific	 treatment	 for	 electrical	 spinal	 cord	 injuries	 is	 not	 available,	 and	 early
institution	of	physical	 therapy	 is	 recommended.	 In	patients	with	cardiac	arrest,
the	normothermia	protocol	can	be	considered.

Prognosis
Prognosis	 is	 difficult	 to	 ascertain	 for	 electrical	 injuries	 to	 the	 nervous	 system.
Patients	 with	 deficits	 at	 presentation	 might	 potentially	 recover	 fully,	 whereas
those	 with	 delayed	 onset	 of	 neurological	 deficits	 may	 have	 syndromes	 that
progress	over	months	to	years.

CARBON	MONOXIDE	POISONING
Carbon	monoxide	is	a	colorless,	tasteless,	and	odorless	gas	that	gives	no	warning
of	its	presence.	It	is	normally	present	in	the	atmosphere	in	a	concentration	of	less
than	0.001%,	but	a	concentration	of	0.1%	can	be	lethal.29	Carbon	monoxide	is	a
byproduct	of	incomplete	combustion	and	as	such	is	found	in	automobile	exhaust,
fires,	 water	 heaters,	 charcoal-burning	 grills,	 methylene	 chloride,	 volcanic	 gas,
and	 cigarette	 smoke.	 It	 is	 also	 endogenously	 formed	 from	 the	 degradation	 of



hemoglobin,	 resulting	 in	 baseline	 carboxyhemoglobin	 saturation	 between	 1%
and	 3%.29	 Smoking	 can	 raise	 the	 endogenous	 level	 to	 6%	 to	 7%	 saturation.29
Carbon	monoxide	poisoning	may	occur	in	the	acute	and	chronic	setting.

Diagnosis
It	 is	 important	 to	 consider	 carbon	 monoxide	 poisoning	 in	 the	 differential
diagnosis	of	any	individual	who	presents	with	an	altered	state	of	consciousness
or	 headache,	 particularly	 in	 the	 setting	 of	 a	 long	 car	 ride	 or	 other	 exposure	 to
poorly	 ventilated	 and	 incompletely	 combusted	 fuel.	 Of	 note,	 the
carboxyhemoglobin	 levels	 are	 not	 indicative	 of	 the	 severity	 of	 toxicity	 and
depend	 on	 factors	 such	 as	 duration	 of	 exposure,	 comorbid	 conditions,	 and
ambient	 carbon	 monoxide	 concentration.30	 With	 mild	 intoxication,	 symptoms
may	 include	 a	 mild	 headache;	 dyspnea	 on	 exertion;	 and	 fatigability.29	 With
increasing	levels	of	toxicity,	more	severe	symptoms	may	include	impaired	motor
dexterity;	 blurry	 vision;	 irritability;	 weakness;	 nausea;	 vomiting;	 and
confusion.29	 At	 its	 most	 severe,	 carbon	 monoxide	 exposure	 may	 cause
tachycardia;	 cardiac	 irritability;	 seizures;	 respiratory	 insufficiency;	 coma;	 and
death.29	 In	 addition,	 there	 can	 be	 evidence	 of	 rhabdomyolysis,	 flame-shaped
superficial	retinal	hemorrhages,	and,	occasionally,	a	cherry-red	discoloration	best
appreciated	 in	 the	 lips,	 mucous	 membranes,	 and	 skin.29,31,32	 For	 mild	 carbon
monoxide	 intoxication,	 in	 which	 there	 is	 no	 loss	 of	 consciousness	 and
carboxyhemoglobin	levels	are	 less	 than	5%	in	nonsmokers	or	 less	 than	10%	in
smokers,	 only	 headache	 and	 dizziness	 around	 the	 time	 of	 presentation	 were
found	 to	 correlate	 with	 an	 increased	 incidence	 of	 delayed	 sequelae,	 including
asthenia,	headache,	or	decreased	memory.33

A	head	CT	scan	may	be	normal	early	on	or	show	signs	of	cerebral	edema	as
inferred	 from	 narrowed	 ventricles	 and	 effacement	 of	 the	 cerebral	 sulci.	 The
degree	of	CT	abnormalities	does	not	predict	the	clinical	course.34	MRI	findings
may	 reveal	 diffuse,	 confluent	 diffusion-weighted	 imaging;	 FLAIR	 (fluid-
attenuated	 inversion	 recovery);	 and	 T2-weighted	 (time	 for	 63%	 of	 transverse
relaxation)	 hyperintensities	 bilaterally	 in	 the	 periventricular	 white	 matter,
centrum	semiovale,35,36	basal	ganglia,	particularly	involving	the	globus	pallidus,
and	 the	 hippocampus.37	 The	 EEG	 usually	 demonstrates	 diffuse	 slowing	 but	 is
generally	of	little	prognostic	value.

Treatment



The	 criteria	 for	 hospital	 admission	 include	 coma,	 loss	 of	 consciousness,	 or
neurological	 deficit	 at	 any	 time;	 any	 clinical	 or	 electrocardiographic	 signs	 of
cardiac	 compromise;	 metabolic	 acidosis;	 abnormal	 chest	 radiograph;	 oxygen
tension	less	than	60	mm	Hg;	and	carboxyhemoglobin	level	greater	than	10%	in
individuals	with	pregnancy,	greater	 than	15%	 in	 those	with	 cardiac	disease,	or
greater	than	25%	in	all	other	patients.31

3 	 The	 victims	must	 immediately	 be	 evacuated	 to	 fresh	 air	 and	 all	 patients
should	 be	 treated	 with	 100%	 oxygen	 as	 soon	 as	 the	 diagnosis	 of	 carbon
monoxide	 poisoning	 is	 even	 considered.	 It	 should	 be	 administered	 through	 a
tight-fitting	 nonrebreathing	 mask	 or	 after	 endotracheal	 intubation	 of	 severely
sensorium-compromised	 patients.	 The	 administration	 of	 100%	 oxygen	 can
shorten	 the	half-life	of	carbon	monoxide	from	4	 to	5	hours	 to	approximately	1
hour.30	 Oxygen	 should	 be	 administered	 until	 the	 carboxyhemoglobin	 level
normalizes.29	See	Chapters	169	and	177	 for	a	discussion	of	hyperbaric	oxygen
therapy.	 There	 is	 conflict	 in	 the	 literature	 over	 the	 long	 term	 effectiveness	 of
hyperbaric	oxygen	in	treatment	of	CO,	though	recent	reviews	suggest	benefit.32

Course
The	 delayed	 appearance	 of	 neurological	 sequelae	 found	 in	 many	 posthypoxic
states	 occurs	 with	 particular	 frequency	 and	 severity	 after	 carbon	 monoxide
poisoning.	Up	to	30%	of	patients	may	succumb	to	the	initial	exposure	and	25%
may	 develop	 a	 progressive	 encephalopathy	 resulting	 in	 a	 persistent	 vegetative
state,	with	a	50%	mortality	rate.34	Later	sequelae	may	include	seizures,	cortical
blindness,	 scotomas,	 Korsakoff	 psychosis,	 irritability,	 hemiplegia,	 chorea,	 and
peripheral	neuropathy.

Between	 10%	 and	 30%	 of	 patients	 develop	 delayed	 neurological	 sequelae,
and	 there	 are	 no	 guidelines	 to	 indicate	 which	 patients	 are	 at	 greatest	 risk.31
Although	there	seems	to	be	a	rough	correlation	between	both	duration	of	initial
unconsciousness	 and	 increasing	 age	 with	 the	 development	 of	 delayed
neurological	sequelae,	even	patients	with	mild	toxicity	can	progress	to	develop
the	 tardive	signs.30	Recently,	 some	work	has	 looked	at	markers	 in	 the	blood	 to
predict	neurological	damage	including	neuron-specific	enolase	and	S100B	with
some	success.32	The	post–carbon	monoxide	syndrome	begins	7	to	30	days	after
the	 initial	 insult	 and	 is	 characterized	 by	 gait	 disturbances,	 incontinence,	 and
memory	impairment,	as	well	as	signs	of	parkinsonism,	mutism,	and	frontal	lobe
disinhibition.29,30,38	 The	 development	 of	 isolated	 cognitive	 impairment	 has
considerable	 variability	 in	 the	 literature.	 Some	 report	 memory	 dysfunction,
impaired	 attention,	 and	 affective	 disorders	 in	 moderate	 to	 severe	 carbon



monoxide	 exposure,	 whereas	 other	 studies	 suggest	 that	 mildly	 exposed
individuals	 have	 no	 cognitive	 impairments	 compared	 to	 matched	 controls	 in
neuropsychiatric	testing.30,39,40

On	average,	75%	of	affected	individuals	show	recovery	within	a	year	of	the
insult,	although	20%	of	these	individuals	continue	to	show	evidence	of	mild	to
moderate	 impairment	 of	 memory	 and	 extrapyramidal	 function.41	 Although	 the
specific	cause	of	the	delayed	syndrome	is	unknown,	it	does	correlate	temporally
with	the	pathologic	findings	of	cerebral	white	matter	demyelination	found	in	the
chronic	 stages	 of	 the	 illness,	 as	 opposed	 to	 the	 largely	 gray	 matter	 edema,
ischemia,	 and	 hemorrhagic	 necrosis	 found	 in	 the	 acute	 stage.42	 There	 is	 no
specific	 treatment	 for	 the	 delayed	 neuropsychiatric	 syndrome,	 although
symptomatic	 treatment,	 including	 cognitive	 therapies	 and	 dopamine	 agonists,
may	be	of	benefit	in	the	short	term.41

DECOMPRESSION	SICKNESS
Decompression	 sickness	 (“the	 bends”)	 occurs	 when	 gases	 dissolved	 in	 body
fluids	 come	 out	 of	 solution,	 forming	 bubbles	 in	 tissues	 and	 venous	 blood.
Situations	 in	 which	 decompression	 sickness	 arises	 include	 rapid	 ascent	 to	 the
surface	by	tunnel	workers	or	scuba	divers,	decompression	or	rapid	ascent	in	an
airplane,	and	high-altitude	flying	with	inadequate	cabin	pressurization.	In	these
situations,	nitrogen	and	other	inert	gases	that	supersaturate	the	tissues	under	high
pressure	are	released	as	bubbles	under	conditions	of	decreased	pressure.	As	the
bubbles	coalesce,	they	may	cause	local	tissue	ischemia	because	of	compression
or	venous	obstruction.	The	microcirculation	is	further	compromised	by	capillary
endothelial	 edema;	 by	 activation	 of	 platelets,	 coagulation	 factors,	 and
complement;	and	by	hemoconcentration	due	to	fluid	extravasation.43,44	Nitrogen,
the	largest	component	of	inspired	air,	is	lipophilic,	and	thus	gas	bubbles	are	more
likely	to	form	in	the	bone	marrow,	fat,	and	spinal	cord.	Additionally,	gas	bubbles
may	result	in	barotrauma	to	the	pulmonary	beds,	releasing	further	air	emboli	into
the	venous	circulation.43,44

Symptoms	of	decompression	sickness	are	variable.	In	most	cases,	the	onset	is
within	 6	 hours	 of	 decompression,	 but	 may	 be	 seen	 later	 at	 12	 to	 24	 hours.43
Fulminant	 cases	 present	 earlier.	 Any	 organ	 system	 can	 be	 affected,	 and
symptoms	range	from	a	pruritic	skin	rash	(“the	creeps”),	cough	(“the	chokes”),
and	 joint	 pain	 to	 paraplegia,	 vertigo,	 altered	 level	 of	 consciousness,	 seizures,
shock,	and	apnea.

Almost	 80%	 of	 patients	 with	 decompression	 sickness	 have	 neurological



symptoms.	 The	 most	 frequent	 neurological	 presentation	 is	 with	 paresthesias,
which	may	be	diffuse	or	focal,	and	result	from	gas	bubble	formation	in	the	skin,
joints,	peripheral	nerves,	or	spinal	cord.	Weakness,	ranging	from	monoparesis	to
quadriplegia	 secondary	 to	 spinal	 cord	 involvement,	 may	 also	 occur.	 Cerebral
symptoms	are	 infrequent	but	can	 range	 from	headache	and	 lethargy	 to	vertigo,
visual	 disturbances,	 paralysis,	 and	 unconsciousness.43,44	 Vertigo,	 hearing	 loss,
tinnitus,	nausea,	and	vomiting	are	relatively	common	complaints,	resulting	from
rupture	of	the	cochlear	and	semicircular	canal	membranes.

Air	embolism	is	a	more	serious	decompression	illness,	and	its	onset	is	usually
within	5	minutes	of	decompression.	It	probably	results	from	tearing	of	the	lung
parenchyma	secondary	to	overdistension,	as	the	gases	in	the	lungs	expand	during
ascent.43	The	gas	escapes	into	the	pulmonary	vein	and	may	embolize	into	large
vessels.43	Venous	 gas	 bubbles	 are	 effectively	 filtered	 by	 the	 lungs,	 but	 arterial
embolism	 may	 also	 result	 from	 gas	 passing	 through	 a	 patent	 foramen	 ovale.
Based	on	 their	 buoyancy,	 the	 emboli	 often	produce	neurological	 symptoms	by
floating	 into	and	occluding	cerebral	arterioles.	Unconsciousness	and	stupor	are
the	most	frequent	symptoms.	Death	from	cardiopulmonary	arrest	may	also	occur.
In	most	 patients,	 improvement	 in	 symptoms	 accompanies	 the	 redistribution	 of
the	gas	emboli	to	the	venous	circulation.43

4 	Recompression	is	the	definitive	treatment	for	decompression	diseases.	The
patient	 should	 be	 transported	 in	 a	 pressurized	 aircraft	 to	 the	 nearest
decompression	 chamber	 with	 minimal	 delay.	 See	 Chapter	 177	 for	 a	 more
detailed	 discussion	 of	 the	 management	 and	 therapy	 for	 decompression
syndrome.	 The	 Divers	 Alert	 Network	 also	 maintains	 a	 24-hour	 phone
consultation	service	to	assist	with	diving	accidents,	reached	at	(919)	684-9111.

Remarkable	recovery	may	occur	after	recompression.	Delay	in	treatment	can
limit	 its	 effectiveness,	 but	 recompression	 should	 be	 attempted	 even	 up	 to
2	 weeks	 after	 the	 onset	 of	 symptoms.	 Relapses	 requiring	 repeated	 hyperbaric
treatment	 may	 occur.45	 Patients	 with	 long-term	 sequelae	 from	 decompression
illnesses	should	not	be	reexposed	to	conditions	that	allow	their	recurrence.

CEREBRAL	FAT	EMBOLISM	SYNDROME
Fat	embolism	syndrome	is	characterized	by	diffuse	pulmonary	insufficiency	with
hypoxemia,	 neurological	 dysfunction,	 and	 petechiae,	 occurring	 12	 to	 48	 hours
after	trauma.46,47	At	least	subclinically,	fat	embolism	is	present	after	all	fractures
involving	 the	 long	bones.	 It	 is	 clinically	 recognized	 in	0.5%	 to	2%	of	patients
with	 long-bone	 fractures	 and	 in	 5%	 to	 10%	 of	 patients	 who	 have	 sustained



multiple	fractures.48,49	There	are	also	reports	of	fat	embolism	syndrome	occurring
in	the	setting	of	orthopedic	procedures,	such	as	hip	arthroplasty,	intramedullary
rods,	 and	 leg	 lengthening	procedures.48,50	 There	 is	 an	 increased	 risk	 associated
with	a	patent	foramen	ovale.49

Pathogenesis
The	 two	 main	 pathogenetic	 hypotheses	 of	 fat	 embolism	 syndrome	 are	 the
mechanical	 and	 chemical	 theories.	 The	mechanical	 theory	 posits	 that	 physical
disruption	of	bone	and	blood	vessels	at	the	fracture	site	allows	free	fat	globules
to	 enter	 venous	 sinusoids	 and	 then	 to	 embolize	 to	 the	 lungs.46	 The	 chemical
theory	 proposes	 that	 a	 trauma-induced	 catecholamine	 surge	 results	 in	 lipid
mobilization	 from	 the	 fat	 stores	 or	 the	 coalescence	 of	 chylomicrons	 into	 fat
globules.46,51	 The	 fat	 emboli	 in	 the	 circulation	 may	 then	 be	 broken	 down	 by
lipases	in	the	lungs	or	systemic	circulation,	generating	free	fatty	acids.46,47,52	The
toxic	 fatty	 acids	 stimulate	 the	 release	 of	 inflammatory	 mediators,	 increasing
permeability	of	capillaries,	generating	ARDS	and	cerebral	vasogenic	edema.46,47
Furthermore,	 the	 inflammatory	 mediators	 may	 increase	 platelet	 adhesion	 and
coagulation.52	Fat	emboli,	 in	conjunction	with	 increased	platelet	adhesion,	may
arrest	blood	flow,	resulting	in	cerebral	ischemia	and	hemorrhage.47,52

Cerebral	 fat	 emboli	 and	 ischemia,	 rather	 than	 cerebral	 anoxia,	 produce	 the
neurological	damage	seen	in	this	condition.	The	brain	is	edematous	and	shows	a
leptomeningeal	 inflammatory	 reaction	 and	 cortical	 surface	 petechiae.
Microscopically,	 there	 are	 fat	 emboli	 and	 ball,	 ring,	 and	 perivascular
hemorrhages.	 The	 fat	 emboli	 are	 more	 prevalent	 in	 the	 gray	 matter,	 but	 the
hemorrhages	are	more	common	in	the	centrum	semiovale,	internal	capsule,	and
cerebral	and	cerebellar	white	matter.53	Electron	microscopy	reveals	intravascular
fat	vacuoles;	breakdown	of	endothelial	walls;	swollen	neurons;	and	glia.53

Diagnosis
Characteristically,	there	is	a	symptom-free	interval	of	12	to	48	hours	between	the
inciting	trauma	and	the	onset	of	fat	embolism	syndrome.46	Altered	consciousness
or	development	of	neurological	 deficits	 after	 a	 lucid	 interval	 following	 trauma
should	alert	the	physician	to	the	possibility	of	fat	embolism.	The	syndrome	may
present	 as	 a	 spectrum	 of	 disability,	 from	 subclinical	 presentations	with	 only	 a
decreased	 arterial	 partial	 pressure	 of	 oxygen	 (PaO2),	 decreased	 platelets	 or
hemoglobin,	 to	 a	 fulminant	 presentation.	 Gurd’s	 diagnostic	 criteria	 for	 fat



embolism	 syndrome	 include	 one	 or	 more	 major	 criteria	 (respiratory
insufficiency,	 neurological	 dysfunction,	 or	 petechial	 rash),	 four	 or	more	minor
criteria	(fever,	tachycardia,	retinal	changes,	jaundice,	or	renal	changes),	and	one
or	 more	 laboratory	 criteria	 (fat	 macroglobulinemia,	 decreased	 hemoglobin	 or
platelets,	 or	 increased	 erythrocyte	 sedimentation	 rate).47	 An	 alternative
diagnostic	scheme	was	proposed	by	Schonfeld,47	assigning	a	numerical	score	to
similar	criteria	with	a	score	of	5	or	more	suggestive	of	the	diagnosis.

Sudden	onset	of	 fever,	 tachycardia,	 and	 tachypnea	often	herald	onset	of	 the
syndrome.	Respiratory	distress	and	hypoxemia	with	an	oxygen	tension	less	than
60	mm	Hg	is	common	and	may	be	the	initial	or	only	laboratory	abnormality.	The
chest	 radiograph	 may	 be	 unremarkable	 for	 one	 half	 of	 the	 cases,	 but	 fine
stippling	or	hazy	 infiltrates	of	both	 lung	 fields	 should	be	 sought,	because	 they
are	consistent	with	fat	embolism	syndrome.51

Petechiae	are	present	 in	50%	 to	60%	of	 clinically	 recognized	cases	 and	are
most	 often	 found	 on	 the	 lower	 palpebral	 conjunctivae,	 neck,	 anterior	 axillary
folds,	 and	 anterior	 chest	 wall.47	 There	 is	 an	 associated	 thrombocytopenia,
believed	 to	 be	 caused	 by	 the	 consumption	 of	 platelets	 with	 their	 aggregation
around	 the	 embolic	 fat	 droplets,	 and	 a	 progressive	 anemia	 with	 hemoglobin
levels	commonly	less	than	9.5	g	per	100	mL.51	Retinal	fat	emboli	and	lipuria	are
each	 in	evidence	 in	more	 than	50%	of	patients.51	The	 retinal	 emboli	 appear	 as
small	rosaries	of	microinfarcts	surrounding	the	macula	of	both	eyes,	which	over
the	course	of	the	following	10	to	14	days	evolve	into	yellowish,	fatty	plaques.51

The	CNS	manifestations	 range	 from	 confusion	 to	 coma,	 and	 although	 they
almost	 always	 accompany	 respiratory	 insufficiency,	 they	can	be	 the	 initial	 and
sometimes	 only	 symptomatic	 manifestation	 of	 fat	 embolism	 syndrome.47
Impaired	 consciousness	 is	 the	 earliest	 recognizable	 sign.	 The	 symptoms	 can
begin	with	 restlessness	and	confusion	and	may	evolve	gradually	or	abruptly	 to
stupor	 and	 coma.	 Coma,	 especially	 if	 it	 develops	 abruptly,	 portends	 a	 poor
prognosis.46	Focal	or	generalized	seizures	can	occur	and	may	antedate	the	onset
of	coma.47	Decerebrate	 rigidity	 is	 found	 in	up	 to	15%	of	 cases,	 and	pyramidal
signs	of	hyperreflexia	and	extensor	plantar	responses	are	found	in	30%	to	70%.
Focal	neurological	signs,	such	as	aphasia	and	hemiparesis,	are	usually	restricted
to	patients	with	more	severe	disturbances	of	consciousness.47

Neuroimaging	of	 cerebral	 fat	 embolism	syndrome	 reveals	diffuse	vasogenic
and	 cytotoxic	 edema,	 as	 well	 as	 areas	 of	 hemorrhage	 and	 infarct,	 and	 these
imaging	 findings	 are	 seen	 to	 evolve	 over	 time.	 The	most	 common	 finding	 on
head	CT	 is	evidence	of	diffuse	brain	edema,	as	 shown	by	small	ventricles	and
flattened	sulci.54	Brain	MRI	has	been	described	 to	 show	 five	different	patterns
associated	 with	 cerebral	 fat	 emboli.55	 These	 range	 from	 acute	 findings	 of



scattered	 embolic	 appearing	 ischemia	 to	 chronic	 changes	 with	 demyelinating
changes	 and	 atrophy.	 Other	 changes	 include	 confluent	 cytotoxic	 edema,
vasogenic	 edema,	 and	 petechial	 hemorrhages.	 The	 T2	 hyperintensities	 that
appear	as	small	subcortical	foci	in	gray	and	white	matter,	indicative	of	vasogenic
edema,	are	correlated	with	lower	GCS	scores.56

Treatment
Rapid	 immobilization	 of	 fractures	 and	 their	 early	 definitive	 management
decreases	 the	 likelihood	 of	 fat	 embolism	 syndrome.51	 Sequential	 clinical
examinations,	 chest	 radiographs,	 and	 arterial	 blood	 gas	 determinations	 for
patients	 believed	 to	 be	 at	 high	 risk	 may	 help	 identify	 early	 on	 those	 needing
more	 aggressive	 care.	 These	 patients	 should	 have	 early	 and	 expedient
replacement	of	fluids	and	blood	and	administration	of	40%	oxygen	by	mask.51

The	support	of	respiration	and	maintenance	of	arterial	oxygen	levels	greater
than	 70	 mm	 Hg	 sometimes	 requires	 intubation	 and	 mechanical	 ventilation.
Steroids	have	been	advocated	as	treatment	to	blunt	the	inflammatory	response,	to
help	 preserve	 vascular	 integrity,	 and	 to	minimize	 interstitial	 edema	 formation,
but	 there	 are	 as	 yet	 no	 controlled	 trials	 demonstrating	 a	 consistent	 benefit.	 A
brain	 CT	 or	MRI	 is	 indicated	 to	 assess	 whether	 there	 are	 any	 direct	 cerebral
traumatic	injuries	accounting	for	neurological	symptoms.

Prognosis
Mortality	 in	 fat	 embolism	 syndrome	 can	 reach	 10%	 to	 20%,	 but	 recent
improvements	 in	management	have	 lessened	 this	 rate.57	Twenty-five	percent	of
patients	 experience	permanent	 neurological	 deficits.53	A	 favorable	 prognosis	 is
more	likely	with	normal	muscle	tone,	active	deep	tendon	reflexes,	and	retention
of	 appropriate	pain	 response.47	 If	 patients	 survive	 the	pulmonary	 insufficiency,
neurological	dysfunction	is	often	reversible.47	A	worse	prognosis	is	portended	by
coma,	severe	ARDS,	pneumonia,	or	congestive	heart	failure.46

SINGULTUS	(HICCUPS)
Hiccups	are	usually	a	benign	and	self-limited	condition.	Prolonged	hiccups	can
produce	fatigue,	sleeplessness,	weight	loss,	depression,	difficulty	in	ventilation,
and,	 in	 postoperative	 patients,	 wound	 dehiscence.58	 In	 intubated	 patients,



persistent	hiccups	may	result	in	hyperventilation	and	respiratory	alkalosis.58

Pathophysiology
Hiccups	 result	 from	 a	 sudden	 reflex	 contraction	 of	 the	 diaphragm,	 causing
forceful	 inspiration,	 which	 is	 arrested	 almost	 immediately	 by	 glottic	 closure,
producing	 the	 characteristic	 sound.	 Afferent	 pathways	 include	 the	 vagus	 and
phrenic	nerves	and	thoracic	sympathetic	fibers	(T6	to	T12).	The	efferent	pathway
includes	the	phrenic	nerve	to	the	diaphragm,	the	vagus	nerve	to	the	larynx,	and
the	 spinal	 nerves	 to	 the	 accessory	 muscles	 of	 inspiration.	 Although	 central
control	of	 this	 reflex	 is	not	well	defined,	 it	 probably	 involves	 lower	brainstem
and	upper	cervical	spinal	 levels,	 including	the	respiratory	center,	phrenic	nerve
nuclei,	medullary	reticular	formation,	and	hypothalamus.59

Etiology
Hiccups	may	result	 from	a	multitude	of	causes,	owing	to	 injury	or	 irritation	of
the	 afferent	 or	 efferent	 pathways	 or	 disease	 within	 the	 central	 control
mechanism.	Hiccups	most	frequently	result	from	irritation	of	the	stomach	wall	or
diaphragm,	leading	to	impulses	along	the	phrenic	and	vagus	nerves.	Abdominal
disorders	 causing	 hiccups	 include	 gastric	 ulceration,	 gastric	 distention,
gastroesophageal	 reflux,	 hiatus	 hernia,	 cholecystitis,	 peritonitis,
subdiaphragmatic	abscess,	ileus,	and	bowel	obstruction.	Thoracic	disorders	that
precipitate	 hiccups	 include	 esophagitis,	 pericarditis,	 myocardial	 infarction,
pneumonia,	and	neoplasm.	More	proximally	along	the	course	of	the	nerves,	neck
masses,	 such	 as	 neoplasm	 and	 goiter,	 may	 also	 result	 in	 hiccups.	 Brainstem
neoplasm	 or	 ischemia,	 multiple	 sclerosis,	 arteriovenous	 malformations,	 and
meningoencephalitis	 are	 CNS	 causes.60	 Perioperative	 causes	 include	 neck
extension,	 intubation,	 visceral	 traction,	 and	 intraoperative	 manipulation	 of
efferent	 or	 afferent	 nerves.58	 Metabolic	 disorders,	 such	 as	 uremia,	 electrolyte
abnormalities,	 alcohol	 intoxication,	 diabetes	 mellitus,	 and	 general	 anesthesia,
have	also	been	implicated.58,59	Medications,	most	frequently	corticosteroids	and
benzodiazepines,	 may	 also	 induce	 hiccups.61,62	 Hiccups	 have	 been	 reported	 in
four	patients	with	Parkinson	disease,	and	dopamine	agonists	appeared	to	play	a
causative	role.63,64	Some	patients	have	idiopathic	or	psychogenic	hiccups.

Evaluation



A	history	of	gastrointestinal,	cardiac,	pulmonary,	or	CNS	complaints	or	surgery
may	 assist	 in	 determining	 the	 etiology	 of	 intractable	 hiccups.	 The	 physical
examination	should	rule	out	inflammation	or	neoplasm	in	the	thorax,	abdomen,
CNS,	 and	 neck.	 Chest	 and	 abdominal	 radiographs	 are	 obtained	 routinely,	 and
fluoroscopic	evaluation	of	the	diaphragm	is	sometimes	needed.	Radiographic	or
endoscopic	evaluation	of	the	gastrointestinal	tract	is	sometimes	warranted.	If	the
CNS	 is	 implicated,	 cranial	CT	or	MRI	may	be	useful.	ECG	 is	 required.	Other
investigations	 include	 determinations	 of	 electrolytes,	 renal	 function,	 glucose,
creatine	kinase	 (if	myocardial	 infarction	 is	 suspected),	 and	a	 toxicology	screen
for	alcohol	and	barbiturates.	Lumbar	puncture	is	required	if	there	is	a	suspicion
of	 CNS	 infection.	 Electromyography	 may	 be	 useful	 if	 surgical	 therapy	 for
hiccups	 is	 contemplated.	Careful	 review	of	medications	 for	potential	 causative
agents	is	indicated.

Management
Initial	management	 includes	 identification	 and	 treatment	 of	 disorders	 that	may
cause	hiccups,	such	as	inflammation,	infection,	or	gastric	dilatation.	When	this	is
unsuccessful,	nonpharmacologic	and	pharmacologic	treatments	are	available	for
intractable	hiccups.

Nonpharmacologic	 therapies	 alter	 the	 reflex	 arc	 responsible	 for	 hiccups.
Pharyngeal	 stimulation	 may	 resolve	 hiccups,	 either	 by	 nasogastric	 intubation,
swallowing	dry	granulated	sugar,	or	by	the	introduction	of	a	red	rubber	catheter
through	 the	 mouth	 or	 nares,	 followed	 by	 a	 jerky	 to-and-fro	 movement.58
Pharyngeal	stimulation	tends	to	be	a	temporary	measure.	Counterstimulation	of
the	 vagus	 nerve	 by	 pressure	 on	 eyeballs,	 rectal	 massage,	 or	 irritating	 the
tympanic	membrane	may	 also	 alleviate	 hiccups.59	 Breathing	 into	 a	 paper	 bag,
gasping	with	 fright,	Valsalva	maneuver,	and	supramaximal	 inspiration	possibly
abolish	 hiccups	 by	 interrupting	 the	 stimulus	 for	 respiration	 or	 increasing	 the
carbon	 dioxide	 concentration.65	 If	 nonpharmacologic	 therapies	 are	 ineffective,
drug	 therapy	 should	 be	 initiated.	 Baclofen	 5	 mg	 orally	 three	 times	 a	 day,
increased	 to	 10	 mg	 three	 times	 a	 day,	 has	 been	 effective	 in	 decreasing	 and
potentially	 eliminating	 hiccups.59	 Alternatively,	 chlorpromazine	 taken	 25	 to
50	mg	orally	or	intramuscularly	three	or	four	times	a	day	has	also	been	effective.
If	 this	 is	 ineffective	 in	 2	 to	 3	 days,	 then	 a	 slow	 intravenous	 (IV)	 infusion	 of
chlorpromazine	25	 to	50	mg	 in	500	 to	1000	mL	of	normal	 saline	 is	 indicated.
Although	hypotension	may	result	 from	IV	administration,	chlorpromazine	may
be	most	effective	by	this	route.60	If	IV	chlorpromazine	is	ineffective,	it	should	be
discontinued	 and	 10	 mg	 of	 metoclopramide	 given	 orally	 four	 times	 per	 day.



Other	medications	 used	 in	 refractory	 patients	 include	 haloperidol	 (5	mg	 three
times	per	day),	anticonvulsants	(eg,	gabapentin,	phenytoin,	carbamazepine,	and
valproic	acid),	amitriptyline,	nifedipine,	nimodipine,	and	amantadine.60

Most	 patients	 respond	 to	 mechanical	 or	 drug	 therapy.	 In	 refractory	 cases,
transcutaneous	stimulation	of	 the	phrenic	nerve,	 transesophageal	diaphragmatic
pacing,	 vagus	 nerve	 stimulation,	 phrenic	 nerve	 block	 or	 ablation,	 or
microvascular	 decompression	 of	 the	 vagus	 nerve	may	be	 useful.60,66,67	Because
there	 are	multiple	 efferent	 pathways	 involved,	 hiccups	may	 remain	 even	 after
phrenic	nerve	ablation.

COMPRESSION	NEUROPATHIES
Compression	 neuropathies	 are	 common	 in	 the	 general	 population.	 In	 the	 ICU
population,	 several	 nerves	 are	 particularly	 at	 risk,	 compression	 of	 which	may
result	 in	 delayed	 morbidity.68	 The	 ulnar	 nerve	 may	 be	 compressed	 in	 the
condylar	groove	posterior	to	the	medial	epicondyle	when	the	arms	are	positioned
in	 a	 flexed,	 pronated,	 or	 semipronated	 fashion,	 or	when	 the	 flexed	 elbows	 are
used	by	the	patient	for	repositioning.	Ulnar	nerve	palsy	causes	weakness	of	the
intrinsic	muscles	of	the	hand,	and	numbness	of	the	fourth	and	fifth	fingers.	The
peroneal	 nerve	 is	 also	 at	 risk	 where	 it	 courses	 around	 the	 fibular	 head.	 The
everted	 immobile	 position	 of	 the	 leg	 in	 severely	 weak	 or	 paralyzed	 patients
contributes	 to	 its	 vulnerability.	 Other	 compression	 neuropathies	 and	 brachial
plexopathy	may	 result	 from	 positions	 assumed	 during	 prolonged	 coma	 before
hospitalization.	 Hematomas	 resulting	 from	 clotting	 disorders;	 anticoagulation;
local	 injection;	 arterial	 puncture;	 or	 phlebotomy	 may	 also	 compress	 the
peripheral	nerves	and	plexi.69	Evaluation	of	compression	neuropathies	 includes
an	electromyography	to	localize	the	lesion.68	Proper	positioning	of	 the	limbs	to
avoid	compression	of	these	nerves	between	the	bed	and	bony	prominences	is	key
to	prevention.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	a	mechanism	by	which	hanging	causes
neurologic	injury?



A. 	Bilateral	carotid	and	vertebral	arteries	compression
B. 	C1	vertebral	destruction
C. 	Increased	sympathetic	tone	caused	by	compression	of	carotid	bodies
D. 	Obstruction	of	jugular	veins

2. 	Which	of	the	following	statements	is	correct	regarding	carbon	monoxide
(CO)	poisoning?

A. 	Breathing	air	with	CO	concentration	of	0.1%	may	be	lethal
B. 	CO	intoxication	is	not	seen	until	levels	cross	10%
carboxyhemoglobin
C. 	Pregnant	women	are	less	vulnerable	to	CO	toxicity	due	to	fetal
hemoglobin
D. 	Smokers	are	more	vulnerable	to	CO	toxicity	than	nonsmokers

3. 	What	is	the	mechanism	behind	neurologic	injury	in	fat	embolism
syndrome?

A. 	Brain	edema	related	to	a	generalized	inflammatory	state
B. 	Cerebral	hypoxia	due	to	ARDS
C. 	Entry	of	lipid	globules	through	blood-brain	barrier
D. 	Hypercoagulability	and	resultant	multivessel	ischemic	strokes

Answers

1.	The	correct	answer	is	D.
Rationale:	 The	 complete	 rapid	 obstruction	 of	 venous	 outflow	 in	 the	 easily

compressed	jugular	system	causes	cerebral	hyperemia	and	congestion,	impairing
cerebral	 blood	 flow	 and	 causing	 tissue	 hypoxia	 (choice	D	 is	 correct).	 Carotid
artery	 compression	 and	 resultant	 ischemia	 is	 common,	 but	 vertebral	 artery
compression	 is	 not	 common	 due	 to	 the	 local	 anatomy	 (choice	A	 is	 incorrect).
Dissection	is	possible.	The	classic	hangman’s	knot	causes	cervical	spine	injury	at
C2-3	 (choice	B	 is	 incorrect)	destroying	 the	cardiac	and	 respiratory	centers	and
lacerating	 the	 carotid	 artery.	 Carotid	 body	 compression	 causes	 circulatory
collapse	 by	 increased	 parasympathetic	 tone	 (choice	 C	 is	 incorrect).	 Cardiac
arrest	may	result	in	sympathetic	surge	from	compression	of	the	precarotid	areas.

2.	The	correct	answer	is	A.
Rationale:	Environmental	concentrations	of	0.1%	CO	may	be	lethal	(choice	A



is	correct).	Normal	metabolism	may	produce	carboxyhemoglobin	levels	of	1%	to
3%.	Mild	intoxication	may	be	present	with	carboxyhemoglobin	levels	as	low	as
5%	 in	 nonsmokers	 (choice	 B	 is	 incorrect).	 Smokers	 may	 have	 a	 baseline
carboxyhemoglobin	 of	 6%	 to	 7%	 (choice	 D	 is	 incorrect).	 Extra	 care	 must	 be
given	to	pregnant	women	and	carboxyhemoglobin	concentrations	of	10%	to	15%
warrant	 admission,	 whereas	 nonpregnant	 persons	 may	 tolerate	 up	 to	 25%
concentration	before	becoming	critically	ill	(choice	C	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	 It	 is	 felt	 that	 lipid	 is	 broken	 down	 into	 toxic	 fatty	 acids,	 which

cause	an	inflammatory	response	and	subsequent	vasogenic	brain	edema	(choice
A	is	correct).	Fat	globules	reach	the	lungs	but	are	rarely	embolized	to	the	brain
directly	(choice	C	is	incorrect).	ARDS	is	commonly	present,	but	brain	damage	is
averted	 by	 maintaining	 oxygenation	 with	 life	 support	 (choice	 B	 is	 incorrect).
Hypercoagulability	 is	 described	 due	 to	 increased	 platelet	 adhesion,	 but	 large
vessel	 occlusion	 is	 not	 as	 common	 as	 the	more	 prevalent	 global	 inflammatory
effect	 (choice	 D	 is	 incorrect).	 There	 are	 microemboli	 present	 on	 pathologic
review,	 including	 emboli	 causing	 microhemorrhages	 in	 the	 gray	 matter,	 but
larger	hemorrhages	are	not	common.
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Chapter	157
Diagnosis	and	Treatment	of	Agitation
and	Delirium	in	the	Intensive	Care	Unit
Patient
Curtis	A.	McKnight,	Jason	P.	Caplan

KEY	POINTS:
1.	 Delirium	represents	a	form	of	organ	failure	in	the	most	complex	vital

organ,	the	brain.
2.	 Delirium	predicts	for	diminished	recovery	after	critical	illness.
3.	 A	majority	of	patients	in	the	ICU	will	develop	delirium.
4.	 Common	consequences	of	delirium	include	agitation	and

uncooperative	behaviors.
5.	 The	definitive	treatment	of	delirium	is	the	identification	and	treatment

of	the	underlying	cause(s).
6.	 Interventions	(both	environmental	and	pharmacologic)	may	help

mitigate	delirium’s	harmful	sequelae—primarily	agitation	and	care-
interfering	behaviors.

INTRODUCTION



“.	 .	 .	 patients	 are	 attacked	 with	 insomnolency,	 so	 that	 the	 disease	 is	 not
concocted;	 they	 become	 sorrowful,	 peevish,	 and	 delirious;	 there	 are	 flashes	 of
light	in	their	eyes,	and	noises	in	their	ears;	their	extremities	are	cold,	their	urine
unconcocted;	 the	 sputa	 thin,	 saltish,	 tinged	 with	 an	 intense	 color	 and	 smell;
sweats	about	 the	neck,	and	anxiety;	 respiration,	 interrupted	 in	 the	expulsion	of
the	 air,	 frequent	 and	 very	 large;	 expression	 of	 the	 eyelids	 dreadful;	 dangerous
deliquia	 [syncope];	 tossing	 of	 the	 bed-clothes	 from	 the	 breast;	 the	 hands
trembling,	and	sometimes	the	lower	lip	agitated.	These	symptoms,	appearing	at
the	 commencement,	 are	 indicative	 of	 strong	 delirium,	 and	 patients	 so	 affected
generally	die,	or	if	they	escape,	it	is	with	a	deposit,	hemorrhage	from	the	nose,	or
the	expectoration	of	 thick	matter,	and	not	otherwise.	Neither	do	I	perceive	 that
physicians	 are	 skilled	 in	 such	 things	 as	 these;	 how	 they	 ought	 to	 know	 such
diseases	 as	 are	 connected	 with	 debility,	 and	 which	 are	 further	 weakened	 by
abstinence	 from	 food,	 and	 those	 aggravated	 by	 some	 other	 irritation;	 those	 by
pain,	and	from	the	acute	nature	of	the	disease,	and	what	affections	and	various
forms	 thereof	 our	 constitution	 and	 habit	 engender,	 although	 the	 knowledge	 or
ignorance	 of	 such	 things	 brings	 safety	 or	 death	 to	 the	 patient.”	 (From
Hippocrates	:	On	regimen	in	acute	diseases	(Part	11).	In:	Adams	F	(trans).	The
Internet	 Classics	 Archive.	 Accessed	 May	 31,	 2022.
http://classics.mit.edu/Hippocrates/acutedis.html)
In	On	Regimen	in	Acute	Diseases,	Hippocrates	identified	agitation	as	a	harbinger
of	severe	illness	and	poor	outcome.1	His	admonition	that	physicians	understand
the	causes	and	treatments	of	agitation	remains	vital	today,	for	the	safety	not	only
of	 patients	 but	 also	 of	 hospital	 staff	 attending	 to	 them.	Nowhere	 is	 this	more
pertinent	 than	 in	 the	 intensive	 care	 unit	 (ICU)	 and	 its	 finely	 balanced
environment	 of	 invasive	 and	 often	 delicate	 treatment	 modalities,	 interference
with	which	 is	 rarely	as	easily	corrected	as	 is	“tossing	of	 the	bed-clothes.”	The
sudden	 pulling	 of	 precisely	 placed	 central	 lines,	 ECMO	 (extracorporeal
membrane	 oxygenation)	 catheters,	 or	 endotracheal	 tubes	 can	 carry	 profound
consequences	for	patients	and	those	responsible	for	their	“care.”

TERMS

Delirium
The	most	common	cause	of	agitation	in	the	general	hospital	as	a	whole,	and	the
ICU	 in	 particular,	 delirium	 is	 a	 neuropsychiatric	 manifestation	 of	 a	 systemic

http://classics.mit.edu/Hippocrates/acutedis.html


disturbance	 (Table	 157.1).2	As	 such,	 the	paramount	 task	 in	 its	 treatment	 is	 the
identification	of	its	underlying	cause(s).

TABLE	157.1

Diagnostic	Criteria	for	Delirium

Alteration	of	consciousness	and	attention

Change	in	cognition	(eg,	memory	deficit,	disorientation,	language	or
perceptual	disturbance)	that	is	not	due	to	dementia

Development	over	hours	to	days

Fluctuation	during	the	course	of	the	day

Precipitation	by	a	medical	condition	or	its	treatment

Adapted	from	American	Psychiatric	Association.	Diagnostic	and	Statistical	Manual	of	Mental
Disorders.	5th	ed.	American	Psychiatric	Publishing;	2013.

Agitation	is	considered	here	to	mean	disruptive	behaviors	that	interfere	with
delivery	 of	medical	 care	 or	 that	 signify	 a	 patient	 in	 distress.	There	 are	 factors
other	 than	 delirium	 that	 may	 result	 in	 agitated	 behaviors,	 and	 in	 some	 cases,
agitation	 can	 even	 be	 considered	 situationally	 appropriate.	 When	 it	 is	 not
delirium	driving	agitation	(for	example	in	cases	of	poorly	treated	pain,	mismatch
between	patient	wishes	and	plan	of	care,	or	generally	dissocial	behaviors)	 then
treatment	should	be	specifically	directed	at	these	causes.

1 	 As	 the	 title	 of	 the	 chapter	 suggests,	 our	 preferred	 term	 is	 delirium.
Alternative	 diagnostic	 labels	 are	 often	 applied	 to	 cases	 of	 delirium.	 Acute
encephalopathy	is	acceptable,	although	it	can	be	somewhat	confusing	when	used
alongside	 delirium.	 “ICU	 psychosis,”	 acute	 confusional	 state,	 acute	 brain
dysfunction,	acute	brain	failure,	and	altered	mental	status	should	be	avoided,	as
they	are	imprecise	and	have	very	little	rigorous	research	into	their	etiologies	or
treatments.	 “Brain	 failure”	 has	 been	 used	 for	 interdisciplinary	 discussions	 as
specialists	of	other	organs	may	better	understand	delirium	when	conceptualized
thisway.3	 This	 chapter	 reviews	 the	 causes,	 presentations,	 and	 treatments	 of
common	causes	of	agitation	in	the	ICU	patient,	focusing	on	delirium.



Epidemiology
3 	Prospective	studies	of	all	patients	admitted	to	the	ICU	regardless	of	pathology
have	 found	 incidence	 rates	 of	 delirium	 of	 31%	 on	 admission4	 and	 82%	when
limited	to	the	population	requiring	intubation	and	mechanical	ventilation.5

A	 diagnosis	 of	 delirium	 exacts	 a	 profound	 toll	 on	 both	 the	 immediate	 and
long-term	well-being	of	patients	 and	 the	economic	 resources	 required	 for	 their
care.	 One	 study	 of	 mechanically	 ventilated	 patients	 in	 the	 ICU	 demonstrated
significant	increases	in	length	of	hospital	stay	and	6-month	mortality,	even	after
adjustment	 for	 age,	 severity	 of	 illness,	 comorbidities,	 coma,	 and	 medication
exposure.5	 Another	 study	 of	 patients,	 limited	 to	 those	 who	 did	 not	 require
mechanical	 ventilation,	 found	 that	 a	 diagnosis	 of	 delirium	 independently
predicted	 longer	 hospital	 stay,	 even	 after	 correction	 for	 relevant	 covariates.6
When	framed	in	fiscal	terms,	delirium	has	been	associated	with	39%	higher	ICU
costs	and	31%	higher	hospital	costs	overall.7	Delirium	predicts	greater	hospital
costs	 across	 multiple	 domains,	 including	 professional,	 technical,	 consultative,
and	nursing.8

4 	Agitated	behavior	 poses	 a	 grave	 risk	 of	 acute	 injury	 to	 the	 delirious	 ICU
patient	because	of	the	extensive	use	of	invasive	technology.	This	hazard	has	been
specifically	 studied	 for	 patients	 who	 extubate	 themselves.	 Restlessness	 and
agitation,	 two	 of	 the	 most	 frequent	 concomitants	 of	 delirium,	 independently
predict	 self-extubation	 that	 can	 result	 in	 laryngeal	 and	 vocal	 cord	 trauma,
emesis,	aspiration,	cardiac	arrhythmia,	respiratory	arrest,	and	death.9

Etiology
An	exhaustive	 review	of	 conditions	 that	may	precipitate	delirium	would	 likely
cover	 the	 breadth	 of	 medical	 and	 surgical	 practice.	 Given	 the	 near	 limitless
number	of	possible	etiologies,	when	searching	for	a	possible	cause	of	delirium,	it
often	 proves	 useful	 to	 scan	 the	 clinical	 data	 searching	 for	 broad	 categories	 of
pathology.	The	mnemonic	“I	WATCH	DEATH”	(Table	157.2)	lists	the	processes
most	commonly	related	to	delirium.

TABLE	157.2

I	Watch	Death:	A	Mnemonic	for	Common	Causes	of
Delirium



Infections Pneumonia,	urinary	tract	infection,	encephalitis,
meningitis,	syphilis

Withdrawal Alcohol,	sedative-hypnotics

Acute	metabolic Acidosis,	alkalosis,	electrolyte	disturbances,	hepatic	or
renal	failure

Trauma Heat	stroke,	burns,	postoperative	state

Central	nervous
system
pathology

Abscess,	tumor,	hemorrhage,	seizure,	stroke,	vasculitis,
normal	pressure	hydrocephalus

Hypoxia Hypotension,	pulmonary	embolus,	pulmonary	or	cardiac
failure,	anemia,	carbon	monoxide	poisoning

Deficiencies Vitamin	B12,	niacin,	thiamine

Endocrinopathies Hyper-	or	hypoglycemia,	hyper-	or	hypoadrenalism,
hyper-	or	hypothyroidism,	hyper-	or	hypoparathyroidism

Acute	vascular Hypertensive	encephalopathy,	shock

Toxins	or	drugs Medications,	drugs	of	abuse,	pesticides,	solvents

Heavy	metals Lead,	manganese,	mercury

Adapted	from	Wise	MG,	Trzepacz	PT.	Delirium	(confusional	states).	In:	Rundell	JR,	Wise	MD,
eds.	The	American	Psychiatric	Press	Textbook	of	Consultation-Liaison	Psychiatry.	American
Psychiatric	Press;	1996:258-274.

With	 complicated	 conditions	 requiring	 interventions	 on	 multiple	 fronts,
patients	 in	 the	 ICU	 are	 often	 subjected	 to	 polypharmacy.	 A	 review	 of	 the
patient’s	medication	 list	 with	 an	 eye	 toward	 certain	 categories	 of	medications
frequently	causative	of,	or	contributory	to,	delirium	is	warranted	(Table	157.3).
Particular	 offenders	 include	 anticholinergics,	 antihistamines,	 corticosteroids,
opioids,	and	benzodiazepines.10,11

TABLE	157.3



Common	ICU	Drugs	Associated	With	Delirium

Antiarrhythmics β-Blockers

Disopyramide Calcium	channel	blockers

Lidocaine Digitalis	preparations

Mexiletine Diuretics

Procainamide Acetazolamide

Quinidine Dopamine	agonists

Tocainide Amantadine

Antibiotics Bromocriptine

Aminoglycosides Carbidopa

Amodiaquine Levodopa

Amphotericin Selegiline

Cephalosporins H2-Blockers

Fluoroquinolones Immunosuppressants

Gentamicin Azacitidine

Isoniazid Chlorambucil

Metronidazole Cyclosporine

Rifampin Cytosine	arabinoside

Sulfonamides Dacarbazine

Tetracyclines FK-506

Ticarcillin 5-Fluorouracil

Vancomycin Hexamethylmelamine

Anticholinergics Ifosfamide

Atropine Interleukin	2



Benztropine l-Asparaginase

Chlorpheniramine Methotrexate

Diphenhydramine Procarbazine

Eye	and	nose	drops Tamoxifen

Scopolamine Vinblastine

Anticonvulsants Vincristine

Phenytoin Ketamine

Sodium	valproate Nonsteroidal	anti-inflammatory	drugs

Antidepressants Ibuprofen

Antiemetics Indomethacin

Promethazine Naproxen

Metoclopramide Opioids

Antiviral	agents Propylthiouracil

Acyclovir Salicylates

Efavirenz Steroids

Interferon Sympathomimetics

Ganciclovir Aminophylline

Nevirapine Theophylline

Baclofen Phenylpropanolamine

Barbiturates Phenylephrine

Benzodiazepines

ICU,	Intensive	Care	Unit.
Adapted	from	Cassem	NH,	Murray	GB,	Lafayette	JM,	et	al.	Delirious	patients.	In:	Stern	TA,
Fricchione	GL,	Cassem	NH,	et	al,	eds.	Massachusetts	General	Hospital	Handbook	of	General
Hospital	Psychiatry.	5th	ed.	Mosby;	2004:119-134.



Pathology
Alertness	is	subserved	by	the	ascending	reticular	activating	system	(RAS)	and	its
bilateral	 thalamic	 projections;	 attention	 is	 mediated	 by	 neocortical	 and	 limbic
inputs	 to	 this	 system.12	 Structural	 or	 neurochemical	 interference	 with	 these
pathways	could	theoretically	result	in	the	deficits	in	alertness	and	attention	that
are	the	hallmarks	of	delirium.	Because	the	primary	neurotransmitter	of	the	RAS
is	acetylcholine,	the	relative	deficit	of	cholinergic	reserve	in	the	elderly	(eg,	due
to	microvascular	disease	or	atrophy)	may	be	the	neural	basis	of	 the	heightened
risk	 of	 delirium	 in	 the	 geriatric	 population.	 Medications	 with	 anticholinergic
activity	are	likely	to	disrupt	this	system’s	functioning	even	further.

In	the	setting	of	impaired	oxidative	metabolism,	dopaminergic	neurons	have
been	found	to	release	excess	amounts	of	dopamine;	its	subsequent	reuptake	and
extracellular	metabolism	also	are	disrupted.	Because,	at	high	levels,	dopamine	is
theorized	 to	 facilitate	 the	 excitatory	 effects	 of	 glutamate,13	 this	 dopaminergic
hypothesis	constitutes	a	proposed	mechanism	for	the	agitation	seen	in	delirium.
In	fact,	oxidative	dysfunction	predicts	increased	risk	of	delirium.14

Risk	Factors	and	Detection
Risk	factors	for	delirium	can	be	divided	into	three	broad	categories:	properties	of
the	 illness	 (acute	 physiological),	 preexisting	 properties	 of	 the	 patient	 (chronic
physiological),	and	properties	of	the	environment	(iatrogenic)	(Table	157.4).15

TABLE	157.4

Risk	Factors	for	Delirium

Properties	of
Environment/Treatment

Properties	of
Illness	(Acute
Physiologic)

Properties	of
Patient	(Chronic
Physiologic)

Hyper-	or	hyponatremia Age	>	70	y Administration	of
psychoactive
medication

Hyper-	or	hypoglycemia Transfer	from	a
nursing	home

Tube	feeding



Hyper-	or	hypothyroidism History	of	depression Bladder	catheter

Hyper-	or	hypothermia History	of	dementia Rectal	catheter

BUN-creatinine	ratio	≥18 History	of	stroke Central	venous	catheter

Renal	failure	(creatinine
>2	mg/dL)

History	of	seizure Physical	restraints

Liver	disease	(bilirubin
>20	mg/dL)

Alcohol	abuse	within
1	mo

Cardiogenic	shock Drug	overdose	or
illicit	use	within	1	wk

Septic	shock History	of	congestive
heart	failure

Hypoxia Human
immunodeficiency
virus	infection

Malnutrition

Adapted	from	Ely	EW,	Siegel	MD,	Inouye	SK.	Delirium	in	the	intensive	care	unit:	an	under-
recognized	syndrome	of	organ	dysfunction.	Semin	Respir	Crit	Care	Med.	2001;22:115-126.

The	majority	of	patients	suffering	from	delirium	present	with	the	hypoactive
subtype.	 Withdrawn	 (possibly	 quietly	 hallucinating)	 and	 psychomotorically
slowed,	the	patient	with	hypoactive	delirium	is	frequently	thought	by	caretakers
and	family	to	be	depressed.	Although	these	patients	cause	little	disruption	to	the
ICU	environment	 and	provoke	 less	 acute	 distress	 among	 their	 caregivers,	 they
are	no	 less	 subject	 to	 the	adverse	outcomes	of	 an	altered	 sensorium.	Although
the	immediate	threat	 to	safety	may	be	less	apparent	for	these	cases,	hypoactive
delirium	can	rapidly	and	unpredictably	evolve	into	acute	agitation	as	a	result	of
unchecked,	 upsetting	 delusions.	 Moreover,	 the	 subjective	 experience	 of
hypoactive	delirium	is	as	intense	and	distressing	as	the	agitated	variety.16

Two	delirium	screening	scales	have	been	validated	for	use	by	nonpsychiatric
personnel	 in	 the	 ICU.	The	Confusion	Assessment	Method	 for	 the	 ICU	(CAM-
ICU)	features	a	four-domain	assessment	that	can	be	administered	in	less	than	1
minute.17	Both	 sensitivity	 and	 specificity	 are	>90%,	 and	 it	 has	 been	 translated
into	 several	 languages.	 The	 Intensive	 Care	 Delirium	 Screening	 Checklist



(ICDSC)	 features	 eight	 items,	 each	 scored	 present	 or	 absent.	 Sensitivity	 and
specificity	 of	 the	 ICDSC	 are	 99%	 and	 64%,	 respectively.	 The	 minimal	 time
required	to	complete	either	of	these	scales	allows	for	scoring	several	times	daily,
which	is	an	important	feature,	given	the	waxing	and	waning	nature	of	delirium.
One	 comparison	 study	 of	 these	 scales	 found	 the	 CAM-ICU	 to	 be	 a	 superior
predictor	of	increased	length	of	stay	and	mortality.18	Both	scales	are	available	at
www.icudelirium.org.	 Careful	 screening	 and	 early	 detection	 can	 limit	 the
sequelae	of	delirium	and	 forestall	 the	 additional	 consequences	 attendant	 to	 the
evolution	of	hypoactive	delirium	into	agitation.

Diagnostic	Evaluation
For	ambiguous	cases	of	delirium,	an	electroencephalogram	(EEG)	may	provide
objective	data	 to	 aid	diagnosis.	Although	 the	 association	of	 delirium	and	EEG
changes	 was	 first	 described	 in	 the	 1940s,	 no	 objective	 test	 since	 has
demonstrated	 better	 performance	 for	 accurately	 detecting	 delirium.	 In	 their
classic	 studies,	 Engel	 and	 Romano	 described	 three	 landmark	 electrographic
findings	 in	 delirious	 patients:	 generalized	 slowing,	 consistency	of	 this	 slowing
despite	wide-ranging	underlying	conditions,	and	resumption	of	a	normal	rhythm
with	 treatment.19	 For	 all	 presentations	 of	 delirium,	 generalized	 slowing	 in	 the
delta-theta	 range	 (delta:	 0-4	 Hz,	 theta:	 4-8	 Hz),	 poor	 organization	 of	 the
background	rhythm,	and	loss	of	reactive	changes	to	eye	opening	and	closing	are
considered	diagnostic.20	Recent	studies	have	estimated	the	sensitivity	of	EEG	in
the	diagnosis	of	delirium	 to	be	 approximately	75%,	with	 false-negative	 results
likely	 a	 result	 of	 slowing	 not	 sizable	 enough	 to	 drop	 the	 patient’s	 baseline
rhythm	from	one	range	to	the	next.

EEG	may	also	prove	helpful	for	discerning	the	etiology	of	a	delirium,	because
delirium	tremens	(DTs)	as	a	result	of	alcohol	or	sedative-hypnotic	withdrawal	is
associated	 with	 low-voltage	 fast	 activity	 superimposed	 on	 slow	 waves,	 while
sedative-hypnotic	 toxicity	 is	associated	with	fast	beta	activity	(>12	Hz).20	EEG
may	 also	 detect	 previously	 undiagnosed	 deliriogenic	 conditions,	 including
nonconvulsive	 status	 epilepticus,	 complex	 partial	 seizures,	 or	 cerebral	 lesions
that	may	act	as	seizure	foci.

Once	delirium	is	confirmed,	the	search	for	an	underlying	medical	cause	must
commence.	A	careful	step-by-step	approach	can	help	prune	a	near-endless	list	of
possible	 etiologies.	Although	 no	 evidence-based	 protocol	 of	 diagnostic	 studies
most	 likely	to	identify	a	culprit	exists,	broad-based,	relatively	inexpensive,	and
noninvasive	laboratory	testing	can	often	be	informative	(Table	157.5).

http://www.icudelirium.org


TABLE	157.5

Assessment	of	the	Patient	With	Delirium

Basic	laboratory	tests—
Consider	for	all	patients
with	Delirium

Electrolytes

Glucose

Albumin

Blood	urea	nitrogen

Creatinine

Aspartate	aminotransferase

Alanine	aminotransferase

Alkaline	phosphatase

Rapid	plasma	reagin

Vitamin	B12

Folate

Thyroid-stimulating	hormone

Arterial	blood	gases

Complete	blood	count

Electrocardiogram

Chest	radiograph

Urinalysis

Additional	laboratory	tests
—consider	as	clinically
indicated

Heavy	metal	screen

Lupus	erythematosus	preparation

Antinuclear	antibody

Urine	porphyrins



Urine	culture

Urine	drug	screen

Ammonia

Human	immunodeficiency	virus	antibody

Venereal	Disease	Research	Laboratory	test

Blood	culture

Serum	medication	levels	(eg,	digoxin,
theophylline,	cyclosporine,	phenobarbital,
carbamazepine,	FK-506)

Lyme	titer

Cerebrospinal	fluid	analysis

Brain	computed	tomography	or	magnetic
resonance	imaging

Electroencephalogram

Adapted	from	American	Psychiatric	Association.	Practice	guideline	for	the	treatment	of	patients
with	delirium.	Am	J	Psychiatry.	1999;156(suppl	5):1-20.

In	 most	 circumstances,	 psychiatric	 consultation	 can	 be	 beneficial	 to	 the
patient	and	the	consultee.	A	consultation	psychiatrist’s	familiarity	with	delirium
and	 its	 causes	 and	 treatments	 can	 speed	 diagnosis	 and	 intervention.	 Delay	 in
psychiatric	consultation	has	predicted	lengthier	hospitalization.21

Pharmacological	Management
5 	The	definitive	 treatment	of	delirium	is	 the	identification	and	treatment	of	 the
underlying	cause(s).	 Interventions	may	 reduce	 its	potentially	harmful	 sequelae,
primarily	agitation	and	care-interfering	behaviors.

α2-Adrenergic	Receptor	Agonists
Dexmedetomidine	 has	 established	 itself	 as	 the	 most	 effective	 intervention	 for
agitation	 in	 the	 ICU	 setting,	 although	 use	 is	 constrained	 by	 side	 effects	 of



hypotension	 and	 bradycardia	 and	 requirement	 for	 monitoring.	 A	 number	 of
randomized,	controlled	trials	have	demonstrated	a	significantly	lower	incidence
of	 delirium	when	 ICU	patients	were	 sedated	with	 dexmedetomidine	 compared
with	 midazolam,	 lorazepam,	 or	 propofol,22-29	 although	 one	 of	 the	 largest
randomized	 controlled	 trials	 to	 date	 concluded	 that	 dexmedetomidine	 was
insufficient	 alone	 or	 as	 the	 primary	 agent	 to	 achieve	 optimal	 sedation	 and
prevent	delirium	when	compared	with	usual	care	sedation.30

Unfortunately,	thus	far	the	same	benefits	have	not	been	shown	for	clonidine.31
Guanfacine	 is	 another	member	of	 this	 class,	 though	 further	 investigation	of	 its
efficacy	and	safety	in	delirium	is	needed.32

Cholinergic	Agents
Although	 their	 use	 would	 be	 a	 logical	 extension	 from	 the
hypocholinergic/hyperdopaminergic	 neurophysiological	 model	 of	 delirium,
cholinesterase	inhibitors	should	generally	be	avoided	(especially	rivastigmine).33
One	 specific	 exception	 would	 be	 use	 of	 physostigmine	 as	 a	 treatment	 of
anticholinergic	toxicity.34

Antipsychotics
Typically,	antipsychotics	should	be	limited	to	treating	agitation	and	dangerous	or
distressing	symptoms	of	delirium	that	are	often	driven	by	in	hyperactive	states.35

Furthermore,	the	indication	and	short	duration	of	treatment	should	be	clearly
documented	to	avoid	unnecessary	long-term	antipsychotic	therapy	for	a	history
of	long-resolved	agitated	delirium.

Haloperidol
As	 dopamine	 receptor	 antagonists,	 neuroleptics	 are	 theoretically	 suited	 to	 the
task	 of	 dampening	 dopaminergic	 activity.	 Haloperidol,	 a	 butyrophenone
neuroleptic,	has	decades	of	clinical	experience	and	published	data	related	to	its
use	in	cases	of	delirium36,37	and	is	still	often	the	first	line	treatment.	Although	the
U.S.	 Food	 and	 Drug	 Administration	 (FDA)	 has	 not	 approved	 the	 intravenous
(IV)	 administration	 of	 haloperidol,	 FDA	 regulations	 do	 permit	 the	 use	 of	 any
approved	drug	for	a	nonapproved	indication	or	by	an	unsanctioned	route	in	the
context	 of	 innovative	 therapy.	 IV	 administration	 is	 preferable	 to	 the	 oral	 and
intramuscular	 routes	 for	multiple	 reasons;	 absorption,	 limitation	of	pain,	 lower
frequency	of	extrapyramidal	side	effects	[EPS]).37	Although	there	is	no	standard



dosing	regimen	for	the	use	of	IV	haloperidol,	treatment	is	usually	initiated	with	a
bolus	dose	ranging	from	0.5	mg	(in	the	elderly)	to	10	mg	(for	severe	agitation).
Although	a	randomized,	double-blind	comparison	trial	did	not	support	the	use	of
benzodiazepines	 alone	 for	 the	 management	 of	 delirium	 (except	 when	 due	 to
alcohol	or	 sedative-hypnotic	withdrawal),	 IV	 lorazepam	 in	doses	of	1	or	2	mg
can	 be	 coadministered	with	 haloperidol	 to	 achieve	more	 rapid	 sedation.38	 The
combination	 of	 haloperidol	 and	 lorazepam	has	 been	 shown	 to	 allow	 for	 lower
total	doses	of	each	drug39	and	to	further	reduce	the	frequency	of	EPS.40

A	large,	randomized	trial	found	that	the	use	of	haloperidol	or	ziprasidone,	as
compared	with	placebo,	for	patients	with	acute	respiratory	failure	or	shock	and
hypoactive	 or	 hyperactive	 delirium	 in	 the	 ICU,	 did	 not	 significantly	 alter	 the
duration	of	delirium	though	the	real-world	implications	of	this	study	are	limited
by	an	absence	of	 reporting	of	harm	 to	either	patient	or	 staff	 and	 time	 spent	 in
mechanical	restraints.41

Side	 Effects	 of	 Haloperidol.	 As	 with	 all	 pharmacologic	 interventions,	 the
use	 of	 haloperidol	 is	 not	 without	 risk.	 Neurologic	 sequelae,	 such	 as	 EPS,
seizures,	 neuroleptic	malignant	 syndrome	 (discussed	 in	 detail	 in	Chapter	 104),
and	 tardive	 dyskinesia,	 all	 have	 been	 associated	 with	 the	 chronic	 use	 of
haloperidol.	 In	 practice,	 however,	 these	 are	 rare	 and	 are	 minimized	 by	 IV
administration.37	 Of	 these	 neurologic	 symptoms,	 akathisia	 is	 often	 most
problematic	 in	 the	 setting	 of	 delirium	 because	 the	 sense	 of	 having	 to	 be	 in
motion	 at	 all	 times	 is	 noxious,	 tiring,	 and	 likely	 to	 exacerbate	 agitation.
Treatment	 of	 akathisia	 with	 β-blockade	 is	 often	 effective.	 In	 clinical	 practice,
haloperidol’s	 reported	 lowering	 of	 the	 seizure	 threshold	 appears	 negligible	 for
those	without	seizures,42	and	some	studies	have	actually	found	lower	 incidence
of	seizures	for	individuals	receiving	haloperidol.43

Haloperidol	 has	 been	 shown	 in	 some	 cases	 to	 prolong	 the	 QT	 interval,
resulting	in	increased	risk	for	torsade	de	pointes	with	increased	risk	for	death.44,45
An	electrocardiogram	should	be	ordered	 to	measure	 the	baseline	corrected	QT
(QTc)	interval,	and	serum	potassium,	magnesium,	and	calcium	levels	should	be
checked	and	monitored.36	Once	treatment	begins,	a	QTc	>500	ms	or	an	increase
>25%	 from	 baseline	 may	 warrant	 telemetry,	 cardiologic	 consultation,	 and
reduction	 or	 discontinuation	 of	 haloperidol.	 In	 these	 cases,	 it	 is	 advisable	 to
calculate	 the	QTc	manually,	 because	 automated	 readings	may	overestimate	 the
value	 and	 result	 in	 the	 needless	 interruption	 of	 necessary	 treatment.	 The
minimization	of	other	drugs	with	the	potential	to	prolong	the	QTc	also	should	be
considered	 to	 allow	 the	 ongoing	 effective	 treatment	 of	 delirium.	 All
antipsychotics,	with	 the	 exception	 of	 brexpiprazole,	 also	 have	 been	 associated
with	QT	prolongation.46



Other	Dopamine	Receptor	Antagonists
Droperidol,	the	other	member	of	the	butyrophenone	family	of	neuroleptics,	had
been	used	extensively	for	the	treatment	of	delirium,	but	its	use	was	constrained
by	 the	 2001	 FDA-mandated	 black-box	 warning	 regarding	 QT	 prolongation,
torsade	de	pointes,	and	death.47

Phenothiazines,	 the	 other	 major	 class	 of	 so-called	 conventional	 or	 first-
generation	 neuroleptic	 medications	 (eg,	 chlorpromazine,	 fluphenazine,
thioridazine,	mesoridazine,	perphenazine,	and	trifluoperazine),	are	poorly	suited
to	 the	 treatment	 of	 delirium	 due	 to	 sedation,	 anticholinergic	 effects,	 and	 α-
adrenergic	blockade.

Many	 of	 the	 atypical	 or	 second-generation	 neuroleptic	 agents	 have	 been
studied	in	the	treatment	of	delirium.	A	variety	of	single	case	reports,	case	series,
retrospective	 analyses,	 and	open-label	 studies	have	 found	 these	medications	 to
be	 safe,	 well	 tolerated,	 and	 effective.	 Randomized,	 controlled	 trials	 have
demonstrated	 that	 risperidone,	 olanzapine,	 and	 quetiapine	 are	 effective	 for
decreasing	 the	 severity	of	 symptoms	of	delirium.48-53	A	 randomized,	 controlled
trial	 of	 ziprasidone	 did	 not	 show	 benefit	 for	 delirium,	 though	 this	 study	 was
limited	by	measurement	of	delirium	as	a	binary	state	(present	or	absent)	 rather
than	by	its	severity.54

Quetiapine	may	have	a	niche	role	in	the	treatment	of	delirium	in	patients	with
Parkinson	disease	or	Lewy	body	dementia,	because	its	action	at	various	subtypes
of	dopamine	receptors	is	less	likely	to	exacerbate	these	disorders.55	Paliperidone
may	occupy	a	similar	niche	role	in	patients	with	hepatic	compromise	because	it
does	 not	 require	 significant	 hepatic	 metabolism.56	 As	 clozapine	 is	 highly
anticholinergic	and	has	elevated	risk	of	agranulocytosis,	it	is	not	routinely	used
for	agitation	associated	with	delirium.

There	 is	 an	 FDA	 black-box	 warning	 on	 all	 neuroleptics	 indicating	 an
increased	risk	of	death	when	used	to	treat	behavioral	problems	in	elderly	patients
with	 dementia.	 In	 addition,	 risperidone,	 olanzapine,	 and	 aripiprazole	 carry
warnings	 regarding	 a	potential	 increased	 risk	of	 cerebrovascular	 events	 among
elderly	patients	with	dementia-related	psychosis.	The	benefits	of	neuroleptics	for
treating	delirium	often	outweigh	their	risks.

Other	Pharmacological	Interventions	for	Delirium
The	5-HT-3	receptor	antagonist	ondansetron	has	been	reported	to	be	successful
in	managing	symptoms	of	delirium	in	postcardiotomy	patients.57	The	mechanism
of	this	effect	is	uncertain,	but	5-HT-3	receptors	have	been	shown	to	play	a	role	in



cognition,	 and	 ondansetron	 has	 also	 demonstrated	 affinity	 for	 the	 opioid	 mu
receptor	and	for	sodium	channels.58

Randomized,	Controlled	Trials	of	Pharmacotherapy	for
Delirium
Randomized,	controlled	trials	of	pharmacotherapy	for	delirium	are	summarized
in	Table	157.6.	Many	of	these	interventions	demonstrate	efficacy	in	limiting,	but
not	 eliminating,	 symptoms	 of	 delirium.	 Because	 the	 definitive	 treatment	 of
delirium	requires	identification	and	treatment	of	the	underlying	cause(s),	it	may
not	 be	 reasonable	 to	 expect	 that	 a	 neuroleptic	 will	 completely	 eradicate	 all
symptoms	of	a	delirium	to	the	point	that	it	is	undetectable.	Rather,	neuroleptics
are	intended	to	manage	the	symptoms	of	delirium	and	to	reduce	the	likelihood	of
harm	to	the	patient	or	ICU	staff.

TABLE	157.6

Randomized,	Controlled	Trials	of	Pharmacotherapy	in
Delirium6

Study Agents
Compared

Total
Number
of
Patients

Results

Breitbart
et	al38

Haloperidol
Chlorpromazine
Lorazepam

30 Both	neuroleptics	significantly
improved	delirium.	No
improvement	was	seen	with
lorazepam.	The	lorazepam	arm
was	terminated	early	due	to
adverse	effects.

Han	and Haloperidol 24 No	significant	difference	was



Kim48 Risperidone found	in	efficacy	or	response	rate
between	haloperidol	and
risperidone.

Skrobik
et	al49

Haloperidol
Olanzapine

73 Clinical	improvement	was	similar
for	both	agents.	Haloperidol	was
associated	with	extrapyramidal
side	effects	not	seen	with
olanzapine.

Devlin	et
al50

Quetiapine
Placebo

36 Scheduled	quetiapine	resulted	in
more	rapid	resolution	of	delirium,
reduced	agitation,	and	improved
rates	of	transfer	to	home	or	a
rehabilitation	facility.	Both	groups
received	as-needed	intravenous
haloperidol.

Maneeton
et	al51	
Grover	et
al52	
Kim	et
al53	
Girard	et
al54

Quetiapine
Haloperidol
Haloperidol
Risperidone
Olanzapine
Risperidone
Olanzapine
Haloperidol
Ziprasidone
Placebo

52
64
32
101

Both	agents	reduced	the	severity
of	delirium	without	a	significant
difference	between	the	groups.
All	three	agents	reduced	the
severity	of	delirium	without	a
significant	difference	among	the
groups.
Both	agents	reduced	the	severity
of	delirium.	Response	to
risperidone	was	poorer	in	patients



older	than	70	years.
All	patients	were	mechanically
ventilated.	Neither	neuroleptic
significantly	decreased	duration	of
delirium.

Tagarakis
et	al57	
Page	et
al59

Ondansetron
Intravenous
haloperidol
Intravenous
haloperidol
Placebo

80
141

Both	agents	reduced	the	severity
of	postcardiotomy	delirium.
No	significant	difference	was
found	in	duration	of	delirium
between	the	groups.	A
significantly	higher	number	of
patients	in	the	placebo	arm
required	open-label	addition	of
neuroleptics	due	to	symptoms	of
delirium.

Prevention
A	number	of	randomized,	controlled	trials	have	examined	the	use	of	medication
in	 the	prophylaxis	of	delirium.	These	are	summarized	 in	Table	157.7.	A	meta-
analysis	of	five	of	these	studies	supported	the	use	of	neuroleptics	as	prophylaxis
against	delirium.71

TABLE	157.7

Randomized	Controlled	Trials	of	Pharmacologic
Prophylaxis	of	Delirium

Total



Study Agents
compared

Number
of
Patients

Results

Kalisvaart	et
al60

Haloperidol
Placebo

430 Low-dose	haloperidol	did
not	reduce	the	incidence	of
postoperative	delirium.	It
decreased	severity	and
duration	of	delirium	and
length	of	stay.

Prakanrattana
et	al61

Risperidone
Placebo

126 Single-dose	risperidone
following	cardiac	surgery
significantly	reduced	the
incidence	of	postoperative
delirium.

Wang	et	al62 Intravenous
haloperidol
Placebo

457 Twelve-hour	infusion	of
low-dose	haloperidol	after
admission	to	the	ICU
decreased	the	incidence	of
postoperative	delirium	in
elderly	patients.

Larsen	et	al63 Olanzapine
Placebo

400 Perioperative	administration
of	olanzapine	decreased	the
incidence	of	delirium	in
elderly	joint	replacement
patients.

Al-Aama	at
al64

Melatonin
Placebo

145 Nightly	administration	of
melatonin	0.5	mg	decreased
the	incidence	of	delirium.

de	Jonghe	et
al65

Melatonin
Placebo

378 Nightly	administration	of
melatonin	3	mg	had	no
significant	effect	on	the
incidence	of	delirium.

Hatta	et	al66 Ramelteon
Placebo

67 Nightly	administration	of
ramelteon	decreased	the



incidence	of	delirium.

Papadopoulos
et	al58

Ondansetron
Placebo

106 Daily	administration	of
ondansetron	decreased	both
the	incidence	and	the
severity	of	delirium.

Momeni	et
al67

Dexmedetomidine
Placebo

349 Adding	postoperative
dexmedetomidine	to
propofol	had	no	impact	of
incidence	of	delirium	after
cardiac	surgery.

Lawlor	et	al68 Melatonin
Placebo

60 Melatonin	3	mg	was	not
different	than	placebo	for
rates	of	delirium	in	patients
with	advanced	cancer
inpatient	palliative	care
treatment.

Oh	ES	et	al69 Ramelteon
Placebo

80 In	older	patients	undergoing
elective	primary	or	revision
hip	or	knee	replacement,
ramelteon	was	not
efficacious	in	preventing
postoperative	delirium.

Abraham	et
al70

Quetiapine
Placebo

71 Scheduled,	low-dose
quetiapine	is	effective	in
preventing	delirium	in	high-
risk,	surgical	trauma	ICU
patients.

Specifically	pertaining	 to	postoperative	delirium,	one	randomized	controlled
trial	 of	 921	 elderly	 patients	 undergoing	 major	 noncardiac	 surgery	 found	 that
operative	 anesthesia	 with	 BIS	 (bispectral	 index)	 monitoring	 reduced	 propofol
delivery	 by	 21%,	 volatile	 anesthetics	 by	 30%,	 and	 postoperative	 delirium	 by
35%	as	compared	with	routine	operative	anesthesia.72

A	 number	 of	 multicomponent	 nonpharmacological	 protocols	 have	 been
established	 to	 formalize	 nursing	 and	 environmental	 approaches	 to	 delirium



prevention.	A	meta-analysis	of	these	studies	concluded	that	they	are	effective	for
decreasing	 the	 incidence	 of	 delirium	 and	 preventing	 falls	 with	 a	 trend	 toward
lowering	length	of	stay.73

OTHER	CAUSES	OF	AGITATION
Dementia	 is	 a	 predisposing	 risk	 factor	 for	 the	 development	 of	 delirium.	 The
demented	patient,	however,	is	also	at	risk	of	becoming	agitated	in	the	ICU	as	a
result	 of	 unfamiliar	 surroundings	 and	 possible	 delusional	 beliefs.	 Behavioral
measures	should	be	employed	to	help	the	patient	orient	to	the	milieu.	In	cases	of
acute	 agitation,	 haloperidol	 is	 the	 treatment	 of	 choice.	 However,	 in	 cases	 of
Lewy	 body	 dementia,	 quetiapine	 is	 less	 likely	 to	 exacerbate	 parkinsonian
symptoms.

Similarly,	 patients	 with	 preexisting	 schizophrenia	 may	 have	 difficulty
understanding	 and	 adapting	 to	 an	 ICU	 stay.	 Preemptive	 behavioral	 measures
should	be	taken	to	make	the	ICU	as	familiar	and	comfortable	as	possible.

Inadequately	controlled	pain,	paniclike	anxiety,	 and	a	 sense	of	hopelessness
resulting	 from	 depression	 can	 also	 present	 with	 agitation.	 Anxiety	 and
depression	are	discussed	in	Chapter	158:	“Diagnosis	and	Treatment	of	Anxiety
in	the	Intensive	Care	Unit	Patient”	and	Chapter	159	“Diagnosis	and	Treatment	of
Depression	in	the	Intensive	Care	Unit	Patient,”	respectively.	Once	the	trigger	for
agitation	 is	 understood,	 the	 appropriate	 course	 of	 treatment	 is	 often	 relatively
straightforward.	Table	 157.8	 compares	 and	 contrasts	 several	 diagnostic	 traits
characteristic	of	different	causes	of	agitation.

TABLE	157.8

Differential	Diagnosis	of	Agitation

Delirium Dementia Depression Schizophrenia

Onset Acute Insidiousa Variable Variable

Course Fluctuating Progressiveb Variable Variable

Reversibility Usually Not	usually Usually Not	usually

Level	of Impaired Unimpaired Unimpaired Unimpairedc



consciousness until	late
stages

Attention	and
memory

Both	poor Poor
memory
without
marked
inattention

Attention
usually
intact,
memory
intact

Poor	attention,
memory	intact

Hallucinations Usually
visual	but
can	occur
in	any
sensory
modality

Visual	or
auditory

Usually
auditory

Usually	auditory

Delusions Fleeting,
fragmented,
usually
persecutory

Paranoid,
often	fixed

Complex	and
mood-
congruent

Frequent,
complex,
systematized,
and	often
paranoid

aExcept	when	due	to	strokes,	when	the	onset	is	acute.
bLewy	body	dementia	often	presents	with	a	waxing	and	waning	course	imposed	on	an	overall
progressive	decline.	Vascular	dementia	follows	a	stepwise	pattern,	worsening	with	each
successive	stroke.
cExcept	when	complicated	by	catatonia.

Adapted	from	Trzepacz	PT,	Meagher	DJ.	Delirium.	In:	Levenson	JL,	ed.	The	American	Psychiatric
Publishing	Textbook	of	Psychosomatic	Medicine.	American	Psychiatric	Publishing;	2005:91-130.

Various	 substance-withdrawal	 syndromes	 may	 present	 with	 agitation	 and
delirium.	These	often	 require	 specific	 treatment	 (usually	 featuring	 replacement
of	the	dependence-inducing	agent	and	gradual	taper)	and	are	covered	in	Chapter
126:	Planning	and	Organization	for	Emergency	Mass	Critical	Care.

NONPHARMACOLOGICAL	TREATMENT	OF
AGITATION
Despite	all	efforts	 to	curtail	agitated	or	disruptive	behavior,	some	patients	may



ultimately	 require	 physical	 intervention	 to	 prevent	 injury	 to	 themselves	 or
hospital	staff.	Interventions	range	from	relatively	unobtrusive	(eg,	use	of	mitts	to
prevent	 interference	 with	 equipment	 or	 constant	 observation	 to	 minimize
wandering)	 to	more	 restrictive	 (eg,	 soft	 limb	 restraints,	Posey	vests,	 four-point
restraints).36	Most	states	and	individual	institutions	have	protocols	governing	the
application	 and	 documentation	 of	 such	 procedures.	Because	 the	 application	 of
physical	 restraints	can,	 in	 itself,	be	disquieting	 to	 the	patient,	such	 intervention
should	be	accompanied	by	the	administration	of	sedating	medication.

LONG-TERM	SEQUELAE
Patients	 diagnosed	 with	 delirium	 are	 at	 greater	 risk	 for	 a	 multitude	 of
neuropsychiatric	sequelae	 long	after	 their	discharge	from	the	hospital.	Multiple
studies	have	demonstrated	 increased	 risk	of	 longstanding	cognitive	 impairment
in	delirious	patients	when	compared	to	matched	controls74-76;	one	study	reported
that	 a	 diagnosis	 of	 delirium	 resulted	 in	 an	 almost	 doubled	 risk	 of	 cognitive
impairment	 at	 2	 years.77	 A	 review	 of	 the	 available	 literature	 by	 Jackson	 and
colleagues	 concluded	 that	 the	 presence	 of	 delirium	 (regardless	 of	 severity	 or
duration)	predicts	a	greater	risk	of	long-term	cognitive	impairment,	including	the
development	 of	 dementia.78	 Posttraumatic	 stress	 disorder	 (PTSD)	 has	 been
reported	in	up	to	44%	of	patients	admitted	to	the	ICU.79	While	PTSD	may	result
from	the	experience	of	actual	physical	experiences	in	the	ICU,	it	has	also	been
reported	 to	 occur	 as	 the	 sole	 result	 of	 frightening,	 hallucinatory,	 or	 delusional
symptoms	experienced	in	the	context	of	delirium.80

CONCLUSION
Agitation	during	an	ICU	stay	jeopardizes	the	immediate	safety	of	the	patient	and
may	signify	a	potentially	unidentified	pathological	process.	Delirium	is	the	most
frequent	 cause	 of	 agitation	 and	 is	 associated	 with	 poorer	 outcomes	 across
multiple	facets	of	patient	care.	Careful	evaluation	of	possible	causes	of	delirium
is	 vital,	 since	 its	 only	 definitive	 cure	 is	 identification	 and	 treatment	 of	 the
responsible	 underlying	 condition(s).	 Management	 may	 involve	 both
pharmacological	 and	 environmental	 measures,	 with	 manipulation	 of	 the
dopaminergic	 and	 cholinergic	 axes,	 the	 primary	 targets	 of	 pharmacological
intervention.

Agitation	may	also	be	a	symptom	of	other	psychiatric	disorders.	Preexisting



diagnoses	of	dementia,	depression,	or	psychosis	do	not	rule	out	the	presence	of
delirium.	However,	active	delirium	does	rule	out	the	possibility	of	being	able	to
diagnose	 a	 new	 dementia,	 depression,	 or	 psychosis.	 Given	 this	 level	 of
diagnostic	 primacy	 and	 its	 manifold	 associated	 deleterious	 sequelae,	 delirium
should	be	at	the	cornerstone	of	any	investigation	of	agitation	in	the	ICU.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	72-year-old	man	is	admitted	to	the	intensive	care	unit	for	urosepsis.	He
is	confused,	disoriented,	combative	at	times,	and	does	not	recognize	family.
What	is	the	most	appropriate	management?

A. 	Antibiotics	and	intravenous	fluids
B. 	Quetiapine
C. 	Soft	wrist	restraints
D. 	Zisprasidone

2. 	What	is	an	associated	long	term	consequence	of	having	delirium	and
encephalopathy	in	the	intensive	care	unit?

A. 	Higher	mortality
B. 	Increased	dementia
C. 	Reduced	cognitive	function	at	2	years
D. 	All	of	the	above

3. 	What	diagnostic	study	has	the	greatest	utility	in	making	a	diagnosis	of
delirium?

A. 	Electroencephalogram	(EEG)
B. 	Lumbar	puncture	(LP)
C. 	Brain	magnetic	resonance	imaging	(MRI)
D. 	Urinalysis	(UA)

Answers



1.	The	correct	answer	is	A.
Rationale:	 The	 definitive	management	 of	 delirium	 is	 the	 identification	 and

treatment	 of	 the	 underlying	 cause(s)	 (choice	 A	 is	 correct),	 though	 other
pharmacologic	and	nonpharmacologic	interventions	can	be	considered	to	reduce
potentially	harmful	sequelae,	primarily	agitation	and	care-interfering	behaviors,
as	outlined	in	the	chapter.

2.	The	correct	answer	is	D.
Rationale:	 Although	 delirium	 is	 considered	 potentially	 reversible,

impairments	 may	 be	 prolonged	 and	 perhaps	 permanent,	 particularly	 in	 frail,
older	patients	(choice	D	is	correct).

3.	The	correct	answer	is	A.
Rationale:	EEG	abnormalities	in	delirium	have	been	recognized	for	70	years,

and	no	other	 single	 test	 to	date	has	better	diagnostic	performance	 (choice	A	 is
correct).	Sensitivity	is	about	75%,	showing	generalized	slowing	in	the	delta-theta
range,	poor	organization	of	background	rhythm,	and	loss	of	reactive	changes	to
eye	opening	and	closing	considered	diagnostic.	At	times,	an	underlying	etiology
can	also	be	suggested,	with	 typical	patterns	for	delirium	tremens,	seizures,	and
sometimes	focal	abnormalities.
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Chapter	158
Diagnosis	and	Treatment	of	Anxiety	in
the	Intensive	Care	Unit	Patient
Shelley	A.	Holmer,	Robert	M.	Tighe

KEY	POINTS:
1.	 Anxiety	is	common	among	the	critically	ill	both	from	preexisting

anxiety	disorders	and	anxiety	associated	with	ICU	admission	and
critical	illness.

2.	 Anxiety	is	inversely	associated	with	favorable	clinical	outcomes	for
common	critical	care	concerns	such	as	acute	coronary	syndrome
and	weaning	from	mechanical	ventilation.

3.	 Treatment	of	anxiety	during	an	ICU	stay	should	include
nonpharmacological	therapies	in	combination	with	effective
pharmacological	therapies.

INTRODUCTION
Anxiety	 is	 a	 normal,	 adaptive	 biological	 response	 to	 threat.	 It	 occurs	 when	 a
person	 feels	 helpless	 and	 apprehensive	 about	 an	 uncertain	 future	 due	 to	 a
perceived	 inability	 to	 predict	 or	 control	 a	 desired	 outcome.	 In	 contrast,
pathological	 anxiety	 is	 normal	 anxiety	 run	 amok.	 It	 occurs	 spontaneously	 or
amid	 usually	 benign	 circumstances,	 is	 excessive	 in	 intensity	 or	 duration,	 and
impairs	 functioning	 and	 behavior.	 Anxiety	 manifests	 in	 a	 variety	 of	 ways,
resulting	 in	 physical,	 affective,	 behavioral,	 and	 cognitive	 symptoms	 and	 signs
(Table	158.1).

TABLE	158.1



Symptoms	and	Signs	of	Anxiety

Physical Behavioral

Tachycardia Restlessness

Tachypnea Agitation

Hypertension Compulsiveness

Diaphoresis Avoidance

Light-
headedness

Noncompliance	with	diagnostic	or	therapeutic
interventions

Tremulousness Fidgetiness

Affective Cognitive

Uneasiness Apprehension

Edginess Worry

Nervousness Fear	of	emotional	or	bodily	damage

Fright Denial

Panic Obsessiveness

Terror Preoccupation	with	harm

Thoughts	about	death

1 	 Patients	 admitted	 to	 the	 intensive	 care	 unit	 (ICU)	 commonly	 experience
anxiety	 in	 response	 to	pain,	 invasive	procedures,	an	unfamiliar	setting,	and	 the
fear	 of	 death.	 In	moderation,	 anxiety	 can	 promote	 healthful	 behaviors,	 just	 as
pain	can	 lead	 to	protection	 from	future	 injury.	 In	excess,	however,	anxiety	can
complicate	diagnosis,	interfere	with	treatment,	and	contribute	to	poor	outcomes
and	increase	both	morbidity	and	mortality.	Anxiety	may	complicate	the	clinical
picture,	as	symptoms	and	signs	of	many	medical	problems	overlap	with	those	of
anxiety	 (eg,	 chest	 pain,	 palpitations,	 tachycardia,	 diaphoresis,	 tremulousness).
Overwrought	patients	may	refuse	tests	or	procedures	they	fear	will	cause	pain	or
will	 lead	 to	 bad	 news.	 Patients	 with	 phobias	 of	 blood,	 needles,	 and	 confined



spaces	 (eg,	 computed	 tomography	 and	magnetic	 resonance	 imaging	machines)
may	forego	necessary	 interventions.	Pathological	anxiety	may	contribute	 to	 the
need	for	ICU	admission	in	the	first	place.

This	chapter	reviews	the	physiologic	concomitants	of	anxiety,	medical	causes
of	 anxiety,	 critical	medical	 conditions	 particularly	 affected	 by	 anxiety,	 anxiety
disorders	specific	to	the	ICU	setting,	and	the	treatment	of	anxiety.

PHYSIOLOGICAL	EXPRESSIONS	OF	ANXIETY
The	physiological	expressions	of	anxiety	are	myriad.	By	activating	the	 fight	or
flight	response,	anxiety	recruits	the	entire	autonomic	nervous	system	to	respond
to	 an	 unknown	 enemy.	 Multiple	 organ	 systems—endocrine,	 gastrointestinal,
musculoskeletal,	 immune,	 cardiovascular,	 and	 respiratory—are	 involved.
Anxiety	 increases	 blood	 levels	 of	 cortisol,	 prolactin,	 and	 growth	 hormone.1	 A
disquieted	 patient	 has	 enhanced	 gastric	 motility	 and	 gastric	 secretions,
vasoconstriction	of	 the	 splanchnic	and	cutaneous	circulations,	 and	vasodilation
of	 striated	 muscle	 groups.2	 Anxiety	 also	 has	 direct	 effects	 on	 the	 immune
system:	 a	 reduction	 in	 the	 chemotaxis	 of	 lymphocytes	 and	 neutrophils,	 a
decrease	 in	 the	 phagocytic	 ability	 of	 neutrophils,	 and	 an	 increase	 in	 plasma
levels	of	tumor	necrosis	factor	α	and	superoxide	anion.3	This	suggests	a	complex
physiologic	effect	of	anxiety	in	the	critically	ill	population.

The	 organ	 systems	 adversely	 affected	 by	 anxiety	 of	 most	 concern	 to	 the
intensivist	 are	 the	 cardiovascular	 and	 respiratory	 systems.	 Anxiety	 affects	 the
cardiovascular	 system	 by	 altering	 normal	 autonomic	 tone,	 manifested	 as
increases	 in	 heart	 rate,	 blood	 pressure,	 cardiac	 output,	 and	 cardiac	 irritability.
The	 stress	 of	 simply	 being	 hospitalized	 augments	 urinary	 excretion	 of
catecholamines,	which	represents	activation	of	 the	sympathetic	nervous	system
and	 contributes	 to	 cardiac	 arrhythmias.4	 In	 the	 fight	 or	 flight	 response,
augmentation	 of	 cardiac	 output	 prevents	 cardiovascular	 collapse,	 but	 in	 heart
failure	 and	 myocardial	 infarction	 (MI),	 excessive	 cardiac	 output	 can	 be
detrimental.	 Anxiety	 increases	 respiratory	 rate,	 tidal	 volume,	 and	 airway
resistance	and	can	induce	hyperventilation	and	syncope.	These	data	suggest	that
anxiety,	 while	 exacting	 a	 psychological	 toll,	 also	 significantly	 alters	 -
cardiorespiratory	physiology,	especially	among	the	critically	ill.

MEDICAL	CAUSES	OF	ANXIETY



Stress	experienced	by	patients	during	an	ICU	stay	is	a	common	cause	of	anxiety.
Anxiety	can	also	be	a	symptom	of	a	specific	medical	condition.	Its	presence	can
be	a	diagnostic	 tool,	 aiding	with	 identification	of	 conditions	 that	 could	 lead	 to
significant	morbidity	and	mortality	unless	rapidly	identified	and	treated.	Anxiety
as	a	secondary	symptom	of	an	underlying	medical	condition	is	suggested	when
anxiety	occurs	in	the	absence	of	an	apparent	psychologically	charged	situation	or
a	discrete	physical	event	(eg,	acute	pain	or	tachyarrhythmia).	However,	for	any
given	 patient,	 determination	 of	 what	 constitutes	 an	 appropriate	 or	 sufficient
psychological	 precipitant	 for	 anxiety	 can	 be	 difficult.	 Life	 history,	 cultural
background,	and	prior	behavioral	conditioning	are	often	unknown	 to	clinicians
in	 the	 fast-paced	 ICU	 setting.	Therefore,	when	 anxiety	 is	 present	 and	no	 clear
psychological	or	medical	cause	is	obvious,	a	thorough	search	for	its	etiology	is
indicated.

Anxiety	 is	 a	 symptom	 of	 hundreds	 of	 medical	 conditions;	 Table	 158.2
provides	 a	 list	 of	 conditions	 that	 are	 common	 among	 the	 critically	 ill.	 Two
syndromes	that	are	particularly	difficult	to	distinguish	from	primary	anxiety	are
delirium	and	substance	withdrawal.

TABLE	158.2

Common	Medical	Causes	of	Anxiety

Neurologic

Delirium

Substance	withdrawal	syndromes

Complex	partial	seizures

Traumatic	brain	injury

Pain

Cardiac

Acute	myocardial	infarction

Shock

Paroxysmal	tachycardia



Metabolic

Hypoglycemia

Hyperthyroidism

Pheochromocytoma

Cushing’s	syndrome

Addison’s	disease

Respiratory

Respiratory	failure

Asthma

Hypoxia

Hyperventilation

Pneumothorax

Pulmonary	edema

Pulmonary	embolism

Toxic

Illicit	drug	intoxication

Anticholinergic	intoxication

Prednisone

Isoniazid

Caffeine

Delirium
Treating	 delirious	 patients	 solely	 with	 anxiolytics	 (eg,	 benzodiazepines)	 can
exacerbate	their	confusion,	so	it	is	important	to	distinguish	delirium	from	anxiety
by	 doing	 a	 brief	 cognitive	 examination.	 In	 delirium,	 performance	 of	 tasks	 of



attention,	 orientation,	memory,	 and	 language	 is	 often	 impaired;	 rarely	 does	 an
anxious	patient	have	these	deficits.	By	definition,	delirium	always	has	a	medical
cause;	 therefore,	 determination	 of	 its	 cause,	 rather	 than	 simply	 treating	 its
symptoms,	 is	 vital.	 Recognition	 and	management	 of	 delirium	 are	 discussed	 in
Chapter	157.

Substance	Withdrawal	Syndromes
Because	 withdrawal	 from	 central	 nervous	 system	 depressants	 (eg,	 opioids,
benzodiazepines,	 alcohol)	 can	 be	 life-threatening,	 it	 should	 always	 be	 high	 on
the	differential	diagnosis	when	anxiety	is	present.	This	diagnosis	can	be	missed
because	 patients	 either	 underreport	 their	 substance	 use	 or	 are	 unable	 to
communicate.	Patients	can	also	withdraw	from	sedatives	and	opioids	prescribed
during	a	lengthy	period	of	mechanical	ventilation.	Recognition	and	treatment	of
withdrawal	syndromes	are	discussed	in	Chapter	125.

SCENARIOS	IN	WHICH	ANXIETY
SIGNIFICANTLY	AFFECTS	OUTCOMES	OF
MEDICAL	ILLNESS

Acute	Myocardial	Infarction
As	 heart	 disease	 remains	 the	 leading	 cause	 of	 mortality	 in	 the	 United	 States,
acute	coronary	syndrome	is	a	common	reason	for	admission	to	the	coronary	care
unit	(CCU).	Prevention	and	treatment	have	focused	on	awareness	and	alteration
of	traditional	risk	factors	(eg,	hyperlipidemia,	hypertension,	and	family	history).
Developing	 literature	 supports	 consideration	 of	 psychosocial	 factors	 as	 well,
most	frequently,	anxiety,	depression,	and	personality	traits.5

2 	The	presence	of	anxiety	can	influence	acute	MI	outcomes	at	several	points,
including	prior	to	MI,	during	hospitalization	following	MI,	and	also	in	postcare
of	MI.	A	large	retrospective	cohort	of	individuals	initially	free	of	coronary	heart
disease	 reported	 that	 a	 diagnosis	 of	 general	 anxiety	 disorder	 (GAD)	 was
associated	 with	 increased	 relative	 risk	 of	 developing	 coronary	 heart	 disease.6
This	observation	was	validated	by	other	 studies	demonstrating	a	higher	 risk	of
coronary	 heart	 disease	 and	 cardiac	 mortality	 among	 individuals	 with	 anxiety
disorders.5,7-9	 A	 limitation	 of	 these	 studies	 is	 the	 limited	 adjustment	 for	 the



effects	 of	 comorbid	 depression.	 The	 few	 studies	 specifically	 controlling	 for
depression	 fund	 that	 the	 impact	 of	 anxiety	 on	 coronary	 disease	 prevalence	 or
mortality	 was	 either	 not	 observed10	 or	 the	 effects	 of	 anxiety	 were	 potentially
beneficial.11	Therefore,	though	the	majority	of	evidence	suggests	that	anxiety	is	a
risk	 factor	 for	MI	 and	 cardiac	mortality,	 the	 effect	 of	 comorbid	 depression	 on
these	outcomes	needs	to	be	considered.12

Anxiety	 related	 to	MI	 itself	 is	 also	 common	 among	 patients	 with	 an	 acute
coronary	 syndrome.5,13	 Anxiety	 occurs	 among	 20%	 to	 50%	 of	 patients	 after
MI.14,15	The	stress	of	being	cared	for	in	an	ICU,	particularly	the	relinquishing	of
control	 and	 privacy,	 in	 addition	 to	 dealing	 with	 a	 potentially	 life-threatening
disease,	contribute	to	anxiety	during	a	CCU	stay.16	Anxiety	in	the	CCU	after	MI
rapidly	rises	and	peaks	within	the	first	12	hours;	declines,	though	persists,	during
the	next	36	hours;	and	 then	 increases	again	as	patients	 face	 transfer	out	of	 the
CCU	 and	 ultimately	 discharge	 from	 the	 hospital.17,18	 Furthermore,	 individuals
with	 post-MI	 anxiety	 appear	 to	 be	 at	 higher	 risk	 of	 recurrent	MI.19	 Physicians
and	 nurses	 often	 underrecognize	 anxiety	 and	 underestimate	 its	 severity	 after
MI.20	Anxiolysis	should	be	an	early	consideration	for	most	post-MI	patients.

Physiologically,	 anxiety	 impacts	 the	 cardiovascular	 system	 through	 several
mechanisms.	Most	generally,	it	activates	the	sympathetic	nervous	system,	which
directly	 causes	vasoconstriction,	 tachycardia,	 increased	blood	pressure,	 platelet
activation,	 and	 potential	 for	 arrhythmia.21,22	 Heart	 rate	 variability	 (HRV),	 the
ability	 the	 sympathetic	 and	 parasympathetic	 nervous	 systems	 have	 to	 regulate
the	 cardiac	 pacemaker,	 is	 decreased	 among	 patients	 with	 anxiety.23	 Decreased
HRV	of	patients	following	MI	has	been	consistently	associated	with	mortality.24
Overall,	 these	 physiological	 changes	 may	 explain	 why	 anxiety—especially
phobic	anxiety—has	been	directly	linked	to	an	increased	risk	for	sudden	death.25

Anxiety	 also	 appears	 to	 influence	 other	 physiological	 processes	 associated
with	 acute	 coronary	 syndrome,	 including	 the	 inflammatory	 response,26,27
impaired	 coagulation,28	 platelet	 activity,29	 metabolic	 effects,30	 and	 endothelial
dysfunction.31,32	In	addition	to	direct	physiological	effects,	elevated	anxiety	may
lead	 to	 poor	 cardiac	 outcomes	 through	 its	 effects	 on	 behavior,	 such	 as
implementation	 of	 important	 risk-reducing	 recommendations	 after	 MI,
particularly	 stress	 reduction,	 greater	 socialization,	 smoking	 cessation,	 and
improved	diet.33,34

Two	groups	demonstrated	that	anxiety,	independent	of	depressive	symptoms,
was	associated	with	in-hospital	complications	after	acute	MI,	including	recurrent
ischemia,	 reinfarction,	congestive	heart	 failure,	and	ventricular	arrhythmias.16,35
Further	 trials	 are	 required	 to	determine	 the	nature	of	 this	 relationship,	whether
the	 effect	 of	 anxiety	 is	 “dose”-dependent,	 and	 whether	 effective	 anxiety



treatment	 improves	 cardiac	 outcomes	 acutely.	 In	 the	 setting	 of	 acute	 MI,
benzodiazepines	 have	 been	 shown	 to	 reduce	 anxiety,	 pain,	 and	 cardiovascular
activation.	Their	use	leads	to	a	reduction	of	circulating	catecholamines,	and	may
also	 cause	 coronary	 vasodilatation,	 prevent	 dysrhythmias,	 and	 block	 platelet
aggregation.36

The	 correlation	 between	 anxiety	 and	 long-term	 post-MI	 outcomes	 is	 more
complex.	 Some,5,13,37	 but	 not	 all,38,39	 prospective	 trials	 demonstrate	 that	 high
levels	of	anxiety	predicted	cardiac	events	(unstable	angina,	reinfarction)	and/or
mortality.	 Definitively	 studying	 the	 association	 between	 anxiety	 and	 cardiac
events	 remains	 difficult	 due	 to	 competing	 factors.	 Depression	 is	 a	 well-
established	 independent	 risk	 factor	 for	 poor	 post-MI	 outcomes,40	 and	 it	 is
difficult	 to	 define	 populations	 where	 anxious	 patients	 do	 not	 also	 exhibit
symptoms	 of	 depression.	 Additionally,	 the	 manifestation	 of	 anxiety	 among
individuals	can	have	either	beneficial	or	detrimental	effects	on	important	cardiac
outcomes,	such	as	physical	activity	and	compliance	with	medical	 treatments.	It
leads	 to	 activation	 for	 some	 and	 avoidance	 of	 others	 depending	 on	 both	 the
individual’s	level	of	anxiety	and	personality	characteristics.

Despite	uncertainty	about	the	role	anxiety	plays	as	a	prognostic	factor	among
patients	 with	 acute	 coronary	 syndrome,	 several	 psychological	 or
pharmacological	 interventions	have	been	studied.	Many	have	shown	a	positive
effect	 on	 psychiatric	 symptoms	 and	 quality	 of	 life,	 yet	 remain	 equivocal	 as	 to
their	 impact	 on	 cardiac	 outcomes	 and	 mortality.41,42	 Data	 for	 linkage	 between
anxiety	and	hard	cardiac	end	points	over	the	long	term	remain	unclear,	limiting
development	of	clear	treatment	guidelines.

Weaning	From	Mechanical	Ventilation
Respiratory	failure	and	consequent	need	for	mechanical	ventilation	are	common
causes	 of	 admission	 to	 the	 ICU.	 Nearly	 three-fourths	 of	 patients	 resume
spontaneous,	 unassisted	 breathing	with	 little	 difficulty.	However,	 patients	who
require	prolonged	mechanical	ventilation	have	longer	hospital	stays,	face	higher
morbidity	and	mortality,	and	require	lengthier	rehabilitation.	Therefore,	the	goal
is	 to	 wean	 patients	 as	 soon	 as	 possible	 as	 it	 is	 a	 powerful	 predictor	 of	 ICU
survival.

2 	 Given	 the	 limitations	 of	 communication	 and	 easy	 fatigability	 of	 patients
with	 critical	 illness,	 the	 evaluation	 of	 anxiety	 during	 an	 ICU	 stay	 remains
difficult.	 This	 difficulty	 extends	 to	 research	 efforts	 attempting	 to	 define	 the
incidence	 and	 factors	 leading	 to	 anxiety	 during	 ventilator	 weaning.
Approximately	 25%	 and	 56%	 of	 patients	 experience	 symptoms	 of	 acute	 and



chronic	 anxiety	 respectively	 from	 receiving	 mechanical	 ventilation.43	 The
highest	 levels	occur	among	patients	 intubated	for	primary	respiratory	disorders
(eg,	chronic	obstructive	pulmonary	disease	[COPD])	and	in	those	on	prolonged
(>22	 days)	 artificial	 ventilation,	 the	 very	 groups	 who	 are	 most	 at	 risk	 for
difficulty	weaning	from	mechanical	ventilation.44

Although	 the	 physiological	 measures	 used	 to	 determine	 readiness	 to	 wean
from	 the	 ventilator	 are	 well	 known,	 and	 several	 of	 them	 have	 been	 studied
closely	 including	by	clinical	 trials,	 information	about	 the	effect	of	 the	patient’s
psychological	state,	specifically	anxiety,	on	weaning	from	the	ventilator	remains
scant.	Given	the	extensive	overlap	between	physiological	effects	of	anxiety	and
those	 of	 respiratory	 muscle	 fatigue,	 it	 can	 be	 difficult	 to	 separate	 ventilator
weaning	failure	from	anxiety.	Anxiety	may	cause	shortness	of	breath	and	a	fear
of	 death	 or	 abandonment,	 especially	 as	 ventilatory	 support	 is	withdrawn.	This
can	 stimulate	 the	 sympathetic	 nervous	 system,	 cause	 bronchoconstriction,	 and
increase	airway	resistance,	work	of	breathing,	and	oxygen	demand.	This	cascade
can	become	a	perpetuating	 cycle	of	 anxiety,	muscle	 fatigue,	 and	 thus	weaning
failure.	 Furthermore,	 the	 cascade	 of	 anxiety	 worsens	 with	 each	 additional
ventilator	weaning	failure.45

Anxiety	 should	 be	 considered	 for	 all	 patients	 during	 the	 weaning	 process,
especially	 those	 who	 are	 intubated	 for	 primary	 respiratory	 causes	 and	 for	 a
prolonged	period.	Given	 the	paucity	of	data	 regarding	 the	 effect	 of	 anxiety	on
ventilator	 weaning,	 no	 clear	 treatment	 guidelines	 exist.	 However,	 it	 is	 well
appreciated	 that	 weaning	 should	 be	 approached	 from	 a	 multidisciplinary
standpoint.	Treatment	includes	pharmacological,	environmental,	and	educational
approaches,	and	is	enhanced	when	patient,	family	members	and	nursing	staff	are
involved	with	the	decision	to	wean	and	during	the	process	of	weaning.

Because	anxiety	and	respiratory	distress	due	to	fatiguing	respiratory	muscles
can	 produce	 similar	 cardiorespiratory	 manifestations,	 it	 is	 important	 to	 try	 to
distinguish	 between	 these	 two	 syndromes.	 Only	 when	 one	 is	 convinced	 that
anxiety	 is	 the	cause	should	one	consider	pharmacotherapy	 for	anxiety,	because
pharmacotherapy	with	benzodiazepines	can	potentially	prolong	weaning	due	to
central	 pump	 fatigue	 from	 respiratory	 depression	 (Chapter	 168	 on
Discontinuation	of	Mechanical	Ventilation).	Although	 this	class	of	medications
is	 associated	 with	 respiratory	 depression	 and	 altered	 level	 of	 consciousness,
benzodiazepines	can	be	quite	effective	when	used	judiciously.	Neuroleptics	are
less	 associated	 with	 respiratory	 depression	 and	 may	 be	 more	 beneficial	 than
benzodiazepines,	especially	for	patients	whose	weaning	failure	is	due	to	fear	or
to	delirious	agitation.

In	 addition	 to	 neuroleptics	 and	 benzodiazepines,	 there	 is	 increasing	 use	 of



dexmedetomidine,	a	α2-adrenergic	 receptor	agonist,	which	causes	a	 rapid	onset
of	 sedation	 and	 analgesia,	 but	 not	 respiratory	 depression.46	 The	 lack	 of
respiratory-depressant	effects	allows	patients	to	be	extubated	while	remaining	on
dexmedetomidine,	whereas	benzodiazepines	require	discontinuation	or	reduction
prior	to	extubation.	Data	suggests	that	dexmedetomidine	reduces	both	the	length
of	 ICU	 stay	 and	 time	 to	 extubation.47	 The	 observed	 increased	 success	 of
extubation	 appears	 to	 be	 more	 pronounced	 for	 patients	 who	 failed	 prior
conventional	extubation	attempts.48	Therefore,	dexmedetomidine	is	a	reasonable
option	for	anxious	patients	who	are	at	high	risk	for	ventilator	weaning	failure.

Non-pharmacological	efforts	are	critical	to	successful	weaning.	Nurse	staffing
should	 remain	 as	 consistent	 as	 possible	with	 an	 individual	 patient,	 and	 during
active	 weaning,	 a	 1:1	 nurse-to-patient	 ratio	 should	 be	maintained.	Weaning	 is
more	 successful	when	patients	 are	 aware	 of	 their	 environment	 and	 engaged	 in
discussions	 of	 the	 plan	 and	 process	 of	 weaning.	 Patients	 should	 be	 told	 and
reminded	 that	 weaning	without	 extubation	 does	 not	 represent	 a	 failure,	 but	 is
part	 of	 the	 process.	Music	 therapy	has	 been	 associated	with	 decreased	 anxiety
levels	 among	 ICU	 patients,	 reductions	 of	 both	 the	 frequency	 and	 intensity	 of
sedation,	and	therefore	may	facilitate	weaning.49	Finally,	appropriate	engagement
of	family	members	often	facilitates	the	weaning	process.

ANXIETY	DISORDERS	SPECIFIC	TO	THE
INTENSIVE	CARE	UNIT
Patients	 with	 a	 variety	 of	 anxiety	 disorders	 present	 to	 the	 ICU.	 Symptoms
associated	 with	 these	 conditions	 can	 be	 exacerbated	 by	 the	 acute	 medical	 or
surgical	problem	that	led	to	the	ICU	admission.	In	addition,	medications	used	to
treat	a	preexisting	anxiety	disorder	may	be	discontinued	on	admission,	or	 their
bioavailability	 may	 be	 altered	 by	 interactions	 with	 newly	 prescribed
medications.	 Both	 discontinuation	 and	 pharmacokinetic	 changes	 may
significantly	 worsen	 preexisting	 primary	 anxiety	 disorders.	 In	 addition	 to
exacerbating	established	psychiatric	illnesses,	the	experience	of	the	ICU	can	lead
to	new,	longstanding	behavioral	health	problems.	Symptoms	associated	with	the
long-term	 impact	of	 intensive	 care	 are	 complex	and	 interconnected.	There	 is	 a
growing	 literature	 on	 the	 cognitive,	 psychological,	 and	 physical	 sequelae	 that
may	develop	in	patients	after	discharge	from	the	ICU,	termed	by	the	Society	of
Critical	 Care	 Medicine	 as	 post–intensive	 care	 syndrome.50	 One	 psychiatric
disorder	 associated	 with	 post–intensive	 care	 is	 posttraumatic	 stress	 disorder



(PTSD).

Acute	and	Posttraumatic	Stress	Disordersa
aAlthough	the	most	recent	addition	of	the	American	Psychiatric	Association	Diagnostic	and
Statistical	Manual	of	Mental	Disorders	no	longer	classifies	acute	and	posttraumatic	stress
disorders	as	anxiety	disorders,	they	are	included	in	this	chapter	due	to	the	similarity	in	their
symptom	profiles	with	other	anxiety	disorders.

The	experience	during	an	ICU	stay—which	may	include	frightening	confusion,
painful	 invasive	 procedures,	 helplessness,	 and	 fear	 of	 death—can	be	 traumatic
for	 many	 patients.	 Often,	 especially	 when	 surgical	 ICU	 patients	 are	 admitted
after	 trauma	 (eg,	 motor	 vehicle	 accident,	 severe	 burn,	 or	 assault).	 These
circumstances	 predispose	 patients	 to	 the	 development	 of	 acute	 stress	 disorder
(ASD)	and	PTSD.

Diagnosis	 of	 both	 ASD	 and	 PTSD	 requires	 clinically	 significant	 distress
following	 exposure	 to	 an	 actual	 or	 threatened	 death,	 serious	 injury	 or	 sexual
violence.	Symptoms	are	clustered	 into	four	categories:	 (1)	 intrusion	symptoms,
(2)	 avoidance,	 (3)	 negative	 alterations	 of	 cognitions	 and/or	 mood,	 and	 (4)
arousal.51

Intrusion	 symptoms	 manifest	 through	 dreams,	 intrusive	 memories,
flashbacks,	 or	 intense	 distress	 when	 exposed	 to	 reminders	 of	 the	 event.
Distressing	memories,	thoughts,	feelings,	or	external	reminders	of	the	event	may
be	avoided.	Negative	cognitions	and	mood	may	include	distorted	sense	of	blame
of	self	or	others,	diminished	interest	in	activities,	or	an	inability	to	remember	key
aspects	of	the	event.	Arousal	symptoms	can	include	aggressive,	reckless	or	self-
destructive	behavior,	sleep	disturbances,	and	hypervigilance.	For	a	diagnosis	of
ASD,	these	symptoms	must	occur	within	the	first	month	after	the	trauma;	when
symptoms	persist	beyond	1	month,	a	diagnosis	of	PTSD	should	be	considered.

Some	 patients	 develop	 syndromes	 consistent	 with	 both	 ASD	 and	 PTSD
consequent	 to	 events	 that	 occur	 during	 an	 ICU	 stay.	 One	 out	 of	 five	 patients
exhibit	 clinically	 significant	 PTSD	 symptoms	 during	 the	 first	 12	months	 after
ICU	 discharge,52	 which	 is	 significantly	 higher	 than	 the	 4.7%	 12	 month
prevalence	of	PTSD	among	 the	general	 population.53,54	 The	 risk	 of	 developing
ASD	and	PTSD	is	presumed	to	be	even	higher	among	patients	who	are	admitted
to	the	ICU	after	traumatic	injury.

ICU-related	PTSD	has	 been	 associated	with	worse	 health-related	 quality	 of
life.55	PTSD	secondary	 to	acute	coronary	syndrome	has	been	associated	with	a
doubling	of	risk	of	mortality	and	recurrent	cardiac	events.56	PTSD	has	also	been
associated	with	a	higher	risk	for	cardiovascular	disease	including	stroke.7	Due	to



the	 morbidity	 related	 to	 PTSD,	 studies	 have	 been	 performed	 to	 determine
effective	measures	 to	 limit	 or	 prevent	 the	 development	 of	 PTSD	 after	 an	 ICU
stay.	 Preexisting	 psychiatric	 illness	 is	 a	 well-established	 risk	 factor	 for	 the
development	of	PTSD	following	an	ICU	stay	and	patients	that	have	symptoms	of
ASD	during	 their	 ICU	 stay	 are	 at	 greater	 risk	 of	 developing	 PTSD	 symptoms
after	 discharge.57	 This	 suggests	 potential	 benefits	 of	 screening	 and	 early
detection	for	patients	that	may	be	more	vulnerable	to	developing	PTSD	related
their	 ICU	 experience.	 Several	 studies	 have	 attempted	 to	 identify	 other	 risk
factors	 for	 developing	 ICU-related	 PTSD.	 These	 include	 greater	 ICU
benzodiazepine	 administration	 and	 memories	 of	 in-ICU	 frightening
experiences.58,59	The	positive	correlation	between	benzodiazepine	administration
and	 PTSD	 symptoms	 may	 be	 due	 to	 the	 need	 for	 higher	 doses	 of	 these
medications	 among	 patients	 with	 preexisting	 psychiatric	 conditions.
Benzodiazepines	 can	 exacerbate	 delirium,	 which	 has	 been	 implicated	 as	 an
independent	 risk	 factor	 for	 PTSD	 in	 some,60	 but	 not	 all,61	 studies.	 Delirium-
associated	 delusions,	 hallucinations	 and	 agitation	 requiring	 physical	 restraints
may	 lead	 to	 both	disturbing	 as	well	 as	 false	memories	 of	 the	 ICU	 stay,	which
have	been	correlated	with	higher	rates	of	PTSD	and	worse	health-related	quality
of	 life62,63	 Therefore,	 interventions	 that	 target	 delirium,	 disorientation,	 and
management	 and	 faulty	 reality	 testing	may	prevent	 the	development	 of	PTSD.
Both	behavioral	and	pharmacological	 interventions	 to	prevent	 the	development
of	PTSD	have	been	studied.	Although	there	are	a	lack	of	randomized	controlled
trials	 to	 support	 their	 widespread	 adoption,	 both	 bedside	 psychological
interventions	(educational	interventions,	counseling	and	stress	management),64	as
well	as	daily-event	diaries	to	improve	factual	memory	of	time	spent	in	intensive
care,	have	shown	benefits	for	reducing	the	development	of	PTSD.65-67

Studies	 of	 psychopharmacologic	 intervention	 for	 PTSD	 prevention	 have
yielded	 mixed	 results.	 Several	 studies	 demonstrated	 a	 decrease	 of	 PTSD
prevalence	 among	 critically	 ill	 patients	 treated	 with	 stress	 doses	 of
corticosteroids	through	a	hypothesized	effect	on	traumatic-memory	retrieval.68-70
There	 is	 also	 evidence	 that	 treatment	 with	 β-receptor	 antagonists	 may	 protect
against	 the	development	of	PTSD,	perhaps	by	blocking	catecholamines,	which
can	 enhance	 memory	 of	 emotionally	 arousing	 experiences.71,72	 However,
therapeutic	PTSD	benefits	were	not	reported	for	a	randomized,	controlled	trial	of
a	 β-receptor	 antagonist	 therapy	 among	 critically	 ill	 patients.73	 Furthermore,	 a
recent	meta-analysis	of	prophylactic	treatment	against	the	development	of	PTSD
in	the	general	population	shows	no	associated	benefit	with	β-blockers	and	some
potential	benefit	with	corticosteroids.74

During	 an	 ICU	 stay,	 acute	 trauma	 should	 be	 treated	 with	 supportive



reassurance	 and	 symptom-targeted	medications.	Clinicians	 should	 identify	 and
treat	 delirium,	 make	 efforts	 to	 reduce	 unnecessary	 sedation,	 and	 help	 orient
patients	to	what	is	happening	around	them.	One	study	identified	memories	about
pain,	 lack	of	control,	and	inability	 to	express	needs	as	modifiable	predictors	of
PTSD.75	 These	 can	 be	 addressed	 with	 appropriate	 pain	 assessment	 and
management,	allowing	patients	more	choices	for	their	care,	and	helping	patients
to	 communicate	 (eg,	 using	 Passy-Muir	 valves	 for	 tracheostomized	 patients).
Psychiatric	 consultation	 can	 be	 useful	 for	 both	 acute	 management	 and
recommendations	 for	 outpatient	 treatment,	 especially	 for	 patients	 with
preexisting	psychiatric	illnesses.

Panic	Disorder
Panic	disorder	is	one	of	the	most	common	psychiatric	disorders	among	patients
who	 are	 high	 users	 of	 medical	 services.	 The	 risk	 for	 development	 of	 panic
disorder	is	higher	among	patients	with	mitral	valve	prolapse,	asthma,	COPD,	and
migraine.76	 As	 defined	 by	 the	 Diagnostic	 and	 Statistical	 Manual	 of	 Mental
Disorders	(DSM),51	a	panic	attack	is	a	discrete	period	of	fear	or	discomfort	that
develops	suddenly,	reaches	a	peak	within	10	minutes,	and	is	associated	with	the
symptoms	 listed	 in	 Table	 158.3.	 Panic	 disorder	 consists	 of	 recurrent	 panic
attacks	accompanied	by	persistent	fear	of	having	additional	attacks,	worry	about
the	 implications	and	consequences	of	 the	episodes,	and	a	significant	change	of
behavior	 during	 attacks.	 Many	 panic-disordered	 patients	 are	 hypervigilant	 to
internal	bodily	stimuli,	and	some	fear	that	their	attacks	indicate	the	presence	of
an	undiagnosed,	life-threatening	illness.	These	concerns	are	assuaged	only	when
the	panic	disorder	is	accurately	diagnosed	and	effectively	treated.

TABLE	158.3

Symptoms	of	a	Panic	Attack

Neurologic

Feeling	dizzy,	unsteady,	light-headed,	or	faint

Feeling	unreal	or	detached	from	oneself

Fear	of	losing	control,	going	crazy,	or	dying



Paresthesias

Cardiovascular

Palpitations

Pounding	heart

Tachycardia

Chest	pain	or	discomfort

Respiratory

Dyspnea

Sensation	of	smothering

Feeling	of	choking

Gastrointestinal

Nausea

Abdominal	distress

Miscellaneous

Diaphoresis

Trembling

Shaking

Chills

Hot	flashes

Adapted	from	Jones	C,	Skirrow	P,	Griffiths	RD,	et	al.	Rehabilitation	after	critical	illness:	a
randomized,	controlled	trial.	Crit	Care	Med.	2003;31(10):2456-2461.

Risks	 for	 developing	 panic	 attacks	 include	 separation,	 disruption	 of
important	 relationships,	 and	 medical	 illness— features	 of	 most	 episodes	 of
critical	illness.	Timely	diagnosis	and	treatment	of	panic	disorder	can	circumvent
unnecessary	medical	procedures	and	decrease	morbidity	and	mortality.	Because
its	presentation	 is	 similar	 to	 that	of	 several	medical	conditions	 (eg,	MI,	 stroke,



gastrointestinal	 conditions,	 respiratory	 compromise),	 especially	 during	 critical
illness,	 panic	 disorder	 must	 be	 considered	 a	 diagnosis	 of	 exclusion.	 It	 is
important	 to	 recognize	 panic	 attacks	 during	 an	 ICU	 stay	 not	 only	 to	 avoid
misdiagnosis	 but	 also	 because	 the	 physiological	 consequences	 of	 panic	 may
exacerbate	 symptoms	 of	 preexisting	 medical	 conditions	 and	 lead	 to	 more
frequent	medical	hospitalizations.	Emerging	evidence	also	shows	an	association
between	panic	disorder	and	post-ICU	cardiovascular	outcomes.	Panic	disorder	is
independently	 associated	 with	 incident	 coronary	 heart	 disease,	MI,	 and	major
adverse	 cardiac	 events.8	 Panic	 disorder	may	 also	 be	 associated	with	 increased
incidence	of	arrhythmias	such	as	atrial	fibrillation,	a	frequent	complication	and
reason	 for	 admission	 to	 the	 ICU.77	 Despite	 these	 causal	 associations,	 the
pathophysiology	 behind	 the	 links	 between	 panic	 disorders	 and	 cardiovascular
outcomes	remain	unknown.

Treatment	 for	 panic	 disorder	 includes	 psychotherapy	 and	 medication.
Cognitive-behavioral	 techniques	 (eg,	 psychoeducation,	 anxiety	 management
skills,	 cognitive	 reframing,	 and	 exposure	 to	 somatic	 cues)	 have	 been	 well
studied.	 Benzodiazepines	 and	 antidepressants—specifically	 the	 selective
serotonin	 reuptake	 inhibitors	 (SSRIs)—are	 the	 standard	 of	 care	 for	 the
psychopharmacological	management	of	panic	disorder.

TREATMENT	OF	ANXIETY	DURING	AN
INTENSIVE	CARE	UNIT	STAY
3 	 Treatments	 of	 anxiety	 during	 an	 ICU	 stay	 include	 both	 nonpharmacological
and	 pharmacological	 options.	 Additionally,	 the	 stress	 placed	 on	 medical	 and
nursing	 staff	 attending	 to	 anxious	patients	 during	 an	 emotionally	 charged	 stay,
where	 family	 members	 also	 experience	 poor	 sleep	 and	 anxiety,	 must	 be
acknowledged	and	addressed	to	improve	the	overall	care	of	patients	in	the	ICU.78
This	topic	is	reviewed	in	Chapter	161.

Nonpharmacological	 methods	 that	 have	 been	 explored	 include	 education,
environmental	 manipulation,	 muscle	 relaxation,	 and	 music	 therapy.	 As	 ICUs
have	become	increasingly	focused	on	providing	patient-centered	care	to	improve
outcomes,	 these	nonpharmacologic	modalities	are	more	 frequently	utilized	and
studied.	Additionally,	nonpharmacological	modalities	have	the	added	benefits	of
limiting	 adverse	 side	 effects	 related	 to	 sedative-hypnotics	 among	 critically	 ill
patients.	Patients	should	be	made	aware	of	their	clinical	situation	and	oriented	to
their	environment.	Provision	of	ambient	light,	a	clock,	and	a	calendar	promotes



accurate	orientation	and	a	normal	sleep-wake	cycle.	In	addition,	to	foster	a	sense
of	control	and	mastery	of	their	situation,	patients	should	be	made	an	integral	part
of	decision-making.	A	randomized,	controlled	trial	of	41	CCU	patients,	reported
that	 those	who	were	given	choices	about	 family	visits,	daily	hygiene	schedule,
physical	activity,	and	their	room	environment	enjoyed	significant	improvements
of	 anxiety	 and	 depression	 measures	 after	 48	 hours.79	 Additionally,	 research
efforts	have	 focused	on	measures	 to	 improve	anxiety	 through	audiovisual	aids.
Spiva	et	al	demonstrated	that	use	of	guided	imagery,	60	minutes	of	images	and
voice	 recordings	 providing	 instructions	 on	 patient	 relaxation,	 was	 associated
with	 reduced	 Richmond	 Agitation-Sedation	 Scale	 (RASS)	 score,	 used	 of
sedatives	 and	 analgesics,	 days	 requiring	 mechanical	 ventilation,	 and	 hospital
length	of	stay.80	Music	 therapy	has	 also	been	 increasingly	utilized.	Chlan	 et	 al
demonstrated	 a	 significant	 association	 between	 the	 use	 of	 music	 therapy	 and
reductions	of	anxiety,	and	frequency	and	intensity	of	sedation,49	and	that	this	was
a	 cost-effective	 intervention.81	 Evaluations	 of	 multiple	 studies	 using	 music
therapy	clearly	demonstrate	a	reduction	of	anxiety.82-84	The	data	also	suggest	that
music	 therapy	 reduced	 respiratory	 rate	 and	 systolic	 blood	 pressure,	 suggesting
that	 there	 was	 a	 physiologic	 response	 to	 the	 therapy.	 It	 remains	 unknown
whether	 this	 is	 associated	with	 a	 reduction	of	mortality	or	other	quality-of-life
outcomes.	Given	the	potential	efficacy	and	limited	evidence	for	adverse	effects,
these	 methods	 should	 be	 considered	 adjunctive	 to	 pharmacotherapy	 and	 may
help	reduce	the	need	for	medications.

Benzodiazepines	represent	the	standard	for	anxiolysis	during	an	ICU	stay;	of
these,	 lorazepam	 is	 the	 most	 widely	 used.	 Available	 in	 an	 intravenous
formulation,	 it	 undergoes	 little	 hepatic	metabolism,	 has	 no	 active	metabolites,
and	is	more	appropriate	for	use	in	patients	with	liver	disease	or	with	poor	liver
function.	Lorazepam	is	also	useful	for	long-term	sedation	of	ventilated	patients
as	it	is	not	associated	with	heart	block	(as	is	propofol)	or	with	wide	body	storage
(as	 is	 midazolam).	 However,	 lorazepam	 is	 mixed	 with	 propylene	 glycol,	 and
prolonged	use	of	high	doses	can	precipitate	an	osmolar-gap	acidosis.

Another	 agent	 of	 recent	 interest	 and	 increasingly	 used	 in	 the	 ICU	 is
dexmedetomidine,	 which	 inhibits	 the	 central	 and	 peripheral	 effects	 of
norepinephrine	 and	 epinephrine,	 resulting	 in	 sedation	 and	 analgesia	 without
respiratory	 depression.	 While	 dexmedetomidine	 may	 cause	 bradycardia	 and
hypotension,	 trial	data	 suggest	 that	 clinically	 significant	adverse	hemodynamic
changes	are	rare.46	A	comparison	of	midazolam	and	dexmedetomidine	revealed
similar	ability	to	achieve	sedation	and	anxiolysis,	but	the	midazolam	group	had
more	time	on	mechanical	ventilation,	 increased	delirium,	and	more	tachycardia
and	 hypertension.46	 Alternatively,	 dexmedetomidine	 and	 propofol	 performed



equally	 for	 pain	 and	 anxiety	 reduction,	 as	 well	 as	 sleep/rest	 promotion,85	 and
without	 differences	of	 ICU	outcomes.86,87	Therefore,	 dexmedetomidine	may	be
appropriate	for	anxiolysis	during	an	ICU	stay,	particularly	when	there	is	concern
for	respiratory	depression.

Other	 agents	 that	 may	 prove	 useful	 for	 the	 anxious	 patient	 are	 SSRIs,
neuroleptic	agents,	and	propofol.	SSRIs	have	been	shown	to	decrease	the	sense
of	 dyspnea	 in	 anxious	 patients	 with	 COPD.88	 Neuroleptics	 are	 beneficial	 for
patients	who	are	fearful,	delirious,	or	so	anxious	that	they	are	nearly	psychotic.89
Use	of	neuroleptic	agents	is	discussed	in	Chapter	157.	Propofol	continues	to	be
the	 most	 commonly	 used	 medication	 for	 sedation	 during	 an	 ICU	 stay,	 but	 is
impractical	 for	 routine	 anxiolysis	 given	 its	 significant	 respiratory-depressant
effects.	Table	158.4	contrasts	various	agents	commonly	used	to	quell	anxiety	in
critically	 ill	 patients.	Table	158.5	 presents	 a	 summary	 of	 randomized	 trials	 of
anxiety	treatments	in	critically	ill	patients.

TABLE	158.4

Some	Intravenous	Medications	for	the	Treatment	of
Anxiety

Drug Typical
Dose

Onset
(min)

Drug
Interactions Side	Effects

Lorazepam 0.04	mg/kg 5-15 Fewer	drug
interactions	than
other
benzodiazepines

Respiratory
depression,
mixed	in
propylene	glycol
solution,	venous
irritation

Diazepam 0.1-0.2	mg/kg 1-3 Effects
increased	by
cimetidine,
erythromycin,
isoniazid,
ketoconazole,
metoprolol,
propranolol,

Respiratory
depression,
mixed	in
propylene	glycol
solution,	venous
irritation



valproate

Effects
decreased	by
rifampin	and
theophylline

Midazolam 0.025-
0.35	mg/kg

1-3 Same	as
diazepam

Respiratory
depression,
accumulates	with
prolonged	(>48
h)	use,	excessive
sedation

Propofol 0.25-1	mg/kg
(loading
dose)	then	1-
6	mg/kg
(continuous
infusion)

<1 Minimal Respiratory
depression,
vasodilation
particularly	with
bolus	dosing	and
in
hemodynamically
unstable	patients

Haloperidol 1-5	mg 20-30 Effects
decreased	by
rifampin

QT	interval
prolongation,
neuroleptic
malignant
syndrome,	EPS
(less	with	IV	than
with	oral	use)

Medications
that	widen	QT
interval

Hypotension,
bradycardia

Dexmedetomidine Initial
recommended
dose:
0.8	μg/kg/h
titrated	to	a

6 Minimal	but	has
the	potential	to
augment
bradycardia
induced	by



dose	between
0.2	and
1.4	μg/kg/h

vagal	stimuli	or
negative
chronotropic
drugs	and	may
increase	the
effects	of
vasodilators

EPS,	extrapyramidal	symptoms;	IV,	intravenous.
Adapted	from	Marino	PL,	ed.	The	ICU	Book.	2nd	ed.	Lippincott	Williams	&	Wilkins;	1998;	and
Eisendrath	SJ,	Shim	JJ.	Management	of	psychiatric	problems	in	critically	ill	patients.	Am	J	Med.
2006;119:22.

TABLE	158.5

Randomized	Trials	of	Anxiety	Treatments	in	Critically	Ill
Patients

Study Enrollment Intervention Results

Jones	et
al65

126	ICU	patients Self-help
rehabilitation
manual	vs	routine
follow-up

Trend	toward	a	lower
rate	of	depression	in
intervention	group.	No
differences	in	anxiety
and	PTSD	symptoms
between	groups

Knowles
et	al66

36	ICU	patients Prospective	diary
reviewed	post
discharge	vs
standard	of	care

Improvement	in	both
depression	and	anxiety
symptoms	in
experimental	group

Kress	et
al43

32	mechanically
ventilated	ICU
patients

Daily	sedation
withdrawal	vs
continuous
sedation

Fewer	PTSD	symptoms
in	daily	sedation
withdrawal	group

Treggiari
et	al90

137	mechanically
ventilated	ICU

Light	vs	deep
sedation

Fewer	symptoms	in	the
light	sedation	group	at



patients 4	weeks.	No	differences
in	anxiety	and
depression	between
groups

Schelling
et	al68

91	patients
undergoing
cardiac	surgery,	48
followed	up	in
6	months

High-dose
corticosteroids
perioperatively	vs
standard	care

Reduced	PTSD
symptoms	in	the	steroid
group.	No	difference	in
traumatic	memories
between	groups

Weis	et
al91

36	patients
undergoing
cardiac	surgery

Stress-dose
hydrocortisone	vs
placebo

Reduced	incidence	of
chronic	stress	symptoms
and	better	health-related
QoL	in	steroid	group.
No	difference	in
traumatic	memories
between	groups

Schelling
et	al69

20	patients	with
septic	shock

Stress-dose
hydrocortisone	vs
placebo

Lower	incidence	of
PTSD	in	intervention
group.	No	difference	in
traumatic	memories
between	groups.

Stein	et
al73

48	patients
admitted	to	a
surgical	trauma
center

Propranolol	vs
gabapentin	vs
placebo

No	differences	in	PTSD
symptoms,	depression,
or	ASD	at	1,	4,	and
8	months	after	injury

Ziemann
et	al79

41	CAD	patients
admitted	to	a	CCU

Individualized
contact	with
nurse	vs	usual
care

Significantly	less
anxiety,	depression,	and
hostility	in	the
experimental	group

Corbett
et	al85

89	mechanically
ventilated	patients
after	nonemergent
CABG

Propofol	vs
dexmedetomidine

No	differences	in	pain,
anxiety,	and	sleep/rest
between	groups

Chlan	et 373	mechanically Self-initiated PDM	therapy	resulted	in



al49 ventilated	patients
for	acute
respiratory	failure
in	12	Intensive
Care	Units

patient-directed
music	(PDM)	vs
noise-cancelling
headphones
(NCH)	or	usual
care	(UC)

greater	reduction	in
anxiety	than	UC;
reduced	sedation
frequency	than	NCH	or
UC;	and	a	greater
reduction	in	sedation
intensity	than	UC

Aghaie
et	al92

120	patients	who
underwent
coronary	artery
bypass	surgery
and	were
undergoing
weaning	from
mechanical
ventilation

Listening	to
nature-based
sounds	through
headphones	vs
wearing
headphones	with
no	sound

Listening	to	nature-
based	sounds	resulted	in
a	significant	reduction
in	the	levels	of	anxiety
and	agitation

ASD,	acute	stress	disorder;	CABG,	coronary	artery	bypass	grafting;	CAD,	coronary	artery
disease;	CCU,	coronary	care	unit;	ICU,	intensive	care	unit;	PTSD,	posttraumatic	stress	disorder;
QoL,	quality	of	life.

CONCLUSIONS
Common	among	the	critically	ill,	anxiety	has	a	broad	range	of	physiological	and
psychological	consequences.	Although	it	can	be	difficult	to	diagnose	among	the
acutely	ill,	current	evidence	suggests	that	identification	and	treatment	of	anxiety
enhances	patient	comfort	and	compliance,	and	improves	morbidity	and	mortality.
Therefore,	 anxiety	 should	 be	 routinely	 assessed	 for	 critically	 ill	 patients.
Psychiatric	consultation	should	be	considered	whenever	anxiety	complicates	the
clinical	course.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	69-	year-	old	man	with	a	history	of	chronic	obstructive	pulmonary



disease	(COPD)	was	intubated	and	sedated	for	an	acute	COPD	exacerbation.
Following	a	prolonged	course	of	mechanical	ventilation,	he	is	now	improved	and
is	being	considered	for	extubation.	He	is	no	longer	hypoxemic	and	is	on	minimal
ventilator	support	with	minimal	secretions	on	endotracheal	suctioning.	His
sedation	has	been	weaned,	and	a	spontaneous	breathing	trial	(SBT)	is	performed.
During	the	SBT,	he	is	in	normal	sinus	rhythm,	without	chest	discomfort,	his	vital
signs	remain	stable	except	for	tachypnea,	with	a	respiratory	rate	in	the	40s.	He
has	no	wheezing,	normal	oxygen	saturation,	and	no	rhonchi.	Which	of	the
following	is	the	most	likely	explanation	for	failing	the	SBT?

A. 	Anxiety
B. 	Coronary	ischemia
C. 	Hypoxemia
D. 	Narcotics	withdrawal

2. 	A	54-year-old	woman	with	a	history	of	recurrent	urinary	tract	infections,
chronic	kidney	disease,	anxiety,	and	polysubstance	abuse,	is	admnitted	to	the
intensive	care	unit	with	Escherichia	coli	urosepsis.	She	requires	norepinephrine
for	hypotension	and	receives	piperacillin-tazobactam	based	on	antibiotic
sensitivities.	On	hospital	day	2,	despite	improvement	in	her	hypotension,	she
becomes	acutely	agitated	and	anxious.	She	is	oriented	to	person	and	place	but	is
very	concerned	about	her	hospital	course,	is	nervous	about	being	in	the	hospital,
and	wants	to	immediately	leave.	Besides	acute	exacerbation	of	her	anxiety,
which	of	the	following	is	another	condition	that	should	be	considered?

A. 	Acute	seizure
B. 	Adverse	reaction	to	the	piperacillin-tazobactam
C. 	Posthypotension	recovery
D. 	Substance	withdrawal

3. 	A	47-year-old	man	with	history	of	obesity,	hypertension,	and	diabetes
presents	to	the	hospital	with	acute	onset	of	chest	pain	and	is	diagnosed	with	an
ST-elevation	myocardial	infarction.	He	is	admitted	to	the	cardiac	intensive	care
unit	following	successful	percutaneous	intervention.	The	following	day,	the
patient	reports	significant	anxiety.	All	of	the	following	conditions	are
associations	with	anxiety	in	this	setting	EXCEPT:

A. 	History	of	poor	adherence	to	healthy	behaviors
B. 	Impaired	coagulation	and	endothelial	dysfunction



C. 	Platelet	activation
D. 	Renal	failure

4. 	A	70-year-old	woman	with	a	history	of	chronic	obstructive	pulmonary
disease	(COPD)	presents	to	the	intensive	care	unit	with	pneumonia	complicated
by	adult	respiratory	distress	syndrome	(ARDS).	She	requires	intubation	for
10	days	but	has	improved	and	is	on	minimal	ventilator	settings.	She	had	been
sedated	with	a	combination	of	propofol	and	fentanyl.	When	she	is	weaned	from
sedation,	she	is	noted	to	be	acutely	anxious	resulting	in	failed	extubation
attempts.	What	is	the	most	appropriate	management?

A. 	Change	propofol	to	dexmedetomidine
B. 	Change	propofol	to	midazolam
C. 	Extend	antibiotic	course
D. 	Tracheostomy

5. 	A	32-year-old	man	presents	to	clinic	following	a	prolonged	intensive	care
unit	stay	following	a	car	crash,	and	he	remains	on	multiple	pain	medications.
The	patient	reports	that	in	the	3	months	since	leaving	the	hospital	he	has	been
having	difficulty	sleeping	and	becomes	very	anxious	when	driving	past	hospitals
to	the	point	that	he	alters	his	driving	routes	to	avoid	them.	In	addition,	he	has
frequent	memories	about	his	hospital	course.	All	of	this	has	led	him	to	become
more	isolated	from	his	family.	What	is	the	most	likely	diagnosis?

A. 	Anxiety	disorder
B. 	Delirium
C. 	Polysubstance	abuse
D. 	Posttraumatic	stress	disorder

Answers

1.	The	correct	answer	is	A.
Rationale:	 This	 question	 considers	 potential	 etiologies	 of	 failed	 weaning.

Anxiety	 is	 the	 likely	 cause	 (choice	A	 is	 correct).	 Respiratory	 failure	 due	 to	 a
respiratory	 cause	 requiring	prolonged	mechanical	 ventilation	 increases	 the	 risk
of	anxiety	during	weaning.	Though	acute	cardiac	events,	particularly	ischemia	or
congestive	 heart	 failure,	 can	 be	 associated	 with	 failed	 weaning,	 there	 is	 no
history	of	cardiac	disease	and	no	hemodynamic	changes	to	support	this	diagnosis
(choice	B	is	incorrect)	though	an	ECG	could	be	performed.	Oxygen	saturation	is



normal	(choice	C	is	incorrect).	The	available	history	does	not	provide	evidence
to	support	narcotic	withdrawal	given	the	shot	time	since	cessation	(choice	D	is
incorrect).

2.	The	correct	answer	is	D.
Rationale:	 This	 question	 addresses	 alternate	 diagnoses	 that	 need	 to	 be

considered	when	 entertaining	 a	 diagnosis	 of	 acute	 anxiety	 in	 the	 ICU.	This	 is
important	 as	 acute	 anxiety	 is	 usually	 a	 diagnosis	 of	 exclusion.	 One	 important
consideration	 is	 the	 timing	 of	 symptoms	 from	 initial	 admission.	 Substance
withdrawal	 syndrome	 is	 the	 most	 likely	 diagnosis	 due	 to	 her	 prior	 medical
history	and	being	 two	days	after	admission	where	withdrawal	symptoms	could
begin	(choice	D	is	correct).	There	is	no	evidence	of	seizure	activity	(choice	A	is
incorrect)	 and	 improved	 hemodynamics	 should	 not	 cause	 anxiety	 (choice	C	 is
incorrect).	 There	 is	 no	 reported	 history	 of	 allergic	 reactions	 and	 no	 signs	 of
anaphylaxis	(ie,	rash,	hypotension)	(choice	B	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 This	 question	 considers	 potential	 associations	 of	 anxiety	 in	 the

setting	 of	 an	 acute	 myocardial	 infarction.	 Evidence	 of	 impaired	 coagulation,
endothelial	 dysfunction,	 platelet	 activation,	 and	 poor	 implementation	 of	 risk-
reducing	 recommendations	 are	 associated	 with	 anxiety.	 However,	 there	 is	 no
data	 to	support	an	association	with	renal	 failure	 in	 this	setting	(choice	D	is	 the
“correct”	wrong	answer).

4.	The	correct	answer	is	A.
Rationale:	This	 question	 addresses	 treatment	 options	 in	 the	 setting	of	 acute

anxiety	 during	 ventilator	 liberation.	 To	 provide	 anxiolysis	 without	 associated
respiratory	 depression,	 dexmedetomidine	 would	 be	 the	 most	 appropriate
intervention	 (choice	 A	 is	 correct).	 Changing	 sedation	 from	 propofol	 to
midazolam	 would	 cause	 anxiolysis	 but	 would	 be	 associated	 with	 respiratory
depression	 that	 would	 limit	 extubation	 attempts	 (choice	 B	 is	 incorrect).
Ventilator-associated	 pneumonia	 is	 not	 suggested	 in	 the	 absence	 of	 increased
sputum	production,	fever,	and/or	increase	in	the	white	blood	cell	count,	so	there
is	 no	 indication	 for	 additional	 antibiotics	 (choice	 C	 is	 incorrect).	 Though
tracheostomy	could	be	considered,	 it	does	not	directly	address	 the	anxiety	and
therefore	 is	 not	 the	 most	 appropriate	 answer	 and	 would	 likely	 be	 premature
(choice	D	is	incorrect).

5.	The	correct	answer	is	D.



Rationale:	 The	 history	 of	 insomnia,	 intrusive	 memories	 and	 avoidance
leading	 to	 increased	 social	 isolation	 are	 all	 features	 of	 posttraumatic	 stress
disorder	 (PTSD)	 (choice	 D	 is	 correct).	 PTSD	 is	 increasingly	 described	 and
observed	in	individuals	after	a	prolonged	ICU	course.	Anxiety	and	delirium	can
be	observed	acutely	in	the	ICU,	but	 they	are	not	 the	most	common	effects	 that
persist	 after	 discharge	 (choices	A	 and	B	 are	 incorrect).	 There	 is	 no	 history	 to
suggest	polysubstance	abuse	(choice	C	is	incorrect).
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Chapter	159
Diagnosis	and	Treatment	of	Depression
in	the	Intensive	Care	Unit	Patient
Cezar	I.	Cimpeanu,	Meghan	S.	Kolodziej,	Theodore	A.	Stern

KEY	POINTS:
1.	 Depression	is	common	in	ICU	patients	and	if	not	identified	and

managed	adequately	can	be	associated	with	significant	morbidity
and	mortality,	extending	potentially	well	beyond	the	episode	of
intensive	care	treatment.

2.	 Diagnosing	depression	can	be	particularly	challenging	in	critically	ill,
mechanically	ventilated,	and	neurologically	impaired	patients	but
nevertheless	it	can	be	accomplished	by	the	use	of	a	number	of
techniques	and	paying	particular	attention	to	nonverbal
communication	cues.

3.	 Patients	meeting	criteria	for	major	depression	are	treated	with
somatic	therapies	including	medications	and	brain	stimulation
therapies	as	well	as	psychotherapy.

4.	 Antidepressant	choices	to	treat	depression	ICU	patients	should
include	stimulant	medications,	SSRIs,	SNRIs,	and	atypical
antidepressants.	Due	to	significant	side	effects	and	complex
pharmacokinetic	interactions,	TCAs	and	MAOIs	are	less	likely	to	be
used.

5.	 Brain	stimulation	techniques,	primarily	ECT,	remain	useful
alternatives	in	selected	clinical	situations.

INTRODUCTION



In	the	intensive	care	unit	(ICU),	depression	can	be	a	psychological	reaction	to	an
acute	medical	illness,	a	manifestation	of	a	primary	affective	disorder,	or	a	mood
disorder	associated	with	a	specific	organic	disease	or	its	treatment.	For	example,
depression	is	associated	with	the	development	and	the	progression	of,	and	with
worse	 prognosis	 in,	 coronary	 heart	 disease	 (CHD).1	 In	 fact,	 in	 2014,	 the
American	Heart	Association	recommended	that	depression	be	considered	a	risk
factor	for	adverse	outcomes	in	patients	with	acute	coronary	syndrome	(ACS).2	In
addition,	depression	is	a	frequent	complication	after	stroke	and	is	associated	with
greater	disability	and	mortality.3

1 	 In	 this	 chapter,	 the	 term	 depression	 refers	 not	 to	 being	 transiently	 sad,
discouraged,	disappointed,	despondent,	or	grief-stricken,	but	to	major	depressive
disorder	 (MDD),	 defined	 in	 the	 fifth	 edition	 of	 the	Diagnostic	 and	 Statistical
Manual	of	Mental	Disorders	(DSM-5)4	as	a	syndrome	of	distinct	and	persistent
changes	 in	 affect	 and	 cognition	 as	 well	 as	 neurovegetative	 functions,	 causing
distress	and	 functional	 impairment.	Many	physicians	believe	 that	depression	 is
appropriate	 in	 the	 ICU	because	 severe	 illness	 can	be	devastating	 to	 a	 person’s
life.	However,	we	believe	that	whereas	being	dispirited	or	demoralized	may	be
an	understandable	response	to	critical	illness,	having	a	depressive	disorder	is	not.
Therefore,	 it	 is	 always	 important	 to	 diagnose	 and	 treat	 the	 latter.	 In	 fact,
compelling	 evidence	 shows	 that	 untreated	 depression	 is	 associated	 with
morbidity	 and	 mortality	 from	 cardiac	 and	 neurologic	 conditions	 and	 has
detrimental	 effects	 on	 other,	 perhaps	 all,	 organ	 systems.5,6	 For	 instance,
depressive	disorders	are	diagnosed	in	more	than	40%	of	patients	being	weaned
from	prolonged	ventilation.	Patients	with	depressive	disorders	were	found	to	be
more	likely	 to	experience	weaning	failure	and	death.7	Also,	early	identification
and	 treatment	 of	 depression	 is	 important	 in	 addressing	 the	 post–intensive	 care
syndrome	 that	 brings	 together	 anxiety,	 depression	 and	 posttraumatic	 stress
disorder.	 The	 prevalence	 of	 depression	was	 found	 to	 be	 quite	 high	 in	 the	 first
year	after	ICU	care.	The	median	point	prevalence	of	questionnaire-ascertained,
clinically	significant,	depressive	symptoms	was	found	to	be	28%	and	the	point
prevalence	of	clinician-diagnosed	depressive	disorder	was	found	to	be	33%.8

In	 this	 chapter,	 we	 focus	 on	 the	 links	 between	 depressive	 and	 medical
conditions	and	the	diagnosis,	evaluation,	and	treatment	of	depression	in	critically
ill	patients.

DIAGNOSIS	OF	DEPRESSION
Important	 questions	 for	 the	 intensivist	 are	 “What	 is	 depression?”	 and	 “What



does	a	patient	experiencing	depression	 look	 like	 in	 the	 ICU?”	To	qualify	 for	a
diagnosis	of	MDD	according	to	the	DSM-5,	a	patient	must	have	five	of	the	nine
symptoms	listed	in	Table	159.1,	one	of	which	must	be	either	depressed	mood	or
anhedonia	(loss	of	interest	or	pleasure),	most	of	the	day,	nearly	every	day,	for	at
least	 2	 weeks,	 as	 indicated	 by	 either	 subjective	 report	 (eg,	 feels	 sad,	 empty,
hopeless)	or	observation	made	by	others	(eg,	appears	tearful)	and	representing	a
change	from	previous	functioning.4	The	mnemonic—SIG:	E	CAPS	(where	SIG
[abbreviation	for	 the	Latin	signa,	meaning	 label,	 refers	 to	 the	 instructions	on	a
prescription,	E	refers	to	energy,	and	CAPS	refers	to	capsules)—is	a	helpful	guide
to	 remember	 the	 eight	 neurovegetative	 and	 emotional-cognitive	 symptoms
associated	 with	 depressed	 mood.	 The	 mnemonic—ABCs	 of	 depression—
portrays	more	 richly	 the	myriad	 affective,	 behavioral,	 and	cognitive	 aspects	of
the	condition	(Table	159.2).	Each	symptom	should	be	asked	about,	and	questions
about	suicide	should	be	raised	directly.	If	a	patient	has	thoughts	of	suicide,	they
should	be	 asked	whether	 there	 is	 an	 intention	and	a	 specific	plan	 to	 end	one’s
life.	 The	 physician	 should	 then	 make	 a	 judgment	 about	 the	 likelihood	 of	 the
patient’s	 acting	 on	 the	 plan.	 If	 an	 active	 intent	 or	 plan	 for	 suicide	 exists,
psychiatric	 consultation	 is	 imperative	 (Chapter	 160:	 “Managing	 the	 Suicidal
Patient	 in	 the	 Intensive	 Care	 Unit”).	 In	 medically	 ill	 patients,	 holding	 the
cardinal	symptoms	of	depressed	mood	and	anhedonia	to	the	strict	requirement	of
presence	most	 of	 the	 day,	 nearly	 every	 day,	 for	 at	 least	 2	weeks	 is	 critical	 to
avoid	overdiagnosis	of	depression	in	medically	ill	patients.

TABLE	159.1

SIG:	E	CAPS—A	Mnemonic	for	Diagnostic	Criteria	for
Major	Depressive	Disorder

Sleep,	increased	or	decreased
Interest	or	pleasure	in	activities,	markedly	decreased	(anhedonia)
Guilt	or	feelings	of	worthlessness
Energy,	decreased
Concentration,	decreased
Appetite	or	weight,	increased	or	decreased



Psychomotor	agitation	or	retardation

Suicidal	thinking

Adapted	from	American	Psychiatric	Association.	Diagnostic	and	Statistical	Manual	of	Mental
Disorders.	5th	ed.	American	Psychiatric	Publishing;	2013.

TABLE	159.2

ABC’s	of	Depression—Affective,	Behavioral,	and	Cognitive
Features

Affective Behavioral Cognitive

Depressed	mood Crying Suicidal	thinking

“Blue”	mood Increased	or	decreased	sleep Thoughts	of	death

Sadness Increased	or	decreased	appetite Somatic
preoccupation

Blunted	affect Decreased	energy Guilty	rumination

Hopelessness Psychomotor	agitation	or
retardation

Confusion

Emptiness Increased	or	intractable	pain Decreased
concentration

Irritability Deliberate	self-injury

Anger Impulsivity

Decreased
interest

Poor	eye	contact

Noncompliance

Patients	Who	Are	Unable	to	Speak
2 	It	may	be	particularly	difficult	to	diagnose	depression	in	a	patient	who	is	being



mechanically	ventilated	or	has	aphasia.	Methods	of	assessing	depression	in	these
patients	are	summarized	in	Table	159.3.	Some	tracheostomized	patients	may	be
able	 to	 use	 a	 Passy-Muir	 valve.	 See	 Chapter	 169:	 “Respiratory	 Adjunctive
Therapies”	 for	 an	 in-depth	 discussion	 of	 Passy-Muir	 valve	 use.	 Alternatively,
electronic	 voice-output	 communication	 aids	 may	 be	 used.	 These	 devices	 pair
prerecorded	 messages	 or	 synthesized	 speech	 with	 labeled	 icons;	 patients
communicate	 messages	 by	 touching	 buttons	 on	 display	 screens	 or	 on	 touch-
sensitive	keyboards	or	by	eye	movements.	Speech	pathologists	have	knowledge
of	 and	 access	 to	 such	 technologies.	 The	 value	 of	 nonverbal	 communication
including	facial	expression,	gestures,	overall	response	and	responsiveness	to	the
interaction	 with	 the	 evaluator	 has	 to	 be	 appreciated	 because	 it	 can	 provide
significant	 information	about	 the	presence	of	depression.9	Research	 has	 shown
that	in	depression	there	are	increased	negative	nonverbal	behaviors	(shrug,	head
and	 lips	 down,	 adaptive	 hand	 gestures,	 frown	 and	 cry)	 and	 decreased	 positive
nonverbal	 behaviors	 (eye	 contact	 and	 smile).10	 Sometimes	 one	 has	 to	 be
observant	of	brief	moments,	 “thin	 slices”	of	 expressive	behavioral	 change	 that
can	provide	relevant	information	about	the	dominant	mood.11

TABLE	159.3

Methods	of	Assessing	Depression	in	Patients	Who	Cannot
Speak

Watch	facial	expressions	and	body	language.

Read	lips.

Monitor	changes	in	vital	signs	on	monitors.

Write	questions	and	have	patients	write	answers.

Use	letter	or	picture	board.

Observe	whether	facial	expressions	are	consistent	with	content	of	discussion.

Observe	rate	of	change	of	affect.

Ask	about	and	observe	neurovegetative	features	of	depression.

Ask	about	known	sources	of	the	patient’s	enjoyment	(eg,	favorite	hobby,



grandchildren,	and	sports)	and	observe	whether	the	patient	takes	pleasure	in
these	things.

Joke	with	the	patient	or	tell	a	funny	story	and	observe	the	patient’s	reaction.

Ask	the	patient	to	draw	a	picture	of	themself	and	what	is	wrong,	then	assess
the	pictures	for	a	sense	of	demoralization	or	hopelessness.

Make	a	fist	and	ask	the	patient,	“What	would	you	do	if	you	had	one	of	these?”
and	assess	emotions	in	response	to	this	maneuver.

DIFFERENTIAL	DIAGNOSIS	OF	DEPRESSION

Causes	Related	to	Medical	Conditions
A	 variety	 of	 medical	 illnesses	 can	 cause,	 contribute	 to,	 or	 worsen	 affective
symptoms	 and	 disorders	 (Table	 159.4).	 Affective	 disturbances	 involving
alterations	of	mood	as	well	as	anxiety	and	irritability	may	be	early	symptoms	of
medical	illnesses.44	Clues	that	depression	may	be	secondary	to	a	medical	illness
include	older	 age	 at	 onset	 of	 symptoms;	 known	underlying	medical	 condition;
atypical	 presentation	 of	 the	 depressive	 symptomatology;	 absence	 or	 lower
incidence	 of	 personal	 or	 family	 history	 of	 depression;	 sudden	 onset	 of
symptoms;	 unusual	 response	 to	 treatment	 or	 treatment	 resistance;	 use	 of
medications	 or	 drugs;	 and	 changes	 in	 personality	 and	 cognition.	 A	 thorough
history	 (including	 a	 review	 of	 systems);	 physical	 (including	 neurologic)
examination;	and	laboratory	testing	can	distinguish	between	primary	(ie,	due	to	a
psychiatric	condition)	and	secondary	(ie,	due	 to	a	medical	condition)	causes	of
depression.	For	secondary	causes,	 treatment	of	 the	underlying	illness	is	usually
more	effective	than	is	the	use	of	psychotropic	medications.

TABLE	159.4

Medical	Conditions	Associated	with	Depressive	Symptoms

Cardiovascular

Congestive	heart Depression	and	anxiety	are	associated	with	the



failure development	and	progression	of	CHF	as	well	as
increased	rates	of	mortality.12

Hypertensive	disease The	prevalence	of	depression	by	clinical	interview	in
hypertensive	patients	is	21.3%.	Depression	in
hypertensive	patients	is	associated	with	poor	health
stats,	lower	quality	of	life,	lower	rate	of	treatment
compliance.13

Coronary	heart
disease

Prevalence	of	depression	is	15%-30%	in	patients	with
CHD	and	is	twice	as	high	in	women	as	in	men.
Depression	is	a	risk	factor	for	CHD.14

Collagen	Vascular

Primary	systemic
vasculitides

Pooled	estimates	of	depression	in	small	vessel
vasculitis	(predominantly	ANCA	associated)	was
found	to	be	28%.	Depression	prevalence	in	large-
vessel	vasculitis	(Takayasu,	giant	cell	arteritis,
polymyalgia	rheumatica)	was	found	to	be	24%.	In
medium	vessel	arteritis	(polyarteritis	nodosa,
Kawasaki	disease)	depression	prevalence	was	found	to
be	56%.15

Systemic	lupus
erythematosus

Prevalence	of	major	depression	and	anxiety	were
found	to	be	24%	and	37%.16

Endocrine

Diabetes	mellitus The	prevalence	of	depression	is	more	than	3	times
higher	in	people	with	1	diabetes	(12%)	and	nearly
twice	as	high	in	people	with	2	diabetes	(19.1%)
compared	to	those	without.	Women	with	diabetes	and
also	without	diabetes	experience	a	higher	prevalence
of	depression	than	men.17	The	relationship	between
depression	and	diabetes	is	bidirectional,	with	adults
with	depression	having	a	37%	increased	risk	of
developing	2	diabetes	and	incident	depression	being
increased	by	15%	in	people	with	diabetes,	as	cited	by
Holt	et	al.18



Hyperadrenalism	or
hypoadrenalism

It	was	shown	that	both	hypercortisolism	and
hypocortisolism	can	be	associated	with	depression	and
low	quality	of	life.19

Hyperparathyroidism
or
hypoparathyroidism

Idiopathic	hypoparathyroidism	can	manifest	initially
with	psychological	and	behavioral	changes	suggestive
of	depression.20	In	a	study,	severe	depression	(HADS
score	>	11)	was	identified	in	20%	of	patients	with
primary	hyperparathyroidism	and	improved
significantly	after	surgery.

Hyperthyroidism	or
hypothyroidism

Hypothyroidism	has	been	linked	to	depression,	but
increased	prevalence	of	depression	and	anxiety	can	be
found	in	hyperthyroidism	as	well.	Prevalence	of
depression	in	hypothyroidism	was	found	to	be	as	high
as	60%	as	cited	by	Talaei	et	al.21	Regarding
hyperthyroidism,	in	a	study	by	Bove	et	al,	in	Graves
disease	levels	of	anxiety	and	depression	were	higher
than	controls	and	the	prevalence	of	depression	was	10
vs	4%	in	nodular	goiter.22

Infectious

Hepatitis The	frequency	of	depression	was	found	to	be	68%	in
hepatitis	B	and	86%	in	hepatitis	C	infected	patients.
The	frequency	of	mild	depression	was	14%,	moderate
depression	was	57.3%,	and	severe	depression	was
28.7%.	Depression	frequency	in	Interferon	recipients
was	100%,	Interferon-ribavirin	recipients	were	94.4%
and	lamivudine	recipients	were	64%.23

Human
immunodeficiency
virus

The	prevalence	of	major	depression	in	HIV-infected
patients	is	between	15%	and	40%.24

Mononucleosis Infectious	mononucleosis	was	shown	to	be	associated
with	a	40%	increased	hazard	ratio	for	a	subsequent
depression	diagnosis.	The	increased	risk	of	being
diagnosed	with	depression	was	significant	for	1	to
4	years	after	the	diagnosis.25



Influenza Patients	with	previous	influenza	have	an	increased
risk	of	developing	depression	(odds	ratio	1.30)
compared	to	patients	with	no	history	of	influenza
infections.26

COVID-19 In	a	CDC	study	more	than	2	in	5	adults	(42%)
reported	symptoms	of	either	an	anxiety	or	depressive
disorder	during	a	period	in	December	(December	9-
21,	2020),	increasing	from	36%	in	August	(August	19-
31,	2020).	During	the	same	2	periods,	self-reported
symptoms	of	an	anxiety	disorder	increased	from
approximately	31%	to	37%,	and	self-reported
symptoms	of	a	depressive	disorder	increased	from
approximately	25%	to	30%.27

Metabolic

Acid-base	problems Disruption/inhibition	of	the	acid-sensing	receptor	1a
in	the	amygdala	is	considered	a	new	therapeutic	target
in	depression-related	behavior.	Studies	at	the
University	of	Iowa	suggest	that	increased	acidity	in
the	brain	is	linked	to	panic	disorders,	anxiety,	and
depression.28

Hypokalemia Hypokalemia	may	mimic	neurovegetative	symptoms,
such	as	weakness,	lethargy,	apathy,	fatigue,	and
depressed	mood.	Additionally,	hypokalemia	can
mimic	anxiety	reactions,	such	as	headache,	irritability,
nervousness,	paresthesias,	visual	disturbances,	and
muscle	discomfort.29

Hyponatremia,
hypercalcemia,
hypomagnesemia

Electrolyte	imbalance	may	cause	neuropsychiatric
manifestations	that	closely	mimic	functional	disorders.
For	example,	depression	may	accompany
hyponatremia,	hypokalemia,	hypercalcemia,	or
hypomagnesemia.30

Renal	failure The	prevalence	of	depression	in	patients	with	CKD	is
between	20%	and	30%.31

Neoplastic



Carcinoid Recent	meta-analyses	of	mixed	cancer	populations
showed	rates	of	15%	for	major	depression	and	20%
for	minor	depression.32	Serotonergic	medications	were
associated	with	minor	exacerbation	of	the	carcinoid
syndrome	and	improvement	in	depression.

Pancreatic
carcinoma

There	is	a	well-known	depression-before-diagnosis
relationship	in	pancreatic	cancer.	A	study	showed	that
45%	of	patients	with	pancreatic	cancer	reported
psychiatric	symptoms	before	medical	symptoms.33

Neurologic

Brain	tumor The	prevalence	of	depression	and	depression
symptoms	was	found	to	be	21.7%.34

Multiple	sclerosis
(MS)

The	lifetime	risk	for	depression	in	MS	ranges	between
40%	and	60%	and	an	annual	prevalence	of	20%	has
been	noted.35	Severe	depression	could	precede	and
accompany	neurological	symptoms	of	MS.

Parkinson	disease Clinically	significant	depressive	symptoms	are	present
in	25%-45%	of	patients.36,37	It	is	more	likely	when	the
on/off	phenomenon	is	present.

Temporal	lobe
epilepsy	(TLE)

TLE	patients	have	a	22%	lifetime	prevalence	of	major
depression	and	14.6%	1-year	prevalence	of	this
disorder.38

Stroke Depression	occurs	in	approximately	one-third	of
stroke	survivors	at	any	one	time	and	is	associated	with
poor	functional	outcomes	and	higher	mortality.39

Dementia All	subtypes	of	dementias	were	found	to	have	a
prevalence	of	depression	of	25%.	Alzheimer
disease	=	20%,	vascular	dementia	=	30%,
frontotemporal	dementia	=	37%,	dementia	with	Lewy
bodies	=	28%.40

Nutritional

Vitamin	B12 Vitamin	B12	levels	were	reported	to	be	correlated



deficiency with	melancholic	symptoms	more	than
nonmelancholic	symptoms.41	Supplementation	with
vitamin	B12	along	with	antidepressant	medication	was
shown	to	greatly	improve	depression.42

Folate	deficiency Folate	can	be	used	to	increase	antidepressant	response
and	it	can	also	be	used	in	combination	with	vitamin
B12	(or	by	itself)	to	combat	hyperhomocysteinemia
and	reduce	depressive	symptoms	without	the	use	of
additional	antidepressant	medication.43

ANCA,	antineutrophil	cytoplasmic	antibodies;	CDC,	Centers	for	Disease	Control	and	Prevention;
CHD,	congenital	heart	disease;	CHF,	congestive	heart	failure;	CKD,	chronic	kidney	disease;
COVID-19,	coronavirus	disease	2019;	HADS,	Hospital	Anxiety	and	Depression	Scale.;	HIV,
human	immunodeficiency	syndrome.

Perhaps	the	most	important	differential	diagnosis	to	consider	in	a	patient	who
appears	to	have	MDD	is	hypoactive	delirium.	The	key	feature	that	distinguishes
it	from	depression	is	inattention	(ie,	an	inability	to	focus	and	sustain	alertness	on
a	given	stimulus	and	to	resist	distraction	by	other	stimuli).	Delirium	is	discussed
in	 Chapter	 157:	 “Diagnosis	 and	 Treatment	 of	 Agitation	 and	 Delirium	 in	 the
Intensive	Care	Unit	Patient.”

Causes	Related	to	Medical	Treatments
Many	 medications	 have	 been	 implicated	 in	 triggering	 depression.	 The
information	 has	 come	 primarily	 from	 case	 reports	 and	 case	 series	 as	 well	 as
premarketing	analyses.	Establishing	a	causal	link	between	drugs	and	depression
is	fraught	by	the	post	hoc	fallacy	and	ethical	concerns	in	using	controlled	studies
to	 assess	 drug	 side	 effects.	 Nevertheless,	 the	 significance	 of	 iatrogenic
contribution	 of	 medications	 to	 depression	 has	 to	 be	 taken	 into	 account
considering	that	the	prevalence	of	US	adults	using	medications	with	depression
as	 a	 potential	 adverse	 effect	 was	 found	 to	 be	 37.2%.45	 The	 number	 of
medications	used	with	depression	as	possible	adverse	effects	was	associated	with
increased	 prevalence	 of	 concurrent	 depression.	 The	 estimated	 prevalence	 of
depression	 was	 15%	 for	 those	 reporting	 use	 of	 3	 or	 more	 medications	 with
depression	as	an	adverse	effect	vs	4.7%	for	those	not	using	such	medications.45

The	 pharmacologic	 agents	 most	 often	 associated	 with	 depression/mood
changes	 in	 the	 ICU	 are	 β-blockers,	 calcium	 channel	 blockers,	 angiotensin-



converting	 enzyme	 inhibitors,	 angiotensin	 receptor	 blockers,	 histamine-2
receptor	 antagonists,	 proton	 pump	 inhibitors,	 antiarrhythmics,	 and	 steroids
(Table	159.5).	Some	medications	may	cause	depression	only	after	several	weeks
or	 even	 months	 of	 continuous	 use.	 If	 a	 drug	 regimen	 or	 a	 dosage	 increase
appears	 to	be	temporally	related	to	 the	patient’s	depression,	 the	dose	should	be
lowered,	 or	 the	 medication	 eliminated	 entirely.	 If	 the	 medication	 cannot	 be
stopped	without	serious	risk	to	the	patient,	the	depression	should	be	treated.

TABLE	159.5

Drugs	Associated	with	Depressive	Symptoms

Antiviral	drugs Neuropsychiatric	complications	range	from	mild
symptoms	such	as	irritability,	sleeping	difficulties	to
severe	forms	such	as	depression,	psychosis,	and
peripheral	neuropathies.	Examples	include
oseltamivir	which	may	act	as	a	monoamine	oxidase
(MOA)	inhibitor	and	efavirenz,	which	has	an	affinity
for	serotonin	5-HT2	and	GABA-A	receptors,	the
serotonin	transporter,	the	MAO	enzyme,	and	the
vesicular	monoamine	transporter.46

Alcohol Among	people	in	treatment	for	DSM-IV	alcohol	use
disorder,	almost	33%	were	found	to	meet	criteria	for
major	depressive	disorder	in	the	past	year,	and	11%
met	criteria	for	dysthymia.47

Amphetaminelike
drugs:	fenfluramine,
phenmetrazine,	and
phenylpropanolamine

Depressive	states	associated	with	withdrawal.

Anabolic	steroids It	was	found	that	15%	of	male	anabolic-androgenic
steroid	dependent	users	reported	a	history	of	major
depressive	disorder,	compared	to	only	7%	of
nondependent	users.48

Anticonvulsants Barbiturates,	vigabatrin	and	topiramate	show	the
highest	associations	with	the	occurrence	of	depressive



symptoms,	in	up	to	10%	of	all	patients.	Tiagabine,
levetiracetam,	and	felbamate	present	an	intermediate
risk	of	about	4%.	Phenytoin,	ethosuximide,
carbamazepine,	oxcarbamazepine,	gabapentin,
valproate,	lamotrigine,	and	pregabalin	are	associated
with	the	lowest	risk	of	depression,	less	than	1%,	and
some	may	have	actually	a	positive	effect	on	mood.49

Antihypertensives:
clonidine,
hydralazine,
methyldopa,
reserpine

Depression	can	occur	in	approximately	1%-2%	of
patients	taking	clonidine.	Hydralazine	has	been
occasionally	associated	with	depression.	In	contrast	to
earlier	studies	linking	methyldopa	with	depression,
later	reviews	have	found	a	weaker	relationship
usually	in	patients	with	a	history	of	depression.
Similarly,	the	association	of	reserpine	and	depression
may	be	less	clear	as	it	was	once	considered.50,51

Antiarrhythmics Amiodarone	has	been	associated	with	thyroid
abnormalities	and	as	a	consequence	with
neuropsychiatric	manifestations	including	fatigue,
depression,	and	occasionally	psychosis.	Lidocaine	can
be	associated	with	mood	changes,	anxiety,	confusion,
and	psychotic	symptoms.	Flecainide	was	reported	to
lead	to	psychosis	and	depression.50

Asparaginase Reported	to	be	associated	with	increased	likelihood	of
depression.52

Benzodiazepines:
alprazolam,
clonazepam,
clorazepate,
diazepam,	lorazepam,
and	triazolam

Benzodiazepines	are	believed	to	cause	depression,	but
there	is	a	lack	of	clear-cut	evidence	to	substantiate
this	claim.53	This	class	of	medications	appear	to
cause,	nevertheless,	an	overall	increase	in	the	risk	of
attempting	or	completing	suicide.	Possible
mechanisms	of	prosuicidal	effects	may	include
increases	in	impulsivity	or	aggression,	rebound	or
withdrawal	symptoms,	and	toxicity	in	overdose.54

β-Blockers,	calcium
channel	blockers,
angiotensin-
converting	enzyme

Calcium	antagonists	and	β-blockers	may	be
associated	with	increased	risk,	whereas	angiotensin-
converting	enzyme	inhibitors	and	angiotensin	II
receptor	blockers	may	be	associated	with	a	decreased



inhibitors,
angiotensin	receptor
blockers

risk	of	mood	disorders	and	depression	in	particular.55

Bromides Bromism,	chronic	bromide	poisoning	is	a	toxidrome
characterized	by	cognitive	changes,	irritability,	ataxia,
hyperreflexia,	and	possibly	psychosis	and	depression.
Bromism	often	presents	with	a	hyperchloremic
nongap	acidosis	seen	in	patients	overusing
dextromethorphan	hydrobromide.56

Cocaine Anxiety	and	depression	are	important	clinical	features
of	cocaine	withdrawal.

Oral	contraceptives Use	of	hormonal	contraception,	especially	among
adolescents,	was	associated	with	subsequent	use	of
antidepressants	and	a	first	diagnosis	of	depression,
suggesting	depression	as	a	potential	adverse	effect	of
hormonal	contraceptive	use.57	The	highest	risk	was
associated	with	the	progesterone-only	forms.

Corticosteroids Two	large	meta-analyses	found	that	corticosteroid
therapy	causes	severe	reactions	in	nearly	6%	of
patients,	and	mild-to-moderate	reactions	in	about
28%.	Although	disturbances	of	mood,	cognition,
sleep,	and	behavior	as	well	as	frank	delirium	or	even
psychosis	are	possible,	the	most	common	adverse
effects	of	short-term	corticosteroid	therapy	are
euphoria	and	hypomania.	Conversely,	long-term
therapy	tends	to	induce	depressive	symptoms.	Dosage
is	directly	related	to	the	incidence	of	adverse	effects
but	is	not	related	to	the	timing,	severity,	or	duration	of
these	effects.58

Dapsone Rare	side	effects	include	depression,	psychosis,	and
mania.

Digitalis Neuropsychiatric	symptoms	include	fatigue,
depression,	psychosis,	and	delirium,	occurring
according	to	one	study	in	5%	of	patients.50



Ethambutol The	risk	of	incident	depressive	disorder	was	found	to
be	significantly	higher	in	patients	with	tuberculosis
who	received	more	than	60	doses	of	daily	doses	of
ethambutol.59

Heavy	metals A	series	of	studies	showed	high	levels	of	lead	and
cadmium	in	depression.60

Histamine-2	receptor
antagonists:
cimetidine	and
ranitidine

H2	antagonists	cross	the	blood-brain	barrier	and
interact	with	histamine	H2	receptors	in	the	brain.
Uncommon	central	nervous	system	side	effects
include	headache,	dizziness,	anxiety,	drowsiness,	and
depression.

Interferon	alfa Significant	depressive	symptoms	occur	in	21%-58%
of	patients	receiving	interferon	alfa,	with	symptoms
typically	manifesting	over	the	first	several	months	of
treatment.61

Isoniazid Reported	association	with	depression	and	psychosis.
Initial	reports	of	mood	elevating	effects	in	patients
treated	for	tuberculosis	heralded	the	synthesis	of	a
new	class	of	antidepressants,	MAOIs.62

Isotretinoin In	a	recent	meta-analysis	the	overall	result	of	three
cohorts	showed	that	the	use	of	isotretinoin	was
associated	with	an	increased	risk	of	depression
(RR	=	1.39,	95%	CI	=	1.05-1.84,	P	=	.02),	and	no
significant	heterogeneity	was	present.63

Levodopa In	patients	with	Parkinson	disease,	higher	L-DOPA
dosages	correlate	with	worse	depressive	symptoms
and	possibly	with	decreased	results	in	some	cognitive
performances.64

Mefloquine Due	to	severity	of	possible	mood	disorder	and
emergent	suicidality,	mefloquine	is	contraindicated	in
patients	with	a	history	of	depression,	generalized
anxiety,	and	psychotic	disorder.65

Metoclopramide Prescribing	information	includes	a	warning	about	the



occurrence	of	mild	to	severe	depression	as	well	as	the
presence	of	suicidal	ideation	and	case	reports	have
been	published	supporting	this	concern.66

Metronidazole Side	effects	include	seizures,	encephalopathy,	optic
and	peripheral	neuropathy	as	well	as	headaches,
dizziness,	insomnia,	and	depression.

Nalidixic	acid Reported	association	with	depression.

Narcotics:
meperidine,
methadone,
morphine,
pentazocine,	and
propoxyphene.

Recent	research	showed	that	after	balancing	the
distribution	of	covariates	in	patients	prescribed	opioid
analgesics	for	1-89,	90-180,	and	>180	days,	it	was
found	that	the	longer	duration	of	opioid	prescription
was	shown	to	be	associated	with	an	increased	risk	of
development	of	depression.	Patients	using	for	90-
180	days	had	a	25	%	increased	risk	of	depression,	and
those	using	for	more	than	180	days	had	a	more	than	a
50	%increased	risk.	The	effects	remained	significant
after	additional	adjustment	for	chronic	pain	due	to
neuropathies,	headaches,	musculoskeletal	diseases,
back	pain,	and	arthritis.67

Nonsteroidal	anti-
inflammatory	drugs
(NSAIDs)

NSAIDs	can	induce	or	exacerbate	reproducible
symptoms	(depression,	paranoia)	in	patients	with
either	an	affective	disorder	or	schizophrenia.68

Norfloxacin Fluoroquinolones	have	a	number	of	neuropsychiatric
side	effects	including	headache,	dizziness,	tremor,
insomnia,	hallucinations,	anxiety,	and	depression.

Pseudoephedrine Withdrawal	reported	to	cause	major	depression.69

Proton	pump
inhibitors	(PPIs)

A	population-based	study	showed	that	in	people	aged
75	years	and	older	the	use	of	PPIs	was	associated
with	increased	adjusted	probability	of	depression	in
logistic	regression,	with	OR	of	2.38.	Higher	PPI
dosage	was	associated	with	increased	probability	of
depression.70

Prazosin High-dose	prazosin	in	the	treatment	of	PTSD	in



1%-4%	of	cases	may	be	associated	with	depression.71

Procaine	derivatives Reported	association	with	increased	likelihood	of
depression

Trimethoprim-
sulfamethoxazole

There	are	several	case	reports	of	trimethoprim-
sulfamethoxazole–induced	neuropsychiatric	adverse
effects	like	panic	attacks,	hallucinations,	and
depression.72

Varenicline A	number	of	case	reports	and	at	least	2	trials
documented	worsening	depression	in	patients	taking
varenicline	for	smoking	cessation.73,74	More	recently,
the	EAGLES	trial	(Evaluating	Adverse	Events	in	a
Global	Smoking	Cessation	Study)	did	not	detect	a
significant	increase	in	neuropsychiatric	adverse
events,	including	depression,	anxiety,	suicidality,
attributable	to	varenicline	or	bupropion	relative	to
nicotine	patch	or	placebo.75

CI,	confidence	interval;	DSM-IV,	Diagnostic	and	Statistical	Manual	of	Mental	Disorders	(Fourth
Edition);	GABA-A,	γ-aminobutyric	acid	;	L-DOPA,	L-3,4-dihydroxyphenylalanine;	MAOIs,
monoamine	oxidase	inhibitors;	PTSD,	posttraumatic	stress	disorder;	RR,	relative	risk.

Steroids
Depression,	 mania,	 psychosis,	 and	 delirium	 are	 frequent	 side	 effects	 of
corticosteroid	 therapy.	Mood	 symptoms	 are	 dose	 dependent	 and	 usually	 occur
within	 the	 first	2	weeks	of	 therapy,	although	 they	can	arise	on	 the	 first	day.	A
practical	rule	of	thumb	holds	that	neuropsychiatric	adverse	effects	are	common
with	prednisone	≥	80	mg	per	day	 (or	equivalent),	uncommon	≤30	mg	per	day,
and	not	uncommon	in	between.	Although	it	has	been	suggested	that	women	are
more	 likely	 to	 develop	 steroid-induced	 adverse	 effects,	 the	 apparent	 increased
frequency	 may	 be	 due	 to	 the	 higher	 prevalence	 of	 rheumatologic	 diseases	 in
women.	 Corticosteroid-induced	 mood	 disorders	 are	 generally	 reversible	 with
dosage	reduction	or	discontinuation	of	the	medication.

LABORATORY	EVALUATION	OF	DEPRESSION



Although	 the	 clinical	 interview	 and	 mental	 status	 examination	 are	 the	 most
important	 components	 of	 psychiatric	 diagnosis,	 the	 use	 of	 laboratory	 tests	 is
essential	 to	 exclude	 organic	 causes	 of	 depression.	 Although	 there	 is	 no
consensus	 on	 the	 laboratory	 tests	 necessary	 in	 a	 patient	with	 new-onset	mood
disorder,	Table	 159.6	 lists	 those	 tests	 that	 should	 be	 considered.	 Syphilis	 and
hypovitaminosis	 are	 rarely	 the	 sole	 causes	 of	 depression;	 tests	 for	 these
conditions	should	be	ordered	only	when	there	 is	a	specific	 indication	for	 them.
Neuroimaging,	 electroencephalography,	 and	 cerebrospinal	 fluid	 analysis	 are
relatively	 indicated	 in	 patients	 with	 new-onset	 psychiatric	 symptoms,	 altered
cognition,	 new	 neurologic	 symptoms,	 seizures,	 and	 fever.	 The	 more	 of	 these
features	a	patient	has,	the	more	important	these	additional	tests	become.

TABLE	159.6

Laboratory	Evaluation	of	Depression

Complete	blood	count	with	differential

Complete	blood	chemistries,	including	liver	and	renal	function

Serum	and	urine	toxicology

Urinalysis

Thyroid-stimulating	hormone,	reflex	free	T4	testing

Vitamin	B12

Folate

Rapid	plasma	reagin

Electrocardiogram

Therapeutic	drug	levels	(if	patient	is	already	on	psychiatric	medications)

Neuroimaging

Electroencephalogram

Cerebrospinal	fluid	analysis



TREATMENT	OF	DEPRESSION
3 	 Patients	 who	meet	 the	 criteria	 for	MDD	 are	 usually	 treated	 with	 a	 somatic
therapy	 alone	 or	 in	 combination	 with	 psychotherapy	 (Table	 159.7).	 Somatic
treatments	 include	 pharmacotherapy	 and	 brain	 stimulation	 therapies.	There	 are
several	brain	stimulatory	treatments	including	electroconvulsive	therapy	(ECT),
transcranial	magnetic	 stimulation	 (TMS),	vagus	nerve	stimulation	 (VNS),	deep
brain	 stimulation	 (DBS).	 Regarding	 psychotherapy,	 the	 preponderance	 of
evidence	 supports	 cognitive-behavioral	 approaches	 for	 the	 treatment	 of
depression	 in	 medical	 illness.	 Due	 to	 the	 acute	 nature	 of	 complex	 medical
conditions	and	prominence	of	neurocognitive	presentations	and	communication
difficulties	 for	 patients	 in	 ICU,	 psychotherapeutic	 support	 will	 have	 to	 be
considered	 flexibly,	 depending	 on	 the	 clinical	 situation.	 One	 would	 likely
consider	 a	 combination	 of	 psychoeducation,	 behavioral	 activation,	 problem-
solving,	 interpersonal	 therapy,	 mindfulness-based,	 and	 supportive-expressive
elements.76	In	critical	care	units	in	general,	somatic	therapies	are	the	most	widely
used	treatments	for	depression.

TABLE	159.7

Comparative	Properties	of	Some	Antidepressants

Drug Metabolism ACh Sedation OH Cardiac
Arrhythmia

Seizure
Risk

Stimulants Renal 0 0 0 Rare Rare

SSRIs

Citalopram Hepatic + + + Rare Rare

Escitalopram Hepatic 0		+ 0		+ 0		+ Rare Rare

Fluoxetine Hepatic + + + Rare Rare



Fluvoxamine Hepatic + + + Rare Rare

Paroxetine Hepatic + + 0 Rare Rare

Sertraline Hepatic 0 0 0 Rare Rare

SNRIs

Duloxetine Hepatic + + 0	+ Rare Rare

Venlafaxine Hepatic 0 0 0 Rare Rare

Levomilnacipran Hepatic 0 0 0	+ Rare Rare

TCAs

Amitriptyline Hepatic +++ +++ +++ Yes Increased

Desipramine Hepatic + + +++ Yes Increased

Doxepin Hepatic ++ +++ ++ Yes Increased

Imipramine Hepatic ++ ++ +++ Yes Increased

Nortriptyline Hepatic ++ ++ + Yes Increased

Protriptyline Hepatic +++ + ++ Yes Increased

Amoxapine Hepatic + ++ + Yes Increased

Tetracyclics

Maprotiline Hepatic + +++ + Yes Increased

MAOIs Hepatic 0 + +++ Rare Rare



Others

Bupropion Hepatic + 0 0 Rare Increased

Mirtazapine Hepatic + +++ + Rare Rare

Trazodone Hepatic 0 +++ ++ Yes Increased

+,	low;	++,	moderate;	+++,	high;	ACh,	anticholinergic	effects;	IR,	immediate	release;	MAOIs,
monoamine	oxidase	inhibitors;	OH,	orthostatic	hypotension;	SNRIs,	serotonin–norepinephrine
reuptake	inhibitors;	SR,	sustained	release;	SSRIs,	selective	serotonin	reuptake	inhibitors;	TCAs,
tricyclic	antidepressants;	XL,	extended	release.

Adapted,	in	part,	from	Mann	JJ.	The	medical	management	of	depression.	N	Engl	J	Med.
2005;353:1819.

Each	 of	 pharmacotherapy	 has	 its	 own	 indications	 and	 contraindications.	A
useful	guiding	principle	is	to	choose	a	medication	with	a	side-effect	profile	that
best	fits	a	patient’s	needs.	For	instance,	a	patient	who	is	having	trouble	sleeping
will	benefit	from	a	sedating	antidepressant.	Conversely,	a	patient	who	has	severe
psychomotor	 retardation	 may	 benefit	 from	 a	 more	 stimulating	 antidepressant.
With	 the	 exception	 of	 the	 psychostimulants,	 all	 antidepressants	 require
approximately	4	to	6	weeks	until	full	antidepressant	effects	are	noted,	although
some	 response	 can	 occur	 in	 1	 to	 2	 weeks.	 Obviously,	 in	 critical	 care	 units,
quicker	 effects	 are	 generally	 needed.	 Stimulants	 and	ECT	work	more	 quickly,
usually	 within	 several	 days.	 Patients	 with	 depression	 may	 also	 manifest
considerable	 anxiety	 and	 may	 be	 helped	 by	 the	 use	 of	 an	 anxiolytic	 while
awaiting	 response	 to	 an	 antidepressant.	Depressed	 patients	with	 psychosis	 (ie,
those	 with	 delusions	 or	 hallucinations)	 may	 need	 antipsychotics	 for	 symptom
control.	 ECT	 can	 be	 particularly	 effective	 for	 depression	 with	 psychotic	 and
catatonic	features.77

Psychostimulants
4 	 Psychostimulants	 have	 been	 used	 to	 treat	 depressive	 symptoms	 since	 their



development	in	the	1930s,	but	they	fell	into	disrepute	when	they	became	known
as	drugs	of	abuse	in	the	1950s	and	1960s.	Since	then,	however,	there	have	been
numerous	reports	on	the	use	of	stimulants	in	the	treatment	of	depressed	patients,
particularly	apathetic	and	geriatric	patients.	Thought	to	be	particularly	effective
in	patients	with	cancer	and	stroke,	their	rapid	onset	is	of	great	use	in	any	setting
where	speed	of	recovery	is	crucial,	including	the	ICU.

The	 psychostimulants	 most	 commonly	 used	 are	 dextroamphetamine
(Dexedrine)	 and	 methylphenidate	 (Ritalin).	 Both	 appear	 to	 work	 through	 the
direct	 neuronal	 release	 of	 dopamine	 and	 norepinephrine;	 dextroamphetamine
blocks	catecholamine	reuptake	and	weakly	inhibits	monoamine	oxidase.	Both	of
these	 psychostimulants	 are	 predominantly	 excreted	 by	 the	 kidneys,	 although
dextroamphetamine	also	undergoes	a	complex	biotransformation.

The	 usual	 effects	 of	 stimulants	 are	 to	 increase	 motor	 behavior,	 increase
arousal,	 and	 decrease	 appetite;	 however,	 in	 patients	 who	 are	 anorexic	 on	 the
basis	 of	 depression,	 appetite	 is	 paradoxically	 increased,	 likely	 through
dopaminergic	stimulation	of	the	nucleus	accumbens.	Their	antidepressant	effect
is	usually	evident	in	the	first	2	days	of	treatment,	if	not	earlier.	Stimulants	do	not
have	anticholinergic	effects	or	cause	orthostatic	hypotension.	They	can	increase
heart	 rate	 and	 blood	 pressure	 and	 can	 cause	 coronary	 spasm	 and	 cardiac
arrhythmias.	 However,	 these	 effects	 are	 rare	 (even	 with	 preexisting	 cardiac
abnormalities)	at	the	low	doses	(5-20	mg	per	day)	usually	used	for	the	treatment
of	depression.	In	fact,	stimulants	have	been	used	safely	and	effectively	in	a	broad
spectrum	of	patients,	including	those	with	critical	illness,	and	have	shown	little
potential	 for	 abuse	 or	 dependence.	 Contraindications	 to	 stimulant	 use	 include
seizures,	 delirium,	 psychosis,	 significant	 hypertension,	 unstable	 angina,
pregnancy,	 and	 the	 concurrent	 use	 of	 α-methyldopa	 (which	 becomes	 a
sympathoamine	when	metabolized),	monoamine	oxidase	inhibitors	(MAOIs),	or
bronchodilators.

Psychostimulants	 should	 be	 considered	 early	 when	 treating	 depression	 for
critically	 ill	patients.	Patients	are	started	on	5	mg	of	methylphenidate	or	2.5	 to
5	mg	of	dextroamphetamine	in	the	morning.	The	dose	is	increased	by	5	mg	per
day	(for	methylphenidate)	or	2.5	to	5	mg	per	day	(for	dextroamphetamine)	until
a	 therapeutic	 effect	 is	 detected	 or	 until	 a	 maximum	 dose	 of	 20	 mg	 has	 been
reached.	 Heart	 rate	 and	 blood	 pressure	 should	 be	 monitored.	 Stimulants	 are
usually	 given	 for	 at	 least	 1	 to	 2	 weeks	 after	 depressive	 symptoms	 have	 fully
remitted.	In	most	cases,	after	stimulants	are	stopped,	depression	is	not	likely	to
recur.

Modafinil	 (Provigil)	 and	 its	 R-enantiomer,	 armodafinil	 (Nuvigil)—
wakefulness-promoting	medications	 approved	 for	 narcolepsy,	 shift	 work	 sleep



disorder,	and	obstructive	sleep	apnea/hypopnea	syndrome—may	be	a	beneficial
alternative	to	the	psychostimulants.	Both	modafinil	and	armodafinil	were	shown
to	improve	depressive	symptoms	in	bipolar	depression.78,79

Selective	Serotonin	Reuptake	Inhibitors
Selective	 serotonin	 reuptake	 inhibitors	 (SSRIs)	 cause	 a	 potent	 and	 selective
blockade	of	serotonin	reuptake.	Since	the	introduction	of	fluoxetine	(Prozac)	in
1987,	SSRIs	have	become	 the	most	widely	prescribed	class	of	antidepressants.
Other	 SSRIs	 include	 sertraline	 (Zoloft),	 paroxetine	 (Paxil),	 fluvoxamine
(Luvox),	 citalopram	 (Celexa),	 and	 escitalopram	 (Lexapro).	 They	 are	 far	 less
anticholinergic,	antihistaminergic,	and	anti-α1-adrenergic	than	the	older	tricyclic
antidepressants	(TCAs)	and	therefore	are	associated	with	far	fewer	side	effects.
They	 also	 have	 fewer	 cardiovascular	 effects	 and	 do	 not	 commonly	 cause
orthostatic	hypotension.

Pharmacokinetics
SSRIs	 are	 well	 absorbed	 from	 the	 gastrointestinal	 tract,	 and	 absorption	 is
generally	 unaffected	 by	 food	 and	 antacids.	 They	 have	 a	 large	 volume	 of
distribution	and	are	highly	protein-bound.	They	are	extensively	metabolized	 in
the	liver,	where	they	are	oxidized,	methylated,	and	conjugated.	The	elimination
half-lives	 of	 sertraline,	 paroxetine,	 fluvoxamine,	 and	 citalopram	 are
approximately	1	day	 (although	sertraline	has	a	mildly	active	metabolite	with	a
half-life	of	66	hours),	which	allows	once-a-day	dosing.	Fluoxetine	has	a	half-life
of	2	to	3	days	and	a	highly	active	metabolite	(norfluoxetine)	with	a	mean	half-
life	of	6.1	days.	Fluoxetine	takes	a	much	longer	time	to	reach	steady	state,	and
more	 importantly	 regarding	 overdose,	 can	 take	 weeks	 to	 months	 to	 be	 fully
cleared.	Elimination	half-lives	are	dose-dependent	(ie,	higher	doses	and	lengthier
usage	 are	 associated	 with	 higher	 plasma	 levels	 and	 longer	 half-lives).	 SSRIs
show	 wide	 interindividual	 variation	 in	 pharmacokinetics	 and	 do	 not	 have	 a
clearly	established	dose-response	curve.

Metabolic	Impairment
Fluoxetine,	 sertraline,	 fluvoxamine,	 and	 citalopram	 are	 unaffected	 by	 renal
dysfunction.	 Paroxetine,	 although	 minimally	 excreted	 in	 the	 urine	 (like	 other
SSRIs),	 shows	 increased	 plasma	 concentrations	 in	 the	 setting	 of	 renal	 disease.
Fluoxetine,	sertraline,	paroxetine,	and	citalopram	doses	should	be	reduced	by	at



least	half	 in	patients	with	 liver	disease.	Fluvoxamine	has	been	used	 in	patients
with	cirrhosis	and	hepatic	encephalopathy	without	adverse	effects.	The	hepatic
clearance,	 not	 plasma	 concentration,	 of	 fluvoxamine	 is	 affected	 by	 cirrhosis.
Therefore,	the	dosage	frequency,	rather	than	the	total	dosage,	should	be	altered.
In	 elderly	 individuals,	 fluoxetine	 does	 not	 have	 altered	 pharmacokinetics.	 In
contrast,	 however,	 sertraline	 and	 paroxetine	 have	 increased	 plasma	 levels	 and
slower	clearance.	Although	citalopram	has	a	30%	longer	half-life	in	the	elderly,
the	frequency	and	severity	of	side	effects	are	not	higher	in	this	group.

Side	Effects
SSRIs	 can	 cause	 headaches,	 tremulousness,	 agitation,	 irritability,	 insomnia,
anorexia,	nausea,	vomiting,	diarrhea,	excess	sweating,	fatigue,	initial	anxiety	and
sexual	dysfunction	(ie,	decreased	libido,	and	erectile	and	orgasmic	dysfunction).
With	continued	use,	paroxetine	may	eventually	promote	weight	gain.	Paroxetine
and	 citalopram	 may	 be	 the	 most	 sedating.	 Sertraline	 may	 have	 more	 adverse
gastrointestinal	 effects.	 Sertraline	 and	 paroxetine	 more	 commonly	 cause
withdrawal	 symptoms	 upon	 abrupt	 cessation	 due	 to	 their	 relatively	 short	 half-
lives.	Paroxetine	and	fluoxetine	have	more	drug-drug	interactions	via	CYP	450
2D6	 hepatic	 enzyme	 inhibition.80	 Potential	 side	 effects	 include	 SSRI-induced
extrapyramidal	 syndrome,	 likely	 resulting	 from	 serotonergic	 antagonism	 of
dopaminergic	 CNS	 pathways.	 Akathisia,	 dystonia,	 parkinsonism,	 and	 tardive
dyskinesia–like	symptoms	have	been	reported.81	The	syndrome	of	inappropriate
antidiuretic	hormone	(SIADH)	is	an	uncommon	adverse	effect	reported	with	all
the	 SSRIs,	 especially	 in	 critically	 ill	 patients.	 Other	 causes	 of	 hyponatremia
should	 be	 sought	 before	 attributing	 the	 metabolic	 derangement	 to	 the	 SSRI.
SSRIs	do	not	 typically	cause	clinically	 significant	 changes	 in	heart	 rate,	blood
pressure,	 or	 the	 electrocardiogram.	 Citalopram,	 however,	 has	 been	 associated
with	dysrhythmias,	including	torsade	de	pointes	(especially	in	the	setting	of	QT
prolongation),	and	doses	should	generally	not	exceed	40	mg	per	day	(20	mg	per
day	 in	 patients	 >60	 years).	 There	 is	 also	 concern	 about	 escitalopram	 and
dysrhythmias	 as	 well.	 Overdoses	 of	 SSRIs	 are	 discussed	 in	 Chapter	 104:
“Antipsychotic	Poisoning.”

Drug-Drug	Interactions
The	 SSRIs	 are	 extensively	 metabolized	 by	 the	 cytochrome	 P450	 system.	 All
inhibit	 various	 isoenzymes	 in	 this	 system	 and	 consequently	 raise	 the	 plasma
levels	 of	 other	 drugs	metabolized	 by	 those	 isoenzymes:	 sertraline,	 citalopram,



and	 escitalopram	do	 this	 the	 least.	 The	 interactions	most	 likely	 to	 occur	 in	 an
ICU	are	listed	in	Table	159.8.	Attention	to	drug	dosage	can	mitigate	the	harmful
effects	of	these	interactions.

TABLE	159.8

Selected	Substrates	and	Inhibitors	of	Cytochrome	P450
Isoenzymes

1A2 2C 2D6 3A3/4

Substrates

Acetaminophen Barbiturates Codeine Amiodarone

Aminophylline Diazepam Encainide Astemizole

Haloperidol Mephenytoin Flecainide Calcium-channel	blockers

TCAs Omeprazole Haloperidol Cisapride

Theophylline Phenytoin Hydrocodone Diazepam

Propranolol Metoprolol Disopyramide

TCAs Propafenone Lidocaine

Propranolol Loratadine

TCAs Macrolide	antibiotics

Timolol Omeprazole

Propafenone

Quinidine

Steroids

Terfenadine

TCAs



Inhibitors

Fluoxetine Fluoxetinea Fluoxetinea Fluoxetine

Fluvoxaminea Fluvoxaminea Paroxetinea Fluvoxaminea

Paroxetine Sertraline Sertraline Nefazodonea

Sertraline

aStrong	inhibitor.
TCAs,	tricyclic	antidepressants.

Drug	Discontinuation
About	 20%	 of	 patients	 develop	 antidepressant	 discontinuation	 syndrome
following	 an	 abrupt	 discontinuation	 or	 dose	 reduction	 of	 a	 medication	 taken
continuously	for	at	 least	month.	Symptoms	occur	within	2	 to	4	days	after	drug
cessation	 and	 tend	 to	 last	 1	 to	 2	 weeks	 and	 on	 occasion	 up	 to	 1	 year.	 The
symptoms	of	the	SSRI	discontinuation	syndrome	(eg,	flulike	symptoms,	fatigue,
weakness,	 tiredness,	headache,	dizziness,	myalgias,	paresthesias,	electric-shock
sensations,	 nausea)	 are	 usually	 mild	 and	 generally	 eclipsed	 by	 more	 pressing
issues	in	critically	ill	patients.82,83

Serotonin-Norepinephrine	Reuptake	Inhibitors

Venlafaxine
4 	 Venlafaxine	 (Effexor)	 is	 a	 selective	 serotonin	 and	 norepinephrine	 reuptake
inhibitor	 (SNRI).	 It	 is	 similar	 to	 the	SSRIs	 in	most	clinical	and	pharmacologic
aspects.	It	has	few	anti-α1-adrenergic,	anticholinergic,	and	antihistaminergic	side
effects.	Venlafaxine	has	a	6-	to	8-hour	half-life	and	must	be	given	two	to	three
times	daily,	but	an	extended-release	preparation	(Effexor	XR)	allows	once-daily
dosing.	 It	 causes	 a	 dose-dependent	 increase	 in	 systolic	 and	 diastolic	 blood
pressure	 (up	 to	7.5	mm	Hg),	occurring	 in	approximately	7%	of	patients	 taking
daily	 doses	 between	 200	 and	 300	 mg	 and	 in	 up	 to	 13%	 of	 patients	 taking
>300	mg.84	The	major	active	metabolite	of	venlafaxine,	desvenlafaxine,	 is	now
available	 as	 a	 primary	 compound	 (Pristiq);	 its	 advantages	 over	 its	 parent
compound	are	uncertain.



Duloxetine
Another	SNRI,	duloxetine	(Cymbalta)	is	indicated	for	MDD,	generalized	anxiety
disorder,	diabetic	neuropathy,	and	 fibromyalgia.	 Its	half-life	 is	12	hours,	and	 it
can	 be	 given	 once	 or	 twice	 daily.	 Like	 venlafaxine,	 it	 has	 little	 effect	 on	 α1-
adrenergic,	cholinergic,	and	histaminergic	receptors.	Any	therapeutic	advantage
over	 venlafaxine,	 particularly	 for	 critically	 ill	 patients,	 has	 yet	 to	 be
demonstrated.

Levomilnacipran
The	 latest	 SNRI	 to	 be	 approved,	 levomilnacipran	 (Fetzima)	 is	 the	more	 active
enantiomer	 of	 milnacipran.	 Levomilnacipran	 has	 an	 approximately	 twofold
greater	 potency	 for	 norepinephrine	 relative	 to	 serotonin	 reuptake	 inhibition	 at
low	 doses,	 although	 at	 higher	 doses,	 these	 potencies	 are	 the	 same.85	 This
characteristic	 may	 present	 an	 advantage	 especially	 among	 those	 patients	 with
symptoms	of	dorsolateral	prefrontal	dysfunction	(eg,	fatigue,	poor	concentration,
executive	dysfunction)	who	may	not	have	been	able	to	tolerate	other	SNRIs.80	It
is	 not	 known	 to	 have	 affinity	 for	 adrenergic,	 muscarinic,	 or	 histaminergic
receptors.85	 Levomilnacipran	 is	 delivered	 in	 an	 extended-release	 capsule	 given
once	 daily	 in	 a	 recommended	 dose	 range	 of	 40	 to	 120	 mg.	 Because
levomilnacipran	 is	 metabolized	 by	 cytochrome	 P450	 3A4,	 dose	 reduction	 is
necessary	when	it	is	coadministered	with	CYP3A4	inhibitors,	like	erythromycin,
diltiazem,	ketoconazole,	ritonavir,	verapamil,	and	grapefruit.	The	half-life	of	the
drug	is	approximately	12	hours.	Elimination	of	 levomilnacipran	occurs	renally.
Dose	 reduction	 is	 recommended	 for	 patients	 with	 moderate	 to	 severe	 renal
impairment,	 and	 its	 use	 is	 not	 recommended	 for	 patients	with	 end-stage	 renal
disease.86	Dose	adjustment	is	not	required	in	patients	with	hepatic	insufficiency.87
Adverse	effects	most	commonly	include	hyperhidrosis,	tachycardia,	palpitations,
nausea,	vomiting,	constipation,	and	erectile	dysfunction.	Levomilnacipran	does
not	appear	to	prolong	the	QT	interval,	but	it	has	been	associated	with	orthostatic
hypotension	and	minor	increases	in	systolic	and	diastolic	blood	pressure.

Atypical	Antidepressants

Vortioxetine
Approved	in	2013,	vortioxetine	(Brintellix	and	Trintellix)	is	a	serotonin	reuptake



inhibitor:	a	5-HT1A	receptor	full	agonist,	5-HT1B	receptor	partial	agonist,	and	a	5-
HT1D,	 5-HT3A,	 and	 5-HT7	 receptor	 antagonist.88,89	 It	 is	 efficacious	 and	 well
tolerated	 as	 an	 antidepressant	 and	 appears	 to	 result	 in	 improved	 cognitive
performance	including	executive	function,	attention,	processing	speed,	learning,
and	memory.	It	seems	that	the	beneficial	effects	on	cognition	are	independent	of
its	positive	impact	on	depressive	symptoms.90	With	a	half-life	of	approximately
66	hours,91	 it	 is	dosed	once	daily	between	5	and	20	mg.	No	dose	adjustment	is
needed	in	patients	with	mild	to	moderate	hepatic	impairment	or	in	patients	with
mild	 to	 end-stage	 renal	 impairment.91	 Vortioxetine	 is	 metabolized	 by	 multiple
cytochrome	P450	enzymes,	primarily	2D6.	It	has	no	active	metabolites.92	It	has
low	risk	of	sexual	side	effect,	weight	gain,	and	sedation.80	Vortioxetine	has	been
found	to	be	safe	and	effective	in	the	geriatric	population.93	Its	major	side	effects
are	nausea,	vomiting,	and	constipation.

Vilazodone
Approved	in	2011,	vilazodone	(Viibryd)	is	a	serotonin	reuptake	inhibitor	and	5-
HT1A	partial	agonist.	The	recommended	target	dosage	is	20	to	40	mg	daily	with
food.	It	should	be	titrated,	starting	with	an	initial	dose	of	10	mg	once	daily	for
7	 days,	 followed	 by	 20	 mg	 once	 daily	 for	 an	 additional	 7	 days	 and	 then,	 if
indicated,	 40	 mg	 daily.	 Metabolized	 by	 the	 cytochrome	 P450	 3A4	 isozyme,
vilazodone	may	need	to	be	administered	in	lower	dosages	when	combined	with
3A4	 inhibitors	and	 in	higher	dosages	when	combined	with	3A4	 inducers.94	No
dose	 adjustment	 is	 recommended	 in	 patients	 with	 hepatic	 impairment.95
Breakthrough	seizures	in	a	patient	with	a	history	of	seizure	disorder	and	seizure
associated	 with	 serotonin	 syndrome	 in	 overdose	 have	 been	 reported	 with
vilazodone.96,97	Although	few	data	exist,	vilazodone	has	not	been	found	to	have
an	effect	on	heart	rate	or	cardiac	conduction.98	The	most	common	adverse	effects
are	insomnia,	fatigue,	nausea,	vomiting,	and	diarrhea.99	During	clinical	trials,	no
significant	effects	on	weight	were	noted.

Bupropion
A	 monocyclic	 ketone	 antidepressant,	 bupropion	 (Wellbutrin)	 blocks
norepinephrine	and	dopamine	reuptake.	As	such,	it	can	be	activating	and	used	in
place	 of	 psychostimulants	 for	 patients	 who	 cannot	 tolerate	 these	 agents	 or	 in
whom	 they	 are	 contraindicated.	 Its	 major	 side	 effects	 are	 agitation,	 insomnia,
tremulousness,	nausea,	vomiting,	and	diarrhea.	It	has	a	lower	risk	of	weight	gain
and	 sexual	 side	 effects	 that	 the	 SSRI	 and	 SNRI.80	 The	 immediate-release



formulation	is	associated	with	an	increased	risk	of	seizures,	but	 this	risk	 in	 the
sustained-release	 and	 extended-release	 preparations	 is	 comparable	 to	 that
associated	with	 other	 antidepressants.	 It	 carries	 a	 low	 risk	 of	 cardiac	 toxicity,
though,	 in	 overdose,	 sinus	 tachycardia	 and	 intraventricular	 conduction	 delays
have	 been	 reported.100	 Bupropion	 has	 gained	 widespread	 use	 as	 an	 aid	 in
smoking	cessation.

Mirtazapine
Mirtazapine	(Remeron)	is	an	analog	of	the	tetracyclic	antidepressant,	mianserin.
As	 an	 antagonist	 at	 presynaptic	 and	 postsynaptic	 α2-adrenergic	 autoreceptors
and	 at	 postsynaptic	 5-HT2a/2c	 and	5-HT3	 receptors,	 it	 enhances	 norepinephrine,
serotonin	 and	 dopamine	 transmission.	 It	 has	 few	 anticholinergic	 and	 anti-α1-
adrenergic	 effects.	 Mirtazapine	 is	 a	 potent	 histamine	 blocker	 and	 can	 cause
significant	 sedation,	 an	 increase	 in	 appetite,	 and	 weight	 gain—a	 side-effect
profile	that	is	often	exploited	to	advantage	in	medically	ill	patients.	Mirtazapine
is	devoid	of	 significant	effects	on	 the	cytochrome	P450	system,	making	 it	 less
apt	to	cause	drug-drug	interactions.

Tricyclic	Antidepressants
TCAs	work	by	blocking	reuptake	of	norepinephrine	and	serotonin	at	presynaptic
sites.	They	block	muscarinic	M1,	histamine	H1,	and	α-adrenergic	receptors.	The
most	 common	 side	 effects	 of	 TCAs	 are	 sedation,	 orthostatic	 hypotension,	 and
anticholinergic	 effects	 both	 peripherally	 and	 centrally	 (including	 confusion,
blurred	vision,	dry	mouth,	constipation,	and	urinary	hesitancy	or	retention).	They
can	 also	 cause	 antihistaminic	 effects,	 decreased	 seizure	 threshold,	 sexual
dysfunction,	 diaphoresis	 and	 tremor.	 The	 tertiary-amine	 parent	 compounds,
amitriptyline	 (Elavil)	and	 imipramine	 (Tofranil),	are	more	apt	 to	produce	 these
adverse	 effects	 than	 are	 their	 respective	 secondary-amine	 metabolites,
nortriptyline	 (Pamelor)	 and	 desipramine	 (Norpramin).	 TCAs	 have	 been
associated	 with	 heart	 block,	 ventricular	 arrhythmias	 and	 sudden	 death.101
Because	of	this	extensive	side-effect	profile,	including	adverse	effects	on	cardiac
conduction	and	cardiac	 rhythm,	 the	TCAs	have	 largely	been	eclipsed	 in	 recent
times	by	the	SSRIs	and	other	newer	agents,	which	are	safer	and	better	tolerated.
TCAs	are	relatively	contraindicated	in	patients	with	cardiac	disease	and	are	not
recommended	in	the	acute	post-MI	period.	In	fact,	some	data	even	suggest	that
TCAs	may	precipitate	arrhythmias	and	 sudden	death	 in	cohorts	other	 than	 just
the	post-MI	population.102	As	a	result,	it	is	relatively	unusual	to	see	a	patient	on	a



TCA	at	an	antidepressant	dose	in	the	ICU	and	highly	unusual	to	start	a	TCA	in
an	 ICU	patient.	TCAs	 are	 still	 used	with	 some	 regularity	 for	 neuropathic	 pain
syndromes;	when	used	in	this	situation,	doses	are	much	lower	than	those	used	in
depression	treatment.	Overdoses	with	TCAs	may	be	treated	in	the	ICU	and	are
discussed	in	Chapter	104:	“Antipsychotic	Poisoning.”

Monoamine	Oxidase	Inhibitors
MAOIs	 (isocarboxazid	 [Marplan],	 phenelzine	 [Nardil],	 and	 tranylcypromine
[Parnate])	work	by	blocking	the	oxidative	deamination	of	biogenic	amines	(eg,
norepinephrine	 and	 serotonin)	 and	 have	 been	 used	 for	 the	 treatment	 of
depression	 since	 the	 1950s.	 The	 primary	 problems	 potentially	 occurring	 with
MAOIs	are	drug-drug	interactions	that	can	cause	serotonin	syndrome	as	well	as
drug-food	 interactions	 that	 can	 cause	 a	 hypertensive	 crisis.101	 In	 particular,
MAOIs	 should	 never	 be	 coadministered	 with	 other	 antidepressants,	 especially
SSRIs,	 as	 the	 combination	 can	 lead	 to	 serotonin	 syndrome.103	 Serotonin
syndrome	 is	 a	 potentially	 life-threatening	 condition	 caused	 by	 increased
serotonergic	 activity	 in	 the	 CNS,	 seen	 with	 therapeutic	 medication	 use,
inadvertent	 interactions	 between	 drugs	 or	 intentional	 self-poisoning.	 Serotonin
syndrome	 manifests	 with	 mental	 status	 changes,	 autonomic	 hyperactivity	 and
neuromuscular	 abnormalities.	 When	 switching	 from	 a	 MAOI	 to	 another
antidepressant,	 at	 least	 2	 weeks	 must	 pass	 before	 introducing	 the	 new	 agent.
MAOIs	may	cause	a	profound	hypertensive	crisis	when	a	patient	taking	MAOIs
also	 takes	 a	 sympathomimetic	 medication	 (eg,	 reserpine,	 guanethidine,
pseudoephedrine,	and	ephedrine)	or	ingests	tyramine-containing	foods	(eg,	aged
cheeses,	 pickled	 foods,	 and	 yeast	 extracts).	 Coadministration	 with	 opioids,
particularly	 meperidine,	 also	 may	 lead	 to	 hypertensive	 crises	 and	 to	 elevated
blood	 levels	 of	 meperidine	 and	 its	 neurotoxic	 metabolite,	 normeperidine.	 The
use	of	β-blockers	with	MAOIs	may	lead	to	unopposed	α-adrenergic	activity	and
also	cause	severe	hypertension.	For	these	reasons,	similar	to	TCAs,	MAOIs	are
infrequently	used	in	recent	times,	even	by	psychiatrists,	and	it	would	be	highly
unusual	 to	begin	an	MAOI	 in	an	 ICU	patient.	Overdoses	with	MAOIs	may	be
treated	in	the	ICU	and	are	discussed	in	Chapter	104:	“Antipsychotic	Poisoning.”

Pharmacologic	Treatment	of	Depression	in	Heart	Disease
Table	159.9	summarizes	the	studies	of	the	effect	of	antidepressant	treatment	on
psychiatric	 or	 cardiovascular	 outcome	 or	 both	 in	 patients	 with	 heart



disease.104,105,110-112,114,115

TABLE	159.9

Randomized	Controlled	Trials	of	Depression	Treatment	in
Patients	with	Cardiovascular	Disease

Study Enrollment Intervention Results

SADHART
(Sertraline
Antidepressant
Heart	Attack
Randomized
Trial))104

369	patients
with	MDD
and	ACS
(either	MI	or
unstable
angina)

Sertraline	50-
200	mg/d	vs
placebo	for	24	wk

Sertraline	had	no
significant	effect	on
mean	LVEF,	increase
in	PVCs,	QTc
prolongation,	and
other	cardiac
measures.	In	cohorts
with	recurrent	or
severe	MDD,
depression	scores
were	significantly
lower	in	the	sertraline
group.

ENRICHD
(Enhancing
Recovery	in
Coronary	Heart
Disease)105

2481
patients	with
modifieda
DSM-IV
major	or
minor
depression
and/or	low
perceived
social
support
within	28	d
after	MI

Intervention
(CBT	±	sertraline
50-200	mg/d	or
other	medication)	vs
usual	care	for	6	mo

The	intervention
yielded	a	significant,
though	modest,
improvement	in
depression	and	in
social	support	after
6	mo.	This	effect	was
insignificant	for
depression	after
30	mo	and	for	social
support	after	42	mo.
There	was	no
significant	difference
between	groups	in



death	or	nonfatal	MI,
all-cause	mortality,
cardiac	mortality,	or
recurrent	nonfatal	MI
after	an	average
follow-up	of	29	mo.

EsDEPACS
(Escitalopram
for	Depression
in	ACS)106-108

300	patients
with	recent
ACS	and
MDD	or
minor
depression

24-wk	RCT	of
escitalopram	(5-
20	mg)	evaluating
efficacy	and	safety
at	1-year	and	8-y
follow-up.	Main
psychiatric	outcome
was	HAM-D,	Main
cardiac	outcome
was	MACE	(major
adverse	cardia
effects:	all-cause
mortality,
myocardial
infarction,
percutaneous
coronary
intervention)

Escitalopram	was
superior	to	placebo	in
reducing	HAM-D
score	after	24	wk,
sustained	after	1	year.
MACE	was
significantly	less	in
the	intervention
group	after	a	median
of	8.1	y.

UPBEAT
(Understanding
Prognostic
Benefits	of
Exercise	and
Antidepressant
Therapy)108,109

101	patients
with	CAD
and
depression

4-mo,	3-arm	RCT
comparing	aerobic
exercise	(3	times
per	week),	sertraline
and	placebo	in	a
2:2:1	ration	and
assessing	efficacy	in
reducing	reduction
in	depression.	Main
psychiatric	outcome
was	17-item	HAM-
D.	Main	cardiac

The	exercise	and
sertraline	groups
achieve	larger
reductions	in
depression	compared
with	placebo	with	no
significant
differences	between
exercise	and
sertraline.	Exercise
and	sertraline	had
nearly	significant



outcomes	were
heart	rate
variability,	aerobic
capacity,	flow-
mediated
vasodilatation,
blood	pressure,
platelet	factor	4,	β-
thromboglobulin

improvements	in
heart	rate	variability
compared	with
placebo.

MIND-IT
(Myocardial
Infarction	and
Depression	–
Intervention
Trial)110

331	patients
with	ICD-10
depression
3-12	mo
after	MI

Intervention
(mirtazapine,
citalopram,	or
nonpharmacologic
treatment)	vs	usual
care	for	6	mo

There	was	no
difference	between
groups	in	mean	BDI
scores,	presence	of
depression,	and
incidence	of	cardiac
events	at	18	mo.

Honig,	2007
(Nested	RCT
within	MIND-
IT)111

91	patients
with	DSM-
IV
depression
3-12	mo
after	MI

Mirtazapine	vs
placebo	for	24	wk

Mirtazapine	was
superior	to	placebo
on	two	of	three
depression	scales	at	8
and	24	wk.	There
was	no	assessment	of
effect	on	cardiac
outcomes.

CREATE
(Canadian
Cardiac
Randomized
Evaluation	of
Antidepressant
and
Psychotherapy
Efficacy)112

284	patients
with	DSM-
IV	MDD	and
CAD

Twelve	weekly
sessions	of	IPT	with
CM	vs	CM	alone,
and	citalopram	20-
40	mg/d	vs	placebo
for	12	wk

The	addition	of	IPT
to	clinical
management
conferred	no
therapeutic
advantage.
Citalopram	was
significantly	more
effective	than
placebo	in	reducing
depression.



MOOD-HF
(The	Effects	of
Serotonin	Re-
Uptake
Inhibition	on
Morbidity,
Mortality	and
Mood	in
Depressed
Heart	Failure
Patients)113

372	patients
with	heart
failure	and
reduced
LVEF	and
MDD

24	mo	RCT	of
Escitalopram	(10-
20	mg)	or	placebo
to	assess	safety	and
efficacy.	Depression
assessed	with	10-
item	MADRS,	Main
cardiac/medical
outcome	was	time
to	all-cause	death	or
hospitalization

Intervention	did	not
significantly	change
MADRS,	all-cause
mortality,	or
hospitalization	rate.

SADHART-
CHF
(Sertraline
Against
Depression	and
Heart	Disease
in	Chronic
Heart
Failure)114

469	patients
with	DSM-
IV	MDD	and
LVEF	≤45%

Sertraline	50-
200	mg/d	vs
placebo	for	12	wk

Sertraline	was	safe,
but	there	was	no
significant	difference
between	groups	in
reduction	of
depression	or	in
improvement	in
cardiac	status.

Bypassing	the
Blues115

302	post-
CABG
patients	with
PHQ-9	score
≥10

Collaborative	care
vs	usual	care	for
8	mo

The	intervention
yielded	greater
improvements	in
mental	health–related
quality	of	life,
physical	functioning,
and	mood	symptoms.

aSymptoms	of	≥7	days’	duration	if	there	was	≥1	prior	depressive	episode,	14	days	if	not.
ACS,	acute	coronary	syndrome;	BDI,	Beck	Depression	Inventory;	CABG,	coronary	artery	bypass
graft;	CAD,	coronary	artery	disease;	CBT,	cognitive-behavioral	therapy;	CM,	clinical	management;
DSM-IV,	Diagnostic	and	Statistical	Manual	of	Mental	Disorders	(Fourth	Edition);	ICD-10,
International	Classification	of	Diseases,	tenth	edition;	IPT,	interpersonal	therapy;	LVEF,	left
ventricular	ejection	fraction;	MADRS,	Montgomery-Asberg	Depression	Rating	Scale;	MDD,	major
depressive	disorder;	MI,	myocardial	infarction;	PHQ,	Patient	Health	Questionnaire;	PVCs,
premature	ventricular	contractions;	QTc,	QT	interval	corrected	for	heart	rate;	SSRI,	selective
serotonin	reuptake	inhibitor.

The	Sertraline	Antidepressant	Heart	Attack	Randomized	Trial	(SADHART)



was	designed	to	evaluate	only	the	safety	and	efficacy	of	sertraline,	not	its	effect
on	 cardiac	 outcomes.	 Nevertheless,	 the	 number	 of	 severe	 events	 (eg,	 death,
stroke,	 myocardial	 infarction	 [MI],	 recurrent	 angina,	 congestive	 heart	 failure)
was	 lower	 in	 patients	 treated	 with	 sertraline	 (14.5%)	 compared	 with	 those
receiving	 placebo	 (22.4%).104	 After	 a	median	 follow-up	 of	 6.7	 years,	 baseline
MDD	severity	and	persistence	of	depression	despite	active	or	placebo	treatment
in	 the	 6	 months	 immediately	 after	 ACS	 independently	 predicted	 more	 than	 a
doubling	of	mortality	risk.116

The	 Enhancing	 Recovery	 in	 Coronary	 Heart	 Disease	 Patients	 (ENRICHD)
study	was	 the	 first	 trial	 of	 the	 effect	 of	 depression	 treatment	 on	mortality	 and
reinfarction	 among	 post-MI	 patients.105	 On	 initial	 analysis,	 the	 differential
improvement	of	depression	between	 the	 intervention	and	 the	usual-care	groups
was	 only	 modest	 and	 short-lived.	 Most	 notably,	 the	 intervention	 yielded	 no
cardiac	 benefits.	 However,	 secondary	 analysis	 found	 that	 patients	 exposed	 to
SSRIs	 had	 a	 lower	 risk	 of	 death	 or	 recurrent	 MI	 and	 of	 all-cause	 mortality
compared	to	patients	who	did	not	take	SSRIs.117

Carney	et	al	undertook	a	subgroup	analysis	of	patients	with	full	(rather	than
modified)	 criteria	 for	MDD	 or	 minor	 depression,	 a	 baseline	 Beck	 Depression
Inventory	 (BDI)	 score	≥10,	 and	a	history	of	 at	 least	one	episode	of	MDD	and
completed	the	follow-up	evaluation	6	months	after	enrollment	(ie,	those	patients
who	completed	the	intervention).118	Although	the	difference	in	the	mean	change
in	 BDI	 score	 from	 baseline	 to	 6	 months	 between	 groups	 was	 higher	 in	 this
narrowed	sample	 than	 in	 the	entire	cohort,	 this	enhanced	 improvement	did	not
translate	 into	 a	 survival	 benefit.	 Although	 patients	 who	 responded	 to	 the
intervention	 experienced	 a	 reduction	 in	 mortality,	 the	 authors	 recommended
caution	in	evaluating	this	finding,	because	it	was	based	on	small	numbers.

The	 study	 of	 Escitalopram	 for	 Depression	 in	 Acute	 Coronary	 Syndrome
(EsDEPACS)	investigated	the	effect	on	long-term	major	adverse	cardiac	events
(MACE)	 of	 depression	 in	 patients	 with	 recent	 ACS.	 It	 was	 a	 randomized,
double-blind,	 placebo-controlled	 trial	 conducted	 among	 patients	 with	 recent
ACS	 and	 depression.	 Patients	 were	 randomly	 assigned	 to	 receive	 either
escitalopram	in	flexible	doses	of	5,	10,	15,	or	20	mg	per	day	or	matched	placebo
for	 24	 weeks.	 The	 primary	 outcome	 was	 MACE,	 a	 composite	 of	 all-cause
mortality,	 MI,	 and	 percutaneous	 coronary	 intervention	 (PCI).	 Four	 secondary
outcomes	were	the	individual	MACE	components	of	all-cause	mortality,	cardiac
death,	MI,	and	PCI.	Among	300	randomized	patients,	100%	completed	a	median
of	 8.1	 years	 of	 follow-up.	 The	 treatment	 group	 was	 associated	 with	 an
occurrence	of	major	 cardiac	outcomes	of	40.9	vs	53.6%,	a	difference	 that	was
statically	 significant.	 The	 beneficial	 effect	 of	 escitalopram	 over	 placebo	 was



observed	 for	 composite	 MACE	 and	 MI	 outcomes,	 but	 not	 for	 any	 mortality
outcomes.106

The	study	Understanding	Prognostic	Benefits	of	Exercise	and	Antidepressant
Therapy	for	persons	with	depression	and	heart	disease	(UPBEAT)	was	designed
to	 assess	 the	 efficacy	 of	 exercise	 and	 antidepressant	 medication	 in	 reducing
depressive	 symptoms	 and	 improving	 cardiovascular	 biomarkers	 in	 depressed
patients	 with	 CHD.	 One-hundred	 and	 one	 patients	 with	 CHD	 and	 depression
were	assessed	with	a	psychiatric	 interview	and	 the	Hamilton	Ratings	Scale	 for
Depression	 (HAM-D).	 Participants	 were	 randomized	 to	 4	 months	 of	 aerobic
exercise	 (3	 times	 a	 week),	 sertraline	 (50-200	 mg/day)	 or	 placebo.	 Additional
assessments	 of	 cardiovascular	 biomarkers	 included	 measures	 of	 heart	 rate
variability	(HRV),	endothelial	function,	baroreflex	sensitivity,	inflammation,	and
platelet	 function.	After	16	weeks,	all	groups	 showed	 improvement	on	HAM-D
scores.	Participants	in	aerobic	exercise	and	sertraline	achieved	larger	reductions
compared	 with	 placebo.	 Exercise	 and	 medication	 were	 equally	 effective	 for
reducing	 depressive	 symptoms	 and	 tended	 to	 result	 in	 greater	 improvement	 in
HRV.109

The	 Myocardial	 Infarction	 and	 Depression-Intervention	 Trial	 (MIND-IT)
examined	 the	 effects	 of	 antidepressant	 treatment	 on	 cardiac	 prognosis	 and	 the
long-term	 course	 of	 depression.110	 The	 active	 treatment	 arm	 included	 three
possibilities:	 randomization	 to	 mirtazapine	 or	 placebo;	 open	 treatment	 with
citalopram;	 or	 treatment	 at	 the	 discretion	 of	 the	 treating	 psychiatrist.	 Those
randomized	 to	 mirtazapine	 or	 placebo	 were	 given	 the	 option	 to	 switch	 to
unblinded	 citalopram	 if	 there	 was	 no	 response	 after	 8	 weeks.	 Similar	 to
ENRICHD,	no	 significant	 differences	 between	 active	 treatment	 and	 usual	 care
were	found	in	depressive	or	cardiac	outcome.	In	a	separate	analysis	of	 just	 the
patients	 who	 received	 mirtazapine,	 this	 agent	 yielded	 a	 therapeutic	 advantage
over	placebo.111	 In	a	three-way	comparison	of	responders	and	nonresponders	to
either	 antidepressant	 (mirtazapine	or	 citalopram)	 and	patients	who	 received	no
treatment,	 responders	 had	 the	 least	 cardiac	 events,	 followed	 by	 the	 untreated
patients	 and	 then	 the	 nonresponders,	 leading	 the	 authors	 to	 suggest	 that
persistence	of	depression	may	be	the	crucial	“cardiotoxic”	attribute	of	depressive
illness,	for	which	treatment	resistance	may	be	a	marker.119

In	an	8-year	follow-up	of	MIND-IT	participants,	there	remained	no	difference
between	intervention	and	usual-care	groups	in	cardiovascular	events	and	cardiac
mortality.120	 However,	 those	 who	 received	 depression	 treatment,	 regardless	 of
group	assignment,	experienced	a	reduction	in	all-cause	mortality.

The	 Canadian	 Cardiac	 Randomized	 Evaluation	 of	 Antidepressant	 and
Psychotherapy	 Efficacy	 (CREATE)	 trial,	 the	 first	 and	 only	 study	 designed	 to



evaluate	 paired	 psychologic	 and	 pharmacologic	 interventions	 for	 depression
treatment	 in	 CHD	 patients,	 failed	 to	 show	 a	 therapeutic	 advantage	 for
interpersonal	 therapy;	 a	manualized,	 short-term	 therapy	 focused	 on	 loss,	 grief,
life	 transitions,	 interpersonal	 conflicts	 and	 social	 isolation.112	 It	 demonstrated,
however,	that	citalopram	is	an	effective	antidepressant	in	this	population.

The	effects	of	selective	serotonin	reuptake	inhibition	on	morbidity,	mortality
and	mood	 in	depressed	heart	 failure	patients	 (MOOD-HF)	was	a	double-blind,
placebo-controlled,	 randomized	 clinical	 trial	 conducted	 at	 16	 tertiary	 medical
centers	 in	 Germany.	 Outpatients	 with	 NYHA	 class	 II-IV	 heart	 failure	 and
reduced	 left	 ventricular	 election	 fraction	 (<45%)	were	 screened	 for	 depression
using	the	9-item	Patient	Health	Questionnaire	(PHQ-9)	and	those	with	suspected
depression	were	invited	to	undergo	a	Structured	Clinical	Interview	based	on	the
Diagnostic	 and	 Statistical	 Manual	 of	 Mental	 Disorders	 (fourth	 edition)	 to
establish	 the	 diagnosis.	 Three	 hundred	 seventy-two	 patients	 were	 randomized
1:1	 to	 received	 escitalopram	 (10-20	 mg)	 or	 matching	 placebo	 in	 addition	 to
optimal	 heart	 failure	 therapy.	 Study	 duration	was	 24	months.	 In	 patients	 with
chronic	heart	failure	with	reduced	ejection	fraction	and	depression,	18	months	of
treatment	 with	 escitalopram	 compared	 to	 placebo	 did	 not	 significantly	 reduce
all-cause	mortality	or	hospitalization	and	there	was	not	significant	improvement
in	depression.113

In	 the	 Bypassing	 the	 Blues	 (BtB)	 study,	 the	 collaborative-care	 intervention
involved	 a	 nurse	 care	 manager	 telephoning	 post-CABG	 patients	 to	 describe
treatment	 options,	 including	 starting	 or	 adjusting	 antidepressant	 medications
prescribed	by	their	primary-care	physicians.115	A	secondary	analysis	showed	that
the	 beneficial	 effects	 of	 the	 intervention	 were	 not	 because	 of	 adjustments	 in
these	 medications,121	 suggesting	 that	 other	 elements	 of	 the	 intervention	 (eg,
routine	 symptom	 monitoring,	 self-management	 of	 symptoms,	 psychiatric
referral)	may	have	been	the	active	ingredients	of	collaborative	care.

The	 first	 study	 of	 the	 prevention	 of	 depression	 in	 CHD	 patients,	 the
Depression	 in	 Coronary	 Artery	 Disease	 (DECARD)	 trial	 randomized	 240
patients	 with	 ACS,	 but	 without	 depression,	 to	 1	 year	 of	 escitalopram	 or
placebo.122	 Two	 of	 120	 escitalopram-treated	 patients	 developed	 a	 depressive
episode	 (ICD-10	 criteria),	 whereas	 10	 of	 119	 (one	 randomized	 patient	 was
ultimately	excluded)	placebo-treated	patients	did.	The	authors	reported	this	as	a
statistically	 significant	 difference,	 but	 an	 accompanying	 editorial123	 suggested
that	the	study	was	underpowered	and	raised	concerns	about	its	design,	conduct,
and	reporting	and	about	the	cost	and	the	prudence	of	exposing	patients	without
depression	to	antidepressant	medication.



Pharmacologic	Treatment	of	Depression	in	Stroke
Tables	159.10	and	159.11	summarize	findings	from	randomized	controlled	trials
of	 depression	 treatment	 and	 prevention,	 respectively,	 for	 patients	 with
cerebrovascular	 disease.124-144	 Double-blind	 treatment	 trials	 have	 demonstrated
the	 safety	 and	 efficacy	 of	 antidepressants	 for	 treating	 poststroke	 depression;
SSRIs	are	 typically	preferred	owing	 to	 their	more	 favorable	side-effect	profile.
Although	 concern	 has	 been	 raised	 about	 the	 risk	 of	 hemorrhagic	 stroke	 with
SSRIs,	 given	 their	 impact	 on	 platelet	 activity,	 a	 large	 database-derived	 case–
control	study	of	nearly	400,000	patients	showed	no	association.145

TABLE	159.10

Randomized,	Controlled	Trials	of	Depression	Treatment	in
Patients	with	Cerebrovascular	Disease

First
Author,
year

Enrollment Intervention Results

Karaiskos,
2012124

60	patients
following
acute
ischemic
stroke	or
intracerebral
hemorrhage
with	DSM-IV
depressive
episode

Duloxetine	60-
120	mg/d	vs
citalopram	20-
40	mg/d	vs
sertraline	50-
200	mg/d	for
3	mo

All	groups	showed
improvements	in	depression
and	anxiety	but	not	fatigue.
Duloxetine	was	well
tolerated	and	more	effective
than	the	other	two	agents	for
anxiety.

Cravello,
2009125,40

50	poststroke
patients	with
depression

Venlafaxine	SR
75-150	mg/d	vs
fluoxetine	20-
40	mg/d	for
8	wk

Both	agents	yielded	similar
improvement	in	depressive
symptoms.	Venlafaxine
showed	more	improvement
on	an	alexithymia	scale.

Choi- 152	patients Fluoxetine Fluoxetine	produced



Kwon,
2008126

3-28	mo
after	stroke
with
depression,
emotional
incontinence,
or	anger
proneness

20	mg/d	vs
placebo	for
3	mo

significantly	higher	scores	in
the	mental	health,	general
health,	and	social
functioning	domains	of	QOL
after	12	mo.

Li,	2008127 150
poststroke
patients	with
moderate	to
severe
depression

FEWPa	vs
fluoxetine	vs
placebo	for	8	wk

The	active	arms	showed	a
higher	clinical	response	than
placebo,	but	no	difference
between	FEWP	and
fluoxetine	was	discernible	at
the	end	of	the	study.

Robinson,
2008128

159	patients
with	MDD
10	d	to	3	mo
after	stroke

Nefiracetamb

600	or	900	mg/d
vs	placebo

Both	arms	showed	response
rates	>	70%	and	remission
rates	>	40%.	Patients	in	the
top	quintile	of	HDRS	scores
showed	a	significant	effect
with	900	mg	compared	to
600	mg	or	placebo.

Williams,
2007129

188	patients
with
poststroke
depression

Patients	received
treatment
through	a
medication
algorithm	with
paroxetine,
sertraline,
venlafaxine	or
mirtazapine	vs
usual	care	for
12	wk

Depression	response	and
remission	were	more	likely
in	the	intervention	group.

Choi-
Kwon,
2006130

152
poststroke
patients	with

Fluoxetine
20	mg/d	vs
placebo	for

Fluoxetine	significantly
improved	emotional
incontinence	and	anger



depression,
emotional
incontinence,
or	anger
proneness

3	mo proneness	but	not
depression.

Murray,
2005131

123
poststroke
patients	with
MDD	or
minor
depression

Sertraline	50-
100	mg/d	vs
placebo	for
26	wk

Both	groups	improved
substantially.	There	was	no
difference	in	depression
between	groups	and
significantly	less	emotional
distress	and	better	QOL	in
the	treatment	group.

Rampello,
2005132

31	patients
with
“retarded”
depression
within	12	mo
after	stroke

Reboxetinec
4	mg	twice	daily
vs	placebo	for
16	wk

Reboxetine	showed	good
efficacy,	safety,	and
tolerability.	There	was	a
significant	difference	in
change	in	HDRS	and	BDI
scores	between	groups.

Rampello,
2004133

74	poststroke
patients	with
depression

Citalopram
20	mg/d	vs
reboxetine
4	mg/d	for
16	wk

Both	agents	showed	good
safety	and	tolerability.
Citalopram	showed	a	greater
effect	on	anxious	depression,
reboxetine	on	retarded
depression.

Fruehwald,
2003134

50	poststroke
patients	with
depression

Fluoxetine
20	mg/d	vs
placebo	for
3	mo

Both	groups	showed
significant	improvement,
with	no	between-group
difference,	after	1	mo.	At
18	mo,	the	fluoxetine	group
had	significantly	less
depression.

Robinson,
2000135

104
poststroke
patients	with
and	without

Nortriptyline
25-100	mg/d,
fluoxetine	10-
40	mg/d,	or

Nortriptyline	resulted	in	a
significantly	higher	response
than	fluoxetine	or	placebo	in
reversing	depression,



depression placebo	for
12	wk

reducing	anxiety,	and
improving	functional	status.
Neither	active	treatment
improved	cognitive	or	social
functioning	in	depressed	or
nondepressed	patients.

Wiart,
2000136

31	poststroke
patients	with
MDD

Fluoxetine
20	mg/d	vs
placebo	for	6	wk

Fluoxetine	produced	a
significant	improvement	in
depression	but	not	in	motor,
cognitive,	or	functional
scores.

Grade,
1998137

21	poststroke
patients
admitted	to	a
rehabilitation
facility

Methylphenidate
5-30	mg/d	vs
placebo	for	3	wk

Methylphenidate	yielded
lower	HDRS	and	Zungd
scores.

Andersen,
1994138

66	patients
with
depression	2-
52	wk	after
stroke

Citalopram	10-
40	mg/d	vs
placebo	for	3
and	6	wk

Citalopram	yielded	greater
improvement	than	placebo.

aA	Chinese	herbal	antidepressant.
bA	purported	cognitive	enhancer	used	in	patients	with	Alzheimer	disease.
cA	norepinephrine	reuptake	inhibitor	available	in	Europe.
dA	depression	rating	scale.

BDI,	Beck	Depression	Inventory;	FEWP,	Free	and	Easy	Wanderer	Plus;	HDRS,	Hamilton
Depression	Rating	Scale;	MDD,	major	depressive	disorder;	PSD,	poststroke	depression;	QOL,
quality	of	life;	SR,	sustained	release.

TABLE	159.11

Randomized,	Controlled	Trials	of	Depression	Prevention	in
Patients	With	Cerebrovascular	Disease



First
Author,
year

Enrollment Intervention Results

Tsai,	2011139 92	patients
following
acute
ischemic
stroke

Milnacipran
50-100	mg/d
for	12	mo

The	milnacipran	group	had
statistically	significantly
fewer	cases	of	poststroke
depression.

Robinson,
2008140

176	patients
without
depression
within	3	mo
after	stroke

Escitalopram
vs	placebo	vs
problem-
solving
therapy	for
1	y	for
prophylaxis

Patients	who	received	either
escitalopram	or	therapy	were
significantly	less	likely	to
develop	depression.	In	an
intention-to-treat	analysis,
escitalopram,	but	not	therapy,
was	significantly	superior	to
placebo	in	depression
prevention.

Almeida,
2006141

111	patients
without
depression
<2	wk	after
stroke

Sertraline
50	mg/d	vs
placebo	for
24	wk	for
prophylaxis

There	was	no	significant
difference	in	development	of
depressive	symptoms.

Niedermaier,
2004142

70
poststroke
patients	who
were	not
depressed

Mirtazapine
30	mg/d	vs
placebo	for
1	y	for
prophylaxis
and	treatment

Significantly	fewer	patients	in
the	treatment	group	developed
depression.	Fifteen	out	of	16
patients	who	developed
depression	were	treated
effectively	with	mirtazapine.

Rasmussen,
2003143

137
poststroke
patients	who
were	not
depressed	at
baseline

Sertraline	50-
150	mg/d	vs
placebo	for
1	y	for
prophylaxis

Significantly	fewer	patients	in
the	sertraline	group	developed
depression	compared	to	the
placebo	group.

Narushima, 48 Nortriptyline Significantly	fewer	depressive



Narushima,
2002144

48
poststroke
patients	who
were	not
depressed	at
baseline

Nortriptyline
25-100	mg/d,
fluoxetine	10-
40	mg/d,	or
placebo	for
12	wk	for
prophylaxis

Significantly	fewer	depressive
episodes	occurred	in	the
treatment	groups.	However,
more	nortriptyline-treated
patients	developed	depression
in	the	6	mo	after	treatment
was	stopped	compared	to	the
other	two	groups.

Jorge	et	al	found	that	poststroke	patients	who	received	escitalopram	showed
more	 improvement	 in	 global	 cognitive	 functioning	 than	 did	 patients	 who
received	placebo	or	problem-solving	therapy—independent	of	the	antidepressant
effect	of	the	SSRI.146	Similarly,	in	the	Fluoxetine	for	Motor	Recovery	after	Acute
Ischemic	Stroke	(FLAME)	trial,	a	randomized,	double-blind,	placebo-controlled
study	in	patients	with	ischemic	stroke	and	hemiplegia	or	hemiparesis,	treatment
with	 fluoxetine	 over	 3	 months	 was	 associated	 with	 improvement	 in	 motor
recovery,	 independent	 of	 the	 antidepressant	 effect	 of	 fluoxetine.147	 A	 recent
network	 meta-analysis	 by	 Deng	 et	 al	 demonstrated	 the	 SSRIs	 and	 TCAs
significantly	reduce	HAM-D	scores	more	 than	 the	control	 treatment.	The	same
study	 found	 that	 TCAs	 appear	 to	 be	 superior	 to	 SSRIs,	 as	 well	 as	 the
combination	 of	 psychotherapy	 and	 antidepressants	 in	 terms	 of	 response	 and
remission	rates.	Paroxetine,	citalopram,	 imipramine	and	nortriptyline	proved	 to
have	 therapeutic	 benefit.148	However,	 the	 anticholinergic	 and	 antinoradrenergic
side	effect	of	TCA	can	be	significant	and	limit	their	use.

An	important	advance	in	the	treatment	of	post	stroke	depression	has	been	the
demonstration	of	preventative	treatment.	Robinson	et	al	in	2008	showed	that	in	a
study	 of	 nondepressed	 patients	 with	 recent	 stroke,	 the	 use	 of	 citalopram	 or
problem-solving	therapy	resulted	in	a	significant	 lower	incidence	of	depression
over	 12	 months	 of	 treatment	 compared	 with	 placebo.3,140	 In	 a	 recent	 meta-
analysis	 of	 prevention	 trials,	 the	 findings	 of	 8	 randomized	 controlled	 studies
assessing	 the	 efficacy	 of	 preventative	 interventions	 among	 776	 initially
nondepressed	stoke	patients	were	summarized.	Pooled	analyses	showed	that	the
likelihood	 of	 post	 stroke	 depression	 was	 reduced	 among	 patients	 receiving
pharmacologic	treatment	especially	following	1-year	treatment	and	with	the	use
of	an	SSRI.3,149

Electroconvulsive	Therapy
5 	ECT	is	a	safe	and	effective	 treatment	 that	may	be	used	 in	cases	of	severe	or



psychotic	 depression	 where	 more	 conventional	 therapies	 cannot	 be	 used,	 are
ineffective	 or	 intolerable,	 when	 medical	 comorbidities	 prevent	 the	 use	 of
antidepressants,	when	there	was	a	previous	response	to	ECT	or	in	the	context	of
persistent	suicidal	ideas	or	intent.	ECT	has	become	part	of	the	standard	of	care
for	 the	 treatment	 of	 severe	 depression	 in	 the	medically	 ill,	 and	 is	 particularly
helpful	 for	 the	 depressive	 states	 accompanying	 stroke,	 Parkinson	 disease,	 and
dementia.150	ECT	is	also	used	to	treat	catatonia.

There	 are	 no	 absolute	 contraindications	 to	 ECT,	 but	 patients	 with	 unstable
cerebro-	 or	 cardiovascular	 disease	 or	 increased	 intracranial	 pressure	 warrant
closer	scrutiny.151-153	The	decision	 to	proceed	with	ECT	 is	made	after	 a	 careful
weighing	 of	 the	 risks	 of	 the	 treatment	 itself	 on	 any	 underlying	 physical
morbidity	 against	 the	 risks	 of	 ongoing	 untreated	 depressive	 illness.	 This
calculation	 is	 best	 done	 by	 a	 psychiatrist	 experienced	 in	 ECT	 in	 consultation
with	 an	 anesthesiologist	 and	 other	 specialists.	 Most	 relevant	 side	 effects	 are
medical	and	cognitive.	Nausea,	headaches,	myalgias,	dental/tongue	injuries	and
infrequently	fractures	in	patients	with	osteoporosis	can	occur.	Adverse	cognitive
effects	 include	 acute	 confusion	 and	 anterograde	 and	 retrograde	 amnesias.	 The
latest	research	in	this	area	has	examined	the	memory	impairment	associated	with
ECT	 and	 the	 relationship	 of	 lead	 placement	 (eg,	 bifrontal,	 bitemporal,	 and
unilateral)	to	cognitive	function.154-157

Transcranial	Magnetic	Stimulation
TMS	 is	a	brain	 stimulation	 technique	producing	 its	 clinical	 effects	without	 the
need	for	a	craniotomy	(as	with	DBS)	or	seizure	induction	(as	with	ECT).	It	is	a
focal,	 noninvasive	 form	 of	 stimulation	 producing	 limited	 side	 effects,	 and
research	 has	 shown	 that	 it	 is	 both	 efficacious	 in	 rigorous	 randomized	 clinical
trials	as	well	as	effective	in	real	world	settings	in	the	treatment	of	depression.158
TMS	uses	an	electromagnetic	coil	on	the	scalp	to	create	a	strong	(near	1.5	Tesla)
but	brief	(microseconds)	magnetic	field	that	would	reach	the	surface	of	the	brain
without	 any	 interference	 from	 the	 skin,	 muscle	 or	 bone.	 In	 the	 brain,	 the
magnetic	 pulse	 would	 induce	 an	 electric	 current.	 Thus,	 the	 magnetic	 field
created	 from	 electrical	 energy	 in	 the	 coil	 passes	 through	 the	 skull	 and	 is
transformed	again	into	electrical	energy	in	the	brain.158,159	Patients	being	treated
with	TMS	undergo	five	daily	treatment	sessions	over	three	to	6	weeks,	resulting
in	a	total	of	20	to	30	sessions	during	treatment.	Levels	of	excitability	of	neuronal
stimulation	 can	 be	 regulated,	 with	 low	 (1	 Hz)	 pulse	 frequency,	 leading	 to
reduced	 cortical	 excitability,	 while	 faster	 frequency	 (10-20	 Hz)	 increases	 the
cortical	excitability.	The	intensity	of	the	TMS	stimulation	is	most	often	100%	to



120%	of	motor	threshold	(MT—the	minimum	amount	of	single-pulse	energy	to
the	motor	cortex	required	to	induce	motor	neuron	firing	and	muscle	contraction
of	 the	 contralateral	 thumb).	 The	 stimulation	 train	 and	 intertrain	 interval	 (ITI)
have	an	impact	on	safety,	with	shorter	trains	and	shorter	ITI	being	less	likely	to
induce	a	seizure.160	High-frequency	stimulation	of	the	left	dorsolateral	prefrontal
cortex	(DLPFC)	alleviates	depressive	symptoms,	whereas	low-frequency	cortical
stimulation	of	the	right	DLPFC	helps	to	relieve	the	symptoms	of	both	depression
and	anxiety.	Many	randomized	clinical	trials	have	shown	that	daily	TMS	of	the
left	prefrontal	cortex	was	effective	in	treating	depressive	mood	symptoms,	with
remission	 rates	 of	 30%	 to	 40%	 of	 cases.	 Similar	 to	 antidepressants,	 TMS
resulted	 in	 sustained	 improvement	 in	 mood	 symptoms	 but	 with	 fewer	 side
effects.158,161

Psychological	Management
Although	pharmacologic	treatments	are	the	mainstay	of	treatment	for	depression
in	the	ICU,	psychologic	remedies	are	also	important.	Patients	often	benefit	from
information,	 clarification,	 reassurance,	 and	 support.	 Psychologic	 therapies	 are
most	useful	 for	cases	of	adjustment	disorder	with	depressed	mood,	often	as	an
adjunct	to	pharmacologic	interventions.	Providing	brief	interventions	combining
elements	 of	 psychoeducation,	 behavioral	 activation,	 problem-solving,
interpersonal	 therapy,	and	mindfulness-based	approaches	can	be	adapted	 to	 the
clinical	 situation	 in	 the	 ICU	 setting	 and	 provide	 support,	 structure,	 and
encouragement	for	patients	to	enhance	their	resilience,	hope	and	involvement	in
the	therapeutic	process.	When	patients	come	to	the	ICU,	they	are	often	terrified
about	the	outcome	of	the	illness	that	brings	them	there.	They	frequently	believe
that	 the	 illness,	 no	matter	 how	well	 controlled	 in	 the	 ICU,	will	 continue	 to	be
life-threatening	 after	 discharge.	 Some	 patients	 believe	 that	 their	 illness	 will
necessitate	 a	 radical	 change	 in	 lifestyle.	 For	 example,	 many	 cardiac	 patients
secretly	believe	that	having	had	an	MI	means	they	will	never	be	able	to	have	sex
again.	Another	 example	 is	 the	patient	who	 is	physically	weak	after	 an	MI	and
thinks	they	are	a	cardiac	cripple:	the	patient	may	not	understand	that	the	physical
debility	one	is	experiencing	is	the	result	of	muscle	wasting	from	prolonged	bed
rest.	One	way	 to	 help	 patients	with	 such	 concerns	 is	 to	 ask	 specific	 questions
about	 how	 they	 believe	 their	 illness	will	 affect	 daily	 life	 in	 the	 future.	 In	 this
way,	one	will	hear	the	patient’s	specific	fears	and	be	able	to	educate	the	patient
about	the	realistic	effects	of	the	illness.	Another	way	to	help	patients	cope	with
depression	 in	 the	 ICU	 involves	 learning	 about	 a	 patient’s	 premorbid	 activities.
Because	patients	in	the	ICU	feel	stripped	of	their	identities	and	are	demoralized,



showing	interest	in	who	they	are	and	what	is	important	to	them	can	remind	them
that	they	are	respected	and	have	lives	outside	the	hospital.	Families	also	can	be
helped	 to	 have	 realistic	 expectations.	 Strategies	 to	 help	 patients	 and	 families
cope	 effectively	 in	 the	 ICU	 are	 discussed	 in	 Chapter	 161:	 “Problematic
Behaviors	of	Patients,	Family,	and	Staff	in	the	Intensive	Care	Unit.”

SUMMARY
Treatment	 of	 depression	 for	 critically	 ill	 patients	 is	 multifaceted,	 and	 many
difficulties	 are	 involved	 in	 treating	 depression	 in	 this	 setting.	 Nevertheless,
aggressive	 diagnosis	 and	 treatment	 of	 depression	 in	 the	 ICU	 can	 drastically
improve	a	patient’s	 sense	of	well-being	and	 transform	a	demoralized,	hopeless
patient	 into	an	active	participant	in	treatment.	In	this	chapter,	we	have	outlined
the	recognition,	differential	diagnosis,	and	treatment	of	depression	in	ICUs.	We
strongly	 advocate	 that	 depression	 be	 treated	 as	 a	 serious	 illness;	 although	 a
depressed	 mood	 is	 sometimes	 understandable,	 a	 depressive	 disorder	 is	 never
appropriate.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Secondary	depression	is	depression	in	an	individual	who	has	a
nonaffective	medical	illness	that	precedes	and	parallels	the	mood	disorder.	All
the	following	features	suggest	secondary	depression,	EXCEPT:

A. 	Atypical	symptoms
B. 	Sudden	onset
C. 	Treatment	resistance
D. 	Younger	age

2. 	Which	of	the	following	is	true	about	the	neuropsychiatric	adverse	effects



of	corticosteroid	therapy?

A. 	Depression	occurs	early
B. 	They	are	most	often	irreversible
C. 	They	increase	with	higher	doses
D. 	They	rarely	occur	within	the	first	30	days

3. 	All	the	following	common	ICU	medications	are	associated	with	symptoms
of	depression,	EXCEPT:

A. 	Angiotensin-converting	enzyme	inhibitors
B. 	Antipsychotics
C. 	β-Blockers
D. 	Proton	pump	inhibitors

4. 	Electroconvulsive	therapy	(ECT)	is	a	treatment	for	severe	major
depression	involving	brief	electrical	stimulation	of	the	brain	while	the	patient	is
under	anesthesia.	Which	of	the	following	is	a	relative	contraindication	to	ECT?

A. 	Catatonia
B. 	Myocardial	infarction	2	months	ago
C. 	Parkinson	disease
D. 	Remote	history	of	stroke

5. 	Selective	serotonin	reuptake	inhibitors	(SSRIs)	are	the	most	prescribed
antidepressants,	easing	symptoms	of	moderate-to-severe	depression.	All	the
following	may	be	side	effects	of	this	class	of	medication,	EXCEPT:

A. 	Headaches,	insomnia,	anorexia,	nausea,	vomiting
B. 	Leukocytosis
C. 	Sexual	dysfunction
D. 	Syndrome	of	inappropriate	antidiuretic	hormone

Answers

1.	The	correct	answer	is	D.
Rationale:	 Clues	 that	 depression	 may	 be	 secondary	 to	 a	 medical	 illness

include	 older	 age	 at	 onset	 of	 symptoms	 (so	 choice	 D	 is	 the	 “correct,”	 wrong
answer).	 Known	 underlying	 medical	 condition,	 atypical	 presentation	 of



depressive	symptomatology,	absence	of	personal	or	family	history	of	depression,
sudden	 onset	 of	 symptoms,	 treatment	 resistance,	 use	 of	 drugs,	 and	 changes	 in
personality	and	cognition	all	suggest	depression	as	being	secondary	to	a	medical
condition.

2.	The	correct	answer	is	C.
Rationale:	 Depression,	 mania,	 psychosis,	 and	 delirium	 are	 frequent	 side

effects	 of	 corticosteroid.	 Mood	 symptoms	 are	 dose-dependent	 (choice	 C	 is
correct).	A	practical	rule	of	thumb	holds	that	neuropsychiatric	adverse	effects	are
common	with	prednisone	≥80	mg	per	day	 (or	 equivalent),	 uncommon	≤30	mg
per	day.	Symptoms	usually	occur	within	 the	 first	2	weeks	of	 therapy,	although
they	can	arise	on	the	first	day	(choice	D	is	incorrect).	Hypomanic	reactions	and
activated	 states	 are	 more	 common	 early	 in	 therapy,	 but	 the	 prevalence	 of
depression	 is	 greater	 in	 patients	 when	 on	 long-term	 treatment	 (choice	 A
incorrect).	Corticosteroid-induced	mood	disorders	 are	generally	 reversible	with
dosage	reduction	or	discontinuation	(choice	B	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 Beyond	 anecdotal	 reports,	 there	 is	 no	 evidence	 of	 a	 causal

relationship	 between	 antipsychotics	 and	 depression	 (choice	B	 is	 the	 “correct,”
wrong	answer).	Pharmacologic	agents	most	often	associated	with	depression	in
the	 ICU	setting	are	β-blockers,	 calcium	channel	blockers,	histamine-2	 receptor
antagonists,	proton	pump	inhibitors,	antiarrhythmics,	clonidine,	anticonvulsants
like	barbiturates,	topiramate,	and	steroids.

4.	The	correct	answer	is	B.
Rationale:	 While	 there	 are	 no	 absolute	 contraindications	 to	 ECT,	 several

relative	 contraindications	 exist	 including	 presence	 of	 increased	 intracranial
pressure,	 intracerebral	 tumor	with	edema,	myocardial	 infarction	within	the	past
3	months	(choice	B	is	correct)	or	any	current	life-threatening	anesthesia	risk.	In
such	situations,	an	in-depth	risk-benefit	analysis	is	particularly	important.

5.	The	correct	answer	is	B.
Rationale:	 SSRIs	 are	 not	 associated	 with	 leukocytosis	 (choice	 B	 is	 the

“correct,”	 wrong	 answer).	 But	 potential	 side	 effects	 do	 include	 headaches,
tremulousness,	 agitation,	 irritability,	 insomnia,	 anorexia,	 nausea,	 vomiting,
diarrhea,	 excess	 sweating,	 fatigue,	 initial	 anxiety,	 and	 sexual	 dysfunction	 (ie,
decreased	 libido,	 and	 erectile	 and	 orgasmic	 dysfunction).	 Extrapyramidal
syndrome	 (EPS)	 may	 occur,	 likely	 resulting	 from	 serotonergic	 antagonism	 of



dopaminergic	 CNS	 pathways.	 Akathisia,	 dystonia,	 parkinsonism,	 and	 tardive
dyskinesia–like	 symptoms	 have	 been	 reported.	 The	 syndrome	 of	 inappropriate
antidiuretic	hormone	(SIADH)	is	an	uncommon	adverse	effect	reported	with	all
the	 SSRIs,	 especially	 in	 critically	 ill	 patients.	 However,	 other	 causes	 of
hyponatremia	should	be	sought	before	attributing	this	metabolic	derangement	to
the	SSRI.

As	for	specific	agents,	paroxetine	may	eventually	promote	weight	gain,	and,
along	with	citalopram	are	the	most	sedating.	Sertraline	may	have	more	adverse
gastrointestinal	 effects.	 Sertraline	 and	 paroxetine	 more	 commonly	 cause
withdrawal	 symptoms	 due	 to	 their	 relatively	 short	 half-lives.	 Paroxetine	 and
fluoxetine	have	more	drug-drug	 interactions	via	CYP	450	2D6	hepatic	enzyme
inhibition.

SSRIs	do	not	typically	cause	clinically	significant	changes	in	heart	rate,	blood
pressure,	 or	 the	 electrocardiogram.	 Citalopram,	 however,	 has	 been	 associated
with	dysrhythmias,	including	torsade	de	pointes	(especially	in	the	setting	of	QT
prolongation),	and	doses	should	generally	not	exceed	40	mg	per	day	(20	mg	per
day	 in	 patients	 >60	 years).	 There	 has	 been	 concern	 about	 escitalopram	 and
possible	dysrhythmias	as	well.
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Chapter	160
Managing	the	Suicidal	Patient	in	the
Intensive	Care	Unit
Christina	N.	Massey,	Saori	A.	Murakami

KEY	POINTS:
1.	 The	assessment	of	the	suicidal	patient	in	the	ICU	requires	the

evaluation	and	management	of	the	patient’s	safety.
2.	 Suicide	cannot	be	absolutely	predicted.	However,	its	evaluation	and

management	involve	an	understanding	of	the	interplay	of	risks	and
protective	factors.

3.	 Psychiatric	care	is	helpful	throughout	admission	to	obtain	collateral
information,	conduct	safety	assessments,	and	advise	in	psychotropic
administration	and	in	disposition	evaluation	with	medical
stabilization.

INTRODUCTION
The	assessment	of	the	suicidal	patient	is	a	significant	challenge	for	any	intensive
care	team.	Even	when	a	psychiatrist	is	consulted	to	conduct	an	expert	assessment
of	 risk	 and	 to	 assist	with	 the	 formulation	 of	 a	 treatment	 plan,	 the	 intensivist’s
ability	 to	evaluate,	manage,	and	safeguard	 the	patient’s	 safety	 is	essential.	The
evaluation	 and	 management	 of	 a	 patient—whether	 contemplating	 suicide	 or
recovering	 from	 a	 suicide	 attempt—requires	 an	 understanding	 of	 risk	 factors,
protective	 factors,	 and	 the	 relationship	 between	 the	 staff	 and	 the	 patient.	 In
addition,	the	primary	medical	team	should	be	aware	of	the	necessity	for	ongoing
psychiatric	care	during	and	after	the	stabilization	of	acute	medical	issues.

This	chapter	reviews	the	epidemiology	of	suicide,	risk	and	protective	factors,
parasuicide,	and	intervention	and	management	strategies	for	suicidal	patients	in



the	intensive	care	unit	(ICU).

EPIDEMIOLOGY	OF	SUICIDE
Suicide	is	the	10th	leading	cause	of	death	in	the	United	States	(8th	in	men	and
14th	in	women),	and	its	rate	has	been	increasing	over	the	last	 two	decades.1	 In
2019,	suicide	was	responsible	for	47,511	deaths,	with	higher	rates	among	whites,
men,	and	 individuals	between	the	ages	of	45	and	59	years,	again	at	75+	years,
with	highest	rates	for	those	55	to	59	years	old.1,2

RISK	AND	PROTECTIVE	FACTORS
2 	 Although	 appraisals	 of	 suicide	 risk	 are	 incapable	 of	 absolute	 predictions	 of
suicidal	 behavior,	 careful	 history-taking,	 detailed	 examination,	 and	 astute
clinical	 judgment	 allow	 a	 comprehensive	 understanding	 and	 evaluation	 of	 risk
factors,	protective	factors,	and	the	interplay	among	them	(Table	160.1).

TABLE	160.1

Risk	Factors	for	Suicide

Sociodemographic	Factors

Age

Gender

Race,	ethnicity,	culture

Marital	status

Religion

Sexual	orientation

Psychiatric	history	and	present	psychiatric	conditions

Psychiatric	disorders



Substance	use	disorders

History	of	suicide	attempts

History	of	self-injurious	behavior

History	of	homicidal,	assaultive,	or	aggressive	behavior

Impulsivity

History	of	physical	or	emotional	trauma

Psychiatric	treatment,	both	outpatient	and	inpatient

History	of	treatment	adherence

Psychological	factors

Medical	history	and	present	medical	conditions

Neurologic	disorders

Head	trauma,	with	or	without	cognitive	and	behavioral	sequelae

Executive	function	deficits

Malignancies

Human	immunodeficiency	virus	infection

Acquired	immune	deficiency	syndrome

Peptic	ulcer	disease

Chronic	inflammatory	diseases

Hemodialysis-treated	chronic	renal	failure

Heart	disease

Chronic	pulmonary	disease

Family	history

Psychiatric	illness

Substance	use



History	of	completed	suicide

Psychosocial	stressors

Family	life

Work	life

Relationships

Finances

Recent	real	or	perceived	loss

Adapted	from	American	Psychiatric	Association:	Practice	Guideline	for	the	Assessment	and
Treatment	of	Patients	with	Suicidal	Behaviors.	American	Psychiatric	Association,	2010.	Accessed
May	22,	2021.
http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/suicide.pdf.

The	 first	 set	 of	 factors	 is	 sociodemographic,	 including	 age,	 gender,	 race,
marital	status,	and	religion.	In	general,	men	are	more	likely	to	complete	suicide,
whereas	women	are	more	likely	to	make	attempts.3,4	White	men	are	more	likely
to	 attempt	 suicide	 than	 nonwhites;	 among	 nonwhite	 populations,	 rates	 vary.1,3
Suicide	rates	increase	after	the	age	of	20	and	are	highest	between	the	ages	of	45
and	 59	 years	 and	 75+	 years.1	 In	 general,	 the	 suicide	 rate	 is	 greatest	 among
divorced	 and	 widowed	 people,	 followed	 by	 single	 individuals,	 and	 married
people.4	 The	 combination	 of	 age,	 gender,	 and	marital	 status	 also	 plays	 a	 role;
widowed	 young	 men	 have	 a	 particularly	 high	 rate	 of	 suicide.4	 There	 is	 more
recent	 evidence	 suggesting	 that	 sexual	 orientation	 and	 gender	 identity	 and
expression	 are	 associated	with	 suicide	 risk,	 as	 those	 identifying	with	minority
orientations	appear	to	have	a	heightened	risk.3-5

Some	 evidence	 suggests	 that	 religious	 beliefs	 and	 the	 strength	 of	 one’s
religious	 convictions	 protect	 against	 suicide;	 however,	 for	 some,	 religion	may
increase	 suicide	 risk.	 For	 example,	 an	 individual	 who	 believes	 they	 will	 be
reunited	with	their	lost	loved	ones	when	they	themself	die	may	be	comforted	by
the	 idea	 of	 dying.	 Thus,	 the	 role	 of	 religion	 in	 death	 and	 suicide	 must	 be
carefully	explored	with	the	patient.4

Psychiatric	 illness	 contributes	 significantly	 to	 the	 risk	 of	 suicide.
Retrospective	 studies	 have	 identified	 one	or	more	 psychiatric	 disorders	 among
individuals	 who	 have	 completed	 suicide	 or	 presented	 following	 a	 suicide
attempt.3,4,6,7	 In	 addition,	 conditions	 that	 frequently	 occur	 with	 psychiatric

http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/suicide.pdf


illnesses	 (eg,	 substance	use	disorders)	 increase	 suicide	 risk.	Research	 indicates
that	 risk	 may	 be	 particularly	 high	 when	 a	 mood	 disorder	 co-occurs	 with	 a
disorder	that	is	associated	with	increased	distress	level	(eg,	anxiety	disorder)	or	a
disorder	 that	 is	 characterized	 by	 diminished	 restraint	 (eg,	 conduct	 disorder	 or
antisocial	 personality	 disorder).3	 The	 presence	 of	 a	 past	 history	 of	 suicide
attempts,	 suicidal	 thinking,	 feelings	 of	 hopelessness,	 self-injurious	 behavior,
impulsivity,	 assaultiveness,	 and	 trauma	 (physical	or	 emotional)	 is	 an	 important
component	 of	 risk	 assessment.	 Whether	 a	 patient	 is	 under	 active	 outpatient
psychiatric	 treatment—and	 compliant	 with	 it—is	 also	 a	 critical	 component.
Psychological	 factors—  coping	 skills,	 tolerance	 of	 emotions,	 personality	 traits,
insight,	 and	 judgment—figure	prominently	 for	 the	 estimation	of	 how	a	patient
handles	stress.

The	 presence	 of	 a	 physical	 illness	 contributes	 to	 the	 risk	 for	 suicide.3,4,8
Suicide	risk	is	greater	among	patients	with	neurologic	disorders	(eg,	Huntington
disease,	 organic	 brain	 syndromes,	multiple	 sclerosis,	 and	 spinal	 cord	 injuries),
and	suicide	attempts	are	more	common	among	patients	with	epilepsy	and	other
chronic	diseases.3,4	In	addition,	head	trauma	is	associated	with	an	enhanced	risk
for	suicide,	particularly	when	behavioral	or	cognitive	sequelae	result.	Executive
function	 deficits	 due	 to	 delirium,	 dementia,	 or	 intellectual	 disability	 also
contribute	 to	 the	 risk	 for	 suicide.4,8	Other	 illnesses	of	 significance	 are	 listed	 in
Table	160.1.

Psychosocial	stressors,	including	states	of	family	life,	work	life,	relationships,
finances,	 and	 legal	 difficulties	 and	 losses,	 are	 important	 considerations	 when
assessing	 risk.	 A	 family	 history	 of	 psychiatric	 disturbances,	 substance	 use,	 or
completed	 suicide	 may	 indicate	 potential	 genetic	 vulnerabilities	 in	 the
management	of	these	stressors	and	response	to	interventions.

Protective	 factors	 include	 the	presence	of	 supports	 (eg,	 family,	 friends),	 the
ability	 to	 identify	 specific	 and	 important	 reasons	 for	 living,	 responsibility	 for
young	 children	 or	 other	 family	members,	 extraversion	 and	optimism,	 effective
coping	and	problem-solving	skills,	and	the	general	absence	of	risk	factors.3,4

Risk	 and	 protective	 factors	 must	 be	 understood	 on	 a	 case-by-case	 basis.4,6
Despite	 the	 significance	of	each	 factor,	 the	weight	 to	attribute	 to	each	element
must	 be	 individualized,	 because	 the	 interaction	 among	 these	 features	 defines
each	patient’s	unique	risk.	For	example,	a	70-year-old	unmarried	white	man	with
an	 incurable	 malignancy	 may	 be	 protected	 from	 suicide	 by	 his	 religion’s
prohibition	against	it	and	by	his	three	grandchildren’s	frequent	visits.

PARASUICIDE



Some	 physicians	 may	 differentiate	 “genuine”	 suicide	 attempts	 (in	 which	 the
person’s	aim	was	to	kill	themself)	from	parasuicide,	a	deliberately	self-harming
but	nonlethal	act.	Often,	parasuicide	or	a	so-called	suicide	gesture	is	not	a	failed
attempt	to	kill	oneself	per	se	but	could	be	either	a	maladaptive	way	to	cope	with
emotions	or	an	effort	to	elicit	a	specific	reaction	from	someone	else,	whether	an
emotional	 response	 (eg,	 feeling	 hurt	 or	 sorry)	 or	 a	 behavioral	 one	 (eg,
forestalling	abandonment	or	providing	nurturance).	As	such,	a	physician	may	be
tempted	 to	construe	parasuicide	as	 less	worrisome	 than	an	authentic	attempt	 to
end	 one’s	 life.	 However,	 these	 individuals	 require	 equal	 attention	 and	 caution
because	 parasuicide	 often	 recurs;	 when	 repeated	 often	 enough,	 such	 behavior
may	 prove	 lethal,	 even	when	 death	 is	 unintended.	A	 history	 of	 parasuicide	 or
suicide	 gestures	 may	 increase	 the	 subsequent	 risk	 for	 suicide,	 particularly	 as
intent	 and	 lethality	 are	 not	 necessarily	 correlated	 and	 as	 increasing	 feelings	 of
hopelessness	and	negative	outcomes	may	influence	intent.9,10

TREATMENT	OF	THE	SUICIDAL	PATIENT

Nonpharmacologic	Interventions
1 	A	patient’s	verbalization	of	 intent	 to	harm	themself	poses	a	unique	challenge
for	the	ICU	physician.	Although	such	utterances	can	be	variously	motivated	and
belie	 different	 intentions,	 any	 such	 statement	 should	 be	 taken	 seriously	 and
viewed	 as	 the	 patient’s	 request	 for	 help	 and	 support.	 Suicidal	 statements	may
take	 the	 form	of	 explicit	 declaration	or	 implicit	 action	 (eg,	 refusal	 to	 eat	 or	 to
cooperate	with	 care).	The	 suicidal	 act	 can	be	 impulsive	or	 deliberate.	Because
accurate	 prediction	of	which	 statements	will	 result	 in	 action	 is	 impossible,	 the
ICU	team	must	institute	effective	precautions	whenever	a	patient	avows	suicide.

The	 ICU	 team	 should	 implement	 close	monitoring	 in	 the	 form	 of	 constant
observation	by	a	one-to-one	sitter,	video	monitoring,	or	more	frequent	checks	of
the	patient.	Physical	restraint	of	a	patient	at	ongoing	risk	may	be	necessary	when
constant	observation	 is	not	possible	or	 is	 ineffective.8	Staff	should	be	aware	of
potential	 means	 by	 which	 patients	 may	 harm	 themselves.	 Any	 opportunity	 of
jumping	 from	windows	 or	 of	 hanging	 should	 be	minimized,	 if	 not	 eliminated.
All	 materials	 that	 a	 person	 may	 use	 to	 harm	 themself	 (eg,	 razors,	 scissors,
needles,	 glass,	 medications,	 and	 eating	 utensils)	 must	 be	 removed	 and	 any
personal	belongings	searched	for	these	items.	Staff	should	also	be	aware	of	items
brought	 in	 by	 visitors.	 The	 team	 should	 review	 medications	 and	 consider



decreasing	 or	 discontinuing	 medications	 that	 may	 heighten	 impulsivity	 or
disinhibition.	Estimations	of	safety	should	be	made	at	least	daily.

The	 primary	 team	 must	 also	 identify	 and	 address	 among	 themselves	 any
negative	 feelings	 they	 have	 about	 the	 patient.	 Emotional	 reactions	 to	 dealing
with	 psychological	 problems	 in	 the	 ICU	 can	 include	 helplessness,	 insecurity,
fear,	 anxiety,	 guilt,	 and	 sympathy.	 People	 who	 repeatedly	 attempt	 suicide	 or
whose	 motives	 have	 been	 deemed	 “manipulative”	 can	 engender	 frustration,
anger,	 and	 exhaustion	 with	 demands	 for	 constant	 attention,	 thereby	 creating
distance	 between	 the	 patient	 and	 the	 treatment	 team.	 It	 is	 important	 to
understand	these	feelings	and	to	prevent	them	from	hampering	patient	care	and
clouding	recognition	of	a	potentially	unsafe	patient.	For	example,	patients	with
borderline	 personality	 disorder	 can	 “split”	 the	 staff	 (ie,	 behave	 well	 for	 one
subset	of	the	staff	and	badly	for	another).11	Regular	communication	among	staff
members	 and	 between	 the	 staff	 and	 the	 patient	 can	 minimize	 splitting	 and
prevent	 team	 members	 from	 feeling	 defensive	 or	 apologetic	 in	 the	 face	 of	 a
critical	and	demanding	patient.

An	 empathic	 approach	 that	 seeks	 to	 understand	 what	 the	 patient	 feels	 can
prevent	 these	 emotions	 from	 instigating	 countertherapeutic	 responses.	 Even
when	 a	 suicide	 gesture	 is	 an	 effort	 to	 elicit	 a	 particular	 response	 from	 others
(rather	than	a	genuine	attempt	to	end	one’s	life),	the	desperation	required	to	put
one’s	 life	 at	 risk	 is	 nonetheless	 sobering.	 For	 those	whose	 intent	were	 to	 die,
waking	up	from	an	unsuccessful	suicide	attempt	can	be	accompanied	by	despair,
shame,	guilt,	fear,	anger,	and	a	sense	of	inferiority	or	ambivalence	about	having
survived.	The	physical	 discomfort	 of	 the	 life-sustaining	measures	 employed	 in
the	ICU	can	compound	such	patients’	pain.

Medications
The	question	of	whether	and	when	to	restart	psychiatric	medications	following	a
suicide	attempt	can	be	a	difficult	one,	particularly	if	the	person	attempted	to	kill
themself	 by	 an	 overdose	 of	 these	 agents.	 The	 decision	 to	 resume	 outpatient
medicines	 must	 be	 guided	 primarily	 by	 accurate	 psychiatric	 diagnosis.	 They
should	 not	 be	 restarted	 reflexively	 simply	 because	 they	 had	 been	 prescribed
previously;	they	should	be	ordered	only	if	the	patient	has	a	bona	fide	psychiatric
condition.	 Psychiatric	 consultation	 can	 be	 beneficial	 when	 the	 diagnosis	 is
uncertain.

The	next	consideration	is	the	patient’s	physical	condition	and	the	medications’
effects	on	organs	that	the	suicidal	act	may	have	compromised.	Medications	that
are	potentially	toxic	to	impaired	organs	should	not	be	restarted.	Attention	should



also	 be	 paid	 to	 the	 patient’s	 level	 of	 arousal	 and	 the	 risks	 for	 seizures	 and
arrhythmias,	 because	 psychiatric	 medications	 may	 enhance	 these	 risks.	 In
addition,	 a	history	of	prior	medication	 trials	 should	be	 taken	 as	 it	 is	 the	 safest
practice	 to	 select	 medications	 while	 being	 aware	 of	 the	 outcomes	 of	 prior
treatment	trials	in	your	particular	patient.

Anxiety	 is	 a	 potent	 risk	 factor	 for	 suicide	 and	 should	 be	 treated	 to	 prevent
recurrence	 of	 suicidal	 behavior	 and	 intensification	 of	 suicidal	 thinking.
Benzodiazepines	 can	 be	 particularly	 helpful	 for	 quelling	 anxiety,	 whereas
neuroleptic	 medications—both	 conventional	 and	 atypical—are	 preferred	 when
anxiety	escalates	into	outright	fear.

Psychiatric	Consultation
3 	 Psychiatric	 consultation	 is	 highly	 recommended	whenever	 a	 patient’s	 safety
from	self-harm	 is	uncertain.	The	consultant	will	 address	psychiatric	diagnoses,
suicide	 risk,	medications,	 and	 disposition.	 Consultation	 can	 also	 be	 helpful	 in
understanding	the	psychological	dynamics	between	patient	and	staff.	The	patient
who	may	 be	 thinking	 about,	 or	 at	 risk	 of,	 self-harm	 but	 has	 not	 articulated	 a
specific	thought	may	also	benefit	from	expert	consultation;	elderly	patients	often
do	not	report	suicidal	thoughts	to	caretakers.12

When	requesting	a	consultation,	it	is	helpful	to	provide	the	consultant	with	as
many	details	of	 the	suicide	attempt	as	possible	(eg,	method,	number	of	pills	 in
cases	 of	 ingestion,	 likelihood	 of	 rescue,	 and	 any	 suicide	 notes	 that	 may	 have
been	left).	The	exact	words	used	by	a	patient	who	makes	a	suicidal	comment,	as
well	as	the	context	in	which	the	statement	was	made,	are	critically	important	and
should	 be	 included	 in	 the	 consultation	 request.	Basic	 elements	 of	 the	 patient’s
mental	 status	 (eg,	 level	 of	wakefulness,	 affect,	 the	 presence	 of	 psychosis,	 and
ongoing	suicidal	thinking)	should	be	determined	and	relayed	to	the	psychiatrist.
Clear	 documentation	 from	 the	 nursing	 staff	 and	 physicians	 will	 help	 the
consultant	follow	the	patient’s	course	and	identify	points	of	intervention.

Disposition
When	 medically	 and	 surgically	 stable,	 patients	 often	 face	 three	 options	 for
discharge—home,	 partial	 outpatient	 psychiatric	 hospitalization,	 or	 an	 inpatient
psychiatric	 facility.	 Patients	 who	 may	 benefit	 from	 or	 require	 continued
treatment	 in	 a	 psychiatric	 facility	 are	 those	 whose	 risk	 factors	 outweigh	 their
protective	 factors.	 This	 decision	 is	 usually	made	 by	 the	 psychiatric	 consultant



who	will	 also	 assist	with	 placement,	 prior	 authorization	 (which	 is	 required	 by
some	insurance	plans)	and	the	handling	of	any	mental	health	legal	matters	such
as	 civil/involuntary	 commitment	 if	 the	 patient	 is	 unwilling	 or	 unable	 to	 be
psychiatrically	hospitalized	on	a	voluntary	basis.

CONCLUSIONS
Attempted	 suicide	 is	 a	 tragic	 consequence	 of	 mental	 and	 physical	 illness	 that
represents	a	relatively	small	number	of	ICU	admissions.	Nonetheless,	the	care	of
a	 patient	 who	 is	 suicidal	 or	 has	 just	 attempted	 suicide	 requires	 attention	 to	 a
number	of	details	not	usually	considered	 for	 the	management	of	a	 typical	 ICU
patient.	 The	 ICU	 team	 must	 be	 cognizant	 of	 their	 emotional	 reactions	 to	 the
patient	and	of	patient-staff	dynamics,	vigilant	 for	potentially	dangerous	objects
in	 the	 physical	 environment,	 and	 knowledgeable	 about	 specific	 interventions,
including	 constant	 observation	 of	 the	 potentially	 self-harming	 patient.
Psychiatric	 consultation	 is	 helpful	 for	managing	 important	 aspects	 of	 care	 for
this	 patient	 population,	 from	 diagnosis	 and	 safety	 assessment	 to	 medication
management	and	disposition.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	patient	is	admitted	to	your	ICU	after	sustaining	injuries	from	a	motor
vehicle	collision.	You	perform	a	chart	review	and,	after	talking	to	the	patient,
make	a	note	to	consider	consulting	psychiatry	for	a	suicide	risk	assessment	with
stabilization.	Which	of	the	following	patient	demographics	would	suggest	to	you
the	highest	risk	for	suicide?

A. 	17-year-old	black	woman
B. 	22-year-old	white	man
C. 	34-year-old	Hispanic	woman
D. 	55-year-old	white	man

2. 	The	intensivist	team	is	providing	care	for	a	47-year-old	white	man	after	an
attempted	suicide	by	medication	overdose	who	is	now	medically	fit	for
discharge.	He	is	noted	to	have	obvious	cut	marks	on	his	arm.	The	patient



verbalizes	that	he	is	fine	now	and	wants	to	be	discharged,	noting	the	cuts	and
overdose	were	just	gestures	to	get	his	wife’s	attention	and	that	he	now	has	no
intention	of	killing	himself.	He	lives	alone	at	present	without	outpatient
psychiatric	health	care.	What	is	the	most	appropriate	suicide	risk	determination
and	management?

A. 	Risk	is	low;	discharge	patient
B. 	Risk	is	moderate;	discharge	patient,	have	case	manager	call	about
psychiatric	appointment
C. 	Risk	is	high;	discharge	patient	to	family	member	other	than	wife	to
stay	with	him	until	primary	care	follow-up
D. 	Risk	is	high;	order	inpatient	psychology	consult	and	recommend
further	inpatient	stay

3. 	A	32-year-old	woman	was	admitted	status	post	an	overdose	leading	to
seizures.	She	was	medically	stabilized	and	recently	extubated.	She	endorses
depressive	symptoms	that	have	progressively	worsened	over	the	last	few	months
leading	to	this	suicide	attempt.	She	had	been	on	several	antidepressants	before,
most	recently	bupropion,	but	ran	out	of	this	medication	a	year	ago.	She	also
reports	having	an	eating	disorder,	specifically	purging	after	meals.	She	has	not
seen	her	psychiatric	provider	in	a	long	time.	What	is	the	most	appropriate
management?

A. 	Start	antidepressant	based	on	further	patient	interview	about	her	past
medication	trials
B. 	Start	bupropion	in	72	hours
C. 	Start	fluoxetine	now
D. 	Start	no	medications,	deferring	to	primary	care	physician	post
discharge

Answers

1.	The	correct	answer	is	D.
Rationale:	 Suicide	 is	 the	 10th	 leading	 cause	 of	 death	 in	 the	 United	 Sates.

Statistically,	 the	 age,	 race,	 and	 sex	 designation	 in	 choice	D	 all	 fall	 within	 the
highest	 risk	 categories	 for	 suicide.	 White	 men	 accounted	 for	 about	 70%	 of
suicide	deaths	in	2019.	Men	were	3.63	times	more	likely	to	die	by	suicide	than
women	 during	 that	 same	 time	 frame.	Age-adjusted	 suicide	 rates	 of	whites	 are
about	 twice	 that	 of	 blacks	 and	 Hispanics.	 Given	 this	 information,	 the	 correct



answer	 to	 the	 question	 posed	 above	 is	 (d)	 55	 year	 old	 white	 male,	 since
statistically	 the	 age,	 race,	 and	 sex	 designations	 all	 fall	 within	 the	 highest	 risk
categories.

2.	The	correct	answer	is	D.
Rationale:	The	patient	is	at	high	risk	for	suicide,	and	concerns	should	not	be

dismissed	 simply	because	he	 currently	 reports	being	 safe.	This	 struggling	man
may	not	recognize	the	potential	lethality	of	his	overdose	gesture	and/or	may	later
feel	genuinely	suicidal	if	his	wife	does	not	return	home.	He	should	be	evaluated
now	 for	 intensive	 psychiatric	 care	 (choice	 D	 is	 correct).	 Delayed	 outpatient
follow-up	 or	 monitoring	 by	 family	 members	 in	 lieu	 of	 expert	 psychiatric
consultation	would	be	inappropriate.

3.	The	correct	answer	is	A.
Rationale:	It	is	the	safest	practice	to	select	medications	while	being	aware	of

the	 outcomes	 of	 prior	 treatment	 trials	 in	 your	 particular	 patient	 (choice	 A	 is
correct).	 Because	 bupropion	 is	 associated	with	 seizures,	 restarting	without	 the
recommendation	 of	 an	 epilepsy	 expert	 may	 be	 inappropriate	 (choice	 B	 is
incorrect).	Taking	a	careful	history	is	better	than	immediately	starting	fluoxetine
(choice	 C	 is	 not	 the	 best	 answer).	 To	 do	 nothing	 and	 wait	 for	 an	 outpatient
appointment	 may	 delay	 the	 start	 of	 needed	 acute	 treatment	 (choice	 D	 is
incorrect).
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Chapter	161
Problematic	Behaviors	of	Patients,
Family,	and	Staff	in	the	Intensive	Care
Unit
Craigan	Usher

The	ear	says	more
Than	any	tongue

W.S.	Graham	“The	Hill	of	Intrusion.”

KEY	POINTS:
1.	 Listening	to	patients	and	family	members	is	paramount	to	avoid

problematic	behaviors	in	the	ICU.
2.	 ICU	staff	should	be	facile	with	de-escalation	strategies	to	minimize

the	need	for	physical	restraints.
3.	 Delirium	should	be	ruled	out	as	a	cause	of	troublesome	behavior	in

the	ICU.
4.	 Provision	of	adequate	analgesia,	anxiolysis,	and	sleep	is	essential	to

minimize	problematic	behaviors.
5.	 Families	have	an	integral	role	in	providing	encouragement	and

comfort,	as	well	as	in	care	decisions.
6.	 Appointments	with	families	should	provide	clear	and	concise	medical

information	that	integrates	the	patient’s	unique	life	story.

INTRODUCTION
Whether	one	is	a	patient	being	treated	in	the	intensive	care	unit	(ICU),	a	family
member	 (biological	 and/or	 chosen),	 a	 central	 supporting	 individual,	 or	 a



healthcare	 provider,	 it	 is	 clear	 that	 the	 ICU	 is	 a	 stressful	 environment.1-3
Problematic	 exchanges	 between	patient,	 families,	 and	hospital	 staff	 can	hinder
the	restoration	and	maintenance	of	basic	 life	 functions	 that	are	 the	hallmark	of
intensive	care.

Some	difficult	 interactions	may	be	 inherent	 to	 critical	 care	 setting	 tensions.
While	practitioners	have	one	of	existential	focus	(ie,	respiratory,	cardiovascular,
or	 neurological	 functioning	 that	makes	 the	 difference	 between	 life	 and	 death),
patients	and	families	may	have	a	humanistic	existential	focus.	They	potentially
wrestle	with	questions	like:	“Will	I	make	it?”	“Will	my	loved	one	live?”	“Can	I
endure	this	pain?”	“Will	I	regain	functioning?”	“If	I	leave	here,	can	I	enjoy	a	life
that	feels	worth	living?”	“Have	I	lived	the	kind	of	life	I	can	be	proud	of?”	This	is
not	 to	 say	 that	 practitioners	 do	 not	 try	 to	maintain	 the	 utmost	 respect	 for	 the
dignity	 of	 patients	 and	 families.	 However,	 some	 patients	 and	 families	 feel
disrespected	 in	 the	 intensive	 care	 setting.	 For	 example,	 in	 one	 survey	 of	 1559
patients	 and	 family	 members	 who	 had	 received	 intensive	 care	 treatment	 at	 a
major	academic	medical	center,	17%	of	patients	and	22%	of	family	members	did
not	feel	adequately	respected.4	In	this	survey,	a	sense	of	inadequate	respect	had
little	to	do	with	patient	or	family	member	characteristics	but	more	to	do	with	a
reported	lack	of	control	over	one’s	care.	Other	experts	have	also	suggested	that
patients	and	families	feel	they	are	not	respected	due	to	disagreements	about	pain
management	strategies,	culture	differences,	or	the	brusqueness	of	time-pressured
specialists.5-7

Occasionally,	 difficult	 patient-staff	 or	 family-staff	 interactions	 stem	 from
problems	with	care	providers	who	are	unwittingly	disrespectful.	Transient	“bad
day”	factors,	including	staffing	shortages	or	work	overload	may	occur,	but	also
more	 chronic	 factors,	 including	 practitioner	 personality	 traits	 or	 the	 training
culture	 or	 background	 of	 the	 provider,	may	 be	 at	 play.	 Some	 common	 pitfalls
and	 positive	 practices	 in	 maintaining	 the	 dignity	 of	 patients	 and	 families	 are
listed	in	Table	161.1.

TABLE	161.1

Examples	of	Respectful	and	Disrespectful	Behaviors	in	the
ICU

Situation Disrespectful
Approach Respectful	Approach



Entering	the
patient’s	room

Enter	without
warning	or
acknowledgment

Knock	before	entering

Approaching	a
patient’s	bed

Neglect	to
introduce	oneself

“Hello.	I’m	Dr.	Schmidt.	I’m	a
physician	in	training”

During	emotionally
charged	encounters
(eg,	ACLS	or	family
meeting)

Multiple
unintroduced	staff,
only	partly
involved

Appropriate	staff	present;	those
who	are	present	are	introduced
and	involved

Addressing	a	patient “Bud”	or	“Dear”	or
similarly	colloquial
term

“Mr./Ms.	Jones,	what	do	you
prefer	that	1	call	you?”	(If
known,	use	preferred	name)

Necessary	physical
examination	in
conscious	patient

Wordlessly
performing	the
examination

“May	I	examine	your
abdomen?”

Necessary	physical
examination	in
unconscious	patient

Wordlessly
performing	the
examination

“I’ll	be	examining	you
abdomen”

Discussion	of	“code
status”

“If	your	heart
stops,	should	we
try	to	restart	it?”

A	personalized	approach	that
considers	the	contexts	and
trajectories	of	illness	from	the
patient’s	perspective

Rounding Patients	and
families	excluded
from	rounds

Patients	and	families	included	in
rounds

Referring	to	patients Room	502	or	“the
heart”

“Jill	in	502”	or	“Steve	with	heart
failure”

General	protection
of	modesty/privacy

Private	parts	of
body	exposed;
drapes	left	open

Only	necessary	parts	of	body
exposed;	drapes	closed

Response	to
patient’s	needs,

Slow	response
times

Timely	response



including	pain

Attention	during
encounter

Reading	texts	on
cell	phone;
reviewing	material
for	another	patient

Attending	directly	to	the	given
patient	and	family

ACLS,	advanced	cardiac	life	support.
This	table	is	reprinted	courtesy	of	Brown	SM,	Azoulay	E,	Benoit	D,	et	al.	The	practice	of	respect	in
the	ICU.	Am	J	Respir	Crit	Care	Med.	2018;197(11):1389-1395.

In	reviewing	Table	161.1	and	looking	at	one’s	own	practices,	it	is	clear	that
focusing	 solely	 on	 problematic	 behavior	 of	 patients	 obscures	 the	 dignity	 and
perspective	 of	 physicians,	 nurses,	 and	 staff	members.	We	 are	 all	 vulnerable	 to
stress.	As	the	psychoanalyst	Adam	Phillips	and	historian	Barbara	Taylor	write	in
On	Kindness8:
Everybody	is	vulnerable	at	every	stage	of	their	lives;	everybody	is	subject	to

illness,	accident,	personal	tragedy,	and	political	and	economic	reality.	This	does
not	 mean	 that	 people	 are	 not	 also	 resilient	 and	 resourceful.	 Bearing	 other
people’s	vulnerability—which	means	sharing	in	it	imaginatively	and	practically
without	needing	 to	get	 rid	of	 it,	 to	yank	people	out	of	 it—entails	being	able	 to
bear	one’s	own.

What	 follows	 should,	 therefore,	 be	 seen	 as	 a	way	 of	 adopting	 an	 empathic
stance	toward	oneself	and	 toward	patients	and	 their	 families.	 If	 the	COVID-19
era	has	 taught	us	anything,	 it	 is	 that	physicians	and	staff	need	ways	of	bearing
their	 own	 pain	 and	 avoiding	 disrespecting	 themselves	 and	 others	 in	 the
process.9,10

1 	The	main	focus	of	this	chapter	is	on	the	problematic	behaviors	of	patients
and	 families	 during	 an	 ICU	 stay,	 detailing	 common	 patterns	 of	 exasperating
behavior	 in	 critically	 ill	 patients,	 outlining	 practical	 ways	 of	 adopting	 an
empathic	 and	 trauma-informed	 approach,	 and	 exploring	 effective	 modes	 of
communication	 with	 families	 of	 patients	 in	 the	 ICU.	 Above	 all,	 this	 chapter
emphasizes	 that	 listening	 to	 patients	 and	 family	 members,	 paying	 special
attention	 to	 the	 psychological	 needs	 underlying	 problematic	 behavior,	 and
attempting	to	meet	those	needs	make	better	provider-family	and	provider-patient
relationships	possible.

APPROACH	TO	PROBLEMATIC	BEHAVIORS



Critically	ill	patients	can	behave	in	disruptive	ways	that	jeopardize	ICU	activity
and	treatments.	Some	patients	become	childlike,	cry	or	whimper,	turn	away	from
care	 providers,	 and	 refuse	 examinations	 or	 procedures.	 A	 number	 of	 patients
grow	demanding	of	providers’	attention	or	hurl	insults	when	providers	are	not	as
attentive	as	they	would	like.	Others	may	be	verbally	threatening	toward	staff	and
even	physically	violent,	including	punching	and	kicking	caretakers.

2 	 Before	 deciding	 how	 to	 approach	 the	 disruptive	 patient,	 one	 must	 first
answer	 three	 questions	 “Am	 I	 safe?”	 “Is	 the	 staff	 safe?”	 and	 “Is	 the	 patient
safe?”	 ICU	 personnel	 learn	 to	 override	 their	 fears	 as	 they	 perform	 procedures
that	 demand	 brisk,	 decisive	 action.	 Unfortunately,	 such	 denial	 among	 care
providers	 or	 acceptance	 that	 verbal	 or	 physical	 aggression	 is	 “part	 of	 the	 job”
can	lead	to	failure	to	heed	an	internal	alarm	regarding	patient	behavior,	risking
physical	 and	 psychological	 injury	 to	 patients	 and	 staff.11,12	 Hence,	 it	 is	 key	 to
“tune	in”	to	this	sense	of	peril	when	acute	danger	to	a	patient	or	others	exists	and
then	 to	 administer	 calming	medications,	 summon	 security	 or	 additional	 safety
personnel,	 and	 safely	 apply	 physical	 restraints	 if	 necessary.	 It	 should	 be	 noted
that	the	use	of	physical	restraints	is	a	widespread	practice	throughout	the	world,
but	 it	 may	 be	 both	 psychologically	 and	 physically	 harmful	 to	 patients.	 Thus,
intensive	care	staff	 should	be	steeped	 in	other	de-escalation	strategies,	develop
and	refine	protocols	for	optimizing	patient	and	staff	safety	during	restraint,	and
minimize	 the	 amount	 of	 time	patients	 are	 in	 restraints,	 frequently	 checking	on
the	safety	and	necessity	of	on-going	restraint	during	these	events.12
Once	the	safety	of	the	patient,	other	patients,	and	staff	is	ensured,	an
examination	of	the	underlying	causes	of	a	patient’s	disruptive	behavior	should
follow.	As	irritability	and	emotional	lability	are	often	the	final	common
pathway	of	a	myriad	medical	and	psychiatric	conditions	and	of	normal
emotional	responses,	precise	determination	of	the	cause	of	a	patient’s
disruptive	behavior	is	often	vexing.	Asking	and	answering	the	questions	listed
in	Table	161.2	can	be	helpful	in	narrowing	the	vast	differential	diagnosis.

TABLE	161.2

Key	Questions	About	Behavioral	Problems	in	the
Intensive	Care	Unit

Safety



Is	the	patient's	behavior	dangerous?	If	so,	how	can	we	keep	the	patient
and	others	safe?

Delirium
Is	the	patient	delirious?	If	so,	are	we	effectively	addressing	the
underlying	causes	of	delirium?

Psychiatric	Illness	and	Trauma/Adverse	Experiences
Does	the	patient	have	an	anxiety,	mood,	or	psychotic	disorder	or	other
psychiatric	illness	including	posttraumatic	stress	disorder?	If	so,	are	we
providing	adequate	treatment	for	these	conditions?

Intoxication	and	Withdrawal
Is	the	patient	intoxicated	with	or	withdrawing	from	alcohol	or	another
substance?	Am	I	addressing	the	untoward	effects	of	withdrawal?

Psychosocial	Stressors
Can	we	reduce	pain,	sleeplessness,	isolation,	and	other	stressors	related
to	ICU	treatment?

Personality	Factors
The	present	behavior	represents	the	patient's	best	attempt	to	regulate
themselves.	Can	we,	as	a	staff,	identify	this	patient's	predominant	mode
of	coping?	Now	acknowledged,	how	might	we	best	manage	this	patient's
uniquely	taxing	coping	strategies?	What	are	some	important	ways	we	can
partner	with	them?	What	are	our	limitations	and	necessary	boundaries
and	how	do	we	respectfully	communicate	these?

3 	Delirium	 is	 a	common	source	of	 troublesome	patient	behaviors	during	an
ICU	stay.	Patients	who	are	hallucinating	or	harboring	persecutory	delusions	that
ICU	 staff	 is	 torturing	 them	 can	 be	 immensely	 problematic.	 Owing	 to	 its
potentially	lethal	nature,13	delirium	should	be	ruled	out	first	as	the	driving	force
behind	 a	 patient’s	 disruptiveness.	 A	 full	 discussion	 of	 delirium	 is	 provided	 in
Chapter	157.	After	delirium	has	been	excluded,	it	is	important	to	look	for	major
psychiatric	 illnesses,	 which	 are	 frequently	 exacerbated	 by	 the	 chaos,



vulnerability,	 and	 prolonged	 inner	 tension	 associated	with	 being	 treated	 in	 the
ICU.14	 The	 intensivist	 should	 discern	 if	 the	 patient	 has	 a	 history	 of	 psychotic
disorder,	 affective	 illness,	 or	 anxiety	 disorder	 and,	 in	 the	 absence	 of
contraindications,	 should	 order	 any	 medications	 that	 have	 been	 effective	 for
treating	 these	 conditions	 in	 the	 past.	 As	 part	 of	 this	 psychiatric	 workup,	 a
substance-use	 history	 is	 also	 imperative;	 data	 from	 collateral	 sources	 may	 be
necessary	to	confirm	the	patient’s	report.	At	any	step	in	the	process	of	assessing
the	 roots	 of	 patients’	 problematic	 behaviors,	 psychiatric	 consultation	 may	 be
useful	in	establishing	and	confirming	diagnoses	and	in	guiding	treatment.

4 	 While	 gathering	 data	 about	 psychiatric	 conditions	 and	 substance	 use,
common	sources	of	patient	stress	 in	 the	ICU	should	be	eliminated,	as	much	as
possible	 (eg,	 pain,	 sleeplessness,	 and	 isolation).	 Biancofiore	 et	 al	 showed	 that
liver	transplant	recipients	and	patients	who	underwent	major	abdominal	surgery
identified	 “being	 unable	 to	 sleep,	 being	 in	 pain,	 having	 tubes	 in	 nose/mouth,
missing	spouse/partner,	and	seeing	family	and	friends	only	a	few	minutes	a	day
as	 the	major	 stressors.”15	 Provision	 of	 adequate	 analgesia,	 effective	 sleep	 aids,
anxiolytic	 agents,	 and	 uninterrupted	 interaction	 with	 significant	 others	 often
substantially	curtails	problematic	behaviors.

COMMON	PATTERNS	OF	PROBLEMATIC
BEHAVIOR
Critical	 illness	 leads	many	patients	 to	 feel	 lonely,	dependent,	 or	 anxious	 about
the	prospect	of	death.	Traumatic	memories	may	be	reawakened	as	well.	To	keep
these	 unpleasurable	 feelings	 and	 recollections	 at	 bay,	 patients	 deploy	 a	 broad
array	 of	 psychological	 defenses.	 Some	 patients’	 patterns	 of	 psychological
defense—that	is,	their	personalities—are	quite	adaptive,	even	at	times	of	stress.
Others,	though,	may	use	psychological	defenses	that	are	frustrating	to	intensive
care	 staff.	 These	 may	 include	 abject	 denial,	 splitting	 staff	 into	 idealized
“winners”	and	scorn-worthy	“losers,”	or	acting	in	passive-aggressive	ways.

Many	patients	have	experienced	 toxic	 stress	 and	 trauma	 in	 their	 lives;	 such
adversity,	 particularly	 during	 childhood,	 has	 lifelong	 impacts	 on	 brain
development,	 particularly	 of	 areas	 responsible	 for	 emotional	 processing	 and
managing	stress.16,17	When	someone	has	suffered	from	the	impact	of	adversities
(eg,	 witnessing	 domestic	 violence,	 being	 raised	 in	 an	 environment	 where	 a
family	member	suffered	from	severe	mental	illness	or	substance	use	disorders,	or
has	 been	 physically,	 sexually,	 or	 emotionally	 abused),	 their	 capacity	 for



managing	extreme	physiological	and	psychological	stress	is	reduced.18	In	light	of
this	and	consistent	with	a	 trauma-informed	approach,	 it	 is	best	 to	not	dwell	on
the	 question	 of	 “what’s	 wrong	 with	 this	 patient?”	 and	 instead	 wonder:	 “what
happened	in	their	life	that	led	them	to	this	point?”	This	is	an	empathic	anchoring,
necessary	for	addressing	patients’	and	families’	needs.

Whether	 a	 patient’s	 interpersonal	 or	 intrapsychic	 skillset	 is	 such	 that	 they
would	 meet	 criteria	 for	 a	 personality	 disorder	 as	 defined	 by	 the	 American
Psychiatric	Association	 or	 International	 Classification	 of	Disease	 is	 somewhat
immaterial.	This	may	be	important	for	psychotherapy,	but	less	so	in	terms	one’s
intensive	care.	Still,	 it	 can	be	helpful	 for	 ICU	staff	 to	borrow	 from	 the	mental
health	field	wherein	practitioners	pay	attention	to	their	“countertransference.”	In
psychiatric	 nomenclature,	 countertransference	 refers	 to	 thoughts	 and	 feelings,
sometimes	 including	warmth,	 and	 also	 loathing	 and	 frustration,	 that	may	 arise
from	 patient	 interactions.	 Countertransference	 refers	 to	 the	 activation	 of	 the
practitioner’s	own	experiences	with	others.	For	example,	one	may	experience	a
patient	like	a	nurturing	relative	whom	they	found	honest	and	kind,	while	another
patient	might	remind	an	intensivist	of	a	classmate	who	bullied.	Rather	than	being
a	group	of	thoughts	and	feelings	one	ought	to	ignore,	acknowledging	them	is	an
opportunity	 for	 the	practitioner	 to	adopt	a	nuanced,	mindful	 stance.	This	could
mean	moving	from	a	mindset	of	“how	can	I	avoid	this	person	or	family?”	to	a
trauma-informed	approach,	wondering:	 “how	can	 I	manage	 these	 thoughts	 and
feelings	in	a	way	that	honors	the	dignity	of	this	patient	or	family	member?”

Contemporary	neuroscience	and	personality	disorder	(PD)	research	is	slowly
moving	away	from	categorical	distinctions	of	personality	to	a	more	dimensional
approach.19	A	categorical	approach	involves	looking	at	a	distinct	list	of	particular
PD	traits	and	seeing	if	someone	meets	or	does	not	meet	a	minimum	number	of
criteria	 and	 therefore	 has	 or	 does	 not	 have	 a	 particular	 PD.	 A	 dimensional
approach	embraces	more	nuanced	 reality	 that	 there	are	 some	essential	 traits	of
intrapsychic	and	interpersonal	functioning	that	all	human	beings	demonstrate	on
a	spectrum.	Those	individuals	with	traits	that	are	extreme	are	then	determined	to
have	a	personality	disorder.	Still,	the	field	continues	to	grapple	with	how	to	best
make	clinical	use	of	this	science	and	thus	many	practitioners	continue	to	utilize
older,	less	rigorous	but	nevertheless	useful	personality	profiles.	It	is	in	this	spirit
that	 this	 chapter	 presents	 four	 “classic”	 personality	 types20	 from	 historical
psychiatric	literature	(see	Table	161.3).

TABLE	161.3



Common	Problematic	Coping	Styles	of	Patients	and	Family
Members	in	the	Intensive	Care	Unit

Personality
Type Core	Deficit Characteristic

Behavior
Suggested
Response

Dependent Hypersensitive	to
abandonment,
inadequacy,	and
aloneness

Craves	attention
Demands
special	care
Childlike
Cries	easily	and
complains	of
abandonment
and	inadequate
care

Schedule
examination	and
rounding	times
Anticipate	nursing
staff	changes,
physician	care
shifts,	transfer	to
floor	
Validate	patient’s
plight	and	offer	to
help	within	reason

Narcissistic Hypersensitive	to
loss	of	control	and
stature
Defended	against
looking	weak

Denies	severity
of	illness	Shows
bravado
Critical	of	ICU
staff	and	care

Acknowledge
patient’s	stature
Enlist	patient	as
active	partner	in
care	and	decision-
making

Obsessive Hyperaware	of	loss
of	control
Defended	against
looking	weak

Excessive	focus
on	medical	facts
and	minutiae
Restricted	affect
Not	apt	to
“show
emotional
cards”

Schedule	patient
and	family	meetings
Have	a	set	amount
of	information	to
share	with	patient
and	family
Provide	factual
explanations	of	data
Avoid	emotional
commentary	or
inquiry

Dramatic Difficulty	feeling
cared	for	or	thought

Engaging	and
charming	to

Acknowledge
patient’s	positive



of	except	within
emotionally
extreme	exchanges

some	staff,
denigrating	and
caustic	to	others
May	have
multiple
allergies	and
phobias
May	“fire”
some	staff	and
take	exception
to	rules

attributes
Validate	patient’s
plight	and	offer	to
help	within	reason
Set	limits	as	a	team

Adapted	from	Kahana	RJ,	Bibring	GL.	Personality	types	in	medical	management.	In:	Zinberg	NE,
ed.	Psychiatry	and	Medical	Practice	in	a	General	Hospital	International	Universities	Press;
1965:108.

The	Dependent	Patient
Dependent	 patients	 demand	 assistance	 with	 nearly	 every	 aspect	 of	 their	 ICU
experience.	Through	urgent	requests	for	pillow	adjustment,	analgesia,	and	better
food,	among	sundry	other	entreaties,	dependent	patients	drive	nurses	and	house
officers	to	distraction.	Yet,	when	examined	through	a	sympathetic	lens,	one	finds
that	dependent	patients	are	 incredibly	fearful	and	 leverage	demands	for	care	 to
keep	 their	nurses	and	doctors	 in	sight,	 thus	 reducing	 their	anxiety.	 In	 this	way,
demanding	patients	are	like	the	infant	who,	unable	to	hold	onto	the	mental	image
of	his	mother,	wails	when	she	leaves	the	room.	These	patients	are	hypersensitive
to	 aloneness.	 To	 mitigate	 these	 fears,	 nurses	 and	 doctors	 should	 keep	 such
patients	informed	(eg,	when	they	plan	to	return,	when	rounds	will	take	place,	and
when	family	will	visit).	Still,	for	many	dependent	patients,	basic	information	of
this	 sort	 is	 insufficient	 to	 quiet	 their	 incessant	 demands	 for	 instant	 anxiety
reduction.

In	these	situations,	validation	of	these	patients’	feelings,	communication	that
their	requests	are	understood,	and	explanation	that	the	staff	is	unable	to	provide
everything	 these	 patients	 want	 are	 key.	 These	 tasks	 are	 often	 accomplished
through	“I	wish”	statements.	For	example,	a	particularly	dependent	and	anxious
patient	in	a	busy	ICU	pled	for	her	ICU	team	to	stay	in	the	room.	Respecting	that
the	 patient	 felt	 she	 needed	more	 security	 than	 she	was	 experiencing,	 the	 team
leader	 responded:	 “While	 I	 wish	 we	 could	 stay	 here	 longer	 to	 explore	 your
questions	 and	 provide	 further	 reassurance,	 unfortunately	 we	 need	 to	 complete



rounds.	 However,	 I	 will	 return	 at	 noon	 to	 check	 on	 you.”	 By	 validating	 the
patient’s	 needs,	 acknowledging	 her	 personal	 limitations,	 and	 providing
reassurance	 about	 the	 time	 of	 return,	 this	 physician	 better	 met	 the	 patient’s
dependency	needs.

The	Narcissistic	Patient
Being	critically	ill	in	the	ICU	can	lead	the	most	psychologically	healthy	person
to	 feel	 infantilized;	 hence,	 for	 most	 patients,	 regaining	 a	 sense	 of	 control	 is
extremely	 important.	 For	 some	 patients,	 however,	 this	 need	 to	 regain	 control
takes	 the	 form	of	 entitled	 demands	 and	 scathing	 critique.	 These	 patients	 often
admonish	 nurses	 (“You’re	 not	 doing	 that	 the	 right	 way!”),	 can	 belittle	 their
doctors	in	sexist	or	racist	ways,	and	haughtily	name-drop.

With	such	patients,	it	is	best	to	work	to	both	set	firm	limitations	that	make	it
clear	that	abusive	or	derisive	language	will	not	be	tolerated	and	to	validate	that
the	patient	 is	 valued.	This	 “both/and”	 approach	 is	 key	because	 it	 addresses	 all
practitioner’s	need	(to	be	respected,	not	expected	to	tolerate	abuse,	and	feel	safe)
and	the	patient’s	need	for	validation.	After	all,	when	the	narcissistic	patient	looks
around	the	ICU,	all	they	see	are	their	inadequacies,	inabilities,	and	incapacities.
The	intravenous	pump	reminds	them	they	cannot	feed	themselves,	the	ventilator
brings	 to	 mind	 that	 they	 cannot	 breathe	 unaided,	 and	 the	 catheter,	 bedside
commode,	 or	 bedpan	 becomes	 a	 glaring	 reminder	 of	 their	 inability	 to	 move
about	 nimbly.	 By	 using	 words	 that	 remind	 the	 patient	 that,	 despite	 their
infirmities,	 they	 are	 still	 valuable,	 one	 then	 “joins”	 the	 patient	 and	 incurs	 less
wrath	and	invective.	Such	“joining”	can	be	done	respectfully	by	calling	patients
“Mr.,”	 “Ms.,”	 and	 “Dr.,”	 as	 appropriate.	 It	 is	 also	 helpful	 to	 ask	 such	 patients
about	their	lives	outside	the	hospital,	promoting	the	notion	that	who	they	are	to
you	in	this	moment	(ie,	“a	patient”)	is	not	all	you	imagine	them	to	be.	Perhaps
they	 are	 an	 artist,	 a	 professional,	 an	 academic,	 a	 parent,	 a	 craftsperson,	 an
athlete,	 or	 a	musician.	They	may	have	 contributed	 to	 a	 community	 effort	 or	 a
building	 in	 town.	 Learning	 about	 individuals,	 finding	 a	mutual	 hobby,	 a	 book
shared,	a	TV	show	you	also	enjoyed,	can	be	key	to	giving	patients	the	sense	that
you	recognize	that—despite	the	patient’s	present	medical	situation	where	there	is
a	 hierarchy	 of	 practitioner	 and	 patient—you	 are	 simply	 two	 people,	 of	 equal
stature,	getting	through	this	medical	experience	together.

Narcissistically	 fragile	patients,	with	 their	 sense	of	specialness	and	need	 for
excessive	admiration,	appreciate	any	control	 they	can	be	afforded.	Even	 if	 this
means	controlling	the	light	switch,	choosing	the	hour	the	physical	therapist	will
arrive,	 or	 using	 patient-controlled	 analgesia,	 the	 narcissistic	 patient	 revels	 in



having	 more	 agency	 in	 their	 care.	 Finally,	 avoidance	 of	 power	 struggles	 and
sharing	 of	 dilemmas	 are	 key	 to	 working	 with	 these	 patients	 effectively.	 For
example,	an	astute	medical	intern	said	to	a	“very	important	person”	in	the	ICU:
“While	I	realize	the	catheter	is	completely	uncomfortable,	if	I	were	to	remove	it
right	now,	it	is	likely	I	would	have	to	replace	it	tomorrow.	I	can	do	this	if	you’d
like—it	 is	 your	 decision—but	 I	 am	 concerned	 that	 this	would	 cause	 you	 even
greater	 pain.”	 In	 this	 situation,	 knowing	 he	 had	 a	 choice,	 the	VIP	 felt	 greater
self-agency	and	was	thus	able	to	defer	to	the	doctor’s	educated	opinion,	electing
to	leave	the	catheter	in	for	the	time	being.

The	Obsessive	Patient
The	obsessive	patient	is	rules	based	and	acts	much	like	an	early	school-age	child
clinging	to	the	rules	of	a	board	game.	Following	the	obsessive	mantra	“a	place
for	everything	and	everything	in	its	place,”19	the	obsessive	patient	wants	to	know
what	their	radiograph	shows	before	it	is	even	taken.	Their	days	can	rise	and	fall
on	 laboratory	 minutiae.	 Like	 the	 narcissistic	 patient,	 the	 obsessive	 individual
feels	control	slipping	away	at	times	of	illness.	However,	rather	than	acting	in	a
haughty	manner	 to	deny	 that	 illness	 is	 stripping	 them	of	control,	 the	obsessive
patient	attempts	 to	 attain	mastery	over	 their	 condition	 through	excessive	 focus
on	detail.	Expert	 at	 “losing	 the	 forest	 for	 the	 trees,”	 the	 obsessive	 patient	 gets
mired	 in	 the	 fine	 points.	 They	 ask	 questions	 incessantly	 and	 want	 to	 manage
their	own	treatment.	For	example,	one	obsessive	patient	with	myasthenia	gravis
found	an	 “L”	next	 to	her	hematocrit	 and	demanded	 to	know	why	 she	was	not
being	 transfused	when	her	hematocrit	was	32.3%.	When	her	nurse	sat	down	at
her	 bedside	 and	 provided	 a	 synopsis	 of	 her	 laboratory	 results	 and	 the	 team’s
rationale	 for	 management,	 the	 patient	 was	 soothed.	 For	 all	 patients,	 but
particularly	for	obsessive	ones,	and	this	of	course	goes	for	family	members	who
may	 have	 this	 personality	 profile	 as	 well,	 it	 is	 helpful	 to	 (a)	 review	 pertinent
laboratory	work	and	ask	 if	patients	have	any	questions;	 (b)	announce	a	regular
time	 when	 nurses	 and	 physicians	 will	 share	 a	 progress	 report;	 (c)	 use
scientific/deductive	 reasoning	 to	 explain	 each	 step	 in	 treatment;	 and	 (d)
encourage	 family	members,	 particularly	 those	who	 are	 checking	 the	 electronic
medical	record	for	laboratory	work	or	progress	note	information,	to	write	down
their	questions.	That	way	the	team	can	open	meetings	by	saying	“these	are	 the
things	we	hoped	to	go	over	with	you	now,	so	that	we	make	sure	we	address	your
questions,	would	you	be	willing	to	share	what’s	on	your	list?”



The	Dramatic	Patient
With	 intense	 difficulty	 managing	 their	 own	 affective	 state	 and	 examining
thoughts,	 feelings,	 and	motivations	 of	 others,21	 extremely	 dramatic	 patients	 or
family	 members,	 many	 of	 whom	 may	 suffer	 from	 borderline	 personality
disorder,22	make	erroneous	assumptions	about	their	caregivers’	intentions.	Based
on	 little	data,	such	patients	sense	 that	 they	are	 loved	and	appreciated	by	some,
while	loathed	and	apt	to	be	mistreated	or	abandoned	by	others.

The	dramatic	patient	or	family	member	thus	idealizes	and	praises	some	staff
members	while	alienating	others	with	 toxic	devaluation	and	belligerence.	Even
the	 most	 mindful,	 well-meaning,	 intelligent	 physician	 or	 nurse	 can	 find
themselves	 suddenly	on	 the	wrong	 side	of	 this	 idealization/devaluation	“split.”
Validating	patients’	feelings	but	not	necessarily	their	beliefs	can	be	helpful.	For
example,	one	family	member	berated	a	physician:	“You	clearly	hate	our	family!”
The	physician	responded:	“I	am	surprised	to	hear	you	say	that,	because	I	am	not
aware	of	having	bad	 feelings	 toward	you	or	your	 family.	 I	wonder	what	gives
you	that	impression.”	The	family	member	then	explained	that	the	doctor	seemed
to	turn	away	from	the	family	when	she	passed	by	the	visitors’	 lounge	and	“did
not	 do	 nearly	 enough	 family	 meetings.”	 Now	 understanding	 that	 this	 person
required	 more	 information	 and	 dialogue	 than	 she	 customarily	 provided,	 the
physician	agreed	to	have	more	frequent	meetings	and	made	a	concerted	effort	to
acknowledge	the	family’s	presence	when	passing	them.	She	thus	enjoyed	a	more
positive	working	relationship	with	this	family	member.

When	 clinicians	 who	 have	 had	 completely	 different	 experiences	 with	 a
dramatic	patient	or	family	member	confer,	they	are	at	odds	over	how	to	handle
the	 dramatic	 individual’s	 demands.	 This	 discord	 creates	 tremendous	 tension
among	 treatment	 team	 members	 and	 can	 be	 relieved	 when	 clinicians
acknowledge	 they	 have	 had	 divergent	 emotional	 experiences	 with	 a	 patient.
Once	 this	 “split”	 is	named,	 the	 team	can	 then	 strategize	how	best	 to	 set	 limits
(Table	161.4).

TABLE	161.4

Principles	of	Establishing	Limits	and	Negotiating	Conflicts
in	the	Intensive	Care	Unit



Acknowledge	the	patient’s	real	struggles.
Explain	limits	in	a	clear	and	concise	manner.	Avoid	jargon	such	as,	“You	are
demonstrating	unsafe	behavior,	sir.	This	is	a	nonsmoking	environment,”	and
simply	offer,	“You	can’t	smoke	while	you’re	in	the	unit.”

Before	speaking	with	the	patient,	know	what	areas,	if	any,	are	flexible	and
make	concessions	to	the	patient	in	those	areas.
Determine	consequences	for	transgressing	limits	in	advance.

Avoid	long,	drawn-out	arguments	as	they	are	rarely,	if	ever,	useful.	Leaving
the	patient’s	bedside	to	cool	down,	thinking	of	a	new	strategy,	or	consulting	a
colleague	is	better	than	acting	impulsively.

Adapted	from	Winnick	JA,	Wool	CA,	Geringer	ES,	et	al.	Problematic	behavior	of	patients,	family,
and	staff	in	the	intensive	care	unit.	In:	Irwin	RS,	Rippe	JM.	eds.	Irwin	and	Rippe’s	Intensive	Care
Medicine.	5th	ed.	Lippincott	Williams	&	Wilkins;	2003:2192.

COMMUNICATION	WITH	FAMILIES
5 	Almost	always	for	better,	but	occasionally	for	worse,	family	members	are	not
mere	 visitors	 to	 the	 ICU.23	 Families	 play	 an	 integral	 role	 for	 encouraging	 and
comforting	 critically	 ill	 patients	 and	 informing	 distant	 loved	 ones	 of	 patients’
progress	 or	 problems.	 With	 the	 exception	 of	 those	 patients	 who,	 prior	 to
hospitalization,	 expressed	 their	 preferences	 for	medical	 care,	 relatives	 are	 also
responsible	 for	 learning	 about	 a	 patient’s	 diagnosis	 and	 prognosis	 and	making
decisions	for	critically	ill	patients	who	lack	the	capacity	to	make	medical	choices
for	themselves.

It	 can	 be	 difficult	 to	 function	 in	 these	 roles,	 as	 the	 experience	 of	 having	 a
family	member	 in	 the	 ICU	 takes	 a	 psychological	 toll.	One	 study	 revealed	 that
69%	of	family	members	of	intensive	care	patients	suffered	depressive	symptoms
and	35%	had	anxious	 symptoms.24	Azoulay	 and	 colleagues	 reported	 that	 up	 to
one-third	of	 family	members	 suffered	posttraumatic	 stress	 symptoms	3	months
after	their	family	member	was	discharged	from	the	ICU.25

6 	Adequate	communication	between	ICU	staff	and	patients’	family	members
is	 central	 to	 reducing	 family	 stress	 and	 dissatisfaction,26,27	 decreasing	 conflict
around	end-of-life	decisions,28	limiting	futile	interventions,29	and	reducing	strife



between	 families	 and	 ICU	 staff.30	 Some	 general	 principles	 of	 communication
with	 families	 in	 the	 ICU	 include	 providing	 clear	 and	 concise	 medical
information,	 scheduling	 and	 keeping	 appointment	 times	 to	meet	with	 families,
respecting	 the	 uniqueness	 of	 the	 family	 and	 the	 patient,	 attending	 to	 special
aspects	of	the	patient’s	and	family’s	life	story,	and	providing	early	diagnostic	and
prognostic	 information,	 even	 if	 this	 means	 saying,	 “I’m	 not	 sure”28-32	 (Table
161.5).

TABLE	161.5

Core	Principles	of	Communication	With	Families	in	the
Intensive	Care	Unit

Clear
Provide	family	members	with	clear,	concise	descriptions	of	the	patient’s
condition.	Avoid	jargon.	Ask	if	you	have	adequately	addressed	the
family’s	questions	and	concerns.

On	time
Schedule	appointments	for	family	conferences	or	treatment	updates	and
try,	as	best	as	possible,	to	be	on	time.	Send	a	representative	if	you	must.

Respect	the	patient’s	uniqueness
These	appointments	are	as	much	about	what	you	say	as	how	well	you
listen.	Pay	close	attention	to	people’s	names	and	what	makes	the	patient
special.

Early	diagnosis	and	prognosis
Even	if	it	means	saying,	“I’m	not	sure,”	try	to	inform	the	family	early	in
the	ICU	stay.

Even	 with	 good	 communication,	 problems	 arise.	 Occasionally,	 before	 the
physician	 can	 provide	 information	 regarding	 prognosis,	 family	 members	 will
foreclose	discussion	and	disagree	with	the	doctor	or	other	family	members	about



how	much	workup	 or	 end-of-life	 treatment	 to	 pursue.	 Some	 special	 situations
related	 to	 the	 emotional	 life	 of	 family	 members	 bear	 examination	 in	 further
detail.	These	include	the	guilty	family	member,	the	family	member	compelled	to
preserve	the	dignity	or	“fighter	status”	of	 the	patient,	and	the	vindictive	family
member.	Physician	interventions	or	“conversational	reframes”	in	these	situations
are	aimed	not	at	coercion	but	at	enhancement	of	doctor-family	and	family-family
conversation	 about	 how	 best	 to	 proceed	 with	 a	 critically	 ill	 family	 member’s
care.

Occasionally,	 a	 sibling,	 parent,	 or	 child	 of	 an	 ICU	 patient	 who	 has	 played
little	role	in	the	ailing	family	member’s	life	attempts	to	rectify	this	estrangement
by	 coming	 to	 the	 rescue	 at	 the	 11th	 hour.	 To	 assuage	 their	 guilt,	 these	 family
members	 demand	 that	 “everything”	 be	 done	 for	 their	 relative,	 to	 the	 point	 of
pushing	for	futile	assessments	and	treatments.	Reframing	the	dilemma	for	these
family	members,	giving	them	a	sense	of	authority,	and	explaining	how	they	can
be	helpful	can	shift	the	family-staff	dialogue.	For	example,	one	intensivist	told	a
particularly	 guilt-ridden	 son	 whose	 mother	 had	 suffered	 a	 cerebrovascular
accident:	“This	a	really	big	opportunity	 to	help	support	your	dying	mother	and
your	siblings	who	are	struggling.	You	can	help	your	sisters	and	the	rest	of	your
family	 come	 to	 a	 well	 thought-out	 decision	 about	 your	 mother’s	 care.”
Suggestion	 of	 how	 this	 young	man	 could	 help	 in	 the	 here-and-now	 indirectly
addressed	 his	 guilt,	 altering	 the	 concerned	 son’s	 attitude	 from	 “I	 must	 do
everything	 and	 push	 for	 everything	 in	 order	 to	 be	 a	 good	 son”	 to	 “I	 can	 be	 a
good	son	by	being	a	great	custodian	of	her	care	and	a	source	of	strength	for	my
siblings.”	 When	 dealing	 with	 end-of-life	 care,	 some	 family	 members	 will
demand	 that	 everything	 be	 done	 because	 they	 do	 not	want	 their	 loved	 one	 to
seem	weak.	Family	members	 sometimes	protest,	 “But	he’s	 a	 fighter!”	 In	 these
situations,	one	should	listen	closely	to	why	it	is	important	that	the	patient’s	status
as	 a	 “fighter”	 be	maintained.	Once	 this	 information	 is	 obtained,	 the	 ICU	 staff
member	 might	 illustrate	 and	 validate	 the	 patient’s	 legacy	 as	 a	 fighter,	 while
heroic	and	sometimes	futile	measures	are	scaled	back.

Some	 family	 members	 may	 be	 angry	 with	 the	 patient.	 Wasserman	 studied
responses	provided	by	relatives	of	patients	who	had	attempted	suicide	and	found
that	a	family’s	request	for	“do	not	resuscitate”	orders	sometimes	reflected	anger
toward	 the	patient.33	Eliciting	 these	 feelings	during	a	 family	meeting	may	help
family	members	acknowledge	the	hostile	origins	of	their	decisions	and	feel	they
have	acted	less	impulsively	and	more	thoughtfully	about	how	to	proceed	with	a
loved	one’s	care.

Communication	between	 ICU	 staff	 and	 a	 patient’s	 family	may	be	disrupted
when	a	family	member	does	not	want	to	make	decisions	on	behalf	of	a	loved	one



or	 suffers	 symptoms	of	 anxiety,	depression,	or	other	psychiatric	 illness.34	Such
family	 members	 may	 derive	 great	 benefit	 from	 consultation	 with	 the	 ICU’s
social	 worker,	 chaplain,	 or	 an	 outpatient	 mental	 health	 provider.	 When
discussions	over	care	 reach	a	 standstill	 and	 interventions	 spur	 little	movement,
referral	 to	 a	 palliative	 care	 expert	 or	 an	 ethics	 consultant	 or	 committee
(particularly	with	regard	to	end-of-life	care)	or	patient-rights	advocate	(regarding
a	family	member’s	grievance)	may	help	resolve	the	conflict.

CONCLUSION
Physicians,	 nurses,	 and	 other	 members	 of	 the	 critical	 care	 team	 are	 often
confronted	with	patients	 and	 families	whom	 they	experience	as	 taxing	or	even
dangerous.	 In	 stepwise	 fashion	 (1)	 establishing	 safety,	 (2)	 excluding	 causes	 of
disruptive	 behavior	 amenable	 to	 medical	 intervention,	 (3)	 examining	 the
patient’s	 and	 family	 member’s	 predominant	 defense	 mechanisms,	 and	 (4)
attempting	to	best	address	the	patient’s	or	family	member’s	psychological	needs
can	improve	such	difficult	interactions.

Patients	with	personality	problems	often	respond	to	validation	of	their	distress
and	to	limit	setting,	entailing	a	description	of	what	they	can	expect	from	you	as	a
provider	(how	you	intend	to	show	respect	for	 their	dignity)	and	what	you,	as	a
healthcare	 team,	 expect	 from	 them.	 Family	 members	 and	 loved	 ones	 play	 a
crucial	role	in	critical	care;	ensuring	that	they	are	part	of	the	ICU	team	involves
providing	 clear	 diagnostic	 information	 early	 on,	 conveying	 respect	 for	 the
uniqueness	 of	 patients	 and	 their	 families,	 and	 providing	 regular,	 scheduled
update	meetings	wherein	the	meetings	close	with	providers	asking	if	the	family
has	additional	questions	and	discussing	when	the	family	can	next	expect	to	hear
from	them	and/or	meet	again	together.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	During	a	family	meeting,	an	intensive	care	clinician	finds	herself
frustrated	with	the	way	a	family	member	talks	at	length	about	his	loved	one’s
career	but	seems	to	focus	very	little	on	the	patient’s	current	condition	or	the	care
questions	at	hand.	Which	of	the	following	statements	might	best	facilitate	the



provider-family	member	relationship	and	conversation?

A. 	“I	feel	like	we’re	not	getting	anywhere”
B. 	“I	like	learning	more	about	who	he	is,	not	just	as	a	patient,	but	as	a
person.	It’s	also	really	important	that	we	take	some	time	to	focus	on	next
steps…where	should	we	start”
C. 	“Perhaps	you	would	like	to	talk	with	our	social	worker	who	can
support	you”
D. 	“We’re	really	here	to	talk	about	his	current	status”

2. 	A	patient	being	treated	in	the	intensive	care	unit	(ICU)	frequently	makes
belittling	remarks	to	the	team	about	the	resident	physician	caring	for	him.
Driving	home	from	work,	that	resident	feels	her	impostor	syndrome	being
activated	and	wonders,	“Am	I	a	good	physician	or	is	that	patient	right?”	Which
of	the	following	terms	captures	the	way	in	which	this	patient	is	psychologically
managing	his	experience	of	vulnerability?

A. 	Countertransference
B. 	Introjection
C. 	Projection
D. 	Reaction	formation

3. 	An	intensivist	will	be	caring	for	a	21-year-old	who	sustained	multiple
traumatic	injuries	in	a	motor	vehicle	collision.	While	preparing	to	meet	the
patient	who	is	being	transferred	from	the	emergency	department	(ED),	the
physician	hears	that	ED	staff	found	the	patient	“to	be	a	real	pain.”	Also,	in
reading	this	patient’s	chart,	the	physician	learns	that	this	young	adult	was
involved	in	the	mental	health	and	foster	care	systems	throughout	her	life.	When
approaching	this	young	person’s	care	and	imagining	her	psychological	needs,
what	finding	from	the	“toxic	stress”	literature	would	be	most	relevant?

A. 	Toxic	stress	can	adversely	impact	neurodevelopment
B. 	Toxic	stress	can	disrupt	the	neuroendocrine-immune	network
C. 	Toxic	stress	can	lead	to	hypertension
D. 	Toxic	stress	can	make	asthma	more	likely

Answers

1.	The	correct	answer	is	B.



Rationale:	In	most	situations,	ICU	team	members	do	well	when	they	validate
a	 patient’s	 and	 family	member’s	 emotional	 needs	 and	 collaborate	 on	 ways	 to
move	forward.	Patients	and	families	also	emphasize	the	need	to	feel	in	control	as
key	to	being	respected	in	the	intensive	care	setting.	In	this	situation,	choice	B	(1)
validates	 what	 the	 family	 member	 is	 emphasizing	 as	 important,	 (2)	 shows
respect	 for	 whom	 the	 patient	 is	 as	 a	 person,	 (3)	 points	 toward	 important
decisions	 that	 need	 to	 be	made,	 and	 (4)	 turns	 over	 some	 agenda	 setting	 to	 the
family	member.

2.	The	correct	answer	is	C.
Rationale:	This	is	the	classic	case	of	someone	who	is	narcissistically	fragile

projecting	 their	 own	 feelings	 of	 vulnerability	 and	 inadequacy	 onto	 another
person	 (choice	C	 is	 correct).	The	 key	 for	 the	 resident	 is	 to	 grow	 aware	 of	 the
ways	in	which	patients’	words	impact	her	and	not	retaliate	or	grow	resentful,	but
rather	challenge	herself	and	her	team	members	on	the	ICU	staff.	The	team	might
do	well	to	consider	this	patient’s	batch	of	thoughts,	feelings,	and	experiences	and
find	ways	of	helping	him	feel	less	vulnerable	and	respected.

3.	The	correct	answer	is	A.
Rationale:	Children	and	teens	exposed	to	high	levels	of	trauma,	mental	health

disruptions,	 or	 substance	 use	 problems	 in	 adult	 caregivers,	 or	who	 themselves
are	 the	 victims	 of	 trauma—the	 kinds	 of	 experiences	 that	 lead	 to	 involvement
with	the	foster	care	system—experience	“toxic	stress.”	Toxic	stress	has	lifelong
implications	for	neurodevelopment,	altering	threat	centers	to	grow	more	readily
activated	 and	 causing	 frontolimbic	 systems	 responsible	 for	 learning	 and
emotional	inhibition	to	be	less	developed.	The	lifelong	impact	of	toxic	stress	on
neurodevelopment	is	something	that	all	providers	would	do	well	to	keep	in	mind
as	they	approach	people	who	are	medically	vulnerable,	may	be	re-experiencing
trauma,	or	feeling	deeply	alone	(choice	A	is	correct).	Toxic	stress	may	impact	all
the	other	organ	systems	listed,	but	the	current	behavioral	health	issues	would	be
the	most	relevant	at	this	time.
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Chapter	162
Recognition	and	Management	of	Staff
Stress	in	the	Intensive	Care	Unit
Guy	Maytal

KEY	POINTS:
1.	 Excessive	occupational	stress	has	a	significant	adverse	impact	on

physical	health,	mental	health,	and	decision	making.
2.	 The	burnout	syndrome	encompasses	the	domains	of	emotional

exhaustion,	depersonalization,	and	the	absence	of	personal
accomplishment.

3.	 Burnout	typically	affects	individuals	who	are	highly	motivated,
mission	driven,	and	work	in	“people”	professions.

4.	 Stress	and	burnout	have	a	high	prevalence	among	ICU	physicians
and	nurses.

5.	 For	ICU	physicians	and	nurses,	burnout	can	not	only	lead	to	physical
and	psychological	symptoms	(eg,	insomnia,	hypertension,	irritability,
and	depression),	but	can	also	lead	to	decreased	patient	satisfaction
and	increased	patient	morbidity	and	mortality.

6.	 The	COVID-19	pandemic	has	led	to	increased	levels	of	stress	and
psychological	symptoms	among	ICU	clinical	staff.

7.	 A	variety	of	interventions	exist	that	can	address	staff	stress	and
burnout	in	the	ICU.	These	include	primary	prevention	approaches,
as	well	as	interventions	that	address	secondary	and	tertiary
prevention.

INTRODUCTION



The	intensive	care	unit	(ICU)	is	a	structurally,	functionally,	and	socially	complex
entity	with	its	own	culture,	personnel,	protocols,	and	problems.1	Such	units	are
routinely	 filled	 to	 capacity	 with	 complicated	 patients	 suffering	 from	 multiple
life-threatening	illnesses.2

This	 environment	 can	 affect	 ICU	 staff	 adversely.	 ICU	 personnel	 face
numerous	 psychological	 pressures:	 increasingly	 sophisticated	 technology,
overwhelming	amounts	of	data,	burdensome	demands	on	caretakers,	long	hours,
staffing	 shortages,	 and	 complex	 ethical	 issues.	 Staff	 often	 find	 it	 difficult	 to
address	 these	 psychological	 pressures	 while	 simultaneously	 tending	 to	 the
technical	and	clinical	aspects	of	intensive	care.

This	chapter	reviews	the	general	concepts	of	stress	and	burnout,	the	tensions
associated	with	working	as	a	physician	or	a	nurse	in	an	intensive	care	setting,	the
impact	 of	 the	 COVID-19	 pandemic	 on	 ICU	 staff	 stress,	 and	 strategies	 for
managing	staff	stress	in	the	ICU.

STRESS
The	physiological,	cognitive,	and	affective	facets	of	stress	are	based	on	the	work
of	 Selye3	 on	 the	 general	 adaptation	 syndrome.	 Selye	 defined	 stress	 as	 the
nonspecific	result	of	any	demand	on	the	body.	He	observed	that	both	organisms
and	biological	systems	respond	to	stress	in	a	stereotyped	and	predictable	three-
part	 pattern.	 The	 initial	 alarm	 reaction	 is	 characterized	 by	 activation	 of	 the
sympathetic	 nervous	 system	 and	 various	 hormonal,	 immunologic,	 and
psychological	responses.	It	is	followed	by	resistance,	during	which	the	organism
establishes	a	temporary	homeostasis	by	marshaling	various	reserves	to	adapt	to
the	new	situation.	However,	the	body’s	ability	to	adapt	is	finite.	With	continued
exposure	to	the	stressor,	its	reserves	become	depleted,	and	the	organism	enters	a
stage	of	exhaustion.

Researchers	of	biology	and	sociology	have	expanded	this	work	to	encompass
processes	ranging	from	individual	cells	to	individuals	and	social	systems.	Over
the	past	60	years,	 the	study	of	occupational	stress	(ie,	stress	due	 to	one’s	work
situation)	 consistently	 demonstrated	 the	 adverse	 impact	 of	 excessive
occupational	 stress	 on	 physical	 health,	 mental	 health,	 and	 decision	 making.
Across	 fields,	 low	 job	 satisfaction	 is	 predicted	 by	 a	 small	 number	 of	 factors:
little	participation	in	decision	making,	ambiguity	about	job	security,	poor	use	of
skills,	 and	 lack	 of	 clarity	 about	 role.	 These	 stressors	 are	 consistent	 with	 the
demand-control	model	 of	 the	 effects	 of	 job	 demands	 on	 worker’s	 well-being.
This	model	predicts	 that	 the	fewer	demands	and	more	control	a	worker	has	on



the	job,	the	less	stress	they	will	experience.4
1 	Among	 the	other	well-recognized	occupational	 stressors	 (including	noise-

related	 stress,	 nonstandard	work	 hours,	 and	 excessive	 fatigue),4	work	overload
and	a	poor	social	environment	at	work	are	the	most	significant	determinants	of
work-related	health	problems.	Work	overload	and	overall	low	job	satisfaction	are
strongly	 associated	with	 the	development	of	psychiatric	 (particularly	 affective)
problems.	A	meta-analysis	of	job	satisfaction	and	health	outcomes	examined	485
studies	 (267,995	 individuals)	 and	 concluded	 that	 poor	 job	 satisfaction	 was
strongly	 associated	 with	 the	 development	 of	 depressive	 and	 other	 affective
illnesses.5

In	 addition	 to	 physical	 and	 mental	 health,	 decision	 making	 also	 can	 be
negatively	 affected	 by	 high	 levels	 of	 stress.6	 Awareness	 of	 one’s	 limited
knowledge	and	problem-solving	capabilities,	 fear	 that	bad	outcomes	will	occur
regardless	of	which	choice	is	made,	worry	about	making	a	fool	of	oneself,	and
fear	of	loss	of	self-esteem	if	the	decision	is	wrong	can	force	decision-makers	to
come	to	“premature	closure.”	Premature	closure	is	a	of	cognitive	error	in	which
the	physician	fails	to	consider	reasonable	alternatives	after	an	initial	diagnosis	is
made.	 It	 is	a	common	cause	of	misdiagnosis	and	can	 lead	 to	 incorrect	or	even
harmful	decisions.7,8

In	a	work	environment,	 including	 the	 ICU,	stressors	 (both	work-related	and
non–work-related,	 both	 internal	 and	 external)	 affect	 everyone	 in	 a	 unique
manner,	 as	mediated	 by	 a	 variety	 of	 factors.	The	 interaction	between	 stressors
and	mediating	 factors	can	 lead	 the	 individual	 to	experience	either	 strain	or	 job
satisfaction.9	When	this	interaction	leads	to	strain	that	is	chronic	or	particularly
intense	(or	both),	burnout	can	occur.10

BURNOUT	SYNDROME
2 	Coined	by	the	clinical	psychologist	Herbert	Freudenberger11	 in	1974,	burnout
syndrome	has	been	viewed	as	a	behavioral	or	a	psychological	condition	as	well
as	 a	 process	 or	 a	 syndrome.11	 Research	 during	 the	 past	 several	 decades
(pioneered	 by	Maslach	 and	 colleagues)	 has	 narrowed	 the	 current	 definition	 to
encompass	the	spheres	of	emotional	exhaustion,	depersonalization	(ie,	negative
or	 cynical	 attitudes	 regarding	 work),	 and	 the	 absence	 of	 personal
accomplishment12	 (Table	 162.1).	 While	 emotional	 exhaustion	 is	 the	 key
component	 of	 the	 syndrome,	 people	 with	 all	 three	 symptoms	 experience	 the
greatest	degree	of	burnout.13	This	definition	describes	a	process	whereby	highly
motivated	 and	 committed	 individuals	 lose	 their	 spirit,	 their	 motivation	 for



creativity,	and,	in	the	ICU,	their	belief	in	their	ability	to	help	people.14,15

TABLE	162.1

Three	Components	of	Burnout

Emotional
exhaustion

Reduced	energy	and	job	enthusiasm

Emotional	and	cognitive	distancing	from	the	job

Depersonalization Cynicism

Lack	of	engagement	and	distancing	from	patients

Treatment	of	patients	as	inanimate,	unfeeling	objects

Absence	of
personal
accomplishment

A	significantly	diminished	sense	of	efficacy,
effectiveness,	involvement,	commitment,	engagement,
and	capacity	to	innovate,	change,	and	improve

Adapted	from	McManus	IC,	Keeling	A,	Paice	E.	Stress,	burnout	and	doctors’	attitudes	to	work	are
determined	by	personality	and	learning	style:	a	12	year	longitudinal	study	of	UK	medical
graduates.	BMC	Med.	2004;2:29,	Springer	Nature.

3 	Nearly	everyone	experiences	stress,	but	only	those	who	start	their	careers
with	high	levels	of	idealism,	motivation,	and	commitment	are	at	risk	for	burning
out:	“You	cannot	burn	out	unless	you	were	‘on	fire’	initially.”14	Burnout	occurs
almost	 exclusively	 among	 individuals	who	work	with	people,	 arising	 from	 the
emotional	stress	that	such	interactions	engender.	ICU	staff	tend	to	be	idealistic,
committed,	 and	 driven—the	 very	 attributes	 that	 render	 them	 susceptible	 to
burnout.

For	 the	 individual,	 burnout	 is	 characterized	 by	 physical,	 emotional,	 and
attitudinal	 symptoms.	 Physical	 symptoms	 are	 nonspecific	 and	 include	 chronic
fatigue,	headaches,	insomnia,	weight	changes,	and	worsening	of	chronic	medical
conditions.	Burnout	can	lead	to	increased	consumption	of	tobacco,	alcohol,	and
illicit	drugs.	Emotional	symptoms	include	despair,	hopelessness,	and	depression.
Relationships	 can	 become	 disrupted	 and	 the	 ability	 to	 work	 can	 be
compromised.12

On	 an	 organizational	 level,	 cynical	 attitudes	 toward	 work,	 colleagues,	 and



patients	can	isolate	coworkers	and	precipitate	staff	conflicts.	At	some	hospitals,
job	 dissatisfaction	 and	 burnout	 have	 led	 to	 absenteeism,	 accelerated	 staff
turnover,	and	severe	staff	shortages—which	may	limit	the	number	of	ICU	beds
available	for	patient	care.16

STRESS	AND	BURNOUT	IN	HEALTH	CARE
PROFESSIONALS
Competitive,	 highly	 driven,	 and	 able	 to	 delay	 short-term	 gratification
indefinitely,	 are	 people	 attracted	 to	 medicine	 and	 are	 more	 likely	 to	 have
personalities	that	render	them	susceptible	to	the	detrimental	effects	of	stress	and
to	burnout.	As	a	rule,	they	are	success-driven,	tend	to	be	“people-pleasers,”	and
are	often	unable	to	recognize	their	own	limitations.	Similarly,	they	do	not	often
understand	or	attend	to	their	own	emotional	and	psychological	health	and,	citing
the	need	to	be	“strong,”	squelch	their	emotional	reactions	to	stressful	events.17,18

Furthermore,	 over	 the	 past	 several	 decades	 medical	 practice	 has	 changed
dramatically.	Many	physicians	who	entered	medicine	 to	enhance	 their	 sense	of
control	and	mastery	find	themselves	in	a	medical	system	that	is	increasingly	out
of	their	control.18	Physicians	have	experienced	declines	of	status	and	autonomy
alongside	 increased	 work	 pressures.	 Under	 closer	 scrutiny	 by	 regulatory
agencies	 and	 insurance	 companies,	 physicians	 have	 had	 to	 contend	with	 ever-
growing	amounts	of	paperwork.	Due	to	increased	pressure	to	discharge	patients,
the	acuity	of	hospitalized	patients	has	 increased,	“turnover”	 is	more	 rapid,	and
interventions	are	more	aggressive.

Not	 surprisingly,	 studies	 have	 reported	 a	 high	 prevalence	 rate	 of	 burnout
among	health	care	professionals.	Rates	of	burnout	among	physicians	range	from
25%	 to	 60%,	 depending	 on	 working	 conditions	 and	 medical	 specialty19–21;
burnout	 can	 develop	 at	 any	 stage	 of	 a	 physician’s	 career.	 Shanafelt	 and
colleagues	surveyed	30,456	physicians	and	received	5197	responses.	They	found
that	 43.9%	 of	 respondents	 had	 at	 least	 one	 symptom	 of	 burnout.	Multivariate
analysis	 demonstrated	 that	 physicians	 were	 more	 likely	 than	 the	 general
population	to	be	at	risk	for	burnout	(odds	ratio	1.39)	and	to	be	dissatisfied	with
work-life	balance.22

Nurses	 also	 experience	 high	 levels	 of	 burnout.23	 Studies	 in	 nurses	 indicate
rates	 of	 35%	 to	 50%,	 depending	 on	 working	 conditions,	 clinical	 setting,	 and
level	 of	 autonomy	 experienced.12	 Multiple	 factors	 have	 been	 associated	 with
burnout	 in	 health	 care	 professionals,	 but	 the	 best	 characterized	 include	 heavy



workload,	stressful	work	environments	(eg,	ICUs),	severity	of	patients’	illnesses,
and	conflicts	with	co-workers	or	patients.24

Nurses	 who	 experience	 burnout	 suffer	 physical	 (eg,	 anorexia,	 insomnia,
tachycardia,	 and	 hypertension)	 and	 psychological	 (eg,	 irritability,	 frustration,
apathy,	indecision,	and	depression)	symptoms.	Burnout	leads	to	increased	nurse
distress,	 decreased	 patient	 satisfaction,	 increased	 mortality	 in	 the	 ICU,	 and
substance	use	disorders.24–26

Along	with	 its	 professional	 impact,	 burnout	 also	 has	 a	 significant	 personal
impact	 on	medical	 staff.	 Oreskovich	 and	 colleagues	 surveyed	 7288	 American
physicians	 regarding	 their	 substance	 use	 behavior	 and	 associated	 risk	 factors.
They	 found	 that	 12.9%	of	male	 respondents	 and	21.4%	of	 female	 respondents
met	criteria	for	alcohol	abuse	or	dependence.27	Burnout	was	also	independently
associated	 with	 alcohol	 dependence	 (other	 associated	 factors	 included
depression,	suicidal	ideation,	lower	quality	of	life,	and	lower	career	satisfaction).

Physicians’	personal	relationships	with	spouses	and	children	are	damaged	by
burnout:	 “Being	 a	 physician	 is	 one	 of	 the	 few	 socially	 acceptable	 reasons	 for
abandoning	 a	 family.”28,29	 Even	 more	 alarming	 is	 that	 burnout	 may	 be	 a
contributing	 factor	 to	 increased	 suicidal	 ideation	 among	 physicians	 and
physician	 trainees.	A	 prospective	 study	 has	 shown	 burnout	 at	 baseline	was	 an
independent	 predictor	 of	 suicidal	 ideation	 over	 the	 following	 year,	 whereas
recovery	from	burnout	dramatically	has	been	shown	to	decrease	the	frequency	of
suicidal	 ideation.30	 Clearly	 burnout	 has	 a	 significant	 impact	 on	 the	 medical
profession	and	on	the	public	it	serves.

This	 impact	has	been	greatly	amplified	by	 the	COVID-19	global	pandemic.
Medical	providers	have	faced	an	unprecedented	set	of	stressors	and	challenges.
These	 include	 the	 strain	 of	 caring	 for	 patients	with	 a	 little-understood	disease,
limited	 health	 care	 resources	 (eg,	 mechanical	 ventilators),	 concerns	 about	 the
availability	 of	 adequate	 personal	 protective	 equipment	 (PPE)	 and	 COVID-19
testing,	and	balancing	the	“duty	to	treat”	with	personal	concerns	regarding	their
own	 safety	 and	 that	 of	 their	 loved	 ones.31–33	 Furthermore,	 broader	 societal
tensions	also	affected	health	care	staff—including	 the	need	 to	socially	distance
and	fewer	social	resources.	Several	studies	and	meta-analyses	have	demonstrated
significant	 rates	 of	 stress,	 anxiety,	 depression,	 and	 burnout	 among	 health	 care
workers.34–37	For	example,	Salari	and	colleagues	performed	a	systematic	review
and	meta-analysis	on	29	studies	(total	sample	size	of	22,380)	on	the	prevalence
of	 stress,	 depression,	 and	 anxiety	 in	 front-line	 health	 care	 workers	 caring	 for
COVID-19	 patients.	 The	 authors	 found	 the	 prevalence	 of	 depression	 to	 be
24.3%,	that	of	anxiety	to	be	25.8%,	and	the	presence	of	stress	to	be	45%	among
front-line	health	care	workers.38



STRESS	AND	BURNOUT	AMONG	INTENSIVISTS
Staff	physicians	who	work	in	ICUs	have	a	high	prevalence	of	burnout	syndrome.
Intensivists	labor	in	an	atmosphere	of	perpetual	stress	and	often	limited	rewards.
In	addition,	society	often	has	unrealistic	expectations	of	ICU	physicians	not	only
as	 professionals	 but	 also	 as	 spouses,	 parents,	 employers,	 and	 community
members.	Failure	to	live	up	to	any	of	these	can	lead	to	a	sense	of	failure.39

4 	Studies	have	attempted	to	better	quantify	the	way	in	which	these	stressors
affect	physicians	who	work	 in	 intensive	care	 settings.	Van	Mol	and	colleagues
completed	 a	 systematic	 review	 of	 the	 literature	 on	 burnout	 among	 health	 care
professionals	in	intensive	care	settings.	Reviewing	40	studies	(which	included	a
total	of	14,770	respondents),	 they	found	the	prevalence	of	burnout	among	ICU
physicians	to	range	from	14%	(following	a	preventive	intervention)	to	as	high	as
70.1%.20	 The	 authors	 conclude	 that	 working	 in	 an	 ICU	 correlates	 with	 a
substantial	risk	of	emotional	distress.

More	 recently,	Colville	 and	 colleagues	 surveyed	 744	 intensive	 care	 staff	 in
three	separate	hospitals,	 including	both	adult	and	pediatric	settings.	Of	 the	377
responses	 (51%)	 they	 received,	 213	 (60%)	 scored	 at	 high	 risk	 on	 at	 least	 one
dimension	 of	 burnout.	 Additionally,	 172	 (45%)	 scored	 at	 risk	 of	 having
posttraumatic	stress	disorder	(PTSD).	Furthermore,	staff	with	burnout	were	more
likely	 to	endorse	symptoms	of	PTSD,	and	were	10	 times	more	 likely	 to	 report
significant	anxiety	as	compared	to	their	colleagues	without	burnout.40

Consistently,	 physicians	 report	 that	 the	most	 stressful	 aspects	 of	 their	work
include	the	feeling	of	being	overstretched,	the	effect	of	work	hours	and	stress	on
personal/family	 life,	and	 the	pressure	 to	compromise	standards	when	 resources
are	limited.20,39	Furthermore,	conflicts	with	coworkers	are	associated	with	higher
levels	of	burnout,	while	good	relationships	with	nurses	are	a	protective	factor.23

STRESS	AND	BURNOUT	AMONG	INTENSIVE
CARE	UNIT	NURSES
Although	nurses	and	physicians	work	in	the	same	physical	environment,	nurses
have	 unique	 working	 conditions,	 emphasize	 different	 aspects	 of	 clinical	 care,
and	experience	different	stresses.	Nurses	usually	work	continuously	in	one	or	a
few	ICUs	indefinitely,	compared	to	residents,	and	even	critical	care	fellows	and
attendings,	who	 rotate	 through	 a	more	 varied	 palate	 of	 services	 and	 activities.
Despite	their	relative	permanence	in	their	ICU,	nurses	do	not	generally	accrue	as



much	 autonomy	 and	 stature	 as	 do	 physicians,	 which	 may	 lead	 to	 stress	 over
career	and	organizational	structure.41,42

A	 frequently	 overlooked	 stressor	 of	 the	 intensive	 care	 unit	 is	 that	 of
workplace	violence.	The	ICU	is	often	a	setting	of	great	emotional	 intensity	for
patients	and	their	families.	This	can	sometimes	manifest	as	violent	behavior.	The
ICU	is	also	a	setting	where	patients	can	be	delirious	and	agitated,	and	lash	out
physically	 against	 staff.	 Nursing	 staff	 is	 especially	 vulnerable	 to	 physical
violence	by	patients	and	families,	with	between	25%	and	80%	of	nurses	working
at	 acute	 care	 facilities	 having	 experienced	 patient	 violence	 in	 one	 form	 or
another.43,44	 Exposure	 to	 any	 of	 violence	 can	 result	 in	 negative	 outcomes	 for
nurses	and	organizations.	For	nurses,	 there	may	be	both	physical	consequences
(eg,	 injuries,	 and	 temporary	 or	 permanent	 disability)	 and	 psychological
consequences	 (eg,	 anger,	 fear,	 PTSD,	 decreased	 job	 satisfaction	 and	 increased
intent	to	leave	the	organization).45,46

There	are	also	negative	outcomes	of	workplace	violence	at	the	organizational
level,	 including	 high	 staff	 turnover,	 decreased	 morale,	 absenteeism,	 more
frequent	 medical	 errors,	 workplace	 injury	 claims,	 and	 increased	 costs	 due	 to
disability	leaves.47,48	All	of	these	contribute	to	increased	stress	and	raises	the	risk
of	burnout	for	the	entire	medical	staff,	but	especially	for	nursing	staff.

5 	It	is	not	surprising	that	multiple	studies	have	found	that	nurses	who	work	in
critical	 care	 settings	 are	 at	 high	 risk	 of	 burnout	 (up	 to	 30%-40%	 of	 nurses
surveyed)	 and	 are	 at	 higher	 risk	 of	 burnout	 as	 compared	 to	 nurses	 in	 other
medical	 settings.42,49	 Factors	 commonly	 found	 to	 associate	 with	 burnout	 of
critical	care	nurses	 include	moral	distress,	emotional	exhaustion,	poor	physical
well-being,	and	limited	autonomy	regarding	end-of-life	situations.50

STAFF	STRESS	AND	BURNOUT	DURING	COVID-
19	IN	THE	INTENSIVE	CARE	UNIT
6 	 As	 previously	 noted,	 the	 COVID-19	 pandemic	 has	 led	 to	 an	 unprecedented
degree	of	psychological	strain	on	health	care	workers	in	general,	and	particularly
on	ICU	clinical	staff.

Much	research	has	been	done	on	the	psychological	and	emotional	impact	of
the	pandemic	on	medical	staff.31–38

For	 example,	 in	April	 2020,	Evanoff	 and	 colleagues	 invited	 all	 faculty	 and
staff	 of	 an	 academic	 hospital	 to	 complete	 an	 online	 questionnaire	 measuring
stress,	anxiety,	depression,	work	exhaustion,	burnout,	and	decreased	well-being.



There	were	5550	respondents	(response	rate	of	34.3%).	Of	these,	34%	of	faculty
and	14%	of	 staff	were	 actively	providing	 clinical	 care.	Evanoff	 found	 anxiety,
depression,	and	work	exhaustion	were	independently	associated	with	community
or	clinical	exposure	to	COVID-19.51

Research	 has	 also	 been	 done	 to	 ascertain	 the	 effects	 of	 the	 COVID-19
pandemic	 specifically	 on	 ICU	 staff.52–55	 For	 example,	 Kader	 and	 colleagues
studied	 the	 prevalence	 of	 perceived	 stress	 and	PTSD	as	 reported	 by	 ICU	 staff
(124	participants)	from	several	institutions	who	worked	directly	with	COVID-19
patients.	 Over	 71%	 of	 doctors	 and	 74%	 of	 nurses	 experienced	 moderate-to-
severe	 perceived	 stress.56	 Furthermore,	 Azoulay	 and	 colleagues	 performed	 a
cross-sectional	study	of	21	French	ICUs	between	April	20,	2020,	and	May	21,
2020	 to	 study	 the	 prevalence	 of	 symptoms	 of	 anxiety,	 depression,	 and
peritraumatic	dissociation.	The	response	rate	was	67%	(1058	respondents).	The
prevalence	 of	 symptoms	 of	 anxiety,	 depression,	 and	 peritraumatic	 dissociation
was	 50.4%,	 30.4%,	 and	 32%	 respectively—with	 the	 highest	 rates	 among
nurses.57	 The	 researchers	 identified	 six	modifiable	 determinants	 of	 symptoms:
fear	 of	 being	 infected,	 inability	 to	 rest,	 inability	 to	 care	 for	 family,	 struggling
with	 difficult	 emotions,	 regret	 about	 the	 restrictions	 of	 visitation	 policies,	 and
witnessing	hasty	end-of-life	decisions.

It	is	clear	that	providers	who	serve	critically	ill	patients	(both	physicians	and
nurses)	have	experienced	significant	psychological	distress	during	the	COVID-
19	 pandemic.	 Further	 study	 will	 be	 required	 to	 ascertain	 the	 long-term
consequences	of	these	experiences.

MANAGEMENT	OF	STAFF	STRESS	AND
BURNOUT	IN	THE	INTENSIVE	CARE	UNIT
Given	the	deleterious	effects	of	stress	and	burnout	on	ICU	staff	(both	before	and
during	 the	 COVID-19	 pandemic),	 it	 is	 important	 to	 develop	 and	 study
interventions	to	mitigate	their	impact.

There	 are	 a	 variety	 of	 reports	 of	 various	 interventions	 for	 addressing	 these
concerns.

7 	They	can	be	divided	 into	 interventions	 for	primary	prevention,	 secondary
prevention,	and	 tertiary	prevention.58	Primary	prevention	 includes	 interventions
to	 improve	 health-related	 lifestyle	 practices,	 formal	 resilience	 training,
mindfulness	 approaches	 to	 stress	 management,	 and	 group-based	 interventions.
Secondary	 prevention	 approaches	 are	 those	 that	 screen	 and	 offer	 treatment	 for



psychiatric	disorders	that	either	recur	(in	those	staff	with	preexisting	conditions)
or	 emerge	 newly.	 Tertiary	 prevention	 refers	 to	 systems	 for	 caring	 for	 staff
recovering	from	psychological	stress/trauma	and	having	systemic	approaches	for
their	successful	return	to	work.

There	 is	 a	 growing	 literature	 for	 primary	 prevention	 approaches.	 Although
secondary	and	tertiary	approaches	have	face	validity,	 there	are	fewer	studies	of
these	approaches.

Primary	 prevention	 approaches	 that	 have	 been	 studied	 include	 educational
interventions	to	teach	staff	to	better	manage	stress,59–61	mindfulness	interventions
to	 actively	 train	 staff	 to	 use	 stress	 reduction	 techniques,62–64	 resilience
training,65–67	 and	 group	 interventions	 that	 capitalize	 on	 collective	 wisdom	 and
collective	 support	 to	 enhance	 team	 cohesion	 as	 well	 as	 individual	 stress
reduction.68–70	 Each	 of	 these	 approaches	 has	 demonstrated	 moderate-to-robust
improvement	of	psychological	outcomes	among	ICU	staff.	However,	all	were	of
somewhat	short	duration	and	small	sample	sizes.	Larger	and	more	 longitudinal
studies	 will	 be	 required	 to	 determine	 which	 interventions	 provide	 long-term
benefits.

Furthermore,	general	strategies	for	coping	with	ICU	staff	stress	(eg,	those	on
the	 Centers	 for	 Disease	 Control	 and	 Prevention	 website)	 include	 maintaining
open	 communication	 among	 personal	 and	 professional	 relationships,	 seeking
health	care	when	needed,	maintaining	appropriate	nutrition	and	physical	fitness,
establishing	work-life	balance,	and	identifying	things	you	have	no	control	over.
This	 is	 obviously	 easier	 said	 than	 done;	 and	 financial	 support	 is	 necessary	 to
allow	staff	to	engage	in	these	activities	successfully.71

A	small	number	of	studies	have	found	that	secondary	prevention	approaches
also	improve	health	care	outcomes	for	ICU	staff	who	are	at	high	risk	of	burnout.
One	of	the	first	was	done	by	Ricou	and	colleagues,	who	performed	a	randomized
study	 of	 a	 9-month	 weekly	 psychological	 intervention	 for	 ICU	 clinical	 staff.
They	 found	modest	 reductions	 for	 scores	 of	 burnout,	 depression,	 and	 anxiety.
Further	study	will	help	determine	best	practices	at	this	level	of	intervention.72

On	 the	organizational	 level,	 tertiary	prevention	 includes	having	an	effective
Employee	 Assistance	 Program	 to	 support	 those	 who	 are	 experiencing
psychological	 distress,	 ensuring	 units	 are	 adequately	 staffed,	 that	 staff	 can
engage	in	shared	decision	making,	 that	dedicated	time	is	provided	for	self-care
practices,	and	allowing	flexibility	to	curtail	work/home	conflict.25

CONCLUSIONS



Recognizing	 and	 attending	 to	 ICU	 staff	 stresses	 are	 necessary	 to	 ensure	 the
continued	 effectiveness	 and	well-being	 of	 each	 individual	 and	of	 the	 unit	 as	 a
whole.	 Left	 unaddressed,	 staff	 stress	 and	 burnout	 can	 exact	 a	 heavy	 price.	As
Civetta73	wrote:
We	must	accentuate	the	positive	qualities	of	human	capabilities	that	are	beyond
technological	advancement.	…	A	smile,	a	touch,	confidence	and	security	are	still
beyond	our	programming	capabilities.	…	We	must	focus	on	our	distinct	human
qualities	of	insight	and	caring.	In	this	way,	the	popular	view	that	intensive	care	is
a	 depersonalizing	 environment	 can	 be	 replaced	 by	 the	 recognition	 that	 human
beings	are	caring	for	human	beings.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	31-year-old	first-year	ICU	Attending	Physician	has	started	arriving	late
for	morning	rounds.	During	rounds	he	seems	disinterested	and	appears	to	not
listen	to	important	facts	of	each	case.	Nurses	express	their	concern	about	this
once-passionate	physician,	and	the	Medical	Director	speaks	with	him.	The
attending	says	that	he	just	no	longer	cares	very	much	about	his	work,	that	he
does	not	see	the	point	of	what	they	do	since	so	many	patients	die,	and	he	can’t
do	very	much	to	change	that.	He	has	therefore	decided	that	he	should	be	more
disengaged	from	individual	patients.	The	Medical	Director	decides	that	the
attending	is:

A. 	Adjusting	normally	as	a	new	attending
B. 	Experiencing	a	major	depressive	episode
C. 	Experiencing	burnout
D. 	Requiring	psychiatric	evaluation
E. 	Underperforming	and	in	need	of	remediation

2. 	During	the	COVID-19	pandemic,	the	leadership	of	an	ICU	worried	about
the	potential	psychological	and	emotional	impacts	of	heightened	stress	on	the
medical	staff.	To	address	these	concerns,	the	clinical	staff	was	invited	(and	given
protected	time)	to	attend	a	weekly	mindfulness	training	program	for	2	months.
This	of	intervention	is	considered:

A. 	Primary	prevention



B. 	Quaternary	prevention
C. 	Secondary	prevention
D. 	Tertiary	prevention

3. 	Nurses	who	work	in	ICU	settings	deal	with	a	set	of	working	conditions
that	is	unique	and	distinct	from	that	of	physicians.	Which	of	the	following	is	a
work-related	stressor	that	is	overwhelmingly	experienced	by	nurses	but	often
overlooked	in	addressing	their	occupational	stress:

A. 	Diminished	autonomy
B. 	Family	conflict
C. 	Heavy	workload
D. 	Increased	patient	complexity
E. 	Workplace	violence

Answers

1.	The	correct	answer	is	C.
Rationale:	Burnout	is	a	syndrome	of	emotional	exhaustion,	depersonalization,

and	 absence	 of	 personal	 accomplishment	 that	 is	 often	 experienced	 by	 highly
motivated	 and	 committed	 individuals.	 The	 attending	 is	 experiencing	 all	 three
components	 of	 this	 syndrome	 (choice	 C	 is	 correct).	 There	 is	 no	 mention	 of
symptoms	of	major	depression	such	as	low	mood/irritability	and	neurovegetative
symptoms	(choice	B	is	incorrect).	So	while	burnout	can	lead	to	major	depression
in	 some	 individuals,	 this	 attending	does	 not	meet	 its	 criteria.	These	 symptoms
are	 certainly	 not	 desired	 nor	 are	 they	 normal	 for	 an	 early-career	 physician
(choice	A	is	incorrect).	While	some	remediation	may	be	needed	in	the	future,	it
is	 not	 what	 is	 needed	 now	 (choice	 E	 is	 not	 the	 best	 answer).	 Addressing	 the
physician’s	 burnout	 is	 paramount.	 Likewise,	 psychiatric	 evaluation	 may	 be
needed	in	the	future,	but	addressing	the	burnout	by	addressing	the	work-related
factors	and	offering	mentorship	now	may	be	more	likely	to	be	effective	(choice
D	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	Primary	prevention	interventions	aim	to	address	potential	harmful

effects	 of	 stress	 before	 they	 occur.	 The	 ICU	 leadership	 is	 implementing	 an
intervention	to	assist	ICU	staff	in	dealing	with	heightened	stress	before	it	leads
to	more	serious	outcomes.	Secondary	prevention	refers	to	the	identification	and
treatment	 of	 psychological	 syndromes	 once	 they	 have	 occurred.	 Tertiary



prevention	addresses	concerns	of	returning	to	work	after	employees	had	to	leave
due	 to	 psychological	 distress.	 There	 is	 no	 such	 phenomenon	 as	 quaternary
prevention	in	managing	stress	and	burnout.

3.	The	correct	answer	is	E.
Rationale:	Unlike	most	physicians,	nurses	are	permanent	employees	 in	 ICU

who	have	frequent	and	intimate	encounters	with	patients	who	are	often	delirious
and/or	agitated.	This	makes	nurses	particularly	at	risk	of	violence	from	patients
and	 their	 families.	Up	 to	 80%	 of	 nurses	who	work	 in	 ICUs	 have	 experienced
such	violence.	All	the	other	choices	are	stressors	that	affect	both	physicians	and
nurses	in	ICU	settings.
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Section	16

PULMONARY	PROBLEMS	IN	THE
INTENSIVE	CARE	UNIT
J.	MARK	MADISON

Chapter	163
Acute	Respiratory	Failure	Due	to	Acute
Respiratory	Distress	Syndrome	and
Pulmonary	Edema
MaryEllen	C.	Antkowiak,	Gilman	B.	Allen

KEY	POINTS:
1.	 Acute	respiratory	distress	syndrome	(ARDS)	is	defined	by

noncardiogenic	pulmonary	edema	and	hypoxemia	in	the	setting	of
direct	or	indirect	lung	injury.	ARDS	represents	a	common
pathological	endpoint	of	various	potential	insults	to	the	lung	that
almost	invariably	lead	to	hypoxemic	respiratory	failure	requiring
support	with	mechanical	ventilation.

2.	 While	an	enormous	body	of	research	has	identified	a	few
interventions	that	appear	to	reduce	morbidity	and	mortality,	it	has
also	yielded	many	interventions	that	failed	to	improve	patient
outcomes,	and	has	led	to	ongoing	controversy	regarding
management	of	patients	with	ARDS.	As	are	result,	to	this	day,
treatment	remains	largely	supportive.

3.	 While	mortality	from	ARDS	has	improved	since	the	syndrome	was
first	described,	its	long-term	morbidity	has	been	increasingly



recognized.
4.	 Studies	have	demonstrated	that	a	ventilator	management	strategy

targeting	low	tidal	volumes,	low	plateau	and	driving	pressures	are
most	consistently	associated	with	improved	patient	outcomes.	A
conservative	fluid	strategy	and	prone	positioning	have	also	yielded
promising	results,	while	other	interventions,	such	as	neuromuscular
blockade	and	steroids,	have	yielded	mixed	results.

5.	 The	COVID-19	pandemic	has	unfortunately	resulted	in	a	dramatic
increase	in	the	incidence	of	ARDS	worldwide,	but	this	has	led	to	a
rapidly	expanding	body	of	evidence	to	help	guide	clinicians	better
manage	these	patients.

6.	 Ultrasound	is	a	convenient	bedside	assessment	tool,	which	may	aid
in	the	diagnosis	of	ARDS,	and	its	utility	in	the	management	of
patients	with	ARDS	remains	under	investigation.

INTRODUCTION
Acute	 respiratory	 distress	 syndrome	 (ARDS)	 is	 defined	 by	 noncardiogenic
pulmonary	edema	and	hypoxemia	in	the	setting	of	direct	or	indirect	lung	injury.
ARDS	represents	a	common	pathological	endpoint	of	various	potential	insults	to
the	 lung	 that	 almost	 invariably	 lead	 to	 hypoxemic	 respiratory	 failure	 requiring
support	with	mechanical	ventilation.	Despite	the	confirmed	success	of	protective
mechanical	ventilation	strategies	for	lowering	mortality,1,2	and	ongoing	efforts	to
discover	other	effective	interventions,	treatment	of	this	condition	remains	largely
supportive,	and	ARDS	continues	to	be	a	major	source	of	morbidity	and	mortality
in	 the	 intensive	 care	 unit	 (ICU).3-5	 Fortunately,	 an	 enormous	 body	 of	 research
already	 exists	 on	 the	 pathogenesis	 of	 this	 condition,	 and	 advances	 continue	 to
develop	with	regard	to	our	understanding	of	ARDS,	its	prognostic	implications,
and	 how	 to	 best	 manage	 the	 condition	 medically.	 In	 the	 wake	 of	 a	 recent
pandemic	 of	 severe	 pneumonia	 related	 to	 the	 SARS-CoV-2	 (severe	 acute
respiratory	 distress	 syndrome	 coronavirus	 2),	 which	 causes	 COVID-19
(coronavirus	disease	2019),	 this	body	of	 evidence	has	been	 rapidly	expanding,
furthering	 understanding	 that	 ARDS	 is	 a	 heterogeneous	 syndrome,	 and
demonstrating	 that	 best	 practice	 in	 the	 medical	 and	 supportive	 care	 of	 this
condition	continues	to	evolve.



DEFINITION
1 	 ARDS	 was	 originally	 described	 in	 1967	 by	 Ashbaugh	 and	 Petty,	 and	 was
defined	 somewhat	 arbitrarily,	 until	 an	 American-European	 Consensus
Conference	 (AECC)	 definition	was	 agreed	 upon	 in	 1994.6	 This	 definition	was
generally	 used	 clinically	 and	 epidemiologically	 but	 it	 was	 limited	 by
interpretations	 of	 timing	 for	 the	 onset	 of	 injury,	 poor	 inter-rater	 reliability	 of
chest	 radiograph	 interpretations,	 and	 the	 influence	 of	 positive	 end-expiratory
pressure	 (PEEP)	 on	 the	 arterial	 oxygen	 pressure	 (PaO2)	 to	 fractional	 inspired
oxygen	 (FiO2)	 ratio	 (P:F)	 ratio.7	 To	 address	 these	 issues,	 the	Berlin	 definition
was	established	in	2012.8	ARDS	is	now	defined	as	a	diminished	P:F	ratio	(P:F
less	 than	 300),	 bilateral	 airspace	 disease	 on	 chest	 radiograph,	 and	 pulmonary
edema	 from	 increased	 permeability,	 the	 latter	 defined	 by	 evidence	 of	 normal
cardiac	function.8	The	term	“acute	lung	injury	(ALI)”	has	now	fallen	out	of	the
definition	in	favor	of	a	continuum	of	mild,	moderate,	and	severe	ARDS,	in	part
to	 avoid	 the	 confusion	 that	would	 frequently	 accompany	 the	 broad	 use	 of	 the
term	 “ALI”	 when	 referring	 to	 generalized	 types	 of	 lung	 injury.	 Accordingly,
according	to	the	Berlin	definition,	ARDS	is	now	divided	into	three	categories	of
severity	 based	 on	 the	 level	 of	 hypoxemia:	mild	 (P:F	 ratio	 300-201),	moderate
(P:F	ratio	200-101),	and	severe	(P:F	ratio	<100).8	However,	because	the	P:F	ratio
can	be	affected	by	arbitrary	ventilator	settings,	the	new	definition	qualifies	that
the	severity	classifying	P:F	ratio	be	measured	with	PEEP	of	≤5	cm	H2O.	Several
studies	 prior	 to	 the	 new	 Berlin	 definition	 had	 suggested	 that	 indices	 of
oxygenation	 were	 not	 strongly	 predictive	 of	 outcomes,9,10	 but	 the	 cohort	 of
patients	 used	 for	 this	 new	 definition	 demonstrated	 a	 link	 between	 increasing
category	 of	 severity	 and	 both	 an	 increased	 risk	 of	 mortality	 and	 increased
duration	of	mechanical	ventilation	among	survivors.8

Although	the	source	of	hypoxemia	in	ARDS	is	multifactorial,	oxygenation	is
one	of	the	most	easily	gauged	markers	of	“lung	injury”	in	the	ICU	and	thus	an
important	component	of	 the	definition.	A	more	 inclusive	P:F	 ratio	of	 less	 than
300	can	serve	to	identify	patients	earlier	in	their	course,	thus	expediting	delivery
of	 critical	 lifesaving	 interventions	 before	 progression	 to	 moderate	 or	 severe
ARDS.	 In	 ARDS,	 the	 pulmonary	 edema	 is	 the	 result	 of	 capillary	 leak,	 a
parameter	 that	 is	 difficult	 to	 measure	 in	 the	 clinical	 setting.	 Accordingly,
noncardiogenic	 pulmonary	 edema	 is	 defined	 using	 clinical	 parameters,	 which
include	 the	presence	of	 “bilateral	 infiltrates”	 consistent	with	pulmonary	edema
on	chest	radiograph	and	either	a	pulmonary	artery	wedge	pressure	(PAWP)	less
than	 18	 mm	 Hg	 (when	 measured)	 or	 no	 clinical	 evidence	 of	 left	 atrial



hypertension.8	 However,	 because	 the	 group	 recognized	 that	 ARDS	 does	 not
always	 exist	 exclusively	 without	 heart	 failure,	 the	 newer	 consensus	 more
explicitly	 defines	 ARDS	 as	 “a	 syndrome	 of	 inflammation	 and	 increased
permeability	 that	 is	 associated	with	 a	 constellation	 of	 clinical,	 radiologic,	 and
physiologic	abnormalities	that	cannot	be	explained	by,	but	may	coexist	with,	left
atrial	or	pulmonary	capillary	hypertension.”6

Despite	the	great	lengths	taken	to	clarify	the	current	definition	of	ARDS,	it	is
not	without	its	shortcomings,	particularly	because	it	does	not	delineate	the	cause
of	hypoxemia	(ie,	alveolar	damage)	or	clearly	establish	the	presence	of	increased
permeability.	 Unfortunately,	 easily	 employed	 tests	 for	 microvascular
permeability	are	not	yet	available	at	the	bedside.	It	would	also	be	impractical	to
base	the	clinical	definition	of	ARDS	upon	histological	findings	given	the	often
critical	condition	of	patients	and	their	poor	candidacy	for	biopsy	by	the	time	of
clinical	diagnosis.	As	a	result	of	these	limitations,	when	comparing	prior	clinical
definitions	 to	 the	 gold	 standard	 definition	 of	 ARDS	 (histopathology	 from
surgical	 lung	 biopsy	 or	 autopsy),	 the	 clinical	 definition	 has	 traditionally	 fallen
short	of	recognizing	all	cases	of	ARDS.11

HISTOPATHOLOGY
Despite	having	many	different	potential	 etiologies,12,13	 the	histological	 findings
of	ARDS	are	fundamentally	uniform	and	are	collectively	described	by	the	term
diffuse	alveolar	damage	(DAD).14	DAD	represents	a	continuum	of	changes	that
can	 be	 temporally	 divided	 into	 exudative,	 proliferative,	 and	 fibrotic	 phases,
between	which	considerable	overlap	exists.14	The	exudative	phase	of	DAD	is	the
earliest	 phase,	 during	 which	 clinical	 symptoms	 first	 develop	 and,	 lung
mechanical	 changes	 become	 manifest.	 This	 phase	 typically	 occupies	 the	 first
week	 and	 is	 characterized	 by	 epithelial	 and	 endothelial	 cell	 death,	 neutrophil
sequestration,	platelet-fibrin	thrombi,	interstitial	edema,	and	exudates	within	the
airspaces,	which	consist	 of	 fluid,	protein,	 and	cellular	debris.14	These	exudates
compact	 into	 dense,	 protein-rich	 hyaline	 membranes	 that	 stain	 strongly	 with
eosin	 and	 line	 the	 alveoli	 and	 alveolar	 ducts	 (Figure	 163.1,	 panel	A).	During
protracted	 injury,	 the	 proliferative	 phase	 ensues	 and	 is	 characterized	 by
organization	 of	 the	 intra-alveolar	 exudates	 and	 proliferation	 of	 alveolar	 cells,
fibroblasts,	and	myofibroblasts.	During	this	phase,	it	is	common	to	find	areas	of
squamous	 metaplasia	 and	 granulation	 tissue	 occluding	 alveolar	 ducts	 in	 a
manner	similar	to	that	of	organizing	pneumonia	(Figure	163.1,	panel	B).14



	

Figure	163.1 	 Panel	A,	 demonstrates	 histological	 lung	 specimen
from	ARDS	patient,	 showing	red	blood	cells	and	neutrophils	within
the	 alveolar	 space	 and	 characteristic	 hyaline	 membranes	 (arrow)
consistent	with	diagnosis	of	diffuse	alveolar	damage	(DAD).	Panel	B,
(hematoxylin	 and	 eosin	 stained,	 60×)	 demonstrates	 distal	 airspace
granulation	 tissue	 (asterisks)	 consistent	 with	 organizing
pneumonia.Images	were	graciously	provided	by	Dr.	Martha	Warnock.
ARDS,	acute	respiratory	distress	syndrome.

The	 fibrotic	 phase	 has	 classically	 been	 considered	 the	 later	 phase	 of
remodeling	that	occurs	in	patients	whose	disease	course	persists	beyond	two	to
3	weeks,14	but	 studies	 suggest	 an	 increase	 in	 the	 fibrotic	 response	 to	ARDS	as
early	as	24	hours	from	presentation,	and	histological	evidence	of	fibrosis	can	be
within	 days	 of	 presentation	 in	 some	 patients.15	 Because	 such	 overlap	 exists
between	 the	 fibrotic	 and	 proliferative	 phases,	 the	 two	 are	 often	 described
together	 as	 the	 fibroproliferative	 phase,	 and	 there	 is	 evidence	 that	 increased
fibroproliferative	signaling	and	fibrosis	predict	worse	outcomes.15

RADIOGRAPHIC	FINDINGS
In	 the	most	 recent	Berlin	definition	of	ARDS,	 the	expert	panel	chose	 to	 retain
the	 AECC	 criteria	 of	 bilateral	 airspace	 opacities	 consistent	 with	 pulmonary
edema	 but	 also	 allowed	 for	 these	 criteria	 to	 be	 recognized	 on	 computed
tomography	(CT)	imaging	as	well.8	These	infiltrates	will	often	initially	appear	as
heterogeneous	opacities,	but	later	become	more	homogenous	over	hours	to	days
(see	Figure	163.2,	 panel	A).	Although	 some	have	 recommended	using	criteria



such	 as	 cardiac	 silhouette	 size	 and	 vascular	 pedicle	 width	 to	 differentiate
cardiogenic	 from	 noncardiogenic	 edema,	 this	 differentiation	 has	 proven	 to	 be
frequently	 unreliable.16	 Furthermore,	 the	 seemingly	 straightforward
interpretation	 of	 bilateral	 infiltrates	 can	 be	 obscured	 by	 factors	 such	 as
atelectasis,	effusions,	or	isolated	lower	lobe	involvement,	all	of	which	contribute
to	 low	 interobserver	 agreement.7,17	 Therefore,	 the	 newer	 diagnostic	 criteria
further	require	that	the	bilateral	airspace	opacities	are	not	explained	by	effusion,
lobar	collapse,	or	nodules.8

	

Figure	163.2 	A	plain	chest	radiograph	from	a	patient	with	ARDS
is	shown	in	panel	A.	Computed	tomography	images	of	the	chest	from
patients	 with	 ARDS	 are	 shown	 in	 panels	 B-D.	 Panels	 B	 and	 C,
demonstrate	 diffuse	 patchy	 regions	 of	 consolidation	 with	 a
predominance	of	ground	glass	infiltrates.	Panel	D,	demonstrates	more
severe	 disease	with	 a	 predominance	 of	 dense	 consolidation,	 a	 large
right	 pleural	 effusion,	 and	 sequelae	 of	 barotrauma,	 with
pneumatoceles	throughout	both	lungs	and	a	persistent	pneumothorax
on	 the	 left	 despite	 two	chest	 tubes	 (one	 shown	 in	 cross	 section	 and
one	longitudinally).	ARDS,	acute	respiratory	distress	syndrome.

6 	Prior	to	CT	scanning,	 the	pulmonary	edema	seen	on	chest	radiograph	was
widely	believed	to	be	a	diffuse	process.	However,	CT	imaging	has	demonstrated
the	distribution	of	ARDS	to	oftentimes	be	heterogeneous	and	patchy,	with	areas
of	 normal-appearing,	 aerated	 lung	 interspersed	 among	 areas	 of	 mixed	 ground



glass	 opacity	 and	 consolidation,	 the	 latter	 being	 concentrated	 in	 the	 more
gravitationally	dependent	regions	of	the	lung16	(see	Figure	163.2,	panels	B	and
C).	Despite	 this	 pattern,	 studies	 using	 positron	 emission	 tomography	 (PET)	 to
map	cellular	metabolic	activity	demonstrated	 that	diffuse	 inflammatory	change
can	be	detected	even	in	areas	of	 the	 lung	that	appear	spared	radiographically.18
Some	 investigators	 have	 also	 used	 magnetic	 resonance	 imaging	 to	 estimate
pulmonary	 microvascular	 leak	 and	 assist	 in	 the	 differentiation	 between	 high
permeability	and	hydrostatic	pulmonary	edema,19	but	these	methods	have	yet	to
be	adopted	 in	clinical	practice.	More	 recently,	 the	clinical	value	of	performing
focused	 bedside	 thoracic	 and	 cardiac	 ultrasonography	 has	 been	 demonstrated,
using	 the	presence	or	absence	of	B	 lines,	 left-sided	pleural	effusion,	vena	cava
diameter,	and	left	ventricular	dysfunction	to	differentiate	cardiogenic	pulmonary
edema	 (CPE),	 ARDS,	 and	 miscellaneous	 causes	 of	 acute	 hypoxic	 respiratory
failure	 from	 one	 another.20	 The	 clinical	 utility	 of	 this	 tool	 has	 become
increasingly	recognized.	Readers	interested	in	learning	more	about	the	utility	of
point	of	care	critical	care	ultrasonography	or	guidance	in	its	use	should	refer	to
the	 section	 “Utility	 of	 Ultrasonography	 for	 Diagnosis	 and	 Management	 of
ARDS”	 at	 the	 end	 of	 this	 chapter	 along	 with	 lung	 ultrasound	 techniques
presented	in	Chapter	11.

EPIDEMIOLOGY
The	estimated	incidence	of	ARDS	worldwide	has	been	variable	in	the	past	due
to	 its	 wide	 range	 of	 causes	 and	 previously	 nonuniform	 definition.	 The	 first
estimate	 by	 the	 National	 Institutes	 of	 Health	 (NIH)	 projected	 an	 annual
incidence	of	75	cases	per	100,000	 in	 the	United	States,	but	 subsequent	 studies
reported	estimates	between	1.3	and	22	per	100,000	person	years	depending	on
population	studied.21	A	much	larger	pool	of	prospective	cases	from	the	NHLBI-
sponsored	 ARDS	 Network	 yielded	 a	 conservative	 estimate	 of	 64.2	 cases	 per
100,000	person	years.	A	more	recent	and	significantly	larger	prospective	cohort
from	King	County	 in	Washington	State	 estimated	 an	 annual	 incidence	 of	 78.9
cases	per	100,000	person	years,	in	keeping	with	the	ARDS	Network	and	original
NIH	estimates,	which	 is	 felt	 likely	 to	be	 the	most	accurate	estimate	 to	date	for
incidence	in	the	United	States.3	This	incidence,	combined	with	a	high	morbidity,
creates	 a	 substantial	 burden	 of	 cost	 to	 healthcare.	 ICU	 care	 accounts	 for
approximately	13%	of	hospital	costs	in	the	United	States,	and	almost	1/3	of	that
is	attributable	to	patients	who	require	mechanical	ventilation.22,23	In	the	winter	of
2019	to	2020,	a	dramatic	increase	in	the	incidence	of	ARDS	attributable	to	the



COVID-19	 (SARS-CoV-2	 virus)	 pandemic	 led	 to	 a	 substantial	 increase	 in
hospitalizations,	ICU	admission	and	need	for	respiratory	support	worldwide.5

For	patients	who	develop	ARDS,	the	onset	 is	 typically	swift,	with	a	median
onset	between	one	and	2	days.24	Onset	is	less	than	24	hours	in	just	over	half	of
patients	with	ARDS	due	 to	 sepsis	 and	 in	 about	 a	 third	of	patients	with	ARDS
from	 trauma,	 and	within	 5	 days	 of	 any	 insult	 in	 over	 90%	of	 all	 patients	 that
develop	ARDS.24	 The	 known	 causes	 and	 risk	 factors	 for	 the	 development	 of
ARDS	have	been	well	characterized	(see	Table	163.1),	and	can	be	categorized	as
ensuing	from	either	direct	or	indirect	injury	to	the	lung.12,13,25	This	differentiation
is	 justified	by	 the	observed	physiologic	differences	between	direct	and	 indirect
ARDS	 and	 the	 differing	 outcomes	 associated	with	 each	 cause.3	 It	 is	 now	well
established	that	sepsis	 is	 the	most	commonly	 identified	cause	of	ARDS,	and	 is
associated	with	 the	worst	 outcomes	 overall,	while	 trauma-related	ARDS	has	 a
significantly	lower	mortality.3,10,26	These	differences	of	mortality	may	in	part	be
due	 to	 differences	 in	 pathogenesis.26	 Other	 factors	 that	 confer	 risk	 for	 the
development	of	ARDS	include	a	history	of	alcohol	abuse,	recent	chemotherapy,
delayed	 resuscitation	 and	 antimicrobial	 therapy,	 smoking,	 and	 transfusion	with
blood	 products,	 particularly	 fresh	 frozen	 plasma	 and	 platelets.27-29	 Curiously,
among	 those	 at	 clinical	 risk	 for	 developing	 ARDS,	 the	 diagnosis	 of	 diabetes
mellitus	has	been	shown	to	confer	protection	from	ARDS,	providing	about	half
the	relative	risk	as	that	of	nondiabetic	patients.27

TABLE	163.1

Clinical	Disorders	Associated	With	the	Development	of
ARDS,	Subcategorized	Into	Those	Commonly	and	Less
Commonly	Associated	With	Direct	and	Indirect	Injury	to	the
Lung

Clinical	Disorders	Leading	to	the	Development	of	ARDS

Direct	Injury Indirect	Injury

Common
Pneumonia
Witnessed	aspiration
Pulmonary	contusion

Common
Sepsis
Multisystem	trauma



Less	common
Pulmonary	contusion
Inhalational	injury
Reperfusion	injury
Near	drowning
Fat	emboli

Less	common
Transfusion	of	plasma	products	(and	blood)
Acute	pancreatitis
Drug	overdose
Cardiopulmonary	bypass
Other	surgeries

ARDS,	acute	respiratory	distress	syndrome.

PATHOGENESIS
In	parallel	 to	 its	predominant	pathological	 findings	on	histology,	ARDS	is	first
and	 foremost	 a	 condition	 triggered	 by	 injury	 to	 the	 alveolar	 epithelium	 and
capillary	 endothelium.	 The	 insult	 can	 be	 initially	 isolated	 to	 either	 the
epithelium,	as	in	the	case	of	aspiration,	or	to	the	endothelium,	as	in	most	forms
of	indirect	ARDS	such	as	sepsis.	Regardless,	injury	is	generally	detected	in	both
the	endothelium	and	epithelium	by	the	time	of	diagnosis.14	This	injury	invariably
leads	to	a	leakage	into	the	alveolar	space	of	plasma	proteins	that	in	turn	activate
procoagulant	 and	 proinflammatory	 pathways,	 leading	 to	 the	 fibrinous	 and
purulent	exudates	seen	on	histology.	Through	increased	transcription	and	release
of	 proinflammatory	 cytokines,	 and	 an	 increased	 expression	 of	 cell	 surface
adhesion	 molecules,	 a	 profound	 acute	 inflammatory	 response	 ensues,	 with
epithelial	cell	necrosis	and	a	 robust	 recruitment	of	neutrophils.25	The	 increased
expression	 of	 tissue	 factor	 and	 other	 procoagulant	 factors	 ultimately	 leads	 to
coagulation	 within	 the	 microvasculature	 and	 airspaces,	 accompanied	 by	 a
suppression	 of	 fibrinolysis,	 which	 helps	 perpetuate	 the	 microthrombi	 and
fibrinous	exudates	that	are	pathognomonic	of	ARDS.25

The	COVID-19	pandemic	has	offered	further	evidence	of	the	integral	role	of
this	procoagulant	state	in	ARDS.	Autopsy	series	of	patients	who	succumbed	to
COVID-19	 demonstrate	 not	 only	 extensive	DAD	but	 frequently	microvascular
thrombosis	 throughout	 the	pulmonary	vascular	bed.	Observational	studies	have
documented	 high	 rates	 of	 venous	 and	 arterial	 thrombosis	 in	 patients	 with
COVID-19,	and	development	of	thrombosis	is	associated	with	increased	risk	of
multiorgan	failure	and	mortality.30

Injury	to	the	alveolar	epithelium	plays	a	critical	role	during	the	pathogenesis
of	 ARDS.	 One	 well-characterized	 marker	 of	 epithelial	 injury,	 the	 receptor	 of



advanced	glycosylation	end-product	 (RAGE),	 found	 to	be	highly	expressed	on
alveolar	 epithelial	 cells,	 can	be	detected	 in	high	 abundance	 in	 the	 edema	 fluid
and	plasma	of	patients	with	ARDS.31	 In	 fact,	 elevated	plasma	 levels	of	RAGE
were	associated	with	a	significantly	increased	risk	of	developing	ARDS	in	two
large	 cohorts	of	patients	with	 sepsis.32	Through	epithelial	 cell	 necrosis	 and	 the
loss	of	tight	junctions	and	barrier	function,	plasma	proteins	and	edema	fluid	seep
into	 the	 alveolar	 space,	 leading	 to	 increased	 shunt	 fraction,	 higher	 alveolar
surface	tension,	and	a	greater	propensity	for	alveolar	collapse.	Clearance	of	both
protein	 and	 fluid	 are	 crucial	 to	 the	 resolution	 of	 ARDS.	 Indeed,	 a	 greater
alveolar	fluid	clearance	(AFC)	rate	is	associated	with	fewer	days	of	mechanical
ventilation	and	lower	mortality	among	patients	with	ARDS.33	On	the	other	side
of	the	alveolar	capillary	interface,	injury	to	the	endothelium	results	in	increased
permeability,	 release	 of	 inflammatory	 molecules,	 expression	 of	 cell	 adhesion
molecules,	 and	 activation	 of	 procoagulant	 pathways.	 Increased	 microvascular
permeability	has	been	widely	demonstrated	among	those	with	ARDS,31	but	this
may	be	more	due	 to	 a	 functional	 alteration	or	 activation	of	 intact	 endothelium
than	due	to	actual	cell	lysis	or	necrosis.	Conditions	such	as	sepsis	and	bacteremia
can	activate	 endothelial	 cells	 to	 release	von	Willebrand	 factor	 (vWF),	 increase
surface	 expression	 of	 potent	 adhesion	 molecules	 known	 as	 selectins,	 and
increase	expression	of	 intracellular	adhesion	molecule	1	(ICAM-1),	which	help
bind	 neutrophils	 and	 facilitate	 their	 transmigration	 across	 the	 endothelial
barrier.31	 The	 important	 role	 of	 endothelial	 activation	 during	 ARDS	 is
highlighted	by	the	finding	that	elevated	plasma	levels	of	vWF	have	been	shown
to	predict	 the	development	of	ARDS	among	patients	at	 risk	and	are	associated
with	worse	outcomes	for	patients	with	established	ARDS.31	The	role	of	another
endothelial	 cell	 activation	 marker,	 Angiopoietin	 2	 (Ang-2),	 has	 also	 been
recognized	as	a	potential	marker	of	capillary	leak	and	ARDS	severity.	Released
from	endothelial	cells	in	response	to	multiple	activating	insults,	Ang-2	can	lead
to	increased	vascular	permeability	and	adhesion	of	circulating	neutrophils,31	and
increased	 circulating	 levels	 have	 been	 correlated	 with	 an	 increased	 risk	 of
developing	and	dying	from	ARDS.34,35

The	role	of	neutrophils	in	ARDS	pathogenesis	has	been	widely	accepted	for
years.	 While	 neutrophils	 are	 not	 essential	 for	 the	 development	 of	 ARDS,	 as
evidenced	by	the	development	of	ARDS	in	the	setting	of	neutropenia,	its	course
can	often	worsen	during	the	recovery	from	neutropenia	and	after	administration
of	 the	 neutrophil	 growth	 and	 releasing	 factor,	 granulocyte	 colony-stimulating
factor.36	 Experimental	 animal	 models	 have	 led	 to	 mounting	 evidence	 for	 a
complex	interplay	between	platelets	and	neutrophils	during	their	adhesion	to	the
endothelium,	 with	 both	 platelet	 depletion	 and	 pharmacologic	 inhibition	 of



platelet	 function	mitigating	neutrophil	 recruitment	and	ARDS	severity.37	 These
findings	 fostered	 interest	 in	 the	 potential	 protective	 or	 therapeutic	 benefits	 of
antiplatelet	 agents	 in	 patients	 at	 risk	 for	 the	 development	 of	 ARDS.
Unfortunately,	 the	 ability	 of	 prehospital	 antiplatelet	 therapy	 to	 independently
predict	 a	 reduced	 risk	 for	 the	 development	 of	 ARDS,	 was	 not	 consistently
demonstrated	 in	 cohort	 studies,	 and	 a	 multicenter	 randomized	 controlled	 trial
failed	to	demonstrate	that	administration	of	aspirin	on	presentation	reduced	risk
of	the	development	of	ARDS	in	patient	at	high	risk	for	the	condition.24,38,39

Activated	 leukocytes	 and	 endothelial	 cells	 also	 contribute	 to	 dysregulated
intravascular	 and	 extravascular	 coagulation.25	 Extravascular	 alveolar	 fibrin
arising	from	increased	procoagulant	activity	and	impaired	fibrinolysis	has	been
well	described	in	ARDS.31	Numerous	additional	pathways	have	been	implicated
in	the	pathogenesis	of	ALI,	but	an	attempt	to	cover	each	in	depth	would	extend
beyond	the	intended	breadth	of	this	chapter.

PATHOPHYSIOLOGY
Due	to	the	accumulation	of	extravascular	lung	water	(ie,	pulmonary	edema),	the
physiological	derangements	of	ALI	invariably	manifest	as	refractory	hypoxemia,
decreased	 respiratory	 compliance,	 and	 a	 propensity	 for	 alveolar	 collapse.25	 As
alveolar	 edema	 fluid	 and	 protein	 accumulate	 within	 the	 alveoli,	 physiologic
shunt	develops	as	blood	 flows	 through	capillary	units	 to	 alveoli	 that	 are	 either
filled	 with	 fluid,	 or	 have	 collapsed	 from	 increased	 surface	 tension.	 Hypoxic
vasoconstriction,	 the	 normal	 autoregulatory	 reflex	 that	 helps	match	 ventilation
and	 perfusion	 by	 shunting	 capillary	 blood	 flow	 away	 from	 poorly	 ventilated
regions	of	the	lung,	is	severely	impaired	within	the	diseased	regions	of	the	lung,
leading	 to	 an	 imbalance	 and	 increased	 blood	 flow	 to	 poorly	 ventilated	 lung
regions.40	 Increased	 vasoconstriction	 and	 scattered	 microthrombi	 within	 well
ventilated	 lung	 regions	 contribute	 to	 dead	 space	 or	 “wasted	 ventilation”	 via
diminished	 blood	 flow	 to	 aerated	 lung40	 (see	 Figure	 163.3B).	 The	 combined
effects	 of	 these	 derangements	 result	 in	 refractory	 hypoxemia	 and	 increased
minute	ventilation	requirements,	which	explain	the,	often	challenging,	demands
of	managing	these	patients	in	the	ICU.



	

Figure	 163.3 	 Panel	 A,	 demonstrates	 the	 edema	 fluid–filled
alveolus	and	a	neighboring	collapsed	alveolus,	both	with	unrestricted
blood	 flow,	contributing	 to	physiologic	shunt.	Double-headed	arrow
represents	potential	for	fluid	filled	alveolus	to	collapse	and	reexpand
during	normal	tidal	ventilation.	Panel	B,	demonstrates	the	effect	of	a
microthrombus	 (black	oval)	obstructing	blood	 flow	 to	a	 functioning
alveolus,	contributing	to	physiologic	dead	space.

Overall,	 the	average	pulmonary	vascular	resistance	is	commonly	elevated	in
patients	with	ARDS25	 likely	due	 to	a	reduction	 in	 total	 luminal	diameter	of	 the
vascular	 bed	 from	 vasoconstriction	 and	 thrombotic	 obstruction.	 This	 in	 turn
leads	 to	 the	common	 finding	of	pulmonary	hypertension	among	 these	patients,
which	 can	 alter	 right	 ventricular	 loading	 and	 function	 and	 predicts	 higher
mortality	 in	 afflicted	 patients.41	 Because	 elevated	 pulmonary	 artery	 (PA)
pressures	 could	 in	 theory	 contribute	 to	 increased	 pulmonary	 edema	 and	 right
heart	strain,	it	is	unclear	whether	pulmonary	hypertension	is	directly	contributing
to	mortality	or	simply	a	marker	of	disease	severity.

The	mechanical	characteristics	of	ARDS	manifest	primarily	as	a	decrease	of
respiratory	system	compliance.	This	is	primarily	due	to	a	decrease	in	compliance
of	the	lung,	particularly	in	the	more	direct	forms	of	ARDS	such	as	pneumonia.
However,	contribution	from	the	chest	wall	and	abdominal	compartment	can	be
significant	 under	 conditions	 such	 as	 trauma	 and	 peritonitis.	 The	 reduction	 of
lung	 compliance	 reflects	 the	 collective	 contribution	 of	 changes	 in	 the	 intrinsic
elastic	properties	of	 the	remaining	aerated	 lung	and	a	 reduction	 in	 resting	 lung
volume	via	alveolar	flooding	and	collapse.	The	increased	elastic	properties	of	the
aerated	 lung	 result	 from	 increased	 tissue	stiffness	due	 to	 interstitial	edema	and
increased	 alveolar	 surface	 tension,	 the	 result	 of	 increased	 surface	 forces
generated	 by	 a	 greater	 abundance	 of	 alveolar	 lining	 fluid	 and	 a	 decrease	 in
surfactant	 activity.25	 This	 loss	 of	 surfactant	 activity	 is	 believed	 to	 result	 from
inhibitory	 binding	 of	 surfactant	 by	 plasma	 proteins	 and	 cholesterol,	 and



decreased	 production	 of	 functionally	 active	 surfactant	 by	 pneumocytes.42
Furthermore,	the	biomechanical	effects	of	mechanical	ventilation	alone	can	also
alter	the	structure	and	biophysical	properties	of	surfactant.43

Lower	resting	lung	volumes	in	ARDS	result	from	persistently	fluid	filled	or
collapsed	 alveoli,	 leading	 to	 what	 has	 been	 colloquially	 referred	 to	 as	 “baby
lung.”44	 The	 affected	 regions	 of	 the	 lungs	 are	 often	 so	 diseased	 that	 they	may
remain	 fluid-filled	 or	 collapsed	 throughout	 each	 tidal	 inflation45	 and	 hence
contribute	negligibly	 to	compliance.	As	a	 result,	 tidal	volumes	delivered	 to	 the
heterogeneously	 fluid-filled	 and	 atelectatic	 lung	 are	 shunted	 preferentially	 to
more	compliant,	aerated	regions	of	the	lung.	This	is	one	of	the	main	postulated
mechanisms	 through	 which	mechanical	 ventilation	 can	 overdistend	 and	 injure
the	remaining	regions	of	“normal	lung,”	leading	to	ventilator-induced	lung	injury
(VILI).46

MANAGEMENT

Mechanical	Ventilation

Mechanical	Ventilation	and	Low	Tidal	Volumes
2 	 4 	 4 	 The	 early	 presentation	 of	ARDS	 is	 chiefly	 characterized	 by	 hypoxemic
respiratory	 failure	 and	 the	 almost	 invariable	 need	 for	 respiratory	 support	 with
mechanical	ventilation	and	high-flow	nasal	cannula	oxygen	delivery.47	Because
the	 greatest	 danger	 posed	 to	 patients	 with	 ARDS	 is	 the	 development	 of
multiorgan	 failure,48	 establishing	 supportive	 ventilation	 modes	 that	 optimize
hemodynamic	function	and	oxygen	delivery	remain	 important	objectives	 in	 the
management	 of	 these	 patients.	 Prior	 to	 the	 late	 1960s,	 endotracheal	 intubation
and	positive	pressure	mechanical	ventilation	were	primarily	used	for	supporting
patients	during	general	anesthesia.	It	was	during	this	time	that	investigators	first
noted	that	larger	tidal	volumes	could	reduce	the	shunt	associated	with	atelectasis
during	 general	 anesthesia.	 As	 a	 result,	 many	 of	 the	 techniques	 used	 for	 the
support	 of	 patients	with	 acute	 respiratory	 failure	were	 originally	 adopted	 from
general	 anesthesia	 practice,	 and	 employing	 tidal	 volumes	 of	 10	 to	 15	 mg/kg
became	the	standard	for	improving	oxygenation	and	ventilation	for	patients	with
ARDS.1,49	We	 now	 know	 that	 idealized	 oxygenation	 and	 normal	 physiological
pH	 and	 PaCO2	 can	 come	 at	 a	 cost	 when	 employing	 higher	 tidal	 volumes	 in
patients	 with	 ARDS.	 After	 the	 discovery	 that	 lung	 injury	 pathologically



resembling	 ARDS	 could	 be	 induced	 de	 novo	 in	 animal	 models	 through	 lung
overdistension	with	higher	tidal	volumes,25,50	small	retrospective	and	prospective
uncontrolled	 trials	were	 completed	 that	 suggested	 a	 benefit	 from	 limiting	 tidal
volume	 and	 peak	 airway	 pressures	 in	 patients	with	ARDS.25	 Numerous	 larger,
randomized	trials	comparing	traditional	and	lower	tidal	volumes	have	since	been
conducted,	 each	 trial	 differing	 in	 its	 methodology	 and	 results.	 The	 largest
randomized,	 multicenter	 trial	 to	 date,	 conducted	 by	 the	 ARDS	 Network,
ultimately	demonstrated	significantly	lower	mortality	among	those	assigned	to	a
tidal	 volume	 of	 6	 mL/kg	 of	 predicted	 ideal	 body	 weight	 and	 a	 target	 plateau
pressure	of	30	cm	H2O	or	less	(mortality	31.0%)	as	opposed	to	a	tidal	volume	of
12	mL/kg	and	a	target	plateau	pressure	less	than	50	cm	H2O	(mortality	39.8%).1

Following	this	landmark	study,	controversy	arose	regarding	whether	“artificially
high”	 tidal	 volumes	 drove	 the	 benefits	 observed	 in	 the	 trial,	 but	 this	 assertion
was	not	supported	by	data	demonstrating	consistent	use	of	 tidal	volumes	far	 in
excess	 of	 10	mL/kg	 in	 clinical	 practice	 prior	 to	 and	 long	 after	 the	 study	was
published.25,51,52	Indeed,	even	years	later,	there	was	sufficient	variation	in	practice
among	 four	 hospitals	 in	 Baltimore	 to	 power	 a	 statistically	 significant	 18%
relative	increase	in	observed	mortality	for	each	1	mL/kg	increase	in	average	tidal
volume	delivered.53	All	this	has	led	professional	societies	to	recommend	the	use
of	lower	tidal	volumes	at	goal	plateau	pressures	less	than	30	cm	H2O	in	patients
with	 established	ARDS.54	Going	 a	 step	 further,	 there	 is	 now	 evidence	 that	 the
benefits	 of	 low	 tidal	 volumes	 are	 exclusive	 of	 simply	 maintaining	 a	 plateau
pressure	 less	 than	 30	 cm	 H2O,	 but	 added	 benefit	 is	 also	 gained	 by	 keeping
plateau	pressures	substantially	lower	than	30	cm	H2O.55,56

Because	calculation	of	tidal	volume	based	on	total	body	weight	may	be	partly
responsible	 for	 the	 documented	 underuse	 of	 lower	 tidal	 volumes	 for	 patients
with	ARDS,57	the	importance	of	using	predicted	ideal	body	weight	(IBW),	based
upon	measured	height	and	sex,	cannot	be	overstressed.	IBW	(in	kg)	for	males	is
calculated	 as	 50	 +	 0.91([height	 in	 cm]	 −	 152.4),	 and	 for	 females	 as
45.5	+	0.91([height	in	cm]	−	152.4).1

In	 order	 to	 achieve	 these	 practice	 guidelines,	 a	 strategy	 of	 “permissive
hypercapnia”	 is	 often	 needed,	 in	 which	 a	 reduction	 in	minute	 volume	 and	 an
ensuing	 increase	 in	 PaCO2	 is	 tolerated	 in	 order	 to	 achieve	 lower	 target	 tidal
volumes	 and	 airway	 pressures.58	 Numerous	 experimental	 animal	 models	 have
actually	demonstrated	a	protective	effect	of	hypercapnic	acidosis	(HCA)	that	is
abolished	by	buffering	with	bicarbonate	solution,58	but	other	work	suggests	that
HCA	 may	 worsen	 ARDS.59,60	 Secondary	 analysis	 of	 the	 ARDSnet	 study
demonstrated	 a	 reduced	 28-day	mortality	 conferred	 by	HCA	 in	 the	 12	mL/kg



group,	but	a	similar	benefit	was	not	found	for	the	6	mL/kg	group,	suggesting	that
permissive	 hypercapnia	 is	 at	 the	 very	 least	 safe,	 and	 possibly	 beneficial.58,61,62
These	noted	benefits,	along	with	concerns	that	bicarbonate	infusion	may	actually
worsen	 intracellular	 acidosis,	 have	 led	 some	 experts	 to	 dissuade	 practitioners
from	buffering	HCA	with	bicarbonate	unless	there	is	a	clear	rationale	for	doing
so.58,61

In	 an	 effort	 to	 better	 understand	 the	 protection	 conferred	 by	 low	 tidal
volumes,	 investigators	 have	 studied	 how	 this	 strategy	 modulates	 the
inflammatory	cascades	associated	with	ARDS	and	VILI.	Evidence	now	exists	to
support	the	theory	that	low	tidal	volume	ventilation	improves	outcomes	at	least
in	part	through	reduced	activation	of	the	inflammatory	cascades	associated	with
VILI	 and	 multiorgan	 failure.	 Among	 patients	 enrolled	 in	 the	 ARDS	 Network
trial	 of	 low	 tidal	 volume,	 it	 was	 found	 that	 higher	 plasma	 levels	 of	 soluble
receptors	 for	 tumor	 necrosis	 factor	 α	 (TNF-α)	 were	 associated	 with	 higher
mortality	 and	 fewer	 organ	 failure–free	 days.63	 Furthermore,	 the	 lower	 tidal
volume	strategy	was	associated	with	lower	levels	of	soluble	TNF-α	receptor	I.63
Elevated	 plasma	 levels	 of	 interleukin	 (IL)	 6,	 8,	 and	 10	 were	 also	 linked	 to
increased	 mortality	 while	 lower	 tidal	 volume	 was	 associated	 with	 a	 greater
decline	in	IL-6	and	IL-8	levels	by	day	3	of	enrollment.63

Currently	 no	 firm	 guidelines	 exist	 regarding	 patients	 without	 established
ARDS	 (with	 the	 exception	 of	 sepsis54),	 but	 there	 is	 now	 mounting	 clinical
evidence	that	a	low	tidal	volume	strategy	can	help	prevent	progression	to	ARDS
in	patients	at	 risk64-66	and	 is	also	of	clinical	benefit	 in	 intermediate	 to	high-risk
patients	undergoing	major	abdominal	surgery.67	Although	data	suggest	that	tidal
volumes	 lower	 than	 6	 mL/kg	 may	 confer	 even	 greater	 protection	 from	 VILI,
there	is	no	general	consensus	regarding	this	practice.	However,	the	authors	note
that	 in	 the	 original	 ARDS	 Network	 trial,	 the	 lower	 tidal	 volume	 assignment
started	with	a	goal	of	6	mL/kg,	but	tidal	volumes	were	oftentimes	adjusted	to	as
low	 as	 4	 mL/kg	 to	 maintain	 plateau	 pressures	 less	 than	 30	 cm	 H2O.1	 Some
experts	argue	that	practitioners	should	target	the	lowest	tidal	volume	and	plateau
pressures	that	can	safely	be	achieved.53

While	 the	 important	 role	 of	 tidal	 volume	 and	 plateau	 pressure	 during	 lung
protective	 ventilation	 strategies	 has	 now	 been	 recognized	 for	 more	 than
2	 decades,	 more	 recently	 an	 analysis	 of	 data	 from	 more	 than	 3500	 patients
previously	 enrolled	 in	 large	 multicenter	 ARDS	 trials	 demonstrated	 the
significance	of	driving	pressure	(∆P)	as	another	modifiable	parameter.68	Driving
pressure	is	determined	by	the	ratio	of	two	critically	important	factors	in	injured
lung:	functional	lung	volume	to	respiratory	system	compliance.	For	patients	who
are	 not	 spontaneously	 breathing,	 it	 can	 be	 estimated	 using	 two	 readily



measurable	 values	 from	 a	mechanical	 ventilator:	 plateau	 pressure	 and	 positive
end-expiratory	 pressure	 (PEEP)	 (∆P	 =	 plateau	 pressure	 −	 PEEP).68	 This	 large
data	 analysis	demonstrated	 that	 increases	of	∆P	were	more	 strongly	 associated
with	mortality	than	were	increases	in	tidal	volume,	PEEP,	or	plateau	pressure.68
Furthermore,	the	analysis	suggested	that	reductions	of	tidal	volume	and	plateau
pressure	 or	 adjustments	 of	 PEEP	 did	 not	 correlate	 with	 survival	 unless	 they
resulted	in	a	favorable	reduction	in	∆P.68	Patients	with	∆P	measured	less	than	15
cm	H2O	had	a	significantly	lower	risk	of	mortality	as	compared	with	those	with
∆P	greater	than	15	cm	H2O.	This	finding	has	prompted	many	clinicians	to	assess
driving	 pressure	 following	 ventilator	 adjustments	 in	 mechanically	 ventilated
patients	with	ARDS	and	target	a	∆P	of	 less	 than	15	cm	H2O	while	adhering	 to
other	lung	protective	strategies.68

Recruitment
The	physiological	abnormalities	of	ARDS	can,	in	some	patients,	be	reversed	by
a	 recruitment	 maneuver	 (RM),	 typically	 delivered	 as	 a	 sustained	 or	 stepwise
deep	inflation	with	the	intention	of	reopening	collapsed	regions	of	the	lung.61,69
However,	due	 to	 the	unusually	high	surface	 tension	within	affected	alveoli,	 the
benefit	 is	 often	 transient,	 especially	 when	 not	 followed	 by	 sufficiently	 high
levels	of	PEEP.69	The	rationale	for	using	RMs	is	to	recruit	otherwise	atelectatic
lung	 to	 improve	 end-expiratory	 lung	 volume,	 and	 in	 turn	 mitigate	 the
development	 of	 additional	 VILI	 accruing	 from	 atelectasis	 and	 cyclic	 alveolar
reexpansion	at	end-expiration.46,69	On	the	other	hand,	periodic	RMs	can	promote
hypotension	 by	 limiting	 venous	 preload	 return	 and	 cardiac	 output,69	 and	 could
conceivably	even	contribute	 to	 lung	 injury	 through	excessive	overdistension	or
repeated	opening	of	collapsed	lung.69,70

Clinical	studies	have	yielded	highly	mixed	results	with	regard	 to	 the	 impact
of	RMs	on	 important	outcomes.	While	 a	 trial	 from	 the	Lung	Open	Ventilation
Study	 (LOVS)	 group	 demonstrated	 a	 reduction	 in	 severe	 hypoxemia	 and	 need
for	rescue	therapies	with	an	“open	lung”	approach	of	combined	RMs	and	higher
PEEP,	it	did	not	demonstrate	any	reduction	in	all-cause	mortality.71	In	a	follow-
up	meta-analysis	 of	 40	 trials,	which	 included	 the	LOVS	 study	 and	 three	other
randomized	 controlled	 trials,	 authors	 found	 that	 in	 general,	 ARDS	 patients
receiving	RMs	exhibit	a	significant	but	short-lived	improvement	in	oxygenation
with	 often	 transient	 and	 self-limited	 hypotension	 and	 desaturation	 during	 the
RM.69	These	mixed	 finding	have	 led	 these	and	other	experts	 to	concluded	 that
RMs	can	neither	be	 recommended	nor	discouraged	 for	 all	 patients,	 but	 can	be



considered	 on	 an	 individualized	 basis	 for	 patients	 with	 life-threatening
hypoxemia.61,69,72

Positive	End-Expiratory	Pressure
4 	 PEEP	 is	 the	 most	 widely	 employed	 strategy	 shown	 to	 retard	 alveolar
derecruitment	in	the	injured	lung.	Several	studies	have	demonstrated	the	ability
of	 PEEP	 to	 prevent	 or	 delay	 alveolar	 derecruitment	 and	 attenuate	 VILI.73,74
However	 the	 protective	 effects	 of	 higher	 PEEP	were	 called	 into	 doubt	 after	 a
multicenter	randomized	trial	failed	to	demonstrate	an	improvement	in	outcomes
using	 a	 higher	 PEEP	 strategy	 during	 low	 tidal	 volume	 ventilation	 in	 ARDS
patients.75	 In	 this	 trial,	 higher	 levels	 of	 PEEP	were	 arbitrarily	 coupled	 to	 each
step-wise	 increment	 in	 FiO2	 requirement	 during	 low	 tidal	 volume	 ventilation.
The	study	failed	 to	demonstrate	any	benefit	 in	mortality	or	ventilator-free	days
with	higher	PEEP,75	but	potential	underpowering	of	this	study	has	left	room	for
continued	 debate.76	 Additionally,	 since	 the	 amount	 of	 recruitable	 lung	 varies
significantly	among	ALI	patients,	some	have	suggested	that	setting	PEEP	levels
without	 first	 determining	 the	 level	 of	 recruitable	 lung	may	 offset	 the	 potential
benefits	of	PEEP.73,74	 In	 another	 randomized	 trial	 from	 the	Expiratory	Pressure
(ExPress)	Study	Group,	the	selection	of	PEEP	was	more	“patient-directed”	and
set	at	a	 level	required	to	maintain	plateau	pressures	of	28	to	30	cm	H2O.77	The
higher	PEEP	 strategy	 again	 failed	 to	 demonstrate	 a	 reduction	 of	mortality,	 but
did	 demonstrate	 lasting	 improvements	 of	 oxygenation	 and	 compliance,	 an
increase	 in	 ventilator-free	 and	 organ	 failure–free	 days,	 and	 a	 trend	 toward
improved	survival	for	more	severe	ARDS.77

Since	these	trials,	several	post	hoc	analyses	and	meta-analyses	have	yielded	a
predominance	of	 findings	 that	 suggest	 the	use	of	higher	PEEP	 to	be	of	greater
benefit	 in	 patients	 with	 moderate-to-severe	 ARDS,	 and	 of	 less	 benefit	 (or
potential	 harm)	 in	 those	with	mild	ARDS.74,78	 A	 larger	meta-analysis	 by	Briel
and	 colleagues	 demonstrated	 a	 10%	 relative	 risk	 reduction	 of	 in-hospital
mortality	with	 higher	 PEEP	 for	moderate-to-severe	ARDS,	 but	 a	 trend	 toward
increased	 mortality	 from	 higher	 PEEP	 for	 mild	 ARDS.79	 A	 subsequent	 meta-
analysis	 concluded	 no	mortality	 benefit	 from	 higher	 PEEP,80	 but	 experts	 have
pointed	 out	 the	 failure	 of	 this	 analysis	 to	 stratify	 patients	 based	 on	 disease
severity.74,80	 A	 Cochrane	 review	 in	 2013	 also	 demonstrated	 no	 benefit	 with
higher	PEEP	applied	broadly,	but	a	subgroup	analysis	supported	the	findings	of
Briel	and	colleagues	favoring	higher	PEEP	for	moderate-to-severe	ARDS.78	Yet
another	secondary	analysis	of	findings	from	the	LOVS	and	ExPress	trials	found
that	among	patients	whose	PEEP	had	been	increased	following	randomization,	a



positive	oxygenation	response	to	PEEP	(an	increase	of	25	mm	Hg	or	greater	in
their	 P/F	 ratio)	 was	 associated	 with	 lower	 mortality,	 and	 the	 association	 was
stronger	 for	 patients	with	more	 severe	 disease.81	 This	 could	 simply	 imply	 that
patients	with	more	 “recruitable”	 lung	have	better	 outcomes,	 but	 these	 findings
led	 the	 authors	 to	 speculate	 that	 this	 improved	 oxygenation	 response	 to	 PEEP
may	help	better	predict	who	will	benefit	from	higher	PEEP.81	Alternatively,	some
experts	 have	 concluded	 that	 a	 more	 practical,	 bedside	 imaging	 modality	 for
assessing	 lung	 recruitment	 from	 added	 PEEP	 is	 needed.73	 Others	 initially
demonstrated	 that	more	directly	 targeting	PEEP	 to	 transpulmonary	pressure	by
measuring	 esophageal	 pressures	 may	 be	 a	 safer	 and	 more	 effective	 means	 of
determining	 optimal	 PEEP.82	 Unfortunately,	 a	 larger	 follow-up	 multicenter
randomized	 trial	 of	 esophageal	 pressure–directed	 PEEP	 for	 patients	 with
moderate-to-severe	 ARDS	 failed	 to	 demonstrate	 a	 difference	 of	 mortality	 or
ventilator	free	days	compared	with	conventional	PEEP	titration	strategies.83

Airway	Pressure	Release	Ventilation
“Airway	 pressure	 release	 ventilation”	 (APRV)	 is	 a	 mode	 of	 ventilation	 that
utilizes	sustained	high	airway	pressures	and	spontaneous	breathing	to	maximize
lung	recruitment,	with	brief	periods	of	“pressure	release”	to	facilitate	ventilation
while	minimizing	derecruitment	 during	 exhalation.84	 Proponents	 assert	 that	 the
periods	of	pressure	 release	are	 typically	brief	enough	 to	avoid	alveolar	closure
and	 reexpansion,	 and	 efficacy	 relies	 heavily	 on	 the	 presence	 of	 spontaneous
ventilation,	 which	 is	 believed	 to	 generate	 regionally	 variable	 transpulmonary
pressures	that	favor	recruitment	of	dependent	lung	regions.85	Another	purported
benefit	 is	 the	potentially	decreased	sedation	needs	of	patients	 receiving	APRV,
but	 some	 studies	 suggest	 this	 may	 not	 be	 the	 case.86	 Because	 a	 prolonged
inflation	 pressure	 (ie,	 Phigh)	 is	 maintained	 between	 brief	 periods	 of	 pressure
release,	 recruitment	 and	gas	exchange	are	often	 improved	with	 typically	 lower
maximal	 airway	 pressures	 than	 conventional	 ventilation.50	 However,	 the
potential	 for	 added	 distension	 still	 exists	 while	 patients	 spontaneously	 breath
above	 the	 volume	 generated	 by	 Phigh,50	 and	 relatively	 high	 transpulmonary
pressure	swings	and	large	expiratory	tidal	volumes	can	still	occur	during	APRV87

and	conceivably	contribute	to	VILI.61
Thus	far,	most	published	experience	with	APRV	for	patients	with	ARDS	has

been	 in	 the	 surgical	 and	 trauma	population.84,88	One	of	 the	 earliest	 randomized
trials	 comparing	APRV	 to	SIMV	demonstrated	an	 improvement	 in	physiologic
outcomes	but	was	stopped	early	for	futility	in	demonstrating	any	improvement	in
mortality	or	ventilator-free	days.89	In	2010,	a	randomized	control	trial	comparing



APRV	 to	 a	 conventional	 low	 tidal	 volume	 strategy	 for	 adult	 trauma	 patients
demonstrated	equal	safety	profiles	but	also	demonstrated	a	nonsignificant	trend
toward	 increased	 ventilator	 days	 and	 ICU	 length	 of	 stay	 in	 those	 assigned	 to
APRV.88	Since	 then,	a	single	center	 randomized	controlled	 trial	of	138	medical
ICU	patients	with	ARDS	compared	early	utilization	APRV	(within	48	hours	of
initiation	of	 invasive	mechanical	 ventilation)	 to	 conventional	 low	 tidal	 volume
ventilation.90	Patients	ventilated	using	APRV	had	more	ventilator	free	days	and
were	more	 likely	 to	 be	 successfully	 extubated	 and	were	 less	 likely	 to	 require
tracheostomy	for	prolonged	ventilator	weaning.90	Trends	toward	lower	mortality
and	shorter	hospital	length	of	stay	were	reported,	but	these	were	nonsignificant.90
Taken	 together,	 these	 findings	have	 led	many	experts	 to	conclude	 that	 thus	 far
there	 is	 insufficient	 evidence	 to	 support	 the	 routine	 use	 of	 APRV	 for
management	 of	ARDS.50	Additional	work	 is	 needed	 in	 the	 field	 before	APRV
can	be	recommended	over	conventional	low	tidal	volume	ventilation,	and	it	may
be	that	the	choice	of	one	over	the	other	will	need	to	be	tailored	to	the	patient’s
injury	 and	 lung	mechanics.	 This	 question	 is	 again	 being	 addressed	 in	 another
moderate	sized,	multicenter	randomized	control	trial	comparing	early	application
of	 APRV	 to	 low	 tidal	 volume	 ventilation	 strategies	 for	 patients	 with	 ARDS
(clinicaltrials.gov,	 NCT04221737).	 Its	 completion	 may	 provide	 more	 clarity
around	the	role	of	APRV	in	the	management	of	ARDS.

High	Frequency	Ventilation
With	the	data	demonstrating	a	reduction	in	mortality	with	a	 low	tidal	volumes,
and	 animal	 studies	 showing	 that	 even	 lower	 tidal	 volumes	 offer	 additional
protection,91	high-frequency	oscillation	ventilation	(HFOV),	with	 tidal	volumes
equal	 to	 or	 less	 than	 dead	 space,	 would	 seem	 to	 be	 an	 ideal	 mechanical
ventilation	 strategy	 for	 ARDS.	 Early	 investigations	 in	 the	 use	 of	 HFOV	 for
adults	with	ARDS	yielded	mixed	results,50,92	and	a	meta-analysis	suggested	that
HFOV	may	provide	a	reduced	risk	of	mortality	when	compared	to	conventional
mechanical	ventilation,	but	this	benefit	was	mitigated	when	comparing	HFOV	to
mandated	 low	 tidal	 volume	 ventilation.92	 Two	 large	 randomized	 multicenter
trials	have	since	compared	HFOV	to	a	conventional	low	tidal	volume	strategy	in
adult	patients	with	moderate-to-severe	ARDS.52,93	One	demonstrated	no	benefit
in	 mortality	 or	 ventilator-free	 days	 from	 HFOV	 over	 conventional	 low	 tidal
volume	ventilation.52	The	other	was	 terminated	 early	 on	 the	basis	 of	 increased
mortality	 in	 the	HFOV	group.93	These	 results	have	 led	experts	 to	clearly	 favor
conventional	 low	 tidal	 volume	ventilation	 over	HFOV	as	 first	 line	 support	 for
adult	patients	with	ARDS.	This	mode	has	largely	fallen	out	of	failure	in	adults,
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even	as	salvage	therapy	for	those	failing	conventional	therapy.

Noninvasive	and	Partial	Support	Ventilation
Noninvasive	 ventilation	 (NIV)	 and	 partial	 support	 invasive	 ventilation	modes,
such	as	pressure	support	ventilation,	allow	for	patient	triggering	and	cycling	of
breaths,	 resulting	 in	more	 spontaneous	 breathing.	 The	 potential	 advantages	 of
spontaneous	breathing	over	controlled	mechanical	ventilation	include	improved
patient-ventilator	 synchrony,	 lower	 sedation	 requirements,	 and	 improved
hemodynamics	 and	 ventilation/perfusion	 ()	matching.61	 Partial	 assist	modes	 of
ventilation	can	still	effectively	help	unload	respiratory	workload	while	helping	to
improve	 aeration	 and	 ventilation/perfusion	 matching	 within	 dependent	 lung
regions,	 presumably	 due	 to	 more	 pronounced	 transpulmonary	 pressures
generated	within	these	regions	by	an	actively	descending	diaphragm.

While	many	studies	have	demonstrated	high	rates	of	success	when	using	NIV
to	 mitigate	 the	 need	 for	 intubation	 for	 patients	 with	 hypoxemic	 respiratory
failure,	particularly	in	the	setting	of	CPE,	similar	studies	of	patients	with	ARDS
have	demonstrated	high	 rates	 of	NIV	 failure.94,95	 Furthermore,	NIV	 failure	 has
been	 associated	 with	 a	 higher	 mortality	 rates	 (up	 to	 64%)	 in	 patients	 with
hypoxemic	respiratory	failure,	leading	many	to	urge	the	need	for	caution	in	using
NIV	to	support	of	patients	with	ARDS.61,94

This	 high	 rate	 of	 NIV	 failure	 among	 patients	 with	 acute	 hypoxemic
respiratory	failure	was	again	demonstrated	in	a	randomized	trial	comparing	NIV
to	 both	 standard	 and	 high-flow	 nasal	 cannula	 oxygen	 delivery.47	 The	 study
demonstrated	greater	patient	comfort	 in	 the	high-flow	nasal	cannula	group,	but
the	 reduced	 frequency	 of	 the	 need	 for	 intubation	 in	 this	 group	 (38%)	 only
reached	statistical	significance	in	a	post-hoc	analysis	for	patients	with	a	P:F	ratio
of	<200	mm	Hg.47	The	hazard	ratio	for	death	was	substantially	higher	for	both
the	 NIV	 (2.50)	 and	 standard	 nasal	 cannula	 (2.01)	 groups	 when	 compared	 to
high-flow	 nasal	 cannula.47	 Regardless,	 these	 somewhat	 preliminary	 findings
suggest	 that	 high-flow	 nasal	 cannula	 is	 a	 clearly	 safe	 means	 of	 potentially
avoiding	 the	 need	 for	 intubation,	 and	 may	 be	 safer	 than	 NIV	 with	 respect	 to
long-term	outcomes.

Extracorporal	Membrane	Oxygenation
Extracorporeal	membrane	oxygenation	 (ECMO),	used	alone	or	 in	 combination
with	 protective	 ventilation,	 uses	 cardiopulmonary	 bypass	 to	 facilitate	 gas
exchange	 while	 minimizing	 ventilation	 of	 the	 lung	 to	 mitigate	 barriers	 to



healing.	 Despite	 demonstrated	 efficacy	 for	 neonates	 with	 severe	 respiratory
distress	 syndrome,	 nonrandomized	 observational	 studies	 have	 provided
conflicting	 results	 regarding	 survival	 benefit	 of	 ECMO	 in	 adult	 ARDS,	 and
earlier	 randomized	 trials	 were	 negative	 with	 high	 rates	 of	 mortality	 for	 both
treatment	 assignments.74,96	 The	 CESAR	 trial,	 the	 first	 large	 randomized
controlled	 trial	 to	 date	 in	 ECMO	 for	 severe	 adult	 ARDS	 demonstrated	 an
improvement	in	6-month	survival	without	disability	in	patients	transferred	to	an
ECMO	center	for	consideration	of	ECMO,	when	compared	to	the	conventional
treatment	group,	who	remained	at	referring	institutions.97	However,	only	76%	of
patients	transferred	to	specialized	ECMO	centers	actually	received	ECMO,	and
only	70%	of	patients	assigned	to	the	conventional	treatment	group	received	low
tidal	volume	ventilation	per	protocol	(vs	93%	in	the	ECMO	group).97	Some	have
interpreted	these	data	as	supporting	transfer	to	larger	ECMO	centers	based	solely
on	 greater	 adherence	 to	 low	 tidal	 volume	 protocols	 and	 best	 practice	 in
supportive	 care	 for	 ARDS.	 Since	 publication	 of	 the	 CESAR	 trial,	 an
international	multicenter	trial	(the	EOLIA	trial)	randomized	nearly	250	patients
with	very	severe	ARDS	to	early	venovenous	ECMO	support	or	conventional	low
tidal	volume	ventilation.98	Crossover	to	ECMO	was	permitted	for	patients	in	the
conventional	ventilation	group	with	refractory	hypoxemia.	Mortality	rates	were
35%	 in	 the	 ECMO	 assignment	 and	 46%	 in	 the	 conventional	 group,	 but	 this
difference	 was	 not	 significant	 (P	 =	 .09).98	 A	 significant	 portion	 (28%)	 of	 the
patients	in	the	conventional	ventilation	group	met	inclusion	criteria	for	crossover
to	 ECMO	 for	 refractory	 hypoxemia.	 This	 subgroup	 ultimately	 exhibited	 very
high	mortality	(57%).	Patients	 in	 the	ECMO	group	experienced	higher	rates	of
bleeding	 and	 coagulopathy	 than	 those	 in	 the	 conventional	 ventilation	 group.98
Taken	together,	these	findings	have	failed	to	yield	sufficient	evidence	to	justify
early	 initiation	 of	 ECMO	 in	 patients	 with	 severe	 ARDS,	 but	 do	 support
consideration	of	transfer	to	large	centers	with	ECMO	capability.

Prone	Positioning
4 	 Prone	 positioning	 was	 shown	 to	 improve	 oxygenation	 for	 patients	 with
hypoxic	 respiratory	 failure	 as	 early	 as	 the	mid-1970s.74	 Proposed	mechanisms
have	included	recruitment	and	improved	ventilation	of	the	previously	dependent
dorsal	lung,	and	improved	ventilation-perfusion	matching	via	redirection	of	the
gravitationally	 distributed	 perfusion	 toward	 the	 newly	 dependent	 (better
ventilated)	 lung.	 Contrary	 to	 earlier	 speculation,	 however,	 prone-positioning
exerts	 limited	 gravitational	 effects	 on	 regional	 perfusion	 in	 either	 normal	 or
injured	lung.99	However,	it	can	improve	ventilation	within	previously	dependent



dorsal	lung	regions100	via	regional	changes	in	chest	wall	mechanics	and	reduced
lung	compression	by	the	heart	and	mediastinum.74

Despite	 these	 known	 physiological	 benefits,	 most	 all	 of	 the	 earlier	 clinical
trials	 demonstrated	 improved	 oxygenation	 with	 prone	 positioning,	 yet	 no
reduction	of	mortality.101-103	However,	 none	 of	 these	 earlier	 clinical	 trials	were
coupled	 to	 IBW-determined	 low	 tidal	 volume	ventilation.	 Post	 hoc	 analysis	 of
data	 from	 the	 first	 of	 these	 trials	 suggested	 an	 early	 survival	 advantage	 in	 the
most	 severe	 subgroup	 of	 patients,101	 a	 finding	 later	 supported	 by	 subsequent
studies.103	Since	these	earlier	negative	trials	were	completed,	the	Proning	Severe
ARDS	 Patients	 (PROSEVA)	 study	 group	 concluded	 a	multicenter	 randomized
trial	 that	demonstrated	a	significant	reduction	of	mortality	among	patients	with
more	 severe	 (P:F	 ratio	 <150)	 ARDS.104	 The	 protocol	 directed	 16	 consecutive
hours	of	prone	position	for	at	least	28	days,	was	coupled	with	6	mL/kg	IBW	tidal
volumes	 and	 a	 target	 plateau	pressure	 less	 than	30	 cm	H2O.	 It	demonstrated	a
significant	reduction	in	28-day	mortality	(hazard	ratio	for	death	0.39)	and	90-day
mortality	(hazard	ratio	0.44).104	Since	then,	a	meta-analysis	examining	combined
data	from	these	and	other	trials	(including	less	severe	cases)	found	a	significant
benefit	 from	 prone	 positioning	 in	 patients	 receiving	 tidal	 volumes	 <8	 mL/kg
IBW,	 but	 not	 in	 patients	 with	 tidal	 volumes	 >8	 mL/kg,105	 suggesting	 that	 the
benefit	of	proning	may	extend	beyond	the	most	severe	of	ARDS	patients	when
coupled	 to	 a	 low	 tidal	 volume	 strategy.	 Nevertheless,	 given	 the	 high	 reported
rates	 of	 complications	 associated	 with	 prone	 positioning,102,106	 experts	 have
concluded	 that	 prone	 positioning	 should	 be	 limited	 to	 patients	 with	 severe
hypoxemia	 and	 undertaken	 only	 in	 high	 expertise	 centers	 with	 proficiency	 in
execution.

5 	 Starting	 in	 December	 2019,	 the	 COVID-19	 pandemic	 led	 to	 a	 dramatic
increase	 in	 patients	 presenting	 with	 severe	 ARDS,	 and	 growing	 experience
worldwide	in	the	use	of	prone	positioning	for	the	management	of	these	patients.5
A	 single	 center	 cohort	 study	 examined	 a	 group	 of	 62	 patients	 with	 severe
COVID-19	 associated	 ARDS	 who	 had	 undergone	 prone	 positioning	 and
compared	 them	 with	 199	 controls	 who	 had	 met	 proning	 criteria	 but	 did	 not
receive	the	intervention.107	Treatment	with	prone	positioning	 in	 this	cohort	was
associated	 with	 a	 significantly	 reduced	 risk	 of	 death	 (HR	 0.61	 95%	 CI	 0.46-
0.80),	 as	 well	 as	 significantly	 higher	 oxygen	 saturation	 and	 P:F	 ratios	 as
compared	with	the	group	restricted	to	supine	positioning	only.107	The	pandemic
has	also	generated	interest	in	the	utility	of	self-prone	positioning	among	awake,
nonintubated	 patients	 with	 COVID-19	 related	 ARDS.108	 A	 preliminary	 single
center	 cohort	 study	 demonstrated	 improved	 oxygenation	 following	 assisted
transition	 to	 the	 prone	 position	 in	 such	 patients.	 Patients	 remained	 in	 prone



position	 for	 at	 least	 3	 hours,	 and	 when	 reassessed	 1	 hour	 following	 return	 to
supine	 position,	 improvements	 in	 oxygenation	 were	 sustained	 in	 50%	 of
subjects.108	Additional	multicenter	 randomized	 trials	 are	 currently	 underway	 to
better	clarify	the	benefits	of	self	proning	on	mortality	and	the	need	for	invasive
and	noninvasive	mechanical	ventilation	in	spontaneously	breathing	patients	with
COVID-19	 patients	 (clinicaltrials.gov	 NCT04363463,	 NCT04358939).	 Other
studies	 investigating	 various	 proning	 strategy	 parameters,	 such	 as	 timing	 and
duration,	 as	 well	 as	 the	 use	 of	 proning	 in	 combination	 with	 ECMO
(clinicaltrials.gov).

Fluid	Management
4 	 4 	 Since	 pulmonary	 edema	 is	 the	 hallmark	 of	ARDS,	 it	 seems	 reasonable	 to
keep	patients	relatively	“dry”	in	their	 total	fluid	volume.	However,	because	the
development	 of	 multiple	 organ	 dysfunction	 syndrome	 (MODS)	 increases
mortality	from	ARDS,	the	critical	maintenance	of	adequate	peripheral	perfusion
may	require	liberal	administration	of	 intravenous	fluid,	at	 least	 initially.	Earlier
studies	 demonstrated	 improvement	 of	 physiological	 parameters	 with	 diuresis
guided	with	and	without	vascular	pressure	measurement	or	by	measurement	of
extravascular	lung	water.25	The	NHLBI	ARDS	Network	(National	Heart,	Lung,
and	 Blood	 Institute	 Acute	 Respiratory	 Distress	 Syndrome	 Network)	 trial	 of
conservative	vs	liberal	fluid	management	demonstrated	no	difference	in	60-day
mortality	 between	 the	 two	 different	 strategies.109	 However,	 subjects	 in	 the
conservative	 fluid	 strategy	 group	 had	 a	 lower	 7-day	 cumulative	 fluid	 balance
with	 improved	 lung	 function	 and	a	 reduced	duration	of	mechanical	 ventilation
without	 an	 increase	 in	 nonpulmonary	 organ	 failure,109	 supporting	 that	 a
conservatively	 lower	 fluid	 balance	 is	 safe	 and	 may	 provide	 more	 favorable
outcomes.	Generalizability	of	the	findings	to	the	population	at	large	was	limited
by	 multiple	 exclusion	 factors	 (including	 renal	 failure	 and	 heart	 failure).
Furthermore,	 all	 patients	 were	 allowed	 to	 receive	 a	 liberal	 fluid	 resuscitation
strategy	(if	deemed	clinically	necessary),	for	an	average	of	43	hours	from	their
time	 of	 presentation,	 and	 most	 had	 optimized	 hemodynamics	 by	 the	 time	 of
enrollment.110	 More	 recently,	 however,	 a	 retrospective	 cohort	 study	 assessed
fluid	balance,	diuretic	use	and	mortality	in	over	200	patients	with	moderate-to-
severe	 ARDS	 in	 two	 large	 academic	 medical	 centers.	 Fluid	 overload	 was
common	 in	both	groups	 (15%-25%),	 though	nonsignificantly	 lower	 in	patients
that	received	diuretic	therapy.	Receipt	of	diuretic	was	associated	with	lower	in-
hospital	mortality,	even	after	adjustment	for	potential	confounders.111

http://clinicaltrials.gov
http://clinicaltrials.gov


6 	An	added	controversy	exists	in	what	method	should	be	used	to	guide	fluid
management.	Whether	the	indwelling	PA	catheter	is	vital	to	the	management	of
ARDS	depends	upon	two	important	considerations.	First,	optimal	fluid	balance
must	be	crucial	to	preventing	the	progression	of	lung	injury.	Evidence	linking	a
more	positive	fluid	balance	to	the	development	of	ARDS112	and	evidence	linking
increased	extravascular	lung	water	to	the	development	of	MODS	and	ARDS113,114
support	this	first	requisite	justification.115	Second,	PA	catheters	must	also	provide
a	 critical	 and	 unique	 understanding	 of	 this	 balance	 that	 sufficiently	 and
appropriately	 modifies	 clinical	 practice.	 This	 second	 requisite	 has	 yet	 to	 be
proven.	The	ARDS	Network	trial	of	fluid	management	suggest	that	PA	catheter–
guided	 therapy	 does	 not	 improve	 survival	 in	 ARDS	 over	 therapy	 guided	 by
simple	central	venous	pressure	(CVP)	alone,116	although	data	supporting	the	use
of	 CVP	 to	 guide	 therapy	 are	 also	 equally	 limited.117,118	 In	 fact,	 CVP	 has	 been
repeatedly	demonstrated	 to	be	an	unreliable	 index	of	cardiac	preload	and	 fluid
responsiveness.117,118	 With	 the	 wider	 adoption	 of	 bedside	 ultrasonography	 in
critical	care,	numerous	additional	noninvasive	bedside	measurements	have	been
used	 to	 predict	 fluid	 responsiveness	 during	 resuscitation,119	 with	 the	 intent	 of
avoiding	overresuscitation	 in	patients	at	 risk	 for	developing	ARDS.120,121	There
are	now	multiple	techniques	currently	employed	to	help	guide	resuscitation	and
limit	 volume	 overloading,	 including	 but	 not	 limited	 to	 echocardiographic
measures	 of	 stroke	 volume	 variability,	 inferior	 vena	 cava	 dispensability,
peripheral	pulse	pressure	variation,	and	response	to	passive	leg	raise,	which	have
all	 demonstrated	 reasonably	 high	 sensitivity	 and	 specificity	 in	 predicting	 fluid
responsiveness.119,121,122	 It	 remains	 to	 be	 seen	 if	 these	 modalities	 can	 be
incorporated	 into	 a	 management	 strategy	 that	 consistently	 improves	 patient-
centered	outcomes.

Pharmacological	Interventions
As	 in	 any	 other	 medical	 disease	 or	 syndrome,	 it	 would	 seem	 that	 the	 “Holy
Grail”	 among	 clinicians	 is	 the	 discovery	 of	 some	 novel	 agent	 that	 can	 either
break	the	cycle	of	disease	pathogenesis	or	help	restore	physiologic	homeostasis
and	 reduce	 disease	 severity	 and	 morbidity.	 The	 field	 of	 pharmacological
intervention	has	been	exhaustively	explored	in	the	field	of	ARDS,	often	yielding
promising	 results	 in	 animal	 models	 and	 periodically	 demonstrating	 modest
improvements	 in	 lung	 function	 and	 oxygenation	 among	 patients,	 but	 rarely
translating	into	improved	outcomes.



Corticosteroids
4 	 Given	 the	 well	 characterized	 acute	 inflammatory	 response	 of	 ARDS,
considerable	 effort	 has	 been	 spent	 determining	 the	 therapeutic	 role	 of
corticosteroid	 therapy	 for	 the	 early	 and	 late	 treatment	 of	 this	 condition.
Numerous	 uncontrolled	 trials	 initially	 suggested	 a	 potential	 benefit	 of
corticosteroids.	The	 first	 randomized	 controlled	 trial	 of	 corticosteroids	 for	 late
ARDS	 demonstrated	 improved	 lung	 injury	 scores	 and	 oxygenation,	 decreased
multiorgan	dysfunction	scores,	and	reduced	ICU	and	in-hospital	mortality	for	the
group	 receiving	 steroids,123	 but	 this	 study	drew	criticism	 for	 its	 small	 size	 and
baseline	differences	between	the	treatment	groups.	Subsequently,	a	significantly
larger	 NHLBI	 sponsored	 multicenter	 trial	 completed	 by	 the	 ARDS	 Network
exploring	the	use	of	corticosteroids	for	late	persistent	ARDS	demonstrated	more
ventilator-free	 days	 and	 improved	 oxygenation	 for	 the	 group	 treated	 with
methylprednisolone	 compared	 to	 placebo,	 but	 no	 reduction	 in	 60-day
mortality.124	There	was,	however,	an	increase	of	neuromuscular	weakness	and	a
higher	 60-	 and	 180-day	 mortality	 was	 observed	 when	 steroid	 therapy	 was
initiated	after	14	days	of	onset,	 suggesting	a	 serious	 risk	 from	 this	 therapy	 for
late	ARDS.124

5 	 While	 initial	 studies	 of	 steroids	 for	 early	 ARDS	 did	 not	 demonstrate
benefit.	 Several	 meta-analyses	 of	 the	 effects	 of	 glucocorticoids	 on	 ARDS
mortality	 have	 subsequently	 come	 to	 mixed	 conclusions,	 adding	 to	 the
challenges	in	establishing	guidelines.123,125-127	In	2007,	a	small	study	suggested	an
improvement	 in	 ICU	 mortality,	 though	 this	 study	 was	 limited	 by	 size	 and
imbalances	among	the	treatment	arms.128	Subsequently,	the	DEXA-ARDS	trial,	a
multicenter	 randomized	 trial	 of	 277	 patients	 with	 moderate	 or	 severe	 ARDS
assessed	 the	 effect	 of	 high	 dose	 dexamethasone	 vs	 placebo	 given	 early	 in	 the
course	 of	 disease.129	 The	 trial	 was	 stopped	 early	 due	 to	 slow	 enrollment.
Nonetheless,	 the	 investigators	 found	 that	 patients	 treated	 with	 dexamethasone
had	more	ventilator	free	days	and	lower	60-day	mortality,	without	an	increase	of
adverse	events.129	Most	recently,	the	RECOVERY	trial,	a	large,	multicenter	trial
of	 several	 therapies	 for	 patients	 hospitalized	 with	 COVID-19	 pneumonia
included	 an	 arm	 that	 randomized	 patients	 to	 receive	 dexamethasone	 or
placebo.130	 Over	 6400	 patients	 were	 included,	 though	 a	 clinical	 diagnosis	 of
ARDS	or	hypoxic	respiratory	failure	was	not	required	for	enrollment.	The	study
demonstrated	 lower	mortality	 among	patients	 treated	with	dexamethasone	 (HR
0.83,	 95%	 CI	 0.75-0.93).	 In	 a	 subgroup	 analysis,	 the	 mortality	 benefit	 was
observed	 for	 patients	 requiring	 mechanical	 ventilation	 or	 any	 other	 form	 of
oxygen	support.	However,	there	was	no	mortality	benefit	for	those	not	requiring



supplemental	oxygen.130	This	subgroup	analysis	has	been	interpreted	by	some	to
argue	 that	 the	 benefit	 of	 dexamethasone	 stemmed	 from	 preventing	 the
progression	of	 lung	 injury,	 the	most	 feared	 complication	of	COVID-19.	Taken
with	 the	 DEXA-ARDS	 study	 and	 prior	 small	 studies,	 these	 findings	 have
prompted	reconsideration	for	corticosteroid	therapy	in	early	ARDS.

Neuromuscular	Blockade
4 	 Clinical	 practice	 guidelines	 have	 long	 supported	 the	 use	 of	 neuromuscular
blockade	 (NMB)	 as	 means	 of	 controlling	 patient-ventilator	 synchrony,
oxygenation,	and	ventilation,	and	studies	have	supported	NMB	for	patients	with
ARDS	as	a	means	toward	improving	oxygenation.131,132	The	benefits	of	NMB	for
ARDS	 in	 theory	 stem	 from	 a	 mitigation	 of	 VILI	 by	 preventing	 spontaneous
breathing	 with	 larger	 than	 intended	 tidal	 volumes	 on	 inspiration	 and	 alveolar
collapse	 during	 forced	 exhalation.133	 While	 initial	 studies	 did	 not	 clearly
demonstrate	 benefit	 of	 NMB	 and	 raised	 concern	 for	 adverse	 outcomes,	 a
multicenter	randomized	controlled	trial	conducted	by	the	ARDS	et	Curarisation
Sytematique	 (ACURASYS)	 study	 group	 in	 France	 demonstrated	 a	 significant
mortality	benefit	from	early	NMB	for	severe	ARDS.134	The	study	demonstrated
that	NMB	with	cisatracurium	for	48	hours,	provided	within	48	hours	of	onset,	of
moderate-to-severe	ARDS	(P:F	ratio	<150	mm	Hg),	led	to	a	significant	decrease
of	 both	 28-	 and	 90-day	 mortality,	 without	 any	 concomitant	 increased	 risk	 of
adverse	neuromuscular	weakness.134	A	 subsequent	meta-analysis	 of	 three	 trials
(including	 the	 ACURASYS	 trial)	 concluded	 that	 short-term	 NMB	 (48	 hours
cisatracurium	infusion)	for	adult	patients	with	ARDS	reduces	hospital	mortality
without	 increased	 risk	 of	 critical	 illness	 polyneuropathy	 (CIP).135	However,	 all
three	trials	reviewed	in	this	analysis	came	from	the	same	group	of	investigators,
leading	 some	 experts	 to	 urge	 caution	 in	 generalizing	 the	 use	 of	 NMB	 in	 all
patients	with	ARDS.74

To	further	address	this	controversy,	the	PETAL	network	conducted	the	ROSE
trial,	a	large	multicenter	trial	of	early	NMB	in	over	1000	patients	with	moderate-
to-severe	 ARDS.136	 Contrary	 to	 the	 findings	 of	 ACURASYS,	 early
administration	of	cisatracurium	for	48	hours	did	not	result	in	improved	mortality
or	 ventilator-,	 ICU-,	 or	 hospital-free	 days.136	 The	 study’s	 authors	 suggested
several	explanations	for	the	difference	of	outcomes	for	ROSE	vs	ACURASYS.
ROSE	employed	 a	 higher	PEEP	 strategy,	which	may	have	 improved	mortality
for	 both	 groups	 given	 the	 inclusion	 of	 only	 patients	 with	 moderate-to-severe
ARDS,	potentially	mitigating	the	benefits	of	NMB.	Patients	of	the	control	group
were	managed	with	 lower	sedation	 targets	 than	 those	 in	practice	at	 the	 time	of



the	 ACURASYS	 trial,	 which	may	 have	 resulted	 in	 improved	mortality	 of	 the
control	 group.	 Lastly,	 higher	 rates	 of	 prone	 positioning	 were	 used	 for	 the
ACURASYS	trial	than	for	the	ROSE	trial,	raising	the	possibility	that	the	benefits
of	NMB	are	more	significant	when	coupled	with	prone	positioning.136

Pulmonary	Vasodilators
Given	 the	 advanced	 endothelial	 injury,	 physiological	 shunt,	 and	 commonly
observed	 pulmonary	 hypertension	 in	 ARDS,	 pharmacologic	 pulmonary
vasodilatation	 has	 been	 heavily	 explored	with	 a	 focus	 on	 inhaled	 nitric	 oxide,
iNO.	Unfortunately,	 despite	 several	 clinical	 trials	 demonstrating	 improvements
in	 regional	 vasodilation	 and	 oxygenation,	 there	 have	 been	 no	 consistent
improvement	 of	 mortality.	 In	 addition,	 adverse	 consequences	 including	 dose
dependent	 methemoglobinemia,	 systemic	 hypotension,	 rebound	 pulmonary
hypertension,	 and	 renal	 impairment	 have	 been	 identified.137,138	 As	 a	 result	 of
these	 findings,	 iNO	 is	 not	 currently	 recommended	 for	 the	 treatment	 of	ARDS
although	it	may	still	be	rarely	used	as	a	rescue	therapy	at	some	centers.	Inhaled
prostacyclin	 therapy	 also	 acts	 to	 selectively	 vasodilate	 pulmonary	 arteries
serving	well	ventilated	areas	of	 the	 lung,	but	may	also	have	anti-inflammatory
properties.139	Like	iNO,	inhaled	prostacyclin	therapy	has	been	shown	to	improve
oxygenation	and	lower	PA	pressure	among	patients	with	ARDS.	However,	they
have	 also	 not	 been	 shown	 to	 improve	 clinical	 outcomes,	 like	 mortality	 or
ventilator-free	days.139	As	such,	like	iNO,	inhaled	pulmonary	vasodilator	therapy
is	generally	reserved	as	rescue	therapy	for	refractory	hypoxemia.	A	retrospective
study	 comparing	 iNO	 and	 inhaled	 epoprostenol	 in	 patients	 with	 ARDS
demonstrated	 no	 difference	 in	 ventilator	 days	 or	 length	 of	 stay.140	While	 this
study	did	not	 show	an	 increased	 risk	of	adverse	advents	with	either	 therapy,140
the	 reported	 association	 of	 iNO	 with	 acute	 kidney	 injury	 and
methemoglobinemia,	 as	 well	 its	 substantially	 higher	 cost	 over	 that	 of	 inhaled
prostacyclin	 therapy,	 have	prompted	many	hospital	 guidelines	 to	 favor	 inhaled
prostacyclins	over	iNO	as	rescue	therapy	for	refractory	hypoxemia	from	severe
ARDS.

Surfactant	Replacement
Not	long	after	ARDS	was	first	described	investigators	demonstrated	a	reduction
in	 the	 amount	 of	 surfactant	 retrieved	 from	 the	 lung	 and	 a	 derangement	 in	 the
retrieved	 surfactant’s	 biophysical	 properties.141	 Since	 then,	 numerous	 studies
have	 supported	 these	 findings.	 The	 fundamental	 rationale	 for	 surfactant



replacement	 is	 to	 help	 restore	 the	 natural	 surfactant	 film	 and	 reduce	 surface
tension	 at	 the	 air-liquid	 interface,	 thus	 reducing	 the	 tendency	 for	 alveolar
collapse	 and	 improving	 oxygenation	 through	 a	 reduction	 in	 shunt	 physiology.
The	evidence	 in	support	of	surfactant	 replacement	 therapy	for	neonatal	RDS	is
abundant,	 but	 results	 in	 adult	 ARDS	 have	 been	 less	 promising.142,143	 Despite
promising	results	of	earlier	small	trials,	several	larger	randomized	phase	3	trials
in	 ARDS	 failed	 to	 demonstrate	 any	 reduction	 of	 mortality.42,144	 Some	 have
speculated	that	the	failure	to	demonstrate	an	improvement	of	mortality	is	due	to
the	 intricacies	 of	 surfactant	 administration,	 and/or	 its	 potential	 inactivation	 by
plasma	proteins	following	delivery.145

Anticoagulation/Fibrinolysis
5 	 The	 importance	 of	 microvascular	 coagulation	 and	 thrombosis	 in	 ARDS	 is
underscored	by	the	physiologic	dead	space,	or	“wasted	ventilation,”	observed	in
ARDS	 patients.146	 Minimizing	 microvascular	 thrombosis	 could	 conceivably
improve	 oxygenation	 through	 improved	 ventilation-perfusion	 matching	 and
increase	 survival	 through	 prevention	 of	 multiorgan	 failure.	 Despite	 promising
results	in	animal	models,147,148	the	endogenous	anticoagulants	activated	protein	C
(APC)	 and	 tissue	 factor	 inhibitor	 (site-inactivated	 VIIa),	 both	 failed	 to
demonstrate	 any	 significant	 clinical	 benefits	 for	 patients	 with	 ARDS.149,150
Furthermore,	the	trial	of	site-inactivated	VIIa	was	terminated	prematurely	due	to
an	 increased	 risk	 of	 adverse	 bleeding	 and	 a	 higher	 projected	 mortality	 in	 the
high-dose	treatment	arm.150	A	recent	randomized	controlled	trial	investigating	of
the	 use	 of	 empiric	 therapeutic	 anticoagulation	 in	 critically	 ill	 patients	 with
COVID-19	was	terminated	early	for	futility	when	it	failed	to	show	any	benefit	in
mortality	or	organ	failure	free	days.151	It	thus	appears	that	the	benefits	of	potent
anticoagulation	in	ARDS	may	ultimately	be	outweighed	by	its	risks	of	adverse
bleeding.

β-Agonists
As	previously	discussed,	AFC	often	remains	intact	in	the	setting	of	injury.	AFC
can	be	 directly	 increased	 by	 β-agonists	 in	 animal	models,	 presumably	 through
upregulated	 activity	 of	 Na,	 K-ATPase	 at	 the	 basolateral	 membrane.152	 Animal
models	and	early	 small	 clinical	 trials	yielding	promising	 results	 in	 the	 form	of
increased	alveolar	fluid	clearance,	decreased	endothelial	permeability,	increased
surfactant	 secretion	 and	 decreased	 inflammation.153,154	 However,	 two	 large
randomized	multicenter	clinical	 trials	were	halted	based	upon	projected	futility



and	safety	concerns.155,156	 In	 the	wake	of	findings,	 there	 is	currently	no	support
for	the	use	of	β-agonists	in	the	treatment	of	ARDS.

However,	both	of	those	trials	enrolled	patients	with	existing	lung	injury	and	it
is	 possible	 that	 β-agonists	 could	 be	 more	 effective	 in	 promoting	 enhanced
alveolar	fluid	clearance	if	administered	prior	 to	epithelial	barrier	disruption.	To
test	 this	 hypothesis,	 a	 multicenter,	 placebo	 controlled	 phase	 2	 trial,	 the	 Lung
Injury	 Prevention	 Study	 with	 Budesonide	 and	 Beta	 Agonist	 (LIPS-B),	 was
conducted	 in	 patients	 at	 risk	 for	 the	 development	 of	 ARDS.	 Patients	 in	 the
experimental	treatment	arm	had	improved	oxygenation	and	a	lower	risk	of	going
on	 to	 develop	 ARDS	 or	 require	 invasive	mechanical	 ventilation,157	 prompting
calls	for	further	study	in	this	area.

Nutritional	Supplementation
Over	 the	 past	 decade,	 enthusiasm	 has	 arisen	 over	 the	 use	 of	 nutritional
supplements	in	sepsis	and	ALI,	particularly	with	the	use	of	ω-3	fatty	acids	and
other	natural	antioxidants	such	as	vitamin	E	primarily	due	to	their	demonstrated
anti-inflammatory	properties.	Unfortunately,	use	of	these	dietary	supplements	for
patient	with	ARDS	failed	to	demonstrate	improved	outcomes	in	clinical	trials.158-
160	 Current	 nutritional	 guidelines	 for	 patients	 with	 ARDS	 emphasize	 the
importance	 of	 early	 full	 enteral	 nutrition	 as	 tolerated,	 similar	 to	 those
recommended	for	critically	ill	patients	in	general.161

HMG-CoA	Reductase	Inhibitors	(the	“Statins”)
HMG-CoA	 reductase	 inhibitors	 (also	 called	 “statins”)	 are	 a	 class	 of	 drugs
originally	developed	for	the	treatment	of	dyslipidemia	and	now	used	widely	for
the	prevention	of	atherosclerosis.	Due	to	their	ability	to	decrease	inflammation,
statins	were	proposed	 to	have	 significant	potential	 for	 the	 treatment	of	ARDS.
Indeed,	 these	 drugs	 decreased	 inflammation	 and	 prevented	 ARDS	 in	 animal
models,	 and	 in	 early	 preclinical	 studies.162,163	 Observational	 studies	 and	 meta-
analyses	of	 the	effects	of	prehospital	 statin	use	on	patient	outcomes	 for	ARDS
generated	mixed	results,	but	sufficiently	provocative	findings	to	trigger	clinical
trials	of	statins	as	therapy	for	ARDS.164-166

Two	 large	 randomized	 trials	 of	 statins	 for	 ARDS	 failed	 to	 demonstrate	 an
improvement	 of	 clinical	 outcomes.	 The	 larger	 trial	 of	 rosuvastatin	 for	 patients
with	sepsis-associated	ARDS	(SAILS)	was	stopped	for	futility,	demonstrating	no
improvement	 of	 mortality,	 ventilator-free	 days	 or	 organ	 failure–free	 days,	 but
rather	an	 increase	 in	renal	and	hepatic	dysfunction	 in	 the	 treatment	group.167	A



smaller	trial	of	simvastatin	in	patients	with	ARDS	found	no	difference	in	adverse
outcomes	 but	 also	 found	 no	 difference	 in	 ventilator-free	 days,	 days	 free	 of
nonpulmonary	organ	failure	or	28-day	mortality.168

PROSPECTIVE	FUTURE	THERAPIES

Stem	Cell	Therapy
Recent	 attention	 has	 been	 given	 to	 the	 use	 of	 embryonic	 (“pluripotent”)	 and
adult-derived	 (“multipotent”)	 stem	 cells	 and	 “progenitor”	 cells	 in	 their
therapeutic	potential	for	mitigating	inflammation	and	enhancing	tissue	repair	in
ARDS.169	 Enthusiasm	 first	 came	 from	 findings	 suggesting	 a	 favorable	 rate	 of
engraftment	and	epithelial	differentiation	of	infused	bone	marrow	derived	stem
cells	 in	 the	 injured	 lungs	of	mice.	More	 recent	work	 suggests	 that	 the	 rates	of
stem	cell	engraftment	and	differentiation	are	not	as	robust	as	 initially	hoped.169
The	field	has	gained	greater	momentum	with	the	discovery	that	 the	delivery	of
human	 bone	 marrow–derived	 mesenchymal	 stem/stromal	 cells	 (MSCs)
attenuates	 lung	 injury	 in	multiple	 animal	models	 of	ARDS	 and	VILI.170,171	 To
investigate	 the	 possible	 role	 of	 MSC	 for	 the	 treatment	 of	 ARDS,	 a	 phase	 2
randomized	clinical	trial	to	determine	the	safety	and	efficacy	of	a	single	infusion
of	human	allogenic	bone	marrow–derived	MSCs	for	ARDS	was	conducted	and
demonstrated	no	difference	in	adverse	effects	or	mortality	compared	with	usual
care.172	 These	 results	 are	 being	 further	 explored	 in	 a	 multicenter	 phase	 2b
extension	trial	(clinical	trials.gov	NCT03818854).

Antiviral	Therapy	for	Prevention	of	Reactivation	of
Cytomegalovirus
Cytomegalovirus	 (CMV)	 seropositivity	 is	 common	 among	 the	 general
population	and	rarely	causes	significant	morbidity	in	immunocompetent	patients.
However,	 reactivation	 of	 CMV	 is	 described	 commonly	 among	 patients	 with
ARDS,	even	if	not	immunocompromised	and	has	been	associated	with	increased
mortality.173	A	multicenter	randomized	controlled	trial	 is	currently	investigating
whether	 prevention	 of	 CMV	 reactivation	 by	 intravenous	 administration	 of	 the
antiviral	agent,	ganciclovir,	is	associated	with	an	increase	in	ventilator	free	days
in	 CMV	 seropositive	 immunocompetent	 patients	 with	 sepsis	 and	 ARDS
(clinicaltrials.gov	NCT04706507).
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Alternative	Sedation	Practices
Mechanically	 ventilating	 patients	 with	 ARDS	 can	 often	 be	 accompanied	 by
challenges	 with	 achieving	 adequate	 sedation.	 Currently,	 sedation	 is	 typically
achieved	with	 intravenous	propofol,	 dexmedetomidine,	 narcotics	 analgesia	 and
less	 frequently	 with	 benzodiazepines	 and	 other	 adjuncts.	 Not	 only	 due	 to	 the
proposed	 benefits	 of	 easier	 weaning	 and	 awakening	 that	 interest	 has	 recently
grown	for	the	prolonged	use	of	inhaled	anesthetics,	more	commonly	used	in	the
operating	room,	but	these	agents	have	also	been	shown	to	reduce	inflammation,
increase	 alveolar	 fluid	 clearance,	 and	 improved	gas	 exchange.174	A	multicenter
randomized	trial	is	currently	enrolling	patients	to	assess	whether	these	observed
effects	of	inhaled	anesthetic	agents	(sevoflurane)	translate	into	reduced	mortality
and	 increased	 ventilator-free	 and	 organ	 failure–free	 days,	 as	 compared	with	 a
conventional,	 propofol	 based	 sedation	 strategy	 (clinicaltrials.gov
NCT04235608).

Investigations	of	Therapeutic	Strategies	for	ARDS	in	the
Era	of	the	COVID-19	Pandemic
5 	The	COVID-19	(caused	by	SARS-CoV-2	virus)	pandemic	began	in	December
2019	 and	 has	 resulted	 in	 a	 dramatic	 increase	 in	 the	 incidence	 of	 ARDS
worldwide.5	This	pandemic	was	 the	first	 to	occur	 in	 the	era	of	modern	clinical
trials.	 Numerous	 trials	 of	 novel	 therapeutic	 strategies,	 and	 combinations	 of
established	 strategies	 have	 been	 either	 recently	 completed	 or	 are	 currently
proceeding	 at	 the	 time	 of	 this	 publication.	 Investigators	worldwide	 have	 spent
billions	of	dollars	in	the	race	to	prevent	further	loss	of	life	and	ease	the	burdens
of	 healthcare	 resource	 utilization.	 The	 results	 of	 these	 studies	 may	 shape	 our
understanding	of	and	care	for	ARDS	for	generations	to	come.

Preemptive	Intervention	Protocols
The	 search	 for	 effective	 pharmacological	 interventions	 and	 management
algorithms	for	ARDS	has	now	spanned	decades,	but	the	observed	benefits	from
most	 interventions	 has	 been	 limited	 to	 improvements	 of	 oxygenation	 or	 fewer
days	of	mechanical	ventilation.	One	 important	 lesson	 from	 the	work	 to	date	 is
that	 much	 of	 what	 we	 once	 thought	 was	 critical	 to	 the	 management	 of	 these
patients,	although	grounded	in	sound	rationale,	is	not	only	often	ineffective	but
can	be	potentially	harmful.	We	have,	however,	also	become	more	aware	of	how
sound	 basic	 principles	 of	 critical	 care,	 such	 as	 hand	 hygiene,	 prompt
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antimicrobial	 therapy,	 and	 protocols	 to	 prevent	 aspiration	 and	 nosocomial
pneumonia	 can	 substantially	 reduce	 overall	 morbidity	 in	 the	 ICU,	 and	 have
likely	contributed	to	the	declining	incidence	of	ARDS	over	time.24	In	fact,	it	has
been	 shown	 that	 the	 downward	 trend	 in	 the	 incidence	 of	ARDS	over	 the	 past
decade	is	most	attributable	to	a	decreasing	incidence	in	hospital-acquired	ARDS,
with	little	or	no	change	in	the	incidence	of	preadmission	ARDS.	In	keeping	with
the	philosophy	of	preemptive	intervention,	other	studies	have	demonstrated	that
early	 intervention	with	physical	 therapy	 for	mechanically	ventilated	patients	 is
not	 only	 safe	 and	 cost-effective	 but	 can	 also	 reduce	 the	 duration	 of	 delirium,
mechanical	 ventilation,	 ICU	 and	 hospital	 length	 of	 stay,	 and	 promote	 greater
functional	 independence	by	 the	 time	of	 discharge.175,176	 Investigators	 have	 also
discovered	 reductions	 of	 ARDS	 incidence	 following	 the	 enforcement	 of
conservative	transfusion	policies	and	preemptive	low	tidal	volume	ventilation	in
the	care	of	patients	 “at	 risk”	 for	 the	development	of	ARDS.65,66	 In	 response	 to
this	wave	of	preemptive	interventions,	the	Lung	Injury	Prevention	Study	group
has	 since	 bundled	 all	 of	 these	 best	 practices	 into	 a	 Checklist	 for	 Lung	 Injury
Prevention	 (CLIP).	Along	 these	efforts,	 investigators	have	developed	 the	Lung
Injury	 Prediction	 Score	 (LIPS),	 a	 tool	 that	 can	 help	 stratify	 a	 patient’s	 risk	 of
developing	ARDS	 and	 identifying	 those	most	 likely	 to	 benefit	 for	 preemptive
intervention.39	 Although	 reasonably	 sensitive	 and	 specific,	 the	 reliance	 on
twenty-two	different	predisposing	variables	for	its	calculation	may	limit	clinical
feasibility	 of	 the	 LIPS,	 and	 this	 has	 helped	 foster	 interest	 in	 alternative
prediction	 tools,	 such	 as	 the	 Early	 Acute	 Lung	 Injury	 Score,	 the	 latter	 being
more	simply	based	upon	oxygen	 requirement,	 respiratory	 rate,	and	presence	or
absence	of	immunosuppression24,177	(Table	163.2).

TABLE	163.2

Table	Summarizing	All	Positive	Randomized	Controlled
Trials	(RCTs)	of	Treatments	and	Management	Strategies	for
Acute	Respiratory	Distress	Syndrome	Prior	to	2000,	and
Most	Positive	and	Negative	RCTs	Since	2000

Randomized	Clinical	Trials	of	Treatments	and	Management	Strategies
for	Acute	Respiratory	Distress	Syndrome

#	Of



Intervention Year Study Patients Findings Reference

“Open-lung”
approach
(recruitment
maneuver	and
“ideal	PEEP”)

1998 Phase	3
single	center

53 Decreased	28-
d	but	not	in-
hospital
mortality

Amato	et	al

Glucocorticoids
during	late
fibrosing
alveolitis

1998 Phase	3 24 Decreased
mortality,	but
study	small

Meduri	et	al

Low	tidal
volumes	(6	vs
12	mL/kg)

2000 Phase	3,
multicenter

861 Decreased
mortality	from
40%-30%

NHLBI
ARDS
Network

Prone
positioning
during
mechanical
ventilation

2001 Phase	3,
multicenter

304 Improved
oxygenation,
but	no	benefit
in	mortality

Gattinoni	et
al

Partial	liquid
ventilation

2002 Phase	3,
multicenter

90 Lower
progression	to
ARDS,	but	no
benefit	in
mortality

Hirschl	et	al

Recombinant
surfactant
protein	C-based
surfactant

2004 Phase	3,
multicenter

448 Improved
oxygenation	at
24	h	but	no
benefit	in
mortality

Spragg	et	al

Prone
positioning	for
hypoxemic
acute
respiratory
failure

2004 Phase	3,
multicenter

791 No	benefit	in
28-	or	90-d
mortality	and
some	safety
concerns

Guerin	et	al



Higher	vs	lower
PEEP	during
low	tidal
volume
ventilation

2004 Phase	3,
multicenter

549 No	benefit	in
mortality	or
days	on	the
ventilator

Brower	et	al

Low	and	high
dose	partial
liquid
ventilation

2006 Phase	3,
multicenter

311 No	benefit	in
mortality	and
some	safety
concerns

Kacmerek
et	al

Glucocorticoids
for
late/persistent
ARDS

2006 Phase	3,
multicenter

180 No	benefit	in
mortality;
increased
mortality	if
started	after
2	wk

NHLBI
ARDS
Network

Conservative	vs
Liberal	Fluid
Management	in
ALI

2006 Phase	3,
multicenter

1000 No	benefit	in
mortality;
conservative
strategy
improved	lung
function	and
reduced
ventilator
days.

NHLBI
ARDS
Network

Prolonged	prone
positioning	for
severe	ALI

2006 Phase	3,
multicenter

136 Nonsignificant
reduction	in
mortality
(43%	vs	58%,
P	=	.12)

Mancebo	et
al

Low	tidal
volumes,
recruitment
maneuvers	and
high	PEEP

2008 Phase	3,
multicenter

983 No	mortality
benefit;	less
refractory
hypoxemia
and	rescue
therapy

Meade	et	al



Low	tidal
volumes	with
plateau	pressure
directed,	high
PEEP

2008 Phase	3,
multicenter

767 No	mortality
benefit;	higher
organ	failure–
free	and
ventilator-free
days	and
improved	lung
function.

Mercat	et	al

Activated
protein	C

2008 Phase	2,
multicenter

75 No	benefit	in
ventilator-free
days	or
mortality;
reduced	dead
space.

Liu	et	al

L-2-
oxothiazolidine-
4-carboxylic
acid

2008 Phase	2,
multicenter

215 Terminated
early	due	to
higher	30	d
mortality	and
reduced
ventilator-free
days

Morris	et	al

Early
mobilization	in
ICU	for	patients
with	respiratory
failure

2008 Multicenter
prospective

330 Decreased
intensive	care
unit	and
hospital	length
of	stay	in
survivors

Morris	et	al

Early	physical
therapy	in	ICU
for	patients	with
respiratory
failure

2009 Randomized,
two	centers

104 Decreased
days	on
mechanical
ventilation
and	ICU
length	of	stay;
increased
functional
independence

Schweickert
et	al



at	time	of
discharge

Site-inactivated
factor	VIIa

2009 Phase	2,
multicenter

46 Terminated
early	due	to
higher	28-d
mortality	in
high	dose
group	and
trend	toward
increased
bleeding

Vincent	et
al

ECMO	vs
conventional
ventilatory
support	for
severe	adult
respiratory
failure
(CESAR)

2009 Randomized
multicenter

180 Reduced	death
or	severe
disability	at
6	mo

Peek	et	al

Exogenous
natural
surfactant	for
ALI	and	ARDS

2009 Phase	3,
multicenter

418 No	reduction
in	28-d
mortality	and
trend	toward
increased
harm

Kesicioglu
et	al

Neuromuscular
blockade	in
early	severe
ARDS

2010 Phase	3,
multicenter

340 Decrease	in
28-	and	90-d
mortality

Papazian	et
al

Simvastatin	for
ARDS	(HARP
study)

2011 Phase	2,
single	center

60 Simvastatin
safe	and
associated
with
improvement
in

Craig	et	al



nonpulmonary
organ
dysfunction

Aerosolized	β2-
agonists	for
Acute	Lung
Injury	(ALTA)

2011 Phase	2	and
3,
multicenter

282 Terminated
early	for
projected
futility;	no
improvement
in	ventilator-
free	days

Matthay	et
al

ω-3	Fatty	acids
for	treatment	of
Acute	Lung
Injury

2011 Phase	2
multicenter

90 No	reduction
in	biomarkers
of	pulmonary
or	systemic
inflammation

Stapleton	et
al

ω-3	Fatty	acids
supplementation
for	ALI
(EDEN-Omega)

2011 Phase	3,
multicenter

272 “Omega”	arm
terminated
early	due	to
project	futility

Rice	et	al

Intravenous	β2-
agonists	for
treatment	of
ARDS	(BALTI-
2)

2012 Phase	3,
multicenter

325 Terminated
early	for
safety
concerns,	no
benefit,
possibly
harmful

Gao	Smith
et	al

Initial	trophic	vs
full	enteral
feeding	in
patients	with
acute	lung
injury	(EDEN)

2012 Phase	3,
multicenter

1000 No	differences
in	ventilator-
free	days,	60-
d	mortality,	or
infectious
complications

Rice	et	al

Prone
positioning	for
severe	ARDS

2013 Phase	3,
multicenter

466 Decrease	in
28-	and	90-d
mortality

Guerin	et	al



High-frequency
oscillation	for
ARDS	(OSCAR
Study	Group)

2013 Phase	3,
multicenter

795 No	reduction
in	30-d
mortality

Young	et	al

High-frequency
oscillation	in
early	ARDS
(OSCILLATE
trial)

2013 Phase	3,
multicenter

548 Terminated
early	due	to
potential
increase	in
mortality	in
treatment	arm

Ferguson	et
al

Simvastatin	in
Acute
Respiratory
Distress
Syndrome
(HARP-2)

2014 Phase	3,
multicenter

540 No	reduction
in	mortality,
ventilator-free
days,	or	organ
failure–free
days

McAuley	et
al

Rosuvastatin	for
sepsis-
associated
ARDS	(SAILS)

2014 Phase	3,
multicenter

745 Terminated
early	for
projected
futility;	no
reduction	in
mortality	or
ventilator-free
days

Truwit	et	al

High-flow	nasal
cannula	oxygen
for	acute
hypoxemic
respiratory
failure

2015 Randomized
multicenter

310 Nonsignificant
reduction	in
need	for
intubation,	but
increased
ventilator-free
days	and
reduced	90-d
mortality

Frat	et	al

ALI,	acute	lung	injury;	ARDS,	acute	respiratory	distress	syndrome;	ECMO,	extracorporeal



membrane	oxygenation;	ICU,	intensive	care	unit;	PEEP,	positive	end-expiratory	pressure.

PROGNOSIS	AND	OUTCOMES

Prognosis
While	in	hospital	and	28-day	mortality	rates	can	differ,	depending	on	age,	with
substantially	 higher	 mortality	 among	 those	 over	 85	 years	 of	 age,3	 the	 most
currently	 reported	 mortality	 rates	 fall	 at	 around	 30%.10,74	 Numerous	 clinical
factors	have	been	shown	to	predict	higher	mortality	rates	among	ARDS	patients.
These	 include	male	 sex,	African	American	 race,	 advanced	 age,	 alcohol	 abuse,
malignancy,	 liver	 disease,	 chronic	 steroid	 use,	 infection	 with	 human
immunodeficiency	 virus,	 and	 ARDS	 secondary	 to	 sepsis	 or	 aspiration.10,178
Curiously,	although	patients	of	advanced	age,	particularly	>70	years	of	age,	are
at	a	significantly	higher	risk	of	death	from	ARDS,	those	who	survive	recover	at
the	 same	 rate	 as	 their	younger	 counterparts.179	Chronic	alcohol	abuse	has	been
shown	to	not	only	increase	the	risk	of	developing	ARDS	in	patients	at	risk	but
has	also	been	shown	 to	 increase	 the	 risk	of	developing	multiorgan	dysfunction
after	the	development	of	ARDS.180	Body-mass	index	(BMI)	exhibits	a	U-shaped
distribution	 of	 relative	 risk	 for	mortality	 in	ARDS,	with	 higher	 risk	 falling	 on
both	 the	 low	and	high	 ends	of	 the	 curve.181	 In	 the	 case	 of	BMI,	 although	 it	 is
somewhat	 intuitive	 that	patients	with	 either	 an	 exceedingly	 low	or	 excessively
high	BMI	would	be	at	greater	risk	of	death,	an	unexpected	finding	was	 that	of
the	lowest	risk	belonging	to	 those	considered	“obese,”	with	a	BMI	between	30
and	40.181	As	the	science	of	genomics	has	advanced,	several	candidate	genes	and
genetic	 polymorphisms	 have	 been	 found	 to	 be	 associated	 with	 an	 increased
susceptibility	to	the	syndrome	and	to	an	increased	risk	of	mortality.182	Although
no	specific	gene	or	polymorphism	has	been	proven	sensitive	or	specific	enough
for	routine	clinical	screening,	significant	work	has	been	done	linking	ARDS	risk
to	 genes	 affecting	 immune	 regulation,	 epithelial	 and	 endothelial	 function	 and
oxidative	stress,182	and	 this	area	of	research	has	 increased	our	understanding	of
the	 pathogenesis	 of	 ARDS	 and	 is	 providing	 insight	 into	 potential	 new
therapies.31,182

Outcomes
3 	 3 	Estimates	of	mortality	from	ARDS	once	ranged	as	high	as	70%.48,183	Despite



a	 documented	 decline	 between	 the	 early	 1980s	 and	 late	 1990s,	mortality	 from
ARDS	 appears	 to	 have	 now	 plateaued	 between	 30%	 and	 40%	 for	 all
patients.48,183	 As	 mortality	 has	 slowly	 improved	 for	 ARDS,	 there	 has	 been
growing	interest	in	the	longer	reaching	consequences	of	this	condition.184	By	as
far	 as	1	year	 from	 recovery,	 although	many	 recover	 spirometric	 lung	 function,
the	 majority	 of	 ARDS	 survivors	 have	 a	 diminished	 diffusing	 capacity	 and
exercise	tolerance	lasting	out	to	5	years	from	discharge.184,185	In	addition,	ARDS
survivors	 often	 suffer	 from	 an	 impairment	 of	 neurocognitive	 skills,	 and	 the
perception	of	a	poor	quality	of	 life.185-187	One	 report	noted	 less	 than	half	of	 all
ARDS	survivors	returning	to	work	after	1	year	and	about	three	quarters	returning
to	work	within	5	years.185	Many	survivors	 likewise	suffer	 from	depression	and
anxiety,	 with	 depression	 occurring	 in	 one	 quarter	 to	 one	 half	 of	 all	 ARDS
survivors	 as	 far	 as	 2	 years	 out	 from	 recovery.184	 Rates	 of	 anxiety-related
symptoms	have	been	 reported	as	high	as	41%,	 remaining	as	high	as	24%	1	 to
2	 years	 out	 from	 discharge.184	 Posttraumatic	 stress	 disorder	 (PTSD)	 is	 also	 a
significant	 concern	 among	ARDS	 survivors	with	 psychiatrist-diagnosed	 PTSD
rates	of	44%,	25%,	and	24%	reported	at	discharge,	5	years,	and	8	years	later.188
Of	 note,	 predictors	 of	 PTSD	 symptoms	 in	 this	 setting	 include	 higher
benzodiazepine	usage,	and	nonfactual	recall	of	delusional	experiences	from	the
ICU	stay.184

A	 regimented	 sedation	 protocol	 designed	 to	 promote	 daily	 sedation
interruption	 and	 reduced	 total	 cumulative	 dosing	 in	 critically	 ill	 patients	 is
associated	 with	 decreased	 days	 in	 the	 ICU	 and	 fewer	 days	 on	 mechanical
ventilation.189	Furthermore,	this	strategy	has	been	associated	with	lower	rates	of
PTSD-related	symptoms	following	recovery.190	The	feasibility	and	importance	of
establishing	 clear	 sedation	 goals	 and	 using	 validated	 tools	 for	 sedation
assessment	of	critically	ill	patients	has	been	firmly	established,	and	this	standard
of	care	is	now	a	part	of	established	professional	society	guidelines	for	sedation
in	the	ICU.191

Utility	of	Ultrasonography	for	Diagnosis	and	Management
of	ARDS
6 	A	key	differential	point	in	the	diagnosis	of	ARDS	is	whether	the	patient	with
bilateral	lung	infiltrates	has	primary	lung	injury;	cardiac	failure;	or,	on	occasion,
both	ARDS	 and	 CPE.	 This	 is	 an	 important	 consideration	when	managing	 the
patient	who	 fulfills	 the	Berlin	criteria	 for	ARDS.	However,	 in	cases	where	 the
question	remains	as	to	what	extent	cardiac	failure	may	contribute	to	the	process,



lung	ultrasonography	combined	with	echocardiography	has	utility	in	making	this
distinction.

Equipment	Requirements	and	Scanning	Technique
Equipment	requirements	and	scanning	technique	are	described	in	other	chapters
of	this	textbook	(Chapter	11	on	lung	ultrasonography,	and	Chapter	16	on	critical
care	echocardiography).	In	addition	to	the	standard	phased	array	probe	used	for
lung	 ultrasonography,	 the	 linear	 vascular	 probe	 has	 specific	 application	 for
examination	of	pleural	line	morphology.	Pleural	line	morphology	is	determined
with	 the	 high	 frequency	 linear	 probe,	 whereas	 B	 line	 distribution	 is	 best
determined	with	the	low	frequency	phased	array	probe.

Diagnosis	of	ARDS
The	characteristic	findings	of	lung	ultrasonography	in	ARDS	include	B	lines	and
consolidation.	The	presence	of	multiple	B	lines	indicates	an	alveolar	interstitial
syndrome	 (AIS)	 and	 correlates	with	 an	 increase	 in	 extravascular	 lung	water.192
This	may	be	caused	by	increased	permeability	from	disrupted	barrier	function,	as
in	ARDS,	or	increased	hydrostatic	pressures	generated	by	elevation	of	left	atrial
pressure	(LAP)	with	resulting	CPE.	The	demonstration	with	ultrasonography	of
a	 nonhomogeneous	AIS	 pattern	with	 interspersed	 spared	 lung	 regions,	 pleural
line	 irregularity,	 and	 lung	 consolidations	 is	 strongly	 predictive	 of	 ARDS	 (
Video	163.1),	whereas	 the	finding	of	a	homogeneous	AIS	pattern	with	smooth
pleural	line	and	no	lung	consolidations	is	strongly	predictive	of	CPE.193

Lung	ultrasonography,	chest	radiography,	and	chest	CT	alone	cannot	make	a
diagnosis	of	ARDS	or	CPE,	as	there	are	other	disease	processes	that	can	mimic
these	 entities.	 Lung	 ultrasonography	 gives	 results	 that	 are	 superior	 to
auscultation	 and	 standard	 radiography	 for	 detection	 of	 AIS	 and	 consolidation
and	 provides	 utility	 similar	 to	 that	 of	 chest	CT	 for	 the	 diagnosis	 of	ARDS	 or
CPE,	often	with	greater	convenience.194

Ultrasonography	 can	 further	 aid	 with	 differentiating	 cardiogenic	 from
noncardiogenic	pulmonary	 edema	by	 combining	 thoracic	ultrasonography	with
basic	 echocardiography	 (Chapter	11	and	on	 lung	ultrasonography,	 and	Chapter
16	on	critical	care	echocardiography).	The	combined	findings	of	an	abundance
of	B	lines,	the	presence	of	reduced	left	ventricular	function,	a	left	sided	pleural
effusion,	 and	 a	 dilated	 inferior	 vena	 cava	 can	 help	 support	 the	 diagnosis	 of
CPE.20

Echocardiography	 offers	 other	 estimates	 of	 LAP	 and	 evidence	 of	 diastolic



dysfunction	that	may	help	further	differentiate	the	etiology	of	pulmonary	edema
in	patients	whom	a	diagnosis	of	ARDS	remains	 in	question.	These	evaluations
require	more	advanced	training	in	critical	care	echocardiography,	as	they	utilize
pulse	 wave	 and	 tissue	 Doppler	 measurements	 that	 are	 not	 part	 of	 the	 more
focused	and	basic	critical	care	echocardiographic	examination.195

Management	of	ARDS
The	use	of	PEEP	during	ARDS	results	 in	 recruitment	of	atelectatic	and	poorly
aerated	 lung,	which	 are	 detectable	with	 lung	 ultrasonography.	Atelectatic	 lung
has	an	appearance	on	ultrasound	similar	to	that	of	consolidated	lung,	and	poorly
aerated	 lung	 is	 characterized	 by	 abundant	 B	 lines.	 Using	 a	 quantitative	 lung
reaeration	 score,	 the	 application	 of	 PEEP	 during	 ARDS	 can	 result	 in	 lung
recruitment	 detected	 by	 lung	 ultrasonography,	 which	 can	 be	 correlated	 with
recruitment	volumes	interpolated	from	changes	in	the	pressure	volume	curve.196
While	improvement	of	aeration	pattern	can	be	observed	during	lung	recruitment
with	 PEEP,	 lung	 ultrasonography	 is	 not	 able	 to	 determine	 whether	 there	 is
concomitant	overdistension	of	other	areas	of	less	diseased	lung.197	The	utility	of
these	findings	in	routine	practice	is	not	yet	well	defined.	Lung	ultrasonography
may	offer	a	method	of	directly	observing	lung	recruitment	that	can	be	repeatedly
and	 reliably	 performed	 at	 the	 bedside	 in	 serial	 fashion,	 but	 it	 is	 not	 yet	 clear
whether	 this	 offers	 any	 additional	 clinical	 data	 that	 lead	 to	 improved	 clinical
outcomes.

Given	 the	 convenience	 and	 increasing	 provider	 comfort	 with	 bedside
ultrasound,	it	has	been	proposed	that	this	tool	may	help	guide	clinical	decisions
for	 extubation	 readiness.	 A	 randomized	multicenter	 trial	 is	 currently	 enrolling
subjects	 to	 determine	 whether	 a	 protocol	 employing	 bedside	 thoracic,	 cardiac
and	diaphragmatic	ultrasonography	can	better	predict	extubation	readiness	over
conventional	readiness	assessment	(clinicaltrials.gov	NCT04372680).

CONCLUSIONS
Since	 its	 first	 published	 description	 in	 1967,	 our	 understanding	 of	 the
pathogenesis	and	pathophysiology	of	ARDS	has	grown	appreciably,	and	ongoing
research	efforts	continue	to	provide	hope	for	exciting	new	therapies	in	the	future.
Our	 improved	 understanding	 of	 this	 condition	 has	 already	 translated	 into
improved	outcomes	for	patients	suffering	from	ARDS,	but	its	poor	prognosis	for
those	acutely	afflicted	in	the	hospital	and	those	fortunate	enough	to	survive,	has

http://clinicaltrials.gov


left	 room	 for	 ongoing	 progress	 for	 the	management	 of	 these	 patients.184	 Aside
from	 the	 obvious	 importance	 of	 reducing	 mortality	 from	 this	 condition,	 a
reduction	 of	 nonpulmonary	 organ	 failures,	 duration	 of	mechanical	 ventilation,
and	 ICU	 length	 of	 stay,	 as	 well	 as	 improved	 quality	 of	 life	 measures	 among
survivors,	 all	 represent	 reasonable	 and	 tangible	outcome	goals,	 but	 researchers
still	 face	 challenges	 regarding	 how	 to	 best	 measure	 and	 represent	 these
outcomes.198	 Fortunately,	 there	 is	 no	 shortage	 of	 talented	 and	 passionately
dedicated	 physicians	 and	 scientists	 searching	 for	 solutions	 to	 all	 of	 these	 yet
unsolved	questions.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	65-year-old	man	is	admitted	to	the	intensive	care	unit	with	severe
dyspnea.	Which	of	the	following	would	be	most	consistent	with	a	diagnosis	of
acute	respiratory	distress	syndrome	(ARDS)?

A. 	Arterial	blood	gas	on	room	air	with	an	arterial	to	inspired	oxygen
(P/F)	ratio	of	410
B. 	Chest	radiograph	with	bilateral	infiltrates	and	viral	PCR	positive	for
Influenza	B
C. 	History	of	progressive	shortness	of	breath	for	3	months
D. 	Transthoracic	echocardiogram	with	left	ventricular	ejection	fraction
of	20%

2. 	In	the	early	stages	of	the	acute	respiratory	distress	syndrome	(ARDS),
what	is	the	most	likely	histological	finding?

A. 	Hyaline	membranes	and	alveolar	exudative	fluid
B. 	Interstitial	fibrosis
C. 	Noncaseating	granulomas	and	giant	cells
D. 	Organizing	pneumonia

3. 	A	42-year-old	woman	is	admitted	to	the	intensive	care	unit	with	influenza
pneumonia	and	acute	hypoxic	respiratory	failure.	She	is	intubated	for
mechanical	ventilator	support.	Settings	are	assist	control	(AC)	ventilation	with
FiO2	of	0.8,	PEEP	of	16	cm	H2O,	respiratory	rate	of	20,	and	tidal	volume	(TV)	of



6	mL/kg	ideal	body	weight.	Plateau	pressure	measured	on	the	ventilator	is	30	cm
H2O.	Chest	radiograph	demonstrates	bilateral	infiltrates.	Arterial	blood	gas
reveals	pH	of	7.29,	CO2	of	62,	and	a	P/F	ratio	of	90.	Bedside	echocardiography
shows	normal	left	ventricular	ejection	fraction.	Which	of	the	following	therapies
is	most	likely	to	reduce	mortality	in	this	patient?

A. 	Inhaled	nitric	oxide
B. 	Prone	positioning
C. 	Statin	therapy
D. 	Tidal	volume	adjustment	to	normalize	arterial	pH

Answers

1.	The	correct	answer	is	B.
Rationale:	 The	 acute	 respiratory	 distress	 syndrome	 develops	 acutely

(typically	 within	 7-10	 days)	 of	 an	 inciting	 insult,	 such	 as	 viral	 pneumonia
(choice	 B	 is	 correct).	 Insidious	 onset	 would	 not	 be	 supportive	 (choice	 C	 is
incorrect).	The	syndrome	is	characterized	by	hypoxemia,	defined	as	an	arterial	to
inspired	 oxygen	 ratio	 (P/F	 ratio)	 of	 <300	 (choice	 A	 is	 incorrect).	 Chest
radiographs	 in	 patients	 with	 ARDS	 demonstrate	 bilateral	 infiltrates	 from
noncardiogenic	 pulmonary	 edema.	 A	 transthoracic	 echocardiogram
demonstrating	 a	 severely	 reduced	 ejection	 fraction	 would	 indicate	 acute
decompensated	 heart	 failure	 and	 cardiogenic	 pulmonary	 edema	 (choice	 D	 is
incorrect).

2.	The	correct	answer	is	A.
Rationale:	The	acute	respiratory	distress	syndrome	is	characterized	by	several

histologic	 features	 during	 the	 three	 stages	 of	 its	 disease	 process:	 exudative,
proliferative,	 and	 fibrotic.	 The	 earliest,	 exudative	 phase	 is	 characterized	 by
epithelial	and	endothelial	cell	death,	neutrophil	sequestration,	fibrin	and	platelet-
rich	 thrombi,	 interstitial	 edema,	 and	 accumulation	 of	 alveolar	 exudative	 fluid,
which	then	evolves	to	form	dense,	protein-rich	hyaline	membranes	(choice	A	is
correct).	 Organizing	 pneumonia	 would	 be	 characteristic	 of	 infectious	 and
cryptogenic	pneumonia	(choice	D	is	incorrect).	While	most	patients	who	survive
ARDS	will	have	resolution	of	any	histopathologic	findings,	a	subset	of	patients
will	go	on	to	develop	fibrosis.	However,	this	would	not	be	characteristic	of	the
early	 stages	 of	 ARDS	 (choice	 B	 is	 incorrect).	 Non-caseating	 granulomas	 and
giant	cells	are	observed	in	patients	with	sarcoidosis	but	are	not	characteristic	of



ARDS	(choice	C	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	This	patient	meets	criteria	for	acute	respiratory	distress	syndrome

(ARDS).	 Numerous	 pharmacological	 and	 interventional	 strategies	 have	 been
investigated,	 with	 many	 not	 having	 significant	 benefit.	 Prone	 positioning	 has
been	 shown	 to	 improve	 lung	 recruitment	 and	 oxygenation,	with	 recent	 studies
and	meta-analyse	demonstrating	a	mortality	benefit	in	patients	with	more	severe
ARDS	 (P/F	 <	 150).	 In	 the	 absence	 of	 contraindications—and	 in	 centers	 with
experience	in	proning—this	strategy	is	recommended	(choice	B	is	correct).	Low
tidal	volume	ventilator	strategies	(defined	as	TV	≤6	mL/kg	ideal	body	weight),
targeting	 a	 plateau	 pressure	 ≤30	 cm	 H2O,	 and	 allowing	 for	 “permissive
hypercapnea,”	 have	 been	 associated	 with	 decreased	 mortality	 in	 patients	 with
ARDS.	This	patient	has	an	acceptable	arterial	blood	pH	on	a	 low	tidal	volume
ventilation	 strategy.	 Increasing	 the	 tidal	 volume	 above	 6	 mL/kg	 would	 likely
increase	plateau	pressure	above	30	cm	H2O	and	would	not	be	advised	(choice	D
is	 incorrect).	 While	 retrospective	 data	 demonstrated	 improved	 outcomes	 for
patients	 on	 statin	 therapy	 prior	 to	 admission	who	 develop	ARDS,	 randomized
controlled	 trials	 of	 initiating	 statin	 therapy	 have	 failed	 to	 demonstrate	 benefit
(choice	C	is	incorrect).	Inhaled	pulmonary	vasodilator	therapies	such	as	inhaled
nitric	oxide	and	epoprostenol	have	been	associated	with	 improved	oxygenation
among	 patients	 with	 ARDS,	 but	 have	 not	 been	 shown	 to	 decrease	 mortality,
ventilator	days,	or	length	of	stay,	and	are	therefore	not	recommended	for	routine
use	in	patients	with	ARDS	(choice	A	is	incorrect).
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Chapter	164
Acute	Respiratory	Failure	in	Pregnancy
Felicia	Chen,	Christine	Campbell-Reardon

KEY	POINTS:
1.	 Pregnant	women	are	at	risk	of	developing	acute	respiratory	distress

syndrome	due	to	pregnancy-related	complications	(eg,	amniotic	fluid
embolism)	or	complications	unrelated	to	pregnancy	(eg,	sepsis).
Mechanical	ventilation	of	pregnant	patients	with	acute	respiratory
distress	syndrome	should	follow	the	guidelines	of	the	ARDS	Network
Study.	The	ventilator	settings	should	be	adjusted	to	maintain	PaCO2

between	29	and	32	mm	Hg	and	PaO2	greater	than	or	equal	to
70	mm	Hg	while	minimizing	volutrauma	and	barotrauma	(see
“Mechanical	Ventilation”	section).

2.	 Pregnancy	and	puerperium	are	well-recognized	risk	factors	for
venous	thromboembolic	disease.	All	pregnant	patients	suspected	of
having	pulmonary	emboli	but	without	clinical	signs	of	deep	vein
thrombosis	should	undergo	a	chest	radiograph,	which	provides
information	about	alternative	diagnoses	and	impacts	the	decision	of
additional	diagnostic	tests.	If	the	chest	radiograph	is	normal,	the	next
step	should	be	a	ventilation-perfusion	scan,	which	exposes	the
mother	to	significantly	less	breast	radiation	than	a	computed
tomography	pulmonary	angiogram.	If	the	initial	chest	radiograph	is
abnormal,	the	ventilation-perfusion	scan	is	unavailable,	or	the
ventilation-perfusion	scan	is	nondiagnostic,	a	computed	tomography-
pulmonary	angiogram	should	be	obtained.	Because	serum	d-dimer
levels	are	elevated	during	normal	pregnancy,	it	is	not	useful	for
diagnosing	venous	thromboembolic	disease	in	the	pregnant
population	(see	“Thromboembolic	Disease”	section)



3.	 Close	monitoring	of	both	mother	and	fetus	is	critical	when	managing
asthma	exacerbations	during	pregnancy.	Continuous	oxygen
saturation	monitoring	through	pulse	oximetry	is	advised,	with	a	goal
SpO2	95%	or	higher.	The	changes	in	blood	gases	that	occur	during
asthma	exacerbations	are	superimposed	on	the	physiologic
respiratory	alkalosis	of	pregnancy.	Thus,	a	PaCO2	of	greater	than
35	mm	Hg	indicates	a	more	serious	compromise	in	pregnancy	than
in	the	nongravid	state,	and	intubation	for	mechanical	ventilation
should	be	considered	if	the	patient	does	not	improve	quickly	with
pharmacotherapy	(see	“Asthma”	section).

INTRODUCTION
The	 overall	 pregnancy-related	maternal	 mortality	 ratio	 in	 the	 United	 States	 is
17.3	 deaths	 per	 100,000	 live	 births.1	 Acute	 respiratory	 failure	 remains	 an
important	 cause	 of	 maternal	 and	 fetal	 morbidity	 and	 mortality,	 with	 0.1%	 to
0.2%	 of	 pregnancies	 complicated	 by	 respiratory	 failure	 requiring	 mechanical
ventilatory	 support.2	 Thromboembolism,	 amniotic	 fluid	 embolism	 (AFE),	 and
venous	 air	 embolism	 together	 account	 for	 approximately	 15%	 of	 maternal
deaths.1

This	 chapter	 focuses	 on	 the	 causes	 of	 acute	 respiratory	 failure	 that	 are
increased	 in	 frequency	 during	 pregnancy,	 are	 unique	 to	 pregnancy,	 or	 present
special	management	requirements	during	pregnancy.	The	spectrum	of	problems
associated	 with	 eclampsia	 is	 discussed	 in	 Chapter	 52:	 Management	 of	 the
Obstetrical	 Patient	 in	 the	 Intensive	 Care	 Setting.	 Management	 of	 the	 acute
respiratory	 distress	 syndrome	 (ARDS)	 caused	 by	 sepsis,	 trauma,	 or	 other
etiologies	unrelated	to	pregnancy	is	discussed	in	Chapter	163:	Acute	Respiratory
Failure	 due	 to	 Acute	 Respiratory	 Distress	 Syndrome	 and	 Pulmonary	 Edema.
Table	164.1	lists	the	causes	of	acute	respiratory	failure	in	pregnancy.

TABLE	164.1

Causes	of	Acute	Respiratory	Failure	in	Pregnancy

Thromboembolism



Amniotic	fluid	embolism

Venous	air	embolism

Aspiration	of	gastric	contents

Respiratory	infections

Asthma

HELLP	syndrome

β-Adrenergic	tocolytic	therapy

Pneumomediastinum	and	pneumothorax

Acute	respiratory	distress	syndrome

Cardiomyopathy

HELLP,	hemolytic	anemia,	elevated	liver	function	tests,	low	platelets.

NORMAL	ALTERATIONS	OF
CARDIOPULMONARY	PHYSIOLOGY	DURING
PREGNANCY
Pregnancy	 alters	 respiratory	 physiology	 by	 causing	 changes	 in	 lung	 volumes,
mechanics	 of	 ventilation,	 and	 control	 of	 respiration.	 Despite	 airway	 mucosal
changes	 of	 edema	 and	 hyperemia,	 spirometric	 studies	 reveal	 no	 significant
changes	 in	measurements	 of	 the	 forced	 expiratory	 volume	 in	 1	 second	 (FEV1)
during	 pregnancy,	 suggesting	 that	 airway	 function	 is	 maintained	 during
pregnancy.	 Changes	 in	 lung	 volume	 associated	 with	 gestation	 are	 relatively
small:	 total	 lung	 capacity	 decreases	 4%	 to	 6%,	 functional	 residual	 capacity
(FRC)	 decreases	 approximately	 15%	 to	 25%,	 and	 residual	 volume	 remains
constant.	 Despite	 the	 decrease	 in	 FRC,	 early	 airway	 closure	 has	 not	 been
demonstrated	 and	 specific	 airway	 conductance	 remains	 constant.3,4	 Diffusing
capacity	is	elevated	during	the	first	trimester	but	then	declines,	despite	continued
increases	in	cardiac	output	and	plasma	volume.

As	 gestation	 progresses,	 the	 resting	 level	 of	 the	 diaphragm	 rises,	 but
diaphragmatic	 excursion	 with	 tidal	 breathing	 increases.	 An	 increased	 tidal



volume	(25%	to	35%)	accounts	for	much	of	the	20%	to	40%	increase	in	minute
ventilation	and	 the	mild	 respiratory	alkalosis	 that	are	characteristic	of	early-to-
middle	pregnancy.	An	increased	respiratory	rate	also	contributes	to	the	increased
minute	ventilation	late	in	pregnancy	(Figure	164.1).

	

Figure	164.1 	Changes	 in	 respiratory	 function	during	pregnancy.
(Reprinted	from	Leontic	EA.	Respiratory	disease	in	pregnancy.	Med
Clin	North	Am.	1977;61:111,	with	permission	from	Elsevier.)

Normal	 arterial	 carbon	 dioxide	 tension	 (PaCO2)	 during	 pregnancy	 is	 27	 to
34	 mm	 Hg,	 suggesting	 chronic	 mild	 hyperventilation.	 The	 degree	 of
hyperventilation	 has	 been	 found	 to	 be	 in	 excess	 of	 the	 amount	 needed	 to
compensate	 for	 increased	 oxygen	 consumption;	 in	 fact,	 hyperventilation
develops	 early	 in	 gestation,	 before	 any	 significant	 increase	 in	 oxygen
consumption	 occurs.	 This	 has	 been	 attributed	 to	 elevation	 in	 levels	 of
progesterone,	 which	 has	 known	 respiratory-stimulating	 effects.	 The	 exact
mechanism	by	which	it	produces	these	effects	is	not	known,	but	it	is	thought	to
include	an	 increase	 in	 the	central	 chemoreflex	drive	 to	breathe	and	changes	 in
acid-base	 balance	 such	 that	 central	 and	 plasma	 hydrogen	 ion	 concentration	 is
increased	 for	 any	 given	 PaCO2.	 In	 addition,	 pregnancy	 is	 associated	 with
increased	 sensitivity	 to	 CO2	 as	measured	 by	 CO2	 ventilatory	 response	 curves,
reflecting	the	new,	lower	set	point	in	PaCO2,	possibly	mediated	by	estrogen	and



progesterone.	 The	 respiratory	 alkalosis	 seen	 during	 pregnancy	 causes	 a
compensatory	renal	excretion	of	bicarbonate	to	maintain	an	arterial	pH	between
7.40	and	7.45.

The	normal	 arterial	 oxygen	 tension	 (PaO2)	 in	 pregnant	women	 ranges	 from
100	to	110	mm	Hg.	Oxygen	consumption	increases	by	20%	to	33%	by	the	third
trimester,	secondary	to	both	fetal	and	maternal	demands.	This	increased	rate	of
oxygen	consumption	and	low	oxygen	reserve	secondary	to	a	reduced	FRC	place
pregnant	patients	at	risk	for	the	rapid	onset	of	hypoxia.

Circulatory	changes	occur	during	gestation	to	supply	oxygen-rich	blood	to	the
placenta	 and	 to	 accommodate	 the	 stress	 of	 labor	 and	 delivery.	 Cardiac	 output
begins	 to	 rise	 during	 the	 first	 trimester	 and	 peaks	 around	 the	 20th	 week	 of
gestation	at	30%	to	45%	above	resting,	nonpregnant	levels	(Figure	164.2).	Thus,
measured	 cardiac	 output	 during	 gestation	 that	 is	 in	 the	 normal	 range	 for	 a
nonpregnant	patient	would	 represent	 significant	 hemodynamic	 compromise	 for
the	pregnant	patient	and,	potentially,	decreased	oxygen	delivery	for	the	fetus.	As
pregnancy	 progresses,	 cardiac	 output	 becomes	 dependent	 on	 body	 position.	 In
the	 supine	position,	 cardiac	output	 can	be	 reduced	by	25%	 to	30%	because	of
compression	of	the	inferior	vena	cava	(IVC)	by	the	gravid	uterus	and	a	resultant
decrease	in	venous	return.	Cardiac	output	is	higher	when	the	pregnant	woman	is
in	the	left	lateral	decubitus	position.	Estimates	of	expected	cardiac	output	during
gestation	 should	 be	 revised	 upward	 for	 intercurrent	 stresses,	 such	 as	 fever,
infection,	and	pain.

	

Figure	164.2 	Changes	in	maternal	heart	rate,	stroke	volume,	and
output	 during	 pregnancy	with	 the	 gravida	 in	 the	 supine	 and	 lateral
positions.	 vol,	 volume.(Reprinted	 from	 Cheek	 TG,	 Gutsche	 BB.



Maternal	 physiologic	 alterations	 during	 pregnancy.	 In:	 Shnider	SM,
Levinson	 G,	 eds.	 Anesthesia	 for	 Obstetrics.	 Williams	 &	 Wilkins;
1987:3,	with	permission.)

The	 gestation-related	 increase	 in	 cardiac	 output	 reflects	 a	 combination	 of
increases	 in	 heart	 rate	 and	 stroke	 volume.	 Heart	 rate	 increases	 progressively
throughout	 gestation,	 reaching	 a	 20%	 increase	 over	 nonpregnant	 levels	 of
approximately	15	beats	per	minute.	Stroke	volume	increases	more	rapidly	at	first
and	 then	 stabilizes.	 Left	 ventricular	 compliance	 must	 increase	 in	 pregnancy
because	 the	 increased	 stroke	 volume	 appears	 to	 be	 related	 more	 to	 left
ventricular	 enlargement	 than	 to	 increased	 emptying.	 The	 cardiac	 silhouette	 on
chest	radiography	may	appear	enlarged	as	a	result	of	mild	normal	left	ventricular
enlargement	and	lateral	and	upward	displacement	by	the	gravid	uterus.

Further	 increases	 of	 cardiac	 output	 occur	 during	 labor;	 cardiac	 output
increases	up	to	45%	over	third-trimester	values,	and,	during	uterine	contraction,
cardiac	 output	 transiently	 increases	 another	 10%	 to	 15%	 because	 of	 increased
venous	 return	 from	 the	contracting	uterus.	These	“autotransfusions”	may	reach
500	mL	when	the	uterus	contracts	after	parturition.	This	effect,	however,	may	be
offset	by	blood	loss	at	the	time	of	delivery.	In	the	first	few	minutes	postpartum,
cardiac	output	may	increase	as	much	as	80%	over	prelabor	levels,	then	decrease
to	40%	to	50%	over	prelabor	values	by	1	hour	postpartum,	and	finally	return	to
nearly	prepregnant	levels	by	1	to	2	weeks	postpartum.

Afterload	 may	 increase	 sharply	 during	 labor	 contractions	 because	 of
inhibition	of	blood	flow	to	the	contracting	uterine	muscle.	Because	uterine	blood
flow	at	term	accounts	for	a	significant	proportion	of	the	cardiac	output,	marked
increases	 in	 afterload	 can	 occur	 during	 contractions	 and	 immediately
postpartum.	 These	 changes	 in	 afterload	may	 be	 important	 in	 patients	who	 are
sensitive	to	afterload,	such	as	patients	with	underlying	cardiac	disease.

Systemic	vascular	 resistance	 is	generally	 reduced	during	pregnancy	because
of	 vasodilatation	 and	 the	 low	 resistance	 of	 the	 uteroplacental	 vascular	 circuit.
Possible	 factors	 leading	 to	 vasodilatation	 include	 a	 reduction	 in	 vascular
responsiveness	 to	 norepinephrine	 and	 angiotensin	 II,	 increased	 endothelial
prostacyclin	production,	and	increased	nitric	oxide	production.	The	mean	blood
pressure	 remains	 relatively	 constant	 despite	 increases	 in	 cardiac	 output.
Pressures	in	the	right	ventricle,	pulmonary	artery,	and	pulmonary	capillaries	are
no	different	from	nonpregnant	values.

During	pregnancy,	 there	is	expansion	of	 the	extracellular	fluid	volume,	with
the	plasma	fluid	volume	 increasing	more	 than	 the	 interstitial	volume.	Maternal
blood	 volume	 reaches	 its	 peak	 at	 32	 weeks	 and	 is	 25%	 to	 52%	 above



prepregnancy	levels.	The	erythrocyte	mass	increases	by	20%	to	30%.	However,
the	plasma	volume	increases	more	than	the	erythrocyte	volume,	resulting	in	the
physiologic	anemia	of	pregnancy.

Colloid	 osmotic	 pressure	 measurements	 during	 gestation	 reveal	 a	 mean
decrease	 of	 5	 mm	Hg,	 which	 reaches	 a	 plateau	 at	 26	 weeks.	 This	 parallels	 a
decrease	 in	 serum	albumin	concentrations	 from	approximately	4.0	 to	3.4	g	per
dL.	A	 further	 decline	 in	 colloid	 osmotic	 pressure	 of	 roughly	 4	mm	Hg	occurs
immediately	postpartum,	probably	as	a	result	of	a	combination	of	factors,	such
as	recumbency,	crystalloid	administration,	and	blood	loss.	These	changes	may	be
even	 more	 marked	 for	 patients	 with	 pregnancy-induced	 hypertension.	 Neither
the	absolute	value	of	colloid	osmotic	pressure	nor	the	colloid	osmotic	pressure-
pulmonary	 capillary	 wedge	 pressure	 gradient	 is	 an	 accurate	 predictor	 of
pulmonary	 edema	 because	 of	 the	 multiplicity	 of	 contributing	 variables.
However,	 these	 trends	 of	 colloid	 osmotic	 pressure	 should	 be	 considered	when
interpreting	 pulmonary	 capillary	 wedge	 pressures,	 especially	 for	 patients	 who
have	received	large	amounts	of	crystalloid.

DETERMINANTS	OF	FETAL	OXYGEN	DELIVERY
Oxygen	delivery	to	fetal	tissues	can	be	affected	at	many	levels:	maternal	oxygen
delivery	 to	 the	placenta,	placental	 transfer,	and	fetal	oxygen	 transport	 from	the
placenta	 to	 fetal	 tissues.	 The	 major	 determinants	 of	 oxygen	 delivery	 to	 the
placenta	are	the	oxygen	content	of	uterine	artery	blood,	which	is	determined	by
maternal	 PaO2;	 hemoglobin	 concentration	 and	 saturation;	 and	 uterine	 artery
blood	flow,	which	depends	on	maternal	cardiac	output.	Thus,	a	decreased	PaO2

can	 be	 offset	 somewhat	 by	 increased	 blood	 hemoglobin	 concentration	 or	 by
increased	cardiac	output.	The	combination	of	maternal	hypoxemia	and	decreased
cardiac	output	likely	has	a	profoundly	deleterious	effect	on	fetal	oxygenation.

Variations	 of	maternal	 pH	 also	 influence	 oxygen	 delivery.	Alkalosis	 causes
vasoconstriction	 of	 the	 uterine	 artery,	 resulting	 in	 decreased	 fetal	 oxygen
delivery.	 This	 effect	 is	 magnified	 by	 a	 leftward	 shift	 of	 the	 maternal
oxyhemoglobin	 saturation	 curve,	 which	 increases	 oxygen	 affinity	 and,
consequently,	 decreases	 oxygen	 transfer	 to	 the	 umbilical	 vein.	 Although	 mild
maternal	 acidosis	 does	 not	 enhance	 uterine	 blood	 flow	 because	 the	 uterine
vasculature	 is	 already	maximally	dilated,	 it	 shifts	 the	maternal	 oxyhemoglobin
saturation	curve	to	the	right,	leading	to	decreased	oxygen	affinity	and	increased
fetal	 oxygen	 delivery.	 Maternal	 hypotension	 and	 increased	 sympathetic
stimulation	 (exogenous	 or	 endogenous)	 both	 cause	 uterine	 arterial



vasoconstriction.
The	 importance	 of	maternal	 cardiac	 output	 is	 supported	 by	 the	 observation

that	women	with	left	ventricular	outflow	obstruction	have	an	increased	incidence
of	 fetal	 death	 and	 surviving	 infants	 have	 an	 increased	 incidence	 of	 congenital
heart	 disease.	 Data	 from	 a	 sheep	 model,	 however,	 suggest	 that	 a	 decrease	 in
uterine	 blood	 flow	 up	 to	 50%	 for	 brief	 periods	 does	 not	 appreciably	 decrease
fetal	 and	 placental	 oxygen	 uptake.	 Chronically	 decreased	 maternal	 cardiac
output	may	have	 other	 effects,	 perhaps	 on	 placental	 development,	 that	 explain
the	results	in	women	with	left	ventricular	outflow	obstruction.

The	interaction	of	maternal	and	fetal	circulations	in	the	placenta	most	likely
follows	 a	 concurrent	 exchange	 mechanism.	 This	 is	 less	 efficient	 than	 a
countercurrent	exchange	mechanism	and	partly	explains	why	the	mixed	venous
oxygen	 tension	 (PvO2)	 in	 the	 fetal	 umbilical	 vein,	 which	 carries	 oxygenated
blood	to	fetus,	is	in	the	range	of	32	mm	Hg,	far	lower	than	uterine	venous	PvO2,
and	 why	 increased	 maternal	 inspired	 oxygen	 increases	 uterine	 artery	 oxygen
tension	 but	 does	 not	 cause	major	 increases	 in	 umbilical	 venous	 PvO2.	Despite
low	umbilical	vein	PvO2,	fetal	oxygen	content	is	actually	quite	close	to	maternal
oxygen	content	because	of	the	shape	of	the	oxyhemoglobin	saturation	curve	for
fetal	hemoglobin	(Figure	164.3).	This	is	one	of	the	major	protective	mechanisms
for	 fetal	 oxygenation.	 The	 fetal	 oxyhemoglobin	 saturation	 curve	 is	 relatively
unaffected	by	changes	 in	pH;	although	acidosis	may	decrease	maternal	oxygen
affinity,	fetal	oxygen	affinity	remains	unchanged.

	



Figure	164.3 	Oxygen	dissociation	(equilibrium)	curves	of	human
fetal	and	maternal	blood.The	effect	of	pH	on	the	position	of	the	curve
(Bohr	effect)	 is	 shown	on	 the	 inset.	The	oxygen	capacity	of	16	mL
per	100	mL	blood	on	the	right-hand	ordinate	refers	to	maternal	blood.
(Reprinted	 from	 Novy	 MJ,	 Edwards	 MJ.	 Respiratory	 problems	 in
pregnancy.	 Am	 J	 Obstet	 Gynecol.	 1967;99:1024,	 with	 permission
from	Elsevier.)

Other	 placental	 factors	 that	 determine	 fetal	 oxygenation	 are	 the	 amount	 of
intraplacental	shunt,	degree	of	matching	of	maternal	and	fetal	blood	flows,	and
the	 presence	 of	 any	 placental	 abnormalities,	 such	 as	 placental	 infarcts.	 There
seem	to	be	no	placental	autoregulatory	mechanisms	that	increase	blood	flow	in
response	to	decreased	maternal	PaO2.

Mathematical	models	 predicting	 the	 optimal	 apportionment	 of	 fetal	 cardiac
output	between	umbilical	 (to	collect	oxygen)	and	 systemic	 (to	deliver	oxygen)
circulations	 have	 yielded	 values	 surprisingly	 close	 to	 those	 measured	 under
normal	 physiologic	 conditions.	 This	 appears	 to	 be	 another	 compensation
mechanism	 for	 the	 apparent	 inefficiency	 (concurrent	 exchange	mechanism)	 of
the	placenta.	One	disadvantage	in	terms	of	oxygen	delivery	to	fetal	tissues	is	that
oxygenated	umbilical	 vein	blood	 is	mixed	 in	 the	 fetal	 IVC	with	deoxygenated
systemic	 venous	 blood	 before	 delivery	 to	 the	 systemic	 circulation.	 Thus,	 fetal
arterial	 blood	 has	 an	 even	 lower	 PaO2	 than	 umbilical	 venous	 blood.	 This	 is
compensated	 for	 in	 part	 by	 a	 high	 fetal	 cardiac	 output	 relative	 to	 oxygen
consumption,	 thus	 enhancing	 oxygen	 delivery	 to	 fetal	 tissues.	 The	 fetal
circulation	appears	to	have	the	ability	to	autoregulate	in	the	face	of	hypoxemia	to
protect	 the	 brain,	 adrenal	 glands,	 and	 heart.	 How	 long	 this	 adaptation	 can	 be
depended	on	safely	before	organ	damage	occurs	is	not	known.

How	well	 do	 the	 compensatory	 mechanisms	 that	 provide	 adequate	 oxygen
supply	 to	 the	 fetus	under	normal	 conditions	manage	during	maternal	hypoxia?
Calculation	of	oxygen	stores	in	the	term	infant	with	60%	hemoglobin	saturation
yields	 a	 total	 oxygen	 content	 of	 40	 mL.	 Given	 an	 oxygen	 consumption	 of
6	 mL/kg/min,	 or	 approximately	 18	 mL	 per	 minute	 at	 term,	 this	 reserve	 lasts
barely	 2	minutes	 when	 the	maternal	 oxygen	 supply	 is	 completely	 interrupted.
The	shape	of	 the	 fetal	oxyhemoglobin	dissociation	curve	places	umbilical	vein
PaO2	values	below	30	mm	Hg	on	the	steep	part	of	the	curve,	so	small	changes	in
maternal	PaO2	may	cause	significant	changes	in	fetal	oxygen	content.	A	maternal
PaO2	 greater	 than	 70	 mm	 Hg	 should	 be	 maintained	 to	 prevent	 adverse



consequences	 to	 the	 fetus.	 Concern	 regarding	 the	 adequacy	 of	 fetal	 oxygen
supply	is	further	reduced	if	a	normal	maternal	PaO2	of	90	mm	Hg	or	greater	is
achieved	without	too	great	a	risk	of	maternal	barotrauma	or	oxygen	toxicity.5

CAUSES	OF	ACUTE	RESPIRATORY	FAILURE
This	 section	describes	 the	more	 common	causes	of	 acute	 respiratory	 failure	 in
pregnancy	 in	 terms	 of	 frequency,	 clinical	 presentation,	 pathophysiology,	 and
diagnosis.

Thromboembolic	Disease
Fatal	 pulmonary	 embolism	 (PE)	 is	 a	 rare	 complication	 in	 pregnancy,	 but	 it
accounts	 for	 9.2%	 of	 all	 pregnancy-related	 deaths	 in	 the	 United	 States.1
Thromboembolic	 complications	 have	 been	 estimated	 to	 occur	 in	 5	 to	 12	 per
10,000	 pregnancies.6	 Pregnancy	 is	 a	 prothrombotic	 state	 in	 preparation	 for
hemorrhage	 prevention	 at	 the	 time	 of	 delivery.	 During	 pregnancy,	 there	 is	 a
progressive	increase	in	coagulation	factors	II,	VII,	VIII,	IX,	X,	and	XII.	Protein
S	 levels	 fall,	 and	 resistance	 to	activated	protein	C	 increases	progressively.	The
activity	of	plasminogen	activator	inhibitor	types	1	and	2,	which	are	fibrinolysis
inhibitors,	 also	 increases.	 Venous	 stasis	 occurs	 due	 to	 hormonally	 induced
venous	 distension	 and	 uterine	 pressure	 exerted	 on	 the	 IVC.	 Vascular	 trauma
during	 delivery,	 especially	 with	 cesarean	 section,	 further	 raises	 the	 risk	 of
postpartum	 thrombosis.	 Additional	 risk	 factors	 for	 thromboembolic	 disease
during	 pregnancy	 and	 the	 puerperium	 include	 (a)	 increased	 maternal	 age;	 (b)
multiparity;	(c)	obesity,	especially	when	combined	with	bed	rest;	(d)	personal	or
family	history	of	 thromboembolism;	(e)	suppression	of	 lactation	with	estrogen;
and	(f)	 inherited	or	acquired	 thrombophilias	such	as	protein	C	or	S	deficiency,
the	presence	of	antiphospholipid	antibodies,	the	presence	of	factor	V	Leiden,	and
prothrombin	gene	mutations.7

The	appropriate	diagnostic	steps	and	treatment	of	venous	thrombosis	and	PE
in	 nonpregnant	 patients	 are	 reviewed	 in	 Chapters	 91	 and	 92:	 Antithrombotic
Pharmacotherapy.	 This	 chapter	 focuses	 on	 the	 diagnosis	 and	 management	 of
massive	 PE	 associated	with	 severe	 respiratory	 and	 hemodynamic	 compromise
during	pregnancy.	Respiratory	failure	may	ensue	in	PE	when	extensive	occlusion
of	the	pulmonary	vasculature	or	concomitant	pulmonary	edema	occurs.

Although	 none	 of	 the	 symptoms,	 physical	 signs,	 laboratory	 results,
radiographic	findings,	or	electrocardiographic	studies	are	specific	for	PE,	 these



investigations	can	help	rule	out	other	diseases	in	the	differential	diagnosis.	The
usefulness	of	the	serum	d-dimer	levels	in	diagnosing	thromboembolic	disease	in
pregnancy	 is	 limited	 because	 d-dimer	 levels	 are	 increased	 during	 normal
pregnancy,	with	levels	rising	as	gestation	progresses	and	peaking	at	delivery	and
in	the	early	postpartum	period.8

The	typical	hemodynamic	findings	in	nonpregnant	patients	with	massive	PE
are	 delineated	 in	 Chapter	 91:	 Venous	 Thromboembolism	 and	 Associated
Prothrombotic	Disorders	in	the	Intensive	Care	Unit.	Although	there	are	no	data
for	 pregnant	 patients	 with	 massive	 PE,	 similar	 findings	 would	 be	 anticipated
because	pregnancy	does	not	significantly	alter	right	heart	and	pulmonary	artery
pressures.	 Thus,	 in	 a	 pregnant	 patient	 with	 massive	 PE,	 pulmonary	 artery
occlusion	 pressure	 (PAOP)	 would	 be	 expected	 to	 be	 normal	 or	 low,	 mean
pulmonary	 artery	 pressure	moderately	 elevated	 (≥35	mm	Hg),	 and	 right	 atrial
pressure	moderately	elevated	(>8	mm	Hg).

2 	 Guidelines	 have	 been	 published	 to	 aid	 in	 the	 diagnostic	 evaluation	 of
pregnant	 patients	 suspected	 of	 having	 a	 PE.9	 For	 patients	 having	 signs	 and
symptoms	 of	 acute	 deep	 vein	 thrombosis	 (DVT),	 bilateral	 compression
ultrasonography	 of	 the	 lower	 extremities	 should	 be	 performed.	 Further
diagnostic	evaluation	is	not	required	when	a	DVT	is	found	in	the	legs,	because
the	treatment	for	DVT	and	PE	is	the	same.	A	negative	compressive	ultrasound	of
the	lower	extremities	does	not	rule	out	the	presence	of	PE,	so	further	diagnostic
investigation	is	required.	All	pregnant	patients	with	suspected	PE	without	signs
or	 symptoms	 of	 DVT	 should	 have	 a	 chest	 radiograph,	 which	 provides
information	 about	 alternative	 diagnoses	 and	 impacts	 the	 choice	 of	 further
diagnostic	 testing.	 If	 the	 chest	 x-ray	 is	 normal,	 the	 next	 diagnostic	 test
recommended	 is	 a	 ventilation-perfusion	 ()	 scan,	 since	 V/Q	 scan	 results	 in
substantially	 lower	 (150-fold)	 breast	 radiation	 than	 a	 computed	 tomography
pulmonary	 angiogram	 (CT-PA).10	 A	 CT-PA	 should	 be	 performed	 when	 the
clinical	suspicion	for	PE	is	high	and	the	initial	chest	X-ray	is	abnormal,	scan	is
unavailable,	or	if	the	V/Q	scan	is	nondiagnostic.9

V/Q	 scan	 delivers	 a	 slightly	 higher	 radiation	 dose	 to	 the	 fetus	 than	 CT-PA
(0.031	mGy	vs	0.01	mGy).10	To	reduce	fetal	radiation	exposure	from	scans,	one
can	 consider	 performing	 perfusion	 ()	 scanning	 first	 without	 proceeding	 to
ventilation	()	scanning	if	scan	images	are	normal.	Proper	hydration	and	frequent
voiding	will	also	help	to	decrease	radiation	caused	by	radionuclide	pooling	in	the
maternal	bladder.	Fetal	exposure	to	radiation	during	CT-PA	can	be	minimized	by
abdominal	shielding	and	using	brachial	access.



Amniotic	Fluid	Embolism
AFE	 is	 a	 rare,	 but	 usually	 a	 catastrophic,	 complication	 of	 pregnancy	 and
delivery.	The	 incidence	 of	AFE	 is	 approximately	 1.9	 to	 6.1	 cases	 per	 100,000
deliveries.11,12	 The	mortality	 rates	 in	 patients	 presenting	 with	 the	 classic	 signs
and	 symptoms	 of	 AFE	 exceed	 60%.	 If	 AFE	 is	 complicated	 by	 cardiac	 arrest,
fewer	than	10%	of	these	patients	are	discharged	alive	from	the	hospital.12	Of	the
women	who	survive	AFE,	only	15%	of	them	are	neurologically	intact	as	a	result
of	hypoxic	encephalopathy.11

It	 is	 unknown	 why	 amniotic	 fluid	 enters	 the	 maternal	 circulation	 of	 some
patients.	Registry	and	cohort	studies	have	been	analyzed	to	determine	potential
predisposing	risk	factors	for	AFE.	Suggested	risk	factors	include	older	maternal
age	(mean,	32	years),	multiparity	(88%	of	cases),	amniotomy,	cesarean	section,
abruptio	placentae,	insertion	of	intrauterine	fetal	or	pressure	monitoring	devices,
and	term	pregnancy	in	the	presence	of	an	intrauterine	device.13	However,	based
upon	the	clinical	evidence	at	this	time,	no	specific	demographic	or	clinical	risk
factor	has	been	identified	that	could	be	intervened	on	to	reduce	the	risk	of	AFE.
AFE	is	considered	unpredictable	and	unpreventable	at	this	time.12

Amniotic	 fluid	 enters	 the	 maternal	 circulation	 through	 one	 of	 three	 ports:
endocervical	 veins,	 uterine	 tears	 (small	 tears	 may	 occur	 in	 the	 lower	 uterine
segment	 as	 a	 part	 of	 normal	 labor),	 and	 uterine	 injury	 secondary	 to	 iatrogenic
manipulation,	 such	 as	 cesarean	 section,	 insertion	 of	 monitoring	 devices,	 or
membrane	 rupture.	 The	 two	 life-threatening	 consequences	 of	 AFE	 are
cardiopulmonary	 collapse	 and	 disseminated	 intravascular	 coagulation	 (DIC).
These	may	occur	simultaneously	or	 in	sequence.	The	pathophysiologic	process
of	 cardiopulmonary	 collapse	 remains	 controversial.	 It	 is	 possible	 that	 amniotic
fluid	contains	vasoactive	substances	or	fetal	antigens	that	provoke	an	abnormal
hemodynamic	and	immunologic	response	in	the	mother	that	results	in	the	AFE
syndrome.12	 There	may	 be	 a	 biphasic	 response	 to	AFE	with	 initial	 hypoxemia
and	acute	pulmonary	hypertension,	followed	by	left	ventricular	failure.	Elevation
of	the	pulmonary	capillary	wedge	pressure	and	reduction	in	cardiac	output	and
left	ventricular	stroke	work	index	have	been	documented.12

Acute	left	heart	failure	contributes	to	the	development	of	pulmonary	edema,
which	 leads	 to	 dyspnea,	 tachypnea,	 and	 cyanosis.	 Other	 factors	 potentially
contributing	to	pulmonary	edema	include	cardiodepressive	humoral	factors	from
the	 amniotic	 fluid,	 vigorous	 fluid	 resuscitation,	 increased	 permeability
pulmonary	edema,	and	hypoxia	causing	myocardial	ischemia.14

The	other	major	consequence	of	AFE	is	coagulation	failure.	In	10%	to	15%
of	 patients,	 excessive	 bleeding,	 particularly	 uterine	 bleeding,	 may	 be	 the	 first



sign	of	AFE.	In	all,	30%	to	45%	of	women	surviving	the	first	30	to	60	minutes
of	 AFE	 will	 have	 clinical	 evidence	 of	 coagulopathy	 with	 severe	 bleeding.
Bleeding	 from	 DIC	may	 be	 seen	 within	 the	 first	 10	 to	 30	 minutes	 following
AFE.14	The	factors	that	initiate	DIC	are	not	known.

The	abrupt	onset	of	severe	dyspnea,	tachypnea,	and	cyanosis	during	labor	or
the	early	puerperium	is	the	classic	presentation	of	AFE,	characterizing	more	than
one	 half	 of	 cases.	 Shock,	which	 is	 out	 of	 proportion	 to	 blood	 loss,	 is	 the	 first
manifestation	 in	 another	 10%	 to	 15%.	 Seizure	 activity	may	 be	 the	 presenting
sign	in	30%	of	cases.	In	addition,	fetal	bradycardia	is	seen	in	17%	of	US	registry
cases.	Bleeding	is	the	forerunning	sign	in	10%	to	15%	of	patients,	and	the	longer
the	survival,	 the	greater	 the	likelihood	that	 the	patient	will	manifest	respiratory
failure,	 cardiovascular	 collapse,	 and	 DIC.	 Whatever	 the	 presenting	 symptom
complex,	90%	of	cases	occur	before	or	during	labor.14	Other	complications,	such
as	 acute	 renal	 failure	 and	 signs	 of	 central	 nervous	 system	 injury,	 are	 probably
secondary	 to	 hypotension	 and	 hypoxemia.	 Prodromal	 symptoms,	 such	 as
vomiting	and	shivering,	are	nonspecific	and	frequently	associated	with	otherwise
uneventful	deliveries.

Diagnostic	 criteria	 for	 AFE	 previously	 rested	 on	 demonstration	 of	 fetal
elements	such	as	epithelial	squamous	cells	from	fetal	skin,	lanugo	hairs,	fat	from
the	vernix	caseosa,	mucin	 from	fetal	gut,	 and	bile-containing	meconium	 in	 the
maternal	 circulation.	These	 elements	 are	not	 pathognomonic	 for	AFE,	because
these	amniotic	fluid	components	are	found	in	the	maternal	circulation	of	healthy
pregnant	women	without	AFE.12	 Therefore,	 the	 antemortem	 diagnosis	 of	AFE
still	rests	predominantly	on	the	clinical	setting	and	the	exclusion	of	other	causes
of	 acute	 respiratory	 failure.	 The	 role	 of	 echocardiography	 in	 the	 diagnosis	 of
AFE	 is	 not	 yet	 known.	 Cardiac	 echo	 may	 show	 decreased	 left	 ventricular
function	 or	 echodense	material	 in	 the	 right	 atrium	or	 right	 ventricular	 outflow
tract.12	 Diagnostic	 biomarker	 assays	 are	 not	 currently	 available	 for	 clinical
diagnosis	of	AFE.

Fetal	 outcome	 is	 also	 poor	 for	 AFE.	 The	 perinatal	 mortality	 from	 national
registries	 ranges	 from	 7%	 to	 38%,	 with	 up	 to	 50%	 of	 the	 surviving	 children
experiencing	permanent	neurologic	injury.14

Venous	Air	Embolism
Venous	 air	 embolism	occurs	when	 air	 enters	 the	 venous	 system,	 travels	 to	 the
right	ventricle,	 then	 lodges	 in	 the	pulmonary	circulation.	 It	has	been	described
during	normal	labor,	delivery	of	patients	with	placenta	previa,	criminal	abortions
using	 air,	 vaginal	 insufflation	 during	 gynecologic	 procedures,	 chest	 and



abdominal	injuries,	intravenous	catheterization,	and	positive	pressure	ventilation.
There	 have	 also	 been	 cases	 of	 venous	 air	 embolism	 occurring	 following
orogenital	 sex.15	 Venous	 air	 embolism	may	 account	 for	 up	 to	 1%	 of	maternal
deaths.1	 Presumably,	 the	 subplacental	 venous	 sinuses	 are	 the	 sites	 of	 air	 entry
when	antepartum	or	peripartum	air	embolism	occurs.

Clinical	manifestations	 of	 venous	 air	 embolism	 depend	 on	 the	 volume	 and
speed	of	air	entrainment	into	the	vascular	circulation.	Venous	air	embolism	can
have	 a	 detrimental	 effect	 on	 the	 cardiovascular,	 respiratory,	 and	 neurologic
systems.	 The	most	 common	 presenting	 sign	 of	 severe	 venous	 air	 embolism	 is
sudden,	 profound	 hypotension.	 Cough,	 dyspnea,	 dizziness,	 tachypnea,
tachycardia,	and	diaphoresis	may	also	be	noted.	Hypotension	is	usually	followed
quickly	 by	 respiratory	 arrest.	 The	 mill	 wheel	 murmur,	 audible	 over	 the
precordium,	 is	 a	 classic	 sign	 associated	 with	 air	 embolism.15	 Ischemia,	 right
heart	 strain,	 and	 arrhythmias	 have	 been	 shown	 electrocardiographically.
Metabolic	 acidosis,	 presumably	 caused	 by	 lactic	 acid	 production,	 may	 be
present15	 (Chapter	 198:	 Metabolic	 Acidosis	 and	 Metabolic	 Alkalosis).
Neurological	 symptoms	 develop	 as	 a	 result	 of	 cerebral	 hypoperfusion	 from
cardiovascular	collapse	or	paradoxical	embolization	 in	 the	presence	of	a	patent
foramen	ovale.15

The	diagnosis	is	best	made	by	showing	air	within	the	intravascular	space	or
organs.	Due	to	the	rapid	absorption	of	air	from	the	circulation,	however,	venous
air	embolism	is	often	a	clinical	diagnosis	made	retrospectively.	Transesophageal
echocardiography	(TEE)	and	transthoracic	echocardiography	have	been	used	to
document	 the	 presence,	 route,	 and	 severity	 of	 the	 air	 embolism.15	 TEE	 is	 the
most	sensitive	monitoring	technique,	capable	of	detecting	0.02	mL	per	kg	of	air
bubbles	 measuring	 5	 to	 10	 µm.15	 Precordial	 Doppler	 ultrasonography	 can	 be
used	 for	 surveillance	of	 air	 embolism	by	detecting	alterations	 in	 the	ultrasonic
patterns	caused	by	the	embolus	and	is	able	to	detect	as	little	as	0.05	mL	per	kg	of
air.16	 An	 increase	 in	 physiologic	 dead	 space	 caused	 by	 severe	 venous	 air
embolism	 produces	 a	 rapid	 fall	 in	 end-tidal	 CO2	 which	 can	 be	 detected	 by
capnography.15

The	volume	of	air	 that	 is	 lethal	seems	to	vary	with	infusion	rate	and	patient
position.	A	bolus	of	200	to	300	mL	of	air	or	3	to	5	mL	per	kg	has	been	reported
to	be	the	lethal	dose	in	humans.15,16	The	mechanism	by	which	air	embolism	leads
to	noncardiogenic	pulmonary	edema	is	unknown.	It	is	thought	that	entrapment	of
air	 bubbles	 in	 the	 pulmonary	 circulation	 leads	 to	 activation	 of	 complement,
neutrophils,	 and	 platelets,	 resulting	 in	 mediator	 release,	 protease	 activation,
oxidant	 stress,	 and	 endothelial	 injury;	 this	 inflammatory	 response	 then
precipitates	noncardiogenic	pulmonary	edema.15



Aspiration	of	Gastric	Contents
Aspiration	 of	 acidic	 gastric	 contents	 into	 the	 tracheobronchial	 tree	 was	 first
described	in	1946	by	Mendelson	in	women	during	labor	and	delivery.	Maternal
deaths	from	pulmonary	aspiration	have	been	steadily	declining	due	to	changing
anesthesia	 practices,	 including	 a	 shift	 from	 general	 to	 regional	 anesthesia	 for
delivery.2,13,17

At	 term,	 the	 elevated	 risk	 of	 gastric	 content	 aspiration	 is	 caused	 by	 several
factors:	 (a)	 increased	 intragastric	 pressure	 caused	 by	 the	 gravid	 uterus,	 (b)
progesterone-induced	 relaxation	of	 the	 lower	 esophageal	 sphincter,	 (c)	delayed
gastric	 emptying	 during	 labor,	 (d)	 supine	 position,	 and	 (e)	 decreased	 mental
status	 and	 reduced	 vocal	 cord	 closure	 due	 to	 analgesia.	 The	 pulmonary
pathophysiologic	consequences	of	gastric	aspiration	are	related	to	the	acidity	and
the	 particulate	 content	 of	 the	 aspirate	 and	 the	 possibility	 of	 bacterial
superinfection.	 Acid	 aspiration	 directly	 damages	 the	 respiratory	 epithelium,
resulting	 in	 the	 desquamation	 of	 ciliated	 and	 nonciliated	 cells,	 including	 the
alveolar	 cells.	 An	 inflammatory	 response	 is	 also	 triggered	 by	 acid	 aspiration,
leading	 to	 increased	 alveolar	 permeability,	 reduced	 lung	 compliance,	 and
decreased	 matching.	 Inhaled	 particulate	 matter	 may	 cause	 acute	 airway
obstruction	and	immediate	death.2,13,18

The	volume	of	 acid	 aspiration	 determines,	 in	 part,	 the	 rapidity	 of	 symptom
onset.	 Aspiration	 of	 smaller	 volumes	 may	 go	 unnoticed	 clinically	 for	 6	 to	 8
hours,	 until	 tachypnea,	 tachycardia,	 hypoxemia,	 hypotension,	 bronchospasm,
and	 frothy,	 pink	 sputum	 production	 are	 noted	 in	 association	 with	 diffuse
opacities	on	chest	 radiography.	Progression	of	chest	 radiographic	 findings	may
continue	 for	 up	 to	 36	 hours.	 The	 clinical	 course	 may	 follow	 one	 of	 three
patterns:	(1)	rapid	improvement	in	4	to	5	days,	(2)	initial	improvement	followed
by	deterioration	caused	by	supervening	bacterial	pneumonia,	and	(3)	early	death
due	 to	 intractable	 hypoxia.	 Predictors	 of	 poor	 outcome	 include	 low	 pH,	 large
volume,	and	a	higher	particle	load	in	the	aspirate.	The	bacterial	pathogens	in	this
setting	are	usually	oropharyngeal	anaerobes,	although	the	longer	the	patient	is	in
the	hospital	before	clinical	development	of	pneumonia,	the	greater	the	likelihood
of	facultative,	gram-negative	bacillary,	and	Staphylococcus	aureus	infections.2,18

Respiratory	Infections
The	prevalence	of	pneumonia	during	pregnancy	ranges	from	0.4	to	2.7	cases	per



1000	 deliveries.	 The	maternal	 mortality	 rate	 from	 pneumonia	 has	 fallen	 from
20%	to	3%	since	the	advent	of	antibiotics.	The	major	factors	in	improving	fetal
and	maternal	 outcomes	 appear	 to	 be	 earlier	 presentation	 and	 prompt	 antibiotic
administration.	 Although	 maternal	 pneumonia	 rarely	 progresses	 to	 respiratory
failure,	it	is	advisable	to	assess	maternal	oxygenation	in	all	cases.	The	pathogens
to	consider	are	similar	to	that	in	the	nonpregnant	population;	the	most	common
organisms	 are	 Streptococcus	 pneumoniae,	 Haemophilus	 influenzae,	 and
Mycoplasma	 pneumoniae.	 Legionella	 pneumonia	 accounts	 for	 up	 to	 22%	 of
community-acquired	pneumonia.19

Certain	 respiratory	 infections	 (eg,	 influenza,	 varicella,	 coccidioidomycosis,
tuberculosis	 [TB],	 listeriosis,	 and	coronavirus	disease	2019	 [COVID-19])	have
been	associated	with	increased	maternal	and	fetal	morbidity	and	mortality.	These
infections	can	be	particularly	virulent	in	pregnant	patients	because	of	alterations
of	cell-mediated	 immunity.	Specifically,	during	pregnancy,	 there	 is	a	decreased
lymphocyte	proliferative	response,	a	decrease	in	natural	killer	cell	activity,	and	a
reduction	 in	 the	number	of	helper	T	cells.19	 Fortunately,	 the	 impaired	maternal
immune	 response	 is	 mild,	 and	 the	 increase	 in	 maternal	 morbidity	 is	 usually
small.

During	the	1918,	1957,	and	2009	influenza	pandemics,	an	excess	incidence	of
influenza	pneumonia	was	noted	among	pregnant	women.	In	the	1918	pandemic,
influenza	 infection	 during	 pregnancy	 resulted	 in	 a	 30%	 mortality,	 which
increased	to	50%	in	the	presence	of	pneumonia.	In	the	1957	pandemic,	50%	of
influenza	deaths	 in	women	of	childbearing	age	occurred	 in	pregnant	patients.19
Autopsy	 reports	 noted	 that	 the	 cause	 of	 death	 in	 these	 pregnant	 women	 was
respiratory	 failure	 caused	 by	 fulminant	 influenza	 pneumonia,	 rather	 than
secondary	bacterial	 infection,	 the	more	common	cause	of	death	in	nonpregnant
influenza	 patients.	 The	 2009	 pandemic	 was	 attributed	 to	 influenza
A(H1N1)pdm09	 virus	 (pdm09	 [Pandemic	 Disease	 Mexico	 2009]),	 and	 the
Centers	for	Disease	Control	and	Prevention	data	from	2009	to	2010	revealed	that
12%	of	pregnancy-related	deaths	were	attributed	to	influenza	A(H1N1)pdm09.20
In	addition,	higher	rates	of	miscarriage,	preterm	birth,	and	small	for	gestational
age	 babies	 have	 been	 noted	 in	 mothers	 infected	 with	 influenza.	 The	 clinical
symptoms	 of	 influenza,	 not	 altered	 by	 pregnancy,	 include	 cough,	 fever,	 sore
pharyngitis,	rhinorrhea,	diarrhea,	headache,	and	myalgias.19

Varicella	 infection	 occurs	 at	 a	 rate	 of	 1	 to	 5	 cases	 per	 10,000	 pregnancies.
Varicella	 pneumonia	 was	 estimated	 to	 comprise	 10%	 to	 20%	 of	 maternal
infections.	However,	 a	 study	of	a	 large	database	cohort	 found	 the	 incidence	of
maternal	varicella	pneumonia	 to	be	only	2.5%	with	no	maternal	deaths.	 In	 this
study,	 13%	 of	 the	 patients	 required	 ventilatory	 support	 compared	 with	 40%



historically.	 The	 mortality	 rate	 for	 maternal	 varicella	 pneumonia	 has	 declined
significantly	 since	 the	 development	 of	 antiviral	 therapy	 and	 the	 institution	 of
varicella	 vaccination.	 Historically,	 the	 mortality	 rate	 for	 maternal	 varicella
pneumonia	 was	 41%,	 but	 in	 the	 era	 of	 antiviral	 therapy	 and	 vaccination,	 the
mortality	rate	is	now	estimated	to	be	3%	to	14%.21

Respiratory	 symptoms	 due	 to	 varicella	 pneumonia	 usually	 develop	 2	 days
after	the	onset	of	fever,	rash,	and	malaise.	Typical	symptoms	are	cough,	dyspnea,
hemoptysis,	and	chest	pain.	Disseminated	varicella-zoster	infections	may	also	be
associated	with	hepatitis,	myocarditis,	nephritis,	 thrombocytopenia,	and	adrenal
hemorrhage.	Varicella	during	pregnancy	can	lead	to	intrauterine	infection,	which
can	 result	 in	 prematurity,	 spontaneous	 abortion,	 stillbirth,	 and	 congenital
malformations.	In	the	absence	of	dissemination,	herpes	zoster	does	not	appear	to
be	associated	with	significant	maternal	morbidity	or	evidence	of	fetal	infection.19

The	 COVID-19	 pandemic	 is	 caused	 by	 severe	 acute	 respiratory	 syndrome
coronavirus	2	(SARS-CoV-2).	According	to	the	Centers	for	Disease	Control	and
Prevention,	at	least	49,000	women	have	been	diagnosed	with	COVID-19	in	the
United	States	 to	date.	Approximately	27%	of	pregnant	COVID-19	patients	had
adverse	 pregnancy	 outcomes,	 including	 preterm	 birth,	 fetal	 vascular
malperfusion,	 and	 premature	 fetal	 membrane	 rupture.	 The	 most	 common
symptoms	 of	 pregnant	 women	 include	 cough,	 headache,	 myalgia,	 fever,	 sore
throat,	 dyspnea,	 anosmia,	 and	 ageusia.	 While	 pregnancy	 does	 not	 appear	 to
increase	the	risk	of	acquiring	COVID-19,	it	does	seem	to	predispose	women	to
more	 severe	 illnesses	 such	 as	 ARDS,	 as	 evidenced	 by	 an	 increased	 rate	 of
intensive	 care	 unit	 (ICU)	 admission,	 supplemental	 oxygen	 requirement,
mechanical	ventilation,	and	mortality.22

Maternal	Coccidioides	 immitis	 infections	 are	 rare,	 with	 less	 than	 1	 case	 in
every	 1000	 pregnancies.	Historically,	Coccidioides	 infection	 during	 pregnancy
has	been	reported	as	having	a	20%	dissemination	rate,	compared	with	0.2%	in
nonpregnant	patients;	infections	contracted	in	the	third	trimester	have	the	highest
risk	 of	 dissemination.	 Maternal	 mortality	 and	 fetal	 loss	 are	 preventable	 with
appropriate	 treatment.	 Cryptococcosis,	 blastomycosis,	 and	 sporotrichosis	 in
pregnancy	are	rare	and	usually	resolves	without	treatment	in	healthy	women.19

Disseminated	 coccidioidal	 infection	 should	 be	 suspected	 in	 patients	 with
primary	 or	 chronic	 progressive	 coccidioidal	 pneumonia	 in	 whom	 rapidly
progressive	 respiratory	 failure	 and	 a	 clinical	 picture	 resembling	 miliary	 TB
develop.	Diagnosis	 is	 difficult	 because	 sputum	 is	 positive	 in	 less	 than	 40%	of
cases,	and	complement	 fixation	 titers	may	be	 low.	Evaluation	of	 these	patients
should	include	a	careful	search	for	extrapulmonary	disease	(eg,	lumbar	puncture,
urinalysis,	 culture	of	 skin	 lesions).	Peripheral	blood	eosinophilia	 is	 reported	 in



25%	of	the	cases	and	may	be	a	clue	to	the	diagnosis.19,23
Respiratory	failure	as	a	result	of	infection	with	Mycobacterium	tuberculosis	is

rare.	Globally,	 the	burden	of	 active	TB	disease	 among	pregnant	women	 is	 not
well	known.	It	is	estimated	that	200,000	pregnant	women	had	active	TB	disease
in	2011,	with	the	greatest	burden	being	in	Africa	and	Southeast	Asia.24	In	high-
burden	 countries,	 the	 incidence	 of	 active	 TB	 varies	 depending	 upon	 human
immunodeficiency	 virus	 (HIV)	 status.	 Pregnancy	 does	 not	 affect	 the
pathogenesis	 of	 tuberculous	 infection	 or	 increase	 the	 likelihood	 of	 latent	 TB
infection	progressing	to	active	disease,	although	pregnant	women	who	are	HIV
positive	 and	have	 latent	TB	 infection	are	more	 likely	 to	progress	 to	 active	TB
disease.	 All	 pregnant	 women	 from	 populations	 recommended	 for	 screening
should	have	a	skin	test	or	an	interferon-γ	release	assay	performed	if	one	has	not
been	 done	 previously,	 since	 pregnancy	 does	 not	 alter	 the	 response	 to	 these
tests.24

In	 the	 United	 States,	 women	 account	 for	 19%	 of	 HIV/acquired
immunodeficiency	 syndrome	 (AIDS)	cases.	As	 the	number	of	women	 infected
with	HIV	grows,	 the	spectrum	of	 respiratory	disease	 in	pregnancy	will	 include
an	 increasing	 proportion	 of	 opportunistic	 infections	 and	 other	 respiratory
complications	 related	 to	 HIV/AIDS.	 Pneumocystis	 jirovecii	 (formerly
Pneumocystis	 carinii)	 pneumonia	 (PCP)	 is	 the	 leading	 cause	 of	 AIDS-related
death	 in	 pregnant	 patients.	 In	 a	 series	 of	 22	 pregnant	 patients	 with	 PCP,	 the
mechanical	ventilation	rate	was	59%	and	the	maternal	mortality	rate	was	50%,
compared	 with	 a	 mortality	 rate	 of	 1%	 to	 16%	 in	 nonpregnant	 patients.1
Diagnostic	evaluation	follows	the	same	protocol	as	in	a	nonpregnant	patient	with
suspected	 PCP.	 Induced	 sputum	 should	 be	 examined	 for	P.	 jirovecii;	 if	 this	 is
negative,	 flexible	 bronchoscopy	 with	 bronchoalveolar	 lavage	 should	 be
considered.
Listeria	 monocytogenes,	 a	 pathogen	 that	 causes	 meningitis	 and	 sepsis	 in

immunocompromised	 hosts,	 also	 has	 a	 predilection	 for	 pregnant	women,	most
commonly	 resulting	 in	 abortion	 or	 neonatal	 sepsis.	 The	 incidence	 of	 Listeria
infection	among	pregnant	women	is	estimated	at	3	per	100,000	compared	with
0.29	per	100,000	in	the	general	population.	The	usual	sporadic	incidence	is	1	to
3	cases	for	every	1	million	of	the	population	each	year,	but	local	outbreaks	may
occur	 as	 a	 result	 of	 ingestion	 of	 contaminated	 cheese,	 cabbage,	 or	 milk.
Diagnosis	 may	 be	 problematic	 due	 to	 difficulties	 with	 isolating	 the	 organism
from	 respiratory	 tract	 secretions.	When	L.	monocytogenes	 sepsis	 is	 suspected,
cultures	 should	 be	 obtained	 from	 blood,	 sputum,	 rectum,	 cervix,	 and	 amniotic
fluid.	 Rapid	 identification	 is	 now	 possible	 using	 serologic	 testing	 or	 direct
molecular	genetic	identification.	Patients	who	develop	sepsis	or	meningitis	have



a	case	fatality	rate	of	20%	to	30%.25

Asthma
Asthma	affects	between	5%	and	8%	of	pregnant	women	in	the	United	States.26
The	scope	of	this	section	is	limited	to	asthmatic	exacerbations	during	pregnancy
that	 lead	 to	 respiratory	 failure.	 Studies	 have	 shown	 that	 poor	 asthma	 control
during	 pregnancy	 is	 associated	 with	 adverse	 fetal	 and	 maternal	 outcomes.
Pregnant	women	with	frequent	or	severe	asthma	attacks	are	more	likely	to	have
fetal	 complications,	 including	 growth	 retardation,	 preterm	 birth,	 low	 birth
weight,	 neonatal	 hypoxia,	 and	 perinatal	mortality.	 The	maternal	 complications
include	 preeclampsia,	 gestational	 hypertension,	 vaginal	 hemorrhage,
hyperemesis,	 and	 complicated	 labor.27,28	 Women	 whose	 asthma	 is	 actively
managed	during	pregnancy	have	no	significant	differences	in	maternal	and	fetal
outcomes	compared	with	those	of	healthy,	nonasthmatic	women.29-31

The	 initial	 clinical	 assessment	 of	 a	 pregnant	 woman	 with	 asthma	 should
include	personal	history	(detailing	etiologic	factors	and	prior	 therapy),	physical
examination,	 and	 either	 peak	 expiratory	 flow	 rate	 or	 spirometric	 pulmonary
function	testing	(Chapter	172:	Acute	Exacerbation	of	Asthma).	Peak	expiratory
flow	 rates	 and	 spirometry	 do	 not	 change	 with	 pregnancy	 and	 advancing
gestation.	 Therefore,	 peak	 expiratory	 flow	 rate	 and	 spirometry	 can	 be	 used	 as
diagnostic	 and	 monitoring	 tools	 in	 the	 care	 of	 pregnant	 asthmatic	 women.26
Although	asthma	may	be	the	most	common	cause	of	airway	obstruction	during
pregnancy,	 wheezing,	 shortness	 of	 breath,	 coughing,	 and	 sensation	 of	 chest
tightness	are	nonspecific,	and	several	other	entities	may	mimic	asthma	(Chapter
172:	Acute	Exacerbation	of	Asthma).

Assuming	 the	diagnosis	of	 asthma	 is	 secure,	 certain	 findings	 taken	 together
can	be	used	to	predict	which	patients	are	likely	to	require	ICU	admission.	These
include	 diaphoresis,	 use	 of	 accessory	muscles,	 assumption	 of	 upright	 posture,
altered	 level	 of	 consciousness,	 pulse	 rate	 greater	 than	 120	 beats	 per	 minute,
respiratory	rate	greater	than	30	breaths	per	minute,	pulsus	paradoxus	greater	than
18	mm	Hg,	peak	expiratory	flow	rate	less	than	120	L	per	minute,	or	failure	of	the
FEV1	to	increase	at	least	10%	after	inhaled	bronchodilator	therapy.32	Peak	flows
have	been	used	for	the	evaluation	of	nonpregnant	patients	with	asthma	to	predict
the	 need	 for	 arterial	 blood	 gas	 determination.	 Flows	 greater	 than	 200	 L	 per
minute	 (50%	 of	 predicted)	 are	 virtually	 never	 associated	 with	 significant
hypoxemia	 or	 hypercapnia	 (Chapter	 172:	 Acute	 Exacerbation	 of	 Asthma).
However,	 because	 alveolar-arterial	 oxygen	 tension	 gradients	 are	 known	 to	 be



widened	 in	 pregnancy,3	 it	 seems	 prudent	 to	 obtain	 arterial	 blood	 gas
measurements	 in	 pregnant	women	with	 asthma	who	do	not	 show	a	 significant
improvement	 (>20%)	 in	 peak	 expiratory	 flow	 rate	 after	 an	 initial	 inhaled
bronchodilator	 treatment.	 Continuous	 oxygen	 saturation	 monitoring	 is	 also
appropriate.

3 	 During	 acute	 asthma	 attacks,	 arterial	 blood	 gas	 measurements	 typically
reveal	mild	hypocapnia	(PaCO2	of	35	mm	Hg)	and	moderate	hypoxemia.	During
pregnancy,	as	noted	previously,	the	baseline	PaCO2	is	usually	already	depressed3

and	probably	decreases	further	with	an	acute	asthma	attack.	The	importance	of
this	 is	 twofold:	(1)	a	PaCO2	of	35	mm	Hg	during	an	acute	attack	may	actually
represent	 “pseudonormalization”	 caused	 by	 fatigue,	 inability	 to	 meet	 the
increased	work	of	breathing,	and	impending	respiratory	failure	and	(2)	persistent
hypocapnia	 with	 associated	 respiratory	 alkalosis	 (pH	 greater	 than	 7.48)	 may
result	in	uterine	artery	vasoconstriction	and	decreased	fetal	perfusion.5

β-Adrenergic	Tocolytic	Therapy-Induced	Pulmonary	Edema
Tocolytic	 therapy	 is	 administered	 to	 delay	 preterm	 delivery,	 allowing	 for	 the
administration	 of	 systemic	 glucocorticoids	 to	 accelerate	 fetal	 lung	maturation,
thereby	reducing	neonatal	morbidity	and	mortality.	Many	classes	of	medications,
including	 β-agonists,	 cyclooxygenase	 inhibitors,	 calcium	 channel	 blockers,
magnesium	 sulfate,	 and	 oxytocin	 receptor	 blockers,	 are	 used	 for	 this	 purpose.
These	 agents	 prevent	 preterm	 labor	 by	 inhibiting	 myometrial	 contractions.11
While	the	use	of	relatively	β2-selective	agents,	such	as	ritodrine	and	terbutaline,
has	 diminished	 the	 frequency	 of	 unacceptable	 maternal	 tachycardia,	 maternal
pulmonary	 edema	 has	 remained	 a	 serious	 side	 effect.	 Pulmonary	 edema
associated	with	adrenergic	tocolytic	 therapy	appears	to	be	a	pregnancy-specific
occurrence,	 as	 it	has	not	been	 reported	 in	asthmatic	patients	 treated	with	 these
agents.	Other	tocolytic	agents,	such	as	calcium	channel	blockers	and	magnesium
sulfate,	have	also	been	linked	to	maternal	pulmonary	edema.33,34

The	 typical	 symptoms	 and	 signs	 of	 pulmonary	 edema	 associated	 with	 β-
adrenergic	 tocolytic	 therapy	 are	 nearly	 identical	 to	 those	 of	 other	 types	 of
pulmonary	edema,	including	chest	discomfort,	dyspnea,	tachypnea,	crackles,	and
evidence	 of	 pulmonary	 edema	 on	 chest	 radiograph.	 Pulmonary	 edema	 can
develop	 during	 tocolytic	 treatment	 for	 up	 to	 24	 hours	 after	 the	 drug	 is
discontinued.35	Due	 to	 the	physiologic	 increase	 in	cardiac	chamber	 size	during
pregnancy,	 it	 is	 challenging	 to	 assess	 pathologic	 cardiomegaly	 on	 radiographs.
The	 rapid	 improvement	 following	discontinuation	of	 tocolytic	 therapy	 (usually



within	24	hours),	the	absence	of	hypotension	and	clotting	abnormalities,	and	the
lack	of	need	for	mechanical	ventilation	all	support	the	possibility	that	these	cases
represent	a	distinct	syndrome	related	to	tocolytic	therapy.

Though	 the	 pathophysiologic	 processes	 underlying	 tocolytic-induced
pulmonary	 edema	 are	 not	 well	 defined,	 fluid	 overload	 has	 emerged	 as	 a
significant	 factor.	 Augmented	 aldosterone	 activity	 secondary	 to	 pregnancy,	 β-
agonist	stimulation,	and	systemic	corticosteroid	causes	salt	and	water	retention.
Tocolytic	agents	also	stimulate	antidiuretic	hormone	secretion,	which	 increases
water	 retention.	 Treatment	 with	 intravenous	 fluid	 further	 predisposes	 these
patients	 to	 pulmonary	 edema.35	 There	 are	 no	 compelling	 data	 to	 support	 the
hypothesis	 of	 cardiac	 failure	 as	 the	 etiology	 of	 tocolytic-induced	 pulmonary
edema.	 Echocardiography	 and	 hemodynamic	 assessment	 in	 affected	 patients
have	 not	 revealed	 cardiac	 dysfunction.36	 The	 rapid	 improvement	 following
diuresis	 is	 consistent	 with	 pulmonary	 edema	 caused	 by	 increased	 hydrostatic
pressure	rather	than	increased	capillary	permeability.11

Pneumomediastinum	and	Pneumothorax
Pneumomediastinum	 is	 another	 rare	 complication	 of	 pregnancy.	 Estimates	 of
incidence	 range	 from	 1	 in	 2000	 to	 1	 in	 100,000	 patients.37	 It	 occurs	 most
commonly	in	the	second	stage	of	labor	and	is	associated	with	chest	or	shoulder
pain	 that	 radiates	 to	 the	 neck	 and	 arms,	 mild	 dyspnea,	 and	 subcutaneous
emphysema	 of	 face	 and	 neck.	 Prolonged,	 dysfunctional	 labor,	 coughing,	 and
severe	 emesis	 seem	 to	 be	 the	 predisposing	 factors.	 Air	 from	 ruptured	 alveoli
tracks	 centrally	 along	 the	 perivascular	 sheath	 into	 the	mediastinum	 and	 along
fascial	 planes	 into	 the	 subcutaneous	 tissues.	 Very	 rarely,	 pneumomediastinum
will	cause	cardiovascular	collapse	and	require	surgical	decompression.37

Spontaneous	 pneumothorax	 with	 tension	 may	 occur	 with	 or	 without
associated	 pneumomediastinum.	 It	 occurs	 rarely	 during	 pregnancy	 with	 an
incidence	estimated	at	1	per	10,000	deliveries,	but	it	should	be	considered	in	the
differential	diagnosis	of	 respiratory	 failure	during	pregnancy.27	Risk	 factors	 for
pneumothorax	include	asthma,	cigarette	smoking,	crack	cocaine	use,	and	history
of	 pneumothorax.	 Pneumothoraces	 usually	 occur	 during	 labor	 or	 in	 the
immediate	postpartum	period.	The	occurrence	of	pneumothorax	may	be	caused
by	rupture	of	subpleural	blebs	due	to	the	changes	in	intrapleural	pressure	caused
by	 Valsalva	 maneuvers	 during	 labor.27	 Symptoms	 of	 pneumothorax	 include
sudden	pleuritic	chest	pain,	dyspnea,	and	cough.	Hypotension	may	develop	if	a
tension	 pneumothorax	 develops.	 The	 clinical	 significance	 of	 pneumothorax
during	pregnancy	relates	to	impaired	ventilation	and	hypoxemia,	which	can	lead



to	fetal	hypoxemia.

Acute	Respiratory	Distress	Syndrome
ARDS	 is	 a	 of	 respiratory	 failure	 caused	 by	 an	 inflammatory	 injury	 to	 the
alveolar-capillary	 interface	 that	 leads	 to	 alveolar	 edema	 and	 resultant
hypoxemia.	 The	 diagnosis	 of	 ARDS	 in	 pregnant	 patients	 is	 the	 same	 for
nonobstetric	 patients.	 The	 Berlin	 definition	 of	 ARDS	 states	 (a)	 onset	 of
symptoms	 within	 1	 week	 of	 a	 known	 clinical	 insult	 or	 new	 or	 worsening
respiratory	 symptoms,	 (b)	 chest	 imaging	 demonstrating	 bilateral	 opacities	 not
fully	 explained	 by	 effusions,	 lobar/lung	 collapse,	 or	 nodules,	 (c)	 respiratory
failure	 not	 fully	 explained	 by	 cardiac	 failure	 or	 fluid	 overload,	 and	 (d)
oxygenation	 impairment	 while	 on	 positive	 end-expiratory	 pressure	 (PEEP)	 of
5	 cm	 H2O.	 The	 PaO2	 to	 FiO2	 ratio	 can	 be	 used	 to	 categorize	 the	 severity	 of
ARDS.	 ARDS	 is	 mild	 when	 the	 PaO2	 to	 FiO2	 ratio	 is	 201	 to	 299	 mm	 Hg;
moderate	when	it	is	100	to	200	mm	Hg;	and	severe	when	it	is	<	100	mm	Hg.28
The	causes	of	ARDS	during	pregnancy	include	 the	same	etiologies	seen	 in	 the
general	population,	 such	as	 sepsis,	 aspiration,	pancreatitis,	 trauma,	 inhalational
injury,	drowning,	and	pneumonia.	Unique	entities	of	pregnancy	that	may	lead	to
ARDS	 include	 AFE,	 eclampsia,	 HELLP	 (hemolytic	 anemia,	 elevated	 liver
function	tests,	low	platelets)	syndrome,	chorioamnionitis,	and	endometritis.35

Published	case	series	report	maternal	mortality	rates	between	20%	and	50%,
with	multisystem	organ	failure	as	the	leading	cause	of	death.	Neonatal	outcomes
are	not	well	studied,	but	high	rates	of	fetal	death	and	spontaneous	preterm	labor
have	been	reported.35

DIAGNOSTIC	TESTING

Radiology
Evaluation	of	patients	with	respiratory	failure	usually	requires	at	least	one,	if	not
sequential,	 chest	 radiographs.	Potential	 adverse	 fetal	 effects	 include	 congenital
malformation,	intrauterine	growth	restriction,	and	increased	risk	of	leukemia	and
other	malignancies.10,38	There	is	no	evidence	that	there	is	an	increased	fetal	risk
of	 anomalies,	 growth	 restriction,	 or	 intellectual	 disability	 from	 radiation	 doses
less	 than	 50	 mGy.10,38	 There	 may	 be	 a	 small	 increased	 risk	 of	 childhood
leukemia,	 1	 in	 every	 2000	 compared	 with	 a	 background	 rate	 of	 1	 in	 every



3,000.10,38
The	 National	 Council	 on	 Radiation	 Protection	 Report	 No.	 174	 established

50	mGy	(5	cGy)	as	the	embryonic	exposure	level	not	to	exceed.38	The	estimated
radiation	 exposures	 of	 selected	 procedures	 used	 in	 the	 evaluation	 of	 pregnant
patients	 with	 respiratory	 failure	 are	 shown	 in	 Table	 164.2.10	 Most	 of	 these
procedures	expose	the	fetus	to	radiation	much	less	than	50	mGy.	Portable	chest
radiographs	performed	daily	for	2	weeks	to	assess	location	of	endotracheal	tubes
and	 central	 venous	 catheters,	 as	 well	 as	 response	 of	 the	 underlying	 illness	 to
treatment,	 would	 expose	 the	 fetus	 to	 approximately	 0.07	 mGy.	 A	 pregnant
woman	 being	 evaluated	 for	 thromboembolic	 disease	 with	 a	 chest	 radiograph,
scan,	and	chest	CT-PA	would	have	a	fetal	exposure	of	less	than	0.6	mGy.9

TABLE	164.2

Fetal	Radiation	Dose

Diagnostic	Test
Dose

mGy

Posteroanterior	and	lateral	chest	radiograph <0.01

Helical	chest	CT	scan <0.06

Abdominal	CT	scan 8

Lung	perfusion	scan 0.06-0.12

Lung	ventilation	scan 0.01-0.19

Brachial	pulmonary	arteriogram <0.50

Femoral	pulmonary	arteriogram 2.21-3.74

CT,	computed	tomography.
Adapted	from	Nguyen	CP,	Goodman	LH.	Fetal	risk	in	diagnostic	radiology.	Sem	Ultrasound	CT
MRI.	2012;33:4,	with	permission	from	Elsevier.

Magnetic	resonance	imaging	(MRI)	and	ultrasonography	are	not	known	to	be
associated	with	 adverse	 fetal	 outcomes.39	 The	American	College	 of	Radiology



has	 published	 guidelines	 in	 which	 MRI	 may	 be	 considered	 as	 a	 nonionizing
imaging	 study	during	 any	 trimester	 if	 the	 risk-to-benefit	 ratio	 to	 the	mother	 is
favorable.39	 Gadolinium	 crosses	 the	 placenta	 to	 the	 fetus,	 so	 the	 use	 of
gadolinium-based	 contrast	 is	 not	 recommended,	 unless	 the	 potential	 benefit	 to
the	mother	outweighs	the	potential	risk	to	the	fetus.39

Hemodynamic	Monitoring
All	 pregnant	 women	 determined	 to	 be	 critically	 ill	 with	 respiratory	 failure
require	continuous	monitoring	of	the	patient’s	heart	rate,	cardiac	rhythm,	oxygen
saturation,	 and	 respiratory	 rate.	 The	 blood	 pressure	 and	 temperature	 are	 also
evaluated	 frequently.	 Pregnant	 women	 should	 also	 have	 fetal	 heart	 rate	 and
uterine	monitoring	performed.	The	frequency	of	fetal	monitoring	is	determined
in	consultation	with	the	maternal-fetal	medicine	team	and	is	dependent	upon	the
gestational	age	of	the	fetus	and	the	clinical	status	of	the	mother.

The	potential	indications	for	invasive	hemodynamic	monitoring	with	arterial
line	placement	and/or	a	pulmonary	artery	catheter	for	obstetric	patients	 include
the	diagnosis	or	management	of	septic	shock,	classes	III	and	IV	cardiac	patients
in	 labor,	 severe	 preeclampsia	 or	 eclampsia	 during	 labor,	 pulmonary
hypertension,	and	severe	ARDS.	There	are	no	reports	of	specific	complications
of	 pulmonary	 artery	 catheterization	 pertaining	 to	 obstetric	 patients,	who	 are	 at
equal	 risk	 as	 nonobstetric	 patients	 for	 complications	 such	 as	 hematoma	 or
pneumothorax	 at	 the	 time	 of	 insertion,	 balloon	 rupture,	 catheter	 knotting,
pulmonary	 infarct,	 pulmonary	 artery	 rupture,	 thrombosis,	 embolism,
arrhythmias,	right	bundle-branch	block,	valvular	damage,	and	infection	(Chapter
19:	Pulmonary	Artery	Catheters).

In	addition	to	increases	of	heart	rate	and	cardiac	output,	several	other	changes
occur	 in	 maternal	 hemodynamics	 during	 pregnancy,	 labor,	 and	 delivery.40
Pulmonary	 artery	 catheterization	 of	 10	 healthy	 pregnant	 patients	 was	 done	 at
term	and	repeated	during	 the	nonpregnant	state	 to	determine	 the	hemodynamic
changes	of	normal	pregnancy.	Significant	decreases	were	noted	in	the	systemic
and	 pulmonary	 vascular	 resistances,	 colloid	 oncotic	 pressure,	 and	 the	 gradient
between	 colloid	 oncotic	 pressure	 and	pulmonary	 balloon	occlusion	pressure	 in
the	 late	 third	 trimester.	 There	 was	 no	 significant	 change	 in	 central	 venous
pressure	 (CVP),	pulmonary	balloon	occlusion	pressure,	mean	arterial	 pressure,
or	left	ventricular	stroke	work	index.40

Because	 of	 the	 complications	 that	 may	 accompany	 pulmonary	 artery
catheterization,	 the	 expense	 of	 the	 procedure,	 and	 the	 lack	 of	 formal
demonstration	of	improved	morbidity	or	mortality	related	to	the	technique,	it	has



been	 suggested	 that	 caution	 be	 exercised	 when	 choosing	 to	 proceed	 with
pulmonary	 artery	 catheterization.41	 Clinical	 assessment	 may	 be	 inadequate	 for
obstetric	 patients	 to	 differentiate	 between	 cardiogenic	 and	 noncardiogenic
pulmonary	 edema.	 Both	 increased	 permeability	 pulmonary	 edema	 and
pulmonary	edema	caused	by	volume	overload	are	common	causes	of	respiratory
failure	in	pregnancy.	In	addition,	careful	hemodynamic	management	is	needed	to
maintain	 adequate	 uterine	 blood	 flow	 in	 compromised	 patients.	Maintaining	 a
good	 risk-to-benefit	 ratio	 depends	 on	 obtaining	 accurate	 information,
interpreting	 this	 information	 in	 the	 context	 of	 the	 stage	of	 pregnancy	or	 labor,
and	determining	the	specific	situations	in	which	the	information	will	contribute
significantly	to	patient	management.

Noninvasive	 hemodynamic	 monitoring	 techniques	 such	 as	 Doppler
echocardiography,	 esophageal	 Doppler	 monitoring,	 thoracic	 electrical
bioimpedance,	 arterial	 pressure	waveform	algorithms,	 pulse	 pressure	 variation,
and	 stroke	 volume	 variation	 require	 further	 study	 in	 critically	 ill	 obstetric
patients.	Transthoracic	echocardiography	may	assist	in	the	differentiation	of	life-
threatening	hypotension	of	the	critically	ill	pregnant	patient.	Cardiac	echo	is	able
to	 identify	 pericardial	 tamponade,	 right-sided	 heart	 failure	 or	 left-sided	 heart
failure,	 and	 intracardiac	 air	 and	 enables	 the	 clinician	 to	 direct	 therapy
appropriately.42	 Static	 measures	 of	 preload	 such	 as	 CVP	 and	 PAOP	 are	 poor
predictors	of	fluids	responsiveness.	Better	assessments	may	be	passive	leg	raise
or	pulse	pressure	variation.	Patients	with	an	increase	in	cardiac	output	or	blood
pressure	after	2	to	3	minutes	of	passive	leg	raise	are	fluid	responsive,	and	those
who	 do	 not	 should	 receive	 vasopressors	 to	 improve	 blood	 pressure.	 Pulse
pressure	 variation	 is	 measured	 utilizing	 the	 arterial	 waveform	 in	 a	 sedated,
mechanically	 ventilated	 patient	 who	 is	 in	 sinus	 rhythm.	 If	 the	 pulse	 pressure
varies	 by	 more	 than	 13%,	 the	 patient	 is	 considered	 volume	 responsive.43
Although	not	validated	in	pregnancy,	point	of	care	ultrasound	has	been	used	to
assess	volume	responsiveness	by	assessing	IVC	diameter	and	its	variability	with
respirations,	 with	 IVC	 diameter	 <1.5	 cm	 and	 significant	 respiratory	 variation
defined	as	volume	responsive.

Fetal	Monitoring
Methods	 to	 assess	 antepartum	 fetal	well-being	 include	maternal	 assessment	 of
fetal	 activity,	 cardiotocography,	 contraction	 stress	 testing,	 calculation	 of	 a
biophysical	 profile,	 fetal	 Doppler	 ultrasound,	 and	 assessment	 of	 fetal	 lung
maturity.	When	respiratory	failure	occurs	early	in	gestation,	before	fetal	viability
is	ensured,	and	when	early	delivery	is	not	an	option,	the	best	course	is	to	focus



on	optimizing	care	for	the	mother	and	not	on	minute-to-minute	variations	in	fetal
heart	rate.	However,	it	is	reasonable	to	measure	and	record	a	daily	fetal	heart	rate
to	 document	 that	 the	 fetus	 is	 alive.	 When	 she	 is	 able,	 the	 mother	 can	 report
whether	 fetal	 movement	 is	 present.	 Continuous	 external	 fetal	 heart	 rate
monitoring	via	 cardiotocography	may	be	 helpful	 during	 surgical	 procedures	 to
alert	the	anesthesiologist	to	problems	with	maternal	ventilation	or	cardiac	output.
If	 respiratory	 failure	 persists	 for	 several	 weeks,	 fetal	 growth	 measurement	 by
ultrasound	may	be	indicated.44

TREATMENT

Supportive	Therapy
Mechanical	ventilation,	nutritional	 support,	 and	maintaining	an	adequate	blood
pressure	 are	 important	 considerations	 in	 respiratory	 insufficiency	 during
pregnancy.

Mechanical	Ventilation
The	 indications	 for	 intubation	 and	 mechanical	 ventilation	 are	 essentially	 the
same	for	pregnant	patients	as	for	nonpregnant	patients:	(a)	inability	to	maintain
an	 adequate	 PaO2	 with	 supplemental	 oxygen,	 (b)	 uncompensated	 respiratory
acidosis,	 and	 (c)	 inability	 to	 clear	 secretions	 or	 need	 to	 control	 the	 airway
because	 of	 altered	 mental	 status	 (Chapters	 8:	 Airway	 Management	 and
Endotracheal	 Intubation,	 166:	 Invasive	 Mechanical	 Ventilation	 and
Extracorporeal	 Life	 Support	 for	 Respiratory	 Failure,	 and	 167:	 Noninvasive
Mechanical	 Ventilation	 for	 the	 Adult	 Hospitalized	 Patient).	 For	 nonpregnant
patients,	 an	 adequate	 PaO2	 is	 considered	 to	 be	 60	 to	 65	 mm	 Hg,	 but,	 in
pregnancy,	 a	goal	PaO2	 of	 70	mm	Hg	or	 greater	 is	 preferred	 to	 provide	 better
oxygenation	for	the	fetus.

Pregnancy	is	associated	with	alterations	in	physiology	that	may	make	airway
management	 more	 difficult	 compared	 with	 that	 of	 nonpregnant	 patients.
Elevated	estrogen	levels	and	an	increase	in	blood	volume	during	pregnancy	may
contribute	to	mucosal	edema.3	Smaller	endotracheal	tubes	sized	6	to	7	mm	may
be	required	to	minimize	the	risk	of	upper	airway	trauma	during	intubation.	The
decreased	FRC	in	pregnancy	may	lower	the	oxygen	reserve	such	that,	at	the	time
of	 intubation,	 a	 short	 period	 of	 apnea	 may	 be	 associated	 with	 a	 precipitous



decrease	 in	 PaO2.3	 Therefore,	 before	 any	 attempt	 at	 endotracheal	 intubation,
100%	oxygen	should	be	administered,	either	by	mask	when	the	patient	is	able	to
ventilate	 spontaneously	or	by	hand	 resuscitation	bag	when	 the	patient	 requires
assisted	 ventilation.	 However,	 hyperventilation	 to	 increase	 the	 PaO2	 before
intubation	 should	 be	 avoided	 because	 the	 associated	 respiratory	 alkalosis	may
actually	decrease	uterine	blood	flow.	Multiple	factors	place	a	pregnant	patient	at
increased	risk	of	aspiration	during	intubation.	These	include	incompetence	of	the
gastroesophageal	 junction	 caused	by	 the	position	of	 the	gravid	uterus,	 delayed
gastric	emptying	during	labor,	progesterone-mediated	smooth	muscle	relaxation
of	the	gastrointestinal	mucosa,	and	decreased	lower	esophageal	sphincter	tone.3

1 	 Initiating	 mechanical	 ventilation	 follows	 the	 same	 general	 principles	 for
pregnant	patients	as	for	nonpregnant	patients,	although	the	goals	of	arterial	blood
gas	are	different	in	the	pregnant	patient.	In	general,	the	minute	ventilation	should
be	 adjusted	 to	 aim	 for	 a	 PaCO2	 of	 30	 to	 32	 mm	 Hg,	 the	 normal	 level	 in
pregnancy;	 marked	 respiratory	 alkalosis	 should	 be	 avoided	 because	 of	 the
resultant	decrease	 in	uterine	blood	 flow.	Maternal	permissive	hypercapnia	may
also	be	deleterious	to	the	fetus	because	of	resultant	fetal	respiratory	acidosis.	The
transfer	 of	 carbon	 dioxide	 across	 the	 placenta	 depends	 on	 the	 difference	 of
10	 mm	 Hg	 between	 the	 fetal	 and	 maternal	 umbilical	 veins.	 Plateau	 pressure,
which	 reflects	 transalveolar	 pressure,	 should	 be	 kept	 under	 30	 cm	 H2O	 to
minimize	the	risk	of	barotrauma.	Adequate	fetal	oxygenation	requires	a	maternal
PaO2	of	70	mm	Hg	or	more,	which	corresponds	to	an	oxygen	saturation	of	95%.3

Mechanical	 ventilation	 of	 a	 pregnant	 patient	with	ARDS	 should	 follow	 the
guidelines	 of	 the	 ARDS	 Network	 Study	 using	 nonpregnant	 predicted	 body
weight.45	This	study	has	shown	the	efficacy	of	delivering	tidal	volumes	based	on
ideal	body	weight.	This	strategy	avoids	overdistension	of	the	lung	and	maintains
a	plateau	pressure	 less	 than	30	 cm	H2O.	The	 initial	 setting	 for	 tidal	 volume	 is
6	mL	per	kg	of	ideal	body	weight.	The	respiratory	rate	is	adjusted	to	maintain	a
maternal	 PaCO2	 between	 28	 and	 32	 mm	 Hg	 while	 monitoring	 for	 the
development	of	intrinsic	PEEP	or	dynamic	hyperinflation.	If	the	pregnant	patient
continues	to	have	a	respiratory	acidosis	despite	a	high	respiratory	rate,	the	tidal
volume	 may	 be	 increased	 as	 long	 as	 the	 plateau	 pressure	 remains	 less	 than
30	cm	H2O.	For	most	patients	with	ARDS,	PEEP	is	 initiated	at	5	cm	H2O	and
adjusted	 upward	 depending	 on	 the	 required	 fraction	 of	 inspired	 oxygen
(Chapters	 163:	 Acute	 Respiratory	 Failure	 due	 to	 Acute	 Respiratory	 Distress
Syndrome	and	Pulmonary	Edema	and	166:	Invasive	Mechanical	Ventilation	and
Extracorporeal	 Life	 Support	 for	 Respiratory	 Failure).	 As	 in	 nonpregnant
patients,	 the	goals	 are	 to	 reduce	 the	maternal	 inspired	oxygen	concentration	 to



less	 than	 50%,	 if	 possible,	 and	 to	maintain	 adequate	 oxygen	 delivery	without
compromising	cardiac	output	or	 risking	 further	 lung	damage	caused	by	 excess
intra-alveolar	pressure.	Strict	monitoring	of	fluid	status	is	necessary	because	the
hypervolemia	 of	 pregnancy	 may	 contribute	 to	 the	 progression	 of	 respiratory
failure.

Alternative	ventilation	strategies	for	patients	failing	conventional	ventilation
modes	 in	 ARDS	 have	 not	 been	 studied	 during	 pregnancy.	 The	 routine	 use	 of
airway	pressure-release	ventilation,	high-frequency	oscillatory	ventilation,	 lung
recruitment	 maneuvers,	 prone	 positioning,	 and	 inhaled	 vasodilators	 during
pregnancy	need	further	study	before	they	can	be	recommended.	There	are	case
reports	 of	 maternal	 and	 fetal	 survival	 using	 lung	 protective	 ventilation	 in	 the
prone	position	for	severe	ARDS	in	pregnant	patients.46	There	have	been	several
reports	 utilizing	 extracorporeal	 membrane	 oxygenation	 (ECMO)	 in	 pregnant
patients	with	H1N1	 influenza	with	 severe	 refractory	ARDS.	The	maternal	 and
fetal	mortality	rates	were	reported	to	be	28%.47

For	 patients	 with	 asthma,	 respiratory	 rate	 and	 tidal	 volume	 should	 be	 no
greater	than	necessary	to	maintain	oxygenation.	Lower	respiratory	rates	and	tidal
volumes	 help	 reduce	 airway	 pressures,	 thereby	 reducing	 volutrauma	 and
barotrauma.45	Inspiratory	flow	rates	can	be	increased	to	allow	adequate	time	for
expiration.	Increasing	the	inspiratory	flow	rate	during	volume-cycled	mechanical
ventilation	 decreases	 the	 inspiratory-to-expiratory	 ratio	 and	 mitigates	 air
trapping	(for	further	discussion	of	mechanical	ventilatory	support	of	the	patient
with	asthma,	Chapters	166:	Invasive	Mechanical	Ventilation	and	Extracorporeal
Life	Support	 for	Respiratory	Failure	and	172:	Acute	Exacerbation	of	Asthma).
Permissive	 hypercapnia	 is	 often	 necessary	 in	 patients	 with	 severe	 asthma	 to
prevent	 volutrauma	 and	 hemodynamic	 compromise.	 There	 have	 been	 no
reported	cases	of	controlled	hypoventilation	during	pregnancy,	and	the	potential
risk	 of	 fetal	 respiratory	 acidosis	 must	 be	 considered	 before	 instituting	 this
therapy.

Lowering	oxygen	consumption	by	treating	fever	and	suppressing	spontaneous
respiration	 is	 also	 helpful.	 The	 recommendations	 for	 sedation,	 analgesia,	 and
muscle	paralysis	for	pregnant	women	on	mechanical	ventilation	are	the	same	as
those	 for	 all	 critically	 ill	 patients.	 Patients	 requiring	 sedation	 while	 on
mechanical	ventilation	are	managed	using	an	assessment	 tool	 for	agitation	and
sedation,	with	 titration	of	 sedation	 so	 that	 the	patient	 is	 comfortable	but	easily
aroused	 and	 able	 to	 follow	 simple	 commands.	 Patients	 are	 also	 assessed	 for
delirium	and	pain	while	 they	are	on	mechanical	ventilation.	It	 is	recommended
that	sedation	be	interrupted	daily	and	coupled	with	a	spontaneous	breathing	trial.
Guidelines	also	recommend	the	use	of	analgesic	medication	as	first-line	therapy



for	 patients	 requiring	mechanical	 ventilation.	 Sedatives	 are	 then	 added	 only	 if
management	 with	 analgesics	 is	 ineffective.	 Compliance	 with	 sedation
monitoring,	 daily	 interruption	 of	 sedation,	 and	 a	 daily	 attempt	 at	 spontaneous
breathing	 have	 resulted	 in	 fewer	 days	 on	 the	 ventilator	 and	 fewer	 days	 in	 the
ICU.48	Narcotics	that	may	be	used	in	pregnancy	include	morphine,	fentanyl,	and
hydromorphone.	 Morphine	 is	 typically	 avoided	 in	 renal	 failure	 because	 of
accumulation	of	 active	metabolites.	These	medications	 are	 not	 teratogenic	 and
appear	 to	 be	without	 fetal	 effects	 except	when	 used	 at	 the	 time	 of	 delivery	 or
when	used	excessively,	as	in	narcotic	addiction.	Nonsteroidal	anti-inflammatory
drugs	should	be	avoided	to	prevent	premature	closure	of	the	ductus	arteriosus.48
The	 use	 of	 nonbenzodiazepines,	 rather	 than	 benzodiazepines,	 for	 patients
requiring	mechanical	ventilation	results	in	fewer	days	on	mechanical	ventilation,
less	 delirium,	 and	 fewer	 days	 in	 the	 ICU.	 If	 a	 sedative	 is	 required	 for	 a
mechanically	ventilated	patient,	either	propofol	or	dexmedetomidine	is	advised.
Neither	agent	is	teratogenic.	Whether	benzodiazepine	use	results	in	an	increased
risk	 of	 congenital	 malformations	 remains	 unclear,	 although	 the	 majority	 of
studies	 are	 reassuring.	 Thus,	 this	 class	 of	 drugs	 is	 best	 avoided	 in	 the	 first
trimester	and	used	sparingly	thereafter.48

Neuromuscular	blockers	may	be	required	during	mechanical	ventilation	in	a
pregnant	patient	with	severe	ARDS.	These	agents	should	be	used	at	 the	lowest
dose	 possible	 and	 for	 the	 minimal	 amount	 of	 time	 necessary.	 Patients	 should
have	 paralytic	 dosing	 titrated	 based	 upon	 a	 train-of-four	 testing.	 It	 is	 also
suggested	that	awareness	based	upon	objective	brain	function	testing	such	as	the
bispectral	 index	 be	 performed	 while	 being	 chemically	 paralyzed	 to	 assist	 in
sedation	titration.48	Cisatracurium	has	a	pregnancy	risk	factor	rating	of	B	and	is
the	 agent	 of	 choice	 in	 patients	 with	 either	 liver	 or	 renal	 failure	 because	 its
clearance	 is	 via	 Hofmann	 degradation.	 Vecuronium	 and	 pancuronium	 are	 risk
factor	C	in	pregnancy,	with	pancuronium	accumulating	in	patients	with	hepatic
dysfunction.48

The	 approach	 to	 weaning	 a	 pregnant	 patient	 from	 mechanical	 ventilation
follows	 that	 of	 nonpregnant	 patients.49	 Although	 sitting	 is	 usually	 the	 most
advantageous	 position	 for	 weaning	 nonpregnant	 patients	 from	 mechanical
ventilation,	it	may	result	in	IVC	compression	in	patients	near	term,	in	which	case
the	left	lateral	decubitus	position	is	preferable	(Chapter	168:	Discontinuation	of
Mechanical	Ventilation).

Reversal	of	Hypotension
A	mean	arterial	pressure	([2	×	diastolic	+	systolic]/3)	of	65	mm	Hg,	or	greater,	is



recommended	to	optimize	tissue	perfusion	and	oxygenation.	Supine	recumbency
or	Trendelenburg	positioning	may	cause	a	significant	decrease	in	venous	return
in	 women	 in	 their	 second	 or	 third	 trimester.	 To	 counteract	 this,	 the	 right	 hip
should	be	elevated	10	to	15	cm	(15°)	to	move	the	uterus	off	the	IVC,	or	the	left
lateral	decubitus	position	should	be	used.

When	hypotension	does	not	 respond	 to	measures	 to	 reduce	uterine	pressure
on	 the	 vena	 cava,	 the	 fluid	 status	 of	 the	 patient	 should	 be	 assessed.	 If	 fluid
boluses	with	250	to	500	mL	of	saline	do	not	resolve	hypotension	and	the	patient
appears	 to	be	 euvolemic,	 vasopressors	 should	be	 considered.	Pregnant	 patients
hypotensive	with	septic	shock	should	receive	1	to	2	liters	or	30	cc/kg	of	colloid,
being	mindful	 that	pregnant	women	have	a	 lower	 colloid	oncotic	pressure	 and
may	have	a	higher	risk	of	pulmonary	edema.43	Vasopressors	should	be	started	for
hypotensive	 pregnant	 patients	who	 are	 not	 fluid	 responsive,	 are	 euvolemic,	 or
are	 at	 risk	 for	 pulmonary	 edema.	 The	 treatment	 guidelines	 for	 sepsis	 do	 not
provide	specific	recommendations	regarding	vasopressors	for	pregnant	women;
however,	 following	 these	 guidelines	 for	 the	 management	 of	 maternal
hypotension	 from	 septic	 shock	 is	 reasonable.50	 The	 latest	 recommendations
suggest	 norepinephrine	 as	 the	 first-line	 vasopressor	 in	 patients	 who	 fail	 to
respond	 to	 fluid	 resuscitation,	 with	 vasopressin	 as	 the	 second-line
vasopressor.50,51

Nutrition
The	importance	of	adequate	nutrition	during	gestation	is	well	recognized	in	that
maternal	weight	gain	correlates	with	fetal	weight	gain	and	a	successful	outcome.
Maternal	 malnutrition	 has	 been	 shown	 to	 correlate	 in	 certain	 cases	 with
intrauterine	growth	retardation	and	development	of	preeclampsia.52	It	is	also	well
recognized	that	hospitalized	patients	who	have	experienced	prolonged	starvation
have	greater	problems	with	wound	healing	and	that	diminished	protein	stores	are
associated	 with	 increased	 susceptibility	 to	 infection.	Maternal	 body	 stores	 are
generally	 protected	 at	 the	 expense	 of	 fetal	 growth	 during	 semistarvation.	 The
duration	of	starvation	or	semistarvation	 that	can	be	 tolerated	without	 ill	effects
on	the	fetus	is	unknown.

There	 are	 no	 evidence-based	 data	 specifically	 focused	 on	 the	 nutritional
supplementation	 of	 the	 critically	 ill	 obstetric	 patient.	 Based	 upon	 the	 current
guidelines	 for	 nutritional	 support	 for	 critically	 ill	 patients,	 enteral	 nutrition
started	 within	 24	 to	 48	 hours	 of	 ICU	 admission	 is	 preferred	 over	 parenteral
nutrition	 to	 avoid	 the	 risk	 of	 complications	 associated	 with	 central	 venous
catheters,	 to	 reduce	 expense,	 and	 to	 minimize	 intestinal	 mucosal	 atrophy.53



Pregnancy	 is	 associated	 with	 decreased	 lower	 esophageal	 sphincter	 tone	 and
decreased	 gastric	 motility;	 therefore,	 postpyloric	 feeding	 may	 be	 required	 if
gastric	 feeding	 is	 not	 tolerated	 or	 there	 is	 an	 increased	 risk	 of	 reflux	 and
aspiration.53

Total	 parenteral	 nutrition	 (TPN)	 can	 provide	 complete	 nutritional	 support
during	pregnancy	with	good	fetal	outcomes	and	low	maternal	morbidity.54	Given
the	stress	of	respiratory	failure	and	its	underlying	causes,	it	seems	reasonable	to
extend	 this	 experience	 with	 TPN	 to	 patients	 with	 respiratory	 failure	 who	 are
unable	 to	eat	 for	more	 than	72	hours	and	whose	gastrointestinal	system	cannot
be	 used.53	 Blood	 glucose	 levels	 should	 be	 measured,	 along	 with	 serum
electrolyte	 concentrations,	 acid-base	 status,	 and	 renal	 and	 hepatic	 function.
Measurement	 of	 trace	 element	 concentrations	 is	 needed	 for	 prolonged	 TPN.
Periodic	 nutritional	 assessment	 should	 include	 evaluation	 of	 nitrogen	 balance,
lymphocyte	counts,	transferrin,	maternal	weight,	and	fetal	growth	by	ultrasound.
Micronutrient	monitoring	and	adequate	administration	of	vitamins	A,	vitamin	D,
vitamin	 K,	 zinc,	 and	 folic	 acid	 are	 recommended	 for	 pregnant	 patients	 who
require	 TPN.	 Deficiencies	 of	 these	 vitamins	 may	 lead	 to	 fetal	 neural	 tube
defects,	 eye	 abnormalities,	 and	 intracerebral	 hemorrhage.54	 If	 delivery	 occurs
while	the	woman	is	receiving	TPN,	the	neonate	should	be	observed	closely	for
hypoglycemia.

Specific	Therapy

Thromboembolism
Recommendations	 for	 the	 treatment	 of	 venous	 thromboembolic	 disease	 of
pregnancy	 have	 been	 published	 by	 the	American	College	 of	 Chest	 Physicians
(ACCP).55	 When	 massive	 PE	 is	 strongly	 suspected	 (>50%	 occlusion	 of
pulmonary	vascular	bed	or	systemic	hypotension),	the	major	immediate	goals	of
therapy	are	to	(a)	provide	adequate	oxygenation	as	dictated	by	arterial	blood	gas
analysis,	 (b)	 treat	 hypotension	 and	 organ	 hypoperfusion	 by	 elevating	 right
ventricular	 preload	 with	 colloid	 or	 crystalloid	 administration	 and	 vasopressor
therapy	 if	 necessary,	 and	 (c)	 interrupt	 clot	 propagation	 by	 immediate
anticoagulation	 with	 parenteral	 heparin.	 Anticoagulation	 should	 be	 instituted
immediately	 in	 all	 patients	 without	 clear	 contraindications,	 such	 as	 active
bleeding,	 rather	 than	 delaying	 therapy	 pending	 conclusive	 diagnostic	 studies.
The	 therapeutic	 options	 available	 include	 subcutaneous	 low	molecular	 weight
heparin	 (LMWH),	 intravenous	 unfractionated	 heparin	 (UFH),	 or	 subcutaneous



UFH.	 Heparin	 is	 not	 teratogenic	 because	 it	 does	 not	 cross	 the	 placenta.
Subcutaneous	 LMWH	 is	 desired	 over	 UFH	 due	 to	 its	 superior	 safety	 profile,
ease	of	administration,	and	apparent	efficacy.	Meta-analysis	data	in	nonpregnant
patients	have	shown	that	patients	treated	with	subcutaneous	LMWH	for	PE	had
decreased	 mortality,	 reduced	 thrombus	 size,	 and	 lower	 incidence	 of	 major
hemorrhage.55,56

Intravenous	UFH	is	recommended	for	pregnant	patients	who	have	persistent
hypotension	as	a	result	of	PE	or	are	at	high	risk	of	bleeding.	Intravenous	UFH
has	 a	 short	 half-life	 and	 can	 be	 reversed	 quickly	 upon	 discontinuation	 and
administration	 of	 protamine.	 UFH	 would	 also	 be	 preferred	 over	 LMWH	 in
pregnant	patients	with	severe	renal	failure.	The	half-life	of	LMWH	is	decreased
in	pregnancy,	which	may	lead	to	subtherapeutic	anticoagulation,	but	it	is	unclear
whether	 monitoring	 anti-Xa	 levels	 is	 necessary.	 If	 anti-Xa	 levels	 are	 used	 to
guide	LMWH	dosing,	the	dose	should	be	titrated	to	achieve	anti-Xa	levels	of	0.6
to	 1.0	 U	 per	 mL	 4	 hours	 postinjection	 for	 a	 twice-daily	 administration
regimen.55,57

When	 hemodynamic	 and	 angiographic	 information	 confirms	massive	 PE,	 a
retrievable	 IVC	 filter	 may	 be	 placed	 to	 provide	 immediate	 and	 reliable
prophylaxis	against	recurrent	thromboembolism.	Placement	of	a	retrievable	IVC
filter	 is	 also	 advised	 in	 pregnant	 patients	 with	 thromboembolic	 disease	 and	 a
contraindication	to	anticoagulation	or	 in	those	patients	who	suffer	recurrent	PE
on	 therapeutic	 anticoagulation.	 In	 the	 case	 of	massive	 life-threatening	PE	 in	 a
pregnant	 patient,	 systemic	 thrombolytic	 therapy,	 mechanical	 fragmentation	 of
thrombus	 and	 catheter-directed	 thrombolysis,	 surgical	 embolectomy,	or	ECMO
may	be	necessary.7

Systemic	 thrombolysis	 is	 not	 indicated	 for	 submassive	 PE	 because	 large
studies	have	failed	to	document	that	thrombolytic	therapy	improves	mortality	or
morbidity	compared	with	heparinization.	However,	 in	massive	PE,	 randomized
trials	 in	 nonpregnant	 patients	 have	 shown	 thrombolytic	 therapy	 to	 resolve
thrombosis	 and	 improve	 hemodynamics	 effectively.	 The	 overall	 incidence	 of
bleeding	related	to	thrombolysis	is	8%.	No	controlled	trials	examining	the	use	of
thrombolytics	in	pregnancy	have	been	reported.7

A	review	identified	189	pregnant	women	who	received	thrombolytics	during
pregnancy	 for	 venous	 thromboembolism	 (VTE).	 No	 maternal	 fatality	 was
reported,	and	the	risk	of	major	bleeding	was	2.6%.54	 In	a	review	of	13	patients
who	 received	 thrombolytic	 therapy	 for	 PE	 during	 pregnancy,	 there	 were	 no
maternal	deaths,	four	nonfatal	maternal	major	bleeding	complications,	two	fetal
deaths,	and	five	preterm	deliveries.	The	authors	concluded	that	 the	fetal	deaths
and	 preterm	 deliveries	 were	 a	 consequence	 primarily	 related	 to	 the	 PE	 rather



than	thrombolytic	therapy.58
Recombinant	 tissue	 plasminogen	 activator	 (tPA)	 is	 the	 recommended	 agent

for	 thrombolysis.	 tPA	 does	 not	 cross	 the	 placenta,	 and	 the	 risk	 of	 allergic
reactions	 is	 low.59	 If	 thrombolytic	 therapy	was	 recently	 used	 prior	 to	 delivery,
continuous	 uterine	 massage	 and	 methylergonovine	 maleate	 should	 be	 used
postpartum.	Aminocaproic	 acid	 crosses	 the	placenta	 readily	 and	 is	 teratogenic,
so	this	should	not	be	used	in	situations	requiring	rapid	reversal	of	thrombolysis
before	delivery.	Instead,	cryoprecipitate	and	fresh	frozen	plasma	should	be	used.

Laboratory	monitoring	of	 the	 lytic	 state	 during	 thrombolytic	 infusion	 is	 not
recommended,	 because	 clot	 lysis	 and	 bleeding	 risk	 do	 not	 correlate	well	with
laboratory	 measurements.	 Following	 completion	 of	 thrombolysis,	 heparin	 is
administered	 once	 the	 activated	 partial	 thromboplastin	 time	 (aPTT)	 and
thrombin	time	are	less	than	twice	the	normal	value.	If	delivery	is	anticipated	in
the	next	6	hours,	initiation	of	heparin	is	delayed	until	after	delivery.60

Thrombolysis	 is	 contraindicated	 during	 delivery	 and	 the	 immediate
postpartum	 state	 because	 of	 the	 significant	 bleeding	 risk.	 In	 these	 situations,
surgical	 embolectomy	 may	 be	 a	 treatment	 option	 for	 massive	 PE,	 or	 when
conventional	 therapy	 or	 thrombolytic	 therapy	 has	 otherwise	 failed	 in	 the
antepartum	period,	or	if	there	is	a	contraindication	for	thrombolysis.	In	a	series
of	8	antepartum	cases,	the	maternal	survival	rate	was	100%,	but	there	were	three
fetal	deaths.	Due	to	the	high	rate	of	fetal	loss,	surgical	embolectomy	should	be
reserved	as	a	lifesaving	measure	for	the	mother.7

Catheter-directed	 therapy	 (CDT)	 may	 include	 catheter-directed	 mechanical
embolectomy	 with	 or	 without	 catheter-directed	 thrombolytic	 therapy.	 In	 three
case	 series	describing	 the	use	of	CDT	 in	pregnant	women	with	PE,	 successful
use	 of	 CDT	 with	 or	 without	 clot	 fragmentation	 was	 achieved	 in
hemodynamically	 unstable	 patients.	 However,	 CDT	 requires	 the	 use	 of
fluoroscopy.	A	 small	 case	 series	 showed	 fetal	 radiation	 exposure	 levels	 during
CDT	exceed	the	maximal	accepted	limit	for	fetal	malformations	(50	mGy).7

The	evidence	 for	 the	use	of	ECMO	in	pregnant	women	with	massive	PE	 is
limited	 to	 a	 small	 number	 of	 case	 reports.	While	 all	 reports	 showed	 excellent
maternal	 survival	 rates	without	 significant	bleeding,	 it	 is	 difficult	 to	 assess	 the
efficacy	of	ECMO	with	the	low	number	of	cases.7

Once	 the	 patient	 has	 stabilized,	 continuous	 intravenous	 heparin	 can	 be
transitioned	 to	 subcutaneous	 therapy.	 This	 can	 be	 done	with	 either	 LMWH	or
adjusted-dose	UFH	 to	 prolong	 the	 aPTT	 1.5	 to	 2.5	 times	 control.	 The	 patient
should	 be	 anticoagulated	 for	 the	 remainder	 of	 the	 pregnancy	 and	 for	 at	 least
6	 weeks	 postpartum.	 If	 the	 PE	 occurs	 late	 in	 pregnancy	 or	 in	 the	 postpartum
period,	 anticoagulant	 therapy	 should	 be	 continued	 for	 at	 least	 6	 months	 and,



possibly,	longer	if	persistent	risk	factors	for	a	hypercoagulable	state	exist.55
Pregnant	patients	on	LMWH	or	UFH	should	discontinue	anticoagulation	24

hours	 prior	 to	 elective	 induction	 of	 labor.	 If	 spontaneous	 labor	 occurs	 in	 a
woman	 receiving	 adjusted	 doses	 of	 UFH,	 the	 aPTT	 should	 be	monitored	 and
corrected	with	protamine	sulfate	if	delivery	is	imminent.	Patients	at	high	risk	for
recurrent	 thromboembolism	during	pregnancy	should	be	placed	on	 intravenous
UFH,	which	can	be	discontinued	4	to	6	hours	before	the	expected	delivery.	This
approach	minimizes	the	period	of	time	without	therapeutic	anticoagulation.	The
timing	of	reinstitution	of	anticoagulation	following	delivery	will	vary	depending
upon	 the	of	delivery,	 the	presence	of	bleeding,	and	 the	presence	of	a	neuraxial
anesthesia	 catheter.	 As	 long	 as	 significant	 bleeding	 has	 not	 occurred,
anticoagulation	with	heparin	may	be	 resumed	6	hours	after	vaginal	birth	or	12
hours	 after	 cesarean	 section.	 However,	 therapeutic	 LMWH	 should	 be
administered	 no	 earlier	 than	 24	 hours	 postoperatively	 after	 neuraxial
anesthesia.55

The	 ACCP	 guidelines	 suggest	 that	 fondaparinux	 and	 parenteral	 direct
thrombin	 inhibitors	 be	 reserved	 for	 pregnant	 women	 with	 severe	 adverse
reactions	 to	 heparin	 who	 cannot	 receive	 danaparoid.	 In	 addition,	 the	 ACCP
guidelines	 recommend	 against	 the	 use	 of	 oral	 direct	 thrombin	 inhibitor
(dabigatran)	and	anti-Xa	inhibitors	(rivaroxaban	and	apixaban)	during	pregnancy
due	to	the	risk	of	fetal	bleeding.55

Amniotic	Fluid	Embolism
Treatment	of	AFE	is	limited	to	supportive	measures	aimed	at	providing	adequate
ventilation	 and	 oxygenation,	 maintenance	 of	 left	 ventricular	 output,	 blood
pressure	support,	and	management	of	bleeding.	Most	patients	require	intubation
and	mechanical	ventilation.	PEEP	is	helpful	for	oxygenation	in	most	patients.	No
particular	 drug	 regimen	 has	 been	 used	 with	 any	 clear	 success	 to	 reverse
pulmonary	hypertension.	If	pulmonary	capillary	wedge	pressures	are	elevated,	it
seems	 reasonable	 to	 use	 a	 diuretic	 to	 reduce	 hydrostatic	 pressures	 across	 the
injured	capillary	endothelium.	Measurement	of	changes	in	cardiac	output	can	be
used	 to	 guide	 this.	 In	 addition	 to	 fluid	 resuscitation	 to	 reverse	 hypotension,
vasopressor	therapy	is	frequently	required.

Treatment	of	coagulopathy	and	hemorrhage	in	AFE	requires	aggressive	blood
and	component	 replacement	most	easily	managed	utilizing	massive	 transfusion
protocols.	 For	 active	 bleeding,	 transfusion	 with	 red	 blood	 cells,	 fresh	 frozen
plasma,	 cryoprecipitate,	 platelets,	 and	 factor	 replacement	 is	 indicated.	Manual
massage	 and	 uterotonic	 medications	 are	 used	 to	 reduce	 uterine	 bleeding	 after



delivery.	When	uterine	bleeding	is	refractory	to	these	interventions,	exploration
for	uterine	tears	or	retained	placenta	should	be	considered.	Hysterectomy	may	be
required	to	control	bleeding	if	all	other	medical	interventions	fail.	There	are	case
reports	 describing	maternal	 survival	 from	AFE	 following	 treatment	with	 intra-
aortic	 balloon	 counterpulsation,	 ECMO,	 and	 cardiopulmonary	 bypass.60	 In
addition,	 one	 patient	 was	 treated	 successfully	 with	 inhaled	 nitric	 oxide,
recombinant	human	factor	VIIa,	and	a	right	ventricular	assist	device.61

In	the	event	of	a	maternal	cardiac	arrest	from	AFE,	an	emergent	perimortem
delivery	 is	 indicated	 to	 improve	 the	 likelihood	 of	 a	 good	 newborn	 outcome,
assuming	the	fetus	is	of	a	potentially	viable	gestational	age.12

Venous	Air	Embolism
The	 treatment	 goals	 for	 venous	 air	 embolism	 are	 to	 identify	 the	 source	 of	 air
entry,	prevent	further	air	entrainment,	restore	circulation,	and	remove	embolized
air.	 Placing	 the	 patient	 in	 the	 left	 lateral	 decubitus	 head	 down	 position	 may
restore	forward	blood	flow	by	causing	the	air	bubble	to	migrate	away	from	the
right	 ventricular	 outflow	 tract	 to	 a	 nonobstructive	 position.15	 Closed-chest
cardiac	compression	has	also	been	reported	to	be	helpful.16	Air	may	be	aspirated
from	the	right	atrium,	right	ventricle,	or	pulmonary	outflow	tract	with	a	central
venous	 or	 pulmonary	 artery	 catheter.15,16	 Air	 bubble	 resorption	 may	 be
accelerated	 by	 ventilating	 the	 patient	 with	 100%	 oxygen	 to	 facilitate	 nitrogen
diffusion	 from	 the	 embolus.	 When	 air	 embolism	 occurs	 during	 general
anesthesia,	nitrous	oxide	should	be	discontinued	because	it	has	a	high	solubility
and	tends	to	increase	the	size	of	air	bubbles	in	the	pulmonary	vasculature.15,16

Patients	with	continued	evidence	of	neurological	deficits	or	cardiopulmonary
compromise	 due	 to	 air	 embolism	 should	 be	 considered	 for	 hyperbaric	 oxygen
therapy.	 Hyperbaric	 oxygen	 promotes	 nitrogen	 resorption,	 reduces	 air	 bubble
size,	 and	 increases	 arterial	 oxygen	 content.15,16	 While	 anticoagulation,
glucocorticoids,	 and	 lidocaine	 have	 been	 shown	 to	 be	 beneficial	 in	 animal
models	 of	 air	 embolism,	 they	 are	 not	 routinely	 used	 in	 patients	 with	 air
embolism	 because	 of	 their	 lack	 of	 efficacy	 and	 significant	 risk	 of
complications.15

Aspiration	of	Gastric	Contents
For	patients	with	permeability	pulmonary	edema	caused	by	aspiration	of	gastric
contents	during	 labor	and	delivery,	 the	primary	 treatment	 is	supportive	care.	 In
aspiration	 pneumonitis,	 prophylactic	 antibiotics	 have	 not	 been	 found	 to	 be



beneficial13;	 therefore,	 antibiotics	 should	 be	 used	 only	 if	 infection	 complicates
the	 initial	 chemical	 pneumonitis.	 If	 the	 patient’s	 clinical	 course	 suggests	 the
development	of	bacterial	pneumonia,	 the	choice	of	antibiotic	 should	be	guided
by	appropriate	bacteriologic	evaluation	of	respiratory	secretions,	pleural	fluid	(if
present),	and	blood	cultures.	For	patients	who	have	been	 in	 the	hospital	 for	48
hours	or	less,	clindamycin	or	a	β-lactam-β-lactamase	inhibitor	combination	is	a
reasonable	 empiric	 treatment	 choice.	Glucocorticoids	 are	 not	 recommended	 to
treat	aspiration	events,	since	their	benefits	have	not	been	clearly	demonstrated.13

Respiratory	Infections
Antibacterial	 agents	 to	 treat	 pneumonia	 during	 pregnancy	 should	 be	 selected
according	to	the	same	principles	used	for	nonpregnant	patients.	Drugs	with	the
least	risk	to	fetus	and	mother	should	be	chosen	whenever	possible.19

For	 community-acquired	 pneumonia	 during	 pregnancy,	 penicillins,
ceftriaxone,	azithromycin,	and	erythromycin	(excluding	the	estolate	formulation,
which	is	associated	with	an	increased	risk	of	cholestatic	jaundice	in	pregnancy)
are	 probably	 safe.	Tetracycline	 is	 contraindicated	 because	 it	 is	 teratogenic	 and
causes	maternal	hepatic	toxicity	when	administered	intravenously	in	pregnancy.
Aminoglycosides	can	cause	fetal	ototoxicity,	so	they	should	only	be	used	when
strong	 clinical	 indications	 exist,	 and	 their	 serum	 levels	 should	 be	 closely
monitored.	 Sulfonamides	 are	 generally	 avoided	 at	 term	 because	 of	 the	 risk	 of
neonatal	 kernicterus.	 Clindamycin	 has	 no	 reported	 adverse	 fetal	 effects,	 but
experience	with	it	is	limited;	hence,	it	should	be	used	with	caution.	Vancomycin
may	cause	fetal	 renal	and	auditory	 toxicity	and	should	be	used	cautiously	with
close	 monitoring	 of	 serum	 drug	 levels.	 According	 to	 the	 manufacturer,
clarithromycin	 should	 not	 be	 used	 during	 pregnancy,	 unless	 there	 are	 no
alternative	 therapies.	 Fluoroquinolones	 have	 been	 reported	 to	 cause	 fetal
arthropathy	 and	 malformations	 in	 animal	 studies,	 but	 no	 significant	 adverse
effects	have	been	observed	following	its	use	based	on	available	human	data	and
therefore	can	be	considered	if	no	other	options	are	available.19

The	primary	treatment	of	 influenza	pneumonia	 is	supportive	care,	 following
the	 same	 practices	 as	 outlined	 for	 other	 causes	 of	 respiratory	 failure	 in
pregnancy.	It	is	recommended	that	pregnant	women	with	a	confirmed,	probable,
or	 suspected	 case	 of	 influenza	 infection	 receive	 five	 or	 more	 days	 of	 the
neuraminidase	 inhibitor	oseltamivir.	Treatment	 should	be	 started	within	2	days
of	symptom	onset	to	achieve	the	maximal	clinical	benefit.	Adamantanes	are	no
longer	 recommended	 for	 influenza	 treatment	 owing	 to	 the	 high	 resistance	 rate
among	 influenza	 A	 strains.	 Fetal	 side	 effects	 have	 not	 been	 reported	 with



neuraminidase	inhibitors,	although	experience	with	them	is	limited.19,62,63
Intravenous	acyclovir	has	been	demonstrated	 to	decrease	maternal	mortality

from	varicella	pneumonia.	Acyclovir	has	not	been	shown	to	be	teratogenic	when
used	during	human	pregnancy.	The	recommended	dosing	is	10	mg	per	kg	every
8	 hours	 intravenously	 for	 7	 to	 10	 days,	 with	 adjustments	 made	 for	 renal
insufficiency.	Maintaining	a	euvolemic	fluid	status	minimizes	renal	impairment
secondary	to	acyclovir.	Initiation	of	acyclovir	at	the	first	evidence	of	respiratory
system	 involvement	 in	 pregnant	 patients	 with	 cutaneous	 varicella	 infection
optimizes	 the	 chances	 of	 a	 favorable	 outcome.	 Infants	 born	 to	 women	 who
contracted	 varicella	 within	 4	 days	 of	 delivery	 should	 receive	 varicella-zoster
immunoglobulin	within	72	hours	of	birth.19

Dexamethasone	 6	 mg	 daily	 for	 10	 days	 has	 been	 demonstrated	 to	 reduce
mortality	in	nonpregnant	COVID-19	patients	who	require	supplemental	oxygen
or	 ventilatory	 support.64	 Pregnant	 patients	 who	 meet	 the	 criteria	 for
glucocorticoid	use	for	maternal	treatment	of	COVID-19	and	antenatal	induction
of	 fetal	 lung	maturity	 should	 receive	 the	 usual	 dose	 of	 dexamethasone	 (6	mg
intravenously	every	12	hours	for	four	doses)	to	induce	fetal	maturation	followed
by	 dexamethasone	 6	 mg	 daily	 for	 eight	 more	 days	 to	 complete	 the	 maternal
treatment	for	COVID-19.	Methylprednisolone	or	hydrocortisone	are	reasonable
alternatives	for	completing	the	course	of	maternal	treatment	because	they	result
in	 reduced	 fetal	 steroid	 exposure,	 but	 their	 efficacy	 in	 reducing	 maternal
mortality	 is	 not	 clear.65	 The	 antiviral	 remdesivir	 is	 recommended	 to	 treat
COVID-19	infection	in	pregnant	patients	who	would	otherwise	qualify	for	it,	as
it	has	been	used	without	known	fetal	toxicity	in	pregnant	patients	with	Ebola	and
Marburg	 virus	 disease.66	 Other	 agents	 being	 evaluated	 for	 the	 treatment	 of
COVID-19,	 including	 additional	 antivirals,	 small	 molecules	 and	 monoclonal
antibodies	 targeting	 specific	 inflammatory	pathways,	 and	convalescent	plasma,
have	minimal	or	no	information	on	safety	in	pregnancy	thus	far.

Amphotericin	 B	 is	 the	 drug	 of	 choice	 for	 severe	 disseminated	 coccidioidal
infection	 during	 pregnancy.	 Amphotericin	 has	 been	 used	 with	 success	 in
disseminated	coccidioidal	 infection	during	pregnancy	and	 it	does	not	appear	 to
be	 associated	 with	 birth	 defects.	 Azoles	 are	 contraindicated	 during	 pregnancy
due	 to	 their	 teratogenicity.	 Use	 of	 caspofungin	 is	 not	 recommended	 due	 to
evidence	of	fetal	harm	in	animal	studies.19

Active	 TB	 has	 been	 treated	 with	 modern	 chemotherapeutic	 agents	 with
excellent	 maternal	 and	 fetal	 outcomes.	 The	 initial	 treatment	 regimen	 for
presumed	 drug-susceptible	 TB	 should	 consist	 of	 isoniazid,	 rifampin,	 and
ethambutol	 for	 2	 months,	 followed	 by	 isoniazid	 and	 rifampin	 for	 at	 least
7	months.	In	the	United	States,	pyrazinamide	is	not	recommended	due	to	a	lack



of	experience	with	the	agent	during	pregnancy.	Streptomycin	has	been	linked	to
fetal	 hearing	 loss	 and	 vestibular	 dysfunction	 and	 should	 be	 avoided.
Ethionamide	has	been	identified	as	a	teratogen.67

Treatment	of	PCP	during	pregnancy	includes	trimethoprim-sulfamethoxazole,
with	 the	addition	of	glucocorticoids	for	severe	disease	characterized	by	a	PaO2

less	than	70	mm	Hg	or	an	alveolar-arterial	oxygen	gradient	of	more	than	35	mm
Hg.24	For	L.	monocytogenes	pneumonia	in	pregnancy,	high-dose	ampicillin	is	the
treatment	of	choice	(2	g	intravenously	every	4	hours)	for	at	least	14	days.25

Asthma
3 	 The	 Working	 Group	 on	 Asthma	 and	 Pregnancy	 of	 the	 National	 Asthma
Education	Program	and,	more	recently,	the	Global	Initiative	for	Asthma	Control
summarize	 the	 available	 data	 for	 asthma	medications	 and	management	 during
pregnancy.31,68	The	first	priority	of	therapy	for	pregnant	women	with	asthma	is	to
prevent	 or	 reverse	 the	 hypoxemia	 that,	 to	 some	 degree,	 accompanies	 virtually
every	exacerbation	of	asthma.	Oxygen	should	be	used	 in	all	asthmatic	patients
who	present	 to	 the	hospital	with	an	exacerbation;	 the	goal	oxygen	saturation	is
95%	 or	 higher	 because	 hypoxemia	 may	 worsen	 initially	 with	 bronchodilator
therapy,	 as	 a	 result	of	worsening	mismatch.	Other	 therapies	 are	directed	at	 the
rapid	 reversal	 of	 bronchoconstriction	 and	 airways	 inflammation	 (Chapter	 172:
Acute	 Exacerbation	 of	 Asthma).	 Per	 guidelines,	 the	 pharmacotherapy	 for
treating	 status	 asthmaticus	 in	 the	 pregnant	 patient	 is	 similar	 to	 that	 of	 the
nonpregnant	 patients	 with	 the	 advantages	 of	 optimizing	 maternal	 health
outweighing	any	potential	risks	to	the	fetus.31,68

Bronchoconstriction	 is	managed	with	 inhalation	of	 selective	 rapid-onset	β2-
agonist	and	anticholinergic	agents,	given	at	20-minute	intervals	or	continuously.
Typically,	nebulized	medication	is	given	prior	to	intubation	and	then	switched	to
metered	dose	inhaler	after	intubation.	The	doses	of	albuterol	and	ipratropium	are
the	 same	 for	 both	 obstetric	 and	 nonobstetrical	 patients	 presenting	 with	 status
asthmaticus.69	 The	 effects	 of	 inhaled	 agents	 are	 predominantly	 local,	 which
should	decrease	 the	amount	of	 fetal	exposure,	and	selective	β2-agonists	do	not
adversely	affect	uterine	blood	flow.	There	has	been	no	evidence	of	 fetal	 injury
from	 the	 use	 of	 either	 systemic	 or	 inhaled	 β-adrenergic	 agonists,31,68	 although
neonates	exposed	to	systemic	β-agonists	just	prior	to	delivery	have	demonstrated
tachycardia,	 hypoglycemia,	 and	 tremor.	 These	 effects	 do	 not	 constitute	 a
contraindication	to	the	use	of	β-adrenergic	agents.

Systemic	glucocorticoids	should	be	initiated	promptly	in	all	pregnant	patients
presenting	with	an	acute	asthma	exacerbation	who	are	not	responding	to	one	or



two	 inhalational	 treatments	 with	 a	 β2-agonist.68	 Institution	 of	 glucocorticoids
helps	 to	 reverse	 airflow	 obstruction	 and	 thereby	 decrease	 the	 amount	 of	 high-
dose	 β-adrenergic	 agonist	 therapy	 needed.	 The	 optimal	 dose	 of	 systemic
glucocorticoid	in	 this	setting	is	not	known.	However,	 the	same	dose	ranges	are
used	 in	 both	 obstetric	 and	 nonobstetrical	 adults,	 prednisone	 or
methylprednisolone	120	to	180	mg	per	day	in	three	or	four	divided	doses	for	the
first	 48	 hours	 and	 then	 40	 to	 60	 mg	 a	 day	 until	 clinical	 improvement	 is
significant	 and	 the	 peak	 expiratory	 flow	 has	 increased	 to	 70%	of	 predicted	 or
personal	best.68	Further	tapering	is	based	on	the	response	to	treatment.

Prednisone	and	prednisolone	cross	the	placenta	poorly.68	In	rodents	that	were
given	glucocorticoids	during	gestation,	an	 increased	prevalence	of	spontaneous
abortions,	 placental	 insufficiency,	 and	 cleft	 palate	 were	 found;	 it	 remains
controversial	 whether	 a	 slight	 increase	 in	 risk	 of	 cleft	 palate	 pertains	 to
humans.68	 Chronic	 maternal	 ingestion	 of	 systemic	 glucocorticoids	 has	 been
associated	 with	 lower	 birth	 weight	 and	 increased	 incidence	 of	 premature
deliveries.70

In	 general,	 intravenous	 theophylline	 is	 not	 used	 during	 treatment	 of	 acute
asthma	exacerbations	because	of	the	lack	of	evidence	of	benefit.68	However,	for
patients	who	normally	 take	 theophylline,	 the	medication	 is	normally	continued
during	 the	 hospitalization.	 If	 the	 patient	 is	 unable	 to	 take	 oral	 medication,
intravenous	 theophylline	 is	 usually	 substituted,	 but	 without	 a	 loading	 dose.
Because	 toxicity	can	develop	 in	 the	 fetus	when	 theophylline	 is	administered	at
the	 time	of	delivery,68	 serum	levels	should	be	closely	followed	and	kept	below
15	mg	per	mL.

In	 patients	 with	 severe	 bronchoconstriction,	 who	 are	 refractory	 to	 inhaled
nebulized	albuterol	sulfate,	parenteral	agents	such	as	terbutaline	sulfate,	0.3	mg,
or	 epinephrine,	 0.3	 mL	 of	 a	 1	 to	 1000	 solution,	 may	 rarely	 be	 given
subcutaneously.68	A	major	concern	 is	 that	epinephrine	may	cause	uterine	artery
vasoconstriction	through	its	α-adrenergic	effects;	 this	potential	risk	would	have
to	be	balanced	against	the	need	to	reverse	refractory	bronchoconstriction.69

In	the	management	of	an	acute	exacerbation	of	asthma	for	a	pregnant	woman,
monitoring	 of	 the	 respiratory	 rate	 and	 PaCO2	 levels	 is	 critical	 in	 the
identification	of	impending	respiratory	failure.	Normalization	of	the	PaCO2	in	a
pregnant	 patient	 may	 be	 the	 indication	 of	 respiratory	 muscle	 fatigue,	 and
ventilatory	support	 is	 indicated.	Early	intervention	with	noninvasive	ventilation
and/or	intubation	with	ventilatory	support	should	be	seriously	considered.4

For	 patients	 who	 are	 extremely	 difficult	 to	 manage	 even	 with	 therapeutic
levels	of	bronchodilators,	high-dose	glucocorticoids,	and	mechanical	ventilation,



a	 few	 less-studied	 therapeutic	 interventions	 such	 as	 intravenous	 magnesium
sulfate	 and	 inhaled	 isoflurane71	 can	be	considered.	None	of	 these	 interventions
have	been	 studied	 in	pregnancy,	 so	 their	 use	 should	be	 limited	 to	 situations	 in
which	 the	woman’s	 life	 is	 in	danger	and	all	other	 forms	of	 therapy	have	failed
(Chapter	 172:	 Acute	 Exacerbation	 of	 Asthma,	 for	 a	 full	 discussion).	 The
successful	utilization	of	ECMO	for	status	asthmaticus	in	a	pregnant	patient	has
been	 reported,	 but	 this	 advanced	 life	 support	 intervention	 should	 be	 limited	 to
experienced	ECMO	centers.72

Once	 a	 pregnant	 woman	 reaches	 the	 point	 of	 life-threatening	 refractory
asthma,	emergent	delivery	of	the	fetus	by	cesarean	section	should	be	considered.
There	 have	 been	 anecdotal	 reports	 of	 significant	 maternal	 improvement	 after
delivery	 of	 the	 fetus.73	 The	 decision	 for	 urgent	 delivery	 is	 complicated	 and
depends	in	part	on	the	gestational	age	of	the	fetus	and	the	clinical	status	of	the
mother.73

Pneumomediastinum	and	Pneumothorax
The	natural	history	of	pneumomediastinum	is	spontaneous	resolution	within	3	to
14	 days	 without	 permanent	 sequelae.	 Pneumomediastinum	 does	 not	 usually
require	drainage	in	adults	because	the	air	usually	dissects	out	of	the	mediastinum
into	the	subcutaneous	tissues	of	the	neck.	Thus,	treatment	should	be	directed	at
improving	 any	 underlying	 predisposing	 cause,	 such	 as	 asthma,	 if	 present.
Supplemental	oxygen	may	promote	reabsorption	of	the	mediastinal	gas.37

A	spontaneous	pneumothorax	occupying	less	than	20%	of	the	hemithorax	in
an	asymptomatic	patient	not	on	mechanical	ventilation	can	be	monitored	closely
without	 immediate	 insertion	 of	 a	 chest	 tube.	 Supplemental	 oxygen	 should	 be
administered	to	accelerate	the	resolution	of	the	pneumothorax.	For	patients	who
are	symptomatic,	on	mechanical	ventilation,	or	have	an	enlarging	pneumothorax,
chest	tube	placement	is	mandatory,	preferentially	using	a	small-bore	chest	tube.
Patients	whose	pneumothorax	develops	as	a	complication	of	barotrauma	during
mechanical	ventilation	may	also	require	adjustments	in	the	ventilator	settings	to
reduce	airway	pressures	and	further	barotrauma.

Patients	with	 an	 existing	 pneumothorax	 or	 history	 of	 one	 in	 the	 past	 are	 at
increased	 risk	 of	 worsening	 or	 recurrence	 of	 pneumothorax	 during	 labor	 and
delivery,	 particularly	 during	 the	 Valsalva	 maneuvers	 at	 parturition.	 Although
formal	 evidence	 is	 lacking,	 use	 of	 epidural	 analgesia	 and	 assisted	 vaginal
delivery	 is	 suggested	 to	 avoid	 prolonged	 Valsalva	 maneuvers.27	 For	 patients
requiring	 cesarean	 section,	 analgesia	 with	 epidural	 anesthetic	 is	 preferred	 to
general	anesthesia	with	positive	pressure	ventilation.



The	recurrence	rate	of	 ipsilateral	spontaneous	pneumothorax	is	30%	to	50%
within	 5	 years	 without	 pleurodesis.27	 Pleurodesis	 with	 any	 tetracycline
derivative,	bleomycin	or	talc	is	contraindicated	in	pregnancy	due	to	the	potential
teratogenic	 risk	 from	 systemic	 absorption.	 It	 is	 recommended	 that	 minimally
invasive	 elective	 video-assisted	 thoracoscopic	 surgery	 (VATS)	 with	 bleb
resection	 and	 mechanical	 pleurodesis	 be	 considered	 in	 the	 subsequent
convalescent	 period	 to	 prevent	 a	 recurrent	 pneumothorax.27	 Thoracotomy	 or
VATS	with	bleb	resection	and	mechanical	pleurodesis	 is	 indicated	for	pregnant
patients	 with	 continued	 air	 leak	 and	 incomplete	 lung	 expansion.69	 Tocolytic
therapy	 may	 be	 required	 to	 prevent	 preterm	 labor	 during	 this	 surgical
intervention.

PREVENTION

Thromboembolic	Disease
Preventing	DVT	is	probably	the	most	important	intervention	to	reduce	maternal
mortality	 caused	 by	 PE.	 Antepartum	 pharmacologic	 thromboprophylaxis	 is
recommended	 for	 pregnant	 patients	 with	 a	 history	 of	 VTE,	 regardless	 of	 the
cause.	Women	who	undergo	a	cesarean	section	and	have	additional	risk	factors
for	VTE	should	also	receive	pharmacologic	thromboprophylaxis.	These	patients
should	 be	 treated	 prophylactically	with	 an	LMWH	 regimen	 such	 as	 dalteparin
5000	 U	 subcutaneously	 every	 24	 hours	 or	 enoxaparin	 40	 mg	 subcutaneously
every	 24	 hours.	 In	 the	 setting	 of	 impaired	 creatinine	 clearance,	 UFH	 5000	 U
subcutaneously	every	12	hours	may	be	used.	Prophylactic	anticoagulation	can	be
adjusted	 to	 intermediate	 or	 weight-based	 dosing	 with	 pregnancy	 weight	 gain
(Table	 164.3).	 Warfarin	 crosses	 the	 placenta	 and	 is	 teratogenic,	 so	 its	 use	 is
contraindicated	in	pregnancy.	Oral	direct	thrombin	and	factor	Xa	inhibitors	have
the	potential	to	cause	fetal	and	subclinical	placental	bleeding	and	should	not	be
used	 during	 pregnancy.	 Patients	 on	 chronic	 oral	 anticoagulants	 for	 prior
thromboembolic	 disease	 should	 be	 changed	 to	 a	 heparin-based	 regimen	before
conception	or	by	the	sixth	week	of	pregnancy.	LMWH	is	preferred	over	UFH	to
prevent	 and	 treat	 VTE	 because	 of	 the	 lower	 risk	 of	 bone	 loss	 and	 heparin-
induced	thrombocytopenia.55

TABLE	164.3



Guidelines	for	Anticoagulation	Regimens

Prophylactic	LMWH:	dalteparin	5000	units	subcutaneously	every	24	hours	or
enoxaparin	40	mg	subcutaneously	every	24	h

Intermediate-dose	LMWH:	dalteparin	5000	units	subcutaneously	every	12	h
or	enoxaparin	40	mg	subcutaneously	every	12	h

Prophylactic	UFH:	UFH	5000	units	subcutaneously	every	12	h

Adjusted	dose	UFH:	UFH	subcutaneously	every	12	h	adjusted	to	target	an
aPTT	into	therapeutic	range

LMWH,	low-molecular-weight	heparin;	UFH,	unfractionated	heparin;	aPTT,	activated	partial
thromboplastin	time.
Adapted	from	Bates	SM,	Greer	IA,	Middeldorp	S,	et	al.	VTE,	thrombophilia,	antithrombotic
therapy,	and	pregnancy:	American	College	of	Chest	Physicians	Evidence-Based	Clinical	Practice
Guidelines	(9th	edition).	Chest.	2012;141(2	Suppl):e691s,	with	permission	from	Elsevier.

LMWH	should	be	held	for	24	hours	and	UFH	4	to	6	hours	before	delivery.
Once	 adequate	 hemostasis	 has	 been	 accomplished	 postpartum,	 anticoagulation
can	be	resumed	and	continued	for	at	least	6	weeks	postpartum.55

Aspiration	of	Gastric	Contents
Based	on	national	surveys	of	obstetric	practice,	antacid,	H2	blockade,	or	proton
pump	 inhibitors	have	been	used	 for	 aspiration	prophylaxis	 in	pregnant	women
who	require	general	anesthesia	or	analgesic	therapy	other	than	local	or	epidural
anesthetics.13	This	is	done	despite	the	lack	of	complete	protection	achieved	with
gastric	pH	values	greater	than	2.5	and	a	meta-analysis	that	showed	no	evidence
that	acid	prophylaxis	medications	reduced	the	incidence	of	gastric	aspiration.13,74
Though	 some	 authors	 recommend	 that	 all	 women	 in	 labor	 receive	 nothing	 by
mouth	 except	 medications,	 we	 believe	 this	 practice	 should	 be	 individualized
given	 the	 low	 risk	 of	 aspiration	 during	 spontaneous	 vaginal	 delivery	 in
nonsedated	 patients	 and	 the	 small	 proportion	 of	 patients	 requiring	 emergent
general	anesthesia.

Respiratory	Infections



Immunization	is	the	most	effective	method	to	prevent	influenza	pneumonia.	All
women	who	are	pregnant	or	may	become	pregnant	during	the	influenza	season
should	 receive	 the	 inactivated	 vaccine.	 The	 intranasal	 vaccine	 should	 not	 be
given	 to	 pregnant	 women	 because	 it	 contains	 a	 live-attenuated	 virus.	 The
parenteral	influenza	vaccine	contains	inactivated	virus	and	is	not	associated	with
adverse	pregnancy	outcomes.	Maternal	vaccination	also	provides	much-needed
passive	 protection	 to	 the	 neonate.75	Varicella	 vaccine	 is	 contraindicated	 during
pregnancy	 because	 it	 contains	 live	 attenuated	 virus.	 In	 women	 without	 prior
exposure	or	immunization	who	have	been	exposed	to	varicella	during	pregnancy,
early	 immune	 prophylaxis	 with	 varicella-zoster	 immunoglobulin	 is
recommended	to	prevent	maternal	disease.19

To	 prevent	 COVID-19	 infection,	 pregnant	 women	 should	 follow	 the	 same
recommendations	as	the	general	population	for	avoiding	SARS-CoV-2	exposure.
Data	 on	 the	 safety	 of	 COVID-19	 vaccination	 during	 pregnancy	 are	 limited
because	 pregnant	 women	 have	 been	 excluded	 from	 phase	 III	 trials	 thus	 far.
Registry	 data	 on	 pregnant	 women	 who	 received	 the	 COVID-19	 vaccines,
however,	 are	 becoming	 increasingly	 reassuring.76	 Until	 additional	 data	 are
available,	 most	 guidelines	 recommend	 that	 pregnant	 women	 consult	 their
healthcare	providers	before	deciding	on	receiving	COVID-19	immunization.77

β-Adrenergic	Tocolytic	Therapy-Induced	Pulmonary	Edema
The	epidemiologic	 risk	 factors	 for	 tocolytic-induced	pulmonary	edema	 include
longer	 duration	 of	 intravenous	 β-adrenergic	 tocolytic	 therapy	 (24-48	 hours),
large	 volume	 of	 crystalloid	 infusion,	 multiple	 gestations,	 concomitant	 sepsis,
and,	 possibly,	 preeclampsia.11	 If	 a	 β-adrenergic	 tocolytic	 agent	 must	 be	 used,
limiting	the	intravenous	phase	to	less	than	24	to	48	hours	and	adjusting	the	dose
to	 keep	 the	 maternal	 heart	 rate	 under	 120	 beats	 per	 minute	 may	 reduce
complications.	 The	 β-adrenergic	 agent	 should	 be	 discontinued	 immediately	 at
the	 earliest	 sign	 of	 respiratory	 distress	 or	 hypoxemia.	 Careful	 fluid	 balance
records	should	be	maintained,	and	fluid	restriction	and,	possibly,	diuresis	should
be	considered	when	intake	exceeds	output	by	more	than	500	mL.	Sodium	intake
should	 be	 restricted	 to	 4	 to	 6	 g	 per	 day.	 If	 glucocorticoids	 are	 required	 to
accelerate	 fetal	 lung	maturation,	 the	 least	 potent	mineralocorticoid	 formulation
should	 be	 used.	 Clinical	 improvement	 in	 tocolytic-induced	 pulmonary	 edema
usually	 occurs	 within	 12	 hours	 after	 the	 drug	 is	 discontinued	 and	 diuresis	 is
begun.11

Patients	 with	 underlying	 cardiac	 disease,	 particularly	 structural	 defects
causing	 outflow	 obstruction,	 should	 be	 excluded	 from	 β-adrenergic	 tocolytic



therapy.	Patients	with	severe	preeclampsia	would	likely	benefit	more	from	early
delivery	 than	 from	 combining	 the	 increased	 risks	 of	 tocolytic	 treatment	 with
those	of	continuing	pregnancy-induced	hypertension.

Advances	 in	 management	 of	 acute	 respiratory	 failure	 in	 pregnancy	 based
upon	randomized	controlled	clinical	trials	are	summarized	in	Table	164.4.

TABLE	164.4

Advances	in	Management	of	Acute	Respiratory	Failure	in
Pregnancy	Based	Upon	Clinical	Trials

Mechanical	ventilation	of	a	pregnant	patient	with	ARDS	should	follow	the
guidelines	of	the	ARDS	Network	Study.45	(B)

Intravenous	unfractionated	heparin	is	the	anticoagulant	of	choice	in
pregnant	patients	who	have	pulmonary	embolism-related	hypotension	or	are
at	high	risk	of	bleeding.55	(D)

Low-molecular-weight	heparin	is	safe	and	effective	in	pregnancy,	and	may
be	used	for	anticoagulation	for	pulmonary	embolism	during	pregnancy	once
the	patient	is	stabilized.55	(D)

Pregnancy	is	a	relative	contraindication	for	thrombolytic	therapy.
Thrombolysis	has	been	used	safely	in	life-threatening	pulmonary	embolism
during	pregnancy	with	maternal	mortality	of	1%	and	fetal	loss	6%.
Recombinant	tissue	plasminogen	activator	and	streptokinase	are	the
recommended	thrombolytics	during	pregnancy.54	(D)

ARDS,	acute	respiratory	distress	syndrome;	B,	1	randomized	controlled	trial;	D,	nonrandomized,
contemporaneous	control	group.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	23-year-old	woman	at	23	weeks’	gestation	with	prior	history	of	well-
controlled	asthma	on	low-dose	inhaled	corticosteroid	and	as	needed	β2-agonist	is
admitted	to	the	ICU	with	complaints	of	nasal	congestion,	cough,	chest	tightness,
and	worsening	shortness	of	breath.	Vital	signs	are	temperature	100.4	F,	BP
110/50	mm	Hg,	HR	125	beats/min,	RR	28	breaths/min,	oxygen	saturation	of
90%	on	2	liters/min	of	oxygen.	She	is	awake	and	alert,	speaking	in	three-word
sentences,	and	using	accessory	muscles.	Physical	exam	is	notable	for	bilateral
inspiratory	and	expiratory	wheezing,	normal	cardiac	exam	except	for
tachycardia,	and	uterus	is	palpable	on	abdominal	exam.	Chest	x-ray
demonstrates	hyperinflation.	A	respiratory	PCR	viral	panel	is	positive	for	human
metapneumovirus.	An	arterial	blood	gas	is	performed	and	shows	pH	7.40,	PCO2

39	mm	Hg,	PaO2	70	mm	Hg.	In	addition	to	continuous	bronchodilator	therapy
and	intravenous	corticosteroids,	what	is	the	most	appropriate	next	step	in
management?

A. 	Continue	oxygen,	repeat	arterial	blood	gas	in	30	minutes
B. 	Intubate,	then	mechanical	ventilation	settings	tidal	volume	400,	RR
10,	FIO2	100,	PEEP	5
C. 	Intubate,	then	mechanical	ventilation	settings	tidal	volume	400,	RR
20,	FIO2	100,	PEEP	5
D. 	Noninvasive	ventilation	with	CPAP	at	5	cm	pressure

2. 	A	26-year-old	who	is	at	31	weeks’	gestation	presents	with	complaints	of
new	onset	dyspnea	on	exertion.	She	has	no	prior	medical	problems,	is	a
nonsmoker,	and	her	only	medication	is	a	prenatal	vitamin.	On	physical
examination,	her	temperature	is	98.6	F,	blood	pressure	is	110/70	mm	Hg,	pulse	is
110	beats/min,	and	respiratory	rate	is	24/minute.	Oxygen	saturation	is	91%	on
room	air.	The	patient	appears	anxious,	her	lung	exam	is	clear,	cardiac	exam	is
notable	for	tachycardia,	abdominal	exam	has	a	gravid	uterus,	and	extremities
have	1+	edema	bilaterally.	Lab	data	show	a	white	blood	cell	count	of	5000/µL,
hemoglobin	of	12.5	mg/dL,	and	platelet	count	of	210,000	µL.	The	chest	x-ray



shows	no	evidence	of	pneumonia,	pneumothorax,	or	effusion.	What	is	the	most
appropriate	next	diagnostic	test?

A. 	CT-pulmonary	angiogram	(CT-PA)
B. 	Lower	extremity	Doppler	ultrasound
C. 	Magnetic	resonance	pulmonary	angiography
D. 	Ventilation-perfusion	scan	(	scan)

3. 	A	39-year-old	woman	(80	kg	currently,	prepregnancy	predicted	body
weight	70	kg)	at	34	weeks’	gestation	presents	with	sore	throat,	fever,	nasal
congestion,	cough,	and	dyspnea.	Review	of	symptoms	is	notable	for	loss	of	taste
and	smell,	and	intermittent	contractions.	On	exam,	her	temperature	is	102	F,	BP
127/75	mm	Hg,	pulse	118	beat/min,	and	oxygen	saturation	96%	2	L/min	via
nasal	cannula.	The	patient	is	in	mild	respiratory	distress.	Lungs	are	clear	to
auscultation	and	abdomen	with	gravid	uterus	and	no	peripheral	edema.
Laboratory	data:	SARS-CoV-2	positive	and	white	count	9000/µL	with
lymphopenia.	Chest	x-ray	showed	multifocal	airspace	opacities.	ABG:
7.41/28/72	on	2	L	nasal	cannula.	She	is	admitted	for	continuous	fetal	monitoring.
Over	the	next	24	hours,	the	patient	has	worsening	respiratory	distress
(respiratory	rate	38	breaths/min)	and	increasing	oxygen	requirements.	A	repeat
chest	x-ray	shows	worsening	bilateral	alveolar	infiltrates	and	ABG	on	100%
nonrebreather	mask	now	7.19/55/142.	The	patient	is	emergently	intubated	for
acute	hypercapneic	and	hypoxemic	respiratory	failure	and	placed	on	mechanical
ventilation.	What	are	the	most	appropriate	ventilator	settings?

A. 	Volume	assist-control	mode,	tidal	volume	400	mL,	rate	10,	FiO2	100,
PEEP	5,	PIP	32,	plateau	24
B. 	Volume	assist-control	mode,	tidal	volume	420	mL,	rate	18,	FiO2	100,
PEEP	5,	PIP	30,	plateau	22
C. 	Volume	assist-control	mode,	tidal	volume	600	mL,	rate	12,	FiO2	100,
PEEP	5,	PIP	45,	plateau	28
D. 	Volume	assist-control	mode,	tidal	volume	500	mL,	rate	18,	FiO2	100,
PEEP	5,	PIP	40,	plateau	31

Answers

1.	The	correct	answer	is	B.
Rationale:	This	patient	is	presenting	with	status	asthmaticus	and	is	at	risk	for



respiratory	 failure.	 The	 concerning	 clinical	 findings	 in	 this	 patient	 include	 the
inability	to	speak	in	full	sentences,	tachypnea,	the	use	of	accessory	muscles	due
to	the	severity	of	her	bronchospasm	described	as	both	inspiratory	and	expiratory
wheezing	 and	 a	 blood	 gas	 that	 shows	 a	 “normal	 pH	 and	 PCO2,”	 despite	 a
respiratory	 rate	 of	 24.	 Pregnant	 patients	 normally	 have	 a	 physiologic
compensated	respiratory	alkalosis	with	a	PCO2	range	of	28	to	32	mm	Hg,	so	the
finding	of	PCO2	of	39	in	a	pregnant	patient	with	tachypnea	represents	an	acute
respiratory	acidosis	and	that	there	is	impending	respiratory	failure.	This	patient
requires	intubation	and	mechanical	ventilatory	support	for	her	health	and	for	the
health	of	her	fetus	(choice	B	is	correct).	Patients	with	status	asthmaticus	require
additional	expiratory	time	to	prevent	the	development	of	dynamic	hyperinflation
also	 known	 as	 autopeeping	 or	 airtrapping.	 In	 this	 patient,	 she	 has	 evidence	 of
hyperinflation	on	her	chest	x-ray,	so	it	is	clinically	suspected	she	is	trapping	air
prior	to	intubation.	Ventilator	settings	should	be	selected	to	optimize	exhalation
time,	which	 is	 typically	 done	 by	 having	 slower	 respiratory	 rates.	 In	 this	 case,
choice	B	provides	a	respiratory	rate	of	10,	creating	a	respiratory	cycle	length	of
6	seconds.	Choice	C	is	incorrect	because	the	respiratory	rate	is	too	high,	and	the
respiratory	cycle	length	is	only	3	seconds,	which	would	increase	the	likelihood
of	air	trapping.	Choice	A	is	incorrect	because	the	first	blood	gas	provides	us	with
the	information	needed	to	implement	an	immediate	treatment	plan.	Choice	D	is
incorrect	because	CPAP	therapy	would	not	correct	the	respiratory	failure	in	this
patient.

2.	The	correct	answer	is	D.
Rationale:	A	ventilation-perfusion	()	scan	should	be	performed	next	 (choice

D	is	correct).	scanning	should	be	the	initial	study	of	choice	in	pregnant	patients
with	a	high	clinical	suspicion	of	pulmonary	embolism	and	a	normal	chest	x-ray.
While	CT	pulmonary	angiography	is	the	current	standard	to	diagnose	pulmonary
embolism	in	most	patients,	it	is	not	the	initial	study	in	pregnant	patients	because
of	 the	 radiation	 exposure	 to	 the	 mother	 (choice	 A	 is	 incorrect).	 In	 pregnant
patients,	CT	pulmonary	angiography	is	reserved	for	cases	in	which	the	chest	x-
ray	 is	 abnormal	 (which	 would	 interfere	 with	 VQ	 impressions),	 or	 the	 scan	 is
indeterminate	and	the	clinical	suspicion	for	pulmonary	embolism	remains	high.
This	patient	had	a	normal	chest	x-ray.	Choice	B	is	not	the	best	answer	because
this	 patient	 did	 not	 present	 with	 complaints	 of	 leg	 pain	 suggestive	 of	 a	 deep
venous	thrombosis.	A	negative	lower	extremity	Doppler	examination	would	not
have	ruled	out	the	presence	of	pulmonary	embolism,	as	the	Doppler	studies	may
be	 negative	 if	 the	 primary	 clot	 is	 located	 in	 the	 pelvic	 veins.	 Choice	 C	 is



incorrect,	as	magnetic	resonance	pulmonary	angiography	has	not	been	evaluated
in	pregnant	patients	and	the	long-term	effects	of	gadolinium	on	the	fetus	are	not
known.	Not	 listed	as	a	choice	 is	D-dimer	 levels.	These	are	most	useful	 to	 rule
out	 thromboembolic	 disease	 in	 patients	 with	 a	 low	 pretest	 probability	 of
thromboembolic	disease,	not	high	suspicion	as	in	this	case,	and	can	be	elevated
in	 pregnancy.	 However,	 the	 YEARS	 algorithm	 with	 quantitative	 serum	 level
cutoffs	 has	 shown	 them	 to	 be	 useful	 in	 ruling	 out	 disease	 and	 decreasing	 the
number	of	CT-pulmonary	angiograms	performed.

3.	The	correct	answer	is	B.
Rationale:	This	patient	has	developed	ARDS	due	to	SARS-CoV-2	infection.

Mechanical	 ventilation	 of	 a	 pregnant	 patient	 with	 ARDS	 should	 follow	 the
guidelines	 of	 the	 ARDS	Network	 Study	 using	 the	 patient’s	 ideal	 nonpregnant
predicted	 body	 weight.	 This	 strategy	 avoids	 overdistension	 of	 the	 lung	 and
maintains	 a	 plateau	 pressure	 less	 than	 30	 cm	H2O.	The	 initial	 setting	 for	 tidal
volume	is	6	mL	per	kg	of	predicted	body	weight.	The	respiratory	rate	is	adjusted
to	maintain	a	maternal	PaCO2	between	28	to	32	mm	Hg	while	monitoring	for	the
development	of	intrinsic	PEEP	(choice	B	is	correct).	Choice	A	is	incorrect	due	to
the	low	minute	ventilation	of	4	liters/min	(TV	×	RR),	which	would	not	correct
current	 respiratory	acidosis.	The	 tidal	volume	and/or	 respiratory	 rate	should	be
increased	 to	 optimize	 gas	 exchange.	 Choice	 C	 is	 incorrect	 because	 the	 tidal
volumes	 set	 are	 too	 large	 for	 predicted	 body	 weight	 and	 may	 lead	 to
overdistension	of	lungs.	Choice	D	is	incorrect	due	to	the	plateau	pressure	being
>30	 cm	H2O,	which	 is	 indicative	 of	 poor	 respiratory	 compliance,	 so	 the	 tidal
volume	is	too	large	and	should	be	reduced.
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Chapter	165
Extrapulmonary	Causes	of	Respiratory
Failure
Mark	M.	Wilson,	Richard	S.	Irwin

KEY	POINTS:
1.	 Extrapulmonary	causes	of	respiratory	failure	all	involve	the

mechanism	of	hypoventilation,	resulting	in	an	elevated	PaCO2	with	a
normal	or	only	slightly	elevated	alveolar-arterial	oxygen	tension
gradient	on	room	air.

2.	 The	underlying	pathophysiology	behind	the	myriad	potential
etiologies	discussed	here	involves	either	a	decrease	in	a	patient’s
normal	force	generation	capability	and/or	an	increased	impedance	to
bulk	flow	ventilation.

3.	 The	best	objective	predictor	of	the	presence	of	hypercapnia	is	a
maximum	inspiratory	pressure	(MIP)	<	30%	of	predicted	normal	or
less	negative	than	−30	cm	H2O.	A	somewhat	less	sensitive	objective
predictor	of	the	presence	of	hypercapnia	is	a	vital	capacity	(VC)	less
than	1	L,	or	less	than	15	mL/kg	body	weight.

4.	 The	treatment	of	extrapulmonary	respiratory	failure	can	be	divided
into	specific	and	supportive	therapies,	and	these	may	vary
substantially	depending	on	the	underlying	specific	etiology.

INTRODUCTION
1 	 The	 conditions	 that	 cause	 respiratory	 failure	 primarily	 by	 their	 effect	 on
structures	other	than	the	lungs	are	discussed	in	this	chapter.	Severe	impairment
of	 the	 extrapulmonary	 compartment	 produces	 respiratory	 failure	 through	 the



mechanism	 of	 hypoventilation,	 so	 the	 resultant	 respiratory	 failure	 is	 always
hypercapnic.	 Extrapulmonary	 causes	 account	 for	 up	 to	 17%	 of	 all	 cases	 of
hypercapnic	respiratory	failure.1

PATHOPHYSIOLOGY
Because	 many	 conditions	 can	 cause	 extrapulmonary	 respiratory	 failure,	 it	 is
helpful	to	categorize	them	according	to	the	specific	compartment	affected	by	the
disease	 process.	 The	 extrapulmonary	 compartment	 includes	 the	 (a)	 central
nervous	 system	 (CNS),	 (b)	 peripheral	 nervous	 system,	 (c)	 respiratory	muscles,
(d)	chest	wall,	(e)	pleura,	and	(f)	upper	airway.	Selected	conditions	that	are	most
important	 to	 the	 topic	of	 respiratory	 failure	are	 summarized	 in	Tables	165.1	 to
165.4.

TABLE	165.1

Respiratory	Failure	Caused	by	Central	Nervous	System
Dysfunction

Causes
Salient
Clinical
Features

Diagnostic
Tests Treatment

Central	nervous
system
depressant
drugs

Pupillary
changes
Needle	marks

Toxicology	screen
Electrocardiogram
in	tricyclic
overdose

See	“Pharmacology,
Overdoses,	and
Poisonings”	Section
10

Hypothyroidism Myxedema Thyroid	function
tests

Cautious	thyroid
replacement

Starvation Cachexia
Diarrhea

↓	Albumin
↓	Cholesterol

Nutrition

Metabolic
alkalosis

Lethargy
Confusion

Arterial	blood
gases
Serum	electrolytes

See	Chapter	198:
Metabolic	Acidosis
and	Metabolic
Alkalosis



Structural
brainstem
damage

Localizing
neurologic
findings

Neoplasm Headache CT,	MRI,
cerebrospinal	fluid
cytology

Radiation,
chemotherapy

Infection Headache,	fever CT,	MRI
CT,	MRI,	cardiac
echo

Antimicrobial
therapy

Primary
alveolar
hypoventilation
(Ondine	curse)

Daytime
hypersomnolence
Headache
Rarely	dyspneic
Polycythemia
Cor	pulmonale

Blunted	or	absent
ventilator	response
to	↑	CO2,	↓O2	in
inspired	gas
Normal
pulmonary
function	tests

Nighttime	ventilatory
support
Electrophrenic	pacing
Medroxyprogesterone
acetate
Supplemental	oxygen

Central	sleep
apnea

Same	as	primary
alveolar
hypoventilation

Polysomnography:
apnea	without
respiratory	effort
Normal	CO2,	O2

response	curves
while	awake

Nighttime	ventilatory
support
Electrophrenic	pacing
Supplemental	oxygen

↑	increased;	↓,	decreased;	CT,	computed	tomography;	MRI,	magnetic	resonance	imaging.

Adapted	from	Hollingsworth	HM,	Irwin	RS.	Extrapulmonary	causes	of	respiratory	failure.	Irwin	&
Rippe’s	Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;	2018:1453-1469.	Benditt	JO,	Boitano
LJ.	Pulmonary	issues	in	patients	with	chronic	neuromuscular	disease.	Am	J	Respir	Crit	Care	Med.
2013;187:1046-1055.	Onders	RP,	Dimarco	AF,	Ignagni	AR,	et	al.	Mapping	the	phrenic	nerve
motor	point:	the	key	to	a	successful	laparoscopic	diaphragm	pacing	system	in	the	first	human
series.	Surgery.	2004;136:819.

TABLE	165.2

Respiratory	Failure	Caused	by	Peripheral	Nervous	System
Dysfunction



Causes Salient
Features Diagnostic	Tests Supportive

Spinal	cord	disease Above	C5,
diaphragm,
intercostal	and
abdominal
activity
abolished

Spinal	x-ray	film,
CT,	MRI

Supportive,	vital	capacity	tends	to	improve	more	than	3	mo
in	traumatic	lesions	C5	and	below

Traumatic Below	C5,
diaphragm
preserved,
intercostal	and
abdominal
activity
abolished

Phrenic	nerve	pacing	for	high	cervical	cord	lesions	with
intact	phrenic	nerve

Neoplasm Below	T5,
abdominal
activity
diminished,
impaired	force
expiration

Hemorrhage
Syrinx
Infarct
Transverse	myelitis

Depends	upon
location
Depends	upon
location
Depends	upon
location
Initial
symptoms
usually	include
lower	back	pain
or	sharp,
shooting
sensations	that
radiate	down

MRI
MRI
MRI
MRI

Supportive
Supportive
Supportive
Supportive,	the	inflammation	can	be	triggered	by	a	variety
of	infectious	agents,	be	part	of	a	paraneoplastic	process,	or
be	idiopathic



the	legs	or	arms
or	around	the
torso

Tetanus Intense	muscle
spasms
Trismus
Apnea
Metabolic
acidosis
History	of
penetrating
wound

Clinical	setting
Gram	stain,
anaerobic	culture	of
wound
History	of
inadequate
immunization

Human	antitetanus	antiglobulin
Wound	debridement
Penicillin,	high	dose
Tetanus	toxoid	vaccination	to	prevent	recurrence

Strychnine Intense	muscle
spasms
Apnea
Metabolic
acidosis

Toxicology	screen
Clinical	picture

Supportive
Gastric	lavage,	charcoal

Anterior	horn	cell
disease

Segmental
muscle	atrophy

EMG Supportive

Amyotrophic	lateral
sclerosis

Hyperreflexia
Fasciculations
Distal	extremity
weakness

There	are	no	tests
that	specifically
provide	an	ALS
diagnosis.	Testing	is
done	to	rule	out
other	diseases.
Genetic	testing	is
can	be	done	rule	in	if
there	is	a	genetic
background	of	ALS
in	the	family

Supportive

Poliomyelitis An	acute	onset
of	flaccid
paralysis	of	one
or	more	limbs
with	decreased

Culture	for
poliovirus	in	a
sample	of	throat
secretions,	stool	or
spinal	fluid	for

Supportive



or	absent	tendon
reflexes	in	the
affected	limbs,
without	other
apparent	cause,
and	without
sensory	or
cognitive	loss

poliovirus

Polyneuropathy Viral	illness,
symmetric
ascending	distal
muscle
weakness

Elevated	CSF
protein	without
pleocytosis

Prevention	with	vaccine

Guillain-Barré
syndrome

Ascending
paralysis
Areflexia
Autonomic
dysfunction

Demyelination	by
electrophysiology
tests

See	Chapter	152:	Guillain-Barré	Syndrome

Dinoflagellate
poisoning

Paresthesias	of
face,
progressive
muscle
weakness
starting	30	min
after	ingestion
of	shellfish

History	of
contaminated
shellfish	ingestion

Supportive

Shellfish	poisoning
(red	tide)

Paresthesias	of
face,
progressive
muscle
weakness
starting	30	min
after	ingestion
of	shellfish

History	of
contaminated
shellfish	ingestion

Supportive

Ciguatera	poisoning Gastrointestinal Mouse	bioassay, Early	gastric	lavage,	mannitol,	avoid	caffeine



symptoms
Paresthesias,
abnormal
temperature
differentiation

monoclonal	antibody
to	ciguatoxin

Bilateral	phrenic
nerve	palsy

Severe
orthopnea
Abdominal
paradoxic
respiration

Fluoroscopy	of
diaphragm
Surface	EMG	of
diaphragm,
transdiaphragmatic
pressure

Diaphragmatic	pacing

Charcot-Marie-Tooth
disease

Peripheral
muscle
weakness	and
wasting,
hereditary	pes
cavus,
hammertoes

EMG Supportive

Diphtheria Numbness	of
lips,	paralysis	of
pharyngeal	and
laryngeal
muscles

Throat	culture Diphtheria	antitoxin
Penicillin	G	or	erythromycin

Tick	paralysis Tick	exposure
Age	<	10	y

Find	tick
Normal	sensation

Remove	tick

Acute	intermittent
porphyria

Acute
polyneuropathy-
like	Guillain-
Barré	syndrome
Mental
disturbance
Abdominal	pain

Urine	for
porphobilinogen,	Δ	-
aminolevulinic	acid

Hemin	chloride,	cimetidine
Avoid	exacerbating	drugs	such	as	phenytoin,	barbiturates,
and	ethosuximide

Myasthenia	gravis
(autoimmune	and
drug-induced)

Muscle
weakness
Rapid

EMG
Tensilon	test
Antibodies	to

Anticholinesterase/calcium
gluconate/thymectomy/glucocorticoids/immunosuppressants
See	Chapter	153:	Myasthenia	Gravis	in	the	Intensive	Care



fatigability
Antecedent
surgery,
glucocorticoid,
or
aminoglycoside

acetylcholine
receptors

Unit
Plasmapheresis

Lambert-Eaton
syndrome

Muscle	wasting,
hyporeflexia
Associated
cancer	(eg,
small	cell	of
lung)

Incremental	pattern
on	EMG	chest	film

Treatment	of	associated	cancer	3,4-diaminopyridine
Anticholinesterase

Critical	illness
polyneuropathy

Sepsis,
multiorgan
failure,
generalized
weakness,
areflexia

Normal	CSF,	axonal
degeneration	by
NCS

Supportive

Persistent	drug-
induced
neuromuscular
blockade

Renal
insufficiency
Glucocorticoids

Creatinine
phosphokinase,
EMG,	NCS,
repetitive	nerve
stimulation

Limit	use	of	neuromuscular	blocking	agents

Pseudocholinesterase
deficiency

Prolonged
paralysis	after
succinylcholine
Family	history

Serum
pseudocholinesterase
EMG

Avoid	succinylcholine

Botulism Wound
infection,	fever
Ingestion	of
contaminate
food:	nausea
and	vomiting

Gram	stain	and
culture	of	stool,
wound,	or	suspected
food
Demonstrate	toxin	in
stool,	serum,	or	food
by	mouse
neutralization	test

Trivalent	antitoxin
Wound	debridement,	penicillin	G	(or	metronidazole	if
penicillin	allergy)
Nasogastric	lavage



Organophosphates Dysphagia,
diplopia,	ptosis,
dysarthria
Use	of
insecticides
Cholinergic
toxicity
(vomiting,
diarrhea,
weakness,
cramps,
sweating,
ataxia,	mental
status	changes)

History	of	exposure
RBC	acetyl
cholinesterase	level
Atropine	1	mg
challenge

Atropine
Pralidoxime
Benzodiazepine
Cutaneous	decontamination

Neuralgic
amyotrophy

Shoulder	and
neck	pain,	upper
extremity
weakness,
breathlessness,
orthopnea

Fluoroscopy	of
diaphragm,	chest
film,	EMG

Analgesics,	possible	glucocorticoids

CSF,	cerebrospinal	fluid;	CT,	computed	tomography;	EMG,	electromyogram;	MRI,	magnetic
resonance	imaging;	NCS,	nerve	conduction	study;	RBC,	red	blood	cell.

Adapted	from	Hollingsworth	HM,	Irwin	RS.	Extrapulmonary	causes	of	respiratory	failure.	Irwin	&
Rippe’s	Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;	2018:1453-1469.	Benditt	JO,	Boitano
LJ.	Pulmonary	issues	in	patients	with	chronic	neuromuscular	disease.	Am	J	Respir	Crit	Care	Med.
2013;187:1046-1055.	Gibson	K,	Bonaventure	Uwineza	J,	Kiviri	W,	et	al.	Tetanus	in	developing
countries:	a	case	series	and	review.	Can	J	Anaesth.	2009;56:307-315.	Aguirre	VJ,	Sinha	P,
Zimmet	A,	et	al.	Phrenic	nerve	injury	during	cardiac	surgery:	mechanisms,	management	and
prevention.	Heart	Lung	Circ.	2013;22:895-902.	Peters	JI,	Stupka	JE,	Singh	H,	et	al.	Status
asthmaticus	in	the	medical	intensive	care	unit:	a	30-year	experience.	Respir	Med.	2012;106:344-
348.	Alhazzani	W,	Alshahrani	M,	Jaeschke	R,	et	al.	Neuromuscular	blocking	agents	in	acute
respiratory	distress	syndrome:	a	systematic	review	and	meta-analysis	of	randomized	controlled
trials.	Crit	Care.	2013;17:R43.

TABLE	165.3

Respiratory	Failure	Caused	by	Respiratory	Muscle
Dysfunction



Causes Salient
Features

Diagnostic
Tests

Specific
Treatment

Muscle	dystrophies Proximal
muscle
weakness	and
atrophy
Hereditary

Muscle	biopsy
Elevated	CPK
Genetic
analysis

Supportive
Duchenne:
prednisone

Myotonic	dystrophies Myotonia,
ptosis
Distal	and	facial
muscle
weakness	and
atrophy
Hereditary

Muscle	biopsy
EMG	genetic
analysis

Supportive
Possibly	mexiletine
and	acetazolamide

Periodic	paralyses Hypokalemic,
hyperkalemic,
or
normokalemic
Genetic
Muscle
weakness
associated	with
exercise,
emotional	upset,
cold,	alcohol

Serum
potassium
Family	history

Avoid	precipitating
factors
Carbonic	anhydrase
inhibitor

Glycogen	storage	diseases
(Pompe	and	McArdle
diseases)

Exercise-related
muscle
cramping;
slowly
progressive
muscle
weakness	and
atrophy

CPK,	muscle
biopsy	with
assay	for	acid
maltase,	muscle
phosphorylase
levels

Supportive

Dermatomyositis/polymyositis Proximal Elevated	CPK, Glucocorticoids



muscle
weakness
Rash	in
dermatomyositis
Difficulty
swallowing

aldolase
EMG
Muscle	biopsy

Immunosuppressants

Hyperthyroidism Thyrotoxicosis
heat	intolerance,
tachycardia,
hyperreflexia

TSH,	TFTs Propylthiouracil,
methimazole
See	Chapter	141:
Severe
Hyperthyroidism

Hypothyroidism Myxedema,
cold	intolerance
Hyporeflexia,
bradycardia

TSH,	TFTs Replace	thyroid
hormone
See	Chapter	142:
Myxedema	Coma

Hyperadrenocorticalism Cushingoid
appearance

Serum	cortisol
Dexamethasone
suppression
test,	adrenal	CT
scan

Depends	on	cause

Rhabdomyolysis	secondary	to
colchicine	or	chloroquine
toxicity

Muscle	pain,
swelling,
myoglobulinuria

↑	CPK Supportive

Infectious	myositis
(trichinosis	or	viral)

Muscle
tenderness,
weakness,	fever

Serology
Muscle	biopsy

Rest
Glucocorticoids,
thiabendazole	or
mebendazole

Hypophosphatemia Weakness
Difficulty
weaning

↓	Phosphate Replete
See	Chapter	140:
Disorders	of	Mineral
Metabolism

Hypermagnesemia	or
hypomagnesemia

Weakness
Difficulty
weaning

↑	or	↓	Mg++



Hypokalemia Weakness ↓	K+ Replete

Hypercalcemia Lethargy,
confusion

↑	Ca++ See	Chapter	94:
Oncologic
Emergencies	and
Chapter	140:
Disorders	of	Mineral
Metabolism

Eosinophilia-myalgia l-tryptophan
ingestion
Muscle
tenderness	and
weakness
Fasciitis

Eosinophilia
Muscle	biopsy

Discontinue	l-
tryptophan
Supportive

Procainamide-induced
myopathy

Weakness
Respiratory
failure

Muscle	biopsy,
↑	CPK

Discontinue
procainamide

Acute	myopathy	secondary	to
neuromuscular	blocking
agents

Neuromuscular
blocking	agents
Glucocorticoids
Rapid	onset
weakness

EMG
Muscle	biopsy

Supportive

↑,	increased;	↓,	decreased;	CPK,	creatinine	phosphokinase;	CT,	computed	tomography;	EMG,
electromyography;	TFT,	thyroid	function	test;	TSH,	thyroid-stimulating	hormone.

Adapted	from	Hollingsworth	HM,	Irwin	RS.	Extrapulmonary	causes	of	respiratory	failure.	Irwin	&
Rippe’s	Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;	2018:1453-1469.	Braun	NMT,	Arora	NS,
Rochester	DF.	Respiratory	muscle	and	pulmonary	function	in	polymyositis	and	other	proximal
myopathies.	Thorax.	1983;38:616.	Benditt	JO,	Boitano	LJ.	Pulmonary	issues	in	patients	with
chronic	neuromuscular	disease.	Am	J	Respir	Crit	Care	Med.	2013;187:1046-1055.	Peters	JI,
Stupka	JE,	Singh	H,	et	al.	Status	asthmaticus	in	the	medical	intensive	care	unit:	a	30-year
experience.	Respir	Med.	2012;106:344-348.	Alhazzani	W,	Alshahrani	M,	Jaeschke	R,	et	al.
Neuromuscular	blocking	agents	in	acute	respiratory	distress	syndrome:	a	systematic	review	and
meta-analysis	of	randomized	controlled	trials.	Crit	Care.	2013;17:R43.	Thornton	CA.	Myotonic
dystrophy.	Neurol	Clin.	2014;32:705-719.	Boentert	M,	Karabul	N,	Wenninger	S,	et	al.	Sleep-
related	symptoms	and	sleep-disordered	breathing	in	adult	Pompe	disease.	Eur	J	Neurol.
2015;22:369-376.	Troyanov	Y,	Targoff	IN,	Tremblay	JL,	et	al.	Novel	classification	of	idiopathic
inflammatory	myopathies	based	on	overlap	syndrome	features	and	autoantibodies:	analysis	of
100	French	Canadian	patients.	Medicine	(Baltimore).	2005;84:231.



TABLE	165.4

Respiratory	Failure	Caused	by	Chest	Wall,	Pleural,	and
Upper	Airway	Diseases

Causes Salient	Features Diagnostic	Tests

Chest	wall	and	pleural	disorders

Kyphoscoliosis Spinal	curvature
≥120°
Progressive	dyspnea
on	exertion	over
several	years

Spinal	x-ray	films
Restriction	on	PFTs

Obesity-hypoventilation Massive	chest	wall
obesity	±	sleep	apnea

Polysomnography
↓	CO2	response	curve
↓	Chest	wall	compliance

Flail	chest Multiple	rib
fractures,	paradoxic
respiration	±	pleuritic
chest	pain

Chest	film

Fibrothorax Asbestos	exposure,
pleural	infection,
pleural	hemorrhage,
uremia,	collagen
vascular	disease

Observation	of	chest
wall
Restriction	on	PFTs
Decreased	maximum
static	elastic	recoil
pressure

Thoracoplasty Chest	wall	deformity
secondary	to
resection	of	ribs

Restriction	on	PFTs
Chest	film

Ankylosing	spondylitis Limited	chest
expansion
Apical	pulmonary
fibrosis
Limited	lumbar

PFTs	(↑	functional
residual	capacity,	↓	total
lung	capacity)
HLA-B27
Spine	and	sacroiliac	x-



mobility
Chronic	lower	back
pain

ray	films

Upper	airway	obstruction

Acute	epiglottis Fever,	sore	throat,
stridor,	dysphagia

Soft	tissue	films	of	neck

Acute	laryngeal	edema

Angioedema/anaphylaxis Stridor	in	setting	of
Hymenoptera	sting,
contrast	media,	or
drug	administration

Other	evidence	of
angioedema/anaphylaxis;
complement	levels

Traumatic Stridor	after
endotracheal
extubation

History

Foreign	body	aspiration Unable	to	speak
Stridor	or	apnea

X-ray	film	may	be
helpful	to	identify
foreign	body	below
cords

Retropharyngeal
hemorrhage

Associated	with
anticoagulation	or
head	and	neck
surgery
Sore	throat

Soft	tissue	film	of	neck
CT	scan	or	tomography

Bilateral	vocal	cord
paralysis

Stridor
Aspiration

Flow-volume	loop
Laryngoscopy

Laryngeal	and	tracheal
tumors

Dyspnea
Hoarseness;
dysphonia
Stridor

Flow-volume	loop
Tomography
Laryngotracheoscopy

Tracheal	stenosis Progressive	dyspnea
History	of

Flow-volume	loop
Tomography



endotracheal
intubation

Tracheomalacia Laryngotracheoscopy

Idiopathic	obstructive
sleep	apnea

Snoring
Daytime
hypersomnolence
Pulmonary
hypertension
Cor	pulmonale

Polysomnography

Adenotonsillar
hypertrophy

Daytime
hypersomnolence
Obstructive	sleep
apnea
Stridor

Direct	visualization
Lateral	x-ray	film

Obstructive	goiter Enlarged	thyroid Tomography
CT	scan

↑,	increased;	↓,	decreased;	BPAP,	bilevel	positive	airway	pressure;	CPAP,	continuous	positive
airway	pressure;	CT,	computed	tomography;	HLA-B27,	human	leukocyte	antigen	B27;	PFT,
pulmonary	function	test.

Adapted	from	Hollingsworth	HM,	Irwin	RS.	Extrapulmonary	causes	of	respiratory	failure.	Irwin	&
Rippe’s	Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;	2018:1453-1469.	Mokhlesi	B,	Kryger
MH,	Grunstein	RR.	Assessment	and	management	of	patients	with	obesity	hypoventilation
syndrome.	Proc	Am	Thorac	Soc.	2008;5:218.	Epstein	LJ,	Kristo	D,	Strollo	PJ,	et	al:	Clinical
guideline	for	the	evaluation,	management,	and	long-term	care	of	obstructive	sleep	apnea	in
adults.	J	Clin	Sleep	Med.	2009;5:263.

2 	Functionally,	extrapulmonary	disorders	can	lead	to	hypercapnic	respiratory
failure	caused	by	a	decrease	 in	normal	 force	generation	 (eg,	CNS	dysfunction,
peripheral	nervous	 system	abnormalities,	or	 respiratory	muscle	dysfunction)	or
an	 increase	 in	 impedance	 to	 bulk	 flow	 ventilation	 (eg,	 chest	 wall	 and	 pleural
disorders	or	upper	airway	obstruction).

DIAGNOSIS



General	Considerations
1 	 Arterial	 hypercapnia	 in	 the	 presence	 of	 a	 normal	 alveolar-arterial	 oxygen
tension	(P(A-a)O2)	gradient	on	room	air	 is	 the	sine	qua	non	of	extrapulmonary
respiratory	 failure.1	 The	 normal	 gradient	 reflects	 the	 fact	 that,	 in	 pure
extrapulmonary	 failure,	 distal	 gas	 exchange	 is	 normal,	 and	 the	 decrease	 in	 the
partial	 pressure	 of	 arterial	 oxygen	 (PaO2)	 directly	 reflects	 the	 decrease	 in	 the
partial	 pressure	 of	 alveolar	 oxygen	 (PAO2).	 A	 P(A-a)O2	 gradient	 of	 less	 than
20	 mm	 Hg	 in	 the	 presence	 of	 an	 elevated	 partial	 pressure	 of	 carbon	 dioxide
(PaCO2)	 is,	 with	 few	 exceptions,	 diagnostic	 of	 extrapulmonary	 respiratory
failure.1	 The	 main	 exception	 occurs	 for	 patients	 with	 chronic	 obstructive
pulmonary	 disease	 (COPD)	who	 have	 increasing	 hypercapnia.	 Their	 P(A-a)O2

gradient	 can	 occasionally	 narrow	 to	 normal,	 probably	 related	 to	 substantial
changes	in	the	position	of	the	alveolar	and	arterial	points	on	the	oxyhemoglobin
dissociation	 curve	 related	 to	 ventilation-perfusion	 inequalities.1	 Thus,	 arterial
hypercapnia	 with	 a	 normal	 P(A-a)O2	 gradient	 is	 consistent	 with	 pure
extrapulmonary	respiratory	failure,	but	a	normal	P(A-a)O2	cannot,	by	itself,	rule
out	severe	COPD.

2 	 Pulmonary	 parenchymal	 disease	 can	 also	 exist	 concomitantly	 with
extrapulmonary	 dysfunction.	 This	 coalescence	 of	 clinical	 processes	 may	 be
suggested	 by	 the	 combination	 of	 hypercapnia	 and	 only	 mild-to-moderate
widening	of	the	P(A-a)O2	gradient.	A	gradient	between	20	and	30	mm	Hg	in	the
presence	 of	 arterial	 hypercapnia	 should	 raise	 the	 suspicion	 that	 a	 significant
element	of	 extrapulmonary	dysfunction	may	be	present.	 It	 is	 also	 important	 to
realize	that	even	when	the	P(A-a)O2	gradient	exceeds	30	mm	Hg,	some	degree	of
extrapulmonary	dysfunction	 can	 also	 be	 present	 in	 association	with	 significant
pulmonary	 impairment.	 For	 example,	 when	 hypercapnic	 respiratory	 failure
results	 from	 an	 acute	 exacerbation	 of	 COPD,	 respiratory	muscle	 fatigue	 often
contributes	to	the	development	of	carbon	dioxide	retention.1

Clinical	Features	of	Hypercapnia
Separately	 from	 any	 specific	 features	 of	 the	 underlying	 etiology	 causing
hypoventilation,	 hypercapnia	 should	 be	 suspected	 among	 patients	 presenting
with	 anxiety,	 dyspnea,	 lethargy,	 headaches,	 asterixis,	 myoclonus,	 seizures,	 or
altered	 sensorium	 (delirium,	 confusion,	 paranoia,	 coma).	 These	 symptoms	 and
signs	may	 develop	 gradually	 or	 as	 a	more	 acutely	 fulminant	 decompensation.
Normal	 individuals	may	 tolerate	 PaCO2	 levels	 up	 to	 75	 to	 80	mm	Hg	 acutely



before	 exhibiting	 depressed	 consciousness.	 Patients	 with	 chronic	 hypercapnia,
on	the	other	hand,	may	not	develop	symptoms/signs	until	the	PaCO2	exceeds	90
to	100	mm	Hg.

Decrease	of	Normal	Force	Generation
Because	the	inspiratory	muscles	generate	the	force	that	results	in	ventilation,	any
condition	 that	 directly	 or	 indirectly	 impairs	 respiratory	 muscle	 function	 can
result	 in	 decreased	 force	 generation.1	 Dysfunction	 of	 the	 respiratory	 center,
peripheral	 nervous	 system	 pathways,	 or	 the	 respiratory	 muscles	 themselves
decreases	the	force	available	to	produce	ventilation.	If	this	impairment	is	severe
enough,	the	level	of	minute	ventilation	will	be	insufficient	to	clear	the	amount	of
carbon	 dioxide	 produced	 by	 ongoing	 metabolic	 processes	 and	 hypercapnic
respiratory	failure	results.

An	 acute	 decrease	 in	 CNS	 output	 sufficient	 to	 result	 in	 hypercapnic
respiratory	 failure	 (eg,	 acute	 narcotic	 overdose)	 is	 usually	 accompanied	 by
obvious	 evidence	 of	 generalized	 CNS	 depression.	 In	 contrast,	 a	 chronic	 (eg,
primary	alveolar	hypoventilation)	or	episodic	(eg,	central	sleep	apnea)	cause	of
decreased	 impulse	 formation	 may	 present	 a	 much	 more	 difficult	 diagnostic
dilemma.	 Tests	 to	 evaluate	 respiratory	 center	 drive,	 such	 as	 voluntary
hyperventilation,	 carbon	 dioxide	 stimulation,	 or	 polysomnography,	 may	 be
necessary	to	define	the	problem.

Peripheral	nervous	system	dysfunction	or	primary	weakness	of	the	respiratory
muscles	is	often	indicated	by	the	presence	of	certain	suggestive	clinical	findings
that	vary	depending	on	the	specific	entity	present	(see	the	following	discussion).
Respiratory	 muscle	 fatigue	 or	 weakness	 may	 be	 suspected	 clinically	 and
documented	 using	 a	 number	 of	 tests	 designed	 to	 evaluate	 respiratory	 muscle
function.

Symptoms	are	usually	nonspecific;	patients	may	report	dyspnea	on	exertion,
either	when	 supine	 (bilateral	 diaphragmatic	paralysis)	 or	when	upright	 (C5-C6
quadriplegia).	 Reports	 of	 weakness	 of	 other	 muscle	 groups,	 difficulty
swallowing,	 and	 change	 in	voice	volume	or	 tone	may	be	other	 clues.	Physical
findings	of	changes	in	the	rate,	depth,	and	pattern	of	breathing	suggest	stressed,
fatigued,	or	weakened	respiratory	muscles.	For	example,	an	increased	respiratory
rate,	 a	 decreased	 tidal	 volume,	 and	 paradoxic	 inward	 motion	 of	 the	 anterior
abdominal	wall	during	inspiration	may	be	observed.	The	latter	finding	indicates
a	 failure	 of	 the	 diaphragm	 to	 contract	 sufficiently	 to	 descend	 and	 move	 the
abdominal	 contents	 downward	 and	 the	 abdominal	 wall	 outward	 during



inspiration.	 A	 breathing	 pattern	 that	 cycles	 between	 predominantly	 chest	 wall
and	 predominantly	 abdominal	 wall	 motion,	 called	 respiratory	 alternans,
represents	 the	 alternating	 contraction	 of	 intercostal	 and	 accessory	muscles,	 on
the	one	hand,	and	the	diaphragm,	on	the	other.	The	assumption	is	that	these	two
muscle	groups	alternate	in	their	contribution	to	the	work	of	breathing,	allowing
alternating	rest	during	periods	of	muscle	overload	or	fatigue.

3 	 Two	 readily	 available	 tests	 can	 be	 useful	 diagnostically	 to	 help	 assess
respiratory	muscle	 function.	First,	measurements	of	maximal	 inspiratory	 (MIP)
and	expiratory	pressures	(MEP)	at	the	mouth	are	easy	to	perform,	noninvasive,
and	 can	 accurately	 predict	 the	 development	 of	 hypercapnic	 respiratory	 failure
caused	by	decreased	respiratory	muscle	force	generation.1,8	Arterial	hypercapnia
caused	 by	 respiratory	muscle	weakness	 is	 generally	 not	 seen	 until	 the	MIP	 is
reduced	to	30%	or	less	of	predicted	normal.1,8	Although	normal	predicted	values
can	vary	widely	(primarily	on	the	basis	of	age	and	gender),1,8	a	MIP	less	negative
than	 −30	 cm	 H2O	 (eg,	 −20	 cm)	 is	 likely	 to	 be	 associated	 with	 arterial
hypercapnia.8,14	 MEPs	 are	 also	 reduced	 when	 there	 is	 respiratory	 muscle
weakness,	 and,	 in	 some	 neuromuscular	 disorders,	 the	 decrease	 may	 be	 even
greater	than	that	of	the	corresponding	inspiratory	pressure.8	A	MEP	of	less	than
40	cm	H2O	is	generally	associated	with	an	ineffective	cough,	difficulty	clearing
secretions	and	a	high	incidence	of	aspiration,	atelectasis,	and	pneumonia.14

4 	 A	 second	measurement	 that	 is	 valuable	 in	 predicting	 the	 development	 of
arterial	 hypercapnia	 caused	 by	 neuromuscular	 weakness	 is	 the	 vital	 capacity
(VC).	Although	a	VC	of	less	than	1	L,	or	less	than	15	mL/kg	of	body	weight	is
commonly	 associated	 with	 arterial	 hypercapnia,1,14	 the	 VC	 is	 a	 less	 sensitive
predictor	 of	 arterial	 hypercapnia	 than	 is	 the	MIP,	 particularly	 in	 patients	 with
chest	wall	disorders	such	as	kyphoscoliosis.8	Significant	arterial	hypercapnia	 is
unlikely	to	occur	with	an	inspiratory	pressure	more	negative	than	−30	cm	H2O;
however,	 arterial	 hypercapnia	may	 be	 present	with	 a	 vital	 capacity	 as	 high	 as
55%	or	as	low	as	20%	of	the	predicted	value.1,8

The	measurement	 of	 transdiaphragmatic	 pressures	 (P	 di)	 and	 diaphragmatic
electromyograms	 (EMGs),	 although	 not	 commonly	 used	 clinically,	 may	 be
helpful.	An	inspiratory	effort	associated	with	a	P	di	consistently	more	than	40%
of	maximum	predictably	results	in	diaphragmatic	fatigue.15	Therefore,	it	follows
that	patients	with	diaphragmatic	weakness	 and	a	 reduced	maximum	P	 di	 are	 at
risk	 for	 developing	 diaphragmatic	 fatigue	 and	 respiratory	 failure,	 even	 in	 the
face	of	normal	MIP.15

For	 those	 readers	 interested	 in	 assessing	 diaphragm	 function	 with	 point	 of
care	 ultrasonography,	 a	 section	 discussing	 this	 can	 be	 found	 in	 Chapter	 168:



Discontinuation	of	Mechanical	Ventilation.

Central	Nervous	System	Dysfunction
The	respiratory	center,	located	in	the	brainstem,	is	composed	of	two	main	parts,
the	medullary	center	(responsible	for	initiation	and	maintenance	of	spontaneous
respiration)	 and	 the	 pneumotaxic	 center	 in	 the	 pons	 (helps	 coordinate	 cyclic
respiration).	A	decrease	in	central	drive	can	occur	owing	to	a	direct	central	loss
of	sensitivity	to	changes	in	PaCO2	and	pH	or	a	peripheral	chemoreceptor	loss	of
sensitivity	 to	hypoxia	as	a	 result	of	CNS	depressants,	metabolic	abnormalities,
structural	 lesions,	 primary	 alveolar	 hypoventilation,	 and	 central	 sleep	 apnea
(Table	165.1).1-3

Peripheral	Nervous	System	Dysfunction
Disruption	of	impulse	transmission	from	the	respiratory	center	to	the	respiratory
muscles	 can	 eventuate	 in	 respiratory	 failure.	This	 disruption	 can	 be	 caused	 by
spinal	 cord	 disease,	 anterior	 horn	 cell	 disease,	 peripheral	 neuropathy,	 or
neuromuscular	 junction	 blockade	 (Table	 165.2).1,2,4-7,14,16	 Denervation	 of	 the
inspiratory	muscles	 may	 occur	 as	 part	 of	 a	 generalized	 process	 (eg,	 Guillain-
Barré	syndrome	[GBS],	myasthenia	gravis	[MG]14)	or	as	an	isolated	abnormality
(eg,	phrenic	nerve	palsy	 secondary	 to	hypothermic	cardioplegia	during	cardiac
surgery5,17).

The	 effect	 on	 the	 respiratory	 system	 of	 interruption	 of	 CNS	 impulse
transmission	as	a	result	of	spinal	cord	abnormalities	is	highly	dependent	on	the
level	of	 the	 injury.1	A	 lesion	 at	 the	C3	vertebral	 level	 or	 above	 abolishes	 both
diaphragmatic	 and	 intercostal	 activities,	 leaving	 only	 some	 residual	 accessory
muscle	 function.	 The	 result	 is	 severe	 hypercapnic	 respiratory	 failure.	 Acute
spinal	cord	lesions	at	the	C5	and	C6	levels	produce	an	immediate	fall	in	the	VC
to	30%	of	the	predicted	value,	owing	to	loss	of	intercostal	and	abdominal	muscle
function.1	 This	 is	 associated	with	 a	 limitation	 of	 both	 inspiratory	 capacity	 and
active	 expiration.	 Within	 approximately	 3	 months	 of	 injury,	 however,	 the
denervated	 muscles	 become	 stiff,	 which	 enables	 improved	 diaphragmatic
efficiency.	This	improvement	usually	leads	to	an	increase	in	the	VC	back	to	50%
to	60%	of	normal.	Midthoracic	spinal	cord	 lesions	have	 relatively	 little	 impact
on	 respiratory	 muscle	 function	 because	 they	 principally	 affect	 the	 abdominal
muscles,	resulting	in	only	a	limitation	of	active	expiration	and	cough.1

Most	 spinal	 cord	 diseases	 interrupt	 impulse	 transmission,	 resulting	 in



respiratory	 muscle	 weakness,	 but	 two	 notable	 exceptions	 exist:	 tetanus	 and
strychnine	poisoning.	In	both	conditions,	inhibitory	influences	at	the	spinal	cord
and	anterior	horn	cell	level	decrease,4,16	causing	a	simultaneous	increase	in	motor
activity	to	groups	of	muscles	that	are	normally	antagonistic	to	one	another.	This
results	 in	 intense	 muscle	 spasms,	 including	 involvement	 of	 the	 upper	 airway
muscles,	diaphragm,	and	intercostal	muscles.	The	repetitive	spasms	and	episodes
of	 apnea	 result	 in	 severe	 arterial	 hypoxemia,	 hypercapnia,	 metabolic	 acidosis,
and	rhabdomyolysis.4,16

Diseases	 that	 involve	 the	 anterior	 horn	 cells	 of	 the	 spinal	 cord	 interrupt
efferent	 impulse	 transmission.	Amyotrophic	 lateral	 sclerosis	 (ALS)	 is	 the	most
common	anterior	horn	cell	disease	causing	respiratory	failure.	In	most	cases	of
ALS,	 the	 patient	 develops	 segmental	muscular	 atrophy,	weakness	 of	 the	 distal
extremities,	 hyperreflexia,	 fasciculations,	 and	 bulbar	 paralysis.1	 Although
respiratory	failure	usually	develops	late	in	the	course	of	the	disease,	it	may	rarely
be	the	presenting	manifestation.1	Repetitive	episodes	of	aspiration	secondary	to
bulbar	 dysfunction	 may	 contribute	 to	 respiratory	 impairment.	 A	 post-polio
syndrome,	 characterized	 by	 new,	 slowly	 progressive	 muscle	 weakness,	 may
develop	years	after	recovery	from	acute	poliomyelitis	(now	a	much	less	common
disease	involving	the	anterior	horn	cells	of	the	spinal	cord).1

Polyneuropathies	with	prominent	motor	neuron	 involvement,	 (eg,	GBS)	can
affect	 the	 respiratory	 nerves	 and	 lead	 to	 respiratory	 failure	 (Chapter	 152:
Guillain-Barré	 Syndrome).	 Symmetric,	 predominantly	 distal	 muscle	 weakness
with	absent	tendon	reflexes	is	the	typical	presentation.2	In	one	series	of	patients
with	 GBS,	 28%	 required	 mechanical	 ventilatory	 assistance.	 The	 average
duration	 of	mechanical	 ventilation	was	 9	weeks	 (range	 3	weeks	 to	 7	months).
Although	the	mortality	rate	is	generally	low,	21%	of	hospitalized	patients	died	in
one	 series.18	 GBS	 may	 be	 associated	 with	 autonomic	 dysfunction	 in
approximately	 two-thirds	 of	 patients,	 including	 tachyarrhythmias	 and
bradyarrhythmias,	 blood	 pressure	 fluctuations,	 abnormal	 hemodynamic
responses	to	drugs,	flushing	and	sweating,	pupillary	light	unresponsiveness,	and
also	bladder	and	bowel	dysfunction	(eg,	ileus).18

Dinoflagellate	 toxin	 poisoning,	 from	 red	 tide–contaminated	 shellfish	 and
ciguatera-contaminated	reef	and	other	fish,	is	a	dramatic	but	uncommon	cause	of
peripheral	 neuropathy	 that	 can	 produce	 respiratory	 failure.1	 The	 responsible
agents	are	heat-stable	neurotoxins	that	interfere	with	action	potential	propagation
along	 peripheral	 nerves.	During	 the	warm	 summer	months,	 the	 dinoflagellates
that	 produce	 the	 toxins	 proliferate	 and	 are	 ingested	 by	 shellfish	 and	 fish.	 The
clinical	 picture	 is	 virtually	 pathognomonic.	 Within	 30	 minutes	 of	 ingesting
contaminated	 shellfish,	 tingling	 and	 numbness	 of	 the	 face,	 lips,	 and	 tongue



develop.	 Paresthesias	 and	 muscle	 weakness	 follow,	 with	 rapid	 progression	 to
limb	 and	 respiratory	 muscle	 paralysis.1	 Multiple-case	 presentations	 from	 one
source	of	exposure	are	common.

Peripheral	 phrenic	 nerve	 palsies	 can	 contribute	 to	 or	 cause	 hypercapnic
respiratory	 failure,	 particularly	 if	 they	 are	 bilateral.1	 Bilateral	 phrenic	 nerve
palsies	have	been	described	as	an	uncommon	complication	of	hypothermia	used
for	 cardioplegia	 during	 cardiac	 surgery	 (particularly	 when	 ice	 slush	 is	 used),5
trauma,5	a	variety	of	neurologic	diseases	(eg,	poliomyelitis	and	GBS),5	Charcot-
Marie-Tooth	 disease,1	 intrathoracic	 malignancies,	 and	 as	 a	 part	 of	 a
paraneoplastic	 syndrome.1	 Bilateral	 diaphragmatic	 paralysis	 can	 also	 be
idiopathic.	 The	 characteristic	 clinical	 findings	 of	 bilateral	 diaphragmatic
paralysis	 are	 severe	 orthopnea	 and	 marked	 abdominal	 paradoxical	 muscle
movement	 in	 the	 supine	 position.1,17	 Fluoroscopy	 during	 a	 sniff	 test	 is	 more
helpful	for	identifying	unilateral	than	bilateral	diaphragmatic	paralysis,	because
upward	motion	of	the	ribs	during	inspiration	when	there	is	bilateral	paralysis	can
make	 the	 diaphragm	 appear	 to	 descend.	 The	 diagnosis	 of	 diaphragmatic
paralysis	is	usually	confirmed	by	transdiaphragmatic	pressure	measurements	that
reveal	a	minimal	or	an	absent	P	di	gradient.1	EMG	of	the	diaphragm	and	phrenic
nerve	conduction	velocity	studies	may	also	be	helpful.

Several	 other	 causes	 of	 peripheral	 neuropathy	 can	 involve	 the	 efferent
pathways	 to	 the	 respiratory	 muscles,	 including	 diphtheria,	 herpes	 zoster
infection,	 tick	paralysis,	 acute	 intermittent	porphyria,	beriberi,	 and	a	variety	of
metabolic	disorders.2	Respiratory	failure	associated	with	diphtheria	is	of	delayed
onset,	usually	occurring	4	to	6	weeks	after	the	onset	of	illness.2	Tick	paralysis	is
seen	mainly	among	children	on	whom	 the	presence	of	 the	 tick	goes	unnoticed
for	5	to	6	days.2	In	acute	intermittent	porphyria,	respiratory	involvement	may	be
a	slowly	progressive	process	or	may	cause	an	abrupt	deterioration	in	respiratory
function	 as	 a	 result	 of	 bilateral	 phrenic	 nerve	 paralysis.1	 MG,14	 botulism,1
organophosphate	poisoning,2	and	a	variety	of	drugs	can	produce	neuromuscular
blockade	that	results	in	respiratory	failure.1	Although	patients	with	MG	typically
show	signs	of	obvious	muscle	weakness	and	rapid	fatigability,	particularly	of	the
cranial	muscles,	before	the	development	of	respiratory	failure,	acute	respiratory
failure	 is	 occasionally	 a	 presenting	 manifestation.2,14	 More	 commonly,
respiratory	 failure	 complicates	 MG	 after	 surgical	 procedures,	 following	 the
institution	 of	 glucocorticoid	 therapy,	 or	 as	 a	 result	 of	 under-	 or	 overtreatment
with	anticholinesterase	medications.14

Although	the	diagnosis	of	MG	is	suspected	on	clinical	grounds	and	a	positive
response	 to	 edrophonium	 chloride	 (Tensilon)	 is	 supportive,	 the	 diagnosis	 is
confirmed	by	typical	EMG	findings	(decremental	responses	on	repetitive	nerve



stimulation)	 and	 an	 elevated	 serum	 level	 of	 antibodies	 to	 acetylcholine
receptors1,14	(Chapter	153:	Myasthenia	Gravis	in	the	Intensive	Care	Unit).	Part	of
the	management	of	a	patient	with	MG	includes	serial	measurements	of	the	MIP
and	VC	to	assess	the	risk	for	respiratory	failure	(25).	A	decrease	of	VC	to	less
than	20	mL/kg	body	weight,	decrease	of	MIP	to	less	negative	than	−30	cm	H2O,
or	decrease	of	MEP	to	less	than	40	cm	H2O	are	all	warning	signs	of	impending
respiratory	failure.14

Lambert-Eaton	syndrome,	a	form	of	neuromuscular	blockade	similar	to	MG,
occurs	in	association	with	certain	carcinomas,	particularly	small	cell	carcinoma
of	the	lung.1	The	neuromuscular	blockade	in	most	cases	precedes	other	evidence
of	the	carcinoma,	and	the	EMG	shows	an	incremental	pattern	unlike	that	in	true
myasthenia.

Critical	 illness	 polyneuropathy	 (CIP)	 occurs	 in	 the	 setting	 of	 sepsis	 and
multiorgan	 failure	 in	 up	 to	 30%	of	 patients	 by	 clinical	 examination	 and	 up	 to
70%	by	electrophysiologic	testing.1	Profound	generalized	muscle	weakness	as	a
result	 of	 CIP	 is	 a	 major	 reason	 why	 these	 patients	 often	 require	 prolonged
mechanical	ventilatory	support.	Similar	to	patients	with	GBS,	patients	with	CIP
also	have	areflexia,	but	in	contrast,	they	may	also	have	prominent	sensory	nerve
deficits	 and	 a	 normal	 cerebrospinal	 fluid	 (CSF)	 examination.
Electrophysiological	 testing	 helps	 to	 distinguish	 CIP	 from	GBS;	 in	 CIP	 nerve
conduction	studies	show	axon	degeneration	rather	than	demyelination.	Although
the	etiology	of	CIP	is	not	known,	it	is	predominantly	a	disease	of	older	patients
who	stay	in	the	intensive	care	unit	for	more	than	28	days	and	who	have	elevated
serum	 glucose	 and	 decreased	 albumin	 levels	 at	 the	 time	 of	 diagnosis.
Approximately	half	of	patients	with	sepsis,	multiorgan	system	failure,	and	CIP
survive,	 and	 the	 prognosis	 of	 survivors	 for	 significant	 improvement	 from	 the
neuropathy	 is	 good1	 (for	 additional	 details,	 see	 Chapter	 154:	 Newly	Acquired
Weakness	 in	 the	 Intensive	 Care	 Unit:	 Critical	 Illness	 Myopathy	 and
Neuropathy).

Prolonged	 administration	 (longer	 than	 2	 days)	 of	 neuromuscular	 blocking
agents	 (NMBAs),	 such	 as	 pancuronium	 and	 vecuronium,	 has	 been	 associated
with	 two	 distinct	 patterns	 of	 neuromuscular	 dysfunction6:	 (1)	 persistent
neuromuscular	 junction	 blockade	 in	 patients	 with	 renal	 insufficiency	 who
accumulate	 the	 parent	 drug	 and	 its	 active	 metabolites	 and	 (2)	 an	 acute
noninflammatory	 myopathy	 that	 becomes	 apparent	 as	 neuromuscular
transmission	 improves.	 The	 myopathy	 appears	 to	 be	 a	 consequence	 of	 an
interaction	between	NMBAs	and	glucocorticoids	and	seems	to	be	related	to	the
total	 dose	 and	 duration	 of	 action	 of	 the	 NMBA.7	 This	 has	 been	 particularly



dramatic	in	previously	healthy	asthmatic	patients,	approximately	15%	of	whom
develop	 muscle	 weakness	 after	 short-term	 use	 of	 an	 NMBA	 and	 high-dose
glucocorticoids.6	 In	 a	 systematic	 review	of	 trials	of	 cisatracurium	administered
by	 infusion	 for	 48	 hours	 to	 patients	 with	 acute	 respiratory	 distress	 syndrome
(ARDS)	(431	patients	of	which	190	received	glucocorticoids),	no	increased	risk
of	critical	 illness-acquired	weakness	was	noted	in	the	cisatracurium	groups.7	 In
general,	it	appears	that	NMBAs	given	for	short	periods	appear	safe	for	patients
with	 ARDS;	 further	 testing	 is	 needed	 in	 additional	 populations,	 particularly
those	receiving	higher	doses	of	systemic	glucocorticoids.

Neuromuscular	 blockade	may	 also	 occur	 as	 a	 result	 of	 administration	 of	 a
variety	 of	 other	 drugs.1	 Certain	 cardiovascular	 drugs	 (eg,	 lidocaine,	 quinidine,
procainamide,	 and	 propranolol),	 anticonvulsants	 (eg,	 phenytoin	 and
trimethadione),	 d-penicillamine,	 and	 a	 number	 of	 antibiotics	 (most	 notably	 the
aminoglycosides)	 can	 prolong	 postoperative	 respiratory	 depression,	 unmask
underlying	MG,	or	cause	a	drug-induced	form	of	MG.1	The	definitive	diagnosis
of	 drug-induced	 neuromuscular	 blockade	 is	 usually	 made	 in	 retrospect	 if	 the
abnormality	reverses	after	elimination	of	the	offending	agent.	In	some	cases,	the
administration	 of	 calcium	 gluconate	 has	 been	 reported	 to	 result	 in	 prompt
improvement	in	neuromuscular	transmission.1

Prolonged	 neuromuscular	 blockade	 is	 occasionally	 seen	 after	 the
administration	 of	 succinylcholine	 to	 individuals	 with	 pseudocholinesterase
deficiency.2	 In	 contrast	 to	 the	 usual	 duration	 of	 paralysis	 of	 approximately	 3
minutes,	the	effect	in	these	individuals	usually	lasts	4	to	6	hours,	during	which
time	they	require	mechanical	ventilatory	support.2

In	 botulism,	 neuromuscular	 blockade	 develops	 as	 a	 result	 of	 a	 neurotoxin
produced	 by	 the	 bacteria	 Clostridium	 botulinum.	 Most	 cases	 are	 caused	 by
neurotoxin-contaminated	food,1	but,	occasionally,	botulism	develops	as	a	 result
of	 a	 wound	 infected	 with	 C.	 botulinum1	 (Chapter	 85:	 Botulism).	 Objective
changes	 in	 VC	 or	 MIP	 help	 to	 predict	 whether	 respiratory	 failure	 requiring
mechanical	ventilation	will	develop	as	discussed	previously.	Other	clues	are	the
presence	of	nausea,	vomiting,	diarrhea,	dyspnea,	ptosis,	or	extremity	weakness
on	initial	examination.

Organophosphates,	 commonly	 used	 in	 insecticides,	 inhibit	 the	 enzyme
cholinesterase,	 resulting	 in	 accumulation	 of	 acetylcholine	 at	 neurosynaptic
junctions.	The	symptoms	of	organophosphate	poisoning	are	those	of	cholinergic
toxicity,	 including	 blurred	 vision,	 weakness,	 vomiting,	 diarrhea,	 cramps,
sweating,	 increased	 secretions,	 incoordination,	 twitching,	 ataxia,	 mental	 status
changes,	 and,	 if	 severe	 enough,	 respiratory	 failure	 and	 death.1	 Respiratory
muscle	 paralysis	 combines	 with	 respiratory	 center	 depression,	 excessive



secretions,	 and,	 possibly,	 bronchoconstriction	 to	 cause	 respiratory	 failure1
(Chapter	119:	Pesticide-Herbicide	Poisonings).

Respiratory	Muscle	Dysfunction
A	 number	 of	 systemic	 myopathies	 feature	 prominent	 respiratory	 muscle
involvement,	including	muscular	dystrophies,	myotonic	disorders,	inflammatory
myopathies,	 periodic	 paralyses,	 metabolic	 storage	 diseases,	 endocrine
myopathies,	 infectious	 myopathies,	 toxic	 myopathies,	 rhabdomyolysis,	 and
electrolyte	disturbances	(Table	165.3).2,6-11

Generally,	 the	clinical	presentation	 is	widespread	 skeletal	muscle	weakness.
Muscle	weakness	 is	 the	 inability	 of	 a	muscle	 to	 generate	 the	 normal	 expected
level	 of	 force	 and	 should	 be	 distinguished	 from	muscle	 fatigue,	 which	 is	 the
inability	to	generate	the	preexistent	maximum	force	prior	to	putting	the	muscle
under	load	or	stress.	Fatigue	is	reversible	with	rest;	weakness	may	be	reversible
with	 reconditioning	 or	 the	 reversal	 or	 elimination	 of	 the	 causative	 factor	 (eg,
malnutrition,	 disuse	 atrophy).	 Respiratory	muscle	 involvement	 and	 respiratory
failure	 usually	 develop	 as	 the	 disease	 progresses.	 On	 occasion,	 however,
respiratory	 failure	 may	 be	 the	 presenting	 manifestation	 of	 a	 generalized
myopathy.1

The	muscular	dystrophies	 are	 inherited	disorders	 that	present	with	 evidence
of	 progressive	 proximal	muscle	weakness	 and	 atrophy.2	Duchenne	 and	Becker
muscular	dystrophies	are	caused	by	mutations	in	the	dystrophin	gene,	located	on
the	X	chromosome.1	Duchenne	dystrophy	usually	presents	at	approximately	2	to
3	years	of	age	and	Becker	dystrophy	at	approximately	15	to	20	years	of	age.	The
limb-girdle	muscular	 dystrophies	 are	 a	more	 heterogeneous	 group	of	 disorders
that	 show	 both	 autosomal	 recessive	 and	 autosomal	 dominant	 inheritance	 and
include	mutations	 in	 different	members	 of	 the	 sarcoglycan	 complex,	 including
motilin,	 dysferlin,	 caveolin,	 and	 sarcoglycan.	 Myofibrillar	 myopathy	 is	 also
associated	with	mutations	in	the	motilin	gene,	and	both	of	these	may	eventuate
in	respiratory	failure.1	The	 limb-girdle	muscular	dystrophies	 frequently	present
later	 in	 adulthood	 than	 do	 the	 dystrophin-related	 muscular	 dystrophies.1	 The
myotonic	 dystrophies	 are	 autosomal	 dominant	 disorders	 linked	 to	 two
chromosome	loci:	19q13,	where	a	CTG	repeat	has	been	found	in	the	intron	of	a
serine-threonine	protein	kinase	gene,	and	3q21,	where	a	CCTG	repeat	has	been
found	in	the	intron	of	zinc	finger	protein	9.9	The	most	prominent	clinical	features
are	 myotonia	 (ie,	 sustained	 contraction	 of	 muscles	 in	 response	 to	 direct
stimulation),	ptosis,	prominent	distal	and	facial	muscle	weakness,	and	atrophy.2,9

The	 periodic	 paralyses	 are	 genetic	 disorders	 characterized	 by	 attacks	 of



muscle	 weakness	 in	 response	 to	 a	 variety	 of	 precipitating	 factors	 such	 as
exercise,	 emotional	 upset,	 exposure	 to	 cold,	 and,	 in	 some	 cases,	 exposure	 to
alcohol.2	Patients	may	exhibit	hypokalemia,	hyperkalemia,	or	normokalemia.	In
some	patients,	the	disease	is	unmasked	when	they	become	hyperthyroid.

Glycogen	 storage	 diseases	 result	 from	 defects	 in	 muscle	 glycogenolysis	 or
glycogen	 storage.	 Examples	 include	 α-glucosidase	 deficiency	 (also	 called	 acid
maltase	 deficiency	 or	 glycogen	 storage	 disease	 )	 and	 muscle	 phosphorylase
deficiency	(also	called	McArdle	disease	or	glycogen	storage	disease	).	Patients
exhibit	 exercise-induced	 muscle	 cramping	 and	 slowly	 progressive	 muscle
weakness,	with	 or	without	 atrophy.2,10	On	 occasion,	 respiratory	 failure	may	 be
the	presenting	manifestation.10	The	diagnosis	is	confirmed	by	muscle	biopsy	and
chemical	assay	for	muscle	α-glucosidase	or	phosphorylase	level.

Polymyositis	 and	dermatomyositis	 are	 collagen	vascular	 diseases	 that	 cause
skeletal	 muscle	 inflammation.	 Proximal	 muscle	 weakness	 is	 prominent	 and
usually	develops	over	a	period	of	weeks	to	months.	Patients	may	have	difficulty
swallowing	 secondary	 to	 pharyngeal	 muscle	 involvement.	 Serum	 muscle
enzyme	 levels	 are	elevated.	Typical	EMG	and	muscle	biopsy	 findings	confirm
the	 diagnosis.11	 Respiratory	 muscle	 failure	 is	 an	 uncommon	 but	 not	 rare
complication	of	 inflammatory	myositis.8,11	Patients	with	polymyositis	may	also
develop	 interstitial	 lung	 disease,	 organizing	 pneumonia,	 and	 alveolar
hemorrhage.1

Increased	Impedance	to	Bulk	Flow
In	a	number	of	pulmonary	disorders,	the	development	of	hypercapnic	respiratory
failure	 is	 the	 result	 of	 a	 marked	 increase	 in	 impedance	 to	 ventilation	 (eg,
increased	 airflow	 resistance	 in	 COPD	 or	 asthma	 or	 increased	 elastic	 recoil	 in
interstitial	fibrosis)	that	even	normal	respiratory	muscle	force	generation	cannot
overcome.	 It	may	 be	 less	widely	 appreciated	 that	 increases	 in	 extrapulmonary
impedance	to	ventilation	can	also	result	in	hypercapnic	respiratory	failure.	These
disorders	can	be	divided	into	those	involving	a	decrease	in	chest	wall	or	pleural
compliance	 (eg,	 kyphoscoliosis	 or	 pleural	 fibrosis)	 and	 those	 involving	 an
increase	 in	 airflow	 resistance,	 resulting	 from	 upper	 airway	 obstruction	 (eg,
tracheal	stenosis	or	laryngeal	edema)	(Table	165.4).1,12,13

Chest	Wall	and	Pleural	Disorders
Kyphoscoliosis	 is	 a	common	cause	of	extrapulmonary	 respiratory	 failure.1	 The



severity	 of	 the	 scoliosis	 (ie,	 lateral	 curvature	 of	 the	 spine)	 is	 usually	 the	more
important	 factor	 in	 the	 development	 of	 respiratory	 failure	 than	 is	 the	 kyphosis
(ie,	 dorsal	 curvature	 of	 the	 spine).1	 In	 idiopathic	 kyphoscoliosis,	 chronic
hypercapnic	 respiratory	failure	generally	occurs	when	 the	angle	of	curvature	 is
120°	 or	 greater.1	 In	 contrast,	 in	 paralytic	 kyphoscoliosis	 (eg,	 as	 a	 result	 of
poliomyelitis),	 the	 angle	 of	 curvature	 does	 not	 reliably	 predict	 either	 VC	 or
hypercapnic	respiratory	failure.1	This	appears	to	be	owing	to	a	greater	element	of
muscle	 weakness	 in	 paralytic	 kyphoscoliosis.1	 The	 presence	 of	 markedly
decreased	 chest	 wall	 compliance	 is	 further	 complicated	 by	 inspiratory	muscle
weakness1	that	contributes	to	the	development	of	hypercapnic	respiratory	failure.
In	addition,	a	modest	element	of	pulmonary	gas	exchange	abnormality	is	usually
present.1

Patients	with	kyphoscoliosis	usually	 report	progressive	dyspnea	on	exertion
and	 exercise	 limitation	 for	 a	 period	of	 years	before	 actual	 arterial	 hypercapnia
develops.1	 In	 patients	 with	 moderately	 advanced	 kyphoscoliosis,	 acute
hypercapnic	 respiratory	 failure	may	 result	 from	 acute	 reversible	 complications
such	as	pulmonary	congestion,	retained	secretions,	or	a	pulmonary	infection.1

Massive	chest	wall	obesity	may	be	associated	with	significant	hypoventilation
and	 the	 development	 of	 hypercapnic	 respiratory	 failure.1	 This	 is	 termed	 the
obesity-hypoventilation	 syndrome.	 The	 pathogenesis	 of	 respiratory	 failure
appears	 to	 be	 multifactorial	 and	 includes	 significant	 reduction	 in	 chest	 wall
compliance,	 decreased	 respiratory	 muscle	 efficiency,	 reduced	 or	 blunted
respiratory	 center	 drive,	 and	 impaired	 pulmonary	 gas	 exchange	 as	 a	 result	 of
pulmonary	congestion.12

Upper	Airway	Obstruction
A	 variety	 of	 causes	 of	 upper	 airway	 obstruction	 involving	 the	 extrathoracic
upper	airway	or	intrathoracic	trachea	can	result	in	the	development	of	respiratory
failure	(Table	165.4).

Significant	upper	airway	obstruction	should	be	considered	for	the	patient	who
reports	dyspnea	in	association	with	inspiratory	stridor	(extrathoracic	obstruction)
or	 expiratory	 wheezing	 (intrathoracic	 obstruction),	 particularly	 if	 other
symptoms	suggest	an	upper	airway	process	(eg,	dysphagia	or	dysphonia).	Unless
the	patient	is	acutely	ill,	the	diagnosis	is	usually	evaluated	by	obtaining	a	flow-
volume	 loop.	 This	 technique	 not	 only	 demonstrates	 the	 presence	 of	 an	 upper
airway	obstruction	but	usually	also	helps	determine	whether	it	is	extrathoracic	or
intrathoracic	and	variable	or	fixed.	Studies	such	as	soft	tissue	neck	radiographs,
laryngoscopy,	 and	bronchoscopy	can	 identify	 the	 exact	nature	of	 the	 structural



abnormality.
Upper	airway	obstruction	from	bilateral	vocal	cord	paresis	or	paralysis	may

result	from	a	variety	of	causes.	The	most	common	cause	is	trauma,	particularly
related	 to	 thyroid	 surgery	 or	 endotracheal	 intubation.1	 Other	 causes	 include
tumors,	cricoarytenoid	arthritis,	herpes	simplex	viral	infection,	and	neurological
conditions,	 including	 GBS,	 Parkinson	 disease,	 and	 MG.1	 Bilateral	 vocal	 cord
paralysis	should	be	considered	when	one	of	 these	conditions	 is	present	and	the
patient	 reports	 aspiration,	 dyspnea,	 or	 stridor.1	 Hoarseness	 is	 usually	 absent
during	normal	speech	in	bilateral	adductor	paralysis.

Obstructive	 sleep	 apnea	 (OSA)	 is	 increasingly	 recognized	 as	 a	 cause	 of
intermittent	 functional	 upper	 airway	 obstruction.1	 Although	 obesity	 is	 a
significant	 risk	 factor,	 OSA	 can	 occur	 in	 its	 absence.13	 Episodic	 loss	 of
pharyngeal	 muscle	 tone	 caused	 by	 decreased	 respiratory	 center	 motor	 output,
usually	 during	 rapid	 eye	 movement	 sleep,	 results	 in	 intermittent	 airway
obstruction.1	 A	 disturbance	 in	 respiratory	 center	 control	 also	 accounts	 for	 the
mixed	apneas	(ie,	combination	obstructive	and	central	apneas)	frequently	seen	in
these	patients.1

Approximately	 10%	 to	 20%	 of	 patients	 with	 OSA	 have	 chronic	 alveolar
hypoventilation	 with	 elevation	 in	 PaCO2	 even	 while	 awake.	 These	 patients
frequently	have	concomitant	COPD	or	morbid	obesity.	Hypoxemia,	whether	just
at	 night	 or	 all	 day,	 eventually	 causes	 cardiac	 arrhythmias,	 pulmonary
hypertension,	and	cor	pulmonale.1

The	 diagnosis	 of	 OSA	 can	 be	 established	 by	 a	 sleep	 study
(polysomnography).13	Other	conditions	that	can	cause	or	exacerbate	OSA	should
be	 excluded,	 including	 adenotonsillar	 hypertrophy;	 deviated	 nasal	 septum;
retrognathia	 or	 micrognathia;	 macroglossia	 from	 acromegaly;	 endocrine	 and
metabolic	abnormalities	such	as	hypothyroidism;	CNS	depression	from	ethanol,
barbiturates,	 and	 benzodiazepines;	 and	 exogenous	 androgen	 administration1,5
(Chapter	183:	Sleep	Issues	in	the	Intensive	Care	Setting).

DIFFERENTIAL	DIAGNOSIS
1 	 The	 major	 differential	 diagnosis	 of	 extrapulmonary	 respiratory	 failure	 is
hypercapnic	 respiratory	 failure	 from	 intrinsic	 lung	diseases	 (eg,	COPD).	These
conditions,	usually,	can	be	readily	distinguished	because	they	are	almost	always
associated	with	a	markedly	elevated	P(A-a)O2	gradient	when	calculated	on	room
air,	 thus	 reflecting	 a	 severe	 derangement	 of	 distal	 gas	 exchange.	 Hypercapnic
respiratory	 failure	 may	 also	 result	 from	 a	 combination	 of	 pulmonary	 and



extrapulmonary	abnormalities.	This	combined	diagnosis	is	suggested	by	a	P(A-
a)O2	 gradient	 measured	 on	 room	 air	 in	 the	 range	 of	 25	 to	 30	mm	Hg.	 If	 the
extrapulmonary	abnormality	is	predominant,	the	gradient,	although	abnormal,	is
generally	 less	 than	 25	 mm	 Hg.2	 When	 primary	 pulmonary	 disease	 is	 severe
enough	to	cause	hypercapnia,	the	gradient	is	generally	above	30	mm	Hg.

TREATMENT
4 	 The	 treatment	 of	 extrapulmonary	 respiratory	 failure	 can	 be	 divided	 into
specific	 and	 supportive	 therapy.	 Supportive	 therapy	 involves	 the	 use	 of
noninvasive	 or	 invasive	 mechanical	 ventilatory	 assistance	 (Chapter	 166:
Invasive	Mechanical	Ventilation	and	Extracorporeal	Life	Support	for	Respiratory
Failure,	 and	 Chapter	 167:	 Noninvasive	 Mechanical	 Ventilation	 for	 the	 Adult
Hospitalized	 Patient),	 supplemental	 oxygen,	 and	 techniques	 of	 airway	 hygiene
(Chapter	 169:	 Respiratory	 Adjunct	 Therapy).	 In	 addition,	 regardless	 of	 the
primary	cause	of	 respiratory	muscle	weakness,	malnutrition	exacerbates	 it,	and
nutritional	 replacement	 can	 increase	 respiratory	muscle	 strength	 and	 function.1
Only	selected,	specific	forms	of	therapy	are	discussed	here	and	in	Tables	165.1
to	165.4.

Central	Nervous	System	Depression
A	 description	 of	 specific	 treatment	modalities	 for	 CNS	 depression	 is	 given	 in
Table	165.1.

Peripheral	Nervous	System	Dysfunction
Treatment	for	peripheral	nervous	system	disorders	is	outlined	in	Table	165.2.	In
general,	there	is	little	in	the	way	of	specific	therapy	for	established	spinal	cord	or
anterior	 horn	 cell	 disease.	The	use	of	 phrenic	nerve	pacemakers	 for	 high-level
cervical	 cord	 transection	may	 help	 treat	 the	 resultant	 respiratory	 failure	 when
nerve	conduction	studies	have	determined	that	the	phrenic	nerves	are	intact	and
functioning.1	If	pacing	brings	on	OSA,	noninvasive	positive	airway	pressure	or
tracheostomy	may	be	necessary.

The	 availability	 and	 value	 of	 specific	 therapy	 for	 peripheral	 neuropathy
depend	on	the	cause.	In	the	case	of	acute	GBS,	plasma	exchange	or	intravenous
infusion	 of	 pooled	 γ-globulin	may	 be	 helpful	when	 administered	 promptly	 for



patients	who	reach	or	appear	to	be	approaching	the	inability	to	walk	without	help
or	who	have	substantial	decrease	in	ventilatory	capacity	or	bulbar	insufficiency
(for	more	details	on	treating	GBS,	see	Chapter	152:	Guillain-Barré	Syndrome).

Patients	 with	 severe	 respiratory	 muscle	 weakness	 because	 of	 GBS	 require
supportive	 mechanical	 ventilatory	 assistance,	 usually	 for	 weeks	 to	 months.	 If
cranial	nerve	involvement	 is	prominent	and	the	patient	 is	unable	 to	swallow	or
clear	oral	secretions,	intubation	for	airway	protection	should	be	considered,	even
in	the	absence	of	overt	respiratory	failure.	Management	is	often	complicated	by
autonomic	nervous	system	dysfunction,	which	is	a	leading	cause	of	death	in	this
syndrome.18	Characteristic	abnormalities	of	 increased	or	decreased	sympathetic
and	 parasympathetic	 nervous	 systems	 activity	 are	 often	 transient	 and	 include
hypertension,	 hypotension,	 bradyarrhythmias,	 tachyarrhythmias,	 flushing,
diaphoresis,	 and	 ileus.18	 When	 intervention	 is	 deemed	 necessary,	 short-acting
and	easily	titratable	drugs	should	be	used.18	Because	patients	are	at	increased	risk
for	 deep	 venous	 thrombosis	 and	 pulmonary	 embolism,	 prophylactic
anticoagulation	should	be	administered,	according	to	guidelines	for	critically	ill
patients	(for	more	details	on	anticoagulation	in	critically	ill	patients,	see	Chapter
92:	 Antithrombotic	 Pharmacotherapy).	 Treatment	 of	 respiratory	 failure	 caused
by	MG	is	directed	primarily	at	the	myasthenia	(Chapter	153:	Myasthenia	Gravis
in	the	Intensive	Care	Unit).

Drug-induced	 neuromuscular	 blockade	 often	 improves	 simply	 by
discontinuing	 the	 offending	 agent.	 Intravenous	 calcium	 gluconate	may	 help	 to
shorten	 the	 recovery	 time	 by	 reversing	 the	 presynaptic	 component	 of	 the
neuromuscular	 blockade.1	 If	 this	 fails	 and	 the	 patient	 improves	 after	 an
edrophonium	chloride	 test,	neostigmine	bromide	may	be	effective	by	reversing
the	postsynaptic	component.16	When	MG	is	exacerbated	or	made	manifest	by	a
drug,	therapy	directed	specifically	at	the	myasthenic	symptoms	may	be	required.

Treatment	 of	 botulism	 is	 directed	 at	minimizing	 further	 binding	 of	 toxin	 to
nerve	endings	while	supporting	the	patient	until	bound	toxin	dissipates	(Chapter
85:	 Botulism).	 Recovery	 of	 ventilatory	 and	 upper	 airway	 muscle	 strength	 in
botulism	 occurs	 slowly;	 patients	 recover	 most	 of	 their	 strength	 in	 the	 first
12	weeks,	but	full	recovery	may	take	up	to	a	year.1

Respiratory	Muscle	Dysfunction
4 	The	treatment	of	myopathy	depends	on	the	cause	(Table	165.3).	Although	the
mechanism	 is	 not	 known,	 glucocorticoid	 therapy	 has	 resulted	 in	 some
improvement	 in	muscle	 strength	 in	Duchenne	muscular	dystrophy,	but	 adverse
effects	 need	 to	 be	 monitored	 closely.1	 Antiarrhythmic,	 anticonvulsive,	 and



sodium	channel	blocking	agents	may	also	be	of	benefit,	but	these	agents	can	also
worsen	weakness	while	relieving	myotonia.

Some	patients	with	each	of	 the	different	subtypes	of	periodic	paralysis	have
responded	 well	 to	 acetazolamide,	 a	 carbonic	 anhydrase	 inhibitor	 that	 is
kaliuretic.	 Acetazolamide	 is	 often	 dramatically	 effective	 in	 preventing	 acute
attacks	 of	 hypokalemic	 periodic	 paralysis,	 perhaps	 by	 causing	 a	 metabolic
acidosis	 that,	 in	 turn,	 protects	 against	 the	 sudden	 decreases	 in	 potassium	 that
provoke	attacks.	Certain	patients	benefit	 from	low-carbohydrate	or	 low-sodium
diets	 in	 addition	 to	 acetazolamide.	 Inhalation	 of	 the	 β-adrenergic	 agonist
albuterol	 alleviates	 acute	 attacks	 of	 weakness	 in	 some	 patients	 with
hyperkalemic	periodic	paralysis.1

Polymyositis-induced	muscle	weakness	often	 responds	 to	glucocorticoids	or
other	 immunosuppressants.11	 Muscle	 weakness	 from	 hypothyroidism,
hypophosphatemia,	hypomagnesemia,	or	hypokalemia	 responds	 to	 replacement
therapy.2

Chest	Wall	and	Pleural	Disorders
Treatment	 for	 chest	 wall	 and	 pleural	 disorders	 is	 largely	 supportive	 (Table
165.4).	If	acute	respiratory	failure	develops	in	kyphoscoliosis,	reversible	factors
such	 as	 pulmonary	 congestion,	 infection,	 retained	 secretions,	 and	 other
intercurrent	illnesses	should	be	sought	and	treated.	Episodes	of	acute	respiratory
failure	or	significant	chronic	hypercapnic	respiratory	failure	among	patients	with
kyphoscoliosis	 can	 often	 be	 managed	 with	 noninvasive	 positive-pressure
ventilation	 (for	 details	 of	 noninvasive	 ventilation	 for	 acute	 respiratory	 failure,
see	Chapter	167:	Noninvasive	Mechanical	Ventilation	for	the	Adult	Hospitalized
Patient).

Upper	Airway	Obstruction
The	 first	 step	 in	 treating	 acute	 upper	 airway	 obstruction	 is	 to	 establish	 an
adequate	airway.	Specific	definitive	therapy	can	then	be	used.	Chapter	8:	Airway
Management	 and	 Endotracheal	 Intubation,	 Chapter	 9:	 Tracheostomy,	 Chapter
169:	 Respiratory	 Adjunct	 Therapy,	 and	 Chapter	 180:	 Severe	 Upper	 Airway
Infections	provide	a	complete	discussion	of	this	and	other	treatment	issues.

Treatment	 of	 OSA	 is	 indicated	 when	 significant	 sleep-related	 apneas	 or
hypopneas	 are	 noted	 in	 the	 setting	 of	 signs	 and	 symptoms	 such	 as	 morning
headaches,	 daytime	 functional	 impairment,	 peripheral	 edema,	 cor	 pulmonale,



and	elevated	hematocrit.	In	general,	nasal	continuous	or	bilevel	positive-pressure
devices	are	effective19	 (Chapter	169:	Respiratory	Adjunct	Therapy	and	Chapter
183:	 Sleep	 Issues	 in	 the	 Intensive	Care	 Setting).	 In	OSA	 complicated	 by	 life-
threatening	 arrhythmias,	 severe	 arterial	 hypoxemia,	 or	 severe	 functional
impairment,	 tracheostomy	may	 rarely	be	necessary.	Other	 treatment	modalities
for	 OSA	 include	 weight	 loss,	 avoidance	 of	 alcohol	 and	 sedative	 drugs,
mandibular	and	tongue	repositioning	appliances,	and	upper	airway	surgery	other
than	 tracheostomy	 (uvulopalatopharyngoplasty,	 tonsillectomy,	 adenoidectomy,
and	deviated	septum	repair),	as	appropriate.1	When	an	identifiable	cause	of	OSA
is	present	(e.g.,	hypothyroidism),	correction	of	the	problem	may	be	curative.

A	summary	of	advances	in	the	treatment	of	extrapulmonary	respiratory	failure
is	presented	in	Table	165.5.

TABLE	165.5

Advances	in	the	Treatment	of	Extrapulmonary	Respiratory
Failure

Disease Treatment

Duchenne
muscular
dystrophy

Glucocorticoids	improve	pulmonary	function	and	slow
disease	progression.

Guillain-Barré
syndrome

Both	plasmapheresis	and	IVIG	are	effective	when	started
within	4	wk	of	onset	of	symptoms.

Myasthenia
gravis

Plasmapheresis	is	effective	in	short-term	management	of
myasthenic	crisis.

Trichinosis Thiabendazole	and	mebendazole	are	effective	in	reducing
muscle	weakness	in	trichinosis.

Obstructive	sleep
apnea

Nasal	continuous	positive	airway	pressure	is	effective	in
the	treatment	of	obstructive	sleep	apnea.

IVIG,	intravenous	immunoglobulin.
Adapted	from	Hollingsworth	HM,	Irwin	RS.	Extrapulmonary	causes	of	respiratory	failure.	Irwin	&
Rippe’s	Intensive	Care	Medicine.	8th	ed.	Wolters	Kluwer;	2018:1453-1469.	Kushida	CA,	Littner



MR,	Hirshkowitz	M,	et	al.	American	Academy	of	Sleep	Medicine.	Practice	parameters	for	the	use
of	continuous	and	bilevel	positive	airway	pressure	devices	to	treat	adult	patients	with	sleep-
related	breathing	disorders.	Sleep.	2006;29:375.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	28-year-old	woman	presents	with	a	3-week	history	of	progressive
dyspnea,	weak	cough,	dysphagia,	and	dysarthria.	Her	primary	care	physician
gave	her	an	empiric	course	of	levofloxacin	without	any	significant	improvement.
Her	history	is	remarkable	for	myasthenia	gravis	that	has	been	stable	on	low-dose
glucocorticoid	therapy	for	the	last	3	years.	On	physical	exam,	she	is	awake	and
alert	with	evidence	of	bilateral,	symmetric	muscle	weakness	throughout.	She	is
afebrile	with	blood	pressure	135/78	mm	Hg,	heart	rate	110	per	minute	and
regular,	and	respirations	28	per	minute	and	shallow.	She	exhibits	mild	dysarthria,
otherwise	head	and	neck	exam	is	normal.	There	are	no	murmurs	or	increase	in
jugular	venous	distension.	She	has	diminished	air	movement	but	no	crackles	or
wheezing.	Abdominal	exam	is	benign.	Chest	x-ray	reveals	low	lung	volumes
without	infiltrates.	Bedside	measurement	of	vital	capacity	(VC)	is	25	mL/kg
ideal	body	weight	and	her	maximum	inspiratory	pressure	(MIP)	is	−20	cm	H2O.
She	is	admitted	to	the	ICU	for	observation	and	started	on	plasma	exchange
therapy	and	high-dose	systemic	glucocorticoids	for	myasthenic	crisis.	Which	of
the	following	arterial	blood	gasses	done	on	room	air	would	best	match	this
clinical	presentation?

A. 	PaO2	=	45,	PaCO2	=	45,	pH	=	7.45
B. 	PaO2	=	55,	PaCO2	=	70,	pH	=	7.50
C. 	PaO2	=	70,	PaCO2	=	60,	pH	=	7.30
D. 	PaO2	=	98,	PaCO2	=	60,	pH	=	7.20

2. 	A	45-year-old	woman	smoker	presents	with	a	3-month	history	of



progressive	dyspnea,	weak	cough,	and	dysphagia.	She	has	a	history	of
myasthenia	gravis	which	has	been	stable	on	low-dose	glucocorticoid	therapy	for
the	last	10	years.	Four	months	ago,	she	had	a	non-ST	elevation	myocardial
infarction	and	she	was	started	on	aspirin	and	a	β-blocker.	On	physical	exam,	she
is	afebrile	with	blood	pressure	165/82	mm	Hg,	heart	rate	118	per	minute	and
regular,	and	respirations	32	per	minute	and	shallow.	She	has	a	regular	rhythm
without	any	murmurs	or	increase	in	jugular	venous	distention.	She	has
diminished	air	movement	diffusely	and	scattered	mild	wheezes.	Abdominal
exam	is	benign.	She	is	awake	and	alert	with	evidence	of	bilateral,	symmetric
muscle	weakness	throughout.	Bedside	measurement	of	vital	capacity	(VC)	is
15	mL/kg	ideal	body	weight	and	her	maximum	inspiratory	pressure	(MIP)	is
−10	cm	H2O.	Which	of	the	following	is	most	likely	to	be	found	in	this	patient?

A. 	Cerebrospinal	fluid	(CSF)	analysis	with	increased	protein	and
normal	leukocyte	count
B. 	Chest	CT	angiogram	with	bilateral	segmental	and	subsegmental
pulmonary	emboli
C. 	Decreased	FEV1,	FVC,	FEV1/FVC	ratio	and	diffusion	capacity	with
increased	RV	and	TLC
D. 	Room	air	arterial	blood	gas	with	chronic	or	acute-on-chronic
respiratory	acidosis	and	normal	alveolar-arterial	oxygen	gradient

Answers

1.	The	correct	answer	is	C.
Rationale:	Myasthenia	 gravis	 can	 flare	 from	many	 different	 causes,	 in	 this

case	it	likely	resulted	from	use	of	a	fluoroquinolone	antibiotic.	The	concern	for
an	 exacerbation	 in	 neuromuscular	 weakness	 is	 extrapulmonary	 respiratory
failure	 due	 to	 hypoventilation	 (characterized	 by	 hypercapnia	 with	 a	 normal
alveolar-arterial	 oxygen	 gradient)	 (choice	 C	 is	 correct).	 Her	 measured	 lung
function	as	reported	would	strongly	suggest	the	presence	of	hypercapnia	and	her
prolonged	course	would	suggest	a	likely	chronic	respiratory	acidosis	(choices	A
and	 B	 are	 incorrect).	 Choice	 D	 is	 incorrect	 because	 it	 cannot	 be	 an	 accurate
result	 if	 measurement	 was	 done	 on	 room	 air	 as	 the	 sum	 of	 PaO2	 and	 PaCO2

cannot	exceed	150	on	room	air.	This	patient	should	be	closely	monitored	in	the
ICU	 and	 consideration	 should	 be	 given	 to	 elective	 intubation	 based	 on	 her
marginal	lung	function	with	improvement	expected	to	be	slow	on	therapy.



2.	The	correct	answer	is	D.
Rationale:	Clinically,	 the	concern	here	 is	 for	hypercapnic	 respiratory	failure

due	to	hypoventilation	from	a	flare	in	her	myasthenia	gravis,	likely	the	result	of
starting	β-blocker	therapy.	Her	bedside	measurements	of	pulmonary	function	are
highly	suggestive	of	extrapulmonary	respiratory	failure	with	hypercapnia	(choice
D	is	correct).	There	 is	no	reported	clinical	history	or	objective	data	 to	strongly
suspect	 Guillain-Barré	 syndrome	 (choice	 A	 is	 incorrect),	 the	 presence	 of
pulmonary	 embolism	 (choice	B	 is	 incorrect),	 or	 a	 flare	 of	 chronic	 obstructive
lung	disease	(choice	C	is	incorrect).
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Chapter	166
Invasive	Mechanical	Ventilation	and
Extracorporeal	Life	support	for
Respiratory	Failure
Gregory	A.	Schmidt,	Rolando	Sanchez

KEY	POINTS:
1.	 Invasive	mechanical	ventilation	consists	in	delivering	a	controlled	or

assisted	breath	through	an	endotracheal	tube,	tracheostomy,	or
esophageal	obturator	airway.

2.	 Individual	breaths	are	characterized	by	a	trigger	(how	the	breath	is
initiated),	a	target	(what	governs	gas	flow	during	the	breath),	and	a
cycle	(how	the	breath	is	terminated).

3.	 Ventilator	modes	are	classified	based	on	the	of	breath	delivered	and
whether	spontaneous	breaths	are	allowed.

4.	 Proportional	modes	of	ventilation	deliver	an	inspiratory	assist	in
proportion	to	the	patient’s	effort,	providing	a	more	physiological
ventilatory	support	according	to	the	patient’s	needs.

5.	 Positive	end-expiratory	pressure	(PEEP)	during	mechanical
ventilation	may	have	several	benefits:	(a)	reduce	the	risk	of
atelectasis,	(b)	recruit	alveoli	and	raise	oxygenation,	(c)	lower	the
inspiratory	threshold	load	of	autoPEEP,	(d)	reduce	LV	afterload,	and
(e)	protect	the	lung	against	injury	caused	by	strong	spontaneous
respiratory	effort	in	severe	ARDS.

6.	 Flow	and	pressure	waveforms	provide	valuable	information	about
respiratory	system	mechanics	and	patient-ventilator	interaction.

7.	 Ventilator	dyssynchrony	occurs	when	the	patient	and	ventilator	do
not	synchronize	during	one	or	more	of	the	three	phases	of	breath



delivery:	triggering,	flow	delivery,	and	cycling	off.
8.	 Mechanical	ventilation	may	cause	injury	to	the	lung	(ventilator-

induced	lung	injury	[VILI])	and	the	diaphragm	(ventilator-induced
diaphragmatic	dysfunction	[VIDD]),	and	both	are	associated	with
poor	clinical	outcomes.

9.	 Extracorporeal	life	support	is	a	rescue	therapy	used	to	support
patients	with	severe	respiratory	and/or	cardiac	failure	as	a	bridge	to
recovery	or	destination	therapy	(organ	transplantation).	It	consists	of
an	extracorporeal	circuit,	a	membrane	lung,	and	(usually)	a	blood
pump.

INTRODUCTION
1 	 Invasive	 mechanical	 ventilation	 (MV)	 describes	 controlled	 or	 assisted
ventilation	 through	 an	 endotracheal	 tube,	 tracheostomy,	 laryngeal	 mask
laryngeal	 mask	 or	 (rarely)	 an	 esophageal	 obturator	 airway.	 Noninvasive
ventilation	is	described	in	the	subsequent	chapter.	MV	is	used	when	the	patient’s
spontaneous	 breathing	 is	 insufficient	 to	 sustain	 life,	 when	 it	 is	 useful	 to	 take
control	 of	 respiration	 because	 of	 impending	 failure	 of	 other	 systems,	 or	 to
support	 patients	 through	 deep	 sedation	 or	 therapeutic	 paralysis.	 Intensive	 care
unit	 (ICU)	 ventilators	 operate	 by	 applying	 supra-atmospheric	 pressure	 to	 the
invasive	airway	appliance,	driving	bulk	gas	flow	along	a	pressure	gradient	into
the	alveoli	(inspiration)	and	(usually)	allowing	passive	expiration.

MODES	OF	MECHANICAL	VENTILATION

Physiology	of	Positive	Pressure	Ventilation
Initial	 ventilator	 modes	 were	 designed	 to	 deliver	 breaths	 of	 air	 mixed	 with
oxygen	at	a	fixed	volume	(tidal	volume,	VT)	and	frequency	(controlled	modes).
These	 modes	 did	 not	 take	 into	 consideration	 the	 patient’s	 effort,	 and
consequently	 they	 were	 often	 associated	 with	 significant	 ventilator
dyssynchrony,	requiring	high	levels	of	sedation	and	paralysis.	Subsequently,	new
ventilator	 modes	 were	 developed	 that	 had	 the	 capacity	 to	 sense	 the	 patient’s
inspiratory	effort,	improving	synchrony	of	breath	onset	and	termination	(assisted



modes).	Despite	this	progress,	the	general	prevalence	of	ventilator	dyssynchrony
in	mechanically	ventilated	patients	(discussed	in	detail	later)	is	still	estimated	at
up	 to	 25%,	with	 higher	 values	 in	 specific	 populations	 like	 chronic	 obstructive
pulmonary	disease	(COPD)	and	children.	Lately,	complex	ventilator	modes	have
been	developed	seeking	 to	 improve	patient-ventilator	 synchrony,	 respond	more
readily	to	changing	conditions,	and	adjust	settings	without	clinician	intervention.

2 	 To	 understand	 ventilator	 modes,	 it	 is	 essential	 to	 first	 describe	 the	 key
components	of	individual	breaths,	characterized	by	(a)	how	the	breath	is	initiated
(trigger),	 (b)	what	governs	gas	flow	during	the	breath	(target),	and	(c)	how	the
breath	 is	 terminated	 (cycle)	 (see	 Table	 166.1).	 Ventilator	 modes	 are	 created
based	on	which	breath	types	are	delivered	and	whether	spontaneous	breaths	(SB)
are	allowed	(Table	166.2).

TABLE	166.1

Defining	Characteristics	of	Breath	Types

Breath	Type Trigger Target Cycle

Volume	control	(VC) Time Flow	rate Volume

Volume	assist	(VA) Effort Flow	rate Volume

Pressure	control	(PC) Time Pressure Time

Pressure	assist	(PA) Effort Pressure Time

Pressure	support	(PS) Effort Pressure Flow	rate

Effort	describes	triggering	through	by	pressure,	flow,	or	the	diaphragm	electromyographic	signal.

TABLE	166.2

Common	Ventilator	Modes	are	Composed	of	Breath	Types

VC VA PC PA PS SB

Volume	assist	control	ventilation	(VACV) X x – – – –



Volume	SIMV	(V-SIMV) X x – – X x

Pressure	assist	control	ventilation	(PACV) – – x X – –

Pressure	SIMV	(P-SIMV) – – x X X x

Pressure	support	ventilation	(PSV) – – – – X –

PA,	pressure	assist;	PC,	pressure	control;	PS,	pressure	support;	SB,	spontaneous	breaths;	SIMV:
synchronized,	intermittent,	mandatory	ventilation;	VA,	volume	assist;	VC,	volume	control.

Defining	Characteristics	of	Breath	Types

Trigger
MV	breaths	are	triggered	in	one	of	four	possible	ways:	(a)	time,	(b)	pressure,	(c)
flow,	or	 (d)	neural	 sensing.	Time	 is	 the	 trigger	 for	controlled	breaths,	meaning
that	a	breath	will	be	delivered	after	a	fixed	time	from	the	prior	breath,	defined	by
the	set	respiratory	rate	or	frequency	(time	=	60/frequency).	In	contrast,	assisted
breaths	 rely	on	 the	ventilator	 to	detect	patient	effort.	Most	commonly,	effort	 is
sensed	through	a	fall	 in	pressure	at	 the	airway	opening	(pressure	 trigger)	or	by
detecting	a	difference	in	the	bias	flow	comparing	the	inspiratory	and	expiratory
limbs	 of	 the	 ventilator	 circuit	 (flow	 triggering).	 In	 the	 majority	 of	 ventilated
patients,	the	means	of	effort	detection	has	no	significant	impact	on	the	efficiency
of	triggering	or	work	of	breathing	and	is	selected	based	on	physician	preference.
However,	in	some	clinical	scenarios	(such	as	in	the	presence	of	an	air	leak,	eg,
when	 a	 bronchopleural	 fistula	 is	 present),	 choice	 of	 trigger	 can	 be	 important,
since	 relying	 on	 flow	 can	 produce	 autotriggering,	 a	 form	 of	 ventilator
dyssynchrony.	 Neural	 sensing,	 in	 which	 the	 integrated	 diaphragmatic
electromyographic	(EMG)	signal	is	used	to	initiate	the	breath,	improves	neuro-
ventilatory	coupling,1	 especially	 in	patients	with	severe	airway	obstruction	and
in	children.

Target
Ventilator	 breaths	 are	 conventionally	 classified	 based	 on	 the	 targeted	 variable:
pressure-targeted	breaths	vs	 flow-targeted	breaths.	 In	pressure-targeted	breaths,
the	 clinician	 sets	 and	 the	 ventilator	 produces	 a	 controlled	 pressure	 (PI)



throughout	 inspiration.	 Generally,	 PI	 is	 constant,	 although	 it	 can	 vary	 during
proportional-assist	 breaths	or	 those	based	on	 the	diaphragm	EMG.	 In	 contrast,
during	 flow-targeted	 breaths,	 the	 clinician	 sets	 and	 the	 ventilator	 delivers	 a
controlled	 inspiratory	 flow	rate	 ().	Generally,	 is	constant	 throughout	 the	breath
(constant	 flow	 or	 square	 wave)	 but	 can	 also	 decelerate	 or	 vary	 sinusoidally.
Although	 clinicians	 tend	 to	 think	 of	 pressure-	 and	 flow-targeted	 breaths	 as
differing	fundamentally,	in	fact	they	are	tightly	coupled	through	the	equation	of
motion	 for	 the	 respiratory	 system.	This	 equation	 relates	pressure	 at	 the	 airway
opening	(Pao),	volume	above	functional	residual	capacity	(V),	compliance	of	the
respiratory	system	(CRS),	 inspiratory	 flow	 (),	 respiratory	 system	 resistance	 (R),
flow	acceleration	(V),	inertance	(I),	and	the	pressure	produced	by	the	inspiratory
muscles	(Pmus)	as	follows:

According	 to	 this	 physiologic	 relationship,	 during	 pressure-targeted	 breaths
(Pao	is	generally	constant	and	thus	is	the	independent	variable),	volume	and	flow
depend	on	Pao	along	with	CRS,	R,	and	Pmus	(the	inertance	term	is	only	relevant
when	 there	 are	 rapid	 changes	 in	 flow,	 as	 during	 high	 frequency	 ventilation).
Similarly,	 during	 flow-targeted	 breaths	 (	 is	 generally	 constant	 and	 is	 the
independent	variable),	Pao	becomes	the	dependent	variable	(Figure	166.1).	These
points	 are	 crucial	 for	 two	 reasons:	 (1)	 the	 ventilatory	 impact	 of	 pressure-	 and
flow-targeted	breaths	are	linked	by	the	mechanical	properties	of	the	respiratory
system	 (in	 the	 passive	 patient	 these	 include	 only	 CRS	 and	 R);	 and	 (2)	 this
equation	forms	the	basis	for	deriving	clinically	important	information	about	the
respiratory	system	from	pressure	and	flow	waveforms,	as	discussed	further	later.

	

Figure	 166.1 	 Passively	 ventilated	 patient	 on	 flow-	 (A)	 and
pressure	 (B)-targeted	 mode.A,	 Flow	 remains	 constant	 and	 volume



rises	linearly	throughout	inspiration,	while	pressure	is	determined	by
the	 respiratory	 system	 mechanical	 properties.	 B,	 The	 pressure
remains	constant,	being	the	independent	variable,	while	the	flow	and
volume	 are	 determined	 by	 the	 respiratory	 system	 mechanical
properties.	 Note	 that	 expiratory	 flow,	 being	 mode	 independent,	 is
identical	 during	 pressure-targeted	 and	 flow-targeted	 breaths.	 Pao,
airway	opening	pressure

Some	 unusual	 ventilator	 modes	 allow	 dual-control	 breaths,	 in	 which	 both
pressure	and	flow	can	be	targeted	within	a	single	breath.	For	example,	“volume-
assured	 pressure	 support”	 breaths	 begin	 as	 typical	 PS	 breaths	 but,	 if	 the
projected	tidal	volume	falls	below	the	target,	the	breath	switches	to	an	AC,	flow-
targeted	breath	until	 completion.	There	 is	no	apparent	 advantage	 to	 such	dual-
control	breaths	and	modes.

Cycle
The	 cycle	 variable	 is	 the	 factor	 that	 terminates	 inspiration.	 There	 are	 four
possible	cycle	variables:	(1)	time,	(2)	flow,	(3)	volume,	and	(4)	neural	sensing.
PC	breaths	are	 terminated	by	 time	 (inspiratory	 time,	TI),	often	set	between	0.5
and	1.0	seconds.	At	any	given	rate,	inspiratory	time	determines	expiratory	time
(since	the	number	of	seconds	in	each	breath	cycle	=	60/frequency),	so	there	are
important	consequences	to	the	time	chosen,	especially	for	patients	with	airflow
obstruction.	 Flow	 is	 the	 cycle	 variable	 for	 PS	 breaths,	 which	 terminate	 when
flow	 falls	 to	 a	 specified	 fraction	 of	 the	 initial	 inspiratory	 flow	 or,	 on	 some
ventilators,	below	an	absolute	 threshold	of	 flow.	Since	Pao	 is	 (usually)	constant
during	 pressure-targeted	 breaths,	 tends	 to	 decelerate	 throughout	 the	 breath	 as
lung	 volume	 and	 lung	 recoil	 pressure	 rise	 and	 effort	 falls,	 according	 to	 the
equation	of	motion.	Often,	a	value	near	30%	of	 initial	 flow	is	chosen	 to	signal
the	 ventilator	 to	 switch	 off	 because,	 among	 normal	 subjects,	 this	 tends	 to
coincide	 with	 cessation	 of	 inspiratory	 effort	 (ie,	 ventilator	 TI	 approximates
neural	 TI,	 enhancing	 synchrony).	 The	 rate	 of	 fall	 of	 the	 flow	 depends	 on	 the
mechanical	 properties	 of	 the	 respiratory	 system,2	 however;	 for	 patients	 with
severe	airflow	obstruction,	 this	can	 lead	 to	very	 long	ventilator	TI	 (longer	 than
neural	 TI)	 and	 patient-ventilator	 dyssynchrony	 (PVD).3	 For	 these	 patients,
synchrony	can	be	improved	by	raising	the	cycle	threshold	to	50%	or	even	higher.

The	third	means	to	cycle	from	inspiration	to	expiration	is	to	rely	on	delivered
volume,	 typical	 of	 flow-targeted	 breaths.	 When	 flow	 is	 constant,	 this	 is



analogous	to	using	time	to	cycle	the	breath,	since	V	=	×	time.	Finally,	inspiration
can	 be	 cycled	 off	 by	 using	 the	 declining	 signal	 from	 the	 diaphragm	 EMG.
Regardless	of	the	target,	all	ventilators	have	an	additional	maximal	pressure	limit
as	a	safety	feature	to	prevent	lung	overpressurization.	This	pressure	is	set	by	the
clinician,	often	10	cm	H2O	above	 the	peak	pressure;	whenever	 this	pressure	 is
exceeded,	 the	 ventilator	 sets	 off	 an	 alarm	 and	 opens	 the	 expiratory	 valve	 to
release	the	rest	of	the	breath	to	the	atmosphere.

Ventilator	Modes
3 	Ventilator	modes	are	created	based	on	which	types	of	breaths	are	included	and
whether	 spontaneous	 breathing	 is	 allowed.	 The	 profusion	 of	 modes	 can	 be
confusing	 and	 is	 often	 driven	 by	marketing	 imperatives	 and	 untested	 theories
about	what	might	confer	benefits	for	critically	ill	patients.	For	each	mode	here,
we	 describe	 the	 component	 breaths,	 settings	 the	 clinician	 must	 choose,	 and
impact	 of	 patient	 effort.	 Positive	 end-expiratory	 pressure	 (PEEP)	 is	 discussed
separately.

Volume	Assist	Control	Ventilation
Volume	assist	control	ventilation	(VACV)	mode	allows	both	VC	and	VA	breaths,
so	 is	 time-	 or	 effort-triggered,	 flow-targeted,	 and	 volume-cycled.	 In	 this	mode
the	 physician	 sets	 the	 tidal	 volume,	 inspiratory	 flow	 rate,	 and	 respiratory
frequency.	The	I:E	ratio,	TI,	and	the	expiratory	time	(TE)	are	determined	by	the
combination	of	 inspiratory	 flow	 rate,	 tidal	 volume,	 and	 frequency.	At	 constant
tidal	 volume,	 the	 higher	 the	 inspiratory	 flow	 rate,	 the	 shorter	 the	 TI	 and	 the
smaller	the	I:E	ratio	(Figure	166.2).

	



Figure	166.2 	Volume	assist	control	ventilation.As	 in	most	 flow-
targeted	 modes,	 flow	 remains	 constant	 and	 volume	 rises	 linearly
throughout	 inspiration,	 while	 pressure	 is	 determined	 by	 the
respiratory	 system	 mechanical	 properties.	 The	 figure	 represents	 a
passively	ventilated	patient;	 the	VT,	TI,	 and	RR	 set	 by	 the	 clinician
determine	the	I:E	ratio	and	flow	rate.	If	 the	patient	 triggers	an	extra
breath,	 then	 the	 same	 tidal	 volume	would	 be	 delivered	 at	 the	 same
flow	rate	and	TI,	but	the	I:E	ratio	would	change.	Pao,	airway	opening
pressure;	VT,	tidal	volume;	TI,	mean	inspiratory	time;	RR,	respiratory
rate.

For	the	passively	ventilated	patient,	a	set	tidal	volume	is	delivered	with	each
VC	 breath	 at	 a	 specified	 frequency.	 In	 the	 actively	 breathing	 patient,	 extra
breaths	can	be	triggered	(VA),	each	at	the	same	VT	and	inspiratory	flow	rate	as
VC	breaths:	this	will	change	the	I:E	ratio	and	TE.	When	respiratory	drive	is	high,
or	when	neural	TI	exceeds	the	ventilator	TI,	patients	may	trigger	a	second	breath
(rarely	a	 third)	which	 is	 superimposed	on	 the	 initial	breath.	This	phenomenon,
called	double	triggering,	is	especially	common	during	lung-protective	ventilation
of	 the	acute	respiratory	distress	syndrome	(ARDS),	and	risks	overdistension	of
lung	or	dynamic	hyperinflation.4

Volume-Synchronized	Intermittent	Mandatory	Ventilation
Volume-synchronized	 intermittent	mandatory	ventilation	 (V-SIMV)	entails	VC,
VA,	PS,	and	SB,	and	so	 is	 time-	or	effort-triggered;	flow-	or	pressure-targeted;
and	 time-	 or	 flow-cycled.	 In	 the	 passive	 patient,	 it	 behaves	 the	 same	 way	 as
VACV.	In	actively	breathing	patients,	if	the	triggering	effort	occurs	close	to	the
next	scheduled	mandatory	breath	(defined	interval	or	synchronization	window),
the	 ventilator	 delivers	 a	VA	 breath	 and	 resets	 the	 interval	 until	 the	 next	 time-
cycled	breath.	If	the	triggering	effort	occurs	before	the	synchronization	window,
a	PS	or	SB	follows	(unsynchronized	breath)	(Figure	166.3).



	

Figure	 166.3 	 Volume-synchronized,	 intermittent,	 mandatory
ventilation	 (V-SIMV).The	 different	 breath	 types	 delivered	 by	 V-
SIMV	mode	 in	 an	 actively	 breathing	 patient	 are	 shown:	 controlled
breath	 (VC),	 followed	 by	 two	 unsynchronized	 spontaneous	 breaths
(SB)	 and	 a	 synchronized-assisted	 breath	 (VA).	 Notice	 that	 the	 VA
breath	 is	 composed	 of	 the	 same	 flow	 rate	 and	 volume	 as	 the	 VC
breath	but	pressures	are	lower	in	accord	with	the	patient’s	inspiratory
effort.	Here,	the	unsynchronized	breaths	are	SB,	but	these	can	also	be
pressure	 support	breaths.	Pao,	 airway	opening	pressure;	VC,	volume
control;	VA,	volume	assist.

This	 ventilator	 mode	 has	 been	 used	 traditionally	 as	 a	 weaning	 strategy,
although	 its	use	 is	decreasing,	perhaps	because	 it	appears	 to	prolong	ventilator
liberation.

Pressure	Assist-Control	Ventilation
This	 mode	 consists	 of	 both	 PA	 and	 PC	 breaths	 (time-	 or	 effort-triggered,
pressure-targeted,	and	time-cycled).	The	respiratory	rate	(f),	PI,	and	TI	are	set	by
the	 clinician,	 while	 the	 inspiratory-to-expiratory	 (I:E)	 ratio	 is	 determined
indirectly	based	on	f	and	TI.	With	every	breath,	pressure	rises	quickly	to	the	PI,
although	a	“rise	time”	can	be	set	to	slow	the	rate	of	rise.	Most	often	the	rise	time
is	0	during	 invasive	ventilation,	although	a	brief	 (0.1-0.2	second)	rise	 time	can
aid	synchrony	in	some	patients	(Figure	166.4).



	

Figure	 166.4 	 Pressure	 assist	 control	 ventilation.Pressure	 is
constant	throughout	inspiration,	within	the	limits	of	the	ventilator	to
control	 it.	 The	 inspiratory	 flow	 falls	 throughout	 the	 breath	 as	 the
alveolar	 pressure	 rises.	 In	 this	 patient,	 the	 first	 breath	 is	 controlled
(PC),	while	the	next	three	are	assisted	(PA).	The	downward	deflection
of	 the	 pressure	 curve	 at	 the	 beginning	 of	 inspiration	 (PA	 breaths)
represents	 the	 patient’s	 inspiratory	 effort	 triggering	 the	 breath
(arrow).	Note	the	subtle	differences	in	inspiratory	flow	during	the	PA
breaths	related	to	variable	patient	effort.	Pao,	airway	opening	pressure;
PA,	pressure	assist;	PC,	pressure	control.

For	 the	 passive	 patient	 without	 airway	 obstruction	 and	 sufficiently	 long
inspiratory	 time,	 PI	 and	 alveolar	 pressure	 (Palv)	 equilibrate	 at	 end	 inspiration
(signaled	by	 zero	 flow),	 and	 the	 tidal	 volume	 is	predictable	 (VT	=	CRS	 ×	 [PI	 −
PEEP]).	Among	patients	with	airflow	obstruction	or	 short	TI,	 there	will	not	be
equilibration	between	PI	and	the	alveolar	pressure,	flow	does	not	fall	 to	zero	at
end-inspiration,	and	VT	will	be	smaller	than	that	predicted	based	on	CRS	and	PI.
For	a	patient	who	is	actively	breathing,	VT	is	often	augmented	by	effort,	and	is
usually	 larger	 than	 predicted	 by	 CRS	 and	 PI.	 In	 addition,	 active	 patients	 can
trigger	additional	breaths	increasing	minute	ventilation,	reducing	expiratory	time
(TE),	and	increasing	the	I:E	ratio.

Pressure	Support	Ventilation
Pressure	 support	 breaths	 (effort-triggered,	 pressure-targeted,	 and	 flow-cycled)
comprise	this	mode.	The	patient	must	trigger	the	ventilator	to	deliver	a	breath,	so
this	 mode	 cannot	 be	 applied	 to	 passive	 patients.	 The	 clinician	 sets	 PI	 and
(optionally)	 the	 flow	 threshold	 for	 cycling	 the	 breath	 off:	 rate	 and	 minute



ventilation	 depend	 on	 the	 patient’s	 drive	 (Figure	 166.5).	 For	 patients	 with
periodic	breathing	(relatively	common	in	the	critically	ill),	PSV	can	amplify	the
hyperpneic	periods	and	extend	the	duration	of	apneas,	especially	when	PI	 is	set
to	 high	 levels.	 If	 this	 causes	 alarms	 to	 sound,	 reducing	 the	 level	 of	 PI	 usually
shortens	or	abolishes	apneas.

	

Figure	 166.5 	 Pressure	 support.As	 is	 typical	 of	 most	 pressure-
targeted	modes,	the	inspiratory	flow	falls	throughout	the	breath	as	the
alveolar	 pressure	 rises	 (because	 of	 elastic	 recoil	 and	 falling
inspiratory	effort).	Appreciate	how	tidal	volume	and	inspiratory	flow
rate	are	determined,	in	part,	by	the	patient’s	respiratory	effort	that	can
vary	 from	 breath	 to	 breath,	 while	 the	 Pao	 is	 maintained	 constant
(PI	 +	 PEEP).	 Pao,	 airway	 opening	 pressure;	 PEEP,	 positive	 end-
expiratory	pressure.

Pressure-synchronized	Intermittent	Mandatory	Ventilation
The	 combination	 of	 PC,	 PA,	 PS,	 and	 SB	 makes	 up	 pressure	 SIMV	 (Figure
166.6).	 The	 clinician	 sets	 rate,	 PI	 (PC	 and	 PA	 breath-related	 PI	 is	 set
independently	of	the	PI	for	PS	breaths),	and	TI.	This	mode	is	therefore	effort-	or
time-triggered,	pressure-targeted,	and	both	time-cycled	(PC	and	PA	breaths)	and
flow-cycled	 (PS	 breaths).	When	 the	 patient	 is	 passive,	 pressure	 SIMV	 simply
becomes	 pressure	 control	mode.	When	 the	 patient	 triggers	 a	 breath	 in	 a	 brief
window	 before	 a	 planned	 time-cycled	 PC	 breath,	 the	 breath	 becomes	 a	 PA
breath.	 If	 patient	 effort	 precedes	 this	 window,	 the	 breath	 is	 instead	 PS	 or	 SB



(depending	on	whether	the	clinician	has	enabled	PS	breaths).	SIMV	was	created
with	 the	hope	 that	 it	would	ease	 the	 transition	between	full	ventilatory	support
and	spontaneous	breathing,	but	instead	IMV	seems	to	impede	weaning.5,6

	

Figure	 166.6 	 Pressure-synchronized,	 intermittent,	 mandatory
ventilation	(SIMV).Similar	to	volume-SIMV,	several	breath	types	can
be	 delivered	 by	 this	 mode	 in	 an	 actively	 breathing	 patient:	 a
controlled	 breath	 (PC)	 is	 followed	 by	 two	 unsynchronized
spontaneous	 breaths	 (SB)	 and	 a	 synchronized	 assisted	 breath	 (PA).
PA	breaths	have	the	same	pressure	profile	and	TI	as	PC	breaths.	For
unsynchronized	 breaths,	 pressure	 support	 is	 set	 at	 zero.	 Pao,	 airway
opening	pressure;	PA,	pressure	assist;	PC,	pressure	control;	TI,	mean
inspiratory	time.

Pressure-Regulated	Volume	Control	and	Volume	Support
Ventilation
Although	 the	 name	 pressure-regulated	 volume	 control	 (PRVC)	 suggests	 that	 it
targets	 flow	 (or	 volume),	 in	 fact,	 PRVC	 is	 a	 pressure-targeted	mode	 allowing
only	PC	and	PA	breaths	(Figure	166.7).	In	this	mode,	the	clinician	sets	an	initial
PI,	 TI,	 frequency,	 and	 a	 tidal	 volume	 goal.	 The	 ventilator	 automatically	 and
continually	adjusts	PI	to	achieve	the	desired	VT.	Therefore,	if	respiratory	system
mechanical	properties	or	patient	effort	changes,	so	will	PI.	This	is	one	means	of
controlling	 tidal	 volume	 for	 patients	 with	 ARDS	 although,	 compared	 with
VACV,	it	may	increase	the	work	of	breathing.7	No	patient-centered	benefits	have
been	described.8	A	similar	mode	is	volume	support	ventilation	(VSV)	which	uses



PS	breaths	also	to	achieve	a	target	tidal	volume.	Because	it	uses	PS	rather	than
PC	 and	 PA	 breaths,	VSV	differs	 from	PRVC	 in	 that	 TI	 and	 frequency	 are	 not
controlled	by	the	clinician.

	

Figure	166.7 	Pressure-regulated	volume	control.In	this	passively
ventilated	 patient,	 the	 clinician	 switched	 the	 target	 VT	 from	 800	 to
500	 mL.	 Appreciate	 how	 the	 PI	 is	 adjusted	 by	 the	 ventilator	 and
decreases	gradually	 to	deliver	 the	new	 target	VT.	The	 time	axis	has
been	 compressed	 for	 illustration	 purposes.	 Pao,	 airway	 opening
pressure;	VT,	tidal	volume;	PI,	inspiratory	pressure.

Airway	Pressure	Release	Ventilation
PC,	 PS,	 and	 SB	 are	 combined	 in	 airway	 pressure	 release	 ventilation	 (APRV),
making	 it	 time-	 and	 effort-triggered,	 pressure-targeted,	 and	 time-	 and	 flow-
cycled,	 but	 this	 mode	 is	 characterized	 especially	 by	 a	 very	 long	 TI	 (Figure
166.8).	 This	 same	mode	 is	 sometimes	 referred	 to	 as	 biphasic	 positive	 airway
pressure,	especially	in	Europe,	and	has	also	been	termed	“upside-down	SIMV.”
The	clinician	enters	frequency,	TLOW	 (which	 is	simply	TE),	PHIGH	 (PI),	and	PLOW
(PEEP).	 TLOW	 is	 kept	 brief	 in	 order	 to	 produce	 auto-positive	 end-expiratory
pressure	(autoPEEP),	but	 there	 is	no	agreement	as	 to	how	this	should	be	done.
Some	 users	 of	 APRV	 advocate	 setting	 TLOW	 according	 to	 the	 expiratory	 flow
curve;	others	base	 it	on	 the	expiratory	 time	constant	of	 the	 respiratory	 system.
THIGH	(TI)	is	determined	mathematically	as	a	consequence	of	TLOW	and	frequency
(generally	 about	 10	 breaths/min).	 PHIGH	 is	 often	 set	 below	 the	 upper	 inflection



point	 of	 the	 pressure-volume	 (PV)	 curve	 or	 near	 the	 plateau	 airway	 pressure
determined	 during	VACV	 breaths.	 PLOW	 can	 be	 set	 at	 zero,	 adjusted	 based	 on
oxygenation,	titrated	to	be	just	above	the	lower	inflection	point	of	the	PV	curve,
or	raised	until	VT	falls	to	6	mL/kg	predicted	body	weight	(PBW).

	

Figure	166.8 	 Airway	 pressure	 release	 ventilation	 in	 an	 actively
breathing	 patient.The	 PHIGH	 represents	 the	 PI,	 and	 PLOW	 the	 PEEP,
while	TLOW	represents	the	TE,	and	THIGH	the	TI.	The	patient	can	trigger
spontaneous	 breaths	 (SB	 or	 pressure	 support)	 in	 combination	 with
this	mode	during	THIGH	or	TLOW.	TLOW	is	typically	quite	short	in	order
to	produce	autoPEEP	(note	that	expiratory	flow	does	not	cease	at	the
end	 of	 TLOW).	 Pao,	 airway	 opening	 pressure;	 PEEP,	 positive	 end-
expiratory	pressure;	TI,	mean	inspiratory	time;	TE,	expiratory	time;	PI,
inspiratory	pressure;	PHIGH,	high	pressure;	PLOW,	 low	pressure;	THIGH,
time	duration	of	high	pressure;	TLOW,	time	duration	of	low	pressure.

In	the	absence	of	spontaneous	respiratory	efforts,	APRV	is	identical	to	PACV
(albeit	with	inspiratory	and	expiratory	times	inverted—this	is	a	form	of	inverse
ratio	 ventilation).	 The	 point	 of	 APRV,	 however,	 is	 to	 facilitate	 spontaneous
breathing.	This	mode	allows	unrestricted	spontaneous	ventilation	throughout	the
respiratory	cycle,	both	during	THIGH	and	TLOW,	and	these	can	be	PS	or	SB.	This
mode	 was	 created	 as	 a	 more	 comfortable	 means	 for	 delivering	 inverse	 ratio
ventilation	and	is	often	used	in	severe	ARDS	to	improve	oxygenation.9	There	are
three	downsides	 to	APRV:	 (a)	 tidal	volume	often	exceeds	values	 thought	 to	be
lung-protective	 even	 when	 it	 is	 used	 with	 protocols	 designed	 to	 target	 low



volume	 ventilation10;	 (b)	 derecruitment	 during	 TLOW	 could	 produce
atelectrauma11;	 and	 (c)	 spontaneous	 breathing	 in	 early,	 severe	 ARDS	 may
worsen	outcomes.12	Clinical	trials	have	shown	no	patient-centered	advantages	to
this	mode.13-15

High-Frequency	Oscillatory	Ventilation
High-frquency	 oscillatory	 ventilation	 (HFOV)	 is	 an	 alternative	 mode	 of
ventilation	 in	which	 the	mean	airway	pressure	 (Paw)	 is	held	constant	while	an
oscillating	pump	delivers	small	 tidal	volumes	at	a	rapid	rate.	HFOV	has	drawn
interest	 in	 the	management	 of	ARDS	 for	 two	 reasons.	 First,	 it	 could	 be	 lung-
protective	 by	 virtue	 of	 maintaining	 high	 Paw	 (to	 keep	 the	 lungs	 open)	 while
superimposing	only	very	small	 tidal	 swings	 (to	keep	driving	pressure	and	 tidal
volumes	small).	Second,	the	high	Paw	characteristic	of	HFOV	has	the	potential
to	 recruit	 lung	 alveolar	 units	 when	 PEEP	 is	 ineffective,	 thereby	 treating
refractory	hypoxemia.

In	 HFOV,	 the	 clinician	 sets	 Paw,	 amplitude	 of	 the	 oscillatory	 pressure,
frequency	 (Hz),	 bias	 flow,	 fraction	 of	 inspired	 oxygen	 (FiO2),	 and	 inspiratory
time.	 Paw	 is	 the	 primary	 setting	 that	 regulates	 lung	 volume	 and	 alveolar
recruitment	 so	 that,	 in	 conjunction	 with	 FiO2,	 it	 exerts	 the	 most	 control	 over
oxygenation.	 Amplitude	 determines	 the	 displacement	 of	 the	 piston	 in	 the
ventilator;	 this	 displacement	 impacts	 the	 volume	 delivered	 to	 the	 patient	 (the
“oscillatory	 volume”).	 Empirically,	 the	 partial	 pressure	 of	 CO2	 (PaCO2)	 level
correlates	 inversely	 with	 the	 product	 of	 the	 frequency	 and	 the	 square	 of	 the
oscillatory	 volume.	 Because	 oscillatory	 volume	 (unlike	 tidal	 volume	 during
conventional	 ventilation)	 is	 a	 complex	 function	 of	 amplitude,	 frequency,	 and
duty	cycle,	the	impact	of	ventilator	changes	on	gas	exchange	is	not	self-evident.
For	example,	 reducing	frequency	 tends	 to	 lower	 the	PaCO2	because	oscillatory
volume	rises	as	a	consequence,	and	this	secondary	effect	has	a	greater	impact	on
CO2	exchange	than	the	lower	respiratory	rate.

Two	 large,	 prospective,	 randomized	 trials	 compared	HFOV	 to	 conventional
lung-protective	 ventilation	 in	 adults.16,17	 In	 the	 first	 (OSCAR,	 Oscillation	 in
ARDS),16	 795	patients	were	 randomized	 to	HFOV	(initial	 settings	were	Paw	5
cm	H2O	above	the	mean	airway	pressure	at	enrollment;	frequency	10	Hz)	or	to
conventional	 ventilation	 (local	 usual	 practice,	 although	 pressure-assist	 control
ventilation	and	tidal	volume	6-8	mL/kg	PBW	were	encouraged).	There	was	no
difference	 in	 all-cause	 mortality	 30	 days	 after	 randomization	 (the	 primary
outcome)	 or	 length	 of	 stay	 in	 the	 ICU	 or	 hospital.	 In	 the	 second	 trial,	 548



subjects	 were	 randomized	 to	 HFOV	 (initial	 Paw	 30	 cm	 H2O,	 adjusted	 to
oxygenation;	 frequency	 3-12	 Hz)	 or	 conventional	 ventilation	 (pressure-assist
control,	 tidal	 volume	 6	mL/kg	PBW;	 high	 PEEP	 table).17	 In-hospital	mortality
was	significantly	higher	in	the	HFOV	group	(47	vs	35%;	P	=	.005)	causing	the
study	to	be	terminated	early.

Based	 on	 these	 trials,	 HFOV	 should	 not	 be	 used	 routinely	 for	 adults.
However,	both	studies	address	whether	HFOV	confers	superior	 lung	protection
when	used	in	moderate	to	severe	ARDS,	and	not	whether	HFOV	has	a	role	as	a
rescue	 therapy.	 If	HFOV	is	chosen	as	 rescue	 therapy	 for	adults	with	 refractory
hypoxemia,	careful	and	serial	assessment	of	 fluid	balance	and	 right	ventricular
function	is	recommended.

Volume	Assured	Pressure	Support
Rapid	microprocessors	 allow	 ventilators	 to	 respond	 to	 changing	 conditions	 so
rapidly	 that	 the	 level	 of	 ventilatory	 support	 can	 be	 changed	 within	 a	 single
breath.	With	VAPS,	each	breath	begins	as	PS	but,	if	the	ventilator	calculates	that
a	target	tidal	volume	will	not	be	reached,	switches	(within	that	breath)	to	a	VC
breath.	The	clinician	sets	PI	and	a	target	VT.

Proportional	Modes	of	Ventilation
4 	These	modes	deliver	an	inspiratory	assist	in	proportion	to	the	patient’s	effort,
providing	 a	 more	 physiological	 ventilatory	 support	 according	 to	 the	 patient’s
needs.	Proportional	modes	have	the	potential	 to	protect	 the	respiratory	muscles
from	over	and	under	assistance	and	improve	the	synchrony	between	the	patient
and	 the	 ventilator.	 There	 are	 two	 proportional	 modes,	 and	 they	 differ	 in	 the
signal	used	to	control	the	ventilator:	proportional	assist	ventilation	and	neurally
adjusted	ventilatory	assist.18

Proportional	Assist	Ventilation
This	mode	is	a	form	of	PSV,	but	PI	varies	throughout	inspiration	as	a	function	of
patient	 effort.	 Thus,	 it	 is	 effort-triggered,	 pressure-targeted,	 and	 flow-cycled.
PAV	was	created	in	response	to	a	fundamental	 limitation	of	conventional	flow-
and	pressure-targeted	modes:	ventilatory	assistance	is	not	proportional	to	patient
effort.	 In	 contrast,	 PAV	 amplifies	 patient	 instantaneous	 effort	 throughout
inspiration,	leaving	the	patient	in	control	of	VT,	TI,	TE,	and	.	The	theory	behind



PAV	rests	on	the	equation	of	motion	for	the	respiratory	system,	as	follow:

where	 Pmus	 is	 the	 respiratory	 muscular	 pressure,	 Pao	 is	 the	 airway	 opening
pressure	 controlled	 by	PAV,	V	 is	 volume,	ERS	 is	 elastance,	 is	 flow,	 and	RRS	 is
resistance.	 The	 ventilator	 automatically	 calculates	 the	 respiratory	 system
resistance	and	elastance	by	performing	short	end-inspiratory	occlusions	every	8
to	 15	 breaths.	 The	 Pao	 varies	 according	 to	 two	 functions:	 elastic	 assist	 and
resistive	assist,	and	 it	 is	proportional	 to	 the	 instantaneous	Pmus	during	 the	 full
inspiratory	cycle:

The	clinician	determines	the	degree	of	assistance,	usually	set	at	40%	to	80%.
The	 volume	 delivered	 to	 the	 patient	 is	 controlled	 by	 the	 respiratory	 drive	 and
shows	 little	 variation	 when	 modifying	 the	 level	 of	 assistance.	 Inspiration	 is
cycled	 off	 when	 the	 flow	 decreases	 to	 a	 low	 pre-set	 level.	 PAV	 matches	 the
patient’s	respiratory	neural	activity	very	well;	and	several	physiological	studies
have	suggested	better	ventilator	synchrony	with	PAV	compared	to	PSV.19-21	PAV
may	have	better	success	rate	of	liberation	from	MV	than	PSV.22

Neurally	Adjusted	Ventilatory	Assist
This	 novel	 mode	 provides	 a	 pressure	 targeted	 breath	 in	 proportion	 to	 the
electrical	 activity	 of	 the	 diaphragm	 (EAdi),	measured	 through	microelectrodes
built	 into	a	nasogastric	tube	and	placed	at	 the	level	of	 the	diaphragmatic	crura.
NAVA	 is	 electrically	 triggered,	 pressure-targeted,	 and	 electrically	 cycled.	 The
timing	 and	 intensity	 of	 ventilatory	 assist	 is	 determined	 by	 the	 timing	 and
intensity	of	the	diaphragmatic	electrical	activity	(Figure	166.9).



	

Figure	 166.9 	 Neurally	 adjusted	 ventilator	 assist.In	 this	 mode,
pressure-targeted	breaths	are	delivered	in	proportion	to	the	electrical
activity	of	the	diaphragm	(EAdi).	The	lower	part	of	the	panel	shows
the	 timing	 and	 intensity	 of	 the	 diaphragmatic	 electrical	 activity,
which	 determines	 the	 timing	 and	 intensity	 of	 ventilatory	 assist.	 Pao,
airway	opening	pressure.

The	NAVA	level	is	set	by	the	clinician	through	a	titration	process	of	stepwise
changes	 in	 ventilatory	 assist.	 The	 end	 of	 inspiration	 and	 opening	 of	 the
expiratory	valve	is	determined	by	the	EAdi	signal	reaching	40%	to	70%	of	the
peak	EAdi.	Similar	 to	PAV,	 the	volume	delivered	 is	mainly	determined	by	 the
respiratory	drive,	and	it	is	usually	not	affected	by	changes	in	the	level	of	assist.
NAVA	 requires	 correct	 positioning	 of	 the	 electrode	 sensors,	 normal
diaphragmatic	anatomy,	and	intact	ventilatory	drive	and	breathing	reflexes.	The
ventilator	also	has	a	safety	mechanism:	it	switches	to	PACV	or	PSV	if	EAdi	is
not	 detected.23	 NAVA	 is	 thought	 to	 produce	 better	 neuro-ventilatory	 coupling
than	 other	 conventional	 modes,	 decreasing	 the	 prevalence	 of	 ventilator
asynchrony.18	Two	clinical	trials	showed	an	increase	in	ventilator	free	days	with
NAVA	 in	 comparison	 with	 conventional	 modes	 among	 difficult	 to	 wean
patients24	and	in	those	with	acute	hypoxic	respiratory	failure	with	mild	ARDS.25

Choosing	a	Ventilatory	Mode
In	the	majority	of	ventilated	patients,	the	choice	of	the	ventilator	mode	is	based
on	 physician	 preference,	 and	 probably	 does	 not	 impact	 clinical	 outcomes.
Indeed,	 a	 capable	 clinician	 can	 achieve	 similar	 degrees	 of	 ventilator	 support
using	almost	any	mode.	It	is	likely	more	important	to	emphasize	the	principles	of
ventilator-induced	lung	injury	(VILI),	ventilator-induced	diaphragm	dysfunction



(VIDD),	and	PVD	than	to	focus	on	ventilator	modes.8,26	Nevertheless,	there	are
some	advantages	and	disadvantages	of	various	available	modes.
Advantages	 for	 flow-targeted	 modes:	 One	 of	 the	 greatest	 benefits	 of	 using

flow-targeted	modes	is	 that	 the	mechanical	properties	of	 the	respiratory	system
are	 readily	 apparent	 (as	 discussed	 further	 here).	 This	 is	 especially	 true	 when
using	 constant-flow	 (square	 wave)	 ventilation.	 Another	 plus	 is	 that	 it	 is	 quite
simple	to	limit	tidal	volume	when	one	desires	lung-protective	ventilation,	despite
changing	effort,	sedation,	and	respiratory	mechanics.
Advantages	 for	 pressure-targeted	 modes:	 Pressure-targeted	 modes	 allow

variable	 flow	and	some	clinicians	feel	 this	enhances	patient	comfort.	A	second
advantage	 is	 that	 when	 ventilating	 patients	 with	 severe	 airflow	 obstruction,
pressure-targeted	 modes	 offer	 a	 built-in	 degree	 of	 protection	 against	 runaway
dynamic	hyperinflation:	if	autoPEEP	rises	while	PI	remains	constant,	the	driving
pressure	falls,	lowering	minute	ventilation	and	tending	to	limit	hyperinflation.

Positive	End-expiratory	Pressure
5 	During	expiration,	rather	than	opening	the	expiratory	limb	of	the	ventilator	to
the	atmosphere,	a	valve	is	controlled	in	order	to	maintain	positive	pressure.	This
PEEP	 is	 used	 (a)	 to	 reduce	 the	 risk	 of	 atelectasis,	 (b)	 recruit	 alveoli	 and	 raise
oxygenation	 in	 patients	 with	 pulmonary	 edema,	 (c)	 lower	 the	 inspiratory
threshold	load	of	autoPEEP	in	patients	with	airflow	obstruction,	and	(d)	reduce
LV	 afterload	 in	 patients	 with	 reduced	 systolic	 function.	 PEEP	 has	 important
effects	on	the	cardiovascular	system,	and	it	may	have	a	protective	effect	against
lung	 injury	 caused	 by	 strong	 spontaneous	 respiratory	 effort	 in	 severe	 ARDS
(discussed	here).

Reducing	 atelectasis:	 The	 simple	 act	 of	 inserting	 an	 endotracheal	 tube
lowers	FRC,	increasing	the	risk	of	atelectasis.	This	may	be	related	to	“laryngeal
braking,”	 an	 effect	 bypassed	 by	 the	 tube.	When	FRC	 falls,	 some	 lung	 regions
(especially	 dependent	 zones)	 may	 fall	 below	 closing	 volume,	 producing
resorptive	atelectasis.	For	this	reason,	nearly	all	mechanically	ventilated	patients
are	given	a	minimum	value	of	PEEP	(usually	5	cm	H2O),	sometimes	referred	to
as	“physiological	PEEP.”

Use	in	lung	edema:	In	patients	with	ARDS	or	cardiogenic	pulmonary	edema,
PEEP	 is	often	 effective	 in	 redistributing	 lung	water	 from	 the	 alveolar	 space	 to
the	 peribronchial,	 perivascular	 cuffs,27	 raising	 FRC,	 recruiting	 alveoli,	 and
raising	partial	pressure	of	oxygen	(PaO2).	Patients	vary	greatly	in	their	response
to	 PEEP,	 however,	 ranging	 from	 dramatic	 increments	 in	 oxygenation	 to	 little



effect	 to	 “paradoxically”	 reduced	 PaO2.	 The	 latter	 may	 be	 seen	 especially	 in
focal	consolidations.	There	is	controversy	regarding	how	to	set	PEEP	in	ARDS.
Some	 advocate	 low	 levels,	 such	 as	 the	 least	 PEEP	 effective	 in	 maintaining
adequate	oxygenation	or	according	to	a	low-PEEP	table.	Others	argue	that	higher
levels	 of	 PEEP	 are	 salutary	 by	 inhibiting	 atelectrauma.	 Clinical	 data	 have	 not
resolved	this	question.	Even	if	higher	levels	of	PEEP	are	beneficial,	there	is	no
consensus	regarding	how	to	choose	the	level:	analysis	of	PV	curves,	stress	index,
esophageal	manometry,	high-PEEP	table,	or	other	methodology.28-33

In	obstructive	disease:	During	exacerbations	of	obstructive	lung	disease,	the
end-expiratory	Palv	 typically	 remains	 above	 atmospheric	pressure	 (autoPEEP).
This	 produces	 an	 inspiratory	 threshold	 load;	 that	 is,	 the	 patient	 has	 to	 expend
significant	 effort	 to	 overcome	 autoPEEP	 even	 before	 inspiratory	 flow	 can	 be
produced.	Applying	PEEP	extrinsically	reduces	this	load,	lowering	the	work	of
breathing.	Externally	applied	PEEP	tends	not	 to	raise	Palv	because	the	airways
often	 behave	 like	 Starling	 resistors,	 rather	 than	 Ohmic	 resistors,	 analogous	 to
waterfalls.34	 Externally	 applied	 PEEP	 set	 to	 roughly	 75%	 of	 the	 autoPEEP
lowers	work	of	breathing	usually	without	raising	the	degree	of	hyperinflation.35,36

LV	 dysfunction:	 PEEP	 raises	 mean	 and	 end-expiratory	 Ppl,	 reducing	 LV
transmural	 pressure	 as	 described	 further	 later	 in	 “Heart-Lung	 Interaction.”	For
patients	 with	 severe	 LV	 dysfunction,	 this	 effect	 is	 meaningful	 and	 can	 be
effective	in	treating	pulmonary	edema,	reducing	mitral	regurgitant	fraction,	and
augmenting	 cardiac	 output.	 Withdrawal	 of	 PEEP	 can	 provoke	 clinical
deterioration	or	weaning	failure.	This	may	be	one	of	the	reasons	that	extubation
to	noninvasive	ventilation	reduces	the	risk	of	extubation	failure	in	patients	with	a
cardiovascular	basis	for	respiratory	failure.37,38

Preventing	 lung	 injury:	 Strong	 spontaneous	 respiratory	 effort	 has	 been
recently	recognized	as	an	important	mechanism	of	lung	and	diaphragmatic	injury
in	 ventilated	 patients	 with	 ARDS.39-41	 The	 use	 of	 high	 levels	 of	 PEEP	 may
reduce	 effort-dependent	 lung	 injury	 in	 ARDS	 during	 spontaneous	 breathing.
Two	 mechanisms	 have	 been	 proposed	 for	 this	 protective	 effect:	 (1)	 more
homogeneous	 distribution	 of	 the	 pleural	 pressure	 swing	 over	 the	 whole	 lung
after	diaphragmatic	contraction,	by	recruiting	atelectatic	lung	and	decreasing	the
pleural	pressure	gradient	between	the	dependent	and	nondependent	lung	regions;
(2)	 decrease	 in	 spontaneous	 respiratory	 effort	 by	 decreasing	 the	 diaphragmatic
curvature,	 which	 causes	 electromechanical	 uncoupling	 of	 the	 diaphragm,
resulting	in	lower	pleural	pressure	changes	and	lower	tidal	volume.42

Physiology	and	Clinical	Interpretation	of	Ventilator



Waveforms
6 	Flow	and	pressure	waveforms	provide	valuable	information	about	respiratory
system	mechanics	and	patient-ventilator	interaction.	Used	properly,	these	signals
allow	the	clinician	to	garner	diagnostic	information,	customize	ventilator	settings
for	the	individual	patient,	and	follow	the	impacts	of	treatments	and	time	on	the
underlying	 respiratory	 disease.	 The	 amount	 of	 information	 obtained	 depends
upon	which	mode	is	used	to	ventilate	the	patient,	as	well	as	whether	the	patient
is	active	or	passively	ventilated.8	It	is	easiest	to	discern	the	mechanical	properties
of	 the	respiratory	system	when	VACV	is	used	and	flow	is	constant.	While	 it	 is
possible	to	calculate	respiratory	system	resistance	and	compliance	from	the	flow
waveform	during	PACV,	this	cannot	be	done	easily	or	 in	real-time.2	Expiratory
flow	is	mode-independent,	depending	on	elastic	recoil,	expiratory	resistance,	and
(unless	there	is	flow	limitation)	patient	effort.

Evaluating	Respiratory	System	Mechanics
When	 using	 flow-targeted	 modes	 with	 constant	 flow,	 Pao	 during	 inspiration
reflects	the	sum	of	three	factors:	(1)	flow-related	(resistive)	pressure,	Presist;	(2)
elastic	 pressure	 due	 to	 lung	 volume	 and	 CRS;	 and	 (3)	 total	 PEEP.	With	 a	 few
simple	 maneuvers,	 the	 total	 pressure	 can	 be	 partitioned	 into	 these	 three
components,	yielding	insight	 into	the	underlying	disease.	In	most	mechanically
ventilated	patients,	 inspiratory	Pao	 is	elevated	above	normal	values	 in	 line	with
the	 derangement	 in	 the	 respiratory	 system.	 Completely	 normal	 ventilator
waveforms	suggest	a	mechanically	normal	respiratory	system,	such	as	seen	with
pure	 neuromuscular	 failure,	 or	may	 reveal	 that	 the	 cause	 of	 respiratory	 failure
has	 resolved	 or	 been	 bypassed	 (such	 as	 when	 the	 endotracheal	 tube	 relieves
major	airway	obstruction).	The	following	discussion	assumes	a	passive	patient,
but	patient-ventilator	interaction	is	described	later.

The	 peak	 inspiratory	 pressure	 (Ppk)	 represents	 the	 sum	 of	 Presist	 and	 the
elastic	recoil	pressure	due	to	tidal	distension	of	the	respiratory	system	plus	total
PEEP.	With	an	end-inspiratory	pause,	pressure	falls	from	Ppk	to	a	plateau	(Pplat)
by	 an	 amount	 equal	 to	 Presist	 (Figure	 166.10).	 At	 normal	 inspiratory	 flows
around	1	L/s,	Presist	is	between	4	and	10	cm	H2O/L/s.	Elevated	Presist	points	to
bronchospasm,	 airway	 edema,	 or	 other	 airway	 obstruction	 (tumor,	 secretion,
mucus	 plugging,	 or	 partial	 endotracheal	 tube	 obstruction).	 It	 should	 be
emphasized	that	a	decelerating	flow	profile	will	 lower	Presist,	masking	airflow
obstruction.



	

Figure	166.10 	 In	passive	patients	ventilated	with	constant	 flow-
targeted	modes,	the	airway	opening	pressure	is	composed	of	resistive
(Presist)	 and	 elastic	 (Pplat)	 elements,	 with	 the	 latter	 also	 including
PEEP	 (or	 autoPEEP).An	 end-inspiratory	 pause	 allows	 the
determination	 of	 each	 of	 these	 components	 in	 the	 pressure	 wave
curve.	Note	 that	pressure	 rises	 in	 two	distinct	phases:	an	 initial	step
rise	 related	mostly	 to	 the	 inspiratory	resistance	(thus	very	similar	 to
Presist),	 followed	 by	 a	 more	 gradual	 rise	 related	 to	 the	 respiratory
system	elastance.	Pao,	 airway	opening	pressure;	PEEP,	 positive	 end-
expiratory	 pressure;	 Pplat,	 plateau	 pressure;	 Presist,	 resistive
pressure.

With	Presist	known,	 the	remaining	pressure	 (Pplat)	 is	 the	sum	of	 the	elastic
pressure	(Pel)	related	to	tidal	inflation	of	the	respiratory	system	and	total	PEEP.
When	 there	 is	no	autoPEEP,	 total	PEEP	is	simply	 the	set	PEEP.	Many	patients
have	 autoPEEP,	 however,	 so	 this	 should	 be	 sought	 by	 examining	 the	 flow
waveform	 at	 end-expiration	 (normally,	 expiratory	 flow	 should	 taper
exponentially	 toward	 zero	 before	 the	 subsequent	 breath).	AutoPEEP	 is	 present
when	 there	 is	 persistent	 expiratory	 flow	 at	 end-expiration	 (Figure	 166.11).	 It
should	 also	 be	 suspected	 in	 the	 presence	 of	 elevated	 Pplat,	 electromechanical
dissociation	 following	 intubation,	 and	 whenever	 there	 is	 PVD.	 The	 most
common	 method	 to	 quantify	 autoPEEP	 is	 the	 end-expiratory	 port	 occlusion
technique,	 but	 this	 is	 successful	 only	when	 patients	 are	 passive.	Alternatively,
one	can	measure	the	change	in	esophageal	pressure	at	the	start	of	inspiration,	but
this	requires	an	esophageal	balloon.	The	magnitude	of	autoPEEP	is	often	rather
small,	 only	 1	 to	 3	 cm	 H2O,	 and	 so	 typically	 has	 only	 a	 modest	 impact	 on
measurements	 of	 respiratory	mechanics.	Nevertheless,	 it	 can	 rise	 to	 very	 high



values	 (10-20	 cm	 H2O	 or	 even	 higher)	 in	 patients	 with	 severe	 airflow
obstruction.	 In	 such	 instances,	 it	 is	 critically	 important	 to	 detect	 and	 monitor
autoPEEP	and	to	adjust	the	ventilator	accordingly	(see	later).

	

Figure	 166.11 	 Pressure	 assist	 control	 in	 a	 patient	 with	 airflow
obstruction.Appreciate	 the	 persistent	 expiratory	 flow	 at	 end-
expiration	 (arrow)	 revealing	 the	presence	of	dynamic	hyperinflation
and	 autoPEEP.	 In	 passively	 ventilated	 patients,	 autoPEEP	 can	 be
quantified	by	the	end-expiratory	port	occlusion	technique.	At	the	time
a	 breath	 is	 due,	 the	 ventilator	 closes	 the	 inspiratory	 and	 expiratory
ports	 and	 withholds	 the	 expected	 breath,	 reflecting	 end-expiratory
Palv,	 the	 autoPEEP	 pressure.	 Palv,	 alveolar	 pressure;	 Pao,	 airway
opening	pressure;	PEEP,	positive	end-expiratory	pressure	.

The	final	component	of	Pao	 is	 that	required	to	expand	the	alveoli	against	 the
elastic	recoil	forces	of	the	lung	and	chest	wall,	an	amount	that	depends	upon	VT

and	the	compliance	of	the	respiratory	system	(or	its	inverse,	elastance,	Ers).	This
pressure	 is	 found	 by	 subtracting	Presist	 and	 total	 PEEP	 from	Ppk.	CRS	 can	 be
calculated	by	dividing	VT	by	this	pressure;	normal	values	are	around	70	mL/cm
H2O.	When	VT	is	400	mL,	the	compliance-related	pressure	should	be	about	6	cm
H2O	 (400	mL/70	mL/cm	H2O).	 Elevated	 pressures	 often	 signal	 high	VT,	 lung
pathology	 (atelectasis,	 pulmonary	 edema,	 consolidation,	 etc),	 or	 chest	 wall
restriction	 (due	 to	 obesity,	 pleural	 disease,	 chest	 wall	 deformity,	 abdominal
compartment	syndrome,	etc).

A	 subtle	 but	 important	 feature	 of	 the	 inspiratory	 Pao	 during	 constant-flow
breaths	 is	 its	normally	 linear	rise,	 implying	that	CRS	 is	not	changing	during	the
breath.	The	degree	of	linearity	is	described	by	the	“stress	index,”	which	is	equal
to	1	when	Pao	 rises	 in	a	 straight	 line.	 If	Pao	 rises	with	a	concave	upward	shape



(stress	 index	 >1),	 CRS	 is	 falling	 during	 the	 breath,	 possibly	 revealing
overdistension	 of	 lung.	 On	 the	 other	 hand,	 if	 Pao	 rises	 with	 a	 convex	 upward
shape	 (stress	 index	 <1),	 CRS	 is	 becoming	 greater	 during	 the	 breath—this	 may
signal	 inspiratory	 recruitment	 (and	 implying	 expiratory	 derecruitment)	 (Figure
166.12).	 This	 approach	 is	 one	 of	 many	 for	 setting	 the	 value	 of	 PEEP	 during
lung-protective	ventilation	of	ARDS.

	

Figure	 166.12 	 Volume	 assist	 control	 ventilation	 with	 constant
flow.A,	 A	 stress	 index	 >1	 (inspiratory	 Pao	 rises	 with	 a	 concave
upward	shape).	B,	A	stress	index	=	1	(inspiratory	Pao	during	constant-
flow	breaths	rises	linearly,	signaling	that	compliance	is	not	varying).
Pao,	airway	opening	pressure.

Driving	pressure	(∆P)	is	the	Pplat	minus	the	applied	PEEP,	also	equivalent	to
dividing	 the	VT	 by	 the	 CRS.	 In	 patients	 with	 ARDS,	 driving	 pressure	 directly
correlates	with	mortality.43	Targeting	a	low	driving	pressure	has	been	proposed	to
improve	 outcomes	 in	 patients	 with	 ARDS,	 but	 this	 hypothesis	 has	 not	 been
confirmed	 in	prospective	 trials.	A	 recent	 study	 suggests	 that	 a	 reduction	 in	∆P
after	protocolized	ventilator	adjustments	may	be	associated	with	lower	mortality
in	patients	with	ARDS.	Driving	pressure	appears	less	predictive	of	outcomes	in
ventilated	patients	without	ARDS.44

Common	 disease	 patterns	 can	 be	 recognized	 by	 analyzing	 the	 pressure	 and
flow	waveforms	 (Figure	 166.13).	 The	 normal	 respiratory	 system	 (assuming	 a
passive	 patient	 and	 typical	 ventilator	 settings)	 shows	 a	 Ppk	 of	 roughly
15	 cm	 H2O,	 Pplat	 10	 cm	 H2O,	 Presist	 5	 cm	 H2O	 (calculated),	 and	 PEEP



5	 cm	 H2O.	 In	 addition,	 the	 early	 step-rise	 in	 pressure	 (in	 the	 first	 few
milliseconds	 of	 the	 breath)	 is	 small	 (and	 similar	 to	 Presist).	 Expiratory	 flow
peaks	at	roughly	60%	of	the	inspiratory	flow	and	declines	exponentially,	falling
to	zero	before	the	next	breath.	The	patient	with	severe	airflow	obstruction,	such
as	due	to	status	asthmaticus,	may	have	a	Ppk	of	65	cm	H2O,	Pplat	20	cm	H2O,
Presist	 45	 cm	H2O,	 and	 total	 PEEP	 14	 cm	H2O.	 The	 early	 step	 rise	 in	 Pao	 is
abnormally	large,	related	both	to	high	Presist	and	to	the	presence	of	autoPEEP.
An	 end-expiratory	 occlusion	 will	 show	 a	 value	 higher	 than	 the	 set	 PEEP.
Expiratory	flow	is	usually	very	abnormal	with	low	peak	expiratory	flow	rates,	a
biphasic	 shape,	 and	 low	 flow	 rates	 persisting	 until	 end-expiration.	 Finally,	 the
patient	 with	 a	 restrictive	 pulmonary	 process	 may	 exhibit	 Ppk	 of	 40	 cm	 H2O,
Pplat	33	cm	H2O,	Presist	7	cm	H2O,	and	PEEP	5	cm	H2O.	The	early	step	rise	in
Pao	is	normal.	Expiratory	flow	is	normal	to	increased	and	often	ceases	before	the
next	breath	begins.

	

Figure	166.13 	Volume	assist	control	ventilation.A,	A	patient	with
a	 restrictive	 pulmonary	 process:	 the	 pressure	 waveform	 shows	 an
elevated	 Ppk	 and	 Pplat,	 while	 the	 Presist	 appears	 small.	 The	 flow
waveform	 shows	 high	 expiratory	 flow	 that	 ceases	 before	 the	 next
breath	 begins.	 B,	 A	 patient	 with	 severe	 airflow	 obstruction:	 the
pressure	waveform	shows	an	elevated	Ppk	and	Presist	while	the	Pplat
appears	normal.	The	flow	waveform	shows	low	flow	rates	throughout
expiration.	 Note	 also	 that	 the	 early	 step	 rise	 in	 pressure	 is	 much
higher	 in	 B,	 in	 accord	 with	 the	 much	 higher	 Presist.	 Ppk,	 peak
inspiratory	 pressure;	 Pplat,	 plateau	 pressure;	 Presist,	 resistive
pressure;	Pao,	airway	opening	pressure.

Although	 pressure-targeted	 modes	 are	 not	 recommended	 when	 seeking
mechanical	 information	about	 the	respiratory	system,	some	clues	are	available,



nevertheless.	When	Pao	 is	 constant	 (PC	breath),	 flow	 falls	 as	 alveolar	 pressure
rises.	Conditions	characterized	by	a	 slow	 rise	 in	Palv	because	of	 reduced	 lung
recoil	 and	 airflow	 obstruction	 (such	 as	 emphysema)	 will	 show	 only	 a	 very
slowly	diminishing	inspiratory	flow	rate	(Figure	166.14).	In	contrast,	something
like	pulmonary	fibrosis,	in	which	Palv	rises	quickly	during	inspiration,	is	notable
for	 a	 rapidly	 falling	 inspiratory	 flow	 rate.	 Finally,	 since	 expiration	 is	 mode
independent,	the	same	flow	patterns	seen	during	VACV	will	also	be	seen	during
pressure-targeted	modes.

	

Figure	166.14 	Restriction	vs	obstruction	during	pressure-targeted
ventilation.A,	 A	 patient	 with	 a	 restrictive	 pulmonary	 process:	 the
inspiratory	portion	of	the	flow	waveform	falls	quickly,	because	of	the
rapid	 rise	 in	 Palv.	 The	 increased	 elastic	 recoil	 also	 drives	 rapid
expiratory	 flow.	 B,	 A	 patient	 with	 severe	 airflow	 obstruction:	 the
inspiratory	portion	of	the	flow	waveform	falls	slowly,	in	line	with	the
gradual	rise	in	Palv.	The	expiratory	flow	is	slow	and	prolonged.	Palv,
alveolar	pressure.

In	 spontaneously	 breathing	 patients	 ventilated	 with	 pressure	 support,	 Pplat
can	 be	 measured	 through	 a	 brief	 end-inspiratory	 hold.45	 This	 maneuver	 often
reveals	how	inspiratory	effort	can	mask	high,	and	potentially	deleterious,	driving
pressures.	 This	 maneuver	 also	 allows	 the	 calculation	 of	 the	 Crs.	 Erroneous
values	could	be	derived	if	there	is	active	expiratory	effort.

Patient	Ventilator	Dyssynchrony

Definition
7 	 The	 degree	 of	 ventilatory	 support	 provided	 by	MV	 extends	 from	 complete
support	 to	 none.	Both	 extremes	 of	 ventilatory	 support	may	 be	 associated	with



structural	 injury	of	 the	 respiratory	muscles	and	subsequent	muscle	dysfunction
and	failure.46,47	Thus,	current	strategies	of	MV	aim	to	provide	enough	ventilatory
support	to	achieve	efficient	gas	exchange	and	match	the	patient’s	demands.	The
ventilator	and	patient	share	the	ventilatory	work,	facilitating	respiratory	muscle
recovery	with	less	sedation	or	muscle	paralysis.	Ideally,	the	patient	and	ventilator
should	synchronize	during	 the	 three	phases	of	breath	delivery:	 triggering,	 flow
delivery,	 and	 cycling	 off.	 The	 lack	 of	 optimal	 interaction	 is	 called	 PVD.	 This
phenomenon	 results	 from	 inadequate	 or	 inappropriate	 ventilator	 settings
(triggering,	flow	delivery,	mode,	and	PEEP);	excessive	patient	ventilatory	drive;
the	presence	of	autoPEEP;	and	other	poorly	understand	factors.

PVD	 is	measured	by	 three	different	methods:	 ventilator	waveform	analysis,
esophageal	 pressure	 recordings,	 and	 electromyography	 of	 respiratory	muscles,
the	last	two	being	the	most	sensitive.	Its	prevalence	can	be	as	high	as	80%,	and
is	 related	 to	 the	 of	 dyssynchrony,	 ventilated	 population,	 method	 of	 detection
used,	the	timing	and	duration	of	observation,	the	mode	and	settings	of	MV,	and
the	presence	of	confounders	like	the	degree	of	sedation.46,47

Types
PVD	can	be	classified	by	the	phase	of	the	breath	in	which	it	is	seen	but,	in	many
patients,	several	types	are	present	simultaneously.	The	origins	of	and	responses
to	the	different	types	of	PVD	are	described	here.	Using	NAVA	greatly	enhances
synchrony	during	all	breath	phases,	although	any	clinical	benefits	remain	to	be
shown.

Triggering	Phase

Ineffective	Trigger
It	 is	 the	most	common	form	of	PVD	and	refers	 to	a	patient’s	 inspiratory	effort
(increase	 in	 transdiaphragmatic	 pressure	 or	 EAdi)	 after	 which	 there	 is	 no
ventilator-delivered	 breath,	 or	 one	 that	 is	 delayed.	 Ventilator	 waveforms	 may
show	a	subtle	decrease	in	Pao	not	followed	by	a	triggered	breath;	a	change	in	the
slope	 of	 exponential	 decay	 of	 the	 expiratory	 flow	 waveform;	 or	 transient
cessation	 of	 expiratory	 flow	 during	 the	 expiratory	 phase	 (Figure	 166.15).
Trigger	 dyssynchrony	 may	 result	 from	 dynamic	 hyperinflation,	 reduced
respiratory	drive,	high	levels	of	PSV,	respiratory	muscle	weakness,	or	insensitive
trigger	settings	in	the	ventilator.	Ineffective	trigger	is	quite	common,	especially
when	autoPEEP	is	present.	Raising	the	level	of	ventilator	PEEP	helps	to	counter



the	 inspiratory	 threshold	 load	 of	 autoPEEP,	 enhancing	 synchrony.	 In	 many
patients,	however,	ineffective	trigger	is	probably	not	clinically	important.	It	can
be	reduced	by	treating	autoPEEP	or	by	reducing	the	PI	during	pressure-targeted
breaths.

	

Figure	166.15 	 Ineffective	trigger.Ineffective	trigger	 is	evidenced
in	this	patient	by	a	subtle	decrease	in	Pao	not	followed	by	a	triggered
breath	(arrow)	and	a	transient	cessation	of	expiratory	flow	during	the
expiratory	phase	 (arrowhead).	Note	also	 that	 expiratory	 flow	ceases
well	 before	 the	 third	 breath,	 marking	 a	 significant	 trigger	 delay
(because	 the	 inspiratory	 threshold	 load	 of	 autoPEEP).	 Pao,	 airway
opening	pressure;	PEEP,	positive	end-expiratory	pressure.

Extratriggering
Autotriggering	 occurs	 when	 the	 ventilator	 delivers	 an	 unscheduled	 breath
without	a	patient’s	effort.	It	may	occur	when	the	triggering	threshold	is	too	low,
in	 the	 presence	 of	 circuit	 leaks	 or	 vigorous	 cardiac	 oscillations,	 and	 related	 to
condensation	 in	 the	 exhalation	 limb	 of	 the	 ventilator	 tubing	 (Figure	 166.16).
This	 form	 of	 PVD	 is	 readily	 solved	 once	 the	 source	 of	 autotriggering	 is
recognized.	Nevertheless,	 it	can	be	subtle	and	has	been	reported	to	obscure	the
diagnosis	of	brain	death.



	

Figure	 166.16 	 Autotriggering.Autotriggering	was	 recognized	 in
this	therapeutically	paralyzed	patient	by	the	discrepancy	between	the
patient’s	 respiratory	 rate	 (45/min)	and	 the	one	set	by	 the	clinician.20
This	 patient	 had	 a	 circuit	 leak	 related	 to	 bronchopleural	 fistula:	 air
lost	through	the	chest	tube	mimicked	the	difference	in	flow	between
inspiratory	and	expiratory	limbs	of	the	ventilator	that	would	be	seen
with	inspiratory	effort.	(Note	the	discrepancy	between	inspiratory	and
expiratory	 tidal	 volumes).	 Autotriggering	 resolved	 after	 switching
flow	to	pressure	triggering.	Pao,	airway	opening	pressure.

Double	triggering	or	extratriggering	consists	of	two	consecutive	inspirations
with	 an	 interval	 of	 less	 than	 half	 of	 the	 mean	 inspiratory	 time	 (TI)	 (Figure
166.17).	It	usually	accompanies	high	respiratory	drive,	low	VT	settings,	or	when
neural	TI	 exceeds	machine	TI.	 Increasing	 the	 level	 of	 sedation	 appears	 largely
ineffective	 in	 treating	 this	 of	 PVD.48	 Raising	 minute	 ventilation	 or	 VT	 can
suppress	drive,	although	this	may	run	counter	to	other	goals	of	MV,	especially	in
patients	with	ARDS	or	severe	airflow	obstruction.	Often	inserting	a	brief	(eg,	0.2
sec)	end-inspiratory	pause	is	effective.



	

Figure	 166.17 	 Double	 triggering.Observe	 the	 presence	 of	 two
consecutive	 inspirations	 (stars)	 with	 an	 interbreath	 interval	 of	 less
than	 half	 of	 the	 mean	 inspiratory	 time.	 Because	 little	 of	 each	 first
breath	 is	exhaled	before	 the	second	breath	 is	 triggered,	 the	effective
tidal	 volume	 may	 be	 twice	 that	 set	 by	 the	 clinician.	 Pao,	 airway
opening	pressure.

Reverse	 triggering	 (RT,	 also	 called	 entrainment)49	 refers	 to	 the	 process
whereby	 a	 spontaneous	 inspiratory	 effort	 is	 paradoxically	 triggered	 by	 the
mechanical	 inflation	 of	 the	 lungs,	 seemingly	mediated	 by	 vasovagal	 pathways
and	 mechanical	 stretch	 receptors.	 It	 occurs	 frequently	 (up	 to	 50%)	 in
nonparalyzed	but	heavily	sedated	patients	with	ARDS.	Seldomly,	RT	can	cause
breath	 stacking	 resulting	 in	 large	 tidal	 volume	 and	 high	 driving	 pressure.50
Several	 phenotypes	 of	 RT	 have	 been	 described,	 each	 causing	 different
physiological	 effects	 on	 the	 tidal	 volume	 and	 the	 inspiratory	 transpulmonary
pressure.51

Flow	Delivery	Phase
Flow	dyssynchrony	occurs	when	the	delivered	inspiratory	flow	is	insufficient	to
meet	the	patient’s	ventilatory	demand.	This	form	of	PVD	is	seen	only	during	VA
breaths.	It	can	be	detected	by	analyzing	the	pressure-time	waveform,	showing	a
concave	appearance	 toward	 the	Y	axis	 (Figure	166.18).	 If	 the	 inspiratory	 flow
rate	is	set	too	low,	raising	it	to	the	range	of	60	L/min	or	higher	may	be	effective.
Flow	 dyssynchrony	 resolves	 when	 switching	 from	 flow-targeted	 to	 pressure-
targeted	breaths,	although	this	may	allow	higher	than	desired	tidal	volumes.



	

Figure	 166.18 	 Volume-targeted	 mode	 in	 an	 active	 patient	 with
flow	 dyssynchrony.Observe	 the	 concave	 appearance	 toward	 the	 Y-
axis	 of	 the	 pressure	waveform,	most	 evident	 in	 the	 first	 and	 fourth
breaths.	Pao,	airway	opening	pressure.

Excessive	flow	asynchrony	 refers	to	the	delivery	of	excessive	flow,	typically
in	 patients	 with	 low	 inspiratory	 efforts.	 The	 rapid	 onset	 of	 flow	 can	 provoke
discomfort	 and	 activate	 the	 expiratory	 muscles.	 Reducing	 VI	 (flow-targeted
breaths)	 or	 PI	 (pressure-targeted	 breaths)	 or	 setting	 a	 rise-time	 of	 0.1	 to	 0.2
seconds	may	ameliorate	this	form	of	PVD.

Cycling	Phase
This	of	asynchrony	occurs	when	there	is	poor	matching	between	machine	TI	and
the	patient	(neural)	TI.	It	can	manifest	as:
Premature	 cycling	 (machine	 TI	 <	 neural	 TI)	 manifested	 in	 very	 early

expiration	 by	 a	 downward	 movement	 Pao	 (pressure-time	 curve	 during	 flow-
targeted	 modes)	 and	 slowed	 expiratory	 flow	 (flow-time	 curve).	 This	 is	 often
associated	with	double	triggering	(Figure	166.19).

	



Figure	166.19 	 Premature	 cycling	 (machine	TI	 <	 neural	TI)	 in	 a
patient	 ventilated	 on	 volume	 assist	 control	 mode.Observe	 how
inspiratory	 effort	 persists	 into	 machine	 TE,	 slowing	 (and	 briefly
stopping)	expiratory	flow	(arrow).	This	is	often	associated	with	flow
dyssynchrony	(second	breath)	and	double	triggering	as	evidenced	in
the	 last	 breath	 (star).	 Pao,	 airway	 opening	 pressure;	 TI,	 mean
inspiratory	time.

Delayed	cycling	(machine	TI	>	neural	TI)	manifested	by	an	elevation	in	Pao	at
end-inspiration	as	the	patient	recruits	expiratory	muscles	to	oppose	the	ventilator
pressure	 (pressure-time	 curve	 and	 flow-targeted	 modes)	 (Figure	 166.20).
Following	 PS	 breaths,	 delayed	 cycling	 is	 common	 (especially	 in	 obstructed
patients)	but	difficult	to	recognize.	It	may	be	signaled	by	the	shape	of	the	flow-
time	waveform,	with	flow	suddenly	cycling	off	rather	than	gradually	declining.

	

Figure	 166.20 	 Patient	 ventilated	 on	 pressure	 support	 with
delayed	cycling	(machine	TI	>	neural	TI).Observe	the	sudden	increase
in	 the	 airway	 pressure	 at	 the	 end	 of	 inspiration	 (arrow),	 caused	 by
expiratory	effort	 from	 the	patient.	This	 can	often	be	ameliorated	by
raising	 the	 flow	 threshold	 for	 breath	 termination,	 especially	 in
patients	 with	 airflow	 obstruction.	 Pao,	 airway	 opening	 pressure;	 TI,
mean	inspiratory	time.

Consequences



Observational	 studies	 suggest	 that	 PVD	 is	 associated	 with	 poor	 outcomes,
including	 longer	MV	duration,	shorter	ventilator-free	survival,	 longer	 length	of
stay,	 higher	 rates	 of	 sleep	 pattern	 disruption,	 and	 lower	 likelihood	 of	 home
discharge.21,52-54	Although	a	causal	relationship	between	PVD	and	poor	outcomes
has	 not	 been	 established,	multiple	mechanisms	 are	 postulated	 to	 explain	 these
findings.	 PVD	can	 compromise	 alveolar	 ventilation	 and	 gas	 exchange,	worsen
alveolar	over-distension,	and	 increase	 the	work	of	breathing.	Thus,	PVD	could
contribute	to	VILI,	VIDD,	intensive	care	unit–acquired	weakness	(ICU-AW),	or
patient	 suffering.	 Furthermore,	 these	 consequences	 could	 worsen	 respiratory
mechanics	 and	 potentiate	 further	 dyssynchrony,	 perpetuating	 this	 pathological
process.	 Finally,	 PVD	 is	 a	 common	 indication	 for	 the	 use	 of	 higher	 levels	 of
sedation	by	 ICU	physicians	which,	coupled	with	 the	 factors	mentioned	before,
may	increase	the	length	of	MV,	ICU	stay,	and	mortality.4,46,55-57

Ventilator-Induced	Lung	Injury	and	Diaphragmatic
Dysfunction
8 	MV	may	 cause	 injury	 to	 the	 lung	 and	 the	 diaphragm,	 and	 in	 both	 cases	 is
associated	with	 poor	 clinical	 outcomes.	VILI	 is	mainly	mediated	 by	 excessive
mechanical	stress	and	strain	to	the	lung,	while	VIDD	is	usually	caused	by	over
and/or	under	ventilatory	assistance	of	the	diaphragm.39,40

Definition
VILI	refers	to	the	functional	and	structural	alterations	that	occur	in	the	lung	as	a
direct	consequence	of	MV.	VILI	usually	perpetuates	and	worsens	the	damage	in
injured	lungs,	but	it	can	also	initiate	injury	in	previously	healthy	lungs	and	may
lead	 to	 multiorgan	 dysfunction.8,58	 VILI	 is	 classified	 into	 macroscopic	 and
microscopic	injury.	Macroscopic	injury	consists	of	the	presence	of	extra-alveolar
air,	 and	 it	 is	 commonly	 referred	 as	 barotrauma.	 It	 includes	 pneumothorax,
pneumomediastinum,	pneumoperitoneum,	subcutaneous	emphysema,	and	cystic
lung	 spaces.	 Peak	 airway	 pressure,	 level	 of	 PEEP,	 tidal	 volume,	 minute
ventilation,	patient-ventilation	interaction,	 lung	blood	flow,	and	airway	damage
have	 been	 associated	 with	 the	 development	 of	 barotrauma,	 although	 this
association	 and	 the	 pathogenetic	 mechanisms	 behind	 it	 remain	 controversial.
Microscopic	injury	refers	to	the	constellation	of	histopathological	changes	in	the
lung	triggered	by	MV,	including	the	disruption	of	the	alveolar-capillary	barrier,
impaired	 surfactant	 production,	 distal	 airway	 injury,	 release	 of	 inflammatory



mediators,	and	formation	of	hyaline	membranes	and	pulmonary	edema.8,58
VIDD	 refers	 to	 the	 constellation	 of	 histological,	 biochemical,	 and

physiological	modifications	that	occur	in	the	diaphragm	as	a	direct	consequence
of	MV.	VIDD	correlates	with	the	duration	of	MV	and	seems	to	be	aggravated	by
sepsis	 and	 severity	 of	 illness.	VIDD	 appears	 to	 be	mediated	 by	mitochondrial
dysfunction	with	increase	in	oxidative	stress,	and	activation	of	several	catalytic
pathways	 (ubiquitin-proteasome,	 caspases,	 calpains),	 which	 result	 in
diaphragmatic	muscle	 fiber	 injury	 and	 remodeling,	 decreased	 contractility,	 and
atrophy.	Lysosome-mediated	autophagy	is	also	upregulated	in	the	diaphragm	of
ventilated	 patients,	 but	 this	 appears	 to	 be	 a	 beneficial	 adaptive	 response	 to
remove	the	damaged	mitochondria	and	alleviate	VIDD.59-69

Pathophysiology
Ventilator-induced	 lung	 injury	occurs	mainly	due	 to	 the	overdistension	of	 lung
units	 by	 the	 use	 of	 excessive	 tidal	 volumes	 (volutrauma);	 and	 the	 use	 of	 low
distending	 pressures	 that	 allow	 repetitive	 opening	 and	 closing	 of	 airways	 and
alveoli	 (atelectrauma).	 In	 addition,	 the	 release	 of	 intracellular	 mediators	 from
injured	 cells	 in	 response	 to	 those	 forces	 may	 promote	 further	 damage	 to	 the
lungs	directly	or	 indirectly	by	activating	epithelial,	vascular,	 and	 inflammatory
cells	that	release	more	injurious	molecules	(biotrauma).	Other	factors	like	body
temperature,	respiratory	acidosis,	and	pulmonary	vasculature	pressures	may	also
be	relevant	to	the	development	of	VILI,	although	their	pathological	role	appears
to	be	secondary.8,58,70-73	Recently,	strong	spontaneous	respiratory	effort	has	been
recognized	 as	 an	 important	 mechanism	 of	 lung	 and	 diaphragmatic	 injury	 in
ventilated	patients	with	ARDS,	and	termed	patient	self-inflicted	lung	injury.39-41
The	strong	respiratory	effort	would	generate	large	Ppl	swings	confined	mainly	to
the	 dependent	 lung	 areas,	 causing	 higher	 stress	 (over	 stretch	 and	 tidal
recruitment),	inflammation,	and	injury	predominantly	in	the	dependent	lung.	The
degree	of	lung	injury	seems	to	be	proportional	to	the	magnitude	of	the	effort.42

Ventilator-induced	 diaphragmatic	 dysfunction	 is	 primarily	 mediated	 by
excessive	 ventilatory	 unloading	 of	 the	 diaphragm	 which	 decreases	 the
inspiratory	effort	causing	atrophy	and	 injury	of	 the	diaphragm	(over	assistance
myotrauma).	 Additional	 proposed	 mechanisms	 of	 VIDD	 supported	 by
experimental	 data	 are	 (a)	 insufficient	 ventilatory	 support	 (under	 assistance
myotrauma),	(b)	eccentric	loads	occurring	with	diaphragmatic	contraction	during
expiratory	phase,	and	(c)	longitudinal	diaphragmatic	atrophy	caused	by	exposure
to	high	PEEP.40,74



Prevention
The	transpulmonary	pressure,	the	pressure	difference	between	the	alveoli	(Palv)
and	 the	 pleural	 space	 (Ppl),	 is	 the	 effective	 alveolar	 distending	 pressure	 and
correlates	closely	with	the	development	of	VILI.	In	conditions	where	the	pleural
pressure	 is	 nonsignificant	 (chest	 wall	 elastance	 is	 normal	 and	 the	 patient	 is
passively	ventilated),	the	transpulmonary	pressure	relates	mainly	to	the	alveolar
pressure	 at	 the	 end	 of	 inspiration	when	 the	 airflow	 is	 zero	 (plateau	 pressure).
Thus,	 restricting	 plateau	 pressure	 is	 a	 commonly	 used	 strategy	 to	 limit	 the
transpulmonary	 pressure	 and	 avoid	 alveoli	 overdistension.	 An	 alternative	 (or
complementary)	 hypothesis	 is	 that	 the	 difference	 between	 Pplat	 and	 PEEP
(driving	pressure)	may	be	the	key	determinant	of	VILI.43

Using	low	tidal	volumes	(≈6	mL/kg	of	PBW)	and	limiting	Pplat	to	less	than
30	 cm	H2O	has	 been	 shown	 to	 reduce	mortality	 by	22%	 in	 ventilated	patients
with	 ARDS	 and	 is	 currently	 considered	 the	 standard	 of	 care	 in	 this	 patient
population.	 Some	 patients	 with	 severe	 ARDS	may	 need	 to	 be	 ventilated	with
lower	 tidal	 volumes	 to	 prevent	 lung	 injury.	 Although	 a	 similar	 approach	may
also	be	beneficial	 in	ventilated	patients	without	ARDS,	 the	 risk	of	higher	 tidal
volume	in	these	patients	may	be	offset	by	the	benefits	of	preserving	spontaneous
breathing	 and	 early	 mobilization.	 Higher	 plateau	 pressures	 may	 be	 used	 in
patients	with	poor	chest	wall	compliance.40,70,75,76

Adequate	 levels	 of	 PEEP	 that	 minimize	 derecruitment	 of	 alveoli	 and
atelectasis	may	also	be	beneficial	in	preventing	VILI.	In	spontaneously	breathing
patients	with	ARDS,	high	levels	of	PEEP	may	reduce	the	effort	dependent	lung
injury	 by	 recruiting	 atelectatic	 lung	 and	 decreasing	 the	 respiratory	 effort.
However,	 PEEP	 can	 also	 induce	 hyperinflation	 and	 alveolar	 overdistension	 in
some	patients.	Thus,	the	appropriate	level	of	PEEP	has	not	been	determined	yet,
and	it	may	vary	over	time	during	the	different	stages	of	lung	injury.

Measuring	 esophageal	 pressure	 allows	 a	 more	 accurate	 calculation	 of	 the
transpulmonary	 pressure	 to	 titrate	 PEEP	 and	 plateau	 pressure;	 this	 was
hypothesized	 to	 improve	outcomes	 in	patients	with	ARDS,	but	 a	 large	 clinical
trial	 failed	 to	 show	 a	 beneficial	 effect.29,77	 Other	 recommended	 strategies	 for
setting	PEEP	include	(1)	analysis	of	the	PV	curve	and	the	shape	of	the	pressure-
time	 curve	 during	 constant	 flow	 inflation	 (“stress	 index”),	 (2)	 changes	 in	 gas
exchange,	(3)	imaging	assessment	of	lung	recruitment,	and	(4)	changes	in	lung
mechanics.78,79	Although	it	is	uncertain	what	is	the	best	method	to	titrate	PEEP,
changes	 in	 driving	 pressure	 appear	 to	 correlate	 better	 with	 mortality	 than
changes	in	oxygenation	after	protocolized	ventilator	adjustments	in	patients	with
ARDS.79



Since	effort-dependent	lung	injury	cannot	be	prevented	by	just	limiting	tidal
volume	 and	 Pplat,	 respiratory	 drive	 and	 respiratory	 muscle	 effort	 should	 be
monitored	routinely	during	MV.	The	esophageal	pressure-time	produc	is	the	gold
standard	 to	 estimate	 global	 muscle	 respiratory	 effort,	 while	 the	 most	 precise
surrogate	 of	 respiratory	 drive	 consists	 of	 measuring	 the	 EAdi	 (provided	 that
neuromuscular	transmission	and	muscle	fiber	membrane	excitability	are	intact).
More	 clinically	 applicable	 techniques	 include	 (1)	 airway	 occlusion	 pressure
(P0.1),	which	is	the	static	pressure	generated	by	all	inspiratory	muscles	(Pmus)
against	 an	occluded	 airway	0.1	 seconds	 after	 the	onset	 of	 inspiration,	 (2)	 end-
expiratory	occlusion	maneuver,	consists	in	applying	a	random	expiratory	breath
hold	(up	to	5	s)	in	spontaneously	breathing	patients.	When	the	patient	triggers	a
spontaneous	inspiratory	effort	against	the	occluded	airway,	a	negative	deflection
of	Paw	would	be	generated	(the	maximum	deflection	magnitude	correlates	with
Pmus),	 and	 (3)	 quantifying	 the	 thickening	 fraction	 of	 the	 diaphragm	 during
inspiration	 in	 the	 zone	 of	 apposition	 by	 using	 bedside	 ultrasonography,	 as
detailed	in	the	ultrasound	section	of	Chapter	168:	Discontinuation	of	mechanical
ventilation.39,80-83

Proportional	 assistance	 modes	 may	 be	 better	 at	 providing	 lung	 and
diaphragmatic	 protective	 ventilation	 than	 conventional	 modes.	 However,
independently	of	the	ventilatory	mode	used,	a	general	strategy	recommended	to
prevent	 VIDD	 includes	 (1)	 maintaining	 a	 modest	 inspiratory	 effort,	 (2)
maintaining	 synchronous	 expiratory	 cycling,	 and	 (3)	 avoiding	 excessive
postinspiratory	effort.	It	 is	uncertain	though	if	 these	measures	could	effectively
prevent	VIDD	and	whether	this	would	result	in	better	clinical	outcomes.39,40

Detecting	 and	 correcting	 PVD,	 prone	 positioning,	 muscle	 paralysis,	 and
adequate	 sedation	 to	modulate	 respiratory	 drive	may	 also	 provide	 a	 protective
effect	 against	 ventilator-induced	 lung	 injury	 in	 selected	 patients	 with
ARDS.12,39,84,85	Permissive	hypercapnia	may	be	a	necessary	consequence	of	lung
protective	 ventilation,	 although	 it	 should	 probably	 be	 avoided	 in	 patients	with
intracranial	 hypertension	 and	 perhaps	 during	 pregnancy.	 Finally,	 when	 the
ventilatory	strategies	to	protect	the	lung	and	diaphragm	conflict	with	each	other,
protecting	the	lung	should	be	prioritized.40

Heart-Lung	Interaction
The	 respiratory	 and	 cardiovascular	 systems	 are	 closely	 interconnected.	 MV
affects	 the	 circulatory	 system	 directly	 through	 cyclic	 changes	 in	 the	 pleural
pressure	 and	 indirectly	 by	 reducing	 the	 work	 of	 breathing	 and	 altering
pulmonary	 vascular	 resistance.	 Two	 important	 consequences	 of	 MV	 relate	 to



cardiac	loading	conditions	and	interpretation	of	intravascular	pressures.
Cardiac	 loading:	 In	 the	 passively	 ventilated	 patient,	 both	 PEEP	 and	 tidal

inspiration	raise	Ppl,	and	these	effects	are	amplified	when	chest	wall	compliance
is	 reduced.	 For	 the	 right	 ventricle	 (RV),	 the	 consequences	 include	 reduced
preload	and	increased	afterload.	In	severe	ARDS,	excessive	VT	or	PEEP	impairs
cardiac	 output,	 usually	 by	 impeding	 RV	 ejection	 (as	 opposed	 to	 dropping
preload).86-88	Acute	 cor	 pulmonale	 in	 this	 population	 is	 probably	 less	 common
than	 in	 the	past	because	 lung-protective	 tidal	volumes	have	 less	 impact	on	RV
function.	 Prone	 positioning	 also	 reduces	 RV	 afterload	 and	 can	 boost	 cardiac
output.89	 For	 the	 left	 ventricle	 (LV),	 raising	 the	 pleural	 pressure	 increases
preload,	reduces	afterload,	and	lessens	mitral	regurgitation.	When	LV	function	is
poor,	 withdrawal	 of	 PEEP	 or	 MV	 may	 be	 attended	 by	 circulatory
decompensation.

MV	 and	 PEEP	 also	 affect	 the	 circulation	 indirectly	 by	 improving	 gas
exchange,	 lowering	 the	 work	 of	 breathing,	 and	 (when	 PEEP	 recruits
substantially)	 lowering	pulmonary	vascular	 resistance.	One	of	 the	mechanisms
of	weaning	failure	appears	to	be	an	inability	of	the	circulatory	system	to	handle
the	increased	demands	of	spontaneous	ventilation.90

Hemodynamic	interpretation:	Because	Ppl	surrounds	the	heart,	MV,	PEEP,
and	spontaneous	breathing	alter	the	pressures	measured	in	all	cardiac	chambers
and	the	pulmonary	circulation.	These	changes	can	be	dramatic,	especially	when
breathing	 effort	 is	 high	 or	 the	 chest	wall	 compliance	 is	 greatly	 reduced.	 Since
these	effects	are	usually	least	at	end-expiration,	all	vascular	pressures	should	be
measured	then.	End-expiration	can	be	readily	identified	by	ventilator	waveform
analysis.	 Patients	 with	 airflow	 obstruction	 often	 recruit	 expiratory	 muscles,
artifactually	 raising	 end-expiratory	 Ppl	 above	 what	 it	 would	 be	 if	 the	 patient
were	 passive.	 There	 is	 no	 value	 in	 altering	 the	 ventilator	 or	 reducing	 PEEP
simply	to	record	a	“better”	value	for	right	atrial	or	wedge	pressure.

Ventilator	Settings	according	to	Disease	Type
Most	 ventilated	 patients	 can	 be	 classified	 into	 four	 phenotypes	 based	 on	 the
mechanical	 properties	 of	 the	 respiratory	 system:	 (1)	 normal	 gas	 exchange	 and
respiratory	 mechanics,	 (2)	 ARDS,	 (3)	 significant	 airflow	 obstruction,	 and	 (4)
restriction	 of	 the	 chest	wall.	 The	 principles	 underlying	 ventilator	management
differ	 between	 these	 groups	 so	 that	 initial	 settings	 should	 be	 individualized.
Subsequently,	 the	 clinician	 should	 adjust	 these	 initial	 settings	 according	 to	 the
patient-ventilator	interaction	and	the	respiratory	system	mechanical	properties	as



revealed	by	pressure	and	flow	waveform	analysis.	Thereafter,	settings	should	be
further	 altered	 as	 the	 underlying	 disease	 evolves.	 In	 addition,	 a	 “ventilator
bundle,”	 consisting	 of	 head-of-bed	 elevation;	 daily	 sedative	 interruption;
readiness	 testing	 for	 spontaneous	 breathing;	 and	 other	 preventive	 steps	 should
generally	be	provided	to	all	ventilated	patients.
Normal	Gas	Exchange	 and	Mechanics:	 Patients	with	 normal	 lungs	may	 be

ventilated	in	the	perioperative	setting;	for	drug	overdose;	in	the	setting	of	brain
injury;	 or	 for	 other	 neuromuscular	 crises.	 These	 are	 the	 easiest	 patients	 to
ventilate	and,	when	they	recover	from	the	procedure	or	process,	most	are	easily
liberated	from	MV.	Principles	include	achieving	relatively	normal	arterial	blood
gas	 tensions	 and	 reducing	 the	 risk	 of	 complications,	 such	 as	 by	 using	 the
ventilator	 bundle.	 Common	 ventilator	 settings	 include	 any	 of	 several	 modes
(VACV,	PACV,	or,	 if	drive	and	 strength	are	adequate,	PSV);	PEEP	5	cm	H2O;
FiO2	0.3	to	0.4;	tidal	volume	of	6	to	10	cc/kg	PBW;	and	inspiratory	flow	rate	50
to	60	L/min.	Respiratory	rate	is	often	set	at	a	value	that	encourages	the	patient	to
initiate	breaths	if	this	is	clinically	appropriate,	since	this	may	reduce	the	risk	of
VIDD.	 Periodic	 assessment	 of	 ventilator	 waveforms	 facilitates	 appropriate
settings	for	rate.	There	is	controversy	about	how	much	VT	should	be	limited.	An
association	has	been	described	between	lower	VT	(eg,	6	cc/kg	PBW)	and	reduced
risk	of	developing	ARDS	and	improved	survival.91
ARDS:	 Guiding	 principles	 involve	 providing	 adequate	 oxygenation	 and

reducing	the	risk	of	VILI	by	limiting	VT	or	driving	pressure.	A	large	prospective
trial	 showed	 a	 significant	 reduction	 in	mortality	 simply	 by	 ventilating	with	 6,
rather	 than	 12,	 cc/kg	 PBW.70	 Whether	 to	 use	 higher	 or	 lower	 PEEP	 is
controversial:	 any	 benefit	 may	 relate	 to	 whether	 an	 individual	 patient	 has	 a
higher	 or	 lower	 potential	 for	 PEEP-induced	 lung	 recruitment.	 A	 retrospective
analysis	 suggested	 that	 driving	 pressure	 (Pplat	 –	 PEEP)	 was	 more	 related	 to
survival	 than	 the	 specific	 values	 of	 VT	 and	 PEEP.43	 Patients	 ventilated	 with
driving	pressure	≤14	cm	H2O	had	better	outcomes.

A	consequence	of	 limiting	VT	 or	 driving	pressure	 is	 that	 some	patients	will
experience	hypercapnia.	This	appears	to	be	well-tolerated	in	adequately	sedated
patients,	 although	 it	 may	 be	 less	 safe	 in	 pregnancy,	 with	 intracranial
hypertension,	 and	 during	 active	 myocardial	 ischemia.	 For	 most	 patients	 with
ARDS,	however,	 the	benefits	of	 lower	VT	 likely	outweigh	any	potential	 harms
from	respiratory	acidosis.

Typical	ventilator	settings	in	ARDS	include	VT	6	cc/kg	PBW	(best	achieved
using	VACV	 or	 PRVC	modes);	 rate	 26	 to	 35/min;	 inspiratory	 flow	 rate	 50	 to



60	 L/min;	 and	 increased	 FiO2.	 The	 preferred	 level	 of	 PEEP	 remains
controversial.92

Coronavirus	 disease	 2019	 (COVID-19)-induced	 ARDS	 may	 have	 overall
higher	compliance	and	lung	gas	volume	for	a	given	PaO2/FiO2	when	compared
to	non-COVID-19	ARDS	population.93	However,	it	is	currently	unclear	if	these
differences	 in	 lung	 mechanics	 would	 affect	 the	 potential	 benefit	 from	 the
conventional	lung	protective	ventilation	strategy.
Significant	airflow	obstruction:	The	most	 important	guideline	for	ventilating

patients	 with	 severe	 airflow	 obstruction	 is	 to	 avoid	 dangerous	 degrees	 of
hyperinflation.	This	 is	best	achieved	by	limiting	minute	ventilation	to	less	 than
10	L/min.	This	will	be	attended	by	hypercapnia	far	more	often	than	in	patients
with	ARDS,	but	appears	safe.	The	degree	of	hyperinflation	can	be	monitored	by
measuring	 autoPEEP	 or	 Pplat.	 PEEP	 should	 be	 used	 to	 ease	 the	 work	 of
triggering;	while	5	cm	H2O	is	often	 sufficient,	 some	patients	will	benefit	 from
values	of	10	cm	H2O	or	higher.	Some	clinicians	prefer	pressure-targeted	modes
since	 these	 intrinsically	 limit	 the	degree	of	hyperinflation	 (since	hyperinflation
tends	 to	 reduce	 VT),	 but	 flow-targeted	 modes	 allow	 control	 over	 minute
ventilation.	 Synchrony	 can	 be	 enhanced	 using	 NAVA,	 but	 no	 patient-centered
benefit	has	yet	been	shown.
Restriction	 of	 the	 chest	wall:	 Chest	wall	 restriction	 is	 seen	 in	 patients	with

severe	 kyphoscoliosis,	 abdominal	 compartment	 syndrome,	 large	 ascites,
circumferential	 burns,	 and	 massive	 obesity.	 The	 crucial	 challenge	 in	 these
patients	 is	 that,	 during	 passive	 ventilation,	 the	 inspiratory	 rise	 in	 Ppl	 is
proportional	 to	 chest	 wall	 elastance	 and	 VT.	 Large	 tidal	 volumes	 risk
hemodynamic	 compromise,	 so	 the	 principles	 of	 MV	 include	 limited	 VT	 and
minimum	PEEP.	In	these	patients,	it	may	be	preferable	to	use	higher	fractions	of
oxygen	than	to	raise	PEEP.	Although	high	values	for	Pplat	may	not	signal	lung
overdistension,	 they	 are	 best	 avoided	 nevertheless	 to	 prevent	 cardiovascular
effects.

Extracorporeal	Life	Support

Introduction
9 	 Extracorporeal	 life	 support	 (ECLS)	 utilizes	 an	 extracorporeal	 circuit,
membrane	 lung,	 and	 (usually)	 blood	 pump	 to	 support	 patients	 with	 severe
respiratory	or	cardiac	failure	as	a	bridge	to	recovery	or	to	definitive	therapy	(like



organ	transplantation).	Although	a	highly	complex	therapy,	recent	refinements	in
circuit	design	and	safety	allow	ECLS	to	be	carried	out	in	an	ICU;	sustained	for
days	to	months,	and	supervised	by	an	intensivist	and	ICU	nurse	(assisted	by	an
ECLS	 specialist—nurse	 or	 respiratory	 therapist—in	 many	 centers).	 Simpler,
modular	 circuits	 facilitate	 interhospital	 transfer,	 transport	 for	diagnostic	 testing
or	 to	 the	 operating	 room,	 and	 mobilization	 for	 physical	 therapy	 and
rehabilitation.

Currently,	 the	most	common	indication	for	ECLS	in	adults	is	severe	ARDS,
where	 it	 has	 three	 major	 roles:	 (1)	 ECLS	 can	 be	 lifesaving	 for	 catastrophic
failure	of	gas	exchange.	This	was	the	original	concept	but	is	applicable	to	only	a
small	 proportion	 of	 ARDS	 patients.	 (2)	 For	 patients	 with	 ARDS,	 ECLS	may
limit	VILI	by	relieving	the	native	lung	of	the	burden	of	gas	exchange;	(3)	ECLS
may	facilitate	early	extubation	and	mobilization	of	patients,	enhancing	recovery
and	 rehabilitation	 or	 improving	 the	 chances	 of	 surviving	 to	 transplantation.94
ECLS	 plays	 a	 lesser	 role	 for	 patients	 with	 hypercapnic	 respiratory	 failure;
postoperative	 circulatory	 failure;	 refractory	 cardiac	 arrest;	 interval	 support	 for
organ	retrieval;	and	as	a	bridge	to	lung	transplantation.

Key	Circuit	Components
Membrane	Lung:	The	central	feature	of	an	ECLS	circuit	is	the	membrane	lung,
sometimes	 referred	 to	 as	 an	 oxygenator.	 This	 device	 has	 a	 semipermeable
membrane	 separating	 blood	 and	 its	 cellular	 elements	 from	 the	 gas	 phase
(countercurrent	sweep	gas	flow)	while	allowing	diffusion	of	oxygen	and	carbon
dioxide.	The	 blood	 flow	 through	 the	 membrane	 is	 the	 main	 determinant	 of
arterial	 oxygenation,	 while	 CO2	 elimination	 depends	 predominantly	 on	 the
sweep	 gas	 flow	 through	 the	 oxygenator.95	 Newer	 hollow-fiber,
polymethylpentene	membranes	are	highly	efficient	gas	exchangers,	have	a	large
surface	 area	 for	 diffusion,	 and	 present	 low	 resistance	 to	 blood	 flow.	 These
characteristics	 allow	 rapid	 blood	 flow	 rates	 using	 simple,	 centrifugal	 pumps,
while	being	compact	and	reliable.	The	entire	metabolic	demand	for	oxygen	can
be	met	easily	with	a	single	device	 the	size	of	a	 fist.	Gas	 is	supplied	 from	wall
oxygen	or	a	gas	cylinder,	through	a	blender	that	regulates	the	fraction	of	oxygen,
directed	into	the	hollow	fibers	of	the	membrane,	then	out	an	exit	port.
Vascular	Cannulae:	Blood	exits	and	rejoins	 the	circulation	 through	vascular

cannulae	placed	 into	 large,	 central	vessels.	The	 size	 and	 location	depend	upon
the	 mode	 of	 ECLS	 used,	 as	 described	 later.	 It	 is	 these	 cannulae	 that	 largely
determine	 blood	 flow	 rates	 through	 the	 entire	 ECLS	 circuit,	 so	 it	 is	 critically
important	to	use	a	size	sufficient	to	achieve	the	aims	of	ELCS.	Cannulae	can	be



inserted	by	three	different	methods:	(1)	extrathoracic	percutaneous	approach	by
the	 Seldinger	 technique,	 (2)	 open	 surgical	 technique,	 usually	 used	 for
cannulation	 of	 central	 arterial	 vessels,	 and	 (3)	 semi-open	 cutdown	 approach,
which	is	a	variation	of	the	percutaneous	technique,	but	with	direct	visualization
of	 the	 vessel	 cannulation.30,59	Dual-lumen	 cannulae	 allow	both	withdrawal	 and
return	 of	 blood	 through	 a	 single	 access	 site,	 but	 fluoroscopic	 or
echocardiographic	guidance	 is	 recommended	for	 insertion	 to	 reduce	 the	risk	of
major	vessel	or	right	ventricular	injury.
Blood	Pump:	Centrifugal	pumps	have	largely	replaced	roller	pumps,	a	major

safety	 advantage	 afforded	 by	 the	 low	 blood	 resistance	 of	 modern	 membrane
lungs.	 These	 pumps	 also	 are	 less	 traumatic	 to	 blood	 elements,	 producing	 less
hemolysis.	 Some	 can	 be	 operated	 by	 hand	 in	 the	 event	 of	 power	 failure.	 By
adjusting	the	speed	of	the	pump,	the	operator	controls	blood	flow	rate.
Miscellaneous	 Components:	 ECLS	 circuits	 incorporate	 varying	 degrees	 of

monitoring,	often	displaying	pump	speed;	blood	flow	rates;	hydrostatic	pressures
in	 the	 bloodstream	 before	 and	 after	 the	 membrane;	 and	 temperature.	 Sensors
may	show	blood	gas	tensions	and	other	biochemical	data	and	are	used	to	detect
bubbles	 within	 the	 circuit	 or	 signal	 other	 potential	 crises.	 Access	 points	 are
provided	 for	 giving	 fluids	 and	 blood	 products;	 sampling	 blood	 for	 laboratory
testing;	removing	air	inadvertently	introduced	into	the	circuit;	infusing	heparin;
or	incorporating	renal	replacement	therapies.	A	blood	warmer	is	used	to	prevent
hypothermia.

Extracorporeal	Life	Support	Systems,	Modes,	and
Physiology
There	 are	 two	 different	 systems	 of	 ECLS:	 (1)	 extracorporeal	 membrane
oxygenation	 (ECMO),	 used	 to	 provide	 cardiac	 and/or	 pulmonary	 support;	 and
(2)	extracorporeal	carbon	dioxide	removal	(ECCO2R),	used	to	remove	CO2	while
providing	lung	protective	ventilation.96

ECMO	 has	 three	 different	 modes	 distinguished	 by	 the	 of	 vascular	 access
(venous	 or	 arterial)	 and	 the	 organ	 support	 provided	 (pulmonary	 and/or
cardiovascular).
Venovenous	(V-V)	ECMO:	This	is	the	most	common	modality	used	in	patients

with	 severe	 respiratory	 failure.	 Blood	 is	 withdrawn	 from	 a	 large	 central	 vein,
directed	by	the	pump	into	the	extracorporeal	circuit,	and	returned	to	the	venous
circulation.	Vascular	access	can	be	provided	by	a	 two-site	approach	in	which	a
drainage	cannula	(23-29	Fr)	is	placed	in	a	central	vein,	usually	the	femoral	vein,



extending	 to	 the	 vena	 cava.	 The	 return	 cannula	 (21-23	 Fr)	 resides	 in	 another
central	 vein	 (internal	 jugular	 or	 contralateral	 femoral	 vein)	 extending	 into	 the
right	 atrium.	Even	 though	 the	cannulae	are	 in	 separate	 locations,	 turbulence	 in
the	venous	circulation	may	allow	some	oxygenated	blood	to	be	withdrawn	again
and	 sent	 to	 the	 extracorporeal	 circuit.	 This	 process,	 termed	 “recirculation,”
reduces	the	efficiency	of	gas	exchange.

The	single-site	approach	utilizes	a	dual-lumen	cannula	usually	placed	through
the	internal	jugular	vein	and	extended	across	the	right	atrium	to	the	inferior	vena
cava.	 Blood	 is	 withdrawn	 through	 ports	 situated	 in	 both	 inferior	 and	 superior
vena	 caval	 portions	 of	 the	 cannula,	 sent	 to	 the	 extracorporeal	 circuit,	 and
returned	 through	the	second	lumen	into	 the	right	atrium	where	a	 jet	 is	directed
toward	 the	 tricuspid	 valve.	 When	 the	 dual-lumen	 cannula	 is	 well-positioned,
oxygenated	 blood	 passes	 through	 the	 tricuspid	 valve	 to	 the	 RV,	 reducing	 the
degree	 of	 recirculation.	 Some	 degree	 of	 recirculation	 is	 seen	 nevertheless,
especially	if	the	cannula	is	positioned	poorly	or	when	blood	flow	rates	are	high.
Other	 advantages	 of	 single-site	 cannulation	 are	 simplicity,	 fewer	 sites	 for
vascular	injury,	and	ease	of	getting	the	patient	out	of	bed	to	sit,	stand,	or	walk.
On	the	other	hand,	these	are	very	large	catheters	(often	31F).

V-V	ECMO	 is	 ideal	 for	 treating	 patients	with	ARDS	 as	 long	 as	 the	 native
circulation	 is	 intact.	 Because	 this	 mode	 drains	 and	 returns	 equal	 volumes	 of
blood	on	 the	venous	side,	 it	does	not	directly	 support	 the	circulation,	although
delivering	highly	oxygenated	blood	to	the	pulmonary	artery	may	unload	the	RV
when	 there	 is	 hypoxic	 pulmonary	 vasoconstriction.	 For	 ARDS	 patients	 with
acute	 cor	 pulmonale	 or	 other	 causes	 of	 shock,	 venoarterial	 (V-A)	 ECMO	 is
preferred.	V-V	ECMO	readily	bears	 the	 full	oxygenation	demand,	as	 long	as	a
sufficient	 fraction	 of	 the	 cardiac	 output	 (roughly	 70%)	 can	 be	 captured	 and
directed	 to	 the	 extracorporeal	 circuit.	 Thus,	 good	 cannula	 positioning	 and
adequate	diameter	are	crucially	important	for	treating	ARDS.	Arterial	saturations
are	often	in	 the	mid-80s	to	 low	90s,	which	is	adequate	for	maintaining	oxygen
transport.
Venoarterial	(V-A)	ECMO:	This	mode	is	used	to	provide	circulatory	support,

in	addition	to	oxygenation.	Blood	is	withdrawn	from	the	venous	system,	passed
through	the	extracorporeal	circuit	for	gas	exchange,	and	returned	to	the	patient’s
arterial	 system	 using	 the	 pump	 to	 produce	 sufficient	 pressure.	 The	 drainage
cannula	 (23-29	 Fr)	 is	 usually	 inserted	 in	 the	 femoral	 vein	 extending	 to	 the
inferior	 vena	 cava.	 The	 cannula	 for	 blood	 return	 (17-19Fr)	 is	 inserted	 in	 the
femoral	 artery	 (ipsilateral	 or	 contralateral)	 extending	 to	 the	 distal	 abdominal
aorta.	The	returning	blood	will	generate	retrograde	blood	flow	in	the	aorta	which
can	 increase	 the	 cardiac	 afterload	 with	 negative	 consequences	 for	 the	 failing



heart.	 To	 prevent	 this	 phenomenon,	 the	 blood	 flow	 is	 usually	 maintained	 at
somewhat	lower	rates	than	during	V-V	ECMO.97

Unlike	 during	 V-V	 ECMO,	 blood	 captured	 by	 the	 withdrawal	 cannula
bypasses	the	heart	and	the	lungs	completely,	decreasing	cardiac	filling	pressures
and	 pulmonary	 blood	 flow,	 while	 maintaining	 adequate	 systemic	 perfusion.
There	 are	 two	 peculiarities,	 however:	 (1)	 the	 systemic	 blood	 pressure	 lacks
normal	 pulsatility,	 unless	 there	 is	 residual	 native	 pump	 function;	 (2)	 oxygen
saturation	varies	along	the	aorta	(and	its	branches)	as	desaturated	blood	ejected
from	the	dysfunctional	heart	mixes	with	highly	oxygenated	blood	returned	to	the
distal	 aorta.	 Thus,	 the	 coronary	 vessels,	 right	 arm,	 and	 head	may	 be	 supplied
with	 blood	 much	 less	 oxygenated	 than	 that	 seen	 by	 the	 left	 arm	 or	 lower
extremities.	 V-A	 ECMO	 is	 primarily	 used	 for	 cardiac	 support	 in	 one	 of	 three
clinical	 scenarios:	 (1)	 cardiac	 failure	 (cardiac	 ECMO),	 (2)	 extracorporeal
interval	 support	 for	 organ	 retrieval,	 or	 (3)	 extracorporeal	 cardiopulmonary
resuscitation.98
Venovenous-arterial	(V-V-A)	ECMO:	This	mode	is	a	hybrid	configuration	of

V-V	and	V-A	ECMO	in	which	 the	extracorporeal	circuit	drains	blood	from	the
venous	system	and	reinfuses	into	both	the	venous	and	systemic	arterial	system.
V-V-A	 ECMO	 provides	 both	 cardiac	 (V-A	 component)	 and	 pulmonary	 (V-V
component)	support	in	patients	with	combined	cardiorespiratory	failure.96

ECCO2R	 has	 two	 different	 modes	 distinguished	 by	 the	 of	 vascular	 access
(venous	or	arterial):
Venovenous	 (V-V)	 ECCO	 2	R:	 similar	 configuration	 to	 the	 dual	 lumen	 V-V

ECMO	 but	 with	 emphasis	 in	 carbon	 dioxide	 (CO2)	 removal.	 In	 fact,	 the
membrane	 lung	 is	 much	 more	 efficient	 at	 eliminating	 CO2	 than	 boosting
oxygenation,	so	that	less	blood	flow	is	required.	For	example,	a	circuit	flow	of
roughly	 1	 L/min	 is	 sufficient	 to	 eliminate	 the	 entire	 volume	 of	CO2	 produced
metabolically,	 meaning	 that	 smaller-bore	 catheters	 can	 be	 employed.	 V-V
ECCO2R	 may	 be	 suitable	 for	 treating	 exacerbations	 of	 COPD	 or	 status
asthmaticus	 if	 its	 complications	 (mostly	 bleeding)	 are	 outweighed	 by	 those	 of
invasive	ventilation.	ECCO2R	has	also	been	used	in	ARDS	in	order	to	reduce	VT

to	3	to	4	cc/kg	PBW	to	further	reduce	the	risk	of	VILI,	so-called	ultraprotective
ventilation.
Arteriovenous	(A-V)	Pumpless	ECCO	2	R:	This	mode	uses	the	same	principle

as	venovenous	ECCO2R	removal	but	with	a	pumpless	circuit,	using	the	patient’s
own	blood	pressure	as	a	driving	force	for	circuit	flow.	This	is	made	possible	by
the	 low	 blood	 flow	 resistance	 of	 polymethylpentene	 hollow-fiber	 membranes.



The	drainage	cannula	 is	 inserted	 into	 the	femoral	artery	extending	 to	 the	distal
abdominal	 aorta.	 The	 cannula	 for	 blood	 return	 is	 placed	 in	 the	 contralateral
femoral	 vein.	Even	with	 relatively	 small	 cannulae,	 blood	 flow	 is	 sufficient	 for
quite	substantial	CO2	 removal	 (although	not	 for	 oxygenation),	 averaging	 about
150	mL/min,	about	75%	of	metabolic	production.94,97

Supportive	Therapies	during	Extracorporeal	Life	Support
MV:	Because	ECLS	supports	gas	exchange,	the	role	of	the	mechanical	ventilator
is	 uncertain.	 There	 are	 no	 large	 prospective	 clinical	 trials	 comparing	 different
ventilation	 strategies	during	ECLS	 for	ARDS.	However,	 data	 from	preclinical,
observational,	 and	 small	 clinical	 trials	 suggest	 there	 may	 be	 a	 beneficial
protection	 against	VILI	when	 ventilating	 patients	with	 combined	 higher	 PEEP
and	 lower	 driving	 pressure.99	 Low	 tidal	 volume	 ventilation	 with	 low	 end-
inspiratory	plateau	pressures	during	ECLS	was	associated	with	 lower	 levels	of
inflammatory	biomarkers.100	Some	large	observational	studies	in	ECLS	patients
suggest	 that	 lower	PEEP	and	high	plateau	pressures	are	associated	with	higher
mortality,	 despite	 the	 use	 of	 low	 tidal	 volume.101,102	 Most	 often,	 ventilator
settings	similar	to	those	thought	to	confer	lung	protection	are	chosen:	low	tidal
volume	 (≤6	mL/kg	 PBW)	 or	 driving	 pressure	 (<14	 cm	H2O);	 adequate	 PEEP
(10-15	cm	H2O);	low	FiO2	(0.3-0.4);	and	very	low	respiratory	rate	(6-10	breaths
per	minute).97,101,103	Ultralow	tidal	volumes	(≤4	mL/kg	PBW)	can	also	be	chosen
since	 the	 lung	 is	 not	 required	 for	 carbon	 dioxide	 elimination.	 In	 carefully
selected	 patients,	 extubation	 can	 be	 undertaken,	 which	 could	 serve	 to	 reduce
complications	 and	 facilitate	 physical	 therapy.	 Prone	 positioning	 can	 also	 be
performed	 safely	 during	 ECLS,	 and	 it	 may	 be	 associated	 with	 improve
oxygenation	 and	 reduction	 in	 hospital	mortality	when	 compared	with	 standard
supine	 position	 during	 ECLS	 for	 severe	 ARDS.104,105	 However,	 large	 clinical
trials	may	be	needed	before	its	widespread	recommendation.
Anticoagulation:	 Systemic	 anticoagulation	 is	 used	 during	 ECLS	 to	 avoid

thrombus	formation	in	the	circuit,	but	brief	periods	off	anticoagulation	are	often
tolerated	well.	Heparin	 is	 traditionally	employed,	but	argatroban	has	been	used
in	patients	with	heparin-induced	 thrombocytopenia.	Patients	are	at	 risk	of	both
thrombosis	and	hemorrhage	during	ECLS,	making	the	ideal	anticoagulant	drug,
anticoagulation	 target,	 and	means	of	monitoring	 controversial.	 Platelet	 number
and	 function,	 coagulation	 proteins,	 endogenous	 anticoagulants	 such	 as
antithrombin-III,	 and	 the	 fibrinolytic	 system	 are	 often	 abnormal	 relating	 to
critical	 illness	 or	 ECLS	 itself.	 Some	 have	 proposed	 that	 monitoring	 with



thromboelastography	might	provide	additional	 insights	 into	how	best	 to	 reduce
the	risks	of	bleeding	and	clotting.
Mobilization:	Critical	illness	and	MV	have	been	associated	with	ICU-AW	and

VIDD.	 Both	 processes	 involve	 complex	 inflammatory	 and	 catabolic	 muscle
pathways	 that	 start	 early	 in	 the	 course	 of	 the	 critical	 illness,	 worsen
progressively,	 and	 persist	 usually	 for	 years.94	 Early	 mobilization	 of	 ventilated
patients	inhibits	catabolic	pathways	and	is	associated	with	improved	ventilator-
free	days;	reduced	delirium;	less	risk	of	ICU-AW	and	VIDD;	decreased	length	of
hospitalization	 and	 ICU	 stay;	 and	 lower	 long-term	 disability.106	 Despite	 these
benefits,	 historically	most	ECLS	patients	were	managed	with	deep	 sedation	or
paralysis	to	avoid	accidental	decannulation,	bleeding,	or	limb	ischemia.94

Safer	 ECLS	 circuits,	 increasing	 use	 of	 single-site,	 dual-lumen	 cannulae	 for
VV-ECLS,	 and	 recognition	 that	 deep	 sedation	 is	 often	 not	 necessary,	 have
decreased	 the	burden	of	mobilizing	patients.	Now	 it	 is	common	for	patients	 to
sit,	 stand,	 and	walk	while	 on	ECLS.94	 This	 is	 especially	 true	 of	 the	 bridge-to-
transplant	 population	who	 often	 have	 single-organ	 failure.94	 Nevertheless,	 this
should	 only	 be	 attempted	 with	 a	 team	 experienced	 in	 mobilizing	 complex,
critically	ill	patients.

Clinical	Evidence	and	Indications	for	Patients	with
Respiratory	Failure
Two	 randomized	 controlled	 trials,	 meta-analysis,	 and	 large	 international
multicenter	 observational	 studies	 suggest	 that	 ECMO	 combined	 with	 lung
protective	ventilation	may	improve	outcomes	compared	to	conventional	care	in
patients	with	the	most	severe	forms	of	ARDS.

The	 CESAR	 trial,107	 published	 in	 2009,	 is	 a	 randomized,	 multicenter,
controlled	 trial	 performed	using	modern	ECMO	 technology.	 In	 this	 study,	 180
adults	 aged	 18	 to	 65	 years	with	 severe	 respiratory	 failure	were	 randomized	 to
conventional	management	 at	 one	 of	 several	 designated	 hospitals	 in	 the	UK	vs
referral	to	a	specialized	center	(Glenfield	Hospital	in	Leicester,	England)	where
they	received	a	standardized	management	protocol	 (lung-protective	ventilation,
diuresis,	prone	positioning,	and	consideration	for	ECMO).	Patients	 referred	for
ECMO	 had	 a	 lower	 rate	 of	 death	 or	 disability	 at	 6	 months	 compared	 to	 the
conventional	group	(37%	vs	53%;	RR:	0.69;	95	CI	0.05-0.97;	P	=	.03),	although
6	months	mortality	alone	was	not	significantly	reduced	(37%	vs	45%;	P	=	.07).
Despite	the	positive	findings,	this	trial	has	important	limitations.	Of	the	subjects
referred	 to	 Leicester,	 only	 76%	 received	 ECMO.	 It	 is	 not	 possible	 to	 know
whether	 outcomes	 were	 better	 because	 of	 ECMO	 or	 because	 of	 generally



improved	 care	 at	 the	 referral	 center	 (which	 was	 more	 likely	 to	 provide	 lung-
protective	ventilation	and	other	beneficial	treatments).

The	 EOLIA	 trial,	 published	 in	 2018,108	 is	 an	 international	 randomized,
multicenter,	 and	 controlled	 trial	 of	 ECMO	 to	 rescue	 patients	with	 very	 severe
ARDS	(PaO2:FiO2	 <	 50	mm	Hg	>3	 hours	 or	 PaO2:FiO2	 <	 80	mm	Hg	 for	 >	 6
hours).	 In	 this	 study	249	adults	with	 severe	ARDS	were	 randomly	assigned	 to
early	V-V	ECMO	or	conventional	 lung	protective	ventilation	(could	cross	over
to	ECMO	for	rescue	therapy).	The	trial	was	stopped	early	by	the	data	safety	and
monitoring	board	because	of	interim	results	being	in	favor	of	ECMO.	However,
the	 final	 analysis	 showed	 a	 non–statistically	 significant	 reduction	 in	 60	 days
mortality	with	V-V	ECMO	(35%	vs	46%;	RR:	0.76;	95	CI	0.55-1.04;	P	=	.09).
The	study	was	not	powered	to	detect	a	10%	to	15%	survival	benefit	with	ECMO,
and	the	results	of	this	trial	may	have	been	biased	in	favor	of	conventional	care
due	 to	 the	 early	 termination	 of	 the	 trial,	 the	 high	 percentage	 of	 cross	 over
patients	 (usually	sicker)	 from	the	conventional	care	group	 to	 the	ECMO	group
for	 rescue	 therapy,	 and	 the	 high	 implementation	 rate	 of	 ARDS	 therapies
associated	with	improved	outcome	in	the	control	group.109

A	meta-analysis	 of	 the	 CESAR	 and	 EOLIA	 trials	 showed	 that	 ECMO	was
associated	with	better	90-day	mortality	in	patients	with	severe	ARDS	compared
to	 conventional	 management	 (36%	 vs	 48%;	 RR:	 0.75;	 95	 CIz	 0.6-0.94;
P	 =	 .013).110	 Another	 meta-analysis	 including	 these	 two	 trials	 in	 combination
with	three	large	observational	studies	showed	a	60-day	mortality	reduction	with
V-V	ECMO	in	patients	with	severe	ARDS	vs	conventional	MV	(34%	vs	47%;
RR:	0.73;	95	CI	0.58-0.92;	P	=	.008).111

Current	 indications	 for	 ECLS	 promulgated	 by	 the	 Extracorporeal	 Life
Support	 Organization	 (ELSO)	 are	 listed	 in	 Table	 166.3112	 Contraindications
include	 significant	 comorbidities,	 advanced	 age,	 terminal	 illness,	 established
VILI,	or	any	condition	precluding	systemic	anticoagulation.

The	use	of	ECCO2R	has	also	been	proposed	as	an	alternative	strategy	to	allow
ultraprotective	 MV	 in	 patients	 with	 severe	 ARDS.113	 However,	 two	 clinical
studies	have	failed	to	demonstrate	a	clear	benefit	in	outcomes	with	this	strategy.
In	 a	 prospective	 randomized	 trial,	 ECCO2R	 with	 ultraprotective	 ventilation
(3	mL/kg)	was	compared	to	conventional	low-tidal	volume	ventilation.	Although
there	 was	 no	 difference	 in	 ventilator-free	 days	 at	 28	 and	 60	 days,	 a	 post	 hoc
analysis	of	patients	with	PaO2/FiO2	≤	150	showed	a	significant	improvement	in
the	 number	 of	 ventilator-free	 days	 at	 60	 days	 when	 treated	 with	 the
ultraprotective	strategy.114	A	recent	randomized	controlled	multicenter	pragmatic
clinical	trial	compared	the	use	of	ECCO2R	with	ultraprotective	MV	vs	standard



MV	 in	 patients	 with	 acute	 hypoxic	 respiratory	 failure.	 The	 study	 showed	 no
significant	difference	in	the	90-day	mortality	between	the	two	groups	(41.5%	vs
39.5%;	 RR:	 1.05;	 95	 CI	 0.83-1.33;	 P	 =	 .68).	 There	 were	 significantly	 fewer
mean	ventilator-fee	 days	 in	 the	ECCO2R	group	 compared	 to	 the	 standard	 care
group	 (7.1	 vs	 9.2	 days;	 mean	 difference	 -2.1	 (95	 CI	 -3.8	 to	 -0.3;	 P	 =	 .02).
However,	the	rate	of	serious	adverse	events	(intracranial	bleeding,	and	bleeding
at	other	sites)	was	significantly	higher	in	the	ECCO2R	group	(31%	vs	9%).115	For
patients	 with	 hypercapnic	 respiratory	 failure	 due	 to	 obstructive	 lung	 diseases,
small	 case	 series	 show	 benefits	 such	 as	 early	 extubation	 and	 ambulation.116-118
Further	studies	are	needed	to	generate	clear	guidelines	for	the	use	of	ECCO2R.

TABLE	166.3

Indications	and	Contraindications	of	ECMO	in	Adults	With
Respiratory	Failure

Indications

1.	 Severe	hypoxemia	due	to	any	cause	with	80%	mortality	risk	or	greater
(PaO2/FiO2	<	100	on	FiO2	>	0.9	and	or	Murray	score	3-4,	AOI	score	>80,
or	APSS	8	despite	optimal	care	for	6	hours	or	less.a	It	should	be
considered	when	the	risk	of	mortality	is	50%	or	greater	(PaO2/FiO2	<	150
on	FiO2	>	0.9	and/or	Murray	score	2-3,	AOI	score	60,	or	APSS	score
≥8).

2.	 CO2	retention	on	mechanical	ventilation	despite	high	Pplat	(>30	cm	H2O)
3.	 Severe	air	leak	syndromes
4.	 Need	for	intubation	in	a	patient	on	lung	transplant	list
5.	 Immediate	cardiac	or	respiratory	collapse	(eg,	massive	pulmonary

embolism,	airway	obstruction,	etc)

Relative	Contraindicationsa

1.	 Mechanical	ventilation	at	high	settings	(FiO2>	0.9;	Pplat	>30	cm	H2O)
for	7	days	or	more

2.	 Major	pharmacologic	immunosuppression	(absolute	neutrophil	count



<400/mm3)
3.	 CNS	hemorrhage,	recent	or	expanding
4.	 Non	recoverable	comorbidities	such	as	terminal	malignancy	or	major

CNS	damage
5.	 Age:	No	specific	age	is	contraindicated,	but	consider	increasing	risk	with

increasing	age

aThere	are	no	absolute	contraindications	to	ECMO,	and	the	risk-to-benefit	ratio	should	be
evaluated	individually	for	each	patient.
AOI,	Age-Adjusted	Oxygenation	Index;	APSS,	Acute	Physiology	of	Stroke	Score;	CNS,	central
nervous	system;	ECMO,	extracorporeal	membrane	oxygenation;	FiO2,	fraction	of	inspired
oxygen.;	PaO2,	partial	pressure	of	oxygen;	Pplat,	plateau	pressure.

The	evidence	to	support	the	use	of	ECMO	on	patients	with	severe	hypoxemic
respiratory	 failure	 due	 to	 COVID-19	 pneumonia	 is	 still	 sparse.	 Large
observational	studies	suggest	 that	 the	use	V-V	ECMO	in	selected	patients	with
severe	hypoxemic	respiratory	failure	due	to	COVID-19	may	be	associated	with
improved	outcomes	similar	to	the	non–COVID-19-related	ARDS.119-121

Other	Indications	of	Extracorporeal	Membrane
Oxygenation
The	use	of	ECMO	as	a	bridge	to	lung	transplant	has	been	studied	in	small	series
with	 mixed	 results	 and	 remains	 controversial.94,97,122,123	 MV	 preceding	 lung
transplantation	 is	 associated	 with	 worse	 survival	 and	 higher	 rates	 of
retransplantation,	 leading	 to	 interest	 in	 awake	 ECMO	 as	 a	 means	 to	 avoid
MV.124-126	 A	 single-center,	 retrospective	 study	 using	 a	 historical	 control	 group
suggested	higher	survival	6	months	after	lung	transplant	in	patients	treated	with
awake	ECMO	vs	those	receiving	MV	(80%	vs	50%,	P	=	.02).125	ECMO	has	been
also	 studied	 in	 retrospective	 series	 as	 a	 rescue	 therapy	 for	 patients	 developing
severe	primary	graft	dysfunction	 following	 lung	 transplantation.	These	showed
improved	 immediate	survival,	but	mixed	results	 in	allograft	 function	and	 long-
term	survival.97,127-129	Early	institution	of	ECMO	in	patients	with	lung	transplant
developing	 severe	 primary	 graft	 dysfunction	 may	 be	 associated	 with	 better
outcomes.130

The	 evidence	 supporting	 V-A	 ECMO	 for	 cardiac	 support	 is	 sparse.94,97
Limited	data	suggest	a	role	in	refractory	cardiac	arrest,	especially	if	this	can	be
instituted	rapidly.131-133

In	 the	 past,	 ECMO	 was	 considered	 just	 a	 rescue	 therapy	 for	 critically	 ill



patients	 that	 failed	 to	 improve	 with	 conventional	 MV,	 prone	 positioning,	 and
inhaled	 vasodilators.	 The	 advances	 in	 ECMO	 technology	 have	 decreased	 the
complexity	of	 the	circuit	and	 improved	 the	oxygenation	efficiency,	making	 the
respiratory	 support	 provided	 by	 MV	 less	 necessary.	 This	 may	 allow	 earlier
extubation	 and	 liberation	 from	MV,	with	 a	 potential	 reduction	 of	 sedation	 use
and	 delirium	 incidence,	 as	 well	 as	 an	 increase	 in	 early	 mobilization.	 Thus,
ECMO	may	soon	be	seen	as	an	early	intervention	that	intensivist	physicians	can
incorporate	 into	 their	 armamentarium	 to	 treat	 patients	with	 respiratory	 failure,
and	 avoid	 adverse	 events	 like	 VILI,	 delirium,	 ICU-AW,	 VIDD,	 long-term
disability,	 and	perhaps	 even	mortality.4	ECMO	should	be	performed	 at	 centers
with	physicians	experienced	 in	 its	use,	 and	with	established	protocols.	Centers
with	 a	 higher	 volume	 of	 ECMO	procedures	 have	 better	 outcomes.	 The	ELSO
recommends	that	ECMO	centers	should	perform	at	least	six	cases	per	year,	and
ideally	15	to	20	per	year.	Earlier	 initiation	has	also	been	associated	with	better
outcomes.112

Adverse	Effects	and	Complications
The	 most	 common	 complications	 associated	 with	 the	 use	 of	 ECMO	 are
infections,	 bleeding,	 thrombosis,	 and	 distal	 limb	 ischemia.	 The	 rate	 of
complications	is	higher	with	V-A	ECMO.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	You	are	managing	a	patient	with	severe	ARDS	due	to	COVID-19
pneumonia	on	venovenous	(VV)	ECMO.	The	patient	is	paralyzed.	Ventilator
settings	are	pressure-control	10;	PEEP	15;	rate	16/min.	ABG	on	these	settings
shows	pH	7.51/PaO2	73/PaCO2	28.	You	reduce	sweep	gas	flow	from	12	to
6	L/min.	What	will	most	likely	change	based	on	your	intervention?

A. 	Fall	of	the	PaO2

B. 	Rise	of	the	PaCO2

C. 	Fall	of	the	PaO2	and	rise	of	the	PaCO2

D. 	Both	PaO2	and	PaCO2	will	remain	the	same



2. 	In	the	ventilator	screen	shown	for	a	patient	with	respiratory	failure	(Figure
166.1),	which	of	the	following	abnormalities	in	respiratory	system	mechanical
properties	most	likely	underlies	the	respiratory	failure?

	

A. 	Low	lung	compliance
B. 	Low	chest	wall	compliance
C. 	High	airway	resistance
D. 	Respiratory	muscle	weakness

3. 	What	is	the	ventilator	mode	shown?

A. 	Airway	pressure	release	ventilation	(APRV)
B. 	Pressure	assist	control	ventilation
C. 	Pressure	support	ventilation
D. 	Volume	assist	control	ventilation

Answers

1.	The	correct	answer	is	B.
Rationale:	In	VV	ECMO,	the	venous	blood	enters	the	oxygenator	where	CO2

diffuses	across	a	semipermeable	membrane	into	the	sweep	gas.	CO2	elimination
is	 determined	 by	 sweep	 gas	 flow	 rates	 and	 blood	 flow	 through	 the	membrane
(some	 CO2	 is	 also	 eliminated	 through	 the	 native	 lung,	 depending	 on	 lung
function	and	ventilator	settings).	Lowering	the	sweep	gas	flow	rate	reduces	the
driving	gradient	for	CO2	diffusion,	thereby	reducing	CO2	elimination,	and	so	the
patient’s	arterial	PCO2	values	rise	(especially	in	a	paralyzed	patient	who	cannot



raise	native	lung	CO2	clearance)	(choice	B	is	correct).	Lowering	sweep	gas	flow
has	 very	 little	 impact	 on	 arterial	 PO2	 (choices	A	 and	C	 are	 incorrect)	 because
even	at	low	sweep	gas	flow	rates	blood	exits	the	membrane	lung	fully	saturated.
On	VV	ECMO,	arterial	PO2	is	determined	largely	by	circuit	blood	flow	rate,	not
by	sweep	gas	flow.	While	changing	sweep	gas	flow	has	little	impact	on	arterial
PO2,	 it	 generally	 has	 substantial	 effects	 on	 PCO2,	 as	 noted	 (choice	 D	 is
incorrect).

2.	The	correct	answer	is	A.
Rationale:	 The	 figure	 represents	 a	 passively	 ventilated	 patient	 on	 volume

assist	control	with	a	constant	inspiratory	flow.	Peak	airway	pressure	is	very	high
at	 42	 cm	 H2O,	 signaling	 some	 mechanical	 derangement	 of	 the	 respiratory
system.	Since	pressure	does	not	rise	much	early	in	the	breath	(when	flow	is	high
but	 volume	 is	 not),	 the	mechanical	 problem	 is	 not	 flow	 related	 (ie,	 not	 a	 high
airway	resistance	problem).	The	peak	expiratory	flow	is	abnormally	high	(higher
than	 the	 set	 inspiratory	 flow),	 indicating	 reduced	 lung	 compliance,	 since
expiratory	flow	is	determined	by	lung	recoil	and	airway	properties,	not	the	chest
wall.	The	airway	opening	pressure	(Pao)	shows	a	concave	upward	shape	(stress
index	 >1)	 which	 suggest	 that	 lung	 compliance	 is	 falling	 during	 the	 breath,
probably	 due	 to	 alveolar	 overdistension,	 as	 one	 sees	 in	 severe	ARDS.	During
constant-flow	breaths,	the	Pao	 should	normally	have	a	 linear	 rise,	 implying	 that
the	lung	compliance	is	not	changing	during	the	breath	(choice	A	is	correct).	Low
chest	wall	 compliance	 could	 produce	 the	 same	 elevated	 peak	 airway	 pressure,
but	not	the	high	expiratory	flow	(choice	B	is	incorrect).	High	airway	resistance
can	raise	peak	airway	pressure,	but	this	rises	early	in	the	breath,	not	later	as	seen
here	 (choice	 C	 is	 incorrect).	 Also,	 airway	 resistance	 problems	 cause	 low,	 not
high,	 expiratory	 flow	 rates.	 Finally,	 although	 respiratory	muscle	weakness	 can
cause	respiratory	failure,	airway	pressures	should	not	be	elevated	(unless	there	is
concomitant	mechanical	problem)	(choice	D	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 The	 figure	 represents	 a	 passively	 ventilated	 patient.	 During

inspiration,	 flow	 (not	 pressure)	 is	 constant,	 indicating	 that	 the	 mode	 is	 flow-
targeted,	 such	 as	 volume	 assist	 control	 (choice	D	 is	 correct;	 volume	 SIMV	 is
another	 flow-targeted	 mode,	 but	 was	 not	 one	 of	 the	 choices).	 During	 flow-
targeted	 ventilation,	 flow	 is	 constant	 while	 pressure	 is	 determined	 by	 the
respiratory	system	mechanical	properties.	The	tidal	volume,	respiratory	rate,	and
inspiratory	 time	 are	 set	 by	 the	 clinician.	 In	 contrast,	 the	 other	 choices,	APRV,



pressure	 assist	 control,	 and	 pressure	 support	 modes	 are	 all	 pressure-targeted
modes	in	which	pressure	during	inspiration	is	servo-controlled	by	the	ventilator
while	 flow	 becomes	 the	 dependent	 variable,	 depending	 on	 respiratory	 system
mechanical	properties.

References

Key	references	are	highlighted	in	gray.

1.	Piquilloud	L,	Vignaux	L,	Bialais	E,	et	al.	Neurally	adjusted	ventilatory	assist
improves	patient-ventilator	interaction.	Intensive	Care	Med.	2011;37(2):263-
271.

2.	Nassar	BS,	Collett	ND,	Schmidt	GA.	The	flow-time	waveform	predicts
respiratory	system	resistance	and	compliance.	J	Crit	Care.	2012;27(4):418
e7-e14.

3.	Chiumello	D,	Polli	F,	Tallarini	F,	et	al.	Effect	of	different	cycling-off	criteria
and	positive	end-expiratory	pressure	during	pressure	support	ventilation	in
patients	with	chronic	obstructive	pulmonary	disease.	Crit	Care	Med.
2007;35(11):2547-2552.

4.	Pohlman	MC,	McCallister	KE,	Schweickert	WD,	et	al.	Excessive	tidal
volume	from	breath	stacking	during	lung-protective	ventilation	for	acute
lung	injury.	Crit	Care	Med.	2008;36(11):3019-3023.

5.	Brochard	L,	Rauss	A,	Benito	S,	et	al.	Comparison	of	three	methods	of
gradual	withdrawal	from	ventilatory	support	during	weaning	from
mechanical	ventilation.	Am	J	Respir	Crit	Care	Med.	1994;150(4):896-903.

6.	Esteban	A,	Frutos	F,	Tobin	MJ,	et	al.	A	comparison	of	four	methods	of
weaning	patients	from	mechanical	ventilation.	Spanish	Lung	Failure
Collaborative	Group.	N	Engl	J	Med.	1995;332(6):345-350.

7.	Kallet	RH,	Campbell	AR,	Dicker	RA,	Katz	JA,	Mackersie	RC.	Work	of
breathing	during	lung-protective	ventilation	in	patients	with	acute	lung	injury
and	acute	respiratory	distress	syndrome:	a	comparison	between	volume	and
pressure-regulated	breathing	modes.	Respir	Care.	2005;50(12):1623-1631.

8.	Hall	S,	Wood	‘s.	Principles	of	Critical	Care.	4th	ed.	ed.	New	York:	McGraw
-	Hill	Education;	2015.

9.	Zhou	Y,	Jin	X,	Lv	Y,	et	al.	Early	application	of	airway	pressure	release
ventilation	may	reduce	the	duration	of	mechanical	ventilation	in	acute
respiratory	distress	syndrome.	Intensive	Care	Med.	2017;43(11):1648-1659.



10.	Hirshberg	EL,	Lanspa	MJ,	Peterson	J,	et	al.	Randomized	feasibility	trial	of
a	low	tidal	volume-airway	pressure	release	ventilation	protocol	compared
with	traditional	airway	pressure	release	ventilation	and	volume	control
ventilation	protocols.	Crit	Care	Med.	2018;46(12):1943-1952.

11.	Chatburn	RL,	Kallet	RH,	Sasidhar	M.	Airway	pressure	release	ventilation
may	result	in	occult	atelectrauma	in	severe	ARDS.	Respir	Care.
2016;61(9):1278-1280.

12.	Papazian	L,	Forel	JM,	Gacouin	A,	et	al.	Neuromuscular	blockers	in	early
acute	respiratory	distress	syndrome.	N	Engl	J	Med.	2010;363(12):1107-1116.

13.	Emr	B,	Gatto	LA,	Roy	S,	et	al.	Airway	pressure	release	ventilation	prevents
ventilator-induced	lung	injury	in	normal	lungs.	JAMA	Surg.
2013;148(11):1005-1012.

14.	Roy	S,	Habashi	N,	Sadowitz	B,	et	al.	Early	airway	pressure	release
ventilation	prevents	ARDS-a	novel	preventive	approach	to	lung	injury.
Shock.	2013;39(1):28-38.

15.	Andrews	PL,	Shiber	JR,	Jaruga-Killeen	E,	et	al.	Early	application	of	airway
pressure	release	ventilation	may	reduce	mortality	in	high-risk	trauma
patients:	a	systematic	review	of	observational	trauma	ARDS	literature.	J
Trauma	Acute	Care	Surg.	2013;75(4):635-641.

16.	Young	D,	Lamb	SE,	Shah	S,	et	al.	High-frequency	oscillation	for	acute
respiratory	distress	syndrome.	N	Engl	J	Med.	2013;368(9):806-813.

17.	Ferguson	ND,	Cook	DJ,	Guyatt	GH,	et	al.	High-frequency	oscillation	in
early	acute	respiratory	distress	syndrome.	N	Engl	J	Med.	2013;368(9):795-
805.

18.	Jonkman	AH,	Rauseo	M,	Carteaux	G,	et	al.	Proportional	modes	of
ventilation:	technology	to	assist	physiology.	Intensive	Care	Med.
2020;46(12):2301-2313.

19.	Costa	R,	Spinazzola	G,	Cipriani	F,	et	al.	A	physiologic	comparison	of
proportional	assist	ventilation	with	load-adjustable	gain	factors	(PAV+)
versus	pressure	support	ventilation	(PSV).	Intensive	Care	Med.
2011;37(9):1494-1500.

20.	Ranieri	VM,	Giuliani	R,	Mascia	L,	et	al.	Patient-ventilator	interaction
during	acute	hypercapnia:	pressure-support	vs.	proportional-assist
ventilation.	J	Appl	Physiol	(1985).	1996;81(1):426-436.

21.	Bosma	K,	Ferreyra	G,	Ambrogio	C,	et	al.	Patient-ventilator	interaction	and
sleep	in	mechanically	ventilated	patients:	pressure	support	versus



proportional	assist	ventilation.	Crit	Care	Med.	2007;35(4):1048-1054.
22.	Ou-Yang	LJ,	Chen	PH,	Jhou	HJ,	Su	VY,	Lee	CH.	Proportional	assist
ventilation	versus	pressure	support	ventilation	for	weaning	from	mechanical
ventilation	in	adults:	a	meta-analysis	and	trial	sequential	analysis.	Crit	Care.
2020;24(1):556.

23.	Verbrugghe	W,	Jorens	PG.	Neurally	adjusted	ventilatory	assist:	a	ventilation
tool	or	a	ventilation	toy?.	Respir	Care.	2011;56(3):327-335.

24.	Liu	L,	Xu	X,	Sun	Q,	et	al.	Neurally	adjusted	ventilatory	assist	versus
pressure	support	ventilation	in	difficult	weaning:	a	randomized	trial.
Anesthesiology.	2020;132(6):1482-1493.

25.	Kacmarek	RM,	Villar	J,	Parrilla	D,	et	al.	Neurally	adjusted	ventilatory	assist
in	acute	respiratory	failure:	a	randomized	controlled	trial.	Intensive	Care
Med.	2020;46(12):2327-2337.

26.	Rittayamai	N,	Katsios	CM,	Beloncle	F,	Friedrich	JO,	Mancebo	J,	Brochard
L.	Pressure-controlled	vs	volume-controlled	ventilation	in	acute	respiratory
failure:	a	physiology-based	narrative	and	systematic	review.	Chest.
2015;148(2):340-355.

27.	Malo	J,	Ali	J,	Wood	LD.	How	does	positive	end-expiratory	pressure	reduce
intrapulmonary	shunt	in	canine	pulmonary	edema?	J	Appl	Physiol	Respir
Environ	Exerc	Physiol.	1984;57(4):1002-1010.

28.	Brower	RG,	Lanken	PN,	MacIntyre	N,	et	al.	Higher	versus	lower	positive
end-expiratory	pressures	in	patients	with	the	acute	respiratory	distress
syndrome.	N	Engl	J	Med.	2004;351(4):327-336.

29.	Talmor	D,	Sarge	T,	Malhotra	A,	et	al.	Mechanical	ventilation	guided	by
esophageal	pressure	in	acute	lung	injury.	N	Engl	J	Med.	2008;359(20):2095-
2104.

30.	Mercat	A,	Richard	JC,	Vielle	B,	et	al.	Positive	end-expiratory	pressure
setting	in	adults	with	acute	lung	injury	and	acute	respiratory	distress
syndrome:	a	randomized	controlled	trial.	JAMA.	2008;299(6):646-655.

31.	Meade	MO,	Cook	DJ,	Guyatt	GH,	et	al.	Ventilation	strategy	using	low	tidal
volumes,	recruitment	maneuvers,	and	high	positive	end-expiratory	pressure
for	acute	lung	injury	and	acute	respiratory	distress	syndrome:	a	randomized
controlled	trial.	JAMA.	2008;299(6):637-645.

32.	Goligher	EC,	Kavanagh	BP,	Rubenfeld	GD,	et	al.	Oxygenation	response	to
positive	end-expiratory	pressure	predicts	mortality	in	acute	respiratory
distress	syndrome.	A	secondary	analysis	of	the	LOVS	and	ExPress	trials.	Am



J	Respir	Crit	Care	Med.	2014;190(1):70-76.
33.	Valentini	R,	Aquino-Esperanza	J,	Bonelli	I,	et	al.	Gas	exchange	and	lung
mechanics	in	patients	with	acute	respiratory	distress	syndrome:	comparison
of	three	different	strategies	of	positive	end	expiratory	pressure	selection.	J
Crit	Care.	2015;30(2):334-340.

34.	Tobin	MJ,	Lodato	RF.	PEEP,	auto-PEEP,	and	waterfalls.	Chest.
1989;96(3):449-451.

35.	Georgopoulos	D,	Giannouli	E,	Patakas	D.	Effects	of	extrinsic	positive	end-
expiratory	pressure	on	mechanically	ventilated	patients	with	chronic
obstructive	pulmonary	disease	and	dynamic	hyperinflation.	Intensive	Care
Med.	1993;19(4):197-203.

36.	Rossi	A,	Brandolese	R,	Milic-Emili	J,	Gottfried	SB.	The	role	of	PEEP	in
patients	with	chronic	obstructive	pulmonary	disease	during	assisted
ventilation.	Eur	Respir	J.	1990;3(7):818-822.

37.	Ferrer	M,	Valencia	M,	Nicolas	JM,	Bernadich	O,	Badia	JR,	Torres	A.	Early
noninvasive	ventilation	averts	extubation	failure	in	patients	at	risk:	a
randomized	trial.	Am	J	Respir	Crit	Care	Med.	2006;173(2):164-170.

38.	Nava	S,	Gregoretti	C,	Fanfulla	F,	et	al.	Noninvasive	ventilation	to	prevent
respiratory	failure	after	extubation	in	high-risk	patients.	Crit	Care	Med.
2005;33(11):2465-2470.

39.	Goligher	EC,	Jonkman	AH,	Dianti	J,	et	al.	Clinical	strategies	for
implementing	lung	and	diaphragm-protective	ventilation:	avoiding
insufficient	and	excessive	effort.	Intensive	Care	Med.	2020;46(12):2314-
2326.

40.	Goligher	EC,	Dres	M,	Patel	BK,	et	al.	Lung-	and	diaphragm-protective
ventilation.	Am	J	Respir	Crit	Care	Med.	2020;202(7):950-961.

41.	Gaver	DP,	3rd,	Nieman	GF,	Gatto	LA,	Cereda	M,	Habashi	NM,	Bates	JHT.
The	poor	get	POORer:	a	hypothesis	for	the	pathogenesis	of	ventilator-
induced	lung	injury.	Am	J	Respir	Crit	Care	Med.	2020;202(8):1081-1087.

42.	Morais	CCA,	Koyama	Y,	Yoshida	T,	et	al.	High	positive	end-expiratory
pressure	renders	spontaneous	effort	noninjurious.	Am	J	Respir	Crit	Care
Med.	2018;197(10):1285-1296.

43.	Amato	MB,	Meade	MO,	Slutsky	AS,	et	al.	Driving	pressure	and	survival	in
the	acute	respiratory	distress	syndrome.	N	Engl	J	Med.	2015;372(8):747-755.

44.	Schmidt	MFS,	Amaral	A,	Fan	E,	Rubenfeld	GD.	Driving	pressure	and
hospital	mortality	in	patients	without	ARDS:	a	cohort	study.	Chest.



2018;153(1):46-54.
45.	Bellani	G,	Grassi	A,	Sosio	S,	Foti	G.	Plateau	and	driving	pressure	in	the
presence	of	spontaneous	breathing.	Intensive	Care	Med.	2019;45(1):97-98.

46.	Epstein	SK.	How	often	does	patient-ventilator	asynchrony	occur	and	what
are	the	consequences?.	Respir	Care.	2011;56(1):25-38.

47.	Gilstrap	D,	MacIntyre	N.	Patient-ventilator	interactions.	Implications	for
clinical	management.	Am	J	Respir	Crit	Care	Med.	2013;188(9):1058-1068.

48.	Chanques	G,	Kress	JP,	Pohlman	A,	et	al.	Impact	of	ventilator	adjustment
and	sedation-analgesia	practices	on	severe	asynchrony	in	patients	ventilated
in	assist-control	mode.	Crit	Care	Med.	2013;41(9):2177-2187.

49.	Akoumianaki	E,	Lyazidi	A,	Rey	N,	et	al.	Mechanical	ventilation-induced
reverse-triggered	breaths:	a	frequently	unrecognized	form	of
neuromechanical	coupling.	Chest.	2013;143(4):927-938.

50.	Rodriguez	PO,	Tiribelli	N,	Fredes	S,	et	al.	Prevalence	of	reverse	triggering
in	early	ARDS:	results	from	a	multicenter	observational	study.	Chest.
2021;159(1):186-195.

51.	Baedorf	Kassis	E,	Su	HK,	Graham	AR,	Novack	V,	Loring	SH,	Talmor	DS.
Reverse	trigger	phenotypes	in	acute	respiratory	distress	syndrome.	Am	J
Respir	Crit	Care	Med.	2021;203(1):67-77..

52.	Thille	AW,	Rodriguez	P,	Cabello	B,	Lellouche	F,	Brochard	L.	Patient-
ventilator	asynchrony	during	assisted	mechanical	ventilation.	Intensive	Care
Med.	2006;32(10):1515-1522.

53.	de	Wit	M,	Miller	KB,	Green	DA,	Ostman	HE,	Gennings	C,	Epstein	SK.
Ineffective	triggering	predicts	increased	duration	of	mechanical	ventilation.
Crit	Care	Med.	2009;37(10):2740-2745.

54.	Delisle	S,	Ouellet	P,	Bellemare	P,	Tetrault	JP,	Arsenault	P.	Sleep	quality	in
mechanically	ventilated	patients:	comparison	between	NAVA	and	PSV
modes.	Ann	Intensive	Care.	2011;1(1):42.

55.	Leung	P,	Jubran	A,	Tobin	MJ.	Comparison	of	assisted	ventilator	modes	on
triggering,	patient	effort,	and	dyspnea.	Am	J	Respir	Crit	Care	Med.
1997;155(6):1940-1948.

56.	Vitacca	M,	Bianchi	L,	Zanotti	E,	et	al.	Assessment	of	physiologic	variables
and	subjective	comfort	under	different	levels	of	pressure	support	ventilation.
Chest.	2004;126(3):851-859.

57.	Blanch	L,	Villagra	A,	Sales	B,	et	al.	Asynchronies	during	mechanical
ventilation	are	associated	with	mortality.	Intensive	Care	Med.



2015;41(4):633-641.
58.	Slutsky	AS,	Ranieri	VM.	Ventilator-induced	lung	injury.	N	Engl	J	Med.
2013;369(22):2126-2136..

59.	Levine	S,	Nguyen	T,	Taylor	N,	et	al.	Rapid	disuse	atrophy	of	diaphragm
fibers	in	mechanically	ventilated	humans.	N	Engl	J	Med.
2008;358(13):1327-1335.

60.	Jaber	S,	Petrof	BJ,	Jung	B,	et	al.	Rapidly	progressive	diaphragmatic
weakness	and	injury	during	mechanical	ventilation	in	humans.	Am	J	Respir
Crit	Care	Med.	2011;183(3):364-371.

61.	Vassilakopoulos	T,	Zakynthinos	S,	Roussos	C.	The	tension-time	index	and
the	frequency/tidal	volume	ratio	are	the	major	pathophysiologic	determinants
of	weaning	failure	and	success.	Am	J	Respir	Crit	Care	Med.
1998;158(2):378-385.

62.	Kim	WY,	Suh	HJ,	Hong	SB,	Koh	Y,	Lim	CM.	Diaphragm	dysfunction
assessed	by	ultrasonography:	influence	on	weaning	from	mechanical
ventilation.	Crit	Care	Med.	2011;39(12):2627-2630.

63.	Hermans	G,	Agten	A,	Testelmans	D,	Decramer	M,	Gayan-Ramirez	G.
Increased	duration	of	mechanical	ventilation	is	associated	with	decreased
diaphragmatic	force:	a	prospective	observational	study.	Crit	Care.
2010;14(4):R127.

64.	Demoule	A,	Jung	B,	Prodanovic	H,	et	al.	Diaphragm	dysfunction	on
admission	to	the	intensive	care	unit.	Prevalence,	risk	factors,	and	prognostic
impact-a	prospective	study.	Am	J	Respir	Crit	Care	Med.	2013;188(2):213-
219.

65.	Jung	B,	Nougaret	S,	Conseil	M,	et	al.	Sepsis	is	associated	with	a
preferential	diaphragmatic	atrophy:	a	critically	ill	patient	study	using
tridimensional	computed	tomography.	Anesthesiology.	2014;120(5):1182-
1191.

66.	Hooijman	PE,	Beishuizen	A,	Witt	CC,	et	al.	Diaphragm	muscle	fiber
weakness	and	ubiquitin-proteasome	activation	in	critically	ill	patients.	Am	J
Respir	Crit	Care	Med.	2015;191(10):1126-1138.

67.	Picard	M,	Jung	B,	Liang	F,	et	al.	Mitochondrial	dysfunction	and	lipid
accumulation	in	the	human	diaphragm	during	mechanical	ventilation.	Am	J
Respir	Crit	Care	Med.	2012;186(11):1140-1149.

68.	Azuelos	I,	Jung	B,	Picard	M,	et	al.	Relationship	between	autophagy	and
ventilator-induced	diaphragmatic	dysfunction.	Anesthesiology.



2015;122(6):1349-1361.
69.	Petrof	BJ,	Hussain	SN.	Ventilator-induced	diaphragmatic	dysfunction:	what
have	we	learned?.	Curr	Opin	Crit	Care.	2016;22(1):67-72.

70.	The	Acute	Respiratory	Distress	Syndrome	Network.	Ventilation	with	lower
tidal	volumes	as	compared	with	traditional	tidal	volumes	for	acute	lung
injury	and	the	acute	respiratory	distress	syndrome.	N	Engl	J	Med.
2000;342(18):1301-1308.

71.	Bilek	AM,	Dee	KC,	Gaver	DP,	3rd.	Mechanisms	of	surface-tension-induced
epithelial	cell	damage	in	a	model	of	pulmonary	airway	reopening.	J	Appl
Physiol	(1985).	2003;94(2):770-783.

72.	Dreyfuss	D,	Soler	P,	Basset	G,	Saumon	G.	High	inflation	pressure
pulmonary	edema.	Respective	effects	of	high	airway	pressure,	high	tidal
volume,	and	positive	end-expiratory	pressure.	Am	Rev	Respir	Dis.
1988;137(5):1159-1164.

73.	Webb	HH,	Tierney	DF.	Experimental	pulmonary	edema	due	to	intermittent
positive	pressure	ventilation	with	high	inflation	pressures.	Protection	by
positive	end-expiratory	pressure.	Am	Rev	Respir	Dis.	1974;110(5):556-565.

74.	Marin-Corral	J,	Dot	I,	Boguna	M,	et	al.	Structural	differences	in	the
diaphragm	of	patients	following	controlled	vs	assisted	and	spontaneous
mechanical	ventilation.	Intensive	Care	Med.	2019;45(4):488-500.

75.	Serpa	Neto	A,	Cardoso	SO,	Manetta	JA,	et	al.	Association	between	use	of
lung-protective	ventilation	with	lower	tidal	volumes	and	clinical	outcomes
among	patients	without	acute	respiratory	distress	syndrome:	a	meta-analysis.
JAMA.	2012;308(16):1651-1659.

76.	Guay	J,	Ochroch	EA.	Intraoperative	use	of	low	volume	ventilation	to
decrease	postoperative	mortality,	mechanical	ventilation,	lengths	of	stay	and
lung	injury	in	patients	without	acute	lung	injury.	Cochrane	Database	Syst
Rev.	2015;12:CD011151.

77.	Yoshida	T,	Amato	MBP,	Grieco	DL,	et	al.	Esophageal	manometry	and
regional	transpulmonary	pressure	in	lung	injury.	Am	J	Respir	Crit	Care	Med.
2018;197(8):1018-1026.

78.	Hata	JS,	Togashi	K,	Kumar	AB,	et	al.	The	effect	of	the	pressure-volume
curve	for	positive	end-expiratory	pressure	titration	on	clinical	outcomes	in
acute	respiratory	distress	syndrome:	a	systematic	review.	J	Intensive	Care
Med.	2014;29(6):348-356.

79.	Yehya	N,	Hodgson	CL,	Amato	MBP,	et	al.	Response	to	ventilator



adjustments	for	predicting	acute	respiratory	distress	syndrome	mortality.
Driving	pressure	versus	oxygenation.	Ann	Am	Thorac	Soc.	2021;18(5):857-
864.

80.	Bertoni	M,	Spadaro	S,	Goligher	EC.	Monitoring	patient	respiratory	effort
during	mechanical	ventilation:	lung	and	diaphragm-protective	ventilation.
Crit	Care.	2020;24(1):106.

81.	Jonkman	AH,	de	Vries	HJ,	Heunks	LMA.	Physiology	of	the	respiratory
drive	in	ICU	patients:	implications	for	diagnosis	and	treatment.	Crit	Care.
2020;24(1):104.

82.	Vaporidi	K,	Akoumianaki	E,	Telias	I,	Goligher	EC,	Brochard	L,
Georgopoulos	D.	Respiratory	drive	in	critically	ill	patients.	Pathophysiology
and	clinical	implications.	Am	J	Respir	Crit	Care	Med.	2020;201(1):20-32.

83.	Telias	I,	Junhasavasdikul	D,	Rittayamai	N,	et	al.	Airway	occlusion	pressure
as	an	estimate	of	respiratory	drive	and	inspiratory	effort	during	assisted
ventilation.	Am	J	Respir	Crit	Care	Med.	2020;201(9):1086-1098.

84.	Guerin	C,	Reignier	J,	Richard	JC,	et	al.	Prone	positioning	in	severe	acute
respiratory	distress	syndrome.	N	Engl	J	Med.	2013;368(23):2159-2168.

85.	National	Heart	L,	Blood	Institute	PCTN,	Moss	M,	et	al.	Early
neuromuscular	blockade	in	the	acute	respiratory	distress	syndrome.	N	Engl	J
Med.	2019;380(21):1997-2008.

86.	Fougeres	E,	Teboul	JL,	Richard	C,	Osman	D,	Chemla	D,	Monnet	X.
Hemodynamic	impact	of	a	positive	end-expiratory	pressure	setting	in	acute
respiratory	distress	syndrome:	importance	of	the	volume	status.	Crit	Care
Med.	2010;38(3):802-807.

87.	Schmitt	JM,	Vieillard-Baron	A,	Augarde	R,	Prin	S,	Page	B,	Jardin	F.
Positive	end-expiratory	pressure	titration	in	acute	respiratory	distress
syndrome	patients:	impact	on	right	ventricular	outflow	impedance	evaluated
by	pulmonary	artery	Doppler	flow	velocity	measurements.	Crit	Care	Med.
2001;29(6):1154-1158.

88.	Gernoth	C,	Wagner	G,	Pelosi	P,	Luecke	T.	Respiratory	and	haemodynamic
changes	during	decremental	open	lung	positive	end-expiratory	pressure
titration	in	patients	with	acute	respiratory	distress	syndrome.	Crit	Care.
2009;13(2):R59.

89.	Jozwiak	M,	Teboul	JL,	Anguel	N,	et	al.	Beneficial	hemodynamic	effects	of
prone	positioning	in	patients	with	acute	respiratory	distress	syndrome.	Am	J
Respir	Crit	Care	Med.	2013;188(12):1428-1433.



90.	Jubran	A,	Mathru	M,	Dries	D,	Tobin	MJ.	Continuous	recordings	of	mixed
venous	oxygen	saturation	during	weaning	from	mechanical	ventilation	and
the	ramifications	thereof.	Am	J	Respir	Crit	Care	Med.	1998;158(6):1763-
1769.

91.	Gajic	O,	Frutos-Vivar	F,	Esteban	A,	Hubmayr	RD,	Anzueto	A.	Ventilator
settings	as	a	risk	factor	for	acute	respiratory	distress	syndrome	in
mechanically	ventilated	patients.	Intensive	Care	Med.	2005;31(7):922-926.

92.	Schmidt	GA.	Counterpoint:	should	positive	end-expiratory	pressure	in
patients	with	ARDS	be	set	based	on	oxygenation?.	No.	Chest.
2012;141(6):1382-1384.	discussion	4-6.

93.	Chiumello	D,	Busana	M,	Coppola	S,	et	al.	Physiological	and	quantitative
CT-scan	characterization	of	COVID-19	and	typical	ARDS:	a	matched	cohort
study.	Intensive	Care	Med.	2020;46(12):2187-2196.

94.	al	SGAe.	Extracoporeal	Life	Support	for	Adults:	Springer;	2016.
95.	Schmidt	M,	Tachon	G,	Devilliers	C,	et	al.	Blood	oxygenation	and
decarboxylation	determinants	during	venovenous	ECMO	for	respiratory
failure	in	adults.	Intensive	Care	Med.	2013;39(5):838-846..

96.	Conrad	SA,	Broman	LM,	Taccone	FS,	et	al.	The	extracorporeal	life	support
organization	maastricht	treaty	for	nomenclature	in	extracorporeal	life
support.	A	position	paper	of	the	extracorporeal	life	support	organization.	Am
J	Respir	Crit	Care	Med.	2018;198(4):447-451.

97.	Ventetuolo	CE,	Muratore	CS.	Extracorporeal	life	support	in	critically	ill
adults.	Am	J	Respir	Crit	Care	Med.	2014;190(5):497-508.

98.	Blum	JM,	Lynch	WR,	Coopersmith	CM.	Clinical	and	billing	review	of
extracorporeal	membrane	oxygenation.	Chest.	2015;147(6):1697-1703.

99.	Abrams	D,	Schmidt	M,	Pham	T,	et	al.	Mechanical	ventilation	for	acute
respiratory	distress	syndrome	during	extracorporeal	life	support.	Research
and	practice.	Am	J	Respir	Crit	Care	Med.	2020;201(5):514-525.

100.	Terragni	PP,	Del	Sorbo	L,	Mascia	L,	et	al.	Tidal	volume	lower	than	6
ml/kg	enhances	lung	protection:	role	of	extracorporeal	carbon	dioxide
removal.	Anesthesiology.	2009;111(4):826-835.

101.	Marhong	JD,	Munshi	L,	Detsky	M,	Telesnicki	T,	Fan	E.	Mechanical
ventilation	during	extracorporeal	life	support	(ECLS):	a	systematic	review.
Intensive	Care	Med.	2015;41(6):994-1003.

102.	Schmidt	M,	Stewart	C,	Bailey	M,	et	al.	Mechanical	ventilation
management	during	extracorporeal	membrane	oxygenation	for	acute



respiratory	distress	syndrome:	a	retrospective	international	multicenter	study.
Crit	Care	Med.	2015;43(3):654-664.

103.	Marhong	JD,	Telesnicki	T,	Munshi	L,	Del	Sorbo	L,	Detsky	M,	Fan	E.
Mechanical	ventilation	during	extracorporeal	membrane	oxygenation.	An
international	survey.	Ann	Am	Thorac	Soc.	2014;11(6):956-961.

104.	Giani	M,	Martucci	G,	Madotto	F,	et	al.	Prone	positioning	during
venovenous	extracorporeal	membrane	oxygenation	in	acute	respiratory
distress	syndrome.	A	multicenter	cohort	study	and	propensity-matched
analysis.	Ann	Am	Thorac	Soc.	2021;18(3):495-501.

105.	Poon	WH,	Ramanathan	K,	Ling	RR,	et	al.	Prone	positioning	during
venovenous	extracorporeal	membrane	oxygenation	for	acute	respiratory
distress	syndrome:	a	systematic	review	and	meta-analysis.	Crit	Care.
2021;25(1):292.

106.	Schweickert	WD,	Pohlman	MC,	Pohlman	AS,	et	al.	Early	physical	and
occupational	therapy	in	mechanically	ventilated,	critically	ill	patients:	a
randomised	controlled	trial.	Lancet.	2009;373(9678):1874-1882.

107.	Peek	GJ,	Mugford	M,	Tiruvoipati	R,	et	al.	Efficacy	and	economic
assessment	of	conventional	ventilatory	support	versus	extracorporeal
membrane	oxygenation	for	severe	adult	respiratory	failure	(CESAR):	a
multicentre	randomised	controlled	trial.	Lancet.	2009;374(9698):1351-1363.

108.	Combes	A,	Hajage	D,	Capellier	G,	et	al.	Extracorporeal	membrane
oxygenation	for	severe	acute	respiratory	distress	syndrome.	N	Engl	J	Med.
2018;378(21):1965-1975.

109.	Manaker	S.	Extracorporeal	Membrane	Oxygenation	(ECMO)	in	Adults.
UpToDate;	2021.

110.	Combes	A,	Peek	GJ,	Hajage	D,	et	al.	ECMO	for	severe	ARDS:	systematic
review	and	individual	patient	data	meta-analysis.	Intensive	Care	Med.
2020;46(11):2048-2057.

111.	Munshi	L,	Walkey	A,	Goligher	E,	Pham	T,	Uleryk	EM,	Fan	E.
Venovenous	extracorporeal	membrane	oxygenation	for	acute	respiratory
distress	syndrome:	a	systematic	review	and	meta-analysis.	Lancet	Respir
Med.	2019;7(2):163-172.

112.	(ELSO)	ELSO.	Guidelines	for	Adult	Respiratory	Failure;	2017.
113.	Combes	A,	Fanelli	V,	Pham	T,	Ranieri	VM,	European	Society	of	Intensive
Care	Medicine	Trials	G,	the	Strategy	of	Ultra-Protective	lung	ventilation
with	Extracorporeal	CORfN-OmtsAi.	Feasibility	and	safety	of	extracorporeal



CO2	removal	to	enhance	protective	ventilation	in	acute	respiratory	distress
syndrome:	the	SUPERNOVA	study.	Intensive	Care	Med.	2019;45(5):592-
600.

114.	Bein	T,	Weber-Carstens	S,	Goldmann	A,	et	al.	Lower	tidal	volume	strategy
(	approximately	3	ml/kg)	combined	with	extracorporeal	CO2	removal	versus
‘conventional’	protective	ventilation	(6	mL/kg)	in	severe	ARDS:	the
prospective	randomized	Xtravent-study.	Intensive	Care	Med.
2013;39(5):847-856.

115.	McNamee	JJ,	Gillies	MA,	Barrett	NA,	et	al.	Effect	of	lower	tidal	volume
ventilation	facilitated	by	extracorporeal	carbon	dioxide	removal	vs	standard
care	ventilation	on	90-day	mortality	in	patients	with	acute	hypoxemic
respiratory	failure:	the	REST	randomized	clinical	trial.	JAMA.
2021;326(11):1013-1023.

116.	Burki	NK,	Mani	RK,	Herth	FJ,	et	al.	A	novel	extracorporeal	CO(2)	removal
system:	results	of	a	pilot	study	of	hypercapnic	respiratory	failure	in	patients
with	COPD.	Chest.	2013;143(3):678-686.

117.	Abrams	DC,	Brenner	K,	Burkart	KM,	et	al.	Pilot	study	of	extracorporeal
carbon	dioxide	removal	to	facilitate	extubation	and	ambulation	in
exacerbations	of	chronic	obstructive	pulmonary	disease.	Ann	Am	Thorac
Soc.	2013;10(4):307-314.

118.	Kluge	S,	Braune	SA,	Engel	M,	et	al.	Avoiding	invasive	mechanical
ventilation	by	extracorporeal	carbon	dioxide	removal	in	patients	failing
noninvasive	ventilation.	Intensive	Care	Med.	2012;38(10):1632-1639.

119.	Barbaro	RP,	MacLaren	G,	Boonstra	PS,	et	al.	Extracorporeal	membrane
oxygenation	support	in	COVID-19:	an	international	cohort	study	of	the
Extracorporeal	Life	Support	Organization	registry.	Lancet.
2020;396(10257):1071-1078.

120.	Shaefi	S,	Brenner	SK,	Gupta	S,	et	al.	Extracorporeal	membrane
oxygenation	in	patients	with	severe	respiratory	failure	from	COVID-19.
Intensive	Care	Med.	2021;47(2):208-221.

121.	Ramanathan	K,	Shekar	K,	Ling	RR,	et	al.	Extracorporeal	membrane
oxygenation	for	COVID-19:	a	systematic	review	and	meta-analysis.	Crit
Care.	2021;25(1):211.

122.	Del	Sorbo	L,	Ranieri	VM,	Keshavjee	S.	Extracorporeal	membrane
oxygenation	as	“bridge”	to	lung	transplantation:	what	remains	in	order	to
make	it	standard	of	care?.	Am	J	Respir	Crit	Care	Med.	2012;185(7):699-701.



123.	Dellgren	G,	Riise	GC,	Sward	K,	et	al.	Extracorporeal	membrane
oxygenation	as	a	bridge	to	lung	transplantation:	a	long-term	study.	Eur	J
Cardio	Thorac	Surg.	2015;47(1):95-100.	discussion.

124.	Nosotti	M,	Rosso	L,	Tosi	D,	et	al.	Extracorporeal	membrane	oxygenation
with	spontaneous	breathing	as	a	bridge	to	lung	transplantation.	Interact
Cardiovasc	Thorac	Surg.	2013;16(1):55-59.

125.	Fuehner	T,	Kuehn	C,	Hadem	J,	et	al.	Extracorporeal	membrane
oxygenation	in	awake	patients	as	bridge	to	lung	transplantation.	Am	J	Respir
Crit	Care	Med.	2012;185(7):763-768.

126.	Olsson	KM,	Simon	A,	Strueber	M,	et	al.	Extracorporeal	membrane
oxygenation	in	nonintubated	patients	as	bridge	to	lung	transplantation.	Am	J
Transplant.	2010;10(9):2173-2178.

127.	Hartwig	MG,	Walczak	R,	Lin	SS,	Davis	RD.	Improved	survival	but
marginal	allograft	function	in	patients	treated	with	extracorporeal	membrane
oxygenation	after	lung	transplantation.	Ann	Thorac	Surg.	2012;93(2):366-
371.

128.	Fischer	S,	Bohn	D,	Rycus	P,	et	al.	Extracorporeal	membrane	oxygenation
for	primary	graft	dysfunction	after	lung	transplantation:	analysis	of	the
Extracorporeal	Life	Support	Organization	(ELSO)	registry.	J	Heart	Lung
Transplant.	2007;26(5):472-477.

129.	Bermudez	CA,	Adusumilli	PS,	McCurry	KR,	et	al.	Extracorporeal
membrane	oxygenation	for	primary	graft	dysfunction	after	lung
transplantation:	long-term	survival.	Ann	Thorac	Surg.	2009;87(3):854-860.

130.	Fiser	SM,	Kron	IL,	McLendon	Long	S,	Kaza	AK,	Kern	JA,	Tribble	CG.
Early	intervention	after	severe	oxygenation	index	elevation	improves
survival	following	lung	transplantation.	J	Heart	Lung	Transplant.
2001;20(6):631-636.

131.	Haneya	A,	Philipp	A,	Diez	C,	et	al.	A	5-year	experience	with
cardiopulmonary	resuscitation	using	extracorporeal	life	support	in	non-
postcardiotomy	patients	with	cardiac	arrest.	Resuscitation.
2012;83(11):1331-1337.

132.	Wu	MY,	Lee	MY,	Lin	CC,	Chang	YS,	Tsai	FC,	Lin	PJ.	Resuscitation	of
non-postcardiotomy	cardiogenic	shock	or	cardiac	arrest	with	extracorporeal
life	support:	the	role	of	bridging	to	intervention.	Resuscitation.
2012;83(8):976-981.

133.	Chen	YS,	Lin	JW,	Yu	HY,	et	al.	Cardiopulmonary	resuscitation	with



assisted	extracorporeal	life-support	versus	conventional	cardiopulmonary
resuscitation	in	adults	with	in-hospital	cardiac	arrest:	an	observational	study
and	propensity	analysis.	Lancet.	2008;372(9638):554-561.



Chapter	167



Mechanical	Ventilation—Part	II:
Noninvasive	Mechanical	Ventilation	for
the	Adult	Hospitalized	Patient
Anas	A.	Ahmed,	Nicholas	S.	Hill

KEY	POINTS:
1.	 NIV	is	recommended	as	the	ventilatory	mode	of	first	choice	for	ARF

associated	with	COPD	exacerbations	and	acute	cardiogenic
pulmonary	edema.

2.	 NIV	is	suggested	for	other	causes	of	respiratory	failure	such	as	early
ARF	of	immunocompromised	patients,	facilitation	of	extubation	in
COPD	patients,	exacerbations	of	cystic	fibrosis,	or	obesity
hypoventilation	syndrome.

3.	 NIV	can	be	used	to	palliate	patients	with	end-stage	respiratory	failure
but	should	be	discontinued	when	goals	are	not	being	achieved;	high-
flow	nasal	therapy	(HFNT)	may	be	substituted	for	better	comfort.

4.	 Use	of	NIV	for	hypoxemic	respiratory	failure	due	to	ARDS	or
pneumonia	is	not	recommended	for	or	against	due	to	lack	of
consistent	evidence;	HFNT	may	be	used	as	an	alternative	to	NIV	in
this	situation	or	in	a	complementary	fashion,	especially	during	breaks
from	NIV.

5.	 When	NIV	is	failing,	do	not	delay	a	needed	intubation	for	invasive
mechanical	ventilation.

INTRODUCTION
Noninvasive	ventilation	(NIV)	is	the	provision	of	mechanical	ventilation	without
the	need	for	an	invasive	artificial	airway.	NIV	can	be	subdivided	into	a	number
of	modalities	with	different	mechanisms	of	 action,	 including	negative	pressure
ventilation	 that	 assists	 lung	 expansion	 by	 applying	 an	 intermittent	 negative
pressure	over	 the	chest	 and	abdomen,	positive	pressure	ventilation	 that	 applies



continuous	or	intermittent	positive	pressure	to	the	upper	airway,	and	abdominal
displacement	 ventilators	 like	 pneumobelts	 and	 rocking	 beds	 that	 assist
ventilation	at	 least	partly	via	 the	 force	of	gravity	on	 the	abdominal	contents.1-3
Over	the	past	several	decades,	noninvasive	positive	pressure	ventilation	(NPPV)4
via	the	nose,	mouth,	or	combination	has	become	the	predominant	mode	of	NIV
in	both	the	outpatient	and	hospital	settings,	and	henceforth	will	be	referred	to	as
“NIV.”	 In	 this	 chapter,	 we	 focus	 on	 acute	 applications,	 comparing	 and
contrasting	noninvasive	 and	 invasive	 approaches	 and	describing	 epidemiologic
trends	 of	 NIV.	 Next,	 we	 describe	 the	 equipment	 used	 for	 NIV	 and	 discuss
indications	 and	 selection	 of	 patients	 for	 NIV	 in	 acute	 care	 settings.	 We	 then
make	 recommendations	 regarding	 the	 practical	 and	 safe	 application	 of	 NIV,
including	 selecting	 the	 proper	 location,	 appropriate	 monitoring,	 and	 avoiding
complications.	 Finally,	 we	 consider	 the	 possible	 impact	 of	 newer	 approaches
such	as	high-flow	nasal	therapy	(HFNT).

TERMINOLOGY
As	 used	 in	 this	 chapter,	 NIV	 is	 a	 generic	 term	 for	 a	 number	 of	 different
noninvasive	 approaches	 to	 assisting	 ventilation,	 whereas	 the	 term	 noninvasive
positive	 pressure	 ventilation	 (NPPV)	 refers	 specifically	 to	 the	 form	 that
facilitates	ventilation	by	applying	a	positive	pressure	 to	 the	upper	airway.	This
can	 be	 continuous	 positive	 airway	 pressure	 (CPAP)	 that	 can	 be	 used	 to
successfully	treat	certain	forms	of	respiratory	failure	or	intermittent,	combining	a
positive	end-expiratory	pressure	(PEEP)	with	pressure	support	(PS)	ventilation,
the	 latter	 used	 to	 actively	 assist	 inspiration.	Some	ventilators	 are	derived	 from
portable	 positive	 pressure	 devices	 to	 treat	 sleep	 apnea	 and	 are	 commonly
referred	 to	as	bilevel	positive	airway	pressure	 (BPAP)	devices.	With	 these,	 the
term	“expiratory	positive	airway	pressure”	(EPAP)	is	used	rather	than	PEEP	and
inspiratory	 positive	 airway	 pressure	 (IPAP)	 refers	 to	 the	 total	 inspiratory
pressure.	Thus,	the	difference	between	IPAP	and	EPAP	equals	the	level	of	PS.

WHY	NONINVASIVE	MECHANICAL
VENTILATION
NIV	has	seen	increasing	popularity	in	acute	care	settings	throughout	Europe	and
the	 United	 States	 over	 the	 past	 several	 decades.5,6	 This	 trend	 is	 related	 to	 a
number	of	advantages	of	NIV	over	 invasive	mechanical	ventilation	(IMV),	but



only	for	selected	patients.	By	averting	invasion	of	the	upper	airway,	NIV	avoids
a	 number	 of	 well-known	 complications	 of	 intubation,	 including	 aspiration	 of
gastric	contents,	dental	trauma,	trauma	to	the	hypopharynx,	larynx,	and	trachea
including	 tracheal	 rupture,7	 hypoglossal	 nerve	 paralysis,	 stimulation	 of	 the
autonomic	 nervous	 system	 leading	 to	 arrhythmias,	 and	 hypotension.8	 Ongoing
use	of	invasive	ventilation	increases	the	risk	of	ventilator-associated	pneumonia
(VAP)	 related	 to	 disruption	 of	 airway	 protective	 mechanisms,	 pooling	 of
secretions	above	the	tube	cuff	that	leak	into	the	lower	airways,	and	formation	of
a	 bacterial	 biofilm	 within	 the	 tube	 that	 is	 distributed	 peripherally	 during
suctioning.	 In	addition,	 irritation	 from	 the	 tube	stimulates	mucus	 secretion	and
interferes	with	normal	ciliary	function.	The	need	for	repeated	suctioning	further
traumatizes	 the	airway	and	promotes	bleeding	and	mucus	 secretion.	Following
extubation,	 immediate	complications	can	 include	upper	airway	obstruction	due
to	 glottic	 swelling,	 negative	 pressure	 pulmonary	 edema,	 tracheal	 hemorrhage,
and	 laryngospasm.9,10	 Complications	 of	 prolonged	 invasive	 ventilation	 (in
association	with	 tracheostomy)	 can	 include	 a	 spectrum	of	 repeated	 airway	and
parenchymal	 infections,	 vocal	 cord	 dysfunction,	 and	 tracheal	 stenosis	 or
malacia.4,11-13

In	addition,	NIV	is	usually	better	tolerated	than	invasive	ventilation,	requiring
less	or	no	sedation.	It	usually	permits	short	breaks	that	help	to	enhance	tolerance.
The	 avoidance	 of	 intubation-associated	 complications	 and	 sedation	 promotes
more	rapid	weaning	compared	to	invasive	ventilation,	shortening	intensive	care
unit	(ICU)	stays	and	potentially	reducing	resource	utilization	and	costs.	On	the
other	hand,	NIV	should	not	be	considered	as	a	replacement	for	IMV.	When	used
appropriately,	 NIV	 serves	 as	 a	 way	 to	 avoid	 intubation	 and	 its	 attendant
complications,	 but	 it	 must	 be	 used	 selectively,	 avoiding	 patients	 who	 have
contraindications	 (see	 “Selection	 Guidelines	 for	 Noninvasive	 Ventilation	 in
Acute	 Respiratory	 Failure”	 section).	 Appropriate	 candidates	 must	 be	 able	 to
protect	 their	 airways	 and	 cooperate.	 Sometimes,	 NIV	 is	 initiated	 for
inappropriate	 or	 marginal	 candidates	 who	 fail	 to	 respond	 favorably.	 In	 this
situation,	it	is	important	to	intubate	promptly,	avoiding	delays	that	can	lead	to	an
unanticipated	 cardiopulmonary	 arrest,	 necessitating	 emergency	 intubation	 and
increased	morbidity	and	mortality.14

UTILIZATION	AND	EPIDEMIOLOGY
Rates	 of	 NIV	 utilization	 in	 acute	 care	 settings	 have	 increased	 in	 Europe	 and
North	 America.15,16	 An	 observational	 study	 of	 NIV	 utilization	 for	 chronic



obstructive	 pulmonary	 disease	 (COPD)	 and	 cardiogenic	 pulmonary	 edema
(CPE)	 patients	with	 acute	 respiratory	 failure	 (ARF)	 at	 a	 single	 26-bed	 French
ICU	revealed	an	increase	from	20%	of	ventilator	starts	in	1994	to	nearly	90%	in
2001.16	In	association	with	this	increase,	the	occurrence	of	health	care–acquired
pneumonias	 and	 ICU	 mortality	 fell	 from	 20%	 and	 21%	 to	 8%	 and	 7%,
respectively.	 The	 authors	 speculated	 that	 increasing	 experience	 and	 skill	 with
NIV	 in	 their	 units	 contributed	 to	 the	 improved	 outcomes.	 In	 a	 US	 study
examining	 utilization	 and	 outcomes	 of	 NIV	 in	 eight	 Massachusetts	 hospitals
during	2004	to	2007,	the	overall	use	of	NIV	as	a	percent	of	ventilator	starts	was
38.5%	with	a	success	 rate	of	73.9%.	For	ARF	due	 to	COPD	exacerbation,	use
was	82.2%	with	 a	 success	 rate	 of	 75.7%,	 and	 for	 pneumonia,	 use	 and	 success
rates	 were	 41.4%	 and	 47.2%,	 respectively.15	 This	 represents	 a	 substantial
increase	 over	 prior	 surveys.	 Chandra	 et	 al,6	 using	 the	 US	 National	 Inpatient
Sample	 of	 patient	 admissions,	 identified	 over	 7.5	 million	 COPD	 admissions
during	the	years	1998	to	2008	and	noted	a	462%	increase	of	the	use	of	NIV	and
a	 concomitant	 42%	 decline	 for	 the	 use	 of	 IMV.	 These	 trends	 are	 apparent
throughout	 the	 world.	 Esteban	 et	 al	 have	 conducted	 worldwide	 prospective
1	 month	 surveys	 from	 40	 countries	 that	 compared	 the	 trends	 of	 mechanical
ventilation	 use	 and	 outcomes	 in	 1998,	 2004,	 and	 2010,	 enrolling	 more	 than
18,000	patients.	During	this	time	period,	the	surveys	showed	a	nearly	threefold
increase	 in	 percent	NIV	 ventilator	 starts	 (5%-14%)	 and	 a	 reduction	 of	 overall
mortality	of	ventilated	patients	(from	31%	to	28%).17

In	 the	 past,	 several	 studies	 reported	 variable	 use	 of	 NIV	 depending	 on	 the
hospital.	A	2003	national	audit	of	COPD	exacerbations	in	the	UK	revealed	that
NIV	was	 unavailable	 in	 39%	 of	 ICUs	 and	 36%	 of	 “high-dependency	 units.”18
Similar	 results	were	seen	by	a	North	American	survey	of	NIV	use	showing	an
estimated	usage	 rate	 of	 20%	overall,	 but	 30%	of	 hospitals	 had	 estimated	 rates
<15%.	Reasons	 for	 low	utilization	were	mostly	 attributed	 to	 lack	 of	 physician
knowledge	 of	 NIV,	 inadequate	 equipment,	 and	 lack	 of	 staff	 training.	 Most
disturbingly,	estimated	use	of	NIV	for	COPD	exacerbations	and	CPE	was	only
29%	and	39%	of	ventilator	starts,	respectively.19	Even	more	disturbing,	a	Korean
survey	 reported	 that	 NIV	 was	 used	 in	 just	 2	 of	 24	 university	 hospitals	 and
comprised	only	4%	of	ventilator	starts.	A	majority	of	the	physician	staff	(62%)
and	42%	of	the	nurses	expressed	a	desire	for	additional	educational	programs	on
NIV.20

Analyses	of	large	databases	have	been	helpful	for	highlighting	these	trends	of
increasing	 use	 of	 NIV.	 Using	 the	 Premier	 database	 consisting	 of	 420	 US
hospitals,	Lindenauer	et	al21	found	that	among	25,628	COPD	patients,	70%	were
initially	 treated	with	NIV	 and	30%	with	 IMV.	Fifteen	 percent	 of	 patients	who



were	 initially	 treated	 with	 NIV	 later	 required	 IMV,	 indicative	 of	 NIV	 failure.
Stefan	 et	 al22	 using	 the	 same	 database	 for	 the	 years	 2001	 to	 2011	 observed	 a
15.1%	 annual	 increase	 in	 use	 of	 NIV	 for	 COPD	 patients	 and	 a	 3.2%	 annual
decrease	 of	 the	 use	 of	 IMV.	 NIV	 was	 used	 for	 a	 greater	 proportion	 of	 older
patients	 (>85	 years)	 than	 for	 those	 <65	 years	 of	 age.	 Most	 of	 the	 initial
epidemiological	studies	over	the	past	2	decades	regarding	the	use	of	NIV	were
done	in	ICUs.	However,	more	recently,	NIV	has	been	used	increasingly	outside
of	the	ICU	as	well.	An	international	survey	with	respondents	from	51	countries
from	all	over	the	world	showed	that	NIV	was	being	used	on	the	general	wards	by
66%	of	respondents.	The	most	common	reasons	for	not	using	NIV	were	limited
training	and	 lack	of	human	 resources.23	 In	 a	 cohort	 study	 looking	 at	Medicare
beneficiaries	admitted	to	the	hospital	from	2000	through	2017,	there	was	almost
a	ninefold	increase	in	the	use	of	NIV	in	patients	at	the	end	of	life	(from	0.8%	to
7.1%).24

Similar	trends	toward	increased	NIV	use	have	been	reported	for	patients	with
non-COPD	 diagnoses,22	 raising	 the	 possibility	 of	 overzealous	 use	 of	 NIV	 for
some	of	these	patients.	The	observation	by	several	investigators	that	mortality	of
NIV	failures	exceeds	 that	of	patients	 intubated	 in	 the	first	place	also	raises	 the
possibility	of	overzealous	use.6,22

INDICATIONS	FOR	ACUTE	APPLICATIONS	OF
NONINVASIVE	VENTILATION
Indications	 for	 NIV	 depend	 on	 the	 etiology	 of	 ARF	 and	 specific	 settings	 in
which	ARF	occurs	(ie,	do-not-intubate	[DNI]	patients).	As	much	as	possible,	our
analysis	is	based	on	available	evidence,	as	well	as	the	the	European	Respiratory
Society/American	 Thoracic	 Society	 (ERS/ATS)	 Task	 Force	 clinical	 practice
guidelines	 for	NIV	use	 in	ARF.25	We	 recommend	application	of	NIV	 for	 those
diagnoses	that	are	supported	by	multiple	randomized	trials.	We	consider	NIV	as
an	 “option”	 when	 the	 application	 is	 supported	 by	 a	 single	 randomized	 trial,
multiple	 historically	 controlled	 or	 cohort	 series	 or	 when	 evidence	 is	 not
consistent.	 Successful	 application	 of	 NIV	 has	 been	 reported	 for	 all	 of	 these
indications	 when	 applied	 for	 appropriately	 selected	 and	 monitored	 patients
(Table	167.1).

TABLE	167.1



Indications	for	Noninvasive	Ventilation	as	Determined	by
Strength	of	Evidence

Recommended	(supported	by	strong	evidencea)
COPD	exacerbations
COPD—failure	to	wean	from	invasive	mechanical	ventilation
Acute	cardiogenic	pulmonary	edema
Option	(supported	by	weaker	evidenceb)
Other	obstructive	airway	diseases	with	acute	respiratory	failure
Asthma	exacerbation
Cystic	fibrosis
Immunosuppressed	patients	with	acute	respiratory	failure

Hypoxemic	respiratory	failurec

ALI/ARDS	(carefully	selected	patients)
Community-acquired	pneumonia
Trauma

Extubation	failure
Mainly	patients	with	COPD	or	CHF

Postoperative	respiratory	failure
Prophylactic	use	of	CPAP	or	“bilevel”	after	high-risk	surgeries
Treatment	of	acute	respiratory	failure—mainly	COPD	or	CHF

Do-not-intubate	patients
To	treat	acute	respiratory	failure	(COPD	or	CHF)
To	palliate	for	relief	of	dyspnea	or	extend	survival	to	settle	affairs

Obesity	hypoventilation
Neuromuscular	disease
Partial	upper	airway	obstruction	(postextubation)
Not	recommended



ALI/ARDS	with	multiorgan	system	dysfunction	or	hypotensive	shock
End-stage	pulmonary	fibrosis	with	exacerbation
Total	or	near	total	upper	airway	obstruction

aStrong	evidence	refers	to	multiple	randomized	controlled	trials	and	meta-analyses.
bWeaker	evidence	refers	to	mainly	case	series,	case-matched	series,	single	randomized	trials,	or
some	conflicting	data.
cMust	be	monitored	very	carefully—not	a	routine	indication.
ALI/ARDS,	acute	lung	injury/acute	respiratory	distress	syndrome;	COPD,	chronic	obstructive
pulmonary	disease;	CHF,	congestive	heart	failure;	CPAP,	continuous	positive	airway	pressure.

Recommended	Indications

Chronic	Obstructive	Pulmonary	Disease

Chronic	Obstructive	Pulmonary	Disease	Exacerbations
1 	The	 best	 established	 acute	 indication	 for	NIV	 is	 to	 treat	ARF	due	 to	COPD
exacerbations.	 This	 is	 supported	 by	 a	 strong	 physiologic	 rationale.	 Studies
demonstrate	 that	 the	 combination	 of	 extrinsic	 PEEP	 and	 PS	 reduce
diaphragmatic	work	of	breathing	more	 than	 either	modality	 alone,	 because	 the
expiratory	 pressure	 counterbalances	 intrinsic	 PEEP	 and	 the	 higher	 inspiratory
pressure	 (pressure	 support)	 actively	 assists	 the	 inspiratory	 muscles26.	 In	 the
setting	 of	 COPD	 exacerbations,	 NIV	 thereby	 serves	 as	 a	 “crutch”	 to	 assist
ventilation	while	medical	therapies	are	given	time	to	work.

Multiple	 randomized	 controlled	 trials	 (RCTs)	 and	 meta-analyses	 of	 COPD
patients	with	ARF	have	 established	 that	NIV	more	 rapidly	 reduces	 respiratory
rate,	 improves	 dyspnea	 and	 gas	 exchange,	 reduces	 intubations	 from	 a	 rate	 of
50%	 to	 20%,	 and	 lowers	 mortality	 compared	 to	 standard	 therapy.4,21,27-30	 This
evidence	 was	 bolstered	 by	 Lindenaur’s	 study	 using	 the	 PREMIER	 database21
that	 showed	 in	 a	 propensity	 adjusted	 analysis	 that	 NIV	 was	 associated	 with
lower	 risks	of	mortality	 and	hospital-acquired	pneumonia,	was	associated	with
reduced	 costs	 and	 shorter	 hospital	 length	 of	 stay	 (LOS),	 but	 no	 significant
difference	of	30-day	all-cause	readmission	rates.	The	foregoing	results	justify	the
early	use	of	NIV	for	COPD	exacerbations	as	a	standard	of	care	unless	there	are
contraindications.	 COPD	 exacerbations	 also	 respond	 well	 to	 NIV	 when
complicated	by	pneumonia31	 or	 occurring	 in	 the	 setting	 of	 a	DNI	 status32-34	 or



postoperative	or	postextubation	respiratory	failure.35,36	The	ERS/ATS	Task	Force
gave	a	strong	recommendation	for	use	of	NIV	as	the	first	choice	for	ventilatory
support	 for	 patients	 with	 hypercapnic	 respiratory	 failure	 due	 to	 COPD
exacerbations.25

Facilitation	of	Weaning	for	Chronic	Obstructive	Pulmonary	Disease
Patients
Some	patients	with	COPD	exacerbations	require	intubation	because	they	are	not
candidates	for	NIV	initially	or	fail	a	trial	of	NIV.	Multiple	controlled	trials	have
demonstrated	 that	NIV	permits	 earlier	 extubation	of	 these	patients,	 even	when
they	have	failed	multiple	“T”	piece	weaning	trials.37,38	Early	extubation	 to	NIV
increases	eventual	 successful	weaning	 rates,	 shortens	 the	duration	of	ventilator
use	 and	 hospital	 LOS,	 reduces	 the	 occurrence	 of	 nosocomial	 pneumonia,	 and
reduces	 mortality.	 A	 large	 systematic	 review	 consisting	 of	 16	 trials	 involving
almost	1000	patients	found	that	post-extubation	NIV	reduces	mortality,	weaning
failures,	 VAP,	 reintubation,	 and	 tracheostomy.39	 This	 approach	 should	 be
considered	whenever	intubated	COPD	patients	are	failing	spontaneous	breathing
trials,	but	 it	 should	be	used	with	caution—only	 for	patients	who	are	otherwise
appropriate	 candidates	 for	 NIV,	 can	 breathe	 without	 any	 assistance	 for	 long
enough	 to	 permit	 initiation	 of	 NIV,	 can	 tolerate	 levels	 of	 pressure	 support
deliverable	by	mask	(ie,	 inspiratory	pressure	<	20	cm	H2O),	and	who	are	not	a
“difficult	intubation.”

Cardiogenic	Pulmonary	Edema
Positive	 airway	 pressure	 has	 well-known	 therapeutic	 effects	 for	 patients	 with
acute	 pulmonary	 edema.	 The	 increased	 functional	 residual	 capacity	 opens
collapsed	 alveoli	 and	 rapidly	 improves	 respiratory	 system	 compliance	 and
oxygenation.	 The	 increased	 intrathoracic	 pressure	 reduces	 transmyocardial
pressure	and	has	preload	and	afterload	reducing	effects,	thus	enhancing	cardiac
function	 of	 patients	 with	 left	 ventricular	 dysfunction	 who	 are	 afterload-
dependent.

1 	 Multiple	 RCTs	 have	 demonstrated	 that	 noninvasive	 CPAP	 (10-
12.5	cm	H2O)	alone	dramatically	improves	dyspnea	and	oxygenation	and	lowers
intubation	 rates	 among	 patients	 with	 acute	 pulmonary	 edema	 compared	 with
standard	oxygen	(SO)	 therapy16,40,41.	Subsequent	 studies	 evaluating	 the	 efficacy
of	 NIV	 (ie,	 pressure	 support	 plus	 PEEP	 or	 BPAP)	 either	 compared	 with	 O2

therapy	 or	 CPAP	 alone42-44	 have	 shown	 benefits	 similar	 to	 those	 previously



demonstrated	for	CPAP.	Meta-analyses	of	the	RCTs	on	CPAP	or	NIV	compared
with	O2	therapy	alone	have	detected	the	benefits	described	earlier,	even	showing
a	significant	reduction	of	mortality	with	CPAP.45,46	Meta-analyses	comparing	the
two	 modalities	 show	 equivalency	 of	 NIV	 and	 CPAP	 with	 regard	 to	 rates	 of
intubation,	 lengths	 of	 stay,	 and	 mortality.	 Some	 studies	 have	 found	 that	 NIV
reduces	dyspnea	and	improves	gas	exchange	more	rapidly	than	CPAP	alone.47,48
By	virtue	of	its	greater	simplicity	and	potentially	lower	cost,	though,	CPAP	alone
is	 often	 regarded	 as	 the	 initial	 noninvasive	modality	 of	 choice	 for	 cardiogenic
edema	 patients,	 but	 NIV	 is	 substituted	 when	 patients	 remain	 dyspneic	 or
hypercapnic.	The	strong	evidence	favoring	the	use	of	CPAP	or	NIV	to	treat	CPE
establishes	 either	 one	 as	 standard	 therapy	 for	 initial	 ventilatory	 assistance	 of
appropriately	 selected	 CPE	 patients	 and	 this	 is	 reflected	 by	 the	 strong
recommendation	in	favor	of	NIV	use	for	CPE	in	the	ERS/ATS	guidelines.25

The	 success	 of	 NIV	 to	 treat	 CPE	 has	 encouraged	 its	 extension	 into	 the
prehospital	setting.	CPAP	devices	are	used	on	ambulances	for	initial	therapy	of
CPE.	The	experience	thus	far	with	this	practice	has	been	favorable.	In	an	RCT,
Thompson	et	 al	observed	an	absolute	 reduction	of	30%	of	 intubation	 rates	 (17
out	of	34	patients,	or	50%	vs	7/35	or	20%,	unadjusted	OR	=	0.25	and	CI	=	0.09-
0.73)	and	of	21%	for	mortality	(OR	0.3;	95%	CI	0.09-0.99)	among	CPE	patients
treated	with	CPAP	compared	to	usual	therapy	with	oxygen,	including	intubation
and	bag-valve-mask	ventilation	when	needed.49	A	subsequent	pilot	study	showed
similar	results	in	a	small	cohort	of	DNI	patients	when	managed	with	NPPV	out-
of-hospital	 by	 emergency	 medical	 services	 (EMS)	 professionals.	 These
studies50,51	suggest	that	outcomes	of	CPE	patients	can	be	improved	by	very	early
initiation	of	NIV	(usually	CPAP)	 in	 the	field	and	have	encouraged	adoption	of
this	as	a	routine	practice	for	EMS.

Immunodeficient	Patients	with	Acute	Respiratory	Failure
Based	 on	 studies	 showing	 that	 patients	 developing	 ARF	 with	 underlying
immunodeficiency	 states	 such	 as	 human	 immunodeficiency	 virus	 and
Pneumocystis	 pneumonia	 or	 posttransplantation	 have	 poor	 outcomes	 when
treated	 with	 IMV52	 and	 RCTs	 demonstrating	 benefit	 of	 NIV	 over	 standard
therapy	 for	 these	 patients,53	NIV	has	 been	 suggested	 as	 a	modality	 to	 be	 used
early	 to	 avoid	 nosocomial	 infections,	 need	 for	 intubation	 and	 mortality.
However,	 outcomes	 have	 improved	 among	 immunocompromised	 patients
requiring	IMV54	and	NIV	was	associated	with	worse	outcomes	than	IMV	for	an
RCT	on	patients	with	hematologic	malignancies.55	In	addition,	in	a	more	recent
RCT	of	374	immunocompromised	patients	with	“early”	ARF	(partial	pressure	of



oxygen	[PaO2]	<	60	mm	Hg	on	room	air),	most	with	hematologic	malignancies,
NIV	 failed	 to	 lower	 28-day	 mortality,	 intubation	 rate,	 ICU-acquired	 infection
rates	 or	 lengths	 of	 ICU	 or	 hospital	 stay.56	 In	 the	 latter	 study,	 40%	 of	 the	 O2

therapy	group	used	HFNT,	which	may	have	improved	their	outcomes.	The	latter
view	 is	 supported	by	 a	 recent	RCT	comparing	use	of	HFNT	 to	SO	 therapy	or
NIV	in	310	immunocompromised	patients	with	ARF	culled	from	a	larger	study.57
This	study	showed	a	44%	reduction	of	intubation	rate	and	a	two-thirds	reduction
of	90-day	mortality	rate	when	HFNT	was	compared	to	NIV.	These	more	recent
findings	 have	 tempered	 enthusiasm	 for	 NIV	 as	 a	 therapy	 for	 ARF	 in
immunocompromised	 patients.	 The	 ERS/ATS	 Task	 Force	 gave	 a	 conditional
recommendation	 for	 use	 of	 NIV	 in	 immunocompromised	 patients	 with	 acute
hypoxemic	respiratory	failure	with	a	suggestion	 that	 it	be	used	early;	however,
they	did	recognize	that	there	is	 increasing	evidence	suggesting	that	HFNT	may
be	more	efficacious	than	NIV	in	this	population	of	patients.25	Regardless	of	NIV
or	 HFNT	 use,	 these	 patients	 should	 be	 closely	 monitored	 in	 an	 ICU	 and
intubated	 without	 delay	 when	 the	 respiratory	 failure	 or	 underlying	 sepsis
progresses	in	severity.

WEAKER	INDICATIONS—NONINVASIVE
VENTILATION	IS	AN	OPTION
2 	NIV	can	be	used	to	treat	ARF	of	other	etiologies	and	in	other	settings,	but	the
evidence	 to	 support	 these	 applications	 is	 weaker	 and	 use	 is	 optional	 (Table
167.1).

Other	Obstructive	Diseases

Asthma	Exacerbations
Retrospective	cohort	studies	suggest	that	NIV	improves	gas	exchange	and	avoids
intubation	 among	 patients	 with	 respiratory	 failure	 caused	 by	 asthma
exacerbations.58,59	 However,	 there	 are	 only	 a	 few	 randomized	 trials	 supporting
the	 use	 of	 NIV	 for	 this	 indication.	 In	 one,	 NIV	 improved	 the	 forced	 expired
volume	 in	 1	 second	 (FEV1)	more	 rapidly	 and	 reduced	 the	 hospitalization	 rate
compared	with	sham	controls.60	A	second	study61	reported	similar	findings	with
“high”	 inflation	pressures	compared	 to	 lower	pressures	 (IPAP	and	EPAP	8	and



6	cm	H2O	and	6	and	4	cm	H2O,	respectively—all	lower	than	most	other	studies)
or	 standard	 medical	 therapy.	 A	 third	 RCT	 from	 India	 enrolled	 patients	 with
severe	airway	obstruction	and	respiratory	distress	(average	FEV1	21%	predicted,
respiratory	rate	36	per	minute)	to	receive	NIV	or	standard	therapy	with	oxygen
supplementation.62	 NIV	 tended	 to	 improve	 FEV1	 more	 for	 the	 first	 hour,	 with
less	 salbutamol(albuterol)	 use	 and	 a	 shorter	 hospital	 stay	 (38	 vs	 54	 hours).
However,	 the	 clinical	 significance	 of	 these	 differences	 is	 in	 doubt	 because,	 in
both	NIV	and	control	groups,	intubation	rates	were	similarly	low	and	there	was
no	mortality.

Pollack	 et	 al	 demonstrated	 that	 NIV	 is	 an	 acceptable	 way	 to	 deliver
bronchodilator	aerosol,	showing	a	greater	improvement	of	peak	expiratory	flow
1	 hour	 after	 administration	 via	 a	 “bilevel”	 device	 than	 a	 standard	 nebulizer.63
This	and	the	aforementioned	studies	suggest	that	when	NIV	is	used	as	an	early
treatment	 for	 asthma	 exacerbations,	 it	 allows	 more	 effective	 β-agonist
bronchodilatation.	 However,	 for	 most	 clinical	 situations,	 NIV	 is	 reserved	 for
patients	with	“status	asthmaticus,”	that	 is,	 those	with	severe	airway	obstruction
who	 are	 not	 responding	 adequately	 to	 initial	 bronchodilator	 therapy,	 an
application	 that	 is	 not	 yet	 supported	 by	 RCTs	 and	 may	 lead	 to	 delayed
intubation.	 The	 ERS/ATS	 Task	 Force	made	 no	 recommendation	 regarding	 the
use	of	NIV	for	acute	asthma	exacerbations	given	the	lack	of	robust	evidence.25

Cystic	Fibrosis
Ideally,	 NIV	 is	 initiated	 for	 patients	 with	 cystic	 fibrosis	 when	 they	 develop
chronic	 respiratory	 failure	before	an	acute	crisis	arises.	For	patients	with	acute
exacerbations	 of	 cystic	 fibrosis,	 NIV	 has	 been	 used	 mainly	 as	 a	 bridge	 to
transplantation.64	 These	 patients	may	 remain	 severely	 hypercapnic	 and	 require
aggressive	 management	 of	 secretion	 retention,	 but	 NIV	 permits	 avoidance	 of
intubation	 and	 can	 sustain	 them	 for	 months	 while	 they	 await	 availability	 of
donor	organs.

Hypoxemic	Respiratory	Failure
Hypoxemic	 respiratory	 failure	 consists	 of	 severe	 hypoxemia	 (PaO2/fraction	 of
inspired	oxygen	 [FiO2]	 <	 200),	 severe	 respiratory	 distress,	 tachypnea	 (>30	 per
minute),	 and	 a	 non-COPD	 cause	 of	 ARF	 such	 as	 acute	 respiratory	 distress
syndrome	 (ARDS),	 acute	 pneumonia,	 trauma,	 or	 acute	 pulmonary	 edema.36
Some	RCTs	of	hypoxemic	respiratory	failure	patients	have	observed	reductions



in	the	need	for	intubation,	shortened	ICU	lengths	of	stay,	and	even	mortality	in
the	 NIV	 group	 as	 opposed	 to	 controls,65	 but	 it	 is	 difficult	 to	 draw	 firm
conclusions	about	individual	diagnostic	groups	within	this	very	broad	category.
A	concern	is	that	favorable	responses	in	one	subgroup,	such	as	those	with	CPE,
could	 obscure	 unfavorable	 responses	 in	 another,	 such	 as	ARDS	 or	 pneumonia
patients.	Among	studies	examining	subcategories	specifically,	Jolliet	et	al	found
very	 high	 NIV	 failure	 rates	 (>60%)	 in	 a	 cohort	 of	 patients	 with	 severe
community-acquired	 pneumonia.66	 Confalonieri	 et	 al31	 found	 that	 NIV	 was
associated	with	 lower	 rates	 of	 intubation,	 shorter	 ICU	LOS,	 and	 lower	 90-day
mortality	 in	 an	 RCT	 of	 patients	 with	 severe	 community-acquired	 pneumonia.
However,	 these	benefits	were	seen	only	for	 the	COPD	subgroup—not	for	non-
COPD	 patients.	 Thus,	 no	 convincing	 evidence	 supports	 the	 use	 of	 NIV	 over
invasive	 ventilation	 for	 patients	 with	 severe	 community-acquired	 pneumonia
lacking	COPD,	and	although	NIV	remains	an	option	for	these	patients,	it	should
be	 used	 only	 for	 carefully	 selected	 and	monitored	 patients,	 in	 a	 setting	where
prompt	 intubation	 is	 available	 to	 those	who	 do	 not	 responding	well	within	 an
hour	of	NIV	initiation.

The	 situation	with	ARDS	 (which	overlaps	with	 severe	 community-acquired
pneumonia)	 is	quite	 similar,	but	 few	RCTs	have	been	performed	on	 the	use	of
NIV	 for	 ARDS	 per	 se.	 One	 nonrandomized	 study	 used	 NIV	 as	 a	 “first-line”
therapy	 for	ARDS,	 finding	 that	 the	 successful	use	of	NIV	was	associated	with
much	 lower	 VAP	 and	 mortality	 rates	 than	 in	 NIV	 failures.67	 The	 authors
suggested	 that	 an	 initial	 simplified	 acute	 physiology	 score	 (SAPS)	 II	 of	 34	 or
less	and	an	improvement	of	PaO2/FiO2	 to	greater	than	175	during	the	first	hour
of	NIV	therapy	could	be	used	to	identify	patients	likely	to	succeed.	However,	it
is	 good	 to	 remember	 that	 this	was	not	 an	RCT	and	 that	 only	15%	of	 the	 total
patients	with	ARDS	(two-thirds	were	intubated	prior	to	ICU	admission)	actually
succeeded	with	NIV.	A	pilot	RCT	of	40	patients	with	“early”	ARDS	(PaO2/FiO2

>200	and	≤300)	found	that	NIV	reduced	the	need	for	intubation,	the	number	of
organ	 failures	 and	 tended	 to	 reduce	mortality.68	 More	 recently,	 the	 FLORALI
trial	 demonstrated	 advantages	 of	 HFNT	 over	 NIV	 for	 patients	 with	 ARDS
mainly	due	to	pneumonia.69	In	this	trial,	NIV	administered	via	a	full-face	mask
was	compared	to	high-flow	nasal	oxygen	and	SO	therapy	in	a	three-way	RCT	of
patients	with	ARDS	(PaO2/FiO2	<	300).	Although	the	main	outcome,	intubation
rate,	 was	 not	 different	 for	 the	 whole	 cohort,	 it	 was	 significantly	 lower	 with
HFNT	for	the	subgroup	with	PaO2/FiO2	<	200.	Even	more	recently,	an	analysis
of	patients	in	the	Large	Observational	Study	to	Understand	the	Global	Impact	of
Severe	 Acute	 Respiratory	 Failure	 (LUNG	 SAFE)	 study	 showed	 that	 patients



with	 more	 severe	 ARDS	 (PaO2/FiO2	 <	 150)	 treated	 with	 NIV	 had	 a	 higher
mortality	than	those	treated	with	IMV	(36.2	vs	24.7,	P	<	.05).70	The	latter	results
raise	 serious	 concerns	 about	 the	 advisability	 of	 using	 NIV	 for	 patients	 with
severe	ARDS.	Furthermore,	both	ICU	and	90-day	mortality	were	lower	for	 the
HFNT	group	 than	 the	NIV	group.	However,	another	 recent	RCT71	 showed	 that
among	ARDS	patients	treated	with	NIV	via	a	helmet	interface,	intubation	(18%
vs	62%)	and	mortality	 (34%	vs	56%)	 rates	were	much	 lower	 than	with	a	 full-
face	mask	(both	P	<	.001).	A	meta-analysis	consisting	of	3804	patients	from	25
randomized	studies	performed	prior	to	the	pandemic	found	that	both	Helmet	and
face	mask	NIV	were	 associated	with	 a	 lower	 risk	 of	 intubation	 and	mortality
than	controls,	whereas	HFNT,	with	 fewer	studies,	was	associated	with	 reduced
intubations,	 but	 not	 mortality.72	 Given	 the	 conflicting	 results	 of	 the	 various
studies,	 the	ATS/ERS	Task	Force	made	no	recommendation	on	 the	use	of	NIV
for	 “de	 novo	 acute	 respiratory	 failure”	 (secondary	 to	 pneumonia	 and/or
ARDS).25	Certainly,	if	NIV	is	used,	it	should	be	used	early	in	carefully	selected
patients	and	observed	closely	in	an	ICU,	with	prompt	intubation	if	there	is	lack
of	improvement	or	signs	of	further	deterioration.	In	the	meantime,	further	studies
are	needed	to	determine	whether	HFNT	is	preferable	to	face	mask	NIV	and	how
NIV	via	the	helmet	compares	with	HFNT	for	the	treatment	of	ARDS.

Hypoxemic	Respiratory	Failure	with	Coronavirus	Disease	2019	Pneumonia
Use	of	noninvasive	 respiratory	support	 (NRS)	such	as	HFNT	or	NIV	has	been
controversial	during	the	coronavirus	disease	2019	(COVID-19)	pandemic.	Early
on,	the	concern	about	dispersion	of	virus-containing	aerosol	led	some	guidelines
to	 discourage	 use	 of	 these	modalities	 and	 promote	 early	 intubation	 of	 patients
with	COVID-19	pneumonia	and	acute	hypoxemic	respiratory	failure.73	However,
early	on,	mortality	rates	of	intubated	patients	were	quite	high	and	the	practice	of
early	 intubation	 was	 creating	 shortages	 of	 ICU	 ventilators	 and	 beds.	 Partly
reflecting	 these	concerns,	other	guidelines	were	more	 sanguine	about	 the	early
use	of	NRS,	especially	HFNT.74	Therefore,	many	centers	 trialed	HFNT	or	NIV
as	initial	therapies	of	these	patients	with	hypoxemic	respiratory	failure,	starting
outside	of	the	ICU	if	they	were	not	too	ill.	In	one	such	study	from	Italy,75	helmet
CPAP	was	used	in	50%	in	such	patients,	with	25%	each	for	HFNT	and	NIV,	and
there	 were	 no	 significant	 differences	 in	 intubation	 rate,	 hospital	 LOS,	 or
mortality	between	the	different	modalities.	Another	study	from	4	ICUs	in	Paris
on	 patients	with	COVID	 pneumonia	 found	 that	 39%	 of	 patients	 not	 intubated
immediately	received	HFNT	initially	and	compared	to	the	patients	not	receiving
HFNT	initially,	had	lower	use	of	IMV	but	no	difference	in	mortality	at	28	days.76



In	 an	 RCT	 of	 patients	 with	 COVID-19	 pneumonia	 and	 moderate	 to	 severe
hypoxemic	respiratory,	helmet	NIV	lowered	intubation	rate	to	30%	compared	to
51%	with	HFNT,	but	mortality	and	days	 free	of	 respiratory	support	at	28	days
(the	 main	 outcome	 variable)	 were	 no	 different.77	 In	 an	 adaptive	 RCT,	 the
Recovery-Respiratory	 Support	 trial78	 performed	 on	 1272	 patients	 with
hypoxemic	 respiratory	 failure	 at	 25	 centers	 in	 the	 UK,	 mask	 CPAP	 lowered
intubation	rate	compared	to	standard	oxygen	(36%	vs	44%),	but	HFNT	did	not
(44%	vs	45%).	Furthermore,	mortality,	time	on	IMV,	and	hospital	LOS	were	no
different.	More	recently,	an	RCT79	from	Colombia	on	220	patients	with	COVID
pneumonia	and	PaO2/FiO2	 ratio	<	200	 found	 that	 intubation	 rate	was	30%	and
clinical	recovery	occurred	at	11	days	in	the	HFNT	group	as	opposed	to	51%	and
14	days,	respectively,	in	the	standard	oxygen	group.	LOS	and	mortality	were	not
significantly	different.	The	foregoing	findings	have	conflicts,	such	as	the	lack	of
benefit	demonstrable	for	HFNT	vs	standard	oxygen	in	the	Recovery	trial	and	the
significant	reduction	of	intubations	attributable	to	HFNT	vs	standard	oxygen	in
the	Colombian	 trial.	 In	 addition,	 synthesis	of	 the	 results	 is	difficult	because	of
the	multiple	different	modalities	and	study	designs	employed.	It	is	unlikely	that
the	 ERS/ATS	 Task	 Force	 nonrecommendation	 for	 use	 of	 NIV	 during	 a	 viral
pandemic	would	change	based	on	 the	 foregoing	data,	 and	 this	would	probably
apply	to	HFNT	as	well.

Despite	 the	 lack	 of	 clear	 guidance	 from	 the	 accumulated	 evidence	 or
guideline	 task	 forces,	 clinicians	 still	 have	 to	 make	 decisions	 regarding
management	 of	 COVID-19	 induced	 hypoxemic	 respiratory	 failure,	 and	 the
authors	offer	the	following	suggestions:

1.	 When	standard	oxygenation	techniques	(ie,	Nasal	prongs	>	6	L/min,	or
nonrebreather	mask	O2	>	15	L/min)	fail	to	maintain	O2sats	≥92%,
escalation	to	HFNT	or	mask	or	helmet	CPAP	or	NIV	is	appropriate,	the
specific	choice	depends	on	clinician	experience	and	belief,	and	patient
tolerance.	Some	studies	show	benefit	when	these	approaches	are	combined
with	awake	proning.80

2.	 If	patients	have	persisting	hypoxemia,	switching	to	another	modality	prior
to	intubation	such	as	from	HFNT	to	CPAP	or	NIV	might	be	considered
because	of	their	greater	oxygenating	capabilities	due	to	more	reliable
delivery	of	higher	airway	pressures.

3.	 Such	patients	should	be	managed	in	the	ICU	under	close	observation
because	of	concerns	about	excessive	tidal	volumes	leading	to	patient	self-
induced	lung	injury	and	deterioration	leading	to	delay	of	a	needed
intubation.	Timely	intubation	and	IMV	are	clearly	indicated	for	these



situations,	depending	on	judgment	of	the	responsible	physicians.

Posttrauma	Respiratory	Failure
Flail	 chest	 or	 mild	 acute	 lung	 injury	 (ALI)	 are	 conditions	 that	 are	 posited	 to
respond	 favorably	 to	 NIV	 after	 traumatic	 chest	 wall	 injuries.	 Support	 for	 this
view	comes	from	retrospective	studies	such	as	that	by	Beltrame	et	al,81	in	which
46	 trauma	 patients	 with	 respiratory	 insufficiency	 were	 treated	 with	 NIV	 and
experienced	 rapid	 improvements	 of	 gas	 exchange	 and	 a	 72%	 success	 rate,	 but
burn	patients	responded	poorly.	More	recently,	a	study	that	randomized	thoracic
trauma	patients	with	PaO2/FiO2	<	200	to	NIV	or	oxygen	by	HFNT	was	stopped
early	 after	 enrollment	 of	 50	 patients	 because	 of	 significant	 reductions	 of
intubation	 rate	 (12%	 vs	 40%)	 and	 hospital	 LOS	 (14	 vs	 21	 days)	 in	 the	 NIV
group.82	These	results	support	the	use	of	NIV	for	hypoxemic	respiratory	failure
in	 post–thoracic	 trauma	 cases,	 but	 it	 is	 good	 to	 remember	 that	 these	 were
carefully	selected	patients.	The	ATS/ERS	Task	Force	“suggested”	the	use	of	NIV
in	patients	with	chest	trauma,	especially	those	with	flail	chest.25

Extubation	Failure
The	 recurrence	 of	 respiratory	 failure	 after	 extubation	 of	 patients	 initially
intubated	 for	ARF	 is	 referred	 to	 as	extubation	 failure	 and	 is	 associated	with	 a
high	risk	of	morbidity	and	mortality	(rates	exceeding	40%	in	some	studies83,84).
NIV	has	been	proposed	as	a	way	to	avoid	extubation	failure	 if	begun	early	for
patients	 at	 risk	 for	 extubation	 failure,	 reducing	 the	 need	 for	 reintubation	 and
improving	 outcomes.	 However,	 some	 earlier	 randomized	 studies85	 comparing
NIV	 to	 SO	 therapy	 found	 no	 reduction	 of	 reintubation	 attributable	 to	NIV.	 In
fact,	 Esteban	 et	 al	 even	 found	 a	 significantly	 increased	 ICU	mortality	 for	 the
NIV	group.14	 These	 studies	were	 limited	 by	 low	 enrollment	 of	COPD	patients
(only	 about	 10%	 of	 patients),	 and	 the	 increased	 mortality	 was	 thought	 to	 be
related	 to	 a	 10-hour	 delay	 in	 reintubations	 for	 the	 NIV	 group	 compared	 with
controls.	Two	subsequent	randomized	trials86,87	of	patients	deemed	to	be	at	“high
risk”	for	extubation	failure	found	that	NIV	reduced	the	need	for	reintubation	and
ICU	mortality.	 Forty	 to	 fifty	 percent	 of	 patients	 of	 these	 trials	 had	 COPD	 or
congestive	 heart	 failure	 (CHF)	 and	 one	 trial	 focusing	 on	 patients	 with
postextubation	hypercapnia	showed	a	significant	reduction	in	the	occurrence	of
postextubation	 respiratory	 failure	 as	 well	 as	 90-day	 mortality	 for	 the	 group
randomized	to	NIV	compared	to	oxygen-treated	controls.88	These	studies	support
the	use	of	NIV	for	patients	at	high	risk	of	extubation	failure,	particularly	if	they



have	COPD,	CHF,	 and/or	 hypercapnia.	However,	 based	 on	 the	 Esteban	 study,
NIV	 to	 prevent	 extubation	 failure	 should	 be	 used	 very	 cautiously	 in	 at-risk
patients	who	do	not	 have	 these	 favorable	 characteristics	 because	 of	 the	 higher
risk	 of	 NIV	 failure	 and	 its	 attendant	 morbidity	 and	 mortality.	 More	 recently,
HFNT	has	garnered	interest	as	a	therapy	for	postextubation	patients.	Hernández
et	al	randomized	more	than	600	patients	at	high	risk	of	extubation	failure	to	NIV
or	HFNT,	finding	that	reintubation	rates	were	similar	(22.8%	for	the	HFNT	and
19.1%	in	 the	NIV	group)	as	were	other	secondary	outcomes	 including	hospital
LOS	and	mortality.89	The	authors	concluded	that	HFNT	was	noninferior	to	NIV
and	 may	 “offer	 advantages”	 for	 at-risk	 postextubation	 patients,	 especially
considering	 that	 adverse	 effects	 leading	 to	 withdrawal	 of	 therapy	 occurred
among	42.9%	of	the	NIV	patients	and	none	receiving	HFNT.

Postoperative	Respiratory	Failure/Insufficiency
Noninvasive	positive	pressure	techniques,	both	CPAP	and	NIV,	have	been	used
for	postoperative	patients	 in	either	of	 two	ways:	 to	prevent	complications	after
high-risk	surgeries	or	to	treat	frank	postoperative	respiratory	failure.	When	used
prophylactically	 after	 major	 abdominal	 surgery90-92	 or	 thoracoabdominal
aneurysm	 repair,92	 CPAP	 (10	 cm	 H2O)	 reduces	 the	 incidence	 of	 hypoxemia,
pneumonia,	 atelectasis,	 and	 intubations	 compared	with	 standard	 treatment.	For
patients	 with	 ARF	 following	 extubation	 after	 surgery,	 an	 earlier	 randomized
study	 of	 post–lung	 resection	 patients	 showed	 reduced	 intubation	 and	mortality
rates	 for	 the	NIV	group	compared	with	standard	management.93	A	more	 recent
larger	RCT	(293	patients)	of	respiratory	failure	occurring	after	various	types	of
abdominal	 surgery	 showed	 significantly	 fewer	 reintubations	with	NIV	 (33.1%)
than	SO	(45.5%)	as	well	as	fewer	health	care–associated	infections.94

As	with	postextubation	failure,	interest	has	been	mounting	for	a	possible	role
for	 HFNT	 in	 the	 postoperative	 setting.	 Stephan	 et	 al95	 randomized	 over	 800
postcardiac	surgery	patients	who	were	at	risk	for	postsurgical	respiratory	failure
to	 NIV	 or	 HFNT.	 They	 found	 no	 differences	 between	 HFNT	 and	 NIV	 in
treatment	failures	(21%	vs	22%),	reintubations	(14%	vs	14%)	or	mortality	(7%
vs	6%).	Of	note,	HFNT	was	much	better	 tolerated	 than	NIV	(20	vs	6	h	of	use
during	the	first	24	h),	but	NIV	was	a	better	oxygenator.	The	authors	concluded
that	HFNT	 is	 not	 inferior	 to	NIV	 in	 this	 setting	 and	 therefore	 is	 a	 reasonable
alternative	to	NIV.

The	 above	 studies	 strongly	 support	 the	 idea	 that	CPAP	 and	NIV	 should	 be
considered	 to	 prevent	 and	 treat	 postoperative	 respiratory	 complications	 and
failure	 for	 at-risk	 patients,	 and	 that	 HFNT	 is	 a	 feasible	 option	 especially	 for



patients	intolerant	of	NIV.

Patients	with	a	Do-Not-Intubate	Status
3 	 NIV	 to	 treat	 DNI	 and	 palliative	 care	 patients	 has	 been	 controversial.	 Some
argue	that	when	patients	are	dying	of	respiratory	failure,	there	is	little	to	lose	by
trying	 NIV.	 Contrariwise,	 others	 counter	 that	 this	 is	 apt	 to	 add	 to	 patient
discomfort	 and	 prolong	 suffering	 during	 a	 patient’s	 final	 hours.	 Prospective
cohort	 series	 demonstrate	 that	 many	 DNI	 patients	 treated	 with	 NIV	 actually
survive	the	hospitalization,	depending	on	the	diagnosis.34,96	In	one	series,	43%	of
114	such	patients	survived	to	hospital	discharge,	75%	of	CHF	patients,	and	53%
of	COPD	patients,	whereas	hospital	survival	for	patients	with	pneumonia	or	an
underlying	malignancy	had	hospital	survival	in	the	range	of	25%.34	The	presence
of	 cough,	 awake	 mental	 status,	 and	 hypercapnia	 also	 imparted	 a	 favorable
prognosis.	Thus,	it	is	possible	to	identify,	on	the	basis	of	the	diagnosis	and	some
simple	clinical	observations,	patients	with	a	better	than	even	chance	of	surviving
the	hospitalization,	 and	NIV	could	be	used	 for	 these	patients	 as	 a	 form	of	 life
support	with	 the	hope	of	 “bridging”	 them	 through	 their	 acute	 illness.	NIV	can
also	be	used	for	palliation	of	patients	with	a	poor	prognosis	for	survival	of	 the
hospitalization,	 with	 the	 possible	 aims	 of	 alleviating	 dyspnea	 or	 to	 prolong
survival	 slightly	 so	 that	 the	patient	has	 time	 to	settle	affairs	or	 say	goodbye	 to
loved	 ones.	A	RCT	 examining	 palliative	 use	 of	NIV,	Nava	 et	 al97	 randomized
200	dyspneic	patients	with	end-stage	malignancies	to	NIV	or	oxygen,	observing
that	 NIV	 reduced	 dyspnea	 more	 rapidly	 and	 reduced	 the	 need	 for	 morphine.
HFNT	has	 also	 shown	 improvement	 for	 dyspnea,	 reduction	 of	 respiratory	 rate
and	improvement	of	oxygen	and	may	be	a	preferable	alternative	for	DNI	patients
as	 it	 is	 tolerated	 better.98,99	 It	 can	 also	 be	 used	 in	 tandem,	 during	 breaks	 from
NIV.	As	 recommended	by	a	consensus	statement	by	a	Society	of	Critical	Care
Medicine	task	force	on	NIV,	it	is	necessary	for	the	patient,	family,	and	caregivers
to	 agree	 on	 these	 goals	 and	 to	 cease	 promptly	 if	 NIV	 seems	 to	 be	 adding	 to
rather	than	alleviating	suffering	(eg,	via	mask	discomfort).100

Other	Acute	Applications	of	Noninvasive	Ventilation

Endoscopic	Procedures
In	 separate	 randomized	 trials,	 CPAP	 alone	 (up	 to	 7.5	 cm	 H2O)	 or	 NIV	 both
improved	oxygenation	and	reduced	postprocedure	respiratory	failure	for	patients



with	severe	hypoxemia	undergoing	bronchoscopy	compared	with	those	receiving
conventional	O2	supplementation.101,102	The	evidence	supports	the	use	of	NIV	to
improve	 gas	 exchange	 and	 reduce	 potential	 complications	 during	 fiber-optic
bronchoscopy,	 especially	 when	 the	 risk	 of	 intubation	 is	 deemed	 high	 such	 as
among	 immunocompromised	 patients	 or	 among	 those	with	 bleeding	 diatheses.
However,	patients	must	be	monitored	closely	and	the	caregiver	team	must	try	to
minimize	the	risk	of	aspiration	and	be	prepared	to	provide	emergent	intubation.
NIV	 is	 also	being	used	 for	other	 endoscopic	procedures,	 such	 as	placement	of
percutaneous	gastrostomy	tubes	for	patients	with	respiratory	compromise	due	to
neuromuscular	 disease	 and	 performance	 of	 transesophageal
echocardiography.103,104

Preoxygenation	before	Intubation
A	 randomized	 trial	 of	 critically	 ill	 patients	with	 hypoxemic	 respiratory	 failure
showed	that	preoxygenation	with	NIV	before	intubation	improved	O2	saturation
during	 and	 after	 intubation	 and	 decreased	 the	 incidence	 of	 O2	 desaturations
below	80%	during	 intubation.105	 This	 approach	 is	 promising	 but	 needs	 further
evaluation	 before	 its	 routine	 use	 can	 be	 recommended.	 This	 also	 begs	 the
question	whether,	 if	NIV	 improves	 oxygenation	 substantially,	 intubation	 could
be	avoided	for	some	of	these	patients.

SELECTION	GUIDELINES	FOR	NONINVASIVE
VENTILATION	IN	ACUTE	RESPIRATORY
FAILURE

Determinants	of	Success/Failure
Selection	of	appropriate	patients	 for	NIV	 is	critical	 for	optimizing	success	and
providing	benefit.	Knowledge	of	factors	that	predict	success	or	failure	is	helpful
in	 selecting	 good	 candidates	 for	 NIV.	 Such	 factors,	 compiled	 from	 previous
studies,	are	shown	in	Table	167.2.	In	effect,	the	predictors	indicate	that	patients
who	 are	 most	 likely	 to	 succeed	 with	 NIV	 have	 incipient,	 milder	 respiratory
failure	than	those	who	fail.	This	suggests	that	there	is	a	“window	of	opportunity”
for	 implementation	of	NIV	when	success	 is	most	 likely.	NIV	should	be	started
when	 patients	 have	 evidence	 of	 acute	 respiratory	 distress	 and	 increased	 acute



physiology	and	chronic	health	evaluation	II	(APACHE	II)	scores,	but	not	when
patients	are	approaching	respiratory	arrest,	have	severe	acidemia,	high	APACHE
II	scores,	or	are	unable	to	cooperate.

TABLE	167.2

Predictors	of	NIV	Failure

Inability	to	cooperate	with	therapy	or	Glasgow	Coma	Score	(GCS)	<	12
Respiratory	rate	(RR)	>	30	and	hypoxemia
Severe	dyspnea
Excessive	accessory	muscle	or	paradoxical	breathing
Paradoxical	breathing
Hypercapnic	respiratory	failure	with	acidemia,	pH	<	7.10
Acute	hypoxemic	respiratory	failure	with	PaO2/FiO2	<	100
SAPS	II	score	≥34	or	APACHE	II	score	>	29
Age	>	40	but	<70	y
Serum	HCO3	<	22
Multiorgan	dysfunction
ARDS,	pneumonia,	especially	with	high	tidal	volumes	(>9.5	mL/kg	ideal
body	weight)
Lack	of	improvement	in	respiratory	rate	within	1-2	h
Lack	of	increase	in	PaO2/FiO2	to	>175	within	1	h

APACHE	II,	acute	physiology	and	chronic	health	evaluation	II;	ARDS,	acute	respiratory	distress
syndrome;	NIV,	noninvasive	ventilation;	PaO2/FiO2,	ratio	of	arterial	oxygen	partial	pressure	to
fraction	of	inspired	oxygen;	SAPS	II,	simplified	acute	physiology	score	II.

Predictors	of	 success	differ	 slightly	between	patients	with	hypercapnic	 and
hypoxemic	forms	of	respiratory	failure.	A	chart	to	predict	NIV	failure	of	COPD
patients	 identified	pH	<	7.25,	 respiratory	rate	≥35,	APACHE	II	score	>29,	and



Glasgow	Coma	score	≤11	as	independent	predictors	of	NIV	failure,106	whereas	a
recent	 prospective	 multicenter	 study	 of	 NIV	 to	 treat	 patients	 with	 ARDS
identified	a	SAPS	II	score	of	≥34	and	a	PaO2/FiO2	ratio	<175	after	the	first	hour
as	independent	predictors	of	NIV	failure.67	In	both	analyses,	the	response	to	NIV
after	the	first	hour	or	two	had	more	predictive	value	than	baseline	values.

For	hypercapnic	respiratory	failure,	a	rise	in	pH	and	improving	mental	status
within	an	hour	or	two	of	initiating	NIV	(presumably	reflecting	a	drop	in	partial
pressure	 of	 CO2	 [PaCO2])	 predicts	 success,	 whereas,	 not	 surprisingly,	 a
substantial	 early	 improvement	 of	 oxygenation	 bodes	 well	 for	 patients	 with
hypoxemic	respiratory	failure.	These	observations	highlight	the	importance	of	a
“1-	to	2-hour	checkpoint”	after	which	if	the	patient	is	not	improving	sufficiently,
prompt	 intubation	should	be	contemplated	rather	 than	risk	further	deterioration
and	the	need	for	a	riskier	emergent	intubation.

Selection	Process
The	selection	of	patients	with	ARF	to	receive	NIV	is	based	on	criteria	used	 in
RCTs,	and	these	are	listed	in	Table	167.3.	This	is	a	simple	three-step	process,	the
first	of	which	is	to	establish	that	the	patient	has	a	favorable	diagnosis,	ideally	a
condition	 like	 CPE	 or	 COPD,	 which	 is	 likely	 to	 respond	 to	 medical	 therapy
fairly	 rapidly	 (a	 few	 days	 or	 less).	 Patients	with	weaker	 indications	 (ie,	 acute
asthma	or	pneumonia)	can	be	tried	on	NIV	but	must	be	monitored	very	closely
in	an	ICU,	especially	 if	 they	have	risk	factors	 for	NIV	failure.	Patients	at	very
high	 risk	 for	 NIV	 failure,	 such	 as	 those	 with	 sepsis	 and	 evolving	 multiorgan
dysfunction,	are	generally	best	managed	invasively	rather	 than	to	delay	needed
intubation.

TABLE	167.3

Criteria	to	Select	Patients	to	Receive	NIV	for	Acute
Respiratory	Failure

Hypercapnic	Respiratory	Failure Hypoxemic	Respiratory	Failure

Subjective

Moderate-to-severe	dyspnea Moderate-to-severe	dyspnea



Physiologic

Respiratory	rate	>24/min Respiratory	rate	>	30/min

Increased	accessory	muscle	use Increased	accessory	muscle	use

Abdominal	paradox Abdominal	paradox

Gas	Exchange

pH	<	7.35,	>7.10 pH	>	7.20

PaCO2	>45	mm	Hg,	<98	mm	Hg PaO2/FiO2	>	100,	<300

From	a	composite	of	initiation	criteria	for	randomized	controlled	trials.
NPPV,	noninvasive	positive	pressure	ventilation;	PaCO2,	partial	pressure	of	CO2.

Step	 two	 is	 to	 identify	 patients	who	need	ventilatory	 assistance	 so	 that	 the
modality	is	not	wasted	on	patients	who	are	too	mildly	ill	to	warrant	ventilatory
assistance.	This	is	done	on	the	basis	of	simple	bedside	observations	of	dyspnea,
vital	 signs,	 and	 evidence	 of	 increased	 work	 of	 breathing	 (such	 as	 vigorous
accessory	muscle	use).	Arterial	blood	gas	results	showing	acute-on-chronic	CO2

retention	may	be	helpful	but	needed	ventilatory	assistance	should	not	be	delayed
pending	 availability	 of	 blood	 gas	 results.	 The	 third	 step	 is	 to	 exclude	 patients
who	 have	 contraindications	 to	 NIV	 and	 should	 be	managed	 invasively	 (Table
167.4).	 Most	 of	 the	 contraindications	 are	 relative	 and	 judgment	 must	 be
exercised	 when	 deciding	 whether	 patients	 have	 excessive	 secretions,	 medical
instability,	 or	 uncooperativeness.	 Coma	 and	 severe	 obtundation	 are	 not
considered	absolute	contraindications	as	long	as	they	are	related	to	hypercapnia.
Patients	with	 hypercapnic	 coma	 (Glasgow	Coma	Scale	 <	 8)	 have	 success	 and
survival	 rates	 with	 NIV	 that	 are	 equivalent	 to	 those	 of	 similar	 noncomatose
patients.107

TABLE	167.4

Contraindications	to	NIV	in	Acute	Respiratory	Failure

Cardiac/respiratory	arrest



Medically	unstable	(hypotensive	shock,	uncontrolled	cardiac	ischemia,	or
arrhythmias)
Severe	upper	gastrointestinal	bleeding
Unable	to	protect	airway	(impaired	cough	or	swallowing)
Excessive	secretions
Unable	to	apply	mask	due	to	facial	surgery,	trauma,	burns,	or	facial	deformity
Agitated	or	uncooperative
Undrained	pneumothorax

Multiorgan	system	failure

NIV,	noninvasive	ventilation.

TECHNIQUES	AND	EQUIPMENT	FOR
NONINVASIVE	VENTILATION

Interfaces

Nasal	Masks
Nasal	masks	are	the	most	commonly	used	interfaces	for	outpatients	with	chronic
respiratory	 failure	 because	 they	 are	 more	 comfortable	 than	 nasal	 prongs	 or
oronasal	masks,	even	if	they	are	less	efficient	than	oronasal	masks	at	eliminating
CO2.108	 In	 addition,	 they	 permit	 speech	 and	 expectoration	 and,	 with	 some
practice,	eating	during	use.	Manufacturers	offer	numerous	modifications	of	 the
nasal	mask	that	fit	into	several	basic	categories.

Standard	Nasal	Masks
Standard	 nasal	 masks	 were	 first	 designed	 during	 the	 early	 1980s	 to	 provide
CPAP	for	obstructive	 sleep	apnea	and	consist	of	 triangular	 clear	plastic	domes
that	 fit	 over	 the	 nose	 (Figure	 167.1A).	 A	 soft,	 usually	 silicone	 cuff	 makes
contact	with	the	skin	around	the	perimeter	of	the	nose	to	form	an	air	seal.	These
masks	must	 be	 fit	 properly	 to	minimize	 pressure	 over	 the	 bridge	 of	 the	 nose,



which	may	induce	redness,	skin	irritation,	and	occasionally	ulceration.	Forehead
“spacers”	are	an	adjustable	joint	often	used	to	minimize	pressure	on	the	bridge
of	 the	 nose.	 Various	 approaches	 have	 been	 used	 to	 enhance	 patient	 comfort,
including	an	additional	thin	plastic	flap	or	a	baffle	system	to	further	reduce	the
strap	 tension	necessary	 to	maintain	an	air	 seal.	Gel-containing	seals,	 some	 that
have	heat-molding	capabilities,	may	help	to	evenly	distribute	the	pressure	of	the
seal	around	the	face.

	

Figure	 167.1 	 Examples	 of	 interfaces	 used	 in	 the	 acute	 care
setting.A,	 Standard	 disposable	 nasal	 mask	 for	 use	 with	 “bilevel”
ventilator.	 The	 single	 circuit	 of	 these	 ventilators	 necessitates	 an	 in-
line	exhaust	valve	shown	by	arrow	(©	ResMed.	All	rights	reserved).
B,	Disposable	 full-face	mask	with	chin	“shelf”	 to	keep	mandible	 in
position	and	reduce	air	 leaking	under	 the	seal	 (From	Model	RT040,
Fisher	&	Paykel	Healthcare,	Auckland,	NZ).	C,	Total	face	mask	that
resembles	snorkel	mask	and	situates	mask	seal	farther	from	nose	and
mouth	 (Courtesy	 of	 Philips	 RS	 North	 America	 LLC.	 All	 rights
reserved).	D,	“Helmet”	interface	that	consists	of	clear	plastic	cylinder
that	fits	over	entire	head	and	fits	with	strap	under	axillae.

Nasal	Pillows	or	Cradles



Nasal	“pillows”	consist	of	small	rubber	cones	that	are	inserted	directly	into	the
nostrils,	and	nasal	“cradles”	are	similar	but	replace	the	rubber	cones	with	a	thin
silicone	membrane	with	a	perforation	that	allows	the	pressurized	gas	to	enter	the
nostrils.	 By	 removing	 the	 sealing	 surface	 from	 the	 eyes,	 these	 reduce
claustrophobia	 and	 permit	 use	 of	 eyeglasses.	They	 also	 eliminate	 contact	with
the	 nasal	 bridge	 and	 are	 helpful	 for	 patients	 with	 nasal	 bridge	 irritation	 or
ulceration	caused	by	standard	nasal	masks.	However,	they	can	cause	irritation	of
the	nostrils,	 and	 some	patients	 alternate	 between	different	 types	of	masks	 as	 a
way	of	minimizing	discomfort.	Nasal	pillows	or	cradles	are	less	often	used	in	the
acute	care	setting	because	they	tend	to	leak	more	air	at	higher	pressures.

Oronasal	or	Full-Face	Masks
The	main	advantage	of	oronasal	over	nasal	masks	is	that	they	reduce	air	leaking
through	the	mouth	because	they	cover	both	the	nose	and	mouth.	Mainly	because
of	 this	 advantage,	Kwok	 et	 al	 found	 that	 the	 oronasal	was	 significantly	 better
tolerated	than	the	nasal	mask	in	the	acute	setting.109	Air	seals	of	oronasal	masks
are	 similar	 to	 those	 of	 nasal	masks,	 using	 a	 thin	membrane	 of	 soft	 silicone	 to
enhance	comfort	and	minimize	air	leaks.	Oronasal	masks	have	built-in	valves	to
prevent	 rebreathing	 or	 asphyxiation	 in	 the	 event	 of	 ventilator	 malfunction,
especially	 for	 “bilevel”-ventilators.	 Because	 of	 concerns	 that	 vomiting	 into	 an
oronasal	mask	could	cause	aspiration,	 these	masks	have	straps	 that	allow	rapid
removal.	Some	oronasal	masks	 incorporate	a	“shelf”	 that	 fits	under	 the	chin	 to
stabilize	 it,	 aiming	 to	 minimize	 air	 leaking	 under	 the	 seal	 (Figure167.1B).
Compared	 with	 nasal	 masks,	 oronasal	 masks	 interfere	 more	 with	 speech	 and
eating,	 have	more	 dead	 space,	 and	 are	 less	 comfortable.	However,	 because	 of
their	better	initial	tolerability	and	more	efficient	CO2	removal	than	nasal	masks,
they	are	usually	preferred	to	treat	ARF.

The	 Total	 Face	Mask	 (Respironics,	 Inc)	 is	 a	 larger	 version	 of	 an	 oronasal
mask	 that	 seals	over	 the	 forehead	and	under	 the	 chin,	 resembling	a	 snorkeling
mask.	It	moves	the	sealing	surface	away	from	the	nose	and	mouth	and	eliminates
mask	air	 leakage	 into	 the	 eyes.	Most	patients	 find	 it	 comfortable	 and	no	more
claustrophobic	than	standard	oronasal	masks	(Figure	167.1C).	Two	small	RCTs
comparing	 the	 Total	 Face	 Mask	 to	 a	 standard	 oronasal	 mask	 found	 no
differences	of	outcomes	between	 the	masks,	but	one	 found	 that	 the	Total	Face
Mask	was	better	tolerated	and	suggested	that	it	could	serve	as	an	alternative	for
patients	intolerant	of	standard	full-face	masks.110,111



Helmet
Helmets	(Figure	167.1D)	have	been	used	and	studied	primarily	in	Italy	and	have
not	yet	been	formally	approved	for	use	with	NIV	in	the	United	States	although
several	 types	 of	 helmets	 received	 an	 emergency	 use	 authorization	 for	 the
COVID-19	pandemic.	They	consist	of	a	pliable	transparent	plastic	cylinder	that
fits	over	 the	head	and	seals	around	 the	neck	and	shoulders,	sometimes	secured
by	straps	under	 the	axillae.	Some	studies	evaluating	 its	use	 for	COPD	patients
show	that	it	is	more	comfortable	and	reduces	facial	ulcerations	compared	with	an
oronasal	mask,112	but	a	 recent	RCT	showed	equivalent	 responses	and	 tolerance
between	the	helmet	and	full-face	mask,	except	the	mask	lowered	dyspnea	scores
more	 rapidly.113	 In	 another	 recent	 RCT71	 on	 patients	 with	 ARDS,	 the	 helmet
avoided	intubation	and	reduced	mortality	compared	to	a	standard	full-face	mask.
To	prevent	rebreathing,	high	airflow	rates	are	necessary,	which	render	the	helmet
much	noisier	than	oronasal	masks	(100	vs	70	dB,	respectively).114	Although	the
helmet	has	some	potential	advantages	over	the	full-face	mask	and	may	be	more
efficacious	 than	 the	 full-face	 mask	 for	 ARDS	 patients,71	 it	 is	 also	 noisier,
costlier,	and	unavailable	in	many	countries.	Nonetheless,	it	has	the	advantage	of
avoiding	contact	over	the	nose	and	mouth	and	may	serve	as	a	useful	alternative
when	 patients	 are	 having	 trouble	 tolerating	 other	 masks.	 Also,	 during	 the
pandemic,	it	was	considered	less	apt	to	disperse	aerosol	although	that	probably
depends	on	the	manufacturer	because	some	neck	seals	leak	air.

Oral	Interfaces
Oral	interfaces	consisting	of	a	mouthpiece	inserted	into	a	lip	seal	that	is	strapped
tautly	around	the	head	to	minimize	air	 leakage	have	been	used	to	treat	patients
with	 chronic	 neuromuscular	 conditions	 for	 many	 decades.	 A	 commercially
available	 oral	 interface	 was	 introduced	 more	 recently	 for	 the	 treatment	 of
occasional	patients	with	sleep	apnea.	These	interfaces	are	not	often	used	in	 the
acute	 care	 setting,	 although	 some	 studies	 have	 had	 patients	 hold	 interfaces	 in
their	mouths	to	enhance	their	sense	of	control	when	initiating	NIV.115

Headgear
The	 straps	 used	 to	 hold	 interfaces	 in	 place	 are	 important	 for	 interface	 comfort
and	stability	as	well	as	for	control	of	air	leaks.	The	number	of	strap	connections
varies	 from	 two	 to	 five,	 depending	 on	 the	 mask.	 In	 general,	 the	 more
connections,	 the	 more	 stable	 the	 interface,	 but	 discomfort	 and	 claustrophobia



become	concerns.	Most	straps	use	soft,	elastic	material	fastened	with	Velcro,	but
abrasions	can	occur	if	the	edges	are	too	rough.	Minimizing	strap	tension	just	to
the	point	of	controlling	air	leaks	is	important	to	optimize	comfort.

Ventilators	for	Noninvasive	Ventilation
The	specific	ventilator	chosen	is	probably	not	as	important	to	NIV	success	as	the
settings	 selected	 or	 the	 skill	 of	 the	 care	 team.	 Many	 ventilator	 options	 are
available,	 including	 critical	 care	 ventilators	 (designed	 mainly	 for	 invasive
ventilation	in	 the	acute	setting),	ventilators	designed	especially	for	applications
of	NIV	in	the	acute	care	setting,	“hybrid”	ventilators	that	are	designed	mainly	for
use	 in	 the	 postacute	 setting	 or	 for	 sicker	 patients	 in	 the	 home,	 capable	 of
providing	 pressure-	 or	 volume-limited	 ventilation	 invasively	 or	 noninvasively,
and	 portable	 positive-pressure	 “bilevel”	 ventilators	 designed	mainly	 for	 use	 in
the	home.	The	choice	of	ventilator	depends	mainly	on	availability,	patient	needs,
and	practitioner	preferences.	For	example,	patients	with	hypoxemic	 respiratory
failure	 may	 be	 very	 difficult	 to	 manage	 noninvasively	 and	 the	 sophisticated
monitoring	and	oxygen	delivery	capabilities	of	a	critical	care	ventilator	may	be
necessary,	whereas	a	patient	with	an	exacerbation	of	COPD	who	is	oxygenating
adequately	 might	 do	 just	 as	 well	 with	 a	 small,	 portable,	 inexpensive	 bilevel
device.

Critical	Care	Ventilators
The	 microprocessor-controlled	 ventilators	 currently	 used	 mainly	 for	 IMV	 in
critical	care	units	can	be	adapted	for	NIV.	These	offer	an	array	of	volume-limited
or	pressure-limited	modes	and	sophisticated	monitoring	and	alarm	capabilities.
Advantages	 over	 “bilevel”	 positive	 pressure	 devices	 include	 the	 universal
presence	of	O2	 blenders,	 accurate	 tracking	 of	 tidal	 and	minute	 volumes,	 and	 a
dual-limb	 circuit	 with	 an	 active	 exhalation	 valve	 that	 minimizes	 rebreathing
(Figure	167.2A).	Most	practitioners	use	the	pressure	support	mode	for	NIV	with
these	 ventilators	 because	 of	 enhanced	 comfort,	 combining	 it	 with	 PEEP.116,117
Shortcomings	of	these	ventilators	when	used	to	deliver	NIV	include	intolerance
of	air	leaks	that	inevitably	occur	with	NIV,	causing	difficulty	with	triggering	and
cycling	which	sets	off	annoying	alarms.



	

Figure	167.2 	Examples	of	ventilators	commonly	used	 to	deliver
NIV.A,	 “Critical	 care”	 ventilator	 that	 offers	 an	 “NIV”	 mode	 that
permits	 multiple	 adjustments.	 May	 have	 trouble	 adapting	 to	 large
leaks	 (Puritan	Bennett	 840	 ventilator	©	 2022	Medtronic.	All	 rights
reserved.	 Used	 with	 the	 permission	 of	 Medtronic).	 B,	 Typical
“bilevel”	ventilator	designed	mainly	 for	home	use	but	 is	 capable	of
assisting	ventilation	in	patients	with	acute	respiratory	failure	as	long
as	 appropriate	 alarms	 are	 assured	 (©	ResMed.	All	 rights	 reserved).
Updated	 version	 of	 ventilator	 in	 (C).Offers	 internal	 battery	 for
portability	 and	 improved	 graphic	 screen	 (Courtesy	 of	 Philips	 RS
North	 America	 LLC.	 All	 rights	 reserved).	 NIV,	 noninvasive
ventilation.

Most	critical	care	ventilators	now	incorporate	NIV	modes	that	automatically
improve	leak	tolerance	and	compensating	abilities,	disable	nuisance	alarms,	and
permit	 multiple	 adjustments	 including	 those	 to	 limit	 inspiratory	 time,	 thus
enabling	 improved	 expiratory	 synchrony.	 These	 modes	 have	 undergone	 little
evaluation	 in	 clinical	 settings,	 but	 bench	 studies	 demonstrated	 that	 most	 NIV
modes	of	critical	care	ventilators	work	well	to	deliver	set	pressures	or	volumes
unless	 there	 are	 large	 air	 leaks,	 in	which	 case	most	 of	 them	 require	 additional
adjustments	 to	 maintain	 delivery.118,119	 One	 of	 the	 studies	 also	 examined
synchrony	 of	 ventilated	 patients	 in	 a	 crossover	 study	 and	 found	 that	 NIV-
dedicated	ventilators	synchronized	slightly	better	than	critical	care	and	transport



ventilators	 using	 the	 NIV	mode.119	 Masks	 and	 circuitry	 for	 the	 application	 of
NIV	via	 critical	 care	 ventilators	 should	 not	 have	 the	 built-in	 exhalation	valves
designed	 for	use	with	 single	circuit	bilevel	devices	because	 these	will	 increase
air	 leaking	 and	 interfere	 with	 proper	 function.	 Some	mask	 manufacturers	 use
blue	coloration	for	plastic	parts	of	masks	meant	for	use	with	critical	ventilators
so	that	they	can	be	easily	identified.

Bilevel	Pressure-Limited	Ventilators
These	 devices	 were	 first	 conceived	 to	 enhance	 comfort	 for	 patients	 requiring
high	 CPAP	 to	 treat	 sleep	 apnea,120	 but	 it	 rapidly	 became	 apparent	 that	 they
function	 as	 PS	 ventilators	 as	well.121	 By	 virtue	 of	 their	 air	 leak	 tolerance	 and
algorithms	 to	 enhance	 synchrony	 in	 the	 face	 of	 leaks,	 bilevel-ventilators	 that
deliver	pressure	assist	or	PS	ventilation	are	the	most	commonly	used	ventilators
today	 for	 delivery	 of	 NIV.15	 The	 protobilevel	 device	 was	 the	 “BiPAP	 S/T”
(Respironics,	 Inc,	 Murrysville,	 PA),	 introduced	 during	 the	 late	 1980s,	 but
numerous	 versions	 are	 now	 available	 from	 many	 manufacturers	 (Figure
167.2B).

Bilevel	devices	deliver	two	levels	of	positive	pressure:	preset	IPAP	and	EPAP.
The	difference	between	the	two	is	the	level	of	inspiratory	assistance,	or	pressure
support.	 Pressure	 support	 modes	 provide	 sensitive	 inspiratory	 triggering	 and
expiratory	cycling	mechanisms	(usually	by	sensing	changes	in	flow),	permitting
excellent	 patient-ventilator	 synchrony,	 reducing	 diaphragmatic	 work,	 and
improving	patient	comfort.122	Bilevel	devices	designed	for	home	use	are	lighter
(5-10	kg),	more	compact	(<0.025	m3),	and	have	fewer	alarms	than	critical	care
or	“hybrid”	ventilators.	Most	have	limited	IPAP	(up	to	20-35	cm	H2O,	depending
on	the	ventilator)	and	oxygenation	capabilities	and	lack	alarms	or	battery	backup
systems.	 O2	 supplementation	 is	 provided	 via	 a	 T-connector	 in	 the	 ventilator
tubing	 or	 connector	 directly	 in	 the	mask,	 the	 latter	 providing	 a	 slightly	 higher
FiO2.	 Even	 at	 flow	 rates	 of	 15	 L	 per	 minute,	 though,	 the	 maximum
recommended	 by	 the	 manufacturer,	 the	 FiO2	 is	 still	 only	 45%	 to	 50%,123

insufficient	for	many	patients	with	hypoxemic	respiratory	failure.
The	 V60	 (Philips	 Respironics,	 Inc)	 was	 designed	 for	 both	 invasive	 and

noninvasive	 acute	 care	 applications,	 although	 used	 mainly	 for	 noninvasive.
Equipped	 with	 an	 O2	 blender,	 it	 can	 provide	 high	 FiO2	 and	 has	 more
sophisticated	alarm	and	monitoring	systems	than	the	home-based	bilevel	devices
(including	a	touch	screen	and	ventilator	graphics).	It	also	features	adjustable	rise
times	 (the	 time	 taken	 to	 reach	 target	 inspiratory	pressure)	 and	 inspiratory	 time



limits	that	can	help	with	comfort	and	synchrony.	Because	of	these	features,	it	is	a
popular	 choice	 for	 administration	 of	 NIV	 in	 acute	 care	 hospitals.	 The	 V60
(Figure	167.2C)	also	incorporates	a	battery	backup	for	transport	if	needed.

Because	they	have	a	single	ventilator	circuit,	rebreathing	can	occur	during	use
of	 bilevel	 ventilators	 and	 can	 interfere	 with	 the	 ability	 to	 enhance	 CO2

elimination.124	The	rebreathing	can	be	minimized	by	using	masks	with	in-mask
exhalation	 ports,	 which	 are	 associated	 with	 less	 rebreathing	 than	 in-circuit
valves,125	 use	 of	 nonrebreathing	 valves,	 and	 EPAP	 pressures	 of	 4	 cm	 H2O	 or
greater,	which	ensure	higher	bias	flows	during	exhalation.123

Adjuncts	to	Noninvasive	Ventilation
Humidification	may	enhance	comfort	during	NIV	and	is	advised	when	NIV	is	to
be	used	for	more	than	a	few	hours.	For	the	acute	care	setting,	a	heated	humidifier
is	preferred	over	a	heat	and	moisture	exchanger	because	the	latter	adds	to	work
of	 breathing126	 and	 may	 interfere	 with	 triggering	 and	 cycling.	 Also,	 with
excessive	air	leaking,	a	heated	humidifier	lowers	nasal	resistance.127	Nasogastric
tubes	 are	 not	 routinely	 recommended	 as	 adjuncts	 to	NIV,	 even	when	 oronasal
masks	are	used,	but	small-bore	flexible	nasogastric	tubes	can	be	used	for	feeding
when	necessary	and	do	not	interfere	much	with	mask	sealing.

Ventilator	Modes
Although	 pressure	 support	 (or	 bilevel)	 is	 the	most	 commonly	 chosen	mode	 to
deliver	 NIV,	 others	 might	 be	 considered.	 Average	 volume–assured	 pressure
support	 (AVAPS)	 is	 available	 on	 the	V60	 bilevel	 device	 (Phillips	Respironics,
Inc).	 It	 tracks	 recent	 delivered	 tidal	 volumes	 and	 automatically	 adjusts
inspiratory	 pressure	 to	 achieve	 a	 target	minute	 volume	 (usually	 8	mL/kg	 ideal
body	 weight).	 Intelligent	 volume–assured	 pressure	 support	 (iVAPS)	 (ResMed,
Inc,	 San	 Diego,	 CA)	 is	 similar	 to	 AVAPS	 but	 targets	 alveolar	 volume	 as
determined	 by	 subtracting	 anatomic	 dead	 space	 from	 ideal	 tidal	 volume	 and
multiplying	by	respiratory	rate.	These	modes	can	lower	PaCO2	more	rapidly	than
bilevel	 positive	 air	 pressure	 (BiPAP)	 in	 hypoventilating	 patients	 as	 has	 been
shown	for	AVAPS	in	obesity	hypoventilation,128	but	no	other	efficacy	advantages
over	standard	BiPAP	have	been	shown	for	acute	care	settings.

Neurally	 adjusted	 ventilator	 assistance	 (NAVA)	 uses	 the	 diaphragm
electromyographic	 signal	 detected	 by	 an	 esophageal	 electrode	 to	 determine
ventilatory	 assistance.	 Administered	 noninvasively,	 it	 improves	 synchrony



compared	to	pressure	support	but	without	greater	improvements	in	gas	exchange
or	comfort.129

Initiation	of	Noninvasive	Ventilation
NIV	is	most	often	begun	in	the	emergency	department	(ED)	or	ICU	for	acutely
dyspneic	 patients	 who	 can	 become	 panicky	 when	masks	 are	 strapped	 to	 their
faces.	 Thus,	 unlike	 initiation	 of	 invasive	 ventilation	 with	 the	 patient	 heavily
sedated	 or	 even	 paralyzed,	 initiation	 of	 NIV	 requires	 skill	 on	 the	 part	 of	 the
caregiver	to	rapidly	gain	the	confidence	of	the	patient	and	help	them	cooperate
so	that	they	can	benefit	from	the	technique.	Explaining	clearly	what	is	happening
and	what	 to	expect,	using	verbal	cues	 like	“try	 to	 let	 the	ventilator	breathe	 for
you”	and	giving	patients	control	by	allowing	them	to	hold	the	mask	on	their	face
can	be	quite	helpful.	Proper	mask	fit	should	be	assured	and	the	mask	attached	to
the	 ventilator	 via	 tubing.	 Most	 practitioners	 start	 with	 PS	 ventilation	 using
relatively	 low	ventilator	pressures	 (ie,	8-10	cm	H2O	for	 IPAP	and	4-5	cm	H2O
for	EPAP)	 for	 at	 least	 several	minutes	 to	 allow	 the	 patient	 to	 become	 familiar
with	 the	 mask	 and	 airflow.	 It	 is	 then	 extremely	 important	 to	 increase	 the
inspiratory	pressure	(and	 thereby	 the	 level	of	PS)	 to	 reduce	respiratory	distress
and	effort,	targeting	a	respiratory	rate	in	the	low	20	s	per	minute	and	an	increase
in	 tidal	 volume	 to	 6	 to	 7	 mL	 per	 kg.	 Patients	 are	 often	 intolerant	 of	 higher
pressures,	especially	initially,	because	of	the	sensation	of	burning	in	the	sinuses
or	pressure	in	the	ears,	or	because	of	the	perceived	effort	of	exhaling	against	an
elevated	 pressure.	 Thus,	 the	 adjustment	 of	 inspiratory	 pressure	 becomes	 a
titration,	 tailored	 for	 individual	patients,	balancing	 relief	of	 respiratory	distress
and	 attainment	 of	 ventilatory	 targets	 against	 intolerance	 due	 to	 excessive
pressures.	 Expiratory	 pressure	 is	 usually	 kept	 at	 4	 to	 5	 cm	 H2O,	 but	 can	 be
adjusted	 upward	 for	 patients	 who	 have	 difficulty	 triggering	 due	 to	 intrinsic
PEEP,	 upper	 airway	 obstructions	 due	 to	 sleep	 apnea,	 or	 hypoxemia	 despite
increases	 in	 FiO2	 to	 above	 50%	 to	 60%.	 L’Her	 et	 al	 demonstrated	 that	 for
patients	with	ALI	 that	 increases	 of	 PEEP	 during	NIV	were	 quite	 effective	 for
improving	oxygenation	and	increases	of	PS	are	effective	for	relieving	dyspnea.130
However,	 it	 is	well	 to	 recall	 that	 if	EPAP	 is	 increased	 during	NIV,	 IPAP	must
also	 be	 increased	 by	 the	 same	 amount	 to	 maintain	 the	 level	 of	 PS	 and	 tidal
volume.

MONITORING



Location	for	Noninvasive	Ventilation
Because	 of	 the	 importance	 of	 prompt	 initiation	 to	 avoid	 further	 patient
deterioration	 that	could	necessitate	 intubation,	NIV	should	be	 started	wherever
the	 patient	 comes	 to	 medical	 attention,	 as	 long	 as	 appropriate	 equipment	 and
personnel	 are	 available.	 Once	 initiated,	 transfer	 to	 an	 appropriately	monitored
location	becomes	 important.	This	depends	on	 the	patient’s	need	for	monitoring
as	well	as	the	unit’s	monitoring	capabilities	and	skills	of	the	staff	for	managing
NIV.	Assessment	of	a	patient’s	need	for	monitoring	includes	consideration	of	the
severity	of	the	respiratory	failure	as	well	as	any	comorbidities.	When	in	doubt,	a
brief	 trial	 of	NIV	withdrawal	may	 be	 helpful.	 In	 one	 study	 of	 patients	 treated
with	 NIV	 in	 the	 ED	 for	 acute	 pulmonary	 edema	 or	 COPD,	 patients	 who
remained	 stable	 during	 a	 15-minute	 discontinuation	 trial	were	 transferred	 to	 a
regular	ward,	and	none	subsequently	required	intubation.131	NIV	is	used	on	 the
regular	wards	of	many	hospitals	because	of	the	scarcity	of	ICU	beds,	but	some
guidelines	have	recommended	 that	NIV	be	applied	only	 in	 the	ICU	because	of
concerns	about	patient	safety.132	Ozsancak	Ugurlu	et	al133	 reported	 that	 in	eight
hospitals	of	Massachusetts,	United	States,	42%,	37%,	18%,	and	3%	of	patients
were	 initiated	 on	 NIV	 in	 the	 ICU,	 ED,	 regular	 wards,	 and	 other	 wards,
respectively.	 Of	 those	 on	 regular	 wards,	 60%	 remained	 there	 and	 40%	 were
transferred	 to	 the	 ICU.	Those	 remaining	 on	 the	wards	 succeeded	with	NIV	 in
82%	of	cases,	exceeding	success	rates	in	the	other	units.	These	findings	suggest
that	 with	 proper	 training	 and	 availability	 of	 support	 personnel,	 NIV	 can	 be
administered	safely	on	regular	floors	for	selected	patients.

What	to	Monitor
Monitoring	 of	NIV	 shares	 similarities	with	 that	 of	 IMV	 but	 also	 fundamental
differences.	Most	importantly,	subjective	responses	are	critical	to	the	success	of
NIV	(Table	167.5).	Alleviation	of	respiratory	distress	and	good	tolerance	of	the
technique	must	be	achieved	without	using	large	doses	of	analgesia	and	sedation
as	 is	 commonly	done	with	 invasive	ventilation.	Thus,	 caregivers	must	observe
patients	closely	for	these	responses	and	be	prepared	to	make	prompt	adjustments
as	needed	to	maintain	patient	comfort	and	cooperation.

TABLE	167.5

What	to	Monitor	During	NIV



Subjective	responses
Comfort
Mask	related
Air	pressure	and	flow	related

Dyspnea
Claustrophobia
Agitation
Delirium
Vital	signs
Respiratory	rate
Heart	rate
Blood	pressure
Breathing	effort
Accessory	muscle	use
Paradoxical	breathing
Gas	exchange
Continuous	oximetry
Baseline	and	1-2	h	arterial	blood	gases,	then	as	indicated
Synchrony
Triggering
Expiratory	asynchrony
Air	leaks
Mask	seal
Through	mouth	with	nasal	masks
Secretion	clearance
Cough	effectiveness
Quantity	of	secretions
Development	of	complications	(see	Table	167.6)

NIV,	noninvasive	ventilation.

Physical	 signs	of	 increased	 respiratory	effort	 should	also	 respond	promptly
when	NIV	is	administered	properly,	including	changes	of	accessory	muscle	use
and	 respiratory	 rate.	 Air	 leaks	 should	 be	 sought	 and	 minimized.	 These	 are
universal	with	NIV,	 and	with	 bilevel	 devices,	 the	 continuous	 leak	 through	 the
exhalation	 device	 is	 intentional,	 of	 course,	 to	minimize	 rebreathing.	But	 leaks
under	 the	seal	of	 the	mask	can	be	 large	and	 interfere	with	synchronization	and
efficacy.

Poor	 synchrony	 between	 the	 patient	 and	 ventilator,	 sometimes	 caused	 by



excessive	 air	 leaking,	 patient	 agitation,	 ventilator	 maladjustment,	 or	 other
factors,	 is	 common	 and	 contributes	 to	NIV	 failure	 and	must	 be	 identified	 and
remediated.119	Oximetry	should	be	monitored	continuously	until	 the	patient	has
stabilized	and	arterial	blood	gases	should	be	drawn	at	baseline	and	after	1	to	2
hours	of	therapy	to	assure	the	desired	gas	exchange	response.	Tidal	volumes	of	6
to	8	mL	per	kg	ideal	body	weight	should	be	targeted.	Tidal	volume	>9.5	mL	per
kg	 has	 been	 associated	 with	 NIV	 failure	 with	 82%	 sensitivity	 and	 87%
specificity.134	 One	 important	 aspect	 of	 NIV	 monitoring	 is	 to	 determine	 early
when	patients	are	responding	poorly	to	NIV	so	that	the	reasons	can	be	reversed
or	failing	that,	the	patient	can	be	intubated	promptly,	avoiding	undue	delay	and
possible	 respiratory	 arrest	 with	 the	 emergent	 intubation	 and	 attendant	 risk	 of
morbidity	and	mortality	that	entails.

Complications	and	Side	Effects	of	Noninvasive	Ventilation
and	Possible	Remedies
NIV	is	successful	for	most	patients	and	most	adverse	side	effects	are	minor,	but
failure	rates	reported	by	studies	representing	“real-life”	applications	of	NIV	still
approach	 40%,15	 and	 a	 knowledge	 of	 potential	 complications	 and	 ways	 of
managing	them	can	be	helpful	for	minimizing	NIV	failure	rates.	There	are	many
possible	 adverse	 effects	 and	 complications,	 a	 variety	 of	 possible	 ways	 of
categorizing	 them,	 and	 inevitable	 areas	 of	 overlap	 between	 the	 categories.	 For
practical	 purposes,	we	 distinguish	 between	 side	 effects	 related	 to	 the	 interface
and	those	attributable	to	ventilator	airflow	and	pressure,	caregiver	inexperience,
or	patient	factors	(Table	167.6).

TABLE	167.6

Adverse	Effects	and	Complications	of	NIV	and	Possible
Remedies

Adverse
Effect Possible	Remedy

Interface	Related

Mask Check	size	and	fit.	Readjust	headgear.



discomfort Try	different	type.

Skin
ulceration,
irritation

Readjust	mask.	Loosen	straps.

Artificial	skin	prophylactically.

Air	Pressure	and	Flow	Related

Nasal,	sinus
pain,	dryness

Lower	pressure	temporarily.	Humidify	gas.	Nasal	saline.

Conjunctivitis Reseat	mask.	Check	seal	on	nasal	bridge.

Artificial	skin.	Consider	new	mask	type.

Gastric
distension

Lower	pressure	if	possible.	Simethicone.

Observe	or	distension,	consider	nasogastric	drainage.

Patient-
ventilator
asynchrony

Eliminate	leaks,	treat	agitation,	assess	for	discomfort.	Try
lowering	pressure	support	or	limiting	inspiratory	time.

Rebreathing Use	mask	with	in-mask	exhalation	valve.

Use	adequate	EPAP	(≥4	cm	H2O).	Use	ventilator	with	active
exhalation	valve.

Air	leaks Reseat,	readjust	strap.	Try	different	mask	type.	Chin	strap	if
nasal	mask.	Lower	pressure	if	possible.

Caregiver	Related

Inadequate	or
excessive
pressures

Monitor	more	carefully.	Adjust	upward	as	tolerated.	Assure
adequate	training.

Inadequate
equipment

Initiate	NPPV	program,	with	full	selection	of	masks.

Patient	Related

Agitation,
anxiety

Assure	proper	mask	fit,	ventilator	settings.	Reassure,	consider
sedation.



Major	Complications

NPPV	failure Optimal	monitoring	to	detect	and	address	problems	before
they	lead	to	failure.	If	failure	not	responding	to	appropriate
measures,	intubate	promptly	to	avoid	delay.

Respiratory
arrest

Monitor	at-risk	patients	in	ICU	or	closely	in	step-down	unit.
Intubate	before	arrest	occurs	to	avoid	attendant	morbidity	and
mortality.

EPAP,	expiratory	positive	airway	pressure;	ICU,	intensive	care	unit;	NIV,	noninvasive	ventilation;
NPPV,	noninvasive	positive	pressure	ventilation.

Adverse	Effects	and	Complications	Associated	with	the
Interface

Mask	Discomfort
Mask	 discomfort	 is	 one	 of	 the	most	 common	 reasons	 cited	 for	NIV	 failure.	 It
may	 reflect	 a	 poorly	 fitted	 mask,	 a	 patient’s	 difficulty	 accepting	 the	 interface
chosen,	 excessively	 tight	 headstraps,	 a	 dyspneic	 patient’s	 discomfort	 at	 having
foreign	material	strapped	to	their	face,	or	other	factors.	The	clinician	faced	with
a	 patient	 intolerant	 of	NIV	 due	 to	mask	 discomfort	 should	 quickly	 attempt	 to
decipher	 the	 specific	 problem	 and	 correct	 it	 if	 possible.	 Often,	 inexperienced
practitioners	select	masks	that	are	too	large	and	a	trial	with	a	smaller	mask	or	a
different	 mask	 often	 helps.	 In	 the	 face	 of	 air	 leaks,	 reseating	 the	 mask	 and
attempting	 to	 loosen	 the	 straps	may	 help	 before	 resorting	 to	 tightening	 of	 the
straps.	 As	 discussed	 earlier,	 an	 oronasal	mask	 is	 usually	 the	 best	 initial	mask
choice,	 but	 some	 patients	 who	 are	 claustrophobic	 or	 expectorating	 frequently
fare	 better	 with	 a	 nasal	 mask.	 Masks	 used	 in	 the	 acute	 setting	 are	 usually
disposable	after	one	use,	but	some	are	reusable.	They	are	relatively	inexpensive
compared	 to	 masks	 used	 for	 long-term	 applications	 of	 NIV,	 but	 it	 is	 still
desirable	to	check	that	the	mask	selected	is	likely	to	fit	(eg,	using	a	fitting	gauge)
to	minimize	the	need	to	dispose	of	multiple	masks	for	each	patient	application.
Noisiness	 can	 contribute	 to	 intolerance	 with	 some	 mask	 types	 such	 as	 the
helmet.114

Skin	Irritation	and	Ulceration



Skin	 irritation	 and	 ulceration,	mainly	 over	 the	 nasal	 bridge,	 is	 a	 less	 common
complication	 of	 NIV	 as	 mask	 designs	 and	 skill	 at	 administering	 NIV	 has
improved.15	Contributors	to	NIV-related	skin	breakdown	include	excessive	strap
tension,	 mask	 type,	 poor	 mask	 fit,	 prolonged	 ventilation,	 high	 inspiratory
pressures	 necessitating	more	 strap	 tension	 to	 control	 leaks,	 hypersensitivity	 to
mask	material,	 and	patient	 factors	 such	as	age	and	comorbidities	 such	as	CHF
that	 can	 limit	 skin	 perfusion.135,136	 Facial	 structure	 and	 anatomical	 variation
among	 patients	 also	 play	 a	 role.	 Prevention	 rather	 than	 treatment	 of	 skin
breakdown	 is	 the	 best	 management	 strategy.	 This	 can	 be	 accomplished	 by
optimizing	mask	fit	while	using	the	lowest	effective	positive	pressures	and	strap
tension	 and	 applying	 artificial	 skin	 to	 the	 affected	 area	 at	 the	 first	 sign	 of
redness.	 Also,	 some	 newer	 mask	 types	 have	 softer,	 larger	 silicone	 sealing
surfaces	 that	 minimize	 trauma	 to	 the	 facial	 skin.	 With	 these	 interventions,	 a
significant	nasal	bridge	ulcer	should	now	be	a	rare	event	during	NIV	therapy.

Adverse	Effects	and	Complications	Associated	with
Airflow	and	Pressures

Nasal,	Sinus,	and	Ear	Pain	and	Burning
Initiation	of	NIV	is	commonly	associated	with	the	sensation	of	nasal,	sinus,	and
ear	pain	and	burning.	This	is	related	to	the	patient’s	lack	of	familiarity	with	the
sensation	 of	 air	 pressure	 and	 flow,	 and	 usually	 subsides	 as	 the	 patient
accommodates	to	the	sensations.	Using	lower	initial	pressures	and	raising	them
gradually	can	help	to	minimize	this	problem	as	can	making	sure	that	any	leak	is
minimized.	Use	of	routine	humidification	can	help	with	these	side	effects	too.

Conjunctivitis
Conjunctivitis	 is	 another	common	adverse	consequence	of	airflow	during	NIV.
In	 this	 case,	 air	 leaks	 into	 the	 eyes	 due	 to	 a	 combination	 of	 high	 inspiratory
pressure	and	incomplete	mask	sealing	along	the	steep	sides	of	the	nose	related	to
suboptimal	mask	 fit	 and	 patient	 anatomic	 variations.	 This	 causes	 conjunctival
dryness,	 irritation,	 erythema,	 and	 discomfort	 after	 a	 period	 of	 hours	 and	 may
respond	to	lowered	inspiratory	pressures	(when	possible),	reseating	the	mask	or
tightening	the	straps,	or	trying	a	new	or	size	of	mask.

Gastric	Distension



Gastric	distension	among	patients	receiving	NIV	is	common	but	is	usually	well
tolerated.	 However,	 extreme	 complications	 such	 as	 gastric	 perforation	 and
abdominal	 compartment	 syndrome	 have	 been	 reported.137,138	 A	 study	 of	 obese
patients	 found	 that	 those	 receiving	 NIV	 with	 an	 inspiratory	 pressure	 of
16	 cm	H2O	had	more	 gastric	 distension	 than	 those	 breathing	 spontaneously.139

The	 authors	 cautioned	 that	 the	 increased	 gastric	 air	 might	 raise	 the	 risk	 of
aspiration.	 As	 stated	 earlier,	 the	 amount	 of	 gastric	 distension	 during	 NIV	 is
usually	clinically	 insignificant,	but	 if	 it	causes	excessive	abdominal	distension,
discomfort,	 nausea,	 bowel	 distension	 on	 a	 kidney,	 ureter,	 bladder	 exam,	 or	 a
compartment	syndrome,	then	drainage	with	a	naso-	or	orogastric	tube	is	the	next
logic	 step.	Gas-dispersing	 agents	 like	 simethicone	 can	 be	 tried	 but	 are	 usually
ineffective.	Lowering	the	inspiratory	pressure	as	much	as	possible	can	also	help.
But	if	there	is	a	high	risk	of	vomiting	and	aspiration	or	if	nasogastric	suctioning
is	 unsuccessful,	 then	 intubation	 and	 other	 methods	 to	 decompress	 the	 bowel
should	be	considered.

Patient-Ventilator	Asynchrony
Patient-ventilator	asynchrony	is	the	lack	of	coordination	between	a	patient’s	own
respiratory	 effort	 and	 the	 ventilator’s	 output.	 The	 consequences	 of	 this
phenomenon	 can	 include	 inefficient	 gas	 exchange,	 muscle	 fatigue,	 and,
ultimately,	 failure	of	NIV.140	Asynchrony	occurs	 frequently	during	NIV,	mostly
because	of	air	leaks,	rendering	it	difficult	for	the	ventilator	to	sense	the	onset	of
patient	 inspiration	 and	 expiration,	 altered	patient	 respiratory	drive	or	 agitation,
ventilator	mode,	and	 inappropriately	high	 inspiratory	pressure	for	patients	with
COPD,	contributing	to	ineffective	triggering	and	cycling.141-144	An	observational
study	of	three	teaching	hospital	ICUs	used	an	asynchrony	index:	the	number	of
asynchrony	events/(ventilator	cycles	+	wasted	 respiratory	effort)	×	100.140	This
study	 found	 that	 discomfort	 and	 air	 leaks	 were	 independent	 risk	 factors	 for
asynchrony	indices	>10%.	A	follow-up	study144	found	that	an	asynchrony	index
>10%	occurred	 in	 43%	of	 patients	 and	 that	 double	 triggering	 and	 late	 cycling
were	the	most	common	forms	of	asynchrony.	Strategies	to	deal	with	asynchrony
include	minimizing	air	leaks,	adjusting	rise	times,	and	changing	to	timed	modes
(such	as	pressure	control)	to	reduce	the	persistence	of	ventilator	inspiration	into
patient	 expiration	which	occurs	with	bilevel	modes,145	 lowering	 PS	when	 tidal
volumes	are	 large	and	breathing	efforts	 fail	 to	 trigger	 the	ventilator	and	giving
sedation	to	control	agitation	or	anxiety.



Rebreathing
Rebreathing	has	been	 a	 concern	with	bilevel	ventilators	 in	 the	past	 because	of
their	 single	 circuit	 design.146	 However,	 more	 recent	 studies	 have	 not
demonstrated	 CO2	 rebreathing	 at	 levels	 deemed	 detrimental	 to	 patients,	 and
rebreathing	during	NIV	has	not	been	implicated	in	adverse	patient	outcomes141,147
as	 long	 as	 the	 bias	 flow	 associated	with	 expiratory	 pressures	 of	 4	 cm	H2O	 or
greater	is	used	to	flush	CO2	from	the	circuit	to	minimize	rebreathing.142

Air	Leaks
Air	 leaks	 are	 universal	 during	 NIV	 because	 of	 its	 open	 circuit	 design.	 Some
leaks	are	intentional	as	with	bilevel	ventilators,	but	air	also	leaks	under	the	mask
seal	 through	 the	 mouth	 and	 even	 into	 the	 gastrointestinal	 tract.	 Small	 leaks
(<30	L	per	minute)	are	generally	well	tolerated,	as	most	ventilators	compensate
quite	 easily	 for	 them.	 However,	 large	 leaks	 (>60	 L	 per	 minute)	 can	 have
deleterious	 effects	 by	 interfering	 with	 ventilator	 assistance	 and	 synchrony,
leading	to	increased	work	of	breathing,	fatigue,	oxygen	desaturations,	and	NIV
failure.	 Leaks	 also	 contribute	 to	 patient	 discomfort,	 contributing	 to
conjunctivitis,	sleep	disruption,	and	dry	mouth.143	Air	 leaks	are	associated	with
improperly	sized	or	sealed	masks,	loose	or	excessively	tightened	headstraps,	the
presence	 of	 facial	 hair,	 unusual	 facial	 anatomy,	 high	 inspiratory	 pressure
settings,	and	the	presence	of	surgical	dressings	or	catheters	that	disrupt	the	seal.
Nasal	masks	are	commonly	associated	with	mouth	leaks,	which	are	reported	to
occur	 in	 as	 many	 as	 94%	 of	 patients	 receiving	 NIV	 for	 hypercapnic	 ARF,
contributing	 to	 the	majority	 of	mask	 failures.148	 In	 a	 comparison	 study	of	 four
different	 NIV	 interfaces	 among	 patients	 with	 ARF,	 the	 mouthpiece	 had	 the
largest	 leak,	 while	 there	 was	 no	 significant	 difference	 between	 the	 total	 face
mask,	oronasal	mask,	or	nasal	mask.149

Measures	 that	 can	 be	 undertaken	 to	 minimize	 leaks	 include	 careful	 mask
selection	and	fitting,	proper	strapping	to	the	face,	removal	of	facial	hair,	use	of
chin	straps	with	nasal	masks,	and	chin	supports	 (built	 into	certain	mask	 types)
for	patients	using	oronasal	masks.	Leak-compensating	ability	of	the	ventilator	is
another	 consideration	 for	 patients	 having	 frequent	 or	 large	 leaks.	Most	 bilevel
ventilators	 compensate	 quite	well,	 but	 newer	 critical	 care	 ventilators	 that	 have
NIV	modes	may	need	additional	adjustments	when	large	leaks	are	present.118

Caregiver-Related	Factors



Complications	 of	 NIV	 are	 sometimes	 related	 to	 caregiver	 decisions	 that
inadvertently	predispose	to	NIV	failure.	Most	commonly,	these	include	selection
of	 inappropriate	 candidates	 with	 excessively	 high	 risk	 of	 failure,	 such	 as
ALI/ARDS	patients	who	are	septic	and	developing	multiorgan	failure	or	elderly
pneumonia	 patients	 with	 poor	 cough	 and	 excessive	 secretions.	 Inadequate
attention	to	detail	during	initiation	predisposes	to	failure,	including	neglecting	to
spend	time	with	the	patient	to	instruct	and	win	their	confidence	or	to	properly	fit
or	attach	the	mask.	Failure	to	increase	the	inspiratory	pressure	after	initiation	is	a
common	 cause	 of	 NIV	 failure	 because	 the	 patient	 never	 receives	 adequate
ventilator	assistance.	 Inadequate	monitoring,	 either	because	an	unstable	patient
is	never	sent	 from	a	regular	ward	 to	 the	ICU	or	because	caregivers	neglect	 the
early	signs	of	deterioration,	and	permitting	a	respiratory	crisis	to	occur	are	other
common	 reasons	 for	NIV	 failures.	 Caregivers	 need	 to	 know	when	 to	 intubate
patients	 who	 are	 not	 responding	 adequately	 to	 NIV	 before	 an	 emergency	 or
respiratory	 arrest	 occurs,	 avoiding	 delays	 of	 needed	 intubation.	 There	 is	 no
substitute	 for	 having	 a	 skilled	 and	 experienced	 multidisciplinary	 team	 for
optimizing	NIV	success	rates.	Evidence	from	studies	indicates	that	as	caregivers
gain	 experience	 with	 NIV,	 patient	 outcomes	 improve,	 or	 they	 can	 sustain	 the
same	favorable	outcomes	for	sicker	patients.16

Multidisciplinary	Approach
NIV	works	best	when	it	 is	administered	as	part	of	a	team	effort.	Ideally,	this	is
achieved	in	a	specialized	unit	such	as	an	ICU	or	step-down	unit	where	members
can	 gain	 experience	 by	 working	 together	 over	 time.	 Although	 team	members
may	have	different	roles	depending	on	the	country	they	work	in,	all	of	the	roles
must	 be	 adopted	 by	 one	 team	member	 or	 another	 in	 order	 for	 optimization	 of
NIV	 delivery.	 In	 North	 America,	 physicians	 must	 be	 skilled	 at	 selecting
appropriate	 patients	 for	 NIV	 and	 writing	 proper	 orders	 for	 its	 initiation.	 The
respiratory	 therapist	 then	 fits	 and	 applies	 the	 interface	 and	 makes	 initial
ventilator	adjustments.	Nurses	then	monitor	the	patient,	notifying	the	physician
and	 therapist	 when	 problems	 arise.	 Physicians	 and	 therapists	 should	 also
participate	 in	monitoring	so	 that	 they	can	 intervene	with	 timely	adjustments	 to
the	mask	or	ventilator	settings	or	with	intubation,	when	needed.	Pharmacologists
assist	in	choosing	the	and	dose	of	sedation	or	analgesia	if	deemed	indicated,	and
nutritionists	assist	in	assuring	that	nutritional	needs	are	met.	Physical	therapists
may	also	become	involved	to	help	with	secretion	removal	or	early	mobilization.
In	other	countries	such	as	in	the	UK,	physiotherapists	assume	many	of	the	roles
of	 the	 respiratory	 therapist,	 and	 in	 many	 countries	 in	 the	 developing	 world,



physicians	are	responsible	for	initiation	and	application	of	equipment	in	addition
to	their	other	duties.	Regardless	of	how	the	responsibilities	are	distributed,	most
programs	 favor	 using	 protocols	 and	 having	 periodic	 training	 in	 services	 that
document	NIV	competencies	for	their	team	members.

Patient-Related	Factors
Patients	vary	enormously	in	their	ability	to	tolerate	NIV,	and	this	is	reflected	by
success	 rates.	 Patients	 who	 are	 cognitively	 impaired	 due	 to	 congenital	 or
acquired	 processes,	 such	 as	 strokes,	 dementia,	 or	 delirium,	 are	 unlikely	 to
tolerate	NIV	because	they	cannot	comprehend	the	purpose	and	become	agitated.
Other	 patients	 panic	 when	 a	mask	 is	 strapped	 to	 their	 face,	 either	 because	 of
claustrophobia	or	because	of	their	already	heightened	anxiety	and	distress	due	to
their	 respiratory	condition.	These	 factors	must	be	kept	 in	mind	when	 selecting
patients	or	when	deciding	that	NIV	has	failed.	Some	anxious	patients	respond	to
reassurance	 and	 being	 given	 control	 of	 the	 mask,	 while	 others	 require	 an
anxiolytic.	 Patients	 with	 dementia	 or	 delirium	 can	 sometimes	 be	 managed
successfully	with	antipsychotics	like	haloperidol,	risperidone,	or	quetiapine.

Sedation	and	Analgesia	During	Noninvasive	Ventilation
Judicious	use	of	sedation	may	help	to	calm	patients	having	difficulty	cooperating
with	NIV,	but	most	clinicians	are	very	cautious,	using	smaller	doses,	mainly	by
intermittent	 bolus,	 than	 what	 they	 use	 in	 invasively	 ventilated	 patients.	 Most
respondents	 to	 a	 survey	 of	 critical	 care	 physicians	 from	 North	 America	 and
Europe	 indicated	 that	 they	 used	 sedation	 or	 analgesia	 in	 less	 than	 25%	 of
patients.150	 They	 registered	 concerns	 about	 blunting	 the	 drive	 to	 breathe	 of
spontaneously	 breathing	 patients.	 North	 Americans	 were	 more	 apt	 to	 use
benzodiazepines	 alone	 and	 Europeans	 opioids	 alone	 as	 their	 preferred	 initial
choice.

Dexmedetomidine,	 by	 virtue	 of	 its	 short	 duration	 of	 action,	 intravenous
administration	allowing	rapid	adjustment	of	effect,	analgesic	as	well	as	sedative
properties,	 and	 lack	 of	 respiratory	 depressant	 effects,	 has	 been	 considered	 an
attractive	agent	for	use	with	NIV.	In	an	RCT,	Devlin	et	al151	showed	no	benefit	of
dexmedetomidine	 compared	 to	 standard	 intermittent	 benzodiazepines	 and
opioids	when	 started	 routinely	 at	 initiation	 of	NIV.	However,	 in	 another	RCT,
Huang	et	al152	showed	reduced	intubation	and	shorter	lengths	of	hospital	stay	in	a
study	of	patients	with	CPE	failing	NIV	due	to	 intolerance	or	agitation.	A	more
recent	meta-analysis	and	systematic	review	showed	that	dexmedetomidine	led	to



a	reduction	in	delirium	and	need	for	mechanical	ventilation	in	acutely	ill	adults
who	 required	 NIV,	 although	 there	 was	 an	 increased	 risk	 of	 bradycardia	 and
hypotension.153	In	Europe,	remifentanyl	use	was	also	associated	with	a	reduced
need	 for	 intubation	 for	 small	 cohorts	 of	 patients	 failing	 NIV.154,155	 These
observations	 suggest	 that	 these	 short-acting	 infusion	 medications	 may	 have
advantages	as	rescue	agents	or	in	carefully	selected	patients	but	have	no	role	as
agents	 to	 be	 used	 routinely	 at	 the	 time	 of	 initiation	 of	NIV.	More	 information
from	clinical	studies	is	needed	before	recommendations	for	specific	medications
and	doses	can	be	made,	but	use	of	sedation	or	analgesia	should	be	considered	for
patients	at	risk	of	failing	NIV	because	of	agitation,	apprehension,	or	discomfort.

SUMMARY	AND	RECOMMENDATIONS
NIV	has	assumed	an	important	role	for	the	management	of	patients	with	ARF	in
critical	 care	 settings.	 Epidemiologic	 studies	 indicate	 that	 use	 of	 NIV	 has
increased	 substantially	 over	 the	 past	 20	 years	 throughout	 the	 world.	 Current
evidence	 indicates	 that	 NIV	 is	 well	 supported	 for	 therapy	 of	 ARF	 associated
with	COPD	 exacerbations	 and	 acute	 pulmonary	 edema.	NIV	 is	 an	 option	 in	 a
number	 of	 other	 settings,	 including	 immunocompromised	 patients	 with	 early
ARF;	 facilitation	 of	weaning	 of	 intubated	COPD	 patients	 and	COPD	 or	 acute
pulmonary	 edema	 patients	 in	 other	 settings,	 such	 as	 postoperative	 and
postextubation	settings;	and	patients	with	a	DNI	status.	Less	evidence	supports
use	 for	 acute	 asthma,	 obesity	 hypoventilation	 with	 an	 exacerbation,	 cystic
fibrosis,	or	neuromuscular	disease,	but	NIV	would	be	a	consideration	for	 these
patients.	Most	 patients	 with	 ARDS	 or	 severe	 community-acquired	 pneumonia
should	 not	 be	 treated	 with	 NIV,	 but	 exceptions	 include	 those	 with	 minimal
secretions,	 stable	 otherwise	 and	 with	 only	 one	 or	 at	 most	 two	 organ	 failures,
when	experienced	personnel	and	a	closely	monitored	setting	are	available.	The
COVID-19	 pandemic	 greatly	 increased	 the	 use	 of	 noninvasive	 modalities	 for
hypoxemic	 respiratory	 failure,	 especially	 HFNT,	 despite	 concerns	 about
infectious	 aerosol	dispersion,	which	have	not	panned	out.	Based	on	guidelines
early	during	the	pandemic,	ease	of	use	by	caregivers,	and	favorable	tolerance	by
patients,	 it	 appears	 that	 HFNT	 was	 the	 form	 of	 NRS	 used	 most	 often	 in	 the
United	 States,	with	mask	NIV	 next	 and	 helmet	 a	 distant	 third.	However,	 how
these	modalities	should	be	used	under	what	circumstances	and	in	what	sequence
is	not	clear	from	the	available	data.	Initiation	of	NIV	requires	a	properly	fit	and
tolerable	interface	and	a	ventilator	that	is	appropriately	managed.	Patients	should
be	 placed	 in	 a	 location	 that	 permits	 adequate	 monitoring	 of	 their	 state	 of



physiologic	stability,	and	monitoring	should	pay	particular	attention	to	subjective
factors	 including	 mask	 tolerance	 and	 adaptation	 to	 mechanical	 ventilation.
Administration	 should	 be	 by	 a	 skilled	 and	 experienced	multidisciplinary	 team.
Achievement	of	these	goals	should	lead	to	appropriate	and	safe	administration	of
NIV	with	better	overall	patient	outcomes	and	more	efficient	utilization	of	scarce
ICU	resources.

Summary	of	Major	Recommendations

1.	 4 	 5 	NIV	should	be	considered	the	ventilator	mode	of	first	choice	for	ARF
associated	with	COPD	exacerbations30	and	acute	CPE.46

2.	 NIV	is	an	option	for	early	ARF	of	immunocompromised	patients,	and
facilitation	of	extubation	in	COPD	patients.

3.	 NIV	can	be	considered	to	treat	other	patients	with	ARF	such	as	those	with
asthma,	exacerbations	of	cystic	fibrosis,	or	obesity	hypoventilation.

4.	 For	patients	who	decline	invasive	ventilation,	NIV	can	be	used	as	a	form	of
life	support	or	to	palliate	but	should	be	discontinued	when	goals	are	not
being	achieved.100

5.	 NIV	should	not	be	used	routinely	but	very	selectively	and	with	close
monitoring	of	patients	with	ARDS	or	pneumonia.67

6.	 NIV	should	be	administered	in	an	ICU,	ED,	or	step-down	unit	under	close
and	continuous	monitoring	until	stabilization	has	occurred.132

7.	 The	full-face	mask	is	still	the	preferred	initial	interface	for	acute
applications	of	NIV,109	although	there	is	some	unreplicated	evidence
favoring	use	of	the	helmet	instead.

8.	 Increases	of	expiratory	pressure	can	be	used	to	treat	hypoxemia	and
increases	in	PS	reduce	work	of	breathing.130

9.	 Patient-ventilator	asynchrony	and	air	leaks	can	contribute	to	NIV	failure
and	should	be	minimized.140

10.	 When	NIV	is	failing,	intubation	should	not	be	delayed.14
11.	 HFNT	may	be	considered	as	an	alternative	to	NIV	for	selected	patients	with

de	novo,	postoperative,	and	postextubation	hypoxemic	respiratory	failure,
especially	for	patients	intolerant	of	NIV.69,89,95

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	63-year-old	man	with	acute	myeloblastic	leukemia	receives	induction
chemotherapy	and	a	bone	marrow	transplantation.	He	develops	dyspnea,	fever,
and	cough	with	chest	x-ray	showing	a	new	infiltrate	in	the	right	lung	base.
Respiratory	rate	is	28	per	minute.	Oxygen	saturation	on	room	air	is	84%.	He	is
started	on	6	L/min	nasal	oxygen	with	a	rise	in	his	saturation	to	92%.	He	is	placed
on	broad-spectrum	antibiotics.	An	hour	later,	his	saturation	has	dropped	into	the
mid	80s	and	respiratory	rate	is	35	per	minute.	He	is	placed	on	face	mask
noninvasive	ventilation	(NIV)	using	inspiratory	pressure	15	cm	H2O,	expiratory
pressure	5	cm	H2O,	and	FiO2	80%.	You	note	he	is	uncomfortable,	saturation	is
94%,	respiratory	rate	remains	35	per	minute,	and	blood	pressure	is	90/60	mm
Hg.	What	is	the	most	appropriate	next	step	in	management?

A. 	Add	extracorporeal	membrane	oxygenation	(ECMO)
B. 	Increase	FiO2	to	100%	and	expiratory	pressure	to	8	cm	H2O
C. 	Intubate	for	mechanical	ventilation
D. 	Switch	to	high-flow	nasal	therapy	(HFNT)	60	L/min,	FiO2	100%,
with	“scoop	mask”	under	the	chin	at	15	L/min

2. 	A	66-year-old	man	with	a	history	of	COPD	is	intubated	during
resuscitation	of	septic	shock	from	a	urinary	tract	infection.	By	hospital	day	5	he
has	improved	and	is	off	vasopressors.	He	is	awake	and	able	to	follow	commands,
when	not	on	sedation,	and	cooperates	with	a	spontaneous	breathing	trial	(SBT)
using	pressure	support	settings	of	7/5	cm	H2O	with	FiO2	40%.	The	respiratory
care	practitioner	reports	that	the	patient	“is	failing,	becoming	more	tachypneic
and	working	too	hard	to	breathe.”	What	is	the	most	appropriate	management?

A. 	Extubate	to	BiPAP	with	close	monitoring
B. 	Order	short	course	of	corticosteroids	for	COPD
C. 	Proceed	to	tracheostomy
D. 	Repeat	spontaneous	breathing	trial	using	“T-piece”

3. 	A	58-year-old	woman	with	history	of	ischemic	cardiomyopathy	presents	to
the	emergency	department	after	an	acute	onset	of	dyspnea.	She	has	had
worsening	lower	extremity	edema	over	the	past	2	weeks.	The	patient	is	afebrile,
with	heart	rate	108/min,	blood	pressure	186/96	mm	Hg,	respiratory	rate	32
breaths/min,	and	oxygen	saturation	of	93%	on	4	L/min	nasal	O2.	She	has
distended	neck	veins	and	bibasilar	moist	crackles.	A	NT-proBNP	level	is	4500



pg/mL	and	troponin	T	level	is	0.01	ng/mL.	ECG	obtained	shows	borderline	ST
depression	in	leads	I	and	AVL.	A	chest	x-ray	is	obtained	that	shows	diffuse
bilateral	interstitial	markings,	an	enlarged	cardiac	silhouette,	and	small	bilateral
pleural	effusions.	Intravenous	diuretics	are	started.	What	is	the	most	appropriate
respiratory	management?

A. 	Continuation	of	current	oxygen	therapy
B. 	CPAP	at	10	cm	H2O
C. 	Intubation	and	invasive	mechanical	ventilation
D. 	Nonrebreather	face	mask	with	100%	FiO2

Answers

1.	The	correct	answer	is	C.
Rationale:	In	the	past,	immunocompromised	patients	like	this	one	were	felt	to

do	better	with	NIV,	but	more	recent	evidence	suggests	otherwise,	perhaps	in	part
related	to	improvements	in	our	management	of	invasive	mechanical	ventilation.
This	 patient	 is	 deteriorating	 rapidly,	 with	 increasing	 oxygen	 requirement	 and
incipient	septic	shock.	It	would	be	best	to	intubate	and	control	oxygenation	and
ventilation	as	soon	as	possible	(choice	C	is	correct).	Increasing	FiO2	and	PEEP
on	his	poorly	tolerated	NIV	and/or	switching	to	HFNT	are	unlikely	to	reverse	his
clinical	course	and	would	simply	delay	needed	intubation,	exposing	the	patient
to	the	risk	of	respiratory	arrest	(choices	B	and	D	are	incorrect).	ECMO	may	be	a
consideration	if	the	patient	further	deteriorates,	but	not	until	the	patient	has	been
reassessed	 after	 intubation	 and	 aggressive	 management	 of	 his	 septic	 shock
(choice	A	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	 Good	 evidence	 supports	 extubating	 patients	 such	 as	 this	 to

noninvasive	 ventilation	 (NIV)	 (choice	A	 is	 correct).	 NIV	 reduces	 the	work	 of
breathing	by	counterbalancing	auto-PEEP	with	extrinsic	expiratory	pressure,	and
by	assisting	 inhalation	with	pressure	 support,	which	stabilizes	 the	patient	post-
extubation,	 reducing	 respiratory	 rate	 and	 accessory	 muscle	 use.	 Of	 course,	 it
would	 be	 prudent	 to	 first	 let	 the	 patient	 recover	 from	 the	 failed	 SBT	 before
actually	 extubating.	 Tracheostomy	 would	 be	 appropriate	 if	 the	 patient	 fails
several	 attempts	 at	 extubation	 but	 not	 after	 just	 one	 failed	 SBT	 (choice	 C	 is
incorrect).	Evidence	is	lacking	that	a	“T-piece”	trial	is	superior	to	use	of	pressure
support	plus	PEEP	or	CPAP	alone	(choice	D	is	incorrect),	and	some	would	argue



that	pressure	support	 is	preferred	in	order	to	overcome	resistance	related	to	the
endotracheal	 tube.	 Corticosteroids	 might	 be	 helpful	 for	 facilitating	 liberation
from	mechanical	ventilation	 for	 some	patients	with	COPD,	but	 that	 effect	will
take	 time	and	 is	not	 likely	 to	be	as	effective	for	reducing	work	of	breathing	as
NIV	(choice	B	is	not	the	best	answer).

3.	The	correct	answer	is	B.
Rationale:	This	patient	has	acute	cardiogenic	pulmonary	edema.	 In	addition

to	well	 established	 therapies	 including	 oxygen,	 diuretics,	 and	 nitrates,	 positive
airway	 pressure	 (PAP)	 therapy	 can	 rapidly	 improve	 symptoms	 by	 increasing
functional	 residual	 capacity	 (FRC)	 and	 opening	 flooded	 alveoli	 while	 also
exerting	 an	 afterload-reducing	 effect	 by	 virtue	 of	 the	 increased	 intrathoracic
pressure	 (choice	 B	 is	 correct).	 Intubation	 is	 premature	 and	 may	 cause
deterioration	(choice	C	is	incorrect).	Oxygen	therapy	alone	will	not	improve	her
work	of	breathing	(choices	A	and	D	are	incorrect).
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Chapter	168
Discontinuation	of	Mechanical
Ventilation
Nicholas	A.	Smyrnios,	Richard	S.	Irwin

KEY	POINTS:
1.	 Patients	on	prolonged	mechanical	ventilation	usually	exhibit	either

inadequate	respiratory	drive,	inadequate	gas	exchange,	respiratory
muscle	fatigue	and	weakness,	or	psychological	dependency.

2.	 Inappropriately	set	mechanical	ventilation	may	perpetuate	ventilator
dependency.

3.	 Patients	should	be	weaned	from	the	ventilator	using	either
spontaneous	breathing	trials	or	pressure	support	ventilation.
Sometimes,	the	two	approaches	can	be	combined.

4.	 Patients	at	high	risk	of	reintubation	should	be	supported	with	either
high-flow	nasal	oxygen	or	noninvasive	ventilation	depending	on
individual	characteristics.

5.	 The	role	of	ultrasonography	during	ventilator	weaning	is	developing
and	shows	promise	in	being	able	to	assess	respiratory	muscle
function.

INTRODUCTION
A	 great	 deal	 of	 effort	 has	 been	 devoted	 to	 developing	 scientifically	 based
strategies	to	achieve	successful	discontinuation	of	mechanical	ventilation	(MV),
which	 is	 often	 referred	 to	 as	 “weaning.”	 This	 chapter	 focuses	 on	 practical
elements	 important	 for	 discontinuation.	 These	 include	 (1)	 understanding	 the
problem,	 (2)	 predicting	 successful	 discontinuation,	 and	 (3)	 managing
discontinuation	failure.



UNDERSTANDING	THE	PROBLEM

Who	are	the	Patients	and	What	are	Their	Outcomes?
Patients	 with	 respiratory	 failure	 are	 the	 individuals	 who	 require	MV	 support.
Although	 there	 is	 an	 overlap,	 respiratory	 failure	 can	 be	 generally	 categorized
into	lung	failure	and	pump	failure.	Lung	failure	is	pure	gas-exchange	failure	and
is	 manifested	 by	 hypoxemia.	 It	 is	 commonly	 caused	 by	 the	 acute	 respiratory
distress	 syndrome	 or	 cardiogenic	 pulmonary	 edema.	 Pump	 failure	 is
synonymous	 with	 ventilatory	 failure	 and	 is	 manifested	 by	 hypercapnia	 and
hypoxemia.	 It	 is	 commonly	 caused	 by	 central	 nervous	 system	 depression	 (eg,
overdose	and	anesthesia)	or	respiratory	muscle	fatigue	or	weakness.

Early	 in	a	course	of	MV,	patients	 require	ventilation	because	of	 the	original
disease	 process	 that	 created	 their	 respiratory	 failure.	 For	 those	 who	 recover
quickly	 from	 their	 original	 insult,	MV	can	be	 discontinued	 in	 77%	of	 patients
within	 72	 hours	 of	 its	 initiation.1-4	 This	 group	 is	 composed	 predominantly	 of
postoperative	 patients,	 patients	 with	 overdoses,	 and	 patients	 whose	 conditions
cause	pure	lung	failure	that	reverses	rapidly.	Later	in	the	course	of	MV,	the	need
for	 ventilation	 because	 of	 the	 original	 cause	 subsides	 and	 the	 importance	 of
acquired	barriers	to	weaning	increases.	Those	patients	are	more	difficult	to	wean
from	the	ventilator	and	require	additional	attention.	Data	conflict	 regarding	the
impact	of	duration	of	MV	on	 long-term	survival.	For	example,	1-year	 survival
for	patients	on	MV	for	more	than	21	days	can	be	as	high	as	93%.5	On	the	other
hand,	 a	 study	 by	Unroe	 et	 al	 reported	 a	 56%	 1-year	 survival,	 but	 only	 9%	 of
those	survivors	were	home	without	paid	home	care	at	1	year.6	Therefore,	there	is
a	great	deal	of	improvement	that	can	potentially	be	realized	for	the	treatment	of
this	group	of	patients.

What	is	Wrong	with	Patients	on	Prolonged	Ventilator
Support?
1 	Acquired	barriers	to	weaning	generally	affect	the	balance	between	the	supply
and	demand	for	ventilation.	These	usually	act	in	one	of	four	ways.7

1.	 Inadequate	respiratory	drive	may	be	caused	by	nutritional	deficiencies,
sedatives,	central	nervous	system	abnormality,	or	sleep	deprivation.

2.	 Inability	of	the	lungs	to	carry	out	gas	exchange	effectively	may	be	caused
by	the	original	cause	of	respiratory	failure,	hospital	acquired	pneumonia,



airway	diseases	such	as	asthma	and	chronic	obstructive	pulmonary	disease
(COPD),	and	pulmonary	edema.

3.	 There	may	be	profound	inspiratory	respiratory	muscle	weakness	and
possibly	fatigue.	Examples	of	causes	include	pulmonary	and	nonpulmonary
infections,	sedatives,	neuromuscular	blocking	agents,	and	cardiovascular
impairment.

4.	 Psychologic	dependency	may	be	an	additional	factor.8

Pump	 failure	 caused	 by	 inspiratory	 respiratory	muscle	 fatigue/weakness9	 is
primarily	 responsible	 for	 failure	 of	 discontinuation	 of	 MV	 in	 the	 majority	 of
patients.3,10,11	Muscle	 fatigue	occurs	when	a	muscle	 loses	 its	 ability	 to	generate
force	because	of	being	worked	against	a	load.	Muscle	weakness	is	when	a	rested
muscle	 is	 unable	 to	 generate	 force.12,13	 Although	 fatigue	 and	weakness	 can	 be
experimentally	distinguished,	 this	 is	not	usually	possible	 in	 the	clinical	setting.
Therefore,	the	terms	are	often	used	interchangeably.

What	Factors	Lead	to	Respiratory	Muscle	Fatigue	and
Weakness?
The	cause	of	 inspiratory	 respiratory	muscle	 fatigue	 is	often	multifactorial.	The
major	 acquired	barriers	 to	weaning	 from	MV	are	 listed	 in	Table	168.1.	A	 few
items	deserve	additional	explanation.

TABLE	168.1

Major	Acquired	Barriers	to	Weaning

1.	 Inadequate	mechanical	ventilation
2.	 Cardiac	disease

a.	 Coronary	ischemia
b.	 Left	ventricular	dysfunction

3.	 Volume	overload
4.	 Infection
5.	 Nutritional	deficiency
6.	 Neurologic	dysfunction

a.	 Neuromuscular	abnormalities	(including	critical	illness



neuromyopathy)
b.	 Altered	mental	status	(including	sedative	effects)

Mechanical	Ventilation
2 	 Although	 it	 is	 assumed	 that	 one	 of	 the	 benefits	 of	 MV	 is	 that	 it	 rests	 the
respiratory	muscles,	 this	 may	 not	 actually	 occur.14	 Positive	 pressure	MV	may
increase	minute	ventilation	without	decreasing	respiratory	muscle	work.	In	part,
this	 is	 because	 ventilators	 may	 not	 synchronize	 their	 output	 with	 that	 of	 the
patient’s	 respiratory	 system.	 For	 extreme	 cases,	 the	 lack	 of	 synchronization
causes	patient	effort	to	exceed	that	observed	during	unassisted	breathing.

Both	 synchronized	 intermittent	 ventilation	 (SIMV)	 and	 assist	 ventilation
modes	 may	 cause	 problems	 in	 this	 regard.	 SIMV	 systems	 expose	 patients	 to
increases	 in	 airway	 resistance	 during	 spontaneous	 efforts	 that	 occur	 between
machine	breaths.	In	assist	control	mode,	the	patient’s	inspiratory	muscles	might
work	throughout	the	entire	inspiratory	cycle	if	tidal	volume	and	inspiratory	flow
rate	 do	 not	 meet	 the	 patient’s	 inspiratory	 demands.	 If	 auto-positive	 end-
expiratory	pressure	(auto-PEEP)	is	present,	the	patient	may	not	be	able	to	trigger
the	ventilator	or	may	be	able	to	capture	it	only	intermittently	while	performing	a
prohibitively	 large	 amount	 of	 work,	 because	 the	 patient	 must	 drop	 airway
pressure	below	the	amount	of	auto-PEEP	before	triggering	the	ventilator.	If	these
events	happen,	the	patient’s	diaphragm	may	develop	an	inflammatory	injury	that
may	 not	 appear	 clinically	 for	 days	 afterward.15,16	 Paradoxically,	 although	 it	 is
important	to	minimize	the	work	of	strenuous	muscle	activity	while	patients	are
receiving	MV,	it	is	also	important	to	avoid	prolonged	muscle	unloading	because
neuromuscular	 inactivity	 (“rest”)	 can	 lead	 to	 ventilator-induced	 diaphragmatic
dysfunction.17

Cardiovascular	Disease
Failure	of	 the	cardiovascular	system	may	prolong	MV	for	a	variety	of	reasons.
Pulmonary	 edema	 may	 impair	 gas	 exchange,	 and	 this	 may	 contribute	 to	 an
increased	 work	 of	 breathing	 during	 spontaneous	 breaths.	 Poor	 cardiac
performance	may	contribute	to	an	inadequate	supply	of	oxygen	to	the	respiratory
muscles,	 whereas	 an	 increased	 work	 of	 breathing	 conversely	 may	 provoke
myocardial	 ischemia.18	 Although	 MV	 may	 adversely	 affect	 cardiac	 output	 by
increasing	 intrathoracic	pressure,	 thereby	decreasing	venous	 return	and	cardiac
output,	 it	 is	 also	 possible	 that	 some	 cardiovascular	 patients	 cannot	 have	 MV



discontinued	 because	 the	 ventilator	 exerts	 a	 beneficial	 influence	 on	 cardiac
function	(ie,	unloading	the	left	ventricle	in	left	ventricular	failure).17	Prematurely
withdrawing	 MV	 from	 these	 patients	 may	 lead	 to	 deterioration	 of	 cardiac
function.

Nutritional	Factors
Nutritional	 deficiencies	may	prolong	 the	 discontinuation	 process	 by	 leading	 to
myocardial	and	respiratory	muscle	dysfunction.19	Older	studies	suggested	that	an
appropriate	 amount	 of	 nutritional	 support	 may	 improve	 the	 success	 rate	 of
discontinuation	of	MV,20	 but	 these	were	 not	 definitive.	Randomized	 controlled
trials	comparing	high-fat	vs	conventional	feeds	and	growth	hormone	vs	placebo
showed	no	change	in	discontinuation	success.21

PREDICTING	SUCCESSFUL	DISCONTINUATION

When	is	it	Appropriate	to	Begin	the	Discontinuation
Process?
There	 are	 no	 objective,	 rigorously	 generated	 data	 to	 determine	 the	 appropriate
time	 to	 initiate	 weaning.	 Therefore,	 the	 authors	 recommend	 that	 clinicians
consider	 a	 carefully	 monitored	 spontaneous	 breathing	 trial	 (SBT)	 when	 the
following	 criteria,	 set	 forth	 in	 a	 national	 clinical	 practice	 guideline,	 have	been
met:	(1)	 the	underlying	reason(s)	for	MV	has	been	stabilized	and	the	patient	 is
improving,	(2)	the	patient	is	hemodynamically	stable	on	minimal-to-no	pressors,
(3)	 oxygenation	 is	 adequate	 (eg,	 ratio	 of	 partial	 pressure	 of	 arterial	 oxygen	 to
fraction	of	inspired	oxygen	[PaO2/FiO2]	greater	than	200,	positive	end	expiratory
pressure	 (PEEP)	no	more	 than	7.5	cm	H2O,	 fraction	of	 inspired	oxygen	 [FiO2]
less	 than	 0.5),	 and	 (4)	 the	 patient	 is	 able	 to	 initiate	 spontaneous	 inspiratory
efforts.	 Because	 potentially	 harmful	 effects	 of	 suddenly	 having	 to	 take	 on	 the
work	 of	 breathing	 occur	 early	 (albeit	 infrequently)	 during	 SBTs,22	 patients
should	be	closely	monitored	during	the	first	5	minutes.	SBTs	may	be	performed
with	a	T-piece,	with	low-level	pressure	support	ventilation	(PSV),	or	with	just	a
predetermined	 amount	 of	 continuous	 positive	 airway	 pressure	 (CPAP)	 using
ventilators	equipped	with	continuous	flow	internal	circuits.	Recent	data	suggest
that	there	is	no	difference	in	the	rate	of	successful	extubation,	hospital	mortality,
hospital	 length	of	stay	 (LOS),	or	 intensive	care	unit	 (ICU)	LOS	between	 these



various	approaches.23	There	are	also	no	data	to	show	that	attempts	at	starting	the
discontinuation	 of	 MV	 in	 this	 context	 lead	 to	 adverse	 consequences.	 On	 the
contrary,	 screening	 patients	 daily	 to	 identify	 those	 who	 can	 breathe
spontaneously	can	reduce	the	duration	of	MV	and	the	cost	of	intensive	care.24	If
the	patient	deteriorates	or	becomes	distressed	during	this	period	of	observation,
MV	should	be	restarted	and	a	sufficient	time	given	to	allow	the	muscles	to	rest.
That	is	generally	done	by	performing	the	next	trial	the	next	day.

Predictive	Indices	for	Total	Discontinuation	of	Mechanical
Ventilation	(Weaning	Indices)
A	few	predictive	indices	have	been	shown	to	be	of	modest	value,	for	predicting
discontinuation	 of	 the	 ventilator	 and	 successful	 extubation.	 Those	 include
respiratory	 rate	 (RR)	 of	 less	 than	 38	 breaths	 per	 minute	 (sensitivity,	 88%;
specificity,	47%),	a	Rapid	Shallow	Breathing	Index	(RSBI),	originally	reported
as	 less	 than	 105	 breaths/min/liter	 but	 commonly	 used	 as	 less	 than	 100
breaths/min/L	 (sensitivity,	 65%-96%;	 specificity,	 0%-73%),	 and	 an	 inspiratory
pressure/maximal	 inspiratory	 pressure	 ratio	 less	 than	 0.3.25	 In	 addition,	 the
combination	of	a	RR	of	more	than	38	breaths	per	minute	and	an	RSBI	more	than
100	breaths/min/L	appears	to	reduce	the	probability	of	successful	extubation.

The	ratio	of	airway	pressure	0.1	second	after	the	occlusion	of	the	inspiratory
port	 of	 unidirectional	 balloon	 occlusion	 valve	 (P	 0.1)	 to	 maximal	 inspiratory
pressure	(PI	max)	of	0.09	to	0.14	was	highly	predictive	of	successful	extubation	in
two	studies	with	a	pooled	likelihood	ratio	(LR)	of	16.3	(>10	or	<0.1	significant).

When	 LRs	 were	 calculated	 for	 RSBI,	 pooled	 results	 for	 a	 test	 predicting
successful	 discontinuation	 showed	 an	 LR	 of	 2.8;	 results	 for	 a	 test	 predicting
failure	of	discontinuation	showed	an	LR	of	0.22.	These	results	suggest	mediocre
accuracy	for	RSBI.26

Clinical	 observation	 of	 the	 respiratory	 muscles	 during	 spontaneous	 breaths
has	only	a	modest	ability	to	predict	success	or	failure	of	weaning27	because	any
time	there	is	a	substantial	increase	of	load	on	the	respiratory	muscles,	a	change
in	the	rate,	depth,	and	pattern	of	breathing	may	be	observed.	However,	because
these	 signs	may	 also	 be	manifestations	 of	 fatigue,	 it	 is	 useful	 to	 note	 them.	 If
these	signs	never	appear,	successful	discontinuation	is	likely.	If	they	do	appear,
patients	 must	 be	 observed	 closely	 for	 further	 deterioration	 because
discontinuation	inevitably	fails	if	these	signs	are	due	to	fatigue.



When	is	it	Appropriate	to	Extubate	the	Patient?
Patients	will	succeed	following	extubation	if	they	are	able	to	pump	air	in	and	out
adequately	 and	 if	 they	 are	 able	 to	 maintain	 the	 patency	 of	 their	 airway.
Therefore,	 a	 patient	 must	 (1)	 successfully	 pass	 an	 SBT	 or	 another	 weaning
mode,	 (2)	 meet	 expectations	 that	 they	 will	 not	 suffer	 from	 upper	 airway
obstruction,	and	(3)	have	a	reasonable	expectation	of	secretion	clearance.

Weaning	Modes
3 	 Mechanical	 ventilation	 can	 be	 discontinued	 abruptly	 via	 an	 SBT,	 or	 more
gradually.	 The	 gradual	methods	 used	 are	 either	 “SIMV”	 or	 “PSV.”	Results	 of
randomized	controlled	trials	comparing	methods	for	weaning	subjects	from	MV
show	that	both	SBT	and	PSV	trials	are	superior	to	SIMV	trials.28,29	Therefore,	we
strongly	discourage	the	use	of	SIMV	for	weaning.	There	are	no	convincing	data
to	support	the	superiority	of	SBT	or	PSV	compared	to	each	other,	and	no	data	to
support	 the	 practice	 of	 changing	 modes	 in	 patients	 who	 are	 not	 weaning
successfully.	 A	 discussion	 of	 postextubation	 respiratory	 support	 modes	 is
included	later	in	this	chapter.

Spontaneous	Breathing	Trials	-
SBTs	consist	of	 the	 sudden,	complete	withdrawal	of	machine	support.	Patients
are	closely	observed	as	they	breathe	humidified	gas	mixtures	delivered	by	either
a	T-shaped	tube	connected	to	the	endotracheal	or	tracheostomy	tube,	a	standard
ventilator	and	circuit	set	 in	 the	CPAP	mode,	or	a	 low	level	of	pressure	support
(PS)	delivered	through	the	ventilator.

National	 guidelines	 recommend	 the	 use	 of	 low	 levels	 of	 PS	 and	 PEEP
intended	to	overcome	the	resistance	of	the	endotracheal	tube,	although	a	recent
study	indicates	no	difference	in	outcome	using	this	approach.23

Spontaneous	Breathing	Protocol	-
General	guidelines	are	as	follows:

1.	 When	it	has	been	decided	that	the	patient	is	improving	and	stable,	inform
the	patient	that	an	attempt	to	remove	MV	will	be	made,	why	you	believe
they	are	ready,	and	what	to	expect.	It	is	important	to	allow	the	patient	to
express	fears	whenever	possible	and	to	try	to	alleviate	them.30

2.	 Obtain	baseline	values	and	begin	monitoring	clinical	parameters,	such	as
pulse	rate,	RR,	blood	pressure,	and	subjective	distress	(eg,	have	patients



rate	their	dyspnea	from	0	to	10),	gas	exchange	(eg,	by	pulse	oximetry),	and
cardiac	rhythm	(eg,	by	electrocardiographic	monitoring).	Record	these
values	on	a	flow	sheet	that	should	be	maintained	and	available.	Arterial
blood	gases	are	generally	not	monitored	during	discontinuation	trials
because	the	results	only	infrequently	provide	additional	useful	information
to	the	clinical	parameters	mentioned	earlier.

3.	 Ensure	a	calm	atmosphere	by	having	the	nurse,	respiratory	therapist,	or
physician	remain	at	the	bedside	to	offer	encouragement	and	support.

4.	 Avoid	sedation	to	ensure	maximal	patient	effort.	In	most	cases,	an
interruption	of	continuous	sedation	is	performed	to	coincide	with	the	SBT.

5.	 Whenever	possible,	let	the	patient	sit	upright	in	a	bed	or	in	a	chair.
6.	 If	the	trial	will	be	done	via	a	T-tube,	fit	the	patient’s	endotracheal	tube	with

the	T-tube	connected	to	a	heated	nebulizer	with	an	inspired	oxygen
concentration	10%	greater	than	that	used	during	the	recent	course	of	MV.
Ensure	that	the	T-tube	flow	exceeds	the	patient’s	peak	inspiratory	flow	and
that	the	inhaled	gas	is	constantly	humidified.	If	CPAP	or	PSV/PEEP	are
being	used,	the	T-tube	setup	becomes	unnecessary	and	the	ventilator	system
tubing	is	used.

7.	 Continue	the	trial	to	completion	unless	the	following	conditions	develop:

New-onset	diaphoresis
New-onset	arrhythmias
Systolic	BP	>	180	mm	Hg,	or	a	change	(increase	or	decrease)	of	≥20%	of
the	original	systolic	value	or	a	new	requirement	for	vasopressors
Heart	rate	>	120	beats/minute,	or	a	change	(increase	or	decrease)	of	>30
beats	per	minute
Oxygen	saturation	(SaO2)	<	90%,	FiO2	>	0.6
If	a	blood	gas	is	obtained,	pH	<	7.30;	partial	pressure	of	oxygen	(PaO2)
<60	mm	Hg;	SaO2	<90%;	rise	in	PaCO2	(partial	pressure	of	carbon
dioxide)	of	more	than	10	mm	Hg
Unstable	pattern	of	ventilation
RR	<	8	breaths	per	minute,	>35	breaths	per	minute	for	>5	minutes,
change	of	>50%	of	original	RR,	or	an	RSBI	(f/V	T)	>	100
New	onset	altered	mental	status
Signs	of	respiratory	muscle	failure	including	new	onset	use	of	accessory
muscles	of	breathing	or	thoracoabdominal	paradoxical	motion
Subjective	discomfort	of	the	patient	with	dyspnea	or	new	pain	rated	as
greater	than	5/10
Failure	as	determined	by	the	subjective	assessment	of	the	nurse,



physician,	or	the	respiratory	therapist

If	the	trial	is	terminated,	place	the	patient	back	on	the	previous	MV	settings.
With	 few	 exceptions,	 such	 as	 patients	 recovering	 from	 general	 anesthesia	 or
sedation	with	or	without	muscle	paralysis,	the	authors	usually	do	not	have	their
patients	 undergo	 more	 than	 one	 (failed)	 discontinuation	 trial	 in	 any	 24-hour
period.	This	practice	 is	 supported	by	 the	work	of	Esteban	et	 al,29	who	 showed
that	multiple	 SBTs	 offered	 no	 advantage	 over	 once-daily	 trials.	Moreover,	 the
inspiratory	 effort	 associated	 with	 a	 failed	 weaning	 trial	 may	 be	 sufficient	 to
induce	muscle	fatigue	that	may	not	improve	unless	the	effort	is	followed	by	an
extended	period	of	rest.29

If	a	patient	has	no	underlying	lung	disease,	has	been	on	MV	for	only	a	short
time	(eg,	less	than	1	week),	appears	to	be	tolerating	spontaneous	breathing	(SB)
without	 dyspnea	 for	 30	 to	 120	 minutes,	 and	 maintains	 an	 adequate	 level	 of
oxygenation,	extubation	may	be	performed	after	considering	whether	the	patient
is	at	 risk	of	postextubation	upper	airway	obstruction	or	not	being	able	 to	clear
secretions.

Pressure-Support	Ventilation	Trials	-
PSV	discontinuation	decreases	MV	gradually,	making	the	patient	responsible	for
a	 progressively	 increasing	 amount	 of	 ventilation.	 Although	 it	 is	 commonly
assumed	 that	 PSV	 can	 be	 decreased	 to	 a	 low	 level	 (eg,	 5-7	 cm	 H2O)	 that
compensates	for	endotracheal	tube	and	circuit	resistance,	there	is	no	simple	way
of	predicting	the	level	of	PSV	that	compensates	for	this	resistance.

PSV	has	become	a	popular	mode	of	discontinuing	MV	for	adults.	In	the	PSV
mode,	 a	 target	 pressure	 is	 applied	 to	 the	 endotracheal	 tube	 that	 augments	 the
inflation	pressure	exerted	by	the	inspiratory	muscles	on	the	respiratory	system.31
As	 the	 lungs	 inflate,	 inspiratory	 flow	 begins	 to	 decline	 because	 the	 pressure
gradient	 driving	 the	 flow	 decreases	 due	 to	 rising	 elastic	 recoil	 forces.	 When
inspiratory	 flow	 reaches	 a	 threshold	 value	 (that	 differs	 among	 vendors),	 the
machine	switches	to	expiration.32	The	popularity	of	PSV	is	based	on	the	premise
that	 discontinuation	 from	 MV	 should	 be	 a	 gradual	 process	 (meeting	 the
definition	of	“weaning”).	 In	addition,	proponents	of	PSV	over	SBTs	argue	 that
the	work	of	unassisted	breathing	 through	an	endotracheal	 tube	 is	unreasonably
high	and	could	lead	to	inspiratory	muscle	failure	among	susceptible	patients.33	It
has	become	popular	to	assume	that	PSV	is	an	effective	means	to	overcome	the
resistance	of	endotracheal	tubes.	However,	this	is	theoretically	incorrect	because
airway	pressure	during	PSV	does	not	vary	with	flow.	Furthermore,	a	reduction	of



pulmonary	 resistance	 is	 not	 demonstrated	 after	 extubation,34	 and	 the	 work	 of
breathing	may	actually	increase.35	This	suggests	 that,	at	 least	 immediately	after
extubation,	 most	 patients	 manifest	 upper	 airway	 resistance	 that	 is,	 in	 effect,
equal	to	or	greater	than	that	of	an	8-mm	internal	diameter	endotracheal	tube.

Enthusiasm	for	using	PSV	for	all	patients	should	be	tempered	by	knowledge
of	 its	 potential	 adverse	 patient-ventilator	 interactions.	 For	 example,	 elderly
patients	 and	 even	 healthy	 individuals36	 are	 susceptible	 to	PSV	 setting–induced
central	apneas.	The	mechanism	appears	to	be	intermittent	hypocapnia,	resulting
from	the	uncoupling	of	tidal	volume	from	inspiratory	effort.	Problems	may	arise
when	 the	 physician	 feels	 compelled	 to	 rest	 susceptible	 subjects	 with	 PSV	 at
night.	Unless	sufficiently	high	IMV	backup	rates	are	used	 in	combination	with
PSV,	 the	 mechanical	 inhibition	 of	 inspiratory	 drive	 may	 result	 in	 apneas	 that
trigger	 ventilator	 alarms	 and	 cause	 arousals	 and	 sleep	 fragmentation	 that	 can
prolong	the	discontinuation	process.

Pressure	Support	Protocol	-
General	guidelines	are	as	follows:

1.	 Repeat	steps	1	through	5	of	the	SB	protocol.
2.	 Switch	the	MV	mode	from	volume-cycled	breathing	with	assist	or	SIMV

modes	to	PS,	or,	if	the	patient	is	already	on	PS	as	a	ventilatory	mode,
decrease	the	amount	of	PS.

3.	 For	patients	who	have	received	prolonged	ventilator	support	(eg,	greater
than	21	days),	patients	with	neurologic	diseases,	or	patients	who	have
recently	failed	extubation,	begin	PS	at	a	pressure	of	25	cm	H2O	if	switching
from	another	ventilatory	mode,	or	less	than	the	amount	previously	used
during	PS	ventilation,	and	increase	the	fraction	of	inspired	oxygen	by	10%.
Decrease	airway	inflation	pressure	slowly.	If	the	patient	fails	to	assume	the
increased	work	of	breathing	at	a	lower	pressure,	increase	the	pressure	to	the
previously	tolerated	level	and	then	higher,	if	necessary,	until	the	patient	is
stable	again.	Then	wait	for	24	hours	and	begin	the	process	again.

4.	 For	patients	who	have	no	underlying	lung	disease	and	who	have	been	on
MV	for	only	a	short	time	(eg,	less	than	1	week),	PS	can	be	set	at	7	cm	H2O.
If	this	pressure	is	well	tolerated	for	2	hours,	the	patient	should	be	assessed
for	extubation.37

Unconventional	Modes	of	Discontinuing	Mechanical
Ventilation



A	variety	 of	 unconventional	 techniques	 have	 been	 tried	 for	 discontinuing	MV.
These	 include	 inspiratory	 strength	 training,38	 adaptive	 support	 ventilation,39
biofeedback,40,41	 automatic	 tube	 compensation,42,43	 and	 proportional	 assist
ventilation	(PAV).	None	of	 these	 techniques	 is	supported	by	adequate	evidence
to	justify	recommendation	as	routine	care.

Uncontrolled	 reports	 suggest	 that	 inspiratory	muscle	 strength	 training38	may
be	 useful	 for	 preparing	 patients	 for	 discontinuation	 who	 are	 on	 prolonged
ventilatory	 support.	This	method	 is	 thought	 to	 serve	 as	 a	means	of	 respiratory
muscle	 endurance	 training;	 it	 is	 implemented	 by	 having	 patients	 perform	 low-
repetition,	high-resistance	SB	exercises.

During	adaptive	support	ventilation,39	an	automatic	microprocessor-controlled
mode	 of	MV	ensures	 the	 delivery	 of	 preset	minute	 ventilation.	 It	 does	 this	 by
continuously	 adapting	 to	 the	 patient’s	 respiratory	 activity.	 Adaptive-support
ventilation	 was	 developed	 in	 an	 attempt	 to	 automatically	 discontinue	 patients
from	MV	by	feedback	from	one	or	more	ventilator-measured	parameters.

Biofeedback,	 the	 detection	 and	 transmission	 back	 to	 the	 patient	 of	 some
biologic	 functions	 that	 he	 or	 she	 cannot	 detect,	 may	 be	 helpful	 for	 selected
patients.40,41	 For	 instance,	 by	 displaying	 respiratory	 volumes	 on	 bedside
oscilloscopes	 and	 having	 patients	 make	 voluntary	 efforts	 to	 push	 volume
tracings	beyond	limits	taped	on	the	screen,	Corson	et	al,40	allowed	two	patients
with	 spinal	 cord	 lesions—one	 with	 a	 sensory	 level	 at	 C6	 who	 lacked
proprioceptive	 afferents	 from	 the	 chest	 wall—to	 gain	 control	 over	 their
breathing.	 These	 authors	 assumed	 that	 the	 repeated	 practice	 of	 reaching	 the
criteria	 of	 feedback	 increased	 the	 strength	 of	 the	 diaphragm	 and	 inspiratory
muscles	 and	may	 have	 had	 the	 net	 effect	 of	 enabling	 the	medullary	 center	 to
reinstate	automatic	breathing.

Automatic	 tube	 compensation	 (ie,	 a	 means	 of	 resistive	 unloading	 during
ventilator-assisted	 SB	 by	 compensating	 for	 the	 pressure	 drop	 across	 the
endotracheal	 tube)	 has	 been	 studied.	 Compared	 with	 SBT	 in	 a	 randomized
controlled	trial,	there	was	no	clear	difference	in	clinically	significant	outcomes.42

PAV	 is	a	mode	of	partial	ventilatory	 support	 in	which	 the	ventilator	applies
pressure	 in	 proportion	 to	 the	 inspiratory	 effort.43	 This	 has	 potential	 value	 in
liberating	 patients	 from	 MV.	 The	 theoretical	 advantage	 is	 that	 the	 support
applied	 seems	 to	 coordinate	 well	 with	 the	 patient’s	 own	 respiratory	 effort,
thereby	 simulating	 SB	 but	 with	 less	 respiratory	 work.	 No	 studies	 have
demonstrated	a	clinical	advantage	of	this	method	over	conventional	methods.

How	Long	Should	Discontinuation	Trials	Last?



The	question	regarding	length	of	discontinuation	trials	has	not	been	definitively
answered.	 Therefore,	 the	 duration	 depends	 on	 the	 patient	 population,	 the
weaning	mode,	 and	 local	 practice.	With	 respect	 to	 SBTs,	 a	 number	 of	 authors
have	set	a	maximum	limit	of	2	hours22,44-46	and	have	extubated	patients	who	were
deemed	 stable	 by	 clinical,	 respiratory,	 and	 hemodynamic	 parameters.	 With
respect	to	PSV	trials,	some	have	recommended	that	stable	patients	need	only	be
on	PSV	at	a	setting	of	5	to	7	cm	H2O	for	2	hours	before	extubation.	With	these
guidelines,	 reintubation	 rates	 range	 from	13%	to	23%.47	With	 respect	 to	SBTs,
other	authors	have	found	no	difference	in	success	of	discontinuing	MV	when	30-
minute	and	2-hour	trial	intervals	have	been	compared.45,46	Nevertheless,	because
reintubation	has	been	shown	to	be	associated	with	a	significantly	greater	risk	of
(1)	 in-hospital	mortality,	 (2)	 ICU	 and	 hospital	 LOS,	 and	 (3)	 transfer	 rate	 to	 a
long-term	care	or	rehabilitation	facility,44	and	because	it	 is	prudent	to	minimize
the	need	for	reintubation,	we	recommend	the	following:

The	authors	prefer	SBTs	over	other	modes	because	they	are	the	most	direct
way	to	assess	the	patient’s	performance	without	ventilatory	support.
Consider	extubating	patients	who	have	well-tolerated	SBTs	of	30	to	120
minutes,	with	the	following	exceptions48,49:	(1)	patients	with	a	tracheostomy
who	meet	the	definition	of	being	on	prolonged	MV	(ie,	at	least	21	days	for	at
least	6	hours	per	day),	(2)	neurologic	patients	who	are	predicted	to	have
difficulty	clearing	their	respiratory	secretions,	and	(3)	patients	who	have	had
to	be	reintubated	after	the	recent	discontinuation	of	MV.	It	is	our	practice	to
observe	these	patients	breathing	spontaneously	for	2	to	24	hours	before
considering	extubation.	Factors	discussed	here	related	to	upper	airway
obstruction	and	secretion	clearance	play	a	major	role	in	determining	the	length
of	an	SBT.
Discontinuation	should	be	performed	using	a	clinical	practice	guideline	that
clearly	defines	responsibilities	and	empowers	nurses	and	respiratory	therapists
to	act	within	their	scope	of	practice.

POSTEXTUBATION	MANAGEMENT	AND
RESPIRATORY	SUPPORT
Historically,	 the	 greatest	 interest	 and	 attention	 have	 been	 devoted	 to	 issues
occurring	 prior	 to	 extubation.	 The	 classic	 view	 has	 been	 that	 optimal
management	of	factors	before	extubation	yielded	the	greatest	return	in	achieving
a	 successful	 discontinuation	 of	 ventilation.	 However,	 recently,	 increasing



emphasis	 has	 been	 given	 to	 management	 of	 patients	 after	 extubation	 and	 its
impact	on	the	ultimate	success	of	discontinuation	of	MV.

Management	of	Postextubation	Upper	Airway	Obstruction
Patients	at	the	highest	risk	of	postextubation	upper	airway	obstruction	are	those
who	have	been	on	prolonged	MV,	 are	women,	have	had	 repeated	or	 traumatic
intubations,	or	have	been	intubated	with	a	larger	endotracheal	tube	size.50,51	One
method	of	assessing	for	the	presence	of	upper	airway	obstruction	during	MV	is
the	cuff	leak	test.	It	is	performed	by	comparing	the	exhaled	volumes	before	and
after	 the	balloon	of	 the	endotracheal	 tube	has	been	deflated.	A	substantial	 leak
after	 cuff	 deflation	 suggests	 adequate	 airway	 size.	 Minimal	 to	 no	 leak	 after
deflation	may	suggest	upper	airway	obstruction.	A	recent	meta-analysis	revealed
pooled	 sensitivity	 and	 specificity	 of	 cuff	 leak	 test	 for	 postextubation	 airway
obstruction	were	0.62	(95%	CI	0.49-0.73;	I2	=	81.6%)	and	0.87	(95%	CI	0.82-
0.90;	I2	=	97.8%),	respectively.52

Although	 the	 concept	 of	 measuring	 cuff	 leak	 is	 intuitively	 appealing,	 the
benefits	are	not	clearly	identified,	and	the	process	and	even	the	actual	values	for
decision-making	are	not	broadly	agreed	upon.	Values	of	110,	130,	and	140	mL
have	all	been	published,	 and	other	 studies	used	an	approach	of	 auscultation	 to
detect	leak.	In	addition,	the	appropriate	course	of	action	to	take	for	an	abnormal
test	 is	 not	 clearly	 defined,	 although	 some	 authors	 suggest	 treatment	 with
steroids.53	 Because	 we	 are	 unable	 to	 scientifically	 determine	 which	 patients
should	have	a	cuff	leak	test,	what	would	constitute	an	abnormal	result,	and	what
we	 would	 do	 with	 an	 abnormal	 value	 if	 we	 had	 one,	 we	 do	 not	 advocate
routinely	 performing	 or	 basing	 decisions	 on	 the	 results	 of	 a	 cuff	 leak	 test.	 A
provider	 may	 consider	 using	 a	 cuff	 leak	 test	 for	 specific	 patients	 to	 gain	 a
general	 appreciation	of	 the	airway	 status	 in	 a	high-risk	patient.54-56	We	 also	 do
not	 routinely	 administer	 systemic	 steroids	 to	 prevent	 postextubation	 stridor
because	of	the	inconsistent	benefits	reported	by	studies	and	the	uncertain	timing
of	 extubation	 encountered	 in	 clinical	 practice,	 which	 could	 potentially	 lead	 to
extended	courses	of	steroids	with	their	associated	side	effects.57

Secretion	Clearance
Patients	 may	 also	 fail	 extubation	 because	 they	 are	 unable	 to	 clear	 their
secretions.	 A	 prospective	 observational	 study58	 showed	 that	 the	 strongest
predictors	 of	 extubation	 failure	 in	 patients	who	 passed	 an	 SBT	were	 (1)	 poor
cough	 defined	 as	 a	 cough	 peak	 flow	measurement	 of	 less	 than	 60	 L/min,	 (2)



secretion	volume	of	2.5	mL/h	or	greater,	and	(3)	poor	mentation	as	determined
by	the	inability	to	complete	any	of	the	four	following	tasks	on	command:	open
eyes,	follow	observer	with	eyes,	grasp	hand,	and	stick	out	tongue.	In	this	series,
reintubation	 took	 place	 in	 12%	 of	 patients	 when	 one	 of	 these	 predictors	 was
present	and	80%	when	all	were	present.

Once	 extubation	 has	 taken	 place,	 we	 proceed	 cautiously	 before	 instituting
feedings	by	mouth.	Because	 there	 is	no	clinically	reliable	way	of	assessing	 the
adequacy	 of	 swallowing	 at	 the	 bedside	 and	 picking	 up	 “silent	 aspiration,”	 a
formal	swallowing	evaluation	(eg,	speech	pathology	evaluation	with	or	without
endoscopic	 or	 video	 fluoroscopic	 evaluation	 of	 swallowing)	 should	 be
considered	 for	 patients	 at	 increased	 risk	 of	 aspiration	 before	 resuming	 oral
feedings.	 Although	 it	 is	 commonly	 appreciated	 that	 older	 age,	 debilitation,
sedation,	oral	or	nasal	enteral	feeding	tubes,	history	of	dysphagia,	acute	stroke,
cervical	spine	surgery,	muscle	weakness,	and/or	tracheostomy	are	risk	factors	for
aspiration,	 it	 is	 less	 commonly	 known	 that	 endotracheal	 intubation	 carries
similar	 risk.59,60	After	 extubation,	 swallowing	difficulties	 exist	 in	up	 to	50%	of
patients	 for	 1	week,	 even	when	 intubation	 has	 been	 of	 short	 duration,	 and	 the
patient	 is	awake	and	not	seriously	ill.	 In	awake,	postsurgical	patients	evaluated
for	 aspiration	 following	 extubation,	 50%	 of	 those	 who	 aspirated	 did	 so
immediately	 when	 fed,	 whereas	 25%	 and	 5%	 aspirated	 when	 tested	 4	 and	 8
hours	later,	respectively.

POSTEXTUBATION	RESPIRATORY	SUPPORT
Patients	 at	 high	 risk	 of	 postextubation	 respiratory	 failure	 should	 be	 placed	 on
high-flow	 nasal	 cannula	 (HFNC)	 oxygen,	 noninvasive	 positive	 pressure
ventilation	 (NIPPV)	 or	 both	 of	 these	 modalities	 immediately	 following
extubation	and	remain	on	that	support	for	much	of	the	following	24	hours	after
extubation.	 These	 planned	 methods	 of	 respiratory	 support	 should	 be
distinguished	from	the	use	of	NIPPV	as	a	rescue	mode	of	ventilation	to	prevent
reintubation	after	a	patient	has	developed	signs	of	respiratory	failure.	The	latter
technique	has	been	shown	to	be	ineffective	in	preventing	reintubation	and	may
have	an	adverse	effect	on	mortality.61

Noninvasive	Positive	Pressure	Ventilation	as	a	Mode	of
Discontinuing	Mechanical	Ventilation



4 	NIPPV	may	be	an	effective	strategy	for	 reducing	reintubations	and	mortality
among	 patients	 with	 chronic	 CO2	 retention	 when	 used	 routinely	 early	 after
extubation.	Multiple	studies	have	now	confirmed	its	benefits,	including	reducing
the	hospital	mortality	and	duration	of	ventilation	in	the	specific	group	of	patients
with	underlying	obstructive	lung	disease	and	hypercapnia.	It	is	not	clear	whether
the	 same	benefit	 is	 seen	 in	other	high	 risk	groups.62,63	Patients	can	receive	 this
form	of	ventilation	using	either	a	ventilator	specifically	designed	for	noninvasive
positive	 pressure	 or	 an	 ICU	 ventilator,	 using	 PS-mode	 plus	 PEEP.	 Ventilation
can	be	delivered	with	a	nose	or	face	mask	or	a	helmet.62

Noninvasive	Positive	Pressure	Ventilation	Protocol
General	guidelines	are	as	follows64:

1.	 Repeat	steps	1	through	5	of	the	SBT	protocol	earlier.
2.	 Extubate	the	patient,	apply	a	nose	or	face	mask	designed	for	NIPPV,	and

begin	assisted	breathing.	Continuously	adjust	the	ventilator	settings
according	to	patient	comfort,	the	presence	of	air	leaks,	and	monitoring.

3.	 In	between	periods	of	1	and	2	hours	of	SB	with	supplemental	oxygen,
intersperse	intermittent	periods	of	ventilation	for	2	to	4	hours	at	a	time.
Then,	gradually	increase	the	duration	of	the	SB	periods	as	tolerated	by	the
patient	(eg,	monitor	RR,	gas	exchange,	and	cardiorespiratory	parameters
and	dyspnea).

4.	 When	the	period	of	SB	spans	the	entire	day	and	the	patient	is	only	receiving
nocturnal	ventilation,	consideration	should	be	given	for	discontinuing
NIPPV.

High-Flow	Nasal	Cannula	Oxygen
An	 alternative,	 potentially	 more	 comfortable	 option	 for	 postextubation
respiratory	 support	 in	 some	 patients	 is	HFNC	oxygen	 therapy.	 Several	 studies
have	compared	the	use	of	HFNC	oxygen	therapy	to	usual	care	defined	as	the	use
of	conventional	oxygen	therapy.	The	use	of	HFNC	oxygen	appears	to	reduce	the
risk	of	postextubation	respiratory	failure	when	compared	to	conventional	oxygen
therapy,	although	mortality	and	duration	of	ICU	and	hospital	stay	did	not	appear
to	 change.65	 Such	 an	 analysis	 does	 not	 take	 good	 account	 of	 differences	 in
patient	population,	however,	and	therefore	cannot	exclude	additional	benefits	in
specific	 populations.	 High-flow	 oxygen	 has	 also	 been	 compared	 to	 NIPPV	 in



groups	 of	 patients	 deemed	 at	 high-risk	 of	 postextubation	 respiratory	 failure,
defined	as	having	at	 least	1	of	 the	 following	high-risk	 factors	 for	 reintubation:
older	 than	65	years;	Acute	Physiology	and	Chronic	Health	Evaluation	 II	 score
higher	 than	 12	 points	 on	 extubation	 day;	 body	 mass	 index	 higher	 than	 30;
inadequate	secretions	management;	difficult	or	prolonged	weaning;	more	than	1
comorbidity;	 heart	 failure	 as	 primary	 indication	 for	 MV;	 moderate-to-severe
COPD;	airway	patency	problems;	or	prolonged	MV.66	HFNC	oxygen	was	shown
to	be	equivalent	to	NIPPV	in	rates	of	postextubation	respiratory	failure,	all-cause
reintubation,	as	well	as	secondary	outcomes	of	 ICU	and	hospital	mortality	and
lengths	of	stay.

COMBINATION	OF	HIGH-FLOW	NASAL
CANNULA	OXYGEN	AND	NONINVASIVE
POSITIVE	PRESSURE	VENTILATION
The	 postextubation	 therapies	 discussed	 earlier	 have	 also	 been	 studied	 in	 a
combined	form,	alternating	the	use	of	HFNC	oxygen	with	NIPPV	and	compared
to	HFNC	oxygen	 alone.	Among	 the	 648	patients	 studied,	 the	 reintubation	 rate
was	reduced	from	18.2%	with	HFNC	oxygen	alone	to	11.8%	with	the	alternating
approach;	postextubation	respiratory	failure	was	reduced	from	29%	to	21%:	and
reintubation	 rate	 was	 decreased	 from	 20%	 to	 12%,	 all	 statistically	 significant
changes.	This	 suggests	 that	 among	 the	high-risk	groups	 studied	 (patients	older
than	65	years	of	age	with	preexisting	cardiac	or	respiratory	disease),	a	combined
approach	may	 provide	 additional	 benefits	 without	 any	 difference	 in	mortality.
NIPPV	 and	 HFNC	 oxygen	 therapy	 were	 continued	 beyond	 the	 predetermined
48-hour	intervention	period	in	a	substantial	number	of	patients.67

MANAGING	DISCONTINUATION	FAILURE
The	authors’	general	approach	to	managing	patients	who	have	failed	to	have	MV
discontinued	is	based	on	three	tenets:	(1)	protocol-based	weaning	yields	superior
outcomes	when	 compared	 to	 nonprotocolized	weaning;	 (2)	 SBT	 or	 PSV	 trials
should	 be	 performed	 once	 daily;	 and	 (3)	 barriers	 to	 weaning	 are	 clinical
conditions	that	promote	muscle	fatigue	and	weakness.	Interventions	that	address
and	reverse	these	barriers	are	key	to	successfully	liberate	patients	from	MV.



Protocol-Based	Weaning
Multiple	randomized	controlled	clinical	trials22,68	and	nonrandomized	controlled
trials69	have	shown	overwhelming	advantages	for	clinically	significant	outcomes
(eg,	 decreased	duration	of	MV,	 reintubation	 rates,	 and	 ICU	and	hospital	LOS)
generated	 by	 the	 use	 of	 protocol-directed	 discontinuation	 implemented	 by
nonphysician	 health	 care	 providers.	 These	 findings	 have	 been	 supported	 by	 a
meta-analysis.70	 That	 report	 identified	 that	 reductions	 in	 duration	 of	 MV,
discontinuation	duration,	and	ICU	LOS	can	be	realized	with	use	of	standardized
discontinuation	 protocols.	 These	 improvements	 are	 more	 consistent	 and	 of	 a
larger	magnitude	than	those	generated	by	virtually	any	other	intervention	related
to	 liberation	 from	 MV.	 Therefore,	 we	 strongly	 recommend	 that	 institutions
employ	 protocols	 to	 guide	 interprofessional	 discontinuation	 efforts	 rather	 than
wean	by	individual	physician	discretion.

Once-Daily	Attempts	at	Liberation	from	Mechanical
Ventilation
On	 the	 basis	 of	 multiple	 randomized	 controlled	 trials	 of	 methods	 for
discontinuing	patients	 from	MV,28	we	 recommend	 that	once-daily	SBT	or	PSV
trials	be	used	as	the	discontinuation	mode	of	choice.	Because	duration	of	MV	is
primarily	 determined	 by	 admitting	 diagnosis	 and	 degree	 of	 physiologic
derangement,71	 there	does	not	 appear	 to	be	anything	gained	by	 switching	 from
one	mode	to	another	when	the	discontinuation	process	 is	prolonged.	Switching
to	another	mode	and	waiting	to	see	the	response	directs	the	attention	away	from
addressing	 factors	 that	 cause	 inspiratory	 muscle	 fatigue/weakness	 that	 we
believe	are	the	most	important	reason	why	patients	are	on	prolonged	MV.

Addressing	Factors	That	Perpetuate	Respiratory	Muscle
Fatigue
Respiratory	 muscle	 fatigue	 is	 almost	 always	 multifactorial	 in	 etiology	 (Table
168.2).	 Therefore,	 clinicians	 should	 systematically	 consider	 ways	 to	 increase
muscle	strength	and	decrease	muscle	demand.

TABLE	168.2



Summary	of	Advances	in	Managing	Discontinuation	from
Mechanical	Ventilation	Based	on	Randomized	Controlled
Clinical	Trials

Protocol-directed,	ventilator	management	teams	lead	to	favorable
outcomes.25,72,73
SBTs	or	pressure	support	trials	are	superior	to	SIMV	trials.32
30-	and	120-min	trials	are	equally	successful.61,74
Twice-daily	spontaneous	trials	offer	no	advantage	over	once-daily	trials.31,32
Daily	interruption	of	sedation	leads	to	better	outcomes	than	continuous
infusions.75
A	combination	of	a	daily	sedation	holiday	with	once-daily	SBTs	improves
outcomes.76
Early	tracheostomy	leads	to	reduced	ventilator	time	and	ICU	length	of
stay.78

ICU,	intensive	care	unit;	SBTs,	spontaneous	breathing	trials;	SIMV,	synchronized	intermittent
mandatory	ventilation.

The	following	measures	should	be	considered	to	increase	respiratory	muscle
strength:

1.	 Reverse	malnutrition20	and	correct	deficiencies	of	electrolytes.
2.	 Improve	cardiovascular	pump	function	and	minimize	cardiac	ischemia.17

Poor	cardiac	performance	may	contribute	to	an	inadequate	supply	of
oxygen	to	the	respiratory	muscles.

3.	 Attempt	to	minimize	the	use	of	sedative	drugs.	Whereas	daily	interruption
of	continuous	sedative	infusions	significantly	decreases	duration	of	MV	and
LOS	in	a	medical	ICU,79	a	more	aggressive	approach	is	to	eliminate	the	use
of	continuous	sedation	and/or	all	sedation.	One	study	of	no	sedation
reported	an	increase	of	ventilator-free	days	and	a	reduced	ICU	and	hospital
LOS	without	any	change	in	mortality.74	Many	ICUs	find	that	approach
difficult	to	implement	in	practice.	To	assist	in	managing	sedation,	clinicians
are	encouraged	to	use	validated	and	reliable	monitoring	scales	such	as	the
Richmond	Agitation-Sedation	Scale.80	Pairing	sedation	and	ventilator
weaning	protocols	may	yield	a	mortality	benefit.72	Reducing	sedation	may
also	help	reduce	the	incidence	of	delirium.	A	major	component	of	these
efforts	is	to	reduce	or	eliminate	the	use	of	benzodiazepines	in	ventilated



patients.	Some	authors	have	advocated	for	the	use	of	dexmedetomidine	for
ventilated	patients	to	reduce	the	incidence	of	delirium	that	leads	to
increased	sedation.	A	randomized	trial	demonstrated	reductions	of	the
incidence	of	delirium	and	time	on	the	ventilator	seen	with
dexmedetomidine	in	comparison	to	midazolam.73	However,	another	study
showed	no	difference	in	number	of	days	without	delirium	and	ventilator-
free	days	when	dexmedetomidine	was	compared	to	propofol	in
mechanically	ventilated	patients	with	sepsis.81

4.	 Consider	and	evaluate	for	the	possibilities	of	myopathy	and
polyneuropathy82	and	drug-induced	neuromuscular	dysfunction	(eg,	due	to
neuromuscular	blocking	agents	and	antibiotics,	especially
aminoglycosides).75,82	Critical	illness	polyneuropathy	and	myopathy	are
major	causes	of	persistent	respiratory	failure.76

5.	 Mobilize	patients.	Although	a	protocol	of	early	physical	and	occupational
therapy	combined	with	daily	interruption	of	sedation	demonstrated
significant	improvements	in	return	to	baseline	functional	status	at	hospital
discharge	and	for	the	number	of	ventilator-free	days	in	the	first	28	days	of
the	hospital	stay,77	it	is	too	early	to	know	if	such	favorable	findings	will	be
consistently	reported.	An	approach	known	as	Appreciative	Inquiry	has	been
shown	to	improve	nursing	staff	adherence	to	a	bedside	mobility	protocol.78

6.	 Have	the	patient	sit	up	to	take	advantage	of	gravity	and	maximize
diaphragm	function.

7.	 Reverse	hypothyroidism.
8.	 Previously	some	authors	have	suggested	improving	respiratory	muscle

contractility	with	various	interventions	including	elimination	of
hypercapnia	by	increasing	excretion	of	compensatory	bicarbonate	ions.
However,	a	randomized,	placebo-controlled	trial	of	acetazolamide	failed	to
show	any	improvements	in	mortality,	duration	of	MV,	or	other	clinically
relevant	end	points.83	Therefore,	we	do	not	recommend	that	approach.

The	following	measures	should	be	considered	to	decrease	respiratory	muscle
demand:

1.	 Maximize	treatment	of	systemic	disease	(eg,	infection,	acute	and	chronic
uremia)	to	decrease	metabolic	requirements	and	mitigate	production	of
chemical	mediators	with	adverse	effects	on	muscle.

2.	 Give	bronchodilators	for	conditions	associated	with	increased	airway
resistance;	only	prescribe	cardioselective	β-blockers	in	asthmatic	patients.

3.	 Use	diuretics	to	reduce	lung	water	in	patients	with	pulmonary	edema.



Closely	monitor	renal	function	and	serum	sodium	to	avoid	precipitating
renal	failure	and	hypernatremia.

4.	 Evaluate	for	compromised	cardiac	function.	Echocardiography	and
assessments	for	myocardial	ischemia	such	as	12-lead	ECG	or	ST-segment
monitoring	can	diagnose	underlying	cardiac	disorders.	The	increased	work
of	breathing	during	discontinuation	may	steal	oxygen	from	the	heart	as	well
as	other	organs	and	precipitate	ischemia	and	heart	failure	among	susceptible
patients.17,84,85

5.	 For	average-size	adults,	endotracheal	tubes	less	than	8	mm	in	internal
diameter	significantly	increase	airway	resistance,	although	it	is	unlikely	that
tube	size	adversely	affects	the	discontinuation	process	unless	the	tube	is
prohibitively	small	(eg,	<6	mm).	If	an	effect	on	weaning	success	is
suspected,	replace	the	smaller	tube	with	one	with	a	larger	internal	diameter.

6.	 Consider	CPAP	for	patients	with	marginal	cardiac	function.	It	may	provide
support	for	a	failing	heart	by	decreasing	both	left	ventricular	preload	and
afterload.17,86

7.	 2 	Consider	that	the	ventilator	is	increasing	the	work	of	breathing	and	make
adjustments.14	Potential	factors	include	(1)	the	appropriateness	of	the
sensitivity/responsivity	of	the	ventilator-triggering	system,	(2)	whether	the
ventilator	flow	pattern	is	synchronized	with	the	patient’s	demand,	(3)	the
appropriateness	of	the	ventilator	settings	to	avoid	dynamic	hyperinflation,
(4)	consideration	of	usage	of	extrinsic	PEEP	to	overcome	an	increased
triggering	threshold	load	from	PEEPi,	and	(5)	changing	a	heat	and	moisture
exchanger	to	a	heated	humidifier	to	overcome	the	increased	dead	space	and
resistance	of	the	exchanger.87

8.	 Evaluate	for	overfeeding.	Excess	total	caloric	intake,	but	not
disproportionate	carbohydrate	intake,	may	precipitate	increased	CO2

production	and	respiratory	acidosis	for	patients	unable	to	increase	their
alveolar	ventilation	adequately	when	compensating	for	increased	CO2

production.88	The	treatment	for	this	is	to	reduce	caloric	intake.
9.	 Consider	performing	tracheostomy	when	patients	are	predicted	to	require

prolonged	MV.	Tracheostomy	may	improve	patient	comfort	and	mitigate
the	need	for	more	sedation,	decrease	airway	resistance,	decrease	ventilator-
associated	pneumonia,	and	decrease	duration	of	MV.	Although	the	best	time
to	perform	tracheostomy	is	not	known,	2	meta-analyses	of	early	vs	late
tracheostomy	reported	various	improvements	related	to	earlier
tracheostomy	including	reductions	in	ventilator-free	days,	length	of	ICU
stay,	shorter	duration	of	sedation,	and	the	rate	of	ventilator-associated



pneumonia.	Because	the	definition	of	early	tracheostomy	varies	between
studies	analyzed	we	recommend	that	tracheostomy	be	performed	when	a
patient	is	expected	to	require	prolonged	MV.89,90

10.	 Consider	draining	large	pleural	effusions	that	may	be	compromising	gas
exchange	and	reducing	lung	compliance,	thereby	increasing	demand	on	the
respiratory	muscles.

11.	 Before	extubating	weak	patients,	assess	whether	they	are	at	increased	risk
of	developing	postextubation	stridor	and	whether	they	are	able	to	protect
their	airway	and	clear	their	respiratory	secretions.

When	managing	patients	with	discontinuation	failure,	it	is	not	likely	that	they
fail	 for	 technologic	 reasons	 or	 the	 discontinuation	mode	 but	 rather	 because	 of
their	diseases	 and	causes	of	 inspiratory	muscle	 fatigue	and	how	well	 these	are
managed.	Advances	for	managing	discontinuation	from	MV	are	summarized	in
Table	168.2.

Utility	of	Ultrasonography	for	Assessment	of
Diaphragmatic	Function	for	Discontinuation	of	Mechanical
Ventilation
The	 diaphragm	 is	 the	 major	 inspiratory	 force	 generator,	 so	 assessment	 of	 its
function	 is	 an	 important	 part	 of	 the	 evaluation	 of	 the	 patient	 with	 respiratory
failure.	Diaphragmatic	dysfunction	may	contribute	 to	difficulty	of	weaning	 the
patient	 from	 MV	 support	 as	 well	 as	 being	 a	 factor	 in	 the	 development	 of
respiratory	failure.	Ultrasonography	 is	a	convenient	point-of-care	 technique	for
evaluation	of	diaphragmatic	function.91,92

Machine	Requirements
For	 measurement	 of	 diaphragmatic	 excursion	 (DE),	 the	 ultrasonography
examination	 is	 performed	 using	 a	 phased	 array	 cardiac	 probe	 (3.5-5.0	 MHz)
whose	 small	 footprint	 allows	 for	 examination	 between	 rib	 interspaces.	 A
curvilinear	 abdominal	 probe	 may	 also	 be	 used.	 For	 measurement	 of
diaphragmatic	thickening	(DT)	during	inspiration,	the	examination	is	performed
using	a	high-frequency	linear	vascular	probe.

Patient	Position	and	Ventilator	Setting
In	 the	 ICU,	 the	 patient	 is	 examined	 in	 the	 supine	 or	 semirecumbent	 position



appreciating	 that	 the	 weight	 of	 abdominal	 contents	 may	 have	 effect	 on	 DE,
particularly	 if	 the	 patient	 is	 obese	 or	 has	 an	 elevation	 of	 intra-abdominal
pressure.	 The	 ventilator	 is	 set	 to	 provide	 minimal	 or	 no	 support	 during	 the
measurement	because	both	PEEP	and	positive	pressure	ventilation	may	alter	the
degree	 of	 DE	 that	 results	 from	 patient	 effort.93	 The	 patient	 may	 be	 taken	 off
pressure	support	or	temporarily	disconnected	from	the	ventilator	with	provision
of	supplemental	oxygen	while	performing	the	ultrasonography	examination.

Scanning	Technique
To	measure	DE	on	the	right	side,	the	phased	array	transducer	is	placed	over	the
lower	lateral	chest	wall	in	the	midaxillary	line	using	a	longitudinal	scanning	axis
(coronal	 plane).	 Image	 depth	 is	 set	 deep	 in	 order	 to	 visualize	 the	 entire
diaphragm.	The	hyperechoic	 curvilinear	 diaphragm	 is	 imaged	by	 adjusting	 the
scanning	plane	for	maximal	visualization	( 	Video	168.1).	 If	 the	aerated	 lung
blocks	 the	 view	of	 the	 diaphragm,	 the	 probe	may	be	moved	 caudad	 and	 tilted
upward	 to	 use	 the	 liver	 as	 a	 sonographic	 window	 to	 better	 visualize	 the
diaphragm.	Alternatively,	using	a	transverse	scanning	plane,	the	probe	is	placed
in	the	midclavicular	line	on	the	right	side	below	the	lower	rib	margin	and	angled
cephalad.	 The	 liver	 serves	 as	 a	 sonographic	 window	 to	 image	 the	 curvilinear
diaphragm.	 	Video	168.1	 shows	how	to	acquire	 the	 images	for	evaluation	of
the	hemidiaphragm.

To	measure	DE	on	the	left	side,	the	phased	array	transducer	is	placed	over	the
lower	lateral	chest	wall	in	the	midaxillary	line	using	a	longitudinal	scanning	axis
(coronal	plane).	The	hyperechoic	curvilinear	diaphragm	is	 imaged	by	adjusting
the	 scanning	 plane	 for	 maximal	 visualization.	 The	 left	 diaphragm	 is	 more
difficult	 to	 image	 than	 the	 right,	 so	 it	 is	often	necessary	 to	use	 the	 spleen	as	a
sonographic	 window.	 The	 transverse	 plane	 midclavicular	 approach	 is	 not
effective	on	the	left	side	because	of	the	presence	of	bowel	gas	and	absence	of	the
liver	forming	a	sonographic	window.

Once	the	diaphragm	is	visualized,	the	examiner	observes	its	movement	during
quiet	breathing,	during	augmented	effort,	and	with	the	patient	performing	a	sharp
inspiratory	 effort	 (“sniff	 test”).	 The	 movement	 of	 the	 diaphragm	 is
straightforward	 to	 assess	 on	 a	 qualitative	 basis:	 it	 either	 moves	 in	 a	 normal
caudad	 direction	 with	 inspiration	 or	 it	 moves	 in	 an	 inappropriate	 cephalad
direction	during	inspiration.	Qualitative	measurement	of	diaphragmatic	function
is	made	 through	 simple	visual	 assessment.	Quantitative	measurement	of	DE	 is
performed	with	M-mode	ultrasonography	where	the	interrogation	line	placed	as
perpendicular	 as	 possible	 to	 the	 major	 axis	 of	 movement	 of	 the	 dome	 of	 the



diaphragm.	This	may	be	difficult	to	achieve	from	the	lateral	position	but	easier
from	 the	 midclavicular	 upper	 quadrant	 approach	 on	 the	 right	 side.	 Some
sophisticated	 cardiology-echocardiography	 machines	 have	 steerable	 M-mode
that	 facilitates	 measurement	 along	 the	 correct	 axis.94	 Most	 machines	 used	 for
point-of-care	critical	applications	do	not	have	this	capability.	As	an	alternative,	a
simple	 analog	 measure	 with	 millimeter	 marks	 can	 be	 applied	 to	 the	 machine
screen	 and	 adjusted	 to	 optimal	 measurement	 axis	 in	 order	 to	 measure	 the
excursion	directly.

To	 measure	 inspiratory	 DT,	 the	 linear	 vascular	 transducer	 is	 placed	 in	 the
midaxillary	 line	 in	 the	 longitudinal	 plane	with	 the	 depth	 and	 gain	 adjusted	 in
order	 to	 visualize	 the	 diaphragm.	 The	 image	 is	 frozen	 in	 inspiration	 and
expiration	 and	 the	 thickness	 measured	 at	 the	 two	 points	 using	 the	 calipers
function.	The	degree	of	thickening	is	calculated	using	the	following	formula:

	 Video	 168.2	 shows	 the	 different	 measurements	 used	 to	 determine
diaphragmatic	function.

Problems	with	Measurement
If	 the	 patient	 performs	 an	 active	 expiratory	 effort	 with	 abdominal	 muscle
contraction	that	results	in	an	end-expiratory	lung	volume	that	is	below	functional
residual	capacity,	 the	following	 inspiratory	diaphragmatic	movement	will	be	 in
caudad	 direction	 but	 not	 due	 solely	 to	 diaphragmatic	 contraction.	 Rather,	 it
results	 from	 inspiratory	 movement	 that	 derives	 from	 the	 elastic	 recoil	 of	 the
chest	wall.	The	operator	watches	for	this	breathing	pattern	because	it	may	mask
a	nonfunctioning	diaphragm.

It	 may	 be	 difficult	 for	 the	 single	 operator	 to	 simultaneously	 time	 the
inspiratory	 effort	 of	 the	 patient	 with	 diaphragmatic	 movement	 on	 the
ultrasonography	 machine.	 It	 is	 useful	 to	 have	 a	 continuous	 tracing	 of	 the
respiratory	cycle	running	on	the	ultrasonography	machine	simultaneous	with	the
ultrasonography	 image	 in	 order	 to	 correlate	 diaphragmatic	movement	with	 the
respiratory	 cycle;	 however,	 most	 portable	 machines	 used	 for	 point-of-care
ultrasonography	do	not	have	this	capability.	In	this	case,	one	operator	is	assigned
to	 verbally	 identify	 inspiratory	 effort,	 while	 the	 ultrasonographer	 watches	 for
diaphragmatic	movement	on	the	screen,	in	order	to	correlate	the	movement	with
inspiration.



It	may	be	difficult	to	make	an	accurate	measurement	of	excursion	unless	the
measurement	axis	is	the	same	as	the	maximal	movement	axis	of	the	diaphragm.
In	 addition,	 the	 degree	 of	 excursion	 will	 vary	 according	 to	 the	 point	 of
measurement	 because	 the	 apex	 of	 the	 curved	 structure	 moves	 more	 than	 its
lateral	aspects	( 	Video	168.2).

Measurement	of	DT	 is	 in	millimeter	 increments,	 so	detail	 to	 correct	 caliper
position	 is	 important.	 The	 operator	 averages	 several	 measurements	 and
standardizes	 caliper	 position	 often	 by	 using	 an	 inner	 edge	 to	 inner	 edge
technique	( 	Video	168.2).

5	Clinical	Applications	of	Ultrasonography	Assessment	of
Diaphragmatic	Function
Diaphragmatic	dysfunction	in	patients	receiving	MV	is	most	often	secondary	to
neuromuscular	 disorders	 or	 nonmyopathic	 diseases	 such	 as	 COPD,	 to	 ICU-
acquired	neuromyopathy,	and/or	to	ventilator-induced	diaphragmatic	dysfunction
and	 is	 therefore	 symmetric.95-97	Most	 studies	 performed	 in	 noncardiac	 surgery
patients	 report	on	DE	or	DT	on	only	one	hemidiaphragm	(usually	on	 the	 right
side)	 and	 use	 this	 as	 a	 proxy	 for	 the	 total	 diaphragmatic	 performance,98-101
although	some	studies	take	the	lowest	value	or	the	mean	value	between	left	and
right.	Four	studies	describe	the	use	of	evaluating	diaphragmatic	function	during
weaning	in	noncardiac	surgery	patients.	Jiang	et	al,	measured	the	mean	value	of
inspiratory	excursions	of	the	liver	and	the	spleen	(as	a	surrogate	for	DE)	during
an	SBT102	 and	 demonstrated	 that	 patients	who	 required	 reintubation	within	 72
hours	had	significantly	lower	mean	values	of	liver	and	spleen	displacements	than
those	 who	 did	 not	 require	 reintubation.	 With	 a	 cutoff	 value	 of	 1.1	 cm,	 the
sensitivity	and	specificity	 to	predict	 successful	extubation	were	84%	and	83%,
respectively.	 Kim	 et	 al,	 reported	 that	 a	 DE	 value	 <	 10	 mm	 for	 either
hemidiaphragm	was	associated	with	longer	weaning	times	and	higher	frequency
of	 reintubation.103	 Both	 studies	 had	 unusually	 high	 rates	 of	 failed	 extubation
thereby	limiting	their	generalizability.	Regarding	the	utility	of	DT,	Di	Nino	et	al,
reported	 that	a	DT	of	greater	 than	30%	was	associated	with	positive	predictive
value	 of	 91%	 and	 negative	 predictive	 value	 of	 63%	 for	 extubation	 success.101
Performance	of	DT	was	similar,	if	the	measurements	were	performed	during	an
SBT	or	a	pressure	support	trial.	Ferrari	et	al	observed	in	repeated	weaning	failure
that	a	cutoff	value	of	a	DT	>36%	measured	during	an	SBT	on	a	 tracheostomy
tube	 was	 associated	 with	 a	 positive	 predictive	 value	 of	 92%	 and	 a	 negative
predictive	 value	 of	 75%	 for	 success	 or	 failure	 from	 discontinuation	 of



mechanical	 support	 at	 48	 hours.100	When	 the	 performance	 of	 ultrasonographic
measurements	 to	 predict	 extubation	 failure	 or	 success	 was	 compared	 with
clinical	parameters	such	as	the	RSBI,	the	results	were	similar.	Ultrasonography
may	be	useful	to	monitor	recovery	of	diaphragmatic	function	over	time.	Mariani
et	al,	studied	DE	in	patients	with	prolonged	(>7	days)	MV	and	followed	DE	with
repeated	measurements	in	patients	with	bilateral	reduction	of	DE	(E	<	11	mm).104
Some	 patients	 had	 a	 progressive	 improvement	 of	 DE	 over	 time.	 Grosu	 et	 al,
observed	 progressive	 diaphragmatic	 thinning	 in	 patients	 receiving	 volume-
controlled	MV.105

On	occasion,	the	intensivist	will	manage	the	postcardiac	surgery	patient	who
is	difficult	to	wean	from	MV	support.	Unilateral	phrenic	nerve	injury	may	lead
to	asymmetric	diaphragmatic	dysfunction	following	cardiac	surgery.	Rarely,	both
hemidiaphragms	 are	 paralyzed,	 thereby	 precluding	 weaning	 from	 ventilatory
support	 until	 there	 is	 return	 of	 function.	 In	 cardiac	 surgery	 patients,	 bilateral
assessment	 of	 DE	 with	 identification	 of	 the	 best	 maximal	 DE	 is	 a	 useful
functional	parameter	of	diaphragmatic	performance.	Lerolle	et	al,	 reported	 that
postcardiac	 surgery	 patients	 with	 unilateral	 diaphragmatic	 paralysis	 could	 be
weaned	off	the	ventilator	without	difficulty	if	the	contralateral	diaphragm	had	a
maximal	DE	>	25	mm.106

Ultrasonography	 is	 useful	 in	 order	 to	 identify	 diaphragmatic	 dysfunction.
However,	 it	 is	 an	 imperfect	 tool	 like	 other	 indices	 that	 are	 used	 to	 predict	 the
success	 or	 failure	 of	 extubation.	 It	 is	 possible	 that	 its	 utility	will	 be	 improved
when	 combined	 with	 other	 predictors,	 such	 as	 the	 lung	 aeration	 score	 or	 the
RSBI.	The	causes	of	weaning	failure	are	often	multifactorial,	only	one	of	which
may	be	diaphragmatic	dysfunction.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	most	appropriate	postextubation	support	strategy	for	patients
at	high	risk	of	postextubation	respiratory	failure?

A. 	Conventional	nasal	cannula	oxygen
B. 	High-flow	nasal	cannula	oxygen
C. 	Noninvasive	ventilation	via	face	mask
D. 	Alternating	noninvasive	ventilation	and	high-flow	nasal	cannula



oxygen

2. 	What	is	the	sensitivity	of	the	cuff	leak	test	for	detecting	postextubation
airway	obstruction?

A. 	42%
B. 	52%
C. 	62%
D. 	72%

3. 	All	of	the	following	are	benefits	of	EARLY	tracheostomy,	EXCEPT:

A. 	Decreased	days	on	ventilator
B. 	Decreased	hospital	mortality
C. 	Decreased	sedation	requirements
D. 	Decreased	ventilator-associated	pneumonia

Answers

1.	The	correct	answer	is	D.
Rationale:	 The	 combination	 of	 noninvasive	 ventilation	 and	 high-flow	 nasal

cannula	oxygen	(choice	D)	is	correct.	There	has	been	an	increasing	awareness	of
the	need	 for	 scheduled	 (nonrescue)	postextubation	management	 strategies	over
the	past	several	years.	Both	high-flow	nasal	cannula	and	noninvasive	ventilation
have	 been	 shown	 to	 be	 superior	 to	 conventional	 nasal	 cannula	 in	 studies.	 A
recent	study	compared	the	combination	of	noninvasive	ventilation	and	high-flow
nasal	cannula	oxygen	with	high-flow	nasal	cannula	alone	on	a	group	of	high-risk
patients,	 defined	 as	 older	 than	 65	 or	with	 an	 underlying	 cardiac	 or	 respiratory
disease.	 They	 found	 the	 combination	 therapy	 significantly	 reduced	 the	 risk	 of
reintubation	compared	to	high-flow	nasal	cannula	oxygen	alone.

2.	The	correct	answer	is	C.
Rationale:	Choice	Pooled	sensitivity	and	specificity	of	 the	cuff	 leak	 test	 for

detecting	 postextubation	 airway	 obstruction	 were	 0.62	 (95%	 CI	 0.49-0.73;
I2	 =	 81.6%)	 (choice	 C	 is	 correct)	 and	 0.87	 (95%	 CI	 0.82-0.90;	 I2	 =	 97.8%)
respectively.	Standards	for	performing	the	cuff	leak	test	vary.	The	results	suggest
the	 importance	 of	 a	 positive	 test	 but	 cast	 doubt	 on	 its	 value	 as	 a	 screening
procedure.



3.	The	correct	answer	is	B.
Rationale:	 Studies	 of	 early	 vs	 late	 tracheostomy	 strategies	 are	 difficult	 to

compare	 because	 of	 methodological	 variations	 as	 basic	 as	 defining	 what	 is
“early”	and	what	is	“late”.	Nevertheless,	studies	and	several	meta-analyses	have
been	 completed	 over	 the	 years.	 At	 no	 time	 has	 a	 mortality	 benefit	 been
consistently	observed	 for	early	 tracheostomy	 (choice	B	 is	 the	“correct”,	wrong
answer).	However	the	other	choices	of	a	decreased	rate	of	ventilator-associated
pneumonia,	decreased	sedation,	and	increased	ventilator-free	days	are	associated
with	early	tracheostomy.
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Chapter	169
Respiratory	Adjunctive	Therapies
Christine	L.	Bielick	Kotkowski,	Scott	E.	Kopec,	Richard	S.	Irwin

KEY	POINTS:
1.	 Humidification	of	inhaled	gases	is	imperative	when	the	structures	of

the	upper	airway	that	normally	warm	and	humidify	inspired	gases
have	been	bypassed	by	an	artificial	airway.

2.	 Given	the	lack	of	evidence	from	randomized	trials	supporting	its
benefits	coupled	with	the	risk	of	inducing	bronchospasm,	aerosolized
N-acetylcysteine	should	not	be	routinely	used	as	a	mucolytic
therapy.

3.	 Tobramycin,	colistin,	and	aztreonam	are	the	only	antibiotics
approved	by	the	FDA	for	inhalational	use.

4.	 Aerosolized	ribavirin	is	ineffective	in	treating	immunocompromised
adults	with	RSV	pneumonia.

5.	 In	patients	with	severe	hypoxic	respiratory	failure	from	ARDS,
aerosolized	prostacyclins	have	been	shown	to	improve	oxygenation
and	decrease	pulmonary	arterial	pressures,	but	have	not	been
shown	to	improve	survival.

6.	 Chest	physiotherapy	is	felt	to	be	beneficial	for	patients	with	CF	and
bronchiectasis,	in	the	unusual	COPD	patient	who	expectorates	more
than	30	mL	of	sputum	each	day,	and	for	patients	with	lobar	or	whole
lung	atelectasis.

7.	 In	the	acute	setting,	administration	of	supplemental	oxygen	is
indicated	for	(a)	acute	respiratory	failure	(hypoxemic	and
hypercapnic),	(b)	acute	myocardial	infarction	(MI),	(c)	acute	asthma,
(d)	normoxemic	hypoxia	(states	characterized	by	the	potential	or
actual	documentation	of	tissue	hypoxia	despite	a	normal	PaO2	such



as	carbon	monoxide	[CO]	poisoning),	(e)	the	perioperative	and
postoperative	states,	and	(f)	cluster	headaches.

8.	 A	helium-oxygen	mixture	(Heliox)	is	only	indicated	for	patients	with
upper	airway	obstruction.

INTRODUCTION
Various	adjunctive	therapies	are	available	to	aid	in	the	management	of	critically
ill	patients	with	existing	or	 anticipated	pulmonary	dysfunction.	 In	 this	 chapter,
we	 review	 several	 adjunctive	 therapies,	 emphasizing	 any	 randomized	 trials
determining	efficacy	and	indications.	We	will	specifically	discuss	the	following:
(a)	aerosol	therapy	and	humidification,	(b)	lung	expansion	techniques,	(c)	airway
clearance	 techniques,	 (d)	 administration	of	medical	gases,	 (e)	nasal	 continuous
positive	 airway	 pressure	 (CPAP)	 and	 bilevel	 positive	 airway	 pressure	 (BiPAP)
for	sleep-related	breathing	disorders,	and	(f)	communication	alternatives	for	the
patient	with	 an	 artificial	 airway.	A	 discussion	 of	 the	 use	 of	 BiPAP	 to	 provide
noninvasive	ventilatory	support	can	be	found	in	Chapter	168:	Discontinuation	of
Mechanical	Ventilation.

AEROSOL	THERAPY
An	aerosol	is	a	stable	suspension	of	solid	or	liquid	particles	dispersed	in	air	as	a
fine	mist.	Bland	aerosols	are	generally	used	to	humidify	inspired	gases.	Aerosol
drug	 therapy	 represents	 the	 optimal	 modality	 for	 site-specific	 delivery	 of
pharmacologic	 agents	 to	 the	 lungs	 in	 the	 treatment	 of	 a	 number	 of	 acute	 and
chronic	pulmonary	diseases.	Owing	to	the	cost	and	potential	hazards	of	aerosol
therapy,	 use	 should	 be	 limited	 to	 aerosols	 whose	 clinical	 value	 has	 been
objectively	shown.1

Bland	Aerosols
Bland	aerosols	include	sterile	water	or	hypotonic,	isotonic,	and	hypertonic	saline
delivered	with	or	without	oxygen.	These	are	typically	delivered	via	an	ultrasonic
nebulizer	in	an	effort	to	decrease	or	aid	in	the	clearance	of	pulmonary	secretions.
The	routine	use	of	bland	aerosols	in	the	treatment	of	some	specific	diseases	has
demonstrated	mixed	results.	An	evidence-based	recommendation	for	 the	use	of



bland	aerosols	has	been	made	by	the	British	Thoracic	Society	(BTS).2	The	use	of
bland	 aerosols	 for	 the	 treatment	 of	 chronic	 obstructive	 pulmonary	 disease
(COPD)	and	croup	appears	not	 to	be	of	any	benefit.2,3	For	patients	with	cystic
fibrosis	 (CF),	 the	use	of	7%	(hypertonic)	saline,	administered	 twice	daily,	may
result	 in	 a	 significantly	 higher	 forced	 vital	 capacity	 and	 forced	 expiratory
volume	in	1	second	(FEV1),	and	a	decrease	in	the	number	of	acute	exacerbations
when	compared	to	the	use	of	normotonic	saline.4	The	use	of	nebulized	saline	or
sterile	 water	 may	 improve	 sputum	 clearance	 for	 patients	 with	 non-CF
bronchiectasis.2	 Delivery	 of	 bland	 aerosols	 to	 the	 spontaneously	 breathing
patient	 is	 ineffective	 for	 liquefying	 secretions	 because	 sufficient	 volumes	 of
water	fail	to	reach	the	lower	airways.	Furthermore,	bland	aerosols	may	provoke
bronchospasm	and	place	patients	at	risk	for	nosocomial	pneumonia.3

Mist	therapy,	the	delivery	of	a	continuous	aerosol	of	sterile	water	or	saline,	is
frequently	 used	 to	 treat	 upper	 airway	 infections	 in	 children,	 but	 has	 not	 been
shown	to	be	more	effective	than	air	humidification.3

Humidity	Therapy
Theoretical	reasons	for	using	humidified	inspired	gas	are	to	prevent	drying	of	the
upper	and	lower	airways,	hydrate	dry	mucosal	surfaces	in	patients	with	inflamed
upper	airways	(vocal	cords	and	above),	enhance	expectoration	of	 lower	airway
secretions,	and	induce	sputum	expectoration	for	diagnostic	purposes.3

1 	Humidity	 therapy	 is	water	vapor	and,	at	 times,	heat	added	 to	 inspired	gas
with	 the	 goal	 of	 achieving	 near-normal	 inspiratory	 conditions	 when	 the	 gas
enters	the	airway.	Because	adequate	levels	of	humidity	and	heat	are	necessary	to
ensure	 proper	 function	 of	 the	 mucociliary	 transport	 system,	 humidification	 is
imperative	 when	 the	 structures	 of	 the	 upper	 airway	 that	 normally	 warm	 and
humidify	 inspired	 gases	 have	 been	 bypassed	 by	 an	 artificial	 airway.	 During
mechanical	 ventilation,	 humidification	 is	 crucial	 to	 avoid	 hypothermia,
atelectasis,	 inspissation	 of	 airway	 secretions,	 and	 destruction	 of	 airway
epithelium	because	of	heat	loss,	moisture	loss,	and	altered	pulmonary	function.5

Several	external	devices	are	available	to	artificially	deliver	heat	and	moisture.
Two	 such	 devices	 for	mechanically	 ventilated	 patients	 are:	 (a)	 a	 heated	water
bath	humidifier,	which	is	an	external	active	source	of	heat	and	water,	and	(b)	a
heat	 and	moisture	 exchanger	 filter	 (HMEF)	 that	passively	 retains	 the	heat	 and
humidity	 leaving	 the	 trachea	 during	 expiration	 and	 recycles	 it	 during	 the	 next
inspiration.	 HMEFs	 are	 also	 known	 as	 hygroscopic	 condenser	 humidifiers	 or
artificial	 noses.	 The	 HMEF	 is	 designed	 to	 combine	 air-conditioning	 and
bacterial	 filtration.	 In	 a	 randomized	 controlled	 trial	 (RCT),	 both	 devices	were



shown	 to	 be	 equally	 safe.6	 Potential	 advantages	 of	 HMEFs	 over	 heated	water
bath	 humidifiers	 include	 reduced	 cost	 and	 avoidance	 of	 airway	 burns	 and
overhydration.	A	potential	disadvantage	is	that	resistance	of	airflow	through	an
HMEF	may	progressively	rise,	increasing	the	work	of	breathing	and	conceivably
impeding	weaning	from	the	ventilator.6

Cold-water	 devices	 such	 as	 bubble	 humidifiers	 are	 frequently	 used	 to	 add
humidity	 to	 supplemental	 oxygen	 administered	 to	 spontaneously	 breathing
patients.	 Owing	 to	 a	 lack	 of	 objective	 evidence	 to	 support	 the	 practice,	 the
American	College	 of	Chest	 Physicians	 recommends	 elimination	 of	 the	 routine
use	 of	 humidification	 of	 oxygen	 at	 flow	 rates	 of	 1	 to	 4	 L	 per	 minute	 when
environmental	humidity	is	sufficient,7	although	the	BTS	does	not	recommend	its
use.2

Patients	 requiring	 high-flow	 rates	 of	 oxygen	 (>10	L	 per	minute)	 frequently
develop	 discomfort	 due	 to	 upper	 airway	 dryness.	 There	 are	 several	 devices
available	 to	deliver	humidification	via	nasal	cannulae	at	high-flow	rates	 (high-
flow	oxygen	delivery),	 including	Vapotherm	 (Vapotherm,	Annapolis,	MD)	and
the	 Fisher	 &	 Paykel	 850	 (Fisher	 &	 Paykel	 Healthcare	 Corp.,	 Auckland,	 New
Zealand).	These	devices	have	been	shown	to	improve	patients’	comfort8	and	may
have	some	therapeutic	benefits	(see	later).

Pharmacologically	Active	Aerosols
Inhaled	therapy	has	several	well-recognized	advantages	over	other	drug	delivery
routes.	 The	 drug	 is	 delivered	 directly	 to	 its	 targeted	 site	 of	 action;	 therefore,
when	compared	to	other	routes	of	administration,	a	therapeutic	response	usually
requires	 fewer	 drugs,	 there	 are	 fewer	 side	 effects,	 and	 the	 onset	 of	 action	 is
generally	 faster.9	 A	 broad	 range	 of	 drugs	 is	 available	 as	 aerosols	 to	 treat
obstructive	lung	diseases.	These	include	β-adrenergic	agonists,	anticholinergics,
anti-inflammatory	agents,	and	anti-infectives.	Additionally,	 the	 inhaled	 route	 is
used	to	deliver	drugs	that	are	not	effective	when	delivered	by	the	oral	route	(eg,
pentamidine).9

Although	 a	 variety	 of	 drugs	 are	 currently	 available	 in	 aerosolized	 form,
dosing	 to	 the	 lung	 remains	 inexact	 because	 deposition	 is	 affected	 by	 several
patient-,	 environment-,	 and	 equipment-related	 factors.	 Potential	 hazards	 of
aerosol	drug	 therapy	 include	 (a)	 a	 reaction	 to	 the	drug	being	administered,	 (b)
the	risk	of	 infection,	 (c)	bronchospasm,	and	(d)	 the	potential	 for	delivering	 too
much	or	too	little	of	the	drug.9	With	respect	to	the	use	of	aerosolized	ribavirin,
there	are	potential	hazards	to	health	care	providers	administering	the	medication
(see	later).



Bronchodilators
There	 are	 two	 classes	 of	 inhaled	 bronchodilators:	 (1)	 β2-adrenergic	 receptor
agonists	(short-acting,	long-acting,	and	ultralong-acting)	and	(2)	anticholinergic
agents.

Short-Acting	β2-Adrenergic	Receptor	Agonists
Although	β1-	and	β2-adrenergic	receptors	are	present	in	the	lungs,	β2-adrenergic
receptors	 appear	 to	 be	 entirely	 responsible	 for	 bronchodilation.	 Therefore,	 β2-
adrenergic	 receptor	 agonists	 (eg,	 albuterol,	 pirbuterol,	 and	 terbutaline)	 are	 the
agents	commonly	preferred	for	the	relief	of	acute	symptoms	of	bronchospasm.	In
addition	 to	 the	 bronchodilating	 properties	 of	 β2-adrenergic	 receptor	 agonists,
other	 actions	 include	 augmentation	 of	 mucociliary	 clearance;	 enhancement	 of
vascular	integrity;	metabolic	responses;	and	inhibition	of	mediator	release	from
mast	cells,	basophils,	and	possibly	other	cells.3

Inhalation	 of	 β2-selective	 agonists	 is	 considered	 first-line	 therapy	 for	 the
critically	 ill	 asthmatic10	 and	 COPD	 patient.11	 Although	 these	 agents	 can	 be
administered	orally,	by	inhalation,	or	parenterally,	the	inhaled	route	is	generally
preferred	 because	 fewer	 side	 effects	 occur	 for	 any	 degree	 of	 bronchodilation.3
For	 most	 patients	 experiencing	 acute	 asthma	 attacks,	 inhalation	 is	 at	 least	 as
effective	 as	 the	 parenteral	 route.3	 Inhaled	 β2-agonists	 can	 be	 delivered	 as	 an
aerosol	from	a	jet	or	ultrasonic	nebulizer	or	from	a	metered-dose	inhaler	(MDI).
The	relative	efficacies	of	the	nebulizer	and	MDI	are	dependent	on	the	adequacy
of	 technique.	 Although	 it	 was	 formerly	 a	 standard	 practice	 to	 deliver
bronchodilators	 by	 nebulizer,	 several	 prospective	 RCTs	 have	 challenged	 this
practice.	Delivering	β2-agonists	by	MDI	with	a	spacer	device	(holding	chamber)
under	 the	 supervision	 of	 trained	 personnel	 is	 as	 effective	 in	 the	 emergency
setting	 as	 delivery	 by	 nebulizer	 for	 adults	 and	 children.3	 For	 hospitalized
patients,	 β2-agonists	 delivered	 by	 MDI	 are	 as	 effective	 as	 therapy	 with	 a
nebulizer	 and	 can	 result	 in	 considerable	 cost	 savings.3	An	analysis	of	16	 trials
(686	 children	 and	 375	 adults)	 to	 assess	 the	 effects	 of	 MDIs	 with	 holding
chambers	compared	to	nebulizers	for	the	administration	of	β2-agonists	for	acute
asthma	concluded	that	MDI	with	a	holding	chamber	produced	at	least	equivalent
outcomes	as	nebulizer	delivery.12

Ideal	 frequency	 of	 administration	 and	 dosing	 of	 β2-agonists	 has	 not	 been
determined.	 For	 emergency	 department	 and	 hospital-based	 care	 of	 asthma,	 the



National	 Institutes	 of	Health	Expert	 Panel	Report	 310	 recommends	 up	 to	 three
treatments	in	the	first	hour,	followed	by	1	to	4	treatments	every	1	to	4	hours	as
needed.	 These	 subsequent	 treatments	 should	 be	 titrated	 to	 the	 severity	 of
symptoms	 and	 the	 occurrence	 of	 adverse	 side	 effects,	 ranging	 from	 hourly
treatments	 for	moderate	 severity	 to	 hourly	 or	 continuous	 treatments	 for	 severe
exacerbations.	 Recommendations	 for	 initial	 treatment	 of	 severe	 acute
exacerbations	 of	 COPD	 are	 for	 the	 administration	 of	 short-acting	 β2-agonists
every	2	to	4	hours	if	tolerated.3

When	given	by	jet	nebulizer,	the	usual	adult	dose	of	albuterol	is	0.5	mL	of	a
0.5%	solution	(2.5	mg)	diluted	in	2.5	mL	of	saline	(or	3	mL	of	0.083%	unit-dose
nebulizer	solution).	The	frequency	of	dosing	varies	depending	on	the	disease	and
the	situation.	It	can	range	from	every	4	to	6	hours	for	patients	with	COPD	and
stable	 asthma	 to	 every	 20	 to	 30	 minutes	 for	 six	 doses	 in	 patients	 with	 status
asthmaticus.3	 For	 patients	 with	 acute	 asthma,	 albuterol	 solution	 has	 also	 been
continuously	 nebulized	 for	 2	 hours.13	 In	 this	 RCT	 of	 spontaneously	 breathing
patients	with	FEV1	 less	 than	 40%	 predicted,	 continuous	 delivery	 of	 high-dose
(7.5	 mg	 per	 hour)	 or	 standard-dose	 (2.5	 mg	 per	 hour)	 albuterol	 were	 both
superior	 to	 hourly	 intermittent	 treatments	 with	 2.5	 mg	 for	 increasing	 FEV1.
Although	 there	 was	 no	 difference	 in	 FEV1	 improvement	 between	 the	 two
continuous	doses,	the	standard	dose	had	fewer	side	effects.

Although	the	usual	dosage	of	bronchodilator	by	MDI	is	two	puffs	(90	μg	per
puff)	every	4	to	6	hours	in	stable	hospitalized	and	ambulatory	adult	patients,	the
dosage	must	be	increased	up	to	sixfold	in	acute	severe	asthma	to	achieve	results
equivalent	 to	 those	 achieved	 with	 small-volume	 nebulizers.3	 In	 an	 emergency
department	 treatment	 study	 of	 severe	 asthma,	 four	 puffs	 of	 albuterol	 by	MDI
every	30	minutes	 for	a	 total	of	six	dosing	 intervals	 (24	puffs)	was	 found	 to	be
safe	and	equivalent	to	2.5	mg	of	albuterol	diluted	in	2	mL	of	saline	given	every
30	minutes	 for	 six	doses.3	Others	have	 treated	acute	episodes	of	asthma	 in	 the
emergency	department	in	a	dose-to-result	fashion	as	follows:	initially,	four	puffs
by	 MDI	 of	 bronchodilator	 of	 choice,	 followed	 by	 one	 additional	 puff	 every
minute	until	the	patient	subjectively	or	objectively	improved	or	side	effects	(eg,
tremor,	 tachycardia,	 and	 arrhythmia)	 occurred.3	 For	 mechanically	 ventilated
patients,	the	bronchodilator	effect	obtained	with	four	puffs	(0.4	mg)	of	albuterol
from	an	MDI	with	holding	chamber	is	comparable	to	that	obtained	with	6	to	12
times	 the	 same	 dose	 given	 by	 a	 nebulizer	 and	 is	 likely	 to	 be	 more	 cost-
effective.14

Tremor	is	the	principal	side	effect	of	β2-agonists,	due	to	the	direct	stimulation
of	β2-adrenergic	 receptors	 in	 skeletal	muscle.	 Tachycardia	 and	 palpitations	 are



less	frequent	with	the	selective	β2-agonists	(eg,	albuterol)	than	with	nonselective
β1-β2	 agonists	 such	as	 isoproterenol.	Although	vasodilation,	 reflex	 tachycardia,
and	direct	stimulation	of	 the	heart	can	occur	even	with	 the	use	of	selective	β2-
agonists,	 cardiac	 adverse	 occurrences	 are	 uncommon	 when	 usual	 doses	 of
inhaled	 β2-agonists	 are	 administered.	 A	 transient	 decrease	 of	 arterial	 oxygen
tension	may	occur	 among	patients	with	 acute,	 severe	 asthma.	This	 response	 is
likely	 due	 to	 the	 relaxation	 of	 the	 compensatory	 vasoconstriction	 in	 areas	 of
decreased	 ventilation	 together	 with	 increased	 blood	 flow	 due	 to	 increased
cardiac	output.3

β2-Adrenergic	 agonists	 can	 cause	 acute	 metabolic	 responses	 including
hyperglycemia,	 hypokalemia,	 and	 hypomagnesemia.3	 Although	 typically	 not
seen	 in	 standard	 doses,	 if	 large	 and	 frequent	 doses	 of	 β-agonists	 are	 given,
electrocardiogram	 and	 serum	 potassium	 monitoring	 are	 indicated.	 After
inhalation	of	10-	and	20-mg	doses,	 the	maximal	decreases	 in	potassium	can	be
0.62	±	0.09	mmol	per	L	and	0.98	±	0.14	mmol	per	L,	respectively.15

Perinatal	 outcomes	 of	 259	 pregnant	 women	with	 asthma	who	were	 treated
with	 β2-adrenergic	 agonists	 during	 pregnancy	 were	 compared	 to	 those	 of	 101
women	who	were	not	treated	with	these	agents,	and	295	nonasthmatic	women.3
There	were	no	differences	in	perinatal	mortality	rates,	congenital	abnormalities,
preterm	delivery,	low	birth	weights,	mean	birth	weights,	or	the	number	of	small-
for-gestational-age	 infants.	 In	 addition,	 there	 were	 no	 differences	 in	 Apgar
scores,	labor	or	delivery	complications,	or	postpartum	bleeding.

Levalbuterol	(Xopenex,	Sepracor	Inc,	Marlborough,	MA)	inhalation	solution,
the	 (R)-	 enantiomer	 of	 racemic	 albuterol,	 is	 a	 relatively	 selective,	 third-
generation	 β2-adrenergic	 receptor	 agonist	 approved	 for	 treatment	 of
bronchospasm	 in	 adults	 and	 children	 aged	 12	 years	 or	 older.	 Levalbuterol
appears	to	offer	little	benefit	over	albuterol	for	improving	FEV1	of	patients	with
asthma,	 and	 is	 not	 associated	 with	 any	 fewer	 systemic	 side	 effects	 such	 as
tachycardia	and	hypokalemia.16	For	further	discussion	of	aerosolized	β-agonists
in	asthma	and	COPD,	see	Chapters	172:	Acute	Asthma	Exacerbations	and	173:
Critical	Care	of	Acute	Exacerbations	of	COPD.

Long-Acting	and	Ultralong-Acting	Inhaled	α2-Agonists
The	 2020	 Focused	 Updates	 to	 the	 Asthma	Management	 Guidelines	 suggest	 a
role	for	the	long-acting	β-2	agonist	formoterol	when	combined	with	an	inhaled
corticosteroid	on	an	as-needed	basis	in	the	setting	of	increased	asthma	symptoms
in	those	patients	12	years	and	older	not	utilizing	it	as	a	maintenance	medication.



This	 recommendation	 was	 based	 on	 two	 RCTs	 (n	 =	 5481)	 which	 showed	 the
method	reduced	respiratory	rate	during	exacerbations,	and	corticosteroid	usage.
The	role	of	other	long-acting	inhaled	β-2	agonists	is	not	yet	defined.17

Anticholinergics
Anticholinergics	 appear	 to	 have	 a	 role	 for	 acute	 asthma	when	 combined	with
sympathomimetic	 drugs,3	 for	 exacerbations	 of	 COPD	 when	 combined	 with
albuterol,11	for	intubated	patients	to	prevent	bradycardia	induced	by	suctioning,18
and	 in	 selected	 patients	 with	 severe	 bronchorrhea.19	 Ipratropium	 bromide	 is
dosed	at	500	μg	in	2.5	mL	normal	saline	(1	unit	0.02%	unit-dose	vial)	or	2	to	6
puffs	 by	MDI	 (18	 μg	 per	 puff)	 every	 6	 to	 8	 hours.	 For	 patients	with	 a	 severe
asthma	exacerbation,	500	μg	of	 ipratropium	should	be	given	every	20	minutes
for	three	doses.10	Ipratropium	(18	μg	per	puff)	and	albuterol	(103	μg	per	puff)	are
available	 as	 a	 combined	 MDI	 product	 (Combivent,	 Boehringer,	 Ingelheim;
Ridgefield,	CT).	Ipratropium	by	MDI	can	be	given	to	ventilated	patients	with	the
same	 spacer	 device	 used	 for	 β2-agonist	 delivery.	 Tiotropium,	 a	 selective
muscarinic	antagonist,	should	be	limited	to	the	chronic	management	of	patients
with	COPD.	For	further	discussion	of	anticholinergic	use	in	asthma	and	COPD,
see	Chapters	173:	Critical	Care	of	Acute	Exacerbations	of	COPD	and	172:	Acute
Asthma	Exacerbations.

Combined	Bronchodilator	Therapy
Although	 inhaled	 short-acting	 β2-adrenergic	 receptor	 agonists	 remain	 first-line
agents	 for	 the	 treatment	 of	 acute	 asthma,	 the	 addition	 of	 ipratropium	 bromide
may	result	in	an	added	benefit.10	Anticholinergics	may	be	of	benefit	as	additive
agents	or	 as	 single	agents	 in	 situations	 in	which	 the	patient	 cannot	 tolerate	β2-
adrenergic	side	effects.	Both	agents	appear	effective	for	smoking-related	chronic
bronchitis.

Mucolytics

N-Acetylcysteine
2 	 Theoretically,	 mucolytic	 agents	 facilitate	 expectoration	 of	 excessive	 lower
airway	 secretions	 and	 improve	 lung	 function.3	 Although	 N-acetylcysteine
(Mucomyst,	Apothecon,	Princeton,	NJ),	the	prototypic	mucolytic	agent,	liquefies
inspissated	mucous	plugs	when	administered	by	direct	 intratracheal	instillation,
it	is	of	questionable	clinical	use	when	administered	as	an	aerosol	to	nonintubated



patients	 because	 very	 little	 of	 the	 drug	 is	 actually	 delivered	 to	 the	 lower
respiratory	tract.	Inhaled	N-acetylcysteine	failed	to	prevent	deterioration	of	lung
function	 or	 exacerbations	 of	 patients	 with	 COPD,20	 and	 nebulized	 N-
acetylcysteine	failed	to	demonstrate	any	benefit	for	patients	with	CF.21	However,
a	 small	 randomized	 trial	 suggested	 that	 nebulized	 N-acetylcysteine	 in
combination	with	aerosolized	heparin	reduced	the	incidence	of	acute	lung	injury
(ALI)	 and	 decreased	 mortality	 for	 patients	 with	 acute	 smoke	 inhalational
injuries.22	Because	mucolytic	instillations	or	aerosols	can	induce	bronchospasm
among	patients	with	airway	disease23	(especially	asthma),	mucolytics	should	be
administered	to	 these	patients	 in	combination	with	a	bronchodilator.3	However,
given	the	lack	of	evidence	from	randomized	trials	supporting	its	benefits,	we	do
not	recommend	the	routine	use	of	aerosolized	N-acetylcysteine.

Recombinant	Human	DNase
A	 review	 of	 15	 trials	 (n	 =	 2447)	 of	 recombinant	 human	DNase	 (Pulmozyme,
Genentech,	 South	 San	 Francisco,	CA),	when	 given	 as	 an	 aerosol	 in	 a	 dose	 of
2.5	 mg	 once	 or	 twice	 a	 day	 to	 patients	 with	 CF,	 over	 periods	 ranging	 from
1	month	 to	 2	 years,	 suggested	 it	 likely	 improved	FEV1	 at	 1	month,	 3	months,
6	months,	and	2	years	when	compared	to	placebo.	Additional	findings	include	a
probable	decrease	in	pulmonary	exacerbations	in	trials	6	months	or	longer.	There
is	 insufficient	 evidence	 to	 compare	 its	 efficacy	 to	 other	 airway	 clearance
agents.24

Two	double-blind,	placebo-controlled	clinical	 trials	evaluated	 the	safety	and
efficacy	 of	 nebulized	 rhDNase	 in	 the	 treatment	 of	 non–CF-related
bronchiectasis.25,26	 In	 these	studies,	 rhDNase	was	consistently	found	ineffective
(and	possibly	harmful25)	to	patients	with	non–CF-related	bronchiectasis.

A	 randomized	 double-blind,	 placebo-controlled	 trial	 of	 patients	 with
respiratory	syncytial	virus	(RSV)	bronchiolitis	found	significant	improvement	of
chest	 radiographic	 findings	 that	 occurred	 with	 the	 use	 of	 nebulized	 rhDNase
compared	 to	 significant	 worsening	 of	 those	 from	 a	 placebo	 group.27	 A
subsequent	randomized	double-blind	trial	of	225	infants	requiring	admission	and
oxygen	therapy,	however,	showed	no	difference	in	hospital	length	of	stay,	need
for	ICU,	or	need	for	oxygen	supplementation	with	administration	of	rhDNase.28

Other	Mucolytics
Studies	 to	 determine	 the	 efficacy	 of	 other	 mucolytic	 agents,	 including	 water,
have	 produced	 conflicting	 results.	 Current	 evidence	 does	 not	 appear	 to	 justify
their	use	 in	clinical	practice.	Consensus	guidelines	for	asthma10	and	COPD3	do



not	 recommend	 the	 use	 of	 mucolytic	 agents	 in	 the	 treatment	 of	 acute
exacerbations	of	these	diseases.

Anti-infectives
Aerosolization	of	antimicrobial	solutions	has	been	shown	to	be	effective	for	CF
patients	with	tracheobronchial	 infections	and	colonization.2	In	addition,	inhaled
antibiotics	have	also	been	used	 to	 treat	 tracheobronchial	 infections	 for	patients
with	 non–CF-related	 bronchiectasis,	 to	 treat	 and	 prevent	 ventilator-associated
pneumonia,	 to	 treat	 chronic	 bronchitis	 for	 patients	 with	 COPD,	 to	 treat
bronchiolitis	 of	 children,	 and	 to	 treat	 patients	 with	 multidrug-resistant
tuberculosis	 (MDR-Tb)	 and	 Mycobacterium	 avium-intracellulare	 complex
(MAC).	Inhaled	tobramycin	has	been	demonstrated	to	decrease	sputum	bacterial
counts,	 improve	 lung	 function,	 decrease	 the	 number	 of	 exacerbations,	 and
improve	 quality	 of	 life	 for	 patients	 with	 pulmonary	 infections	 or	 colonization
from	CF.29	 For	 patients	with	 non-CF	 bronchiectasis,	 inhaled	 antibiotic	 therapy
significantly	reduced	sputum	bacterial	load	and	frequency	of	exacerbations,	but
failed	 to	 improve	Pseudomonas	 aeruginosa	 eradication	 and	may	 contribute	 to
higher	P.	aeruginosa	antimicrobial	resistance.30

Inhaled	antibiotics	have	not	been	shown	to	provide	any	benefits	for	patients
with	 chronic	 bronchitis	 or	 COPD.31	 Prophylactic	 use	 of	 inhaled	 antibiotics	 to
decrease	 the	 risk	 of	 developing	 ventilator-associated	 pneumonia	 has	 not	 been
shown	to	be	of	any	benefit.31	 In	addition,	 inhaled	antibiotics	appear	 to	have	no
benefit	over	 systemic	antibiotics	 for	 treating	ventilator-associated	pneumonia.31
A	 few	 small	 studies	 suggest	 that	 inhaled	 amikacin	 and	 rifampicin	 may	 be	 of
some	benefit	for	treating	severe	MDR-Tb	and	severe	infections	with	MAC.32

3 	 Currently,	 tobramycin,	 colistin,	 and	 aztreonam	 are	 U.S.	 Food	 and	 Drug
Administration	 (FDA)	 approved	 for	 inhalational	 use.	 Other	 antibiotics
occasionally	 administered	 via	 an	 aerosol	 include	 amikacin,	 gentamicin,
levofloxacin,	 azithromycin,	 vancomycin,	 ceftazidime,	 and	 imipenem.	 Inhaled
colistin	 should	 be	 used	with	 great	 caution	 as	 it	 decomposes	 into	 several	 toxic
compounds	 that,	 if	 inhaled,	 can	 result	 in	ALI	 and	 respiratory	 failure.	 Colistin
suspension	should	be	administered	within	6	hours	after	it	is	prepared.33

Inhaled	tobramycin	is	approved	for	treatment	of	patients	with	CF	who	are	(a)
at	least	6	years	of	age,	(b)	have	FEV1	greater	than	or	equal	to	25%	and	less	than
or	equal	to	80%	predicted,	(c)	are	colonized	with	Pseudomonas	aeruginosa,	and
(d)	are	able	to	comply	with	the	prescribed	medical	regimen.29	When	nebulizing
tobramycin,	 it	 has	 been	 shown	 that	 different	 nebulizers	 and	 solutions	 and
techniques	may	result	 in	very	different	amounts	of	 tobramycin	being	 inhaled.34



For	example,	the	addition	of	albuterol	lowered	the	surface	tension	of	the	solution
in	 the	 nebulizer	 and	 resulted	 in	 a	 greater	 output	 of	 tobramycin.	A	 prospective
study35	determined	that	antibiotics	aerosolized	by	nebulizer	could	be	effectively
delivered	 to	 tracheostomized,	 mechanically	 ventilated	 patients.	 In	 this	 study,
antibiotic	 concentrations	 similar	 to	 or	 greater	 than	 those	 achieved	 among
spontaneously	 breathing	 individuals	 were	 “consistently	 demonstrated”	 in
patients	with	a	tracheostomy	tube.

4 	 Aerosolized	 ribavirin	 has	 been	 used	 for	 patients	 with	 RSV	 infection	 and
severe	 lower	 respiratory	 tract	 disease,	 or	 infants	 with	 chronic	 underlying
conditions	 such	 as	 cardiac	 disease,	 pulmonary	 disease,	 or	 a	 history	 of
prematurity.3	 However,	 proof	 of	 effectiveness	 in	 treating	 RSV	 infections	 is
lacking.	 One	 study	 failed	 to	 establish	 the	 efficacy	 of	 inhaled	 ribavirin	 for
immunocompromised	 adults	 with	 RSV	 infections.36	 Two	 prospective	 double-
blind,	 randomized,	 placebo-controlled	 trials	 addressing	 the	 use	 of	 aerosolized
ribavirin	 for	 treating	 children	 and	 adults	 with	 respiratory	 failure	 from	 RSV
infections	 failed	 to	 show	 any	 improvement	 in	 the	 length	 of	 time	 requiring
mechanical	 ventilation,	 length	 of	 stay	 in	 the	 intensive	 care	 unit,	 and	 oxygen
requirements	 or	 other	 immediate	 outcome.3	 Aerosolized	 ribavirin	 has	 been
suggested	 to	 be	 beneficial	 for	 treating	 infections	 due	 to	 influenza	 A	 and	 B.37
However,	 a	 randomized	 double-blind,	 placebo-controlled	 trial	 found	 that
aerosolized	ribavirin	only	resulted	 in	accelerating	normalization	of	 temperature
of	children	with	influenza	but	had	no	effect	on	respiratory	rate,	pulse	rate,	cough,
or	level	of	consciousness.38

Ribavirin,	in	combination	with	systemic	corticosteroids,	was	used	empirically
for	 the	 treatment	 of	 severe	 acute	 respiratory	 syndrome	 (SARS).	 However,	 a
review	of	 14	 clinical	 reports	 failed	 to	 demonstrate	 that	 ribavirin	 decreased	 the
need	for	mechanical	ventilation,	or	mortality,	of	patients	with	SARS.39

4 	There	are	several	potential	hazardous	effects	of	aerosolized	ribavirin.	It	can
cause	 nausea,	 headaches,	 and	 bronchospasm.40	 In	 addition,	 it	 poses	 potential
risks	to	health	care	workers	who	administer	the	medication.	It	has	been	shown	to
cause	conjunctivitis	as	it	can	precipitate	on	contact	lenses,	and	bronchospasm	in
health	 care	 workers	 administering	 the	 medication.40	 In	 addition,	 ribavirin	 is
highly	 teratogenic.	 Although	 studies	 suggest	 that	 absorption	 of	 ribavirin	 by
health	care	workers	administering	the	medication	is	minimal,3	the	short-term	and
long-term	 risks	 to	 women	 remain	 unknown.	 Therefore,	 conservative	 safety
practices	must	be	 followed.	Given	 the	 lack	of	evidence	supporting	 its	efficacy,
its	 known	 and	 potential	 side	 effects,	 and	 the	 availability	 of	 more	 efficacious
treatment	 options,	 we	 do	 not	 recommend	 the	 use	 of	 aerosolized	 ribavirin	 for
treating	infections	with	RSV.	Further	studies	are	needed	to	determine	its	efficacy



for	treating	influenza.
Although	 studies	 of	 patients	 with	 acquired	 immunodeficiency	 syndrome

suggest	that	aerosolized	pentamidine	can	be	effective	and	well	tolerated	in	mild
Pneumocystis	 jirovecii	 pneumonia,	 it	 is	 not	 recommended	 for	 routine	 clinical
practice.41	 Although	 aerosolized	 pentamidine	 has	 been	 used	 with	 success	 for
primary	 and	 secondary	 P.	 jirovecii	 pneumonia	 prophylaxis,41	 trimethoprim-
sulfamethoxazole	has	been	recommended	as	the	drug	of	choice	for	prophylaxis
in	 both	 situations.	Aerosolized	 pentamidine	 (300	mg	 reconstituted	with	 sterile
water,	 administered	 every	 4	 weeks),	 delivered	 by	 a	 Respirgard	 II	 nebulizer
(Marquest,	 Englewood,	 CO),	 has	 been	 approved	 for	 P.	 jirovecii	 pneumonia
prophylaxis.41	 A	 retrospective	 study	 suggested	 that	 a	 standard	 ultrasonic
nebulizer	 (Fisoneb,	Fisons,	NY)	would	yield	 similar	effects	 to	Respirgard	 II,	 a
jet	nebulizer,	 in	providing	primary	and	secondary	prophylaxis	with	aerosolized
pentamidine.42	Because	toxicity	studies	on	the	secondhand	effects	of	aerosolized
pentamidine	exposure	on	health	care	personnel	are	limited,43	conservative	safety
practices	are	recommended.

Corticosteroids
At	present,	there	are	no	indications	for	the	use	of	inhaled	corticosteroids	for	the
treatment	 of	 the	 critically	 ill	 with	 acute	 exacerbations	 of	 obstructive	 lung
disease.	 Systemic	 corticosteroids	 (oral	 or	 intravenous)	 are	 the	 recommended
first-line	agents	for	the	treatment	of	acute	asthma10	and	COPD.3	Because	inhaled
corticosteroids	are	an	integral	component	of	asthma	therapy,	on	discharge,	they
should	be	used	for	all	patients	receiving	tapering	doses	of	oral	prednisone.	They
are	 considered	 the	 most	 effective	 anti-inflammatory	 therapy	 for	 control	 of
persistent	asthma.10	 Inhaled	 corticosteroids	 are	 available	 as	MDIs,	 dry-powder
inhalers,	or	inhalation	suspension	(budesonide)	for	aerosolized	use.

When	 patients	 are	 hospitalized	 for	 reasons	 other	 than	 acute	 airway
obstruction,	 inhaled	 corticosteroids	 may	 be	 continued	 if	 patients	 have	 been
taking	these	agents	for	asthma	or	COPD	maintenance	therapy.	To	reduce	the	risk
of	 oral	 candidiasis,	 mouth	 rinsing	 and	 use	 of	 a	 spacer	 device	 with	 MDI	 are
recommended.

Racemic	Epinephrine
Racemic	 epinephrine	 is	 effective	 for	 decreasing	 laryngeal	 edema	 by	 causing
vasoconstriction.3	The	usual	adult	dose	is	0.5	mL	of	a	2.25%	solution	diluted	in
3	mL	of	normal	 saline	 every	4	 to	6	hours.	Because	 rebound	 edema	 frequently



occurs,	 patients	 must	 be	 observed	 closely.	 Tachycardia	 is	 common	 during
treatment	 and	 may	 precipitate	 angina	 among	 patients	 with	 coronary	 artery
disease.3	The	 role	of	 racemic	epinephrine	aerosol	 for	epiglottitis	 is	not	known.
Similarly,	inhaled	racemic	epinephrine	is	used	to	treat	postextubation	stridor,	but
this	use	has	not	been	rigorously	studied.	Nebulized	racemic	epinephrine	appears
to	 have	 no	 benefit	 over	 nebulized	 albuterol	 for	 the	 management	 of
bronchiolitis.44	 Because	 racemic	 epinephrine	 aerosol	 is	 associated	 with
potentially	 serious	 side	 effects	 among	 patients	 with	 coronary	 artery	 disease,
administration	of	 inhaled	mixtures	of	helium	and	oxygen	should	be	considered
first	 to	 decrease	 airway	 resistance	 and,	 therefore,	 the	 work	 of	 breathing
associated	with	 laryngeal	 edema	or	other	upper	 airway	diseases	 (see	 “Helium-
Oxygen	(Heliox)”	section).

Aerosolized	Vasodilators
Iloprost	 is	 an	 approved	 inhaled	 prostacyclin	 analogue	 used	 for	 the	 chronic
treatment	of	primary	pulmonary	hypertension	and	pulmonary	hypertension	due
to	 use	 of	 appetite	 suppressants,	 portopulmonary	 syndrome,	 connective	 tissue
disease,	 and	chronic	 thromboembolic	disease.	 It	has	also	been	used	 in	patients
with	 acute	 pulmonary	 hypertension	 after	 coronary	 bypass	 surgery	 and	may	 be
more	effective	than	inhaled	nitric	oxide	(NO).45	It	is	currently	FDA	approved	for
patients	with	primary	pulmonary	hypertension	and	New	York	Heart	Association
(NYHA)	class	III	(symptoms	with	minimal	activity)	and	class	IV	(symptoms	at
rest)	 symptoms.	 Iloprost	 is	administered	as	2.5	 to	5	μg	doses,	6	 to	9	 times	per
day.	 It	 needs	 to	 be	 delivered	 via	 a	 specialized	 nebulizer	 system,	 the	 Prodose
AAD	 system	 (Respironics,	 Murrysville,	 PA),	 to	 ensure	 proper	 dosing.	 A
randomized	 double-blind,	 placebo-controlled	 trial	 demonstrated	 that	 iloprost
produced	improvements	in	6-minute	walk,	hemodynamics,	dyspnea,	and	quality
of	life	after	12	weeks	of	therapy.46

5 	 Inhaled	prostacyclin	has	also	been	used	 to	 treat	patients	with	severe	acute
respiratory	 distress	 syndrome	 (ARDS).	 Although	 aerosolized	 prostacyclin	 has
been	shown	to	improve	oxygenation	and	reduce	pulmonary	arterial	pressures,	it
does	not	 improve	overall	outcomes	and	may	be	associated	with	adverse	events
including	systemic	hypotension.47	 Its	 routine	use	 is	not	 recommended,	and	 it	 is
typically	 reserved	 for	 patients	 with	 life-threatening	 hypoxemia	 refractory	 to
other	interventions.

Inhaled	Cyclosporine
A	randomized	double-blind,	placebo-controlled	trial	demonstrated	improvement



of	 survival	 and	 longer	 periods	 free	 of	 chronic	 rejection	 among	 lung	 transplant
patients	treated	with	inhaled	cyclosporine.48	The	patients	in	the	treatment	group
received	300	mg	of	aerosolized	cyclosporine	(Novartis,	East	Hanover,	NJ)	three
times	a	week	for	the	first	2	years	after	lung	transplantation,	in	addition	to	usual
systemic	 immunosuppression.	 There	 was	 no	 increased	 risk	 of	 side	 effects	 or
opportunistic	infections	among	the	treated	group.

Modes	of	Delivery
In	 the	 critical	 care	 setting,	 there	 are	 generally	 two	 types	 of	 aerosol	 delivery
devices	in	use:	those	that	create	and	deliver	wet	particles	(air-jet	nebulizers)	and
those	that	deliver	preformed	particles	(pressurized	MDIs)	with	or	without	MDI
auxiliary	 delivery	 systems	 (spacers).	 Patients	 on	 mechanical	 ventilation	 or
patients	 breathing	 through	 a	 tracheostomy	 cannot	 use	 dry-powder	 inhalers.
Successful	 aerosol	 therapy	 is	 dependent	 on	 the	 percentage	 of	 the	 drug	 that	 is
delivered	 to	 the	 lungs.	 Factors	 that	 influence	 aerosol	 deposition	 and
effectiveness,	such	as	flow	rate,	breathing	pattern,	and	incoordination,	have	been
largely	overcome	with	newer	and	more	advanced	designs.

Nebulizers
Air-jet	nebulizers	are	a	nonpropellant-based	option	for	inhaled	drug	delivery.	Jet
nebulizers	 rely	 on	 a	 high	 gas	 flow	 (provided	 by	 a	 portable	 compressor,
compressed	gas	cylinder,	or	50-psi	wall	outlet),	Venturi	orifices,	and	baffles	 to
generate	 respirable	 particles,	 generally	 in	 the	 range	of	 1	 to	 5	μm	 in	 diameter.3
Small-volume	nebulizers,	equipped	with	small	fluid	reservoirs,	are	used	for	drug
delivery.3	Factors	that	affect	their	performance	include	design,	characteristics	of
the	medication,	and	gas	source.	Large-volume	nebulizers	have	reservoir	volumes
greater	 than	 100	mL	 and	 can	 be	 used	 to	 deliver	 aerosolized	 solutions	 over	 an
extended	 period.	 Large	 versions	 are	 used	 to	 deliver	 bland	 aerosols	 into	 mist
tents.

Nebulizers	are	frequently	used	for	pediatric	and	elderly	populations	as	well	as
in	the	hospital	setting.	Nebulizer	delivery	of	aerosolized	drugs	is	indicated	when
a	drug	is	not	available	in	MDI	form	and	when	a	patient	cannot	coordinate	the	use
of	 an	 MDI.	 Disadvantages	 include	 the	 need	 for	 a	 gas	 flow	 source,	 lack	 of
portability,	cost,	and	the	risk	of	bacterial	contamination	if	not	properly	cleaned.3

Metered-Dose	Inhalers



An	MDI	 is	 a	pressurized	 canister	 that	 contains	drug	 suspended	 in	 a	propellant
and	 combined	 with	 a	 dispersing	 agent.	 The	 canister	 is	 inverted,	 placed	 in	 a
plastic	actuator,	and,	when	pressed,	delivers	a	metered	dose	of	drug.	The	MDI	is
capable	 of	 delivering	 a	 more	 concentrated	 drug	 aerosol,	 as	 a	 bolus,	 than	 the
solutions	commonly	available	for	nebulizers.3	Delivery	of	a	 therapeutic	dose	 is
dependent	 on	 the	 quality	 of	 the	 patient’s	 technique	 that	 requires	 a	 slow,	 deep
inhalation	 followed	by	a	breath	hold	 (approximately	10	seconds).	Because	 this
maneuver	can	be	difficult,	especially	when	the	patient	is	experiencing	respiratory
distress,	 it	 is	 essential	 that	 the	 technique	 be	 taught	 and	 supervised	 by	 trained
personnel.

Older	MDIs	 use	 chlorofluorocarbon	 (CFC)	 propellants.	 Their	 use	 has	 now
been	 phased	 out	 after	 the	United	Nations	 passed	 the	 1987	Montreal	 Protocol,
which	called	for	the	banning	of	substances	that	may	adversely	affect	the	ozone
layer.	Although	medical	devices	were	 initially	exempted,	many	pharmaceutical
companies	 began	 to	 formulate	 alternative	 preparations	 and	 delivery	 systems.
Hydrofluoroalkane-134a	(HFA)	has	been	found	to	be	an	effective	alternative	to
CFCs.	 In	 addition,	 dry-powder	 inhalers	 for	 long-	 and	 short-acting	 β2-agonists,
corticosteroids,	and	 tiotropium	have	been	developed.	Another	advantage	of	 the
HFA-containing	MDIs	and	the	dry-powder	inhalers	is	that	lung	deposition	of	the
medication	appears	to	be	greater	when	compared	to	the	CFC-containing	MDIs.

Metered-Dose	Inhaler	Auxiliary	Devices
To	 overcome	 problems	 such	 as	 incorrect	 administration,	 oropharyngeal
deposition,	 and	 inconsistent	 dosing	 associated	 with	 MDI	 aerosol	 delivery,
several	auxiliary	devices	 (ie,	 spacer,	holding	chamber)	were	developed.3	When
used	properly,	these	devices	have	the	following	advantages:	(a)	a	smaller,	more
therapeutic	particle	size	 is	achieved;	 (b)	oropharyngeal	 impaction	 is	decreased;
(c)	 fewer	 systemic	 side	 effects	 are	 experienced	 due	 to	 less	 oropharyngeal
deposition	 compared	 to	MDI	 alone;	 and	 (d)	 the	 risk	 of	 oral	 thrush	 associated
with	inhaled	corticosteroids	is	decreased.	It	has	been	shown	that	among	patients
who	 have	 difficulty	 with	 coordination—particularly	 the	 elderly,	 handicapped,
infants,	and	children	younger	 than	5	years	of	age—spacer	devices	 improve	 the
efficacy	of	MDIs.49

Choice	of	Delivery	System
Since	the	development	of	the	first	MDI	in	the	1960s,	there	has	been	continuing
debate	about	which	aerosol	delivery	system,	nebulizers,	or	MDI	 is	 superior.	 In



1997,	 Turner	 et	 al50	 published	 a	 meta-analysis	 of	 12	 studies	 that	 compared
bronchodilator	 delivery	via	 nebulizer	 to	 delivery	via	MDI.	Studies	 included	 in
the	 review	 were	 all	 randomized	 clinical	 trials	 of	 adults	 with	 acute	 asthma	 or
COPD	who	were	treated	in	the	emergency	department	or	hospital	and	measured
FEV1	or	peak	expiratory	flow	rate.	In	all	but	two	of	the	trials,	spacers	were	used
with	MDIs.	 Based	 on	 the	 results	 of	 these	 studies,	 the	 authors	 concluded	 that
there	was	no	difference	in	effectiveness	between	the	two	delivery	methods.

A	 Cochrane	 Library	 meta-analysis	 by	 Cates	 et	 al12	 compared	 the	 clinical
outcomes	of	adults	and	children	with	acute	asthma	who	received	β2-agonists	by
nebulizer	or	MDI	with	spacer.	In	this	review	that	included	16	RCTs,	the	authors
concluded	 that	 the	 outcomes	 (hospital	 admission,	 length	 of	 stay	 in	 the
emergency	department,	 respiratory	rate,	heart	 rate,	arterial	blood	gases,	 tremor,
and	lung	function)	of	both	groups	were	equivalent.

In	the	United	States,	MDIs	are	underused	in	the	acute	care	setting.3	Barriers
to	 selection	 of	 these	 devices	 include	 reimbursement	 issues	 and	 the
misconception	 of	 clinicians	 regarding	 efficacy.	 Many	 third-party	 payers
reimburse	for	the	nebulizer/drug	package	but	not	for	the	MDI.	In	the	critical	care
setting,	selection	of	an	aerosol	delivery	system	for	 the	spontaneously	breathing
patients	should	be	based	on	several	factors.	In	general,	because	the	MDI	with	or
without	 spacer	 is	 the	most	convenient	and	cost-effective	method	of	delivery,	 it
should	be	chosen	whenever	possible.	Its	use	may	be	limited	by	factors	such	as
the	 patient’s	 ability	 to	 actuate	 and	 coordinate	 the	 device,	 either	 of	 which	 can
affect	aerosol	deposition	to	the	lungs;	patient	preference;	practice	situations;	and
economic	 evaluations.	 Additionally,	 parenchymal	 dosing	 with	 drugs	 such	 as
pentamidine	 and	 ribavirin	 requires	 the	use	of	 a	 nebulizer.3	 Cost	 considerations
may	 determine	 which	 delivery	 system	 is	 chosen	 in	 different	 settings.	 Studies
show	 that	 use	 of	MDIs	with	 spacers	 likely	 produce	 considerable	 reductions	 in
hospital	costs.51	The	cost	of	a	disposable	nebulizer	system	 in	a	hospital	 setting
may	 be	 lower	 than	 the	 cost	 of	 an	 MDI	 and	 spacer	 device	 if	 patients	 are
discharged	with	a	second	spacer	device.13

Aerosols	 can	be	delivered	 to	 intubated	 and	mechanically	ventilated	patients
with	small-volume	side-stream	nebulizers	connected	to	the	inspiratory	tubing	or
MDIs	 with	 an	 aerosol	 holding	 chamber.	 Although	 both	 delivery	 systems	 are
effective	 for	 delivering	 aerosolized	medications	 to	 the	ventilated	patient,3	drug
delivery	 can	 be	 significantly	 reduced	 if	 proper	 technique	when	 setting	 up	 and
using	both	devices	is	not	followed.



LUNG-EXPANSION	TECHNIQUES
A	 lung-expansion	 technique	 is	 any	 technique	 that	 increases	 lung	 volume	 or
assists	the	patient	with	increasing	lung	volume	above	that	reached	at	his	or	her
usual	 unassisted	 or	 uncoached	 inspiration.	 Rationales	 for	 the	 use	 of	 various
strategies	 to	 promote	 lung	 inflation	 include	 (a)	 increasing	 pulmonary
compliance,	 (b)	 increasing	 partial	 arterial	 pressure	 of	 oxygen	 (PaO2),	 (c)
decreasing	work	of	breathing,	and	(d)	increasing	removal	of	secretions.52	Lung-
expansion	 techniques	 are	 meant	 to	 duplicate	 a	 normal	 sigh	 maneuver.
Theoretically,	 sighs	 or	 periodic	 hyperinflations	 to	 near-total	 lung	 capacity
reverse	microatelectasis.3

Lung-expansion	 techniques	 are	 indicated	 to	 prevent	 atelectasis	 and
pneumonia	among	patients	who	cannot	or	will	not	take	periodic	hyperinflations,3
such	 as	 postoperative	 upper-abdominal	 and	 thoracic	 surgical	 patients	 and
patients	with	respiratory	disorders	due	to	neuromuscular	and	chest	wall	diseases.
Adequately	performed,	maximum	inspirations	10	 times	each	hour	while	awake
significantly	 decrease	 the	 incidence	 of	 pulmonary	 complications	 after
laparotomy.53	Whatever	technique	is	used	postoperatively	(eg,	coached	sustained
maximal	 inspiration	 with	 cough,	 incentive	 spirometry,	 volume-oriented
intermittent	 positive-pressure	 breathing,	 intermittent	 CPAP,	 or	 positive
expiratory	 pressure	 [PEP]	 mask	 therapy54),	 it	 should	 be	 taught	 and	 practiced
preoperatively.	When	properly	used,	coached	sustained	maximal	inspiration	with
cough	and	incentive	spirometry—the	least	expensive	and	safest	techniques—are
as	 effective	 as	 any	 other	 method.55	 Of	 the	 several	 commercially	 available
incentive	spirometers,	 the	one	chosen	should	combine	accuracy,	 low	price,	and
maximum	 patient	 accessibility.56	 Because	 there	 are	 no	 definitive	 studies
comparing	 the	 relative	 efficacy	 of	 volume-	 and	 flow-oriented	 incentive
spirometers,	 the	 choice	 of	 equipment	must	 be	 based	 on	 empiric	 assessment	 of
patient	acceptance,	ease	of	use,	and	cost.	When	chest	percussion	with	postural
drainage	is	added	to	the	previously	mentioned	expansion	techniques	for	patients
without	prior	 lung	disease,	 it	has	failed	to	affect	 the	incidence	of	postoperative
pulmonary	complications.57

AIRWAY	CLEARANCE
Efficient	mucociliary	clearance	and	effective	cough	are	the	two	basic	processes
necessary	 for	 normal	 clearance	 of	 the	 airways.	 In	 abnormal	 situations,	 this



system	may	be	 dysfunctional	 and	 lead	 to	mucus	 retention.	Both	 the	American
College	 of	 Chest	 Physicians58	 and	 the	 BTS2	 have	 published	 evidence-based
guidelines	reviewing	both	pharmacological	and	nonpharmacological	methods	of
augmenting	 pulmonary	 secretion	 clearance.	 Both	 guidelines	 include	 complete
reviews	of	this	topic.	A	summarized	discussion	of	techniques	aimed	at	enhancing
airway	clearance	follows.

Augmentation	of	Mucociliary	Clearance
Mucociliary	clearance	 is	one	of	 the	most	 important	defense	mechanisms	of	 the
respiratory	 system.	 Mucociliary	 dysfunction	 is	 any	 defect	 in	 the	 ciliary	 and
secretory	elements	of	mucociliary	 interaction	 that	disturbs	 the	normal	defenses
of	the	airway	epithelium.59	Ineffective	mucociliary	clearance	leads	to	retention	of
tracheobronchial	 secretions.	Mucociliary	 clearance	may	 be	 ineffective	 because
of	depression	of	the	clearance	mechanisms	or	oversecretion	in	the	face	of	normal
mucous	 transport,	or	both.	Mucus	 is	 ineffectively	cleared	and	overproduced	by
smokers	with	or	without	chronic	bronchitis	and	by	asthmatic	patients.3	It	is	also
ineffectively	 cleared	 in	 the	 following	 situations:	 (a)	 among	 patients	 with
emphysema,	bronchiectasis,	and	CF;	(b)	during	and	up	to	4	to	6	weeks	after	viral
upper	 respiratory	 tract	 infections;	 (c)	 during	 and	 for	 an	 unknown	 period	 after
general	anesthesia	due	to	the	inhalation	of	dry	gas	and	cuffed	endotracheal	tubes
used	 during	 surgery;	 and	 (d)	 during	 prolonged	 endotracheal	 intubation,
administration	of	elevated	concentrations	of	inspired	oxygen,	and	damage	to	the
tracheobronchial	 tree	 from	 suctioning.3	 The	 most	 important	 consideration	 for
improving	mucociliary	clearance	is	to	remove	the	inciting	cause(s)	of	ineffective
clearance	and	overproduction	of	secretions.

Treatment
Mucociliary	 clearance	 can	 be	 enhanced	 pharmacologically	 and	 mechanically.
Numerous	drugs	with	potential	mucociliary	effect	have	been	studied,	but	only	a
few	 are	 clinically	 useful.	 Pharmaceutical	 therapy	 is	 frequently	 used	 in
conjunction	with	physical	therapy.

Pharmacological	Augmentation
β-agonists	 and	 aminophylline	 stimulate	 mucociliary	 clearance.3	 These	 drugs
should	be	given	in	the	same	doses	given	for	bronchodilatation.	Mucolytics	and
expectorants	 (eg,	 potassium	 iodide,	 glyceryl	 guaiacolate,	 guaifenesin,



ammonium	chloride,	 creosote,	 and	cocillana)	have	not	been	 shown	 to	 increase
mucociliary	clearance.3	There	 is	no	evidence	 to	support	 the	use	of	mucokinetic
agents	 for	 COPD	 exacerbations.3	 An	 RCT	 of	 healthy	 volunteers	 and	 patients
with	mild	asthma	showed	no	improvement	of	mucociliary	clearance	when	given
inhaled	furosemide.60

In	 vitro	 studies	 have	 demonstrated	 that	 corticosteroids	 reduce	 mucous
secretion	from	human	airway	cells,61	and	 the	use	of	 inhaled	corticosteroids	has
been	recommended	for	the	management	of	bronchorrhea	(ie,	mucus	secretions	of
more	than	100	mL	per	day).62	However,	we	know	of	no	RCTs	demonstrating	the
benefit	of	inhaled	corticosteroids	for	the	management	of	bronchorrhea.

Mechanical	Augmentation

Chest	Physiotherapy
6 	 Usually,	 chest	 physiotherapy	 (CPT)	 involves	 (a)	 gravity	 (therapeutic
positioning),	(b)	percussion	to	the	chest	wall	over	the	affected	area,	(c)	vibration
of	 the	 chest	wall	 during	 expiration,	 and	 (d)	 coughing.	Coughing	appears	 to	be
the	 most	 important	 component	 of	 CPT	 (see	 “Augmentation	 of	 Cough
Effectiveness”	 section).	 It	 is	 felt	 to	 be	 beneficial	 for	 patients	 with	 CF	 and
bronchiectasis,	in	the	unusual	COPD	patient	who	expectorates	more	than	30	mL
of	sputum	each	day,58	and	for	patients	with	lobar	atelectasis2.	It	is	not	indicated
for	asthmatic	patients58	or	for	those	with	uncomplicated	pneumonias.2	CPT	does
not	 improve	FEV1	 and	provides	 only	modest	 short-term	effects,	 and	 long-term
benefits	are	unproven.58	For	patients	with	COPD,	alternative	methods	of	airway
clearance	(see	later)	have	not	proven	more	effective	than	CPT,	and	the	effects	of
CPT	itself	on	patients	with	COPD	may	be	minimal.63

Complications	 of	 CPT	 are	 infrequent	 yet	 potentially	 severe.64	 They	 include
massive	 pulmonary	 hemorrhage	 (perhaps	 caused	 by	 clots	 dislodged	 during
percussion),	 decreased	 PaO2	 from	 positioning	 the	 “good”	 lung	 up	 in
spontaneously	 breathing	 patients,	 rib	 fractures,	 increased	 intracranial	 pressure,
decreased	cardiac	output,	and	decreased	FEV1.

Oscillatory	Devices
These	 devices	 include	 the	 flutter	 device	 (Varioraw	 SARL,	 Scandipharm	 Inc,
Birmingham,	 AL),	 Aerobika	 oscillating	 positive	 expiratory	 pressure	 (OPEP)
device	 (Trudell	 Medical	 International,	 London,	 Ontario),	 intrapulmonary
percussive	 ventilation	 (Percussionator,	 IPV-1;	 Percussionaire,	 Sand	 Point,	 ID),
and	 high-frequency	 chest	 wall	 oscillation.	 The	 flutter	 mucus	 clearance	 device



and	 the	 Aerobika	 OPEP	 device	 are	 small,	 handheld,	 pipelike	 devices	 used	 to
facilitate	 the	 removal	of	mucus	 from	 the	 lungs.	As	patients	exhale	 through	 the
device,	a	steel	ball	 rolls	and	bounces,	producing	vibrations	 that	are	 transmitted
throughout	 the	 airways	 which	 are	 postulated	 to	 intermittently	 increase
endobronchial	 pressure	 and	 accelerate	 expiratory	 airflow,	 thereby	 enhancing
mucus	 clearance.65	 In	 an	 RCT,	 the	 flutter	 device	 was	 compared	 to	 standard,
manual	 chest	 therapy	 for	 hospitalized	 CF	 patients	 experiencing	 an	 acute
exacerbation66	and	found	to	be	a	safe,	efficacious,	and	cost-effective	alternative
to	 standard,	 manual	 chest	 percussion.	 Konstan	 et	 al65	 compared	 periods	 of
vigorous	voluntary	cough,	postural	drainage,	and	flutter-valve	treatment.	Among
the	therapies	compared,	the	volume	of	sputum	was	three	times	greater	with	the
flutter	 treatment.	 Although	 larger	 clinical	 trials	 are	 needed,	 it	 appears	 to	 be	 a
useful	device	for	self-administration	of	CPT	and	an	alternative	to	CPT.58

Intrapulmonary	percussive	ventilation	uses	 short	bursts	of	 air	 at	 200	 to	300
cycles	per	minute,	along	with	entrained	aerosols	delivered	via	a	mouthpiece.58	In
a	study	on	patients	with	CF,	this	was	found	to	be	equal	to	CPT.67	A	small	study
suggested	 that	 high-frequency	 chest	 well	 oscillation	 decreased	 breathlessness
and	fatigue	in	patients	with	ALS.68

PEP	Mask
In	 PEP	 therapy,	 a	 mask	 is	 applied	 tightly	 over	 the	 mouth	 and	 nose,	 and	 a
variable-flow	 resistor	 is	 adjusted	 to	 achieve	 PEP	 during	 exhalation	 between	 5
and	20	cm	H2O.	This,	 combined	with	 “huff”	 coughing,	 allows	mobilization	of
peripherally	located	secretions	upward	into	larger	airways.	A	Cochrane	review	of
28	studies	in	patients	with	CF	was	suggestive	that	PEP	usage	may	result	in	fewer
pulmonary	exacerbations	in	comparison	to	high	frequency	chest	wall	oscillation,
although	there	was	no	difference	in	FEV1	and	other	measured	outcomes.69

Mechanical	Insufflation-Exsufflation
Mechanical	insufflation-exsufflation	(cough	in-exsufflator)	increases	the	volume
inhaled	 during	 the	 inspiratory	 phase	 of	 cough,	 thereby	 increasing	 cough
effectiveness.58	Cough	efficiency	can	be	further	enhanced	by	applying	negative
airway	 pressure	 for	 1	 to	 3	 seconds	 after	 the	 initial	 inspiration.	 This	 method
appears	 to	 be	 most	 beneficial	 for	 patients	 with	 impaired	 cough	 due	 to
neuromuscular	disease.70

6 	 In	 summary,	 the	 data	 available,	 although	 not	 abundant,	 indicate	 that	 in
patients	with	 copious	 secretions,	 clearance	of	 secretions	 can	be	 enhanced	with
selected	physical	therapy	procedures.	Limited	long-term	studies	have	equivocal



or	conflicting	results	comparing	various	airway	clearance	therapies,	and	patient
preference	 may	 influence	 the	 optimal	 choice.	 Further	 long-term	 studies	 are
needed	to	compare	outcomes	of	the	various	therapies	available.

Suctioning
Although	mechanical	aspiration	or	suctioning	is	routine	in	most	hospitals,	many
are	unaware	of	the	numerous	potential	complications	associated	with	suctioning,
such	 as	 tissue	 trauma,	 laryngospasm,	 bronchospasm,	 hypoxemia,	 cardiac
arrhythmias,	 respiratory	 arrest,	 cardiac	 arrest,	 atelectasis,	 pneumonia,
misdirection	 of	 catheter,	 and	 death.3	 Complications	 are	 generally	 avoidable	 or
reversible	if	proper	technique	and	indications	are	adhered	to	strictly.

Endotracheal
Endotracheal	 suctioning	 is	 performed	 for	 patients	 with	 an	 artificial	 tracheal
airway	 in	 place.	 It	 should	 be	 used	 only	 when	 there	 is	 definite	 evidence	 of
excessive	 retained	 secretions.	Routine	 suctioning	according	 to	a	predetermined
schedule	may	cause	excessive	mucosal	tissue	damage,	excessive	impairment	of
mucociliary	clearance,	unnecessary	exposure	to	the	potential	risks	of	hypoxemia
associated	with	the	procedure,	arrhythmias,	atelectasis,	and	bronchoconstriction.3
Endotracheal	 suctioning	 is	 indicated	 when	 there	 is	 a	 need	 to	 (a)	 remove
accumulated	 secretions,	 (b)	 obtain	 a	 sputum	 specimen	 for	 microbiologic	 or
cytologic	 examination,	 (c)	 maintain	 the	 patency	 and	 integrity	 of	 the	 artificial
airway,	and	(d)	stimulate	cough	in	patients	with	ineffective	cough.71

Suction	catheters	are	generally	22	inches	long	(adequate	in	length	to	reach	the
main	 stem	 bronchus)	 and	 sized	 in	 French	 units.	 Most	 have	 a	 side	 port	 to
minimize	 mucosal	 damage.	 To	 avoid	 obstruction	 of	 the	 artificial	 airway,	 the
outer	 diameter	 of	 the	 suction	 catheter	 should	 be	 less	 than	 half	 the	 size	 of	 the
internal	 diameter	 of	 the	 endotracheal	 tube	 (rule	 of	 thumb:	 multiply	 the	 inner
diameter	of	 the	endotracheal	 tube	by	2	and	use	next	smallest	 size	 [eg,	8.0-mm
endotracheal	tube:	2	×	8	=	16,	choose	next	smallest	size	=	14	French]).

For	patients	 receiving	ventilatory	 support,	 closed,	multiuse	 systems	 that	 are
incorporated	 into	 the	 ventilator	 circuit	 are	 available.	 Because	 patients	 remain
connected	 to	 the	 ventilator	 during	 suctioning,	 positive	 end-expiratory	 pressure
(PEEP)	 and	 high	 fractional	 inspiration	 of	 oxygen	 (FiO2)	 can	 be	 maintained,
reducing	the	risk	of	hypoxemia.	Preoxygenation	with	100%	O2	is	still	necessary.
The	 use	 of	 closed,	 multiuse	 systems	 may	 reduce	 costs	 and	 the	 risk	 of	 cross-
contamination.	 However,	 these	 systems	 may	 increase	 tension	 on	 the	 tracheal
tube	and	add	resistance	to	the	airway.



The	practice	of	 instilling	normal	 saline	 into	 the	airway	before	 suctioning	 to
aid	secretion	removal	is	common,	but	it	is	unclear	whether	it	is	effective	and	it
may	 increase	 the	 risk	 of	 nosocomial	 pneumonia.	 The	 routine	 use	 of	 saline
irrigation	is	not	recommended.3

Nasotracheal
Although	 nasotracheal	 suctioning	 may	 be	 considered	 for	 patients	 who	 do	 not
have	an	artificial	tracheal	airway,	it	is	not	recommended	because	of	the	potential
side	effects,	and	there	are	other,	safer	alternatives.	It	is	rarely	indicated	because
CPT	can	be	used	in	conscious	patients,	and	semicomatose	or	comatose	patients
with	 retained	 secretions	 can	 be	 intubated.	 Nasotracheal	 suctioning	 has	 been
associated	with	fatal	cardiac	arrest,	life-threatening	arrhythmias	presumably	due
to	 hypoxemia,	 and	 bacteremia.3	 Because	 quantitative	 cultures	 acquired	 with
plugged	telescoping	catheters	at	bronchoscopy	can	be	obtained	more	safely	and
are	 definitely	 more	 reliable	 than	 nasotracheal	 suction	 (Chapter	 10:
Bronchoscopy)	 for	 obtaining	uncontaminated	 lower	 respiratory	 tract	 secretions
for	culture,	nasotracheal	suction	is	not	recommended.

Nasopharyngeal
Nasopharyngeal	 suctioning	 is	 indicated	 to	 clear	 the	 upper	 airway.	Because	 the
catheter	 does	 not	 reach	 the	 vocal	 cords	 or	 enter	 the	 trachea,	 nasopharyngeal
suctioning	is	associated	with	fewer	complications	than	nasotracheal	suctioning.3
The	 catheter	 should	 not	 touch	 or	 go	 beyond	 the	 vocal	 cords.	 This	 requires
insertion	 to	a	depth	 that	corresponds	 to	 the	distance	between	 the	middle	of	 the
patient’s	chin	and	the	angle	of	the	jaw,	just	below	the	earlobe.

Endotracheal	Extubation
Before	 removal	 of	 the	 endotracheal	 tube,	 perform	 nasopharyngeal	 and
oropharyngeal	 suctioning	 to	 clear	 secretions	 that	 have	 pooled	 above	 the	 vocal
cords	 for	 the	 inflated	 cuff.	 Replace	 the	 catheter	 and	 perform	 endotracheal
suctioning.	 In	preparation	 for	deflating	 the	cuff,	place	 the	endotracheal	 suction
catheter	 tip	 just	 distal	 to	 the	 endotracheal	 tube	 to	 aspirate	 any	 secretions	 that
gravitate	downward	when	the	cuff	is	deflated.	Deflate	the	cuff	and	intermittently
suction	while	removing	the	tube	and	catheter	as	a	unit.

Augmentation	of	Cough	Effectiveness
Although	mucociliary	 transport	 is	 the	major	method	of	 clearing	 the	 airway	by



healthy	subjects,	cough	is	an	important	reserve	mechanism,	especially	when	lung
disease	 is	 present.3	 Many	 studies	 suggest	 that	 cough	 is	 effective	 in	 clearing
secretions	only	if	secretions	are	excessive.

Pathophysiology	of	Ineffective	Cough
The	effectiveness	of	cough	for	clearing	an	airway	 theoretically	depends	on	 the
presence	of	secretions	of	sufficient	 thickness	 to	be	affected	by	 two-phase,	gas-
liquid	 flow	 and	 the	 linear	 velocity	 of	 air	 moving	 through	 its	 lumen.3	 The
ineffectiveness	of	voluntary	coughing	by	normal	subjects	to	clear	tagged	aerosol
particles	from	the	lower	airways	is	probably	due	to	 the	 inability	of	 the	moving
airstream	to	interact	appropriately	with	the	normally	thin	mucus	layer	on	which
the	 particles	 were	 deposited.3	 Once	 there	 is	 sufficiently	 thick	 material	 in	 the
airways,	the	effectiveness	of	cough	depends	on	achieving	a	high	expiratory	flow
rate	of	air	 and	a	 small	 cross-sectional	area	of	 the	airway	during	 the	expiratory
phase	 of	 cough	 to	 achieve	 a	 high	 linear	 velocity	 (velocity	 equals	 flow/cross-
sectional	 area);	 therefore,	 any	 condition	 associated	 with	 decreased	 expiratory
flow	 rates	 or	 reduced	 ability	 to	 compress	 airways	 dynamically	 places	 affected
patients	at	risk	of	having	an	ineffective	cough.

All	 conditions	 that	 may	 lead	 to	 an	 ineffective	 cough	 interfere	 with	 the
inspiratory	 or	 expiratory	 phases	 of	 cough;	most	 conditions	 affect	 both.	 Cough
effectiveness	 is	 likely	 to	 be	 most	 impaired	 among	 patients	 with	 respiratory
muscle	weakness	 because	 their	 ability	 to	 take	 a	 deep	 breath	 in	 (flow	 rates	 are
highest	at	high	lung	volumes)	and	to	compress	their	airways	dynamically	during
expiration	 is	 impaired,	 placing	 them	 at	 double	 liability.	 The	 muscles	 of
expiration	appear	 to	be	 the	most	 important	determinant	 for	producing	elevated
intrathoracic	 pressures,	 and	 they	 are	 capable	 of	 doing	 so	 even	 with	 an
endotracheal	 tube	 in	 place.3	 Therefore,	 tracheostomy	 should	 not	 be	 performed
for	the	intubated	patient	just	to	increase	cough	effectiveness.

Assessment	of	Cough	Effectiveness
Ideally,	 clinicians	 would	 like	 to	 predict	 clinically	 or	 physiologically	 when	 a
patient	 is	 at	 risk	 of	 developing	 atelectasis,	 pneumonia,	 or	 gas-exchange
abnormalities	 because	 of	 an	 ineffective	 cough.	 There	 are	 no	 such	 studies,
however.	The	existing	data	that	relate	to	assessment	of	cough	effectiveness	were
generated	by	patients	with	muscular	dystrophy	and	myasthenia	gravis.3,72	These
studies	 suggested	 that	 mouth	 maximum	 expiratory	 pressure	 (MEP)
measurements	 may	 be	 useful	 for	 assessing	 cough	 strength,	 but	 they	 did	 not



correlate	these	measurements	with	any	clinical	outcomes.	Using	the	absence	of
peak	flow	transients	(ie,	a	spike	of	flow	with	a	cough	to	the	otherwise	sustained
maximal	expiratory	flow)	during	cough	flow-volume	curves	as	an	indication	that
expiratory	muscle	 strength	 during	 coughing	was	 not	 adequate	 to	 compress	 the
airways	 dynamically,	 investigators	 found	 that	 MEP	 was	 the	 most	 sensitive
predictor	of	flow	transient	production	during	coughing.3	All	patients	who	could
produce	cough	 transients	had	MEP	values	greater	 than	60	cm	H2O;	 those	who
could	not	produce	 transients	had	MEP	values	of	45	cm	H2O	or	 less.	The	 latter
value	is	consistent	with	the	clinical	observations	of	Gracey	et	al,72	who	found	for
patients	 with	 myasthenia	 gravis	 that	 MEP	 values	 less	 than	 40	 cm	 H2O	 were
frequently	associated	with	difficulty	in	raising	secretions	without	suctioning.

Bach	 and	 Saporito73	 prospectively	 evaluated	 measurement	 of	 peak	 cough
flows	(PCF)	(assisted	and	unassisted)	as	a	predictor	of	successful	extubation	and
decannulation	 among	 49	 patients	 with	 primary	 neuromuscular	 ventilatory
insufficiency.	 In	 this	 study,	 the	ability	 to	generate	at	 least	160	L	per	minute	of
PCF	 (measured	 with	 Peak	 Flow	 Meter,	 HealthScan	 Inc,	 Cedar	 Grove,	 NJ)
resulted	 in	 successful	 extubation	 or	 decannulation,	 whereas	 no	 patients	 with
PCFs	under	160	L	per	minute	were	successfully	extubated	or	decannulated.	The
authors	concluded	 that	 the	assisted	PCF	could	be	used	 to	predict	 the	ability	 to
safely	extubate	or	decannulate	patients	with	neuromuscular	disease	regardless	of
the	extent	of	ventilatory	insufficiency.

Protussive	Therapy
When	 cough	 is	 useful	 yet	 inadequate,	 protussive	 therapy	 is	 indicated	 (eg,
bronchiectasis,	 CF,	 pneumonia,	 postoperative	 atelectasis).3	 The	 goal	 of
protussive	therapy	is	to	increase	cough	effectiveness	with	or	without	increasing
cough	frequency.	It	can	be	of	a	pharmaceutical	or	mechanical	nature.

Only	 a	 small	 number	 of	 pharmacological	 agents	 have	 been	 adequately
evaluated	 as	 protussive	 agents.74	 Of	 these,	 aerosolized	 hypertonic	 saline	 in
patients	with	chronic	bronchitis	and	amiloride	aerosol	in	patients	with	CF	have
been	 shown	 to	 improve	 cough	 clearance.3,75	 Although	 aerosolized	 ipratropium
bromide	diminished	the	effectiveness	of	cough	for	clearing	radiolabeled	particles
from	 the	 airways	 in	 COPD,	 aerosolized	 terbutaline	 after	 CPT	 significantly
increased	 cough	 clearance	 in	 patients	 with	 bronchiectasis.3	 The	 conflicting
results	with	these	two	types	of	bronchodilators	suggest	that	terbutaline	achieved
its	 favorable	 effect	 by	 increasing	 hydration	 of	 mucus	 or	 enhancing	 ciliary
beating,	 and	 these	 overcame	 any	 negative	 effects	 that	 bronchodilation	 had	 on



cough	 clearance.	 When	 bronchodilators	 result	 in	 too	 much	 smooth	 muscle
relaxation	of	large	airways,	flow	rates	can	actually	decrease	even	among	healthy
individuals	when	more	compliant	 large	airways	narrow	too	much	because	 they
cannot	 withstand	 dynamic	 compression	 during	 forced	 expirations.3	 Although
hypertonic	 saline,	 amiloride,	 and	 terbutaline	 by	 aerosol	 after	 CPT	 have	 been
shown	to	increase	cough	clearance,	their	clinical	use	remains	to	be	determined	in
future	studies	that	assess	short-term	and	long-term	effects	of	these	agents	on	the
patient’s	condition.

Expiratory	Muscle	Training
Because	 expiratory	 muscle	 weakness	 diminishes	 cough,	 strengthening	 the
muscles	may	improve	cough	effectiveness.	In	quadriplegic	subjects,	there	was	a
46%	 increase	 in	 expiratory	 reserve	 volume	 after	 a	 6-week	 period	 of	 isometric
training	 to	 increase	 the	 clavicular	 portion	 of	 the	 pectoralis	 major.76	 This
technique	 may	 improve	 cough	 by	 allowing	 patients	 with	 neuromuscular
weakness	to	generate	higher	intrathoracic	pressures.3

Mechanical	Measures
A	variety	of	mechanical	measures	have	been	advocated	as	possible	therapies	to
improve	 cough	 effectiveness,3	 including	 (a)	 positive	 mechanical	 insufflation,
followed	 by	 (b)	 manual	 compression	 of	 the	 lower	 thorax	 and	 abdomen	 in
quadriparetic	 patients	 (an	 abdominal	 push	 maneuver	 that	 assists	 expiratory
efforts	 in	 patients	 with	 spinal	 cord	 injuries),	 (c)	 mechanical	 insufflation-
exsufflation,	(d)	abdominal	binding	and	muscle	training	of	the	clavicular	portion
of	 the	 pectoralis	 major	 in	 tetraplegic	 patients,	 and	 (e)	 CPT	 in	 patients	 with
chronic	 bronchitis.	 The	 usefulness	 of	 the	 first	 four	 measures	 for	 improving
clinical	 outcomes	 has	 yet	 to	 be	 studied;	 and,	 among	 patients	 with	 CF,	 one
technique	does	not	appear	to	be	superior	to	the	others.3	For	patients	with	chronic
bronchitis,	the	combination	of	short	bouts	of	PEP	breathing,	forced	expirations,
and	CPT	resulted	in	reduced	coughing,	less	mucus	production,	and	fewer	acute
exacerbations	 compared	 with	 patients	 who	 received	 CPT	 alone.	 Except	 for
patients	with	CF,	there	is	no	clear	benefit	of	combining	CPT	with	coughing	over
vigorous	coughing	alone.58

The	effects	of	deep	lung	insufflation	on	maximum	insufflation	capacities	and
PCF	for	patients	with	neuromuscular	disease	were	 investigated.77	 In	 this	study,
the	 authors	 concluded	 that	 with	 training,	 the	 capacity	 to	 stack	 air	 to	 deep
insufflations	 can	 be	 enhanced	 despite	 neuromuscular	 weakness,	 and	 this	 can



result	in	increased	cough	effectiveness.

ADMINISTRATION	OF	MEDICAL	GASES

Oxygen	Therapy

Indications	for	Oxygen	Therapy
7 	In	the	acute	setting,	administration	of	supplemental	oxygen	is	indicated	for	(a)
acute	 respiratory	 failure	 (hypoxemic	 and	 hypercapnic),	 (b)	 acute	 myocardial
infarction	 (MI)	 in	 the	 face	 of	 hypoxemia	 (arterial	 oxygen	 saturation	 [SaO2]
<90%),	 (c)	 acute	asthma,	 (d)	normoxemic	hypoxia	 (states	 characterized	by	 the
potential	or	actual	documentation	of	tissue	hypoxia	despite	a	normal	PaO2	 such
as	 carbon	 monoxide	 [CO]	 poisoning),	 (e)	 the	 perioperative	 and	 postoperative
states,	 and	 (f)	 cluster	 headaches.3,78,79	 Additionally,	 oxygen	 should	 be
administered	 empirically	 in	 cases	 of	 cardiac	 or	 respiratory	 arrest,	 respiratory
distress,	hypotension,	shock,	and	severe	trauma.3

A	dosage	sufficient	to	correct	the	hypoxemia	should	be	prescribed.	The	goal
of	oxygen	therapy	is	to	correct	hypoxemia	to	a	PaO2	greater	than	60	mm	Hg	or
SaO2	greater	 than	90%.	Owing	to	 the	shape	of	 the	oxyhemoglobin	dissociation
curve,	there	is	little	benefit	from	increasing	the	PaO2	to	values	much	greater	than
60	mm	Hg,	 and	 in	 some	 cases,	 it	 may	 increase	 the	 risk,	 albeit	 small,	 of	 CO2

retention.3
Clinicians	 are	 cautioned	 regarding	 the	 haphazard	 use	 of	 oxygen,	 because

there	 are	 potential	 complications	 associated	 with	 the	 administration	 of
supplemental	 oxygen,	 particularly	 at	 high	 concentrations	 (eg,	 FiO2	 >	 0.50).
Oxygen	 therapy	 should	 not	 be	 used	 in	 place	 of	 but	 in	 addition	 to	mechanical
ventilation	when	ventilatory	support	is	indicated.78

Respiratory	Failure
Oxygen	therapy	is	used	in	acute	pulmonary	conditions	to	prevent	tissue	hypoxia
and	 the	 serious	 and	 often	 irreversible	 effects	 on	 vital	 organ	 function	 that	 can
result	 from	 untreated	 hypoxemia.	 In	 the	 absence	 of	 hypercarbia,	 the	 risk	 of
worsening	 alveolar	 hypoventilation	 with	 the	 administration	 of	 supplemental
oxygen	is	essentially	nonexistent.	Even	among	patients	with	chronic	hypercapnic
respiratory	failure,	the	administration	of	supplemental	oxygen	to	achieve	a	PaO2



of	approximately	60	mm	Hg	 is	associated	with	only	a	 small	 risk	of	worsening
hypercapnia.	 The	 mechanism	 by	 which	 oxygen	 administration	 results	 in	 CO2

elevation	 among	 patients	 with	 COPD	 is	multifactorial.	 It	 cannot	 be	 explained
solely	 by	 the	 effect	 of	 oxygen	 on	 ventilatory	 drives.	 It	may	 also	 be	 due	 to	 an
oxygen-induced	 increase	 in	 dead	 space	 resulting	 from	 relaxation	 of	 hypoxic
vasoconstriction,	 and	 it	 also	 requires	 the	 presence	 of	 other	 respiratory
abnormalities	preventing	compensatory	hyperventilation.3	Furthermore,	in	acute
situations	in	which	supplemental	oxygen	is	necessary	to	maintain	adequate	tissue
oxygenation,	 it	 should	 not	 be	 withheld	 even	 if	 there	 is	 a	 risk	 that	 ventilatory
support	 may	 be	 required.	 Care	 should	 be	 taken,	 however,	 to	 avoid	 the
administration	 of	 excessively	 rich	 oxygen	mixtures.	 See	 Chapter	 173:	 Critical
Care	of	Acute	Exacerbations	of	COPD	for	further	discussion	of	oxygen	therapy
in	COPD.

Acute	Myocardial	Infarction	Without	Respiratory	Failure
Based	on	studies	demonstrating	that	breathing	enriched	oxygen	mixtures	limited
infarct	size	in	animals,	it	has	become	common	practice	to	administer	oxygen	to
patients	 suspected	 of	 experiencing	 ischemic-chest	 discomfort.78	 Because
nitroglycerin	 dilates	 the	 pulmonary	 vascular	 bed	 and	 increases	 ventilation-
perfusion	 abnormalities,	 supplemental	 oxygen	 has	 been	 recommended	 during
nitroglycerine	use	and	 for	 the	 initial	hours	after	an	acute	MI	 is	 first	 suspected.
Experimental	studies	have	shown	that	supplemental	oxygen	may	limit	ischemic
myocardial	 injury80	 and	 reduce	 ST-segment	 elevation	 among	 patients
experiencing	an	MI.81	The	routine	use	of	supplemental	oxygen,	however,	may	be
associated	 with	 an	 increased	 risk	 of	 death,	 questioning	 this	 practice.80	 In	 the
setting	of	MI	complicated	by	left	ventricular	failure,	arrhythmias,	or	pneumonia,
the	appropriate	oxygen	concentration	should	be	determined	by	monitoring	of	the
PaO2	 or	 SaO2.78	 Supplemental	 oxygen	 should	 be	 administered	 to	 maintain	 an
SaO2	goal	greater	than	90%.78

Acute	Asthma
Supplemental	 oxygen	 protects	 against	 hypoxemia	 resulting	 from	 pulmonary
vasodilation	 induced	 by	 β-agonists	 and	 minimizes	 hypoxemia-induced
vasoconstriction.82	 Normal	 levels	 of	 oxygen	 (normoxia)	 may	 protect	 against
cardiac	arrhythmias	and	may	also	help	oxygen	delivery	to	peripheral	tissues.3

Supplemental	 oxygen	 is	 recommended	 for	 patients	with	 hypoxemia	 and	 for
patients	with	FEV1	or	peak	expiratory	flow	less	than	50%	of	the	predicted	value
during	 an	 acute	 attack	 when	 arterial	 oxygen	 monitoring	 is	 not	 available.	 The



National	 Asthma	 Education	 and	 Prevention	 Program	 Expert	 Panel	 Report	 3
recommends	 oxygen	 administered	 via	 nasal	 cannula	 or	 mask	 to	 maintain	 an
SaO2	 greater	 than	 90%	 (greater	 than	 95%	 in	 pregnant	 women	 and	 in	 patients
with	 a	 history	 of	 heart	 disease).10	 SaO2	 monitoring	 should	 continue	 until	 a
definite	response	to	bronchodilatory	therapy	occurs.

Normoxemic	Hypoxia
Normoxemic	 hypoxia	 encompasses	 conditions	 that	 are	 characterized	 by	 the
potential	 or	 actual	 documentation	 of	 tissue	 hypoxia	 but	with	 a	 normal	 PaO2.78

Tissue	 hypoxia	 occurs	 as	 a	 result	 of	 abnormal	 hemoglobin	 function,	 deficient
delivery,	or	inefficient	use	of	oxygen	by	the	tissues.	Examples	of	such	conditions
include	 acute	 anemia,	 carboxyhemoglobinemia	 (perhaps	 the	 most	 lethal),	 and
sickle	cell	crisis.

Recommendations	 for	 the	 use	 of	 supplemental	 oxygen	 for	 normoxemic
hypoxic	conditions	are	outlined	as	follows:

1.	 Acute	anemia.	Although	the	definitive	treatment	is	sufficient	blood
replacement,	supplemental	oxygen	is	a	reasonable	temporizing	measure.

2.	 Carboxyhemoglobinemia	(CO	poisoning).3	Because	a	partial	pressure	of
CO	of	less	than	1	mm	Hg	can	saturate	50%	of	hemoglobin	and	not	interfere
with	lung	function,	measurements	of	oxygen	tension	are	not	useful	for
predicting	the	presence	of	CO	poisoning	or	for	directing	oxygen	therapy.
Carboxyhemoglobin	levels	must	be	measured	to	detect	CO	poisoning.
Administration	of	high	concentrations	of	inspiratory	oxygen	is	important
when	treating	CO	poisoning	for	two	reasons:	a	higher	amount	of	oxygen
may	be	placed	in	the	solution	in	the	blood	to	supplement	the	oxygen
already	present,	and	a	high	PaO2	accelerates	the	dissociation	of	CO	from
hemoglobin.	In	the	absence	of	hyperbaric	oxygen,	a	nonrebreathing	mask
driven	by	pure	humidified	oxygen	is	the	treatment	of	choice.	This	should	be
given	immediately	and	without	interruption	until	it	is	verified	that
carboxyhemoglobinemia	has	fallen	to	less	than	5%.	Although	hyperbaric
oxygenation	represents	a	potentially	more	effective	alternative,	it	is	not
readily	available	for	most	patients.	If	it	is	available,	patients	with
carboxyhemoglobin	levels	greater	than	40%	or	with	cardiac	or	neurologic
symptoms	should	be	considered	for	immediate	transportation	to	a
hyperbaric	oxygen	facility	for	treatment.	See	Chapter	178:	Acute	Inhalation
Injury	for	further	discussion	of	CO	poisoning.

3.	 Sickle-cell	crisis.	The	role	of	oxygen	therapy	for	sickle	cell	crisis	is



unknown.83	Because	deoxygenation	makes	cells	sickle,	however,	it	seems
reasonable	to	give	supplemental	oxygen	in	this	setting.	Because	of	the	risk
of	oxygen	toxicity,	concentrations	in	excess	of	50%	should	not	be	given	for
more	than	48	hours.

4.	 Cluster	headache.	Several	trials	have	shown	that	oxygen	delivered	at	rates
between	6	and	12	L	per	minute	can	reduce	acute	pain	from	cluster
headaches.84	Supplemental	oxygen	is	a	first-line	therapy	along	with
injectable	triptans.	The	mechanism	of	action	for	oxygen	therapy	in	this
setting	is	unknown.

Prevention	of	Surgical	Wound	Infections
Routine	perioperative	administration	of	supplemental	oxygen,	 regardless	of	 the
patient’s	SaO2,	may	be	advantageous	in	reducing	the	incidence	of	postoperative
surgical	 site	 infections.	 The	 effect	 is	 more	 pronounced	 among	 patients
undergoing	colorectal	surgery.85

Postoperative	State
An	 increase	 in	 the	 alveolar-arterial	 partial	 pressure	 of	 oxygen	 (P(A-a)O2)
gradient	 and	 a	 decrease	 of	 the	 functional	 residual	 capacity	 are	 common
perioperatively	 and	 postoperatively.	 Ventilation-perfusion	 abnormalities	 and
intrapulmonary	 shunting	 may	 occur,	 and	 while	 generally	 corrected	 within	 the
first	few	hours	after	most	types	of	surgery,	it	may	be	more	significant	among	the
elderly,	the	obese,	for	patients	with	preexisting	cardiopulmonary	conditions,	and
after	surgery	of	 the	upper	abdomen	and	thorax.	For	 these	situations,	PaO2	may
not	normalize	until	postoperative	day	2.	Because	the	PaO2	usually	increases	with
the	administration	of	supplemental	oxygen,	low	concentrations	of	supplemental
oxygen	should	be	administered	to	those	at	risk	of	postoperative	hypoxemia.86	In
some	cases,	 lung-expansion	maneuvers	may	be	necessary	 after	oxygen	 fails	 to
correct	the	PaO2.76

Oxygen	Delivery	Systems
In	 the	 acute	 setting,	 bulk	 supply	 systems	 are	 used	 as	 a	 relatively	 inexpensive
means	of	oxygen	delivery.	When	transporting	hospitalized	patients,	gas	cylinders
and	liquid	tanks	are	used.

Oxygen	Delivery	Devices



A	 variety	 of	 devices	 are	 available	 to	 deliver	 supplemental	 oxygen.	 Selection
should	be	based	on	the	amount	of	oxygen	the	system	can	deliver	and	its	clinical
performance.	 Factors	 capable	 of	 affecting	 performance	 include	 the	 of	 device
chosen,	 flow	 rates	 used	 by	 the	 device,	 the	 fit	 of	 the	 device,	 respiratory	 rate,
inspiratory	flows,	and	tidal	volumes.	Types	of	devices	are	as	follows:

1.	 Standard	dual-prong	nasal	cannulas	are	the	most	commonly	used	oxygen
delivery	devices	for	administering	low-flow	oxygen.	Flow	rates	of	0.5	to
1.0	L	per	minute	by	nasal	prongs	approximate	an	inspired	oxygen
concentration	of	0.24,	and	a	rate	of	2	L	per	minute	approximates	0.28.
Nasal	cannulas	are	easy	to	use,	relatively	comfortable,	fairly	unobtrusive,
do	not	interfere	with	eating	or	talking,	and	relatively	inexpensive.
Generally,	it	is	unnecessary	to	humidify	oxygen	administered	by	nasal
cannulae	at	flow	rates	of	4	L	per	minute	or	less.78

2.	 Simple	oxygen	masks	deliver	FiO2	of	approximately	0.35	to	0.50	oxygen
with	flow	rates	of	5	L	per	minute	or	greater.	Because	nasal	cannulas	and
simple	oxygen	masks	deliver	an	overlapping	range	of	FiO2,	the	nasal
cannulas	should	be	used	unless	the	nares	are	unavailable	or	prone	to
irritation	from	the	cannula.	Face	masks	must	be	removed	when	eating	and
drinking,	and	caution	should	always	be	exercised	when	using	oxygen	face
masks	for	sedated,	obtunded,	or	restrained	patients.	Because	these	masks
have	a	reservoir	of	100	to	200	mL,	there	is	a	risk	of	rebreathing	CO2.	For
this	reason,	flow	rates	of	at	least	5	L	per	minute	are	recommended.	Because
relatively	high-flow	rates	are	needed	with	simple	masks,	they	are	generally
not	appropriate	for	the	delivery	of	a	low	FiO2	(eg,	less	than	0.30-0.35).78

3.	 Masks	with	reservoir	bags,	nonrebreathing	and	partial-rebreathing	oxygen
masks,	can	deliver	a	high	FiO2	(>0.50)	with	oxygen	flowing	into	the
reservoir	at	8	to	10	L	per	minute	to	partially	inflate	the	reservoir	bag
throughout	inspiration.	They	are	designed	to	deliver	short-term	high	FiO2

for	situations	when	hypoxemia	is	suspected.3	After	the	patient	has	been
stabilized,	if	a	high	FiO2	is	required,	a	fixed	performance	device	with	a
known	FiO2	should	be	substituted.	Theoretically,	the	partial-rebreathing
mask	should	deliver	an	FiO2	of	approximately	0.60,	and	the	nonrebreathing
mask	should	deliver	1.00.	For	the	nonrebreathing	mask	to	deliver	an	FiO2

of	1.00,	however,	a	tight-fitting	mask	is	required.
4.	 A	Venturi-mask	can	be	used	if	an	accurate	FiO2	is	required.	Supplied	by

high	oxygen	flows,	it	maintains	a	fixed	ratio	of	oxygen	to	room	air	so	that



the	FiO2	remains	constant.	These	masks	can	deliver	oxygen	concentrations
to	the	trachea	of	up	to	0.50.	Venturi-masks	have	been	designed	to	deliver
FiO2	settings	of	0.24,	0.28,	0.31,	0.35,	0.40,	and	0.50.

5.	 High-flow	nasal	cannula	(HFNC)	oxygen	administers	heated	and
humidified	oxygen	up	to	60	L	per	minute.	The	physiologic	consequences	of
HFNC	include	the	application	of	a	small	amount	of	PEEP	to	the	upper
airway,	an	improvement	of	physiologic	dead	space,	and	improved	work	of
breathing	and	oxygenation	when	compared	to	facemask	oxygen	for	patients
with	hypoxemic	respiratory	failure.	While	patients	with	nonhypercapneic
respiratory	failure	treated	with	HFNC	had	equal	rates	of	intubation	as	those
treated	with	standard	oxygen	therapy	and	NIPPV,	they	had	a	better	90-day
survival.87	Clinical	aspects	of	the	use	of	HFNC	such	as	who	most	benefits
and	when	to	escalate	therapy	remain	undetermined.

Oxygen-Conserving	Devices
Several	devices	have	been	developed	to	improve	the	efficacy	of	oxygen	delivery.
Three	such	methods	are	reservoir	cannulas,	demand-pulse	oxygen	delivery,	and
transtracheal	catheters.3

1.	 The	reservoir	nasal	cannula	stores	20	mL	of	oxygen	during	exhalation	and
delivers	this	oxygen	as	a	bolus	at	the	start	of	inspiration.

2.	 Electronic	demand	devices	deliver	a	pulse	of	oxygen	during	early
inspiration	rather	than	continuously	throughout	the	ventilatory	cycle.

3.	 Transtracheal	catheters	bypass	the	anatomic	dead	space,	and	oxygen	is
delivered	directly	into	the	trachea	using	the	central	airways	as	a	reservoir
for	oxygen	during	end	expiration.3	When	caring	for	patients	with
transtracheal	catheters	in	place	before	admission	to	the	hospital,	it	is
important	to	secure	them	with	tape	or	sutures	to	prevent	accidental
dislodging.	There	is	no	need	to	remove	the	catheter	before	or	during
endotracheal	intubation.	Although	the	patient	is	intubated,	however,	the
transtracheal	catheter	should	be	capped.

Patients	 receiving	 transtracheal	oxygen	are	at	 risk	of	developing	 inspissated
secretions,	 mucus	 airway	 casts,	 and	 mucus	 balls,	 especially	 when	 the
transtracheally	 delivered	 gas	 is	 not	 adequately	 humidified.	 Consequently,
whenever	 a	 patient	 receiving	 transtracheal	 oxygen	 develops	 worsening
hypoxemia	 or	 respiratory	 distress,	 mucus	 obstruction	 of	 the	 airway	 should	 be
considered.	In	this	setting,	oxygen	should	be	administered	via	nasal	cannula	and



the	transtracheal	catheter	removed.	This	maneuver	can	often	shear	off	a	mucus
ball	 attached	 to	 the	end	of	 the	catheter,	 allowing	 the	patient	 to	 expectorate	 the
accumulated	 mucus,	 and	 thereby	 improve	 the	 hypoxemia	 and	 eliminate	 the
respiratory	 distress.	 The	 catheter	 can	 then	 be	 cleaned	 and	 reinserted	 with
provision	for	adequate	humidification	of	the	transtracheally	delivered	gas.

Choice	of	Oxygen	Delivery	Device
For	the	hypercapnic,	hypoxemic	patient,	therapy	can	begin	with	0.5	to	2.0	L	per
minute	 by	 nasal	 cannula	 or	 0.24	 to	 0.28	 FiO2	 by	 Venturi-mask.	 If	 the	 PaO2

remains	 less	 than	 55	 mm	 Hg	 30	 minutes	 later,	 administration	 of	 progressive
increments	 of	 inspired	 oxygen	 is	 undertaken.	 Assessment	 of	 gas	 exchange	 is
measured	 at	 frequent	 intervals,	 usually	 every	 30	 minutes3	 for	 the	 first	 1	 to	 2
hours	or	until	it	is	certain	that	the	PaO2	is	55	mm	Hg	or	greater	and	CO2	narcosis
is	not	developing.	In	the	hypercapnic	patient,	titration	of	supplemental	oxygen	is
best	 assessed	 by	 arterial	 blood	 gas	 analysis	 rather	 than	 oximetry	 because	 the
arterial	 blood	 gas	 provides	 PaCO2	 and	 oxygenation	 data.	 An	 initial	 modest
increase	in	PaCO2	(5-10	mm	Hg)	is	expected	in	most	hypercapnic	patients	given
supplemental	oxygen.88

If	 a	 well-fitted	 Venturi-mask	 delivering	 FiO2	 of	 0.50	 fails	 to	 achieve	 an
oxygen	saturation	of	at	least	90%	or	a	PaO2	of	60	mm	Hg	or	greater,	the	patient
usually	 has	 severe	 cardiogenic	 pulmonary	 edema,	 ARDS,	 overwhelming
pneumonia,	 or	 a	 cardiac	 or	 pulmonary	 vascular	 shunt.	 In	 these	 settings,	 a
nonrebreathing	 mask	 is	 recommended	 for	 two	 reasons.	 First,	 when	 properly
worn,	 it	has	 the	potential	 to	deliver	 the	most	predictable	oxygen	concentration
(close	to	100%)	of	all	the	high-concentration	delivery	mask	devices	(eg,	aerosol
masks,	 partial	 rebreathing	 masks,	 or	 face	 tents).	 Second,	 it	 can	 reveal	 the
presence	of	a	right-to-left	shunt.	If	the	PaO2	is	60	mm	Hg	or	less	in	the	face	of	a
fractional	concentration	of	inspired	oxygen	of	close	to	1.00,	a	right-to-left	shunt
of	approximately	40%	of	the	cardiac	output	is	present.	An	alternative	acceptable
oxygen	 delivery	 method	 in	 this	 scenario	 is	 a	 high-flow	 nasal	 cannula.	 If	 the
patient	does	not	respond	to	these	initial	noninvasive	modes	of	oxygen	delivery,
invasive	mechanical	ventilation	should	be	considered.

Oxygen	therapy	should	never	be	abruptly	discontinued	when	hypercapnia	has
worsened	and	CO2	 narcosis	 is	 a	possibility.	This	 causes	PaO2	 to	 fall	 to	 a	 level
lower	than	it	was	before	any	oxygen	was	given3	because	the	patient	is	breathing
in	a	slower,	shallower	pattern.



Long-Term	Continuous	Oxygen	Therapy
Continuous	 (24-hour)	 oxygen	 therapy	 significantly	 prolongs	 and	 improves	 the
quality	of	life	in	hypoxemic	patients	with	COPD.3	If	used	for	15	hours	per	day	or
more,	 it	 decreases	 mortality	 by	 1.5-	 to	 1.9-fold	 over	 the	 subsequent	 3	 years.
Patients	who	should	be	given	continuous	oxygen	during	hospitalization	and	as
outpatients	include	those	with	a	PaO2	of	55	mm	Hg	or	less	and	those	with	a	PaO2

of	59	mm	Hg	or	less	plus	peripheral	edema,	hematocrit	of	55%	or	greater,	or	P
pulmonale	 on	 electrocardiogram.	 Because	 many	 of	 these	 patients	 continue	 to
improve	 as	 outpatients,	 the	 need	 for	 continuous	 oxygen	 therapy	 should	 be
reassessed	at	1	month.89

Complications	of	Oxygen	Therapy
Among	 adults,	 decreased	 mucociliary	 clearance,	 tracheobronchitis,	 and
pulmonary	 oxygen	 toxicity	 are	 the	 major	 complications	 of	 oxygen	 therapy.
Mucociliary	clearance	is	decreased	by	40%	when	75%	oxygen	is	breathed	for	9
hours	 and	 by	 50%	when	 50%	oxygen	 is	 breathed	 for	 30	 hours.3	 Symptomatic
tracheobronchitis	is	caused	consistently	by	the	inhalation	of	high	concentrations
of	oxygen	(0.90	or	higher)	for	12	hours	or	more;	it	 is	manifested	by	substernal
pain,	cough,	and	dyspnea.3

To	 avoid	 clinically	 significant	 pulmonary	 oxygen	 toxicity,	 prolonged
administration	of	concentrations	greater	than	0.50	should	be	restricted,	whenever
possible,	to	48	hours.3	The	pathology	of	oxygen	toxicity	is	that	of	ARDS;	it	can
lead	 to	 death	 from	 refractory	 and	 progressive	 hypoxemia	 due	 to	 interstitial
fibrosis.	 It	 is	 best	 avoided	 by	 restricting	 delivery	 of	 oxygen	 to	 the	 lowest
concentration	and	shortest	duration	absolutely	necessary	to	achieve	a	satisfactory
PaO2.	Therefore,	prophylaxis	consists	of	using	any	and	all	measures	that	allow	a
decrease	 in	 the	 concentration	 of	 inspired	 oxygen	 to	 subtoxic	 levels.	 PEEP	 has
been	shown	to	be	useful	for	achieving	this	goal.

For	 patients	 with	 previous	 bleomycin	 exposure,	 there	 appears	 to	 be	 a
synergistic	 effect	 with	 subsequent	 exposure	 to	 high	 concentrations	 of	 inspired
oxygen,	 resulting	 in	 the	 development	 of	 bleomycin-associated	 pneumonitis.90
Although	 it	 is	 unclear	 how	 long	 after	 bleomycin	 exposure	 that	 breathing	 high
concentrations	 of	 inspired	 oxygen	 predisposes	 the	 patients	 to	 pneumonitis,	 the
risk	appears	highest	within	the	first	6	months	of	bleomycin	exposure.

A	 similar	 interaction	 can	 be	 seen	 among	 patients	 taking	 long-term
amiodarone	and	exposure	to	high	concentrations	of	inspired	oxygen.91	This	risk
appears	higher	for	patients	receiving	high	concentrations	of	inspired	oxygen	via



mechanical	ventilation.	These	patients	can	develop	diffuse	alveolar	damage	and
ARDS,	and	mortality	rates	may	be	as	high	as	33%.92	For	patients	with	a	history
of	 either	 bleomycin	 or	 amiodarone	 exposure,	we	 recommend	 using	 the	 lowest
amounts	of	supplemental	oxygen	possible	to	maintain	adequate	oxygenation.

Although	the	complications	of	retrolental	fibroplasia	and	bronchopulmonary
dysplasia	 from	 oxygen	 toxicity	 have	 been	 limited	 in	 the	 past	 to	 pediatric
patients,	reports	of	adults	with	bronchopulmonary	dysplasia,	the	eventual	result
of	ARDS,	 have	 appeared.3	 Central	 nervous	 system	 dysfunction	manifested	 by
myoclonus,	 nausea,	 paresthesias,	 unconsciousness,	 and	 seizures	 is	 limited	 to
hyperbaric	oxygenation	at	pressures	in	excess	of	2	atm.3

Hyperbaric	Oxygen	Therapy
Hyperbaric	therapy,	100%	oxygen	at	2	to	3	times	the	atmospheric	pressure	at	sea
level,	is	used	as	primary	therapy	in	the	treatment	of	patients	with	decompression
sickness,	 arterial	 gas	 embolism,	 and	 severe	CO	poisoning.3	 In	 the	 case	 of	CO
poisoning,	although	hyperbaric	therapy	accelerates	the	resolution	of	symptoms,
it	does	not	appear	 to	affect	 the	 rate	of	 late	 sequelae	or	 long-term	mortality	 for
non–life-threatening	 cases.3	 It	 is	 used	 as	 adjunctive	 therapy	 with	 supportive
evidence	 in	 the	 treatment	 of	 crush	 injuries,	 clostridial	myonecrosis/necrotizing
fasciitis,	compromised	skin	grafts,	refractory	osteomyelitis,	and	necrotizing	skin
infections.93	Other	conditions	 that	may	benefit	 from	hyperbaric	oxygen	therapy
include	traumatic	brain	injury,	acute	ischemic	stroke,	acute	coronary	syndrome,
and	diabetic	wounds.	Data	are	inconclusive	and	further	study	is	required.94-97

Helium-Oxygen	(Heliox)
8 	Because	helium	is	less	dense	and	has	a	lower	molecular	weight	than	nitrogen,
it	 often	 improves	 flow	 where	 airflow	 is	 turbulent	 (ie,	 density	 and	 molecular
weight	dependent).	However,	 this	primarily	occurs	in	large	airways	when	there
is	 tracheomalacia,	 laryngeal	 edema	 or	 an	 upper	 airway–obstructing	 lesion.
Heliox	 has	 successfully	 decreased	 airway	 resistance	 for	 patients	 with
postextubation	 upper	 airway	 obstruction,3	 for	 children	 with	 severe	 croup	 who
were	 refractory	 to	 inhaled	 racemic	 epinephrine,98	 and	 for	 upper	 airway
obstruction	 due	 to	 tracheal	 tumors	 or	 extrinsic	 compression99.	 Although	 there
have	 been	 favorable	 physiologic	 effects	 shown	 by	 a	 number	 of	 RCTs	 of
spontaneously	 breathing	 patients	 with	 acute	 severe	 asthma,3	 one	 large	 meta-
analysis	of	seven	studies100	and	an	extensive	review	by	the	Cochrane	Database101



failed	to	show	any	benefit	of	routinely	using	Heliox	for	the	management	of	acute
asthma	patients.	At	this	time,	there	is	no	definitive	evidence	to	support	the	use	of
Heliox	 for	 the	 treatment	 of	 asthma	 exacerbations.	 Heliox	 has	 been	 used	 with
nebulized	 albuterol	 for	 the	 treatment	 of	 asthma,	 but	 any	 benefit	 is	 unclear	 as
there	are	conflicting	results	in	the	literature.102,103

The	 effect	 of	 increasing	 concentrations	 of	 helium	 for	 decreasing	 airway
resistance	 is	 curvilinear,	 with	 most	 reduction	 has	 taken	 place	 when	 the
concentration	of	helium	approaches	40%.104	Therefore,	Heliox	mixtures	 should
contain	 a	 minimum	 of	 40%	 helium,	 with	 the	 balance	 of	 the	 mixture	 being
oxygen.	 For	 patients	 in	 respiratory	 distress	 with	 little	 hypoxemia	 due	 to
laryngeal	 edema,	 a	 Heliox	 mixture	 of	 80%	 helium	 and	 20%	 oxygen	 would
suffice.	 For	 patients	 in	 respiratory	 distress	 with	 hypoxemia	 due	 to	 pulmonary
edema	 associated	 with	 laryngeal	 edema,	 however,	 a	 Heliox	 mixture	 of	 40%
helium	and	60%	oxygen	would	be	most	advantageous.

In	 an	 uncontrolled	 trial,	 intubated	 patients	 with	 status	 asthmaticus	 on
mechanical	 ventilation105	 were	 successfully	 ventilated	 with	 a	 mixture	 of	 60%
helium	 and	 40%	 oxygen	 and	 experienced	 a	 decrease	 in	 airway	 pressures	 and
PaCO2	and	resolution	of	acidosis.	There	are	reports	of	improvements	of	airway
mechanics	among	mechanically	ventilated	patients	using	an	oxygen	and	helium
mixture.106	However,	no	definite	improvement	of	outcomes	were	reported.

Because	 helium	 may	 affect	 how	 ventilators	 measure	 gas	 parameters,
monitoring	of	 ventilator	 outputs	must	 be	undertaken	when	helium	 is	 delivered
through	the	ventilator.

Although	Heliox	may	provide	 favorable	short-term	physiological	effects	 for
patients	 with	 acute	 exacerbations	 of	 COPD,3	 review	 of	 the	 literature	 has
concluded	that	there	is	insufficient	evidence	to	support	the	use	of	Heliox	for	the
management	of	ventilated	and	nonventilated	patients	with	acute	exacerbations	of
COPD.107

8 	 In	 summary,	 Heliox	 should	 only	 be	 considered	 a	 support	 modality	 that
serves	as	a	bridge,	allowing	specific	therapies	more	time	to	work.3	Only	its	use
for	 the	 treatment	 of	 severe	 upper	 airway	 obstruction	 and	 croup	 in	 children	 is
supported	by	current	studies.	Current	studies	do	not	support	its	routine	use	in	the
management	 of	 acute	 exacerbations	 of	 COPD,	 asthma,	 or	 acute	 bronchiolitis
among	 children.	 Nevertheless,	 it	 is	 reasonable	 to	 consider	 the	 use	 of	 Heliox
when	conventional	therapies	have	failed	for	patients	with	Heliox	should	only	be
considered	a	support	modality	that	serves	as	a	bridge,	allowing	specific	therapies
more	 time	 to	 work.3	 Only	 its	 use	 for	 the	 treatment	 of	 severe	 upper	 airway
obstruction	 and	 croup	 in	 children	 are	 supported	 by	 current	 studies.	 Current
studies	do	not	support	its	routine	use	in	the	management	of	acute	exacerbations



of	COPD,	asthma,	or	acute	bronchiolitis	among	children.

Nitric	Oxide
Inhaled	NO	is	a	potent,	selective	pulmonary	vasodilator.	Early	studies	reported
the	clinical	application	of	inhaled	NO	in	adult	patients	with	primary	pulmonary
hypertension	 and	 since	 then,	 many	 trials	 have	 been	 conducted	 to	 identify
additional	applications.108	Inhaled	NO	has	been	investigated	for	a	variety	of	other
areas,	 including	 (a)	 ALI	 and	 ARDS,	 (b)	 status	 asthmaticus,	 (c)	 intestinal
ischemia	and	reperfusion,	(d)	thrombotic	disorders,	and	(e)	sickle	cell	crisis,	and
sepsis-related	microcirculatory	dysfunction.3,109	An	 extensive	 review	of	 the	use
of	inhaled	NO	therapy	for	adults	can	be	found	elsewhere.110	The	effectiveness	of
using	 NO	 for	 these	 conditions	 is	 questionable.	 Inhaled	 NO	 appears	 to	 only
transiently	improve	oxygenation,	increases	the	concentrations	of	toxic	oxides	of
nitrogen	 in	 the	 airways,	 and	 does	 not	 appear	 to	 decrease	 mortality	 among
patients	 with	 severe	 lung	 injury.111	 High	 cost,	 exposure	 to	 toxic	 metabolites,
safety	 concerns,	 and	 lack	 of	 efficacy	 of	 inhaled	 NO	 have	 led	 investigators	 to
explore	 other	 inhaled	 vasodilator	 therapies	 such	 as	 prostacyclins	 and
nitrosothiols	 for	 the	 treatment	 of	 patients	 with	 severe	 hypoxemia	 related	 to
ARDS.112	 Studies	 to	 date	 have	 failed	 to	 detect	 significant	 mortality	 benefits;
therefore,	the	effectiveness	of	inhaled	prostacyclins	remains	unconfirmed.113

CONTINUOUS	POSITIVE	AIRWAY	PRESSURE
FOR	SLEEP-RELATED	BREATHING	DISORDERS
CPAP	 is	 an	 effective	 treatment	 for	 clinically	 significant	 obstructive	 sleep
apnea/hypopnea	 syndrome,	 sleep-related	 oxyhemoglobin	 desaturation,	 and
respiratory	event-related	sleep	arousals.	This	therapy	can	be	delivered	by	nasal,
partial,	 or	 full-face	 mask	 and	 is	 associated	 with	 improved	 morbidity	 due	 to
reductions	 of	 daytime	 somnolence	 and	 improved	 cardiopulmonary	 function.
Although	 further	 study	 of	 the	 long-term	 effects	 of	 CPAP	 is	 necessary,	 data
suggest	 a	 possible	 reduction	 of	mortality.114	 Since	 1981,	 its	 efficacy	 has	 been
repeatedly	demonstrated.115	Multiple	 controlled	 studies	 have	 shown	 that	CPAP
can	 also	 be	 effective	 for	 patients	 with	 chronic	 left	 ventricular	 failure	 and
Cheyne-Stokes	 respirations.3	 Among	 these	 patients,	 CPAP	 improved	 cardiac
function	 and	 alleviated	 symptoms	 of	 heart	 failure	 and	 sleep-disordered
breathing.	 CPAP	 has	 been	 shown	 to	 reverse	 central	 sleep	 apneas	 for	 some



patients.116	 Simple	 snoring	 that	 is	 not	 associated	 with	 pauses	 in	 respiration	 or
with	clinical	impairment	is	generally	not	treated	with	CPAP.116	The	use	of	CPAP
and	 BiPAP	 for	 the	 management	 of	 patients	 with	 acute	 respiratory	 failure	 is
discussed	in	Chapter	168:	Discontinuation	of	Mechanical	Ventilation.

Application
CPAP	 acts	 as	 a	 pneumatic	 splint	 to	 prevent	 upper	 airway	 collapse.	 Patients
usually	respond	rapidly	to	3	to	15	cm	H2O.	The	minimal	effective	CPAP	pressure
is	 determined	 during	 a	 nocturnal	 polysomnogram	 during	 which	 pressure	 is
titrated	 upward	 until	 sleep-related	 breathing	 events	 are	 eliminated.117	 Lack	 of
response	 is	 often	 due	 to	 a	 poorly	 applied	 mask	 or	 patient	 intolerance.118
Compliance	rates	can	vary	considerably	(46%-89%).117

Multiple	 delivery	 devices	 are	 available	 that	 may	 improve	 patient	 comfort,
including	 a	 variety	 of	 nasal,	 partial,	 and	 full-face	masks.	Nasal	 pillows	 or	 the
Helmet	device	can	also	be	used	 to	deliver	CPAP.	Rare	serious	complications118
include	bilateral	bacterial	conjunctivitis,	massive	epistaxis	due	 to	drying	of	 the
nasal	mucosa	of	a	patient	with	coagulopathy,	and	worsening	obstruction	among
patients	with	large	lax	epiglottis.

Because	CPAP	 is	 very	 effective,	 safe,	 and	 reasonably	well	 tolerated,	 it	 has
become	the	technique	of	choice	for	the	treatment	of	idiopathic	obstructive	sleep
apnea	 (ie,	 no	 correctable	 anatomic	 abnormality	 identified).	 Relative
contraindications	include	the	presence	of	bullous	lung	disease	or	recurrent	sinus
or	 ear	 infections.	 There	 are	 no	 absolute	 contraindications.3	 It	 is	 important	 to
realize	 that	 uvulopalatopharyngoplasty	 may	 compromise	 CPAP	 therapy	 by
increasing	mouth	air	leak	and	reducing	the	maximal	level	of	pressure	that	can	be
tolerated,	and	it	benefits	only	some	patients.119

Alternative	Modalities
For	patients	with	sleep	apnea/hypopnea	syndrome	who	cannot	 tolerate	nasal	or
full-face	mask	 CPAP	 because	 of	 the	 sensation	 of	 excessive	 pressure,	 nasal	 or
full-face	 mask	 bilevel	 ventilation	 may	 be	 more	 tolerable.	 This	 permits
independent	adjustments	of	 inspiratory	positive	airway	pressure	and	expiratory
positive	 airway	 pressure,	 setting	 a	 respiratory	 rate,	 and	 can	 eliminate	 sleep-
disordered	 breathing	 at	 lower	 levels	 of	 expiratory	 airway	 pressure	 compared
with	conventional	CPAP	therapy	for	selected	patients.3



COMMUNICATION	ALTERNATIVES	FOR	THE
PATIENT	WITH	AN	ARTIFICIAL	AIRWAY
Anxiety	 and	 fear	 are	 common	 emotions	 experienced	 by	 patients	 during
mechanical	 ventilation.	 These	 emotions	 have	 been	 associated	 with	 the
experience	 of	 agony/panic	 and	 insecurity	 related	 to	 the	 inability	 to
communicate.120	 Patients	 with	 endotracheal	 and	 tracheostomy	 tubes	 in	 place
experience	 these	 feelings	 because	 the	 tubes	 interfere	 with	 normal	 verbal
communication.	 Providing	 a	means	 of	 communication	 for	 patients	 undergoing
mechanical	 ventilation	 has	 been	 shown	 to	 significantly	 increase	 patient
satisfaction.120

Intubation	 with	 cuffed,	 inflated	 intratracheal	 tubes	 impairs	 verbal
communication	because	they	block	the	normal	airflow	through	the	vocal	cords.
Deflated	cuffed	or	cuffless	tubes,	generally	reserved	for	spontaneously	breathing
patients,	 allow	 verbal	 communication,	 provided	 there	 is	 no	 pathological
obstruction	(eg,	edema	and	granulation	 tissue	or	excessive	secretions)	blocking
the	passage	of	air	through	or	above	the	vocal	cords.

Communication	Aids	and	Devices
A	variety	of	communication	aids	are	available	depending	on	 the	situation.121	A
speech	therapist	can	be	extremely	valuable	for	helping	to	select	which	aid	is	best
for	your	patient.

Partial	cuff	deflation	methods	can	be	used	for	non–ventilator-dependent	and
ventilator-dependent	 patients.	 They	 are	 most	 commonly	 used	 in	 the
nonventilator	 situation.	Their	 use	 in	 the	 ventilator	 situation	 requires	 extremely
close	monitoring	of	the	patient	along	with	ventilator	adjustments.

In	 the	 non–ventilator-dependent	 patient,	 one	 can	 use	 deflation	 of	 the
tracheostomy	 cuff	 with	 intermittent	 gloved	 finger	 occlusion	 of	 the	 tube	 or	 a
device	 with	 a	 one-way	 valve	 (eg,	 Passy-Muir	 Valve	 [PMV],	 Passy-Muir,	 Inc,
Irvine,	CA).	The	PMV	is	a	one-way,	positive-closure,	no-leak	valve	that	attaches
to	 the	 hub	 of	 tracheostomy	 tubes	 (including	 cuffless	 fenestrated	 and
nonfenestrated	 tubes,	 metal	 tubes,	 and	 cuffed	 tubes	 with	 the	 cuff	 fully
deflated).122	 It	 is	 indicated	 for	 awake	 and	 alert	 tracheostomy	 patients	who	 can
generate	 sufficient	 air	 flow	 around	 the	 tracheostomy	 tube	 (or	 through	 a
fenestrated	 tube)	 and	 through	 the	 vocal	 cords.	 When	 the	 patient	 inhales,	 the
PMV	opens,	allowing	air	 to	enter	 the	 lungs	 through	 the	 tracheostomy	 tube.	As
exhalation	 begins,	 the	 PMV	 closes,	 and	 remains	 closed	 through	 exhalation	 so



that	air	is	redirected	around	the	tracheostomy	tube	or	through	the	tracheostomy
tube	fenestra	(window),	allowing	for	speech	as	the	air	passes	through	the	vocal
cords.	Oxygen	can	be	administered	with	the	PMV	in	place	at	 the	tracheostomy
tube	site	via	oxygen	mask,	trach	collar,	or	O2	adapter.	When	using	the	PMV	with
tracheostomy	tubes	that	have	an	inner	cannula	grasp	ring	that	extends	beyond	the
external	 end	of	 the	hub	of	 the	 tracheostomy	 tube,	 the	 inner	 cannula	 should	be
removed	when	the	PMV	is	in	use	to	avoid	obstruction	of	the	valve’s	diaphragm
movement.

For	 the	 ventilator-dependent	 patient,	 one	 can	 use	 partial	 deflation	 of	 the
tracheostomy	 cuff	 alone	 or	 the	 one-way	 valve	with	 full	 cuff	 deflation.	During
mechanical	ventilation,	both	methods	require	close	monitoring	of	the	patient	and
the	 ventilator.	 Because	 use	 of	 the	 PMV	 with	 ventilator-dependent	 patients
requires	 the	 cuff	 to	 be	 deflated,	 adjustments	 of	 the	 tidal	 volume	 may	 be
necessary	to	offset	the	volume	loss	caused	by	the	air	leak.	Contraindications	to
the	use	of	 the	one-way	valve	 include	 the	presence	of	an	 inflated	cuff,	absolute
necessity	for	the	cuff	to	remain	fully	inflated,	tracheal/laryngeal	obstruction,	or
secretions	preventing	air	from	moving	around	or	above	the	tube,	laryngectomy,
bilateral	vocal	cord	paralysis,	unconsciousness,	and	physiologic	instability.3	Use
of	 the	 valve	 with	 an	 inflated	 cuff	 can	 result	 in	 breath	 stacking	 with	 resultant
intrinsic	PEEP	and	barotrauma.123	Because	less-exhaled	volume	is	returned	to	the
ventilator	with	the	deflated	cuff	methods,	ventilator-exhaled	volume	alarms	have
to	be	adjusted.124	Lack	of	intact	oral	and	laryngeal	musculature	for	some	patients
with	neuromuscular	diseases	may	preclude	effective	use	of	the	valve.124

The	 electronic	 larynx	 is	 a	 handheld	mechanical	 device	 that	 can	 be	 used	 by
patients	who	have	undergone	laryngectomy.	When	pressed	into	the	soft	tissue	of
the	neck,	 it	 generates	 a	vibratory	 sound	 that	 escapes	 through	 the	mouth	and	 is
articulated	by	the	lips,	tongue,	and	palate.	Its	disadvantage	is	the	metallic-sound
that	 is	 produced.125	 The	 Blom-Singer	 tracheostoma	 valve	 (Forth	Medical	 Ltd,
Berkshire,	UK)	 is	available	 for	prosthesis-assisted	 tracheoesophageal	speech	 in
postlaryngectomy	voice	rehabilitation.126	Finally,	a	variety	of	computer-assisted
communication	 devices,	 electric	 typewriters,	 tablets,	 and	 glasses	 that	 translate
eye	movements	into	computer-generated	voice	reproduction	are	available	but	are
usually	 considered	 for	 patients	 requiring	 long-term	 mechanical	 ventilation
because	of	their	complexity	and	expense.3

Advances	of	respiratory	adjunct	therapy,	based	on	RCTs	or	meta-analyses	of
such	trials,	are	summarized	in	Table	169.1.



TABLE	169.1

Advances	in	Respiratory	Adjunct	Therapy

Topic References Findings

Aerosolized	mist	for
croup

2 No	benefit

Bland	aerosols	for	CF 2,4 7%	saline	improved	FVC	and	FEV1

vs	0.9%	saline

Humidification	for
ventilated	patients

6 No	difference	in	safety	between
heated	water	baths	and	HMEFs

Delivery	of	inhaled	β-
agonist

3 No	difference	between	MDI	and
nebulizer

NAC	for	COPD 27 No	improvement	on	lung	function
or	exacerbations	vs	placebo

DNase	for	CF 2 Decrease	in	dyspnea	and
exacerbations	vs	placebo

DNase	for
bronchiectasis

25 No	benefit	over	placebo

DNase	for	RSV
bronchiolitis

26 Improvement	in	chest	radiographic
findings	vs	placebo	but	no
improvement	in	hospital	LOS,	need
for	O2	or	ICU	stay

Aerosolized	ribavirin
for	RSV

36 No	effect	vs	placebo

Iloprost	for	PPH 46 Improved	6-min	walk,	dyspnea,	and
hemodynamics	vs	placebo

Inhaled	cyclosporine
for	lung	transplant

48 Improved	survival	and	less
rejection	vs	placebo



Furosemide	for
mucociliary	clearance

60 No	improvement	vs	placebo

Flutter	valve	for	CF 66 As	efficacious	as	CPT

High-frequency
oscillation	for	CF

67 As	efficacious	as	CPT

High-flow	oxygen	for
cluster	headaches

84 Significantly	decreases	pain	within
15	min

Inhaled	NO 110,111 No	improvement	in	survival	in
ARDS/ALI

Iloprost	for	acute
pulmonary
hypertension	after
cardiac	surgery

45 More	effective	than	inhaled	NO

Perioperative
supplemental	O2

3 Decreases	wound	infections	with
80%	FiO2	vs	30%	FiO2

ARDS/ALI,	acute	respiratory	distress	syndrome/acute	lung	injury;	CF,	cystic	fibrosis;	COPD,
chronic	obstructive	pulmonary	disease;	CPT,	chest	physiotherapy;	DNase,	recombinant	human
deoxyribonuclease;	FEV1,	forced	expiratory	volume	in	1	second;	FiO2,	fractional	inspiration	of
oxygen;	FVC,	forced	vital	capacity;	HMEF,	hydroscopic	condenser	humidifier;	LOS,	length	of	stay;
MDI,	metered-dose	inhaler;	NAC,	N-acetylcysteine;	NO,	nitric	oxide;	PPH,	primary	pulmonary
hypertension;	RSV,	respiratory	syncytial	virus.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Inhalation	is	a	route	of	delivery	for	several	medications.	Which	of	the
following	statements	about	specific	medications	delivered	by	inhaled	aerosol	is
correct?

A. 	Inhaled	N-acetylcysteine	is	guideline	recommended	as	an	effective
mucolytic
B. 	Inhaled	ipratropium	is	faster	acting	but	provides	less	improvement	in



FEV1	compared	to	inhaled	albuterol	in	COPD
C. 	Inhaled	iloprost	improves	oxygenation	in	patients	with	ARDS	but
does	not	reduce	mortality
D. 	Inhaled	ribavirin	is	guideline	recommended	as	a	safe	and	effective
treatment	for	adults	with	severe	RSV	pneumonia

2. 	Which	of	the	following	is	true	regarding	the	use	of	high-flow	nasal
cannula	oxygen?

A. 	It	applies	a	small	amount	of	positive	end-expiratory	pressure	(PEEP)
to	the	upper	airway
B. 	It	does	not	change	the	amount	of	physiological	dead	space
C. 	It	is	effective	in	preventing	intubations	for	patients	with	acute
hypercapnic	respiratory	failure
D. 	It	is	poorly	tolerated	due	to	the	lack	of	humidification

3. 	Which	of	the	following	patients	has	a	condition	that	oxygen	may	directly
improve?

A. 	A	23-year-old	with	an	acute	sickle	cell	crisis	and	a	SaO2	of	97%
B. 	A	24-year-old	with	an	acute	asthma	exacerbation	with	a	peak
expiratory	flow	of	80%	predicted	and	SaO2	of	94%
C. 	A	29-year-old	with	an	acute	migraine	headache	and	SaO2	of	94%
D. 	A	65-year-old	with	an	acute	inferior	myocardial	infarction	and	SaO2

of	94%

Answers

1.	The	correct	answer	is	C.
Rationale:	Inhaled	iloprost	while	effective	for	improving	oxygenation	has	not

been	shown	to	improve	the	mortality	of	patients	with	ARDS	(C	is	correct).	The
onset	 of	 action	 for	 albuterol	 has	 been	 shown	 to	 be	 quicker	 than	 that	 of
ipratropium	 (B	 is	 incorrect).	 Inhaled	 acetylcysteine	 and	 ribavirin	 are	 used	 as
rescue	therapies	but	are	not	supported	by	sufficient	evidence	to	justify	inclusion
in	evidence	based	guideline	(choices	A	and	D	are	incorrect).

2.	The	correct	answer	is	A.
Rationale:	High	 flow	nasal	cannula	 (HFNC)	generates	 some	PEEP,	perhaps



5	 cm	 H2O	 (choice	 A	 is	 correct).	 HFNC	 reduces	 dead	 space	 (choice	 B	 is
incorrect),	 can	 stave	 off	 intubation	 for	 hypoxic	 failure	 (not	 hypercapneic,	 so
choice	C	is	incorrect)	and	can	be	heated	and	humidified	(choice	D	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	 Oxygen	 can	 stabilize	 HbS	 and	 red	 blood	 cell	 morphometry	 for

patients	with	sickle	cell	disease	(choice	A	is	correct).	Asthma	and	migraine	are
not	expected	to	improve	from	oxygen	therapy	during	normoxia	and	any	effects
would	not	be	direct	(choices	B	and	C	are	incorrect).	Randomized	trials	have	not
demonstrated	 oxygen	 benefits	 for	 normoxic	 patients	 with	 inferior	 myocardial
infarction	(choice	D	is	incorrect).
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Chapter	170
Aspiration
Natasha	Dudiki,	Kimberly	A.	Robinson,	Richard	S.	Irwin

KEY	POINTS:
1.	 The	entry	of	oropharyngeal	and	gastric	contents	into	the	respiratory

system	defines	aspiration	and	the	subsequent	clinical	course
depends	on	the	amounts	and	nature	of	the	aspirated	material	as	well
as	a	variety	of	host	factors.

2.	 Aspiration	syndromes	are	underdiagnosed	and	challenging	to
diagnose.	Although	signs	of	wheezing,	shortness	of	breath,
cyanosis,	and	hypoxia	may	be	present,	aspiration	may	also	be
completely	asymptomatic.	Because	many	aspiration	events	are
silent,	it	is	a	misconception	that	aspiration	must	be	witnessed	before
it	can	be	assumed	to	have	occurred.

3.	 Aspiration	is	one	of	the	leading	causes	of	pneumonia	among	the
critically	ill,	and	identifying	patients	with	risk	factors,	such	as	recent
extubation,	tracheostomies,	and	impaired	defense	mechanisms,	is	of
utmost	importance	to	prevent	untoward	consequences.

4.	 As	various	measures	to	reduce	the	incidence	of	aspiration	continue
to	evolve,	swallowing	evaluation	of	high-risk	patients,	oral	hygiene,
head	of	the	bed	elevation,	and	early	mobilization	have	all	shown
benefit.

INTRODUCTION
1	Aspiration	 is	 defined	 in	Webster’s	New	Universal	Unabridged	Dictionary	 as
inhaling	fluid	or	a	foreign	body	into	the	bronchi	and	lungs.1	The	foreign	material
may	be	particulate	matter,	 irritating	fluids	(eg,	HCl,	mineral	oil,	animal	fat),	or



oropharyngeal	 secretions	 containing	 infectious	 agents.	 Although	 infectious
pneumonias	 can	 be	 caused	 by	 inhaling	 aerosolized	 infectious	 organisms,
aspiration	 of	 oropharyngeal	 contents	 or	 regurgitated	 gastric	 material	 is	 the
primary	 manner	 in	 which	 bacterial	 pathogens	 are	 introduced	 into	 the	 lower
respiratory	tract.	In	fact,	studies	indicate	that	7%	to	24%	of	cases	of	community-
acquired	pneumonia	are	aspiration	pneumonia.2	The	term	aspiration	pneumonia
strongly	 denotes	 infectious	 sequelae	 as	 a	 result	 of	 aspiration	 of	 oropharyngeal
secretions	colonized	by	pathogenic	bacteria.	However,	there	is	a	wide	spectrum
of	 conditions	 that	 result	 from	 aspirating	 foreign	 matter	 with	 varying	 clinical
courses,	 not	 all	 of	 which	 are	 caused	 by	 infection.3-5	 It	 is	 difficult	 to	 predict
exactly	which	course	a	patient	will	follow	after	an	event.	Although	aspiration	of
a	 large	 volume	 of	 sterile	 gastric	 contents	 will	 likely	 lead	 to	 a	 chemical
pneumonitis,	aspiration	of	contaminated	gastric	contents	will	more	likely	result
in	an	infectious	pneumonia.	Although	the	frequency	of	all	clinically	significant
aspirations	 in	 the	 intensive	 care	 unit	 (ICU)	 setting	 is	 not	 known,	 a	 review	 of
Table	 170.1	 suggests	 that	 aspiration	 syndromes	 are	 common	 causes	 of
respiratory	failure	in	the	critically	ill	patient.

TABLE	170.1

Aspiration	Syndromes

Mendelson	syndrome

Foreign	body	aspiration

Bacterial	pneumonia	and	lung	abscess

Chemical	pneumonitis

Exogenous	lipoid	pneumonia

Recurrent	pneumonias

Chronic	interstitial	fibrosis

Bronchiectasis

Mycobacterium	fortuitum	or	Mycobacterium	chelonei	pneumonia

Diffuse	aspiration	bronchiolitis



Tracheobronchitis

Tracheoesophageal	fistula

Chronic	persistent	cough

Bronchorrhea

Drowning

NORMAL	DEFENSES	AGAINST	ASPIRATION
AND	THE	MANNER	IN	WHICH	THEY	MAY	FAIL

Pathogenesis
1 	Syndromes	caused	by	aspiration	are	determined	by	(a)	the	material	aspirated,
(b)	the	amount	aspirated,	and	(c)	the	state	of	the	patient’s	defenses	at	the	time	of
the	 event.	 An	 understanding	 of	 the	 normal	 defenses	 and	 how	 and	 when	 they
become	 impaired	 is	 also	 the	 cornerstone	 for	 an	 understanding	 of	 the
pathogenesis	of	the	various	aspiration	syndromes.

Because	gastric	acid	prevents	bacterial	growth,	the	gastric	contents	are	sterile
under	normal	conditions.	Nevertheless,	 it	has	 long	been	 thought	 that	 the	pH	of
aspirated	 contents	 determined	 the	 clinical	 course,	 with	 lower	 pH	 aspirates
portending	 a	 worse	 outcome.	 Elevation	 of	 gastric	 pH	 to	 protect	 the	 lung	was
cited	 as	 one	 reason	 to	 use	 prophylactic	 antacids	 for	 the	 critically	 ill	 patient.
However,	colonization	of	the	stomach	by	pathogenic	organisms	may	occur	when
the	gastric	pH	is	artificially	elevated.6	There	are	conflicting	data	as	to	whether	or
not	 proton	 pump	 inhibitors	 and	H2	 blockers	 increase	 the	 risk	 of	 pneumonia.7-9

Use	 of	medications	 for	 stress	 ulcer	 prophylaxis	 in	 the	 ICU	 is	 entirely	 another
issue	and	is	discussed	in	Chapter	206:	Nausea	and	Vomiting.

Upper	Gastrointestinal	Defenses
Gastrointestinal	 mechanisms	 normally	 work	 in	 a	 coordinated,	 synchronized
fashion.	The	teeth	break	up	large	food	particles,	and	the	tongue	propels	fluid	and
masticated	 food	 into	 the	 hypopharynx.	 While	 the	 hypopharyngeal	 muscles
prepare	to	move	food	into	the	esophagus,	the	epiglottis	covers	the	laryngeal	inlet



and	the	vocal	cords	close	and	the	upper	esophageal	sphincter	(cricopharyngeus
muscle)	relaxes.	Pharyngeal	swallowing	initiates	primary	peristaltic	waves	in	the
esophagus	 that	 carry	 fluid	 and	 food	 through	 a	 relaxed	 lower	 esophageal
sphincter	 (LES)	 into	 the	 stomach.	After	 the	bolus	enters	 the	 stomach,	 the	LES
then	 contracts	 and	 prevents,	 although	 not	 entirely,	 gastroesophageal	 reflux
(GER).

2 	 2 	 3 	Even	in	the	absence	of	known	trauma	or	a	neurological	insult	that	could
affect	the	swallowing	cascade,	some	of	the	previously	mentioned	defenses	may
become	 impaired	 in	 a	 variety	 of	 situations,	 leading	 to	 silent	 aspiration.	Aging
can	 result	 in	 progressive	 loss	 of	 cough	 and	 swallowing	 reflexes	 resulting	 in
aspiration	pneumonia.	The	vocal	cords	close	much	more	slowly	after	the	age	of
50	years	and	may	not	close	at	all	during	sleep	or	with	 sedation	 irrespective	of
age.	 Furthermore,	 the	 cough	 response	 to	 airway	 irritation	 is	 decreased	 during
sleep	compared	to	the	waking	state.	It	has	been	estimated	that	half	of	all	healthy
adults	aspirate	oropharyngeal	secretions	during	sleep.5

The	risk	of	aspirating	fluid	and	food	is	increased	when	the	normal	swallowing
and	 upper	 gastrointestinal	 mechanisms	 fail	 to	 work	 in	 a	 coordinated,
synchronized	manner.	 Edentulous	 or	 neurologically	 impaired	 patients	may	 not
adequately	 masticate	 food	 resulting	 in	 higher	 aspiration	 risk.	 Aspiration	 also
may	occur	when	the	bolus	cannot	readily	be	cleared	from	the	pharynx	owing	to
neuromuscular	disorders	of	any	cause.10	Structural	abnormalities	such	as	Zenker
diverticulum	place	a	patient	at	 risk	of	aspiration	because	 the	diverticulum	may
empty	“late”	after	the	swallowing	effort	is	completed,	at	the	time	when	the	vocal
cords	are	abducted.	Conditions	in	which	vocal	cord	closure	becomes	excessively
delayed	 (eg,	 aging,	 debilitation,	 sedation,	 the	 presence	 of	 a	 tracheostomy,	 and
after	endotracheal	extubation)	place	patients	at	high	risk	for	aspiration.

Regurgitation	 and	 subsequent	 aspiration	 of	 stomach	 contents	 also	 occur
among	 elderly,	 sedated,	 or	 sleeping	 patients,	 especially	 when	 their	 upper
esophageal	sphincter	and	LES	have	been	rendered	 incompetent	by	an	oral	or	a
nasogastric	tube.11	The	risk	of	aspiration	is	enhanced	when	such	patients	remain
in	the	supine	position,	a	scenario	often	encountered	in	the	ICU	setting.

Respiratory	Defenses
For	 infectious	 agents	 to	 enter	 the	 lower	 respiratory	 tract,	 they	 must	 be	 small
enough	 (<10	 μm)	 to	 escape	 aerodynamic	 filtration	 in	 the	 nose,	 mouth,	 and
larynx.	Particles	between	0.5	and	1.5	μm	in	diameter	can	reach	the	alveoli.	This
is	 particularly	 relevant	 because	 most	 bacteria	 are	 within	 this	 size	 range.
Although	 mucociliary	 clearance	 removes	 the	 larger	 particles	 from	 the	 larger



airways,	 additional	 defense	 mechanisms	 are	 needed	 to	 clear	 the	 smaller
particles.12	This	is	accomplished	in	respiratory	bronchioles	and	alveoli	primarily
by	 the	 alveolar	 macrophages,	 aided	 by	 neutrophils.13	 Recent	 studies,	 utilizing
newer,	 molecular	 biology,	 rather	 than	 traditional	 culture	 techniques,	 have
revealed	that	the	lungs	have	their	own	respiratory	biome	and	may	not	be	sterile
as	 previously	 thought.14	 This	 further	 reiterates	 the	 pathogenesis	 of	 aspiration
pneumonia	 not	 only	 being	 the	 result	 of	 bacterial	 presence	 per	 se	 but	 also	 the
sequela	 of	 host	 response	 involving	 inflammatory	 mediators,	 neutrophils,
complement	activation	leading	to	inflammation	and	tissue	damage.

The	 first	 line	 of	 defense	 is	mucociliary	 clearance.	 The	 respiratory	 filtration
system	and	mucociliary	clearance	may	become	overwhelmed	with	large-volume
fluid	 and	 food	 aspiration	 or	 with	 large	 amounts	 of	 inhaled	 infectious	 agents.
Respiratory	 defenses	 may	 also	 become	 ineffective	 in	 the	 following	 settings:
inhalational	 or	 systemic	 general	 anesthesia,	 endotracheal	 intubation,
endotracheal	 suctioning,	 hypercapnia	 and	hyperoxia,	 smoking,	 asthma,	 chronic
bronchitis,	 cystic	 fibrosis	 and	 bronchiectasis,	 and	 respiratory	 infections	 with
viruses	and	atypical	organisms.

In	 the	 absence	 of	mucociliary	 clearance,	 the	 airways	 can	 still	 be	 cleared	 of
excessive	secretions	and	foreign	bodies	if	the	patient	has	an	effective	cough.	An
effective	 cough	generates	 a	 column	of	 expired	air	moving	quickly	 through	 the
bronchi,	 thus	 dislodging	 mucus	 and	 debris	 from	 the	 bronchial	 mucosa	 and
propelling	 it	 out	 of	 the	 lungs.14	 However,	 cough	 is	 not	 a	 primary	 defense
mechanism	 and	 only	 provides	 clearance	 when	 mucociliary	 clearance	 is
inefficient	or	overwhelmed.	An	effective	cough	is	determined	by	both	adequate
expiratory	 flow	 rates	 and	 respiratory	 muscle	 strength.	 Thus,	 cough	 may	 be
ineffective	 among	 patients	with	 severe	 asthma,	 chronic	 obstructive	 pulmonary
disease,	 respiratory	 neuromuscular	 disorders,	 painful	 incisions,	 or	 those
receiving	excessive	sedation	and	analgesia	with	antitussive	effects.14

When	 the	 mechanical	 airway	 defenses	 are	 overwhelmed,	 alveolar
macrophages	present	 the	 initial	phagocytic	 response.	This	 response	 is	 followed
by	the	influx	of	neutrophils	into	the	alveolar	spaces.	Neutrophils	are	critical	for
the	 eradication	 of	 bacterial	 agents;	 therefore,	 any	 impairment	 in	 their	 function
would	be	detrimental.13	Aspirated	bacteria	cause	infectious	pneumonia	when	the
alveolar	phagocytes	become	impaired,	such	as	 in	alcoholism,	pH	less	 than	7.2,
acute	 alveolar	 hypoxia,	 alveolar	 hyperoxia,	 corticosteroid	 therapy,	 respiratory
viral	 infections,	 hypothermia,	 starvation,	 and	 exposures	 to	 nitrogen	 dioxide,
sulfur	dioxide,	ozone,	and	cigarette	smoking	on	a	long-term	basis.5

Immunological	defenses	such	as	complement,	innate	immunity	proteins,	and
immunoglobulins	 augment	 the	 nonimmunological	 mechanisms.	 Patients	 with



hereditary	and	acquired	immunologic	abnormalities,	such	as	immunoglobulin	G
and	 complement	 deficiencies,	 are	 susceptible	 to	 frequent	 and	 often	 severe
bacterial	pneumonias.

PREVALENCE	OF	ASPIRATION	AMONG	THE
CRITICALLY	ILL
3 	 Aspiration	 is	 the	 leading	 cause	 of	 pneumonia	 among	 the	 critically	 ill15	 and
should	 be	 considered	 for	 all	 ICU	 patients	 with	 respiratory	 symptoms.	 This	 is
especially	true	for	patients	with	risk	factors	like	history	of	dysphagia,	head	and
neck	cancers,	anatomic	or	functional	disorders	of	the	esophagus,	presence	of	oral
or	 nasal	 enteral	 feeding	 tubes	 that	 compromise	 the	LES,	 poor	 dentition	 and/or
oral	 hygiene,	 neurologic	 conditions	 like	 seizures,	 Parkinson	 disease,	 multiple
sclerosis,	 cerebrovascular	 accidents,	 conditions	 resulting	 in	 impaired
consciousness	 like	 drug	 overdose,	 alcoholism,	 general	 anesthesia,	 and
antidepressant	and	antipsychotic	medication	usage.

Translaryngeal	Intubation
Clearly,	no	one	would	feed	a	patient	with	an	oral	or	a	nasal	endotracheal	tube	in
place,	 given	 the	 obvious	 mechanical	 barrier	 and	 distortion	 of	 the	 swallowing
structures.	What	is	often	less	intuitive	is	that	dysphagia	may	persist	for	a	variable
time	after	 the	endotracheal	 tube	has	been	removed.	The	reported	prevalence	of
postextubation	 dysphagia	 ranges	 from	 3%	 to	 84%.16	 Factors	 that	 increase	 the
likelihood	of	dysphagia	after	extubation	include	intubation	>48	hours;	laryngeal
edema;	 and	 ulceration,	 erythema,	 and	 immobility	 of	 the	 vocal	 cords.
Furthermore,	 neuromuscular	 weakness,	 loss	 of	 sensation,	 delirium,	 sedation,
gastroesophageal	 reflux	 disease	 (GERD),	 and	 disorganized	 breathing	 all
contribute	 to	 aspiration	 risk.16	 Should	 aspiration	 occur,	 ciliary	 clearance	 and
other	 respiratory	 defenses	 might	 not	 respond	 appropriately	 because	 of	 the
physical	 insult	 of	 the	 endotracheal	 tube.	 Flexible	 endoscopic	 evaluation	 of
swallowing	(FEES)	aids	in	the	identification	of	patients	who	are	at	high	risk	of
aspiration	 after	 endotracheal	 intubation.17-19	 Studies	 have	 suggested	 that
performing	 an	FEES	within	24	hours	 of	 extubation	 is	 safe	 and	 can	potentially
provide	results	that	lead	to	avoidance	of	placing	a	nasogastric	tube.16

Aspiration	Risk	After	Tracheostomy



Patients	with	 a	 tracheostomy	 tube,	with	 or	without	 dependence	 on	mechanical
ventilation,	 are	 also	 at	 high	 risk	 for	 aspiration.	The	most	 commonly	 identified
reasons	for	swallowing	dysfunction	for	the	patient	with	a	tracheostomy	tube	are
incomplete	backward	folding	of	the	epiglottis,	not	allowing	the	glottis	to	rise	and
tilt	forward	with	swallowing,	pharyngeal	retention,	penetration,	and	aspiration.15
The	 application	 of	 a	 speaking	 valve	 can	 restore	 subglottic	 air	 pressure	 and
reduce	aspiration	and	penetration.20

Enteral	Feeding	Catheters
Many	patients	in	an	ICU	have	nasal	or	oral	gastric	tubes	for	nutritional	support.
The	mere	presence	of	an	orogastric	or	a	nasogastric	 feeding	 tube	 increases	 the
risk	 of	 reflux	 and	 aspiration	 by	 compromising	 the	 integrity	 and	 proper
functioning	of	the	LES	by	two	mechanisms.	First,	the	catheter	prevents	closure
of	 the	 sphincter	by	direct	mechanical	 interference.	Second,	 the	 irritation	of	 the
pharynx	 by	 the	 tube	 promotes	 LES	 relaxation	 through	 vagally	 mediated
pharyngeal	 mechanoreceptors.21	 In	 addition,	 the	 presence	 of	 a	 nasogastric
feeding	 tube	 is	 associated	 with	 Gram-negative	 bacterial	 contamination	 of	 the
oropharynx,	 which,	 when	 aspirated,	 can	 result	 in	 infection	 of	 the	 lower
airways.22

Varying	the	size	of	the	enteral	feeding	catheters	and	adjusting	the	location	of
the	 distal	 tip	 have	 been	 used	 in	 an	 attempt	 to	 minimize	 aspiration.	 However,
decreasing	the	size	of	a	nasal	or	an	oral	tube	for	enteral	feeding	does	not	reduce
GER	or	microaspiration	events.23	Small-bore	feeding	tubes	appear	to	provide	no
added	 benefit	 with	 respect	 to	 reflux	 events,	 even	 when	 advanced	 to	 the
postpyloric	 position.24	 Patients	 with	 long-standing	 swallowing	 defects	 or	 on
prolonged	 mechanical	 ventilation	 may	 be	 candidates	 for	 percutaneous
gastrostomy	or	 jejunostomy	 tubes;	however,	 even	percutaneous	enteral	 feeding
tubes	alter	 lower	esophageal	 tone	and	can	allow	reflux.	This	manner	of	enteral
feeding	 is	 not	 completely	 protective	 against	 aspiration	 despite	 bypassing	 the
LES.	 In	 fact,	 patients	 fed	 by	 gastrostomy	 tubes	 have	 the	 same	 incidence	 of
pneumonia	 as	 those	 fed	 by	 nasogastric	 tubes.25,26	 Furthermore,	 although	 a
percutaneous	 jejunostomy	 tube	 may	 minimize	 the	 large-volume	 aspiration
events,	it	is	a	misconception	that	it	prevents	aspiration	or	decreases	its	incidence
relative	to	a	percutaneous	gastrostomy	tube.27

There	 is	 little	 agreement	 over	 what	 constitutes	 excessive	 gastric	 residual
volumes	 that	place	a	patient	on	enteral	 feeds	at	 increased	 risk	of	aspiration.	 In
fact,	 one	 study	 showed	 that	 the	 absence	of	monitoring	gastric	 residual	 volume
was	 noninferior	 to	 residual	 gastric	 volume	 monitoring	 in	 terms	 of	 ventilator-



associated	 pneumonia	 prevention.	 Additionally,	 there	was	 less	 prokinetic	 drug
use	and	improved	nutrition	in	the	nonmonitored	group.28,29

DIAGNOSIS	OF	AN	ASPIRATION	SYNDROME
2 	 Aspiration	 syndromes	 are	 underdiagnosed	 and	 challenging	 to	 diagnose.
Although	signs	of	wheezing,	shortness	of	breath,	cyanosis,	and	hypoxia	may	be
present,	 aspiration	 may	 also	 be	 completely	 asymptomatic.	 There	 is	 also	 a
misconception	 that	 aspiration	 must	 be	 witnessed	 before	 it	 can	 be	 assumed	 to
have	 occurred	 because	 many	 aspiration	 events	 are	 silent.30	 There	 has	 been
increasing	research	with	regard	to	use	of	biomarkers	(eg,	pepsin	and	amylase	in
bronchoalveolar	 lavage	 fluid,	 presence	 of	 lipid-laden	 pulmonary	macrophages,
and	 procalcitonin)	 to	 aid	 with	 diagnosis	 and	 prognosis	 of	 an	 aspiration
syndrome.	Although	most	biomarkers	are	easy	to	measure,	they	lack	specificity
and	sensitivity.30

Bedside	Evaluation
Table	170.2	outlines	all	the	studies	that	may	be	necessary	to	diagnose	aspiration
syndromes	 accurately	 (see	 “Differential	Diagnosis	 and	Treatment”	 section).	 In
addition	 to	 taking	 a	 history,	 performing	 a	 physical	 examination	 and	 observing
the	patient	drink	3	ounces	of	water	when	appropriate	can	uncover	a	swallowing
problem.	Although	the	bedside	evaluation	is	not	sensitive,	a	pharyngeal	problem
may	be	evident	by	watching	 the	patient	cough,	sputter,	and	 tilt	his	or	her	neck
and	head	in	an	unnatural	posture	when	drinking	the	water.	An	absent	gag	reflex
is	not	a	useful	predictor	of	aspiration	because	many	healthy	individuals	who	do
not	have	a	gag	reflex	can	swallow	normally.31

TABLE	170.2

Modalities	for	Diagnosing	Aspiration	Syndromes

History
Physical	examination

Baseline	examination
Observation	of	patient	drinking	water



Chest	radiographsa
Lower	respiratory	studies

Expectorated	samples
Bronchoscopy
Protected	specimen	brush	with	quantitative	cultures
Bronchoalveolar	lavage
Lung	biopsy

Upper	gastrointestinal	studies

Contrast	films
Endoscopy
Esophageal	manometry
GE	scintiscan
24-hour	esophageal	pH/impedance	monitoring
Speech	and	swallow	evaluation
FEES	or	modified	barium	swallow/video	fluoroscopy

The	order	of	when	and	in	whom	to	order	these	tests	depends	on	the	patient	populations	and	their
presentations.

FEES,	flexible	endoscopic	evaluation	of	swallowing;	GE,	gastroesophageal.
aInfiltrates	in	the	posterior	segment	of	the	upper	lobes	and	the	superior	segment	of	the	lower	lobes
in	a	supine	patient.	Infiltrates	in	the	basal	segments	in	an	upright	patient	are	most	suggestive	of
aspiration.

Modified	Barium	Swallow/Video	Fluoroscopy
3 	 4 	Although	observing	patients	can	be	useful	when	 there	 is	obvious	difficulty
during	 swallowing,	 aspiration	 is	 often	 silent	 in	 the	 critically	 ill	 patient.	 The
incidence	of	 silent	 aspiration	 in	 stable	patients	 receiving	 long-term	mechanical
ventilation	via	a	tracheostomy	is	high,	between	63%	and	77%,	as	determined	by
modified	barium	 swallow/video	 fluoroscopy	 (MBS/VF).32,33	Therefore,	 bedside
evaluation	 alone,	 particularly	 for	 these	 high-risk	 populations,	 is	 insensitive.
Because	of	this,	a	negative	bedside	examination	should	be	confirmed	by	a	more
objective	method	to	evaluate	aspiration	for	high-risk	patients.

The	MBS	 incorporates	 the	 use	 of	 barium	 with	 VF	 and	 has	 been	 available
since	 the	 1950s.	 It	 defines	 the	 pharyngeal	 anatomy	 with	 swallowing	 of	 a
radiopaque	contrast	material,	and	the	swallowed	bolus	is	followed	in	“real	time”
under	 fluoroscopy.	This	 allows	 for	 the	 identification	of	 abnormal	anatomy	and



physiology	 and	 the	 response	 to	 modifications	 in	 dietary	 consistencies	 and
postural	changes.17	Various	consistencies	of	barium	are	used	with	 the	MBS/VF
evaluation,	 such	 as	 thin	 liquids,	 paste	 consistency,	 and	 solid	 food.	 Findings
indicative	 of	 swallowing	 dysfunction	 that	 can	 be	 assessed	 by	 MBS/VF
examination	 include	 premature	 leakage	 of	 oral	 contents	 into	 the	 pharynx,
penetration	 of	 swallowed	 material	 into	 the	 nasopharynx	 during	 a	 swallow,
retention	 of	 material	 in	 the	 valleculae	 and	 pyriform	 recesses,	 and	 laryngeal
penetration	and	aspiration.	In	addition,	the	elevation	and	tilting	of	the	larynx	that
accompanies	 a	 normal	 swallow	 can	 be	 observed	 easily.	 Lower	 esophageal
diseases,	such	as	reflux	or	obstruction,	can	also	be	observed	using	the	MBS/VF
study.

The	 MBS/VF	 examination,	 however,	 has	 multiple	 limitations.	 MBS/VF	 is
personnel	 intensive,	 requires	 transporting	patients	 to	 the	 radiology	department,
and	exposes	patients	to	radiation.	In	addition,	patients	must	adhere	to	a	defined
body	 position	 to	 accommodate	 the	 fixed	 fluoroscopy	 setup	 that	 may	 not	 be
possible	 for	 all	 patients.	 The	 study	 is	 typically	 performed	 in	 the	 radiology
department	in	the	presence	of	a	radiologist,	radiology	technician,	and	speech	and
language	 pathologist.	 Ideally,	 a	 speech	 pathologist	 should	 evaluate	 and
accompany	the	patient	to	the	examination	so	that	specific	recommendations	can
be	made	 to	 prevent	 or	minimize	 aspiration.	 Recommendations	may	 consist	 of
eliminating	oral	feeding	or	instituting	various	swallowing	strategies	such	as	the
chin	tuck,	multiple	swallows,	turning	of	the	head,	or	changing	the	consistency	of
solids	and	liquids.

Flexible	Endoscopic	Evaluation	of	Swallowing
Evaluation	 of	 swallowing	 under	 flexible	 endoscopic	 visualization	 has	 been
shown	to	be	sensitive	in	discerning	a	delay	in	swallowing	initiation,	penetration,
aspiration,	and	pharyngeal	residue.34-36	The	potential	advantages	include	reduced
cost	 and	 decreasing	 waiting	 time	 as	 compared	 with	 an	 MBS/VF	 evaluation.
Patients	avoid	radiation	exposure,	and	the	examination	can	be	performed	at	the
bedside	in	varying	body	positions.	FEES	also	allows	visualization	of	pharyngeal
secretions	as	well	as	identification	of	the	source	of	the	secretions	that	cannot	be
seen	 during	 MBS/VF.	 Potential	 risks	 associated	 with	 the	 procedure	 include
gagging,	laryngospasm,	vasovagal	syncope,	topical	anesthetic	adverse	reactions,
and	 epistaxis.	 Furthermore,	 esophageal	 pathology	 and	 reflux	 cannot	 be
concurrently	evaluated	as	in	MBS/VF.

FEES	has	now	been	extensively	used	in	medical	and	surgical	inpatients	and,
more	 specifically,	 in	 recently	 extubated	 ICU	 patients.16	 The	 decision	 to	 use



MBS/VF	 vs	 FEES	 depends	 mainly	 on	 specific	 patient	 characteristics	 and
available	 resources.	 Although	 there	 are	 some	 limitations	 of	 both	 approaches,
both	 tests	 are	 comprehensive	 and	 show	 excellent	 agreement	 in	 diagnosing
laryngeal	 penetration,	 aspiration,	 and	 pharyngeal	 residue,	 thus	 allowing	 for
postural	and	dietary	recommendations	to	decrease	aspiration	risk.17

Culture	Evaluation
Even	 when	 history	 or	 physical	 examination	 uncovers	 a	 swallowing	 defect,
determining	 that	 an	 aspiration	 event	 has	 already	 occurred	 may	 also	 prove
challenging.	 Furthermore,	 an	 infectious	 process	 is	 not	 always	 established	with
each	aspiration	event.	It	is	often	difficult	to	distinguish	between	an	inflammatory
or	 “chemical”	 pneumonitis	 and	 an	 infection	 because	 both	 may	 present	 with
fever,	cough,	and	an	infiltrate	on	a	chest	radiograph.	If	an	infection	is	suspected,
identification	of	 the	responsible	organism	is	oftentimes	elusive	because	routine
expectorated	sputum	smears	and	cultures	can	be	inaccurate.	Specimens	obtained
from	 quantitative	 bronchoalveolar	 lavage	 or	 telescoping	 plugged	 catheters	 at
bronchoscopy	can	help	identify	the	lower	respiratory	tract	infectious	agent	more
accurately	 and	 are	 used	 preferentially,	 although	 they	 require	 an	 invasive
procedure	 and	 moderate	 sedation.	 When	 accurate	 lower	 respiratory	 sampling
techniques	are	used	and	the	culture	and	smear	results	are	negative	for	a	patient
who	 has	 not	 recently	 received	 antibiotics,	 an	 exogenous	 lipoid	 pneumonia	 or
chemical	pneumonitis	must	be	considered.

Detection	of	Aspirated	Enteral	Feeds
With	respect	to	bedside	methods	for	detecting	aspiration	in	tube-fed	patients,	two
methods	have	predominated;	however,	neither	test	is	sufficiently	sensitive	to	be
recommended,	and	both	are	problematic.	In	the	first	method,	blue	food	coloring
or	 methylene	 blue	 is	 added	 to	 enteral	 feeds	 and	 the	 tracheal	 secretions	 are
assessed	 for	 blue	 discoloration.	 Potential	 problems	 with	 this	 method	 include
tissue	absorption	of	 the	dye	as	well	 as	 increased	 risk	of	 infection	 if	 the	dye	 is
contaminated.	The	second	method	tests	tracheal	secretions	with	glucose	oxidase
reagent	 strips	 for	 aspirated	 carbohydrates.	 The	 glucose	 method	 is	 nonspecific
because	 varying	 concentrations	 of	 glucose	 have	 been	 recovered	 from	 tracheal
secretions	in	nonfed,	parenterally	fed,	and	enterally	fed	patients.37	Therefore,	the
glucose	test	lacks	specificity.	Some	FEES	protocols	involve	mixing	1	mL	of	blue
food	coloring	to	both	liquid	and	food	to	enhance	visualization	of	the	bolus,	but



studies	have	shown	that	this	is	not	routinely	required.17-19

DIFFERENTIAL	DIAGNOSIS	AND	TREATMENT
Treatment	of	the	various	aspiration	syndromes	should	be	prophylactic	as	well	as
specific.	As	previously	mentioned,	a	 formal	 speech	and	swallowing	evaluation
should	be	obtained	whenever	a	swallowing	condition	is	suspected	or	diagnosed.
Specific	recommendations	can	often	be	made	to	mitigate	or	eliminate	aspiration
from	dysphagia.	Precautionary	rather	than	reactionary	measures	are	likely	to	be
far	 more	 effective,	 with	 less	 associated	morbidity	 and	mortality.	 Holding	 oral
feeding	 in	 sedated	 patients	 prevents	 macro	 aspiration.	 Interventions	 like
elevating	the	head	of	the	bed	to	at	least	45°	have	been	proven	to	decrease	GER
and	minimize	subsequent	aspiration.38,39

A	tracheoesophageal	fistula	is	a	rare	complication	resulting	from	injury	to	the
posterior	 tracheal	 wall.	 This	 can	 occur	 from	 excessive	 endotracheal	 tube	 cuff
pressure,	 direct	 injury	 during	 placement	 of	 a	 percutaneous	 tracheostomy,	 or
erosion	 from	 the	 tip	 of	 a	 tracheostomy	 tube.	 For	 a	 mechanically	 ventilated
patient,	 a	 tracheoesophageal	 fistula	 may	 present	 with	 increased	 secretions,
evidence	of	aspiration	of	gastric	contents,	recurrent	pneumonias,	a	persistent	cuff
leak,	or	severe	gastric	distention.	Once	a	patient	is	extubated,	the	most	frequent
symptom	 is	 coughing	 after	 swallowing.	 The	 diagnosis	 can	 be	 made	 by
bronchoscopy	 and	 esophagoscopy	 or	 by	 computed	 tomography	 scan	 of	 the
mediastinum.	 Although	 definitive	 repair	 often	 requires	 surgical	 intervention,
aspiration	can	be	minimized	by	placing	the	cuff	of	the	tracheostomy	tube	distal
to	the	fistula.40

4 	 4 	Although	a	cuffed	endotracheal	 tube	does	not	offer	complete	protection
against	 aspiration,	 all	 patients	 with	 severely	 altered	 consciousness	 with	 an
enteral	 feeding	 tubes	 in	 place	 should	 be	 prophylactically	 intubated,	 whenever
possible,	 for	 airway	 protection.	 Furthermore,	 once	 a	 patient	 is	 extubated,	 oral
intake	 should	 not	 be	 resumed	 until	 an	 MBS/VF	 or	 FEES	 examination
demonstrates	 swallowing	 competency.16	 Patients	 with	 dysphagia	 might	 benefit
from	 swallowing	 exercises	 and	 early	 mobilization.41	 Prophylactic	 antibiotics,
corticosteroids,	 postpyloric	 feeding,	 gastric	 promotility	 agents,	 or	 gastric	 acid
suppression	 cannot	 be	 routinely	 recommended	 at	 this	 time	 to	 prevent	 or
minimize	 aspiration.5	 GERD	 with	 aspiration	 can	 be	 treated	 with	 a	 variety	 of
measures	including	head-of-the-bed	elevation,	a	high-protein,	low-fat	antireflux
diet,	 nothing	 to	 eat	 or	 drink	 for	 2	 to	 3	 hours	 before	 recumbency,	 no	 snacking
between	meals,	 acid	 suppression,	 and	 prokinetic	 drugs.	 If	 these	measures	 fail,



surgery	 with	 fundoplication	 can	 be	 effective.	 Oral	 hygiene	 should	 not	 be
overlooked.	 Routine	 oral	 care	 has	 the	 potential	 to	 decrease	 colonization	 with
pathogenic	 bacteria.	 Tongue	 cleaning	 should	 be	 considered	 for	 the	 edentulous
patient.42	 Low-quality	 evidence	 with	 regard	 to	 oral	 care	 with	 chlorhexidine
suggests	 a	 decreased	 risk	 of	 ventilator	 associated	 pneumonia,	 although	 no
difference	in	mortality	and	duration	of	intubation	and	of	ICU	stay	was	noted.43,44
Evidence	 from	 a	 recent	 meta-analysis	 shows	 the	 likely	 benefit	 of	 angiotensin
converting	 enzyme	 inhibitors	 for	 reducing	 the	 risk	 of	 aspiration	 pneumonia	 in
patients	 with	 stroke	 by	 promoting	 cough	 and	 enhancing	 the	 swallowing
reflex.45,46

Mendelson	Syndrome
Mendelson	 syndrome	 is	 synonymous	 with	 the	 acute	 respiratory	 distress
syndrome	(ARDS)5	owing	to	the	parenchymal	inflammatory	reaction	caused	by
a	 large	 volume	 of	 aspirated	 liquid	 gastric	 contents.	 After	 an	 aspiration	 event,
clinical	status	and	radiographic	changes	progress	within	the	next	24	to	36	hours.
Contrary	to	the	general	view	that	gastric	aspirates	with	pH	greater	 than	2.5	are
benign,	the	same	syndrome	can	occur	at	a	pH	of	5.9.47	Patients	who	develop	this
syndrome	invariably	have	a	marked	disturbance	of	consciousness	that	can	occur
from	sedative	drug	overdose	or	general	anesthesia	that	interferes	with	vocal	cord
protection.	The	subsequent	clinical	course	can	include	death	in	30%	to	62%	of
cases.	 Once	 liquid	 gastric	 content	 aspiration	 has	 occurred	 and	 the	 ARDS	 has
supervened,	ventilatory	and	medical	strategies	appropriate	for	treating	the	ARDS
become	 the	 focus	of	care.	Despite	 their	 frequent	use,	parenteral	corticosteroids
have	 not	 been	 shown	 to	 be	 helpful.5	 Antibiotics	 are	 indicated	 only	 when	 the
syndrome	is	complicated	by	infection.

Foreign	Body	Aspiration
Aspiration	 of	 solid	 particles	 causes	 varying	 degrees	 of	 respiratory	 obstruction.
Most	 cases	 occur	 in	 children.	 When	 foreign	 bodies	 are	 inhaled	 into	 the
tracheobronchial	tree,	38%	of	patients	give	a	clear	diagnostic	history,	22%	give	a
history	of	an	acute	choking	and	coughing	episode,	and	40%	complain	of	cough,
dyspnea,	 and	 wheezing.	 Although	 the	 chest	 radiograph	 may	 demonstrate	 the
foreign	object,	atelectasis,	or	obstructive	emphysema,	it	is	normal	in	80%	of	the
cases.

Food	 asphyxiation	 is	 obstruction	 of	 the	 upper	 respiratory	 tract	 caused	 by



food,	 usually	 at	 the	 level	 of	 the	 hypopharynx.	 It	 may	 occur	 whenever	 and
wherever	people	 eat,	 including	hospitalized	patients.	 In	 restaurants,	 it	 is	 called
the	 café	 coronary	 because	 it	 is	 often	 mistaken	 for	 a	 heart	 attack.	 Food
asphyxiation	 should	be	 suspected	 in	middle-aged	or	 elderly	 patients	with	poor
dentition	 or	 dentures	 that	 impair	 chewing	 adequately	 or	 in	 those	 sedated	 by
alcohol	 or	 other	 drugs	who	 attempt	 to	 swallow	 solid	 food.	One	key	 to	 a	 large
foreign	body	aspiration	that	may	obstruct	the	larynx	or	trachea	is	that	the	patient
cannot	 speak.	Particles	 that	 reach	 the	 lower	 respiratory	 tract	and	do	not	 totally
obstruct	 the	 trachea	 can	 be	 removed	by	 coughing	 or	 bronchoscopically.	Those
that	 totally	 obstruct	 the	 trachea	 must	 be	 removed	 immediately	 by
subdiaphragmatic	abdominal	thrusts	sometimes	followed	by	finger	sweeps	of	the
unconscious	 individual	 and	 chest	 thrusts	 in	 the	 markedly	 obese	 person	 and
women	in	advanced	stages	of	pregnancy.48

Bacterial	Pneumonia	and	Lung	Abscess
Most	 bacterial	 pneumonias	 are	 a	 consequence	 of	 aspiration	 of	 oropharyngeal
infectious	 material	 in	 association	 with	 impairment	 of	 lower	 respiratory	 tract
defenses.42	 Preexisting	 gingival	 disease	 remains	 a	 prominent	 risk	 factor	 for
anaerobic	 infections.	 The	 risk	 of	 aspiration	 pneumonia	 is	 lower	 among	 those
with	 good	 oral	 hygiene.	 Initial	 studies	 from	 the	 1960s	 to	 1980s	 suggested
anaerobes	as	the	most	common	pathogens.	However,	we	now	find	that	aspiration
pneumonia	 has	 a	 microbiologic	 spectrum	 that	 includes	 more	 Staphylococcus
aureus	 and	enteric	Gram-negative	bacilli.	Community-acquired	pneumonia	can
occur	when	bacteria	colonize	the	oropharynx	prior	to	aspiration	and	are	unable
to	 be	 cleared	 by	 mucociliary	 clearance	 and	 detoxification	 by	 the	 alveolar
phagocytes	that	have	been	rendered	ineffective.	Normal	respiratory	defenses	and
mucociliary	 clearance	 may	 be	 compromised	 by	 a	 preceding	 viral	 infection	 or
underlying	medical	 conditions	 that	predispose	 to	 a	bacterial	 “superinfection.”49
Even	the	microbiology	of	abscesses	has	changed	with	the	majority	being	due	to
aerobic	(most	commonly	Staphylococcus	species)	organisms.	Lung	abscesses	are
now	considered	to	be	a	result	of	more	virulent	community-acquired	pneumonia
pathogens	 and	 not	 because	 of	 aspiration	 of	 anaerobes	 alone.50	 The	 intubated
patient	 is	 particularly	 susceptible	 to	 aspiration	 pneumonia	 because	 the
endotracheal	 or	 tracheostomy	 tube	 bypasses	 the	 aerodynamic	 filtration
protection	 of	 the	 upper	 respiratory	 tract	 and	 physically	 hinders	 mucociliary
clearance.	The	 intubated	patient	who	 requires	a	narcotic	 is	at	even	greater	 risk
because	cough	is	also	suppressed.

Once	 a	 bacterial	 pneumonia	 or	 lung	 abscess	 is	 suspected,	 the	 causative



organism(s)	 should	 be	 identified	 and	 appropriate	 antibiotic	 therapy	 should	 be
given	(Chapter	181:	Acute	Infectious	Pneumonia).

Chemical	Pneumonitis
Reminiscent	 of	 a	 chemical	 burn,	 airway	 and	 parenchymal	 injury	may	 develop
after	 an	 aspiration	 event	 that	 triggers	 a	 cascade	 of	 inflammatory	mediators.4,42
Fever,	 cough,	 rales,	 sputum	 production,	 hypoxemia,	 and	 infiltrates	 on	 chest
radiograph	may	all	be	presenting	signs	and	symptoms	that	are	nonspecific.	What
distinguishes	 this	syndrome	from	the	other	aspiration	sequelae,	however,	 is	 the
rapid,	 self-limited	 course	 and	 clinical	 resolution	 over	 several	 days	without	 the
need	 for	 antimicrobial	 therapy.	 However,	 it	 should	 be	 noted	 that	 patients	 can
progress	 to	 fulminant	 ARDS.	 Infectious	 aspiration	 pneumonia	 may	 not	 be	 a
primary	 event	 but	 may	 develop	 as	 a	 superinfection	 of	 aspiration-induced
pulmonary	 injury,	 depending	 on	 the	 contents	 of	 the	 aspirated	material	 and	 the
patient’s	underlying	clinical	condition.

Exogenous	Lipoid	Pneumonia
Exogenous	lipoid	pneumonia	is	the	result	of	aspirating	any	kind	of	lipid	or	oil-
based	 substance	 including	 mineral	 oil,	 animal	 oil	 (eg,	 cod	 liver	 oil,	 milk
products),	 vegetable	 oil,	 and	 formula	 feedings.	 Conditions	 more	 likely	 to	 be
complicated	 by	 exogenous	 lipoid	 pneumonia	 include	 pharyngeal	 swallowing
disorders,	 Zenker	 diverticulum,	 cricopharyngeal	 achalasia,	 scleroderma
involving	 the	 esophagus,	 epiphrenic	 diverticulum,	 esophageal	 carcinoma,
esophageal	 achalasia,	 and	 GERD.5	 Although	 patients	 with	 exogenous	 lipoid
pneumonia	 usually	 do	 not	 appear	 toxic,	 the	 clinical	 presentation	 occasionally
cannot	be	distinguished	from	that	of	acute	bacterial	pneumonia.

The	 important	 clues	 to	 the	 diagnosis	must	 come	 from	 the	 history,	 physical
examination,	and	upper	gastrointestinal	studies.	The	presence	of	food	particles	in
a	 bronchoscopy	 specimen	 is	 diagnostic.	 Although	 fat	 stains	 performed	 on
unfixed	expectorated	sputum,	bronchoalveolar	lavage	specimens,	or	lung	biopsy
may	 reveal	 numerous	 lipid-laden	 alveolar	 macrophages,	 this	 finding	 only
supports	the	diagnosis	of	exogenous	lipoid	pneumonia.	Lipid-laden	macrophages
can	also	arise	from	an	endogenous	source	or	represent	a	nonspecific	response	of
the	 lung	 to	 injury5	 because	 the	 lung	 is	 capable	 of	 making	 its	 own	 lipid.
Quantitative	 cultures	 obtained	 with	 telescoping	 plugged	 catheters	 at
bronchoscopy	may	be	needed	 to	 rule	out	a	bacterial	 infection,	and	 lung	biopsy



may	be	needed	to	rule	out	cancer	and	to	make	the	appropriate	diagnosis.	After
the	 diagnosis	 is	 made,	 however,	 the	 inciting	 agent	 is	 usually	 identified	 with
pointed	questioning	of	patient	practices.

If	not	diagnosed	promptly,	recurrent	aspirations	of	lipid	or	small	amounts	of
liquid	 gastric	 contents,	 or	 both,	 can	 present	 as	 recurrent	 hemoptysis,	 recurrent
pneumonias,	chronic	interstitial	fibrosis,	bronchiolitis,	or	bronchiectasis.3	Rarely,
exogenous	 lipoid	 pneumonias	 are	 complicated	 by	 organisms	 of	 the
Mycobacterium	 fortuitum	 complex.51	 Although	 corticosteroids	 may	 be	 helpful
for	 cases	 of	 acute	 lipid	 aspiration,	 acute	 exogenous	 lipoid	 pneumonias	 usually
resolve	on	their	own.	The	key	to	therapy	is	to	prevent	recurrences.

Tracheobronchitis
Tracheobronchitis	 must	 be	 considered	 not	 only	 for	 outpatients	 with	 GER	 and
chronic,	 persistent	 cough52	 but	 also	 for	 hospitalized	 patients.	 Examples	 of
conditions	that	predispose	to	an	aspiration	tracheobronchitis	include	a	debilitated
state,	 the	 postoperative	 period,	 endotracheal	 intubation,	 recent	 extubation,	 and
neuromuscular	 diseases.5	 Aspiration	 tracheobronchitis	 should	 be	 suspected	 for
patients	 with	 cough,	 wheezing,	 and	 bronchorrhea,	 defined	 as	 expectoration	 of
more	 than	 30	mL	 of	 phlegm	 in	 24	 hours.	 Treatment	 is	 the	 same	 as	 described
previously	 in	 the	 “Exogenous	 Lipoid	 Pneumonia”	 section.	 In	 general,	 the
bronchorrhea	will	disappear	when	oral	intake	is	halted.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	55-year-old	man	with	a	past	medical	history	of	hypertension	comes	to
an	outpatient	pulmonary	clinic	evaluation	for	recurrent	pneumonia.	He	has	had
four	episodes	of	pneumonias	over	the	last	2	years	for	which	he	received	multiple
courses	of	antibiotics.	His	other	complaints	include	frequent	regurgitation	of
food.	Physical	examination	is	remarkable	for	halitosis	but	a	normal	pulmonary
exam.	Chest	CT	with	GI	contrast	obtained	as	a	part	of	recurrent	pneumonia
evaluation	showed	a	hypopharyngeal	diverticulum	and	a	prominent
cricopharyngeal	bar.	What	is	most	likely	to	reduce	his	risk	of	recurrent
pneumonia?



A. 	Acid	suppression	with	proton	pump	inhibitor	and	head	of	bed
elevation
B. 	Prophylactic	antibiotic	therapy
C. 	Supply	most	nutrition	through	a	gastrostomy	tube
D. 	Surgical	referral

2. 	A	74-year-old	woman	with	past	medical	history	of	Parkinson	disease	and
diabetes	mellitus	is	admitted	to	the	ICU	for	progressive	respiratory	failure
requiring	mechanical	ventilation	secondary	to	pneumonia.	She	improved	with	a
7-day	course	of	antibiotics	and	lung	protective	ventilation	and	is	currently
extubated	to	room	air.	She	has	no	complaints,	and	her	vital	signs	are	as	follows:
temperature	of	97.8	°F,	heart	rate	of	74	beats/min,	BP	of	122/65	mm	Hg,	and
oxygen	saturation	of	95%	on	room	air.	Physical	examination	is	positive	for	a
mildly	hoarse	voice	and	occasional	crackles	at	the	lung	bases.	What	is	the	most
appropriate	way	to	prevent	aspiration	pneumonia	in	this	patient?

A. 	Continue	antibiotics	to	complete	a	total	of	10	days	of	therapy
B. 	Evaluate	swallowing	with	bedside	testing	and/or	barium	swallow
C. 	Give	oral	proton	pump	inhibitor	until	transferred	out	of	the	ICU
D. 	Provide	enteral	feeding	via	nasogastric	tube	until	voice	normalizes

3. 	A	27-year-old	man	with	a	past	medical	history	of	epilepsy	and
nonadherence	to	medications	is	admitted	to	the	ICU	after	presenting	with
witnessed	seizures.	Currently,	he	has	no	complaints	and	seizures	have	not
recurred	since	restart	of	antiepileptic	medications.	Vital	signs	include
temperature	of	98.5	°F,	heart	rate	of	85	beats/min,	BP	of	117/78	mm	Hg;	oxygen
saturation	is	97%	on	room	air.	His	physical	exam	and	laboratory	data	are
unremarkable.	Chest	x-ray	obtained	3	days	prior	at	the	time	of	presentation	in
the	emergency	department	showed	bibasilar	infiltrates	that	are	slightly	improved
on	repeat	chest	imaging.	Along	with	the	continuation	of	his	antiepileptic
regimen,	what	is	the	most	appropriate	management	of	his	pulmonary	findings?

A. 	Continue	monitoring	and	supportive	care	only
B. 	Initiate	5	to	7	day	course	of	empiric	cefepime	and	vancomycin
C. 	Obtain	chest	CT	and	do	bronchoscopic	lavage	for	microbiologic
analysis
D. 	Order	5	day	course	of	oral	corticosteroids

Answers



1.	The	correct	answer	is	D.
Rationale:	 This	 patient	 has	 clinical	 and	 radiologic	 evidence	 of	 a	 Zenker

diverticulum.	 Although	 asymptomatic	 Zenker	 diverticula	 can	 be	 managed	 by
conservative	 measures,	 this	 patient	 clearly	 has	 complications	 in	 the	 form	 of
recurrent	pneumonia,	likely	by	an	aspiration	mechanism.	Treatment	can	be	either
surgical	 or	 endoscopic	 (D	 is	 correct).	 The	 surgical	 approach	 involves	 a
cricopharyngeal	 myotomy	 with	 or	 without	 a	 pouch	 intervention	 such	 as
inversion	 of	 the	 diverticulum	 or	 diverticulectomy.	 Because	 the	 diverticulum
needs	 to	 be	 addressed,	 acid	 suppression	 (choice	 A),	 prophylactic	 antibiotics
(choice	B),	and	placement	of	a	gastrostomy	tube	(choice	C)	have	no	role	for	this
patient.

2.	The	correct	answer	is	B.
This	patient’s	aspiration	risk	factors	include	Parkinson	disease,	postintubation

state,	 and	 critical	 illness.	 It	 is	 recommended	 that	 patients	 be	 evaluated	 for
swallowing	at	the	bedside	or	by	a	speech-language	pathologist	during	a	modified
barium	 swallow	 prior	 to	 the	 initiation	 of	 oral	 feeding	 to	 reduce	 the	 risk	 of
aspiration	(choice	B	is	correct).	Patients	such	as	this,	soon	after	extubation,	may
aspirate	 without	 coughing	 (silent	 aspiration).	 Other	 interventions	 like
swallowing	 exercises,	 early	 mobilization,	 and	 oral	 hygiene	 help	 to	 minimize
recurrence	 of	 pneumonia.	 Enteral	 feeding	 via	 nasogastric	 or	 percutaneous
gastrostomy	tubes	has	not	been	shown	to	decrease	the	risk	of	aspiration	(choice
D	is	not	correct).	Continuing	antibiotics	(choice	A)	and	proton	pump	inhibitors
(choice	C)	 for	 a	 longer	 duration	 have	 not	 been	 shown	 to	 decrease	 the	 risk	 of
aspiration	pneumonia	and	may	have	adverse	effects.

3.	The	correct	answer	is	A.
This	 question	 highlights	 the	 difference	 in	 the	 clinical	 presentation	 of

aspiration	 pneumonitis	 vs	 aspiration	 pneumonia.	 Any	 patient	 presenting	 with
conditions	 resulting	 in	decreased	and/or	alteration	of	 their	mental	 status	 is	at	a
risk	of	aspiration.	Their	further	clinical	course	is	dependent	on	a	variety	of	host
factors.	 The	 patient	 in	 this	 scenario	 has	 shown	 clinical	 recovery	 and	 has	 no
evidence	of	a	new	or	ongoing	pneumonia	(choice	A	is	correct);	therefore,	there	is
no	 role	 for	 antibiotics	 (choice	 B	 is	 incorrect).	 Obtaining	 a	 CT	 chest	 and/or
performing	 bronchoscopy	 is	 not	 indicated	 given	 the	 radiologic	 and	 clinical
improvement	 (choice	C	 is	 incorrect).	 Systemic	 steroids	 (choice	D	 is	 incorrect)
have	no	role	currently	in	the	management	of	aspiration	pneumonitis	or	aspiration
pneumonia.



References

Key	references	are	highlighted	in	gray.

1.	Webster’s	New	Universal	Unabridged	Dictionary.	Barnes	&	Noble	Books;
1996:124.

2.	Taylor	JK,	Fleming	GB,	Singanayagam	A,	et	al.	Risk	factors	for	aspiration	in
community-acquired	pneumonia:	analysis	of	a	hospitalized	UK	cohort.	Am	J
Med.	2013;126:995.

3.	Matsuse	T,	Oka	T,	Kida	K,	et	al.	Importance	of	diffuse	aspiration
bronchiolitis	caused	by	chronic	occult	aspiration	in	the	elderly.	Chest.
1996;110:1289.

4.	Nelson	J,	Lesser	M.	Aspiration-induced	pulmonary	injury.	J	Int	Care	Med.
1997;12:279.

5.	Robinson	KA,	Irwin	RS.	Aspiration.	In:	Irwin	RS,	Rippe	JM,	eds.	Intensive
Care	Medicine.	6th	ed.	Lippincott	Williams	&	Wilkins;	2008:599-606.

6.	Bonten	MJ,	Gaillard	CA,	van	der	Geest	S,	et	al.	The	role	of	intragastric
acidity	and	stress	ulcer	prophylaxis	on	colonization	and	infection	in
mechanically	ventilated	ICU	patients:	a	stratified,	randomized,	double-blind
study	of	sucralfate	versus	antacids.	Am	J	Respir	Crit	Care	Med.
1995;152:1825.

7.	Khorvash	F,	Abbasi	S,	Meidani	M,	et	al.	The	comparison	between	proton
pump	inhibitors	and	sucralfate	in	the	incidence	of	ventilator	associated
pneumonia	in	critically	ill	patients.	Adv	Biomed	Res.	2014;3:52.

8.	Cook	D,	Guyatt	G,	Marshall	J,	et	al.	A	comparison	of	sucralfate	and
ranitidine	for	the	prevention	of	upper	gastrointestinal	bleeding	in	patients
requiring	mechanical	ventilation.	Canadian	Critical	Care	Trials	Group.	N
Engl	J	Med.	1998;338:791-797.

9.	Gulmez	SE,	Holm	A,	Frederiksen	H,	et	al.	Use	of	proton	pump	inhibitors
and	the	risk	of	community-acquired	pneumonia.	Arch	Intern	Med.
2007;167:950-955.

10.	Terzi	N,	Orlikowski	D,	Aegerter	P,	et	al.	Breathing-swallowing	interaction
in	neuromuscular	patients.	Am	J	Respir	Crit	Care	Med.	2007;175:274-275.

11.	Guilherme	F,	Pisani	JC,	Pisani	ED,	et	al.	The	nasogastric	feeding	tube	as	a
risk	factor	for	aspiration	and	aspiration	pneumonia.	Curr	Opin	Clin	Nutr
Metab	Care.	2003;6:327-333.



12.	Lastbom	L,	Camner	P.	Deposition	and	clearance	of	particles	in	the	human
lung.	Scand	J	Work	Environ	Health.	2000;26[Suppl	1]:23.

13.	Zhang	P,	Summer	WR,	Bagby	GJ,	et	al.	Innate	immunity	and	pulmonary
host	defense.	Immunol	Rev.	2000;175:39.

14.	Bourke	SJ.	Mechanisms	of	cough	iBS.	In:	Peel	ET,	ed.	Integrated	Palliative
Care	of	Respiratory	Disease.	Springer-Verlag;	2013:48.

15.	Macht	M,	Wimbish	T,	Clark	BJ,	et	al.	Postextubation	dysphagia	is
persistent	and	associated	with	poor	outcomes	in	survivors	of	critical	illness.
Crit	Care.	2011;15:R231.

16.	Varela	JE,	Varela	K,	Doherty	J,	et	al.	Incidence	and	predictors	of	aspiration
after	prolonged	intubation	in	trauma	patients.	J	Am	Coll	Surg.	2004;199:76.

17.	Brady	S,	Donzelli	J.	The	modified	barium	swallow	and	the	functional
endoscopic	evaluation	of	swallowing.	Otolaryngol	Clin	North	Am.
2013;46:6.

18.	Ajemian	MS,	Nirmul	GB,	Anderson	MT,	et	al.	Routine	fiberoptic
endoscopic	evaluation	of	swallowing	following	prolonged	intubation:
implications	for	management.	Arch	Surg.	2001;136:434.

19.	Barquist	E,	Brown	M,	Cohn	S,	et	al.	Postextubation	fiberoptic	endoscopic
evaluation	of	swallowing	after	prolonged	endotracheal	intubation:	a
randomized,	prospective	trial.	Crit	Care	Med.	2001;29:1710.

20.	Prigent	H,	Lejaille	M,	Terzi	N,	et	al.	Effect	of	a	trachesotomy	speaking
valve	on	breathing—swallowing	interaction.	Intensive	Care	Med.
2012;38:85-90.

21.	Mittal	R,	Stewart	WR,	Schirmer	B.	Effect	of	a	catheter	in	the	pharynx	on
the	frequency	of	transient	lower	esophageal	sphincter	relaxation.
Gastroenterology.	1992;103:1236.

22.	Gomes	GF,	Pisani	JC,	Macedo	ED,	et	al.	The	nasogastric	feeding	tube	as	a
risk	factor	for	aspiration	and	aspiration	pneumonia.	Curr	Opin	Clin	Nutr
Metab	Care.	2003;6:327.

23.	Ferrer	M,	Bauer	TT,	Torres	A,	et	al.	Effect	of	nasogastric	tube	size	on
gastroesophageal	reflux	and	microaspiration	in	intubated	patients.	Ann	Intern
Med.	1999;130:991.

24.	Strong	R,	Condon	SC,	Solinger	M,	et	al.	Equal	aspiration	rates	from
postpylorus	and	intragastric-placed	small-bore	nasoenteric	feeding	tubes:	a
randomized,	prospective	study.	JPEN	J	Parenter	Enteral	Nutr.	1992;16:59.

25.	Baeten	C,	Hoefnagels	J.	Feeding	via	nasogastric	tube	or	percutaneous



endoscopic	gastrostomy:	a	comparison.	Scand	J	Gastroenterol	Suppl.
1992;194:95.

26.	Kostadima	E,	Kaditis	AG,	Alexopoulos	EI,	et	al.	Early	gastrostomy	reduces
the	rate	of	ventilator-associated	pneumonia	in	stroke	or	head	injury	patients.
Eur	Res	J.	2005;26:106.

27.	Montecalvo	M,	Steger	KA,	Farber	H,	et	al.	Nutritional	outcome	and
pneumonia	in	critical	care	patients	randomized	to	gastric	versus	jejunal	tube
feedings.	Crit	Care	Med.	1992;20:1377.

28.	McClave	SA,	Lukan	JK,	Stefater	JA,	et	al.	Poor	validity	of	residual
volumes	as	a	marker	for	risk	of	aspiration	in	critically	ill	patients.	Crit	Care
Med.	2005;33(2):324-330.

29.	Reignier	J,	Mercier	E,	Le	Gouge	A,	et	al.	Effect	of	not	monitoring	residual
gastric	volume	on	risk	of	ventilator-associated	pneumonia	in	adults	receiving
mechanical	ventilation	and	early	enteral	feeding:	a	randomized	controlled
trial.	JAMA.	2013;309:249.

30.	Raghavendran	K,	Nemzek	J,	Napolitano	LM,	et	al.	Aspiration	induced	lung
injury.	Crit	Care	Med.	2011;39(4):818.

31.	Bleach	NR.	The	gag	reflex	and	aspiration:	a	retrospective	analysis	of	120
patients	assessed	by	videofluoroscopy.	Clin	Otolaryngol	Allied	Sci.
1993;18:303-307.

32.	Tolep	K,	Getch	CL,	Criner	G.	Swallowing	dysfunction	in	patients	receiving
prolonged	mechanical	ventilation.	Chest.	1996;109:167.

33.	Elpern	E,	Scott	MG,	Petro	L,	et	al.	Pulmonary	aspiration	in	mechanically
ventilated	patients	with	tracheostomies.	Chest.	1994;105:563.

34.	Hiss	SG,	Postma	GN.	Fiberoptic	endoscopic	evaluation	of	swallowing.
Laryngoscope.	2003;113:1386.

35.	Wu	CH,	Hsiao	TY,	Chen	JC,	et	al.	Evaluation	of	swallowing	safety	with
fiberoptic	endoscope:	comparison	with	videofluoroscopic	technique.
Laryngoscope.	1997;107:396.

36.	Leder	S,	Sasaki	CT,	Burrell	M.	Fiberoptic	endoscopic	evaluation	of
dysphagia	to	identify	silent	aspiration.	Dysphagia.	1998;13:19.

37.	Methany	N,	Clouse	R.	Bedside	methods	for	detecting	aspiration	in	tube-fed
patients.	Chest.	1997;111:724.

38.	Torres	A,	Serra-Batlles	A,	Ross	E,	et	al.	Pulmonary	aspiration	of	gastric
contents	in	patients	receiving	mechanical	ventilation:	the	effect	of	body
position.	Ann	Intern	Med.	1992;116:540.



39.	Orozco-Levi	M,	Torres	A,	Ferrer	M,	et	al.	Semirecumbent	position	protects
from	pulmonary	aspiration	but	not	completely	from	gastroesophageal	reflux
in	mechanically	ventilated	patients.	Am	J	Respir	Crit	Care	Med.
1995;152:1387.

40.	Reed	MF,	Mathisen	DJ.	Tracheoesophageal	fistula.	Chest	Surg	Clin	North
Am.	2003;13:271.

41.	Momosaki	R.	Rehabilitative	management	for	aspiration	pneumonia	in
elderly	patients.	J	Gen	Fam	Med.	2017;18(1):12-15.

42.	Marik	PE.	Pulmonary	aspiration	syndromes.	Curr	Opin	Pulm	Med.
2011;17:148-150.

43.	Hua	F,	Xie	H,	Worthington	HV,	Furness	S,	Zhang	Q,	Li	C.	Oral	hygiene
care	for	critically	ill	patients	to	prevent	ventilator-associated	pneumonia.
Cochrane	Database	Syst	Rev.	2016;10(10):Cd008367.

44.	Liu	C,	Cao	Y,	Lin	J,	et	al.	Oral	care	measures	for	preventing	nursing	home-
acquired	pneumonia.	Cochrane	Database	Syst	Rev.	2018;9(9):Cd012416.

45.	Ohkubo	T,	Chapman	N,	Neal	B,	Woodward	M,	Omae	T,	Chalmers	J.
Effects	of	an	angiotensin-converting	enzyme	inhibitor-based	regimen	on
pneumonia	risk.	Am	J	Respir	Crit	Care	Med.	2004;169(9):1041-1045.

46.	Shinohara	Y,	Origasa	H.	Post-stroke	pneumonia	prevention	by	angiotensin-
converting	enzyme	inhibitors:	results	of	a	meta-analysis	of	five	studies	in
Asians.	Adv	Ther.	2012;29(10):900-912.

47.	Schwartz	D,	Wynne	JW,	Gibbs	C,	et	al.	The	pulmonary	consequences	of
aspiration	of	gastric	contents	at	pH	values	greater	than	2.5.	Am	Rev	Respir
Dis.	1980;121:119.

48.	American	Red	Cross.	First	Aid/CPR/AED	Participants	Manual.	2nd	ed.
American	Red	Cross;	2014.

49.	Rotta	AT,	Shiley	KT,	Davidson	BA,	et	al.	Gastric	acid	and	particulate
aspiration	injury	inhibits	pulmonary	bacterial	clearance.	Crit	Care	Med.
2004;32:747-754.

50.	DiBardino	DM,	Wunderink	RG.	Aspiration	pneumonia:	A	review	of
modern	trends.	J	Crit	Care.	2015;30:40-48.

51.	Irwin	R,	Pratter	MR,	Corwin	R,	et	al.	Pulmonary	infection	with
Mycobacterium	chelonei:	successful	treatment	with	one	drug	based	on	disk
diffusion	susceptibility	data.	J	Infect	Dis.	1982;145:772.

52.	Irwin	R,	Corrao	WM,	Pratter	M.	Chronic	persistent	cough	in	the	adult:	the
spectrum	and	frequency	of	causes	and	successful	outcome	of	specific



therapy.	Am	Rev	Respir	Dis.	1981;123:413.



Chapter	171
Drowning
Nicholas	A.	Smyrnios,	Richard	S.	Irwin

KEY	POINTS:
1.	 Drowning	rates	are	declining	in	the	United	States	but	drowning

remains	a	major	public	health	problem	worldwide.
2.	 Ethanol	ingestion	and	inadequate	adult	supervision	of	children

remain	the	major	risk	factors	for	drowning.
3.	 The	pathological	effects	of	drowning	are	primarily	due	to	hypoxia	and

hypothermia.
4.	 For	drowning	events	associated	with	cardiac	arrest,	restoration	of

spontaneous	circulation,	rewarming	to	a	targeted	temperature	of	32
to	36	°C,	transfer	to	a	high-level	care	facility,	and	meticulous
supportive	care	are	the	most	important	features	of	clinical
management.

5.	 Prevention	is	the	most	effective	way	to	reduce	drowning	fatalities.

INTRODUCTION
Drowning	 is	 a	 process	 resulting	 in	 primary	 respiratory	 impairment	 from
submersion/immersion	 in	a	 liquid	medium.1	 Implicit	 in	 this	definition	 is	 that	a
liquid-air	 interface	 is	present	at	 the	entrance	of	 the	victim’s	airway,	preventing
the	 victim	 from	breathing	 air.	A	 victim	 can	 be	 rescued	 at	 any	 time	 during	 the
drowning	 process	 and	 may	 not	 require	 an	 intervention	 or	 may	 receive
appropriate	resuscitative	measures.	The	victim	may	live	or	die	after	this	process.1
Older	terms,	such	as	near-drowning,	submersion	or	immersion	injury,	and	dry	or
wet	drowning,	are	discouraged	to	facilitate	clearer	communication.

1 	 On	 average,	 3960	 people	 in	 the	 United	 States	 and	 375,000	 people
worldwide	 die	 of	 unintentional	 drowning	 each	 year.2,3	 In	 addition,	 there	 are



approximately	8000	nonfatal	drownings	in	the	United	States	per	year.	However,
almost	 all	 drowning	 statistics	 underestimate	 the	 actual	 number	 of	 events	 since
most	 victims	 do	 not	 require	 medical	 care.	 For	 example,	 along	 one	 beach	 in
Brazil	 over	 a	 6-year	 interval,	 lifeguards	 reported	 approximately	 1.5	 million
actions	of	which	only	2044	required	rescue,	355	required	medical	attention,	and
14	required	resuscitation.4

Drowning	rates	vary	greatly	by	state,	with	the	highest	rate	being	experienced
in	Alaska	and	 the	 lowest	 rate	 in	New	York.	A	variety	of	 factors	are	 thought	 to
contribute	 to	 the	 variable	 rates	 including,	 but	 not	 limited	 to,	 the	 length	 of	 the
coastline	and	the	extent	of	swimming	competency	in	the	state.	Drowning	claims
the	 lives	of	more	 children	 ages	1	 to	4	years	 than	 any	other	 cause	 except	 birth
defects.5	For	most	countries,	drowning	statistics	do	not	include	additional	water-
related	 deaths	 from	 boating	 accidents	 which	 are	 categorized	 separately.
Therefore,	some	large-scale	tragedies	may	be	missed	with	these	statistics.

ETIOLOGY	AND	PATHOGENESIS
Drowning	is	most	common	among	men,	children	younger	than	14	years,	North
American	Native	populations,	and	African	Americans.2	Other	factors	considered
to	be	associated	with	a	higher	risk	of	drowning	include	alcohol	use,	inadequate
adult	 supervision,	 lack	of	 pool	 fencing,	 lack	of	 life	 jackets,	 lack	of	 swimming
skills,	seizure	disorders	and	other	diseases,	boating	accidents,	illegal	drugs,	and
prescription	medications.5

2 	The	following	are	considered	risk	factors	for	drowning.

Alcohol
Ethanol	use	plays	 a	major	 role	 in	 a	 large	number	of	drowning	 events.	 70%	of
fatal	drownings	are	associated	with	alcohol	consumption.6,7	Alcohol	use	seems	to
be	 an	 issue	 for	 drowned	 men	 in	 particular.8	 Alcoholic	 beverages	 reduce	 the
ability	to	deal	with	emergency	situations	by	depressing	coordination,	increasing
response	 time,	 and	 decreasing	 awareness	 of	 stimuli.	 Furthermore,	 alcohol
consumption	by	a	potential	rescuer	or	by	the	adult	responsible	for	supervising	a
child	in	the	water	can	destroy	that	person’s	ability	to	function	effectively,	often
resulting	 in	 a	 double	 tragedy.	 In	 addition,	 alcohol	 is	 frequently	 a	 factor	 in
drownings	that	result	from	automobile	accidents.



Inadequate	Supervision
2 	Children	die	 in	water	 because	 adults	 do	not	 supervise	 them	well	 enough.	 In
one	 study,	 poor	 supervision	 was	 thought	 to	 be	 involved	 in	 68%	 of	 drowning
deaths	 among	 children	 under	 5	 years	 of	 age.9	Diving	 and	 sliding	 headfirst	 are
factors	 that	 may	 contribute	 by	 producing	 serious	 head	 and	 neck	 injuries	 as	 a
result	of	striking	the	bottom	or	side	of	a	shallow	body	of	water.	Appropriate	sign
posting	 in	 hazardous	 areas,	 effective	 educational	 programs	 on	 the	 dangers	 of
water	 recreation,	 and	 the	 presence	 of	 lifeguards	 minimize	 risk	 and	 improve
survival.6,10

The	 backyard	 pool	 and	 family	 bathtub	 are	 common	 sites	 of	 pediatric
drownings.6,11	 The	 use	 of	 infant	 bath	 seats,	 while	 providing	 some	 sense	 of
security	to	parents,	may	actually	predispose	to	submersion	accidents	because	the
child	may	slip	and	become	trapped	by	the	seat,	making	it	 impossible	to	escape
the	water.12	The	practice	of	leaving	infants	to	bathe	in	the	custody	of	a	toddler	is
inappropriate	and	should	be	discouraged.

LACK	OF	LIFE	JACKETS	AND	POOL	FENCING
Studies	 have	 shown	 lower	 rates	 of	 drowning	 for	 areas	where	 swimming	pools
are	 required	by	 law	to	be	surrounded	by	a	 fence.2,6	The	fence	must	completely
isolate	the	pool	from	unsupervised	access	by	children	and	be	at	least	4	ft	tall	to
be	 effective.	 Life	 jackets,	 particularly	 in	 boating	 situations	 but	 also	 in	 other
water	 recreation	 settings,	 among	 nonswimmers	 have	 also	 been	 shown	 to	 be
highly	effective	in	reducing	drowning	rates.

Inadequate	Swimming	Skills
Both	 objective	 data	 and	 common	 sense	 support	 the	 idea	 that	 improved
swimming	skill	can	reduce	the	risk	of	drowning.	Although	the	exact	magnitude
of	 this	 reduction	 is	 imprecise,	 some	 reports	 have	 estimated	 it	 to	 be	 as	 high	 as
88%	for	young	children.13,14	This	factor	may	be	more	pronounced	among	males
who	 may	 overestimate	 their	 swimming	 ability.8	 Swimming	 lessons	 may	 be
effective	 for	 children	 as	 young	 as	 1	 year	 of	 age,	 but	 there	 is	 no	 evidence	 that
swimming	programs	are	effective	for	children	younger	than	1	year,	because	they
are	developmentally	unable	to	learn	the	movements	needed	to	survive	in	water.15



Seizures	and	Other	Medical	Disorders
Drowning	 is	15	 to	19	 times	more	common	 in	people	with	epilepsy	 than	 in	 the
general	 population.16	 Poor	 adherence	 to	 anticonvulsant	 regimens	 often	 plays	 a
role.	 A	 large	 percentage	 of	 drowning	 deaths	 in	 epileptics	 occur	 in	 bathtubs.17
Seizures	that	include	a	tonic	component	may	be	the	most	dangerous	to	victims.
Tonic	 seizures	 include	 a	 forced	 exhalation	 component	 that	 increases	 body
density	 and	 causes	 the	 victim	 to	 sink.	When	 the	 tonic	 component	 relaxes,	 the
negative	intrathoracic	pressure	leads	to	an	inhalation	that	will	then	be	composed
of	water.18	Drowning	 is	also	a	major	cause	of	death	 in	 individuals	with	autism
spectrum	 disorder	 and	 is	 also	 reported	 to	 be	 a	 higher	 risk	 in	 those	 with
cardiovascular	disease.19

Boating	Accidents
A	blood	alcohol	level	of	0.10	g	per	100	mL	is	estimated	to	increase	the	risk	of
death	 associated	 with	 boating	 by	 a	 factor	 of	 10.7	 Failure	 to	 use	 personal
floatation	 devices	 may	 also	 contribute	 to	 these	 deaths.20	 In	 addition,	 injuries
associated	with	the	use	of	personal	watercraft	share	many	features	with	boating
accidents	and	are	associated	with	drowning.21

Illegal	Drugs	and	Prescription	Medications
Centrally	 acting	 drugs	 cause	 disorientation,	 induce	 sleep,	 impair	 coordination,
and	reduce	the	ability	to	swim.	Data	implicate	both	therapeutic	medications	and
illegal	drugs.22

PATHOPHYSIOLOGY

General	Considerations
3 	 Two	 mechanisms	 produce	 the	 major	 pathological	 changes	 responsible	 for
morbidity	in	drowning:	anoxia	and	hypothermia.

Anoxia
Historically,	it	was	thought	that	most	drownings	followed	a	common	pattern	of



breath-holding	 leading	 to	 intense	 hypoxia	 and	 hypercapnia,	 followed	 by
involuntary	breaths,	aspiration,	loss	of	consciousness,	and	often	death.23	Now,	it
is	 acknowledged	 that	 this	 process	 has	 been	 notoriously	 difficult	 to	 study	 and
physiological	responses	may	vary	more	widely.	However,	what	is	indisputable	is
that	ultimately	a	victim	who	remains	submerged	will	develop	severe	hypoxemia
that	will	 ultimately	 result	 in	 a	 cardiac	 arrest	 and	 anoxic	 damage	 to	 the	 central
nervous	system.

Hypothermia
The	 impact	 of	 hypothermia	 is	 complex.	 Survival	 after	 extremely	 long
submersion	 is	 generally	 considered	 possible	 only	 when	 the	 victim	 has	 been
submerged	 in	 icy	water.	Most	 authors	 believe	 that	 to	 achieve	 such	 spectacular
survivals	 after	 long	 submersions,	 the	 core	 body	 temperature	 must	 be	 reduced
quickly	and	the	brain’s	metabolic	activity	slowed	down	in	equally	rapid	fashion
to	prevent	hypoxic	damage	to	 the	brain.	Factors	 that	make	 this	more	 likely	for
children	 include	 the	 increased	 relative	 body	 surface	 area,	 a	 thin	 layer	 of
subcutaneous	fat,	and	smaller	head	size.	In	addition,	children	may	aspirate	water
earlier	 after	 their	 submersion,	 and	 they	 may	 retain	 more	 water	 in	 the	 upper
airway.24	These	factors	may	also	play	a	role	in	rapid	cooling.

On	 the	 other	 hand,	 humans	 tolerate	 hypothermia	 poorly.	 In	 the	 most	 well-
known	example,	the	deaths	after	the	sinking	of	the	Titanic	occurred	not	because
of	 inability	 to	 float	 in	 most	 cases	 but	 because	 of	 hypothermia	 caused	 by
exposure	 to	 extremely	 cold	water.	 Submersion	 in	 very	 cold	water	 can	 acutely
lead	 to	 death.	 Hypothermia	 produces	 an	 increased	 tendency	 toward	malignant
arrhythmias.	 Cardiac	 arrest	 from	 ventricular	 fibrillation	 is	 common	 at	 core
temperatures	 below	 28	 °C,	 and	 asystole	 occurs	 at	 less	 than	 20	 °C.25	 These
arrhythmias	may	be	refractory	to	resuscitative	efforts	until	the	body	temperature
has	 been	 increased.	 In	 addition,	 cold	water	 changes	 the	 ability	 to	 breath-hold,
because	the	changes	in	the	metabolic	rate	induced	by	the	cold	cause	the	victim	to
reach	their	hypoxic	and	hypercapnic	breakpoints	for	breath-holding	much	more
quickly.	 Those	 changes	 induce	 gasping	 respirations	 and	 aspiration	 of	 water.26
Finally,	 a	 decrease	 of	 core	 temperature	 can	 cause	 loss	 of	 consciousness	 and
aspiration	from	the	victim’s	inability	to	keep	the	head	above	water.	This	leads	to
aspiration	 of	 water	 and	 the	 sequence	 of	 events	 described	 previously.	 As	 if	 to
highlight	 the	contradictory	effects	of	hypothermia	on	outcome,	a	study	looking
at	the	effect	of	hypothermia	did	not	demonstrate	any	effect	of	water	temperature
on	mortality.27



Respiratory	Effects
The	 effect	 on	 the	 respiratory	 system	 of	 aspirating	 water	 can	 be	 divided	 into
effects	on	the	upper	airway	and	effects	on	the	lung	parenchyma.

In	 most	 cases	 there	 is	 an	 initial	 protection	 of	 the	 airway	 by	 the	 normal
swallowing	defense	mechanisms.28	In	all	victims,	this	defense	is	overcome	either
immediately	 or	 slowly	 over	 time.	 Some	 victims	 develop	 an	 intense
laryngospasm	as	a	result	of	aspiration	of	water	into	the	pharynx	or	larynx.	This
laryngospasm	does	reduce	the	amount	of	water	that	enters	the	lungs.	That	has	led
to	 the	 concept	 of	 “dry	 drowning”	 where	 the	 laryngospasm	 itself	 causes	 the
hypoxemia.	 However,	 the	 impact	 of	 this	 has	 likely	 been	 overstated	 and	 this
phenomenon	 is	 clinically	 significant	 in	 only	 a	 very	 small	minority	 of	 victims,
mostly	 children.	Much	more	 commonly	 a	 significant	 amount	 of	water	 reaches
the	 lung	 tissue	 and	 initiates	 a	 sequence	 of	 responses	 that	 result	 in	 respiratory
compromise.

The	effects	of	aspiration	of	various	water	solutions	on	lung	injury	have	been
studied	 in	 animals.10	 Decreases	 of	 arterial	 oxygen	 saturation	 and	 dynamic
compliance	 as	well	 as	 increases	 of	minute	 ventilation,	mean	 pulmonary	 artery
pressure,	and	shunt	fraction	are	seen	after	bilateral	aspiration	of	either	freshwater
or	seawater.

On	 a	 microscopic	 level,	 freshwater	 and	 saline	 solutions	 may	 cause	 their
adverse	 pulmonary	 effects	 by	 different	mechanisms.	 Atelectasis	 as	 a	 result	 of
increased	 surface	 tension,	 bronchoconstriction,	 and	 noncardiogenic	 pulmonary
edema	all	play	a	 role	 in	 the	development	of	hypoxemia	at	different	 times	after
freshwater	aspiration.10	Freshwater	acts	 in	part	by	 inactivating	surfactant	 in	 the
alveoli	and	in	part	by	damaging	pneumocytes,	thereby	preventing	the	production
of	 surfactant.	 The	 combination	 of	 these	 effects	 may	 damage	 the	 alveolar
capillaries	 and	 interstitium	 and	 lead	 to	 the	 acute	 respiratory	 distress	 syndrome
(ARDS).	Hypertonic	 seawater	may	draw	additional	 fluid	 from	 the	plasma	 into
the	alveoli,	thereby	causing	pulmonary	edema	despite	a	decreased	intravascular
volume.10	The	fluid-filled	alveoli	are	 then	unavailable	for	efficient	gas	transfer,
and	 a	 ventilation-perfusion	 mismatch	 occurs.	 Aspiration	 of	 vomited	 gastric
contents	 and	 particles	 in	 the	 water	 complicates	 both	 freshwater	 and	 saltwater
drowning.	Both	saltwater	and	freshwater	damage	the	alveolar-capillary	interface
and	permit	 the	 influx	of	 fluid	 into	 the	alveolus.	Therefore,	 in	 clinical	practice,
the	 difference	 between	 the	 injuries	 caused	 by	 freshwater	 and	 saltwater
aspirations	 is	 small.	 In	 both	 cases,	 pulmonary	 edema	 causes	 decreased
respiratory	system	compliance	and	hypoxemia.

Several	other	mechanisms	of	lung	injury	may	occur	with	nonfatal	drowning.



Bacterial	 pneumonia,	 barotrauma,	 mechanical	 damage	 from	 cardiopulmonary
resuscitation	 (CPR),	 chemical	 pneumonitis,	 centrally	 mediated	 apnea,	 and
oxygen	 toxicity	 can	 cause	 respiratory	 deterioration	 in	 the	 postresuscitation
period.	 These	 must	 be	 considered	 along	 with	 ARDS	 in	 cases	 of	 respiratory
distress	occurring	1	to	48	hours	after	the	event.

Neurological	Effects
The	 pathological	 effects	 that	 most	 affect	 prognosis	 for	 drowning	 victims	 are
related	to	the	central	nervous	system.	Cerebral	injury	is	produced	as	a	result	of
anoxia	 caused	 by	 gas	 exchange	 impairment	 and	 subsequent	 cardiopulmonary
arrest.

Anoxic	damage	begins	4	to	10	minutes	after	cessation	of	cerebral	blood	flow
in	most	situations.29	The	actual	time	course	and	clinical	significance	of	anoxia	in
a	 specific	 drowning	 victim	 is	 notoriously	 uncertain	 because	 of	 the	 emotional
condition	of	the	witnesses	and	because	the	impact	of	hypothermia	is	difficult	to
judge.	 In	 addition,	 because	 drowning	 causes	 an	 asphyxial	 cardiac	 arrest,	 there
will	be	persistence	of	perfusion	for	some	time	during	the	arrest	that	may	provide
some	degree	of	protection	from	injury.29

Many	 drowning	 victims	 suffer	 neurological	 impairment.	 Victims	 display
pathological	 features	 similar	 to	 those	 of	 patients	 with	 anoxic	 encephalopathy
from	 other	 causes	 including	 diffuse	 cerebral	 edema,	 focal	 areas	 of	 necrosis,
mitochondrial	 swelling,	 and	 other	 ischemic	 changes.	 These	 changes	 occur
primarily	 in	 the	 cerebral	 cortex,	 hippocampus,	 and	 basal	 ganglia.29	 Drowning
victims	 may	 display	 findings	 consistent	 with	 anoxic	 encephalopathy	 such	 as
persistent	 coma,	 seizures,	 delayed	 language	development,	 spastic	 quadriplegia,
aphasia,	memory	loss,	learning	impairment,	and	cortical	blindness,	which	are	all
seen	as	sequelae	of	submersion	accidents.

Unfortunately,	despite	a	great	deal	of	effort	placed	 into	 trying	 to	predict	 the
ultimate	 neurological	 outcomes	 of	 drowning	 victims,	 it	 remains	 impossible	 to
predict	with	accuracy	the	outcomes	of	individual	patients.30	The	most	recent	and
useful	classification	system	for	drowning	victims	was	published	by	Szpilman	et
al	 and	 emphasizes	 neurological	 responsiveness	 as	 well	 as	 the	 need	 for
cardiovascular	and	respiratory	support	(Figure	171.1).10



	

Figure	 171.1 	 Classification	 of	 drowning	 victims.ABC,	 airway,
breathing,	 chest	 compressions;	 CPA,	 cardiopulmonary	 arrest;	 CPR,
cardiopulmonary	 resuscitation;	 ED,	 emergency	 department;	 ICU,
intensive	 care	 unit;(Reprinted	 from	 Szpilman	 D,	 Morgan	 PJ.
Management	 for	 the	 Drowning	 Patient.	 Chest.	 2021
Apr;159(4):1473-1483.	 ©	 2020	 American	 College	 of	 Chest
Physicians.	Published	by	Elsevier	Inc.	All	rights	reserved.)

Musculoskeletal	Effects
Children	who	 develop	 anoxic	 encephalopathy	 because	 of	 drowning	 frequently
develop	 musculoskeletal	 problems.31	 These	 problems	 result	 from	 spasticity,
which	appears	 to	be	more	aggressive	in	 these	children	than	in	 those	with	other
forms	 of	 spastic	 disorder.	 The	 most	 common	 of	 these	 are	 lower	 extremity
contractures,	hip	subluxation	or	dislocation,	and	scoliosis.31

Serum	Electrolytes
Experimental	 studies	 with	 animals	 reveal	 significant	 differences	 in	 serum
electrolytes	between	freshwater	and	saltwater	drowning.32	In	the	clinical	setting,
swallowing	large	amounts	of	seawater	over	an	extended	period	has	been	reported
to	 cause	 significant	 changes	 in	 serum	 sodium,	 potassium,	 chloride,	 and
magnesium	levels.33	This	happens	rarely,	however,	and	the	body	corrects	most	of
the	alterations	that	do	occur.	Therefore,	the	actual	clinical	impact	of	electrolyte
changes	is	minimal.

Hematological	Effects



Patients	presenting	with	drowning	episodes	 rarely	 require	medical	 intervention
for	anemia.	Studies	have	demonstrated	near-normal	hemoglobin	values	 in	both
seawater	and	freshwater	drownings.32	In	the	best	study	of	the	effect	of	drowning
on	coagulation,	overt	disseminated	intravascular	coagulation	was	13	times	more
likely	 in	 victims	 of	 cardiac	 arrest	 from	 drowning	 as	 opposed	 to	 victims	 of
cardiac	 arrest	 due	 to	 other	 causes.34	 The	 authors	 speculated	 that	 ischemia-
induced	tissue	plasminogen	activator	release	plays	a	role	in	this	phenomenon.

Renal	Effects
Acute	tubular	necrosis,	hemoglobinuria,	and	albuminuria	have	all	been	reported
as	 consequences	 of	 submersion	 accidents.35	 In	 fact,	 acute	 kidney	 injury	 is	 a
common	 complication	 of	 drowning,	 and	 is	 associated	 with	 both	 the	 need	 for
resuscitation	 and	 the	 need	 for	 mechanical	 ventilation	 following	 the	 event.36
Drowning	victims	also	frequently	present	with	metabolic	acidosis	as	a	result	of
lactate	accumulation.37

Cardiac	Effects
Submersion	in	water	causes	an	increase	of	left	atrial	diameter	and	a	decrease	of
heart	 rate.38	 Atrial	 fibrillation	 and	 sinus	 dysrhythmias	 are	 common	 but	 rarely
require	 therapy.	 PR,	 QRS,	 and	 QT	 interval	 prolongations	 as	 well	 as	 J	 point
elevation	 can	 be	 seen	 as	 in	 other	 causes	 of	 hypothermia.25	 The	most	 common
arrhythmias	seen	in	cardiac	arrests	because	of	drowning	are	asystole	followed	by
pulseless	 electrical	 activity.39	 ECG	 findings	 consistent	 with	 coronary	 ischemia
may	 also	 be	 seen.	 One	 report	 primarily	 attributed	 those	 to	 Takotsubo
cardiomyopathy,	coronary	spasm,	or	hypothermia.40

The	anoxia	 caused	by	drowning	 can	 also	have	 an	 effect	 on	hemodynamics.
There	 may	 be	 transient	 increases	 of	 central	 venous	 and	 pulmonary	 artery
occlusion	 pressures	 and	 a	 persistent	 decrease	 of	 cardiac	 output	 that	 may	 last
more	 than	 4	 hours.	 These	 findings	 are	 independent	 of	 the	 tonicity	 of	 the
submersion	 solutions	 (fresh	 or	 salt	 water)	 and	 are	 not	 different	 from	 those
following	other	anoxic	injuries.

Infectious	Complications
Although	 a	 variety	 of	 infections	 are	 reported	 to	 be	 associated	with	 drowning,
pneumonia	is	the	predominant	infection	described.	Aspiration	of	mouth	contents,



gastric	contents,	and	contaminated	water	all	play	a	role	for	 the	development	of
pneumonia	 after	 drowning.	 A	 wide	 variety	 of	 organisms,	 including	 aerobic
gram-negative	 bacteria,	 aerobic	 gram-positive	 bacteria,	 and	 fungi,	 have	 been
described.41	 Combinations	 of	 infections,	 some	 with	 opportunistic	 organisms,
have	 also	 been	 described.42	 Because	 organisms	 that	 can	 survive	 in	 very	 cold
water	 usually	 cannot	 survive	 and	proliferate	 at	 human	body	 temperature,	most
pneumonia	cases	occur	after	warmwater	drowning.43	 In	addition	 to	pneumonia,
cases	 of	 brain	 abscess,	 meningoencephalitis,	 bacteremia,	 skin	 and	 soft	 tissue
infections,	and	endophthalmitis	have	been	reported.

DIAGNOSIS	AND	CLINICAL	PRESENTATION

History
The	minimum	background	 historic	 information	 that	must	 be	 obtained	 includes
the	 patient’s	 age,	 underlying	 cardiac,	 respiratory,	 or	 neurologic	 diseases;	 and
medications	used.	It	is	also	important	to	determine	the	activities	precipitating	the
submersion,	 such	 as	 boating,	 diving,	 or	 ingestion	 of	 drugs	 or	 alcohol;	 the
duration	of	submersion;	and	the	temperature	and	of	water	in	which	it	occurred.

Physical	Examination
The	initial	physical	examination	is	often	hurried,	with	more	detailed	assessment
delayed	 until	 resuscitative	 efforts	 have	 been	 established.	 Tachypnea	 and
tachycardia	 are	 the	 most	 frequent	 findings.	 Patients	 may	 also	 be	 apneic	 and
pulseless.	Hypothermia	is	common	and	depends	on	the	temperature	of	the	water
and	duration	of	submersion.	It	 is	 important	 that	an	appropriate	 thermometer	be
used	that	can	accurately	measure	hypothermic	temperatures	because	the	duration
of	resuscitation	may	depend	on	this	value.	In	general,	resuscitation	attempts	will
be	 longer	 when	 drowning	 has	 occurred	 in	 cold	 water.	 Other	 findings	 include
fever	 and	 signs	of	 pulmonary	 edema.	Any	physical	 findings	 seen	due	 to	 other
causes	of	cerebral	anoxia	or	severe	hypothermia	may	also	be	seen	in	drowning.
In	 addition	 to	 revealing	 the	 consequences	 of	 hypoxia/anoxia	 and	hypothermia,
the	 major	 importance	 of	 the	 physical	 examination	 is	 to	 uncover	 coexisting
injuries	that	may	have	caused	or	resulted	from	the	submersion.

Various	 classification	 systems	 have	 been	 proposed	 for	 use	 with	 drowning
victims.	 None	 of	 them	 are	 uniformly	 applied,	 and	 their	 value	 has	 yet	 to	 be



proven	in	the	clinical	arena.

Laboratory	Studies
Hemoglobin,	hematocrit,	and	serum	electrolytes	are	usually	normal	on	arrival	in
the	 emergency	 department	 whether	 the	 submersion	 occurred	 in	 freshwater	 or
saltwater.10	Arterial	blood	gas	analysis	frequently	shows	metabolic	acidosis	and
hypoxemia.	 The	 blood	 alcohol	 level,	 prothrombin	 time,	 partial	 thromboplastin
time,	 serum	 creatinine,	 urinalysis,	 and	 drug	 screen	 should	 also	 be	 obtained	 to
help	 determine	 the	 cause	 of	 the	 accident	 and	 assess	 for	 complications	 of
drowning.	 Cervical	 spine	 imaging	 should	 be	 performed	 whenever	 there	 is
evidence	 of	 trauma.	 An	 electrocardiogram	 should	 be	 obtained	 and	 continuous
monitoring	 performed	 whenever	 there	 is	 a	 significant	 chance	 of	 dysrhythmia.
Chest	 radiographs	 frequently	 demonstrate	 some	 degree	 of	 pulmonary	 edema.
Some	 films	 display	 confluent	 alveolar	 densities	 primarily	 in	 the	 perihilar
regions,	whereas	others	 exhibit	 a	diffuse,	 almost	homogeneous	nodular	pattern
bilaterally.

THERAPIES
4 	The	treatment	of	nonfatal	drowning	should	be	approached	in	four	phases.

Initial	Resuscitation
4 	 Resuscitation	 of	 apneic	 or	 pulseless	 drowning	 victims	 should	 be	 initiated
immediately	and	continued	as	needed	throughout	the	prehospital	phase	into	the
emergency	department.	Mouth-to-mouth	resuscitation	may	be	begun	in	the	water
if	the	rescuer	is	a	strong	enough	swimmer.44	However,	the	rescuer	must	not	put
themself	 in	 jeopardy.	 When	 performing	 rescue	 breathing,	 the	 rescuer	 should
carefully	 support	 the	 victim’s	 neck	 to	 prevent	 exacerbation	 of	 undiagnosed
vertebral	 injuries.	 A	 recent	 report	 concluded	 that	 there	 was	 no	 difference	 in
neurological	 outcomes	 between	 CPR	 performed	 with	 rescue	 breathing	 and
“compressions-only”	CPR.45	Therefore,	 the	most	 important	 action	 is	 to	 get	 the
patient	 and	 rescuer	 safely	 to	 dry	 ground	 and	 perform	 chest	 compressions
immediately	 on	 arrival.	 Advanced	 life	 support	 should	 begin	 as	 soon	 as
appropriate	 providers	 arrive	 and	 all	 victims	 requiring	 resuscitation	 should
ultimately	be	 transported	 to	a	hospital.46	The	use	of	 the	Heimlich	maneuver	 in
the	absence	of	a	foreign	body	obstruction	was	strongly	recommended	against	by



an	Institute	of	Medicine	Report.47
4 	 Resuscitation	must	 be	 continued	 for	 victims	 of	 cold-water	 submersion	 at

least	until	the	patient	has	been	rewarmed.	Core	temperature	should	be	obtained
immediately	 on	 arrival	 at	 the	 emergency	 department	 and	 monitored	 carefully
during	the	first	several	hours.	All	drowning	victims	with	cardiopulmonary	arrest
and	hypothermia	should	be	rewarmed	rapidly	only	to	a	temperature	between	32
and	34	°C	and	then	maintained	at	that	level	(see	following	discussion).48	In	the
field,	 wet	 clothing	 should	 be	 removed	 and	 passive	 external	 rewarming	 plus
inhalation	 of	 heated	 oxygen	 started.	 In	 the	 hospital,	 extracorporeal	 circulation
may	 be	 used	 for	 cases	 of	 severe	 hypothermia	 from	 drowning,	 especially	with
circulatory	 collapse.49	 This	 method	 has	 the	 advantage	 of	 rapidly	 and	 directly
rewarming	 the	 core.	 It	 can	 also	 correct	 the	metabolic	 acidosis	 that	 commonly
occurs.	When	this	technique	is	not	possible,	rewarming	with	warmed	peritoneal
lavage,	hemodialysis,	or	heated	oxygen	can	be	used	(for	an	in-depth	discussion
of	 rewarming	 techniques,	 see	Chapter	 184:	Disorders	 of	 Temperature	Control,
Part	I:	Hypothermia).

A	more	 difficult	 question	 is	 how	 long	 to	 resuscitate	 victims	 of	 warmwater
submersion.	As	previously	mentioned,	there	is	no	clearly	established	method	of
predicting	ultimate	neurological	recovery	for	individual	patients.	Therefore,	until
more	 information	 is	 available,	 the	 decision	 to	 terminate	 resuscitation	must	 be
based	on	a	variety	of	factors	particular	to	the	individual	case.	On	the	other	end	of
the	 clinical	 spectrum,	 victims	 who	 are	 asymptomatic	 and	 have	 normal
oxygenation	at	6	to	8	hours	after	presentation	generally	do	not	deteriorate	during
the	subsequent	18	to	24	hours	and	do	well	in	the	long	term.50,51

Therapy	of	the	Underlying	Cause
If	 there	 is	 any	 question	 of	 possible	 head	 or	 neck	 trauma,	 the	 neck	 should	 be
immobilized	 in	 a	 brace	 until	 cervical	 spine	 films	 are	 available.	Hypoglycemia
and	severe	electrolyte	abnormalities	can	be	detected	on	routine	serum	testing	and
corrected	rapidly	in	the	emergency	department.	Serum	alcohol	levels	and	a	drug
screen	 can	 detect	 potential	 intoxicants	 and	 prompt	 administration	 of	 necessary
antidotes	 or	 other	 measures.	 Anticonvulsant	 levels	 can	 help	 tailor	 therapy	 for
known	epileptic	patients.

Treatment	of	Respiratory	and	Other	Organ	Failure
The	initial	management	of	all	pulmonary	edema	states	involves	monitoring	PaO2



(partial	 pressure	 of	 arterial	 oxygen)	 and	 providing	 appropriate	 supplemental
oxygen.	Mechanical	ventilation	with	positive	end-expiratory	pressure	should	be
instituted	 if	 refractory	 hypoxic	 or	 hypercapnic	 respiratory	 failure	 develops.	 In
patients	 who	 have	 suffered	 a	 cardiac	 arrest,	 mechanical	 ventilation	 should	 be
applied	 in	 a	manner	 that	 does	 not	 adversely	 impact	 intracranial	 pressure.	 The
standard	of	care	for	the	management	of	ARDS	from	any	cause	is	the	use	of	low-
tidal	volume,	low-pressure	ventilation52	(Table	171.1).	Use	of	such	a	strategy	has
been	 shown	 to	 have	 a	 major	 effect	 on	 survival	 of	 ARDS	 patients.	 However,
because	 of	 the	 potential	 impact	 of	 hypercapnia	 on	 cerebral	 blood	 volume,
permissive	 hypercapnia	 should	 not	 be	 employed	 without	 intracranial	 pressure
monitoring	 of	 comatose	 drowning	 victims.29	 A	 full	 description	 of	 potential
rescue	therapies	for	difficult	to	manage	ARDS	is	included	in	Chapter	163:	Acute
Respiratory	Failure	due	to	Acute	Respiratory	Distress	Syndrome	and	Pulmonary
Edema.

TABLE	171.1

Advances	in	the	Management	of	Drowning	Based	on
Randomized	Clinical	Trials

Intervention Outcomes	Favorably
Affected References

Small	tidal	volume	ventilation
for	ARDS

Mortality,	organ	failure
days,	mechanical
ventilation	days

52

Therapeutic	hypothermia	for
comatose	survivors	of	cardiac
arrest

Mortality
Neurologic	status

53,54

ARDS,	acute	respiratory	distress	syndrome.

Treatment	 of	 other	 end-organ	 damage	 must	 be	 approached	 systematically.
Serum	electrolytes	rarely	require	therapy.	The	treatment	of	renal	failure	focuses
on	 optimizing	 fluid	 status	 and	 renal	 blood	 flow.	 Severe	 cases	 may	 require
temporary	 dialysis.	 Lactic	 acidosis	 should	 be	 corrected	 by	 restoration	 of
adequate	ventilation	and	circulation.	The	only	clinically	significant	hematologic



effect	is	disseminated	intravascular	coagulation	(DIC).	The	management	of	DIC
is	addressed	in	Chapter	87:	Disorders	of	Hemostasis	in	Critically	Ill	Patients.

The	 cardiac	 dysrhythmogenic	 effects	 of	 hypothermia	 are	 corrected	 by
rewarming.	Sinus	and	atrial	dysrhythmias	as	well	as	most	interval	prolongations
rarely	 require	 additional	 therapy.	 For	 a	 discussion	 of	 the	 treatment	 of
hypothermia-related	 malignant	 ventricular	 dysrhythmias,	 see	 Chapter	 184;
Disorders	of	Temperature	Control,	Part	I:	Hypothermia.

Musculoskeletal	 complications	 of	 nonfatal	 drowning	 are	 treated	 in	 standard
fashion.	Contractures	are	 treated	with	casts	or	 splints;	 subluxated	or	dislocated
hips	can	be	approached	with	appropriate	operative	procedures;	and	scoliosis	 is
treated	 with	 bracing	 or	 spinal	 instrumentation.31	 The	 relative	 success	 of	 these
interventions	for	this	population	is	unclear.

Neurologic	Therapy
The	quality	of	the	evidence	supporting	any	intervention	is	poor	when	addressing
neurologic	 resuscitation	 of	 the	 drowning	 victim.	 Therefore,	 much	 of	 what	 is
recommended	 is	 based	 on	 a	 consensus	 understanding	 of	 the	 available
information	supplemented	by	general	principles	of	resuscitation.	The	following
recommendations	 are	 based	 on	 the	 World	 Congress	 on	 Drowning	 and	 more
recent	publications:

Restoration	of	spontaneous	circulation	is	the	highest	priority	goal.	In-water
rescue	may	be	attempted	by	a	trained	lifeguard,	but	untrained	individuals	are
likely	to	impair	their	own	swimming	by	doing	so	and	will	probably	be	better
served	by	bringing	the	victim	to	land.	The	role	of	rescue	breathing	is	unclear.
Studies	that	established	the	efficacy	of	compression-alone	CPR	excluded
drowning	victims	and	the	cause	of	drowning	related	cardiac	arrest	is	usually
respiratory.29,55	On	the	other	hand,	a	recent	publication	failed	to	show
improved	survival	with	the	use	of	rescue	breathing.45	Therefore,	moving	the
victim	to	a	solid	surface	and	performing	standard	CPR	is	recommended.
Core	temperature	should	be	monitored	continuously.	It	is	not	necessary	to
continue	aggressively	rewarming	a	drowning	victim	once	spontaneous
circulation	has	been	recovered	unless	the	hypothermia	is	thought	to	be
contributing	to	ongoing	arrhythmias	or	other	serious	pathology.	Hyperthermia
should	be	prevented	and	normothermia	maintained	at	all	times	in	the	acute
recovery	period.	Targeted	temperature	management	to	a	core	temperature	of
32	to	36	°C	is	recommended	for	a	period	of	24	hours	for	comatose
survivors.53,54



Seizures	should	be	looked	for	and	treated	as	necessary.
The	head	of	the	bed	should	be	elevated	to	30	to	45°	while	in	the	intensive	care
unit.
Blood	glucose	concentrations	should	be	monitored	and	normoglycemia
maintained.
Hypoxemia	and	hypotension	should	be	corrected.
There	is	no	pharmacological	therapy	that	has	been	shown	to	enhance	brain
recovery.29

CONCLUSIONS
The	course	of	nonfatal	drowning	is	variable.	Patients	who	receive	prompt	CPR,
are	 rapidly	 restored	 to	 a	 perfusing	 rhythm,	 and	 regain	 neurological	 function
usually	have	dramatic	and	complete	recoveries.	On	the	other	hand,	patients	with
delayed	resuscitation	and	those	who	do	not	rapidly	recover	neurological	function
often	have	poor	outcomes.	Although	 freshwater	and	seawater	drownings	cause
different	 clinical	 pictures	 in	 experimental	 animals,	 they	 are	 difficult	 to
distinguish	 following	human	drowning.	 In	general,	patients	who	aspirate	water
present	 with	 hypoxemia	 and	metabolic	 acidosis.	 They	 usually	 do	 not	 aspirate
enough	fluid	to	produce	changes	in	blood	volume,	electrolytes,	hemoglobin,	and
hematocrit	of	sufficient	magnitude	to	be	life-threatening.

5 	The	development	of	treatments	specifically	for	drowning	victims	has	been
very	slow.	 In	general,	most	 therapies	are	general	 treatments	directed	at	cardiac
arrest	and	ARDS.	Treatment	varies	with	the	severity	of	the	illness.	For	severely
hypothermic	 patients,	 rewarming	 methods	 should	 be	 instituted	 immediately.
These	 include	 removing	 wet	 clothing,	 covering	 with	 warm	 or	 warm	 air–
circulating	 blankets,	 infusing	 warm	 fluids	 intravenously,	 and	 performing
gastrointestinal	 irrigation	with	warm	 fluids.	 If	 the	 patient’s	 temperature	 is	 less
than	 32	 °C,	 core	 rewarming	 may	 be	 most	 easily	 accomplished	 by
cardiopulmonary	 bypass	 or	 peritoneal	 dialysis	 with	 a	 potassium-free	 dialysate
warmed	to	54	°C.	The	desired	core	temperature	for	patients	after	cardiac	arrest	is
32	to	36	°C.	Therapy	for	patients	with	severe	hypoxemia	includes	institution	of
all	 the	 supportive	 modalities	 used	 for	 ARDS	 and	 discussed	 in	 Chapter	 163:
Acute	 Respiratory	 Failure	 due	 to	 Acute	 Respiratory	 Distress	 Syndrome	 and
Pulmonary	Edema.	Abnormalities	of	multiple	organ	systems	must	be	addressed
systematically.	The	most	important	methods	for	reducing	deaths	from	drowning
currently	reside	in	the	area	of	drowning	prevention.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	How	do	rates	of	drowning	for	African	American	children	compare	to	their
white	peers?

A. 	African	American	children’s	rates	are	half	that	of	whites
B. 	African	American	children’s	rates	are	2	times	higher	than	those	of
whites
C. 	African	American	children’s	rates	are	5	times	higher	than	those	of
whites
D. 	There	is	no	difference	in	rates

2. 	What	is	the	most	common	risk	factor	for	fatal	and	nonfatal	drowning?

A. 	Alcohol	use
B. 	Boating	accidents
C. 	Child	abuse
D. 	Seizures

3. 	Which	of	the	following	is	NOT	recommended	in	the	initial	therapy	of	the
nonfatal	drowning	victim?

A. 	CPR	begun	upon	arrival	to	solid	ground	for	cardiac	arrest	victims
B. 	Removal	of	the	victim	from	the	water	as	soon	as	practical
C. 	Mouth-to-mouth	resuscitation	begun	in	the	water
D. 	Performance	of	the	Heimlich	maneuver

Answers

1.	The	correct	answer	is	C.
Rationale:	African	American	children	are	5.5	times	more	likely	to	drown	than

their	white	peers	(choice	C	is	correct)	Lack	of	swimming	training	and	skill	may
play	a	role	in	this	increased	risk.	In	addition,	socioeconomic	factors	may	reduce
opportunities	 for	 water	 recreation	 among	 African	 American	 children	 and
therefore	their	true	drowning	risk	may	be	even	higher.



2.	The	correct	answer	is	A.
Rationale:	 Alcohol	 use	 is	 the	 most	 common	 factor	 (choice	 A	 is	 correct).

Boating	 accidents,	 child	 abuse,	 and	 seizures	 are	 also	 risk	 factors,	 but	 less
common.	 In	 all,	 30%	 to	 70%	 of	 drownings	 are	 associated	 with	 alcohol
consumption.	Alcohol	use	seems	 to	be	an	 issue	for	drowned	men	 in	particular.
Alcoholic	 beverages	 reduce	 the	 ability	 to	 deal	 with	 emergency	 situations	 by
depressing	coordination,	increasing	response	time,	and	decreasing	awareness	of
stimuli.	However,	in	children	lack	of	swimming	ability	may	actually	exceed	the
impact	of	alcohol	use.

3.	The	correct	answer	is	D.
Rationale:	 The	 use	 of	 the	 Heimlich	 maneuver	 in	 the	 absence	 of	 a	 foreign

body	obstruction	 is	 strongly	 recommended	against	 by	 an	 Institute	of	Medicine
Report	 (choice	 D	 is	 the	 correct,	 NOT	 recommended	 answer).	 Full	 CPR	 with
chest	 compressions	 should	begin	 immediately	on	 arrival	 on	 shore	 and	proceed
according	 to	 standard	 guidelines	 (choice	 A	 is	 recommended).	 Removing	 the
victim	 from	 the	 water	 as	 soon	 as	 practical	 (choice	 B)	 is	 also	 recommended.
Mouth-to-mouth	 resuscitation	 may	 be	 begun	 in	 the	 water	 if	 the	 rescuer	 is	 a
strong	enough	swimmer	(choice	C	is	recommended).	However,	the	rescuer	must
not	 put	 themself	 in	 jeopardy.	 When	 performing	 rescue	 breathing,	 the	 rescuer
should	 carefully	 support	 the	 victim’s	 neck	 to	 prevent	 exacerbation	 of
undiagnosed	 vertebral	 injuries.	Advanced	 life	 support	 should	 begin	 as	 soon	 as
appropriate	 providers	 arrive,	 and	 all	 victims	 requiring	 resuscitation	 should
ultimately	be	transported	to	a	hospital.
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Chapter	172
Acute	Exacerbation	of	Asthma
Kathryn	Waksmundzki-Silva,	Richard	S.	Irwin,	J.	Mark	Madison

KEY	POINTS:
1.	 Acute	exacerbations	may	occur	in	patients	with	mild	to	severe

asthma	and	may	be	either	rapid	(minutes	to	hours)	or	slow	(hours	to
days)	in	onset.

2.	 A	prior	history	of	intubation	and	mechanical	ventilation	for	asthma
and/or	a	prior	intensive	care	unit	admission	for	asthma	are	strong
risk	factors	for	a	fatal,	or	near-fatal,	exacerbation	of	asthma.

3.	 Appraising	the	initial	response	to	therapy	for	an	acute	exacerbation
of	asthma	should	include	an	objective	measure	of	airflow	and	an
assessment	of	risk	factors.

4.	 Inhaled,	rapidly	acting	β-adrenergic	agonists	and	early
administration	of	systemic	corticosteroids	are,	respectively,	the
mainstays	for	bronchodilator	and	anti-inflammatory	therapy	for	acute
exacerbations	of	asthma.

5.	 When	treating	severe	respiratory	failure	due	to	an	acute
exacerbation	of	asthma,	the	preferred	mechanical	ventilation
strategy	is	controlled	hypoventilation	with	permissive	hypercapnia,	a
strategy	that	aims	to	minimize	dynamic	hyperinflation	and
barotrauma.

INTRODUCTION
Asthma	 is	 a	 chronic	 inflammatory	 disease	 of	 the	 airways	 characterized	 by
variable	airway	obstruction.1	Inflammation	causes	airway	obstruction	by	making
smooth	muscle	more	 sensitive	 to	 contractile	 stimuli,	 by	 thickening	 the	 airway



wall	 with	 edema	 and	 inflammatory	 cell	 infiltration,	 by	 stimulating	 glands	 to
secrete	mucus,	by	damaging	the	epithelium,	and	by	remodeling	the	architecture
of	the	airways.

Acute	exacerbations	of	asthma	may	punctuate	the	course	of	mild,	moderate,
or	severe	cases	of	chronic	asthma.	These	exacerbations	or	flares	of	asthma	can
be	 life-threatening	 and	 are	 most	 commonly	 characterized	 by	 an	 acute,
progressive	worsening	of	 respiratory	symptoms	and	pulmonary	function	 that	 is
severe	 enough	 to	warrant	 a	 change	 in	 treatment.1	 Typically,	 exacerbations	 are
triggered	by	poor	adherence	to	asthma	controller	medications	or	by	exposure	to
environmental	 factors	 such	 as	 inhaled	 allergens,	 irritants,	 or	 viral	 infections	of
the	respiratory	tract.	Assessment,	management,	and	prevention	of	exacerbations
of	 asthma,	 especially	 those	 leading	 to	 respiratory	 failure,	 are	 the	 critical
challenges	 of	 caring	 for	 adult	 patients	with	 asthma.1-3	 Severe	 exacerbations	 of
asthma	leading	to	critical	illness	are	the	focus	of	this	chapter.

EPIDEMIOLOGY
According	 to	 data	 by	 the	 Centers	 for	 Disease	 Control	 and	 Prevention,	 the
prevalence	 of	 asthma	 in	 the	United	 States	 is	 7.7%.4	Worldwide,	 asthma	 ranks
among	 the	 most	 common	 chronic	 diseases,	 with	 a	 prevalence	 ranging	 from
1.04%	 in	 Vietnam	 to	 21.5%	 in	 Australia.5	 In	 general,	 asthma	 prevalence
increases	with	urbanization	and	westernization	of	societies.

Asthma	 exacerbation	 rates	 vary	 by	 season	 with	 peaks	 in	 emergency
department	 visits	 and	 hospitalizations	 coinciding	 with	 respiratory	 viral
infections,	especially	rhinovirus	infections,	in	late	summer	and	early	autumn.	In
2017	National	Hospital	Discharge	Survey	data,	annual	rates	for	inpatient	hospital
discharges	 for	 asthma	 in	 the	 United	 States	 were	 10.3	 per	 10,000	 population
(aged	 less	 than	 18	 years)	 and	 4.2	 per	 10,000	 population	 (aged	 18	 years	 and
over).	 Hospitalization	 rates	 have	 decreased	 from	 2010	 data	 with	 an	 overall
decline	 in	 hospitalizations	 in	 the	 last	 two	 decades,	 possibly	 due	 to	 better
management	 and	 prevention.	 Significant	 racial,	 gender,	 and	 socioeconomic
differences	 in	 the	 rates	 of	 hospitalizations	 persist	 with	 higher	 prevalence	 in
females,	 patients	 living	 below	 the	 poverty	 threshold,	 and	 patients	 of	 Puerto
Rican	and	Indigenous	American	descent.4,5

In	2018,	there	were	3441	deaths	due	to	asthma	in	the	United	States	indicating
a	death	rate	of	10.5	per	million	population	of	all	ages	and	12.8	per	million	for
adults	 aged	 18	 years	 and	 older.	 Asthma-related	 mortality	 is	 highest	 in	 those
greater	 than	 65	 years	 of	 age,	 even	 when	 adjusted	 for	 other	 medical



comorbidities,	and	accounted	for	29%	of	asthma-related	deaths	in	2018.	Similar
to	 asthma	hospitalization	 rates,	 racial	 and	gender	 differences	 in	 asthma-related
mortality	 exist	 with	 higher	 mortality	 rates	 in	 women	 and	 non-Hispanic	 black
patients.4,5	Deaths	 among	 patients	 hospitalized	 for	 asthma	 do	 account	 for	 one-
third	of	asthma-related	mortality,	but	potential	differences	of	hospital	care	do	not
appear	to	account	for	racial	disparities,	and	this	suggests	that	prehospitalization
factors	are	important.6	With	the	development	of	the	SARS-CoV-2	(severe	acute
respiratory	 syndrome	 coronavirus	 2)	 pandemic,	 there	 was	 initial	 concern	 that
asthmatics	 would	 have	 increased	 risk	 of	 symptomatic	 infection,	 exacerbation,
and	mortality.	This	has,	interestingly,	not	been	proven	true,	with	data	suggesting
that	patients	with	asthma	have	a	lower	risk	of	acquiring	COVID-19	(coronavirus
disease	2019)	infection	and	have	mortality	rates	similar	to	nonasthmatics.7-9

PATHOPHYSIOLOGY

Pathology
Bronchial	 biopsy	 specimens	 from	 patients	 with	 asthma	 are	 pathologically
abnormal,10-13	 with	 collagen	 deposition	 beneath	 the	 epithelial	 basement
membranes,	 mucosal	 infiltration	 by	 eosinophils	 and	 neutrophils,	 mast	 cell
degranulation,	 and	 epithelial	 damage.	These	 findings	occur	 in	 both	 severe	 and
mild	 asthma,	 suggesting	 that	 airway	 inflammation	 is	 of	 primary	 importance	 in
the	pathogenesis	of	asthma.

1 	 For	 exacerbations	 of	 asthma,	 the	 pathology	 of	 the	 airways	 is	 variable,
reflecting	at	least	two	recognized	clinical	subtypes	of	exacerbation—slow	onset
and	rapid	onset.	Slow-onset	exacerbations	are	the	most	common	(approximately
80%	of	exacerbations)	and	 the	patient	presents	with	more	 than	2	 to	6	hours	of
symptoms—often	days	or	weeks	of	symptoms.14-16	This	suggests	that	most	such
patients	 should	 have	 sufficient	 time	 to	 seek	 medical	 attention	 for	 worsening
shortness	of	breath.17	At	autopsy,	the	lungs	of	patients	who	die	of	“slow-onset”
asthma	 exacerbations	 are	 hyperinflated	with	 thick	 tenacious	mucus	 filling	 and
obstructing	the	lumens	of	the	airways.	Microscopically,	there	is	an	eosinophilic
bronchitis,	with	 pronounced	 areas	 of	mucosal	 edema	 and	 desquamation	 of	 the
epithelium.	 Typically,	 hypertrophy	 and	 hyperplasia	 of	 smooth	 muscle	 are
present,	and	the	muscle	appears	contracted.18

1 	 The	 patient	 with	 the	 rapid-onset	 of	 exacerbation	 presents	 with	 severe
symptoms	that	have	rapidly	progressed	over	2	to	6	hours.14-16	These	rapid-onset



exacerbations	may	represent	8%	to	14%	of	asthma	exacerbations	in	general	and
can	 be	 fatal,	 leading	 to	 death	 in	 only	 a	 few	 hours	 after	 symptom	 onset.14,16
Pathologically,	 airway	 obstruction	 by	 mucus	 is	 not	 prominent,	 and	 there	 is	 a
neutrophilic,	rather	than	eosinophilic,	predominance	of	inflammatory	cells	in	the
airway	 submucosa.19	 There	 are	 no	 specific	 clinical	 characteristics	 that	 reliably
predict	 which	 patients	 are	 prone	 to	 these	 rapid-onset	 asthma	 exacerbations.
However,	patients	with	 rapid-onset	asthma	exacerbations	may	more	commonly
report	sensitivity	to	nonsteroidal	anti-inflammatory	drugs.16

Pathogenesis
Asthma	 is	 a	 disease	 or	 group	 of	 diseases	with	 complex	 underlying	 genetics.20
Why	 airway	 inflammation	 develops	 in	 the	 asthmatic	 patient	 is	 not	 understood
entirely,	 but	 much	 evidence	 suggests	 an	 important	 role	 for	 2	 (T2)	 immune
responses.21,22	As	triggers	of	asthma	exacerbations,	inhaled	allergens,	pollutants,
smoke,	 and	 viral	 infections	 are	 all	 capable	 of	 worsening	 inflammation	 in	 the
already	inflamed	asthmatic	airway.1,2,22,23	Up	to	80%	of	asthma	exacerbations	are
felt	to	be	caused	by	respiratory	tract	viral	infections,	in	general,	and	it	is	likely
that	 human	 rhinoviruses	 account	 for	 the	majority.22	When	 these	 environmental
triggers	 interact	with	 the	 asthmatic	 airway,	 inflammation	 is	 intensified	 and	 the
many	 released	 mediators	 have	 potent	 effects	 on	 smooth	 muscle	 cell	 function,
epithelium	 and	 microvascular	 integrity,	 neural	 function,	 and	 mucus	 gland
secretion.24	 All	 these	 factors	 contribute	 to	 narrowing	 of	 the	 asthmatic	 airway
with	smooth	muscle	contraction,	mucus	secretion,	epithelial	cell	sloughing,	and
edema	and	inflammatory	cell	infiltration	of	the	airway	wall.	The	resulting	acute
increase	of	airway	obstruction	is	commonly	referred	to	as	an	acute	exacerbation
of	asthma.

Physiology
The	major	physiological	consequences	of	increased	airway	obstruction	during	an
acute	 exacerbation	 of	 asthma	 are	 hypoxemia	 and	 increased	work	 of	 breathing.
Hypoxemia	 occurs	 by	 at	 least	 two	 mechanisms.	 First,	 airway	 obstruction
increases	in	the	resistance	to	airflow	in	the	conducting	airways,	and	this	results
in	uneven	distribution	of	ventilation	to	the	alveoli.	Hypoxic	vasoconstriction	of
vessels	that	supply	underventilated	alveoli	partially	compensates	for	this	uneven
ventilation,	 but	 overall	 ventilation-perfusion	 ()	 ratios	 remain	 abnormal	 and	 are
the	principal	cause	of	hypoxemia	during	asthma	exacerbations.25	Consequently,



even	patients	with	severe	exacerbations	of	asthma	usually	respond	favorably	to
supplemental	 oxygen.	 A	 second,	 less	 common,	 cause	 of	 hypoxemia	 among
asthmatics	 is	 right-to-left	 shunt	due	 to	atelectasis	of	 lung	distal	 to	airways	 that
are	 completely	 occluded	 by	 mucus	 or	 due	 to	 interatrial	 shunt	 precipitated	 by
increased	 right	 atrial	 pressures	 from	 asthma-related	 increases	 of	 pulmonary
vascular	resistance.26,27

The	 second	 consequence	 of	 severe	 airway	 obstruction	 is	 increased	work	 of
breathing.	 During	 acute	 exacerbations,	 respiratory	 muscles	 must	 expend
increased	energy,	generating	large	changes	of	pleural	pressure	to	overcome	high
airway	resistance.28	The	resulting	discordance	between	respiratory	effort	and	the
change	 in	 thoracic	 volume	 may	 play	 some	 role	 in	 the	 patient’s	 sensation	 of
dyspnea	 and	 central	 drive	 to	 increase	 minute	 ventilation.	 The	 ensuing	 rapid
respirations	 further	 increase	 the	 work	 of	 breathing	 and	 worsen	 air	 trapping
behind	narrowed	airways	that	prematurely	close	during	expiration.	This	dynamic
hyperinflation	of	the	lung	with	air	trapping	increases	respiratory	muscle	energy
costs	because	it	restricts	vital	capacity	to	high	thoracic	volumes	where	alveolar
dead	 space	 is	 increased,	 the	 respiratory	muscles	 are	 at	 suboptimal	mechanical
advantage,	and	the	lung	is	 less	compliant.	All	of	 these	factors	contribute	to	the
significant	 increase	 in	 the	work	 of	 breathing,	 costing	muscles	more	 energy	 to
achieve	 the	 same	alveolar	ventilation.	 Initially,	 the	 respiratory	muscles	may	be
able	 to	exert	 the	force	needed	 to	maintain	alveolar	ventilation,	but	 the	muscles
may	fatigue	if	airway	resistance	increases	rapidly,	is	sustained,	or	when	there	is
inadequate	oxygen	delivery	to	these	muscles.29,30	Dynamic	hyperinflation	due	to
severe	 airway	 obstruction	 also	may	 impair	 cardiac	 performance	 by	 increasing
right	ventricular	afterload,	by	decreasing	venous	return	to	the	left	atrium,	and	by
causing	diastolic	dysfunction.3,27

DIFFERENTIAL	DIAGNOSIS
Not	 all	wheezing	 is	 due	 to	 asthma	 (Table	172.1).	Obstruction	of	 the	 airway	 at
any	level	can	produce	wheezing	and	dyspnea	that	can	be	confused	with	asthma.
For	example,	vocal	cord	dysfunction	syndrome31	(paradoxical	vocal	fold	motion,
PVFM)	is	an	extrathoracic	cause	of	episodic	upper	airway	obstruction	 that	can
be	mistaken	for	acute	asthma.	This	diagnosis	is	suggested	by	stridor	and	wheeze
in	 the	 absence	 of	 an	 increased	 alveolar-arterial	 oxygen	 tension	 difference,	 by
variable	 extrathoracic	 obstruction	 on	 the	 flow-volume	 loop,	 and	 by	 observing,
with	laryngoscopy,	a	paradoxical	closure	of	vocal	cords	during	inspiration.



TABLE	172.1

Differential	Diagnosis	of	Wheezing

Upper	airway	obstruction
Extrathoracic
Anaphylaxis
Arytenoid	dysfunction
Bilateral	vocal	cord	paralysis
Laryngeal	edema
Laryngostenosis
Laryngocele
Mobile	supraglottic	soft	tissue
Neoplasms
Postextubation	granuloma
Postnasal	drip	syndrome
Relapsing	polychondritis
Retropharyngeal	abscess
Supraglottitis
Vocal	cord	dysfunction	syndrome
Granulomatosis	with	polyangiitis	(Wegener	granulomatosis)

Intrathoracic
Acquired	tracheomalacia
Airway	neoplasms
Foreign	body	aspiration
Goiter
Herpetic	tracheobronchitis
Right-side	aortic	arch
Tracheal	stenosis	due	to	intubation
Tracheobronchomegaly

Lower	airway	obstruction
Aspiration
Asthma
Asthma-COPD	overlap	syndrome
Bronchiectasis
Bronchiolitis
Carcinoid	syndrome



Chronic	obstructive	pulmonary	disease
Cystic	fibrosis
Lymphangitic	carcinomatosis
Pulmonary	edema
Parasitic	infections
Pulmonary	embolism

COPD,	chronic	obstructive	pulmonary	disease.

Furthermore,	 many	 disease	 processes	 other	 than	 asthma	 can	 obstruct	 the
lower	 airways	 to	 produce	 wheezing	 and	 dyspnea	 (Table	 172.1).	 Systemic
anaphylaxis	can	cause	wheezing	and	should	be	considered	among	the	differential
diagnoses	 especially	 when	 respiratory	 symptoms	 have	 been	 of	 rapid	 onset	 or
progression.32	A	diagnosis	of	anaphylaxis	is	suggested	by	acute-onset	wheezing,
stridor,	urticaria,	nausea,	diarrhea,	and	hypotension	(especially	after	insect	bites,
drug	 administration,	 or	 intravenous	 contrast).	 Exacerbations	 of	 chronic
obstructive	 pulmonary	 disease	 (COPD)	 present	 similarly	 to	 acute	 asthma,	 but
chronic	 bronchitis	 or	 emphysema,	 or	 both,	 can	 usually	 be	 distinguished	 from
asthma	 historically.	 However,	 consensus	 guidelines	 do	 recognize	 an	 asthma-
COPD	overlap	syndrome	that	is	characterized	by	chronic	airflow	obstruction	and
the	 presence	 of	 features	 that	 are	 associated	 with	 both	 asthma	 and	 COPD.1,33
Pulmonary	 thromboembolism	 can	 masquerade	 as	 an	 exacerbation	 of	 asthma
because	 the	 mediators	 released	 by	 platelets	 from	 thromboemboli	 sometimes
cause	 bronchoconstriction	 and	wheezing.	However,	 hemoptysis,	 pleuritic	 pain,
and	pleural	effusions	rarely	are	seen	in	acute	exacerbations	of	asthma.

Pulmonary	 edema,	 either	 cardiogenic	 or	 noncardiogenic,	 can	 obstruct	 small
airways	with	mucosal	 swelling	 to	 produce	 acute	wheezing.	However,	 in	 these
cases	the	clinical	history,	physical	examination,	and	chest	radiographic	changes
that	show	vascular	redistribution	of	blood	flow	and	alveolar	filling	help	exclude
asthma	 as	 the	 primary	 diagnosis.	 Notably,	 however,	 acute,	 reversible	 left
ventricular	dysfunction	(eg,	takotsubo	cardiomyopathy)	has	been	described	as	a
possible	 complication	 of	 severe	 exacerbations	 of	 asthma;	 the	 underlying
mechanism	for	this	is	unclear,	but	it	may	be	due	to	the	acute	effects	of	intensive
treatment	 with	 β-adrenergic	 agonists.34	 Aspiration	 can	 present	 with	 acute
dyspnea	 and	 wheezing.	 In	 this	 case,	 a	 history	 of	 impaired	 consciousness	 or
inability	 to	 protect	 the	 airway	 suggests	 the	 diagnosis	 and	 chest	 radiograph	 or
ultrasound	examination	may	show	pulmonary	infiltration.



ASSESSMENT
2 	 Failure	 of	 the	 physician	 to	 appreciate	 the	 severity	 of	 airway	 obstruction	 in
acute	 asthma	 is	 not	 uncommon.	 The	 cornerstone	 of	 evaluating	 patients	 with
asthma	exacerbations	is	the	objective	measurement	of	airflow.	However,	because
some	 patients,	 especially	 those	 with	 severe	 exacerbations,	 may	 be	 unable	 to
perform	 the	 necessary	 testing	maneuvers,	 the	 physician	 also	must	 be	 adept	 at
recognizing	certain	historical	features	and	physical	findings	that	strongly	suggest
high	 risk	 for	 severe	airway	obstruction.	To	avoid	delays,	 the	 initial	assessment
and	emergent	treatment	are	conducted	simultaneously.35

History
2 	The	most	frequent	trigger	for	acute	asthma	exacerbation	is	a	respiratory	viral
infection.	 Additionally,	 allergen	 exposures,	 lack	 of	 controller	 inhaler	 use	 and
poor	 baseline	 asthma	 control,	 and	 nonviral	 respiratory	 infections	 are	 common
triggers	that	can	be	elicited	in	the	history.36	Patients	also	should	be	assessed	for
factors	that	may	increase	in-hospital	mortality	when	obtaining	a	history.	Baseline
pulmonary	 function	 tests	 that	 show	 persistent	 decreases	 of	 the	 forced	 expired
volume	of	air	in	1	second	(FEV1),	loss	of	lung	elastic	recoil,	and	hyperinflation
at	total	lung	capacity	are	associated	with	increased	risk	of	near-fatal	asthma.37	A
recent	history	of	poorly	controlled	asthma	(increases	of	dyspnea	and	wheezing,
frequent	 nocturnal	 awakenings	 due	 to	 shortness	 of	 breath,	 increased	 use	 of	 β-
adrenergic	 rescue	medications,	 increased	 diurnal	 variability	 of	 peak	 expiratory
flow,	and	recent	hospitalizations	or	emergency	department	visits)	and	any	history
of	 a	 prior	 near-fatal	 asthma	 exacerbation	 (prior	 admission	 to	 an	 intensive	 care
unit	 or	 intubation	 for	 asthma)	 are	 the	most	 important	 predictors	 of	 a	 patient’s
propensity	 for	 severe	 life-threatening	 asthma	 exacerbations.1,2,38-41	 Current	 or
recent	use	of	oral	corticosteroids,	not	currently	using	 inhaled	corticosteroids,	 a
history	 of	 psychosocial	 problems,	 poor	 adherence	 with	 asthma	 medications,
cigarette	 smoking,	 and	 a	 history	 of	 food	 allergies	 are	 other	 warnings	 that	 the
patient	 is	 at	 risk	 of	 asthma-related	 death.1,2,42	 When	 assessing	 risk	 for	 fatal
asthma,	 other	 important	 historical	 details	 include	 identification	 of	 current
medications	 and	 coexisting	 illnesses,	 such	 as	 psychiatric	 disease,	 that	 interfere
with	 medical	 follow-up	 and	 cardiopulmonary	 disease.	 A	 history	 of	 known
coronary	artery	disease	is	important	because	the	patient	may	be	more	sensitive	to
the	stimulatory	effects	of	β2-adrenergic	agonists	and	to	the	cardiac	complications
of	 hypoxemia.	 These	 patients	may	 also	 be	 receiving	 β2-adrenergic	 antagonists



that	are	making	control	of	their	asthma	worse.
In	general,	patients	are	somewhat	better	judges	of	the	severity	of	their	airway

obstruction	 during	 an	 attack	 of	 asthma	 than	 are	 physicians	 who	 elicit	 their
history	 at	 the	 bedside.43	 Patient	 complaints	 of	 severe	 breathlessness	 or	 chest
tightness	or	difficulty	walking	more	 than	100	 ft	 (30.48	m)	may	suggest	 severe
airway	obstruction.	However,	the	patient’s	own	assessment	of	airway	obstruction
should	 never	 be	 the	 exclusive	 means	 of	 assessing	 the	 severity	 of	 airway
obstruction.	Notably,	patients	with	a	history	of	severe	asthma	sometimes	have	a
blunted	perception	of	dyspnea.44,45

Physical	Examination
Physical	 examination	 is	 important	 for	 excluding	 other	 causes	 of	 dyspnea	 (see
“Differential	Diagnosis”	section)	and	assessing	the	degree	of	airway	obstruction,
with	 a	primary	goal	of	determining	whether	or	not	 the	patient	 needs	 emergent
intervention.	Tachycardia	(greater	than	120	beats	per	minute),	tachypnea	(greater
than	 30	 breaths	 per	 minute),	 diaphoresis,	 bolt-upright	 posture	 in	 bed,	 pulsus
paradoxus	 greater	 than	 10	 mm	 Hg,	 and	 accessory	 respiratory	 muscle	 use	 all
should	be	regarded	as	signs	of	severe	airway	obstruction.46	However,	because	the
absence	of	these	signs	does	not	rule	out	severe	obstruction,	physical	examination
cannot	 be	 relied	 on	 exclusively	 to	 estimate	 the	 severity	 of	 airway	 obstruction.
The	amount	of	wheezing	heard	on	auscultation	of	the	chest	is	a	notoriously	poor
method	 of	 assessing	 the	 severity	 of	 airway	 obstruction.47	 Cyanosis	 is	 a	 late,
insensitive	 finding	 of	 severe	 hypoxemia.	 Abnormal	 thoracoabdominal	 motion
(eg,	 respiratory	 muscle	 alternans,	 abdominal	 paradox)	 and	 depressed	 mental
status	due	to	hypoxemia	and	hypercapnia	are	ominous	indicators	and	can	herald
the	necessity	for	emergent	mechanical	ventilation.35,48

Pulmonary	Function	Tests
3 	 To	 evaluate	 a	 patient	 who	 is	 having	 an	 acute	 exacerbation	 of	 asthma,	 an
objective	 measure	 of	 maximal	 expiratory	 airflow	 should	 be	 performed.1,2	 An
exception	to	this	is	the	patient	who	is	unable	to	perform	a	testing	maneuver	due
to	a	severe,	 life-threatening	exacerbation	with	obvious	airway	compromise	and
cyanosis.	Peak	expiratory	airflow	rate	(PEFR)	and	FEV1	are	equally	acceptable
bedside	measures	 to	quantify	 the	degree	of	 airway	obstruction.	These	 tests	 are
valuable	 for	 the	 initial	 assessment	 and	 for	 assessing	 responses	 to	 therapy,
especially	after	1	hour	of	treatment.1	In	general,	a	pretreatment	PEFR	or	FEV1	of



less	than	50%	of	baseline	(either	the	predicted	value	or	the	patient’s	best-known
value)	 indicates	 a	 severe	 exacerbation	 of	 asthma.	 Guidelines	 recommend
reassessment	 of	 lung	 function	 1	 hour	 after	 initiation	 of	 treatment	 and	 then
frequent	reassessments	thereafter	(Table	172.2).1,2,49

TABLE	172.2

Objective	Assessment	of	Airway	Obstruction	After	Initial
Intensive	Therapy

Posttreatment	PEFR	or	FEV1 Response Hospitalization?

≥70%	predicted Good No,	unless	risk	factor

≥40%	but	≤69%	predicted Incomplete Consider	risk	factors

<40%	predicted Poor Recommended

FEV1,	forced	expired	volume	in	1	second;	PEFR,	peak	expiratory	flow	rate.

Arterial	Blood	Gas	Analysis
Analysis	 of	 arterial	 blood	gases	 (ABGs)	has	 a	 role	 in	 assessing	 and	managing
severe	 asthma	 exacerbations	 and	 should	 be	 performed	 for	 suspected
hypoventilation,	severe	respiratory	distress,	or	when	spirometric	test	results	are
less	than	25%	predicted.41	Also,	any	patient	who	fails	to	respond	to	the	first	30	to
60	minutes	 of	 intensive	 bronchodilator	 therapy	 should	 have	 an	 ABG	 analysis
performed.	Although	ABG	values	are	not	predictive	of	overall	patient	outcomes,
there	is	some	correlation	between	hypoxemia	and	hypercapnia	and	the	degree	of
airway	 obstruction	 measured	 by	 FEV1.	 A	 partial	 pressure	 of	 arterial	 oxygen
(PaO2)	less	than	60	mm	Hg	or	a	pulse	oximeter	oxygen	saturation	value	less	than
90%	 on	 room	 air	 should	 be	 regarded	 as	 additional	 evidence	 that	 the	 patient’s
exacerbation	 is	 severe.	Therefore,	 although	ABG	analysis	 is	not	 recommended
as	routine	during	the	initial	evaluation	of	a	patient	with	an	acute	exacerbation	of
asthma,	it	should	be	done	for	the	evaluation	of	severe	cases.

Understanding	the	expected	changes	of	the	partial	pressure	of	arterial	carbon
dioxide	(PaCO2)	during	an	asthma	exacerbation	is	important	for	recognition	of	a



rapidly	deteriorating	course.	With	modest	airway	obstruction,	the	patient’s	mild
dyspnea	 stimulates	 an	 increase	 in	minute	ventilation	 that	meets	or	 exceeds	 the
level	 required	 to	 maintain	 normal	 alveolar	 ventilation.	 Thus,	 patients	 with
modest	obstruction	have	a	normal	or	 slightly	below	normal	PaCO2.	As	 airway
obstruction	 worsens,	 dyspnea	 becomes	 more	 severe	 and	 the	 central	 nervous
system	 drive	 to	 increase	 minute	 ventilation	 becomes	 intense.	 Typically,	 the
increase	 in	minute	 ventilation	 exceeds	 the	 level	 required	 to	maintain	 constant
alveolar	ventilation;	consequently,	patients	with	moderate-to-severe	obstruction
have	lower	than	normal	PaCO2	and	an	acute	respiratory	alkalosis.	As	the	airway
obstruction	becomes	more	severe	and	prolonged,	high	minute	ventilation	can	no
longer	 be	 maintained	 by	 the	 respiratory	 musculature	 and	 alveolar	 ventilation
decreases.	 As	 a	 result,	 the	 PaCO2	 rises	 toward	 normal	 and	 then	 continues	 to
climb,	resulting	in	hypercapnia	and	respiratory	acidosis.	Thus,	a	normal	or	high
PaCO2	 (greater	 than	 40	mm	Hg)	 during	 a	 severe	 exacerbation	 of	 asthma	 is	 a
potentially	ominous	finding,	often	signifying	the	impending	need	for	mechanical
ventilation.	 Any	 coexisting	 conditions	 (malnutrition,	 advanced	 age)	 or
medications	 (sedatives)	 that	 weaken	 respiratory	 muscle	 function	 or	 depress
respiratory	 drive	 should	 be	 expected	 to	 accelerate	 the	 onset	 of	 hypercapnic
ventilatory	failure	during	acute	exacerbations	of	asthma.

Other	Laboratory	Studies
For	 acute	 exacerbations	 of	 asthma,	 routine	 chest	 radiographs	 reveal	 few
abnormalities	other	 than	hyperinflation.50	However,	although	not	 recommended
for	routine	assessment,	for	severe	exacerbations	chest	radiography	can	be	helpful
when	 there	 is	 clinical	 suspicion	of	other	 causes	of	dyspnea	 and	wheezing	 (see
“Differential	 Diagnosis”	 section)	 or	 complications	 of	 severe	 airway
obstruction.41	 Chest	 radiographs	 should	 be	 examined	 for	 evidence	 of	 enlarged
cardiac	 silhouette,	 upper	 lung	 zone	 redistribution	 of	 blood	 flow,	 pleural
effusions,	and	alveolar	or	interstitial	infiltrates	because	any	one	of	these	findings
suggests	a	diagnosis	other	than	or	in	addition	to	acute	asthma.	In	addition,	chest
radiography	 allows	 the	 early	 detection	 of	 common	 complications	 of	 severe
airway	 obstruction,	 including	 pneumothorax,	 pneumomediastinum,	 and
atelectasis.	Also,	lung	infiltrates	on	chest	radiographs	can	be	compatible	with	a
diagnosis	of	asthma	complicated	by	mucoid	impactions	(eg,	V	or	Y	or	cluster	of
grapes-shaped	 densities)	 and/or	 complications	 associated	 with	 them	 (eg,	 lobar
collapse),	 allergic	 bronchopulmonary	 aspergillosis	 or	 eosinophilic
granulomatosis	with	polyangiitis.



Among	 the	 elderly,	 for	 patients	with	 severe	hypoxemia,	 and	 for	 individuals
with	suspected	cardiac	ischemia	or	arrhythmias,	an	electrocardiogram	should	be
performed.	Sinus	tachycardia	is	common	during	acute	exacerbations	of	asthma,
but	 less	 common	 and	 transient	 findings	 include	 right-axis	 deviation,	 right
ventricular	hypertrophy	and	strain,	P	pulmonale,	ST-	and	T-wave	abnormalities,
right	bundle-branch	block,	and	ventricular	ectopic	beats.51

THERAPEUTIC	AGENTS
Optimal	management	of	an	acute	exacerbation	of	asthma	begins	with	a	careful
assessment	 of	 the	 degree	 of	 airway	 obstruction.	 This	 initial	 assessment	 and
repeated	objective	measures	of	airway	obstruction	guide	treatment	that	combines
supportive	 measures,	 bronchodilator	 therapy,	 and	 anti-inflammatory	 therapy
(Table	172.3).

TABLE	172.3

Treatment	of	Severe	Acute	Exacerbations	of	Asthma

Pharmacologic	agents
Anti-inflammatory	agents
Systemic	corticosteroids	(oral	preferred	unless	impaired	intestinal
absorption)

Bronchodilators
Inhaled,	short-acting	β2-adrenergic	agonists
Inhaled,	short-acting	cholinergic	antagonists
Intravenous	MgSO4	(not	routine;	consider	in	severe,	refractory	cases)
Oral	or	intravenous	methylxanthines	(not	routine	or	recommended)
Systemic	β2-adrenergic	agonists	(not	routine	or	recommended)
General	anesthetics	(not	routine)

Supportive	measures
Frequent	reassessment
Supplemental	oxygen
Fluid	management
Invasive	mechanical	ventilation	if	needed	(controlled	hypoventilation)
Helium-oxygen	mixtures	to	drive	nebulizer	(not	routine;	consider	in	severe,



refractory	cases)
Lavage	by	bronchoscopy	(not	routine,	intubated	patients	only)

Education
Avoidance	of	asthma	triggers
Medication	use
Access	to	medical	follow-up
Home	monitoring	of	airway	obstruction

Because	 the	 dominant	 causes	 of	 airway	 obstruction	 during	 an	 acute
exacerbation	of	asthma	are	the	result	of	airway	inflammation,	the	cornerstone	of
treatment	 is	 anti-inflammatory	 therapy	 with	 systemic	 corticosteroids,
administered	 within	 1	 hour	 of	 presentation.52	 Because	 corticosteroids	 take	 at
least	 4	 to	 6	 hours	 to	 begin	 to	 have	 a	 beneficial	 effect	 and	 many	 of	 the
inflammatory	causes	of	airway	obstruction	may	take	days	to	resolve,	the	medical
challenge	is	to	support	patients	until	the	inflammatory	processes	have	responded
to	corticosteroids.

4β2-Adrenergic	 agonists	 relieve	 airway	 obstruction	 due	 to	 airway	 smooth
muscle	contraction,	and	this	is	an	important	therapeutic	maneuver	during	initial
treatment.	 Although	 these	 bronchodilators	 relieve	 only	 one	 component	 of	 the
airway	obstruction,	 even	 small	 improvements	 of	 airflow	 can	 lead	 to	 important
clinical	 benefits	 in	 the	 acute	 setting.	 Of	 the	 available	 bronchodilators,	 β2-
adrenergic	agonists	are	the	most	effective	and	rapidly	acting	and,	therefore,	most
useful	during	that	critical	time	before	the	onset	of	corticosteroid	action.53	Other
measures	that	support	the	patient	until	the	inflammatory	processes	in	the	airways
have	resolved	include	supplemental	oxygen,	judicious	fluid	administration,	and,
when	indicated,	mechanical	ventilation.

β2-Adrenergic	Agonists
β2-Adrenergic	agonists	bind	to	β2-adrenergic	receptors	on	airway	smooth	muscle
cells	and	cause	relaxation	of	the	muscle.54	Although	the	primary	cellular	target	of
β2-adrenergic	agonists	 is	airway	smooth	muscle,	other	cell	 types	in	the	airways
also	express	β2-adrenergic	receptors	that	may	regulate	mediator	release	by	mast
cells,	epithelial	cells,	and	nerves.	There	are	three	general	classes	of	β2-adrenergic
agonists.55	First,	short-acting	β2-adrenergic	agonists	have	bronchodilatory	effects
that	 last	 for	 3	 to	 5	 hours.	They	 include	 epinephrine,	 isoproterenol,	 terbutaline,
metaproterenol,	and	albuterol.	These	short-acting	agents	are	rapidly	acting	with



an	 onset	 of	 action	 less	 than	 5	minutes	 and	 are	 the	mainstay	 of	 bronchodilator
therapy	for	acute	asthma,	especially	albuterol.1,2	A	systematic	review	and	meta-
analysis	 concluded	 that	 levalbuterol,	 a	 single-isomer	 preparation	 of	 albuterol,
was	 not	 superior	 in	 efficacy	 or	 safety	 when	 compared	 to	 racemic	 albuterol.56
Second,	there	are	the	long-acting	β2-adrenergic	agonists	(LABA)	that	have	either
slowly	 or	 rapidly	 acting	 bronchodilatory	 effects	 lasting	 for	 at	 least	 12	 hours.
Third,	 there	 are	 the	 ultralong-acting	 β2-adrenergic	 agonists	 (ultra-LABA)	 that
have	 half-lives	 suitable	 for	 once-daily	 dosing.	Neither	 LABA	 nor	 ultra-LABA
are	currently	recommended	for	the	emergency	department	or	hospital	treatment
of	severe,	acute	asthma	exacerbations.1

The	 major	 side	 effects	 of	 β2-adrenergic	 agonists	 during	 the	 treatment	 of
severe	 asthma	 exacerbations	 are	 tremor,	 cardiac	 stimulation,	 hypokalemia,	 and
hyperlactatemia.55,57	These	 side	effects	 are	potentially	 serious,	 especially	 in	 the
elderly,	who	frequently	have	underlying	cardiac	disease.	Cardiac	toxicity	can	be
minimized	 by	 using	 agonists	 with	 high	 β2-adrenergic	 receptor	 selectivity,	 by
avoiding	systemic	administration	of	β2-adrenergic	agonists,	and	by	maintaining
adequate	oxygenation.58

β2-Adrenergic	 agonists	 can	 be	 administered	 to	 patients	 by	 inhalational,
subcutaneous,	 or	 intravenous	 routes.	 Numerous	 studies	 have	 shown	 that	 the
bronchodilator	 effects	 of	 inhaled	 β2-adrenergic	 agonists	 are	 rapid	 in	 onset	 and
equal	 to	 the	 effect	 achieved	 by	 systemic	 delivery.59	 Because	 the	 inhaled	 route
allows	administration	of	comparatively	small	doses	directly	to	the	airways	with
minimal	 systemic	 toxicity,	 this	 route	 is	 almost	 always	 preferable	 to	 systemic
delivery.1,2

Several	 options	 exist	 for	 the	 delivery	 of	 inhaled	 β2-adrenergic	 agonists
(Chapter	169).	A	small-volume	nebulizer	is	widely	used.	However,	studies	have
shown	 that	metered-dose	 inhalers	 (MDIs)	 equipped	with	 spacer	 devices	 are	 as
effective	as	small-volume	nebulizers	in	the	treatment	of	acute	asthma,	although
some	patients	may	have	 difficulty	 coordinating	MDI	use,	 especially	 during	 an
acute	 exacerbation	 with	 severe	 respiratory	 distress.1,2,60,61	 Frequent,	 multiple
inhalations	of	the	medication	may	allow	for	progressively	deeper	penetration	of
the	drug	into	peripheral	airways.	In	fact,	continuous	administration	by	nebulizer
may	be	more	effective	for	severely	obstructed	patients.62,63	For	administration	of
inhaled	 albuterol	 in	 the	 treatment	 of	 severe	 exacerbations	 of	 asthma,	National
Institutes	of	Health	guidelines	recommend	treatment	with	MDI	(90	μg	per	puff;
four	 to	eight	puffs	every	20	minutes	up	 to	4	hours,	 then	every	1	 to	4	hours	as
needed)	or	nebulizer	treatments,	either	intermittent	(2.5-5.0	mg	every	20	minutes
for	 three	 doses,	 then	 every	 1-4	hours	 as	 needed)	 or	 continuous	 (10-15	mg	per



hour)2	(see	“Management”	section).
Because	of	 its	 lower	density	 than	oxygen,	helium-oxygen	 (Heliox)-powered

nebulizer	 treatments	 have	 the	 theoretical	 potential	 to	 improve	 penetration	 of
aerosols	 into	 the	 lungs.	 However,	 a	 systematic	 review	 with	 meta-analysis
comparing	 Heliox	 vs	 air-oxygen	 driven	 nebulization	 found	 no	 support	 for
helium-powered	 nebulization	 in	 the	 routine	 care	 of	 acute	 exacerbations	 of
asthma.64	 However,	 data	 have	 been	 mixed	 and	 guidelines	 do	 suggest	 that	 the
Heliox-powered	 delivery	method	 be	 considered	 to	 potentially	 avoid	 intubation
for	patients	with	severe,	life-threatening	exacerbations.1,2

Theoretically,	systemic	administration	of	β-adrenergic	agonists	could	deliver
drugs	 via	 the	 bloodstream	 to	 obstructed	 airways	 that	 are	 poorly	 accessible	 to
inhaled	aerosols.	However,	this	theoretical	advantage	has	not	been	supported	by
most	 studies.	 Subcutaneous	 epinephrine	 (adults,	 0.3	 mL	 of	 a	 1-1000	 solution
every	20	minutes	for	three	doses)	was	a	traditional	 therapy	for	acute	asthma	in
emergency	departments,	but	it	is	not	more	effective	than	aerosol	delivery	of	β2-
adrenergic	agonists.1,2	A	major	concern	with	the	use	of	subcutaneous	epinephrine
to	adults	has	been	cardiac	toxicity.	More	selective	β2-adrenergic	agonists,	such	as
terbutaline,	 are	 available	 for	 subcutaneous	 use,	 but	 cardiac	 toxicity	 among
elderly	 individuals	 is	 still	 a	 significant	 concern	even	with	 these	more	 selective
agents.	Formerly,	 intravenous	 isoproterenol	 (0.05-1.50	μg/kg/minute)	was	used
to	 treat	 severe	 exacerbations	 of	 asthma.	 However,	 intravenous	 delivery	 of	 β2-
adrenergic	agonists	is	no	longer	recommended	for	the	routine	treatment	of	even
severe	 exacerbations	 of	 asthma.1,2	 No	 convincing	 evidence	 has	 shown
intravenous	 administration	 to	 be	 superior	 to	 inhaled	 delivery	 of	 β2-adrenergic
agonists.59,65	Both	the	lack	of	enhanced	efficacy	and	the	potential	cardiac	toxicity
of	 intravenous	 β2-adrenergic	 agonists	 have	 led	 most	 authorities	 to	 reserve
intravenous	 delivery	 for	 those	 rare	 adult	 patients,	 closely	 monitored,	 who
continue	 to	 deteriorate	 on	 mechanical	 ventilation	 despite	 maximal	 routine
therapy	with	 inhaled	β2-adrenergic	 agonists.	 Intravenous	β2-adrenergic	agonists
are	not	recommended	in	guidelines.1,2

Cholinergic	Antagonists
For	 asthma,	 the	 muscarinic	 cholinergic	 antagonists	 (eg,	 atropine,	 ipratropium,
and	 tiotropium)	are	 less	 effective	 and	more	 slowly	acting	bronchodilators	 than
β2-adrenergic	agonists.55,66,67	 In	 general,	 these	 agents	 should	not	 be	used	 as	 the
sole	bronchodilator	therapy	for	acute	asthma.	Exceptions	may	be	bronchospasm



induced	 by	 acetylcholinesterase	 inhibitors	 or	 β2-adrenergic	 antagonists	 and
patients	 with	 severe	 cardiac	 disease	 who	 are	 unable	 to	 tolerate	 β2-adrenergic
agonists.

However,	 inhaled	 cholinergic	 antagonists	 do	 have	 a	 low	 incidence	 of	 side
effects	and	are	a	recommended	adjunct	 to	β2-adrenergic	agonists	for	the	initial,
emergency	 department	 treatment	 of	 severe	 exacerbations	 of	 asthma	 and	 have
been	 shown	 to	 decrease	 the	 risk	 of	 hospitalization.1,2,68,69	 The	 long-acting
anticholinergic,	 tiotropium,	 has	 a	 role	 in	 treating	 outpatients	 with	 difficult	 to
control	asthma,	but	it	does	not	have	an	established	role	for	treating	hospitalized
patients	with	acute	exacerbations	of	asthma.1,2,70

Methylxanthines
Because	the	literature	does	not	demonstrate	a	benefit	to	adding	methylxanthines
to	β2-adrenergic	agonists	in	the	acute	setting	and	because	they	increase	toxicity,
methylxanthines	 are	 not	 recommended	 for	 the	 treatment	 of	 asthma
exacerbations.1,2,71-73

For	the	very	rare,	critically	ill	patient	whose	condition	is	acutely	deteriorating
despite	 maximal	 recommended	 therapy	 with	 bronchodilators,	 corticosteroids,
and	other	adjuncts,1,2	 the	use	of	methylxanthines	might	be	considered	by	some
physicians,	 although	 data	 are	 not	 supportive.74	 Intravenous	 infusions	 always
must	be	carefully	monitored	and	dosed	with	attention	to	conditions	that	decrease
methylxanthine	clearance,	especially	congestive	heart	 failure,	cirrhosis,	and	the
use	 of	 drugs	 such	 as	 cimetidine,	 ranitidine,	 allopurinol,	 oral	 contraceptives,
erythromycin,	 ciprofloxacin,	 or	 norfloxacin.	 Serum	 theophylline	 levels	 should
guide	adjustments	 to	 the	 infusion	 rate,	with	10	 to	15	μg/mL	being	 therapeutic.
Serum	concentrations	greater	than	20	μg/mL	are	toxic.

Corticosteroids
Numerous	studies	have	documented	the	safety	and	effectiveness	of	short	courses
of	corticosteroids	for	the	treatment	of	acute	exacerbations	of	asthma.1,75-77	Their
beneficial	effects	are	attributed	to	their	many	potent	anti-inflammatory	effects	on
multiple	cell	types.75,78

4 	Systemic	corticosteroids	are	the	principal	therapy	for	acute	exacerbations	of
asthma.1,2	 Prednisone,	 prednisolone,	 and	 methylprednisolone	 are	 the	 preferred
agents.	Compared	with	 betamethasone	 and	 dexamethasone,	 neither	 prednisone
nor	methylprednisolone	contain	metabisulfites,	and	both	have	shorter	half-lives.



Although	 hydrocortisone	 has	 the	 shortest	 half-life,	 it	 has	 greater
mineralocorticoid	 effect	 and	 may	 cause	 idiosyncratic	 bronchospasm	 in	 some
aspirin-sensitive	individuals	.79

The	 optimal	 route	 of	 corticosteroid	 administration	 (ie,	 oral	 vs	 intravenous)
during	 the	 treatment	 of	 acute	 asthma	 is	 not	 well	 established	 by	 double-blind,
placebo-controlled	clinical	studies.	For	initial	treatment	of	an	acute	exacerbation
of	 asthma,	 studies	 suggest	 that	 oral	 administration	 of	 corticosteroids	 is	 as
effective	 as	 intravenous	 therapy.1,2,80,81	 Therefore,	 the	 oral	 route	 is	 preferred
unless	 there	 is	 the	 possibility	 of	 impaired	 gastrointestinal	 tract	 transit	 time	 or
absorption.

Inhaled	corticosteroids	do	not	have	a	well-established	role	for	the	treatment	of
acute	 exacerbations	 of	 asthma	 in	 hospitalized	 patients.	 In	 the	 Emergency
Department	setting,	some	data	suggest	that	inhaled,	high-dose	corticosteroids	do
decrease	 hospitalization	 rates	 for	 patients	 not	 additionally	 receiving	 systemic
corticosteroids.	However,	because	systemic	corticosteroids	are	recommended	for
patients	 with	 acute	 exacerbations	 within	 an	 hour	 of	 presentation,	 it	 is	 not
established	that	inhaled	corticosteroids	offer	any	additional	benefit	and	they	are
not	recommended	in	guidelines.1,82

The	optimum	dosages	of	corticosteroids	for	the	treatment	of	acute	asthma	are
also	not	well	established	by	randomized	controlled	clinical	trials.1,2,83	One	study
compared	15,	40,	and	125	mg	methylprednisolone	every	6	hours	and	suggested
that	 patients	 improved	 most	 rapidly	 with	 the	 125	 mg	 dose.84	 However,	 most
studies	 have	 failed	 to	 show	 a	 dose-response	 relationship	 for	 doses	 this	 high.83
For	 example,	 one	 study	 showed	 no	 difference	 between	 100	 and	 500	 mg	 of
methylprednisolone	for	the	emergency	department	treatment	of	asthma.85

For	adults,	NIH	guidelines	recommend	that	prednisone,	methylprednisolone,
or	prednisolone	all	be	given	at	40	to	80	mg	per	day	in	one	or	two	divided	doses.2
The	Global	 Initiative	 for	Asthma	 (GINA)	guidelines	 updated	 in	 2020	describe
appropriate	dosing	as	the	equivalent	of	50	mg	of	prednisolone	as	a	single	daily
dose	 or	 the	 equivalent	 of	 200	mg	of	 hydrocortisone	 in	 divided	 doses	 as	 being
adequate	for	most	adults.1	According	to	NIH	guidelines	the	duration	of	systemic
corticosteroid	treatment	for	a	patient	requiring	an	emergency	department	visit	or
a	hospitalization	is	usually	5	to	10	days.2	GINA	guidelines	recommend	a	5-	to	7-
day	 course	 for	 adults.1,86,87	 According	 to	 guidelines,	 there	 is	 no	 established
benefit	 to	 slowly	 tapering	 the	 daily	 oral	 corticosteroid	 dose	 after	 these	 brief
courses	 of	 systemic	 corticosteroids,	 especially	 when	 the	 patient	 is	 also	 using
inhaled	corticosteroids.1,2



Oxygen
Supplemental	oxygen	therapy	should	be	the	initial	intervention	in	the	emergency
department.1,2	Because	ventilation-perfusion	mismatch	is	the	dominant	cause	of
hypoxemia	with	asthma,	 the	PaO2	 usually	 increases	 readily	 in	 response	 to	 low
levels	 (2-4	 L	 per	 minute	 oxygen	 by	 nasal	 prongs)	 of	 supplemental	 oxygen
therapy.	 Studies	 have	 shown	 that	 titrated,	 low-flow	oxygen	 therapy	 to	 achieve
oxygen	saturations	of	93%	 to	95%	 is	associated	with	better	outcomes	 than	 the
routine	use	of	untitrated,	high	flow,	100%	oxygen	therapy.1,88,89	GINA	guidelines
recommend	titrating	oxygen	to	achieve	oxygen	saturations	of	93%	to	95%,	but
not	 greater	 than	 96%	 in	 adults.1	 NIH	 guidelines	 recommend	 titrating	 oxygen
saturation	 to	 >90%	 (>95%	 in	 pregnant	women	 and	 in	 patients	with	 coexistent
heart	 disease).2	 In	 addition	 to	 mitigating	 the	 cardiac	 and	 neurologic
complications	 of	 severe	 hypoxemia,	 low-flow	 supplemental	 oxygen	minimizes
potential	episodes	of	hypoxemia	due	to	the	acute	administration	of	β2-adrenergic
agonists,	 decreases	 elevated	 pulmonary	 vascular	 pressures	 due	 to	 hypoxic
vasoconstriction,	decreases	bronchospasm	due	to	hypoxia,	and	improves	oxygen
delivery	to	respiratory	muscles.

Other	Agents
Intravenous	magnesium	sulfate	(for	adults,	2	g	MgSO4	in	50	mL	saline	during	20
minutes)	has	bronchodilator	properties.	Magnesium	sulfate	is	not	recommended
for	 routine	 use	 of	 the	 treatment	 of	 asthma	 exacerbations,	 but	 it	 may	 be
considered	for	the	treatment	of	severe	asthma	exacerbations	(FEV1<25%	to	30%
or	hypoxemia	refractory	to	initial	treatment),	as	evidence	suggests	it	may	prevent
hospital	 admission	when	 used	 in	 those	 patients	who	 have	 not	 responded	 to	 β-
adrenergic	agonist	and	corticosteroid	 therapy.1,2,90	Although	 the	data	are	mixed,
inhaled,	rather	than	intravenous,	magnesium	sulfate	may	also	have	a	role	in	the
treatment	 of	 acute	 asthma.	 That	 is,	 for	 severe	 asthma	 exacerbations,	 albuterol
nebulized	 diluted	 in	 magnesium	 sulfate	 solution	 may	 be	 a	 more	 effective
bronchodilator	than	albuterol	nebulized	in	normal	saline.91,92

Because	of	its	lower	gas	density,	some	improvements	in	airway	resistance	and
gas	 exchange	may	be	 achieved	by	 delivering	 a	mixture	 of	 helium	and	oxygen
gases	to	patients	with	airway	obstruction,	at	least	theoretically.	However,	clinical
studies	 have	 not	 proven	 and	 guidelines	 do	 not	 recommend	 the	 routine	 use	 of
Heliox	 as	 a	 substitute	 for	 standard	 supplemental	 oxygen	 in	 the	 treatment	 of
asthma.	 Guidelines	 do	 recommend	 considering	 Heliox-driven	 albuterol



nebulization	 to	 possibly	 avoid	 intubation	 in	 patients	 with	 life-threatening
exacerbations	unresponsive	to	initial	therapy.1,2

Some	therapeutic	agents	that	are	used	for	the	treatment	of	stable	asthma	have
no	 established	 role	 in	 the	 treatment	 of	 severe	 exacerbations	 of	 asthma	 among
hospitalized	 patients.	 These	 include	 aerosolized	 corticosteroids	 and	 sodium
cromolyn	 as	 well	 as	 oral	 β2-adrenergic	 agonists	 that	 may	 cause	 significant
systemic	 toxicities.	Although	 there	 is	 as	 yet	 no	 established	 role	 for	 the	 use	 of
leukotriene	 antagonists	 for	 the	 treatment	 of	 acute	 asthma	 exacerbations,	 some
evidence	 suggests	 a	 possible	 role	 and	 need	 for	 further	 study.93,94	Mucus	 is	 an
important	cause	of	airway	obstruction	during	acute	exacerbations	of	asthma,	but
the	 routine	 use	 of	 mucolytics,	 such	 as	 acetylcysteine,	 potassium	 iodide,	 or
human	 recombinant	 deoxyribonuclease	 (DNase),	 has	 not	 been	 shown	 to	 be
effective	 for	 treating	 severe	 exacerbations	of	 asthma,	 and	 at	 least	 one	of	 these
agents,	 acetylcysteine,	 may	 worsen	 cough	 and	 bronchospasm.95	 Also,	 no
convincing	evidence	has	shown	that	fluid	administration	in	excess	of	euvolemia
hastens	mobilization	 of	 inspissated	 secretions	 from	 the	 airways.	 Fluid	 therapy
should	be	used	conservatively	unless	significant	dehydration	is	present.

Bacterial	 infections	appear	to	play,	at	most,	a	minor	role	in	the	precipitation
of	 severe	 asthma	 exacerbations1,2;	 for	 this	 reason,	 antibiotics	 are	 not	 routinely
administered	 unless	 an	 active	 bacterial	 infectious	 process,	 particularly
pneumonia	 or	 bacterial	 sinusitis,	 is	 suspected.	 However,	 infections	 due	 to
Chlamydia	 pneumoniae	 might	 play	 a	 role	 in	 the	 pathogenesis	 of	 asthma
exacerbations	for	some	patients.

Unless	 a	 patient	 is	 mechanically	 ventilated,	 sedation	 has	 no	 role	 in	 the
treatment	 of	 severe	 exacerbations	 of	 asthma.1,2	 Opioids	 and	 other	 sedating
medications	may	depress	 the	 respiratory	central	drive	 to	breathe	 that	 is	critical
for	maintaining	 adequate	 alveolar	 ventilation.	Theoretically,	 some	opioids	 also
may	cause	mast	cell	degranulation	and	worsen	bronchospasm.

MANAGEMENT

Emergency	Department
4 	 The	 National	 Asthma	 Education	 and	 Prevention	 Program	 and	 GINA	 have
published	and	updated	guidelines	for	the	assessment	and	management	of	patients
with	asthma	and	these	guidelines	include	the	treatment	of	acute	exacerbations.1,2
These	 guidelines	 have	 been	widely	 accepted,	 and	we	 recommend	 them.	 Initial



management	of	a	patient	with	an	acute	exacerbation	of	asthma	 is	based	on	 the
physician’s	 assessment	 of	 the	 degree	 of	 airway	 obstruction	 and	 the	 patient’s
response	 to	 initial	 bronchodilator	 therapy.	 If,	 during	 the	 initial	 assessment,	 the
patient	 is	 in	 extreme	 distress	 and	 has	 evidence	 of	 fatigue,	 impaired
consciousness,	 or	 hypercapnia	 such	 that	 respiratory	 arrest	 is	 judged	 imminent,
endotracheal	intubation	and	mechanical	ventilation	should	be	the	first	priorities
and	 then	 systemic	 corticosteroids	 and	 nebulized	 β2-adrenergic	 agonists	 and
ipratropium	should	be	started	immediately.	On	the	other	hand,	when	respiratory
arrest	 is	 not	 impending	 within	 minutes,	 2	 to	 4	 L	 per	 minute	 of	 supplemental
oxygen	should	be	initiated,	if	not	already	started,	to	keep	oxygen	saturation	93%
to	95%;	β2-adrenergic	 agonists	 should	 be	 delivered	 by	 aerosol	 for	 three	 doses
over	 60	 to	 90	minutes	 (eg,	 albuterol,	 2.5-5.0	mg,	 every	 20	minutes	 by	 small-
volume	nebulizer,	 then	2.5-10	mg	every	1-4	hours	as	needed,	or	10-15	mg	per
hour	continuously	or,	alternatively,	albuterol,	90	μg	per	puff,	four	to	eight	puffs
by	MDI	with	 spacer	 every	 20	minutes	 up	 to	 4	 hours,	 then	 every	 1-4	 hours	 as
needed).	 In	 severe	 exacerbations,	 continuously	 nebulized	 albuterol	 has	 been
shown	to	decrease	the	need	for	hospitalization.	When	the	PEFR	is	less	than	50%
of	the	predicted	value,	an	oral	(preferred)	or	intravenous	systemic	corticosteroid
should	be	started	immediately	(eg,	prednisone	1	mg/kg/d	up	to	50	mg	maximum
or	equivalent)	and	an	 inhaled	anticholinergic	as	well	 (eg,	 ipratropium	bromide,
0.5	 mg	 by	 nebulizer).96	 After	 these	 treatments	 are	 initiated,	 a	 more	 detailed
history	 and	 physical	 and	 laboratory	 examination	 can	 be	 completed.	 Close
monitoring	and	repeated	airflow	measurements	are	critical	for	detecting	further
deterioration	during	this	initial	period	of	treatment.

After	 the	 initial	 treatment	 with	 a	 bronchodilator,	 patients	 are	 reassessed.
Those	who	do	not	respond	substantially	(FEV1	or	PEFR	greater	than	or	equal	to
70%	of	predicted)	within	1	hour	to	initial	treatment	with	inhaled	bronchodilators
should	be	given	systemic	corticosteroids	(if	not	already	given).	Oral	prednisone
is	 generally	 recommended	 unless	 there	 is	 concern	 that	 gastrointestinal	 tract
absorption	will	be	less	than	optimal.1,2

In	 addition	 to	 corticosteroids,	 treatment	 with	 β2-adrenergic	 agonists	 and
inhaled	anticholinergics	is	continued	for	1	to	3	hours	with	frequent	reassessment.
Patients	who	achieve	an	FEV1	or	PEFR	of	greater	than	or	equal	to	70%	during
this	1	to	3-hour	period	should	be	observed	for	at	least	1	additional	hour	to	ensure
stability	of	 the	 improvement.	Many	patients	with	 such	a	good	 response	do	not
require	hospitalization.	Exceptions	are	patients	with	a	history	suggestive	of	high
risk	for	severe	airway	obstruction	and	mortality	from	asthma	(eg,	past	history	of
intubation	 and	mechanical	 ventilation;	Table	 172.4).	 Patients	 discharged	 from



the	emergency	department	should	be	continued	on	systemic	corticosteroids	and
β2-adrenergic	agonists,	considered	for	initiation	of	inhaled	corticosteroids,	given
instructions	 regarding	medication	 use,	 given	 an	 action	 plan	 in	 case	 symptoms
worsen,	and	given	specific	instructions	for	medical	follow-up.1,2,97

TABLE	172.4

Factors	Favoring	Hospitalization	After	Initial
Bronchodilator	Therapy

Poor	response	to	initial	therapy

OR

Incomplete	response	to	initial	therapy	and	one	or	more	of	the	following:
History	of	endotracheal	intubation	or	ICU	admission	for	asthma
Recent	emergency	department	visit	for	asthma
Recent	hospitalization	for	asthma
Multiple	emergency	department	visits	for	asthma	in	last	year
Duration	of	current	exacerbation	>1	week
Current	use	of	oral	corticosteroids
Home	situation	inadequate	for	follow-up
Psychiatric	conditions	that	may	interfere	with	medical	compliance
History	of	syncope	or	seizures	during	prior	exacerbations

ICU,	intensive	care	unit.

Patients	who	have	an	FEV1	or	PEFR	that	is	greater	than	40%	to	69%,	mild	to
moderate	symptoms,	no	evidence	of	hypercapnia,	and	no	mental	status	changes
after	 receiving	 initial	 intensive	 treatments,	 have	 an	 incomplete	 response	 to
therapy	 and	 require	 a	 careful	 triage	 decision.	 Some	 patients	 do	 well	 when
discharged	 with	 detailed	 instructions,	 close	 medical	 follow-up,	 and	 continued
systemic	corticosteroids.	However,	other	patients	do	poorly	if	discharged.	It	has
been	recommended	that	patients	with	incomplete	responses	be	hospitalized	when
there	 is	 any	 clinical	 feature	 to	 suggest	 high	 risk	 for	 asthma	 mortality	 (Table
172.4).	 The	 decision	 to	 discharge	 patients	 from	 the	 emergency	 department
always	 should	 weigh	 the	 severity	 and	 duration	 of	 symptoms,	 the	 severity	 of
obstruction,	response	 to	ED	treatment,	history	of	prior	exacerbations,	access	 to



medical	 follow-up	 and	medications,	 home	conditions,	 and	 the	presence	of	 any
psychiatric	conditions.

Patients	who	have	an	FEV1	or	PEFR	of	 less	 than	40%	of	predicted	or	have
severe	 symptoms,	 any	 hypercapnia,	 or	mental	 status	 changes	 after	 their	 initial
intensive	bronchodilator	 therapy	 (poor	 response),	 should	be	hospitalized,	 often
in	an	intensive	care	unit	(ICU)	setting.

Treatment	During	Pregnancy
Pregnancy	 should	 not	 alter	 treatment	 of	 an	 acute	 exacerbation	 of	 asthma.
Because	 severe	 asthma	 exacerbations	 have	 been	 associated	 with	 increased
perinatal	mortality,	probably	due	 to	maternal	hypoxia	and	respiratory	alkalosis,
the	 excellent	 control	 of	 asthma	 should	 be	 a	 main	 priority98	 (Chapter	 164).
However,	 unfortunately,	 many	 pregnant	 women	 are	 suboptimally	 treated	 for
asthma	 in	 the	 acute	 setting.99	 This	 is	 unfortunate	 because,	 in	 both	 chronic	 and
acute	 settings,	 abundant	 evidence	 supports	 the	 safety	of	 β2-adrenergic	 agonists
during	 pregnancy.100	 Also,	 although	 chronic	 administration	 of	 systemic
corticosteroids	 throughout	 pregnancy	 appears	 to	 carry	 some	 risk	 to	 the	 fetus,
short	courses	of	corticosteroids	are	considered	safe	for	the	fetus	compared	with
the	 serious	 risks	 associated	 with	 poorly	 controlled	 asthma.	 Therefore,
corticosteroids	should	not	be	withheld	from	pregnant	women	who	present	with
an	 acute	 asthma	 exacerbation.	 Treatment	 of	 chronic	 asthma	 during	 pregnancy
should	 include	 inhaled	 corticosteroids,101	 which	 is	 important	 for	 preventing
development	of	acute	asthma	exacerbations.102

Routine	Inpatient	Management
Most	 patients	 with	 severe	 exacerbations	 of	 asthma,	 who	 are	 admitted	 to	 the
hospital,	 can	be	monitored	and	managed	safely	on	a	hospital	ward	 that	 is	well
staffed	by	physicians,	experienced	nursing	personnel,	and	respiratory	therapists.
However,	 patients	 with	 severe	 airway	 obstruction	 who	 are	 at	 high	 risk	 for
mortality	 from	 asthma,	 especially	 those	 with	 an	 elevated	 PaCO2	 (greater	 than
42	mm	Hg)	or	changes	of	mental	status	despite	 initial	 intensive	bronchodilator
therapy,	need	the	close	monitoring	of	an	ICU	setting	for	possible	intubation	and
mechanical	ventilation.

4 	 Pharmacotherapy	 for	 hospitalized	 patients	 includes	 a	 continuation	 of	 the
inhaled	 β2-adrenergic	 agonists	 and	 systemic	 corticosteroids	 begun	 in	 the
emergency	 department.1,2	 Specifically,	 it	 is	 not	 recommended	 that	 ipratropium



bromide	be	routinely	continued	once	a	patient	is	hospitalized.1	For	patients	with
severe	 airway	 obstruction	 and	 only	 transient	 relief	 from	 treatment,	 inhaled	 β2-
adrenergic	 agonists	 can	 be	 administered	 frequently	 as	 needed	 (eg,	 every	 20
minutes).	For	patients	with	less	severe	obstruction	or	those	with	intolerable	side
effects,	 frequency	 can	 be	 reduced	 accordingly.	 Most	 patients	 require	 β2-
adrenergic	 agonists	 a	minimum	of	 every	4	hours;	however,	 a	 study	has	 shown
that	 ad	 libitum	 administration	 of	 albuterol	 every	 4	 hours	 is	 as	 effective	 as
regularly	timed	administration	of	albuterol.103	Evidence	indicates	that	delivery	of
β2-adrenergic	 agonists	 by	 small-volume	 nebulizer	 and	 delivery	 by	 MDI	 with
spacer	give	equivalent	results.1,2

Most	hospitalized	patients	begin	to	show	improvement	in	expiratory	airflow
after	6	to	12	hours	of	systemic	corticosteroid	therapy,	but	improvement	sufficient
for	hospital	discharge	frequently	takes	2	to	7	days.	In	one	series,	mean	length	of
hospital	stay	was	4	days,	with	a	range	of	0.5	to	17.0	days.104	Expiratory	airflow
should	 be	 followed	 to	 assess	 the	 patient’s	 progress.	 Patient	 exercise	 tolerance
and	 PEFR	 usually	 improve	 incrementally	 during	 hospitalization,	 but	 it	 is
common	 for	 patients	 recovering	 from	 exacerbations	 to	 have	 a	 hospital	 course
punctuated	by	periods	of	worsening	dyspnea,	especially	at	night.	These	episodes
of	nocturnal	worsening	require	patient	assessment	but	generally	respond	well	to
inhaled	β2-adrenergic	agonists.	When	the	expiratory	flow	rate	does	not	improve
during	 the	 initial	 days	 of	 hospitalization,	 additional	 or	 alternative	 diagnoses,
especially	 laryngeal	 dysfunction,	 congestive	 heart	 failure,	 and	 pulmonary
thromboembolism,	 as	 well	 as	 gastroesophageal	 reflux	 disease	 and	 sinusitis,
should	be	reconsidered.

As	 the	 hospitalized	 patient	 recovers,	 the	 intensity	 of	 therapy	 is	 decreased
gradually.	When	the	patient	has	minimal	or	no	wheezing,	is	no	longer	awakened
by	 dyspnea	 at	 night,	 can	 tolerate	 activity	 without	 oxygen	 desaturation	 of
hemoglobin,	and	has	expiratory	flow	rates	 that	have	substantially	improved,	he
or	she	is	ready	for	hospital	discharge.	Patients	generally	should	have	a	PEFR	at
least	70%	of	baseline	at	the	time	of	discharge.	Other	patients	with	an	incomplete
response	to	therapy	(50%-70%	of	baseline)	should	be	assessed	individually.

Discharge	 planning	 is	 important	 for	 preventing	 future	 exacerbations	 (Table
172.5)1,2	 and	 includes	 both	 pharmacologic	 and	 nonpharmacologic	 modalities.
Health	care	providers	should	review	the	patient’s	understanding	of	their	disease
process	 and	 controller	medications,	 including	 instructions	 on	MDI	 use,	 PEFR
measurements,	 and	 inhaled	 and	oral	 corticosteroid	 use.	Modifiable	 risk	 factors
should	be	addressed	 (eg	 smoking	cessation,	 allergens).	A	clear,	written	asthma
patient	 action	 plan	 and	 appropriate	 follow-up	 within	 2	 to	 7	 days	 should	 be



provided	 as	 well.	 This	 is	 important	 because	 bronchial	 hyperresponsiveness
remains	 high	 for	 at	 least	 10	 days	 after	 discharge	 from	 an	 ICU	 for	 severe
asthma.105	Patients	who	have	recovered	from	an	exacerbation	of	asthma	should
be	instructed	to	use	short-acting	inhaled	β2-adrenergic	agonists	on	an	as-needed
basis	only.

TABLE	172.5

Discharge	Planning

Medications
Inhaled	β2-adrenergic	agonists
Inhaled	corticosteroids
Oral	corticosteroids	(with	plan	for	cessation)

Education
Avoidance	of	asthma	triggers
Home	monitoring	of	peak	expiratory	flow	rates
Metered-dose	inhaler	techniques
Action	plan	if	relapse	starts
Appointment	for	medical	follow-up
Asthma	comanagement	program

MANAGEMENT	OF	SEVERE	RESPIRATORY
FAILURE

Assessment
When	acute	hypoxemic	or	hypercapnic	respiratory	failure	is	severe,	mechanical
ventilation	can	be	lifesaving.	Patients	with	severe	obstruction	can	be	supported
with	 mechanical	 ventilation	 for	 the	 vital	 hours	 and	 days	 needed	 for
corticosteroid	 action.	 However,	 mechanical	 ventilation	 for	 a	 severe	 asthma
exacerbation	 does	 carry	 significant	 risks	 and	 has	 associated	mortality	 ranging
from	 0%	 to	 38%	 in	 the	 literature.106-108	 It	 should	 be	 noted,	 however,	 that	 in
comparison	 to	 respiratory	 failure	 from	 other	 diagnoses,	 the	 mortality	 rate	 in



severe	asthma	exacerbations	is	significantly	lower	with	the	main	risk	factor	for
in-hospital	 mortality	 being	 cardiac	 arrest	 on	 the	 day	 of	 admission.109	 This
justifies	aggressive	measures	like	mechanical	ventilation	as	vital	therapy.

The	 decision	 to	 initiate	 mechanical	 ventilation	 for	 a	 severe	 asthma
exacerbation	should	be	based	on	a	number	of	considerations	 individualized	for
each	patient.108	For	patients	with	severe	distress	for	whom	respiratory	arrest	has
already	 occurred	 or	 is	 imminent,	 the	 need	 for	 intubation	 and	 mechanical
ventilation	is	self-evident.	The	possibility	of	pneumothorax	should	be	promptly
addressed	 for	 these	 patients.	 Patients	 who	 are	 not	 in	 extremis	 should	 be
monitored	closely	during	initial	bronchodilator	therapy,	and	the	physician	should
be	 prepared	 to	 perform	 intubation	 in	 case	 of	 substantial	 deterioration.	 The
decision	to	intubate	during	a	severe	asthma	exacerbation	is	a	clinical	judgment.
For	severely	obstructed	patients	with	decreasing	objective	measures	of	airflow,
worsening	 mental	 status,	 or	 signs	 of	 respiratory	 muscle	 fatigue	 despite
bronchodilator	 therapy,	urgent	 intubation	and	mechanical	ventilation	 should	be
strongly	 considered.	 In	 general,	 any	 patient	 who	 responds	 poorly	 to	 initial
bronchodilator	 therapy	 and	 has	 an	 initial	 PaCO2	 of	 40	 mm	 Hg	 or	 more	 in
association	with	moderately	severe	hypoxemia	should	have	close	serial	clinical
assessments	and	ABG	monitoring.	For	patients	with	a	PaCO2	of	greater	than	55
to	70	mm	Hg,	increasing	PaCO2	(greater	than	5	mm	Hg	per	hour)	in	association
with	 a	 PaO2	 of	 less	 than	 60	 mm	 Hg	 or	 the	 presence	 of	 metabolic	 acidosis,
intubation	 and	 mechanical	 ventilation	 should	 be	 very	 strongly	 considered.
However,	it	is	emphasized	that	when	clinical	signs	indicate	a	need	for	intubation,
the	 decision	 to	 intubate	 should	 be	 made	 immediately	 and	 never	 delayed	 for
laboratory	 testing,	 such	 as	 an	 ABG	 result.	 The	 role	 of	 noninvasive	 positive-
pressure	ventilation	for	acute	asthma	is	not	well	established	in	the	literature	and
guidelines	 do	 not	 recommend	 its	 routine	 use.	 Guidelines	 do	 emphasize	 close
monitoring	 and	 avoidance	 of	 sedation	 if	 noninvasive	mechanical	 ventilation	 is
attempted	as	means	to	avoid	intubation	in	individual	cases1,2,110,111	(Chapter	167).

Endotracheal	Intubation
Airway	 control	 should	 be	 established	 by	 the	 most	 experienced	 personnel
available	 because	 even	 minor	 manipulation	 of	 the	 larynx	 and	 trachea	 can
precipitate	vagal	 reflexes	 that	elicit	 laryngospasm	and	bronchospasm.	Atropine
can	 be	 given	 before	 intubation	 to	 attenuate	 these	 vagally	 mediated	 reflexes.
Lidocaine	 can	 be	 used	 to	 achieve	 topical	 anesthesia	 of	 the	 hypopharynx	 and
larynx,	 but	 even	 lidocaine	 has	 been	 associated	 with	 bronchospasm.112



Administration	 of	 a	 short-	 and	 rapid-acting	 intravenous	 benzodiazepine	 often
can	 facilitate	 patient	 relaxation	 and	 preoxygenation,	 allowing	 time	 for	 a
controlled	intubation	that	minimally	irritates	the	larynx	and	trachea.	Opiates	are
not	used	for	intubation	or	sedation	in	asthmatic	patients	because	some	narcotics
can	 provoke	 nausea	 and	 vomiting,	 and	 theoretically	 can	 provoke	 histamine
release	that	worsens	bronchospasm.

Oral,	 rather	 than	 nasal,	 intubation	 is	 preferred	 for	 patients	 with	 a	 severe
asthma	exacerbation	because	nasal	polyps	and	sinusitis	are	common	 in	asthma
and	 because	 the	 oral	 route	 allows	 placement	 of	 a	 larger	 endotracheal	 tube
(internal	diameter,	8	mm).

Invasive	Mechanical	Ventilation
The	guiding	principle	for	mechanical	ventilation	during	a	severe	exacerbation	of
asthma	 is	 to	 provide	 adequate	 oxygenation	 while	 minimizing	 the	 risk	 of
barotrauma	(Table	172.6).	Because	the	risk	of	barotrauma	is	related	to	dynamic
hyperinflation	 of	 the	 lungs	 and	 high	 plateau	 airway	 pressures,	 a	 ventilatory
strategy	that	minimizes	lung	volumes	and	airway	pressures	should	be	used.1,2,108
See	Chapter	166	for	a	discussion	of	initiating	mechanical	ventilation.

TABLE	172.6

Goals	of	Mechanical	Ventilation

Maintain	oxygen	saturation	of	hemoglobin	(>90%;	95%	during	pregnancy)

Minimize	dynamic	hyperinflation
Decrease	minute	ventilation
Increase	expiratory	time
Accept	hypercarbia

Monitor	closely	for	complications	of	mechanical	ventilation

With	outmoded	mechanical	ventilation	strategies	that	aimed	to	normalize	the
PaCO2,	 the	 required	 high	 tidal	 volumes	 and	 rapid	 frequencies	 of	 ventilation
promoted	increased	air	trapping	and	high	airway	pressures.	Most	authorities	now
believe	 that	 high	 airway	pressures	 are	 to	 be	 avoided	because	 they	 are	 a	major
cause	 of	 serious	 morbidity	 and	 mortality	 during	 mechanical	 ventilation	 of



asthmatic	patients.108,113-119
5 	The	modern	strategy	for	mechanical	ventilation	for	a	severe	exacerbation	of

asthma	 is	 controlled	 hypoventilation	 with	 permissive	 hypercapnia1,2,108,113-119
(Chapter	 166).	 This	 strategy	 seeks	 to	 mitigate	 gas	 trapping	 and	 dynamic
hyperinflation	and	does	not	attempt	to	establish	a	normal	PaCO2	as	long	as	the
minute	 ventilation	 and	 fraction	 of	 inspired	 oxygen	 maintain	 adequate	 tissue
oxygenation.	 Physician	 acceptance	 of	 hypercapnia	 in	 this	 setting	 is	 termed
permissive	 hypercapnia.113-115	 Gas	 trapping	 and	 dynamic	 hyperinflation	 can	 be
monitored,	 indirectly,	 by	 following	 plateau	 airway	 pressures,	 the	 level	 of
intrinsic	positive	end	expiratory	pressure	(PEEP)	or	auto-PEEP,	and	flow	vs	time
graphics	on	the	ventilator.118,119	However,	 the	most	well-studied	correlate	of	gas
trapping	 and	 dynamic	 hyperinflation	 during	 mechanical	 ventilation	 for	 severe
asthma	 is	 the	 volume	 of	 gas	 that	 remains	 in	 the	 lungs	 at	 end	 inspiration117-119
(Chapter	 166).	 When	 the	 volume	 of	 air	 at	 end	 inspiration	 above	 functional
residual	 capacity	 (VEI)	 exceeds	 20	 mL	 per	 kg,	 there	 is	 an	 increased	 risk	 of
hypotension	and	barotrauma.	Accurate	measurement	of	VEI	may	require	the	use
of	paralytics	if	sedation	alone	does	not	allow	controlled	mechanical	ventilation.

Although	 the	 use	 of	 sodium	 bicarbonate	 to	 treat	 acidosis	 is	 controversial,
advocates	for	its	use	in	severe	acute	respiratory	acidosis	have	regarded	a	pH	of
7.20	 to	 be	 the	 minimum	 safe	 level.120	 This	 impression	 and	 the	 practice	 of
infusing	sodium	bicarbonate	to	maintain	a	pH	of	more	than	7.20	is	based	on	two
uncontrolled	 studies	 in	 which	 stuporous	 and	 comatose	 patients	 with	 acute
respiratory	 acidosis	markedly	 and	 quickly	 improved	when	 infusion	 of	 sodium
bicarbonate	 increased	the	pH	to	greater	 than	7.20.121,122	However,	no	controlled
studies	of	respiratory	acidosis	support	the	use	of	sodium	bicarbonate	to	maintain
a	specific	pH	value;	and,	there	are	reasons	to	consider	bicarbonate	harmful.

The	 physiological	 responses	 to	 metabolic	 and	 respiratory	 acidosis	 include
increases	in	cardiac	output,	pulmonary	arterial	pressure,	and	heart	rate,	whereas
systemic	 vascular	 resistance	 decreases	 and	 mean	 systemic	 arterial	 pressure
remains	unchanged.123-125	In	diseased	lungs,	PaO2	improves.123	The	hemodynamic
changes	 are	 mediated	 directly	 by	 endogenous	 secretion	 of	 catecholamines,
primarily	norepinephrine,	stimulated	by	decreases	in	pH.	The	effects	of	sodium
bicarbonate	 infusions	on	these	hemodynamic	responses	and	gas	exchange	have
been	 studied.	 As	 the	 acidosis	 lessens,	 cardiac	 output	 and	 PaO2	 worsen.124,125

Moreover,	 sodium	 bicarbonate	 infusions	 have	 been	 shown	 neither	 to	 improve
survival	 nor	 to	 enhance	bronchodilation.	Although	 studies	 from	 the	1950s	 and
1960s	suggested	that	endogenous	epinephrine	release	was	depressed	in	acidosis,
more	 recent	 studies	 have	 conclusively	 shown	 that	 it	 is	 either	 unchanged	 or



augmented.125	 Because	 carbon	 dioxide	 is	 generated	 when	 infused	 sodium
bicarbonate	 buffers	 hydrogen	 ions,	 infusion	 of	 sodium	bicarbonate	 predictably
raises	 carbon	 dioxide	 tensions	 in	 blood.126	 Because	 carbon	 dioxide	 readily
diffuses	 across	 cell	 membranes,	 sodium	 bicarbonate	 therapy	 may	 cause
paradoxical	intracellular	acidosis,127	and	this	may	adversely	affect	survival.	For
these	 reasons,	 we	 suggest	 use	 of	 sodium	 bicarbonate	 only	 when	 the	 acidosis
appears	to	be	adversely	affecting	the	patient’s	hemodynamic	status.	In	managing
patients	 during	 mechanical	 controlled	 hypoventilation	 with	 permissive
hypercapnia,	the	minimum	safe	pH	is	not	known.	In	three	uncontrolled	studies,
pH	values	were	not	maintained	at	greater	than	7.2,	and	outcomes	did	not	appear
to	be	adversely	affected.	Sodium	bicarbonate	was	not	given	in	one	study	unless
pH	was	less	than	7.15117;	in	the	other	two	studies,	it	was	not	given	to	any	patient
even	when	pH	was	7.02	and	less	than	7.00.113,128

Neuromuscular	 blocking	 agents,	 such	 as	 pancuronium,	 vecuronium,	 and
atracurium,	can	be	used	to	help	maintain	low	airway	pressures	during	delivery	of
mechanical	 ventilation	 (Chapter	 4).	 Paralyzing	 skeletal	 muscles	 prevents	 the
development	of	high	airway	pressures	due	to	the	patient	bucking	or	fighting	the
ventilator.	Notably,	a	side	effect	of	neuromuscular	blocking	agents	can	be	severe
bronchospasm.	 Vecuronium	 is	 often	 reported	 to	 be	 unlikely	 to	 cause
bronchospasm,	 but	 case	 reports	 suggest	 that	 vecuronium	 too	 can	 rarely	 cause
bronchospasm.129	 Another	 adverse	 effect	 of	 these	 agents	 is	 that	 even	 brief
neuromuscular	blockade	in	conjunction	with	corticosteroids	increases	the	risk	of
developing	a	sometimes	severe	myopathy.130

Because	 all	 patients	 with	 severe	 exacerbations	 of	 asthma	 are	 treated	 with
corticosteroids,	 paralyzing	 agents	 should	 be	 avoided	 whenever	 possible.	 For
patients	who	 cannot	 be	managed	without	 neuromuscular	 blockade,	 continuous
infusions	 of	 neuromuscular	 blocking	 agents	 should	 be	 avoided	 and	 muscle
function	should	be	allowed	to	recover	partially	between	repetitive	boluses.

Mechanical	 ventilation	 accomplishes	 the	 work	 of	 breathing,	 supporting	 the
severely	 obstructed	 patient	 who	 is	 being	 treated	 intensively	 with	 inhaled
bronchodilators	and	glucocorticoids.	With	this	intensive	pharmacologic	therapy,
mechanical	 ventilation	 usually	 can	 be	 discontinued	 in	 1	 to	 3	 days	 once
discontinuation	 guidelines	 are	 met108,131-133	 (Chapter	 168).	 Some	 patients	 may
require	 2	 to	 4	 weeks	 of	 mechanical	 ventilation,	 especially	 when	 pneumonia
complicates	an	acute	exacerbation	of	asthma.

Complications	of	Mechanical	Ventilation
Serious	complications	have	been	 reported	as	a	 result	of	mechanical	ventilation



for	severe	exacerbations	of	asthma.106-108,116,118,119	Most	of	these	are	preventable	or
treatable	if	detected	early.	Problems	with	airway	control,	including	traumatic	and
esophageal	 intubation,	 should	 always	 be	 anticipated.	 Intubation	 of	 the	 right
mainstem	bronchus	 is	 a	 serious	problem	of	airway	control	because	delivery	of
tidal	 volumes	 to	one	 lung	 increases	 the	 risk	of	 barotrauma.	Once	 an	 airway	 is
established	and	mechanical	ventilation	initiated,	hypotension	may	occur	because
the	high	intrathoracic	pressures	that	occur	during	mechanical	ventilation	during	a
severe	 asthma	 exacerbation	 impede	 venous	 return	 to	 the	 right	 ventricle	 of	 the
heart.	 This	 is	 treated	 by	 administering	 intravenous	 fluids	 and	 adjusting	 tidal
volumes,	 respiratory	 frequency,	and	 inspiratory	 flow	 to	decrease	hyperinflation
and	intrinsic	positive	end-expiratory	pressure.

Barotrauma	 is	 a	 major	 cause	 of	 morbidity	 and	 mortality	 among	 patients
receiving	 mechanical	 ventilation	 for	 severe	 exacerbations	 of	 asthma.106-
108,116,118,119	 High	 plateau	 airway	 pressures	 are	 associated	 with	 overdistended
alveoli	that	rupture.	Air	may	dissect	along	the	bronchovascular	interstitium	and
sometimes	 is	 evident	 on	 chest	 radiograph	 as	 parenchymal	 air	 cysts,	 linear	 air
streaks	 emanating	 from	 the	 hila,	 and	 perivascular	 air	 halos.134,135	 As	 the	 air
dissects	centrally,	mediastinal	and	subcutaneous	emphysema	develop.	Also,	air
from	 ruptured	alveoli	may	dissect	 through	 the	pleural	 surfaces	 into	 the	pleural
space	to	create	a	pneumothorax.136	Ultrasound	examination	has	high	sensitivity
for	 the	 rapid	 bedside	 detection	of	 pneumothorax	 and	 should	 be	 considered	 for
every	 ICU	 patient	 with	 deterioration	 of	 gas	 exchange	 or	 respiratory	 function
(Chapter	 11:	 Lung	 Ultrasonography).	 For	 patients	 on	 mechanical	 ventilation,
pneumothorax	progresses	to	tension	pneumothorax	rapidly	and	should	always	be
treated	 immediately	with	 tube	 thoracostomy.	 It	must	 be	presumed,	 emergently,
that	 any	 pneumothorax	 during	 mechanical	 ventilation	 is	 under	 tension.137	 See
Chapter	 166	 for	 the	 discussion	 of	 minimizing	 barotrauma	 during	 mechanical
ventilation.

Mucous	 plugging	 commonly	 occurs	 during	 acute	 exacerbations	 of	 asthma.
Large	mucous	plugs	occluding	the	endotracheal	tube	should	be	considered	when
there	is	insurmountable	difficulty	ventilating	a	patient.	Large	mucous	plugs	also
may	 cause	 lobar	 or	 lung	 atelectasis	 that	 impairs	 gas	 exchange	 and	 increases
airway	 pressures.	 Cautiously,	 therapeutic	 bronchoscopy	 may	 be	 considered	 to
relieve	 large	 mucous	 plugs	 if	 conservative	 measures,	 corticosteroids,	 and
bronchodilators	 are	 not	 effective.	 Retained	 secretions	 and	 atelectasis	 also
contribute	 to	 the	 significant	 risk	 of	 nosocomial	 pneumonia	 during	mechanical
ventilation.138

Other	 complications	 are	 indirectly	 related	 to	 mechanical	 ventilation.
Thromboembolism	and	gastric	stress	ulcers	may	occur	with	greater	frequency	in



patients	with	 severe	 exacerbations	 of	 asthma.139	Arrhythmias	 and	 hypokalemia
may	 occur	 during	 treatment	 for	 acute	 asthma	 because	 of	 therapy	 with
sympathomimetic	 drugs.	 Hypophosphatemia	 may	 develop	 secondary	 to
alkalosis.140

Additional	and	Unconventional	Management	Measures
Even	 after	 using	 bronchodilators,	 corticosteroids,	 sodium	 bicarbonate,	 and
mechanical	 ventilation,	 airway	 obstruction	 sometimes	 is	 sufficiently	 severe	 to
prevent	maintenance	of	an	acceptable	arterial	pH	or	adequate	tissue	oxygenation.
In	 these	 rare	 cases,	 additional,	 sometimes	 unconventional,	 measures	 can	 be
considered	to	support	the	patient	until	corticosteroids	have	had	time	to	suppress
the	underlying	inflammatory	process.	Some	of	these	measures	are	based	only	on
anecdotal	experience	(Table	172.7).

TABLE	172.7

Special	or	Unconventional	Therapeutic	Measures

Intravenous	β2-adrenergic	agonists

Methylxanthines

Helium-oxygen	mixtures	delivered	through	the	ventilator

General	anesthetics	(eg,	ketamine,	halothane)

Bronchoscopy	with	therapeutic	lavage	(intubated	patients	only)

Hypothermia

Extracorporeal	life	support

If	airway	pressures	remain	high	on	mechanical	ventilation	despite	the	proper
application	 of	 controlled	 hypoventilation	 with	 permissive	 hypercapnia,
delivering	 Heliox	 by	 mechanical	 ventilation	 has	 been	 suggested	 to	 allow
adequate	 ventilation	 of	 the	 patient	 at	 reduced	 airway	 pressures.141	 Caution	 is
necessary	when	using	Heliox	 in	 this	setting	because	 the	 low	density	of	 the	gas
mixture	 makes	 ventilator	 settings,	 volumes	 and	 flow	 readings	 inaccurate	 (eg,



tidal	volume).142
Bronchospasm	usually	is	not	the	major	factor	limiting	airflow	of	patients	who

are	 already	 being	 maximally	 treated	 for	 an	 acute	 exacerbation	 of	 asthma.
However,	 for	 those	 who	 fail	 to	 respond	 to	 maximal	 conventional	 therapy,	 a
variety	 of	 strategies	 have	 been	 advocated	 to	 maximize	 bronchodilation	 by
relaxing	 airway	 smooth	 muscle.	 Some	 reports	 suggest	 that	 intravenous	 β2-
adrenergic	 agonists	 may	 significantly	 improve	 airway	 obstruction	 in	 select
patients,	but	 this	 treatment	 is	not	 established	and	not	 recommended	by	current
guidelines,	 in	 part	 because	 of	 danger	 of	 cardiac	 toxicity.1,2	General	 anesthetics
are	 excellent	 bronchodilators	 and	 an	 important	 option	 for	 patients	 whose
conditions	 are	 refractory	 to	 maximal	 routine	 therapy.	 Anecdotally,
halothane,143,144	thiopental,145	ketamine,146,147	and	isoflurane148	all	have	been	used
successfully	 to	 treat	 patients	 with	 severe	 asthma	 exacerbations.	 If	 general
anesthetics	are	used,	an	anesthesiologist	should	be	consulted.

Because	a	major	cause	of	airway	obstruction	during	an	acute	exacerbation	of
asthma	is	mucous	plugging,	therapeutic	bronchoscopy	with	lavage	has	been	used
as	 an	 additional	 supportive	 measure	 for	 intubated	 patients	 who	 are	 extremely
difficult	to	ventilate	adequately.149-151	Therapeutic	bronchoscopy	is	not	performed
routinely	 because	 worsening	 bronchospasm	 is	 a	 recognized	 complication	 of
bronchoscopy	 among	 asthmatics;	 however,	 when	 necessary,	 because	 standard
therapy	has	failed,	a	flexible	bronchoscopy	with	a	large	suction	channel	should
be	 used,	 and	 the	 mechanically	 ventilated	 patient	 should	 be	 sedated.	 N-
acetylcysteine,	a	mucolytic	agent,	is	associated	with	bronchospasm	in	asthmatic
patients	 but,	 anecdotally,	 has	 been	 used	 successfully	 during	 therapeutic
bronchoscopy	 by	 delivering	 a	 dilute	 solution	 (less	 than	 1%)	 through	 the
bronchoscope	 to	dissolve	mucous	plugs.149	DNase	 (2.5	mg	 in	10	mL	of	 sterile
normal	saline)	has	been	administered	through	a	bronchoscope	to	relieve	mucous
plugging	causing	atelectasis	in	a	child	with	asthma.152

Case	reports	describe	unconventional	measures	that	might	be	considered	for
the	management	of	rare,	exceedingly	difficult	cases.	For	example,	hypothermia
and	extracorporeal	 life	support	have	been	methods	used	to	support	critically	ill
patients	whose	conditions	are	refractory	to	conventional	therapies.153,154

Advances	in	asthma,	based	on	randomized,	controlled	trials	or	meta-analyses
of	such	trials,	are	summarized	in	Table	172.8.

TABLE	172.8



Treatment	of	Acute	Asthma:	Randomized	Controlled	Trials
and	Meta-Analyses

β-Adrenergic	agonists	are	a	first-line	therapy	for	acute	asthma	because	they
are	rapidly	acting	and	provide	more	bronchodilation	than	methylxanthines
and	cholinergic	antagonists.56
Metered-dose	inhalers	with	a	holding	chamber	are	at	least	as	effective	as
wet	nebulization	for	the	delivery	of	β-adrenergic	agonists	in	the	treatment
of	acute	asthma.71,72
Adding	inhaled	ipratropium	bromide	to	treatment	with	β-adrenergic
agonists	provides	benefit	to	adults	with	acute	asthma	in	the	emergency
department.87
In	hospitalized	adult	patients	with	acute	asthma,	systemic	glucocorticoids
speed	improvement	of	symptoms	and	lung	function.95
In	addition	to	a	short	course	of	oral	corticosteroids,	initiate	or	continue
daily	inhaled	corticosteroids	on	emergency	room	discharge	of	patients	with
persistent	asthma.96

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Regarding	short-acting	β-adrenergic	agonists	(SABAs),	which	route	of
administration	is	preferred,	when	treating	adults	with	severe,	acute	exacerbations
of	asthma?

A. 	Combination	of	oral	therapy	and	repetitive	inhalation	by	nebulizer
B. 	Intravenous	infusion
C. 	Repetitive	inhalations	by	metered	dose	inhaler	or	by	nebulizer
D. 	Subcutaneous	(epinephrine	1	mg)

2. 	An	adult	patient	with	a	severe	exacerbation	of	asthma	requires	intubation
and	mechanical	ventilation.	Which	of	the	following	ventilator	measurement
represents	the	most	severe	lung	hyperinflation?

A. 	Auto-PEEP	of	8	cm	H2O



B. 	Lung	volume	above	FRC	at	end	inspiration	(VEI)	of	5	mL/kg
C. 	Peak	airway	pressure	of	40	cm	H2O
D. 	Plateau	airway	pressure	of	35	cm	H2O

3. 	A	strategy	for	patients	mechanically	ventilated	with	severe	asthma
exacerbations	is	to	minimize	gas	trapping	and	volume	trauma	through
“controlled	hypoventilation	with	permissive	hypercapnia.”	What	is	a	feature	of
that	technique?

A. 	Intravenous	sodium	bicarbonate	given	for	PaCO2	>	50	mm	Hg
B. 	Low	frequency	of	ventilator	breaths
C. 	Low	inspiratory	flow	rate
D. 	Low	tidal	volume	with	high	frequency	of	ventilator	breaths

Answers

1.	The	correct	answer	is	C.
Rationale:	 Inhalation	 is	 the	 preferred	 route	 of	 administration	 for	 SABA

because,	compared	to	other	modes	of	delivery,	it	has	the	better	therapeutic	ratio
—fewer	systemic	side	effects	for	a	given	degree	of	bronchodilation	(choice	C	is
correct).	 Because	 airway	 inflammation	 and	 mucous	 plugging	 of	 the	 distal
airways	 occur	 in	 patients	 having	 an	 acute	 exacerbation	 of	 asthma,	 one	 might
have	 thought	 that	 systemic	administration	of	 short-acting	β-adrenergic	agonists
would	 be	 more	 penetrating	 and,	 therefore,	 more	 efficacious.	 However,	 the
literature	 has	 not	 proven	 this	 to	 be	 true.	Therefore,	 intravenous	 or	 oral	 routes,
with	their	significant	systemic	side	effects,	are	not	recommended	as	a	first-line
therapy	 even	 for	 severe	 airway	 obstruction	 (choices	 A	 and	 B	 are	 incorrect).
SABAs	 may	 be	 delivered	 equally	 effectively	 by	 either	 metered	 dose	 inhaler
(MDI)	 or	 by	 nebulizer.	When	 patients	 are	 having	 severe	 exacerbations,	 some
may	 be	 too	 dyspneic	 or	 anxious	 to	 coordinate	 use	 of	 the	MDIs	 properly,	 and
nebulizer	may	 be	 preferred.	 Finally,	 epinephrine	 given	 subcutaneously	 (choice
D)	 is	not	 recommended	as	a	 first-line	agent	because	of	potential	 systemic	 side
effects,	especially	cardiac.	It	can	be	used	in	rare,	adult	patients	failing	to	respond
to	initial	inhaled	therapy.	Notably,	a	dose	of	1	mg	is	excessive	and	inappropriate
in	the	treatment	of	asthma.

2.	The	correct	answer	is	D.
Rationale:	 Dynamic	 hyperinflation	 and	 gas	 trapping	 during	 mechanical



ventilation	 for	an	acute	exacerbation	of	asthma	can	be	monitored	 indirectly	by
following	 plateau	 airway	 pressures,	 auto-PEEP,	 and	 flow	 vs.	 time	 graphics	 on
the	ventilator.	Plateau	pressures	exceeding	30	cm	H2O	indicate	an	increased	risk
of	 barotrauma	 and	 volume	 trauma	 due	 to	 lung	 hyperinflation	 (choice	 D	 is
correct).	Auto-PEEP	is	often	in	the	range	of	10	to	15	cm	H2O	in	severe	asthma
and,	 therefore,	 a	 value	 of	 only	 8	 cm	 H2O	 would	 be	 relatively	 low	 and	 not
indicative	 of	 severe	 lung	 hyperinflation	 (choice	 A	 is	 incorrect).	 The	 best
correlate	of	gas	trapping	and	risk	of	barotrauma	and	volume	trauma	is	VEI	(lung
volume	above	FRC	at	end	inspiration)	and	this	value	is	considered	high	when	it
exceeds	 20	mL/kg	 (choice	B	 is	 incorrect).	 Peak	 airway	 pressures	 greater	 than
50	cm	H2O	have	been	used	as	an	 indicator	of	hyperinflation	but	are	dependent
on	inspiratory	flow-resistive	properties	of	the	lungs	as	well	as	lung	stiffness	and
therefore	are	not	always	reflective	of	hyperinflation.	A	peak	airway	pressure	of
only	 40	 cm	 H2O	 would	 not	 be	 considered	 a	 strong	 indicator	 of	 severe	 lung
hyperinflation	(choice	C	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 The	 risks	 of	 barotrauma	 and	 volume	 trauma	 during	 invasive

mechanical	ventilation	in	a	patient	with	an	acute	asthma	exacerbation	are	related
to	dynamic	hyperinflation	of	the	lungs	and	high	plateau	airway	pressures.	These
risk	 factors	 can	 be	 minimized	 by	 ventilator	 strategies	 that	 decrease	 minute
ventilation	 and	 prolong	 expiratory	 time	 between	 breaths.	 During	 controlled
mechanical	 ventilation,	 a	 low	 frequency	 of	 breaths	 per	 minute	 both	 lowers
minute	 ventilation	 and	 increases	 expiratory	 time	 between	 ventilator	 breaths,
allowing	more	volume	to	be	exhaled	before	the	next	breath	is	delivered	(choice
B	is	correct,	and	choice	D	is	 incorrect).	Also,	selecting	a	high	inspiratory	flow
rate	 on	 the	 ventilator	 settings	 is	 another	 potentially	 useful	 maneuver	 that
prolongs	 expiratory	 time,	 allowing	 more	 time	 for	 gas	 to	 be	 exhaled	 between
breaths.	Lowering	the	inspiratory	flow	rate	(choice	C)	would	be	incorrect.	Using
relatively	 high	 tidal	 volumes	 to	 increase	 minute	 ventilation	 and	 therefore
normalize	the	partial	pressure	of	carbon	dioxide	in	arterial	blood	(PaCO2)	 is	an
outmoded	 ventilation	 strategy	 that	 is	 no	 longer	 recommended	 because	 of	 the
high	 risk	 of	 barotrauma	 and	 volume	 trauma;	 instead,	 lower	 tidal	 volumes	 are
preferred	(6	mL/kg	ideal	body	weight).	The	concept	of	permissive	hypercapnia
allows	for	an	elevated	PaCO2	 as	 long	as	 the	minute	ventilation	and	 fraction	of
inspired	 oxygen	 maintain	 adequate	 tissue	 oxygenation.	 This	 strategy	 is	 best
achieved	by	 low	 frequency	of	 ventilator	 breaths	 that	 allow	 full	 exhalation	 and
avoidance	 of	 auto-PEEP.	 While	 the	 minimum	 safe	 arterial	 pH	 from	 ensuing



respiratory	acidosis	is	not	known,	there	are	no	controlled	studies	that	support	the
routine	 use	 of	 sodium	 bicarbonate	 to	maintain	 a	 normal	 pH	 value	 for	mild	 to
moderate	 elevations	 in	 PaCO2,	 assuming	 adequate	 hemodynamics	 and
oxygenation,	and	in	the	absence	of	cerebral	anoxia	(choice	A	is	incorrect).
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Chapter	173
Critical	Care	of	Acute	Exacerbations	of
Chronic	Obstructive	Pulmonary	Disease
Shameek	Gayen,	Mark	Weir,	Gerard	J.	Criner

KEY	POINTS:
1.	 Acute	exacerbations	of	COPD	have	significant	morbidity,	mortality,

and	effects	on	quality	of	life.	They	also	comprise	the	largest	direct
health	care	costs	associated	with	COPD.

2.	 There	are	numerous	precipitating	factors	for	exacerbations	of	COPD,
which	all	cause	airway	narrowing,	airflow	limitation,	increase	of	end-
expiratory	lung	volume,	and	subsequently	air	trapping	and	dynamic
hyperinflation.	Dynamic	hyperinflation	leads	to	pathophysiologic
changes	that	result	in	hypoxemia	and	hypercapnia.

3.	 Pharmacologic	treatment	of	acute	exacerbations	of	COPD	includes
β-agonist	and	anticholinergic	bronchodilators,	systemic
corticosteroids,	and	the	occasional	use	of	judiciously	prescribed
antibiotics.

4.	 Additional	supportive	therapies	include	supplemental	oxygen,	with
attention	given	to	avoiding	hyperoxemia,	high-flow	nasal	oxygen,
noninvasive	ventilation,	and	when	necessary,	mechanical	ventilation.
Noninvasive	ventilation	has	been	shown	to	lower	the	rate	of
intubation,	length	of	stay,	and	mortality	from	acute	exacerbations	of
COPD.

5.	 Mechanical	ventilation	allows	for	respiratory	muscle	rest,	improved
gas	exchange,	and	time	for	exacerbation	resolution.	It	is	imperative
that	mechanical	ventilation	provides	sufficient	minute	ventilation	to
meet	metabolic	requirements	while	avoiding	dynamic	hyperinflation



and	lung	injury.	This	is	achieved	by	optimizing	the	inspiration-
expiration,	or	I:E,	ratio,	for	which	there	are	several	ventilator
management	strategies.

6.	 Methods	to	ensure	successful	ventilator	weaning	and	extubation	of
patients	with	acute	exacerbations	of	COPD	include	daily
spontaneous	breathing	trials,	extubation	to	noninvasive	ventilation,
and	tracheostomy.

7.	 Given	the	associated	risks	of	and	increased	mortality	risk	associated
with	invasive	mechanical	ventilation,	there	have	been	small	studies
looking	at	the	use	of	extracorporeal	carbon	dioxide	removal	for
patients	with	hypercapnic	respiratory	failure.	While	it	was	effective	in
carbon	dioxide	removal,	long-term	survival	benefits	were	not
observed.

INTRODUCTION
1 	An	acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD)	is
defined	 as	 “an	 event	 in	 the	 natural	 course	 of	 the	 disease	 characterized	 by	 a
change	 in	 the	 patient’s	 baseline	 dyspnea,	 cough,	 and/or	 sputum	 that	 is	 beyond
normal	 day-to-day	 variations,	 is	 acute	 in	 onset,	 and	may	warrant	 a	 change	 in
regular	medication”	(GOLD).1	AECOPDs	contribute	to	morbidity,	mortality,	and
reduced	quality	of	life	and	also	constitute	the	most	important	direct	health	care
costs	associated	with	COPD.	The	economic	costs	of	COPD	are	considerable	and
have	 been	 increasing.	 In	 1993,	 it	 was	 estimated	 to	 be	 >$15.5	 billion	 in	 the
United	States,	6.1	billion	of	which	corresponded	to	hospital	stays.2	In	2010,	the
cost	 to	 the	United	 States	 for	 COPD	was	 projected	 to	 be	 approximately	 $49.9
billion,	including	$29.5	billion	in	direct	health	care	costs,	$8.0	billion	in	indirect
morbidity	 costs,	 and	 $12.4	 billion	 in	 indirect	mortality	 costs.3	 There	 is	 also	 a
correlation	 between	 disease	 severity	 in	 terms	 of	 GOLD	 stage	 and	 health	 care
cost.4	The	costs	of	 inpatient	care	are	estimated	to	represent	40%	to	57%	of	 the
total	direct	costs	generated	by	patients	with	COPD.2	The	goals	of	 treatment	for
COPD	exacerbations	are	to	minimize	their	impact,	recognize	their	significance,
and	try	to	prevent	subsequent	exacerbations.

RISK	FACTORS	FOR	ACUTE	EXACERBATION



OF	CHRONIC	OBSTRUCTIVE	PULMONARY
DISEASE
2 	 Exacerbations	 of	 COPD	 can	 be	 precipitated	 by	 several	 factors.	 The	 most
common	causes	 appear	 to	be	 infection	of	 the	 tracheobronchial	 tree	with	 either
bacteria	or	viruses;	 a	minority	of	 them	 is	 caused	by	eosinophilic	 inflammation
similar	 to	 asthma,	 and	 about	 30%	 are	 of	 unknown	 cause.	 Environmental
pollution	 has	 also	 been	 linked	 with	 increased	 respiratory	 symptoms,	 acute
exacerbations,	and	COPD-associated	mortality.5	Because	COPD	phenotypes	are
clinically	indistinguishable,6	methods	for	differentiating	them	is	a	current	focus
of	 research.	 For	 example,	 blood	 eosinophilia	 may	 be	 a	 method	 to	 identify	 a
subgroup	 of	 COPD	 patients	 with	 steroid	 responsive	 exacerbations.7	 We	 also
know	 that	 exacerbations	 beget	 exacerbations,	 and	 the	 factors	 associated	 with
exacerbations	thus	include	a	history	of	previous	exacerbation,	increasing	disease
severity	and	comorbidities.8

PATHOPHYSIOLOGY
The	 hallmark	 of	 COPD	 is	 airflow	 limitation	 measured	 by	 forced	 expiratory
volume	 in	 1	 second	 to	 forced	 vital	 capacity	 (FEV1/FVC)	 ratio	 <	 0.7.9

Emphysematous	 parenchymal	 destruction	 increases	 lung	 compliance	 and	 leads
to	early	airway	collapse.	There	are	a	variety	of	theories	underlying	these	changes
in	the	lung,	but	it	is	generally	accepted	that	they	are	the	result	of	“host	factors”
and	exposures	 (ie,	 chronic	 innate	and	adaptive	 inflammatory	 immune	 response
of	 the	 host	 to	 a	 lifetime	 exposure	 to	 “environmental	 factors”	 such	 as	 inhaled
toxic	 gases	 and	 particles).10	 As	 the	 lung	 ages,	 FEV1	 deteriorates	 from	 about
35	 years	 of	 age	 onward	 at	 a	 rate	 of	 about	 25	 to	 30	 mL	 per	 year	 in	 normal
individuals	and	at	an	accelerated	rate	in	susceptible	smokers	at	about	60	mL	per
year.11	 People	 with	 normal	 rates	 of	 decline	 can	 develop	 COPD	 if	 they	 have
achieved	a	low	peak	level	of	FEV1.11	Symptoms	are	usually	absent	until	40%	of
FEV1	has	been	 lost.	The	airflow	obstruction	of	COPD	 is	caused	by	pathologic
changes	 in	 the	 small	 conducting	 airways	 (<2	mm	 in	 diameter)	 that	 contribute
about	25%	to	total	airway	resistance	in	healthy	individuals.	The	changes	include
disruption	 of	 the	 epithelial	 barrier,	 mucus	 gland	 hyperplasia,	 and	 goblet	 cell
metaplasia	 that	 result	 in	accumulation	of	mucous	plugs	 in	 the	 lumens	of	 small
airways,	 infiltration	of	 the	airway	walls	by	 inflammatory	cells,	 smooth	muscle
hypertrophy,	peribronchiolar	fibrosis,	and	deposition	of	connective	tissue	in	the



airway	 wall.12	 These	 changes	 in	 the	 airway	 walls	 result	 in	 reduced	 cross-
sectional	area	and	 impair	 the	ability	 to	 increase	caliber	with	 lung	 inflation	and
have	 been	 correlated	 with	 disease	 progression	 from	 GOLD	 stages	 0	 to	 4.13
Emphysematous	 lung	 destruction	 is	 associated	 with	 a	 similar	 inflammatory
infiltration	 of	 alveoli	 and	 airway	 walls	 that	 causes	 abnormal	 dilation	 of	 the
airways	 distal	 to	 the	 terminal	 bronchioles,	 perforations	 in	 alveolar	 walls,	 and
obliteration	 of	 airway	 walls	 that	 coalesce	 to	 form	 bullae	 destroying	 large
volumes	of	lung	tissue.14	This	leads	to	both	loss	of	lung	elastic	recoil	and	loss	of
anatomic	tethering	of	small	airways.	Emphysema	has	been	subtyped	depending
on	 its	 pattern	 of	 distribution	 in	 the	 lung.	 The	 centrilobular	 pattern	 of
emphysematous	destruction	usually	has	an	upper	lobe	predilection	and	is	closely
associated	 with	 cigarette	 smoking.	 The	 panacinar	 pattern	 of	 emphysema	 is
usually	more	marked	in	the	lower	lobes	and	is	characterized	by	a	more	uniform
involvement	of	the	acinus	and	is	associated	with	α-1	antitrypsin	deficiency.15

Respiratory	 failure	 associated	with	COPD	 is	 usually	 a	 combination	 of	 lung
failure	and	pump	failure.	Lung	failure	refers	to	the	destruction	of	lung	units,	the
alveoli,	and	vascular	beds,	leading	to	reduced	ventilation-perfusion	()	matching
and	shunt.16	Pump	failure	refers	to	mechanical	disadvantage	owing	to	increased
workload,	 impaired	 chest	 wall	 and	 respiratory	 muscle	 performance,	 and
impaired	central	or	peripheral	motor	neuron	function.17

2 	During	AECOPD,	inflammation	within	 the	 lungs	causes	dynamic	changes
to	 occur.	 Increased	 bronchospasm	 and	mucus	 hypersecretion	 results	 in	 further
narrowing	 of	 the	 airway	 lumen	 and	 airflow	 limitation.	 Hypoxemia,	 anxiety,
increased	metabolic	 rate,	and	acidosis	 lead	 to	an	 increased	respiratory	rate	 that
shortens	 expiratory	 time	 and	 results	 in	 an	 increase	 of	 end-expiratory	 lung
volume	 (EELV).	 This	 results	 in	 air	 trapping,	 which	 when	 extensive,	 leads	 to
dynamic	 hyperinflation.	 The	 increase	 in	 EELV	 produces	 a	 positive	 alveolar
pressure	 known	 as	 intrinsic	 positive	 end-expiratory	 pressure	 (PEEP).	 Intrinsic
PEEP	 can	 be	 associated	 with	 cardiac	 compromise,	 increased	 barotrauma,	 and
alter	 the	 hemodynamic	 pressure	 profiles	 and	 cardiac	 performance.	 Dynamic
hyperinflation	 leads	 to	 suboptimal	 muscle	 length	 to	 tension	 relationship	 and
mechanical	disadvantage	for	the	muscles	of	respiration.18	These	changes	induce
severe	 dyspnea,	 increase	 dead	 space	 fraction,	 and	 aggravate	 relationships
resulting	 in	 hypoxemia	 and,	 when	 severe,	 hypercapnia.	 Resolution	 of
exacerbation	and	improvement	in	symptoms	correlate	well	with	an	improvement
in	FEV1,	inspiratory	capacity,	and	reduced	EELV.19

SEVERITY	SCORING



Knowledge	about	prognosis	of	AECOPD	and	factors	that	predict	poor	outcomes
allows	intensive	care	unit	(ICU)	physicians	to	better	advise	patients	and	families
regarding	 the	 expected	 natural	 course	 of	 an	 illness,	 the	 likelihood	 of
complications,	and	mortality	risk.20	Prognoses	based	on	clinical	judgment	alone
have	been	shown	to	be	inherently	uncertain	and	vulnerable	to	unconscious	bias.21
An	 accurate	 assessment	 tool	 like	 the	 numerous	 pneumonia	 scoring	 systems
would	 be	 helpful.	 Currently,	 there	 is	 no	 assessment	 tool	 recommended	 by	 the
major	 respiratory	 societies.	 Those	 available	 have	 not	 undergone	 external
validation	 outside	 the	 population	 they	 were	 derived	 from,	 limiting	 their
generalizability.	 Most	 of	 the	 scores	 have	 an	 area	 under	 the	 receiver	 operator
curve	 of	 between	 0.7	 and	 0.8,	 suggesting	 that	 they	 are	 only	 of	 moderate
accuracy.22	 Singanayagam	 et	 al22	 in	 a	 systematic	 review	 of	 the	 literature	 on
predictors	of	mortality	 identified	12	factors	with	a	consistent	and	statistically
significant	associations	with	short-term	mortality:	age,	male	sex,	low	body	mass
index	 (BMI),	 cardiac	 failure,	 chronic	 renal	 failure,	 long-term	 oxygen	 therapy
(LTOT),	lower	limb	edema,	GOLD	stage	4,	cor	pulmonale,	acidemia,	confusion,
and	elevated	plasma	troponin	level.	In	the	subanalysis	of	patients	managed	in	the
ICU,	 three	 factors	 were	 associated	 with	 increased	 mortality:	 age,	 reduced
Glasgow	Coma	Scale	score,	and	acidemia.	Messer	et	al23	reviewed	the	literature
specific	 to	management	of	AECOPD	in	 the	 ICU	for	markers	of	 intermediate-
term	 mortality.	 They	 found	 that	 time	 spent	 in	 the	 hospital	 prior	 to	 ICU
admission,	low	Glasgow	Coma	Scale	on	admission	to	the	ICU,	cardiorespiratory
arrest	prior	to	ICU	admission,	cardiac	dysrhythmia	prior	to	ICU	admission,	and
higher	 values	 of	 acute	 physiology	 scoring	 systems	 were	 all	 predictive	 of	 in-
hospital	mortality.	Interestingly,	they	found	a	number	of	premorbid	variables	that
were	not	associated	with	increased	intermediate-term	mortality,	which	were	age,
functional	capacity,	oral	steroid	use,	spirometry,	previous	ICU	admission,	BMI,
smoking	status,	and	LTOT.

ANTIBIOTICS	AND	BIOMARKERS
Overuse	of	antibiotics	in	the	ICU	is	common	and	accelerates	the	development	of
drug	resistance.24	Quality	ICU	care	involves	the	judicious	use	of	antibiotics;	the
reduction	 of	 antibiotic	 prescription	 rates	 has	 been	 shown	 to	 reverse	 the
occurrence	of	nosocomial	infection	and	drug-resistant	organisms.25	However,	the
importance	of	antibiotics	can	be	highlighted	by	 the	fact	 that	mortality	rates	for
patients	 in	 septic	 shock	 increase	 by	 7%	 per	 hour	 within	 the	 first	 6	 hours	 of



delayed	 antibiotic	 administration.26	 Patients	 with	 sepsis	 from	 ventilator-
associated	 pneumonia	who	 had	 a	 delay	 of	more	 than	 24	 hours	 after	 diagnosis
until	initiation	of	antibiotics	have	a	sevenfold	higher	mortality	rate	compared	to
those	 started	 on	 adequate	 therapy	 earlier.27	 Systematic	 reviews28	 of	 COPD
exacerbations	suggest	that	antibiotics	have	large	and	consistent	beneficial	effects
across	outcomes	of	patients	admitted	to	ICU.	They	have	not	been	shown	to	be	as
useful	in	mild-to-moderate	exacerbations	of	COPD.28	Recent	strategies	to	reduce
antibiotic	 overuse	 have	 included	 the	 development	 of	 biomarker-directed
treatment	algorithms	wherein	antibiotics	are	given	or	withheld	depending	on	the
level	of	biomarkers	measured	 in	 the	blood.	Biomarkers	 that	have	been	 studied
are	 highly	 sensitive	 C-reactive	 protein	 and	 procalcitonin.	 Procalcitonin	 is
currently	 the	most	 promising.	 Procalcitonin-guided	 therapy	 has	 been	 effective
for	reducing	antibiotic	use	by	approximately	40%	to	50%	in	hospitalized	patients
presenting	with	 acute	 lower	 respiratory	 tract	 infection	 symptoms.29-32	 In	 all	 of
these	 randomized	 controlled	 studies,	 there	 was	 no	 increase	 in	 adverse	 events
among	patients	who	had	antibiotics	de-escalated.

MANAGEMENT

Oxygen
4 	 All	 patients	 with	 COPD	 exacerbations	 have	 the	 potential	 to	 develop
hypoxemia	and	hypercapnia.	We	recommend	an	arterial	blood	gas	to	assess	the
degree	of	hypoxemia	and	hypercapnia.	Supplemental	oxygen	therapy	should	be
administered	to	patients	suffering	an	exacerbation	of	COPD	to	maintain	oxygen
saturations	between	88%	and	92%,	being	careful	to	avoid	hyperoxemia.33

Avoidance	 of	 hyperoxemia	 is	 important	 because	 of	 the	 well-described
occurrence	 of	 worsening	 hypercapnia.	 There	 is	 evidence	 to	 show	 the
indiscriminate	 use	 of	 oxygen	 therapy	 increases	 mortality	 and	 need	 for
intubation.33	The	 induction	of	 hypercapnia	 through	hyperoxemia	 is	 still	 poorly
understood.	 It	 is	 thought	 to	 be	 a	 combination	 of	 mostly	 change	 in	 mismatch,
with	a	mild	decrease	 in	central	 respiratory	drive,	and	 the	Haldane	effect.34	The
ability	 of	 the	 lungs	 to	 shunt	 blood	 away	 from	 areas	 of	 low	 alveolar	 oxygen
tension	is	disrupted	by	the	administration	of	high	levels	of	oxygen;	the	resultant
change	in	matching	leads	to	increased	dead	space.	The	Haldane	effect	describes
the	 binding	 ability	 of	 hemoglobin	 for	 CO2	 as	 increased	 oxygen	 shifts	 the
hemoglobin	CO2	dissociation	curve	to	the	right	and	leads	to	an	increase	in	partial



pressure	 of	 arterial	CO2	 (PaCO2).	 Patients	who	 are	 already	 ventilating	 at	 their
maximal	capacity	are	unable	to	increase	minute	ventilation	further	to	counteract
this.

4 	High-flow	nasal	oxygen	devices	are	increasingly	used	in	critical	care.	There
is	a	growing	evidence	base	for	their	use	in	hypoxemic	respiratory	failure,	but	this
form	 of	 oxygen	 therapy	 has	 been	 poorly	 studied	 in	 hypercapnic	 respiratory
failure.	One	of	the	benefits	of	high-flow	oxygen	systems	is	the	washout	of	CO2

from	anatomic	dead	space,	effectively	converting	the	oropharynx	and	conducting
airways	 into	 a	 reservoir,	 with	 the	 higher	 flow	 rates	 delivered	 matching	 the
patient’s	 inspiratory	 flow	more	 effectively.35	 There	 is	 also	 a	 small	 amount	 of
PEEP	 delivered	 to	 the	 airway	 that	 can	 recruit	 lung	 units	 or	 potentially	 offset
intrinsic	 PEEP.	 Probably,	 the	 greatest	 benefit	 is	 a	 reduced	 respiratory	 rate	 that
leads	 to	 less	air	 trapping.	Evidence	 for	 the	use	of	high-flow	oxygen	 therapy	 in
severe	COPD	or	hypercapnic	respiratory	failure	is	limited	mainly	to	case	reports
and	 a	 small	 study	 on	 exercise	 capacity.36,37	 A	 detailed	 discussion	 of	 oxygen
therapy	 and	 delivery	 devices	 can	 be	 found	 in	 Chapter	 169:	 Respiratory
Adjunctive	Therapies.

Bronchodilators
Patients	in	AECOPD	have	increased	expiratory	flow	limitation.	Nebulized	short-
acting	 bronchodilators	 are	 used	 to	 reduce	 bronchospasm.	 These	 medications
have	not	been	robustly	studied	in	severe	COPD	exacerbations	requiring	critical
care.

β-Agonists
Short-acting	 β-agonists	 include	 albuterol	 and	 levalbuterol.	 These	 drugs	 are
selective	β2-receptor	agonists	that	induce	smooth	muscle	relaxation	and	relief	of
bronchospasm.	They	can	be	administered	via	inhaler	or	by	nebulizer.	They	have
been	 shown	 in	 randomized	 controlled	 trials	 and	 meta-analyses	 to	 improve
symptoms	 and	 lung	 function.38,39	 Common	 side	 effects	 include	 tremor,
tachycardia,	and	hypokalemia.

Anticholinergics
The	 short-acting	 anticholinergic	 ipratropium	 bromide	 blocks	 muscarinic
acetylcholine	receptors,	thus	promoting	smooth	muscle	relaxation	and	inhibition



of	 mucus	 secretion.	 These	 medications	 improve	 lung	 function	 and	 partial
pressure	of	arterial	oxygen	(PaO2).38,40	Common	side	effects	include	dry	mouth,
nausea,	 tachycardia,	 and	 sedation.	 There	 is	 a	 concern	 that	 nebulized
anticholinergics	 may	 precipitate	 worsening	 glaucoma	 by	 coming	 into	 contact
with	the	eyes	in	susceptible	individuals.

In	 general,	 we	 use	 a	 combination	 of	 nebulized	 short-acting	 β-agonist	 and
anticholinergic.	A	detailed	discussion	of	 inhaled	bronchodilator	 therapy	can	be
found	in	Chapter	169:	Respiratory	Adjunct	Therapy.

Antibiotics
Antibiotics	 are	 an	 intervention	 that	 is	of	proven	benefit	 in	AECOPD	requiring
ICU	 admission.28	 One	 must	 take	 into	 account	 potential	 pathogens,	 local
resistance	 patterns,	 and	 antibiotic	 stewardship.	 The	 most	 common	 bacterial
pathogens	are	Haemophilus	influenzae,	followed	by	Streptococcus	pneumoniae,
Moraxella	 catarrhalis,	 and	 Pseudomonas	 aeruginosa,	 and	 the	 common	 viral
pathogens	 are	 rhinovirus,	 parainfluenza	 virus,	 influenza	 virus,	 and	 respiratory
syncytial	virus.41

Antivirals
Viral	 infections,	 in	 particular	 rhinovirus,	 account	 for	 approximately	 30%	 of
COPD	 exacerbations,	 and	 a	 variety	 of	 potential	 therapeutic	 agents	 have	 been
investigated.	 Unfortunately,	 although	 the	 neuraminidase	 inhibitors	 such	 as
oseltamivir	 and	 zanamivir	 are	 effective	 against	 influenza,42	 antirhinoviral
medications	have	failed	to	demonstrate	a	clinically	significant	benefits.43	We	do
not	routinely	test	for	viral	exacerbations	outside	the	influenza	season.

Steroids
3 	Corticosteroids	 are	 routinely	 used	 for	 the	 treatment	 of	COPD	exacerbations.
The	evidence	for	the	use	of	corticosteroids	for	COPD	exacerbations	admitted	to
the	 ICU	 is	 extrapolated	 from	 studies	 of	 individuals	 with	 milder	 disease.44	 To
further	confuse	this	picture,	there	is	now	evidence	to	support	the	use	of	systemic
steroids	in	severe	pneumonia,45	an	often-coexisting	diagnosis	in	exacerbations	of
COPD.	We	know	 that	 corticosteroids	 speed	 the	 recovery	of	FEV1	 and	FVC	 in
conjunction	with	bronchodilators.44	Corticosteroids	reduce	the	length	of	hospital
stay	and	the	risk	of	treatment	failure	in	the	first	3	months.46	In	two	small	studies



performed	 in	 critically	 ill	 patients	 requiring	 ventilator	 support,	 there	 were
conflicting	 results.47,48	 Clearly,	 some	 patients	 respond	 to	 steroid	 therapy	 and
some	 do	 not,	 and	 this	 probably	 reflects	 the	 underlying	 inflammatory	 profile.
Bafadhel	 et	 al49	 showed	 peripheral	 blood	 eosinophil	 count	 as	 a	 promising
biomarker	to	direct	corticosteroid	therapy	during	COPD	exacerbations.	The	most
appropriate	 dose	 is	 unclear	 and	 is	 generally	 at	 the	 discretion	 of	 the	 treating
physician.	The	dosage	should	be	cut	down	once	a	therapeutic	response	is	evident
and	converted	to	oral	once	the	patient	is	able	to	swallow.	For	patients	admitted
with	very	severe	COPD	exacerbations,	we	use	methylprednisolone	40	mg	every
6	hours,	consistent	with	the	original	study	by	Albert	et	al.50

Heliox
Heliox	is	a	mixture	of	variable	concentrations	of	helium	and	oxygen	(60%-80%
helium	 and	 40%-20%	 oxygen)	 that	 has	 a	 lower	 density	 than	 oxygen	 and
nitrogen.	As	 a	 lower	 density	 gas,	 it	 can	 improve	 flow	 in	 large	 airways	where
airflow	 is	 turbulent	 relative	 to	 laminar	 airflow.	 The	 increase	 in	 flow	 acts	 to
decrease	the	work	of	breathing.	In	COPD,	the	addition	of	heliox	to	noninvasive
ventilation	 (NIV)	 decreases	 respiratory	 effort	 and	 intrinsic	PEEP,	 but	 does	 not
improve	outcomes	such	as	requirement	for	intubation	or	mortality.51	We	do	not
routinely	 use	 heliox	 in	 the	 treatment	 of	 patients	 with	 AECOPD.	 A	 detailed
discussion	of	heliox	therapy	can	be	found	in	Chapter	169:	Respiratory	Adjunct
Therapy.

Ventilatory	Support
4 	Indications	for	ventilator	support	in	COPD	patients	include:

Unsustainable	increased	work	of	breathing
Severe	hypoxemia
Exacerbation	leading	to	hypercapnia	with	reduced	pH	<	7.35

Noninvasive	Ventilation
4 	 4 	The	main	benefits	associated	with	noninvasive	positive-pressure	ventilation
(NIPPV	 or	 NIV)	 in	 AECOPD	 are	 lower	 rates	 of	 intubation,	 shorter	 length	 of
stay,	 and	 lower	 rates	 of	 the	 complications	 of	 invasive	 mechanical	 ventilation
(MV).	NIV	has	been	shown	to	reduce	the	need	for	intubation,	decrease	length	of
stay,	 decrease	mortality,	 and,	 in	 some	 areas,	 conserve	 the	 precious	 resource	 of



ICU	 beds.52,53	 Patients	 with	 COPD	 who	 present	 with	 exacerbation	 and
hypercapnic	 respiratory	 failure	 with	 acidosis	 (pH	 <	 7.35)	 are	 the	 group	 most
likely	to	benefit	from	NIPPV.	Exacerbations	increase	the	work	of	breathing	often
exceeding	 the	 patient’s	 ability	 to	 compensate	 and	 result	 in	 hypoventilation.
Increased	 intrinsic	 PEEP,	 dynamic	 hyperinflation,	 and	 weakened	 respiratory
muscle	 force	 combine	 to	 produce	 ineffective	 tidal	 volume.	 NIV	 effectively
unloads	the	respiratory	muscles,	 increases	tidal	volume,	reduces	the	respiratory
rate,	offsets	intrinsic	PEEP,	and	decreases	the	diaphragmatic	work	of	breathing.
These	changes	lead	to	more	efficient	ventilation	with	improved	oxygenation	and
reduction	in	hypercapnia.

For	 effective	 treatment,	 NIV	 needs	 to	 be	 used	 for	 appropriate	 groups	 of
patients	 and	 combined	 with	 treatment	 of	 the	 underlying	 condition	 with
bronchodilators,	 corticosteroids,	 and	 antibiotics.	 Exacerbations	 of	 COPD	 are
ideally	 suited	 for	 treatment	 with	 NIV	 support,	 given	 the	 reversibility	 of
exacerbations	with	 treatment.	A	 summary	 of	 the	main	 studies	 examining	NIV
and	 its	 effect	on	mortality	 in	AECOPD	can	be	 seen	 in	Table	173.1.	 However,
failure	 rates	of	NIV	of	approximately	20%	have	been	reported	from	controlled
trials	 and	may	 be	much	 higher	 in	 some	 real-world	 settings.52	We	 recommend
prospectively	 establishing	 a	 management	 plan	 for	 NIV	 failure	 that	 takes	 the
patient’s	wishes,	comorbidities,	and	baseline	functional	status	into	consideration.
If	 MV	 is	 felt	 to	 be	 inappropriate,	 goals	 of	 care	 should	 include	 symptom
palliation	and	ongoing	medical	care.61	A	detailed	discussion	of	NIV	and	how	to
institute	it	and	deliver	it	can	be	found	in	Chapter	167:	Noninvasive	Mechanical
Ventilation	for	the	Adult	Hospitalized	Patient.

TABLE	173.1

Summary	of	the	Main	Randomized	Controlled	Trials	of
Noninvasive	Ventilation	in	AECOPD	Looking	at	Mortality

Author Population Design NIPPV
Mode Outcome P

value

Bott54
1993
United
Kingdom

N	=	60
Adult
AECOPD
Mean	pH

Multi
center	RCT
NIPPV	vs
SMC

Volume
cycled
NIPPV	via
nasal	mask

Intention	to
treat:	30-d
survival
NIPPV	3/30

0.106



NIPPV	7.35
vs	SMC	7.33

vs	SMC
9/30

Servillo
1994
Italy

N	=	10
Adult
AECOPD

Single-
center
parallel
RCT
NIPPV	vs
SMC

Pressure
support
ventilation

Mortality:
NIPPV	1/5
vs	SMC	1/5

NS

Brochard55
1995
France,
Spain,	and
Italy

N	=	85
Adult
AECOPD
Mean	pH
NIPPV	7.27
vs	SMC	7.28

Multicenter
RCT
NIPPV	vs
SMC

Pressure
support
ventilation

In-hospital
mortality:
NIPPV	4/43
vs	12/42

0.02

Barbe56
1996
Spain

N	=	24
Adult
AECOPD
Mean	pH
NIPPV	7.34
vs	SMC	7.30

Single-
center
parallel
RCT
NIPPV	vs
SMC

BiPAP	via
nasal	mask

4/24
patients
intolerant
No
mortality
encountered

NS

Avdeev57
1998
Russia

N	=	58
Adult
AECOPD
Mean	pH
NIPPV	7.28
vs	SMC	7.26

Single-
center
parallel
RCT
NIPPV	vs
SMC

BiPAP	via
nasal/face
mask

Mortality:
NIPPV	2/29
vs	SMC
9/29

0.03

Celikel58
1998
Turkey

N	=	30
Adult
AECOPD
Mean	pH
NIPPV	7.27
vs	SMC	7.28

Single-
center
parallel
RCT
NIPPV	vs
SMC

Pressure
support
ventilation
Initial
settings
CPAP
5	+	PS
15	cm	H2O

Mortality:
NIPPV	0/15
vs	SMC
1/15

NS

Plant59 N	=	236 Multicenter BiPAP	via In-hospital 0.05



2000
The
United
Kingdom

Adult
AECOPD
Mean	pH
NIPPV	7.32
vs	SMC	7.31

RCT
NIPPV	vs
SMC

nasal/face
mask
Initial
settings
EPAP
4	+	PS
10	cm	H2O

mortality:
NIPPV
12/128	vs
24/128

Khilnani60
2002
India

N	=	40
Adult
AECOPD
Mean	pH
NIPPV	7.23
vs	SMC	7.23

Single-
center
parallel
RCT
NIPPV	vs
SMC

BiPAP	via
nasal	mask
Initial
settings
IPAP
8	+	EPAP
4	cm	H2O

In-hospital
mortality:
NIPPV	3/20
vs	2/20

NS

AECOPD,	acute	exacerbation	of	chronic	obstructive	pulmonary	disease;	BiPAP,	bilevel	positive
airway	pressure	ventilation;	CPAP,	continuous	positive	airway	pressure;	EPAP,	expiratory	positive
airway	pressure;	IPAP,	inspiratory	positive	airway	pressure;	N,	number;	NIPPV,	noninvasive
positive-pressure	ventilation;	NS,	nonsignificant;	PS,	pressure	support;	RCT,	randomized
controlled	trial;	SMC,	standard	medical	care.

Invasive	Mechanical	Ventilation
Indications	for	invasive	mechanical	ventilator	support	include:

Reduced	conscious	level
Inability	to	adequately	control	secretions
Need	for	controlled	ventilation	with	the	use	of	sedation
Persistent	or	worsening	hypoxemia	and/or	worsening	respiratory	acidosis
despite	supplemental	oxygen	or	NIV
Hemodynamic	instability	and	need	for	vasopressors

The	goal	of	MV	is	to	provide	adequate	respiratory	muscle	rest,	 improve	gas
exchange,	and	allow	time	for	exacerbation	resolution	while	not	causing	further
harm.

Ventilator	Settings
In	general,	initial	ventilator	settings	are	operator	dependent	and	vary	with	local



practices.	We	 recommend	 the	 initial	 use	 of	 assist-control	 (AC)	 ventilation	 for
invasive	MV	of	AECOPD.	AC	ventilation	is	the	most	efficient	at	decreasing	the
work	of	breathing	in	COPD	patients.62

5 	A	major	issue	during	ventilation	for	obstructive	lung	diseases	(asthma	and
COPD)	 is	 the	 development	 of	 dynamic	 hyperinflation	 (interchangeable	 with
auto-PEEP	or	intrinsic	PEEP).18	This	refers	to	increased	EELV	and	the	pressure
it	 exerts.	 Dynamic	 hyperinflation	 can	 be	 minimized	 by	 reducing	 minute
ventilation,	 prolonging	 expiration	 to	 allow	 deflation,	 and	 by	 reducing	 airflow
resistance	with	targeted	medications	(Figure	173.1).

	

Figure	173.1 	A	and	B,	 Inset	of	ventilator	 interface	 showing	 the
effects	 that	minute	ventilation,	 respiratory	 rate,	and	 inspiratory	 flow
have	on	I:E	ratio.Note	that	reducing	the	rate	from	24	to	14	breaths	per
minute	 and	 increasing	 the	 inspiratory	 flow	 from	 50	 to	 75	 L	 per
minute,	 the	 I:E	 ratio	 changes	 from	 1:1.6	 to	 1:5.5.	 Also,	 note	 in	 A
(below	 left)	 that	 the	 expired	 gas	 volume	 does	 not	 return	 to	 zero,
leading	to	trapped	air	and	intrinsic	PEEP.	I:E,	inspiration-expiration;
PEEP,	positive	end-expiratory	pressure.

The	 aim	 of	 controlled	 ventilation	 should	 be	 to	match	minute	 ventilation	 to
metabolic	requirements	while	avoiding	dynamic	hyperinflation,	lung	injury,	and
extreme	 respiratory	 acidosis.	 It	 may	 be	 necessary	 to	 aggressively	 sedate	 the
patient	 to	 achieve	 synchrony	 with	 the	 ventilator	 and	 reduce	 tachypnea.	When
selecting	a	 tidal	volume,	 it	 is	 important	 to	provide	 sufficient	volume	 to	 satisfy
the	 patient	 and	 achieve	 synchrony	 with	 the	 ventilator.	 As	 guidance,	 tidal
volumes	of	5	to	8	mL	per	kg	are	often	used.63

When	 estimating	 the	 appropriate	 minute	 ventilation,	 it	 is	 important	 to	 be
aware	that,	for	many	patients	with	severe	COPD,	the	baseline	state	is	a	chronic
compensated	respiratory	acidosis.	In	this	patient	group,	we	aim	to	achieve	their
steady-state	 (baseline)	PaCO2	 because	 this	 reflects	 the	 balance	 of	 their	 central
respiratory	drive	and	the	ability	of	their	lungs	to	ventilate.	This	can	be	estimated



from	 stable	 blood	 gas	 records	 or	 serum	 bicarbonate	 (PaCO2	 =	 1.5	 *
[HCO3]	 +	 8	 ±	 2).	 Ventilator	 settings	 that	 produce	 a	 “normal”	 PaCO2	 in	 an
individual	with	a	chronic	 respiratory	acidosis	can	 result	 in	significant	alkalosis
(ie,	 post-hypercapnic	 metabolic	 alkalosis)	 with	 its	 potential	 central	 nervous
system	 and	 cardiovascular	 complications,	 and	 difficulty	 when	 attempting	 to
wean	from	the	ventilator.

5 	 Optimization	 of	 the	 inspiration:expiration	 (I:E)	 ratio	 will	 reduce
hyperinflation,	 and,	 in	 severely	 obstructed	 patients,	 1:	 ≥4	 is	 often	 effective.63
Adjustment	of	 inspiratory	 flow	 to	 shorten	 the	 inspiratory	phase	of	 each	breath
can	lead	to	better	gas	exchange	by	prolonging	the	expiratory	phase	and	allowing
more	complete	exhalation.	In	addition,	reducing	the	respiratory	rate	will	elongate
the	 expiratory	 phase	 and	 decrease	 the	 I:E	 ratio.	As	 guidance,	 inspiratory	 flow
rates	 between	 70	 and	 100	 L	 per	 minute	 are	 appropriate	 depending	 on	 peak
airway	pressures.	Use	of	low	tidal	volumes	and	high-flow	rates	can	lead	to	short
insufflation	time,	with	the	risk	of	double	triggering	if	the	patient	continues	effort
beyond	 ventilator	 insufflation	 time.	 Double	 triggering	 can	 lead	 to	 high	 tidal
volumes	and	increased	EELV.	In	this	situation,	use	of	a	longer	inspiratory	time
may	 resolve	 this;	 other	 options	 include	 switching	 from	 constant	 flow	 to	 a
decelerating	 flow	 waveform,	 reducing	 peak	 flow,	 or	 by	 adding	 an	 inspiratory
pause.64

The	 trigger	 for	 initiation	of	each	breath	depends	on	 the	mode	of	ventilation
chosen.	For	controlled	ventilation,	the	trigger	is	time.	However,	during	AC,	the
patient	 initiates	 the	 breath,	 and	 this	 is	 thought	 to	 be	 more	 comfortable.	 The
ventilator	detects	changes	in	the	patient’s	effort	and	triggers	a	breath	in	response.
Trigger	 types	 include	 pressure,	 volume,	 or	 flow.	 In	 pressure	 triggering,	 the
patient	 must	 exert	 a	 predetermined	 amount	 of	 negative	 pressure	 to	 elicit	 a
ventilator-assisted	breath	 (1-5	 cm	H2O).	 In	 flow	 triggering,	 the	 patient’s	 effort
decreases	the	bias	flow	in	the	ventilator	circuit	by	a	predetermined	value	(1-3	L
per	 minute),	 which	 then	 initiates	 a	 breath.	 We	 generally	 use	 flow	 triggering
because	it	was	thought	to	be	more	comfortable	for	the	patient	and	can	results	in
less	work	of	breathing	for	some	patients.17	Patients	with	dynamic	hyperinflation
have	greater	difficulty	 triggering	 the	ventilator.	This	 is	because	 they	 first	must
generate	 sufficient	 force	 to	 overcome	 the	 elastic	 recoil	 associated	 with	 the
increased	EELV	 (intrinsic	 PEEP)	 and	 then	 sufficient	 force	 to	 reach	 the	 trigger
threshold.62

The	 level	of	 intrinsic	PEEP	can	usually	be	estimated	 through	 the	ventilator.
Static	 intrinsic	 PEEP	 can	 be	 measured	 in	 patients	 without	 active	 respiratory
effort.	The	ventilator	executes	an	end-expiratory	hold	maneuver.	This	provides	a



measure	 of	 total	 PEEP	 by	 allowing	 lung	 units	 with	 different	 regional	 time
constants	 to	 equalize	 with	 the	 ventilator.	 The	 intrinsic	 PEEP	 can	 then	 be
calculated	 by	 subtracting	 the	 external	 PEEP	 from	 the	 total	 PEEP.	 For
spontaneously	breathing	patients,	 the	process	is	more	complex	and	requires	the
use	 of	 esophageal	 pressure	 monitors	 and	 airflow	 tracings.	 Expiratory	 muscle
activity	and	airway	narrowing	can	all	cause	inaccurate	measurements	of	intrinsic
PEEP.

5 	Elevated	 intrinsic	PEEP	can	 lead	 to	nontriggered	breaths	 that	 increase	 the
work	 of	 breathing	 and	 sensation	 of	 dyspnea.	 In	 this	 situation,	 the	 addition	 of
external	PEEP	set	 through	 the	ventilator	can	decrease	 the	 inspiratory	 threshold
load.18	 In	 general,	 setting	 external	 PEEP	 approximately	 70%	 of	 the	 intrinsic
PEEP	is	effective	in	patients	with	COPD.	A	reduction	of	nontriggered	breaths	is
a	 good	 indication	 of	 more	 comfortable	 ventilator	 settings.	 The	 clinical
assessment	of	the	patient	receiving	MV	is	important	in	detecting	the	adequacy	of
patient	 ventilator	 interaction	 and	 respiratory	 distress.	 Analysis	 of	 ventilator
waveforms	can	also	provide	vital	information.

A	 detailed	 discussion	 of	 invasive	 ventilation	 and	 how	 to	 institute	 it	 and
deliver	 it	 can	 be	 found	 in	 Chapter	 166:	 Invasive	 Mechanical	 Ventilation	 and
Extracorporeal	Life	Support	for	Respiratory	Failure.

Weaning	from	Mechanical	Ventilation
Patients	with	severe	COPD	can	prove	difficult	when	trying	to	liberate	them	from
the	 ventilator.	 COPD	 patients	 can	 develop	 significant	 dynamic	 hyperinflation
during	weaning	as	a	result	of	tachypnea	and	expiratory	flow	limitation.	This	will
lead	 to	 respiratory	 distress	 and	 clinical	 signs	 of	weaning	 failure.17	All	 patients
should	be	assessed	for	appropriateness	of	attempted	weaning	(Table	173.2)	on	a
daily	basis.

TABLE	173.2

Selection	of	COPD	Patients	for	Weaning	from	Mechanical
Ventilation

Resolution	of	the	underlying	cause	of	respiratory	failure

Stable	hemodynamics	without	need	for	significant	vasopressors



Stable	metabolic	state,	ie,	without	sepsis	or	hyperthermia

Cessation	of	neuromuscular	blocking	agents

Patients	should	be	alert,	able	to	follow	commands,	and	protect	their	airway.

Metabolic	and	electrolyte	derangement	should	be	corrected.

Adequate	gas	exchange,	ie,	PaO2-to-FiO2	ratio	greater	than	200

Require	minimal	assistance	from	the	ventilator,	ie,	PEEP	≤5	cm	H2O	and	FiO2

≤50%

Adequate	respiratory	muscle	strength

Rapid	Shallow	Breathing	Index
Multiple	 studies	 have	 reported	 the	 development	 of	 rapid	 shallow	 breathing	 in
patients	 who	 fail	 weaning	 from	 the	 ventilator.	 The	 degree	 of	 rapid	 shallow
breathing	can	be	quantified	by	calculating	 the	 ratio	of	 respiratory	 frequency	 to
tidal	 volume	 (f/VT)	 in	 liters.	 An	 f/VT	 ratio	 of	 <105	 breaths/min/L	 has	 been
shown	to	be	the	best	predictor	of	weaning	outcome17	and	has	become	part	of	the
routine	 assessment	 of	 suitability	 for	 weaning	 from	 MV.	 It	 is	 important	 to
recognize	 that	 this	 test	 is	most	accurate	 in	patients	who	have	 received	MV	for
less	than	7	days.

Weaning	Methods
6 	 6 	 There	 are	 two	 main	 types	 of	 weaning	 methods	 and	 these	 are	 daily
spontaneous	 breathing	 trials	 and	 gradual	 reduction	 of	 pressure	 support	 (PS).
Daily	 spontaneous	 breathing	 trials	 have	 been	 shown	 to	 be	 safe,	 effective,	 and
faster	at	 liberating	patients	from	MV.65	Comparing	gradual	PSV	reductions	and
spontaneous	breathing	trials,	current	evidence	does	not	indicate	which	of	these	is
superior.66	 We	 generally	 opt	 for	 a	 spontaneous	 breathing	 trial	 using	 the
continuous	positive	airway	pressure	mode	 through	 the	ventilator	circuit	 to	 take
advantage	of	ventilator	alarms	with	or	without	PEEP	for	30	minutes	to	2	hours.
At	 30	 to	 120	 minutes,	 if	 the	 patient	 looks	 favorable,	 we	 will	 extubate	 to
humidified	 oxygen	 to	 maintain	 O2	 saturations	 88%	 to	 92%.	 We	 have	 a	 low
threshold	for	extubation	to	NIV	in	patients	who	are	marginal	as	long	as	they	can



manage	 their	 own	 secretions,	 are	 mentally	 unimpaired,	 and	 do	 not	 have	 a
difficult	airway.67	The	development	of	rapid	shallow	breathing,	asynchronous	or
paradoxic	 thoracoabdominal	 movements,	 and	 accessory	 muscle	 recruitment
during	a	spontaneous	breathing	trial	are	physical	examination	findings	indicating
high	risk	for	an	unsuccessful	trial	of	extubation.17	When	any	of	these	findings	are
present,	 the	patient	 should	be	placed	back	on	ventilator	 support.	Subsequently,
there	 should	 be	 an	 assessment	 and	 correction	 of	 suspected	 causes	 of	weaning
failure.

A	 detailed	 discussion	 of	 weaning	 from	MV	 can	 be	 found	 in	 Chapter	 168:
Discontinuation	of	Mechanical	Ventilation.

Tracheostomy
6 	 Tracheostomy	 is	 commonly	 performed	 for	 mechanically	 ventilated	 patients
with	 prolonged	 ventilator-dependent	 respiratory	 failure.	 Reasons	 to	 perform
tracheostomy	include	the	provision	of	a	stable	airway	to	facilitate	rehabilitation,
improved	 clearance	 of	 respiratory	 tract	 secretions	 and,	 in	 some	 cases,	 the
reduction	of	sedation.68	Sedation	has	been	consistently	associated	with	delirium
and	 the	 length	 of	 ventilator-dependent	 respiratory	 failure.69	 In	 our	 experience,
tracheostomy	often	reduces	the	need	for	sedation,	because	it	can	improve	ability
to	 communicate	 and	 reduce	 frustration.	 This	 has	 to	 be	 weighed	 against	 the
complications	of	tracheostomy	that	include	bleeding,	fistula	formation,	infection,
and	tracheal	stenosis.70	The	use	of	a	tracheostomy	as	an	adjunct	to	the	weaning
process	 in	 COPD	 can	 be	 helpful	 for	 appropriate	 patients.	 COPD	 patients	 can
occasionally	require	long	periods	of	MV	to	allow	time	for	their	exacerbation	to
resolve	sufficiently	to	allow	weaning.	Failure	of	weaning	from	the	ventilator	in
COPD	is	complex	to	understand,	because	it	results	from	an	imbalance	between
respiratory	 muscle	 capacity	 and	 the	 applied	 resistive	 and	 elastic	 loads.71
Endotracheal	 tubes	 can	 be	 small	 in	 diameter,	 and	 the	 development	 of	 biofilm
(debris	 lining	 the	endotracheal	 tube)	can	further	decrease	 the	 internal	diameter,
leading	to	a	greater	resistive	load.71	Several	groups	have	studied	the	effects	that
tracheotomies	 have	 on	 the	 ability	 to	 wean.71,72	 They	 found	 that	 tracheotomy
significantly	 reduces	work	of	breathing,	 the	pressure	 time	 index,	and	measures
of	resistive	and	elastic	workload.

A	 detailed	 discussion	 of	 endotracheal	 intubation	 and	 tracheotomy	 can	 be
found	 in	 Chapter	 8:	 Airway	 Management	 and	 Endotracheal	 Intubation	 and
Chapter	9:	Tracheostomy.



EXTRACORPOREAL	LIFE	SUPPORT,
EXTRACORPOREAL	CARBON	DIOXIDE
REMOVAL
7 	 Despite	 continued	 improvements	 in	 NIV,	 it	 is	 sometimes	 insufficient	 to
overcome	 refractory	 hypercapnia	 and	 acidosis	 in	 AECOPD.	 In	 such	 cases,
conversion	 to	 invasive	 MV	 is	 needed.	 This	 self-selecting	 group	 has	 a	 higher
mortality	up	to	30%.73	Mortality	is	increased	because	the	patients	are	exposed	to
the	 associated	 risks	 of	 invasive	 ventilation,	 including	 ventilator-associated
pneumonia,74	 prolonged	 MV,	 and	 difficulty	 weaning.75	 Advances	 in
extracorporeal	 gas	 exchange	 technology	 have	 led	 to	 the	 evolution	 of	 systems
designed	 for	 extracorporeal	 carbon	 dioxide	 removal	 (ECCO2R).	 Currently,	 the
evidence	to	support	its	use	is	based	on	case	reports	and	small	case	series.	Kluge
et	al76	 studied	21	patients	 treated	with	ECCO2R	at	 the	point	 of	 failing	 support
with	NIV	 and	 compared	 them	 retrospectively	 to	 a	 historic	 cohort	 treated	with
invasive	 MV.	 Of	 the	 21	 patients,	 14	 of	 whom	 were	 being	 treated	 for	 an
AECOPD,	 ninety	 percent	 treated	with	 the	 ECCO2R	 did	 not	 require	 intubation
and	mechanical	ventilatory	support.	There	was	no	statistical	difference	in	28-day
mortality	 or	 6-month	mortality.	 Burki	 et	 al77	 also	 reported	 on	 a	 pilot	 study	 of
ECCO2R	 in	 COPD	 patients	 with	 hypercapnic	 respiratory	 failure.	 There	 were
three	groups	of	patients:	group	1	consisted	of	7	patients	who	were	receiving	NIV
and	had	a	high	likelihood	of	requiring	intubation;	group	2	consisted	of	2	patients
who	had	failed	two	weaning	attempts	from	continuous	NIV	support;	and	group	3
consisted	of	11	patients	already	on	invasive	MV	that	were	placed	on	ECCO2R	to
assist	with	weaning.	In	the	first	group	of	patients,	despite	a	mean	arterial	pH	of
7.25	 and	 PCO2	 of	 83	 mm	 Hg	 at	 baseline	 while	 on	 NIV,	 all	 seven	 avoided
intubation	and	MV.	Both	patients	in	group	2	avoided	invasive	MV	but	remained
on	 intermittent	 NIV	 support	 after	 weaning	 from	 ECCO2R.	 In	 group	 3,	 three
patients	were	weaned	off	invasive	MV,	and	in	three	further	patients,	the	level	of
invasive	 ventilatory	 support	 was	 reduced.	 Only	 one	 patient	 remained	 on	 the
same	level	of	ventilatory	support.	However,	no	patient	in	group	3	was	able	to	be
liberated	 from	 ventilator	 support	 altogether.	 The	 evidence	 from	 these	 studies
would	 suggest	 that	 ECCO2R	 is	 an	 effective	 therapeutic	 modality	 for	 CO2

removal,	but	it	does	not	change	the	long-term	survival,	and	there	are	associated
risks.	 Complications	 related	 to	 the	 need	 for	 the	 mobility-limiting	 large-bore
catheters,	 the	need	for	anticoagulation,	and	 the	consequences	of	hemolysis	and



thrombocytopenia	 associated	 with	 ECMO	 all	 need	 to	 be	 considered.	 Patients
who	 develop	 hypercapnic	 respiratory	 failure	 are	 at	 the	 severe	 end	 of	 the
spectrum.	The	use	of	such	lifesaving	modalities	should	be	seen	as	indication	for
consideration	 of	 lung	 transplantation	 or	 initiation	 of	 a	 palliative	 focused	 care
plan.

Nutrition
Critical	illness	induces	a	highly	catabolic	state	that	can	lead	to	loss	of	significant
muscle	mass.	This	 catabolic	 state,	 prolonged	 immobility,	 and	 a	 series	 of	 other
risk	factors,	including	possible	exposure	to	corticosteroids	and	paralytic	agents,
can	contribute	to	critical	care	polyneuropathy.78	Awareness	of	loss	of	respiratory
muscle	mass	and	diaphragm	weakness	is	extremely	important	because	it	can	lead
to	difficulty	weaning	from	MV.79	Nutrition	should	not	be	neglected	for	patients
who	are	stable	enough	to	feed.	Nutrition	should	be	balanced	to	meet	the	body’s
needs	 and	 avoid	 loss	 of	 muscle	 mass.80	 Unnecessary	 calories	 and	 excessive
carbohydrate	 feeding	 can	 lead	 to	 carbon	 dioxide	 production	 that	 the	 patient’s
compromised	respiratory	system	may	be	unable	to	clear.

A	 detailed	 discussion	 of	 nutritional	 support	 in	 critically	 ill	 patients	 can	 be
found	 in	 Chapter	 213:	 Nutritional	 Therapy	 in	 the	 Critically	 Ill	 Patient	 and
Chapter	214:	Parenteral	and	Enteral	Nutrition	In	the	ICU.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	70-year-old	man	with	history	of	chronic	obstructive	pulmonary	disease,
congestive	heart	failure,	and	coronary	artery	disease	presents	with	several	days
of	worsening	dyspnea,	increased	cough	and	sputum	production,	and	chest
tightness.	He	has	not	had	fevers,	chills,	weight	gain,	or	lower	extremity	edema.
In	the	emergency	department,	his	oxygen	saturation	on	room	air	is	82%	and	an
arterial	blood	gas	shows	hypercapnia.	Chest	radiograph	does	not	have	infiltrates
or	consolidations.	The	patient	is	started	on	noninvasive	ventilation	and	admitted
to	the	intensive	care	unit.	Which	of	the	following	is	the	best	pharmacologic
therapy	for	this	patient?

A. 	Antibiotics,	nebulized	corticosteroids



B. 	Antibiotics,	systemic	corticosteroids
C. 	Antibiotics,	nebulized	corticosteroids,	nebulized	bronchodilators
D. 	Antibiotics,	systemic	corticosteroids,	nebulized	bronchodilators

2. 	A	60-year-old	woman	presents	with	dyspnea,	wheezing,	and	worsening
cough	with	sputum	production	consistent	with	an	acute	COPD	exacerbation
(AECOPD).	Physical	exam	is	notable	for	tachypnea,	accessory	respiratory
muscle	use,	and	diffuse	expiratory	wheezing	on	lung	auscultation.	Laboratory
workup	includes	an	arterial	blood	gas	with	pH	of	7.25	and	PaCO2	of	70.	In
addition	to	appropriate	medications,	which	of	the	following	has	been	shown	to
prevent	the	need	for	mechanical	ventilation?

A. 	Heliox
B. 	High-flow	nasal	oxygen
C. 	Noninvasive	positive	pressure	ventilation
D. 	Supplemental	oxygen	target	an	SpO2	>	96%

3. 	A	60-year-old	woman	(ideal	body	weight	60	kg)	with	an	acute
exacerbation	of	COPD	continues	to	deteriorate	despite	maximal	therapy	and	is
intubated	and	placed	on	mechanical	ventilation.	Ventilator	settings	are	AC/VC
with	respiratory	rate	18,	tidal	volume	450,	FiO2	40%,	and	PEEP	5.	The
inspiratory	flow	rate	is	set	at	80.	Ventilator	dyssynchrony	is	soon	noted,	with
elevated	peak	pressures	and	auto-PEEP	(total	PEEP	12).	In	addition	to	increasing
her	sedation,	what	is	the	next	most	appropriate	step	in	ventilator	management?

A. 	Change	applied	PEEP	to	12.5
B. 	Change	inspiratory	flow	rate	to	60
C. 	Change	respiratory	rate	to	12
D. 	Change	tidal	volume	to	500	mL

Answers

1.	The	correct	answer	is	D.
Rationale:	 This	 patient	 has	 an	 acute	 exacerbation	 of	 COPD	 (AECOPD).

Nebulized	short-acting	bronchodilators,	namely,	β-agonists	and	anticholinergics,
are	 used	 to	 reduce	 bronchospasm.	 These	 medications	 improve	 lung	 function,
symptoms,	and	PaO2.	Corticosteroids	have	significant	anti-inflammatory	effects
and	are	used	routinely	for	the	treatment	of	COPD	exacerbations.	Corticosteroids



in	 conjunction	 with	 bronchodilators	 speed	 the	 recovery	 of	 FEV1	 and	 FVC.
Empiric	antibiotics	have	been	shown	to	provide	benefit	when	there	are	at	 least
two	 of	 the	 three	 cardinal	 symptoms	 (dyspnea,	 sputum	 volume,	 and	 sputum
purulence)	 and	 requiring	 ICU	 admission.	 Choice	 D	 is	 correct	 as	 it	 has	 all	 of
these	 therapies.	 Inhaled	 and	 nebulized	 steroids	 have	 small	 studies	 looking	 at
treatment	during	the	early	phase	of	AECOPD	but	would	not	be	appropriate	given
the	severity	of	the	current	presentation.

2.	The	correct	answer	is	C.
Rationale:	 Patients	with	AECOPD	 and	 hypercapnic	 respiratory	 failure	with

pH	 less	 than	 7.35	 are	 those	 most	 likely	 to	 benefit	 from	 noninvasive	 positive
pressure	 ventilation	 (NIPPV)	 (choice	C	 is	 correct).	NIPPV	 effectively	 unloads
the	 respiratory	 muscles,	 increases	 tidal	 volume,	 reduces	 the	 respiratory	 rate,
offsets	 intrinsic	PEEP,	and	decreases	 the	diaphragmatic	work	of	breathing;	 this
in	 turn	 reduces	 hypercapnia	 and	 lowers	 the	 rate	 of	 intubation.	 Supplemental
oxygen	is	used	in	AECOPD	to	target	SpO2	between	88%	and	92%;	higher	SpO2

is	avoided	to	minimize	hyperoxemia	and	associated	risk	of	hypercapnia	(choice
D	 is	 incorrect).	 Heliox	 improves	 flow	 in	 larger	 airways	 with	 more	 turbulent
airflow.	As	a	result,	airway	resistance	and	work	of	breathing	are	decreased,	but
heliox	 has	 not	 been	 found	 to	 improve	 outcomes	 such	 as	 requirement	 for
intubation	or	mortality	(choice	A	is	incorrect).	High	flow	oxygen	has	been	found
to	 have	 large	 benefit	 in	 acute	 hypoxemic	 respiratory	 failure;	 it	 allows	 for
washout	 of	 CO2	 from	 anatomic	 dead	 space	 and	 has	 been	 shown	 to	 decrease
respiratory	 rate.	 It	 has	 not	 been	 shown	 to	 reduce	 intubation	 in	 AECOPD	 and
hypercapnic	respiratory	failure	(choice	B	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	Optimizing	the	ratio	of	inspiration	to	expiration	will	reduce	auto-

PEEP	and	hyperinflation.	In	severely	obstructed	patients	an	I:E	ratio	of	at	least
1:4	is	effective.	Decreasing	minute	ventilation	by	decreasing	respiratory	rate	will
increase	 expiratory	 time	 (choice	C	 is	 correct).	 Increasing	 inspiratory	 flow	 rate
(not	listed	as	a	choice)	would	also	help	optimize	the	I:E	ratio	by	shortening	the
inspiratory	 phase,	 though	 to	 a	 lesser	 degree.	 Conversely,	 decreasing	 the
inspiratory	 flow	 would	 prolong	 inspiratory	 time	 and	 worsen	 hyperinflation
(choice	 B	 is	 incorrect).	 Elevated	 intrinsic	 PEEP	 leads	 to	 increased	 work	 of
breathing	 as	 the	 intrinsic	 PEEP	 makes	 it	 harder	 for	 the	 patient	 to	 trigger	 the
ventilator.	There	ends	up	being	more	nontriggered	breaths	and	dyspnea.	Setting
the	 extrinsic	 PEEP	 to	 70%	 of	 the	 intrinsic	 PEEP	 can	 help	 decrease	 the
inspiratory	 threshold,	 allowing	 for	more	 patient	 triggered	breaths	 and	 comfort.



Setting	extrinsic	PEEP	to	12.5	is	far	greater	than	70%	of	the	intrinsic	PEEP	of	12
shown	 in	 this	 question	 (choice	A	 is	 incorrect).	 Increasing	 the	 tidal	 volume	 to
500	 mL	 would	 allow	 for	 less	 expiratory	 time,	 which	 would	 worsen
hyperinflation	(choice	D	is	incorrect).
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Chapter	174
Pulmonary	Hypertension	in	the	Intensive
Care	Unit
Kimberly	A.	Fisher,	Jonathan	D.	Holdorf,	Harrison	W.	Farber

KEY	POINTS:
1.	 Pulmonary	hypertension	(PH)	is	common	among	critically	ill	patients.

Signs	of	PH	and	right	ventricular	failure	are	often	identified	on
echocardiogram.

2.	 Differentiating	between	preexisting	and	worsening	pulmonary
hypertension	(PH)	leading	to	right	ventricular	(RV)	failure	vs	PH	and
RV	failure	due	to	critical	illness	is	an	important	early	branch	point	in
evaluation	of	PH	in	the	ICU	setting	as	the	therapeutic	options	greatly
differ.

3.	 The	first	step	for	treating	pulmonary	hypertension	in	the	ICU	is
determining	the	underlying	etiology	as	pulmonary	vasodilators	for
group	2	PH	and	some	forms	of	group	5	PH	are	associated	with
clinical	deterioration.	Pulmonary	vasodilators	for	group	3	PH	can
also	worsen	mismatch.

4.	 Echocardiography	is	an	important	noninvasive	tool	in	initial
evaluation	of	PH	and	right	ventricular	(RV)	function	in	the	ICU
setting.	Echocardiography	can	provide	noninvasive	estimates	of
pulmonary	arterial	pressures	as	well	as	dynamic	assessment	of	right
and	left	ventricular	function	as	well	as	valvular	function.

5.	 In	the	appropriate	setting	and	when	performed	and	interpreted	by	an
experienced	clinician,	right	heart	catheterization	(RHC)	can	confirm
the	diagnosis	of	PH,	provide	valuable	hemodynamic	data,	and	can
inform	management	decisions	for	patients.	For	example,	RHC	can



help	direct	administration	of,	and	assess	response	to	pulmonary
vasodilators,	cardiac	inotropes,	and	vasopressors	in	a	patient	with
PAH	requiring	initiation	or	titration	of	pulmonary	vasodilators.

6.	 Fundamental	concepts	for	management	of	decompensated	right
ventricular	failure	due	to	PAH	include	treatment/correction	of
underlying	insult,	optimization	of	RV	preload,	RV	afterload	reduction,
blood	pressure	and	myocardial	contractility	support	if	needed,	and
early	consideration	for	mechanical	circulatory	support.

INTRODUCTION
2 	Pulmonary	hypertension,	defined	as	a	mean	pulmonary	artery	pressure	(mPAP)
greater	than	20	mm	Hg,	is	a	common	finding	among	critically	ill	patients.	It	can
be	 related	 to	 the	 underlying	 critical	 illness	 (respiratory	 failure,	 pulmonary
embolism,	decompensated	heart	failure),	preexisting	conditions	(left-sided	heart
disease,	 chronic	 obstructive	 pulmonary	 disease	 [COPD],	 and	 interstitial	 lung
disease),	 or	 may	 be	 the	 primary	 cause	 of	 critical	 illness,	 as	 in	 the	 case	 of
decompensated	right	heart	failure	due	to	pulmonary	arterial	hypertension	(PAH).
Initiation	 of	 appropriate	 therapy	 requires	 differentiating	 among	 these	 possible
etiologies.

CLASSIFICATION/ETIOLOGY
Pulmonary	hypertension	is	classified	into	five	groups	based	on	similar	pathology
and	response	to	treatment,	according	to	the	6th	World	Symposium	on	Pulmonary
Hypertension	 (Table	 174.1).1	 In	 this	 classification,	 groupings	 are	 based	 on
whether	 the	 primary	 abnormality	 is	 in	 the	 precapillary	 arteries	 and	 arterioles
(group	 1),	 postcapillary	 pulmonary	 veins	 and	 venules	 (group	 2),	 alveoli	 and
capillary	beds	 (group	3),	or	due	 to	chronic	occlusion	of	 the	pulmonary	vessels
(group	4).	Group	5	comprises	causes	of	pulmonary	hypertension	with	multiple	or
unclear	mechanisms.

TABLE	174.1

Updated	Clinical	Classification	of	Pulmonary	Hypertension



(Nice,	2019)

Group	1.	Pulmonary	arterial	hypertension	(PAH)

Idiopathic	PAH

Heritable

Drug	and	toxin	induced

Associated	with	connective	tissues	disease,	HIV	infection,	portal
hypertension,	congenital	heart	diseases,	and	schistosomiasis

Pulmonary	veno-occlusive	disease	and/or	pulmonary	capillary
hemangiomatosis

PAH	long-term	responders	to	calcium	channel	blockers

Persistent	pulmonary	hypertension	of	the	newborn

Group	2.	Pulmonary	hypertension	owing	to	left	heart	disease

PH	due	to	heart	failure	with	preserved	LVEF

PH	due	to	heart	failure	with	reduced	LVEF

Valvular	heart	disease

Congenital/acquired	left	heart	inflow/outflow	tract	obstruction	and
congenital	cardiomyopathies

Group	3.	Pulmonary	hypertension	owing	to	lung	disease	and/or	hypoxia

Obstructive	pulmonary	disease

Restrictive	lung	disease

Other	pulmonary	diseases	with	mixed	restrictive	and	obstructive	pattern

Hypoxia	without	lung	disease

Developmental	lung	disorders

Group	4.	PH	due	to	pulmonary	artery	obstruction

Chronic	thromboembolic	PH



Other	pulmonary	artery	obstructions

Group	5.	Pulmonary	hypertension	with	unclear	and/or	multifactorial
mechanisms

Hematologic	disorders:	chronic	hemolytic	anemia,	myeloproliferative
disorders,	and	splenectomy

Systemic	disorders:	sarcoidosis,	pulmonary	Langerhans	cell	histiocytosis,
and	lymphangioleiomyomatosis

Metabolic	disorders:	glycogen	storage	disease,	Gaucher	disease,	and
thyroid	disorders

Others:	tumoral	obstruction,	fibrosing	mediastinitis,	chronic	renal	failure,
and	segmental	PH

Complex	congenital	heart	disease

HIV,	human	immunodeficiency	virus;	LVEF,	left	ventricular	ejection	fraction;	PH,	pulmonary
hypertension.
Modified	from	Simonneau	G,	Montani	D,	Celermajer	DS,	et	al.	Haemodynamic	definitions	and
updated	clinical	classification	of	pulmonary	hypertension.	Eur	Respir	J.	2019;53:1801913.

PAH	 refers	 only	 to	group	1	 and	 is	 distinct	 from	other	 forms	of	 pulmonary
hypertension.	 PAH	 can	 be	 idiopathic	 (IPAH,	 formerly	 primary	 pulmonary
hypertension	 or	 PPH),	 heritable	 (HPAH),	 or	 associated	 with	 underlying
conditions	 such	 as	 connective	 tissue	 disease,	 congenital	 heart	 disease,	 portal
hypertension,	 HIV	 infection,	 schistosomiasis,	 and	 specific	 drugs	 (eg,
fenfluramine,	 methamphetamines,	 tyrosine	 kinase	 inhibitors)	 or	 toxins	 (eg,
rapeseed	oil).	Pulmonary	venous	hypertension	is	the	result	of	elevated	left-sided
cardiac	 filling	 pressures	 that	 lead	 to	 passive	 elevation	 in	 pulmonary	 artery
pressures	 (PAPs).	 This	 is	 typically	 caused	 by	 left	 ventricular	 (LV)	 systolic	 or
diastolic	heart	failure,	or	valvular	heart	disease	(mitral	or	aortic	regurgitation	or
stenosis).	 Lung	 disease	 can	 cause	 pulmonary	 hypertension	 due	 to	 alveolar
hypoxemia	 (hypoxic	 pulmonary	 vasoconstriction)	 and	 vascular	 destruction.2
Chronic	 thromboembolic	 pulmonary	 hypertension	 (CTEPH)	 can	 be	 due	 to
proximal	 and/or	 distal	 obstruction	 of	 the	 pulmonary	 vasculature	 by	 chronic
thromboemboli	(or	foreign	bodies).

Pulmonary	hypertension	related	to	critical	illness	can	occur	through	multiple
mechanisms,	 and	 therefore	 patients	 may	 fall	 into	 any	 of	 the	 above-described
groups	(Table	174.2).	However,	no	matter	the	group,	or	the	reason	for	admission



to	 the	 intensive	 care	unit	 (ICU),	 right	 heart	 failure	 in	 this	 setting	 is	 associated
with	a	poor	prognosis.	Among	patients	with	PAH	or	inoperable	CTEPH	admitted
to	 the	 ICU	 with	 decompensated	 right	 heart	 failure,	 infection	 is	 the	 most
commonly	 identified	 trigger	 (approximately	25%),	with	other	 causes	 including
drug	 or	 dietary	 noncompliance,	 arrhythmia,	 pulmonary	 embolism,	 and
pregnancy.	 For	 approximately	 50%	 of	 cases	 of	 decompensated	 right	 heart
failure,	 no	 precipitating	 etiology	 can	 be	 identified,	 suggesting	 it	 is	 due	 to
underlying	disease	progression.	Decompensated	right	heart	failure	requiring	ICU
admission	is	associated	with	a	high	mortality	rate	(32%-41%).3,4

TABLE	174.2

Common	Causes	of	Pulmonary	Hypertension	in	the
Intensive	Care	Unit

Hypoxemia/parenchymal	lung	disease

Acute	respiratory	distress	syndrome

Pulmonary	embolism

Interstitial	lung	disease

Obstructive	sleep	apnea

Chronic	obstructive	pulmonary	disease

Left	heart	disease

Acute	myocardial	infarction

Valvular	disease	(mitral	regurgitation/mitral	stenosis)

Severe	diastolic	dysfunction

Cardiomyopathy

Postoperative	states

Coronary	artery	bypass	grafting

Cardiac	transplantation



Lung/heart-lung	transplantation

Pneumonectomy

Thromboembolic	lung	disease

Deterioration	of	chronic	pulmonary	arterial	hypertension

Infection

Fluid	overloaded	state

Arrhythmias

Pulmonary	embolism

Acute	on	chronic	pulmonary	hypertension

Medication	withdrawal

Modified	from	Zamanian	RT,	Haddad	F,	Doyle	RL,	et	al.	Management	strategies	for	patients	with
pulmonary	hypertension	in	the	intensive	care	unit.	Crit	Care	Med.	2007;35:2037-2050.

Decompensation	of	left	heart	disease	can	cause	or	worsen	pulmonary	venous
hypertension.	 Exacerbations	 of	 chronic	 hypoxemic	 lung	 disease	 (chronic
obstructive	 lung	 disease	 or	 interstitial	 lung	 disease)	 can	 be	 associated	 with
pulmonary	 hypertension.	 Acute	 pulmonary	 embolism	 can	 cause	 pulmonary
hypertension,	depending	on	the	degree	of	vascular	obstruction.	For	a	patient	with
normal	pulmonary	vasculature,	greater	 than	50%	obstruction	of	 the	pulmonary
vasculature	 must	 occur	 before	 pulmonary	 hypertension	 occurs.	 Pulmonary
hypertension	may	also	occur	following	acute	pulmonary	embolism	with	a	lesser
degree	 of	 pulmonary	 vascular	 obstruction	 among	 patients	 with	 underlying
cardiopulmonary	disease.5

Pulmonary	 hypertension	 complicates	 73%	 to	 92%	 of	 cases	 of	 acute
respiratory	 distress	 syndrome	 (ARDS)6,7;	 however,	 it	 is	 almost	 always	mild	 to
moderate	 in	severity.	 In	one	study,	only	7%	of	patients	with	ARDS	had	severe
pulmonary	hypertension.7	The	magnitude	of	pulmonary	hypertension	 in	ARDS
appears	 to	 be	 related	 to	 the	 severity	 of	 lung	 injury.8	 Approximately	 25%	 of
patients	with	ARDS	have	 findings	of	 right	ventricular	 (RV)	 failure	as	detected
by	echocardiography.8-10	It	has	been	suggested	that	the	incidence	of	RV	failure	in
ARDS	has	decreased	with	widespread	adoption	of	low	tidal	volume	ventilation.
The	 prognostic	 significance	 of	 pulmonary	 hypertension	 and	 RV	 failure	 for
patients	 with	 ARDS	 is	 uncertain,	 with	 multiple	 studies	 yielding	 conflicting



results.6,8,11,12

PHYSIOLOGY	OF	THE	PULMONARY
CIRCULATION	AND	RIGHT	VENTRICLE
The	pulmonary	circulation	is	the	only	vascular	bed	that	accommodates	the	entire
cardiac	output	while	maintaining	both	low	pressure	and	low	vascular	resistance.
Normally,	 the	 pulmonary	 vasculature	 is	 able	 to	 accommodate	 increases	 of
cardiac	 output	 without	 increases	 of	 pressure	 or	 resistance	 via	 dilation	 of
pulmonary	 vessels	 and	 recruitment	 of	 previously	 closed	 vessels.13	 Pulmonary
hypertension	develops	when	abnormalities	of	the	pulmonary	vasculature	lead	to
increases	 of	 pulmonary	 vascular	 resistance	 (PVR)	 and	 therefore	 increased	 RV
afterload.

Because	the	RV	normally	ejects	blood	against	a	significantly	lower	afterload
than	the	LV,	it	has	a	thinner	wall	and	is	therefore	more	compliant.	This	allows	it
to	 accommodate	 large	 increases	 in	 volume	 (preload).	 However,	 increases	 of
afterload	 cause	 proportionate	 decreases	 of	 RV	 stroke	 volume.14	 Decreased	RV
stroke	volume	reduces	blood	return	to	the	LV,	thereby	decreasing	cardiac	output.
In	 addition,	 RV	 pressure	 overload	 causes	 “ventricular	 interdependence,”	 in
which	elevated	right	ventricular	end-diastolic	pressure	(RVEDP)	causes	bowing
of	 the	 interventricular	 septum	 toward	 the	 LV	 during	 diastole,	 preventing	 LV
diastolic	filling	and	further	reducing	cardiac	output.13	RV	pressure	overload	can
also	open	the	foramen	ovale,	allowing	the	shunting	of	blood	from	right	 to	 left,
with	resultant	hypoxemia.14

PATHOLOGY	AND	PATHOGENESIS
Patients	 with	 PAH	 share	 common	 pathological	 findings	 including	 intimal
fibrosis,	 increased	 medial	 thickness,	 pulmonary	 arteriolar	 occlusion,	 and
plexiform	 lesions.15	 Multiple	 molecular	 pathways	 involved	 during	 the
pathogenesis	of	IPAH	have	been	identified.	Patients	with	IPAH	have	an	increase
of	mediators	of	 vasoconstriction	 and	vascular	 smooth	muscle	 cell	 proliferation
(thromboxane	 A2,	 endothelin	 1)	 and	 a	 decrease	 of	 substances	 that	 promote
pulmonary	 vasodilation	 and	 inhibition	 of	 vascular	 smooth	 muscle	 cell
proliferation	(prostacyclin,	nitric	oxide,	and	vasoactive	intestinal	peptide).16

Pathological	findings	of	pulmonary	hypertension	associated	with	ARDS	vary
with	 the	 time	 course	 of	 illness.	 Micro-	 and	 macrothrombi	 have	 been



demonstrated	among	most	patients.	Early	in	disease,	there	are	findings	of	acute
endothelial	cell	injury.	During	the	intermediate	phase,	chronic	capillary	changes,
fibrocellular	 obliteration	 of	 arteries,	 veins,	 and	 lymphatics	 can	 occur.	Vascular
remodeling	with	distorted,	 tortuous	arteries	and	veins,	 arterial	muscularization,
and	reduced	capillary	number	are	seen	during	the	late	stages.8

DIAGNOSIS

Signs	and	Symptoms
Patients	 with	 PAH	 typically	 present	 with	 exertional	 dyspnea.	 As	 the	 disease
progresses,	patients	may	develop	symptoms	referable	to	reduced	cardiac	output
and	 RV	 failure	 including	 fatigue,	 syncope	 or	 near	 syncope,	 chest	 pain,
palpitations,	abdominal	bloating	and	distension,	and	lower	extremity	edema.	The
presence	 of	 orthopnea	 and	 paroxysmal	 nocturnal	 dyspnea	 are	 suggestive	 of
pulmonary	venous	hypertension.17

Signs	 of	 elevated	 PAP	 on	 physical	 examination	 include	 (a)	 prominent
pulmonary	component	of	the	second	heart	sound	or	P2,	(b)	RV	heave,	(c)	early
systolic	ejection	click,	(d)	midsystolic	ejection	murmur,	(e)	RV	S4	gallop,	and	(f)
prominent	jugular	“a”	wave.	With	more	advanced	disease,	patients	may	develop
findings	 of	 tricuspid	 regurgitation,	 including	 a	 holosystolic	 murmur	 along	 the
left	 lower	sternal	border,	and	elevated	jugular	venous	pressure.	Findings	of	RV
failure	 include	 elevated	 jugular	 pressure,	 pulsatile	 hepatomegaly,	 peripheral
edema,	 ascites,	 and	 hypotension.17,18	 Patients	 with	 non–group	 1	 causes	 of
pulmonary	hypertension	may	also	have	findings	related	 to	 the	primary	disease,
such	as	wheezing,	decreased	breath	sounds	and	prolonged	expiratory	phase	for
COPD,	and	crackles	for	interstitial	lung	disease.	The	presence	of	bruits	over	the
lung	fields	is	more	specific	for	CTEPH,	although	present	 in	only	30%	of	these
patients.19

Diagnostic	Testing
Electrocardiography	 (ECG)	 findings	 suggestive	 of	 pulmonary	 hypertension
include	right	axis	deviation	(RAD),	right	atrial	enlargement	(P-wave	≥	2.5	mm),
right	bundle	branch	block,	and	right	ventricular	hypertrophy	(RVH).17	However,
ECG	 is	 not	 sufficiently	 sensitive	 or	 specific	 to	 screen	 patients	 suspected	 of
PAH.20	 ECG	 findings	 in	 patients	with	 IPAH	have	 prognostic	 significance	with



findings	of	P-wave	amplitude	2.5	mV	or	more	in	lead	II,	qR	lead	V1,	and	RVH
by	 WHO	 (World	 Health	 Organization)	 criteria	 associated	 with	 significantly
increased	 risk	 of	 death,	 even	 after	 controlling	 for	 hemodynamic	 parameters,
functional	class,	and	treatment.18,20,21

Radiographic	findings	of	pulmonary	hypertension	include	enlarged	main	and
hilar	pulmonary	arterial	shadows	(≥18	mm	diameter	in	men,	≥16	mm	diameter	in
women)	 with	 peripheral	 pulmonary	 vascular	 attenuation	 (pruning)	 and	 RV
enlargement	 as	 evidenced	 by	 decreased	 size	 of	 the	 retrosternal	 clear	 space.20,22
Other	 radiographic	 findings	 may	 suggest	 an	 underlying	 cause	 for	 pulmonary
hypertension	such	as	hyperinflation	(COPD),	prominent	interstitial	markings	and
fibrosis	(interstitial	lung	disease),	or	cephalization	and	Kerley	B	lines	(left-sided
congestive	heart	failure).

Computerized	tomography	may	be	helpful	for	further	delineating	underlying
parenchymal	lung	disease.	Ventilation/perfusion	()	scanning	is	the	test	of	choice
for	identifying	CTEPH;	however,	this	cannot	be	performed	for	intubated	patients
and	 may	 be	 difficult	 to	 obtain	 in	 unstable	 patients,	 limiting	 its	 utility	 for
critically	 ill	 patients.	 A	 normal	 or	 low	 probability	 scan	 virtually	 excludes	 the
diagnosis	 of	 CTEPH.23	 Computerized	 tomographic	 angiography	 (CTA)	 can
identify	 acute	 pulmonary	 emboli	 and	 often	CTEPH	 as	well.	However,	CTA	 is
less	sensitive	than	scanning	for	identifying	CTEPH,	and	may	underestimate	the
clot	 burden	 of	 this	 condition.23	 Laboratory	 evaluation	 may	 reveal	 underlying
diseases	 associated	with	 an	 increased	 risk	 of	 pulmonary	 hypertension,	 such	 as
connective	tissue	disease	positive	antinuclear	antibody	(ANA),	or	HIV	infection.
Brain	 natriuretic	 peptide	 (BNP)	 may	 have	 prognostic	 value	 for	 patients	 with
PAH20;	however,	BNP	levels	may	be	elevated	among	critically	 ill	patients	with
shock,	 or	 cardiac	 dysfunction	 of	 any	 cause	 and	 are,	 therefore,	 a	 nonspecific
finding	of	unclear	clinical	significance.14,24

1 	 4 	Pulmonary	hypertension	may	be	suggested	among	critically	ill	patients	by
echocardiography.	 Echocardiography	 can	 provide	 noninvasive	 estimates	 of
pulmonary	 arterial	 pressures,	 assessment	 of	 right	 and	 LV	 function,	 and
evaluation	 of	 valvular	 disease.	 Echocardiographic	 findings	 of	 pulmonary
hypertension	may	include	RV	dilation,	hypertrophy	and	hyperkinesis,	D-shaped
LV	due	 to	 septal	 bowing	 in	 the	LV	during	 late	 systole,	 tricuspid	 regurgitation,
right	 atrial	 enlargement,	 and	 a	 dilated	 inferior	 vena	 cava	 (IVC).13,20
Echocardiography	 can	 provide	 prognostic	 information,	 with	 measures	 of	 RV
dysfunction	associated	with	worse	outcomes,	including	increased	RV	diameter,	a
decreased	 tricuspid	 annular	 plane	 systolic	 excursion	 (TAPSE),	 an	 elevated	RV
myocardial	 performance	 index	 (Tei	 index),	 increased	 right	 atrial	 diameter,	 and
presence	 of	 a	 pericardial	 effusion.18	 Although	 echocardiographic	 estimates	 of



PAP	 correlate	 well	 with	 invasively	 measured	 PAP	 for	 patients	 with	 left-sided
heart	 disease,25	 multiple	 studies	 have	 demonstrated	 that	 echocardiographic
estimates	 of	 PAP	 for	 patients	 with	 suspected	 pulmonary	 hypertension	 or	 with
underlying	 lung	disease	are	not	accurate;	 the	false-positive	rate	 is	30%	to	40%
under	these	circumstances.26-29

5 	 Therefore,	 right	 heart	 catheterization	 remains	 the	 gold	 standard	 for
diagnosis	 of	 pulmonary	 hypertension	 and	 must	 be	 performed	 to	 confirm	 the
diagnosis,	 determine	 the	 appropriate	 etiology,	 and	determine	 the	 treatment.	As
stated	previously,	pulmonary	hypertension	is	defined	as	an	mPAP	of	more	than
20	mm	Hg,	measured	by	right	heart	catheterization.	The	finding	of	a	pulmonary
capillary	 wedge	 pressure	 (PCWP)	 greater	 than	 15	 mm	 Hg	 is	 indicative	 of
pulmonary	venous	hypertension.	Right	 heart	 catheter	 findings	may	 include	 the
following	hemodynamic	profiles:	(a)	elevated	PAP,	normal	PCWP,	elevated	PVR
(≥3	WU),	consistent	with	PAH,	PH	due	to	hypoxemic	lung	disease	or	CTEPH;
(b)	 elevated	 PAP,	 elevated	 PCWP,	 PVR	 <3	 WU,	 consistent	 with	 pulmonary
venous	 hypertension;	 and	 (c)	 elevated	 PAP,	 elevated	 PCWP,	 elevated	 PVR,
consistent	 with	 combined	 pre-	 and	 post-capillary	 PH.	 Among	 patients	 with
IPAH,	 findings	 at	 right	 heart	 catheterization	 of	mPAP	greater	 than	 or	 equal	 to
85	mm	Hg,	right	atrial	pressure	(RAP)	greater	than	or	equal	to	20	mm	Hg,	and
cardiac	 index	 (CI)	 less	 than	 2	 L/min/m2	 an	 association	 with	 lower	 rates	 of
survival	has	been	reported.18

Vasodilator	 testing	 may	 be	 performed	 at	 the	 time	 of	 right	 heart
catheterization.	 This	 is	 done	 by	 measuring	 baseline	 hemodynamics,
administering	 inhaled	nitric	oxide	 (iNO),	 and	 then	 repeating	 the	hemodynamic
measurements.	Vasodilator	responsiveness	is	defined	as	a	decrease	of	the	mPAP
by	at	least	10	mm	Hg	and	to	a	pressure	less	than	40	mm	Hg	with	no	change	or	an
increase	of	cardiac	output.30	Vasodilator	responsiveness	for	patients	with	IPAH	is
predictive	of	response	to	treatment	with	high-dose	calcium	channel	blockers	and
suggests	 a	 better	 prognosis.	 Of	 note,	 patients	 with	 IPAH	who	 are	 not	 acutely
vasodilator	 responsive	 respond	 to	 long-term	 treatment	 with	 pulmonary
vasodilators31;	 therefore,	 the	 finding	 of	 vasodilator	 responsiveness	 should	 only
be	used	to	decide	which	patients	might	be	treated	with	calcium	channel	blockers,
not	 which	 patients	 should	 be	 treated	 in	 general.	 The	 clinical	 significance	 of
vasodilator	 responsiveness	 for	 forms	 of	 pulmonary	 hypertension	 other	 than
IPAH	is	unproven.

TREATMENT



3 	 1 	 Treatment	 of	 pulmonary	 hypertension	 is	 dictated	 by	 the	 underlying	 cause,
according	to	the	revised	classification	of	pulmonary	hypertension	(Table	174.1).
When	 treating	 pulmonary	 hypertension	 in	 the	 ICU,	 one	 must	 differentiate
between	 patients	 with	 pulmonary	 hypertension	 associated	 with	 underlying
critical	illness	and	patients	who	are	critically	ill	due	to	PAH	with	RV	failure	and
hemodynamic	compromise.

General	Measures
Hypoxic	 pulmonary	 vasoconstriction	 may	 contribute	 to	 the	 pulmonary
hypertension	of	critically	ill	patients.	Supplemental	oxygen	results	in	a	small,	but
statistically	 significant,	 decrease	 of	 PVR	and	 an	 increase	 in	 cardiac	 output	 for
patients	 with	 pulmonary	 hypertension	 of	 diverse	 etiologies.32	 Therefore,
maintaining	 adequate	 oxygenation	 for	 critically	 ill	 patients	 with	 pulmonary
hypertension	is	an	important	therapeutic	goal.

Optimal	fluid	management	for	critically	 ill	patients	with	decompensated	RV
failure	 can	 be	 extremely	 challenging.	 Because	 the	 RV	 is	 preload	 dependent,
hypovolemia	 can	 result	 in	 decreased	 preload	 and	 therefore	 decreased	 cardiac
output.	 However,	 hypervolemia	 can	 exacerbate	 RV	 pressure	 overload	 and
ventricular	 interdependence,	 leading	 to	 decreased	 LV	 filling,	 also	 reducing
coronary	 blood	 flow	 and	 cardiac	 output.	 Finding	 the	 optimal	 fluid	 balance	 for
any	given	patient	may	require	invasive	hemodynamic	monitoring.

Patients	with	 RV	 dysfunction	 are	 poorly	 tolerant	 of	 loss	 of	 atrioventricular
(AV)	 synchrony	 as	 occurs	 with	 atrial	 fibrillation	 and	 complete	 AV	 block.
Therefore,	 maintenance	 of	 sinus	 rhythm	 may	 have	 salutary	 hemodynamic
effects.33

There	is	insufficient	evidence	regarding	the	role	of	anticoagulation	in	IPAH.
Retrospective	 and	 nonrandomized	 prospective	 studies	 conducted	 before	 the
advent	 of	 contemporary	 pulmonary	 vasodilators	 have	 demonstrated	 a	 survival
benefit	 with	 anticoagulation.34-36	 More	 recent	 studies	 have	 yielded	 conflicting
results	 with	 some	 finding	 improved	 survival	 with	 the	 use	 of	 anticoagulation
while	another	found	no	survival	benefit.37-39	A	consistent	finding	of	these	studies
has	 been	 a	 lack	 of	 benefit	 or	 increased	mortality	 with	 anticoagulation	 among
patients	 with	 CTD-associated	 PH.	 There	 are	 no	 studies	 of	 anticoagulation	 for
critically	 ill	 patients	with	pulmonary	hypertension	 and	 thus	no	proven	 role	 for
anticoagulation	for	this	patient	population.

Pulmonary	Vasodilators



Significant	advances	 in	 the	outpatient	 treatment	of	PAH	have	been	made	since
1996	when	 the	 first	 pulmonary	 specific	 vasodilator	was	 approved	 by	 the	U.S.
Food	and	Drug	Administration	(FDA).	Patients	with	PAH	(group	1)	benefit	from
treatment	 with	 prostacyclins/prostacyclin	 agonists	 (epoprostenol,	 treprostinil,
iloprost,	and	selexipag),	endothelin-receptor	antagonists	(bosentan,	ambrisentan,
and	macitentan),	phosphodiesterase-5	inhibitors	(sildenafil	and	tadalafil),	and	the
soluble	 guanylate	 cyclase	 stimulator	 (riociguat).	Table	 174.3	 summarizes	 the
major	randomized	controlled	trials	that	have	demonstrated	clinical	benefits	with
each	of	these	medications.40	Choice	of	initial	therapy	for	stable	outpatients	with
PAH	 is	 dictated	 by	 patients’	 risk	 profile,	 as	 assessed	 by	 functional	 class,	 6-
minute	 walk	 distance,	 BNP	 level,	 hemodynamics,	 adverse	 events,	 and
echocardiographic	 findings,41	 and	 quantified	 by	 risk	 assessment	 tools.42	 Oral
pulmonary	vasodilators	are	reserved	for	stable	outpatients	with	low-risk	profiles.

TABLE	174.3

Results	of	Prospective,	Randomized	Trials	of
Pharmacologic	Treatments	for	PAH37

Medication No.	of
Patients

WHO
Functional
Class

Results

Epoprostenol 81 III,	IV Improved	survival,	6MWD,
hemodynamics,	and	quality	of	life.

Treprostinil 470 II,	III,	IV Improved	6MWD,	signs	and
symptoms	of	PAH,	hemodynamics;
no	difference	in	rates	of	death,
transplantation,	or	clinical
deterioration.

Iloprost 203 III,	IV Improved	combined	clinical
endpoint	of	10%	increase	in
6MWD,	WHO	functional	class,
and	the	absence	of	deterioration	or
death;	improved	individual
endpoints	of	6MWD,



postinhalation	hemodynamics,
WHO	functional	class.

Bosentan 213 III,	IV Improved	6MWD,	Borg	dyspnea
index,	WHO	functional	class,
delayed	time	to	clinical	worsening.

Ambrisentan 394 I,	II,	III,	IV Improved	6MWD,	and	delayed
time	to	clinical	worsening.

Macitentan 742 II,	III,	IV Delayed	time	to	clinical
worsening,	improved	6MWD.

Sildenafil 278 I,	II,	III,	IV Improved	6MWD,	hemodynamics,
WHO	functional	class;	no	delay	in
time	to	clinical	worsening.

Tadalafil 405 I,	II,	III,	IV Improved	6MWD,	delayed	time	to
clinical	worsening,	decreased
incidence	of	clinical	worsening.
No	significant	improvement	in
WHO	functional	class.

Riociguat 443 I,	II,	III,	IV Improved	6MWD,	hemodynamics,
WHO	functional	class,	and	delayed
time	to	clinical	worsening.

Selexipag 1156 I,	II,	III,	IV Reduction	in	combined	endpoint	of
death	or	complication*

6MWD,	6-min	walk	distance;	WHO,	World	Health	Organization.
Reproduced	with	permission	of	the	Hooper	MM,	Simon	R	Gibbs	J.	The	changing	landscape	of
pulmonary	arterial	hypertension	and	implications	for	patient	care.	Eur	Respir	Rev.	2014;23	(134)
450-457.	©	ERS	2023:	European	Respiratory	Review.

Patients	with	PAH	and	decompensated	RV	failure	requiring	admission	to	an
ICU	 generally	 require	 treatment	 with	 intravenous	 prostanoids,	 although	 the
initiation	 of	 pulmonary	 vasodilators	 as	 “rescue	 therapy”	 in	 the	 setting	 of
decompensated	 right	 heart	 failure	 has	 not	 been	 well	 studied.	 In	 one	 small,
retrospective	study	of	patients	with	PAH	and	decompensated	right	heart	failure,
treatment	 with	 iloprost	 (inhaled)	 or	 treprostinil	 (intravenous	 or	 subcutaneous)
was	associated	with	decreased	mortality.3	However,	 in	another	study,	 treatment



with	 intravenous	epoprostenol	or	continuous	 iNO	did	not	 influence	survival	of
patients	with	PAH	or	inoperable	CTEPH	and	acute	RV	failure.4	Of	note,	neither
study	was	designed	to	study	or	compare	the	effects	of	pulmonary	vasodilators	on
mortality	 from	decompensated	RV	 failure;	 therefore,	 no	 conclusions	 regarding
which	treatment	may	be	most	efficacious	in	this	setting	can	be	made.

Intravenous	epoprostenol	is	the	only	medication	with	proven	survival	benefit
for	 patients	with	 IPAH43	 and	 is	 therefore	 the	 drug	 of	 choice	 for	 patients	 with
severe	PAH	and	a	high-risk	profile.44	Epoprostenol	therapy	is	typically	initiated
in	 the	 ICU	with	 a	 right	 heart	 catheter	 in	 place.	 It	 is	 started	 at	 a	 dose	 of	 1	 to
2	ng/kg/min	and	uptitrated	by	1	to	2	ng/kg/min	at	intervals	of	15	to	30	minutes,
with	the	hemodynamic	goal	of	increased	cardiac	output	and	decreased	PAP	and
PVR.	 Dose	 escalation	 is	 limited	 by	 side	 effects,	 such	 as	 headache,	 jaw	 pain,
nausea,	diarrhea,	and	systemic	hypotension.43

Treatment	 with	 epoprostenol	 can	 be	 complicated	 by	 the	 development	 of
pulmonary	edema,	due	to	increased	delivery	of	blood	to	the	left	side	of	the	heart
with	 resultant	 increased	 left-sided	 filling	 pressures.	 The	 development	 of
pulmonary	 edema	 following	 the	 initiation	 of	 epoprostenol	 therapy	 should	 also
prompt	 consideration	 of	 pulmonary	 veno-occlusive	 disease	 or	 pulmonary
capillary	 hemangiomatosis,	 but	 this	 can	 also	 be	 seen	 with	 more	 common
conditions	 such	 as	 occult	 diastolic	 dysfunction.45,46	 Epoprostenol	 results	 in
nonselective	 pulmonary	 vasodilation.	 This	 can	 worsen	 matching	 and	 cause
clinically	significant	oxygen	desaturation.47	Among	patients	 chronically	 treated
with	epoprostenol,	this	can	cause	severe	hypoxemia	if	superimposed	focal	lung
disease	 such	as	pneumonia	occurs.	Abrupt	discontinuation	of	 epoprostenol	has
occasionally	led	to	severe	rebound	pulmonary	hypertension	and	death.

6 	Treatment	of	patients	with	non–group	1	pulmonary	hypertension	is	focused
on	 treating	 the	 underlying	 disease.	 For	 patients	 with	 pulmonary	 venous
hypertension,	optimization	of	afterload	reduction,	and	fluid	management	are	the
mainstays	of	therapy.	Ensuring	adequate	oxygenation	of	patients	with	pulmonary
hypertension	 due	 to	 parenchymal	 lung	 disease	 (group	 3)	 and	 treating	 the
underlying	disease	are	the	main	goals	of	therapy.

Given	 the	 frequent	 occurrence	 of	 pulmonary	 hypertension	 among	 patients
with	ARDS,	much	attention	has	been	focused	on	treating	this	aspect	of	ARDS.
Administration	 of	 intravenous	 and	 enteral	 pulmonary	 vasodilators	 to	 patients
with	ARDS	and	pulmonary	hypertension	increases	intrapulmonary	shunting	with
resultant	 deterioration	 in	 oxygenation	 without	 improving	 survival.8,48	 There	 is
therefore	 no	 proven	 role	 for	 using	 these	 agents	 in	 patients	 with	 pulmonary
hypertension	related	to	ARDS.

Inhaled	pulmonary	vasodilators	are	only	delivered	 to	ventilated	alveoli,	 and



therefore	 improve	 matching	 and	 oxygenation	 for	 patients	 with	 ARDS,	 while
reducing	pulmonary	pressures.	Specifically,	iNO	improves	oxygenation,	reduces
pulmonary	shunting,	and	reduces	PVR	in	patients	with	ARDS.49,50	However,	 in
two	 large,	multicenter,	 randomized,	 controlled	 trials	 comparing	 treatment	with
iNO	with	conventional	therapy	for	patients	with	ARDS,	no	mortality	benefit	was
demonstrated.51,52	 Similarly,	 nebulized	 prostaglandin	 I2	 improves	 oxygenation
and	decreases	PAPs	for	patients	with	ARDS,	without	improving	survival.53,54

Vasopressors
Patients	 with	 pulmonary	 hypertension	 may	 develop	 hemodynamic	 instability
requiring	 vasopressor	 support.	 This	 may	 be	 due	 to	 progression	 of	 pulmonary
hypertension	with	the	development	of	RV	failure	or	due	to	the	development	of	a
superimposed	process,	such	as	sepsis.	The	main	goals	of	vasopressor	therapy	for
patients	with	pulmonary	hypertension	 are	 to	 reduce	PVR,	preserve	or	 improve
cardiac	output,	and	maintain	systemic	blood	pressure.	There	are	limited	data	to
guide	 the	 choice	of	vasopressors	 in	 the	 setting	of	pulmonary	hypertension	and
RV	failure.

Dobutamine	 reduces	PVR	and	 increases	cardiac	output	 in	animal	models	of
pulmonary	 hypertension.14,55-57	 Among	 humans	 with	 mild-to-moderate
pulmonary	hypertension,	dobutamine	decreased	PVR	and	increased	CI;	however,
increased	 intrapulmonary	 shunting	 with	 resultant	 decrease	 of	 arterial
oxygenation	was	also	noted.	Dobutamine	administered	in	combination	with	iNO
resulted	 in	 significant	decreases	of	PVR	with	 concomitant	 increases	of	CI	 and
improved	 oxygenation.57,58	 Of	 note,	 these	 studies	 were	 performed	 for	 patients
with	 stable	 cardiopulmonary	 hemodynamics.	 The	 physiological	 effects	 of
dobutamine	for	critically	ill	patients	with	pulmonary	hypertension	have	not	been
well	characterized.	In	a	prospective,	observational	study	of	patients	with	PAH	or
inoperable	 CTEPH	 with	 acute	 RV	 failure	 requiring	 treatment	 with
catecholamines,	 increasing	 dobutamine	 dose	 was	 associated	 with	 increased
mortality.4	However,	this	more	likely	reflects	patients	with	more	severe	disease,
rather	than	a	deleterious	effect	of	dobutamine	on	survival.

Norepinephrine	 administration	 for	 patients	 with	 pulmonary	 venous
hypertension	 and	 systemic	 hypotension	 following	 induction	 of	 anesthesia
resulted	 in	 increased	mPAP	and	PVR,	but	with	decreased	 ratio	of	PAP	 to	SBP
(ie,	 systolic	blood	pressure	 [SBP]	 increased	more	 than	PAP)	and	no	change	 in
CI.	By	contrast,	phenylephrine	administration	resulted	in	decreased	CI,	without	a
concomitant	 decrease	 of	 the	 ratio	 of	 PAP	 to	 SBP.59	 Norepinephrine	 may	 be



beneficial	 for	 restoring	systemic	blood	pressure	among	patients	with	persistent
hypotension	despite	treatment	with	pulmonary	vasodilators	and	dobutamine,	but
should	 otherwise	 be	 avoided	 due	 to	 its	 pulmonary	 vasoconstrictive	 effects.
Similarly,	phenylephrine	increases	mPAP	and	PVR,	with	evidence	of	worsened
RV	 function	 among	 patients	with	 chronic	 pulmonary	 hypertension.60	 It	 should
therefore	 be	 avoided	 for	 patients	 with	 hemodynamic	 compromise	 due	 to
pulmonary	hypertension.

Dopamine	decreases	PVR	and	increased	cardiac	output	in	an	animal	model	of
acute	 pulmonary	 embolism.61	 Similar	 effects	 were	 noted	 in	 patients	 with
pulmonary	 hypertension	 due	 to	 chronic	 obstructive	 lung	 disease.62	 Among
humans	 with	 pulmonary	 venous	 hypertension,	 dopamine	 infusions	 increased
mPAP,	 but	 this	 effect	 was	 mediated	 through	 increased	 cardiac	 output,	 not	 by
pulmonary	vasoconstriction.63	The	effects	of	dopamine	among	patients	with	PAH
have	 not	 been	 well	 studied.	 In	 a	 retrospective,	 single-center	 study	 of	 patients
with	 PAH	 and	 decompensated	 RV	 failure,	 higher	 doses	 of	 dopamine	 were
associated	with	 increased	mortality.	However,	patients	requiring	treatment	with
dopamine	 had	 significantly	 more	 severe	 disease,	 by	 both	 clinical	 and
hemodynamic	parameters.3

Vasopressin	has	been	found	to	have	pulmonary	vasodilatory	properties	at	low
doses	in	animal	studies.	Among	humans,	administration	of	low	dose	vasopressin
has	resulted	in	greater	increases	in	SVR	than	in	PVR,	as	manifest	by	a	reduced
PVR/SVR	ratio.	There	are	case	reports	describing	successful	use	of	vasopressin
as	 rescue	 therapy	 for	 patients	 with	 pulmonary	 hypertension	 and	 acute
hemodynamic	 instability	 in	 a	 variety	 of	 clinical	 contexts,	 including	 following
cardiac	 surgery,	 with	 spinal	 anesthesia,	 during	 caesarean	 section,	 and	 during
sepsis.25

There	 are	 limited	 studies	 of	 the	 effects	 of	 epinephrine	 on	 pulmonary
hemodynamics.	In	hypoxic	piglets,	epinephrine	improved	cardiac	output	without
increasing	 PVR,	 and	 resulted	 in	 improved	RV	 contractility	 in	 a	 case	 series	 of
patients	with	septic	shock	and	RV	failure.13

Mechanical	Ventilation
Institution	of	mechanical	ventilation	has	complex	hemodynamic	effects	that	can
be	 of	 clinical	 significance,	 especially	 among	 patients	 with	 severe	 PAH	 and
decompensated	RV	failure.	These	patients	are	at	very	high	risk	of	cardiovascular
collapse	 in	 the	peri-intubation	period	due	 to	 the	vasodilator	effects	and	drop	 in
preload	associated	with	induction	anesthetic	agents.

Mechanical	 ventilation	 increases	 RV	 afterload	 and	 decreases	 RV	 preload,



either	of	which	can	be	of	particular	hemodynamic	consequence	for	patients	with
pulmonary	hypertension.	The	 increased	afterload	effects	appear	 to	be	mediated
primarily	 through	 increased	 lung	 volume.18	 Many	 of	 the	 studies	 evaluating
effects	of	mechanical	ventilation	on	RV	function	were	performed	prior	to	the	era
of	 low	 tidal	 volume	 ventilation	 for	 ARDS;	 therefore,	 it	 is	 unknown	 whether
these	effects	are	as	pronounced	or	clinically	important	at	lower	tidal	volumes.

Permissive	hypercapnia	has	become	common	with	the	widespread	institution
of	 low	 tidal	 volume	 ventilation.	 Hypercapnia	 increases	 pulmonary	 arterial
pressures,	although	it	is	unclear	whether	this	is	due	simply	to	increased	cardiac
output	 or	 by	 a	 direct	 pulmonary	 vasoconstrictive	 effect	 with	 one	 study
demonstrating	 an	 increase	 in	mPAP	with	no	 effect	 on	PVR,	while	 another	 has
found	 an	 increase	 in	 mPAP,	 PVR,	 and	 decreased	 right	 ventricular	 ejection
fraction	 (RVEF).8	 Elevations	 of	 positive	 end-expiratory	 pressure	 (PEEP)	 also
increase	pulmonary	arterial	pressure	and	PVR.8	In	a	recent	study	examining	the
hemodynamic	 effects	 of	 PEEP	 uptitration	 for	 patients	 with	 ARDS,	 mPAP
increased	from	25	to	28	mm	Hg	and	PVR	increased	from	310	to	385	dynes · sec 
· cm−5.64

In	 addition	 to	providing	 a	mortality	benefit	 for	 patients	with	 severe	ARDS,
prone	positioning	results	in	reduction	of	PaCO2	(partial	pressure	of	CO2)	and	the
improvement	of	echocardiographic	findings	of	RV	pressure	overload.18

Although	 the	 net	 effect	 of	mechanical	 ventilation	 is	 to	 increase	 pulmonary
arterial	 pressure,	 this	 is	 typically	 well	 tolerated	 among	 patients	 with	 mild-to-
moderate	pulmonary	hypertension.	These	effects,	however,	may	be	of	particular
hemodynamic	 consequence	 for	 patients	with	 PAH	 and	RV	 failure.	Mechanical
ventilation	 in	 these	 patients	 should	 ideally	 be	 with	 low	 tidal	 volume	 and	 low
PEEP,	while	avoiding	permissive	hypercapnia.

Surgical	Management
Atrial	 septostomy,	 or	 the	 creation	 of	 an	 atrial	 septal	 shunt	 via	 graded	 balloon
dilation	 atrial	 septostomy,	 decompresses	 the	 RV	 by	 creating	 an	 alternative
outflow	tract	for	blood	and	increases	left	atrial	filling.	However,	it	is	associated
with	 very	 high	 morbidity	 and	 mortality	 among	 critically	 ill	 patients	 with	 RV
failure.	It	is	complicated	by	oxygen	desaturation	through	the	creation	of	a	right-
to-left	 shunt.	 It	 is	 contraindicated	 for	 patients	 with	 mean	 RAP	 greater	 than
20	mm	Hg	and	significant	hypoxemia	(O2	saturation	<85%	on	room	air	at	rest).40

Mechanical	Support



In	 patients	 with	 severe	 or	 refractory	 RV	 failure	 leading	 to	 a	 persistent	 shock
state,	 mechanical	 circulatory	 support	 (MCS)	 is	 an	 important	 and	 evolving
therapeutic	 option.	MCS	 in	 the	 setting	 of	PH	 and	 isolated	RV	 failure	 includes
extracorporeal	 membrane	 oxygenation	 (ECMO)	 as	 well	 as	 right	 ventricular
assist	devices	(RVAD).	ECMO	has	become	more	commonly	utilized	in	patients
with	severe	cardiovascular	and	respiratory	failure	and	should	be	considered	as	a
tool	for	either	“bridge	to	transplant”	or	“bridge	to	recovery”	if	there	is	a	potential
reversible	 cause	 for	 decompensation.	 Establishing	 definitive	 treatment	 goals
with	 a	 multidisciplinary	 team	 prior	 to	 initiation	 of	 MCS	 is	 of	 the	 utmost
importance.	 The	 specifics	 of	 MCS	 are	 discussed	 in	 Chapter	 192.	 There	 is
growing	 experience	 in	 specialized	 centers	 utilizing	 RVADs	 for	 select	 patients
with	 isolated	 RV	 failure	 due	 to	 PH.	 In	 a	 small	 retrospective	 study,	 30-day
survival	was	72.7%	with	average	duration	of	support	being	13.6	days.65	This	is
in	comparison	to	reported	ICU	survival	of	58.7%	for	PAH	patients	hospitalized
in	 intensive	 care	 units	 for	 acute	 RV	 failure.4	 The	 extremely	 high	 mortality
associated	with	RV	 failure	with	PAH	highlights	 the	need	 to	 consider	high	 risk
interventions	such	as	MCS.	Mechanical	support	of	the	failing	right	ventricle	is	a
rapidly	 evolving	 therapeutic	 option	 and	 therefore	 referral	 to	 centers	 with
particular	expertise	is	paramount.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	All	of	the	following	echocardiographic	findings	are	typical	for	pulmonary
hypertension,	EXCEPT:

A. 	D-shaped	left	ventricle
B. 	Left	atrial	enlargement
C. 	Right	ventricle	dilation
D. 	Tricuspid	regurgitation

2. 	Which	of	the	following	is	the	most	definitive	test(s)	for	diagnosing
pulmonary	hypertension?

A. 	Cardiopulmonary	exercise	test
B. 	Color	Doppler	echocardiography
C. 	Nuclear	stress	test	and	scan



D. 	Right	heart	catheterization

3. 	Which	of	the	following	therapies	is	indicated	in	all	critically	ill	patients
with	any	of	pulmonary	hypertension?

A. 	Diuretics
B. 	Mechanical	circulatory	support
C. 	Oxygen
D. 	Pulmonary	vasodilators

Answers

1.	The	correct	answer	is	B.
Rationale:	Right	 rather	 than	 left	 atrial	enlargement	 is	 typical	 for	pulmonary

hypertension	(choice	B	is	the	“correct”,	wrong	answer).	This	finding,	along	with
right	ventricle	dilation,	a	D-shaped	left	ventricle	due	to	septal	bowing	in	the	left
ventricle	during	 late	systole,	 tricuspid	regurgitation,	and	a	dilated	 inferior	vena
cava	may	all	be	findings	of	pulmonary	hypertension.

2.	The	correct	answer	is	D.
Rationale:	In	the	appropriate	setting,	and	when	performed	and	interpreted	by

an	 experienced	 clinician,	 right	 heart	 catheterization	 (RHC)	 can	 definitively
confirm	 the	diagnosis	 of	PH,	 provide	valuable	 hemodynamic	data,	 and	 inform
management	 decisions	 for	 patients	 (choice	 D	 is	 correct).	 Echocardiography
provides	 important	 information	 regarding	 cardiac	 function	 but	 can	 be	 less
helpful	 for	 identifying	 some	 cardiac,	 pulmonary,	 and	 embolic	 contributions.
scanning,	 nuclear	 stress	 and	 cardiopulmonary	 exercise	 testing	 can	 identify
contributing	factors,	but	are	less	definitive	and	of	lower	priority	than	RHC.

3.	The	correct	answer	is	C.
Rationale:	Oxygen	is	a	potent	pulmonary	vasodilator	and	is	indicated	for	all

critically	 ill	 patients	 with	 pulmonary	 hypertension	 (choice	 C	 is	 correct).
Diuretics	should	be	avoided	for	hypovolemic	patients	(choice	A	is	incorrect)	and
most	 critically	 ill	 patients	 with	 pulmonary	 hypertension	 are	 managed	 without
mechanical	 circulatory	 support	 (choice	B	 is	 incorrect).	Pulmonary	vasodilators
can	 worsen	 oxygenation	 in	 some	 forms	 of	 pulmonary	 hypertension,	 such	 as
pulmonary	veno-occlusive	disease	(PVOD)	(choice	D	is	incorrect).
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Chapter	175
Managing	Hemoptysis
Paulo	J.	Oliveira,	Richard	S.	Irwin

KEY	POINTS:
1.	 Massive	hemoptysis,	if	not	appropriately	diagnosed	and	treated,	can

result	in	significant	morbidity	and	mortality.
2.	 Mortality	from	asphyxiation	can	result	when	bleeding	from

hemoptysis	is	greater	than	150	mL/hour.
3.	 Most	commonly,	massive	hemoptysis	is	caused	by	tuberculosis,

bronchiectasis,	infection,	and	lung	cancer.
4.	 Securing	an	airway	and	appropriate	positioning	of	a	patient	can	be

crucial	when	initially	evaluating	a	patient	with	life-threatening
massive	hemoptysis.

5.	 For	localized	bleeding,	bronchoscopy	performed	within	24	hours	can
identify	an	area	of	interest	in	up	to	86%	to	93%	of	patients.

6.	 Angiography	can	determine	the	site	of	bleeding	in	90%	to	93%	of
cases	and,	when	combined	with	an	embolization	procedure,	has
been	successful	in	initially	stopping	bleeding	from	massive
hemoptysis	in	77%	to	95%	of	cases.

7.	 Treatment	of	massive	hemoptysis	often	requires	a	multidisciplinary
approach	including	ICU	team,	pulmonology,	interventional	radiology,
and	thoracic	surgery.

INTRODUCTION
Hemoptysis	is	defined	in	Stedman’s	Medical	Dictionary	as	“the	spitting	of	blood
derived	from	the	lungs	or	bronchial	tubes.”	This	common	symptom	may	be	the
primary	 reason	 for	 seeking	 consultation	 in	 approximately	 8%	 to	 15%	 of	 an



average	chest	clinic	population.	It	elicits	great	apprehension	from	the	patient	and
is	 likely	 to	 prompt	 early	 medical	 attention.	 The	 basis	 for	 this	 fear	 is	 the
presumption	that	the	hemoptysis	is	caused	by	a	serious	disease	(eg,	cancer)	and
that	 it	 signals	 impending	 massive	 bleeding.	 The	 patient	 may	 describe	 an
associated	 burning	 pain,	 vague	 discomfort,	 or	 bubbling	 sensation	 in	 the	 chest
and	shortness	of	breath.	Hemoptysis	may	be	scant,	producing	the	appearance	of
streaks	 of	 bright	 red	 blood	 in	 the	 sputum,	 or	 profuse,	with	 expectoration	 of	 a
large	volume	of	blood.

1 	 2 	 Massive	 hemoptysis	 warrants	 prompt	 medical	 attention	 and	 should
always	be	considered	life-threatening.	It	 is	poorly	defined	in	 the	literature	with
volumes	of	expectorated	blood	ranging	from	100	mL	per	24	hours	to	1000	mL
per	24	hours;	however,	the	expectoration	of	600	mL	per	24	hours	is	what	is	most
reported	in	the	literature.1	Despite	the	wide	range	of	definitions	and	lack	of	clear
consensus,	 the	 volumetric	 rate	 of	 bleeding	 does	 appear	 to	 correlate	 with
mortality	with	those	who	expectorated	600	mL	within	4	hours	having	a	mortality
of	 70%	 or	 greater.	 In	 comparison,	 many	 clinicians	 now	 cite	 and	 prefer	 the
magnitude	 of	 clinical	 effect	 definition	 that	 implies	 that	 the	 consequences	 of
expectorated	 blood	 are	more	 important	 than	 the	 absolute	 volume.	Mortality	 in
the	setting	of	massive	hemoptysis	 is	 typically	 related	primarily	 to	asphyxiation
and	not	exsanguination.	Asphyxiating	hemoptysis	occurs	with	bleeding	rates	in
excess	 of	 150	 mL/h	 leading	 to	 potential	 immediate	 airway	 occlusion.	 This	 is
supported	by	the	knowledge	that	the	average	adult	anatomical	dead	space	of	the
tracheobronchial	 tree	measures	 approximately	 150	mL.	Massive	 hemoptysis	 is
estimated	 to	occur	 in	5%	to	15%	of	all	patients	with	hemoptysis.2	Nonmassive
hemoptysis	 produces	 a	 quantity	 smaller	 than	 massive	 hemoptysis	 and	 greater
than	blood	streaking.	Dark	 red	clots	may	also	be	expectorated	when	blood	has
been	present	in	the	lungs	for	days.

Pseudohemoptysis,	 on	 the	 other	 hand,	 is	 the	 expectoration	 of	 blood	 from	 a
source	 other	 than	 the	 lower	 respiratory	 tract	 (below	 the	 larynx).	 It	may	 cause
diagnostic	 confusion	when	 patients	 cannot	 clearly	 describe	 the	 source	 of	 their
bleeding,	which	is	not	unusual.	Pseudohemoptysis	may	occur	when	blood	from
the	 oral	 cavity,	 nares,	 pharynx,	 or	 tongue	 drains	 to	 the	 back	 of	 the	 throat	 and
initiates	 the	cough	reflex;	when	blood	emanating	from	the	gastrointestinal	 tract
is	 aspirated	 into	 the	 lower	 respiratory	 tract	 among	 patients	 who	 have
hematemesis;	 and	 when	 the	 oropharynx	 is	 colonized	 with	 a	 red,	 pigment-
producing,	aerobic,	gram-negative	rod,	Serratia	marcescens.3	Other	 rare	causes
of	 pseudohemoptysis	 are	 self-inflicted	 injuries,	 other	 bizarre	 tactics	 in	 the
malingering	patient	seeking	hospitalization	(factitious	hemoptysis),	and	rifampin
overdose	 (red	man	syndrome)	 imbuing	a	 reddish	hue	 to	secretions.	The	causes



and	distinguishing	features	of	pseudohemoptysis	are	listed	in	Table	175.1.

TABLE	175.1

Differential	Features	of	Pseudohemoptysis

Cause History Physical
examination

Laboratory
Tests

Upper
respiratory
tract

Little	or	no	cough;
epistaxis,	bleeding
from	gums	when
brushing	teeth

Gingivitis,
telangiectasias,
ulcerations,
lacerations,	or
varices	of	the
tongue,	nose,	or
nasopharynx,
oropharynx,	or
hypopharynx

Observing
actively
bleeding	lesion

Upper
gastrointestinal
tract

Coffee-ground
appearance	of	blood
because	of	mixture
with	HCl;	usually
lacks	the	bubbly,
frothy	appearance	of
bloody	sputum;
nausea,	vomiting,	or
history	of
gastrointestinal	disease

Epigastric
tenderness;
signs	of	chronic
liver	disease

Acid	pH	of
blood;	blood	in
nasogastric
aspirate;
barium
swallow,
esophagoscopy,
and
gastroscopy

Serratia
marcescens

Previous
hospitalization,	broad-
spectrum	antibiotics,
mechanical	ventilation

Normal No	red	blood
cells	in	red
sputum;	culture
of	organism

Malingering Psychiatric	illness;
unconfirmed	history	of
massive	hemoptysis

Normal	unless
self-induced
lesions	seen;
patients	unable

True
hemoptysis
usually	must	be
ruled	out	(see



to	cough	up
blood	on
command	(most
patients	with
true	hemoptysis
will)

Table	175.4).

This	chapter	deals	with	managing	hemoptysis	in	the	intensive	care	unit	(ICU)
in	 the	 context	 of	 a	 general	 discussion	 of	 hemoptysis.	 The	 management	 of
tracheoarterial	 fistula,	 traumatic	 rupture	 of	 the	 pulmonary	 artery	 caused	 by
balloon	 flotation	 catheters,	 and	 diffuse	 intrapulmonary	 hemorrhage	 or	 diffuse
alveolar	hemorrhage	(DAH)	is	highlighted.

ETIOLOGY
Hemoptysis	 can	 be	 caused	 by	 a	wide	 variety	 of	 disorders	 (Table	 175.2).4	 The
etiology	 of	 hemoptysis	 is	 considered	 here	 in	 three	 general	 categories:
nonmassive,	massive,	and	idiopathic/cryptogenic.	Patients	in	the	ICU	frequently
have	nonmassive	hemoptysis,	and	the	spectrum	of	the	causes	of	hemoptysis	for
these	 patients	 probably	 differs	 little	 from	 that	 reported	 by	 major	 series.
Commonly,	 the	 causes	 include	 trauma	 (secondary	 to	 suctioning),	 overzealous
anticoagulation,	 and	 infection.	 Unlike	 the	 general	 ICU	 patient,	 patients	 with
massive	hemoptysis	are	 frequently	 in	 the	ICU	because	of	 their	hemoptysis	and
thereby	constitute	a	different	subgroup	of	patients.

TABLE	175.2

Categories	of	Causes	of	Hemoptysis

Tracheobronchial	disorders
Acute	tracheobronchitis
Amyloidosis
Aspiration	of	gastric	contents
Bronchial	adenoma
Bronchial	endometriosis
Bronchial	telangiectasia

Idiopathic	pulmonary
hemosiderosis
Immunoglobulin	A

nephropathy
Inhaled	isocyanates
Charcoal	lighter	fluid

injection



Bronchiectasis
Bronchogenic	carcinoma
Broncholithiasis
Chronic	bronchitis
Cystic	fibrosis
Endobronchial	hamartoma
Endobronchial	metastases
Endobronchial	tuberculosis
Foreign	body	aspiration
Mucoid	impaction	of	the	bronchus
Thyroid	cancer
Tracheobronchial	trauma
Tracheoesophageal	fistula
Tracheoarterial	fistula

Localized	parenchymal	diseases
Acute	and	chronic	nontuberculous

pneumonia
Actinomycosis
Amebiasis
Ascariasis
Aspergilloma
Bronchopulmonary	sequestration
Coccidioidomycosis
Congenital	and	acquired	cyst
Cryptococcosis
Exogenous	lipoid	pneumonia
Histoplasmosis
Hydatid	mole
Lung	abscess
Lung	contusion
Metastatic	cancer
Mucormycosis
Nocardiosis
Paragonimiasis
Pulmonary	endometriosis
Pulmonary	tuberculosis
Sporotrichosis
Thoracic	splenosis

Diffuse	parenchymal	diseases

Legionnaires	disease
Mixed	connective	tissue

disease
Mixed	cryoglobulinemia
Polyarteritis	nodosa
Scleroderma
Systemic	lupus

erythematosus
Trimellitic	anhydride	toxicity
Viral	pneumonitisANCA-

associated	vasculitides:	GPA
MPA
Isolated	pulmonary	pauci-

immune	capillaritis
Pulmonary	capillaritis

associated	with	systemic
vasculitides
Bone	marrow	transplantation
Lysinuric	protein	intolerance

Cardiovascular	disorders
Aortic	aneurysm
Bronchial	artery	rupture
Congenital	heart	disease
Congestive	heart	failure
Coronary	artery	bypass	graft
Fat	embolization
Hughes-Stovin	syndrome
Mitral	stenosis
Neonatal	intrapulmonary

hemorrhage
Post–myocardial	infarction

syndrome
Pulmonary	arteriovenous

fistula
Pulmonary	artery	aneurysm
Pulmonary	embolism
Pulmonary	venous	varix
Schistosomiasis
Subclavian	artery	aneurysm



Disseminated	angiosarcoma
Drugsa	(Alemtuzumab,	abciximab,

gemtuzumab,	anti-CD33	monoclonal
antibody)
Farmer	lung
Goodpasture	syndrome	(anti–glomerular

basement	membrane	disease)

Superior	vena	cava
syndrome
Thoracic	endometriosis

(catamenial)
Tumor	embolization

Hematologic	disorders
Antithrombotic	therapy
Disseminated	intravascular

coagulation
Leukemia
Thrombocytopenia

Other
Idiopathic/cryptogenic
Iatrogenic
Bronchoscopy
Cardiac	catheterization
Needle	biopsy	of	lung

aSachdeva	A,	Matuschak	M.	Diffuse	alveolar	hemorrhage	following	alemtuzumab.	Chest.
2008;133:133.
ANCA,	antineutrophilic	cytoplasmic	antibody;	GPA,	granulomatosis	with	polyangiitis;	MPA,
microscopic	polyangiitis.

Nonmassive	Hemoptysis
Although	 bronchiectasis,	 pneumonia,	 lung	 carcinoma,	 and	 tuberculosis	 have
always	been	among	the	most	common	causes	of	hemoptysis,	their	incidence	has
varied	 depending	 on	 the	 study	 population,	 geographic	 location,	 and	 era.	 For
example,	 among	 immunocompromised	 patients,	Pneumocystis	 jirovecii,	 fungal
diseases,	Mycobacterium	tuberculosis,	and	Mycobacterium	avium	intracellulare
may	be	at	the	top	of	the	differential	diagnosis,	and	tuberculosis	may	be	a	more
common	cause	of	hemoptysis	in	China	than	in	the	United	States.5,6

Although	 bleeding	 from	 tracheoarterial	 fistula	 complicating	 tracheostomy,
rupture	of	pulmonary	artery	from	a	balloon	flotation	catheter,	and	DAH	may	be
submassive,	they	are	discussed	in	the	following	section.

Massive	Hemoptysis



3 	The	more	frequent	causes	of	massive	hemoptysis	likely	to	be	seen	in	the	ICU
are	listed	in	Table	175.3.	Virtually,	all	causes	of	hemoptysis	can	cause	massive
hemoptysis,	 but	 it	 is	 most	 frequently	 caused	 by	 tuberculosis,	 bronchiectasis,
infection,	 and	 lung	 cancer.2	 Infection	 is	 also	 a	 cause	 of	 bleeding	 from
aspergilloma7	or	cystic	 fibrosis.8	Hemoptysis	due	 to	cystic	 fibrosis	has	become
more	common	because	of	the	longer	survival	of	affected	patients.8	Idiopathic	or
cryptogenic	 hemoptysis	 has	 been	 reported	 in	 11%	 to	 19%	 of	 patients	 despite
extensive	diagnostic	evaluation.2

TABLE	175.3

Common	Causes	of	Massive	Hemoptysis

InfectiousBronchitis
Bronchiectasis
Tuberculosis
Cystic	fibrosis
Aspergilloma
Sporotrichosis
Lung	abscess
Pneumonia	in	human	immunodeficiency	virus–infected	patients

MalignantBronchogenic	cancer
Metastatic	cancer
Leukemia

Cardiovascular
Arteriobronchial	fistula
Congestive	heart	failure
Pulmonary	arteriovenous	fistula

Diffuse	parenchymal	disease
Diffuse	alveolar	hemorrhage

TraumaIatrogenic
Pulmonary	artery	rupture
Malposition	of	chest	tube
Tracheoarterial	fistula



Rupture	of	a	pulmonary	artery	complicates	balloon	flotation	catheterizations
in	less	than	0.2%	of	cases;	while	uncommon,	it	carries	a	high	mortality	rate	of
40%	to	70%.9-11	With	 the	 less	 frequent	use	of	 this	procedure,	 this	complication
has	 become	 relatively	 rare.	 Tracheoarterial	 fistula	 is	 also	 an	 unusual	 but
devastating	condition,	complicating	approximately	0.7%	of	tracheostomies	with
a	mortality	rate	exceeding	80%.12	DAH,	usually	caused	by	an	immunologically
mediated	 disease,	 should	 also	 be	 considered	 in	 the	 differential	 diagnosis	 of
massive	hemoptysis	in	the	ICU;	however,	30%	to	40%	of	patients	may	initially
not	present	with	hemoptysis	and	only	diffuse	pulmonary	infiltrates	on	radiologic
imaging.

Idiopathic	Hemoptysis
Using	the	systematic	diagnostic	approach	outlined	in	Tables	175.4	and	175.5,	the
cause	of	hemoptysis	can	be	found	in	most	instances.	In	11%	to	19%	of	patients,2
the	cause	cannot	be	determined.	This	condition,	called	idiopathic,	cryptogenic	or
essential	hemoptysis,	 is	 seen	most	commonly	among	men	between	 the	ages	of
30	and	50	years.	Prolonged	follow-up	studies	with	rare	exceptions	usually	fail	to
reveal	 the	 source	 of	 bleeding,	 even	 though	 10%	 of	 patients	 continue	 to	 have
occasional	episodes	of	hemoptysis.13	In	a	subset	of	patients,	Dieulafoy	disease	of
the	 bronchus	 (ie,	 an	 abnormal	 ectatic	 bronchial	 arterial	 superficial	 vessel
contiguous	to	the	epithelium	of	the	bronchial	mucosa)	has	been	demonstrated	at
pathologic	examination	when	surgery	has	been	performed	for	massive	bleeding
and	may	be	related	to	conditions	associated	with	chronic	airway	inflammation.14

TABLE	175.4

Routine	Evaluation	of	Hemoptysis

History

Physical	examination

Complete	blood	cell	count

Urinalysis

Coagulation	studies



Electrocardiogram

Chest	radiographs

±Flexible	bronchoscopya

aAlthough	flexible	bronchoscopy	should	not	be	performed	in	patients	with	some	conditions	(eg,
pulmonary	embolism,	aortopulmonary	fistula),	it	should	be	routinely	considered	(see	text).

TABLE	175.5

Special	Evaluation	of	Hemoptysis

Tracheobronchial	disorders
Expectorated	sputa	for	tubercle	bacilli,	parasites,	fungi,	and	routine

cytologic	testing
Bronchoscopy
High-resolution	chest	CT	scan
Cardiovascular	disorders
Echocardiogram
Arterial	blood	gases	on	21%	and	100%	oxygen
Ventilation	and	perfusion	lung	scans,	venous	duplex	scanning
Pulmonary	angiogram,	MRI,	spiral	chest	CT	scan	with	contrast
Multidetector	CT	angiography	of	chest,	aortogram
Cardiac	catheterization

Localized	parenchymal	diseases
Expectorated	sputa	for	parasites,	tubercle	bacilli,	fungi,	and	routine

cytologic	testing
Chest	CT	scan	and	MRI
Aspergillus	precipitins	in	serum
Lung	biopsy	with	special	stains

Diffuse	parenchymal	diseases
Expectorated	sputa	for	cytologic	testing
Blood	urea	nitrogen,	creatinine,	antinuclear	antibody,	rheumatoid	factor,

complement,	cryoglobulins,	lupus	erythematosus	preparation
Serum	for	circulating	anti–glomerular	basement	membrane	antibody	and

antineutrophilic	cytoplasmic	antibody



Serum	for	precipitins	for	hypersensitivity	pneumonitis	screen
Acute	and	convalescent	serum	antibody	studies	for	Legionnaires	disease

and	respiratory	viruses
Lung	or	kidney	biopsy	with	special	stains,	including	immunofluorescence

Hematologic	disorders
Coagulation	studies
Bone	marrow

CT,	computed	tomography;	MRI,	magnetic	resonance	imaging.

PATHOGENESIS
To	 appreciate	 fully	 the	 pathogenesis	 of	 hemoptysis,	 it	 is	 necessary	 to	 review
briefly	 the	 normal	 anatomy	 of	 the	 nutrient	 blood	 supply	 to	 the	 lungs.	 The
bronchial	arteries	are	 the	chief	 source	of	blood	of	 the	airways	 (from	mainstem
bronchi	 to	 terminal	 bronchioles);	 the	 supporting	 framework	 of	 the	 lung	 that
includes	 the	pleura,	 intrapulmonary	 lymphoid	 tissue;	and	 large	branches	of	 the
pulmonary	vessels	and	nerves	in	the	hilar	regions.	The	pulmonary	arteries	supply
the	 pulmonary	 parenchymal	 tissue,	 including	 the	 respiratory	 bronchioles.
Communications	between	 these	 two	blood	supplies,	bronchopulmonary	arterial
and	venous	anastomoses,	occur	near	the	junction	of	the	terminal	and	respiratory
bronchioles.	 These	 anastomoses	 allow	 the	 two	 blood	 supplies	 to	 complement
each	other.	Arteriographic	studies	of	patients	with	active	hemoptysis	have	shown
that	the	systemic	circulation	(bronchial	arteries)	is	primarily	responsible	for	the
bleeding	 in	 approximately	 92%	 of	 cases.15	 When	 performing	 an	 exhaustive
angiographic	search	for	the	cause	of	hemoptysis,	one	must	always	be	suspicious
for	pulmonary	arterial	and	nonbronchial	systemic	arterial	collaterals	as	sources
of	hemoptysis	when	no	clear	bronchial	arterial	source	is	found.

The	pathogenesis	of	hemoptysis	depends	on	the	and	location	of	the	disease.	In
general,	 if	 the	 lesion	 is	 endobronchial,	 the	 bleeding	 is	 from	 the	 bronchial
circulation,	and	if	the	lesion	is	parenchymal,	the	bleeding	is	from	the	pulmonary
circulation.	Moreover,	 for	 chronic	 diseases,	 repetitive	 episodes	 are	most	 likely
caused	by	increased	vascularity	at	the	involved	area.4

For	bronchogenic	carcinoma,	hemoptysis	results	from	necrosis	of	the	tumor,
with	its	increased	blood	supply	from	bronchial	arteries,	or	from	local	invasion	of
a	large	blood	vessel.	For	bronchial	adenomas,	bleeding	is	usually	from	rupture	of



the	 prominent	 surface	 vessels.	 For	 bronchiectasis,	 granulation	 tissue	 often
replaces	 the	 normal	 bronchial	 wall	 and,	 with	 infection,	 this	 area	 can	 become
irritated	 and	 bleed.	 In	 acute	 bronchitis,	 bleeding	 results	 from	 irritation	 of	 the
unusually	friable	and	vascular	mucosa.4

The	mechanism	of	 hemoptysis	with	mitral	 stenosis	 is	 controversial,	 but	 the
most	likely	explanation	is	rupture	of	the	dilated	varices	of	the	bronchial	veins	in
the	 submucosa	 of	 large	 bronchi	 because	 of	 pulmonary	 venous	 hypertension.16
Pulmonary	 venous	 hypertension	 may	 also	 be	 responsible	 for	 the	 bleeding	 in
congestive	heart	 failure	because	 it	 is	 associated	with	widening	of	 the	 capillary
anastomoses	between	bronchial	and	pulmonary	arteries.17

Hemoptysis	 from	 pulmonary	 embolism	 may	 be	 caused	 by	 infarction,	 with
necrosis	 of	 parenchymal	 tissue,	 or	 caused	 by	 hemorrhagic	 consolidation
secondary	 to	 increased	 bronchial	 artery	 blood	 flow	 that	 forms	 collaterals	with
the	pulmonary	circulation	to	bypass	the	obstructing	clot.18

With	 tuberculosis,	 bleeding	 can	 occur	 for	 a	 variety	 of	 reasons.	 In	 the	 acute
parenchymal	 exudative	 lesion,	 scant	 hemoptysis	may	 result	 from	necrosis	 of	 a
small	 branch	 of	 a	 pulmonary	 artery	 or	 vein.	 In	 the	 chronic	 parenchymal
fibroulcerative	 lesion,	 massive	 hemoptysis	 may	 result	 from	 rupture	 of	 a
pulmonary	 artery	 aneurysm	 bulging	 into	 the	 lumen	 of	 a	 cavity	 (Rasmussen
aneurysm).19,20	 The	 aneurysm	 occurs	 from	 tuberculous	 involvement	 of	 the
adventitia	 and	media	 of	 the	 vessel	 within	 or	 adjacent	 to	 a	 tuberculous	 cavity.
When	 a	 healed	 and	 calcified	 tuberculous	 lymph	 node	 erodes	 the	 wall	 of	 a
bronchus	because	of	pressure	necrosis,	the	patient	may	cough	up	blood	as	well
as	the	calcified	node	(broncholith).	With	endobronchial	tuberculosis,	hemoptysis
may	 result	 from	 acute	 tuberculous	 ulceration	 of	 the	 bronchial	 mucosa.	 With
healed	and	fibrotic	parenchymal	areas	of	tuberculosis,	bleeding	may	arise	from
irritation	of	granulation	tissue	in	the	walls	of	bronchiectatic	airways	in	the	same
areas.

In	 traumatic	 rupture	of	 the	pulmonary	artery	by	a	balloon	flotation	catheter,
risk	 factors	 include	pulmonary	hypertension,	distal	 location	of	 the	catheter	 tip,
excessive	 catheter	 manipulation	 in	 an	 attempt	 to	 obtain	 a	 pulmonary	 artery–
occluded	pressure	measurement,	a	large	catheter	loop	in	the	right	ventricle,	and
advanced	age.9-11

In	 tracheoarterial	 fistula	 complicating	 tracheostomy,	 bleeding	 is	 caused	 by
trauma	from	the	 tracheostomy	cannula	or	balloon.12	Bleeding	usually	 is	caused
by	 the	 rupture	 of	 the	 innominate	 artery.	 The	 fistula	 can	 form	 at	 three	 tracheal
locations:	the	stoma,	the	intratracheal	cannula	tip,	and	the	balloon.	Trauma	at	the
stoma	 is	 caused	 by	 pressure	 necrosis,	 usually	 because	 the	 tracheostomy	 was
created	 too	 low	 (below	 the	 fourth	 tracheal	 ring);	 at	 the	 cannula	 tip	 because	 of



excessive	 angulation	of	 the	 cannula;	 or	 at	 the	balloon	 site	 because	of	 pressure
necrosis	 caused	 by	 use	 of	 excessive	 inflation	 pressures.	 Other	 risk	 factors
include	 high	 cuff	 pressures,	 tubes	 that	 are	 malpositioned	 (too	 short	 and
angulated),	 and	 stomal	 wound	 infections.	 These	 bleeds	 are	 devastating	 with
mortality	 rates	 nearing	 100%	 and	 typically	 occur	 3	 days	 to	 6	 weeks	 post
tracheostomy.	They	can	reportedly	be	heralded	by	a	sentinel	bleed	among	50%
of	cases	in	association	occasionally	with	a	pulsating	tracheostomy	tube.	Because
of	 this	 most-feared	 potential	 complication,	 it	 is	 recommended	 that	 any
posttracheotomy	bleeding	occurring	3	days	to	6	weeks	after	insertion	should	be
considered	 a	 tracheoarterial	 fistula	 until	 proven	 otherwise,	 requiring
multimodality,	vigilant	approach	with	direct	inspection	and/or	angiography.

DAH	 associated	 with	 immunologic	 diseases	 is	 caused	 by	 an	 inflammatory
lesion,	usually	of	the	capillaries.4

DIAGNOSIS

General	Considerations
4 	 The	 success	 rate	 for	 determining	 the	 cause	 of	 hemoptysis	 is	 excellent	 but
variable.	 If	 one	 accepts	 the	 diagnosis	 of	 idiopathic	 (essential)	 hemoptysis	 as	 a
distinct	entity,14	 the	 cause	of	hemoptysis	 can	be	determined	 in	nearly	100%	of
cases.13	The	diagnostic	workup	of	hemoptysis	involves	routine	(Table	175.4)	as
well	 as	 special	 evaluations	 (Table	 175.5).	 Routine	 evaluations	 are	 initially
performed	for	every	patient,	whereas	special	studies	are	ordered	only	when	the
clinical	 setting	 suggests	 that	 they	 are	 indicated.	 In	 general,	 each	 category	 of
disease	(Table	175.2)	has	its	special	studies	(Table	175.5).

Routine	Evaluation
As	in	any	diagnostic	problem,	a	detailed	history	and	physical	examination	must
be	performed.	These	should	be	performed	in	a	systematic	fashion	to	rule	in	not
only	the	common	causes	of	hemoptysis	but	also	the	category	of	the	cause	(Table
175.2).

Although	the	amount	of	bleeding	usually	is	not	indicative	of	the	seriousness
of	 the	 underlying	 disease	 process,	 a	 history	 of	 the	 frequency,	 timing,	 and
duration	 of	 hemoptysis	 may	 be	 helpful.	 For	 example,	 repeated	 episodes	 of
hemoptysis	 occurring	 during	months	 to	 years	 suggest	 a	more	 chronic	 etiology



such	 as	 bronchiectasis.	Hemoptysis	 is	 typically	 a	 late	 finding	 in	 bronchogenic
carcinoma	although	history	may	reveal	small	amounts	of	hemoptysis	occurring
every	 day	 for	weeks.	Hemoptysis	 that	 coincides	with	 the	menses	 (catamenial)
suggests	 the	 rare	 diagnostic	 possibility	 of	 pulmonary	 endometriosis,21	 whereas
bleeding	associated	with	sexual	 intercourse	or	other	forms	of	exertion	suggests
passive	congestion	of	the	lungs.22

Although	 hemoptysis	 may	 be	 a	 symptom	 at	 any	 age,	 it	 is	 distinctly
uncommon	 among	 the	 young.	 When	 hemoptysis	 is	 present	 before	 the	 third
decade	of	life,	it	suggests	an	acute	tracheobronchitis,	a	congenital	cardiac	or	lung
defect,	an	unusual	tumor,	cystic	fibrosis,	a	blood	dyscrasia,	trauma,	or	infectious
pneumonia.	 No	 matter	 what	 the	 age,	 when	 a	 patient	 with	 pneumonia	 who	 is
undergoing	 appropriate	 therapy	 has	 hemoptysis	 that	 persists	 for	more	 than	 the
usual	24	hours,	an	endobronchial	lesion	or	coagulopathy	should	be	suspected.

A	travel	history	can	often	be	helpful	for	bringing	certain	endemic	diseases	to
mind.	 This	 is	 true	 of	 coccidioidomycosis	 and	 histoplasmosis	 in	 the	 United
States;	paragonimiasis	and	ascariasis	in	East	Asia;	and	schistosomiasis	in	South
America,	Africa,	and	East	Asia.

Chronic	sputum	production	before	hemoptysis	suggests	a	diagnosis	of	chronic
bronchitis,	 bronchiectasis,	 and	 cystic	 fibrosis.	 The	 presence	 of	 orthopnea	 and
paroxysmal	nocturnal	dyspnea	suggests	 the	diagnoses	of	passive	congestion	of
the	lungs.	A	history	of	antithrombotic	therapy	suggests	an	intrapulmonary	bleed
due	to	supratherapeutic	anticoagulation	or	possibly	recurrent	thrombotic	disease
if	the	anticoagulant	is	subtherapeutic	or	the	patient	is	no	longer	anticoagulated.
The	 possibility	 of	 pulmonary	 embolism	 should	 always	 be	 considered	 when	 a
patient	 who	 presents	 with	 hemoptysis	 has	 been	 at	 an	 increased	 risk	 for	 deep
venous	thrombosis	(eg,	meets	Virchow	triad).

The	possibility	of	traumatic	rupture	of	a	pulmonary	artery	caused	by	balloon
flotation	 catheterization	 should	 always	 be	 considered	when	 these	 catheters	 are
used.9-11

Although	 tracheoarterial	 fistula	 must	 be	 considered	 in	 the	 differential
diagnosis	of	hemoptysis	in	every	patient	with	a	tracheostomy,	it	is	an	infrequent
cause	in	this	setting.	When	it	occurs,	the	onset	is	almost	always	at	least	48	to	72
hours	after	the	procedure.13	Although	the	peak	incidence	is	between	the	first	and
third	week	and	72%	of	fistulas	bleed	during	the	first	21	days	after	tracheostomy,
hemorrhage	from	this	complication	can	also	occur	as	late	as	18	months	after	the
procedure.13	There	is	a	sentinel	bleed	in	34%	to	50%	of	cases.12	Before	48	hours,
bleeding	from	the	stoma	is	usually	caused	by	capillary	bleeding	from	inadequate
hemostasis.	Whenever	 hemoptysis	 occurs	 from	 a	 patient	 with	 an	 endotracheal
tube	 or	 tracheostomy	 in	 place,	 trauma	 from	 suctioning	 should	 be	 considered,



especially	when	coagulation	is	abnormal.
Although	patients	with	DAH	typically	have	hemoptysis,	they	occasionally	do

not	expectorate	at	 all	but	 just	 complain	of	dyspnea,	 fever,	 cough,	and	malaise.
Therefore,	 lack	 of	 hemoptysis	 does	 not	 rule	 out	 a	 substantial	 intrapulmonary
hemorrhage	because	the	alveoli	can	accommodate	large	volumes	of	blood.2

The	diagnosis	of	trimellitic	anhydride–induced	pulmonary	hemorrhage	should
be	 suspected	 in	 workers	 exposed	 to	 high-dose	 trimellitic	 anhydride	 fumes.
Exposure	occurs	when	heated	metal	surfaces	are	sprayed	with	corrosion-resistant
epoxy	 resin	 coatings.	 The	 syndrome	 requires	 a	 latent	 period	 of	 exposure	 and
appears	to	be	antibody	mediated.23	Respiratory	failure	with	pulmonary	infiltrates
and	hemoptysis	has	also	been	reported	in	a	patient	with	a	documented	exposure
and	antibodies	to	isocyanates.24

For	 a	 patient	 with	 the	 triad	 of	 known	 upper	 airway	 disease,	 lower	 airway
disease,	 and	 renal	 disease,	 antineutrophil	 cytoplasmic	 autoantibody	 (ANCA)-
associated	 vasculitides,	 namely,	 granulomatosis	 with	 polyangiitis	 (GPA)—
formerly	 referred	 to	 as	 Wegener	 granulomatosis—should	 be	 suspected.
Pulmonary	hemorrhage	can	occur	at	any	point	during	the	course	of	the	illness	in
the	patient	with	systemic	lupus	erythematosus	(SLE)	and	can	also	be	the	initial
manifestation	of	the	disease.	Goodpasture	syndrome	(anti–glomerular	basement
membrane	 (GBM)	 antibody–mediated	 disease)	 typically	 occurs	 in	 young	men
and	it	has	been	reported	to	be	associated	with	influenza	infection,	inhalation	of
hydrocarbons,	and	penicillamine	ingestion.	Therefore,	it	should	be	considered	in
these	historical	contexts.4

DAH	 should	 be	 suspected	 for	 patients	 who	 have	 undergone	 recent
hematopoietic	stem	cell	transplantation	when	they	present	with	cough,	dyspnea,
hypoxemia,	and	diffuse	pulmonary	infiltrates.	This	typically	occurs	with	marrow
recovery.	It	has	been	reported	to	occur	in	approximately	20%	of	patients	during
autologous	 bone	 marrow	 transplantation,	 and	 it	 has	 been	 associated	 with
mortality	 rates	 of	 64%	 to	 100%.25-27	 Lung	 tissue	 injury,	 inflammation,	 and
cytokine	 release	 are	 implicated	 in	 the	 pathogenesis	 of	 DAH	 of	 hematopoietic
stem	cell	transplant	patients.

Physical	examination	may	be	helpful	in	several	ways.	Inspection	of	the	skin
and	 mucous	 membranes	 may	 show	 telangiectasias,	 suggesting	 hereditary
hemorrhagic	 telangiectasia,	 or	 ecchymoses	 and	 petechiae,	 suggesting	 a
hematologic	 abnormality.	 Pulsations	 transmitted	 to	 a	 tracheostomy	 cannula
should	 heighten	 suspicion,	 or	 risk,	 of	 a	 tracheoartery	 fistula.	 Inspection	 of	 the
thorax	may	show	evidence	of	recent	or	old	chest	trauma,	and	unilateral	wheeze
or	rales	may	herald	localized	disease	such	as	bronchial	adenoma	or	carcinoma.
Although	 pulmonary	 embolism	 is	 not	 definitively	 diagnosed	 on	 physical



examination,	tachypnea,	phlebitis,	and	pleural	friction	rub	suggest	this	disorder.
If	crackles	are	heard	diffusely	on	chest	examination,	passive	congestion	as	well
as	 other	 diseases	 causing	 DAH	 should	 be	 considered	 (Table	 175.2).	 Careful
cardiovascular	examination	and	echocardiography	may	 identify	mitral	stenosis,
pulmonary	artery	stenosis,	or	pulmonary	hypertension.

The	 routine	 laboratory	 studies	 listed	 in	 Table	 175.4	 are	 useful	 for	 the
following	 reasons.	 The	 complete	 blood	 cell	 count	 results	 may	 suggest	 the
presence	 of	 an	 infection,	 hematologic	 disorder,	 or	 chronic	 blood	 loss.	 Sputum
should	 be	 sent	 for	 Gram	 stain	 and	 culture,	 including	 studies	 for	 acid-fast
organisms.	 In	 addition,	 sputum	 should	 be	 sent	 for	 cytologic	 evaluation	 if	 the
patient	 is	 a	 smoker	 and	older	 than	40	years.	 Idiopathic	hemosiderosis	or	other
causes	 of	 DAH	 (Table	 175.2)	 may	 present	 only	 with	 diffuse	 pulmonary
infiltrates	 and	 iron	 deficiency	 anemia	 from	 chronic	 bleeding	 into	 the	 lungs.
Urinalysis	may	reveal	hematuria	and	suggest	the	presence	of	a	systemic	disease
associated	with	 diffuse	 parenchymal	 disease	 (eg,	 pulmonary	 renal	 hemorrhage
syndrome	 due	 to	 SLE,	 Goodpasturesyndrome,	 ANCA-associated	 vasculitides
such	 as	 GPA	 and	 microscopic	 polyangiitis	 [MPA],	 and	 other	 systemic
vasculitides;	Table	175.2).	Although	 there	 is	 simultaneous	evidence	of	 clinical
involvement	of	the	lungs	and	kidneys	in	33%	of	cases	of	Goodpasture	syndrome,
there	 can	be	 clinical	 lung	 involvement	without	 renal	 disease	 and	 clinical	 renal
involvement	without	lung	disease.

Coagulation	 studies	 may	 uncover	 a	 hematologic	 disorder	 that	 is	 primarily
responsible	 for	 the	 hemoptysis	 or	 that	 contributes	 to	 excessive	 bleeding	 from
another	 disease.	 The	 electrocardiogram	 may	 help	 suggest	 the	 presence	 of	 a
cardiovascular	disorder.	Although	as	many	as	30%	of	patients	with	hemoptysis
have	negative	chest	 radiographs,4	 routine	posteroanterior	 and	 lateral	 films	may
be	 diagnostically	 valuable.	 If	 unrevealing,	 one	 should	 strongly	 consider
obtaining	 computed	 tomography	 (CT)	 of	 the	 chest	 not	 only	 for	 diagnosis,	 but
when	 combined	 with	 intravenous	 contrast,	 modern	 multidetector	 CT
angiography	 (MDCTA)	 of	 the	 chest	 can	 more	 accurately	 localize	 potential
intrathoracic	 sources	 of	 the	 bleeding	 and	 provide	 a	 potential	 roadmap	 for
subsequent	interventions	(eg,	bronchial	arterial	embolization).28,29

When	pulmonary	 tumor	or	 infection	 is	 not	 readily	 apparent,	 there	 are	other
radiographic	signs	that	may	help	to	elucidate	the	cause	and	source	of	bleeding.
Radiopaque	 foreign	bodies	may	give	 rise	 to	hemoptysis	 even	years	 after	 entry
into	the	lungs.	One	may	note	the	disappearance	of	a	calcified	mediastinal	lymph
node	after	it	has	eroded	the	bronchial	wall	and	is	expectorated	as	a	broncholith.
Aortic	 or	 pulmonary	 aneurysms	 may	 erode	 into	 the	 bronchial	 tree.	 Single	 or
multiple	 pulmonary	 cavities	 may	 suggest	 pulmonary	 tuberculosis,	 fungal



disease,	 parasitic	 disease,	 acute	 or	 chronic	 lung	 abscess,	 neoplasm,	 septic
pulmonary	emboli,	or	GPA.	The	finding	of	a	mass	within	a	cavitary	lesion	raises
the	possibility	of	a	fungus	ball	(aspergilloma),	whereas	localized	honeycombing
may	be	indicative	of	bronchiectasis.	The	presence	of	a	new	infiltrate	localized	to
the	 area	 subtending	 a	 balloon	 flotation	 catheter	 suggests	 a	 rupture	 of	 the
pulmonary	 artery.9-11	 The	 appearance	 of	 a	 new	 air-fluid	 level	 in	 a	 preexisting
cavity	 or	 cyst	 suggests	 the	 location	 of	 the	 source	 of	 bleeding,	 as	 does	 a
nonsegmental	 alveolar	 pattern	 that	 clears	 within	 a	 few	 days.	 A	 solitary
pulmonary	nodule	with	vessels	going	toward	it	suggests	an	arteriovenous	fistula.
Among	 patients	 with	 hemoptysis	 due	 to	 pulmonary	 embolism,	 a	 parenchymal
density	abutting	a	pleural	surface	with	evidence	of	pleural	reaction	or	effusion	is
usually	 present.	 The	 cardiac	 silhouette,	 vascular	 or	 parenchymal	 patterns,	 and
the	 presence	 of	 Kerley	 B	 lines	 may	 be	 useful	 in	 documenting	 cardiovascular
disease.

When	 chest	 radiography	 shows	 diffuse	 pulmonary	 infiltrates,	 hemorrhage
from	bleeding	disorders	 (eg,	 thrombocytopenia	 in	 the	compromised	host),	 lung
contusion	from	blunt	chest	trauma,	freebase	cocaine	use,	and	passive	congestion
of	 the	 lungs	 should	 be	 considered,	 in	 addition	 to	 the	 diseases	 listed	 under
“Diffuse	 parenchymal	 disease”	 in	Table	175.2.	 In	 the	 earliest	 stages	 of	DAH,
chest	radiographs	may	appear	normal,	but	usually	the	hemorrhage	first	appears
in	 a	 diffuse	 alveolar	 pattern.	 This	 progresses	 to	 a	 mixed	 alveolar-interstitial
pattern	 and	 then,	 when	 bleeding	 ceases	 entirely,	 to	 an	 interstitial	 pattern,	 as
hemosiderin	deposition	accumulates.25-27

Bronchoscopy	and	Computed	Tomography
Even	 if	 the	 history,	 physical	 examination,	 and	 chest	 radiograph	 are	 normal,	 or
there	is	an	“obvious”	cause	of	hemoptysis	on	the	chest	radiograph,	bronchoscopy
is	invaluable	not	only	for	accurate	diagnosis	but	also	for	precise	localization	of
the	 pulmonary	 hemorrhage.	 It	 is	 not	 uncommon	 for	 bronchoscopy	 to	 establish
sites	of	bleeding	different	from	those	suggested	by	chest	radiography.	But	not	all
patients	 with	 hemoptysis	 require	 bronchoscopy.	 Bronchoscopy	 may	 not	 be
needed	 in	 patients	 with	 stable	 chronic	 bronchitis	 with	 one	 episode	 of	 blood
streaking	(especially	those	who	are	younger	than	40	years	of	age	with	short-lived
hemoptysis	 of	 less	 than	 1	 week	 duration	 where	 the	 likelihood	 of	 occult
malignancy	 is	 low),	 particularly	 if	 associated	 with	 an	 exacerbation	 of	 acute
tracheobronchitis,	 or	 in	 patients	 in	 whom	 the	 site	 of	 bleeding	 was	 recently
documented	 by	 bronchoscopic	 examination.	 In	 addition,	 patients	 with	 acute
lower	 respiratory	 tract	 infections,	 and	 patients	 with	 obvious	 cardiovascular



causes	of	hemoptysis,	such	as	congestive	heart	failure	and	pulmonary	embolism,
may	not	require	bronchoscopic	examination.

5 	 For	 localizing	 the	 bleeding	 site,	 the	 best	 results	 are	 obtained	 when
bronchoscopy	 is	 performed	 during	 or	within	 24	 hours	 of	 active	 bleeding.	 The
bleeding	 site	 can	 be	 localized	 in	 up	 to	 93%	 of	 patients	 with	 a	 flexible
bronchoscope	 and	 in	 up	 to	 86%	 with	 the	 rigid	 instrument.30,31	 When	 the
procedure	is	done	within	48	hours,	localization	of	bleeding	can	drop	to	51%.30,31
When	bronchoscopy	 is	done	 after	bleeding	has	 ceased,	 accurate	 localization	 is
likely	 to	 be	 reduced	 even	 further.30-32	 Although	 the	 flexible	 bronchoscope	 is
usually	the	instrument	of	choice	for	diagnosing	lower	respiratory	tract	problems,
rigid	 bronchoscopy	 is	 preferred	 in	 cases	 of	massive,	 uncontrolled	 hemorrhage
because	 patency	 of	 the	 airway	 is	 maintained	 more	 effectively	 during	 the
procedure	 (Chapter	182:	 Interventional	Pulmonary	 in	 the	 Intensive	Care	Unit).
There	are	data	that	show	that	obtaining	high-resolution	chest	CT	scanning	before
bronchoscopy	may	enhance	the	yield	of	bronchoscopy.30-32	With	the	exception	of
tracheoarterial	fistula,	the	tracheobronchial	disorders	that	can	be	diagnosed	by	a
bronchoscopic	examination	are	listed	in	Table	175.2.

Bedside	 bronchoscopy	 should	 not	 be	 performed	 to	 rule	 in	 the	 diagnosis	 of
tracheoarterial	 fistula.	 In	 tracheostomized	 patients	 with	 hemoptysis,
bronchoscopy	 should	 be	 performed	 to	 rule	 out	 other	 causes,	 such	 as	 bleeding
from	 suction	 ulcers,	 tracheitis,	 or	 lower	 respiratory	 tract	 disorders.	 If	 no	 other
cause	 for	 hemoptysis	 can	 be	 found	 and	 bleeding	 has	 stopped,	 or	 anterior	 and
downward	 pressure	 on	 the	 cannula	 on	 the	 stomal	 site	 or	 overinflation	 of	 the
tracheostomy	balloon	slows	down	or	stops	the	bleeding,	a	surgical	consultation
(cardiothoracic	 and	 vascular)	 should	 be	 sought	 immediately	 and	 the	 patient
brought	to	the	operating	room	for	examination	in	a	more	controlled	environment.
As	 long	 as	 tracheoarterial	 fistula	 remains	 a	 diagnostic	 possibility,	 the
tracheostomy	balloon	should	not	be	deflated,	and	the	tracheostomy	tube	should
not	be	removed	without	protecting	the	airway	below	the	tracheostomy	tube.12,33

When	there	is	no	active	bleeding,	bronchoscopy	with	bronchoalveolar	lavage
can	 be	 helpful	 for	 diagnosing	 DAH.	 Return	 of	 bright	 red	 or	 progressively
bloodier	lavage	fluid	from	multiple	lobes	(at	least	two	segments)	on	serial	lavage
aliquots	 usually	 from	 both	 lungs	 suggests	 an	 active	 DAH;	 lavage	 fluid
containing	more	than	20%	hemosiderin-laden	macrophages	(ie,	siderophages)	on
cytologic	 analysis	 from	 these	 same	 specimens	 suggests	 bleeding	 that	 has	 been
ongoing	and	 is	also	suggestive	of	DAH.34	Because	carbon	monoxide–diffusing
capacity	 is	 increased	because	of	binding	of	 carbon	monoxide	by	 intra-alveolar
red	blood	cells	for	24	to	48	hours	after	bleeding	stops,	this	test	may	be	helpful
for	 suggesting	 intra-alveolar	 hemorrhage	 of	 the	 stable	 patient	 without



hemoptysis	but	is	rarely	utilized	currently.
In	 general,	 CT	 scanning	 plays	 an	 important	 role	 in	 the	 evaluation	 of

hemoptysis	 and	 it	 has	 been	 shown	 by	 some	 studies	 to	 be	 as	 good	 as
bronchoscopy	 for	 localizing	 the	 bleeding	 and	 superior	 to	 bronchoscopy	 at
diagnosing	 the	 cause	 of	 bleeding.32	 Chest	 CT	 is	 superior	 to	 plain	 films	 and
bronchoscopy	 in	 diagnosing	 bronchiectasis,	 tuberculous-related	 lesions,
aspergillomas,	and	tumors,	the	most	common	causes	of	massive	hemoptysis.	CT,
however,	also	has	its	limitations	because	it	cannot	provide	direct	visualization	of
the	mucosa	and	associated	abnormalities	such	as	bronchitis,	vascular	anomalies
including	 telangiectasias,	 early	 mucosal	 based	 carcinomas,	 benign	 papillomas
and	 Kaposi	 sarcomas.	 Clearly	 for	 these	 cases,	 flexible	 bronchoscopy	 will	 be
superior	 and	 bronchoscopy	 also	 provides	 the	 ability	 to	 additionally	 provide
stabilizing,	temporizing	therapeutic	interventions	in	some	cases.	Ultimately,	CT
scan	 of	 the	 chest	 and	 flexible	 bronchoscopy	 should	 be	 essentially	 viewed	 as
complementary	to	each	other,	and	most	clinicians	would	consider	performing	a
CT	scan	without	contrast	on	all	cases	of	moderate	to	massive	hemoptysis	when
feasible.	As	previously	 stated,	 the	addition	of	 IV	contrast	with	performance	of
MDCTA	can	further	enhance	 the	ability	of	CT	to	further	 localize	 the	source	of
bleeding	 particularly	 when	 one	 is	 planning	 on	 moving	 ahead	 with	 an
interventional	 angiographic	 treatment	 modality	 to	 more	 precisely	 localize	 the
anatomical	circulatory	source	of	the	bleeding.35

Angiography
Angiography	can	determine	the	site	of	bleeding	in	90%	to	93%	of	cases.	When
performed	 routinely,	 diagnostic	 angiography	 establishes	 a	 diagnosis	 not
identified	by	bronchoscopy	in	only	4%	of	patients.15	Although	angiography	may
not	be	initially	helpful	in	confirming	the	rupture	of	the	pulmonary	artery	caused
by	 balloon	 flotation	 catheterization	 if	 the	 rent	 has	 sealed,	 it	 can	 be	 extremely
helpful	 for	 detecting	 a	 pseudoaneurysm	 that	 has	 formed	 during	 the	 healing
process.10,11	 Identification	of	 this	unstable	 lesion	 is	 important	because	 it	 should
be	obliterated	to	prevent	future	rupture	and	death.10,11	Angiography	has	not	been
shown	 to	 be	 routinely	 useful	 for	 diagnosing	 tracheoarterial	 fistula	 and	 if	 the
suspicion	is	high,	one	should	proceed	to	direct	inspection	in	the	operating	room
with	surgical	consultant	backup	and	involvement	available.12,33	Again,	in	recent
years,	 MDCTA	 has	 gained	 popularity	 and	 become	 a	 key	 modality	 for	 the
algorithmic	approach	to	the	diagnosis	and	management	of	massive	hemoptysis	at
many	 institutions	 given	 its	 improved	 ability	 to	 localize	 the	 source	 of	 bleeding
(bronchial	arterial,	pulmonary	arterial,	or	nonbronchial	systemic	collaterals)	with



lower	 doses	 of	 contrast	 and	 provide	 valuable	 preplanning	 information	 to	 the
interventional	radiologist	prior	to	embolization	efforts.36

Special	Evaluation
Depending	on	the	results	of	the	initial	evaluation	and	the	possible	categories	of
cause	of	hemoptysis	 (Table	175.2),	 additional	diagnostic	evaluations	 should	be
systematically	performed	(Table	175.5).

The	 diagnosis	 of	 Goodpasture	 syndrome,	 for	 example,	 is	 made	 by
demonstrating	 linear	 deposition	of	 immunoglobulin	 (Ig)	G	 along	 the	 basement
membrane	 of	 the	 lung	 or	 kidney	 and	 the	 presence	 of	 high	 titers	 of	 circulating
anti-GBM	 antibody	 in	 the	 blood.	 Antibodies	 from	 patients	 with	 traditional
Goodpasture	syndrome	react	with	the	α3	(IV)	chain	of	collagen.

Definitive	 diagnosis	 of	 the	 pulmonary	 vasculitides	 depends	 on	 histologic
examination,	including	special	stains	and	cultures	that	rule	out	tuberculosis	and
fungal	diseases.	Pulmonary	capillaritis	with	hemorrhage	has	been	reported	in	an
ever-increasing	number	of	 conditions.4,25-27	 The	 diagnosis	 can	 on	 rare	 occasion
be	 made	 on	 transbronchial	 biopsy,	 thus	 avoiding	 the	 need	 for	 open	 or	 video-
assisted	 thoracoscopic	wedge	 lung	biopsy,37	 but	 care	must	 be	 taken	 to	 exclude
infectious	 etiologies	 by	 using	 special	 stains.	 Antineutrophil	 cytoplasmic
autoantibodies	are	helpful	for	diagnosing	GPA	(formerly	Wegener)	and	MPA	and
for	potentially	following	disease	activity.4,25-27	The	complete	evaluation	of	GPA,
MPA,	SLE,	and	mixed	cryoglobulinemia	is	reviewed	in	Chapters	66	and	67.	The
diagnostic	 features	 of	 polyarteritis	 nodosa,	 the	 hypersensitivity	 vasculitides,
giant	cell	and	Takayasu	arteritis,	and	Behçet	disease	are	also	presented	in	detail
in	Chapter	67.	For	all	of	these,	pulmonary	involvement	is	rare.	Several	cases	of
Henoch-Schönlein	syndrome,	one	of	the	hypersensitivity	vasculitides,	have	been
reported	 with	 severe	 alveolar	 hemorrhage,	 including	 one	 in	 which
immunofluorescent	 stains	 of	 the	 lung	 revealed	 granular	 deposits	 of	 IgA
consistent	with	an	 immune	complex	mediation.	Giant	cell	arteritis	 involvement
of	 the	 lung	 is	 suggested	 by	 upper	 respiratory	 tract	 symptoms	 of	 sore	 throat,
cough,	and	hoarseness.4

Although	 high	 levels	 of	 IgG,	 IgA,	 and	 IgM	 antibody	 to	 trimellitic-coupled
protein	and	trimellitic-conjugated	erythrocytes	have	been	found	among	patients
with	 trimellitic	 anhydride-induced	 pulmonary	 disease,23	 the	 diagnosis	 can	 be
made	 clinically	 by	 obtaining	 a	 history	 of	 the	 exposure	 and	 ruling	 out	 other
diseases	(Table	175.2).

It	 is	 important	 to	 be	 aware	 that	 diseases	 may	 be	 considered	 and	 therefore



evaluated	in	more	than	one	category.	For	instance,	a	patient	with	hemoptysis	due
to	overzealous	antithrombotic	therapy	may	be	evaluated	in	three	categories:	(1)	a
hematologic	disorder	that	may	cause,	(2)	localized,	and	(3)	diffuse	parenchymal
disease.	A	patient	with	 chronic	 bleeding	 from	 the	 tracheobronchial	 disorder	 of
diffuse	 bronchial	 telangiectasis	 could	 present	with	 diffuse	 as	well	 as	 localized
parenchymal	 disease	 (aspiration	 hemosiderosis).	 A	 patient	 with	 long-standing
passive	 congestion	 of	 the	 lungs,	 a	 cardiovascular	 disorder,	might	 present	with
diffuse	 pulmonary	 hemosiderosis,	 whereas	 a	 patient	 with	 acute	 pulmonary
edema	usually	presents	with	diffuse	pulmonary	infiltrates.

DIFFERENTIAL	DIAGNOSIS
When	evaluating	patients	with	hemoptysis,	it	is	necessary	to	rule	out	the	causes
of	 pseudohemoptysis.	 Features	 that	 can	 help	 to	 differentiate	 the	 causes	 of
pseudohemoptysis	 from	 one	 another	 and	 pseudohemoptysis	 from	 true
hemoptysis	are	found	in	Table	175.1.	In	addition	to	history	and	routine	physical
examination,	it	is	important	to	perform	a	meticulous	examination	of	the	nose	and
entire	 pharynx,	 preferably	 with	 a	 nasopharyngoscope.	 Unless	 the	 cause	 of
pseudohemoptysis	 is	 definitively	 determined,	 the	 spitting	 up	 of	 blood	must	 be
assumed	 to	be	 true	hemoptysis	until	proven	otherwise.	An	upper-airway	 lesion
must	not	be	assumed	 to	be	 the	cause	of	 the	bleeding	unless	 it	 is	seen	bleeding
actively	at	the	time	of	examination.	Not	infrequently,	the	evaluation	may	require
a	 team	 approach	 with	 the	 interprofessional	 involvement	 and	 input	 from	 a
gastroenterologist	 and	 an	 otolaryngologist,	 as	 well	 as	 the	 primary	 evaluating
pulmonary	and/or	critical	care	specialist.

TREATMENT
The	 treatment	 of	 hemoptysis	 can	 be	 divided	 into	 supportive	 and	 definitive
categories.	When	prescribing	 definitive	 therapy,	 it	 is	 important	 to	 consider	 the
cause,	 the	 amount	 and	 rate	 of	 bleeding,	 and	 the	 patient’s	 underlying	 lung
function.	The	assessment	and	management	of	the	patient	is	frequently	occurring
concurrently	 based	 on	 the	 pace	 and	 urgency	 of	 the	 overall	 presentation.	 The
basic	 tenets	 of	 management	 include	 the	 following:	 (1)	 stabilization,	 (2)
localization/lateralization,	 and	 (3)	 isolation	 and	 containment	 with	 potential
definitive	therapy.



Supportive	Care
Supportive	 care	 usually	 includes	 bed	 rest	 and	 mild	 sedation.	 Drugs	 with
antitussive	effects	(eg,	all	narcotics)	should	not	be	used.	An	effective	cough	may
be	necessary	to	clear	blood	from	the	airways	and	avoid	asphyxiation.	Drugs	with
antiplatelet	effects	also	should	not	be	used	and	any	underlying	bleeding	diathesis
should	be	reversed	when	possible.	Depending	on	the	results	of	pulse	oximetry	or
arterial	 blood	 gas	 analysis,	 supplemental	 oxygen	 should	 be	 given.	 If	 bleeding
continues	 and	 gas	 exchange	 becomes	 further	 compromised,	 endotracheal
intubation	 and	 mechanical	 ventilation	 may	 become	 necessary.	 To	 facilitate
flexible	bronchoscopy	with	a	sufficiently	large	suction	port,	an	endotracheal	tube
with	 an	 internal	 diameter	 of	 8	mm	 or	 greater	 should	 be	 used,	 when	 possible.
When	 the	 expertise	 is	 available	 at	 your	 facility,	 a	 strong	 consideration	 for
moving	directly	to	the	operating	room	for	rigid	bronchoscopy	should	be	strongly
considered	when	 the	patient	 is	 actively	bleeding,	 compromised,	or	 at	high	 risk
for	progressive	decline.	Other	traumatic	respiratory	adjunctive	therapies,	such	as
chest	physiotherapy	and	postural	drainage,	 should	be	avoided.	Fluid	and	blood
product	resuscitation	as	well	as	reversal	agents	for	antithrombotic	agents	should
be	given	when	indicated.

The	amount	 and	 rate	of	hemoptysis	 should	be	 continuously	monitored	until
bleeding	stops.	These	parameters	 in	addition	 to	 the	patient’s	clinical/functional
status	 help	 determine	 the	 patient’s	 subsequent	 care.	 Current	 evolving
management	of	massive	hemoptysis	focuses	on	an	integrated,	multipronged,	and
multidisciplinary	approach	to	streamline	efficient	care	and	optimize	outcomes.5

Definitive	Care

Nonmassive	Hemoptysis
For	patients	with	scant	or	frank	(submassive)	hemoptysis,	treatment	is	directed	at
the	 specific	 cause.	 For	 instance,	 suppurative	 bronchiectasis	 is	 treated	 with
antibiotics	plus	a	mucociliary	escalator	drug	(eg,	β-adrenergic	agonists).	Chronic
bronchitis	 associated	 with	 cigarette	 smoking	 is	 treated	 with	 a	 mucociliary
escalator	and	cessation	of	cigarette	smoking.	Broad-spectrum	antibiotic	therapy
should	 be	 considered	 if	 hemoptysis	 occurs	 in	 the	 context	 of	 an	 acute
exacerbation	 of	 chronic	 bronchitis.	 In	 severe	 exacerbations	 of	 ICU	 patients,
gram-negative	 enteric	 rods,	 Pseudomonas	 aeruginosa,	 Stenotrophomonas
maltophilia,	and	penicillin-resistant	Streptococcus	pneumoniae	may	be	playing	a



role	approximately	30%	of	the	time.38	Cystic	fibrosis	is	treated	with	appropriate
antibiotics	 to	 cover	 the	 likely	 pathogens,39	 plus	 a	 mucociliary	 escalator.
Bronchial	 adenoma	 and	 bronchogenic	 carcinoma	 should	 be	 resected	whenever
possible	based	on	the	patients	underlying	lung	function	and	pulmonary	reserve.
Recently,	radiofrequency	and	microwave	ablation	has	been	used	in	stages	III	and
IV	 non–small	 cell	 lung	 cancer	 for	 palliation	 of	 hemoptysis,	 cough,	 and	 pain,
because	 reduction	 in	 tumor	 volume	 can	 lead	 to	 symptomatic	 improvement.
However,	 hemoptysis	 has	 been	 reported	 as	 a	 complication	 of	 radiofrequency
ablation	 in	 up	 to	 12%	of	 cases.40	With	 regard	 to	 pharmacological	 therapies,	 at
this	 time	 the	 consensus	 is	 to	 focus	 on	 treatment	 of	 the	 causative	 pathology
whether	it	is	reversal	of	coagulopathies	or	treatment	of	an	underlying	infection.
Another	 targeted	 treatment	 that	 could	 be	 instilled	 via	 bronchoscopy	would	 be
local	administration	of	tranexamic	acid	(TXA)	a	synthetic	lysine	analogue	with
specific	 antifibrinolytic	 properties	 which	 inhibit	 the	 breakdown	 of	 fibrin	 by
inhibiting	 plasminogen	 thereby	 blocking	 clot	 breakdown.	 This,	 when	 used	 in
conjunction	with	cooled	saline	or	topical	adrenaline,	should	be	considered	when
a	 focal	 area	 of	 bleeding	 is	 noted	 and	 could	 act	 as	 a	 bridge	 to	more	 definitive
therapies.41-46	 TXA	 can	 also	 be	 administered	 as	 a	 nebulized	 formulation	 and
would	 be	 an	 acceptable	 option	 for	 those	 at	 higher	 risk	 for	 bronchoscopic
intervention.	Congestive	heart	 failure	 is	 treated	with	combinations	of	drugs	for
preload	and	afterload	 reductions,	mitral	 stenosis	with	diuretics,	 and	pulmonary
embolism	 with	 anticoagulation.	 There	 are	 no	 data	 showing	 that	 patients	 with
hemoptysis	 due	 to	 pulmonary	 embolism	 bleed	 more	 with	 anticoagulation;
therefore,	 do	 not	 initially	 withhold	 treatment	 or	 undertreat	 these	 patients	 with
nonmassive	 hemoptysis.	The	 effects	 of	 overzealous	 anticoagulation	 are	 treated
with	 cessation	 of	 blood	 thinning	 and	 perhaps	 fresh	 frozen	 plasma	 and/or
prothombin	 complex	 concentrate	 and	 vitamin	 K.	 Tuberculosis	 is	 treated	 with
antituberculous	drugs	(Chapter	81).	Appropriate	antibiotic	therapy	is	prescribed
for	acute	infectious	pneumonias	(Chapters	73	and	181).

Massive	Hemoptysis
For	 patients	 with	 massive	 hemoptysis,	 treatment	 is	 directed	 not	 only	 at	 the
specific	 cause	 but	 also	 at	 abrupt	 cessation	 of	 bleeding.	 Death	 from	 massive
hemoptysis	 is	 predominantly	 because	 of	 asphyxiation,	 and	 the	 likelihood	 of
death	appears	directly	related	to	the	rate	of	bleeding.	Urgent	management	of	all
cases	 of	 massive	 hemoptysis	 must	 emphasize	 protecting	 the	 uninvolved	 lung
from	aspiration	of	blood	and	tamponading	the	bleeding	site.

When	 tracheoarterial	 fistula	may	 be	 present,	 the	 following	 steps	 should	 be



considered.	 If	 bleeding	 is	 immediate	 and	 profuse,	 there	 may	 be	 time	 only	 to
overinflate	 the	balloon,	 tamponading	 the	potential	 bleeding	 site	 at	 the	balloon,
and	apply	downward	and	forward	pressure	on	the	top	of	the	tracheostomy	tube,
tamponading	the	potential	bleeding	site	at	the	stoma.	When	the	arterial	rupture	is
at	the	cannula	tip,	these	efforts	are	not	helpful.	If	bleeding	stops	or	slows	down
either	by	 these	efforts	or	spontaneously,	an	endotracheal	 tube	should	be	placed
distal	 to	 the	 tip	of	 the	 tracheostomy	 tube	and	a	 surgical	 consultation	 requested
immediately.	Ideally,	a	surgeon	should	be	present	when	the	tracheostomy	tube	is
removed;	 should	 crisp	 bleeding	 start	 again,	 the	 surgeon	 can	 attempt	 to	 finger-
tamponade/compress	 the	 bleeding	 artery	 (usually	 the	 innominate)	 by	 bluntly
dissecting	down	the	anterior	tracheal	wall	and	behind	the	sternum	to	the	vessel.
The	vessel,	once	reached,	can	be	compressed	against	the	back	of	the	sternum.12,33
When	 the	 situation	has	been	 stabilized,	 clots	 can	be	gently	 suctioned	 from	 the
distal	trachea	and	the	patient	taken	to	the	operating	room	for	definitive	repair.	A
review	of	the	definitive	surgical	options	can	be	found	elsewhere.12,33	There	have
also	 been	 reports	 recently	 of	 using	 the	 skills	 of	 interventional	 radiologists	 to
place	 endovascular	 grafts	 in	 these	 acute	 settings	 to	 halt	 the	 bleeding	 from
tracheoarterial	 fistulas	 but	 care	 must	 occur	 expeditiously	 for	 there	 to	 be	 any
reasonable	chance	of	survival.47

When	bleeding	originates	 from	below	 the	primary	carina,	 the	bleeding	 lung
should	 be	 kept	 dependent	 to	 minimize	 aspiration	 of	 expectorated	 blood
(“bleeding	 side	 down”).	 Numerous	 techniques	 have	 been	 advocated	 to	 help
minimize	 aspiration	by	 isolating	 the	 involved	 lung	or	 lung	 segments	 and	have
proved	 helpful.	 Simple,	 selective	 intubation	 of	 the	 uninvolved	 lung	 when
possible	 and	 tolerable	 can	 be	 performed	 and	 augmented	 with	 bronchoscopic
guidance.	A	bronchoscopically	positioned	endobronchial	balloon	or	blocker	may
provide	effective	tamponade.	Hemoptysis	due	to	bleeding	from	all	lobes	except
the	right	upper	lobe,	because	of	the	acute	angle	takeoff,	has	been	managed	with
balloon	occlusion.2,4	This	technique	involves	positioning	a	balloon	to	completely
occlude	 a	 bronchus,	 thus	 allowing	 the	 lung	 to	 collapse	 distally.	 Small-caliber
catheters	with	balloons	can	be	inserted	in	segmental	airways	with	bronchoscopy.
Placement	 of	 a	 double-lumen	 endotracheal	 tube	 that	 intubates	 each	 mainstem
bronchus	separately	is	helpful,	but	the	tubes	can	be	difficult	to	place	and	have	a
tendency	 to	 dislodge,	 and	 once	 in	 position,	 their	 small	 diameter	 may	 prevent
subsequent	 diagnostic	 flexible	 bronchoscopy.	 In	 cases	 of	 persistent	 massive
hemoptysis,	 diagnostic	 considerations	 may	 need	 to	 be	 delayed	 because
placement	 of	 a	 double-lumen	 endotracheal	 tube	 may	 be	 necessary	 to	 ensure
patient	survival.

Urgent	 treatment	 to	 stop	 massive	 hemoptysis	 may	 involve	 laser



bronchoscopy,	 argon	 plasma	 coagulation	 (APC)/electrocautery,	 installation	 of
antifibrinolytic	 TXA,	 fibrinogen-thrombin	 complex	 solution	 installation,
topically	 instilled	 epinephrine/vasoconstrictor	 solutions,	 iced	 saline	 lavage,
angiographic	embolization,	supportive	treatment	only,	or	surgical	resection.	Use
of	laser	or	APC/electrocautery	to	stop	hemoptysis	can	be	successful	for	patients
with	 cancer	 but	 is	 only	 temporizing,	 and	 recurrence	 of	 bleeding	within	 a	 few
weeks	is	typical.	No	large	studies	of	patients	with	massive	hemoptysis	have	been
reported.	 Because	 “hot”	 therapies,	 such	 as	 laser,	 APC	 and	 electrocautery,	 are
useful	only	for	patients	with	proximal,	central	airway	lesions	and	are	difficult	to
use	during	massive	hemoptysis,	 they	have	not	evolved	into	a	common	primary
therapeutic	 tools	 for	 these	 patients	 but	 do	 have	 a	 place	 in	 a	 multimodality
approach	in	the	face	of	an	actively	bleeding	and	decompensating	patient.

Bronchoscopically	 directed	 iced-saline	 lavage	 of	 the	 bronchi	 leading	 to	 the
site	of	hemorrhage	has	been	reported	to	be	successful	for	stopping	hemorrhage
in	 an	 uncontrolled	 series.2,48	 Other	 reports	 also	 indicate	 a	 benefit	 with
bronchoscopic	directed	administration	of	diluted	adrenaline	as	well	as	TXA	with
good	effect.42	 In	 addition,	 in	 a	 small	 number	of	patients,	 bronchoscopy-guided
topical	 hemostatic	 therapy	 using	 oxidized	 regenerated	 cellulose	 has	 been
successful	 in	 controlling	 life-threatening	 hemoptysis.49	 An	 excellent	 review	 of
the	 overall	 contemporary	 bronchoscopic	 treatment	 strategies	 for	 massive
hemoptysis	can	be	found	in	the	aforementioned	references.

6 	Angiography	can	identify	the	bleeding	site	in	more	than	90%	of	cases,15,50
and,	 when	 combined	 with	 an	 embolization	 procedure,	 has	 been	 successful	 in
initially	 stopping	 bleeding	 in	 massive	 hemoptysis	 in	 77%	 to	 95%	 of	 cases.50
Several	 angiographic	 sessions	 may	 be	 required,	 and	 systemic	 and	 pulmonary
vessels	 may	 need	 to	 be	 studied.	 Approximately	 16%	 of	 patients	 bleed	 again
within	1	 to	4	days,	 and	multiple	procedures	are	 frequently	necessary.15,50	 Once
active	bleeding	ceases,	20%	of	patients	bleed	again	during	 the	next	6	months50
and	22%	of	patients	by	3	 to	5	years.15	More	recent	studies	have	shown	similar
results.50	 Angiographic	 embolization	 has	 been	 achieved	 with	 the	 use	 of
polyurethane	 particles,	 polyvinyl	 alcohol	 particles,	 and	 steel	 coils.	 Sclerosing
agents	have	led	to	subsequent	massive	lung	necrosis	and	should	be	avoided.15,50
Although	 early	 studies	 included	 several	 cases	 complicated	 by	 accidental
embolization	of	the	spinal	artery,	the	prevalence	is	less	than	1%	and	occurs	when
the	 spinal	 artery	 arises	 from	 the	 bronchial	 artery,	 an	 uncommon	 anatomical
variant.50	 Other	 complications,	 such	 as	 pleurisy	 or	 hematoma	 formation,	 are
infrequent	and	usually	minor.15

For	 patients	 with	 hemoptysis	 due	 to	 trauma,	 urgent	 thoracotomy	 has	 been
advocated,	with	the	recommendation	that	it	is	performed	with	the	patient	in	the



lateral	 decubitus	 position	 to	minimize	 aspiration,	 and	 that	 the	 bronchovascular
trunk	of	the	involved	lung	is	clamped	while	the	patient	is	stabilized	to	minimize
the	chance	of	air	embolism	while	on	positive-pressure	ventilation.51

Survival	 from	iatrogenic	 rupture	of	 the	pulmonary	artery	has	been	 reported.
Several	 urgent	 maneuvers	 may	 prove	 helpful,	 and	 balloon	 tamponade	 and
selective	 intubation	 should	 always	 be	 attempted.	 Balloon	 tamponade	 of	 the
ruptured	vessel	with	the	Swan-Ganz	balloon	has	been	helpful.52	With	the	balloon
deflated,	 the	 catheter	 should	be	withdrawn	5	 cm	and	 the	balloon	 inflated	with
2	mL	of	air	and	allowed	to	float	back	into	the	hemorrhaging	vessel	to	occlude	it.
Ideally,	 patients	 should	 immediately	 be	 intubated	 in	 the	 mainstem	 bronchus
opposite	the	involved	lung	to	minimize	aspiration.	In	most	patients,	death	from
pulmonary	 artery	 rupture	 occurs	 before	 the	 bleeding	 lung	 can	 be	 identified.
Because	the	catheter	usually	floats	to	the	right	pulmonary	artery,	when	it	is	not
known	which	pulmonary	artery	has	been	ruptured,	selective	intubation	of	the	left
mainstem	bronchus	or	placement	of	a	double-lumen	endotracheal	tube	should	be
attempted.	Selective	intubation	of	the	left	mainstem	bronchus	can	be	facilitated
by	 using	 a	 bronchoscope	 or	 suction	 catheter	 designed	 specifically	 to	 enter	 the
left	lung.	All	patients	who	stop	bleeding	require	angiographic	evaluation	to	help
localize	the	arterial	tear	and	check	for	the	formation	of	a	pseudoaneurysm.11	At
the	time	of	angiography,	embolization	of	the	affected	vessel	should	be	performed
if	 a	 pseudoaneurysm	 or	 a	 tear	 is	 found.	 Hemoptysis	 from	 a	 pseudoaneurysm
usually	occurs	in	the	first	day	after	formation	but	may	occur	weeks	later.10,11

7 	The	role	of	emergency	surgery	for	hemoptysis	has	changed	during	the	past
20	years	since	the	first	report	of	bronchial	artery	embolization.	Bronchial	artery
embolization	has	increasingly	become	first-line	treatment	for	control	of	massive
hemoptysis.5,50	 Nonetheless,	 surgery	 remains	 the	 procedure	 of	 choice	 when
massive	 hemoptysis	 is	 caused	 by	 arteriovenous	 malformations,	 leaky	 aortic
aneurysm,	 hydatid	 cyst,	 iatrogenic	 pulmonary	 rupture,	 chest	 trauma,	 bronchial
adenoma,	and	fungal	balls	resistant	to	medical	therapy.1

For	 patients	with	 cystic	 fibrosis,	 even	with	 normal	 lung	 function,	 resection
should	be	avoided	because	repeated	episodes	in	other	areas	are	likely	to	occur.	A
patient	with	a	1-second	forced	expiratory	volume	of	less	than	2	L	or	a	maximum
voluntary	ventilation	of	 less	 than	50%	of	predicted	should	not	undergo	surgery
unless	split-lung	function	studies	reveal	that	the	patient	is	not	likely	to	be	left	a
respiratory	cripple	because	of	disabling	dyspnea.

With	 respect	 to	 surgery,	 it	 is	 clear	 that	 no	 treatment	 preference	 can	 be
recommended	 for	 all	 patients	 on	 the	 basis	 of	 reported	 studies.	 The	 trials	 of
therapy	 span	 different	 decades	 of	 practice,	 have	 widely	 differing	 causes	 of
hemoptysis	in	their	populations,	and	use	several	different	definitions	for	massive



hemoptysis.	 A	 review	 of	 the	 literature	 suggests	 the	 following	 strategy:	 (a)
patients	who	are	not	candidates	for	surgery	because	of	their	pulmonary	function,
general	medical	 condition,	 or	 diffuse	 nature	 of	 their	 lesions	 should	 be	 treated
with	 selective	 embolization;	 (b)	 resectional	 surgery	 should	 be	 performed	 in
operable	 patients	 when	 surgery	 is	 the	 definitive	 treatment	 for	 the	 underlying
disease;	and	(c)	all	potentially	operable	patients	who	continue	to	bleed	at	rates	of
more	 than	 1	 L/d	 despite	 supportive,	 conservative	 care	 and	 subsequent
embolization	should	undergo	surgical	 resection.	The	correct	 therapy	 in	a	given
patient	 depends	 on	 the	 cause	 of	 the	 bleeding,	 lung	 function,	 availability	 of
resources,	and	local	expertise.

For	 patients	 with	 DAH,	 selective	 arterial	 embolization	 and	 surgery	 are	 not
options.	 Recombinant	 factor	 VIIa	 has	 been	 used	 successfully	 for	 treatment	 of
DAH	 due	 to	 disseminated	 aspergillosis,	 bone	 marrow	 transplantation,	 small-
vessel	vasculitis,	and	cystic	fibrosis.53,54	For	immunologically	mediated	diseases,
corticosteroids,	cytotoxic	agents,	and	other	interventions	(eg,	plasmapheresis	in
Goodpasture	syndrome)	are	available	(Chapters	67	and	68).

When	 corticosteroid	 therapy	 is	 given	 alone	 for	 critically	 ill	 patients	 with
immunologic	 lung	 diseases,	 the	 dose	 is	 1	 mg/kg/d	 of	 intravenous
methylprednisolone	 or	 the	 equivalent	 dose	 of	 another	 corticosteroid.	 Larger
doses,	on	the	order	of	7	to	15	mg/kg/d	for	1	to	3	days,	have	been	recommended
to	 control	 progressive	 pulmonary	 hemorrhage	 and	 hypoxemia	 of	 Goodpasture
syndrome,	 SLE,	 and	 the	 vasculitides	 (Chapters	 66	 and	 67).	 In	 general,
corticosteroids	should	be	administered	initially	in	round-the-clock	divided	doses
until	substantial	improvement	has	occurred.	They	can	then	be	given	once	per	day
and	tapered	as	the	patient’s	condition	dictates.

When	 combined	 corticosteroid	 and	 cytotoxic	 drug	 therapy	 is	 given,	 it	 is
usually	 prescribed	 for	 immunologic	 lung	 diseases	 caused	 by	 vasculitides	 (eg,
GPA,	 MPA,	 and	 rheumatoid	 vasculitis)	 and	 anti-GBM	 disease	 (Goodpasture
syndrome).	 For	 details	 regarding	 specific	 therapy	 for	 these	 conditions,	 see
Chapters	66	and	67.
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MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	67-year-old	Vietnamese	man	with	a	history	of	hypertension,
hyperlipidemia,	diabetes	and	35-pack	years	of	smoking	presents	with	hemoptysis
that	has	been	present	for	several	days.	His	pulse	oximetry	of	86%	improves	with
nasal	cannula	oxygen.	He	has	tachycardia	but	a	normal	blood	pressure.	After
coughing	up	another	200	to	250	mL	of	bright	red	blood	with	clots	over	4	hours
he	is	endotracheally	(ET)	intubated	and	mechanically	ventilated	and	lightly
sedated	(Richmond	Agitation-Sedation	Scale	(RAAS)	of	+1).	Bronchoscopy
localizes	bleeding	to	the	anterior	segment	of	the	right	upper	lobe	(RUL)	and
controls	it	with	Fogarty	balloon	occlusion.	However,	there	continues	to	be
oozing	with	each	attempted	deflation,	and	so	an	endobronchial	blocker	is	placed.
What	is	the	most	appropriate	management?

A. 	Maintain	blocker,	start	antibiotics,	continue	sedation,	attempt
extubation	in	24	hours
B. 	Maintain	blocker,	continue	sedation,	repeat	bronchoscopic	inspection
in	24	hours,	then	attempt	extubation
C. 	Maintain	blocker,	deepen	sedation,	and	consult	for	bronchial	artery
embolization
D. 	Maintain	blocker,	deepen	sedation,	and	consult	thoracic	surgery

2. 	A	28-year-old	man	who	never	smoked	and	has	self-reported	asthma	with
recurrent	sinus	infections	presents	with	increased	work	of	breathing	and
hemoptysis	that	has	been	present	for	1	week.	Earlier,	at	an	urgent	care	clinic,	he
was	given	antibiotics	when	a	chest	x-ray	showed	an	infiltrate.	He	has	continued
to	worsen,	coughing	up	bright	red	clots	at	a	volume	of	<150	mL/24	h.	Pulse
oximetry	is	82%	on	room	air,	and	responds	to	5	L/min	of	nasal	cannula	oxygen.
Heart	rate	is	110	beats/min,	respiratory	rate	is	22/min,	and	blood	pressure	is
110/65	mm	Hg.	Chest	CT	scan	with	contrast	is	negative	for	pulmonary
embolism	but	shows	multifocal	diffuse	infiltrates	with	a	mixture	of	ground	glass
opacities,	dense	consolidations,	and	some	cavitary	lesions.	Lab	workup	is
significant	for	a	creatinine	of	3.2	mg/dL,	3+	RBC	in	his	urine,	and	WBC	of
15,600/μL	with	18%	eosinophils.	Physical	exam	is	notable	for	a	purpuric	rash
over	his	lower	extremities	in	addition	to	scattered	rhonchi	on	auscultation.
Bronchoscopy	after	intubation	reveals	bloody	bronchoalveolar	lavage	that	fails
to	clear	over	subsequent	aliquots.	After	obtaining	cultures,	what	is	the	most
appropriate	management?



A. 	Broad-spectrum	antibiotics,	consult	for	bronchial	artery	embolization
B. 	Broad-spectrum	antibiotics,	low-dose	steroids,	rule	out	tuberculosis
C. 	Broad-spectrum	antibiotics,	obtain	transthoracic	echocardiogram
D. 	Broad-spectrum	antibiotics,	pulse-dose	steroids	pending	additional
testing

3. 	A	56-year-old	woman	smoker	with	COPD,	on	coumadin	for	a	mechanical
aortic	valve,	and	with	a	drug-eluting	stent	placed	3	months	ago	for	coronary
artery	disease,	presents	with	blood-tinged	sputum	for	the	last	2	to	3	days	along
with	myalgias	and	fevers.	She	reports	the	bright	red	hemoptysis	has	increased	in
frequency	but	remains	less	than	50	cc/d.	On	presentation,	she	is	found	to	have
new	hypoxemia	that	improves	with	4	L/min	of	oxygen	delivered	by	nasal
cannula.	Heart	rate	is	110	beats/min.	On	lung	exam,	she	has	scattered	rhonchi	at
the	lung	bases.	Blood	is	noted	in	her	posterior	oral	cavity	along	with	some	tender
cervical	adenopathy.	Laboratory	workup	demonstrates	an	INR	of	2.7,	platelet
count	of	280,000/μL,	white	blood	cell	count	of	22,000/μL,	and	a	normal
hemoglobin.	Chest	x-ray	shows	multifocal	infiltrates.	The	patient	is	transferred
to	the	ICU	for	further	monitoring	and,	on	arrival,	she	remains	comfortable	and
able	to	protect	her	airway.	What	is	the	most	appropriate	management?

A. 	CT	angiogram	and	consult	for	bronchial	artery	embolization
B. 	Prothrombin	complex	concentrate,	vitamin	K,	and	one	unit	of	packed
red	blood	cells
C. 	Provide	antibiotics	and	inhaled	tranexamic	acid
D. 	Surgery	consult

Answers

1.	The	correct	answer	is	C.
Rationale:	 This	 patient	 is	 presenting	 with	 massive	 hemoptysis	 and	 was

intubated	appropriately	 for	airway	protection.	During	bronchoscopy	 to	 localize
the	 source	 of	 bleeding,	 topical	 application	 of	 iced	 cold	 saline,	 topical	 diluted
adrenaline,	 or	 instillation	 of	 tranexamic	 acid	 are	 all	 appropriate.	 This	 patient
continued	 to	 have	 oozing	 that	 was	 tamponaded	 with	 a	 Fogarty	 balloon.
Unfortunately,	a	Fogarty	balloon	cannot	safely	be	left	 in	the	patient	as	it	 is	not
secure	 and	 may	 dislodge,	 but	 it	 does	 allow	 demonstration	 of	 tamponade
effectiveness.	 Endobronchial	 blockers	 are	 useful	 tools	 for	 managing	 active
bleeding.	They	can	be	placed	with	the	assistance	of	a	bronchoscope	for	patients



that	 are	 intubated.	 These	 blockers	 can	 be	 “locked”	 into	 place.	 Typically,	 such
patients	 require	deep	 sedation	with	 a	 target	RASS	of	 -3	 to	 -5	 and,	 sometimes,
even	 temporary	 use	 of	 paralytics	 to	 minimize	 coughing	 and	 endobronchial
blocker	dislodgement.	Once	placed,	interventional	radiology	should	be	consulted
for	 bronchial	 artery	 embolization	 (choice	 C	 is	 correct).	 After	 successful
embolization,	the	blocker	is	removed,	airways	inspected	with	bronchoscopy,	and
then	extubation	can	be	attempted.	Some	intervention	for	the	bleeding	is	required
prior	 to	 extubation	 (choices	 A	 and	 B	 are	 incorrect),	 and	 surgery	 can	 be
considered	 when	 interventional	 radiology	 is	 unable	 to	 control	 the	 bleeding
(choice	D	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	This	patient’s	presentation	is	consistent	with	granulomatosis	with

polyangiitis	(GPA)	or	Goodpasture	disease	with	anti-GBM	antibodies.	GPA	is	a
necrotizing	 vasculitis	 that	 has	 a	 propensity	 to	 target	 small-sized	 arteries	 most
commonly	 in	 the	 respiratory	 tract	 and	 kidneys,	 and	 a	 serum	ANCA	 should	 be
included	 with	 your	 battery	 of	 tests.	 The	 diffuse	 alveolar	 hemorrhage	 of
Goodpasture	disease	is	related	to	binding	of	antibodies	to	the	NCI	domain	of	the
alpha-3	 chain	 of	 4	 collagen.	 Typically,	 in	 patients	 with	 life-	 and	 organ-
threatening	disease,	and	once	 infection	has	been	 ruled	out,	 induction	 treatment
occurs	 with	 a	 combination	 of	 glucocorticoids	 as	 well	 as	 either	 rituximab	 or
cyclophosphamide	for	GPA	and	plasmapheresis	for	anti-GBM	disease	(choice	D
is	 correct).	A	multidisciplinary	 approach	 is	 recommended	with	 consultation	 of
rheumatology	and	transfusion	medicine,	if	available,	or	consideration	of	transfer
to	a	tertiary	care	center	for	further	treatment.	Embolization	would	be	ineffective
given	 the	 presence	 of	 diffuse	 pulmonary	 disease	 (choice	 A	 is	 incorrect).	 In
addition,	 that	 would	 not	 treat	 the	 underlying	 pathology.	 There	 are	 no	 clinical
clues	 to	 suggest	 active	 tuberculosis	 (choice	 B	 is	 incorrect).	 Endocarditis	 can
have	cavitary	 embolic	phenomena,	 including	 to	 the	 lungs	 and	kidneys,	but	 the
diffuse	 infiltrates,	 eosinophilia,	 and	 described	 rash	 make	 a	 pulmonary	 renal
syndrome	more	likely	(choice	C	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	This	patient	has	nonmassive	hemoptysis	with	a	volume	of	blood

<150	mL	 in	 24	 hours.	 Clinical	 history	 of	 fever,	 adenopathy,	 and	 leukocytosis
suggests	infection,	so	it	is	most	reasonable	to	treat	with	antibiotics,	and	consider
tranexamic	 acid	 (TXA)	 (choice	 C	 is	 correct).	 TXA	 is	 a	 synthetic	 drug	 that
inhibits	 the	 breakdown	 of	 fibrin,	 thereby	 promoting	 clot	 formation.	 Although
there	is	a	small	chance	that	some	of	the	nebulized	medication	could	be	absorbed



systemically,	in	a	patient	with	otherwise	impending	respiratory	failure,	this	is	a
viable	 option	 because	 it	 may	 temporize	 the	 need	 to	 reverse	 her	 systemic
coagulopathy.	Systemic	 reversal	of	 the	 iatrogenic	 coagulopathy	 that	 is	keeping
her	recent	coronary	stent	and	mechanical	aortic	valve	patent	would	be	dangerous
and	 unnecessary	 now	 (choice	 B	 is	 incorrect).	 However,	 should	 the	 patient’s
hemorrhage	 become	 life-threatening,	 this	 must	 be	 considered.	 Embolization
would	be	premature	and	challenging,	as	source/side	has	not	yet	been	established
(choice	A	is	incorrect).	Surgery	for	hemoptysis	would	also	be	premature	(choice
D	is	incorrect).
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Chapter	176
Pleural	Diseases	of	the	Critically	Ill
Patient
John	Terrill	Huggins,	Amit	Chopra,	Peter	Doelken

KEY	POINTS:
1.	 Complicated	parapneumonic	pleural	effusion,	empyema,	unstable

spontaneous	pneumothorax,	and	massive	pleural	effusion	are	the
most	common	pleural	diagnoses	that	may	require	ICU	admission.

2.	 Thoracic	ultrasound	should	be	used	as	the	primary	diagnostic
modality	to	assess	and	to	guide	drainage	of	pleural	effusions	for
critically	ill	patients.

3.	 Thoracic	ultrasound	is	superior	to	chest	radiography	for	the	detection
of	pleural	effusion	as	well	as	in	the	identification	of	complicated
parapneumonic	pleural	effusion.

4.	 Early	antibiotics	and	adequate	pleural	drainage	are	the	mainstay
treatments	in	the	management	of	complicated	parapneumonic
pleural	effusion.

5.	 Combinations	of	intrapleural	pleural	fibrinolytic	and	DNase	through
ultrasound-guided	small-bore	tube	thoracotomy	are	associated	with
better	pleural	drainage	and	outcomes	for	patients	with	complicated
parapneumonic	pleural	effusion	and	empyema.

6.	 There	should	be	a	high	index	of	suspicion	for	the	diagnosis	of
pneumothorax	in	a	decompensating	mechanically	ventilated	patient,
particularly	those	with	acute	respiratory	distress	syndrome.
Misdiagnosed	and	untreated	pneumothorax	in	patients	on
mechanical	ventilation	can	rapidly	progress	to	tension
pneumothorax.



7.	 Presence	of	barotrauma	in	mechanically	ventilated	patients	with
acute	respiratory	distress	syndrome	is	associated	with	worse
outcomes	than	when	barotrauma	is	avoided.

INTRODUCTION
1 	 Pleural	 disease	 is	 an	 unusual	 cause	 for	 admission	 to	 the	 intensive	 care	 unit
(ICU).	 Exceptions	 are	 a	 large	 hemothorax	 for	 monitoring	 bleeding	 rate	 and
hemodynamic	 status,	 unstable	 secondary	 spontaneous	 pneumothorax,	 large
pleural	 effusion	 resulting	 in	 acute	 respiratory	 failure,	 and	 complicated	 pleural
infections.

Pleural	disease	can	be	overlooked	among	critically	ill	patients	because	it	may
be	overshadowed	by	 the	presenting	 illness	 that	has	 resulted	 in	 ICU	admission.
Furthermore,	 it	 is	often	a	subtle	finding	on	the	clinical	examination	and	supine
chest	 radiograph.	 A	 pleural	 effusion	 may	 not	 be	 seen	 on	 the	 supine	 chest
radiograph	 because	 a	 diffuse	 alveolar	 filling	 process	 can	 mask	 the	 posterior
layering	 of	 fluid	 or	 because	 bilateral	 effusions	without	 parenchymal	 infiltrates
are	 misinterpreted	 as	 an	 underexposed	 film	 or	 objects	 outside	 the	 chest.
Pneumothorax	may	remain	undetected	 in	 the	supine	patient	because	pleural	air
tends	 to	 be	 situated	 anteriorly	 and	 does	 not	 produce	 the	 diagnostic	 visceral
pleural	 line	 seen	 on	 an	 upright	 radiograph.	 However,	 it	 is	 clear	 that	 pleural
ultrasound	 is	 a	 superior	 modality	 for	 the	 detection	 of	 both	 pleural	 fluid	 and
pneumothorax	when	compared	to	standard	chest	radiographs,	and	is	comparable
to	chest	computed	tomography	(CT).

When	the	patient	on	mechanical	ventilation	is	at	increased	risk	for	barotrauma
because	 airway	 pressures	 are	 high,	 the	 index	 of	 suspicion	 for	 pneumothorax
should	be	heightened;	if	there	is	evidence	of	pulmonary	interstitial	gas	(see	the
following	 discussion)	 or	 subcutaneous	 emphysema,	 appropriate	 radiologic
studies	should	be	obtained.

RADIOLOGIC	SIGNS	OF	PLEURAL	DISEASE
Because	 the	 distribution	 of	 fluid	 and	 air	 in	 the	 normal	 pleural	 space	 tends	 to
follow	 the	 gravitational	 gradient,	 and	 because	 the	 lung	 has	 a	 tendency	 to
maintain	 its	 normal	 shape	 as	 it	 becomes	 smaller,	 fluid	 initially	 accumulates
between	the	bottom	of	the	lung	and	the	diaphragm,	and	air	accumulates	between
the	top	of	the	lung	and	the	apex	of	the	thorax	in	the	upright	position.	When	chest



radiographs	are	obtained	 in	other	 than	 the	erect	position,	 free	pleural	 fluid	and
air	change	position	and	result	in	different	radiographic	appearances.

PLEURAL	FLUID

Standard	Chest	Radiograph
For	healthy	humans	in	the	supine	position,	the	radiolucency	of	the	lung	base	is
equal	to	or	greater	than	that	in	the	lung	apex.1	Furthermore,	when	in	the	supine
position,	breast	and	pectoral	tissue	tend	to	fall	laterally	away	from	the	lung	base.
Thus,	an	effusion	should	be	suspected	if	there	is	increased	homogeneous	density
over	 the	 lower	 lung	 fields	 compared	 to	 the	 upper	 lung	 fields.	 As	 the	 pleural
effusion	increases,	 the	 increased	radiodensity	 involves	 the	upper	hemithorax	as
well.	 However,	 failure	 of	 chest	 wall	 tissue	 to	 move	 laterally,	 cardiomegaly,
prominent	epicardial	fat	pad,	and	lung	collapse	or	consolidation	may	obscure	a
pleural	effusion	on	a	supine	radiograph.

Approximately	 175	 to	 525	 mL	 of	 pleural	 fluid	 results	 in	 blunting	 of	 the
costophrenic	 angle	 on	 an	 erect	 radiograph.	 This	 quantity	 of	 effusion	 can	 be
detected	 on	 a	 supine	 radiograph	 as	 an	 increased	 density	 over	 the	 lower	 lung
zone.	Failure	to	visualize	the	hemidiaphragm,	absence	of	the	costophrenic	angle
meniscus,	and	apical	capping	are	less	likely	to	be	seen	with	effusions	of	less	than
500	mL.1	The	major	radiographic	finding	of	a	pleural	effusion	in	supine	position
is	 increased	 homogeneous	 density	 (veil-like	 radiopacity)	 over	 the	 lower	 lung
field	 that	does	not	obliterate	normal	bronchovascular	markings,	does	not	 show
air	bronchograms,	and	does	not	show	hilar	or	mediastinal	displacement	until	the
effusion	is	massive.	When	a	pleural	effusion	is	suspected	in	 the	supine	patient,
ultrasonography	(US)	should	be	performed.

Other	Radiographic	Imaging

Ultrasonography
US	 provides	 rapid	 identification	 and	 characterization	 of	 pleural	 effusions	 for
critically	 ill	 patients.	US	 is	well	 suited	 for	 the	 identification	 and	 evaluation	 of
fluid,	 because	 fluid	 is	 less	 echogenic	 than	 soft	 tissue.	 Many	 studies	 have
demonstrated	the	usefulness	of	ultrasound	for	this	indication.	Pleural	effusions	as
small	 as	 3	 to	 5	mL	 can	 be	 detected	 by	 ultrasound.1	 Pleural	 US	 is	 superior	 to



standard	chest	radiography	for	detecting	the	presence	of	pleural	effusions	and	in
distinguishing	pleural	effusions	from	atelectasis	or	pleural	thickening.2,3

2 	 Compared	 to	 chest	 CT	 scan,	 pleural	 ultrasound	 has	 93%	 sensitivity	 and
specificity	for	pleural	effusions.4	More	importantly,	the	complexity	of	the	pleural
effusion	is	better	appreciated	on	ultrasound	when	compared	to	chest	CT5	(Figure
176.1A–D).

	

Figure	176.1 	A,	 An	 anechoic	 pleural	 effusion	 in	 a	 patient	with
decompensated	 congestive	 heart	 failure.	B,	 A	 complex,	 nonseptate
pleural	effusion	seen	in	a	patient	with	malignant	pleural	effusion.	C,
A	 complex,	 septate	 pleural	 effusion	 seen	 in	 a	 patient	 with	 severe
sepsis	owing	to	 the	presence	of	an	empyema.	D,	A	complex	pleural
effusion	 with	 an	 anechoic	 area	 associated	 with	 an	 increased
echogenic	density	in	the	dependent	area	of	the	fluid	collection.	This
is	 called	 the	 “hematocrit	 sign”	 and	 occurred	 in	 a	 patient	 who
developed	 a	 hemothorax	 as	 a	 result	 of	 extravascular	migration	 of	 a
central	line	into	the	pleural	space.

US	takes	less	time,	is	less	expensive	than	CT,	does	not	expose	the	patient	to
radiation,	can	be	done	at	 the	bedside,	and	can	more	easily	be	repeated	serially.
Disadvantages	include	hindrance	of	the	ultrasonic	wave	by	air,	in	either	the	lung
or	 the	 pleural	 space,	 a	 restricted	 field	 of	 view,	 inferior	 evaluation	 of	 the	 lung
parenchyma	 compared	 with	 CT,	 and	 operator	 dependence.	 In	 41	 critically	 ill
patients,	 US	 was	 helpful	 for	 diagnosis	 among	 27	 (66%)	 of	 41	 patients	 and
treatment	 of	 37	 (90%)	 of	 41	 patients,	 and	 US	 had	 an	 important	 influence	 on
treatment	planning	for	17	(41%).4



US	 has	 also	 been	 demonstrated	 to	 be	 a	 useful	 modality	 to	 guide	 bedside
thoracentesis	 in	 the	 mechanically	 ventilated	 patient,	 resulting	 in	 high	 success
rate	and	excellent	safety	of	the	procedure.6

Free-flowing	 pleural	 effusions	 will	 layer	 posteriorly	 in	 the	 thorax	 of	 the
supine	patient.	Patients	with	multiple	 lines	or	 compromised	hemodynamic	 and
oxygenation	 status	 will	 be	 difficult	 to	 position	 sitting	 upright	 in	 bed.	 If	 the
patient	 is	 supine,	 the	 bed	may	 prevent	 the	 easy	 visualization	 of	 small	 pleural
effusions.	One	option	is	for	the	examiner	to	place	the	transducer	in	the	posterior
axillary	 line	 while	 angling	 the	 probe	 up	 toward	 the	 center	 of	 the	 body	 to
visualize	 smaller	 effusions.	 For	 unstable	 patients	 who	 have	 effusions	 that	 are
difficult	 to	visualize,	positioning	the	patient	 in	a	 lateral	decubitus	position	may
be	 helpful.	The	 examiner	 should	 always	 use	 a	 systematic	 approach	 to	 identify
the	following	three	findings	to	confirm	the	presence	of	a	pleural	effusion.

1.	 Anatomic	boundaries:	An	identification	of	the	diaphragm	and
subdiaphragmatic	organs	(the	liver	or	the	spleen,	depending	on	the	side),
the	chest	wall,	and	the	lung,	which	should	be	clearly	differentiated	from	the
pleural	effusion.

2.	 Echo-free	space:	The	relatively	echo-free	space	surrounded	by	typical
anatomic	boundaries	is	the	pleural	effusion.

3.	 Dynamic	changes:	Respirophasic	changes	of	the	echo-free	space	should	be
identified.

3 	 Pleural	 effusion	 can	 be	 classified	 into	 four	 categories:	 (1)	 anechoic—
absence	 of	 echogenic	 material	 in	 the	 pleural	 effusion;	 (2)	 complex	 septated:
septations	 are	 present	 in	 the	 pleural	 effusion;	 (3)	 complex	 nonseptated:
echogenic	 material	 is	 present	 heterogeneously	 in	 the	 pleural	 space	 without
septations;	 and	 (4)	 complex	 homogeneous:	 echogenic	 material	 is	 present
uniformly	 in	 the	 pleural	 space7).	 However,	 this	 classification	 has	 limited
diagnostic	value	for	pleural	effusion	etiology.	Anechoic	pleural	effusions	can	be
transudative	 or	 exudative,	 and	 therefore	 an	 anechoic	 pleural	 effusion	 does	 not
rule	 out	 the	 possibility	 of	 an	 exudative	 effusion,	 whereas	 complex-appearing
pleural	 effusions	 on	 ultrasound	 are	more	 likely	 to	 be	 exudative.8	 Additionally,
ultrasound	has	higher	specificity	for	the	detection	of	complicated	parapneumonic
effusion	(CPPE)	than	the	chest	radiograph	or	CT	scan.9

Pleural	 ultrasound	 also	 has	 prognostic	 value	 for	 patients	 with	 pleural
infections.	Patients	with	septated	effusions	visible	on	US	require	longer	hospital
stays,	longer	chest	tube	drainage,	and	more	often	require	fibrinolytic	therapy	or
surgery	 for	 adequate	 drainage.10	 Pleural	 ultrasound	 is	 superior	 to	 CT	 scan	 for



visualizing	 septations	 within	 a	 pleural	 effusion.9	 The	 identification	 and
characterization	 of	 pleural	 fluid	 is	 discussed	 in	 detail	 in	 Chapter	 12:
Thoracentesis.	In	addition,	the	reader	is	referred	to	the	video	image	library	that	is
associated	 with	 this	 textbook	 that	 contains	 a	 comprehensive	 collection	 of	 US
findings	of	pleural	effusion.

Computed	Tomography
CT	is	recognized	as	providing	increased	resolution	compared	with	conventional
imaging.	Although	moving	a	critically	ill	patient	for	CT	has	potential	risks,	the
diagnostic	advantage	is	justified	for	the	stable	patient	when	the	clinical	course	is
not	 congruent	 with	 the	 proposed	 diagnosis	 suggested	 by	 the	 portable	 chest
radiograph	or	US.	Among	selected	patients	with	multisystem	trauma,	chest	CT
often	 provides	 additional	 diagnostic	 information	 and	 can	 affect	 patient
management	and	improve	outcomes.

PNEUMOTHORAX
When	supine,	pneumothorax	gas	migrates	along	the	anterior	surface	of	the	lung,
making	 detection	 on	 the	 anteroposterior	 radiograph	 problematic.	 The	 base,
lateral	 chest	 wall,	 and	 juxtacardiac	 area	 should	 be	 carefully	 visualized	 for
evidence	 of	 pneumothorax.	Accumulation	 of	 air	 along	 the	mediastinal	 parietal
pleura	 may	 simulate	 pneumomediastinum.	 An	 erect	 or	 a	 lateral	 decubitus
(suspected	 hemithorax	 up)	 radiograph	 should	 be	 obtained	 to	 assess	 for	 the
presence	of	a	pneumothorax.	US	is	sensitive	for	the	detection	of	pneumothorax
by	determining	the	presence	or	absence	of	“lung	sliding.”11,12	Among	individuals
without	 pneumothorax,	 the	 lung-chest	 wall	 interface	 should	 demonstrate	 a
respirophasic	to-and-fro	movement.	US	visualization	of	lung	sliding	is	correlated
with	 the	 absence	 of	 pneumothorax,	 and	 from	 this	 sign	 alone,	 at	 least	 anterior
pneumothorax	 can	 be	 excluded	 rapidly	 at	 the	 bedside	 of	 a	 mechanically
ventilated	patient.	However,	 the	absence	of	 lung	sliding	may	be	caused	by	 the
presence	of	large	bullae	or	pleural	symphysis	caused	by	previous	pleurodesis	or
pleural	adhesions	as	a	result	of	previous	pleural	disease.	Hence,	 the	absence	of
lung	 sliding	 is	 not	 specific	 for	 pneumothorax,	 but	 detection	 of	 lung	 sliding
reliably	 excludes	 the	 presence	 of	 pleural	 air	 in	 the	 examined	 area.	 We
recommend	that	preprocedural	scanning	be	performed	to	determine	the	presence
of	lung	sliding	prior	to	the	placement	of	a	central	venous	line.	The	presence	of
lung	 sliding	 before	 and	 after	 the	 placement	 of	 a	 central	 venous	 catheter	 is



reassuring	for	excluding	an	iatrogenic	pneumothorax.
The	 most	 common	 radiographic	 signs	 of	 tension	 pneumothorax	 are

contralateral	 mediastinal	 shift,	 ipsilateral	 diaphragmatic	 depression,	 and
ipsilateral	chest	wall	expansion.	Underlying	lung	disease	may	prevent	total	lung
collapse,	even	if	tension	is	present;	for	patients	on	mechanical	ventilation,	little
or	no	midline	mediastinal	shift	may	result	from	the	tension.	Among	the	latter,	a
depressed	 ipsilateral	 diaphragm	 is	 a	 more	 reliable	 sign	 of	 tension	 than
mediastinal	shift.

For	 patients	 with	 acute	 respiratory	 distress	 syndrome	 (ARDS),	 barotrauma
can	 result	 in	 a	 localized	 tension	 pneumothorax	 with	 a	 subtle	 contralateral
mediastinal	 shift,	 flattening	 of	 the	 cardiac	 contour,	 and	 depression	 of	 the
ipsilateral	 hemidiaphragm.	 Pleural	 adhesions	 and	 relative	 compressibility	 and
mobility	of	 surrounding	structures,	 in	addition	 to	 the	 supine	position,	probably
account	for	these	loculated	tension	pneumothoraces.

2 	A	study	of	88	critically	ill	patients	with	112	pneumothoraces	found	that	the
anteromedial	and	subpulmonic	recesses	were	involved	for	64%	of	patients	in	the
supine	 and	 semierect	 positions.13	 Furthermore,	 in	 the	 30%	 of	 the
pneumothoraces	of	this	study	that	were	not	initially	detected	by	the	clinician	or
radiologist,	half	of	the	patients	progressed	to	tension	pneumothorax.	Therefore,	a
high	 index	 of	 suspicion	 is	 necessary	 to	 avoid	 catastrophic	 consequences	 of
tension	pneumothorax.

Factors	that	may	contribute	to	an	improved	ability	to	diagnose	this	potentially
lethal	problem	include	(a)	familiarity	with	atypical	locations	of	pneumothoraces
in	critically	 ill	patients,	usually	caused	by	 the	supine	or	semierect	position;	 (b)
the	consequence	of	underlying	cardiopulmonary	disease;	and	 (c)	knowledge	of
other	 risk	 factors	 contributing	 to	 misdiagnosis	 (eg,	 mechanical	 ventilation,
altered	mental	 status,	 prolonged	 ICU	 stay,	 and	 development	 of	 pneumothorax
after	peak	physician	staffing	hours).14

EVALUATION	OF	THE	PATIENT	WITH	A
PLEURAL	EFFUSION

Diagnostic	Thoracentesis

Indications
Patients	 with	 a	 pleural	 effusion	 provide	 the	 opportunity	 to	 diagnose,	 at	 least



presumptively,	the	underlying	process	responsible	for	pleural	fluid	accumulation.
Pleural	 effusions	are	most	 commonly	caused	by	primary	 lung	disease	but	may
also	 result	 from	 disease	 in	 the	 gastrointestinal	 tract,	 liver,	 kidney,	 heart,	 or
reticuloendothelial	system.

Although	 disease	 of	 any	 organ	 system	 can	 cause	 a	 pleural	 effusion	 in
critically	 ill	patients,	 the	diagnoses	 listed	in	Table	176.1	 represent	 the	majority
of	 the	causes	seen	in	ICUs.	The	types	of	pleural	effusions	seen	in	medical	and
surgical	 ICUs	 are	 similar,	 but	 some	 causes	 related	 to	 surgical	 (coronary	 artery
bypass	 grafting,	 chylothorax,	 and	 abdominal	 surgery)	 and	 nonsurgical	 trauma
(hemothorax)	represent	a	substantial	percentage	of	surgical	ICU	effusions.

TABLE	176.1

Causes	of	Pleural	Effusions

In	the	Medical	ICU In	the	Surgical	ICU

Atelectasis Atelectasis

Congestive	heart	failure Congestive	heart	failure

Pneumonia Pneumonia

Hypoalbuminemia Pancreatitis

Pancreatitis Hypoalbuminemia

ARDS Coronary	artery	bypass	surgery

Pulmonary	embolism ARDS

Hepatic	hydrothorax Pulmonary	embolism

Esophageal	sclerotherapy Esophageal	rupture

Postmyocardial	infarction Hemothorax

Iatrogenic Chylothorax

Abdominal	surgery

Iatrogenic



ARDS,	acute	respiratory	distress	syndrome;	ICU,	intensive	care	unit.

When	a	pleural	effusion	is	suspected	on	physical	examination	and	confirmed
radiologically,	 a	 diagnostic	 thoracentesis	 under	 ultrasound	 guidance	 should	 be
performed	 in	 an	 attempt	 to	 establish	 the	 cause.	 Exceptions	 are	 patients	with	 a
secure	clinical	diagnosis	and	a	small	amount	of	pleural	fluid,	as	in	atelectasis,	or
patients	with	uncomplicated	congestive	heart	failure	(CHF).15	Observation	may
be	warranted	in	 these	situations,	but	 thoracentesis	should	be	performed	if	 there
are	adverse	changes.16

The	indications	for	diagnostic	thoracentesis	do	not	change	simply	because	the
patient	 is	 in	 the	 ICU	 or	 on	 mechanical	 ventilation.	 In	 fact,	 establishing	 the
diagnosis	quickly	for	these	critically	ill	patients	may	be	more	important	and	life-
saving	 than	 in	noncritically	 ill	patients.	 It	has	been	well	documented	 that	even
among	 patients	 on	 mechanical	 ventilation,	 diagnostic	 thoracentesis	 is	 safe	 if
there	is	strict	adherence	to	the	general	principles	of	the	procedure	and	US	is	used
(Chapter	 12:	 Thoracentesis).17	 Pneumothorax,	 the	 most	 clinically	 important
complication	 of	 thoracentesis,11	 is	 no	 more	 likely	 to	 occur	 during	 mechanical
ventilation;	 however,	 when	 a	 pneumothorax	 does	 develop,	 the	 patient	 on
mechanical	ventilation	is	likely	to	develop	a	tension	pneumothorax.

Contraindications
There	 are	 no	 absolute	 contraindications	 to	 diagnostic	 thoracentesis.	 If	 clinical
judgment	dictates	that	the	information	gained	from	the	pleural	fluid	analysis	may
help	 in	 diagnosis	 and	 therapy,	 thoracentesis	 should	 be	 performed	 (Chapter	 12:
Thoracentesis).	 Diagnostic	 thoracentesis	 with	 a	 small-bore	 needle	 under
ultrasound	 guidance	 can	 be	 performed	 safely	 in	 virtually	 any	 patient	 if
meticulous	 technique	 is	 used.	 The	 major	 relative	 contraindications	 to
thoracentesis	are	a	bleeding	diathesis	or	anticoagulation.	A	patient	with	a	small
amount	of	pleural	fluid	and	a	low	benefit-to-risk	ratio	also	represents	a	relative
contraindication.	 Thoracentesis	 should	 not	 be	 attempted	 through	 an	 area	 of
active	skin	infection.

Complications
Complications	 of	 diagnostic	 thoracentesis	 include	 pain	 at	 the	 needle	 insertion
site,	bleeding	(local,	intrapleural,	or	intra-abdominal),	pneumothorax,	empyema,
and	 spleen	 or	 liver	 puncture	 (Chapter	 12:	 Thoracentesis).	 Pneumothorax	 has
been	 reported	 in	 prospective	 studies	 to	 occur	 in	 4%	 to	 30%	 of	 patients.18,19



However,	 when	 ultrasound-guided	 thoracentesis	 is	 performed	 by	 experienced
physician	 sonographers,	 pneumothorax	 or	 other	 injuries	 caused	 by	 organ
puncture	appear	to	be	rare	events.	Liver	or	spleen	puncture	tends	to	occur	when
the	 patient	 is	 not	 sitting	 absolutely	 upright	 because	 movement	 toward
recumbency	 causes	 cephalad	migration	 of	 the	 abdominal	 viscera.	 The	 upward
displacement	of	abdominal	organs	 is	 readily	detected	by	US.	However,	even	 if
the	 liver	 or	 the	 spleen	 is	 punctured	 with	 a	 small-bore	 needle,	 generally	 the
outcome	is	favorable	if	 the	patient	 is	not	receiving	anticoagulants	and	does	not
have	a	bleeding	diathesis.

Therapeutic	Thoracentesis

Indications	and	Contraindications
The	primary	 indication	for	 therapeutic	 thoracentesis	 is	 relief	of	dyspnea	and	 to
facilitate	 liberation	 from	 the	 ventilator	 in	mechanically	 ventilated	 patient	with
large	pleural	effusions.	Contraindications	to	therapeutic	thoracentesis	are	similar
to	those	for	diagnostic	thoracentesis.

Ultrasound-guided	thoracentesis	should	be	performed	using	a	plastic	catheter
(Chapter	 12:	 Thoracentesis).	 In	 mechanically	 ventilated	 patients,	 if	 there	 is
suspicion	 for	 pleural	 infection,	we	 routinely	 perform	 ultrasound-guided	 small-
bore	 tube	 thoracostomy	 using	 Seldinger	 technique	 instead	 of	 diagnostic	 or
therapeutic	 thoracentesis.	 If	pleural	 fluid	analysis	does	not	 suggest	presence	of
pleural	 infection,	 the	 thoracostomy	 tube	 can	be	 safely	 removed.	Moreover,	 the
small-bore	 thoracostomy	 tube	 will	 be	 helpful	 in	 preventing	 tension
pneumothorax,	 in	 case	 there	 is	 inadvertent	 visceral	 pleural	 injury	 during	 the
procedure.

The	amount	of	fluid	that	can	be	removed	safely	from	the	pleural	space	at	one
session	 is	 controversial.	 In	 the	 patient	 with	 contralateral	 mediastinal	 shift	 on
chest	 radiograph	who	 tolerates	 thoracentesis	without	 chest	 tightness,	 cough,	 or
light-headedness,	probably	several	liters	of	pleural	fluid	can	be	removed	safely.
In	 patients	 without	 a	 contralateral	 mediastinal	 shift	 or	 with	 ipsilateral	 shift
(suggesting	an	endobronchial	obstruction),	the	likelihood	of	a	precipitous	drop	in
intrapleural	 pressure	 is	 increased,	 which	 can	 lead	 to	 complications	 such	 as
reexpansion	 pulmonary	 edema.	 In	 these	 situations,	 a	 small-bore	 catheter
connected	 to	 a	 standard	 thoracostomy	 pleural	 drainage	 system	 may	 be
temporarily	 inserted,	 thus	 avoiding	 excessively	 negative	 pleural	 pressure
development	 during	 drainage.	 Simple	 gravity	 drainage	 or	 drainage	 using	 any



system	incorporating	a	nonreturn	valve	does	not	guard	against	the	development
of	excessively	negative	pressure.

Physiological	Effects	and	Complications
Improvement	in	lung	volumes	up	to	24	hours	after	therapeutic	thoracentesis	does
not	correlate	with	the	amount	of	fluid	removed,	despite	relief	of	dyspnea	in	those
patients.20	The	mechanism	of	dyspnea	from	a	large	pleural	effusion	probably	is
related	to	the	increase	in	chest	wall	resting	volume	resulting	in	shortening	of	the
respiratory	 muscles	 resting	 length	 and	 a	 consequent	 decrease	 in	 contractile
efficiency.21	 Recently,	 a	 large	 multicenter	 prospective	 study	 from	 Australia
assessing	 the	cardiopulmonary	effect	of	 large	volume	pleural	effusion	drainage
in	 145	 symptomatic	 patients	 with	 pleural	 effusion22	 found	 meaningful
improvement	in	dyspnea	in	73%	of	patients.	There	was	modest	change	noted	in
lung	 function	 after	 pleural	 drainage	 as	measured	 by	 spirometry.	There	was	 no
significant	 change	 noted	 in	 the	 oxygen	 saturation	 after	 pleural	 drainage.
Breathlessness	 relief	 was	 only	 associated	 with	 significant	 breathlessness
predrainage,	and	baseline	abnormal	diaphragm	movement.

Complications	 of	 therapeutic	 thoracentesis	 are	 the	 same	 as	 those	 seen	with
diagnostic	 thoracentesis	 (Chapter	 12:	 Thoracentesis).	 Three	 complications	 that
are	 unique	 to	 therapeutic	 thoracentesis	 are	 hypoxemia,	 unilateral	 pulmonary
edema,	and	hypovolemia.	After	therapeutic	thoracentesis,	hypoxemia	may	occur
despite	 relief	of	dyspnea23,24	 from	worsening	ventilation-perfusion	 relationships
in	the	ipsilateral	lung	or	clinically	occult	unilateral	pulmonary	edema.

Some	 investigators	 have	 concluded	 that	 the	 change	 in	 partial	 pressure	 of
arterial	 oxygen	 (PaO2)	 after	 therapeutic	 thoracentesis	 is	 unpredictable24;	 some
have	 observed	 a	 characteristic	 increase	 in	 PaO2	 within	 minutes	 to	 hours25,
whereas	 others	 suggest	 a	 systematic	 decrease	 in	 PaO2	 that	 returns	 to
prethoracentesis	values	by	24	hours.23	 In	a	study	that	 included	33	patients	with
various	causes	of	unilateral	pleural	effusions,	a	significant	increase	of	PaO2	was
found	20	minutes,	2	hours,	and	24	hours	after	 therapeutic	 thoracentesis.26	 This
was	seen	in	conjunction	with	a	decrease	in	the	alveolar-arterial	oxygen	gradient
(P(A–a)O2)	and	was	accompanied	by	a	small	but	 significant	decrease	 in	shunt,
without	 a	 change	 in	V	 D/V	 T.	 Data	 suggest	 an	 improved	 ventilation-perfusion
relationship	 after	 therapeutic	 thoracentesis,	 with	 an	 increase	 in	 ventilation	 of
parts	of	 the	 lung	 that	were	previously	poorly	ventilated	but	well	perfused.	The
relief	of	dyspnea	among	these	patients	cannot	be	explained	by	improved	arterial
oxygen	tension,	however,	as	the	increases	have	only	been	modest,	and,	in	some



cases,	 there	 was	 a	 fall	 in	 PaO2.	 Improvement	 in	 lung	 volumes	 is	 a	 constant
finding	 after	 therapeutic	 thoracentesis	 but	 may	 take	 days	 or	 even	 weeks	 to
maximize;	 immediate	 changes	 are	 usually	 modest	 and	 highly	 variable.
Therefore,	 the	 relief	of	dyspnea	cannot	be	 adequately	 explained	by	changes	 in
lung	 volume,	 or	 in	 the	 mechanics	 of	 breathing,	 but	 may	 be	 the	 result	 of
decreased	stimulation	of	lung	or	chest	wall	receptors,	or	both.20

PLEURAL	EFFUSIONS	OF	THE	CRITICALLY	ILL
The	types	of	pleural	effusions	in	critically	ill	patients	are	listed	in	Table	176.2.

TABLE	176.2

Differential	Diagnosis	of	Pleural	Effusions	in	Critically	Ill
Patients

Clinical
Presentation Chest	Radiograph Pleural	Fluid

Analysis

Transudates

Congestive	heart
failure

Usual	signs	and
symptoms	plus
I	>	O,	weight
gain,	worsening
P(A–a)O2,	↓	CST

Bilateral	effusions,
right	>	left,	cardiomegaly,
extravascular	lung	water

Serous,	nucleated
cells	<1000/μL,
lymphocytes,
mesothelial	cells,
pH	7.45-7.55

Atelectasis Asymptomatic	or
dyspnea,
worsening	P(A–
a)O2

Small	unilateral	or
bilateral	effusions,
volume	loss

Serous,	nucleated
cells	<1000/μL,
lymphocytes,
mesothelial	cells,
pH	7.45-7.55



Hepatic
hydrothorax

Stigmata	of	liver
disease,	clinical
ascites,
asymptomatic	or
dyspnea,
worsening	P(A–
a)O2,	poor
response	to	low-
flow	O2

Unilateral	right	or
bilateral	effusions,	small
to	massive,	normal	heart
size,	no	other	CXR
abnormalities

Serous-
serosanguineous
nucleated	cells
<1000/μL,
lymphocytes,
mesothelial	cells,
pH	7.40-7.55

Hypoalbuminemia Asymptomatic	or
dyspnea,	anasarca

Small-to-moderate
bilateral	effusions,
normal	heart	size,	no
other	CXR	abnormalities

Serous,	nucleated
cells	<1000/μL,
lymphocytes,
mesothelial	cells,
pH	7.45-7.55

Iatrogenic:
extravascular
migration	of
central	venous
catheter

Chest	pain,
dyspnea

Abnormal	position	of
catheter,	widening	of
mediastinum,	small-to-
large	unilateral	effusion

Serous-
hemorrhagic	or
white,	may
contain	PMNs,
chemistries
similar	to
infusate,	PF/S
glucose	>1.0

Exudates

Parapneumonic
effusions:

Fever,	chest	pain,
↑	WBC,	purulent

New	alveolar	infiltrate,
minimal-to-moderate

Turbid,	PMNs,
glucose



uncomplicated sputum ipsilateral	free-flowing
effusion

>60	mg/dL,	LDH
<700	IU/L,
pH	≥7.30

Parapneumonic
effusions:
complicated

Fever,	chest	pain,
↑	WBC,	purulent
sputum

New	alveolar	infiltrate,
moderate-to-large
ipsilateral	effusion	with
or	without	loculation

Pus,	positive
bacteriology,
pH	<7.10,
glucose
<40	mg/dL,	LDH
>1000	IU/L

Pancreatitis Acute	abdominal
pain,	nausea,
vomiting,	fever

Small,	unilateral,	left
effusion	(60%),
atelectasis

Turbid,	nucleated
cells	10,000-
50,000/μL,
PMNs,	pH	7.30-
7.35,	PF/S
amylase	>1.0

Pulmonary
embolism

Acute	dyspnea,
tachypnea,	chest
pain,	↑	P(A–a)O2

Unilateral,	small-to-
moderate	effusion,
peripheral	infiltrate,
atelectasis

Serous-bloody
nucleated	cells
100-50,000/μL,
PMNs	or
lymphocytes

Postcardiac	injury
syndrome

Chest	pain,
pericardial	rub,
fever,	dyspnea
3	d	to	3	wk	after
cardiac	injury,	↑

Left	or	bilateral	small-to-
moderate	effusion,	left
lower	lobe	infiltrates

Serosanguineous-
bloody,	nucleated
cells	500-39,000/
μL,	PMNs	or
lymphocytes,



WBC,	↑
erythrocyte
sedimentation
rate

pH	>7.30

Esophageal
sclerotherapy

Chest	pain
following
sclerotherapy
with	large
sclerosant
volume,	effusion
appears	by	48-72
h

Small,	unilateral,	or
bilateral	effusion

Serosanguineous,
nucleated	cells
100-38,000/μL,
PMNs	or
mononuclear,
pH	>7.30

ARDS Depends	on	cause Bilateral	alveolar
infiltrates	tend	to	mask
small	bilateral	effusions

Serous-
serosanguineous,
PMNs

Spontaneous
esophageal
rupture

Severe	retching
or	vomiting
followed	by
thoracoabdominal
pain,	fever,
subcutaneous	air

Subcutaneous/mediastinal
air;	left	pneumothorax,
followed	by	left	effusion

Early:	serous,
pH	>7.30;	later:
turbid-purulent
effusion,	PMNs,
pH	approaches
6.00,	↑	amylase

Hemothorax Following	blunt
and	penetrating
chest	trauma,
invasive
procedures,
malignancy,
anticoagulation

Small-to-massive
unilateral	effusion,	other
abnormalities	depending
on	cause	of	hemothorax

Gross	blood,
PF/blood	Hct
>50%



Coronary	artery
bypass	graft

Asymptomatic,
dyspnea

Small-to-moderate	left
effusion	without
parenchymal	infiltrates,
left	lower	lobe	atelectasis,
elevation	of	left
hemidiaphragm

Hemorrhagic
PF/blood	Hct
<5%,	nucleated
cells	<10,000/μL,
lymph
predominant,
pH	>7.40

Abdominal
surgery

Asymptomatic
48-72	h	after
upper	abdominal
surgery

Small	bilateral	effusions,
atelectasis

Serous	nucleated
cells	<10,000/μL
(75%),	pH
usually	>7.40

Chylothorax
(traumatic)

Asymptomatic	or
dyspnea
following
intrathoracic
surgery,
especially
coarctation	repair
and
esophagectomy

Small-to-massive	left,
right,	or	bilateral	effusion

Milky	fluid,
nucleated	cells
<7000/μL	almost
all	lymphocytes,
pH	7.40-7.80,	↑
triglycerides

ARDS,	acute	respiratory	distress	syndrome;	CXR,	chest	radiograph;	↓,	decreased;	Hct,
hematocrit;	↑,	increased;	I,	input;	LDH,	lactate	dehydrogenase;	O,	output;	PF,	pleural	fluid;	PF/S,
pleural	fluid/serum;	PMN,	polymorphonuclear	leukocyte;	WBC,	white	blood	cell.

Atelectasis
Atelectasis	 is	 a	 common	 cause	 of	 small	 pleural	 effusions	 among	 comatose,



immobile,	 pain-ridden	 patients	 in	 ICUs27	 and	 after	 upper	 abdominal	 surgery.28
Other	causes	include	major	bronchial	obstruction	from	lung	cancer	or	a	mucous
plug.	Atelectasis	causes	pleural	fluid	because	of	decreased	pleural	pressure.	With
alveolar	collapse,	the	lung	and	chest	wall	separate	further,	creating	local	areas	of
increased	 negative	 pressure.	 This	 decrease	 of	 pleural	 pressure	 favors	 the
movement	of	 fluid	 into	 the	pleural	 space,	presumably	 from	the	parietal	pleural
surface.	 The	 fluid	 accumulates	 until	 the	 pleural	 or	 parietal-pleural	 interstitial
pressure	gradient	reaches	a	steady	state.

Pleural	 fluid	 from	 atelectasis	 is	 a	 serous	 transudate	 with	 a	 low	 number	 of
mononuclear	cells,	 a	glucose	concentration	equivalent	 to	 serum,	and	pH	 in	 the
range	 of	 7.45	 to	 7.55.	When	 atelectasis	 resolves,	 pleural	 fluid	 dissipates	 over
several	days.

Congestive	Heart	Failure
CHF	is	the	most	common	cause	of	transudative	pleural	effusions	and	a	common
cause	of	pleural	effusions	among	the	critically	ill.	Pleural	effusions	due	to	CHF
are	associated	with	increases	of	pulmonary	venous	pressure.29	Most	patients	with
subacute	 or	 chronic	 elevation	 of	 pulmonary	 venous	 pressure	 (pulmonary
capillary	wedge	pressure	of	at	least	24	mm	Hg)	have	evidence	of	pleural	effusion
on	 US	 or	 lateral	 decubitus	 radiograph.	 Isolated	 increases	 in	 systemic	 venous
pressure	 tend	 not	 to	 produce	 pleural	 effusions.30	 Thus,	 patients	 with	 chronic
obstructive	 pulmonary	 disease	 (COPD)	 and	 cor	 pulmonale	 rarely	 have	 pleural
effusions,	and	the	presence	of	pleural	fluid	implies	another	cause.

Most	patients	with	pleural	effusions	secondary	to	CHF	have	the	classic	signs
and	symptoms.	The	chest	radiograph	shows	cardiomegaly	and	bilateral	small-to-
moderate	pleural	effusions	of	similar	size	(right	slightly	greater	than	left).	There
is	usually	 radiographic	evidence	of	pulmonary	congestion,	with	 the	 severity	of
pulmonary	edema	correlating	with	the	presence	of	pleural	effusion.

The	 effusion	 is	 a	 transudate,	 with	 mesothelial	 cells	 and	 lymphocytes
accounting	for	the	majority	of	the	less	than	1000	cells	per	μL.	Acute	diuresis	can
raise	the	pleural	fluid	protein	and	lactate	dehydrogenase	(LDH)	into	the	range	of
an	exudate.31	In	the	patient	with	secure	clinical	diagnosis	of	CHF,	observation	is
appropriate.	 Thoracentesis	 should	 be	 performed	 if	 the	 patient	 is	 febrile,	 has
pleural	effusions	of	disparate	size,	has	a	unilateral	pleural	effusion,	does	not	have
cardiomegaly,	has	pleuritic	chest	pain,	or	has	a	PaO2	inappropriate	for	the	degree
of	pulmonary	edema.

Treatment	 consists	 of	 decreasing	 pulmonary	 venous	 hypertension	 and



improving	 cardiac	 output	 with	 diuretics,	 inotropes,	 or	 afterload	 reduction.	 In
successfully	 managed	 heart	 failure,	 the	 effusions	 resolve	 over	 days	 to	 weeks
after	the	pulmonary	edema	has	cleared.

Hepatic	Hydrothorax
Pleural	 effusions	 occur	 in	 approximately	 6%	 of	 patients	 with	 cirrhosis	 of	 the
liver	 and	 clinical	 ascites.	 The	 effusions	 result	 from	movement	 of	 ascitic	 fluid
through	congenital	or	acquired	diaphragmatic	defects.32

The	 patient	 usually	 has	 the	 classic	 stigmata	 of	 cirrhosis	 and	 clinically
apparent	ascites.	The	usual	chest	 radiograph	shows	a	normal	cardiac	silhouette
and	 a	 right-sided	 pleural	 effusion,	 which	 can	 vary	 from	 small	 to	 massive;
effusions	are	less	likely	isolated	to	the	left	pleural	space	or	are	bilateral.32	Rarely,
a	massive	pleural	effusion	may	be	found	without	clinical	ascites	(demonstrated
only	by	US),	implying	the	presence	of	a	large	diaphragmatic	defect.	The	pleural
fluid	is	a	serous	transudate	with	a	low	nucleated	cell	count	and	a	predominance
of	mononuclear	cells,	pH	greater	than	7.40,	and	a	glucose	level	similar	to	that	of
serum.	The	 fluid	 can	 be	 hemorrhagic	 owing	 to	 an	 underlying	 coagulopathy	 or
rupture	 of	 a	 diaphragmatic	 bleb.	 Demonstrating	 that	 pleural	 and	 ascitic	 fluids
have	 similar	 protein	 and	 LDH	 concentrations,	 substantiates	 the	 diagnosis.	 If
diagnosis	 is	 problematic,	 injection	 of	 a	 radionuclide	 into	 the	 ascitic	 fluid	with
detection	 on	 chest	 imaging	 within	 1	 to	 2	 hours	 supports	 a	 pleuroperitoneal
communication	 through	a	diaphragmatic	defect33;	delayed	demonstration	of	 the
tracer	suggests	that	the	pathogenesis	of	the	effusion	is	via	convection	through	the
mesothelium.

Hepatic	hydrothorax	may	be	complicated	by	spontaneous	bacterial	empyema
(SBE),	which	 is	analogous	 to	spontaneous	bacterial	peritonitis.	The	criteria	 for
diagnosis	of	SBE	are	similar	to	those	for	the	diagnosis	of	spontaneous	bacterial
peritonitis.	SBE	must	be	considered	in	the	differential	diagnosis	of	the	infected
cirrhotic	 patient,	 even	 in	 the	 absence	 of	 clinical	 ascites.34,35	 The	 pleural	 fluid
culture	and	analysis	may	reveal	positive	culture,	a	total	neutrophil	count	of	more
than	500	cells	per	μL,	and	a	serum	to	pleural	fluid	albumin	gradient	greater	than
1.1.	The	chest	 radiograph	should	not	 show	a	pneumonic	process.	Treatment	of
SBE	is	conservative	with	antibiotics	unless	purulence	 is	present,	 in	which	case
tube	thoracostomy	must	be	considered.

Treatment	of	hepatic	hydrothorax	is	directed	at	resolution	of	the	ascites,	using
sodium	restriction	and	diuresis.	The	effusion	frequently	persists	unchanged	until
all	ascites	is	mobilized.	If	the	patient	is	acutely	dyspneic	or	in	respiratory	failure,
therapeutic	thoracentesis	should	be	done	as	a	temporizing	measure.	Care	should



be	exercised	with	paracentesis	or	 thoracentesis	because	hypovolemia	can	occur
with	rapid	evacuation	of	fluid.	Chest	tube	insertion	should	be	avoided	because	it
can	cause	infection	of	the	fluid,	and	prolonged	drainage	can	lead	to	protein	and
lymphocyte	depletion	and	renal	failure.	Chemical	pleurodesis	via	a	chest	tube	is
often	 unsuccessful	 owing	 to	 rapid	 movement	 of	 ascitic	 fluid	 into	 the	 pleural
space.	 Treatment	 options	 in	 hepatic	 hydrothorax	 refractory	 to	 medical
management	 include	 transjugular	 intrahepatic	portal	 systemic	 shunt	 and	video-
assisted	 thoracoscopy	 (VAT)	 to	 patch	 the	 diaphragmatic	 defect,	 followed	 by
pleural	abrasion	or	talc	poudrage	for	the	properly	selected	patient.36,37

Hypoalbuminemia
Many	patients	admitted	to	a	medical	ICU	have	a	chronic	illness	and	associated
hypoalbuminemia.	When	the	serum	albumin	level	falls	below	1.8	g/dL,	pleural
effusions	may	be	observed.38	Because	the	normal	pleural	space	has	an	effective
lymphatic	 drainage	 system,	 pleural	 fluid	 tends	 to	 be	 the	 last	 collection	 of
extravascular	fluid	that	occurs	in	patients	with	low	oncotic	pressure.	Therefore,
it	is	unusual	to	find	a	pleural	effusion	solely	because	of	hypoalbuminemia	in	the
absence	of	anasarca.	Patients	with	hypoalbuminemic	pleural	effusions	 tend	not
to	 have	 pulmonary	 symptoms	 unless	 there	 is	 underlying	 lung	 disease,	 and
because	the	effusions	are	rarely	large.	Chest	radiograph	shows	small-to-moderate
bilateral	 effusions	 and	 a	 normal	 heart	 size.	 The	 pleural	 fluid	 is	 a	 serous
transudate	 with	 less	 than	 1000	 nucleated	 cells	 per	 μL,	 predominantly
lymphocytes	and	mesothelial	cells.	The	pleural	 fluid	glucose	 level	 is	similar	 to
that	 of	 serum,	 and	 the	 pH	 is	 in	 the	 range	 of	 7.45	 to	 7.55.	 Diagnosis	 is
presumptive	 if	 other	 causes	 of	 transudative	 effusions	 can	 be	 excluded.	 The
effusions	resolve	when	hypoalbuminemia	is	corrected.

Iatrogenic
Extravascular	migration	 of	 a	 central	 venous	 catheter	 can	 cause	 pneumothorax,
hemothorax,	chylothorax,	or	a	 transudative	pleural	effusion.39,40	 Its	 incidence	 is
estimated	 at	 less	 than	 1%	 but	may	 be	 considerably	 higher.	Malposition	 of	 the
catheter	on	placement	should	be	suspected	if	there	is	absence	of	blood	return	or
questionable	 central	 venous	 pressure	 measurements.	 The	 immediate
postprocedure	 chest	 radiograph	 should	 be	 assessed	 for	 proper	 catheter
placement;	a	catheter	placed	from	the	right	side	should	not	cross	the	midline.	If
the	catheter	is	not	in	the	appropriate	vessel,	phlebitis,	perforation	of	a	vein	or	the



heart,	or	instillation	of	fluid	into	the	mediastinum	or	pleural	space	can	occur.	In
the	alert	patient,	acute	infusion	of	intravenous	fluid	into	the	mediastinum	usually
results	 in	 new-onset	 chest	 discomfort	 and	 dyspnea.	Depending	 on	 the	 volume
and	the	rate	at	which	it	is	introduced	into	the	mediastinum,	tachypnea,	worsening
respiratory	 status,	 and	 cardiac	 tamponade	 may	 ensue.	 The	 chest	 radiograph
shows	the	catheter	tip	in	an	abnormal	position,41,42	a	widened	mediastinum,	and
evidence	 of	 unilateral	 or	 bilateral	 pleural	 effusions.	 The	 effusion	 can	 have
characteristics	similar	to	those	of	the	infusate	(milky	if	lipid	is	being	given)	and
may	 be	 hemorrhagic	 and	 neutrophil	 predominant	 as	 a	 result	 of	 trauma	 and
inflammation.	 The	 pleural	 fluid	 to	 serum	 glucose	 ratio	 is	 greater	 than	 1.0	 if
glucose	 is	 being	 infused.40	 The	 pleural	 fluid	 glucose	 concentration	 can	 fall
rapidly	 after	 glucose	 infusion	 into	 the	 pleural	 space,	 probably	 explaining	 the
relatively	 low	glucose	concentrations	of	pleural	fluid	compared	to	 the	 infusate.
Extravascular	migration	of	a	central	venous	catheter	appears	to	be	more	common
with	 placement	 in	 the	 external	 jugular	 vein,	 particularly	 on	 the	 left	 side.	Left-
sided	catheters	appear	to	put	the	patient	at	increased	risk	of	perforation	because
of	 the	 horizontal	 orientation	 of	 the	 left	 brachiocephalic	 vein	 compared	 to	 the
right	brachiocephalic	vein.	When	catheters	are	introduced	from	the	left	side,	they
should	be	of	adequate	length	for	the	tip	to	rest	in	the	superior	vena	cava.

Free	flow	of	fluid	and	proper	fluctuation	of	central	venous	pressure	during	the
respiratory	cycle	may	not	be	reliable	indicators	of	intravascular	placement.	This
is	 probably	 because	 intrathoracic	 pressure	 changes	 are	 transmitted	 to	 the
mediastinum	 and,	 thus,	 the	 venous	 pressure	 catheter.	 Aspiration	 of	 blood	 or
retrograde	flow	of	blood	when	the	catheter	is	lowered	below	the	patient’s	heart
level	 should	 confirm	 intravascular	 catheter	 placement.	 If	 blood	 cannot	 be
aspirated	and	the	effusate	is	aspirated	instead,	extravascular	migration	should	be
assumed	 and	 the	 central	 venous	 catheter	 should	 be	 removed	 immediately.	 If
there	 is	 a	 small	 effusion,	 observation	 is	 warranted.	 If	 the	 effusion	 is	 large,
causing	respiratory	distress,	or	a	hemothorax	is	discovered,	thoracentesis	or	tube
thoracostomy	should	be	performed.

Parapneumonic	Pleural	Effusion	and	Empyema
Community-acquired	or	nosocomial	pneumonia	 is	common	among	critically	 ill
patients.	 The	 classic	 presentation	 is	 fever,	 chest	 pain,	 leukocytosis,	 purulent
sputum,	and	radiographic	evidence	of	a	new	alveolar	 infiltrate.	For	 the	elderly,
debilitated	 patient,	 however,	 many	 of	 these	 findings	 may	 not	 be	 present.	 The
chest	radiograph	commonly	shows	a	small-to-large	ipsilateral	pleural	effusion.43
Pleural	 space	 infection	 can	 range	 from	 a	 simple	 parapneumonic	 effusion	 to	 a



CPPE	and	empyema.	Rarely,	patients	can	have	severe	pleural	 infection	 leading
to	either	bronchopleural	fistula	or	empyema	necessitans.	Simple	parapneumonic
effusion	is	characterized	by	the	presence	of	free-flowing	effusion	and	lack	of	US
complexity,	 with	 pleural	 fluid	 analysis	 showing	 a	 nonpurulent,
polymorphonuclear	neutrophil	(PMN)-predominant	exudate	with	a	pH	of	7.30	or
greater.	Simple	parapneumonic	pleural	effusions	resolve	in	7	to	14	days	without
sequelae	with	antibiotics	alone.	CPPE	is	commonly	loculated	as	shown	by	chest
radiograph,	 chest	CT,	or	 ultrasound,	 and	pleural	 fluid	 analysis	 shows	 a	 cloudy
effusion	with	pH	<7.20,	glucose	<60	mg/dL,	LDH	>1000	U/L,	with	a	Gram	stain
that	may	be	positive.	All	CPPEs	should	be	drained,	as	inadequate	drainage	can
be	associated	with	poor	outcome	for	these	patients.	Empyema	is	a	severe	form	of
CPPE,	 characterized	 by	 the	 presence	 of	 frank	 pus	 in	 the	 pleural	 space.	 Some
pleural	 effusions	 do	 not	meet	 either	 criteria	 for	 simple	 parapneumonic	 pleural
effusion	or	CPPE,	and	management	of	these	patients	can	be	individualized	based
on	the	prognostic	factors.

A	meta-analysis	found	that	low-risk	patients	with	fluid	pH	between	7.20	and
7.30	may	be	managed	without	tube	drainage,	but	the	patient	admitted	to	the	ICU
typically	cannot	be	considered	low	risk,	and	pH	values	of	less	than	7.30	should
prompt	drainage	 in	most	cases.44-46	Rahman	and	colleague	have	developed	and
validated	a	prognostic	score	(RAPID:	renal,	age,	purulence,	infection	source,	and
dietary	factors)	using	clinical	variables	in	a	large	cohort	which	can	be	helpful	in
risk	stratification	and	management	of	patients	with	pleural	infection.47

4 	Early	appropriate	antibiotics	and	prompt	adequate	drainage	is	the	mainstay
of	 the	 treatment	 of	 CPPE	 and	 empyema.	 Antimicrobial	 choices	 are	 often
empirical	 as	 identification	 rate	 of	 causative	 organism	 is	 poor.	 A	 recent	 study
from	Europe	showed	the	yield	of	causative	organism	from	blood	was	only	10%,
pleural	fluid	was	20%	and	pleural	biopsy	was	45%.48	In	addition,	up	to	76%	of
cases	 may	 have	 anaerobic	 infection	 which	 may	 not	 be	 isolated	 by	 standard
culturing	 methods.	 Generally,	 community-acquired	 pneumonia	 associated
pleural	 infection	 is	 caused	 by	 Streptococcus,	 Staphylococcus,	 and	 anaerobic
species.	 However,	 in	 nosocomial	 pleural	 infection	 methicillin-resistant
Staphylococcus	 aureus	 and	 gram-negative	 bacterial	 coverage	 should	 be
considered.	Initial	empirical	antimicrobial	therapy	should	be	tailored	toward	the
aforementioned	 organisms.	 Most	 antimicrobial	 therapies	 used	 for	 pneumonia
have	good	pleural	penetration;	however,	aminoglycosides	should	be	avoided,	as
activity	 of	 this	 antibiotic	 class	 is	 diminished	 in	 acidic	 effusions.	 Duration	 of
antibiotic	should	be	individualized	based	on	clinical	and	radiographic	response.
The	optimal	duration	of	antibiotic	 therapy	 is	not	known;	however,	a	prolonged
course	of	antibiotic	is	often	required	lasting	4	to	6	weeks.



5 	CPPE	should	be	drained	to	prevent	systemic	and	local	complications	such
as	 sepsis	 and	 lung	 entrapment.	 Drainage	 can	 be	 accomplished	 at	 bedside	 by
ultrasound-guided	 insertion	 of	 small-bore	 catheters	 using	 Seldinger	 technique.
Large-bore	chest	 tubes	have	not	been	shown	to	convey	any	benefit	over	small-
bore	catheters	for	infected	pleural	space	drainage.	Pleural	drainage	using	small-
bore	 catheters	 is	 associated	 with	 improved	 patient	 comfort	 and	 decreased
complication	 rates.	 Besides	 appropriately	 placed	 tube	 thoracostomy,	 a
combination	 of	 intrapleural	 fibrinolytic	 therapy	 and	DNase	 plays	 an	 important
role	in	the	management	of	CPPE.	The	landmark	Multicentric	Intrapleural	Sepsis
Trial	 2	 (MIST-2)	 showed	 improve	 outcome	 in	 patients	 with	 CPPE	 who
underwent	 intrapleural	 fibrinolytic	 therapy	along	with	DNase.49	 Administration
of	 a	 combination	of	10	mg	of	 tissue	plasminogen	activator	 (tPA)	 and	5	mg	of
DNase	 twice	 a	 day	 for	 3	 days	 was	 associated	 with	 improved	 radiographic
resolution,	lower	surgical	referrals,	and	hospital	length	of	stay.	Since	this	trial,	a
combination	 of	 intrapleural	 fibrinolytic	 therapy	 and	 DNase	 has	 become	 the
standard	of	care	in	the	management	of	complicated	parapneumonic	effusion.	The
main	 complication	 of	 intrapleural	 fibrinolytic	 therapy	 is	 intrapleural	 bleeding,
however	the	incidence	is	low	(1.8%).	The	optimal	dose	of	tPA	is	not	known.	In
clinical	trials,	doses	anywhere	from	5	to	10	mg	have	been	used	in	combination
with	DNase.50	However,	some	patients	do	not	respond	to	the	combination	of	tPA
and	 DNase	 therapy	 and	 may	 need	 further	 invasive	 procedures	 for	 adequate
pleural	drainage.	These	invasive	procedures	include	VAT	drainage,	decortication,
and	rarely	thoracotomy.51-53	These	 invasive	procedures	are	associated	with	high
morbidity	 and	mortality;	 however,	 they	 should	not	be	delayed	 if	 response	 to	 a
less	 invasive	 procedure	 is	 not	 adequate.	Currently,	 there	 is	 no	 reliable	 clinical
parameter	which	predicts	intrapleural	fibrinolytic	therapy	failure.	A	recent	study
showed	 that	 elevated	 pleural	 fluid	 levels	 of	 soluble	 urokinase	 plasminogen
activator	 receptor	 (suPAR)	 may	 predict	 the	 need	 for	 invasive	 pleural
procedures.54

Pancreatitis
Pleuropulmonary	 abnormalities	 are	 commonly	 associated	 with	 pancreatitis,
largely	 because	 of	 the	 close	 proximity	 of	 the	 pancreas	 to	 the	 diaphragm.
Approximately	 half	 of	 patients	 with	 pancreatitis	 have	 an	 abnormal	 chest
radiograph,	 with	 pleural	 effusions	 in	 3%	 to	 17%.55	 Mechanisms	 that	 may	 be
involved	 in	 the	 pathogenesis	 of	 pancreatic	 pleural	 effusion	 include	 (a)	 direct
contact	 of	 pancreatic	 enzymes	with	 the	 diaphragm	 (sympathetic	 effusion),	 (b)
transfer	 of	 ascitic	 fluid	 via	 diaphragmatic	 defects,	 (c)	 communication	 of	 a



fistulous	 tract	 between	 a	 pseudocyst	 and	 the	 pleural	 space,	 and	 (d)
retroperitoneal	 movement	 of	 fluid	 into	 the	 mediastinum	 with	 mediastinitis	 or
rupture	into	the	pleural	space.55	Ascitic	amylase	moves	into	the	pleural	space	via
the	previously	mentioned	mechanisms.	The	pleural	fluid	to	serum	amylase	ratio
is	greater	than	unity	in	pancreatitis	because	of	slower	lymphatic	clearance	from
the	pleural	space	compared	with	more	rapid	renal	clearance.

The	effusion	associated	with	acute	pancreatitis	is	usually	small	and	left	sided
(60%),	 but	may	 be	 isolated	 to	 the	 right	 side	 (30%)	 or	 be	 bilateral	 (10%).	The
patient	 usually	 presents	 with	 abdominal	 symptoms	 of	 acute	 pancreatitis.	 The
diagnosis	is	confirmed	by	an	elevated	pleural	fluid	amylase	concentration	that	is
greater	than	that	of	serum.	A	normal	pleural	fluid	amylase	may	be	found	early	in
acute	 pancreatitis,	 but	 increases	 on	 serial	measurements.	 The	 fluid	 is	 a	 PMN-
predominant	 exudate	 with	 glucose	 values	 approximating	 those	 of	 serum.
Leukocyte	counts	may	reach	50,000	cells	per	μL.	The	pleural	fluid	pH	is	usually
7.30	to	7.35.55

No	 specific	 treatment	 is	 necessary	 for	 the	 pleural	 effusion	 of	 acute
pancreatitis;	 the	 effusion	 resolves	 as	 the	 pancreatic	 inflammation	 subsides.
Drainage	of	the	pleural	space	does	not	appear	to	affect	residual	pleural	damage.
If	 the	 pleural	 effusion	 does	 not	 resolve	 in	 2	 to	 3	weeks,	 pancreatic	 abscess	 or
pseudocyst	should	be	excluded.

Pulmonary	Embolism
The	presence	of	a	unilateral	pleural	effusion	may	suggest	pulmonary	embolism
or	 obscure	 the	 diagnosis	 by	 directing	 attention	 to	 a	 primary	 lung	 or	 cardiac
process.	 Pleural	 effusions	 occur	 in	 approximately	 40%	 of	 patients	 with
pulmonary	 embolism.55,56	 These	 effusions	 result	 from	 several	 different
mechanisms,	 including	 increased	 pleural	 capillary	 permeability,	 imbalance	 in
microvascular	 and	 pleural	 space	 hydrostatic	 pressures,	 and	 pleuropulmonary
hemorrhage.	Ischemia	from	pulmonary	vascular	obstruction,	as	well	as	release	of
inflammatory	mediators	from	platelet-rich	thrombi,	can	cause	capillary	leak	into
the	lung	and,	subsequently,	the	pleural	space,	explaining	the	usual	finding	of	an
exudative	 effusion.	 Transudates,	 described	 in	 approximately	 20%	 of	 patients
with	pulmonary	embolism,	result	from	atelectasis.55

With	pulmonary	infarction,	necrosis	and	hemorrhage	into	the	lung	and	pleural
space	may	result.	More	than	80%	of	patients	with	infarction	have	bloody	pleural
effusions,	 but	 more	 than	 35%	 of	 patients	 with	 pulmonary	 embolism	 without
radiographic	infarction	also	have	hemorrhagic	fluid.56	The	presence	of	a	pleural
effusion	 does	 not	 materially	 alter	 the	 signs	 or	 symptoms	 for	 patients	 with



pulmonary	embolism.	Chest	pain,	usually	pleuritic,	occurs	among	most	patients
with	 pleural	 effusions	 complicating	 pulmonary	 embolism,	 and	 is	 invariably
ipsilateral.57	 The	 chest	 radiograph	 virtually	 always	 shows	 a	 unilateral	 effusion
that	 occupies	 less	 than	 one-third	 of	 the	 hemithorax.	 An	 associated	 pulmonary
infiltrate	 (infarction)	 is	 seen	 in	 approximately	 half	 of	 patients	with	 pulmonary
embolism	and	effusion.

Pleural	 fluid	 analysis	 is	 variable	 and	 nondiagnostic.55	 The	 pleural	 fluid	 is
hemorrhagic	in	two-thirds	of	patients,	but	the	number	of	red	blood	cells	exceeds
100,000	 per	 μL	 in	 less	 than	 20%.58	 The	 nucleated	 cell	 count	 ranges	 from	 less
than	 100	 (atelectatic	 transudates)	 to	 greater	 than	 50,000	 per	 μL	 (pulmonary
infarction).55	 There	 is	 a	 predominance	 of	 PMNs	 when	 a	 thoracentesis	 is
performed	 near	 the	 time	 of	 the	 acute	 injury	 and	 of	 lymphocytes	 with	 later
thoracentesis.	The	effusion	as	a	result	of	pulmonary	embolism	is	usually	(92%)
apparent	on	the	initial	chest	radiograph	and	reaches	a	maximum	volume	during
the	 first	 72	 hours.	 Patients	 with	 pleural	 effusions	 that	 progress	 with	 therapy
should	 be	 evaluated	 for	 recurrent	 embolism,	 hemothorax	 secondary	 to
anticoagulation,	 an	 infected	 infarction,	 or	 an	 alternate	 diagnosis.	 When
consolidation	 is	 absent	 on	 chest	 radiograph,	 effusions	 usually	 resolve	 in	 7	 to
10	days;	with	consolidation,	the	resolution	time	is	2	to	3	weeks.55

The	association	of	pleural	effusion	with	pulmonary	embolism	does	not	alter
therapy.	Furthermore,	the	presence	of	a	bloody	effusion	is	not	a	contraindication
to	 full-dose	 anticoagulation	 because	 hemothorax	 is	 a	 rare	 complication	 of
heparin	 therapy.	 An	 enlarging	 pleural	 effusion	 on	 therapy	 necessitates
thoracentesis	to	exclude	hemothorax,	empyema,	or	another	cause.	Active	pleural
space	 hemorrhage	 necessitates	 discontinuation	 of	 anticoagulation,	 tube
thoracostomy,	and	placement	of	a	vena	cava	filter.

Postcardiac	Injury	Syndrome
Postcardiac	injury	syndrome	(PCIS)	is	characterized	by	fever,	pleuropericarditis,
and	parenchymal	infiltrates	3	weeks	(2-86	days)	after	injury	to	the	myocardium
or	pericardium.59-62	PCIS	has	been	described	after	myocardial	infarction,	cardiac
surgery,	 blunt	 chest	 trauma,	 percutaneous	 left	 ventricular	 puncture,	 and
pacemaker	 implantation.	 The	 incidence	 after	 myocardial	 infarction	 has	 been
estimated	 at	 up	 to	 4%	 of	 cases,59	 but	 with	 more	 extensive	 myocardial	 and
pericardial	involvement,	it	may	be	higher.	It	occurs	with	greater	frequency	(up	to
30%)	after	cardiac	surgery.61	The	pathogenesis	of	PCIS	 remains	obscure	but	 is
probably	 on	 an	 autoimmune	 basis	 in	 patients	 with	 myocardial	 or	 pericardial
injury	and,	possibly,	concomitant	viral	illness.62



The	diagnosis	of	PCIS	remains	one	of	exclusion,	for	no	specific	criteria	exist.
It	 is	 important	 to	diagnose	or	exclude	PCIS	presumptively.	Failure	 to	diagnose
accurately	 could	 lead	 to	 iatrogenic	 complications	 from	 inappropriate	 therapy,
such	 as	 cardiac	 tamponade	 from	 anticoagulation	 for	 presumed	 pulmonary
embolism,	 and	 adverse	 effects	 related	 to	 antimicrobial	 therapy	 for	 presumed
pneumonia.

Pleuropulmonary	manifestations	are	the	hallmark	of	PCIS.	The	most	common
presenting	symptoms	are	pleuritic	chest	pain,	found	in	virtually	all	patients,	and
fever,	 pericardial	 rub,	 dyspnea,	 and	 rales,	 which	 occur	 in	 half	 of	 patients.60
Rarely,	 hemoptysis	 occurs,	 an	 important	 differential	 point	 when	 pulmonary
embolism	with	infarction	is	in	the	differential	diagnosis.	Fifty	percent	of	patients
have	 leukocytosis,	 and	 almost	 all	 have	 an	 elevated	 erythrocyte	 sedimentation
rate	(average,	62	mm	per	hour).60

The	chest	radiograph	is	abnormal	among	virtually	all	patients,	with	the	most
common	abnormality	being	 left-sided	or	bilateral	pleural	effusions;	a	unilateral
right-sided	 effusion	 is	 unusual.60	 Pulmonary	 infiltrates	 are	 present	 in	 75%	 of
patients	and	are	most	commonly	seen	in	the	left	lower	lobe.59	The	pleural	fluid	is
a	serosanguineous	or	bloody	exudate	with	a	glucose	level	greater	than	60	mg/dL
and	pleural	fluid	pH	greater	than	7.30.	Nucleated	cell	counts	range	from	500	to
39,000	per	μL,	with	a	predominance	of	PMNs	early	in	the	course.60	Pericardial
fluid	 on	 echocardiogram	 is	 an	 important	 finding	 suggesting	PCIS.	The	 pleural
fluid	 characteristics	 should	 help	 differentiate	 PCIS	 from	 a	 parapneumonic
effusion	and	CHF	but	do	not	exclude	pulmonary	embolism.

PCIS	 is	 usually	 self-limited	 and	 may	 not	 require	 therapy	 if	 symptoms	 are
trivial.	 It	 usually	 responds	 to	 aspirin	 or	 nonsteroidal	 anti-inflammatory	 agents,
but	 some	 patients	 require	 corticosteroid	 therapy	 for	 resolution.	 In	 those	 who
respond,	the	pleural	effusion	resolves	within	1	to	3	weeks.

Esophageal	Sclerotherapy
Pleural	effusions	are	found	in	approximately	50%	of	patients	48	to	72	hours	after
esophageal	 sclerotherapy	with	 sodium	morrhuate	 and	 in	 19%	 of	 patients	 after
absolute	alcohol	sclerotherapy.63-65	Effusions	may	be	unilateral	or	bilateral,	with
no	predilection	for	side.	Effusion	appears	more	likely	with	larger	total	volumes
of	sclerosant	injected	and	larger	volume	injected	per	site.63,64	The	effusions	tend
to	be	small,	serous	exudates	with	variable	nucleated	(90-38,000	per	μL)	and	red
cell	 counts	 (126-160,000	 per	 μL)	 and	 glucose	 concentration	 similar	 to	 that	 of
serum.63	 These	 effusions	 probably	 result	 from	 an	 intensive	 inflammatory
reaction	 after	 extravasation	 of	 the	 sclerosant	 into	 the	 esophageal	 mucosa,



resulting	 in	 mediastinal	 and	 pleural	 inflammation.	 The	 effusions	 that	 are	 not
associated	 with	 fever,	 chest	 pain,	 or	 evidence	 of	 perforation	 are	 of	 little
consequence,	 require	 no	 specific	 therapy,	 and	 resolve	 during	 several	 days	 to
weeks.63,64	However,	 late	perforation	may	evolve	among	patients	with	apparent
innocuous	effusions.	For	patients	with	symptomatic	effusions	for	24	to	48	hours,
diagnostic	thoracentesis	should	be	done,	and	an	esophagram	considered.

Acute	Respiratory	Distress	Syndrome
The	presence	of	pleural	effusions	in	ARDS	has	not	been	well	appreciated.	In	a
retrospective	 study	 of	 25	 patients	 with	 ARDS,	 a	 36%	 incidence	 of	 pleural
effusions	 was	 found,	 a	 percentage	 similar	 to	 that	 found	 with	 hydrostatic
pulmonary	edema.57	All	 patients	 had	 extensive	 alveolar	 pulmonary	 edema	 and
endotracheal	tube	fluid	that	was	compatible	with	increased	permeability	edema.
Several	 experimental	 models	 of	 increased	 permeability	 pulmonary	 edema,
including	α-naphthyl	thiourea,	oleic	acid,	and	ethchlorvynol,	have	been	shown	to
produce	 pleural	 effusions.	 In	 the	 oleic	 acid	 and	 ethchlorvynol	 models,	 the
development	of	 pleural	 effusions	 lagged	behind	 interstitial	 and	 alveolar	 edema
by	 several	 hours.	 In	 the	 oleic	 acid	 model,	 35%	 of	 the	 excess	 lung	 water	 is
collected	 in	 the	pleural	 spaces.	 It	 appears	 that	 the	pleura	 act	 as	 a	 reservoir	 for
excess	 lung	water	 in	 increased	permeability	and	hydrostatic	pulmonary	edema.
These	 effusions	 tend	 to	 be	 underdiagnosed	 clinically	 because	 the	 patient	 has
bilateral	 alveolar	 infiltrates,	 and	 the	 radiograph	 is	 taken	 with	 the	 patient	 in	 a
supine	position.	Experimentally,	the	effusion	is	serous	to	serosanguineous,	with	a
predominance	of	PMNs.	These	effusions	usually	require	no	specific	therapy	and
resolve	 as	 ARDS	 resolves.	 However,	 in	 a	 series	 of	 positive	 end-expiratory
pressure	(PEEP)	unresponsive	patients	with	ARDS,	drainage	of	pleural	effusion
via	tube	thoracostomy	has	been	shown	to	result	in	improved	oxygenation.58	The
decision	to	proceed	to	pleural	space	drainage	in	ARDS	should	be	approached	on
a	case-by-case	basis,	but	is	not	generally	recommended.

Spontaneous	Esophageal	Rupture
Esophageal	 rupture,	 a	 potentially	 life-threatening	 event,	 requires	 immediate
diagnosis	and	therapy.	The	history	in	spontaneous	esophageal	rupture	is	usually
severe	 retching	 or	 vomiting	 or	 a	 conscious	 effort	 to	 resist	 vomiting.	 In	 some
patients,	the	perforation	may	be	silent.	Early	recognition	of	spontaneous	rupture
depends	on	interpretation	of	the	chest	radiograph.	Several	factors	influence	chest



radiograph	 findings:	 the	 time	 between	 perforation	 and	 chest	 radiograph
examination,	 site	 of	 perforation,	 and	 mediastinal	 pleural	 integrity.	 A	 chest
radiograph	 taken	 within	 minutes	 of	 the	 acute	 injury	 is	 usually	 unremarkable.
Mediastinal	 emphysema	 probably	 requires	 at	 least	 1	 to	 2	 hours	 to	 be
demonstrated	 radiographically	 and	 is	 present	 in	 less	 than	 half	 of	 patients;
mediastinal	widening	may	take	several	hours.	Pneumothorax,	present	in	75%	of
patients	with	spontaneous	rupture,	indicates	violation	of	the	mediastinal	pleura;
70%	 of	 pneumothoraces	 are	 on	 the	 left,	 20%	 are	 on	 the	 right,	 and	 10%	 are
bilateral.66	Mediastinal	air	is	seen	early	if	pleural	integrity	is	maintained,	whereas
pleural	 effusion	 secondary	 to	 mediastinitis	 tends	 to	 occur	 later.	 Pleural	 fluid,
with	 or	 without	 associated	 pneumothorax,	 occurs	 in	 75%	 of	 patients.	 A
presumptive	 diagnosis	 should	 immediately	 be	 confirmed	 radiographically.
Esophagrams	 are	 positive	 in	 approximately	 90%	 of	 patients.66	 In	 the	 upright
patient,	rapid	passage	of	the	contrast	material	may	not	demonstrate	a	small	rent;
therefore,	 the	 study	 should	 be	 done	with	 the	 patient	 in	 the	 appropriate	 lateral
decubitus	position.67

Pleural	 fluid	findings	depend	on	 the	degree	of	perforation	and	 the	 timing	of
thoracentesis	 from	 injury.	 Early	 thoracentesis	 without	 mediastinal	 perforation
shows	 a	 sterile,	 serous	 exudate	with	 a	 predominance	 of	PMNs,	 a	 pleural	 fluid
amylase	less	than	serum,	and	pH	greater	than	7.30.68	Once	the	mediastinal	pleura
tears,	 amylase	 of	 salivary	 origin	 appears	 in	 the	 fluid	 in	 high	 concentration.69
Because	 the	pleural	space	 is	seeded	with	anaerobic	organisms	from	the	mouth,
the	 pH	 falls	 rapidly	 and	 progressively	 to	 approach	 6.00.68	 Other	 pleural	 fluid
findings	 suggestive	 of	 esophageal	 rupture	 include	 the	 presence	 of	 squamous
epithelial	 cells	 and	 food	 particles.	 The	 diagnosis	 of	 spontaneous	 esophageal
rupture	 dictates	 immediate	 operative	 intervention.	 If	 diagnosed	 and	 treated
appropriately	 within	 the	 first	 24	 hours	 with	 primary	 closure	 and	 drainage,
survival	 is	 greater	 than	 90%.	 Delay	 from	 the	 time	 of	 initial	 symptoms	 to
diagnosis	results	in	a	reduced	survival	with	any	form	of	therapy.

Hemothorax
Hemothorax	 (blood	 in	 the	 pleural	 space)	 should	 be	 differentiated	 from	 a
hemorrhagic	pleural	effusion,	because	the	latter	can	be	the	result	of	only	a	few
drops	 of	 blood	 in	 pleural	 fluid.	 An	 arbitrary,	 but	 practical,	 definition	 of	 a
hemothorax	with	 regard	 to	 therapy	 is	 a	 pleural	 fluid	 to	 blood	 hematocrit	 ratio
greater	 than	 30%.	 The	 majority	 of	 hemothoraces	 results	 from	 penetrating	 or
blunt	chest	 trauma.	Hemothorax	can	also	result	from	invasive	procedures,	such
as	placement	of	central	venous	catheters,	 thoracentesis,	and	pleural	biopsy,	and



pulmonary	 infarction,	 malignancy,	 or	 ruptured	 aortic	 aneurysm.	 Bleeding	 can
occur	 from	vessels	 of	 the	 chest	wall,	 lung,	 diaphragm,	 or	mediastinum.	Blood
that	enters	 the	pleural	 space	clots,	 rapidly	undergoes	 fibrinolysis,	and	becomes
defibrinogenated;	thus,	it	rarely	causes	significant	pleural	fibrosis.

Hemothorax	 should	 be	 suspected	 for	 any	 patient	 with	 blunt	 or	 penetrating
chest	 trauma.	 If	 a	 pleural	 effusion	 is	 found	on	 the	 admitting	 chest	 radiograph,
thoracentesis	should	be	performed	immediately	and	the	hematocrit	measured	on
the	fluid.	The	hemothorax	may	not	be	apparent	on	 the	 initial	chest	 radiograph,
which	may	be	because	of	 the	 supine	position	of	 the	patient.	Because	bleeding
may	 be	 slow	 and	 not	 appear	 for	 several	 hours,	 it	 is	 imperative	 that	 serial
radiographs	 be	 obtained	 for	 these	 patients.	 The	 incidence	 of	 concomitant
pneumothorax	is	high	(approximately	60%).	Patients	with	traumatic	hemothorax
should	be	treated	with	immediate	tube	thoracostomy.70	Large-diameter	chest	tube
drainage	evacuates	the	pleural	space,	may	tamponade	the	bleeding	(especially	if
the	origin	 is	 from	a	pleural	 laceration),	allows	monitoring	of	 the	bleeding,	and
decreases	 the	 likelihood	 of	 subsequent	 fibrothorax.70	 If	 bleeding	 continues
without	 signs	of	 slowing,	 thoracotomy	should	be	performed,	depending	on	 the
individual	circumstance.70	Pleural	effusions	occasionally	occur	after	removal	of
the	 chest	 tube	 from	 traumatic	 hemothoraces.71	 A	 diagnostic	 thoracentesis	 is
indicated	 to	 exclude	 empyema.	 If	 empyema	 is	 excluded,	 the	 pleural	 effusion
usually	resolves	without	specific	treatment	and	without	residual	pleural	fibrosis.

Hemothorax	is	a	rare	complication	of	anticoagulation	that	has	been	reported
among	patients	receiving	heparin	and	warfarin.	Coagulation	studies	are	usually
within	the	therapeutic	range.	The	hemothorax	tends	 to	occur	on	the	side	of	 the
pulmonary	 embolism.	 Anticoagulation	 should	 be	 discontinued	 immediately,	 a
chest	tube	inserted	to	evacuate	the	blood,	and	a	vena	cava	filter	considered.

Coronary	Artery	Bypass	Surgery
A	 small,	 left	 pleural	 effusion	 is	 virtually	 always	 present	 after	 coronary	 artery
bypass	surgery.	This	is	associated	with	left	 lower	lobe	atelectasis	and	elevation
of	 the	 left	 hemidiaphragm	on	 chest	 radiograph.	Left	 diaphragm	dysfunction	 is
secondary	to	intraoperative	phrenic	nerve	injury	from	cold	cardioplegia,	stretch
injury,	or	surgical	trauma.72,73	The	larger	and	grossly	bloody	effusions	tend	to	be
associated	 with	 internal	 mammary	 artery	 grafting,	 which	 causes	 marked
exudation	from	the	bed	where	the	internal	mammary	artery	was	harvested.74

The	pleural	fluid	is	a	hemorrhagic	exudate	with	a	low	nucleated	cell	count,	a
glucose	 level	 similar	 to	 that	 of	 serum,	 and	 a	 pH	 greater	 than	 7.40.	 Rarely,	 a
loculated	 hemothorax	 may	 develop	 with	 trapped	 lung,	 resulting	 in	 clinically



significant	restriction.75	If	there	is	a	large	effusion	that	qualifies	as	a	hemothorax
(see	 previous	 section),	 the	 fluid	 should	 be	 drained	 by	 tube	 thoracostomy.	 It	 is
also	prudent	to	drain	moderately	large,	bloody	effusions	to	avoid	later	necessity
for	decortication.

Abdominal	Surgery
Approximately	 half	 of	 the	 patients	 who	 undergo	 abdominal	 surgery	 develop
small	unilateral	or	bilateral	pleural	effusions	within	48	to	72	hours	of	surgery.28
The	 incidence	 is	 higher	 after	 upper	 abdominal	 surgery,	 in	 patients	 with
postoperative	atelectasis,	and	in	patients	who	have	free	ascitic	fluid	at	the	time	of
surgery.	Larger	left-sided	pleural	effusions	are	common	after	splenectomy.28	The
effusion	is	usually	an	exudate	with	less	than	10,000	nucleated	cells	per	μL.	The
glucose	level	is	similar	to	that	of	serum,	and	pH	is	usually	greater	than	7.40.	The
effusion	 usually	 is	 related	 to	 diaphragmatic	 irritation	 or	 atelectasis.	 Small
effusions	 generally	 do	 not	 require	 diagnostic	 thoracentesis,	 are	 of	 no	 clinical
significance,	 and	 resolve	 spontaneously.	 Pleural	 effusion	 from	 subphrenic
abscess	 or	 pulmonary	 embolism	 is	 unlikely	 to	 occur	 within	 2	 to	 3	 days	 of
surgery.	 The	 only	 indication	 for	 diagnostic	 thoracentesis	 would	 be	 to	 exclude
infection	if	the	effusion	is	relatively	large	or	loculated.

Chylothorax
Trauma	from	surgery	accounts	for	approximately	25%	of	cases	of	chylothorax,
second	only	to	 lymphoma.	Most	series	estimate	an	incidence	of	chylothorax	of
less	than	1%	after	thoracic	surgery,76	but	a	3%	incidence	has	been	reported	after
esophagectomy.77,78	Virtually	 all	 intrathoracic	 procedures,	 including	 lobectomy,
pneumonectomy,	 and	 coronary	 artery	 bypass	 grafting,	 have	 been	 reported	 to
cause	 chylothorax.	 Other	 iatrogenic	 chylothoraces	 can	 be	 caused	 by
complications	 of	 prolonged	 central	 vein	 catheterization.	 Nonsurgical	 trauma,
such	 as	 penetrating	 and	 nonpenetrating	 neck,	 thoracic,	 and	 upper	 abdominal
injuries,	has	also	been	associated	with	chylothorax.

When	the	thoracic	duct	is	torn	by	stretching	during	surgery,	chyle	leaks	into
the	mediastinum	 and	 subsequently	 ruptures	 through	 the	mediastinal	 pleura.	 In
the	nonsurgical	 setting,	 penetrating	 injuries	 and	 fractures	may	directly	 tear	 the
thoracic	 duct.	 Chylothorax	 from	 a	 central	 venous	 catheter	 usually	 involves
venous	 thrombosis.	 Other	 rare	 causes	 of	 chylothorax	 include	 sclerotherapy	 of
esophageal	varices	and	translumbar	aortography.79,80



The	patient	may	be	 asymptomatic	 if	 the	 effusion	 is	 small	 and	unilateral,	 or
may	present	with	dyspnea	with	a	large	unilateral	effusion	or	bilateral	effusions.
The	pleural	fluid	is	usually	milky,	but	12%	can	be	serous	or	serosanguineous,81
with	less	than	7000	nucleated	cells	per	μL,	virtually	all	lymphocytes.	The	pleural
fluid	pH	is	alkaline	(7.40-7.80),	and	 triglyceride	 levels	are	greater	 than	plasma
levels.	 Finding	 a	 pleural	 fluid	 triglyceride	 concentration	 of	 greater	 than
110	mg/dL	makes	the	diagnosis	of	chylothorax	highly	likely.	If	 the	triglyceride
level	is	less	than	50	mg/dL,	chylothorax	is	highly	unlikely.	Triglyceride	levels	of
50	to	110	mg/dL	indicate	the	need	for	lipoprotein	electrophoresis81;	the	presence
of	chylomicrons	confirms	a	chylothorax.	The	 thoracic	duct	defect	 after	 trauma
usually	closes	spontaneously	within	10	 to	14	days,	with	chest	 tube	drainage	as
well	 as	 bed	 rest	 and	 total	 parenteral	 nutrition	 to	minimize	 chyle	 formation.	A
pleuroperitoneal	 shunt	 relieves	 dyspnea,	 recirculates	 chyle,	 and	 prevents
malnutrition	and	immunocompromise.

Duropleural	Fistula
Disruption	 of	 the	 dura	 and	 parietal	 pleura	 by	 surgical	 and	 nonsurgical	 trauma
may	 result	 in	 a	 duropleural	 fistula	 with	 subsequent	 development	 of	 a	 pleural
effusion.82-85	 The	 pleural	 fluid	 characteristics	 depend	 on	 the	 severity	 of	 the
trauma	and	the	delay	between	the	trauma	and	the	pleural	fluid	analysis.	Pleural
fluid	resulting	from	a	chronic	duropleural	fistula	is	usually	a	colorless	transudate
with	 low	mononuclear	 cell	 count;	 a	 duropleural	 fistula	 associated	 with	 recent
trauma	 may	 be	 a	 transudate	 or	 an	 exudate.84,85	 The	 diagnosis	 may	 even	 be
delayed	because	of	a	coexisting	process	 such	as	hemothorax.	The	diagnosis	of
duropleural	fistula	is	established	by	the	detection	of	β2-transferrin	in	the	pleural
fluid.86	Confirmation	of	the	fistula	by	conventional	or	radionuclide	myelography
is	recommended	if	surgical	management	is	contemplated.

PNEUMOTHORAX

Definition	and	Classification
Pneumothorax	refers	to	air	in	the	pleural	space.	Free	air	may	also	be	found	in	the
adventitial	planes	of	the	lung	or	the	mediastinum	(pneumomediastinum).

Spontaneous	 pneumothorax	 occurs	 without	 an	 obvious	 cause	 as	 a
consequence	 of	 the	 natural	 course	 of	 a	 disease	 process.	 Primary	 spontaneous



pneumothorax	 occurs	 without	 clinical	 findings	 of	 lung	 disease.	 Secondary
spontaneous	pneumothorax	occurs	as	a	consequence	of	clinically	manifest	lung
disease,	 the	most	common	being	COPD.	Traumatic	pneumothorax	results	 from
penetrating	 or	 blunt	 chest	 injury.	 Iatrogenic	 pneumothorax	 occurs	 as	 an
inadvertent	consequence	of	diagnostic	or	therapeutic	procedures.

Pathophysiology
Pressure	 in	 the	 pleural	 space	 is	 subatmospheric	 throughout	 the	 normal
respiratory	 cycle,	 averaging	 approximately	 9	 mm	 Hg	 during	 inspiration	 and
5	 mm	 Hg	 during	 expiration.	 Because	 of	 airways	 resistance,	 pressure	 in	 the
airways	 is	 positive	 during	 expiration	 (+3	 mm	 Hg)	 and	 negative	 (2	 mm	 Hg)
during	 inspiration.	 Thus,	 in	 normal	 breathing,	 airway	 pressure	 is	 greater	 than
pleural	 pressure	 throughout	 the	 respiratory	 cycle.	 Airway	 pressure	 may	 be
increased	 markedly	 with	 coughing	 or	 strenuous	 exercise;	 however,	 pleural
pressure	 rises	 concomitantly	 so	 that	 the	 transpulmonary	 pressure	 gradient	 is
usually	 not	 substantially	 changed.	 When	 there	 are	 rapid	 fluctuations	 in
intrathoracic	pressure,	however,	a	large	transpulmonary	pressure	gradient	occurs
transiently.	Bronchial	and	bronchiolar	obstruction,	resulting	in	air	 trapping,	can
significantly	 increase	 the	 transpulmonary	pressure	gradient.	The	alveolar	walls
and	 visceral	 pleura	 maintain	 the	 pressure	 gradient	 between	 the	 airways	 and
pleural	 space.	 When	 the	 pressure	 gradient	 is	 transiently	 increased,	 alveolar
rupture	may	occur;	air	enters	the	interstitial	tissues	of	the	lung	and	may	enter	the
pleural	space,	resulting	in	a	pneumothorax.	If	the	visceral	pleura	remains	intact,
the	 interstitial	 air	 moves	 toward	 the	 hilum,	 resulting	 in	 pneumomediastinum.
Because	 mean	 pressure	 within	 the	 mediastinum	 is	 always	 less	 than	 in	 the
periphery	of	the	lung,	air	moves	proximally	along	the	bronchovascular	sheaths	to
the	hilum	and	mediastinal	soft	tissues.	The	development	of	pneumomediastinum
after	alveolar	rupture	requires	continual	cyclic	respiratory	efforts,	which	result	in
slow	movement	of	air	from	the	ruptured	alveolus	along	a	pressure	gradient	to	the
mediastinum.	 Mediastinal	 air	 may	 decompress	 into	 the	 cervical	 and
subcutaneous	 tissues	 or	 the	 retroperitoneum.	 With	 abrupt	 rise	 in	 mediastinal
pressure	 or	 insufficient	 decompression	 to	 subcutaneous	 tissue,	 the	mediastinal
pleura	 may	 rupture,	 causing	 pneumothorax.	 Inadequate	 decompression	 of	 the
mediastinum,	 rather	 than	 direct	 rupture	 of	 subpleural	 blebs	 into	 the	 pleural
space,	may	be	the	major	cause	of	pneumothorax.

When	pneumothorax	occurs,	 the	 elasticity	 of	 the	 lung	 causes	 it	 to	 collapse.
Lung	 collapse	 continues	 until	 the	 pleural	 defect	 seals	 or	 pleural	 and	 alveolar
pressures	equalize.	When	a	ball	valve	effect	occurs	at	the	site	of	communication



between	 the	pleural	 space	and	 the	alveolus,	permitting	only	egress	of	 air	 from
the	 lung,	 there	 is	 a	 progressive	 accumulation	 of	 air	 within	 the	 pleural	 space,
which	 can	 result	 in	 markedly	 increased	 positive	 pleural	 pressure,	 resulting	 in
tension	 pneumothorax.	 Tension	 pneumothorax	 compresses	 mediastinal
structures,	 resulting	 in	 impaired	 venous	 return	 to	 the	 heart,	 decreased	 cardiac
output,	and,	at	times,	fatal	cardiovascular	collapse.87,88	Rarely,	tension	along	the
bronchovascular	 sheaths	 and	 in	 the	 mediastinum	 can	 cause	 collapse	 of	 the
pulmonary	arteries	and	veins,	resulting	in	cardiovascular	collapse.

Patients	 with	 primary	 spontaneous	 pneumothorax	 have	 a	 decrease	 in	 vital
capacity	 and	 an	 increase	 in	 the	 P(A–a)O2	 gradient,	 and	 usually	 present	 with
hypoxemia	 owing	 to	 predominantly	 development	 of	 an	 intrapulmonary	 shunt
and	areas	of	low	ventilation-perfusion	in	the	atelectatic	lung.89	Hypercapnia	does
not	occur	because	there	is	adequate	function	in	the	uninvolved	lung	to	maintain
necessary	 alveolar	 ventilation.	 Patients	 with	 secondary	 spontaneous
pneumothorax,	 in	 contrast,	 commonly	 develop	 hypercapnia	 because	 the	 gas
exchange	 abnormality	 caused	 by	 the	 pneumothorax	 is	 superimposed	 on	 lungs
with	preexisting	abnormal	pulmonary	gas	exchange.

Pneumothorax	of	the	Critically	Ill
Patients	with	secondary	spontaneous	pneumothorax	may	be	admitted	to	an	ICU
because	 they	develop	 severe	 hypoxemic	 and,	 at	 times,	 hypercapnic	 respiratory
failure.	 Patients	 with	 primary	 spontaneous	 pneumothorax	 rarely	 require	 ICU
admission	 because	 the	 contralateral	 lung	 can	 maintain	 necessary	 alveolar
ventilation,	and	the	hypoxemia	can	be	managed	with	supplemental	oxygen.	The
most	 common	 causes	 of	 pneumothoraces	 among	 ICU	 patients	 are	 invasive
procedures	and	barotrauma.

Iatrogenic	Pneumothorax

Central	Venous	Catheters
Central	venous	catheters	are	used	routinely	for	critically	ill	patients	for	volume
resuscitation,	 parenteral	 nutrition,	 and	 drug	 administration.	 Approximately	 3
million	 central	 venous	 catheters	 are	 placed	 annually	 in	 the	United	 States,	 and
this	procedure	continues	to	be	associated	with	clinically	relevant	morbidity	and
some	 mortality.	 The	 morbidity	 and	 mortality	 associated	 with	 central	 venous
catheter	 use	 are	 most	 commonly	 physician	 related.	 Pleural	 complications	 of
acquisition	 of	 venous	 access	 and	 the	 indwelling	 phase	 of	 central	 venous



catheters	include	pneumothorax,	hydrothorax,	hemothorax,	and	chylothorax.	In	a
recent	 study	 of	mechanical	 complications	 of	 central	 venous	 catheters,	 1.1%	of
534	 patients	 had	 pneumothorax.90	 This	 translates	 into	 approximately	 33,000
pneumothoraces	per	year	from	central	venous	catheter	insertions	in	critically	ill
patients	 in	 the	 United	 States.	 In	 the	 same	 study,	 none	 of	 the	 405	 patients
developed	pneumothorax	when	the	central	venous	catheter	was	replaced	over	a
guidewire.

The	 subclavian	 and	 internal	 jugular	 routes	 have	 been	 associated	 with
pneumothorax,	hemothorax,	chylothorax,	and	catheter	placement	into	the	pleural
space.	 Cannulation	 of	 the	 subclavian	 vein	 is	 associated	 with	 a	 higher	 risk	 of
pneumothorax	(less	than	5%)91	than	cannulation	of	the	internal	jugular	vein	(less
than	 0.2%)92;	 with	 the	 external	 jugular	 venous	 approach,	 pneumothorax	 is
avoided.	 There	 is	 a	 greater	 risk	 of	 pneumothorax	 with	 the	 infraclavicular
compared	 to	 the	 supraclavicular	 approach	 to	 the	 subclavian	 vein.	 All
complications	 of	 insertion,	 regardless	 of	 approach,	 can	 be	 reduced	 by
appropriate	physician	training	and	experience.	Operator	inexperience	appears	to
increase	 the	 number	 of	 complications	 with	 the	 internal	 jugular	 approach.	 It
probably	does	not	have	as	much	impact	on	the	incidence	of	pneumothorax	with
the	 subclavian	 vein	 approach,	 which	 accounts	 for	 25%	 to	 50%	 of	 all
complications.93

Most	 pneumothoraces	 occur	 at	 the	 time	 of	 the	 procedure	 from	 direct	 lung
puncture,	but	delayed	pneumothoraces	have	been	noted;	 therefore,	 it	 is	prudent
to	perform	a	US	examination	or	view	a	chest	radiograph	12	to	24	hours	after	the
procedure.	Up	to	half	of	the	patients	with	needle	puncture	pneumothorax	may	be
managed	 expectantly	 without	 the	 need	 for	 tube	 drainage.	 Bilateral
pneumothoraces	 have	 been	 reported	 to	 occur	 from	 unilateral	 attempts,93	 and
death	 can	 occur	 when	 there	 is	 a	 delay	 in	 the	 diagnosis	 of	 pneumothorax.	 As
stated	 previously,	 a	 pneumothorax	 may	 be	 more	 difficult	 to	 detect	 while	 the
patient	 is	 supine.	 Additional	 views	 should	 be	 taken,	 especially	 if	 the	 venous
cannulation	 does	 not	 proceed	 as	 anticipated.	 With	 any	 newly	 placed	 central
venous	catheter,	a	postprocedure	chest	radiograph	should	be	obtained,	regardless
of	the	site	cannulated,	to	assure	that	the	catheter	tip	is	properly	positioned	and	to
rule	 out	 pneumothorax.	 If	 a	 small	 pneumothorax	 is	 diagnosed	 by	 chest
radiograph,	and	the	patient	 is	asymptomatic	and	not	on	mechanical	ventilation,
the	patient	can	be	followed	expectantly	with	repeat	chest	 radiographs	 to	assure
that	 the	 leak	 has	 ceased.	 If	 the	 patient	 is	 on	 mechanical	 ventilation,	 or	 the
pneumothorax	 is	 large	 or	 has	 caused	 significant	 symptoms	 or	 gas	 exchange
abnormalities,	tube	thoracostomy	should	be	performed	as	soon	as	possible.



Barotrauma
7 	 Pulmonary	 barotrauma	 is	 an	 important	 clinical	 problem	 because	 of	 the
widespread	use	of	mechanical	ventilation.	Barotrauma	occurs	 in	approximately
3%	 to	 10%	 of	 mechanically	 ventilated	 patients	 and	 includes	 parenchymal
interstitial	 gas,	 pneumomediastinum,	 subcutaneous	 emphysema,
pneumoperitoneum,	and	pneumothorax.76,94-96	The	most	clinically	important	form
is	pneumothorax,	occurring	in	1%	to	15%	of	all	mechanically	ventilated	patients.
For	 patients	 with	 ARDS,	 rates	 of	 6.5%	 to	 87%	 have	 been	 reported.94-96	 The
number	 of	 ventilator	 days,	 underlying	 disease	 (ARDS,	 COPD,	 or	 necrotizing
pneumonia),	and	use	of	PEEP	have	an	impact	on	the	incidence	of	pneumothorax.
When	a	pneumothorax	develops	during	mechanical	ventilation,	30%	to	97%	of
patients	 develop	 tension.	 The	 reported	 incidence	 of	 barotrauma	 varies	 widely
between	 the	 studies	 with	 the	 lowest	 incidences	 reported	 among	 the	 largest
series.95	 In	 recent	 studies	 of	mechanically	 ventilated	 patients	with	 coronavirus
disease	 2019	 (COVID-19)-associated	ARDS,	 the	 incidence	 of	 barotrauma	was
10%	 to	 15%.	 Mechanically	 ventilated	 patients	 with	 COVID-19	 ARDS	 who
develop	 pneumothorax	 have	 worse	 gas	 exchange	 and	 lung	 compliance	 at
baseline	 and	 twofold	 increased	 risk	 of	 death	 than	 those	 who	 do	 not	 develop
pneumothorax.96

The	initial	radiographic	sign	of	barotrauma	is	often	pulmonary	interstitial	gas
or	emphysema.97	In	the	early	stages,	however,	interstitial	gas	may	be	difficult	to
detect	 radiographically.	 This	 harbinger	 of	 pneumothorax	 may	 be	 detected	 as
distinct	 subpleural	 air	 cysts,	 linear	 air	 streaks	 emanating	 from	 the	 hilum,	 and
perivascular	air	halos.	Subpleural	air	cysts,	most	commonly	seen	among	patients
with	ARDS,	tend	to	appear	abruptly	on	the	chest	radiograph	as	single	or	multiple
thin-walled,	 round	 lucencies,	 and	 are	most	 often	 visualized	 at	 the	 lung	 bases,
medially	 or	 diaphragmatically.98	 The	 cysts,	 which	 may	 expand	 rapidly,	 are
usually	3	to	5	cm	in	diameter.	Differentiating	between	peripheral	subpleural	air
cysts	and	a	localized	basilar	pneumothorax	may	be	problematic.	Pleural	air	cysts
appear	 to	 be	 more	 common	 among	 younger	 patients,	 possibly	 because
connective	tissue	planes	of	the	lung	are	looser	in	younger	patients	than	in	older
patients.	 The	 risk	 of	 tension	 pneumothorax	 is	 substantial	 among	 patients	 who
have	 developed	 subpleural	 lung	 cysts	 with	 continued	 mechanical	 ventilation.
When	 mechanical	 ventilation	 is	 discontinued,	 the	 cyst	 may	 resolve
spontaneously	or	become	secondarily	infected.

Ultrasound	 has	 emerged	 as	 a	 bedside	 modality	 for	 the	 detection	 of
pneumothorax.	 The	 absence	 of	 lung	 sliding	 is	 the	 finding	 associated	 with
pneumothorax.5	False-positive	results	may	occur	because	of	bullous	lung	disease



or	 preexisting	 pleural	 symphysis.5,99,100	 The	 disappearance	 of	 lung	 sliding	 that
was	 present	 previously	 may	 be	 more	 specific	 for	 the	 development	 of
pneumothorax,	for	example,	after	line	placement.

When	 evidence	 of	 barotrauma	 without	 pneumothorax	 is	 observed	 in	 any
patient	 requiring	 continued	mechanical	 ventilation,	 immediate	 attempts	 should
be	made	 to	 lower	 the	plateau	airway	pressure.	Among	 those	with	ARDS,	 tidal
volumes101	 and	 inspiratory	 flow	 rates	 should	be	 lowered,	 an	attempt	 should	be
made	 to	 reduce	 or	 remove	 PEEP,	 and	 neuromuscular	 blockers	 and	 sedation
should	be	considered.102	Among	those	with	status	asthmaticus,	in	addition	to	the
aforementioned	maneuvers,	controlled	hypoventilation	should	be	instituted.103,104
There	 is	no	evidence	 supporting	 the	use	of	prophylactic	 chest	 tubes.	However,
the	patient	should	be	monitored	closely	for	tension	pneumothorax	and	provisions
made	for	emergency	bedside	tube	thoracostomy.

Tension	Pneumothorax
6 	Tension	pneumothorax	can	be	lethal	when	diagnosis	and	treatment	are	delayed.
The	 diagnosis	 should	 be	 made	 clinically	 at	 the	 bedside	 for	 the	 patient	 on
mechanical	 ventilation	 who	 develops	 a	 sudden	 deterioration	 characterized	 by
apprehension,	 tachypnea,	 cyanosis,	 decreased	 ipsilateral	 breath	 sounds,
subcutaneous	emphysema,	tachycardia,	and	hypotension.	The	diagnosis	may	be
problematic	 among	 the	 unconscious,	 the	 elderly,	 and	 the	 patient	with	 bilateral
tension,	which	may	be	more	protective	of	 the	mediastinal	structures	and	lessen
the	impact	on	cardiac	output.

For	 the	 unconscious	 or	 critically	 ill	 patient,	 hypoxemia	may	 be	 one	 of	 the
earlier	signs	of	tension	pneumothorax.	For	the	patient	on	mechanical	ventilation,
increasing	peak	and	plateau	airway	pressure,	decreasing	compliance,	and	auto-
PEEP	should	raise	the	possibility	of	tension	pneumothorax.	Difficulty	with	bag
valve	mask	ventilation,	 the	patient	with	greater	 than	expected	force	required	to
deliver	 adequate	 tidal	 volumes	 should	 prompt	 consideration	 of	 tension
pneumothorax.

When	 the	 clinical	 signs	 and	 symptoms	 are	 noted	 among	 mechanically
ventilated	 patients,	 treatment	 should	 not	 be	 delayed	 to	 obtain	 radiographic
confirmation.	If	a	chest	tube	is	not	immediately	available,	placement	of	a	large-
bore	 needle	 into	 the	 anterior	 second	 intercostal	 space	 on	 the	 suspected	 side	 is
life-saving	and	a	rush	of	air	should	be	noted	on	entering	the	pleural	space	which
confirms	the	diagnosis.	An	appropriately	large	chest	tube	can	then	be	placed	and
connected	 to	 an	 adequate	 drainage	 system	 that	 can	 accommodate	 the	 large	 air
leak	that	may	develop	among	mechanically	ventilated	patients.104



On	relief	of	the	tension,	there	is	a	rapid	improvement	in	oxygenation,	increase
of	 blood	 pressure,	 decrease	 of	 heart	 rate,	 and	 fall	 in	 airway	 pressures.	 In
experimental	 tension	 pneumothorax,	 it	 has	 been	 observed	 that	 the	 inability	 to
raise	cardiac	output	 in	 response	 to	hypoxemia	 leads	 to	a	 reduction	 in	 systemic
oxygen	 transport	 and	 a	 decrease	 in	 mixed	 venous	 partial	 pressure	 of	 oxygen
(PO2),	 partially	 explaining	 the	 cardiovascular	 collapse	 seen	 in	 these	 patients.88

For	mechanically	ventilated	patients,	a	decrease	in	cardiac	output	is	an	inevitable
consequence	of	tension	pneumothorax.

BRONCHOPLEURAL	FISTULA

Definition	and	Causes
Communication	 between	 the	 bronchial	 tree	 and	 the	 pleural	 space	 is	 a	 dreaded
complication	 of	 mechanical	 ventilation.	 There	 are	 three	 presentations	 of
bronchopleural	 fistula	(BPF):	(a)	failure	 to	reinflate	 the	 lung	despite	chest	 tube
drainage	 or	 continued	 air	 leak	 after	 evacuation	 of	 the	 pneumothorax	 in	 the
setting	 of	 chest	 trauma;	 (b)	 complication	 of	 a	 diagnostic	 or	 therapeutic
procedure,	 such	 as	 thoracic	 surgery;	 and	 (c)	 complication	 of	 mechanical
ventilation,	 usually	 for	 those	 with	 ARDS.87	 Among	 those	 with	 ARDS,	 a
pneumothorax	often	occurs	under	tension	and	is	later	associated	with	empyema,
multiple	sites	of	leakage,	and	a	poor	prognosis.	A	large	air	leak	through	a	BPF
can	 result	 in	 failure	 of	 lung	 reexpansion,	 loss	 of	 a	 significant	 amount	 of	 each
delivered	tidal	volume,	loss	of	the	ability	to	apply	PEEP,	inappropriate	cycling	of
the	ventilator,	and	inability	to	maintain	alveolar	ventilation	(Table	176.3).

TABLE	176.3

Consequences	of	a	Large	Bronchopleural	Fistula

Failure	of	lung	reexpansion

Loss	of	delivered	tidal	volume

Inability	to	apply	positive	end-expiratory	pressure

Inappropriate	cycling	of	ventilator



Inability	to	maintain	alveolar	ventilation

If	there	is	a	continued	air	leak	for	longer	than	24	hours	after	the	development
of	pneumothorax,	 then	a	BPF	exists.	The	main	factors	 that	perpetuate	BPF	are
high	airway	pressures	 that	 increase	 the	 leak	during	 inspiration,	 increased	mean
intrathoracic	 pressures	 throughout	 the	 respiratory	 cycle	 (PEEP,	 inflation	 hold,
high	inspiratory-to-expiratory	ratio)	that	increase	the	leak	throughout	the	breath,
and	high	negative	suction	pressure	on	the	thoracostomy	tube.	Among	those	with
severe	 ARDS,	 many	 of	 these	 factors	 are	 present	 because	 they	 usually	 are
necessary	to	support	gas	exchange.

Management
Given	 the	 frequency	 of	 barotrauma	 in	 BPF	 among	 mechanically	 ventilated
patients,	 intensivists	 are	 called	 to	 give	 advice	 on	 the	 management	 of	 these
difficult	patients.	Definitive	therapy	of	BPF	frequently	involves	invasive	surgical
approaches	 that	 include	 thoracoplasty,	 mobilization	 of	 the	 pectoralis	 or
intercostal	muscles,	bronchial	 stump	stapling,	 and	decortication.105,106	Although
some	 of	 these	 techniques	 are	 still	 used	 today,	 there	 is	 a	 trend	 toward	 more
conservative	 management	 of	 acute	 and	 chronic	 BPF,	 using	 innovations	 of
standard	 techniques	 and	 new	 modalities	 that	 include	 chest	 tube	 management,
drainage	systems,	ventilatory	support,	and	definitive	nonoperative	therapy	(Table
176.4).	 Insertion	 of	 an	 endobronchial	 valve	 designed	 for	 the	 treatment	 of
emphysema	 may	 be	 considered	 in	 selected	 patients.107	 Nonoperative	 therapy
provides	 an	 alternative	 to	 the	 surgical	 approaches	 in	 patients	 who	 are	 poor
operative	candidates.	Each	patient	with	a	BPF	is	unique	and	requires	individual
management	 based	 on	 the	 specific	 clinical	 setting.	 Attention	 to	 the	 basics	 of
medical	 care	 of	 patients	 with	 BPF	 should	 not	 be	 neglected	 in	 the	 face	 of	 the
potentially	 dramatic	 events	 related	 to	 the	 BPF.	 Nutritional	 status	 must	 be
maintained,	 appropriate	 antibiotics	used	 for	 the	 infected	pleural	 space,	 and	 the
space	adequately	drained.

TABLE	176.4

Management	of	Bronchopleural	Fistula	in	Patients
Requiring	Mechanical	Ventilation



Conservative	
Adequate-Size	Chest	tube
Use	of	Drainage	system	with	adequate	capabilities
Mechanical	ventilation
Conventional
High	frequency
Independent	Lung
Flexible	bronchoscopy
Direct	application	of	sealant

Invasive	
Mobilization	of	intercostal	or	pectoralis	muscles
Thoracoplasty
Bronchial	stump	stapling
Pleural	abrasion	and	decortication

Chest	Tubes
The	 initial	 therapy	for	pneumothorax	for	a	patient	on	mechanical	ventilation	 is
placement	of	a	chest	tube	in	an	attempt	to	reexpand	the	lung	(Chapter	13:	Chest
Tube	 Insertion	 and	 Care).	 The	 chest	 tube	 is	 initially	 necessary,	 can	 be
detrimental	 later,	 and	 may	 play	 a	 role	 more	 important	 than	 that	 of	 a	 passive
conduit.	 Air	 leaks	 in	 the	 setting	 of	 BPF	 range	 from	 less	 than	 1	 to	 16	 L	 per
minute108;	 therefore,	 a	 chest	 tube	 that	permits	prompt	 and	efficient	drainage	of
this	 level	 of	 airflow	 is	 required.	 The	 smallest	 internal	 diameter	 that	 allows	 a
maximum	flow	of	15.1	L/min	at	10	cm	H2O	suction	is	6	mm	(a	32-Fr	chest	tube
has	 an	 internal	 diameter	 of	 9	mm).	 A	 chest	 tube	with	 a	 diameter	 adequate	 to
convey	the	potentially	large	airflow	of	the	BPF	must	be	considered.	A	chest	tube
with	too	small	a	diameter	can	lead	to	lung	collapse	and	tension	pneumothorax	in
the	setting	of	a	mobile	mediastinum.

Not	only	can	the	chest	tube	be	used	to	drain	pleural	air,	it	can	also	be	used	to
limit	 the	 air	 leak	 in	 certain	 situations.	 One	 modality	 is	 the	 application	 of



intrapleural	pressure	equivalent	to	the	level	of	PEEP	during	the	expiratory	phase
of	ventilation.109,110	With	positive	intrapleural	pressure	applied	through	the	chest
tube,	 the	 air	 leak	 persists	 during	 the	 inspiratory	 phase	 of	 ventilation	 but
decreases	during	expiration,	allowing	maintenance	of	PEEP	in	patients	in	whom
it	is	necessary	for	adequate	oxygenation.	Synchronized	closure	of	the	chest	tube
during	 the	 inspiratory	 phase	 has	 also	 been	 used	 to	 limit	 air	 leak.111,112	 A
combination	of	these	techniques	has	been	suggested	for	patients	with	significant
BPF	air	 leaks	during	both	 the	 inspiratory	and	expiratory	phases	of	mechanical
ventilation.112,113	 These	 techniques	 pose	 potential	 hazards,	 including	 increased
pneumothorax	 and	 tension	 pneumothorax,111,113	 necessitating	 extremely	 close
patient	monitoring	when	such	manipulations	are	used.

Instillation	 of	 chemical	 agents	 through	 the	 chest	 tube	may	 potentially	 help
close	the	BPF	if	the	anatomic	defect	is	small	and	single,	but	it	is	unlikely	to	be
successful	 if	 the	 fistula	 is	 large	or	 if	 there	are	multiple	 fistulas.	Various	agents
have	been	successful	in	preventing	recurrent	pneumothoraces	in	patients	who	are
not	 on	 mechanical	 ventilation,114-117	 but	 BPF	 in	 the	 setting	 of	 mechanical
ventilation	is	a	different	situation.

The	 chest	 tube	may	be	 associated	with	 adverse	 effects	 among	patients	with
BPF.	 The	 gas	 escaping	 through	 the	 chest	 tube	 represents	 part	 of	 the	 minute
ventilation	 delivered	 to	 the	 patient	 and	 can	make	maintenance	 of	 an	 effective
tidal	 volume	problematic.	Maintenance	of	 a	 specific	 level	 of	 ventilation	 is	 not
only	 affected	by	 the	 amount	 of	 gas	 escaping	 through	 the	 fistula.	The	 escaping
gas	 does	 not	 passively	 flow	 from	 the	 airways	 into	 the	BPF	 but	 is	 involved	 in
physiologic	gas	exchange.118,119	Approximately	25%	of	the	minute	ventilation	has
been	found	to	escape	via	 the	BPF	among	patients	with	ARDS,	with	more	 than
20%	of	CO2	excretion	occurring	by	this	route	for	half	of	the	patients.119	The	role
of	 the	BPF	 in	active	CO2	 exchange	 is	 complex:	Proposed	mechanisms	 include
drainage	 of	 gas	 from	 alveoli	 in	 the	 area	 of	 the	BPF	 and	 removal	 of	 gas	 from
remote	alveolar	areas	by	pressure	gradients	created	by	the	BPF.120

Carbon	 dioxide	 excretion	 and	 a	 reduction	 in	 minute	 ventilation	 generally
occur	to	a	lesser	extent	in	BPF	trauma	victims.118	In	these	patients,	variable	CO2

excretion	and	loss	of	minute	ventilation	were	observed	to	be	more	dynamic	and
depended	on	the	 level	of	chest	 tube	suction.	These	differences	between	trauma
and	ARDS	patients	may	also	be	 related	 to	differences	 in	 lung	compliance	 and
use	of	different	ventilators.119	Also,	BPF	may	affect	oxygen	use,	which	generally
decreases	the	use	of	inspired	oxygen	before	it	escapes	through	the	fistula.118	This
relationship	 is	 variable	 but	 requires	 consideration	 for	 patients	 with	 impaired
oxygenation.



Negative	 pressure	 applied	 to	 the	 chest	 tube	may	 be	 transmitted	 beyond	 the
pleural	 space	 and	 into	 the	 airways,	 creating	 inappropriate	 cycling	 of	 the
ventilator.120	 The	 increased	 flow	 through	 a	 BPF	 can	 occur	 with	 increased
negative	 pleural	 pressure	 and	 may	 interfere	 with	 closure	 and	 healing	 of	 the
fistulous	site.113	Therefore,	the	least	amount	of	chest	tube	suction	that	keeps	the
lung	 inflated	 should	 be	 maintained	 in	 patients	 with	 BPF.	 The	 chest	 tube	 is	 a
potential	 source	 of	 infection,	 both	 at	 the	 insertion	 site	 and	 within	 the	 pleural
space.

Drainage	Systems
As	with	the	chest	tube,	the	resistance	of	flow	of	gases	is	a	consideration	for	the
choice	of	 the	drainage	system	for	 the	patient	with	a	BPF.108	The	size	of	 the	air
leak	 and	 the	 flow	 that	 the	 drainage	 system	 can	 accommodate	 are	 necessary
considerations.	 In	an	experimental	model	of	BPF	that	simulated	 the	of	air	 leak
seen	clinically	(mean	maximal	flow,	5	L	per	minute),	four	pleural	drainage	units
(PDUs)	 (Emerson	 Post-Operative	 Pump,	 Emerson;	 Pleur-Evac,	 Teleflex;
Sentinel	 Seal,	 Tyco;	 and	 Thora-Klex,	 Avilor)	 were	 tested	 at	 water	 seal,
20	 cm	 H2O,	 and	 40	 cm	 H2O	 suction.108	 Compared	 with	 the	 water	 seal,
20	 cm	 H2O	 suction	 significantly	 increased	 the	 ability	 of	 all	 four	 PDUs	 to
evacuate	air	via	the	chest	tube,	but	an	increase	in	suction	to	40	cm	H2O	did	not
significantly	alter	flow.	When	the	air	leak	reached	4	to	5	L	per	minute,	use	of	the
Thora-Klex	or	Sentinel	Seal	became	clinically	 impractical.	The	Pleur-Evac	can
handle	flow	rates	up	to	34	L	per	minute,	but	its	use	with	rates	greater	than	28	L
per	 minute	 is	 impractical	 owing	 to	 intense	 bubbling	 in	 the	 suction	 control
chamber.	Air	 leaks	 of	 this	magnitude	 are	 infrequent	 clinically	 in	BPF	 and	 are
likely	to	be	seen	only	with	major	airway	disruption	or	diffuse	parenchymal	leak
secondary	to	ARDS	with	severe	barotraumas.120	In	the	latter	situations,	the	low-
pressure,	high-volume	Emerson	suction	pump	remains	the	only	PDU	capable	of
handling	 the	 air	 leak.108	 The	 choice	 of	 PDU	 should	 be	 influenced	 by	 its
physiologic	capabilities	and	the	of	BPF	air	leak	that	is	encountered.

Mechanical	Ventilation
Conventional	 Ventilation.	 The	 dilemma	 with	 a	 BPF	 in	 a	 mechanically
ventilated	 patient	 is	 achieving	 adequate	 ventilation	 and	 oxygenation	 while
allowing	repair	of	 the	BPF	 to	occur.	Because	air	 flow	escaping	 through	a	BPF
theoretically	 delays	 healing	 of	 the	 fistulous	 site,	 reducing	 flow	 through	 the
fistula	has	been	a	major	goal	in	promoting	repair.	The	BPF	provides	an	area	of



low	 resistance	 to	 flow	 and	 acts	 as	 a	 conduit	 for	 the	 escape	 of	 a	 variable
percentage	 of	 delivered	 tidal	 volume	 during	 conventional	 positive-pressure
mechanical	 ventilation.	Thus,	 the	 goal	 of	management	 is	 to	maintain	 adequate
ventilation	and	oxygenation	while	reducing	the	fistula	flow.113	Using	the	lowest
possible	 tidal	 volume,	 fewest	 mechanical	 breaths	 per	 minute,	 lowest	 level	 of
PEEP,	 and	 shortest	 inspiratory	 time	 (Chapter	 166)	 can	 do	 this.	 Avoidance	 of
expiratory	 retard	 also	 reduces	 airway	 pressures.	 Using	 the	 greatest	 number	 of
spontaneous	breaths	per	minute,	thereby	reducing	use	of	positive	pressure,	may
also	be	 advantageous.	 Intermittent	mandatory	ventilation	or	 pressure	modes	of
ventilation	may	have	advantages	over	assist-control	ventilation	for	managing	the
air	leak	of	BPF.

In	 a	 retrospective	 study	 of	 39	 patients	 with	 BPF	 who	 were	 maintained	 on
conventional	ventilation,	only	two	patients	developed	a	pH	less	than	7.30	despite
air	leaks	of	up	to	900	mL	per	breath.120	Overall,	mortality	was	higher	when	the
BPF	developed	 late	 in	 the	 illness	 and	was	higher	with	 larger	 leaks	 (more	 than
500	mL	per	breath).

High-Frequency	Ventilation
Despite	anecdotal	reports,	experimental	data,	and	clinical	studies	involving	high-
frequency	ventilation	(HFV)	in	the	setting	of	BPF,	controversy	exists.	However,
there	 appear	 to	 be	 subgroups	 of	 patients	 with	 BPF	 in	 whom	 HFV	 may	 be
beneficial.	Both	animal121	and	human122	studies	suggest	 that	HFV	is	superior	 to
conventional	ventilation	in	controlling	PO2	and	PCO2	(partial	pressure	of	carbon
dioxide)	when	 there	 is	a	proximal	 (tracheal	or	bronchial)	unilateral	or	bilateral
fistula	in	the	presence	of	normal	lung	parenchyma.

The	use	of	HFV	in	BPF	 in	patients	with	parenchymal	 lung	disease,	 such	as
ARDS,	 is	 more	 controversial.	 Although	 some	 studies	 have	 shown	 that	 HFV
improves	 or	 stabilizes	 gas	 exchange	 for	 patients	 with	 extensive	 parenchymal
lung	 disease,	 others	 have	 not	 shown	 a	 beneficial	 effect	 on	 gas	 exchange	 or	 a
reduction	 in	 fistula	 outflow.123,124In	 general,	 use	 of	HFV	 in	moderate-to-severe
ARDS	may	be	associated	with	increased	risk	of	death.125

Flexible	Bronchoscopy
The	flexible	bronchoscope	can	be	valuable	in	the	diagnosis	of	BPF.

Several	 agents	 have	 been	 used	 through	 the	 bronchoscope	 in	 an	 attempt	 to
occlude	 BPF.	 These	 include	 fibrin	 agents,	 cyanoacrylate-based	 agents,
absorbable	 gelatin	 sponges	 (eg,	Gelfoam,	Pfizer),	 blood,	 tetracycline,	 and	 lead



shots.126,127	The	reports	on	all	of	these	agents	are	limited	to	only	a	few	patients.
Recently,	 a	 Humanitarian	 Device	 Exemption	 was	 granted	 to	 intrabronchial

valves	 for	 the	 treatment	 of	 prolonged	 air	 leak	 after	 lung	 resection	 surgery.128
These	valves	have	been	shown	to	decrease	 the	duration	of	hospitalizations	and
the	 risk	 of	 complications.	 Endobronchial	 valves	 are	 currently	 used	 for	 the
management	 of	 a	 wide	 variety	 of	 BPF	 from	 empyema,	 spontaneous
pneumothorax,	and	postoperative	air	leaks.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	45-year-old	morbidly	obese	man	had	gastric	bypass	surgery	10	days
ago,	complicated	by	a	gastric	leak	at	the	surgical	site	which	was	being	managed
conservatively.	His	hospital	course	was	also	complicated	by	aspiration
pneumonia	and	staphlococcal	septicemia.	The	patient	completed	a	course	of
broad	spectrum	antibiotics.	A	central	line	was	also	placed	for	total	parenteral
nutrition.	The	patient’s	respiratory	status	worsens	and	he	requires	mechanical
ventilation.	A	chest	radiograph	shows	increasing	right	sided	infiltrate	and	new
moderate	size	pleural	effusion.	Point	of	care	ultrasound	showed	large	anechoic
right	sided	pleural	effusion.	Diagnostic	and	therapeutic	thoracentesis	is
performed	with	1500	mL	of	milky	fluid	removed.	Pleural	fluid	analysis	reveals	a
transudate	with	protein	0.5	g/dL,	LDH	of	80	IU/L,	10,000	RBC/uL	and	100
nucleated	cells/uL,	triglyceride	240	mg/dL,	and	glucose	of	300	mg/dL.	What	is
the	most	appropriate	management	of	the	pleural	effusion?

A. 	Discontinue	central	venous	line	and	place	chest	tube
B. 	Diurese	and	assessment	left	ventricular	function
C. 	Initiate	subcutaneous	octreotide	and	repeat	chest	x-ray	for
improvement



D. 	Restart	antibiotics	and	place	chest	tube	for	intrapleural	lytics

2. 	A	32-year-old	man	with	insulin-requiring	diabetes	presents	to	the
emergency	department	with	left	sided	pleuritic	chest	pain	of	6	hours	of	duration.
He	has	been	nauseated	and	vomiting	for	24	hours.	On	examination,	he	is	febrile
with	a	temperature	of	38.6°C,	his	heart	rate	is	120	beats/min,	his	blood	pressure
is	110/62	mm	of	Hg,	and	his	respiratory	rate	is	22	breaths/min.	Physical
examination	reveals	decreased	breath	sounds	and	dullness	to	percussion	of	the
left	chest,	with	normal	findings	on	right.	Serum	white	blood	cell	count	is
16,000	cells/uL,	serum	glucose	462	mg/dL,	serum	bicarbonate	12	meq/dL,	and
serum	creatinine	1.4	mg/dL.	Chest	x-ray	shows	a	moderate,	left-sided	pleural
effusion	and	small	pneumothorax.	Point-of-care	ultrasonography	indicates	the
effusion	is	complex,	nonseptated	with	a	floating	plankton	sign.	A	diagnostic
thoracentesis	removes	600	mL	of	cloudy	pleural	fluid.	Pleural	fluid	analysis
includes	pH	of	6.6,	LDH	of	410	IU/L,	a	total	protein	of	4.2	g/dL,	and	a	total
nucleated	cell	count	of	9250	cells/uL.	His	total	nucleated	cell	count	differential
is	95%	polymorphonuclear	cells.	In	addition	to	managing	his	diabetic
ketoacidosis	and	starting	antibiotics,	what	is	the	most	appropriate	next	step	in
management?

A. 	Apical	catheter	to	evacuate	pneumothorax
B. 	Await	pleural	fluid	cytology
C. 	Diagnostic	video-assisted	thoracoscopic	surgery	(VATS)
D. 	General	surgery	consultation

3. 	A	66-year-old	man,	a	former	smoker,	with	emphysema	presents	to	the
emergency	department	with	right	sided	pleuritic	chest	pain	and	fever	for	2	days.
He	reports	a	productive	cough	of	mucopurulent	sputum	since	diagnosis	of
influenza	infection	2	weeks	ago.	On	examination,	he	had	a	temperature	of	39	C,
respiratory	rate	of	25	breaths/min,	heart	rate	of	110	beats/min,	and	blood
pressure	of	130/60	mmHg.	Chest	examination	shows	decreased	breath	sounds
with	dullness	to	percussion	at	right	lung	base.	The	remainder	of	his	physical
examination	is	within	normal	limits.	His	serum	white	blood	cell	count	is
12,000	cells/uL,	serum	sodium	134	meq/dL,	and	serum	creatinine	1.4	mg/dL.
Chest	x-ray	demonstrates	a	large	right-sided,	loculated	pleural	effusion.	Point-of-
care	ultrasonography	confirms	a	complex,	septated	pleural	effusion.	A	diagnostic
thoracentesis	removes	500	mL	of	cloudy	pleural	fluid.	Analysis	of	that	fluid
shows	pH	of	7.18,	LDH	of	520	IU/L,	total	protein	of	4.2	g/dL,	and	nucleated
cells	1200	cells/uL.	Gram	stain	is	positive	for	gram-positive	cocci	in	pairs	and



chains.	The	patient	is	started	on	broad-spectrum	antibiotics.	What	is	the	next
most	appropriate	step	in	management?

A. 	Emergent	video-assisted	thoracoscopic	surgery	for	decortication
B. 	Large-bore	tube	thoracostomy	with	pleurodesis
C. 	Repeat	chest	imaging	after	48	hours	of	antibiotics
D. 	Ultrasound-guided	small-bore	tube	thoracostomy	for	thrombolytics
and	DNase

Answers

1.	The	correct	answer	is	A.
Rationale:	 This	 patient	 has	 a	misplaced	 central	 line,	 where	 total	 parenteral

nutrition	 leaked	 into	 the	 pleural	 space	 resulting	 in	 a	 rapidly	 enlarging	 pleural
effusion.	 Pleural	 fluid	 had	 elevated	 triglyceride	 and	 glucose	 along	 with	 low
protein	and	LDH	levels	(choice	A	is	correct).	While	chylothorax	can	rarely	occur
as	a	complication	of	central	line	insertion,	the	pleural	fluid	analysis	showed	very
low	protein	 levels	 and	high	glucose	which	would	not	 support	 the	diagnosis	 of
chylothorax	 (choice	C	 is	 incorrect).	The	 radiographic	 pattern	 does	 not	 suggest
pulmonary	 edema	 and	 the	 characteristics	 of	 the	 fluid	 do	 not	 suggest	 infection
(choices	B	and	D	are	not	correct).

2.	The	correct	answer	is	D.
Rationale:	 The	 patient’s	 clinical	 presentation	 is	 most	 consistent	 with	 an

esophageal	perforation	resulting	in	left-sided	pleural	effusion	and	pneumothorax.
Esophageal	perforation	is	likely	the	result	of	intractable	vomiting	in	the	setting
of	 diabetic	 ketoacidosis.	 Characteristic	 pleural	 effusion	 findings	 includes	 low
pleural	 pH	 and	 a	 high	 pleural	 fluid	 to	 serum	 salivary	 amylase	 level.	 When
esophageal	 perforation	 occurs	 and	 the	 patient	 is	 consuming	 sugar	 enriched
liquids,	 the	 pleural	 fluid	 to	 serum	 glucose	 will	 always	 exceed	 one.	 Once
esophageal	 rupture	 is	 confirmed,	 this	 is	 considered	 a	 true	 surgical	 emergency
(choice	D	is	correct).	An	esophagram	is	the	diagnostic	procedure	of	choice.	The
mainstay	of	treatment	is	emergent	open	rather	than	video-assisted	thoracoscopic
surgical	 repair	of	 the	ruptured	esophagus	and	drainage	of	effusion	(choice	C	is
incorrect).	 While	 managing	 the	 small	 pneumothorax	 is	 important,	 delaying
surgical	consultation	to	perform	an	evacuation	procedure	is	not	the	best	next	step
(choice	 A	 is	 incorrect).	 Survival	 is	 greater	 than	 90%	 if	 surgery	 is	 performed
within	 24	 hours	 of	 the	 initial	 presentation.	 Malignant	 pleural	 effusion	 is	 not



suspected	with	 this	 acute	 presentation,	 and	 fluid	would	 have	 been	 lymphocyte
predominant	if	it	was	cancer	(choice	B	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 This	 patient	 has	 postinfluenza	 bacterial	 infection	 resulting	 in

pneumonia	with	complicated	parapneumonic	effusion	as	evident	by	pleural	fluid
analysis	 and	 ultrasonographic	 findings.	 In	 this	 case,	 the	 patient	 should	 be
managed	with	ultrasound-guided	small-bore	tube	thoracostomy	with	the	addition
of	 thrombolytics	 and	 DNase	 (choice	 D	 is	 correct).	 Based	 on	 the	 multicenter
MIST	 2	 trial,	 the	 combination	 of	 thrombolytics	 and	 DNase	 was	 shown	 to
decrease	 the	 need	 for	 referral	 to	 thoracic	 surgery	 and	 improved	 drainage	 as
demonstrated	on	chest	radiography.	Furthermore,	several	studies	have	shown	no
difference	 in	 outcomes	 with	 large-bore	 vs	 small-bore	 pigtail	 catheters.	 For
patients	who	 do	 not	 respond	 to	 intrapleural	 thrombolysis	 and	DNase,	 surgical
referral	should	be	made	(choice	A	is	premature).	Pleurodesis	cannot	be	done	at
this	 time	 (choice	 B	 is	 incorrect).	 Continued	 observation	 without	 drainage	 of
infected	pleural	space	may	lead	to	worse	outcomes	with	increased	morbidity	and
mortality	(choice	C	is	incorrect).
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Chapter	177
Gas	Embolism	Syndromes
Kyle	T.	Halligan,	Mark	M.	Wilson

KEY	POINTS:
1.	 Gas	embolism	syndromes	have	varied	presentations	but	can	be	life-

threatening.
2.	 Venous	gas	embolism	(VGE)	may	pass	to	the	pulmonary	arteries	if

small,	while	large	emboli	above	100	milliliters	are	capable	of	fatal
cardiopulmonary	obstruction.

3.	 The	mill-wheel	murmur	is	an	uncommon	physical	sign	attributed	to
large	VGE.

4.	 VGE	immediate	treatment	should	include	prevention	of	further	gas
entry	as	able,	administration	of	100%	O2,	and	left	lateral	decubitus
positioning	if	required.

5.	 Arterial	gas	embolism	(AGE)	often	presents	acutely	either	as	central
nervous	system	insult	or	robust	cardiopulmonary	collapse.

6.	 Decompression	sickness	can	only	occur	with	transitions	to	a	lower
ambient	pressure,	allowing	the	release	of	bubbles	of	inert	gas	into
the	blood	and	tissues.

7.	 Avoid	all	aviation	flying	for	a	minimum	of	12	to	24	hours	after	any
dive.

8.	 AGE	or	decompression	sickness	(DCS)	should	be	suspected	for	any
neurological	or	cardiorespiratory	symptoms	after	underwater	diving.

9.	 AGE	and	DCS	immediate	treatments	include	stabilization,
administration	of	100%	O2,	intravascular	repletion,	and	arranging
transport	to	a	hyperbaric	facility.



INTRODUCTION
1 	The	gas	embolism	syndromes	occur	in	many	different	settings	and	may	result
in	 life-threatening	 emergencies.	 The	 clinical	 manifestations	 of	 these	 disorders
are	varied,	and	the	final	pathophysiologic	consequences	depend	on	where	the	gas
bubbles	 obstruct	 the	 circulation	 and	 how	 they	 impact	 the	 function	 of	 the
surrounding	 tissue.	 The	 nervous	 system,	 heart,	 lungs,	 and	 skin	 are	 the	 organ
systems	most	 frequently	 involved.	The	diagnosis	of	 a	gas	 embolism	 syndrome
can	 be	 very	 difficult	 to	 establish.	 Clinicians	 must	 depend	 on	 a	 high	 level	 of
suspicion	 in	 the	 appropriate	 settings	 to	 rapidly	 identify	 the	 problem,	 prevent
further	gas	entry	into	the	circulation,	and	begin	effective	treatment.	Each	of	these
entities	is	discussed	in	more	detail	based	on	the	predominant	location	of	the	gas
collections,	although	they	are	not	always	separate	and	distinct.

VENOUS	GAS	EMBOLISM
Although	 the	 actual	 incidence	 of	 venous	 gas	 embolism	 (VGE)	 in	 the	 United
States	is	unknown,	it	has	been	estimated	conservatively	that	at	least	20,000	cases
of	 “air”	 embolism	 occur	 annually.1	 The	 consequences	 of	 VGE	 range	 from
clinically	undetectable	to	being	rapidly	fatal.

Etiology
Clinical	 reports	 emphasize	 the	 high	 incidence	 of	 VGE	 in	 association	 with
traumatic	 injuries	 and	 invasive	procedures	 involving	 the	head,	neck,	 and	chest
(Table	177.1).1

TABLE	177.1

Causes	of	Venous	Gas	Embolism

Surgical	
Any	head/neck/cardiothoracic	surgery
Orthopedic	surgery	(arthroscopy,	endoprosthesis	placement)
Hysterectomy,	cesarean	section
Transurethral	resection	of	the	prostate



Abortion,	uterine	curettage
Normal	childbirth,	childbirth	with	placenta	previa	or	extraction	procedure
Liver	transplantation/resection

Traumatic	
Open/penetrating	wounds
Vena	cava	lacerations
Positive-pressure	mechanical	ventilation
Self-contained	underwater	breathing	apparatus	diving
Decompression	sickness
Pneumothorax/pneumoperitoneum
Cunnilingus/intercourse	during	pregnancy
Self-induced

Diagnostic	and	therapeutic	procedures	
Central	venous	catheter	insertion/removal
Pulmonary	artery	catheterization
Thoracoscopy,	thoracentesis
Pleurodesis,	percutaneous	lung	biopsy
Gravity	infusion	of	blood/intravenous	products
Pressurized	injections/infusions	(including	contrast	media)
Any	involving	gas	insufflation
Hemodialysis
Pericardiocentesis
Pacemaker/defibrillator	placement
Radiofrequency	cardiac	ablation
Endoscopic	retrograde	cholangiopancreatography
Epidural	catheter	insertion
Neodymium:yttrium-aluminum-garnet	laser	therapy
Liquid	nitrogen	cryosurgery
Hydrogen	peroxide	irrigation/ingestion
Blood	donation

Surgery	and	Trauma
Any	 surgical	 procedure	 that	 transiently	 exposes	 an	 open	 vein	 to	 a	 relative
negative	 pressure	 may	 be	 associated	 with	 VGE.	 The	 best-studied	 procedure
commonly	associated	with	VGE	is	craniotomy	performed	in	the	Fowler	(sitting)
position.	VGE	has	been	documented	in	21%	to	32%	of	all	craniotomies	and	up
to	58%	of	occipital	craniotomies.1	Air	may	also	enter	the	venous	system	via	the



occipital	emissary	veins,	the	dural	sinuses,	the	diploic	veins,	the	veins	of	tumors,
or	through	burr	holes.

Childbirth,	 hysterectomy,	 and	 abortion	 have	 been	 associated	 with	 an
increased	 incidence	 of	 VGE.1	 It	 has	 been	 estimated	 that	 VGE	 causes	 1%	 of
maternal	 deaths.	 The	 incidence	 of	 VGE	 during	 cesarean	 section	 has	 been
reported	to	be	on	the	order	of	39%	to	71%	overall,	with	the	majority	of	episodes
occurring	 during	 uterine	 repair	 and	 placenta	 removal.	 During	 pregnancy,	 the
veins	of	 the	uterus	are	exposed	and	fixed;	when	 traumatized	 they	 remain	open
and	may	serve	as	a	portal	of	entry	for	gaseous	emboli.

Prospective	 Doppler	 monitoring	 studies	 have	 documented	 a	 31%	 to	 83%
incidence	 of	VGE	 during	 total	 hip	 replacement.1	 The	 presumptive	mechanism
involves	air	entry	 through	 the	vascular	bony	medulla	of	 the	 femur	during	high
pressures	generated	when	the	prosthesis	 is	 inserted.	Similarly,	sinus	lavage	and
dental	surgical	procedures	have	resulted	in	fatal	cases	of	VGE.1	Theoretically,	air
under	pressure	(at	least	80	cm	water)	or	aggressive	intraosseous	irrigation	could
transmit	emboli.

Open	 or	 penetrating	 wounds—especially	 of	 the	 chest,	 neck,	 head,	 heart,
spine,	abdomen,	and	pelvis—may	result	in	VGE	with	exposure	of	an	open	vein
to	 a	 relative	 positive	 pressure	 gradient	 (ie,	 atmospheric	 pressure	 as	 compared
with	central	venous	pressure).1	Pneumothorax	or	pneumoperitoneum	may	result
in	VGE	 by	 the	 inadvertent	 puncture	 of	 intrathoracic	 or	 intra-abdominal	 blood
vessels	during	the	mechanism	of	injury.

Some	of	the	more	unusual	cases	of	traumatic	embolization	include	reports	of
self-induced	VGE	caused	by	urethral	insufflation	with	an	atomizer	bulb,	scrotal
injection	 of	 air	 with	 a	 bicycle	 pump,	 and	 attempted	 in-hospital	 suicide	 by
forcible	breathing	into	an	intravenous	line.1

Diagnostic	and	Therapeutic	Procedures
Air	embolism	during	central	venous	manipulation	is	likely	underreported	as	only
large	emboli	are	likely	to	be	diagnosed.	When	VGE	is	recognized,	high	mortality
rates	29%	to	50%	and	significant	morbidity	with	42%	of	survivors	experiencing
residual	 neurological	 deficits.1	 Air	 can	 enter	 the	 central	 venous	 system	 at
numerous	 time	 points:	 (a)	 during	 needle/wire/catheter	 insertion;	 (b)	 catheter
fracture,	 malfunction	 of	 a	 self-sealing	 diaphragm,	 detachment	 of	 external
connections,	or	inadvertent	infusion	of	air;	(c)	catheter	removal,	such	that	air	is
“sucked”	into	an	open	subcutaneous	tissue	tunnel	that	has	formed	a	skin	tract.1

Thoracoscopy	 may	 produce	 VGE	 presumably	 due	 to	 its	 associated
pneumothorax.	 Lung	 biopsy	 by	 percutaneous	 or	 bronchoscopic	 techniques



creates	 direct	 trauma	 to	 the	 blood-air	 interface	 with	 embolization	 possible
whenever	a	medium-sized	vein	is	exposed.1

Gas	insufflation	procedures	have	been	associated	with	gaseous	embolization.1
Diagnostic	 procedures	 involving	 the	 female	 genital	 tract,	 urethra,	 urinary
bladder,	 kidney,	 retroperitoneal	 and	 perirenal	 spaces,	 peritoneal	 and	 pleural
cavities,	 joints,	 cerebral	 ventricles,	 epidural	 space,	 and	 paranasal	 sinuses	 all
carry	a	risk	for	VGE.	To	minimize	 this	risk,	 the	volume	of	gas	 introduced,	 the
pressure	resulting	within	the	cavity,	and	the	rate	of	injection	should	always	be	as
low	as	possible.	It	has	been	suggested	that	carbon	dioxide	(CO2)	should	be	used
as	the	insufflating	agent	whenever	possible	because	of	 its	high	blood	solubility
and	rapid	clearance.	This	last	recommendation	begs	a	word	of	caution,	however,
because	VGE-associated	deaths	have	been	reported	even	with	the	use	of	CO2.1

Placement	of	epidural	catheters	for	anesthesia	has	been	noted	prospectively	to
be	associated	with	Doppler-detectable	VGE.1	Among	pregnant	women	placed	in
the	left	lateral	decubitus	position,	VGE	was	noted	to	occur	in	43%,	almost	half
of	whom	were	at	least	briefly	symptomatic.	The	underlying	mechanism	relates	to
the	rich	plexus	of	veins	of	the	epidural	space,	mostly	anterior	and	lateral	to	the
spinal	cord.	These	veins	are	susceptible	to	trauma	from	a	needle	if	the	puncture
is	not	directly	in	the	midline	or	if	the	needle	is	rotated	once	in	the	epidural	space.
Because	 there	 are	 no	 valves	 in	 this	 plexus	 of	 veins,	 the	 intravascular	 pressure
likely	 closely	 follows	 the	 central	 venous	 pressure.	 In	 the	 left	 lateral	 decubitus
position,	the	site	of	puncture	is	above	the	level	of	the	right	atrium	(RA),	and,	for
pregnant	women,	uterine	compression	of	the	inferior	vena	cava	is	relieved,	both
of	 which	 serve	 to	 create	 a	 subatmospheric	 pressure	 in	 the	 epidural	 venous
plexus.

Thermal	 tissue-ablation	 procedures	 using	 application	 of	 heat	 or	 cold	 have
been	associated	with	VGE.1	In	general,	liquid	(saline)	or	gas	(air,	nitrogen	[N2],
CO2)	are	used	to	continuous	cool	the	ablation/cautery	tip	and	these	compressed
gases	 could	 enter	 the	 venous	 circulation	 via	 open	 vascular	 channels.1	 At	 the
other	temperature	extreme,	cryosurgery	and	biopsy	using	liquid	N2	creates	direct
gas	contact	and	may	lead	to	entry	of	N2	into	the	circulation	in	the	gaseous	state.1

N2	 gas	 expands	 as	 it	 is	warmed	 to	 a	 volume	 of	 greater	 than	 500	 times	 that	 it
occupied	in	the	liquid	state.	Gas	emboli	of	this	magnitude	could	be	rapidly	fatal.

Ingestion	 or	 use	 of	 hydrogen	 peroxide	 (H2O2)	 in	 closed	 spaces	 or	 body
cavities	has	been	shown	to	result	 in	fatal	VGE.1	H2O2	 is	 readily	absorbed	from
the	intestines	and	the	peritoneum,	and	its	catalase-induced	decomposition	causes
release	of	water	and	molecular	O2.	One	milliliter	of	a	3%	H2O2	solution	releases



an	estimated	10	mL	of	O2	in	reaction	with	catalase,1	which	is	abundant	in	human
blood.

Case	 reports	 of	 VGE	 during	 blood	 donation	 and	 insertion	 of	 peripheral
intravenous	catheters	 illustrate	 that	whenever	a	vein	 is	exposed	 to	atmospheric
pressure,	there	is	a	hazard	of	embolization.1

Pathophysiology

Entry	of	Gas	into	the	Circulation
VGE	has	been	shown	to	occur	among	patients	in	essentially	any	position.1	The
critical	factor	common	to	all	VGE	lies	in	the	pressure	gradient	produced	between
the	right	side	of	the	heart	and	the	level	of	the	open	vessel.	Any	increase	in	the
distance	 of	 the	 open	 vessel	 above	 the	 level	 of	 the	 heart	 or	 any	 decrease	 of
intrathoracic	 pressure	would	 increase	 the	 likelihood	 of	 air	 entering	 the	 venous
circulation	and	traveling	to	the	heart.	For	each	5	in.	in	vertical	height	above	the
level	of	 the	RA,	 there	 is	an	approximately	9.3	mm	Hg	decrease	 in	 local	blood
pressure.	Any	decrease	of	mean	intrathoracic	pressure	or	mechanisms	resulting
in	a	contracted	blood	volume	or	low	central	venous	pressure	will	tend	to	enhance
any	existing	venous	pressure	gradient.

Large	 amounts	 of	 gas	 can	 rapidly	 pass	 into	 the	 venous	 system	 under	 the
proper	 conditions.	 Calculations	 indicate	 that	 approximately	 100	mL	 of	 air	 per
second	would	enter	a	vessel	via	a	No.	14G	needle	with	only	a	5	cm	H2O	pressure
gradient	across	it.

Travel	of	Gas	to	the	Heart
Once	gas	has	entered	the	venous	circulation,	it	travels	toward	the	point	of	lower
pressure	 until	 lodged	 at	 an	 area	 of	 obstruction	 or	 its	 passage	 is	 impeded	 or
prevented	 by	 electrostatic	 forces	 between	 the	 interface	 of	 the	 bubble	with	 the
vascular	 endothelium	 overcoming	 laminar	 flow	 in	 that	 vessel.	 Animal	 studies
have	found	that	passage	of	air	emboli	through	the	superior	vena	cava	(SVC)	can
be	retarded	or	the	air	even	retained	at	sites	proximal	to	the	SVC	for	an	indefinite
period.1

2 	Smaller	collections	of	air	may	pass	directly	to	the	pulmonary	arteries,	while
large	venous	gas	emboli	are	capable	of	lodging	and	then	obstructing	blood	flow
in	 the	 heart	 and	 the	 pulmonary	 vasculature.1	 Grossly,	 these	 events	 cause
immediate	 dilation	 of	 the	 RA,	 the	 right	 ventricle	 (RV),	 and	 the	 pulmonary



outflow	tract.	A	rapidly	expanding	zone	of	RV	ischemia	follows	soon	thereafter.
Functional	obstruction	of	the	RV	outflow	tract	may	result	owing	to	an	“air	lock”
phenomenon.	 A	 blood-froth	 mixture	 results	 from	 systolic	 compression	 of	 the
compressible	 gas	 phase	 with	 the	 noncompressible	 whole-blood	 phase.	 This
concoction	 is	 then	 able	 to	 expand	 during	 diastole,	 the	 net	 result	 being	 an
inadequate	pumping	action	of	the	RV.	It	has	been	postulated	that	turbulent	blood
flow	results	from	this	“whipping”	of	action	or	from	vortex	flow	around	partially
obstructing	 collections	 of	 air	 bubbles.	 This	 whipping	 subsequently	 enhances
fibrin	formation,	platelet	aggregation,	and	coalescence	of	intravascular	fat.

Fate	of	Gas	Emboli
Bubbles	 with	 the	 smallest	 initial	 radii	 have	 the	 shortest	 life	 span	 and	 are
occasionally	seen	to	pass	directly	through	a	capillary	bed	after	attaining	a	radius
of	approximately	5	μm.1	The	bulk	of	excretion	of	gaseous	emboli	 is	accounted
for	by	molecular	diffusion	across	the	capillary	wall	into	the	alveolar	spaces.	The
rate	of	washout	 is	 related	 to	RV	performance	and	mean	pulmonary	artery	(PA)
pressure.1

Surface-tension	 relationships,	 vascular	 pressures,	 and	 the	 size	 range	 of	 the
bubbles	are	additional	factors	that	influence	passage	of	emboli	across	the	lungs.
In	addition,	the	composition	of	the	gas	influences	the	size	of	the	bubbles	and	the
rate	 of	 dissolution	 in	 the	 blood.	 Bubbles	 of	 air	 or	 N2	 would	 be	 expected	 to
remain	in	the	blood	for	longer	periods	of	time	than	O2	or	CO2,	especially	if	the
ventilatory	gases	resemble	room	air	composition.	This	relationship	is	because	of
the	similarity	of	the	partial	pressures	of	the	gases	inside	the	bubbles	with	those
of	 the	 surrounding	 blood,	 as	 well	 as	 to	 the	 different	 solubilities	 of	 the	 gases.
Tonic	factors	affecting	the	diameter	of	pulmonary	vessels	(eg,	anesthetic	agents,
neurogenic	 or	 hypoxic	 pulmonary	 vasoconstriction,	 arterial	 tension	 of	 CO2,
endogenous	mediators)	also	influence	the	passage	of	bubbles	across	the	lungs.

Cardiopulmonary	Consequences	of	Embolization
Pulmonary	vascular	obstruction	is	a	major	consequence	of	VGE	and	can	lead	to
death.	 Obstruction	 to	 blood	 flow	 through	 the	 RV	 and	 through	 the	 pulmonary
vascular	 system	 results	 from	 pulmonary	 vasoconstriction	 and	 from	 the
mechanical	impediment	to	flow	imposed	by	the	gas	bubbles.1	The	change	in	PA
pressures	depends	on	whether	the	gas	emboli	are	the	result	of	a	slow	continuous
infusion	or	 a	 rapid	bolus	 injection.	 In	 the	 first	 instance,	 a	brisk	 increase	 in	PA
pressure	to	a	level	of	up	to	300%	of	baseline	is	seen.1	This	rapid	increase	phase



is	believed	to	be	due	to	pulmonary	vascular	vasoconstriction	and	is	followed	by
a	plateau	phase.	The	plateau	response	likely	represents	the	opening	of	anatomic
intrapulmonary	shunts	or	a	balance	between	the	rate	of	gas	infusion	and	rate	of
elimination.	In	contrast,	when	approximately	100	mL	of	air	is	injected	as	a	bolus,
PA	 pressure	 declines	 by	 as	 much	 as	 20%,	 because	 the	 right	 heart	 is	 acutely
stressed	 beyond	 its	 capabilities.	 Larger	 bolus	 injections	 (125-200	 mL)	 are
consistently	fatal.

Pulmonary	edema	from	VGE	has	been	described,	with	increased	hydrostatic
pulmonary	 vascular	 pressures	 from	 induced	 vasoconstriction	 and	 mechanical
occlusion	 of	 the	 PA	 as	 well	 as	 increased	 capillary	 permeability	 as	 suggested
mechanisms.1	Regardless,	 the	edema	proves	 to	be	 transient	and	reverses	as	gas
emboli	are	rapidly	absorbed.

Maldistribution	 of	 ventilation-perfusion	 ()	 matching	 is	 the	 major	 factor
leading	to	hypoxemia	and	changes	in	CO2	concentrations.	With	small	amounts	of
continuous	 gas	 bubble	 infusion	 (0.2	 mL/min/kg)	 into	 the	 venous	 circulation,
there	 is	 an	 increase	 in	 high	 areas	 in	 the	 lung.	With	 larger	 volume	 gas	 emboli
(0.75-2	mL/min/kg),	however,	shunting	and	an	increase	in	the	physiologic	dead
space	have	been	shown	to	occur	and	to	increase	proportionally	as	the	volume	of
embolic	 gas	 increases.	 This	 effect	 can	 involve	 as	 much	 as	 35%	 of	 the	 total
cardiac	output,	and	it	may	be	severe	enough	to	cause	CO2	retention	in	addition	to
hypoxemia.

The	end-tidal	CO2	concentration	(ETCO2)	decreases	during	VGE	as	a	 result
of	 the	 increase	 in	 dead	 space	 caused	 by	 vascular	 obstruction.	 More	 simply,
ETCO2	decreases	as	CO2	 is	“washed	out”	of	alveoli	 that	are	ventilated	but	not
perfused	adequately.	Inadequate	matching	may	further	worsen	in	the	setting	of	a
reduced	 cardiac	 output,	 resulting	 directly	 from	 VGE	 or	 indirectly	 as	 a
consequence	 of	 non–embolic-related	 events	 (eg,	 blood	 loss,	 myocardial
ischemia,	 vasoactive	 medications).	 Any	 reduction	 in	 pulmonary	 blood	 flow
delivery	of	CO2	to	the	alveoli	further	decreases	the	ETCO2.

Paradoxic	Embolism
A	 paradoxic	 embolism	 may	 occur	 in	 the	 presence	 of	 intrapulmonary
arteriovenous	anastomoses	(IPAVA;	owing	to	their	larger	diameter	as	compared
with	 the	 general	 pulmonary	 microcirculation)	 or	 via	 an	 anatomic	 intracardiac
shunt.	A	significant	gas	embolism	may	elevate	right-sided	heart	pressures,	 thus
increasing	right-to-left	shunting	through	a	patent	foramen	ovale	(PFO).	Autopsy
studies	document	a	probe-patent	PFO	in	25%	to	35%	of	the	general	population.1



Considered	an	anatomic	variant,	a	probe-patent	PFO	is	generally	1	to	10	mm
in	diameter	and	remains	functionally	closed	as	long	as	left	atrial	(LA)	pressure
exceeds	RA	pressure.	Reversal	of	the	normal	interatrial	pressure	gradient	might
increase	the	risk	of	paradoxic	embolization.	RA	pressure	has	been	demonstrated
to	 be	 higher	 than	 LA	 pressure	 in	 the	 seated	 position	 in	 up	 to	 54%	 of	 adult
humans	 monitored	 during	 neurosurgical	 procedures.1	 The	 critical	 pressure
necessary	 for	 gas	 bubbles	 to	 be	 forced	 through	 a	 PFO	 is	 unknown.	However,
after	cardiac	surgery	it	has	been	shown	that	as	little	as	a	4	mm	Hg	gradient	can
produce	a	50%	right-to-left	intracardiac	shunt.1

Clinically,	distinguishing	an	anatomic	only	from	a	functional	PFO	is	material
in	 that	 only	 the	 latter	 has	 an	 impact	 on	 morbidity	 and	 mortality.	 It	 has	 been
reported	that	paradoxic	embolization	occurs	in	only	15%	to	25%	of	patients	with
a	PFO.1	Contrast	echocardiography	using	agitated	sterile	saline	given	as	a	rapid
intravenous	 bolus	 has	 documented	 a	 lower	 prevalence	 of	 functional	 PFO	 (ie,
10%	 to	 20%),1	 as	 compared	 to	 the	 known	 prevalence	 of	 25%	 to	 35%	 for
anatomic	PFO.	The	amount	of	contrast	material	crossing	from	the	right	heart	to
the	left	heart	does	not	correlate	with	the	magnitude	of	shunt	flow,	nor	does	the
Valsalva	 maneuver	 provoke	 shunting	 in	 all	 patients	 with	 PFO.1	 Consensus
opinion	is	that	all	PFOs	should	be	considered	to	have	the	potential	for	allowing
paradoxic	embolization.	Furthermore,	the	absence	of	any	agitated	saline	or	color
flow	 through	 the	 interatrial	 septum	 by	 echocardiography	 does	 not	 exclude	 the
presence	 of	 a	 PFO;	 it	 only	 excludes	 the	 presence	 of	 a	 right-to-left	 interatrial
shunt	at	that	moment	in	time.1

Bubble	passage	through	the	pulmonary	circulation	has	been	shown	to	occur	in
the	absence	of	intracardiac	communications	when	the	rate	of	venous	air	infusion
exceeds	 the	 rate	 of	 pulmonary	 filtration	 and	 excretion.1	 Paradoxic	 air
embolization	during	cardiopulmonary	bypass	has	been	 reported	 to	occur	 in	 the
absence	 of	 an	 intracardiac	 defect	 when	 the	 mean	 PA	 pressure	 exceeds
approximately	30	mm	Hg.1	Animal	research	suggests	this	same	“critical	value”
of	 PA	 pressure	 that	 once	 exceeded,	 dramatically	 increases	 the	 tendency	 for
paradoxic	 embolization.1	 This	 increase	 occurs	 presumably	 via	 IPAVA	 (which
may	 be	 as	 large	 as	 500	 μm	 in	 diameter),	 bronchopulmonary	 anastomoses	 (ie,
flow	is	from	the	PA	to	the	bronchial	veins	and	then	to	the	pulmonary	veins),	or
by	routine	transpulmonary	passage	of	the	gas	across	the	capillary	beds.

Factors	Affecting	Mortality
The	 size	 of	 the	 embolus,	 its	 rate	 of	 delivery,	 and	 the	 final	 destinations	 of	 the
gaseous	emboli	are	the	most	important	factors	influencing	the	severity	of	injury



produced	 by	 VGE.	 Among	 humans,	 accidental	 bolus	 injections	 of	 100	 and
300	 mL	 of	 air	 have	 been	 reported	 to	 be	 fatal.1	 In	 critically	 ill	 patients	 with
minimal	cardiopulmonary	 reserve,	 smaller	 emboli	 could	be	expected	 to	have	a
greater	morbidity.

In	the	context	of	equal	volumes,	mortality	is	decreased	if	the	embolism	is	of
CO2	 rather	 than	air	 or	O2.	Animal	work	 indicates	 that	CO2	may	be	 injected	 to
five	times	the	volume	of	O2	before	symptoms	of	embolism	appear,	presumably
because	of	its	greater	solubility	in	blood.1	Although	tolerated	to	a	larger	extent,	it
must	be	 remembered	 that	CO2	 emboli	 are	not	 entirely	benign	and	may	 lead	 to
similar	clinical	consequences	as	air	embolization.

When	nitrous	oxide	(N2O)	is	used	for	anesthesia,	mortality	is	increased	in	the
setting	 of	 VGE.1	 N2O	 attains	 a	 high	 blood	 concentration	 because	 of	 its	 high
solubility	 (approximately	20-fold	 that	of	O2	and	34-fold	 that	of	N2).	Because	a
large	concentration	gradient	would	exist	between	this	blood	and	any	air	embolus,
N2O	would	be	expected	to	diffuse	from	the	blood	into	the	embolus.	As	a	result,
the	 embolus	 increases	 geometrically	 in	 size	 in	 direct	 relation	 to	 the	 partial
pressure	of	N2O	because	the	N2O	molecules	can	diffuse	from	the	blood	into	the
air	embolus	much	more	rapidly	than	the	N2	can	be	removed.	The	end	result	is	a
potential	worsening	of	any	generated	physiologic	abnormalities	or	delay	of	 the
ultimate	 resolution	 of	 the	 embolus.	 The	 presence	 of	 N2O	 in	 the	 anesthetic
mixture	has	been	shown	to	reduce	the	median	lethal	dose	of	a	given	volume	of
air	by	a	factor	of	3.4.1

Diagnosis

Clinical	Manifestations
The	 symptoms	 of	 VGE	 are	 generally	 nonspecific.	 Patients	may	 report	 feeling
faint	or	dizzy,	express	a	fear	of	impending	doom,	or	even	complain	of	dyspnea
or	substernal	chest	pain.	This	presentation,	with	or	without	paradoxic	embolism,
may	mimic	 an	 acute	 cardiopulmonary	 or	 central	 nervous	 system	 (CNS)	 event.
Severe	VGE	may	present	dramatically	with	elevated	neck	veins,	“clear	 lungs,”
and	 hypotension,	 and	 it	may	 be	 rapidly	 followed	 by	 altered	mental	 status	 and
death.	Because	signs	and	symptoms	are	nonspecific,	the	importance	of	a	detailed
history,	familiarity	with	the	clinical	situations	in	which	VGE	occurs,	and	a	high
degree	 of	 clinical	 suspicion	 cannot	 be	 overemphasized	 if	 one	 is	 to	 make	 an
accurate	diagnosis.



Physical	Examination
3 	Physical	examination	is	usually	not	helpful	for	making	the	diagnosis.	The	only
“specific”	 sign	 attributed	 to	VGE	 is	 the	 classic	mill-wheel	murmur,	 otherwise
reported	only	 to	occur	 in	 the	 rare	 syndrome	of	hydropneumopericardium.	This
murmur	 has	 been	 described	 as	 the	 rhythmic	 splashing	 or	 churning	 sound
generated	 by	 the	 agitation	 of	 gas	 trapped	 with	 fluid	 in	 a	 closed	 space.	 Most
often,	 it	 is	only	audible	 transiently	and	 is	heard	 infrequently	at	best,	even	with
severe	VGE.	With	 large	 emboli	 and	 resultant	 cardiovascular	 collapse,	 a	 sound
resembling	 the	 “squeezing	 of	 a	 wet	 sponge”	 has	 been	 described	 over	 the
precordium.1

VGE	may	occur	without	any	change	of	vital	 signs.	Wheezing	as	a	 result	of
acute	bronchospasm	may	occasionally	be	heard.	In	a	prospective	study	of	seated
neurosurgical	 patients,	 marked	 hypotension	 was	 noted	 in	 78%,	 respiratory
changes	in	61%,	and	ventricular	ectopy	in	50%.1

Laboratory	Data
Abnormal	results	may	include	electrocardiogram	(ECG)	changes	consistent	with
myocardial	ischemia	or	acute	cor	pulmonale,	premature	ventricular	contractions,
and/or	arterial	blood	gas	findings	of	hypoxemia	and	hypercapnia.

Radiographic	Findings
Chest	radiography	may	verify	the	presence	of	VGE	but	it	should	not	be	relied	on
for	 the	 diagnosis,	 especially	 in	 emergent	 situations.	 Air	 in	 the	 main	 PA	 is
pathognomonic	of	pulmonary	VGE,	and	it	is	recognized	as	a	characteristic	bell-
shaped	 lucency	 in	 the	 distal	 main	 PA.	 This	 sign	 is	 seen	 very	 infrequently,
especially	 in	 supine	 patients.	 Other	 patterns	 seen	 are	 focal	 upper	 lung	 zone
oligemia,	 central	 PA	 dilation,	 and	 air	 in	 the	 systemic	 veins	 or	 the	 arterial
circulation.1	 Pulmonary	 edema	 ranging	 from	 hilar	 haziness	 to	 generalized
vascular	redistribution	may	occur	soon	after	VGE,	and	it	usually	persists	for	at
least	16	to	24	hours.1	Self-limited	noncardiogenic	pulmonary	edema	is	possible,
as	is	progression	to	full-blown	acute	respiratory	distress	syndrome.1

Ventilation-Perfusion	Lung	Scans
On	 imaging,	VGE	may	produce	patterns	consistent	with	“high	probability”	 for
pulmonary	venous	 thromboembolism.	Prompt	and	complete	 resolution	of	 these



scintigraphic	perfusion	defects	within	24	hours	has	been	documented,1	and	it	 is
probably	 characteristic	 for	 VGE.	 In	 contrast,	 perfusion	 defects	 produced	 by
venous	thromboembolism	resolve	more	slowly	over	a	period	of	weeks	to	months
and	 may	 not	 ever	 resolve	 completely.	 Areas	 of	 matching	 (ie,	 “indeterminate
probability”)	may	 coexist	with	mismatches,	 and	 they	 are	 believed	 to	 represent
reflex	 bronchoconstriction	 in	 conjunction	 with	 occlusion	 of	 the	 PA	 or	 its
branches.	 The	 decreased	 ventilation	 is	 apparently	 because	 of	 the	 release	 of
bronchoconstricting	agents,	such	as	serotonin,	from	the	occluded	segments	of	the
PA.	 This	 phenomenon	 is	 readily	 reversible	 within	 several	 hours	 if	 the	 PA
occlusion	is	transient,	and	it	is	related	to	rapid	resolution	of	the	gaseous	emboli.

Detection	and	Monitoring	Method
Precordial	Doppler	monitoring	is	generally	considered	one	of	the	more	sensitive
techniques	 for	 detecting	 emboli.	Because	 a	 gas-blood	 interface	 is	 an	 excellent
acoustic	reflector,	a	distinctive	and	characteristic	artifact	above	the	background
flow	 signal	 is	 produced.	 VGE	may	 be	missed	 by	 this	 technique	 owing	 to	 the
position	of	the	probe	or	relative	hypotension.	False-positive	reports	of	VGE	may
arise	 due	 to	 a	 junctional	 rhythm	 and	 the	 resultant	 cannon	 A-waves	 from
contraction	of	the	RA	against	a	closed	tricuspid	valve.	The	resultant	turbulence
in	the	RA	is	detected	and	mistaken	for	VGE.

Serial	measurements	of	PA	pressure	can	be	a	monitoring	 technique	because
even	 small	 emboli	 may	 produce	 significant	 increases	 in	 PA	 pressures.	 Major
increases	 in	 PA	 pressure	 do	 not	 generally	 occur	 unless	 at	 least	 10%	 of	 the
vasculature	 is	obstructed	and	any	rise	 in	PA	pressure	should	be	proportional	 to
the	size	of	the	embolus	and	infusion	of	air,	while	inversely	related	to	the	rate	of
absorption.	The	likelihood	of	a	paradoxical	embolism	increases	above	a	mean	PA
pressure	of	30	mm	Hg,	thus	serial	monitoring	would	potentially	allow	a	chance
to	prevent	or	minimize	this	complication.1

ETCO2	 and	 N2	 levels	 fluctuate	 with	 VGE.	 Likely	 primarily	 driven	 from
significant	mismatch	 of	 ventilation	 and	 perfusion,	 their	 detection	may	 be	 later
than	Doppler	 techniques	or	changes	 in	PA	pressure.	Like	PA	pressure	changes,
variations	in	ETCO2	 stay	abnormal	 longer	and	 they	are	more	closely	related	 to
the	volume	of	gas	embolized.1	Confounding	factors	exist	 that	may	also	cause	a
reduction	in	ETCO2	in	the	absence	of	a	VGE-related	event,	however,	and	include
any	acute	decrease	in	cardiac	output,	increased	alveolar	ventilation,	or	increased
physiologic	dead	space.

Consideration	 of	 the	 advantages	 and	 disadvantages	 of	 the	 available	 VGE



detection	 technologies	 suggests	 that	 a	 combination	 of	 transesophageal
echocardiography	 or	 precordial	 Doppler	 ultrasonography	 with	 PA	 pressure,
ETCO2,	or	transcutaneous	O2	devices	would	provide	the	highest	sensitivity,	 the
quantitative	 determination,	 and	 the	 best	 available	 physiological	 response
monitoring.	Across	the	United	States,	use	of	ETCO2	monitoring	in	combination
with	 precordial	 Doppler	 ultrasonography	 has	 become	 the	 primary,	 if	 not	 the
standard,	approach	for	VGE	detection	perioperatively.

Treatment
A	fatal	outcome	may	occur	 long	before	any	confirming	diagnostic	 tests	can	be
performed,	thus	treatment	must	be	initiated	promptly	at	the	earliest	suspicion	of
gas	embolization.	In	combined	retrospective	and	prospective	analyses	of	seated
neurosurgical	procedures,	a	significant	beneficial	 role	was	found	for	 the	use	of
routine	 precordial	 Doppler	 monitoring.1	 Before	 the	 advent	 of	 routine	 Doppler
monitoring,	VGE	was	clinically	detected	less	often	(5.7%	before	vs	32%	after),
but	 the	 episodes	 noted	 had	 more	 severe	 sequelae.	 Once	 precordial	 Doppler
monitoring	 became	 standard,	 the	 morbidity	 and	 mortality	 directly	 related	 to
venous	 or	 arterial	 emboli	 was	 documented	 to	 be	 0.5%.	 This	 improvement	 of
event	 detection	 and	 reduction	 in	 the	 severity	 of	 VGE	 was	 ascribed	 to	 earlier
recognition,	allowing	for	earlier	institution	of	therapy	and	prevention	of	further
occurrences.

Routine	Treatment	Measures
4 	Immediate	measures	should	include	identification	of	the	site	of	gas	entry	and
prevention	of	 further	gas	entry,	cessation	or	correction	of	exacerbating	 factors,
administration	 of	 100%	O2,	 and	 changing	 position	 to	 the	 left	 lateral	 decubitus
position.	For	most	patients,	 the	 site	of	gas	entry	 is	 readily	apparent.	Failure	 to
stop	 gas	 entry	 in	 a	 timely	 fashion	may	 be	 fatal.	 If	 there	 is	 suspicion	 of	 a	 low
central	blood	volume,	volume	should	be	rapidly	repleted.	Immediate	cessation	of
delivery	of	N2O	and	ventilating	with	100%	O2	 facilitates	 resolution	of	any	gas
emboli	experienced	during	anesthesia	with	this	agent.

Because	air	emboli	are	composed	of	approximately	79%	N2	and	21%	O2,	any
maneuver	that	rapidly	increases	the	elimination	of	dissolved	N2	should	decrease
the	 size	 of	 the	 embolus.	 Administration	 of	 100%	 O2	 achieves	 this	 goal	 by
washing	N2	out	of	the	alveoli	and	by	creating	a	favorable	gradient	for	N2	to	cross
into	the	alveolus	from	the	blood.



Placing	patients	in	the	left	lateral	decubitus	position	may	facilitate	movement
of	 any	 air	 obstructing	 the	pulmonary	outflow	 tract	 toward	 the	 apex	of	 the	RV,
thereby	relieving	the	obstruction	and	improving	survival.

Aspiration	and	Dislodgement
For	 patients	 with	 witnessed	 gas	 embolism	 or	 in	 whom	monitoring	 techniques
suggest	that	the	gas	is	still	trapped	in	the	heart,	attempts	can	be	made	to	aspirate
or	 dislodge	 the	 gas.	Gas	may	 be	 aspirated	 from	 the	 heart	 by	 placing	 a	 central
venous	catheter	into	the	RA	or	the	RV	or	by	pulling	back	a	PA	catheter	and	then
aspirating	 serially	 from	 each	 successive	 heart	 chamber.1	 In	 unwitnessed	 gas
embolism,	this	early	phase	has	usually	passed	before	the	embolism	is	detected,
and	 these	 interventions	 may	 result	 in	 more	 harm	 than	 benefit.	 Closed-chest
compression	may	dislodge	the	embolus	from	the	RV.

Hyperbaric	Oxygen
When	available,	use	of	hyperbaric	oxygen	 (HBO)	may	be	helpful.	HBO	 is	 the
only	 therapy	 demonstrated	 to	 have	 any	 benefit	 well	 after	 VGE	 has	 been
clinically	 established.1	 Even	 after	 emboli	 of	 150	 to	 500	 mL,	 HBO	 produced
rapid	improvement	of	all	cardiopulmonary	and	neurologic	abnormalities	despite
delays	in	initiating	therapy	of	up	to	20	hours.	The	most	common	HBO	treatment
protocols	in	use	today	are	the	US	Navy	Treatment	Tables	5	and	6.2	Use	of	these
Tables	 is	 briefly	 discussed	 later	 in	 the	 “Treatment”	 section	 of	 Decompression
Sickness.	 Although	 it	 is	 accepted	 that	 HBO	 should	 be	 instituted	 as	 early	 as
possible,	 the	 literature	 supports	 that	 special	 consideration	 be	 given	 to	 this
modality	at	late	stages,	even	in	a	seemingly	irrecoverable	situation.1,3

Managing	Unwitnessed	Venous	Gas	Embolism
Given	 that	VGE	may	mimic	or	 cause	a	 clinical	presentation	 that	 is	difficult	 to
distinguish	 from	 venous	 pulmonary	 thromboembolism	 (PE),	 RV	 infarct,
myocardial	infarction	(MI),	or	stroke,	clinicians	may	frequently	feel	reluctant	to
consider	the	difficult	to	establish	diagnosis	of	VGE	and	to	begin	treatment	until
other	 causes	 are	 ruled	 out.	 The	 simple	 measures	 indicated	 for	 the	 immediate
management	of	VGE	outlined	herein	are	not	contraindicated	for	the	management
of	any	of	the	other	conditions	typically	in	the	differential	diagnosis.

Little	 has	 been	 published	 on	 the	 clinical	 management	 of	 cardiovascular
consequences	of	VGE.	Because	MI	and	RV	infarct	may	frequently	accompany



large	VGE,	urgent,	routine	evaluation	with	ECG	and	echocardiography	would	be
indicated	 for	most	 cases.	 Because	myocardial	 ischemia	 and	 subsequent	MI	 in
VGE	probably	 result	 from	hypoxemia,	 the	effects	of	massive	overdistention	of
the	ventricle,	and	perhaps	direct	embolization	of	coronary	vessels,	 the	value	of
traditional	management	 techniques	 for	MI	 is	 not	 clearly	 established.	There	 are
no	 theoretical	 contraindications	 to	 the	 use	 of	 nitrates,	 aspirin,	 β-blockers,
calcium	 channel	 blockers,	 or	 vasodilators	 for	 patients	with	ECG	 changes.	The
role	of	anticoagulation	or	thrombolytic	therapy	in	VGE	is	unclear.

Discrimination	 between	 PE	 and	 VGE	 among	 patients	 with	 unwitnessed,
unmonitored	events	 can	be	difficult.	Patients	 at	 risk	 for	VGE	are	 frequently	 at
risk	for	PE	as	well.	Once	 the	gas	has	 left	 the	RV,	changes	 in	PA	pressures	and
ETCO2	values	may	be	similar	in	both	conditions.	As	noted	earlier,	the	radiologic
findings	may	be	similar,	but	they	may	resolve	within	24	hours	with	VGE.	If	the
clinical	suspicion	of	PE	is	high,	there	is	no	known	contraindication	to	initiating
appropriate	anticoagulation	in	patients	with	VGE.

Prevention
Preventive	measures	are	likely	the	most	valuable	management	strategy	for	VGE.
All	 patients	 undergoing	 the	 procedures	 listed	 in1	 Table	 177.1	 should	 be
considered	 at	 high	 risk.	 In	 addition,	 hyperventilation,	 obstructive	 lung	disease,
and	 hypovolemia	 are	 common	 clinical	 conditions	 that	 increase	 the	 natural
pressure	gradient	between	atmospheric	air	and	the	central	venous	compartment;
they	 may,	 therefore,	 also	 increase	 the	 chances	 of	 VGE	 during	 predisposing
manipulations.	 Patients	with	 a	 known	 PFO,	 pulmonary	 hypertension,	 previous
MI	with	markedly	reduced	RV	function,	known	right-to-left	shunts,	or	congenital
heart	disease	with	any	of	the	mentioned	abnormalities	should	also	be	considered
at	high	risk,	not	 for	experiencing	an	embolism	per	se	but	for	being	susceptible
for	 increased	morbidity	 and	mortality	 of	 a	 paradoxic	 embolism.	A	 high	 false-
negative	 rate	 (sensitivity,	 64%)	 limits	 the	 usefulness	 of	 preoperative
transthoracic	 echocardiography	 with	 Valsalva	 maneuver	 in	 predicting	 the
presence	of	PFO	and	the	risk	of	paradoxic	emboli.1

In	general,	patients	should	have	procedures	performed	in	a	supine	rather	than
upright	position,	and	 the	point	of	potential	air	entry	should	be	kept	 lower	 than
the	RA.	Placement,	manipulation,	and	removal	of	subclavian	and	internal	jugular
venous	 catheters	 are	 probably	 the	 most	 common	 clinical	 procedures	 during
which	 specific	 measures	 can	 be	 performed	 to	 prevent	 substantial	 air
embolization.1	All	patients	should	be	placed	in	the	Trendelenburg	position,	and
they	should	be	asked	 to	perform	the	Valsalva	maneuver	or	 to	hold	 their	breath



during	 needle/wire/catheter	 insertion.	 The	 operator	 should	 completely	 occlude
the	hub	of	the	needle	during	manipulations	to	prevent	open	communication	with
atmospheric	pressure.	During	removal	of	central	catheters,	patients	should	also
be	 placed	 in	 the	 Trendelenburg	 position,	 the	 entry	 site	 compressed,	 and	 an
occlusive	dressing	applied.

ARTERIAL	GAS	EMBOLISM
Arterial	gas	embolism	(AGE)	probably	occurs	on	a	daily	basis	in	most	hospitals
due	to	the	prevalence	of	the	situations	known	to	be	associated	with	AGE	(Table
177.2).1	 Although	 the	 prevalence	 of	 AGE	 is	 likely	 not	 as	 high	 as	 VGE,	 the
clinical	significance	is	potentially	much	greater	than	VGE	(Figure	177.1).	In	the
clinical	 setting,	 most	 causes	 of	 AGE	 are	 preventable	 and	 prompt	 treatment	 is
frequently	effective.

TABLE	177.2

Risk	Factors	and	Causes	of	Arterial	Gas	Embolism

All	causes	listed	for	venous	gas	embolism	in	Table	177.1,	via	paradoxic
embolization
Cardiopulmonary	bypass/coronary	artery	bypass	graft/open-heart	procedures
Coronary	angiography/angioplasty/stenting
Cardioplegic	solution	infusion
Misuse/malfunction	of	pump	oxygenator
Intra-aortic	balloon	pump
Penetrating	lung	injury/resection
Bronchovenous	fistula	(as	a	result	of	trauma,	mechanical	ventilation,	biopsy,
thoracentesis)
Arterial	line,	arteriography
Self-contained	underwater	breathing	apparatus	diving
Decompression	sickness
Carotid	endarterectomy



	

Figure	177.1 	Fatal	air	embolism	after	massive	facial	trauma	and
prolonged	 extrication	 in	 an	 unbelted,	 backseat	 passenger	 in	 a	 car
accident.A,	Cross	section	of	the	chest	showing	air	outlining	the	right
superior	pulmonary	vein	(black	arrow)	emptying	into	the	left	atrium
(LA).	 Black	 star	 indicates	 the	 bronchus	 intermedius.	 B,	 Coronal
reconstruction	showing	a	massive	air	collection	in	the	left	ventricle.

Etiology

Cardiac	Surgery	and	Bypass
AGE	 during	 cardiopulmonary	 bypass	 has	 an	 estimated	 incidence	 that	 ranges
from	 0.1%	 to	 11.0%.1	 There	 is	 evidence	 that	 the	 use	 of	 in	 line	 filters	 and
preferential	 use	 of	 membrane	 oxygenators	 over	 bubble	 oxygenators	 may
decrease	this	risk	significantly.

The	importance	of	 trapped	air	 in	the	left	heart	as	a	potential	source	of	AGE
after	 an	 open	 cardiotomy	 has	 been	 appreciated	 for	 years.	 Air	 may	 remain
adherent	to	the	endocardium,	sutures,	and	prosthetic	valves,	and	in	cul-de-sacs	in
the	 atria,	 ventricles,	 or	 aorta	 even	 after	 the	 heart	 is	 closed	 and	 beating
spontaneously	 again.	 Complete	 air	 evacuation,	 even	 after	 specific	 and
meticulous	venting	techniques,	is	nearly	impossible	to	achieve.1	Residual	air	has
been	 shown	 to	 be	 present	 in	 the	 heart	 after	 discontinuation	 of	 bypass	 in
approximately	 two-thirds	 of	 patients	 undergoing	 open	 cardiotomies	 and	 in
approximately	 12%	 of	 patients	 undergoing	 coronary	 artery	 bypass	 grafting
(CABG)	 only,	 for	 an	 overall	 incidence	 of	 approximately	 45%.	 The	 source	 of
intracardiac	air	resulting	from	CABG	operations	is	thought	to	be	because	of	the
ascending	aorta	being	cross-clamped	and	suction	 then	being	applied	 to	 the	 left
heart	 or	 the	 aortic	 root	 for	 the	 purpose	 of	 venting.	 The	 resultant	 pressure
decrease	 is	 transmitted	 to	 the	 coronary	 arterial	 circulation,	 thus	 allowing	 air
entry	via	 the	coronary	arteriotomy	site,	with	subsequent	passage	into	the	aortic



root	or	the	left	ventricle.	Any	gases	trapped	in	a	proximal	coronary	artery	or	in	a
distally	attached	vein	graft	may	also	pass	 into	 the	aortic	 root	 in	 the	absence	of
venting	 if	 the	graft	 is	 injected	under	 pressure,	 as	 occurs	 commonly	during	 the
administration	of	cardioplegic	hypothermia.

Transcranial	Doppler	monitoring	of	 the	middle	 cerebral	 artery	during	open-
heart	 operations	 has	 confirmed	 the	 occurrence	 of	 cerebral	 gas	 embolization.1
With	 refined	 surgical	 techniques,	 over	 time	 there	 has	 been	 a	 considerable
reduction	in	the	incidence	of	major	neurological	injury	after	cardiac	surgery	and
CABG,	 with	 a	 currently	 reported	 incidence	 of	 approximately	 5%	 to	 10%.1
Detailed	 neuropsychiatric	 function	 testing,	 however,	 has	 shown	 persistent
impairment	of	cerebral	function	in	up	to	70%	of	patients	after	CABG.1

Lung	Trauma
Systemic	AGE	 is	 a	 frequent	 and	 unrecognized	 cause	 of	 death	 among	 patients
with	blunt	or	penetrating	lung	trauma.1	The	mode	of	air	entry	after	percutaneous
lung	 puncture,	 penetrating	 or	 blunt	 lung	 trauma,	 or	 with	 positive-pressure
mechanical	ventilation	is	via	production	of	a	bronchovenous	fistula.	Risk	factors
enhancing	 the	 chance	 of	 AGE	 include	 underlying	 emphysema,	 uncooperative
patients,	sneezing	or	coughing	bouts,	use	of	large	diameter	needles,	hypotension,
hypovolemia,	Valsalva	maneuver,	and	a	site	of	involvement	in	close	proximity	to
the	hila.	For	patients	with	preexisting	pulmonary	fibrosis,	one	should	expect	an
increased	frequency	and	severity	of	systemic	embolism	because	of	the	inability
of	the	injured	veins	to	retract	and	constrict.	What	has	been	referred	to	in	the	past
as	 “pleural	 shock”	 (ie,	 fainting,	 seizures,	 or	 even	 sudden	 death	 during	 a
thoracentesis	 or	 therapeutic	 pneumothorax	 for	 treatment	 of	 tuberculosis)	 has
since	become	 recognized	 as	 a	manifestation	of	AGE.	Percutaneous	procedures
with	 needle	 calibers	 less	 than	 20G	 (0.9	 mm)	 have	 generally	 been	 considered
safe,	 despite	 a	 case	 report	 describing	 a	 cerebral	 AGE	 after	 transthoracic
aspiration	 with	 a	 23G	 (0.6-mm)	 needle.	 The	 reported	 incidence	 for	 this
complication	 for	 needles	 of	 16G	 to	 20G	 (0.9-1.6	 mm)	 has	 been	 variably
estimated	at	0.5	to	0.8	in	1000	cases.1

Arterial	Lines
Cerebral	 AGE	 via	 retrograde	 flow	 from	 an	 indwelling	 radial	 arterial	 line	 has
been	 reported	 as	 a	 case	 study	 and	 then	 followed	 up	 with	 a	 laboratory
investigation.1	Radioactive	xenon	mixed	with	2	to	5	mL	of	air	and	injected	at	a
rate	of	0.6	to	2.5	mL	per	second	into	the	radial	artery	resulted	in	demonstrable



retrograde	 passage	 into	 the	 cerebral	 circulation.	 This	 low-flow	 rate	 is
approximately	 5-	 to	 25-fold	 less	 than	 the	 reported	 “safe	 range”	 of	 previous
work.1	Because	the	true	“safe”	amount	of	air	that	can	remain	in	an	arterial	flush
catheter	without	 the	risk	of	retrograde	embolization	remains	unknown,	medical
personnel	 need	 to	 be	 vigilant	 and	 meticulous	 in	 ensuring	 removal	 of	 any
entrapped	air	in	arterial	flush	lines.

Pathophysiology
In	AGE,	 the	gas	 enters	 the	 arterial	 system	by	 the	direct	 rupture	 of	 a	 blood-air
interface,	by	direct	passage	from	the	PA	to	pulmonary	venous	system,	or	through
a	 functional	 right-to-left	 cardiac	 shunt.	 Gas	 bubbles	 distribute	 themselves
throughout	 the	 body	 primarily	 directed	 by	 the	 relative	 blood	 flow	 at	 the	 time.
Bubble	 buoyancy	 is	 actually	 a	 minor	 factor	 unless	 there	 is	 a	 significant
depression	of	forward	systemic	flow.1	Because	the	heart,	lung,	and	brain	receive
the	greatest	 amount	of	 blood	 flow,	 the	 consequences	of	 embolization	 are	most
frequently	 reported	 for	 these	 organs.	 Pulmonary	 manifestations	 of	 AGE	 are
uncommon,	perhaps	because	 the	 redundancy	of	 the	pulmonary	vascular	 supply
limits	the	consequences	of	bubble	occlusion.

Systemic	Mechanical	and	Biophysical	Effects
Bubble	 formation	 results	 in	 two	 broad	 categories	 of	 effects:	 mechanical—
physical	 obstruction	 to	 blood	 flow	with	 distortion	 or	 tearing	 of	 tissues	 as	 the
bubble	 forms	 and	 expands,	 and	 biophysical—where	 the	 blood-gas-endothelial
interfaces	 stimulate	 a	 cascade	 of	 leukocyte,	 platelet,	 coagulation,	 fibrinolytic,
and	complement-mediated	activations.1	Research	over	the	last	few	decades	now
recognizes	 the	 importance	 of	 oxidative	 stressors	 causing	 impairment	 of
endothelium-dependent	 vasorelaxation	 (ie,	 the	 endothelial	 dysfunction
hypothesis).	This	is	primarily	caused	by	loss	of	nitric	oxide	(NO)	activity	in	the
vessel	wall.1,3,4

Similar	 to	VGE,	 the	 trapped	 bubbles	may	 pass	 through	 the	 circulation	 and
exit	 via	 the	 lungs	or	 they	may	be	 slowly	metabolized	by	body	 tissues.	Uptake
and	release	of	inert	gas	by	a	particular	tissue	depends	on	the	rate	of	blood	flow	to
the	affected	region	as	well	as	the	rate	of	gas	diffusion	out	of	the	blood	into	the
tissue.	 The	 speed	 of	 diffusion	 is	 the	 result	 of	 the	 difference	 between	 the	 N2

partial	 pressure	 in	 the	 air	bubble	 and	 the	N2	 partial	pressure	 in	 the	 tissue.	The
partial	 pressure	 of	 the	 inert	 gas	 in	 the	 bubble	 also	 varies	 directly	 with	 the



bubble’s	 loss	of	O2	 through	metabolic	 conversion	 into	CO2,	which	 is	 21	 times
more	 soluble	 than	O2.	 In	 contrast	 to	 VGE,	 an	 arterial	 occlusion	may	 have	 an
immediate	clinical	impact.

Cardiovascular	Effects
The	heart	 is	extremely	 intolerant	of	even	minute	amounts	of	arterial	gas.	AGE
may	produce	MI,	loss	of	left	ventricular	function,	dysrhythmias,	hypotension,	or
hypertension.	As	 little	 as	 0.025	 to	 0.05	mL	of	 air	 directly	 entering	 a	 coronary
artery	 may	 result	 in	 transient	 impairment	 of	 ventricular	 function,	 focal	 MI,
ventricular	fibrillation,	or	death.1

Central	Nervous	System	Effects
Cerebral	embolism	produces	strokelike	symptoms	and	cerebral	edema.	After	5	to
30	seconds	of	arrested	cerebral	blood	flow,	most	gas	bubbles	easily	pass	through
the	 pial	 arteries.	 Significant	 volumes	 of	 gas	may	 subsequently	 be	 collected	 in
“air	 traps”	 in	 the	 jugular	 veins.1	 Larger	 emboli	 (eg,	 large	 enough	 to	 obstruct
several	generations	of	arteriolar	branching)	are	also	generally	only	 temporarily
obstructing	 and	 they	 relocate	 to	 the	 cerebral	 and	 the	 jugular	 veins	 during	 the
period	of	reactive	hyperemia	that	follows	periods	of	arrested	cerebral	blood	flow.
Cerebral	 air	 emboli	have	been	 shown	 to	persist	 in	 the	circulation	 for	40	hours
after	 initial	 insult.5	 Therefore,	 it	 has	 been	 proposed	 that	 the	 CNS	 dysfunction
following	cerebral	AGE	 is	not	 the	 result	of	bubble	 entrapment	 alone;	 injury	 is
probably	more	a	result	of	damage	from	endothelial	mediators,	oxidant	stress,	and
neuronal	hypoxia.

Diagnosis
5 	 AGE,	 whether	 traumatic,	 iatrogenic,	 or	 dysbaric	 (ie,	 solely	 as	 a	 result	 of
changes	in	ambient	pressures)	in	origin	presents	immediately	after	the	insult	and
typically	 within	 10	 minutes.	 A	 myriad	 array	 of	 manifestations	 is	 possible,
typically	with	symptoms	suggestive	of	coronary	or	CNS	involvement.	However,
if	pain	is	the	only	symptom,	AGE	is	unlikely.	Two	general	clinical	patterns	have
been	recognized:	fulminant	collapse	and	isolated	CNS	injury.

The	first	and	more	dramatic	presentation	is	characterized	by	apnea,	coma,	and
cardiac	 arrest.	 This	 pattern	 is	 known	 to	 occur	 in	 4%	 to	 5%	 of	 patients	 with
dysbaric	 air	 embolism	but	 has	 an	unknown	 incidence	 for	 other	 types	of	AGE.
The	responsible	mechanism	is	believed	to	be	direct	coronary	artery	embolization



with	resultant	MI	or	gaseous	embolization	of	the	cerebral	circulation,	resulting	in
hypertension	and	marked	dysrhythmias.	This	subgroup	is	generally	unresponsive
to	resuscitative	efforts	(Figure	177.1).

In	 the	 other	 CNS	 injury	 group,	 the	 initial	 presentation	 is	 often	 stable
respiratory	and	heart	 rates	but	with	 a	wide	 spectrum	of	neurological	 signs	 and
symptoms.	Symptoms	 are	 usually	 abrupt	 in	 onset	 and	may	progress	 rapidly	 to
overt	 signs.	 Patients	 may	 feel	 faint	 or	 dizzy	 or	 have	 an	 apprehensive	 fear	 of
death.	 There	 may	 be	 loss	 of	 consciousness,	 convulsions,	 visual	 disturbances
(including	blindness),	headache,	confusion	or	other	mental	status	changes,	coma,
vertigo,	nystagmus,	aphasia,	sensory	disturbances,	weakness	or	hemiparesis,	or
even	 focal	 or	 more	 widespread	 paralysis.	 The	 pupils	 are	 usually	 dilated,	 and
occasionally,	air	may	be	seen	 in	 the	 retinal	vessels.	Liebermeister	 sign	may	be
present	and	is	recognized	as	sharply	defined	areas	of	tongue	pallor.	Marbling	of
the	skin	of	the	uppermost	portions	of	the	body	is	another	pathognomonic	sign	of
AGE	 (along	 with	 retinal	 gas	 and	 Liebermeister	 sign).1	 With	 prompt
recompression	 therapy,	 the	 majority	 of	 these	 cases	 have	 the	 potential	 for	 full
recovery.

Other	clinical	manifestations	of	extra-alveolar	gas	are	related	to	the	traumatic
entry	of	air	into	the	interstitium	after	alveoli	rupture.	The	air	may	dissect	along
the	 perivascular	 sheaths	 into	 the	 mediastinum,	 causing	 pneumomediastinum,
usually	associated	with	a	substernal	aching	or	tightness	that	may	have	a	pleuritic
nature	and	may	radiate	to	the	neck,	back,	or	shoulders.	There	may	be	coexistent
subcutaneous	emphysema	and	a	notable	“crunching”	sound	with	each	heartbeat
(Hamman	 sign)	 caused	 by	 air	 in	 the	mediastinum.	 Air	 may	 dissect	 further	 to
cause	a	pneumothorax	in	up	to	10%	of	cases.1	Tension	pneumothorax	may	occur
in	patients	on	positive-pressure	mechanical	ventilation	or	during	decompression.
Pneumopericardium	and	air	 in	 the	retroperitoneum	and	subcutaneous	 tissues	of
the	neck,	trunk,	or	limbs	may	also	occur.	This	extra-alveolar	gas	also	has	access
to	 torn	 pulmonary	 blood	 vessels	 when	 the	 intrathoracic	 pressure	 decreases
during	 normal	 inspiration	 after	 barotrauma	 has	 occurred.	Once	 egress	 into	 the
pulmonary	venous	circulation	has	occurred,	migration	to	the	left	side	of	the	heart
and	 then	 to	 the	 arterial	 circulation	 may	 follow.	 Hemoptysis	 has	 often	 been
mentioned	as	a	cardinal	sign	of	dysbaric	air	embolism,	but	it	actually	occurs	in	a
minority	(approximately	5%)	of	patients.1

Treatment
Management	of	AGE	and	decompression	sickness	(DCS)	is	similar.	Appropriate
therapy	 involves	 prompt	 recognition,	 initial	 stabilization,	 prevention	 of	 further



damage	 and	 definitive	 specific	 therapy	 (Table	 177.3).	 All	 patients	 undergoing
cardiopulmonary	procedures	or	with	 recent	 lung	 trauma	must	be	 considered	 at
high	 risk	 for	AGE.	Therefore,	 it	 cannot	 be	 emphasized	 strongly	 enough	 that	 a
high	 index	 of	 suspicion	 for	 these	 diagnoses	 is	 one	 of	 the	 most	 important
elements	 of	 care.	 Like	 many	 other	 true	 medical	 emergencies,	 therapeutic
interventions	should	not	be	delayed	 to	 implement	diagnostic	 testing.	Details	of
therapy	are	found	in	the	next	section.

TABLE	177.3

Treatment	Summary	of	Arterial	Gas	Embolism	and
Decompression	Sickness

Of	time-tested	benefit	
Prevent	further	bubble	formation	and	extension	of	other	injuries
Cardiopulmonary	life	support	as	needed
100%	concentration	of	inspired	oxygen
Maintain	intravascular	volume	with	isotonic	fluids
Treat	coexisting	problems
Transport	as	soon	as	possible	to	recompression	facility
Hyperbaric	therapy

Unproven	benefit	(but	generally	believed	to	be	helpful)	
Supine	position	(avoid	head-down	position)
Avoid	glucose-containing	infusions
Avoid	hypertension,	anxiety,	hyperthermia
Lidocaine	for	the	treatment	of	AGE
Diazepam	for	seizures,	severe	agitation,	intractable	vomiting	(not	used

prophylactically)
DVT	prophylaxis	for	patients	with	lower	extremity	weakness/paralysis.

Experimental	or	of	questionable	benefit	
Antiplatelet	agents
Corticosteroids	(possible	central	nervous	system	toxicity)
Calcium	channel	blockers
Lidocaine	in	the	treatment	of	DCS
Combination	nonsteroidal	anti-inflammatory	drug,	heparin,	and

prostaglandin	I2
Perfluorochemicals	and/or	other	surface-active	agents



Induced	hypothermia
Cerebral	venoarterial	perfusion

Proven	detrimental	
Recompression	while	submerged	(used	only	as	a	last	resort)
Alcohol/analgesics
Volume	overload	in	AGE	or	with	cardiopulmonary	symptoms
Delayed	transport	to	hyperbaric	oxygen	facility
Additional	hypobaric	exposures

AGE,	arterial	gas	embolism;	DCS,	decompression	sickness;	DVT,	deep	venous	thrombosis.

DECOMPRESSION	SICKNESS
6 	DCS	occurs	only	when	a	transition	is	made	to	an	environment	with	a	relatively
lower	ambient	pressure.	Any	rapid	 lowering	of	ambient	pressure,	 regardless	of
the	 initial	 pressure	 level	 or	 saturation	 of	 inert	 gas,	 results	 in	 the	 release	 of
bubbles	of	inert	gas	into	the	blood	and	tissues.	This	is	equally	true	for	too	quick
a	 return	 to	 a	 normobaric	 state	 after	 a	 hyperbaric	 exposure	 (as	 in	 diving	 or
compressed	air	mining),	or	for	rapid	progression	from	a	normobaric	state	into	a
hypobaric	 exposure	 (as	 in	 aviators,	 astronauts,	 or	 mountain	 climbers).	 It	 is
estimated	that	over	10	million	divers	are	currently	active	worldwide,	performing
greater	 than	 250	 million	 dives	 annually	 and	 that	 at	 least	 1	 in	 20	 divers	 will
experience	 DCS	 in	 their	 diving	 careers.6	 The	 Divers	 Alert	 Network	 Medical
Services	Call	Center	receives	over	2000	diving-related	injury	reports	annually,	of
which	nearly	5%	were	fatal.6	DCS	is	a	common	complication	of	diving	with	an
overall	incidence	of	1	to	35	cases	per	10,000	dives1,6-8	depending	on	the	region	of
the	 world	 and	 the	 of	 diving	 involved.	 DCS	 ranks	 third,	 after	 drowning	 and
barotrauma/AGE	as	a	cause	of	death	among	divers.1,6	Strict	work	regulations	for
tunnel	workers	 and	pilots	has	greatly	decreased	 the	 incidence	of	DCS	 in	 these
two	groups.

Etiology

Diving
The	20th	century	saw	the	origin	of	decompression	tables,	defining	set	depths	and
time	limits	of	hyperbaric	exposure	to	be	used	by	divers	to	minimize	the	risk	of



DCS.	 Although	 derived	 empirically	 by	 J.	 S.	 Haldane,	 all	 common	 schedules
since	 have	 been	 based	 on	 his	 original	methods.	Haldane’s	work	 demonstrated
that	 the	 human	 body	 could	 tolerate	 a	 twofold	 reduction	 in	 ambient	 pressure
without	symptoms	of	DCS.	Haldane	also	conceptualized	 that	 the	 tissues	of	 the
body	 absorb	 nitrogen	 at	 varying	 rates,	 depending	 on	 the	 tissue	 and	 its
vascularity.	 Importantly,	 dive	 tables	 are	 not	 infallible	 and	 DCS	 may	 occur
despite	 following	 a	 “no	 decompression”	 profile.	 Time	 and	 experience	 have
shown	 that	 modern	 scuba	 divers	 and	 aviators	 can	 have	 a	 significant	 net
accumulation	of	 inert	gas	(VGE)	and	yet	remain	without	symptoms.1,9	There	is
an	important	inter-	and	intraindividual	variation	in	the	degree	of	“bubbling”	after
a	hypobaric	exposure,	indicating	a	significant	but	poorly	characterized	influence
of	personal	factors	affecting	gas	saturation	and	desaturation.1,9

Flying
7 	 DCS	 from	 rapid	 hypobaric	 exposures	 is	 a	 syndrome	 indistinguishable	 from
that	produced	in	divers.	The	altitude	threshold	for	DCS	is	generally	reported	to
be	approximately	18,000	ft.,	but	unless	a	person	has	had	a	hyperbaric	exposure
within	 the	 past	 24	 hours,	 there	 are	 rarely	 any	 difficulties	 with	 exposure	 to
altitudes	 of	 up	 to	 25,000	 ft.1	 Exposures	 above	 this	 level	 up	 to	 approximately
48,000	 ft.	 for	 durations	 of	 30	 minutes	 to	 3	 hours	 have	 resulted	 in	 a	 DCS
incidence	 of	 1.5%.1	 More	 prolonged	 exposures	 and	 even	 greater	 altitudes
increase	 the	 severity	 of	 an	 episode	 of	DCS.	Modern	 airline	 transportation	 has
minimized	 these	 risks	 by	 maintaining	 cabin	 pressures	 equivalent	 to	 8000	 ft.
while	flying	at	actual	altitudes	greater	than	40,000	ft.	The	uncommon	accidental
loss	 of	 cabin	 pressure	 thus	 poses	 a	 risk	 of	 DCS.	More	 commonly,	 DCS	may
occur	while	flying	at	altitudes	of	4000	ft.	or	greater	after	a	diving	trip	even	when
“no-decompression”	 diving	 took	 place.	 Current	 recommendations	 are	 to	 avoid
all	 flying	 for	 at	 least	 12	 hours	 after	 any	 dive.	 For	 flights	 exceeding	 a	 cabin
pressure	equivalent	of	approximately	8000	ft.,	or	for	the	case	of	divers	requiring
decompression	stops,	at	least	a	24-hour	delay	is	recommended	before	flying.

Military	and	astronauts	operate	at	the	extreme	of	human	hypobaric	exposures.
With	 the	 later	performing	activities	outside	space	vehicles	decompressing	from
cabin	 pressure	 equivalent	 to	 sea	 level,	 down	 to	 suit	 pressure	 of	 approximately
30,000	 ft.1	 To	 minimize	 the	 risk	 of	 DCS,	 astronauts	 breathe	 100%	O2	 before
decompression	 (“prebreathing”)	 to	 reduce	 the	 partial	 pressure	 of	 N2	 before
entering	 the	 space-suit	 environment.10	Only	 time	 and	 further	 space	 exploration
will	elucidate	the	risks	of	DCS	from	these	types	of	exposures.11



Pathophysiology
During	DCS	gas	previously	dissolved	in	tissues	and	blood	is	released	as	formed
gas	 bubbles	 into	 the	 body	 tissues	 and	 bloodstream.	 Boyle	 law	 states	 that	 the
volume	of	a	gas	varies	 inversely	with	its	surrounding	absolute	pressure.	At	sea
level,	 the	 weight	 of	 air	 that	 we	 breathe	 is	 equal	 to	 14.7	 lb	 per	 square	 inch,
760	mm	Hg,	or	1	atmosphere	absolute	(ATA),	depending	on	the	choice	of	units.
Table	 177.4	 indicates	 that	 for	 every	 33	 ft.	 of	 seawater	 a	 diver	 descends,	 the
ambient	pressure	increases	by	1	ATA	and	the	volume	occupied	by	that	same	gas
decreases	proportionally.	This	table	also	demonstrates	the	reduction	in	pressure
and	volume	expansion	with	increases	of	altitude.

TABLE	177.4

Pressure-Volume	Relationships

Distance	from	Sea
Level	(ft)

Pressure	Equivalents
Bubble
Volume	(%)lb/in2 mm

Hg
Atmosphere
absolute

+48,000 1.85 96 0.126 794

+40,000 2.72 141 0.185 541

+32,000 3.98 206 0.271 369

+24,000 5.70 295 0.388 258

+16,000 7.97 412 0.542 185

+8000 10.92 565 0.743 135

Sea	level 14.70 760 1 100

−33 29.40 1520 2 50

−66 44.10 2280 3 33

−99 58.80 3040 4 25

−132 73.50 3800 5 20



−165 88.20 4560 6 17

Divers	 breathe	 underwater	 via	 gear	 designed	 to	 deliver	 air	 at	 the	 ambient
pressure	 of	 the	 surrounding	 water,	 allowing	 the	 diver’s	 lungs	 to	 remain	 fully
expanded.	As	 a	 scuba	 diver	 ascends	 slowly	 from	 depth,	 pressure	 in	 the	 lungs
equalizes	with	ambient	pressure	as	long	as	proper	exhalation	is	achieved.	If	these
expanding	 gases	 cannot	 escape	 the	 lungs	 (eg,	 breath	 holding,	 localized	 gas
trapping),	 overdistension	 of	 the	 alveoli	 occurs	 with	 resultant	 pulmonary
barotrauma.	Fragility	of	alveoli	 is	not	generally	appreciated	but	with	 the	 lungs
fully	 expanded	 on	 compressed	 air,	 a	 pressure	 differential	 of	 only	 95	 to
110	 cm	 H2O	 (equivalent	 to	 an	 ascent	 from	 a	 depth	 of	 only	 4-6	 ft.)	 may	 be
sufficient	 to	 rupture	alveolar	architecture.1	With	very	 few	exceptions,	all	 scuba
diving	is	done	at	pressures	less	than	7	ATA,	and	most	is	done	in	the	2	to	4	ATA
range.1,6

Dalton	 law	 of	 partial	 pressures	 states	 that	 the	 total	 pressure	 exerted	 by	 a
mixture	 of	 gases	 is	 equal	 to	 the	 sum	of	 the	 partial	 pressures	 of	 its	 constituent
gases.	 The	 composition	 of	 gases	 that	 make	 up	 our	 atmosphere	 remains
essentially	constant	up	through	an	altitude	of	approximately	70,000	ft.:	78.08%
N2,	20.95%	O2,	and	the	remaining	fraction	of	CO2,	hydrogen,	helium,	argon,	and
neon.1	N2	is	inert	and	passes	through	the	body	unused/unchanged.	This	contrasts
to	 CO2	 and	O2,	 which	 are	 actively	 transported	 and	 do	 not	 depend	 entirely	 on
purely	 physical	 laws	 for	 removal.	 N2	 is	 more	 soluble	 in	 fat	 than	 in	 water,
suggesting	 that	 during	 decompression,	 bubbles	 more	 likely	 form	 in	 lipophilic
tissues	such	as	bone	marrow,	fat,	and	spinal	cord.

Henry	 law	of	gas	solubility	states	 that	 the	amount	of	gas	 that	dissolves	 in	a
fluid	is	directly	proportional	to	the	pressure	of	that	gas	on	that	fluid.	The	deeper
the	descent	underwater	or	underground,	 the	greater	 the	driving	pressure	for	 the
gas	on	 the	blood	and	 the	bodily	 fluids.	The	 total	accumulation	of	dissolved	N2

into	the	tissues	of	the	body,	therefore,	depends	on	the	depth	achieved	as	well	as
the	 time	 spent	 at	 depth.	 As	 ambient	 pressure	 decreases	 on	 ascent,	 solubility
decreases	and	gas	is	released	from	body	fluids.

Studies	of	bubble	 formation	suggest	 that	of	 the	 total	absorption	of	 inert	gas
that	occurs	during	a	dive,	only	5%	 to	10%	 is	 released	as	bubbles	after	a	 rapid
decompression.1	The	site	of	origin	of	intravascular	bubbles	is	controversial,	but
overwhelming	human	and	animal	experimental	evidence	shows	that	gas	bubbles
are	 first	detected	 in	 the	venous	circulation	during	decompression.	Whereas	 the
inability	to	detect	venous	bubbles	is	a	good	predictor	of	safety	from	developing



DCS	(NPV	99%),	the	occurrence	of	venous	bubbles	(even	high	grade)	is	a	poor
predictor	of	DCS	(PPV	4%).4	It	is	most	probable	that	AGE	in	DCS	arises	from
the	venous	circulation	or	from	pulmonary	barotrauma	with	entry	of	gas	bubbles
into	the	pulmonary	veins	(ie,	dysbaric	air	embolism).

These	bubbles	 are	 instigators	 in	 the	biophysical	 effects	 in	blood,	 tissue	 and
endothelial	 interfaces.	 Electrochemical	 forces	 and	 reactive	 systems	 that	 are
usually	quiescent	during	normal	blood	flow	are	activated	including	coagulation,
complement,	kinin,	and	fibrinolytic	systems.	During	DCS,	and	presumably	with
AGE,	 a	 localized	 hypercoagulable	 state	 develops,	 with	 a	 reduction	 of	 platelet
count	because	of	aggregation	at	the	blood-bubble	interface	with	leukocytes,	red
blood	 cells,	 and	 fibrin	 strands.	 Any	 mechanical	 obstruction	 via	 bubbles	 is
amplified	with	further	tissue	injury	from	a	decrease	of	local	blood	flow,	edema
formation,	 leukocyte	 chemotaxis,	 and	 oxidant	 stress.	 Activated	 neutrophils
themselves	 are	 irreversibly	 adhered	 to	 the	 cell	 surface	 via	 B2	 integrins.12
Interestingly,	HBO	has	been	shown	to	inhibit	membrane	guanylate	cyclase	and
thus	B2	integrins	hypothesizing	a	benefit	to	HBO	therapy.13	Studies	also	suggest
impaired	 endothelial	 function	 owing	 to	 altered	 NO	 production	 or	 availability
may	play	a	role	in	the	formation	of	vascular	bubbles	themselves.4	These	effects
are	 most	 germane	 to	 cases	 of	 CNS	 involvement,	 for	 which	 small	 areas	 of
reduced	 blood	 flow	 can	 produce	 severe	 disability	 or	 death.	 A	 disturbance	 in
barrier	function	would	best	account	for	the	well-established	features	of	AGE	and
DCS	which	are	otherwise	difficult	to	reconcile	with	simple	vascular	occlusion	as
the	sole	explanatory	mechanism.

Diagnosis
The	clinical	manifestations	of	DCS	are	protean,	reflecting	the	effects	of	bubble
obstruction,	 endothelial	 activation,	 oxidant	 stress,	 and	 a	 pro-inflammatory
response.	 Symptoms	 will	 generally	 occur	 within	 1	 hour	 of	 a	 decompression
event	among	approximately	42%,	and	within	8	hours	for	over	80%	of	afflicted
individuals.2	 A	 gross	 classification	 system	 based	 on	 the	 perceived	 clinical
severity	and	anticipated	response	to	therapy	is	commonly	used,	with	the	milder
DCS	encompassing	75%	to	90%	of	patients.	Caution	 is	 in	order	because	up	 to
20%	to	30%	of	group	may	progress	to	a	more	severe	illness.

Type	I	Decompression	Sickness
This	includes	those	with	musculoskeletal	pain;	skin	or	lymphatic	manifestations;
or	 nonspecific	 symptoms	 of	 anorexia,	 malaise,	 and	 fatigue.	 Generally,	 these



patients	will	require	only	a	brief	period	of	repressurization.
A	most	 common	 and	 classic	manifestations	 associated	with	DCS	 is	 a	 deep,

dull	“aching”	pain	 in	a	 limb	during	decompression	or	within	 the	first	36	hours
after	surfacing	(98%	of	patients	experience	onset	within	24	hours	of	surfacing).
A	vague	sense	 that	“something	 is	wrong”	 is	not	uncommon,	along	with	poorly
localized	limb	discomfort.	The	affected	area	is	generally	nontender	to	palpation,
and	movement	is	unlikely	to	exacerbate	pain.	Ninety-two	percent	of	DCS	cases
involve	limbs	and	are	the	initial	clinical	manifestations	in	approximately	77%).1,6
Shoulders,	elbows,	and	knees	are	the	most	commonly	affected	joints.	Many	sites
may	be	involved	but	rarely	is	the	distribution	bilaterally	symmetric.

Heat,	 ice,	 immobilization,	 and	 potent	 analgesics	 do	 not	 relieve	 the	 pain,
which	 is	 caused	 by	 the	 collections	 of	 gas	 in	 the	 periarticular	 and	 perivascular
tissues.	 The	 most	 striking	 characteristic	 of	 this	 pain	 is	 its	 rapid	 relief	 with
recompression.	 This	 rapid	 relief	 and	 especially	 the	 tendency	 for	 this	 pain	 to
return	to	the	same	site	if	recompression	is	inadequate	distinguish	the	pain	of	“the
bends”	 from	 any	 coexistent	 musculoskeletal	 strain	 or	 from	 the	 ischemic	 pain
resulting	from	AGE.

Physical	signs	associated	with	limb	DCS	are	not	usual,	except	for	a	potential
“peau	d’orange”	 appearance	of	 the	 skin	 from	 local	 lymphatic	 obstruction.	The
skin	 can	 exhibit	 two	 distinct	 types	 of	 manifestations	 of	 DCS:	 (a)	 a	 transient
pruritus	involving	ears,	trunk,	wrists,	and	hands	(more	common	after	exposure	in
hyperbaric	chambers)	and	(b)	a	more	intense	itching,	usually	limited	to	the	trunk,
that	 begins	 as	 erythema	 (from	 dermal	 vasodilation)	 and	 progresses	 to	 a
characteristic	 mottling	 with	 confluent	 rings	 of	 pallor	 surrounding	 areas	 of
cyanosis.	 This	 lesion	 blanches	 to	 the	 touch	 and	 is	 known	 as	 cutis	marmorate.
These	changes	are	thought	to	result	from	bubble	obstruction	of	the	skin’s	venous
drainage	 or	 bubble-induced	 vasospasm.1	These	 abnormalities	 generally	 resolve
spontaneously	 over	 a	 few	 days.	 Importantly,	 cutis	marmorate	 is	 considered	 a
manifestation	of	DCS	and	treated	as	such.

Type	II	Decompression	Sickness
Type	 II	DCS	 includes	CNS	 or	 peripheral	 nerve	 involvement	 and	 vestibular	 or
any	cardiopulmonary	dysfunction.	Ten	percent	to	25%	of	patients	have	DCS,	and
it	 generally	 represents	 a	more	 severe	 illness	 with	 the	 potential	 for	 difficulties
during	 treatment.	 The	 presence	 of	 a	 PFO	 is	 associated	 with	 a	 four-to	 sixfold
increase	in	the	odds	ratio	of	developing	a	DCS.1,14-17

Type	 II	 DCS	 may	 occur	 independently	 or	 in	 combination	 with	 the
musculoskeletal	pain	of	DCS	in	up	to	30%	of	patients.1,2,6	Any	pain	occurring	in



the	 abdominal	 or	 thoracic	 areas,	 including	 the	 hips,	 should	 be	 considered	 a
symptom	arising	from	spinal	cord	involvement	and	treated	as	DCS.

Pulmonary	 DCS,	 known	 as	 “the	 chokes,”	 occurs	 rarely	 in	 diving
(approximately	 2%	of	 the	 overall	 cases,1	 and	 it	 is	 generally	 the	 result	 of	 very
rapid	or	emergency-ascents.	Aviators,	astronauts,	and	submarine	trainees	are	also
in	 situations	 in	 which	 sudden	 dramatic	 decompression	 may	 occur,	 and
pulmonary	DCS	has	been	noted	 in	 nearly	 6%	 in	 these	groups.1	Clinically,	 this
condition	usually	begins	with	a	substernal	discomfort	starting	within	minutes	of
reaching	 the	 surface.	 As	 it	 progresses,	 the	 discomfort	 may	 take	 on	 a
respirophasic	 nature.	The	 respiratory	 pattern	 becomes	more	 rapid	 and	 shallow,
with	 occasional	 paroxysms	 of	 a	 nonproductive	 cough.	 Evidence	 of	 right	 heart
strain	 or	 failure	 may	 develop	 and	 may	 progress	 to	 full-blown	 cardiovascular
collapse.	The	underlying	mechanism	involves	both	direct	and	indirect	effects	of
massive	pulmonary	gas	embolization	from	VGE.

Neurologic	DCS	has	a	varied	incidence	among	different	populations.1	A	wide
range	 of	 possible	 presenting	 signs	 and	 symptoms	 may	 be	 produced	 by
neurologic	 DCS,	 and	 all	 must	 be	 taken	 seriously	 even	 when	 there	 are	 no
objective	 findings	 on	 neurologic	 examination.	 The	 spectrum	 of	 neurologic
dysfunction	ranges	from	pruritus	with	skin	rash	or	“pins	and	needles”	sensation
(15%	of	cases)	to	full	paralysis	(6%)	or	convulsions	(1%)	and	death.	Personality
changes	 and	 agitation	 occur	 in	 3%,	 but	 they	 are	 very	 rarely	 the	 presenting
symptoms.	 Visual	 disturbances	 (7%)	 and	 difficulties	 with	 cerebellar	 function
(18%)	are	 also	 frequently	 seen.	The	pathogenesis	underlying	CNS	 injury	 from
DCS	 is	 the	 subject	 of	 much	 debate	 and	 controversy.	 Most	 researchers	 would
agree	that	the	notion	of	CNS	tissue	ischemia	arising	from	obstructing	arterial	gas
bubbles	is	too	simplistic.

Vestibular	 DCS,	 “the	 staggers,”	 occurs	 relatively	 commonly	 as	 the	 initial
manifestation	 of	 DCS,	 and	 it	 comprises	 a	 syndrome	 of	 nausea,	 vomiting,
dizziness,	 and	 nystagmus.	 Frequently,	 tinnitus	 or	 hearing	 loss	 may	 also	 be
present.	Typical	onset	is	immediately	after	decompression,	and	it	occurs	in	13%
to	72%	of	patients	with	DCS.	The	underlying	pathology	has	been	demonstrated
in	animals	to	be	the	result	of	rupture	of	the	fragile	membranes	in	the	cochlea	and
semicircular	canals.

Treatment

Prompt	Recognition	and	Diagnosis



8 	The	most	common	problem	in	DCS	and	AGE	is	making	the	initial	diagnosis.
Particularly	in	the	case	of	DCS,	there	is	an	early	tendency	by	patients	for	denial
of	the	existence	of	any	problems.	Any	neurologic	or	cardiorespiratory	symptoms
after	diving	must	be	assumed	to	relate	to	AGE	or	DCS	until	proven	otherwise.

Stabilization
Nonspecific	therapy	may	help	to	stabilize	the	patient	and	prevent	an	extension	of
injury.	 Immediate	 institution	 of	 cardiopulmonary	 resuscitation	may	 be	 needed,
and	 it	 takes	 precedence	 over	 all	 other	 measures.	 Endotracheal	 intubation	 is
sometimes	necessary	to	ensure	patency	and	protection	of	the	airway.	All	balloon
cuffs	 (endotracheal	and	Foley)	should	be	 inflated	with	sterile	water	 rather	 than
air	 to	 minimize	 the	 volume	 changes	 of	 these	 compartments	 during
recompression	therapy.

When	AGE	is	suspected,	most	authorities	recommend	the	flat,	supine	position
initially.	 If	 the	 patient	 is	 unconscious	 or	 vomiting,	 the	 left	 lateral	 decubitus
(Durant)	position	is	also	recommended.	The	Trendelenburg	position	is	no	longer
advocated	 with	 the	 concern	 that	 maintaining	 this	 body	 position	 for	 extended
periods	 may	 worsen	 any	 associated	 cerebral	 edema,	 and	 the	 knowledge	 that
keeping	the	head	lower	than	the	heart	does	not	prevent	migration	of	bubbles	into
the	 cerebral	 circulation	 unless	 the	 patient	 is	 in	 total	 circulatory	 arrest	 or	 an
extremely	low-output	state.1

9 	Once	any	life-threatening	concerns	have	been	addressed,	administration	of
100%	O2	 and	 the	maintenance	 of	 intravascular	 volume	 become	 the	 next	most
important	features	of	treatment	while	arranging	transport	to	a	hyperbaric	facility.
The	 100%	 O2	 can	 be	 delivered	 intermittently	 or	 continuously	 for	 extended
periods	 (generally	 up	 to	 12	 hours)	 without	 serious	 concern	 for	 any	 resulting
significant	 pulmonary	 toxicity.	 The	 high	 fraction	 of	 inspired	 O2	 is	 used	 to
alleviate	any	tissue	hypoxia	and	to	provide	a	strong	concentration	gradient	that
will	wash	out	as	much	inert	gas	as	rapidly	as	possible.	Note	that	if	the	symptoms
of	AGE	or	DCS	 resolve	 or	 are	 improved	 after	 breathing	100%	O2,	 the	 patient
will	still	require	recompression	therapy.

As	 a	 result	 of	 capillary	 endothelial	 injury,	 the	 more	 severe	 the	 DCS
syndrome,	the	greater	the	magnitude	of	plasma	leakage	from	the	vascular	space,
the	reduction	in	blood	volume,	and	the	resultant	hemoconcentration.1	 Increased
blood	 viscosity	 resulting	 from	 hemoconcentration	 may	 further	 impair	 any
compromised	microcirculation;	 therefore,	 normovolemia	 should	 be	 the	 goal	 of
infusion	therapy.	Fluids	should	be	administered	to	all	individuals	suffering	from



DCS	 except	 for	 cardiopulmonary	 DCS	 (“the	 chokes”)	 owing	 to	 concerns	 for
exacerbating	 any	 pulmonary	 edema	 injury.	 In	 addition,	 because	 patients	 who
suffer	AGE	are	typically	less	dehydrated	than	those	with	DCS	and	because	CNS
injury	in	AGE	may	be	complicated	by	cerebral	edema,	care	should	be	taken	not
to	 overload	 the	 patient	 with	 AGE.	 Intravascular	 volume	 maintenance	 can	 be
achieved	with	isotonic	fluids	given	at	a	rate	sufficient	to	keep	the	urine	output	at
0.5	 to	1	mL/kg/h	or	more,	and	 is	 recommended	for	patients	who	are	vomiting,
unconscious,	 or	 having	 any	 symptoms	 more	 severe	 than	 isolated	 limb	 bends.
Glucose-containing	solutions	are	probably	best	avoided	in	the	first	12	hours	after
suspected	cerebral	embolization	because	an	increased	serum	glucose	level	is	one
of	 the	 major	 determinants	 of	 the	 brain’s	 lactate	 production,	 which	 has	 been
associated	 with	 increased	 neuronal	 damage	 in	 the	 ischemic	 state.1	 Conscious
patients	may	be	given	judicious	amounts	of	oral	liquids,	such	as	nonacidic	fruit
juices	or	balanced	electrolyte	solutions.	Alcohol-containing	beverages	should	be
strictly	avoided.

When	the	diagnosis	of	cerebral	air	embolism	is	evident	on	clinical	grounds,
comprehensive	 diagnostic	 testing	 is	 not	 necessary.	 Diagnostic	 testing	 should
never	delay	transport	to	a	facility	equipped	to	provide	HBO	therapy	or	initiation
of	this	specific	therapy.	If	HBO	is	not	immediately	available,	a	noncontrast	head
computed	tomography	scan,	chest	radiography,	and	an	ECG	should	be	obtained
while	awaiting	transport.	If	time	avails	or	pneumothorax	is	clinically	suspected,
the	 chest	 radiograph	 or	 bedside	 ultrasonography	 should	 be	 completed
expeditiously.	 An	 unrecognized	 or	 untreated	 pneumothorax	 could	 be	 fatal	 if
exposed	 to	 HBO.	 For	 coma	 as	 a	 result	 of	 AGE	 or	 DCS,	 the	 head	 computed
tomography	will	typically	reveal	multiple,	small,	well-defined,	low-density	areas
in	 the	 brain.	Head	 computed	 tomography	 scanning	 is	 also	 useful	 in	 ruling	 out
possible	 correctable	 causes	 of	 intracerebral	 bleeding.	 Magnetic	 resonance
imaging	 and	 single-photon	 emission	 tomography	 techniques,	 where	 available,
are	 likewise	 potentially	 useful	 to	 document	 the	 presence	 of	 cerebral	 gas
collections.	 Because	 these	 tests	 are	 highly	 insensitive,	 negative	 studies	 alone
should	 never	 deny	 patients’	 access	 to	HBO	 therapy	 in	 the	 appropriate	 clinical
situation.

Patient	Transport
When	air	evacuation	is	necessary	to	transfer	a	patient	to	a	recompression	facility,
it	is	of	utmost	importance	that	the	patient	not	be	exposed	to	any	further	decreases
in	barometric	pressure,	as	occurs	with	 travel	at	 increasing	altitudes.	 In	general,
unless	the	aircraft	 is	capable	of	maintaining	a	cabin	pressure	equivalent	to	sea-



level	 pressure,	 flight	 altitude	 should	 not	 exceed	 500	 to	 1000	 ft.	 above	 the
departure	point	because	deaths	have	resulted	from	exposure	to	altitudes	of	only
4000	 to	 5000	 ft.1,18	 It	 is	 believed	 to	 be	 preferable	 to	 await	 the	 arrival	 of	 a
pressurized	transport	than	to	risk	exposing	a	patient	with	DCS	or	AGE	to	further
hypobaric	insult.

To	obtain	a	listing	of	the	nearest	recompression	facility	as	well	as	advice	on
treatment	 options	 from	 a	 medical	 diving	 specialist	 on	 a	 24-hour	 emergency
basis,	 contact	 the	 Divers	 Alert	 Network	 (DAN)	 Emergency	 Hotline	 at	 Duke
University	 at	 (919)684-9111.	 For	 nonemergency	 questions	 during	 regular
business	hours,	contact	the	DAN	Medical	Information	Line	at	(919)684-2948.

Adjunctive	Therapy
To	 date,	 other	 than	 supplemental	O2,	 there	 are	 no	 drugs	 of	 proven	 benefit	 for
treating	DCS	or	AGE.	There	is	an	unfortunate	paucity	of	randomized	controlled
trials	 to	 guide	 treatment	 options.	 Several	 agents	 are	 used	 frequently,	 but	 this
therapy	 is	primarily	based	on	expert	opinion	and	 limited	 trials	 involving	 small
numbers	of	animal	and	human	subjects.1,19	As	noted	previously,	 there	are	some
small	but	important	differences	in	the	recommendations	for	adjunctive	therapies
between	AGE	and	DCS,	and	these	will	be	briefly	addressed	here.

Steroids
Steroids	are	no	longer	recommended	for	the	treatment	of	AGE	or	DCS.20

Lidocaine
Lidocaine	 could	 be	 considered	 for	 cerebral	 AGE	 or	 DCS	 but	 is	 not	 routine
therapy.	Clinical	 evidence	has	mixed	 support	 its	use	 for	 the	 treatment	of	AGE
via	 reduced	 cerebral	 metabolism	 and	 stabilization	 of	 neural	 membranes	 by
decreasing	the	flux	of	sodium	and	potassium.2	A	randomized	double-blind	study
initially	 showed	 neuropsychological	 outcomes	 improved	 in	 cardiac	 surgery
patients	 given	 48	 hours	 of	 lidocaine,	 but	 the	 same	 group’s	 follow-up	 study
showed	 no	 benefit	 to	 a	 12-hour	 lidocaine	 infusion.21	 This	 is	 in	 line	 with	 a
retrospective	 cohort	 of	 divers	 with	 neurological	 decompression	 illness,	 whose
authors	 found	 no	 effects	 of	 lidocaine	 on	 outcomes.22	 If	 administering,	 dose
reduction	 is	 appropriate	 for	 patients	 with	 hypotension,	 cardiac	 arrest,	 or	 heart
failure.	 Supratherapeutic	 doses	 may	 be	 associated	 with	 paresthesias,	 ataxia,
arrhythmias,	and	seizures.



Diazepam
Intravenous	diazepam	is	effective	in	the	control	of	seizures,	severe	agitation,	and
the	 intractable	 vomiting	 resulting	 from	 “the	 staggers.”	 Commonly	 a	 5-mg
intravenous	 bolus	 given	 over	 3	minutes	 and	 then	 repeated	 every	 5	minutes	 as
needed	 (maximum	 dose,	 20-30	 mg)	 to	 control	 seizures.	 The	 intravenous
preparation	may	be	given	 rectally	 to	 adults	 in	 a	dose	of	7.5	 to	10	mg	every	5
minutes	as	needed.	Diazepam	 is	not	 recommended	prophylactically	 in	AGE	or
DCS	because	of	 its	 sedative	qualities	 in	masking	 a	neurological	 exam,	muting
evaluations	 of	 ongoing	 therapies	 or	 developing	 CNS	 toxicity.	 Generalized
seizures	 unresponsive	 to	 benzodiazepine	 therapy	 may	 be	 suppressed	 with
barbiturates.1,19

Anticoagulants
Anticoagulants	 should	not	be	used	 routinely	 in	 the	 treatment	of	AGE	or	DCS.
Prophylactic	anticoagulation	for	 the	critical	 ill	or	patients	suffering	from	lower
extremity	weakness	or	paralysis	 is	appropriate.	This	must	be	balanced	with	the
risk	 of	 any	 ongoing	 bleeding.	 Intermittent	 pneumatic	 compression	 is	 a	 less
effective	alternative	for	preventing	DVT.2

Aspirin	and	Other	Nonsteroidal	Anti-inflammatories
Routine	use	of	 agents	with	 antiplatelet	 effects	 is	 not	 recommended	 in	AGE	or
DCS	owing	to	concerns	for	worsening	any	neurological	hemorrhage.

Antipyretic	Therapies
Any	AGE	or	DCS	with	evidence	of	brain	or	 spinal	 cord	 injury	 should	 receive
aggressive	 treatment	 for	 elevated	 body	 temperature	 to	 prevent	 further
neurological	insult.

Hyperbaric	Therapy
Hyperbaric	 therapy	 involves	 exposure	 to	 prolonged	 periods	 of	 higher	 than
atmospheric	pressure;	it	specifically	treats	AGE	and	DCS.1,2,23	Anecdotal	reports
of	success	in	isobarically	occurring	AGE	lends	credence	to	the	recommendation
for	 early	 consideration	 of	 HBO	 therapy	 for	 any	 suspected	 cerebral	 gas
embolism.1	Many	 treatment	protocols	have	been	proposed,24,25	 and	none	would
be	expected	to	be	fully	efficacious	and	life	sustaining	for	all	cases.	As	of	2021,
no	 randomized	 controlled	 human	 studies	 exist	 that	 compare	 these	 different
treatments.	 A	 review	 of	 the	 pertinent	 literature	 on	 humans	 since	 the	 1960s



reveals	 a	 decrease	 in	 cerebral	 air	 embolism	mortality	 from	 93%	 for	 those	 not
receiving	therapy	to	28%	to	33%	with	closed-chest	massage	and	“conventional
therapy,”	 and	 then	 to	 7%	 with	 addition	 of	 HBO,1	 and	 would	 seem	 to	 argue
strongly	for	this	modality	for	AGE.

Fully	 80%	 to	 90%	of	 all	 patients	with	DCS	or	AGE	 effectively	 respond	 to
recompression	 therapy.1,6,25	 Although	 there	 is	 generally	 an	 inverse	 relationship
between	delay	 to	 treatment	and	complete	symptom	resolution,	 the	use	of	HBO
for	AGE	and	DCS	even	after	more	than	24	hours	should	be	considered.	Delays
of	 initiating	 recompression	 therapy	 for	 up	 to	 10	 days	 have	 been	 anecdotally
reported	 in	 the	 literature	 to	 be	 successful	 in	 up	 to	 90%	 of	 these	 patients.1
Recompression	treatments	may	be	repeated	as	needed	until	symptoms	resolution
or	until	improvement	reaches	a	plateau.2,6	Approximately	40%	of	injured	divers
show	 complete	 resolution	 after	 the	 first	 treatment	 and	 only	 20%	 require	more
than	three	rounds	of	recompression	therapy.2,6

The	mechanism	of	action	of	HBO	therapy	involves	a	decrease	in	volume	of
any	 gas-filled	 spaces	 and	 resorption	 of	 bubbles	 into	 body	 fluids.	 This	 process
presumably	 results	 in	 a	 diminution	 of	 tissue	 distortion,	 resolution	 of	 vascular
compromise,	 and	 reduced	 bubble-endothelial	 surface	 contact.	 HBO	 therapy
should	be	undertaken	for	at	least	4	hours	because	elimination	of	bubbles	may	be
reduced	 in	 areas	 of	 poor	 flow	 where	 sludging	 and	 edema	 exist.1	 It	 must	 be
remembered	 that	 recompression	 acts	 only	 on	 the	 primary	 cause	 and	 not
necessarily	 on	 the	 resulting	 secondary	 effects	 (eg,	 endothelial	 dysfunction,
activation	of	the	inflammatory	cascade).

Hyperoxygenation	 results	 from	 a	 markedly	 enhanced	 arterial	 O2	 content,
primarily	 from	 O2	 dissolving	 more	 readily	 into	 the	 plasma.	 Although	 the
oxyhemoglobin	 dissociation	 curve	 remains	 unchanged,	 the	 arterial	 partial
pressure	 of	 O2	 may	 reach	 2000	 mm	 Hg	 on	 a	 fractional	 inspired	 oxygen
concentration	 of	 100%	 and	 an	 ambient	 pressure	 of	 3	 ATA.1,26	 In	 the	 clinical
setting,	 these	high	plasma	O2	 concentrations	 are	 never	 transmitted	 fully	 to	 the
tissue	 level	 as	 a	 result	 of	 progressive	 arteriolar	 vasoconstriction	both	 from	 the
disease	process	and	the	increasing	O2	concentration	itself.	Local	tissue	perfusion
is	 still	 sufficient	 to	 cause	 supranormal	 tissue	 partial	 pressure	 of	 O2	 levels	 of
approximately	500	mm	Hg.	HBO	allows	the	delivery	of	nearly	60	mL	of	oxygen
per	 L	 of	 blood	 (vs	 3	 mL	 per	 L	 at	 atmospheric	 pressure),	 a	 rate	 sufficient	 to
support	resting	tissues	just	on	the	basis	of	the	O2	dissolved	in	solution	alone.	In
practice,	 the	 physiological	 effects	 of	 high	 concentrations	 of	 O2	 to	 induce
generation	of	O2	free	radicals	and	pulmonary	O2	toxicity	necessitates	that	periods



of	 hyperoxygenation	 alternate	 with	 periods	 of	 lower	 fraction	 of	 inspired	 O2

breathing	to	avoid	potentially	severe	complications.1,2,24,26
Opinions	vary	regarding	the	optimal	hyperbaric	regimen	for	AGE	and	DCS	in

terms	 of	 the	 simulated	 depth	 required,	 recompression	 time	 necessary,	 and
inspired	 gas	 concentrations	 used.	 Common	 recompression	 guidelines	 in	 use
include	 US	 Navy	 Treatment	 Tables	 5,	 6	 and	 6A.1,2,24	 Other	 popular
recompression	 tables	 in	 use	 worldwide	 include	 COMEX	 Table	 30	 and	 Royal
Navy	Tables	71	and	72.6

Hyperbaric	 treatment	 recommendations	 for	 DCS	 are	 loosely	 based	 on	 the
general	 category	 of	 illness	 patterns	 described	 previously.1,2,24	 In	 general,	 those
patients	with	“pain-only”	DCS	(except	for	cutis	marmorate)	are	generally	more
stable,	 therefore	 more	 time	 is	 available	 to	 perform	 a	 detailed	 physical
examination	 before	 chamber	 treatment.	 Emphasis	 should	 be	 placed	 on	 the
neurologic	 examination	 so	 that	 serial	 examinations	 and	 subtle	 findings	 can	 be
used	 to	 monitor	 the	 response	 to	 therapy.	 If	 DCS	 subjects	 have	 complete
symptom	relief	within	the	first	10	minutes	of	recompression	at	a	pressure	of	2.8
ATA	 (equivalent	 to	 60	 ft	 seawater),	 US	 Navy	 Treatment	 Table	 5	 (basically	 a
shortened	version	of	US	Navy	Table	6)	is	appropriate.2

Subjects	with	DCS	with	 an	 inadequate	 response	 to	 initial	 recompression	 at
2.8	 ATA,	 the	 presence	 of	 cutis	marmorate	 or	 any	 neurologic	 abnormality,	 no
matter	how	subtle	 (ie,	DCS	or	AGE),	 requires	 initial	 treatment	according	 to	at
least	US	Navy	Treatment	Table	6	Table	177.5.2

TABLE	177.5

Depth	and	Time	Profiles	for	US	Navy	Treatment	Table	6

Simulated
Depth	(ft)

Time
(min)

Breathing
Medium

Total	Elapsed	Time
(h:min)

6

(0-60) (3) (Oxygen) 0:03

60 20 Oxygen 0:23

60 5 Air 0:28

60 20 Oxygen 0:48



60 5 Air 0:53

60 20 Oxygen 1:13

60 5 Air 1:18

60–30 30 Oxygen 1:48

30 15 Air 2:03

30 60 Oxygen 3:03

30 15 Air 3:18

30 60 Oxygen 4:18

30-0 30 Oxygen 4:48

Extensive	 clinical	 experience	 has	 found	 no	 objective	 benefits	 to	 starting
recompression	 at	 levels	 greater	 than	 2.8	 ATA.1,24	 Consensus	 opinion	 now
recommends	that	subjects	experiencing	DCS	or	AGE	who	have	an	improvement
of	symptoms	within	 the	first	O2	breathing	period	(20	minutes)	should	continue
recompression	therapy	using	Treatment	Table	6.2	If,	instead,	these	same	subjects
have	 symptoms	 that	 are	 unchanged	 or	 worsen	 within	 20	 minutes	 of
recompression	 on	 air	 at	 2.8	 ATA,	 additional	 recompression	 on	 air	 to	 a	 depth
equivalent	to	cause	symptom	relief	or	significant	improvement	(not	to	exceed	6
ATA	 or	 165-feet	 seawater	 pressure)	 is	 performed.	 These	 subjects	 then	 follow
Treatment	Table	 6A.2	 For	 patients	who	 do	 not	 respond	 adequately	 to	 standard
protocols,	 extension	 periods	 or	 change	 to	 other	 established	 protocols	might	 be
indicated	and	are	decided	on	an	individual	basis.1,2,24

Prevention
An	effort	to	minimize	the	occurrence	of	DCS	is	the	cornerstone	of	therapy,	while
limited,	these	would	include	(a)	following	prescribed	“no-decompression”	limit
diving	 profiles	 that	 factor	 in	 the	 duration	 of	 time	 spent	 at	 specific	 depths	 and
duration	 of	 surface	 intervals	 between	 repetitive	 dives;	 (b)	 limiting	 ascent	 rates
from	 depth	 to	 speeds	 slower	 than	 the	 ascent	 rate	 of	 the	 diver’s	 exhaled	 air
bubbles;	and	 (c)	avoiding	any	hypobaric	 insults	 in	 the	postdive	period	with	no
flying	for	at	least	12	hours	for	all	divers,	delay	in	flying	for	24	hours	or	more	if	a
dive	 profile	 included	 any	 mandatory	 decompression	 stops,	 and	 finally,	 flying



should	be	prohibited	for	at	least	72	hours	after	recompression	therapy	has	been
administered	for	DCS	or	AGE.	As	alluded	to	earlier,	hypobaric	stresses	in	these
instances	 may	 result	 in	 new	 onset	 of	 one	 of	 these	 syndromes	 or	 for	 the
recurrence	of	one	of	these	previously	treated	disorders.

Research	is	underway	to	evaluate	 the	potential	preventative	roles	of	predive
aerobic	 exercise,27,28	 during-dive	 exercise,29,30	 exogenous	 nitric	 oxide,28,31	 and
predive	 hyperbaric	 O2.32,33	 These	 preconditioning	 agents	 are	 hypothesized	 to
upregulate	 endogenous	 antioxidants,	 moderate	 inflammatory	 injury,	 and/or
inhibit	 reperfusion	 injury.	 All	 studies	 have	 noted	 the	 existence	 of	 substantial
variability	 among	 individual’s	 degree	 of	 bubble	 formation	 and	 the	 resultant
incidence	of	DCS.

The	 higher-than-expected	 incidence	 of	 PFO	 among	 divers	 with	 severe	 or
unexplained	DCS	suggests	an	increased	risk	for	DCS	in	the	presence	of	a	PFO
and	 raises	 the	 question	 that	 PFO	 closure	 procedures	 may	 represent	 another
possible	 avenue	of	 prevention	of	AGE	and	DCS.	While	 it	 has	 been	 shown	by
small	 studies	 that	 PFO	 closure	 can	 decrease	 or	 eliminate	 the	 arterialization	 of
VGE,34	 available	 data	 do	 not	 confirm	 that	 PFO	 closure	 procedures	 reduce	 the
incidence	 of	 DCS.17,34,35	 Further,	 the	 risk-benefit	 assessment	 for	 surgical	 or
catheter-delivered	PFO	closure	procedures	is	still	debated.	The	reported	risk	for
serious	complications	from	PFO	closure	procedures	is	estimated	at	1%	or	higher,
which	 is	 an	 order	 of	 magnitude	 greater	 than	 the	 risk	 of	 DCS	 or	 AGE	 for
recreational	 divers.	Current	 consensus	 is	 that	 routine	 screening	 for	 PFO	 is	 not
warranted	 for	 the	 general	 diving	 population.	 Screening	 (following	 a	 strict
protocol)	can	be	considered	for	certain	high-risk	subgroups	for	DCS	or	AGE	(eg,
those	 with	 prior	 DCS	 or	 AGE	 events;	 family	 history	 of	 PFO	 or	 atrial	 septal
defect;	divers	who	perform	heavy	exertions	at	deeper	depths	or	repetitive	dives).
PFO	 closure	 can	 be	 offered	 on	 an	 individual	 basis	 for	 those	 who	 desire	 to
continue	higher	risk	dive	profiles.	Avoidance	of	risk	is	generally	a	better	option
than	attempts	at	risk	mitigation	or	cure	after	the	fact.

Conclusion
It	is	important	to	emphasize	that	divers	perform	safe	decompressions	millions	of
times	each	year.	For	most,	this	process	involves	only	a	slow	ascent	after	a	short-
duration	 dive.	 Others	 may	 require	 staged	 ascents,	 with	 one	 or	 more	 stops	 at
intermediate	 depths	 to	 give	 more	 time	 for	 N2	 elimination.	 Still	 others	 require
planned	 periods	 of	 chamber	 recompression	 after	 diving	 to	 prevent	 DCS.	 The
overall	safety	of	decompression	exposures	has	improved	with	experience	and	the
use	of	preventive	measures.	Safe	decompression	 is,	by	 far,	 the	 rule	 rather	 than



the	 exception.	 However,	 vigilance	 remains	 paramount	 to	 efficiently	 recognize
the	life-threatening	exceptions.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	58-year-old	man	is	admitted	to	the	intensive	care	unit	with	septic	shock
requiring	intravenous	vasopressor	support.	You	are	called	urgently	to	the	bedside
when	one	of	the	central	venous	catheter	ports	of	his	internal	jugular	line	is	found
open	to	air	with	the	patient	sitting	in	an	upright	position.	You	immediately
connect	a	sterile	one-way	valve.	Compared	to	your	prior	physical	exam,	his
mental	state	is	increasingly	somnolent,	his	lungs	remain	clear,	but	there	is	a	new
rhythmic	churning	sound	heard	best	at	the	left	sternal	border.	Vasopressor
requirements	are	increasing.	Which	of	the	following	is	the	most	appropriate	next
best	step	in	management?

A. 	Bedside	transthoracic	echocardiogram
B. 	Increase	mean	arterial	blood	pressure	goal	to	greater	than	90	mm	Hg
C. 	Remove	central	venous	catheter
D. 	Turn	patient	left	lateral	decubitus

2. 	What	is	the	most	common	cause	of	hemodynamically	significant	venous
gas	embolism?

A. 	Central	venous	line	removal
B. 	Insertion	of	peripherally	inserted	central	catheter
C. 	Rapid	decompression	from	SCUBA	diving
D. 	Transthoracic	echocardiogram	studies	(TTE)	using	agitated	saline

3. 	A	26-year-old	man	with	a	history	of	moderate	persistent	asthma	travels
from	Vail,	CO	(altitude	11,500	ft)	where	he	works	as	a	ski	instructor,	to
Cozumel,	Mexico	(sea	level)	for	a	weekend	of	recreational	scuba	diving.	He	is
adherent	and	well	controlled	on	his	prescribed	asthma	inhaler	regimen.	His	first
dive	to	60	ft	lasts	30	minutes	with	subsequent	staged	stops	on	ascent	following	a
“no-decompression”	profile	is	without	incident.	After	45	minutes	on	the	surface,
he	performs	another	“no-decompression”	dive	to	40	ft	that	is	expected	to	last	30
minutes.	After	only	10	minutes	at	depth,	he	unexpectedly	surfaces	rapidly



reporting	an	equipment	malfunction.	On	exiting	the	water,	he	initially	reports	no
unusual	symptoms.	Over	the	course	of	the	next	5	minutes,	he	develops	dizziness;
shortness	of	breath;	cough	with	frothy,	blood-tinged	sputum;	and	retrosternal
respirophasic	chest	pain.	Which	of	the	following	is	the	most	likely	diagnosis?

A. 	Acute	pulmonary	embolism	from	his	prolonged	plane	trip
B. 	Arterial	gas	embolism
C. 	Status	asthmaticus	triggered	by	exertion	at	depth	while	breathing	dry,
cold	tank	air
D. 	Type	I	decompression	sickness

Answers

1.	The	correct	answer	is	D.
Rationale:	The	mill-wheel	murmur	is	a	splashing	or	churning	sound	from	the

agitation	 of	 gas	 and	 fluid	 in	 a	 trapped	 space,	 a	 unique	 clinical	 sign	 to
hydropneumopericardium	and	suggestive	of	venous	gas	embolism	in	this	clinical
situation.	 Immediate	 management	 includes	 turning	 the	 patient	 to	 left	 lateral
decubitus	in	an	attempt	to	localize	the	entrapped	gas	embolism	to	the	apex	of	the
heart	 and	 hopefully	 relieving	 any	 obstruction	 to	 the	 pulmonary	 artery	 outflow
(choice	D	 is	 correct).	Arrangements	 should	 be	made	 for	 beginning	 hyperbaric
oxygen	 therapy	as	soon	as	possible.	Doppler	may	 identify	a	gas	 fluid	 interface
and	 gas	 visualized	 in	 the	 pulmonary	 artery	 likewise	 can	 be	 pathognomonic	 of
pulmonary	venous	gas	embolism	but	should	not	be	routinely	obtained	as	it	may
delay	 care	 (choice	A	 is	 not	 the	 best	 answer).	More	 controversial	 interventions
include	 closed	 chest	 compressions	 or	 aspiration	 maneuvers	 to	 remove	 the
entrapped	gas.	Prevention	is	the	cornerstone	of	therapy,	with	proper	positioning
and	 technique	 during	 central	 line	 insertion	 and	 removal	 being	 paramount.
Raising	 the	 MAP	 or	 removing	 the	 catheter	 now	 would	 not	 help	 the	 patient
(choices	B	and	C	are	incorrect).

2.	The	correct	answer	is	A.
Rationale:	Venous	gas	embolism	 is	 a	 frequent	 and	possible	complication	of

central	line	manipulation,	insertion,	and	removal	(choice	A	is	correct).	Properly
placed	 PICCs	 are	 unlikely	 to	 instill	 air	 into	 the	 venous	 system	 (choice	 B	 is
incorrect)	 but	 manipulation	 after	 placement	 certainly	 could.	 Decompression
sickness	 is	more	commonly	associated	with	arterial	gas	embolism	(choice	C	 is
incorrect).	Rapid	infusion	of	more	than	100	milliliters	of	air	can	be	fatal,	but	the



amount	 instilled	 during	 TTE	 with	 agitated	 saline	 is	 negligible	 (choice	 D	 is
incorrect).

3.	The	correct	answer	is	B.
Rationale:	 This	 clinical	 scenario	 is	 highly	 suspicious	 for	 a	 dysbaric	 arterial

gas	embolism	(AGE)	given	his	uncontrolled	ascent	from	depth	and	rapid	onset
of	symptoms	after	hyperbaric	exposures	(choice	B	is	correct).	This	is	a	medical
emergency	 and	 requires	 prompt	 stabilization	 and	 evaluation	 for	 hyperbaric
treatment.	Type	I	decompression	sickness	(DCS)	(“the	bends”)	 is	characterized
generally	 by	 limb	 and	 joint	 pains	 and	 not	 symptoms	 of	 potential	 pulmonary,
nervous,	 or	 cardiovascular	 organ	 system	 dysfunction	 (choice	 D	 is	 incorrect).
Type	 II	 DCS	 has	 cardiopulmonary	 or	 neurological	 symptoms.	While	 both	 PE
and	status	asthmaticus	could	present	with	 the	aforementioned	 listed	symptoms,
they	should	be	much	less	likely	in	the	described	clinical	setting	and	would	be	of
lesser	diagnostic	concern	for	 immediate	management	 (choices	A	and	C	are	not
the	best	answers).	Not	listed	as	answer	choices,	but	both	high	altitude	pulmonary
edema	 (HAPE)	 and	 immersion	 pulmonary	 edema	 could	 occur	 during	 these
exposures.	 However,	 these	 would	 be	 expected	 to	 improve	 upon	 return	 to	 the
surface.	 Any	 neurologic	 or	 cardiorespiratory	 symptoms	 after	 diving	 must	 be
assumed	to	relate	to	AGE	or	DCS	until	proven	otherwise.
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Chapter	178
Acute	Inhalational	Injuries
Anna	Nolan,	Sophia	Kwon,	Michael	D.	Weiden,	Lawrence	C.	Mohr,	David
J.	Prezant

KEY	POINTS:
1.	 Acute	inhalation	injuries	are	often	multifactorial.
2.	 When	trying	to	diagnose	the	of	acute	inhalational	injury,	situational

awareness	is	needed	of	potential	acute	inhalational	injuries.
3.	 A	careful	understanding	of	occupational	exposure	is	key	to

optimizing	diagnosis	and	tailoring	treatment	of	acute	inhalational
injuries.

4.	 The	physical	state	in	the	inhaled	agents	is	important	to	understand
and	take	into	account	during	diagnosis	and	treatment	of	acute
inhalational	injury.

5.	 When	identifying	and	treating	acute	inhalational	injuries,	it	is
important	to	understand	the	mechanism	of	possible	injury.

6.	 Consider	continuing	close	observation	even	in	cases	where
presenting	signs	and	symptoms	of	disease	are	limited	in	acute
inhalational	injuries.

7.	 Consider	novel	contributors	of	acute	inhalational	injuries	such	as	e-
cigarette	or	vaping	product	use–associated	lung	injury	(EVALI).

8.	 Long-term	effects	of	acute	inhalational	injuries	are	varied	and	can
affect	multiple	end	organs.

9.	 The	longitudinal	monitoring	of	those	that	have	been	impacted	by
acute	inhalational	injuries	is	important	to	improve	our	understanding
of	possible	long-term	health	effects.



INTRODUCTION
1123	 Acute	 inhalation	 injury	 is	 often	 multifactorial	 in	 its	 causes.	 Globally,
industrial	 processes	 that	 often	 require	 chemicals	 are	 key	 to	 economic	 activity
worldwide	and	are	integral	to	many	economies.	Owing	to	the	close	proximity	of
these	 industries,	 communities	 must	 be	 equipped	 to	 medically	 manage	 acute
exposures.	When	inhaled,	many	have	the	potential	to	cause	asphyxiation	or	life-
threatening	 acute	 lung	 injury.	Although	 recent	 events	 have	 increased	 concerns
that	 toxic	 gases	 may	 be	 used	 as	 weapons	 of	 mass	 destruction,	 accidental
exposures	remain	the	greatest	health	threat.1	Individuals	may	be	exposed	to	the
accidental	 release	 of	 toxic	 gases	 from	 the	 workplace2	 or	 to	 the	 general
environment,	 including	 the	 home.1	 Situational	 and	 occupational	 awareness	 are
key	variables	that	must	be	taken	into	account.

Smoke	 inhalation	 is	 another	 major	 cause	 of	 acute	 inhalational	 injury.3
Thousands	of	 individuals	 are	 smoke	 inhalation	victims	 each	year,	 having	been
exposed	to	toxic	gases	and	airborne	particulate	matter	(PM)	from	the	burning	of
a	 variety	 of	 materials.4	 Smoke	 inhalation	 commonly	 occurs	 as	 a	 result	 of
industrial,	 residential,	 and	 more	 recently	 wild	 fires.	 In	 addition	 to	 PM,
components	of	smoke	include	carbon	monoxide	(CO),	hydrogen	cyanide	(HCN),
hydrogen	 chloride,	 acrolein,	 sulfur	 dioxide,	 phosgene,	 and	 other	 toxic,	 irritant
gases5-7	(Table	178.1).

TABLE	178.1

Toxic	Products	of	Combustion	in	Residential	Fires

Acetaldehyde Hydrogen	fluoride

Acrolein Hydrogen	sulfide

Ammonia Isocyanates

Carbon	monoxide Metals	(Pb,	Zn,	Mn,	Cd,	Co)

Chlorine Oxides	of	nitrogen

Hydrogen	chloride Phosgene

Hydrogen	cyanide Sulfur	dioxide



4 	Toxic	 agents	 can	be	 inhaled	 in	 several	physical	 states,	which	may	 impact
the	mechanical	methods	 of	 injury.	A	 gas	 at	 standard	 temperature	 and	 pressure
has	 the	 ability	 for	 its	molecules	 to	 diffuse	 freely	 and	 be	 distributed	 uniformly
throughout	any	container.	The	density	of	a	gas	is	expressed	relative	to	air	and	is
affected	 by	 temperature	 and	 pressure.	 Gases	 that	 are	 denser	 than	 air	 will
typically	 gravitate	 to	 low	 areas.	 Cold	 gases	 are	 denser	 than	 the	 same	 gas	 at
higher	 temperatures.	A	vapor	 is	 a	 substance	 in	 the	gaseous	 state	 that	 normally
exists	 as	 a	 liquid	 or	 solid	 and	 is	 formed	when	 a	 substance	 is	 heated	 above	 its
critical	 temperature,	 which	 is	 the	 temperature	 at	 which	 it	 cannot	 be	 liquefied
regardless	 of	 the	 amount	 of	 pressure.	 A	 fog	 is	 a	 liquid	 aerosol	 formed	 by
condensation	 of	 a	 substance	 from	 a	 gaseous	 to	 a	 liquid	 state.	 Dusts	 are	 fine
particles	of	a	solid	organic	or	an	inorganic	material	which	are	small	enough	to	be
airborne,	typically	ranging	from	0.1	to	25.0	μm	in	diameter.	Fumes	are	fine	solid
particles	(range	from	0.001	to	1.0	μm	in	diameter)	that	are	dispersed	into	the	air
by	 the	 combustion	 or	 melting	 of	 solid	 materials,	 particularly	 metals.	 Smoke
consists	 of	 airborne	 particles	 resulting	 from	 the	 incomplete	 combustion	 of
organic	 materials.	 These	 particles	 either	 contain	 or	 are	 coated	 with	 multiple
chemical	substances	resulting	from	combustion	and	range	in	size	from	less	than
0.3	μm	to	greater	than	10	μm	in	diameter.

The	 nature	 of	 the	 acute	 injury	 will	 depend	 on	 the	 chemical	 and	 physical
properties	of	the	inhaled	toxicant,	the	pathophysiological	mechanisms	by	which
the	toxicant	causes	injury,	the	dose	received,	and	whether	prior	cardiopulmonary
disease	 exists.	 This	 chapter	 focuses	 on	 the	 diagnosis,	 end-organ	 effects,	 and
treatments	 of	 acute	 inhalational	 injuries	 resulting	 from	 asphyxiant	 gases,	 toxic
irritant	gases,	smoke,	and	vapors.

ASPHYXIANT	GASES

Background
5 	 Asphyxiants	 cause	 tissue	 hypoxia	 and	 are	 classified	 by	 their	 toxicity
mechanism	as	either	simple	or	chemical.	Simple	 asphyxiants	displace	or	dilute
oxygen	 in	 the	 ambient	 atmospheric	 air,	 causing	 a	 decrease	 in	 the	 fraction	 of
oxygen	in	inspired	air	(FiO2).	Chemical	asphyxiants,	on	the	other	hand,	interfere
with	physiological	processes	associated	with	the	uptake,	transport,	or	utilization
of	 oxygen.	 Simple	 asphyxiants	 include	 common	 gases	 such	 as	 carbon	 dioxide
(CO2),	 natural	 gas,	 propane,	 methane,	 nitrogen,	 and	 acetylene.	 They	 may	 be



lighter	or	heavier	than	air	(Table	178.2).	Simple	asphyxiants	that	are	lighter	than
air	accumulate	and	displace	oxygen	in	higher	areas	first,	whereas	those	that	are
heavier	 than	 air	 accumulate	 and	 displace	 oxygen	 in	 low-lying	 areas	 first.
Chemical	 asphyxiants	 can	 be	 further	 characterized	 as	 those	 that	 decrease
oxygen-carrying	capacity,	such	as	CO,	and	those	that	 inhibit	oxygen	utilization
by	cells,	such	as	HCN	(Table	178.3).	Pathobiology	of	the	inhalation	of	the	most
common	asphyxiants	is	discussed	in	the	subsequent	sections.

TABLE	178.2

Simple	Asphyxiants

Heavier	than	Air Lighter	than	Air

Argon Acetylene

Butane Ethylene

Carbon	dioxide Methane

Ethane Neon

Natural	gas Nitrogen

Propane

TABLE	178.3

Chemical	Asphyxiants

Decrease	oxygen-carrying	capacity Carbon	monoxide

Hydrogen	sulfide

Oxides	of	nitrogen

Inhibit	cellular	oxygen	utilization Acrylonitrile

Hydrogen	cyanide



Hydrogen	sulfide

Carbon	Dioxide

Pathophysiology
CO2	 is	 the	 most	 common	 simple	 asphyxiant.	 It	 is	 produced	 by	 aerobic
metabolism	and	is	exhaled	into	the	atmosphere	by	humans	and	other	animals.	It
is	 also	 a	 by-product	 of	 carbohydrate	 fermentation,	 the	 combustion	 of
carbonaceous	material,	and	the	oxidation	of	coal	contaminants.	It	has	many	uses
including	 cooling	 (dry	 ice),	 fire	 extinguishing,	 and	 hydrofracking.8	 CO2	 is
heavier	 than	air	and	 reduces	FiO2	 simply	by	diluting	and	displacing	oxygen	 in
ambient	 air.	 The	 National	 Institute	 of	 Occupational	 Safety	 and	 Health
occupational	standards	for	CO2	are	5000	parts	per	million	(ppm)	for	an	8-hour
time-weighted	 average,	 and	 30,000	 ppm	 for	 a	 15	 minute	 short-term	 exposure
limit.8	However,	studies	investigating	the	effect	of	CO2	at	 lower	concentrations
show	that	even	at	1000	ppm,	a	level	often	exceeded	in	classrooms	in	California
and	Texas,	cognition	and	mentation	can	be	significantly	affected.9	Most	deaths
from	CO2	asphyxiation	result	from	the	confinement	of	an	individual	in	a	poorly
ventilated	space.	Such	closed-space	confinement	prevents	air	with	a	normal	FiO2

from	entering	while	exhaled	CO2	is	accumulating	and	displacing	oxygen	inside.
Simple	 asphyxiation	 from	 CO2	 has	 also	 been	 reported	 from	 environmental
exposures.	 In	 1986,	 for	 example,	 simple	 asphyxiation	 caused	 approximately
1700	deaths	 from	a	 cloudy	mist	 of	CO2	 and	water	 droplets	 that	 rose	 suddenly
from	a	 lake	 in	Cameroon.10	Asphyxiation	 from	CO2	 has	 also	 been	 reported	 by
off-gassing	from	dry	ice	in	a	confined	space.11,12

In	general,	once	 the	ambient	CO2	 increases	 to	 the	point	where	 the	FiO2	has
decreased	to	0.15,	acute	signs	and	symptoms	of	hypoxia	begin	to	appear	within
minutes.	 These	 include	 dyspnea,	 tachypnea,	 tachycardia,	 confusion,
incoordination,	 and	 dizziness.	 As	 the	 FiO2	 decreases	 below	 0.10,	 lethargy	 or
coma	may	 develop	 as	 a	 result	 of	 cerebral	 edema,	 and	 cardiopulmonary	 arrest
may	occur.	Brain	 damage	 sustained	 as	 a	 result	 of	 extensive	 cerebral	 edema	or
prolonged	hypoxia	may	be	permanent	in	survivors.	It	is	unlikely	that	life	can	be
sustained	for	more	than	several	minutes	with	an	FiO2	less	than	0.06.13

Diagnosis	and	Management



CO2	 asphyxiation	 should	 be	 considered	 for	 any	 patient	 who	 presents	 with
clinical	signs	of	hypoxia,	 is	unconscious,	or	 is	 found	to	be	 in	cardiopulmonary
arrest	after	removal	from	an	enclosed	space	or	another	source	of	potential	CO2

exposure.	Clinical	signs	are	nonspecific	and	related	to	the	magnitude	of	hypoxia,
as	indicated	earlier.	Arterial	blood	gases,	serum	electrolytes,	and	measurement	of
the	 anion	 gap	 should	 be	 obtained.	During	 and	 shortly	 after	CO2	 asphyxiation,
arterial	blood	gas	analysis	would	be	expected	to	show	decreased	arterial	oxygen
tension	 (PaO2)	 and	 elevated	 carbon	 dioxide	 tension	 (PaCO2).	 However,	 both
PaO2	and	PaCO2	 typically	return	 to	normal	shortly	after	 the	patient	 is	 removed
from	the	source	of	CO2	exposure.	Once	the	patient	breathes	oxygenated	air,	CO2

is	rapidly	excreted	by	hyperventilation.	Most	patients	will	be	acidotic	at	the	time
of	 presentation	 as	 a	 result	 of	 respiratory	 acidosis	 from	 CO2	 retention	 and
concurrent	 lactic	 acidosis	 from	hypoxia.	Lactic	 acidosis	will	 cause	an	elevated
anion	gap.	The	respiratory	acidosis	typically	resolves	shortly	after	removal	from
the	 source	 of	 CO2	 exposure.	 The	 lactic	 acidosis	 will	 resolve	 once	 tissue
oxygenation	 returns	 to	 normal	 but	 takes	 longer	 to	 resolve	 than	 the	 respiratory
acidosis.	 The	 hypoxia	 caused	 by	 CO2	 asphyxiation	 can	 cause	 cardiac
dysrhythmias	 and	 myocardial	 infarction,	 especially	 for	 individuals	 with
underlying	 heart	 disease.	 Canine	 models	 of	 acute	 exposure	 to	 lethal	 levels	 of
CO2	 show	 hypoxia,	 acidosis,	 and	 severe	 hypokalemia.8	 Possible
electrocardiographic	changes	include	inverted	T-waves,	depressed	ST	segments,
and	prominent	U-waves.	Therefore,	it	is	recommended	that	an	electrocardiogram
and	serial	cardiac	biomarkers	be	obtained.

Removal	 from	 the	 source	of	 exposure	and	administration	of	oxygen	are	 the
only	 specific	 therapies	 for	 CO2	 asphyxiation.	 If	 the	 patient	 is	 alert,	 has
spontaneous	respirations,	and	has	a	patent	airway,	it	is	recommended	that	100%
oxygen	be	administered	by	a	nonrebreather	mask.	Positive	pressure	breathing	or
high	flow	oxygen	is	required	when	adequate	oxygenation	cannot	be	achieved	by
the	use	of	a	face	mask.	Endotracheal	intubation	is	required	when	the	patient	has
mental	 status	 changes	 or	 after	 cardiopulmonary	 arrest.	 Additional	 supportive
care,	 such	 as	 cardiopulmonary	 resuscitation,	 hemodynamic	 support,	 and
mechanical	 ventilation	 should	 be	 used	 as	 required	 by	 the	 patient’s	 overall
condition.	 Cardiac	 dysrhythmias	 and	 myocardial	 infarction	 should	 be
aggressively	treated.	Most	victims	of	CO2	asphyxiation	will	recover	completely
when	removed	from	the	source	of	CO2	exposure	prior	to	cardiopulmonary	arrest
and	 given	 medical	 treatment	 as	 soon	 as	 possible.	 Individuals	 who	 have
experienced	 a	 prolonged	 period	 of	 hypoxia,	 however,	 may	 have	 irreversible



brain	 damage	 and	 chronic	 neurological	 sequelae	 even	 after	 successful
resuscitation.

Carbon	Monoxide

Pathophysiology
Carbon	monoxide	(CO)	is	a	colorless,	odorless,	tasteless,	nonirritating	gas.	It	is
the	 most	 common	 chemical	 asphyxiant	 and	 the	 second	 most	 common
atmospheric	pollutant	after	CO2.	CO	is	produced	in	a	variety	of	ways,	including
incomplete	 combustion	 from	 fires,	 faulty	 heating	 systems,	 internal	 combustion
engines	 (including	 gas-powered	 generators	 placed	 in	 poorly	 ventilated	 areas
during	electrical	failures),	wood	stoves,	charcoal	grills,	volcanic	eruptions,	and	a
variety	of	industrial	processes.	Hepatic	production	of	CO	occurs	with	poisoning
from	methylene	chloride	that	is	commonly	found	in	paint	thinners	and	is	easily
absorbed	through	the	skin.

More	 than	 5000	deaths	 are	 attributed	 to	CO	poisoning	 in	 the	United	States
each	year.14	Most	are	intentional	from	exposures	to	motor	vehicle	exhaust.	A	few
are	 accidental	 and	 caused	 by	 fires	 or	 the	 use	 of	 poorly	 ventilated	 generators
following	disasters.15,16	CO	poisoning	is	responsible	for	80%	of	fatalities	related
to	smoke	inhalation.17	Twenty-five	percent	of	fatalities	from	CO	poisoning	occur
among	persons	with	underlying	cardiopulmonary	disease.18

CO	 easily	 diffuses	 across	 alveolar-capillary	 membranes	 in	 the	 lung	 and	 is
rapidly	taken	up	by	erythrocytes	of	the	pulmonary	capillary	blood.	It	binds	to	the
iron	 moiety	 of	 hemoglobin	 with	 an	 affinity	 that	 is	 approximately	 240	 times
greater	 than	 the	 affinity	 of	 hemoglobin	 for	 oxygen.	 Thus,	 CO	 competes	 with
oxygen	 for	 hemoglobin	 binding	 sites	 and,	 as	 a	 result	 of	 its	 greater	 affinity,
displaces	oxygen	from	hemoglobin.	The	binding	of	CO	to	the	iron	moiety	also
creates	 an	 allosteric	 change	 in	 the	 hemoglobin	 molecule	 that	 inhibits	 the	 off-
loading	 of	 oxygen	 in	 the	 peripheral	 tissues	 and	 causes	 a	 shift	 of	 the
oxyhemoglobin	 dissociation	 curve	 to	 the	 left.	 CO	 also	 interferes	 with
intracellular	oxygen	utilization	by	inactivating	intracellular	respiratory	enzymes,
such	as	cytochrome	oxidase.19	Thus,	the	cumulative	effect	on	peripheral	oxygen
delivery	 and	 utilization	 is	 greater	 than	 that	 expected	 from	 decreased	 oxygen
transport	alone.	Reoxygenation	injury	of	the	brain	has	also	been	described.20	One
mechanism	for	reoxygenation	injury	appears	to	be	lipid	peroxidation	of	the	brain
by	xanthine	oxidase	that	is	generated	by	peroxidases	and	reactive	oxygen	species
produced	 by	 activated	 neutrophils	 that	 become	 sequestered	 in	 the



microvasculature	 of	 the	 brain	 following,	 but	 not	 during,	 CO	 poisoning.21	 In
summary,	 CO	 toxicity	 involves	 four	 pathophysiologic	 mechanisms:	 (1)	 a
decrease	 in	 the	 oxygen-carrying	 capacity	 of	 blood;	 (2)	 decreased	 oxygen
delivery	 to	peripheral	 tissues	as	 a	 result	of	 the	 left	 shift	 in	 the	oxyhemoglobin
dissociation	 curve;	 (3)	 mitochondrial	 dysfunction	 and	 impairment	 of	 cellular
respiration	 by	 inhibition	 of	 cytochrome	 oxidase	 activity;	 and	 (4)	 lipid
peroxidation	 of	 the	 brain	 during	 reoxygenation.	 Lipid	 peroxidation	 leads	 to
reversible	demyelination	in	areas	of	the	central	nervous	system,	including	corpus
callosum,	 the	 internal/external	 capsule,	 optic	 tracts,	 and	 periventricular
parenchyma.15

The	 presentation	 of	 individuals	 with	 CO	 poisoning	 is	 highly	 variable	 with
nonspecific	 symptoms	 and	 signs	 that	 are	 loosely	 correlated	 to
carboxyhemoglobin	 levels	 (Table	 178.4).	 Early	 symptoms	 of	 CO	 poisoning
include	headache,	dizziness,	sore	throat,	nausea,	shortness	of	breath,	and	fatigue.
These	 symptoms	 can	mimic	 those	 of	 a	 nonspecific	 viral	 syndrome,	 especially
when	 an	 entire	 family	 is	 affected	 from	CO	 exposure	 related	 to	 a	 faulty	 home
heating	system	during	the	winter	months.	Impaired	ability	to	concentrate	occurs
in	 more	 than	 half	 of	 affected	 individuals,	 and	 6%	 have	 been	 reported	 to
experience	loss	of	consciousness.	The	severity	of	symptoms	appears	to	correlate
better	with	duration	of	exposure	than	with	carboxyhemoglobin	levels.22

TABLE	178.4

Carbon	Monoxide	Toxicity

HbCO
level
(%)

Clinical	Manifestations	of	Carbon	Monoxide	Intoxication

0-5 Normal	nonsmoker

5-10 Mild	headache,	shortness	of	breath	with	exertion,	decreased	exercise
tolerance,	decreased	angina	threshold

10-20 Moderate	headache,	fatigue,	dizziness,	blurred	vision,	nausea,
decreasing	threshold	for	exertional	shortness	of	breath	with	possibly
shortness	of	breath	at	rest

20-30 Severe	headache,	confusion	and	impaired	judgment,	vomiting,



shortness	of	breath	at	rest,	decreased	cardiac	arrhythmia	threshold

30-40 Muscle	weakness,	incapacitation,	cardiac	arrhythmias,	decreased
seizure	threshold

40-50 Seizures,	syncope,	cardiac	arrest

50-60 Fatal

HbCO,	carboxyhemoglobin.

The	 brain	 and	 heart	 are	 very	 sensitive	 to	 CO	 intoxication,	 and	 both
neurological	 and	 cardiovascular	 impairment	 predominate	 with	 prolonged
exposures.23	Mental	status	changes,	and	seizures,	sudden	loss	of	consciousness,
tachypnea,	 tachycardia,	 cardiac	 dysrhythmias,	 hypotension,	 and	 myocardial
ischemia	are	likely	to	occur	when	the	carboxyhemoglobin	concentration	exceeds
20%.	 Cardiovascular	 disorders	 may	 occur	 at	 lower	 concentrations,	 especially
among	 subjects	 with	 preexisting	 cardiopulmonary	 diseases.	 Evidence	 of
myocardial	 ischemia	 has	 been	 observed	 among	 one-third	 of	 individuals	 with
moderate	 to	 severe	 CO	 intoxication,	 and	 it	 has	 recently	 been	 reported	 that
myocardial	injury,	as	determined	by	elevation	of	serial	cardiac	biomarkers,	is	an
independent	predictor	of	mortality	from	CO	poisoning.18,24,25	Metabolic	acidosis,
owing	to	increased	lactate	production	from	anaerobic	metabolism,	is	a	common
consequence	of	tissue	hypoxia.	Rhabdomyolysis	can	occur	as	a	consequence	of
impaired	aerobic	metabolism	in	skeletal	muscle	cells.	Renal	failure	can	develop
as	 a	 consequence	 of	 rhabdomyolysis,	 but	 this	 occurs	 infrequently.26	 CO
poisoning	 is	 almost	 always	 fatal	 when	 the	 carboxyhemoglobin	 concentration
exceeds	60%.17,27

Fetal	hemoglobin	has	a	much	greater	affinity	for	CO	than	adult	hemoglobin.
Therefore,	the	fetus	may	be	more	susceptible	to	CO	poisoning	than	the	mother.
Once	 the	 mother	 is	 removed	 from	 the	 source	 of	 CO,	 clearance	 of
carboxyhemoglobin	may	take	four	to	five	times	longer	in	the	fetus	than	it	did	in
the	mother.28	Thus,	the	effective	duration	of	CO	exposure	is	considerably	longer
for	the	fetus	than	it	is	for	the	mother.	It	has	been	reported	that	severe	CO	toxicity
in	pregnant	women	can	produce	ischemic	brain	damage	to	the	fetus	and	increase
the	risk	of	stillbirth.29,30

CO	 poisoning	 can	 result	 in	 a	 delayed	 neuropsychiatric	 syndrome	 that	 may
present	at	any	time	between	3	days	and	4	months	after	apparent	recovery	from
acute	effects.17,31	 The	 syndrome	 has	 been	 reported	 to	 occur	 in	 10%	 to	 30%	of



individuals	who	survive	CO	poisoning.	Symptoms	include	cognitive	impairment,
personality	 changes,	 parkinsonism,	 incontinence,	 focal	 neurologic	 deficits,
dementia,	and	psychosis.	There	is	poor	correlation	between	the	development	of
the	delayed	neuropsychiatric	syndrome	and	carboxyhemoglobin	 levels.	Loss	of
consciousness	during	the	acute	illness	phase,	carboxyhemoglobin	25%	or	more,
duration	 of	 exposure,	 and	 age	 appear	 to	 be	 significant	 risk	 factors.22	 Brain
imaging	studies	have	shown	that	the	areas	most	affected	are	the	globus	pallidus
and	 deep	 white	 matter.17	 The	 exact	 mechanism	 for	 the	 development	 of	 this
syndrome	 is	 unclear,	 but	 may	 be	 associated	 with	 reoxygenation	 brain	 injury.
Most	 affected	 individuals	 recover	 within	 1	 year,	 although	 some	 may	 have
chronic,	 long-term	 neurological	 or	 psychiatric	 impairment.17	 A	 more
comprehensive	 discussion	 of	 the	 neurologic	 aspects	 of	 carbon	 monoxide
poisoning	 is	 presented	 in	Chapter	 156:	Miscellaneous	Neurologic	 Problems	 in
the	Intensive	Care	Unit.

Diagnosis	and	Management
Because	 CO	 poisoning	 can	 present	 with	 a	 variety	 of	 nonspecific	 signs	 and
symptoms,	a	high	index	of	suspicion	is	needed	to	make	the	diagnosis.	History	of
potential	exposure	 to	a	source	of	CO	and	elevation	of	arterial	or	venous	blood
carboxyhemoglobin	level	can	point	to	the	diagnosis.15	Cherry-red	lips,	cyanosis,
and	 retinal	 hemorrhages	 have	 been	 reported	 in	 some	 cases	 of	 high-dose	 CO
poisoning,	but	these	signs	occur	infrequently,	and	diagnosis	depends	on	clinical
history	 substantiated	 by	 increased	 levels	 of	 carboxyhemoglobin	 in	 arterial	 or
venous	 blood.17	 Carboxyhemoglobin	 is	 most	 accurately	 measured	 by	 CO
oximetry	 because	 routine	 pulse	 oximetry	 cannot	 distinguish	 between
carboxyhemoglobin	and	oxyhemoglobin,	which	both	read	at	660	nm.32	PaO2	 is
also	of	little	value,	because	in	the	absence	of	coexistent	lung	injury,	it	is	normal.
This	is	owing	to	the	fact	that	a	CO	partial	pressure	of	only	1	mm	Hg	in	arterial
blood	can	saturate	more	than	50%	of	hemoglobin	without	affecting	gas	exchange
or	the	amount	of	dissolved	oxygen.	Exposure	to	CO	generally	causes	elevation
of	carboxyhemoglobin	to	greater	than	3%	to	4%	in	nonsmokers	and	higher	than
10%	in	smokers.32	Noninvasive	CO	oximetry	is	commercially	available.	Studies
show	 that	 it	 has	 a	 high	 degree	 of	 specificity	 but	 poor	 sensitivity.33,34	 Using	 a
cutoff	 of	 15%	 carboxyhemoglobin,	 noninvasive	 CO	 oximetry	 had	 a	 poor
sensitivity	of	48%	(correctly	identified	only	11	of	the	23	patients	with	elevated
levels)	 albeit	 an	 excellent	 specificity	 of	 99%	 (correctly	 identify	 96	 of	 the	 97
patients	 with	 levels	 below	 15%).34	 Until	 further	 studies	 are	 done,	 this	 would
suggest	that	this	approach	has	very	limited	value	for	diagnosis	of	CO	poisoning



and	 should	 only	 be	 used	 until	 it	 is	 possible	 to	 obtain	 blood	measurement.34	 It
may	 be	 useful	 for	 emergency	 medical	 service	 (EMS)	 units	 in	 the	 prehospital
environment	but	even	then	can	only	be	relied	upon	to	rule	in	the	diagnosis	(low
false	 positives)	 and	 cannot	 be	 used	 to	 rule	 out	 elevated	CO	 levels	 (high	 false
negatives)	and	should	thus	be	used	cautiously.34,35

Patients	with	CO	poisoning	 resulting	 from	 smoke	 inhalation	 should	 also	be
examined	for	evidence	of	thermal	injury	to	the	skin	or	airways.	If	CO	poisoning
is	 the	 result	 of	 a	 suicide	 attempt,	 a	 drug	 screen	 including	 not	 only	 ethanol,
narcotics,	and	sedatives	but	also	salicylate,	and	acetaminophen	levels	should	be
obtained.	Another	advantage	of	measuring	the	arterial	carboxyhemoglobin	level
is	that	it	also	allows	for	simultaneous	measurement	of	arterial	pH.	The	pH	can	be
used	in	conjunction	with	the	anion	gap	and	the	serum	lactate	level	to	assess	the
degree	of	metabolic	acidosis	which	when	elevated	is	an	independent	predictor	of
poor	prognosis.17	PaCO2	is	only	helpful	for	assessing	the	ventilatory	response	to
hypoxia	and	ventilatory	compensation	for	lactic	acidosis	and	should	be	obtained
when	mental	status	is	abnormal	or	there	is	a	prior	history	of	chronic	pulmonary
disease.	The	serum	creatine	kinase	level	will	be	elevated	when	rhabdomyolysis
has	 occurred.	 An	 electrocardiogram	 and	 serial	 cardiac	 biomarkers	 should	 be
obtained	 in	 all	 patients	 to	 evaluate	 the	 possibility	 of	 myocardial	 ischemia	 or
infarction.	 Single-photon	 emission	 computed	 tomography	 (CT)	 perfusion
scintigraphy	 (Table	178.5)	has	been	cited	as	a	 technique	of	choice	 to	diagnose
cardiac	involvement	after	CO	exposure.56	Because	CO	lowers	 the	threshold	for
the	 development	 of	 ventricular	 dysrhythmias,	 patients	 should	 be	 carefully
monitored.57	The	chest	radiograph	is	usually	normal,	but	signs	of	noncardiogenic
pulmonary	edema	can	be	seen	among	cases	of	severe	CO	poisoning,27	especially
when	 there	 is	 coexistent	 smoke	 inhalation.	 Brain	 imaging	 (CT	 or	 Magnetic
Resonance	 Imaging)	 is	useful	when	 there	 is	 a	need	 to	 rule	out	other	 causes	of
neurological	impairment	in	this	acute	setting.

TABLE	178.5

New	Advances	and	Observations	in	Acute	Inhalation	Injury

Advances
and
Observations

Year Study N Findings Ref.



Sulfur	dioxide
pollution	and
increased
incidence	of
cardiovascular
mortalities

2015 Case-
Crossover

849,127 Based	on	data
about	deaths
from
cardiovascular
diseases	in	areas
with	increased
concentration	of
sulfur	dioxide
daily	exposure
results	showed
increased
incidence	of
mortality	by
0.70.

36

Inhaling
alcohol	vapor
or	mist

2020 Cross-
sectional
survey

110,557 803	reported	the
use	of	alcohol
vapor	in	the	last
12	months.
Two-thirds	were
male,	and	they
were	more	likely
to	be	under	25.
51.3%	reported
that	the	effects
lasted	for	less
than	5	mins.
Both	the
intensity	of
effect	and
perceived	value
for	money
showed	a	normal
distribution	on	a
10-point	scale.

37

Lung	function
in	fire
Department

2001-
21

Prospective 12,781 Exposure	to
WTC
particulates	led

38-47



Rescue	Workers
followed	for
20	years	after
exposure	to
WTC	PM

to	loss	of	lung
function	and
airway
hyperreactivity.

EVALI 2019-
21

Case	reports
and
retrospective
studies

Varied Lung	injury
related	to	the	use
of	electronic
cigarettes	and
vaping	pens

48-55

EVALI,	E-Cigarette	or	vaping	product	use–associated	ling	injury;	PM,	particulate	matter;	WTC,
World	Trade	Center.

The	initial	treatment	of	CO	poisoning	is	prompt	removal	from	the	source	of
exposure	and	administration	of	100%	oxygen	via	a	nonrebreather	mask	to	reduce
the	half-life	of	carboxyhemoglobin	from	4	to	6	hours	and	40	to	80	minutes.17,58
Patients	who	are	unconscious	or	 have	 cardiopulmonary	 compromise	 should	be
intubated	 and	 receive	 100%	 oxygen	 by	mechanical	 ventilation	 and	 hyperbaric
oxygen	 therapy	 (HBOT)	 may	 be	 considered	 (see	 later).	 Oxygen	 should	 be
administered	 until	 the	 carboxyhemoglobin	 level	 returns	 to	 normal.	 Pregnant
women	 typically	 require	 oxygen	 for	 a	 longer	 period	 of	 time,	 because	 it	 takes
longer	for	CO	to	be	excreted	from	the	fetus	as	a	result	of	the	greater	affinity	of
fetal	hemoglobin	for	CO.28

Most	 patients	 with	 mild	 to	 moderate	 CO	 poisoning	 can	 be	 treated	 in	 the
emergency	 department	 and	 discharged	 after	 the	 carboxyhemoglobin	 level	 has
returned	to	normal	and	all	abnormal	signs	and	symptoms	have	resolved.	Patients
with	 severe	 CO	 poisoning,	 coexistent	 smoke	 inhalation,	 serious	 underlying
diseases,	neurological	or	cardiopulmonary	instability,	or	whose	poisoning	was	an
intentional	suicide	attempt	should	be	admitted	to	the	hospital	for	treatment	and
close	observation.

HBOT	 has	 been	 used	 to	 treat	 patients	 with	 either	 extreme	 levels	 of	 CO
poisoning	(≥25%	carboxyhemoglobin)	or	end-organ	sensitivity	to	CO	at	elevated
but	 lower	 levels.	Examples	of	 this	might	 include	neurological	abnormalities	or
hemodynamic	 instability	 caused	 by	 CO	 poisoning.	 Although	 as	 many	 as	 18
possible	 different	 HBOT	 protocols	 exist,	 there	 is	 no	 general	 consensus	 as	 to
which	 protocol	 should	 be	 utilized.	 Despite	 that,	 HBOT	 is	 considered	 the
mainstay	of	treatment	for	severe	CO	poisoning.59	HBOT	is	performed	by	placing



the	 patient	 in	 a	 chamber	 that	 is	 highly	 pressurized	with	 100%	oxygen.	HBOT
produces	a	large	increase	in	the	amount	of	dissolved	oxygen	in	blood	that	in	turn
greatly	 increases	 the	 partial	 pressure	 of	 oxygen	 in	 the	 blood.	 The	 half-life	 of
carboxyhemoglobin	 decreases	 as	 the	 partial	 pressure	 of	 oxygen	 in	 the	 blood
increases.	HBOT	with	100%	oxygen	at	a	pressure	of	2.5	to	3.0	atmosphere	will
reduce	the	half-life	of	carboxyhemoglobin	from	4	to	6	hours	to	approximately	20
minutes.17,27,60

Several	animal	studies	suggest	that	HBOT	may	attenuate	the	development	of
delayed	 neuropsychiatric	 symptoms	 following	 CO	 exposure.61	 Although	 the
efficacy	 of	 HBOT	 for	 preventing	 the	 development	 of	 the	 delayed
neuropsychiatric	syndrome	among	humans	following	CO	poisoning	has	not	been
conclusively	established,62	many	experts	argue	for	its	use	when	the	levels	exceed
20%	 to	25%.62,63	HBOT	will,	 however,	 hasten	 the	 resolution	of	 symptoms	and
when	 available	 is	 currently	 recommended	 for	 patients	 with	 CO	 poisoning
meeting	any	of	 the	following	criteria:	any	period	of	unconsciousness,	coma,	or
persistent	neurological	abnormalities;	carboxyhemoglobin	level	of	25%	or	more;
metabolic	lactic	acidosis;	or	cardiac	dysrhythmias.17,18,22,31,64-66	When	myocardial
ischemia	is	present,	most	experts	believe	cardiac	catheterization	with	stenting	of
the	blocked	vessel	 to	be	the	urgently	required	procedure.	In	a	pregnant	patient,
fetal	distress	even	at	 lower	percentage	of	carboxyhemoglobin	elevations	would
prompt	consideration	for	HBOT	when	available.

The	 clearance	 of	 CO	 can	 also	 be	 accelerated	 by	 use	 of	 normocapnic,
hyperoxic	 hyperpnea.	 In	 this	 technique,	 the	 patient	 breathes	 a	 hyperoxic	 gas
mixture	that	contains	an	FiO2	of	95.2%	to	95.5%	and	a	small	amount	of	CO2,	in
the	 range	 of	 4.5%	 to	 4.8%,	 through	 a	 nonrebreathing	 circuit.	 The	 resulting
increase	in	minute	ventilation	increases	the	partial	pressure	gradient	for	oxygen
and	 CO	 between	 pulmonary	 capillary	 blood	 and	 alveolar	 gas	 but	 does	 not
increase	 the	partial	pressure	gradient	 for	CO2.	 In	a	clinical	 study,	normocapnic
hyperoxic	hyperpnea	reduced	the	half-life	of	carboxyhemoglobin	to	31	minutes
compared	with	78	minutes	for	individuals	treated	with	100%	oxygen	at	normal
minute	 ventilation.67	 CO-poisoned	 patients	 in	 hospitals	 without	 access	 to
hyperbaric	chambers	might	benefit	from	this	technique.

The	 potential	 benefit	 of	 HBOT	must	 be	weighed	 against	 its	 inherent	 risks.
HBOT	 can	 cause	 barotrauma,	 tympanic	 membrane	 rupture,	 increased	 anxiety,
pulmonary	edema,	hemorrhage,	tension	pneumothorax,	decompression	sickness,
nitrogen	emboli,	seizures,	and	brain	damage	because	of	superoxide	production.15
Moreover,	 there	 is	 insufficient	 evidence	 that	 HBOT	 reduces	 neurological
damage	 from	 CO	 intoxication.	 In	 addition	 to	 controversy	 concerning	 which



patients	 with	 CO	 intoxication	 might	 benefit	 most	 from	 HBOT,	 there	 is
controversy	 surrounding	 the	 need	 to	 treat	 for	 HCN	 toxicity	 (see	 later)	 for
patients	 suffering	 severe	CO	poisoning	 from	 smoke	 inhalation.	 The	 likelihood
for	 cyanide	 toxicity	 with	 smoke	 inhalation	 increases	 with	 increasing
carboxyhemoglobin	levels	and	increasing	acidosis.68

Hydrogen	Cyanide

Pathophysiology
HCN	 is	 a	 chemical	 asphyxiant	 produced	 by	 the	 combustion	 of	 nitrogen-
containing	 polymers	 during	 fires.68-70	 It	 is	 also	 part	 of	 jewelry	 making	 and
various	manufacturing	processes	(metal	plating)	and	in	the	reclamation	of	silver
from	 photographic	 and	 radiographic	 film.	 It	 has	 the	 potential	 to	 be	 used	 as	 a
chemical	agent	during	terrorist	attacks.71	It	is	a	colorless,	volatile	liquid	at	room
temperature,	but	readily	vaporizes	into	a	gas.	The	gaseous	form	of	HCN	easily
diffuses	across	the	alveolar	membrane	after	inhalation.	Inhaled	HCN	is	lethal	at
high	 doses,	 and	 its	 inhalation	 during	 a	 fire	may	 contribute	 to	 the	mortality	 of
smoke	 inhalation	victims.68-70	 The	 inhalation	 of	 lethal	 doses	 of	HCN	may	 also
occur	 following	 accidental	 releases	 at	 industrial	 facilities	 or	 from	 its	 use	 in	 a
terrorist	attack.

After	inhalation,	HCN	is	rapidly	distributed	to	tissues	throughout	the	body.	At
the	cellular	level,	HCN	molecules	bind	to	iron-containing	sites	on	cytochrome	a3
in	 mitochondria	 that	 inhibits	 the	 enzyme’s	 activity	 toxicity	 and	 decreases	 the
cellular	 utilization	 of	 oxygen.68,72	 Cytochrome	 a3	 is	 a	 key	 enzyme	 in	 the
cytochrome	 oxidase	 system	 that	 is	 important	 for	 carrying	 out	 and	 sustaining
aerobic	 metabolism	 within	 cells.	 Inhibition	 of	 cytochrome	 a3	 by	 HCN	 blocks
cellular	 respiration	 and	 oxidative	 phosphorylation,	 forcing	 affected	 cells	 into
anaerobic	metabolism.

The	binding	of	HCN	to	cytochrome	a3,	and	the	resulting	inhibition	of	cellular
respiration,	 occurs	 very	 rapidly	 after	 HCN	 inhalation,	 with	 clinical	 signs	 and
symptoms	occurring	within	15	seconds.	The	clinical	effects	of	HCN	intoxication
are	directly	related	to	its	ability	to	stop	cellular	respiration.	They	are	nonspecific
and	 identical	 to	 the	 signs	 and	 symptoms	 typically	 seen	 during	 hypoxia.
Hyperpnea,	 dyspnea,	 tachycardia,	 agitation,	 anxiety,	 dizziness,	 headache,
confusion,	nausea,	muscle	weakness,	and	trembling	are	common.	Lactic	acidosis
occurs	 as	 a	 result	 of	 anaerobic	 metabolism	 and	 may	 be	 severe.	 Hypotension,
flushing,	 seizures,	 and	 Parkinson-like	 symptoms	 may	 occur	 among	 cases	 of



severe	intoxication.	Coma,	apnea,	and	cardiac	dysrhythmias	are	poor	prognostic
signs,	unless	prompt	treatment	is	given.73,74

Diagnosis	and	Management
The	diagnosis	of	HCN	poisoning	requires	a	high	index	of	suspicion.	It	should	be
suspected	 for	 every	 individual	 with	 any	 of	 the	 aforementioned	 signs	 or
symptoms	for	which	there	is	no	other	obvious	cause	and	a	pertinent	history	such
as	smoke	inhalation,	industrial	accident,	or	terrorist	attack	during	which	cyanide
could	 have	 been	 released.	 Blood	 and	 urine	 cyanide	 concentrations	 can	 be
obtained,	 but	 because	 these	 tests	 are	 not	 routinely	 performed	 by	 most
laboratories,	results	take	days	to	return	and	therefore	are	only	be	used	to	confirm
the	diagnosis.	Treatment	 for	 this	potentially	 life-threatening	poisoning	must	be
initiated	immediately	based	on	diagnostic	suspicion	alone.

There	 are	 several	 important	 clues	 that	 can	 be	 helpful	 for	making	 a	 clinical
diagnosis	of	HCN	intoxication.	After	smoke	inhalation,	HCN	toxicity	should	be
suspected	whenever	CO	intoxication	occurs,	and	in	fact,	the	likelihood	increases
with	increasing	carboxyhemoglobin	levels.68	Regardless	of	the	etiology	of	HCN
exposure,	metabolic	acidosis	with	an	increased	anion	gap	and	an	elevated	serum
lactate	concentration	are	typically	present.	Arterial	and	venous	blood	gases	can
provide	potentially	useful	information,	with	a	high	index	of	suspicion	when	the
arteriovenous	O2	 difference	 is	 far	 less	 than	 normal.	 Because	 of	 poor	 cellular
extraction	and	utilization	of	oxygen,	the	arterial	oxygen	tension	is	usually	above
90	mm	Hg,	whereas	venous	oxygen	tension	may	be	significantly	elevated	above
the	 normal	 range	 of	 35	 to	 45	mm	Hg.	 Similarly,	 arterial	 oxygen	 saturation	 is
typically	in	the	normal	range	of	95%	to	100%,	whereas	the	oxygen	saturation	of
mixed	 venous	 blood	 may	 be	 in	 the	 vicinity	 of	 85%	 or	 greater,	 significantly
higher	than	the	normal	range	of	60%	to	80%.	This	so-called	arteriolarization	of
venous	 blood	 can	 be	 a	 useful	 clue	 in	 considering	 the	 diagnosis	 of	 HCN
intoxication.75

Because	HCN	poisoning	can	rapidly	progress,	treatment	must	begin	as	soon
as	possible	for	patients	presenting	with	seizures,	coma,	hypotension,	or	cardiac
arrest	 for	 whom	 HCN	 toxicity	 is	 suspected.76,77	 The	 U.S.	 Food	 and	 Drug
Administration	approved	two	forms	of	therapy	for	cyanide	toxicity:	(1)	Cyanokit
antidote	 consisting	 of	 hydroxocobalamin—a	 precursor	 to	 vitamin	 B12	 and	 (2)
sodium	nitrite	and	sodium	thiosulfate.	Hydroxocobalamin	is	a	relatively	benign
substance	(see	 later	 for	adverse	reactions)	with	rapid	onset	of	action.	For	 these
reasons,	 it	 may	 be	 a	 superior	 antidote	 to	 the	 older	 more	 commonly	 available
cyanide	 antidote	 kits	 (CAKs)	 consisting	 of	 sodium	 nitrite	 and	 sodium



thiosulfate.78,79	Hydroxocobalamin	has	no	adverse	effect	on	the	oxygen-carrying
capacity	 of	 the	 red	 blood	 cells	 and	 no	 negative	 impact	 on	 the	 patient’s	 blood
pressure—significant	 benefits	 when	 treating	 victims	 of	 smoke	 inhalation.	 The
mechanism	of	action	is	surprisingly	simple:	hydroxocobalamin	binds	to	cyanide
forming	 vitamin	 B12	 (cyanocobalamin),	 a	 nontoxic	 compound	 excreted	 in	 the
urine.

Victims	 presenting	 with	 seizures,	 hypotension,	 or	 a	 coma	 in	 a	 setting
consistent	 with	 cyanide	 toxicity	 should	 be	 considered	 candidates	 for	 empiric
administration	of	hydroxocobalamin	5	g	intravenously	over	15	minutes	through
two	 intravenous	 or	 intraosseous	 lines.	 Consideration	 should	 be	 given	 to
obtaining	 a	 blood	 sample	 for	 subsequent	 analysis	 for	 HCN	 and	 for	 baseline
laboratory	 tests	 that	 could	 be	 interfered	 with	 by	 the	 presence	 of
hydroxocobalamin.

The	 most	 common	 adverse	 reactions	 (>5%)	 to	 hydroxocobalamin	 include
transient	chromaturia,	erythema,	 rash	(predominantly	acneiform),	hypertension,
nausea,	headache,	decreased	lymphocyte	percentage,	and	injection-site	reactions.
Less	 common	 allergic	 reactions	 include	 anaphylaxis,	 chest	 tightness,
angioneurotic	 edema,	 and	 dyspnea.	 Because	 of	 its	 deep	 red	 color,
hydroxocobalamin	may	cause	hemodialysis	machines	 to	 shut	 down	because	of
an	erroneous	detection	of	a	“blood	leak.”	Reddish	color	of	 the	blood	and	urine
may	 interfere	 with	 some	 colorimetric	 laboratory	 tests	 (ie,	 blood	 glucose,	 iron
levels,	 creatinine,	 total	 hemoglobin	 concentration,	 carboxyhemoglobin,
oxyhemoglobin,	and	methemoglobin).80,81

Sodium	nitrite	 and	 sodium	 thiosulfate	 can	also	be	used	 for	 the	 treatment	of
HCN	 poisoning.	 These	 antidotes	 are	 found	 in	 CAKs,	 along	with	 ampoules	 of
amyl	nitrite	 inhalant.	Sodium	nitrite	generates	methemoglobin	by	changing	 the
normal	 ferrous	 state	of	 iron	 in	 the	heme	molecule	of	hemoglobin	 (Fe+2)	 to	 the
ferric	 state	 (Fe+3).	 The	 ferric	 heme	 molecules	 of	 methemoglobin	 have	 a	 high
affinity	 for	 HCN.	 Thus,	 HCN	 molecules	 preferentially	 bind	 to	 the
methemoglobin	generated	by	sodium	nitrate,	which	in	turn	prevents	HCN	from
entering	cells	and	inhibiting	cellular	respiration.	The	adult	dose	of	sodium	nitrite
is	300	mg	in	10	mL	of	diluent	(30	mg/mL)	administered	intravenously	over	2	to
4	minutes,	and	the	pediatric	dose	is	0.33	mL/kg	of	a	3%	solution,	intravenously
over	2	 to	4	minutes,	not	 to	 exceed	10	mL.73,82	Following	 the	administration	of
sodium	nitrite,	sodium	thiosulfate	should	be	administered	intravenously.	Sodium
thiosulfate	acts	as	a	substrate	for	rhodanese,	a	detoxifying	enzyme	found	in	the
liver.	In	the	presence	of	sodium	thiosulfate,	rhodanese	catalyzes	the	conversion
of	HCN	cyanide	to	thiocyanate	that	is	then	excreted	in	the	urine.	The	adult	dose
is	12.5	g	of	sodium	thiosulfate	in	50	mL	of	diluent	(25%	solution),	administered



intravenously	 at	 a	 rate	 of	 3	 to	 5	 mL/minute.	 The	 pediatric	 dose	 of	 sodium
thiosulfate	 is	 412.5	 mg/kg	 (1.65	 mL	 per	 kg)	 of	 a	 25%	 solution,	 given
intravenously	at	a	rate	of	3	to	5	mL/minute.75,82

The	 inhalation	of	 amyl	nitrite	 from	ampoules	 can	be	used	 as	 a	 temporizing
measure	until	venous	access	for	the	administration	of	sodium	nitrite	and	sodium
thiosulfate	is	obtained.	The	inhalation	of	amyl	nitrite	should	never	be	considered
a	 substitute	 for	 the	 administration	 of	 intravenous	 sodium	 nitrite	 and	 sodium
thiosulfate.	 In	 fact,	 amyl	 nitrite	 can	 itself	 be	 associated	with	 serious	 reactions
such	 as	 hypotension,	 syncope,	 methemoglobinemia,	 and	 hemolysis	 among
glucose-6-phosphate	 dehydrogenase–deficient	 patients.	 These	 effects	 are	 more
pronounced	 among	 children,	 the	 elderly,	 and	 patients	 with	 cardiopulmonary
diseases.	Dose	regimen	is	difficult	to	control	and	could	even	cause	exposure	of
the	 health	 care	 providers	 to	 amyl	 nitrite’s	 adverse	 effects.	 For	 these	 reasons,
administration	 of	 amyl	 nitrite	 may	 be	 unwarranted,	 especially	 because
hydroxocobalamin	is	currently	available.83

One	hundred	percent	oxygen	should	be	administered	to	all	patients	with	HCN
poisoning	 to	 maximize	 the	 oxygen-carrying	 capacity	 of	 blood.	 Ventilatory
support	should	be	provided	as	needed.	The	administration	of	sodium	bicarbonate
should	be	considered	for	the	treatment	of	severe	lactic	acidosis	in	patients	who
are	 unconscious	 or	 hemodynamically	 unstable.	 Arterial	 blood	 gas	 analysis
should	 be	 used	 to	 guide	 the	 need	 for	 repeat	 doses	 of	 sodium	 bicarbonate	 to
ensure	that	metabolic	alkalosis	does	not	develop.

Hydrogen	Sulfide

Pathophysiology
Hydrogen	sulfide	(H2S)	is	a	colorless,	highly	flammable	gas	that	is	produced	in	a
variety	 of	 settings,	 most	 commonly	 sewer	 systems,	 manure	 pits	 on	 farms,	 oil
fields,	 and	 petroleum	 refining	 plants.84-86	 Its	 characteristic	 noxious	 odor	 of
“rotten	 eggs”	 is	 detectable	 at	 low	 concentrations	 but	may	 not	 be	 detectable	 at
high	 concentrations	 or	 after	 prolonged	 exposure	 because	 of	 olfactory	 fatigue.
Inhaled	H2S	 is	 both	 a	 chemical	 asphyxiant	 and	 a	 respiratory	 tract	 irritant.	 As
such,	 it	 can	 produce	 a	 variety	 of	 clinical	 effects,	 including	 central	 nervous
system	dysfunction,87	cardiac	dysrhythmias,	and	pulmonary	edema	as	a	result	of
acute	lung	injury.	The	severity	of	symptoms	and	prognosis	are	dependent	on	the
dose	of	H2S	inhaled.

H2S	 blocks	 the	 cellular	 utilization	 of	 oxygen	 by	 inhibiting	 the	 activity	 of



cytochrome	a3,	a	mitochondrial	enzyme	of	the	cytochrome	oxidase	system	that	is
involved	 in	 aerobic	 metabolism.	 The	 pathophysiological	 mechanisms	 of	 H2S
asphyxiation	 are	 identical	 to	 those	 of	 HCN.	 As	 with	 HCN	 intoxication,
disruption	 of	 aerobic	 metabolism	 leads	 to	 arterialization	 of	 venous	 blood	 and
causes	a	shift	to	anaerobic	metabolism	within	affected	cells	that,	in	turn,	leads	to
metabolic	 acidosis	 and	 an	 elevated	 anion	 gap	 because	 of	 increased	 lactate
production.	H2S	is	lipid	soluble	and	readily	crosses	the	alveolar	membrane	after
inhalation.	 Inhalation	 is	 the	 primary	 route	 of	 H2S	 toxicity.	 After	 absorption
through	the	lungs,	H2S	easily	dissolves	in	the	blood	and	is	rapidly	distributed	to
tissues	throughout	the	body.	The	respiratory	system	and	organs	with	high	oxygen
demand,	such	as	the	brain	and	heart,	are	particularly	vulnerable.

The	 severity	 of	 clinical	 signs	 and	 symptoms	 associated	 with	 H2S	 toxicity
depends	on	the	exposure	dose.	Signs	and	symptoms	of	asphyxiation	and	mucosal
irritation	 typically	 exist	 simultaneously.	 Local	 irritant	 effects	 dominate	 at	 low
exposure	 doses,	 whereas	 pulmonary	 edema	 and	 life-threatening	 chemical
asphyxiation	 dominate	 at	 higher	 exposure	 doses.	 Clinically	 detectable	 eye,
mucous	membrane,	and	respiratory	tract	irritation	begin	to	occur	at	low	exposure
doses	 in	 the	 vicinity	 of	 50	 ppm.	 Low-dose	 exposures	 in	 the	 range	 of	 50	 to
200	 ppm	 are	 typically	 characterized	 by	 burning	 of	 the	 eyes,	 increased
lacrimation,	 sore	 throat,	 nausea,	 cough,	 and	 occasional	 wheezing.	 Because
olfactory	function	is	 lost	at	around	100	to	200	ppm,	if	exposed	individuals	can
still	 smell	 the	“rotten	eggs”	odor	of	H2S,	 the	 concentration	 is	 usually	 not	 high
enough	 to	 cause	 severe	 asphyxiation	 or	 irritant	 injury.	 At	 exposure
concentrations	 of	 200	 to	 250	 ppm,	H2S	 produces	 intense	 irritation	 of	 mucous
membranes,	corneal	ulceration,	blepharospasm,	and	dyspnea.	Pulmonary	edema
may	 occur	 at	 these	 concentrations	 as	 a	 result	 of	 irritant-induced	 acute	 lung
injury.88	At	 concentrations	greater	 than	500	ppm,	 chemical	 asphyxiation	of	 the
brain	may	 produce	 headache,	 seizures,	 delirium,	 confusion,	 and	 lethargy.	 The
central	nervous	system	effects	of	H2S	toxicity	may	be	exacerbated	by	hypoxemia
secondary	to	severe	pulmonary	edema.	Among	survivors,	long-term	neurological
sequelae,	 such	 as	 ataxia,	 intention	 tremor,	 sensorineural	 hearing	 loss,	 muscle
spasticity,	and	memory	impairment,	have	been	reported.85

Concentrations	in	the	range	of	750	to	1000	ppm	will	cause	severe	inhibition
of	aerobic	metabolism	within	the	central	nervous	system	and	heart.	Myocardial
ischemia,	arrhythmias,	and	dilated	cardiomyopathy	have	all	been	reported	after
significant	exposures.89,90	As	doses	increase,	 loss	of	consciousness,	cessation	of
brainstem	function,	and	cardiopulmonary	arrest	will	occur.



Diagnosis	and	Management
A	high	index	of	suspicion	is	the	key	to	making	the	diagnosis	of	H2S	intoxication.
Although	blood	 levels	of	 thiosulfate	are	helpful	 in	confirming	 the	diagnosis	of
H2S	poisoning,91	these	tests	are	not	readily	available	at	most	clinical	laboratories.
When	 available,	 atmospheric	 measures	 of	 H2S	 concentration	 can	 be	 used	 to
increase	 diagnostic	 suspicion	 and	 in	 classifying	 the	 expected	 severity	 of
exposure	and	intoxication.	In	the	absence	of	specific	exposure	information,	signs
of	 ocular	 irritation,	 inflammation	 of	 mucosal	 membranes,	 and	 the	 smell	 of
“rotten	eggs”	on	the	clothing	or	breath	of	a	patient	should	suggest	the	diagnosis
of	H2S	intoxication.

The	 inhibition	 of	 cytochrome	 a3	 by	 H2S	 toxicity	 causes	 a	 decrease	 in	 the
extraction	 and	 utilization	 of	 oxygen	 by	 affected	 cells.	 As	 a	 result,	 blood	 gas
analyses	 typically	 show	 a	 PaO2	 in	 the	 normal	 range	 and	 an	 elevated	 mixed
venous	oxygen	tension	(PvO2),	typically	in	the	range	of	35	to	45	mm	Hg.	There
may	also	be	a	“saturation	gap”	between	the	saturation	of	oxygen	(SaO2	or	SvO2)
calculated	 from	 blood	 gas	 data	 and	 the	 SaO2	 measured	 by	 CO	 oximetry	 as	 a
result	 of	 sulfide	 ions	 binding	 to	 some	 oxygen	 binding	 sites	 on	 hemoglobin
molecules,	 forming	 molecules	 of	 sulfhemoglobin.	 In	 addition,	 both
methemoglobin	 and	 sulfhemoglobin	 are	 produced	 during	 the	 treatment	 of	H2S
poisoning	with	sodium	nitrite	and	amyl	nitrite,	as	discussed	 later.	Therefore,	 if
H2S	 poisoning	 is	 known	 or	 suspected,	 SaO2	 should	 be	 measured	 by	 CO
oximetry.	A	rapid	decline	of	either	PaO2	or	SaO2	could	indicate	the	development
or	 progression	 of	 pulmonary	 edema.	 Serum	 lactate	 concentration	 is	 typically
elevated	as	a	result	of	the	inhibition	of	aerobic	metabolism.	The	elevated	lactate
concentration	causes	a	metabolic	acidosis	and	elevation	of	the	anion	gap.

The	treatment	for	H2S	intoxication	is	similar	to	that	for	HCN	intoxication—
100%	 oxygen,	 antidote,	 and,	 possibly,	 HBOT.	 One	 hundred	 percent	 oxygen
should	 be	 given	 to	 all	 patients.	 Assisted	 ventilation	 should	 be	 provided	 as
necessary.	Sodium	nitrite	can	be	used	as	an	antidote	to	generate	methemoglobin
by	 changing	 the	 normal	 ferrous	 state	 of	 iron	 in	 the	 heme	 molecule	 of
hemoglobin	 (Fe+2)	 to	 the	 ferric	 state	 (Fe+3).	 The	 ferric	 heme	 molecules	 of
methemoglobin	have	a	high	affinity	 for	H2S.92	The	preferential	binding	of	H2S
molecules	 to	 methemoglobin	 results	 in	 the	 formation	 of	 sulfhemoglobin	 that
prevents	circulating	H2S	 from	entering	 cells	 and	 inhibiting	 cellular	 respiration.
Sodium	 nitrite	 should	 be	 administered	 as	 soon	 as	 possible	 after	 exposure.
Inhalation	of	amyl	nitrite	from	ampoules	contained	in	CAKs	can	be	administered



as	a	temporizing	measure	until	venous	access	is	obtained	for	the	administration
of	 sodium	 nitrite.	 Unlike	 for	 HCN	 metabolism,	 the	 detoxifying	 enzyme
rhodanese	 is	not	 involved	 in	H2S	metabolism.	Therefore,	 sodium	 thiosulfate	or
hydroxocobalamin	 should	 not	 be	 given	 for	 the	 treatment	 of	 H2S	 intoxication.
Several	 case	 reports	 argue	 for	 a	 beneficial	 effect	 of	 HBOT	 during	 H2S
intoxication.93,94	Basic	supportive	measures	should	not	be	forgotten	and	include
irrigation	 of	 the	 eyes	 with	 sterile	 saline	 and	 the	 treatment	 of	 irritant-induced
bronchospasm	 with	 inhaled	 β2-agonists.	 Consideration	 should	 be	 given	 to	 the
administration	 of	 sodium	 bicarbonate	 for	 the	 treatment	 of	 severe	 metabolic
acidosis	 in	 unconscious	 or	 hemodynamically	 unstable	 patients.	 A
benzodiazepine,	 such	 as	 diazepam,	 or	 a	 barbiturate	 can	 be	 used	 to	 control
seizures	when	present.	When	a	benzodiazepine	or	barbiturate	 is	given,	patients
should	be	carefully	monitored	for	signs	of	respiratory	insufficiency.

IRRITANT	GASES
Irritant	gases	are	those	that	cause	chemical	injury	to	the	airways	and	lung	tissue
upon	 inhalation.	 The	 nature,	 location,	 and	 severity	 of	 respiratory	 tract	 injuries
associated	 with	 the	 inhalation	 of	 an	 irritant	 gas	 depend	 on	 the	 physical	 and
chemical	 properties	 of	 the	 gas,	 exposure	 dose,	 and	 host	 factors	 of	 exposed
individuals.	The	most	important	physical	and	chemical	properties	are	the	water
solubility	 and	 density	 of	 the	 gas.	 Exposure	 dose	 is	 determined	 by	 the
concentration	of	the	gas	in	the	environment	and	the	duration	of	exposure.	Minute
ventilation	during	the	exposure,	age,	and	the	presence	of	preexisting	respiratory
disease	are	the	most	important	host	factors	(Table	178.6).

TABLE	178.6

Determinants	of	Severity	of	Lung	Injury

Duration	of	exposure

Minute	ventilation

Age	of	victim

Proximity	to	source



Density	of	gas	and	height	of	victim

Temperature	of	gas

Toxicity	of	gas

Water	solubility	of	gas

Particle	size	of	mist,	fog,	or	vapor

Breathing	pattern:	oronasal	vs	mouth	breathing

Host	factors	such	as	asthma,	coronary	disease,	and	chronic	obstructive
pulmonary	disease

Orthopaedic	problems	that	affect	the	ability	to	evacuate	quickly

The	sites	of	injury	following	inhalation	of	an	irritant	gas	depend	on	the	water
solubility	of	the	gas	that	determines	where	most	of	the	gas	will	be	deposited	on
the	respiratory	 tract	 (Table	178.7).	Highly	soluble	gases,	such	as	ammonia	and
sulfur	dioxide,	generally	cause	 irritant	damage	to	exposed	mucous	membranes,
such	 as	 the	 eyes	 and	 upper	 airway	 (nose,	 lips,	 pharynx,	 and	 larynx),	 while
sparing	 the	 lower	 airways.	 At	 high	 concentrations,	 however,	 a	 highly	 soluble
irritant	gas	can	overwhelm	 the	upper	 respiratory	 tract,	 and	 significant	 amounts
may	 reach	 the	 upper	 and	 lower	 airways,	 thereby	 producing	 both	 mucous
membrane	 and	 airway	 injury.	 Irritant	 gases	 of	 intermediate	 solubility,	 such	 as
chlorine,	may	produce	significant	upper	airway	injury,	especially	in	the	pharynx
and	larynx,	but	the	mucous	membrane	irritation	is	usually	not	as	intense	as	that
caused	by	highly	soluble	gases.	Because	of	its	intermediate	solubility,	the	irritant
effects	of	chlorine	will	extend	more	distally	at	higher	concentrations.	Thus,	high
concentrations	 of	 inhaled	 chlorine	 can	 produce	 both	 upper	 and	 lower	 airway
injuries,	 as	 well	 as	 pulmonary	 edema	 as	 a	 result	 of	 alveolar	 damage.95	 The
inhalation	 of	 low-solubility	 irritant	 gases,	 such	 as	 phosgene	 and	 oxides	 of
nitrogen,	 typically	 produces	 minimal	 upper	 airway	 irritation	 but	 can	 cause
intense	lower	airway	and	alveolar	damage.	As	a	result	of	lung	tissue	injury,	the
development	 of	 noncardiogenic	 pulmonary	 edema	 is	 more	 likely	 following
inhalation	of	a	low-solubility	irritant	gas	or	at	high	concentrations	of	gases	with
intermediate	solubility.	Irritant	gases	that	are	associated	with	the	development	of
pulmonary	edema	are	listed	in	Table	178.8.	The	inhalation	of	gases	that	are	lipid
soluble	 but	 not	 water	 soluble	 such	 as	 chloroform,	 ether,	 or	 other	 halogenated
hydrocarbons,	 will	 produce	 central	 nervous	 system	 effects	 and	 little,	 if	 any,



respiratory	 injury.	 Methylene	 chloride,	 found	 in	 paint	 remover	 and	 other
solvents,	 is	 an	 exception	 to	 this	 rule	 in	 that	 high	 doses	may	 cause	 pulmonary
edema.96

TABLE	178.7

Solubility	of	Irritant	Gases

High Intermediate Low

Ammonia Chlorine Hydrogen	sulfide

Methyl	isocyanate Oxides	of	nitrogen

Sulfur	dioxide Phosgene

Hydrogen	chloride Ozone

TABLE	178.8

Toxic	Gases	and	Fumes	that	can	Produce	Pulmonary
Edema

Acetaldehyde Methylene	chloride

Acrolein Nickel	carbonyl

Ammonia Nitrogen	dioxide

Antimony	tri-	or	pentachloride Osmium	tetroxide

Beryllium Ozone

Bismuth	pentachloride Paraquat

Boranes Perchloroethylene

Cadmium	and	cadmium	salts Phosgene

Chloramine Phosphine



Chlorine Polytetrafluoroethylene

Cobalt	metal Selenium	dioxide

Dichlorosilane Silanes

Dimethyl	sulfate Silicone	tetrachloride

Dioxane	dimethyl	sulfate Silicone	tetrafluoride

Fire	smoke Sulfur	dioxide

Glyphosate	herbicides TDI	in	high	concentrations

Hydrogen	chloride Titanium	tetrachloride

Hydrogen	fluoride Trimellitic	anhydride

Hydrogen	selenide Vanadium

Hydrogen	sulfide War	gases

Lithium	hydride Zinc	oxide	and	chloride

Mercury Zirconium	chloride

Methyl	bromide

TDI,	toluene	diisocyanate.

Irritant	 gases	 cause	 damage	 to	 airways	 and	 lung	 tissues	 by	 several
mechanisms	 including:	 direct	 cellular	 injury,	 cellular	 injury	 secondary	 to	 the
production	of	free	radicals,	and	production	of	an	inflammatory	response.	Direct
cellular	 injury	 is	 commonly	 produced	 by	 irritant	 gases	 that	 possess	 either	 a
highly	 acidic	 or	 a	 highly	 alkaline	 pH.	 Chlorine	 and	 phosgene,	 for	 example,
produce	 hydrochloric	 acid	 when	 they	 come	 in	 contact	 with	 water	 in	 mucous
membranes.	 Ammonia	 forms	 a	 strong	 alkali,	 ammonium	 hydroxide,	 when	 it
comes	 in	 contact	 with	 water	 in	mucous	membranes	 and	 airways.	 Ammonium
hydroxide	 causes	 liquefaction	damage	 to	 cells	 and	 tissues	on	 contact,	with	 the
severity	of	damage	directly	related	to	the	hydroxyl	ion	concentration.	Damage	to
respiratory	 tract	 cells	 and	 tissues	 can	 also	 be	 caused	 by	 irritant	 gases	 that
generate	the	production	of	free	radicals.	Oxides	of	nitrogen,	for	example,	cause
the	production	of	free	radicals	that	cause	cellular	damage	by	lipid	peroxidation.



Both	direct	cell	and	secondary	cell	damage	due	to	free-radical	formation	result	in
the	 release	 of	 a	 variety	 of	 inflammatory	mediators	 that	 elicit	 an	 inflammatory
response,	thereby	causing	further	oxidant	damage	to	respiratory	tract	cells.	In	the
airways,	 the	damage	caused	by	 irritant	gases	 is	manifested	by	mucosal	edema,
mucus	production,	increased	smooth	muscle	contraction,	and	airway	obstruction.
At	 the	 alveolar	 level,	 damage	 of	 1	 pneumocytes	 occurs	 followed	 by	 capillary
leakage	 caused	 by	 epithelial	 cell	 damage,	 disruption	 of	 epithelial	 cell	 tight
junctions,	endothelial	damage,	and	increased	vascular	permeability.

Specific	Irritant	Toxic	Gases

Ammonia
Ammonia	(NH3)	 is	a	colorless,	pungent,	alkaline	gas	 that	 is	 less	dense	 than	air
and	 highly	 soluble	 in	 water	 where	 it	 forms	 ammonium	 hydroxide	 (NH4OH).
Most	 inhalational	 injuries	 from	 NH3	 occur	 as	 a	 result	 of	 exposures	 during
fertilizer	production,	chemical	manufacturing,	oil	refining,	or	the	use	of	cleaning
solutions.97	 NH3	 exposures	 may	 also	 occur	 during	 the	 illicit	 production	 of
methamphetamine.98	 The	 strong,	 pungent	 smell	 associated	with	NH3	 is	 readily
detected	 at	 a	 concentration	 as	 low	 as	 50	 ppm.	 Few	 individuals	 can	 tolerate	 a
concentration	 greater	 than	 100	 ppm	without	 experiencing	 nasal	 stuffiness	 and
irritating	cough.

As	a	highly	soluble	gas,	NH3	primarily	causes	irritation	to	the	eyes,	mucous
membranes	 of	 the	 nasal–oral	 pharynx,	 and	 mucosa	 of	 the	 upper	 respiratory
airways.	 The	 reaction	 of	 NH3	 with	 water	 in	 the	 conjunctivae,	 mucous
membranes,	 and	 upper	 airway	 mucosa	 results	 in	 the	 formation	 of	 NH4OH
causing	 liquefaction	 necrosis	 and	 intense	 pain	 in	 the	 eyes,	 mouth,	 nose,	 and
throat.	The	voice	is	lost	shortly	after	exposure,	and	patients	typically	experience
sensations	of	choking	and	suffocation.	The	eyes	are	erythematous,	swollen,	and
may	 show	 signs	 of	 corneal	 opacification	 or	 ulceration.	 Edema,	 ulceration,
necrosis,	 and	 sloughing	 of	 the	mucous	membranes	 are	 typically	 seen.	 Airway
obstruction	 as	 a	 result	 of	 laryngeal	 edema,	 bronchial	 inflammation,
bronchoconstriction,	 and	 plugs	 of	 sloughed	 epithelium	 may	 cause	 dyspnea,
wheezing,	and	hypoxemia.99	Death	from	laryngospasm	can	occur	within	minutes
after	 exposure	 to	 high	 concentrations	 (≥1500	 ppm).	 With	 exposure	 to	 high
concentrations,	 alveolar	 damage	 and	 pulmonary	 edema	 can	 occur	 within	 24
hours.99	 Secondary	bacterial	 bronchopneumonia	may	occur	within	days.	Long-



term	 sequelae	 of	NH3	 inhalation	 at	 moderate	 to	 severe	 concentrations	 include
persistent	 airway	 obstruction	 from	 reactive	 airways	 dysfunction	 syndrome
(RADS),	asthma,	bronchitis,	bronchiectasis,	and	bronchiolitis	obliterans.99,100

Chlorine
Chlorine	 (Cl2)	 is	 a	 dense,	 greenish-yellow	 gas	 under	 ambient	 conditions.	 It	 is
highly	 reactive,	 has	 intermediate	 solubility,	 and	 has	 the	 characteristic	 pungent
odor	 of	 bleach.	 Industrial	 uses	 of	Cl2	 include	 the	 production	 of	 chemicals	 and
bleaches,	 paper	 manufacturing,	 textile	 processing,	 and	 the	 production	 of
polyvinyl	 chloride.	 Most	 Cl2	 exposures	 result	 from	 accidental	 releases	 at
industrial	 sites,	 from	 ruptured	 tanks	 during	 its	 transportation,	 or	 at	 swimming
pools.101-103	 The	 relatively	 high	 density	 of	 Cl2	 causes	 it	 to	 accumulate	 in	 low-
lying	areas,	which	should	be	avoided	following	its	accidental	release.

6 	Chlorine	is	detectable	by	smell	at	levels	of	1	ppm.	On	contact	with	mucous
membranes,	 chlorine	 reacts	 with	 water	 to	 produce	 hydrochloric	 acid	 (HCl),
hypochlorous	acid	(HClO),	and	free	oxygen	radicals.	Individuals	exposed	to	low
concentrations	 of	 Cl2	 typically	 experience	 burning	 of	 the	 eyes	 and	 mucous
membranes,	as	well	as	choking	and	coughing	as	a	result	of	inflammation	of	the
nasal–oral	pharynx	and	upper	airway.	At	higher	concentrations,	laryngeal	edema,
lower	 airway	 inflammation,	 bronchoconstriction,	 and	 pulmonary	 edema	 can
develop.	In	2005,	a	train	derailment	in	Graniteville,	South	Carolina	(Table	178.5)
released	about	60	tons	of	chlorine	gas.104	Although	 the	majority	presented	with
wheezing	or	rales,	17%	and	11%,	respectively,	developed	these	symptoms	later
over	 the	 next	 24	 hours.2	 Of	 the	 9	 victims	 of	 the	 acute	 chlorine	 poisoning,	 8
showed	 cardiomegaly	 on	 autopsy,	 but	 it	 is	 unclear	 whether	 it	 was	 from	 a
preexisting	condition	versus	the	result	of	severe	lung	injury	causing	hypoxemia
and	 the	 subsequent	 release	 of	 vasoactive	 mediators.2	 The	 potentially	 delayed
onset	 of	 symptoms	 from	 acute	 inhalation	 of	 chlorine	 suggests	 that	 exposed
individuals	with	 an	 initial	 paucity	 of	 significant	 signs	 and	 symptoms	may	 not
reflect	 the	 true	 severity	 of	 the	 inhalational	 injury.	 Caution	 is	 needed	 when
considering	 sending	 exposed	 asymptomatic	 or	 minimally	 symptomatic
individuals	 home	 from	 the	 emergency	 department.	 For	 example,	 an	 exposure
concentration	 of	 50	 ppm	 may	 produce	 relatively	 mild	 signs	 and	 symptoms
initially	 but	 can	 cause	 death	 from	 laryngospasm	or	massive	 pulmonary	 edema
within	1	to	2	hours	after	exposure.	The	onset	of	pulmonary	edema	may	be	even
further	 delayed	 for	 up	 to	 24	 hours	 after	 exposure	 to	 Cl2.	 At	 any	 time	 within
2	days	after	Cl2	exposure,	airway	inflammation	and	mucosal	desquamation	may



cause	plugging	of	medium	and	small	bronchi,	leading	to	airflow	obstruction	and
atelectasis.	 Individuals	 with	 a	 history	 of	 asthma	 or	 airway	 hyperactivity,	 in
particular,	may	have	severe	bronchospasm.95

Secondary	 bacterial	 bronchopneumonia	 may	 develop	 as	 a	 consequence	 of
ulceration	 and	 desquamation	 of	 airway	 mucosa	 and/or	 alveolar	 damage.
Fortunately,	 most	 exposed	 individuals	 will	 recover	 completely	 if	 they	 receive
prompt	 medical	 treatment	 and	 survive	 the	 acute	 effects	 of	 Cl2	 exposure.
However,	 chronic	 pulmonary	 problems	 may	 develop	 in	 some	 individuals,
including	RADS,	asthma,	bronchiectasis,	and	bronchiolitis	obliterans.103,105,106

Phosgene
Phosgene	(COCl2)	is	a	heavy,	poorly	soluble,	colorless	gas	that	has	the	smell	of
freshly	mown	hay.	Upon	contact	with	water,	it	hydrolyzes	to	form	CO2	and	HCl.
COCl2	has	been	used	as	a	chemical	warfare	agent	and	was	responsible	for	most
gas	fatalities	during	World	War	I.71	It	is	currently	use	as	a	chlorinating	agent	for
a	 variety	 of	 industrial	 processes,	 including	 the	 production	 of	 isocyanates,
pesticides,	 dyes,	 and	 pharmaceutical	 agents.	 Firefighters,	 welders,	 and	 paint
strippers	 may	 be	 exposed	 to	 COCl2	 as	 a	 result	 of	 its	 release	 from	 heated
chlorinated	 hydrocarbons,	 such	 as	 polyvinyl	 chloride.107	 Phosgene	 is
approximately	 four	 times	 as	 dense	 as	 air	 and	 tends	 to	 accumulate	 close	 to	 the
ground	 and	 in	 low-lying	 areas.	 Therefore,	 individuals	 should	 avoid	 low-lying
areas	following	an	accidental	release.

6 	As	a	gas	with	low	solubility,	COCl2	is	less	irritating	to	the	eyes	and	mucous
membranes	 than	 NH3	 or	 Cl2	 and	 causes	 mostly	 irritant	 damage	 in	 the	 lower
airways	 and	 cellular	 damage	 at	 the	 alveolar	 level.	 Immediate	 symptoms
involving	 the	 eyes	 and	 upper	 airway	 (rhinorrhea,	 sore	 throat,	 cough,	 choking,
dyspnea,	and	chest	tightness)	are	often	mild	and	resolve	within	several	minutes
after	cessation	of	COCl2	exposure.	With	high-concentration	exposures,	laryngeal
edema	can	occur,	with	stridor	and	the	potential	for	sudden	death.	As	a	result	of
its	low	solubility,	the	mucous	membranes	and	upper	airways	are	typically	spared,
and	there	may	be	few,	 if	any,	additional	symptoms	for	2	 to	24	hours	following
the	 acute	 inhalation	 of	 COCl2.	 However,	 inhaled	 COCl2	 will	 eventually
hydrolyze	to	form	HCl	in	 the	lower	airways	and	alveoli,	causing	oxidative	and
inflammatory	injury.	As	a	result,	bronchospasm	and	pulmonary	edema	typically
develop	 between	 2	 and	 6	 hours	 following	 COCl2	 exposure,	 but	 pulmonary
edema	may	be	delayed	for	up	to	24	hours.	The	pulmonary	edema	can	progress	to



the	 acute	 respiratory	 distress	 syndrome	 (ARDS)	 and	 respiratory	 failure.	 Most
victims	survive	without	long-term	sequelae	if	they	receive	prompt	medical	care.
Those	with	ARDS	have	the	worst	prognosis	and	will	require	assisted	ventilation
and	 circulatory	 support	 as	 needed.	 Chronic	 problems	 may	 develop	 in	 some
individuals	with	RADS,	asthma,	bronchiectasis,	and	bronchiolitis	obliterans.108

Nitrogen	Oxides
The	 four	 stable	 oxides	 of	 nitrogen	 are	 nitrous	 oxide	 (N2O),	 nitric	 oxide	 (NO),
nitrogen	 dioxide	 (NO2),	 and	 nitrogen	 tetroxide	 (N2O4).	 Oxides	 of	 nitrogen	 are
used	in	the	production	of	dyes,	lacquer,	and	fertilizer.	They	are	also	generated	in
a	 variety	 of	 processes,	 including	 dental	 procedures,	 arc	 welding,107	 chemical
engraving,	explosives,	and	 the	storage	of	 fresh	silage.109	All	oxides	of	nitrogen
can	produce	serious	acute	respiratory	tract	injury	upon	inhalation.	However,	NO2

is	 the	most	 common	and	clinically	 important	 toxicant	 in	 this	group.	NO2	 is	an
irritating,	 low-solubility,	 dense	 orange-brown	 gas.	 It	 forms	 nitric	 acid	 (HNO3)
and	nitrous	acid	(HNO2)	upon	contact	with	water.

NO2	 causes	 silo	 filler’s	 disease,	 one	of	 the	best-characterized	 syndromes	of
toxic	gas	exposure.	Silo	filler’s	disease	develops	following	exposure	to	NO2	gas
that	accumulates	just	above	the	silage	in	recently	filled,	top-loading	silos.	During
the	 first	 2	weeks	 in	 the	 silo,	 carbohydrates	 in	 the	 silage	 ferment	 and	 produce
organic	 acids.	 The	 organic	 acids	 then	 oxidize	 nitrates	 in	 the	 silage	 into	 NO2.
Within	 hours	 after	 it	 starts	 to	 be	 produced,	 NO2	 rapidly	 accumulates	 to	 toxic
levels	of	200	to	2000	ppm.	High	concentrations	of	NO2	typically	persist	for	1	to
2	weeks,	 then	decrease.	Entry	 into	a	silo	without	proper	 respiratory	protection,
especially	within	the	first	2	weeks	of	the	silo	being	filled	with	fresh	silage,	can
cause	 a	 rapid	 loss	 of	 consciousness	 and	 sudden	 death.	 The	 incidence	 of	 this
disorder	is	estimated	to	be	5	cases	per	100,000	silo-associated	farm	workers	per
year.109

Nitrous	 oxides	 have	 also	 been	 abused	 recreationally	 among	 children	 and
adolescents.	Commonly	known	as	“whippets”	or	“bulbs,”	 they	are	often	easily
available	as	whipped	cream	chargers	that	are	pierced	and	inhaled	either	directly
or	 through	 a	 secondary	 device	 such	 as	 a	 balloon.	 Side	 effects	 include
neurological	 and	 psychological	 sequelae	 such	 as	 paresthesia,	 numbness,	 and
confusion.110	 Although	 detection	 of	 N2O	 is	 difficult	 due	 to	 rapid	 pulmonary
elimination	 and	 short	 half-life,	 gas	 chromatography	 has	 been	 successful	 on
postmortem	 toxicology	 in	 several	 case	 studies.	 Direct	 inhalation	 from



pressurized	 tanks	 of	 nitrogen	 oxide	 has	 been	 linked	 to	 pulmonary	 sequelae
including	 pneumomediastinum	 and	 emphysema.110	 Inhalation	 has	 also	 been
linked	to	acute	asphyxiation	due	to	hypoxia.

The	 lower	 airways	 and	 lung	 are	 the	primary	 sites	 of	 injury	 following	 acute
inhalation	of	NO2.	The	low	water	solubility	of	NO2	 results	 in	a	paucity	of	eye,
mucous	membrane,	 and	 upper	 airway	 irritant	 symptoms.	 The	most	 significant
effects	occur	in	the	lower	airways	and	lungs	as	a	result	of	the	conversion	of	NO2

to	HNO3	upon	contact	with	water	in	bronchial	mucosa	and	alveoli.	The	clinical
response	to	inhaled	NO2	occurs	in	three	phases.109,111	The	first	phase	is	the	acute
illness	 phase	 that	 typically	 occurs	 within	 the	 first	 hour	 after	 exposure.	 The
severity	of	symptoms	in	this	first	phase	is	dose	related.	At	doses	up	to	100	ppm,
cough,	wheezing,	 dyspnea,	 and	chest	 pain	develop	 as	 a	 result	 of	 lower	 airway
irritation	and	bronchospasm.	Hypotension	may	occur	 in	severe	cases.	At	doses
greater	than	100	ppm,	pulmonary	edema	may	develop	within	1	to	2	hours	after
exposure.	 The	 hypoxemia	 resulting	 from	 pulmonary	 edema	 is	 further
exacerbated	by	NO2-induced	methemoglobinemia.

Without	 further	NO2	 exposure,	 symptoms	of	 the	acute	 illness	 phase	usually
resolve	over	a	period	of	2	to	8	weeks.	During	this	latent	phase,	the	patient	may
have	mild	 cough	 and	 wheezing,	 or	 may	 be	 totally	 asymptomatic.	 The	 patient
may	 then	 develop	 a	 delayed	 illness	 phase	 that	 is	 characterized	 by	 the	 sudden
onset	 of	 fever,	 chills,	 cough,	 dyspnea,	 and	 generalized	 lung	 crackles	 on
exam.109,111	The	delayed	illness	phase	is	characterized	by	bronchiolitis	obliterans.
Lung	 biopsies	 show	 this	 bronchiolitis	 to	 be	 proximal	 and	 without	 organizing
pneumonia.88,109,111	 The	 bronchioles	 are	 packed	with	 inflammatory	 exudate	 and
fibrin	 that	may	 obliterate	 the	 entire	 lumen.	 The	 bronchiolitis	 obliterans	 of	 the
delayed	 illness	 phase	 may	 be	 extensive	 and	 cause	 severe,	 life-threatening
hypoxemia.	 Symptom	 severity	 in	 the	 acute	 illness	 phase	 does	 not	 always
correlate	with	the	severity	of	bronchiolitis	obliterans	in	the	delayed	illness	phase.
Therefore,	 patients	with	 relatively	mild	 symptoms	 in	 the	 days	 following	 acute
NO2	 exposure	 may	 experience	 severe,	 life-threatening	 bronchiolitis	 obliterans
and	pulmonary	edema	in	the	delayed	illness	phase.

Sulfur	Dioxide
Sulfur	dioxide	(SO2)	is	a	colorless,	dense,	irritating	gas	that	is	highly	soluble	in
water.	 It	 has	 a	 readily	 identifiable,	 strong,	 pungent,	 odor.	 SO2	 is	 a	 common
atmospheric	pollutant	from	the	combustion	of	coal	and	gasoline.	It	 is	used	in	a
variety	 of	 industrial	 process,	 such	 as	 bleaching,	 refrigeration,	 and	 paper



manufacturing.88,112	SO2	forms	sulfuric	acid	(H2SO4)	upon	contact	with	water	in
human	tissues.	As	a	highly	soluble	gas,	the	predominant	effects	of	SO2	exposure
are	 irritation	 of	 the	 eyes,	 nose,	 mucous	 membranes,	 pharynx,	 and	 upper
respiratory	 tract.	 Exposure	 doses	 greater	 than	 10	 ppm	 typically	 cause
bronchospasm	 with	 symptoms	 of	 cough,	 wheezing,	 dyspnea,	 and	 chest	 pain.
Symptom	 severity	 increases	 with	 increasing	 exposure	 doses.	 Individuals	 with
preexisting	asthma	or	chronic	obstructive	lung	disease	are	more	likely	to	develop
severe	exacerbations.113	 These	 include	RADS,	 asthma,	 bronchiolitis	 obliterans,
and	restrictive	lung	disease.	Sulfur	dioxide	in	air	pollution	is	also	associated	with
increased	cardiovascular	mortality36	(Table	178.5).

Zinc	Chloride
Zinc	 chloride	 exposure	 occurs	most	 commonly	with	 the	 use	 of	 smoke	 bombs
when	 synthetic	 smoke	 is	 created	 (police	 operations,	 military	 drills,	 and
firefighter	 training).114	 After	 inhalation,	 the	 zinc	 oxide	 reacts	 with
hexachloroethane.	Zinc	chloride	is	an	ultrafine	particle	that	can	penetrate	into	the
lower	respiratory	tract.	Exposure	to	the	smoke	for	as	little	as	1	to	5	minutes	can
progress	 to	 ARDS	 and	 death.	 Initial	 symptoms	 can	 include	 dry	 cough,	 sore
throat,	 shortness	 of	 breath,	 and	 chest	 tightness,	 and	 often	 the	 onset	 of	 severe
respiratory	distress	is	delayed.114	Positive	findings	on	auscultation	or	chest	x-ray
may	not	appear	until	48	hours	 later	 in	at	 least	one	case	 report	of	zinc	chloride
inhalation.114	The	inhalation	of	zinc	chloride	can	cause	RADS,	tracheobronchitis,
and	pneumonitis.	A	high-resolution	CT	(HRCT)	taken	1	to	3	days	after	exposure
may	show	ground-glass	opacities	bilaterally	with	consolidation	 in	 the	posterior
region	of	 the	 lungs.115	 Pulmonary	 function	 tests	 typically	 show	 restrictive	 lung
disease	 but	 obstructive	 airway	 flow	 limitations	 can	 occur.	 Follow-up	 HRCTs
may	show	varying	degrees	of	bronchiolitis	or	pulmonary	fibrosis.

Literature	 on	 the	 treatment	 of	 zinc	 chloride	 lung	 injury	 is	 sparse,	 and
supportive	 care	 is	 primarily	 used.	 There	 is	 some	 evidence	 that	 the	 use	 of	 N-
acetyl	cysteine	may	facilitate	zinc	clearance.	At	least	one	group	reported	success
with	 the	 use	 of	 extracorporeal	 oxygen	 life	 support	 in	 an	 exposed	 patient	with
ARDS.114	The	use	of	corticosteroids	in	these	patients	with	interstitial	lung	injury
remains	controversial.

Heavy	Metals
Two	 common	 sources	 of	 inhalational	 exposure	 to	 heavy	 metals	 occur	 in	 the



occupational	 setting:	 cadmium	 and	 mercury.	 Although	 the	 most	 common
environmental	source	for	cadmium	is	smoking,	and	thus	associated	with	chronic
exposure,	 exposure	 can	 occur	 in	 the	 occupational	 setting	 in	 battery	 factories,
zinc	smelters,	pigment	plants,	and	welding	fumes.	Symptoms	may	manifest	up	to
2	 days	 after	 exposure,	 and	 include	 respiratory	 distress,	 cough,	 shivering,	 and
fever.116	 Mortality	 is	 frequently	 because	 of	 cadmium’s	 interference	 with
pulmonary	cellular	 function	 such	as	 repair	of	DNA	and	 integrity	of	membrane
structure.117	 This	 direct	 toxicity	 leads	 to	 pulmonary	 edema,	 chemical
pneumonitis,	 bronchitis,	 and	 emphysema.116,117	 Cadmium	 exposure	 may	 also
cause	 renal	 toxicity.	 A	 15-year	 follow-up	 study	 on	 residents	 of	 the	 polluted
Kakehashi	 river	basin	 in	Japan	showed	 that	 those	with	cadmium-induced	 renal
damage	 had	 higher	 risk	 of	mortality.118	 Although	 cadmium	 exposure	 has	 been
shown	to	be	a	carcinogenic	by	animal	studies,	human	studies	are	less	conclusive
and	demonstrate	varying	levels	of	association	with	lung	and	prostate	cancer.118

Although	 there	 is	 no	 gold	 standard	 for	 treatment	 of	 cadmium	 toxicity,
ethylenediaminetetraacetic	acid	(EDTA)	is	the	most	widely	accepted	chelator.119
Concomitant	 administration	 of	 glutathione	 also	 shows	 protection	 against
nephrotoxicity.	Dosage	of	EDTA	should	not	exceed	1	g	per	h,	and	no	more	than
3	g	per	session.

SMOKE
Smoke	 is	 a	 toxic,	 mixture	 of	 gases,	 vapors,	 fumes,	 liquid	 droplets,	 and
carbonaceous	particles	generated	by	the	 incomplete	combustion	or	pyrolysis	of
multiple	 substances	 at	 very	high	 temperatures.	Approximately	80%	of	 all	 fire-
associated	deaths	are	attributed	to	inhalational	injury.120	Smoke	inhalation	is	the
most	 common	 cause	 of	 death	 among	 fire	 victims	 without	 surface	 burns.
Inhalation	injury	exerts	a	greater	influence	than	burn	size	or	age	in	determining
burn	mortality.121	Patients	being	treated	in	burn	centers	have	a	mortality	rate	of
29%	 in	 the	 presence	 of	 inhalation	 injury	 versus	 a	 mortality	 rate	 of	 2%	 in	 its
absence.122

Combustion	 occurs	 when	 oxygen	 reacts	 with	 molecules	 under	 intense	 heat
producing	oxidation	to	smaller	compounds.	Pyrolysis	occurs	as	a	result	of	heat
alone,	does	not	require	oxygen,	and	consists	of	the	melting	or	boiling	of	heated
material.	The	toxic	products	of	incomplete	combustion	or	pyrolysis	generated	in
a	 given	 setting	 are	 determined	 by	 multiple	 factors,	 including	 the	 of	 fuel
consumed,	 temperature,	 rate	of	heating,	 and	distance	 from	 the	 source.120	Black
smoke	results	from	particles	of	carbon	or	soot	generated	during	the	combustion



or	pyrolysis	of	carbon-containing	materials.	Common	combustible	materials	in	a
fire	 include	 wood,	 paper,	 plastics,	 polyurethane,	 paints,	 and	 other	 polymers
present	in	carpeting	and	upholstery.

Toxic	 gases	 are	 released	 during	 combustion	 and	 pyrolysis.	 These	 gases
include	 both	 asphyxiants	 and	 irritants.	CO	 and	HCN	 are	 common	 asphyxiants
found	in	smoke.	Aldehydes,	acrolein,	NO2,	SO2,	and	HCl	are	common	irritants
found	 in	 smoke.	 These	 irritant	 gases	 are	 more	 likely	 to	 be	 released	 during
pyrolysis	than	combustion.123	Particulates	present	in	smoke	adsorb	these	irritant
chemicals	 to	 their	 surface,	 which	 can	 concentrate	 the	 chemicals	 and	 increase
irritant	damage	to	the	respiratory	tract	upon	inhalation.124

Victims	of	 smoke	 inhalation	 are	 exposed	 to	multiple	 irritant	 gases,120,125	but
several	 are	 particularly	 notable.	 Acrolein	 is	 an	 aldehyde	 released	 in	 fires
involving	polyethylene,	polypropylene,	vinyl	materials,	wood,	and	other	organic
fuels.	 At	 low	 concentrations,	 acrolein	 is	 intensely	 irritating	 to	 the	 upper
respiratory	 tract	 and	 can	 cause	 significant	 upper	 airway	 edema.	 At	 high
concentrations	 (>10	 ppm),	 acrolein	 inhalation	 can	 cause	 life-threatening
pulmonary	 edema.126	 Isocyanate,	 a	 known	 cause	 of	 RADS	 or	 asthma,	 is	 also
among	 the	 toxic	 products	 produced	 in	 fires.	 The	 inhalation	 of	 isocyanate
contained	in	smoke	can	precipitate	severe	bronchospasm	in	 individuals	with	or
without	a	history	of	airway	disease.

6 	Smoke	particles	cause	airway	damage	as	a	result	of	direct	injury	from	heat
and	steam,	irritation	of	the	airway	mucosa	by	the	particles	themselves,	and	from
inflammation	 as	 a	 result	 of	 the	 irritant	 effects	 of	 toxic	 chemicals	 absorbed	 to
their	 surface.	 Heat	 injury	 from	 hot	 gases	 and	 steam	 is	 usually	 limited	 to	 the
upper	 respiratory	 tract	 because	 heat	 rapidly	 dissipates	 across	 the	 upper
airways.126	 Smoke	 particles	 greater	 than	 10	 μm	 in	 diameter	 also	 contribute	 to
upper	 airway	 injury	 (rhinosinusitis,	 pharyngitis,	 laryngitis,	 and	 upper	 airway
edematous	 obstruction),	 because	 they	 do	 not	 penetrate	 into	 the	 lower	 airways
unless	present	at	high	concentrations.	Subglottic	or	supraglottic	edema	following
smoke	inhalation	can	lead	to	significant	upper	airway	obstruction.	Upper	airway
obstruction	occurs	 in	 up	 to	 30%	of	 burn	 patients	 and	may	occur	 as	 early	 as	 4
hours	or	as	late	as	24	hours	after	exposure.127	Several	factors	can	produce	upper
airway	 edema,	 including	 direct	mucosal	 damage	 and	 ulceration	 from	 heat	 and
superheated	 steam,	 the	 release	 of	 inflammatory	 mediators	 from	 the	 damaged
mucosa,	and	the	production	of	oxygen	free	radicals	from	toxic	chemicals	on	the
surface	 of	 smoke	 particles.	 Acute	 upper	 airway	 edema	 following	 smoke
inhalation	usually	resolves	within	3	to	4	days.	Rarely,	thermal	injury	can	produce
circumferential,	 constricting	 eschars,	 or	 scarring	 of	 the	 upper	 airway	 after	 the
acute	 edema	 resolves.	 Such	 eschars	 can	 produce	 chronic	 upper	 airway



obstruction.
In	 the	 large-	 to	 medium-sized	 airways	 of	 the	 chest,	 tracheobronchitis	 can

develop	 as	 a	 result	 of	 smoke	 inhalation.	 Severe	 cough	 and	 chest	 tightness
without	 bronchoconstriction	 are	 common	 presenting	 symptoms.
Tracheobronchitis	occurs	as	a	result	of	irritant	chemical	and/or	particulate	injury.
Heat	injury	is	rare	and	occurs	only	after	the	inhalation	of	superheated	steam.126

Particles	 less	 than	 3	 μm	 in	 diameter	 travel	 to	 the	 distal	 portions	 of	 the
respiratory	tract	and	can	cause	small	airways	and	alveolar	injury.	Lower	airway
penetration	by	small	smoke	particulates	can	cause	 irritation,	 inflammation,	and
bronchoconstriction.	Individuals	with	preexisting	asthma	or	chronic	obstructive
pulmonary	 disease	may	 experience	 exacerbations,	 but	 bronchoconstriction	 can
also	occur	 in	 individuals	with	no	prior	history	of	airway	disease.	Small	 smoke
particles	 can	 also	 cause	 alveolar-capillary	 injury	 in	 the	 lung	 parenchyma	 by
direct	oxidative	damage	from	adsorbed	irritants	and	by	oxygen	free	radicals	and
inflammatory	mediators	released	by	neutrophils	 that	migrate	to	areas	of	 irritant
damage.	 Rarely,	 pulmonary	 edema	 can	 occur	 as	 a	 consequence	 of	 alveolar-
capillary	 injury	and	may	occur	hours	 to	days	after	 smoke	 inhalation.	Although
pulmonary	edema	occurs	among	far	less	than	10%	of	smoke	inhalation	victims,
it	has	a	high	mortality	rate.128

Airway	 injury,	 whether	 it	 is	 tracheobronchitis	 or	 small	 airway
bronchoconstriction,	 can	 cause	 sloughing	 of	 necrotic	 tissue	 into	 the	 lower
airways	 that	 can	 lead	 to	 mucous	 plugging,	 bronchial	 obstruction,	 atelectasis,
hyperinflation,	 and	 altered	 mucociliary	 clearance.	 Secondary	 bacterial
pneumonia	 can	 develop	 in	 obstructed	 lung	 segments	 or	 as	 a	 result	 of	 alveolar
damage	adversely	affecting	local	immunodefenses.

Most	smoke	inhalation	deaths	are	caused	by	asphyxiation	as	a	result	of	CO	or
HCN	 in	 the	 inhaled	 smoke.68-70,129	 CO	 intoxication	 is	 responsible	 for	 80%	 of
smoke	 inhalation	 fatalities,	 and	 approximately	 one-fourth	 of	 these	 occur	 in
victims	 with	 underlying	 cardiac	 or	 pulmonary	 disease.17	 NO2	 may	 also	 be	 a
component	 of	 inhaled	 smoke.	 In	 addition	 to	 being	 a	 potent	 irritant,	 NO2	 can
cause	 the	 development	 of	 methemoglobinemia,	 which	 further	 decreases	 the
already	 impaired	 oxygen-carrying	 capacity	 resulting	 from
carboxyhemoglobinemia.	Coexisting	HCN	intoxication	should	be	considered	in
all	smoke	inhalation	victims	with	CO	intoxication,	especially	those	with	clinical
evidence	of	 altered	neurologic	or	 cardiac	 status.	 In	 a	 study	 from	Paris,	 a	 clear
association	 was	 found	 between	 blood	 HCN	 levels	 and	 percent
carboxyhemoglobin	 levels.68	 This	 association	 was	 strongest	 for	 patients	 with
metabolic	 acidosis	 and	 elevated	 lactate	 levels.68	 In	 a	 study	 from	 the	 Dallas



County	 Fire	 Department,	 an	 HCN	 blood	 level	 above	 1.0	 mg/L	 was	 a	 strong
predictor	 of	 death,	 but	 the	 association	 between	 CO	 and	 HCN	 levels	 was	 not
strong.130	 In	 this	 study,	 of	 the	 144	 patients	 who	 reached	 the	 emergency	 room
alive,	12	had	blood	cyanide	concentrations	exceeding	1.0	mg/L	and	8	of	the	12
subsequently	 died.	 Among	 these	 12	 patients,	 the	 relationship	 between	 percent
carboxyhemoglobin	 levels	 and	 HCN	 blood	 levels	 was	 poor.	 For	 example,	 the
highest	percent	carboxyhemoglobin	 level	 found	was	40.0%,	 in	a	patient	with	a
blood	HCN	level	of	1.20	mg/L.	The	highest	HCN	level	found	was	11.50	mg/L	in
a	patient	with	a	percent	carboxyhemoglobin	level	of	22.4%.

VAPORS
7 	 7 	More	recently,	vapor	related	lung	injury	has	become	more	prevalent	due	to
the	 ease	 of	 electronic	 cigarette	 acquisition	 as	 an	 alternative	 to	 traditional
cigarettes.	 Novel	 causes	 of	 acute	 inhalational	 injuries	 such	 as	 e-cigarette	 or
vaping	 product	 use–associated	 lung	 injury	 (EVALI)	 have	 been	 an	 area	 of
investigation	 and	 prospective	 phenotyping.48-52	 Contributors	 of	 EVALI	 include
vitamin	E	derivatives	and	other	additives	to	vaping	solutions.53-55

Diagnosis	and	Management	of	Irritant	Toxic	Gases,
Including	Smoke	and	Vapor	Inhalation
The	most	 important	 factors	 for	 the	 diagnosis	 of	 toxic	 inhalational	 injury	 are	 a
history	of	circumstances	that	caused	the	exposure,	 identification	of	 the	specific
toxic	 gas	 to	 which	 an	 individual	 has	 been	 exposed,	 and	 an	 estimate	 of	 the
exposure	 concentration.	Exposure	duration	 is	based	not	only	on	 exposure	 time
but	 also	 on	 the	 patient’s	 minute	 ventilation	 during	 the	 exposure.	 Chemical
analyses	 of	 material	 at	 the	 site	 of	 exposure,	 if	 available,	 can	 be	 particularly
helpful	 for	 identifying	 the	 offending	 toxicant	 and	 estimating	 its	 exposure
concentration.	 The	 relative	 solubility	 of	 a	 toxic	 gas	 can	 be	 helpful	 for
determining	 the	 areas	 of	 the	 respiratory	 tract	 where	 irritant	 injuries	 are	 most
likely	 to	 occur,	 and	 obviously	 patients	with	 preexisting	 pulmonary	 disease	 are
most	at	risk.	When	the	irritant	toxic	gases	are	in	the	setting	of	smoke	inhalation,
the	 exposure	 will	 be	 to	 multiple	 gases	 and	 particulates.	 Facial	 burns,	 singed
eyebrows,	 soot	 in	 the	 upper	 airway,	 and	 carbonaceous	 sputum	 make	 smoke
inhalation	highly	likely.

6 	The	management	of	acute	inhalational	injury	from	toxic	irritants	is	at	first
supportive.	 All	 contaminated	 clothing	 should	 be	 removed	 to	 prevent	 further



inhalation	and	percutaneous	absorption	of	the	toxic	substance.	Superficial	burns
should	 be	 treated	 conservatively	 with	 a	 topical	 antibiotic	 such	 as	 silver
sulfadiazine.	The	eyes	should	be	thoroughly	flushed	with	sterile	normal	saline	as
soon	as	possible.	Careful	attention	to	the	eyes	is	important	because	cataracts	can
occur	 following	heavy	exposures.	Humidified	oxygen	 should	be	given	by	 face
mask.	Not	everyone	exposed	to	fire	smoke	warrants	hospital	admission.	Victims
with	 mild	 inhalation	 exposures	 may	 be	 treated	 and	 released	 if	 they	 are	 (i)
asymptomatic	with	normal	mental	status	and	absent	of	confusion;	(ii)	no	burns,
carbon	 material,	 or	 edema	 in	 the	 upper	 airway;	 (iii)	 normal	 pulmonary
examination	 without	 signs	 of	 respiratory	 distress,	 stridor,	 or	 wheeze;	 and	 (iv)
when	 available	 a	 pulse	 oximeter	 and	 noninvasive	 carboxyhemoglobin	 reading
that	are	normal	or	at	baseline.	Upon	release,	patients	should	be	advised	to	seek
medical	 attention	 if	 symptoms	 occur	 or	 reoccur,	 because	 the	 clinical
manifestations	of	inhalation	injury	may	take	4	to	24	hours	to	develop.128	It	is	for
this	 reason	 that	 borderline	 patients	 or	 patients	 with	 significant	 comorbidity
should	be	observed	rather	than	released	whenever	possible.

The	medical	evaluation	after	any	exposure	 to	potentially	 toxic	 irritant	gases
should	focus	on	assessing	 the	nature	and	extent	of	upper	and	 lower	respiratory
tract	 injury,	 the	 adequacy	 of	 oxygenation,	 cardiac	 function,	 and	 the
hemodynamic	stability	of	the	patient.	Inhalation	victims	may	be	unconscious	or
have	altered	mental	status	at	the	time	of	presentation.	Typical	patient	complaints
include	eye	irritation,	headaches,	confusion,	sore	throat,	cough,	chest	 tightness,
and	 difficulty	 breathing.	 Common	 physical	 findings	 include	 irritation	 of	 the
eyes,	 skin	 and	 other	 exposed	 mucosal	 surfaces,	 tachypnea,	 cough,	 stridor,
wheezing,	 and	 rhonchi.	Rales	 on	 presentation	 are	 unusual,	 because	 pulmonary
edema	is	unusual	and	when	occurs	is	a	later	complication.128

Arterial	blood	gases,	oxygen	saturation,	should	be	obtained	from	all	patients.
The	methemoglobin	 level	 should	be	measured	 for	patients	with	 suspected	NO2

exposure	 or	 after	 treatment	 with	 amyl	 or	 sodium	 nitrites	 for	 suspected	 HCN
toxicity.	Serum	lactate	concentration	should	be	measured,	and	the	magnitude	of
metabolic	 acidosis	 should	 be	 assessed.	 Although	 chest	 radiographs	 may	 be
normal	 shortly	 after	 acute	 exposure,	 serial	 radiographs	 are	useful	 for	detecting
the	 development	 of	 pulmonary	 edema	 and	 secondary	 bacterial	 pneumonia	 of
hypoxemic	 individuals.	An	 electrocardiogram	 should	 be	 obtained	 to	 detect	 the
presence	 of	 myocardial	 ischemia	 and	 cardiac	 dysrhythmias.	 Hemodynamic
monitoring	may	be	necessary	for	complex,	critically	ill	patients	with	pulmonary
edema.

The	 carboxyhemoglobin	 level,	 a	 measure	 of	 CO	 intoxication,	 should	 be
obtained	 for	 all	 patients	 with	 suspected	 exposure	 to	 smoke,	 fires,	 or	 other



sources	of	combustion.	If	high	levels	of	carboxyhemoglobin,	methemoglobin,	or
HCN	exist,	the	PaO2	is	not	useful	in	assessing	the	adequacy	of	oxygen	transport
or	 tissue	 oxygenation.	 Arterial	 oxygen	 saturation	 should	 be	 measured	 by	 CO
oximetry	because	pulse	oximetry	and	the	calculation	of	SaO2	from	the	PaO2	will
overestimate	the	actual	oxygen	saturation	of	hemoglobin.

All	 individuals	with	known	or	suspected	inhalational	 injury	should	be	given
100%	 humidified	 oxygen	 as	 soon	 as	 possible.	 This	 will	 help	 improve	 the
oxygen-carrying	 capacity	 of	 hemoglobin	 when	 high	 levels	 of
carboxyhemoglobin	 or	 methemoglobin	 are	 present.	 High	 levels	 of
methemoglobin	 are	 unusual	 but,	 if	 present,	 can	 be	 treated	 with	 intravenous
methylene	blue.	The	fraction	of	inspired	oxygen	can	be	titrated	down	to	maintain
a	 PaO2	 greater	 than	 60	mm	Hg	 once	 carboxyhemoglobin	 and	methemoglobin
levels	have	returned	to	normal.	When	available,	HBOT	should	be	considered	for
the	treatment	of	CO	intoxication	according	to	the	criteria	previously	delineated
in	this	chapter.	HBOT	has	been	used	to	treat	patients	with	extreme	levels	of	CO
poisoning	(≥25%	carboxyhemoglobin)	or	end-organ	sensitivity	to	CO	at	elevated
but	 lower	 levels.	 Examples	 of	 this	 might	 include	 neurologic	 abnormalities	 or
hemodynamic	instability	that	was	felt	to	be	caused	by	CO	poisoning.

Severely	 ill	 smoke	 inhalation	 patients	 presenting	 with	 seizures,	 coma,
hemodynamic	 instability,	 and/or	 severe	 lactic	 acidosis	 should	 be	 suspected	 of
having	 both	 CO	 and	 HCN	 intoxication.68-70,130	 Blood	 HCN	 levels	 can	 be
measured,	but	results	cannot	be	obtained	in	time	to	make	therapeutic	decisions,
and,	 therefore,	 the	 decision	 to	 treat	 for	 HCN	 toxicity	 should	 be	 based	 on	 the
exposure	 characteristics	 and	 clinical	 presentation.	 The	 New	 York	 City	 Fire
Department’s	 protocol	 is	 to	 intubate	 such	 patients;	 provide	 hemodynamic
support	as	needed;	empirically	treat	for	HCN	poisoning	with	hydroxocobalamin;
and,	 if	 noninvasive	 carboxyhemoglobin	 levels	 are	 elevated,	 transport	 to	 an
HBOT	 center.	 In	 addition,	 all	 smoke	 inhalation	 victims	 with	 cardiac	 arrest
receive	hydroxocobalamin	during	cardiac	resuscitation.

For	 smoke	 inhalation	 patients	 with	 suspected	 HCN	 poisoning,
hydroxocobalamin	is	preferable	to	sodium	thiosulfate	because	of	its	rapid	onset
of	action.	Inhaled	amyl	nitrite	and	intravenous	sodium	nitrite	should	be	avoided
because	 they	 generate	 methemoglobin	 that	 can	 further	 impair	 the	 oxygen-
carrying	capacity	of	blood	hemoglobin	 if	high	 levels	of	carboxyhemoglobin	or
methemoglobin	are	already	present.

Respiratory	 symptoms	 and	 distress	 are	 not	 only	 related	 to	 oxygen
delivery/utilization	problems.	Tachypnea,	stridor,	and	hoarseness	after	exposure
to	 irritant	 toxic	gases	may	 indicate	progressive	 laryngeal	edema	with	complete



obstruction	of	the	upper	airway.	Smoke	inhalation	further	adds	to	this	risk	owing
to	 heat	 and	 particulate	matter	 exposure.	 Patients	with	 laryngeal	 edema	 can	 be
difficult	to	intubate	and,	when	intubation	is	delayed,	may	require	an	emergency
tracheostomy.	 However,	 not	 all	 patients	 require	 intubation.131	 Prompt
bronchoscopy	 is	 favored	 to	 identify	 severity	 of	 airway	 injury	 by	 direct
visualization	 and	 may	 improve	 ventilation	 by	 washout.	 Further,	 diagnosis	 by
bronchoscopy	can	prognosticate	mortality,	ventilator	days,	and	length	of	stay.132
Bronchoscopy	may	also	reveal	lipid	laden	macrophages	that	are	characteristic	of
some	cases	of	EVALI.133	Immediate	intubation	should	be	considered	when	there
is	evidence	of	significant	upper	airway	edema	or	blisters.	All	patients	with	upper
airway	 edema	 should	 be	 treated	 with	 nebulized	 racemic	 epinephrine	 and
systemic	 corticosteroids.	 When	 edema	 is	 minimal	 and	 early	 intubation	 is	 not
required,	 airflow	 can	 usually	 be	 maintained	 with	 positive	 pressure	 breathing
administered	 by	 the	 use	 of	 continuous	 positive	 airway	 pressure	 (CPAP)	 or
bilevel	 positive	 airway	 pressure	 (BiPAP).	 An	 inhaled	 mixture	 of	 helium	 and
oxygen	can	also	improve	upper	airway	airflow	by	reducing	turbulence	as	a	result
of	 its	 low	 density.	 If	 the	 clinical	 decision	 is	 not	 for	 immediate	 or	 early
intubation,131	 then	patients	with	upper	airway	edema	should	be	admitted	 to	 the
hospital	and	closely	monitored	for	signs	of	edema	progression	and	the	need	for
emergent	intubation	at	a	later	time.

Lower	airway	involvement	from	irritant	gas	or	smoke	inhalation	is	typically
diagnosed	by	history	and	physical	examination.	However,	additional	diagnostic
evidence	can	be	provided	by	 laryngoscopic	or	bronchoscopic	demonstration	of
edema,	 hemorrhage,	 or	 carbonaceous	 material	 distal	 to	 the	 vocal	 cords.
Inhalation	injury	to	the	smaller	airways	and	lung	parenchyma	can	be	confirmed
by	 xenon	 133	 ventilation	 scanning134	 or	 noncontrast	 chest	 CT	 scans.115,135
Inhalation	injury	on	chest	CT	should	be	suspected	with	findings	of	ground-glass
infiltrates.	 Sensitivity	 for	 both	 types	 of	 scans	 is	 high,	 but	 there	 are	 false
positives,	 especially	 among	 patients	with	 obstructive	 airway	 disease,	 and	 their
value	 in	 determining	 the	 need	 for	 intubation,	 treatment,	 and	prognosis	 has	 not
been	confirmed.115,134,135

Lower	 airway	 involvement	 should	 be	 suspected	 on	 physical	 examination
when	wheezing	is	present	or	when	spirometry	demonstrates	acute	reductions	in
lung	 function,	 bronchodilator	 responsiveness,	 or	 airway	 hyperreactivity.136-139
Acute	 bronchospasm	 should	 be	 treated	 with	 β2-agonists.	 Ipratropium	 can	 be
added	when	significant	improvement	is	not	obtained	with	a	β2-agonist	alone.	In
the	presence	of	significant	burn	injuries,	treatment	with	systemic	corticosteroids
is	 usually	 contraindicated,	 because	 their	 use	 is	 associated	 with	 increased



mortality	from	sepsis.140	Systemic	corticosteroids	should	be	reserved	for	severe
upper	 airway	 obstruction,	 severe	 bronchospasm	 resistant	 to	 bronchodilator
therapy,	 and	 failed	 extubation	 as	 a	 result	 of	 stridor	 or	 bronchospasm.140	 Low-
dose	inhaled	corticosteroids	have	not	been	studied	in	large	case	series,	but	it	 is
unlikely	 that	 they	 would	 negatively	 impact	 mortality	 as	 may	 occur	 in	 burn
patients.	A	placebo-controlled,	double-blind,	randomized	control	trial	conducted
in	 France	 showed	 that	 low-dose	 hydrocortisone	 reduced	 the	 need	 for
vasopressors	 among	 severe	 burn	 patients.141	 Animal	 studies	 have	 shown	 that
inhaled	 corticosteroids	 improve	 oxygenation	 and	 attenuate	 the	 development	 of
acute	 lung	 injury	 following	 chlorine	 exposure.142,143	 Although	 inhaled
corticosteroids	are	often	given	following	chlorine	and	phosgene	inhalation,	there
are	no	controlled	clinical	trials	regarding	their	efficacy.	Chest	physiotherapy	and
frequent	 suctioning	 may	 be	 helpful	 for	 patients	 with	 mucus	 plugs	 and	 thick
secretions.	Intubation	may	be	necessary	when	bronchial	secretions	are	excessive
and	 frequent	 bronchoscopic	 suctioning	 needed.	 Specific	 to	 the	 treatment	 of
EVALI,	 in	 addition	 to	 supportive	 care,	 patients	 should	 receive	 corticosteroids,
antibiotics	and	antivirals	when	indicated.144

Noncardiogenic	pulmonary	edema	from	acute	lung	injury	(ARDS)	is	far	less
common	than	airway	injury	but	should	be	suspected	for	patients	with	worsening
oxygenation	 and	 increasing	 dyspnea.	 Chest	 imaging	 should	 be	 obtained	when
signs	of	 respiratory	distress,	 abnormal	breath	 sounds,	or	worsening	hypoxemia
are	noted.	Pulmonary	edema	or	ARDS	from	inhalation	injury	typically	presents
as	 scattered,	 nodular	 alveolar	 infiltrates	 on	 chest	 imaging,	 although	 large,
diffuse,	 confluent	 infiltrates	 may	 occur	 as	 the	 illness	 progresses.	 Careful
attention	 to	 fluid	 and	 electrolyte	 balance	 is	 essential,	 especially	 when	 surface
burns	 are	 present.	 When	 gas	 exchange	 abnormalities	 are	 severe,	 positive-
pressure	 ventilation	 with	 CPAP	 or	 BiPAP	 may	 help	 to	 support	 adequate
oxygenation.	 If	 there	 is	 no	 response	 or	 secretions	 are	 burdensome,	 then
intubation	and	assisted	ventilation	are	 required.	Nasotracheal	 intubation	should
be	 avoided	 because	 of	 the	 severe	 nasal	 inflammation	 that	 typically	 occurs
following	 the	 inhalation	 of	 chemical	 irritants	 and	 because	 the	 smaller
endotracheal	tube	diameters	needed	for	nasotracheal	intubation	do	not	allow	for
the	repeated	bronchoscopic	suctioning	that	may	be	needed	if	secretions	become
a	problem.	Positive	end-expiratory	pressure	in	the	range	of	5	to	10	cm	H2O	may
help	to	improve	oxygenation	for	mechanically	ventilated	patients.145-147	The	use
of	 systemic	 corticosteroids	 for	 the	 treatment	 of	 pulmonary	 edema	 or	 ARDS
following	 toxic	 irritant	 inhalation	 remains	 controversial.148	Again,	 there	 are	 no
controlled	clinical	trials	evaluating	the	efficacy	of	corticosteroid	treatment.	Most
experts	believe	that	corticosteroids	are	not	useful	as	pulmonary	edema	or	ARDS



typically	 resolves	 48	 to	 72	 hours	 after	 inhalation	 exposure,	with	most	 patients
surviving	 when	 appropriate	 supportive	 treatment	 is	 given.	 However,	 whether
corticosteroids	might	be	useful	 for	preventing	 the	 few	 that	develop	pulmonary
bronchiolitis	 obliterans	 or	 pulmonary	 fibrosis	 remain	 to	 be	 determined.
Experimental	 studies	 suggest	 that	 treatments	 to	 block	 inflammatory	mediators,
free	 radicals	 and	 fibrin	 deposition	 in	 airways	 may	 be	 effective	 for	 smoke
inhalation	 victims.149-151	 Recent	 examples	 include	 retrospective	 analyses	 of
mechanically	 ventilated	 smoke	 inhalation	 adult,152	 and	 pediatric	 patients,153
demonstrating	successful	treatment	with	nebulized	unfractionated	heparin	and	N-
acetylcysteine	 (Table	 178.5).	 Other	 anticoagulants,	 including	 unfractionated
heparin,	tissue	plasminogen	activator,	and	antithrombin	have	shown	promise	for
treating	 smoke	 inhalation	 injury.154	 However,	 prospective	 controlled	 clinical
trials	have	not	been	conducted	for	any	of	these	experimental	agents.

Secondary	 bacterial	 pneumonia	 can	 occur	 as	 a	 complication	 of	 irritant-
induced	airway	or	lung	injury.155	There	is	no	evidence	that	the	administration	of
prophylactic	antibiotics	reduces	the	incidence	of	secondary	bacterial	pneumonia.
Antibiotics	 should	 be	 given	 only	when	 pneumonia	 is	 present,	 and	 the	 specific
antibiotics	 chosen	 should	 be	 based	 on	 standard	 practice	 according	 to	 known
community	organisms	and	sensitivities	until	culture	results	return.

LONG-TERM	COMPLICATIONS	OF	ACUTE
INHALATION	INJURY
8989	 Although	 most	 patients	 exposed	 to	 irritant	 gases	 or	 smoke	 will	 recover
completely,	others	may	develop	long-term	sequelae.156	The	most	common	long-
term	 complications	 are	 listed	 in	 Table	 178.9.	 Some	 of	 these	 disorders	 may
become	evident	in	the	days	or	weeks	following	acute	exposure,	whereas	others
may	 take	 months,	 or	 rarely	 even	 years,	 before	 clinical	 symptoms	 and	 signs
become	 evident.	 Therefore,	 all	 patients	 with	 acute	 inhalational	 injury	 require
medical	 follow-up	 for	 the	 potential	 development	 of	 long-term	 complications,
even	 if	 they	 are	 initially	 asymptomatic	 after	 resolution	 of	 acute	 signs	 and
symptoms.

TABLE	178.9

Agents	that	can	Produce	Bronchiolitis	Obliterans



Ammonia Methyl	isocyanate

Chlorine Mustard	gas

Cocaine	freebase Oxides	of	nitrogen

Fire	smoke Phosgene

Hydrogen	selenide Sulfur	dioxide

Some	 may	 develop	 a	 chronic	 cough	 syndrome,	 dyspnea,	 and/or	 wheezing
following	recovery	from	acute	inhalation	injury.	Pulmonary	function	tests,	chest
radiographs,	 and	 high-resolution	 CT	 scans	 of	 the	 chest	 can	 be	 helpful	 for
determining	 the	 etiology	 of	 chronic	 cough	 among	 such	 patients.	 When	 chest
radiographs	 and	 chest	CT	 scans	 are	 normal,	 the	 chronic	 cough	 is	 usually	 as	 a
result	 of	 asthma,	 RADS,	 bronchitis,	 rhinosinusitis,	 and/or	 gastroesophageal
reflux.157,158	Pulmonary	function	tests	may	be	normal.	Such	patients	could	have
rhinosinusitis,	 gastroesophageal	 reflux	 disease,	 and	 could	 also	 have
RADS/irritant	 asthma.	 The	 diagnostic	 evaluation	 for	 such	 patients	 should	 be
guided	by	a	careful	history	and	physical	examination.	RADS	is	characterized	by
immediate	 and	 then	 persistent,	 nonspecific	 airway	 hyperreactivity	 following
inhalation	of	a	 toxic	 substance	 in	 individuals	with	no	prior	history	of	cigarette
smoking,	 allergen,	 or	 airway	 disease.159	 Irritant	 asthma	 is	 the	 more	 proper
terminology	 if	 symptoms	were	 not	 immediate	 or	 if	 there	 is	 a	 history	 of	 prior
allergies,	 pulmonary	 disease,	 or	 smoking.	When	 pulmonary	 function	 tests	 are
normal,	bronchial	challenge	testing	(methacholine,	histamine,	mannitol,	cold	air,
or	 exercise)	 may	 be	 performed	 to	 evaluate	 airway	 hyperreactivity	 of	 patients
suspected	of	having	RADS	or	 irritant	 asthma.	Transient,	 self-limited	bronchial
hyperreactivity	 may	 occur	 during	 the	 weeks	 following	 irritant	 gas	 or	 smoke
exposures,	so	the	detection	of	early	bronchial	hyperreactivity	may	not	always	be
predictive	of	RADS.136-139	The	evaluation	of	firefighters	with	heavy	exposure	to
dust	and	irritant	gases	during	the	first	days	after	the	World	Trade	Center	(WTC)
collapse	 showed	 that	 bronchial	 hyperreactivity	 demonstrated	 by	 methacholine
challenge	testing	done	1	month	or	3	months	following	exposure	was	predictive
of	persistent	airway	hyperreactivity	and	RADS.139	It	can	take	months	or	years	for
the	symptoms	of	RADS	to	resolve,	and	some	patients	may	never	have	complete
resolution.	Treatment	with	an	inhaled	bronchodilator	should	be	considered	when
a	 significant	 bronchodilator	 response	 is	 found.	 Even	 in	 the	 absence	 of	 a
documented	bronchodilator	response,	a	trial	should	be	considered	when	there	is



a	 history	 of	 symptoms	 with	 exercise,	 irritants,	 or	 change	 in
temperature/humidity.	Inhaled	corticosteroids	should	be	considered	not	only	for
symptom	 control	 but	 also	 for	 the	 possible,	 albeit	 unproven,	 concept	 that	 early
treatment	 may	 prevent	 progression	 or	 lead	 to	 resolution.160	 When	 symptoms
persist,	serial	measurements	of	spirometry,	lung	volumes,	and	diffusion	capacity
should	 be	 assessed	 to	 determine	 whether	 there	 is	 accelerated	 decline	 in	 lung
function,	 hyperinflation,	 bronchiolitis	 obliterans,	 emphysema,	 or	 pulmonary
fibrosis.	A	study	of	more	than	12,000	firefighters	and	EMS	workers	exposed	to
dust	and	gases	from	the	September	11,	2001,	attack	on	the	WTC	found	that	the
decline	in	lung	function	during	the	first	6	to	12	months	after	the	attack	was	12
times	the	expected	annual	decline	and,	even	more	important	for	the	majority	of
those	exposed,	 this	decline	persisted.38,39	Furthermore,	 in	 the	20-years	since	the
WTC	 attacks,	 the	 survivors	 of	 the	 WTC	 acute	 inhalational	 exposure	 have
continued	to	manifest	multiorgan	disease.40-47

Bronchiolitis	 obliterans	 is	 a	 rare	 but	 particularly	 ominous	 complication
following	the	inhalation	of	certain	toxic	gases,	particularly	NO2,	other	oxides	of
nitrogen,	 SO2,	 mustard	 gas,	 and/or	 smoke.161-165	 Inhaled	 toxicants	 that	 can
produce	 bronchiolitis	 obliterans	 are	 listed	 in	 Table	 178.10.	 Bronchiolitis
obliterans	can	take	two	forms	following	acute	inhalation	injury.	The	first	form	is
manifested	by	 the	acute	onset	of	 fever,	chills,	cough,	dyspnea,	and	generalized
lung	crackles	that	develop	2	to	8	weeks	after	acute	exposure	to	an	offending	gas,
as	 discussed	 in	 the	 “Nitrogen	 Oxides”	 section.	 Chest	 radiographs	 or	 high-
resolution	CT	scans	typically	show	a	diffuse	“miliary”	pattern	of	small	nodules
and/or	 areas	of	ground-glass	 inflammation.	Although	 lung	biopsies	 are	usually
not	 necessary	 to	make	 the	 diagnosis	with	 a	 history	 of	 acute	 inhalation	 injury,
they	 show	 a	 proximal	 bronchiolitis	 with	 occlusion	 of	 the	 bronchioles	 by
inflammatory	 exudates	 and	 fibrin,	 but	 without	 organizing	 pneumonia.166
Bronchiolitis	 obliterans	 can	 be	 life-threatening	 when	 untreated	 but,	 for	 many,
may	 improve	 or	 resolve	 with	 systemic	 corticosteroid	 therapy.166	 It	 is
recommended	 that	patients	with	 this	 form	of	bronchiolitis	obliterans	be	 treated
with	40	to	60	mg	of	prednisone	daily	for	at	least	2	months,	with	the	dose	tapered
after	 all	 symptoms	 and	 radiographic	 findings	 resolve.	 The	 second	 of
bronchiolitis	 obliterans	 occurs	 among	 patients	 who	 have	 persistent	 cough	 and
dyspnea	with	an	obstructive	ventilatory	impairment	on	pulmonary	function	tests
that	 does	 not	 respond	 to	 inhaled	 corticosteroids	 or	 bronchodilators.166,167	 Chest
radiographs	may	appear	normal,	but	high-resolution	CT	scans	of	the	chest	often
show	hyperinflation	and	air	trapping.	Lung	biopsy	may	be	necessary	to	make	a
definitive	 diagnosis	 and	 typically	 shows	 a	 pure	 constrictive	 bronchiolitis.	 This



form	 of	 bronchiolitis	 obliterans	 is	 usually	 not	 responsive	 to	 systemic
corticosteroid	 therapy,	 and	 the	 prognosis	 for	 improvement	 is	 poor.	 Patients
affected	with	 this	 form	of	bronchiolitis	obliterans	may	get	progressively	worse
and	suffer	lifelong	disability.	The	administration	of	prophylactic	corticosteroids
to	 prevent	 bronchiolitis	 obliterans	 following	 inhalation	 injury	 is	 controversial,
with	treatment	effects	in	either	direction.168,169

TABLE	178.10

Long-Term	Effects	of	Acute	Inhalation	Injury

Complete	resolution	of	symptoms

Sinusitis/rhinitis	with	or	without	polyps

Vocal	cord	dysfunction	syndrome,	reactive	upper	airways	disorders	(RUDS)

Vocal	cord	polyps

Gastroesophageal	reflux

Asthma

Reactive	airways	dysfunction	syndrome	(RADS)

Chronic	bronchitis	or	chronic	obstructive	pulmonary	disease	(COPD)

Emphysema

Bronchiectasis

Bronchiolitis

Bronchiolitis	obliterans

Bronchostenosis

Interstitial	fibrosis

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	50-year-old	firefighter	is	being	evaluated	soon	after	an	occupational
exposure	to	smoke.	He	complains	of	mild	headache	and	denies	any	trauma.	Vital
signs	including	pulse	oximetry	are	normal.	On	physical	exam,	he	is	flushed	but
breathing	comfortably	on	room	air,	and	there	is	no	soot	or	edema	noted	in	his
nares	or	larynx.	The	rest	of	his	exam	is	unremarkable.	What	is	the	most
appropriate	next	step	in	diagnostic	evaluation?

A. 	Arterial	oxygen	content	measurement	(CaO2)
B. 	Arterial	oxygen	tension	measurement	(PO2)
C. 	Chest	x-ray
D. 	Immediate	bronchoscopy

2. 	A	25-year-old	man	with	no	significant	past	medical	history	is	brought	in
by	emergency	medical	services	for	hypoxic	respiratory	failure.	He	was	intubated
in	the	field	and	so	is	unable	to	provide	any	history.	Family	members	living	with
him	report	that	he	was	doing	well	several	hours	prior	to	presentation	and	was
without	complaints.	He	uses	e-cigarettes	but	has	no	known	history	of	drug	use.
No	other	household	members	are	experiencing	symptoms.	There	has	been	no
recent	travel	or	sick	contacts.	Chest	CT	scan	shows	diffuse	ground	glass
opacities	and	no	evidence	of	a	pulmonary	embolism.	Routine	serum	cell	count,
chemistries,	and	urinalysis	are	all	normal.	The	patient	undergoes	bronchoscopy,
and	lavage	shows	no	organisms	but	reveals	a	significant	number	of	lipid	laden
macrophages.	In	addition	to	providing	supportive	care,	what	is	the	most
appropriate	next	step	in	management?

A. 	Broad-spectrum	bacterial	and	fungal	coverage
B. 	Hyperbaric	oxygen	chamber	therapy
C. 	Systemic	glucocorticoids
D. 	Whole-lung	lavage

3. 	A	50-year-old	chemical	plant	employee	presents	to	your	emergency
department	after	a	chemical	leak	at	his	facility.	He	is	conscious	with	normal	vital
signs	including	oxygen	saturation,	and	reports	nasal	congestion.	He	works	at	a
pesticide	manufacturing	plant	and	was	sent	to	you	according	to	his	company’s
protocol	for	all	exposures.	Physical	exam,	basic	labs	(serum	cell	counts	and
chemistries),	and	a	chest	x-ray	are	all	normal.	What	is	the	most	appropriate
disposition?



A. 	Admit	for	24-hour	observation
B. 	Bronchoscopic	lavage	for	cell	count,	then,	if	normal,	discharge	home
C. 	Discharge	to	home	now
D. 	Provide	supplemental	oxygen,	observe	for	4	to	6	hours,	then
discharge	home

Answers

1.	The	correct	answer	is	A.
Rationale:	With	this	firefighter’s	exposure	to	smoke,	inhalational	exposure	to

carbon	monoxide	(CO)	must	be	considered.	His	headache	and	flushing	also	may
suggest	 CO	 toxicity,	 which	 will	 often	 not	 present	 as	 hypoxia	 on	 noninvasive
oximetry.	The	diagnosis	 can	be	made	by	a	profound	 reduction	of	hemoglobin-
bound	O2	through	oxygen	content	measurement	(choice	A	is	correct).	Worrisome
signs	 of	 CO	 toxicity	 may	 include	 acidemia,	 mental	 status	 changes,	 and	 other
evidence	 of	 end-organ	 damage.	Arterial	 oxygen	 tension	measurement	 (PO2)	 is
not	 usually	 affected	 by	 CO	 poisoning,	 as	 this	 reflects	 the	 amount	 of	 oxygen
dissolved	 in	 the	 blood	 (choice	 B	 is	 incorrect).	 Chest	 x-ray	 and	 bronchoscopy
may	 be	 supplemental	 modalities	 in	 the	 evaluation	 of	 a	 patient	 with	 smoke
exposure,	 but	 the	 assessment	 of	 CO	 poisoning	 should	 be	 prioritized	 so	 that
oxygen	treatment	can	be	started	 immediately.	Furthermore,	early	bronchoscopy
is	more	appropriate	when	there	are	physical	signs	of	direct	burn	or	evidence	of
inhalation	of	hot	gases	on	exam	or	by	history,	which	is	not	present	in	this	case
(choices	C	and	D	are	incorrect).

2.	The	correct	answer	is	C.
Rationale:	 This	 patient	 most	 likely	 has	 e-cigarette	 or	 vaping	 product	 use–

associated	 lung	 injury	 (EVALI)	 with	 features	 of	 lipoid	 pneumonia.	 Systemic
glucocorticoids	 have	 been	 used	 in	 most	 patients	 with	 EVALI	 (choice	 C	 is
correct).	Although	response	to	steroids	has	been	varied,	the	severity	of	disease	in
this	 patient	 with	 intubation	 requirement	 certainly	 warrants	 a	 short	 course	 of
systemic	 steroids,	 tapered	 based	 on	 clinical	 course.	 Although	 community
acquired	 pneumonia	 is	 important	 to	 rule	 out	 and	 could	 be	 empirically	 treated
while	 waiting	 for	 definitive	 cultures,	 it	 is	 not	 necessary	 to	 include	 fungal
coverage	up	front	(choice	A	is	incorrect).	Hyperbaric	oxygen	chamber	therapy	is
definitive	 therapy	 for	 conditions	 such	 as	 decompression	 sickness	 or	 carbon
monoxide	 intoxication,	 but	 not	 shown	 to	 be	 of	 benefit	 for	 lipoid	 pneumonia
(choice	B	 is	 incorrect).	 Furthermore,	 carbon	monoxide	 intoxication	 is	 unlikely



given	that	other	household	members	are	not	ill.	Although	whole	lung	lavage	has
been	described	 for	 lipoid	 pneumonia	 caused	by	 exogenous	 aspiration,	 it	 is	 not
recommended	for	EVALI	(choice	D	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	 Health	 care	 providers	 should	 be	 concerned	 about	 possible

phosgene	 exposure	 in	 patients	 working	 with	 industrial	 chemical	 processes.
Therefore,	 despite	 the	 reassuring	 initial	 findings,	 he	 should	 have	 prolonged
observation	 while	 limiting	 supplemental	 oxygen	 unless	 needed	 (choice	 A	 is
correct	and	choice	D	is	incorrect).	Limiting	oxygen	is	important	because	of	the
formation	 of	 reactive	 oxygen	 species	 (choice	 D	 is	 incorrect).	 Early	 treatment
with	 corticosteroids	 and	 nebulized	 N-acetylcysteine,	 if	 phosgene	 toxicity	 is
present,	 is	 recommended	 to	 both	 scavenge	 oxygen	 free	 radicals	 and	 replete
glutathione.	 Terbutaline	 and	 albuterol	 can	 also	 be	 considered	 to	 upregulate
intracellular	 cAMP.	Nonsteroidals	 such	 as	 ibuprofen	may	 reduce	 tissue	 injury.
There	is	no	indication	for	a	bronchoscopy	(choice	B	is	incorrect).
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Chapter	179
Chest	Radiographic	Examination
Carole	A.	Ridge,	Nidhish	Jeyin,	Benedikt	H.	Heidinger,	Diana	E.
Litmanovich

KEY	POINTS:
1.	 The	most	important	role	of	the	chest	radiograph	in	critically	unwell

patients	is	to	ensure	devices	commonly	used	in	the	ICU	environment
are	correctly	situated	(see	“Evaluation	of	Tubes	and	Catheters”
section).

2.	 The	most	important	role	of	the	computerized	tomography	scan	in
critically	unwell	patients	is,	where	possible,	to	give	an	accurate
depiction	of	disease	severity	and	with	serial	scans,	disease
progression	(see	“Evaluation	of	the	Lung	Parenchyma”	section).

3.	 The	use	of	radiography	in	the	intensive	care	unit	environment
requires	a	broad	knowledge	of	emerging	devices,	their	uses	as	well
as	their	indications.	(see	“ECMO	Cannulae”	section).

INTRODUCTION
Radiographic	 examination	of	 the	 critically	 ill	 patient	 in	 the	 intensive	 care	 unit
(ICU)	 or	 coronary	 care	 unit	 (CCU)	 is	 often	 necessary	 to	 follow	 the	 patient’s
progress	 or	 changes	 in	 status	 after	 admission	 or	 after	 surgery.	 Radiographic
examinations	are	requested	to	evaluate	the	course	of	the	primary	disease	and	to
diagnose	complications	that	may	ensue.	The	bedside	chest	radiograph	has	been
shown	 to	 alter	management	 85%	 of	 258	 consecutive	 radiographs	 analyzed	 by
Palazzetti	 and	 colleagues.1	 A	 similar	 retrospective	 study	 analyzing	 1354
radiographs	from	a	respiratory	ICU	found	a	34.5%	incidence	of	new	or	increased
abnormalities	 or	 tube	 or	 catheter	 malpositions.2	 These	 studies	 suggest	 that
routine	 daily	 radiographic	 examinations	 frequently	 demonstrate	 unexpected	 or



changing	abnormalities,	many	of	which	prompt	changes	in	clinical	management.
In	2013,	American	College	of	Radiology	published	appropriateness	criteria	 for
the	need	of	ICU	studies	advising	that	a	portable	chest	radiograph	is	appropriate
after	 placement	 of	 an	 endotracheal	 tube,	 central	 venous	 line,	 Swan-Ganz
catheter,	nasogastric	 tube,	 feeding	 tube,	or	chest	 tube	or	 if	a	clinical	 indication
mandates	chest	radiography	in	a	stable	or	ventilated	patient.3

Critically	 ill	 patients	 in	 the	 ICU	 or	 CCU	 often	 cannot	 take	 advantage	 of
radiologic	 investigations	 that	 are	 readily	 available	 to	mobile	 patients.	 Because
some	of	these	patients	cannot	be	transported	while	their	circulatory	functions	are
labile	 and	 they	 are	 connected	 to	 electrocardiogram	 monitors,	 ventilators,
catheters,	and	surgical	appliances,	at	 times	 the	only	examination	 that	 is	 readily
available	 to	 them	 is	 the	 portable	 bedside	 radiographic	 examination.	 The	 chest
radiograph	 is	 especially	 important	 because	 physical	 examination	 to	 determine
the	presence	of	complications	such	as	atelectasis,	pneumothorax,	pneumonia,	or
pulmonary	edema	is	limited	in	the	intubated	and	ventilated	patient.

The	main	advances	in	portable	screen-film	radiographic	examinations	include
the	 advent	 of	 computed	 radiography	 and	 flat	 panel	 detectors.4	 Computed
radiography	technology	uses	a	photostimulable	barium	halide	phosphor	cassette
similar	 to	 that	 used	 in	 screen-film	 radiography.	After	 exposure,	 the	 cassette	 is
transported	 to	 a	 computed	 radiography	 reader	 device,	 which	 is	 scanned	 by	 a
laser;	 the	 image	 is	 then	 available	 in	 digital	 soft	 copy	 format.	 The	 main
advantages	 include	 the	reduced	need	for	cassette	handling	 leading	 to	 improved
workflow	and	 the	 ability	 to	manipulate	 the	 image	 after	 acquisition	 to	 improve
visualization	 of	 subtle	 structures	 (eg,	 a	 central	 venous	 catheter	 tip).	 Flat	 panel
technology	 is	 based	 on	 thin	 layers	 of	 amorphous	 silicon	 thin-film	 transistors
(TFTs)	 deposited	 on	 a	 piece	 of	 glass.	The	TFT	 layer	 is	 coupled	with	 an	 x-ray
absorptive	 layer.	 Because	 the	 silicon	 film	 transistors	 are	 thin,	 the	 x-ray
absorptive	 layer	 can	 be	 thick,	 leading	 to	 increased	 x-ray	 detection	 efficiency.
This	development	has	addressed	 the	 limitation	of	 long	exposure	 times	 inherent
to	prior	 iterations	of	 radiographic	 systems	and	has	 thus	 enabled	 a	 reduction	 in
radiation	dose	while	continuing	to	possess	the	described	advantages	of	computed
radiography.	 Both	 flat	 panel	 and	 computed	 radiography	 imaging	 systems	 can
now	be	used	for	portable	chest	radiographic	examination.

Interpretation	of	portable	examinations	is	fraught	with	pitfalls.	Magnification
of	the	cardiac	silhouette	cannot	be	eliminated	because	of	the	short	tube-detector
distance	 and	 the	 often	 supine	 position	 of	 the	 patient.	 Signs	 used	 to	 evaluate
pulmonary	 venous	 hypertension	 are	 not	 valid	 on	 the	 supine	 radiograph.
Furthermore,	the	meniscus	of	a	pleural	effusion	is	often	not	visible	using	supine
or	 semierect	 radiographic	 positioning.	 Radiographs	 are	 often	 acquired	 after	 a



poor	 inspiratory	 effort	 because	 of	 the	 patient’s	 inability	 to	 follow	 breath-hold
instructions.	As	a	result,	the	appearance	of	parenchymal	abnormalities	is	difficult
to	evaluate.	Increased	inflation	of	the	lung	may	cause	the	opacities	to	appear	less
dense,	 but	 the	 apparent	 improvement	 secondary	 to	 increased	 aeration	does	not
correspond	 to	 a	 true	 improvement.	 The	 reverse	 situation	 can	 occur	 as	 well,
particularly	after	a	patient	has	been	extubated	(Figure	179.1).

	

Figure	 179.1 	 The	 degree	 of	 inflation	 of	 the	 lung	 may	 cause
pulmonary	 opacities	 to	 appear	 more	 or	 less	 dense	 indicating	 an
apparent	 disimprovement,	 which	 is	 in	 fact	 secondary	 to	 decreased
aeration	 (eg,	 the	 removal	 of	 an	 endotracheal	 tube).This	 is
demonstrated	 on	 this	 anteroposterior	 portable	 chest	 radiograph	 of	 a
70-year-old	man	who	is	day	2	after	uncomplicated	mitral	valve	repair.
The	first	radiograph	(A)	demonstrates	a	low	lying	endotracheal	tube
tip	 in	 the	 lower	 trachea	 (arrow),	 two	 satisfactorily	 positioned	 right
internal	 jugular	 venous	 catheters,	 intact	 sternotomy	 wires,	 two
mediastinal	drains,	and	moderate	cardiomegaly.	Five	hours	later	(B),
the	endotracheal	 tube	has	been	removed	because	of	clinical	stability
and	 as	 a	 result,	 lung	 density	 increases	 due	 to	 the	 absence	 of
mechanical	ventilation.

EVALUATION	OF	TUBES	AND	CATHETERS

Endotracheal	Tubes
The	location	of	endotracheal	 tubes	should	be	checked	as	soon	as	possible	after
insertion	(Chapters	1-8).	To	evaluate	the	position	of	the	tube	properly,	Goodman



et	al5	showed	that	one	must	evaluate	the	head	and	neck	position	simultaneously
because	tube	position	can	change	with	flexion	and	extension	of	the	neck6	by	as
much	 as	 4	 cm.5,7	 If	 the	 radiograph	 includes	 the	 mandible,	 the	 following
guidelines	may	be	of	use:

1.	 When	the	inferior	border	of	the	mandible	is	at	or	above	C4,	the	tip	should
be	7	±	2	cm	from	the	carina.

2.	 When	the	inferior	border	of	the	mandible	is	at	the	C5	to	C6	levels,	the	tip	of
the	tube	should	be	5	±	2	cm	from	the	carina.

3.	 When	the	inferior	border	of	the	mandible	is	at	T1	or	below,	the	tip	of	the
tube	should	be	3	±	2	cm	from	the	carina.

If,	however,	the	mandible	is	not	visible,	and	the	technologist	has	ensured	that
the	head	is	in	a	neutral	position,	an	endotracheal	tube	position	5	±	2	cm	from	the
carina	is	acceptable	(Figure	179.2).	When	the	tube	is	too	high,	it	may	slip	into
the	pharynx.	If	it	is	just	below	the	vocal	cords,	its	inflated	cuff	can	cause	glottic
or	subglottic	edema,	ulceration,	and,	ultimately,	scarring.	If	 it	 is	 too	low,	it	can
enter	 a	 bronchus	 and	 cause	 atelectasis	 of	 the	 lung	 supplied	 by	 the	 obstructed
bronchus	(Figure	179.3).

	

Figure	179.2 	Correct	endotracheal	 tube	position.Anteroposterior



portable	 chest	 radiograph	 of	 a	 70-year-old	man	who	 is	 day	 1	 after
mitral	 valve	 repair.	 The	 radiograph	 demonstrates	 appropriate
endotracheal	tube	position	in	the	lower	trachea	3	cm	from	the	carina
(arrow),	 two	 satisfactorily	 positioned	 right	 internal	 jugular	 venous
catheters,	 intact	 sternotomy	 wires,	 two	 mediastinal	 drains,	 acute
perihilar	 “batwing”	 opacities	 indicating	 pulmonary	 edema	 which
resolved	after	diuresis	(Figure	179.1)	and	moderate	cardiomegaly.

	

Figure	 179.3 	 Endotracheal	 tube	 malposition.Anteroposterior
chest	 radiograph	 of	 a	 25-year-old	man	 admitted	 to	 the	 ICU	 after	 a
motor	 vehicle	 accident.	 The	 radiograph	 demonstrates	 the	 tip	 of	 the
endotracheal	 tube	 in	 the	 right	main	 bronchus	 (arrow),	 causing	 right
upper	 lobe	atelectasis;	 in	 addition,	 there	 is	 complete	collapse	of	 the
left	lung	owing	to	a	large	pneumothorax	which	has	been	treated	with
emergent	left	chest	tube	placement,	the	tip	of	which	is	in	satisfactory
position.	ICU,	intensive	care	unit.

Ideally,	the	tube	should	be	one-half	to	two-thirds	the	width	of	the	trachea,	and
the	inflated	cuff	should	fill	the	trachea	without	causing	the	lateral	walls	to	bulge.
Repeated	overdistension	of	 the	cuff	on	chest	film,	despite	careful	cuff	 inflation
to	the	minimal	leak	level	may	predispose	to	tracheomalacia	(Figure	179.4).6



	

Figure	 179.4 	 Endotracheal	 cuff	 overinflation.Anteroposterior
portable	 chest	 radiograph	 of	 a	 64-year-old	man	who	 is	 day	 1	 after
colectomy.	The	balloon	of	the	endotracheal	tube	(arrow)	is	wider	than
the	transverse	diameter	of	the	trachea	indicating	overdistension.

Immediately	 after	 intubation,	 and	 especially	 after	 difficult	 intubation,	 an
image	 should	 be	 obtained	 to	 define	 the	 position	 of	 the	 endotracheal	 tube.	The
radiologist	should	also	look	for	signs	of	perforation	of	the	pharynx,	such	as	new
subcutaneous	emphysema,	pneumomediastinum,	and	pneumothorax.	Dislodging
of	teeth,	dental	caps,	and	portions	of	dentures	into	the	tracheobronchial	tree	has
been	 reported	 after	 intubation.	 If	 this	 is	 suspected,	 a	 foreign	 body	 in	 the
tracheobronchial	tree	should	be	carefully	sought.

Tracheostomy	Tubes
The	tip	of	the	tracheostomy	tube	should	be	located	one-half	to	two-thirds	of	the
way	 between	 the	 stoma	 and	 the	 carina.	 Unlike	 the	 endotracheal	 tube,	 the
tracheostomy	 tube	 does	 not	 change	 position	with	 flexion	 and	 extension	 of	 the
neck.	The	tracheostomy	tube	should	be	evaluated	to	determine	its	inner	diameter
(which	 should	 be	 two-thirds	 that	 of	 the	 tracheal	 lumen);	 its	 long	 axis	 (which
should	parallel	the	tracheal	lumen);	the	location	of	its	distal	end	(Figure	179.2)
(which	 should	 not	 about	 the	 tracheal	 wall	 laterally,	 anteriorly,	 or	 posteriorly);



and	 for	 development	 of	 new	 pneumothorax,	 pneumomediastinum,	 or
subcutaneous	emphysema,	which	may	indicate	tracheal	rupture.

Central	Venous	Catheters
Central	venous	catheters	should	be	evaluated	 to	ensure	accurate	central	venous
pressure	measurement	and	central	venous	drug	delivery.	The	catheter	tip	should
be	 located	at	 the	 superior	 cavoatrial	 junction.	The	 intersection	of	 the	bronchus
intermedius	 with	 the	 right	 heart	 border	 and	 the	 inflection	 of	 the	 right	 heart
border	 are	 the	closest	 radiographic	 landmarks	 to	 the	cavoatrial	 junction.	When
these	 landmarks	 are	 not	 identifiable,	 the	 most	 uniformly	 visible	 radiographic
landmark	 is	 the	 carina;	 the	 superior	 cavoatrial	 junction	 is	 approximately	 4	 cm
above	 this	 structure	 (Figure	179.5).8	 Complications	 of	 central	 venous	 catheter
placement	 include	 infection,	 vascular	 perforation	 or	 dissection,	 inadvertent
arterial	cannulation	(Figure	179.6A),	and	cardiac	perforation,	leading	to	cardiac
tamponade	(Figure	179.6B).

	

Figure	 179.5 	 Junction	 of	 internal	 jugular	 vein	 and	 right
subclavian	vein.Veins	shown	in	relation	to	the	first	rib.	The	junction
of	the	internal	jugular	and	right	subclavian	veins	(long	arrow)	occurs
at	 approximately	 the	 level	of	 the	 first	 rib	 (short	 arrow).	The	central



venous	pressure	line	should	be	at	or	beyond	this	point	to	measure	true
venous	pressure.(Courtesy	of	Mary	Cunnion.)

	

Figure	179.6 	 A,	 Central	 line	 complications.	 Inadvertent	 arterial
cannulation.	 Anteroposterior	 chest	 radiograph	 in	 a	 50-year-old
woman	 day	 1	 after	 hysterectomy	 and	 central	 line	 insertion	 who
complained	 of	 dizziness.	 The	 central	 venous	 catheter	 crosses	 the
midline	consistent	with	an	intra-arterial	course	(arrow),	an	iatrogenic
right	 pneumothorax	 has	 been	 treated	 with	 chest	 tube	 placement.	 A
subsequent	 CT	 confirmed	 catheter	 position	 in	 the	 right	 subclavian
artery	and	a	posterior	circulation	cerebral	infarct	owing	to	occlusion
of	 the	 right	 vertebral	 artery.	B,	Central	 line	 complications.	Portable
anteroposterior	view	of	a	different	patient	with	pulmonary	edema	in
whom	a	central	venous	pressure	line	extends	from	the	left	subclavian
vein.	 The	 line	 entered	 the	 pericardium	 (arrows)	 and	 caused
haemorrhage	into	the	pericardium	secondary	to	vascular	perforation.
CT,	computed	tomography.

Swan-Ganz	Catheters
Swan-Ganz	 catheters	 are	 used	 to	 perform	 right	 heart	 catheterizations.9	 Ideally,
the	tip	of	the	Swan-Ganz	catheter	should	be	located	in	the	right	or	left	branch	of
the	pulmonary	artery	(Figure	179.7).	Occasionally,	the	tip	may	be	malpositioned
(Figure	179.6);	a	radiograph	should	be	routinely	 taken	to	check	its	position.	 If
the	catheter	tip	is	more	than	3	cm	from	the	midline,	the	catheter	could	potentially
produce	pulmonary	infarction	(Figure	179.8A–C)	by	blocking	the	artery	directly
or	from	a	clot	in	or	around	the	tip.	Other	rare	complications	include	perforation
of	the	pulmonary	artery,	the	resulting	focal	hemorrhage	leading	to	the	formation



of	 “traumatic	 pseudoaneurysm”	 (Figure	 179.8D),	 balloon	 rupture,	 and
pulmonary	 artery-bronchial	 tree	 fistula.	 Once	 correct	 position	 is	 confirmed
radiographically,	clinical	criteria	can	be	used	to	confirm	ongoing	correct	position
which	 include	 >1.25	 mL	 volume	 of	 air	 required	 to	 insufflate	 the	 catheter	 tip
balloon	 and	 obtain	 a	 pulmonary	 capillary	 wedge	 pressure	 tracing	 and	 the
absence	 of	 >1	 cm	 migration	 from	 initial	 catheter	 position	 according	 to	 the
centimeter	markings	from	the	catheter	hub.10

	

Figure	179.7 	Thoracic	CT	scout	(A)	and	axial	images	(B)	in	a	52-
year-old	woman	with	dilated	cardiomyopathy	shows	a	 right	 internal
jugular	 approach	 Swan-Ganz	 catheter	 with	 its	 tip	 in	 the	 left	 lower
lobar	pulmonary	artery	(arrow	in	B).CT,	computed	tomography.

	



Figure	179.8 	A–D:	 Infarction	caused	by	Swan-Ganz	catheter.A,
Preoperative	posteroanterior	view	of	the	chest	shows	bilaterally	clear
lung	parenchyma.	B,	Postoperative	posteroanterior	view	of	the	chest
shows	overly	distal	 position	of	 the	Swan-Ganz	 catheter.	An	 area	of
density	 (arrow)	 surrounds	 the	 tip	 of	 the	 catheter,	 representing	 a
pulmonary	 infarct	 in	 the	 area	 supplied	 by	 the	 occluded	 artery.	C,
Posteroanterior	 film	 after	 5	 days	 shows	 a	 persistent	 left	 lower	 lobe
density	(arrow)—the	resolving	infarct.	Right	pleural	effusion	is	also
present.	D,	Note	tip	of	Swan-Ganz	catheter	line	at	periphery	of	right
upper	 lobe	 pulmonary	 artery	 and	 showing	 a	 round	 opacity
representing	“traumatic	pseudoaneurysm”	(arrow).

Intra-aortic	Balloon	Pump
The	intra-aortic	balloon	pump	(IABP)	was	designed	to	improve	cardiac	function
and	coronary	perfusion	 in	 a	 setting	of	 cardiogenic	 shock,	 and	 this	 remains	 the
major	indication	for	its	use.11	Ideally,	the	tip	of	the	IABP	should	be	positioned	at
the	 level	 of	 the	 aortic	 arch	 below	 the	 origin	 of	 the	 left	 subclavian	 artery	 to
augment	coronary	artery	perfusion	during	diastole	maximally	without	occluding
the	 subclavian	 and	 cerebral	 vessels	 (Figure	 179.9).	 A	 position	 too	 low	 in	 the
thoracic	 aorta	may	 limit	 its	 effectiveness	 and	 can	give	 rise	 to	occlusion	of	 the
abdominal	aortic	branches.	On	the	chest	radiograph,	the	ideal	IABP	position	was
defined	as	below	the	aortic	arch,	between	T2	and	T5	vertebrae.12	Complications
related	 to	 IABP	 placement	 include	 major	 vessel	 obstruction	 (Figure	 179.10),
embolization	from	a	clot	formed	in	or	around	the	catheter,	and	aortic	dissection
with	balloon	rupture.



	

Figure	179.9 	Correct	 IABP	position.The	 tip	of	 the	IABP	should
be	positioned	at	the	level	of	the	aortic	arch	below	the	origin	of	the	left
subclavian	 artery	 (arrow)	 to	 augment	 coronary	 artery	 perfusion
during	 diastole	 maximally	 without	 occluding	 the	 subclavian	 and
cerebral	vessels.	IABP,	intra-aortic	balloon	pump.

	

Figure	179.10 	Sagittal	(A)	and	axial	(B)	CT	images	of	a	41-year-
old	man	with	a	myocardial	infarct	requiring	intra-aortic	balloon	pump
placement	 demonstrates	 appropriate	 distal	 tip	 position	 distal	 to	 the
left	subclavian	artery	origin	of	the	aortic	arch	(arrow).The	balloon	is
inflated	 during	 image	 acquisition,	 and	 is	 shown	 to	 be	 too	 long,
descending	 below	 the	 celiac	 artery	 origin	 resulting	 in	 splenic
infarction	(arrow	heads).	CT,	computed	tomography.



Chest	Tubes
Chest	 tubes	 (thoracostomy	 or	 pleural	 drainage	 tubes)	 are	 used	 to	 drain	 either
fluid	or	air	from	the	pleural	space	(Chapters	8-13).	If	placed	for	a	pneumothorax,
the	 tube	 tip	 should	be	projected	over	 the	 lung	apex	where	pleural	 air	 typically
collects	on	 the	 chest	 radiograph;	 if	 placed	 to	drain	 a	pleural	 effusion,	 the	 tube
should	be	projected	over	the	posterior	lower	pleural	space	(Figure	179.11A	and
B).	If	a	wide	bore	chest	tube	is	used,	the	side	hole	of	the	tube	(where	there	is	an
interruption	in	the	opaque	marker)	should	be	seen	within	the	pleural	space.	If	a
locking	 pigtail	 catheter	 is	 used,	 the	 catheter	 should	 form	 a	 round	 loop	 in	 the
pleural	 space,	 thus	 ensuring	 sidehole	 position	 within	 the	 pleura	 because
sideholes	 are	 typically	 located	 only	 in	 the	 region	 of	 the	 pigtail;	 if	 present,	 a
radiopaque	marker	indicates	the	position	of	the	most	distal	sidehole.

	

Figure	 179.11 	A	 and	B,	 Satisfactory	 pleural	 drainage	 catheter
position.	 Chest	 radiographs	 of	 a	 33-year-old	 woman	 with	 dyspnea
secondary	 to	 stage	4	ALK	mutant	 lung	carcinoma	with	a	malignant
right	 pleural	 effusion.	 A	 right	 pleural	 catheter	 was	 placed	 with
symptomatic	 improvement;	 the	 pigtail	 and	 its	 sideholes	 are	 shown
within	 the	 right	 lateral	 pleural	 space	 (arrow	 in	 B).	 A	 small	 right
lateral	 pneumothorax	 (arrowheads)	 is	 likely	 owing	 to	 ex	 vacuo
phenomenon	 in	 a	 chronically	 atelectatic	 lung	 because	 of	 the	 large
right	effusion.	ALK,	anaplastic	lymphoma	kinase.

Nasogastric	Tubes
The	tip	of	the	nasogastric	tube	should	be	visible	below	the	diaphragm	projected
over	 the	 expected	 location	 of	 the	 stomach.	 Malposition	 in	 the	 esophagus	 or
bronchi	 should	 be	 excluded	 radiographically	 prior	 to	 nasogastric	 tube	 use



(Figure	 179.12A	 and	 B).	 Malposition	 in	 the	 lungs	 can	 rarely	 lead	 to
bronchopleural	fistula	formation	(Figure	179.12C).

	

Figure	 179.12 	 Nasogastric	 tube	 malposition.A,	 Anteroposterior
chest	radiograph	in	a	patient	requiring	nasoenteric	feeding.	The	initial
radiograph	demonstrated	too	proximal	a	tube	tip	position	in	the	lower
esophagus	 (arrow).	 B,	 A	 repeat	 anteroposterior	 radiograph	 after
nasogastric	 tube	 repositioning	 confirms	 satisfactory	 position	 in	 the
stomach	with	 the	 distal	 tip	 coiled	 in	 the	 gastric	 fundus	 (arrow).	C,
Posteroanterior	 chest	 radiograph	 in	 a	 57-year-old	 woman	 with
supraglottic	 squamous	 cell	 carcinoma	 and	 recurrent	 aspiration
pneumonia	 requiring	 nasoenteric	 feeding.	 A	 nasogastric	 tube	 was
placed	 at	 the	 bedside,	 and	 a	 radiograph	 demonstrates	 malposition
with	the	distal	tip	of	the	nasogastric	tube	projected	over	a	large	right
pneumothorax	 indicating	 perforation	 of	 the	 lung	 owing	 to
endobronchial	placement	of	the	tube.

Transvenous	Pacemakers
Pacemaker	 leads	 are	 passed	 under	 fluoroscopic	 guidance	 into	 the	 right	 atrium
(RA),	 apex	of	 the	 right	ventricle,	 and/or	 through	 the	coronary	 sinus	 into	a	 left
ventricular	 cardiac	 vein,	 such	 as	 the	 left	 marginal	 vein;	 the	 latter	 is	 used	 for
biventricular	pacing	in	severe	heart	failure.13	Films	should	be	checked	for	breaks
or	 fractures	 in	 the	wire	 (Figure	179.13).	A	 lateral	 view	 should	 be	 obtained	 to
ascertain	that	the	right	ventricular	pacemaker	tip	is	directed	anteriorly	3	to	4	mm
beneath	 the	 pericardial	 fat.14	 A	 posteriorly	 directed	 tip	 on	 the	 lateral	 view,
coupled	with	a	cephalad	direction	in	the	anteroposterior	view,	suggests	that	 the
pacer	 is	 in	 the	 coronary	 sinus	 or	 a	 tributary.15	 Projection	 of	 the	 pacemaker	 tip
anterior	 to	 the	 pericardial	 fat	 stripe	 suggests	 myocardial	 perforation.14
Subcutaneous	 emphysema	 may	 signify	 air	 entrapment	 in	 the	 pulse	 generator
pocket.	This	can	produce	a	system	malfunction	with	unipolar	pulse	generators.16



	

Figure	 179.13 	 Pacemaker	 wire	 fracture.Posteroanterior	 view	 of
the	chest	in	a	patient	with	a	malfunctioning	pacemaker.	A	break	in	the
pacer	wire	(arrow)	caused	the	malfunction.

ECMO	Cannulae
Extracorporeal	membrane	oxygenation	(ECMO)	is	used	as	either	a	pulmonary	or
cardiopulmonary	bypass	 technique.	The	placement	 of	 the	 cannula	 is	 pivotal	 in
determining	the	level	of	support	the	ECMO	machine	provides	to	the	patient.

Venovenous	 (VV)	ECMO	is	used	 in	patients	with	 respiratory	 failure,	 this	 is
where	 deoxygenated	 blood	 is	 drawn	 from	 a	 vein,	 oxygenated,	 warmed,	 and
returned	 to	 the	 patient’s	 venous	 system.	 There	 are	 currently	 two	 typical	 VV
ECMO	configurations.

1.	 In	the	classical	“Femorojugular”	setup,	the	drainage	cannula	is	inserted	into
the	femoral	vein	and	advanced	to	the	junction	between	the	inferior	vena
cava	(IVC)	and	the	RA.	The	reinjection	cannula	is	inserted	into	the	internal
jugular	vein	(IJV)	and	advanced	into	the	RA	(Figure	179.14A).

	



Figure	 179.14 	 Extracorporeal	 membrane	 oxygenation
(ECMO)	 cannula	 position.A,	 “Femorojugular”	 ECMO
arrangement	 whereby	 the	 drainage	 cannula	 is	 inserted	 through
the	femoral	vein	and	terminates	in	the	inferior	vena	cava	(IVC)
and	 the	 return	 cannula	 is	 inserted	 through	 the	 internal	 jugular
vein	 and	 terminates	 in	 the	 right	 atrium	 (RA).	 B,
“Femorofemoral”	 ECMO	 arrangement	 whereby	 the	 drainage
cannula	 is	 inserted	 into	 the	 femoral	 vein	 and	 advanced	 to	 the
middle	 of	 the	 IVC	 and	 the	 return	 cannula	 is	 inserted	 via	 the
contralateral	 femoral	 vein	 and	 is	 advanced	 to	 the	 RA.	C,	 VA
ECMO	 configuration	 which	 involves	 a	 percutaneous	 drainage
cannula	 insertion	 into	 the	 internal	 jugular	 vein	 with	 the	 tip
advanced	 into	 the	 SVC	 and	 a	 return	 cannula	 inserted	 into	 the
common	carotid	artery	with	the	tip	in	the	common	carotid	artery.

2.	 When	cannulation	of	the	IJV	is	not	possible,	an	alternative	approach	is	the
“Femorofemoral”	setup.	This	is	where	the	drainage	cannula	is	inserted	into
the	femoral	vein	and	advanced	to	the	middle	of	the	IVC.	The	reinjection
cannula	inserts	at	the	contralateral	femoral	vein	and	is	advanced	to	the	RA
(Figure	179.14B).

Venoarterial	 ECMO	 (VA	 ECMO)	 is	 used	 in	 patients	 with	 joint
cardiorespiratory	 failure,	 in	 these	 cases	 the	 blood	 is	 drawn	 from	 a	 vein,
oxygenated,	warmed	and	returned	back	into	the	patient’s	arterial	system.	There
are	currently	two	configurations	of	VA	ECMO	cannulae.

1.	 Central	ECMO	cannulation	involves	a	sternotomy	and	direct	cannulation	of
the	RA	and	aorta.

2.	 Peripheral	ECMO	cannulation	requires	percutaneous	drainage	cannula
insertion	into	an	IJV	or	internal	femoral	vein	with	the	tip	advanced	into	the
IVC	or	SVC.	The	return	cannula	is	inserted	into	the	common	femoral	or
carotid	artery	with	the	tip	conventionally	in	an	iliac	or	common	carotid
artery	(Figure	179.14C).

ECMO	cannulae	have	a	radiopaque	tip;	radiography	or	computed	tomography
(CT)	 is	 used	 immediately	 after	 cannulation	 to	 accurately	 document	 cannula
position	as	well	as	exclude	inadvertent	arterial	puncture	or	hematoma.17-19

Assessment	 of	 the	 position	 of	 the	 tubes	 and	 lines	 with	 CT	 is	 precise	 and



usually	achieved	with	a	combination	of	axial,	coronal,	and	sagittal	 reformatted
images.

EVALUATION	OF	THE	LUNG	PARENCHYMA

Densities	of	the	Lung	Parenchyma
Pulmonary	parenchymal	densities	 in	 the	critically	 ill	patient	may	be	caused	by
either	 infectious	 or	 noninfectious	 conditions,	 such	 as	 atelectasis,	 cardiogenic
pulmonary	 edema,	 acute	 respiratory	 distress	 syndrome	 (ARDS),	 pulmonary
infarction,	 or	 contusion.	 Radiologic	 evaluation	 to	 determine	 whether
parenchymal	densities	are	secondary	to	pulmonary	edema,	or	other	causes,	or	a
combination	is	often	necessary	so	that	appropriate	therapy	can	be	started.

Evaluation	 of	 densities	 in	 the	 retrocardiac	 area	was	 traditionally	 performed
using	 an	 overpenetrated	 radiograph	 before	 the	 introduction	 of	 computed
radiography.	 Computed	 radiography	 and	 flat	 panel	 detector	 technology	 have
helped	 overcome	 these	 challenges	 owing	 to	 the	 ability	 of	 the	 radiologist	 to
manipulate	 image	 from	 computed	 radiographic	 images	 digitally	 and	 the
improved	x-ray	detection	efficiency	of	silicon	film	transistors.4

Congestive	Heart	Failure	and	Pulmonary	Edema	Owing	to
Pulmonary	Venous	Hypertension

Radiography
Elevation	 of	 pulmonary	 venous	 pressure,	 irrespective	 of	 cause,	 produces	 a
sequence	of	 radiologic	 findings.	When	pulmonary	venous	pressures	 rise	 above
normal,	pulmonary	vascular	 redistribution	occurs,20	 producing	distention	of	 the
upper	lobe	vessels	with	a	concomitant	decrease	in	caliber	of	those	in	the	lower
lobe	in	the	upright	patient.	For	patients	in	the	supine	position,	the	equivalent	of
the	 upper	 lobe	 vessels	 is	 the	 anterior	 or	 ventral	 pulmonary	 vessels	 and	 the
equivalent	of	the	lower	lobe	vessels	is	the	posterior	or	dorsal	vessels.	The	change
in	 caliber	 of	 the	 vessels	 in	 the	 supine	 position	may	 be	 discernible	 on	 a	 cross-
table	lateral	film	of	the	chest.

At	 pulmonary	 capillary	 wedge	 pressures	 of	 20	 to	 25	 mm	 Hg,	 lymphatic
drainage	is	exceeded	and	the	alveolar	interstitium,	bronchovascular	interstitium,
interlobular	 septa,	 and	 subpleural	 tissues	 fill	with	 fluid.	 The	 visible	 radiologic



changes	include:

1.	 Thickening	of	the	interlobular	septa	(Kerley	A	and	B	lines)	(Figure
179.15A	and	B).

	

Figure	 179.15 	 Pulmonary	 edema.A,	 Frontal	 chest
radiograph	in	a	54-year-old	man	with	mitral	valve	regurgitation
demonstrates	 enlargement	 of	 the	 left	 atrium	 (arrow).	 B,
Magnified	view	of	the	same	patient’s	chest	radiograph	confirms
thickening	 of	 the	 interlobular	 septa,	 likely	 indicating	 chronic
pulmonary	edema.	C,	Frontal	chest	radiograph	of	a	63-year-old
demonstrates	 blurring	 of	 the	 perivascular	 outlines,	 diffuse
ground-glass	 opacity,	 and	 enlargement	 of	 the	 upper	 lobe
pulmonary	vein	redistribution	consistent	with	pulmonary	edema.
D,	 Frontal	 chest	 radiograph	 of	 an	 85-year-old	 woman	 with
mitral	 regurgitation	 and	 dyspnea	 demonstrates	 asymmetric
ground-glass	opacity	in	the	right	lung	likely	secondary	to	a	flail
posterior	mitral	leaflet.

2.	 Peribronchial	cuffing:	The	bronchial	walls	(which	normally	manifest	as	thin
well-defined	radiodense	rings	when	imaged	en	face)	become	ill-defined	and
more	radiodense	(Figure	179.2).

3.	 Blurring	or	haziness	of	the	perivascular	outlines	(Figure	179.15C)
4.	 Widening	of	the	pleural	layer	over	the	convexity	of	the	lungs	secondary	to



the	presence	of	fluid	in	the	subpleural	space
5.	 Pulmonary	vascular	redistribution	(Figure	179.15C)

At	pulmonary	 capillary	wedge	pressures	of	25	 to	40	mm	Hg,	 fluid	 fills	 the
alveolar	 spaces	 and	 alveolar	 edema	 is	 seen.	 The	 air	 space	 consolidation	 may
extend	 to	 the	 subpleural	 zone,	 or	 the	 more	 characteristic	 butterfly	 or	 batwing
edema	pattern	may	be	seen	(Figure	179.2).

Unilateral	 pulmonary	 edema	 in	 the	 ICU	 may	 relate	 to	 patient	 positioning;
however,	 acute	 unilateral	 pulmonary	 edema	 is	 a	 typical	manifestation	 of	 acute
mitral	 regurgitation	 (Figure	 179.15D).21	 Unilateral	 diminution	 in	 pulmonary
blood	 flow,	 as	 seen	 in	 Swyer–James	 syndrome,	 right	 or	 left	 pulmonary	 artery
thromboembolism,	 and	 surgical	 corrections	 of	 congenital	 heart	 disease	 (eg,
shunts	for	tetralogy	of	Fallot),	are	other	causes	of	unilateral	edema.

Atypical	 patterns	 of	 congestive	 failure	 and	 pulmonary	 edema	 have	 been
described	in	patients	with	chronic	pulmonary	disease.22	 It	 is	postulated	 that	 the
thick-walled	 spaces	 in	 which	 thickened	 fibrous	 septa	 replace	 normal	 alveolar
walls	 impair	 collateral	 ventilation	 and	 prevent	 dispersion	 of	 edema	 fluid
throughout	the	lungs.22	Fluid	is	then	trapped	in	relatively	larger	spaces	that	have
replaced	normal	alveoli.	Shadows	produced	do	not	coalesce,	and	the	images	are
seen	 on	 radiographs	 as	 miliary	 nodular	 patterns.	 The	 other	 two	 patterns,
interstitial	and	reticular,	are	also	seen	without	chronic	lung	disease.

Pulmonary	 edema	 can	 be	 due	 to	 cardiac	 or	 noncardiac	 causes.	 Different
radiologic	 indices	 distinguish	 between	 hydrostatic	 (cardiac)	 edema,
overhydration	 pulmonary	 edema,	 and	 edema	 secondary	 to	 increased	 capillary
permeability	 (see	 “Acute	 Respiratory	 Distress	 Syndrome”	 section).23	 In
overhydration	edema	(eg,	edema	secondary	to	renal	failure),	the	cardiac	output	is
large,	 and,	 consequently,	 pulmonary	 blood	 flow	 is	 large.	 All	 vessels	 are
recruited,	 and	 no	 redistribution	 of	 flow	 occurs.	 Because	 blood	 volume	 is	 also
increased,	the	vascular	pedicle,	azygos	vein,	and	hilar	vessels	are	large.	In	pure
capillary	permeability	edema,	there	is	no	increase	in	blood	volume,	and	therefore
the	 vascular	 pedicle	 and	 azygos	 vein	 remain	 normal	 in	 size;	 no	 signs	 of
pulmonary	venous	hypertension	are	present,	and	heart	size	is	also	normal.	When
different	types	of	edema	coexist,	edema	may	occur	at	lower	left	atrial	pressures,
and	wedge	pressure	readings	may	be	low	or	only	slightly	elevated.24

Computed	Tomography
Although	not	required	in	the	diagnosis	of	pulmonary	edema,	specific	CT	features
are	observed	on	CT:



1.	 Thickening	of	the	interlobular	septa	(Figure	179.16)

	

Figure	 179.16 	 Interlobular	 septal	 thickening.Axial	 CT
images	of	two	patients,	one	with	acute	pulmonary	edema	owing
to	fluid	overload	(A)	and	another	with	chronic	pulmonary	edema
because	 of	 mitral	 valve	 regurgitation	 (B).	 The	 secondary
pulmonary	lobules	that	are	outlined	by	a	thin	septum	containing
lymphatic	 channels	 and	 veins	 are	 not	 normally	 visible	 on	 CT,
but	 the	 edematous	 septa	 become	 thickened	 in	 the	 setting	 of
pulmonary	 edema	 and	 therefore	 become	 perceptible	 on	 CT
(arrows).	CT,	computed	tomography.

2.	 The	dorsal	vessels	become	progressively	narrower	because	of	the	increase
in	pulmonary	venous	pressure.

3.	 Diffuse	ground-glass	opacity	throughout	the	lung	parenchyma
4.	 Pleural	effusions

Acute	Respiratory	Distress	Syndrome
ARDS	 is	 a	 progressive	 hypoxic	 condition	 with	 radiographic	 bilateral	 lung
infiltration,	 which	 is	 not	 derived	 from	 hydrostatic	 edema.	 Numerous	 diseases
cause	 ARDS,	 but	 the	 common	 denominator	 is	 diffuse	 alveolar	 damage.25	 The
pathologic	 alterations	 with	 corresponding	 radiologic	 changes	 occur	 12	 to	 24
hours	after	the	first	appearance	of	respiratory	symptoms.	Insidious	accumulation
of	fluid	in	the	extravascular	space	occurs.

Radiography
The	 corresponding	 radiologic	 picture	 includes	 perihilar,	 perivascular	 haziness



with	peribronchial	cuffing.	Only	occasionally	are	Kerley	A	and	B	lines	seen;	in
one	series,	they	were	noted	in	only	five	of	the	75	cases.26	During	the	acute	stage,
the	alveoli	also	become	inhomogeneously	filled	with	a	proteinaceous	and	often
hemorrhagic	 cell-containing	 fluid.	Hyaline	membranes	 form	 in	 the	 alveoli	 and
sometimes	in	the	alveolar	ducts.	The	radiologic	picture	is	one	of	heterogeneous
or	 confluent	 ground-glass	 opacity	 that	 is	 not	 rapidly	 reversible	 (Figure
179.17A).	The	course	of	ARDS	is	highly	variable.	In	some	patients,	reabsorption
of	 the	 exudates	 is	 complete	 within	 a	 few	 days,	 thereby	 producing	 radiologic
clearing	 of	 the	 densities.	 In	 some,	 there	 is	 a	 delayed	 clearing	 of	 the	 exudates,
with	a	corresponding	delay	in	clearing	of	the	radiologic	picture.	In	a	third	group,
progressive	 fibrosis	 occurs,	 predominantly	 in	 the	 nondependent	 lung,	 where
barotrauma	from	mechanical	ventilation	is	worst.

	

Figure	 179.17 	 Acute	 respiratory	 distress	 syndrome:	 Sequential
chest	 radiographs	 of	 a	 54-year-old	 man	 admitted	 to	 the	 ICU	 with
hypoxia	after	femorofemoral	bypass	surgery.Initial	chest	radiography
demonstrated	 diffuse	 ground-glass	 opacity	 which	 persisted	 for
2	months	 (A),	 1-year	 follow-up	 chest	 radiograph	 (B)	 performed	 to
assess	the	cause	of	an	ongoing	oxygen	requirement	confirmed	apical
predominant	 pulmonary	 fibrosis	 consistent	 with	 the	 long-term
sequelae	of	acute	 respiratory	distress	 syndrome.	 ICU,	 intensive	care
unit.

After	 the	 first	 week,	 the	 radiologist’s	 main	 concern	 is	 the	 recognition	 of
superimposed	 complications,	 such	 as	 pulmonary	 infections,	 oxygen	 toxicity,
barotrauma,	and	pulmonary	embolism	with	 infarction.	When	clinical	 signs	and
symptoms	 of	 infection	 are	 present	 and	 the	 radiographic	 picture	 deteriorates,
pneumonia	 should	be	 suspected.	Development	 of	 cavities	 and	 a	 change	 in	 the
character	 of	 the	 densities	 should	 lead	 to	 suspicion	 of	 superimposed	 abscess,
infarction,	 or	 cardiac	 failure.	 Only	 direct	 hemodynamic	 measurements	 of	 the
pulmonary	 capillary	wedge	 pressure	 provide	 a	 dependable	means	 of	 detecting



superimposed	failure	in	cases	of	ARDS.27	Radiographic	findings	in	the	chronic
phase	 of	ARDS	 serve	 as	 independent	 predictors	 of	mortality	 and	 include	 cyst
formation,	ground-glass	opacity,	and	bronchiectasis	(Figure	179.17B).28

Computed	Tomography
The	following	specific	features	are	observed	on	CT29:

1.	 Acute	phase
a.	 Dense	consolidation	in	the	dependent	portions	of	the	lung	(Figure

179.18A)

	

Figure	 179.18 	 Acute	 respiratory	 distress	 syndrome:
Axial	CT	images	of	a	54-year-old	man	admitted	to	the	ICU
with	 hypoxia	 after	 femorofemoral	 bypass	 surgery.Initial
chest	 radiography	 and	 CT	 demonstrated	 diffuse	 ground-
glass	opacity	(A)	which	persisted	for	2	months	(B),	1-year
follow-up	 chest	 CT	 performed	 to	 assess	 the	 cause	 of	 an
ongoing	 oxygen	 requirement	 confirmed	 nondependent
apical	 predominant	 pulmonary	 fibrosis	 (C,	D)	 consistent
with	 the	 long-term	 sequelae	 of	 acute	 respiratory	 distress
syndrome.	CT,	computed	tomography;	ICU,	intensive	care
unit.

b.	 Diffuse	ground-glass	opacity	throughout	the	lung	parenchyma	(Figure
179.18B)

c.	 Bronchiectasis	is	occasionally	observed.
2.	 If	parenchymal	abnormalities	persist	after	the	acute	phase,	findings	include:



a.	 Pulmonary	cysts	in	the	nondependent	lung	(Figure	179.18C)
b.	 Reticulation	and	ground-glass	opacity	in	the	nondependent	lung

(Figure	179.18D)

Atelectasis	and	Pneumonia

Radiography
Atelectasis	is	easily	diagnosed	when	a	characteristic	linear	or	triangular	density
is	 accompanied	 by	 volume	 loss	 (shift	 of	 fissures	 or	 mediastinum	 or
diaphragmatic	 elevation,	 or	 both).	Densities	 that	 fall	 between	 these	 categories,
however,	such	as	scattered	opacities,	are	often	indistinguishable	from	pneumonia
on	a	single	study.

In	 the	 presence	 of	 opacities	 that	 are	 not	 readily	 diagnosed	 as	 atelectasis,
pneumonia	should	be	strongly	considered.	Bronchial	aspirates	for	culture	should
be	 obtained	 from	 the	 lung	 periphery,	 with	 care	 to	 bypass	 the	 upper	 airway
because	 the	 central	 airways	 become	 readily	 colonized	 after	 placement	 of	 a
tracheostomy	or	endotracheal	tube.30

Pneumonia	 can	 be	 broadly	 subdivided	 into	 bacterial,	 viral,	 and	 fungal
etiologies.	 Although	 radiography	 alone	 may	 not	 distinguish	 these	 etiologies,
there	are	some	radiological	patterns	common	to	each.31

The	appearance	of	bacterial	infection	correlates	with	the	pathogen	causing	the
infection.	 A	 majority	 of	 bacterial	 pneumonias	 are	 caused	 by	 Streptococcus
pneumonia,	which	commonly	present	with	 lobar	pulmonary	opacities,	 ie,	 lobar
pneumonia	 (Figure	 179.19A).	 Klebsiella	 pneumonia	 may	 manifest	 as	 lobar
opacity	 with	 bulging	 fissures	 indicating	 the	 exudative	 nature	 of	 the	 infection.
Conversely,	Staphylococcus	pneumonia	may	present	with	more	focal	segmental
opacities	 due	 to	 bronchopneumonia	 (Figure	 179.19B)	 or,	 in	 severe	 cases,
progress	to	cavitation.32,33	Pleural	effusions	are	common	as	a	 result	of	bacterial
pneumonia.

	

Figure	 179.19 	 Pneumonia.A,	 Streptococcus	 pneumonia



commonly	 presents	 with	 lobar	 pulmonary	 opacities.	 B,
Staphylococcus	 aureus	 pneumonia	 may	 present	 with	 more	 focal
segmental	 opacities	 due	 to	 bronchopneumonia.	 C,	 SARS-CoV-2,
more	 commonly	 known	 as	 COVID-19,	 manifests	 as	 ground-glass
opacities.	 In	 severe	 disease,	 diffuse	 homogeneous	 ground-glass
opacity	 is	observed.	Pleural	effusions	are	rare.	SARS-CoV-2,	severe
acute	 respiratory	 syndrome	 coronavirus	 2;	 COVID-19,	 coronavirus
disease	2019.

Viral	 infections	 such	 as	 influenza,	 herpes,	 and	 adenovirus	 pneumonia
manifest	 as	 diffuse	 ground-glass	 opacity.34	 SARS-CoV-2	 (severe	 acute
respiratory	 syndrome	 coronavirus	 2),	 more	 commonly	 known	 as	 COVID-19
(coronavirus	disease	2019),	also	manifests	as	ground-glass	opacities	but	exhibits
a	 predilection	 for	 the	 subpleural	 lung.	 In	 severe	 disease,	 a	 more	 diffuse
homogeneous	ground-glass	opacity	is	observed	(Figure	179.19C),	similar	to	that
of	 other	 severe	 viral	 infections.	 Later	 in	 the	 disease,	 perilobular	 consolidation
resembling	 an	 organizing	 pneumonia,	 and	 cyst	 formation	 have	 been	 reported.
Pleural	 effusions	 are	 rare	 in	 influenza,	 herpes,	 and	 COVID-19	 pneumonia,
particularly	 in	mild	disease.35	Conversely,	 adenovirus	 and	 respiratory	 syncytial
virus	infection	are	commonly	associated	with	pleural	effusions.

Fungal	pneumonias	manifest	most	commonly	as	discrete	pulmonary	nodules.
In	immune	compromised	patients,	Aspergillus	 fumigatus	 infection	can	manifest
as	discrete	nodules	with	perilesional	ground-glass	opacity	indicating	hemorrhage
due	to	vascular	invasion.36	Blastomycosis,	histoplasmosis,	and	coccidiomycosis
typically	present	with	well-circumscribed,	 rounded	nodules	 that	may	heal	with
residual	calcification	over	time.

Computed	Tomography
Evidence	of	volume	loss,	such	as	hyperexpansion	of	adjacent	lung	or	migration
of	mediastinal	 structures	 toward	 the	 atelectatic	 lung,	 favors	 atelectasis	on	both
contrast-enhanced	 and	 non–contrast-enhanced	 thoracic	 CT.	 Contrast-enhanced
CT	helps	to	differentiate	between	the	normal	enhancement	pattern	of	atelectatic
lung	 and	 the	 expected	 hypoenhancing	 appearance	 of	 pneumonia.	 The
aforementioned	 features	 of	 the	 various	 bacterial,	 viral,	 and	 fungal	 pneumonia
are,	particularly	in	the	case	of	severe	disease,	best	assessed	with	CT.

Aspiration



The	extent	and	severity	of	pulmonary	injury	after	aspiration	of	gastric	contents
depend	 on	 the	 volume	 and	 character	 of	 the	 aspirated	 material	 (Chapter	 170).
Aspiration	 pneumonitis	 (Mendelson	 syndrome)	 is	 a	 chemical	 injury	 caused	 by
the	inhalation	of	sterile	gastric	contents.37	Pathologically,	the	lungs	show	areas	of
atelectasis	 within	 minutes;	 up	 to	 1	 hour	 after	 aspiration,	 however,	 only	 mild
microscopic	 abnormalities	 are	 present	 (interstitial	 edema	 with	 capillary
congestion).	 These	 progress	 to	 complete	 desquamation	 of	 the	 bronchial
epithelium	 and	 polymorphonuclear	 leukocyte	 infiltration	 of	 the	 airways
(bronchiolitis).	 Alveolar	 spaces	 fill	 with	 fluid,	 red	 blood	 cells,	 and
polymorphonuclear	 leukocytes,	progressing	 to	consolidation	 in	24	 to	48	hours.
Formation	 of	 hyaline	 membranes	 occurs	 by	 48	 hours	 and	 organization	 or
resolution	within	72	hours.38,39

Radiography
Findings	of	aspiration	pneumonitis	are	often	concurrent	with	those	of	aspiration
bronchiolitis	 and	 include	 airway	 thickening	 with	 ground-glass	 opacities	 in
centrilobular	 and	peribronchovascular	 distribution.	Aspiration	 pneumonia	 is	 an
infectious	process	caused	by	the	inhalation	of	oropharyngeal	secretions	that	are
colonized	 by	 pathogenic	 bacteria,37	 which	 manifests	 as	 segmental	 or	 lobar
consolidation.	 In	supine	patients,	 typically,	 the	posterior	segments	of	 the	upper
lobes	 and	 superior	 segments	 of	 the	 lower	 lobes	 are	 involved;	 and	 in	 upright
patients,	 the	 posterior	 segments	 of	 the	 lower	 lobes	 are	 involved	 (Figure
179.20).40,41

	

Figure	 179.20 	A,	 Chest	 radiograph	 of	 a	 53-year-old	 man	 who
experienced	an	aspiration	event	in	the	early	postoperative	period	after
colectomy.	 Left	 lower	 lobe	 ground-glass	 opacities	 represent
aspiration	 pneumonitis	 and	 are	 better	 delineated	 on	 CT	 (B).	 C,



aspiration	 bronchiolitis	 in	 a	 63-year-old	 woman	 with	 recurrent
episodes	 of	 silent	 aspiration.	 Aspiration	 bronchiolitis	 manifests	 as
unilateral	bilateral	tree-in-bud	nodules.

Computed	Tomography
CT	findings	usually	consist	of	multiple	patchy	and	ill-defined	consolidations	of
relatively	 low-density	 with	 posterobasal	 predisposition	 (Figure	 179.20).
Occasionally,	consolidation	contains	areas	of	fluid	density	or	cavities	as	a	sign	of
necrotizing	pneumonia	or	abscess.

Diffuse	 aspiration	 bronchiolitis	 is	 characterized	 by	 chronic	 inflammatory
reaction	to	repeatedly	aspirated	foreign	particles	in	the	bronchioles.	Patients	with
esophageal	 conditions	 such	 as	 achalasia,	 Zenker	 diverticulum,	 or	 esophageal
carcinoma	are	 at	 risk	 for	 aspiration	bronchiolitis.	These	patients	 often	develop
moderate	 to	 marked	 dilatation	 of	 the	 esophagus,	 with	 associated	 signs	 and
symptoms	such	as	dysphagia,	regurgitation,	and	aspiration.	On	thin-section	CT,
aspiration	bronchiolitis	manifests	as	unilateral	or	bilateral	foci	of	branching	areas
of	 increased	 attenuation	 with	 a	 tree-in-bud	 appearance	 or	 as	 mottled,	 poorly
defined	acinar	areas	of	 increased	attenuation	(Figure	179.20).	Consolidation	 is
not	a	major	radiologic	finding	of	aspiration	bronchiolitis.	Esophageal	dilatation
with	an	air-fluid	level	may	also	be	present.

Fat	Embolism
Fat	 embolism	 usually	 follows	 trauma	 associated	 with	 fracture,	 but	 conditions
such	as	severe	burns,	diabetes	mellitus,	fatty	liver,	pancreatitis,	steroid	therapy,
sickle	cell	anemia,	surgery	for	prosthetic	hip	placement,	and	acute	osteomyelitis
can	also	result	in	fat	embolism.	Most	of	the	fat	is	believed	to	originate	from	the
bone	marrow,	entering	the	circulation	via	torn	veins	in	the	injured	area	and,	to	a
lesser	 extent,	 through	 the	 lymphatic	 system.	 Fats	 are	 then	 transported	 to	 the
lungs	in	the	form	of	neutral	triglycerides.	The	fat	globules	also	appear	to	induce
platelet	 and	 erythrocyte	 aggregation	 and	 stimulation	 of	 intravascular
coagulation.

Continuous	 fat	 embolization,	 conversion	 of	 triglycerides	 to	 fatty	 acids,	 and
intravascular	coagulation	occur	as	an	ongoing	process	over	1	to	3	days.	Emboli
pass	 from	 the	pulmonary	circulation	 into	 the	 systemic	circulation	and	 lodge	 in
different	organs,	notably	the	brain,	kidney,	and	skin.

The	 chest	 radiographic	 manifestation	 of	 fat	 embolism	 is	 that	 of	 acute



pulmonary	edema	which	develops	within	72	hours	of	trauma.42,43	The	pulmonary
opacities	 clear	 in	 7	 to	 10	 days	 but	may	 take	 4	weeks	 to	 resolve	 completely.43
Acute	cor	pulmonale	with	cardiac	failure	may	also	be	seen.

Computed	Tomography
Although	 CT	 is	 not	 typically	 used	 to	 diagnose	 fat	 embolism,	 reported	 CT
findings	 include	 scattered	 ground-glass	 opacities,	 consolidation,	 and
centrilobular	nodules	in	the	order	of	frequency.44,45

ABNORMALITIES	OF	THE	PLEURA,
MEDIASTINUM,	AND	DIAPHRAGM

Pleural	Effusion

Radiography
The	radiographic	appearance	of	fluid	in	the	pleural	space	is	the	same	whether	the
fluid	 is	 serous,	 chylous,	 purulent,	 or	 sanguinous.	The	 degree	 of	 opacity	 of	 the
effusion	depends	on	the	amount	of	fluid	and	presence	or	absence	of	underlying
pulmonary	disease.	It	is	easily	identifiable	when	tangential	to	the	x-ray	beam	as
a	homogeneous	opacity	that	is	free	from	lung	markings,	displaces	the	lung,	and
is	most	 often	 located	 in	 the	 dependent	 portion	 of	 the	 thorax,	with	 a	meniscus
along	 its	 superior	 margin.	 However,	 when	 the	 x-ray	 beam	 is	 parallel	 to	 the
meniscus	of	the	effusion,	it	appears	as	a	homogeneous	area	of	increased	density
in	the	thorax	through	which	vascular	markings	may	be	seen.

Free	pleural	fluid	is	not	confined	to	any	portion	of	the	thoracic	cavity,	and	the
distribution	changes	with	patient	position.	Distribution	is	influenced	by	gravity,
capillary	 action,	 and	 resistance	 of	 the	 underlying	 lung	 to	 expansion.	 In	 the
upright	position,	 the	fluid	collects	first	 in	 the	posterior	costophrenic	sulcus	and
subsequently	 in	 the	 lateral	 costophrenic	 sulcus.	 The	 typical	 meniscal
configuration	 of	 pleural	 fluid	 (Figure	 179.21)	 is	 attributed	 to	 several	 factors,
including	 capillary	 attraction	drawing	 the	 fluid	 superiorly	between	 the	visceral
and	parietal	pleural	 surfaces,	 the	 relation	of	 the	 fluid	surface	 to	 the	 radiograph
beam,	the	greater	retractility	of	the	lung	periphery,	and	the	tendency	of	the	lung
to	preserve	its	shape	while	recoiling	from	the	chest.



	

Figure	 179.21 	 Pleural	 effusion	 in	 a	 35-year-old	 woman	 after
cholecystectomy	 demonstrates	 a	 homogeneous	 right	 basal	 opacity
with	 a	 curvilinear	 upper	 meniscus	 (arrow)	 consistent	 with	 right
pleural	effusion.

Subpulmonic	pleural	fluid	is	the	typical	pattern	of	free	fluid	collection	in	the
upright	 position	 if	 no	 pleural	 adhesions	 are	 present.46	 Radiologically,	 the	 fluid
presents	 as	 an	 opaque	 density,	 parallel	 to	 the	 diaphragm	 and	 simulating	 an
elevated	hemidiaphragm	(Figure	179.22).	Subpulmonic	effusion	is	recognized	in
the	posteroanterior	(PA)	film	when	the	apex	of	the	pseudodiaphragmatic	shadow
peaks	more	laterally	than	usual.	The	pulmonary	vessels	in	the	lung	posterior	to
the	 subpulmonic	 collection	 cannot	 be	 seen	 through	 the	 pseudodiaphragmatic
contour	because	of	 the	greater	density	of	 the	 fluid	 collection.	On	 the	 left	 side,
there	is	increased	distance	between	the	gastric	bubble	and	the	base	of	the	lung.
Often,	the	costophrenic	sulcus	is	blunted.

	

Figure	 179.22 	 Subpulmonic	 effusion.Anteroposterior	 views	 of



two	 different	 patients	 (A,	 B)	 with	 the	 subpulmonic	 effusion
simulating	elevated	hemidiaphragms,	with	a	more	 lateral	 than	usual
peak	(arrows).

The	appearance	of	interlobar	fluid	depends	on	the	shape	and	orientation	of	the
fissure,	location	of	fluid	within	the	fissure,	and	direction	of	the	radiograph	beam.
Often,	an	elliptic	or	rounded,	sharply	marginated	density	 is	 identified	on	PA	or
lateral	films	and	has	been	described	as	a	“pseudotumor”	(Figure	179.23).

	

Figure	179.23 	Pleural	fluid	in	recumbency.A,	Arrowheads	show
fluid	 tracking	 over	 the	 lung	 apex	 (apical	 cap)	 in	 the	 recumbent
position.	B,	 Right	 lateral	 decubitus	 view	 (right	 side	 down)	 shows
layering	of	the	pleural	fluid	(arrow).	C,	Right	lateral	decubitus	view
shows	 layering	 of	 pleural	 fluid	 and	 tracking	 into	 the	minor	 fissure
(arrows).	Note	bilateral	apical	caps	(arrowheads	in	C).

A	 lateral	decubitus	view	can	be	obtained	 to	confirm	 the	presence	of	pleural
effusion,	rule	out	a	parenchymal	process	coexisting	with	an	effusion,	or	quantify
the	 amount	 of	 fluid	 in	 the	 pleural	 cavity.	 In	 the	 lateral	 decubitus	 view,	 fluid
forms	an	opacity	parallel	to	the	thoracic	wall	(Figure	179.24).	When	a	decubitus
view	cannot	be	obtained	for	a	completely	immobile	patient,	an	ultrasonographic
evaluation	can	be	performed.	Sonographically	guided	thoracentesis	enhances	the
likelihood	of	a	successful	tap	in	these	cases	and	when	the	fluid	is	loculated.



	

Figure	 179.24 	 Loculated	 pleural	 effusion	 and	 acute	 respiratory
distress	syndrome.Chest	radiograph	in	a	42-year-old	man	with	H1N1
influenza	 pneumonia	 and	 acute	 respiratory	 distress	 syndrome
requiring	prolonged	extracorporeal	membrane	oxygenation	 resulting
in	 pleural	 effusions,	 PIE,	 and	 pneumothoraces.	 A–C,	 Chest
radiography	 and	 CT	 demonstrated	 a	 loculated	 right	 major	 fissural
pleural	 effusion	 (arrowheads)	 and	 air-filled	 perivascular	 spaces	 that
are	 separate	 from	 the	 airways	 and	 the	 pleural	 space	 (arrows)
consistent	with	PIE.	In	addition,	there	are	bilateral	apical	chest	drains
and	 a	 correctly	 positioned	 tracheostomy	 tube.	 CT,	 computed
tomography;	PIE,	pulmonary	interstitial	emphysema.

Pleural	 effusion	 occurs	 quite	 frequently	 in	 the	 first	 week	 after	 thoracic	 or
abdominal	surgery	(Figure	179.21).	After	pneumonectomy,	 increasing	amounts
of	fluid	are	noted	to	accumulate	in	the	thorax.	This	accumulation	occurs	over	a
period	 of	 1.5	 to	 2	 months	 after	 surgery,	 ultimately	 leading	 to	 complete
hemithoracic	opacification	by	2	months	(Figure	179.25).47



	

Figure	 179.25 	 Expected	 radiographic	 changes	 post
pneumonectomy:	 Serial	 chest	 radiographs	 (A–D)	 immediately,
2	 weeks,	 2	 months,	 and	 1	 year	 after	 pneumonectomy	 demonstrate
gradual	opacification	of	 the	pneumonectomy	space	with	progressive
resolution	of	pleural	air.

Computed	Tomography
Although	 it	 is	 rarely	 necessary	 to	 perform	CT	 to	 diagnose	 pleural	 effusion,	 it
may	 be	 used	 as	 a	 tool	 to	 differentiate	 between	 a	 simple	 pleural	 effusion,
hemothorax,	or	an	empyema.	A	simple	pleural	effusion	is	typically	located	in	the
dependent	portion	of	the	pleural	space,	is	homogeneously	low	in	attenuation,	and
does	 not	 enhance.	A	hemothorax	 is	 higher	 in	 attenuation,	may	 exhibit	 internal
layering,	and	may	not	lie	in	the	dependent	portion	of	the	lung.	The	CT	features
of	empyema	are	discussed	in	the	next	section.

Empyema	and	Peripheral	Lung	Abscess
An	intrathoracic	fluid-containing	cavitary	lesion	adjacent	to	the	chest	wall	may
represent	either	a	lung	abscess	or	an	empyema.

Lung	Abscess



Radiography
Conventional	radiography	may	show	a	thick-walled	cavity	and	an	air	fluid	level
within	the	cavity.	There	may	be	associated	consolidation	or	atelectasis.

Computed	Tomography
Typically,	CT	is	performed	to	differentiate	between	lung	abscess	and	empyema.
The	 lung	 abscess	 cavity	will	 typically	 create	 an	 acute	 angle	with	 the	 adjacent
pleura	whereas	an	empyema	will	form	an	obtuse	angle	with	the	pleura	(Figure
179.26).	Additional	similar	cavitating	lesions	on	CT	would	raise	the	differential
diagnosis	of	septic	emboli	rather	than	lung	abscess.

	

Figure	 179.26 	 Axial	 CT	 of	 a	 39-year-old	 nonsmoking	 woman
with	cough	and	fever	viewed	on	soft	tissue	(A)	and	lung	(B)	windows
demonstrates	a	rounded	intraparenchymal	cavity	with	nodular	mural
thickening	consistent	with	a	lung	abscess	(arrow).The	cavity	resolved
after	 2	 months	 of	 intravenous	 antibiotic	 therapy.	 CT,	 computed
tomography.

Empyema
RadiographyBy	conventional	radiography,	visualization	of	the	three-dimensional
shape	of	the	pleural	lesion	as	oblong,	flattened,	and	conforming	to	the	shape	of
the	 thorax	with	an	obtuse	angle	with	 the	pleura	helps	differentiate	between	 the
two	 lesions.	Abscesses	are	more	 rounded	 than	empyemas	and	exhibit	 an	acute
angle	with	the	pleural	surface.

Computed	TomographyContrast-enhanced	CT	can	be	considered	for	adequate
localization	 because	 there	 is	 a	 difference	 between	 the	 appropriate	 methods	 of
treatment.	 The	most	 reliable	CT	 features	 for	 the	 differential	 diagnosis	 of	 lung
abscess	 and	 empyema	 are	 wall	 characteristics,	 pleural	 separation,	 and	 lung
compression.	 A	 lung	 abscess	 typically	 has	 a	 thick	 nodular	 wall	 and	 does	 not



compress	 the	 adjacent	 lung.	 An	 empyema	 is	 surrounded	 by	 two	 enhancing
pleural	 layers	 (split	 pleura	 sign)	 and	 compresses	 the	 adjacent	 lung	 (Figure
179.27).44,45

	

Figure	179.27 	Empyema.Axial	(A)	and	coronal	(B)	CT	images	of
a	 73-year-old	 woman	 with	 a	 left	 staghorn	 calculus	 complicated	 by
pyonephrosis	 and	 left	 empyema.	 The	 axial	 CT	 images	 exhibit
enhancement	of	both	 layers	of	pleura	(split	pleura	sign,	arrow).	The
pleural	 collection	 has	 decompressed	 onto	 the	 chest	 wall	 (empyema
necessitans).	 The	 empyema	 was	 successfully	 managed	 with
intravenous	 antibiotics	 and	 pleural	 drainage.	 CT,	 computed
tomography.

Postpneumonectomy	Space	and	Bronchopleural	Fistula
After	a	pulmonary	resection,	air	is	seen	in	the	pleural	space	from	small	air	leaks
in	the	cut	surface	of	the	lung.	Small	amounts	of	fluid	also	may	be	present.	Air	is
usually	 reabsorbed	 gradually	 and	 continuously,	 followed	 by	 reabsorption	 of
fluid,	 and	 both	 may	 be	 completely	 gone	 within	 the	 first	 24	 to	 48	 hours.
Prolonged	 persistence	 of	 air	 and	 fluid	 may	 require	 drainage.	 Residual	 spaces
may	remain	indefinitely	without	untoward	effects	and	do	not	necessarily	suggest
bronchopleural	fistula.

Air	and	fluid	are	always	apparent	in	the	hemithorax	after	a	pneumonectomy
and	may	be	loculated	in	some	cases.	The	normal	evolution	is	that	of	resorption
of	 air	 and	 replacement	 by	 fluid.	 The	 rate	 of	 air	 resorption	 is	 variable,	 but	 the
space	 left	 by	 a	 pneumonectomy	 is	 usually	 completely	 obliterated	 with	 fluid
within	2	months.47	If	the	quantity	of	air	increases	rather	than	decreases,	one	must
consider	the	presence	of	a	bronchopleural	fistula.

Radiography



Failure	 of	 the	 postpneumonectomy	 space	 to	 fill;	 persistent	 or	 progressive
pneumothorax	 despite	 chest	 tube	 placement;	 progressive	 subcutaneous	 or
mediastinal	 emphysema;	 a	 2-cm	 increase	 in	 the	 lucent	 component	 of	 the
hydropneumothorax,	 with	 a	 shift	 of	 the	 mediastinum	 to	 the	 side	 opposite	 the
postpneumonectomy	space	(Figure	179.25);	consolidation	in	the	remaining	lung
because	of	transbronchial	spillage;	and	a	sudden	pneumothorax	or	reappearance
of	 air	 in	 a	 previously	 opaque	 postpneumonectomy	 space	 are	 predictive	 of
bronchopleural	 fistula.	A	bronchopleural	 fistula	 can	 occur	 any	 time	during	 the
postoperative	period	but	more	often	occurs	within	8	to	12	days	after	surgery.	If
seen	 within	 the	 first	 4	 postoperative	 days,	 it	 is	 probably	 secondary	 to	 a
mechanical	 failure	 of	 closure	 of	 the	 stump	 and	 requires	 reexploration	 and
reclosure.	 A	 bronchopleural	 fistula	 also	 may	 occur	 after	 a	 suppurative
pneumonia	or	massive	pulmonary	 infarction,	or	even	spontaneously.	Empyema
may	occur	alone	or	may	be	associated	with	a	bronchopleural	fistula.	On	the	other
hand,	 a	bronchopleural	 fistula	 can	occur	without	 associated	 empyema,	 and	 the
fluid	 in	 the	 pleural	 space	 in	 these	 cases	 is	 sterile.	 Several	methods	 have	 been
used	to	diagnose	bronchopleural	fistulas,	including	the	instillation	of	methylene
blue	into	the	pleural	space.48

Computed	Tomography
If	 bronchopleural	 fistula	 is	 suspected,	 increasing	 pneumothorax,
hydropneumothorax,	or	mediastinal	 shift	may	be	evident.	CT	 is	more	sensitive
than	 bronchoscopy	 for	 the	 direct	 imaging	 of	 bronchopleural	 fistula.
Bronchopleural	fistula	can	be	confirmed	if	an	airway	is	shown	to	communicate
with	gas	in	the	pleural	space.49

CARDIAC	ABNORMALITIES

Pericardial	Effusion,	Hemopericardium,	and	Tamponade

Radiography
Fluid	or	blood	in	the	pericardial	cavity	is	suspected	when	there	is	enlargement	of
the	cardiac	silhouette.	The	two	layers	of	the	normal	pericardium	are	often	seen
as	a	pencil-thin	 line	on	 the	 lateral	chest	 radiograph.	The	normal	pericardium	is
often	seen	anterior	to	the	heart,	separated	from	it	by	abundant	epicardial	fat.	A



line	 wider	 than	 2	mm	 is	 diagnostic	 of	 pericardial	 fluid	 or	 thickening	 (Figure
179.28).	 The	 epicardial	 fat	 sign	 on	 the	 lateral	 radiograph	 is	 thought	 to	 be	 the
most	 sensitive	 radiographic	 sign	 of	 pericardial	 effusion.50,51	 Other	 described
radiographic	 signs	 of	 pericardial	 effusion	 include	 a	 symmetrically	 enlarged
“water	bottle”	cardiac	silhouette	and	widening	of	the	tracheal	bifurcation	angle.52
CT	 and	 ultrasound	 remain	 the	 definitive	 tools	 for	 the	 diagnosis	 of	 pericardial
effusion;	ultrasound	possesses	the	advantages	of	avoiding	ionizing	radiation	and
can	be	performed	at	the	bedside.

	

Figure	179.28 	Pericardial	effusion.Chest	radiographs	and	coronal
and	 sagittal	 CT	 images	 of	 a	 51-year-old	 patient	 with	 tuberculous
pericarditis	and	dyspnea.	Anteroposterior	and	lateral	radiographs	(A,
B)	demonstrate	enlargement	of	the	cardiac	silhouette	and	a	2-cm	rim
of	 increased	 density	 surrounding	 the	 epicardial	 fat	 on	 the	 lateral
radiograph	(arrow,	the	epicardial	fat	sign).	Coronal	(C)	and	true	short
axis	 (D)	contrast-enhanced	CT	reconstructions	confirm	the	presence
of	 a	 large	 circumferential	 pericardial	 effusion.	 CT,	 computed
tomography.

TRAUMA



Vascular	Trauma
The	 initial	 diagnosis	 of	 injury	 to	 the	 thoracic	 aorta	 and	 the	 brachiocephalic
arteries	may	be	suspected	on	the	basis	of	clinical	signs.	Laceration	of	the	aorta
and	 brachiocephalic	 vessels	 most	 frequently	 follows	 rapid	 deceleration	 with
vehicular	 accidents	 or	 falls.	 The	 differences	 in	 the	 degree	 of	 fixation	 of	 the
different	segments	of	 the	aorta	may	cause	sufficient	stresses	between	segments
in	 forceful	 deceleration	 to	 cause	 closed	 rupture.	 Flexion	 stress	 and	 a	 sudden
increase	in	intraluminal	pressure	also	may	be	the	cause	of	injury.	Blunt	injury	to
the	aorta	typically	occurs	at	the	isthmus,	between	the	origin	of	the	left	subclavian
artery	and	the	attachment	of	the	ductus	arteriosus.53	The	vascular	injury	is	almost
always	 transverse	 and	may	 involve	only	one	or	 all	 layers.	When	all	 layers	 are
involved,	 exsanguination	 occurs;	 if	 the	 tear	 is	 only	 through	 the	 intima	 or	 the
intima	and	media,	the	adventitia	and	the	mediastinal	pleura	can	contain	the	blood
temporarily.	If	the	diagnosis	is	missed,	up	to	90%	of	those	who	survive	the	initial
impact	 will	 die	 within	 4	 months.54	 Therefore,	 the	 diagnosis	 must	 be	 very
aggressively	pursued.

Radiography
The	presence	of	fractures	of	the	first	and	second	ribs	suggests	the	possibility	of
associated	 vascular	 injuries.	 Confirmation	 by	 cross-sectional	 imaging	 is
recommended,	 regardless	 of	 a	 normal	 radiologic	 appearance	 on	 plain
radiographs,	 if	 the	 mechanism	 of	 injury	 could	 potentially	 affect	 the	 thoracic
aorta	and	brachiocephalic	vessels.

In	 an	 adequately	 penetrated	 radiograph	 of	 the	 chest,	 mediastinal	 widening
appears	 to	be	 the	most	useful	sign	suggesting	a	mediastinal	hematoma	(Figure
179.29).	 A	 normal	 aortic	 outline	 without	 mediastinal	 widening	 makes	 the
diagnosis	 of	 aortic	 or	 brachiocephalic	 vessel	 injury	 unlikely.	 A	 large	 meta-
analysis	 reports	 that	 92.7%	 of	 patients	 with	 traumatic	 aortic	 rupture	 have	 an
abnormal	 mediastinum	 on	 initial	 radiography.48	 Described	 mediastinal
abnormalities	 include	 a	 widened	 mediastinum,	 an	 abnormal	 aortic	 outline,
opacification	of	the	aortopulmonary	window,	downward	displacement	of	the	left
mainstem	 bronchus,	 deviation	 of	 trachea	 to	 the	 right	 of	 midline,	 deviation	 of
nasogastric	 tube	 to	 the	 right	 of	 midline,	 and	 a	 widened	 right	 paratracheal
stripe.48,55



	

Figure	179.29 	Chest	radiograph	and	CT	images	of	a	25-year-old
man	 with	 chest	 pain	 and	 hypotension	 after	 a	 motor	 vehicle
accident.A,	Chest	radiograph	demonstrates	biconvex	widening	of	the
mediastinum	 (white	 arrows).	B	 and	C,	Contrast-enhanced	 axial	 and
coronal	 CT	 images	 confirm	 a	 descending	 thoracic	 aortic	 dissection
flap	 (arrowhead)	 and	 mediastinal	 hematoma	 (white	 arrows).	 CT,
computed	tomography.

Computed	Tomography
Aortic	 and	 brachiocephalic	 injuries	 should	 be	 confirmed	 with	 cross-sectional
imaging.	 Magnetic	 resonance	 imaging,	 transesophageal	 color-flow	 Doppler
echocardiography,	 contrast-enhanced	 CT,	 and	 aortography	 all	 have	 high
sensitivities	 (Chapter	 36	 for	 a	 complete	 discussion	 of	 the	 circumstances	 under
which	each	method	is	preferred).	Direct	signs	of	aortic	injury	on	CT	include	an
intramural	 hematoma	 (Figure	179.30)	 or	 an	 aortic	 dissection	 (Figure	 179.29).
Intramural	 hematoma	 is	 radiologically	 defined	 as	 crescentic	 thickening	 of	 the
vessel	 wall	 in	 the	 absence	 of	 an	 intimal	 flap	 or	 entry	 tear,	 resulting	 from	 a
hemorrhage	within	the	aortic	wall,56	 it	 is	often	of	higher	CT	density	 relative	 to
unopacified	blood	on	a	noncontrast	CT.	Aortic	dissection	is	defined	as	disruption
of	 the	media	 layer	of	 the	aorta	with	bleeding	within	and	along	 the	wall	of	 the
aorta	caused	by	a	 tear	 in	 the	 intima	of	 the	aortic	wall	 leading	 to	 the	radiologic
appearance	 of	 an	 intimal	 flap	 and	 false	 lumen	 (Figure	 179.29B).	 Indirect
radiologic	signs	include	periaortic	hematoma,	hemothorax,	an	increase	in	aortic
caliber,	 and	 an	 irregular	 aortic	 luminal	 contour.57	 Associated	 rib	 fractures	 are
common,	seen	in	75%	of	patients	in	one	autopsy	series.58



	

Figure	179.30 	A	and	B,	CT	of	intramural	hematoma.Axial	CT	of
a	79-year-old	woman	who	presented	with	acute	chest	pain.	Crescentic
thickening	 of	 the	 aortic	 wall	 from	 the	 origin	 of	 the	 right	 coronary
artery	to	the	aortic	arch	(arrows)	in	the	absence	of	an	intimal	flap	or	a
tear	characterizes	a	intramural	hematoma.	CT,	computed	tomography.

Pulmonary	Contusion,	Hematoma,	and	Traumatic	Lung
Cyst

Radiography
Pulmonary	 contusion	 is	 a	 frequent	 cause	 of	 posttraumatic	 pulmonary
opacification	(Figure	179.31).	Radiologically,	 it	manifests	as	 increased	density
and/or	 consolidation	 with	 poorly	 defined	 margins	 that	 do	 not	 conform	 to	 the
shape	 of	 the	 lobes	 or	 lung	 segments.	 The	 lack	 of	 sharp	 demarcation	 of
consolidation	 is	because	of	 intra-alveolar	blood	or	 fluid.	 Increased	density	and
consolidation	 usually	 manifest	 within	 the	 first	 6	 hours.	 Improvement	 of	 the
lesion	 is	 rapid,	 occurring	within	 24	 to	 48	 hours.	 Complete	 clearing	 is	 usually
seen	in	3	to	10	days.	When	laceration	of	a	lung	occurs	as	a	result	of	a	penetrating
injury	or	surgical	resection,	a	pulmonary	hematoma	form.	The	cavity	formed	by
retraction	 of	 the	 torn	 elastic	 tissues	 may	 be	 completely	 dense	 or	 partially	 air
filled	if	bronchial	communication	occurs.	The	lesion	may	progressively	increase
in	 size	 in	 the	 next	 few	 days	 because	 of	 edema	 or	 hemorrhage	 which	 both
manifest	 as	 ground-glass	 opacity.	 This	 is	 in	 contrast	 to	 a	 contusion,	 which
typically	 decreases	 in	 size.	 The	 lesion	 may	 take	 weeks	 or	 months	 to	 clear.
Resolution	may	be	incomplete,	resulting	in	a	pulmonary	nodule.



	

Figure	179.31 	A,	Axial	CT	images	of	a	24-year-old	man	after	a
motor	 vehicle	 accident	 demonstrated	 a	 left	 upper	 lobe	 pulmonary
contusion	manifesting	as	 consolidation;	pneumomediastinum	 is	 also
present.	B,	CT,	2	months	 later,	 confirms	 resolution	of	consolidation
but	formation	of	a	single	spheric	cystic	space	in	a	subpleural	location
in	 the	 left	 upper	 lobe	 (arrowhead)	 consistent	with	 a	 traumatic	 lung
cyst.	C,	Axial	CT	with	bone	windows	confirms	a	left	first	rib	injury
indicating	the	severity	of	trauma	(arrow).	CT,	computed	tomography.

Computed	Tomography
These	 findings	 and	 their	 complications	 are	 better	 characterized	 by	 CT.
Pulmonary	contusion	manifests	as	ground-glass	opacity	and	consolidation	when
severe	 (Figure	 179.30).	 The	 abnormalities	 do	 not	 respect	 bronchopulmonary
segmental	 anatomy.	 Subpleural	 sparing	 may	 be	 seen.59	 Pulmonary	 laceration
manifests	 as	 rounded	 opacity	 rather	 than	 a	 linear	 opacity	 as	 is	 seen	 in	 other
organs.59	 The	 laceration	 can	 also	 become	 air	 filled,	 giving	 rise	 to	 an	 air-fluid
level.	 Secondary	 infection	 leads	 to	 liquefaction	 of	 dead	 tissues	 and	 bronchial
communication,	producing	an	air-filled	cavity	with	or	without	an	associated	fluid
level.

Lung	cysts	also	may	occur	after	trauma.	They	may	appear	immediately	after
blunt	 trauma	 or	 may	 form	 after	 several	 hours	 or	 days.	 Single,	 multiple,	 or
multilocular	 thin-walled,	oval	 to	spheric	cystic	spaces	may	be	seen	 in	 the	 lung
periphery	or	subpleurally.	Bleeding	 into	 the	cyst	 from	ruptured	capillaries	may
occur.	 The	 lung	 cysts	 persist	 for	 long	 periods,	 often	more	 than	 4	months,	 but
progressively	decrease	in	size	during	this	period	(Figure	179.31).

Traumatic	Diaphragmatic	Hernia
Severe	 diaphragmatic	 injury	 after	 blunt	 or	 penetrating	 trauma	 to	 the
thoracoabdominal	area	may	allow	escape	of	abdominal	contents	into	the	thorax.
The	 presence	 of	 a	 gas-containing	 viscus	 within	 the	 thoracic	 cavity	 is	 the
hallmark	 of	 traumatic	 diaphragmatic	 rupture	 with	 an	 associated	 hernia.	 Most



hernias	occur	on	the	left	side,	because	the	liver	acts	as	a	buffer	on	the	right.	Very
often,	 the	 condition	 may	 be	 initially	 overlooked.	 Coexistent	 radiographic
abnormalities	 such	 as	 atelectasis	 and	 pleural	 effusion	 may	 obscure	 the
radiographic	 signs	of	herniation,	and	positive	pressure	ventilatory	 support	may
delay	 herniation	 of	 abdominal	 contents	 through	 a	 ruptured	 diaphragm.60
Symptomatic	patients	may	experience	intermittent	incarceration	of	the	herniated
viscus.

Radiography
Findings	 suggestive	 of	 diaphragmatic	 rupture	 include	 a	 distorted	 elevated
diaphragmatic	 outline,	 mediastinal	 shift,	 intrathoracic	 herniation	 of	 a	 hollow
viscus	 (stomach,	 colon,	 small	 bowel),	 and	 visualization	 of	 a	 nasogastric	 tube
above	the	diaphragm	on	the	left	side	(Figure	179.32).61

	

Figure	179.32 	Coronal	CT	images	of	two	patients	with	traumatic
diaphragmatic	injury;	features	include	discontinuity	of	the	diaphragm
(A,	 arrow),	 intrathoracic	 herniation	 of	 abdominal	 contents,	 and
constriction	 of	 the	 herniating	 hollow	 viscus	 at	 the	 site	 of	 the
diaphragmatic	 tear	 known	 as	 the	 collar	 sign	 (B,	 arrowheads).CT,
computed	tomography.

Computed	Tomography
The	 CT	 features	 include	 discontinuity	 of	 the	 diaphragm	 (Figure	 179.32A),
intrathoracic	 herniation	 of	 abdominal	 contents,	 a	 constriction	 of	 the	 herniating
hollow	 viscus	 at	 the	 site	 of	 the	 diaphragmatic	 tear	 (known	 as	 the	 collar	 sign,
Figure	 179.32B),	 and	 posterior	 displacement	 of	 the	 herniated	 viscera	 in	 the
thorax	 (dependent	 viscera	 sign)	 confirming	 the	 absence	 of	 diaphragmatic



support.61

Extra-alveolar	Air	and	Signs	of	Barotrauma

Pneumothorax
RadiographyThe	diagnosis	of	pneumothorax	is	made	when	air	 is	seen	superior,
inferior,	lateral,	or	anterior	to	the	lung,	and	the	visceral	pleural	line	is	identified.
The	air	creates	a	zone	of	radiolucency	devoid	of	lung	markings	between	the	lung
and	the	thoracic	wall.	The	lung	partially	(Figure	179.33A)	or	more	completely
(Figure	179.33B)	collapses	and	drops	to	the	most	dependent	position,	slung	by
its	fixed	attachment	at	the	pulmonary	ligament.

	

Figure	179.33 	 Frontal	 chest	 radiographs	 demonstrate	 small	 (A)
and	 large	 (B)	 pneumothoraces	 after	 lung	 biopsy	 as	 evidenced	 by
vertical	pleural	lines	in	the	right	hemithoraces	(arrows	in	A	and	B).

	

Figure	179.34 	Deep	sulcus	sign.Frontal	supine	chest	 radiograph
in	 a	 25-year-old	 man	 involved	 in	 a	 motor	 vehicle	 accident.	 The



radiograph	 (A)	 and	CT	 scan	 (B)	 demonstrate	 lucency	 outlining	 the
anterior	 and	 lateral	 costophrenic	 sulcus	 (arrow)	 indicating
accumulation	 of	 air	 in	 the	 nondependent	 portion	 of	 the	 thorax.	CT,
computed	tomography.

As	 air	 accumulates	 in	 the	 pleura,	 the	 mediastinum	 tends	 to	 shift	 to	 the
opposite	 side.	This	 is	 best	 seen	 in	 a	 film	 taken	during	 the	 expiratory	 phase	 of
respiration.	 For	 the	 mediastinum	 to	 shift,	 the	 intrapleural	 pressure	 need	 only
become	less	negative,	not	necessarily	positive,	on	the	side	of	the	pneumothorax.
Diminished	negative	pressure	on	the	side	of	the	pneumothorax	creates	sufficient
imbalance	between	 the	 pleural	 pressures	 of	 the	 two	 sides	 to	 cause	mediastinal
displacement	during	the	expiratory	phase	of	respiration.	Tension	pneumothorax
causes	 a	 shift	 of	 the	 mediastinum	 to	 the	 opposite	 side	 during	 inspiratory	 and
expiratory	 phases	 of	 respiration.	 In	 addition,	 diaphragmatic	 flattening,	 with
progression	to	reversal	of	its	normal	curve,	occurs	in	tension	pneumothorax.	The
percentage	of	pneumothorax	present	in	upright	PA	and	lateral	radiograph	can	be
calculated	 by	 means	 of	 an	 average	 interpleural	 distance,	 using	 the	 total	 lung
volume	 of	 the	 partially	 collapsed	 lung	 and	 the	 total	 hemithoracic	 volume	 as
parameters.62	Pneumothorax	size	can	be	predicted	using	a	nomogram	based	on
average	interpleural	distance.

The	distribution	of	 air	 in	 the	pleural	 cavity	 is	 affected	by	pleural	 adhesions
and	 by	 disease	 of	 the	 underlying	 lung.	 Adhesions	 prevent	 lung	 retraction;
therefore,	extensive	adhesions	may	lead	to	a	loculated	pneumothorax.	A	diseased
lung,	 especially	 one	 with	 scarring	 or	 atelectasis	 secondary	 to	 bronchial
obstruction,	 tends	 to	 retract	 to	 a	 greater	 degree	 than	 the	 adjacent	 lung.
Obstructive	 emphysema,	 consolidation,	 and	 interstitial	 emphysema	 make	 the
lung	rigid	and	interfere	with	retraction,	keeping	the	lung	or	the	involved	segment
expanded.	The	distribution	of	air	 is	also	influenced	by	patient	position	because
air	rises	to	the	nondependent	portion	of	the	thorax.

Early	recognition	of	a	pneumothorax	is	mandatory	for	ICU	patients	because
of	 the	 risk	 of	 barotrauma	 or	 rapid	 progression	 to	 tension	 pneumothorax	 in	 an
intubated	patient.	For	the	supine	patient,	air	collects	in	the	anterior	portion	of	the
thorax,	between	the	medial	portion	of	the	lung	and	the	anterior	mediastinum,	or
in	the	subpulmonic	area.

Subpulmonic	 pneumothorax	 is	 seen	 as	 a	 lucent	 area	 outlining	 the	 anterior
costophrenic	sulcus	projected	over	 the	right	or	 left	upper	quadrant	or	only	as	a
deep	 lateral	 costophrenic	 sulcus	 on	 the	 involved	 side	 (Figure	 179.33).63,64
Flattening	of	the	cardiac	border	or	a	lateral	depression	of	the	hemidiaphragm	are
additional	 signs	 of	 tension	 pneumothorax	 that	 should	 be	 sought	 in	 a	 supine



patient	 with	 suspected	 pneumothorax	 if	 a	 pleural	 gas	 collection	 is	 not
immediately	apparent.

Computed	 Tomography.	 CT	 is	 not	 typically	 required	 to	 identify	 a
pneumothorax,	unless	percutaneous	drainage	is	intended,	and	CT	is	used	for	pre-
and	intraprocedural	guidance.

Pulmonary	Interstitial	Emphysema
Pulmonary	 interstitial	 emphysema	 (PIE)	 occurs	 when	 air	 dissects	 through
alveolar	walls	 into	 the	 adjacent	 interstitial	 tissues	where	 it	 forms	cystic	 spaces
and	 in	 adults	 and	 is	 typically	 associated	 with	 a	 medical	 intervention	 such	 as
ventilation	or	biopsy.	As	a	result,	air	dissects	along	the	interstitium	of	the	lungs,
into	the	perivascular	connective	tissues,	the	interlobular	septa,	and	the	subpleural
connective	tissue,	most	extensively	around	the	pulmonary	veins.65

Radiography
Radiologically,	 these	 spaces	 are	 seen	 as	 irregular	 radiolucent	 mottling	 in	 the
medial	 one-half	 to	 two-thirds	 of	 the	 lungs	or	 as	 discrete	 areas	 of	 radiolucency
(Figure	179.24).	Radiolucencies	are	2	cm	or	more	in	diameter	and	are	best	seen
at	 the	 lung	bases.	PIE	also	may	appear	 as	 radiolucent	 streaks	 radiating	 toward
the	 hila	 or	 as	 a	 lucent	 halo	 around	 vessels	 on	 end.	 Subpleural	 blebs	 may	 be
present	most	frequently	around	the	hilar	areas.

Interstitial	 emphysema	 changes	 rapidly,	 decreasing	 in	 size	 and	disappearing
completely	 in	 a	matter	 of	 days.	Differentiation	 of	 interstitial	 emphysema	 from
necrotizing	 bronchopneumonia	 is	 sometimes	 difficult	 or	 impossible.	 Extensive
PIE	makes	the	lung	appear	better	aerated	than	it	actually	is.	PIE	may	progress	to
pneumothorax;	 infradiaphragmatic	 dissection;	 or	 mediastinal,	 cervical,	 or
subcutaneous	emphysema.66

Computed	Tomography
CT	is	not	part	of	the	routine	investigation	of	PIE.	When	seen	on	CT,	it	manifests
as	cystic	air	spaces	in	the	lung	parenchyma,	typically	in	a	perivascular	location
and	 is	 typically	 accompanied	 by	 pneumothorax	 and	 pneumomediastinum
(Figure	179.24).

Subcutaneous	Emphysema

Radiography



Air	 in	 the	 subcutaneous	 tissues	 is	 seen	 as	 linear	 streaks	 of	 lucency	 outlining
tissue	planes	 or	 as	 bubbles	 of	 lucency	within	 the	 soft	 tissues	 (Figure	179.35).
Localized	 subcutaneous	 emphysema	 usually	 follows	 thoracostomy	 tube
insertion,	tracheostomy	placement,	and	is	usually	of	no	significance.	It	may	also
be	the	earliest	sign	of	pulmonary	barotrauma.	Extensive	air	in	the	subcutaneous
tissues	 may	 occur	 in	 patients	 on	 ventilators,	 those	 with	 malfunctioning	 chest
tubes,	 or	 those	 with	 bronchopleural	 fistulas.	 CT	 is	 not	 necessary	 to	 confirm
subcutaneous	 emphysema	 but	 is	 usually	 incidentally	 noted	 when	 air	 has
collected	in	other	spaces	such	as	the	pleura	or	mediastinum	(Figure	179.35).

	

Figure	 179.35 	A,	 Chest	 radiograph	 in	 a	 51-year-old	 man	 with
esophageal	 rupture	 owing	 to	 Boerhaave	 syndrome.	 Air	 in	 the
subcutaneous	 tissues	 is	 represented	 by	 linear	 streaks	 of	 lucency
outlining	 tissue	 (arrow).	 B,	 Axial	 CT	 confirms	 the	 cause	 of
subcutaneous	emphysema:	esophageal	perforation	which	has	resulted
in	 extensive	 pneumomediastinum	 (arrowheads),	 pleural	 effusions,
and	atelectasis.	CT,	computed	tomography.

Pneumomediastinum

Radiography
Pneumomediastinum	 is	manifested	 radiologically	as	vertical	 streaks	of	 lucency
just	 lateral	 to	 the	 borders	 of	 the	 heart,	 with	 the	 parietal	 and	 visceral	 pleura
reflected	 by	 the	 lucent	 stripe	 (Figure	 179.35).	When	 air	 extends	 into	 the	 soft
tissues	of	 the	neck	or	 into	 the	retroperitoneum,	 it	 is	most	 likely	secondary	 to	a
pneumomediastinum.

Computed	Tomography



Air	can	enter	the	mediastinum	from	a	ruptured	bronchus,	trachea,	or	esophagus;
from	the	neck	(especially	during	the	course	of	 tracheostomy	or	 line	placement,
when	the	negative	pressure	of	the	thorax	draws	air	in	through	the	incision).	The
site	of	rupture	may	be	better	characterized	with	CT.

Pneumopericardium
RadiographyRadiologic	 diagnosis	 of	 a	 pneumopericardium	 is	 made	 when	 a
lucent	stripe	is	seen	around	the	heart	extending	to,	but	not	beyond,	the	proximal
pulmonary	artery	and	outlining	a	thickened	pericardium	(Figure	179.36).	It	may
be	 difficult	 to	 differentiate	 from	 a	 pneumothorax	 or	 pneumomediastinum.
Pneumopericardium	is	almost	always	 the	result	of	surgery	but	also	may	follow
trauma	or	infection.

	

Figure	 179.36 	A,	 Chest	 radiograph	 in	 a	 56-year-old	 man	 with
duodenal	 perforation	 after	 esophagoduodenoscopy.	 Air	 in	 the
pericardial	 space	 (arrowheads)	 is	 represented	by	curvilinear	 lucency
that	lies	medial	to	the	left	ventricular	free	wall	pericardium.	B,	Axial
CT	 confirms	 extensive	 pneumopericardium,	 pneumomediastinum,
and	 bilateral	 pneumothoraces	 that	 have	 tracked	 superiorly	 from	 the
retroperitoneum.	CT,	computed	tomography.

Computed	Tomography
CT	is	more	sensitive	than	radiography	at	detecting	small	quantities	of	pericardial
air	 and	 may	 also	 be	 used	 to	 differentiate	 pneumopericardium	 from
pneumomediastinum.

PULMONARY	THROMBOEMBOLISM	AND



INFARCTION
Episodes	of	pulmonary	thromboembolism	usually	show	some	changes	on	plain
chest	 radiographs,	 such	 as	 linear	 atelectasis,	 elevation	 of	 a	 hemidiaphragm,	 or
pleural	effusion58,67.	Most	embolic	occlusions	occur	in	the	lower	lobes,	the	right
more	 often	 than	 the	 left,	 probably	 as	 a	 result	 of	 hemodynamic	 flow	 patterns
(Chapter	 91:	 “Venous	 Thromboembolism	 and	 Associated	 Prothrombotic
Disorders	in	the	Intensive	Care	Unit”).

Radiography
Although	pulmonary	embolism	is	not	typically	perceptible	on	chest	radiography,
pulmonary	 oligemia,	 pulmonary	 infarction,	 and	 cor	 pulmonale	 can	 have
radiographic	manifestations.	An	area	of	increased	radiolucency	(local	oligemia)
of	 the	 lung	 within	 the	 distribution	 of	 the	 occluded	 artery	 is	 referred	 to	 as
Westermark	 sign.68	 Pulmonary	 infarction	 manifests	 as	 parenchymal
consolidation	 owing	 to	 tissue	 necrosis	 or	 hemorrhage	 and	 edema.	 The
consolidation	is	almost	always	subpleural	with	a	rounded	medial	edge	(Hampton
hump)	 (Figure	 179.37A).	 Infarcts	 vary	 in	 size,	 but	 most	 are	 3	 to	 5	 cm	 in
diameter.	 Air	 bronchograms	 are	 rarely	 present;	 cavitation	 is	 unusual	 and,	 if
present,	 suggests	 septic	embolization.	 If	 infarction	 leads	 to	necrosis,	 resolution
averages	20	days	and	may	take	as	long	as	5	weeks.	Cor	pulmonale	manifests	as
right	 ventricular	 cardiac	 enlargement,	 main	 pulmonary	 artery	 enlargement,
increased	size	of	the	major	hilar	vessels	with	sudden	tapering	of	the	vessels,	and
dilatation	 of	 the	 azygos	 vein	 and	 superior	 vena	 cava	 are	 seen.	 These	 changes
occur	with	massive	 or	 submassive	 pulmonary	 embolism.	Pleural	 effusion	 is	 at
least	as	common	as	parenchymal	consolidation;	the	amount	of	fluid	is	frequently
small,	and	the	fluid	is	often	unilateral.

	

Figure	179.37 	Chest	radiograph	and	CT	pulmonary	angiogram	in
a	 41-year-old	 man	 with	 colorectal	 carcinoma,	 dyspnea,	 and	 CT



confirmation	of	bilateral	pulmonary	emboli.The	chest	radiograph	(A)
and	 CT	 (B)	 demonstrate	 peripheral	 subpleural	 rounded	 opacities
consistent	 with	 pulmonary	 infarcts	 (arrows	 in	 A	 and	 B).	 CT,
computed	tomography.

Computed	Tomography
The	frequent	presence	of	underlying	chest	disorders,	such	as	ARDS,	pulmonary
edema,	associated	pneumonia,	or	chronic	obstructive	lung	changes,	often	makes
the	 radiologic	 diagnosis	 of	 pulmonary	 embolism	 virtually	 impossible	 on	 plain
chest	 radiographs	 in	 the	 ICU	 patient.	 Radioisotopic	 scanning	 and	 CT	 provide
superior	sensitivity	for	pulmonary	embolism.	CT	scanning	is	typically	preferred
in	 the	 acutely	 ill	 patient	 because	 it	 is	 more	 reliable	 in	 the	 setting	 of	 chronic
obstructive	pulmonary	disease,	requires	a	shorter	imaging	time,	and	can	indicate
alternative	diagnoses,	if	negative	for	pulmonary	embolism.	The	direct	CT	signs
of	pulmonary	embolism	include:

1.	 An	intravascular	filling	defect(s)	that	either	partially	or	completely	occludes
the	vessel.	Acute	pulmonary	emboli	are	typically	centrally	located	in	the
vessel	and	may	produce	dilatation	of	the	affected	vessel	(Figure	179.38).	In
the	case	of	chronic	pulmonary	embolism,	the	filling	defect	may	either	be
curvilinear	or	weblike	and	lies	within	peripheral	pulmonary	arteries,	often
at	arterial	branch	points.	Pulmonary	arterial	occlusion	is	typically	absent
owing	to	recanalization.

	

Figure	 179.38 	 CT	 pulmonary	 angiogram	 in	 a	 41-year-old
man	 with	 colorectal	 carcinoma	 and	 dyspnea.Axial	 (A)	 and
coronal	 (B)	 CT	 images	 confirm	 bilateral	 intravascular	 filling
defects	 which	 complete	 or	 partially	 occlude	 the	 pulmonary
arteries	(arrow).	CT,	computed	tomography.



2.	 Indirect	CT	signs	of	pulmonary	embolism	include	peripheral	wedge-shaped
or	rounded	areas	of	hyperattenuation	(pulmonary	infarction)	(Figure
179.37)	or	linear	parenchymal	bands	in	the	subpleural	lung.	In	the	case	of
large	pulmonary	emboli	or	chronic	pulmonary	embolism,	features	of	right
heart	strain	should	be	sought,	including	right	ventricular	dilatation,	contrast
material	reflux	into	the	hepatic	veins,	and	deviation	or	straightening	of	the
interventricular	septum	toward	the	left	ventricle	(Figure	179.39).69

	

Figure	 179.39 	 Axial	 (A)	 and	 true	 cardiac	 short	 axis	 (B)
images	 of	 a	 gated	 CT	 pulmonary	 angiogram	 in	 a	 patient	 with
long-standing	 pulmonary	 hypertension.The	 right	 ventricle	 is
moderately	 dilated,	 and	 the	 interventricular	 septum	 is
straightened	 toward	 the	 left	 ventricle	 (arrows)	 (rather	 than	 the
normal	 configuration	 of	 bowing	 toward	 the	 right	 ventricle)
consistent	with	raised	right	ventricular	pressures.	CT,	computed
tomography.

EXTRAPULMONARY	STRUCTURES
Evaluation	of	the	chest	radiograph	is	never	complete	unless	the	extrapulmonary,
extrapleural,	and	extracardiac	structures	(extrathoracic	soft	tissues	and	bones	of
the	thorax)	are	carefully	assessed	for	possible	pathology.	It	is	not	the	purpose	of
this	chapter	to	deal	with	these	pathologic	processes	in	depth;	suffice	it	to	say	that
one	should	look	for	masses,	calcifications,	and	abnormal	air	collections	such	as
abscesses	 in	 the	 cervical	 and	 thoracic	 soft	 tissues	 and	 subphrenic	 areas.	 The
osseous	structures	also	may	provide	clues	to	disease	of	a	systemic	nature	(eg,	H-
shaped	vertebrae	and	bone	infarcts	in	sickle	cell	anemia)	or	to	metastases	in	the
form	of	lytic	or	blastic	bone	lesions.	Fractures	after	trauma,	and	occasionally	rib
fractures	from	resuscitation	procedures	after	cardiac	arrest,	may	be	seen	on	the
chest	radiograph.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	the	most	common	plain	film	radiograph
presentation	of	SARS-CoV-2?

A. 	Diffuse,	subpleural	ground-glass	opacities
B. 	Lobar	opacity
C. 	Pleural	effusion
D. 	Pulmonary	nodules

2. 	In	venovenous	(VV)	extracorporeal	membrane	oxygenation	(ECMO)	with
classic	femoroatrial	setup,	what	is	the	final	position	of	the	reinjection	cannula?

A. 	Iliac	artery
B. 	Inferior	vena	cava
C. 	Femoral	artery
D. 	Right	atrium

3. 	An	adult	patient	has	been	intubated	and	you	are	confirming	endotracheal
tube	(ETT)	placement.	If	the	patient’s	inferior	border	of	the	mandible	is	at	the
C5/C6	level,	where	should	the	end	of	the	ETT	be?

A. 	2	+/−	1	cm	from	the	carina
B. 	3	+/−	2	cm	from	the	carina
C. 	5	+/−	2	cm	from	the	carina
D. 	6	+/−	2	cm	from	the	carina

Answers

1.	The	correct	answer	is	A.
Rationale:	Normal	chest	x-rays	are	not	uncommon	 in	patients	with	COVID



when	 presenting	 early	 in	 their	 course.	 But	 the	 predominant	 abnormality	 is
bilateral,	peripheral,	ground-glass	opacities	(choice	A	is	correct).	Less	common
would	 be	 a	 solitary	 lobar	 or	 nodular	 opacity	 (choices	 B	 and	D	 are	 incorrect).
Three	 percent	 of	 patients	 may	 have	 pleural	 effusions	 (choice	 C	 is	 incorrect).
Chest	CT	is	more	sensitive	than	chest	x-ray	for	detecting	abnormalities,	but	there
appears	to	be	good	concordance	between	them.

2.	The	correct	answer	is	D.
Rationale:	 ECMO	 is	 being	 increasingly	 used	 for	 severe	 respiratory	 failure

including	from	COVID-19	infection	and	failure	to	wean	from	cardiopulmonary
bypass	or	after	cardiac	surgery.	Knowing	circuits	can	help	one	interpret	imaging
in	 order	 to	 find	 complications	 (malposition	 of	 cannulas,	 hemorrhage,
thrombosis)	and	appreciate	suboptimal	contrast	studies	due	 to	siphoning	of	CT
contrast	by	the	ECMO	circuit.	In	femoroatrial	VV	ECMO,	drainage	is	from	the
femoral	vein	with	 return	 to	 the	 right	 atrium	 (choice	D	 is	 correct).	Venovenous
circuits	 do	 not	 have	 arterial	 system	 return	 (choices	 A	 and	 C	 are	 incorrect).
Femorofemoral	VV	ECMO	 is	when	 return	 and	 drainage	 are	 from	 the	 femoral
veins.	A	dual-lumen	single	cannula	VV	ECMO	is	placed	via	the	right	IJ/femoral
vein	with	the	tip	in	the	IVC/SVC.

3.	The	correct	answer	is	C.
Rationale:	ETT	position	can	vary	markedly	with	neck	position,	so	reference

to	 the	 mandible	 can	 be	 helpful.	 In	 adults	 in	 neutral	 neck	 position,	 the	 lower
border	of	mandible	projects	over	C5/C6	and	desired	ETT	tip	 location	is	5	+/−-
2	 cm	 above	 the	 carina	 (choice	 C	 is	 correct).	 If	 neck	 is	 flexed	 then	 desired
position	 is	 3	 cm	 above,	 and	 if	 extended	 it	 is	 7	 cm.	 Children	 have	 shorter
tracheas,	and	optimum	ETT	tip	position	is	1.5	cm	above	the	carina.

References

Key	references	are	highlighted	in	gray.

1.	 1 	Palazzetti	V,	Gasparri	E,	Gambini	C,	et	al.	Chest	radiography	in	intensive
care:	an	irreplaceable	survey?	Radiol	Med.	2013;118(5):744-751.

2.	Bekemeyer	WB,	Crapo	RO,	Calhoon	S,	Cannon	CY,	Clayton	PD.	Efficacy	of
chest	radiography	in	a	respiratory	intensive	care	unit.	A	prospective	study.
Chest.	1985;88(5):691-696.

3.	Amorosa	JK,	Bramwit	MP,	Mohammed	TLH,	et	al.	ACR	appropriateness



criteria	routine	chest	radiographs	in	intensive	care	unit	patients.	J	Am	Coll
Radiol.	2013;10(3):170-174.

4.	McAdams	HP,	Samei	E,	Dobbins	J,3rd,	Tourassi	GD,	Ravin	CE.	Recent
advances	in	chest	radiography.	Radiology.	2006;241(3):663-683.

5.	Conrardy	PA,	Goodman	LR,	Lainge	F,	Singer	MM.	Alteration	of
endotracheal	tube	position.	Flexion	and	extension	of	the	neck.	Crit	Care
Med.	1976;4(1):8-12.

6.	Ravin	CE,	Handel	DB,	Kariman	K.	Persistent	endotracheal	tube	cuff
overdistension:	a	sign	of	tracheomalacia.	AJR	Am	J	Roentgenol.
1981;137(2):408-409.

7.	Goodman	LR,	Conrardy	PA,	Laing	F,	Singer	MM.	Radiographic	evaluation
of	endotracheal	tube	position.	AJR	Am	J	Roentgenol.	1976;127(3):433-434.

8.	Ridge	CA,	Litmanovich	D,	Molinari	F,	Bankier	AA,	Eisenberg	RL.
Radiographic	evaluation	of	central	venous	catheter	position:	anatomic
correlation	using	gated	coronary	computed	tomographic	angiography.	J
Thorac	Imaging.	2013;28(2):129-133.

9.	Swan	HJ,	Ganz	W,	Forrester	J,	Marcus	H,	Diamond	G,	Chonette	D.
Catheterization	of	the	heart	in	man	with	use	of	a	flow-directed	balloon-
tipped	catheter.	N	Engl	J	Med.	1970;283(9):447-451.

10.	Houghton	D,	Cohn	S,	Schell	V,	Cohn	K,	Varon	A.	Routine	daily	chest
radiography	in	patients	with	pulmonary	artery	catheters.	Am	J	Crit	Care.
2002;11(3):261-265.

11.	Westaby	S,	Anastasiadis	K,	Wieselthaler	GM.	Cardiogenic	shock	in	ACS.
Part	2:	role	of	mechanical	circulatory	support.	Nat	Rev	Cardiol.
2012;9(4):195-208.

12.	Siriwardena	M,	Pilbrow	A,	Frampton	C,	MacDonald	SM,	Wilkins	GT,
Richards	AM.	Complications	of	intra-aortic	balloon	pump	use:	does	the	final
position	of	the	IABP	tip	matter?	Anaesth	Intensive	Care.	2015;43(1):66-73.

13.	Godoy	MCB,	Leitman	BS,	de	Groot	PM,	Vlahos	I,	Naidich	DP.	Chest
radiography	in	the	ICU:	part	2,	evaluation	of	cardiovascular	lines	and	other
devices.	AJR	Am	J	Roentgenol.	2012;198(3):572-581.

14.	Ormond	RS,	Rubenfire	M,	Anbe	DT,	Drake	EH.	Radiographic
demonstration	of	myocardial	penetration	by	permanent	endocardial
pacemakers.	Radiology.	1971;98(1):35-37.

15.	Hall	WM,	Rosenbaum	HD.	The	radiology	of	cardiac	pacemakers.	Radiol
Clin	North	Am.	1971;9(2):343-353.



16.	Hearne	SF,	Maloney	JD.	Pacemaker	system	failure	secondary	to	air
entrapment	within	the	pulse	generator	pocket.	A	complication	of	subclavian
venipuncture	for	lead	placement.	Chest.	1982;82(5):651-654.

17.	Lee	JH,	Lee	SH.	A	poor	prognostic	case	of	peripheral	T-cell	lymphoma	in
the	base	of	tongue	with	chemotherapy	followed	by	radiation	therapy.
SpringerPlus.	2014;3(6):731-742.

18.	 3 	Banfi	C,	Pozzi	M,	Siegenthaler	N,	et	al.	Veno-venous	extracorporeal
membrane	oxygenation:	cannulation	techniques.	J	Thorac	Dis.
2016;8(12):3762-3773.

19.	 3 	Pavlushkov	E,	Berman	M,	Valchanov	K.	Cannulation	techniques	for
extracorporeal	life	support.	Ann	Transl	Med.	2017;5(4):70.

20.	Savoca	CJ,	Gamsu	G,	Brito	AC.	The	effect	of	acute	pulmonary	edema	on
pulmonary	vascular	resistance:	significance	for	the	interpretation	of	dilated
upper	lobe	vessels	on	chest	radiographs.	Invest	Radiol.	1977;12(6):488-495.

21.	Attias	D,	Mansencal	N,	Auvert	B,	et	al.	Prevalence,	characteristics,	and
outcomes	of	patients	presenting	with	cardiogenic	unilateral	pulmonary
edema.	Circulation.	2010;122(11):1109-1115.

22.	Hublitz	UF,	Shapiro	JH.	Atypical	pulmonary	patterns	of	congestive	failure
in	chronic	lung	disease.	The	influence	of	pre-existing	disease	on	the
appearance	and	distribution	of	pulmonary	edema.	Radiology.
1969;93(5):995-1006.

23.	Meria	P,	Corbel	L,	Mendelsberg	M,	Chevallier	JM,	Dufour	B.	Peritonitis
after	spontaneous	rupture	of	a	pyonephrosis	into	the	peritoneal	cavity.
Apropos	of	a	case.	J	Chir.	1992;129(11):477-478.

24.	Milne	EN.	Chest	radiology	in	the	surgical	patient.	Surg	Clin	North	Am.
1980;60(6):1503-1518.

25.	Fujishima	S.	Pathophysiology	and	biomarkers	of	acute	respiratory	distress
syndrome.	J	Intensive	Care.	2014;2(1):32.

26.	Jacobson	JT,	Johnson	D,	Horvath	G,	Goldberger	J,	Kadish	A.	Effect	of
underlying	heart	disease	on	the	frequency	content	of	ventricular	fibrillation
in	the	dog	heart.	Pacing	Clin	Electrophysiol.	2000;23(2):243-252.

27.	Unger	KM,	Shibel	EM,	Moser	KM.	Detection	of	left	ventricular	failure	in
patients	with	adult	respiratory	distress	syndrome.	Chest.	1975;67(1):8-13.

28.	 2 	Ichikado	K,	Suga	M,	Muranaka	H,	et	al.	Prediction	of	prognosis	for	acute
respiratory	distress	syndrome	with	thin-section	CT:	validation	in	44	cases.
Radiology.	2006;238(1):321-329.



29.	Ichikado	K.	High-resolution	computed	tomography	findings	of	acute
respiratory	distress	syndrome,	acute	interstitial	pneumonia,	and	acute
exacerbation	of	idiopathic	pulmonary	fibrosis.	Semin	Ultrasound	CT	MR.
2014;35(1):39-46.

30.	Matthew	EB,	Holstrom	FM,	Kaspar	RL.	A	simple	method	for	diagnosing
pneumonia	in	intubated	or	tracheostomized	patients.	Crit	Care	Med.
1977;5(2):76-81.

31.	Robles	A,	Gil	AS,	Pascual	V,	et	al.	Viral	vs	bacterial	community-acquired
pneumonia:	radiologic	features.	Eur	Respir	J.	2011;38(55):2507.

32.	Franquet	T.	Imaging	of	community-acquired	pneumonia.	J	Thorac	Imaging.
2018;33(5):282-294.

33.	Garg	M,	Prabhakar	N,	Gulati	A,	et	al.	Spectrum	of	imaging	findings	in
pulmonary	infections.	Part	1:	bacterial	and	Viral.	Pol	J	Radiol.	2019;84:205-
213.

34.	Koo	HJ,	Lim	S,	Choe	J,	Choi	SH,	Sung	H,	Do	KH.	Radiographic	and	CT
features	of	viral	pneumonia.	Radiographics.	2018;38(3):719-739.

35.	Kwee	TC,	Kwee	RM.	Chest	CT	in	COVID-19:	what	the	radiologist	needs
to	know.	Radiographics.	2020;40(7):1848-1865.

36.	Franquet	T,	Muller	NL,	Gimenez	A,	Guembe	P,	de	La	Torre	J,	Bague	S.
Spectrum	of	pulmonary	aspergillosis:	histologic,	clinical	and	radiologic
findings.	Radiographics.	2001;21(4):825-837.

37.	Marik	PE.	Aspiration	pneumonitis	and	aspiration	pneumonia.	N	Engl	J
Med.	2001;344(9):665-671.

38.	Greenfield	LJ,	Singleton	RP,	McCaffree	DR,	Coalson	JJ.	Pulmonary	effects
of	experimental	graded	aspiration	of	hydrochloric	acid.	Ann	Surg.
1969;170(1):74-86.

39.	Landay	MJ,	Christensen	EE,	Bynum	LJ.	Pulmonary	manifestations	of	acute
aspiration	of	gastric	contents.	AJR	Am	J	Roentgenol.	1978;131(4):587-592.

40.	Yousem	SA,	Faber	C.	Histopathology	of	aspiration	pneumonia	not
associated	with	food	or	other	particulate	matter:	a	clinicopathologic	study	of
10	cases	diagnosed	on	biopsy.	Am	J	Surg	Pathol.	2011;35(3):426-431.

41.	Prather	AD,	Smith	TR,	Poletto	DM,	et	al.	Aspiration-related	lung	diseases.
J	Thorac	Imaging.	2014;29(5):304-309.

42.	Muangman	N,	Stern	EJ,	Bulger	EM,	Jurkovich	GJ,	Mann	FA.	Chest
radiographic	evolution	in	fat	embolism	syndrome.	J	Med	Assoc	Thai.
2005;88(12):1854-1860.



43.	Glas	WW,	Grekin	TD,	Musselman	MM.	Fat	embolism.	Am	J	Surg.
1953;85(3):363-369.

44.	Newbigin	K,	Souza	CA,	Torres	C,	et	al.	Fat	embolism	syndrome:	state-of-
the-art	review	focused	on	pulmonary	imaging	findings.	Respir	Med.
2016;113:93-100.

45.	Stark	DD,	Federle	MP,	Goodman	PC,	Podrasky	AE,	Webb	WR.
Differentiating	lung	abscess	and	empyema:	radiography	and	computed
tomography.	AJR	Am	J	Roentgenol.	1983;141(1):163-167.

46.	Hessen	I.	Roentgen	examination	of	pleural	fluid;	a	study	of	the	localization
of	free	effusions,	the	potentialities	of	diagnosing	minimal	quantities	of	fluid
and	its	existence	under	physiological	conditions.	Acta	Radiol	Suppl.
1951;86:1-80.

47.	Munden	RF,	O’Sullivan	PJ,	Liu	P,	Vaporciyan	AA.	Radiographic	evaluation
of	the	pleural	fluid	accumulation	rate	after	pneumonectomy.	Clin	Imaging.
2015;39(2):247-250.

48.	Woodring	JH.	The	normal	mediastinum	in	blunt	traumatic	rupture	of	the
thoracic	aorta	and	brachiocephalic	arteries.	J	Emerg	Med.	1990;8(4):467-
476.

49.	Stern	EJ,	Sun	H,	Haramati	LB.	Peripheral	bronchopleural	fistulas:	CT
imaging	features.	AJR	Am	J	Roentgenol.	1996;167(1):117-120.

50.	Carsky	EW,	Mauceri	RA,	Azimi	F.	The	epicardial	fat	pad	sign:	analysis	of
frontal	and	lateral	chest	radiographs	in	patients	with	pericardial	effusion.
Radiology.	1980;137(2):303-308.

51.	Carrafiello	G,	Mangini	M,	Fontana	F,	et	al.	Radiofrequency	ablation	for
single	lung	tumours	not	suitable	for	surgery:	seven	years’	experience.	Radiol
Med.	2012;117(8):1320-1332.

52.	Chen	JT,	Putman	CE,	Hedlund	LW,	Dahmash	NS,	Roberts	L.	Widening	of
the	subcarinal	angle	by	pericardial	effusion.	AJR	Am	J	Roentgenol.
1982;139(5):883-887.

53.	Carter	Y,	Meissner	M,	Bulger	E,	et	al.	Anatomical	considerations	in	the
surgical	management	of	blunt	thoracic	aortic	injury.	J	Vasc	Surg.
2001;34(4):628-633.

54.	Parmley	LF,	Mattingly	TW,	Manion	WC,	JAHNKE	EJJr.	Nonpenetrating
traumatic	injury	of	the	aorta.	Circulation.	1958;17(6):1086-1101.

55.	O’Conor	CE.	Diagnosing	traumatic	rupture	of	the	thoracic	aorta	in	the
emergency	department.	Emerg	Med	J.	2004;21(4):414-419.



56.	Ridge	CA,	Litmanovich	DE.	Acute	aortic	syndromes:	current	status.	J
Thorac	Imaging.	2015;30(3):193-201.

57.	Cullen	EL,	Lantz	EJ,	Johnson	CM,	Young	PM.	Traumatic	aortic	injury:	CT
findings,	mimics,	and	therapeutic	options.	Cardiovasc	Diagn	Ther.
2014;4(3):238-244.

58.	Williams	JS,	Graff	JA,	Uku	JM,	Steinig	JP.	Aortic	injury	in	vehicular
trauma.	Ann	Thorac	Surg.	1994;57(3):726-730.

59.	Kaewlai	R,	Avery	LL,	Asrani	AV,	Novelline	RA.	Multidetector	CT	of	blunt
thoracic	trauma.	Radiographics.	2008;28(6):1555-1570.

60.	Killeen	KL,	Mirvis	SE,	Shanmuganathan	K.	Helical	CT	of	diaphragmatic
rupture	caused	by	blunt	trauma.	AJR	Am	J	Roentgenol.	1999;173(6):1611-
1616.

61.	Iochum	S,	Ludig	T,	Walter	F,	Sebbag	H,	Grosdidier	G,	Blum	AG.	Imaging
of	diaphragmatic	injury:	a	diagnostic	challenge?	Radiographics.
2002;22:S103–S116,	discussion	S16-8.

62.	Rhea	JT,	DeLuca	SA,	Greene	RE.	Determining	the	size	of	pneumothorax	in
the	upright	patient.	Radiology.	1982;144(4):733-736.

63.	Rhea	JT,	vanSonnenberg	E,	McLoud	TC.	Basilar	pneumothorax	in	the
supine	adult.	Radiology.	1979;133(3	Pt	1):593-595.

64.	Gordon	R.	The	deep	sulcus	sign.	Radiology.	1980;136(1):25-27.
65.	Barcia	SM,	Kukreja	J,	Jones	KD.	Pulmonary	interstitial	emphysema	in
adults:	a	clinicopathologic	study	of	53	lung	explants.	Am	J	Surg	Pathol.
2014;38(3):339-345.

66.	Johnson	TH,	Altman	AR.	Pulmonary	interstitial	gas:	first	sign	of
barotrauma	due	to	PEEP	therapy.	Crit	Care	Med.	1979;7(12):532-535.

67.	Bynum	LJ,	Wilson	JE,	3rd.	Radiographic	features	of	pleural	effusions	in
pulmonary	embolism.	Am	Rev	Respir	Dis.	1978;117(5):829-834.

68.	Westermark	N.	Studies	of	the	circulation	by	roentgen	cinematography.
Radiology.	1948;50(6):791-802.

69.	Wittram	C,	Maher	MM,	Yoo	AJ,	Kalra	MK,	Shepard	JAO,	McLoud	TC.	CT
angiography	of	pulmonary	embolism:	diagnostic	criteria	and	causes	of
misdiagnosis.	Radiographics.	2004;24(5):1219-1238.



Chapter	180
Severe	Upper	Airway	Infections
William	W.	Wong,	Stephen	J.	Krinzman,	Evan	W.	Jones,	Richard	S.	Irwin

KEY	POINTS:
1.	 Sinusitis	is	a	common	cause	of	nosocomial	infection	in	mechanically

vented	patients,	especially	in	those	with	nasogastric	and
nasotracheal	tubes,	and	can	directly	contribute	to	the	development
of	pneumonia.

2.	 Supraglottitis	(also	referred	to	as	epiglottitis)	is	an	infection	of	the
supraglottic	structures	most	commonly	caused	in	adults	by
Haemophilus	influenzae,	Staphylococcus	aureus,	Streptococcus
pneumoniae,	and	other	streptococcal	species	that	can	cause	abrupt
and	fatal	airway	obstruction	due	to	edema.	It	presents	as	sore	throat,
fever	and	dysphagia	out	of	proportion	to	signs	of	pharyngitis,	and
respiratory	distress	in	the	adult	population,	and	requires	prompt
airway	management	followed	by	antibiotics.

3.	 Deep	neck	infections	can	be	fatal	extensions	of	upper	airway
infections.	An	understanding	of	the	complex	interconnections
between	anatomic	spaces	is	essential	for	early	diagnosis	and	timely
intervention	of	these	conditions.	Infections	are	typically	polymicrobial
with	anaerobes	predominating	over	aerobes,	with	fungi	and
mycobacteria	being	less	common.	All	patients	with	deep	neck
infections	require	hospitalization.	Therapy	has	three	components:
airway	management,	intravenous	antibiotics,	and	timely	surgical
exploration	when	indicated.

INTRODUCTION



The	 components	 of	 the	 upper	 airway	 include	 the	 nose,	 mouth,	 nasopharynx,
oropharynx,	and	hypopharynx.	 It	communicates	with	 the	paranasal	sinuses	and
tympanic	 cavities.	 Although	 minor	 infections	 of	 these	 areas	 are	 commonly
observed	 in	 the	 outpatient	 setting,	 occasionally,	 they	 may	 become	 severe	 and
life-threatening.	This	class	of	disease	requires	intense	observation	and	aggressive
management,	and	is	the	focus	of	this	chapter.

SINUSITIS
1 	 For	 patients	 on	 mechanical	 ventilatory	 support,	 sinusitis	 is	 one	 of	 four
common	causes	of	 fever,	along	with	pneumonia,	catheter-related	 infection,	and
urinary	tract	infection.1	Sinusitis	is	encountered	in	the	intensive	care	unit	(ICU)
in	 two	 situations:	 as	 a	 community-acquired	 infection	 that	 can	 uncommonly	 be
complicated	 by	 a	 potentially	 fatal	 infection	 such	 as	 meningitis,	 osteomyelitis,
orbital	infection,	or	brain	abscess,	and	as	a	hospital-acquired	sinus	infection	that
may	be	a	frequent	cause	of	occult	fever	in	a	critically	ill	patient.

Incidence
The	 frequency	 of	 radiographically	 documented	 sinusitis	 among	 mechanically
ventilated	patients	varies	greatly	from	18%	to	88%,	with	a	mean	of	56%	in	one
recent	 meta-analysis.2	 Of	 note,	 67%	 of	 the	 patients	 reviewed	 were	 nasally
intubated.	 Using	 criteria	 to	 identify	 patients	 with	 clinical	 evidence	 of	 sinus
infection—fever;	 leukocytosis	 or	 leukopenia;	 and	 purulent	 sinus	 secretions—
clinical	sinus	infection	was	present	in	one	half	of	patients	with	radiographically
demonstrated	sinusitis.2	 In	one	series,	95%	of	nasotracheally	 intubated	patients
developed	 radiographic	 evidence	 of	 pansinusitis,	 as	 did	 25%	 of	 patients	 who
were	orotracheally	intubated.

Pathogenesis
Critically	ill	patients	are	predisposed	to	develop	nosocomial	sinusitis	for	several
reasons.	The	diameter	of	 the	 sinus	ostia,	normally	as	 small	 as	1	or	2	mm,	has
been	 shown	 to	 decrease	with	 recumbency	 as	much	 as	 23%	because	 of	 venous
hydrostatic	pressures.3	 In	 addition,	 the	maxillary	 sinus	ostia	 are	poorly	 located
for	 gravitational	 drainage.3	 Nasotracheal	 and	 nasogastric	 tubes	 strongly
predispose	patients	to	develop	radiographic	changes	of	sinusitis	(odds	ratio	[OR]
4.66	 for	 nasally	 vs	 orally	 intubated	 patients),	 and	 in	 one	 series,	 73%	 of



mechanically	 ventilated	 patients	 developed	 culture-proven	 sinusitis	 within
7	days	of	placement	of	nasogastric	or	nasotracheal	tubes.	Larger	intranasal	tubes
(eg,	endotracheal)	induce	radiographic	sinus	changes	more	quickly	than	smaller
tubes	 (eg,	 gastric).	Using	multiple	 logistic	 regression	 analysis,	 risk	 factors	 for
nosocomial	sinusitis	with	the	strongest	association	are	sedative	use,	nasogastric
feeding	 tubes,	 Glasgow	 Coma	 Scale	 less	 than	 8,	 and	 nasal	 colonization	 with
enteric	gram-negative	bacteria.

Etiology
The	 microbiology	 of	 nosocomial	 sinusitis	 is	 quite	 distinct	 from	 that	 of
community-acquired	 sinusitis	 and	 is	 similar	 to	 that	 of	 other	 nosocomial
respiratory	 infections.	 Nosocomial	 sinusitis	 is	 polymicrobial	 in	 54%	 of	 cases,
with	gram-negative	aerobic	organisms	being	the	most	common	causative	agents
(49%),	 followed	by	gram-positive	aerobic	organisms	 (37%),	 fungi	 (7.5%),	 and
anaerobes	(7.5%).	The	most	commonly	isolated	pathogens	are	Streptococcus	spp
including	 Streptococcus	 pneumonia	 (13%),	 Pseudomonas	 spp	 (13%),
Staphylococcus	 aureus	 (11%),	 E.	 coli	 (9%),	 coagulase-negative	 staphylococci
(6%),	Acinetobacter	spp	(5%),	and	Klebsiella	spp	(5%).2	The	organisms	isolated
in	nosocomial	sinusitis	are	frequently	identical	to	those	cultured	from	the	lower
respiratory	tract.4,5	Such	findings	support	the	concept	of	general	colonization	of
the	airway	mucosa	of	critically	ill	patients.

Specific	 situations	 warrant	 consideration	 of	 infection	 with	 more	 unusual
pathogens.	 Acute	 invasive	 fungal	 rhinosinusitis	 is	 a	 rare	 condition,	 but	 has	 a
mortality	 rate	 of	 40%	 to	 50%.6	 Affected	 patients	 are	 usually
immunocompromised,	with	the	most	common	comorbidities	being	hematologic
malignancy,	 diabetes,	 medical	 immunosuppression,	 renal	 failure,	 and	 human
immunodeficiency	 virus	 (HIV)	 infection.	 Aspergillus	 and	 species	 of
Zygomycetes	such	as	Mucor	are	identified	in	the	majority	of	cases,	with	Mucor
spp	being	more	commonly	found	in	diabetic	patients,	and	Aspergillus	spp	being
found	 in	 patients	 with	 severe	 HIV-associated	 immunosuppression	 or
hematologic	malignancies.	 The	most	 common	 presenting	 symptoms	 are	 fever,
purulent	 nasal	 drainage,	 facial	 pain,	 facial	 swelling,	 nasal	 crusting,	 and	 visual
symptoms.6	 Common	 nasal	 endoscopic	 findings	 include	 necrotic	 mucosa	 and
hyaline	 or	 thick	 mucus	 secretion.	 Radiographically,	 sinus	 opacity	 and	 bony
erosion	are	seen	in	all	cases,	and	these	findings	are	usually	unilateral.7	Treatment
consists	of	surgical	debridement	and	systemic	antifungal	therapy.	Cryptococcus
neoformans	can	cause	sinusitis	with	a	high	relapse	rate	and	significant	mortality
in	 immunocompetent	 and	 immunocompromised	 patients.	 Candida	 spp,



Pseudoallescheria	 boydii,	 cytomegalovirus,	 and	 other	 uncommon	 organisms
have	been	 isolated	 in	patients	with	acquired	 immunodeficiency	syndrome	with
sinusitis.

Complications
Complications	 of	 acute	 sinusitis	 are	 rare	 but	 can	 be	 rapidly	 fatal	 and	 are	 best
managed	in	an	ICU.	Orbital	complications	include	edema,	predominantly	of	the
eyelids,	 orbital	 cellulitis,	 orbital	 abscess,	 subperiosteal	 abscess,	 and	 cavernous
sinus	thrombosis.8	The	latter	one	is	the	most	severe,	with	a	mortality	of	greater
than	 20%.9,10	 Intracranial	 complications	 have	 an	 overall	mortality	 of	 40%	 and
include	 osteomyelitis,	 meningitis,	 epidural	 abscess,	 subdural	 empyema,	 and
brain	abscesses.9,10	For	 these	cases,	sinus	drainage	 is	 imperative	and	antibiotics
are	started	early	and	redirected	by	culture	results.

Several	 investigators	 have	 examined	 the	 relationship	 between	 nosocomial
sinusitis	and	ventilator-associated	pneumonia	(VAP).	In	adult,	intubated	patients
with	clinically	evident	sinusitis,	VAP	is	also	present	in	41%,	and	the	incidence	of
VAP	is	higher	among	patients	with	sinusitis	than	for	those	without	sinusitis.	The
same	organism	can	be	 isolated	 from	both	 the	 lung	 and	 sinuses	 among	59%	of
such	 patients.	 In	 addition,	 clinically	 evident	 sinusitis	 increases	 the	 risk	 of
bloodstream	infections,	and	in	patients	with	sinusitis	and	bloodstream	infections,
the	 same	 organism	 is	 identified	 among	 20%	 of	 cases.2	 One	 prospective
investigation	 found	 that	 80%	 of	 health	 care–associated	 pneumonia	 (HAP)
diagnoses	 were	 preceded	 by	 worsening	 sinus	 disease,	 and	 in	 multivariate
analyses,	the	development	of	radiographic	sinus	disease	was	an	independent	risk
factor	 for	 the	 development	 of	 HAP	 (OR	 2.1).	 Patients	 with	 both	 sinus
opacification	 and	 HAP	 had	 a	 higher	 mortality	 than	 those	 with	 HAP	 only.11
Nasogastric	 tubes	 also	 correlated	 strongly	 and	 independently	 with	 the
development	of	HAP,	indicating	that	the	upper	airways	are	an	important	source
of	 the	 bacteria	 that	 ultimately	 cause	 pneumonia	 in	 critically	 ill	 patients.11	 In	 a
prospective,	 randomized	 study	 of	 a	 strategy	 to	 systematically	 detect	 and	 treat
nosocomial	 sinusitis,	both	 radiographic	evidence	and	bacteriologic	evidence	of
sinusitis	were	reported	for	55%	of	febrile,	mechanically	ventilated	patients.11	All
patients	 in	the	study	were	nasotracheally	intubated.	Seventy	percent	of	patients
with	 positive	 radiographs	 had	 positive	 quantitative	 cultures.	VAP	 occurred	 for
significantly	fewer	patients	(34%	vs	47%,	P	=	.02)	of	the	group	for	which	there
was	 systematic	 screening	 for	 and	 treatment	 of	 sinusitis.	 Taken	 together,	 these
findings	suggest	a	causal	relationship	between	nosocomial	sinusitis	and	VAP.

Nosocomial	 sinusitis	 may	 also	 cause	 fever	 of	 unknown	 origin	 (FUO)	 in



mechanically	 ventilated	 patients.	 Van	 Zanten	 and	 colleagues	 prospectively
studied	351	orotracheally	 intubated	patients	with	 fever	 for	more	 than	48	hours
despite	treatment	with	broad-spectrum	antibiotics.4	In	198	patients,	the	cause	of
the	 fever	 remained	 unknown	 despite	 initial	 investigations	 that	 included	 chest
radiographs.	 Based	 on	 the	 results	 of	 sinus	 radiographs	 and	 subsequent	 sinus
cultures,	 infectious	sinusitis	was	confirmed	for	30%	of	patients	with	FUO,	and
was	found	to	be	the	sole	cause	of	fever	for	16%	of	cases.

Diagnosis

Computed	Tomography	Scans	and	Radiographs
Computed	 tomography	 (CT)	 scanning	 has	 become	 the	 imaging	 modality	 of
choice	 for	 the	 diagnosis	 of	 nosocomial	 sinusitis.	 Compared	 with	 plain	 sinus
radiographs,	 sinus	 CT	 scans	 can	 more	 accurately	 visualize	 the	 ethmoid	 and
sphenoid	 sinuses	 and	 are	 also	 superior	 in	 differentiating	 mucosal	 thickening
from	air-fluid	levels.	Portable	sinus	radiographs	performed	in	the	supine	position
have	been	recommended	to	identify	sinus	infections	among	critically	ill	patients
who	cannot	travel	for	standard	sinus	films	or	a	CT	scan.

Ultrasonography
With	 the	 increasing	 use	 of	 ultrasound	 in	 the	 ICU,	 there	 has	 been	 a	 renewed
interest	 in	 this	modality	 to	diagnose	nosocomial	sinusitis.	Although	bone	often
presents	 obstacles	 to	 ultrasound	 imaging,	 the	 anterior	 walls	 of	 the	 maxillary
sinuses	are	flat	bones	composed	of	compact	tissue,	allowing	adequate	ultrasound
penetration.	Prior	investigations	demonstrated	that	ultrasound	was	67%	sensitive
and	87%	specific	 for	maxillary	 sinusitis	visualized	on	CT	scans.12	Accuracy	 is
improved	when	the	patient	is	in	the	semirecumbent	position,	rather	than	supine.13

More	 recent	 investigations	 have	 shown	 further	 improvements	 of	 diagnostic
accuracy.	Vargas	and	coworkers	used	B-mode	ultrasound	in	the	semirecumbent
position	 in	 120	 patients	 with	 suspected	 sinusitis.13	 They	 found	 that	 among	 36
patients	 with	 negative	 sinus	 ultrasounds,	 none	 had	 evidence	 of	 maxillary
sinusitis	 on	 CT	 scan.	 Extensive	 maxillary	 sinus	 disease	 is	 indicated	 by
hyperechogenic	visualization	of	the	posterior	wall,	and	extension	to	the	internal
and	external	walls	was,	in	one	investigation,	found	to	be	100%	specific	for	total
opacification	 of	 the	 sinus	 on	 CT	 scan.	 On	 transnasal	 puncture,	 fluid	 could	 be
aspirated	 from	 all	 such	 patients,	 and	 the	 cultures	 were	 positive	 for	 67%	 of



patients.13	 In	 patients	 where	 only	 the	 posterior	 wall	 of	 the	 maxillary	 sinus	 is
hyperechogenic,	 80%	 of	 transnasal	 punctures	 yield	 fluid,	 and	 cultures	 are
positive	in	half	of	those	where	fluid	is	obtained.

Rhinoscopy	and	Antral	Aspiration
Opacification	of	 the	 paranasal	 sinuses	 among	 the	 critically	 ill	 patient	 does	 not
necessarily	 indicate	 infectious	 sinusitis;	 in	 some	 series,	 half	 or	 more	 of	 such
patients	have	sterile	cultures.	Rhinoscopy	can	add	significantly	to	the	diagnostic
yield	 for	 patients	 with	 suspected	 sinusitis.	 In	 patients	 with	 both	 purulent
secretions	 in	 the	 middle	 meatus	 by	 rhinoscopy	 and	 radiographic	 evidence	 of
sinusitis,	 92%	 have	 positive	 cultures	 by	 antral	 lavage.	 Although	 cultures
obtained	 from	 the	 maxillary	 sinus	 by	 antral	 puncture	 had	 previously	 been
considered	 the	 gold	 standard	 for	 diagnosis	 of	 nosocomial	 sinusitis,
endoscopically	 guided	 middle	 meatal	 cultures	 accurately	 reflect	 cultures
obtained	 from	 direct	maxillary	 sinus	 aspiration	 in	 85%	 to	 100%	 of	 patients.14
Bilateral	cultures	should	be	obtained,	as	in	one	series,	two-thirds	of	the	positive
cultures	were	negative	on	the	contralateral	side.14

Treatment
1 	Nosocomial	 sinusitis	 is	most	often	 related	 to	 the	presence	of	nasopharyngeal
and	oropharyngeal	 catheters	 and	 tubes.15,16	Therefore,	 in	 addition	 to	 antibiotics
and	decongestants,	treatment	includes	removal	of	all	nasal	tubes	to	eliminate	the
source	 of	 obstruction	 and	 irritation.	 Because	 the	 spectrum	 of	 bacteria	 causing
nosocomial	 sinusitis	 is	 similar	 to	 that	 causing	 other	 nosocomial	 respiratory
infections,17,18	 broad-spectrum	 gram-positive	 and	 gram-negative	 coverage	 is
indicated.	With	 removal	 of	 nasal	 tubes	 and	 antibiotic	 therapy,	 67%	of	 patients
become	afebrile	within	48	hours.

SPHENOID	SINUSITIS
Sphenoid	sinusitis	deserves	separate	mention	because	of	its	potentially	fulminant
nature	and	difficulty	of	diagnosis.	Delay	in	its	diagnosis	has	been	associated	with
serious	morbidity	and	mortality.19,20	The	typical	presentation	of	acute	infection	is
severe	headache	that	interferes	with	sleep,	often	accompanied	by	fever	and	nasal
discharge.19,20	 Neurologic	 deficits	 can	 be	 prominent	 features;	 trigeminal
hyperesthesia	 or	 hypoesthesia	 occurs	 in	 one	 third	 of	 cases.20	 Gram-positive



organisms	 have	 been	 isolated	 from	 the	 cultures	 of	 most	 patients	 with	 acute
sinusitis,	whereas	equal	numbers	of	gram-positive	and	facultative	gram-negative
pathogens	 have	 been	 cultured	 from	 those	 with	 chronic	 sphenoid	 sinusitis.19,20
Serious	 sequelae	 including	permanent	neurologic	deficits,	 and	death	 can	 result
from	the	spread	to	nearby	structures	(eg,	cavernous	sinus,	pituitary	gland,	optic
chiasm).	When	findings	suggest	extension	of	the	infection,	early	CT	scan	of	the
sinuses	is	essential.	Surgical	drainage	may	be	necessary	if	symptoms	persist	or
neurologic	 signs	 develop	 while	 the	 patient	 is	 receiving	 appropriate	 antibiotic
therapy.	When	associated	with	nosocomial	sinusitis,	sphenoid	sinus	involvement
is	a	greater	risk	factor	for	pneumonia	than	is	maxillary	sinusitis.

OTOGENIC	INFECTIONS
Serious	 complications	 of	 otologic	 infection	 occur	 rarely.21,22	 Anatomically,	 the
external	 auditory	 canal	 is	 one-half	 cartilaginous,	 and	 the	 medial	 half	 tunnels
through	 the	 temporal	 bone.	 The	 auditory	 tubes	 (pharyngotympanic	 tube)	 pass
into	 the	nasopharynx	along	 the	 superior	border	of	 the	 lateral	pharyngeal	 space
(LPS).	Other	structures	that	are	accessible	to	pathogens	include	the	mastoid	air
cells,	 the	 jugular	 foramen,	 cranial	 nerves	 (especially	 the	 facial	 nerve),	 the
internal	carotid	artery,	and	the	dura	mater	of	the	posterior	cranial	fossa.

Mastoiditis
Acute	mastoiditis	is	an	uncommon	complication	of	otitis	media,	seen	primarily
in	children	and	young	adults.	 Inflammation	spreads	 from	the	middle	ear	 to	 the
modified	respiratory	mucosa	lining	of	the	mastoid	air	cells,	by	direct	invasion	of
the	 bone,	 or	 through	 the	 mastoid	 emissary	 veins.	 The	 closed	 space	 infection
leads	 to	 accumulation	 of	 purulent	 exudate,	 increased	 pressure,	 and	 bony
necrosis.	Pain,	typically	postauricular,	fever,	and	abnormal	tympanic	membranes
are	 the	 most	 common	 findings	 on	 presentation,	 and	 a	 fluctuant	 mass	 may	 be
noted,	causing	anterior	displacement	of	the	auricle.23	The	duration	of	symptoms
averages	10	days.24	 In	a	review	of	202	hospitalized	children,	 the	most	frequent
culture	 result	was	 “no	 growth”	 (30%),	 followed	 by	Streptococcus	 pneumoniae
(21%),	 skin	 flora	 (14%),	 Pseudomonas	 aeruginosa	 (7%),	 Streptococcus
pyogenes	 (7%),	and	Staphylococcus	aureus	 (4%).25	Radiographic	 abnormalities
may	be	evident	on	CT	or	magnetic	resonance	 imaging	(MRI)	 imaging	 that	can
reveal	 opacification	or	 cloudiness	 of	 the	mastoid	 air	 cells	 and,	 less	 frequently,
evidence	of	bone	destruction.26	Although	uncommon	(1.9%),	complications	can



include	 conductive	 hearing	 loss,	 facial	 palsy,	 sinus	 thrombosis,	 subdural	 and
epidural	 abscess,	 and	 meningitis.23,26	 Treatment	 includes	 broad-spectrum
antibiotics	 that	 can	 adequately	 penetrate	 cerebrospinal	 fluid	 and	 surgical
intervention	for	those	who	fail	to	improve	within	24	to	72	hours.

Chronic	 mastoiditis	 and	 chronic	 otitis	 media	 result	 from	 a	 progressive
inflammatory	 process	 that	 usually	 leads	 to	 obstruction	 of	 the	 communication
between	 the	 middle	 ear	 and	 mastoid	 or	 the	 middle	 ear	 and	 nasopharynx
(eustachian	tube).	Often	a	cholesteatoma	or	epidermal	inclusion	cyst	within	the
tympanomastoid	 compartment	 may	 be	 involved	 and	 may	 become	 secondarily
infected.27	 Presenting	 symptoms	 include	 hearing	 loss,	 painless	 otorrhea,	 and
tympanic	 membrane	 perforation.27	 Other	 symptoms	 (eg,	 facial	 nerve	 paresis,
headache,	 ear	 pain,	 fever)	 may	 be	 present	 if	 complications	 have	 occurred.
Uncomplicated	 chronic	 otitis	media	 and	mastoiditis	 are	 treated	medically	with
local	 hygiene,	 topical	 antibiotics	 often	 including	 a	 corticosteroid,	 and	 oral,	 or
infrequently	parenteral,	antibiotics.27	Broad-spectrum	antibiotics	are	 required	 to
cover	 a	 wide	 range	 of	 aerobic	 and	 anaerobic	 organisms.	 Surgery	 is	 usually
reserved	for	recurrent	disease,	often	associated	with	a	cholesteatoma,	which	can
be	identified	by	CT	scan	of	the	temporal	bone.27

Malignant	External	Otitis
Malignant,	or	necrotizing,	external	otitis	(MEO)	is	a	potentially	life-threatening
infection	 of	 the	 external	 auditory	 canal	 that	 can	 spread	 to	 the	mastoid	 process
and	skull	base.	A	majority	of	cases	occur	in	elderly	diabetic	patients	(65%),21	but
may	also	occur	in	other	severely	immunocompromised	patients	including	those
with	HIV	infection,	transplant	recipients,	and	those	receiving	chemotherapy.28–30
MEO	most	 commonly	 presents	with	 otalgia,	 granulation	 tissue	 in	 the	 external
auditory	 canal,	 most	 prominently	 at	 the	 osteocartilaginous	 junction,	 and	 often
purulent	and	fetid	otorrhea.	Spread	of	 infection	is	anteriorly	 toward	the	parotid
compartment	or	downward	 into	 the	 temporal	bone	and	other	areas	of	 the	 skull
base.	 Positive	 cultures	 are	 only	 present	 in	 a	minority	 of	 patients,	 but	when	 an
organism	is	identified,	Pseudomonas	species	are	most	common,	accounting	for
57%	 of	 positive	 cultures,	 followed	 by	 methicillin-resistant	 S.	 aureus	 (17%),
methicillin-sensitive	 S.	 aureus	 (12%),	 and	 streptococcal	 infections	 (10%).
Fungal	organisms	including	Aspergillus	and	Candida	account	for	8%	of	positive
cultures.21	 Sepsis	 occurs	 in	 10.6%	of	 patients,	 and	 the	overall	mortality	 rate	 is
2.5%.21	 Osteomyelitis,31	 cranial	 nerve	 paralysis,32	 and	 central	 nervous	 system
(meningitis)	or	vascular	(thrombophlebitis)	spread33	are	potential	severe	and	fatal
complications	of	MEO.



CT	 and	MRI	 scanning,	 along	with	 technetium	 99	 bone	 scans,	 are	 valuable
components	of	the	diagnostic	evaluation	of	MEO.33	While	CT	scans	may	show
erosion	 of	 the	 tympanic	 bone	 (80%),	 and	 clouding	 of	 the	 mastoid	 cells	 in
19.5%,29	they	may	be	normal	in	11%	to	25%	of	cases.29,34	MRI	was	found	to	be
more	 sensitive	 in	 one	 series,	 with	 abnormalities	 noted	 in	 56%	 of	 patients,
compared	 to	 48%	 with	 CT	 abnormalities.34	 Thus,	 if	 there	 is	 a	 high	 clinical
suspicion,	 a	 technetium	99	bone	 scan	 should	be	obtained,	which	 is	 positive	 in
close	 to	 100%	 of	 cases.28	 Therapy	 for	 MEO	 includes	 prolonged	 antibiotic
therapy	directed	against	P.	aeruginosa,	 unless	 the	 culture	 data	 suggest	 another
pathogen.	 The	 duration	 of	 treatment	 is	 not	 clearly	 defined,	 and	 complete
response	is	defined	by	resolution	of	signs	and	symptoms.	Surgical	interventions
may	not	be	required,	but	management	does	require	biopsy	and	culture,	and	may
require	debridement	and	drainage	of	associated	abscess.28,32

SUPRAGLOTTITIS	(EPIGLOTTITIS)
2 	Acute	supraglottitis	is	an	uncommon	infection	of	the	structures	located	above
the	glottis.	These	structures	include	the	epiglottis,	aryepiglottic	folds,	arytenoids,
pharynx,	uvula,	and	tongue	base.	The	true	vocal	cords	are	rarely	involved.	The
infection	 may	 progress	 to	 abrupt	 and	 fatal	 airway	 obstruction.	 Presentation
differs	 between	 children	 and	 adults,	 with	 children	more	 often	 presenting	with
fulminant	 disease.	 Increased	 awareness	 and	 prophylactic	 airway	 control	 have
reduced	 overall	mortality	 to	 less	 than	 1%	 in	 developed	 countries.35,36	With	 the
introduction	 of	 the	 conjugate	 vaccine	 for	 Haemophilus	 influenzae	 b	 (Hib),
supraglottitis	has	shifted	from	a	primarily	pediatric	disease	to	more	of	a	disease
of	adults.

Incidence
In	 the	 post–Hib	 vaccine	 era,	 the	 annual	 incidence	 of	 acute	 supraglottitis	 is
estimated	between	0.6	and	0.78	cases	per	100,000	immunized	children.24	Among
adults,	 the	 incidence	 of	 acute	 supraglottitis	 has	 increased	 from	 0.79	 cases	 per
100,000	 adults	 in	 1986	 to	 2.1	 cases	 per	 100,000	 adults	 in	 2005.37	Adults	with
acute	 supraglottitis	 usually	 present	 in	 their	 40s	 and	 50s,	 with	 a	 male
preponderance,	 and	 children	 usually	 present	 between	 the	 ages	 of	 2	 and	 5
years.36,37



Pathogenesis	and	Pathophysiology
Among	children,	the	inflammation	is	mainly	restricted	to	the	epiglottis	because
of	loose	mucosa	on	its	lingual	aspect.	This	provides	a	readily	available	space	for
edema	to	develop.	Swelling	reduces	the	airway	aperture	by	curling	the	epiglottis
posteriorly	 and	 inferiorly,	 accentuating	 the	 juvenile	 omega	 shape.	 Respiratory
distress	 can	 occur	 when	 edema	 spreads	 to	 involve	 the	 aryepiglottic	 folds	 and
inspiration	 draws	 these	 structures	 downward,	 further	 exacerbating	 the
obstruction	 and	 resulting	 in	 stridor.	 The	 adult	 airway	 is	 relatively	 protected
because	the	larynx	is	larger	and	the	epiglottis	is	shaped	more	like	a	spatula.

Etiology
Hib	 is	 the	 most	 common	 cause	 identified	 among	 pediatric	 cases,	 even	 in	 the
postvaccine	era.24	In	adults,	numerous	bacterial,	viral,	and	fungal	organisms	have
been	 implicated,	 including	 Hib,	 Streptococcus	 pneumonia,	 Staphylococcus
aureus,	 Streptococcus	 spp,	 Moraxella	 catarrhalis,	 Pseudomonas	 spp,
methicillin-resistant	 Staphylococcus	 aureus	 (MRSA),	 and	 Neisseria	 spp.
Nonbacterial	 agents	 include	 Candida	 albicans,	 and	 viruses	 such	 as	 herpes
simplex,	parainfluenza,	varicella-zoster,	and	Epstein-Barr.	Among	adults,	blood
cultures	are	positive	 in	 less	 than	20%	of	cases,	and	H.	 influenzae	 is	 the	 isolate
for	one-third	of	these	cases.38

Noninfectious	causes	have	been	described	and	include	thermal	injuries	related
to	inhalation	drug	use	and	ingestion	of	hot	food,	caustic	injury	from	aspiration,
and	 posttransplant	 lymphoproliferative	 disorder.39	 Supraglottitis	 has	 also	 been
described	after	general	anesthesia	administered	via	a	laryngeal	mask.

Diagnosis

History	and	Physical	Examination
2 	 In	children,	 the	classic	presentation	 is	a	3-year-old	 initially	complaining	of	a
sore	 throat	 followed	by	dysphagia	and/or	odynophagia,	 and	progression	within
hours	 to	 stridor.	 The	 child	 prefers	 to	 sit,	 leaning	 forward,	 and	 usually	 appears
pale	 and	 frightened.	 Breathing	 is	 slow	 and	 quiet	 with	 characteristic	 drooling
noted.	 Symptoms	 may	 lead	 to	 sudden	 respiratory	 depression	 and	 arrest.	 The
progression	 of	 symptoms	 can	 be	 remembered	 as	 the	 four	 “D’s”:	 dysphagia,
dysphonia,	 drooling,	 and	 distress.	 Children	 with	 acute	 supraglottitis	 rarely



present	 with	 cough,	 which	 may	 help	 to	 distinguish	 supraglottitis	 from
laryngotracheobronchitis	or	croup.24

In	adults,	 the	classic	pediatric	presentation	is	 less	common,	and	as	such,	 the
frequency	of	misdiagnosis	has	been	reported	as	high	as	60%	to	75%.35,37	Almost
all	 adults	who	 seek	medical	 attention	 complain	of	 sore	 throat,	with	or	without
dysphagia.39–41	 Many	 patients	 report	 antecedent	 upper	 respiratory	 tract
infections,40	 and	 between	 60%	 and	 90%	 will	 have	 an	 elevated	 temperature.24
Less	 common	 signs	 and	 symptoms	 are	 respiratory	 distress,	 muffled	 voice,
drooling,	and	stridor.35,42	Hoarseness	or	 true	dysphonia	 is	not	observed	because
the	process	usually	 spares	 the	 true	vocal	 cords.	Both	children	and	adults	often
prefer	an	upright	posture	with	the	neck	extended	and	mouth	slightly	open.40

The	duration	of	symptoms	varies,	ranging	from	hours	to	several	days.	Patients
who	present	early	in	their	disease	course	have	more	severe	symptoms	as	well	as
fever	 and	 leukocytosis,	 and	 those	presenting	within	8	hours	of	 symptom	onset
are	more	likely	to	have	signs	of	upper	airway	obstruction.	These	patients	are	at
increased	risk	of	needing	artificial	airways	and	of	dying.43

Evaluation	of	patients	with	 suspected	 supraglottitis	 largely	depends	on	 their
age	and	severity	of	symptoms.	For	young	children	with	a	classical	presentation,
pharyngeal	examination	should	not	be	attempted.	An	artificial	airway	should	be
established	in	the	controlled	setting	of	an	operating	room,	where	an	examination
can	be	performed	with	less	risk	of	airway	obstruction.

For	older	children	and	adults,	 supraglottitis	should	be	considered	when	sore
throat	and	dysphagia	seem	to	be	out	of	proportion	to	visible	signs	of	pharyngitis.
In	 this	 situation,	 if	 the	 patient	 has	 no	 respiratory	 distress,	 examination	 of	 the
larynx	and	supralaryngeal	structures	is	recommended.	The	epiglottis	may	appear
cherry	 red	 in	 color	 but	 more	 commonly	 is	 pale	 and	 edematous.	 Other
supraglottic	 structures	may	 be	 edematous	 as	 well,	 resulting	 in	 the	 inability	 to
visualize	the	vocal	cords.24

Diagnostic	Tests
The	 classic	 radiographic	 finding	 of	 the	 “thumb	 sign,”	 indicating	 a	 swollen
epiglottis	(Figure	180.1),	may	be	negative	in	up	to	56%	of	cases,24	so	its	absence
should	 never	 exclude	 the	 diagnosis.	 The	 radiograph	 should	 be	 taken	 in	 the
upright	 position	 to	 avoid	 pooling	 of	 secretions	 posteriorly	 and	 potentially
increasing	 airway	 obstruction,	 and	 the	 patient	 must	 be	 observed	 by	 someone
skilled	in	airway	management	during	imaging.



	

Figure	180.1 	Acute	supraglottitis.Lateral	radiographs	of	the	neck
obtained	with	soft	tissue	technique	in	a	2-year-old	child	(A)	and	a	42-
year-old	 adult	 (B).	 There	 is	 epiglottic	 (e)	 swelling	 (thumb	 sign),
thickening	 of	 the	 aryepiglottic	 folds	 (a),	 and	 narrowing	 of	 the
vallecula	(arrow	in	A	and	B)	in	both	patients.	Compare	with	normal
epiglottis	in	Figure	180.11(A).

Few	laboratory	tests	are	helpful	at	the	time	of	initial	evaluation.	An	elevated
white	 blood	 cell	 count	 and	 C-reactive	 protein	 level	 may	 identify	 a	 patient	 at
higher	 risk.	 Throat	 cultures	 are	 positive	 in	 less	 than	 33%	 of	 cases,	 and	 blood
cultures	detect	a	causative	agent	in	less	than	20%	of	cases.37	Swab	culture	of	the
epiglottis	 obtained	 under	 direct	 visualization	 may	 better	 reflect	 the	 causative
agent,	and	has	been	positive	in	up	to	75%	of	cases.42

Differential	Diagnosis
In	 children,	 supraglottitis	 is	 a	 clinical	 diagnosis.	 Because	 immediate	 airway
control	is	a	priority,	recognizing	other	pediatric	illnesses	presenting	with	a	sore
throat	 and	 not	 requiring	 this	 intervention	 is	 important.44,45	 The	 most	 common
such	 infection	 is	 croup,	 a	 predominantly	 viral	 laryngotracheobronchitis	 that
occurs	up	to	40	times	more	frequently	than	supraglottitis.45	Typically,	the	child	is
younger	than	3	years	and	has	had	an	upper	respiratory	tract	infection	of	at	least
48	hours’	duration.	Hoarseness	develops	initially	and	is	followed	by	a	distinctive
barking	 cough.	 Respiratory	 distress	 with	 stridor	 is	 common,	 but	 intubation	 is
rarely	needed.44,45	Anteroposterior	 and	 lateral	 views	of	 the	neck	may	 show	 the
classic,	 “steeple	 sign”	 (Figure	 180.2),	 a	 gradual	 narrowing	 of	 the	 proximal



tracheal	 air	 column	 secondary	 to	 subglottic	 edema.	 Other	 less	 common
infectious	 considerations	 for	 children	 include	 pseudomembranous	 croup
(bacterial	 laryngotracheobronchitis),	 retropharyngeal	abscess,	 lingual	 tonsillitis,
and	diphtheria.44,45

	

Figure	180.2 	Croup.Anteroposterior	 radiograph	of	 the	neck	 in	a
19-month-old	 child.	 Subglottic	 edema	 produces	 smooth	 tapering
(arrowheads)	of	the	tracheal	air	column	(the	steeple	sign).

Among	 adults,	 infectious	 mononucleosis,	 often	 with	 massive	 tonsillar
hypertrophy	 leading	 to	 stridor	 and	 a	 unilateral	 pharyngeal	 mass,	 should	 be
considered	 when	 patients	 complain	 of	 sore	 throat	 and	 dysphagia.	 Pharyngitis
may	present	a	picture	indistinguishable	from	that	of	mild	or	early	supraglottitis.43

Bacterial	 tracheitis	 is	 a	 potentially	 life-threatening	 illness	 with	 features
similar	 to	 supraglottitis	 and	 viral	 croup.	Although	more	 often	 seen	 among	 the
pediatric	 population,	 adults	 can	 also	be	 affected.46	 Patients	 are	 toxic	 appearing
with	 a	 brief,	 progressive	 upper	 respiratory	 tract	 prodrome	 including	 brassy
cough,	 stridor,	 and	 high	 fever,	 but	 do	 not	 exhibit	 dysphagia	 or	 drooling.44,45



Airway	 obstruction	 is	 caused	 by	 subglottic	 mucosal	 edema	 and	 thick,
inspissated,	 mucopurulent	 tracheal	 secretions.46	 Bacterial	 superinfection	 of	 a
preceding	 viral	 tracheitis	 occurs	 most	 commonly	 with	 S.	 aureus	 and	 H.
influenzae.45	Rare	cases	of	membranous	 tracheobronchitis	due	 to	 fungal	agents
have	 been	 described	 among	 immunocompromised	 hosts,	 but	 these	 infections
have	 primarily	 involved	 the	 lower	 respiratory	 tract.	 Lateral	 neck	 radiographs
demonstrate	 subglottic	 narrowing	 and	 may	 show	 mucosal	 irregularities	 or
membranes	 in	 the	 tracheal	 air	 column.	 Chest	 radiographs	 may	 show	 signs	 of
atelectasis	 due	 to	 central	 bronchial	 obstruction	 by	 mucus	 or	 necrotic	 debris.
Management	is	similar	to	supraglottitis,	and	bronchoscopy	should	be	performed
for	 diagnosis.	 Intubation	 or	 tracheostomy	 is	 usually	 necessary	 to	 relieve
obstruction	and	provide	adequate	tracheal	suctioning.46	Antibiotic	therapy	should
be	directed	against	S.	aureus	and	other	common	respiratory	pathogens.

Rhinoscleroma	 should	 also	 be	 considered	 in	 the	 differential	 diagnosis.
Klebsiella	rhinoscleromatis	 is	the	etiologic	agent	of	this	chronic	granulomatous
disorder.47,48	Although	nasal	and	oral	mucous	membranes	are	the	most	common
sites	of	infection,	patients	have	presented	acutely	with	upper	airway	obstruction
due	 to	 indolent	 spread	 to	 the	 larynx	 and	 tracheobronchial	 tree.	 This	 condition
may	 be	 seen	 in	 immigrants	 to	 the	 United	 States	 from	 endemic	 areas	 such	 as
Central	America,	Central	Europe,	Africa,	and	Asia.	The	nodular	and	 indurated
endoscopic	 appearance	 is	 nondiagnostic,	 so	 multiple	 biopsy	 specimens	 for
culture	and	histologic	examination	are	 required.	Treatment	 is	with	a	prolonged
course	of	oral	antibiotics.	Repeated	cultures	of	biopsy	specimens	may	be	needed
to	ascertain	whether	bacteriologic	cure	has	been	achieved.48

Noninfectious	causes	of	acute	upper	airway	obstruction	are	usually	suggested
by	the	history	obtained	and	by	the	patient’s	nontoxic	appearance.	These	include
foreign	 body	 aspiration;	 allergic	 edema;	 chemical	 laryngitis	 from
gastroesophageal	reflux;	and	necrotizing	tracheobronchitis	as	a	complication	of
mechanical	ventilation.	Paraquat	poisoning	can	produce	a	pharyngeal	membrane
similar	to	diphtheria	that	is	accompanied	by	signs	of	shock	and	sepsis.49

Treatment
The	treatment	of	supraglottitis	has	two	major	components:	airway	management
and	medical	 therapy.	 For	 children,	 early	 placement	 of	 an	 artificial	 airway	 has
significantly	reduced	mortality.	Some	authors	also	favor	establishing	an	artificial
airway	 prophylactically	 for	 adults,	 as	 airway	 obstruction	 is	 the	most	 common
cause	 of	 death	 among	 adults	 for	 whom	 airways	 are	 not	 secured	 when	 the
diagnosis	of	supraglottitis	is	made.37	In	one	series,50	adult	patients	who	presented



with	 stridor	 within	 24	 hours	 of	 onset	 of	 symptoms	 had	 a	 rapidly	 progressive
course,	 requiring	 airway	 interventions,	 whereas	 those	 presenting	 with	 similar
symptoms	but	with	a	longer	interval	since	symptom	onset	responded	to	medical
therapy.	For	these	reasons,	we	favor	reserving	intubation	for	adult	patients	with
early	 signs	 of	 airway	 obstruction,39,51	 or	 those	 with	 recent	 onset	 and	 rapid
progression	 of	 symptoms.	All	 patients	 should	 be	 observed	 in	 an	 ICU	with	 the
immediate	availability	of	equipment	and	personnel	for	emergent	intubation.

Both	 tracheostomy	 and	 translaryngeal	 endotracheal	 intubation	 have	 been
performed.	No	difference	in	mortality	has	been	reported	when	comparing	these
two	modalities.52	Significant	reductions	for	duration	of	required	airway	control,
incidence	of	upper	airway	complications,	and	length	of	hospital	stay	have	been
observed	 among	 patients	 with	 endotracheal	 intubation	 when	 compared	 with
those	managed	with	a	tracheostomy.52	The	acute	complications	of	tracheostomy,
including	 pneumothorax,	 hemorrhage,	 and	 subcutaneous	 or	 mediastinal
emphysema,	 occur	 with	 increased	 frequency	 among	 patients	 younger	 than
12	years.	Accidental	extubation,	particularly	for	children,	is	 the	greatest	risk	of
endotracheal	 intubation.52	 Much	 of	 the	 morbidity	 of	 the	 artificial	 airway	 is
associated	with	its	prolonged	use,	which	is	unlikely	to	occur	with	supraglottitis.
In	one	large	series,	90%	of	children	were	extubated	in	less	than	24	hours.53	The
choice	 of	 an	 artificial	 airway	 should	 be	 determined	 by	 the	 skill	 of	 available
personnel	 involved	 in	 placing	 and	 maintaining	 the	 airway.	 Endotracheal
intubation	is	preferred,	with	surgical	backup,	should	the	attempt	fail.

The	 appropriate	 time	 for	 extubation	 in	 a	 patient	 recovering	 from	 acute
supraglottitis	 varies.	 Some	 physicians	 remove	 the	 artificial	 airway	 when	 the
patient’s	general	 toxic	 appearance	and	 fever	have	subsided.53	Others	wait	 until
repeat	 laryngoscopy	 or	 lateral	 neck	 radiographs	 show	 decreased	 edema	 of	 the
involved	structures.54	One	can	deflate	the	cuff	of	the	endotracheal	tube	to	test	for
an	 air	 leak	 around	 the	 tube	 or	 the	 patient’s	 ability	 to	 breathe	 with	 the	 tube
plugged	for	a	brief	moment.55	It	is	important	to	remember	that	if	the	tube	fills	the
trachea,	 the	 patient	 may	 not	 be	 able	 to	 breathe	 even	 if	 supraglottitis	 has
completely	resolved.

Medical	therapy	is	crucial	for	rapid	recovery	from	supraglottitis.	All	patients
require	 close	 observation,	 humidification,	 and,	 often,	 mild	 sedation.	 Many
antibiotics	 are	 effective,	 and	 the	 regimens	must	 cover	H.	 influenzae	 infection.
With	 the	 high	 frequency	 of	 β-lactamase-producing	 strains	 of	 H.	 influenzae,
ampicillin	 is	 no	 longer	 adequate	 as	 an	 initial	 single	 agent.	 The	 initial	 drug	 of
choice	 is	 a	 second-	 or	 third-generation	 cephalosporin	 that	 covers	 ampicillin-
resistant	H.	 influenzae	 as	 well	 as	 the	 other	 possible	 pathogens	 in	 adults:	 S.
aureus,	S.	pneumoniae,	 and	other	 streptococcal	 species.56	Cefotaxime	has	been



considered	 the	 antibiotic	 of	 choice;	 ceftriaxone	 and	 ampicillin/sulbactam	 have
also	been	found	to	be	effective.	Trimethoprim-sulfamethoxazole	can	be	used	as
an	 alternative	 agent	 for	 penicillin-allergic	 patients.	 Depending	 on	 the	 local
prevalence	of	community-acquired	 infections,	empiric	coverage	for	MRSA	can
be	 considered.	With	 the	 rising	 frequency	 of	 penicillin-resistant	 and	multidrug-
resistant	S.	pneumoniae,	 the	 initial	antibiotic	regimen	may	require	modification
based	 upon	 culture	 data.	 The	 antibiotics	 should	 be	 initially	 administered
intravenously	 (IV)	 for	 several	 days,	 depending	 on	 the	 response,	 and	 then
continued	by	mouth	for	7	to	10	days.55

Corticosteroid	 therapy	 is	 controversial	 for	 patients	 with	 infectious
supraglottitis.	 Many	 authors,	 finding	 no	 contraindications,	 use	 steroids
empirically.	 There	 have	 been	 no	 randomized,	 controlled	 trials	 assessing	 the
effectiveness	 of	 corticosteroids	 for	 patients	 with	 acute	 supraglottitis	 (Table
180.1).	 Steroids	 have	 been	 noted	 to	 be	 effective	 in	 a	 large,	 randomized,
controlled	trial	of	children	with	moderate-to-severe	croup,	lending	some	support
to	 the	 hypothesis	 that	 steroids	 may	 be	 beneficial	 in	 infectious	 upper	 airway
disease.59	The	use	of	a	helium-oxygen	mixture	(Heliox)	should	be	considered	to
diminish	 the	work	of	breathing	and	provide	a	bridge	 to	avoid	 intubation	while
antibiotics	take	effect.

TABLE	180.1

Organisms	Implicated	in	Acute	Epiglottitis

Organism References

Haemophilus	influenzae 2,	57

Streptococcus	pneumoniae 12

β-Hemolytic	streptococci 13,	14

Staphylococcus	aureus 14,	16,	17

Klebsiella	pneumoniae 17,	18

Neisseria	meningitides 28

Bacteroides	spp 19



Haemophilus	parainfluenzae 21,	57

Candida	albicansa 22,26

Pasteurella	multocida 29

Herpes	simplex	virus	1b 31,58

aCultured	from	epiglottic	swab	or	seen	on	autopsy;	all	others	recovered	from	blood.
bEpiglottis	biopsy	specimen	histology	and	viral	culture.

Complications	 of	 the	 disease	 differ	 between	 the	 pediatric	 and	 adult
populations.	 The	 former	 has	 a	 higher	 incidence	 of	 pneumonia	 and	 accidental
extubation.60	 Pulmonary	 edema	 immediately	 after	 intubation	 for	 severe	 stridor
has	been	described	 among	 children.61	 For	 adults,	 an	 epiglottic	 abscess	may	be
suggested	by	a	persistent	or	deteriorating	clinical	condition.51,62	CT	scan	of	 the
neck	may	be	helpful	for	making	this	diagnosis,	particularly	if	direct	visualization
is	 not	 adequate.62,63	 Both	 groups	 face	 risks	 and	 complications	 associated	 with
intubation	and	tracheostomy.	Treatment	recommendations	are	outlined	in	Figure
180.3.

	

Figure	 180.3 	 Management	 algorithm	 for	 acute	 supraglottitis;	 ±
for	 epiglottic	 swab	 relates	 to	questionable	use;	±	 for	 corticosteroids
reflects	 inconclusive	 study	 data.ED,	 emergency	 department;	 ENT,
ear,	 nose,	 and	 throat	 specialist;	 ICU,	 intensive	 care	 unit;	 OR,
operating	room.

INFECTIONS	OF	THE	DEEP	SPACES	OF	THE



NECK
3 	Deep	neck	infections	can	be	fatal	extensions	of	upper	airway	infections.	These
potentially	catastrophic	infections	are	infrequently	encountered	today	because	of
the	 prompt	 treatment	 of	 pharyngitis,	 tonsillitis,	 odontogenic,	 and	 otologic
infections	with	antibiotics.64	Deep	neck	 infections	 are	more	 common	 in	males,
smokers,	alcoholics,	and	IV	drug	users.64	They	can	be	fatal	for	patients	who	are
immunocompromised	such	as	those	with	HIV,	diabetes	mellitus,	chronic	steroid
use,	and	those	undergoing	chemotherapy.65	Diabetes	mellitus	and	multiple	deep
neck	 space	 infections	 were	 the	 strongest	 predictors	 of	 complications,	 with
airway	obstruction	and	mediastinitis	being	the	most	troublesome.66	Patients	may
also	 develop	 jugular	 vein	 thrombosis,	 pneumonia,	 pericarditis,	 and	 arterial
erosion.67	Tonsillitis	remains	the	most	common	cause	of	this	disease	in	children,
whereas	 poor	 dental	 hygiene	 and	 injection	 drug	 abuse	 are	 the	 most	 common
causes	 in	 adults.67	 Other	 causes	 include	 trauma,	 surgical	 trauma,	 esophageal
perforation,	 laryngopyocele,	 infected	branchial	 cleft,	 infected	 thyroglossal	 duct
cysts,	 thyroiditis,	 and	 mastoiditis	 with	 Bezold	 (mastoid	 tip)	 abscess.67	 An
understanding	 of	 the	 complex	 interconnections	 between	 anatomic	 spaces	 is
essential	for	early	diagnosis	and	timely	intervention	of	these	conditions.

General	Pathogenesis	and	Anatomy
Knowledge	of	the	cervical	fasciae	is	a	prerequisite	to	understanding	the	etiology,
manifestations,	complications,	and	treatment	of	deep	neck	infections.	The	fascial
planes	 separate	 and	 connect	 distant	 areas,	 thereby	 limiting	 and	 directing	 the
spread	of	infection	(Figure	180.4).	Suppurative	processes	in	the	submandibular
space	 (SMS),	 LPS,	 and	 retropharyngeal	 space	 (RPS)	 are	 considered	 life-
threatening.

	



Figure	180.4 	Schematic	 representation	of	cervical	 fascial	planes
and	 spaces.A,	 Normal.	B,	 Retropharyngeal	 space	 abscess.(Adapted
from	Netter	FH.	Atlas	of	Human	Anatomy.	Ciba-Geigy;	1989.)

SMS	 (Figure	 180.5)	 consists	 of	 the	 sublingual	 and	 submylohyoid	 spaces,
which	communicate	around	the	free	posterior	border	of	the	mylohyoid	muscle.	It
extends	 from	 the	 mucous	 membrane	 of	 the	 floor	 of	 the	 mouth	 above	 to	 the
superficial	 layer	of	 the	deep	cervical	 fascia	below.	It	 is	bound	by	 the	mandible
both	 anteriorly	 and	 laterally.	 Superolaterally	 is	 the	 buccopharyngeal	 gap,	 an
important	opening	behind	 the	styloglossus	muscle,	which	connects	 the	SMS	to
the	LPS.

	

Figure	 180.5 	 Schematic	 representation	 of	 submandibular
space.A,	 Normal.	 B,	 Ludwig	 angina.	 The	 submandibular	 space
consists	of	sublingual	and	submylohyoid	spaces.	Area	of	swelling	in
(B)	fills	the	submandibular	space.

The	 LPS	 (Figure	 180.6),	 also	 called	 the	 pharyngomaxillary	 or
parapharyngeal	space,	is	shaped	like	an	inverted	cone	with	its	apex	at	the	hyoid
bone	 and	 its	 base	 at	 the	 base	 of	 the	 skull.	 The	 styloid	 process	 penetrates	 the
space	and	divides	it	into	two	functional	units:	anterior	(muscular)	and	posterior
(neurovascular)	compartments.	The	former	lies	lateral	to	the	tonsillar	fossa	and
connects	 inferomedially	 to	 the	SMS.	The	 latter	contains	 the	carotid	sheath	and
its	contents	(internal	carotid	artery,	internal	jugular	vein,	vagus	nerve,	and	lymph
nodes),	cranial	nerves	IX	through	XII,	and	the	cervical	sympathetic	trunks.	Both
compartments	abut	the	RPS.



	

Figure	 180.6 	 Cross-sectional	 view	 of	 LPS,	 showing	 normal
anatomic	 landmarks	 and	 effects	 of	 space	 infection	 on	 them.Ant,
anterior;	RPS,	retropharyngeal	space;	LPS,	lateral	pharyngeal	space.

The	 RPS,	 also	 called	 the	 posterior	 visceral	 space	 (see	 Figure	 180.4),	 lies
between	 the	 middle	 layer	 of	 the	 deep	 cervical	 fascia,	 which	 surrounds	 the
pharynx	and	esophagus	anteriorly,	and	the	alar	layer	of	the	deep	cervical	fascia
posteriorly.	It	extends	from	the	base	of	the	skull	to	the	level	of	T1	or	T2	in	the
superior	mediastinum.	Laterally,	 it	 abuts	 the	LPS.	Two	chains	of	 lymph	nodes
that	drain	many	structures	of	the	head	are	located	on	either	side	of	the	midline.

Immediately	posterior	to	the	RPS	is	the	danger	space	(see	Figure	180.4),	 so
named	because	it	is	the	pathway	into	the	chest	for	all	neck	infections.	It	extends
from	the	base	of	 the	skull	 to	 the	diaphragms	and	is	bounded	posteriorly	by	the
prevertebral	 layer	 of	 the	 deep	 cervical	 fascia.	 Involvement	 of	 this	 space	 by
infection	 is	 a	 result	 of	 extension	 from	 the	 RPS	 or	 prevertebral	 space	 and	 can
result	in	life-threatening	complications.

The	prevertebral	space	(see	Figure	180.4)	 lies	between	 the	vertebral	bodies
and	 the	 prevertebral	 layer	 of	 the	 deep	 cervical	 fascia.	 Infections	 here	 often
represent	chronic	processes	arising	from	infections	or	cervical	spine	injuries.

Etiology
Bacteria	 found	 in	normal	oral	 flora	 are	primarily	 responsible	 for	deep	cervical
infections.	Bacteria	can	penetrate	into	the	deeper	spaces	when	mucosal	barriers
are	 interrupted.	 Infections	 are	 typically	 polymicrobial	 with	 anaerobes
predominating	over	 aerobes,	with	 fungi	 and	mycobacteria	 being	 less	 common.
The	 role	 of	 biofilms	 in	 deep	 neck	 infections	 has	 been	 observed	with	 electron
microscopy,	 resulting	 in	 failure	 of	 antimicrobial	 therapy,	 particularly	 in	 larger
abscesses.68	Numerous	bacteria	naturally	form	biofilms,	such	as	Staphylococcus
epidermidis,	 P.	 aeruginosa,	 E.	 coli,	 streptococci,	 Candida,	 and	 other	 gram-
positive	and	gram-negative	species.65



Identification	of	 the	causal	pathogen	 requires	careful	culture	 techniques	and
several	 factors	 can	 make	 this	 difficult.	 Examples	 include	 patients	 receiving
antibiotics	 before	 hospitalization,	 resolution	 of	 infections	 on	 empiric	 antibiotic
therapy	 prior	 to	 aspiration	 procedures,	 and	 contamination	 of	 oral	 cultures	 by
nonpathogenic	 organisms	 colonizing	 the	 oropharynx.67,69,70	 With	 proper
anaerobic	collection	and	transport	 techniques,	 three	anaerobic	 isolates	are	most
commonly	 identified:	 Peptostreptococcus,	 Fusobacterium	 (mostly
Fusobacterium	 nucleatum),	 and	 Bacteroides	 (mostly	 Bacteroides
melaninogenicus).69,70	Although	obligate	anaerobes	as	a	class	are	recovered	most
often,	aerobic	streptococci	(mostly	Streptococcus	viridans)	and	staphylococci	are
the	 most	 frequent	 individual	 isolates.69	 Among	 148	 adults,	 Klebsiella
pneumoniae	was	found	to	be	the	most	prevalent	bacterial	isolate.71

Among	 other	 facultative	 gram-negative	 organisms	 Escherichia	 coli,	 P.
aeruginosa,	 K.	 pneumoniae,	 H.	 influenzae,	 Enterobacter,	 Proteus	 mirabilis,
Citrobacter	freundii,	and	Actinomyces	spp	have	been	isolated	from	deep	cervical
infections.67	Eikenella	corrodens,	 a	 facultative	 anaerobic	 gram-negative	 rod,	 is
an	emerging	pathogen	in	head	and	neck	infections	that	is	uniformly	resistant	to
clindamycin.70	 Staphylococci	 should	 be	 considered	 in	 deep	 neck	 infections,
particularly	with	cases	of	penetrating	 trauma,	 including	cervical	 IV	drug	use.70
Staphylococcus	aureus,	 including	 resistant	 forms	 (MRSA),	have	been	 found	 to
be	more	 prevalent	 among	 the	 pediatric	 population	 in	 younger	 age	 group	with
subsequent	higher	rate	of	complications,	such	as	mediastinitis.72	Among	patients
with	 diabetes,	 K.	 pneumoniae	 is	 most	 commonly	 isolated,	 followed	 by
Streptococcus	spp.73

When	microbiologic	confirmation	is	lacking,	clinical	clues	may	help	suggest
the	 presence	 of	 anaerobes.	 A	 foul-smelling	 discharge,	 gas	 production,	 tissue
necrosis,	 and	 abscess	 formation	 can	 be	 suggestive,	 but	 the	 sensitivity	 of	 these
findings	 is	 low.	 Gram	 stain	 may	 reveal	 anaerobic	 organisms	 with	 specific
morphologic	characteristics	 (eg,	 clostridia,	Fusobacterium).	Because	 anaerobes
are	 more	 fastidious,	 failure	 of	 the	 more	 rapidly	 available	 aerobic	 cultures	 to
reveal	a	causative	organism	may	suggest	an	anaerobic	pathogen.

Diagnosis
It	 is	 important	 to	 distinguish	 the	 space	 or	 spaces	 involved	 by	 deep	 neck
infections	 to	 allow	 for	 early	 recognition	 and	 prevention	 of	 potentially
devastating	 complications.	 The	 clinical	 picture	 may	 be	 confusing	 because	 of
involvement	of	multiple	spaces	and	 interference	with	 the	physical	examination
by	 trismus.	 Fever	 and	 systemic	 toxicity	 are	 common	 early	 symptoms.	 Other



signs	 and	 symptoms	 may	 be	 helpful	 to	 localize	 the	 primary	 site	 of	 infection
(Table	180.2).74	Serologic	 testing	contributes	 little	 to	 the	diagnostic	evaluation.
Although	initial	assessment	often	includes	a	lateral	neck	radiograph	to	screen	for
widening	of	the	retropharyngeal	tissues,	the	sensitivity	of	this	test	is	lower	than
contrast-enhanced	 computed	 tomography	 (CECT).	 CECT	 has	 a	 sensitivity	 of
80%	 to	90%75	 and	 a	 positive	 predicted	 value	 76.9%	 for	 the	 diagnosis	 of	 deep
neck	infections.76	Plain	chest	x-ray	can	be	used	to	screen	for	complications	such
as	 pleural	 effusions,	 mediastinitis,	 and	 pneumonia.75	 False-positive	 CT	 scans
may	be	caused	by	cellulitis	or	by	metastatic	cervical	lymph	nodes	with	necrosis,
and	 thus	 biopsy	 of	 necrotic	 lymph	 nodes	 is	 recommended	 to	 assure	 these
changes	are	caused	by	infection	and	not	malignancy.	The	ability	of	CT	scans	to
diagnose	a	deep	neck	abscess	is	much	better	when	multiple	spaces	are	involved
(positive	predictive	value	[PPV]	91.3%)	than	when	the	infection	is	confined	to	a
single	pocket	(PPV	50%).76	Ultrasound	is	useful	for	superficial	abscesses,	which
would	 have	 the	 added	 advantage	 of	 directed	 drainage	 and	 limited	 radiation
exposure,	 though	 it	 is	 less	 helpful	 for	 deeper	 locations.75	 MRI	 can	 be	 more
precise	than	CECT	in	multiple	space	involvement,	though	has	greater	acquisition
time	and	requires	more	patient	cooperation.76

TABLE	180.2

Comparative	Features	of	Infections	of	the	Deep	Cervical
Spaces

Space
Infections

Clinical	Features

Usual
Site	of
Origin

Pain Trismus Swelling Dysphagia

Submandibular Second	and
third
mandibular
molars

Present Minimal Submandibular Absent

Sublingual Mandibular
incisors

Present Minimal Floor	of	mouth
(tender)

Present	if
involvement
is	bilateral



Lateral	pharyngeal

Anterior Masticator
spaces

Intense Prominent Angle	of	jaw Present

Posterior Masticator
spaces

Minimal Minimal Posterior
pharynx
(unilateral)

Present

Retropharyngeal Lateral
pharyngeal
space;
distant	via
lymphatics

Present Minimal Posterior
pharynx	(often
unilateral)

Present

Prevertebral Cervical
vertebrae

Present None Posterior
pharynx
(usually
midline)

Occasional

Modified	from	Megran	DW,	Scheifele	DW,	Chow	AW.	Odontogenic	infections.	Pediatr	Infect	Dis.
1984;3:257.

Submandibular	Space	Infections
Infection	in	the	SMS	is	exemplified	by	Ludwig	angina.	This	is	a	potentially	life-
threatening,	 bilateral	 cellulitis	 originating	 in	 the	 SMS.	 It	 spreads	 rapidly	 by
direct	extension,	rather	than	via	lymphatics,	and	can	involve	the	submental	and
sublingual	spaces.77	Glandular	structures	are	spared	and	gangrene	occurs	without
abscess	formation	(see	Figure	180.5).78	Dental	infections	are	the	most	common
source,	specifically	those	involving	the	roots	of	the	second	and	third	molar	area
lying	 immediately	 superior	 to	 this	 region.75,78	The	next	most	 common	cause	 is
extension	 from	 an	 upper	 airway	 infection	 such	 as	 peritonsillar	 abscess.78
Symptoms	range	from	fever,	malaise,	submandibular	swelling,	and	erythema	to
dysphagia,	dyspnea,	and	endangerment	of	airway	from	tongue	swelling,	trismus,
and	 neck	 swelling.77,78	 Among	 early	 cases,	 conservative	 management	 with
antibiotics	 and	 critical	 care	 observation	 can	 be	 considered	 although
endoscopically	assisted	nasotracheal	intubation	or	bedside	tracheostomy	may	be
needed	for	airway	management.78

3 	 Ludwig	 angina	 is	 essentially	 a	 clinical	 diagnosis.	 Physical	 examination



(Figure	 180.7)	 reveals	 bilateral,	 firm	 submandibular	 swelling79;	 most	 patients
with	 SMS	 involvement	 demonstrate	 soft	 tissue	 swelling,	 prompting	 further
radiographic	examination	(Figure	180.8).	With	aggressive	airway	management,
antibiotics,	 and	 surgical	 decompression	 of	 indurated	 submandibular	 glands,
mortality	from	Ludwig	angina	has	decreased	to	less	than	10%.70	Mortality	rates
have	also	decreased	significantly	because	of	a	more	effective	antibiotic	therapy
and	early	 airway	control.3,38	Although	 there	 is	 little	 evidence	of	 harm,	 steroids
are	unproven	to	be	beneficial	at	this	time.80

	

Figure	180.7 	Schematic	representation	of	salient	clinical	findings
of	Ludwig	angina.



	

Figure	 180.8 	 Ludwig	 angina.Lateral	 radiographs	 of	 the	 neck
obtained	with	soft	tissue	technique	in	a	7-year-old	child.	There	is	soft
tissue	 swelling	of	 the	 submandibular	 space	 (s),	 producing	a	 smooth
impression	 on	 the	 airway	 anteriorly,	 compressing	 and	 practically
obliterating	 the	 vallecula	 (arrowhead):	 the	 epiglottis	 (e)	 and
aryepiglottic	folds	(a)	are	normal.

Lateral	Pharyngeal	Space	Infections
The	signs	and	symptoms	of	LPS	infections	are	determined	by	which	of	the	two
compartments	 is	 affected	 (see	Figure	180.6).	 The	 four	major	 clinical	 signs	 of
anterior	 compartment	 involvement	 include:	 high	 fever	 and	 rigors,	 unilateral
trismus	due	to	irritation	of	the	internal	pterygoid	muscle,	induration	and	swelling
along	the	angle	of	the	jaw,	and	medial	bulging	of	the	lateral	pharyngeal	wall	with
the	palatine	tonsil	protruding	into	the	airway81	(Figure	180.9).	Other	symptoms
may	include	dysphagia	and	pain	involving	the	jaw	or	side	of	the	neck.	Pain	may
be	 referred	 to	 the	 ipsilateral	 ear,	 worsening	 with	 turning	 the	 head	 to	 the
unaffected	 side,	 which	 compresses	 the	 inflamed	 space	 by	 contraction	 of	 the
sternocleidomastoid	 muscle.	 Common	 sources	 of	 involvement	 arise	 from
pharyngitis,	 tonsillitis,	 otitis,	 mastoiditis,	 parotitis,	 and	 cervical
lymphadenitis.81,82	Peritonsillar	abscess	are	a	particularly	common	cause	of	this



infection.81	Extension	from	the	SMS	and	RPS	has	also	been	observed.

	

Figure	180.9 	Schematic	representation	of	salient	clinical	findings
of	lateral	pharyngeal	space	abscess.

For	infection	of	the	posterior	compartment,	trismus	and	tonsillar	prolapse	are
notably	 absent.	 Edema	 may	 involve	 the	 larynx	 and	 epiglottis,	 resulting	 in
marked	 dyspnea.81	 External	 swelling	 may	 be	 visible	 when	 it	 spreads	 to	 the
parotid	space	(see	Figure	180.9),	but	most	patients	have	no	localizing	signs.

Many	symptoms	and	signs	in	LPS	infections	are	caused	by	the	involvement
of	 the	 neurovascular	 structures.	 Suppurative	 jugular	 venous	 thrombosis,	 or
Lemierre	 syndrome,	 is	 the	most	 common	 complication.	Bacteremia	 and	 septic
emboli,	 the	most	 frequent	consequences	of	 this	entity,	occur	 in	one	half	of	 the
cases.83	Suppurative	subclavian	thrombosis,	 lateral	sinus	 thrombosis,	cavernous
sinus	thrombosis,	and	metastatic	infections	have	also	been	reported.81,83

Signs	 suggestive	 of	 carotid	 sheath	 involvement	 include	 persistent	 tonsillar
swelling	after	resolution	of	a	peritonsillar	abscess,	ipsilateral	Horner	syndrome,
and	 cranial	 nerve	 IX	 to	 XII	 palsies.81	 Carotid	 artery	 aneurysm	 or	 rupture	 can
present	as	a	pulsatile	mass,	resulting	in	sentinel	bleeding	from	the	ear	or	pharynx
after	a	protracted	course	of	illness	of	7	to	14	days,	as	hematoma	of	the	neck	or



hemodynamic	collapse.70	 It	can	be	result	of	direct	 inoculation	of	 infection	after
IV	drug	use.70	CT	scan	has	been	used	to	define	neck	masses,	particularly	in	the
LPS,	with	excellent	results	(Figure	180.10).84	Because	the	complications	of	deep
neck	 abscesses	 are	 potentially	 fatal,	 CT	 scan	 of	 the	 neck	 is	 indicated	 for	 all
cases,	 especially	when	 surgical	 intervention	 is	 contemplated.	 The	 scan	 can	 be
extended	 inferiorly	 to	 include	 the	 chest	 and	 mediastinum.	 Ultrasound	 may
quickly	 and	 accurately	 identify	 thrombus	 and	 perivenous	 changes	 due	 to
suppurative	 adenitis,75	 although	 pain	 from	 the	 probe	 can	 limit	 accuracy.	 CT
findings	 include	 inflammatory	changes	 in	 the	perivascular	 space,	 enhancement
of	venous	walls	and	the	presence	of	thrombus	within	the	lumen.75

	

Figure	180.10 	Abscess	in	the	lateral	pharyngeal	space.Computed
tomography	 at	 the	 level	 of	 the	 hyoid	 bone	 (h),	 at	 the	 apex	 of	 the
inverted	lateral	pharyngeal	space	cone.	There	is	a	cystic	mass	(arrow)
with	 floating	 air	 bubbles	 and	 enhancing	 rim	 (arrowhead),	 findings
virtually	 pathognomonic	 of	 abscess	 caused	 by	 gas-forming
organisms.	m,	base	of	mandible.

Retropharyngeal	Space	Infections
RPS	abscesses	are	uncommon	and	potentially	fatal	infections.	The	two	chains	of
lymph	nodes	in	this	space	drain	adjacent	muscles,	nose,	nasopharynx,	pharynx,
middle	ear,	eustachian	 tubes,	and	paranasal	 sinuses	and	are	 the	source	of	most
RPS	 abscesses.	Because	 the	 lymph	 nodes	 regress	with	 age,	 it	 is	 often	 seen	 in
children	younger	 than	6	years.70,85	Among	children,	 it	 is	 typically	secondary	 to



acute	pharyngitis,	whereas	for	adults,	it	can	occur	from	penetrating	injury	from
fish	 bone	 ingestion,	 nasogastric	 tube	 placement	 or	 intubation.75	 Pediatric
symptoms	 include	fever,	 irritability,	and	refusal	 to	eat.70	The	neck	 is	often	stiff
and	 sometimes	 tilted	 away	 from	 the	 involved	 side.85	 Dyspnea	 and	 dysphagia
occur	 as	 the	 swelling	 increases.	 Adults	 can	 present	 with	 neck	 pain,	 fever,
dyspnea,	snoring,	and	nasal	obstruction.70	Respiratory	distress	can	occur	as	 the
abscess	protrudes	anteriorly	(see	Figure	180.4).

Among	children,	spontaneous	rupture	of	a	retropharyngeal	abscess	may	result
in	aspiration	and	asphyxiation	or	upper	airway	obstruction	from	a	combination
of	 a	 child’s	 high	 larynx	 and	 anterior	 displacement	 of	 the	 pharyngeal	 wall.70
Severe	respiratory	distress,	particularly	if	accompanied	by	chest	pain	or	pleurisy,
suggests	mediastinal	extension.

The	lateral	neck	radiograph	can	aid	in	making	the	diagnosis	by	its	ability	to
detect	prevertebral	 soft	 tissue	 swelling	 (Figure	180.11)	 The	 radiograph	 should
be	a	true	lateral	view,	with	the	neck	in	full	extension,	and	should	be	made	during
inspiration.	 Exhalation,	 crying,	 and	 swallowing	 may	 cause	 thickening	 of	 the
upper	 cervical	 soft	 tissues.	Normal	 dimensions	 have	 been	 defined	 as	 less	 than
7	mm	in	all	age	groups	at	the	C2	(retropharyngeal)	level	and	less	than	14	mm	in
children	or	22	mm	in	adults	at	the	C6	(retrotracheal)	level.86	Loss	or	reversal	of
the	 normal	 cervical	 lordosis	 secondary	 to	 inflammation-induced	muscle	 spasm
also	 suggests	 an	 RPS	 infection.	 CT	 scans	 may	 aid	 in	 diagnosis	 of
retropharyngeal	 abscess	 and	 the	 film	 should	 extend	 inferiorly	 to	 include	 the
upper	 mediastinum.	 Large	 paramedian	 nodes	 will	 be	 seen	 with	 central	 low
density	 and	 an	 enhancing	 ring,	 whereas	 in	 cellulitis,	 there	 is	 symmetric	 low
attenuation	of	the	RPS.75



	

Figure	180.11 	Retropharyngeal	abscess.Lateral	neck	radiograph.
There	 is	marked	 swelling	 of	 the	 prevertebral	 soft	 tissues	 extending
from	the	base	of	 the	skull	 to	 the	base	of	 the	neck,	with	bulging	and
anterior	 displacement	 of	 the	 airway.	 There	 is	 mild	 reversal	 of	 the
normal	 lordosis	 of	 the	 neck	 secondary	 to	 muscle	 spasm.	 The
epiglottis	(e)	and	aryepiglottic	folds	(a)	are	normal.

The	most	feared	complications	are	airway	obstruction	and	rupture	of	abscess.
Hence,	 patients	with	 impending	 airway	obstruction	 should	 be	 examined	 in	 the
operating	room,	 intubated	 in	Trendelenburg	position	along	 the	opposite	side	of
the	pharyngeal	swelling.	Needle	aspiration	should	precede	intraoral	incision	and
drainage.70

Descending	Infections
Any	 deep	 neck	 infection	 can	 have	 access	 to	 the	 posterior	 mediastinum	 and
diaphragm	 by	 the	 common	 pathways	 of	 the	 RPS	 and	 danger	 space.87,88



Descending	necrotizing	mediastinitis	can	carry	a	mortality	of	greater	than	36%.88
The	process	can	develop	as	soon	as	12	hours	or	take	as	long	as	2	weeks	from	the
onset	of	 the	primary	infection.	The	diagnosis	may	be	difficult	 to	make	early	 in
the	illness.	Clues	include	severe	dyspnea	and	pleuritic	or	retrosternal	chest	pain
occurring	 with	 symptoms	 of	 an	 oropharyngeal	 infection.	 The	 infection	 may
progress,	which	can	result	in	a	widespread	necrotizing	process	extending	to	the
diaphragms	 and	 occasionally	 into	 the	 retroperitoneal	 space,	 a	 mediastinal
abscess	 that	 may	 rupture	 into	 the	 pleural	 cavity,	 or	 purulent	 pleural	 and
pericardial	 effusions.84	 Physical	 signs	 include	 diffuse,	 bulky	 induration	 of	 the
neck	and	upper	chest	associated	with	pitting	edema	or	crepitation.70

Cervical	 necrotizing	 fasciitis,	 a	 fascial	 infection	with	muscle	 necrosis	 often
without	 pus	 or	 abscess	 formation,	 can	 progress	 superficially	 along	 the	 fascial
planes	of	the	neck	and	chest	wall.89	Early	in	this	disease,	the	physical	appearance
may	 be	 deceptively	 benign.	 Skin	 erythema	 occurs	 initially	 and	 progresses	 to
dusky	 skin	 discoloration,	 blisters,	 or	 bullae,	 and	 eventually	 to	 visible	 skin
necrosis.90	Crepitation	may	be	absent,	but	gas	in	the	tissues	can	readily	be	seen
using	CT.	Surgical	exploration	with	wide	excision	 is	essential	 to	determine	 the
full	extent	of	necrosis	and	to	improve	prognosis.89,91

Infections	of	the	prevertebral	space	comprise	a	spinal	epidural	collection	that
can	result	in	spinal	cord	compression	and	irreversible	paralysis	in	4%	to	22%	of
patients.81	 Psoas	 muscle	 collections	 may	 also	 be	 seen	 because	 of	 the	 open
communication	with	the	PVS.81

Differential	Diagnosis
Few	 clinical	 entities	 must	 be	 distinguished	 from	 deep	 cervical	 infections.
Common	 causes	 of	 submandibular	 swelling	 include	 cervical	 adenitis	 and
submandibular	 sialoadenitis.	 In	 the	 proper	 settings,	 the	 differential	 diagnosis
includes	anticoagulant	overdose	with	sublingual	hematoma,	tumor	of	the	floor	of
the	 mouth,	 superior	 vena	 cava	 syndrome,	 and	 angioedema.	 None	 of	 these
presents	 with	 the	 classical	 physical	 findings	 or	 respiratory	 symptoms	 of	 SMS
infection	due	to	Ludwig	angina.

The	 major	 entities	 from	 which	 LPS	 infection	 must	 be	 differentiated	 are
peritonsillar	 abscess,	 anaerobic	 tonsillitis,	 and	 masticator	 space	 infections.
Peritonsillar	 abscess	 becomes	 evident	 with	 fever	 and	 tonsillar	 prolapse,	 but
without	 extreme	 toxicity,	 trismus,	 or	 parotid	 swelling.92	 Vincent	 angina	 is	 an
anaerobic	 tonsillitis	 caused	by	Fusobacterium	necrophorum,	which	 produces	 a
foul	 smelling	 discharge	 that	 forms	 a	 pseudomembrane	 and	 can	 be	 associated
with	bacteremia	and	metastatic	abscesses.93



Acute	 suppurative	 parotitis	 can	 occur	 as	 a	 complication	 of	 pharmacologic
therapy	 (eg,	 diuretics	 and	 anticholinergics).92	 Reduced	 salivary	 flow	 allows
normal	oral	flora	to	spread	to	Stensen	duct	and	into	the	gland.	The	most	common
pathogen	 is	S.	aureus,	 but	 infection	 is	 also	 seen	with	hemolytic	 streptococcus,
gram-negative	 bacilli,	 and	 anaerobes.	 The	mainstays	 of	 therapy	 are	 hydration,
sialagogues,	and	often	a	broad-spectrum	antibiotic	with	anti-β-lactamase	activity.
Despite	appropriate	treatment,	complications	may	include	spread	to	the	mastoid,
entrapment	of	the	facial	nerve,	severe	swelling	of	the	pharynx	and	neck	resulting
in	 airway	 obstruction,	 and	 problems	 typical	 of	 involvement	 of	 the	 LPS.
Mortality	may	approach	25%.92

Retropharyngeal	 swelling	 can	 be	 seen	 secondary	 to	 tumors	 such	 as
leiomyoma,	 hemangioma,	 ectopic	 parathyroid	 adenoma,	 or	 hyperplasia.	 It	 can
also	 be	 a	 result	 of	 prevertebral	 tendinitis,	 tortuous	 carotid	 artery,	 lymphatic
malformations,	 congenital	 lesions	 such	 as	 branchial	 cleft	 cyst	 and	 fluid
accumulation	 after	 radiation	 therapy	 for	 head	 and	 neck	 tumors.94	 For	 children
presenting	 with	 fever,	 sore	 throat,	 nuchal	 rigidity,	 drooling,	 or	 respiratory
distress,	 RPS	 abscess,	 severe	 croup,	 epiglottitis,	 and	 meningitis	 must	 also	 be
considered.

Treatment
All	patients	with	deep	neck	infections	require	hospitalization.	Therapy	has	three
components:	 airway	 management,	 IV	 antibiotics,	 and	 timely	 surgical
exploration.

Airway	Management
Establishment	of	 an	 artificial	 airway	 is	not	universally	 required,	 but	warranted
when	there	is	dyspnea,	stridor,	or	inability	to	handle	secretions.	The	method	of
airway	 protection	 in	 patients	 with	 deep	 cervical	 infections	 must	 be
individualized	 for	 the	 patient	 and	 to	 the	 expertise	 of	 the	 available	 personnel.95
Upper	 airway	 obstruction	 is	most	 often	 a	 complication	 of	 infections	 involving
the	SMS,	for	which	one	approach	to	control	the	airway	has	been	tracheostomy.96
The	distortion	of	the	neck	by	edema	increases	the	surgical	risks	of	tracheotomy;
cricothyroidotomy	 has	 been	 recommended	 as	 an	 alternative	 in	 emergent
situations97	because	it	can	be	performed	rapidly	and	has	low	complication	rates.
Distortion	of	neck	landmarks	may	equally	complicate	this	procedure,	but	fewer
critical	 structures	 are	 in	 proximity,	 which	may	 reduce	 some	 procedure-related
risks.



Endotracheal	 intubation	 can	 be	 difficult	 to	 achieve	 because	 of	 trismus	 and
intraoral	 swelling.	Trismus	may	be	 a	more	 significant	 problem	when	 infection
has	spread	to	the	LPS.	Blind	intubation	is	unsafe	because	of	the	risk	of	trauma	to
the	 posterior	 pharyngeal	 wall,	 rupture	 of	 abscesses	 in	 the	 LPS	 or	 RPS,	 and
possibly	 laryngospasm	 precipitating	 lower	 airway	 obstruction.96	 Intubation
utilizing	a	flexible	laryngoscope	may	be	useful,	but	requires	a	cooperative,	stable
patient	and	may	therefore	be	useful	only	for	selected	cases.95	Inhaled	anesthesia
to	relieve	trismus,	along	with	an	antisialagogue,	may	allow	for	intubation	under
direct	visualization.96	If	this	is	attempted,	skilled	personnel	should	be	available	to
establish	an	emergent	surgical	airway	if	needed.

Antimicrobial	Therapy
Antibiotic	 therapy	 should	 be	 given	 IV	 for	 all	 neck	 infections.	 Recommended
empiric	coverage	includes	penicillin	in	combination	with	a	β-lactamase	inhibitor
(such	as	amoxicillin,	ticarcillin	with	clavulanic	acid,	or	piperacillin/tazobactam),
or	 a	β-lactamase–resistant	 antibiotic	 (such	as	 cefoxitin,	 cefuroxime,	 imipenem,
or	meropenem)	in	combination	with	a	drug	that	is	highly	effective	against	most
anaerobes	 (such	 as	 clindamycin	 or	 metronidazole).66,70	 Vancomycin	 should	 be
considered	 for	 patients	with	 immune	dysfunction,	 neutropenia,	 and	 in	 IV	drug
abusers	at	risk	for	infection	with	MRSA.70	Substitutions	for	vancomycin	include
linezolid,	daptomycin,	and	quinupristin/dalfopristin.	The	addition	of	gentamicin
for	 effective	 gram-negative	 coverage	 against	 K.	 pneumoniae	 is	 highly
recommended	 for	 diabetic	 patients	 with	 intact	 renal	 function70;	 Parenteral
antibiotic	 therapy	should	be	continued	until	 the	patient	has	been	afebrile	 for	at
least	48	hours,	followed	by	oral	therapy	using	amoxicillin	with	clavulanic	acid,
clindamycin,	ciprofloxacin,	 trimethoprim-sulfamethoxazole,	or	metronidazole.70
The	antibiotic	regimen	can	be	deescalated	based	on	culture	data.

Resection	 of	 a	 thrombosed	 vein	 is	 not	 widely	 recommended,	 but	 may	 be
unavoidable	in	a	patient	who	deteriorates	despite	drainage	of	the	LPS	or	in	one
whose	vein	is	frankly	suppurative.81

Surgery
Conservative	 therapy	 using	 antibiotics	 and	 selective	 needle	 aspirations	 can	 be
successful.69,70,98	If	clinical	improvement	is	not	observed	after	24	to	48	hours	of
treatment	 with	 IV	 antibiotics,	 then	 reimaging	 and	 surgical	 intervention	 are
warranted.	 Surgical	 drainage	 is	 the	 cornerstone	 of	 treatment	 for	 anterior	 LPS,
RPS,	and	PVS	infections.81	For	SMS	infections,	an	initial	trial	of	antibiotics	can



be	considered.	Selected	patients,	 such	as	 those	with	cellulitis,	abscess	size	 less
than	 3	 cm,	 without	 involvement	 of	 more	 than	 one	 danger	 space,	 and	 general
stability,	may	 not	 require	 surgical	 intervention.69	 Once	 surgical	 intervention	 is
indicated,	 dental	 extraction	 is	 included	 as	 well.69,81	 Recommendations	 for
surgical	 treatments	 are	 individualized	 and	 can	 include	 cervical	 drainage;
thoracotomy	with	radical	surgical	debridement	of	the	mediastinum;	and	excision
of	necrotic	 tissue,	decortication,	 and	 irrigation.99	A	 less	 invasive	 thoracoscopic
approach	has	also	been	described.82

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	47-year-old	man	with	past	medical	history	of	hypertension	and
idiopathic	thrombocytopenic	purpura	status	post	splenectomy	presents	to	the
emergency	department	with	6	hours	of	fatigue,	fever,	and	dyspnea.	He	reported
feeling	better	after	getting	over	a	“cold”	last	week,	but	his	wife	brought	him	to
the	emergency	department	after	noticing	his	voice	was	muffled	along	with
inadvertent	drooling.	Vital	signs	revealed	BP	130/90,	HR	100,	RR	24,
temperature	101.0,	and	oxygen	saturation	87%	on	room	air.	He	is	staring	at	the
ceiling,	sitting	on	the	exam	table,	with	clear	breath	sounds,	and	tachycardia
without	murmurs.	The	emergency	medicine	physician	explains	to	the	patient	that
there	is	concern	for	epiglottitis.	In	addition	to	starting	cefotaxime,	what	is	the
most	appropriate	management?

A. 	Consult	anesthesiology	and	otolaryngology	to	intubate	in	the
operating	room
B. 	Emergent	oropharyngeal	intubation	now
C. 	Perform	cricothyrotomy	now
D. 	Start	empiric	intravenous	corticosteroids

2. 	A	68-year-old	woman	with	a	past	medical	history	of	recurrent	urinary	tract
infections,	COPD,	and	diabetes	presented	to	the	emergency	department	1	week
ago	with	fatigue	and	fever.	She	decompensated	due	to	septic	shock	secondary	to
E.	Coli	bacteremia,	with	her	course	was	complicated	by	respiratory	failure
requiring	intubation.	She	remains	on	mechanical	ventilation,	has	a	right	internal
jugular	central	line	for	ceftriaxone	infusion,	a	nasogastric	tube	for	feeds,	and	a
Foley	catheter	for	measuring	urine	output.	She	was	improving	over	the	course	of



the	week,	but	yesterday	her	nurse	appreciated	a	temperature	of	101.2,	and	the
treating	physician	started	piperacillin-tazobactam	for	possible	VAP.	However,
today,	the	patient	has	become	hypotensive.	Physical	exam	reveals	regular	heart
sounds,	nontender	abdomen	with	clear	bowel	sounds,	coarse	breath	sounds	while
on	mechanical	ventilation,	and	right	sided	periorbital	edema.	Labs	indicate	a
new	leukocytosis,	normal	hemoglobin,	mildly	decreased	platelet	count,	normal
lipase,	and	an	unremarkable	hepatic	function	panel.	What	is	the	most	appropriate
next	step	in	management?

A. 	Escalate	treatment	to	a	carbapenem	to	better	cover	ventilator-
associated	pneumonia
B. 	Order	CT	scan	of	abdomen	and	pelvis	and	exchange	Foley	catheter
C. 	Remove	nasogastric	tube	and	perform	sinus	lavage	and	drainage
D. 	Remove	the	right	internal	jugular	central	venous	catheter	and	send
tip	for	culture

3. 	A	44-year-old	morbidly	obese	man	with	past	medical	history	of	diabetes
mellitus	2,	poorly	controlled	asthma,	and	gout	that	is	often	exacerbated	by	his
alcohol	abuse,	presents	to	the	emergency	department	with	a	3-day	history	of
dysphagia,	fatigue,	and	mouth	pain.	He	had	to	have	two	teeth	extracted	1	week
ago	by	his	dentist.	Vital	signs	demonstrate	respiratory	rate	at	26,	temperature
100.8,	blood	pressure	100/60,	and	heart	rate	99.	Physical	exam	reveals	a	middle
aged	male	in	respiratory	distress	leaning	forward	on	the	exam	table,	bilateral
upper	neck	swelling	with	difficulty	opening	his	mouth	wide,	clear	breath	sounds,
tachycardia	without	murmurs,	no	clubbing	or	cyanosis,	and	bowel	sounds	in	all
abdominal	quadrants.	CBC	and	chemistry	values	are	within	normal	limits	and
chest	x-ray	is	unremarkable.	What	is	the	most	appropriate	next	step	in
management?

A. 	Antibiotics	with	anaerobic	and	gram-negative	coverage
B. 	Bedside	incision	and	drainage
C. 	Emergent	oropharyngeal	intubation
D. 	Pulse	corticosteroids

Answers

1.	The	correct	answer	is	A.
Rationale:	 The	 patient	 is	 experiencing	 a	 severe	 episode	 of	 epiglottitis	 as

demonstrated	 by	 dyspnea	 and	 muffled	 voice,	 likely	 due	 to	 infection	 with



Haemophilus	influenzae.	Airway	management	 is	paramount	and	supersedes	 the
medical	 intervention	of	steroids	 (choice	D	 is	 incorrect),	which	has	evidence	of
benefit	 more	 in	 children	 than	 in	 adults.	 Because	 the	 patient	 remains
hemodynamically	 stable,	 there	 is	 time	 to	 perform	 intubation	 in	 a	 controlled
setting	 (choice	 A	 is	 correct)	 rather	 than	 in	 the	 ED	 (choice	 B	 is	 incorrect).
Intubation	attempt	would	precede	any	surgical	attempt	with	cricothyrotomy	and
tracheostomy	placement	(choice	C	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	The	patient	is	suffering	from	a	nosocomial	sinusitis	in	the	setting

of	prolonged	nasogastric	 tube	placement	and	mechanical	ventilation,	which	are
both	 risk	 factors	 in	 addition	 to	 having	 gram-negative	 infection.	 Commonly
encountered	 bacteria	 such	 as	 Streptococcus,	 Staph,	Pseudomonas,	 and	E.	 coli
should	 be	 covered	 by	 empiric	 piperacillin-tazobactam,	 but	 removal	 of	 the
nasogastric	tube	with	lavage	and	drainage	should	be	performed	if	the	patient	is
not	improving	(choice	C	is	correct).	Adding	a	carbapenem	may	not	be	necessary
since	 these	 bacteria	 are	 susceptible	 to	 the	 current	 antibiotic	 (choice	 A	 is
incorrect).	Removal	of	 the	Foley	and	central	 line	are	 reasonable	approaches	 to
the	patient	with	a	new	fever,	but	the	physical	exam	finding	of	periorbital	edema
indicates	sinus	infection	as	the	main	contributor	(choice	C	is	a	better	answer	than
D).	Evaluating	for	pancreatitis	is	a	good	consideration	for	a	critically	ill	patient
with	a	new	fever,	but	labs	indicated	a	normal	lipase	and	hepatic	function	panel,
making	the	diagnosis	less	likely	in	this	patient	(choice	B	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	This	patient	presents	with	a	classic	presentation	of	Ludwig	angina

as	 demonstrated	 by	 the	 constellation	 of	 submandibular	 edema,	 recent	 dental
procedure	or	 infection,	and	has	 risk	factors	of	alcohol	abuse	and	diabetes.	 It	 is
important	 to	 start	 empiric	 antibiotics	 with	 appropriate	 gram-negative	 and
anaerobic	 coverage	 such	 as	 ampicillin-sulbactam,	 ceftriaxone	 plus
metronidazole,	 or	 for	 penicillin	 allergic	 patients,	 meropenem	 (choice	 A	 is
correct).	MRSA	coverage	with	vancomycin	is	appropriate	additional	therapy	for
at	 risk	 populations.	 Oropharyngeal	 intubation	 is	 not	 yet	 required	 and	 often
unsuccessful	 due	 to	 the	 anatomical	 limitation	 from	 submandibular	 edema
(choice	 C	 is	 incorrect).	 CT	 scan	 may	 help	 in	 diagnosis	 but	 should	 not	 delay
starting	 treatment	 and	 Ludwig	 angina	may	 be	 diagnosed	 clinically.	 High-dose
corticosteroids	are	not	recommended	as	first	line	therapy	(choice	D	in	incorrect).
Incision	 and	 drainage	 should	 not	 be	 performed	 at	 the	 bedside	 and	 should	 be
performed	under	general	 anesthesia	with	a	 secure	airway	 in	place	 (choice	B	 is



incorrect).
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Chapter	181
Acute	Infectious	Pneumonia
Girish	B.	Nair,	Michael	S.	Niederman

KEY	POINTS:
1.	 In	patients	with	severe	community-acquired	pneumonia	(CAP),

delayed	admission	to	the	ICU	or	delayed	intubation	(after	3	days)	is
associated	with	increased	mortality	and	longer	length	of	ICU	stay.

2.	 Biomarkers,	such	as	procalcitonin	(PCT)	should	not	be	used	to
determine	the	need	for	initial	empiric	antibiotic	therapy	in	both	CAP
and	nosocomial	pneumonia	(NP)	but	may	help	guide	duration	of
therapy.

3.	 Health	care–associated	pneumonia	is	no	longer	classified	as	a
separate	entity	and	newer	guidelines	recommend	using	local
epidemiology	and	validated	risk	factors	for	determining	need	for
therapy	of	drug-resistant	Staphylococcus	aureus	and	Pseudomonas
aeruginosa.

4.	 Updated	guidelines	recommend	using	noninvasive	sampling	with
semiquantitative	cultures	to	diagnose	ventilator-associated
pneumonia	(VAP).

5.	 Timely	initiation	of	appropriate	antimicrobial	therapy	has	been	shown
to	improve	survival	for	patients	with	both	severe	CAP	and	NP.

6.	 All	severe	CAP	patients	admitted	to	ICU	should	receive	dual	IV
antibiotics,	preferably	containing	a	macrolide/β-lactam	combination.

7.	 De-escalation	strategies	after	48	to	72	hours	based	on	culture
results	and	clinical	improvement	has	been	shown	to	improve
outcomes	in	patients	with	CAP	and	NP.

8.	 Vaccination	against	pneumococcus	has	resulted	in	significant	benefit
in	terms	of	hospitalization	and	decreased	pneumococcal	pneumonia



incidence	over	the	last	decade,	and	yearly	influenza	vaccination
prevents	serious	illness	in	all	age	groups.

INTRODUCTION
Pneumonia	 is	 a	 common	 community-	 and	 hospital-acquired	 infection	 of	 the
lower	respiratory	tract	 that	 is	managed	in	the	intensive	care	unit	(ICU)	when	it
leads	 to	 acute	 respiratory	 failure	 or	 septic	 shock,	 or	 when	 it	 complicates	 the
course	 of	 an	 otherwise	 serious	 illness.	 Pneumonia	 is	 still	 a	 prevalent	 infection
despite	diagnostic,	 therapeutic,	and	preventative	advances	 in	modern	medicine.
Novel,	 life-sustaining	 therapies	 for	 specific	 at-risk	 populations,	 who	 have
impairments	 in	 respiratory	 tract	 host	 defenses,	 has	 promoted	 a	 resurgence	 in
respiratory	 infections.	 This	 chapter	 reviews	 the	 scope	 of	 the	 problem	 among
seriously	ill	patients.

Sir	William	Osler	described	pneumonia	as	“the	captain	of	the	men	of	death.”
In	 the	 United	 States,	 pneumonia	 was	 the	 primary	 diagnosis	 for	 1.5	 million
emergency	department	visits	in	2018	with	mortality	as	high	as	13.4	per	100,000
population.1	 Coronavirus	 disease	 2019	 (COVID-19)	 originating	 from	 Wuhan,
China	was	declared	as	a	pandemic	by	the	World	Health	Organization	in	March
2020	and	has	resulted	in	the	death	of	over	750,000	patients	in	the	United	States
alone	as	of	November	2021.2	There	is	a	significant	economic	impact	associated
with	 pneumonia	 and	 the	 greatest	 burden	 of	 care	 is	 linked	 with	 inpatient
management.	 One	 study	 estimated	 the	 direct	 and	 indirect	 costs	 of	 caring	 for
pneumococcal	pneumonia	per	year	 in	patients	over	50	years	of	 age	 to	be	$3.7
billion	and	$1.8	billion,	respectively.3	Since	the	discovery	of	penicillin	in	1928,
antibiotics	 have	 remained	 the	 mainstay	 of	 disease	 mangement,	 but	 the
indiscriminate	use	of	broad-spectrum	antibiotics	has	resulted	in	the	emergence	of
drug-resistant	 pathogens,	 even	 in	 common	 organisms	 such	 as	 Streptococcus
pneumoniae.	 The	 US	 government	 is	 tackling	 the	 problem	 by	 announcing	 the
“National	Action	Plan	for	Combating	Antibiotic-resistant	Bacteria”	in	2015.4

Community-acquired	 pneumonia	 (CAP)	 refers	 to	 pneumonia	 developing	 in
the	 outpatient	 setting	 or	 within	 48	 hours	 after	 hospitalization,	 whereas
nosocomial	 pneumonia	 (NP)	 by	 definition	 occurs	 at	 least	 48	 hours	 after
admission.5,6	 Updated	 guidelines	 include	 hospital-acquired	 pneumonia	 (HAP)
and	 ventilator-associated	 pneumonia	 (VAP),	 which	 is	 a	 subset	 of	 HAP	 that
develops	at	least	48	hours	after	endotracheal	intubation,	as	NP.6

The	incidence	of	pneumonia	in	hospitalized	patients	is	directly	related	to	the



degree	 of	 underlying	 systemic	 illness,	 being	more	 common	 in	medical	 than	 in
surgical	 patients,	 and	 in	 those	 requiring	 prolonged	 mechanical	 ventilation.6
Certain	patient	 populations	 are	 at	 increased	 risk	 for	 pneumonia,	 primarily	 as	 a
result	of	disease-associated	impairments	in	lung	host	defenses.	These	include	the
elderly	 and	 those	 with	 cardiac	 disease,	 alcoholism,	 chronic	 obstructive
pulmonary	disease	 (COPD),	congestive	heart	 failure	 (CHF),	malnutrition,	head
injury,	 cystic	 fibrosis,	 bronchiectasis,	 malignancy,	 splenic	 dysfunction,	 renal
failure,	 liver	 failure,	 diabetes	 mellitus,	 and	 any	 immunosuppressive	 illness	 or
therapy.7	In	addition,	hospitalized	patients	often	receive	therapeutic	interventions
that	predispose	them	to	pneumonia,	including	antibiotic	therapy,	enteral	feeding,
endotracheal	intubation,	tracheostomy,	and	the	use	of	certain	medications	(such
as	corticosteroids,	aspirin,	digitalis,	morphine,	and	pentobarbital).7

1 	The	mortality	 implications	of	pneumonia	(along	with	 influenza)	rank	it	as
the	eighth	leading	cause	of	death	in	the	United	States,	the	sixth	leading	cause	of
death	 in	 those	 older	 than	 65	 years,	 and	 the	 number	 one	 cause	 of	 death	 from
infectious	diseases.8	Without	exception,	pneumonia	related	mortality	since	2019
is	 going	 to	 be	 higher	with	 the	COVID-19	 pandemic.	Although	CAP	 can	 vary
from	a	mild	to	a	severe	illness,	those	who	enter	the	ICU	with	this	infection	have
a	mortality	rate	that	can	vary	from	20%	to	greater	than	50%.9	The	indications	for
ICU	admission	and	the	definitions	for	severe	CAP	are	changing,	and	with	good
reason,	since	the	later	in	the	hospital	course	that	the	ICU	is	used,	the	higher	the
mortality.10	Patients	with	severe	CAP,	delayed	admission	to	the	ICU	or	delayed
intubation	 (after	 3	days)	have	higher	mortality	 and	 longer	 lengths	of	 ICU	stay
than	those	treated	more	expeditiously.11,12	While	sepsis	increases	CAP	mortality,
bacteremia	by	itself	is	not	a	mortality	risk.13

Poor	prognostic	factors	associated	with	CAP	mortality	include	the	presence	of
multilobar	 pneumonia	 (bilateral	 may	 be	 worse	 than	 unilateral	 multilobar),
respiratory	 rate	 greater	 than	 30	 breaths	 per	 minute	 on	 admission,	 severe
hypoxemia,	abnormal	liver	function,	low	serum	albumin,	signs	of	clinical	sepsis,
and	delayed	or	inappropriate	antibiotic	therapy.14	There	is	also	a	biphasic	relation
with	 platelet	 count,	 with	 increased	 mortality	 outside	 the	 range	 of	 100,000	 to
400,000/mm.3.15	Arterial	partial	pressure	of	carbon	dioxide	(PaCO2)	<	35	mm	Hg
or	 >	 45	 mm	 Hg	 on	 admission	 is	 also	 related	 to	 increased	 mortality	 in
hospitalized	CAP	patients,	independent	of	the	presence	of	COPD.16	Hospitalized
pneumonia	 patients	 are	 also	 at	 increased	 risk	 of	 cardiac	 ischemia	 and
arrhythmias,	 and	 the	 event	 may	 be	 abrupt	 and	 without	 warning,	 potentially
causing	 cardiorespiratory	 arrest.17	 In	 a	 study	 evaluating	 factors	 predicting	 in-
hospital	vs	postdischarge	mortality	of	hospitalized	pneumonia	patients	aged	65
or	older,	mortality	was	12.1%	within	30	days	of	admission	with	52.4%	of	these



deaths	occurring	during	the	hospital	stay.18	In	that	study,	the	timing	of	death	was
unrelated	 to	 baseline	 patient	 demographic	 factors	 or	 comorbidities,	 but	 in-
hospital	mortality	was	 related	 to	 the	 severity	of	 illness.18	 Ferrer	 and	 associates
reported	 in	 a	 prospective	 study	 comparing	 severe	 CAP	 patients	 requiring
mechanical	 ventilation	 to	 those	 who	 did	 not,	 that	 the	 odds	 of	 mortality	 were
primarily	 driven	 by	 mechanical	 ventilation	 (adjusted	 odds	 ratio	 =	 3·54,	 95%
confidence	interval	[CI]:	1·45-8·37,	P	=	0·006).19

The	adverse	prognostic	factors	discussed	earlier	are	particularly	applicable	to
the	elderly.9	One	factor	that	may	explain	this	finding	is	that	older	patients	often
have	atypical	clinical	presentations	of	pneumonia,	which	may	lead	to	their	being
diagnosed	at	a	later,	more	advanced	stage	of	illness,	resulting	in	an	increased	risk
of	death.	In	general,	the	mortality	associated	with	severe	CAP	is	a	reflection	of
how	accurately	the	ICU	is	used,	what	organisms	are	causing	the	infection,	what
complications	 develop	 in	 the	 hospital,	 and	 how	 effective	 is	 the	 initial	 empiric
therapy20	(Table	181.1).

TABLE	181.1

Risk	Factors	for	Pneumonia	Mortality	in	Patients	with	Cap

Physical	Findings

Abnormal	vital	signs:

Respiratory	rate	>30/min

Hemodynamic	compromise:	systolic	or	diastolic	hypotension

Tachycardia	(>120/min)

Afebrile	or	high	fever	(>38	°C)

Altered	mental	status	or	coma

Laboratory	Findings

Respiratory	failure:	hypoxemic	or	hypercarbic

Multilobar	infiltrates

Rapidly	progressive	infiltrates



Positive	blood	culture

Multiple	organ	failure

Hypoalbuminemia

Renal	insufficiency

Thrombocytopenia

Thrombocytosis

Hypercapnia

Hypocapnia

Polymicrobial	infection

Historical	information

Serious	comorbidity	or	advanced	age

Poor	functional	status	at	presentation

Recent	hospitalization

Immunosuppression	(including	systemic	corticosteroids)

Nonrespiratory	clinical	presentation

Delayed	or	inappropriate	therapy

Prolonged	mechanical	ventilation

NP	 is	 associated	 with	 a	 high	 mortality	 rate	 (ranging	 from	 20-50%)	 and	 a
significant	economic	 impact	with	additional	hospital	costs	of	10,019	 to	40,000
USD	per	case.21,22	HAP	has	been	the	second	most	common	nosocomial	infection
in	the	United	States	accounting	for	up	to	25%	of	all	ICU	infections	and	for	more
than	 50%	 of	 the	 antibiotics	 prescribed.	 However,	 in	 recent	 years,	 with	 the
application	 of	 effective	 prevention	 strategies,	 the	 frequency	 of	 VAP	 has	 been
declining.	The	presence	of	HAP	increases	hospital	length	of	stay	by	an	average
of	7	to	9	days	per	patient.7	Critically	ill	patients	who	develop	VAP	appear	to	be
twice	as	likely	to	die	compared	with	similar	patients	without	VAP	(pooled	odds
ratio	[OR],	2.03;	95%	CI,	1.16-3.56).21



Factors	 associated	 with	 NP	 mortality	 include	 severity	 of	 illness,	 poor
functional	 status	 before	 the	 onset	 of	 mechanical	 ventilation,	 development	 of
shock,	 acute	 renal	 failure,	 worsening	 of	 hypoxemia	 during	 the	 period	 of
mechanical	ventilation,	 inappropriate	 therapy,	delay	 in	 the	 initiation	of	 therapy,
failure	 to	 de-escalate	 therapy,	 prolonged	 mechanical	 ventilation,	 coma	 on
admission,	 chronic	 liver	 disease,	 nonsurgical	 primary	 diagnosis,	 bilateral
infiltrates,	septic	shock,	multiple	system	organ	failure,	and	use	of	prior	antibiotic
therapy.7	Patients	usually	develop	HAP	because	of	an	underlying	chronic	illness,
and	 thus	 the	 question	 arises,	 if	 they	 die,	 whether	 their	 death	 was	 due	 to	 the
pneumonia	itself	or	a	result	of	the	underlying,	predisposing	illness.	This	issue	of
“attributable	mortality”	has	been	studied,	and	in	older	studies,	as	many	as	60%
of	those	who	died	did	so	as	a	direct	result	of	their	pneumonia.21	However,	more
recent	 data	 suggest	 a	much	 lower	 attributable	mortality,	 and	 lower	 death	 rates
from	 pneumonia	 in	 patient	 with	 acute	 respiratory	 distress	 syndrome	 (ARDS)
than	previously	reported.	In	a	study	including	4479	ventilated	patients,	mortality
related	 to	VAP	 (24.1%)	was	 not	 substantially	 different	 from	mortality	 in	 non-
VAP	patients	(23.1%).23	But	these	studies	were	performed	on	patients	already	on
antibiotics	 and	 thus	 it	 is	 difficult	 to	 differentially	 evaluate	 the	 impact	 of
pneumonia	on	mortality,	as	inappropriate	or	no	therapy	would	increase	mortality.
Bacteriology	is	another	important	factor	adding	to	mortality	in	HAP,	with	Kollef
et	 al	 reporting	 a	 high	 attributable	 mortality	 for	 late-onset	 VAP	 caused	 by
potentially	 drug-resistant	 organisms	 such	 as	 Pseudomonas	 aeruginosa,
Acinetobacter	 spp,	 and	 Stenotrophomonas	 maltophilia.24	 Thus,	 similar	 to	 the
data	with	severe	CAP,	mortality	in	NP	is	also	affected	by	patient	characteristics,
bacteriology,	and	the	accuracy	of	therapy.

TYPES	OF	PNEUMONIA	ENCOUNTERED	IN	THE
INTENSIVE	CARE	UNIT
Serious	 pneumonia	 occurs	 when	 a	 potential	 pathogen	 overwhelms	 a	 patient’s
host	defenses,	and	then,	because	of	either	overwhelming	infectious	challenge	or
an	excessive	inflammatory	response	to	infection,	the	patient	develops	respiratory
failure	 or	 septic	 shock.	 Certain	 pathogens	 are	 so	 virulent	 that	 they	 can	 even
overcome	 an	 intact,	 and	 normal,	 host	 defense	 system,	 as	 is	 the	 case	 with
epidemic	 viral	 illness.	 Normal	 host	 defenses	 can	 also	 be	 overcome	 if	 the
inoculum	 of	 the	 pathogen	 is	 large	 (as	 with	 massive	 aspiration),	 but	 smaller
inocula	 can	 be	 pathogenic	 if	 disease-associated	 factors	 interfere	 with	 immune



function.	 Certain	 patients	 seem	 to	 become	 ill	 because	 of	 an	 excessive
inflammatory	 response	 to	 a	 localized	 infection,	 and	 genetic	 differences	 of	 the
immune	system	are	one	increasingly	implicated	explanation.

Community-Acquired	Pneumonias	Leading	to	Intensive
Care	Unit	Admission
Although	less	than	20%	of	all	patients	with	CAP	require	hospitalization,	almost
one	 in	 five	 patients	 who	 are	 hospitalized	 may	 require	 ICU	 admission,	 but
mortality	 is	 high	 in	 patients	 admitted	 to	 ICU,	 and	 may	 be	 up	 to	 35%.18,25-27
Pathogens	 that	 have	 been	 described	 as	 causing	 severe	 CAP	 include	 S.
pneumoniae	(pneumococcus),	Legionella	pneumophila,	Haemophilus	influenzae,
enteric	 gram-negative	 bacteria,	 Staphylococcus	 aureus	 (including	 community-
acquired	methicillin-resistant	 strains),	Mycoplasma	 pneumoniae,	 Pneumocystis
jirovecii,	 Mycobacterium	 tuberculosis,	 Chlamydophila	 pneumoniae,	 endemic
fungi	 (blastomycosis,	 histoplasmosis),	 influenza	 virus,	 respiratory	 syncytial
virus,	varicella,	 severe	acute	 respiratory	 syndrome	 (SARS)	coronavirus,	 severe
acute	respiratory	syndrome	coronavirus	2	(SARS-CoV-2,	which	causes	COVID-
19	 infection)	 and	 the	 bacteria	 associated	 with	 aspiration	 pneumonia.14	 SARS
emerged	 in	parts	 of	Asia	 in	2003	 and	 caused	 severe	pneumonia	 in	patients	 all
over	the	world	with	a	mortality	rate	as	high	as	30%.28,29	Later	in	2012,	a	different
coronavirus	outbreak	started	in	the	Arabian	Peninsula	and	was	termed	“Middle
East	 respiratory	 syndrome	 coronavirus”	 (MERS-CoV)	with	 case	 fatality	 up	 to
60%.30	 In	 both	 instances	 patients	 presented	with	 severe	 acute	 pneumonia	with
hypoxemic	 respiratory	 and	 multiorgan	 failure,	 and	 renal	 failure.31	 COVID-19
caused	 by	 SARS-COV-2	 has	 resulted	 in	 a	 devastating	 pandemic	 worldwide,
presenting	with	mild	 symptoms	 in	 the	majority	 of	 patients,	 but	 in	 3%	 to	 10%
causing	pneumonia	with	severe	illness	and	an	overall	mortality	rate	of	5%	to	7%,
and	 an	 even	 higher	 60-day	 mortality	 of	 up	 to	 50%	 in	 patients	 requiring
mechanical	ventilation.32,33

Definition	of	Severe	CAP	and	Prognostic	Factors/Scoring
Systems
Although	“severe”	CAP	does	not	have	a	uniform	definition,	 the	 term	has	been
used	 to	 refer	 to	 patients	with	 CAP	who	 require	 ICU	 care.	 Some	 investigators
have	 focused	 on	 defining	 patients	with	CAP	who	 need	 invasive	 respiratory	 or
vasopressor	 support	 (IRVS),	 independently	of	 site	of	admission.9,14	Torres	 et	 al



estimated	that	CAP	accounted	for	10%	of	all	admissions	to	an	ICU	over	a	4-year
period,	 and	 that	 these	 patients	 were	 admitted	 directly	 to	 the	 ICU	 42%	 of	 the
time,	 after	 admission	 to	 another	 ward	 37%	 of	 the	 time,	 and	 in	 transfer	 from
another	hospital	21%	of	the	time.34

Over	the	past	decade,	a	number	of	studies	have	examined	prognostic	scoring
systems	for	patients	with	CAP.	In	general,	there	are	two	widely	used	approaches,
the	Pneumonia	Severity	Index	(PSI)	and	the	British	Thoracic	Society	approach
(CURB-65).	 Each	 uses	 a	 point	 scoring	 system	 to	 predict	 a	 patient’s	mortality
risk,	 with	 the	 CURB-65	 being	 simpler	 and	 more	 focused	 on	 acute	 illness
parameters,	 whereas	 the	 PSI	 is	 a	 more	 complex	 system	 that	 incorporates
measurements	 of	 both	 chronic	 and	 acute	 disease	 factors.9	 While	 both	 tools
predict	 mortality	 risk,	 neither	 is	 a	 direct	 measure	 of	 severity	 of	 illness.	 For
example,	as	many	as	37%	of	those	admitted	to	the	ICU	in	one	study	were	in	PSI
classes	I	to	III,	pointing	out	that	even	those	with	a	low	risk	for	death	(which	PSI
can	measure)	may	benefit	from	aggressive	intensive	care	support.35	Conversely,
patients	in	higher	PSI	classes	do	not	always	need	ICU	care	if	they	fall	into	these
high	mortality	risk	groups	because	of	advanced	age	and	comorbid	illness	in	the
absence	of	physiological	findings	of	severe	pneumonia.

In	another	study,	both	tools	were	applied	to	the	same	patients,	and	each	was
similarly	 accurate	 for	 identifying	 low-risk	 patients.36	 However,	 the	 CURB-65
had	higher	discrimination	for	predicting	mortality	risk	among	patients	with	more
severe	 illness.	 This	 approach	 gives	 one	 point	 for	 each	 of	 five	 abnormalities:
confusion,	elevated	blood	urea	nitrogen	(BUN)	(>19.6	mg	per	dL),	respiratory
rate	of	30	per	minute	or	more,	low	blood	pressure	(BP)	(either	systolic	<90	mm
Hg	or	diastolic	≤60	mm	Hg),	and	whether	the	patient	is	at	least	65	years	old.	If
three	of	these	five	criteria	are	present	the	predicted	mortality	rate	is	greater	than
20%,	 and	 these	 patients	 are	 generally	 considered	 for	 ICU	 admission.37
Expanding	 CURB-65	 to	 include	 platelet	 count	 <100	 ×	 10(9)/L,	 lactate
dehydrogenase	 levels	>230	u/L,	and	albumin	<3.5	g/dL	was	shown	to	 improve
accuracy	in	identifying	higher-mortality	risk	among	hospitalized	CAP	patients.38
The	 2019	 American	 Thoracic	 Society/Infectious	 Diseases	 Society	 of	 America
(ATS/IDSA)	 CAP	 guidelines	 support	 PSI	 over	 CURB-65	 for	 determining
hospitalization	 based	 on	 the	 PSI’s	 ability	 to	 identify	 a	 large	 proportion	 of
patients	 at	 lower	 risk	 and	 increased	 precision	 for	 mortality	 decision	 (strong
recommendation	with	moderate	quality	evidence).5	The	Sepsis-3	guidelines	use
the	qSOFA	score	for	predicting	sepsis	outcome	and	includes	organ	dysfunction
including	 altered	 mental	 status,	 respiratory	 rate	 >22/min,	 and	 systolic
BP	 <	 100	 mm	 Hg.	 The	 qSOFA	 score	 performs	 better	 than	 traditional	 SIRS
criteria,	but	has	similar	predictive	capacity	as	CURB-65	to	stratify	mortality	risk



in	CAP	patients.39,40
Another	 approach	has	 been	developed	by	 the	 Japanese	Respiratory	Society,

using	 the	A-DROP	scoring	 system,	 that	 assesses	Age	 (male	≥70	years,	 female
≥75	 years);	Dehydration	 (BUN	 ≥210	 mg	 per	 L);	Respiratory	 failure	 (SaO2	 ≤
90%	or	PaO2	≤	60	mm	Hg);	Orientation	disturbance	(confusion);	and	low	blood
Pressure	 (systolic	 BP	 ≤	 90	 mm	 Hg).41	 España	 et	 al	 developed	 a	 severe
pneumonia	 scoring	 system	 (CURXO-80),	 based	 on	 data	 from	1057	patients	 in
Spain,	and	suggested	 that	 the	need	 for	 ICU	admission	could	be	defined	by	 the
presence	 of	 one	 of	 two	 major	 criteria	 (arterial	 pH	 <	 7.39	 or	 a	 systolic
BP	<90	mm	Hg),	or	 the	presence	of	 two	of	 six	minor	criteria,	which	 included
confusion,	BUN	greater	than	30	mg	per	dL,	respiratory	rate	greater	than	30	per
minute,	PaO2/FiO2	(partial	pressure	of	oxygen/fraction	of	inspired	oxygen)	ratio
less	 than	 250,	multilobar	 infiltrates,	 and	 age	 80	 years	 or	 older.	 This	 approach
gave	different	point	values	to	each	abnormality,	and	when	severity	criteria	were
met,	the	tool	was	92%	sensitive	for	identifying	those	with	severe	CAP	and	was
more	accurate	than	the	PSI	or	the	CURB-65.42	Another	tool,	SMART-COP,	was
developed	to	predict	the	need	for	IRVS	using	eight	clinical	features,	in	which	the
acronym	 referred	 to	 systolic	 BP	 less	 than	 90	 mm	 Hg,	 multilobar	 infiltrates,
albumin	 less	 than	 3.5,	 respiratory	 rate	 elevation	 (>25	 for	 those	 younger	 than
50	years,	and	>30	for	those	older	than	50	years),	tachycardia	(>125	per	minute),
confusion,	low	oxygen	(<70	mm	Hg	if	younger	than	50	years	or	<60	mm	Hg	if
older	than	50	years),	and	arterial	pH	less	than	7.35.43	Using	specific	cutoffs,	the
sensitivity	for	the	need	for	IRVS	was	92.3%	and	the	specificity	of	62.3%,	with	a
positive	and	negative	predictive	value	of	22	and	98.6%,	respectively.	Both	PSI
and	CURB-65	did	not	perform	as	well	overall.

2 	Accuracy	of	prognostic	 scoring	 systems	has	been	enhanced	by	biomarker
measurements.	Most	data	have	focused	on	procalcitonin	(PCT),	a	“hormokine”
that	 has	 increased	 plasma	 concentrations	 in	 the	 presence	 of	 severe	 bacterial
infections,	but	not	 in	viral	 illness.	Masia	et	 al	 reported	PCT	 levels	 to	correlate
well	with	the	PSI	score	and	the	development	of	complications	such	as	empyema,
mechanical	ventilation,	and	septic	shock.44	Krüger	and	associates	found	that	PCT
identified	low-risk	patients	in	all	severity	classes,	and	that	 the	finding	of	a	low
PCT	value	had	a	98.9%	negative	predictive	value	for	mortality,	regardless	of	the
results	 of	 prognostic	 scoring	 tools.45	 Similarly	 in	 a	 study	 of	 1651	 patients
admitted	with	CAP,	there	were	546	in	high	PSI	classes	(IV	and	V),	but	in	the	126
of	 these	 who	 had	 low	 PCT	 levels,	 only	 2	 died,	 suggesting	 the	 advantage	 of
combining	serum	markers	with	the	commonly	used	prognostic	indices.46

Although	there	are	no	absolute	criteria	for	severe	pneumonia,	or	need	for	ICU



admission,	 in	 the	 2007	ATS/IDSA	 guidelines,	 severe	CAP	was	 defined	 as	 the
presence	of	one	of	two	major	criteria	(need	for	mechanical	ventilation,	or	septic
shock	requiring	pressors)	or	the	presence	of	three	of	nine	minor	criteria.14	These
minor	 criteria	 were	 a	 PaO2/FiO2	 ratio	 of	 250	 or	 less,	 respiratory	 rate	 30	 per
minute	or	more,	 confusion,	multilobar	 infiltrates,	 systolic	BP	 less	 than	90	mm
Hg	 despite	 aggressive	 fluid	 resuscitation,	 BUN	 of	 20	 mg	 per	 dL	 or	 higher,
leukopenia	 (<4000	 cells/μL),	 thrombocytopenia	 (<100,000	 cells/μL),	 and
hypothermia	(<36	°C).14	In	a	study	of	2102	CAP	episodes	over	7-year	period,	the
ATS/IDSA	predictive	rule	had	a	sensitivity	of	71%	and	a	specificity	of	88%	for
determining	the	need	for	ICU	admission.47	Phua	and	colleagues	showed	that	the
ATS	 minor	 criteria	 had	 greater	 discriminatory	 power	 in	 the	 prediction	 of
severity,	 ICU	 admission,	 and	mortality	 than	 the	 PSI	 and	CURB.48	 Brown	 and
associates	 noted	 that	 both	 the	 positive	 and	 negative	 predictive	 value	 of	minor
criteria	 exceeded	 80%	 if	 4	 criteria	 were	 used	 to	 define	 the	 need	 for	 ICU
admission	rather	 than	just	3	criteria.49	 In	another	study,	 investigators	simplified
the	ATS/IDSA	criteria	by	excluding	variables	 that	occurred	 in	<5%	of	cases—
leukopenia,	 thrombocytopenia,	 and	 hypothermia,	 and	 noted	 similar	 predictive
value	 for	 mortality	 and	 intensive	 care	 admission	 as	 compared	 to	 the	 original
ATS/IDSA	criteria.50	 In	 the	 same	 study,	 addition	 of	 another	 variable—acidosis
(pH	 <	 7.35)—improved	 the	 prediction	 for	 mortality	 and	 for	 ICU	 admission.
Using	ATS	minor	criteria	plus	PCT	can	be	used	to	adjudicate	ICU	level	of	care.
In	a	study	including	1770	CAP	patients,	who	had	PCT	measured	on	admission,
41%	of	patients	with	3	or	more	ATS	minor	severity	criteria	plus	a	PCT	level	≥
0.83	 ng/mL	 required	 ICU	 level	 of	 care,	 while	 in	 those	 patients	 with	 a	 PCT
<	0.83	ng/mL	only	14.6%	needed	the	ICU,	and	in	those	with	fewer	than	3	minor
criteria,	and	a	low	PCT	level,	the	ICU	was	used	by	only	3.5%.51

Another	score,	 the	“CAP	-PIRO	score”is	calculated	within	24	hours	of	 ICU
admission	 and	 assigns	 1	 point	 for	 each	 variable:	 comorbidities	 (COPD,
immunocompromise),	 age	 greater	 than	 70	 years,	multilobar	 opacities	 on	 chest
radiograph,	shock,	severe	hypoxemia,	acute	renal	failure,	bacteremia,	and	acute
respiratory	distress	syndrome.52	Patients	 are	 stratified	 into	4	 levels	of	 risk,	 and
the	score	performed	well	as	a	28-day	mortality	prediction	 tool	 in	patients	with
CAP	requiring	ICU	admission,	with	a	better	performance	than	APACHE	II	and
the	IDSA/ATS	criteria.	The	Risk	of	Early	Admission	to	ICU	(REA-ICU)	index
was	derived	from	a	data	set	of	nearly	5000	patients	and	 is	helpful	as	a	 tool	on
admission	 to	 identify	 patients	 who	 had	 no	 obvious	 indication	 for	 ICU
management,	but	subsequently	required	ICU	care.	It	categorizes	individuals	into
four	 risk	 groups	 based	 on	 11	 criteria	 independently	 associated	 with	 ICU
admission:	 male	 gender,	 age	 older	 than	 80	 years,	 comorbid	 conditions,



respiratory	 rate	 of	 30	 breaths/minute	 or	 higher,	 heart	 rate	 ≥125	 beats/minute,
multilobar	 infiltrate	 or	 pleural	 effusion,	 white	 blood	 cell	 count	 <3000	 or
≥20,000/μL,	hypoxemia	(oxygen	saturation	<90%	or	arterial	partial	pressure	of
oxygen	(PaO2)	<	60	mm	Hg),	BUN	≥11	mmol/L,	pH	<	7.35,	and	sodium	<	130
mEq/L.53	The	mortality	and	likelihood	of	needing	ICU	care	increased	with	each
risk	group	with	 the	highest	 in	 class	 IV	with	 a	 score	≥	9.	 In	 a	validation	 study
including	 850	 CAP	 patients,	 who	 had	 no	 obvious	 need	 for	 ICU	 care	 on
admission,	 the	 REA-ICU	 index	 performed	 better	 than	 PSI	 but	 was	 similar	 to
other	tools	(like	SMART-COP,	CURXO-80,	the	2007	IDSA/ATS	minor	severity
criteria,	and	CURB-65)	at	defining	the	need	for	early	ICU	admission.54

CAP	Prognostic	Factors	Defined	after	Initial	Management
6 	 5 	 The	 foregoing	 discussion	 has	 focused	 on	 data	 available	 on	 admission	 to
guide	 the	 site	 of	 care	 decision,	 but	 after	 admission,	 the	 results	 of	 cultures
become	available,	 and	 therapy	 (accurate	or	not)	 is	given,	 and	 these	events	 can
impact	prognosis.	Garau	et	al	have	found	that	late	and	overall	CAP	mortality	are
reduced	 if	 patients	 have	 negative	 blood	 cultures,	 and	 if	 antibiotic	 therapy	 is
given	 according	 to	 guidelines.55	 Among	 patients	 with	 severe	 CAP,	 the	 most
important	 prognostic	 finding	 during	 therapy	 is	 radiographic	 progression.34
Ineffective	initial	empiric	 therapy	has	also	been	identified	as	a	potent	predictor
of	 death,	 being	 associated	 with	 a	 60%	mortality	 rate,	 compared	 with	 an	 11%
mortality	 rate	 when	 patients	 received	 initial	 effective	 therapy56.	 Similarly,	 in
other	 studies	 of	CAP,	 the	use	of	 a	 combination	of	 a	 β-lactam	and	 a	macrolide
antibiotic	 was	 associated	 with	 a	 lower	 mortality	 than	 if	 other	 therapies	 were
given,	and	the	use	of	guideline	compliant	therapy	was	associated	with	a	reduced
duration	 of	 mechanical	 ventilation14,57.	 In	 the	 setting	 of	 severe	 pneumococcal
bacteremia,	the	use	of	combination	therapy	is	associated	with	reduced	mortality,
compared	with	monotherapy,	particularly	 for	patients	 treated	 in	 the	 ICU14.	 Not
only	must	initial	therapy	be	accurate,	but	it	must	be	timely,	and	in	patients	with
septic	shock	(from	all	sources,	including	pneumonia),	mortality	increases	by	7%
for	each	hour	of	delay	in	initiating	therapy.58	Retrospective	data	have	also	shown
a	reduced	mortality	for	admitted	CAP	patients	who	were	treated	within	4	hours
of	arrival	to	the	hospital	compared	with	those	who	were	treated	later.14

The	interaction	between	prognostic	factors	related	to	therapy	and	bacteriology
is	 most	 evident	 when	 patients	 with	 CAP	 are	 infected	 with	 drug-resistant
organisms,	 particularly	 drug-resistant	 pneumococcus.	 Studies	 have	 defined	 the
clinical	 features	 of	 patients	 at	 risk	 for	 drug-resistant	 pneumococcus	 (drug-
resistant	S.	pneumoniae	[DRSP])	and	these	include	older	than	65	years,	β-lactam



therapy	 in	 the	 past	 3	 months,	 multiple	 medical	 comorbidities,	 alcoholism,
nosocomial	acquisition,	and	contact	with	a	child	in	day	care.14	Most	investigators
have	 found	 no	 difference	 in	 mortality	 for	 patients	 infected	 with	 resistant	 or
sensitive	 organisms,	 after	 controlling	 for	 comorbid	 illness,59	 although	 patients
with	 resistant	 organisms	 may	 have	 a	 more	 prolonged	 hospital	 stay,	 and	 more
suppurative	 complications	 such	 as	 empyema,60	 and	 the	 presence	 of	 high-level
penicillin	 resistance	 has	 been	 associated	with	 increased	mortality	 among	 those
infected	with	human	immunodeficiency	virus	(HIV).61

The	definitions	of	resistance	have	been	changed	for	nonmeningeal	infection,
with	 sensitive	 being	 defined	 by	 a	 penicillin	minimum	 inhibitory	 concentration
(MIC)	≤	2	mg/L,	intermediate	as	an	MIC	of	4	mg/L,	and	resistant	as	an	MIC	≥
8	mg/L.62	While	the	clinical	impact	of	resistance	on	outcomes	such	as	mortality
was	hard	to	show	using	older	definitions,	with	the	new	definitions	of	resistance,
very	 few	pathogens	will	 be	 defined	 as	 resistant,	 but	 those	 that	 are,	may	 affect
outcome.

Risk	Factors	of	Nosocomial	Pneumonia	in	the	Intensive
Care	Unit
As	mentioned,	pneumonia	is	the	nosocomial	infection	most	likely	to	contribute
causally	 to	 the	 death	 of	 patients,	 particularly	 those	 treated	 with	 mechanical
ventilation	 (VAP).	 Risk	 factors	 for	 this	 infection	 fall	 into	 four	 categories:	 the
underlying	 primary	 critical	 illnesses	 leading	 to	 ICU	 admission;	 coexisting
medical	illness;	factors	associated	with	therapies	that	are	frequently	used	in	the
ICU;	 and	malnutrition.	 Thus,	 some	 of	 the	 common	 conditions	 associated	with
NP	 include	 risk	 factors	 present	 on	 admission	 such	 as	 immune-suppressive
illness,	 risk	 of	 aspiration	 (coma,	 impaired	 consciousness),	 serious	 comorbid
illnesses	 (chronic	 heart	 or	 lung	 disease,	 renal	 failure,	 malignancy,	 diabetes
mellitus),	ARDS,	malnutrition	(serum	albumin	<	2.2	mg	per	dL),	obesity,	older
than	60	years,	smoking	and	drug	abuse,	need	for	major	surgery,	and	recent	major
trauma	or	burns.	Other	 therapy-related	 risk	 factors	 that	 increase	 the	 risk	of	NP
include	 prior	 antibiotic	 therapy,	 immune	 suppressive	 therapy	 (including
corticosteroids),	 need	 for	 multiple	 transfusions,	 transport	 out	 of	 the	 ICU,
mechanical	 ventilation	 with	 positive	 end-expiratory	 pressure	 (PEEP),
tracheostomy,	 nasogastric	 tube	 use,	 supine	 position	 in	 the	 first	 24	 hours	 after
admission,	and	intestinal	bleeding	prophylaxis.63,64

Among	 ICU	 patients,	 nearly	 90%	 of	 episodes	 of	 HAP	 occur	 during
mechanical	 ventilation.	 Further,	 intubation	 increases	 the	 risk	 of	 acquiring



pneumonia	by	as	much	as	6-	to	20-fold.63	Older	studies	estimated	that	the	risk	of
NP	was	1%	per	day	of	mechanical	ventilation,	but	other	data	show	a	risk	of	3%
per	day	for	the	first	5	days,	2%	per	day	for	days	6	to	10	days,	and	1%	per	day	for
days	 11	 through	 15.65	 Although	 VAP	 occurs	 in	 9%	 to	 27%	 of	 all	 intubated
patients,	since	many	patients	are	intubated	for	only	a	short	time,	up	to	half	of	all
VAP	episodes	begin	within	the	first	4	days	of	mechanical	ventilation	(early-onset
pneumonia).63	With	the	advent	of	current	prevention	strategies,	the	rates	of	VAP
have	dropped	from	these	estimates.

The	 relation	 between	 pneumonia	 and	 ARDS	 is	 particularly	 interesting.	 In
older	 studies,	 as	 many	 as	 one-third	 of	 all	 cases	 of	 ARDS	 were	 the	 result	 of
pneumonia,	 but	 secondary	 pneumonia	 was	 the	 most	 common	 nosocomial
infection	 acquired	 by	 patients	 with	 established	 ARDS.63	 When	 patients	 with
ARDS	develop	pneumonia,	 it	 is	 generally	 a	 late	 event,	 occurring	 after	 at	 least
7	 days	 of	mechanical	 ventilation,	 and	when	 it	 occurs,	 it	 can	 be	 the	 start	 of	 a
progressive	 downhill	 course	 characterized	 by	 multiple	 organ	 failure.63	 Using
quantitative	diagnostic	methods,	Chastre	et	al	found	an	incidence	of	55%	of	VAP
in	patients	with	ARDS;	however,	 there	were	no	significant	changes	 in	survival
between	ARDS	patients	with	and	without	VAP.66	Thus,	NP	 in	patients	without
ARDS	 is	 clearly	 associated	 with	 a	 higher	mortality;	 but	 there	 are	 insufficient
data	to	substantiate	an	increased	mortality	due	to	pulmonary	infection	in	patients
with	ARDS,	partly	due	to	a	high	intrinsic	mortality	related	with	ARDS.

PATHOGENESIS	OF	PNEUMONIA

Normal	Host	Defenses
When	 an	 organism	 enters	 the	 respiratory	 tract,	 it	 encounters	 a	 host	 defense
system	designed	to	repel	and	remove	it	from	every	anatomic	site	in	the	airway.
Pneumonia	develops	when	the	size	of	the	organism	inoculum	overcomes	the	host
defense	 system,	when	 the	organism	 is	 so	virulent	 that	 it	 cannot	be	 repelled,	or
when	the	patient	is	so	impaired	that	he	or	she	is	unable	to	resist	an	organism	or
inoculum	 size	 that	 could	 ordinarily	 be	 handled	 by	 a	 fully	 functioning	 host
defense	system.	With	a	variety	of	acute	illnesses,	such	as	malnutrition,	uremia,
and	 general	 surgery,	 gram-negative	 bacteria	 can	 bind	 more	 avidly	 to	 the	 oral
epithelium,	 and	 colonization	 can	 occur,	 the	 first	 step	 toward	 lower	 respiratory
tract	infection.67

The	lower	respiratory	 tract	 (starting	beneath	 the	vocal	cords)	has	a	complex



host	defense	system	that	keeps	this	site	sterile	in	normal	people,	although	recent
studies	of	 the	respiratory	microbiome	have	questioned	whether	 this	site	 is	ever
free	 of	 bacteria.	 For	 the	 lower	 respiratory	 tract	 to	 become	 infected,	 organisms
must	overcome	the	physical	barrier	of	the	vocal	cords	and	the	tracheobronchial
protective	 mechanisms	 of	 cough,	 bronchoconstriction,	 airway	 angulation,	 and
the	 upward	 transport	 of	 the	 mucociliary	 blanket.	 Protective	 substances	 in
respiratory	 secretions	 include	 immunoglobulin	 A	 (IgA),	 the	 predominant
immunoglobulin	 of	 the	 upper	 airway;	 immunoglobulin	 G	 (IgG),	 which
dominates	in	the	lower	respiratory	tract;	complement;	lysozymes;	surfactant;	and
fibronectin.68	 The	 resident	 phagocytic	 cell	 of	 the	 lower	 respiratory	 tract	 is	 the
alveolar	macrophage,	 but	 its	 function	 can	 be	 augmented	 by	 the	 production	 of
inflammatory	cytokines	which	can	promote	the	recruitment	of	blood	neutrophils
and	the	development	of	cell-mediated	and	humoral	immunity.

In	 the	setting	of	 focal	 lung	 infection,	 the	cytokine	 inflammatory	 response	 is
normally	 localized	 to	 the	 site	 of	 initial	 infection.69	 Severe	 pneumonia	 occurs
when	the	inflammatory	response	is	unable	to	be	localized	(due	to	overwhelming
infection	 or	 inappropriate	 bilateral	 inflammation)	 or	 if	 the	 inflammatory
response	 extends	 to	 the	 systemic	 circulation	 (sepsis	 syndrome).	 The	 innate
immune	response	 is	organized	 to	 recognize	pathogens	and	a	cytokine	 response
follows.	 Pathogen	 recognition	 is	 mediated	 by	 toll-like	 receptors	 for	 gram-
negative	bacteria	or	by	pathogen-stimulated	production	of	 interleukin	(IL)	1	or
tumor	 necrosis	 factor	 (TNF).	 Once	 pathogens	 are	 recognized	 through	 these
mechanisms,	nuclear	factor	κB	is	produced	by	inflammatory	cells,	which	in	turn
leads	 to	 cytokine	 production	 that	 can	 recruit	 more	 inflammatory	 cells.	 In
addition,	 the	 lower	 airway	 handles	 individual	 pathogens	 in	 specific	ways.	 For
example,	 S.	 aureus	 is	 removed	 by	 resident	 alveolar	 macrophages,	 whereas
certain	 enteric	 gram-negative	 bacteria	 and	 the	 pneumococcus	 require	 the
recruitment	 of	 neutrophils	 (presumably	 in	 response	 to	 interleukin-8)	 to	 be
cleared.69	 Cell-mediated	 immunity	 is	 required	 to	 resist	 infection	 with	 L.
pneumophila	 and	 M.	 tuberculosis.	 Viruses	 are	 handled	 somewhat	 differently
from	bacteria,	and	important	factors	in	defense	against	these	agents	include	the
alveolar	 macrophage,	 neutralizing	 antibodies	 (IgG,	 IgA,	 immunoglobulin	 M
[IgM]),	 cytotoxic	 T	 lymphocytes,	 and	 cytokines	 such	 as	 interferon.	 Specific
genetic	immune	impairments	or	acquired	immune	dysfunction	can	cause	specific
aspects	of	 the	inflammatory	response	to	malfunction	and	lead	to	infection	with
specific,	predictable	pathogens.

How	Microorganisms	Reach	the	Lung



Bacteria	 and	 other	 infectious	 agents	 can	 reach	 the	 lung	 by	 inhalation	 from
ambient	air,	hematogenously	from	distal	sites	of	infection,	by	direct	extension	or
exogenous	 penetration,	 and	 by	 aspiration	 from	 a	 colonized	 oropharynx	 and
nasopharynx.	 Inhalation	 is	 an	 uncommon	 route	 of	 organism	 entry	 except	 for
pathogens	such	as	L.	pneumophila,	viruses,	and	M.	tuberculosis.

Hematogenous	 spread	 can	 occur	 with	 septic	 emboli	 from	 such	 sites	 as	 the
valves	of	the	right	cardiac	chambers.	Exogenous	penetration	is	an	unlikely	route
of	 bacterial	 entry	 but	 can	 occur,	 for	 example,	with	 extension	 of	 an	 abdominal
infection	into	the	pleural	space	and	then	the	lung	parenchyma.	Most	pneumonias
result	 when	 microorganisms	 are	 aspirated	 from	 a	 previously	 colonized
oropharynx.	NP	is	 frequently	preceded	by	gram-negative	bacillary	colonization
of	the	oropharynx.	The	source	of	bacteria	that	colonize	the	upper	airway	is	most
likely	the	patient’s	own	lower	intestinal	flora,	but	the	nasal	sinuses	and	stomach
can	also	harbor	bacteria	that	can	subsequently	reach	the	lung.	The	coexistence	of
nosocomial	sinusitis	and	pneumonia	has	been	documented,	often	with	the	same
organisms,	and	both	infections	can	be	promoted	by	the	presence	of	a	nasogastric
or	nasotracheal	tube.63

In	addition	 to	promoting	sinusitis,	 the	endotracheal	 tube	and	 the	nasogastric
tube	 can	 also	 serve	 as	 additional	 pathways	 for	 bacterial	 entry	 to	 the	 lung.
Insertion	 of	 an	 endotracheal	 tube	 allows	 microorganisms	 direct	 access	 to	 the
lung	from	the	hands	of	the	ICU	staff,	thereby	avoiding	the	defense	mechanisms
present	 above	 the	 vocal	 cords.	 Any	 organisms	 that	 reach	 the	 inside	 of	 the
endotracheal	tube	can	proliferate	to	large	numbers	because	this	site	is	free	from
host	defenses,	and	a	biofilm	commonly	lines	the	interior	of	the	endotracheal	tube
and	can	contain	as	many	as	106	organisms	per	cm	of	 the	 tube	surface.70	 These
organisms	 can	 reach	 the	 lung	 every	 time	 an	 intubated	 patient	 is	 suctioned.	 A
silver-coated	 endotracheal	 tube	 with	 antibacterial	 properties	 was	 shown	 to
reduce	the	incidence	of	VAP,	but	had	no	impact	on	mortality.71	In	a	prospective
study,	investigators	found	endotracheal	tubes	to	be	coated	with	biofilm,	as	early
as	 after	 24	 hours	 of	 intubation,	 and	 the	 biofilm	 was	 not	 associated	 with	 the
duration	of	intubation,	the	administration	of	selective	digestive	decontamination,
systemic	 antibiotics,	 or	 immunosuppression,	 and	 persistence	 of	 biofilm	 was
commonly	 associated	with	 treatment	 failure	 for	VAP.72	Another	 factor	 in	VAP
pathogenesis	is	the	ventilator	circuit	tubing,	which	can	easily	be	contaminated	by
large	 numbers	 of	 bacteria.63	 Interestingly,	 the	 ventilator	 circuits	 are	 usually
contaminated	by	the	patient,	as	the	circuit	becomes	colonized	in	large	numbers
when	 bacteria	 proliferate	 in	 the	 water	 condensate	 in	 the	 tubing.	 If	 handled
carefully,	 the	 circuits	 are	not	 a	major	 source	of	pneumonia	pathogens,	 and	 the
incidence	of	pneumonia	is	not	increased	even	if	ventilator	circuit	tubing	is	never



changed	during	the	course	of	therapy.63
The	 gastrointestinal	 tract,	 particularly	 the	 stomach,	 can	 serve	 as	 a	 reservoir

for	bacteria,	and	several	investigators	have	shown	that	gram-negative	bacilli	can
move	retrograde	from	the	stomach	to	the	oropharynx	and	then	antegrade	into	the
lung.73	 The	 stomach	 can	 be	 the	 source	 of	 20%	 to	 40%	 of	 the	 enteric	 gram-
negative	bacteria	that	colonize	the	trachea	of	intubated	patients,	but	it	is	difficult
to	determine	if	these	colonizing	gastric	bacteria	also	lead	to	pneumonia.	One	of
the	ways	that	the	stomach	can	be	an	important	source	of	pneumonic	organisms	is
through	the	mechanism	of	reflux	and	aspiration.	When	a	nasogastric	tube	is	used
for	feeding,	it	can	promote	aspiration,	especially	if	a	large-bore	tube	is	used	with
a	 bolus	 feeding	 method	 rather	 than	 with	 a	 continuous	 infusion	 of	 enteral
nutrients,	 and	 if	 the	 patient	 is	 kept	 in	 a	 supine	 position.74	When	 a	 nasogastric
tube	 is	 present,	 it	 may	 promote	 pneumonia	 if	 the	 gastric	 contents	 have	 a	 pH
above	 4	 to	 6,	 as	 can	 occur	 with	 the	 use	 of	 antacids,	 H2	 blockers,	 and	 enteral
feeding.	An	elevated	pH	can	 increase	 the	number	of	gram-negative	bacteria	 in
the	stomach,	increasing	to	as	many	as	1	to	100	million	per	mL	of	gastric	juice,
and	elevation	of	gastric	pH	has	been	reported	as	a	 risk	factor	 for	NP,	although
not	 in	 all	 studies.75	 The	 Canadian	 Critical	 Care	 Trials	 Group	 reported	 that
acidified	 enteral	 feeds	 preserve	 gastric	 acidity	 and	 substantially	 reduce	 gastric
colonization	in	critically	ill	patients;	however,	in	one	study,	there	was	no	impact
on	the	incidence	of	pneumonia	with	this	intervention.75

Increases	 in	gastric	volume	can	be	detrimental	and	promote	aspiration,	 thus
accounting	for	the	observation	that	when	continuous	enteral	feeding	leads	to	an
elevation	 of	 gastric	 pH	 (and	 presumably	 an	 elevation	 of	 gastric	 volume),	 the
incidence	of	pneumonia	is	higher	than	when	continuous	feeding	is	used	but	does
not	raise	pH.76	Another	way	to	minimize	the	impact	of	the	stomach	and	to	avoid
aspiration	 is	 to	 keep	 patients	 in	 a	 semierect	 position	 whenever	 possible,
particularly	because	the	supine	position	can	favor	aspiration	when	a	nasogastric
tube	is	in	place.74	However,	this	position	may	not	favor	secretion	clearance	from
the	lung,	and	the	lateral	Trendelenburg	position	may	be	better	for	this	purpose.

Airway	Colonization	and	Nosocomial	Pneumonia
Colonization	(the	persistence	of	organisms	in	the	absence	of	a	host	response	and
without	 an	 adverse	 effect	 to	 the	 host)	 of	 the	 respiratory	 tract	 by	 enteric	 gram-
negative	bacilli	 is	the	first	step	toward	the	development	of	NP.	Risk	factors	for
gram-negative	colonization	of	 the	upper	and	 lower	 respiratory	 tract	are	 similar
and	 include	 antibiotic	 therapy,	 endotracheal	 intubation,	 smoking,	malnutrition,



general	surgery,	and	therapies	that	raise	gastric	pH.68	Additional	risk	factors	for
oropharyngeal	 colonization	 include	 azotemia,	 diabetes,	 coma,	 hypotension,
advanced	age,	and	underlying	lung	disease.	And	risk	factors	for	tracheobronchial
colonization	 include	 chronic	 bronchitis,	 cystic	 fibrosis,	 ciliary	 dysfunction,
tracheostomy,	 bronchiectasis,	 acute	 lung	 injury,	 and	 viral	 infection.67	 The
distinction	 between	 colonization	 and	 infection	 in	 mechanically	 ventilated
patients	 is	 less	clear	 than	 in	 the	past,	with	 recognition	and	focus	on	ventilator-
associated	 tracheobronchitis	 (VAT).77	 Some	 patients	 who	 are	 mechanically
ventilated	 can	 have	 high	 concentrations	 of	 pathogenic	 organisms	 in	 the
tracheobronchial	tree,	in	the	absence	of	pneumonia,	yet	some	may	be	clinically
ill	with	purulent	sputum	due	to	VAT,	and	therapy	could	potentially	prevent	some
from	progressing	to	VAP.

One	pathogenetic	mechanism	 that	 links	many	of	 the	clinical	 risk	 factors	 for
upper	 and	 lower	 airway	 colonization	 is	 a	 cell-cell	 interaction	 termed	 bacterial
mucosal	adherence.	Many	clinical	disease	states	can	alter	 the	oropharyngeal	or
tracheal	epithelium,	making	the	cell	surface	more	receptive	for	binding	by	such
bacteria	 as	 P.	 aeruginosa.67	 Diseases	 that	 result	 in	 an	 increased	 number	 of
oropharyngeal	 and	 tracheal	 cell	 bacterial	 receptors	 are	 many	 of	 the	 same
processes	 that	 promote	 colonization	 of	 these	 sites.67	 One	 study	 of	 intubated
patients	 demonstrated	 the	 rapidity	 with	 which	 the	 endotracheal	 tube	 itself
became	colonized	with	 enteric	gram-negative	and	 found	 that	 colonization	 took
place	despite	the	use	of	bacterial	filters	in	the	ventilator	circuit.78	Colonization	is
a	common	finding	in	intubated	patients,	and	the	presence	of	potential	pathogens
in	the	respiratory	secretions	of	intubated	patients	is	to	be	expected	and	does	not
require	therapy	unless	there	are	clinical	signs	of	infection.

Host	Defense	Impairments	in	Acute	and	Chronic	Illness
that	Predispose	to	Pneumonia
Many	 systemic	 diseases	 increase	 the	 risk	 of	 pneumonia	 as	 a	 result	 of	 disease-
associated	malfunctions	in	the	respiratory	host	defense	system,	including	ARDS,
sepsis,	CHF,	malnutrition,	renal	failure,	diabetes	mellitus,	chronic	liver	disease,
alcoholism,	cancer,	and	collagen	vascular	disease.79	 In	addition,	many	 illnesses
can	be	complicated	by	pneumonia	because	they	require	therapy	with	medications
that	interfere	with	immune	function.	Several	studies	have	shown	that	acute	and
chronic	malnutrition	 (Table	 181.2)	 can	 increase	 the	 risk	 of	 bacterial	 and	 viral
infections	both	 in	and	out	of	 the	hospital.	Genetic	polymorphisms	may	explain
why	patients	who	have	certain	inherited	patterns	of	immune	response	are	more



prone	 to	 severe	 forms	 of	 pneumonia	 than	 others,	 and	 even	 mortality.	 CAP
severity	is	increased	with	genetic	changes	in	the	IL-10-1082	locus	that	are	often
present	 along	 with	 changes	 in	 the	 TNF-α-308	 locus.	 Another	 genetic	 change
associated	with	an	increased	risk	of	septic	shock	from	CAP	is	a	modification	in
heat	shock	protein	70	to	2.80	Currently,	there	are	a	large	number	of	genes	that	can
affect	the	severity	and	outcome	of	CAP,	but	the	clinical	application	of	this	is	not
defined.	Also,	gender	differences	in	the	immune	response	are	reported	with	men
displaying	 a	 higher	 degree	 of	 systemic	 inflammation	 on	 admission	 for	 CAP
(higher	levels	of	TNF,	IL-6,	and	IL-10),	and	that	higher	levels	of	these	mediators
increased	pneumonia	mortality	risk.81	Rautanen	and	colleagues	reported	the	first
genomewide	 association	 studies	 on	 survival	 from	 sepsis	 due	 to	 pneumonia	 in
three	 independent	 cohorts	 of	 patients	 admitted	 to	 the	 ICU.82	 Of	 more	 than	 6
million	 single-nucleotide	 polymorphisms	 (SNPs)	 examined,	 the	 authors	 noted
common	variants	in	the	FER	gene	(1	C/T	SNP	in	chromosome	5)	to	be	strongly
associated	with	survival.82

TABLE	181.2

Lung	Host	Defense	Impairments	With	Malnutrition

Increased	tracheal	and	buccal	cell	adherence

Altered	macrophage	function	and	migration

Reduced	recruitment	of	neutrophils

Impaired	cell-mediated	immunity	and	T-cell	depletion

Diminished	secretory	immunoglobulin	A

Complement	deficiency

ETIOLOGY	OF	PNEUMONIA

Community-Acquired	Pneumonia
Even	 with	 extensive	 diagnostic	 testing,	 a	 specific	 etiologic	 agent	 can	 be
identified	in	only	approximately	50%	of	pneumonias	that	develop	outside	of	the



hospital,	although	the	rate	of	pathogen	recovery	may	be	higher	in	intubated	and
mechanically	 ventilated	 patients.83	 The	 GLIMP	 study	 group,	 an	 international,
multicenter,	 point-prevalence	 study	 of	 hospitalized	 adults	 with	 CAP	 recently
reported	a	prevalence	of	viral	CAP	to	be	28.4%,	with	influenza	being	the	most
common,	 accounting	 for	 81%	 of	 all	 the	 viral	 infections.84	 The	most	 common
bacterial	 pathogen	 identified	 in	 pneumonias	 arising	 out	 of	 the	 hospital	 is	 the
pneumococcus,	 and	 in	 the	 elderly,	 although	 pneumococci	 are	 still	 the	 most
common	 pathogens,	 enteric	 gram-negative	 organisms	 may	 be	 responsible	 for
20%	 to	 40%	 of	 all	 cases	 of	 pneumonia,	 and	 anaerobes	 and	H.	 influenzae	 are
other	 common	 agents.85	 However,	 age	 alone	 has	 little	 impact	 on	 the	 bacterial
etiology	of	CAP;	however,	the	comorbid	illnesses	that	become	more	common	in
the	elderly	affect	the	bacteriology.86	The	most	common	CAP	pathogens	leading
to	 ICU	 admission	 (severe	 pneumonia)	 are	 pneumococcus,	 L.	 pneumophila,
epidemic	viruses	(influenza	and	SARS-CoV-2),	S.	aureus	(including	methicillin-
resistant	 S.	 aureus	 [MRSA]),	 and	 enteric	 gram-negative	 bacilli,	 including,	 in
some	patients,	P.	 aeruginosa.20	 The	USA300	 clone	 of	 S.	 aureus—community-
acquired	MRSA	(CA-MRSA)—was	reported	as	an	emerging	infection	in	the	last
decade,	 but	 a	 recent	 study	 noted	 the	 overall	 prevalence	 of	 confirmed	MRSA
pneumonia	 in	 hospitalized	 CAP	 patients	 to	 be	 3%	with	 a	 higher	 incidence	 in
those	 with	 previous	 MRSA	 or	 recurrent	 skin	 infections	 and	 in	 patients	 with
severe	pneumonia.87,88	Although	gram-negatives	are	more	common	in	VAP	and
HAP	 than	 in	CAP,	 risk	 factors	 for	gram-negative	pneumonia	 (Table	181.3)	 are
cardiac	disease,	smoking	history,	and	clinical	features	of	severe	illness	including
hyponatremia,	 septic	 shock,	 and	 severe	 tachypnea.89	 The	GLIMP	 investigators
reported	 the	 prevalence	 of	 pseudomonal	 CAP	 to	 be	 4.2%	 of	 all	 hospitalized
patients	 and	 increased	 with	 prior	 colonization,	 chronic	 lung	 diseases	 like
bronchiectasis	and	COPD.90

TABLE	181.3

Risk	Factors	for	Multidrug-Resistant	Organisms

MDR	VAP

1.	 Prior	intravenous	antibiotic	use	within	90	d
2.	 Septic	shock	at	time	of	VAP
3.	 ARDS	preceding	VAP
4.	 Five	or	more	days	of	hospitalization	prior	to	the	occurrence	of	VAP



5.	 Acute	renal	replacement	therapy	prior	to	VAP	onset

MDR	HAP,	MRSA	CAP/VAP/HAP	and	Pseudomonas	CAP/VAP/HAP

1.	 Prior	intravenous	antibiotic	use	within	90	d
2.	 Prior	colonization	by	MRSA	or	Pseudomonas	aeruginosa

ARDS,	acute	respiratory	distress	syndrome.;	CAP,	community-acquired	pneumonia;	HAP,
hospital-acquired	pneumonia;	MDR,	mulidrug-resistant;	MRSA,	methicillin-resistant
Staphylococcus	aureus;	VAP,	ventilator-associated	pneumonia

Other	 pathogens	 that	 can	 lead	 to	 respiratory	 failure	 include	H.	 influenzae,
pathogens	 associated	 with	 aspiration	 (such	 as	 anaerobes),	 P.	 jirovecii,
tuberculosis,	varicella,	and	respiratory	syncytial	virus.	Mixed	infection	occurs	in
more	than	10%	of	patients	with	CAP	requiring	hospitalization,	and	in	one	study,
in	 patients	 with	 mixed	 CAP,	 S.	 pneumoniae	 was	 the	 most	 prevalent
microorganism	 (44	 out	 of	 82;	 54%).91	 In	 that	 study,	 the	 most	 frequent
combination	was	S.	 pneumoniae	 with	H.	 influenzae	 (17	 out	 of	 82;	 21%),	 and
influenza	A	occurred	with	S.	pneumoniae	in	5	out	of	28	(18%).	Of	note,	patients
with	 mixed	 pyogenic	 pneumonia	 more	 frequently	 developed	 shock	 when
compared	with	patients	with	single	pyogenic	pneumonia	(18%	vs	4%).91

Although	true	incidence	of	viral	pneumonia	is	difficult	to	accurately	discern,
prior	studies	using	paired	serologies	have	shown	that	viral	pneumonia	occurred
in	18%	with	more	than	half	being	pure	viral	infection	and	the	others	being	mixed
with	 bacterial	 pneumonia.92	 Influenza	 (A	 more	 than	 B),	 parainfluenza,	 and
adenovirus	 were	 the	 most	 commonly	 identified	 viral	 agents.	 In	 another	 study
including	482	severe	CAP	patients	admitted	to	the	ICU,	viral	etiology	was	seen
in	22%	(including	rhinovirus,	influenza,	metapneumovirus,	RSV,	parainfluenza,
coronavirus,	 and	 adenovirus),	 bacterial	 infection	 alone	 in	 19%,	 and	 4%	 had
mixed	 infection.93	 Polymicrobial	 infection	 with	 viruses	 and	 bacteria	 is	 not
uncommon	 in	patients	with	 severe	pneumonia.	Choi	and	associates	 studied	 the
role	of	viruses	in	198	patients	with	severe	pneumonia	and	noted	35.9%	(n	=	71)
had	 positive	 bacterial	 culture,	 36.4%	 (n	 =	 72)	 had	 viral	 infections,	 and	 9.1%
(n	=	18)	had	bacterial	viral	coinfections	with	no	difference	in	mortality	between
the	 three	groups.94	Bacterial	 coinfection	was	more	common	with	parainfluenza
and	influenza	viruses	and	less	common	with	SARS-CoV-2,	respiratory	syncytial
virus	and	rhinoviruses.

The	 COVID-19	 pandemic	 is	 caused	 by	 severe	 acute	 respiratory	 syndrome



coronavirus	 2	 (SARS-CoV-2),	 a	 highly	 infectious	 pathogen	 with	 a	 mean
incubation	 period	 of	 5	 days.95	 The	majority	 of	 patients	 have	mild	 disease	 but
some	patients	develop	an	overwhelming	inflammatory	response,	progressing	to
severe	pneumonia	and	ARDS	with	a	mortality	ranging	from	4.3%	to	7.5%,	the
risk	 being	 higher	 in	 patients	 over	 age	 65,	who	 are	 obese	 and	 those	with	 other
comorbid	conditions	such	as	hypertension	and	diabetes.96-98	These	patients	may
also	 have	 bacterial	 infection	 that	 is	 present	 as	 high	 as	 20%	 at	 the	 time	 of
intubation.99

When	evaluating	a	patient	with	pneumonia,	it	is	important	to	understand	the
status	 of	 each	 individual’s	 respiratory	 host	 defense	 system	 to	 predict	 which
possible	 pathogen	 is	 most	 likely	 (Table	 181.4).	 Thus,	 CAP	 in	 a	 previously
healthy	person	is	most	likely	due	to	a	pathogen	of	such	intrinsic	virulence	that	it
can	 overcome	 even	 an	 intact	 host	 defense	 system.	These	 pathogens	 include	S.
pneumoniae,	 Legionella	 sp,	 S.	 aureus,	 and	 M.	 pneumoniae.	 Certain	 agents
should	 be	 suspected	 in	 specific	 clinical	 settings.	 If	 the	 patient	 has	 a	 serious
underlying	 illness,	 then	 organisms	 of	 less	 intrinsic	 virulence	 that	 would
ordinarily	be	eliminated	by	a	normal	host	can	be	responsible.	When	an	alcoholic
has	pneumonia,	anaerobes	and	Klebsiella	pneumoniae	become	more	likely;	those
with	 chronic	 bronchitis	 may	 be	 infected	 with	 nontypeable	H.	 influenzae	 and
Moraxella	catarrhalis;	cardiac	patients	commonly	have	pneumococcal	infection;
those	with	cystic	fibrosis	are	commonly	infected	by	S.	aureus	and	P.	aeruginosa;
and	 those	 with	 risk	 factors	 for	 aspiration	 can	 have	 enteric	 gram-negative
bacterial	 or	 anaerobic	 lung	 infection.	 Other	 associations	 are	 listed	 in	 Table
181.4.	 Certain	 historical	 information	 can	 be	 valuable,	 such	 as	 an	 appropriate
travel	 or	 exposure	 history	 that	 suggests	 specific	 etiologic	 pathogens	 (Table
181.5).

TABLE	181.4

Likely	Pathogens	for	Pneumonia	in	The	Critically	Ill

Database Suspected	Pathogen

Alcoholism—
acute	or	chronic

Streptococcus	pneumoniae	(including	DRSP),
anaerobes,	gram-negative	bacilli,	Mycobacterium	sp

Chronic
obstructive

S.	pneumoniae,	Haemophilus	influenzae,	Moraxella
catarrhalis



pulmonary	disease

Recent	viral
infection	and	post
influenza

S.	pneumoniae,	Staphylococcus	aureus	(including
MRSA),	H.	influenzae,	gram-negative	bacilli

Nursing	home	(age
>75	y)

Gram-negative	bacilli	(including	resistant	ones	such	as
Pseudomonas	aeruginosa,	Acinetobacter	spp),	S.
pneumoniae,	H.	influenzae,	aspiration	(anaerobes),	S.
aureus,	Chlamydia,	Mycobacterium	tuberculosis

AIDS	(risk	groups:
intravenous	drug
abusers,
hemophiliacs,
homosexuals)

S.	pneumoniae	(including	drug	resistant),	Salmonella,
cytomegalovirus,	H.	influenzae,	Cryptococcus,
Pneumocystis	jirovecii,	anaerobes,	M.	tuberculosis

Hospital	acquired Gram-negative	bacilli	(including	P.	aeruginosa),	S.
aureus	(including	MRSA)

High-risk
aspiration

Anaerobes	(if	aspirate	while	not	intubated),	gram-
negative	bacilli,	chemical	pneumonitis

Cardiac	disease S.	pneumoniae,	gram-negative	bacilli

Neutropenia P.	aeruginosa,	Aspergillus	sp,	gram-negative	bacilli

Recent	antibiotic
therapy

DRSP,	P.	aeruginosa,	MRSA	(especially	in	HAP)

Endobronchial
obstruction

Anaerobes,	gram-negative	bacilli

Structural	lung
disease	(cystic
fibrosis,
bronchiectasis)

P.	aeruginosa,	P.	cepacia,	S.	aureus

HAP,	hospital-
acquired
pneumonia;

MRSA,	methicillin-resistant	S.	aureus

AIDS,	acquired	imuunodeficiency	syndrome;	DRSP,	drug-resistant	Streptococcus	pneumoniae.;



HAP,	hospital-acquired	pneumonia;	MRSA,	methicillin-resistant	Staphylococcus	aureus

TABLE	181.5

Historical	and	Physical	Features	Useful	In	Pneumonia
Diagnosis

Clinical	Setting Organisms

Environmental	contact

Birds,	bats Chlamydia	psittaci,	Cryptococcus	neoformans,
Histoplasma	capsulatum

Bird	droppings C.	psittaci,	H.	capsulatum	(histoplasmosis)

Ungulates Coxiella	burnetii	(Q	fever)

Hunting	(animal	and
insect	bites)

Yersinia	pestis	(plague),	Francisella	tularensis
(tularemia)

Infected	hides Anthrax

Travel	or	location

Southeast	Asia Pseudomonas	pseudomallei,	SARS	(coronavirus)

Southwestern	United
States

Coccidioides	immitis	(coccidioidomycosis)

Midwestern	United
States

H.	capsulatum	(histoplasmosis)

Prison	environment Mycobacterium	sp	(tuberculosis)

Poor	dental	hygiene Anaerobes

SARS,	severe	acute	respiratory	syndrome.

Nosocomial	Pneumonia
Both	 VAP	 and	 HAP	may	 be	 caused	 by	 a	 variety	 of	 gram-positive	 and	 gram-



negative	 bacteria,	 many	 of	 which	 are	 multidrug	 resistant	 (MDR).	 These
infections	may	be	polymicrobial	and	are	seen	more	often	in	patients	with	ARDS
than	in	other	ventilated	patients.100	Viral	or	fungal	pathogens	are	rarely	causative
in	 immunocompetent	 hosts.101	 Among	 patients	who	 have	 a	 prolonged	 hospital
stay,	 therapy	with	corticosteroids	or	antibiotics,	need	 for	 long-term	mechanical
ventilation,	 and	 in	 those	 with	 ARDS,	 the	 pathogen	 most	 likely	 to	 cause
pneumonia	 is	P.	aeruginosa,	but	 in	many	hospitals,	Acinetobacter	 is	 becoming
an	 increasing	 concern,	 along	 with	 carbapenem-resistant	 Enterobaceriaceae
(CRE)	and	Klebsiella.	Contamination	with	Legionella	sp	in	the	water	system	can
lead	 to	 infection,	 especially	 if	 patients	 are	 being	 treated	 with	 corticosteroids.
Another	 pathogen	 that	 should	 be	 considered	when	NP	 arises	 in	 the	 setting	 of
corticosteroid	therapy	for	COPD	is	Aspergillus	sp.102

In	 the	 National	 Nosocomial	 Infections	 Surveillance	 (NNIS)	 system—now
renamed	as	National	Healthcare	Safety	Network	(NHSN)—database	examining
changes	in	the	organisms	from	1986	to	2003,	gram-negative	aerobes	persisted	as
being	 the	most	 frequent	organisms	 in	HAP	 (65.9%),	with	 little	 change	 in	 their
distribution	over	this	period,	except	for	a	rise	in	the	proportion	of	Acinetobacter
from	1.5%	in	1975	to	6.9%	in	2003.103	The	Extended	Prevalence	of	Infection	in
Intensive	Care	 (EPIC-II)	 study,	 a	 point	 prevalence	 evaluation	 of	 infection	 and
the	etiologic	pathogens	in	ICUs	throughout	the	world	on	a	given	day	in	2007	and
among	 13,796	 patients,	 64%	 had	 respiratory	 tract	 infections,	 and	 among	 all
infections,	 gram	negatives	were	more	 common	 than	 gram	positives	 (62.2%	vs
46.8%).104	The	most	common	organisms	were	P.	aeruginosa	and	S.	aureus	 (half
of	 which	 was	 methicillin-resistant).	 Recently,	 the	 EPIC-III	 study	 including
15,000	ICU	patients	from	88	countries	published	similar	results	and	found	gram-
negative	 pathogens	 (67%),	 including	 Klebsiella	 species,	 Escherichia	 coli,
Pseudomonas	species,	Enterobacteriaceae,	Proteus,	Stenotrophomonas,	Serratia,
and	 Acinetobacter	 species	 were	 more	 common	 in	 ICU.105	 S.	 aureus,	 S.
pneumoniae,	and	Enterococcus	were	 the	most	common	gram	positives	 isolated
(37%),	 and	 Candida	 species	 and	 Aspergillus	 were	 the	 common	 fungal
microorganisms	isolated	(16%).105

Some	studies	have	compared	the	bacteriology	of	pneumonia	in	ventilated	and
nonventilated	 patients.	 In	 one	 study,	 investigators	 evaluated	NP	 over	 a	 3-year
period	 in	ventilated	(n	=	164)	and	nonventilated	patients	 (n	=	151),	 finding	no
significant	difference	in	the	relative	proportion	of	etiologic	pathogens	isolated	in
both	 the	 groups,	 except	 for	 S.	 pneumoniae,	 which	 was	 more	 common	 among
nonventilated	 ICU	 patients	 than	 VAP	 patients.106	 However,	 in	 another
prospective	 surveillance	study	comparing	327	episodes	of	VAP	 in	309	patients
with	 261	 episodes	 of	 HAP	 in	 247	 patients,	 the	 patients	 with	 VAP	 had	 more



episodes	 of	 gram-negative	 bacilli,	 compared	 to	 patients	 with	 HAP	 (59%	 vs
39.6%,	P	 <	 .001),	 and	HAP	patients	 had	 a	 higher	 incidence	of	S.	 pneumoniae
and	viruses.107	 Patients	with	HAP	 and	 progressive	 respiratory	 failure	 requiring
mechanical	 ventilation	 represent	 a	 severe	 subof	HAP,	 referred	 to	 as	 ventilated
HAP.	 In	 a	 post	 hoc	 analysis	 of	 the	 ASPECT-NP	 randomized,	 controlled	 trial,
investigators	 noted	 in	 comparison	 to	 VAP,	 the	 ventilated	 HAP	 patients	 were
more	 likely	 to	be	elderly,	have	SOFA	scores	>	7,	develop	 renal	 failure,	 stay	 in
the	 hospital	 for	more	 than	 5	 days,	 and	 have	 failed	 initial	 antibiotic	 therapy.108
Lower	 respiratory	 culture	 results	 in	 ventilated	 HAP	 patients	 showed	 gram-
negative	pathogens	to	be	common	and	included	ESBL-positive	Enterobacterales,
K.	 pneumoniae,	 P.	 aeruginosa,	 and	 Acinetobacter	 baumannii.	 The	 four	 most
important	 factors	 influencing	mortality	 in	 ventilated-HAP	patients	were	 use	 of
vasopressors,	 advanced	 age,	 initial	 bacteremia,	 and	 worse	 baseline	 arterial	 to
inspired	oxygen	ratio.108

HAP	 involving	 anaerobic	 organisms	may	 follow	 aspiration	 in	 nonintubated
patients	 but	 is	 rare	 in	 patients	with	VAP.63	Gram-negative	 organisms	 are	more
common	with	aspiration,	especially	in	the	health	care	environment,	including	the
nursing	home.85	Oropharyngeal	commensals	such	as	viridans	group	streptococci,
coagulase-negative	 staphylococci,	 Neisseria	 species,	 and	 Corynebacterium
species	 can	 produce	 infection	 in	 immunocompromised	 hosts	 and	 some
immunocompetent	 patients.	 The	 identity	 of	 specific	 MDR	 pathogens	 causing
HAP	 varies	 from	 one	 ICU	 to	 another,	 and	 depends	 on	 the	 patient	 population
treated	and	the	degree	of	prior	antibiotic	exposure,	but	the	dominant	organisms
change	 over	 time.63,103	 Risk	 factors	 for	 infection	 with	 MDR	 pathogens	 are
summarized	in	Table	181.3.

CLINICAL	FEATURES	OF	PNEUMONIA

General	Features	of	Community-Acquired	Pneumonia
The	 signs	 and	 symptoms	 of	 pneumonia	 depend	 on	 both	 host	 and	 bacterial
factors,	and	in	the	past,	the	presentation	was	classified	as	being	either	“typical”
or	“atypical,”	but	data	have	 shown	 that	 this	approach	 is	not	clinically	useful.14
The	common	clinical	features	of	CAP	include	fever,	cough,	sputum	production,
dyspnea,	 and	 occasionally	 pleuritic	 chest	 pain.	Gastrointestinal	 symptoms	 that
may	 be	 seen	 include	 nausea,	 vomiting,	 and	 diarrhea,	 which	 were	 regarded
previously	as	“atypical	features.”	Because	many	of	the	symptoms	of	pneumonia



result	 from	the	host	 inflammatory	response,	patients	who	have	altered	 immune
function	have	less	dramatic	symptoms.	Thus,	those	with	advanced	age,	chronic
lung	disease,	cardiac	disease,	renal	failure,	diabetes,	immunosuppressive	therapy,
and	other	chronic	 illnesses	have	not	only	an	 increased	 incidence	of	pneumonia
but	 also	 a	 less	 distinct	 and	 subtler	 clinical	 presentation.	 In	 the	 elderly	 patient,
pneumonia	can	have	a	nonrespiratory	presentation	with	symptoms	of	confusion,
falling,	 failure	 to	 thrive,	 altered	 functional	 capacity,	 or	 deterioration	 of	 a
preexisting	medical	illness,	such	as	CHF.

General	Features	of	Nosocomial	Pneumonia
One	 of	 the	 major	 controversies	 in	 critical	 care	 medicine	 is	 how	 to	 determine
when	 HAP	 (particularly	 VAP)	 is	 present.	 On	 clinical	 grounds	 alone,	 the
diagnosis	is	imprecise	and	in	the	presence	of	diseases	such	as	ARDS,	atelectasis,
pulmonary	embolism,	lung	contusion,	and	CHF,	all	of	which	may	be	associated
with	lung	infiltrates,	pneumonia	may	be	overlooked,	or	these	processes	may	be
incorrectly	 diagnosed	 as	 lung	 infection.	 In	 addition,	 the	 elderly	 and
immunosuppressed	may	have	few	clinical	findings	when	pneumonia	develops	in
the	hospital.	Limited	sputum	production	due	to	impaired	immunologic	status	and
mobilization	of	 leukocytes	 compound	 the	difficulties	 in	 diagnosis.	Conversely,
those	on	a	mechanical	ventilator	with	VAT	may	have	purulent	sputum,	fever,	and
pathogens	 colonizing	 the	 sputum	 but	 not	 have	 invasive	 parenchymal	 lung
infection.

Fagon	et	 al,	 using	quantitative	 cultures	 collected	with	 a	protected	 specimen
brush	 (PSB)	 to	 define	 this	 infection	 in	 mechanically	 ventilated	 patients,	 have
reported	 that	 up	 to	 two-thirds	 of	 cases	 that	 are	 diagnosed	 based	 on	 clinical
criteria	alone	are	not	truly	pneumonia.109	Most	clinical	definitions	of	NP	require
the	patient	to	be	hospitalized	48	to	72	hours	before	the	onset	of	purulent	sputum,
leukocytosis,	 fever,	 and	 a	 new	 and	 persistent	 infiltrate.	 If	 these	 features	 exist
along	with	isolation	of	a	potential	pathogen	from	the	sputum,	then	this	organism
is	deemed	 to	be	 responsible	 for	 the	 infection.	The	 findings	of	a	positive	blood
culture	 or	 radiographic	 cavitation	 add	 to	 the	 likelihood	 of	 pneumonia	 being
present.	 Positive	 blood	 cultures	 in	 NP	 can	 support	 the	 diagnosis,	 but	 if	 the
organism	present	in	the	blood	culture	is	different	from	the	one	in	the	respiratory
tract,	 the	 bacteremia	may	 be	 secondary	 to	 an	 extrapulmonary	 infection.63	 One
approach	to	the	clinical	definition	of	VAP,	developed	by	Pugin	et	al,	has	been	to
use	a	scoring	system	that	weights	six	clinical	variables:	 fever,	white	blood	cell
count	 and	 differential,	 the	 presence	 of	 pathogens	 in	 the	 sputum,	 sputum
purulence,	radiographic	patterns,	and	oxygenation	changes.110	When	this	Clinical



Pulmonary	 Infection	Score	 (CPIS)	 has	 been	 used,	 the	 clinical	 and	 quantitative
bacteriologic	definitions	of	pneumonia	have	correlated	very	well.

The	 Centers	 for	 Disease	 Control	 and	 Prevention	 (CDC)	 surveillance
definition	of	VAP	is	subject	to	significant	interobserver	variability.	Klompas	and
associates	 developed	 a	 simplified	 streamlined	 surveillance	 definition	 of	 VAP
excluding	the	criteria	of	delirium	and	rales,	and	defined	worsening	oxygenation
as	at	least	2	days	of	stable	or	decreasing	daily	minimum	PEEP,	followed	by	an
increase	of	at	least	2.5	cm	H2O	of	PEEP	for	more	than	2	days;	or	at	least	2	days
of	 stable	 or	 decreasing	 fraction	 of	 inspired	 oxygen	 (FiO2),	 followed	 by	 an
increase	 of	 at	 least	 0.15	 in	 FiO2	 sustained	 over	 2	 days.111	 Compared	 to	 the
conventional	definition,	 the	streamlined	definition	 identified	patients	with	VAP
faster	(3.5	vs	39	min	per	patient)	and	more	objectively,	with	no	major	difference
in	 hospital	 mortality,	 ICU	 length	 of	 stay,	 and	 ventilator	 days	 between	 those
identified	by	the	two	definitions.	More	recently,	hospitals	have	begun	to	look	at	a
new	condition,	ventilator-associated	complications	 (VAC),	which	 relies	heavily
on	changes	in	oxygenation	and	is	related	to	pneumonia	but	includes	a	number	of
other	illnesses,	as	discussed	later.

2 	The	use	of	biomarkers,	both	in	the	serum	and	in	the	respiratory	secretions,
may	help	 in	making	 this	difficult	diagnosis.	 In	patients	with	VAP,	studies	have
used	PCT,	C-reactive	protein,	soluble	triggering	receptors	expressed	on	myeloid
1	(STREM),	and	IL-6,	among	others.112-114	Ramirez	and	colleagues	found	that	a
combination	 of	 CPIS	 of	 at	 least	 6	 points	 and	 serum	 PCT	 levels	 of	 at	 least
2.99	 ng/mL	 had	 100	 %	 specificity	 and	 negative	 predictive	 value	 of	 92	 %
(AUC	=	0.961)	for	the	diagnosis	of	VAP.115	 In	another	prospective	study,	serial
PCT	 measurements	 on	 days	 1,	 3,	 and	 7	 were	 significantly	 higher	 in
microbiologically	 proven	VAP	 patients	who	 had	 an	 unfavorable	 outcome	 than
those	 with	 a	 favorable	 outcome,	 while	 serial	 CPIS	 values	 were	 less
discriminatory.116	 The	 2016	 NP	 guidelines	 recommend	 using	 clinical	 criteria
alone	instead	of	PCT	plus	clinical	criteria	in	determination	of	decision	to	start	or
withhold	 antibiotics	 in	 HAP/VAP.6	 The	 difficulty	 to	 accurately	 diagnose	 NP,
especially	VAP	in	the	absence	of	a	gold	standard	test,	is	a	concern,	and	clinicians
often	start	broad-spectrum	antibiotics	based	on	clinical	judgment.

DIAGNOSTIC	APPROACH	TO	THE	PATIENT
WITH	SEVERE	PNEUMONIA
Once	severe	pneumonia	has	been	identified,	the	patient	should	be	categorized	by



place	of	origin	of	infection,	defining	the	illness	as	CAP	or	HAP	(including	VAP).
Then	 the	 immune	 competence	 of	 the	 patient,	 the	 types	 of	 comorbid	 diseases
present,	 and	 the	 existence	 of	 risk	 factors	 for	 specific	 pathogens	 should	 be
defined	to	identify	the	most	likely	etiologic	pathogens.	Historical	data,	physical
examination,	and	laboratory	findings	pertinent	to	diagnoses	will	also	be	helpful
in	 determining	which	 etiologic	 agent	 is	 responsible	 and	what	 specific	 therapy
should	 be	 instituted	 (see	 Tables	 181.4	 and	 181.5).	 For	 example,	 contact	 with
animals,	 especially	 birds,	 rats,	 and	 rabbits,	 can	 suggest	 the	 diagnosis	 of
psittacosis,	plague,	and	tularemia,	respectively.

Historical	Information
The	history	can	be	used	to	determine	if	the	patient	has	pneumonia	as	the	cause	of
his	or	her	acute	illness,	recognizing	that	certain	populations,	such	as	the	elderly,
may	have	an	altered,	nonclassical	presentation.	In	the	elderly	and	compromised
host,	 the	 infection	 may	 be	 heralded	 only	 by	 lethargy	 and	 confusion.86	 In	 the
compromised	 host	 with	 malignancy	 or	 immunosuppressive	 therapy,	 the
presentation	 may	 be	 so	 stunted	 that	 pneumonia	 may	 be	 discovered	 only	 at
autopsy.

Hemoptysis	is	an	important	historical	feature,	since	it	implies	tissue	necrosis
and	 is	most	common	with	pyogenic	 streptococcal	pneumonia	 (groups	A	 to	D),
anaerobic	 lung	 abscess,	 S.	 aureus,	 necrotizing	 gram-negative	 organisms,	 and
invasive	 aspergillosis.	 Microaspiration	 of	 anaerobic	 organisms	 leading	 to
pneumonia	is	more	likely	with	a	history	of	preexisting	severe	periodontal	disease
or	 with	 a	 history	 of	 seizure	 disorder,	 altered	 consciousness,	 or	 esophageal
obstructive	 disease.	 Extrapulmonary	 symptoms	 may	 give	 clues	 to	 specific
etiologic	agents,	with	diarrhea	and	abdominal	discomfort	being	seen	in	patients
with	Legionella	sp	and	otitis	media	and	pharyngitis	with	M.	pneumoniae	(Table
181.6).

TABLE	181.6

Extrapulmonary	Findings	in	Pneumonia

Findings Organisms

Dermatologic	findings



Herpes	labialis Streptococcus	pneumoniae

Erythema	multiforme Mycoplasma	sp,	Chlamydophila	psittaci

Erythema	nodosum Mycobacterium	tuberculosis,	Coccidioides
immitis

Histoplasma	capsulatum

Skin	nodules Nocardia	sp

Aspergillus	sp

Coccidioides	immitis

Blastomyces	sp

Pharyngitis,	bullous
myringitis

Mycoplasma	sp

Splenomegaly Francisella	tularensis

C.	psittaci

Coxiella	burnetii	(Q	fever)

Pleural	effusion Haemophilus	influenzae

S.	pneumoniae

Pyogenic	streptococci

Aspergillus	sp

Francisella	tularensis

In	 the	 patient	with	NP,	 the	 history	 should	 focus	 on	whether	 the	 patient	 has
recently	 received	 antibiotics	 and	how	 long	 the	patient	 has	been	 in	 the	hospital
prior	 to	 the	 onset	 of	 infection.	 Both	 are	 risk	 factors	 for	 infection	 with	 MDR
gram-positive	 and	 gram-negative	 bacteria.	 In	 addition,	 the	 specific	 antibiotics
used	 in	 the	 past	 2	weeks	 should	 be	 recorded,	 since	 the	 pathogens	 causing	 the
current	infection	are	likely	to	be	resistant	to	those	agents.	Other	risk	factors	for
MDR	pathogens	that	can	be	present	in	those	with	HAP	include	hospitalization	in
the	 past	 90	 days,	 poor	 functional	 status,	 and	 immunosuppressive	 therapy



(including	corticosteroid	use).

Physical	Examination
The	physical	examination	is	valuable	for	suggesting	the	presence	of	pneumonia
and	 in	 grading	 its	 severity.	 Tachypnea	 (>20	 breaths	 per	 minute)	 may	 be	 the
earliest	sign	of	pneumonia	in	the	elderly,	and	findings	of	consolidation	are	more
specific	 for	pneumonia	 than	crackles,	especially	 in	 the	 ICU.117	 In	patients	with
CAP,	 an	 admission	 respiratory	 rate	 greater	 than	 30	 breaths	 per	 minute	 is	 an
important	 negative	 prognostic	 feature,	 and	 in	 some	 studies	mortality	 increases
dramatically	when	respiratory	rate	exceeds	this	level.118	Signs	of	pleural	effusion
are	 particularly	 common	 in	 H.	 influenzae,	 pneumococcal,	 streptococcal,	 and
Aspergillus	 pneumonia,	 where	 pleural	 friction	 rubs	 may	 be	 detected.	 Pleural
involvement	 can	 be	 seen,	 although	 less	 often,	 in	 Legionella	 and	Mycoplasma
pneumonia.	 Relative	 bradycardia	 is	 a	 frequent	 finding	 in	 many	 pneumonias
caused	by	Mycoplasma,	Legionella,	and	Chlamydia	organisms.119

Dermatologic	manifestations	(erythema	nodosum,	erythema	multiforme,	and
skin	 nodules)	 may	 be	 observed	 with	 Mycoplasma,	 fungal,	 Nocardia,	 and
tuberculous	infections.	Horder	spots	(pale	macular	rash),	long	considered	part	of
the	 presentation	 of	 psittacosis,	 should	 lead	 the	 clinician	 to	 look	 for	 other
evidence	 of	 this	 infection.	 Ecthyma	 gangrenosum,	 an	 indurated,	 round	 skin
lesion	with	a	central	dark	area	surrounded	by	erythema,	is	characteristic	of	gram-
negative	 septicemia,	 especially	 with	 P.	 aeruginosa.	 Central	 nervous	 system
abnormalities	can	be	found	in	infections	with	pneumococcus,	M.	tuberculosis,	H.
influenzae,	gram-negative	organisms,	cryptococci,	Aspergillus	sp,	Legionella	sp,
Toxoplasma	 gondii,	 varicella	 zoster,	 and	 cytomegalovirus	 (CMV).	 Other
physical	findings	that	narrow	the	differential	diagnosis	include	splenomegaly	in
the	case	of	psittacosis	and	tularemia,	herpes	labialis	in	pneumococcal	infection,
bullous	 myringitis	 with	M.	 pneumoniae	 infection,	 and	 lymphadenopathy	 with
tularemia.	 The	 predictive	 value	 of	 many	 of	 these	 observations	 has	 not	 been
evaluated	rigorously	(Table	181.6).

Routine	Diagnostic	Testing
3 	 The	 updated	 guidelines	 for	 CAP	 recommend	 a	 relatively	 streamlined
evaluation,	 including	 obtaining	 sputum	 examination	 and	 blood	 culture	 in	 all
patients	with	severe	disease,	and	in	hospitalized	patients	with	risk	factors,	being
empirically	 treated	 for	MRSA	or	P.	aeruginosa.5	Routine	 testing	 such	 as	 chest



radiograph,	 routine	 blood	 chemistries	 and	 blood	 counts,	 assessment	 of
oxygenation	 (oximetry	or	blood	gas),	 and	a	clinical	evaluation	 is	performed	 to
evaluate	severity.	Although	 the	 routine	use	of	sputum	culture	or	Gram	stain	of
sputum	is	not	recommended,	these	tests	should	be	done	in	critically	ill	patients	to
identify	unusual	or	drug-resistant	organisms.	If	a	sputum	sample	 is	obtained,	 it
should	 be	 prior	 to	 therapy,	 rapidly	 transported	 to	 the	 lab,	 and	 of	 good	 quality
with	little	evidence	of	oral	contamination.	For	the	critically	ill,	intubated	patients
should	 have	 an	 endotracheal	 aspirate	 sent	 for	 culture,	 and	 Legionella	 and
pneumococcal	urinary	antigen	testing	should	be	considered.	The	routine	use	of
serologic	testing	is	not	encouraged.5	The	impact	of	diagnostic	testing	in	patients
with	severe	CAP	remains	uncertain,	and	several	studies	have	shown	that	even	if
the	etiologic	diagnosis	is	known,	outcome	may	not	be	affected,	whereas	the	use
of	 early	 and	 effective	 empiric	 therapy	 has	 been	 associated	 with	 an	 improved
outcome.14,56	 However,	 Rello	 et	 al	 have	 shown	 that	 knowing	 the	 etiologic
pathogen	can	help	to	focus	and	simplify	treatment	in	nearly	one	third	of	cases	of
severe	CAP.119

Most	routine	laboratory	results	are	not	specific	for	individual	pathogens,	and
the	 focus	 of	 diagnostic	 testing	 is	 to	 assess	 disease	 severity.	Extremes	 of	white
blood	cell	count	(<4000	or	>30,000/μL)	may	indicate	overwhelming	sepsis	and
may	 be	 a	 poor	 prognostic	 finding.14	 Elevated	 liver	 function	 tests	 are	 not	 a
specific	finding	but	can	be	seen	in	a	variety	of	viral	and	bacterial	pneumonias,
including	those	associated	with	Legionella	sp,	M.	tuberculosis,	Mycoplasma	 sp,
Q	 fever,	 tularemia,	 and	 psittacosis,	 as	 well	 as	 in	 pneumococcal	 infection.
Similarly,	 electrolyte	 disturbances,	 including	 hypophosphatemia	 and
hyponatremia,	are	not	predictive	of	a	specific	pathogen	in	the	individual	patient
with	pneumonia,	but	hyponatremia	(<130	mEq	per	L)	on	admission	may	predict
a	poor	outcome.120

Serology,	Urinary	Antigen,	and	PCR	Testing
As	mentioned,	routine	serologic	testing	is	not	recommended	because	results	are
rarely	positive	 at	 the	 time	of	 presentation	 (ie,	 convalescent	 serologic	 testing	 is
usually	needed),	and	even	if	positive,	results	are	usually	not	available	during	the
first	 24	 to	 48	 hours	 of	 critical	 illness.5	 Serologic	 responses	 are	 useful	 for
retrospective	 epidemiologic	 purposes	 to	 document	 viral	 and	 so-called	 atypical
pathogen	 infection	 and	 may	 be	 useful	 if	 the	 patient	 is	 not	 responding	 to
appropriate	 empiric	 therapy	 (discussed	 later).	 Many	 patients	 with	 CAP	 have
serologic	evidence	for	recent	atypical	pathogen	infection,	but	in	the	setting	of	an
illness	like	Legionella	pneumonia,	convalescent	titers	are	essential	and	less	than



10%	 of	 those	with	 acute	 illness	 have	 a	 positive	 serologic	 result.	 To	make	 the
diagnosis	 of	 Legionella	 pneumonia	 acutely,	 urinary	 antigen	 testing	 has	 the
highest	yield	(approximately	50%),	but	is	specific	for	serogroup	I	infection.5	The
direct	immunofluorescent	stain	of	sputum	for	L.	pneumophila	has	a	sensitivity	of
between	25	and	50%	and	a	specificity	of	more	than	90%	for	this	organism.	The
urinary	 antigen	 for	 the	 detection	 of	 pneumococcal	 pneumonia	 has	 also	 been
described	for	patients	with	severe	disease,	asplenia,	liver	disease,	alcoholism,	or
leukopenia.	 Rapid	 diagnostic	 antigenic	 and	 molecular	 methods	 to	 identify
bacterial	and	viral	nucleic	acids,	are	being	introduced	into	clinical	practice,	but
the	 exact	 role	 of	 these	 tests	 is	 still	 being	 defined.	 Genetic	 probes	 for	 specific
viral	DNA	and	RNA	are	available	for	COVID-19,	CMV,	varicella	zoster,	herpes
simplex,	influenza	virus,	and	adenovirus.

Chest	Radiographic	Interpretation
The	chest	radiograph	is	essential	for	the	diagnosis	of	pneumonia	in	the	critically
ill	patient	 (Table	181.7),	and	 the	use	of	pattern	 reading	can	help	 to	narrow	 the
differential	diagnosis	of	CAP	and	HAP,	particularly	when	used	 in	concert	with
other	 available	 information.	 For	 example,	 the	 rapid	 development	 of	 a	 diffuse
alveolar	 pattern	 frequently	 implies	 a	 hematogenously	 disseminated	 infection
such	 as	 varicella	 or	 CMV,	 or	 the	 development	 of	 ARDS	 as	 a	 pneumonic
complication.	 Hyperinflation	 is	 characteristic	 of	 respiratory	 syncytial	 virus
pneumonia.	 A	 more	 subacute	 presentation	 of	 diffuse	 alveolar	 infiltrates	 may
represent	 hematogenous	 dissemination	 of	 tuberculosis.	 P.	 jirovecii	 must	 be
considered	in	the	setting	of	a	diffuse	alveolar	or	reticulonodular	pattern	in	groups
at	risk	for	HIV	infection.	Noninfectious	causes	of	pulmonary	infiltrates	such	as
heart	 failure,	 bronchiolitis	 obliterans	 and	 cryptogenic	 organizing	 pneumonia,
drug	toxicity,	and	lymphangitic	carcinomatosis	can	also	frequently	present	in	this
fashion.	 Focal	 infiltrates	 (ie,	 confined	 to	 single	 segments	 or	 lobes)	 are	 most
likely	 to	 represent	 bacterial	 pneumonia	 related	 to	 microaspiration	 into	 a
particular	area	of	the	lung.

TABLE	181.7

Radiographic	Patterns	in	Diagnosis	of	Pneumonia

Diffuse	Infiltrates



Acute Chronic

Pneumocystis	jirovecii	pneumonia Tuberculosis	(typical
or	atypical)

Viral Fungi

Cardiogenic	edema Radiation	injury

Drug	reaction Drug	reaction

Alveolar	hemorrhage Lymphangitic	cancer

Focal	Infiltrates

Acute Chronic Cavitation

Streptococcus	pneumoniae Fungi Fungi/Nocardia
sp

Staphylococcus	aureus Tuberculosis Anaerobes

Legionella	sp Malignancy Gram-negative
bacilli

Gram-negative	bacilli S.	aureus

Lung	infarction Tuberculosis

Bronchiolitis	obliterans	and
organizing	pneumonia

Malignancy

GPA

Acute	bacterial	pneumonias	generally	progress	more	rapidly	(hours	 to	days)
than	fungal	or	mycobacterial	infections	(days	to	weeks).	Pleural	effusions	occur
commonly	 in	 H.	 influenzae	 pneumonia	 (>50%)	 and	 pneumococcal	 infection
(25%)	but	can	also	be	 seen	 in	patients	with	group	A	streptococcal	pneumonia.
Cavitation	can	occur	 in	both	 infectious	and	noninfectious	 lung	disease,	but	 the
finding	 of	 multiple	 cavitary	 nodules	 suggests	 septic	 embolization	 from	 right-
sided	 endocarditis.	 Rapid	 cavitation	 is	 also	 common	 in	 gram-negative	 and
staphylococcal	pneumonias,	whereas	a	subacute	course	with	cavitation	suggests
anaerobic	 or	 mycobacterial	 infection.	 Cavitations	 and	 necrotizing	 pneumonia



that	 can	 be	 present	 in	 CA-MRSA	 pneumonia	 are	 often	 used	 to	 prompt	 initial
empirical	 antibiotic	 treatment.	 Occasionally,	 ventilator-associated	 bacterial
pneumonia	 can	 progress	 rapidly	 and	 fatally,	 emphasizing	 the	 need	 for	 timely
recognition	and	therapy.	Chronic	cavitation	(weeks	to	months)	is	more	likely	due
to	 a	 noninfectious	 problem,	 such	 as	 carcinoma,	 lymphoma,	 or	Granulomatosis
with	polyangiitis	(GPA),	especially	in	the	absence	of	the	systemic	signs	of	acute
infection.

The	 limitation	 of	 the	 chest	 radiograph	 in	 the	 critically	 ill	 patient	 is
considerable,	especially	 for	 the	detection	of	VAP,	when	 the	clinician	must	 rely
on	a	portable	film,	which	may	not	show	findings	very	clearly.	Also,	in	the	ICU,
coexisting	and	preexisting	lung	disease	may	obscure	the	findings	of	pneumonia.
Chest	 radiographs	 are	 of	 limited	 value	 in	 predicting	 the	 causative	 pathogen	 in
CAP	 but	 are	 useful	 in	 determining	 the	 extent	 of	 pneumonia	 and	 detecting
complications	such	as	parapneumonic	effusion.121	Computed	 tomographic	 (CT)
scan	 of	 the	 chest	 generally	 has	 a	 higher	 sensitivity	 in	 diagnosing	 occult
pneumonia,	with	an	initially	negative	chest	radiograph.122

Sputum	Examination	and	Evaluation	of	Other	Respiratory
Secretions
Although	 Gram	 stain	 of	 the	 sputum	 has	 been	 the	 traditional	 first	 step	 in	 the
evaluation	 of	 patients	 with	 suspected	 pneumonia,	 this	 is	 problematic	 in	 the
critically	 ill	 patient	 who	 is	 not	 intubated	 and	 may	 be	 unable	 to	 expectorate.
When	 a	 specimen	 is	 obtained,	 interpretation	 depends	 on	 the	 quality	 of	 the
sample	 and	 on	 the	 criteria	 used	 to	 define	 a	 “positive”	 sample.	 Although	 no
studies	 correlate	 Gram	 stain	 findings	 to	 alveolar	 cultures	 in	 patients	 with
pneumonia,	the	goal	is	to	evaluate	respiratory	secretions	from	deep	in	the	lower
airway,	and	such	a	specimen	from	a	nonintubated	patient	should	have	more	than
25	polymorphonuclear	cells	and	less	than	10	epithelial	cells	per	low-power	field.
When	such	criteria	are	met	and	intracellular	organisms	are	identified,	a	bacterial
density	above	105	colony-forming	units	(CFUs)	per	mL	of	secretions	is	usually
present.14	In	addition	to	not	always	being	able	to	distinguish	airway	colonization
from	pneumonia,	the	sputum	Gram	stain	may	be	falsely	negative	up	to	50%	of
the	 time	compared	with	blood	cultures.	Some	 findings	 in	 sputum	may	 suggest
specific	 etiologies.	 For	 example,	 an	 inflammatory	 Gram	 stain
(polymorphonuclear	cells)	without	organisms	in	a	patient	with	severe	pneumonia
is	 presumptive	 evidence	 of	 an	 atypical	 (Legionella	 or	Mycoplasma)	 or	 viral
cause.	 Gram	 stain	may	 be	 best	 used	 to	 broaden	 initial	 empiric	 therapy,	 rather



than	to	narrow	it,	especially	if	an	unusual	pathogen	that	is	not	routinely	treated	is
thought	to	be	present.	For	example,	the	finding	of	gram-positive	cocci	in	clusters
in	a	patient	with	influenza	would	lead	to	empiric	therapy	for	S.	aureus.	The	use
of	 special	 stains	 for	 tuberculosis	 and	 silver	 or	Giemsa	 staining	 for	P.	 jirovecii
may	 provide	 definitive	 evidence	 for	 these	 organisms.	 With	 the	 use	 of	 rapid
point-of-care	diagnostic	tests	for	influenza	virus,	treatment	and	chemoprevention
can	be	offered.	Rapid	influenza	testing	can	sometimes	differentiate	influenza	A
from	influenza	B	and	this	can	guide	treatment	decision.	Other	diseases	caused	by
agents	of	bioterrorism	and	endemic	diseases	can	be	identified	by	examination	of
respiratory	secretions.

Culture
A	definitive	etiologic	diagnosis	of	pneumonia	can	be	made	if	cultures	of	blood,
pleural	fluid,	or	spinal	fluid	are	positive	in	the	presence	of	a	lung	infiltrate	and	a
compatible	 clinical	 picture.	 Bacteremia	 is	 uncommon	 in	 most	 pneumonias,
occurring	 in	 less	 than	 15%	 of	 patients	 with	 CAP,	 in	 20%	 of	 pneumococcal
infections,	 and	 in	 only	 8%	 to	 15%	 of	 NPs.123	 In	 CAP,	 initial	 PCT	 levels	 on
admission	may	predict	risk	for	bacteremia,	with	levels	of	<0.25	mg/L	identifying
patients	 at	 very	 low	 risk	 for	bacteremic	 episodes.124	 In	 a	 study	 including	 3786
patients	from	2	large	prospective	studies,	predictors	of	bacteremia	in	CAP	were
found	 to	 be	 younger	 age,	 high	C-reactive	 protein,	 leukocytosis	 or	 leukopenia,
low	platelet	count,	low	sodium	level,	elevated	urea	and	elevated	arterial	pH.125	In
NP,	 the	 presence	 of	 bacteremia	 may	 imply	 an	 extrapulmonary	 infection,
especially	if	the	organism	present	in	the	blood	culture	is	different	from	the	one	in
the	respiratory	tract.	Blood	cultures	are	indicated	in	all	patients	admitted	to	the
ICU	with	a	diagnosis	of	pneumonia	but	are	most	valuable	 if	 collected	prior	 to
antibiotic	 therapy.	 In	 patients	 without	 severe	 illness,	 the	 yield	 is	 lower,	 and
findings	 can	 be	 misleading	 (false-positive	 rate	 may	 exceed	 the	 true	 positive
rate).126

Sputum	 cultures	 can	 be	 difficult	 to	 interpret	 because	 of	 the	 problem	 in
separating	 infection	 from	 colonization	 in	 the	 critically	 ill.	 In	 a	 study	 of
bacteremic	 NP,	 sputum	 culture	 yielded	 both	 false-positive	 and	 false-negative
findings	compared	with	blood	cultures,	with	only	49%	of	 the	cases	having	 the
same	organism	recovered	from	both	blood	and	sputum.123	 In	 intubated	patients,
colonization	is	present	after	several	days,	so	the	culture	should	be	interpreted	in
the	 clinical	 context	 of	 the	 patient,	 and	 a	 sample	 should	 not	 be	 cultured	 in	 the
absence	of	clinical	signs	of	infection.	Viruses	may	be	cultured	from	respiratory
secretions,	but	 this	procedure	may	 take	up	 to	20	days,	depending	on	 the	virus.



Thus,	 cytologic	 evidence	of	 viral	 infection	 that	 can	be	 recognized	 sooner	may
provide	helpful	 information.	For	 example,	 inclusion	bodies	 and	multinucleated
giant	cells	are	suggestive	of	CMV	or	herpesvirus	infection.

Invasive	Diagnostic	Sampling	and	Quantitative	Cultures
Invasive	diagnostic	 sampling	with	 corresponding	values	of	quantitative	 culture
includes	bronchoalveolar	lavage	[BAL]	with	>104	CFU/mL,	PSB	>103	CFU/mL,
and	blind	bronchial	sampling	(mini-BAL).	The	2016	NP	guidelines	recommend
noninvasive	 sampling	 with	 semiquantitative	 cultures	 to	 diagnose	 VAP,	 rather
than	 invasive	 sampling	 with	 quantitative	 cultures.6	 If	 invasive	 samples	 are
performed	 and	 the	 diagnostic	 threshold	 is	 not	 reached,	 the	 guidelines
recommend	withholding	antibiotics.6

4 	Because	of	the	inherent	problems	distinguishing	colonizing	from	infecting
pathogens	 in	 samples	 of	 lower	 respiratory	 tract	 secretions,	 investigators	 have
advocated	 for	 the	 collection	 of	 deep	 respiratory	 secretions	 through	 invasive
(bronchoscopic)	 or	 semi-invasive	 (catheter-lavage)	 means,	 combined	 with
analysis	of	 the	 results	using	quantitative	 cultures.	Bronchoscopic	 sampling	has
been	used	in	the	critically	ill,	particularly	in	those	who	are	immunosuppressed	or
who	already	have	an	endotracheal	tube	in	place,	such	as	patients	with	VAP	and
severe	CAP.	Cultures	are	obtained	by	using	the	bronchoscopically	directed	PSB,
or	 BAL,	 and	 the	 samples	 cultured	 quantitatively.	 When	 PSB	 samples	 are
cultured	quantitatively,	patients	with	NP	will	have	greater	than	103	organisms	per
mL	of	 respiratory	 secretions.	When	BAL	 is	 used,	 a	 threshold	 concentration	 of
104	 to	 105	 organisms	 per	mL	 is	 used	 to	 define	 pneumonia.63	 In	 some	 studies,
lower	airway	cells	recovered	by	lavage	have	been	examined	for	the	presence	of
intracellular	organisms,	 and	 the	 finding	of	more	 than	5%	 to	25%	of	 cells	with
intracellular	 bacteria	 may	 predict	 the	 diagnosis	 of	 pneumonia,	 confirmed	 by
PSB.	Although	the	role	of	bronchoscopy	in	patients	with	suspected	VAP	is	still
controversial,	 most	 investigators	 agree	 that	 BAL	 is	 valuable	 in	 establishing	 a
nonbacterial	 cause	 of	 infection,	 especially	 in	 the	 immunocompromised	host	 or
the	 patient	 with	 HIV	 infection,	 where	 it	 can	 reliably	 diagnose	 P.	 jirovecii
pneumonia	and	CMV	infection.127

Quantitative	 cultures	 have	 been	 proposed	 as	 the	 most	 accurate	 way	 to
establish	the	presence	of	VAP	and	to	define	the	etiologic	pathogen.	Although	the
clinical	 diagnosis	 of	 VAP	 has	 been	 much	 maligned,	 it	 may	 be	 very	 accurate,
particularly	 if	 it	 is	objectively	defined	by	calculating	 the	CPIS	and	if	 the	score
incorporates	a	Gram	stain	of	a	lower	respiratory	tract	sample.128	Once	the	clinical
diagnosis	of	VAP	is	made,	a	culture	is	needed	to	identify	the	etiologic	pathogen,



but	 this	 culture	 could	 be	 quantitative	 or	 semiquantitative	 (light,	 moderate,	 or
heavy	growth),	and	collected	as	an	endotracheal	aspirate	or	via	bronchoscopy	or
catheter	 lavage.	Studies	 of	 the	 impact	 of	 quantitative	 culture	methods	 on	VAP
outcome	 have	 been	 mixed,	 but	 a	 recent	 meta-analysis	 showed	 no	 effect	 on
mortality.129	Singh	et	al	used	clinical	diagnosis	and	management	with	the	CPIS
and	 showed	 that	 patients	with	 suspected	VAP	and	 a	 low	 score	 could	be	 safely
managed	with	a	short	course	of	antibiotics	and	that	these	patients	did	as	well	as
those	treated	with	standard	regimens.130

In	 a	 large	 multicenter	 trial,	 Heyland	 et	 al	 compared	 management	 of	 VAP
using	 cultures	 obtained	 via	 endotracheal	 aspirates	 with	 those	 obtained	 by
BAL.131	 They	 found	 no	 difference	 in	 mortality	 between	 the	 two	 groups,	 and
similar	 rates	 of	 adjusting	 antibiotic	 therapy	 after	 initial	 empiric	 management.
Unlike	 an	 earlier	 study,	 in	 this	 investigation,	 all	 patients	 initially	 received
antibiotic	 therapy,	 so	 cultures	 were	 used	 to	 adjust	 antibiotics	 but	 never	 to
withhold	 them.	One	of	 the	 limitations	 on	 the	 applications	 of	 these	 data	 is	 that
patients	 with	 known	 colonization	 with	 Pseudomonas	 sp	 and	 MRSA	 were
initially	 excluded	 from	 the	 study	 so	 that	 less	 than	 15%	 had	 MDR	 pathogen
pneumonia.	 A	 systemic	 review	 using	 Cochrane	 Database	 including	 five
randomized	 controlled	 trials	 (RCTs)	 with	 1367	 VAP	 patients,	 comparing
quantitative	microbiological	sample	to	qualitative	sampling,	found	no	difference
in	mortality,	ICU	length	of	stay,	or	higher	rates	of	antibiotic	change	between	the
two	groups.129

Fewer	studies	have	been	done	to	investigate	the	impact	of	quantitative	lower
respiratory	 secretion	 cultures	 in	 patients	 with	 severe	 CAP.	 Rello	 et	 al	 have
shown	 that	 information	 from	 bronchoscopic	 sampling	 can	 help	 to	 narrow	 and
focus	antibiotic	therapy	in	patients	with	severe	CAP.119	However,	in	patients	with
severe	CAP,	PSB	and	BAL	only	give	an	etiologic	diagnosis	in	one	quarter	to	one
third	 of	 all	 patients	 (which	 is	 less	 than	 with	 sputum	 or	 endotracheal	 aspirate
cultures),	but	in	this	group,	antibiotics	were	changed	in	nearly	75%.	Regardless
of	 which	 method	 is	 used,	 once	 pneumonia	 is	 suspected,	 therapy	 should	 be
prompt	 based	 on	 local	 prevalence	 of	 multidrug-resistant	 pathogens	 and	 not
delayed	for	the	purpose	of	collecting	a	diagnostic	sample,	especially	for	patients
who	are	clinically	unstable	or	septic	from	pneumonia.6

Percutaneous	 needle	 aspiration	 of	 the	 lung	 in	 an	 area	 of	 infiltrate	 has	 also
been	studied,	but	it	is	limited	by	a	high	incidence	of	false-negative	results	and	an
unacceptable	 complication	 rate,	 including	 pneumothorax	 in	 up	 to	 30%	 of
patients	 and	 a	 10%	 rate	 of	 hemoptysis.	 Although	 open	 lung	 biopsy	 is	 the
unequivocal	standard	for	the	diagnosis	of	infection,	it	has	been	applied	primarily
in	 the	 immunocompromised	 host	 with	 rapidly	 advancing,	 life-threatening



infections.	Aspergillus,	CMV,	herpes	simplex,	and	T.	gondii	 infections	are	more
readily	 diagnosed	 by	 open	 lung	 biopsy	 than	 by	 other	 described	 techniques.	 In
patients	 with	 CAP,	 open	 lung	 biopsy	 is	 rarely	 needed,	 and	 its	 potential	 for
demonstrating	 a	 treatable	 infection	 that	 will	 alter	 outcome	 is	 low,	 and	 similar
findings	 have	 been	 reported	 when	 it	 is	 used	 in	 patients	 with	 HAP132	 (Table
181.8).

TABLE	181.8

Diagnostic	Techniques	in	Pneumonia

Test Advantages Disadvantages

Expectorated
sputum	Gram
stain

Easy	to	perform;
rapidly	available;
inexpensive

High	false-positive	and	false-
negative	rates

Expectorated
sputum	culture

Easy	to	obtain High	false-positive	and	false-
negative	rates

Blood	culture High	specificity Low	sensitivity,	not	always	a
lung	source

Transtracheal
aspiration

Less	contamination
than	expectorated
sputum

High	false-positive	rates	in
colonized	patients;	bleeding;
impractical	to	do

Needle	aspiration
(percutaneous)

High	specificity;
useful	for	children	and
malignancy

High	risk	of	pneumothorax
especially	in	patients	with
chronic	obstructive	pulmonary
disease	and	in	ventilated
patients;	not	widely	done

Bronchoscopy
(protected	brush,
bronchoalveolar
lavage	[BAL])

Low	morbidity	and
mortality;	useful	in
ventilated	patients	and
for	nonbacteriologic
diagnosis	and	in
compromised	host

“Invasive”;	requires	special
training;	less	useful	if	patient
already	on	antibiotics;	a	wide
range	of	sensitivity;	may	bias
against	the	treatment	of	early
infection



Nonbronchoscopic
BAL

May	give	quantitative
culture	data	in
ventilated	patients;	can
be	done	any	time	of
the	day	by	respiratory
therapists	or
physicians

Variable	accuracy,	assumes
that	random	sampling	is
reflective	of	bacteriology
throughout	the	lung;	same
benefits/disadvantages	of
relying	on	other	quantitative
methods

Open	lung	biopsy Excellent	for
nonbacterial	diagnosis
and	in	compromised
host

Most	invasive;	critically	ill
may	not	be	able	to	undergo
procedure;	may	not	change
prognosis

Lung	Ultrasound
Bedside,	 noninvasive,	 real	 time	 echography	 of	 the	 lung	 is	 increasingly	 being
adopted	by	 intensivists	 for	diagnosing	pleural	and	pulmonary	diseases.	Various
patterns	with	B	and	M	mode	ultrasound	techniques,	including	“tissue	sign”	and
“dynamic	 airbronchograms,”	 are	 seen	 with	 pulmonary	 consolidation.	Multiple
studies	 have	 compared	 lung	 ultrasound	 (LUS)	 to	 chest	CT,	 and	 the	 sensitivity
and	 specificity	 ranges	 from	 90%	 to	 100%.133	 Reissig	 and	 associates,	 in	 a
prospective,	multicenter	study	including	362	patients	with	suspected	CAP,	found
LUS	to	have	a	sensitivity	of	93.4%	and	specificity	of	97.7%	compared	to	chest
radiography	 and	 chest	 CT.134	 In	 another	 study,	 investigators	 proposed	 a	 new
score	 for	 diagnosing	VAP	 using	 procalcitonin	 level	 and	 chest	 echography:	 the
Chest	Echography	and	Procalcitonin	Pulmonary	Infection	Score	(CEPPIS).135	In
that	study,	a	CEPPIS	>	5	performed	better	than	CPIS	>6	in	diagnosing	VAP	(OR,
23.78;	sensitivity,	80.5%;	specificity,	85.2%).135	LUS	is	operator	dependent,	but
a	meta-analysis	 of	 10	 studies	 with	 1172	 patients	 supports	 the	 use	 of	 LUS	 by
skilled	practitioners.136

Ventilator-Associated	Events
A	 CDC	 surveillance	 definition	 for	 ventilator-associated	 events	 (VAE)	 was
proposed,	 in	 order	 to	 “objectively”	 measure	 the	 complications	 related	 to
mechanical	ventilation,	as	an	alternative	to	looking	for	VAP,	which	as	discussed,
is	difficult	to	define.	VAE	is	recognized	by	assessing	for	worsening	oxygenation
(defined	 by	 ventilator	 settings	 and	 not	 by	 physiologic	 measurements)	 and



systemic	 signs	 of	 infection.137	 VAE	 includes	 VAC,	 infectious	 ventilator-
associated	complications	(IVAC),	and	probable,	as	well	as	possible	VAP	(Table
181.9).	Muscedere	 et	 al	 studied	 the	 clinical	 impact	 and	 preventability	 of	VAC
and	 IVAC,	 and	 the	 relationship	 to	 VAP,	 using	 prospectively	 collected	 data
including	1320	patients.138	They	 found	VAC	developed	 in	10.5	%	and	patients
who	had	VAC	were	more	likely	to	develop	VAP	than	those	who	did	not	(28.1	vs
9.2	 %,	 P	 <	 .001).	 However,	 only	 39	 of	 139	 with	 VAC	 had	 VAP,	 and	 most
patients	with	VAP	 did	 not	 have	VAC	 or	 IVAC.	When	 prevention	 efforts	were
undertaken,	 they	were	 able	 to	 reduce	 the	 incidence	 of	VAC	 and	VAP,	 but	 not
IVAC.	In	another	study,	patients	with	VAC	had	a	higher	ICU	length	of	stay	(22
vs	 11	 days),	 duration	 of	 mechanical	 ventilation	 (20	 vs	 5	 days),	 and	 use	 of
antibiotics	than	non-VAC	patients,	but	no	difference	in	overall	ICU	mortality.139
VAC	definitions	were	not	 specific	 for	VAP	and	 included	atelectasis	 in	16.3	%,
acute	 pulmonary	 edema	 in	 11.8	 %,	 and	 ARDS	 in	 6.5	 %.	 Thus,	 the	 VAC
definition	 identified	 sick	 patients,	 but	 not	 all	VAC	patients	 had	 pneumonia.	 In
another	 study	 only	 32%	 of	 patients	 with	 VAP	 identified	 by	 prospective
surveillance	were	detected	using	the	VAE	algorithm.140	Boudama	and	associates
analyzed	a	large	prospective	cohort	of	ventilated	patients,	and	found	significant
correlation	 between	VAP	 and	 IVAC	episodes.141	Although	 the	VAE	definitions
track	 episodes	of	 sustained	 respiratory	deterioration	 in	mechanically	 ventilated
patients	 after	 a	 period	 of	 stability	 or	 improvement,	 VAC	 and	 IVAC	 are	 not
always	VAP,	and	the	prevention	efforts	for	VAP	do	not	always	affect	VAC	and
IVAC	rates,	raising	doubt	about	the	utility	of	these	new	definitions	as	a	measure
of	the	quality	of	care	for	ventilated	patients.142

TABLE	181.9

CDC	Surveillance	Definition	for	Ventilator-Associated
Events

Ventilator-
Associated
Complication

At	least	one	of	the	following	indicators	of	worsening
oxygenation:

1.	 Minimum	daily	FiO2	values	increase	≥0.20	(20	points)
over	baseline	and	remains	at	or	above	that	increased
level	for	≥2	calendar	days.

2.	 Minimum	daily	PEEP	values	increase	≥3	cmH2O	over



baseline	and	remains	at	or	above	that	increased	level	for
≥2	calendar	days

Infection-
related
Ventilator-
Associated
Complication

Patient	has	VAC	and	also	fits	both	of	the	two	following
criteria:

1.	 Temperature	greater	than	38°C	or	WBC	greater	than
12,000	or	less	than	4000/μL

2.	 A	new	antimicrobial	agent	is	started	and	is	continued	for
4	or	more	calendar	days.

Possible	VAP On	or	after	calendar	day	3	of	mechanical	ventilation	and
within	2	calendar	days	before	or	after	the	onset	of	worsening
oxygenation,	one	of	the	following	criteria	is	met:

1.	 Purulent	respiratory	secretions	(defined	as	secretions
from	the	lungs,	bronchi,	or	trachea	that	contain	>25
neutrophils	and	<10	squamous	epithelial	cells	per	low
power	field	[LPF,	x100];	If	the	laboratory	reports
semiquantitative	results,	those	results	must	be
equivalent	to	the	aforementioned	quantitative
thresholds)

2.	 Positive	culture	(qualitative,	semiquantitative,	or
quantitative)	of	sputum,	endotracheal	aspirate,
bronchoalveolar	lavage,	lung	tissue,	or	protected
specimen	brushing

Probable
VAP

On	or	after	calendar	day	3	of	mechanical	ventilation	and
within	2	calendar	days	before	or	after	the	onset	of	worsening
oxygenation,	ONE	of	the	following	criteria	is	met:

1.	 Purulent	respiratory	secretions	(from	one	or	more
specimen	collections—and	defined	as	for	possible	VAP)
AND	one	of	the	following:	positive	culture	of
endotracheal	aspirate,	≥105	CFU/mL	or	equivalent
semiquantitative	result,	or	Positive	culture	of
bronchoalveolar	lavage,	≥104	CFU/mL	or	equivalent



semiquantitative	result,	or	positive	culture	of	lung
tissue,	≥104	CFU/mL	or	equivalent	semiquantitative
result,	or	positive	culture	of	protected	specimen	brush,
≥103	CFU/mL	or	equivalent	semiquantitative	result.

2.	 One	of	the	following	(without	requirement	for	purulent
respiratory	secretions):	positive	pleural	fluid	culture
(where	specimen	was	obtained	during	thoracentesis	or
initial	placement	of	chest	tube	and	NOT	from	an
indwelling	chest	tube),	or	positive	lung	histopathology,
or	positive	diagnostic	test	for	Legionella	spp,	or	positive
diagnostic	test	on	respiratory	secretions	for	influenza
virus,	respiratory	syncytial	virus,	adenovirus,
parainfluenza	virus.

CFU,	colony-forming	unit;	FiO2,	fraction	of	inspired	oxygen;	PEEP,	positive	end-expiratory
pressure;	VAC,	ventilator-associated	complications;	VAP,	ventilator-associated	pneumonia;	WBC,
white	blood	cell

Differential	Diagnosis
In	the	evaluation	of	a	patient	with	lung	infiltrates,	it	is	necessary	to	determine	(a)
if	pneumonia,	or	another	infiltrative	or	inflammatory	process,	is	responsible	for
the	 constellation	 of	 symptoms	 and	 signs	 being	 evaluated	 and	 (b)	 if	 it	 is
pneumonia,	what	is	the	etiologic	pathogen.	Since	the	features	of	pneumonia	are
nonspecific,	it	 is	necessary	to	consider	such	alternative	noninfectious	processes
such	 as	 aspiration	 with	 chemical	 pneumonitis,	 acute	 pulmonary	 embolism,
pulmonary	 infarction,	 pulmonary	 hemorrhage,	 ARDS,	 CHF,	 bronchiolitis
obliterans	 organizing	 pneumonia,	 radiation	 pneumonitis,	 bronchoalveolar
carcinoma,	 and	 atelectasis.	 An	 increasingly	 common	 problem	 is	 the
differentiation	 of	 acute	 infectious	 pneumonia	 from	 drug-induced	 pneumonitis
caused	 by	 agents	 such	 as	 amiodarone,	 bleomycin,	 busulfan,	 methotrexate	 and
newer	cancer	treatments,	including	immune	checkpoint	inhibitors.

Among	 immunocompromised	 patients,	 a	 new	 lung	 infiltrate	 may	 represent
infection,	 progression	of	 the	 underlying	primary	 disease,	 or	 drug-induced	 lung
disease.	 As	 in	 all	 patients,	 the	 nature	 of	 the	 immune	 impairment	 determines
which	pathogens	are	most	likely.	Although	P.	jirovecii	pneumonia	is	a	cause	of
rapidly	 progressive	 hypoxemic	 respiratory	 failure	 in	 the	 patient	 with	 HIV
infection,	a	similar	picture	may	be	seen	with	tuberculosis,	and	pneumococcus	is



also	a	common	 respiratory	pathogen	 in	 these	patients.143	Many	 have	 suggested
that	tuberculosis	is	poorly	recognized	in	the	intensive	care	setting	and	should	be
considered	 in	 patients	 with	 a	 history	 of	 inadequately	 treated	 tuberculosis	 or
radiographic	evidence	of	previous	infection.	The	use	of	corticosteroid	therapy	in
doses	more	 than	20	mg	per	 day	 increases	 the	 risk	of	 opportunistic	 fungi,	with
reports	 stressing	 the	 occurrence	 of	 invasive	 aspergillosis	 in	 patients	 receiving
high-dose	 steroid	 therapy	 for	 exacerbations	 of	 COPD.	 Patients	 with	 B-cell-
specific	problems	such	as	multiple	myeloma	are	particularly	prone	to	pneumonia
with	 encapsulated	 organisms,	 including	 pneumococcus	 and	 H.	 influenzae.	 A
similar	organism	profile	can	be	seen	in	the	splenectomized	patient	and	in	those
with	complement	defects.	Even	in	the	setting	of	established	pneumonia,	patients
may	 have	 a	 second	 infectious	 process	 such	 as	 extrapulmonary	 infection
(catheter-associated	bacteremia)	or	 complications	of	 antibiotic	 therapy,	 such	as
antibiotic-induced	colitis.

THERAPY

Supportive	Therapy
Supportive	therapy	for	pneumonia	in	the	critically	ill	is	crucial,	because	the	use
of	antibiotics	may	not	alter	outcome	during	the	first	24	to	72	hours	of	treatment.
Many	of	the	commonly	applied	measures	are	based	on	traditional	practice,	with
little	documentation	of	efficacy.

Nutritional	Support
Evidence	implicating	malnutrition	as	a	cofactor	in	pneumonia	is	substantial,	but
the	evidence	that	nutritional	intervention	alters	the	outcome	of	severe	pneumonia
is	 lacking.86	 Catabolic	 stress	may	 be	 expected	 in	 the	 sepsis	 syndrome	 and	 has
been	 related	 to	 progressive	multiorgan	 failure	 if	 the	 patient	 survives	 the	 acute
phase	of	critical	illness.	Among	critically	ill	patients,	there	is	no	difference	in	30-
day	 mortality	 between	 exclusive	 enteral	 and	 parenteral	 nutritional	 support.144
Enteral	 nutrition	 is	 preferred,	 if	 this	 can	 be	 practically	 accomplished,	 because
data	suggest	better	preservation	of	 immune	function	using	 this	 route	compared
with	total	parenteral	nutrition.145	When	enteral	 feedings	are	given,	a	small-bore
tube,	 preferably	 placed	 in	 the	 small	 bowel,	 should	 be	 used	 along	 with	 a
continuous	infusion	method	to	prevent	aspiration	and	to	optimize	the	delivery	of



calories.146	 All	 patients	 should	 be	 kept	 semierect	 and	 not	 supine	 as	 much	 as
possible,	 to	 reduce	 the	 risk	 of	 reflux	 and	 aspiration.74	 The	 optimal	 time	 for
initiating	enteral	feeding	has	not	been	determined.

Chest	Physiotherapy
There	 is	 little	 support	 for	 the	 routine	 application	 of	 chest	 physiotherapy	 in
patients	 who	 have	 an	 effective	 cough	 and	 scant	 amounts	 of	 respiratory
secretions.	Because	of	the	labor-intensive	nature	of	this	intervention,	techniques
such	 as	 percussion,	 vibration,	 and	 postural	 drainage	 should	 be	 specifically
targeted	at	patients	with	large	volumes	of	purulent	secretions	(>30	mL	per	day)
and	an	ineffective	cough.	In	patients	at	bed	rest	in	the	ICU,	the	use	of	positioning
and	rotation	may	be	helpful	in	clearing	secretions.	In	several	studies,	particularly
in	surgical	 trauma	patients,	 the	preventive	use	of	beds	 that	 rotate	patients	from
side	 to	 side,	 and	 presumably	 accelerate	mucus	 clearance,	 has	 led	 to	 a	 reduced
incidence	of	NP.147

Aerosols	and	Humidification
Humidification	 has	 been	 a	 traditional	 practice	 of	 respiratory	 therapy	 aimed	 at
reducing	 sputum	 viscosity	 and	 promoting	 mucociliary	 clearance.	 Because	 the
deposition	 of	 water	 vapor	 depends	 on	 particle	 size	 and	 the	 degree	 of	 airway
obstruction,	however,	it	is	likely	that	most	such	aerosols	are	deposited	above	the
glottis	 and	 act	 only	 to	 stimulate	 cough.	 Although	 mucolytic	 agents	 such	 as
acetylcysteine	 offer	 the	 theoretic	 benefit	 of	 reducing	 the	 viscosity	 of	 purulent
secretions,	 they	may	 act	 as	 irritants	 that	 can	 provoke	 bronchospasm,	 and	 thus
must	 be	 used	 selectively.	 Bronchodilator	 therapy	 with	 β2	 agonist	 agents	 can
enhance	mucociliary	clearance	and	ciliary	beat	frequency,	but	there	have	been	no
controlled	 trials	 that	 have	 demonstrated	 improved	 outcome	 with	 their	 use	 in
pneumonia,	in	the	absence	of	underlying	bronchospasm.	The	greatest	benefit	of
bronchodilator	 therapy	 may	 be	 expected	 in	 the	 patient	 with	 COPD	 in	 whom
pneumonia	develops.

Antibiotic	and	Other	Pharmacological	Therapy
In	 the	 critically	 ill	 patient,	 the	 timely	 initiation	 of	 appropriate	 antimicrobial
therapy	has	been	shown	to	improve	survival	for	patients	with	both	severe	CAP
and	VAP.58	Because	it	is	often	impossible	to	identify	a	specific	etiologic	agent	at



the	time	that	therapy	is	started,	initial	therapy	is	necessarily	empiric	but	can	be
modified	 and	 focused	 (de-escalated)	 once	 the	 results	 of	 diagnostic	 testing
become	 available.	 The	 ATS	 and	 IDSA	 have	 developed	 algorithms	 for	 initial
empiric	 therapy	 of	 severe	 pneumonia	 arising	 in	 both	 the	 community	 and	 the
hospital.5,6

Community-Acquired	Pneumonia
Because	the	use	of	clinical	syndromes	or	sputum	Gram	stain	to	guide	therapy	is
often	 inaccurate	and	not	 recommended;	 initial	 therapy	 is	empiric,	based	on	 the
likely	etiologic	pathogens.	For	patients	 treated	 in	 the	 ICU,	monotherapy	 is	not
recommended,	using	any	agent,	and	all	patients	require	initial	therapy	directed	at
pneumococcus	(including	DRSP),	atypical	pathogens	(especially	Legionella),	H.
influenzae,	 and	 enteric	 gram	 negatives	 (including	 P.	 aeruginosa	 in	 some
patients).	 In	 selected	 patients,	 particularly	 following	 influenza	 or	 other	 viral
infections,	 empiric	 therapy	 for	 S.	 aureus,	 including	 MRSA,	 is	 necessary.
Aspiration	pneumonia,	 including	anaerobic	pathogens,	can	occasionally	present
as	severe	illness,	needing	ICU	care.	Endemic	viruses	can	also	cause	severe	CAP,
and	 the	 use	 of	 antiviral	 agents	 depends	 on	 local	 epidemiology	 and	 whether
influenza	or	another	viral	agent	is	prevalent	at	the	time	that	the	patient	is	being
evaluated.	 In	 the	 ICU,	 initial	 therapy	 is	determined	by	whether	 the	patient	has
risks	 for	P.	aeruginosa,	 which	 include	 structural	 lung	 disease	 (bronchiectasis),
therapy	with	broad-spectrum	antibiotics	for	more	than	7	days	in	the	last	month,
use	of	corticosteroids	 (>10	mg	of	prednisone	daily),	malnutrition,	known	prior
colonization	by	P.	aeruginosa,	or	HIV	infection.14

6 	The	2019	guidelines	recommend	the	use	of	dual	antibiotics:	a	β-lactam	plus
either	a	macrolide	or	a	respiratory	quinolone	(levofloxacin	or	moxifloxacin)	for
patients	 with	 severe	 pneumonia	 in	 the	 ICU	 and	 no	 risks	 for	 drug-resistant
organisms.5	These	recommendations	are	based	on	the	likelihood	of	covering	the
common	etiologic	agents	in	critically	ill	patients	and	in	consideration	of	the	role
of	 emerging	 pathogens	 and	 viruses	 as	 etiologic	 agents	 causing	 pneumonia	 in
ICU.93,148	In	addition,	there	are	no	data	documenting	the	efficacy	of	monotherapy
(including	with	a	quinolone)	for	patients	with	ICU-treated	CAP.

On	the	other	hand,	if	rapid	diagnostic	testing	shows	the	presence	of	a	specific
pathogen,	then	therapy	should	be	focused	to	the	identified	microbial	agent.	For
the	patient	with	severe	CAP,	mixed	infection,	involving	a	bacterial	pathogen	and
an	 atypical	 pathogen	 or	 a	 viral	 pathogen,	 is	 also	 common	 and	 should	 be
accounted	 for	 in	 the	 initial	 empiric	 regimen.	 Every	 patient	 should	 receive
therapy	directed	at	these	organisms,	which	can	be	either	as	a	primary	pathogen



or	 copathogen,	 but	 studies	 have	 shown	 that	 the	 use	 of	 a	macrolide	may	 be	 of
specific	 value.	 In	 patients	 with	 bacteremic	 pneumococcal	 pneumonia,
particularly	in	those	with	severe	illness,	dual	therapy	including	a	macrolide	has
been	associated	with	improved	outcomes.149,150	A	quinolone	can	also	be	used	to
treat	atypical	pathogen	infection	and	may	have	an	advantage	in	the	patient	with
suspected	Legionella	infection,	where	the	outcomes	using	quinolones	have	been
exceptionally	good.151

In	a	cluster-randomized	crossover	study,	Postma	and	colleagues	compared	β-
lactam	 monotherapy	 (BL,	 n	 =	 656),	 β-lactam-macrolide	 combination	 therapy
(BLM,	n	=	739),	and	fluoroquinolone	monotherapy	(FQ,	n	=	889)	in	hospitalized
non-ICU	 CAP	 patients.152	 The	 investigators	 found	 no	 difference	 in	 90-day
mortality	between	the	three	groups	(BL	=	9%,	BLM	=	11%	and	FQ	=	8.8%),	but
38.7%	of	patients	 in	β-lactam	monotherapy	group	received	an	additional	agent
during	 their	 hospital	 stay	 for	 atypical	 coverage,	 which	 was	 not	 considered	 a
deviation	from	the	protocol.	Adrie	et	al	compared	the	impact	of	dual	(β-lactam
plus	macrolide	or	 fluoroquinolone	 (n	 =	 394))	 vs	monotherapy	 (β-lactam	 alone
(n	 =	 471))	 in	 immunocompetent	 patients	 with	 severe	 CAP,	 and	 there	 was	 no
difference	 in	 60-day	mortality	 between	 the	 2	 groups.153	 However,	 there	 was	 a
survival	advantage	for	patients,	who	had	initial	adequate	antibiotic	 therapy	and
those	 who	 received	 dual	 therapy	 had	 a	 higher	 frequency	 of	 initial	 adequate
antibiotics.	 In	 another	 report,	 Garin	 et	 al	 found	 patients	 treated	with	 β-lactam
monotherapy	were	 less	 likely	 to	 reach	 clinical	 stability	 compared	 to	 β-lactam-
macrolide	combination,	if	they	were	infected	with	atypical	pathogens	or	if	they
had	severe	pneumonia	with	PSI	category	IV.154	Sligl	and	colleagues	conducted	a
meta-analysis	of	macrolide	use	 in	severe	CAP,	 including	28	studies	and	nearly
10,000	patients.155	They	found	a	significant	reduction	in	mortality	from	24%	to
21%	(P	<	.05)	when	a	macrolide	was	used	in	this	patient	population.	In	another
study,	combination	therapy	with	a	β-lactam	plus	either	a	macrolide	or	quinolone
was	more	effective	in	critically	ill	CAP	patients	who	had	septic	shock,	compared
to	 the	 use	 of	 monotherapy.156	 Asadi	 and	 colleagues	 reported	 in	 a	 systematic
review	 including	137,574	patients	 that	 use	of	 a	macrolide	was	 associated	with
reduced	 mortality	 (3.7%	 vs	 6.5%;	 RR,	 0.78)	 compared	 with	 nonmacrolide
regimens,	 but	 the	 benefits	 were	 reduced	 when	 the	 results	 were	 restricted	 to
randomized	studies.157

As	 mentioned	 earlier,	 no	 patient	 with	 severe	 CAP	 should	 receive
monotherapy,	even	with	a	quinolone,	since	studies	have	not	proven	the	efficacy
of	 this	 approach.158	 Although	 quinolones	 are	 acceptable	 as	 monotherapy	 for
patients	 not	 admitted	 to	 the	 ICU,	 it	 is	 currently	 uncertain	 if	 the	 outcome	 is
different	 if	a	quinolone	 is	used	 in	place	of	macrolide,	as	part	of	a	combination



regimen	 for	 patients	 in	 the	 ICU.	 In	 the	 Community-Acquired	 Pneumonia
Recovery	 in	 the	 Elderly	 (CAPRIE)	 study,	 comparing	 moxifloxacin	 with
levofloxacin	 for	CAP	 in	 the	elderly	who	were	hospitalized	outside	of	 the	 ICU,
although	 the	 cure	 rate	 for	moxifloxacin	 (94.7%)	was	greater	 than	 levofloxacin
(84.6%)	 in	 the	 severe	 CAP	 subgroup,	 the	 difference	 was	 not	 statistically
significant.159	 One	 study	 of	 nearly	 400	 patients	 with	 severe	 CAP	 compared
monotherapy	 with	 high-dose	 levofloxacin	 (500	 mg	 twice	 daily)	 with	 the
combination	 of	 ceftriaxone/ofloxacin,	 and	 although	 an	 equivalent	 clinical
response	 was	 observed	 in	 both	 treatment	 groups	 (79.1%	 with	 levofloxacin
compared	 with	 79.5%	 with	 combination	 therapy),	 patients	 with	 shock	 were
excluded	from	the	study,	and	in	patients	with	mechanical	ventilation,	 treatment
with	levofloxacin	resulted	in	a	lower	clinical	cure	rate	(63%	compared	with	72%
with	 combination	 therapy).158	 Therefore,	 quinolone	 monotherapy	 is	 not
recommended	 in	 severe	 CAP,	 especially	 in	 the	 setting	 of	 septic	 shock	 and
respiratory	failure.

In	 one	 report,	 the	 use	 of	 initial	 empiric	 therapy	 with	 a	 β-lactam	 plus	 a
fluoroquinolone	 for	 severe	 CAP	 was	 associated	 with	 increased	 short-term
mortality	 (OR,	 2.71;	 95%	 CI,	 1.2-6.1),	 in	 comparison	 with	 other	 guideline-
recommended	antimicrobial	regimes.160	On	the	other	hand,	a	meta-analysis	of	23
randomized	 trials	 of	 CAP	 therapy	 outside	 the	 ICU	 compared	 the	 use	 of
fluoroquinolones	with	other	antibiotics,	including	β-lactams,	macrolides,	or	both.
Although	there	was	no	mortality	difference	in	favor	of	the	fluoroquinolones,	for
patients	 with	 more	 severe	 pneumonia,	 those	 who	 required	 hospitalization	 and
those	 requiring	 intravenous	 therapy,	 the	 quinolones	 were	 more	 effective.161
Vardakas	 reported	 another	 systematic	 review	 including	 16,884	 patients	 and
found	no	difference	in	outcomes	between	the	use	of	a	β-lactam	plus	macrolide	vs
β-lactam	plus	fluoroquinolone.162

When	the	patient	has	no	risk	factors	for	P.	aeruginosa,	therapy	should	be	with
an	intravenous	β-lactam	(ceftriaxone	or	cefotaxime)	with	activity	against	DRSP
plus	either	 intravenous	azithromycin	or	an	 intravenous	quinolone	 (levofloxacin
750	 mg	 or	 moxifloxacin	 400	 mg).	 When	 the	 patient	 has	 risk	 factors	 for	 P.
aeruginosa,	 then	 therapy	 should	 involve	 two	 antipseudomonal	 agents,	 in
addition	 to	 providing	 coverage	 for	DRSP	 and	Legionella.14	 For	 these	 patients,
therapy	can	be	a	two-drug	regimen,	using	a	selected	antipseudomonal	β-lactam
(cefepime,	piperacillin/tazobactam,	imipenem,	meropenem),	in	combination	with
an	 antipseudomonal	 quinolone	 (ciprofloxacin,	 high-dose	 levofloxacin	 750	 mg
daily).	 Alternatively,	 the	 aforementioned	 β-lactams	 can	 be	 combined	 with	 an
aminoglycoside	 and	 either	 azithromycin	 or	 an	 antipneumococcal	 quinolone
(levofloxacin	750	mg	or	moxifloxacin	400	mg).	In	the	penicillin-allergic	patient,



aztreonam	can	be	 combined	with	 an	 aminoglycoside	 and	 an	 antipneumococcal
fluoroquinolone.14	 Occasionally,	 these	 broad-empiric	 approaches	 should	 be
modified,	particularly	 if	clinical	or	culture	data	suggest	an	organism	that	 is	not
included	 in	 the	 initial	 regimen	 (eg,	 S.	 aureus	 or	 MRSA).	 In	 addition,	 certain
comorbidities	predispose	to	specific	pathogens,	and	these	should	be	covered	by
any	 empiric	 regimen	 (see	 Table	 181.4).	 The	 IDSA/ATS	 2019	 guidelines
recommend	 empiric	 coverage	 for	 Pseudomonas	 and	 MRSA	 based	 on	 locally
validated	 epidemiological	 risk	 factors	 for	 either	 pathogen	 to	 be	 present.5	 The
guidelines	 also	 discourage	 adding	 additional	 anaerobic	 coverage	 for	 suspected
aspiration	 pneumonia	 since	 the	majority	 of	 aspiration	 pneumonia	 episodes	 are
caused	by	gram-negative	pathogens.5

If	 DRSP	 is	 present,	 any	 of	 the	 recommended	 regimens	 will	 be	 effective.
Although	 pneumococcal	 resistance	 to	multiple	 agents	 is	 present	 at	 rates	 up	 to
40%,	using	older	definitions	of	resistance,	the	outcome	in	CAP	is	generally	not
worsened	 by	 the	 presence	 of	 penicillin-resistant	 organisms,	 compared	 with
penicillin-sensitive	 organisms,	 and	 these	 resistant	 organisms	 can	 still	 be
effectively	 treated	 by	 high	 doses	 of	 penicillin,	 amoxicillin,
amoxicillin/clavulanate,	 the	 third-generation	 cephalosporins	 (ceftriaxone	 or
cefotaxime),	 or	 the	 antipneumococcal	 fluoroquinolones.14	 If	 highly	 resistant
pneumococcus	(but	not	cephalosporin	resistant)	is	documented	and	meningitis	is
present,	therapy	should	be	initiated	with	vancomycin,	cefotaxime,	or	ceftriaxone.
Discordant	 therapy	 of	 DRSP	 usually	 has	 no	 impact	 on	 outcome,	 but	 even	 in
studies	when	it	was	independently	associated	with	death	(OR,	27.3),	it	was	very
unlikely	 that	 discordant	 therapy	 would	 be	 the	 cause	 if	 the	 therapy	 included
ceftriaxone	or	cefotaxime.163	Ceftriaxone	is	usually	used	at	doses	of	1	to	2	grams
per	day,	but	if	DRSP	and	severe	infection	are	present,	the	dose	can	be	increased
to	 2	 g	 every	 12	 hours.	 A	 notable	 exception	 to	 using	 cephalosporins	 in	 severe
CAP	 is	 cefuroxime.	Yu	et	 al164	 studied	patients	with	bacteremic	pneumococcal
pneumonia,	and	found	that	discordant	therapy	with	penicillins,	cefotaxime,	and
ceftriaxone	 did	 not	 result	 in	 a	 higher	mortality	 rate,	 but	 this	 did	 not	 apply	 to
cefuroxime,	which	did	 increase	mortality	 in	 the	presence	of	 in	vitro	 resistance.
H.	influenzae	 is	also	becoming	increasingly	resistant	to	common	antimicrobials
because	of	 the	production	of	β-lactamases,	 and	 these	organisms	can	be	 treated
with	 second-	 or	 third-generation	 cephalosporins,	 quinolones,	 macrolides,	 or
ampicillin/sulbactam.

Duration	of	Treatment
Generally,	 S.	 pneumoniae	 can	 be	 treated	 for	 5	 to	 7	 days	 if	 the	 patient	 is



responding	 rapidly	 and	 has	 received	 the	 correct	 dose	 of	 an	 accurate	 therapy.
Longer	duration	of	treatment	is	necessitated	by	the	presence	of	extrapulmonary
infection	 (eg,	meningitis),	 and	 the	 identification	 of	 certain	 pathogens	 (such	 as
bacteremic	 S.	 aureus	 and	 P.	 aeruginosa).	 L.	 pneumophila	 pneumonia	 may
require	 up	 to	 14	 days	 of	 therapy,	 although	 shorter	 duration	 therapy	 has	 been
effective	using	quinolones.	Antibiotics	can	be	switched	from	intravenous	to	oral
once	the	patient	is	afebrile	for	at	least	2	occasions	8	hours	apart,	is	able	to	take
food	by	mouth,	and	there	are	clinical	signs	of	improvement.165	Initial	PCT	level
may	accurately	predict	a	positive	blood	culture	in	pneumonia	patients	and	serial
measurements	 help	 with	 antibiotic	 de-escalation	 and	 withdrawal	 in	 CAP
patients.124,166	 In	 a	 randomized	 trial	 of	 antibiotic	 therapy	 in	 the	 ICU,	 PCT
guidance	led	to	a	reduction	in	duration	of	therapy	compared	to	standard	care	in
all	 patients,	 including	 those	with	 severe	CAP.167	 Another	 RCT	 including	 1500
ICU	patients,	found	that	PCT	guidance	for	antibiotic	therapy	duration,	compared
to	standard	care,	led	to	a	reduction	in	antibiotic	use,	antibiotic	duration	and	28-
day	 mortality.168	 In	 a	 meta-analysis	 of	 14	 randomized	 trials,	 a	 PCT	 based
treatment	algorithm	for	antibiotic	de-escalation	was	favored,	without	an	increase
in	either	mortality	or	treatment	failure.169	In	another	recent	meta-analysis	of	CAP
patients,	 there	 was	 no	 difference	 in	 clinical	 cure	 rates	 between	 short	 course
treatment	 defined	 as	 ≤6	 days	 vs	 treatment	 for	 ≥7	 days	 irrespective	 of	 patient
setting	 or	 severity	 of	 pneumonia.170	 The	 current	 guidelines	 recommend
continuing	 antibiotics	 until	 patients	 achieve	 clinical	 stability	 including
improvement	in	vital	sign	abnormalities,	ability	to	eat,	and	improved	mentation
but	in	no	less	than	a	total	of	5	days.5	Biomarkers,	although	not	used	to	decide	on
initiation	 of	 empiric	 coverage,	 can	 be	 used	 along	with	 other	 data	 to	 decide	 to
stop	or	shorten	the	duration	of	antibiotic	therapy.

Treatment	of	Community-Acquired	Methicillin-Resistant	S.
aureus
Patients	 with	 recent	 influenza	 should	 be	 treated	 for	 S.	 aureus,	 including
community-acquired	methicillin-resistant	S.	aureus	(CA-MRSA),	 in	addition	 to
the	other	usual	severe	CAP	pathogens.	CA-MRSA	is	different	from	nosocomial
MRSA,	as	it	occurs	in	previously	healthy	people,	can	carry	the	Panton-Valentine
leukocidin	gene	 (a	virulence	 factor	 that	 is	associated	with	 tissue	necrosis),	and
causes	 a	 necrotizing,	 often	 bilateral	 severe	 pneumonia.87	 The	 best	 therapy	 for
CA-MRSA	 is	 unclear,	 but	 the	 options	 include	 vancomycin,	 linezolid,	 or	 the
combination	of	vancomycin	and	clindamycin.	The	latter	two	regimens	have	the



ability	 to	 inhibit	 bacterial	 toxin	 synthesis	 (by	 linezolid	 or	 clindamycin),	which
may	 be	 part	 of	 the	 pathogenesis	 of	 severe	 CA-MRSA	 infection.171	 In	 a	 study
including	133	patients	with	PVL	positive	CAP,	treatment	with	antibiotics	having
antitoxin	 effects	 (clindamycin,	 rifampin,	 and	 linezolid)	 was	 associated	 with	 a
reduced	mortality	compared	to	those	who	did	not	get	antitoxin	therapy	(6.1%	vs
52.3%,	 P	 <	 .001),	 although	 only	 about	 one	 third	 of	 patients	 received	 this
therapy.172

New	anti-staphylococcal	agents	are	being	developed,	and	may	have	utility	in
severe	CAP.173	Ceftaroline	fosamil	is	a	new,	advanced	generation	cephalosporin
that	 has	 been	 approved	 for	 the	 therapy	 of	 CAP	 with	 activity	 against	 gram-
positive	and	gram-negative	pathogens,	but	also	against	MRSA	and	particularly
against	DRSP.174	In	a	meta-analysis	of	three	RCTs,	ceftaroline	(600	mg	every	12
h)	was	superior	to	ceftriaxone	(1-2	g	every	24	h)	for	5	to	7	days	in	an	intention	to
treat	 analysis	 in	 patients	 with	 severe	 pneumonia	 (OR:	 1.66;	 95%	 CI,	 1.34-
2.06).175	 In	 another	 meta-analysis	 of	 5	 randomized	 controlled	 studies	 of	 CAP
patients,	ceftaroline	was	superior	to	ceftriaxone	for	clinical	cure	rate	(OR:	1.61,
95%	 CI,	 1.31-1.99).176	 Nemonoxacin	 is	 a	 newly	 developed	 quinolone	 with
broad-spectrum	 activity	 against	 gram-positive,	 gram-negative,	 and	 atypical
pathogens,	 including	 DRSP	 and	 MRSA.177,178	 In	 a	 meta-analysis	 including	 3
RCTs,	 cure	 rates,	 microbiologic	 response,	 and	 treatment	 emergent	 adverse
effects,	 were	 similar	 in	 CAP	 patients	 treated	 with	 nemonoxacin	 compared	 to
levofloxacin.179	 Delafloxacin	 is	 a	 novel	 fluoroquinolone	 with	 activity	 against
MRSA,	Enterococcus	faecalis,	C.	pneumoniae,	Mycoplasma	spp,	and	Legionella
spp.	In	a	phase	3	study	in	CAP	patients,	there	was	a	16-fold	greater	activity	with
delafloxacin	 compared	 to	moxifloxacin	 for	 gram-positive	 and	 fastidious	 gram-
negative	pathogens	with	 retained	activity	against	 resistant	phenotypes	 found	 in
S.	pneumoniae	(penicillin,	macrolide,	multidrug	resistant),	Haemophilus	species
(β-lactamase	 producing,	 macrolide	 nonsusceptible),	 and	 S.	 aureus	 (MRSA,
fluoroquinolone-nonsusceptible	methicillin-sensitive	S.	aureus	[MSSA]).180

Viral	CAP
7 	 Influenza	 can	 lead	 to	 a	 primary	 viral	 pneumonia	 or	 to	 secondary	 bacterial
infection	with	pneumococcus,	S.	aureus,	or	H.	 influenzae.	 Severe	 viral	CAP	 is
treated	 with	 antiviral	 agents	 regardless	 of	 the	 duration	 of	 illness	 before
diagnosis.5	 Antiviral	 therapy	 with	 zanamivir	 and	 oseltamivir	 can	 reduce	 the
severity	 of	 illness,	 particularly	 if	 given	 early.181,182	 With	 a	 high	 incidence	 of
bacterial	pneumonia	post	viral	CAP,	antibiotics	are	recommended	in	confirmed
Influenza	with	 a	 special	 focus	 on	S.	aureus,	S.	 pneumoniae,	H.	 influenza,	 and



group	A	Streptococcus,	to	account	for	the	possibility	of	coinfection.183,184	Use	of
steroids	as	an	adjunctive	treatment	in	influenza	is	controversial	and	the	results	of
the	 most	 of	 the	 studies	 are	 prone	 to	 confounding	 by	 indication,	 but	 recent
evidence	suggests	steroid	use	is	associated	with	a	higher	mortality	 in	 influenza
patients	with	pneumonia.185,186The	IDSA/ATS	2019	recommend	de-escalation	of
antibiotics	 in	 those	 with	 no	 evidence	 of	 bacterial	 superinfection	 and	 clinical
stability	after	48	to	72	hours	of	initiation	of	antibiotics.5

Overview	of	COVID-19	Treatment
Several	clinical	trials	are	underway	and	therapeutic	options	are	rapidly	emerging
for	 patients	with	COVID-19.	Most	 trials	 are	 focused	 on	 treatment	 options	 for
halting	the	inflammatory	cascade	related	to	cytokine	storm	and	viral	replication.
Remdesivir	 IV	at	a	dose	200	mg	on	day	1,	 followed	by	100	mg	daily	 for	 total
10	days	 showed	 improvement	 in	68%	of	 critically	 ill	COVID-19	patients	with
decreased	amount	of	oxygen	support	and	extubation	in	17	of	30	patients	(57%)
who	were	on	mechanical	ventilation.187,188	Remdesivir	is	the	only	U.S.	Food	and
Drug	Administration	 (FDA)-approved	 treatment	 for	COVID-19	patients	 at	 this
time.	The	SOLIDARITY	trial	sponsored	by	World	Health	Organization	included
11,300	 patients	 from	 30	 countries	 and	 compared	 remdesivir,
hydroxychloroquine,	lopinavir,	and	interferon	beta-1a,	and	found	no	benefit	with
overall	mortality,	need	for	mechanical	ventilation	or	hospital	length	of	stay	with
any	of	the	four	mentioned	drugs	compared	to	local	standard	of	care.189

Recent	 studies	 with	 COVID-19	 suggest	 a	 benefit	 from	 corticosteroids	 for
those	with	severe	disease	requiring	either	MV	or	oxygen	alone	compared	to	no
respiratory	 support	 at	 the	 time	 of	 randomization.190	 In	 the	 RECOVERY	 trial,
2104	patients	were	randomized	to	receive	dexamethasone	6	mg	IV	for	10	days
compared	to	4321	in	the	usual	care	arm.	In	that	trial,	the	intervention	arm	had	a
lower	mortality	 rate	 compared	 to	 usual	 care	 group,	 and	 the	mortality	 benefits
persisted	 for	 mechanically	 ventilated	 patients	 (29.3%	 vs	 41.4%)	 and	 among
those	 receiving	 oxygen	 without	 being	 intubated	 (23.3%	 vs	 26.2%),	 but	 not
among	those	who	were	receiving	no	respiratory	support.190	 In	the	CoDEX	trial,
investigators	randomized	299	COVID	ARDS	patients	to	receive	dexamethasone
20	mg	for	5	days	followed	by	10	mg	for	5	days	or	until	ICU	discharge	and	found
a	statistically	significant	increase	in	ventilator-free	days	(6.6	vs	4	days	alive	and
free	of	mechanical	ventilation)	compared	to	standard	care.191	Interleukin-6(IL-6)
receptor	 blockers	 like	 Tocilizumab	 (8	 mg/kg	 up	 to	 800	 mg)	 and	 Sarilumab
(400	mg)	single	dose	along	with	systemic	corticosteroids	have	been	found	to	be
helpful	in	prolonging	median	number	of	organ-support	free	days	and	overall	90-



day	 survival	 in	 severe	 or	 critically	 ill	 COVID-19	 patients.192	 Baricitinib	 is	 a
Janus	 kinase	 inhibitor,	 and	 when	 used	 in	 combination	 with	 remdesivir,	 was
superior	 in	 time	 to	 recovery	 compared	 to	 remdesivir	 alone	 in	 hospitalized
COVID-19	 patients,	 especially	 in	 those	 receiving	 noninvasive	 ventilation	 and
high	flow	nasal	canula,	but	did	not	improve	28-day	mortality.193	Similarly,	data
from	three	multiplatform,	adaptive	 trials	evaluating	 the	efficacy	of	 therapeutic-
dose	 anticoagulation	 with	 low	 molecular	 weight	 heparin	 or	 unfractionated
heparin	in	2219	non–critically	ill	hospitalized	patients	without	critical	care	organ
support	 found	higher	probability	of	organ	support	 free	days	compared	 to	usual
care	 thromboprophylaxis	 (adjusted	 OR	 =	 1.27;	 95%	 credible	 interval,	 1.03-
1.58).194	 However,	 the	 same	 group	 reported	 therapeutic	 anticoagulation	 was
futile	 and	did	not	 improve	 survival	 to	hospital	discharge	or	days	 free	of	organ
free	 support	 when	 administered	 to	 critically	 ill	 patients	 with	 severe	 COVID-
19.195	 Neutralizing	 antibodies	 act	 via	 reduction	 in	 viral	 infectivity	 caused	 by
binding	 of	 antibodies	 to	 the	 surface	 of	 viral	 protein	 and	 preventing	 viral
replication.	 Two	 SARS-CoV-2	 neutralizing	 antibody	 cocktails
(casirivimab/imdevimab	and	bamlanivimab/etesevimab)	and	monotherapy	(with
bamlanivimab)	have	been	 issued	EUA	for	 the	 treatment	of	ambulatory	patients
who	have	a	high	risk	of	progressing	to	severe	disease.196-198	Other	promising	oral
outpatient	 antiviral	 treatments	 such	 as	molnupiravir	will	 add	 to	 the	 increasing
and	much	needed	therapeutic	options	for	COVID-19	infection.

Role	of	Steroids	in	CAP
The	role	of	low-dose	(replacement)	steroids	in	septic	shock	has	been	the	topic	of
numerous	studies,	and	relative	adrenal	insufficiency	occurs	in	a	high	proportion
of	 patients	 with	 severe	 CAP.199	 Salluh	 et	 al	 have	 shown	 that	 in	 patients	 with
severe	CAP,	median	cortisol	levels	were	15.5	μg	per	dL,	and	65%	of	patients	met
the	 criteria	 for	 adrenal	 insufficiency	 (cortisol	 levels	 <	 20	μg	 per	 dL).200	When
patients	 with	 septic	 shock	 were	 evaluated,	 63%	 had	 adrenal	 insufficiency.	 A
meta-analysis	of	9	 trials	 involving	1001	patients	did	not	support	 routine	use	of
corticosteroids	in	CAP	patients,	but	may	improve	mortality	in	subset	with	severe
CAP.201	Torres	and	associates	 in	a	 randomized,	prospective	 study	 found	 that	 in
patients	 with	 severe	 CAP	 and	 high	 levels	 of	 inflammation	 (elevated	 CRP	 >
15	mg/L)	at	admission,	administration	of	intravenous	methylprednisolone	(bolus
of	0.5	mg/kg	per	12	hours	×	5	days)	 led	 to	 less	 treatment	 failure	 compared	 to
placebo,	but	there	was	no	significant	difference	in	hospital	mortality	between	the
2	 groups.202	 In	 another	 meta-analysis	 of	 13	 RCTs,	 adjunctive	 systemic
corticosteroid	 therapy	 reduced	 mortality	 by	 approximately	 3%,	 need	 for



mechanical	ventilation	by	approximately	5%,	and	hospital	stay	by	approximately
1	day	in	patients	with	CAP	and	PSI	score	IV	or	higher,	and	CURB-65	score	of
two	or	higher.203	 In	 another	 recent	 study	 including	6	RCTs	with	1500	patients,
corticosteroids	 in	hospitalized	CAP	patients	were	not	associated	with	mortality
reduction	but	 improved	 time	 to	clinical	 stability	and	 length	of	hospital	 stay	by
1	day.204	More	recently,	two	RCTs	in	mechanically	ventilated	patients	with	septic
shock	showed	conflicting	results	on	mortality	benefit	with	use	of	hydrocortisone,
but	both	showed	a	vasopressor	sparing	effect	with	minimal	adverse	profile.205,206

The	 IDSA/ATS	 2019	 guideline	 gives	 a	 strong	 conditional	 recommendation
against	 routine	 use	 of	 adjunctive	 steroids	 in	 patients	 treated	 for	 CAP.5	 These
results	suggest	that	steroid	use	in	the	setting	of	severe	CAP	does	not	appear	to	be
harmful,	but	routine	use	in	severe	CAP	is	not	recommended,	although	they	may
have	 value	 for	 selected	 patients	 with	 high	 levels	 of	 systemic	 inflammation.
Another	 setting	 in	which	 corticosteroids	may	 have	 benefit	 is	 in	 pneumococcal
pneumonia	 that	 is	 complicated	 by	 meningitis,	 where	 pretreatment	 with
corticosteroids,	 prior	 to	 antibiotic	 therapy,	 may	 lead	 to	 more	 favorable
neurologic	outcomes.207	In	addition,	corticosteroids	have	benefit	in	the	therapy	of
P.	jirovecii	pneumonia	with	hypoxemia	(PaO2<	70	mm	Hg	on	room	air).

Hospital-Acquired	Pneumonia,	Including	VAP
To	 select	 the	 optimal	 therapy	 for	 these	 infections,	 it	 is	 important	 to	 have
knowledge	of	patterns	of	bacterial	infection	and	antibiotic	resistance	in	a	given
ICU,	 understanding	 that	 the	 bacteriology	 varies	 from	 one	 ICU	 to	 another.	 As
with	 CAP,	 in	 most	 patients,	 initial	 therapy	 is	 empiric,	 and	 if	 that	 therapy	 is
“inappropriate”	(ie,	not	active	against	 the	etiologic	pathogen),	 then	mortality	 is
higher	 than	 if	 the	 therapy	was	 appropriate.63	 The	 key	 decision	 point	 in	 initial
empiric	 therapy	 is	 to	 determine	whether	 the	 patient	 has	 risk	 factors	 for	MDR
pathogens	(Table	181.3).	The	2016	ATS/IDSA	nosocomial	guidelines	define	risk
factors	 for	 MDR	 specific	 pathogens	 in	 VAP	 to	 include:	 use	 of	 IV	 antibiotics
within	90	days,	septic	shock	at	the	time	of	VAP,	ARDS	preceding	VAP,	at	least
5	 days	 of	 hospitalization	 in	 the	 past	 90	 days,	 and	 requirement	 of	 acute	 renal
replacement	 therapy	 prior	 to	VAP	 onset	 [6].	 The	 guidelines	 recommend	 using
local	ICU	antibiograms	to	guide	empiric	VAP	antibiotic	coverage	and	treatment
to	be	modified	based	on	results	of	microbiologic	data	when	available.	However,
we	may	not	know	all	the	risk	factors	for	MDR	pathogens,	and	some	recent	data
have	shown	that	even	in	patients	with	early	onset	infection,	and	no	known	MDR
risks,	up	to	half	of	 these	patients	may	still	have	MDR	pathogen	infection.	This
may	 relate	 to	 a	 high	 frequency	 of	 MDR	 pathogens,	 even	 without	 other	 risk



factors,	in	patients	with	severe	sepsis	and	in	those	treated	in	an	ICU,	with	more
than	 25%	 of	 the	 pathogens	 being	 MDR.208	 It	 is	 essential	 that	 initial	 empiric
therapy	be	appropriate,	and	that	it	be	given	as	soon	as	possible,	since	changing
antimicrobial	 therapy	 once	 culture	 results	 are	 available	 may	 not	 reduce	 the
excess	mortality	associated	with	initial	inappropriate	treatment.	The	need	to	get
initial	 therapy	 correct	 has	 led	 to	 many	 patients	 receiving	 a	 broader	 spectrum
regimen	than	may	be	needed,	and	thus	it	is	necessary	to	obtain	cultures	prior	to
therapy,	 and	 to	 use	 the	 results	 to	 de-escalate	 to	 fewer	 drugs,	 and	 narrower
spectrum	 therapy,	 after	 2	 to	 3	 days.	 The	 regimens	 listed	 in	Table	 181.10	 are
directed	 at	 providing	 appropriate	 therapy	 that	 is	 targeted	 to	 the	 most	 likely
pathogens.

TABLE	181.10

Initial	Empiric	Antibiotic	Therapy	for	Nosocomial
Pneumonia

Hospital-acquired	pneumonia	and	ventilator-associated	pneumonia:	early
onset,	no	known	risk	factors	for	multidrug	resistant	(MDR)	pathogens,	any
disease	severity

Potential
pathogen

Recommended	antibiotic	for	patient	type;
drugs	listed	are	meant	as	a	group	to	treat	all
listed	pathogens

Streptococcus
pneumoniae

Ceftriaxone

Haemophilus
influenzae	or

OR

Methicillin-
sensitive
Staphylococcus
aureus

Levofloxacin,	moxifloxacin,	or	ciprofloxacin

OR

Antibiotic-sensitive Ampicillin/sulbactam



enteric	gram-
negative	bacilli

Escherichia	coli OR

Klebsiella
pneumoniae

Ertapenem

Proteus	spp

Serratia
marcescens

Enterobacter	spp

Hospital-acquired	pneumonia,	ventilator-associated	pneumonia:	late	onset,	or
with	risk	factors	for	MDR	pathogens,	any	disease	severity

Potential
pathogens

Combination	antibiotic	therapy	(for	patient
type;	drugs	listed	are	meant	as	a	group	to	treat
all	listed	pathogens)

Pathogens	listed
earlier

PLUS Antipseudomonal	cephalosporin	(cefepime,
ceftazidime)	or

MDR	pathogens

Pseudomonas
aeruginosa

Antipseudomonal	carbapenem	(imipenem	or
meropenem)	or

K.	pneumoniae

Acinetobacter	spp β-Lactam/β-lactamase	inhibitor	(piperacillin-
tazobactam)

PLUS

PLUS

Considera Antipseudomonal	fluoroquinolone	(ciprofloxacin	or
levofloxacin)



Legionella
pneumophila

OR

Aminoglycoside	(amikacin/gentamicin/tobramycin)

PLUS

Methicillin-
resistant	S.	aureus

Linezolid	or	vancomycin

aIf	an	environmental	source	of	Legionella	is	present,	with	a	known	nosocomial	outbreak,	use
fluoroquinolone	in	the	regimen.
Based	on	Niederman	MS,	Craven	DE,	Bonten	MJ,	et	al.	Guidelines	for	the	management	of	adults
with	hospital-acquired,	ventilator-associated,	and	healthcare-associated	pneumonia.	Am	J	Respir
Crit	Care	Med.	171:388-416,	2005,	with	permission.

Empiric	 therapy	 is	 started	 by	 selecting	 agents	 from	 a	 different	 class	 of
antibiotics	 than	the	patient	has	received	in	the	past	2	weeks,	with	a	plan	to	de-
escalate	to	monotherapy	once	culture	and	clinical	response	data	are	available.	In
those	 patients	with	 no	 risk	 factors	 for	MDR	 pathogens	 or	 those	 infected	with
nonresistant	 enteric	 gram	 negatives,	 pneumococcus,	 H.	 influenzae,	 and
methicillin-sensitive	 S.	 aureus,	 therapy	 can	 be	 with	 ceftriaxone,
ampicillin/sulbactam,	ertapenem,	levofloxacin,	moxifloxacin,	or	the	combination
of	 clindamycin	 and	 aztreonam	 in	 penicillin	 allergic	 patients.	 The	 majority	 of
patients	 will	 have	 risk	 factors	 for	 MDR	 pathogens.	 Two	 different	 class
antipseudomonal	antibiotics	are	used	in	these	patients,	or	if	the	local	prevalence
of	gram-negative	isolates	has	more	than	10%	resistance	to	any	of	the	antibiotics
used	for	monotherapy,	or	if	a	local	antibiogram	is	not	available.6

In	 patients	with	 pneumonia	 and	 septic	 shock,	 combination	 therapy	 is	more
effective	 for	 rapid	bacterial	 eradication.209	Combination	 therapy	should	 include
an	 aminoglycoside	 or	 an	 anti-pseudomonal	 quinolone	 (high-dose	 ciprofloxacin
or	 levofloxacin)	 and	 an	 antipseudomonal	 β-lactam	 such	 as	 cefepime,
ceftazidime,	 ceftolozane/tazobactam,	 imipenem,	 meropenem,
ceftazidime/avibactam,	imipenem/relebactam,	or	piperacillin/tazobactam.	MRSA
coverage	 should	 be	 included	 if	 the	 local	 prevalence	 of	 S.	 aureus	 isolates
is	 >10%-20%	 methicillin-resistant	 strains.	 In	 those	 patients,	 a	 third	 agent	 is
added	using	either	 linezolid	or	vancomycin.	Linezolid	may	be	 the	preferred	 in
patients	with	proven	MRSA	VAP	and	 renal	 insufficiency	or	 in	 those	 receiving



other	nephrotoxic	medications	(such	as	an	aminoglycoside),	and	it	penetrates	the
lung	better	than	vancomycin.

One	advantage	of	combination	therapy	is	to	provide	synergy	in	the	therapy	of
P.	aeruginosa,	which	is	accomplished	when	an	aminoglycoside	is	combined	with
a	 β-lactam.	 Synergy	 has	 only	 been	 proven	 to	 be	 of	 value	 in	 patients	 with
neutropenia	 and	 pseudomonal	 bacteremia,	 both	 uncommon	 in	 the	 therapy	 of
VAP.210	The	major	utility	of	combination	therapy	is	to	provide	broader	spectrum
coverage	than	is	possible	with	one	agent	alone,	since	most	hospitals	do	not	have
a	single	agent	 that	 is	able	 to	cover	all	 the	 likely	pathogens	with	a	high	enough
frequency.	 Adding	 a	 second	 agent	 increases	 the	 likelihood	 that	 initial	 empiric
therapy	 will	 be	 appropriate,	 if	 MDR	 pathogens	 are	 present.211	 Combination
therapy	 should	 include	 agents	 from	 different	 antibiotic	 classes	 to	 avoid
antagonism	 of	 therapeutic	 mechanisms.	 For	 gram	 negatives,	 regimens	 usually
involve	 the	 combination	 of	 a	 β-lactam	 with	 either	 a	 quinolone	 or	 an
aminoglycoside.	 Although	 quinolones	 can	 penetrate	 into	 the	 lung	 better	 than
aminoglycosides	 and	 have	 less	 potential	 for	 nephrotoxicity,	 a	 trend	 toward
improved	survival	has	been	seen	with	aminoglycoside-containing,	but	not	with
quinolone-containing,	combinations.212	In	some	studies,	combination	therapy	has
been	continued	for	 less	 than	 the	 full	course	of	 therapy,	with	discontinuation	of
the	 aminoglycoside	 after	 5	 days	 if	 the	 patient	 is	 improving.213	 Monotherapy
should	be	used	when	possible	because	 combination	 therapy	 is	often	 expensive
and	 exposes	 patients	 to	 unnecessary	 antibiotics,	 thereby	 increasing	 the	 risk	 of
drug	 toxicity	 and	 the	 selection	 of	 antibiotic	 resistant	 organisms.	Once	 cultures
are	available,	if	the	etiologic	pathogen	is	susceptible,	it	is	possible	to	change	to
monotherapy,	using	one	of	the	agents	that	has	proven	to	be	effective	in	critically
ill	 ventilated	 patients	 with	 pneumonia	 due	 to	 susceptible	 pathogens:
ciprofloxacin,	 levofloxacin,	 imipenem,	 meropenem,	 cefepime,	 and
piperacillin/tazobactam.63

The	 choice	 of	 initial	 therapy	 should	 be	 based	 on	 local	 patterns	 of
antimicrobial	susceptibility	and	anticipated	side	effects	and	should	also	take	into
account	 which	 therapies	 patients	 have	 recently	 received	 (within	 the	 past
2	 weeks).	 In	 addition,	 some	 studies	 have	 shown	 that	 recent	 therapy	 with
quinolones	promotes	not	only	gram-negative	resistance	to	quinolones	but	also	to
β-lactams,	 and	 they	 can	 lead	 to	 the	 emergence	 of	 MRSA	 and	 MDR	 gram
negatives.214	Therefore,	it	may	be	better	not	to	use	quinolones	for	a	first	episode
of	hospital	 infection,	because	 it	may	make	both	β-lactams	and	quinolones	 less
effective	 if	 therapy	 is	needed	 for	 a	 subsequent	 infection,	 and	 this	 strategy	will
preserve	 some	 therapeutic	 options	 for	 a	 second	 episode	 of	 infection.215	 In
addition,	 in	 many	 hospitals,	 gram-negative	 susceptibility	 to	 quinolones	 has



declined	and	empiric	coverage	is	improved	only	if	an	aminoglycoside	is	added	to
a	β-lactam,	but	not	if	a	quinolone	is	added.216

For	the	initial	antimicrobial	therapy	regimen	to	account	for	local	bacteriologic
patterns,	 each	 ICU	 should	 ideally	 have	 its	 own	 antibiogram	 that	 is	 updated	 as
often	 as	 possible.	 Variability	 in	 the	 microorganisms	 associated	 with	 hospital-
acquired	 infections	 among	 hospitals,	 as	 well	 as	 within	 the	 ICUs	 of	 large
hospitals,	 has	 been	 demonstrated	 to	 occur.63	 In	 addition,	 changing	 temporal
patterns	 of	 nosocomial	 pathogens	 and	 antimicrobial	 susceptibility	 have	 been
described.	Current	and	frequently	updated	knowledge	of	such	data	can	increase
the	 likelihood	 of	 prescribing	 appropriate	 initial	 antibiotic	 treatment.	 This	 is
especially	 important	 for	 infection	 with	 MDR	 pathogens,	 as	 empiric	 therapy
should	 be	with	 agents	 that	 are	 known	 to	 be	 effective	 against	 these	 organisms.
Each	ICU	should	establish	its	own	“go	to”	empiric	antibiotic	regimen,	tailored	to
the	antibiotic	susceptibility	patterns	of	 the	 local	 flora.	 If	patients	develop	HAP
during	or	shortly	after	antibiotic	 treatment	for	a	different	 infection,	 the	empiric
therapy	 should	 involve	 an	 agent	 from	 a	 different	 antibiotic	 class.	 Recent
exposure	to	a	class	of	antibiotics	can	predict	subsequent	resistance	to	a	variety	of
agents,	usually	 to	 the	same	class,	but	occasionally	 to	other	classes	of	agents	as
well.217

To	 ensure	 adequate	 therapy,	 correct	 doses	 have	 to	 be	 used.	 Typically,	 for
critically	 ill	 patients	with	 normal	 renal	 function,	 the	 correct	 doses	 of	 common
antibiotics	include	cefepime	2	g	every	8	h,	 imipenem	500	mg	every	6	h	or	1	g
every	8	h,	meropenem	1	g	 every	8	h,	 piperacillin/tazobactam	4.5	g	 every	6	h,
levofloxacin	 750	 mg	 daily	 or	 ciprofloxacin	 400	 mg	 every	 8	 h,	 vancomycin
15	 mg/kg	 every	 12	 h	 leading	 to	 a	 trough	 level	 of	 15	 to	 20	 mg/L,	 linezolid
600	mg	every	12	h,	and	aminoglycosides	of	7	mg/kg	per	day	of	gentamicin	or
tobramycin	and	20	mg/kg	of	amikacin.6	There	is	interest	in	optimizing	dosing	of
antibiotics,	and	this	means	using	continuous	or	prolonged	infusions	of	β-lactams
which	 are	 bactericidal	 in	 a	 time-dependent	 fashion,	 or	 giving	 once-daily	 high
doses	 of	 aminoglycosides	 or	 quinolones,	 which	 are	 bactericidal	 in	 a
concentration-dependent	 fashion.	 Doripenem	 has	 similar	 efficacy	 to	 other
antipseudomonal	β-lactams	for	treatment	of	HAP/VAP	and	can	be	given	as	a	4-
hour	 infusion	 to	 ICU	 patients,	 with	 some	 enhanced	 efficacy	 against	 P.
aeruginosa	when	this	dosing	approach	is	used,	but	at	least	10	days	of	therapy	are
required	to	treat	P.	aeruginosa.218

7 	 For	 the	 treatment	 of	 NP,	 guidelines	 emphasize	 the	 need	 for	 a	 “de-
escalation”	strategy.6	After	2	 to	3	days,	 the	clinical	course	can	be	assessed	and
the	 culture	 data	 reviewed,	 and	 in	 responding	 patients,	 efforts	 can	 be	made	 to
change	 the	 initial	 broad-spectrum	 therapy.	 This	 de-escalation	 can	 involve



focusing	 to	a	more	narrow	spectrum	agent,	 reducing	 the	number	of	antibiotics,
stopping	therapy	altogether	in	patients	not	likely	to	have	infection,	and	making
efforts	 to	 reduce	 duration	 of	 therapy.219	 When	 this	 strategy	 has	 been	 used,
outcomes	 such	 as	 the	 frequency	 of	 secondary	 infections,	 antimicrobial
resistance,	 and	 mortality	 have	 been	 lower.	 De-escalation	 can	 only	 be
accomplished	 if	 lower	 respiratory	 tract	 cultures	 are	 obtained	 prior	 to	 initiating
therapy,	 although	 rates	 can	 be	 high	with	 either	 a	 nonquantitative	 endotracheal
aspirate	 or	 a	 quantitatively	 cultured	 bronchoscopic	 sample.131	 Negative	 lower
respiratory	tract	cultures	can	be	used	to	stop	antibiotic	therapy	in	a	patient	who
has	had	cultures	obtained	 in	 the	absence	of	an	antibiotic	change	 in	 the	past	72
hours	and	who	is	clinically	doing	well.	In	retrospect,	such	a	patient	may	not	have
pneumonia	but	rather	another	diagnosis	such	as	CHF	or	atelectasis.	Combination
therapy	can	be	de-escalated	to	monotherapy	once	culture	data	are	available,	and
aminoglycosides	 may	 be	 used	 for	 a	 short	 duration	 (5	 days),	 when	 used	 in
combination	 with	 a	 β-lactam	 to	 treat	 P.	 aeruginosa	 pneumonia.	 In	 clinical
practice,	 physicians	 do	 not	 de-escalate	 often	 enough,	 even	 though	 data	 do	 not
show	 adverse	 outcomes	 when	 this	 approach	 is	 applied	 to	 patients	 who	 are
responding	 to	 initial	 empiric	 therapy.220	 In	 patients	 with	 clinical	 improvement
and	 decreased	 oxygenation	 requirement,	 effort	 should	 be	 made	 to	 de-escalate
and	 shorten	 duration	 of	 therapy.	 Serial	 PCT	 can	 help	 guide	 therapy
discontinuation	 for	 VAP	 and	 help	 decrease	 the	 number	 of	 days	 on	 antibiotic,
without	having	an	adverse	effect	on	mortality.112,167,221

The	recommended	duration	of	therapy	for	VAP	has	been	the	subject	of	recent
studies.	 Luna	 et	 al	 observed	 that	 patients	 who	 survived	 VAP	 after	 receiving
appropriate	 therapy	 tended	 to	 have	 a	 clinical	 improvement	 by	 days	 3	 to	 5,
especially	 reflected	 by	 improved	 PaO2/FiO2	 ratio,	 whereas	 nonresponding
patients	did	not	have	such	a	response	during	the	same	time	period.	On	the	other
hand,	 prolonged	 antibiotic	 therapy	 simply	 leads	 to	 colonization	 with	 resistant
bacteria,	 which	 may	 be	 a	 risk	 factor	 for	 recurrent	 VAP.222	 A	 multicenter,
randomized,	 controlled	 trial	 demonstrated	 that	 patients	 who	 received
appropriate,	 initial	empiric	 therapy	of	VAP	for	8	days	had	outcomes	similar	 to
those	 patients	 who	 received	 therapy	 for	 14	 days.223	 The	 optimal	 duration	 of
therapy	for	VAP	due	to	MDR	organisms	such	as	P.	aeruginosa	or	Acinetobacter
spp	 is	 not	 known.	 If	 culture	 identifies	 P.	 aeruginosa,	 consider	 stopping	 the
aminoglycoside	 after	 3	 to	 5	 days	 and	 finish	 with	 a	 single	 agent	 to	 which	 the
organism	is	sensitive.	In	nonpseudomonal	infection,	de-escalate	to	a	single	agent
that	the	organism	is	sensitive	to.	As	long	as	a	patient	receives	appropriate	initial
empiric	 coverage	 for	 VAP,	 short	 course	 treatment	 for	 7	 to	 8	 days	 has	 similar
mortality,	 ICU	 length	 of	 stay,	 and	 mechanical	 ventilation	 days,	 compared	 to



14	 days.6,223,224	 Duration	 of	 treatment	 for	 P.	 aeruginosa	 and	 MRSA	 may	 be
prolonged	for	more	than	6	to	8	days,	especially	in	the	presence	of	bacteremia.

Although	 aminoglycosides	 are	 used	 in	 VAP,	 there	 is	 concern	 about
nephrotoxicity	(especially	in	the	elderly)	and	these	drugs	are	less	active	in	areas
of	the	lung	that	have	a	low	pH	level,	as	may	occur	with	pneumonia.	Also,	these
antibiotics	 achieve	 only	 40%	 of	 the	 serum	 concentration	 in	 respiratory
secretions,	 when	 given	 intravenously.	 Although	 once-daily	 dosing	 has	 been
proposed	 to	 take	 advantage	 of	 the	 postantibiotic	 effect	 of	 aminoglycosides	 to
enhance	 efficacy,	 while	 reducing	 the	 need	 for	 monitoring	 serum	 levels	 and
reducing	 the	 toxicity,	a	meta-analysis	has	shown	neither	enhanced	efficacy	nor
reduced	toxicity	with	once-daily	dosing.63

Another	 approach	 used	 by	 some	 investigators	 is	 the	 direct	 delivery	 of
aminoglycosides	into	the	airway	in	an	effort	to	achieve	high	levels	of	antibiotic
at	 the	 site	 of	 infection,	with	 little	 risk	 of	 systemic	 absorption	 and	 toxicity	 and
treatment-related	acquisition	of	antibiotic	 resistance.225,226	 In	a	 randomized	 trial
using	 adjunctive	 inhaled	 amikacin,	 using	 a	 vibrating	 mesh	 plate	 nebulizer	 in
patients	with	VAP,	inhaled	therapy	led	to	less	systemic	antibiotic	use	and	more
de-escalation	 compared	 to	 adjunctive	 inhaled	 saline.227	 In	 a	 meta-analysis
including	 11	 studies,	 aerosolized	 colistin	 or	 aminoglycosides	 led	 to	 a	 higher
resolution	 rates	 for	 patients	 with	 resistant	 pathogens,	 but	 not	 in	 those	 with
sensitive	 pathogens.228	 In	 another	 randomized	 trial	 of	 adjunctive	 inhaled
amikacin/fosfomycin	 in	gram-negative	VAP,	Kollef	and	associates	observed	no
difference	in	CPIS,	mortality,	or	clinical	cure	between	the	standard	of	care	arm
and	 the	 adjunctive	 inhaled	 treatment	 arm.229	 Similarly,	 another	 recent
randomized	 trial	 including	 712	 patients	 with	 gram-negative	 VAP,	 compared
adjunctive	inhaled	amikacin	to	inhaled	placebo,	and	demonstrated	no	impact	on
mortality	 at	 32	 days.230	 The	 most	 recent	 IDSA/ATS	 guidelines	 on	 NP	 gave	 a
weak	recommendation	for	the	addition	of	inhaled	colistin	or	aminoglycosides	to
systemic	 antibiotics	 for	 patients	with	 nonresponding,	 gram-negative	VAP	with
MDR	 pathogens.6	 One	 side	 effect	 of	 aerosolized	 antibiotics	 has	 been
bronchospasm,	which	can	be	induced	by	the	antibiotic	or	the	associated	diluents
present	in	certain	preparations.

Other	Issues
In	the	therapy	of	nosocomial	pneumonia,	in	addition	to	P.	aeruginosa,	the	other
challenging	 gram-negative	 organisms	 are	 Acinetobacter	 spp	 and	 ESBL-
producing	Enterobacteriaceae.	 For	 both	groups	of	 pathogens,	 a	 carbapenem	 is
the	most	effective	therapy,	 if	 the	organisms	are	sensitive,	but	 if	not,	 then	novel



therapies	may	be	needed.	The	newer	agents	ceftazidime-avibactam,	ceftolozane-
tazobactam,	 imipenem-relebactam,	 meropenem-vaborbactam,	 and	 cefiderocol
can	be	used	as	the	β-lactam	agent,	for	patients	with	risk	factors	for	drug-resistant
pathogens	 that	 are	 particularly	 susceptible	 to	 these	 agents.	 For	 those	 infected
with	 highly	 resistant	 P.	 aeruginosa,	 ceftolozane-tazobactam,	 ceftazidime-
avibactam,	and	imipenem-relebactam	are	effective	choices,	whereas	with	CRE,
ceftazidime-avibactam,	imipenem-relebactam,	and	meropenem-vaborbactam	are
good	 options.	 Ceftazidime-avibactam	 and	 cefiderocol	 are	 optimal	 choices	 for
metallo-β-lactamase-producing	pathogens.231	Acinetobacter	 spp	are	 treated	with
a	 carbapenem,	 but	 colistin	 should	 be	 considered	 in	 those	 with	 carbapenem
resistance.	Tigecycline	monotherapy	is	not	recommended,	but	this	agent	can	be
combined	 with	 a	 carbapenem,	 colistin,	 or	 sulbactam.	 Aerosolized
aminoglycosides	or	colistin	can	be	added	as	adjunctive	therapy	in	patients	with
highly	resistant	gram-negative	pathogens.	For	multidrug-resistant	Acinetobacter
infection,	 a	 combination	 regimen	 is	 usually	 recommended	 and	 can	 include
colistin,	sulbactam,	tigecycline,	and/or	an	inhaled	antimicrobial.232

The	 treatment	options	for	suspected	MRSA	pneumonia	have	been	expanded
with	the	availability	of	agents	such	as	the	oxazolidinones	(linezolid),	telavancin,
teicoplanin,	and	streptogramins.	Linezolid	achieves	higher	lung	epithelial	lining
fluid	 concentrations	 compared	 to	 glycopeptides	 and	 could	 therefore	 have	 an
advantage	 for	MRSA	 lung	 infections.	 However,	 results	 from	 two	 older	 meta-
analyses	demonstrated	comparable	clinical	and	microbiologic	success	with	using
linezolid	 and	 glycopeptides	 and	 a	 significant	 twofold	 increase	 in	 the	 risk	 of
thrombocytopenia	 and	 gastrointestinal	 events	 with	 linezolid.233,234	 In	 a	 subset
analysis	 of	 two	 prospective,	 randomized	 trials,	 linezolid	 had	 a	 clinical	 and
microbiologic	advantage	over	vancomycin	for	patients	with	documented	MRSA
VAP.235	This	advantage	may	be	due	to	the	higher	penetration	of	linezolid	into	the
epithelial	 lining	 fluid	 than	 with	 vancomycin.236	 Since	 those	 analyses,	 another
RCT	of	staphylococcal	NP	comparing	linezolid	to	vancomycin	found	that	using
linezolid	 led	 to	 a	 significantly	 higher	 rate	 of	 clinical	 response	 than	 optimally
dosed	 vancomycin,	 with	 no	 difference	 in	 mortality.237	 Linezolid	 may	 also	 be
preferred	if	patients	have	renal	 insufficiency	or	are	receiving	other	nephrotoxic
agents	 such	 as	 aminoglycosides,	 because	 of	 concerns	 of	 synergistic
nephrotoxicity	with	vancomycin,	but	this	is	not	conclusively	proven.	Linezolid	is
generally	 well	 tolerated,	 but	 patients	 must	 be	 monitored	 for	 drug-induced
thrombocytopenia,	 especially	 after	 prolonged	 use	 (>14	 days).	 Another	 recent
meta-analysis	that	also	included	the	new	randomized	controlled	trial	of	linezolid
vs	vancomycin	did	find	a	higher	microbiologic	eradication	rate	for	linezolid,	and
more	 nephrotoxicity	 when	 glycopeptides	 (vancomycin	 or	 teicoplanin)	 were



used.238	Telavancin	 is	a	 lipoglycopeptide	with	good	activity	against	MRSA	and
VRE.	 When	 compared	 against	 vancomycin	 in	 the	 treatment	 of	 MRSA	 HAP,
telavancin	 achieved	 higher	 cure	 rates.239	 However,	 another	 prospective	 RCT
comparing	telavanacin	(10	mg/kg	every	24	h)	with	vancomycin	(1	g	every	12	h)
for	 the	 treatment	 of	 HAP/VAP	 reported	 a	 similar	 overall	 mortality	 and	 safety
profile	with	 both	 drugs,	 but	 a	 higher	mortality	 in	 the	 telavancin	 arm	 for	 those
with	moderate-to-severe	 renal	 impairment.240	 Ceftobiprole	 is	 a	 fifth-generation
cephalosporin	with	extended	spectrum	activity	against	MSSA,	P.	aeruginosa	and
Enterobacteriaceae,	 but	 limited	 efficacy	 against	 MRSA	 and	 ESBL-producing
gram	 negatives.241	 In	 an	 RCT,	 ceftobiprole	 showed	 similar	 efficacy	 and	 cure
rates	compared	to	ceftazidime	plus	linezolid	for	the	treatment	of	HAP.242

Several	newer	combination	treatments	with	newer-generation	cephalosporin/
β-lactam	+	β-lactamase	inhibitor	regimens	have	been	tested	and	are	available	as
an	 option	 in	 treatment-resistant	NP.	Ceftazidime-avibactam	 is	 effective	 against
most	MDR	gram	negatives	and	was	shown	to	be	noninferior	to	meropenem	in	a
RCT	 of	 carbapenem-resistant,	 non-Enterobacteriaceae	 pneumonia.243,244
Ceftolozane-tazobactam	 is	 another	 combination	 regimen	 effective	 against	 P.
aeruginosa	 and	 ESBL-producing	 Enterobacteriaceae.	 It	 has	 been	 shown	 to	 be
highly	 effective	 in	 gram-negative	 HAP/VAP	 and	 has	 a	 mortality	 advantage
compared	 to	 meropenem	 in	 patients	 who	 have	 ventilated	 HAP,	 or	 had	 prior
unsuccessful	 treatment.245	 Meropenem-vaborbactam	 has	 good	 activity	 against
most	gram-negative	microorganisms,	including	those	with	extended-spectrum	β-
lactamases	 and	 K.	 pneumoniae	 carbapenemases	 and	 CRE,	 but	 is	 not	 yet
approved	for	treatment	of	VAP.246	 Imipenem-relebactam	is	another	combination
regimen	 effective	 against	 most	 gram-negative	 microorganisms,	 and	 in	 a	 RCT
including	540	patients	with	NP	showed	similar	 clinical	 cure	 rate	and	mortality
compared	to	piperacillin-tazobactam,	with	a	survival	advantage	in	mechanically
ventilated	patients.247

STRATEGIES	FOR	PREVENTION	OF
PNEUMONIA

Community-Acquired	Pneumonia
Preventive	strategies	can	be	applied	 in	 the	outpatient	(prehospital)	setting	or	 in
the	 hospital	 and	 ICU.	 Outpatient	 measures	 proven	 to	 reduce	 the	 incidence	 of
severe	lower	respiratory	tract	infection	are	immunization	against	pneumococcal



and	 influenza	 infection	 in	 susceptible	 populations.	 The	 pneumococcal
polysaccharide	 vaccine	 (PPV)	 is	 directed	 at	 23	 strains	 of	 pneumococcus
(accounting	for	85%	to	90%	of	all	 infections),	and	 it	 is	both	cost-effective	and
potentially	cost	saving	among	individuals	older	than	65	years	for	the	prevention
of	 bacteremia.	 In	 a	 study	 of	 US	 hospitals,	 prior	 vaccination	 against
pneumococcus	was	associated	with	improved	survival	(adjusted	OR,	0.50;	95%
CI,	 0.43-0.59),	 decreased	 chance	 of	 respiratory	 failure	 or	 other	 complications,
and	 decreased	 length	 of	 stay	 among	 hospitalized	 patients	 with	 CAP.248	 With
documented	effectiveness	of	75%	in	this	age	group,	the	recommendation	is	that
all	immune-competent	patients	aged	65	years	or	older	should	be	immunized.14	If
prior	history	of	vaccination	 is	not	available,	 revaccination	 is	also	safe,	as	 there
was	no	difference	in	the	risk	of	adverse	events	following	more	than	three	doses
of	 PPV,	 compared	 with	 one	 or	 two	 doses.249	 This	 may	 be	 relevant	 following
vaccination	with	23-valent	PPV,	because	pneumococcal	antibody	levels	decline
to	 prevaccination	 levels	 within	 6	 to	 10	 years.	 Two	 protein-conjugated
pneumococcal	vaccines	have	been	licensed	and	are	more	immunogenic	than	the
older	 vaccine,	 but	 contain	 only	 7	 and	 13	 serotypes.14	 The	 13-valent
pneumococcal	 conjugate	 vaccine	 (PCV13)	 was	 approved	 by	 the	 FDA	 in	 late
2011	for	use	among	adults	aged	≥50	years.250	Based	on	a	randomized,	placebo-
controlled	 trial	 evaluating	 the	 efficacy	 of	 PCV13	 for	 preventing	 CAP	 among
adults	 aged	 ≥65	 years	 (CAPITA—Community	 Acquired	 Pneumonia
Immunization	 Trial	 in	 Adults),	 the	 Advisory	 Committee	 on	 Immunization
Practices	 recommended	 routine	 use	 of	 PCV13	 among	 adults	 aged	 ≥65	 years
since	Aug	2014.250	There	is	a	significant	 impact	of	using	conjugate	vaccination
in	 both	 vaccinated	 and	 nonvaccinated	 groups,	 with	 an	 overall	 decrease	 in
hospitalization,	and	cost-effectiveness	from	the	prevaccinated	period	to	that	post
availability	of	vaccines.251	PCV13	should	be	administered	in	series	with	the	23-
valent	 pneumococcal	 polysaccharide	 vaccine,	 giving	 PCV	13	 first,	 if	 possible.
Recent	 evidence	 of	 declining	 pneumococcal	 infection	 has	 prompted	 recent
recommendations	to	modify	the	decision	of	using	PCV13	in	those	over	age	65	to
be	 a	 shared	 decision	 between	 patient	 and	 physician.252	 PCV	 13	 and
pneumococcal	 polysaccharide	 vaccine	 23-valent	 vaccination	 are	 also
recommended	in	patients	with	chronic	pulmonary	diseases,	receiving	steroids	or
immunomodulating	therapy,	or	who	have	concurrent	sickle	cell	disease	or	other
hemoglobinopathies,	 primary	 immunodeficiency	 disorders,	 human
immunodeficiency	 virus	 infection/acquired	 immunodeficiency	 syndrome,
nephrotic	 syndrome,	 and	 hematologic	 or	 solid	 malignancies.253	 Pneumococcal
vaccine	can	be	administered	simultaneously	with	influenza	vaccine	and	hospital-
based	immunization	practices	are	effective	ways	of	delivering	the	vaccine	in	the



appropriate	age	group.
8 	 Annual	 influenza	 vaccination	 has	 reduced	 the	 frequency	 and	 severity	 of

influenza	 in	 the	 elderly	 and	 chronically	 ill	 patient,	 and	 vaccination	 of	medical
personnel	 may	 reduce	 nosocomial	 transmission	 of	 influenza	 from	 staff	 to
patients.	For	those	above	65	years	of	age,	a	higher	dose	influenza	vaccine	(60	μg
of	 hemagglutinin	 per	 strain)	 has	 been	 shown	 to	 provide	 better	 protection.254,255
Influenza	vaccination,	similar	to	pneumococcal	vaccination	has	shown	to	be	cost
effective	 to	 prevent	 severe	 illness	 and	 to	 reduce	 the	 occurrence	 of	 secondary
pneumonia	 and	 hospitalization.256	 In	 a	 randomized	 study	 including	 31,989
participants,	 the	 high	 dose	 vaccine	 induced	 significantly	 higher	 antibody
responses	and	provided	better	protection	against	laboratory-confirmed	influenza
illness	than	the	standard	vaccine.254	In	another	study,	patients	≥65	years	who	had
received	 the	 high-dose	 inactivated	 influenza	 vaccine	 during	 the	 2012-13
influenza	seasons	were	less	likely	to	have	influenza-related	medical	encounters
and	 hospitalization	 than	 the	 standard-dose	 vaccine.257	 Antiviral
chemoprophylaxis	 (with	 oseltamivir,	 zanamivir,	 amantadine,	 or	 rimantadine)
may	 be	 adjunctive	 to	 immunization	 and	 is	 70%	 to	 90%	 effective	 in	 avoiding
infections	 with	 influenza	 A,	 if	 it	 is	 started	 at	 the	 earliest	 recognition	 of	 an
outbreak,	and	if	the	circulating	strain	is	sensitive	to	these	agents	(which	has	not
always	 been	 the	 case	 in	 recent	 epidemics).	 The	 neuraminidase	 inhibitors,
zanamivir	 and	oseltamivir,	 are	active	against	both	 influenza	A	 and	B,	 for	 both
prophylaxis	and	treatment,	if	started	within	36	hours	of	the	onset	of	symptoms.258

Humoral	 responses	 play	 an	 important	 role	 in	 adaptive	 immune	 response	 to
viral	 infections.	 During	 the	 most	 recent	 COVID-19	 pandemic	 the	 scientific
community	came	together	to	bring	the	most	advanced	technology	by	developing
mRNA	 vaccines	 encoding	 the	 viral	 spike	 protein.259	 Polack	 and	 colleagues,	 in
one	 of	 the	 largest	 vaccination	 studies	 including	 43,548	 participants	 who	were
randomized	to	receive	2	doses	of	BNT162b2	or	placebo,	found	vaccination	was
95%	 effective	 in	 preventing	 COVID-19	 (95%	 credible	 interval,	 90.3-97.6).260
Similarly,	mRNA-1273,	a	lipid	nanoparticle–encapsulated	mRNA-based	vaccine
was	tested	on	30,420	volunteers	and	was	noted	to	have	94.1%	efficacy	(95%	CI,
89.3%-96.8%)	 in	 preventing	 infection.261	Both	 vaccines	 are	 highly	 effective	 in
preventing	serious	COVID-19	infections	and	both	have	received	approval	from
the	FDA.

Nosocomial	Pneumonia
In	 the	 ICU,	 several	 general	 strategies	may	 be	 used	 to	 reduce	 the	 incidence	 of



pneumonia	 (Table	181.11).	 In	general,	 it	 is	possible	 to	 reduce	 the	 incidence	of
VAP,	but	this	requires	the	use	of	multiple	interventions	together,	which	are	often
administered	in	the	form	of	a	“Ventilator	bundle.”	The	use	of	these	bundles	has
been	 effective	 at	 reducing	 the	 incidence	 of	 VAP,	 particularly	 if	 the
implementation	 of	 the	 bundle	 is	 closely	 monitored.262	 Typically,	 a	 bundle
includes:	 daily	 interruption	 of	 sedation,	 a	 daily	 weaning	 trial,	 head	 of	 bed
elevation,	 oral	 care	 (with	 chlorhexidine),	 deep	venous	 thrombosis	 prophylaxis,
and	 intestinal	 bleeding	 prophylaxis.	 Bundles	 have	 been	 effective	 at	 reducing
VAP	rates,	but	it	is	controversial	whether	it	is	possible	to	achieve	a	“zero	VAP”
goal.263

TABLE	181.11

Preventive	Strategies	Available	In	Intensive	Care	Unit
Pneumonia

To	be	used	in	all	patients	based	on	strong	data

“Ventilator	bundles”:	individualize	to	each	intensive	care	unit
Oral	care,	possibly	with	chlorhexidine
24	hours	of	prophylactic	systemic	antibiotics	following	emergent	intubation
Change	ventilator	circuits	only	when	soiled
Non-invasive	ventilation	when	possible
Reduce	use	of	nasogastric	tubes	(place	orally,	and	if	possible	postpyloric)
Daily	interruption	of	sedation
Infection	control:	hand	washing,	isolate	patients	with	resistant	organisms

To	be	considered	in	most	patients

Prophylactic	PEEP	of	5-8	cm
Closed	suction	catheter	systems
Maintain	endotracheal	tube	cuff	pressure	to	avoid	aspiration
Avoid	immunosuppressants
Restricted	blood	transfusion	policy
Glycemic	control
Influenza	and	pneumococcal	vaccine:	consider	hospital-based	programs

Require	further	data	prior	to	being	adopted	for	routine	use

Ideal	head	position:	elevated	vs	lateral	Trendelenburg



Endotracheal	tube	biofilm	removal	or	avoidance:	silver-coated	endotracheal
tube,	other	devices	when	available
Subglottic	secretion	drainage	endotracheal	tubes
“Selective	digestive	decontamination”—oropharynx	and	GI	tract
Probiotics	into	the	GI	tract
Early	tracheostomy
Silver-coated	endotracheal	tube
Polyurethane	and	conical	endotracheal	tube	cuffs

GI,	gastrointestinal;	PEEP,	positive	end-expiratory	pressure..

Infection	Control	and	Ventilator	Equipment	Handling
Handwashing,	although	simple	and	effective	in	reducing	the	spread	of	resistant
organisms,	 is	 frequently	 neglected	 in	 the	 ICU.	 Proper	 disinfection	 of
nebulization	equipment	should	be	done	after	each	use.	Heat	moisture	exchangers
in	 the	 ventilator	 circuit	 can	 eliminate	 the	 need	 for	 cascade	 humidification	 but
have	not	been	 shown	 to	 reduce	 the	 incidence	of	NP.	Ventilator	circuit	 changes
should	be	made	no	more	often	than	every	48	hours,	and	more	frequent	changes
and	 manipulations	 may	 add	 to	 the	 risk	 of	 infection.63	 In	 fact,	 there	 is	 no
increased	infection	risk	if	tubing	is	never	changed.264	Microaspiration	of	gastric
contents	is	facilitated	by	the	underinflation	of	the	tracheal	cuff	pressure	and	can
be	effectively	prevented	by	maintaining	 the	 tracheal	cuff	pressure	by	use	of	an
automated	pneumatic	device,	or	by	close	monitoring	of	 the	cuff	pressure.265	 In
addition,	maintenance	of	PEEP	at	5	to	8	cm	may	also	keep	the	endotracheal	tube
cuff	sealed,	and	minimize	secretion	leakage	around	the	cuff.	Biofilm	formation
on	 the	 inner	 surface	 of	 the	 endotracheal	 tube	 can	 be	 inhibited	 by	 using	 an
endotracheal	 tube	 coated	with	 silver.	 In	 a	multicenter	 trial	 involving	 intubated
patients,	 those	 who	 had	 silver	 coated	 endotracheal	 tubes	 had	 lower	 rates	 of
microbiologically	confirmed	VAP	compared	to	the	control	group	with	uncoated
tubes	(4.8%	vs	7.5%;	P	=	.03),	but	there	were	no	differences	in	the	duration	of
intubation,	 or	 mortality	 among	 the	 two	 groups.71	 There	 are	 also	 a	 variety	 of
devices	under	development	 that	can	 remove	 the	biofilm	once	 it	has	 formed,	or
prevent	its	formation.

Prophylactic	Antibiotics
Intense	 interest	 has	 been	 focused	 on	 “selective	 digestive	 decontamination
(SDD)”	as	a	means	of	preventing	both	NP	and	sepsis.	This	approach	attempts	to



sterilize	 the	 intestine	and	oral	cavity	of	all	gram-negative	organisms,	assuming
that	 the	 gastrointestinal	 tract	 is	 the	 source	 of	 the	 organisms	 that	 cause
pneumonia.	Several	 large	meta-analyses	and	four	recent	prospective	 trials	have
shown	 a	 benefit	 for	 SDD	 in	 preventing	VAP	 and	 in	 reducing	mortality.266	The
full	 regimen	 is	 usually	 a	 combination	 of	 topical	 (polymyxin,	 tobramycin,	 and
amphotericin	or	 related	compounds)	and	systemic	antibiotics	 (nonpseudomonal
third-generation	 cephalosporin),	 but	 the	 use	 of	 only	 topical	 oral	 antibiotics
(selective	oral	decontamination,	SOD)	or	oral	antiseptics	(such	as	chlorhexidine)
has	 also	 reduced	 the	 incidence	 of	 infection.	 In	 a	 large	 randomized	 trial,	 both
SDD	and	SOD	reduced	ICU	mortality	rates.267	In	spite	of	these	possible	benefits,
widespread	 use	 of	 SDD	 in	 all	 ICU	 patients	 has	 not	 been	 adopted	 outside	 of
certain	 European	 centers,	 and	 in	 many	 studies,	 the	 benefits	 appear	 to	 have
applied	only	 to	 selected	populations	 such	as	 surgical	and	 trauma	patients,	with
less	 benefit	 to	 medical	 patients.	 In	 addition,	 those	 at	 the	 extremes	 of	 disease
severity	 (mild	 or	 severely	 ill)	may	 not	 benefit,	 and	 the	 incremental	 benefit	 of
these	 approaches	 when	 added	 to	 an	 effective	 ventilator	 bundle,	 has	 not	 been
evaluated.	To	be	fully	effective,	SDD	needs	to	be	used	in	all	patients	in	a	given
ICU,	 and	 this	widespread	use	 has	 been	 shown	 in	 some	 studies	 to	 promote	 the
emergence	of	resistant	bacteria,	particularly	gram-positives	such	as	MRSA.	This
is	 likely	 to	 be	 an	 even	 greater	 problem	 in	 ICUs	 with	 a	 high	 baseline	 rate	 of
resistance.	 SDD	 may	 also	 lead	 to	 an	 increased	 rate	 of	 hospital-acquired
infections	 in	patients	after	 they	leave	the	ICU.268	 In	a	prospective,	 randomized,
double-blind	 study	 of	 350	 patients	 undergoing	 cardiac	 surgery,	 use	 of
chlorhexidine	gluconate	0.12%	oral	rinse	reduced	the	incidence	of	pneumonia	by
69%	 in	 comparison	 with	 controls	 (5/173	 vs	 17/180;	 P	 <	 .05).	 There	 was	 no
difference	 in	 antibiotic	 resistance	 patterns	 in	 either	 group.269	Recently,	 there	 is
some	question	about	whether	oral	chlorhexidine	can	be	harmful,	possibly	related
to	 toxicity	 if	 aspirated,	 and	 a	 limited	 efficacy	 and	 higher	 mortality	 in	 non–
cardiac	 surgery	patients.270	Another	meta-analysis	 of	 28	 randomized	 controlled
trials	 supported	 the	 use	 of	 selective	 oral	 decontamination	 in	 the	 prevention	 of
VAP.	In	fact,	the	entire	regimen	of	selective	digestive	decontamination	may	not
be	any	more	effective	than	the	use	of	oral	antiseptics.271

The	concept	of	antibiotic	 rotation	or	cycling	has	also	been	 investigated	as	a
resistance	 control	 strategy,213,272	 and	 although	 there	 was	 initial	 enthusiasm	 for
this	approach,	subsequent	studies	have	been	less	supportive.	Most	ICUs	focus	on
antimicrobial	 stewardship,	 focusing	 on	monitoring	 local	 patterns	 of	 resistance
and	introducing	heterogeneity	into	the	choice	of	antibiotics.213,273	Administration
of	antibiotics	for	24	hours	post	 intubation	(1.5	g	of	cefuroxime	given	every	12
hours	or	a	single	dose	of	ceftriaxone	or	ertapenem	administered	within	4	hours)



has	been	shown	 to	be	beneficial	 in	cardiac	arrest	 and	comatose	 stroke	or	head
injury	patients	to	prevent	early	onset	VAP.274,275

Control	of	Respiratory	Secretions
Stagnation	of	respiratory	secretions	can	lead	to	both	pneumonia	and	atelectasis,
and	efforts	to	remove	these	secretions	could	reduce	the	incidence	of	pneumonia.
One	 way	 to	 achieve	 this	 objective	 is	 through	 the	 use	 of	 continuous	 lateral
rotation	delivered	by	a	rotating	bed	that	is	used	in	place	of	a	traditional	hospital
bed	to	improve	mucociliary	clearance	and	help	mobilize	secretions.	Another	way
to	control	respiratory	secretions	is	to	remove	oropharyngeal	contents	before	they
can	 be	 aspirated	 into	 the	 lung.	 Continuous	 aspiration	 of	 subglottic	 secretions,
through	 the	 use	 of	 a	 specially	 designed	 endotracheal	 tube,	 has	 significantly
reduced	 the	 incidence	 of	 early-onset	 VAP	 in	 several	 studies.63	 Subglottic
secretion	 drainage	 (SSD)	 can	 be	 achieved	 by	 a	 specially	 adapted	 endotracheal
tube	 that	 will	 allow	 suctioning	 of	 secretions	 that	 pool	 above	 the	 endotracheal
tube	 cuff,	 thereby	 interrupting	 the	 aspiration	 of	 secretions	 into	 the
tracheobronchial	 tree.	 A	 RCT	 showed	 a	 significant	 reduction	 in
microbiologically	confirmed	VAP	with	the	use	of	SSD,	compared	to	the	control
population	 (14.8%	 vs	 25.6%;	 P	 =	 .02)	 but	 no	 difference	 in	 duration	 of
mechanical	 ventilation	 or	 mortality.276	 In	 another	 randomized	 study	 enrolling
over	 700	 patients	 comparing	 continuous	 aspiration	 of	 subglottic	 secretions
(CASS)	vs	controls	after	cardiac	surgery,	the	CASS	group	had	a	lower	VAP	rate
(26.7%	 vs	 47.5%;	 p	 0.04),	 and	 fewer	 days	 in	 the	 ICU	 (7	 vs	 16.5	 days;	 P	 =
0.01).277

Stress	Ulcer	Prophylaxis
Several	clinical	studies	have	documented	 that	neutralization	of	gastric	pH	with
antacids	or	H2	blockers	can	add	to	the	risk	of	NP	(especially	late-onset	infection)
in	mechanically	ventilated	patients.63	Although	not	 all	 studies	have	 shown	 that
the	 gastric	 reservoir	 is	 an	 important	 source	 of	 infection,	 prevention	 strategies
should	 take	 into	 account	 its	 potential	 influence	 by	minimizing	 gastric	 volume
and	preventing	aspiration	of	gastric	contents;	however,	ventilator	bundles	have
been	 able	 to	 reduce	 VAP	 rates,	 even	 if	 H2	 blockers	 are	 used.	 This	 is	 likely
because	gastric	acid	neutralization	is	combined	with	elevation	of	the	head	of	the
bed,	which	may	 prevent	 aspiration	 of	 gastric	 contents.	Although	 some	 studies
have	 suggested	 a	 benefit	 of	 performing	 intestinal	 bleeding	 prophylaxis	 with
sucralfate,	at	least	one	large,	double-blind,	randomized	trial	comparing	ranitidine



with	 sucralfate,	 which	 demonstrated	 a	 trend	 toward	 lower	 rates	 of	 VAP	 with
sucralfate,	also	 reported	 that	clinically	significant	gastrointestinal	bleeding	was
4%	higher	in	the	sucralfate	group.278

Ventilator	Bundles
The	 incidence	 of	 VAP	 can	 be	 reduced	 substantially	 if	 there	 is	 a	 high	 rate	 of
compliance	with	all	the	interventions	in	a	ventilator	bundle.	Bundle	use	has	been
reported	to	lead	to	almost	45%	reduction	in	the	incidence	of	VAP,	and	the	benefit
was	 greatest	 when	 adherence	 to	 the	 protocol	 was	 high.262	 In	 the	 last	 several
years,	 this	approach	has	become	so	popular	and	apparently	effective	that	many
believe	that	it	can	lead	to	a	“zero	VAP”	rate.	However,	there	is	concern	that	the
benefits	of	ventilator	bundles	have	been	overstated,	and	 that	 it	 is	 impossible	 to
eliminate	VAP	in	certain	high-risk	patients.279	Thus,	it	is	unclear	if	VAP	is	really
being	prevented,	or	if	the	disease	is	being	diagnosed	less	often,	especially	given
the	 subjective	 nature	 of	 the	 VAP	 definition,	 and	 the	 possibility	 of	 treating
patients	 for	 another	 diagnosis.	 In	 addition,	 although	 studies	 have	 shown	 a
reduction	 in	VAP	 rates,	 secondary	 benefits	 such	 as	 reduction	 in	mortality	 and
antibiotic	use	have	not	generally	been	reported.

Advances	 in	 managing	 acute	 infectious	 pneumonia,	 based	 on	 randomized
controlled	trials	or	meta-analyses	of	such	trials,	are	summarized	in	Table	181.12.

TABLE	181.12

Recent	Advances	in	Pneumonia	Management	Based	on
Randomized	Trials,	Large	Database	Analyses,	and	Meta-
Analysis

Antibiotic	duration	in	VAP	should	be	as	short	as	possible.	In	patients	with	a
low	clinical	suspicion,	based	on	serial	clinical	observations	and
improvement,	therapy	can	be	stopped	after	3	days,	while	those	with
microbiologically	confirmed	VAP	can	be	safely	treated	for	8	days,	provided
that	initial	therapy	is	appropriate	and	that	a	nonfermenting	gram	negative	is
not	responsible.61,149

Linezolid	is	associated	with	a	lower	mortality	and	higher	bacteriologic



eradication	rate	than	vancomycin	in	patients	with	VAP	that	is	proven	to	be
caused	by	MRSA,	but	quinupristin/dalfopristin	is	not	superior	to
vancomycin.122,136,138

Quinolone	monotherapy	should	not	be	used	for	patients	with	severe	CAP,
since	it	has	not	been	proven	to	be	safe	and	effective	for	all	of	the	types	of
patients	admitted	to	the	ICU.4,118

Mortality	in	CAP	can	be	reduced	by	administering	the	first	dose	of
antibiotics	as	soon	as	possible	after	a	patient’s	arrival	to	the	hospital.4

In	patients	with	VAP,	diagnosis	can	be	made	with	either	endotracheal
aspirate	culture	or	bronchoscopic	culture,	with	no	difference	in	mortality,
comparing	the	two	methods.2

Combination	antimicrobial	therapy	in	VAP	increases	the	likelihood	of
initially	effective	empiric	therapy	for	patients	who	are	likely	to	have
multidrug-resistant	pathogen	infection,	but	the	use	of	combination	therapy
has	not	been	definitively	proven	to	reduce	mortality.2

When	cephalosporins	are	used	for	empiric	therapy	of	severe	CAP,	and	drug-
resistant	S.	pneumoniae	is	suspected,	ceftriaxone	and	cefotaxime	are
reliable	choices,	while	cefuroxime	is	not.4

In	the	presence	of	CAP	with	pneumococcal	bacteremia,	use	of	dual
antibiotic	therapy	is	associated	with	reduced	mortality,	compared	with
monotherapy,	especially	for	patients	with	severe	pneumonia.115,116

CAP,	community-acquired	pneumonia;	ICU,	intensive	care	unit;	MRSA,	methicillin-resistant
Staphylococcus	aureus;	VAP,	ventilator-associated	pneumonia.

MULTIPLE	CHOICE	QUESTIONS

Questions



1. 	A	72-year-old	man	with	history	of	coronary	artery	disease,	diabetes,	atrial
fibrillation,	and	hypertension	is	admitted	following	a	fall,	requiring	open
reduction	and	internal	fixation	of	right	femur	fracture.	His	course	is	complicated
with	an	acute	cerebrovascular	accident	on	day	5	of	hospitalization,	for	which	he
underwent	thrombectomy,	and	respiratory	failure,	requiring	mechanical
ventilation.	On	day	8,	he	was	noted	to	have	an	increasing	oxygen	and	PEEP
requirement	attributed	to	ventilator-associated	pneumonia	(VAP).	He	was	started
on	cefepime	2	g	every	8	h	and	linezolid	600	mg	every	12	h.	On	hospital	day	12,
the	patient	is	extubated	to	6L/min	supplemental	oxygen.	Respiratory	culture
Gram	stain	showed	many	WBCs	but	no	growth.	Blood	cultures	were	negative	at
5	days.	Labs	on	day	12	show	white	cell	count	of	5	×	109/L,	hemoglobin	7.5	g/dL,
platelets	125,000	cells/uL,	blood	urea	nitrogen	24	g/dL	and	creatinine	of
0.8	mg/dL.	A	procalcitonin	trend	over	4	days	from	intubation	was	4.5,	2,	and
then	0.25	ng/mL.	What	is	the	most	appropriate	antibiotic	management	now?

A. 	Change	antibiotics	to	ceftriaxone	to	complete	7	days	of	total	therapy
B. 	Change	antibiotics	to	ceftriaxone	to	complete	14	days	of	total
therapy
C. 	Continue	cefepime	and	linezolid	until	a	second	set	of	sputum	and
blood	cultures	are	negative
D. 	Continue	cefepime	and	linezolid	for	14	days	of	total	therapy

2. 	An	18-year-old	woman	with	history	of	cystic	fibrosis	is	admitted	with
acute	respiratory	failure	and	severe	sepsis	from	multilobar	pneumonia.	Her	home
medications	include	elexacaftor/tezacaftor/ivacaftor,	inhaled	DNase,	inhaled
aztreonam,	oral	azithromycin	three	times	weekly,	and	inhaled	glucocorticoids.
She	had	previous	hospitalization	for	cystic	fibrosis	exacerbation	multiple	times
in	the	past	and	previous	respiratory	culture	isolates	have	grown
Stenotrophomonas	maltophilia,	methicillin-resistant	S.	aureus	and	P.	aeruginosa.
She	was	started	on	IV	ceftaroline	600	mg	every	8	h	plus	meropenem	2	g	every	8
h	plus	levofloxacin	750	mg	every	24	h,	inhaled	hypertonic	saline,	and	aggressive
chest	physiotherapy.	She	remains	on	100%	high-flow	nasal	cannula	on	the	3rd
day	of	hospitalization	without	improvement.	Blood	cultures	on	admission	are
now	growing	multidrug-resistant	P.	aeruginosa	with	sensitivity	to
aminoglycosides.	Lab	values	on	day	3	showed	white	blood	cell	count	36	×	109/L,
blood	urea	nitrogen	15	g/dL,	and	creatinine	1.0	mg/dL.	What	is	the	most
appropriate	antimicrobial	plan?

A. 	Continue	current	regimen



B. 	Continue	current	regimen	and	add	tobramycin	IV	5	mg/kg	every	8	h
C. 	Discontinue	ceftaroline	and	levofloxacin,	continue	meropenem,	and
add	tobramycin	IV	10	mg/kg	every	24	h
D. 	Replace	all	intravenous	antibiotics	with	inhaled	tobramycin

3. 	A	25-year-old	man	with	no	major	past	medical	history	was	admitted	with
traumatic	injuries	to	the	arms	sustained	as	a	passenger	in	a	motor	vehicle
accident.	On	day	7	of	the	hospital	stay,	he	developed	acute	respiratory	failure
secondary	to	sepsis	from	right	lung	pneumonia	and	was	moved	to	intensive	care
unit.	He	required	mechanical	ventilation	with	pressure	control	mode	(set
pressure	of	20	cm	H2O,	pulmonary	end-expiratory	pressure	of	5	cm	H2O,	and
inspired	oxygen	saturation	of	40	%).	Physical	examination	was	significant	for
scattered	crackles	in	the	right	lung	field.	He	was	started	on	meropenem	1	g	every
12	h	and	vancomycin	per	pharmacy	dosing.	On	day	10,	he	was	noted	to	have
worsening	oxygenation	and	is	requiring	100%	FiO2.	A	chest	x-ray	shows
unchanged	right	upper	and	lower	lobe	opacities.	A	respiratory	culture	at	the	time
of	intubation	is	now	growing	pansensitive	Klebsiella	pneumoniae.	Lab	values
showed	leukocytosis	24.5	×	109/L,	hemoglobin	14	g/dL,	platelets
50,000	cells/uL,	blood	urea	nitrogen	5	g/dL,	and	creatinine	0.6	mg/dL	and
clearance	≥160	mL/min.	What	is	the	most	likely	cause	of	the	clinical	worsening?

A. 	Adverse	drug	reaction
B. 	Augmented	renal	clearance
C. 	Congestive	heart	failure
D. 	Microbial	resistance

Answers

1.	The	correct	answer	is	A.
Rationale:	 In	 this	 patient	with	VAP,	who	 is	 having	 clinical	 improvement,	 a

downtrending	procalcitonin	level,	and	negative	culture	results,	antibiotic	therapy
can	 safely	 be	 de-escalated	 and	 the	 patient	 treated	 for	 a	 total	 duration	 of	 6	 to
8	days	(choice	A	is	correct).	De-escalation	of	antibiotics	is	seldom	performed	in
clinical	 practice	 but	 has	 been	 shown	 to	 be	 associated	 with	 reduced	 mortality
compared	to	no	change	in	antibiotics.	The	decision	to	change	antibiotics	is	made
by	 assessing	 clinical	 features	 such	 as	 fever,	 leukocytosis,	 and	 purulence	 of
secretions,	 radiographic	patterns,	and	oxygenation.	In	 the	absence	of	any	drug-
resistant	 pathogen,	 therapy	 for	 Pseudomonas	 aeruginosa	 and	 MRSA,	 as	 with



cefepime	and	linezolid,	is	not	needed.

2.	The	correct	answer	is	C.
Rationale:	 In	 this	 patient	 with	 pseudomonal	 bacteremia	 sensitive	 to

aminoglycosides,	using	a	 combination	of	β-lactam	plus	 aminoglycosides	 is	 the
right	choice	(choice	C	is	correct).	Tobramycin	exerts	its	antimicrobial	effect	in	a
concentration-dependent	fashion,	and	once	daily	dosing	takes	advantage	of	this
feature.	 Further	 more,	 there	 is	 increased	 volume	 of	 distribution	 and	 renal
clearance	rate	 in	cystic	fibrosis	patients	with	normal	renal	function.	Hence,	 the
starting	dose	of	 aminoglycosides	 is	30%	higher	 than	 in	patients	without	 cystic
fibrosis,	 and	 close	 monitoring	 of	 trough	 levels	 through	 therapeutic	 drug
monitoring	 is	 advocated	 to	 limit	 renal	 injury	 and	 ototoxicity.	 Choice	 B	 is	 not
correct	because	the	dose	is	too	high	and	administration	is	every	8	hours	instead
of	 once	 daily.	 Choice	 D	 is	 incorrect	 as	 inhaled	 antibiotics	 alone	 are	 not
recommended	in	bacteremic	patients.	Choice	A	is	 incorrect	because	it	does	not
adequately	address	the	pseudomonal	bacteremia.

3.	The	correct	answer	is	B.
Rationale:	 This	 patient	 has	 all	 major	 risk	 factors	 of	 augmented	 renal

clearance	in	sepsis	(choice	B	is	correct).	These	are	younger	age,	male	sex,	fewer
comorbidities,	 lower	 Sequential	 Organ	 Failure	Assessment	 (SOFA)	 and	Acute
Physiology	and	Chronic	Health	Evaluation	(APACHE)	II	scores,	and	history	of
trauma.	Usual	dosing	for	Meropenem,	a	hydrophilic	drug	is	1	g	every	8	hours.	In
this	 patient,	 augmented	 clearance	 is	 likely,	 and	 can	 lead	 to	 underdosing	 with
standard	doses,	causing	clinical	worsening.	There	is	no	evidence	of	adverse	drug
reaction	(choice	A	is	incorrect)	and	the	clinical	picture	does	not	favor	congestive
heart	failure	as	the	reason	for	progression	(choice	C	is	incorrect),	wherein	along
with	higher	oxygen	requirements,	patients	will	usually	have	signs	and	symptoms
of	 fluid	overload.	Choice	D	 is	 unlikely	 as	 the	microbial	 organism	 identified	 is
pansensitive.
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Chapter	182
Interventional	Pulmonary	in	the	Intensive
Care	Unit
Chris	S.	Yan,	Rahul	N.	Sood,	Andres	F.	Sosa,	Paulo	J.	Oliveira

KEY	POINTS:
1.	 There	are	multiple	applications	for	the	field	of	IP	in	the	intensive	care

unit	(ICU).
2.	 Massive	hemoptysis	is	a	medical	emergency	that	when	not	promptly

attended	to	can	lead	to	asphyxiation.
3.	 Central	airway	obstruction	has	several	causes	and	often	requires

ICU	level	management.
4.	 Post	airway	instrumentation	tracheal	stenosis	is	an	increasingly

common	complication	of	endotracheal	intubation	or	tracheostomy
placement.

5.	 Interventional	pulmonary	procedures	offer	new	options	for
bronchopleural	fistula	management.

INTRODUCTION
Interventional	 pulmonology	 (IP)	 is	 a	 relatively	 new	 field	 in	 pulmonary	 and
critical	 care	 medicine	 that	 involves	 the	 use	 of	 advanced	 procedures	 for	 the
diagnosis	 and	 treatment	 of	 tracheobronchial	 and	 pleural	 disorders.	 Since	 the
introduction	of	endobronchial	laser	therapy	and	the	“dedicated	tracheobronchial
silicone	stent”	by	Dumon1	in	1990	mainly	in	response	to	the	rising	prevalence	of
lung	cancer	in	the	1980s,2	the	specialty	has	evolved	to	target	a	wide	spectrum	of
benign	and	malignant	respiratory	pathologies.

The	treatment	of	complex	airway	diseases	requires	specialized	training	that	is
beyond	 the	 scope	 of	 a	 general	 pulmonary	 and	 critical	 care	 fellowship.3



Guidelines	that	attempt	to	ensure	basic	skills	and	competency	for	all	procedures
encompassed	 within	 the	 specialty	 have	 been	 published	 by	 major	 societies,
including	 the	 American	 College	 of	 Chest	 Physicians	 (ACCP),	 the	 American
Thoracic	Society	(ATS),	and	the	European	Respiratory	Society	(ERS).3,4	Starting
in	 2013,	 the	 American	 Association	 for	 Bronchology	 and	 Interventional
Pulmonology	 (AABIP)	 has	 offered	 board	 examinations	 and	 certification	 to
promote	 competency	 within	 the	 field.	 Interventional	 Pulmonary	 Fellowships
now	participate	in	the	National	Residency	Matching	Program	(NRMP).

As	 a	 main	 feature,	 the	 uses	 of	 the	 rigid	 bronchoscope,	 and	 its	 many
applications	 for	 treatment	 and	 palliation,	 require	 expertise	 not	 only	 in	 the
procedures	 themselves,	 but	 also	 in	 selecting	 those	 patients	 who	might	 benefit
from	 an	 intervention.	 Given	 the	 nature	 of	 the	 disease	 processes	 the	 field
encounters,	 an	 important	 proportion	 of	 patients	 will	 have	 significant
comorbidities	 and	 limited	 functional	 status	 that	 need	 to	 be	 considered	 prior	 to
any	procedure.

1 	There	are	multiple	applications	for	the	field	of	IP	in	the	intensive	care	unit
(ICU).	Because	 the	 subspecialty	 frequently	 serves	patients	 requiring	 ICU	 level
of	care,	the	interventional	pulmonologist	is	a	valuable	member	of	the	ICU	team.
In	 this	 chapter,	 we	 address	 some	 of	 the	 techniques	 at	 the	 disposal	 of	 the
interventional	pulmonologist	and	how	these	may	be	applied	during	an	ICU	stay
(Table	182.1);	it	is	not	the	intention	of	this	chapter	to	describe	in	detail	the	entire
range	of	procedures	performed	by	the	subspecialty	of	IP.

TABLE	182.1

Procedures	That	may	be	Performed	by	Interventional
Pulmonologists	in	the	ICU

Airway
Procedures Pleural	Procedures Other	Procedures

Flexible	and	rigid
bronchoscopy	
Diagnostic:
Transbronchial

lung	biopsy
Transbronchial

Chest	ultrasonography
Thoracentesis
Tube	thoracostomy
Placement	of	pleural
catheters
Transthoracic	needle

Percutaneous
endoscopic
gastrostomy



needle	aspiration
Endobronchial

ultrasound
Therapeutic:
Airway	stent

placement
APC
Nd:YAG	Laser
Electrocautery
Cryotherapy
Balloon	dilatation
Endobronchial

valves
Percutaneous
tracheostomy

aspiration/biopsy

APC,	argon	plasma	coagulation;	ICU,	intensive	care	unit;	Nd:YAG,	neodymium-doped	yttrium
aluminum	garnet.

AIRWAY	PROCEDURES

Rigid	Bronchoscopy
The	 first	 successful	 removal	 of	 an	 aspirated	 foreign	 body	 by	 a	 translaryngeal
approach	was	done	with	a	rigid	bronchoscope	by	Gustav	Killian	in	1897.5	Until
that	 time,	foreign	body	aspiration	could	be	severely	incapacitating	and	resulted
in	 chronic	 illness	 from	 recurrent	 infections,	 atelectasis,	 hemorrhage,	 or	 death.5
The	 rigid	 bronchoscope	 was	 later	 used	 for	 other	 diagnostic	 and	 therapeutic
procedures.	Since	the	invention	of	 the	flexible	bronchoscope	by	Shigeto	Ikeda6
in	 1968,	 the	 rigid	 bronchoscope	 has	 served	 a	 role	 mainly	 for	 therapeutic
interventions,	 removal	 of	 foreign	 bodies,	 and	 the	 management	 of	 massive
hemoptysis.	 After	 the	 spike	 of	 lung	 cancer	 prevalence	 during	 the	 1980s	 that
spurred	 the	use	of	 endobronchial	 laser	 therapy	and	 the	 silicone	 stent,	 the	 rigid
bronchoscope	has	recovered	a	more	prominent	role	for	the	management	of	both
benign	and	malignant	airway	disease.1,7

The	 rigid	 bronchoscope	 is	 a	 stiff	 metallic	 tube	 that	 is	 introduced	 by	 a
translaryngeal	 approach	 and	 allows	 for	 ventilation	 and	 passage	 of	 different



instruments.	There	 is	a	 longer	bronchial	barrel	with	 side	 fenestrations	 to	allow
for	collateral	ventilation	while	intubating	the	right	or	left	bronchus,	and	a	shorter
tracheal	 barrel	 that	 has	 no	 side	 fenestrations	 and	 is	 used	 for	 intubation	 of	 the
trachea.	At	its	proximal	end,	the	rigid	bronchoscope	provides	the	connections	for
mechanical	 ventilation	 and	 passage	 of	 the	 light	 source.	 The	 distal	 end	 has	 a
beveled	 tip	 that	 can	 be	 used	 for	 coring	 out	 endoluminal	 lesions.	 The	 airway
lumen	may	be	projected	to	a	screen	using	a	telescope	with	a	camera	attachment
or	may	be	visualized	directly	through	an	eye	piece	(Figure	182.1).

	

Figure	182.1 	A,	Universal	Instrumentation	Barrel	and	Anesthesia
Connector.	B,	Rigid	Bronchoscope	Tube.	C,	Rigid	Telescope.

Massive	Hemoptysis
2 	 The	 anatomical	 dead	 space	 of	 the	 central	 airways	 is	 approximately	 100	 to
200	 mL;	 a	 rapid	 bleed	 close	 to	 this	 volume	 may	 be	 enough	 to	 cause	 central
airway	obstruction	(CAO),	asphyxiation,	and	death.	The	exact	quantity	of	blood
that	defines	massive	hemoptysis	has	been	estimated	to	be	from	>200	to	1000	mL
in	a	24-hour	period,	but	it	seems	more	practical	to	keep	in	mind	that	any	bleed
that	could	be	life-threatening	should	be	considered	massive.8	Causes	of	massive
hemoptysis	include	malignancies,	 tuberculosis,	fistulas	from	major	vessels,	and
bronchiectasis.

When	 confronted	 with	 massive	 hemoptysis,	 one	 should	 start	 by	 ensuring
stability	 of	 the	 patient	 by	 providing	 appropriate	 means	 for	 oxygenation	 and
ventilation.	It	is	important	to	keep	in	mind	that	the	patient	with	hemoptysis	may
already	have	a	very	limited	functional	reserves	and	that	respiratory	failure	may
progress	 very	 rapidly.	 For	 the	 unstable	 patient,	 endotracheal	 intubation	 should
not	 be	 delayed	 and—in	 addition	 to	 general	 measures	 that	 include	 placing	 the
patient	with	the	bleeding	side	down,	establishing	appropriate	intravenous	access,



and	 sending	 appropriate	 laboratory	 testing—no	 time	 should	 be	 wasted	 when
identifying	 and	 controlling	 the	 source	 of	 bleeding.	 Oftentimes,	 the	 source	 of
bleeding	 may	 be	 identified	 by	 radiological	 studies	 and	 controlled	 by
angiographic	 embolization,	 but	 in	 cases	when	 chest	 imaging	 is	 unrevealing	 or
the	bleeding	source	is	thought	to	be	within	the	airways,	one	should	proceed	with
diagnostic	and	therapeutic	bronchoscopy.9

Massive	hemoptysis	has	a	high	mortality	rate,	and	 it	 is	paramount	 to	secure
airway	patency,	identify	the	bleeding	source,	and	apply	therapeutic	interventions
to	 stop	 the	 bleeding.	 The	 rigid	 bronchoscope	 is	 superior	 to	 the	 flexible
bronchoscope	for	all	 these	functions	because	it	allows	for	ventilation	and	more
vigorous	 suctioning	 that	 may	 help	 secure	 the	 airway	 and	 visualize	 more
thoroughly	 the	 source	 of	 bleeding.	 Also,	 if	 the	 cause	 of	 hemorrhage	 is
endobronchial,	rigid	bronchoscopy	provides	a	way	to	control	 the	bleeding	with
cauterizing	modalities	such	as	electrocautery,	argon	plasma	coagulation	(APC),
or	 laser	 therapy.	 The	 use	 of	 other	 hemostatic	 therapies,	 such	 as	 iced	 saline,
epinephrine,	fibrin	glue,	oxidized	regenerated	cellulose,	tranexamic	acid	(TXA),
or	the	placement	of	occlusive	balloons,	may	all	be	applied	successfully	through
the	 rigid	 barrel	 while	 maintaining	 airway	 patency.8,10	 For	 life-threatening
scenarios,	 however,	 flexible	 bronchoscopy	 may	 be	 preferred	 as	 the	 initial
bronchoscopic	 procedure	 once	 the	 airway	 is	 secured,	 as	 it	 can	 be	 performed
efficiently	at	the	bedside	without	mobilization	to	an	operating	room	(OR),	which
rigid	 bronchoscopy	 usually	 requires.11	 Furthermore,	 flexible	 bronchoscopy	 can
help	clear	the	airway	of	blood	to	improve	ventilation	and	can	deliver	many	of	the
same	 hemostatic	 therapies	 such	 as	 iced	 saline,	 epinephrine,	 TXA,	 or	 even
occlusive	balloons.11	The	timing	of	bronchoscopic	evaluation	prior	to	computed
tomography	 (CT)	 imaging	 or	 bronchial	 artery	 embolization	 is	 also	 somewhat
controversial,	as	immediate	bronchoscopy	is	not	always	necessary	for	patients	in
which	imaging	is	able	to	easily	identify	the	site	of	bleeding.11-13	The	decision	for
bronchoscopy	 versus	 imaging	 as	 the	 initial	 step	 should	 depend	 on	 patient
stability,	 airway	 control,	 and	 resource	 availability	 for	 a	 given	 institution,	 with
some	patients	potentially	benefiting	from	a	combination	of	the	two.14

Central	Airway	Obstruction
3 	Central	airway	obstruction	(CAO)	is	a	problem	that	may	be	encountered	in	the
ICU.	It	may	be	because	of	either	benign	or	malignant	etiologies.	Patients	often
experience	progressive	dyspnea	on	exertion	when	 the	narrowing	 involves	50%
of	the	airway	lumen,	then	developing	dyspnea	at	rest	when	the	stenosis	reaches
70%	 of	 the	 airway	 lumen.15	 When	 the	 stenosis	 is	 severe,	 a	 seemingly	 stable



patient	may	rapidly	develop	an	acute,	critical	occlusion	of	the	central	airway.	For
example,	an	otherwise	mild	respiratory	tract	infection	could	cause	an	increase	in
secretions	 that	 are	 poorly	 cleared	 by	 ineffective	 cough,	 occluding	 the	 already
severely	narrowed	airway	at	or	near	the	site	of	the	stenosis.

Nonmalignant	Central	Airway	Obstruction
Nonmalignant	CAO	may	result	from	inflammatory	conditions	such	as	infection,
sarcoidosis,	 amyloidosis,	 antineutrophil	 cytoplasmic	 autoantibodies–associated
vasculitis,	 or	 relapsing	 polychondritis.	 Benign	 disease	 processes	 also	 may
occlude	 the	 central	 airway	 by	 extrinsic	 compression	 and	 this	 may	 be	 seen	 in
large	 goiters,	 postpneumonectomy	 and	 post–lung	 transplantation	 stenosis	 and
vascular	malformations.	Finally,	tracheobronchomalacia	also	may	result	in	CAO
because	the	abnormally	collapsible	airway	can	occlude	the	central	airway	lumen
during	expiration.	However,	 the	most	 common	cause	of	nonmalignant	CAO	 is
stenosis	 caused	by	artificial	 airways,	 either	postintubation	or	posttracheostomy
tracheal	stenosis	(Table	182.2).16,17

TABLE	182.2

Causes	of	Central	Airway	Obstruction

Malignant Nonmalignant

Primarily	intrinsic
obstruction

Primary	lung	carcinoma
Adenoid	cystic
Mucoepidermoid
Carcinoid
Metastatic	head	and	neck
cancer
Breast
Renal	cell
Colon
Melanoma

Extrinsic

Postintubation	and	posttracheostomy
tracheal	stenosis
Lymphadenopathy
Vascular	malformation
Inflammatory:

Relapsing	polychondritis
ANCA-associated	granulomatous
vasculitis

Post–lung	transplant	stenosis
Postpneumonectomy	syndrome
Goiter
Pseudotumor



Esophageal
Thymus
Thyroid
Germ	cell
Lymphadenopathy:

Lymphoma
Metastatic	cancer

Mixed

Any	of	the	above

Hamartomas
Amyloid
Papillomatosis
Tracheobronchomalacia

This	table	is	not	all-inclusive.
ANCA,	antineutrophil	cytoplasmic	autoantibodies.

Postintubation	and	Posttracheostomy	Tracheal	Stenosis
4 	This	 is	 the	most	 common	cause	of	benign	 tracheal	 stenosis	 and	 results	 from
granulation	and	fibrotic	responses	to	artificial	airways	at	anatomic	loci	from	the
supraglottic	 space	 to	 the	 lower	 trachea.	 The	 endotracheal	 tube	 may	 cause
pressure	ulceration	and	necrosis	at	any	point	where	the	tube	contacts	the	airway
wall;	this	may	be	the	posterior	commissure	of	the	glottic	space,	the	balloon	site,
or	 at	 the	 tip	 of	 the	 tube.	 The	 same	 applies	 for	 a	 tracheostomy	 tube	 where
pressure	 ulcerations	 and	 granulation	 tissues	 may	 form	 immediately	 above	 the
stoma	within	 the	 trachea,	 at	 the	 balloon	 site,	 or	 at	 the	 tip	 of	 a	 tube	 that	 rubs
against	 the	airway	mucosa.	 Inflammation,	ulceration,	 and	necrosis	may	 in	 turn
result	 in	 constriction	 of	 the	 airway	 wall	 caused	 by	 a	 loss	 of	 support	 from
damaged	 cartilage,	 obstruction	 from	granulation	 tissue,	 fibrosis,	 and	 formation
of	synechiae.	Damage	from	the	balloon	has	been	reduced	by	the	development	of
high-volume,	 low-pressure	 cuffs;	 however,	 it	 remains	 important	 not	 to	 exceed
the	normal	mucosal	capillary	perfusion	pressure	of	20	to	30	mm	Hg	or	tracheal
injury	may	occur	because	of	tissue	ischemia.	If	after	achieving	a	cuff	pressure	of
25	 mm	 Hg	 there	 is	 still	 an	 air	 leak	 present,	 it	 is	 advisable	 to	 use	 a	 larger
tracheostomy	tube	rather	than	to	overinflate	the	balloon.18

Tracheal	stenosis	may	become	apparent	soon	after	what	should	have	been	a
successful	wean	 from	mechanical	 ventilation	when	 the	 patient	 fails	 extubation
because	 of	 stridor	 and	 respiratory	 distress	 requiring	 immediate	 reintubation.
However,	 severe	 airway	 narrowing	 also	may	 present	 as	 an	 airway	 emergency
weeks	 or	 months	 after	 extubation	 or	 tracheostomy	 decannulation.	 Not



uncommonly,	 these	 late	 deteriorations	 are	 preceded	 by	 ongoing	 complaints	 of
worsening	 stridor	 or	 dyspnea	 on	 exertion	 that	 progress	 to	 dyspnea	 at	 rest.
Frequently,	 these	 patients	 may	 have	 been	 misdiagnosed	 as	 having	 asthma	 or
chronic	obstructive	pulmonary	disease	(COPD)	and	gone	through	treatment	with
different	 bronchodilators	 and	 systemic	 steroids	 without	 improvement	 before
recognition.

It	 is	 important	 to	understand	 that	 airway	patency	 is	 the	priority	 for	patients
with	tracheal	stenosis.	When	the	presentation	is	one	of	acute	respiratory	failure,
the	 patient	 must	 be	 intubated	 with	 an	 endotracheal	 tube	 immediately.	 If	 an
endotracheal	 tube	cannot	be	advanced,	 then	 the	patient	must	be	 taken	for	 rigid
bronchoscopy	 immediately.	 More	 importantly,	 when	 confronted	 with	 tracheal
stenosis,	 the	 specialist	 must	 keep	 in	 mind	 that	 there	 needs	 to	 be	 a
multidisciplinary	 approach.	 Ideally,	 the	 intensivist,	 emergency	 department
physician,	 thoracic	 surgeon	 or	 otorhinolaryngologist,	 anesthesiologist,	 and	 the
interventional	 pulmonologist	 collaborate	 to	 develop	 a	 coherent	 plan	 of	 action
that	considers	different	alternatives	for	a	safe	and	successful	approach.	When	the
patient	 is	 symptomatic	 but	 stable,	 there	 may	 be	 sufficient	 time	 to	 plan	 for	 a
procedure	 that	will	both	assess	 the	stenotic	segment	and	potentially	 relieve	 the
obstruction.	 However,	 if	 the	 patient	 is	 unstable	 with	 acute	 respiratory	 failure,
restoration	of	airway	patency	must	occur	immediately.	If	it	is	not	possible	to	pass
an	 endotracheal	 tube	 and	 the	 stenosis	 is	 felt	 to	 be	 proximal,	 emergent	 bedside
tracheotomy	may	become	the	best	option	because	there	may	not	be	enough	time
to	 transport	 the	 patient	 to	 the	 operating	 room	 (OR).	 However,	 the	 latter
presentation	 is	 unusual	when	patients	 first	 arrive	 at	 the	 emergency	 department
and,	often,	subsequent	deterioration	may	be	averted	by	carefully	planning	and	by
quickly	treating	the	stenosis	before	overt	decompensation	occurs.

The	rigid	bronchoscope	is	an	invaluable	tool	because	it	provides	the	means	to
successfully	maintain	the	patency	of	the	airway	while	the	patient	is	being	treated
endoscopically,	either	definitively	when	the	stenosis	is	simple,	or	temporarily	as
a	bridge	to	a	planned	tracheal	resection	and	reconstruction	when	the	stenosis	is
complex.17-20	The	interventionalist	has	multiple,	different	 therapeutic	modalities
that	may	be	 applied	 through	 the	 rigid	bronchoscope	 to	 restore	 airway	patency.
One	 method	 is	 to	 use	 sequentially	 larger	 diameter	 rigid	 barrels	 to	 dilate	 the
airway	in	a	secure	and	gentle	manner.	For	 this	method,	 the	patient	 is	 intubated
with	a	larger	diameter	tracheal	barrel	immediately	proximal	to	the	stenosed	area
and	 then	 a	 smaller	 diameter	 bronchial	 barrel	 is	 advanced	 through	 the	 stenosis,
allowing	for	the	subsequent	advancement	of	larger	caliber	bronchial	barrels	until
enough	of	 the	 lumen	 is	 restored	 for	 spontaneous	breathing.	Alternatively,	 after
intubation	 with	 a	 tracheal	 barrel	 immediately	 proximal	 to	 the	 stenotic	 area,



Jackson-Pratt	 dilators	 can	 be	 advanced	 sequentially	 under	 direct	 visualization
with	 the	rigid	 telescope.	Balloon	dilatation	may	also	be	done,	keeping	 in	mind
that	the	airway	is	completely	occluded	while	the	balloon	is	inflated.	With	a	very
tight	 stenosis,	 one	must	 use	 gentle	maneuvers	 because	 dilating	 against	 a	 fixed
stenosis	can	result	in	tracheal	tears,	especially	where	the	anterior	wall	meets	the
posterior	 membrane	 of	 the	 trachea.	 Such	 tracheal	 tears	 can	 result	 in	 more
scarring	and	further	restenosis,	possibly	involving	an	even	longer	segment	of	the
trachea.

Simple	airway	stenosis	typically	involves	short	(<1	cm	long)	segments	of	the
airway	without	malacia	or	loss	of	cartilaginous	support	and	may	have	thin	web
scarring	 or	 acute	 granulation	 tissue.19,20	 This	 of	 stenosis	 may	 be	 treated
definitively	with	endoscopic	treatment.19,20	The	interventional	pulmonologist	has
different	 therapeutic	modalities	 at	 their	 disposal	 and	 these	 include	 coagulation
modalities	 (ie,	 electrocautery,	 laser	 therapy,	and	APC)	 that	 relieve	obstructions
by	coagulation	necrosis	and	vaporization	of	scar	tissue.	A	commonly	referenced
technique	 involves	 the	 use	 of	 neodymium-doped	 yttrium	 aluminum	 garnet
(Nd:YAG)	 laser	 vaporization	 of	 scar	 tissue	 followed	 by	 gentle	 dilatation.16
Corticosteroid	 injection	 or	 topical	mitomycin-C	 is	 often	 used	 as	 an	 adjunctive
therapy	to	help	prevent	recurrence	of	stenosis.14

Complex	 airway	 stenoses	 show	 more	 extensive	 scarring	 (>1	 cm	 long),
sometimes	 featuring	 a	 circumferential	 hourglass-like	 constriction	 or	 malacia.
Complex	stenoses	may	also	be	“A”	shaped	because	of	bilateral	collapse	of	 the
walls	 of	 a	 fractured	 cartilage	 (Figures	 182.2	 and	 182.3).17	 Complex	 stenoses
>3	 cm	 long	 and	 involving	 the	 cricoid	 cartilage	 are	 the	 least	 likely	 to	 be
successfully	 treated	bronchoscopically.14	For	complex	airway	stenoses,	 tracheal
resection	and	 reconstruction	 is	 the	 standard	of	 care	 and,	 in	 experienced	hands,
this	is	a	highly	effective	surgical	procedure	with	low	morbidity	and	mortality.18
For	 the	 patient	 with	 poor	 reserve,	 a	 temporizing	 endoscopic	 procedure,	 as
already	 described,	 may	 be	 attempted	 and	 this	 is	 often	 followed	 with	 airway
stenting.	When	 airway	 stenting	 is	 done,	 one	 approach	 is	 to	 leave	 the	 stent	 in
place	until	 the	patient	 is	 able	 to	undergo	definitive	 surgery	or,	 alternatively,	 to
remove	the	stent	after	approximately	6	months	to	1	year	to	assess	for	resolution
of	the	stenosis,	an	outcome	that	is	possible	but	uncommon.20





Figure	 182.2 	A,	 A-shaped	 stenosis	 with	 fractured	 cartilage.	B,
Complex	 stenosis	 with	 chronic	 granulation	 above	 stoma	 site.	 C,
Simple	stenosis	caused	by	a	thin	web	in	ANCA-associated	vasculitis,
easily	broken	with	the	flexible	bronchoscope;	ANCA,	antineutrophil
cytoplasmic	autoantibodies.



	

Figure	 182.3 	 Complex	 posttracheostomy	 tracheal	 stenosis	 with
malacia.A,	 Very	 narrow	 trachea	 lumen	 with	 passive	 expiration.	B,
Notice	 dilatation	 of	 the	 tracheal	 lumen	 under	 positive	 pressure
ventilation.

Malignant	Central	Airway	Obstruction



Lung	cancer	is	the	leading	cause	of	death	from	cancer	in	the	United	States.	It	is
responsible	 for	 one-third	 of	 deaths	 from	 cancer	 of	 both	 men	 and	 women.	 It
outnumbers	prostate,	breast,	and	colon	cancers	combined.2	There	may	be	airway
complications	associated	with	lung	cancer	up	to	30%	of	the	time.	When	there	is
airway	 involvement,	 patients	 often	 present	 to	 the	 ICU	with	 lobar	 or	 complete
lung	collapse,	sepsis	from	postobstructive	pneumonia,	or	severe	dyspnea.21	It	is
well	established	that	the	relief	of	malignant	CAO	may	lead	to	symptomatic	and
quality	 of	 life	 improvements,	 reduce	 work	 of	 breathing,	 and	 decreased	 health
care	utilization.22-24	Moreover,	 survival	 appears	 to	 be	 the	 same	 after	 successful
endoscopic	 treatment	 of	 malignant	 CAO	 when	 compared	 to	 cancer	 patients
without	CAO.25,26

Malignant	 CAO	 may	 be	 caused	 by	 endobronchial	 tumor	 growth,	 extrinsic
compression,	 or	 mixed	 causes	 (Table	 182.2).	 The	 rigid	 bronchoscope	 may	 be
used	for	immediate	relief	of	malignant	CAO	by	gently	advancing	the	instrument
and,	while	carefully	 remaining	parallel	 to	 the	airway	wall,	 rotating	 the	beveled
tip	around	the	base	of	a	polypoid	lesion	to	core	it	out	and	restore	patency	of	the
airway	 lumen.27	 The	 rigid	 bronchoscope	 also	 ensures	 a	means	 to	 ventilate	 the
patient	during	 the	procedure.	The	 flexible	videobronchoscope	can	be	advanced
through	 the	 lumen	 of	 the	 rigid	 barrel	 to	 reach	 into	 segmental	 airways	 not
approachable	 by	 rigid	 bronchoscopy.	 This	 technique	 increases	 the
maneuverability	 that	 is	 needed	 to	 apply	 therapies	 (eg,	 laser,	 electrocautery,	 or
APC)	aiming	to	eradicate	tumor	and	achieve	hemostasis.28

Since	 the	 introduction	 of	 the	 tracheobronchial	 silicone	 stent	 by	 Dumon	 in
1990,	 stents	 have	 become	 an	 integral	 part	 of	 the	 relief	 of	 both	 benign	 and
malignant	CAO	(mostly	silicone	 for	 the	 former,	and	both	metallic	and	silicone
for	the	latter)	and	are	a	main	feature	of	the	interventional	pulmonologists’	skill
set.29	 In	 some	 instances,	 airway	 stents	 can	 be	 a	 valuable	 tool	 for	 maintaining
airway	 patency	 once	 it	 has	 been	 restored.	 With	 both	 benign	 and	 malignant
disease	 causing	 extrinsic	 compression	 and	 sometimes	with	 intrinsic	 and	mixed
obstruction	 as	 well,	 it	 may	 be	 necessary	 to	 leave	 an	 airway	 stent	 in	 place	 to
ensure	the	stability	and	patency	of	the	airway	lumen	(Figures	182.4	and	182.5).
There	 are	 two	 main	 types	 of	 stent,	 silicone	 and	 metallic,	 and	 it	 is	 generally
accepted	that,	except	for	very	carefully	selected	situations,	metallic	stents	should
be	used	primarily	for	malignant	disease–related	CAO.29	Silicone	stents	generally
have	 higher	 risk	 of	 stent	 migration	 and	 disruption	 of	 mucociliary	 clearance,
while	uncovered	metal	stents	have	higher	risk	of	forming	granulation	tissue	and
fistulas—covered	 metal	 stents	 represent	 a	 compromise	 between	 these	 two,
having	 a	 degree	 of	 all	 these	 risks	 but	 at	 significantly	 reduced	 rates.30	 Tissue
engineering	 is	 an	 emerging	 Regenerative	 Medicine	 technique	 that	 has	 more



recently	 presented	 alternatives	 such	 as	 tissue	 grafting	 or	 use	 of	 bioprosthetic
materials,	 for	 those	 who	 are	 not	 suitable	 stent	 candidates.30	 The	 rigid
bronchoscope	provides	the	only	means	for	deployment	of	a	silicone	stent,	and	it
is	arguably	the	best	means	for	the	deployment	of	any	of	stent	because	it	ensures
control	of	the	airway	throughout	the	entire	procedure	(Figure	182.6).	It	is	up	to
the	interventionalist	to	decide	when	a	stent	may	benefit	a	patient;	what	and	size
to	place;	how	to	care	for	it;	and	how	to	follow	up	the	patient	after	insertion.



	

Figure	182.4 	A,	Malignant	 extrinsic	 compression	 left	mainstem
bronchus.	B,	Relief	of	obstruction	after	stent	placement.



	

Figure	 182.5 	 A,	 Malignant	 intrinsic	 obstruction	 right	 middle
lobe.	B,	 Postdebridement	 with	 argon	 plasma	 coagulation.	C,	 Stent
placed	 because	 of	 residual	 tumor	 obstruction	 in	 bronchus
intermedius.

	

Figure	182.6 	B-cell	 lymphoma	in	 the	mediastinum	compressing



and	 invading	 the	 main	 carina.A,	 Computed	 tomography	 showing
severe	 mixed	 obstruction	 at	 the	 main	 carina	 with	 almost	 complete
obliteration	of	 the	right	mainstem	bronchus.	B,	Bronchoscopic	view
of	severely	compressed	main	carina.	C,	Restoration	of	patency	post	Y
stent	placement.

Recent	 data	 from	 the	 American	 College	 of	 Chest	 Physicians	 Quality
Improvement	 Registry,	 Evaluation,	 and	 Education	 (AQuIRE)	 program	 have
shown	 the	 benefits	 of	 therapeutic	 bronchoscopy	 for	malignant	CAO.	The	 data
from	 15	 centers	 performing	 1115	 procedures	 showed	 successful	 restoration	 of
airway	 patency	 in	 93%	 of	 all	 cases.	 Endobronchial	 obstruction	 and	 stent
placement	 were	 associated	 with	 success,	 whereas	 failure	 was	 more	 likely	 in
patients	with	American	Society	of	Anesthesiology	(ASA)	score	>3,	renal	failure,
primary	 lung	 cancer,	 left	 mainstem	 disease,	 and	 tracheoesophageal	 fistula.
Symptomatic	 improvement	 as	 assessed	 by	Borg	 score	 for	 dyspnea	 occurred	 in
48%	 of	 patients,	 and	 it	 seemed	 to	 be	 more	 significant	 among	 patients	 with
greater	baseline	dyspnea.	Health-related	quality	of	 life	as	measured	by	 the	SF-
6D	 was	 improved	 for	 42%	 of	 patients,	 and	 again	 greater	 improvements	 were
found	for	patients	with	greater	baseline	dyspnea.	The	overall	complication	rate
was	 3.9%,	 but	 there	 was	 a	 significant	 variation	 among	 centers	 (0.9%-11.7%;
P	 =	 .002).	 Additionally,	 ASA	 score	 >3,	 redo	 therapeutic	 bronchoscopy,	 and
moderate	 sedation	were	all	 found	 to	be	 risk	 factors	 for	complications.	The	30-
day	 mortality	 rate	 was	 14.8%,	 and	 this	 again	 varied	 among	 different	 centers
(7.7%-20.2%;	 P	 =	 .02).	 The	 findings	 of	 the	 AQuIRE	 program	 reinforce	 the
concept	 that	 malignant	 airway	 obstruction	 can	 often	 be	 treated	 to	 achieve
significant	palliation	of	symptoms	and	improved	quality	of	life.21

Airway	Obstruction	Caused	by	Aspiration	of	Foreign
Bodies
A	 more	 common	 occurrence	 among	 children,	 nonasphyxiating	 foreign	 body
aspiration	may	 also	 be	 seen	 in	 adults.	 Failure	 to	 have	 an	 effective	 swallowing
mechanism	or	lack	of	a	strong	cough	may	be	a	problem	encountered	by	patients
with	certain	predisposing	conditions	such	as	alcohol	intoxication,	narcotic	abuse,
neuromuscular	diseases,	and	advanced	dementia.

The	 rigid	 bronchoscope,	 initially	 conceived	 for	 the	 removal	 of	 aspirated
foreign	bodies,	has	lost	its	central	role	for	this	application	since	the	advent	of	the
flexible	bronchoscope.	There	are	many	accessories	that	may	be	employed	with	a
flexible	 bronchoscope	 for	 retrieval	 of	 foreign	 bodies.	 Some	 of	 these	 include



forceps,	 balloons,	 baskets,	 and	 cryotherapy,	 the	 latter	 being	 particularly	 useful
for	 soft,	 water-rich	 material.	 However,	 for	 certain	 instances,	 it	 may	 be	 more
advisable	 to	 use	 the	 rigid	 bronchoscope,	 instead.	 Through	 the	 rigid
bronchoscope,	one	can	ensure	ventilation	even	during	sometimes	laborious	and
lengthy	 procedures,	 especially,	 for	 example,	 when	 larger	 instruments	 are
required	or	when	there	is	granulation	tissue	covering	the	foreign	body.

Bronchopleural	Fistula
5 	A	bronchopleural	fistula	(BPF)	is	a	communication	between	the	airway	and	the
pleural	space.	BPFs	occur	1.5%	to	28.5%	of	 the	 time	after	 lung	resection	with
the	 highest	 incidence	 following	 right	 pneumonectomy	 and	 right	 lower
lobectomy.	 An	 air	 leak	 through	 the	 chest	 tube	 postoperatively	 indicates	 a
communication	between	lung	parenchyma	and	the	pleural	space,	and	these	leaks
are	 considered	prolonged	air	 leaks	 (PAL)	when	 they	persist	more	 than	7	days.
These	PAL	are	commonly	seen	after	lung	resection	and	seem	to	be	particularly
frequent	and	of	 longer	duration	among	patients	with	underlying	emphysema	or
bullous	 disease.	 In	 a	 review	 of	 the	 National	 Emphysema	 Treatment	 Trial
(NETT),	90%	of	patients	developed	some	form	of	an	air	leak.	Patients	with	BPF
and	air	leaks	have	significantly	higher	morbidity	and	mortality	rate.28,29

The	patient	with	a	BPF	may	present	acutely	with	severe	dyspnea,	respiratory
distress,	 or	 hypotension	 due	 to	 tension	 pneumothorax.	 Alternatively,	 the
presentation	may	be	subacute	or	chronic,	when	an	infected	pleural	space	causes
fatigue,	 wasting,	 fever,	 and	 cough,	 sometimes	 with	 expectoration	 of	 purulent
material	and	sepsis.	The	chest	radiograph	will	reveal	an	air	fluid	level.	Because
the	pleural	space	becomes	infected	with	airway	secretions,	a	drainage	procedure
is	 always	 warranted.	 The	 ultimate	 treatment	 of	 a	 BPF	 is	 surgical	 and	 usually
involves	placing	a	muscle	flap	over	the	affected	airway.	Other	risk	factors	for	the
development	 of	 an	 air	 leak	 include	 the	 acute	 respiratory	 distress	 syndrome
(ARDS),	chest	trauma,	necrotizing	infection,	and	pulmonary	fibrosis.31

The	 management	 of	 a	 BPF	 or	 an	 air	 leak	 involves	 general	 and	 specific
measures.31	 At	 all	 times,	 the	 pressure	 gradient	 between	 the	 airway	 and	 the
pleural	 space	 should	 be	 minimized,	 positive	 pressure	 ventilation	 should	 be
avoided	 when	 feasible	 and	 chest	 tubes	 should	 have	 the	 minimal	 amount	 of
suction	 required	 to	 maintain	 gas	 exchange,	 the	 goal	 should	 not	 always	 be	 to
achieve	 complete	 lung	 reexpansion	 but	 rather	 to	 maintain	 ventilation	 and
oxygenation.32	 For	more	 detailed	management	 of	 the	 patient	 on	 the	 ventilator,
please	 refer	 to	 the	 section	 on	 the	 topic	 of	 BPF	 of	 Chapter	 176	 on	 Pleural
Diseases.



For	 endoscopic	 management	 of	 BPF,	 there	 are	 several	 options	 when	 the
defect	is	small	and	either	parenchymal	or	an	airway	defect	is	less	than	3	mm	in
diameter.	Endoscopic	treatment	is	very	unlikely	to	work	when	the	airway	defect
is	>8	mm.33,34	First,	if	the	defect	is	not	immediately	visible	by	bronchoscopy,	one
option	 is	 to	 advance	 a	 Fogarty	 balloon	 and	 selectively	 occlude	 different	 lung
segments,	starting	proximally,	until	the	leak	is	observed	to	decrease	or	disappear.
When	the	site	of	the	leak	is	localized,	several	sealants	may	be	applied,	such	as
fibrinogen-fibrin	compound,	 tetracycline	and	blood	clot,	ethanol,	cyanoacrylate
glue,	 gel	 foam,	 coils,	 silver	 nitrate,	 calf	 bone,	 amplatzer	 occlusion	 devices,
spigots,	or	stents32-35	(Figure	182.7).	In	a	study	involving	60	patients	with	an	air
leak,	spigots	were	placed	with	reduction	in	the	air	leak	in	38%	and	resolution	in
40%.36	 In	2008,	 the	FDA	approved	Spiration	IBV	endobronchial	valves	 (EBV)
for	the	treatment	of	PAL	after	 lung	resection.	These	one-way	valves	are	placed
bronchoscopically	into	the	affected	lung	segments.	Typically,	several	valves	may
be	needed	to	effectively	stop	or	reduce	the	leak.37	A	systematic	review	of	44	case
reports	and	case	series	of	EBV	for	treatment	of	PAL	showed	relatively	successful
treatment	 rates	 between	 47.5%	 and	 100%,	with	 an	 overall	 9%	 recurrence	 rate
and	 5%	 complication	 rate.38	 No	 comparison	 studies	 exist	 for	 any	 of	 the
aforementioned	methods.

	

Figure	182.7 	A,	Bronchopleural	fistula	at	right	lower	lobe	stump.
B,	 Fistula	 closed	with	 fibrin	 derivative	 over	 a	 bone	 graft	 substitute
previously	 introduced	 into	 the	 fistula	 opening.	 C,	 Catheter	 and
double	 syringe	 used	 to	 inject	 the	 thrombin	 and	 fibrinogen



combination.	D,	 Synthetic	 bone	 graft	 used	 to	 fill	 the	 defect	 in	 the
stump.

The	standard	treatment	of	a	BPF	should	be	surgical	when	possible.	When	the
patient	 is	 too	 frail	 to	 undergo	 a	major	 surgical	 procedure,	 endoscopic	 options
may	be	 contemplated.	However,	 the	 approach	 to	 these	often	 challenging	 cases
should	be	multidisciplinary,	 involving	 the	 intensivist,	 the	 thoracic	surgeon,	and
the	interventional	pulmonologist.39

Percutaneous	Dilatational	Tracheostomy
Since	its	description	by	Ciaglia	in	1985,	percutaneous	dilatational	tracheostomy
(PDT)	has	become	a	very	commonly	performed	procedure	during	an	ICU	stay.40
Indications	 are	 typically	 the	 same	 as	 those	 for	 surgical	 tracheostomy	 (ST),
including	 a	 requirement	 for	 long-term	 ventilatory	 support,	 inability	 to	 clear
secretions,	and	airway	obstruction.

There	 are	 several	 potential	 advantages	 of	 PDT	 over	 ST.	 In	 a	meta-analysis
including	17	randomized	clinical	trials	and	1212	patients,	there	was	a	lower	risk
of	 infection	 among	 patients	 of	 the	 PDT	 group,	 possibly	 related	 to	 less
manipulation	 and	 trauma	 of	 pretracheal	 tissues	 during	 PDT.	 There	 also	was	 a
decreased	 incidence	 of	 bleeding	 and	 death	 when	 patients	 with	 PDT	 were
compared	to	those	who	had	undergone	ST	performed	in	the	OR.41	Another	meta-
analysis	of	critically	ill	patients	also	compared	PDT	to	ST,	and	this	study	showed
that	although	technical	difficulties	were	more	common,	PDT	was	associated	with
less	 procedural	 time	 and	 less	 stoma	 inflammation.42	More	 recent	 data	 from	 an
international	 multicenter	 study	 suggest	 that	 PDT	 can	 be	 accomplished	 safely
even	 in	 high-risk	 cardiovascular	 ICU	 patients	 on	 dual	 antiplatelet	 therapy	 or
anticoagulation	with	unfractionated	heparin.43

Percutaneous	 tracheostomy	 has	 become	 a	 part	 of	 the	 skill	 set	 of	 many
intensivists.	However,	given	the	steep	learning	curve	and	the	need	for	a	minimal
volume	 to	maintain	 competency,	 it	 seems	 reasonable	 to	have	a	 few	designated
physicians	 performing	 this	 procedure	 at	 a	 given	 institution.	 The	 interventional
pulmonologists	are	well	suited	to	be	the	designated	specialists	for	this	technique
given	 their	 familiarity	 with	 airway	 interventions,	 especially	 when	 considering
that	 short-	 and	 long-term	complications	 such	as	bleeding	at	 the	 stoma	 site	 and
posttracheostomy	 tracheal	 stenosis	 are	often	 treated	by	 the	 subspecialty.	When
performed	by	an	IP	team,	PDT	is	safe	and	has	a	complication	rate	that	is	similar
to	that	of	ST	performed	by	a	surgical	team.44

Complications	of	PDT	mimic	 those	of	ST,	and	may	be	short	and	 long	 term.



The	 short-term	 complications	 most	 often	 encountered	 include	 bleeding	 and
infection;	 other	 rarer	 ones	 include	 posterior	 tracheal	 injury,	 subcutaneous
emphysema,	 pneumomediastinum,	 and	 pneumothorax.	 Bleeding	 is	 usually
venous	 and	 non–life-threatening,	 being	 external	 or	 from	 the	 endotracheal
mucosa	at	the	level	of	the	stoma.	Locally,	a	mixture	of	lidocaine	and	epinephrine
can	 be	 injected	 to	 control	 bleeding.	We	 also	 have	 successfully	 used	 oxidized
regenerated	 cellulose	 strips	 (Surgicel)	 applied	 within	 the	 bleeding	 area	 of	 the
stoma.	Movement	of	the	tracheostomy	tube	or	forceful	coughing	may	also	cause
bleeding	within	the	endotracheal	mucosa	at	the	level	of	the	stoma	and	this	may
present	 as	 frank	 blood	 being	 suctioned	 by	 the	 bedside	 nurse	 or	 respiratory
therapist.	 For	 this	 of	 bleeding,	 the	 interventional	 pulmonologist	 can	 use
electrocoagulation	 techniques	 such	 as	 electrocautery	 or	APC	 to	 control	 severe
hemorrhage.	 A	 trachea–innominate	 artery	 fistula	 may	 present	 as	 a	 massive
bleeding	a	few	weeks	after	tracheostomy	placement	and	should	be	prevented	by
placing	 the	 tracheostomy	 between	 the	 first	 and	 second	 or	 second	 and	 third
tracheal	rings.	Tracheal	stenosis	and	trachea-esophageal	fistula	may	also	present
as	 long-term	 complications	 and	 may	 be	 occurring	 more	 commonly	 as	 the
number	of	ICU	survivors	increases.	It	remains	to	be	determined	whether	PDT	or
ST	is	superior	for	avoiding	these	serious	complications.

To	 minimize	 the	 potential	 complications	 of	 PDT,	 some	 authorities	 have
proposed	the	use	of	videobronchoscopy	to	ensure	proper	placement	of	the	initial
needle	 in	 the	 space	 between	 either	 the	 first	 and	 second	 or	 second	 and	 third
tracheal	rings.

Ultrasound	Guidance	for	Percutaneous	Tracheostomy
In	 Chapter	 9,	 the	 authors	 discussed	 the	 advantages	 of	 ultrasound	 while
performing	PDT	including	the	ability	to	identify	aberrant	vasculature,	selection
of	 insertion	 site,	 and	 real-time	 guidance	 of	 the	 needle	 into	 the	 tracheal	 ring
interspace.45	 This	 is	 especially	 helpful	 for	 patients	 in	 whom	 palpation	 of	 the
tracheal	rings	is	difficult	(eg,	obese	patients).	For	these	patients,	ultrasound	can
also	provide	a	measure	of	the	skin	to	trachea	distance,	help	identify	the	midline,
and	guide	marking	the	skin	over	the	correct	tracheal	interspace;	these	are	the	key
steps	 that	 increase	 the	 rate	 of	 first	 pass	 successful	 puncture.	 This	 may	 be
especially	relevant	for	patients	 in	whom	the	 thyroid	cartilage,	cricoid	cartilage,
and	 the	 sternal	 notch	 are	 palpable,	 but	 have	 difficult-to-palpate	 tracheal	 rings.
Rapid	 bedside	 ultrasonographic	 postprocedure	 assessment	 for	 pneumothorax,
before	 and	 after	 a	 PDT,	 can	 obviate	 the	 need	 for	 a	 chest	 x-ray	 to	 exclude
pneumothorax.	The	need	for	radiographic	confirmation	of	correct	 tube	position



can	be	obviated	by	confirming	satisfactory	positioning	by	direct	bronchoscopic
visualization.	Here,	we	present	the	technical	aspects	of	the	use	of	ultrasound	for
both	preprocedure	scanning	as	well	as	during	real-time	ultrasound-guided	PDT.

Technique	for	Use	of	Ultrasound	for	Percutaneous
Dilatational	Tracheostomy

1.	 The	operator	checks	for	bilateral	lung	sliding	prior	to	the	procedure.
2.	 The	patient	is	placed	in	a	supine	position	with	a	towel	under	the	shoulder	to

extend	the	neck.	The	thyroid	cartilage,	trachea,	and	sternal	notch	are
identified	by	palpation.	Palpation	or	ultrasonic	visualization	is	used	to
confirm	that	the	first	tracheal	ring	is	clearly	present	above	the	sternal	notch
with	the	neck	in	extension	(neutral	position	is	used	for	patients	with
cervical	spinal	precautions).

3.	 A	high-frequency	linear	probe	(7.5	MHz)	is	placed	transversely	over	the
level	of	the	thyroid	cartilage.	The	probe	is	moved	in	the	caudal	direction,
and	the	cricothyroid	membrane,	the	cricoid	cartilage,	and	the	tracheal	rings
are	identified.	The	probe	can	be	turned	in	a	longitudinal	orientation	to
identify	the	relative	position	of	all	airway	landmarks.	The	tracheal	rings	are
visualized	as	a	string	of	black	pearls	as	demonstrated	in	 	Video	182.1.

4.	 The	cricothyroid	membrane	can	be	marked	at	this	point	for	difficult	airway
patients	who	are	at	high	risk	during	intubation	if	they	require	rescue	by
surgical	airway	placement.

5.	 During	scanning,	attention	is	paid	to	excluding	the	presence	of	a	high-riding
innominate	artery	and	anterior	jugular	veins	that	are	near	the	field.	All
patients	with	a	high-riding	innominate	artery	are	referred	for	an	open	ST.
The	scanning	procedure	is	presented	in	 	Video	182.2.

6.	 Once	a	high-riding	innominate	artery	has	been	ruled	out	and	the	upper
airway	landmarks	are	identified,	any	vessels	anterior	to	the	trachea	are
identified	and	compressed	during	assessment	to	determine	whether	they	are
arteries	or	veins.	Color	Doppler	and	longitudinal	axis	probe	position	is	used
to	determine	compressibility	and	the	direction	of	the	flow.	An	appropriate
tracheal	ring	with	no	or	minimal	vascular	structures	in	the	path	of	the
needle	must	be	identified	and	the	overlying	skin	marked.

7.	 The	procedural	team	is	then	assembled	to	perform	a	time-out	that	uses	two
identifiers	to	confirm	patient	identity,	the	procedure	and	site	to	be	used,
identified	allergies,	and	that	confirms	the	functionality	of	monitoring
equipment	and	the	availability	of	rescue	supplies	and	equipment.



8.	 The	procedure	is	then	started	under	bronchoscopic	guidance	and/or	real-
time	ultrasound	guidance.

9.	 Once	the	procedure	is	completed,	the	ultrasound	is	used	to	assess	for
bilateral	lung	sliding.

Real-Time	Ultrasound	Guidance—Evidence	and	Technique
The	use	of	real-time	ultrasound	guidance	for	PDT,	while	uncommon,	has	certain
advantages.	It	provides	the	operator	with	the	ability	to	consistently	place	the	tube
below	the	first	tracheal	ring	under	direct	visualization,	thus	reducing	the	risk	of
late	 subglottic	 stenosis.46	 In	 a	 limited	 feasibility	 study	 by	 Rajajee	 et	 al,47	 the
presence	of	morbid	obesity,	suboptimal	neck	anatomy,	previous	tracheostomy,	or
cervical	spinal	precautions	did	not	appear	to	be	a	barrier	to	PDT	with	the	use	of
real-time	 ultrasonography.	 In	 cases	 where	 there	 are	 visible	 vascular	 structures
present	 anterior	 to	 the	 trachea,	 real-time	ultrasonography	can	be	used	 to	direct
the	 needle	 away	 from	 these	 structures.	 It	 can	 thus	 further	 enhance	 safety	 and
ease	of	performance	and	increase	the	safety	of	PDT.

Real-time	 ultrasonography	 can	 be	 combined	 with	 bronchoscopy	 to	 prevent
complications	 such	 as	 needle	 puncture	 through	 the	 posterior	 tracheal	wall	 and
provides	visual	confirmation	of	correct	tube	position.

1.	 Once	the	steps	above	are	completed	and	the	patients	are	appropriately
positioned	and	draped,	the	linear	transducer	is	oriented	in	transverse	axis
and	the	real-time	imaging	of	the	trachea	is	performed	with	visualization	of
the	needle	path.

2.	 Local	anesthesia	is	provided	using	topical	lidocaine	mixed	with	epinephrine
for	local	hemostasis.

3.	 The	needle	is	then	introduced	perpendicularly	to	the	skin,	and	the	needle
path	is	determined	based	on	the	distinct	acoustic	shadow	cast	by	the	needle.
This	is	followed	by	displacement	of	tissue	layers	seen	during	needle
passage.	Indentation	of	the	anterior	tracheal	wall	may	then	be	observed
bronchoscopically.	As	you	feel	the	“give”	of	the	anterior	tracheal	wall,	air	is
aspirated	into	the	saline-filled	syringe	to	confirm	the	endotracheal	position.
When	a	bronchoscope	is	being	used,	entry	of	the	needle	into	the	trachea	is
confirmed	by	visualization.	The	needle	is	then	angled	caudally,	and	the
guidewire	is	passed	through	the	needle.

4.	 Track	dilatation	appliance	insertion	is	completed	according	to	the
instructions	of	the	kit	manufacturer	as	is	done	for	percutaneous
tracheostomy	without	ultrasound	guidance.



5.	 Once	the	procedure	is	completed,	bilateral	lung	sliding	is	confirmed	by
ultrasound	examination	of	the	lung	as	described	in	Chapter	11.

	 Video	 182.3	 demonstrates	 the	 needle	 insertion	 site	 and	 ultrasound
techniques	for	PDT.

These	 ultrasound-assisted	 techniques,	 when	 applied	 in	 a	 stepwise	 fashion,
prior	or	during	a	PDT	can	help	decrease	the	rate	of	complications.

CASE	1
A	man	in	his	60s	presented	to	the	hospital	with	progressive	muscle
weakness	over	the	prior	year.48	He	required	endotracheal	intubation
for	 hypercarbic	 respiratory	 failure.	 After	 failing	 several	 extubation
attempts,	 he	 underwent	 bedside	 percutaneous	 tracheostomy.	 The
tracheostomy	 placement	 was	 complicated	 by	 an	 off-axis	 vector
dilator	 placement	 that	 was	 subsequently	 corrected	 with	 successful
insertion	of	the	tracheostomy	tube.	When	the	patient	was	connected
to	the	ventilator,	he	developed	elevated	peak	airway	pressures	with
minimal	tidal	volume	return	and	had	abrupt	oxygen	desaturation	and
he	 became	 hypotensive.	 Absence	 of	 lung	 sliding,	 along	 with	 lung
point,	was	seen	on	the	right	hemithorax	and	needle	decompression
with	 chest	 tube	 placement	 was	 performed	 with	 improved
cardiopulmonary	status	and	return	of	lung	sliding.

Ten	minutes	 later	 the	 patient	 again	 developed	 cardiorespiratory
distress.	Lung	ultrasound	was	again	performed.

Based	 on	 the	 clinical	 presentation	 and	 the	 ultrasound
images	in	 	Video	182.4,48	what	is	the	likely	diagnosis?

A	description	of	the	ultrasound	findings	and	a	discussion	of	their
clinical	implications	are	presented	in	 	Video	182.5.48

Percutaneous	Gastrostomy	Tube	Placement
Since	its	first	inception	by	Gauderer	and	colleagues	in	1980,49	the	placement	of
percutaneous	 gastrostomy	 (PEG)	 tubes	 has	 gained	 widespread	 acceptance	 for



long-term	 enteral	 nutrition	 of	 patients	 unable	 to	 swallow	 effectively.	 The
procedure	 is	 now	 routinely	 performed	 by	 surgeons,	 gastroenterologists,	 or
interventional	 radiologists.	 Given	 their	 advanced	 endoscopic	 and	 procedural
training,	 interventional	 pulmonologists	 may	 also	 safely	 perform	 placement	 of
PEG	 tubes	 in	 the	 ICU	setting	at	 the	patient	bedside.	When	 indicated,	 the	PDT
and	 PEG	 tubes	 can	 often	 both	 be	 placed	 together,	 at	 a	 single	 procedural
session.50

PEG	 is	 usually	 performed	 by	 inserting	 an	 endoscope	 into	 the	 stomach	 and
then	transilluminating	the	puncture	site	through	the	gastric	and	abdominal	walls.
Finger	indentation	can	be	seen	within	the	insufflated	gastric	lumen	at	the	site	of
transillumination.	 A	 skin	 incision	 then	 is	 made	 under	 local	 anesthetic	 and	 an
angiocath	is	advanced	through	the	abdominal	wall	and	into	the	stomach.	A	loop
is	inserted	through	the	angiocath	and	then	grabbed	and	brought	out	through	the
mouth	 attaching	 it	 to	 the	 gastrostomy	 tube.	 The	 loop	 is	 then	 attached	 to	 the
gastrostomy	tube	such	that	the	tube	can	be	pulled	down	the	esophagus,	into	the
stomach,	and	through	the	gastric	and	abdominal	walls	for	securement	at	the	skin
surface.	An	 alternate	method	 uses	 a	 pull-away	 sheath	 and	 introduces	 the	 tube
through	the	abdominal	wall.

The	 safety	 and	 efficacy	 of	 PEG	 placement	 by	 an	 IP	 team	 has	 been
demonstrated.	In	one	review	of	72	patients	undergoing	the	procedure,	PEG	tube
insertion	was	successful	in	97.2%,	with	no	major	complications.50

Ultrasound-Guided	Thoracentesis	and	Placement	of
Pleural	Catheters
Pleural	effusions	may	be	seen	in	up	to	62%	of	ICU	patients.	Although	these	are
often	small	effusions	not	contributing	to	the	patient’s	condition,	many	times	they
may	need	to	be	sampled	or	drained	for	diagnostic	or	therapeutic	reasons.51	The
characterization	 of	 a	 pleural	 effusion	 as	 a	 transudate	 or	 exudate,	 either
uncomplicated	or	 complicated,	may	 be	 very	 helpful	 in	 the	management	 of	 the
ICU	patient.

Over	 the	 last	 decade,	 the	 use	 of	 ultrasonography	 in	 the	 ICU	 setting	 has
become	widespread.	 Bedside	 ultrasound	 allows	 for	 the	 characterization	 of	 the
lung	 and	 pleural	 space	 in	 a	 quick,	 safe,	 and	 noninvasive	 way	 that	 spares	 the
patient	the	radiation	of	chest	radiography	or	CT.52

For	 the	assessment	and	drainage	of	pleural	 fluid	 in	patients	with	or	without
mechanical	ventilation,	chest	ultrasonography	is	more	sensitive	and	specific	than
chest	radiographs	and	is	more	reliable	than	physical	examination	for	selecting	an



appropriate	 puncture	 site.53,54	 Chest	 ultrasonography	 is	 also	 helpful	 for
characterizing	 pleural	 effusions	 because	 transudates	 are	 usually	 anechoic.
Exudates	may	sometimes	be	anechoic,	but	when	the	fluid	is	complex	(septated,
loculated,	etc.)	or	hypoechoic	an	exudate	is	more	likely.55

Percutaneous	 drainage	 of	 purulent	 respiratory	 infections	 requires	 special
consideration.	The	treatment	of	lung	abscess	must	be	guided	by	the	knowledge
of	the	etiology,	microbiology,	as	well	as	the	predisposing	conditions	that	led	to
the	development	of	this	severe	pulmonary	infection.	Conservative	treatment	with
antibiotics	 usually	 suffices	 in	 an	 otherwise	 healthy	 patient	 with	 a	 small	 lung
abscess.	 Surgical	 resection	 of	 the	 necrotic	 segments	 of	 the	 lung	 may	 be
necessary	in	the	absence	of	response	to	antibiotics	or	for	cases	of	postobstructive
processes	 where	 drainage	 may	 be	 limited	 by	 obstruction	 due	 to	 tumor	 or	 a
foreign	 body.	 For	 patients	 who	 are	 thought	 to	 be	 poor	 surgical	 candidates,
percutaneous	drainage	may	be	helpful.	 In	 this	 regard,	ultrasound	may	aid	 such
therapeutic	 drainage	 of	 pleural-based	 lung	 abscesses.	 This	 can	 assist	 with
microbiological	diagnosis	and	guide	appropriate	antibiotic	therapy.56,57

The	major	concern	with	percutaneous	drainage	of	lung	abscess	is	the	leakage
of	the	abscess	contents	into	the	pleural	space,	thus	soiling	the	pleura.	This	can	be
avoided	 by	 careful	 examination	 of	 the	 pleural	 surface	 for	 the	 absence	 of	 lung
sliding,	as	it	is	a	good	evidence	of	pleural	symphysis	and	pleurodesis,	commonly
seen	in	lung	abscess	due	to	the	associated	local	inflammation.	A	high-frequency
linear	ultrasound	probe	may	be	used	to	assess	the	pleural	 line	and	lack	of	 lung
sliding	 (indicating	 pleurodesis).	 A	 percutaneous	 catheter	 with	 guidewire	 using
Seldinger	 technique	can	 then	be	 inserted	under	direct	ultrasound	guidance	 into
the	 lung	 abscess.	 The	 guidewire	 must	 be	 visualized	 within	 the	 abscess	 space
prior	 to	 dilation.	The	 operator	 should	 use	 color	Doppler	 to	 assess	 for	 aberrant
vessels	along	the	anticipated	insertion	site	as	well	as	within	the	abscess	cavity	to
avoid	vascular	 laceration.	The	 resolution	of	 the	abscess	can	be	documented	by
follow-up	 ultrasound	 examination.	 Serial	 well-documented	 ultrasound
examinations	can	obviate	the	need	for	repeat	chest	CTs	when	assessing	response
to	therapy.

CASE	2
An	elderly	patient	with	a	newly	diagnosed	right	upper	lobe	squamous
cell	 lung	 carcinoma	 presented	with	worsening	 dyspnea,	 fever,	 and
cough.58	 She	 was	 quite	 cachectic,	 and	 after	 an	 initial	 week	 of



antibiotics,	she	developed	progressive	hypoxemia	and	was	admitted
to	the	medical	ICU.	Lung	ultrasound	was	performed.

Based	 on	 the	 videos	 and	 her	 clinical	 history,	 what	 is	 the
likely	 process	 that	 is	 causing	 her	 progressive	 respiratory
failure?

Her	 lung	 ultrasound	 is	 presented	 as	 	 Video	 182.6.58	 The
ultrasound	study	findings,	the	procedure	that	was	performed,	and	a
discussion	of	its	results	are	presented	in	 	Video	182.7.58

Chest	Wall	and	Pleural-Based	Mass	Biopsy
Ultrasound	 guidance	 for	 sampling	 of	 peripheral	 pulmonary,	 chest	 wall	 and
pleural-based	 masses	 may	 offer	 substantial	 value	 and	 the	 advantages	 of
portability,	 convenience,	 and	 reduced	 radiation	 exposure	 compared	 to
conventional	percutaneous	approaches.	As	with	lymph	node	biopsies,	sampling
these	masses	in	the	ICU	may	lead	to	meaningful	changes	in	prognosis,	treatment
planning,	and	goals	of	care	discussions.	These	procedures	can	be	performed	by
the	properly	credentialed	treating	clinician	without	delay	due	to	scheduling	and
without	 the	 need	 for	 patient	 transport.	 In	 one	 retrospective	 study	 of	 patients
undergoing	either	ultrasound-	or	CT-guided	biopsy	of	peripheral	lung	and	chest
wall	 lesions,	 diagnostic	 tissue	 was	 obtained	 for	 98%	 of	 patients	 undergoing
ultrasound-guided	biopsy	versus	87%	of	patients	undergoing	CT-guided	biopsy
(P	 =	 .02).59	 Both	 modalities	 performed	 similarly	 with	 respect	 to	 their	 safety
profiles;	 however,	 including	 CTs	 obtained	 for	 diagnostic	 purposes	 in	 the
ultrasound	 arm,	 the	 ultrasound-guided	 biopsy	 group	 had	 substantially	 lower
radiation	exposure	(182	mGy-cm	vs	718	mGy-cm	P	<	 .01).	Ultrasound-guided
transthoracic	 biopsy	 of	 peripheral	 pulmonary	 lesions	 appears	 to	 have	 a	 higher
diagnostic	 yield	 when	 the	 length	 of	 pleural	 contact	 is	 longer,	 enabling	 better
apposition	 with	 the	 chest	 wall.60	 Jeon	 et	 al	 found	 that	 when	 median	 pleural
contact	was	>3	cm	in	length,	 the	diagnostic	sensitivity	was	significantly	higher
for	 peripheral	 pulmonary	 lesions	 than	 lesions	 with	 shorter	 length	 (96.6%	 vs
74.1%	P	=	.02)	and	had	better	diagnostic	accuracy	(98%	vs	85.4%	P	=	.03).	The
most	 common	 complications	 of	 this	 procedure	 include	 pneumothorax,
hemothorax,	or	hemoptysis	and	can	be	reduced	by	appropriate	use	of	ultrasound.
The	 overall	 complication	 rate	 of	 ultrasound-guided	 transthoracic	 biopsy	 is
reported	 to	 be	 lower	 than	 that	 of	 CT-guided	 biopsies.61,62	 It	 is	 important	 to
remember	 that	 peripheral	 pulmonary	 lesions	 that	 are	 not	 in	 contact	 with	 the



visceral	 pleural	 will	 not	 be	 adequately	 visualized	 using	 ultrasound	 and	 thus
cannot	be	considered	for	ultrasound-guided	biopsy.

A	76-year-old	man	with	a	75	pack-year	history	of	smoking	presented	 to	 the
pulmonary	 clinic	 for	 evaluation	 of	 a	 right	 upper	 lobe	 1.4-cm	 spiculated,
peripheral	pulmonary	nodule	that	was	incidentally	detected	on	CT	of	the	chest.63
Positron-emission	tomography–CT	(PET-CT)	of	the	nodule	prior	to	presentation
showed	 avidity	 of	 the	 nodule	with	 a	 standardized	uptake	value	 of	 1.55	but	 no
evidence	of	other	metastatic	foci.	An	example	of	an	emerging	technique	of	using
three-dimensional	 (3D)	 ultrasound	 at	 the	 point	 of	 care	 for	 the	 biopsy	 of	 small
peripheral	nodules	 is	presented	 in	Videos	182.8-182.12.63	While	 this	 emerging
approach	 is	 not	 routinely	 recommended	 at	 this	 time,	 it	 does	 demonstrate	 that
ultrasound	use	 at	 the	point	 of	 care	 is	 evolving	 and	 that	 biopsies	 of	 peripheral-
based	masses	are	not	only	possible,	but	may	offer	important	advantages	over	CT-
guided	biopsy	for	some	patients.

Technical	Considerations
A	preprocedure	ultrasound	is	performed	to	locate	the	lesion,	identify	surrounding
relevant	 anatomy,	 and	 identify	 the	 optimal	 location	 and	 path	 for	 performing	 a
biopsy.	Careful	assessment	of	 the	pleural	and	chest	wall	 interface	 is	performed
using	 the	high-frequency	 linear	 transducer.	Color	Doppler	 is	used	 to	assess	 the
surrounding	 vascular	 structures	 and	 care	 is	 taken	 to	 avoid	 them	 during	 the
procedure.	 Precise	 measurements	 are	 obtained	 to	 determine	 depth	 of	 needle
placement	 and	 angle	 of	 trajectory	 of	 needle	 entry.	 Generally,	 a	 single	 needle
technique	 is	 used	 for	 ultrasound-guided	 biopsies.	 The	 procedure	 can	 either	 be
performed	using	a	core	biopsy	needle	or	an	aspiration	needle	with	a	syringe.	The
decision	to	use	an	aspiration	needle	or	core	biopsy	needle	depends	on	the	patient,
the	likely	diagnostic	possibilities,	 location	and	characteristics	of	the	lesion,	and
characteristics	 of	 the	 patient.	 While	 the	 core	 biopsy	 can	 help	 obtain	 a	 larger
amount	 of	 tissue,	 needle	 aspiration	 is	 easier	 and	 can	 be	 easily	 performed	 for
patients	with	small	mobile	lesions.64	Percutaneous	biopsy	can	be	combined	with
the	presence	of	rapid	on-site	evaluation,	if	available,	to	ensure	tissue	adequacy.65
The	 of	 ultrasound	 transducer	 used	 (linear,	 phased	 array,	 or	 the	 curvilinear)
depends	upon	the	depth	and	characteristics	of	the	lesion.	A	superficial	lesion	can
be	biopsied	using	a	 linear	 transducer	while	a	phased	array	or	curvilinear	probe
can	 better	 visualize	 deeper	 lesions.	 The	 procedure	 can	 be	 performed	 using	 a
biopsy	 guide	 channel	 or	 by	 the	 freehand	 technique.	 While	 the	 biopsy	 guide
channel	 can	 provide	 more	 stability,	 the	 freehand	 technique	 allows	 for	 more
flexible	choice	of	angle	and	needle	path	when	entering	 the	 lesion.	When	using



the	 freehand	 technique,	 it	 is	 imperative	 for	 the	proceduralist	 to	 ensure	 that	 the
needle	 remains	 in	 the	 ultrasound	 scanning	 plane	 at	 all	 times	 to	 prevent
complications	 due	 to	 needle	 malposition.	 It	 is	 important	 to	 assess	 for
respirophasic	variations	when	a	pulmonary	lesion	is	being	biopsied,	as	voluntary
breath	 holding	 may	 be	 impractical	 for	 many	 critically	 ill	 patients.	 When	 the
patient	 is	 on	 the	 ventilator,	 a	 ventilator-assisted	 breath	 hold	 should	 be
considered.	 After	 biopsy	 of	 a	 chest	 wall/pleural-based	mass,	 a	 comprehensive
lung	 ultrasound	 to	 look	 for	 lung	 sliding	 and	 assess	 for	 hemothorax	 is
recommended.	 Examples	 of	 ultrasound	 images	 of	 pulmonary	 parenchymal
masses	that	reach	the	chest	wall	and	examples	of	real-time	guidance	of	biopsies
of	these	masses	are	presented	in	 	Video	182.13.

Related	Considerations
Although	not	exclusive	to	the	realm	of	interventional	pulmonologists,	we	briefly
discuss	the	role	of	lung	biopsy	for	the	management	of	critically	ill	patients	with
respiratory	failure	and	parenchymal	infiltrates.	The	available	approaches	include
not	 only	 surgical	 lung	 biopsy	 but	 also	 the	 use	 of	 nonsurgical,	 bronchoscopic
diagnostic	 modalities	 such	 as	 transbronchial	 lung	 biopsies	 (TBBx),	 and	 the
burgeoning	utilization	of	transbronchial	cryobiopsies,	a	newer	biopsy	technique
that	may	obviate	the	need	for	surgical	biopsy.	For	a	comprehensive	discussion	of
lung	 biopsy	 in	 the	 ICU	 setting,	 the	 reader	 is	 referred	 to	 prior	 editions	 of	 this
textbook.66

Lung	biopsy	procedures	can	be	grouped	 into	 two	main	categories:	 invasive,
open	surgical	procedures	(eg,	open	thoracotomy	lung	biopsy	and	video-assisted
thoracoscopic	 [VATS]	 lung	 biopsy)	 and	 semi-invasive,	 closed	 nonsurgical
procedures	 (eg,	 percutaneous	 transthoracic	 needle	 biopsy	 under	 fluoroscopic,
ultrasound,	 or	 more	 commonly	 CT	 guidance;	 TBB;	 and	 the	 more	 recently
described,	 transbronchial	 cryobiopsy).	 In	 the	 setting	 of	 localized	 or	 diffuse
parenchymal	pulmonary	disease,	many	factors	are	considered	when	developing	a
diagnostic	plan,	 including	 the	history	of	a	probable	 inciting	event	 (eg,	ARDS),
the	patient’s	immune	status,	the	severity	of	disease,	the	pace	of	the	presentation,
the	timing	of	the	diagnostic	intervention,	the	diagnostic	yield,	the	likelihood	that
the	 results	 obtained	 will	 alter	 management	 (the	 concept	 of	 a	 “contributive
result”),67	 the	 risks	 of	 bleeding	 or	 other	 complications,	 and	 the	 availability	 of
local	 expertise	 for	 performing	 the	 various	 types	 of	 procedures.	 Prior	 to
proceeding	 with	 lung	 biopsy	 one	 should	 strongly	 consider	 the	 utilization	 and
contribution	 of	 BAL	 (bronchoalveolar	 lavage)	 when	 specimens	 are	 sent	 for



culture,	 viral	 PCR	 (polymerase	 chain	 reaction),	 cell	 counts,	 and	 cytology.	 In
many	 situations,	 BAL,	 without	 tissue	 biopsy,	 is	 the	 least	 invasive	 and	 safest
sampling	 method	 (even	 in	 a	 patient	 with	 a	 bleeding	 diathesis)	 and,	 when
combined	 with	 the	 probable	 clinical	 diagnosis,	 is	 completely	 adequate	 and
sufficient	for	directing	appropriate	therapy.	Of	course,	when	considering	various
lung	 biopsy	 approaches,	 contraindications	 must	 be	 taken	 into	 account	 (Table
182.3)	and	also	the	likelihood	that	a	particular	method	of	biopsy	can	establish	or
rule	out	a	given	diagnosis	based	on	pretest	probability	(Table	182.4).

TABLE	182.3

Contraindications	and	Relative	Contraindications	to	Lung
Biopsy1-5

Open	Thoracotomy	Biopsy
Contraindication
Too	ill	to	Undergo	general	Anesthesia

Thoracoscopic	lung	biopsy
Contraindications
Too	ill	to	undergo	general	anesthesia
Extensive	pleural	adhesions
Uncorrectable	coagulopathy
Postpneumonectomy	patient
Severe	pulmonary	hypertension

Relative	contraindications
Inability	to	place	a	double-lumen	endotracheal	tube
Inability	to	tolerate	single	lung	ventilation

Closed	biopsy
Contraindications
Uncorrectable	coagulopathy	(including	uremia)a
Unstable	cardiovascular	status
Severe	hypoxia	likely	to	worsen	during	bronchoscopy
Inadequately	trained	bronchoscopist
Poor	patient	cooperation

Relative	Contraindications
Recent	myocardial	infarction	or	unstable	angina



Adjacent	vascular	abnormalities
Positive-pressure	ventilation
Cavitating	lesions	(especially	with	air-fluid	levels,	or	>10	cm	diameter)
Severe	pulmonary	hypertension
Adjacent	emphysematous	lung	disease
Suspected	echinococcal	disease
Uncontrollable	cough

aBronchoalveolar	lavage	can	be	performed	with	relative	safety	in	patients	with	thrombocytopenia.
From	Dumon	JF.	A	dedicated	tracheobronchial	stent.	Chest.	1990;97:328-332;	Siegel	R,
Naishadham	D,	Jemal	A.	Cancer	statistics.	CA	Cancer	J	Clin.	2012;62:10-29;	Bolliger	CT,	Mathur
PN.	ERS/ATS	statement	on	interventional	pulmonology.	Eur	Respir	J.	2002;19:356-373;	Ernst	A,
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TABLE	182.4

Potentially	High-Yielding	Biopsy	Procedures	for	a	Variety
of	Underlying	Disease	Processes

Bronchoalveolar	lavage
Infections	(PCP,	mycobacteria,	and	endemic	fungal)
Alveolar	proteinosis
Alveolar	hemorrhage
Acute	eosinophilic	pneumonia
Lung	cancer
Lymphoma
Exogenous	lipoid	pneumonia

Transbronchial	needle	aspiration
Lung	cancer
Lymphoma
Infections	(endemic	fungi,	mycobacteria,	and	nocardia)

Bronchial	brush	biopsy
Lung	cancer
Metastatic	cancers



Transbronchial	lung	biopsy
Sarcoidosis
Lymphangitic	carcinomatosis
Alveolar	proteinosis
Lung	cancer
Chronic	eosinophilic	pneumonia
Amyloidosis
Lymphocytic	interstitial	pneumonia
Cryptogenic	organizing	pneumonitis
Hypersensitivity	pneumonitis
Invasive	aspergillosis

Open	lung	biopsy	or	video-assisted	thoracoscopic	biopsy
Pulmonary	capillaritis	(vasculitides)
Diffuse	alveolar	damage
Idiopathic	pulmonary	fibrosis
Nonspecific	interstitial	pneumonitis
Inorganic	pneumoconiosis

PCP,	Pneumocystis	pneumonia.

Open	 lung	 biopsy	 (OLB)	 has	 the	 advantage	 of	 providing	 a	 large	 tissue
sample	 for	 pathology	 and	 is	 sometimes	 performed	 for	 critically	 ill	 patients,
especially	 those	 with	 ARDS	 featuring	 extensive	 lung	 infiltration	 of	 uncertain
etiology.	 Two	 recent	 systematic	 reviews	 on	 the	 role	 of	 OLB	 of	 critically	 ill
patients	have	shed	light	on	its	performance	characteristics	and	utility.	Libby	and
colleagues	 found	 that	OLB	 in	ARDS	provided	 a	 specific	 diagnosis	 in	 84%	of
patients	 and	 led	 to	 a	 change	 in	management	 in	73%	of	 cases.	Moreover,	 there
was	 acceptable	 mortality	 (hospital	 mortality	 was	 43%;	 death	 from	 OLB	 was
rare)	and	morbidity	(complication	rate	of	22%	with	PAL	being	the	most	common
complication).68	Wong	and	colleagues	combined	the	Libby	study	with	other	case
series	 and	 found	 that	 OLB	 had	 a	more	modest	 diagnostic	 yield	 of	 only	 54%.
They	additionally	reported	that	the	most	common	diagnoses	made	by	OLB	were
fibrosis/pneumonitis	 and	 infection.69	 Therapeutic	 changes	 did	 occur	 for	 most
(78%)	 of	 the	 patients	 and	 complication	 rates	were	 similar	 to	 the	 Libby	 study.
VATS	 may	 also	 be	 utilized	 as	 a	 biopsy	 technique	 for	 ARDS	 and	 has	 been
reported	 to	 have	 yields	 and	 complications	 similar	 to	OLB.	However,	 severely
critically	 ill	 patients	 and	moribund	 patients	may	 not	 tolerate	VATS,	 a	 surgical
procedure	that	requires	single	lung	ventilation	during	general	anesthesia.



TBB	via	a	flexible	bronchoscope	is	an	important	biopsy	technique	because	it
may	 obviate	 the	 need	 for	 OLB	 in	 certain	 circumstances	 (eg,
immunocompromised	 patients	 or	 lung	 transplant	 patients	 when	 graft	 rejection
and	infection	are	considered).	As	stated	above,	a	decision	to	proceed	with	TBBx
(and	OLB)	 should	 only	 be	 taken	 after	 careful	 risk-benefit	 analysis	 of	 inherent
limitations	 and	 potential	 complications	 (TBBx	bleeding	 risk	 of	 1%	 to	 4%	and
risk	 of	 pneumothorax	 up	 to	 25%	 of	 mechanically	 ventilated	 patients).70
Fluoroscopy	 can	 increase	 yield	 and	 possibly	 safety	 and	 is	 generally
recommended,	 especially	 when	 targeting	 focal	 parenchymal	 disease,	 which	 is
difficult	 in	 the	 ICU,	 resource-limited	 settings,	 and	 is	 associated	with	 radiation
exposure.	The	diagnostic	yield	of	TBBx	is	limited	by	the	size	of	the	specimens
obtained	 (1-3	 mm),	 crush	 artifact,	 and	 sampling	 error.	 TBBx	 results	 are
frequently	 nonspecific	 and,	 therefore,	 the	 technique	 has	 a	 limited	 role	 for	 the
assessment	of	most	idiopathic	interstitial	pneumonias	and	vasculitides.	However,
it	 does	 have	 significant	 yield	 for	 diseases	 such	 as	 sarcoidosis,	 eosinophilic
pneumonia,	various	infections,	and	lymphangitic	carcinomatosis.

Small	 sample	 size	 and	 tissue	 artifacts	 associated	 with	 TBBx	 create
considerable	problems	for	interpreting	pathological	specimens	and	thus	limit	its
diagnostic	accuracy	in	many	settings.	In	order	to	obtain	larger	tissue	samples	and
avoid	 artifact,	 proceduralists	 and	 investigators	 have	 recently	 explored	 flexible
bronchoscopic	 transbronchial	 cryobiopsy	 to	 obtain	 lung	 specimens.	 The
technique	 of	 transbronchial	 cryobiopsy	 has	 been	 thoroughly	 described
elsewhere.71	Results	from	various	case	series	have	demonstrated	that	large	tissue
specimens	can	be	obtained	(median	size	three	to	five	times	greater	than	TBBx)
and	 these	 have	 preserved	 histological	 characteristics,	 often	 free	 of	 artifacts.
When	 correlated	 with	 clinical	 and	 radiological	 findings,	 this	 technique	 has
allowed	 the	 diagnosis	 of	 interstitial	 pneumonias	 such	 as	 NSIP	 (nonspecific
interstitial	 pneumonia)	 and	 UIP	 (usual	 interstitial	 pneumonia),	 producing
diagnostic	yields	as	high	as	70%	to	80%.	Complications	include	pneumothorax
in	up	to	23%	of	cases	and	minor	bleeding	that	is	readily	controlled.	More	severe
bleeding	sometimes	requires	placement	of	an	endobronchial	blocker.	The	future
is	 promising	 for	 this	 newer	 technique	 and	 we	 await	 further	 studies	 that	 are
specific	to	the	critical	care	setting.

CONCLUSIONS
The	 still	 growing	 specialty	of	 IP	deals	with	many	complex	airway	and	pleural
diagnoses	and	features	a	variety	of	diagnostic	and	therapeutic	bronchoscopic	and



pleural	procedures	that	are	helpful	in	the	ICU	setting.	Given	the	complexities	of
the	 critically	 ill	 patient	 population,	 a	 multidisciplinary	 approach	 to	 clinical
management	 is	 ideal.	 One	 key	 to	 success	 is	 a	 close	 collaboration	 among
intensivists,	 IP	 physicians,	 thoracic	 surgeons,	 ENT	 specialists,	 radiation	 and
medical	oncologists,	and	interventional	radiologists.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	64-year-old	man	with	recently	diagnosed	lung	adenocarcinoma	presents
complaining	of	sudden-onset	chest	pain	and	shortness	of	breath	while	at	home.
Initial	vitals	show	BP	108/78	mm	Hg,	HR	124	beats/min;	oxygen	saturation	is
86%	on	room	air.	Supplemental	nasal	cannula	oxygen	is	started	and	a	contrast
chest	CT	is	done,	which	reveals	new	bilateral	segmental	pulmonary	emboli.	Low
molecular	weight	heparin	(LMWH)	therapy	is	administered.	A	few	hours	after
starting	therapy,	he	begins	having	significant	cough	accompanied	by	bright	red
blood,	which	he	coughs	out	into	a	basin.	Initially	it	is	teaspoon-sized	in	volume,
but	quickly	escalates	to	fill	50	cc	in	a	sample	cup	within	a	few	minutes.	His
oxygen	saturation	drops	to	85%	while	on	4L	nasal	cannula,	and	he	is	quickly
intubated	for	airway	protection.	He	is	taken	for	immediate	CT	angiogram	but
there	is	not	an	obvious	vascular	bleeding	source	identified.	Afterward,	old	red
blood	and	some	clots	continue	to	be	suctioned	up	through	the	endotracheal	tube,
and	his	ventilator	settings	rapidly	escalate	to	100%	FiO2,	PEEP	20	cm	H2O,	with
peak	and	plateau	pressures	at	38.	An	interventional	pulmonary	consultation	is
obtained.	In	addition	to	being	able	to	control	the	airway	and	provide	ventilation
while	working	to	control	his	bleeding,	which	of	the	following	is	a	key	benefit	of
rigid	bronchoscopy	over	flexible	bronchoscopy	for	his	management?

A. 	Cauterizing	with	electrocautery,	argon	plasma	coagulation	(APC),	or
laser	therapy
B. 	Instillation	of	hemostatic	agents	like	iced	saline,	tranexamic	acid
(TXA)	or	epinephrine
C. 	Localizing	the	bleeding	source
D. 	Placement	of	occlusive	balloon
E. 	Suctioning	of	blood	or	blood	clots



2. 	A	55-year-old	man	presents	with	a	week	of	progressive	dyspnea	now	with
dyspnea	at	rest.	He	feels	worse	when	lying	flat.	On	exam,	his	lungs	are	clear,	but
there	is	mild	inspiratory	stridor.	His	oxygen	saturation	is	95%	on	room	air.
Medical	history	is	notable	for	extensive	smoking	history	of	30	pack-years
(currently	still	smoking),	hypertension,	hyperlipidemia,	and	obesity	with	a	BMI
of	32	kg/m2.	He	recently	had	COVID-19	infection	4	months	ago,	for	which	he
was	intubated	and	in	the	ICU	for	2	weeks.	His	course	was	complicated	by	an
accidental	self-extubation	and	he	required	a	percutaneous	tracheostomy.	He	was
subsequently	managed	at	a	rehabilitation	facility	and	was	decannulated	a	few
weeks	later.	Which	of	the	following	is	the	most	likely	explanation	for	his
presentation?

A. 	COPD	exacerbation
B. 	Foreign	body	aspiration
C. 	Malignant	tracheal	stenosis
D. 	Nonmalignant	tracheal	stenosis

3. 	A	40-year-old	woman	is	currently	intubated	in	the	ICU	for	ARDS	due	to	a
severe	aspiration	pneumonia	after	being	found	down	at	home	after	alcohol
intoxication.	Initially	she	was	requiring	a	heavy	amount	of	sedation	to	manage
ventilator	dyssynchrony,	thought	to	be	due	to	alcohol	withdrawal.	Her
respiratory	status	has	improved	but	she	has	been	unable	to	liberate	from	the
ventilator	for	12	days	due	to	agitated	delirium.	Her	family	has	agreed	to	proceed
with	tracheostomy	placement	in	order	to	move	forward	with	her	care.	The
interventional	pulmonary	team	is	called	to	evaluate	for	percutaneous	dilatational
tracheostomy	(PDT).	Which	of	the	following	is	true	regarding	PDT	compared	to
surgical	tracheostomy	(ST)?

A. 	PDT	and	ST	have	different	indications
B. 	PDT	by	interventional	pulmonary	and	ST	by	surgery	have	similar
complication	rates
C. 	PDT	has	higher	infection	and	bleeding	rates	than	ST
D. 	ST	uses	ultrasound	and	video	bronchoscopy	while	PDT	does	not

Answers

1.	The	correct	answer	is	A.
Rationale:	 Cauterization	 techniques	 are	 useful	 to	 stop	 bleeding	 mostly	 in

cases	where	CT	angiography	cannot	identify	a	source	of	vascular	extravasation



but	 bronchoscopy	 shows	 an	 endobronchial	 source	 of	 hemorrhage	 (choice	A	 is
correct).	Flexible	bronchoscopy	can	be	useful	for	managing	massive	hemoptysis
as	an	 immediate	bedside	 temporizing	measure	 if	 there	 is	already	control	of	 the
airway.	Localizing	the	bleeding,	suctioning,	and	instillation	of	several	hemostatic
medications	in	liquid	form	(iced	saline,	TXA,	epinephrine)	are	all	possible	with
flexible	 bronchoscopy	 (choices	 B,	 C	 and	 E	 are	 incorrect).	 Placement	 of
occlusive	 balloon	 is	 also	 possible	 when	 the	 equipment	 and	 expertise	 are
available	 (choice	 D	 is	 incorrect).	 Although	 rigid	 bronchoscopy	 can	 provide	 a
larger	working	channel	and	greater	degree	of	maneuverability	 to	perform	these
tasks,	flexible	bronchoscopy	can	potentially	do	all	of	these	things	to	some	degree
at	bedside,	while	sidelong	preparations	are	being	made	to	mobilize	the	patient	to
an	operating	room	where	rigid	bronchoscopy	can	be	performed.

2.	The	correct	answer	is	D.
Rationale:	Postintubation	and	posttracheostomy	tracheal	stenosis	are	the	most

common	causes	of	nonmalignant	central	airway	occlusion.	 It	 can	often	present
right	 after	 extubation	when	a	patient	 experiences	 stridor	or	 respiratory	distress
and	needs	to	be	immediately	reintubated,	but	can	also	be	seen	weeks	to	months
after	extubation	or	 tracheostomy	decannulation	(choice	D	is	correct).	Often	the
presentation	 is	 one	 of	 progressive	 stridor	 or	 exertional	 dyspnea	 that	 later
becomes	 apparent	 even	 at	 rest.	 These	 patients	 are	 often	 misdiagnosed	 with
COPD	 or	 asthma	 because	 upper	 airway	 stridor	 is	 mistaken	 for	 expiratory
wheezing	 (choice	 A	 is	 incorrect).	 While	 malignancy	 cannot	 be	 excluded	 at
presentation,	it	is	less	likely	than	nonmalignant	tracheal	stenosis,	because	stridor
was	 not	 present	 during	 his	 initial	 presentation	 and	most	 tracheal	malignancies
progress	 over	 a	 longer	 time	 course	 (choice	C	 is	 not	 the	 best	 answer).	 Foreign
body	aspiration	could	potentially	cause	similar	symptoms	but	is	more	frequent	in
children,	 and	often	presents	with	 choking	 episodes	or	 dysphagia	 among	 adults
with	 impaired	 swallowing	 function	 or	 impaired	 cough	 (eg,	 neuromuscular
disease,	 dementia,	 or	 impairment	 caused	 by	 alcohol	 or	 narcotics;	 choice	 B	 is
incorrect).

3.	The	correct	answer	is	B.
Rationale:	When	performed	by	an	 interventional	pulmonary	 team,	PDT	has

been	 shown	 to	 be	 safe,	 and	 has	 a	 complication	 rate	 similar	 to	 that	 of	 ST	 as
performed	by	a	surgical	team	(choice	B	is	correct	and	choice	C	is	incorrect).	A
large	meta-analysis	of	17	randomized	clinical	trials	showed	that	PDT	resulted	in
lower	 rates	 of	 infection,	 bleeding,	 and	 death,	 compared	 to	 ST.	 Generally
speaking,	 the	 indications	 for	 PDT	 or	 ST	 are	 the	 same	 (choice	A	 is	 incorrect):



needing	 long-term	ventilatory	 support,	 inability	 to	 clear	 secretions,	 and	 airway
obstruction,	 so	 selection	of	PDT	or	ST	modality	may	depend	on	other	 factors,
such	 as	 resource	 availability	 or	 anatomical	 issues	 of	 the	 airway.	 Finally,
ultrasound	 and	 video	 bronchoscopy	 are	 becoming	 routinely	 used	 in	 PDT	 and
have	improved	the	safety	of	the	procedure	(choice	D	is	incorrect).
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Chapter	183
Sleep	Issues	in	the	Intensive	Care	Unit
Setting
Biren	B.	Kamdar,	Erica	B.	Feldman,	Nancy	A.	Collop

KEY	POINTS:
1.	 Critically	ill	patients	in	the	ICU	generally	experience	very	poor	sleep

quality,	with	frequent	disruptions,	reduced	or	near-absent	deep
sleep,	and	over	50%	of	sleep	occurring	during	daytime	hours.

2.	 Measuring	sleep	in	the	ICU	is	exceedingly	challenging;
polysomnography	remains	the	gold	standard	for	sleep	measurement,
but	actigraphy,	bispectral	index	(BIS),	and	subjective	measures	are
used	as	well.

3.	 Sleep	is	often	more	impaired	during	mechanical	ventilation.	Recent
clinical	practice	guidelines	conditionally	recommend	controlled	over
supported	modes	to	optimize	sleep	at	night;	however,	larger	trials
are	needed	to	elucidate	this	further.

4.	 Commonly	used	pharmacologic	agents	in	the	ICU	such	as	sedatives
and	analgesics	have	significant	effects	on	sleep	architecture	and
quality	that	practitioners	should	be	aware	of	when	prescribing.

5.	 No	guidelines	currently	exist	specifically	outlining	ICU	sleep
promotion	strategies;	practitioners	should	consider	engagement	of
multidisciplinary	stakeholders,	dedicated	champions,	and
development	and	evaluation	of	interventions	unique	to	their	ICU
environment	and	patients	in	order	to	promote	sleep	in	the	ICU.

INTRODUCTION



Although	its	precise	function	is	complex	and	incompletely	understood,	sleep	is
considered	vital	for	physical	and	psychological	well-being,	and	survival.	In	the
intensive	care	unit	(ICU),	critically	ill	patients	often	experience	poor	sleep	due	to
underlying	 comorbidities,	 severe	 illness,	 noise,	 bright	 lights,	 care-related
disturbances,	 and	 medications.	 While	 the	 contribution	 of	 poor	 sleep	 to	 ICU
recovery	 remains	 largely	 unknown,	 sleep	 improvement	 interventions	 have
garnered	 significant	 attention	 as	 part	 of	 efforts	 to	 improve	 ICU	 patient
experiences	 and	 outcomes	 during	 and	 following	 critical	 illness.	 This	 chapter
summarizes	knowledge	surrounding	sleep	in	the	ICU,	including	an	overview	of
normal	 sleep,	 causes	 and	 consequences	 of	 ICU-related	 sleep	 disruption,	 and
strategies	to	improve	sleep	in	the	ICU.

OVERVIEW	OF	NORMAL	ADULT	SLEEP

Sleep	Architecture
A	 basic	 knowledge	 of	 normal	 adult	 sleep	 physiology	 is	 necessary	 to
appropriately	 understand	 and	 improve	 sleep	 in	 the	 ICU	 setting.	 Adults	 are
recommended	to	obtain	7	to	9	hours	of	consolidated	sleep	daily.1	Sleep	is	divided
into	non–rapid	eye	movement	(NREM)	and	rapid	eye	movement	(REM)	stages,
which	alternate	over	four	to	six	90-to-100-minute	cycles	across	the	sleep	period
(Figure	183.1).	NREM	is	comprised	of	N1,	N2,	and	N3	stages,	which	account
for	2%	to	5%,	45%	to	55%,	and	13%	to	24%	of	the	sleep	period,	respectively,
while	REM	comprises	20%	to	25%.	In	general,	N1	and	N2	are	“lighter”	than	N3,
also	known	as	“slow	wave”	or	“deep”	sleep	and	believed	 to	play	a	key	role	 in
restorative	 processes.	 REM	 is	 characterized	 by	 muscle	 atonia	 but	 involves
autonomic	variability	 and	 substantial	 brain	 activity,	 including	dreaming.	While
NREM	predominates	in	the	first	third	of	sleep	and	tends	to	occur	soon	after	sleep
onset,	most	REM	occurs	in	the	latter	half	of	sleep.



	

Figure	 183.1 	 Single	 night	 hypnogram	 of	 normal	 adult	 sleep,
demonstrating	 typical	 sleep	 stage	 transitions.REM,	 rapid	 eye
movement	 sleep.(From	Kamdar	BBNeedham	DMCollop	NA.	Sleep
deprivation	 in	 critical	 illness:	 its	 role	 in	 physical	 and	 psychological
recovery.	 J	 Intensive	 Care	 Med.	 2012;27(2):97-111,	 Reprinted	 by
Permission	of	SAGE	Publications.)

Circadian	Rhythms
Achieving	 a	 normal	 duration	 and	 pattern	 of	 sleep	 relies	 on	 individual	 factors
such	as	age,	comorbidities,	intrinsic	sleep-wake	cycle,	volitional	control	of	sleep
duration,	 and	 drugs,	 along	 with	 environmental	 factors	 such	 as	 ambient
temperature,	 noise,	 and	 light.2	 The	 sleep-wake	 cycle	 is	 regulated	 through	 two
complementary	processes,	the	sleep	homeostat	and	the	circadian	pacemaker.	The
sleep	 homeostat	 dictates	 sleepiness	 and	 is	 influenced	 by	 the	 neurotransmitter
adenosine,	the	end-product	of	ATP	metabolism.	This	involves	a	Process	S	which
is	 like	 thirst:	 the	 longer	 you	 are	 without	 sleep,	 the	 sleepier	 you	 become.
Alternatively,	 the	 circadian	 pacemaker	 dictates	 wakefulness	 and	 is	 largely
synchronized	to	environmental	light-associated	suppression	of	melatonin	release
from	 the	pineal	 gland.	 In	nocturnal	 sleepers,	melatonin	 secretion	occurs	 in	 the
absence	of	 light,	 between	9pm	and	3am,	with	 lowest	values	between	7am	and
9am.3

Physiologic	Processes	During	Sleep
During	 sleep,	 a	 complex	 interplay	 of	 physiologic	 processes	 occur	 which	 are
believed	to	play	a	fundamental	role	in	growth	and	homeostasis.	The	physiologic
processes	most	relevant	in	critically	ill	patients	are	discussed	here.



Thermoregulation
Sleep	 and	 circadian	 rhythms	 play	 an	 integral	 role	 in	 body	 temperature	 and
thermoregulation.	In	healthy	adults,	body	temperature	peaks	late	in	the	day,	falls
during	 sleep,	 nadirs	 late	 in	 sleep,	 and	 rises	 before	 awakening.	During	NREM,
temperature	 sensitivity	 decreases,	 while	 poikilothermia	 (body	 temperature
variation	 based	 on	 surroundings)	 and	 a	 loss	 of	 compensatory	 responses	 (ie,
sweating	and	shivering)	occur	during	REM.

Respiratory	Processes
N1	 sleep	 is	 characterized	 by	 decreased	 respiratory	 drive	 and	 muscle	 activity,
irregular	 breathing,	 and	 upper	 airway	 collapsibility.	 During	 N2	 and	 N3,
respiratory	 rate	 and	 tidal	 volume	 stabilize	 while	 minute	 ventilation	 falls,
resulting	in	an	arterial	partial	pressure	of	oxygen	(PaCO2)	rise	of	4	to	6	mm	Hg
and	concomitant	pH	drop	of	0.03	to	0.05	units.	This	hypoventilation	is	believed
to	 occur	 in	 the	 setting	 of	 decreased	 central	 ventilatory	 drive,	 upper	 airway
muscle	relaxation,	and	increased	airway	resistance.1

Cardiovascular	Processes
Sleep-related	alterations	in	physiology	can	increase	one’s	risk	of	life-threatening
cardiovascular	 events,	 especially	 in	 those	 with	 diminished	 reserve.4	 During
NREM,	increased	parasympathetic	tone	decreases	blood	pressure,	heart	rate,	and
systemic	vascular	resistance.	Alternatively,	during	REM,	increased	sympathetic
tone	 augments	 blood	 pressure	 and	 heart	 rate.4	 Bursts	 of	 vagal	 activity	 during
REM	can	also	potentiate	sinus	pauses	and	bradycardia.

Endocrine	Processes
Growth	 hormone	 (GH),	 prolactin,	 cortisol,	 and	 thyroid-stimulating	 hormone
(TSH)	 undergo	 fluctuations	 during	 the	 sleep-wake	 cycle	 (Figure	 183.2).1	 GH
and	prolactin,	 cell	differentiation	and	proliferation	hormones	possibly	 involved
in	preservation	of	muscle	mass	and	immune	function	during	critical	illness,	peak
during	 early	 and	 late	 sleep,	 respectively,	 and	 remain	 at	 low	 levels	 during
wakefulness.	GH	secretion	correlates	with	sleep	depth	and	is	highest	during	N3.
Alternatively,	 cortisol,	 a	 key	 hormone	 involved	 in	 glucose	metabolism,	 stress,
and	wound	 healing,	 follows	 a	 diurnal	 cycle,	 rising	 in	 the	morning	 and	 falling
toward	bedtime.	TSH	secretion	follows	a	circadian	pattern,	peaking	before	sleep



onset	and	falling	during	sleep.

	

Figure	 183.2 	 Hormone	 levels	 in	 healthy	 adults	 maintaining
standard	sleep-wake	cycles,	activities	and	mealtimes.Lines	represent
levels	 of	 melatonin,	 cortisol,	 growth	 hormone	 (GH),	 prolactin,	 and
thyroid-stimulating	 hormone	 (TSH)	 across	 the	 sleep-wake	 cycle.	 A
typical	 sleep	 period	 is	 represented	 by	 the	 shaded	 rectangular	 box.
(From	 Knauert	 M.	 Sleep	 and	 sleep	 disordered	 breathing	 in
hospitalized	patients.	Semin	Respir	Crit	Care	Med.	 2014;35:582,	©
Georg	Thieme	Verlag	KG.)

SLEEP	IN	THE	INTENSIVE	CARE	UNIT
A	 typical	 night	 in	 an	 ICU	 is	 characterized	 by	 a	 busy	 whirlwind	 of	 beeping
alarms,	 loud	 voices	 and	 alarms,	 bright	 lights,	 vital	 checks,	 blood	 draws,
medication	 administration,	 x-rays,	 and	 routine	 assessments.	 Consequentially,
sleep	 suffers,	with	 patients	 listing	 poor	 sleep	 quality	 as	 an	 important	 cause	 of
anxiety	and	stress,	and	among	the	worst	memories	of	their	ICU	experience.4

Sleep	Architecture	of	the	Critically	Ill
1 	 Studies	 of	 medical	 and	 surgical	 ICU	 populations	 have	 demonstrated	 that
mechanically	 and	non–mechanically	ventilated	 critically	 ill	 patients	 experience
exceptionally	poor	sleep	as	compared	 to	healthy	adults.	Regardless	of	sedation
or	 mechanical	 ventilation	 status,	 critically	 ill	 patients	 experience	 marked
variability	in	sleep	duration,	with	reported	ranges	of	1.8	to	7.7	hours	per	day5-7	in
some	 studies	 and	 7.0	 to	 10.4	 hours	 in	 others.8-10	 Whether	 patients	 experience
short	 or	 long	 duration	 of	 sleep,	 numerous	 investigations	 involving



polysomnography	 (PSG)	 have	 demonstrated	 that	 sleep	 in	 the	 ICU	 is
predominated	 by	N1	 and	N2,	with	 reduced	 or	 near	 absent	N3	 and	REM,	 and
marked	fragmentation,	with	over	50%	of	sleep	occurring	during	daytime	hours1
(Figure	183.3).	A	study	involving	PSG	recordings	in	22	ICU	patients,	of	whom
20	 were	 mechanically	 ventilated,	 reported	 that	 patients	 averaged	 41	 ±	 28
episodes	 of	 sleep	 per	 24-hour	 period,	 each	 averaging	 15	 ±	 9	 minutes,
highlighting	the	profound	level	of	sleep	fragmentation	in	this	population.10

	

Figure	 183.3 	 Sleep	 patterns	 of	 typical	 patients	 in	 an	 intensive
care	unit	(ICU).The	tracings	summarize	polysomnography	recordings
of	 overnight	 sleep	 in	 one	 normal	 adult	 and	 four	 different	 ICU
patients.	Shaded	areas	represent	sleep,	and	unshaded	areas	represent
wake.	Notable	in	the	ICU	patients	is	the	lack	of	REM	and	absence	of
restorative	N3	 sleep.	REM,	 rapid	 eye	movement.(From	Knauert	M.
Sleep	and	sleep	disordered	breathing	 in	hospitalized	patients.	Semin
Respir	Crit	Care	Med.	2014;35:582,	©	Georg	Thieme	Verlag	KG.)

Sleep	Measurement	in	the	ICU
Measuring	 sleep	 in	 the	 ICU	 is	 exceedingly	 challenging.	 Whether	 limited	 by
logistical	environmental	or	patient-related	factors,	instrument	reliability,	or	cost,
existing	challenges	in	measuring	sleep	accurately	and	on	a	large	scale	remain	a
key	barrier	hindering	efforts	to	understand	and	improve	sleep	in	the	ICU	setting.

Polysomnography
2 	PSG,	the	most	widely	used	mode	of	sleep	measurement,	involves	simultaneous



electroencephalogram	 (EEG),	 electromyogram,	 and	 electrooculogram
recordings.	While	 PSG	 is	 the	 gold	 standard	 for	 sleep	measurement,	 its	 large-
scale	use	 in	 the	ICU	is	challenging	as	 it	 is	costly,	 laborious	and	requires	bulky
equipment,	 skilled	 technicians,	 and	 interpretation	by	 a	 sleep	 expert.	Moreover,
interpretation	of	PSG	is	especially	challenging	in	the	presence	of	common	ICU
medications	 and	 illnesses	 such	 as	 sepsis,	 shock,	 hepatic	 encephalopathy,	 and
renal	failure.1,4,11	A	multisite	investigation	involving	continuous	PSG	recordings
in	 37	mechanically	 ventilated	 patients	 revealed	 EEG	 recordings	 suggestive	 of
sleep	 despite	 patients	 being	 interactive	 and	 awake,	 and	 others	 suggesting
wakefulness	despite	patients	being	comatose.12	Moreover,	36	of	37	patients,	and
85%	 of	 recorded	 EEG	 data,	 demonstrated	 monotonous,	 atypical	 tracings
uncharacteristic	 of	 conventional	 sleep	 stages	 or	 sleep-wake	 transitions,
highlighting	 the	 challenges	 of	 interpreting	 PSG	 recordings	 in	 the	 ICU
population.	 Additionally,	 unattended	 PSG,	 which	 is	 likely	 required	 for	 large-
scale	ICU-based	studies,	was	shown	in	a	medical	ICU	to	be	infeasible,	as	26	of
28	(93%)	patients	were	unable	 to	 tolerate	PSG	for	24	hours	due	to	discomfort,
mobility	limitation,	and,	ironically,	PSG	devices	themselves	causing	inability	to
sleep.7	 Hence,	 PSG	 is	 impractical	 and	 therefore	 discouraged	 for	 use	 in	 large-
scale	ICU	sleep	investigations.

Actigraphy
Actigraphy	 is	 a	 noninvasive	 accelerometer-based	 sleep	 estimation	 tool	 usually
involving	a	wristwatch-like	interface.	Actigraphy	involves	recording	multiplanar
gross	motor	 activity	 and	 translating	movement	 into	 activity	 counts,	which	 are
subsequently	analyzed	using	validated	computer	algorithms	to	label	rest-activity
periods	as	“sleep”	or	“wake.”13-16	While	actigraphy	provides	objective	measures
of	sleep-wake	and	circadian-rest	activity	patterns,	the	commonly	used	algorithms
are	 heterogeneous	 and	 have	 only	 been	 validated	 for	 healthy	 adults,	 not
accounting	for	common	ICU	factors	such	as	sedation,	neuromuscular	weakness,
or	 immobility.17,18	 Nevertheless,	 compared	with	 PSG,	 actigraphy	 is	 affordable,
unobtrusive	 and	 can	 collect	 data	 continuously	 over	 long	 periods	 of	 time.19-25
Validated	against	PSG	in	the	outpatient	setting,	actigraphy	in	the	ICU	has	been
limited	to	studies	that	were	small	in	size,13,19,20,26	<24	hours,14,19,20,27,28	or	enrolled
primarily	 mechanically	 ventilated	 and/or	 sedated	 patients.14,19,20,27,28	 A	 recent
systemic	review	revealed	that	actigraphy	in	the	ICU	consistently	showed	higher
total	 sleep	 time	 (TST)	 and	 sleep	 efficiency	 (SE),	 fewer	 nighttime	 awakenings
and	more	overall	awakenings	compared	to	other	modalities	such	as	PSG,	nurse
assessments,	 or	 patient	 questionnaires.18	What	 is	 lacking	 are	 studies	 involving



commercial	accelerometers	in	critically	ill	patients,29	as	well	as	those	associating
actigraphy-based	 measurements	 and	 clinically	 important	 ICU	 outcomes.18
Nevertheless,	 actigraphy	 continues	 to	 gain	 popularity	 as	 an	 important
measurement	 tool,	 particularly	 as	 ICUs	 focus	 their	 efforts	 on	 promoting	 sleep
and	mobilizing	patients.30

Bispectral	Index
Bispectral	 index	 (BIS)	 involves	 a	 single	 forehead	 sensor	 containing	 multiple
EEG	electrodes,	whose	signals	are	processed	to	provide	a	0	to	100	integer	value
corresponding	to	level	of	consciousness.	Often	used	to	assess	depth	of	anesthesia
during	 surgery	 or	 neuromuscular	 paralysis,	 BIS	 can	 evaluate	 sleep	 depth,	 like
PSG,	and	provide	continuous,	unsupervised	recordings	using	a	simple	interface,
like	 actigraphy.	 However,	 BIS	 interpretation	 is	 complicated	 by	 variability	 and
overlap	 in	 cutoffs	 for	 sleep	 stages	 and	 sedated	 states.4,31	Moreover,	 like	 PSG,7
BIS	in	 the	ICU	is	susceptible	 to	electrode	detachment	and	artifact	with	subject
movement,31	thus	complicating	its	use	for	large-scale	continuous	and	unattended
recordings.

Subjective	Measures	of	Sleep
Subjective	 sleep	measurement,	whether	 by	patients	 or	 their	 proxies,	 represents
the	most	practical	option	for	evaluating	sleep	 in	 the	ICU.	The	most	commonly
used	 instruments	 in	 the	 ICU	 are	 the	 Richards-Campbell	 Sleep	 Questionnaire
(RCSQ),32,33	 Leeds	 Sleep	 Evaluation	 Questionnaire	 (LSEQ),34,35	 and
Verran/Snyder-Halpern	 Sleep	 Scale,34,35	 which	 involve	 5-,	 10-,	 and	 14-item
visual-analog	 scales,	 respectively,	 assessing	 various	 characteristics	 of	 sleep.
While	 only	 the	 RCSQ	 has	 been	 validated	 against	 PSG	 in	 a	 critically	 ill
population,32	all	of	these	instruments	have	been	utilized	as	an	end	point	of	ICU-
based	interventions	to	improve	sleep.36-43	Despite	their	low	cost	and	ease	of	use,
these	 instruments	 are	 limited	 by	 recall	 bias,	 rater	 fatigue	 across	 repeated
assessments,	 noncompliance,	 impaired	 patient	 cognition	 or	 consciousness,	 and
lack	of	daytime	sleep	ratings.	While	nurses	may	complete	these	instruments	on
their	 patients’	 behalf,37,44,45	 an	 interrater	 reliability	 study	 of	 the	 RCSQ
demonstrated	 that	 nurses	 tend	 to	 overestimate	 patient	 sleep	 quality.46	 Hence,
nurse	proxies	to	subjectively	assess	sleep	in	the	ICU,	whether	by	observation	or
validated	instruments,	must	be	used	with	caution.



Causes	of	ICU	Sleep	Disruption	(Figure	183.4)

Noise

	

Figure	183.4 	Risk	factors	and	potential	outcomes	of	poor	sleep	in
the	 intensive	 care	 unit	 (ICU).(Adapted	 from	Kamdar	BB,	Needham
DM,	 Collop	 NA.	 Sleep	 deprivation	 in	 critical	 illness:	 its	 role	 in
physical	 and	 psychological	 recovery.	 J	 Intensive	 Care	 Med.
2012;27(2):97-111,	by	Permission	of	SAGE	Publications.)

Whether	 attributed	 to	 staff	 conversations,	 alarms,	 ventilators,	 or	 nightly	 floor
waxing,	most	ICUs	are	loud	at	all	hours	of	the	day.	Studies	in	both	medical	and
surgical	 ICUs	 have	 demonstrated	 that	 noise	 levels	 frequently	 approach	 and
exceed	 80	 dB,6,10,47-50	 the	 threshold	 necessary	 to	 maintain	 sleep,	 and	 far
surpassing	the	35	and	45	dB	nighttime	and	daytime	ICU	limits	outlined	by	the
Environmental	Protection	Agency.1,4,11,15	When	correlated	with	PSG	recordings,
these	loud	noises	have	been	attributed	to	11%	to	18%	of	sleep	arousals	and	17%
to	24%	of	awakenings	in	critically	ill	patients.6,10,47,51

Subjectively,	 patients	 in	 the	 ICU	consistently	 report	 staff	 conversations	 and
alarms	as	the	most	disruptive	noises	affecting	sleep.6,52	In	another	noise	analysis,
the	 traditional	 ICU	 design,	 with	 closely	 spaced	 beds	 facing	 a	 central	 nurse
station,	was	 found	 to	strongly	contribute	 to	noise	pollution.53	 Interestingly,	 this
study	also	noted	that	while	staff	conversations	were	loudest	in	the	rooms	of	the
sickest	 patients,	 they	 were	 often	 unrelated	 to	 patient	 care	 and	 held	 under	 the
assumption	that	sedation	rendered	patients	unaware	of	their	surroundings.	These
findings	 highlight	 potentially	 important	 and	 underrecognized	 design	 and
behavioral	 issues	 worth	 considering	 during	 ICU-based	 sleep	 improvement
efforts	(Chapter	130:	Intensive	Care	Unit	Design:	Current	Standards	and	Future
Trends).



Light	and	Melatonin
In	addition	 to	promoting	well-being,	 improving	mood,	and	possibly	preventing
ICU	delirium,54	 light	plays	 a	key	 role	 in	 synchronizing	circadian	 rhythms,	 and
therefore	 in	 regulating	 sleep	 and	 wake.	When	 light	 levels	 fall	 below	 100	 lux
(normal	 indoor	 light	∼180	 lux),	melatonin	 is	 secreted	 from	 the	 pineal	 gland,
promoting	 sleep.	 Conversely,	 in	 the	 presence	 of	 light,	 melatonin	 secretion	 is
suppressed,	promoting	wakefulness.	Light	levels	above	1500	lux	are	considered
sufficient	to	disrupt	sleep.	One	study	involving	continuous	light	measurement	in
four	 ICUs	demonstrated	mean	maximum	nocturnal	 light	 levels	of	128	 to	1445
lux,	high	enough	to	suppress	melatonin	release	but	below	the	threshold	to	disrupt
sleep.48	 Independent	 of	 light	 levels,	 impaired	 melatonin	 secretion	 has	 been
described	 in	 patients	with	 sepsis55	 and	delirium,56	 suggesting	 that	 factors	 other
than	light	influence	circadian	rhythms	in	the	critically	ill.

Patient	Care	Interactions
While	 difficult	 to	 measure	 accurately,	 critically	 ill	 patients	 experience
approximately	7.8	patient	care	 interactions	 (such	as	vitals,	or	blood	draws)	per
hour	during	sleep57	and	43	to	51	per	night	shift.58,59	When	correlated	with	PSG	in
one	 study,	 20%	 of	 these	 activities	 precipitated	 a	 sleep	 arousal	 or	 awakening,
accounting	for	7%	of	all	observed	sleep	disruptions.6	These	data	are	 supported
by	 patient	 reports	 that	 blood	 draws,	 vital	 sign	 checks,	 and	 nurse	 visits	 are	 the
most	disruptive	ICU	factors	affecting	sleep.37,52

Mechanical	Ventilation
In	 general,	 ICU	 patients	 receiving	 mechanical	 ventilation	 report	 worse	 sleep
quality	 than	 their	 nonventilated	 counterparts,52	 experiencing	 greater	 sleep
fragmentation,	 lower	 SE,	 and	 more	 sleep	 during	 daytime	 hours.8,60	 One
prospective	 observational	 study	 involving	 31	 mechanically	 ventilated	 patients
undergoing	 overnight	 EEG	 found	 that	 patients	 experienced	 more	 NREM	 and
sleep	atypia	(defined	by	delta/theta	ratio)	while	intubated	than	when	extubated.61
Other	 studies	 have	demonstrated	 that	 patients	 receiving	mechanical	 ventilation
average	 20	 to	 63	 sleep	 arousals	 per	 hour,6-10	 precipitated	 by	 patient-ventilator
dyssynchrony	 and	 noxious	 factors	 associated	with	mechanical	 ventilation	 such
as	 suctioning	 and	 ventilator	 alarms,	 repositioning,	 physical	 restraints,	 provider
assessments,	 and	discomfort	 from	 the	endotracheal,	nasogastric,	 and	orogastric
tubes.



The	effect	of	ventilator	mode	on	sleep	quality	has	been	studied	extensively.	In
a	 study	 of	 11	mechanically	 ventilated	 ICU	 patients	 receiving	 pressure	 support
ventilation	(PSV)	and	assist	control	ventilation	(ACV)	modes,	PSV	precipitated
more	central	apneas	and	subsequent	sleep	arousals	and	awakenings	per	hour	than
ACV	 (79	±	 7	 vs	 54	±	 7),	 in	 particular	when	PaCO2	 levels	 dropped	 below	 the
sleep-induced	apnea	threshold.62	By	adding	dead	space	to	the	ventilator	circuitry
during	 PSV,	 the	 investigators	 observed	 a	 significant	 rise	 in	 PaCO2	 and	 a
concomitant	 decline	 in	 central	 apneas	 and	 sleep	 disruptions.	 Adding	 to	 these
findings,	 a	 study	 of	 20	 patients	 alternating	 between	 ACV	 and	 lower	 pressure
PSV	(6	cm	H2O)	during	sleep	noted	markedly	increased	wakefulness	during	PSV
but	no	central	apneas.63	While	 this	 study	 suggested	 that	mode	and	not	 level	of
support	 had	 a	 greater	 effect	 on	 sleep,	 a	 subsequent	 study	 of	 15	 patients
alternating	 between	 ACV,	 clinician-adjusted	 PSV,	 and	 PSV	 that	 automatically
adjusted	 to	patient	 effort,	 compliance	 and	 end-tidal	CO2,	 demonstrated	 equally
fragmented	 sleep	with	 all	 3	modes.47	Moreover,	 a	 study	 involving	 13	 patients
receiving	 PSV	 and	 proportional	 assist	 ventilation	 (PAV),	 which	 promotes
patient-ventilator	 synchrony	 by	 delivering	 pressure	 support	 proportional	 to
patient	 inspiratory	 effort,	 suggested	 improved	 sleep	 quality	 during	 PAV	 as
compared	to	PSV.50	However,	as	confirmed	in	another	study	of	17	patients,64	the
authors	noted	that	patients	who	were	synchronous	with	PSV	experienced	similar
sleep	 quality	 as	 during	 PAV.	 Additionally,	 a	 study	 of	 14	 awake,	 nonsedated
patients	alternating	between	neutrally	adjusted	ventilator	assist	(NAVA)	and	PSV
demonstrated	 reduced	 apneas,	 increased	 REM,	 and	 improved	 sleep	 quality
during	NAVA,	as	neuromechanical	coupling	during	NAVA	presumably	improved
patient-ventilator	 synchrony.51	 Finally,	 two	 studies	 have	 evaluated	 sleep	 in	 the
context	 of	 ventilator	 weaning,65,66	 with	 one	 multicenter	 prospective	 study
demonstrating	 an	 association	 between	 higher	 levels	 of	 wakefulness,	 as	 seen
using	EEG,	with	successful	spontaneous	breathing	trials	and	extubation.66

3 	Synthesizing	this	literature,	a	meta-analysis	of	randomized	controlled	trials
(RCTs)	 of	 interventions	 to	 improve	 sleep	 in	 the	 ICU	 revealed	 significantly
improved	 SE,	 but	 not	 sleep	 fragmentation,	 when	 comparing	 timed	 with
spontaneous	 modes	 of	 ventilation.67	 As	 important	 limitations,	 the	 authors
acknowledged	 the	 small	 sample	 size	 and	 single-site	 design	 of	 the	 included
studies.	A	conditional	 recommendation	 from	 the	2018	Society	of	Critical	Care
Medicine	 (SCCM)	 Practice	 Guidelines	 for	 Management	 of	 Pain,
Agitation/Sedation,	 Delirium,	 Immobility	 and	 Sleep	 Disruption	 in	 the	 ICU
(PADIS)	suggested	using	ACV	over	PSV	at	night,	based	on	two	studies.43	Until
larger	multisite	trials	are	performed,	practitioners	should	adopt	an	individualized



approach	 to	 ventilator	 management	 during	 sleep	 and	 consider	 use	 of	 less
conventional	ventilator	modes	to	optimize	patient-ventilator	synchrony.

4 	While	noninvasive	ventilation	(NIV)	is	administered	frequently	in	the	ICU,
little	 is	 known	 regarding	 sleep	 during	 NIV	 in	 the	 ICU.	 Two	 investigations
conducted	by	a	 single	 research	group	on	27	and	24	patients	 receiving	NIV	for
hypercapnic	 respiratory	 failure	 demonstrated	 that,	 overall,	 while	 TST	 and	 SE
were	 low	 during	NIV,	 the	majority	 of	 sleep	 occurred	 at	 night,	 was	 of	 normal
architecture,	 and	 was	 of	 higher	 duration	 and	 quality	 when	 compared	 to
spontaneous	breathing	periods	without	NIV.68,69	 Interestingly,	 in	 the	 first	 study,
patients	exhibiting	worse	sleep	architecture	were	more	likely	to	fail	NIV,	defined
as	 requiring	 intubation	or	 dying.	These	 findings	demonstrated	 that,	 in	 selected
patients,	NIV	was	well	 tolerated	during	sleep	and	may	aid	 in	promoting	sleep.
Further	research	is	needed	to	corroborate	these	findings.

Medications
Several	common	ICU	medications	can	affect	sleep	architecture	(Table	183.1).

TABLE	183.1

Effect	of	Commonly	used	ICU	and	Hospital	Medications	on
Sleep

Drug	Class/Medication Mechanism	of	Action Effect	on	Sleep

Sedatives	and	Anesthetics

Benzodiazepines GABA	receptor	agonist ↓W,	↑TST,	↓N3,
↓REM

Dexmedetomidine α2-agonist ↑N3,	↓SL,	↓REM

Propofol GABA	receptor	agonist ↑TST,	↓SL,	↓W

Ketamine NMDA	receptor
antagonist
L-a+	and	voltage-gated
Na+	channel	inhibitor

Unknown



Analgesics

Opioids μ-receptor	agonist ↓N3,	↓REM

Hypnotics/Sleep	Aids

Suvorexant Orexin	receptor
antagonist

↑SE,	↑TST,	↓SL

Zolpidem	(and	other	“Z”
drugs)

GABA	receptor
inhibition

↑TST,	↓SL,	↓W

Melatonin	and	ramelteon Endogenous	hormone
and	receptor	agonist

Data	are
conflicting

Trazodone	(off	label) Serotonin	antagonist	and
reuptake	inhibitor

↓REM

Cardiovascular

Norepinephrine/epinephrine α-	and	β-receptor	agonist ↓N3,	↓REM,
Insomnia

Dopamine D2-,	β1-,	α1-receptor
agonist

↓N3,	↓REM,
Insomnia

Phenylephrine α1-receptor	agonist ↓N3,	↓REM

β-Blockers CNS	β-receptor
antagonist

↑W,	↓REM,
Nightmares,
Insomnia

Amiodarone Various	pathways Nightmares

Clonidine α2-agonist ↓REM

Immunosuppressants

Corticosteroids Decreased	melatonin
secretion

↑W,	↓N3,	↓REM,
Insomnia

Tacrolimus Calcineurin	inhibitor Insomnia



Cyclosporine Inhibits	IL-2
production/release

Insomnia

Antipsychotics

Haloperidol Dopamine-receptor
antagonist

↑TST,	↑N3,	↑SE,
↓SL,	↓W

Olanzapine 5HT2A,	D2-receptor
antagonist

↑TST,	↑N3,	↑SE,
↓SL,	↓W

Ziprasidone 5HT2/1D,	D2-receptor
antagonist

↑TST,	↑N3,	↑SE,
↓SL,	↓W

Quetiapine 5HT2A,	D2-receptor
antagonist

↑TST,	↓SL

Risperidone 5HT2A,	D2-receptor
antagonist

↑Non-REM,
↓REM

Antiepileptics

Valproic	acid GABA	receptor
inhibition

↓W,	↑TST

Phenobarbital GABA	receptor
inhibition

↓W,	↓SL,	↓REM,
↑TST

Gabapentin Voltage-gated	Ca+
channel	inhibition

↓W,	↑TST,	↑REM,
↑N3

CNS,	central	nervous	system;	GABA,	γ-aminobutyric	acid;	ICU,	W,	wake;	N3,	slow	wave	sleep;
REM,	rapid	eye	movement	sleep;	SE,	sleep	efficiency,	NMDA,	N-methyl-D-aspartate;	SL,	sleep
latency;	TST,	total	sleep	time.

Sedatives
Sedative	 medication	 is	 frequently	 prescribed	 in	 the	 ICU,	 particularly	 for
mechanically	 ventilated	 patients	 to	 alleviate	 pain	 and	 anxiety.	 Despite	 these
properties,	 these	 agents	 can	 also	 affect	 sleep.	 Practitioners	 should	 strive	 to
administer	minimal	or	no	sedation	and	perform	daily	 interruptions	of	 sedation,
consistent	with	current	guidelines30,43	to	minimize	sedation-related	disruptions	to



sleep	architecture.
Benzodiazepines	 such	 as	 lorazepam	 and	 midazolam	 may	 lower	 SL	 and

increase	 N2	 and	 TST,	 but	 profoundly	 reduce	 N3	 and	 REM	 sleep.4,70
Nonbenzodiazepine	agents	such	as	propofol	and	dexmedetomidine	have	gained
popularity	as	 less	deliriogenic	options,	but	 like	benzodiazepines	 they	may	also
contribute	to	fragmented	sleep.30,71-74	Propofol,	a	γ-aminobutyric	acid	(GABAA)
agonist	 and	 sedative,	 produces	 slow	 EEG	 waves	 resembling	 non-REM	 sleep
while	 also	 suppressing	 REM	 and	 the	 sequential	 progression	 through	 sleep
stages.74	 A	 recent	 Cochrane	 review	 involving	 four	 RCTs	 found	 insufficient
evidence	 to	 determine	 if	 nocturnal	 propofol	 administration	 in	 the	 ICU	 was
associated	with	improved	quality	and/or	quantity	of	sleep.75

There	has	been	 increasing	 interest	 in	dexmedetomidine,	an	alpha	2	 receptor
agonist,	given	its	possible	anti-inflammatory	and	antibacterial	properties	as	well
its	 ability	 to	 promote	 sleep	 as	 compared	 to	 benzodiazepines	 and	 propofol.76
Dexmedetomidine	 does	 not	 cause	 respiratory	 suppression	 and	 is	 therefore	 a
useful	 option	 for	 nonintubated	 patients	 and	 those	 weaning	 from	 mechanical
ventilation.77	Two	ICU	studies	compared	dexmedetomidine	to	no	sedation,	found
that,	 when	 used	 to	 target	 light	 sedation,	 patients	 receiving	 dexmedetomidine
experienced	improved	sleep	duration,	architecture,	and	efficiency.78,79	In	a	study
involving	 nonintubated	 patients,	 dexmedetomidine	 was	 associated	 with
prolonged	 N2	 and	 improved	 subjective	 sleep	 quality	 ratings.79	 Another	 RCT
evaluated	 the	effect	of	dexmedetomidine	vs	placebo	on	sleep	quality	using	 the
LSEQ,	demonstrating	 no	between-group	differences	 except	 that	 patients	 in	 the
dexmedetomidine	group	reported	less	subjective	tiredness.80

Ketamine
Ketamine	is	an	N-methyl-D-aspartate	receptor	antagonist	gaining	popularity	for
emergency	and	ICU	sedation,	analgesia	and	rapid	sequence	intubation.	Ketamine
inhibits	input	to	the	γ-aminobutyric	acid	(GABA)	system,	creating	hypnosis	that
can	promote	slow	wave	sleep.81	The	2018	PADIS	guidelines	suggest	using	low-
dose	 ketamine	 as	 an	 adjunct	 to	 opioids	 for	 pain	 control	 in	 postsurgical	 ICU
patients.43	 Additionally,	 one	 small	 surgical	 ICU	 RCT	 found	 that	 addition	 of
ketamine	 to	morphine	patient-controlled	 analgesia	 (PCA)	 significantly	 reduced
the	amount	of	morphine	used	compared	 to	morphine	PCA	with	placebo	alone;
however,	 neither	 sleep	 nor	 delirium	 was	 evaluated.82	 While	 one	 study	 in
pediatric	burn	patients	showed	that	ketamine	use	was	associated	with	decreased
REM	 sleep	 but	 had	 no	 effect	 on	 nocturnal	 TST,	 number	 of	 awakenings,	 or
percent	of	time	spent	in	NREM	sleep,83	there	remains	a	lack	of	similar	research



in	adult	ICU	patients.

Opioids
Opioids	have	substantial	effects	on	sleep,	contributing	to	respiratory	depression,
sleep-disordered	breathing	(SDB),	arousals,	central	sleep	apneas,	and	inhibition
of	N3	and	REM.4,70,84	Most	research	regarding	opioids	and	sleep	has	occurred	in
outpatients	 with	 chronic	 pain.	 Opioids	 have	 been	 found	 to	 decrease	 N3	 and
increase	N2	without	significantly	affecting	SE,	TST,	or	REM	in	healthy	opioid-
naive	 subjects.85	 Little	 data	 exist	 regarding	 the	 effect	 of	 opioids	 on	 sleep	 in
critically	ill	patients.

Nonbenzodiazepine	GABA	Agonists
“Z-drugs,”	 which	 include	 zolpidem,	 zopiclone,	 eszopiclone,	 and	 zaleplon,	 are
nonbenzodiazepine	 GABAA-receptor	 agonists	 commonly	 used	 for	 insomnia.
These	drugs	possess	hypnotic	properties	similar	to	benzodiazepines,	but,	unlike
benzodiazepines,	 bind	 different	 GABAA	 receptor	 subunits	 and	 have	 a	 shorter
half-life,	 therefore	disturbing	 sleep	 architecture	minimally.86	While	 these	drugs
can	promote	restorative	sleep,	 their	use	in	sick,	frail,	or	elderly	ICU	patients	is
recommended	 cautiously	 due	 to	 risk	 of	 oversedation,	 delirium,	 and	 drug-drug
interactions.

Melatonin
Several	 studies	 have	 evaluated	 the	 use	 of	 melatonin	 in	 the	 ICU,	 with	 mixed
results.	 Ramelteon,	 a	 melatonin-receptor	 agonist,	 has	 gained	 much	 attention
given	 its	 longer	 half-life	 and	 higher	 absorptivity	 as	 compared	 to	 melatonin.87
One	recent	single-center	RCT	comparing	nighttime	ramelteon	vs	placebo	in	120
postoperative	 ICU	 patients	 observed	 a	 nonsignificant	 difference	 in	 delirium
incidence	 between	 groups	 (32%	 vs	 36%),	 with	 no	 evidence	 of	 ramelteon-
associated	 adverse	 effects.88	 A	 recent	 meta-analysis	 involving	 8	 RCTs
demonstrated	 a	 trend	 toward	 significance	 of	melatonin	 and	melatonin-receptor
agonist	 administration	 and	 increased	 sleep	 duration	 and	 decreased	 nightly
awakenings	 in	 critically	 ill	 patients,	 and	 significantly	 lower	 pooled	 rates	 of
delirium	prevalence	and	ICU	length	of	stay.87	Despite	both	positive	and	negative
study	 results	 regarding	 the	 effect	 of	 melatonin	 and	 its	 derivatives	 on	 sleep
improvement	in	the	ICU	setting,	these	agents	appear	safe	and	without	major	side
effects.87,88	At	 this	 time,	 the	2018	PADIS	guidelines	make	no	 recommendation
regarding	melatonin	 in	 the	 ICU,	 suggesting	 that	 larger	multicenter	 studies	 are
needed.37



Suvorexant
Suvorexant	 is	 a	 new	 U.S.	 Food	 and	 Drug	 Administration-approved	 insomnia
medication	recommended	by	the	American	Academy	of	Sleep	Medicine	in	their
most	recent	practice	guidelines	for	insomnia.89	Suvorexant	provides	dual	orexin
receptor	antagonism	that	effects	neuropeptides	that	modify	the	sleep-wake	cycle
via	cholinergic	and	monoaminergic	pathways.90	In	non-ICU	patients,	suvorexant
has	been	found	to	improve	SE,	TST	and	decrease	sleep	latency.91,92	One	RCT	of
3	 consecutive	 nights	 of	 suvorexant	 vs	 placebo	 in	 72	 ICU	 patients	 found	 no
differences	in	subjective	or	objective	sleep	parameters.93

Antipsychotics
Antipsychotics	have	received	particular	attention	in	critical	care	in	the	context	of
delirium	and	agitation	management,94	but	 the	 recent	 landmark	studies	have	not
included	the	effect	of	these	medications	on	sleep	architecture	or	quality.	Second
generation	antipsychotics	 such	as	olanzapine,	quetiapine,	 and	ziprasidone	have
been	 studied	 in	 non-ICU	 patients	 and	 shown	 to	 increase	 TST	 and	 SE.95,96
Quetiapine	was	found	to	negatively	impact	sleep	architecture	by	increasing	sleep
latency	and	 reduce	REM	sleep	and	slow	wave	sleep,96	 and	data	on	 risperidone
yielded	 inconsistent	 effects	 on	 sleep	 architecture.	 Interestingly,	 antipsychotics
have	been	shown	to	have	hypnotic	properties	in	healthy	subjects95	and	have	been
utilized	in	multicomponent	sleep	improvement	bundles.37

Other	Medications
Vasopressor	medications	such	as	norepinephrine,	dopamine,	and	phenylephrine
may	 diminish	 N3	 and	 REM	 sleep	 via	 sympathomimetic	 pathways.70
Additionally,	 patients	 receiving	 β-blockers	 can	 experience	 REM	 suppression
and,	 subsequently,	 nightmares	 and	 insomnia;	 however,	 this	 effect	 is	 likely
dependent	 on	 lipid	 solubility	 of	 the	 drug	 administered.70	 Immunosuppressive
drugs	 such	 as	 corticosteroids,	 tacrolimus	 and	 cyclosporine	 are	 also	 known	 to
disrupt	 sleep	 and	 cause	 insomnia.97,98	 While	 zolpidem	 is	 the	 most	 commonly
prescribed	 medication	 for	 insomnia	 in	 the	 United	 States,	 trazodone	 is	 ranked
second.89	 Trazodone	 is	 a	 sedating	 antidepressant	 studied	 little	 in	 insomnia	 and
carrying	 adverse	 side	 effects	 including	 hypotension	 and	 anticholinergic
syndrome.	 Additionally,	 antihistamines	 such	 as	 diphenhydramine	 can	 be
oversedating	and	deliriogenic,	particularly	in	the	elderly.

Medication	Withdrawal
Withdrawal	 from	 medications	 may	 also	 affect	 sleep	 in	 the	 ICU.	 Abrupt



discontinuation	 of	 prolonged,	 high-dose	 opioid	 and	 benzodiazepine	 infusions
may	 precipitate	 sleep	 disruptions	 and	 insomnia,	 lending	 further	 support	 to
strategies	 for	 sedation	 minimization,	 daily	 sedation	 interruption,	 and	 gradual
tapering	 of	 prolonged	 sedation.70	 Dexmedetomidine	 withdrawal	 is	 becoming
increasingly	 recognized;	 withdrawal	 signs	 include	 hypertension,	 tachycardia,
diaphoresis,	 anxiety,	 and	 altered	 mental	 status.77	 A	 prospective	 single	 center
study	of	42	ICU	patients	 receiving	>3	days	of	dexmedetomidine	found	 that	27
(67%)	 exhibited	 signs	 and	 symptoms	 of	 withdrawal,	 the	 most	 common	 being
delirium,	hypertension	and	anxiety.	Peak	and	cumulative	daily	dexmedetomidine
dose,	 rather	 than	 duration,	 were	 associated	 with	 a	 higher	 incidence	 of
withdrawal.77	There	is	some	evidence	that	dexmedetomidine	withdrawal	causes
decreased	 sleep	 in	 pediatric	 ICU	 patients;	 however,	 to	 date,	 there	 is	 no
corresponding	 literature	 in	 adults.99	 Additionally,	 since	 antidepressant
medications	 such	 as	 tricyclic	 antidepressants,	 selective	 serotonin	 reuptake
inhibitors	 and	 monoamine	 oxidase	 inhibitors	 are	 often	 held	 in	 the	 setting	 of
critical	illness,	and	patients	on	these	medications	should	be	monitored	closely	for
associated	 withdrawal	 reactions	 including	 insomnia,	 nightmares,	 and	 REM
rebound.70	 Lastly,	 withdrawal	 from	 alcohol,	 nicotine,	 and	 illicit	 drugs	 such	 as
cannabis	and	amphetamines	can	lead	to	profound	insomnia	and	sleep	disruption,
and,	in	extreme	cases,	delirium.70

Medication	Strategy	to	Optimize	Sleep	in	the	ICU
Developing	a	pharmacological	strategy	 to	optimize	sleep	 in	 the	ICU	requires	a
detailed	review	of	existing	medications,	including	potential	benefits,	side	effects,
drug-drug	 interactions,	 and	 underlying	 withdrawal	 states.	 Given	 a	 lack	 of
evidence	 supporting	 pharmacological	 strategies	 to	 promote	 sleep	 in	 the	 ICU,
nonpharmacological	 interventions	 and	 medication	 minimization	 (ie,	 lowering
sedation)	 should	 be	 considered	 as	 first-line	 therapies	 to	 promote	 sleep,	 before
prescription	of	new	medications.

Illness
A	 variety	 of	 factors	 related	 to	 existing	 and	 preexisting	 illness	 can	 affect	 ICU
sleep	quality,	although	studies	on	the	association	of	severity	of	illness	and	sleep
architecture	 are	 limited.	 Additionally,	 in	 sepsis,	 acute	 respiratory	 distress
syndrome,	shock,	 renal	 failure,	encephalopathy,	and	coma,	EEG	recordings	are
often	 markedly	 atypical,	 making	 objective	 sleep	 interpretation	 difficult.4,12
Preexisting	 comorbidities	 can	predispose	patients	 to	worse	 sleep	quality	 in	 the
ICU.	 For	 example,	 chronic	 obstructive	 pulmonary	 disease	 is	 associated	 with



insomnia,	 sleep	arousals,	 and	 reduced	TST,	N3,	 and	REM100;	 and	SDB,	which
includes	 obstructive	 sleep	 apnea	 and	 central	 sleep	 apnea,	 Cheyne-Stokes
respiration,	 and	obesity	hypoventilation	 syndrome,	can	markedly	disrupt	 sleep.
Finally,	 critically	 ill	 patients	 often	 experience	 pain,	 which	 has	 been	 shown	 to
contribute	 to	 arousals,	 sleep	 fragmentation,	 and	 reduced	 TST5,6;	 anxiety	 and
stress	regarding	one’s	illness	or	the	ICU	environment	have	also	been	reported	by
patients	to	impair	sleep.101

CONSEQUENCES	OF	DISRUPTED	SLEEP	IN
THE	ICU
A	 large	 body	 of	 research,	 primarily	 in	 healthy	 and	 non–critically	 ill	 patient
populations,	 has	 described	 a	 constellation	 of	 physical	 and	 neuropsychological
disruptions	 that	occur	 in	 the	 sleep	deprived	 state.	Theoretically,	 sick	and	often
frail	individuals	with	organ	dysfunction	and	diminished	reserve,	like	those	in	the
ICU,	would	be	most	susceptible	to	dramatic	physiologic	changes	following	even
the	smallest	amounts	of	sleep	loss	(see	Table	183.2).	However,	research	has	yet
to	corroborate	this	hypothesis.	Nevertheless,	an	understanding	of	potential	short-
and	 long-term	 consequences	 of	 sleep	 loss	 may	 be	 helpful	 to	 better	 deal	 with
complex	clinical	problems	and	target	interventions	to	improve	sleep	in	the	ICU.

TABLE	183.2

Consequences	of	Disrupted	Sleep	in	the	ICU

Cardiorespiratory

Diminished	respiratory	muscle	strength	(FEV1,	FVC,	maximal	inspiratory
pressure)4
Hypertension,	heart	rate	lability,	and	risk	of	myocardial	ischemia	due	to
surge	in	sympathetic	tone/catecholamine	release
“REM	rebound”	in	individuals	repaying	sleep	debt,	characterized	by
increased	REM,	autonomic	variability	leading	to	irregular	breathing,	labile
heart	rate,	and	hypoxemia	which	can	increase	the	risk	of	hemodynamic
instability

Immunologic



Proliferation	of	T-helper	cells
Proliferation	of	leukocytes,	monocytes,	and	natural	killer	cells
Release	of	tumor	necrosis	factor-α	(TNF-α),	interleukin	1	(IL-1),	IL-2,	IL-
6,	intercellular	adhesion	molecule	1	(ICAM-1),	E-selectin,	and	C-reactive
protein4

Metabolic	and	Endocrine

Increased	catabolism	and	stress
Increased	oxygen	consumption	(VO2)
Increased	carbon	dioxide	production	(VCO2)
Cortisol	and	catecholamine	release
Rise	in	TSH,	T3,	and	T4	during	sleep	loss;	the	opposite	tends	to	occur
during	critical	illness.
Fall	in	GH	and	prolactin	during	sleep	loss;	the	opposite	tends	to	occur
during	critical	illness.
Blunted	insulin	secretion,	decrease	insulin	sensitivity,	and	impaired	glucose
regulation

Delirium	and	Other	Consequences

Inattention	and	mood	disturbances	and	sleep	loss	delirium	in	ICU	have
received	attention	recently,	but	true	association	remains	unknown.44,102
Increased	delirium	incidence	in	patients	reporting	sleep	deprivation	after
thoracic	surgery103
A	small	study	of	29	mechanically	ventilated	ICU	patients	demonstrated
higher	incident	delirium	in	patients	experiencing	<6%	REM.104
ICU	survivors	often	experience	“post–intensive	care	syndrome”	(PICS)
composed	of	disabling	impairments,	including	depression,105	posttraumatic
stress,106,107	anxiety,107,108	cognitive	impairments,109,110	and	impaired	health-
related	quality	of	life	(HRQOL).111-114	The	association	of	sleep	loss	in	the
ICU	and	PICS	remains	unknown.

FEV1,	forced	expiratory	volume	in	1	second;	FVC,	forced	vital	capacity;	GH,	growth	hormone;
ICU,	intensive	care	unit;	REM,	rapid	eye	movement	sleep;	TSH,	thyroid-stimulating	hormone.



METHODS	TO	IMPROVE	SLEEP	IN	THE
INTENSIVE	CARE	UNIT
Efforts	 to	 promote	 sleep	 in	 the	 ICU	 should	 address	 patient-	 and	 ICU-level
disruptors	 of	 sleep,	 such	 as	 noise,	 light,	 patient	 care	 interactions,	 patient-
ventilator	 dyssynchrony,	 and	 discomfort	 from	 uncontrolled	 pain115	 or	 anxiety,
while	maintaining	 circadian	 rhythmicity	 during	waking	 hours	 via	 provision	 of
zeitgebers	(circadian	cues)	such	as	ambient	light	and	physical	activity.	Studies	in
a	number	of	ICU	settings	have	supported	the	feasibility	of	simple	interventions
such	as	environmental	noise,	light,	and/or	disturbance	reduction,39,116-122	earplugs
and/or	eye	masks,123-126	and	relaxation	techniques,36,122,127,128	and	some	have	even
demonstrated	 modest	 improvements	 in	 measures	 of	 sleep	 quality.36,39,117,119,128
There	 has	 been	 recent	 interest	 in	 interventions	 aimed	 toward	 decreasing	 staff
noise	in	the	ICU	by	modifying	staff	behavior,	lowering	alarm	volumes,	closing
patient	doors,	and	minimizing	nonrelevant	speech	at	the	bedside.129

Given	 the	 ease	 of	 performing	multiple	 similar	 interventions	 simultaneously
(ie,	 turning	 off	 hallway	 and	 room	 lights,	 televisions,	 and	 alarms	 at	 the	 same
time),	the	low	incremental	cost	of	added	interventions,	and	the	success	of	prior
bundled	 interventions,	 multidisciplinary,	 multi-intervention	 “bundled”
approaches	 have	 been	 applied	 for	 sleep	 promotion	 in	 the	 ICU	 over	 the	 past
decade130	 (Table	183.3).	While	bundling	 interactions	 in	unstable	patients	 is	not
feasible,	one	study	demonstrated	that	for	more	stable	patients,	engaged	ICU	staff
were	able	to	bundle	closely	scheduled	orders	and	conduct	baths	earlier,	resulting
in	 less	 nighttime	 interactions.37,132	Notably,	 a	 recent	 large	 quality	 improvement
effort	 in	 two	 surgical	 ICUs	 found	 that	 a	 multicomponent	 nonpharmacologic
intervention	 designed	 to	 improve	 sleep-wake	 cycle	 disruption	 yielded	 a
significant	 pre-post	 reduction	 in	 the	 proportion	 of	 days	 patients	 experienced
delirium,	but	no	change	 in	RCSQ	sleep	quality	 ratings.42	Additionally,	 another
prior	 effort	 in	 a	 medical	 ICU	 also	 involved	 a	 pharmacological	 guideline
recommending	 medications	 to	 promote	 restorative	 sleep	 (ie,	 zolpidem	 and
haloperidol),	 while	 discouraging	 commonly	 prescribed	 medications	 (ie,
benzodiazepines,	opioids,	and	antihistamines)	known	to	impair	sleep.37	Building
upon	 this	 work,	 three	 larger	 studies	 demonstrated	 feasibility	 and	 efficacy	 of
bundled	ICU	sleep	promotion	interventions,	which	resulted	in	improvements	in
normal	mental	status	(ie,	less	delirium	and	coma).37,38,42

TABLE	183.3



Studies	of	Multicomponent	Interventions	to	Promote	Sleep
in	the	Intensive	Care	Unit131

Intervention

Author Study
Design Setting

Quiet
Time
Protocol

Eye
Masks Earplugs Back

Massage

Tonna	et	al
(United
States,
n	=	646)42

Q S √ √ √

Patel	et	al38
(UK,
n	=	338)[p

P S √ √ √

Foster	and
Kelly122
(United
States,
n	=	32)

P M √

Kamdar	et
al37	(United
States,
n	=	300)

P M √ √ √

Maidl	et	al121
(United
States,
n	=	129)

Q G √



Faraklas	et
al120	(United
States,
n	=	130)

P B √

Jones	and
Dawson125
(UK,
n	=	100)

P G √ √

Li	et	al39
(Asia,
n	=	55)

P S √

Hu	et	al124
(Asia,
n	=	14)

R L √ √

Dennis	et
al119	(United
States,
n	=	50)

P N √

Richardson127
(UK,	n	=	64)

Q C √ √

Monsén	and
Edéll-
Gustafsson118
(Europe,
n	=	23)

P N √



Richardson123
(United
States,
n	=	36)

R G

Olson	et	al117
(United
States,
n	=	239)

P N √

Walder	et
al116	(Europe,
n	=	17)

P S √

Richards	et
al36	(United
States,
n	=	69)

R C √

B,	burn	ICU;	C,	cardiac	ICU;	G,	general/multiple	ICUs;ICU,	intensive	care	unit;	L,
laboratory/simulated	ICU;	M,	medical	ICU;	N,	neurological	ICU;	P,	Pre-post	observational;	PSG,
polysomnography;	Q,	quasi-experimental;	QI,	quality	improvement	intervention;	R,	randomized;
RCSQ,	Richards-Campbell	Sleep	Questionnaire;	REM,	rapid	eye	movement;	S,	surgical	ICU;
SICUQ,	Sleep	in	the	ICU	Questionnaire;	TST,	total	sleep	time.

From	Kamdar	BB,	Kamdar	BB,	Needham	DM.	Bundling	sleep	promotion	with	delirium	prevention:
ready	for	prime	time?	Anaesthesia.	2014;69:527-531,	with	permission.

The	2018	PADIS	guidelines	built	on	the	2013	Pain,	Agitation/Sedation,	and
Delirium	 (PAD)	 guidelines	 specifically	 addressed	 “I”mmobility	 and	 “S”leep
disruption	in	adult	intensive	care	patients.67	This	enhanced	scope	was	motivated
by	 the	hypothesized	association	of	 immobility	and	poor	 sleep	with	delirium	 in
the	 ICU	 and,	 subsequently,	 by	 the	 association	 of	 delirium	with	 adverse	 short-
and	 long-term	 outcomes	 (see	 “Delirium	 and	Other	 Consequences”	 section).



More	 specifically,	 regarding	 the	 “S”	 portion	 of	 the	 2018	 guidelines,	 the	 panel
recommended	 sleep-promoting	 protocols	 (based	 on	 one	 RCT	 and	 three
observational	 studies,	 with	 protocols	 that	 were	 heterogeneous	 but	 all	 included
earplugs	and	eye	masks),	discouraged	use	of	sedating	medications,	and	clustered
care	 practices	 to	 minimize	 unnecessary	 patient-care	 interactions.23,27,133,134	 The
PADIS	 guidelines	 do	 not	 currently	 recommend	 aromatherapy,	 acupressure,
music	 or	 specific	 noise	 and	 light	 reduction	 strategies	 as	 nonpharmacologic
modalities	 to	 improve	 sleep	 in	 the	 ICU	 due	 to	 a	 lack	 of	 sufficient	 supporting
evidence.43

5 	It	should	be	emphasized	that	while	the	2018	PADIS	guidelines	highlight	the
underrecognized	 issue	 of	 sleep	 disruption	 in	 the	 ICU,	 no	 guidelines	 exist
specifically	outlining	ICU	sleep	promotion	strategies.	Hence,	as	with	most	ICU-
wide	 intervention	 efforts,	 to	 achieve	 buy-in	 and	 sustain	 a	 sleep	 promotion
protocol,	practitioners	 should	consider	an	established	 implementation	approach
involving	engagement	of	a	multidisciplinary	stakeholder	 team,	 identification	of
dedicated	 champions,	 evaluation	 of	 local	 implementation	 barriers,	 and
development	 and	 evaluation	 of	 interventions	 unique	 to	 their	 ICU	 environment
and	patient	population.132,135	Nonpharmacological	and	pharmacological	efforts	to
optimize	 sleep	 in	 the	 ICU	 are	 now	 an	 international	 research	 priority136	 and
should	greatly	enhance	our	understanding	of	strategies	to	evaluate	and	improve
sleep	in	critically	ill	patients.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	According	to	the	2018	Clinical	Practice	Guidelines	for	Management	of
Pain,	Agitation,	and	Delirium	in	the	ICU	(PADIS),	the	Society	of	Critical	Care
Medicine	(SCCM)	recommends	which	of	the	following	to	promote	sleep	in	the
ICU?

A. 	Dexmedetomidine



B. 	Melatonin	and	melatonin	receptor	agonists
C. 	Modalities	including	aromatherapy,	acupressure	or	music
D. 	Sleep-promoting	protocols

2. 	A	75-year-old	man	is	currently	intubated	in	the	ICU	for	septic	shock.	On
the	third	hospital	day,	he	develops	delirium	and	you	are	doing	an	evaluation	to
include	review	of	medications.	What	would	be	the	most	likely	effect	of	propofol
on	his	sleep?

A. 	Decreases	total	sleep	time
B. 	Improves	subjective	quality	of	sleep
C. 	Increases	sleep	latency
D. 	Suppresses	REM	sleep

3. 	A	53-year-old	man	is	currently	intubated	after	a	cardiac	arrest	in	which
return	of	spontaneous	circulation	(ROSC)	was	obtained	after	18	minutes	in	the
field.	His	current	medications	are	dexmedetomidine,	fentanyl,	amiodarone,
heparin,	omeprazole,	aspirin,	atorvastatin,	and	piperacillin/tazobactam.	Nursing
staff	has	noticed	the	patient’s	fragmented	sleep	over	the	past	several	days.	Which
of	the	following	is	true	regarding	this	patient’s	sleep?

A. 	His	REM	sleep	is	likely	increased
B. 	His	self-reported	sleep	quality	would	be	the	same	with	or	without
mechanical	ventilation
C. 	His	degree	of	sleep	fragmentation	is	common	in	the	ICU
D. 	Sedatives	will	increase	his	sleep	duration

Answers

1.	The	correct	answer	is	D.
Rationale:	Use	of	sleep-promoting	protocols	is	the	only	recommendation	per

guidelines	as	there	is	no	significant	evidence	to	support	other	modalities	(choice
D	 is	 correct).	 These	 include	 noise	 reduction,	 attention	 to	 natural	 circadian
rhythm,	 and	 the	 clustering	 of	 nursing	 activities.	Dexmedetomidine,	melatonin,
melatonin	 receptor	 antagonists,	 aroma	 therapy,	 sccupressure	 and	music	 are	not
guideline	recommended.

2.	The	correct	answer	is	D.
Rationale:	Suppression	of	REM	sleep	is	a	well-recognized	effect	of	propofol



(choice	 D	 is	 correct).	 Propofol	 has	 less	 predictable	 effects	 on	 other	 sleep
parameters.

3.	The	correct	answer	is	C.
Rationale:	Patients	on	mechanical	ventilation	 report	worsened	sleep	quality,

and,	contrary	to	common	belief,	sedatives	do	not	improve	sleep	duration	(choice
C	is	correct).	REM	sleep	is	thought	to	decrease.	Of	note,	a	sleep	study	PSG	and
not	actigraphy	would	be	the	gold	standard	for	sleep	measurement	in	the	ICU	or
elsewhere.
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Disorders	of	Temperature	Control,	Part	I:
Hypothermia
Marcia	Kathryn	Steiner,	Hannah	Murphy,	Richard	S.	Irwin

KEY	POINTS:
1.	 A	healthy	resting	body	temperature	is	tightly	regulated	by	several

modes	of	heat	production	and	heat	loss	to	remain	at	equilibrium;
hypothermia	is	caused	by	processes	that	disrupt	the	body’s	ability	to
effectively	generate	heat.

2.	 Hypothermia	impacts	all	systems	of	the	body	by	lowering	cardiac
output,	decreasing	cerebral	oxygen	consumption,	and	reducing	the
efficacy	of	the	immune	system.

3.	 Treatment	of	hypothermia	should	be	aggressive	and	initially	focused
on	stabilizing	cardiopulmonary	status	and	treating	the	cause	of
hypothermia.	Rewarming	can	occur	in	one	of	three	ways:	passive
external	(allowing	natural	thermogenesis	to	restore	the	body	to	a
normal	temperature),	active	external	(heating	the	skin	through	a
variety	of	methods	in	order	to	raise	core	temperature),	and	active
central	(using	humidified	or	heated	mediums	to	internally	raise	core
temperature).

4.	 Hypothermia	can	occur	perioperatively	and	can	be	minimized	by
both	preoperative	and	postoperative	techniques	and	should	be
carefully	monitored	in	critically	ill	postoperative	patients.

5.	 Hypothermia	can	be	intentionally	induced	to	therapeutically	aid	in
treatments	for	several	issues	including	cardiac	arrest,	myocardial
infarctions,	ischemic	and	hemorrhagic	strokes,	liver	toxicity,	and
multisystem	trauma	or	injury.

INTRODUCTION
This	 chapter	 reviews	 the	 normal	 physiology	 of	 temperature	 regulation	 and	 the



major	hypothermic	syndromes.	 Iatrogenic	and	 intentional	hypothermia	are	also
reviewed.	Three	hyperthermic	syndromes—heat	stroke,	malignant	hyperthermia,
and	neuroleptic	malignant	syndrome—are	reviewed	in	Chapter	185.

NORMAL	PHYSIOLOGY	OF	TEMPERATURE
REGULATION
1 	The	 equilibrium	between	heat	 production	 and	heat	 loss	 determines	 the	 body
temperature.	 For	 healthy,	 resting	 individuals,	 this	 equilibrium	 is	 tightly
regulated,	producing	an	average	oral	temperature	of	36.60	°C	±	0.38	°C.1	Small
shifts	 of	 this	 temperature	 set	 point	 occur,	 with	 a	 normal	 diurnal	 variation
producing	a	peak	temperature	usually	near	6:00	pm	Minute-to-minute	changes	of
body	temperature	are	quickly	sensed,	and	appropriate	changes	are	made	in	body
heat	production	and	loss	to	restore	balance.

Heat	Production
In	a	neutral	environment	(28	°C	for	humans),	humans	generate	all	net	body	heat
from	 the	 energy	 released	 in	 the	 dissociation	 of	 high-energy	 bonds	 during	 the
metabolism	of	 dietary	 fats,	 proteins,	 and	 carbohydrates.	At	 rest,	 the	 trunk	 and
viscera	 supply	56%	of	 the	body	heat,	 but,	 during	 exercise,	 up	 to	 90%	may	be
generated	by	the	muscles.	Although	shivering	or	an	increase	in	muscle	tone	may
produce	a	 fourfold	 rise	 in	net	heat	production,2	 vigorous	 exercise	may	cause	 a
sixfold	increase.

Heat	Loss
Under	 usual	 environmental	 conditions,	 heat	 exchange	 with	 the	 environment
takes	 the	 form	 of	 heat	 loss.	Heat	may	 be	 exchanged	 by	 radiation,	 conduction,
convection,	or	evaporation.3-6	Radiation	exchange	accounts	 for	50%	 to	70%	of
heat	lost	by	humans	at	rest	in	a	neutral	environment.	Conduction	(10%-15%	of
heat	loss)	involves	the	direct	exchange	of	heat	with	objects	in	direct	contact	with
the	body.	Larger	quantities	of	heat	may	be	rapidly	exchanged	when	the	body	is
submerged	in	water;	this	is	caused	by	the	much	greater	thermal	conductivity	of
water	as	compared	with	air.	Heat	exchange	by	convection	increases	rapidly	with
greater	 temperature	 differences	 between	 the	 skin	 and	 the	 air	 and	 with	 rapid
airflow	 (eg,	 wind).	 Evaporative	 heat	 loss	 of	 humans	 occurs	 primarily	 through



perspiration.	Evaporation	of	sweat	from	the	skin	requires	that	energy	be	supplied
by	the	skin,	resulting	in	a	net	loss	of	heat	from	the	body	of	0.6	kcal/g	of	sweat
absorbed.	Unlike	the	other	methods	of	heat	exchange,	evaporation	can	exchange
heat	 loss	 even	 when	 a	 warmer	 environment	 surrounds	 the	 skin.	 Therefore,
evaporation	 is	 the	major	means	by	which	 the	body	prevents	hyperthermia	 in	 a
warm	environment.

Temperature	Control	Systems
The	anatomy	and	regulation	of	the	system	that	controls	the	body	temperature	has
been	reviewed	in-depth	by	several	investigators,2-6	and	are	only	briefly	described
here.	Neurons	directly	responsive	to	temperature	ascend	from	the	skin,	the	deep
viscera,	and	the	spinal	cord	through	the	lateral	spinothalamic	tract	to	the	preoptic
anterior	 hypothalamus.	 When	 the	 hypothalamus	 perceives	 a	 temperature
increase,	it	modulates	autonomic	tone	to	produce	(a)	an	increase	in	evaporative
heat	loss	through	increased	sweat	output	by	the	body’s	2.5	million	sweat	glands,
(b)	cutaneous	vasodilation	that	allows	direct	flow	of	heat	to	the	skin	to	increase
convective	 and	 conductive	 heat	 losses,	 and	 (c)	 decreased	 muscle	 tone	 and
activity	 to	 prevent	 any	 unnecessary	 heat	 production.	When	 the	 hypothalamus
perceives	a	temperature	decrease,	it	modulates	autonomic	tone	to	cause	(a)	sweat
production	 to	cease	or	decrease,	 (b)	cutaneous	vasculature	 to	constrict,	 and	 (c)
muscle	 tone	 to	 increase	 involuntarily	 and	 shivering	 to	 begin.	 The	 immediate
defense	 of	 thermoregulation	 is	 via	 the	 autonomic	 nervous	 system,	 whereas
delayed	control	is	mediated	by	the	endocrine	system.	Prolonged	exposure	to	cold
stimulates	the	thyroid	axis,	leading	to	an	increased	metabolic	rate.

The	 monoamines,	 baroreceptor	 data,	 hypothalamic	 calcium	 and	 sodium
concentrations,	 and	 inflammatory	 cytokines	 (interleukin	 1,	 interleukin	 6,	 and
tumor	 necrosis	 factor	 α)	 are	 believed	 to	 be	 modulators	 of	 the	 anterior
hypothalamic	thermostat.	They	produce	effects	slowly,	and	they	have	little	to	do
with	the	regulation	of	acute	temperature	changes.

Voluntary	 responses	 play	 an	 important	 role	 for	 thermoregulation.	 Humans
may	respond	to	thermal	stress	by	(a)	adding	or	removing	clothes,	(b)	moving	to	a
warmer	 or	 cooler	 climate,	 (c)	 changing	 the	 level	 of	 activity,	 and	 (d)	 changing
posture.	 Impairment	 of	 voluntary	 control	 places	 an	 unnecessary	 stress	 on
autonomic	 control	 mechanisms,	 thereby	 predisposing	 to	 an	 imbalance	 in	 heat
exchange	and	a	change	in	body	temperature.

The	ability	 to	 regulate	 temperature	effectively	declines	with	age,7,8	probably
as	 a	 result	 of	 deterioration	 in	 sensory	 afferents.	Although	 younger	 individuals
usually	 notice	 temperature	 changes	 as	 low	 as	 0.8	 °C,	 older	 persons	 may	 not



notice	changes	of	up	to	2.3	°C.	Moreover,	because	the	sweat	threshold	increases
and	 sweat	 volume	 decreases	 with	 age,	 an	 older	 individual	 may	 be	 more
susceptible	 to	 hyperthermia	 than	 a	 younger	 person.9	 Old	 age	 may	 also	 be	 a
liability	for	hypothermia	because	of	(a)	a	lower	basal	metabolic	rate,	(b)	a	higher
heat	 conductance	 owing	 to	 a	 decline	 of	 body	mass,	 (c)	 a	 decrease	 of	 the	 heat
generated	by	shivering	owing	to	a	smaller	muscle	mass,	and	(d)	an	inability	 to
vasoconstrict	 cutaneous	 vessels	 in	 response	 to	 cold.	 Among	 the	 elderly,
restricted	 mobility	 or	 deterioration	 of	 cortical	 function	 can	 lead	 to	 a	 greater
impact	 on	 the	 voluntary	 responses	 to	 temperature	 changes	 compared	with	 the
young.

UNINTENTIONAL	HYPOTHERMIA
Hypothermia,	 defined	 as	 a	 core	 temperature	 less	 than	 35	 °C,	may	 occur	 at	 all
ambient	temperatures	and	among	patients	of	all	ages	but	more	commonly	among
the	elderly.	The	stage	of	hypothermia,	defined	by	core	temperature,	has	a	large
impact	on	both	recognition	and	treatment.	The	most	commonly	used	definitions
are	 as	 follows.10,11	Mild	hypothermia	 is	 a	 core	 temperature	 of	 32	 °C	 to	 35	 °C,
moderate	 hypothermia	 is	 a	 core	 temperature	 of	 28	 °C	 to	 32	 °C,	 and	 severe
hypothermia	is	a	core	temperature	below	28	°C.	In	addition,	some	experts	regard
a	 temperature	 of	 <24	 °C	 or	 <20	 °C	 as	 profound	 hypothermia.12,13	 Because	 the
clinical	 features	 of	 hypothermia	 differ	 among	 patients,	 and	 because	 core
temperature	 measurement	 is	 imprecise,	 the	 recognition	 of	 each	 stage	 is	 more
important	 than	 its	 exact	 boundaries.	 Prehospital	 personnel,	 while	 carefully
measuring	 core	 temperatures,	 may	 also	 refer	 to	 the	 clinical	 staging	 scheme
described	by	the	International	Commission	for	Mountain	Emergency	Medicine,
or	the	“Swiss	System.”14
Mild	hypothermia	I—normal	mental	status	with	shivering-estimated	core
temperature	of	32	°C	to	35	°C.
Moderate	hypothermia	II—altered	mental	status	without	shivering-core
temperature	of	28	°C	to	32	°C.
Severe	hypothermia	III—unconscious-estimated	core	temperature	of	24	°C	to
28	°C.
Severe	hypothermia	IV—apparent	death-estimated	core	temperature	of	13.7
°C	to	24	°C.
Death	V—death	as	a	result	of	irreversible	hypothermia-estimated	core
temperature	of	<9	°C	to	13.7	°C.
Hypothermia	often	occurs	within	24	hours	of	admission	in	more	than	3%	of



intensive	 care	 unit	 admissions15	 and	 is	 frequently	 missed	 and	 underreported.
When	 all	 data	 are	 reviewed,	 the	 overall	 mortality	 from	 hypothermia	 in	 the
United	 States	 has	 been	 conservatively	 estimated	 at	 30	 deaths	 per	 1	 million
population	per	year.16	The	mortality	for	treated	hypothermia	ranges	from	12%14

to	73%.17

Causes	and	Pathogenesis
2 	 The	 most	 frequent	 causes	 of	 hypothermia	 appear	 to	 be	 exposure,	 use	 of
depressant	drugs,	and	hypoglycemia.	Understanding	 the	causes	of	hypothermia
(Table	184.1)	and	their	pathogenesis	enables	one	to	develop	a	rational	approach
to	treatment.

TABLE	184.1

Causes	of	Unintentional	Hypothermia

Normal	aging

Exposure	to	cold

Drugs	(eg,	alcohol)

Endocrine	dysfunction	(eg,	hypoglycemia)

Central	nervous	system	disorders

Spinal	cord	transection

Skin	disorders

Debility

Trauma

Exposure	to	Cold
Wet,	 wind,	 and	 exhaustion	 contribute	 to	 increased	 loss	 of	 body	 heat.	 Wet
clothing	 loses	 90%	 of	 its	 insulating	 value,	 rendering	 soaked	 individuals
effectively	 nude	 and	 contributing	 greatly	 to	 development	 of	 hypothermia.18



Convective	 heat	 loss	 because	 of	 wind	 may	 increase	 to	 more	 than	 five	 times
baseline	 values,	 increasing	with	wind	 velocity.19	Hikers	with	 poor	 selection	 of
clothing,	 campers	 who	 fail	 to	 seek	 appropriate	 shelter,	 or	 skiing	 during
unfavorable	weather	 can	 result	 in	 fatal	 hypothermia.19	 Victims	 of	 hypothermia
display	 inappropriate	 behavior	 that	 worsens	 hypothermia.	 Up	 to	 25%	 may
remove	 their	 clothing	 and	 burrow,	 hiding	 under	 a	 bed	 or	 on	 a	 shelf.20	 Many
experience	 loss	 of	 coordination	 and	 then	 stupor	 or	 collapse.	Death	may	 occur
within	an	hour	of	the	onset	of	symptoms.19	Immersion	in	water	at	a	temperature
colder	than	24	°C	leads	to	extremely	rapid	heat	loss.	Core	temperature	drops	at	a
rate	proportional	to	the	temperature	of	the	water.21	Although	survival	periods	of
1	to	2	hours	have	been	reported	for	individuals	immersed	in	water	at	0	°C	to	10
°C,	death	may	occur	within	minutes.

Drugs
Alcohol,	 phenothiazines,	 barbiturates,	 and	 paralytic	 agents	 frequently	 produce
hypothermia	 by	 depressing	 sensory	 afferents,	 the	 hypothalamus,	 or	 effector
responses	 reducing	 centrally	 mediated	 vasoconstriction.	 Alcohol	 impairs	 the
perception	 of	 cold,	 clouds	 the	 sensorium,	 and	 acts	 as	 a	 direct	 vasodilator.22,23
Alcoholics	are	also	thought	to	be	more	susceptible	to	exposure	because	of	a	state
of	relative	starvation,	increased	conductive	losses	from	decreased	subcutaneous
fat,	and	high	levels	of	blood	alcohol	that	potentially	impair	metabolic	responses
to	 hypothermia	 by	 decreasing	 blood	 sugar	 and	 increasing	 acidosis.	 Most
sedative-hypnotic	 drugs	 cause	 hypothermia	 by	 inhibiting	 shivering	 and
impairing	voluntary	control.	Phenothiazines	 increase	 the	 threshold	necessary	 to
produce	shivering	and	 lead	 to	hypothalamic	depression15;	 barbiturates	 decrease
effective	 shivering.24	 Paralytic	 agents	 used	 to	 suppress	 ventilation	 prevent
shivering	 and	 eliminate	 all	 voluntary	 control	 mechanisms.25	 Unexplained
hypothermia	has	resulted	from	the	administration	of	common	antibiotics,	such	as
penicillin26	 and	 erythromycin.27	 Bromocriptine	 may	 cause	 hypothermia	 by
altering	central	dopaminergic	tone.28

Endocrine	Dysfunction
Diabetic	 ketoacidosis,	 hyperosmolar	 coma,	 and	 hypoglycemia	 are	 frequently
reported	 causes	 of	 hypothermia.22	 In	 one	 survey,	 20%	 of	 patients	 with	 blood
glucose	 levels	 less	 than	 60	 mg/dL	 had	 temperatures	 of	 less	 than	 35	 °C.
Hypoglycemia	 lowers	cerebral	 intracellular	glucose	concentrations	and	 impairs
hypothalamic	 function.29	 During	 acute	 hypoglycemia	 (eg,	 insulin



administration),	 hypothermia	 occurs	 as	 a	 result	 of	 peripheral	 vasodilation	 and
sweating.	 At	 glucose	 concentrations	 of	 less	 than	 45	 mg/dL,	 subjects	 fail	 to
perceive	 cold	 environments	 and	 fail	 to	 shiver.30	 This	 impairment	 appears
transient	because	normal	regulatory	mechanisms	and	euthermia	may	be	restored
when	normal	serum	glucose	levels	are	restored.

The	prevalence	of	hypothyroidism	among	hypothermic	patients	 ranges	from
0%	 to	 10%.	 Several	 patients	 with	 mild	 hypothyroidism	 have	 been	 safely
rewarmed	to	euthermia	without	administration	of	exogenous	thyroid	hormone.	In
contrast,	myxedema	coma,	a	 rare	presentation	of	hypothyroidism,	 is	associated
with	 subnormal	 temperatures	 in	 82%	 of	 cases.31	 It	 has	 a	 high	mortality	 if	 not
treated	 with	 exogenous	 thyroxine.	 Myxedema	 coma	 occurs	 most	 frequently
among	 middle-aged	 to	 older	 women,	 and	 more	 than	 90%	 of	 cases	 occur	 in
winter.31	Severe	hypothermia	with	temperatures	less	than	30	°C	occurs	in	15%	of
patients.31	Coma	arises	because	of	a	cerebral	thyroxine	deficiency.	Hypothermia
then	results	from	a	combination	of	 loss	of	voluntary	control	mechanisms,	from
stupor	or	coma,	decreased	calorigenesis	from	thyroid	deficiency,	and	decreased
shivering,	presumably	from	impaired	hypothalamic	regulation.31,32

Panhypopituitarism	 and	 adrenal	 insufficiency	 are	 also	 rare	 causes	 of
hypothermia.	 Unless	 profound	 insufficiency	 exists,	 these	 conditions	 rarely
produce	 significant	 hypothermia	 in	 the	 absence	 of	 some	 other	 insults	 to	 the
thermoregulatory	system.

Central	Nervous	System	Disorders
Diseases	such	as	stroke,	primary	and	metastatic	brain	tumors,	luetic	gliosis,	and
sarcoidosis	may	 produce	 hypothermia	 by	 direct	 anatomic	 impingement	 on	 the
hypothalamus.33,34	Metabolic	derangements	from	carbon	monoxide	poisoning	or
thiamine	 deficiency	 (Wernicke-Korsakoff	 syndrome)	 can	 also	 produce
hypothermia	by	affecting	 the	hypothalamus.35-39	Patients	with	anorexia	nervosa
have	been	shown	to	have	multiple	hypothalamic	abnormalities,	 resulting	 in	 the
lack	of	shivering	and	vasoconstriction	and	a	rapid	drop	in	core	temperature	when
they	 are	 exposed	 to	 cold.40	 Shapiro	 syndrome	 has	 been	 reported	 to	 cause
spontaneous	periodic	hypothermia	by	an	unclear	mechanism.24,41	Several	patients
with	 multiple	 sclerosis	 have	 experienced	 transient	 hypothermia	 with	 flares	 of
their	neuropathy,	suggesting	the	presence	of	hypothalamic	plaques.42

Spinal	Cord	Transection
Acute	 spinal	 cord	 injury	 disrupts	 autonomic	 pathways,	 such	 as	 skin	 and	 core



temperature	 afferents.	 In	 addition,	 afflicted	 patients	 develop	 a	 reduced	 body
muscle	mass,	resulting	in	the	inability	to	shiver	effectively,	loss	of	cold-induced
reflex	vasoconstriction	responses,	and	immobility.43-45

Skin	Disorders
Skin	disorders	characterized	by	vasodilatation	or	increased	transepithelial	water
loss	 may	 lead	 to	 hypothermia.	 Inappropriate	 conductive	 and	 convective	 heat
losses	 in	 psoriasis,	 ichthyosis,	 and	 erythroderma	 have	 been	 shown	 to	 be
associated	 with	 increased	 evaporative	 losses	 of	 up	 to	 3	 L/d.46-50	 Patients	 with
extensive	 third-degree	 burns	 have	 been	 reported	 to	 have	 an	 even	 larger
evaporative	 heat	 loss,	 losing	 up	 to	 6	 L	 fluid.	 When	 an	 additional	 cause	 of
hypothermia	 is	 present,	 these	 patients	 may	 be	 in	 danger	 of	 severe	 drops	 in
temperature.	Heat	 loss	 and	 caloric	 requirements	 can	be	decreased	dramatically
by	 covering	 the	 skin	 with	 impermeable	 membranes	 to	 decrease	 evaporative
losses.51-53

Debility
Case	 reports	 suggest	 that	 hypothermia	may	 occur	 in	 patients	with	 debilitating
illnesses,	 such	 as	 Hodgkin	 disease50;	 systemic	 lupus	 erythematosus51,52;	 and
severe	cardiac,	renal,	hepatic,	or	septic	failure.	Most	debilitated	patients	are	also
compromised	by	some	degree	of	immobility	or	decreased	voluntary	control.

Trauma
Trauma	 patients	 often	 are	 hypothermic53,54	 because	 of	 multiple	 insults	 to	 the
thermoregulatory	system.54	 In	patients	with	moderately	elevated	 injury	severity
scores,	during	the	first	day	of	hospitalization,	42%	experience	hypothermia,	with
13%	having	temperatures	less	than	32	°C.53	The	presence	of	shock53	and	massive
transfusion54	 significantly	 contributed	 to	 the	 development	 of	 hypothermia	 in
these	patients.

Pathophysiology
Profound	metabolic	alterations	occur	in	every	organ	system	in	response	to	a	core
temperature	 less	 than	 35	 °C.	Metabolic	 changes	 that	 appear	 to	 be	 temperature
dependent	occur	in	two	phases:	shivering	(35	°C-30	°C)	and	nonshivering	(less
than	30	°C).



Shivering	is	characterized	by	intense	energy	production	from	the	breakdown
of	stored	body	fuels.	It	involves	increased	muscle	tone	and	rhythmic	contraction
of	small	and	large	muscle	groups.	In	different	patient	populations	with	different
measurement	 techniques,	 heat	 production	 has	 been	 shown	 to	 increase	 by	 four
times	 the	 normal	 amount,2	 oxygen	 consumption	 by	 two	 to	 five	 times,	 and
metabolic	rate	by	six	times.55	Central	pooling	of	blood	resulting	from	peripheral
vasoconstriction	may	 raise	 central	venous	pressure	 and	 slightly	 elevate	 cardiac
output.	Because	 cardiac	 output	 remains	 relatively	 close	 to	 normal	 and	 oxygen
demand	 increases	 dramatically,	 mixed	 venous	 oxygen	 saturation	 decreases.56
Hepatic	 and	 muscular	 glycogenolysis	 may	 cause	 blood	 sugar	 levels	 to	 rise,
which	is	not	seen	among	starved	or	exhausted	patients	or	those	with	prolonged
hypothermia.57,58	 The	 catabolism	 of	 fat	 increases	 the	 serum	 levels	 of	 glycerol,
nonesterified	 fatty	 acids,	 and	 ketones.	 Anaerobic	 metabolism	 causes	 a	 rise	 in
lactate	 levels,	 and	 levels	 as	 high	 as	 25.2	 mmol/L	 have	 been	 reported.59	 The
metabolic	 acidosis	 induced	 by	 this	 intense	 catabolism	 is	 compensated	 for	 the
most	 part	 by	 the	 increased	 metabolism	 of	 lactate	 in	 the	 liver	 and	 increased
minute	ventilation.58	Cortisol	levels	rise.17	Most	of	these	metabolic	changes	peak
near	34	°C	or	35	°C	and	become	much	less	pronounced	near	the	temperature	of
30	°C.

As	 core	 temperature	 falls	 toward	 30	 °C,	 shivering	 nearly	 ceases	 and
metabolism	 slows	 down	 dramatically.	 Near	 30	 °C,	 metabolic	 rate	 approaches
basal	 levels,60	 and	 it	 may	 be	 half	 basal	 value	 by	 28	 °C.55	 As	 shivering	 and
metabolism	 slow	 down,	 oxygen	 consumption	 declines.	 At	 30	 °C,	 oxygen
consumption	decreases	to	approximately	75%	of	basal	value60;	at	26	°C	to	35%
to	 53%;	 and	 at	 20	 °C	 to	 only	 25%	 of	 basal	 value.	 This	 profound	 decrease	 of
metabolism	is	reflected	by	changes	in	every	organ	system	(Table	184.2).

TABLE	184.2

Common	Effects	of	Hypothermia

Metabolic	depletion Anemia,	hemoconcentration

Cardiac	arrhythmia Thrombocytopenia

Hypotension Ileus

Hypopnea Pancreatitis



Dehydration Hyperglycemia

Coma Pneumonia

Granulocytopenia Sepsis

Altered	drug	clearance

Cardiovascular	Function
Increasing	 degrees	 of	 hypothermia	 are	 associated	with	malignant	 arrhythmias,
depressed	cardiac	function,	and	hypotension.	Decreases	of	cardiac	conductivity
and	automaticity61,62	and	an	increase	of	the	refractory	period63,64	begin	during	the
shivering	 phase	 and	 progress	 as	 core	 temperature	 decreases.	 The
electrocardiogram	 (ECG)	 of	 mild	 hypothermia	 may	 show	 bradycardia	 with
prolongation	of	the	PR,	QRS,	and	QT	intervals.	Below	30	°C,	first-degree	block
is	 usual,	 and,	 at	 20	 °C,	 third-degree	 block	may	 be	 seen.57,65	 Below	 33	 °C,	 the
ECG	 commonly	 shows	 the	 characteristic	 J-point	 elevation	 (Figure	 184.1).	 As
temperature	 drops	 below	 25	 °C,	 the	 likelihood	 of	 appearance	 of	 J	 waves
increases,66,67	most	prominent	in	the	mid-precordial	and	lateral	precordial	leads.68
J	waves	may	persist	12	to	24	hours	after	restoration	of	normal	temperature.69,70

	

Figure	 184.1 	 The	 electrocardiographic	 changes	 of
hypothermia.As	temperature	decreases	(top	to	bottom),	the	rate	slows
down	 and	 the	 PR	 and	 QT	 intervals	 become	 prolonged.	 J	 waves



(arrows)	 appear	 at	 a	 temperature	 less	 than	 35	 °C	 and	 become
prominent	by	a	temperature	near	25	°C.	The	J	wave	initially	is	seen
(top)	 as	 a	widened	QRS	 interval	with	 a	 slight	ST	elevation	at	 the	 J
point.

Atrial	 fibrillation	 is	 common	 at	 temperatures	 of	 25	 °C	 to	 34	 °C,	 and
ventricular	 fibrillation	 frequently	 occurs	 at	 temperatures	 less	 than	 28	 °C.	 The
incidence	 of	 ventricular	 fibrillation	 increases	 with	 physical	 stimulation	 of	 the
heart	and	is	associated	with	intracardiac	temperature	gradients	of	greater	than	2
°C.71	Purkinje	cells	show	marked	decreases	in	excitability	in	the	range	of	14	°C
to	15	°C,62	and	asystole	is	common	when	core	temperatures	drop	below	20	°C.

Consequently,	 there	 is	 a	 gradual	 decrease	 of	 cardiac	 output.	 Systole	 may
become	 extremely	 prolonged,72	 greatly	 decreasing	 ejection	 fraction	 and	 aortic
pressures.	 Ventricular	 compliance	 is	 severely	 reduced.73	 Output	 decreases	 to
approximately	 90%	 of	 normal	 at	 30	 °C	 and	 may	 decrease	 rapidly	 at	 lower
temperatures,	with	increasing	bradycardia	or	arrhythmia.	Regional	blood	flow	is
altered	to	preserve	myocardial	and	cerebral	perfusion.74	Although	blood	pressure
appears	to	be	initially	maintained	by	an	increase	in	systemic	vascular	resistance
(SVR),75	 systemic	 resistance	 decreases	 and	 hypotension	 is	 common57	 at
temperatures	 less	 than	 25	 °C.	Oxygen	 demand	 usually	 decreases	more	 rapidly
than	 cardiac	 output,	 causing	 mixed	 venous	 oxygen	 content	 to	 increase	 as	 the
nonshivering	phase	begins.

Pulmonary	Function
Pulmonary	 mechanics	 and	 gas	 exchange	 appear	 to	 change	 little	 with
hypothermia.57,76-78	Although	 the	ventilatory	 response	 to	an	elevation	of	carbon
dioxide	tension	(PCO2)	may	be	blunted,76	 there	 is	no	clear	decrease	of	hypoxic
drive.57	As	increased	oxygen	demand	and	acidosis	of	the	shivering	phase	decline,
minute	ventilation	decreases.	Tidal	volume	and	respiratory	rate	decline	at	lower
temperatures.	 At	 25	 °C,	 respirations	 may	 be	 only	 3	 or	 4	 per	 minute23;	 at
temperatures	less	than	24	°C,	respiration	may	cease.55	Apnea	is	presumed	to	be
secondary	to	failure	of	respiratory	drive	at	a	brainstem	level.

Renal	Function
As	blood	pressure	decreases	during	the	nonshivering	phase,	glomerular	filtration
rate	 (GFR)	 may	 decrease	 by	 85%57	 and	 renal	 blood	 flow	 by	 75%,	 without	 a
significant	 change	 in	 urine	 production.	 Maintenance	 of	 a	 good	 urine	 output,



despite	decreases	 in	blood	pressure	and	GFR	 in	hypothermia,	has	been	 termed
cold	diuresis.	This	results	from	a	defect	in	tubular	reabsorption.	The	urine	may
be	extremely	dilute,	with	an	osmolarity	of	as	low	as	60	mOsm/L	and	a	specific
gravity	of	1.002.79	The	stimulus	for	this	dilute	diuresis	may	be	the	triggering	of
volume	receptors	as	central	volume	increases	with	peripheral	vasoconstriction,72
a	 relative	 insensitivity	 to	 antidiuretic	 hormone,70	 or	 a	 direct	 suppression	 of
antidiuretic	 hormone	 release.23	 Although	 kaliuresis	 and	 glycosuria	 may
accompany	the	dilute	diuresis,	the	net	result	for	the	patient	is	dehydration	and	a
relatively	hyperosmolar	serum.

Neurological	Function
Hypothermic	patients	can	present	with	coma.	Complete	neurologic	recovery	has
been	 described	 for	 hypothermic	 adults	 after	 20	 minutes	 of	 complete	 cardiac
arrest22	 and	 up	 to	 3.5	 hours	 of	 cardiopulmonary	 resuscitation	 (CPR).79	 The
mechanism	by	which	hypothermia	produces	a	seemingly	protective	effect	is	not
well	understood,	and	may	relate	to	a	significant	decrease	of	cerebral	metabolism
and	a	smaller	injury	by	the	no-reflow	phenomenon,80	a	mechanism	whereby	the
brain	is	protected	from	injury	until	reperfusion.

Cerebral	oxygen	consumption	decreases	by	approximately	55%	for	 each	10
°C	decrease	in	temperature.81	Cerebral	blood	flow	decreases	from	75%	of	normal
at	30	°C	to	only	20%	of	normal	at	20	°C.57	The	supply	of	nutrients	and	removal
of	 wastes	 are	 adequate	 at	 these	 extremes	 given	 patient	 recovery	 and
experimental	evidence	that	the	intracellular	pH	of	brain	tissue	cooled	to	20	°C	is
unchanged	even	after	20	minutes	of	anoxia.82

Visual83	 and	 auditory84,85	 evoked	 potentials	 demonstrate	 delayed	 latencies;
latency	 increases	 as	 temperature	 decreases.	 The	 spectrum	 of
electroencephalographic	 (EEG)	 frequencies	 also	 changes	with	 hypothermia.	 In
healthy	men	cooled	to	33	°C	by	immersion,	θ	and	β	activities	increased	by	17%
and	 α	 activity	 decreased	 by	 34%	 compared	 with	 control	 values.83
Electromyography	during	hypothermia	has	been	reported	to	be	normal.86

Hematologic	Function
Hypothermia	 affects	white	 blood	 cells	 (WBCs),	 red	 blood	 cells,	 platelets,	 and
perhaps	coagulation	mechanisms.	The	WBC	count	in	mild	hypothermia	remains
normal	 to	 slightly	 elevated	 and	 drops	 severely	 at	 temperatures	 lower	 than	 28
°C.87,88	The	hematocrit	usually	rises	in	hypothermic	patients	at	a	temperature	of
30	°C,	 in	part,	because	of	hemoconcentration	from	dehydration	caused	by	cold



diuresis	 and	 in	 part	 as	 a	 result	 of	 splenic	 contraction.89	 The	 increase	 of	 blood
viscosity	 among	 hypothermic	 patients	 appears	 to	 be	 because	 of	 decreased
deformability	 of	 the	 red	 cell	 membrane.90	 After	 intravascular	 volume	 and
euthermia	 have	 been	 restored,	 a	 mild	 anemia	 may	 last	 up	 to	 6	 weeks.	 Bone
marrow	 aspirates	 obtained	 from	 these	 patients	 show	 erythroid	 hypoplasia	 and
increased	 ringed	 sideroblasts,	 suggesting	 a	 maturation	 arrest.91	 Platelet	 counts
drop	as	 temperature	decreases,	and	prolongation	of	 the	bleeding	 time	has	been
noted	 at	 20	 °C.87	 The	 decrease	 in	 platelet	 count	 is	 thought	 to	 be	 secondary	 to
hepatic	or	splenic	sequestration.

No	 clear	 evidence	 indicates	 that	 a	 coagulopathy	 is	 associated	 with
hypothermia.	 Deep	 venous	 thrombosis	 and	 disseminated	 intravascular
coagulopathy	(DIC)	have	been	reported	among	hypothermic	patients.35,92

Gastrointestinal	Tract	Function
Ileus,	 pancreatitis,	 and	 hepatic	 dysfunction	 accompany	 hypothermia.	 Ileus	 is
present	at	 temperatures	30	°C	and	 lower.	Subclinical	pancreatitis	appears	 to	be
common.	Although	patients	 usually	 lack	 symptoms	of	 acute	pancreatitis,	more
than	 half	 have	 amylase	 elevations	 greater	 than	 550	 S	 units	 and	 up	 to	 80%	 of
patients	who	die	of	hypothermia	have	evidence	of	pancreatitis	at	autopsy.93	The
relationship	 between	 alcohol	 use	 and	 pancreatitis	 in	 these	 patients	 is	 unclear.
Hepatic	dysfunction	occurs	commonly	and	involves	synthetic	and	detoxification
abilities.	 Postmortem	 studies	 of	 patients	 who	 died	 from	 exposure-induced
hypothermia	 commonly	have	gastric	 submucosal	hemorrhage94	 and,	 to	a	 lesser
extent,	duodenal	ulceration	and	perforation.95

Endocrine	Function
Hypothermia	 directly	 suppresses	 the	 release	 of	 insulin	 from	 the	 pancreas	 and
increases	resistance	to	insulin’s	action	in	the	periphery.96	The	blood	glucose	level
rises	 in	 early	 hypothermia	 because	 of	 glycogenolysis	 and	 increased
corticosteroid	levels,	and	remains	elevated	because	of	a	decreased	concentration
and	the	action	of	insulin.	Elevations	of	blood	glucose,	however,	are	usually	mild;
only	 9%	 of	 patients	 in	 one	 series	 had	 blood	 glucose	 levels	 higher	 than
200	 mg/dL.	 The	 responses	 to	 thyroid-stimulating	 hormone	 (TSH)	 and
adrenocorticotrophic	 hormone	 appear	 blunted.57	 In	 hypothyroid	 patients,	 TSH
increases	in	response	to	cold.97	Corticosteroid	levels	vary,	but	rarely	appear	to	be
severely	 depressed.58	 Urinary	 catecholamine	 levels	 are	 increased	 threefold	 to
sevenfold	on	average	in	hypothermic	deaths	compared	with	death	owing	to	other



causes.94

Immune	Function
Infection	is	a	major	cause	of	death	among	hypothermic	patients.	Hypoperfusion
increases	 the	 risk	 of	 bacterial	 invasion	 in	 ischemic	 regions	 of	 the	 skin	 and
intestine.	 Pneumonia	 risk	 is	 increased	 as	 a	 result	 of	 central	 nervous	 system
depression	 reducing	 the	 cough	 reflex,	 an	 increase	 in	 atelectasis	 because	 of
decreased	 tidal	 volume	 and	minute	 ventilation,	 impaired	 killing	 of	 bacteria	 by
pulmonary	 alveolar	 macrophages,	 and	 the	 severity	 of	 cold-induced
granulocytopenia.88,98	 Evidence	 from	 hypothermic	 animals	with	 induced	 sepsis
indicates	 an	 impaired	 release	 of	 PMNs	 from	 the	 marrow,88	 impaired
phagocytosis,	migration,99	 and	 a	 decrease	 in	 the	 half-life	 for	 circulating	PMNs
during	 hypothermia,98	 leading	 to	 delayed	 clearance	 of	 staphylococcal100	 and
gram-negative	 organisms	 from	 the	 blood.	 Ineffective	 clearance	 of	 organisms
may	permit	a	continued	low-grade	bacteremia.100	The	role	of	changes	of	antigen-
antibody	interactions,	complement	activation,	and	innate	immune	pathways	that
are	known	to	be	impaired	by	cold	in	vitro	are	not	clearly	defined	in	hypothermic
patients.	 Wound	 healing	 is	 delayed	 in	 patients	 with	 mild	 perioperative
hypothermia.101	Cytokine	production,	for	example,	interleukin	6	may	be	delayed
and	 prolonged.102	 Thus,	 the	 hypothermic	 host	 with	 temperature	 dependent
compromised	barrier	functions	is	more	susceptible	to	invasion	by	pathogens	and
less	equipped	to	defend	itself	when	invasion	occurs.

Drug	Clearance
Little	 is	 known	 about	 the	 clearance	 of	 drugs	 in	 hypothermic	 adults.	 Complex
interactions	of	reduced	cardiac	output,	dehydration,	slowed	hepatic	metabolism,
decreased	GFR,	 abnormal	 renal	 tubular	 filtration	 and	 reabsorption,	 and	 altered
protein-drug	dissociation	constant	alter	the	volume	of	distribution	and	total	body
clearance	of	many	drugs.103

Diagnosis
The	 diagnosis	 of	 hypothermia	 may	 be	 suggested	 by	 a	 history	 of	 exposure	 or
immersion,	 clinical	 examination,	 and	 laboratory	 abnormalities.	 Elderly,
alcoholic,	diabetic,	quadriparetic,	or	severely	debilitated	patients	are	at	high	risk
of	hypothermia.	Signs	of	hypothermia	vary	with	the	patient’s	temperature.	Cool
skin,	 muscle	 rigidity,	 shivering,	 and	 acrocyanosis	 are	 present	 for	 most



noncomatose	 patients.	 Among	 obtunded	 patients,	 myxedema-facies	 have	 been
reported.93,104	Although	mental	status	changes	vary	widely	among	patients,	they
follow	a	typical	pattern:	between	35	°C	and	32	°C,	the	patient	may	be	stuporous
or	confused;	between	32	°C	and	27	°C,	 the	patient	may	be	verbally	responsive
but	 incoherent;	 and,	 at	 temperatures	 less	 than	 27	 °C,	 83%	 of	 patients	 are
comatose	 but	 able	 to	 respond	 purposefully	 to	 noxious	 stimuli.105	 Muscle	 tone
remains	 increased	 after	 shivering	 stops.	 Reflexes	 remain	 normal	 until	 body
temperature	 is	 lower	 than	 27	 °C,	when	 they	 become	 depressed	 and/or	 absent.
Plantar	reflexes	may	be	upgoing.	The	pupillary	reflex	may	be	sluggish	below	30
°C	 and	may	 become	 fixed	 at	 temperatures	 less	 than	 27	 °C.	 ECG	 changes	 are
almost	always	present.

In	 the	absence	of	 an	accurate	 temperature	 reading,	 the	ECG	can	be	used	 to
gauge	the	degree	of	hypothermia.66,68	J	waves	become	prominent	as	temperature
decreases	 and,	 in	 the	 absence	 of	 a	 cerebrovascular	 accident,	 appear	 to	 be
pathognomonic	for	hypothermia.	Prolonged	PR	or	QT	intervals	in	the	presence
of	 muscle	 tremor	 artifact	 and	 bradycardia	 strongly	 suggest	 the	 diagnosis.
Because	of	the	increased	solubility	of	carbon	dioxide	and	oxygen,	arterial	blood
gases	 reported	 at	 37	 °C	 may	 show	 a	 value	 of	 partial	 pressure	 of	 oxygen
(PaO2	 +	 PaCO2)	 greater	 than	 150	 mm	 Hg	 on	 room	 air,	 a	 biochemical
impossibility	at	euthermia.	An	elevated	hematocrit,	a	good	output	of	dilute	urine
with	 hypotension,	 ileus,	 and	 an	 elevated	 amylase	 are	 helpful	 but	 nonspecific
indicators	of	hypothermia.

Because	 the	 symptoms	 of	 hypothermia	 frequently	 mimic	 those	 of	 other
disorders,	the	diagnosis	may	be	missed	unless	there	is	a	clear	history	of	exposure
or	an	accurate	temperature	reading	is	taken.	Proper	diagnosis	depends	on	the	use
of	 a	 low-reading	 thermometer	 to	 determine	 core	 temperature.	 Electronic
temperature	probes	that	are	accurate	at	low	temperatures,	can	be	used	in	several
body	 sites,	 have	 a	 rapid	 response	 time,	 and	 can	 be	 left	 indwelling	 to	 provide
online	temperature	readings	during	treatment.

The	 site	 for	 recording	 the	 temperature	 is	 important	 (Chapter	 27).	 Oral	 or
nasopharyngeal	 temperatures	 may	 not	 reflect	 core	 temperature	 because	 of	 the
influence	of	surrounding	airflow.	Bladder	temperatures	are	commonly	used	and
are	 accurate	 in	 mild-to-moderate	 hypothermia.106,107	 In	 patients	 with	 severe
hypothermia,	 especially	 those	 requiring	 endotracheal	 intubation,	 an	 esophageal
probe	inserted	into	the	lower	one-third	of	the	esophagus	(about	24	cm	below	the
larynx)	 provides	 a	 near	 approximation	 of	 cardiac	 temperature.	 Esophageal
temperature	 is	 the	 most	 accurate	 method	 to	 track	 the	 progress	 of	 rewarming.
Rectal	probe	readings	may	rise	with	peritoneal	lavage	or	fall	if	adjacent	to	cold
feces;	esophageal	probes	not	inserted	into	the	lower	third	of	the	esophagus	may



read	 falsely	 high	 if	 heated	 humidified	 oxygen	 is	 used.	 Infrared	 tympanic
thermometers	and	the	so-called	temporal	artery	thermometers	are	not	accurate.

Bladder	and	 rectal	 temperatures	should	not	be	used	 for	critically	 ill	patients
during	rewarming.	Changes	in	rectal	and	bladder	temperatures	significantly	lag
behind	 core	 temperature	 changes	 during	 rewarming.	 Great	 vessel	 temperature
can	 be	measured	 using	 the	 thermistor	 on	 a	 Swan-Ganz	 catheter,	 but	 is	 highly
affected	 by	 the	 infusion	 of	 heated	 fluids.	 During	 extracorporeal	 rewarming,
bladder	and	pulmonary	artery	temperatures	may	increase	faster	than	esophageal
and	rectal	temperatures.107	It	may	be	helpful	to	monitor	at	least	two	core	sites.

Differential	Diagnosis
Clinical	changes	produced	by	hypothermia	can	mask	and	mimic	other	diseases.
For	 example,	 rigidity	 of	 the	 cervical	musculature,	 a	 rigid	 abdomen	 and	 absent
bowel	 sounds,	 or	 shock	 and	 coma	 may	 be	 because	 of	 other	 diagnoses,	 and
clinical	judgment	is	required.

Deviation	from	the	temperature-symptom	relationship	should	suggest	that	the
cause	 of	 a	 symptom	may	be	 other	 than	hypothermia.	For	 example,	 ventricular
fibrillation	or	coma	with	a	 temperature	higher	 than	30	°C	or	 shock	with	a	 low
hematocrit	 or	 heme-positive	 stools,	 or	 hypoglycemia	with	 relative	 tachycardia
should	 alert	 the	 physician	 to	 suspect	 another	 diagnosis	 and	 pursue	 further
diagnostic	evaluations.	Relative	hyperventilation	 implies	an	underlying	organic
acidosis	(eg,	diabetic	ketoacidosis	or	aspirin	overdose),	because	CO2	production
should	be	decreased	during	moderate-to-severe	hypothermia.

Certain	 medications	 directly	 or	 indirectly	 cause	 hypothermia,	 either	 by
impairing	 thermoregulatory	 mechanisms,	 decreasing	 awareness	 of	 cold,	 or	 by
clouding	judgment.

Establishing	a	diagnosis	of	myocardial	infarction,	after	vigorous	resuscitation
attempts,	 can	 be	 difficult.	 Creatine	 kinase,	 lactate	 dehydrogenase,	 and	 serum
glutamic	 oxaloacetic	 acid	 transaminase	 values	 may	 be	 elevated	 because	 of
hepatic	 hypoperfusion	 and	 presumed	 skeletal	 muscle	 damage.	 Elevations	 in
creatinine	 kinase	 MB	 and	 BB	 fractions	 have	 been	 reported	 in	 hypothermic
patients	with	no	evidence	of	cerebral	infarct.60	ECG	changes	of	hypothermia	do
not	mimic	those	seen	in	myocardial	infarction,	and	are	thus	more	reliable.

The	neurological	manifestations	of	hypothermia	vary	widely,	but	the	level	of
consciousness	should	be	consistent	with	the	core	temperature.	If	the	level	of	the
consciousness	 is	not	proportional	 to	 the	degree	of	hypothermia,	suspect	a	head
injury,	central	nervous	system	infection,	or	overdose.



Treatment
3 	 With	 immediate	 aggressive	 treatment,	 mortality	 should	 be	 low.	 Functional
survival	 in	 adults	has	been	 reported	even	after	6.5	hours	of	CPR.108	Treatment
includes	 initial	 field	 care	 and	 transport,	 stabilizing	 cardiopulmonary	 status,
treating	 the	 cause	 of	 hypothermia,	 preventing	 the	 common	 complications	 of
hypothermia,	and	rewarming.

Initial	Field	Care	and	Transport
Field	 management	 of	 hypothermia	 from	 exposure	 or	 immersion	 includes
removal	of	wet	clothes,	replacing	with	dry	ones,	and	insulate	from	cold	and	wind
with	blankets.	Sharing	the	body	heat	of	another	person	in	the	same	sleeping	bag
appears	 to	 offer	 no	 significant	 advantage.109	 Drinking	 hot	 drinks	 is	 not
encouraged	 because	 it	 may	 increase	 hypothermia	 by	 producing	 peripheral
vasodilation	through	a	pharyngeal	reflex.110	Glucose	drinks	have	been	advocated,
but	recent	work	has	shown	that	glycogen	depletion	does	not	impair	shivering	or
rewarming.111

The	following	precautions	should	be	taken	to	transport	the	victim:	transport	in
the	 supine	 position	 to	 prevent	 seizures	 from	 orthostatic	 hypotension,20	 avoid
rough	handling	owing	 to	 risk	of	ventricular	 fibrillation,73,110,111	 cut	 clothing	off,
and	 carry	 the	 victim	 gently	 by	 a	 team	 of	 rescuers.	 A	 patient	 without	 a	 blood
pressure	 or	 palpable	 pulse	 may	 already	 be	 in	 fibrillation	 and	 should	 be
resuscitated	until	adequate	ECG	and	pressure	monitoring	are	available	(Chapters
27	and	28).112

Stabilizing	Cardiopulmonary	Status
Because	early	death	from	hypothermia	is	a	result	of	hypotension	and	arrhythmia,
the	goal	of	initial	in-hospital	management	of	hypothermic	patients	should	be	to
achieve	 a	 safe,	 stable	 cardiopulmonary	 status.	 Shock	 among	 those	 with	 mild
hypothermia	 is	 usually	 caused	by	 the	dehydration	 induced	by	 cold	diuresis;	 in
more	profound	hypothermia,	it	may	be	cardiogenic.	Fluid	resuscitation	should	be
attempted	for	all	patients	with	hypothermic	shock.	Delivery	of	fluids	through	a
central	 rather	 than	 a	 peripheral	 catheter	 is	 preferable	 for	 several	 reasons:
vasoconstriction	 makes	 insertion	 of	 peripheral	 intravenous	 (IV)	 catheters
difficult,	 vasoconstriction	 may	 impair	 delivery	 of	 peripherally	 injected
medications,	 peripheral	 IV	 catheters	 may	 cause	 unnecessary	 damage	 to
frostbitten	 extremities,	 and	 central	 catheter	 placement	 permits	 monitoring	 of



central	 venous	 pressure.	 Because	 most	 patients	 are	 hemoconcentrated	 and
hyperosmolar,	 slightly	 hypotonic	 crystalloid	 fluids	 should	 be	 given.	Whenever
possible,	 all	 IV	 fluids	 should	 be	 warmed	 to	 at	 least	 room	 temperature	 before
infusion.	 If	 fluid	 resuscitation	 fails,	 pressor	 agents	 should	 be	 administered.
Although	 pressor	 agents	 increase	 the	 risk	 of	 ventricular	 fibrillation,	 they	 have
been	 used	 safely	 in	 patients	 with	 hypothermia.112,113	 The	 use	 of	 arterial	 and
central	venous	pressure	monitors	may	help	guide	 treatment.	The	 increased	risk
of	 hemorrhage	 from	 hypothermia-induced	 thrombocytopenia	 and	 prolongation
of	 bleeding	 times	 must	 be	 considered	 when	 undertaking	 invasive	 procedures,
such	as	central	venous	catheter	placement	or	intubation.

The	 management	 of	 arrhythmias	 must	 be	 approached	 in	 a	 nontraditional
manner	 because	many	 pharmacologic	 agents,	 pacing	 efforts,	 and	 defibrillation
attempts	do	not	work	in	the	hypothermic	patient.114-116	Because	supraventricular
arrhythmias	and	heart	block	generally	 resolve	spontaneously	on	rewarming,67,78
therapy	is	usually	unnecessary.	Digitalis	should	be	avoided	because	the	efficacy
of	 the	 drug	 is	 unclear	 in	 hypothermia,	 and	 toxicity	 increases	 as	 the	 patient	 is
warmed.63	Little	is	known	regarding	the	efficacy	of	calcium	channel	blockers	in
treating	supraventricular	tachyarrhythmias	in	hypothermic	patients.

For	 hypothermic	patients	 experiencing	ventricular	 fibrillation,	 procainamide
has	 been	 of	 little	 help	 and	 lidocaine	 has	 been	 of	 only	 modest	 benefit.111
Bretylium	 or	 amiodarone	 appear	 to	 be	 the	 drugs	 of	 choice.110,117	 Electrical
defibrillation	should	be	attempted	at	least	once,	but	it	is	unlikely	to	succeed	until
core	 temperature	 surpasses	 30	 °C.22,71	 The	 role	 of	 pacing	 in	 patients	 with
fibrillation	 and	 asystole	 is	 unclear.63,118	 If	 other	 avenues	 of	 support	 are
unavailable,	however,	pacing	should	be	tried.119

Acid-base	status	and	oxygenation	should	be	assessed	 immediately.	Accurate
assessment	 of	 acid-base	 status	 for	 hypothermic	 patients	 is	 complicated	 by
several	 issues.	 First,	 arterial	 blood	 gases	measured	 at	 37	 °C	 produce	 different
values	 of	 pHa	 and	 PaCO2	 than	 those	 that	 exist	 in	 a	 patient	 with	 a	 lower
temperature.	 Second,	 normal	 values	 for	 pHa	 and	 PaCO2	 also	 change	 with
temperature.	 Third,	 body	 buffer	 systems	 respond	 differently	 at	 colder
temperatures.	Therefore,	consideration	should	be	made	to	adjust	these	values	to
the	patient’	body	temperature.

Because	acute	respiratory	distress	syndrome	may,	and	pneumonia95	frequently
does,	 accompany	 hypothermia,	 a	 chest	 radiograph	 should	 be	 obtained.	 In	 all,
90%	 to	 100%	 oxygen	 should	 be	 administered	 until	 adequate	 oxygenation	 has
been	demonstrated.	Oxygen	saturation,	after	correction	 for	 temperature,	 should
be	maintained	at	greater	than	90%	to	help	prevent	hypoxic	damage.	Stuporous	or



comatose	 patients	 should	 have	 prophylactic	 intubation	 to	 decrease	 the	 risk	 of
aspiration	 pneumonia.	 Bronchoscope	 guided	 nasotracheal	 intubation	 may	 be
required;	orotracheal	intubation	may	be	difficult	because	of	the	rigidity	of	upper
airway	muscles.114	 If	 respiratory	 failure	 is	 evident	 on	 blood	 gas	 analysis,	 the
trachea	should	be	intubated	and	the	lungs	mechanically	ventilated.	Experiences
during	 hypothermic	 surgery	 and	 in	 the	 treatment	 of	 unintentional	 hypothermia
indicate	 that	 the	 initial	 ventilator	 settings	 should	 be	 similar	 to	 those	 normally
used	at	temperatures	of	37	°C120,121	(Chapter	166).

Treating	the	Cause	of	Hypothermia
When	hypothermia	 is	due	 to	hypoglycemia,	 treat	with	25	 to	50	g	glucose	as	a
50%	dextrose	solution.	Some	patients	have	been	reported	to	shiver	on	correction
of	hypoglycemia.

When	hypothermia	is	due	to	alcohol	or	sedative	drug	use	or	an	overdose,	then
supportive	therapy	and	removal	of	offending	agent	is	indicated.

When	 the	 neurologic	 examination	 suggests	 a	 central	 nervous	 system	 or
peripheral	nervous	system	disease,	 the	underlying	cause	should	also	be	treated.
When	 the	patient	has	a	history	of	 trauma,	 the	neck	should	be	stabilized	until	a
cervical	spine	radiograph	has	been	obtained.	Flaccid	extremities	suggest	a	cord
or	peripheral	nerve	injury.	Cerebral	edema	secondary	to	 tumor	may	be	seen	on
funduscopic	 examination.	 Treatment	 with	 thiamine	 is	 benign	 and	 is	 given
routinely	 for	 stuporous	 hypothermic	 patients	 until	 Wernicke-Korsakoff
syndrome	 is	 ruled	 out.	 Thiamine	 is	 given	 with	 glucose,	 if	 hyperglycemia	 is
absent,	 to	 decrease	 the	 chance	 of	 cerebral	 dysfunction.	 If	 the	 patient	 has
Wernicke-Korsakoff	 encephalopathy,	 response	 to	 thiamine	 treatment	 may	 be
seen	within	hours;	if	thiamine	is	not	given,	efforts	to	increase	temperature	may
be	futile.37,41	Cyclic	hypothermia	is	rarely	fatal	and	responds	to	cyproheptadine,
ephedrine,	and	naloxone.122,123

For	endocrine	disorders	such	as	myxedema,	treatment	with	thyroid	hormone
is	mandatory	because	it	may	be	lifesaving.	Conventional	treatment	of	myxedema
hypothermic	 coma	 begins	with	 immediate	 IV	 administration	 of	 0.2	 to	 0.5	mg
thyroxine.	 If	 the	 patient	 has	 not	 clearly	 responded	 in	 24	 hours,	 this	 dose	 is
repeated,	 and	 the	 patient	 is	maintained	 on	 0.05	 to	 0.10	mg	 thyroxine	 IV	daily
until	 clinically	 stable	 (Chapter	 142).	 For	 diabetic	 patients,	 insulin	 resistance
increases	 rapidly	 below	30	 °C;	 insulin	 administration	 should	 be	 delayed	when
possible	 until	 the	 patient’s	 temperature	 is	more	 than	 30	 °C.	 If	 insulin	 is	 given
during	 hypothermia,	 it	 must	 be	 administered	 IV	 because	 subcutaneous
absorption	is	impaired	by	hypoperfusion.	In	addition,	insulin	should	be	given	in



small	 doses	 because	 its	 degradation	 may	 be	 delayed	 at	 low	 temperature	 and
cumulative	 doses	may	produce	 hypoglycemia	 and	 rebound	hypothermia	 as	 the
patient	is	warmed.

Debilitating	diseases	such	as	congestive	heart	failure,	sepsis,	hepatic,	or	renal
failure	should	be	treated	in	a	conventional	manner.

Preventing	Common	Complications
Early	 attention	 to	 the	 prevention,	 diagnosis,	 and	 treatment	 of	 diseases	 that	 are
commonly	associated	with	hypothermia	may	significantly	reduce	morbidity	and
mortality.124	 Diabetic	 patients	 who	 have	 hypothermia	 and	 infection	 have	 a
particularly	 grave	 prognosis.	 In	 patients	 with	 diabetic	 ketoacidosis,	 the
prevalence	 of	 hypothermia	 was	 four	 times	 higher	 in	 those	 with	 underlying
infection	 and	 mortality	 was	 three	 times	 higher.125	 The	 possibility	 of	 infection
should	be	carefully	evaluated	 for	diabetic	patients	with	hypothermia,	and	early
intervention	with	antibiotics	should	be	considered.

Pneumonia	 is	 a	 common	 complication	 among	 hypothermic	 patients	 who
survive	 the	 rewarming	 period.	 The	 incidence	 of	 pneumonia	 can	 potentially	 be
reduced	 by	 early	 intubation	 in	 stuporous	 or	 comatose	 patients	 to	 protect	 the
airway,	 thereby	 minimizing	 aspiration.	 In	 addition,	 periodic	 hyperinflation,77
elevation	 of	 the	 head	 of	 the	 bed,	 and	 attention	 to	 periodic	 clearance	 of
respiratory	 tract	 secretions	 may	 decrease	 the	 incidence	 of	 pneumonia	 in
hypothermic	patients.	Antibiotics	should	only	be	given	when	infection	is	likely
to	 be	 present.124,126	 When	 SVR	 is	 low	 or	 diabetic	 ketoacidosis	 is	 present,	 we
believe	it	 is	reasonable	to	give	broad-spectrum	antibiotic	coverage	for	24	to	48
hours	pending	results	of	respiratory	tract	cultures.75

When	pancreatitis	or	 ileus	 is	present	 a	nasogastric	 tube	 should	be	passed,	 a
baseline	lipase	level	should	be	obtained,	and	the	patient	should	not	be	allowed	to
eat	or	drink	until	hypothermia	has	resolved,	and	pharyngeal	swallowing	function
testing	indicates	minimal	aspiration	risk.

Prophylaxis	of	deep	vein	thrombosis	(DVT)	for	patients	with	hypothermia	is
a	 difficult	 task.	 Subcutaneous	 heparin	 should	 not	 be	 used	 because	 it	 may	 be
poorly	absorbed	for	several	days	until	skin	function	returns	to	normal.	Pneumatic
boots	should	not	be	placed	on	frostbitten	extremities.	Because	of	these	concerns
and	because	it	is	not	clear	that	the	risk	of	DVT	from	hypothermia	outweighs	that
of	 systemic	 anticoagulation,	 we	 do	 not	 routinely	 recommend	 immediate
prophylaxis	for	DVT.	Because	DIC	has	been	reported	in	hypothermia,	baseline
clotting	 studies	 may	 be	 of	 value.	 DIC	 has	 occurred	 even	 among	 heparinized
patients.127



Acute	 tubular	 necrosis	 has	 been	 reported	 with	 hypothermia,65	 but	 it	 is
infrequent	and	probably	results	from	shock	and	hypoxia,	not	as	a	direct	action	of
hypothermia	 itself.	Renal	damage	may	be	minimized	by	careful	cardiovascular
support.	Hypermagnesemia	 reduces	 temperatures	 of	 hypothermic	 patients	with
renal	 failure	 and	 should	 be	 avoided.128	 Hypophosphatemia	 may	 result	 from
treatment.129	Electrolyte	levels	may	vary	greatly	during	treatment.

In	cases	of	exposure,	frostbite	frequently	occurs	on	the	ears,	nose,	face,	penis,
scrotum,	and	extremities.	It	may	be	painless	and	go	unrecognized	by	the	victim
until	 he	 or	 she	 is	 rewarmed.	 Frostbite	 is	 detectable	 on	 physical	 examination
because	recently	frozen	tissue	usually	appears	gray,	white,	or	waxy.	Soon	after
warming,	the	skin	may	become	edematous,	blister,	or	turn	red	or	black	because
of	hemorrhage	or	necrosis.	The	extent	of	damage	and	eschar	formation	is	usually
demarcated	within	10	days.	Limbs	should	be	handled	gently.	Thawing	frostbitten
areas	 is	 best	 postponed	 until	 core	 temperatures	 have	 risen	 to	 normal	 and	 the
patient’s	condition	is	stable.	It	 is	best	accomplished	by	immersion	for	30	to	60
minutes	 in	 water	 heated	 to	 38	 °C	 to	 43	 °C.	 After	 thawing,	 whirlpool
debridement,	intra-arterial	reserpine,	and	anticoagulation	with	heparin	or	dextran
may	be	helpful.	Amputation	may	be	necessary	but	should	always	be	delayed	as
long	as	possible	to	allow	a	clear	demarcation	of	viable	tissue.110

Because	 of	 the	 risk	 of	 relapse,	 hypothermic	 patients	 require	 prolonged
monitoring.	 Elderly	 patients	 who	 have	 had	 one	 episode	 of	 hypothermia	 may
experience	relapse	and,	in	addition,	may	be	at	greater	risk	for	future	hypothermic
episodes.130	Any	patient	who	has	sustained	severe	hypothermia	under	conditions
other	than	extreme	exposure	should	be	monitored	closely	for	recurrent	episodes.

Rewarming
3 	 Rewarming	 methods	 can	 be	 divided	 into	 three	 categories:	 passive	 external
rewarming,	active	external	rewarming,	and	active	central	rewarming.

Passive	External	Rewarming
Passive	 external	 rewarming	 is	 the	 least	 invasive	 and	 slowest	 rewarming
technique.	 The	 patient	 is	 kept	 dry,	 sheltered	 from	 wind,	 and	 covered	 with
blankets	to	decrease	heat	loss,	thereby	allowing	thermogenesis	to	restore	normal
temperature.	Temperature	increase	varies	inversely	with	patient	age;	the	average
rate	of	temperature	increase	with	this	method	is	only	0.38	°C	per	hour.60	Passive
rewarming	is	appropriate	only	when	the	patient’s	core	temperature	is	>30	°C.



Active	External	Rewarming
Active	external	rewarming	is	the	most	controversial	method.	It	involves	raising
the	core	temperature	by	heating	the	skin	with	hot	blankets,	electric	heating	pads,
and	hot	water	bottles;	circulating	warmed	air	immediately	adjacent	to	the	skin131;
or	immersion	in	a	tub	of	warm	water.	This	method	works22,55,110,130	and	has	been
successful	for	patients	with	temperatures	as	low	as	17	°C.132	Initial	reports131,133
suggest	 that	 rewarming	 by	 covering	 the	 patient	 with	 a	 plastic	 blanket	 that
contains	tubes	of	circulating	heated	air	is	helpful	for	the	mild	hypothermia	seen
in	 the	 perioperative	 setting.	 Several	 studies	 have	 now	 documented	 that
rewarming	 by	 the	 heated	 air	 method	 is	 safe	 and	 effective	 for	 moderate
hypothermia	 of	 numerous	 etiologies.	Mortality	with	 active	 external	 rewarming
appears	 to	 be	 higher	 than	 with	 passive	 or	 central	 rewarming	 methods.17	 This
possible	increase	of	mortality	may	be	because	of	a	(a)	less	accurate	control	over
the	 rate	of	 temperature	 increase,	 (b)	 increased	 risk	of	 shock	 from	warming	 the
skin	 before	 the	 core,	 and	 (c)	 increased	 incidence	 of	 acidosis	 resulting	 from
abrupt	return	of	blood	to	the	core	from	relatively	hypoperfused	areas.	Treatment
by	 immersion	 is	 impossible	 for	 patients	 who	 require	 continuous	 ECG	 and
temperature	monitoring,	central	venous	access,	and	artificial	ventilation	and	who
are	in	imminent	danger	of	shock	or	arrest.	Experience	with	patients	undergoing
external	 rewarming	 suggests	 that	 aggressive	 hydration	 and	 central	 catheter
monitoring	are	helpful.116

Active	Central	Rewarming
The	 fastest	 and	most	 invasive	warming	methods	 are	 those	 designed	 to	 permit
active	 central	 rewarming.	 Although	 commercial	 U.S.	 Food	 and	 Drug
Administration–approved	 warmers	 limit	 fluid	 warming	 to	 40	 °C,	 heated	 IV
crystalloid	to	temperatures	as	high	as	65	°C	has	been	shown	to	be	safe	in	animal
trials.134	 Oxygen	 that	 has	 been	 humidified	 and	 heated	 to	 40	 °C	 to	 46	 °C	 is	 a
safe17,135	and	effective132	rewarming	technique;	it	can	be	delivered	by	face	mask
or	 an	 endotracheal	 tube.	 Temperature	must	 be	monitored	 orally	 to	 ensure	 that
inspired	 air	 does	 not	 exceed	 46	 °C,	 or	mucosal	 damage	 or	 burns	might	 occur.
Temperature	increase	with	heated	oxygen	is	usually	less	than	1	°C	per	hour.

Lavage	by	gastric	or	 esophageal	balloons	 also	produces	 a	 slow	 temperature
increase	 and	has	been	 shown	 to	be	 effective136;	however,	 this	method	 involves
risk	of	aspiration	and	ventricular	fibrillation	during	balloon	insertion.	Peritoneal
lavage	 safely	 raises	 temperatures	 at	 a	 rate	 of	 up	 to	 4	 °C	 per	 hour.79,92,136-138
Average	warming	rates,	however,	are	closer	to	2	°C	per	hour.	Saline	or	dialysate
fluid	 is	 heated	 to	 38	 °C	 to	 43	 °C	 and	 exchanged	 every	 15	 to	 20	 minutes.



Alternatively,	two	peritoneal	trocars	can	be	placed	and	a	continuous	infusion	and
drainage	 circuit	 can	 be	 established.	 Pleural	 lavage	 with	 two	 chest	 tubes	 also
appears	to	be	effective.139

Insertion	 of	 femoral	 artery	 and	 vein	 catheters	 allows	 blood	 to	 be	 removed,
heated,	and	returned	to	the	body.	This	is	usually	performed	with	a	hemodialysis
machine125	 or	 pump	 oxygenator	 that	 is	 used	 during	 cardiopulmonary	 bypass.
Rewarming	at	a	rate	of	1	°C	to	2	°C	per	hour	has	been	reported	by	passing	the
blood	 from	 a	 surgically	 created	 arteriovenous	 fistula	 through	 a	 countercurrent
fluid	 warmer	 with140	 or	 without141	 a	 roller	 pump.	 For	 patients	 with	 severe
cardiopulmonary	 collapse,	 a	 pump	 oxygenator	 offers	 the	 advantage	 of
hemodynamic	 support,	 rapid	 elevation	 of	 temperature,	 and	 nearly	 complete
regulation	of	acid-base	and	oxygen	disorders.65,73,106,111,123,142	In	one	review	of	68
patients	presenting	with	a	mean	core	temperature	of	21	°C	and	being	treated	with
cardiopulmonary	 bypass	 primarily	 by	 the	 femoral	 route,	 there	 was	 a	 60%
survival,	and	80%	of	survivors	returned	to	their	previous	level	of	function.142	No
survival	is	reported	among	patients	presenting	with	temperatures	of	less	than	15
°C.	 In	 cases	 of	 profound	 hypothermia,	 a	median	 sternotomy	 approach	may	be
preferable	because	of	the	possibilities	of	direct	cardiac	massage,	improved	blood
flow,	and	easy	access.106

The	 desired	 rate	 of	 rewarming	 varies	 according	 to	 the	 patient’s
cardiopulmonary	 status	 and	 underlying	 disease.	 A	 diagnosis	 of	 diabetes	 or
myxedema	 may	 also	 influence	 the	 desired	 rate	 of	 rewarming.	 For	 diabetic
ketoacidosis,	 for	 example,	 insulin	 resistance	 and	 the	 severity	 of	 the	 acidosis
could	be	 substantially	 improved	by	 rapid	 rewarming.93	The	 rewarming	method
selected	must	be	appropriate	 for	 the	 individual	patient	being	 rewarmed.	 In	one
study	 of	 55	 patients	 with	 accidental	 hypothermia,	 extracorporeal	 membrane
oxygenation	was	used	for	those	in	cardiopulmonary	arrest;	peritoneal	dialysis	for
those	 with	 unstable	 hemodynamics;	 and	 airway	 rewarming,	 insulation,	 and
warmed	fluids	for	those	with	stable	hemodynamics.	Survival	was	100%.143

IATROGENIC	HYPOTHERMIA
4 	 Iatrogenic	 hypothermia	 occurs	 frequently	 in	 surgical	 recovery	 rooms	 and
intensive	 care	 units,144-147	 is	 associated	 with	 increased	 morbidity,	 and	 can	 be
minimized	with	a	systematic	 team	approach.	Although	subnormal	 temperatures
occur	 frequently	 during	 the	 postoperative	 period,	 frank	 hypothermia
(temperature	<35	°C)	is	uncommon.	In	a	series	of	195	patients	who	underwent
noncardiothoracic	surgery,	60%	had	temperatures	less	than	36	°C,	29%	had	less



than	 35.5	 °C,	 and	 13%	 had	 less	 than	 35	 °C.148	 Iatrogenic	 hypothermia	 results
from	 the	 infusion	 of	 blood	 products	 or	 fluids	 at	 lower	 than	 body	 core
temperatures,144,148	 from	 continuous	 ultrafiltration	 at	 high	 flow	 rates	 in	 the
intensive	care	unit,149	 and	 from	anesthesia	 and	 surgery	performed	 in	 cool	 (<23
°C)	 operating	 rooms.25,68,150,151	 In	 another	 series	 of	 101	 patients	 undergoing
elective	surgery	under	general	anesthesia,	78%	had	temperatures	less	than	36	°C.
The	average	 temperature	decrease	was	0.77	°C,	and	maximal	decrease	was	2.5
°C.151

Causes	and	Pathogenesis
Perioperative	 hypothermia	 results	 from	 increased	 heat	 loss,	 decreased	 heat
production,	 and	 compromised	 thermoregulation.152	Heat	 loss	may	 be	 increased
by	 loss	 of	 behavioral	 control	 mechanisms,	 decreased	 insulation	 because	 of
exposure	 of	 larger	 skin	 surfaces,	 cutaneous	 vasodilation	 resulting	 from
anesthetics,	 increased	 evaporative	 losses	 from	 serosal	 surfaces	 and	 volatile
antiseptics	 applied	 to	 skin,	 and	 exposure	 to	 air-conditioned	 environments.
Decreased	 heat	 production	 results	 from	 muscular	 paralysis.	 Impaired
thermoregulation	 results	 from	 slowed	 or	 compromised	 afferent	 and	 efferent
nerve	 impulses	 and	 hypothermic	 reflexes	 because	 of	 sedative	 anesthetics.
Redistribution	of	heat	from	the	core	to	the	periphery	is	felt	to	be	a	primary	factor
for	perioperative	hypothermia.	Temperature	change	may	be	abrupt	with	a	1	°C
core	heat	 loss	within	30	minutes	of	 induction	because	of	 redistribution	of	heat
from	the	core	to	the	periphery.153

The	 frequency	 and	 severity	 of	 heat	 loss	 increases	 with	 patient	 age,144,146,147
open	 chest	 or	 abdominal	 surgery,144,146,154	 low-operating	 room	 temperature,25
length	 of	 surgery,145	 infusion	 of	 cool	 IV	 solutions,	 and	 certain	 types	 of
anesthetics.	Elderly	 patients	 experience	 larger	 decreases	 of	 temperature,	 shiver
less	 frequently,	 and	 take	 longer	 to	 rewarm	 than	 do	 younger	 patients.144,147
Temperature	decrease	during	surgery	involving	open	body	cavities	may	result	in
almost	 twice	 the	 decrease	 in	 temperature	 seen	 in	 extremity	 surgery.146	 Lightly
anesthetized,	 paralyzed,	 draped	 patients	 who	 are	 not	 provided	 with	 active
warming	 experience	 a	 temperature	 decrease	 of	 0.3	 °C	 per	 hour	 at	 ambient
temperatures	less	than	21	°C.25	Surgery	involving	muscle	paralysis	with	curare-
agents	produces	twice	the	temperature	decrease	of	nonparalyzing	procedures.146
Although	halothane	 and	 epidural	 anesthesia	may	 increase	heat	 loss	 because	of
vasodilation,	no	major	differences	have	been	detected	in	the	heat	loss	from	most
inhalational	agents.146,147	Laparoscopic	procedures	produce	hypothermia	that	may
be	more	severe	than	open	laparotomy.	Massive	infusion	of	chilled	solutions	can



induce	 hypothermia,	 as	 heat	 loss	 from	 infusion	 of	 room	 temperature	 solutions
approximates	 16	 kcal/L.147	 Blood	 infused	 at	 its	 stored	 temperature	 of	 4	 °C
produces	a	heat	loss	of	32	kcal/L.148	In	an	average	human,	infusion	of	1	L	of	4	°C
blood	 produces	 a	 0.5	 °C	 decrease	 in	 temperature.144	 The	mean	 temperature	 of
patients	given	more	than	20	units	of	blood	in	24	hours	has	been	reported	to	be
32.9	 °C	 ±	 1.7	 °C.54	 The	 rapid	 transfusion	 of	 blood	 not	 warmed	 to	 body
temperature	 must	 be	 considered	 a	 risk	 factor	 for	 the	 development	 of	 mild
hypothermia.	 There	 was	 no	 difference	 in	 mean	 temperature	 of	 survivors	 and
nonsurvivors	after	massive	transfusion.

Pathophysiology
Perioperative	 complications	 from	 mild	 hypothermia	 arise	 directly	 from	 the
hypothermia	and	from	the	hypermetabolism	triggered	by	the	patient’s	efforts	to
restore	 body	 temperature.	 An	 otherwise	 healthy	 individual	 with	 a	 temperature
ranging	from	34	°C	to	36	°C	will	have	(a)	a	slightly	increased	cardiac	output,	(b)
an	 oxygen	 consumption	 up	 to	 five	 times	 basal	 levels,	 (c)	 an	 elevated	 SVR
because	of	peripheral	vasoconstriction,	 (d)	a	decrease	of	mixed	venous	oxygen
saturation	 because	 of	 increased	 oxygen	 extraction,	 (e)	 shivering	 or	 muscle
rigidity,	and	(f)	a	slightly	depressed	mental	status.	The	alveolar-arterial	oxygen
gradient	 and	 even	 the	 arteriovenous	oxygen	difference75	may	be	 in	 the	 normal
range.116	Therefore,	deviations	from	this	pattern	during	the	perioperative	period
and	 subsequent	 morbidity	 must	 reflect	 the	 additive	 effects	 of	 surgery	 and
anesthesia	on	metabolism.

For	critically	 ill	postoperative	patients	with	cardiac	depression,	one	must	be
concerned	about	the	potential	effects	of	mild	hypothermia	because	an	increase	of
oxygen	 consumption	 could	 lead	 to	 acidosis	 and	hypoxemia.	Although	 acidosis
results	from	an	increase	in	anaerobic	metabolism	as	metabolic	demand	outstrips
oxygen	delivery,	minute	ventilation	is	usually	maintained	to	the	degree	necessary
to	preserve	acid-base	balance.155	Hypoxemia	may	result	from	the	combination	of
increased	 pulmonary	 parenchymal	 shunt	 (venous	 admixture)	 after	 surgery	 and
lower	mixed	venous	PO2.	In	one	study,	shivering	appeared	to	be	accompanied	by
a	drop	 in	PaO2;	 arterial	oxygen	saturation	 fell	below	90%	 in	53%	of	 shivering
patients	 and	 remained	 above	 90%	 in	 all	 nonshivering	 patients.155	 Decreased
temperature	 and	 shivering	 can	 elevate	 oxygen	 consumption	 and,	 for	 some
patients,	 lower	PaO2.147,156	 Increased	perioperative	cardiac	 ischemia,	ventricular
tachycardia,157	 delayed	 wound	 healing,101	 perioperative	 bleeding	 requiring
transfusion,102,158	 increased	 length	 of	 stay	 in	 recovery,	 and	 increased	 length	 of



stay	 in	 hospital101	 may	 occur	 with	 perioperative	 hypothermia.	 Patients	 with
prolonged	 postoperative	 hypothermia	 have	 a	 higher	 mortality	 than	 those	 who
return	to	normal	temperatures	in	the	first	postoperative	hour.159

Prevention	and	Treatment
Numerous	 interventions	 have	 been	 attempted	 to	 minimize	 perioperative
temperature	decrease	and	shivering.	The	use	of	postoperative	warming	blankets
alone	 does	 not	 prevent	 significant	 temperature	 loss	 because	 the	 body	 surface
area	 exposed	 to	 heat	 is	 small.22,150,160	 The	 use	 of	warming	 blankets	 along	with
heating	of	all	infused	liquids	can	maintain	average	temperature	on	arrival	in	the
recovery	room	above	36	°C.160	Heating	and	humidifying	the	carbon	dioxide	used
for	 laparoscopic	 insufflation	 to	 30.0	 °C	 to	 30.5	 °C	 decrease	 the	 heat	 loss
associated	with	laparoscopic	procedures.161	Crystalloids	can	be	easily	warmed	in
a	microwave	oven	to	39	°C	in	2	minutes.162	The	inhalation	of	heated,	humidified
air	 can	 be	 safely	 applied	 to	 most	 intubated	 patients	 and	 is	 effective	 for
preventing	 temperature	 loss156	and	shivering.156	Most	 publications	 clearly	 favor
the	use	of	preoperative,	intraoperative,	and	postoperative	forced	air	warmers.163-
165	 One	 hour	 of	 prewarming	 with	 an	 air	 warmer	 set	 to	 43	 °C	 may	 minimize
redistribution	 loss	 and	decrease	hypothermia	 for	brief	procedures.	Vasodilators
such	as	nitroprusside	or	nifedipine	may	be	started	hours	preoperatively,	resulting
in	peripheral	vasodilation	and	minimizing	redistribution	loss	by	prewarming	the
peripheral	 tissues.	Cutaneous	 rewarming	minimizes	shivering.	Meperidine	may
lower	 the	 shivering	 threshold	 and	 control	 pain	 in	 postoperative	 patients.
Prewarming	is	felt	to	be	the	most	effective	strategy	for	high-risk	patients.153

In	 summary,	 the	 prevention	 of	 the	 development	 of	 hypothermia	 includes
minimizing	preoperative	and	postoperative	 time	 in	 chilled	 rooms,	 covering	 the
patient	with	drapes	or	blankets	whenever	possible,	and	infusing	all	solutions	at
least	at	 room	temperature.	High-risk	patients	 including	those	undergoing	major
abdominal	or	cardiothoracic	surgery,	surgery	involving	intentional	hypothermia,
or	 surgery	 with	 anesthesia	 times	 in	 excess	 of	 4	 hours;	 patients	 older	 than
60	 years	 undergoing	 surgery;	 or	 those	 with	 known	 or	 expected	 cardiac
depression	should	receive	preventive	measures,	including	preoperative166,167	and
intraoperative164,168	forced	warm	air,	heating	of	infused	solutions	to	37.5	°C,	and
inhalation	of	heated	humidified	oxygen.	For	patients	undergoing	extracorporeal
bypass,	 a	 heat	 exchanger	 should	 be	 added	 to	 the	 bypass	 circuit.169	 Blood	 and
colloid	solutions	should	be	heated	to	37.5	°C.170



INTENTIONAL	HYPOTHERMIA
5 	 Intentional	hypothermia	has	been	 induced	by	partial	 immersion	or	surface	or
central	 cooling	 techniques	 to	 treat	 cancer,	 limit	 the	 toxicity	 of	 sepsis,	 help
prevent	the	alopecia	of	chemotherapy,	reduce	carbon	dioxide	production	during
refractory	status	asthmaticus,	assist	with	the	amputation	of	limbs,	and	minimize
the	 hypoperfusion	 injury	 associated	 with	 cardiothoracic	 surgery.	 Mild-to-
moderate	 hypothermia	 (32	 °C-36	 °C)	 was	 the	 first	 treatment	 with	 proven
efficacy	 for	 postischemic	 neurological	 injury,	 and	 employing	 intentional
hypothermia	to	retard	post–cardiac	arrest	brain	injury.171,172	A	list	of	randomized
controlled	trials	and	observational	studies	are	presented	in	Chapter	195,	as	well
as	 the	 most	 current	 international	 consensus	 treatment	 recommendations	 for
temperature	control	after	cardiac	arrest.

Therapeutic	Hypothermia	After	Cardiac	Arrest
For	a	detailed	and	comprehensive	discussion	on	this	topic,	readers	are	referred	to
Chapter	195,	Management	of	the	Cardiac	Arrest	Survivor.

For	Acute	Myocardial	Infarction
Timely	myocardial	reperfusion	using	thrombolytic	therapy	or	angioplasty	is	the
most	 effective	 therapy	 for	 patients	 with	 ST-elevation	 myocardial	 infarction
(STEMI).	 Although	mild	 hypothermia	 appears	 feasible	 and	 safe,	 its	 ability	 to
limit	infarct	size	or	reduce	rates	of	adverse	cardiac	events	has	not	been	proven.

For	Spinal	Cord	Injury
Hypothermia	strategies	date	back	to	the	1960s	for	the	treatment	of	acute	spinal
cord	injury,	but	no	randomized	phase	III	 trials	have	been	conducted	to	confirm
efficacy	and	safety,	 let	alone	 the	appropriate	 therapeutic	window.	Hypothermia
remains	an	experimental	treatment	with	unknown	clinical	relevance	for	patients
with	acute	spinal	cord	injury.

For	Ischemic	and	Hemorrhagic	Stroke
Hypothermia	 reduces	 brain	 edema	 and	 intracranial	 pressure	 (ICP)	 in	 patients
with	 traumatic	 brain	 injury;	 however,	 only	 very	 few	 small	 pilot	 studies	 have



investigated	 the	 role	hypothermia	may	have	 in	 the	 treatment	of	acute	 ischemic
stroke.	There	are	no	controlled	trials	performed	for	hypothermia	in	hemorrhagic
stroke.	The	use	of	normothermia	protocols	is	being	actively	studied.

For	Acute	Liver	Toxicity
Patients	with	rapidly	progressive	acute	liver	failure,	such	as	with	acetaminophen
overdose,	 are	 at	 high	 risk	 for	 developing	 cerebral	 edema,	 intracranial
hypertension,	 brainstem	 herniation,	 brain	 death	 or	 anoxic	 brain	 injury,	 and
permanent	 brain	 impairment.	 Techniques	 such	 as	 manipulating	 the	 body
position,	increasing	sedation,	and	increasing	osmolarity	through	medications	can
temporarily	control	 this	phenomenon.	However,	 these	 steps	often	postpone	but
do	not	 stop	 the	development	of	 brain	herniation	unless	 liver	 transplantation	or
spontaneous	liver	regeneration	follows	immediately.	Using	TH	has	been	shown
to	 effectively	 bridge	 patients	 to	 transplant	 by	 reducing	 cerebral	 edema	 and
intracranial	 hypertension	 by	 decreasing	 splanchnic	 ammonia	 production,
lowering	oxidative	metabolism	within	the	brain,	and	restoring	normal	regulation
of	 cerebral	 hemodynamics.	 However,	 hypothermia	 has	 not	 been	 adequately
studied	 for	 its	 safety,	 and	 concerns	 of	 increasing	 the	 risk	 of	 infection,	 cardiac
arrhythmias,	 and	 bleeding	may	 be	 accentuated.	Additional	 trials	 are	 needed	 to
determine	whether	hypothermia	protects	the	brain	and	improves	survival	without
causing	harm.

In	Multisystem	Trauma
Hypothermia	 may	 be	 helpful	 in	 attenuating	 the	 damage	 to	 tissues	 before
adequate	 blood	 volume	 resuscitation	 can	 be	 restored	 in	 traumatic	 blood	 loss.
Clinical	trials	to	determine	its	efficacy	are	needed.

Target	Temperature	Management
TTM	consists	of	3	phases:	an	initiation	phase,	which	should	be	started	as	soon	as
possible	 after	 ROSC	 and	 often	 begun	 in	 the	 emergency	 department;	 a
maintenance	 phase,	 which	 lasts	 for	 a	 minimum	 of	 24	 hours;	 and	 lastly,	 a
rewarming	phase.	In	general,	the	patient	is	intubated,	sedated	and	central	venous
or	 arterial	 access	 is	 warranted	 because	 multiple	 laboratory	 draws	 are	 needed
during	TTM	to	monitor	for	adverse	effects.



Initiation
First	one	selects	a	method	for	temperature	control,	then	sets	a	target	temperature
and	 then	 applies	 it	 as	 soon	 as	 possible.	 Selecting	 a	 method	 for	 temperature
control	 (ie,	 a	 cooling	 device)	 that	 has	 an	 automatic	 feedback	 mechanism	 to
actively	control	patient	temperature	is	necessary.	There	are	many	commercially
available	 devices	 and	 a	 clinician	 should	 be	 familiar	 with	 their	 institution’s
cooling	device	system.	Surface	method	devices	such	as	water	and/or	circulating
blankets	and	water	circulating	gel	coated	pads	or	 intravascular	method	such	as
vascular	cooling	catheters	may	be	used	or	the	use	of	rapid	infusion	of	cold	saline
and	ice	packs	are	alternatives	if	automated	cooling	devices	are	not	available.	It	is
unclear	 which	 cooling	 modality	 is	 the	 most	 effective,	 however,	 in	 general
surface	 cooling	 methods	 tend	 to	 achieve	 desired	 temperatures	 quickly	 and
effectively	since	many	patients	are	already	mildly	hypothermic	(35	°C-35.5	°C)
after	mixing	cooler	peripheral	blood	with	core	blood	during	resuscitation.

Target	Temperature	and	Timing
The	 goal	 for	 the	 first	 24	 hours	 of	 TTM	 is	 to	 cool	 and	 control	 the	 core	 body
temperature	as	detailed	in	Chapter	195.	TTM	is	started	within	minutes	to	hours
after	 ROSC.	 The	 earlier	 TTM	 is	 started,	 the	 greater	 the	 potential	 benefits.
Exceptions	to	early	timing	of	TTM	include	STEMI	and	intracranial	hemorrhage.
In	the	case	of	STEMI,	urgent	revascularization	takes	priority	and	TTM	is	started
once	revascularization	has	occurred.	Patients	with	intracranial	hemorrhage	may
need	immediate	neurosurgical	intervention	prior	to	the	initiation	of	TTM.

Maintenance	Phase
Maintenance	of	the	temperature	occurs	in	the	intensive	care	unit	and	is	a	phase
where	both	metabolic	and	hemodynamic	homeostases	are	maintained.	The	gold
standard	for	core	temperature	measurement	is	the	measurement	of	central	venous
temperature	 continuously;	 however	 less	 invasive	 options	 are	 typically	 used.
These	include	esophageal,	bladder,	and	rectal	temperature	probes.	Data	suggest
esophageal	temperature	monitoring	is	the	most	accurate	method	to	approximate
core	body	 temperature.	Bladder	monitoring	may	be	 inaccurate,	 as	urine	output
rates	 fluctuate	 post	 arrest.	 Rectal	 measurements	 may	 also	 be	 inaccurate,	 as	 a
rectal	temperature	may	lag	behind	the	core	temperature.	Axillary	and	tympanic
membrane	 measurement	 should	 not	 be	 used	 since	 they	 do	 not	 adequately
measure	core	 temperature.	The	patient	 is	 typically	 intubated	and	sedated	 in	 the



post	 cardiac	 arrest	 state.	 Sedation	medications	 commonly	 used	 are	 continuous
infusions	 of	 propofol	 (20	 μg/kg/min	 for	 maximal	 dose	 of	 50	 μg/kg/min)	 and
fentanyl	 (25	 μg/h-100	 μg/h).	 Alternately	 a	 propofol	 infusion	 with	 intermittent
fentanyl	boluses	can	be	given	if	shivering	suppression	can	be	achieved	alone	on
propofol	 infusion,	 or	 if	 the	 patient	 is	 hypotensive	 a	 continuous	 infusion	 of
midazolam	 [2-10	 mg/h]	 can	 also	 be	 considered.	 Avoiding	 benzodiazepines	 is
typically	 recommended	 for	 they	 have	 a	 longer	 half-life	 and	 interfere	 with
neurological	evaluation	post	cooling.	Sedation	 is	 typically	 titrated	according	 to
standard	 sedation	 scales	 and	 to	 suppress	 shivering.	 Monitoring	 for	 brain
perfusion	is	performed	by	keeping	mean	arterial	perfusion	pressure	at	65	mm	Hg
or	 more	 (cerebral	 perfusion	 pressure	 [CPP])	 given	 cerebral	 autoregulatory
failure,	keeping	a	normocarbic	state	with	volume-cycled	mechanical	ventilation
to	maintain	a	normal	pH	as	hypercarbia	may	worsen	cerebral	edema	maintaining
a	 perfusing	 rhythm,	 providing	 antibiotic	 prophylaxis	 if	 pulmonary	 infiltrates
present,	 keeping	 blood	 glucose	 less	 than	 160	 mg/dL,	 maintaining	 normal
electrolyte	levels	and	appropriate	medication	dosing	given	the	reduction	in	drug
metabolism	 and	 duration	 of	 action,	 providing	 skin	 care,	 and	 aggressively
avoiding	 treatment	of	 shivering	with	neuromuscular	blockade	are	all	 important
factors	in	the	care	of	this	patient.	The	duration	of	TTM	following	cardiac	arrest
typically	is	for	at	least	24	hours.	A	recent	clinical	trial	has	reported	that	36	or	72
hours	 of	 TTM	 did	 not	 result	 in	 significantly	 different	 percentages	 of	 patients
dying	or	having	severe	disability.173

Rewarming
After	24	hours	of	TH,	the	gradual	rewarming	phase	starts	and	is	associated	with
hemodynamic	instability	often	referred	to	as	the	postresuscitation	syndrome.	It	is
characterized	by	an	increase	in	inflammatory	cytokine	levels,	vasodilatation,	and
hypotension.	 The	 patient	 is	 also	 at	 increased	 risk	 for	 an	 elevation	 in	 the
intracerebral	pressure	(ICP)	and	a	decrease	in	the	CPP.	Gradual	rewarming	at	a
goal	rate	of	0.25	°C	to	0.5	°C	per	hour	until	the	patient	is	at	36.5	°C	or	37	°C	is
preferred	 to	 avoid	 large	 hemodynamic	 fluctuations.	 Supportive	 fluid	 boluses,
inotropes,	 and	 vasopressors	 may	 be	 necessary	 to	 maintain	 CPP,	 especially	 if
there	 are	 signs	 of	 elevated	 ICP.	 The	 use	 of	 neuromuscular	 blockade	 until	 the
temperature	 reaches	35	°C	 to	avoid	shivering	and	sedation	 is	weaned	once	 the
body	temperature	reaches	36	°C	is	recommended.

For	patients	who	have	undergone	TH	post	cardiac	arrest,	a	rebound	fever	can
occur	 and	 is	 harmful.	 Brain	 injury	 may	 be	 attenuated	 by	 fever	 control.
Maintaining	normothermia	for	at	least	48	to	72	hours	from	return	of	circulation



is	 thus	 common	 practice.	 This	 is	 easily	 achieved	 by	 employing	 commercial
cooling	devices	and	resetting	target	temperature	to	36.5	°C	to	37.5	°C.	Nursing
attention	to	onset	of	fever	spikes	and	frequent	adjustments	to	the	cooling	device
set	points	need	to	be	closely	observed.

Complications
A	number	 of	 adverse	 events	 have	 been	 associated	with	 TH	 such	 as	 shivering,
coagulopathy,	arrhythmias,	fluid	and	electrolyte	imbalances,	hyperglycemia,	and
infections.

Shivering	impedes	the	ability	to	achieve	target	temperature	and	thus	sedatives
are	often	used	 to	suppress	shivering	as	discussed	earlier.	Propofol	and	fentanyl
are	 the	 preferred	 agents,	 but	 for	 patients	 who	 are	 refractory	 to	 escalating
sedation,	dexmedetomidine,	neuromuscular	blocking	agents,	and	meperidine	are
additional	options.	Dexmedetomidine	can	suppress	shivering	but	has	side	effects
of	 hypotension	 and	 bradycardia	 which	 may	 limit	 its	 use.	 Neuromuscular	 like
agents	 are	 helpful	 but	 may	 mask	 seizure	 activity	 unless	 continuous	 EEG
monitoring	is	available.	Meperidine	can	be	used	but	is	a	proconvulsant	and	is	not
recommended.

Fluid	 and	 electrolyte	 imbalances	 occur	 due	 to	 a	 “cold	 diuresis.”	 Serum
potassium	 needs	 to	 be	 aggressively	 replaced	 when	 levels	 are	 less	 than	 3.8
mEq/dL	as	soon	as	TH	is	employed	and	the	levels	should	be	followed	every	3	to
4	 hours	 during	 the	 induction	 phase.	 Other	 electrolytes	 should	 similarly	 be
repleted	along	with	volume	replacement.

Increased	risk	of	infection	is	thought	to	be	due	to	impaired	leukocyte	function
at	lower	temperatures.	However	a	recent	large	trial	comparing	patients	cooled	to
33	 °C	 with	 patients	 maintained	 at	 36	 °C,	 suggest	 no	 significant	 difference.172
And	 the	 increased	 risk	 of	 infection	 does	 not	 appear	 to	 be	 associated	 with	 an
increased	mortality.	The	incidence	of	pneumonia	in	post–cardiac	arrest	patients
treated	 with	 hypothermia	 is	 30%	 to	 50%.	 The	 etiology	 may	 be	 related	 to
aspiration	 at	 the	 time	 of	 cardiac	 arrest	 or	 from	 the	 immunosuppressive	 effects
from	hypothermia.	Preliminary	data	support	therapeutic	antibiotics	for	presumed
pneumonia	with	de-escalation	based	on	culture	results.

Seizures	can	occur	among	19%	to	34%	of	cases	and	can	go	undetected	when
neuromuscular	blockade	is	prescribed.	Thus,	continuous	EEG	monitoring	of	the
paralyzed	 patient	may	 be	 necessary.	 If	 continuous	monitoring	 is	 not	 available,
then	 empirically	 using	 antiepileptic	 drugs	 with	 sedative	 effects	 to	 sedate	 the
patient	may	be	warranted.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	32-year-old	woman	is	brought	to	the	hospital	by	emergency	services
after	rescue	from	a	winter	hiking	trip.	Bystander	cardiopulmonary	resuscitation
(CPR)	was	begun	immediately.	She	was	intubated,	bag	ventilated	and	continued
to	receive	high	quality	CPR	on	route	to	the	emergency	department	(ED).	Upon
arrival,	she	remains	unresponsive,	rectal	temperature	is	27	°C	(82.4	°F),	and
oxygen	saturation	is	97%	on	mechanical	ventilation.	There	is	no	shivering	or
response	to	painful	stimuli.	The	heart	monitor	shows	ventricular	fibrillation.
What	is	the	most	appropriate	next	step	in	management?

A. 	Continue	CPR	and	prepare	for	defibrillation.
B. 	Continue	CPR	and	warm	with	heated	blankets
C. 	Continue	CPR	and	warm	with	lavage	fluids/extracorporeal	methods
D. 	Stop	resuscitation	efforts

2. 	A	72-year-old	man	is	admitted	to	the	intensive	care	unit	following	a	small
bowel	resection.	His	history	is	significant	for	coronary	artery	disease	and	COPD.
His	breathing	is	rapid	and	shallow	and	he	is	shivering.	When	measured,	his	core
body	temperature	is	34.2	°C	and	arterial	oxygen	saturation	is	89%.	Which	of	the
following	interventions	would	have	prevented	this	iatrogenic	hypothermia?

A. 	Administering	Intravenous	fluids	that	are	at	least	room	temperature
B. 	Administering	low	doses	of	systemic	vasodilators
C. 	Minimizing	time	in	surgical	room	prior	to	procedure
D. 	Prewarming	oxygen	and	fluids	before	surgery

3. 	A	55-year-old	obese	plumber	with	known	coronary	artery	disease	was
found	unresponsive	at	home	by	his	wife.	She	started	CPR	and	called	911.
Emergency	services	arrived	and	immediately,	intubated	him,	and	continued	high



quality	CPR.	On	arrival	to	the	emergency	department,	his	cardiac	monitor
showed	ventricular	tachycardia	which	was	defibrillated	and	after	two	rounds	of
CPR	there	was	return	of	spontaneous	circulation.	He	remained	unresponsive	and
so	was	started	on	immediate	targeted	temperature	management	(TTM)	with
transfer	to	the	intensive	care	unit.	Which	of	the	following	is	true	about	TTM?

A. 	Axillary	and	tympanic	membrane	temperature	measurements	should
not	be	used
B. 	Cooling	devices	should	be	adjusted	manually	and	not	by	automated
feedback
C. 	Optimal	duration	is	24	hours
D. 	Shivering	is	expected	and	should	not	be	treated	with	muscle
relaxants

Answers

1.	The	correct	answer	is	C.
Rationale:	 CPR	 should	 be	 continued	 with	 active	 internal	 core	 rewarming

(choice	C	is	correct,	and	choices	A	and	C	are	incorrect).	Conventional	treatment
of	ventricular	arrhythmias	and	asystole	is	often	ineffective	until	the	temperature
is	raised	to	greater	than	30.0	°C	(86	°F).	Because	severe	hypothermia	may	mimic
death,	 aggressive	 rewarming	 is	 appropriate	 for	 all	 patients	 in	 the	 absence	 of
obvious	 irreversible	 signs	of	death.	 It	has	been	said	 that	 “nobody	 is	dead	until
warm	 and	 dead”	 (choice	 D	 is	 incorrect).	 CPR	 should	 continue	 as	 one	 is
rewarming	the	patient	to	aid	in	distribution	of	blood	flow.

2.	The	correct	answer	is	D.
Rationale:	 Temperature	 declines	most	 dramatically	 during	 the	 first	 hour	 of

surgery,	 so	 even	 short	 surgeries	 are	 of	 concern.	 Even	 mild	 hypothermia	 may
have	many	adverse	consequences	leading	to	increased	blood	pressure,	heart	rate,
and	 secretion	 of	 plasma	 catecholamines,	 increasing	 myocardial	 morbidity
threefold.	 Hypothermia	 also	 decreases	 platelet	 function	 and	 activity	 of
coagulation	 factors	 which	 may	 increase	 blood	 loss.	 It	 also	 directly	 impairs
immune	 function	 increasing	 the	 risk	 for	 postoperative	 wound	 infections.
Prewarming	 patients	 for	 one	 hour	 before	 surgery,	 warming	 IV	 fluids,	 placing
warmed	cotton	blankets	on	 the	patient,	 and	humidifying	and	warming	 inspired
gases	 are	 important	 elements	 of	 preventive	medical	 care	 (choice	D	 is	 correct,
and	choice	A	is	incorrect).	Minimizing	the	time	in	the	operative	suite	before	the



procedure	can	be	helpful	but	is	not	as	effective	as	prewarming	oxygen	and	fluids
(choice	C	is	not	the	best	answer).	Adding	a	vasodilator	would	worsen	heat	loss,
increasing	the	risk	for	hypothermia	(choice	B	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	 Monitoring	 core	 temperature	 (which	 closely	 approximates	 brain

temperature)	 is	 the	 goal,	 and	 so	 axillary	 or	 tympanic	 thermometers	 would	 be
inappropriate	(choice	A	is	correct).	The	gold	standard	for	core	temperature	is	the
measurement	of	central	venous	temperature;	however	other	less	invasive	options
are	typically	used	such	as	esophageal,	bladder,	and	rectal	probes.	Data	indicate
that	 esophageal	 temperature	 monitoring	 may	 be	 the	 most	 accurate	 method	 of
approximating	 core	 body	 temperature.	 Cooling	 devices	 need	 to	 have	 an
automated	 feedback	 mechanism	 to	 control	 the	 temperature	 (choice	 B	 is
incorrect).	 It	 is	 recommended	 to	 start	 TTM	 as	 soon	 as	 possible	 after	 cardiac
arrest.	 The	 optimal	 duration	 of	 TTM	 is	 uncertain	 (choice	 C	 is	 incorrect).
Shivering	is	a	natural	response	to	cooling	that	raises	the	core	body	temperature
and	interferes	with	desired	cooling.	Treating	shivering	is	therefore	an	important
part	 of	TTM	and	may	 include	muscle	 relaxants	 once	 the	 patient	 is	 adequately
sedated	(choice	D	is	incorrect).
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Disorders	of	Temperature	Control,	Part	II:
Hyperthermia
Marcia	Kathryn	Steiner,	Hannah	Murphy,	Richard	S.	Irwin

KEY	POINTS:
1.	 The	four	major	hyperthermic	conditions	are	heat	stroke,	malignant

hyperthermia,	neuroleptic	malignant	syndrome,	and	drug-induced
hyperthermia,	all	characterized	by	an	inability	to	dissipate	a
generated	heat	load.

2.	 Hyperthermia	causes	widespread	cellular	damage	caused	by
thermal	toxicity,	most	commonly	causing	damage	to	muscle	tissues,
dysfunction	of	the	nervous	system,	metabolic	acidosis,	and	damage
to	the	renal	and	gastrointestinal	systems.

3.	 The	primary	method	of	cooling	patients	to	reduce	hyperthermic
complications	involves	direct	evaporative	and	convective	cooling	to
reduce	core	body	temperatures.

4.	 Hyperthermic	conditions	brought	on	by	increased	muscle	contraction
are	most	commonly	treated	by	removing	the	agent	causing
contraction	when	possible	and	administering	muscle	relaxants	to
decrease	contraction	and	the	heat	generated.

INTRODUCTION
1 	This	chapter	reviews	the	pathobiology,	pathophysiology,	diagnosis,	differential
diagnosis,	 and	 treatment	 of	 four	 major	 hyperthermic	 syndromes—heat	 stroke
(HS),	 malignant	 hyperthermia	 (MH),	 neuroleptic	malignant	 syndrome	 (NMS),
and	drug-induced	hyperthermia	(DIH).

HEAT	STROKE
Heat	stroke	is	defined	as	a	core	body	temperature	usually	 in	excess	of	40.5	°C



(105	 °F)	 characterized	 by	 central	 nervous	 system	 (CNS)	 dysfunction	 in	 the
setting	of	a	large	environmental	heat	load	that	cannot	be	dissipated.1,2

Causes	and	Pathogenesis
1 	There	are	two	types	of	heat	stroke:	exertional	and	nonexertional	(classic,	heat
stroke).	Exertional	heat	stroke	is	seen	in	younger	individuals,	otherwise	healthy,
exercising	 at	 higher	 than	 normal	 ambient	 temperatures	 and	 humidity.	 Typical
patients	 are	 athletes	 and	 military	 recruits	 in	 basic	 training.	 Thermoregulatory
mechanisms	 are	 intact,	 but	 overwhelmed	 by	 the	 thermal	 challenge	 of	 the
environment	and	the	increase	in	endogenous	heat	production.	Nonexertional	heat
stroke	 affects	 individuals	 with	 a	 physiological	 or	 anatomic	 predisposition	 or
underlying	 comorbidity	 that	 impair	 thermoregulation,	 prevent	 removal	 from	 a
hot	environment,	or	interfere	with	access	to	hydration	or	attempts	at	cooling.	For
example,	 conditions	 such	 as	 cardiovascular,	 neurological	 or	 psychiatric
disorders,	obesity,	anhidrosis,	physical	disability,	extremes	of	age,	and	the	use	of
recreational	drugs	(eg,	alcohol	or	cocaine)	and	certain	prescription	medications
(eg,	β	blockers,	diuretics,	or	anticholinergic	agents).1	The	causes	of	heat	stroke
fall	 into	 two	 categories	 (Table	 185.1):	 increased	 heat	 production	 and	 impaired
heat	loss.

TABLE	185.1

Causes	of	Heat	Stroke

Exercise

Fever

Thyrotoxicosis

Amphetamines

Hallucinogens

Impaired	heat	loss

High	ambient	temperature	or	humidity

Ineffective	voluntary	control



Lack	of	acclimatization

Dehydration

Cardiovascular	disease

Hypokalemia

Anticholinergics

Phenothiazines

Butyrophenones

Thiothixenes

Barbiturates

Anti-Parkinson	agents

Diuretics

β-Blockers

Alcohol

Debilitating	conditions

Skin	diseases

Cystic	fibrosis

Central	nervous	system	lesions

Older	age

Pathophysiology
2 	 The	 primary	 injury	 of	 heat	 stroke	 is	 caused	 by	 direct	 cellular	 toxicity	 of
temperatures	 above	 42	 °C,	 the	 critical	 thermal	 maximum.2	 Cell	 function
deteriorates	owing	to	cessation	of	mitochondrial	activity,	alterations	in	chemical
bonds	involved	in	enzymatic	reactions,	and	cell	membrane	instability.	This	toxic
effect	 may	 account	 for	 the	 widespread	 organ	 damage	 seen	 in	 all	 three	 of	 the
major	hyperthermic	syndromes.3

Heat	stress	activates	numerous	cytokines	that	modulate	the	body’s	response	to



increased	temperature.4	For	most	cases,	the	inflammatory	response	of	heat	stroke
parallels	 that	 seen	 for	 heat	 stress	 from	 exertion.	 Tumor	 necrosis	 factor	 α,
interleukin	(IL)	1β,	IL-2,	IL-6,	IL-8,	IL-10,	IL-12,	and	interferon	γ	are	typically
increased	 with	 heat	 stroke.	 IL-6	 is	 activated	 in	 the	 muscles	 and	 modulates
inflammatory	response	by	controlling	cytokine	levels	and	hepatic	production	of
acute	 phase	 proteins.	Endotoxemia	 from	bacterial	 translocation	of	 an	 ischemic
gut	 further	exacerbates	 the	 inflammatory	 response.	Endothelial	 injury	activates
the	 coagulation	 cascade,	 promoting	 a	 prothrombotic	 state.	Heat	 shock	proteins
are	transcribed	in	response	to	heat	stress	and	act	on	the	brain	to	induce	tolerance
to	heat	stress.5

Dehydration,	 metabolic	 acidosis,	 and	 local	 hypoxia	 alter	 the
pathophysiological	 consequences	 and	 clinical	 presentation	 of	 each	 of	 the
hyperthermic	 syndromes.	 For	 example,	 classic	 heat	 stroke	 may	 occur	 with
relatively	little	metabolic	acidosis	because	no	exertion	was	involved	in	its	onset;
however,	it	may	be	associated	with	more	pronounced	dehydration	caused	by	the
gradual	 temperature	 rise	 and	 prolonged	 sweating.	 Exertional	 heat	 stroke,
alternatively,	may	be	accompanied	by	a	severe	metabolic	acidosis	and	hypoxia
caused	 by	 muscular	 exercise.	 It	 is	 typically	 associated	 with	 a	 more	 normal
volume	status	because	the	onset	of	temperature	elevation	is	abrupt.

Muscle	Effects
Muscle	degeneration	and	necrosis	occur	as	a	direct	result	of	high	temperatures.
Muscle	 damage	 is	 more	 severe	 with	 exertional	 heat	 stroke	 owing	 to	 local
increases	 of	 heat,	 hypoxia,	 and	 metabolic	 acidosis	 associated	 with	 exertion.
Significant	muscle	enzyme	elevation	and	severe	 rhabdomyolysis	are	extremely
common	 among	 exertional	 heat	 stroke	 victims6-8	 but	 rare	 with	 classic	 heat
stroke.9

Cardiac	Effects
Cardiac	 output	 is	 increased10	 owing	 to	 increased	 demands	 and	 low	 peripheral
vascular	 resistance	 secondary	 to	 vasodilation	 and	 dehydration.	 Dehydration
frequently	 results	 from	sweat	 rates	 that	may	easily	 reach	1.5	 to	2.0	L/h	during
episodes	 of	 heat	 stroke.11	 Central	 venous	 pressure	 is	 initially	 elevated.12
Hypotension	occurs	commonly	as	a	result	of	high-output	failure	or	temperature-
induced	 myocardial	 hemorrhage	 and	 necrosis	 with	 subsequent	 cardiac
depression	 and	 failure.6,13,14	 Tachyarrhythmias	 are	 frequent.	 Postmortem
specimens	 show	 focal	 myocytolysis,	 myocyte	 necrosis,	 and	 hemorrhage	 in



subepicardial,	intramuscular,	subendocardial,	or	intravalvular	tissues.15

Central	Nervous	System	Effects
Direct	 thermal	 toxicity	 to	 brain	 and	 spinal	 cord	 rapidly	 produces	 cell	 death,
cerebral	 edema,	 and	 local	 hemorrhage.	 These	may	 lead	 to	 profound	 stupor	 or
coma,	 almost	 universal	 features	 of	 all	 hyperthermic	 syndromes.	 Seizures
secondary	to	edema	and	hemorrhage	are	not	uncommon.	Because	Purkinje	cells
of	 the	 cerebellum	 are	 particularly	 sensitive	 to	 the	 toxic	 effects	 of	 high
temperatures,	 ataxia,	 dysmetria,	 and	 dysarthria	 may	 be	 seen	 acutely	 and	 in
survivors	of	hyperthermia.16	Progressive	cerebellar	atrophy	has	been	documented
by	 computed	 tomography	 (CT)	 and	 magnetic	 resonance	 imaging	 (MRI).17
Lumbar	puncture	from	those	with	classic	and	exertional	heat	stroke	may	reveal
increased	protein	levels,	xanthochromia,	and	a	slight	lymphocytic	pleocytosis.6,18
Survivors	 of	 severe	 heat	 stroke	 may	 show	 premature	 cataract	 formation,
considered	 to	 be	 secondary	 to	 dehydration.19	 Up	 to	 33%	 of	 survivors	 of	 heat
stroke	have	at	 least	moderate	neurological	 impairment	after	discharge	from	the
hospital.20

Renal	Effects
Renal	 damage	 occurs	 in	 nearly	 all	 hyperthermia	 patients.	 It	 is	 potentiated	 by
dehydration,	cardiovascular	collapse,	and	rhabdomyolysis.	In	classic	heat	stroke,
acute	 renal	 failure	 occurs	 on	 average	 in	 5%	 of	 patients	 as	 a	 result	 of
dehydration.13	Acute	renal	failure	occurs	in	up	to	35%	of	exertional	heat	stroke
cases.13,14	Dehydration,	pigment	load,	hypoperfusion,	and	urate	nephropathy	are
thought	 to	 contribute	 to	 a	 clinical	 picture	 of	 acute	 tubular	 necrosis.14	 Other
features	 include	 low	 serum	 osmolarity,	 moderate	 proteinuria,	 active	 sediment,
and	 characteristic	 machine-oil	 appearance	 of	 the	 urine.	 In	 one	 series,	 the
incidence	of	acute	tubular	necrosis	increased	with	survival	time.15	Hypocalcemia
and	creatinine	phosphokinase	values	above	10,000	U/L	increase	the	risk	of	acute
renal	 failure.21	 Respiratory	 alkalosis	 is	 common	 for	 mild	 hyperthermia,	 with
metabolic	acidosis	predominating	at	temperatures	greater	than	41	°C.5

Gastrointestinal	Tract	Effects
The	 combination	 of	 direct	 thermotoxicity	 and	 relative	 hypoperfusion	 of	 the
intestines	during	hyperthermia	 leads	 to	 ischemic	 intestinal	ulcerations	 that	may
result	 in	 frank	 bleeding.13	Hepatic	 necrosis	 and	 cholestasis	 occurs	 2	 to	 3	 days



after	hyperthermic	insult,	and	5%	to	10%	of	the	cases	result	in	death.16

Hematological	Effects
White	 blood	 cell	 counts	 are	 elevated	 owing	 to	 catecholamine	 release	 and
hemoconcentration.	Anemia	and	a	bleeding	diathesis11	are	present	owing	 to	 (1)
direct	 compromise	 of	 platelets	 and	 bleeding	 factor	 functions	 by	 heat,	 (2)	 a
decrease	 in	 coagulation	 factor	 synthesis	 from	 liver	 failure,	 (3)	 a	 decrease	 in
platelet	 and	 megakaryocyte	 counts,	 (4)	 platelet	 aggregation,22	 and	 (5)
disseminated	 intravascular	 coagulation	 (DIC).	 Megakaryocyte	 counts	 are
reduced	 in	 up	 to	 50%	 of	 specimens,	 and	 surviving	 megakaryocytes	 are
morphologically	 abnormal.15	 DIC	 is	 present	 among	 most	 cases	 of	 fatal
hyperthermia,15,23	most	frequently	appearing	on	days	2	and	3	after	hyperthermic
insult.	 It	 is	 considered	 to	 be	 caused	 by	 activation	 of	 the	 clotting	 cascade	 by
vascular	 endothelial	 damage	 and	 generalized	 cell	 necrosis.24	 Among	 cases	 of
DIC,	 cardiac,	 CNS,	 pulmonary,	 gastrointestinal	 (GI)	 tract,	 and	 renal
complications	are	more	frequent	and	severe.	An	increase	in	blood	viscosity	up	to
24%	has	been	postulated	to	facilitate	thromboses.25

Endocrine	Effects
Hypoglycemia	may	occur	among	severe	exertional	heat	stroke	victims	caused	by
metabolic	 exhaustion.8	 Among	milder	 heat	 stroke	 patients,	 hyperglycemia	 and
elevations	 of	 serum	 cortisol	 have	 been	 reported.26	 Although	 at	 autopsies	 the
adrenal	 glands	 frequently	 show	pericortical	 hemorrhages,	 survivors	 show	 little
evidence	 of	 adrenal	 dysfunction.3,14	 Growth	 hormone	 and	 aldosterone	 levels
actually	increase	abruptly	during	severe,	acute	heat	exposure	and	are	thought	to
act	to	preserve	volume.

Electrolyte	Effects
Hyperthermia	 produces	 frequent	 imbalances	 in	 potassium,	 sodium,	 phosphate,
and	calcium	levels.11,27	Among	heat	stroke	victims,	sweating	involves	the	active
excretion	of	potassium	from	the	body,	producing	normal	to	low	serum	potassium
levels	 and	 decreased	 total	 body	 potassium	 concentrations.	 Among	 cases	 of
exertional	 heat	 stroke	 with	 severe	 cellular	 injury,	 potassium	 levels	 may	 be
extremely	 elevated	 because	 of	 cell	 lysis.	 Although	 mild	 hypophosphatemia
occurs	 frequently	as	 a	 result	of	 intracellular	 trapping	and	parathyroid	hormone
resistance,	phosphate	levels	may	decrease	to	less	than	1	mg	per	100	mL	in	cases



of	 hyperthermia	 with	 severe	 rhabdomyolysis.27	 Calcium	 values	 may	 fall	 2	 to
3	days	after	cellular	 injury	owing	to	intracellular	precipitation.	Among	patients
with	severe	 tissue	 injury,	 rebound	hypercalcemia	may	occur	2	 to	3	weeks	after
hyperthermia	as	a	result	of	parathyroid	hormone	activation.27

Pulmonary	Effects
Direct	 thermal	 injury	 to	 the	 pulmonary	 vascular	 endothelium	may	 lead	 to	 cor
pulmonale	or	acute	respiratory	distress	syndrome.	This	and	the	tendency	toward
myocardial	 dysfunction	 make	 pulmonary	 edema	 common.	 Increased	 oxygen
demands	 and	 acidosis	 frequently	 produce	 a	 respiratory	 alkalosis.	 Metabolic
acidosis	is,	however,	the	most	common	acid-base	disorder.12,28-31

Diagnosis
The	 diagnosis	 of	 classic	 heat	 stroke	 is	 made	 clinically	 based	 on	 an	 elevated
rectal	temperature	above	40.5	°C	(>105	°F),	CNS	dysfunction,	and	exposure	to
severe	environmental	heat.

Heat	stroke	should	be	expected	for	any	patient	exercising	in	hot	weather	or	in
susceptible	individuals	during	heat	waves	(see	Table	185.1).	Coma	or	profound
stupor	 is	 nearly	 always	 present,	 but	 other	 traditional	 criteria	 of	 anhidrosis	 and
core	 temperature	 above	 41	 °C	 may	 be	 absent.	 Although	 anhidrosis	 occurs	 in
84%	of	elderly	patients	with	classic	heat	stroke,18	profuse	sweating	 is	 typically
present	 in	 exertional	 heat	 stroke.16	 Thus,	 the	 presence	 of	 anhidrosis	 is	 helpful,
but	 its	 absence	 is	not.	Likewise,	by	 the	 time	 the	patient	 receives	medical	care,
the	 temperature	 may	 have	 fallen	 significantly	 owing	 to	 cessation	 of	 exertion,
removal	 from	 a	 hot	 environment,	 or	 cooling	 measures	 undertaken	 during
transport.	Most	patients	do	have	a	 temperature	 above	40.5	 °C,	however.	Other
examination	 findings	 include	 vital	 sign	 abnormalities	 (eg,	 tachycardia,
tachypnea,	 and	 hypotension),	 flushing,	 pulmonary	 crackles,	 oliguria,	 and
neurological	abnormalities.

Risk	Factors	for	Mortality
Patients	who	 present	 to	 the	 hospital	with	 heat	 stoke	 have	 high	mortality,	with
rates	 ranging	 from	 21%	 to	 63%.32	 Mortality	 correlates	 with	 the	 degree	 of
temperature	elevation,	time	to	initiation	of	cooling	measures,	and	the	number	of
organ	systems	affected.33	According	to	one	prospective	cohort	study,	the	risk	of
death	 increases	 for	 patients	 who	 present	 with	 anuria,	 coma,	 or	 cardiovascular



failure.34	 Those	 patients	who	 take	 antihypertensives,	 lack	 air	 conditioning,	 are
socially	 isolated,	 or	 are	 unable	 to	 take	 care	 of	 themselves	 are	 also	 at	 high
risk.2,3,18

Diagnostic	Evaluation
Serial	 rectal	or	esophageal	 temperatures	 (accurate	at	high	 temperatures)	should
be	obtained	 for	 all	 patients	with	heat	 stroke	 to	 assess	 and	monitor	 response	 to
cooling.	A	chest	radiograph	may	show	pulmonary	edema.	The	electrocardiogram
may	show	dysrhythmias,	conduction	disturbances,	nonspecific	ST-T	changes,	or
heat-related	myocardial	ischemia	or	infarction.35,36	Laboratory	studies	may	reveal
coagulopathy,	 acute	 kidney	 injury,	 acute	 hepatic	 necrosis,	 elevated	 troponins,
lactic	 acid	 and	 a	 leukocytosis	 as	 high	 as	 40,000/µL3.4	 Arterial	 blood	 gas	may
reveal	metabolic	acidosis	and	respiratory	alkalosis.	Serum	creatinine	kinase	and
urine	 myoglobin	 help	 detect	 rhabdomyolysis	 and	 its	 complications	 (eg,
hypocalcemia,	 hyperphosphatemia,	 elevated	 BUN	 and	 creatinine).	 Toxicology
screening,	 a	 head	 CT,	 and	 analysis	 of	 the	 cerebrospinal	 fluid	 (CSF)	 may	 be
helpful	when	altered	mental	status	is	present.

Differential	Diagnosis
The	differential	diagnosis	of	severe	hyperthermia	includes	infectious,	endocrine,
CNS,	 toxic,	 and	 oncologic	 causes.37	Table	 185.2	 lists	 the	 common	 causes	 of
hyperthermia.	 Classic	 heat	 stroke	 (HS)	 is	 often	 distinguished	 from	 other
conditions	 by	 history	 and	 examination.	 However,	 the	 clinical	 picture	 can	 be
unclear.	 No	 single	 diagnostic	 test	 definitively	 confirms	 or	 excludes	 HS,	 and
laboratory	abnormalities	may	overlap	in	patients	with	HS	and	with	hyperthermia
owing	to	other	causes.	For	example,	patients	with	HS	will	meet	the	criteria	for
systemic	inflammatory	response	syndrome.	In	such	circumstances,	it	 is	prudent
to	 initiate	 cooling	 measures	 while	 other	 diagnoses	 are	 evaluated.	 Rapid
improvement	with	active	cooling	suggests	that	heat	stroke	is	the	main	diagnosis
but	 not	 always.	 The	 most	 important	 causes	 of	 severe	 hyperthermia	 owing	 to
failure	of	thermoregulation	are	HS,	NMS,	and	MH.

TABLE	185.2

Differential	Diagnosis	of	Hyperthermia



Hyperthermic	syndromes

Exertional	heat	stroke

Nonexertional	heat	stroke

Malignant	hyperthermia

Neuroleptic	malignant	syndrome

Drug-induced	hyperthermia/serotonin	syndrome

Infection

Meningitis

Encephalitis

Sepsis

Brain	abscess

Tetanus

Typhoid	fever

Malaria

Endocrinopathy

Thyroid	storm

Pheochromocytoma

Diabetic	ketoacidosis

Central	nervous	system

Hypothalamic	stroke

Cerebral	hemorrhage

Status	epilepticus

Acute	hydrocephalus

Oncologic



Lymphoma

Leukemia

Treatment
The	 management	 of	 HS	 requires	 adequate	 airway	 protection,	 breathing	 and
circulation,	rapid	cooling,	and	treatment	of	complications.

Cooling	Measures	to	Decrease	Thermogenesis
3 	 Evaporative	 and	 convective	 cooling	 is	 used	 because	 it	 is	 effective,
noninvasive,	 easily	 done,	 and	 allows	 for	 other	 medical	 care	 to	 occur.	 It	 is
associated	 with	 decreased	 morbidity	 and	 mortality	 among	 the	 elderly.38	 Some
cooling	may	be	achieved	 in	 the	 field	by	moving	 the	victim	 to	a	 shaded	cooler
area,	 removing	 the	 clothes,	 constantly	 wetting	 the	 skin,	 and	 fanning	 or
transporting	 in	an	open	vehicle	 to	create	a	breeze.	Once	 the	victim	reaches	 the
hospital,	 cooling	 and	 subsequent	 supportive	 care	 are	 best	 provided	 in	 an
intensive	care	setting.

With	 evaporative	 cooling,	 the	 naked	 patient	 is	 placed	 in	 a	 cool	 room	 and
sprayed	with	a	mist	of	lukewarm	water	while	fans	are	used	to	blow	air	over	the
moist	 skin.	 Special	 beds	 called	 body	 cooling	 units	 have	 been	 made	 for	 this
purpose.39	 In	 rare	 instances	 when	 evaporative	 and	 convective	 methods	 fail	 to
reduce	the	temperature,	peritoneal	lavage	with	iced	saline	cooled	to	20	or	9	°C,
gastric	 lavage,	 hemodialysis,	 or	 cardiopulmonary	 bypass	with	 external	 cooling
of	the	blood	may	be	necessary	to	reduce	the	temperature.	Temperature	should	be
continuously	monitored	and	cooling	 stopped	as	 it	 approaches	39	 °C.	Agitation
from	an	altered	mental	state	or	shivering	induced	by	evaporative	and	convective
cooling	 or	 other	 treatments	 may	 generate	 heat	 and	 be	 suppressed	 with	 short-
acting	intravenous	(IV)	benzodiazepines.	Other	options	include	propofol,	opioids
such	as	fentanyl,	and,	for	refractory	cases,	neuromuscular	blocking	agents.40

Pharmacological	Therapy
There	is	no	role	for	antipyretic	agents	such	as	acetaminophen	or	aspirin	because
the	 underlying	mechanism	 does	 not	 involve	 a	 change	 in	 the	 hypothalamic	 set
point	and	they	may	worsen	hepatic	injury	or	DIC.	Dantrolene	is	 ineffective	for
patients	 with	 HS	 not	 caused	 by	 MH.41	 Empiric	 administration	 of	 initial
antibiotics,	 following	 collection	 of	 cultures,	 is	 prudent	 while	 the	 cause	 of



hyperthermia	is	being	assessed.

Complications

Cardiovascular	Dysfunction
Arrhythmias,	 metabolic	 acidosis,	 and	 cardiogenic	 failure	 complicate	 the	 early
management	of	hyperthermic	crises.	Supraventricular	 tachyarrhythmias	usually
require	no	treatment	because	they	respond	to	restoration	of	normal	temperature
and	 metabolism.	 Digitalis	 should	 be	 avoided	 owing	 to	 the	 likelihood	 of
hyperkalemia.

Hypotension	 should	 be	 treated	 initially	 with	 normal	 saline	 and,	 when
necessary,	 isoproterenol.	 Dopaminergic	 and	 α-agonists	 should	 be	 avoided
because	 they	 produce	 peripheral	 vasoconstriction.	 Volume	 expansion	 with
dextran	 is	contraindicated	owing	 to	 its	anticoagulating	effect.	Heodynamic	and
arterial	catheter	monitoring	may	be	helpful	for	the	management	of	hypotension
because	 patients	 frequently	 have	 low	 peripheral	 resistance,	 dehydration,	 and
impaired	 cardiac	 function	 and	 are	 at	 a	 high	 risk	 of	 congestive	 heart	 and	 renal
failure.	 Because	 64%	 of	 patients	 may	 have	 a	 normal	 central	 venous	 pressure
before	 resuscitation,	 volume	 expansion	 in	 most	 cases	 should	 be	 guided	 by
intravascular	pressure	monitoring.42

Respiratory	Dysfunction
Patients	 can	 develop	 aspiration,	 bronchospasm,	 noncardiogenic	 pulmonary
edema,	acute	respiratory	distress	syndrome,	pneumonitis,	pulmonary	infarction,
and	 pulmonary	 hemorrhage.	Tracheal	 intubation	 is	 often	 needed	 to	 protect	 the
airway	and	manage	the	increased	metabolic	demands.	In	a	small	study,	86%	of
patients	developed	respiratory	failure	requiring	intubation.43

Neurological	Injury
Seizures	 are	 common	 in	 heat	 stroke.	 Initial	 therapy	 is	 with	 short-acting
benzodiazepines	in	incremental	doses	while	cooling	occurs.	Barbiturates	should
be	avoided.

Cerebral	 edema	 is	 common	 following	 HS.	 A	 variety	 of	 cerebrovascular
injuries,	 neuropathies,	 and	 cerebellar	 ataxia	 may	 occur.44-46	 Guillain-Barré
syndrome	and	parkinsonism	have	been	reported.45,47



Acute	Kidney	Injury
Kidney	 function	 studies,	 urine	 output	with	 an	 indwelling	 bladder	 catheter	 and
electrolyte	 levels	 should	 be	 followed	 closely.	Kidney	 replacement	 therapy	 (eg,
hemodialysis)	may	be	needed.

Rhabdomyolysis
A	combination	of	muscle	 injury,	volume	depletion	and	acute	kidney	injury	can
lead	to	rhabdomyolysis.

Hepatic	Injury
Moderate-to-severe	 liver	 failure	 is	 common,	 may	 prolong	 illness,	 and,	 in
combination	 with	 renal	 failure,	 may	 make	 administration	 of	 several	 drugs
difficult.	 It	 is	 usually	 self-limiting,	 although	 some	 may	 require	 liver
transplantation.	 Histamine	 receptor	 2	 (H2)-blocking	 drugs	 or	 proton	 pump
inhibitors	 given	 prophylactically	 may	 decrease	 the	 incidence	 of	 GI	 tract
bleeding.

DIC	can	develop	during	 the	first	3	days,	and	coagulation	parameters	should
be	monitored	during	this	time.48

Prognosis
Morbidity	 and	mortality	 are	 directly	 related	 to	 the,	 duration	of	 exposure,	 peak
temperature	 reached,	 and	 the	 extent	 of	 organ-specific	 injury.	 A	 delay	 of
treatment	by	only	2	hours	may	result	in	increased	mortality	up	to	70%.49,50	When
heat	 stroke	 is	 swiftly	 recognized	 and	 aggressively	 treated,	mortality	 should	 be
minimal.16,49	A	study	of	150	patients	with	HS	who	were	 followed	 for	14	years
found	that	those	with	HS	were	at	higher	risk	for	myocardial	infarction,	ischemic
stroke	 or	 chronic	 kidney	 disease	 compared	 with	 control	 group.51	 Although
patients	with	temperatures	as	high	as	46.5	°C	have	survived	without	sequelae,52
mortality	 is	 increased	 with	 premorbid	 debility	 and	 higher	 maximal
temperatures.28	 When	 ventricular	 fibrillation,	 DIC,	 or	 coma	 last	 more	 than	 8
hours,	 or	 high	 lactate	 levels	 complicate	 hyperthermia,	mortality	 is	 predictably
increased.	A	continued	rise	of	growth	hormone	levels	despite	 therapy	has	been
reported	to	be	associated	with	a	worse	prognosis.53

With	 respect	 to	 morbidity,	 neurological	 function	 usually	 rapidly	 returns	 to
normal	after	restoration	of	euthermia;	however,	some	patients	may	be	 left	with



long-term	 functional	 and	 neurological	 impairment.20,34,54	 Hepatic	 and	 renal
failure	 in	 mild	 and	 moderate	 cases	 completely	 resolves.	 Moderate	 muscle
weakness	 may	 persist	 for	 several	 months	 among	 patients	 with	 severe	 muscle
damage.

MALIGNANT	HYPERTHERMIA
MH	 is	 a	 drug-	 or	 stress-induced	 hypermetabolic	 syndrome	 characterized	 by
vigorous	muscle	contractions,	an	abrupt	increase	of	temperature,	and	subsequent
cardiovascular	 collapse.	 MH	 episodes	 are	 estimated	 to	 occur	 in	 the	 general
population	 in	1	 in	100,000	given	anesthesia.55	This	may	be	an	underestimation
because	 of	 unrecognized,	 mild,	 or	 atypical	 reactions	 owing	 to	 variable
penetrance	of	the	inherited	trait.	MH	occurs	in	all	ethnic	groups,	more	frequently
in	males	than	females	(2:1),	children	under	the	age	of	19	accounts	for	about	52%
of	reported	events,	21%	have	had	previous	uneventful	anesthesia,	and	76%	have
no	family	history	of	MH.56

Causes,	Triggers,	and	Pathogenesis
1 	 The	 cause	 of	 the	 temperature	 increase	 in	 MH	 is	 due	 to	 sustained	 muscle
contraction	 over	 time,	 generating	 more	 heat	 than	 one	 can	 dissipate.	 When
exposed	to	various	drugs,	muscles	may	have	sustained	or	repeated	contractions
(Table	185.3).	Current	evidence	indicates	that	patients	with	MH	have	a	defect	in
calcium	metabolism	 in	 skeletal	muscle	 cell	membranes.57-59	 In	most	 cases,	 the
defects	 are	 mutations	 encoding	 for	 abnormal	 dihydropyridine	 and/or	 the
ryanodine	receptor	(RYR1),	 leading	to	unregulated	release	of	calcium	from	the
sarcoplasmic	 reticulum	 into	 the	 intracellular	 space	 resulting	 in	 muscle
contraction	 and	 heat	 generation.60	 This	 leads	 to	 hydrolysis	 of	 adenosine
triphosphate	 and	 the	 activation	 of	 catabolic	 pathways,	 hepatic	 and	 muscular
glycogenolysis,	 and	 catecholamine-induced	 accelerated	 turnover	 of	 substrates
and	the	production	of	lactate.

TABLE	185.3

Drugs	and	Malignant	Hyperthermia



Drugs	Known	to	Trigger	Malignant	Hyperthermia

Halothane

Methoxyflurane

Enflurane

Succinylcholine

Decamethonium

Gallamine

Diethyl	ether

Ethylene

Ethyl	chloride

Trichloroethylene

Ketamine

Phencyclidine

Cyclopropane

Drugs	Generally	Considered	Safe	for	Patients	With	Malignant
Hyperthermia

Nitrous	oxide

Barbiturates

Diazepam

Tubocurarine

Pancuronium,	vecuronium

Opiates

Most	 cases	 of	 MH	 have	 occurred	 while	 the	 patient	 is	 receiving	 volatile
anesthetic	 agents	 (eg,	 halothane,	 enflurane,	 isoflurane,	 sevoflurane,	 desflurane)
with	 or	 without	 succinylcholine.	 MH	 can	 occur	 among	 patients	 who	 only



received	succinylcholine.	MH	can	develop	after	 the	use	of	other	agents	as	well
(see	 Table	 185.3).	 Heat	 stress,	 vigorous	 exercise,	 excitement,	 anoxia,	 viral
infections,	 and	 lymphoma	have	also	been	 reported	 to	 trigger	MH.61	 Some	data
suggest	 that	 conditions	 of	 ischemia	 or	 hypoxia	 are	 the	 common	 triggers	 to
hyperthermia	in	susceptible	individuals.

The	 hyperthermic	 reaction	 to	 anesthetics	 is	 not	 allergic	 in	 nature;	 patients
may	 have	 received	 the	 same	 anesthetic	 previously	 or	 may	 be	 exposed	 later
without	 developing	 a	 reaction.	 There	 is	 little	 evidence	 that	 impaired	 heat
dissipation	or	altered	hypothalamic	regulation	is	instrumental	in	producing	acute
hyperthermia	 in	 these	 patients.	 However,	 sympathetic	 activity	 and	 heat
dissipation	may	be	abnormal	during	vigorous	exercise.62

Hyperthermia	may	occur	early	or	may	be	delayed	following	the	initial	onset
of	symptoms.	The	core	body	 temperature	may	rise	as	much	as	1	°C	every	few
minutes.	Accelerated	hyperthermia	(above	42	°C)	causes	widespread	vital	organ
dysfunction60	 including	 DIC,	 metabolic	 acidosis,	 hepatic	 failure,	 seizures,
ventricular	 dysrhythmias,	 rhabdomyolysis,	 renal	 failure	with	 severe	 electrolyte
abnormalities,	and	coma	due	to	cerebral	edema	and	hemorrhage.57,63,64

Because	 higher	maximal	 temperatures	 are	 usually	 seen	 during	MH,	 hepatic
failure	 and	 GI	 tract	 bleeding	 are	 more	 frequent	 than	 with	 HS.64	 Among
survivors,	 hepatic	 necrosis	 and	 cholestasis	 peak	 in	 2	 to	 3	 days	 and	 may	 be
severe.

Diagnosis
The	 metabolic	 predisposition	 to	MH	 appears	 to	 be	 inherited	 in	 an	 autosomal
dominant	fashion,	with	variable	penetrance	and	expressivity.	Although	multiple
screening	strategies	have	been	attempted,57,65-68	 tests	using	caffeine	or	halothane
stimulation	of	excised	muscle	are	the	standard	screening	tests	recommended	by
the	MH	Association	of	the	United	States.69	Their	false-positive	rate	is	near	10%
and	 false-negative	 rate	 is	 near	 zero.70	 Because	 there	 is	 no	 noninvasive	 test
suitable	 for	 screening	 the	 general	 population,	 screening	 family	 members	 of
proven	 cases	 remains	 the	 best	 method	 of	 identifying	 susceptible	 individuals.
RYR1	 gene	mutation	 analysis	 of	 cells	 from	 buccal	 samples	may	 help	 identify
high-risk	individuals.	Only	25%	of	those	susceptible	have	an	identified	mutation.
Although	an	 identified	mutation	would	 suggest	 susceptibility,	 the	 absence	of	 a
mutation	does	not	rule	it	out.71

Clinical	Signs



Early	 signs	 of	 hyperthermic	 crisis	 vary	with	 the	 anesthetic	 agent	 administered
but	 include	 masseter	 muscle	 contracture	 after	 the	 administration	 of
succinylcholine,	 muscle	 rigidity,	 sinus	 tachycardia,	 supraventricular
tachyarrhythmias,	 mottling	 or	 cyanosis	 of	 the	 skin,	 increased	 CO2	 production
resistant	 to	 increasing	 minute	 ventilation,	 and	 hypertension.	 Hyperthermia	 is
typically	 a	 late	 sign	 during	 an	 acute	 crisis,	 but	 it	may	 be	 rapidly	 followed	 by
hypotension,	 acidosis,	 peaked	 T	 waves	 on	 the	 electrocardiogram	 owing	 to
hyperkalemia,	and	malignant	ventricular	arrhythmias,64	as	well	as	myoglobinuria
and	excessive	bleeding.

Two	signs	may	be	helpful	for	making	a	prehyperthermic	diagnosis:	increased
end-tidal	 CO2	 and	 masseter	 spasm.72-76	 Monitoring	 of	 end-tidal	 CO2	 is
recommended	for	all	anesthetic	procedures	and	is	mandatory	for	patients	at	risk
of	MH.56,70,77	Severe	masseter	 spasm	after	 succinylcholine	has	been	 recognized
as	an	early	warning	sign	of	MH;	however,	the	decision	to	discontinue	anesthesia
for	 patients	with	 succinylcholine-induced	 spasm	 remains	 controversial.74-76,78	 If
surgery	must	be	continued,	dangerous	triggering	anesthetics	should	be	avoided,
dantrolene	 should	 be	 given	 or	 at	 least	 be	 immediately	 accessible,	 and
temperature	and	end-tidal	CO2	should	be	monitored.

Differential	Diagnosis
Because	 MH	 occurs	 almost	 exclusively	 in	 the	 perioperative	 setting,	 the
differential	 diagnosis	 is	 more	 limited	 than	 that	 for	 heat	 stroke	 (see	 Table
185.2).78,79	 Endocrinopathies	 and	 drug	 reactions,	 not	 infection,	 are	 the	 most
frequent	 diseases	 in	 the	 differential	 diagnosis.	 Thyroid	 storm	 and
pheochromocytoma	 may	 be	 very	 difficult	 to	 distinguish	 from	 MH	 in	 the
anesthetized	patient.80	 Thyroid	 storm	 is	 now	 infrequent,	 owing	 to	 preoperative
thyroid	function	test	screening	and	prophylaxis	of	patients	at	risk.	Dantrolene	in
doses	 used	 for	 MH	 has	 been	 shown	 to	 decrease	 temperature	 in	 perioperative
thyroid	 storm.81	 The	 temperature	 rise	 in	 pheochromocytoma	 is	 typically	much
slower	 than	 that	 in	 MH.82	 Hyperthermia,	 owing	 to	 narcotic	 administration	 to
patients	taking	monoamine	oxidase	inhibitors,	also	must	be	considered.

Treatment
4 	 Initially,	one	should	call	 for	help	and	the	MH	cart,	notify	 the	surgeon	to	halt
the	 surgery,	 optimize	 the	 oxygenation	 and	 ventilation	 and	 discontinue	 the
triggering	 agents.	 Then	 immediately	 administer	 Dantrolene,	 as	 soon	 as	 it	 is



reconstituted.	It	is	a	hydantoin	derivative	that	acts	by	uncoupling	the	excitation-
contraction	 mechanism	 in	 skeletal	 muscle	 and	 lowering	 myoplasmic	 calcium.
This	 action	 takes	 place	 directly	 at	 the	 RYR1	 receptor.83	 The	 loading	 dose	 is
2.5	mg/kg	through	a	large-bore	IV,	then	administer	subsequent	doses	at	1	mg/kg
every	 5	minutes	 until	 the	 signs	 of	 acute	MH	 improve	 (eg,	 ETCO2	 <	 50	mm,
decreased	 minute	 ventilation	 without	 recurrence	 of	 hypercarbia,	 resolution	 of
rigidity	 and	 temperature	 is	 no	 longer	 increasing).	 Effects	 may	 be	 seen	 2	 to	 3
minutes	 after	 injection.	 Although	 cases	 that	 required	 42	 mg/kg	 have	 been
reported,84	most	authorities	advise	not	to	exceed	10	mg/kg.57,84,85	The	half-life	of
action	 is	 approximately	 5	 hours,	 and	 because	 relapse	 may	 occur,	 oral	 or	 IV
dosages	of	1	mg/kg	IV	or	2	mg/kg	by	mouth	every	6	hours	should	continue	for	at
least	 24	 to	 48	 hours.57	 Oral	 dantrolene	may	 be	 substituted	 once	 the	 patient	 is
alert,86	 given	 its	 bioavailability.	 With	 dantrolene,	 temperatures	 often	 rapidly
decrease;	without	it,	they	may	increase	1	to	2	°C	every	15	minutes.72,77,84

In	the	United	States,	there	are	two	types	of	dantrolene	preparations.	The	older
form	 is	 a	 lyophilized	 powder	 in	 a	 20-mg	 vial	 containing	 3	 g	 of	mannitol	 and
sodium	hydroxide,	 and	each	20	mg	vial	 requires	mixing	with	60	mL	of	 sterile
water	requiring	additional	personnel	to	assist	 in	drug	preparation	given	that	for
an	initial	bolus	in	a	70-kg	patient,	nine	vials	are	needed.	It	is	however	the	least
expensive.	 The	 new	 dantrolene	 formulation	 (Ryanodex)	 is	 rapidly	 dissolved,
supplied	 in	 250-mg	 vials,	 reconstituted	 with	 only	 5	 mL	 of	 sterile	 water,	 and
warming	 is	 not	 needed.	 It	 is	more	 costly	 but	 because	 it	 is	 hyperconcentrated,
blood	concentrations	are	achieved	faster,	it	requires	less	time,	and	fewer	staff	to
prepare	the	vial,	making	it	clinically	more	efficient	to	deliver.

4 	 Because	 even	 minute	 quantities	 of	 the	 triggering	 agent	 may	 continue	 to
produce	 the	 syndrome,	 anesthesia	 should	 be	 immediately	 stopped,	 and	 the
anesthesia	 apparatus,	 tubing,	 and	ventilation	equipment	 should	be	 immediately
changed.

As	with	HS,	iced	saline,	gastric	or	peritoneal	lavage,	evaporative	cooling,	and
infusion	of	chilled	electrolyte	solutions	may	be	helpful.	Aggressive	management
with	 cardiopulmonary	 bypass	 with	 external	 cooling	 of	 the	 blood	 may	 be
necessary	when	dantrolene	fails	to	slow	down	thermogenesis	promptly.87	When
patients	respond	to	therapy	quickly,	before	severe	temperature	elevation	occurs,
only	minimal	supportive	measures	may	be	necessary.	Once	temperature	exceeds
41	 °C,	 complications	 are	widespread	 and	patients	 frequently	 require	 long-term
intensive	care	unit	(ICU)	support.

Ventricular	fibrillation	with	subsequent	cardiac	collapse	is	the	most	common
cause	 of	 death	 for	 the	 early	 stages	 of	 the	 syndrome.	 Procainamide	 should	 be
given	 to	 all	 patients	 prophylactically	 as	 soon	 as	 MH	 is	 diagnosed.57



Procainamide	acts	to	increase	the	uptake	of	calcium	from	the	myoplasm	directly
and	 in	 early	 stages	may	 help	 reduce	 hyperthermia.	Administration	 of	 digitalis
should	 be	 avoided	 because	 of	 the	 increased	 likelihood	 of	 hyperkalemia.
Verapamil	and	diltiazem	are	also	contraindicated	during	an	MH	crisis	as	 it	can
worsen	 hyperkalemia,	 myocardial	 depression	 and	 hypotension.	 Hypotension
should	 be	 treated	 with	 saline	 infusion	 and	 isoproterenol.	 Avoid	 dopaminergic
and	 α-agonists	 because	 they	 reduce	 heat	 dissipation	 owing	 to	 peripheral
vasoconstriction.	 Seizures	 often	 occur	 among	 MH	 patients.	 Prophylactic
treatment	 with	 phenobarbital	 is	 strongly	 recommended	 because	 seizures	 may
increase	 heat	 production,	 metabolic	 acidosis,	 and	 hypoxia.	 Arterial	 blood	 gas
values	 should	 be	 adjusted	 for	 temperature.	 Mannitol	 and	 furosemide	 may	 be
needed	 to	 promote	 continued	 urine	 output	 and	 may	 reduce	 the	 likelihood	 of
cerebral	edema	and	acute	tubular	necrosis.	The	serum	potassium	level	increases
over	several	hours	and	is	treated	with	polystyrene	sulfonates.	Hepatic	failure	and
DIC	 require	 supportive	 treatment.	 With	 prolonged	 supportive	 care,	 hepatic,
renal,	 and	 neurological	 functions	 typically	 normalize.	 Muscle	 weakness,
however,	may	last	for	months.

Prognosis
With	 current	 management	 techniques,	 mortality	 has	 improved	 and	 is	 now
reported	to	be	between	6%	and	10%.78

NEUROLEPTIC	MALIGNANT	SYNDROME
NMS	 is	 a	 life-threatening	 neurological	 emergency	 associated	 with	 the	 use	 of
antipsychotic	(neuroleptic)	agents	and	characterized	by	hyperthermia,	muscular
rigidity,	 dysautonomia,	 and	 altered	 mental	 status.	 Since	 the	 NMS	 was	 first
described	 in	 1968,88	 fewer	 than	 3000	 cases	 have	 been	 reported	 in	 the	world’s
literature,	and	most	are	from	the	1980s	and	1990s.

Epidemiology
Incidence	 rates	 for	 NMS	 range	 from	 0.02%	 to	 3%	 among	 patients	 taking
neuroleptic	agents.89-92	The	variation	reflects	differences	among	the	populations
sampled,	 surveillance	 methods,	 and	 definitions	 of	 the	 disease.	 While	 most
patients	with	NMS	are	young	adults,	the	syndrome	has	been	described	among	all
age	 groups,	 and	 it	 is	 more	 common	 in	 men	 by	 twofold.89,93,94	 Environmental



temperature	 does	 not	 affect	 the	 incidence	 of	 the	 NMS	 but	 several	 factors	 do:
total	 neuroleptic	 dose;	 mental	 retardation;	 intramuscular	 administration	 of	 a
neuroleptic,	psychomotor	agitation,	or	increasing	dose;	or	recent	introduction	of
a	 neuroleptic	 drug.95	 Mortality	 is	 largely	 due	 to	 dysautonomia	 and	 systemic
complications.	Mortality	has	declined	from	76%	to	10%-20%.96,97	Incidence	also
appears	to	be	declining.98

Cause	and	Pathogenesis
1 	 The	 cause	 of	 NMS	 is	 unknown.	 An	 animal	 model	 for	 NMS	 has	 been
developed,	but	it	does	not	correspond	with	the	human	syndrome.89	Because	the
syndrome	 is	 found	 among	 patients	 on	 dopamine	 receptor	 blockade	 agents	 or
inpatients	 after	 withdrawal	 of	 dopaminergic	 agents	 (Table	 185.4),	 dopamine
receptor	blockade	is	considered	to	be	central	to	most	theories	of	its	pathogenesis.
Central	 dopamine	 receptor	 blockade	 in	 the	 hypothalamus	 may	 cause
hyperthermia	 and	 other	 dysautonomia	 signs.	 Interference	 with	 nigrostriatal
dopamine	pathways	may	lead	to	rigidity	and	tremor.99,100	Butyrophenones,79,101-104
phenothiazines,101,104-107	thioxanthenes,108-110	and	dibenzoxazepines111	are	believed
to	 act	 as	 dopamine	 receptor–blocking	 agents.	Atypical	 antipsychotics,	 such	 as
risperidone,112	 molindone,113	 clozapine,114	 and	 fluoxetine,115	 and	 dopamine
blockers	 used	 to	 treat	 GI	 tract	 disease,	 such	 as	 metoclopramide	 and
domperidone,116	have	also	caused	the	syndrome.	The	incidence	of	the	syndrome
with	the	newer	atypical	antipsychotics	has	not	changed.117	Drugs	acting	at	the	D2

dopamine	receptor–binding	sites	appear	to	have	the	greatest	potential	for	causing
the	 syndrome.	 Most	 cases	 occur	 among	 patients	 taking	 butyrophenones	 or
piperazines,	agents	with	a	high	 incidence	of	extrapyramidal	 reactions.	The	rate
of	 increase	 in	dose	 appears	more	 important	 than	 the	maximal	dose	 achieved.96
Dopamine-depleting	 agents	 such	 as	 tetrabenazine	 and	 α-methyltyrosine
produced	 NMS	 in	 a	 patient	 with	 Huntington	 disease.118	 Abrupt	 withdrawal	 of
levodopa	 (L-dopa),	 dopa-carbidopa,	 or	 amantadine	 produced	 the	 syndrome
among	 patients	 suspected	 of	 having	 Parkinson	 disease.99,119,120	 Initiation	 of
metoclopramide	 therapy	 has	 produced	 the	 syndrome,	 presumably	 owing	 to
alteration	in	central	dopaminergic	tone.121

TABLE	185.4

Drugs	Associated	With	the	Onset	of	Neuroleptic	Malignant



Syndrome

Butyrophenones

Haloperidol

Bromperidol

Phenothiazines

Chlorpromazine

Levomepromazine

Trifluoperazine

Fluphenazine

Thioxanthenes

Thiothixene

Dibenzoxazepines

Loxapine

Dihydroindolones

Molindone

Flurooxypropylamines

Fluoxetine

Tricyclic-dibenzodiazepines

Clozapine

Dopamine-depleting	agents

Tetrabenazine

α-Methyltyrosine

Withdrawal	of	levodopa,	carbidopa,	amantadine

Domperidone



Metoclopramide

An	alternative	theory	is	that	rigidity	and	muscle	damage	represent	a	primary
effect	on	the	peripheral	muscle	system,	possibly	from	direct	changes	in	muscle
mitochondrial	 function.	This	 is	because	of	 either	 a	primary	muscle	defect	or	 a
direct	toxic	effect	by	neuroleptics.122,123	It	has	also	been	proposed	that	there	has
been	disruption	of	the	modulation	of	the	sympathetic	system.	This	is	manifested
by	 the	 increased	 muscle	 tone,	 and	 metabolism	 and	 unregulated	 vasomotor
activity	and	thus	leading	to	ineffective	heat	dissipation	and	labile	blood	pressure
and	heart	rate.122	Familial	clusters	of	NMS	suggest	a	genetic	predisposition	to	the
disorder.	Genetic	studies	have	shown	that	the	presence	of	a	specific	allele	of	the
dopamine	D2	 receptor	 gene	 is	 overrepresented	 in	NMS	 patients.	 This	 allele	 is
associated	with	 reduced	density	and	 function	of	dopamine	 receptors	as	well	as
decreased	dopaminergic	activity	and	metabolism.124

Clinical	Presentation
NMS	 has	 a	 tetrad	 of	 distinctive	 clinical	 features:	 fever,	 rigidity,	mental	 status
changes,	and	autonomic	 instability.	Each	 feature	 is	present	 in	97%	to	100%	of
patients.	Symptoms	evolve	over	one	to	3	days,	but	may	occur	within	hours	after
the	 initial	 neuroleptic	 treatment	 or	 up	 to	 4	 weeks	 later.93	Most	 reported	 cases
have	occurred	among	patients	with	underlying	neuropsychiatric	disorders.	Most
cases	have	a	slow	progression	of	symptoms	over	at	least	24	to	48	hours	and	last
2	weeks	after	stopping	the	inciting	drug.125

Changes	 of	 mental	 status,	 typically	 an	 agitated	 delirium	with	 confusion	 as
opposed	to	psychosis	is	the	presenting	symptom	in	82%	of	patients.126	Catatonia,
mutism	and	evolution	to	stupor	or	coma	is	typical.

Muscular	rigidity	 is	generalized	and	extreme.	In	one	series,	96%	of	patients
demonstrated	rigidity,	92%	of	patients	demonstrated	tremor,	and	96%	of	patients
demonstrated	 muteness	 or	 hypophonia	 in	 the	 48	 hours	 before	 diagnosis.97
Rigidity	precedes	hyperthermia	in	59%	of	patients,	is	concurrent	in	23%,	and	is
subsequent	in	only	8%.

Autonomic	 signs	 of	 hypermetabolism	 such	 as	 diaphoresis,	 tachycardia,
changes	 in	 blood	 pressure,	 and	 tachypnea,	 reflect	 efforts	 to	 dissipate	 the
thermogenesis	of	muscle	contracture	and	to	expel	CO2	effectively.

Peak	temperatures	are	reached	within	48	hours	after	the	onset	of	symptoms	in
88%	of	patients.97	Temperatures	may	reach	as	high	as	42.2	°C79	but	are	typically
lower:	53%	are	more	than	40	°C	and	13%	are	higher	than	41	°C.97	Rectal	or	core,



rather	 than	 oral,	 temperatures	 are	 needed	 to	 ensure	 accuracy	 (Chapter	 27).
Elevations	in	creatinine	kinase	and	transaminase	levels	and	leukocytosis	parallel
the	body	temperature.

Complications
Because	 of	 the	 relatively	 low	maximal	 temperatures—39.9	 °C,	 on	 average94—
among	patients	with	NMS	compared	with	those	of	patients	with	heat	stroke	and
MH,	 direct	 thermal	 injury	 occurs	 less	 often.	 Only	 40%	 of	 patients	 have
temperatures	 above	 40	 °C.127	 The	 complications	 of	 NMS	 are	 summarized	 in
Table	 185.5.	 Cardiovascular,	 respiratory,	 and	 renal	 failure,	 and	 electrolyte
abnormalities	are	less	common	and	less	severe	than	in	classic	heat	stroke.

TABLE	185.5

Complications	of	Neuroleptic	Malignant	Syndrome

Rhabdomyolysis

Renal	failure

Seizure

Cardiovascular	collapse

Disseminated	intravascular	coagulation

Hepatic	failure

Aspiration	pneumonia

Respiratory	failure

Death

Rhabdomyolysis,	 most	 probably	 secondary	 to	 hyperthermia	 and	 muscle
rigidity,	is	frequently	seen,	with	typical	creatinine	kinase	elevations	in	the	range
of	1000	to	5000	IU.	Although	rhabdomyolysis	is	usually	mild,	creatinine	kinase
elevations	of	greater	than	100,000	IU	have	been	reported110,128,129	and	may	occur
in	 up	 to	 one-third	 of	 patients.97	 Prolonged	muscle	weakness	 or	 dysfunction	 in



survivors	has	not	been	described.
Renal	failure	occurs	in	9%	to	30%	of	patients.93,97	Proteinuria	occurs	in	up	to

91%	 of	 patients.97	 Renal	 failure	 is	 owing	 to	 myoglobin-induced	 acute	 tubular
necrosis	and	the	dehydration	that	results	from	diaphoresis.	Renal	dysfunction	of
most	 patients	 is	 transient	 and	mild	 and,	 even	 among	 cases	 with	 acute	 tubular
necrosis,	 and	 may	 return	 to	 premorbid	 values	 after	 brief	 periods	 of	 dialysis
support.103	Mortality	 among	 renal	 failure	patients,	 however,	may	be	 as	high	 as
56%.96

NMS	 has	 been	 associated	 with	 worsening	 of	 underlying	 psychiatric
conditions,	amnesia,	cognitive	impairments,	and	peripheral	neuropathy.130	Coma
is	 not	 uncommon	 among	 severe	 cases.	 Grand	 mal	 seizures	 have	 rarely	 been
reported.103,109	 The	 electroencephalogram	 (EEG)	 is	 typically	 normal	 or	 shows
nonspecific	 diffuse	 slowing.97	 CT	 scans	 of	 the	 brain	 are	 normal	 in	 95%	 of
patients.	 CSF	 analysis	 after	 lumbar	 puncture	 is	 normal	 in	 97%	 of	 patients,
showing	an	elevated	protein	level	in	the	other	3%.93,131	In	one	case,	an	MRI	scan
revealed	 hyperintensity	 of	 the	 occipitoparietal	 white	 matter.125	 Pathological
examinations	of	patients	at	autopsy	have	revealed	no	specific	lesions.119

Diagnosis
There	is	no	diagnostic	 test	for	NMS,	the	laboratory	abnormalities	help	confirm
and	rule	out	other	conditions	or	help	 trend	 the	patients	for	complications.	MRI
and	CT	imaging	of	the	brain	are	typically	normal	but	can	show	diffuse	cerebral
edema	with	 severe	metabolic	 derangements.	 CSF	 is	 typically	 normal	 but	may
have	nonspecific	protein	elevation	in	3%	of	the	cases.93,131	EEG	is	helpful	to	rule
out	nonconvulsive	status	epilepticus.	NMS	patients	have	generalized	slow-wave
activity.	 An	 international	 multispecialty	 consensus	 group	 published	 diagnostic
criteria	 for	 NMS	 in	 2011132;	 however,	 these	 criteria	 require	 independent
validation	before	their	use	can	be	recommended.

Differential	Diagnosis
NMS	 is	 one	 of	 a	 group	 of	 acute	 dysautonomias	 that	 share	 common	 features:
rigidity,	fever,	and	dysautonomia.	These	other	entities	are	usually	distinguishable
by	 the	 known	 drug	 involved.	 Non	 drug	 related	 disorders	 can	 have	 similar
symptoms,	 particularly	 those	 patients	 with	 extrapyramidal	 side	 effects	 of
concomitant	 antipsychotic	 use	 that	 overlap	 with	 NMS	 (see	 Table	 185.2).	 A
thorough	 examination	 and	 diagnostic	 evaluation	 for	 other	 causes	 of



hyperthermia	should	be	conducted.	Essential	evaluations	can	include	appropriate
cultures,	chest	radiograph,	and	lumbar	puncture.133

Malignant	catatonia	can	be	very	difficult	to	differentiate	from	NMS.	There	is
a	behavioral	prodrome	for	some	weeks	characterized	by	psychosis,	agitation	and
automatisms	 a	 few	 weeks	 before	 motor	 deficit.134	 The	 motor	 symptoms	 are
characterized	by	dystonic	posturing,	waxy	flexibility,	and	repetitive	movements.
Laboratory	 values	 are	 typically	 normal.	The	 treatment	 and	 prognosis	 for	 these
patients	remain	unclear.94,135	If	rigidity	and	hyperthermia	subsequently	develop	in
a	catatonic	patient,	however,	the	development	of	NMS	should	be	presumed	and
all	 neuroleptic	 agents	 should	 be	 stopped.	When	 catatonia	 has	 been	 induced	 or
exacerbated	 by	 neuroleptics,	withdrawal	 of	 the	 neuroleptic	 drug	 should	 aid	 in
clarifying	the	diagnosis.

HS	 must	 be	 considered	 when	 temperature	 elevation	 develops	 in	 a	 patient
taking	neuroleptics	during	periods	of	high	ambient	temperature	or	after	vigorous
exercise.	 Unlike	 NMS,	 however,	 HS	 is	 usually	 accompanied	 by	 flaccid
obtundation,	and	muscle	rigidity	is	rare.

MH	 resembles	 NMS	 in	 that	 both	 conditions	 have	 increased	 thermogenesis
secondary	 to	muscular	 rigidity	as	well	 as	 similar	 laboratory	 findings,	 and	both
respond	to	dantrolene.	In	most	cases,	an	adequate	history	should	clearly	separate
the	 two	 syndromes;	 MH	 results	 from	 the	 use	 of	 halogenated	 inhalational
anesthetic	 agents	 and	 succinylcholine	 (compare	 Tables	 185.3	 and	 185.4).
Moreover,	the	symptoms	of	MH	are	much	more	rapid	in	onset	and	more	severe.
Extrapyramidal	symptoms	are	also	very	unusual	in	MH.	In	the	rare	circumstance
in	which	the	two	syndromes	cannot	be	distinguished,	attempts	at	paralysis	with
curare	 or	 pancuronium	 may	 aid	 diagnosis.	 These	 agents	 produce	 a	 flaccid
paralysis	 in	 NMS	 but	 should	 have	 no	 effect	 on	 the	 postsynaptically	mediated
muscle	contracture	of	MH.122

Serotonin	Syndrome
Serotonin	syndrome	(SS)	is	the	most	commonly	diagnosed	related	disorder	and
is	caused	by	the	use	of	selective	serotonin	reuptake	inhibitors.136	It	has	a	similar
presentation	and	is	difficult	to	distinguish	from	NMS.137	Typical	features	of	these
patients	 that	 are	 not	 often	 seen	 with	 NMS	 are	 shivering,	 hyperreflexia,
myoclonus,	and	ataxia.	Nausea,	vomiting,	and	diarrhea	are	also	a	common	part
of	 the	prodrome	 in	SS	and	are	 rarely	seen	 in	NMS.	Rigidity	and	hyperthermia
when	 present,	 are	 less	 severe	 than	 among	 patients	 with	 NMS.	 The	 symptoms
tend	 to	 evolve	more	 quickly	 than	NMS	but	 the	 speed	 of	 onset	 is	 variable	 and
overlapping.



Idiosyncratic	Reactions
Idiosyncratic	drug	reactions	and	anaphylaxis	accompanying	severe	hyperthermia
can	 usually	 be	 diagnosed	 by	 their	 distinct	 clinical	 presentations.	 Monoamine
oxidase	 inhibitors	 may	 produce	 hyperthermia,	 especially	 when	 administered
with	 meperidine,	 linezolid,	 or	 dextromethorphan.138-140	 When	 patients	 with
neuropsychiatric	 disorders	 are	 treated	 with	 both	 a	 neuroleptic	 agents	 and	 a
monoamine	 oxidase	 inhibitor,	 MH	 may	 result	 from	 either	 agent.	 For	 these
patients,	 both	 agents	 should	 be	 stopped.	 Therapies	 for	 NMS,	 such	 as
bromocriptine	or	L-dopa,	however,	are	contraindicated	for	these	patients	because
of	 their	 recent	use	of	monoamine	oxidase	 inhibitors.	Withdrawal	of	 intrathecal
baclofen	 therapy	has	been	associated	with	NMS-like	 syndrome	 in	 several	 case
reports.141	 Muscle	 tone	 is	 spastic	 rather	 than	 rigid	 after	 intrathecal	 baclofen
withdrawal.	The	 symptoms	 resolve	with	 resumption	of	 baclofen	 and	 treatment
with	benzodiazepines.	Acute	 intoxication	with	a	central	anticholinergic	or	with
certain	recreational	drugs	such	as	cocaine	or	ecstasy	can	be	confused	with	NMS.
Recreational	 drugs	 can	 cause	 hyperthermia	 and	 agitation,	 but	 rigidity	 is
uncommon.

Treatment
4 	 Stopping	 the	 causative	 agent	 is	 the	 most	 important	 treatment	 followed	 by
supportive	 care.	 The	 goal	 of	 treatment	 for	NMS	 is	 to	 reduce	 the	 temperature,
reverse	extrapyramidal	side	effects,	and	prevent	sequelae.

Supportive	 care	 is	 essential	 in	 the	 ICU142	 and	 includes	 maintaining
cardiorespiratory	 stability,	 euvolemic	 state	 with	 crystalloid	 IV	 therapy	 (and
possibly	 urine	 alkalinization	 to	 reduce	 renal	 failure	 from	 rhabdomyolysis),101
lowering	 fever	 using	 cooling	 blankets	 (or	more	 aggressive	measures	 including
ice	water	gastric	lavage)	and	possibly	acetaminophen	or	aspirin,	lower	the	blood
pressure	if	markedly	elevated	(clonidine	is	effective	and	possibly	nitroprusside),
prophylactic	 intubation	 if	 severe	 sialorrhea	 is	 present,	 prevention	 of	 deep	 vein
thrombosis,	and	the	use	of	benzodiazepines	to	control	agitation.143

Common	 treatments	 that	 decrease	 thermogenesis	 by	 reducing	 muscle
contracture	include	dantrolene,	amantadine,	and	bromocriptine	(Table	185.6).	A
reasonable	 approach	 is	 to	 start	with	 benzodiazepines	 along	with	 dantrolene	 in
moderate	 to	 severe	 cases,	 followed	 by	 the	 addition	 of	 bromocriptine	 or
amantadine.144	The	 use	 of	 these	 agents	 is	 based	 upon	 case	 reports	 and	 clinical



experience,	not	from	clinical	trials.	The	efficacy	is	unclear	and	disputed.145

TABLE	185.6

Treatments	for	Neuroleptic	Malignant	Syndrome

Dantrolene

Paralysis	(curare,	pancuronium)

Bromocriptine

Amantadine

Levodopa

Electroconvulsive	therapy

Dantrolene	is	a	direct-acting	skeletal	muscle	relaxant,	reduces	thermogenesis
by	 uncoupling	 muscle	 contracture	 at	 the	 membrane	 level	 and	 is	 effective	 in
treating	NMS.	Doses	of	1	to	2.5	mg/kg	IV	are	effective	and	may	be	repeated	up
to	 a	 maximum	 dose	 of	 10	 mg/kg/d.	 It	 decreases	 the	 temperature	 and	 rigidity
within	minutes.146,147	 Because	 there	 is	 an	 associated	 risk	 of	 hepatotoxicity,	 the
drug	 should	 be	 avoided	 when	 liver	 function	 tests	 are	 abnormal.	 While	 some
recommend	stopping	after	a	few	days,	some	recommend	continuing	for	10	days
followed	by	a	slow	taper	to	minimize	the	risk	of	relapse.134

Paralysis	 with	 curare	 or	 pancuronium	 should	 produce	 a	 similar	 prompt
decrease	 in	 temperature,	 but	 this	 treatment	 necessitates	mechanical	 ventilation
and	 extensive	 support.148	 Bromocriptine,	 amantadine,	 and	 carbidopa/L-dopa
increase	 central	 dopaminergic	 tone;	 this	 decreases	 the	 central	 drive,	 reducing
muscular	 rigidity	 and	 thermogenesis.	 These	 agents	 also	 are	 beneficial	 in	 that
they	 act	 directly	 to	 reduce	 extrapyramidal	 side	 effects.	 Prompt	 decreases	 in
temperature	have	been	 reported	after	 the	use	of	2.5	mg	of	bromocriptine	 three
times	per	day,149	100	or	200	mg	of	amantadine	twice	per	day,150	or	10	to	100	mg
of	 carbidopa/L-dopa	 three	 times	 per	 day.102,120	 Evidence	 supporting	 the	 use	 of
these	agents	 is	 limited;	however,	 they	are	frequently	used	because	of	anecdotal
evidence	 of	 efficacy,	 lack	 of	 other	 proven	 treatments	 and	 high	morbidity	 and
mortality.

Electroconvulsive	therapy	(ECT)	is	a	reasonable	option	for	NMS	but	there	are



no	 prospective	 randomized	 controlled	 data	 supporting	 its	 efficacy.	 It	 has	 been
successful	 for	 malignant	 catatonia	 and	 parkinsonism	 and	 often	 used	 for	 those
with	 a	 frequent	 need	 for	 psychotropic	 therapy	where	 antipsychotics	 cannot	 be
used.	A	 review	of	published	cases	 found	a	 lower	mortality	 rate	 in	ECT-treated
patients	compared	with	those	who	received	supportive	therapy	alone	(10.3%	vs
21%).151	 Because	 of	 several	 reports	 of	 cardiovascular	 collapse	 among	 patients
undergoing	 electroconvulsive	 therapy,	 this	 therapy	 should	 be	 given	 only	 to
patients	at	low	risk	of	cardiovascular	disease	who	have	failed	other	therapies.152

Prognosis
Most	 episodes	 resolve	 within	 2	 weeks.	 The	 average	 time	 to	 recovery	 with
supportive	 care	 is	 7	 to	 11	days.127	Risk	 factors	 for	 prolonged	 course	 are	 depot
antipsychotic	use	and	concomitant	structural	brain	disease.	Most	patients	recover
without	neurological	sequelae	except	where	there	is	severe	hypoxia	or	prolonged
elevated	temperatures.153

Although	mortality	 rates	 as	 high	 as	 20%	 to	 30%	have	 been	 reported,89	 this
rate	 can	 probably	 be	 reduced	 to	 less	 than	 10%	 with	 appropriate	 support	 and
treatment.	Age	and	sex	do	not	appear	to	influence	mortality.	Mortality	rate	does
appear	to	be	influenced	by	peak	temperature,	inciting	neuroleptic	drug,	and	renal
failure.	No	death	among	patients	with	maximal	 temperatures	 lower	 than	40	°C
has	been	 reported.	Haloperidol	 is	 statistically	 less	 likely	 to	 result	 in	death	 than
other	 neuroleptics.96	 Death	 has	 been	 reported	 as	 a	 result	 of	 cardiovascular
collapse,101	pneumonia,104,148	renal	failure,103,110	and	hepatic	failure.110

Resuming	 antipsychotics	may	 or	may	 not	 result	 in	 a	 recurrent	NMS	 event;
case	 series	 suggest	 the	 relapse	 rate	may	be	10%	 to	90%.154	Recurrence	 is	 also
idiosyncratic.	 If	 antipsychotic	medication	 is	 required,	 consider	waiting	 at	 least
2	weeks,	use	lower	potent	medications,	at	lower	doses	and	titrate	upward	slowly,
avoid	concomitant	lithium,	and	dehydration	and	monitor	carefully	for	symptoms
of	NMS.

DRUG-INDUCED	HYPERTHERMIA
Most	of	our	knowledge	about	DIH	is	derived	from	case	reports.	Numerous	drugs
have	 been	 suggested	 to	 cause	 hyperthermia.	 Drugs	 that	 blunt	 cardiovascular
performance,	 such	 as	 β-blockers,	 or	 alter	 heat	 dissipation,	 such	 as
chlorpromazine,	 are	 widely	 used	 and	 can	 contribute	 to	 temperature	 elevation.
These	 drugs	 rarely	 result	 in	 clinically	 significant	 hyperthermia	 without	 some



other	precipitant.	Patients	on	regimens	of	such	agents	typically	present	with	HS.
This	section	focuses	on	drugs	that	independently	produce	significant	elevations
of	temperature	(Table	185.7).

TABLE	185.7

Drugs	That	May	Cause	Hyperthermia	And/Or	Serotonin
Syndrome

Phenelzine	=	Nardil

Tranylcypromine	=	Parnate

Linezolid

Serotonin	releasers

Amphetamines

Ecstasy	(MDMA)

LSD

SRIs

Citalopram	=	Celexa

Fluoxetine	=	Prozac

Fluvoxamine	=	Luvox

Paroxetine	=	Paxil

Sertraline	=	Zoloft

Clomipramine	=	Anafranil

Imipramine	=	Tofranil

Venlafaxine	=	Effexor

Tramadol

Methadone



Dextromethorphan

Dextropropoxyphene

Chlorpheniramine

Brompheniramine

Withdrawal	of	baclofen

LSD,	lysergic	acid	diethylamide;	MDMA,	3,4-methylenedioxymethamphetamine;	SRIs,	serotonin
reuptake	inhibitors.

Commonly	 abused	 street	 drugs	may	 result	 in	 severe	 hyperthermia	without
other	 pharmacological	 or	 environmental	 stimuli.	 Temperature	 elevation
accompanies	phencyclidine	use	in	2.6%	of	cases.155	Temperatures	as	high	as	41.9
°C	have	been	 reported.156	Amphetamine	use	may	 result	 in	 temperatures	higher
than	 43	 °C.156,157	 Although	 ecstasy	 (3,4-methylenedioxymethamphetamine
[MDMA])	 has	 resulted	 in	 fatal	 hyperthermia,	 use	 is	 usually	 associated	with	 a
more	 mild	 temperature	 elevation.158	 Hyperthermia	 (temperatures	 greater	 than
37.5	 °C)	 was	 more	 prevalent	 (36%)	 in	 patients	 admitted	 to	 emergency
departments	because	of	overdose	of	paramethoxyamphetamine	 than	MDMA.159
Although	all	these	drugs	have	a	low	incidence	of	producing	severe	hyperthermia,
owing	to	the	prevalence	of	their	use,	they	may	account	for	a	large	percentage	of
cases	of	hyperthermia	presenting	to	an	emergency	department.

Common	 prescription	 drugs	 that	 alter	 central	 serotonin	 levels,	 and	 lysergic
acid	diethylamine,	a	serotonin	analogue,	may	result	in	hyperthermia	greater	than
41	°C.160	 These	 drugs	may	 produce	 a	 characteristic	 constellation	 of	 symptoms
now	known	as	the	serotonin	syndrome	(SS).160-164	Monoamine	oxidase	inhibitors
and	selective	serotonin	reuptake	inhibitors	may	produce	hyperthermia,	especially
when	 administered	 with	 meperidine	 or	 dextromethorphan,138,139,165	 a	 tricyclic
antidepressant,165,166	 or	 both.	 Severe	 hyperthermia	 is	 rare.	 Increasingly,
combinations	of	drugs	that	independently	would	not	cause	serotonin	toxicity	act
in	concert	to	result	in	hyperthermia	and	the	SS.167	For	example,	a	postoperative
patient	 who	 receives	 linezolid,	 a	 weak	 monoamine	 oxidase	 inhibitor,	 and
tramadol,	 a	 weak	 serotonin	 reuptake	 inhibitor,	 may	 present	 with	 fever,
confusion,	 and	 clonus.	 Tramadol,	 meperidine,	 fentanyl,	 dextromethorphan,
dextropropoxyphene,	 pentazocine,	 brompheniramine,	 chlorpheniramine,	 and
linezolid	 in	 combination	 with	 other	 drugs	 may	 cause	 fever	 and	 the	 SS.140	 In
addition,	 abrupt	 withdrawal	 of	 baclofen,	 especially	 after	 intrathecal



administration,	 has	 resulted	 in	 severe	 sequelae	 including	 hyperpyrexia	 and
potential	multiorgan	failure	and	death.140

Aspirin	receives	mention	as	a	cause	of	hyperthermia	secondary	 to	 increased
metabolism,	but	few	hard	data	are	available	on	this	association.168

Pathogenesis
1 	 These	 drugs	 are	 thought	 to	 cause	 hyperthermia	 as	 a	 result	 of	 muscular
contracture	 or	 hypermetabolism.	 Virtually,	 all	 case	 reports	 of	 DIH	 mention
increased	muscle	tone,	rigidity,	or	tremor.	Cocaine,	amphetamine,	phencyclidine,
and	hallucinogens	appear	to	produce	hyperthermia	by	centrally	and	peripherally
inducing	vigorous	muscle	contractions.169,170	Repeated	 cocaine	use	may	elevate
temperature	by	depletion	of	postsynaptic	dopamine.169

Many	 drugs	 such	 as	 tricyclics,	 amphetamines	 (paramethoxyamphetamine,
MDMA),	monoamine	 oxidase	 inhibitors,	 and	 the	 serotonin	 reuptake	 inhibitors
may	 elevate	 CNS	 serotonin,	 resulting	 in	 hyperthermia.139,165,170-172	 Buspirone,
serotonin	agonists,	lithium,	and	carbamazepine	stimulate	postsynaptic	serotonin
receptors.	Monoamine	oxidase	 inhibitors	 increase	 serotonin	 release	 and	 inhibit
serotonin	 metabolism.136	 Selective	 serotonin	 reuptake	 inhibitors,
dextromethorphan,	and	meperidine	inhibit	serotonin	reuptake	and,	in	susceptible
patients,	 increase	 already	 high	 serotonin	 levels	 and	 trigger	 a	 hyperthermic
crisis.173	In	many	patients,	combination	drug	therapy	contributes	to	triggering	the
syndrome.	 In	 general,	 a	 2-week,	 drug-free	 period	 after	 stopping	 a	monoamine
oxidase	 inhibitor	 before	 starting	 a	 selective	 serotonin	 reuptake	 inhibitor	 is
indicated.	 Any	 opiate	 may	 trigger	 the	 syndrome	 when	 another	 drug	 already
predisposes	the	patient.

Some	patients	may	 exhibit	 exertional	HS,	 in	 that	 they	 are	 frequently	 found
running	 in	 an	 agitated	 or	 confused	 manner.	 Almost	 all	 suffer	 from	 loss	 of
voluntary	control	of	temperature.

Status	epilepticus	frequently	accompanies	DIH	but	is	unlikely	to	contribute	to
hyperthermia,	 in	 that	 status	 epilepticus	 is	 rarely	 associated	 with	 significant
temperature	elevation	in	the	absence	of	drug	use.174

DIH	 reactions	 are	 idiosyncratic	 and	 infrequent	 in	 comparison	with	 the	 total
number	 of	 persons	 using	 the	 drug.	 It	 can	 occur	 by	 IV,	 enteral,	 or	 nasal
insufflation	usage,	and	after	low-dose	use	and	massive	overdose.175

Pathophysiology



The	pathophysiology	of	DIH	is	most	similar	to	that	of	exertional	heat	stroke	or
MH.	In	the	SS,	direct	stimulation	of	the	5-HT1A	and	5-HT2	receptors	in	the	raphe
nuclei	 may	 directly	 result	 in	 hyperthermia.	 Rise	 of	 temperature	 is	 frequently
rapid,	 and	 multiple	 organ	 failure	 rapidly	 ensues	 with	 prolonged	 elevation	 of
temperature.	Patients,	however,	may	also	be	affected	by	the	direct	toxic	action	of
the	drug,	and	 it	may	be	difficult	 to	separate	 the	sequelae	of	hyperthermia	from
those	of	direct	drug	toxicity.	Amphetamine	overdose,	for	example,	may	result	in
severe	rhabdomyolysis,	DIC,	and	renal	 failure	at	 temperatures	 less	 than	40	°C.
Hyperthermia	 can	 be	 assumed	 to	 have	 the	 same	 physiologic	 sequelae	 in	 these
patients	as	others,	but	prompt	correction	of	temperature	may	not	be	adequate	to
ensure	survival.

Diagnosis
In	 most	 case	 reports,	 patients	 are	 described	 as	 agitated,	 hyperexcited,	 and
diaphoretic	 and	 have	 increased	 muscle	 tone.	 Because	 nonexertional	 HS	 is
uncommon	among	youth,	hyperthermia	at	a	young	age	always	suggests	possible
drug	intoxication.	The	diagnosis	of	DIH	should	be	considered	mostly	when	the
patient	is	young,	is	an	outpatient,	has	not	engaged	in	recent	heavy	exertion,	has	a
history	of	drug	abuse,	or	is	on	a	drug	or	combination	of	drugs	that	may	result	in
the	SS.

Patients	 with	 the	 SS	 typically	 display	 tremor,	 hyperreflexia,	 myoclonus,
tachycardia,	 diarrhea,	 confusion,	 and	diaphoresis.161-164	 SS	 should	 be	 suspected
and	treated	whenever	patients	have	spontaneous	clonus	and	are	on	a	serotonergic
agent.	Nausea	and	diarrhea	are	atypical	in	NMS	and	may	help	suggest	the	SS	in
complicated	 cases.176	 The	 onset	 of	 symptoms	 is	 within	 2	 hours	 of	medication
ingestion	in	50%	of	cases	and	within	24	hours	in	75%	of	cases.136	Myoclonus	or
rigidity	is	present	in	50%	of	cases,	and	mental	status	changes	in	40%	of	cases.
Severe	hyperthermia	occurs	in	approximately	one-third	of	cases.162,163	Diagnosis
may	be	confirmed	by	toxicologic	screen	or	history.

Treatment
4 	 For	 all	 cases,	 treatment	 should	 be	 directed	 at	minimizing	 the	 toxicity	 of	 the
causative	drug.	Suspected	offending	drugs	should	be	discontinued.	Treatment	of
hyperthermia	should	be	symptomatic	and	directed	at	the	underlying	physiology.	  
Treatment	 in	general	parallels	 that	 for	exertional	heat	stroke	and	 is	extensively
outlined	 in	 that	 section.	Evaporative	 cooling	 and	 external	 cooling	with	 ice	 are



the	preferred	methods	of	cooling	and	should	be	instituted	in	any	patient	with	a
temperature	 above	 39	 °C.	Many	 patients	may	 be	 dehydrated	 from	 diaphoresis
and	 require	 volume	 replacement.	 As	 for	 MH	 and	 exertional	 heat	 stroke,
hyperkalemia,	 acidosis,	 and	 myoglobinuria	 demand	 careful	 attention.	 Because
the	temperature	appears	to	be	generated	from	muscular	contraction,	paralysis	or
use	of	dantrolene	would	appear	to	be	useful	therapy.	Paralysis	has	been	effective
in	 several	 cases.	 Paralysis	 and	 support	 with	 mechanical	 ventilation	 should	 be
considered	 for	 any	 patient	 with	 a	 temperature	 above	 40	 °C	 not	 responding
promptly	 to	 symptomatic	 cooling.	 If	 therapeutic	 drug	 levels	 persist,	 rebound
hyperthermia	may	occur	when	paralysis	resolves.

When	 SS	 is	 suspected,	 therapy	 with	 benzodiazepines,	 propranolol,
chlorpromazine,	 cyproheptadine,	 or	 postsynaptic	 serotonin	 blockers	 such	 as
methysergide	 has	 been	 advocated,	 but	 clinical	 experience	 is	minimal.169-171	 No
study	to	date	reports	a	systematic	trial	of	therapy.	Because	hyperthermia	may	be
mediated	by	central	serotonin	receptors,	doses	of	cyproheptadine	high	enough	to
block	 central	 receptors,	 20	 to	 50	 mg,	 should	 be	 considered.177	 One	 regimen
advises	12	mg	by	mouth	or	nasogastric	tube	then	4	to	8	mg	every	4	to	6	hours.167

Prognosis
Hyperthermia	owing	to	amphetamine	overdose	appears	to	be	well	tolerated,	with
10	 of	 11	 patients	 reported	 in	 the	 literature	 surviving.156,157,178	 Hyperthermia
following	 cocaine	 overdose	 is	 frequently	 accompanied	 by	 renal	 failure,175,179
DIC,179	 and	 seizures179	 and	 several	 fatalities175,179	 have	 been	 reported.	 Survival
despite	 high	 temperature	 has	 been	 recorded	 as	 well.175	 Phencyclidine	 with
hyperthermia	 has	 resulted	 in	 renal	 failure,180	 respiratory	 and	 liver	 failure	 with
coma,	and	subsequent	death.181

Death	and	serious	morbidity	caused	by	SS	appear	to	be	rare.159	No	large	series
involving	significant	hyperthermia	have	been	reported,	and	death	and	cure	with
appropriate	treatment	have	been	reported.139	Because	severe	hyperthermia	would
likely	signify	a	much	more	severe	case	than	usual,	the	physician	should	always
consider	the	patient	at	risk	of	death	and	ICU	level	care	would	be	warranted.

Table	 185.8	 compares	 the	distinguishing	 characteristics	 of	 the	hyperthermic
syndromes.	Advances	in	hyperthermia	based	on	randomized,	controlled	trials	or
meta-analyses	of	such	trials	are	given	in	Table	185.9.

TABLE	185.8



Distinguishing	Characteristics	of	the	Hyperthermic
Syndromes

Heat
Stroke

Malignant
Hyperthermia

Neuroleptic
Malignant
Syndrome

Acute
Lethal
Catatonia

Serotonin
Syndrome

Inciting
factor

Ambient
temperature:
max	>32
°C,	min	>27
°C

Triggering
anesthetic

Triggering
neuroleptic	or
withdrawal	of
dopaminergic
agent

Excitement
and
automatisms
prior	to
neuroleptic
use

Serotonin
active	drug(s)

Time	to
fever

Hours	to
days

Minutes Hours	to	days Weeks Minutes	to
hours

Mental
status

Obtunded Anesthetized Mute,
stuporous

Excited
transitioning
to	catatonia

Confused,
agitated

Muscle
tone

Flaccid Rigid,	spasm Extrapyramidal
rigid

Variable Clonus,
hyperreflexia,
tremor,
pyramidal
rigidity

TABLE	185.9

Advances	in	Management	of	Hyperthermia	Based	on
Randomized	Controlled	Trials

No	randomized	clinical	trials	have	been	conducted	comparing	the
effectiveness	of	different	cooling	methods	for	any	hyperthermic	syndrome.182

Dantrolene	sodium	is	ineffective	in	heat	stroke.41	Dantrolene	did	not	alter
survival	in	heat	stroke.63



There	are	no	other	randomized	studies	involving	the	treatment	of	heat	stroke
or	malignant	hyperthermia	or	drug-induced	hyperthermia.

In	neuroleptic	malignant	syndrome,	treatment	with	dantrolene	and
bromocriptine	may	offer	no	advantage	over	supportive	care.135

Solu-Medrol	may	benefit	patients	with	neuroleptic	malignant	syndrome	owing
to	withdrawal	from	Parkinson’s	disease	medications.183

HYPERTHERMIA	AND	FEVER	CONTROL	AFTER
BRAIN	INJURY
Fever	 among	 neurocritical	 care	 patients	 is	 frequent	 and	 often	 contributes	 to
adverse	 neurological	 outcomes.	 Morbidity	 and	 mortality	 are	 increased	 among
patients	who	have	 ischemic	brain	 injury,	 intracerebral	hemorrhage,	and	cardiac
arrest.	Fever	appears	to	have	a	longer	impact	after	subarachnoid	hemorrhage	and
traumatic	brain	injury.	New	techniques	(see	“Therapeutic	Hypothermia”	section
of	 Chapter	 184)	 have	made	 treatment	 of	 fever	 and	maintaining	 normothermia
possible.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	52-year-old	man	is	admitted	to	the	ICU	after	hip	surgery	was	aborted.
He	had	been	admitted	for	an	elective	hip	replacement.	During	general	anesthesia
with	inhaled	isoflurane,	intermittent	bolus	doses	of	rocuronium,	and	continuous
infusion	of	propofol,	his	end-tidal	CO2	started	to	increase	>50	and,	despite	an
increase	in	minute	ventilation,	the	end-tidal	CO2	remained	elevated.	The	patient
has	no	known	drug	allergies,	and	his	history	is	significant	for	asthma.	He	arrived



in	the	ICU	with	muscle	rigidity,	somnolence,	and	a	temperature	of	40	°C.	What
is	the	most	appropriate	first	step	in	treatment?

A. 	Administration	of	procainamide
B. 	Administration	of	dantrolene
C. 	Direct	evaporative	cooling
D. 	Gastric	or	peritoneal	lavage
E. 	Infusion	of	chilled	electrolyte	solutions

2. 	A	72-year-old	woman	is	found	collapsed	on	a	hot	humid	day.	She	is
admitted	to	the	emergency	department	with	a	core	body	temperature	of	41	°C.
Her	face	is	flushed,	she	is	somnolent	but	arousable,	and	her	skin	is	dry.	Her
medical	history	is	significant	for	hypertension	managed	by	atenolol.	Physical
exam	reveals	systolic	BP	80	mm	Hg,	HR	100	beats/min,	and	pulmonary
crackles.	There	are	no	signs	of	trauma.	Her	clothing	is	removed.	Which	of	the
following	is	the	most	appropriate	treatment?

A. 	Acetaminophen	and	a	cooling	blanket
B. 	Continuous	alcohol	sponge	bath	and	cooling	fans
C. 	Ice	water	immersion
D. 	Intravenous	dantrolene
E. 	Sprayed	water	and	cooling	fans

3. 	A	24-year-old	man	is	admitted	to	the	emergency	department	after	being
found	down	unresponsive,	with	vomit	over	his	clothes,	by	his	friends	in	his
bathroom.	Emergency	services	noted	that	he	was	mumbling	words	and	had	a	dry
tongue	with	flushed	sweaty	skin	and	tachycardia.	His	friends	explained	they	had
last	seen	him	chatting	to	his	friends	in	a	bar	a	few	hours	before.	His	physical
exam	is	notable	for	tachycardia,	somnolence	with	hyperreflexia,	and	clonus.	He
has	dilated	pupils	with	slow	continuous	horizontal	eye	movements.	His	history	is
notable	for	anxiety	and	depression	treated	with	fluoxetine.	There	was	also	an
empty	bottle	of	cough	medicine	containing	dextromethorphan	in	his	bathroom.
Which	of	the	following	is	the	most	likely	diagnosis?

A. 	Heat	stroke
B. 	Serotonin	syndrome
C. 	Malignant	hyperthermia
D. 	Neuroleptic	malignant	syndrome
E. 	Drug-induced	hyperthermia



Answers

1.	The	correct	answer	is	B.
Rationale:	 Malignant	 hyperthermia	 (MH)	 is	 a	 rare	 cause	 of	 severe

hyperthermia	 in	 response	 to	 inhaled	 anesthetic	 agents	 (such	 as	 halothane	 and
isoflurane)	 or	 depolarizing	 paralytic	 agents	 (such	 as	 succinylcholine).	When	 a
patient	with	inherited	susceptibility	is	exposed	to	one	of	these	agents,	he	or	she
may	 develop	 muscle	 rigidity,	 rhabdomyolysis,	 cardiac	 arrhythmias	 and	 core
temperature	 elevation	 >40.5	 °C	 or	 more.	Mortality	 can	 reach	 10%.	 The	most
effective	 treatment	 is	 immediate	 administration	 of	 the	 muscle	 relaxant
dantrolene,	which	 acts	 by	 uncoupling	 the	 excitation-contraction	mechanism	 in
skeletal	 muscle	 at	 the	 RYR	 1	 receptor1	 (choice	 B	 is	 correct).	 Additional
secondary	treatments	may	aid	in	resolution	includes	discontinuing	the	triggering
agent,	 evaporative	 cooling,	 and	 procainamide	 to	 prevent	 lethal	 arrhythmias
(choices	A	and	C	are	not	the	first	actions).	Gastric	or	peritoneal	lavage	as	well	as
cooled	electrolyte	replacement	may	also	be	helpful	after	dantrolene.

2.	The	correct	answer	is	E.
Rationale:	This	patient	should	be	sprayed	with	water	and	fans	should	be	used

to	lower	her	body	temperature	to	a	safe	level	(usually	38.5	°C	(101	°F))	through
evaporative	cooling	(choice	E	is	correct)	which	is	preferred	to	ice	water	cooling
(choice	 C	 is	 not	 the	 best	 answer).	 Heat	 stroke	 occurs	 with	 high	 ambient
temperature	and	humidity	and	is	defined	by	a	temperature	greater	than	40.5	°C
(105	°F)	with	encephalopathy.	Most	patients	with	nonexertional	heat	stroke	are
>70	 years	 of	 age	 or	 have	 chronic	 medical	 conditions	 that	 impair	 thermal
regulation.	Acetaminophen	and	other	centrally	acting	agents	and	dantrolene	are
ineffective	 (choices	 A	 and	 D	 are	 incorrect).	 Alcohol	 would	 evaporate	 and
provide	 cooling	 but	 would	 also	 be	 absorbed	 through	 the	 vasodilated	 skin	 and
could	lead	to	alcohol	toxicity	(choice	B	is	incorrect).

3.	The	correct	answer	is	B.
Rationale:	 Serotonin	 syndrome	 is	 a	 hyperthermic	 reaction	 usually	 triggered

by	simultaneous	use	of	two	or	more	medications	that	affect	release	or	reuptake
of	serotonin,	in	this	case	fluoxetine	and	dextromethorphan	(choice	B	is	correct).
Unlike	 neuroleptic	 malignant	 syndrome,	 serotonin	 syndrome	 usually	 includes
myoclonus	 and	 hyperreflexia,	 and	 generally	 resolves	 after	 stopping	 the
triggering	agent	(choice	C	is	incorrect),	active	cooling,	and	rehydration.3	Unlike
serotonin	syndrome,	nonexertional	heat	stroke	is	usually	accompanied	by	flaccid
obtundation,	 and	 muscle	 myoclonus	 and	 hyperreflexia	 are	 rare	 (choice	 A	 is



incorrect).	 Malignant	 hyperthermia	 occurs	 typically	 after	 exposure	 to	 an
inhalational	agent	or	succinylcholine.	Neuroleptic	malignant	syndrome	is	a	life-
threatening,	 neurological	 disorder	most	 often	 caused	by	 an	 adverse	 reaction	 to
neuroleptic	 or	 antipsychotic	 drugs	 (choice	 D	 is	 incorrect).	 Drug-induced
hyperthermia	 is	 related	 to	 ingestion	of	other	medications	other	 than	agents	 that
affect	serotonin	release	or	reuptake	(choice	E	is	incorrect).
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Chapter	186
Evolution	of	the	Modern	Cardiovascular
Intensive	Care	Unit
Hannah	F.	Bensimhon,	Jason	N.	Katz

KEY	POINTS:
1.	 Coronary	care	units	(CCUs)	were	originally	designed	to	monitor	and

treat	life-threatening	complications	of	acute	myocardial	infarction.
2.	 There	has	been	a	striking	evolution	in	the	patients,	disease

pathology,	illness	severity,	resource	use,	and	care	practices	in
today’s	cardiovacular	intensive	care	units	(CICUs).

3.	 Because	most	data	supporting	the	benefits	of	an	ICU-based
(“closed”)	staffing	model	vs.	an	“open”	model	of	care,	wherein	a	non-
ICU	physician	continues	to	maintain	the	primary	role	in	managing	the
patient,	come	from	general	medical	and	surgical	ICUs,	more
research	is	necessary	to	understand	the	optimal	strategies	for	care
of	patients	in	the	CICU.

4.	 Today’s	CICUs	utilize	multidisciplinary	teams	to	deliver	care	to	an
increasingly	complex	population	of	patients	with	frequent
multisystem	disease.



INTRODUCTION
1 	Cardiovascular	medicine	has	sustained	a	remarkable	pace	of	evolution.	Novel
technologies	 and	 therapeutics	 have	 empowered	 clinicians	 to	 tackle	 conditions
once	considered	untreatable.	Created	initially	to	support	lifesaving	interventions
following	acute	myocardial	infarction	(MI),	coronary	care	units	(CCUs)	began	to
rapidly	proliferate	in	the	1960s	and	were	subsequently	lauded	for	their	ability	to
improve	 patient	 survival.	 Now	 heavily	 embedded	 within	 contemporary	 health
care	 systems,	 the	 CCU	 has	 evolved	 into	 a	 cardiovascular	 intensive	 care	 unit
(CICU)—home	 to	 patients	 with	 complex	 cardiac	 and	 noncardiac	 critical
illnesses.	 This	 chapter	 highlights	 the	 historical	 underpinnings	 of	 the	CCU	 and
describes	 the	 evolving	 patient	 characteristics,	 disease	 severity,	 and	 care
processes	that	have	helped	to	shape	the	modern	CICU.

FROM	CORONARY	TO	INTENSIVE	CARE

Historical	Advances	in	the	Management	of	Acute
Myocardial	Infarction
In	a	1923	article	entitled	“Thrombosis	of	the	Coronary	Arteries,	with	Infarction
of	the	Heart,”	Dr.	Joseph	Wearn,	a	physician	at	the	Peter	Bent	Brigham	Hospital,
described	the	course	of	19	patients	who	survived	an	acute	MI.1	At	that	time,	the
condition	was	described	as	“one	of	the	great	rarities	of	medicine.”	Given	that	it
was	“impossible	to	diagnose,”	it	was	believed	to	be	of	little	clinical	import,	and
hence	little	effort	had	gone	into	improving	either	its	evaluation	or	management.
In	 fact,	 most	 afflicted	 individuals	 received	 little	 more	 than	 prolonged
convalescence,	 and	 every	 effort	 was	 made	 to	 “spare	 the	 patient	 from	 bodily
exertion.”

In	the	40	years	following	the	publication	of	Dr.	Wearn’s	article,	the	incidence
of	death	 from	coronary	disease	and	acute	MI	 steadily	 increased,	becoming	 the
most	common	cause	of	death	in	the	United	States	by	the	1930s,	and	reaching	a
peak	 in	 the	 mid-1960s.2	 This	 epidemiologic	 shift	 was	 attributed	 largely	 to	 a
decrease	in	death	from	other	causes	(ie,	infection)	and	a	simultaneous	increase	in
coronary	 atherosclerosis.	 Lifestyle	 changes,	 dominated	 by	 increasing	 tobacco
use	and	an	unhealthy	diet,	were	 implicated	 in	 this	emerging	epidemic,	 and	 the
development	 of	 novel	ways	 to	 diagnose	 and	 treat	 acute	MI	 became	 a	 national
priority.



The	invention	of	the	electrocardiogram	(ECG)	in	1902	by	Dutch	physiologist
Willem	 Einthoven	 was	 a	 major	 step	 in	 that	 process.3	 Initially	 the	 ECG	 was
celebrated	 for	 its	 ability	 to	 characterize	 electrical	 rhythm	 disturbances	 of	 the
heart,	 but	 slowly	 gained	 prominence	 for	 its	 capacity	 to	 demonstrate	 particular
waveform	distortions	in	the	setting	of	acute	myocardial	ischemia	and	infarction.
Several	 decades	 later,	 William	 Kouwenhoven,	 an	 electrical	 engineer	 with	 no
formal	 medical	 training,	 published	 data	 on	 the	 earliest	 form	 of	 cardiac
defibrillation.4	Since	most	of	his	seminal	work	was	performed	on	animal	models,
it	would	take	another	decade	for	the	first	successful	open	cardiac	defibrillation	to
be	performed	by	Dr.	Claude	Beck	on	cardiac	surgical	patients	at	Case	Western
Reserve	University.	For	patients	suffering	sudden	death,	this	open	defibrillation
and	 cardiac	massage	 became	 standard	 of	 care.	 The	 evolution	 of	 contemporary
cardiopulmonary	 resuscitation	 and	 closed	 chest	 defibrillation	 soon	 followed
from	additional	work	by	Guy	Knickerbocker,	Paul	Zoll,	and	others.4

1 	 With	 these	 advancements	 of	 resuscitation	 techniques,	 along	 with
developments	 in	 cardiac	 monitoring	 (ie,	 telemetry),	 clinicians	 were	 finally
equipped	with	tools	to	identify	and	rapidly	treat	the	life-threatening	sequelae	of
acute	 MI.	 As	 Desmond	 Julian,	 a	 senior	 registrar	 of	 the	 royal	 infirmary	 of
Edinburgh,	would	later	articulate,	“many	cases	of	cardiac	arrest	associated	with
myocardial	 ischemia	 could	 be	 treated	 successfully	 if	 all	medical,	 nursing,	 and
auxiliary	staff	were	trained	in	closed	chest	massage,	and	if	the	cardiac	rhythm	of
patients	 were	 continuously	 monitored	 by	 an	 ECG.”5	 This	 vision	 became	 the
foundation	 for	 the	 development	 and	 subsequent	 rapid	 proliferation	 of	 CCUs
throughout	the	world	(Fig.	186.1).6,7

	

Figure	 186.1 	 Prototypical	 design	 of	 the	 earliest	 coronary	 care
unit.A	design	of	the	Samuel	A.	Levine	Cardiac	Unit	at	Brigham	and
Women’s	Hospital,	Boston,	MA.10	Monitoring	was	 carried	out	 from



the	bedside	units	(M)	and	from	two	four-channel	oscilloscopes	visible
from	 the	 central	 nursing	 station.	 A	 central	 monitoring	 room	 was
employed	for	continuous	tape	recording.

One	of	the	earliest	CCUs,	founded	by	Dr.	Lawrence	Meltzer	in	Philadelphia,
was	 no	 more	 than	 a	 pair	 of	 adjacent	 rooms	 between	 which	 an	 early	 model
defibrillator	 could	 be	 passed.	 Another,	 in	 Toronto,	 Ontario,	 emphasized
arrhythmia	surveillance	with	archetypal	telemetry	monitoring.8	In	general,	nurses
were	 empowered	 to	 act	 immediately	 and	 autonomously	 to	 resuscitate	 unstable
patients.	 Despite	 their	 relatively	 narrow	 scope,	 early	 CCUs	 nonetheless	 were
suggested	 to	have	had	an	enormous	 impact	on	 survival.	As	an	example,	Killip
and	 Kimball	 reported	 a	 decrease	 in	 mortality	 from	 27%	 to	 6%	 for	 acute	 MI
patients	 cared	 for	 in	 the	 New	 York	 Hospital/Cornell	 Medical	 Center	 CCU.9
Similar	results	were	reported	by	others	and	led	to	a	rapid	proliferation	of	CCUs
embedded	within	most	large	hospitals.

Shifting	Care	in	the	CCU—Addressing	Complications	of	MI
In	1967,	Lown	and	colleagues	were	credited	with	a	paradigm	shift	in	CCU	care.
These	 clinicians	 publicly	 bemoaned	 many	 of	 the	 challenges	 with	 MI
management,	 noting	 in	 particular	 that	 there	was	 little	 available	with	which	 to
“alter	 the	 inexorable	 course	 of	 overwhelming	 shock	 or	 unyielding	 pulmonary
edema,”	so	often	contributing	to	postinfarction	death.	Although	acknowledging
that	 their	 CCU	was	 “equipped,	 organized,	 and	 oriented	 to	 treat	 (fatal)	 rhythm
disturbances,”	they	were	one	of	the	earliest	to	emphasize	the	staggering	impact
of	 cardiogenic	 shock	 and	heart	 failure	 on	mortality	 following	MI.	They	 called
for	 a	 shift	 in	 the	 focus	 of	 management	 in	 the	 CCU	 from	 resuscitation	 to	 the
prevention	of	adverse	events.10

Lown’s	 appeal	 was	 addressed	 by	 several	 major	 advances	 in	 the	 1960,	 and
1970s.	 The	 intra-aortic	 balloon	 pump	 (IABP),	 for	 instance,	 utilized	 counter-
pulsation	 technology	 to	 support	 the	 failing	 heart,	 and	 could	 be	 employed	 as	 a
means	 for	 treating	 cardiogenic	 shock.	 First	 used	 clinically	 in	 1968	 by	Adrian
Kantrowitz,	 the	 IABP	 enhanced	 coronary	 perfusion	 while	 decreasing	 left
ventricular	work.11	In	1970,	Swan	and	Ganz	introduced	their	pulmonary	arterial
catheter	 which	 would	 have	 a	 major	 impact	 on	 the	 way	 critically	 ill	 cardiac
patients	were	managed.12	 Though	 their	 device	 was	 not	 the	 first	 of	 its	 kind,	 it
advanced	CCU	care	because	it	could	be	inserted	quickly	at	the	bedside.	Use	of
the	 Swan-Ganz	 catheter	 led	 to	 important	 new	 insights	 into	 cardiac
hemodynamics,	 and	 advanced	 understanding	 of	 the	 complications	 of	 and



treatments	for	acute	MI.
This	 technology	 gradient	 continued	 to	 evolve	 with	 the	 introduction	 of

echocardiography.	 First	 used	 in	 the	 1950s	 in	 Europe,	 echocardiography	 was
subsequently	 promoted	 in	 the	 United	 States	 in	 the	 late	 1960s	 by	 many
practitioners,	including	Dr.	Harvey	Feigenbaum,13	who	embraced	this	tool	in	the
face	 of	 growing	 frustrations	 with	 the	 “tediousness	 and	 inaccuracies	 of
catheterization	techniques	for	the	measurement	of	cardiac	output,	volumes,	and
pressures.”	 Echocardiography	 became	 increasingly	 more	 commonplace	 in	 the
CCU	 and	 was	 championed	 for	 its	 ability	 to	 provide	 portable,	 rapid,	 and
comprehensive	information	about	a	critically	ill	cardiac	patient.

Additional	Maturation	of	the	CCU
A	 powerful	 endorsement	 of	 the	 CCU	 came	 from	 Goldman	 and	 Cook	 who
attributed	 much	 of	 the	 declining	 mortality	 seen	 from	 ischemic	 heart	 disease
between	 1968	 and	 1976	 to	 the	 development	 of	 specific	medical	 interventions,
including	 the	CCU.14	 Julian15	 and	Reader16	 separately	 surmised	 that	 the	 steady
decline	of	mortality	among	individuals	35	to	64	years	of	age	within	the	United
States,	Australia,	and	New	Zealand	may	have	been	a	direct	effect	of	specialized
CCU	 care.	 Similar	 support	 for	 the	 CCU	 could	 be	 found	 even	 after	 the
introduction	 and	 validation	 of	 fibrinolytic	 therapy	 for	 acute	 MI,	 as	 treatment
received	 in	 a	 CCU	 was	 still	 considered	 a	 major	 predictor	 of	 contemporary
survival.17

2 	 2 	 2 	Although	cardiologists	became	better	equipped	to	treat	MI,	a	condition
once	 considered	 terminal,	 the	 population	 of	 patients	 admitted	 to	 the	 modern
CCU	concurrently	changed	substantially	with	the	proportion	of	patients	admitted
with	MI	declining.	The	population	is	more	diverse,	with	greater	representation	of
older,	female,	and	minority	patients.	Patients	admitted	to	CCUs	are	more	likely
to	suffer	from	additional	comorbid	conditions,	including	chronic	lung,	liver,	and
kidney	disease.	Illness	severity	has	worsened	in	parallel.	Many	CCUs	have	now
evolved	 into	 intensive	 care	 units	 (ICUs)	 for	 patients	 with	 cardiovascular
diseases.	In	a	longitudinal	study	of	nearly	30,000	patients	admitted	to	a	single-
center	CCU	over	a	 two-decade	period,	presenting	disease	 severity	 increasingly
worsened	and	 the	 impact	of	noncardiovascular	critical	 illness	had	 intensified.18
Other	investigators	found	similar	trends	in	care.19,20	In	response	to	these	changes,
many	 institutions	 have	 since	 accepted	 a	 new	 moniker	 for	 the	 contemporary
CCU,	 and	 have	 begun	 to	 use	 the	 term	 “cardiovascular	 intensive	 care	 unit
(CICU)”	to	reflect	their	broadened	approach	to	the	management	of	all	critically
ill	 cardiac	 patients.	Figure	 186.2	 illustrates	many	 of	 the	 key	 historical	 events



that	have	been	essential	to	the	maturation	of	the	CICU.

	

Figure	 186.2 	 Historical	 events	 key	 to	 the	 maturation	 of	 the
contemporary	 cardiovascular	 intensive	 care	 unit	 (CICU).CCU,
coronary	care	unit;	IABP,	intra-aortic	balloon	pump;	MI,	myocardial
infarction;	NY,	New	York.

UNDERSTANDING	THE	NEEDS	OF	TODAY’S
CICU
Clinical	 research	has	 led	 to	 substantial	 improvements	of	outcomes	 for	patients
with	 cardiovascular	 diseases.	 Critically	 ill	 cardiac	 patients	 have	 also	 benefited
from	 many	 of	 these	 advances.	 Examples	 include	 revascularization	 for
cardiogenic	shock21	 and	 the	 use	 of	 left	 ventricular	 assist	 devices	 for	 end-stage
heart	 failure.22	 Although	 disease-specific	 investigative	 efforts	 have	 influenced
the	care	of	today’s	CICU	patients,	investigation	of	the	optimal	pathways	for	care
and	platforms	 for	 critical	 care	delivery	 in	 the	CICU	have	unfortunately	 lagged
behind.

Recognizing	 an	 increasing	 overlap	 between	 the	 contemporary	 CICU	 and
other	medical	 and	 surgical	 ICUs	 has	 helped	 clinicians	 and	 investigators	 better
evaluate	 technologies	 and	 practices	 available	 for	 critically	 ill	 patients	 with
cardiac	 conditions.	 Several	 studies	 have	 demonstrated	 that	 prognostic	markers
once	 reserved	 for	general	 critical	 care	populations	may	also	have	value	within
the	CICU.23,24	 Nevertheless,	 recognition	 of	 key	 differences	 of	 these	 units	 has
likewise	 been	 important.	 The	 increasing	 influence	 of	 nonsurgical	 cardiac
interventions,	 including	 percutaneous	 valve	 replacement	 platforms	 and
mechanical	 circulatory	 support	 devices	 will	 undoubtedly	 lead	 to	 additional
divergence.

As	the	utilization	of	the	CICU	increases	and	costs	associated	with	it	escalate,



a	 more	 comprehensive	 understanding	 of	 the	 highest	 impact	 practices	 will	 be
imperative.	Halpern	and	Pastores	reported	a	200%	increase	in	ICU	costs	between
1985	 and	2000,25	 and	went	 on	 to	 identify	 an	 additional	 44%	 increase	 in	 costs
between	2000	and	2005.	They	noted	that	while	the	total	number	of	hospital	beds
had	decreased	in	the	United	States	by	over	4%,	the	number	of	critical	care	beds
had	 increased	 by	 6.5%.25	 The	 increasing	 representation	 of	 critical	 care	 in	 the
modern	medical	landscape	has	appropriately	directed	research	efforts	toward	the
identification	of	technologies,	practices,	and	system	structures	which	deliver	the
highest	 value	 care	 to	 the	 sickest	 patients.	 Until	 recently,	 much	 of	 our
understanding	of	practice	 in	 the	CICU	had	come	 from	smaller,	 and	commonly
retrospective	 or	 descriptive	 studies.	 However,	 work	 from	 the	 Critical	 Care
Cardiology	 Trials	 Network—leveraging	 a	 multicenter	 registry	 platform	 of
contemporary	North	American	CICUs—has	provided	better	 insight	into	patient
demographics,	 illness	 severity,	 resource	 use,	 and	 care	 heterogeneity	 in	 the
current	delivery	of	cardiovascular	critical	care.26

Organizational	Structure	in	the	Contemporary	CICU
3 	Many	 of	 today’s	 ICUs	 are	 considered	 “closed”	 units,	 now	defined	 as	 “ICU-
based	 staffing,”	 in	 which	 responsibility	 of	 care	 for	 patients	 admitted	 to	 the
intensive	 care	 setting	 falls	 to	 a	 dedicated	 critical	 care	 team.	 This	 ICU-based
staffing	structure	contrasts	with	“open”	units,	wherein	any	physician	may	admit
patients	 to	 the	 ICU	and	continue	 to	maintain	 the	primary	 role	 in	managing	 the
patient	 throughout	 the	 hospital	 course,	 including	 their	 intensive	 care	 unit	 stay.
Importantly,	an	ICU-based	staffing	structure	does	not	exclude	involvement	of	a
patient’s	 long-term	 providers	 but	 rather	 creates	 an	 environment	 of	 team-based
care	in	which	moment-to-moment	care	is	directed	by	the	dedicated	critical	care
team	 and	 a	 broad	 group	 of	 multidisciplinary	 staff	 in	 an	 agreed	 upon
collaboration	with	 the	patient’s	primary	hospital	and/or	outpatient	providers,	as
well	as	any	involved	specialists.

3 	 Studies	 of	 the	 two	 models	 within	 medical	 ICUs	 have	 generally	 showed
better	outcomes	with	an	ICU-based	staffing	compared	to	an	open	model.27,28	An
ICU-based	 staffing	model	 in	 the	CICU	was	 found	 to	be	 associated	with	better
perceptions	 of	 care	 and	 education	 in	 a	 single-center	 before-and-after
interventional	 analysis.29	 Despite	 these	 findings,	 a	 2012	 survey	 of	 largely
academic	CICUs	showed	 that	45%	still	operated	 in	an	“open”	model	of	care.30
More	research	will	be	valuable	to	understand	the	impact	of	staffing	patterns	on
CICU	outcomes.



Who	is	in	Charge	of	the	CICU?
Defining	the	optimal	staffing	and	training	for	today’s	CICU	is	an	important	issue
facing	 the	 field.	 Research	 conducted	 in	 general	 critical	 care	 units	 has
demonstrated	 superior	 outcomes	 for	 patients	 managed	 by	 intensivists	 with
dedicated	training	in	the	care	of	critically	ill	populations.	In	a	systematic	review,
a	 29%	 mortality	 reduction	 along	 with	 significant	 improvements	 of	 resource
consumption	was	attributed	to	a	“high-intensity”	intensivist	model	of	care.31	The
specialized	pharmacopeia	necessary	for	care	of	critically	ill	patients,	along	with
the	routine	use	of	critical	care	procedures	such	as	mechanical	ventilation,	central
venous	 catheterization,	 and	 flexible	 bronchoscopy	 within	 the	 modern	 ICU,
creates	 a	 need	 for	 clinicians	 with	 advanced	 critical	 care	 training	 and/or
experience.	 Direction	 of	 care	 by	 intensivists	 may	 also	 improve	 patient	 triage,
minimize	the	risk	for	iatrogenic	complications,	and	reduce	both	ICU	lengths	of
stay	 and	 direct	 costs.	 Although	 it	 would	 seem	 reasonable	 to	 extrapolate	 these
findings	 to	 CICU	 populations—a	 group	 of	 patients	 who	 have	 been	 shown	 to
suffer	 from	 high	 rates	 of	 noncardiovascular	 critical	 illness	 and	 to	 require	 the
frequent	 use	 of	 critical	 care	 interventions—few	 studies	 have	 evaluated	 high-
intensity	intensivist	staffing	models	in	the	CICU.	In	one	of	the	most	important	of
such	 studies,	 investigators	 from	 a	 tertiary	 academic	 medical	 center	 in	 Seoul,
Korea	 assessed	outcomes	 in	 2431	patients	 admitted	 over	 a	 4-year	 period	 from
2012	through	2015	to	a	medical	CICU.	Investigators	compared	outcomes	with	a
high-intensity	model	 after	 switching	 from	a	 low-intensity	 “open”	unit	model.32
The	 main	 finding	 was	 a	 47%	 lower	 odds	 of	 death	 (odds	 ratio	 0.53;	 95%
confidence	 intervals	 0.32-0.86)	 in	 a	 propensity-matched	 analysis	 of	 high-
intensity	 compared	 to	 low-intensity	 staffing.	 At	 present,	 the	 prevalence	 of
intensivist-staffing	models	 in	CICUs	 remains	 low.	 In	a	2013	 survey	conducted
by	 members	 of	 an	 American	 Heart	 Association	 Scientific	 Statement	 Writing
Group,	a	mere	8.1%	of	CICU	medical	directors	reported	that	intensivists	served
as	 primary	 physicians	 for	 patients	 admitted	 to	 their	 units.30	 The	 lack	 of
substantial	 evidence	 directly	 examining	 an	 intensivist	 model	 in	 the	 CICU,
combined	 with	 an	 acknowledgment	 from	 the	 general	 critical	 care	 community
indicating	a	lack	of	complete	comfort	managing	cardiovascular	disease,33	points
to	a	need	for	additional	studies	aimed	at	understanding	optimal	staffing	for	 the
CICU.34

Critical	care	consultation	allows	for	the	contribution	of	both	intensivists	and
cardiologists	 to	 participate	 in	 the	 care	 of	 CICU	 patients.	 This	 comanagement
strategy	 depends	 upon	 the	 availability	 of	 critical	 care-trained	 physician
(intensivists)—specialists	 who	 are	 already	 at	 a	 significant	 shortage	 due	 to



increasing	 demand	 and	 continued	 short	 supply.35	 Telemedical	 consultation	 has
also	 been	 proposed	 as	 an	 alternative	 strategy	 for	 achieving	 high-intensity
staffing,	and	has	been	successfully	employed	in	general	or	mixed	ICUs.36,37

An	 additional	 approach	 toward	 appropriate	 staffing	 of	 the	CICU	 is	 to	 avail
critical	 care	 training	 opportunities	 to	 cardiologists.	 Several	 proposed	 training
frameworks	 exist	 by	 which	 this	 goal	 may	 be	 accomplished.34,38,39	 Most
commonly,	multiple	tiers	of	proficiency	are	proposed,	wherein	fellows	of	general
cardiology	 training	 programs	 can	 obtain	 proficiency	 in	 cardiovascular	 critical
care	delivery.	A	summary	of	one	possible	framework	is	provided	in	Table	186.1.
The	 optimal	 design	 and	 implementation	 such	 training	 pathways	 remain	 in
evolution.34,38

TABLE	186.1

Potential	Levels	of	Certification	to	Distinguish	the	Critical
Care	Cardiologist

Level	of
Training Mechanism Specifics	of	Training Competency

Level	1 Inclusion	of
critical	care
rounding	as
part	of	a
general
cardiology
fellowship

Typically	>8	wk	of	cardiology
critical	care	exposure	designed
to	allow	the	trainee	to	acquire
the	knowledge,	skills,	and
experience	necessary	to
achieve	basic	competencies	in
this	area

Allows	for
competency	to
provide
cardiovascular
consultation	in
an	intensive
care	setting

Level	2 Advanced
critical	care
exposure
and/or
additional
ICU	electives
as	part	of	a
general
cardiology
fellowship

Involves	more	advanced
knowledge	and	skills	than
level	1	training,	with	greater
experience	with	bedside
procedures	and	the	skills
needed	for	leading
interdisciplinary	teams
managing	critically	ill	patients
An	additional	3-6	mo	of
clinical	training	within	the	3-y

Allows	for
competency	to
lead	or
comanage	an
interdisciplinary
team	in	the
CICU



CV	medicine	fellowship	may
support	these	skills.

Level	3 Additional
training	to
prepare	for
specialization
in	critical
care
cardiology,
and	may	lead
to	dual	board
certification
in	cardiology
and	critical
care
medicine

Experience	beyond	the
standard	3-y	CV	medicine
fellowship	for	the	trainee	to
acquire	specialized	knowledge
and	competencies	in
performing,	interpreting,	and
training	others	to	perform
specific	critical	care	functions
and	procedures	or	provide
advanced,	specialized	critical
care	at	a	high	level	of	skill.
Trainees	should	obtain
additional	critical	care
medicine	training	within	the
department	of	medicine,	a
portion	of	which	may	be	spent
in	cardiac	surgical	intensive
care	units.

Allows	for
competency	to
lead	a	CICU
team,	to
manage
critically	ill
patients	in	other
ICU	settings,	to
spearhead	ICU
research
initiatives,	and
to	direct	health
care	system
efforts	aimed	at
quality
improvement
for	critical	care
delivery

CICU,	cardiovascular	intensive	care	unit;	CV,	cardiovascular;	ICU,	intensive	care	unit.

Key	Members	of	the	CICU	Team
4 	Nurses	have	been	pivotal	members	of	the	CICU	team	since	its	inception	in	the
1960s.	 Equipped	 with	 defibrillators	 and	 empowered	 to	 act	 autonomously	 to
resuscitate	 post-MI	 patients,	 nurse-led	 CICU	 care	 has	 been	 associated	 with
pronounced	 reductions	 of	 mortality.	 Moreover,	 nurse-to-patient	 ratios	 are
significant	predictors	of	survival.40	In	addition	to	nurses,	the	inclusion	of	critical
care	pharmacists	as	part	of	the	multidisciplinary	team	has	been	associated	with
improved	 patient	 outcomes,	 reduced	 adverse	 drug	 events,	 and	medication	 cost
savings.41,42	Respiratory	 therapists	 reduce	 the	number	of	ventilator-patient	days
and	 can	 decrease	 critical	 care	 costs.43,44	 Early	 mobility	 in	 the	 ICU,	 led	 by
physical	therapists,	can	also	contribute	to	improved	outcomes	in	several	clinical
domains.45	Though	all	vetted	in	general	ICU	environments,	there	is	no	reason	to
believe	 that	 these	 team	members	 should	 not	 have	 similar	 favorable	 impacts	 in
the	 modern	 CICU.	 Additionally,	 palliative	 care	 expertise	 will	 likely	 take	 on



increasing	 importance	 given	 the	 evolving	 population	 of	 today’s	 CICU.	 These
specially	 trained	 clinicians	 can	 help	 facilitate	 goals-of-care	 discussions	 and
address	 end-of-life	 care.	 Potential	 members	 of	 the	 CICU	 team	 are	 further
highlighted	in	Figure	186.3.

	

Figure	 186.3 	 Important	members	 of	 the	modern	 cardiovascular
intensive	care	unit	team.

Processes	and	Protocols	for	Cardiac	Critical	Care	Delivery
A	 key	 mechanism	 through	 which	 multidisciplinary	 teams	 likely	 affect	 care	 is
through	 the	 early	 implementation	of	 evidence-based	critical	 care	 interventions.
The	need	for	data	on	such	processes	and	protocols	for	the	CICU	is	high.	Some
interventions	with	a	strong	base	of	evidence	from	research	in	general	ICUs	have
already	 been	 applied	 in	 CICUs.	 Among	 these	 are	 the	 use	 of	 bundled	 care	 to
reduce	ventilator-associated	pneumonia,	management	 techniques	for	decreasing
catheter-associated	 urinary	 tract	 infections,	 and	 protocols	 for	 unfractionated
heparin	 adjustment	 and	 electrolyte	 replacement.46	 There	 may	 be	 benefit	 for
bundled	CICU	care	practices	in	more	cardiac-specific	disease	processes	such	as
cardiac	arrest	and	cardiogenic	shock,	but	more	research	is	needed	to	validate	and
systematize	these	approaches.	The	development	and	validation	of	consistent	care
protocols	 and	 processes	 unique	 to	 the	 CICU	must	 be	 part	 of	 the	 evolution	 of
these	specialized	units,	and	comprehensive	quality	measures	should	likewise	be
created.



CONCLUSIONS
4 	The	modern	CICU	has	evolved	quickly	and	substantially	from	its	origins	as	a
monitoring	unit	 specific	 to	patients	with	 acute	MI,	 to	now	provide	 care	 for	 an
increasingly	 diverse	 and	 complex	 population	 of	 patients	 with	 multisystem
critical	 illnesses	 involving	the	cardiovascular	system.	The	CICU	must	continue
to	 grow	 responsibly	 to	meet	 the	many	 challenges	 facing	 this	maturing	 critical
care	setting	including	the	need	to	determine	the	appropriate	staffing	models	and
training	requirements,	as	well	as	the	organizational	models	necessary	to	deliver
the	highest	quality	of	evidence-based	care.	Well-constructed	responses	 to	 these
challenges	 will	 only	 come	 through	 collaborative	 investigative	 efforts	 and
dialogue	among	key	stakeholders.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	The	concept	of	the	coronary	care	unit	was	first	articulated	by	which
individual?

A. 	Harvey	Feigenbaum
B. 	Desmond	Julian
C. 	Thomas	Killip
D. 	Joseph	Wearn

2. 	When	coronary	care	units	were	initially	introduced,	this	member	of	the
interprofessional	team	was	specifically	empowered	to	monitor	for	life-
threatening	arrhythmias	and	institute	emergent	cardiac	defibrillation.

A. 	Medical	students
B. 	Nurses
C. 	Perfusionists
D. 	Respiratory	therapists

3. 	What	is	the	primary	role	of	palliative	care	specialists	in	the	cardiac
intensive	care	unit?

A. 	Assistance	with	withdrawal	of	care	procedures



B. 	Completion	of	living	will	documents
C. 	Facilitation	of	goals-of-care	discussions
D. 	Transfer	of	patients	to	hospice

Answers

1.	The	correct	answer	is	B.
Rationale:	 Desmond	 Julian,	 a	 senior	 registrar	 of	 the	 Royal	 Infirmary	 of

Edinburgh,	 is	 credited	 as	 the	 first	 individual	 to	 describe	 the	 care	 environment
that	 would	 become	 the	 foundation	 for	 the	 coronary	 care	 unit	 and	 lead	 to	 its
subsequent	 rapid	 proliferation	 throughout	 the	 world	 (choice	 B	 is	 correct).	 Of
note,	all	others	listed	made	significant	contributions	as	well.	Harvey	Feigenbaum
promoted	the	use	of	echocardiography	in	the	care	of	patients	with	cardiovascular
disease.	Thomas	Killip,	 in	collaboration	with	John	Kimball,	 later	reported	their
experience	with	treatment	of	acute	myocardial	infarction	in	a	coronary	care	unit.
Joseph	Wearn,	 in	a	1923	 study	entitled	“Thrombosis	of	 the	Coronary	Arteries,
with	 Infarction	 of	 the	 Heart,”	 described	 the	 clinical	 course	 of	 patients	 who
survived	an	acute	MI	and	noted	it	to	be	among	the	“rarities	of	medicine.”

2.	The	correct	answer	is	B.
Rationale:	Nurses	have	been	key	members	of	the	cardiac	intensive	care	unit

team	since	the	inception	of	these	specialized	units.	Equipped	with	defibrillators
and	 empowered	 to	 act	 autonomously	 to	 defibrillate	 post–myocardial	 infarction
patients	who	developed	 life-threatening	 ventricular	 arrhythmias,	 nurse-led	 care
is	credited	with	early	reductions	in	patient	mortality	(choice	B	is	correct).

3.	The	correct	answer	is	C.
Rationale:	Specially	trained	palliative	care	clinicians	have	become	part	of	the

multidisciplinary	team	within	the	contemporary	cardiac	intensive	care	unit.	Their
primary	role	is	to	help	facilitate	goals-of-care	discussions	and	to	address	end-of-
life	care	(choice	C	is	correct).	While	they	may	also	assist	in	transitioning	patients
to	hospice	and	aiding	in	withdrawal	of	care	decisions,	their	focus	is	on	helping
the	clinical	 team,	patient,	and	family	 identify	care	goals	 in	potentially	 terminal
conditions.	 A	 living	 will	 is	 a	 legal	 document	 outlining	 patient	 wishes	 with
regards	 to	 health	 care.	 These	 are	 most	 commonly	 established	 outside	 of	 the
critical	 care	 setting	 and	 do	 not	 commonly	 involve	 palliative	 care	 specialists
directly.
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Chapter	187
Unstable	Angina/Non–ST-Segment
Elevation	Myocardial	Infarction,	the	Non–
ST-Elevation	Acute	Coronary	Syndromes
Nicholas	A.	Marston,	Marc	S.	Sabatine

KEY	POINTS:
1.	 Non–ST-elevation	acute	coronary	syndromes	(NSTE-ACS)	include

unstable	angina	and	NSTEMI,	and	are	typically	due	to	an	acute,
nonocclusive	thrombus	forming	in	a	coronary	artery.

2.	 Unstable	angina	and	NSTEMI	have	similar	clinical	presentations,	but
an	elevated	cardiac	troponin	signifying	acute	myocardial	injury	is
required	for	the	diagnosis	of	NSTEMI.

3.	 Type	1	and	2	NSTEMIs	can	have	very	similar	clinical	and	biomarker
profiles;	however,	2	NSTEMIs	represent	acute	myocardial	injury	from
a	nonatherothrombotic	cause.

4.	 Significant	ST	segment	deviations	(elevation	or	depressions)	should
trigger	ACS	evaluation.

5.	 Unstable	angina	is	a	much	lower	risk	than	NSTEMI,	and	this
distinction	can	now	be	made	rapidly	with	high-sensitivity	troponin
levels	drawn	at	presentation	and	1	to	2	hours	later.

6.	 Low-to-moderate	risk	unstable	angina	may	undergo	coronary	CT	for
risk	stratification,	which	carries	a	high	negative	predictive	value.

7.	 Aspirin	and	heparin	are	the	mainstay	of	early	antithrombotic	therapy
for	NSTE-ACS,	with	P2Y12	inhibitor	therapy	often	deferred	until	the
time	of	PCI.

8.	 Following	PCI,	dual	antiplatelet	therapy	(DAPT)	with	low-dose	aspirin
and	P2Y12	inhibitor	is	typically	recommended	for	12	months	but	may



vary	based	on	ischemic	or	bleeding	risk.
9.	 In	addition	to	DAPT,	multiple	therapies	including	high-intensity	statins

have	shown	benefit	in	secondary	prevention	and	should	be	initiated.
10.	 In	NSTEMI	and	high-risk	unstable	angina,	a	routine	invasive

approach	with	coronary	angiography	is	recommended.

INTRODUCTION
1 	The	spectrum	of	acute	coronary	syndrome	(ACS)	ranges	from	unstable	angina
(UA)	 to	 non–ST-segment	 elevation	 myocardial	 infarction	 (NSTEMI)	 to	 ST-
segment	 elevation	 myocardial	 infarction	 (STEMI).1	 The	 latter	 condition	 is
usually	 caused	 by	 acute	 total	 obstruction	 of	 a	 coronary	 artery,2	 and	 urgent
reperfusion	is	the	mainstay	of	therapy.	In	contrast,	the	non–ST-segment	elevation
acute	 coronary	 syndromes	 (NSTE-ACS)—  UA	 and	 NSTEMI—are	 usually
associated	with	a	severe,	nonocclusive	lesion	in	the	culprit	coronary	artery.3

Every	 year	 in	 the	 United	 States,	 approximately	 1.1	 million	 patients	 are
hospitalized	 with	 ACS;	 about	 800,000	 of	 these	 patients	 suffer	 a	 myocardial
infarction	(MI),	with	approximately	25%	of	patients	with	an	MI	present	with	a
STEMI.4	 In	recent	years,	numerous	advances	have	increased	our	understanding
of	the	pathophysiology,	diagnosis,	risk	stratification,	and	management	of	NSTE-
ACS.

DEFINITION
2 	 ACS	 traditionally	 presents	 with	 specific	 clinical	 features	 that	 can	 help
distinguish	it	from	stable	angina:	(a)	occurring	at	rest	(or	with	minimal	exertion),
usually	 lasting	more	 than	 20	minutes;	 (b)	 being	 severe	 and	 of	 new	 onset	 (ie,
within	 1	month);	 or	 (c)	 occurring	with	 a	 crescendo	 pattern	 (i.e.,	more	 severe,
prolonged,	 or	 frequent).5	 In	 the	 absence	 of	 ST-segment	 elevations	 on
electrocardiogram	(ECG),	these	patients	are	characterized	as	having	NSTE-ACS.
Among	patients	with	NSTE-ACS,	those	with	evidence	of	myocardial	necrosis	on
the	 basis	 of	 serum	 biomarkers	 have	 a	 diagnosis	 of	 NSTEMI,	 whereas	 those
without	 evidence	 of	 myocardial	 necrosis	 are	 diagnosed	 with	 UA.	 With
increasingly	 sensitive	 biomarkers	 for	 myocardial	 necrosis,	 the	 proportion	 of
NSTE-ACS	patients	meeting	criteria	for	NSTEMI	has	increased,	whereas	that	of
UA	has	decreased.6,7



PATHOPHYSIOLOGY
The	development	of	NSTE-ACS	is	caused	by	either	a	reduction	in	the	supply	of
blood	flow	and	oxygen,	or	an	 increase	 in	myocardial	oxygen	demand,	or	both.
The	 six	 broad	 etiologies	 are	 (1)	 plaque	 rupture	 or	 erosion	 with	 superimposed
nonocclusive	 thrombus;	 (2)	 dynamic	 obstruction	 (ie,	 coronary	 spasm);	 (3)
coronary	 artery	 dissection;	 (4)	 progressive	 mechanical	 obstruction	 (ie,
restenosis);	 (5)	 inflammation	 and	 arteritis;	 and	 (6)	 conditions	 leading	 to
increased	 myocardial	 oxygen	 demand,	 such	 as	 anemia,	 sepsis,	 or	 hypoxia.8
Individual	patients	may	have	several	of	these	processes	contribute	to	the	onset	of
their	NSTE-ACS.

Plaque	Rupture	and	Erosion
Atherosclerosis	 is	a	silent	process	 that	usually	begins	20	 to	30	years	prior	 to	a
patient’s	clinical	presentation.9	Plaque	rupture	and	erosion	can	be	precipitated	by
multiple	factors,	including	endothelial	dysfunction,10	plaque	lipid	content,11	local
inflammation,12	 coronary	 artery	 tone	 at	 the	 site	 of	 irregular	 plaques	 and	 local
shear	stress	 forces,	platelet	 function,13	 and	 the	status	of	 the	coagulation	system
(ie,	a	potentially	prothrombotic	state).14	These	processes	culminate	in	formation
of	 platelet-rich	 thrombi	 at	 the	 site	 of	 the	 plaque	 rupture	 or	 erosion	 and	 the
resultant	ACS.15

Thrombosis
Coronary	 artery	 thrombosis	 plays	 a	 central	 role	 during	 the	 pathogenesis	 of
NSTE-ACS,3,16	 as	 demonstrated	 in	 the	 Thrombolysis	 in	Myocardial	 Infarction
(TIMI)	 IIIA	 trial,	 in	 which	 35%	 of	 patients	 had	 definite	 thrombus	 and	 an
additional	40%	had	possible	thrombus.3	Antiplatelet	therapy	has	been	directed	at
decreasing	the	formation	of	thromboxane	A2	(aspirin),	inhibiting	the	adenosine
diphosphate	 (ADP)	 pathway	 of	 platelet	 activation	 (clopidogrel,	 prasugrel,	 and
ticagrelor),	and	directly	inhibiting	platelet	aggregation.

Secondary	Hemostasis
Simultaneous	 with	 the	 formation	 of	 the	 platelet	 plug,	 the	 plasma	 coagulation
system	is	activated	(Figure	187.1).	Following	plaque	rupture	or	ulceration,	 the
injured	endothelial	cells	on	the	vessel	wall	become	activated	and	release	protein



disulfide	isomerase,	which	acts	to	cause	a	conformational	change	in	circulating
tissue	 factor.17	 Tissue	 factor	 can	 then	 bind	 to	 factor	 VIIa	 and	 form	 a	 protein
complex,	leading	to	the	activation	of	factor	X.	With	the	activation	of	factor	X	(to
factor	Xa),	 thrombin	 is	 generated	 and	 acts	 to	 cleave	 fibrinogen	 to	 form	 fibrin.
Thrombin	 plays	 a	 central	 role	 during	 arterial	 thrombosis:	 (a)	 it	 converts
fibrinogen	 to	 fibrin	 in	 the	final	common	pathway	for	clot	 formation;	 (b)	 it	 is	a
powerful	stimulus	for	platelet	aggregation;	and	(c)	it	activates	factor	XIII,	which
leads	to	cross-linking	and	stabilization	of	the	fibrin	clot.18

	

Figure	 187.1 	 Diagram	 of	 the	major	 components	 of	 the	 clotting
cascade	 and	 the	 areas	 targeted	 by	 antithrombotic	 agents.GP,
glycoprotein;	 LMWH;	 low-molecular-weight	 heparin;	 TF,	 tissue
factor;	UFH,	unfractionated	heparin.

Coronary	Vasoconstriction
Another	etiologic	factor	of	NSTE-ACS	is	dynamic	obstruction,	that	is,	coronary
vasoconstriction.	The	process	is	identified	in	three	settings:	(1)	vasospasm	in	the
absence	 of	 obstructive	 plaque,	 (2)	 vasoconstriction	 in	 the	 setting	 of



atherosclerotic	 plaque,	 and	 (3)	 microcirculatory	 angina.	 Vasospasm	 can	 occur
among	 patients	 without	 coronary	 atherosclerosis	 or	 among	 those	 with	 a
nonobstructive	atheromatous	plaque.	Vasospastic	angina	appears	to	be	caused	by
hypercontractility	 of	 vascular	 smooth	 muscle	 and	 endothelial	 dysfunction
occurring	 in	 the	 region	of	spasm.	Prinzmetal	variant	angina,	with	 intense	 focal
spasm	 of	 a	 segment	 of	 an	 epicardial	 coronary	 artery,	 is	 the	 prototypical
example.19	 Such	 patients	 have	 rest	 pain	 accompanied	 by	 transient	 ST-segment
elevation.	Vasoconstriction	more	commonly	occurs	 in	 the	 setting	of	 significant
coronary	 atherosclerotic	 plaque,	 especially	 those	with	 superimposed	 thrombus.
Vasoconstriction	can	occur	as	 the	result	of	 local	vasoconstrictors	released	from
platelets,	 such	 as	 serotonin	 and	 thromboxane	 A2.20	 Vasoconstriction	 can	 also
result	 from	 a	 dysfunctional	 coronary	 endothelium,	 which	 has	 reduced	 the
production	 of	 nitric	 oxide	 and	 increased	 the	 release	 of	 endothelin.	Adrenergic
stimuli,	cold	 immersion,21	cocaine,22	or	mental	stress23	 can	also	cause	coronary
vasoconstriction	 among	 susceptible	 vessels.	 A	 third	 setting	 in	 which
vasoconstriction	 is	 identified	 is	 microvascular	 angina	 (previously	 known	 as
“syndrome	X”).	In	this	condition,	ischemia	results	from	constriction	of	the	small
intramural	coronary	resistance	vessels.24	Although	no	epicardial	coronary	artery
stenoses	 are	 present,	 coronary	 flow	 is	 usually	 slowed	 and	 does	 not	 increase
appropriately	 in	 response	 to	 a	 variety	 of	 signals.	 Vasoconstriction	 should	 be
considered	 in	 all	 cases	 of	 MI	 with	 no	 coronary	 artery	 stenosis	 (sometimes
referred	to	as	MINOCA).

Coronary	Artery	Dissection
Coronary	 artery	 dissection	 is	 an	 uncommon	 but	 important	 cause	 of	 acute
coronary	 syndrome.	Most	 cases	 are	 associated	with	 atherosclerosis	 and	 can	be
seen	 during	 interventional	 coronary	 procedures	 such	 as	 complex	 percutaneous
coronary	intervention	(PCI).	However,	spontaneous	coronary	artery	dissection	is
an	 increasingly	 recognized	 cause	of	dissection,	 accounting	 for	up	 to	4%	of	 all
ACS.7	It	is	an	especially	significant	contributor	to	ACS	in	women	<60	years	of
age,	 making	 up	 between	 22%	 and	 35%	 of	 all	 cases.	 Other	 notable	 causes	 of
coronary	artery	dissection	include	trauma	and	coronary	artery	aneurisms,	which
can	 be	 caused	 by	 atherosclerosis,	 rheumatologic	 conditions,	 or	 Kawasaki
disease.25

Progressive	Mechanical	Obstruction



Another	 etiology	 of	 NSTE-ACS	 results	 from	 progressive	 luminal	 narrowing.
This	is	most	commonly	seen	in	the	setting	of	restenosis	following	PCI.	However,
angiographic26	and	atherectomy	studies27	have	demonstrated	 that	many	patients
without	previous	PCI	show	progressive	luminal	narrowing	of	the	culprit	vessel,
likely	related	to	rapid	cellular	proliferation,	in	the	period	preceding	the	onset	of
NSTE-ACS.

Type	2	Myocardial	Infarction
3 	Type	2	MI	is	defined	as	MI	precipitated	by	conditions	extrinsic	to	the	coronary
arteries,	 often	 among	 patients	 with	 prior	 coronary	 stenosis	 and	 chronic	 stable
angina.	This	change	could	occur	either	as	a	result	of	an	increase	of	myocardial
oxygen	demand	or	as	a	decrease	of	coronary	blood	flow.	Conditions	that	increase
myocardial	 demand	 include	 tachycardia	 (eg,	 a	 supraventricular	 tachycardia	 or
new-onset	 atrial	 fibrillation	 with	 rapid	 ventricular	 response),	 fever,
thyrotoxicosis,	 hyperadrenergic	 states,	 and	 elevations	 of	 left	 ventricular	 (LV)
afterload,	such	as	hypertension	or	aortic	stenosis.	Type	2	MI	can	also	occur	as	a
result	 of	 impaired	 oxygen	 delivery,	 as	 in	 anemia,	 hypoxemia	 (eg,	 caused	 by
pneumonia	or	congestive	heart	 failure),	hyperviscosity	states,	or	hypotension.28
With	 the	 expanded	 use	 of	 high	 sensitivity	 troponins,	 2	MI	 is	 an	 increasingly
recognized	entity	among	hospitalized	patients.

CLINICAL	PRESENTATION	AND	DIAGNOSIS

History	and	Physical	Examination
A	description	of	“ischemic	pain”	is	the	hallmark	of	ACS.	Ischemic	chest	pain	is
usually	 described	 as	 a	 discomfort	 or	 pressure	 (rarely	 as	 a	 pain)	 that	 may	 be
brought	 on	 by	 exertion	 or	 stress	 (physical	 or	 emotional)	 and	 relieved	 by	 rest.
However,	 in	 NSTE-ACS,	 the	 pain	 occurs	 at	 rest	 and	 is	 often	 not	 relieved	 by
nitroglycerin.	It	 is	generally	located	in	 the	retrosternal	region	but	sometimes	in
the	 epigastrium	 and	 frequently	 radiates	 to	 the	 anterior	 neck,	 left	 shoulder,	 and
left	 arm.	 The	 physical	 examination	may	 be	 unremarkable	 or	 may	 support	 the
diagnosis	of	cardiac	ischemia.29	Signs	that	suggest	ischemia	are	diaphoresis,	pale
cool	skin,	sinus	 tachycardia,	and	a	fourth	heart	sound.	Elevated	 jugular	venous
pressure,	a	third	heart	sound,	or	rales	on	lung	examination	suggest	the	presence
of	heart	failure	complicating	ACS.



Electrocardiogram
4 	 The	 ECG	 is	 the	most	widely	 used	 tool	 for	 the	 evaluation	 of	 ischemic	 heart
disease	 and	 should	 be	 performed	 within	 minutes	 for	 patients	 presenting	 with
suspected	ACS.	In	NSTE-ACS,	ST-segment	depression	(or	transient	ST-segment
elevation)	and	T-wave	changes	occur	in	up	to	50%	of	patients.30	A	normal	ECG
does	 not	 exclude	 ACS	 and	 should	 be	 repeated	 at	 regular	 intervals	 among
individuals	 with	 suspected	 ACS.6	 Additionally,	 a	 normal	 ECG	 or	 anterior	 ST
segment	 depressions	 may	 occur	 when	 the	 left	 circumflex	 coronary	 artery	 is
occluded.	 Among	 patients	 with	 signs	 and	 symptoms	 of	 persistent	 myocardial
ischemia	 in	whom	the	standard	12	 lead	ECG	is	nondiagnostic,	additional	 leads
such	as	V7	to	V9	to	look	for	a	posterior	MI	can	be	helpful.

Cardiac	Biomarkers
5 	 UA	 is	 not	 associated	 with	 any	 detectable	 damage	 to	 the	 myocyte.	 The
diagnosis	 of	 NSTEMI	 is	 made	 if	 there	 is	 biochemical	 evidence	 of	 acute
myocardial	injury,	preferably	cardiac	troponin	T	or	I,	in	the	appropriate	clinical
setting.	This	is	defined	as	a	rise	or	fall	(>20%)	in	cardiac	troponin	with	at	least
one	value	greater	 than	 the	99th	percentile	of	 the	upper	 reference	 range,6,28	and
either	 symptoms	 of	 acute	 myocardial	 ischemia,	 new	 ischemic	 ECG	 changes,
development	 of	 pathological	 Q	 waves,	 imaging	 evidence	 of	 new	 wall	 motion
abnormality	 or	 loss	 of	 viable	 myocardium,	 or	 identification	 of	 a	 coronary
thrombus	 by	 angiography	with	 intracoronary	 imaging,	 or	 by	 autopsy.28	Type	2
MI	 is	 associated	 with	 elevated	 cardiac	 biomarkers	 of	 necrosis	 (although	 the
magnitude	 tends	 to	 be	 less)	 and	 also	 includes	 evidence	 of	 ischemia	 by
symptoms,	ECG,	or	imaging.	However,	in	2	MI,	the	oxygen	supply	and	demand
mismatch	is	not	caused	by	coronary	thrombosis.	There	are	a	number	of	causes	of
2	MI	 including	 heart	 failure,	 arrhythmias,	 hypertension,	 hypotension,	 hypoxia,
and	anemia.28

A	limitation	of	prior-generation	troponin	assays	is	that	they	tend	to	have	a	low
sensitivity	in	the	first	few	hours	of	symptom	onset.	Thus,	the	current	American
Heart	 Association	 (AHA)/American	 College	 of	 Cardiology	 (ACC)
recommendation	 is	 to	 check	 troponin	 levels	 on	 presentation	 and	 then	 3	 to	 6
hours	 after	 symptom	 onset	 (and	 repeat	 6	 hours	 later	 if	 the	 patient	 has	 any
intermediate-	or	high-risk	clinical	features	or	any	ECG	changes).	However,	more
sensitive	assays	show	better	diagnostic	performance	for	patients	presenting	soon
after	symptom	onset	and	allow	for	earlier	repeat	testing.7,28,31	Specifically,	high-
sensitivity	troponin	values	below	the	99th	percentile	at	presentation	and	1	hour



later	have	a	negative	predictive	value	>99.5%.	Moreover,	values	below	the	limit
of	 detection	 at	 presentation	 (seen	 in	∼25%	 of	 patients)	 also	 have	 a	 negative
predictive	 value	 of	 >99.5%.32	 Therefore,	 the	 European	 Society	 of	 Cardiology
(ESC)	guidelines	now	recommend	a	0	to	1	hour	or	0	to	2	hour	approach	when
high-sensitivity	troponin	is	available,	examining	both	the	absolute	values	and	the
change	over	time.7

Cardiac	Imaging
Cardiac	 imaging	 continues	 to	 assume	 increasing	 importance	 for	 the	 early
diagnosis	of	patients	presenting	with	suspected	NSTE-ACS,	especially	when	the
ECG	is	normal,	nonspecific,	or	obscured	by	a	left	bundle	branch	block	or	paced
rhythm.	 Myocardial	 perfusion	 imaging	 with	 technetium	 sestamibi	 has	 been
useful	 for	 patients	 presenting	 with	 chest	 pain	 in	 the	 emergency	 department
without	 a	 diagnostic	ECG	or	 positive	biomarkers	 to	 discriminate	 patients	with
coronary	 artery	 disease	 from	 those	 with	 noncardiac	 chest	 pain.33	 Similarly,
echocardiography	 is	 useful	 to	 screen	 for	 regional	 or	 global	 LV	 dysfunction,
which	may	 help	 in	 establishing	 (or	 excluding)	 the	 diagnosis	 of	 ischemic	 heart
disease	for	patients	who	present	to	the	emergency	department	with	chest	pain.34
Coronary	 computed	 tomography	 angiogram	 (CTA)	 has	 also	 been	 shown	 to	 be
effective	for	excluding	coronary	artery	disease	among	patients	presenting	to	the
emergency	 department	 with	 low-risk	 chest	 pain,	 nondiagnostic	 ECG,	 and
negative	 biomarkers.35	 All	 of	 these	 modalities	 can	 also	 assess	 LV	 function,	 a
powerful	 determinant	 of	 subsequent	 prognosis	 after	MI	 (and	 presumably	 after
UA).36	Coronary	angiography	is	also	used	to	establish	the	diagnosis	of	ACS	and
is	considered	the	gold-standard	modality	to	define	the	extent	of	coronary	disease,
and	 as	 a	 prelude	 to	 percutaneous	 revascularization	 (see	 section	 on	 treatment
strategies	and	interventions).3,37

RISK	STRATIFICATION
The	 process	 of	 risk	 stratification	 for	 patients	 with	 NSTE-ACS	 refers	 to	 two
simultaneous	 processes	 (frequently	 carried	 out	 at	 the	 time	 of	 hospital
presentation):	(a)	risk	assessment	(ie,	prediction	of	mortality/morbidity	risk),	and
(b)	 selection	 of	 a	 management	 strategy	 (ie,	 an	 early	 invasive	 vs	 early
conservative	approach).

Risk	assessment	using	clinical,	ECG,	laboratory,	and	imaging	data	identifies
which	 patients	 are	 at	 highest	 risk	 for	 adverse	 outcomes.	Moreover,	 data	 from



several	 trials	 have	 demonstrated	 that	 early	 risk	 assessment	 (especially	 using
troponin)	 has	 also	 been	 useful	 for	 predicting	 which	 patients	 will	 derive	 the
greatest	 benefit	 from	 more	 potent	 antithrombotic	 therapies,	 such	 as	 low-
molecular-weight	 heparin	 (LMWH)	 and	 glycoprotein	 (GP)	 IIb/IIIa	 inhibitors.
Risk	assessment	can	similarly	be	used	to	determine	the	most	appropriate	level	of
care	 and	 monitoring	 (ie,	 between	 the	 coronary	 intensive	 care	 unit	 and	 the
intermediate	care	telemetry	unit).	The	“management	strategy”	refers	to	whether
early	 angiography	 is	performed	 (with	 revascularization	as	 appropriate)	directly
following	the	index	event	or	whether	a	conservative	or	ischemia-driven	strategy
is	carried	out,	 first	with	noninvasive	assessment	of	 residual	 ischemia,	 followed
by	angiography	and	revascularization	only	if	recurrent	ischemia	is	demonstrated
(see	 section	 ‘“Early	 Routine	 Invasive”	 vs	 “Ischemia-Guided”	 Strategy	 of
Coronary	Angiography	and	Revascularization’).

Risk	Assessment	Using	Clinical	Predictors
The	initial	clinical	evaluation	can	be	used	to	risk-stratify	patients	quickly	and	to
assist	with	 triage	 and	 early	management	 strategy.6,7	 In	 addition	 to	 age,	 gender,
and	 significant	 comorbidities,	 certain	 aspects	 of	 the	 clinical	 presentation	 can
yield	valuable	information.	High-risk	patients	can	be	identified	by	the	presence
of	 pain	 at	 rest	 and	 increasing	 frequency	 of	 symptoms	 leading	 up	 to	 the	 index
event.	Furthermore,	tachycardia,	hypotension,	and	signs	of	heart	failure	portend
a	poor	prognosis.	In	particular,	 the	Killip	classification	of	heart	failure	severity
has	been	shown	to	predict	both	short	and	 long-term	mortality	 for	patients	with
NSTE-ACS.6,7,38

Risk	Assessment	by	Electrocardiography
The	 admission	 ECG	 can	 be	 quite	 useful	 for	 predicting	 early	 and	 long-term
adverse	outcomes.39	In	the	Global	Use	of	Strategies	to	Open	Occluded	Coronary
Arteries	 (GUSTO)	 IIb	 study,	 the	 presence	 of	 ST	 segment	 depressions	 of	more
than	0.5	mm	was	associated	with	a	higher	risk	of	30-day	and	6-month	death	or
reinfarction	compared	with	T-wave	changes	alone.39	 In	 the	TIMI	III	 registry	of
patients	 with	 NSTE-ACS,	 multivariable	 predictors	 of	 1-year	 death	 or	 MI
included	 left	 bundle	 branch	 block	 and	 ST-segment	 deviation	 of	 0.5	 mm	 or
greater.30	In	contrast,	the	presence	of	isolated	T-wave	changes	was	not	associated
with	 a	 significantly	 increased	 risk	 of	 death	 or	 MI	 compared	 with	 no	 ECG
changes.30



The	 presence	 of	 ECG	 abnormalities	 has	 also	 been	 associated	 with	 greater
treatment	benefit	 from	more	aggressive	 therapies.	The	presence	of	ST-segment
deviation	 identified	 patients	 in	 both	 the	 Efficacy	 and	 Safety	 of	 Subcutaneous
Enoxaparin	in	Non–Q-Wave	Coronary	Events	(ESSENCE)	and	TIMI	11B	trials
who	 benefit	 the	 most	 from	 antithrombotic	 therapy	 with	 enoxaparin	 vs.
unfractionated	heparin	(UFH)	for	NSTE-ACS.40,41	Similarly,	in	both	the	Fragmin
and	 Fast	 Revascularization	 During	 Instability	 in	 Coronary	 Artery	 Disease
(FRISC)	 II,	 and	 Treat	Angina	with	Aggrastat	 and	Determine	Cost	 of	 Therapy
with	 an	 Invasive	 or	 Conservative	 Strategy	 (TACTICS)-TIMI	 18	 trials,	 an
invasive	 strategy	 had	 a	 particular	 benefit	 for	 patients	 with	 ST-segment
depression	at	presentation.42,43	Thus,	ST-segment	deviation	not	only	is	a	marker
of	increased	risk	for	adverse	outcomes	but	also	identifies	those	patients	who	may
derive	greater	benefit	from	aggressive	antithrombotic	and	invasive	therapy.

Risk	Assessment	by	Cardiac	Markers
Patients	with	NSTEMI	have	a	worse	long-term	prognosis	than	those	with	UA.44
Patients	 with	 an	 elevated	 troponin,	 even	 with	 a	 normal	 CK-MB,	 have	 a
significantly	 worse	 prognosis.45,46	 Beyond	 a	 binary	 positive	 vs.	 negative	 test
result,	there	is	a	linear	relationship	between	the	level	of	cardiac	troponin	T	or	I	in
the	blood	and	 the	 subsequent	 risk	of	death:	 the	higher	 the	 troponin,	 the	higher
the	mortality	 risk	(Figure	187.2).	Thus,	cardiac	 troponin	 is	useful	not	only	 for
diagnosing	 infarction47	 but	 also	 for	 assessing	 risk	 among	 patients	who	 present
with	 NSTE-ACS.	 Given	 the	 enhanced	 sensitivity	 and	 specificity,	 cardiac
troponin	 is	 the	preferred	marker	of	myocardial	necrosis	 for	both	diagnosis	and
prognosis.6,7

	

Figure	 187.2 	 TIMI	 IIIB:	 a	 direct	 relationship	 was	 observed
between	 increasing	 levels	 of	 troponin	 I	 and	 a	 higher	 42-day



mortality.TIMI,	 Thrombolysis	 in	 Myocardial	 Infarction.(Adapted
from	 Antman	 EM,	 Tanasijevic	 MJ,	 Thompson	 B,	 et	 al.	 Cardiac-
specific	 troponin	 I	 levels	 to	 predict	 the	 risk	 of	mortality	 in	 patients
with	 acute	 coronary	 syndromes.	 N	 Engl	 J	 Med.	 1996;335:1342-
1349.)

The	 presence	 of	 elevated	 cardiac	 troponin	 levels	 also	 correlates	 with	 the
utility	 of	 particular	 therapies.	 In	 a	 trial	 examining	 the	 benefit	 of	 abciximab
among	 patients	with	NSTEMI,	 the	 reduction	 of	 death	 or	MI	 at	 6	months	was
70%	 for	 those	 who	 were	 cardiac	 troponin	 T	 positive,	 whereas	 there	 was	 no
significant	 benefit	 for	 those	who	were	 troponin	T	 negative	 (P	 <.001).48	 In	 the
TIMI	11B	trial,	even	when	looking	at	patients	who	were	CK-MB	negative,	those
who	were	cardiac	troponin	I	positive	derived	a	significantly	greater	benefit	from
enoxaparin	 vs.	 UFH,	 compared	 with	 those	 who	 had	 both	 markers	 negative.49
Research	 has	 also	 demonstrated	 that	 cardiac	 troponin	 levels	 are	 useful	 when
choosing	an	invasive	vs.	conservative	strategy	for	patients	with	NSTE-ACS.	In
both	 the	 FRISC	 II	 and	 TACTICS-TIMI	 18	 trials,	 patients	 who	 had	 a	 positive
cardiac	 troponin	T	or	 I	 (including	 those	who	had	very	 low	 levels	 of	 troponin)
had	 a	 dramatic	 reduction	 of	 cardiac	 events	 after	 allocation	 to	 an	 invasive
strategy.46,50	Thus,	there	is	evidence	from	multiple	trials	that	the	use	of	troponins
can	assist	 in	both	assessing	the	risk	and	determining	which	patients	will	derive
the	 most	 benefit	 from	 more	 potent	 antithrombotic	 agents	 and	 an	 invasive
management	strategy.	High	sensitivity	CRP	and	brain	natriuretic	peptides	(BNP)
(including	 N-terminal	 proBNP)	 also	 carry	 independent	 prognostic	 value	 in
NSTE-ACS,	the	latter	of	which	as	a	marker	for	LV	strain	and	heart	failure.51

Risk	Assessment	by	Imaging
6 	 Echocardiography	 is	 a	 widely	 available	 tool	 to	 assess	 LV	 function	 at	 the
bedside.	The	presence	of	a	new	wall	motion	abnormality	is	one	of	the	diagnostic
criteria	for	NSTE-ACS	and	therefore	has	important	implications	for	downstream
risk.28	Coronary	CTA	is	an	increasingly	used	tool	for	patients	with	low-risk	chest
pain,	 including	 low-moderate	 risk	 unstable	 angina,	 for	 risk	 stratification.	 A
negative	 CTA	 carries	 a	 very	 high	 negative	 predictive	 value	 and	 helps	 avoid
unnecessary	invasive	testing.7

Combined	Risk	Assessment	Scores



The	current	AHA/ACC	and	ESC	guidelines	for	the	management	of	NSTE-ACS
recommend	 the	 use	 of	 risk	 scores	 to	 facilitate	 decisions	 regarding	 triage	 and
management	 strategy.6,7	 The	 TIMI	 Risk	 Score	 for	 UA/NSTEMI	 uses	 readily
available	clinical	 factors,	ECG	changes,	and	cardiac	markers.	 It	consists	of	 the
following	seven	risk	factors:	age	65	years	or	older,	more	than	three	risk	factors
for	 coronary	 artery	 disease,	 documented	 coronary	 artery	 disease	 at
catheterization,	 ST-segment	 deviation	 of	 0.5	 mm	 or	 greater,	 more	 than	 two
episodes	 of	 angina	 in	 the	 past	 24	 hours,	 aspirin	 use	within	 the	 prior	week,	 or
elevated	 serum	 cardiac	markers.	 Use	 of	 this	 scoring	 system	was	 able	 to	 risk-
stratify	 patients	 across	 a	 10-fold	 gradient	 of	 risk,	 from	 4.7%	 to	 40.9%
(P	<.001).52	Most	importantly,	this	risk	score	identified	patients	who	derived	the
greatest	benefit	from	enoxaparin	vs.	UFH,52	from	use	of	a	GP	IIb/IIIa	inhibitor,53
and	from	an	early	invasive	management	strategy.43

The	 GRACE	 (Global	 Registry	 of	 Acute	 Coronary	 Events)	 risk	 score
incorporates	multiple	characteristics	on	admission	to	identify	patients	at	greatest
risk	 of	 in-hospital	 and	6-month	mortality	 following	 an	ACS	event.	The	model
includes	age;	heart	rate;	systolic	blood	pressure;	serum	creatinine;	presence	and
severity	 of	 heart	 failure	 according	 to	 Killip	 class,	 whether	 or	 not	 there	was	 a
cardiac	arrest	at	admission;	ST-segment	deviation;	and	elevated	cardiac	markers
at	presentation.54,55	When	applied	to	patients	with	NSTE-ACS,	the	GRACE	risk
score	is	also	able	to	identify	those	patients	most	likely	to	benefit	from	an	early
invasive	strategy.	In	the	Timing	of	Intervention	in	Patients	with	Acute	Coronary
Syndromes	 (TIMACS)	 trial,	NSTE-ACS	patients	with	 a	GRACE	 risk	 score	of
greater	than	140	(the	highest	risk	tertile)	had	a	35%	reduction	in	the	primary	end
point	 (composite	 of	 death,	 MI,	 or	 stroke)	 with	 early	 coronary	 angiography
(median	 time,	14	hours)	when	compared	 to	delayed	 intervention	(median	 time,
50	hours):	13.9%	vs.	21%;	P	=	.006.	In	patients	with	a	GRACE	risk	score	of	less
than	 140,	 there	 was	 no	 difference	 between	 the	 two	 groups:	 7.6%	 vs.	 6.7%;
P	 =	 .48.56	 Therefore,	 combined	 risk	 assessment	 scores	 can	 not	 only	 identify
those	patients	at	the	highest	risk	for	an	adverse	cardiovascular	event	but	can	also
assist	the	clinician	with	management	decisions	regarding	antithrombotic	therapy
and	coronary	angiography.

MEDICAL	THERAPIES

Treatment	Goals



7 	 The	 treatment	 objectives	 for	 patients	 with	 NSTE-ACS	 are	 focused	 on
stabilizing	 the	acute	coronary	 lesion,	 treatment	of	 residual	 ischemia,	 and	 long-
term	 secondary	prevention.	Antithrombotic	 therapies	 (eg,	 aspirin,	P2Y12	ADP
receptor	 blockers	 such	 as	 ticagrelor,	 prasugrel	 and	 clopidogrel,	 anticoagulants,
and	GP	 IIb/IIIa	 inhibitors)	 are	 used	 to	 prevent	 further	 clotting	 in	 the	 coronary
artery	and	allow	endogenous	fibrinolysis	to	dissolve	the	thrombus	and	reduce	the
degree	of	 coronary	 stenosis.	Antithrombotic	 therapy	 is	 continued	 long	 term	 so
that	 if	 future	 events	 occur,	 the	degree	of	 thrombosis	 is	 reduced.	Anti-ischemic
therapies	(eg,	β-blockers,	nitrates,	and	sometimes	calcium	channel	blockers)	are
used	 to	 reduce	 myocardial	 oxygen	 demand.	 Coronary	 revascularization	 is
frequently	 needed	 to	 treat	 recurrent	 or	 residual	 ischemia.	After	 stabilization	of
the	acute	event,	the	many	factors	that	led	up	to	the	event	need	to	be	addressed.
Treatment	 of	 atherosclerotic	 risk	 factors	 such	 as	 hypercholesterolemia,
hypertension,	and	smoking,	which	contribute	to	stabilization	of	the	cholesterol-
laden	plaque	and	healing	of	the	endothelium,	is	critical.

Antiplatelet	Therapy

Aspirin
8 	Aspirin	is	a	cornerstone	of	therapy	for	patients	who	present	with	NSTE-ACS.
Through	irreversible	inhibition	of	cyclooxygenase	(thus	limiting	the	production
of	 thromboxane	A2),	aspirin	decreases	platelet	activation	and	has	demonstrated
clear	 beneficial	 effects	 for	 patients	 who	 present	 with	 NSTE-ACS.57,58	 The
randomized	Clopidogrel	and	Aspirin	Optimal	Dose	Usage	to	Reduce	Recurrent
Events	 -	 Seventh	 Organization	 to	 Assess	 Strategies	 in	 Ischemic	 Syndromes
(CURRENT-OASIS	7)	 trial	evaluated	25,086	ACS	patients	(who	were	referred
for	an	invasive	strategy)	and	demonstrated	no	differences	of	outcomes	between
the	 low-dose	 (75-100	 mg)	 and	 high-dose	 (300-325	 mg)	 aspirin	 groups.
Importantly,	 each	 arm	 received	 an	 initial	 loading	 dose	 of	 aspirin	 of	 at	 least
300	 mg	 on	 day	 1.59	 These	 results	 were	 similar	 for	 the	 prespecified	 subset	 of
individuals	 who	 underwent	 PCI.60	 A	 subsequent	 meta-analysis	 demonstrated
comparable	benefit	between	low-dose	(less	than	160	mg)	and	high-dose	(greater
than	or	equal	to	160	mg)	aspirin	with	an	increased	risk	of	bleeding	in	the	high-
dose	group.61	Thus,	 for	 patients	 presenting	with	NSTE-ACS,	 an	 initial	 loading
dose	of	non-enteric	coated	aspirin	of	325	mg	followed	by	maintenance	dose	of
75	 to	 81	mg	 daily	 is	 a	 reasonable	 approach.6,7	 For	 patients	with	 an	 allergy	 to
aspirin,	a	loading	dose	of	clopidogrel	followed	by	daily	maintenance	dosing	is	a



reasonable	alternative.6

P2Y12	Adenosine	Diphosphate	Receptor	Blockers
Clopidogrel	 is	 a	 thienopyridine	 derivative	 that	 inhibits	 platelet	 activation	 and
aggregation	by	irreversibly	inhibiting	the	binding	of	ADP	to	the	P2Y12	receptor
on	the	surface	of	the	platelet.	In	the	Clopidogrel	in	Unstable	Angina	to	Prevent
Recurrent	Events	(CURE)	trial,	the	addition	of	clopidogrel	plus	aspirin	led	to	a
20%	 reduction	 of	 recurrent	 cardiovascular	 events	when	 compared	with	 aspirin
alone	in	12,562	randomized	NSTE-ACS	patients.62	For	patients	who	underwent
PCI,	 those	 treated	 with	 clopidogrel	 experienced	 a	 30%	 reduction	 of	 ischemic
events.63	 The	 combination	 of	 clopidogrel	 plus	 aspirin	was	 however	 associated
with	a	relative	35%	increase	of	major	bleeding	(using	the	CURE	trial	definition),
but	the	absolute	increase	was	only	1%	(from	2.7%	to	3.7%).	Furthermore,	using
the	 standard	 TIMI	 definition	 of	 bleeding,	 there	was	 no	 significant	 increase	 of
major	bleeding	risk	and	no	increase	of	intracranial	hemorrhage.

Clopidogrel	 is	 an	 inactive	 prodrug	 that	 requires	 hepatic	metabolism	via	 the
cytochrome	P450	(CYP)	system	to	produce	the	active	metabolite	(Table	187.1).
Roughly,	 85%	 of	 the	 prodrug	 is	 hydrolyzed	 to	 an	 inactive	 metabolite	 by
circulating	 esterases.7,64	 There	 are	 several	 notable	 pharmacogenetic	 and	 drug-
drug	interactions	for	clopidogrel	that	can	affect	patient	outcomes.	Approximately
25%	 to	 30%	 of	 the	 population	 has	 a	 reduced-function	 genetic	 variant	 of
CYP2C19,	 a	 member	 of	 the	 CYP450	 enzyme	 family.	 When	 treated	 with
clopidogrel,	 these	 individuals	 have	 lower	 circulating	 levels	 of	 the	 clopidogrel
active	metabolite,	thereby	leading	to	less	platelet	inhibition,	and	a	higher	rate	of
ischemic	 events	 including	 stent	 thrombosis.65	 Two	 randomized	 trials,	 TAILOR
PCI	 and	 POPular	 Genetics,	 tested	 genotype-guided	 strategies	 for	 P2Y12
inhibitor	 selection.	TAILOR-PCI	 found	 that	 in	patients	with	CYP2C19	 loss-of-
function	 alleles,	 ticagrelor	 tended	 to	 offer	 a	 large	 relative	 risk	 reduction	 in
ischemic	 events	 over	 clopidogrel,	 as	would	be	 expected.	 In	POPular	Genetics,
allowing	clopidogrel	 to	be	used	in	patients	who	did	not	have	a	CYP2C19	loss-
of-function	 allele,	 and	 giving	 ticagrelor	 to	 all	 others,	 resulted	 in	 comparable
ischemic	outcomes	 compared	with	 a	 strategy	of	 ticagrelor	 for	 all,	 and	 reduced
the	 risk	 of	 bleeding.66,67	 These	 data	 have	 not	 been	 adopted	 into	 practice
guidelines.

TABLE	187.1



Comparison	of	P2Y12	Receptor	Blockers

Clopidogrel Prasugrel Ticagrelor Cangrelor

Inhibitor
reversibility

Irreversible Irreversible Reversible Reversible

Administration Oral Oral Oral Intravenous

Loading	dose 300-600	mg 60	mg 180	mg 30	μg/kg
bolus

Maintenance	dose 75	mg	daily 10	mg
daily

90	mg
twice	daily

4
μg/kg/min

Prodrug	vs	active
drug

Prodrug Prodrug Active	drug Active	drug

Loading	dose
onset	of	action

2-6	h 30	min 30	min 2	min

Effect	duration 7-10	d 7-10	d 3-5	d 30-120	min

Cessation	before
surgery

5	d 7	d 5	d 60	min

Adapted	from	Franchi	F,	Angiolillo	DJ.	Novel	antiplatelet	agents	in	acute	coronary	syndrome.	Nat
Rev	Cardiol.	2015;12(1):30-47	and	Roffi	M,	Patrono	C,	Collet	JP,	et	al.	2015	ESC	Guidelines	for
the	management	of	acute	coronary	syndromes	in	patients	presenting	without	persistent	ST-
segment	elevation:	Task	Force	for	the	Management	of	Acute	Coronary	Syndromes	in	Patients
Presenting	without	Persistent	ST-Segment	Elevation	of	the	European	Society	of	Cardiology
(ESC).	Eur	Heart	J.	2016;37(3):267-315.

Metabolism	 of	 clopidogrel	 may	 also	 be	 affected	 by	 certain	 drugs.	 Several
pharmacodynamic	 studies	 had	 shown	 that	 proton	 pump	 inhibitors	 (PPIs)	 that
inhibit	CYP2C19	 could	 decrease	 clopidogrel	 activity.	 However,	 the	 safety	 of
combination	therapy	with	clopidogrel	and	omeprazole	was	demonstrated	 in	 the
Clopidogrel	 and	 the	Optimization	of	Gastrointestinal	Events	Trial	 (COGENT),
which	 randomized	 patients	 to	 clopidogrel	 alone	 or	 a	 combination	 pill	 of
clopidogrel	 plus	 omeprazole	 following	 PCI.	 There	 was	 no	 difference	 of
cardiovascular	outcomes	over	6	months,	although	a	 significant	 reduction	 in	GI
events	 among	 patients	 taking	 the	 PPI	 was	 noted.68	 Given	 the	 dependence	 of



clopidogrel	metabolism	 on	 the	 CYP450	 system	 and	 the	 large	 number	 of	 PPIs
available,	 including	 some	 that	do	not	 inhibit	CYP2C19,	 extra	vigilance	 should
be	taken	when	prescribing	other	drugs	with	clopidogrel.

Prasugrel	is	a	third	generation	P2Y12	ADP	receptor	blocker.	Also	a	prodrug
and	an	irreversible	P2Y12	inhibitor,	prasugrel	has	a	quicker	onset	of	action	when
compared	 to	 clopidogrel	 (30-90	 minutes	 for	 prasugrel	 vs	 2-6	 hours	 for
clopidogrel).	Prasugrel	has	more	predictable	and	more	potent	platelet	inhibition
than	clopidogrel.64	 The	Trial	 to	Assess	 Improvement	 in	Therapeutic	Outcomes
by	Optimizing	Platelet	 Inhibition	with	Prasugrel—Thrombolysis	 in	Myocardial
Infarction	(TRITON-TIMI)	38	compared	prasugrel	to	clopidogrel	in	13,608	ACS
patients	 who	 were	 scheduled	 to	 undergo	 PCI.	 Notably,	 study	 medication	 was
administered	 after	 coronary	 anatomy	 was	 known,	 either	 during	 or	 after	 PCI.
Patients	 receiving	prasugrel	 had	 a	 19%	 reduction	of	 the	 rate	 of	 cardiovascular
death,	MI,	and	stroke	(9.9%	vs	12.1%;	P	<	.001)	as	well	as	a	52%	reduction	in
stent	 thrombosis	 (1.1%	vs	2.4%;	P	<	 .001).69,70	However,	 these	positive	effects
come	 at	 the	 price	 of	 significantly	 increased	 rates	 of	 major	 bleeding	 with
prasugrel	after	PCI	(2.4%	vs	1.8%;	P	<	.001).69	Comparable	effects	seen	in	the
overall	trial	results	were	also	seen	among	the	10,074	patients	with	NSTE-ACS.
Prasugrel	is	contraindicated	for	patients	with	a	history	of	cerebrovascular	events
due	to	net	harm	in	 this	subgroup,	and	there	was	no	clinical	benefit	 for	patients
older	 than	75	years	of	 age	or	 for	patients	who	weighed	 less	 than	60	kg.69	 The
Targeted	Platelet	Inhibition	to	Clarify	the	Optimal	Strategy	to	Medically	Manage
Acute	Coronary	Syndromes	(TRILOGY	ACS)	trial	evaluated	aspirin	plus	either
clopidogrel	 or	 prasugrel	 in	 NSTE-ACS	 patients	 managed	 medically	 without
revascularization	and	 there	was	no	difference	 in	 ischemic	or	bleeding	events.71
As	a	result	of	 these	findings,	 for	patients	 treated	with	PCI	who	are	not	at	high
risk	for	bleeding,	prasugrel	is	preferred	over	clopidogrel.6

Ticagrelor	is	another	oral	P2Y12	ADP	inhibitor;	however,	unlike	clopidogrel
or	prasugrel,	it	has	reversible	binding	and	is	administered	twice	daily.	Similar	to
prasugrel,	 ticagrelor	 has	 a	 faster	 and	 more	 predictable	 onset	 of	 action	 than
clopidogrel	(Table	187.1).	The	PLATO	trial	compared	clopidogrel	and	ticagrelor
in	 18,624	 patients	 presenting	 with	 ACS.72	 Similar	 to	 the	 overall	 trial,	 for	 the
subset	of	11,080	NSTE-ACS	patients,	 ticagrelor	reduced	the	primary	end	point
of	CV	death,	MI,	or	stroke	(10.0%	vs	12.3%,	P	=	 .0013)	when	compared	with
clopidogrel.	There	was	also	a	reduction	in	the	rates	of	CV	death	(3.7%	vs	4.9%
P	=	.007),	and	all-cause	mortality	(4.3%	vs	5.8%	P	=	.002).73	Bleeding	outcomes
for	the	subset	of	patients	with	NSTE-ACS	were	also	similar	 to	the	overall	 trial
with	no	overall	difference	of	major	bleeding.	However,	the	ticagrelor	group	did
have	 a	 higher	 rate	 of	 non–CABG-related	 major	 bleeding	 (4.8%	 vs	 3.8%



P	 =	 .0139).	 The	 lower	 event	 rates	 with	 ticagrelor	 vs.	 clopidogrel	 were
independent	 of	 revascularization	 status	 within	 the	 first	 10	 days	 following
randomization.73	Two	additional	notable	side	effects	observed	from	the	PLATO
trial	were	dyspnea	(occurred	in	15%	but	 led	to	drug	discontinuation	in	<1%	of
patients)	 and	 asymptomatic	 ventricular	 pauses	 that	 were	 not	 associated	 with
increased	rates	of	syncope	or	pacemaker	 implantation.72	Ticagrelor	 is	preferred
over	 clopidogrel	 for	 patients	 treated	 with	 medical	 therapy	 or	 with	 PCI.6
However,	 when	 ticagrelor	 was	 tested	 head-to-head	 with	 prasugrel	 in	 patients
with	acute	coronary	syndrome	from	the	ISAR-REACT	5	trial,	 the	 incidence	of
death,	MI,	or	stroke	was	significantly	lower	with	prasugrel,	and	the	risk	of	major
bleeding	was	not	significantly	different.74	Nevertheless,	these	findings	have	not
altered	present	professional	society	guidelines.

Cangrelor	is	an	intravenous	P2Y12	ADP	inhibitor	with	a	short	half-life	(less
than	10	minutes)	that	has	a	fast	and	predictable	onset	and	offset	of	action.	Within
minutes	of	an	initial	bolus	the	desired	antiplatelet	effect	is	achieved,	and	within
60	 minutes	 of	 stopping	 the	 infusion	 platelet	 function	 is	 restored.	 In	 the
CHAMPION-PHOENIX	trial,	there	was	a	significant	reduction	of	the	composite
of	 death	 from	 any	 cause,	 MI,	 ischemia-driven	 revascularization,	 or	 stent
thrombosis	at	48	hours	with	cangrelor	compared	 to	clopidogrel	 (4.7%	vs	5.9%
P	=	.005),	with	the	results	mainly	driven	by	periprocedural	stent	thrombosis	and
MI.	There	was	 no	 increase	 in	 the	 rate	 of	GUSTO-defined	 severe	 bleeding	 the
primary	 safety	 end	 point	 (0.16%	 for	 the	 cangrelor	 group	 vs	 0.11%	 for	 the
clopidogrel	group	P	=	.44).75

Cangrelor’s	 short	half-life	with	quick	onset	 and	offset	make	 it	 an	appealing
option	 for	 use	 as	 a	 bridge	 for	 patients	 planned	 for	 surgery.	 The	 phase	 II
pharmacodynamic	BRIDGE	study	evaluated	the	use	of	cangrelor	as	a	bridge	to
CABG	for	210	patients	(more	than	1/3	with	NSTE-ACS)	who	had	an	indication
for	thienopyridine	treatment.76	Continuous	infusion	at	a	dose	of	0.75	μg/kg/min
provided	 comparable	 platelet	 inhibition	 to	 daily	 thienopyridine	 therapy.	 There
was	 no	 increase	 of	major	 bleeding	 complications;	 however,	 the	 study	was	 not
powered	for	clinical	end	points.	The	use	of	cangrelor	as	a	bridge	for	noncardiac
surgery	 or	 for	 other	 clinical	 scenarios	 appears	 to	 be	 an	 attractive	 strategy,
although	it	has	not	yet	been	evaluated	in	these	additional	settings.64

7 	Although	the	use	of	P2Y12	inhibition	in	NSTE-ACS	has	become	standard
of	 care,	 the	 optimal	 timing	 of	 P2Y12	 inhibitor	 administration	 (before	 or	 after
coronary	 angiography)	 remains	 quite	 uncertain.77,78	 Previous	 guidelines
recommended	that	P2Y12	inhibitor	therapy	be	initiated	as	soon	as	possible	after
the	diagnosis	of	NSTE-ACS.79,80	However,	 these	 recommendations	were	 based
on	data	from	studies	of	clopidogrel,	which	is	a	prodrug	and	for	which	the	clinical



data	 suggested	 a	 benefit	 to	 pretreatment.63,81	 Subsequent	 to	 the	 previous
guidelines,	 the	 only	 randomized	 controlled	 trial	 to	 evaluate	 the	 effect	 of
pretreatment	 with	 P2Y12	 inhibition	 (the	 ACCOAST	 trial)	 demonstrated	 no
ischemic	 benefit	 with	 the	 administration	 of	 prasugrel	 prior	 to	 angiography,
whereas	 pretreatment	 was	 associated	 with	 increased	 bleeding.82	 As	 a	 result,
prasugrel	 is	 not	 recommended	 prior	 to	 coronary	 angiography	 for	 patients	with
NSTE-ACS.	 In	contrast,	 there	are	no	 randomized	controlled	data	 to	 support	or
refute	pretreatment	with	either	clopidogrel	or	ticagrelor.	Pretreatment	can	cause	a
logistical	 challenge	 in	 patients	 who	 end	 up	 requiring	 coronary	 artery	 bypass
surgery,	 as	 the	 longer	 half-life	 can	 increase	 the	 bleeding	 risk	 for	 up	 to	 5	 days
after	cessation.	Given	the	lack	of	established	benefit,	the	ESC	guidelines	do	not
recommend	 pretreatment	with	 P2Y12	 in	 patients	with	 unknown	 anatomy	who
are	 undergoing	 an	 invasive	 strategy.7	 For	 patients	 undergoing	 a	 noninvasive
strategy,	 P2Y12	 inhibition	 with	 clopidogrel	 or	 ticagrelor	 is	 recommended	 as
soon	as	the	diagnosis	of	NSTE-ACS	is	made.6,7

Duration	of	Dual	Antiplatelet	Therapy
8 	 In	general,	 the	recommended	duration	of	dual	antiplatelet	 therapy	(DAPT)	 is
12	months,	 but	 this	may	 be	 adjusted	 in	 certain	 cases.7	 For	 patients	 who	 have
tolerated	DAPT	well	for	12	months,	it	may	be	reasonable	to	continue	DAPT	for
longer	 than	 12	months.83	 For	 patients	who	 had	 been	 on	DAPT	 for	 12	months
following	 PCI,	 the	 Dual	 Antiplatelet	 Therapy	 (DAPT)	 study	 demonstrated	 a
significant	reduction	in	major	adverse	cardiovascular	and	cerebrovascular	events
with	prolonged	DAPT	(for	an	additional	18	months)	compared	to	aspirin	alone.84
This	 benefit	was	 consistent	 for	 the	 subgroup	of	 patients	with	 a	 prior	MI.	This
concept	 was	 reaffirmed	 in	 the	 Prevention	 of	 Cardiovascular	 Events	 in	 the
Patients	 with	 Prior	 Heart	 Attack	 Using	 Ticagrelor	 Compared	 to	 Placebo	 on	 a
Background	of	Aspirin—Thrombolysis	in	Myocardial	Infarction	54	(PEGASUS-
TIMI	54)	trial.85	The	combination	of	aspirin	plus	2	different	doses	of	ticagrelor
(60	 or	 90	 mg	 twice	 daily)	 reduced	 the	 composite	 outcome	 of	 cardiovascular
death,	MI,	 or	 stroke	when	 compared	with	 aspirin	plus	placebo	 among	patients
with	 a	 prior	MI	more	 than	 1	 year	 before	 study	 entry	 (Figure	187.3).	 A	meta-
analysis	 of	DAPT	 for	 patients	with	 prior	MI	 also	 showed	 similar	 benefit	with
prolonged	DAPT	vs.	aspirin	alone.86	Importantly,	prolonged	DAPT	did	increase
the	 overall	 risk	 of	 bleeding	 (although	 there	 was	 no	 increase	 in	 the	 risk	 of
intracranial	 hemorrhage	 or	 of	 fatal	 bleeding).84-86	 Shorter	 durations	 of	 DAPT
with	 transition	 to	P2Y12	monotherapy	 instead	of	 aspirin	monotherapy	may	be
optimal.	 A	 recent	 meta-analysis	 has	 demonstrated	 that	 switching	 to	 P2Y12



monotherapy	 at	 3	 months	 results	 in	 reduced	 bleeding	 events	 and	 similar
ischemic	outcomes.87

	

Figure	187.3 	Kaplan-Meier	 curves	 demonstrating	 the	 benefit	 of
ticagrelor	 (60	mg	 or	 90	mg)	 vs	 placebo	 in	 reducing	 rates	 of	major
adverse	 cardiovascular	 events.CI,	 confidence	 interval;	 CV,
cardiovascular;	 HR,	 heart	 rate;	 MI,	 myocardial	 infarction.(Adapted
from	 Bonaca	 MP,	 Bhatt	 DL,	 Cohen	 M,	 et	 al.	 Long-term	 use	 of
ticagrelor	in	patients	with	prior	myocardial	infarction.	N	Engl	J	Med.
2015;372:1791-800.)

Glycoprotein	IIb/IIIa	Inhibitors
GP	IIb/IIIa	inhibitors	prevent	the	final	common	pathway	of	platelet	aggregation,
that	is,	fibrinogen-mediated	cross-linkage	of	platelets	via	the	GP	IIb/IIIa	receptor
(Figure	 187.1).	 Currently	 available	 GP	 IIb/IIIa	 inhibitors	 are	 all	 administered
intravenously	and	include	abciximab,	eptifibatide,	and	tirofiban.	The	efficacy	of
the	GP	IIb/IIIa	 inhibitors	for	 the	 treatment	of	NSTEMIs	has	been	evaluated	by
several	studies.	A	meta-analysis	of	six	randomized	controlled	trials	(with	nearly
30,000	 NSTE-ACS	 patients)	 demonstrated	 a	 modest	 9%	 relative	 reduction	 of
rates	of	30-day	death	or	MI	(10.7%	vs	11.5%	P	=	.02)	with	the	use	of	GP	IIb/IIIa
inhibitors.	Notably,	this	benefit	was	predominantly	seen	among	individuals	who
underwent	PCI.88,89	These	trials,	however,	were	largely	performed	before	the	era
of	 routine	 P2Y12	 inhibition.	 Several	 trials	 have	 shown	 increased	 rates	 of
bleeding	without	significant	reductions	in	ischemic	events	with	early	routine	vs.
provisional	use	of	GP	IIb/IIIa	antagonists.90,91

Based	 on	 these	 data	 demonstrating	 no	 benefits	 but	 increased	 bleeding	with



upstream	initiation	of	GPIIb/IIIa	inhibitors,	their	role	prior	to	PCI	is	limited.	The
current	AHA/ACC	guidelines	provide	a	class	IIb	recommendation	that	for	high-
risk	 patients	 (eg,	 those	 with	 positive	 troponin)	 treated	 with	 an	 early	 invasive
strategy	and	DAPT,	a	GP	IIb/IIIa	 inhibitor	may	be	considered	as	part	of	 initial
antiplatelet	 therapy.6	 Alternatively,	 the	 current	 ESC	 guidelines	 recommend
against	 the	 use	 of	 GP	 IIb/IIIa	 inhibitors	 for	 patients	 in	 whom	 the	 coronary
anatomy	 is	 not	 known,	 and	 provide	 a	 class	 IIa	 recommendation	 for	 their	 use
during	PCI	in	bailout	situations	or	for	thrombotic	complications.7

Anticoagulation

Heparin
Among	patients	with	NSTE-ACS,	anticoagulation	on	top	of	antiplatelet	therapy
reduces	the	risk	of	events.92	UFH	is	a	widely	used	anticoagulant	 that	works	by
blocking	 both	 thrombin	 and	 factor	 Xa.	 UFH	 is	 administered	 as	 a	 continuous
infusion	 in	 patients	 with	 ACS	 owing	 to	 its	 short	 half-life.	 A	 meta-analysis
showed	a	33%	reduction	 in	death	or	MI	when	comparing	UFH	plus	aspirin	vs
aspirin	alone.93

The	 optimal	 regimen	 appears	 to	 be	weight-adjusted	 dosing	 (60	U/kg	 bolus
with	a	maximum	of	4000	and	12	U/kg/h	infusion	with	a	maximum	of	1000	U/h),
with	 frequent	 monitoring	 of	 the	 activated	 partial	 thromboplastin	 time	 (aPTT)
(every	6	hours	until	in	the	target	range	and	every	12	to	24	hours	thereafter),	and
titration	using	a	standardized	normogram,	with	a	target	range	of	aPTT	between
1.5	 and	 2.5	 times	 control	 or	 approximately	 50	 to	 70	 seconds.	UFH	 should	 be
continued	for	48	hours	or	until	PCI	is	performed.6

Low-Molecular-Weight	Heparin
Compared	 with	 UFH,	 LMWH	 has	 a	 higher	 ratio	 of	 anti-Xa	 to	 antithrombin
activity,	and	thus	has	more	effective	inhibition	of	thrombin	generation.94	LMWH
has	additional	potential	advantages	over	standard	UFH.	LMWH	has	less	binding
with	platelet	 factor	4	 (PF4),	 a	heparin-neutralizing	protein,	which	may	explain
the	 lower	 rates	 of	 heparin	 induced	 thrombocytopenia	 (HIT)	 with	 LMWH	 vs
UFH.94	Additionally,	higher	bioavailability	and	a	more	predictable	dose	response
allow	 for	weight-based	 subcutaneous	 dosing	without	 frequent	monitoring.	 The
recommended	enoxaparin	dose	is	1	mg/kg	every	12	hours.	Importantly,	because
enoxaparin	 is	 affected	 by	 renal	 dysfunction,	 dose	 adjustment	 is	 necessary	 for



patients	with	 reduced	 renal	 function	 (creatinine	 clearance	 15-30	mL/min:	 dose
1	mg/kg	 once	 daily),	 and	LMWH	should	 not	 be	 used	 for	 patients	with	 severe
renal	dysfunction	(creatinine	clearance	<15	mL/min).

Several	 trials	 have	 compared	UFH	with	 enoxaparin	 in	 patients	with	NSTE-
ACS.	The	earlier	studies,	ESSENCE	and	TIMI	11b,	demonstrated	a	reduction	of
ischemic	 events	 among	 patients	 treated	 with	 enoxaparin	 vs.	 UFH.41,95
Importantly,	 these	 trials	 were	 conducted	 on	 a	 background	 of	 predominantly
noninvasive	management	 strategies.	 In	 contrast,	 the	 subsequent	Superior	Yield
of	the	New	Strategy	of	Enoxaparin,	Revascularization	and	Glycoprotein	IIb/IIIa
Inhibitors	 (SYNERGY)	 trial,	 conducted	 among	 high-risk	 NSTE-ACS	 patients
who	were	planned	for	an	early	 invasive	strategy,	demonstrated	no	 reduction	 in
ischemic	events	with	enoxaparin	vs.	UFH,	and	enoxaparin	was	associated	with
increased	 bleeding	 (9.1%	 vs	 7.6%;	P	 =	 .008).96	 Given	 the	 differing	 results,	 a
meta-analysis	was	performed	including	49,088	ACS	patients	that	demonstrated	a
significant	 reduction	 of	 ischemic	 events	 with	 enoxaparin	 vs.	 UFH	 and	 no
differences	 of	 bleeding.97	 Similar	 results	 were	 noted	 for	 the	 subset	 of	 NSTE-
ACS	 patients;	 enoxaparin	 reduced	 ischemic	 events	 (odds	 ratio	 0.90;	 95%	 CI
0.81-0.996,	P	 =	 .043),	 without	 a	 significant	 increase	 in	 major	 bleeding	 (odds
ratio	1.13,	95%	CI	0.84-1.54,	P	=	.419).

Fondaparinux
Fondaparinux	is	a	synthetic	pentasaccharide	and	a	specific	factor	Xa	inhibitor.	In
the	Organization	to	Assess	Strategies	in	Ischemic	Syndromes	(OASIS)-5	study,
fondaparinux	was	 found	 to	 be	 noninferior	 to	 enoxaparin	 in	 terms	 of	 ischemic
events	 and	 nearly	 halved	 the	 rate	 of	 major	 bleeding	 over	 the	 first	 9	 days	 in
patients	with	NSTE-ACS.98	By	30	days,	mortality	was	significantly	lower	in	the
fondaparinux	arm	(hazard	ratio	0.83;	95%	CI	0.71-0.97;	P	=	.02).	Notably,	in	the
subset	 of	 patients	 undergoing	 PCI,	 fondaparinux	 was	 associated	 with	 an
increased	 risk	 of	 catheter-related	 thrombi.	 Standard-dose	 UFH	 during	 PCI
appeared	 to	 minimize	 this	 risk,99	 and	 consequently,	 the	 AHA/ACC	 and	 ESC
recommend	that	standard-dose	UFH	be	used	during	PCI	for	patients	treated	with
fondaparinux	beforehand.6,7

Bivalirudin
Bivalirudin	is	another	antithrombotic	drug	used	in	the	treatment	of	NSTE-ACS,
which	 acts	 by	 directly	 inhibiting	 thrombin	 and	 thus	 inhibiting	 clot	 formation.
Bivalirudin	was	evaluated	in	the	Acute	Catheterization	and	Urgent	Intervention



Triage	Strategy	(ACUITY)	trial,	which	randomized	13,819	patients	with	NSTE-
ACS,	who	were	 to	be	managed	with	an	early	 invasive	strategy,	 to	one	of	 three
treatments:	UFH	or	enoxaparin	plus	a	GP	IIb/IIIa	inhibitor,	bivalirudin	plus	a	GP
IIb/IIIa	 inhibitor,	 or	 bivalirudin	 alone.	 The	 study	 found	 no	 differences	 of	 the
primary	end	point	of	death,	MI,	unplanned	 revascularization	 for	 ischemia,	 and
major	 bleeding	 at	 30	 days	 between	 bivalirudin	 plus	 GP	 IIb/IIIa	 inhibitor	 and
UFH/enoxaparin	plus	a	GP	IIb/IIIa	inhibitor.100	For	the	bivalirudin-alone	group,
when	 compared	 with	 the	 group	 receiving	 UFH/enoxaparin	 plus	 a	 GP	 IIb/IIIa
inhibitor,	there	was	no	difference	of	the	composite	ischemic	end	point,	but	there
was	 a	 lower	 rate	 of	 bleeding	 (3.0%	 vs	 5.7%;	P	 <	 .001).	 Similar	 results	 were
noted	for	 the	Intracoronary	Stenting	and	Antithrombotic	Regimen:	Rapid	Early
Action	 for	 Coronary	 Treatment	 4	 (ISAR-REACT	 4)	 trial.101	 A	 meta-analysis
including	 16	 trials	 comparing	 bivalirudin-based	 regimens	 with	 heparin-based
regimens	 demonstrated	 that	 bivalirudin	 was	 associated	 with	 a	 reduction	 of
bleeding	events,	 but	with	 an	 increased	 risk	of	MI	and	 stent	 thrombosis.102	 The
Minimizing	 Adverse	 Hemorrhagic	 Events	 by	 Transradial	 Access	 Site	 and
Systemic	 Implementation	of	Angiox	 (MATRIX)	study	demonstrated	no	benefit
with	bivalirudin	for	either	major	adverse	cardiovascular	events	or	for	net	clinical
adverse	events	(a	composite	of	major	bleeding	and	major	adverse	cardiovascular
events).103	The	AHA/ACC	guidelines	recommend	that	bivalirudin	only	be	used
for	patients	managed	with	an	early	invasive	strategy	whereas	the	ESC	guidelines
recommend	 bivalirudin	 as	 an	 alternative	 to	 UFH-GP	 IIb/IIIa	 inhibitors	 during
PCI6,7

Oral	Anticoagulation
Oral	anticoagulation	with	warfarin	following	ACS	has	been	examined	by	several
trials,	 because	 prolonged	 treatment	 might	 extend	 the	 benefits	 of	 early
anticoagulation.	Older	trials	showed	that	adding	warfarin	to	aspirin	lowered	the
rate	 of	 ischemic	 events,	 but	 at	 the	 expense	 of	 increased	 bleeding.	 Likewise,
adding	 full-dose	 apixaban	 to	 standard	 antiplatelet	 therapy	 following	 ACS
significantly	increased	bleeding	without	a	reduction	of	ischemic	events.104

In	contrast,	the	Anti-Xa	Therapy	to	Lower	Cardiovascular	Events	in	Addition
to	 Aspirin	 with	 or	 without	 Thienopyridine	 Therapy	 in	 Subjects	 with	 Acute
Coronary	Syndrome	(ATLAS	ACS	2)—TIMI	51	evaluated	the	effect	of	adding
low-dose	 rivaroxaban	 (2.5	or	5	mg	 twice	daily)	vs.	 placebo	 in	15,526	patients
with	 a	 recent	ACS.	Roughly	50%	of	 the	population	had	NSTE-ACS	and	93%
were	on	clopidogrel	in	addition	to	aspirin,	and	it	included	patients	with	a	history
of	 intracranial	 bleeding,	 ischemic	 stroke,	 or	 transient	 ischemic	 attack	 (TIA).105



At	mean	follow-up	of	13	months,	the	addition	of	rivaroxaban	led	to	a	16%	lower
rate	 of	 death,	MI,	 or	 stroke	 at	 the	 expense	 of	 increased	 bleeding.	 The	 2.5	mg
dose	led	to	a	significant	32%	reduction	in	all-cause	mortality,	whereas	the	5	mg
dose	 did	 not.	 Although	 both	 doses	 led	 to	 a	 significant	 increase	 of	 bleeding
(including	 intracranial	 bleeding),	 the	 2.5	 mg	 dose	 had	 less	 of	 an	 increased
bleeding	risk	 than	 the	5	mg	dose.	The	COMPASS	trial	confirmed	 these	results
for	 patients	with	 vascular	 disease,	 showing	 that	 2.5	mg	 twice	 daily	 decreased
ischemic	 events	 and	 increased	bleeding.106	As	 a	 result,	 the	 2.5	mg	 twice	 daily
dose	 is	available	 in	Europe	with	a	class	 IIa	 recommendation	from	the	ESC	for
patients	with	a	 recent	NSTE-ACS,	 to	be	used	 in	 combination	with	aspirin	 and
clopidogrel.	It	has	also	been	approved	in	the	United	States,	but	guidelines	do	not
yet	 reflect	 this.	 Importantly,	 it	 is	 not	 recommended	 to	 be	 used	 in	 combination
with	 ticagrelor	or	prasugrel	 and	 is	 contraindicated	 in	patients	with	a	history	of
ischemic	stroke	or	TIA.7

Patients	 on	 chronic	 oral	 anticoagulation	 for	 atrial	 fibrillation	 or	 prior	 deep
vein	 thrombosis/pulmonary	 embolism	 require	 additional	 consideration	 in	 the
setting	of	NSTE-ACS.	On	presentation,	UFH	should	be	deferred	until	the	patient
is	subtherapeutic	(in	the	case	of	INR)	or	due	for	their	next	dose	(in	the	case	of
direct	oral	anticoagulants	[DOACs]).	Following	PCI,	the	combination	of	DAPT
with	 oral	 anticoagulation,	 also	 known	 as	 triple	 therapy,	 causes	 a	 high	 rate	 of
bleeding.	Instead,	a	short	course	of	triple	therapy	with	aspirin,	clopidogrel,	and	a
DOAC	 should	 be	 transitioned	 to	 clopidogrel	 plus	 DOAC	 after	 approximately
1	 week	 (up	 to	 4	 weeks	 in	 patients	 with	 high	 ischemic	 risk	 and	 low	 bleeding
risk).7

Anti-ischemic	Therapy

Oxygen
Patients	who	are	in	respiratory	distress	and/or	have	an	arterial	oxygen	saturation
<90%	should	receive	supplemental	oxygen.6,7	Previous	guidelines	recommended
for	 the	 routine	 use	 of	 supplemental	 oxygen	 in	 all	 patients	 with	 NSTE-ACS
during	 the	 first	 6	 hours	 after	 presentation,	 even	 in	 the	 absence	 of	 low	 arterial
oxygen	saturation.79	In	normoxic	NSTE-ACS	patients,	there	is	no	evidence	that
routine	 supplemental	 oxygen	 is	 beneficial;	 however,	 there	 is	 evidence	 of
potential	 harm	 with	 routine	 supplemental	 oxygen	 among	 normoxic	 STEMI
patients.107



Nitrates
Nitrates	 can	 be	 helpful	 for	 the	management	 of	 ischemic	 symptoms	 of	 patients
with	NSTE-ACS.	Importantly,	they	are	provided	for	symptom	relief	and	do	not
impart	 a	 mortality	 benefit.	 Both	 the	 Gruppo	 Italiano	 per	 lo	 Studio	 della
Sopravvivenza	 nell’Infarto	 miocardico	 (GISSI)	 3	 and	 International	 Study	 of
Infarct	Survival	 (ISIS)	 four	 trials	 failed	 to	 demonstrate	 a	 survival	 benefit	with
nitrates	for	patients	with	confirmed	or	suspected	ACS.108,109	If	there	is	persistent
pain	or	hypertension	after	 three	 sublingual	 tablets	and	 initiation	of	β-blockade,
intravenous	 nitroglycerin	 is	 recommended.6	 Nitrates	 should	 not	 be	 given	 to
patients	 who	 have	 recently	 taken	 a	 phosphodiesterase	 inhibitor	 because	 of	 an
increased	risk	of	hypotension.

β-Blockers
β-Blockers	 lower	 heart	 rate,	 blood	 pressure,	 and	 contractility,	 leading	 to
decreased	myocardial	 oxygen	 consumption.	A	meta-analysis	 demonstrated	 that
early	initiation	of	β-blockade	was	associated	with	a	reduction	of	ischemic	events
and	a	modest	reduction	in	near	term	all-cause	mortality.110	The	Clopidogrel	and
Metoprolol	 in	 Myocardial	 Infarction	 Trial	 (COMMIT)	 demonstrated	 the
importance	of	selecting	the	right	population	for	early	initiation	of	β-blockade	in
ACS.111	 In	 the	 overall	 population	 of	 45,852	 patients,	 the	 beneficial	 effects	 of
metoprolol	 on	 reinfarction	 and	 ventricular	 fibrillation	 were	 balanced	 by	 an
increased	 risk	 of	 cardiogenic	 shock.	 When	 the	 population	 was	 stratified
according	to	risk	of	cardiogenic	shock,	those	considered	low	risk	demonstrated	a
significant	 benefit	 associated	 with	 early	 initiation	 of	 β-blockade.	 The	 clinical
features	 identified	 as	high	 risk	 for	 cardiogenic	 shock	 included	 age	>	70	years,
systolic	 blood	 pressure	 <	 120	mm	Hg,	 heart	 rate	 >	 110	 beats	 per	minute,	 and
overt	heart	failure	on	initial	examination	(Killip	class	III).	The	current	guidelines
recommend	for	initiation	of	oral	β-blockade	within	the	first	24	hours	for	patients
who	are	not	in	heart	failure,	in	a	state	of	low	cardiac	output,	have	a	high	risk	of
cardiogenic	 shock,	 or	 have	 significant	 AV	 block.6	 For	 patients	 with	 initial
contraindications	 to	 early	 β-blocker	 therapy,	 once	 patients	 have
hemodynamically	 stabilized,	 initiation	 of	 β-blockade	 should	 be	 considered.
Additionally,	 a	 history	 of	 chronic	 obstructive	 lung	 disease	 or	 asthma	 is	 not	 a
contraindication	 to	 the	 initiation	of	β-blockade	 in	 the	absence	of	active	airway
disease.6

Calcium	Channel	Blockers



Nondihydropyridine	 calcium	 channel	 blockers	 (ie,	 diltiazem	 and	 verapamil)
have	a	minimal	role	in	patients	with	NSTE-ACS.	While	two	trials	have	shown	a
reduction	in	the	incidence	of	recurrent	MI,112,113	others	have	not	shown	a	benefit
with	 calcium	 channel	 blockade.114,115	 In	 fact,	 in	 patients	 with	 acute	 MI	 with
significant	LV	dysfunction	or	heart	 failure,	a	harmful	effect	has	been	observed
with	 the	 administration	 of	 diltiazem.116	 In	 addition,	 short	 acting	 nifedipine	 (a
dihydropyridine	 calcium	 channel	 blocker)	 has	 been	 shown	 to	 have	 harmful
effects	 for	 patients	 with	 acute	 MI	 and	 is	 not	 recommended	 for	 patients	 with
NSTE-ACS.117	Thus,	the	current	guidelines	recommend	that	nondihydropyridine
calcium	channel	blockers	be	used	only	for	patients	with	preserved	LV	function
and	without	heart	failure,	and	then	only	if	needed	for	recurrent	ischemia	despite
the	 use	 of	 nitrates	 and	 β-blockade,	 or	 for	 patients	 in	 whom	 β-blockade	 is
contraindicated.6	 Calcium	 channel	 blockers	 should	 not	 be	 administered	 to
patients	at	increased	risk	for	cardiogenic	shock	or	with	significant	AV	block.

Ranolazine
Although	the	exact	mechanism	of	its	antianginal	effects	is	unknown,	ranolazine
has	 been	 shown	 to	 partially	 inhibit	 fatty	 acid	 oxidation	 and	may	 improve	 the
efficiency	of	oxygen	utilization	in	cardiac	myocytes.	After	a	role	was	established
for	 stable	 angina,118,119	 the	 Metabolic	 Efficiency	 with	 Ranolazine	 for	 Less
Ischemia	in	Non–ST-Elevation	Acute	Coronary	Syndrome	(MERLIN)-TIMI	36
trial	expanded	the	use	of	ranolazine	to	the	NSTE-ACS	population	by	evaluating
6560	 patients	 with	 NSTE-ACS,	 3279	 of	 whom	 were	 randomized	 to	 receive
ranolazine	 and	 3281	 of	 whom	 received	 placebo.	 Although	 there	 was	 no
difference	of	the	primary	end	point	(a	composite	of	cardiovascular	death,	MI,	or
recurrent	 ischemia)	 between	 the	 two	 groups	 (21.8%	vs	 23.5%;	P	 =	 .11),	 there
was	 a	 significant	 reduction	 of	 the	 rates	 of	 recurrent	 ischemia	 with	 ranolazine
(13.9%	vs	 16.1%;	P	 =	 .03)120	 and	 anginal	 symptoms	 (HR	0.77;	 95%	CI	 0.59-
1.00;	P	=	.048).121	Hence,	ranolazine	remains	an	attractive	addition	to	β-blockers
and	nitrates	for	treatment	of	chronic,	severe	angina.

Angiotensin-Converting	Enzyme	Inhibitors
Angiotensin-converting	 enzyme	 (ACE)	 inhibitors	 have	 been	 shown	 to	 reduce
mortality	for	patients	after	MI,	who	have	either	LV	systolic	dysfunction	(ejection
fraction	<40%)	or	heart	failure.122,123	A	meta-analysis	of	nearly	100,000	patients
demonstrated	a	statistically	significant	albeit	small	0.48%	absolute	decrease	(7%
relative	 risk	 reduction)	 in	 30-day	 mortality	 with	 the	 early	 initiation	 of	 ACE



inhibitors	following	MI.124	Benefit	was	seen	as	early	as	24	hours;	however,	there
was	 also	 an	 increase	 of	 hypotension	 and	 renal	 dysfunction	 seen	 with	 early
initiation	of	ACE	inhibition.	These	 results	 suggest	 that	ACE	inhibitors	may	be
safely	initiated	early	following	MI,	but	the	benefits	must	be	weighed	against	the
risk	 for	hypotension	and	 renal	dysfunction.	The	current	guidelines	 recommend
the	use	of	ACE	inhibitors	for	patients	with	NSTE-ACS	with	systolic	dysfunction
(LVEF	<	40%),	heart	failure,	hypertension,	diabetes,	or	stable	CKD.6

Angiotensin	Receptor	Blockers
Angiotensin	receptor	blockers	(ARBs)	provide	an	alternative	to	ACE	inhibitors
and	 may	 block	 the	 renin-angiotensin	 system	 more	 completely	 than	 ACE
inhibitors,	 because	 angiotensin	 II	 can	 be	 generated	 via	 pathways	 that	 are
independent	 of	 ACE.125	 The	 Valsartan	 in	 Acute	 Myocardial	 Infarction	 Trial
(VALIANT)	randomized	nearly	15,000	patients	with	a	recent	MI	complicated	by
heart	 failure	 to	 receive	 an	ARB	 (valsartan),	 an	ACE	 inhibitor	 (captopril),	 or	 a
combination	 of	 the	 two	 drugs.126	 Valsartan	 was	 found	 to	 be	 noninferior	 to
captopril	 at	 2	 years	 with	 regard	 to	 mortality	 (P	 =	 .004)	 and	 recurrent
cardiovascular	 events	 (P	 <	 .001),	 and	 these	 findings	 were	 confirmed	 in	 the
Ongoing	Telmisartan	Alone	and	In	Combination	with	Ramipril	Global	Endpoint
Trial	(ON-TARGET)	trial.127	Hence,	ARBs	are	effective	alternatives	for	patients
who	are	intolerant	of	ACE	inhibitors.

Mineralocorticoid	Receptor	Antagonism
Aldosterone	blockade	in	addition	to	ACE	inhibition	lowers	the	rate	of	all-cause
mortality	 of	 patients	with	 severe	 heart	 failure	 and	 reduced	 systolic	 function.128
The	 main	 adverse	 effect	 with	 aldosterone	 blockade	 is	 hyperkalemia.	 The
Eplerenone	 Post–Acute	 Myocardial	 Infarction	 Heart	 Failure	 Efficacy	 and
Survival	Study	 (EPHESUS)	 randomized	6642	patients	 stabilized	 from	a	 recent
MI	with	LV	dysfunction	(LVEF	<40%),	plus	heart	failure	or	diabetes,	to	receive
eplerenone	 (selective	 aldosterone	 blocker)	 vs.	 placebo	 in	 addition	 to	 optimal
medical	therapy.129	At	24	months,	eplerenone	led	to	a	30%	reduction	in	all-cause
mortality.	Aldosterone	blockade	 is	 recommended	 for	patients	 post-MI	who	are
receiving	ACE	inhibition,	β-blockade,	have	an	LVEF	of	≤40%,	and	either	heart
failure	 or	 diabetes.	 It	 is	 not	 recommended	 for	 patients	 with	 renal	 dysfunction
(men	with	creatinine	>	2.5	mg/dL	or	for	women	with	creatinine	>	2.0	mg/dL)	or
hyperkalemia	(K+	>	5.0	mEq/L).7



Lipid-Lowering	Therapy
9 	All	patients	with	NSTE-ACS	should	be	on	a	statin	long	term.	The	benefits	of
this	 first-line	 lipid-lowering	 therapy	 are	 well	 established	 and	 strongly	 support
early	 initiation	 of	 high-intensity	 statin	 following	ACS.130-132	More	 recently,	 the
Improved	 Reduction	 of	 Outcomes:	 Vytorin	 Efficacy	 International	 Trial
(IMPROVE-IT)	 evaluated	 the	 effects	 of	 ezetimibe	 plus	 simvastatin	 vs.
simvastatin	 alone	 for	 stable	 patients	 with	 a	 recent	 ACS.133	 The	 addition	 of
ezetimibe	 reduced	 LDL-C	 (54	 mg/dL	 in	 the	 ezetimibe/simvastatin	 group	 vs
70	mg/dL	in	the	simvastatin	monotherapy	group).	Over	a	7-year	follow-up,	there
was	 a	 6.4%	 relative	 risk	 reduction	 of	 recurrent	 ischemic	 events	 for	 the
combination	 therapy	 group	 vs.	 the	 monotherapy	 group	 (Figure	 187.4).	 The
relative	 risk	 reduction	 was	 consistent	 with	 what	 was	 expected	 based	 on	 the
degree	 of	 LDL-C	 lowering.133,134	 The	 current	 AHA/ACC	 and	 ESC	 cholesterol
guidelines	 recommend	 ezetimibe	 as	 adjunctive	 lipid-lowering	 therapy	 for
patients	 not	 at	 their	 LDL-C	 target	 despite	 a	 maximally	 tolerated	 statin.135,136
Similarly,	 the	 proprotein	 convertase	 subtilisin/kexin	 9	 (PCSK9)	 inhibitors
evolocumab	 and	 alirocumab	 have	 been	 shown	 to	 reduce	major	 cardiovascular
events	when	added	to	statin	therapy	in	patients	with	a	history	of	MI.137,138	These
recommendations	 are	 supported	 by	 a	 metaregression	 analysis	 demonstrating
similar	 reductions	 of	 cardiovascular	 risk	 per	 degree	 of	 LDL-C	 lowering	 for
therapies	that	lower	LDL-C	through	modulation	of	the	LDL	receptor	(ie,	statins,
ezetimibe,	bile	acid	sequestrants,	and	PCSK9	inhibitors).134

	

Figure	187.4 	Kaplan-Meier	 curves	 demonstrating	 the	 benefit	 of
ezetimibe	added	to	simvastatin	vs.	simvastatin	alone	in	reducing	the
7-year	 event	 rates	 of	 the	 primary	 composite	 end	 point	 (death	 from



cardiovascular	disease,	a	major	coronary	event	[nonfatal	myocardial
infarction,	documented	unstable	angina	requiring	hospital	admission,
or	 coronary	 revascularization	 occurring	 at	 least	 30	 days	 after
randomization],	 or	 nonfatal	 stroke)	 in	 patients	 with	 acute	 coronary
syndrome.CI,	confidence	interval;	EZ,	ezetimibe;	HR,	heart	rate;	MI,
myocardial	 infarction;	 Simva,	 simvastatin.(Adapted	 from	 The
IMPROVE-IT	Investigators.	Ezetimibe	Added	to	Statin	Therapy	after
Acute	Coronary	Syndromes.	N	Engl	J	Med.	2015;372:21887-2397.)

TREATMENT	STRATEGIES	AND
INTERVENTIONS

“Routine	Invasive”	vs	“Ischemia-Guided”	Strategy	of
Coronary	Angiography	and	Revascularization
1 	 0 	 Two	 general	 approaches	 to	 the	 use	 of	 coronary	 angiography	 and
revascularization	in	NSTE-ACS	exist.	The	first	is	a	“routine	invasive”	strategy,
involving	 routine	 coronary	 angiography	 within	 the	 first	 72	 hours	 and
revascularization	 with	 PCI	 or	 bypass	 surgery	 as	 appropriate.6,7	 The	 other	 is	 a
more	 conservative	 approach	 with	 initial	 medical	 management	 with	 coronary
angiography	and	 revascularization	only	 for	 recurrent	 ischemia,	which	could	be
termed	 an	 “ischemia-guided”	 strategy.	 Several	 trials	 have	 compared	 these	 two
treatment	 strategies;	 overall	 a	 routine	 invasive	 strategy	 lowers	 the	 risk	 of
ischemic	events	compared	with	an	ischemia-guided	approach.

A	seven	trial	meta-analysis	demonstrated	25%	lower	rates	of	death	and	17%
lower	rates	of	MI	over	2-year	follow-up	with	a	routine	invasive	approach.139	A
subsequent	 meta-analysis	 including	 eight	 trials	 demonstrated	 similar	 findings
with	 a	 22%	 lower	 rate	 in	 the	 composite	 of	 death,	MI,	 or	 rehospitalization	 for
ACS	 over	 1-year	 follow-up	 (Figure	 187.5).140	 The	 second	 meta-analysis
demonstrated	 that	 whereas	 men	 overall	 seemed	 to	 benefit	 from	 a	 routine
invasive	 approach,	 only	 high-risk	 women	 (identified	 by	 a	 positive	 cardiac
biomarker)	benefit	from	a	routine	invasive	approach,	and	low-risk	women	(those
without	 positive	 cardiac	 biomarkers)	 had	 a	 nonsignificant	 trend	 toward	 harm
with	 a	 routine	 invasive	 approach.	The	 current	 guidelines	 reflect	 these	 findings
and	recommend	a	routine	invasive	approach	for	most	patients	except	those	who



are	low	risk,	notably	low-risk	women	without	an	elevated	troponin.6,7

	

Figure	187.5 	Meta-analysis	of	the	benefit	of	a	routine	invasive	vs
“selective”	 invasive	 (ie,	 conservative)	 strategy	 for	 patients	 with
unstable	angina	or	NSTEMI.ACS,	acute	coronary	syndrome.	Rate	of
death	or	MI	or	rehospitalization	with	ACS	through	follow-up.	ACS,
acute	 coronary	 syndrome;	 CI,	 confidence	 interval;	 ICTUS,	 early
invasive	versus	 selectively	 invasive	management	 for	 acute	coronary
syndromes;	 MI,	 myocardial	 infarction;	 FRISC,	 Fragmin	 and	 Fast
Revascularization	 During	 Instability	 in	 Coronary	 Artery	 Disease;
NSTEMI,	 non–ST-segment	 elevation	 myocardial	 infarction;	 OR,
odds	 ratio;	 RITA,	 randomised	 intervention	 treatment	 of	 angina;
TACTICS,	 Treat	 Angina	 with	 Aggrastat	 and	 Determine	 Cost	 of
Therapy	 with	 an	 Invasive	 or	 Conservative	 Strategy;	 TIMI,
Thrombolysis	 in	 Myocardial	 Infarction;	 VANQWISH,	 Veterans
Affairs	Non-Q-Wave	 Infarction	Strategies	 In-Hospital;	VINO,	value
of	 first	 day	 angiography/angioplasty	 in	 evolving	 non-ST	 segment
elevation	 myocardial	 infarction.(Adapted	 from	 O’Donoghue	 M,
Boden	 WE,	 Braunwald	 E,	 et	 al.	 Early	 invasive	 vs	 conservative
treatment	strategies	in	women	and	men	with	unstable	angina	and	non-
ST-segment	elevation	myocardial	infarction:	a	meta-analysis.	JAMA.
2008;300(1):71-80.)

Timing	of	Invasive	Strategy

Urgent	Invasive
An	urgent	invasive	strategy	(ideally	within	2	hours)	is	recommended	for	NSTE-



ACS	 patients	 considered	 “very	 high	 risk”	 identified	 by	 one	 of	 the	 following
clinical	features:	Angina	refractory	to	medical	therapy,	hemodynamic	instability,
recurrent	malignant	arrhythmias,	acute	heart	 failure,	or	evidence	of	mechanical
complications	 (Table	 187.2).6,7	 These	 recommendations	 are	 largely	 based	 on
expert	 consensus,	 because	 patients	 with	 the	 above	 characteristics	 are
traditionally	excluded	from	randomized	controlled	trials.7

TABLE	187.2

Matching	Clinical	Risk	Criteria	With	Invasive	vs.	Ischemia-
Guided	Management	Strategies	in	NSTE-ACS

Urgent	invasive	(within	2
h)

Very	high	risk

Hemodynamic	instability
Sustained	VT	or	VF
Refractory	ischemia
Acute	heart	failure	or	mechanical
complications

Early	invasive	(within	24
h)

High	risk

GRACE	risk	score	>	140
Elevated	troponin	consistent	with	MI

Delayed	invasive	(24-72
h)

Intermediate	risk

Diabetes
Renal	insufficiency	(eGFR	<	60	mL/min/1.73
m2)
Reduced	LV	systolic	function	(EF	<	40%)
Prior	PCI	or	CABG
GRACE	risk	score	109-140;	TIMI	risk	score	>
2

Ischemia-guided Low	risk

Grace	risk	score	<	109,	TIMI	risk	score	<	2
Low-risk	troponin-negative	female	patients



CABG,	coronary	artery	bypass	graft;	EF,	ejection	fraction;	eGFR,	estimated	glomerular	filtration
rate;	GRACE,	Global	Registry	of	Acute	Coronary	Events;	LV,	left	ventricular;	MI,	myocardial
infarction;	NSTE-ACS,	non–ST-elevation	acute	coronary	syndrome;	PCI,	percutaneous	coronary
intervention;	TIMI,	thrombolysis	in	myocardial	infarction;	VF,	ventricular	fibrillation;	VT,	ventricular
tachycardia.
Adapted	from	Amsterdam	EA,	Wenger	NK,	Brindis	RG,	et	al.	2014	AHA/ACC	guideline	for	the
management	of	patients	with	non-ST-elevation	acute	coronary	syndromes:	a	report	of	the
American	College	of	Cardiology/American	Heart	Association	Task	Force	on	Practice	Guidelines.
Circulation.	2014;130(25):e344-e426	and	from	Roffi	M,	Patrono	C,	Collet	JP,	et	al.	2015	ESC
Guidelines	for	the	management	of	acute	coronary	syndromes	in	patients	presenting	without
persistent	ST-segment	elevation:	Task	Force	for	the	Management	of	Acute	Coronary	Syndromes
in	Patients	Presenting	without	Persistent	ST-Segment	Elevation	of	the	European	Society	of
Cardiology	(ESC).	Eur	Heart	J.	2016;37(3):267-315.

“Early”	Invasive	vs	“Delayed”	Invasive
Routine	invasive	strategies	have	generally	been	defined	as	coronary	angiography
within	 72	 hours;	 however,	 a	 key	 question	 is	 whether	 patients	 benefit	 from	 an
early	invasive	strategy	(within	the	first	24	hours)	vs.	a	delayed	invasive	strategy
(24-72	 hours).	 Two	 meta-analyses	 attempted	 to	 address	 this	 question	 and
demonstrated	 no	 benefit	 for	 death	 or	 MI;	 however,	 both	 demonstrated	 lower
rates	of	recurrent	ischemia	with	the	early	invasive	strategy.141,142

There	are	data	suggesting	improved	outcomes	with	an	early	invasive	strategy
for	high-risk	NSTE-ACS	patients.	The	TIMACS	trial	randomized	3031	patients
with	NSTE-ACS	 to	 undergo	 an	 early	 invasive	 strategy	 (coronary	 angiography
within	 24	 hours	 of	 randomization,	 median	 14	 hours)	 vs	 a	 delayed	 invasive
strategy	(coronary	angiography	more	than	36	hours	after	randomization,	median
50	hours).	Although	the	primary	end	point	(composite	of	death,	MI,	or	stroke)	at
6	 months	 was	 no	 different	 between	 the	 two	 groups,	 the	 prespecified	 analysis
according	to	GRACE	risk	score	demonstrated	a	significant	35%	reduction	of	the
primary	 end	 point	 for	 high-risk	 patients	 with	 a	 GRACE	 risk	 score	 >	 140.56
Accordingly	the	guidelines	recommend	that	NSTE-ACS	patients	at	high	risk	(ie,
GRACE	 score	 >	 140,	 or	 an	 elevated	 troponin	 compatible	 with	 MI)	 should
undergo	 an	 early	 invasive	 strategy	within	 the	 first	 24	 hours	 of	 presentation,6,7
whereas	the	remaining	individuals	should	undergo	coronary	angiography	within
72	hours	of	presentation.

CONCLUSIONS
Using	the	medical	history,	physical	exam,	ECG,	and	cardiac	markers,	clinicians



can	 diagnose	 and	 risk-stratify	 patients	 with	 NSTE-ACS.	 These	 patients	 are
treated	with	aspirin,	a	P2Y12	ADP	receptor	blocker	(ticagrelor	or	prasugrel,	or	if
either	 of	 those	 cannot	 be	 used,	 then	 clopidogrel),	 an	 anticoagulant	 (typically
UFH	 if	 managed	 invasively	 or	 LMWH	 if	 managed	 conservatively),	 and	 anti-
ischemic	 therapy	 with	 nitrates	 and	 β-blockers.	 Risk	 stratification	 is	 used	 to
properly	match	treatment	strategy	to	patient	risk	(Figure	187.6).	For	patients	at
intermediate	to	high	risk,	a	routine	invasive	strategy	is	warranted.	For	patients	at
low	 risk,	 medical	 therapy	 is	 appropriate,	 and	 a	 more	 conservative	 ischemia-
guided	approach	is	reasonable.

	

Figure	 187.6 	 Algorithm	 for	 risk	 stratification	 and	 treatment	 of
patients	with	NSTE-ACS.CABG,	coronary	artery	bypass	graft;	ECG,
electrocardiogram;	 LMWH,	 low-molecular-weight	 heparin;	 NSTE-
ACS,	non–ST-elevation	acute	coronary	syndrome;	PCI,	percutaneous
coronary	intervention;	UFH,	unfractionated	heparin.

Advances	in	the	management	of	NSTE-ACS,	based	on	randomized	controlled
trials	or	meta-analyses	of	such	trials,	are	summarized	in	Table	187.3.

TABLE	187.3

Advances	in	Managing	NSTE-ACS

Identification	of	high-risk	patients	is	key	to	management	of	NSTE-ACS.6,7



Aspirin	leads	to	a	significant	reduction	in	the	risk	of	death	or	MI.57,58

The	addition	of	clopidogrel	to	aspirin	further	reduces	risk	by	20%.62
Prasugrel	and	ticagrelor	are	alternative	oral	P2Y12	ADP	receptor	blockers
that	have	been	shown	to	be	superior	to	clopidogrel	for	the	reduction	of
ischemic	events,	at	the	expense	of	an	increased	risk	of	bleeding.69,72
Cangrelor	is	an	intravenous	P2Y12	receptor	blocker	with	a	short	onset	and
offset	of	action.7,64

Glycoprotein	IIb/IIIa	inhibitors	can	be	considered	in	high-risk	troponin-
positive	patients89;	however,	the	benefit	of	upstream	administration	in
patients	undergoing	urgent	coronary	angiography	and	percutaneous
coronary	intervention	is	questionable.90,91

Anticoagulation	has	been	shown	to	be	beneficial	in	treating	patients	with
NSTE-ACS:	Options	include	unfractionated	heparin,93	low-molecular-
weight	heparin,95,96	fondaparinux,98	and	bivalirudin.100

Early,	intensive	statin	therapy	is	beneficial.131,132
The	addition	of	ezetimibe	and/or	a	PCSK9	inhibitor	to	statin	therapy	is
beneficial.7,133,137,138

An	early	invasive	strategy	is	beneficial	in	intermediate-	and	high-risk
patients.139

ADP,	adenosine	diphosphate;	MI,	myocardial	infarction;	NSTE-ACS,	non–ST-elevation	acute
coronary	syndrome.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	76-year-old	woman	presents	to	the	emergency	department	with	recent-
onset	chest	pain	radiating	to	her	left	arm.	Her	vital	signs	are	normal,	and	her



ECG	shows	ST	depressions	in	the	inferior	leads.	Her	initial	high-sensitivity
cardiac	troponin	level	is	undetectable	and	repeat	2	hours	later	is	>99th	percentile
upper	reference	limit.	What	is	the	most	likely	diagnosis?

A. 	ST-Elevation	MI	(STEMI)
B. 	Non–ST-Elevation	MI	(NSTEMI),	1
C. 	Non–ST-Elevation	MI	(NSTEMI),	2
D. 	Unstable	Angina
E. 	Noncardiac	chest	pain

2. 	A	76-year-old	woman	with	non–ST-elevation	myocardial	infarction
(NSTEMI)	is	given	nitroglycerin,	a	full-dose	aspirin,	and	started	on	a	heparin
infusion.	Her	chest	pain	completely	resolves	with	these	therapies	and	she
remains	hemodynamically	stable	with	normal	vital	signs.	Her	chest	x-ray	and
NT-proBNP	are	within	normal	limits	and	cardiac	monitor	shows	normal	sinus
rhythm.	What	is	the	optimal	plan	for	this	patient	with	regard	to	coronary
angiography	and	possible	revascularization?

A. 	Call	“Code	STEMI”	for	emergent	angiography
B. 	Urgent	invasive	angiography
C. 	Routine	invasive	angiography
D. 	Ischemia-driven	angiography
E. 	Noninvasive	CT	angiography

3. 	A	76-year-old	woman	with	non–ST-elevation	myocardial	infarction
(NSTEMI)	undergoes	coronary	angiography	and	is	found	to	have	a	95%	stenosis
of	the	proximal	right	coronary	artery	requiring	PCI.	While	in	the	hospital,	she
develops	atrial	fibrillation	requiring	long-term	anticoagulation.	What	is	the
preferred	antithrombotic	regimen	for	this	patient?

A. 	Aspirin	+	clopidogrel	+	coumadin	for	12	months
B. 	Aspirin	+	clopidogrel	+	DOAC	for	12	months
C. 	Aspirin	+	ticagrelor	for	12	months
D. 	Aspirin	+	ticagrelor	+	DOAC	for	1	week,	then	ticagrelor	+	DOAC
for	12	months
E. 	Aspirin	+	clopidogrel	+	DOAC	for	1	week,	then
clopidogrel	+	DOAC	for	12	months

Answers



1.	The	correct	answer	is	B.
Rationale:	The	evaluation	of	chest	pain	starts	with	the	ECG	where	the	lack	of

ST	 elevation	 rules	 out	 STEMI	 (choice	 A	 is	 incorrect).	 However,	 the	 ST
depression	 in	 the	 setting	 of	 chest	 pain	 is	 consistent	 with	 a	 non–ST-elevation
acute	coronary	syndrome	(NSTE-ACS),	either	NSTEMI	or	unstable	angina.	The
elevated	 troponin	 at	 the	 2-hour	 sample,	 specifically	with	 the	 rise	 over	 time,	 is
consistent	with	an	NSTEMI	rather	than	unstable	angina	(choice	D	is	incorrect).
Given	 the	 patient’s	 typical	 cardiac	 chest	 pain	 lacking	 other	 hemodynamic
stressors,	 1	 NSTEMI	 is	 much	 more	 likely	 than	 2	 NSTEMI	 (choice	 C	 in
incorrect).	Noncardiac	chest	pain	 (choice	E)	 is	not	correct	 for	 this	patient	with
typical	ischemic	chest	pain,	significant	ST	changes,	and	a	positive	troponin	test.

2.	The	correct	answer	is	C.
Rationale:	Whether	to	perform	angiography	and	the	optimal	timing	depends

on	the	patient’s	diagnosis	and	clinical	status.	In	the	absence	of	STEMI,	emergent
angiography	 (<90	minutes)	 is	not	warranted	 (choice	A	 is	not	 the	best	 answer).
However,	 in	 NSTEMI	 patients	 with	 ongoing	 chest	 pain,	 unstable	 arrythmias,
heart	 failure,	 or	 cardiogenic	 shock,	 immediate	 coronary	 angiogram	 (within
hours)	 is	appropriate.	This	 is	not	 the	case	here	as	 the	patient	 is	chest	pain	 free
with	normal	vital	signs	and	no	evidence	of	heart	failure	or	shock	(choices	B	and
D	 are	 incorrect).	 In	 stable	 NSTEMI	 patients	 such	 as	 this,	 a	 routine	 invasive
strategy	(within	72	hours)	is	recommended	over	an	ischemia-driven	approach	to
angiography	(based	on	imaging	or	recurrence	of	angina)	so	choice	C	is	correct.
Noninvasive	 CT	 angiography	 should	 be	 reserved	 for	 lower-risk	 patients	 with
unstable	angina	and	negative	cardiac	troponin	(choice	E	is	incorrect).

3.	The	correct	answer	is	E.
Rationale:	 Dual	 antiplatelet	 therapy	 (DAPT)	 with	 aspirin	 and	 a	 P2Y12

inhibitor	 is	 the	 standard	 of	 care	 following	 PCI.	 However,	 this	 becomes	 more
complicated	when	 patients	 also	 have	 an	 indication	 for	 anticoagulation	 such	 as
atrial	fibrillation.	To	limit	 the	bleeding	risk	in	such	cases,	 triple	therapy	should
typically	 be	 limited	 to	 1	 week	 (up	 to	 1	 month	 in	 rare	 cases),	 followed	 by
12	months	 of	 clopidogrel	 plus	 a	 DOAC	 (choice	 E	 is	 correct	 and	 choice	 B	 is
incorrect).	Due	to	the	increased	risk	of	bleeding,	coumadin	and	ticagrelor	should
be	avoided	 in	 the	 setting	of	 triple	 therapy	 (choices	A,	C,	and	D	are	 incorrect).
DAPT	alone	is	insufficient	in	patients	with	an	indication	for	anticoagulation	and
may	put	the	patient	at	increased	risk	of	stroke	(in	the	case	of	AF)	or	pulmonary
embolism	(in	the	case	of	prior	DVT/PE)	so	choice	C	is	incorrect.
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Chapter	188
ST-Segment	Elevation	Myocardial
Infarction
Christopher	B.	Fordyce,	David	A.	Morrow

KEY	POINTS:
1.	 Ischemic	ST-segment	elevation	typically	has	a	convex	configuration,

is	limited	to	selected	ECG	leads	in	a	coronary	vascular	distribution,
and	is	often	associated	with	reciprocal	ST-segment	depression.

2.	 Rapid	provision	of	reperfusion	therapy	with	fibrinolytic	or	with	primary
percutaneous	coronary	intervention	(PCI)	is	the	foremost	treatment
objective	in	patients	presenting	with	STEMI.

3.	 Primary	PCI	is	the	preferred	reperfusion	modality	in	STEMI	if	it	can
be	achieved	in	a	timely	fashion	(first-medical-contact	[FMC]-to-
device	<90	minutes	at	PCI	center;	FMC-to-device	<120	minutes	at
non-PCI	center).	Fibrinolytic	therapy	is	indicated	in	patients	without
contraindications	presenting	within	12	hours	of	symptom	onset	if
they	are	unable	to	be	transferred	to	a	PCI-capable	hospital	for
primary	PCI	within	120	minutes.

4.	 Following	unsuccessful	fibrinolysis	(signs	of	failed	reperfusion)	at	a
non-PCI	center,	patients	should	be	transferred	immediately	for
rescue	PCI.

5.	 For	patients	with	cardiogenic	shock	or	presentation	>12	hours	after
symptom	onset	transfer	to	a	PCI	center	is	indicated,	even	if	delay
times	are	longer.

6.	 Following	successful	fibrinolysis	at	a	non-PCI	center,	patients	should
be	considered	for	transfer	for	non-emergent,	routine	PCI	(3-24
hours).



7.	 Clopidogrel	is	the	preferred	adjunctive	P2Y12	inhibitor	among
patients	receiving	fibrinolysis;	ticagrelor	or	prasugrel	are	the
preferred	adjunctive	P2Y12	inhibitors	among	patients	treated	with
primary	PCI.

8.	 In	addition	to	antiplatelet	or	antithrombotic	therapy,	ß-blockers,	ACE-
inhibitors/angiotensin	receptor	blockers,	and	aldosterone	antagonists
should	be	initiated	in-hospital	for	eligible	patients	and	continued
post-discharge.	ß-blockers	should	be	initiated	orally,	within	the	first
24	hours,	once	it	has	been	determined	that	the	hemodynamic	status
is	stable	and	there	is	no	evidence	of	HF.	Parenteral	β-blockers
should	be	used	only	if	there	is	a	clear	indication	such	as	an	atrial
tachyarrhythmia.

9.	 Among	STEMI	patients	with	ventricular	arrhythmias,	amiodarone	or
lidocaine	are	the	antiarrhythmics	of	choice;	patients	with	late	(>48
hours)	ventricular	arrhythmias	should	be	considered	for	a	secondary
prevention	ICD.

10.	 Patients	with	an	inferior	STEMI	complicated	by	bradyarrhythmia	(ie,
complete	heart	block)	have	a	generally	good	prognosis	and	may	be
supported	transiently	by	a	temporary	pacemaker;	patients	with	an
anterior	STEMI	complicated	by	bradyarrhythmia	have	typically
suffered	extensive	injury	to	the	bundle	branches	and	often	will
require	a	permanent	pacemaker.

INTRODUCTION
Advances	 in	 the	prevention,	diagnosis,	 and	management	of	patients	with	acute
ST-segment	 elevation	 myocardial	 infarction	 (STEMI)	 have	 led	 to	 reductions
both	in	the	incidence	and	case	fatality	rates	from	this	condition.1	Rapid	delivery
of	 reperfusion	 therapy	 is	 the	 cornerstone	 of	 STEMI	 management.	 The
development	 of	 integrated	 systems	 of	 STEMI	 care	 has	 resulted	 in	 delivery	 of
timely	reperfusion	 therapy	 to	 larger	numbers	of	eligible	 individuals,	 improving
patient	 outcomes.	 This	 chapter	 describes	 the	 pathophysiology	 of	 STEMI,	 its
diagnosis,	 risk	 stratification,	 and	 management.	 Acute	 coronary	 syndromes
(ACSs)	without	ST-segment	elevation	are	discussed	in	Chapter	187.	Mechanical
complications	of	myocardial	 infarction	(MI)	are	discussed	 in	Chapter	189.	The



management	 of	 cardiogenic	 shock	 related	 to	 MI,	 including	 mechanical
circulatory	 support,	 is	 addressed	 in	 Chapters	 191,	 and	 192.	 Out-of-hospital
cardiac	arrest	in	association	with	acute	MI	is	reviewed	in	Chapter	195.

PATHOPHYSIOLOGY
The	 initial	 pathophysiologic	 event	 leading	 to	 STEMI	 usually	 is	 rupture	 or
erosion	 of	 a	 lipid-rich	 atherosclerotic	 plaque.	 The	 atherosclerotic	 plaque
“vulnerable”	to	rupture	tends	to	have	a	dense	lipid-rich	core	and	a	thin	protective
fibrous	 cap	 and	 is	 often	 not	 associated	 with	 critical	 narrowing	 of	 the	 arterial
lumen.	 Molecular	 factors	 that	 regulate	 synthesis	 and	 dissolution	 of	 the
extracellular	matrix	appear	to	modulate	integrity	of	the	protective	fibrous	cap.	In
unstable	atherosclerotic	lesions,	inflammatory	cells	accumulate	at	the	“shoulder”
region	of	the	plaque	and	release	proteinases	that	degrade	extracellular	matrix	and
weaken	the	fibrous	cap	at	this	critical	site.2	As	well,	other	morphologic	findings
associated	 with	 rupture-prone	 plaque	 include	 adventitial	 inflammation,
neovascularization,	plaque	hemorrhage,	vessel	remodeling	with	minimal	luminal
obstruction	 (mild	 stenosis	 by	 angiography),	 and	 a	 “spotty”	 pattern	 of
calcification.

Following	 plaque	 rupture,	 platelets	 adhere	 to	 subendothelial	 collagen,	 von
Willebrand	 factor,	 or	 fibrinogen,	 and	 become	 activated	 by	 various	 local
mediators	 such	 as	 adenosine	 diphosphate	 (ADP),	 collagen,	 and	 thrombin.
Activated	platelets	undergo	a	conformational	change	and	secrete	the	contents	of
their	 α-granules,	 promoting	 vasoconstriction	 and	 clot	 retraction.	 Activated
platelets	 also	 express	 glycoprotein	 (GP)	 IIb/IIIa	 receptors	 in	 increased	number
and	 with	 greater	 binding	 affinity;	 fibrinogen-mediated	 cross-linking	 at	 this
critical	receptor	leads	to	platelet	aggregation.	On	the	phospholipid	surface	of	the
platelet	 membrane,	 prothrombin	 is	 converted	 to	 thrombin,	 catalyzing	 the
conversion	of	fibrinogen	to	fibrin.3

The	 distinguishing	 feature	 of	 the	 platelet-fibrin	 clot	 in	 STEMI	 is	 that	 it
typically	 completely	 occludes	 the	 epicardial	 coronary	 artery,	 leading	 to
transmural	 myocardial	 injury,	 manifested	 by	 ST-segment	 elevation	 on	 the
electrocardiogram	 (ECG).	 Despite	 similar	 initial	 pathophysiological	 features,
unstable	 angina	 and	 non-STEMI	 (NSTEMI)	 are	 infrequently	 associated	 with
complete	 occlusion	 of	 the	 culprit	 coronary	 artery	 and	 do	 not	 benefit	 from
fibrinolytic	 therapy.	 Without	 reperfusion	 therapy,	 most	 patients	 with	 STEMI
suffer	transmural	infarction	and	evolve	Q-waves	over	the	first	few	days	after	MI.
Successful	 reperfusion	 therapy,	 however,	 may	 limit	 necrosis	 to	 the



subendocardial	 regions	 and	 prevent	 development	 of	 Q-waves.	 The	 distinction
between	Q-wave	and	non-Q-wave	MI	can	only	be	made	retrospectively,	and	thus
is	not	useful	for	early	patient	management.

DIAGNOSIS	AND	RISK	ASSESSMENT

History	and	Physical	Examination
The	 pain	 of	 acute	 MI	 is	 qualitatively	 similar	 to	 angina	 and	 is	 classically
described	as	a	severe	pressure-pain	in	the	midsternum,	often	radiating	to	the	left
arm,	 neck,	 or	 jaw.	 Associated	 symptoms	 include	 dyspnea	 (can	 be	 an	 anginal
equivalent),	 diaphoresis,	 nausea,	 vomiting,	 and	 weakness.	 In	 the	 elderly,
females,	and	those	with	diabetes,	pain	is	often	atypical	and	may	not	be	present	at
all.4	 Commonly,	 inferior	 STEMI	 presents	 with	 nausea	 and	 vagal	 symptoms
rather	 than	 chest	 pain.	Characterization	 of	 the	 quality	 of	 the	 pain	may	help	 to
distinguish	MI	from	other	conditions	that	cause	chest	discomfort,	such	as	aortic
dissection,	pulmonary	embolism,	pericarditis,	and	gastrointestinal	(GI)	disorders
such	as	cholecystitis	and	peptic	ulcer	(Table	188.1).

TABLE	188.1

Differential	Diagnosis	of	Acute	Myocardial	Infarction

Condition Characterization
of	Pain

Physical
Findings

ECG
Findings

Helpful
Diagnostic	tests

Acute	coronary
syndrome

Pressure-pain	at
rest,	often	radiating
to	neck	or	left	arm

Examination
often
normal;
check	for
signs	of
cardiogenic
shock	or	HF

ST-segment
elevation,	ST-
segment
depression,	T-
wave
abnormalities,
LBBB

Measurement	of
cardiac
enzymes/biomarkers

Tako-Tsubo
cardiomyopathy

Similar	to	AMI,
but	commonly

Examination
often

Anteroapical
ST-segment

Cardiac
enzymes/biomarkers



precipitated	by
emotional	stress

normal;	may
have	signs
of	HF

elevation
commonly
with	T-wave
inversion

only	minimally
elevated;
anteroapical
akinesis;	normal
coronary	arteries

Aortic
dissection

“Tearing”	pain
radiating	to	back

Diminished
pulse	or
blood
pressure	in
left	arm

Nonspecific
changes,
LVH;	ST-
segment
elevation	if
dissection
involves
coronary	ostia

Chest	X-ray,	CT
scan,	or	MRI;
transesophageal
echocardiography

Pulmonary
embolism

Pleuritic	chest	pain
with	dyspnea	and
cough

Tachypnea;
tachycardia;
pleural	rub;
right
ventricular
heave

Sinus
tachycardia
with
nonspecific
ST	and	T-
wave
changes;
S1Q3T3

pattern
classic,	but
rarely	seen

CT	angiogram;
ventilation-
perfusion	lung	scan;
pulmonary
angiogram

Pericarditis Positional	pain
(worse	lying	flat)

Pericardial
friction	rub

Diffuse,
concave	ST-
segment
elevation	with
PR-segment
depression

Echocardiogram

AMI,	acute	myocardial	infarction;	CT,	computed	tomography;	HF,	heart	failure;	ECG,
electrocardiogram;	LBBB,	left	bundle	branch	block;	LVH,	left	ventricular	hypertrophy;	MRI,
magnetic	resonance	imaging.

Patients	with	acute	MI	often	appear	pale	and	clammy;	 in	many	cases,	 they
are	 in	 obvious	 distress.	 Elderly	 patients,	 in	 particular,	 may	 be	 agitated	 and



incoherent.	 In	 contrast,	 patients	 with	 cardiogenic	 shock	 may	 be	 listless	 and
confused.	The	objective	of	 the	 initial	 examination	 should	be	 to	 rapidly	narrow
the	differential	diagnosis	and	assess	the	clinical	stability	of	the	patient.	A	focused
examination	 can	 help	 to	 differentiate	 ischemia	 from	 conditions	 such	 as
pneumothorax,	 pericarditis,	 aortic	 dissection,	 and	 cholecystitis	 (Table	 188.1).
Concomitant	 conditions,	 such	 as	 valvular	 heart	 disease,	 peripheral	 vascular
disease,	 and	 cerebrovascular	 disease,	may	 complicate	 patient	management	 and
can	 be	 rapidly	 detected	 by	 physical	 examination.	 A	 brief	 survey	 for	 signs	 of
congestive	heart	failure	(HF)	should	be	performed.	Cool	extremities	or	impaired
mental	 status	 suggests	 decreased	 tissue	 perfusion,	 whereas	 elevated	 jugular
venous	pressure	and	rales	suggest	elevated	cardiac	filling	pressures.	Finally,	the
hemodynamic	and	mechanical	complications	of	acute	MI	can	often	be	detected
by	careful	attention	to	physical	findings.

Myocardial	Infarction	with	Normal	Coronary	Arteries
Up	 to	 5%	of	 patients	with	 ischemic	 systems	 and	 troponin	 elevation,	 including
those	 with	 ST-segment	 elevation,	 may	 ultimately	 have	 an	 MI	 with	 normal
coronary	 arteries	 (MINOCA)	 on	 coronary	 angiography.5	 While	 MINOCA	 is
more	 common	 among	 those	 presenting	 with	 NSTEMI,	 there	 are	 several
conditions	 that	 can	 present	 with	 ST-segment	 elevation.	 Tako-Tsubo
cardiomyopathy	 (also	 called	 apical	 ballooning	 syndrome	 or	 stress
cardiomyopathy)	 is	 the	 most	 common	 mimic.	 This	 syndrome,	 more	 common
among	 elderly	women,	 is	 typically	 precipitated	 by	 acute	 emotional	 distress	 or
noncardiac	 medical	 illness.	 The	 chest	 pain	 associated	 with	 anteroapical	 ST-
segment	 elevation	 and	 T-wave	 inversions	 is	 usually	 indistinguishable	 from	 an
evolving	 anterior	 infarct.	 Other	 less	 common	 conditions	 causing	 ST-segment
elevation	 include	 coronary	 vasospasm,	 coronary	 embolism/thrombosis,	 or
spontaneous	coronary	artery	dissection.

Electrocardiogram
1 	Performance	of	the	12-lead	ECG	in	the	prehospital	setting	allows	activation	of
a	STEMI	team	prior	to	hospital	arrival,	significantly	reducing	time	to	reperfusion
and	leading	to	improved	mortality.6	The	ST-segment	elevation	of	acute	MI	must
be	 distinguished	 from	 that	 caused	 by	 pericarditis	 or	 even	 the	 normal	 early
repolarization	 variant.	 Ischemic	 ST-segment	 elevation	 typically	 has	 a	 convex
configuration,	 is	 limited	 to	 selected	 ECG	 leads	 in	 a	 coronary	 vascular



distribution,	 and	 is	 often	 associated	 with	 reciprocal	 ST-segment	 depression
(Table	 188.1).	 Diagnostic	 criteria	 in	 the	 absence	 of	 left	 bundle	 branch	 block
(LBBB)	 are	 based	 on	 ST-segment	 elevation	 at	 the	 J	 point	 in	 two	 contiguous
leads	>0.1	mV	in	all	 leads	other	 than	V2-V3.	 In	V2-V3,	>0.2	mV	 is	 required	 in
men	>	40	years	and	>0.25	mV	in	men	<	40	years,	or	>0.15	mV	in	women.	ST-
segment	 elevation	 in	 the	 right	 precordial	 leads	 (V1,	 V3R	 through	 V6R)	 is	 a
moderately	sensitive	and	specific	sign	of	RV	infarction.	Reversible	ischemic	ST-
segment	 elevation	 is	 also	 seen	 with	 coronary	 vasospasm	 (Prinzmetal	 variant
angina).	Pericarditis,	on	the	other	hand,	 is	 typically	associated	with	diffuse	ST-
segment	 elevation	 and	 depression	 of	 the	 PR	 segment	 (Figure	 188.1).	 The
contour	 of	 the	 elevated	 ST	 segment	 in	 pericarditis	 and	 early	 repolarization
variant	is	typically	concave	(upward	sloping).

	

Figure	 188.1 	 Electrocardiogram	 changes	 characteristic	 of
pericarditis.Concave	 (upsloping)	 ST-segment	 elevation	 is	 seen
diffusely,	together	with	PR-segment	depression.	Importantly,	T-waves
are	 essentially	 normal,	 another	 distinguishing	 feature	 from	 ST
elevation	myocardial	infarction.

LBBB	 masks	 ischemic	 ST-segment	 elevation.	 A	 new	 (or	 presumed	 new)
LBBB	in	a	patient	with	ischemic	chest	discomfort	may	suggest	a	large	anterior
infarction,	but	given	a	lack	of	specificity	this	is	no	longer	considered	a	STEMI
equivalent	in	isolation	and	necessitating	planned	emergent	reperfusion	therapy.	It
should	 be	 emphasized	 that	 an	 acute	 STEMI	 leading	 to	 LBBB	 requires	 a	 very
large	ischemic	territory	and	would	not	be	expected	to	be	a	subtle	clinical	event.
Old	LBBB	 and	LBBB	of	 unknown	 age	 present	 a	 diagnostic	 dilemma	 because
most	of	these	patients	do	not	have	ongoing	transmural	myocardial	ischemia.	The
Sgarbossa	ECG	criteria	 are	 specific	but	very	 insensitive	 for	masked	STEMI.7,8
Among	patients	not	meeting	Sgarbossa	criteria,	emergent	echocardiography	(to



look	 for	 an	 anterior	 wall	 motion	 abnormality),	 rapid	 testing	 of	 cardiac
biomarkers,	 and	 even	 emergent	 cardiac	 catheterization	 should	 be	 considered
(Figure	188.2).8

	

Figure	 188.2 	 Proposed	 diagnostic	 algorithm	 for	 suspected
myocardial	 infarction	 and	 LBBB.ACS,	 acute	 coronary	 syndrome;
ECG,	electrocardiogram;	LBBB,	left	bundle	branch	block;	NSTEMI,
non-STEMI;	 PCI,	 percutaneous	 coronary	 intervention;	 STEMI,	 ST-
segment	 elevation	 myocardial	 infarction;	 UA,	 unstable	 angina.
(Adapted	 from	 Neeland	 IJ,	 Kontos	 MC,	 de	 Lemos	 JA.	 Evolving
considerations	in	the	management	of	patients	with	left	bundle	branch
block	 and	 suspected	 myocardial	 infarction.	 J	 Am	 Coll	 Cardiol.
2012;60(2):96-105,	with	permission	from	Elsevier.)

Cardiac	Biomarkers	and	Other	Tools	for	Risk	Assessment
Cardiac	biomarkers	are	more	important	for	the	initial	diagnosis	of	NSTEMI	than
for	STEMI.	For	patients	with	STEMI,	cardiac	marker	measurements	are	used	to
confirm	 the	diagnosis	 for	patients	with	 equivocal	 electrocardiographic	 changes
and	may	help	to	gauge	prognosis.	Patients	with	an	elevated	cardiac	troponin	or
B-natriuretic	peptide	level	prior	to	initiation	of	reperfusion	therapy,	whether	with
fibrinolytic	or	 primary	percutaneous	 coronary	 intervention	 (PCI),	 are	 at	 higher
risk	for	death	and	HF,	even	after	accounting	for	baseline	variables	such	as	infarct
location	and	 time	 to	 treatment.9,10	The	peak	 levels	 of	 troponin	provide	 a	 crude



estimation	 of	 infarct	 size.	 It	 should	 be	 noted	 that	 with	 successful	 reperfusion,
although	the	total	amount	of	biomarker	released	is	reduced,	the	peak	value	may
actually	increase,	with	an	earlier	peak	and	more	rapid	fall	in	biomarker	levels.

Information	from	the	patient’s	clinical	presentation	and	physical	examination
are	also	very	valuable	for	assessing	the	patient’s	prognosis.	Evidence	for	HF	or
hemodynamic	stress	(Killip	classification)	at	the	time	of	presentation	is	weighted
heavily	in	this	assessment.	For	example,	it	is	possible	to	use	the	patient’s	age	and
vital	signs	at	presentation	to	rapidly	and	accurately	obtain	a	preliminary	estimate
of	 short-term	 survival.11	 Anterior	 infarct	 location,	 delays	 to	 therapy,	 and
information	 regarding	 medical	 comorbidity	 offer	 additional	 prognostic
information.12	As	such,	tools	such	as	the	Thrombolysis	in	Myocardial	Infarction
(TIMI)	risk	score	for	STEMI	and	the	Global	Registry	of	Acute	Coronary	Events
model	that	 integrate	age,	 the	physical	examination,	the	ECG,	and	other	clinical
parameters	such	as	serum	creatinine	provide	very	strong	discrimination	of	short-
and	 long-term	mortality	 risk	 and	 should	be	 implemented	using	 simple	bedside
calculation,12,13	handheld	devices,	or	web-based	tools14,15	(Figure	188.3).

	

Figure	 188.3 	 TIMI	 risk	 score	 for	 STEMI:	 a	 simple,	 bedside,
clinical	tool	for	predicting	30-d	mortality.At	the	high	end,	a	score	of
more	 than	5	 identified	12%	of	patients	with	a	mortality	risk	at	 least
twofold	higher	than	the	mean	for	the	population.	In	contrast,	the	12%
of	patients	with	a	risk	score	of	zero	had	a	mortality	rate	of	less	than
1%.	Discriminating	among	the	lower	risk	groups,	nearly	two-thirds	of
the	 population	 had	 risk	 scores	 of	 0-3	 with	 a	 5.3-fold	 gradient	 in
mortality	 over	 this	 range	where	 smaller	 differences	 in	 absolute	 risk
may	have	clinical	impact.	DM,	diabetes	mellitus;	HTN,	hypertension;
LBBB,	 left	 bundle	 branch	 block;	 STEMI,	 ST-segment	 elevation



myocardial	 infarction;	 TIMI,	 thrombosis	 in	 myocardial	 infarction.
(Adapted	 from	 Morrow	 DA,	 Antman	 EM,	 Charlesworth	 A,	 et	 al.
TIMI	 risk	 score	 for	 ST-elevation	 myocardial	 infarction—a
convenient,	bedside,	clinical	score	for	risk	assessment	at	presentation:
an	 intravenous	nPA	 for	 treatment	of	 infarcting	myocardium	early	 II
trial	substudy.	Circulation.	2000;102(17):2031-2037.)

REPERFUSION	THERAPY
2 	Rapid	 provision	of	 reperfusion	 therapy	 is	 the	 primary	 treatment	 objective	 in
patients	 presenting	 with	 STEMI.	 Both	 primary	 PCI	 and	 pharmacologic
reperfusion	 are	 accepted	 reperfusion	 strategies,	 with	 primary	 PCI	 being	 the
preferred	method	of	reperfusion	when	it	can	be	performed	in	a	timely	manner	by
experienced	operators.

What	Constitutes	“Optimal”	Reperfusion?
Early	 successful	 coronary	 reperfusion	 limits	 infarct	 size	 and	 improves	 LV
dysfunction	and	survival.	These	benefits	are	at	 least	 in	part	owing	 to	 the	early
restoration	 of	 antegrade	 flow	 in	 the	 infarct-related	 artery	 (IRA).	 In	 a
retrospective	 analysis	 of	 six	 angiographic	 trials	 of	 different	 fibrinolytic
regimens,	 patients	who	achieved	normal	 (TIMI	grade	3)	 antegrade	 flow	 in	 the
IRA	 had	 a	 30-day	 mortality	 rate	 of	 3.6%	 versus	 6.6%	 in	 patients	 with	 slow
(TIMI	 grade	 2)	 antegrade	 flow	 and	 9.5%	 in	 patients	 with	 an	 occluded	 artery
(TIMI	grade	0	or	1	flow).16

With	primary	PCI,	normal	(TIMI	grade	3)	epicardial	blood	flow	is	achieved
in	 >90%	 of	 STEMI	 patients,	 in	 contrast	 to	∼50%	 with	 fibrinolytic	 therapy.
However,	even	among	patients	who	achieve	TIMI	grade	3	flow	in	the	IRA	after
reperfusion	 therapy,	 tissue-level	perfusion	may	be	 inadequate.	Using	a	number
of	 different	 diagnostic	 tools,	 investigators	 have	 demonstrated	 that	measures	 of
tissue	 and	 microvascular	 perfusion	 provide	 prognostic	 information	 that	 is
independent	 of	 TIMI	 flow	 grade17	 (Figure	 188.4).	 For	 example,	 Ito	 and
colleagues,	 using	myocardial	 contrast	 echocardiography,	 found	 impaired	 tissue
and	microvascular	 perfusion	 in	 approximately	 one-third	 of	 patients	with	TIMI
grade	3	blood	flow	after	primary	PCI:	 these	patients	were	at	 increased	risk	for
the	 development	 of	 HF	 and	 death.18	 Microvascular	 dysfunction	 is	 thought	 to
occur	 in	 the	 setting	 of	MI	 as	 a	 result	 of	 distal	 embolization	 of	microthrombi,



tissue	 inflammation	 from	 myocyte	 necrosis,	 and	 arteriolar	 spasm	 caused	 by
tissue	injury.

	

Figure	 188.4 	 Relationship	 between	 epicardial	 perfusion,
myocardial	 perfusion,	 and	mortality	 after	 fibrinolytic	 therapy	 in	 the
TIMI	 10B	 trial.Myocardial	 perfusion	 was	 assessed	 using	 the	 TIMI
Myocardial	 Perfusion	 Grade,	 which	 assesses	 the	 degree	 of
microvascular	“blush”	seen	on	the	routine	coronary	angiogram.	This
study	 found	 that	 myocardial	 perfusion	 was	 significantly	 associated
with	mortality	independent	of	epicardial	blood	flow;	using	these	two
measures	 together	 provided	 incremental	 risk	 prediction.	 TIMI,
thrombosis	 in	 myocardial	 infarction.(Adapted	 from	 Gibson	 CM,
Cannon	 CP,	 Murphy	 SA,	 et	 al.	 for	 the	 TIMI	 Study	 Group.	 The
relationship	 of	 the	 TIMI	 Myocardial	 Perfusion	 Grade	 to	 mortality
after	thrombolytic	administration.	Circulation.	2000;101:125-130.)

Perhaps	 the	most	 clinically	 relevant	measure	of	 tissue	perfusion	 is	 a	 simple
bedside	assessment	of	 the	degree	of	 resolution	of	ST-segment	elevation	on	 the
12-lead	 ECG.	 Greater	 degrees	 of	 ST-segment	 resolution	 are	 associated	 with
improved	 IRA	epicardial	blood	 flow.19	 Furthermore,	 patients	who	have	 normal
epicardial	 blood	 flow,	 but	 persistence	 of	 ST-segment	 elevation	 on	 the	 12-lead
ECG	 after	 reperfusion,	 have	 abnormal	 tissue	 and	 microvascular	 perfusion,20,21
which	 leads	 to	 poor	 recovery	 of	 infarct	 zone	wall	motion	 and	 higher	 rates	 of
death	and	HF.22	As	a	result,	ST-segment	resolution	appears	to	integrate	epicardial
and	myocardial	(microvascular)	reperfusion,	and	as	such	may	actually	provide	a
more	clinically	useful	assessment	of	reperfusion	than	coronary	angiography.23



Time	to	Reperfusion
Regardless	 of	 the	 choice	 of	 reperfusion	 strategy,	 several	 common	 themes	 are
evident.	 First,	 the	 benefits	 of	 reperfusion	 therapy	 are	 time	 dependent.	 Patients
who	receive	fibrinolytic	therapy	within	1	hour	from	the	onset	of	chest	pain	have
an	 approximately	 50%	 reduction	 in	 mortality,	 whereas	 those	 presenting	 more
than	12	hours	after	onset	of	symptoms	derive	little,	if	any,	benefit.	For	each	hour
earlier	 that	 a	 patient	 is	 treated	 with	 a	 fibrinolytic,	 there	 is	 an	 absolute	 1%
decrease	in	mortality.24	Similarly,	for	primary	PCI,	reductions	in	FMC-to-device
time	improve	outcomes	of	STEMI.25

Although	performance	metrics	like	FMC-to-device	have	catalyzed	important
quality	 improvement	 efforts	 at	 the	 institutional	 level	 after	 initial	 presentation,
broader	initiatives	at	the	systemic	level	aimed	at	reducing	the	total	ischemic	time
(time	 from	 initial	 symptom	 onset	 to	 perfusion)	 have	 been	 equally	 important
because	total	ischemic	time	is	the	principal	determinant	of	outcome.	To	this	end,
both	 the	 American	 College	 of	 Cardiology	 (ACC)	 and	 American	 Heart
Association	 (AHA)	 have	 well-established	 system-wide	 initiatives	 aimed	 at
reducing	 both	 in-hospital	 and	 prehospital	 system	 efficiency	 in	 order	 to	 reduce
total	ischemic	time.	For	example,	the	ACC	Door-to-Balloon	(D2B)	Alliance	is	a
quality	initiative	that	utilizes	strategies	that	discriminate	between	hospitals	with
short	 and	 long	 door-to-balloon	 times26	 to	 successfully	 reduce	 the	 majority	 of
participating	 hospitals’	 door-to-balloon	 times	 to	 <90	 minutes.27	 In	 a	 similar
manner,	 the	 AHA	 “Mission:	 Lifeline”	 program	 has	 improved	 health	 system
readiness	 and	 response	 to	 STEMI,	 with	 an	 emphasis	 on	 Emergency	 Medical
System	activation	for	primary	PCI.	These	system-wide	initiatives	are	paramount
in	 reducing	 total	 ischemic	 time	 and	 subsequently	 improving	 outcomes	 for
patients	with	STEMI	(Table	188.2).

TABLE	188.2

Contemporary	Components	of	Early	STEMI	Care

Prehospital	Care

EMS	personnel	perform	12-lead	ECG	at	time	of	FMC
Activation	of	the	catheterization	laboratory	prior	to	patient	arrival
Transport	directly	to	a	PCI-capable	hospital	for	primary	PCI	(if	available)
in	<90	min



ED

Emergency	medicine	physician	activates	the	catheterization	laboratory	(if
patient	initially	presents	to	ED	at	PCI-capable	hospital)
A	single	Call	to	a	central	page	operator	activates	the	PCI	team
Immediate	transfer	to	PCI-capable	hospital	for	primary	PCI	if	FMC-to-
device	time	<	120	min	if	patient	arrives	at	non-PCI-capable	hospital
Administer	fibrinolytic	therapy	in	<30	min	at	non-PCI-capable	hospitals
when	anticipated	FMC-to-device	time	at	PCI-capable	hospital	>	120	min

Cardiac	catheterization	laboratory

Expectation	that	staff	will	arrive	in	the	catheterization	laboratory	within	20-
30	min	after	being	paged

Real-time	data	feedback	is	provided	to	emergency	department	and	the
catheterization	laboratory	staff

ED,	emergency	department;	EMS,	emergency	medical	services	FMC,	first	medical	contact;	PCI,
percutaneous	coronary	intervention.

Fibrinolytic	Therapy
The	 use	 of	 fibrinolytic	 therapy	 worldwide	 has	 decreased	 substantially.
Nevertheless,	 fibrinolytic	 therapy	 remains	 the	 predominant	 approach	 to
reperfusion	therapy	in	some	countries	and	in	a	few	regions	in	the	United	States
where	there	is	no	access	to	timely	primary	PCI.

Placebo-controlled	 trials	 using	 streptokinase,	 anistreplase	 (APSAC),	 and
recombinant	 tissue	 plasminogen	 activator	 (tPA	 [alteplase])	 established	 a	 clear
benefit	 of	 fibrinolytic	 therapy	 for	 patients	 with	 STEMI.	 The	 Fibrinolytic
Therapy	Trialists’	overview	of	all	the	large	placebo-controlled	studies	reported	a
2.6%	absolute	reduction	in	mortality	for	patients	with	STEMI	treated	within	the
first	 12	 hours	 after	 the	 onset	 of	 symptoms.24	 This	 benefit	 has	 been	 shown	 to
persist	 through	 10	 years	 of	 follow-up.	 Highlights	 of	 differences	 in	 dosing,
pharmacokinetics,	 recanalization	 rates,	 and	 cost	 between	 agents	 are	 shown	 in
Table	188.3.

TABLE	188.3

Fibrinolytic	Agents



Alteplase Reteplase Tenecteplase Streptokinase

Fibrin
selective

+++ ++ ++++ −

Half-life 5	min 14	min 17	min 20	min

Dose 15	mg	bolus;
then
0.75	mg/kg
over	30	min;
then
0.5	mg/kg
over	60	min
(max
100	mg	total
dose)

Two	10
unit	bolus
doses	given
30	min
apart

0.53	mg/kg	as
a	single	bolus

1.5	million	units
over	30–60	min

Weight
adjusted

Partial No Yes No

Adjunctive
heparin

Yes Yes Yes Probably

Possible
allergy

No No No Yes

TIMI
grade	2	or
3	flow	(90
min)

80% 80% 80% 60%

TIMI
grade	3
flow	(90
min)

55%–60% 60% 55%-65% 32%

Efficacy
vs	tPA

NA Similar Equivalent 1%	↑	mortality

Safety NA Similar Similar	ICH ↓	ICH



↓	Non-ICH
bleeding

↓	Overall
bleeding

Cost +++ +++ +++ +

ICH,	intracranial	hemorrhage;	tPA,	alteplase.

Several	 genetic	 alterations	 of	 tPA	have	 led	 to	 prolonged	 half-life	 (to	 allow
bolus	 administration),	 as	 well	 as	 increased	 fibrin	 specificity	 and	 resistance	 to
endogenous	 inhibitors	of	plasminogen,	 such	as	plasminogen	activator	 inhibitor
1.	Reteplase	 is	a	double-bolus	agent,	whereas	 tenecteplase	 is	administered	 in	a
single	 weight-adjusted	 bolus.	 Bolus	 administration	 may	minimize	 the	 risk	 for
dosing	 errors,	 decrease	 “door-to-needle”	 time,	 and	 allow	 for	 prehospital
administration.

Although	 the	 bolus	 fibrinolytic	 agents	 have	 not	 reduced	 mortality	 or
intracranial	 hemorrhage	 (ICH)	vs	 tPA	 in	 randomized	 controlled	 trials,	 they	 are
easier	 to	 use	 and	 have	 largely	 replaced	 alteplase	 for	 this	 reason	 in	 the	United
States.	 Tenecteplase	 appears	 to	 offer	 a	modest	 advantage	 in	 safety	 over	 other
agents	and	has	emerged	as	a	preferred	fibrinolytic	agent	for	patients	not	able	to
receive	primary	PCI.

Current	Guidelines	for	Fibrinolysis
3 	 Fibrinolytic	 therapy	 is	 indicated	 as	 an	 option	 for	 reperfusion	 therapy	 in
patients	presenting	within	12	hours	of	symptom	onset	 if	 they	have	ST-segment
elevation	(Table	188.4)	and	are	unable	to	be	transferred	to	a	PCI-capable	hospital
for	primary	PCI	within	120	minutes.28	Patients	who	are	older	 than	75	years	of
age,	those	who	present	more	than	12	to	24	hours	after	the	onset	of	acute	MI,	and
those	who	are	hypertensive	but	present	with	high-risk	MI	have	a	less	favorable
balance	of	risk	and	potential	benefit,	but	may	be	considered	for	treatment	with	a
fibrinolytic	therapy	when	primary	PCI	is	not	available.	Dose	reduction	has	been
suggested	for	elderly	patients	being	treated	with	tenecteplase.

TABLE	188.4

Contraindications	to	Fibrinolytic	Therapy



Absolute	Contraindications Relative
Contraindications

Any	prior	intracranial	hemorrhage Blood	pressure	>	180/110a

Ischemic	stroke	within	3	mo History	of	prior	ischemic
stroke	>3	mo

Recent	head	trauma Known	bleeding	diathesis

Known	brain	tumor Proliferative	diabetic
retinopathy

Active	internal	bleeding Prolonged	CPR	(>10	min)

Suspected	aortic	dissection Pregnancy

Intracranial	or	intraspinal	surgery	within	2	mo Dementia

Significant	closed	head	or	facial	trauma
within	3	mo

Chronic	oral	anticoagulation
therapy

Severe	uncontrolled	hypertension
(unresponsive	to	emergency	therapy)

Major	surgery	<3	wk

Active	peptic	ulcer	or	recent
internal	bleeding

aPrior	recommendations	have	considered	only	a	sustained	blood	pressure	>180/110	a	relative
contraindication;	however,	even	a	single	blood	pressure	greater	than	this	threshold	is	associated
with	an	increased	risk	for	intracranial	hemorrhage.
CPR,	cardiopulmonary	resuscitation.

Limitations	of	Fibrinolytic	Therapy
Current	 fibrinolytic	 regimens	 achieve	 patency	 (TIMI	 grade	 2	 or	 3	 flow)	 in
approximately	80%	of	patients,	but	complete	reperfusion	(TIMI	grade	3	flow)	in
only	 50%	 to	 60%	 of	 cases.	 In	 addition,	 as	 noted	 previously	 in	 this	 chapter,
approximately	one-third	of	patients	with	successful	epicardial	 reperfusion	have
inadequate	 myocardial	 and	 microvascular	 reperfusion.17	 Finally,	 even	 after
successful	fibrinolysis,	a	10%	to	20%	risk	of	reocclusion	is	present.	Reocclusion
and	reinfarction	are	associated	with	a	two-	to	threefold	increase	in	mortality.29



Bleeding	 is	 the	 most	 common	 complication	 of	 fibrinolytic	 therapy.	 Major
hemorrhage	occurs	in	5%	to	15%	of	patients.	ICH	is	the	most	devastating	of	the
bleeding	 complications,	 causing	 death	 in	 the	majority	 of	 patients	 affected	 and
almost	universal	disability	in	survivors.	In	major	clinical	trials,	ICH	has	occurred
in	0.5%	 to	0.9%	of	patients,	 but	 in	 clinical	practice,	where	patient	 selection	 is
less	 rigorous,	 rates	are	higher.	Patients	particularly	at	high	 risk	of	 ICH	include
the	 elderly	 (particularly	 elderly	 females),	 patients	 with	 low	 body	 weight,	 and
those	who	receive	excessive	doses	of	heparin.

Rescue	Percutaneous	Coronary	Intervention
4 	 Because	 failure	 of	 fibrinolytic	 therapy	 is	 associated	 with	 high	 rates	 of
morbidity	and	mortality,	“rescue”	PCI	is	frequently	performed	for	such	patients.
Because	 tools	 to	 diagnose	 failed	 reperfusion	 are	 only	 modestly	 effective,	 and
clinical	 trials	 evaluating	 rescue	PCI	have	enrolled	very	 slowly,	data	 to	 support
rescue	 PCI	 in	 patients	 with	 an	 occluded	 infarct	 artery	 are	 limited.	 In	 the
MERLIN	 trial,	 307	 patients	 with	 ECG	 evidence	 of	 failed	 reperfusion	 (ST-
segment	 resolution	<50%	measured	60	minutes	after	 fibrinolytic	 therapy)	were
randomized	 to	 rescue	PCI	or	 conservative	 therapy.	Rescue	PCI	was	performed
an	 average	 of	 approximately	 90	 minutes	 after	 the	 qualifying	 ECG	 and	 was
associated	with	a	26%	reduction	in	the	composite	endpoint	of	death,	reinfarction,
stroke,	HF,	 and	 revascularization	 at	 30	days.	 In	 the	REACT	 trial,	 427	patients
with	 ECG	 evidence	 of	 failed	 fibrinolysis	 at	 90	 minutes	 were	 randomized	 to
repeat	fibrinolysis,	conservative	treatment,	or	rescue	PCI.	Repeat	fibrinolysis	did
not	confer	a	benefit	in	this	trial,	but	rescue	PCI	reduced	the	primary	endpoint	of
death,	reinfarction,	stroke,	or	severe	HF	at	6	months	by	53%.	Mortality	was	also
reduced	from	12.8%	for	the	conservative	therapy	arm	to	6.2%	in	the	rescue	PCI
arm.	 Thus,	 urgent	 catheterization	 and	 PCI	 is	 indicated	 for	 all	 patients	 with
persistent	 ST-segment	 elevation	 and	 ongoing	 chest	 pain	 90	 minutes	 after	 the
administration	of	reperfusion	therapy,	unless	they	are	at	particularly	low	risk	for
complications	 (ie,	 a	 young	 patient	 with	 an	 uncomplicated	 inferior	 MI).	 For
patients	who	are	pain	free,	but	in	whom	the	ST	segments	remain	elevated,	urgent
catheterization	should	also	be	strongly	considered,	particularly	if	the	patient	has
high-risk	features,	such	as	older	age,	anterior	location	of	infarction,	diabetes,	or
prior	 coronary	 artery	 disease	 (CAD).	 Performance	 of	 routine	 PCI	 after
fibrinolytic	therapy	will	be	discussed	under	“Pharmacoinvasive	Strategies.”

Primary	Percutaneous	Coronary	Intervention



3 	Immediate	or	“primary”	PCI	has	emerged	as	the	clearly	preferred	reperfusion
method	for	patients	with	STEMI.	Randomized	 trials	performed	at	both	 referral
centers	 and	 experienced	 community	 hospitals	 have	 shown	 that	 primary	 PCI
reduces	 the	 likelihood	of	death	or	MI	when	compared	 to	 fibrinolytic	 therapy.30
Moreover,	 rates	of	major	bleeding	and	 stroke	are	 also	 significantly	 lower	with
primary	PCI	than	with	fibrinolytic	therapy	(Figure	188.5).	The	relative	benefits
of	 primary	 PCI	 are	 greatest	 in	 patients	 at	 highest	 risk,	 including	 those	 with
cardiogenic	shock,	right	ventricular	 infarction,	 large	anterior	MI,	and	increased
age	(partly	owing	to	an	increased	ICH	rate	with	fibrinolytic	therapy).	However,
as	 with	 fibrinolytic	 therapy,	 rapid	 time	 to	 treatment	 is	 critical	 to	 success.25	 In
addition,	although	operator	and	institutional	experience	are	important	 to	realize
the	 full	 benefit	 of	 primary	 PCI,	 excellent	 results	with	 primary	 PCI	 have	 been
demonstrated	 in	 well-trained	 community	 hospitals	 without	 on-site	 cardiac
surgery.31	Current	ACC/AHA	guidelines	recommend	primary	PCI	of	the	infarct
artery	over	fibrinolytic	therapy	when	time-to-treatment	delays	are	short	and	the
patient	 presents	 to	 a	 high-volume,	 well-equipped	 center	 with	 experienced
interventional	 cardiologists	 (ideal	 FMC-to-device	 time	 <90	 minutes	 at	 PCI-
capable	hospitals).	When	the	FMC-to-device	time	is	expected	to	be	longer	than
120	minutes,	fibrinolysis	is	generally	preferred	for	patients	presenting	within	12
hours	of	symptom	onset	unless	contraindications	are	present.28

	

Figure	188.5 	Short-term	(4-6-wk)	outcomes	from	a	meta-analysis
of	 23	 randomized	 controlled	 trials	 comparing	 fibrinolytic	 therapy
with	 primary	 percutaneous	 coronary	 intervention.MI,	 myocardial
infarction;	 PCI,	 percutaneous	 coronary	 intervention.(Adapted	 from
Keeley	EC,	Boura	JA,	Grines	CL.	Primary	angioplasty	vs	intravenous



thrombolytic	 therapy	 for	 acute	myocardial	 infarction:	 a	 quantitative
review	of	23	randomised	 trials.	Lancet.	2003;361(9351):13-20,	with
permission	from	Elsevier.)

Advances	 in	 PCI	 technology	 have	 been	 rapidly	 translated	 from	 elective	 to
emergent	 PCI.	 Compared	 with	 primary	 percutaneous	 transluminal	 coronary
angioplasty,	 primary	 stenting	 is	 associated	 with	 similar	 rates	 of	 death	 and
reinfarction	but	lower	subsequent	target	vessel	revascularization	rates.32,33	Initial
fears	about	stent	thrombosis	when	drug-eluting	stents	(DES)	were	placed	in	the
setting	of	STEMI	have	not	been	realized,	and	the	advantages	of	DES	over	bare
metal	 stents	 (BMS)	 with	 regard	 to	 in-stent	 restenosis	 and	 target	 vessel
revascularization	extend	to	patients	with	STEMI.34

Current	ACC/AHA	guidelines	 recommend	 that	BMS	be	used	for	patients	 in
whom	there	is	uncertainty	regarding	their	ability	to	comply	with	prolonged	dual-
antiplatelet	therapy	(DAPT).	In	contemporary	practice,	there	remain	few	clinical
scenarios	where	 a	BMS	would	 be	 favored	 over	 a	DES:	 (1)	 patients	 unable	 to
comply	 to	>1	month	of	DAPT,	whether	 related	 to	active	bleeding	or	perceived
heightened	 bleeding	 risk;	 (2),	 noncardiac	 surgery	 within	 4	 to	 6	 weeks;	 (3)	 or
adherence	 concerns.	 A	 preference	 for	 DES	 is	 also	 supported	 by	 the	 recent
ZEUS35	 and	 LEADERS	 FREE36	 randomized	 clinical	 trials	 demonstrating	 that
even	in	patients	who	receive	DAPT	for	as	short	as	30	days,	outcomes	are	better
with	second-generation	DES	compared	with	BMS.37

Arterial	Access
Vascular	access	bleeding	is	the	most	common	complication	after	primary	PCI	for
STEMI.	One	strategy	that	appears	to	decrease	bleeding	complications	is	the	use
of	 radial	artery	access.	Among	 the	1958	patients	with	STEMI	 in	 the	Radial	vs
Femoral	 Access	 for	 Coronary	 Angiography	 and	 Intervention	 in	 Patients	 with
Acute	Coronary	Syndromes	(RIVAL)	trial,38	randomization	to	radial	access	was
associated	with	a	40%	reduction	in	the	composite	primary	outcome	of	death,	MI,
stroke	 and	 non–coronary	 artery	 bypass	 graft	 (CABG)-related	 bleeding	 when
compared	with	femoral	access	(hazard	radio	[HR]	0.60,	95%	confidence	interval
[CI]	0.38-0.94,	P	=	.026).	In	a	post	hoc	analysis	of	STEMI	patients	included	in
the	RIVAL	trial,	 there	also	appeared	to	be	reduction	in	all-cause	mortality	with
radial	compared	to	femoral	artery	access	(1.3%	vs	3.2%;	HR	0.39;	P	=	.006),	a
benefit	not	observed	among	the	NSTEMI	subgroup.39	The	Minimizing	Adverse
Hemorrhagic	Events	by	TRansradial	Access	Site	and	Systemic	Implementation
of	angioX	(MATRIX)	trial40	was	a	randomized	superiority	trial	comparing	radial



versus	femoral	access	in	8404	patients	with	ACS	(48%	with	STEMI).	Compared
with	femoral	artery	access,	radial	access	was	associated	with	less	death,	MI,	and
stroke	(8.8%	vs	10.3%,	relative	risk	[RR]	0.85;	95%	CI	0.74-0.99;	P	=	.03).	All-
cause	mortality	was	also	 reduced	 (1.6%	vs	2.2%;	RR	0.72;	95%	CI	0.53-0.99;
P	 =	 .045),	 consistent	with	 results	 from	 the	 RIVAL	 trial.	 Based	 on	 these	 data,
radial	 artery	 access	 is	 becoming	 the	 preferred	 route	 of	 vascular	 access	 for
patients	 with	 STEMI	 in	 many	 parts	 of	 the	 world,	 with	 increasing	 use	 in	 the
United	 States.	 Data	 from	 593,094	 procedures	 in	 the	 National	 Cardiovascular
Data	 Registry	 (NCDR)	 showed	 that	 when	 compared	 to	 femoral	 artery	 access,
radial	 artery	 access	was	 associated	with	 similar	 procedural	 success	 (odds	 ratio
[OR]	 1.02,	 95%	 CI	 0.93-1.12)	 but	 significantly	 lower	 bleeding	 complications
(OR	0.42,	95%	CI	0.31-0.56).41

Multivessel	CAD
Approximately	 50%	 of	 patients	 presenting	 with	 STEMI	 have	 multivessel
disease.42,43	 Percutaneous	 treatment	 options	 for	 patients	 with	 STEMI	 and
multivessel	CAD	include	culprit-vessel-only	PCI,	multivessel	PCI	performed	at
the	 time	 as	 primary	 PCI,	 or	 immediate	 culprit	 PCI	 with	 “staged”	 PCI	 of
nonculprit	 vessels	 at	 a	 later	 time	 during	 the	 index	 hospitalization.	 Previous
clinical	practice	guidelines	 recommended	against	PCI	of	 a	noninfarct	 artery	at
the	 time	 of	 primary	 PCI	 in	 hemodynamically	 stable	 patients	 (class	 III),	 based
exclusively	 on	 observational	 data.	 However,	 subsequent	 small	 randomized
controlled	trials	suggested	a	benefit	toward	multivessel	PCI	and	led	to	a	shift	in
practice	 recommendations,	 but	 were	 largely	 underpowered	 to	 examine	 this
clinically	 important	 outcome.44-46	 Following	 these	 smaller	 trials,	 the	 Complete
versus	 Culprit-Only	 Revascularization	 Strategies	 to	 Treat	 Multivessel	 Disease
after	 Early	 PCI	 for	 STEMI	 (COMPLETE)	 trial	 randomized	 2016	 STEMI
patients	with	multivessel	coronary	disease	to	a	strategy	of	complete	(staged	PCI
within	 45	 days	 after	 randomization)	 vs	 culprit-only	 revascularization.47	 At	 a
median	 follow-up	 of	 3	 years,	 the	 first	 coprimary	 outcome	 of	 cardiovascular
death	 or	 MI	 occurred	 in	 7.8%	 of	 the	 complete-revascularization	 group	 as
compared	with	10.5%	of	 the	 culprit-lesion-only	PCI	group	 (hazard	 ratio,	 0.74;
95%	CI,	0.60-0.91;	P	=	 .004).	The	prior	 class	 III	 (harm)	 recommendation	was
changed	to	a	class	IIb	(may	be	considered)	recommendation	for	multivessel	PCI
for	 patients	 presenting	with	STEMI,	 either	 at	 the	 time	 of	 primary	PCI	 or	 as	 a
planned,	 staged	 procedure,	 but	 this	 recommendation	may	 be	 upgraded	 further
given	 the	 results	 of	 COMPLETE.48	 However,	 importantly	 nonculprit	 primary
PCI	is	not	indicated	for	patients	with	STEMI	in	cardiogenic	shock	at	the	time	of



presentation.	In	the	randomized	CULPRIT-SHOCK	(Culprit	Lesion	Only	PCI	vs
Multivessel	PCI	in	Cardiogenic	Shock)	trial	among	706	patients	with	acute	MI
and	 cardiogenic	 shock,	 patients	 randomized	 to	 IRA-only	 revascularization,
compared	with	acute	multivessel	revascularization	at	index	catheterization,	had	a
lower	30-day	 rate	of	death	or	 severe	 renal	 failure	 leading	 to	 renal	 replacement
therapy	 (RR	 0.83;	 95%	CI	 0.71-0.96;	P	 =	 .01)	 and	 lower	 rate	 of	 death	 alone
(P	=	.03)	(Figure	188.6).49

	

Figure	 188.6 	 Data	 from	 the	 CULPRIT-SHOCK	 trial
demonstrating	 that	 infarct-related	 artery-only	 revascularization,
compared	 with	 acute	 multivessel	 revascularization	 at	 index
catheterization,	had	a	lower	30-d	rate	of	death	or	severe	renal	failure
leading	 to	 renal	 replacement	 therapy.Shown	are	Kaplan-Meier	 time-
to-event	 curves	 for	 the	 primary	 end	 point	 of	 a	 composite	 of	 death
from	 any	 cause	 or	 severe	 renal	 failure	 leading	 to	 renal-replacement
therapy	within	 30	 d	 after	 randomization.	 PCI	 denotes	 percutaneous
coronary	intervention.(Adapted	from	Thiele	H,	Akin	I,	Sandri	M,	et
al,	CULPRIT-SHOCK	 Investigators.	PCI	Strategies	 in	Patients	with
Acute	Myocardial	Infarction	and	Cardiogenic	Shock.	N	Engl	J	Med.
2017;377(25):2419-2432.)

Thrombus	Aspiration
Because	of	the	large	thrombus	burden	in	STEMI,	distal	embolization	at	the	time
of	 PCI	 is	 common	 and	may	 cause	 additional	 tissue	 and	microvascular	 injury.
Strategies	to	prevent	distal	embolization	using	embolic	protection	devices,	which
are	 commonly	 used	 when	 PCI	 is	 performed	 in	 saphenous	 vein	 grafts,	 cause
delays	 in	 reperfusion	 and	do	not	 appear	 to	 improve	outcomes	when	STEMI	 is
caused	by	native	vessel	obstruction.50	An	alternative	approach	to	decrease	distal



embolization	 is	 manual	 aspiration	 thrombectomy,	 which	 was	 previously
supported	 by	 a	 class	 IIa	 recommendation,28	 based	 on	 favorable	 results	 from	 a
small	trial.51	However,	several	large	and	recent	multicenter	trials	have	prompted
a	 shift	 in	 guideline	 recommendations.	 In	 the	Thrombus	Aspiration	During	ST-
Segment	 Elevation	 Myocardial	 Infarction	 trial	 of	 7244	 patients	 with	 STEMI,
when	 compared	 with	 primary	 PCI	 only,	 aspiration	 thrombectomy	 prior	 to
primary	PCI	was	not	 associated	with	 improved	 short-term	differences	 in	death
(2.8%	vs	3.0%,	P	=	.63),	reinfarction	(0.5%	vs	0.9%,	P	=	.09),	stent	thrombosis
(0.2%	 vs	 0.5%,	 P	 =	 .06),	 or	 target	 vessel	 revascularization	 (1.8%	 vs	 2.2%,
P	=	 .27).52	 In	 the	Trial	of	Routine	Aspiration	Thrombectomy	With	PCI	vs	PCI
Alone	in	Patients	with	STEMI	(TOTAL)	trial,	10,732	patients	with	STEMI	were
randomized	 to	either	aspiration	 thrombectomy	prior	 to	primary	PCI	or	primary
PCI	 only.	 There	 were	 no	 significant	 differences	 between	 the	 two	 groups	 at
6	months	 in	 the	 composite	 of	 cardiovascular	 death,	 recurrent	MI,	 cardiogenic
shock,	or	New	York	Heart	Association	Class	IV	HF	(6.9%	vs	7.0%,	P	=	.86).53
Collectively,	 these	 data	 have	 led	 to	 routine	 aspiration	 thrombectomy	 before
primary	PCI	being	downgraded	from	a	class	 IIa	 recommendation	 to	a	class	 III
recommendation.47	It	is	unclear	whether	selective	use	or	“bailout”	thrombectomy
for	patients	with	large	thrombus	burden	is	beneficial	(class	IIb).

Transfer	to	Primary	Percutaneous	Coronary	Intervention
5 	 Although	 primary	 PCI	 is	 the	 preferred	 reperfusion	 option	 for	 most	 patients
who	 present	 to	 dedicated	 centers	 that	 can	 perform	 interventional	 procedures
quickly	 and	 expertly,	 many	 patients	 with	 STEMI	 present	 to	 centers	 without
primary	 PCI	 readily	 available.	 In	 such	 cases,	 a	 decision	 must	 be	 made	 as	 to
whether	 immediate	 pharmacologic	 reperfusion	 therapy	 or	 transfer	 for	 primary
PCI	 (if	 possible)	 is	 the	best	 alternative.	For	patients	 transported	 to	 a	non-PCI-
capable	hospital	in	whom	a	rapid	transfer	is	possible	(time	from	FMC-to-device
system	time	<120	minutes	or	less),	transfer	for	primary	PCI	is	preferable	(Figure
188.7).28	Unfortunately,	data	from	the	AHA	Mission:	Lifeline	Program	between
2008	 and	 2012	 showed	 35%	 of	 STEMI	 patients	 transferred	 for	 primary	 PCI
failed	to	achieve	FMC-to-device	time	of	<120	minutes.54	Independent	predictors
of	 delay	 in	 this	 population	 included	 patient	 comorbidities	 (cardiogenic	 shock,
cardiac	arrest),	process	variables	(prolonged	door-in	door-out	time,	rural	hospital
locations),	 and	 lower	 PCI	 hospital	 annual	 STEMI	 volumes.	 Recent	 efforts	 to
regionalize	 care	 processes,	 including	 through	 the	 AHA	 Accelerator	 program,
have	 resulted	 in	 reduced	 reperfusion	 times	 and	 improved	outcomes	 for	 certain
STEMI	networks	in	the	United	States.25,55	For	patients	with	contraindications	to



fibrinolytic	 therapy,	 evidence	 of	 failed	 fibrinolytic	 therapy,	 cardiogenic	 shock,
presentation	more	than	12	hours	after	symptom	onset,	or	transfer	to	a	center	that
can	perform	emergent	PCI	is	indicated,	even	if	delay	times	are	longer.27

	

Figure	 188.7 	 An	 algorithm	 for	 triage	 and	 transfer	 for	 primary
percutaneous	coronary	intervention	among	patients	with	ST	elevation
myocardial	 infarction.CABG,	 coronary	 artery	 bypass	 graft;	 PCI,
percutaneous	 coronary	 intervention;	 STEMI,	 ST-segment	 elevation
myocardial	 infarction.(Adapted	 from	 O’Gara	 PT,	 Kushner	 FG,
Ascheim	DD,	et	al.	2013	ACCF/AHA	guideline	for	the	management
of	 ST-elevation	 myocardial	 infarction:	 a	 report	 of	 the	 American
College	of	Cardiology	Foundation/American	Heart	Association	Task
Force	on	practice	guidelines.	Circulation.	2013;127(4):e362–e425.)

Several	 studies	 have	 compared	 various	 strategies	 of	 routine	 transfer	 for
primary	 PCI	 of	 patients	 eligible	 for	 fibrinolytic	 therapy	 versus	 immediate
fibrinolysis	 with	 or	 without	 transfer	 and	 have	 reported	 a	 lower	 incidence	 of
adverse	cardiac	events	among	those	randomized	to	transfer	for	primary	PCI.56,57
Subsequent	 analyses	 have	 helped	 to	 define	 the	 influence	 of	 symptom	duration
and	 transfer-related	 time	delay	on	 the	benefits	of	 transfer	 for	primary	PCI.	For
example,	among	the	850	patients	enrolled	in	the	PRAGUE-2	study,	there	was	a
significant	 and	 quantitatively	 large	 reduction	 in	 mortality	 (6.0%	 vs	 15.3%;
P	<	 .02)	among	those	who	were	randomized	more	than	3	hours	after	symptom
onset.	In	contrast,	there	was	no	reduction	in	mortality	among	patients	presenting
within	 3	 hours.58	 Similar	 findings	 were	 observed	 in	 the	 Comparison	 of
Angioplasty	 and	 Prehospital	 Thrombolysis	 in	 Acute	 Myocardial	 Infarction
(CAPTIM)	 trial	 in	which	 the	 control	 arm	 received	prehospital	 fibrinolytic.59	A



meta-analysis	 of	 randomized	 studies	 has	 suggested	 that	 if	 the	 delay	 between
immediate	administration	of	a	 fibrinolytic	and	 initiation	of	PCI	 is	more	 than	1
hour,	 the	 pharmacological	 therapy	 becomes	 favored	with	 respect	 to	 survival.60
These	data	 form	 the	basis	of	 the	 recommendation	 in	 the	AHA/ACC	guidelines
that	fibrinolysis,	 in	the	absence	of	contraindications,	should	be	used	in	patients
with	STEMI	and	ischemic	symptom	onset	<12	hours	when	it	is	anticipated	that
primary	PCI	cannot	be	performed	within	120	minutes	of	FMC.28

Pharmacoinvasive	Strategies
In	 light	 of	 the	 deleterious	 impact	 of	 delays	 to	 primary	 PCI	 on	 myocardial
salvage,	 an	 approach	 in	which	 reperfusion	 is	 initiated	with	 a	 pharmacological
regimen	 and	 followed	 by	 angiography	 and	 PCI	 is	 potentially	 attractive,
particularly	for	patients	being	transferred	for	primary	PCI	who	are	anticipated	to
have	longer	FMC-to-device	times.	In	the	modern	era,	it	is	clear	that	PCI	can	be
performed	effectively	and	safely	early	after	fibrinolytic	therapy.61	In	addition,	it
is	well	 known	 that	 patients	who	 arrive	 in	 the	 catheterization	 laboratory	with	 a
patent	 IRA	 prior	 to	 “primary”	 PCI,	 owing	 to	 either	 spontaneous	 lysis	 or
pharmacologic	reperfusion,	have	an	extraordinarily	low	risk	of	mortality.62

The	term	“facilitated”	PCI	has	been	coined	to	signify	the	administration	of	a
pharmacological	 reperfusion	 regimen	 en	 route	 to	 the	 cardiac	 catheterization
laboratory	 to	 achieve	 an	 open	 IRA	within	 3	 hours	 of	 planned	 “primary”	 PCI.
However,	a	meta-analysis	of	six	clinical	trials	demonstrated	that	facilitated	PCI
was	associated	with	significant	increases	in	short-term	rates	of	mortality	(6%	vs
4%),	 nonfatal	 reinfarction	 (4%	 vs	 2%),	 urgent	 target	 vessel	 revascularization
(5%	vs	1%),	and	stroke	(1.6%	vs	0.3%);	and	a	nonsignificant	increase	in	major
bleeding	(7%	vs	5%).63

A	fibrinolytic-therapy	approach	consisting	of	prehospital	or	early	fibrinolysis
coupled	 with	 timely,	 but	 not	 immediate,	 coronary	 angiography	 (6-24	 h)	 was
studied	 in	 the	 Strategic	 Reperfusion	 Early	 after	 Myocardial	 Infarction
(STREAM)	study,	which	evaluated	whether	early	fibrinolysis	provided	a	clinical
outcome	 similar	 to	 that	 with	 primary	 PCI	 in	 1892	 STEMI	 patients	 presenting
early	(<3	hours)	after	symptom	onset	but	unable	to	undergo	PCI	within	1	hour.64
The	median	FMC-to-device	time	in	the	PCI	group	was	117	minutes.	The	primary
end	point	(death,	shock,	congestive	heart	failure,	or	reinfarction	up	to	30	days)
occurred	 in	 12.4%	 in	 the	 fibrinolysis	 group	 and	 in	 14.3%	 in	 the	 primary	 PCI
group	(relative	risk	in	the	fibrinolysis	group,	0.86;	95%	CI,	0.68-1.09;	P	=	.21).
More	 ICHs	 occurred	 in	 the	 fibrinolysis	 group	 than	 in	 the	 primary	 PCI	 group
(1.0%	 vs	 0.2%,	 P	 =	 .04;	 after	 protocol	 amendment	 to	 half	 dose	 in	 patients



≥75	years	of	age,	0.5%	vs	0.3%,	P	=	.45).	These	findings	suggest	that	primary
PCI	 with	 an	 FMC-to-device	 time	 within	 120	 minutes	 for	 patients	 directly
diagnosed	 in	 the	 field	 is	 as	 beneficial	 as	 early	 or	 prehospital	 fibrinolysis
followed	by	a	pharmacoinvasive	strategy.

6 	A	related	pharmacoinvasive	strategy	that	may	be	 logistically	attractive	for
patients	 presenting	 to	 non-PCI	 centers	 is	 to	 perform	 initial	 pharmacologic
reperfusion	 therapy	 followed	 by	 transfer	 for	 routine	 nonemergent	 coronary
angiography	and	revascularization	if	needed.	This	pathway	has	shown	favorable
results	 in	 several	 relatively	 small	 studies65-67	 and	 the	 larger	 Trial	 of	 Routine
Angioplasty	 and	 Stenting	 after	 Fibrinolysis	 to	 Enhance	 Reperfusion	 in	 Acute
Myocardial	 Infarction	 (TRANSFER-AMI)	 trial.68	 In	 TRANSFER-AMI,	 1059
high-risk	 patients	 with	 STEMI	 presenting	 to	 hospitals	 without	 PCI	 capability
received	pharmacological	reperfusion	with	a	regimen	that	contained	tenecteplase
and	were	randomized	to	standard	treatment	on	site	or	to	immediate	transfer	and
PCI	within	6	hours	after	fibrinolysis.	Interestingly,	most	patients	in	the	standard
treatment	 arm	 underwent	 coronary	 angiography,	 but	 this	 was	 performed
approximately	 1	 day	 later	 than	 in	 the	 transfer	 arm.	 The	 primary	 endpoint	 of
death,	 MI,	 recurrent	 ischemia,	 HF,	 or	 cardiogenic	 shock	 within	 30	 days	 was
reduced	from	17.2%	in	the	standard	treatment	arm	to	11.0%	in	the	early	PCI	arm
(HR	0.64;	P	=	.004).	For	patients	who	present	to	hospitals	without	PCI	capability
and	in	whom	the	door-to-balloon	time	is	expected	to	be	longer	than	90	minutes,
these	 data	 support	 a	 strategy	 of	 “drip	 and	 ship,”	 in	 which	 standard
pharmacological	reperfusion	therapy	is	administered	and	the	patient	 transferred
for	 subsequent	 catheterization	 and	 PCI.	 The	 timing	 of	 the	 catheterization	 and
PCI	remains	controversial.	Data	from	studies	of	facilitated	PCI	suggest	that	very
early	PCI	(ie,	within	2	hours)	is	not	helpful	and	may	be	harmful.	However,	the
accumulated	data	described	previously	suggest	favorable	outcomes	if	the	PCI	is
performed	between	3	and	24	hours	after	successful	fibrinolytic	therapy.	Current
ACC/AHA	 guidelines	 provide	 a	 class	 IIa	 recommendation	 for	 coronary
angiography	in	STEMI	patients	 treated	with	fibrinolytic	 therapy,	either	as	soon
as	logistically	possible	(in	the	case	of	suspected	failed	reperfusion)	or	between	3
and	24	hours	after	successful	reperfusion	with	fibrinolytic	therapy.27

STEMI	and	Out-Of-Hospital	Cardiac	Arrest
The	 epidemiology	 and	 management	 of	 patients	 with	 out-of-hospital	 cardiac
arrest	 is	 discussed	 in	 Chapter	 195.	 Current	 professional	 society
recommendations	 advise	 that	 patients	with	 STEMI	 and	 out-of-hospital	 cardiac
arrest	should	receive	targeted	temperature	management	before	or	at	 the	time	of



cardiac	catheterization.29	However,	new	data	emerging	in	this	area	may	influence
subsequent	 guidelines	 (see	Chapter	 195).	Neither	 the	 presenting	 cardiac	 arrest
nor	initiation	of	targeted	temperature	management	should	delay	or	deter	primary
PCI	in	patients	with	STEMI.

ADJUNCTIVE	ANTIPLATELET	AND
ANTITHROMBOTIC	THERAPY

Aspirin	and	P2Y12	Inhibitors
7 	For	patients	with	STEMI,	aspirin	decreases	reocclusion	and	reinfarction	rates
by	nearly	50%	and	mortality	by	approximately	25%.69	The	benefits	of	aspirin	are
comparable	to	those	of	fibrinolytic	therapy,	and	when	used	together,	aspirin	and
fibrinolytic	therapy	provide	additive	benefits.70	Aspirin	should	be	initiated	at	an
oral	dose	of	162	 to	325	mg	 (preferably	chewed)	at	 the	 time	 the	patient	 is	 first
encountered	 by	 medical	 personnel	 in	 the	 field	 or	 emergency	 department.
Following	 MI,	 lifelong	 therapy	 with	 aspirin	 is	 indicated	 to	 prevent	 recurrent
cardiac	 events.	Efficacy	 appears	 to	 be	 similar	 at	 all	 doses	 greater	 than	75	mg,
whereas	bleeding	 risk	 clearly	 increases	with	higher	 aspirin	dose.	For	 example,
the	ADAPTABLE	 (Aspirin	Dosing:	A	Patient-Centric	Trial	Assessing	Benefits
and	 Long-Term	 Effectiveness)	 demonstrated	 no	 significant	 difference	 in
cardiovascular	 events	 between	 atherosclerotic	 cardiovascular	 disease	 patients
assigned	to	81	mg	and	those	assigned	to	325	mg	of	aspirin	daily.71	Following	the
initial	 higher	 dose	 (162-325	 mg)	 administered	 acutely	 in	 STEMI,	 the	 authors
strongly	 favor	 an	 81-mg	 dose	 of	 aspirin	 over	 higher	 dosages	 for	 long-term
secondary	prevention	for	all	patients	with	STEMI.28,72

7 	 7 	In	addition	to	aspirin,	a	second	antiplatelet	agent	should	be	added	for	the
acute	 management	 and	 secondary	 prevention	 in	 patients	 with	 STEMI.	 In
particular,	a	series	of	 trials	established	 the	benefits	of	 inhibiting	 the	binding	of
ADP	 to	 the	P2Y12	 receptor	 on	 the	 platelet	 surface,	 thereby	 decreasing	 platelet
activation	 and	 aggregation.	Clopidogrel	 is	 a	 thienopyridine	 derivative	 that	 is	 a
P2Y12	 antagonist.	 The	 Clopidogrel	 as	 Adjunctive	 Reperfusion	 Therapy-
Thrombolysis	in	Myocardial	Infarction	28	(CLARITY-TIMI	28)	trial	compared
clopidogrel	 (300-mg	 loading	dose	 followed	by	75	mg/d)	with	placebo	 in	3491
patients	 with	 STEMI	 who	 were	 treated	 with	 standard	 pharmacological
reperfusion	 including	 fibrinolytic	 therapy,	 aspirin,	 and	 heparin.	 The	 primary



composite	 endpoint	 of	 death,	MI,	 or	 an	 occluded	 IRA	 assessed	 at	 the	 time	 of
protocol-mandated	angiography	(average	3-4	days)	was	reduced	from	21.7%	in
the	 placebo	 arm	 to	 15.0%	 in	 the	 clopidogrel	 arm	 (P	 <	 .001).	At	 30	 days,	 the
clinical	composite	of	death,	MI,	or	urgent	revascularization	was	reduced	by	20%
(P	 =	 .03).73	 The	 much	 larger	 Clopidogrel	 and	 Metoprolol	 in	 Myocardial
Infarction	 Trial	 (COMMIT)	 was	 performed	 in	 more	 than	 45,000	 patients	 in
China	 and	 was	 designed	 to	 evaluate	 the	 impact	 of	 adjunctive	 clopidogrel
(administered	 at	 75	mg/d	without	 a	 loading	 dose)	 on	 death	 and	major	 clinical
events.	Clopidogrel	reduced	death,	reinfarction,	or	stroke	by	9%	and	death	alone
by	 7%,	 both	 of	 which	 were	 statistically	 significant.74	 Based	 on	 the	 results	 of
these	 two	 trials,	 clopidogrel	 should	 routinely	 be	 added	 to	 standard	 fibrinolytic
regimens	in	patients	younger	than	75	years.28

For	 patients	 undergoing	 primary	 PCI,	 similarly,	 an	 oral	 P2Y12	 receptor
antagonist	should	be	administered	in	addition	to	aspirin:	a	loading	dose	followed
by	a	minimum	of	12	months	of	maintenance	therapy	is	recommended	for	patients
with	STEMI	receiving	a	stent	(BMS	or	DES).28	Presently	available	alternatives
include	clopidogrel,	prasugrel,	and	ticagrelor.

If	 clopidogrel	 is	used,	a	 loading	dose	of	600	mg	 is	preferred	and	should	be
given	 as	 early	 as	 possible	 before	 or	 at	 the	 time	 of	 PCI.28	 In	 the
CURRENT/OASIS	 7	 trial,	 which	 compared	 high-dose	 (600-mg	 loading	 dose,
150	mg/d	 for	 7	 days,	 and	 then	 75	mg/d)	with	 standard-dose	 (300-mg	 loading
dose	 and	 then	 75	mg/d)	 clopidogrel,	 the	 higher	 dose	 clopidogrel	 strategy	was
associated	with	a	lower	rate	of	cardiovascular	death,	MI,	or	stroke	at	30	days	and
a	 lower	 rate	 of	 stent	 thrombosis	 (4.0%	 vs	 2.8%)	 among	 the	 subgroup	 with
STEMI	 (n	 =	 6346).	 The	 higher	 dose	 clopidogrel	 regimen	was	 also	 associated
with	a	higher	rate	of	major	bleeding	(1.1%	vs	1.6%;	P	=	.006).75

Prasugrel	 is	 a	 second-generation	 thienopyridine	 that	 is	more	 rapidly	 acting,
more	potent,	and	associated	with	less	response	variability	than	clopidogrel.	The
Trial	 to	Assess	 Improvement	 in	 Therapeutic	Outcomes	 by	Optimizing	 Platelet
Inhibition	 with	 Prasugrel-Thrombolysis	 in	 Myocardial	 Infarction	 (TRITON-
TIMI)	3876	enrolled	13,608	patients	with	ACS	who	were	scheduled	 to	undergo
PCI.	 Patients	 were	 randomized	 to	 prasugrel	 (60-mg	 loading	 dose	 and	 then
10	mg/d)	or	clopidogrel	(300-mg	loading	dose	and	then	75	mg/d):	both	the	drugs
were	initiated	at	the	time	of	PCI	with	no	pretreatment	given.	In	the	subgroup	of
patients	with	STEMI	(n	=	3534),	the	primary	efficacy	endpoint	of	cardiovascular
death,	MI,	and	stroke	at	a	median	of	14.5	months	was	reduced	from	12.4%	in	the
clopidogrel	arm	to	10.0%	in	the	prasugrel	arm	(HR	0.79;	P	=	.02;	Table	188.5).
Stent	 thrombosis	 occurred	 in	 2.8%	STEMI	patients	 randomized	 to	 clopidogrel
versus	1.6%	randomized	to	prasugrel	(P	=	.008).	Prasugrel	was	associated	with



net	harm	among	patients	with	prior	stroke	or	 transient	 ischemic	attack	 (largely
caused	by	an	excess	in	ICH)	and	is	contraindicated	in	such	patients.	In	addition,
there	 were	 two	 important	 subgroups	 in	 whom	 prasugrel	 was	 associated	 with
excess	bleeding	that	nullified	clinical	benefit,	including	patients	>75	years	of	age
and	those	<60	kg.

TABLE	188.5

Comparison	of	Novel	P2Y12	Inhibitors	With	Clopidogrel:
Results	From	Subgroups	With	STEMI

Endpoint

TRITON-TIMI	38 PLATO

N	=	3534 N	=	7026

Prasugrel
(%)

Clopidogrel
(%)

HR
(95%
CI)

Ticagrelor
(%)

Clopidogrel
(%)

CV	death,
MI,	stroke

10.0 12.4 0.79
(0.65-
0.97)

8.5 10.1

Stent
thrombosisa

1.6 2.8 0.58
(0.36-
0.93)

2.2 2.9

Non-
CABG
TIMI	major
bleedinga,b

2.4 2.1 1.11
(0.70-
1.77)

4.5 3.8

Note	that	endpoint	assessment	was	at	15	months	in	TRITON-TIMI	38	and	12	months	in	PLATO.
aThe	stent	thrombosis	and	bleeding	results	from	PLATO	are	from	the	entire	study	because	the
specific	data	for	STEMI	have	not	yet	been	reported.
bTIMI	major	bleeding	(non-CABG)	was	the	primary	bleeding	endpoint	in	TRITON-TIMI	38	and	was
an	additional	bleeding	endpoint	in	PLATO.
CV,	cardiovascular;	MI,	myocardial	infarction;	non-CABG,	non–coronary	artery	bypass	graft;
STEMI,	ST-segment	elevation	myocardial	infarction.



Ticagrelor	 is	 a	 direct	 acting	 and	 reversible	 non-thienopyridine	 oral	 P2Y12

antagonist.	 This	 agent	 provides	more	 rapid	 onset	 (and	 offset)	 of	 action	 and	 a
more	 potent	 and	 predictable	 antiplatelet	 response	 than	 clopidogrel.	 It	 does	 not
require	 activation	 by	 the	 cytochrome	 p450	 system.	 In	 the	 Study	 of	 Platelet
Inhibition	 and	 Patient	 Outcomes	 (PLATO)	 trial,77	 ticagrelor	 (180-mg	 loading
dose,	 90	 mg	 twice	 daily)	 was	 compared	 with	 clopidogrel	 (300-	 to	 600-mg
loading	 dose,	 75	 mg	 daily)	 in	 18,624	 patients	 with	 ACS,	 38%	 of	 whom	 had
STEMI.	At	 the	end	of	 the	12-month	follow-up	period,	 the	primary	endpoint	of
cardiovascular	 death,	 MI,	 and	 stroke	 occurred	 in	 11.7%	 of	 subjects	 in	 the
clopidogrel	arm	versus	9.8%	in	the	ticagrelor	arm	(HR	0.84;	95%	CI	0.77-0.92;
P	<	.001).	The	risk	reduction	was	similar	in	the	STEMI	subgroup	(HR	0.84;	95%
CI	0.72-0.98;	Table	188.5).	Similar	to	the	findings	in	the	CURRENT/OASIS	7
and	TRITON-TIMI	38	trials,	stent	thrombosis	was	reduced	significantly	with	the
more	 potent	 oral	 antiplatelet	 regimen.	 Also	 consistent	 with	 prior	 studies,
ticagrelor	 increased	 non-CABG	 major	 bleeding	 (4.5%	 vs	 3.8%,	 P	 =	 .03).78
Notably,	 in	 the	PLATO	 trial,	 treatment	with	 ticagrelor	 resulted	 in	 a	 significant
21%	 relative	 risk	 reduction	 in	 vascular	mortality	 and	 a	 22%	 reduction	 in	 total
mortality	 (5.9%	 vs	 4.5%;	 P	 <	 .001).	 This	 mortality	 reduction	 was	 unique	 to
PLATO	among	the	trials	of	P2Y12	antagonists.

Ticagrelor	has	side	effects	that	are	likely	mediated	by	increases	in	circulating
adenosine.	 Dyspnea	 occurs	 in	 10%	 to	 15%	 of	 patients	 early	 after	 treatment
initiation,	is	not	associated	with	HF,	and	is	usually	transient.	Ventricular	pauses
may	 also	 be	 triggered	 by	 ticagrelor	 early	 after	 treatment	 initiation,	 but	 these
pauses	also	decrease	 in	 frequency	over	 time,	are	 rarely	symptomatic,	and	have
not	required	an	excess	of	clinical	intervention.	Because	of	these	side	effects,	the
clinician	 should	be	aware	of	a	history	of	 reactive	airway	disease	or	 significant
ECG	conduction	abnormalities	when	considering	ticagrelor.

The	onset	of	action	of	oral	P2Y12	 inhibitors	may	be	delayed	among	patients
with	STEMI;	possibly	owing	to	reduced	gut	perfusion	that	is	common	early	after
presentation.	 Morphine	 administration	 also	 appears	 to	 reduce	 absorption	 of
P2Y12	 inhibitors	 and	 contribute	 to	 delayed	 onset	 of	 action.78,79	 Nevertheless,
early,	 prehospital	 administration	 of	 P2Y12	 inhibitors	 has	 not	 been	 shown	 to
improve	 outcomes	 vs	 administration	 at	 the	 time	 of	 angiography	 for	 STEMI.80
Cangrelor	is	an	intravenous,	fast-acting,	and	reversible	P2Y12	inhibitor	that	may
offer	 an	 alternative	 strategy	 for	 patients	 to	 achieve	 rapid	 P2Y12	 inhibition.
However,	the	available	data	are	limited	to	comparisons	with	clopidogrel	and	do
not	 provide	 strong	 support	 for	 a	 favorable	 risk/benefit	 profile	 of	 this	 drug	 in
STEMI.81	Given	the	high	cost,	at	the	present	time,	we	generally	limit	cangrelor



use	to	patients	unable	to	take	oral	P2Y12	inhibitors.

GP	IIb/IIIa	Inhibitors
Although	use	of	GP	IIb/IIIa	inhibitors	in	elective	PCI	has	been	decreasing,	these
agents	 remain	 an	 adjunct	 to	primary	PCI	 for	 some	patients	with	STEMI	when
heparin	 is	 the	 anticoagulant	 used.	 Data	 are	 very	 limited	 in	 the	 current	 era	 of
more	potent	and	rapidly	acting	P2Y12	 inhibitors.	Current	ACC/AHA	guidelines
recommend	 use	 of	GP	 IIb/IIIa	 inhibitors	 at	 the	 time	 of	 primary	PCI	 (class	 IIa
recommendation)	for	selected	patients	who	are	receiving	unfractionated	heparin
(UFH).28

Antithrombin	Therapies	for	Patients	Receiving	Fibrinolytic
Therapy
The	AHA/ACC	guidelines	recommend	administration	of	an	anticoagulant	(UFH,
enoxaparin,	 or	 fondaparinux)	 as	 adjunctive	 therapy	 for	 all	 patients	 receiving
pharmacologic	 reperfusion	 therapy	 with	 the	 fibrin-specific	 agents	 alteplase,
reteplase,	 or	 tenecteplase.	 For	UFH,	 recommended	 dosing	 is	 a	 60	U/kg	 bolus
(maximum	 bolus	 of	 4000	 U)	 plus	 an	 initial	 infusion	 of	 12	 U/kg/h	 (with	 a
maximum	 initial	 infusion	 rate	 of	 1000	 U/hour)	 for	 up	 to	 48	 hours.	 Low-
molecular-weight	heparins	(LMWHs)	represent	an	attractive	alternative	to	UFH
for	patients	 receiving	fibrinolytic	 therapy.	 In	 the	Enoxaparin	and	Thrombolysis
Reperfusion	 for	 Acute	 Myocardial	 Infarction	 Treatment—Thrombolysis	 in
Myocardial	 Infarction	 (ExTRACT-TIMI)	 25	 trial,82	 which	 randomized	 20,506
patients	 treated	 with	 fibrinolytic	 therapy	 to	 intravenous	 UFH	 for	 48	 hours	 or
enoxaparin	 through	 hospital	 discharge,	 the	 primary	 endpoint	 of	 death	 or
reinfarction	was	reduced	from	12.0%	in	the	UFH	arm	to	9.9%	in	the	enoxaparin
arm	 (RR	 0.83;	 P	 <	 .001).	 Major	 bleeding	 occurred	 in	 1.4%	 of	 UFH-treated
patients	versus	2.1%	of	those	treated	with	enoxaparin	(P	<	.001),	but	there	was
no	 significant	 difference	 in	 ICH,	 and	 the	 net	 clinical	 benefit	 (death/MI/major
bleeding)	 favored	 enoxaparin.	 The	 direct	 antithrombin	 agents	 have	 also	 been
extensively	 studied	 as	 adjuncts	 to	 fibrinolytic	 therapy	 but	 appear	 to	 offer	 no
significant	 advantage	 over	 UFH.83-85	 Thus,	 of	 the	 currently	 available
antithrombin	agents,	LMWH	administered	for	the	duration	of	the	hospitalization
(up	to	8	days,	or	until	PCI)	has	been	shown	to	be	superior	to	short-term	use	of
UFH	 and	 represents	 the	 most	 attractive	 strategy	 for	 patients	 managed	 with	 a
fibrinolytic.



Antithrombin	Therapy	as	an	Adjunct	to	Primary	PCI
Intravenous	UFH,	with	or	without	a	GP	IIb/IIIa	receptor	antagonist,	and	titrated
to	 an	 appropriate	 activated	 clotting	 time,	 has	 been	 a	 cornerstone	 adjunctive
therapy	for	patients	with	STEMI	undergoing	primary	PCI.	Multiple	studies	have
compared	bivalirudin,	a	direct-acting	antithrombin,	as	alternative	to	UFH	in	this
setting.	 In	 the	 Harmonizing	 Outcomes	 with	 Revascularization	 and	 Stents	 in
Acute	 Myocardial	 Infarction	 (HORIZONS-AMI)	 trial,86	 3602	 patients
undergoing	 primary	 PCI	 for	 STEMI	 were	 randomized	 to	 standard	 care	 with
heparin	plus	a	GP	IIb/IIIa	inhibitor	or	to	bivalirudin	alone.	The	primary	outcome,
which	 was	 a	 composite	 of	 efficacy	 and	 safety	 endpoints	 at	 30	 days,	 was
significantly	 lower	 in	 the	 bivalirudin	 versus	 heparin/GP	 IIb/IIIa	 inhibitor	 arm
(9.2%	vs	12.1%;	RR	0.76;	P	=	.005).	This	was	mediated	by	lower	rate	of	major
bleeding	with	bivalirudin	(4.9%	vs	8.3%;	RR	0.60;	P	<	.001)	and	similar	rates	of
the	 ischemic	 outcomes.	 Total	 mortality	 (2.1%	 vs	 3.1%;	P	 =	 .05)	 and	 cardiac
mortality	(1.8%	vs	2.9%;	P	=	.03)	trended	lower	in	the	bivalirudin	arm.	An	issue
of	concern	was	an	increased	risk	of	stent	thrombosis	within	the	first	24	hours	in
the	bivalirudin	group.	Subsequent	studies	confirmed	lower	rates	of	bleeding	but
higher	 rates	of	 stent	 thrombosis	with	bivalirudin	 compared	with	UFH	plus	GP
IIb/IIIa	 inhibitor	 therapy	 and	 did	 not	 substantiate	 the	 reduction	 in	 all-cause
mortality.87	 A	meta-analysis	 including	 16	 randomized	 control	 trials	 comparing
bivalirudin	with	heparin	found	that	bivalirudin	use	was	associated	with	increased
risk	 of	 MI	 and	 stent	 thrombosis,	 but	 a	 decreased	 risk	 of	 bleeding,	 with	 the
magnitude	of	the	bleeding	reduction	dependent	on	concomitant	GP	IIb/IIIa	use.88

Oral	Anticoagulation
In	 the	 era	 of	DAPT,	 the	 use	 of	warfarin	 or	 non-vitamin-K	 oral	 anticoagulants
(NOACs),	 either	 alone	 or	 in	 combination	 with	 DAPT,	 must	 be	 weighed
carefully.	 However,	 because	 warfarin	 and	 NOACs	 are	 superior	 to	 aspirin	 for
preventing	systemic	emboli	among	patients	with	atrial	fibrillation,	and	warfarin
reduces	 systemic	 emboli	 in	 patients	 with	 documented	 left	 ventricular	 (LV)
dysfunction	 following	 MI,	 there	 are	 some	 circumstances	 warranting
consideration	 of	 oral	 anticoagulant	 therapy,	 particularly	 when	 the	 risk	 of
thromboembolism	 exceeds	 the	 risk	 of	 bleeding.	Current	ACC/AHA	guidelines
support	 warfarin	 use	 in	 addition	 to	 DAPT	 for	 patients	 who	 have	 mechanical
heart	 valves,	 recent	 venous	 thromboembolism,	 hypercoagulable	 disorders,	 or
warfarin	or	a	NOAC	for	atrial	fibrillation	with	an	elevated	stroke	risk	(class	I).
Warfarin	use	is	also	reasonable	for	STEMI	patients	with	asymptomatic	LV	mural



thrombi	 (class	 IIa),	 and	perhaps	 for	 some	STEMI	patients	with	 anterior	 apical
akinesis	(class	IIb).28	For	patients	with	or	at	risk	for	LV	thrombus,	the	duration	of
warfarin	use	can	be	limited	to	3	months.	It	should	be	noted	that	the	newer	direct
oral	anticoagulants	have	not	been	evaluated	in	this	clinical	context,	so	their	use
cannot	be	recommended.

A	challenging	scenario	relates	to	the	combination	of	aspirin,	a	P2Y12	inhibitor,
and	 warfarin	 or	 a	 NOAC	 such	 as	 apixaban,	 rivaroxaban,	 dabigatran,	 or
edoxaban.	 Approximately	 10%	 of	 patients	 with	 recent	 PCI	 have	 concomitant
atrial	 fibrillation.89	 “Triple	 therapy”	with	warfarin	 has	 been	 associated	with	 as
much	as	a	50%	increase	in	bleeding	compared	to	DAPT	alone.90	Therefore,	the
withdrawal	of	the	aspirin	component	of	triple	therapy	has	been	explored	in	order
to	 determine	 the	 optimal	 balance	 between	 antithrombotic,	 antiplatelet	 activity
and	bleeding.

Multiple	 trials	have	now	supported	the	safety	of	a	“dual	pathway”	approach
with	 a	NOAC	+	P2Y12	 inhibitor	 (typically	 clopidogrel)	without	 aspirin	 among
patients	with	PCI	and	atrial	fibrillation.	A	network	meta-analysis	of	four	clinical
trials	 (three	 NOAC	 trials;	 prevalence	 of	 ACS	 varied	 from	 28%-61%)
demonstrated	that	compared	with	triple	therapy,	a	NOAC	plus	a	P2Y12	 inhibitor
offer	 the	best	 safety	profile	 for	major	 bleeding	 (OR	0.49;	 95%	CI,	 0.30-0.82),
with	 no	 difference	 in	 major	 adverse	 cardiac	 events.91	 Taken	 together,	 these
results	support	 the	use	of	NOAC	plus	P2Y12	 inhibitor	as	 the	preferred	regimen
after	a	short	period	of	 triple	 therapy	after	PCI	 for	high-risk	patients	with	atrial
fibrillation.92	 However,	 given	 the	 relatively	 few	 data	 available	 among	 patients
with	 STEMI,	 we	 recommend	 direct	 collaboration	 with	 the	 interventional
cardiologist	 who	 performed	 the	 procedure	 in	 determining	 the	 individualized
antithrombotic	regimen	after	primary	PCI	for	patients	who	have	an	indication	for
oral	 anticoagulant	 therapy.	Ongoing	 research	 efforts	 continue	 to	 search	 for	 the
optimal	risk/benefit	profile	in	this	complex	patient	population.

ANTI-ISCHEMIC	THERAPY

ß-Blockers
88	β-Blockers	were	 among	 the	 first	 therapeutic	 interventions	 used	 to	 limit	 the
size	of	acute	MI.	Previous	trials	that	excluded	patients	with	HF,	hypotension,	or
bradycardia	demonstrated	that	very	early	administration	of	a	β-blocker	decreases
infarct	size	and	prevents	recurrent	MI	and	death.93	The	fact	that	β-blockers	were



particularly	 effective	 in	 reducing	 sudden	 death	 and	 reducing	 mortality	 among
patients	 with	 complex	 ventricular	 ectopy	 at	 baseline	 suggests	 that	 β-blockers
exert	much	of	 their	beneficial	effect	by	 reducing	 the	 frequency	and	severity	of
arrhythmias.94	 In	 addition,	 they	 appear	 to	 significantly	 decrease	 the	 risk	 of
cardiac	 rupture.	 Data	 from	 the	 COMMIT	 trial	 in	 more	 than	 45,000	 patients,
however,	failed	to	demonstrate	benefit	from	a	strategy	of	immediate	intravenous
metoprolol	 followed	 by	 200	 mg	 metoprolol	 daily	 on	 in-hospital	 outcomes,
including	 death	 and	 MI.	 Although	 early	 β	 blockade	 reduced	 the	 risks	 of
reinfarction	 and	 ventricular	 fibrillation	 (VF)	 compared	 to	 placebo,	 this	 was
counterbalanced	by	an	 increased	 risk	of	cardiogenic	 shock	during	 the	 first	 few
days	 after	 admission.95	 Post	 hoc	 analyses	 indicate	 that	 this	 increased	 risk	was
predominantly	 among	 patients	 with	 indicators	 of	 or	 risk	 factors	 for
hemodynamic	compromise.	In	addition,	the	outcome	may	have	been	influenced
by	 the	 high	 dose	 of	metoprolol	 used	 in	 this	 study.	ACC/AHA	 guidelines	 now
recommended	that	β-blockers	be	initiated	orally,	within	the	first	24	hours,	once	it
has	 been	 determined	 that	 the	 hemodynamic	 status	 is	 stable	 and	 there	 is	 no
evidence	 of	 HF.	 Parenteral	 β-blockers	 should	 be	 used	 only	 if	 there	 is	 a	 clear
indication	such	as	ongoing	chest	pain	or	an	atrial	 tachyarrhythmia	with	normal
or	elevated	blood	pressure.28

When	 given	 long-term	 following	 MI,	 β-blockers	 significantly	 reduce	 the
incidence	of	 nonfatal	 reinfarction	 and	mortality,	 an	 effect	 that	 extends	 to	most
members	of	 this	class	of	agents.96	The	Carvedilol	Post-Infarct	Survival	Control
in	LV	Dysfunction	 (CAPRICORN)	 trial	 examined	 the	 incremental	 effects	 of	 β
blockade	 to	 angiotensin-converting	 enzyme	 (ACE)	 inhibition	 in	 post-MI	 in
patients	 with	 LV	 dysfunction	 but	 no	 clinical	 HF.97	 Over	 a	 mean	 follow-up	 of
1.3	years,	the	composite	of	death	and	MI	was	reduced	from	20%	in	the	placebo
arm	 to	 14%	 in	 the	 carvedilol	 arm,	 a	 29%	 relative	 reduction.	 On	 the	 basis	 of
robust	 clinical	data	and	a	very	 favorable	cost-to-benefit	 ratio,	 long-term	oral	β
blockade	 should	 be	 continued	 for	 at	 least	 3	 years	 in	 patients	 without	 HF
following	MI.28

Renin-Angiotensin-Aldosterone	System	Inhibitors
ACE	 inhibitors	 are	 routinely	 used	 following	 STEMI	 to	 prevent	 adverse	 LV
chamber	 remodeling,	 a	 gradual	 process	 by	which	 the	 left	 ventricle	 assumes	 a
more	globular	shape	and	dilates;	remodeling	is	associated	with	an	increased	risk
for	 HF	 and	 death.	 A	 large	 overview	 of	 almost	 100,000	 patients	 found	 a	 7%
reduction	 of	 30-day	mortality	when	ACE	 inhibitors	were	 given	 to	 all	 patients
with	acute	MI,	with	most	of	the	benefit	observed	in	the	first	week.	The	benefit



was	greatest	in	high-risk	groups,	such	as	those	in	Killip	class	II	or	III,	those	with
LV	 dysfunction,	 and	 those	 with	 an	 anterior	 MI.98	 In	 addition	 to	 preventing
remodeling	 and	 HF,	 ACE	 inhibitors	 prevent	 recurrent	 major	 cardiovascular
events	after	MI.99	As	opposed	to	aspirin	and	reperfusion	therapy,	it	is	not	crucial
to	introduce	the	ACE	inhibitor	in	the	hyperacute	phase	of	acute	MI.

Angiotensin	 receptor	 blockers	 (ARBs)	 are	 effective	 alternatives	 to	 ACE
inhibitors	 for	 patients	 with	 LV	 dysfunction	 or	 HF	 following	 acute	 MI	 and
provide	 similar	 long-term	 benefits.100,101	 However,	 combination	 therapy	 with
ACE	 inhibitors	 and	 ARBs	 is	 not	 more	 effective.101	 Because	 of	 the	 larger
evidence	base	and	lower	cost	of	ACE	inhibitors,	 they	are	preferred	over	ARBs
unless	side	effects	to	ACE	inhibitors	develop.

Aldosterone	 antagonists	 should	 also	 be	 considered	 for	 use	 in	 appropriate
high-risk	patients	following	STEMI,	who	are	receiving	adequate	doses	of	ACE
inhibitors.	 In	 the	 Eplerenone	 Post-Acute	 Myocardial	 Infarction	 Heart	 Failure
Efficacy	 and	 Survival	 (EPHESUS)	 trial,	 which	 included	 patients	 with	 an	 LV
ejection	 fraction	 <40%	 following	 an	MI	 and	 either	HF	 symptoms	 or	 diabetes,
eplerenone	 treatment	 (compared	 to	 placebo)	 was	 associated	 with	 a	 15%
reduction	of	 the	risk	of	mortality	(Figure	188.8).102	Because	of	 its	much	 lower
cost,	 spironolactone	 may	 be	 considered	 as	 an	 alternative	 to	 eplerenone.
Aldosterone	 antagonists	 should	 be	 avoided	 for	 patients	 with	 hyperkalemia	 or
significant	 renal	 dysfunction.	 Despite	 strong	 evidence	 and	 a	 class	 I
recommendation,	and	in	contrast	to	other	post-MI	recommendations,	aldosterone
antagonists	remain	dramatically	underutilized	in	contemporary	practice.103

	

Figure	 188.8 	 Data	 from	 the	 EPHESUS	 trial	 demonstrating	 that
eplerenone	 treatment	 (compared	 to	 placebo)	 was	 associated	 with	 a
15%	 reduction	 of	 the	 risk	 of	 mortality	 among	 ST	 elevation
myocardial	infarction	patients	with	a	left	ventricular	ejection	fraction
<40%	 following	 a	 myocardial	 infarction	 and	 either	 heart	 failure



symptoms	or	diabetes.Shown	are	Kaplan-Meier	time-to-event	curves
of	the	rate	of	death	from	any	cause.(Adapted	from	Pitt	B,	Remme	W,
Zannad	 F,	 et	 al.	 Eplerenone,	 a	 selective	 aldosterone	 blocker,	 in
patients	with	left	ventricular	dysfunction	after	myocardial	infarction.
N	Engl	J	Med.	2003;348(14):1309-1321.)

Nitrates
Nitrates	 dilate	 large	 coronary	 arteries	 and	 arterioles,	 peripheral	 veins,	 and	 to	 a
lesser	extent,	peripheral	arterioles.	Venodilation	decreases	preload,	thus	reducing
both	myocardial	 oxygen	 demand	 and	 symptoms	 of	 pulmonary	 congestion	 that
may	 complicate	 MI.	 The	 Gruppo	 Italiano	 per	 lo	 Studio	 della	 Sopravvivenza
nell’Infarto	 (GISSI	3)104	 and	 the	Fourth	 International	Study	of	 Infarct	Survival
(ISIS-4)105	 trials	 collectively	 enrolled	 almost	 80,000	patients	 and	 evaluated	 the
role	 of	 long-term	 (4-6-week)	 nitrate	 therapy	 post-MI.	 Neither	 study	 found	 a
significant	reduction	in	mortality	with	nitrates,	although	the	ability	to	detect	such
a	difference	may	have	been	reduced	because	more	than	50%	of	patients	received
off-protocol	nitrates.	Although	evidence	from	randomized	clinical	trials	does	not
support	routine	long-term	nitrate	therapy	for	patients	with	uncomplicated	MI,	it
is	 reasonable	 to	 give	 intravenous	 nitroglycerin	 for	 the	 first	 24	 to	 48	 hours	 in
patients	 with	 acute	 MI	 who	 have	 HF,	 recurrent	 ischemia,	 or	 hypertension.
Intravenous	 therapy	 is	 preferred	 in	 the	 early	 phases	 of	 MI	 because	 of	 its
immediate	 onset	 of	 action	 and	 ease	 of	 titration.	Nitrates	 should	 be	 avoided	 in
patients	with	right	ventricular	infarction.

Calcium	Channel	Blockers
Calcium	 channel	 blockers	 block	 the	 entry	 of	 calcium	 into	 cells	 via	 voltage-
sensitive	 calcium	 channels.	 In	 vascular	 smooth	 muscle	 cells,	 this	 causes
coronary	 and	 peripheral	 vasodilation,	 whereas	 in	 cardiac	 tissue,	 it	 leads	 to
depression	of	myocardial	contractility,	sinus	rate,	and	atrioventricular	(AV)	nodal
conduction.	 The	 dihydropyridine	 calcium	 channel	 antagonists,	 of	 which
nifedipine	is	the	prototype,	cause	coronary	and	peripheral	artery	dilation	without
blocking	sinus	or	AV	nodal	function.	As	a	result,	any	potential	benefit	of	these
agents	is	counterbalanced	by	reflex	tachycardia.	The	short-acting	preparations	of
nifedipine,	 in	 particular,	 appear	 to	 be	 dangerous	 in	 the	 setting	 of	 acute	 MI
because	 they	 may	 cause	 rapid	 hemodynamic	 fluctuations.	 Sustained-release



preparations	of	nifedipine,	on	the	other	hand,	can	be	used	safely	in	combination
with	a	β-blocker.	Amlodipine	 is	a	 third-generation	agent	 that	causes	 less	reflex
tachycardia	 than	 other	 dihydropyridines,	 but	 with	 other	 calcium	 channel
blockers,	there	is	no	documented	benefit	of	this	agent	following	MI.

Diltiazem	 and	 verapamil	 slow	 HR	 and	 modestly	 reduce	 myocardial
contractility,	 thereby	decreasing	myocardial	oxygen	demand.	A	pooled	analysis
indicated	that	verapamil	and	diltiazem	had	no	effect	on	mortality	following	acute
MI,	but	that	they	did	significantly	reduce	the	rate	of	reinfarction	(6.0%	vs	7.5%;
P	<	 .01).106	These	agents	 increase	mortality	of	patients	with	LV	dysfunction	or
evidence	of	HF.

There	have	not	been	studies	comparing	the	efficacy	of	verapamil	or	diltiazem
to	 that	of	a	β-blocker	 in	patients	with	STEMI.	Because	β-blockers	consistently
reduce	both	mortality	and	reinfarction,	calcium	channel	blockers	should	only	be
used	 in	 patients	who	 remain	 hypertensive	 after	 full-dose	β	 blockade	 and	ACE
inhibition.	Verapamil	 or	 diltiazem	may	be	 a	 reasonable	 alternative	 for	 patients
who	cannot	tolerate	a	β-blocker,	provided	LV	function	is	normal,	but	they	should
not	be	given	routinely	following	MI.

Supplemental	Oxygen
In	a	randomized	trial	comparing	oxygen	(8	L/min)	with	no	supplemental	oxygen
in	 441	 patients	 with	 STEMI	 but	 without	 hypoxia,	 supplemental	 O2	 showed	 a
trend	 toward	 increased	 early	 myocardial	 injury	 compared	 with	 the	 control
therapy,	 measured	 with	 cardiac	 troponin	 and	 increased	 infarct	 size	 by
Cardiovascular	magnetic	resonance	imaging.107	In	view	of	these	data,	O2	therapy
can	be	omitted	if	the	patient	is	not	hypoxemic.	On	the	other	hand,	patients	with
STEMI	and	arterial	hypoxemia	(eg,	SaO2	<	90%)	should	receive	oxygen.

ARRHYTHMIAS	COMPLICATING	ST	ELEVATION
MYOCARDIAL	INFARCTION

Ventricular	Arrhythmias
9 	Ventricular	 arrhythmias	 are	 common	 following	 the	 onset	 of	 STEMI,	 but	 the
impact	on	outcomes	depends	on	the	timing	of	onset	(Table	188.6).	Previously,	it
had	 been	 thought	 that	 ventricular	 tachycardia	 (VT)	 occurring	 early	 after



presentation	(within	the	first	48	hours)	did	not	influence	long-term	survival	if	it
was	 rapidly	 terminated,	 whereas	 VT	 occurring	 beyond	 48	 hours	 had	 ominous
implications.	However,	 in	a	more	recent	analysis	of	5745	patients	with	STEMI
from	 the	Assessment	 of	 Pexelizumab	 in	Acute	Myocardial	 Infarction	 (APEX-
AMI)	 trial,108	 5.7%	 developed	 VT	 or	 VF,	 which	 was	 associated	 with	 worse
overall	 90-day	mortality	 (adjusted	HR	3.63,	95%	CI	2.59-5.09).	Of	 those	who
developed	 ventricular	 arrhythmia,	 64%	 occurred	 before	 the	 end	 of	 the	 index
cardiac	 catheterization,	 and	 90%	occurred	within	 the	 first	 48	 hours	 of	 STEMI
presentation.	Those	patients	whose	ventricular	 arrhythmia	occurred	after	 index
catheterization	 but	 less	 than	 48	 hours	 after	 presentation	 had	 an	 increased
incidence	of	mortality	at	90	days	(adjusted	HR	5.59,	95%	CI	3.71-8.43).

TABLE	188.6

Electrical	Complications	of	Acute	MI

Complication Prognosis Treatment

Ventricular	tachycardia/fibrillation

In	the
catheterization
lab

Good Usually	none

Within	first	48
h

Fair Immediate	cardioversion;	amiodarone	or
lidocaine;	β-blockers

After	48	h Poor Immediate	cardioversion;	electrophysiology
study/implantable	defibrillator;	amiodarone

Sinus
bradycardia

Excellent Atropine	for	hypotension	or	symptoms

Second-degree	heart	block

Mobitz
(Wenckebach)

Excellent Atropine	for	hypotension	or	symptoms

Mobitz Guarded Temporary	pacemaker

Complete	heart	block



Inferior	MI Good Temporary	pacemaker

Anterior	MI Poor Temporary	pacemaker	followed	by
permanent	pacemaker

MI,	myocardial	infarction.

9 	VF	is	the	primary	mechanism	of	arrhythmic	sudden	death.	In	patients	with
acute	MI,	most	 episodes	 of	VF	 occur	 early	 (<4-12	 hours)	 after	 infarction.	As
with	 sustained	VT,	 late	VF	occurs	more	 frequently	 in	patients	with	 severe	LV
dysfunction	or	HF	and	is	a	poor	prognostic	marker.	Patients	with	VF	or	sustained
VT	 associated	 with	 symptoms	 or	 hemodynamic	 compromise	 should	 be
cardioverted	 emergently.	 Underlying	 metabolic	 and	 electrolyte	 abnormalities
must	 be	 corrected,	 and	 ongoing	 ischemia	 should	 be	 addressed.	 We	 aim	 to
maintain	 the	 serum	 potassium	 level	 between	 3.5	 and	 4.5	mEq/L109	 and	 serum
magnesium	level	of	2	mEq/L	or	more.	Intravenous	amiodarone	is	a	particularly
effective	 antiarrhythmic	 agent	 in	 patients	with	 acute	MI	 because	 it	 lowers	HR
and	does	 not	 have	 significant	 pro-arrhythmic	 properties.	Lidocaine	 remains	 an
effective	 alternative	 if	 amiodarone	 is	 not	 tolerated	 or	 is	 unsuccessful	 in
controlling	 the	 arrhythmia.	 The	 use	 of	 class	 IC	 antiarrhythmic	 agents	 such	 as
flecainide	or	propafenone	is	contraindicated	given	the	paradoxical	proarrhythmic
effects	 and	 excess	 mortality	 seen	 in	 the	 CAST	 trial.110	 Prophylactic	 use	 of
antiarrhythmic	agents,	other	than	β-blockers,	is	not	indicated.

Given	 the	 absence	 of	 benefit	 in	 randomized	 controlled	 trials,	 routine	 risk
stratification	 to	 guide	 ICD	 placement	 early	 after	 STEMI	 is	 not	 recommended.
However,	reassessment	of	LV	function	40	days	or	longer	after	STEMI	can	guide
consideration	 of	 an	 ICD	 for	 primary	 prevention	 of	 sudden	 death.111	 Wearable
cardiac	 defibrillators	 can	 be	 considered	 in	 the	 immediate	 post-MI	 period	 (eg,
40	days)	 in	patients	with	LV	dysfunction.	However,	 the	 largest	 trial	examining
this	 issue,	 VEST	 (Vest	 Prevention	 of	 Early	 Sudden	 Death	 Trial),	 did	 not
demonstrate	a	significant	reduction	in	arrhythmic	death.112

Bradyarrhythmias
1 	 0 	The	usual	cause	of	bradycardia	is	increased	vagal	tone	or	ischemia/infarction
of	 conduction	 tissue.	 Sinus	 bradycardia	 is	 typically	 caused	 by	 irritation	 of
cardiac	 vagal	 receptors,	 which	 are	 located	 most	 prominently	 on	 the	 inferior
surface	of	the	left	ventricle	(Table	188.6).	Thus,	this	arrhythmia	is	usually	seen



with	 inferior	MI.	 If	 the	HR	 is	 extremely	 low	 (<40-50)	 and	 is	 associated	with
hypotension,	intravenous	atropine	should	be	given.

Mobitz	(Wenckebach)	second-degree	AV	block	is	also	very	common	among
patients	with	inferior	wall	MI	and	may	be	caused	by	ischemia	or	infarction	of	the
AV	 node	 or	 to	 increased	 vagal	 tone.	 The	 level	 of	 conduction	 block	 is	 usually
located	within	 the	AV	node,	and	 therefore	 the	QRS	complex	 is	narrow	and	 the
risk	for	progression	to	complete	heart	block	is	low.	Atropine	should	be	reserved
for	 patients	 with	 hypotension	 or	 symptoms,	 and	 temporary	 pacing	 is	 rarely
required.	Mobitz	block	is	observed	much	less	often	than	Mobitz	block	in	acute
MI.	As	 opposed	 to	Mobitz	 block,	Mobitz	 block	 is	more	 frequently	 associated
with	 anterior	 MI,	 an	 infranodal	 lesion,	 and	 a	 wide	 QRS	 complex.	 Because
Mobitz	 block	 can	 progress	 suddenly	 to	 complete	 heart	 block,	 a	 temporary
pacemaker	is	indicated.

1 	 0 	Although	complete	heart	block	may	occur	with	either	inferior	or	anterior
MI,	 the	 implications	 differ	markedly	 depending	 on	 the	 location	 of	 the	 infarct.
With	 inferior	MI,	 heart	 block	 often	 progresses	 from	 first-	 (or	Wenckebach)	 to
third-degree	AV	block.	The	level	of	block	is	usually	within	or	above	the	level	of
the	 AV	 node,	 the	 escape	 rhythm	 is	 often	 stable,	 and	 the	 effect	 is	 transient.
Although	temporary	pacing	is	often	indicated,	a	permanent	pacemaker	is	rarely
required.	With	anterior	MI,	complete	heart	block	is	usually	a	result	of	extensive
infarction	involving	the	bundle	branches.	The	escape	rhythm	is	usually	unstable
and	the	AV	block	permanent.	Mortality	is	extremely	high,	and	permanent	pacing
is	almost	always	required	for	survivors.

Supraventricular	Arrhythmias
Atrial	 fibrillation	may	occur	 in	up	 to	15%	of	patients	early	after	MI,	but	atrial
flutter	 and	 paroxysmal	 supraventricular	 tachycardia	 are	 not	 commonly	 seen
(Table	188.7).	Although	atrial	fibrillation	is	usually	 transient,	 it	 is	a	marker	for
increased	morbidity	and	mortality,	probably	because	 it	 is	 associated	with	other
adverse	 risk	 predictors	 such	 as	 LV	 dysfunction	 and	 congestive	 heart	 failure.
Management	of	supraventricular	arrhythmias	in	the	setting	of	acute	MI	is	similar
to	management	in	other	settings;	however,	there	should	be	a	lower	threshold	for
cardioversion,	 and	 the	ventricular	 rate	 should	be	more	 aggressively	 controlled.
Because	 of	 their	 beneficial	 effects	 for	 acute	MI,	 β-blockers	 are	 the	 agents	 of
choice	 for	 control	 rate.	 Diltiazem	 or	 verapamil	 may	 serve	 as	 alternatives	 for
patients	without	 significant	HF	 or	LV	dysfunction,	whereas	 digoxin	 should	 be
reserved	 for	 patients	 with	 concomitant	 LV	 dysfunction.	 Of	 the	 antiarrhythmic
agents	available,	amiodarone	is	safest	for	patients	with	recent	MI	because	it	has



a	low	risk	for	causing	arrhythmias.

TABLE	188.7

Summary	of	Advances	in	Managing	STEMI	Based	on
Randomized	Controlled	Clinical	Trials

Performance	of	a	Prehospital	ECG	reduces	reperfusion	times	in	STEMI6

Fibrinolytic	therapy	reduces	mortality	vs	placebo	if	administered	within	12
h	of	symptom	onset	but	is	associated	with	a	small	risk	of	intracranial
hemorrhage24

Aspirin	reduces	mortality	to	a	similar	extent	as	fibrinolytics70

Primary	PCI	is	superior	to	fibrinolytic	therapy	for	patients	who	can	be
treated	within	90	min	of	presentation	in	a	high-volume	center30

Transfer	to	another	facility	for	early	nonemergent	PCI	should	be	considered
following	successful	fibrinolytic	therapy68

The	addition	of	clopidogrel	to	aspirin,	antithrombins,	and	fibrinolytic
therapy	reduces	recurrent	MI	and	mortality73,74

Prasugrel	and	ticagrelor	are	the	preferred	alternatives	to	clopidogrel	to
reduce	stent	thrombosis	and	recurrent	ischemic	events,	but	at	an	increased
risk	for	bleeding76,77

Enoxaparin	is	superior	to	unfractionated	heparin	as	an	adjunct	to
fibrinolytic	therapy	but	is	associated	with	slightly	more	bleeding82
Radial	artery	access	(as	opposed	to	femoral	artery)	may	decrease	bleeding
complications	and	should	be	considered	when	feasible40



Nonculprit	primary	PCI	is	not	indicated	in	patients	with	STEMI	in
cardiogenic	shock	at	the	time	of	presentation49

β-Blockers	improve	long-term	outcomes	following	STEMI	but	may
increase	risk	when	given	early	to	patients	with	or	at	high	risk	of	heart
failure94,95,97

ACE	inhibitors	prevent	adverse	remodeling	after	STEMI	and	reduce	death
and	heart	failure	events99

Aldosterone	antagonists	reduce	mortality	in	patients	with	LV	dysfunction	or
heart	failure	following	MI	but	should	be	used	in	caution	in	individuals	with
renal	dysfunction102

ACE,	angiotensin-converting	enzyme;	ECG,	electrocardiogram;	LV,	left	ventricular;	MI,	myocardial
infarction;	PCI,	percutaneous	coronary	intervention;	STEMI,	ST-segment	elevation	myocardial
infarction.

TRANSITION	TO	DISCHARGE
Risk	 assessment	 is	 a	 continuous	 process	 that	 should	 be	 consistently	 revised
throughout	 the	 hospital	 stay.	 Continuing	 care	 must	 be	 individualized	 using
lifestyle	 interventions,	 disease-modifying	 pharmacological	 therapies,	 and
additional	coronary	 revascularization	when	 indicated.	All	patients	with	STEMI
are	 considered	 at	 high	 risk	 and	 therefore	 warrant	 aggressive	 intervention	 for
secondary	 prevention.	 All	 patients	 should	 undergo	 a	 transthoracic
echocardiogram	prior	to	hospital	discharge	to	assess	ventricular	systolic	function
and	 to	 ensure	 that	 appropriate	medications	 are	 initiated	 prior	 to	 discharge	 (ie,
ACE	 inhibitor,	 aldosterone	 antagonists).28	 In	 addition,	 all	 patients	 without
contraindications	 should	 be	 initiated	 on	 high-intensity	 statin	 therapy,	 and
considered	for	ezetimibe,	prior	to	discharge.	Referral	to	cardiac	rehabilitation	is
also	indicated	for	all	patients	admitted	with	STEMI.	The	objectives	of	exercise-
based	 cardiac	 rehabilitation	 are	 to	 increase	 functional	 capacity,	 decrease	 or
alleviate	anginal	symptoms,	reduce	disability,	improve	quality	of	life,	and	reduce
morbidity	 and	mortality	 rates.113	 Finally,	 perhaps	 the	most	 powerful	 secondary
prevention	 strategy	 is	 smoking	 cessation.	A	meta-analysis	 of	 cohort	 studies	 in



patients	 with	 ACS	 showed	 that	 smoking	 cessation	 reduces	 the	 subsequent
cardiovascular	 mortality	 rate	 by	 almost	 50%.114	 All	 of	 these	 interventions,
together	 with	 appropriate	 patient	 and	 family	 education	 regarding	 medication
adherence	 and	 timely	 follow-up,	will	 serve	 to	 reduce	 rates	 of	 rehospitalization
and	improve	patient	outcomes	(Table	188.7).115,116

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	78-year-old	woman	with	a	history	of	hypertension	and	diabetes	presents
to	a	community	hospital	after	3	hours	of	chest	pain	occurring	at	rest.	Her	blood
pressure	is	150/70	mm	Hg	with	a	pulse	of	75	beats/min.	Physical	examination	is
unremarkable.	Her	ECG	demonstrates	sinus	rhythm	with	ST	elevation	in	leads
V1-V4,	meeting	criteria	for	an	ST-elevation	myocardial	infarction	(STEMI).	The
hospital	does	not	have	percutaneous	coronary	intervention	(PCI)	capability.	She
does	not	have	a	contraindication	to	fibrinolysis.	What	is	the	most	appropriate
management?

A. 	Aspirin,	clopidogrel,	low-molecular-weight	heparin,	and	fibrinolysis
targeting	a	door-to-needle	time	≤30	minutes
B. 	Aspirin,	clopidogrel,	low-molecular-weight	heparin,	and	transfer	to	a
PCI-capable	facility	only	if	a	first-medical-contact-to-device	time	≤90
minutes	can	be	achieved
C. 	Aspirin,	clopidogrel,	low-molecular-weight	heparin,	and	transfer	to	a
PCI-capable	facility	only	if	a	first-medical-contact-to-device	time	≤120
minutes	can	be	achieved
D. 	Aspirin,	ticagrelor,	low-molecular-weight	heparin,	and	fibrinolysis
targeting	a	door-to-needle	time	≤30	minutes

2. 	A	65-year-old	male	smoker	with	a	history	of	dyslipidemia	presents	to	a
community	hospital	with	a	chest	pain	for	the	past	14	hours,	shortness	of	breath,
and	orthopnea.	His	blood	pressure	is	70/40	mm	Hg,	with	a	pulse	of	130	bpm,
and	oxygen	saturation	of	85%	on	room	air.	Physical	examination	is	remarkable
for	jugular	venous	pressure	at	6	cm	above	the	sternal	angle,	quiet	heart	sounds,
an	S3,	II/VI	holosystolic	murmur	at	the	apex,	and	diffuse	crackles	across	all	lung
fields.	His	ECG	demonstrates	sinus	tachycardia	at	130	bpm	with	ST-elevation	in
leads	V1-V4,	meeting	criteria	for	an	ST-elevation	myocardial	infarction



(STEMI).	Point-of-care	ultrasound	estimates	ejection	fraction	of	25%,	with
anteroapical	akinesis	and	severe	central	mitral	regurgitation.	Drive	time	to	the
closest	PCI-capable	facility	is	approximately	150	minutes.	He	does	not	have	a
contraindication	to	fibrinolysis.	In	addition	to	respiratory	and	hemodynamic
support,	what	is	the	most	appropriate	management	for	this	patient?

A. 	Fibrinolysis	targeting	a	door-to-needle	time	≤30	minutes,	then,	if
unsuccessful,	transfer	to	a	PCI-capable	facility
B. 	Fibrinolysis	targeting	a	door-to-needle	time	≤30	minutes,	then,
regardless	of	effect,	transfer	to	a	PCI-capable	facility
C. 	No	fibrinolysis.	Immediately	transfer	to	a	PCI-capable	facility
D. 	No	fibrinolysis	or	transfer.	Continue	medical	management.

3. 	A	57-year-old	woman	with	a	family	history	of	premature	atherosclerosis
and	paroxysmal	atrial	fibrillation	is	transported	from	home	via	emergency	health
services	to	a	percutaneous	coronary	intervention	(PCI)-capable	facility	hospital
with	a	2-hour	history	of	chest	pain,	shortness	of	breath,	and	orthopnea.	Her
blood	pressure	is	140/80	mm	Hg,	with	a	pulse	of	100	bpm,	and	oxygen
saturation	of	92%	on	room	air.	Physical	examination	is	remarkable	for	a	jugular
venous	pressure	at	6	cm,	variable	S1	and	normal	S2,	an	S3,	and	diffuse	crackles
across	the	lower	lung	zones.	Her	prehospital	12-lead	ECG	demonstrates	atrial
fibrillation	between	90	to	110	bpm	with	ST-elevation	in	leads	II/III/AVF/V5/V6,
meeting	criteria	for	an	ST-elevation	myocardial	infarction	(STEMI).	All	of	the
following	are	management	would	be	appropriate,	EXCEPT:

A. 	Amiodarone	if	sustained	ventricular	tachycardia	develops
B. 	Aspirin	and	ticagrelor	administration	at	presentation
C. 	Beta	blocker	administered	at	presentation
D. 	First-medical	contact	to	PCI	within	90	minutes

Answers

1.	The	correct	answer	is	C.
Rationale:	The	preferred	reperfusion	strategy	for	STEMI	patients	presenting

to	a	non-PCI-capable	facility	remains	primary	PCI	provided	this	can	be	achieved
with	a	first-medical-contact-to-device	time	≤120	minutes	(choice	C	is	correct).	If
this	cannot	be	achieved,	 in	 the	absence	of	contraindications,	 the	patient	 should
receive	on-site	 fibrinolysis.	For	 patients	with	 contraindications	 to	 fibrinolytics,
or	in	cardiogenic	shock,	or	with	presentation	more	than	12	hours	after	symptom



onset,	transfer	to	a	PCI	center	is	indicated	even	if	delay	times	are	longer	(which
is	 not	 an	 issue	 in	 this	 case).	 Fibrinolysis	 targeting	 a	 door-to-needle	 time	 ≤30
minutes	 is	 recommended	 if	 the	 anticipated	 first-medical-contact-to-device	 time
would	 be	 longer	 than	 120	 minutes	 (choices	 A	 and	 D	 are	 incorrect).	 The	 90-
minute	 first-medical-contact-to-device	 time	 requirement	 is	 only	 for	 patients
presenting	directly	to	a	PCI-capable	facility	(choice	B	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	 Despite	 anticipated	 delays	 of	 transfer	 and	 subsequent	 first-

medical-contact	 (FMC)-to-device	 time,	 this	 patient	 presents	 in	 cardiogenic
shock,	which	is	an	indication	for	immediate	transfer	to	the	PCI	center	(choice	C
is	 correct).	 Primary	 PCI	 is	 recommended	 over	 fibrinolysis	 for	 patients	 with
STEMI	 and	 cardiogenic	 shock.	 In	 addition,	 the	 patient’s	 delayed	 presentation
(>12	 h)	 favors	 primary	 PCI	 over	 fibrinolytic	 therapy	 (choices	 A	 and	 B	 are
incorrect).	Medical	management	alone	without	reperfusion	therapy	would	not	be
appropriate	 unless	 care	 was	 limited	 based	 on	 the	 patient’s	 healthcare	 wishes
(choice	D	is	incorrect).

3.	The	correct	answer	is	C.
Rationale:	 Beta	 blockers	 should	 not	 be	 given	 to	 STEMI	 patients	 in	 acute

heart	 failure	 or	 cardiogenic	 shock	 (choice	 C	 is	 the	 “correct”,	 wrong	 answer).
Data	from	the	COMMIT	trial	of	more	than	45,000	patients	found	that	although
early	 beta	 blockade	 reduced	 the	 risks	 of	 reinfarction	 and	 VF	 compared	 to
placebo,	 that	 was	 counterbalanced	 by	 an	 increased	 risk	 of	 cardiogenic	 shock
during	 the	 first	 few	days	after	 admission.	Post	hoc	analyses	 indicated	 that	 this
increased	 risk	 was	 predominantly	 among	 patients	 with	 indicators	 of	 or	 risk
factors	for	hemodynamic	compromise.	Primary	PCI	with	a	first-medical-contact-
to-device	time	≤	90	minutes	is	indicated	for	patients	with	STEMI	presenting	to	a
PCI-capable	 center.	 Amiodarone	 or	 lidocaine	 would	 be	 appropriate
antiarrhythmic	 drugs	 for	 ventricular	 tachycardia	 in	 the	 setting	 of	 STEMI,	 and
aspirin	and	ticagrelor	at	presentation	would	be	as	well.	Not	listed	here,	complete
heart	 block	 is	 a	 potential	 complication	 of	 inferior	 myocardial	 infarction	 for
which	a	temporary	transvenous	pacemaker	may	be	indicated.
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Chapter	189
Mechanical	Complications	of	Myocardial
Infarction
Mohamed	A.	Omer,	Jacob	C.	Jentzer,	Emmanouil	S.	Brilakis

KEY	POINTS:
1.	 Free	wall	rupture	is	a	life-threatening	complication	following	acute

myocardial	infarction	with	an	estimated	incidence	of	<1%	with
reperfusion	therapy.

2.	 Early	reperfusion	by	thrombolysis	or	primary	percutaneous	coronary
intervention	decreases	the	risk	of	cardiac	rupture.

3.	 The	presence	of	a	new	pericardial	effusion	in	the	setting	of	large	AMI
should	raise	suspicion	for	actual	or	impending	free	wall	rupture.

4.	 In	the	setting	of	free	wall	rupture,	aggressive	intravenous	fluid
administration,	inotrope	support	and	emergent	pericardiocentesis	are
usually	required	for	initial	patient	stabilization,	followed	by	emergent
surgical	repair.

5.	 Depending	on	the	size	of	the	defect	and	the	extent	of	the	ischemic
myocardium,	patients	with	ventricular	septal	rupture	may	develop
progressive	shortness	of	breath	or	frank	cardiogenic	shock.	The	left-
to-right	shunt	results	in	a	harsh,	pansystolic	murmur	heard
throughout	the	precordium,	often	loudest	at	the	left	sternal	border.	A
palpable	thrill	can	be	detected	in	up	to	50%	of	cases.

6.	 Color	Doppler	imaging	can	confirm	the	diagnosis	of	ventricular	septal
rupture	and	show	the	left-to-right	shunt	through	the	ventricular
septum.

7.	 Medical	therapy,	such	as	inotropes	and	diuretics,	and	mechanical
circulatory	support	are	considered	temporizing	measures	until	more



definitive	treatment	of	ventricular	septal	rupture.
8.	 In	patients	with	papillary	muscle	rupture,	transthoracic

echocardiography	usually	shows	a	flail	segment	of	the	mitral	valve
and	the	ruptured	papillary	muscle	head	moving	freely	within	the	LV
and	often	prolapsing	into	the	left	atrium.

9.	 Urgent	surgical	intervention	for	mitral	valve	repair	or	replacement	is
recommended	to	optimize	survival	in	patients	with	papillary	muscle
rupture.

10.	 Fluid	resuscitation	aiming	to	optimize	the	preload,	inotropic	support,
and	early	reperfusion	are	the	cornerstones	of	acute	treatment	of	right
ventricular	myocardial	infarction.

INTRODUCTION
Mechanical	 complications	 of	 acute	 myocardial	 infarction	 (AMI)	 represent	 a
group	of	rare	but	potentially	life-threatening	complications	that	tend	to	occur	in
high-risk	 patients	 and	 carry	 a	 substantial	 risk	 of	 short-term	 morbidity	 and
mortality	 that	 far	 exceeds	 that	 of	 the	 average	 AMI	 patient.	 Mechanical
complications	of	AMI	can	be	broadly	classified	into	those	with	vs	those	without
myocardial	 rupture	 (Figure	 189.1).	 AMI	 mechanical	 complications	 involving
myocardial	 rupture	 include	 (1)	 free	 wall	 rupture,	 (2)	 rupture	 of	 the
interventricular	 septum,	 and	 (3)	 papillary	 muscle	 rupture	 (PMR).	 Mechanical
complications	 without	 myocardial	 rupture	 include	 (1)	 right	 ventricular	 (RV)
myocardial	 infarction,	 (2)	 left	 ventricular	 (LV)	 aneurysm,	 and	 (3)	dynamic	LV
outflow	tract	obstruction	(DLVOTO).



	

Figure	 189.1 	 Mechanical	 complications	 of	 acute	 myocardial
infarction.LV,	left	ventricular;	RV,	right	ventricular.

Early	reperfusion	after	AMI	has	been	associated	with	a	significant	decline	in
the	 incidence	of	mechanical	 complications.	 In	an	analysis	of	 1393	 consecutive
patients	≥75	years	of	age	with	first	ST-segment	elevation	myocardial	infarction
(STEMI)	 between	 1998	 and	 2008,	 the	 incidence	 of	 mechanical	 complications
decreased	from	11.1%	to	4.3%	(relative	risk	reduction	61%),	with	no	change	in
in-hospital	mortality	over	time	(from	87.1%	to	82.4%;	P	=	.66).1	A	recent	study
from	 the	 National	 Inpatient	 Sample	 database	 that	 included	 approximately	 9
million	hospitalizations,	revealed	that	the	incidence	of	mechanical	complications
of	AMI	has	not	decreased	further	since	2003.	In	this	study,	the	overall	incidence
of	mechanical	 complications	was	0.27%	with	STEMI	and	0.06%	with	non-ST
segment	 elevation	 AMI	 (NSTEMI).	 In-hospital	 mortality	 for	 mechanical
complications	following	STEMI	and	NSTEMI	was	42%	and	18%,	respectively,
and	remained	unchanged	over	the	study	period.2

MECHANICAL	COMPLICATIONS	INVOLVING
MYOCARDIAL	RUPTURE

Free	Wall	Rupture



Incidence	and	Timing
1 	 2 	Free	wall	 rupture	 (FWR)	 is	a	 life-threatening	complication	 following	AMI
with	 an	 estimated	 incidence	 of	 1%	 to	 4%	 without	 reperfusion	 and	 <1%	with
reperfusion	therapy	(Table	189.1).2,3	It	accounts	for	5%	to	24%	of	all	in-hospital
mortality	 related	 to	 AMI.4	 The	 timing	 of	 myocardial	 rupture	 is	 variable.	 LV
FWR	often	occurs	within	 the	first	5	days	after	AMI	 in	about	one-half	of	cases
and	 within	 1	 to	 2	 weeks	 in	 over	 90%	 of	 cases.5	 FWR	 occurs	 more	 often	 in
elderly	 women	 with	 single-vessel	 disease,	 hypertension,	 transmural	 AMI	 and
particularly	 among	 those	who	 receive	 late	 reperfusion.3,6	 Early	 reperfusion	 by
thrombolysis	or	primary	percutaneous	coronary	intervention	(PCI)	decreases	the
risk	of	cardiac	rupture.7,8

TABLE	189.1

Comparison	of	Different	Mechanical	Complications	of
Acute	Myocardial	Infarction

Free	wall
rupture

Ventricular
septal	defect

Papillary
Muscle
Rupture

Right
Ventricular
Infarction

Incidence	without
reperfusion

1%-4% 1%-3% ∼1% 10%-15%	of
inferior
patients	with
MI

Incidence	with
reperfusion

<1.0% 0.2% 0.05%

Timing Peak	5th	day
(first	48	hours
with
reperfusion)

1st,	and	3rd-
5th	days	(first
24	hours	with
reperfusion)

2-7	days First	24	hours

Type	of	MI Any Any,	early
more	likely
with	anterior

Inferior Inferior



Symptoms Sudden	death,
chest	pain,
syncope,
cardiogenic
shock

Chest	pain,
dyspnea,	shock

Acute
dyspnea,
pulmonary
edema,	shock

Dyspnea,
hypotension,
elevated
jugular	venous
pressure

Murmur No Loud
holosystolic
murmur

Holosystolic
murmur—
often	soft	or
inaudible

No

Lungs Clear May	be
congested	if
biventricular
failure	occurs

Congested Clear

Echocardiography Pericardial
effusion,
intrapericardial
blood	clots.
Findings	of
tamponade.

Left	to	right
shunt	via
interventricular
septum	on
color	Doppler

Mitral
regurgitation
on	color
Doppler—
may	see
ruptured
papillary
muscle.
Hyperdynamic
left	ventricle.

Right
ventricular
dilatation—
possibly
shifting	of
interventricular
septum	toward
the	left
ventricle

Cardiac
catheterization

May	have
diastolic
equalization	of
diastolic
pressures

Large	v	wave
in	right
ventricular	and
pulmonary
pressure
tracing—
oxygen
saturation	step-
up

Markedly
elevated
wedge
pressure—
large	v	waves

Right	atrial
pressure
>10	mm	Hg,
ratio	of	right
atrial	pressure
to	PCWP	>0.8

MI,	myocardial	infarction;	PCWP,	pulmonary	capillary	wedge	pressure.



Location	and	Pathological	Types
FWR	 frequently	 occurs	 in	 the	 LV	 free	 wall,9	 but	 it	 can	 also	 involve	 the	 LV
posterior	wall	or	the	RV.10,11	Less	commonly,	rupture	may	occur	in	combination
with	ventricular	septal	rupture	(VSR)	or	PMR.10,12

Presentation
The	clinical	presentation	of	myocardial	rupture	is	variable:

Complete	rupture	of	the	LV	free	wall	is	usually	a	catastrophic	event,	as	most
patients	develop	hemopericardium	and	cardiac	tamponade	followed	by
bradycardia,	pulseless	electrical	activity,	and	death.
Incomplete/subacute	rupture	of	the	LV	free	wall	can	occur	when	organized
thrombus	and	the	pericardium	seal	the	ventricular	perforation.	This	condition
can	progress	to	one	of	four	outcomes:	(1)	frank	rupture	with	cardiac
tamponade	and	hemodynamic	compromise,	(2)	formation	of	a	false	aneurysm
walled	off	by	pericardial	tissue,	(3)	communication	with	the	left	ventricle
through	the	perforation,	or	(4)	formation	of	an	LV	diverticulum.	Sudden	onset
of	severe	chest	pain	during	or	after	some	types	of	physical	stress,	such	as
coughing	or	straining	during	defecation,	may	suggest	the	onset	of	FWR.	Other
presentations	include	recurrent	chest	pain;	nausea;	restlessness	and	agitation
associated	with	abrupt,	transient	hypotension;	and/or	electrocardiographic
(ECG)	features	of	localized	or	regional	pericarditis.13	In	our	experience,	acute
pericarditis	and	atrial	fibrillation	may	herald	subacute	FWR	in	susceptible
patients.

Diagnosis
3 	The	presence	of	a	new	pericardial	effusion	in	the	setting	of	large	AMI
should	raise	suspicion	for	actual	or	impending	FWR.
Echocardiography	may	show	the	location	of	rupture	itself	(typically	at	the
junction	of	normal	and	infarcted	myocardium).	Additionally,
echocardiography	can	confirm	the	diagnosis	by	showing	enlarging	pericardial
effusion	with	echodense	structures	(blood	clots).	This	finding,	when	seen	in
patients	with	hemodynamic	compromise,	was	>98%	specific	for	LV	FWR.14
We	have	demonstrated	subacute	FWR	using	microbubble	echocardiographic
contrast,	which	should	not	enter	the	pericardial	space	in	the	absence	of	a
communication	with	the	cardiac	chambers	( 	Video	189.1).	We	consider	use
of	microbubble	contrast	in	any	patient	with	an	acute	pericardial	effusion	after



AMI	when	subacute	FWR	is	suspected.
If	cardiac	rupture	is	suspected	during	primary	PCI,	LV	angiogram	can	show
evidence	of	wall	rupture	by	demonstration	of	double	density	in	the	left
anterior	oblique	views	which	is	attributed	to	extravasated	and	clotted	blood	in
the	pericardium.15
If	a	pseudoaneurysm	is	created,	echocardiography	can	show	a	cavity	that
communicates	with	the	LV	chamber	via	a	very	narrow	neck	(diameter	of	entry
site	less	than	half	of	the	maximal	diameter	of	the	pseudoaneurysm),	and
frequently	contains	thrombus	( 	Video	189.2).	The	characteristic	back	and
forth	blood	flow	through	the	site	of	rupture	can	be	detected	with	Doppler	and
color	flow	imaging.
In	selected	stable	patients	with	pseudoaneurysm,	cardiac	magnetic	resonance
imaging	may	be	useful	for	identifying	the	exact	location	of	contained	cardiac
rupture	and	its	anatomical	features,	differentiating	this	from	a	true	aneurysm,
to	guide	preoperative	planning.16,17

Treatment
4 	 Aggressive	 intravenous	 fluid	 administration,	 inotrope	 support	 and	 emergent
pericardiocentesis	are	usually	 required	 for	 initial	patient	 stabilization,	 followed
by	 emergent	 surgical	 repair.	 If	 a	 patient	 is	 hemodynamically	 stable	 with	 a
contained	 rupture,	pericardiocentesis	 should	be	avoided	because	 it	may	disrupt
the	coagulum	over	the	myocardial	defect	increasing	blood	flow	from	the	site	of
rupture.	In	our	experience,	the	acute	success	rate	of	pericardiocentesis	for	FWR
that	has	progressed	to	cardiac	arrest	is	quite	low	due	to	the	formation	of	a	thick
coagulum.

Although	 emergent	 surgery	 carries	 high	 risk,	 it	 offers	 the	 best	 chance	 for
survival.	In-hospital	mortality	rates	ranges	from	20%	to	75%,	depending	on	the
condition	of	the	patient	and	the	size	and	morphology	of	the	rupture.18	Surgery	is
indicated	even	if	a	pseudoaneurysm	is	found,	as	the	risk	of	delayed	fatal	rupture
outweighs	 the	 risk	 of	 surgery.	 Surgical	 repair	 may	 be	 difficult	 because	 the
necrotic	myocardial	 tissue	may	 poorly	 accommodate	 sutures	 but	 can	 often	 be
accomplished	with	the	use	of	a	pericardial	patch	stabilized	with	sutures.	The	use
of	 an	 intra-aortic	 balloon	 pump	 to	 offload	 the	 ventricle	 is	 often	 considered
preoperatively,	 although	 this	may	not	 be	 as	 useful	 as	 in	 the	 setting	of	VSR	or
PMR.

Alternative	 treatments	 for	 patients	 with	 prohibitive	 surgical	 risk	 include
conservative	 medical	 treatment	 with	 adequate	 control	 of	 blood	 pressure	 with
angiotensin	 inhibition	and	 the	use	of	β-blockers19	or	use	of	 surgical	glues	with



the	application	of	collagen	sponge	patches	on	 the	 infarct	area	 to	cover	 the	 tear
and	 achieve	 hemostasis,	 although	 those	 approaches	 have	 had	 suboptimal
results.20

Ventricular	Septal	Rupture

Incidence	and	Timing
The	incidence	of	VSR	during	STEMI	decreased	significantly	from	1%	to	2%	in
the	pre-reperfusion	era21,22	to	0.2%	in	the	primary	PCI	era	(Table	189.1).2,23

Myocardial	rupture	can	be	classified	into	3	types	as	shown	by	Becker	and	van
Mantgem24:

Type	I:	Abrupt	slitlike	tear	that	generally	occurs	within	24	hours	of	an	AMI
(without	thinning).
Type	II:	Localized	erosion	of	the	infarcted	myocardium,	which	is	suggestive
of	a	slow	tear	of	the	necrotic	myocardium	and	typically	occurs	more	than	24
hours	after	the	infarction.
Type	III:	Early	aneurysm	formation	and	subsequent	rupture,	which	usually
occurs	later	after	the	index	AMI.

The	timing	of	VSR	is	closely	related	to	the	underlying	pathophysiology	and
treatment	modality.	In	patients	with	AMI	not	receiving	reperfusion	therapy,	VSR
typically	 follows	 a	 bimodal	 distribution	with	 a	 high	 incidence	 on	 the	 first	 day
and	on	days	3	 through	5,	whereas,	 in	patients	 receiving	 reperfusion,	 it	 usually
occurs	during	the	first	24	hours	from	presentation.25-27

Risk	Factors
Risk	factors	for	septal	 rupture	 include	advanced	age,	female	sex,	hypertension,
and	 large	 myocardial	 infarction	 (MI).26,28	 Persistent	 occlusion	 of	 the	 infarct-
related	 artery	 and	 the	 lack	 of	 collateral	 circulation	 increase	 the	 likelihood	 of
VSR.29

Location
The	LAD	 and	 the	 right	 coronary	 arteries	 are	 the	most	 common	 infarct-related
arteries	 leading	 to	 septal	 rupture.	VSR	occurs	with	equal	 frequency	 in	anterior
and	 inferior	MI.	Apical	VSRs	 are	more	 commonly	 associated	with	 an	 anterior
MI,	whereas	VSRs	associated	with	an	inferior	MI	often	occur	in	the	posterobasal



region	of	 the	ventricular	 septum.26	 Posterior	VSRs	have	worse	prognosis:	 they
are	more	 complex	 in	morphology,	more	 challenging	 to	 expose	 during	 surgery
and	 are	 often	 associated	with	 involvement	 of	 the	 free	wall	 or	 pronounced	RV
dysfunction.23,30	 Apical	 VSR	 can	 be	 associated	 with	 FWR	 of	 the	 RV	 if	 this
occurs	at	the	site	of	the	RV	insertion.

Presentation
5 	 VSR	 results	 in	 left-to-right	 shunting,	 RV	 volume	 overload,	 increased
pulmonary	venous	return,	and	eventually	left-sided	volume	overload.	Depending
on	 the	 size	 of	 the	 defect	 and	 the	 extent	 of	 the	 ischemic	myocardium,	 patients
with	 VSR	 may	 develop	 progressive	 shortness	 of	 breath	 or	 frank	 cardiogenic
shock.	 The	 left-to-right	 shunt	 results	 in	 a	 harsh,	 pansystolic	 murmur	 heard
throughout	 the	 precordium,	 often	 loudest	 at	 the	 left	 sternal	 border.	A	 palpable
thrill	can	be	detected	in	up	to	50%	of	cases.

Diagnosis
6 	Although	visualization	of	the	defect	may	be	challenging,	a	postinfarction	VSR
should	be	suspected	in	the	presence	of	severe	wall	motion	abnormalities	of	the
distal	ventricular	septum.	Color	Doppler	imaging	can	confirm	the	diagnosis	and
show	 the	 left-to-right	 shunt	 through	 the	 ventricular	 septum	 ( 	Video	 189.3).
Peak	 flow	 velocity	 across	 the	 site	 of	 rupture	 measured	 by	 continuous	 wave
Doppler	 interrogation	corresponds	to	the	pressure	gradient	between	the	LV	and
RV.	The	LV	 ejection	 fraction	 (LVEF)	will	 appear	 higher	 than	 expected	 due	 to
offloading	of	the	LV	into	the	RV,	and	turbulent	blood	flow	by	color	Doppler	in
the	RV	apex	is	suggestive.

Alternatively,	left	ventriculography	in	the	left	anterior	oblique	projection	can
demonstrate	 the	 left-to-right	 shunt	 during	 systole.	 Right	 heart	 catheterization
shows	an	increase,	or	“step	up,”	in	oxygen	saturation	at	 the	level	of	the	RV,	as
oxygenated	 blood	 from	 the	 LV	mixes	with	 desaturated	 blood	 in	 the	 RV.	VSR
should	 be	 suspected	 in	 any	 patient	with	 clinical	 cardiogenic	 shock	 and	 a	 high
Mixed	venous	oxygen	saturation	(SvO2)	or	cardiac	index,	as	both	the	Fick	and
thermodilution	methods	measure	 transpulmonary	blood	 flow	which	 is	 elevated
in	VSR.	The	 forward	cardiac	output	 can	be	measured	either	using	LV	outflow
tract	Doppler	or	an	arterial	pulse	contour	monitoring	device.

Treatment



7 	Medical	 therapy,	 such	as	 inotropes	and	diuretics,	 and	mechanical	 circulatory
support	 (MCS)	 are	 considered	 temporizing	 measures	 until	 more	 definitive
treatment.	 In	 the	 Global	 Utilization	 of	 Streptokinase	 and	 Tissue	 Plasminogen
Activator	 for	 Occluded	 Coronary	 Arteries	 (GUSTO-I)	 trial,	 medical	 therapy
alone	was	associated	with	twice	higher	30-day	mortality	compared	with	patients
undergoing	 surgery	 (94%	vs	 47%).	 Surgical	management	with	 debridement	 of
the	necrotic	area	and	 reconstruction	using	prosthetic	material	provides	 the	best
chance	for	survival,	but	the	optimal	timing	is	debated.	Intra-aortic	balloon	pump
is	 typically	advocated	 in	VSR.	The	 Impella	device	 is	contraindicated	based	on
the	U.S.	Food	and	Drug	Administration	labeling	due	to	a	theoretical	risk	of	right
to	 left	 shunting	 with	 hypoxemia.	 In	 severe	 cases,	 extracorporeal	 membrane
oxygenation	(ECMO)	may	be	necessary.

The	 American	 College	 of	 Cardiology	 (ACC)	 guidelines	 recommend
emergency	surgical	repair,	even	in	hemodynamically	stable	patients,	because	the
VSR	 may	 acutely	 enlarge,	 resulting	 in	 sudden	 deterioration	 and	 death.31
However,	 a	 report	 from	 the	 Society	 of	 Thoracic	 Surgeons	 database	 showed	 a
significant	 difference	 between	mortality	 rates	 for	 repair	 performed	 ≤7	  days	 vs
>7	days	from	MI	(54%	vs	18%,	respectively),	that	may	be	due	to	selection	bias
from	 attrition.	 Risk	 factors	 for	 operative	mortality	were	 female	 sex,	 advanced
age,	preoperative	use	of	an	intra-aortic	balloon	pump,	redo	cardiac	surgery,	and
emergent	 operation.32	 The	 latest	 European	 guidelines	 suggested	 that	 early
surgery	should	be	performed	in	all	patients	with	severe	heart	failure	that	does	not
respond	rapidly	to	aggressive	therapy	but	delayed	elective	surgical	repair	may	be
considered	 in	 patients	 who	 respond	 well	 to	 aggressive	 heart	 failure	 therapy.33
The	tissue	quality	at	the	time	of	surgery	may	be	better	after	1	to	2	weeks,	and	in
some	 cases	 temporary	MCS	 can	 be	 used	 to	 bridge	 a	 patient	 and	 allow	 organ
recovery	 prior	 to	 surgery.	 Heart	 transplantation	 can	 be	 used	 in	 patients	 with
extensive	myocardial	injury.

For	patients	deemed	at	high	surgical	risk,	transcatheter	techniques	provide	an
alternative	 to	 surgery34	 and	 their	 use	 has	 been	 increasing	 based	 on	 recent
Medicare	 data.35	 These	 techniques	 can	 be	 used	 as	 an	 adjunctive	 therapy	 for
residual	 postsurgical	 shunts,	 provide	 hemodynamic	 stabilization	 as	 a	 bridge	 to
surgery	in	high-risk	surgical	patients	or	improve	survival	in	inoperable	patients.
A	 meta-analysis	 of	 13	 case	 series	 that	 included	 273	 patients	 showed	 >75%
technical	 success	 rate.	 Overall,	 in-hospital/30-day	 mortality	 was	 32%.	 Major
complications	 included	 device	 embolization,	 ventricular	 perforation,	 and
arrhythmias.36	 Persistent	 or	 recurrent	 leak	 after	 surgical	 patch	 closure	 is	 not
uncommon	 due	 to	 delayed	 scar	 contraction	 and	 may	 be	 amenable	 to
percutaneous	closure.



Papillary	Muscle	Rupture
PMR	is	infrequent	and	accounts	for	approximately	5%	of	infarct-related	deaths
(Table	189.1).37

Mechanism
PMR	among	patients	with	AMI	is	due	to	ischemic	necrosis	of	a	papillary	muscle
anchoring	the	mitral	subvalvular	apparatus.	There	are	two	papillary	muscles:	the
anterolateral	and	the	posteromedial.	The	anterolateral	papillary	muscle	receives
dual	blood	supply	from	both	the	left	anterior	descending	coronary	artery	and	the
circumflex	 coronary	 artery.	 In	 contrast,	 the	 posteromedial	 papillary	 muscle
usually	receives	blood	supply	only	from	the	posterior	descending	artery	and	is,
therefore,	 more	 prone	 to	 ischemia	 and	 subsequent	 rupture	 in	 patients	 with	 an
inferior	AMI.38	 In	contrast	 to	 free	wall	and	septal	 rupture,	 transmural	 infarct	 is
not	 required	 for	PMR.	A	relatively	small	area	of	necrosis	with	poor	collaterals
can	 lead	 to	 PMR.	 Rupture	 can	 be	 complete,	 leading	 to	 severe	 mitral
regurgitation,	 or	 partial,	 leading	 to	 less	 severe	 regurgitation.	 A	 recent	 cardiac
MRI	study	revealed	a	high	frequency	of	papillary	muscle	 infarction	 in	patients
with	 STEMI	 (40%),	mainly	 nonanterior	MIs;	 however,	 most	 papillary	muscle
infarctions	were	clinically	latent.39

Incidence	and	Timing
PMR	usually	occurs	2	to	7	days	after	an	inferior	AMI,	in	approximately	1%	of
patients	 with	 AMI.40	 The	 incidence	 is	 lower	 (0.31%)	 in	 patients	 receiving
primary	PCI.41

Presentation
Most	 patients	 with	 PMR	 present	 as	 sudden	 hemodynamic	 deterioration	 with
acute	 dyspnea,	 pulmonary	 edema,	 and/or	 cardiogenic	 shock.	 On	 physical
examination,	 patients	 have	 elevated	 jugular	 venous	 pressure	 and	 congested
lungs.	Although	 a	 holosystolic	mitral	 regurgitation	murmur	may	 be	 present,	 it
can	be	underappreciated	because	of	rapid	equalization	of	pressures	between	the
LV	and	left	atrium.

Diagnosis
8 	A	high	index	of	suspicion	is	required	to	identify	patients	with	significant	mitral



regurgitation	 due	 to	 PMR	 after	 AMI.	 Transthoracic	 echocardiography	 usually
shows	a	flail	segment	of	the	mitral	valve	and	the	ruptured	papillary	muscle	head
moving	 freely	 within	 the	 LV	 and	 often	 prolapsing	 into	 the	 left	 atrium.	 LV
systolic	 function	may	appear	hyperdynamic	due	 to	blood	 regurgitation	 into	 the
left	 atrium,	 and	 PMR	 should	 always	 be	 suspected	 in	 a	 patient	 with	 severe
pulmonary	 edema	 or	 cardiogenic	 shock	 with	 normal	 or	 hyperdynamic	 LVEF.
Complete	transection	of	the	papillary	muscle	is	relatively	rare,	whereas	rupture
of	 the	 tip	 is	more	common	( 	Video	189.4).	Pulmonary	artery	catheterization
typically	demonstrates	large	v	waves	in	the	pulmonary	capillary	wedge	pressure
waveform	that	may	also	be	seen	in	the	pulmonary	artery	waveform.42	Coronary
angiography	 is	 performed	 to	 define	 the	 coronary	 anatomy	 and	 can	 also	 show
mitral	 regurgitation	 by	 LV	 angiogram.	 Unlike	 VSR,	 the	 major	 differential
diagnosis	of	PMR,	cardiac	output	and	SVO2	will	be	low	in	PMR.

Treatment
9 	 Urgent	 surgical	 intervention	 for	 mitral	 valve	 repair	 or	 replacement	 is
recommended	to	optimize	survival	in	patients	with	PMR.43	Initial	hemodynamic
stabilization	can	be	achieved	by	afterload	reduction	(using	sodium	nitroprusside)
in	 combination	 with	 diuretics	 and	 inotropic	 support.	 An	 intra-aortic	 balloon
pump	(IABP)	 is	useful	 to	 reduce	LV	afterload	and	maintain	perfusion	pressure
concurrently,	 and	 in	 our	 experience	 is	 often	 superior	 to	medical	 therapy	 alone
making	PMR	one	of	the	best	remaining	uses	for	this	device	in	clinical	practice.
The	 Impella	 device	 can	 potentially	 be	 effective,	 although	 the	 small	 LV	 cavity
may	not	be	 suitable	 anatomically.	The	additional	 afterload	 imposed	by	ECMO
will	necessitate	LV	unloading	 to	avoid	worsening	pulmonary	edema.	Although
mitral	valve	replacement	is	often	required,	sometimes	mitral	valve	repair	can	be
attempted	in	cases	of	partial	or	incomplete	rupture.	In	the	Should	We	Emergently
Revascularize	 Occluded	 Coronaries	 for	 Cardiogenic	 Shock	 (SHOCK)	 trial
registry,	 in-hospital	 mortality	 was	 significantly	 lower	 in	 patients	 treated	 with
valve	surgery	vs	patients	 treated	without	surgical	 intervention	(40%	vs	71%).38
Patients	who	survive	surgery	have	long-term	outcomes	similar	to	those	of	AMI
patients	without	PMR.18

Percutaneous	edge-to-edge	mitral	valve	repair	has	been	successfully	used	 in
AMI	 patients	 with	 severe	 mitral	 regurgitation	 due	 to	 papillary	 muscle
dysfunction	 (not	 rupture).44,45	 The	 European	 Registry	 of	 MitraClip	 in	 Acute
Mitral	 Regurgitation	 following	 an	 Acute	 Myocardial	 Infarction	 (EREMMI)
included	 44	 patients	 with	 severe	MR	 that	 developed	 early	 after	 an	 AMI	 who
underwent	 percutaneous	 mitral	 valve	 repair	 at	 11	 centers	 across	 Europe.



Technical	 success	 was	 reported	 in	 86.6%	 of	 cases.	 The	 30-day	 and	 6-month
mortality	were	9.1%	and	18.2%,	respectively.46	There	are	 limited	data	on	long-
term	outcomes,	hence	these	techniques	should	be	reserved	for	high-risk	patients.

MECHANICAL	COMPLICATIONS	OF	ACUTE
MYOCARDIAL	INFARCTION	WITHOUT	RUPTURE

Right	Ventricular	Infarction

Incidence	and	Timing
RV	infarction	is	a	common	complication	(∼50%)	of	inferior	transmural	MI,	but
hemodynamically	 significant	 RV	 dysfunction	 occurs	 in	 only	 10%	 to	 15%	 of
those	 patients	 (Table	 189.1).47	 Clinical	 manifestations	 of	 RVI	 usually	 appear
within	a	few	minutes	to	few	hours	from	the	onset	depending	on	the	extent	of	RV
free	wall	dysfunction,	the	presence	of	concomitant	right	atrial	ischemia	and	the
extent	of	simultaneous	LV	impairment.

Mechanism
Although	 the	 RV	 is	 resistant	 to	 ischemia,	 when	 the	 right	 coronary	 artery	 is
occluded	proximal	 to	 the	origin	of	 the	acute	marginal	branches,	significant	RV
ischemia	 occurs,	 often	 leading	 to	 acute	 RV	 dilatation	 and	 hypocontractility.
Because	of	the	rapid	increase	in	RV	size,	the	pericardium	does	not	have	enough
time	 to	 stretch,	 resulting	 in	 increased	 intrapericardial	 pressure.	 The
interventricular	 septum	may	 shift	 toward	 the	LV,	 reducing	LV	diastolic	 filling.
Those	 actions	 may	 decrease	 blood	 return	 to	 the	 right	 atrium,	 RV	 and	 LV,
resulting	 in	 decreased	 stroke	 volume,	 cardiac	 output,	 and	 systemic	 blood
pressure.

The	 effects	 of	 RV	 infarction	 can	 be	 exacerbated	 by	 factors	 that	 further
decrease	RV	cardiac	output,	such	as	hypovolemia,	administration	of	nitrates,	loss
of	 right	 atrial	 contraction	 (eg,	 in	 patients	 in	 atrial	 fibrillation	 [AF]	 or	without
atrioventricular	 [AV]	 synchrony),	 and	 increased	 pulmonary	 capillary	 wedge
pressure	due	to	concomitant	LV	dysfunction.

Presentation



The	 classic	 triad	 of	 hypotension,	 elevated	 jugular	 venous	 pressure,	 and	 clear
lungs	is	strongly	suggestive	of	RV	infarction	in	patients	with	inferior	AMI.	Some
patients	may	 develop	 severe	 systemic	 hypoxemia	 due	 to	 right-to-left	 shunting
through	a	patent	foramen	ovale.

Diagnosis
The	presence	of	1-mm	ST	elevation	in	lead	V1	and	in	right	precordial	lead	V4R
is	 the	 most	 sensitive	 ECG	 marker	 of	 right	 ventricular	 myocardial	 infarction
(RVMI).48	 Echocardiographic	 features	 associated	 with	 RV	 infarction	 include
dilatation	 of	 the	 RV	 cavity,	 wall	 motion	 abnormalities	 of	 the	 RV	 free	 wall,
reduced	 RV	 ejection	 fraction,	 and	 impaired	 tricuspid	 annular	 plane	 systolic
excursion	(TAPSE).	Moreover,	tissue	Doppler	systolic	velocity	(S′)	of	the	lateral
tricuspid	annulus	has	been	reported	to	be	a	sensitive	and	specific	marker	of	RV
involvement	in	an	inferior	MI	in	addition	to	being	independently	associated	with
cardiac	 death	 or	 rehospitalization	 at	 1	 year.49-51	 In	 challenging	 cases,
hemodynamically	 significant	RVMIs	 can	be	 suspected	via	 identification	of	 the
following	 criteria	 during	 right	 heart	 catheterization:	 decreased	 cardiac	 index,
right	 atrial	 pressure	 (RAP)	 >10	 mm	 Hg,	 RAP	 to	 pulmonary	 capillary	 wedge
pressure	ratio	>0.8,	and	pulmonary	artery	pulsatility	index	<2.0.52

Treatment
1 	 0 	 Fluid	 resuscitation	 aiming	 to	 optimize	 the	 preload,	 inotropic	 support	 and
early	 reperfusion	 are	 the	 cornerstones	 of	 acute	 RVMI	 treatment.	 Intravenous
fluids	 should	 be	 administered	 to	 patients	with	 low	 cardiac	 output	who	 do	 not
have	 pulmonary	 congestion	 or	 evidence	 of	 right	 heart	 failure.	 Typically,	 a
carefully	monitored	volume	challenge	is	initiated	by	infusing	aliquots	of	300	to
500	 mL	 of	 normal	 saline,	 while	 serially	 assessing	 the	 blood	 pressure,
recognizing	 that	 only	 50%	 of	 patients	may	 respond	 to	 fluid	 loading.	 Invasive
assessment	of	hemodynamics	can	be	considered	using	a	Swan-Ganz	pulmonary
artery	catheter.	Once	fluid	infusion	results	in	increases	in	the	right	atrial	pressure
to	approximately	15	mm	Hg	without	corresponding	increases	in	aortic	pressure,
further	volume	expansion	is	not	 likely	 to	 improve	hemodynamics.	Vasodilating
agents,	such	as	nitrates,	and	diuretics	should	be	avoided	because	they	can	reduce
RV	preload	that	can	precipitate	severe	hypotension.

If	 there	 is	 no	 improvement	with	 fluid	 resuscitation,	 inotropic	 agents	 and/or
vasopressors	 may	 improve	 the	 hemodynamics.	 Dobutamine	 results	 in	 a	 more
consistent	 increase	 in	 cardiac	 output	 compared	 with	 fluids	 in	 RVMI.	 RV



afterload	reduction	using	inhaled	nitric	oxide	may	also	be	effective	if	this	can	be
delivered	 with	 noninvasive	 ventilation,	 while	 being	 mindful	 of	 the	 adverse
effects	of	positive-pressure	ventilation	on	RV	hemodynamics.

In	patients	with	RVMI	and	significant	LV	dysfunction,	the	use	of	an	IABP	or
Impella	device	may	be	required	to	unload	the	left	ventricle	and	subsequently	the
right	ventricle.

Patients	who	develop	complete	AV	block	should	receive	AV	sequential	pacing
in	DDD	mode	to	preserve	AV	synchrony	and	maintain	adequate	cardiac	output.
Patients	who	develop	AF	 should	 undergo	 urgent	 cardioversion	 (also	 to	 restore
AV	synchrony).

Early	reperfusion	with	either	fibrinolytic	therapy	or	primary	PCI	can	result	in
rapid	RV	 recovery.	 If	 CABG	 is	 needed	 and	 >4	 to	 6	 hours	 have	 elapsed	 since
presentation,	 it	may	be	best	 to	acutely	 treat	 the	 infarct-related	artery	and	delay
CABG	for	4	weeks	to	allow	for	recovery	of	RV	function.	If	CABG	is	performed
early,	 severe	postoperative	RV	dysfunction	may	ensue,	 requiring	 extensive	RV
support	and	is	associated	with	very	high	mortality.

In	cases	of	refractory	cardiogenic	shock	due	to	RV	infarction,	percutaneous	or
surgical	 hemodynamic	 support	 devices	 can	 bridge	 to	 recovery.53	 The	 Tandem
Heart	 percutaneous	 RV	 support	 system	 and	 the	 Impella	 RP	 heart	 pump	 have
been	 associated	 with	 hemodynamic	 improvement	 with	 reversal	 of	 shock	 and
favorable	 outcome	 in	 several	 reports.54-56	 Unlike	 the	 LV,	 which	 often	 sustains
permanent	 injury	 after	 an	 MI,	 the	 RV	 usually	 recovers	 after	 a	 few	 days	 of
support.	As	a	result,	the	long-term	prognosis	is	generally	good	for	patients	who
survive	the	index	event.57

Left	Ventricular	Aneurysm
True	aneurysm	of	the	ventricular	wall	is	defined	as	discrete	wide-necked	bulging
of	the	full-thickness	myocardium	that	develops	as	a	result	of	a	healed	transmural
myocardial	 infarction.	 It	was	previously	 thought	 that	LV	aneurysm	develops	 in
up	to	30	percent	of	patients	with	Q	wave	AMI.58	However,	the	incidence	of	this
complication	has	significantly	decreased	in	the	reperfusion	era,	and	is	currently
encountered	in	<1%	of	AMI	patients.59

Location
The	majority	of	LV	aneurysms	are	located	in	the	anterior	apical	walls	due	to	total
occlusion	 of	 the	 left	 anterior	 descending	 coronary	 artery.	 Only	 10%	 to	 15%
involve	the	inferior	basal	walls	due	to	right	coronary	artery	occlusion.



Diagnosis
Patients	with	an	LV	aneurysm	usually	present	with	congestive	heart	failure	with
or	 without	 angina,	 thromboembolism,	 and	 malignant	 ventricular
tachyarrhythmias.	 Unlike	 pseudoaneurysm,	 rupture	 of	 true	 aneurysms	 is	 rare.
Diagnosis	may	be	suspected	in	patients	with	evidence	of	a	large	anterior	MI	with
persistent	ST-segment	elevation	on	ECG.	The	diagnosis	of	an	aneurysm	can	be
confirmed	 by	 echocardiography	 ( 	 Video	 189.5),	 CT,	 cardiac	 magnetic
resonance,	or	left	ventriculography.

Treatment
Long-term	 anticoagulation	 to	 prevent	mural	 thrombus	 formation	 and	 systemic
embolization	 is	 usually	 recommended.	 Surgical	 aneurysmectomy	 may	 be
considered	 when	 there	 are	 refractory	 ventricular	 arrhythmias,	 heart	 failure,	 or
recurrent	 thromboembolism	despite	appropriate	 treatment.	 In	high-risk	 surgical
patients,	 percutaneous	 ventricular	 restoration	 therapy	 with	 the	 use	 of	 an	 LV-
partitioning	Parachute	device	has	emerged	as	an	alternative	option	for	LV	apical
aneurysm,	but	long-term	outcomes	data	are	limited.60,61

Dynamic	Left	Ventricular	Outflow	Obstruction
Some	patients	with	small	AMIs	who	present	with	a	new	murmur	and	cardiogenic
shock	 may	 be	 found	 to	 have	 dynamic	 DLVOTO.	 This	 occurs	 due	 to
compensatory	 hyperdynamic	 contraction	 of	 the	 basal	 inferior	 and	 inferolateral
segments	in	the	setting	of	a	mid-anterior	MI	and	LV	apical	akinesis.

Incidence	and	Timing
DLVOTO	 has	 also	 been	 detected	 in∼	 20%	 of	 transient	 LV	 apical	 ballooning
syndrome.62	 The	 incidence	 of	DLVOTO	 after	 an	 acute	MI	 is	 unclear,	 but	 it	 is
likely	 underdiagnosed.	 It	 has	 been	 reported	 more	 frequently	 among	 elderly
women	with	hypertension	and	small	LVOT	area	in	the	setting	of	concentric	LV
hypertrophy.63,64

Mechanism
Hyperkinesis	of	the	basal	segments	may	result	in	reduction	of	the	LVOT	cross-
sectional	 area,	 acceleration	 of	 blood	 flow	 across	 the	 LVOT,	 systolic	 anterior
motion	of	the	mitral	valve,	and	eventually	DLVOTO	analogous	to	what	is	seen
with	hypertrophic	cardiomyopathy.



Presentation
These	patients	 typically	present	with	an	acute	anterior	MI,	with	a	new	systolic
murmur	 and	 unstable	 hemodynamics.	 Systolic	 anterior	 motion	 of	 the	 mitral
valve	can	result	in	posteriorly	directed	mitral	valve	regurgitation	that	can	lead	to
acute	pulmonary	edema.

Diagnosis
Transthoracic	echocardiography	is	the	diagnostic	modality	of	choice.	It	can	show
apical	 akinesis	 with	 hyperdynamic	 function	 of	 the	 inferobasal	 segment	 and
systolic	anterior	motion	of	the	mitral	valve	and	classic	color	Doppler	findings	of
flow	 acceleration	within	 the	LVOT.	Continuous	wave	Doppler	 examination	 of
the	LVOT	 from	 the	 apical	 imaging	window	will	 reveal	 a	 late-peaking	 systolic
(dagger-shaped)	 Doppler	 signal	 with	 a	 peak	 velocity	 that	 correlates	 with	 the
degree	of	LVOT	obstruction.

Treatment
The	 possibility	 of	 LVOT	 obstruction	 should	 always	 be	 considered	 when
cardiogenic	 shock	 after	 anterior	MI	 does	 not	 respond	 to	 usual	 treatment	 with
inotropes,	 IABP	 support,	 and	 afterload	 reduction.	 DLVOTO	 is	 usually	 treated
completely	 opposite	 from	 other	 causes	 of	 cardiogenic	 shock	 with	 intravenous
fluids,	 β-blocker,	 α-adrenergic	 agonist	 (phenylephrine)	 administration	 and
discontinuation	of	vasodilators	or	inotropic	agents.65

Summary	of	Recommendations	Based	on	Professional	Guidelines
We	 note	 that	 there	 are	 no	 randomized	 controlled	 trials	 enrolling	 patients	with
mechanical	complications	of	AMI.

High	clinical	suspicion	and	immediate	echocardiography	are	essential	for	the
prompt	diagnosis	of	mechanical	complications	of	AMI,	particularly	in	patients
with	cardiogenic	shock	despite	preserved	biventricular	systolic	function.
Emergency	mitral	valve	replacement	within	24	hours	is	the	standard	treatment
for	PMR;	repair	in	select	patients	with	partial	PMR	and	stable	hemodynamics
can	be	considered	in	centers	with	technical	expertise	in	mitral	valve	repair.
Postinfarction	ventricular	septal	defect	is	initially	treated	by	afterload
reduction	using	an	IABP	or	LV	assist	device	followed	by	definitive	surgical
repair.	A	multidisciplinary	team	should	decide	the	optimal	timing	of	surgical
based	on	the	severity	of	cardiogenic	shock,	organ	failure,	and	risk	of
coagulopathy	attributable	to	antiplatelet	medication.



Emergency	surgical	repair,	if	feasible,	is	needed	in	patients	with	LV	FWR.
Pseudoaneurysms	with	small	necks	can	be	repaired	with	pledgeted	sutures,
but	Gore-Tex,	pericardium,	or	a	double-patch	Dacron	can	also	be	used	to
repair	the	defect	with	good	surgical	outcomes;	a	percutaneous	approach	may
be	taken	in	selected	patients	at	centers	with	local	expertise	after
multidisciplinary	consideration.
DLVOTO	can	be	managed	using	fluid	resuscitation,	β-blockers,
discontinuation	of	vasodilators	and	inotropes,	and	use	of	phenylephrine	or
vasopressin	if	needed.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	74-year-old	man	presents	within	2	hours	of	onset	of	crushing	chest	pain
and	diaphoresis.	EKG	showed	ST-segment	elevations	in	the	inferior	leads.	He
was	taken	to	the	catheterization	laboratory	and	underwent	successful	PCI	of	the
proximal	RCA	with	a	single	drug-eluting	stent.	Following	transfer	to	the	CCU,
his	vital	signs	include	HR	120	bpm,	BP	80/50	mm	Hg,	RR	18	breaths/min.	On
physical	examination,	jugular	venous	pressure	is	elevated	at	14	cm	with	x	and	y
descents	present;	in	addition	to	S1	and	S2,	an	S3	is	audible.	Lungs	sound	clear
bilaterally.	What	is	the	most	appropriate	next	step	in	management?

A. 	Cardiac	surgery	consultation
B. 	Diuresis
C. 	Intravenous	fluids
D. 	Pericardiocentesis

2. 	A	76-year-old	woman	with	past	medical	history	of	hypertension	presents
to	the	emergency	department	with	crushing	retrosternal	chest	pain	of	30	minutes
duration.	Her	presenting	electrocardiogram	is	shown	in	qFigure	189.1.Coronary
angiography	shows	a	100%	thrombotic	occlusion	of	the	proximal	left	anterior
descending	artery.	Percutaneous	coronary	intervention	(PCI)	to	the	LAD	is



performed	and	she	is	admitted	to	the	coronary	care	unit.	Three	days	later	she	is
ambulating	on	the	telemetry	ward	when	she	experiences	an	abrupt	onset	of	sharp
chest	pain.	Her	heart	rate	is	110	bpm	and	blood	pressure	is	82/46	mm	Hg.	Her
jugular	venous	pressure	is	14	cm	H2O,	lungs	are	clear,	and	heart	sounds	are	soft
with	no	murmurs.	Her	extremities	are	cool	without	edema.	Right	heart
catheterization	is	performed	at	bedside	with	the	following	pressure	findings:
right	atrium	20	mm	Hg,	pulmonary	artery	40/20	mm	Hg,	pulmonary	capillary
wedge	20	mm	Hg	with	v	waves	to	22	mm	Hg,	thermodilution	cardiac	index
1.5	L/min/m2,	and	pulmonary	artery	oxygen	saturation	48%.	What	is	the	most
likely	diagnosis?

A. 	Acute	pericarditis
B. 	Free	wall	rupture
C. 	True	left	ventricular	aneurysm
D. 	Ventricular	septal	rupture

3. 	A	62-year-old	man	with	history	of	diabetes,	hypertension,	and	obesity
presents	with	an	inferior	STEMI.	Emergent	coronary	angiography	reveals	a
100%	thrombotic	occlusion	of	the	proximal	right	coronary	artery	treated	with
one	drug-eluting	stent.	Follow-up	echocardiography	reveals	severe	inferior	left
ventricular	hypokinesis.	Two	days	later,	prior	to	discharge,	he	develops	sudden-
onset	severe	dyspnea.	On	examination,	he	is	diaphoretic	and	in	moderate
respiratory	distress.	His	blood	pressure	is	82/62	mm	Hg,	heart	rate	is	130	bpm,
respiration	rate	is	30	breaths	per	minute,	and	oxygen	saturation	is	84%.	He	has
bilateral	diffuse	rales.	His	cardiac	examination	reveals	a	soft	apical	systolic
murmur.	ECG	shows	sinus	tachycardia	with	deep	inferior	Q	waves	with
resolution	of	prior	ST	elevation.	Repeat	transthoracic	echocardiogram	reveals	a
hyperdynamic	left	ventricle	with	inferior	wall	hypokinesis.	The	mitral	valve	is
not	well	visualized	but	appears	thickened	and	there	is	an	anteriorly	directed	jet
of	mitral	regurgitation	that	is	difficult	to	measure.	What	is	the	most	appropriate
next	step	in	management?

A. 	Intravenous	metoprolol
B. 	Repeat	coronary	angiography
C. 	Right	heart	catheterization
D. 	Transesophageal	echocardiography	and	surgery	consult

4. 	An	84-year-old	woman	with	a	past	medical	history	of	hypertension	and
depression	is	transferred	following	tPA	administration	for	STEMI.	ECG



following	tPA	administration	is	shown	(qFigure	189.2).	She	declines	cardiac
catheterization	and	is	managed	conservatively	with	anticoagulation,	aspirin,
clopidogrel,	and	β-blockers.	She	develops	acute	chest	pain	and	shortness	of
breath	12	hours	later.	On	physical	examination,	she	is	anxious,	diaphoretic,	and
tachypneic.	Her	blood	pressure	is	90/65	mm	Hg	and	her	pulse	is	120	bpm.
Jugular	venous	pressure	is	15	cm	H20.	On	cardiac	auscultation,	there	is	a	harsh
pansystolic	murmur	at	the	left	sternal	border	with	a	palpable	thrill.	Right	heart
catheterization	shows	a	large	“v”	wave	on	the	wedge	(PCWP)	tracing	(qFigure
189.3).	What	is	most	likely	to	be	found	on	echocardiography?

	

	

A. 	Anterior	free	wall	rupture
B. 	Papillary	muscle	rupture
C. 	Right	ventricular	infarction
D. 	Ventricular	septal	rupture



Answers

1.	The	correct	answer	is	C.
Rationale:	 This	 patient	 presents	 with	 an	 inferior	 STEMI	 complicated	 by	 a

right	ventricular	(RV)	infarct.	He	has	the	classical	clinical	triad	associated	with
RV	 infarction,	 consisting	 of	 hypotension,	 elevated	 jugular	 venous	 pressure
(JVP),	and	a	clear	 lung	examination.	Right-sided	precordial	 leads	are	 typically
diagnostic	 and	will	 reveal	 1	mm	ST	 elevations	 in	 leads	V4R-V6R.	RV	 infarct
can	 mimic	 tamponade,	 but	 the	 S3	 and	 preserved	 y	 descent	 in	 the	 JVP	 make
tamponade	unlikely.	RV	infarct	compromises	RV	free	wall	function,	which	leads
to	 decreased	 left	 ventricular	 (LV)	 preload	 and	 in	 turn	 reduced	 cardiac	 output.
Initial	management	includes	urgent	coronary	revascularization.	Furthermore,	RV
preload	should	be	optimized	with	intravenous	fluids	(choice	C	is	correct),	which
is	 the	 initial	 best	 step	 in	 management.	 Although	 the	 patient’s	 jugular	 venous
pressure	is	already	mildly	elevated,	it	is	reasonable	to	trial	intravenous	fluid	as	a
first	step.	If	the	blood	pressure	does	not	respond	then	other	measures	to	support
cardiac	 output	 would	 be	 considered.	 Diuretics	 and	 nitrates	 can	 reduce	 RV
preload	 and	 should	 be	 avoided.	 RV	 afterload	 reduction	 is	 also	 important.	 Its
utility	will	 often	 depend	 on	 the	 extent	 (if	 any)	 of	 LV	 dysfunction.	 If	 shock	 is
present,	then	an	intra-aortic	balloon	pump/mechanical	circulatory	support	should
be	considered.	Improving	RV	contractility	and	hypotension	can	be	accomplished
using	dobutamine.

2.	The	correct	answer	is	B.
Rationale:	 This	 patient	 most	 likely	 has	 left	 ventricular	 free	 wall	 rupture

(choice	B	 is	 correct)	which	 is	 characterized	by	 recurrent	 chest	 pain	with	 rapid
progression	 to	 cardiogenic	 shock.	 The	 heart	 sounds	 are	 diminished	 and	 the
invasive	 hemodynamics	 revealed	 a	 very	 low	 cardiac	 output	with	 elevated	 and
equalized	diastolic	pressures.	Rupture	typically	arises	after	a	large	anterior	MI	at
the	junction	of	infarcted	and	normal	muscle,	producing	a	slitlike	tear	that	allows
blood	to	flow	into	the	pericardium	and	results	in	tamponade.	It	is	observed	most
frequently	in	patients	without	previous	angina	or	MI	and	in	patients	>70	years	of
age,	 especially	 women.	 Subacute	 free	 wall	 rupture	 and	 tamponade	 can	 be
recognized	 with	 transthoracic	 echocardiography.	 Surgery	 is	 the	 definitive
therapy.	 Surgical	 management	 includes	 placement	 of	 a	 pericardial	 patch.
Ventricular	 septal	 rupture	 (choice	 D	 is	 incorrect)	 is	 usually	 associated	 with	 a
harsh	 pansystolic	 murmur,	 often	 with	 a	 precordial	 thrill.	 Because	 of	 shunting
with	the	pulmonary	artery,	oxygen	saturation	would	be	elevated	in	the	presence
of	 a	 ventricular	 septal	 defect.	 Post-MI	 acute	 pericarditis	 often	 presents	 with



positional	chest	pain	and	may	cause	a	mild	pericardial	effusion,	but	rarely	leads
to	 sudden	 hemodynamic	 deterioration	with	 tamponade	 (choice	A	 is	 incorrect).
True	 left	 ventricular	 aneurysm	 is	 not	 typically	 associated	 with	 pericardial
effusion	(choice	C	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 The	 acute	 decompensation	 of	 this	 patient	 is	 concerning	 for

papillary	muscle	rupture	as	a	complication	of	his	inferior	myocardial	infarction.
The	posteromedial	papillary	muscle	is	the	most	commonly	affected	muscle	due
to	its	single	blood	supply	from	the	posterior	descending	artery.	Transesophageal
echocardiography	 can	 confirm	 the	 diagnosis	 and	 emergency	 surgery,	 typically
with	mitral	valve	replacement,	is	indicated	(choice	D	is	correct).	Patients	may	be
initially	 treated	 with	 diuretics,	 afterload	 reduction	 with	 nitroprusside,	 and	 an
intra-aortic	balloon	pump.	However,	There	is	no	evidence	of	recurrence	of	chest
pain	 or	 ST-segment	 elevation	 and	 therefore	 a	 repeat	 angiogram	 is	 not	 needed
(choice	 B	 is	 incorrect).	 Right	 heart	 catheterization	 is	 not	 required	 for	 the
diagnosis	of	papillary	muscle	rupture	but	may	demonstrate	large	V	waves	in	the
pulmonary	capillary	wedge	pressure	tracings	(choice	C	is	incorrect).	Metoprolol
can	be	used	to	slow	heart	rate	and	reduce	transmitral	gradients	in	mitral	stenosis,
not	 in	 mitral	 regurgitation.	 Furthermore,	 intravenous	 metoprolol	 is
contraindicated	in	patients	with	cardiogenic	shock	(choice	A	is	incorrect).

4.	The	correct	answer	is	D.
Rationale:	 The	 clinical	 picture	 of	 acute	 hemodynamic	 deterioration	 with	 a

loud	pansystolic	murmur	at	the	left	sternal	border,	evidence	of	right	heart	failure
on	examination,	and	thrill	occurring	after	a	transmural	anterior	wall	myocardial
infarction	is	most	consistent	with	ventricular	septal	rupture	(choice	D	is	correct).
At	 right	 heart	 catheterization,	 patients	 with	 either	 papillary	 muscle	 rupture	 or
ventricular	 septal	 rupture	 may	 demonstrate	 large	 v	 waves	 in	 the	 pulmonary
capillary	 wedge	 tracing.	 However,	 the	 pansystolic	 murmur	 and	 thrill	 makes
ventricular	 septal	 rupture	 more	 likely	 in	 this	 case	 (choice	 B	 is	 incorrect).
Measurement	 of	 oxygen	 saturation	 via	 a	 pulmonary	 artery	 catheter	 can
distinguish	between	the	two:	in	ventricular	septal	rupture,	there	is	a	“step-up”	in
oxygen	 saturation	 in	 the	 right	 ventricle	 as	 a	 result	 of	 left-to-right	 shunting	 of
oxygenated	 blood	 from	 the	 left	 ventricle	 to	 the	 right	 ventricle.	 Rupture	 of	 a
papillary	muscle	in	the	setting	of	acute	MI	is	usually	due	to	ischemic	necrosis	to
the	posteromedial	papillary	muscle	 in	 inferior	wall	 infarction	 (due	 to	 its	 single
blood	 supply	 from	 the	 PDA).	 Furthermore,	 mitral	 regurgitation	 would	 likely
present	with	 a	 soft	 apical	murmur	without	 thrill.	An	 anterior	 free	wall	 rupture



usually	 manifests	 as	 sudden	 hemodynamic	 collapse	 with	 pulseless	 electrical
activity	and	death.	Moreover,	a	new	murmur	would	not	be	expected	(choice	A	is
incorrect).	Right	 ventricular	 infarction	 usually	manifests	 as	 hypotension	 in	 the
setting	 of	 inferior	 MI.	 Furthermore,	 high	 PCWP	 is	 not	 consistent	 with	 this
diagnosis;	 right	 heart	 failure	 should	 present	with	 a	 high	RA	 pressure	 and	 low
PCWP	(choice	C	is	incorrect).

Video	1:	Contrast	echocardiography	demonstrating	contrast	microbubbles	 in
the	pericardial	space	in	a	patient	with	subacute	free	wall	rupture.

Video	 2:	 Transesophageal	 echocardiography	 in	 a	 patient	 with	 an	 apical
rupture	 with	 color	 Doppler	 imaging	 demonstrating	 systolic	 flow	 from	 the	 left
ventricle	into	the	pseudoaneurysm	cavity	with	thrombus.

Video	 3:	 Transthoracic	 apical	 four-chamber	 view	 in	 a	 patient	 with
anteroapical	 myocardial	 infarction	 demonstrating	 rupture	 of	 the	 ventricular
septum.	 Color	 Doppler	 imaging	 demonstrates	 bidirectional	 flow	 across	 the
interventricular	septum.

Video	 4:	A-C.	 Partial	 papillary	muscle	 rupture	 complicating	 inferior	MI	 as
visualized	by	transesophageal	echocardiography.

Video	5:	Transthoracic	apical	 four-chamber	view	demonstrating	a	 large	 true
apical	aneurysm.

Courtesy	of	Dr.	Brandon	Wiley,	Mayo	Clinic,	Rochester,	MN.
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Chapter	190
Management	of	Acute	Decompensated
Heart	Failure
Zachary	L.	Cox,	Jeffrey	M.	Testani

KEY	POINTS:
1.	 Acute	decompensated	heart	failure	(ADHF)	includes	a

heterogeneous	population	with	a	spectrum	of	hemodynamic	profiles
and	prognoses.	Therapeutic	goals	and	interventions	should	be
individualized	to	the	patient’s	hemodynamic	status,	left	ventricular
ejection	fraction,	cardiomyopathy	etiology,	and	precipitating	factors	if
the	decompensation	occurs	from	chronic	heart	failure.

2.	 Loop	diuretic	therapy	is	the	primary	treatment	for	congestive
symptoms	in	ADHF.	Initial	dose	selection	should	be	empirically
prescribed	based	on	the	chronic,	oral	diuretic	dose	but	quickly
evaluated	for	effect	in	the	first	1	to	6	hours	and	titrated	to	the	desired
diuretic	response.

3.	 Although	mechanisms	of	diuretic	resistance	are	diverse,	the	renal
tubules	are	the	primary	cause	in	most	patients.	Therefore,	loop
diuretic	therapy	should	first	be	increased	followed	by	combination
diuretic	therapy	with	a	thiazide	diuretic.

4.	 Worsening	renal	function	is	common	during	decongestion	in	ADHF
and	requires	interpretation	in	the	context	of	the	patient’s	clinical
status	and	congestion	assessment.	Mild	to	moderate	increases	in
serum	creatinine	can	be	tolerated	to	achieve	euvolemia	and
guideline-directed	medical	therapy	initiation	or	titration.

5.	 Given	the	lack	of	benefit	in	the	general	ADHF	population	and
increased	adverse	event	potential,	positive	inotropic	therapy	with



invasive	hemodynamic	monitoring	is	reserved	for	patients	with
severe	hemodynamic	derangements,	such	as	cardiogenic	shock.

DEFINITION/EPIDEMIOLOGY
Acute	decompensated	heart	 failure	(ADHF)	is	 the	most	common	indication	for
hospitalization	 in	 the	 United	 States	 and	 results	 in	 nearly	 1	 million
hospitalizations	annually.1,2	Multiple	terms,	such	as	acute	heart	failure,	are	used
to	 characterize	 ADHF	 without	 universal	 agreement	 on	 terminology.3	 While
labeled	 as	 “acute,”	 many	 patients	 present	 with	 progressively	 worsening
symptoms	that	gradually	reach	severity	requiring	hospitalization.	In	this	chapter,
ADHF	 describes	 patients	 whose	 heart	 failure	 symptom	 severity,	 comorbidity
complexity,	or	hemodynamic	and	respiratory	status	requires	hospitalization.

1 	 1 	 ADHF	 consists	 of	 a	 heterogeneous	 population;	 therefore,	 further
characterization	 across	 several	 subcategories	 is	 an	 important	 step	 to	 triage	 the
intensity	 of	 care	 and	 guide	medical	 therapy	 (Figure	190.1).	 ADHF	 presenting
with	 cardiogenic	 shock	 occurs	 in	 approximately	 2%	 of	 hospitalizations	 but
requires	 immediate	 recognition	 and	 critical	 care.4	 The	 hemodynamic
classification	of	ADHF	by	congestion	(wet	or	dry)	and	cardiac	output	(warm	or
cold)	is	an	important	distinction,	with	the	“warm	and	wet”	profile	characterizing
more	than	80%	of	patients	admitted	with	ADHF5	(Figure	190.2).	Approximately
20%	 of	 all	 ADHF	 patients	 have	 de	 novo	 heart	 failure	 (HF)	 and	 require
evaluation	 to	 ascertain	 the	 etiology	 of	 the	 new	 onset	 HF.6	 Patients	 with
worsening	 of	 chronic	 HF	 require	 investigation	 into	 the	 possible	 precipitant(s)
and	therapies	to	address	these	precipitants	(Table	190.1).	ADHF	hospitalizations
are	 divided	 almost	 equally	 between	 patients	 with	 HF	 with	 reduced	 ejection
fraction	(HFrEF)	and	patients	with	HF	with	preserved	ejection	fraction	(HFpEF),
with	 the	 use	 of	 therapies	 targeting	 cardiovascular	 hemodynamics	 largely
differing	 between	 these	 groups.	 Lastly,	 assessment	 of	 comorbidities,	 organ
dysfunction,	 and	 laboratory	 abnormalities	 are	 pivotal	 for	 risk	 prognostication
and	therapeutic	management.



	

Figure	190.1 	Algorithm	for	initial	approach	to	ADHF.Algorithm
for	 the	 initial	 triage	and	classification	of	acute	decompensated	heart
failure.	Cardiac	shock	and	respiratory	failure	should	be	immediately
evaluated	 and	 treated.	 Patients	 should	 then	 be	 classified	 by
hemodynamic	 quadrant,	 new-onset	 versus	 decompensated	 chronic
heart	failure,	left	ventricular	ejection	fraction,	precipitants	of	ADHF,
and	prognostic	variables.	ADHF,	acute	decompensated	heart	failure;
HF,	heart	failure;	HFrEF,	heart	failure	with	reduced	(<40%)	ejection
fraction;	 HFpEF,	 heart	 failure	 with	 preserved	 ≥50%)	 ejection
fraction;	GDMT,	guideline-directed	medical	therapies.

	

Figure	190.2 	Hemodynamic	profiles	 of	 patients	 presenting	with
acute	decompensated	heart	failure.Most	patients	can	be	classified	in	a
2-minute	 bedside	 assessment	 according	 to	 their	 physical	 signs	 and



symptoms.	 This	 classification	 is	 useful	 in	 guiding	 therapy	 and
predicting	 prognosis.	 ACE,	 angiotensin-converting	 enzyme.(From
Nohria	 A,	 Lewis	 E,	 Stevenson	 LW.	 Medical	 management	 of
advanced	 heart	 failure.	 JAMA.	 2002;287:628-640	 [Figure	 4],	 used
with	permission).

TABLE	190.1

Common	Precipitants	of	Acute	Heart	Failure

Dietary	or	medication	noncompliance

Systemic	infection

Active	myocardial	ischemia

Acute	or	worsening	valvular	regurgitation	or	stenosis

Arrhythmia	issues	such	as	supraventricular	tachycardias,	ventricular
arrhythmias,	decreased	cardiac	resynchronization	therapy	(CRT)	pacing	or
conduction	system	disorders	such	as	loss	of	CRT	capture,	increased	isolated
right	ventricle	pacing

Uncontrolled	hypertension

Excessive	alcohol	consumption	or	illicit	drug	use	such	as	cocaine	or
amphetamines

Medications*	that	cause	direct	cardiotoxicity	(ie,	anthracyclines),	increase
sodium	retention	(ie	NSAIDs),	or	have	negative	inotropic	effect	(ie,	diltiazem)

Sleep	disordered	breathing	(central	or	obstructive	apneas)

Hyperthyroidism	or	hypothyroidism

Anemia	or	iron	deficiency	with	or	without	anemia

Pulmonary	embolism

De	novo	ADHF



*A	more	complete	list	of	medications	that	may	cause	or	exacerbate	heart	failure.7

ADHF,	acute	decompensated	heart	failure;	NSAIDs,	nonsteroidal	anti-inflammatory	drugs.
From	Page	RL	II,	O’Bryant	CL,	Cheng	D,	et	al.	Drugs	that	may	cause	or	exacerbate	heart	failure:
a	scientific	statement	from	the	american	heart	association.	Circulation.	2016;134(6):e32-e69.

Pathophysiological	Considerations
A	variety	of	pathophysiological	mechanisms	may	be	 responsible	 for	an	ADHF
episode.	Comorbidities,	 particularly	 poorly	 controlled	 hypertension,	 new	 onset
atrial	fibrillation,	worsening	valvular	dysfunction,	or	active	myocardial	ischemia
may	 contribute	 to	 acute	 decompensation.	 For	 most	 mechanisms	 leading	 to
ADHF,	 volume	 overload	 with	 pulmonary	 and/or	 venous	 congestion	 is	 the
predominant	result	leading	to	hospitalization,	with	hemodynamic	measurements
typically	 finding	 increased	 right-	 and	 left-sided	 ventricular	 filling	 pressures.
Traditionally,	 congestion	 was	 assumed	 to	 develop	 gradually,	 with	 increased
sodium	and	water	 intake	or	renal	reabsorption	causing	incremental	 increases	in
total	 body	 volume	 and	 corresponding	 intracardiac	 pressure	 until	 the	 symptom
severity	 warranted	 urgent	 care.	 However,	 elevations	 of	 cardiac	 pressures	 may
precede	or	occur	independently	of	total	body	volume	increases	in	patients	with
ADHF.8	Sympathetic	activation	alters	venous	capacitance,	shifting	volume	from
venous	 reservoirs	 such	 as	 the	 splanchnic	 circulation	 toward	 the	 heart	 and
increasing	 filling	 pressures	 without	 a	 change	 in	 total	 body	 volume.9	 While
weight	gain	is	a	simple	surrogate	of	worsening	HF	easily	performed	by	patients,
it	will	not	be	a	sensitive	warning	for	some	patients.

PREDICTORS	OF	PROGNOSIS
Depending	 on	 the	 makeup	 of	 the	 population,	 the	 rate	 of	 inpatient	 mortality
ranges	 from	 approximately	 2%	 to	 25%	 for	 patients	 hospitalized	 for	 ADHF.10
Patients	 with	 cardiogenic	 shock	 and	 end-organ	 dysfunction	 have	 the	 highest
rates	of	mortality.	In	addition	to	these	more	obvious	clinical	characteristics	that
portend	 a	 worse	 prognosis,	 several	 less	 conspicuous	 signs	 independently
discriminate	the	in-hospital	and	immediate	posthospital	risk	among	patients	with
ADHF	(Table	190.2).

TABLE	190.2



Predictors	of	Adverse	Outcome	During	or	Following
Hospitalization	for	Acute	Decompensated	Heart	Failure

Admission	Vital	Signs

Lower	blood	pressure

Tachycardia

Admission	Laboratory	Values

Increased	serum	creatinine

Increased	blood	urea	nitrogen

Hyponatremia

Hypochloremia

Increased	cardiac	troponin	without	acute	ischemia

Magnitude	of	natriuretic	peptide	elevation

Treatment	Response

Inability	to	achieve	decongestion	and	decrease	natriuretic	peptides

Diuretic	resistance

Inability	to	tolerate	guideline-directed	medical	therapies	(ie,	β-blocker,	etc)

The	 admission	 vital	 signs	 and	 basic	 metabolic	 panel	 predict	 in-hospital
outcomes,	with	hypotension	and	renal	dysfunction	signifying	the	greatest	risk.10
The	 relationship	 between	 kidney	 function	 and	HF	 outcomes	 is	 complex.	 Low
glomerular	 filtration	 rate	 and	 elevated	 blood	 urea	 nitrogen	 are	 powerful
indicators	of	adverse	outcome	in	ADHF,	yet	mild	to	moderate	increases	in	serum
creatinine	 from	 renin-angiotensin-aldosterone	 system	 (RAAS)	 inhibitors	 or
decongestion	 are	 associated	 with	 neutral	 to	 better	 prognosis.11-13	 Therefore,
careful	 attention	 to	 the	 clinical	 context	 when	 interpreting	 the	 prognostic
information	 from	 kidney	 function	 is	 warranted.12	 The	 utility	 of	 biomarkers,
particularly	 B-natriuretic	 peptide	 (BNP)	 or	 NT-pro	 BNP,	 are	 useful	 for
identifying	 patients	 at	 increased	 risk	 for	 readmission	 or	 death.14	 However,	 it
should	be	recognized	that	a	variety	of	etiologies	including	pulmonary	embolism,



acute	coronary	syndromes,	and	sepsis	may	also	lead	to	markedly	elevated	BNP,
while	obesity	decreases	natriuretic	peptides.	Troponin	release	occurs	in	30%	to
70%	 of	 ADHF	 patients;	 its	 elevation	 is	 associated	 with	 a	 twofold	 increase	 in
postdischarge	 mortality	 and	 a	 threefold	 increase	 of	 rehospitalization	 rates.15,16
Early	identification	of	high-risk	patients	may	ultimately	lead	to	better	strategies
designed	to	improve	their	in-hospital	outcomes.

In	 addition	 to	 admission	 parameters,	 treatment	 response	 can	 further	 define
risk	 prognostication.	 Inability	 to	 tolerate	 guideline-directed	 medical	 therapies
(GDMT)	 (eg,	 angiotensin	 converting	 enzyme	 inhibitors,	 β-blockers)	 should
signal	clinicians	to	consider	evaluation	for	advanced	therapeutic	options	such	as
heart	transplantation.	Diuretic	resistance,	qualitatively	defined	as	a	poor	diuretic
response	despite	an	adequate	diuretic	regimen,	is	independently	associated	with
worse	 prognosis.17	 In	 the	 same	 vein,	 failure	 to	 achieve	 decongestion	 prior	 to
hospital	 discharge	 increases	 the	 risk	 of	 rehospitalization	 and	 mortality,
emphasizing	 the	 importance	 of	 ensuring	 the	 patient	 is	 euvolemic	 prior	 to
discharge.18

ASSESSMENT	OF	CONGESTION	IN	ADHF
Dyspnea	is	the	most	common	symptom	of	hypervolemic	ADHF,	presenting	with
exertion,	at	rest,	and/or	positionally.	Additional	symptoms	indicating	congestion
include	peripheral	edema,	abdominal	swelling,	and	early	satiety.	As	no	one	sign
has	 adequate	 sensitivity	 or	 specificity	 to	 diagnose	 congestion,	 the	 clinician’s
assessment	 involves	 evaluation	 of	multiple	 signs	 and	 clinical	 judgment	 of	 the
overall	 volume	 status.19,20	 Elevated	 jugular	 venous	 pressure,	 hepatojugular
reflux,	orthopnea,	bendopnea,	S3	heart	sound,	and	presence	of	peripheral	edema
should	be	evaluated.	Rales	and	pulmonary	edema	on	chest	 radiography	can	be
absent	despite	the	presence	of	ADHF	secondary	to	increased	lymphatic	drainage
with	chronic	HF.	Congestion	assessment	can	be	supplemented	with	noninvasive
imaging	such	as	presence	of	B-lines	on	lung	ultrasonography,	inferior	vena	cava
size	 on	 echocardiography,	 and	 bioimpedance	 measurements	 on	 cardiac
pacemakers	 or	 defibrillators.	 Lastly,	 query	 of	 implanted	 wireless	 pulmonary
artery	 pressure	 monitoring	 devices	 (ie,	 CardioMEMS)	 is	 also	 possible,	 to
substantiate	the	assessments	above.21

PHARMACOLOGICAL	MANAGEMENT	OF	ADHF



Congestion	 is	 the	most	common	cause	for	admission	for	ADHF	and	should	be
aggressively	 treated	with	 intravenous	(IV)	 loop	diuretics	when	present.	By	and
large,	diuretic	therapy	for	volume	overload	should	not	differ	by	ejection	fraction,
etiology,	 or	 precipitant(s).	 In	 an	 attempt	 to	 achieve	 a	 net	 negative	 sodium	and
fluid	balance,	sodium	(<2-3	g	per	day)	and	fluid	(<2	L	per	day)	restrictions	are
commonly	 recommended.22	 However,	 the	 optimal	 sodium	 intake	 in	 HF	 is
unknown,	 and	 patients	 with	 resistance	 to	 decongestive	 therapies	 may
counterintuitively	 benefit	 from	 increased	 salt	 intake	 if	 combined	 with
diuretics.22,23	Furthermore,	 a	 trial	 of	 intensive	 sodium	 (<800	mg/day)	 and	 fluid
restriction	 (<800	 mL/day)	 found	 no	 benefit	 across	 several	 decongestive
metrics.24	 Sodium	 and	 fluid	 restrictions	 should	 be	 individualized	 to	 the
laboratory	values	and	treatment	responses	of	each	patient	with	ADHF.

Diuretics
2 	 Diuretics	 are	 the	 cornerstone	 for	 relieving	 congestive	 symptoms.	 IV	 loop
diuretics	(eg,	furosemide	or	bumetanide)	are	the	first	line	diuretic	therapies.	The
decision	 between	 IV	 loop	 diuretics	 is	 arbitrary	 in	 most	 patients,	 as	 both	 are
efficacious	when	prescribed	at	equipotent	doses	(1	mg	IV	bumetanide	=	40	mg
IV	 furosemide)	 and	 bumetanide’s	 superior	 bioavailability	 is	 irrelevant	with	 IV
administration.	At	higher	doses	and	with	renal	dysfunction	there	are	theoretical
advantages	to	furosemide	with	respect	to	efficacy.	However,	bumetanide	appears
to	be	substantially	less	ototoxic	at	higher	doses,	offering	an	advantage	to	the	use
of	 bumetanide.	 Bumetanide	 can	 cause	 severe,	 diffuse	 myalgias	 particularly	 at
high	continuous	infusion	rates.	Myalgias	do	occur	but	appear	less	frequent	with
bolus	dosing	of	 IV	bumetanide.25,26	Selection	of	 the	 IV	diuretic	dose	 is	 critical
because	of	the	sigmoidal	dose-response	relationship	(Figure	190.3).	The	diuretic
dose	must	produce	a	diuretic	concentration	that	exceeds	the	“threshold”	to	elicit
natriuresis.	 For	 loop	 diuretic	 naïve	 patients,	 this	 is	 often	 40	 to	 80	 mg	 of	 IV
furosemide.	 In	 patients	 with	 chronic	 heart	 failure,	 the	 dose	 response	 curve	 is
shifted	to	the	right,	requiring	increased	doses	to	achieve	natriuresis.	The	DOSE-
HF	 trial	demonstrated	 that	multiplying	 the	oral	diuretic	dose	by	approximately
2.5	improves	fluid	and	weight	 loss.27	The	DOSE-HF	trial	failed	to	demonstrate
significant	 differences	 in	 patient’s	 global	 assessment	 of	 symptoms,	 metrics	 of
diuretic	 response,	or	kidney	 function	when	 loop	diuretics	were	administered	at
the	 same	 total	 daily	 dose	 by	 intermittent	 boluses	 compared	 to	 continuous
infusion.	Either	dosing	strategy	is	acceptable.



	

Figure	 190.3 	 Loop	 diuretic	 dose-response	 curve.Loop	 diuretic
dose-response	curve.	Minimal	diuretic	effect	is	seen	until	a	threshold
is	achieved,	beyond	which	a	ceiling	of	effect	is	reached.	Note	that	the
x-axis	 for	 diuretic	 dose	 is	 on	 the	 log	 scale,	 meaning	 substantial
diuretic	dose	increases	are	required	to	achieve	an	increase	in	diuretic
effect.	 In	 patients	 with	 ADHF,	 the	 dose-response	 curve	 is	 shifted
downward	 (D)	 and	 to	 the	 right	 (R).	 ADHF,	 acute	 decompensated
heart	failure.

2 	 Subsequent	 diuretic	 dosing	 should	 be	 guided	 by	 the	 response	 to	 the
previous	dose	to	achieve	the	goal	rate	of	diuresis.	Historically,	diuretic	response
is	measured	 as	 urine	 output	 and	weight	 loss	 12	 to	 24	 hours	 later,	with	 a	 goal
urine	 output	 of	 3	 to	 5	 liters	 daily.28	 Yet	 this	 standard	 approach	 has	 several
limitations.	 First,	 significant	 time	 is	 wasted	 during	 diuretic	 titration	 as	 the
diuretic	 duration	of	 action	 rarely	 exceeds	6	hours	 following	 an	 IV	bolus	 dose.
Second,	measures	of	weight	and	net	 fluid	balance	are	 inaccurate	 in	hospitals.29
Finally,	weight	or	fluid	loss	assumes	the	rate	of	sodium	excretion	is	equal	for	all
patients.	 Urinary	 sodium	 excretion	 to	 loop	 diuretic	 therapy	 is	 highly	 variable,
with	poor	natriuresis	associated	with	worse	outcomes	even	for	patients	reported
to	achieve	a	net	negative	fluid	status.30	As	a	result,	evidence	is	accumulating	for
a	urine	sodium–based	diuretic	evaluation	and	titration	strategy,	and	this	approach
is	 increasingly	 recommended.31,32	 A	 urine	 sodium	 concentration	 <50	 to
70	mmol/L	in	a	urine	sample	collected	1	to	2	hours	after	 the	initial	IV	diuretic
dose	 indicates	 a	 poor	 diuretic	 response	 to	 the	 current	 dose.31,32	 Urine	 sodium
concentrations	 ≥	 100	 mmol/L	 are	 generally	 indicative	 of	 a	 good	 or	 excellent



natriuretic	responses.33	A	natriuretic	response	prediction	equation	has	 improved
upon	urine	sodium	alone	to	predict	diuretic	response	from	a	spot	urine	sample.33
Diuretic	 response	should	be	assessed	as	urine	volume	within	6	hours,	or	either
the	urine	 sodium	or	 the	natriuretic	prediction	equation	within	2	hours,	 and	 the
diuretic	 dose	 can	 then	 be	 titrated	 immediately	 to	 quickly	 achieve	 the	 goal
diuretic	response.

Diuretic	 titration	 should	 initially	 focus	 on	 identifying	 the	 dose	 required	 to
produce	 an	 adequate	 diuretic	 response.	 The	 dose	 should	 then	 be	 repeated	 as
necessary	to	achieve	the	goal	decongestive	rate	expressed	as	either	net	fluid	loss
or,	more	 ideally,	 net	 sodium	 loss	 (Figure	190.4).	While	 these	 goals	 should	 be
individualized	to	each	patient,	common	goals	include	a	fluid	loss	of	3	to	5	L/day
or	a	urine	sodium	excretion	of	230	to	500	mmol/day.33,34

	

Figure	 190.4 	 Algorithm	 for	 diuretic	 titration.A	 proposed
algorithm	 for	 titrating	 diuretic	 strategies	 in	 patients	 with	 persistent
congestion	and	diuretic	 resistance,	on	 the	basis	of	urine	electrolytes
and/or	urine	output,	is	shown.	*NRPE,	natriuretic	response	prediction
equation33;	 IV,	 intravenous;	UOP,	 urine	 output;	 [UNa],	 urine	 sodium
concentration	 (mmol/L);	 [UCr],	 urine	 creatinine	 concentration
(mg/dL);	 SGLT2i,	 sodium-glucose	 cotransporter	 2	 inhibitors.	 †IV
loop	 diuretic	 doses	 exceeding	 >1000	 mg	 of	 furosemide
equivalents/day	 have	 limited	 safety	 data	 and	 should	 be	 used
cautiously.(From	 Rao	 VS,	 Ivey-Miranda	 JB,	 Cox	 ZL,	 et	 al.
Natriuretic	equation	to	predict	loop	diuretic	response	in	patients	with



heart	failure.	J	Am	Coll	Cardiol.	2021;77(6):695-708.)

Diuretic	Resistance
3 	 Diuretic	 resistance	 is	 subjectively	 defined	 as	 an	 inadequate	 rate	 of
diuresis/natriuresis	 despite	 an	 adequate	 diuretic	 dose.	 While	 no	 quantitative
diuretic	resistance	definition	with	universal	utility	exists,	diuretic	efficiency	has
demonstrated	 prognostic	 value	 in	 multiple	 ADHF	 populations.17	 Diuretic
efficiency	 expresses	 urine/sodium	 excretion	 or	 weight	 change	 relative	 to	 the
diuretic	 dose	 administered,	 with	 patients	 exhibiting	 low	 diuretic	 efficiency	 on
high-dose	diuretics	having	the	worst	prognosis.	Once	identified,	the	mechanism
of	 diuretic	 resistance	 should	 be	 considered	 to	 guide	 therapeutic	 interventions.
Although	 diverse,	 mechanisms	 of	 diuretic	 resistance	 in	 ADHF	 are
overwhelmingly	 intrarenal	 (occurring	 in	 the	 nephron)	 rather	 than	 prerenal
(hemodynamic).32	 Therefore,	 outside	 of	 the	 setting	 of	 cardiogenic	 shock,
inotropic	and	vasodilator	therapies	have	limited	impact	on	diuretic	response	on	a
population	 level.35,36	 Among	 intrarenal	 mechanisms,	 diminished	 loop	 diuretic
response	 at	 the	 loop	 of	 Henle	 and	 distal	 tubule	 sodium	 reabsorption	 have	 the
greatest	influence	over	diuretic	response	in	ADHF.37,38

Most	 experts	 recommend	 prioritizing	 loop	 diuretic	 dose	 escalation	 first,	 as
combination	diuretic	therapy	with	thiazides	are	associated	with	more	electrolyte
abnormalities	 and	worse	 outcomes31,32,34	 (Table	 190.3).	Although	no	 consensus
exists	as	to	the	loop	diuretic	dose	at	which	thiazides	should	be	added,	experience
suggests	loop	diuretic	doses	can	safely	exceed	the	commonly	reported	maximum
doses.	Bolus	doses	of	IV	bumetanide	up	to	12.5	mg	and	IV	furosemide	dose	of
500	 mg	 have	 precedence	 and	 may	 be	 required	 in	 resistant	 patients.33	 Any
thiazide	can	be	utilized	although	oral	metolazone	and	IV	chlorothiazide	are	the
most	 commonly	 utilized	 medications	 in	 the	 United	 States	 for	 diuretic
combination	 therapy.	 Contrary	 to	 the	 classic	 teaching,	 there	 is	 no	 scientific
rationale	 in	 dosing	 the	 thiazide	 30	 minutes	 prior	 to	 the	 loop	 diuretic.39	 IV
chlorothiazide	 should	 be	 given	 concurrently	with	 IV	 loop	 diuretics,	while	 oral
thiazides’	 delayed	 absorption	 and	 longer	 half-lives	 render	 synchronized
administrations	irrelevant.

TABLE	190.3

Intravenous	Diuretic	Regimens	for	Treating



Decompensated	Heart	Failure

Drug Initial
Dose

Maximal
Single
Dose	or
Infusion
Rate

Considerations

Loop	Diuretics	(IV	Bolus	Dose)

Furosemide 40	mg 500	mg Torsemide	is	not	available	in	IV
formulation	in	the	United	States

Bumetanide 1	mg 12.5	mg

Loop	Diuretics	(IV	Continuous	Infusion)

Furosemide 5	mg/h 80	mg/h Infusions	can	be	preceded	by	a
bolus	dose	to	avoid	delayed
onset	of	action.
Bumetanide	is	associated	with
severe	myalgia	at	high	doses	but
may	have	a	lower	rate	of
ototoxicity

Bumetanide 0.25	mg/h 2	mg/h

Thiazides	for	Combination	Diuretic	Therapy	with	Loop	Diuretics

Chlorothiazide
(IV)

500	mg 1000	mg Short	duration	of	action
requiring	twice	to	three	times
daily	dosing

Metolazone
(oral)

5	mg 10	mg Erratic	and	delayed	oral
absorption
Longer	half-life	allowing	once
to	twice	daily	dosing

HCTZ	(oral) 50	mg 100	mg Longer	half-life	allowing	once
to	twice	daily	dosing

HCTZ,	hydrochlorothiazide;	IV,	intravenous.

Several	 other	 decongestive	 therapies	 have	 theoretical	 utility	 for	 diuretic
resistance,	generally	 in	 addition	 to	 combination	diuretic	 therapy,	 for	 individual



patients.	 However,	 the	 evidence	 to	 support	 any	 of	 the	 following	 therapies	 is
limited	and	often	conflicting.	Acetazolamide	and	sodium-glucose	cotransporter	2
inhibitors	 have	 demonstrated	 combination	 diuretic	 benefits	with	 loop	 diuretics
and	are	currently	being	studied	 for	ADHF.	Tolvaptan,	a	vasopressin	2	 receptor
antagonist,	 can	 augment	 loop	diuretic	 response	but	 causes	 less	natriuresis	 than
combination	 with	 thiazides.40	 If	 used	 to	 augment	 diuretic	 response,
mineralocorticoid	antagonists	 should	be	dosed	>100	mg/day.	Hypertonic	saline
(3%	 NaCl)	 boluses	 combined	 with	 diuretic	 therapies	 may	 increase	 diuretic
response	but	require	appropriate	monitoring.23

Ultrafiltration
Ultrafiltration	 (UF)	 using	 a	 venovenous	 access	 approach	 is	 an	 alternative
approach	to	volume	removal	 in	ADHF.	Several	studies	have	compared	diuretic
therapies	 to	 UF,	 although	 issues	 of	 early	 termination	 or	 design	 have	 limited
definitive	 conclusions.41,42	 CARRESS-HF	 compared	 UF	 to	 a	 stepped-care
diuretic	 algorithm	 for	 patients	 with	 ADHF	 with	 worsening	 kidney	 function.
Weight	loss	at	96	hours	was	similar	but	UF	was	associated	with	a	greater	rise	in
serum	 creatinine	 and	 more	 adverse	 events.28	 Importantly,	 hemodynamic
instability	has	been	an	exclusion	criterion	for	all	published	studies.	Despite	early
hopes,	UF	is	not	 routinely	used	due	 to	cost,	need	for	systemic	anticoagulation,
and	increased	adverse	events.22

Acute	Vasodilator	Therapy
Unlike	 diuretic	 therapy,	 the	 use	 of	 acute	 vasodilator	 therapies	 differs	 between
HFrEF	and	HFpEF.	In	the	acute	treatment	of	HFrEF,	acute	vasodilator	therapies
targeted	at	reducing	elevated	preload	(venous	vasodilator)	and	afterload	(arterial
vasodilators)	can	increase	cardiac	output	significantly	and	theoretically	provide
rapid	 reduction	 in	ADHF	 symptoms.	However,	 in	HFpEF,	 systolic	 function	 is
preserved	 and	 reductions	 in	 afterload	 lead	 to	 marginal	 increases	 of	 cardiac
output.43	 IV	 vasodilators	 for	 HFpEF	 are	 much	 more	 likely	 to	 reduce	 stroke
volume	 and	 cause	 hypotension	 than	 in	 HFrEF.43	 Unless	 treating	 hypertensive
urgency	 or	 emergency,	 acute	 arterial	 vasodilator	 therapies	 are	 primarily
beneficial	 in	 patients	 with	 HFrEF.	 Venodilator	 therapy	 (eg,	 nitroglycerin)	 can
benefit	 selected	HFpEF	 and	HFrEF	 patients	 by	 lowering	 filling	 pressures	 and
improving	symptoms.

For	 HFrEF,	 appropriate	 patient	 selection	 and	 clear	 understanding	 of	 acute



vasodilator	 therapy	 goals	 are	 important.	 The	 continuation	 of	 chronic,	 oral
vasodilator	medications	prescribed	to	reduce	morbidity	and	mortality	is	different
than	 initiation	 and	 rapid	 titration	 of	 vasodilators	 (ie,	 nitroglycerin,	 sodium
nitroprusside)	to	acutely	improve	hemodynamics	and	is	discussed	separately.	In
undifferentiated	 populations	 presenting	 with	 ADHF	 from	 HFrEF,	 randomized
trials	of	the	routine	use	of	oral	and	IV	vasodilators	have	not	improved	in-hospital
or	 postdischarge	 outcomes.35,44-46	 Additionally,	 vasodilator	 therapies	 have	 not
improved	diuretic	response.35,47	IV	vasodilator	therapies	can	be	added	to	diuretic
therapy	 for	 acute	 dyspnea	 relief	 for	 patients	 with	 adequate	 blood	 pressure.22
ADHF	 populations	 that	 may	 benefit	 include	 hypertensive	 urgency/emergency,
dyspnea	 with	 impending	 respiratory	 failure,	 and	 elevated	 systemic	 vascular
resistance	on	invasive	hemodynamic	monitoring.

Oral	and	IV	vasodilators	with	evidence	for	use	in	ADHF	are	listed	in	Table
190.4.	Generally,	these	medications	are	characterized	by	a	rapid	onset	of	action
and	 a	 short	 half-life	 to	 facilitate	 rapid	 titration.	 Organic	 nitrates	 are
predominantly	 venodilators	 at	 lower	 doses,	 causing	 rapid	 reductions	 in
ventricular	filling	pressures	and	dyspnea	symptoms.	Arterial	vasodilation	occurs
at	higher	doses.	Tolerance	develops	within	hours	without	a	nitrate	free	interval	of
8	 to	 12	 hours	 per	 day,	 although	 combined	 use	 with	 hydralazine	 or	 other
antioxidants	 may	 prevent	 tolerance.	 The	 combination	 of	 hydralazine	 and	 oral
nitrates	provides	joint	preload	and	afterload	reduction.	This	combination	can	be
used	 when	 angiotensin-converting	 enzyme	 inhibitors	 (ACEI)	 or	 angiotensin
receptor	 blockers	 (ARB)	 are	 not	 feasible,	 in	 conditions	 such	 as	 severe	 kidney
dysfunction,	 hyperkalemia,	 or	 pregnancy.	 Sodium	 nitroprusside	 is	 a	 potent
balanced	 arterial	 and	 venodilator,	 with	 utility	 in	 ADHF	 complicated	 by
hypertensive	 crisis	 or	 severe	 mitral	 regurgitation	 causing	 respiratory	 distress.
Cyanide	 is	a	product	of	nitroprusside	metabolism.	High	infusion	rates	(ie,	>	4-
5	μg/kg/min)	 for	more	 than	48	hours	and	severe	kidney	or	hepatic	dysfunction
increase	the	risk	of	cyanide	toxicity.	Nitroprusside	is	best	utilized	as	a	short-term
therapy	until	more	definitive	therapies	can	be	initiated.

TABLE	190.4

Vasodilators	for	Acute	Venous	and	Arterial	Vasodilation	in
ADHF

Initial Maximal Hemodynamic



Drug Dose Dose Effects Considerations

IV	Vasodilators

Enalaprilat 1.25	mg
every	6-8
hours

5	mg	every
6-8	hours

Venous	and
arterial	dilation

Longer	half-life

Nitroprusside 0.20
mcg/kg/min

10	μg/kg/min
but	caution
above
5	μg/kg/min

Balanced	venous
and	arterial
dilation

Continuous
arterial	pressure
monitoring
commonly
required;	cyanide
toxicity	with	high
doses	or
prolonged	use
possible

Nitroglycerin 10	μg/min 400	μg/min Predominantly
venous	dilation
Arterial
vasodilation	at
higher	doses

Headache	is
common.
Tolerance	begins
within	hours	and
requires	dose
escalation	for
constant	effect

Oral	Vasodilators

Hydralazine 25	mg
every	6-8
hours

100	mg
every	6-8
hours

Arterial
vasodilation

Commonly
combined
together	for
venous	and
arterial	dilationIsosorbide

dinitrate
10	mg
every	6-8
hours

40	mg	every
6-8	hours

Venous	dilation

Captopril 6.25	mg
every	8
hours

50	mg	every
8	hours

Venous	and
arterial	dilation

Shortest	half-life
of	therapeutic
class



Initiation	and	Continuation	of	Guideline-Directed	Medical
Therapies
Unless	clinical	circumstances	necessitate	a	temporary	cessation,	most	outpatient
GDMT	 should	 be	 continued	 during	 ADHF.	 After	 triage	 of	 ADHF	 and
determination	 of	 the	 adequate	 diuretic	 regimen,	 attention	 should	 be	 directed
toward	 optimization	 of	 chronic	GDMT.	GDMT	 differ	 substantially	 for	HFrEF
and	HFpEF.	In	HFrEF,	evidence	supports	in-hospital	initiation	of	ACEI	or	ARB
or	 sacubitril/valsartan,	 β-blockers,	 mineralocorticoid	 antagonists,	 and	 sodium-
glucose	cotransporter	2	inhibitors	(SGLT2i)	for	hemodynamically	stable	patients
who	 are	 appropriate	 candidates5,48,49	 (Table	 190.5).	 In	 HFpEF,	 continuation	 of
mineralocorticoid	antagonists	is	reasonable	for	hemodynamically	stable	patients
who	 are	 appropriate	 candidates.	 In	 HFpEF,	 antihypertensive	 therapies	 can	 be
continued	 for	 blood	 pressure	 control	 but	 should	 be	 discontinued	 when
hypotension	occurs.

TABLE	190.5

Guideline-Directed	Medical	Therapies	for	HF	With	Reduced
Ejection	Fraction

Drug Initial	Dose Target	Dose

ACE	Inhibitors	

Captopril 6.25	mg	three	times	daily 50	mg	three	times	daily

Enalapril 2.5	mg	twice	daily 20	mg	twice	daily

Lisinopril 2.5	mg	daily 40	mg	daily

Ramipril 1.25	mg	daily 10	mg	daily

Angiotensin	Receptor	Blockers

Losartan 25	mg	daily 150	mg	daily

Valsartan 40	mg	twice	daily 160	mg	twice	daily

Candesartan 4	mg	daily 32	mg	daily



Angiotensin	Receptor-Neprilysin	Inhibitors

Sacubitril/Valsartan 24/26	mg	twice	daily 97/103	mg	twice	daily

Aldosterone	Antagonists

Spironolactone 12.5	mg	daily 25-50	mg	daily

Eplerenone 25	mg	daily 50	mg	daily

β-adrenergic	Blockers

Metoprolol	XL/CRa 12.5	mg	daily 200	mg	daily

Carvedilol 3.125	mg	twice	daily 50	mg	twice	daily

Bisoprolol 1.25	mg	daily 10	mg	daily

Sodium-Glucose	Cotransporter	2	Inhibitors

Dapagliflozin 10	mg	once	daily 10	mg	once	daily

Empagliflozin 10	mg	once	daily 10	mg	once	daily

aMetoprolol	succinate,	extended	release.
ACE,	angiotensin-converting	enzyme;	ADHF,	acute	decompensated	heart	failure;	CR,	controlled
release;	HF,	heart	failure;	IV,	intravenous;	XL,	extended	release.

ACEI,	ARB,	and	ARNI
In-hospital	initiation	and	titration	of	ACEI,	ARB,	or	ARNI	for	HFrEF	is	nearly
identical	to	the	outpatient	setting,	including	serum	creatinine,	serum	potassium,
and	blood	pressure	monitoring.	Mild	increases	of	serum	creatinine	(generally	up
to	a	30%	increase	from	baseline)	associated	with	 initiation	or	 titration	of	 these
therapies	are	associated	with	improved	prognoses	and	should	not	prompt	therapy
discontinuation.13,50	ACEI	 and	ARB	often	 also	 improve	natriuresis	 during	 loop
diuretic	therapy.50,51	ARNI	are	preferred	over	ACEI	or	ARB	in	patients	that	can
tolerate	the	blood	pressure	reduction	and	do	not	have	contraindications	such	as	a
history	of	angioedema.

β-Blockers
β-adrenergic	blockers	have	been	shown	to	lower	all-cause	mortality	and	decrease



heart	 failure	 hospitalizations	 in	 a	 variety	 of	 randomized	 controlled	 trials	 in
patients	with	HFrEF	 and	New	York	Heart	Association	 (NYHA)	 class	 II	 to	 IV
symptoms.22	 The	 mortality	 benefits	 of	 β-blocker	 therapy	 for	 patients	 with
advanced	(NYHA	class	IV)	heart	failure	symptoms	are	clearly	established.22	The
Carvedilol	Prospective	Randomized	Cumulative	Survival	(COPERNICUS)	trial
evaluated	 patients	 with	 severe	 symptoms	 and	 left	 ventricular	 ejection	 fraction
(LVEF)	 <25%.52	 Carvedilol	 reduced	 all-cause	 mortality	 and	 hospital	 days	 for
acute	heart	 failure	decompensation.52	 β-blockers	can	be	 safely	continued	at	 the
same	 outpatient	 dose	 unless	 hypotension,	 bradycardia,	 or	 cardiogenic	 shock	 is
suspected.53	Despite	the	long-term	mortality	advantages,	β-blockers	are	negative
inotropes	 and	 will	 worsen	 cardiac	 hemodynamics	 acutely;	 hemodynamic
stability	 is	 important	 prior	 to	 initiation.	 For	 initiation,	 low	 doses	 of	 either
bisoprolol,	 carvedilol,	 or	 metoprolol	 should	 be	 initiated	 once	 the	 patient	 is
hemodynamically	 stable	 and	 either	 euvolemic	 or	 rapidly	 decongesting	 with
diuretic	 therapy.	 Shorter-acting	 metoprolol	 tartrate	 can	 be	 used	 to	 ensure	 the
patient	tolerates	β-blocker	initiation,	but	metoprolol	should	be	transitioned	to	the
extended-release	 formulation,	metoprolol	 succinate,	 or	 another	 evidence-based
β-blocker	prior	to	discharge.	Generally,	β-blocker	doses	are	not	increased	rapidly
out	of	concern	of	precipitating	ADHF	from	the	negative	inotropic	effects.

Mineralocorticoid	Antagonists
Spironolactone	 has	 beneficial	 effects	 for	 both	 HFrEF	 and	 HFpEF	 at	 doses
between	12.5	and	50	mg	daily.	Importantly,	the	reductions	in	mortality	in	HFrEF
and	 reduction	 in	 hospitalizations	 in	 HFpEF	 are	 largely	 independent	 of	 the
diuretic	 action.	 As	 spironolactone	 does	 not	 acutely	 or	 significantly	 lower	 the
blood	pressure	of	normotensive	patients	and	can	raise	serum	potassium,	it	is	an
attractive	medication	to	continue	or	initiate	during	ADHF	hospitalization.	Higher
doses	 (100	 mg	 daily)	 were	 not	 shown	 to	 be	 more	 beneficial	 for	 patients
hospitalized	with	ADHF.54	 Higher	 doses	 have	 theoretical	 benefit	 as	 a	 diuretic
adjuvant,	although	evidence	 is	 inconclusive	and	 limited.	Yet	high	doses	can	be
used	 for	 potassium	 sparing	 effects	 for	 patients	 with	 potassium	 wasting.
Eplerenone	 is	 an	 equally	 efficacious	 mineralocorticoid	 antagonist	 and,	 unlike
spironolactone,	does	not	cause	gynecomastia.

SGLT2	Inhibitors
Sodium-glucose	cotransporter	2	(SGLT2)	inhibitors	are	an	emerging	therapy	for
HFrEF,	providing	reductions	in	mortality	and	morbidity	chronically	for	patients



with	 and	without	 2	 diabetes.55	 SGLT2	 inhibitors,	which	 cause	 both	 glucosuria
and	a	synergistic	natriuresis	with	loop	diuretics,	have	potential	benefits	in	ADHF
as	 well.56	 Presently,	 SGLT2	 inhibitors	 are	 considered	 safe	 to	 start	 prior	 to
hospital	 discharge	 and	 early	 initiation	 for	 the	 treatment	 of	 ADHF	 is	 being
investigated.

Digitalis
Digoxin	continues	to	have	a	role	for	the	management	of	patients	with	advanced
HFrEF.	Digoxin	 has	mild	 positive	 inotropic	 effect	 on	 cardiac	muscle,	 reduces
activation	 of	 the	 sympathetic	 and	 renin	 angiotensin	 systems,	 and	 partially
restores	 the	 favorable	 inhibitory	 effects	 of	 cardiac	 baroreceptor	 function.57
Although	 digoxin	 does	 not	 reduce	 mortality,	 chronic	 digoxin	 administration
increases	 LVEF,	 improves	 exercise	 capacity,	 decreases	 advanced	 heart	 failure
symptoms,	 and	 reduces	heart	 failure	 associated	hospitalizations.57	As	 a	 caveat,
this	evidence	was	generated	prior	to	contemporary	GDMT;	it	is	unknown	if	these
results	 are	 reproducible	 on	 contemporary	 GDMT.	 While	 identification	 of	 an
ideal	patient	for	digoxin	is	complex,	patients	during	ADHF	can	be	candidates	for
digoxin	if	they	are	intolerant	to	or	persistently	symptomatic	with	limited	doses	of
GDMT	 due	 to	 hypotension	 or	 symptomatic	 from	 atrial	 fibrillation	 with	 rapid
ventricular	 rates	 and	 intolerant	 of	 β-blockers.	 Discontinuation	 of	 digoxin	 is
associated	 with	 increased	 risk	 of	 hospitalization	 for	 ADHF.58	 Thus,	 digoxin
should	 only	 be	 permanently	 discontinued	 if	 the	 benefits	 outweigh	 this	 risk.
Because	 digoxin	 is	 primarily	 renally	 eliminated	 and	 has	 a	 small	 therapeutic
serum	 concentration	 range	 (symptoms	 of	 toxicity	 above	 2	 ng	 per	 mL),
measurement	of	serum	digoxin	levels	and/or	dose	adjustment	may	be	necessary
if	renal	function	deteriorates	during	ADHF.22

Intravenous	Iron	Therapy
The	current	HF	guidelines	recommend	screening	for	iron	deficiency	and	treating
iron	deficiency	with	IV	iron.59	 Iron	deficiency	occurs	 in	approximately	50%	to
80%	 of	 patients	 hospitalized	 with	 ADHF	 and	 remains	 equally	 prevalent	 in
patients	without	anemia.60	In	patients	with	HFrEF	and	iron	deficiency,	defined	as
a	 serum	 ferritin	 <100	 ng/mL	 or	 a	 serum	 ferritin	 of	 100	 to	 300	 ng/mL	with	 a
transferrin	 saturation	 <20%,	 iron	 repletion	 with	 IV	 iron	 reduces	 ADHF
hospitalization	 risk	and	 improves	both	exercise	capacity	and	quality	of	 life.59,61
Importantly,	 this	 benefit	 is	 similar	 for	 patients	 with	 or	 without	 concomitant
anemia	 and	 has	 not	 been	 replicated	 in	 rigorous	 studies	 of	 oral	 iron	 therapy.62



Recently,	 the	AFFIRM-AHF	trial	established	the	safety	and	efficacy	of	IV	iron
repletion	during	ADHF	hospitalization.63	Once	iron	deficiency	is	diagnosed,	the
magnitude	of	iron	deficiency	can	be	calculated	using	the	Ganzoni	equation.64	A
total	 repletion	dose	of	1000	 to	1500	mg	 in	divided	doses	depending	on	 the	 IV
iron	formulation	is	commonly	required.60,63

TRAJECTORY	OF	ADHF	HOSPITAL	COURSE
In	 response	 to	 the	 initial	 treatment	 strategies,	 patients	 with	 ADHF	 display	 a
variety	 of	 trajectories	 during	 their	 hospital	 course,	 requiring	 frequent
reassessment	 and	 therapy	 adjustment.	 Approximately	 70%	 to	 80%	 of	 patients
have	 uncomplicated	 hospital	 courses	 with	 continually	 improving	 clinical
trajectory.5,65	 Lacking	 a	 standardized	 definition,	 patients	 experiencing	 a
“worsening	 heart	 failure”	 clinical	 trajectory	 during	 in-hospital	 treatment	 are
heterogeneous,	comprised	of	patients	with	advanced	heart	failure	and	those	with
refractory	HF	 due	 to	 co-morbidities	 or	 complications	 that	 impair,	 interrupt,	 or
limit	HF	therapies.66	Worsening	heart	failure	and	interruptions	in	diuretic	therapy
are	associated	with	longer	lengths	of	stay	and	worse	postdischarge	outcomes.65,67
This	subgroup	requires	careful	interpretation	of	laboratory,	patient-reported,	and
physical	examination	data	and	may	necessitate	additional	monitoring	modalities
to	guide	therapy	decisions	as	discussed	below.

Worsening	Kidney	Function
4 	Worsening	kidney	function	during	decongestion	is	common,	occurring	in	up	to
one-half	 of	 ADHF	 patients,	 although	 deteriorations	 are	 typically	 mild	 and
transient.27,68	 Similar	 to	 the	 assessment	 of	 baseline	 kidney	 function,	 clinical
context	 is	 vital	 to	 interpreting	 changes	 of	 glomerular	 filtration	 during
decongestion.	Mild-to-moderate	increases	of	serum	creatinine	during	IV	diuresis
are	 not	 associated	with	worsening	markers	 of	 tubular	 injury	 and	 are	 therefore
distinct	from	traditional	causes	of	acute	kidney	injury	resulting	in	acute	tubular
necrosis.69	 Worsening	 renal	 function	 should	 not	 automatically	 stop	 diuretic
therapy	 or	 be	 interpreted	 as	 achievement	 of	 euvolemia.68	 Worsening	 kidney
function	with	residual	congestion	is	associated	with	a	worse	prognosis	compared
to	 decongestion	 accompanied	 by	 worsening	 kidney	 function.11,70	 Thus,	 IV
diuretic	 therapy	 should	 be	 continued	 for	 patients	with	 persistent	 hypervolemia
and	mild-to-moderate	increases	of	serum	creatinine.68	Unfortunately,	 laboratory
markers	of	renal	tubular	injury	are	not	helpful	for	guiding	therapy	decisions.69



BNP-Guided	Therapy
Failure	to	decrease	BNP	or	NT-proBNP	by	≥30%	from	the	admission	value	has
been	 associated	 with	 elevated	 risk	 for	 readmission	 in	 observational	 studies,
prompting	investigation	into	BNP-guided	therapies.71	A	randomized	trial	of	NT-
proBNP	guided	therapy	was	compared	to	conventional	treatment	with	the	goal	of
achieving	 >30%	 reduction	 from	 admission.	 Despite	 a	 greater	 NT-proBNP
reduction	of	at	least	30%	in	the	treatment	arm,	natriuretic	peptide-guided	therapy
did	not	improve	180-day	all-cause	mortality,	HF	hospitalizations,	days	alive	out
of	 the	 hospital,	 or	 secondary	 end	 points.71	 Presently,	 no	 individual	 laboratory
value	aids	in	the	treatment	of	worsening	heart	failure.

Hemodynamic-Guided	Therapy
Invasive	 hemodynamic	 monitoring	 using	 an	 indwelling	 pulmonary	 artery
catheter	 is	 not	 recommended	 for	 routine	 use	 in	ADHF	 as	 it	 failed	 to	 improve
outcomes	over	clinical	assessment	alone	for	patients	without	clear	indication	for
invasive	 hemodynamic	 monitoring.72	 However,	 invasive	 hemodynamic
monitoring	 is	 recommended	 in	 several	 clinical	 scenarios,	 such	 as	 worsening
heart	 failure	 or	 unclear	 hemodynamic	 profile22	 (Table	 190.6).	 Risks	 of
pulmonary	 artery	 catheters	 include	 infection,	 bleeding,	 and	 arrhythmias.
Invasive	 hemodynamic	 monitoring	 is	 not	 a	 therapy	 itself	 but	 rather	 provides
measures	of	filling	pressures,	cardiac	output,	and	vascular	resistances	to	clarify
the	 patient’s	 hemodynamic	 status	 and	 guide	 therapeutic	 decisions.	 Following
initial	 assessment	of	baseline	hemodynamics,	 IV	diuretics,	 vasodilators,	 and/or
positive	inotropes	are	administered	to	achieve	desired	hemodynamic	goals.	Goal
filling	pressures	are	commonly	a	right	atrial	pressure	less	than	8	mm	Hg	and	a
pulmonary	capillary	wedge	pressure	below	15	mm	Hg,	which	can	be	achieved
with	diuresis	and/or	vasodilators.	Using	arterial	vasodilators,	 the	goal	 systemic
vascular	 resistance	 is	 between	 1000	 and	 1200	 dynes-sec/cm−5.	 If	 the	 cardiac
index	is	below	the	goal	of	2.2	L/min/m2	after	optimizing	hemodynamic	variables
or	is	very	low	at	baseline,	positive	inotropic	agents	can	be	considered.	Following
hemodynamic	 optimization,	 oral	 vasodilators	 and	 GDMT	 are	 uptitrated	 as	 IV
agents	are	weaned.

TABLE	190.6

Indications	for	Invasive	Hemodynamic	Monitoring	in	ADHF



Respiratory	distress	or	impaired	systemic	perfusion	with	inadequate	clinical
assessment

Persistent	HF	symptoms	and

Unclear	fluid	status	(wet	or	dry)	and/or	perfusion	status	(warm	or	cold)
Uncertain	systemic	or	pulmonary	vascular	resistance
Worsening	kidney	function

To	guide	IV	vasodilator	or	inotropic	therapy

To	guide	potential	mechanical	cardiac	support	or	heart	transplant	decisions

HF,	heart	failure;	IV,	intravenous.

INTENSIVE	CARE	MANAGEMENT	OF
ADVANCED	ACUTE	DECOMPENSATED	HEART
FAILURE

Intravenous	positive	inotropes
5 	 5 	 IV	 positive	 inotropic	 and	 inodilator	 (positive	 inotropy	 and	 vasodilator)
medications	 increase	 cardiac	 output	 primarily	 through	 intracellular	 calcium-
mediated	 inotropy	 of	 cardiac	 myocytes.	 Dobutamine	 and	 dopamine	 increase
inotropy	 via	 β-receptor	 agonism,	while	milrinone	 inhibits	 phosphodiesterase-3
from	metabolizing	cyclic	AMP.	Despite	the	theoretical	attractiveness	of	positive
inotropy	 in	HFrEF	and	 improvement	of	 hemodynamics,	multiple	 clinical	 trials
have	demonstrated	 increased	adverse	events	 including	 increased	mortality	with
positive	 inotropic	medications.73	 The	 adverse	 events	 of	 positive	 inotropy	 from
increased	 intracellular	 calcium	 are	 inextricably	 linked	 to	 the	 mechanism	 of
action,	 which	 increases	 myocardial	 oxygen	 demand	 and	 increases	 arrhythmia
risk.	 Even	 48-hours	 of	 IV	 milrinone	 increased	 arrhythmias	 and	 hypotensive
episodes	 relative	 to	 placebo	 in	 a	 randomized	 trial	 of	 ADHF.36	 Currently,	 IV
inotropes	are	only	recommended	for	patients	with	advanced	HFrEF	complicated
by	cardiogenic	shock	as	short-term	therapy	 to	maintain	systemic	perfusion	and
end-organ	 function.22	 Long-term	 therapy	 should	 be	 reserved	 for	 inotrope-
dependent	 patients	 as	 a	 “bridge”	 to	 either	 heart	 transplantation,	 mechanical
cardiac	 support,	 or	 palliative	 care.22	 Despite	 these	 guidelines,	 considerable



heterogenicity	continues	to	exist	regarding	usage	of	IV	positive	inotropic	agents.
In	contemporary	registry	analyses,	IV	inotropes	are	used	in	approximately	6%	of
ADHF	 hospitalizations,	 displaying	 wide	 institutional	 variation	 that	 is	 not
explained	by	illness	severity.74,75

Selection	of	the	specific	inotropic	medication	is	dependent	on	several	clinical
considerations	and	in	practice	the	differences	between	agents	are	likely	of	more
theoretical	than	practical	importance	(Table	190.7).	Milrinone	has	a	longer	half-
life,	increasing	the	time	to	steady	state	with	initiation.	A	loading	dose	IV	bolus
can	be	used	to	increase	the	time	to	initial	effect;	however,	this	is	associated	with
substantially	more	hypotension	and	is	generally	omitted	in	clinical	practice.	For
patients	 with	 low	 blood	 pressure,	 dopamine	 has	 the	 least	 reduction	 of	 blood
pressure	followed	by	dobutamine	with	milrinone	causing	the	greatest	decrease	in
blood	pressure.	To	the	contrary,	for	patients	with	an	elevated	systemic	vascular
resistance,	milrinone	 can	 be	 particularly	 useful	 due	 to	 this	 vasodilatory	 effect.
Milrinone	is	also	renally	eliminated,	necessitating	dose	adjustments	unlike	other
inotropes.	By	and	large,	β-blocker	therapy	should	be	discontinued	if	low	cardiac
output	 necessitates	 inotropic	 therapy.	 Recent	 β-blocker	 administration	 will
directly	 antagonize	 the	 β-mediated	 effects	 of	 dobutamine	 and	 dopamine,
attenuating	 the	 response.	 Milrinone	 may	 be	 preferentially	 chosen,	 or	 higher
dobutamine	infusion	rates	may	be	temporarily	required.

TABLE	190.7

Positive	IV	Inotropic	Medications

Medication Initial
Infusion	Rate

Maximal
Infusion
Rate

Half-
Life CO HR SVR

Dobutamine 2.5-5	μg/kg/min 20	μg/kg/min 2
min

Milrinone 0.25-
0.375	μg/kg/min

0.75	μg/kg/min 2.5	h



Dopamine 2-5	μg/kg/min 20	μg/kg/min 2
min

1	5	10	15	20	μg/kg/min
1-5	μg/kg/min	increase	renal	blood	flow	via
dopaminergic	receptors;	Increase	cardiac
output	via	β1-receptor	stimulation;	Increase
SVR	via	α1-receptor	stimulation

CO,	cardiac	output;	HR,	heart	rate;	IV,	intravenous;	SVR,	systemic	vascular	resistance.

Cardiogenic	Shock
Cardiogenic	shock	is	broadly	defined	as	low	cardiac	output	that	causes	clinical
and	laboratory	evidence	of	tissue	hypoperfusion.76	Clinical	 trials	of	cardiogenic
shock	 have	 utilized	 inclusion	 criteria	 including	 a	 sustained	 systolic	 blood
pressure	 <90	mm	Hg	 or	 the	 use	 if	 inotropes/vasopressors	 to	maintain	 systolic
blood	 pressure	 >90	 mm	 Hg,	 evidence	 of	 end-organ	 perfusion,	 and	 laboratory
abnormalities	 indicating	 hypoperfusion	 (eg,	 elevated	 serum	 lactate).76	 Classic
cardiogenic	 shock	 is	 a	 severe	 subgroup	 of	 the	 “cold	 and	 wet”	 hemodynamic
quadrant,	 displaying	 elevated	 filling	 pressures,	 low	 cardiac	 output,	 and	 often
elevated	 systemic	 vascular	 resistance.	 During	 severe	 cardiogenic	 shock,	 a
vasodilatory	 profile	 may	 accompany	 high	 filling	 pressures	 and	 a	 low	 cardiac
output.	 As	 cardiogenic	 shock	 encompasses	 a	 spectrum	 of	 severity,	 ventricular
filling	pressures,	and	etiologies,	continuous	invasive	hemodynamic	monitoring	is
commonly	utilized	 for	 the	management	of	 cardiogenic	 shock.76,77	 To	 help	with
cardiogenic	shock	severity	grading	and	communication,	a	5-stage	 (A,	B,	C,	D,
E)	 classification	 system	of	 cardiogenic	 shock	has	been	validated	 and	endorsed
by	multiple	cardiovascular	societies78	(Table	190.8).



TABLE	190.8

Classifications	of	Cardiogenic	Shock

Stage Description
Exam	and
Laboratory
Profile

Hemodynamics

A At	Risk	
Acute	decompensated
HF

Baseline	end-organ
function
Normotensive

N/A

B Beginning	cardiogenic
shock	
Relative,	subclinical
hypoperfusion

“Warm	and	wet”
exam
SBP	<90	mm	Hg
HR	>	100	bpm
Mildly	worsening
kidney	function

CI	>	2.2

C Classic	cardiogenic
shock	
Clinical	hypoperfusion
requiring	inotropic,
vasopressor,	and/or
mechanical	cardiac
support

“Cold	and	wet”
exam
SBP	<90	mm	Hg
Lactate	>2	mmol/L
Increased	LFTs
>200%	increase	in
serum	creatinine	or
UOP	<30	mL/h

CI	<	2.2
PCWP	>15
RAP/PCWP	>0.8

D Deteriorating
cardiogenic	shock	
Stage	C	patient	who	is
not	responding	to	initial
medical	or	mechanical
cardiac	support	therapy

Stage	C
characteristics	and
deteriorating	despite
cardiac	support
therapy

CI	<	2.2
PCWP	>15
RAP/PCWP	>0.8

E Extremis	
Cardiac	arrest	with
ongoing	CPR	or	ECMO

Near	pulseless
Mechanical
ventilation

CI	<	2.2
PCWP	>15
RAP/PCWP	>0.8



CI,	cardiac	index	in	mL/min/m2;	CPR,	cardiopulmonary	resuscitation;	ECMO,	extracorporeal
membrane	oxygenation;	HF,	heart	failure;	HR,	heart	rate	in	bpm;	LFTs,	liver	function	tests;	N/A,
not	applicable;	PCWP,	pulmonary	capillary	wedge	pressure	in	mmHg;	RAP,	right	atrial	pressure	in
mmHg;	SBP,	systolic	blood	pressure	in	mmHg;	UOP,	urine	output.

Mechanical	Circulatory	Support
For	 patients	 refractory	 to	 medical	 management	 of	 cardiogenic	 shock	 with	 IV
positive	 inotropes	 and	 vasopressors,	 temporary	 mechanical	 cardiac	 support
(MCS)	 devices	 can	 be	 considered	 to	 stabilize	 hemodynamics	 for	 appropriate
candidates.	 Patients	 with	 reversible	 causes	 of	 cardiogenic	 shock	 or	 requiring
temporary	bridging	to	 longer-term	solutions	such	as	heart	 transplant	or	durable
left-ventricular	 assist	 device	 implantation	 may	 be	 candidates.	 Conversely,
patients	with	anoxic	brain	injury,	irreversible	end-organ	failure,	severe	peripheral
vascular	 disease	 prohibiting	 device	 access,	 contraindications	 to	 systemic
anticoagulation,	 or	 “do	 not	 hospitalize”	 status	 may	 be	 poor	 candidates.	 The
benefits	 of	 MCS	 devices	 include	 reduced	 ventricular	 work,	 reduced
intraventricular	filling	pressure,	and	increased	blood	flow.	MCS	devices	increase
the	risk	of	major	bleeding	and	limb	ischemia	due	to	large	arterial	cannulas	and
frequent	 need	 for	 systemic	 anticoagulation	 to	 reduce	 the	 risk	 of
thromboembolism.79

Several	 MCS	 devices	 are	 available,	 differing	 by	 the	 ventricle	 supported,
anatomical	 location	of	 the	device	and	 insertion	sites,	and	degree	of	blood	flow
support	provided	(Table	190.9).	Selection	of	the	MCS	device	depends	on	device
factors,	 patient	 profile,	 vascular	 access	 options,	 and	 institutional	 device
availability	 and	 expertise.	 Intra-aortic	 balloon	 pumps	 (IABP)	 consist	 of	 a
catheter	with	 a	 balloon	 that	 can	 be	 inflated	 and	 deflated	with	 helium.	 From	 a
femoral	or	axillary	artery	insertion	site,	 the	balloon	is	placed	in	the	descending
aorta	 below	 the	 left	 subclavian	 artery	 branch.	A	 console	 times	 inflation	 to	 the
cardiac	 cycle,	 inflating	 the	 balloon	 during	 diastole	 to	 displace	 blood	 into	 the
coronary	arteries	and	augment	cardiac	output	and	deflating	just	prior	to	systole
to	 decrease	 left	 ventricular	 afterload.	 Monitoring	 includes	 serial	 chest
radiography	 and	 distal	 pulse	 monitoring	 to	 ensure	 correct	 placement	 and
complete	blood	count	monitoring	to	evaluate	for	bleeding	and	thrombocytopenia
from	either	the	device	or	the	concomitant	anticoagulation	required.

TABLE	190.9



Mechanical	Cardiac	Support	Devices

Device IABP
Impella TandemHeart

Impella Impella
RP

TandemHeart
LA-FA

TandemHeart
RA-PA

Ventricular
support

Left Left Right Left Right

Anatomical
location

Intra-
aortic
distal
aortic
arch

LV	to
aorta
across
AV

RA	to
PA
across
PV

LA	to	femoral
artery

RA	to
pulmonary
artery

Insertion Femoral
or
axillary
artery

Femoral
or
axillary
artery

Femoral
vein

Femoral	artery
and	vein

Internal	jugular
vein

Mechanism	of
support

Balloon
inflation
in
diastole
and
deflation
in
systole

Intravascular
centrifugal	flow
pump

External	centrifugal	flow	pump
from	the	atria	to	the	femoral	or
pulmonic	artery

Blood	flow
(L/min)

0.5 2.5a	
5.0
5.5

4.0 4.0 4.0

Afterload Decrease Decrease Neutral Increase Neutral

Coronary
perfusion

Increase Increase Neutral Neutral Neutral

Intraventricular
pressure

Decrease Decrease Decrease Decrease Decrease



aImpella	is	supplied	as	a	2.5,	5.0,	and	5.5	device,	indicating	the	flow	rate.	An	Impella	2.5	cannot
provide	a	flow	rate	above	2.5	L/min.
IABP,	intra-aortic	balloon	pump;	VA-ECMO,	venoarterial	extracorporeal	membrane	oxygenation;
FA,	femoral	artery;	LA,	left	atrium;	RA,	right	atrium;	PA,	pulmonary	artery;	LV,	left	ventricle;	AV,
aortic	valve;	PV,	pulmonic	valve.

The	Impella	(microaxial	flow)	devices	utilize	the	principle	of	an	Archimedes
screw	 to	 continuously	 pump	 blood	 from	 the	 ventricle	 and	 provide	 greater
increases	in	blood	flow	than	IABP.	Consisting	of	a	micropump	inside	a	catheter,
Impella	 devices	 are	 deployed	 across	 either	 the	 pulmonic	 or	 aortic	 valve	 to
provide	right	or	left	ventricular	support	respectively.	The	numbers	following	the
device	name	 indicate	 the	blood	flow	provided	 in	 liters/minute.	 Impella	2.5	can
be	 inserted	 percutaneously	while	 the	 larger	 devices	 require	 surgical	 placement
into	 the	 axillary	 or	 femoral	 artery.	 In	 addition	 to	 systemic	 anticoagulation,
Impella	devices	require	a	countercurrent	continuous	infusion	of	a	purge	solution
through	the	catheter	 to	prevent	blood	from	entering	the	motor.	Achievement	of
better	 hemodynamic	 improvement	 with	 Impella	 devices	 has	 not	 improved	 in-
hospital	mortality	compared	to	IABP,	which	remains	high	(∼40%)	regardless	of
the	mechanical	cardiac	support	device	utilized.78,80

The	TandemHeart	LA-FA	is	an	external	centrifugal	pump	with	a	percutaneous
catheter	 inserted	 into	 the	 femoral	 vein	 and	 advanced	 into	 the	 left	 atrium	 via
transseptal	puncture	 from	 the	 right	atrium.	Oxygenated	blood	 is	 removed	 from
the	 left	atrium	and	pumped	 into	 the	femoral	artery	via	an	arterial	cannula.	The
TandemHeart	RA-PA	uses	 a	 similar	 approach	 to	 support	 the	 right	 ventricle	 by
pumping	 blood	 from	 the	 right	 atrium	 to	 the	 pulmonary	 artery.	 Venoarterial
extracorporeal	 membrane	 oxygenation	 (VA-ECMO)	 removes	 deoxygenated
blood	 from	 the	 right	 atrium,	 oxygenates	 the	 blood	 in	 an	 external	 oxygenator
while	removing	carbon	dioxide,	and	returns	oxygenated	blood	into	 the	femoral
artery.	 VA-ECMO	 is	 of	 particular	 value	 when	 respiratory	 failure	 is	 present.
Thrombocytopenia	 is	 common	 and	 can	 be	 due	 to	 consumption	 by	 the	 ECMO
device.

CONCLUSIONS
The	 patient	 with	 ADHF	 requires	 an	 individualized	 approach	 based	 on
classification	by	hemodynamic	status,	ejection	fraction,	etiology/precipitant,	and
comorbidities.	 Meticulous	 attention	 to	 volume	 status	 is	 required	 to	 ensure
decongestion	is	achieved.	Clinical	judgment	incorporating	laboratory	data,	vital



signs,	 physical	 exam	 findings,	 patient-reported	 symptom	 changes,	 and,	 when
indicated,	invasive	hemodynamic	monitoring	is	required	to	select	and	titrate	the
appropriate	medical	 therapies	 for	 each	 individual.	 In	 addition	 to	 decongestion
and	symptom	relief,	 the	hospital	episode	can	also	serve	as	a	 time	 to	optimized
GDMT	and	reduce	the	risk	of	future	morbidity	and	mortality	(Table	190.10).

TABLE	190-10

Summary	of	Recommendations	Based	Upon	Randomized
Controlled	Clinical	Trials

Recommendation
Randomized
Controlled
Clinical
trials

Initial	IV	loop	diuretic	dosing	should	be	guided	by
multiplying	the	home	total	daily	diuretic	dose	by
approximately	2.5	and	administering	in	either	divided	IV
boluses	twice	daily	or	as	a	continuous	infusion

DOSE-HF27

Subsequent	diuretic	doses	and	decongestive	therapies	should
be	titrated	to	meet	acute	decongestion	goals

CARRESS-
HF28

Ultrafiltration	is	not	superior	to	diuretic	therapies	and	should
not	routinely	be	used	over	diuretic	therapies	in
uncomplicated	patients	with	ADHF

CARRESS-
HF28

Unless	treating	concomitant	hypertensive	emergency	or
dyspnea	with	impending	respiratory	failure,	routine	use	of
acute	vasodilator	therapies	do	not	add	benefit	in	ADHF

ASCEND-
HF45	
GALACTIC44	
ROSE35

Guideline-directed	medical	therapies	for	HFrEF	including
ACEI	or	ARB	or	sacubitril/valsartan,	β-blockers,
mineralocorticoid	antagonists,	and	SGLT2i	should	be
initiated	during	hospitalization	in	hemodynamically	stable
patients	who	are	appropriate	candidates

PIONEER49	
SOLOIST48



Patients	with	ADHF	should	be	screened	for	iron	deficiency
and	treated	with	IV	iron	if	deficient	even	if	not	anemic

AFFIRM-
AHF63

Invasive	hemodynamic	monitoring	and	IV	inotropes	are	only
recommended	in	patients	with	HFrEF	complicated	by
cardiogenic	shock	as	short-term	therapy

ESCAPE72	
OPTIME36

ACEI,	ACE	inhibitor;	ADHF,	acute	decompensated	heart	failure;	ARB,	angiotensin	receptor
blocker;	HFrEF,	heart	failure	with	reduced	ejection	fraction.;	IV,	intravenous;	SGLT2i,	sodium-
glucose	cotransporter	2	inhibitors.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	71-year-old	man	is	hospitalized	for	acute	decompensated	heart	failure
(ADHF)	complicated	by	worsening	renal	function	and	hypotension.	Past	medical
history	is	significant	for	the	heart	failure,	with	reduced	ejection	fraction	of	20%,
coronary	artery	disease,	atrial	fibrillation,	and	chronic	kidney	disease.	Home
medications	include	lisinopril	2.5	mg	once	daily,	carvedilol	6.25	mg	twice	daily,
dapagliflozin	10	mg	once	daily,	spironolactone	25	mg	once	daily,	aspirin	81	mg
daily,	rosuvastatin	20	mg	daily,	amiodarone	200	mg	once	daily,	warfarin	5	mg
once	daily,	and	torsemide	40	mg	once	daily.	Vital	signs	are	heart	rate	of	105
beats/min,	blood	pressure	of	119/94	mm	Hg,	respiratory	rate	of	19	breaths/min,
and	oxygen	saturation	of	98%	on	room	air.	On	physical	exam,	both	extremities
feel	cool,	and	you	appreciate	jugular	distension	to	the	angle	of	the	jaw	sitting
upright	at	90°	along	with	2+	bilateral	lower	extremity	edema	to	the	knees.
Laboratory	values	are	serum	sodium	of	130	mEq/L,	blood	urea	nitrogen	of
59	mg/dL,	serum	creatinine	of	2.1	mg/dL	from	a	baseline	of	1.5	mg/dL,
international	normalized	ratio	of	1.7,	serum	lactate	of	1.8	mmol/L,	and	b-
natriuretic	peptide	of	980	pg/mL.	Electrocardiogram	shows	sinus	rhythm	with
heart	rate	of	99	beats/min.	The	emergency	department	administered	furosemide
160	mg	IV	with	a	urine	output	of	250	mL	over	2	hours.	Upon	arrival	to	the
intensive	care	unit,	a	pulmonary	artery	catheter	is	placed	with	the	following
baseline	hemodynamic	values:	central	venous	pressure	=	16	mm	Hg,	pulmonary
capillary	wedge	pressure	=	28	mm	Hg,	pulmonary	artery	oxygen
saturation	=	60%,	cardiac	index	=	1.6	mL/min/m2,	systemic	vascular	resistance
2280	dynes-sec/cm-5.	What	is	the	most	appropriate	next	step	in	management?



A. 	Arterial	vasodilator	therapy	followed	by	furosemide	200	mg	IV
B. 	Dopamine	15	mcg/kg/min	infusion
C. 	Furosemide	200	mg	IV
D. 	Nitroglycerin	10	mcg/min	infusion	followed	by	furosemide	200	mg
IV

2. 	A	64-year-old	woman	is	hospitalized	for	a	1	week	history	of	worsening
shortness	of	breath,	lower	extremity	edema,	and	12	kg	weight	gain.	Past	medical
history	is	significant	for	heart	failure	with	preserved	ejection	fraction,	2	diabetes,
and	hypertension.	Home	medications	include	amlodipine	5	mg	once	daily,
valsartan	80	mg	twice	daily,	dapagliflozin	10	mg	once	daily,	metformin	500	mg
twice	daily,	spironolactone	50	mg	once	daily,	and	furosemide	80	mg	twice	daily.
Upon	questioning,	the	patient	admits	nonadherence	with	dietary	sodium
restrictions	and	did	not	take	her	oral	furosemide	for	the	past	week	while	on
vacation.	Vital	signs	are	heart	rate	of	90	beats/min,	blood	pressure	of	146/81	mm
Hg,	respiratory	rate	of	17	breaths/min,	and	oxygen	saturation	of	97%	with
2	L/min	oxygen	requirement,	which	is	new.	On	physical	exam	the	patient	is	in
mild	respiratory	distress	but	stable,	and	you	appreciate	jugular	venous	distension
to	the	angle	of	the	jaw	sitting	upright	at	90°	and	2+	bilateral	lower	extremity
edema	to	the	knees.	Laboratory	values	are	notable	for	a	serum	sodium	of	138
mEq/L,	blood	urea	nitrogen	of	29	mg/dL,	serum	creatinine	of	1.5	mg/dL	from	a
baseline	of	1.2	mg/dL,	and	b-natriuretic	peptide	of	2780	pg/mL.	Your	diagnosis
is	“warm	and	wet”	acute	decompensated	heart	failure	(ADHF).	What	is	the	most
appropriate	management?

A. 	Furosemide	40	mg	IV	daily
B. 	Furosemide	40	mg	IV	daily	along	with	milrinone
C. 	Furosemide	80	mg	IV	twice	daily	along	with	sodium	nitroprusside
continuous	infusion
D. 	Furosemide	200	mg	IV	twice	daily

3. 	A	64-year	old	woman	with	congestive	heart	failure	is	now	feeling	better
after	3	days	of	diuresis.	Current	cardiac	medications	include	furosemide	IV,
amlodipine,	valsartan,	and	spironolactone.	Weight	has	decreased	8	kg	and	the
patient	is	no	longer	requiring	supplemental	oxygen	therapy.	On	physical
examination,	you	note	bilateral	lower	extremity	edema	to	the	mid	shin	and	a
jugular	venous	pressure	of	10	mm	Hg	sitting	upright	at	90°.	Blood	pressure	is
126/75	mm	Hg.	In	the	past	24	hours,	the	patient	had	4	liters	of	urine	output	and
lost	2	kg.	Since	admission,	serum	creatinine	had	improved	to	baseline



(1.2	mg/dL)	but	this	morning’s	level	has	risen	back	to	1.5	mg/dL.	What	is	the
most	appropriate	management?

A. 	Continue	furosemide	regimen
B. 	Continue	furosemide	regimen	and	add	dobutamine
C. 	Stop	furosemide
D. 	Stop	furosemide	and	administer	1	liter	of	intravenous	crystalloid

Answers

1.	The	correct	answer	is	A.
Rationale:	 Ideally	 the	 hemodynamic	 lesion	 (vasoconstriction)	 should	 be

addressed	 concurrently,	 or	 prior	 to,	 aggressive	 intravenous	 (IV)	 diuresis.
Although	the	cardiac	 index	is	depressed,	 this	 is	driven	by	an	elevated	systemic
vascular	 resistance.	 Therefore,	 the	 risks	 of	 inotropic	 therapy	 can	 likely	 be
avoided	with	 the	use	of	vasodilators,	with	 the	goal	of	decreasing	afterload	and
increasing	cardiac	output.	Either	oral	or	 intravenous	arterial	vasodilators	 could
be	used	in	conjunction	with	increased	IV	loop	diuretic	dose	in	this	case	(choice
A	is	correct).	Dopamine	at	15	mcg/kg/min	dose	has	the	least	effect	on	decreasing
systemic	vascular	resistance	and	is	unlikely	to	make	significant	improvements	in
diuresis	 (choice	 B	 is	 incorrect).	 Lower	 dose	 dopamine	 or	 an	 inotrope	 with
vasodilatory	 effects	 like	 milrinone	 would	 not	 be	 incorrect,	 but	 may	 be	 less
favorable	 than	 arterial	 vasodilators	 given	 a	 higher	 risk	 of	 adverse	 events.
Diuresis	 alone	 with	 only	 a	 small	 increase	 in	 dose	 is	 unlikely	 to	 result	 in
resolution	of	his	symptoms	or	worsening	renal	function	(choice	C	is	incorrect),
as	vasoconstriction	and	poor	perfusion	is	a	significant	mechanism	of	the	ADHF
in	 this	patient.	Nitroglycerin	 infusion	at	 this	 low	dose	will	not	provide	arterial
vasodilation	 (choice	D	 is	 incorrect).	Fluid	boluses	while	not	 listed	 as	 a	 choice
would	 also	 be	 incorrect	 because	 the	 patient	 is	 hypervolemic,	 as	 indicated	 by
elevated	 central	 venous	pressure	 and	pulmonary	 capillary	wedge	pressure,	 and
so	more	fluids	will	not	improve	cardiac	or	end-organ	function.

2.	The	correct	answer	is	D.
Rationale:	The	primary	pathophysiologic	 lesion	 in	 this	patient	 is	 total	 body

fluid	 overload,	 and	 thus	 the	 patient	 needs	 intravenous	 diuresis	 with	 a	 loop
diuretic	to	improve	dyspnea.	The	proper	initial	dose	of	IV	furosemide	should	be
greater	than	the	home	diuretic	regimen	that	they	already	failed.	Two-and-a-half
times	the	home	dose,	which	is	200	mg	in	this	case,	was	studied	in	the	DOSE	trial



and	 appeared	 to	 be	 safe	 and	 effective	 for	 rapid	 diuresis	 (choice	D	 is	 correct).
Answer	A	is	 incorrect	because	 that	dose	of	 furosemide	 is	 too	 low	for	a	patient
that	 is	 not	 naïve	 to	 loop	 diuretics,	 having	 been	 on	 an	 80	 mg	 oral	 dose
chronically.	 As	 the	 patient	 has	 heart	 failure	 with	 preserved	 ejection	 fraction
(HFpEF),	 intravenous	 arterial	 vasodilators	 such	 as	 IV	 sodium	 nitroprusside	 is
associated	 with	 greater	 risk	 of	 hypotension	 without	 significantly	 improving
cardiac	output	(choice	C	is	incorrect).	Choice	B	is	incorrect	as	positive	inotropic
medications	are	not	indicated	for	“warm	and	wet”	heart	failure.

3.	The	correct	answer	is	A.
Rationale:	 The	 patient	 is	 clinically	 improving	 but	 has	 mildly	 increasing

serum	creatinine	 in	 the	setting	of	an	excellent	diuretic	 response.	As	 the	patient
still	 has	 objective	 signs	 of	 hypervolemia	 and	 is	 above	 her	 dry	 weight,
intravenous	 loop	 diuretic	 therapy	 should	 be	 continued	 (choice	 A	 is	 correct).
Leaving	patients	in	acute	decompensated	heart	failure	(ADHF)	hypervolemic	to
avoid	mild	increases	in	serum	creatinine	is	associated	with	worse	outcomes.	This
patient	 is	 a	 “warm	 and	 wet”	 ADHF	 phenoand	 not	 in	 need	 of	 an	 inotrope.
Although	not	 listed	as	 a	 choice,	 there	would	be	no	need	 to	 add	metolazone	or
otherwise	increase	diuretic	therapy	at	this	time.
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Chapter	191
Pharmacological	Management	of	Shock
and	Hypotension
Michael	M.	Givertz,	James	C.	Fang

KEY	POINTS:
1.	 The	assessment	of	the	hypotensive	patient	begins	with	accurate

measurement	of	the	blood	pressure	and	rapid	correlation	with	clinical
signs	of	hypoperfusion.

2.	 The	history	and	physical	examination	should	be	directed	toward
establishing	the	primary	mechanism	and	cause	of	hypotension.
Primary	mechanisms	include	hypovolemia,	low	cardiac	output,	and
vasodilation.

3.	 Initial	management	strategies	are	directed	at	the	primary	cause	of
hypotension	(eg,	positive	volume	for	hypovolemia,	inotropes	for	low
cardiac	output,	and	vasopressors	for	vasoplegia).

4.	 Most	vasopressor	and	positive	inotropic	agents	are
sympathomimetic	amines	that	exert	their	action	by	binding	to	and
stimulating	adrenergic	receptors.

5.	 Norepinephrine	is	a	potent	vasopressor	and	the	agent	of	choice	for
the	management	of	hypotension	in	hyperdynamic	septic	shock.

6.	 Because	of	its	adverse	effects	on	splanchnic	and	renal	blood	flow
and	potential	for	inducing	myocardial	ischemia	and
tachyarrhythmias,	epinephrine	is	a	second-line	agent	for	the
management	of	distributive	shock.

7.	 The	rapid	onset	of	action,	short	duration,	and	primary	vascular
effects	of	vasopressin	make	it	an	ideal	agent	for	treating
hemodynamically	unstable	patients,	but	there	are	few	data	regarding



its	relative	efficacy	compared	with	norepinephrine	and	dopamine.
8.	 The	use	of	dopamine	is	associated	with	several	adverse	effects,

including	tachycardia,	tachyarrhythmias,	and	excessive
vasoconstriction.	While	generally	dose-dependent,	these	effects	may
occur	even	at	low	doses.

9.	 For	patients	with	cardiogenic	shock,	the	effects	of	dobutamine	on
systemic	vascular	resistance	and	blood	pressure	are	difficult	to
predict.	Therefore,	it	is	often	administered	in	combination	with
norepinephrine	or	vasopressin.

10.	 Vasopressin	has	emerged	as	a	safe	alternative	to	adrenergic
vasopressors	for	the	treatment	of	refractory	vasodilatory	shock.	Its
mechanism	of	action	likely	involves	binding	to	V1	receptors	on
vascular	smooth	muscle	cells.

11.	 Milrinone	does	not	require	binding	to	adrenergic	receptors	to	exert	its
effects,	which	makes	it	useful	for	the	treatment	of	patients	taking	β-
adrenergic	antagonists	or	those	with	advanced	heart	failure	that	may
be	resistant	to	β-agonist	stimulation	with	dobutamine.

12.	 The	administration	of	stress-dose	steroids	to	patients	suspected	of
having	relative	impairment	of	adrenocortical	response	may	be	helpful
for	restoring	normal	hemodynamics	and	improving	outcomes.

13.	 For	the	volume-resuscitated	patient	with	persistent	hypotension,
vasoactive	medications	are	administered	with	the	goal	of	improving
arterial	pressure	while	avoiding	myocardial	ischemia,	arrhythmias,
and	excess	vasoconstriction.

14.	 Fluid	resuscitation	and	careful	attention	to	intravascular	volume	are
paramount,	as	up	to	50%	of	patients	with	hypotension	related	to
sepsis	stabilize	after	fluids	alone.

15.	 Higher	numbers	of	vasoactive	drugs,	the	doses	required,	and	the
duration	of	therapy	to	maintain	end-organ	perfusion	and	blood
pressure	are	associated	with	greater	mortality	than	lower	numbers	of
vasoactive	drugs.

INTRODUCTION



Hypotension	 and	 hemodynamic	 instability	 are	 frequently	 encountered	 clinical
problems	 in	 the	 intensive	 care	 setting.	When	 the	mean	 arterial	 blood	 pressure
falls	 below	 approximately	 60	 mm	 Hg,	 end-organ	 perfusion	 becomes
compromised	and	 is	manifested	clinically	as	cool	skin,	decreased	urine	output,
and	 altered	 mental	 status.	 The	 cornerstones	 of	 management	 include	 volume
resuscitation	 and	 therapy	 directed	 toward	 the	 underlying	 cause	 of	 hypotension
(eg,	 cardiac	 pacing	 for	 bradycardia,	 cardioversion	 or	 defibrillation	 for
tachyarrhythmias,	blood	transfusion	for	gastrointestinal	bleeding,	corticosteroids
for	 adrenal	 insufficiency).	When	 these	measures	 fail	 to	 restore	 blood	 pressure
and	vital	organ	perfusion	or	while	awaiting	 their	availability,	 administration	of
intravenous	 vasoactive	 agents	 may	 be	 necessary.	 This	 chapter	 reviews	 the
general	 management	 of	 the	 hypotensive	 patient	 with	 an	 emphasis	 on
cardiovascular	 care	 and	 the	 pharmacological	 properties	 of	 commonly	 used
vasopressor	and	positive	inotropic	agents.

Resuscitation	 and	pharmacological	 support	 for	 shock	 following	hemorrhage
(Chapter	36)	and	sepsis	(Chapter	38),	and	use	of	mechanical	circulatory	support
devices	(Chapter	192)	are	discussed	elsewhere.

GENERAL	APPROACH	TO	THE	HYPOTENSIVE
PATIENT	IN	THE	CARDIAC	INTENSIVE	CARE
UNIT
1 	The	assessment	of	the	hypotensive	patient	begins	with	accurate	measurement
of	the	blood	pressure	and	rapid	correlation	with	clinical	signs	of	hypoperfusion.
Blood	 pressure	 should	 be	 measured	 in	 both	 arms	 and	 confirmed	 by	 another
examiner.	This	practice	is	especially	important	when	automated	devices	are	used
to	make	 these	measurements	 in	 the	 setting	 of	 tachyarrhythmias	 or	 respiratory
distress.	 For	 patients	 with	 peripheral	 arterial	 disease,	 upper	 extremity	 blood
pressure	 should	 also	 be	 compared	 to	 measurements	 in	 the	 legs	 in	 the	 supine
position.	 In	 rare	 circumstances,	 true	 central	 aortic	 pressure	 may	 differ
significantly	 from	 peripherally	 obtained	 blood	 pressures	 and	 can	 only	 be
confirmed	 by	 invasive	 measurement	 during	 diagnostic	 catheterization.	 This
situation	 should	 be	 suspected	 when	 clinical	 features	 of	 hypoperfusion	 do	 not
accompany	low	blood	pressure.

Hypotension	 is	 generally	 defined	 as	 a	 mean	 arterial	 pressure	 of	 less	 than
60	 mm	 Hg	 and/or	 a	 systolic	 blood	 pressure	 less	 than	 90	 mm	 Hg.	 However,
higher	values	may	be	consistent	with	clinically	relevant	hypotension	if	there	are



concomitant	 clinical	 signs	 of	 hypoperfusion	 such	 as	 mental	 status	 changes,
oliguria,	 pallor,	 and	 cool	 extremities.	 When	 clinically	 relevant	 hypotension
cannot	be	rapidly	corrected,	invasive	monitoring	with	an	arterial	line	should	be
considered,	 especially	 when	 vasoactive	 medications	 are	 employed.	 A	 central
venous	catheter	can	be	helpful	for	rapid	administration	of	drugs	and	intravenous
fluids.	 Indwelling	 urinary	 catheterization	 should	 also	 be	 employed	 to	 assess
hourly	urine	output	as	a	surrogate	for	end-organ	perfusion.

2 	 The	 history	 and	 physical	 examination	 should	 be	 directed	 toward
establishing	 the	 primary	 mechanism	 and	 cause	 of	 hypotension.	 Primary
mechanisms	 include	 hypovolemia,	 low	 cardiac	 output,	 and	 vasodilation.
Assessing	volume	status	is	critical;	if	not	discernible	from	the	bedside	evaluation
(jugular	 venous	 pressure,	 skin	 turgor,	 urine	 output,	 orthostasis),	 invasive
measurement	of	the	central	venous	pressure	can	be	helpful.	If	there	are	clinical
reasons	to	suggest	a	dissociation	of	right	and	left	ventricular	hemodynamics	(ie,
right	 ventricular	 infarction,	 acute	 pulmonary	 embolism),	 pulmonary	 artery
catheterization	may	be	 required	 to	measure	 the	 left	ventricular	 filling	pressure.
Warm	well-perfused	skin	and	extremities	despite	hypotension	may	suggest	 low
systemic	vascular	resistance	and	a	vasodilatory	state,	whereas	cool	clammy	skin
and	 extremities	 suggest	 vasoconstriction	 as	 a	 compensatory	 response	 to	 a	 low
output	 syndrome.	 A	 narrow	 pulse	 pressure	 may	 also	 suggest	 reduced	 cardiac
output.	 If	 a	 putative	 mechanism	 of	 hypotension	 cannot	 be	 ascertained	 from
bedside	assessment,	pulmonary	artery	catheterization	can	be	used	to	characterize
the	hemodynamic	profile.	This	strategy	is	especially	useful	when	more	than	one
mechanism	is	present	(for	example,	a	large	myocardial	infarction	complicated	by
pneumonia,	 leading	to	cardiogenic	and	distributive	shock),	which	is	a	common
scenario	in	the	contemporary	cardiovascular	intensive	care	unit	(ICU).

3 	 Initial	 management	 strategies	 are	 directed	 at	 the	 primary	 cause	 of
hypotension	and	addressed	later	in	this	chapter.	In	general,	therapy	is	guided	by
the	 primary	 pathophysiological	 mechanism	 underlying	 the	 hypotension	 (eg,
volume	resuscitation	for	hypovolemia,	positive	inotropes	for	low	cardiac	output,
vasopressors	 for	 vasoplegia).	 The	 pace	 and	 aggressiveness	 of	 therapeutic
intervention	 are	 guided	 by	 the	 presence	 or	 absence	 of	 clinical	 signs	 of
hypoperfusion.	 For	 example,	 holding	 β-blockers	 and/or	 vasodilators	 may	 be
sufficient	 for	 the	 hypotensive	 patient	without	 altered	mental	 status	 or	 reduced
urine	 output.	 In	 contrast,	 the	 acutely	 hypotensive	 patient	 with	 clinical	 shock
needs	 rapid	 resuscitation	 with	 intravascular	 volume	 expansion	 and	 usually
vasoactive	therapy.



ADRENERGIC	RECEPTOR	PHYSIOLOGY
4 	Most	vasopressor	and	positive	inotropic	agents	currently	available	for	use	are
sympathomimetic	 amines	 that	 exert	 their	 action	 by	 binding	 to	 and	 stimulating
adrenergic	receptors.	To	better	understand	the	similarities	and	differences	among
these	agents,	a	basic	knowledge	of	adrenergic	receptor	distribution	and	function
is	required.1

The	 adrenergic	 receptors	 that	 are	 most	 relevant	 to	 the	 management	 of
hypotension	are	the	α1,	β1,	and	β2	receptors.	α1-Adrenergic	receptors	are	present
in	smooth	muscle	cells	of	many	vascular	beds,	including	the	arterioles	supplying
the	skin,	mucosa,	skeletal	muscle,	and	kidneys,	as	well	as	 the	peripheral	veins.
α1-Adrenergic	 stimulation	 causes	 vasoconstriction	 and	 is	 the	 most	 common
mechanism	 of	 vasopressor	 action.	 The	 presence	 of	 α1	 receptors	 has	 also	 been
demonstrated	 in	 the	 myocardium,	 where	 stimulation	 appears	 to	 result	 in	 a
positive	inotropic	effect	with	little	change	in	heart	rate.2	β1-Adrenergic	receptors
are	 the	 predominant	 adrenergic	 receptor	 in	 the	 heart;	 they	 mediate	 positive
inotropic,	 chronotropic	 and	 lusitropic	 responses.	 Stimulation	 of	 β2-adrenergic
receptors	causes	relaxation	of	smooth	muscle	cells	in	bronchial,	gastrointestinal,
and	 uterine	 muscle,	 as	 well	 as	 vasodilation	 of	 skeletal	 muscle.	 β3-Adrenergic
receptors,	 which	 are	 located	 mainly	 in	 adipose	 tissue,	 are	 involved	 in	 the
regulation	of	lipolysis	and	thermogenesis	and	do	not	play	a	role	in	hemodynamic
stability.	Other	relevant	receptors	are	the	dopaminergic	receptors	(DA1	and	DA2),
which	mediate	renal,	coronary,	cerebral,	and	mesenteric	vasodilation,	and	cause
a	natriuretic	response.

The	 receptor	 selectivity	 of	 sympathomimetic	 amines	 can	 be	 drug	 and	 dose
dependent.	For	example,	β2	receptors	are	more	sensitive	to	epinephrine	than	are
α1	 receptors.	 Thus,	 at	 low	 doses	 of	 epinephrine,	 the	 vasodilatory	 effect	 of	 β2
receptors	 predominates,	 whereas	 at	 high	 doses,	 α1-mediated	 vasoconstriction
overcomes	 the	 β2	 effect	 and	 increases	 systemic	 vascular	 resistance.	 The	 dose-
dependent	actions	of	dopamine	have	also	been	well	established.

The	 overall	 clinical	 effects	 of	 vasoactive	 agents	 depend	 not	 only	 on	 the
outcome	of	direct	adrenergic	receptor	stimulation	but	also	on	the	reflex	response
of	 homeostatic	 forces.	 For	 example,	 stimulation	 of	 β1-adrenergic	 receptors	 by
norepinephrine	would	be	expected	 to	cause	an	 increase	 in	heart	 rate;	however,
norepinephrine-mediated	α1-adrenergic	 stimulation	 induces	 a	 reflex	 increase	 in
vagal	tone	that	cancels	out	its	positive	chronotropic	effects.	The	action	of	some
drugs	 (eg,	 dopamine	 and	 ephedrine)	 is	 further	 complicated	 by	 their	 ability	 to



stimulate	release	of	stored	endogenous	catecholamines.

COMMONLY	USED	VASOPRESSORS	AND
POSITIVE	INOTROPES
The	 armamentarium	 of	 vasoactive	 agents	 has	 changed	 little	 since	 the	 1980s.3
Commonly	 used	 drugs	 with	 vasopressor	 activity	 are	 dopamine,	 epinephrine,
norepinephrine,	phenylephrine,	and	ephedrine.	Vasopressin	is	a	newer	alternative
to	adrenergic	vasopressors.	Agents	with	positive	inotropic	activity	that	are	useful
for	 the	 treatment	 of	 hypotension	 include	 dobutamine,	 dopamine,	 epinephrine,
and	 isoproterenol.	 Table	 191.1	 summarizes	 the	 receptor	 activity	 and
hemodynamic	effects	of	these	drugs.

TABLE	191.1

Dose	Range,	Receptor	Activity,	and	Predominant
Hemodynamic	Effects	of	Vasoactive	Drugs	Commonly
Used	to	Treat	Hypotension

Drug Dose
Range Dopamine α1 β1 β2

Heart
Rate

Cardiac
Output

Dobutamine 2.5-
20	μg/kg/min

– + ++++ ++ ↔	↑ ↑↑

Dopamine 1-
5	μg/kg/min

+++ – + – ↔ ↔↑

5-
10	μg/kg/min

++ + ++ – ↑ ↑↑

10-
20	μg/kg/min

++ +++ ++ – ↑↑ ↔	↑

Epinephrine 1-10	μg/min – +++ +++ ++ ↑↑ ↑

Isoproterenol 2-10	μg/min – – +++ +++ ↑↑ ↑↑



Norepinephrine 0.5-
30	μg/min

– +++ ++ – ↔ ↔

Phenylephrine 40-
180	μg/min

– +++ – – ↔	↓ ↔

Vasopressin* 0.01-0.07
U/min

– – – – ↔ ↔	↓

Ephedrine 10-25	mg	IV
q5-10	min

– ++ ++ ++ ↑ ↔

*Stimulates	V1	receptors	in	vascular	smooth	muscle	(see	text).

Norepinephrine
Norepinephrine	 is	 an	 endogenous	 catecholamine	 that	 is	 a	 potent	 β1-	 and	 α1-
adrenergic	 agonist,	 with	 little	 β2	 activity.	 The	 main	 cardiovascular	 effect	 of
norepinephrine	is	dose-dependent	arterial	and	venous	vasoconstriction	owing	to
α-adrenergic	stimulation	(Figure	191.1).	The	positive	inotropic	and	chronotropic
effects	of	β1	stimulation	are	generally	counterbalanced	by	the	increased	afterload
and	 reflex	 vagal	 activity	 induced	 by	 the	 elevated	 systemic	 vascular	 resistance.
Thus,	heart	rate	and	cardiac	output	usually	do	not	change	significantly,	although
cardiac	output	may	 increase	or	 decrease	depending	on	vascular	 resistance,	 left
ventricular	function,	and	reflex	responses.4

	

Cardiovascular	 effects	 of	 intravenous	 infusions	 of	 norepinephrine,
epinephrine,	 and	 isoproterenol	 in	 normal	 human	 subjects.(Modified



from	Westfall	TC,	Westfall	DP.	Adrenergic	agonists	and	antagonists.
In:	 Brunton	 LL,	 ed.	 Goodman	 &	 Gilman’s	 The	 Pharmacological
Basis	of	Therapeutics.	11th	ed.	McGraw-Hill;	2005:237-295).

5 	Norepinephrine,	when	infused	at	doses	ranging	from	0.5	to	30	μg/min,	is	a
potent	vasopressor.	Although	historically	reserved	as	a	second-line	agent	or	used
in	 addition	 to	 other	 vasopressors	 in	 cases	 of	 severe	 distributive	 shock,
norepinephrine	 has	 emerged	 as	 the	 agent	 of	 choice	 for	 the	 management	 of
hypotension	 for	 hyperdynamic	 septic	 shock.5	 In	 a	 small,	 prospective	 double-
blind	trial,	Martin	et	al6	randomized	patients	with	hyperdynamic	septic	shock	to
dopamine	or	norepinephrine	 titrated	 to	a	mean	arterial	pressure	greater	 than	or
equal	 to	 80	 mm	 Hg	 or	 systemic	 vascular	 resistance	 greater	 than
1100	 dynes/sec/cm−5,	 or	 both.	 Although	 only	 5	 of	 16	 patients	 randomized	 to
dopamine	were	able	to	achieve	these	end	points,	15	of	16	patients	randomized	to
norepinephrine	 were	 successfully	 treated	 with	 a	 mean	 dose	 of	 1.5	 μg/kg/min.
Moreover,	 10	 of	 the	 11	 patients	 who	 remained	 hypotensive	 on	 high-dose
dopamine	 improved	 with	 the	 addition	 of	 norepinephrine.	 A	 subsequent
prospective,	nonrandomized,	observational	 study	suggested	 that	 for	adults	with
septic	shock	treated	initially	with	high-dose	dopamine	or	norepinephrine,	the	use
of	 norepinephrine	 was	 associated	 with	 improved	 survival.7	 The	 Sepsis
Occurrence	 in	 Acutely	 Ill	 Patients	 (SOAP)	 II	 trial	 group	 randomized	 1679
patients	 with	 shock	 to	 receive	 either	 dopamine	 or	 norepinephrine	 as	 fist-line
vasopressor	 therapy	 to	 restore	 and	 maintain	 blood	 pressure.8	 There	 was	 no
significant	difference	between	the	groups	in	rate	of	death	at	28	days	(52.5%	vs
48.5%,	 respectively;	 odds	 ratio	 [OR]	 with	 dopamine,	 1.17;	 95%	 confidence
interval	 [CI],	 0.97-1.42;	P	 =	 .10)	 (Figure	191.2A);	 however,	 there	were	more
arrhythmic	events	with	dopamine	(24.1%	vs	12.4%,	P	<	 .0001).	 In	a	subgroup
analysis	of	patients	with	cardiogenic	shock	(n	=	280),	dopamine	was	associated
with	 an	 increased	 risk	 of	 death	 (P	 =	 .03)	 (Figure	 191.2B).	 Meta-analyses	 of
norepinephrine	 vs	 dopamine	 for	 the	 treatment	 of	 septic	 shock	 have	 also
suggested	 that	 norepinephrine	 is	 associated	 with	 reduced	 mortality	 and	 fewer
arrhythmic	events.9	In	the	setting	of	sepsis,	norepinephrine	improves	renal	blood
flow	 and	 urine	 output,	 although	 large	 doses	may	 be	 required	 to	 achieve	 these
effects	due	to	α-receptor	downregulation.10



	

Panel	 A,	 Kaplan-Meier	 curves	 for	 28-day	 survival	 in	 patients	 with
shock	 randomized	 to	 norepinephrine	 (blue	 line)	 or	 dopamine	 (red
line).	Panel	B,	forest	plot	for	predefined	subgroup	analysis	according
to	of	shock.	A	total	of	1044	patients	were	in	septic	shock,	280	were	in
cardiogenic	 shock,	 and	 263	 were	 in	 hypovolemic	 shock.	 CI,
confidence	interval.(Data	from	De	Backer	D,	Biston	P,	Devriendt	J,	et
al.	Comparison	of	dopamine	and	norepinephrine	 in	 the	 treatment	of
shock.	N	Engl	J	Med.	2010;362:779-789.)

Adverse	 effects	 of	 norepinephrine	 include	 increased	 myocardial	 oxygen
consumption	causing	ischemia	and	renal	and	mesenteric	vasoconstriction.	Renal
ischemia	 may	 be	 of	 particular	 concern	 for	 patients	 with	 hemorrhagic	 shock.
Norepinephrine	can	also	cause	necrosis	and	sloughing	at	the	site	of	intravenous
injection	 owing	 to	 drug	 extravasation.	 Norepinephrine	 is	 relatively
contraindicated	 for	 patients	 with	 hypovolemia.	 As	 previously	 discussed,	 the
overall	 effect	 of	 norepinephrine	 on	 gut	 mucosal	 oxygenation	 of	 patients	 with
sepsis	compares	favorably	with	that	of	high-dose	dopamine.

Epinephrine
Epinephrine	 is	 an	 endogenous	 catecholamine	 that	 is	 a	 potent	 nonselective
agonist	 of	 α-	 and	 β-adrenergic	 receptors.	 Stimulation	 of	myocardial	 β1	 and	 β2
receptors	increases	contractility	and	heart	rate	(Figure	191.1),	resulting	in	a	rise
of	cardiac	output.	Cardiac	output	is	further	augmented	by	an	increase	in	venous
return	 as	 a	 result	 of	 α1-mediated	 venoconstriction.	 Blood	 flow	 to	 skeletal
muscles	 is	 increased	 owing	 to	 β2-mediated	 vasodilation.	 With	 very	 low-dose
infusions	of	epinephrine	 (0.01-0.05	μg/kg/min),	β-adrenergic-mediated	positive
chronotropic	 and	 inotropic	 effects	 predominate.	 Diastolic	 blood	 pressure	 and
overall	 peripheral	 vascular	 resistance	 may	 decrease	 owing	 to	 vasodilation	 in
skeletal	muscle.	With	 higher	 doses	 of	 epinephrine,	 stimulation	 of	 α-adrenergic
receptors	 in	 precapillary	 resistance	 vessels	 of	 the	 skin,	 mucosa,	 and	 kidneys



outweighs	β2-mediated	vasodilation	 in	skeletal	muscle,	causing	 increased	mean
and	systolic	blood	pressure.1

6 	Epinephrine	plays	a	central	role	in	cardiovascular	resuscitation	(Chapter	14)
and	 the	management	 of	 anaphylaxis	 (Chapter	 68).	 Epinephrine	 is	 also	 used	 to
reverse	hypotension	with	or	without	bradycardia	 after	 cardiopulmonary	bypass
or	 cardiac	 transplantation.11	Because	 of	 its	 adverse	 effects	 on	 splanchnic12	 and
renal	 blood	 flow	 and	 potential	 for	 inducing	 myocardial	 ischemia	 and
tachyarrhythmias,	 epinephrine	 has	 generally	 been	 regarded	 as	 a	 second-line
agent	in	the	management	of	distributive	shock.10,13	However,	a	randomized	trial
showed	 no	 difference	 in	 efficacy	 or	 safety	 between	 epinephrine	 alone	 vs
norepinephrine	 plus	 dobutamine	 in	 patients	 with	 sepsis.5	 For	 patients	 with
symptomatic	bradycardia	and	hypotension	who	have	failed	atropine	or	external
pacing,	epinephrine	may	be	used	for	stabilization	while	awaiting	more	definitive
therapy	(eg,	 transvenous	placement	of	a	 temporary	or	permanent	pacemaker).14
When	used	 to	 treat	hypotension,	 epinephrine	 is	given	as	a	continuous	 infusion
starting	 at	 a	 low	dose	 (0.5-1	μg/min)	 and	 titrating	up	 to	10	μg/min	 as	needed.
Continuous	 infusions	of	 epinephrine	may	cause	 restlessness,	 tremor,	headache,
and	palpitations.	Epinephrine	should	be	avoided	for	patients	taking	β-adrenergic
antagonists,	 as	 unopposed	 α-adrenergic	 vasoconstriction	 may	 cause	 severe
hypertension	and	cerebral	hemorrhage.

Phenylephrine
Phenylephrine	is	a	synthetic	sympathomimetic	amine	that	selectively	stimulates
α1-adrenergic	receptors.	When	administered	intravenously,	phenylephrine	causes
dose-dependent	 arterial	 vasoconstriction	 and	 increases	 peripheral	 vascular
resistance.	As	blood	pressure	rises,	activation	of	vagal	reflexes	causes	slowing	of
the	heart	 rate.	A	lesser	known	effect	of	phenylephrine	 is	an	 increase	 in	cardiac
contractility	via	stimulation	of	α1-adrenergic	receptors	in	the	myocardium.2

7 	 Phenylephrine,	 infused	 at	 40	 to	 180	 μg/min,	 is	 commonly	 used	 in	 the
management	 of	 anesthesia-induced	 hypotension15,16	 and	 hyperdynamic	 septic
shock.	 Its	 rapid	 onset	 of	 action,	 short	 duration,	 and	 primary	 vascular	 effects
make	 it	 an	 ideal	 agent	 for	 treating	 hemodynamically	 unstable	 patients	 in	 the
intensive	care	setting.	However,	there	are	few	data	regarding	its	relative	efficacy
compared	with	older	vasopressors	such	as	norepinephrine	and	dopamine.	In	one
small	 study	 of	 fluid-resuscitated	 patients	 with	 septic	 shock,	 the	 addition	 of
phenylephrine	to	dobutamine	or	dopamine	increased	mean	arterial	pressure	and
systemic	vascular	 resistance	without	a	change	 in	heart	 rate.17	 In	addition,	urine



output	 improved	 while	 serum	 creatinine	 remained	 stable.	 In	 another	 study,
patients	with	septic	shock	were	randomized	to	initial	hemodynamic	support	with
phenylephrine	 or	 norepinephrine.18	 There	 were	 no	 differences	 in	 systemic	 or
regional	 hemodynamics	 between	 the	 groups.	 The	 absence	 of	 β-adrenergic
agonist	activity	at	usual	doses	(phenylephrine	activates	β-receptors	only	at	much
higher	 doses)	makes	 phenylephrine	 an	 attractive	 agent	 for	 the	management	 of
hypotension	 in	 clinical	 situations	 where	 tachycardia	 or	 tachyarrhythmias,	 or
both,	 limit	 the	 use	 of	 other	 agents.10	 As	 with	 other	 vasopressors,	 high-dose
phenylephrine	may	cause	 excessive	vasoconstriction.	 In	 addition,	patients	with
poor	ventricular	function	may	not	tolerate	the	increased	afterload	induced	by	α1
stimulation.	Compared	to	epinephrine	and	norepinephrine,	phenylephrine	is	less
likely	 to	 decrease	 microcirculatory	 blood	 flow	 in	 the	 gastrointestinal	 tract.19
When	used	 to	 treat	hypotension	during	 spinal	 anesthesia	 for	 cesarean	delivery,
phenylephrine	 dose	 requirements	 may	 be	 affected	 by	 β2-adrenoceptor
genotype.20

Dopamine
Dopamine	 is	 an	 endogenous	 catecholamine	 that	 functions	 as	 a	 central
neurotransmitter	 and	 a	 synthetic	 precursor	 of	 norepinephrine	 and	 epinephrine.
When	administered	intravenously,	the	effects	of	dopamine	are	mediated	by	dose-
dependent	 stimulation	 of	 dopaminergic	 and	 adrenergic	 receptors,	 and	 by
stimulation	of	norepinephrine	release	from	nerve	terminals.

At	 low	 doses	 (less	 than	 5	 μg/kg/min),	 dopamine	 predominantly	 stimulates
dopaminergic	receptors	in	renal,	mesenteric,	and	coronary	vessels	with	minimal
adrenergic	 effects.	 In	 normal	 subjects,	 the	 so-called	 renal-dose	 dopamine
augments	renal	blood	flow,	glomerular	filtration	rate,	and	natriuresis,	with	little
effect	on	blood	pressure.	Low-dose	dopamine	has	frequently	been	used	by	itself
or	 in	 combination	 with	 other	 drugs	 as	 a	 renoprotective	 agent.	 However,	 the
efficacy	 and	 safety	 of	 this	 strategy	 remain	 unproven.10	 Although	 mechanistic
studies	 have	 demonstrated	 renal	 vasodilatory	 effects	 of	 dopamine	 in	 patients
with	heart	 failure,21	 a	 randomized	 placebo-controlled	 trial	 in	 360	 patients	with
acute	 heart	 failure	 and	 chronic	 kidney	 disease	 demonstrated	 no	 effect	 of	 low-
dose	 dopamine	 on	 renal	 function	 or	 decongestion,	 and	 no	 difference	 in
symptoms	or	clinical	outcomes	compared	to	placebo.22	Similar	neutral	effects	of
low-dose	dopamine	on	renal	function	and	both	ICU	and	hospital	 length	of	stay
have	 been	 observed	 for	 critically	 ill	 patients	 with	 early	 renal	 dysfunction.23
Moderate	doses	of	dopamine	(5-10	μg/kg/min)	stimulate	β1-adrenergic	receptors



in	the	myocardium,	augmenting	cardiac	output	by	increasing	contractility	and,	to
a	lesser	extent,	heart	rate	(Figure	191.3).	In	addition,	venoconstriction	mediated
by	 serotonin	 and	 dopaminergic	 receptors	may	 occur.4	At	 higher	 doses	 (greater
than	10	μg/kg/min),	α1-adrenergic	receptor	stimulation	predominates,	resulting	in
systemic	 arteriolar	 vasoconstriction.	 The	 overall	 effects	 of	 dopamine	 at	 the
highest	doses	resemble	those	of	norepinephrine	(see	earlier).	However,	it	should
be	remembered	that	there	is	a	great	deal	of	overlap	in	the	dose-dependent	effects
of	dopamine	among	critically	ill	patients.1,10



	

Comparative	 effects	 of	 dopamine	 (closed	 circles)	 and	 dobutamine
(open	 triangles)	 on	 heart	 rate,	 pulmonary	 capillary	wedge	 pressure,



and	 total	 systemic	 resistance	 in	 patients	 with	 advanced	 heart
failure.The	numbers	shown	on	the	figures	are	infusion	rates	in	μg	per
kg	per	minute.	These	data	demonstrate	that	dopamine	at	doses	greater
than	 2	 to	 4	 μg/kg/min	 exerts	 a	 vasoconstrictor	 effect	 and	 increases
heart	 rate	 and	 left	 ventricular	 filling	 pressure.(Adapted	 from	 Leier
CV,	 Heban	 PT,	 Huss	 P,	 et	 al.	 Comparative	 systemic	 and	 regional
hemodynamic	 effects	 of	 dopamine	 and	 dobutamine	 in	 patients	with
cardiomyopathic	heart	failure.	Circulation.	1978;58:466-475.)

Moderate-to	 high-dose	 dopamine	 is	 used	 less	 frequently	 in	 the	 primary
treatment	 of	 hypotension.	 In	 studies	 of	 fluid-resuscitated	 patients	 with	 septic
shock,	 dopamine	 produced	 a	 mean	 increase	 in	 mean	 arterial	 pressure	 of
approximately	 25%,	 primarily	 owing	 to	 an	 increase	 in	 cardiac	 index	 and,	 to	 a
lesser	 extent,	 systemic	 vascular	 resistance.10	 In	 the	 setting	 of	 hyperdynamic
septic	shock	when	excessive	vasodilation	is	the	primary	source	of	hypotension,
addition	 or	 substitution	 of	 a	 more	 potent	 α-adrenergic	 agonist	 such	 as
norepinephrine	 may	 be	 more	 effective.	 Moreover,	 evidence	 of	 worsening
splanchnic	oxygen	utilization	with	the	use	of	high-dose	dopamine	has	made	it	a
less	attractive	agent.

By	 itself	 or	 in	 combination	 with	 other	 agents,	 dopamine	 may	 be	 used	 at
moderate	 doses	 for	 the	 management	 of	 patients	 with	 acute	 heart	 failure	 and
hypotension.	 Venodilating	 agents	 (eg,	 nitroprusside	 and	 nitroglycerin)	 may	 be
added	 to	 moderate	 the	 tendency	 of	 dopamine	 to	 increase	 cardiac	 filling
pressures.24	 Dopamine	 may	 also	 be	 combined	 with	 dobutamine	 for	 added
inotropic	effects	or	used	at	low	doses	to	augment	diuresis,25	although	the	benefits
of	 “renal-dose”	 dopamine	 remain	 unproven	 and	 other	 agents	 may	 be	 more
effective	for	preserving	renal	function	in	critically	ill	patients.26	For	patients	with
symptomatic	 bradycardia	 unresponsive	 to	 atropine,	 particularly	 if	 associated
with	 hypotension,	 dopamine	 can	 be	 effective	 while	 preparing	 for	 emergent
transvenous	temporary	pacing.14

8 	The	use	of	dopamine	 is	 associated	with	 several	 adverse	effects,	 including
tachycardia,	 tachyarrhythmias,	 and	 excessive	 vasoconstriction.	 Although	 these
effects	 are	 generally	 dose	 dependent,	 in	 individual	 patients	 there	 may	 be
substantial	 overlap	 of	 receptor	 affinity	 such	 that	 even	 at	 low	 doses	 dopamine
may	 result	 in	 toxicity.22	 For	 patients	 with	 ischemic	 heart	 disease,	 increased
myocardial	 oxygen	 consumption	 coupled	 with	 some	 degree	 of	 coronary
vasoconstriction	with	high-dose	dopamine	can	result	in	myocardial	ischemia.	As
with	other	positive	inotropes,	dopamine	can	increase	flow	to	poorly	oxygenated



regions	 of	 the	 lung	 and	 cause	 shunting	 and	hypoxemia.	 In	 addition,	 dopamine
has	 been	 shown	 to	 depress	minute	 ventilation	 in	 normoxic	 patients	with	 heart
failure.27	When	dopamine	is	used	for	patients	with	acute	heart	failure,	increased
venous	tone	and	pulmonary	arterial	pressure	may	exacerbate	pulmonary	edema
in	 the	 setting	 of	 already	 high	 cardiac	 filling	 pressures.	 Despite	 these	 caveats,
oxygen	saturation	generally	remains	constant	due	to	improved	hemodynamics.

There	 is	 mounting	 evidence	 that	 dopamine	 adversely	 effects	 splanchnic
perfusion	 at	 doses	 usually	 required	 to	 treat	 distributive	 shock.	 A	 small,
randomized	study	of	patients	with	sepsis	using	selective	splanchnic	and	hepatic
cannulation	 showed	 that	 infusion	 of	 dopamine	 was	 associated	 with	 a
disproportionate	increase	in	splanchnic	oxygen	delivery	compared	with	oxygen
extraction	 (65%	vs	16%).	 In	 contrast,	 norepinephrine	produced	better-matched
increases	 in	 oxygen	 delivery	 and	 extraction	 (33%	 vs	 28%).28	 Another	 study
showed	that	for	patients	with	septic	shock	randomly	assigned	to	treatment	with
norepinephrine	or	dopamine,	gastric	 intramucosal	pH	worsened	significantly	 in
patients	 treated	 with	 dopamine	 despite	 similar	 improvements	 in	 mean	 arterial
pressure.29	Thus,	 the	use	of	dopamine	 for	 septic	 shock	may	be	associated	with
splanchnic	 shunting,	 impairment	 of	 gastric	 mucosal	 oxygen	 utilization,	 and
increased	risk	of	gastrointestinal	bleeding.10

Ephedrine
Ephedrine	is	a	naturally	occurring	sympathomimetic	amine	derived	from	plants.
Its	 pharmacological	 action	 results	 from	 direct	 nonselective	 activation	 of
adrenergic	 receptors,	 as	 well	 as	 stimulation	 of	 norepinephrine	 release	 from
storage	sites.	Although	ephedrine	is	less	potent	and	longer	acting	(half-life,	3-6
hours)	than	epinephrine,	its	hemodynamic	profile	is	similar	and	includes	cardiac
stimulation	and	peripheral	vasoconstriction.

Ephedrine	 is	 rarely	used	 in	 the	critical	care	setting	except	for	 the	 temporary
treatment	 of	 hypotension	 induced	 by	 spinal	 anesthesia.15	 Ephedrine	 does	 not
appear	 to	 compromise	 uterine	 blood	 flow	 and	 is	 considered	 an	 alternative	 to
phenylephrine	 for	 the	 treatment	 of	 anesthesia-induced	 hypotension	 in	 the
obstetric	patient.30	However,	 prophylactic	 use	 for	 pregnant	woman	 undergoing
caesarean	 delivery	 is	 not	 recommended	 as	 it	 may	 cause	 hypertension	 and
tachycardia.31	Ephedrine	can	be	administered	in	doses	of	10	to	25	mg,	given	as
an	 intravenous	 bolus	 every	 5	 to	 10	minutes,	with	 the	 total	 dose	 not	 to	 exceed
150	mg	in	24	hours.	For	healthy	women	undergoing	elective	cesarean	delivery
that	develop	hypotension,	pharmacogenomic	data	suggests	 that	β2-adrenoceptor



genomay	 affect	 dose	 requirements.32	 Adverse	 effects	 of	 ephedrine	 include
myocardial	 ischemia	 and	 excessive	vasoconstriction;	 in	 the	 setting	of	 delivery,
ephedrine	can	cause	fetal	acidosis.

Isoproterenol
Isoproterenol	is	a	synthetic	sympathomimetic	amine	with	potent	nonselective	β-
adrenergic	 activity	 and	 little	 effect	 on	 α-adrenergic	 receptors.	 Its	 major
cardiovascular	 effect	 is	 increased	 cardiac	 output	 owing	 to	 direct	 positive
inotropic	 and	 chronotropic	 effects	 (Figure	191.1).	 Isoproterenol	 also	 increases
heart	 rate	 by	 increasing	 atrioventricular	 nodal	 conduction.	 Systemic	 and
pulmonary	 vascular	 resistances	 decrease	 owing	 to	 β2-mediated	 vasodilation	 of
skeletal	 muscle	 and	 pulmonary	 vasculature,	 respectively.	 Reduced	 peripheral
resistance	 typically	 causes	 a	 fall	 in	mean	 arterial	 and	 diastolic	 blood	 pressure,
whereas	 systolic	 blood	 pressure	 is	 unchanged	 or	 rises	 modestly	 owing	 to
increased	cardiac	output.	Coronary	blood	flow	remains	unchanged,	which	in	the
face	 of	 increased	 myocardial	 oxygen	 demand	 can	 produce	 ischemia	 among
patients	with	coronary	artery	disease.	 In	addition,	 stimulation	of	myocardial	β2
receptors	can	cause	arrhythmias	via	increased	dispersion	of	repolarization.33

Stimulation	of	β-adrenergic	 receptors	 in	 the	heart	by	 isoproterenol	 increases
the	 risk	 of	 excessive	 tachycardia,	 tachyarrhythmias,	 and	myocardial	 ischemia.
Given	 the	 likelihood	 of	 toxicity	 and	 the	 availability	 of	 alternative	 drugs,
isoproterenol	is	no	longer	used	as	an	inotropic	agent;	rather,	its	use	is	limited	to
the	 temporary	 treatment	 of	 hemodynamically	 significant	 bradycardia
unresponsive	 to	 atropine	 while	 awaiting	 more	 definitive	 treatment	 with	 an
external	or	transvenous	pacemaker.	The	starting	infusion	rate	for	isoproterenol	is
1	μg/min,	and	this	can	be	titrated	up	to	10	μg/min	to	achieve	the	desired	response
(eg,	 for	 bradycardia,	 titrated	 to	 a	 heart	 rate	 of	 60	 beats	 per	minute	 or	 higher,
depending	on	the	blood	pressure	response).	Other	uses	for	isoproterenol	include
“chemical”	overdrive	pacing	for	 torsades	de	pointes	refractory	to	magnesium,34
and	temporary	inotropic	and	chronotropic	support	after	cardiac	transplantation.35
Side	effects	of	isoproterenol	include	palpitations,	headache,	flushing,	and,	rarely,
paradoxical	bradycardia.36

Dobutamine
Dobutamine	 is	 a	 synthetic	 sympathomimetic	 amine	 that	 was	 derived	 from
isoproterenol	 to	 create	 a	 less	 arrhythmogenic	 positive	 inotrope	 with	 minimal



vascular	 effects.	 Although	 initially	 thought	 to	 be	 a	 selective	 β1-adrenergic
agonist,	 its	mechanism	 of	 action	 appears	 to	 be	more	 complex.	 Dobutamine	 is
available	for	clinical	use	as	a	mixture	of	two	enantiomeric	forms	with	different
pharmacologic	 properties.	 Ruffolo	 et	 al37	 showed	 that	 although	 both
stereoisomers	 are	 nonselective	 β-agonists,	 the	 positive	 isomer	 is	 several	 times
more	potent.	In	addition,	the	two	isomers	have	opposing	effects	on	α-adrenergic
receptors:	 the	 positive	 isomer	 is	 an	 α-antagonist	 and	 the	 negative	 isomer	 is	 a
potent	 α1-agonist.	 The	 overall	 effect	 of	 the	 racemic	 mixture	 is	 potent
nonselective	β-	and	mild	α-adrenergic	stimulation.37

Cardiac	 contractility	 is	 enhanced	 by	 β1-and	 α-adrenergic	 stimulation.	 Heart
rate	may	also	 increase,	but	 to	a	 lesser	extent	 than	occurs	with	 isoproterenol	or
dopamine	 (Figure	 191.3).	 In	 contrast	 to	 dopamine,	 dobutamine	 decreases
cardiac	filling	pressures,	making	it	a	preferred	agent	in	the	treatment	of	patients
with	 acute	 heart	 failure.38	 Systemic	 vascular	 resistance	 is	modestly	 reduced	 or
may	 remain	unchanged,	 as	α1-mediated	vasoconstriction	 is	 counterbalanced	by
β2-mediated	 vasodilation	 and	 reflex	 withdrawal	 of	 sympathetic	 tone	 that
typically	 occurs	 in	 response	 to	 increased	 cardiac	 output.	 Dobutamine	 has	 no
effect	on	dopaminergic	 receptors;	however,	 renal	blood	 flow	often	 increases	 in
proportion	 to	 the	 increase	 in	cardiac	output39	due	 to	 reduced	 renal	 sympathetic
activity.40

9 	 Dobutamine,	 by	 itself	 or	 in	 combination	 with	 other	 vasoactive	 drugs,	 is
useful	 in	 the	 temporary	 support	 of	 myocardial	 function	 in	 patients	 with
hypotension	 and	 poor	 end-organ	 perfusion,	 including	 those	 with	 acute	 heart
failure	 as	 well	 as	 patients	 with	 concomitant	 sepsis	 and	 depressed	 cardiac
function.	 In	 patients	 with	 cardiogenic	 shock,	 the	 effect	 of	 dobutamine	 on
systemic	vascular	resistance	and	blood	pressure	is	difficult	to	predict.	Therefore,
when	 used	 in	 this	 setting,	 it	 is	 often	 administered	 in	 combination	 with
norepinephrine,	dopamine	or	vasopressin.25,38	In	a	recent	randomized	controlled
study	of	dobutamine	vs	milrinone	in	192	patients	with	cardiogenic	shock,	there
was	no	difference	between	the	two	groups	in	the	primary	composite	end	point	of
in-hospital	 death,	 resuscitated	 cardiac	 arrest,	 receipt	 of	 heart	 transplant	 or
mechanical	 circulatory	 support,	 nonfatal	 myocardial	 infarction,	 transient
ischemic	attack	or	stroke,	or	initiation	of	renal	replacement	therapy.41

Dobutamine	is	generally	initiated	at	an	infusion	rate	of	2	μg/kg/min	and	can
be	titrated	up	to	15	μg/kg/min	or	higher	to	achieve	the	desired	hemodynamic	or
clinical	 effects,	 or	 both.	 Side	 effects	 that	 may	 limit	 dose	 titration	 include
increased	 heart	 rate	 and	 exacerbation	 of	 supraventricular	 and	 ventricular
arrhythmias.	 As	 with	 other	 positive	 inotropic	 agents,	 increased	 myocardial



oxygen	 consumption	 can	worsen	 cardiac	 ischemia,	 and	 short-term	 dobutamine
therapy	 has	 been	 associated	 with	 excess	 mortality.42,43	 Although	 systolic	 and
mean	 arterial	 blood	 pressures	 typically	 increase,	 hypotension	 may	 occur	 if
dobutamine	 is	 administered	 to	 a	 volume-depleted	 patient.	 Some	 patients	 with
advanced	 heart	 failure	 may	 be	 resistant	 to	 dobutamine	 owing	 to	 β-receptor
hyporesponsiveness	or	may	develop	tolerance	after	several	days	of	a	continuous
infusion.44	 Subacute	 or	 chronic	 dobutamine	 therapy	 may	 also	 cause	 an
eosinophilic	 or	 hypersensitivity	myocarditis,45	 leading	 to	 further	 hemodynamic
deterioration,	as	well	as	late	acute	cellular	rejection	following	heart	transplant.46

Vasopressin
1 	 0 	 Arginine	 vasopressin,	 an	 antidiuretic	 hormone,	 has	 emerged	 as	 a	 safe
alternative	to	adrenergic	vasopressors	for	the	treatment	of	refractory	vasodilatory
shock.	The	mechanism	of	action	of	vasopressin	has	not	been	fully	elucidated	but
likely	 involves	 binding	 to	 V1	 receptors	 on	 vascular	 smooth	 muscle	 cells.
Although	 it	 has	 minimal	 pressor	 activity	 in	 normal	 subjects,	 vasopressin	 has
been	shown	to	improve	blood	pressure	in	patients	with	sepsis47	and	in	those	with
vasodilatory	shock	after	cardiopulmonary	bypass48	(Table	191.2).	In	these	initial
studies,	 vasopressin	 was	 initiated	 at	 a	 dose	 of	 0.1	 U/min,	 and	 for	 subjects
maintaining	 a	mean	 arterial	 pressure	 greater	 than	 70	mm	Hg,	 vasopressin	was
tapered	 to	 0.01	U/min	 and	 then	 discontinued.	Notably,	many	 patients	 in	 these
studies	 were	 poorly	 responsive	 to	 intravenous	 catecholamine	 support	 and	 had
inappropriately	low	vasopressin	levels	before	treatment	consistent	with	a	defect
in	 baroreflex-mediated	 vasopressin	 secretion.	 It	 remains	 unclear,	 however,
whether	 the	 benefits	 of	 vasopressin	 are	 confined	 to	 patients	 with	 relative
vasopressin	deficiency,	hypersensitivity,	or	both.

TABLE	191.2

Summary	of	Advances	in	the	Management	of	Hypotension

Norepinephrine	is	recommended	as	a	first-line	agent	to	treat	hypotension	in
the	setting	of	septic	shock.9,10
Vasopressin	improves	blood	pressure	in	patients	with	sepsis47	or
vasodilatory	shock	after	cardiopulmonary	bypass.49,50	Newer	analogues	of
vasopressin,	terlipressin	and	selepressin,	have	not	demonstrated	additional



benefit.51,52
Stress-dose	steroids	improve	hemodynamics	and	may	reduce	mortality	in
distributive	shock	when	there	is	a	history	of	steroid	therapy	or	adrenal
dysfunction.53,54	Steroids	should	not	be	used	in	patients	with	sepsis	to
prevent	shock.
Methylene	blue	is	effective	for	refractory	hypotension	following
cardiopulmonary	bypass,55	but	should	not	be	used	to	prevent	shock	in	high-
risk	patients.
Angiotensin	II,	when	added	to	norepinephrine	in	patients	with	distributive
shock,	increases	blood	pressure	but	has	no	impact	on	short-term	survival.56

Russell	et	al57	randomized	778	patients	with	septic	shock	who	were	receiving
a	minimum	of	5	μg/min	of	norepinephrine	to	receive	either	low-dose	vasopressin
(0.01-0.03	 U/min)	 or	 norepinephrine	 (5-15	 μg/min)	 in	 addition	 to	 open-label
vasopressors.	After	28	days,	there	was	no	significant	difference	in	mortality	rates
between	 the	 vasopressin	 and	 norepinephrine	 groups	 (35.4%	 and	 39.3%,
respectively;	P	 =	 .26)	 (Figure	 191.4).	 However,	 for	 patients	 with	 less	 severe
septic	 shock	 (prospectively	defined	as	 those	 receiving	 treatment	with	 less	 than
15	 μg/min	 of	 norepinephrine),	 mortality	 was	 lower	 in	 the	 vasopressin	 group
(26.5%	 vs	 35.7%,	 P	 =	 .05).	 In	 a	 meta-analysis	 of	 9	 trials	 covering	 998
participants,	 vasopressin	 use	 in	 vasodilatory	 shock	was	 associated	with	 a	 13%
reduced	risk	of	mortality	compared	to	norepinephrine.58

	

Kaplan-Meier	 survival	 curves	 for	 patients	 with	 septic	 shock
randomized	 to	 vasopressin	 (solid	 line)	 or	 norepinephrine	 (dashed
line).The	dashed	vertical	line	marks	day	28.	P	values	are	calculated



with	 use	 of	 the	 log	 rank	 test.(Data	 from	 Russell	 JA,	 Walley	 KR,
Singer	J,	et	al.	Vasopressin	versus	norepinephrine	infusion	in	patients
with	septic	shock.	N	Engl	J	Med.	2008;358:877-887.)

Vasopressin	 may	 also	 be	 effective	 for	 the	 treatment	 of	 cardiac	 arrest
unresponsive	to	epinephrine	and	defibrillation.59	In	2010,	revised	guidelines	for
advanced	 cardiovascular	 life	 support	 (ACLS)	 recommended	 vasopressin	 as	 an
alternative	to	epinephrine	for	the	treatment	of	adult	shock-refractory	ventricular
fibrillation,	 as	 well	 as	 an	 adjunctive	 agent	 in	 the	 treatment	 of	 patients	 with
vasodilatory	 shock,	 such	 as	 septic	 shock	 or	 sepsis	 syndrome,	 refractory	 to
standard	 therapy.60	 However,	 vasopressin	 was	 removed	 from	 the	 2015	 ACLS
Cardiac	 Arrest	 Algorithm4	 in	 recognition	 of	 equivalence	 of	 effect	 with	 other
available	interventions	(eg,	epinephrine).	A	meta-analysis	of	cardiac	arrest	trials
demonstrated	 no	 significant	 differences	 between	 vasopressin	 and	 epinephrine
groups	in	failure	of	return	of	spontaneous	circulation,	death	within	24	hours,	or
death	before	hospital	discharge.61	In	a	randomized	clinical	trial	of	2894	patients
with	 out-of-hospital	 cardiac	 arrest	 receiving	 ACLS,	 the	 combination	 of
vasopressin	(40	U)	and	epinephrine	(1	mg)	did	not	improve	outcomes	compared
to	 epinephrine	 alone:	 return	 of	 spontaneous	 circulation,	 28.6%	 vs	 29.5%;
survival	 to	 hospital	 admission,	 20.7%	 vs	 21.3%;	 and	 survival	 to	 hospital
discharge,	 1.7%	 vs	 2.3%;	 respectively.62	 In	 the	 setting	 of	 distributive	 shock,
vasopressin	can	be	administered	as	a	continuous	infusion	at	0.01	to	0.07	U/min.
Potential	adverse	effects	of	vasopressin	include	excess	vasoconstriction	causing
end-organ	ischemia	including	myocardial	ischemia	and	mesenteric	ischemia,	and
hyponatremia.63	Cardiac	 output	may	 also	worsen	owing	 to	 increased	 afterload.
Rebound	hypotension	is	common	following	withdrawal	of	vasopressin	and	can
be	avoided	by	slowly	tapering	the	dose.

Newer	 vasopressin	 receptor	 agonists,	 including	 terlipressin	 and	 selepressin,
have	also	been	investigated	for	clinical	use.51,58	Terlipressin	is	a	synthetic,	long-
acting	analogue	of	vasopressin	 that	 is	 approved	 in	Europe	 for	 the	 treatment	of
esophageal	 variceal	 bleeding	 and	 hepatorenal	 syndrome.	 In	 a	 pilot	 study	 of
patients	with	 septic	 shock	despite	 adequate	 volume	 resuscitation,	 a	 continuous
infusion	 of	 low-dose	 terlipressin	 (1.3	 μg/kg/hour)	 was	 effective	 for	 reversing
arterial	hypotension	and	reducing	catecholamine	requirements.64	Compared	with
vasopressin	 or	 norepinephrine,	 terlipressin	 was	 associated	 with	 less	 rebound
hypotension	 upon	 discontinuation.	 In	 2020,	 despite	 a	 favorable	 vote	 by	 the
Cardiovascular	and	Renal	Drugs	Advisory	Committee,	the	U.S.	Food	and	Drug
Administration	 (FDA)	 voted	 not	 to	 approve	 terlipressin	 for	 the	 treatment	 of
adults	with	hepatorenal	syndrome	and	raised	additional	questions	about	efficacy



and	 safety.	 Adverse	 effects	 associated	 with	 terlipressin	 include	 hypertension,
bradycardia,	skin	pallor,	and	reduction	in	platelet	count.

In	 preclinical	 studies,	 selepressin,	 a	 selective,	 short-acting	 vasopressin	V1a
agonist,	has	been	shown	to	limit	myocardial	ischemia,	reduce	pulmonary	edema
and	 improve	 short-term	 outcomes	 compared	 to	 vasopressin	 and
norepinephrine.65,66	 In	 the	 SEPSIS-ACT	 study,	 868	 patients	 with	 septic	 shock
requiring	more	than	5	μg/min	of	norepinephrine	were	randomized	to	receive	1	of
3	 dosing	 regimens	 of	 selepressin	 or	 placebo	 for	 a	median	 of	 38	 hours.	 There
were	no	significant	differences	in	ventilator-	and	vasopressor-free	days	between
the	selepressin	and	placebo	groups,	and	no	difference	in	90-day	mortality	(40.6%
and	39.4%,	respectively;	P	=	.77)52	(Figure	191.5).	Selepressin	 is	currently	not
approved	in	the	United	States	or	Europe.

	

Days	 alive	 and	 free	 of	 vasopressors	 and	 ventilation	 in	 the	 SEPSIS-
ACT	Trial.Outcomes	 are	 shown	 as	 proportion	 of	 patients	 over	 time
from	 randomization	 to	 day	 30.	 Area	 above	 the	 top	 2	 curves
corresponds	 to	 alive	 and	 free	 of	 ventilation	 and	 vasopressors;	 area
between	 the	 top	 2	 curves	 and	 bottom	 2	 curves,	 alive	 but	 still
receiving	 ventilation	 or	 vasopressors;	 area	 below	 bottom	 2	 curves,
dead.	 The	 combined	 ventilator	 and	 vasopressor-free	 days	 did	 not
differ	between	groups	(15.0	vs	14.4	days;	difference,	0.6	days	[95%
CI,	−1.3-2.4];	P	=	0.30).	CI,	confidence	interval.(Data	from	Lattere	  
P-F,	Berry	SM,	Belming	A,	et	al.	Effect	of	selepressin	vs	placebo	on
ventilator-	 and	 vasopressor-free	 days	 in	 patients	 with	 septic	 shock:
The	 SEPSIS-ACT	 Randomized	 Clinical	 Trial.	 JAMA.



2019;322:1476-1485.)

Adjunctive	and	Investigational	Agents
1 	 1 	 In	 addition	 to	 the	 agents	 discussed	 previously,	 the	 phosphodiesterase
inhibitor	milrinone	is	commonly	used	in	the	management	of	acute	heart	failure.
Milrinone	increases	cardiac	contractility	by	directly	inhibiting	the	breakdown	of
cyclic	 adenosine	 monophosphate,	 resulting	 in	 an	 increase	 in	 intracellular
calcium.67	 In	 addition,	 phosphodiesterase	 inhibition	 in	 vascular	 smooth	muscle
causes	 systemic	 and	 pulmonary	 vasodilation.68	 Because	 milrinone	 does	 not
require	binding	to	adrenergic	receptors	to	exert	its	effects,	it	is	particularly	useful
for	 the	 treatment	 of	 patients	 taking	 β-adrenergic	 antagonists69	 or	 those	 with
advanced	 heart	 failure	 who	 may	 be	 resistant	 to	 β-agonist	 stimulation	 with
dobutamine.38	Milrinone	is	approved	for	administration	as	a	continuous	infusion
at	 doses	 ranging	 from	 0.25	 to	 0.75	 μg/kg/min,	 although	 lower	 doses	 (0.1-
0.3	 μg/kg/min)	 are	 often	 used	 in	 clinical	 practice.	 As	 it	 is	 renally	 excreted,
milrinone	 should	 be	 dose-adjusted	 during	 renal	 failure;	 and	 for	 all	 patients,
milrinone	should	be	titrated	cautiously,	using	invasive	hemodynamic	monitoring.
Because	it	is	a	potent	vasodilator,	milrinone	should	be	avoided	for	the	treatment
of	patients	with	frank	hypotension	and	is	contraindicated	in	patients	with	severe
aortic	 stenosis.	 Similarly,	 the	 use	 of	 levosimendan,70	 a	 myofilament	 calcium
sensitizer	and	potassium	channel	modifier,	may	be	limited	by	hypotension.71	In	a
randomized,	 double-blind	 study	 of	 1327	 patients	 with	 acute	 heart	 failure,
intravenous	 levosimendan	 showed	 no	 benefit	 compared	 to	 dobutamine	 in
reducing	all-cause	mortality	at	180	days	(26%	vs	28%,	respectively;	hazard	ratio
(HR),	0.91;	95%	CI,	 0.74-1.13;	P	=	 .40),	 and	 increased	 the	 incidence	of	 atrial
fibrillation.72	Levosimendan	is	approved	for	use	in	Europe	but	not	in	the	United
States.

Except	for	vasopressin,	all	currently	available	vasopressors	exert	their	action
through	stimulation	of	α-adrenergic	receptors.	This	approach	is	often	associated
with	worsening	splanchnic	perfusion,	and	in	some	patients	may	prove	ineffective
in	restoring	mean	arterial	pressure.	Evidence	of	the	central	role	of	endothelium-
derived	nitric	oxide	(NO)	in	mediating	vasodilation73	led	to	the	development	of
substances	 that	 interfere	with	NO	 production	 or	 activity.	 Several	 investigators
have	shown	that	analogues	of	 l-arginine,	 the	substrate	for	NO	synthase	(NOS),
can	competitively	inhibit	NOS	and	thereby	decrease	NO	production	and	increase
mean	 arterial	 pressure	 in	 patients	with	 septic	 shock.74	Others	 have	 shown	 that
inhibition	of	guanylate	cyclase,	the	target	enzyme	of	NO,	with	methylene	blue,	is



effective	in	increasing	mean	arterial	pressure,	reducing	the	need	for	vasopressors
and	 maintaining	 oxygen	 transport	 in	 septic	 shock.75	 Methylene	 blue55	 and
hydroxycobalamin76	 have	 also	 been	 used	 successfully	 to	 treat	 refractory
hypotension	 in	 patients	 with	 vasoplegia	 following	 cardiopulmonary	 bypass
(Table	 191.2)	 and	 may	 be	 used	 to	 prevent	 vasoplegia	 in	 high-risk	 cardiac
surgical	 patients.77	 However,	 the	 overall	 safety	 and	 efficacy	 of	 NO	 pathway
inhibition	remains	unproven.	A	large,	randomized,	placebo-controlled	trial	of	the
NO	synthase	inhibitor	546C88	in	sepsis	was	stopped	prematurely	due	to	excess
mortality	at	28	days	(59%	vs	49%,	P	<	 .001)	 in	 the	active	 treatment	arm.74	As
with	adrenergic	agents,	 lack	of	selectivity	may	have	contributed	 to	undesirable
effects.	In	addition,	the	FDA	warns	that	the	coadministration	of	methylene	blue
with	 certain	 selective	 serotonin	 reuptake	 inhibitors	 may	 trigger	 the	 serotonin
syndrome,	a	potentially	lethal	condition	with	cognitive,	autonomic,	and	somatic
manifestations.78,79

Another	novel	agent	that	was	approved	for	the	treatment	of	severe	sepsis,	but
then	 withdrawn	 from	 the	 market,	 is	 recombinant	 human	 activated	 protein	 C
(drotrecogin	alfa	(activated)).80	In	the	Recombinant	Human	Activated	Protein	C
Worldwide	 Evaluation	 in	 Severe	 Sepsis	 study,	 1690	 patients	 with	 systemic
inflammation	 and	 organ	 failure	 owing	 to	 acute	 infection	 were	 randomized	 to
receive	 drotrecogin	 alfa	 (activated)	 or	 placebo	 as	 a	 continuous	 infusion	 for
4	 days.81	 Drotrecogin	 alfa	 (activated)	 reduced	 all-cause	 mortality	 by	 19%	 but
tended	to	increase	the	risk	of	serious	bleeding.	Based	on	this	study,	drotrecogin
alfa	 (activated)	 was	 recommended	 for	 the	 treatment	 of	 patients	 with	 severe
sepsis	and	high	risk	of	death.	In	a	subsequent	study	of	patients	with	severe	sepsis
and	low	risk	of	death	(APACHE	II	score	less	than	or	equal	to	25),	there	was	no
beneficial	 effect	 of	 drotrecogin	 alfa	 (activated)	 on	 either	 in-hospital	 or	 28-day
mortality	 and	 a	 higher	 risk	 of	 serious	 bleeding.82	 Finally,	 in	 a	 randomized,
controlled	 trial	 (PROWESS-SHOCK)	 of	 1697	 patients	 with	 septic	 shock	 and
clinical	 hypoperfusion	 despite	 fluids	 and	 vasopressors,	 the	 addition	 of
drotrecogin	 alfa	 (activated)	 did	 not	 significantly	 reduce	 mortality	 at	 28	 or
90	days.83

1 	 2 	 Several	 hormones	 including	 cortisol	 and	 thyroxine	 are	 known	 to	 play
important	roles	in	the	maintenance	of	vascular	tone,	and	their	absolute	or	relative
deficiency	may	contribute	to	hypotension	in	the	critically	ill	patient.	The	adverse
effects	of	hypothyroidism	(Chapter	142)	and	adrenal	insufficiency	(Chapter	139)
on	 central	 and	 peripheral	 hemodynamics	 are	 well-known	 and	 described
elsewhere.	Although	 the	 routine	 use	 of	 high-dose	 corticosteroids	 has	 not	 been
shown	 to	 be	 beneficial	 in	 the	 treatment	 of	 sepsis,	 the	 administration	 of	 stress-
dose	 steroids	 to	 patients	 suspected	 of	 having	 relative	 impairment	 of



adrenocortical	response	may	be	helpful	for	restoring	normal	hemodynamics	and
improving	outcomes.

In	 the	 late	 1990s,	 small	 clinical	 trials	 for	 patients	with	 sepsis	 demonstrated
decreased	duration	of	shock	with	steroid	treatment.84,85	Subsequently,	Annane	et
al86	randomized	300	patients	with	septic	shock	to	receive	hydrocortisone	(50	mg
intravenous	 bolus	 every	 6	 hours)	 and	 fludrocortisone	 (50	 μg	 by	 mouth	 once
daily)	or	matching	placebos	for	7	days.	Patients	were	enrolled	after	undergoing	a
short	corticotropin	stimulation	test.	In	the	229	nonresponders	to	corticotropin	(ie,
with	 relative	 adrenal	 insufficiency),	 treatment	 with	 corticosteroids	 increased
vasopressor	withdrawal	(57%	vs	40%,	P	=	.001)	and	decreased	mortality	(53%
vs	63%,	P	 =	 .02)	 at	 28	days.	There	were	no	differences	of	 outcomes	between
steroid	 and	 placebo	 groups	 in	 the	 corticotropin	 responders.	Although	 this	 trial
was	criticized	on	both	methodological	and	clinical	grounds,	a	subsequent	meta-
analysis	showed	that	a	5-	to	7-day	course	of	physiological	hydrocortisone	doses
increased	survival	in	patients	with	vasopressor-dependent	septic	shock.87

In	 a	 follow-up	 study	 (CORTICUS),	 499	 patients	 with	 septic	 shock	 who
remained	hypotensive	after	fluid	and	vasopressor	resuscitation	were	randomized
to	 receive	 50	mg	 of	 intravenous	 hydrocortisone	 or	 placebo	 every	 6	 hours	 for
5	days.88	At	 28	 days,	 there	was	 no	 significant	 difference	 in	mortality	 between
patients	 in	 the	 two	 study	 groups	 whose	 plasma	 cortisol	 levels	 did	 not	 rise
appropriately	 after	 administration	 of	 corticotropin	 (39.2%	 vs	 36.1%	 in	 the
hydrocortisone	and	placebo	groups,	respectively;	P	=	.69)	or	between	those	who
had	a	response	to	corticotropin	(28.8%	vs	28.7%,	respectively;	P	=	1.00).	Most
recently,	 the	 APROCCHSS	 trial	 investigators	 randomized	 1241	 patients	 with
septic	 shock	 to	 hydrocortisone	 (50	 mg	 IV	 bolus	 every	 6	 hours)	 plus
fludrocortisone	(50	μg	via	nasogastric	 tube	daily)	or	placebo	and	demonstrated
lower	 90-day	 mortality	 with	 combined	 corticosteroids	 (43.0%	 vs	 49.1%,
respectively;	 relative	 risk	 [RR]	 0.88,	 95%	 CI	 0.78-0.99;	 P	 =	 .03)	 (Figure
191.6).53

	

Hydrocortisone	 plus	 fludrocortisone	 for	 adults	 with	 septic



shock.Panel	A,	Kaplan-Meier	survival	curves	from	randomization	up
to	 90	 days.	 The	 survival	 rate	 was	 significantly	 higher	 in	 the
hydrocortisone-plus-fludrocortisone	group	than	in	 the	placebo	group
(see	 text).	 Panel	 B,	 cumulative	 incidence	 function	 from
randomization	up	to	28	days	showing	that	the	time	to	weaning	from
vasopressor	 therapy	was	 significantly	 shorter	 in	 the	hydrocortisone-
plus-fludrocortisone	 group	 than	 in	 the	 placebo	 group	 (P	 <	 .006	 by
Gray	 test).(Data	 from	Annane	D,	Renault	A,	Brun-Buisson	C,	et	al.
Hydrocortisone	 plus	 fludrocortisone	 for	 adults	with	 septic	 shock.	N
Engl	J	Med.	2018;378:809-18.).

In	a	meta-analysis	of	12	trials	investigating	prolonged	low-dose	corticosteroid
treatment,	 28-day	mortality	was	 lower	 for	 treated	 vs	 control	 patients	 (38%	 vs
44%;	 RR	 0.84,	 95%	 CI	 0.72-0.97,	 P	 =	 .02).54	 However,	 in	 an	 observational
registry	 of	 17,847	 patients	 who	 required	 vasopressor	 therapy	 despite	 fluid
resuscitation,	 the	use	of	 low-dose	 systemic	corticosteroids	was	associated	with
higher	 in-hospital	 mortality	 (41%	 vs	 35%;	 OR	 1.18,	 95%	 CI	 1.09-1.23,
P	 <	 .001).89	 Finally,	 in	 a	 systematic	 review	 including	 a	 total	 of	 35	 trials
randomizing	4682	patients,	no	significant	effect	on	mortality	was	found	for	any
dose	of	steroids	vs	placebo	or	for	any	intervention	at	maximal	follow-up	(Figure
191.7).90	As	discussed	earlier,	correction	of	relative	vasopressin	deficiency	is	an
alternative	or	adjunctive	therapeutic	strategy	for	refractory	shock.



	

Shown	is	the	forest	plot	of	mortality	at	longest	follow-up	of	all	trials
evaluating	steroids	for	sepsis	with	subgroups	according	to	risk	of	bias
(random-effects	 model).	 CI,	 confidence	 interval.[From	 Volbeda	 M,
Wetterslev	 J,	 Gluud	 C,	 et	 al.	 Glucocorticosteroids	 for	 sepsis:
systematic	 review	 with	 meta-analysis	 and	 trial	 sequential	 analysis.
Intensive	Care	Med.	2015;41:1220-1234,	with	permission.].

Beyond	glucocorticoids,	there	has	been	longstanding	interest	in	manipulation
of	hormones	in	the	renin-angiotensin	aldosterone	system	in	the	management	of
hypotension	and	shock.	More	than	60	years	ago,	Derrick	et	al91	demonstrated	the
immediate	vasopressor	effects	of	angiotensin	II	in	experimental	animals,	normal
human	subjects	and	patients	with	shock	following	cardiac	or	obstetric	surgery.	In
a	 recent	 pilot	 study,	 20	 patients	 with	 distributive	 shock	 treated	 with
norepinephrine	were	randomized	to	angiotensin	II	(starting	at	20	ng/kg/min)	or
placebo	 and	 titrated	 to	 maintain	 a	 mean	 arterial	 pressure	 of	 65	 mm	 Hg.
Angiotensin	 II	 resulted	 in	 marked	 reduction	 in	 norepinephrine	 dosing	 in	 all
patients.92	The	Angiotensin	II	for	the	Treatment	of	High-Output	Shock	(ATHOS-
3)	 study	 randomly	 assigned	 344	 patients	 with	 vasodilatory	 shock	 who	 were
receiving	 more	 than	 0.2	 μg/kg/min	 of	 norepinephrine	 (or	 equivalent)	 to	 an
infusion	 of	 angiotensin	 II	 or	 placebo.	 The	 primary	 end	 point	 (mean	 arterial
pressure	response	at	3	hours)	was	reached	by	more	patients	in	the	angiotensin	II



group	than	in	the	placebo	group	(69.9%	vs	23.4%,	OR	7.95,	95%	CI	4.76-13.3,
P	<	 .001)	 (Figure	191.8).56	Death	at	28	days	was	not	 significantly	different	 in
the	2	groups	(46%	vs	54%,	respectively;	P	=	.12).	Angiotensin	II	is	not	currently
available	for	clinical	use.

	

Treatment	responses	to	angiotensin	II	in	vasodilatory	shock.Panel	A,
mean	 arterial	 pressure	 from	 initiation	 of	 angiotensin	 II	 or	 placebo
through	 48	 hours.	 The	 gray	 shading	 indicates	 the	 initial	 3	 hours
during	which	 the	goal	was	 to	 increase	 the	mean	arterial	pressure	 to
75	mm	Hg	or	higher;	thereafter,	the	target	mean	arterial	pressure	was
determined	by	 the	 treating	 team.	Panel	B,	 changes	 from	baseline	 in
mean	doses	 of	 vasopressors,	 denoted	 in	 norepinephrine-equivalents,
from	 initiation	 of	 angiotensin	 II	 or	 placebo	 through	 48	 hours.(Data
from	Khanna	A,	English	SW,	Wang	XS,	et	al.	Angiotensin	II	for	the
treatment	of	vasodilatory	shock.	N	Engl	J	Med.	2017;377:419-430.).

Calcium
The	routine	use	of	intravenous	calcium	has	been	shown	to	have	no	benefit	in	the
setting	 of	 cardiac	 arrest	 and	 may	 be	 detrimental	 by	 causing	 cellular	 injury.14
Indications	for	acute	calcium	administration	for	the	hypotensive	patient	include
correction	of	clinically	significant	hyperkalemia	(eg,	with	acute	kidney	injury)	or
hypocalcemia	(eg,	 following	multiple	blood	 transfusions)	and	as	an	antidote	 to
calcium	channel	blocker	or	β-blocker	overdose.93	Calcium	chloride	(100	mg	per
mL	in	a	10-mL	vial)	is	usually	given	as	a	slow	intravenous	push	of	5	to	10	mL
and	 may	 be	 repeated	 as	 needed.	 Rapid	 intravenous	 administration	 of	 calcium
may	cause	bradycardia	or	asystole	particularly	in	patients	receiving	digoxin.	For
critically	 ill	 patients,	 ionized	 calcium	 rather	 than	 total	 calcium	 concentration
should	be	followed.



CHOOSING	AN	AGENT
There	 are	 few	 large,	 randomized,	 well-controlled	 studies	 to	 guide	 the
pharmacological	 management	 of	 hypotension.	 The	 use	 of	 vasopressors	 and
positive	 inotropes	 is	 generally	 based	 on	 data	 from	 animal	 studies	 and	 small,
often	poorly	controlled	clinical	trials.	Useful	consensus	recommendations	can	be
found	in	the	revised	2015	ACLS	guidelines4	and	the	international	guidelines	for
management	of	severe	sepsis	and	septic	shock	updated	in	2016.10

5 	 6 	 7 	The	selection	of	the	appropriate	vasoactive	agent	can	be	individualized
with	attention	to	the	known	or	suspected	underlying	cause	of	hypotension	(Table
191.3).	However,	 the	 clinician	 is	 commonly	 faced	with	 a	patient	who	presents
with	 life-threatening	 hypotension	 of	 unknown	 cause.	 In	 this	 setting,	 it	may	 be
necessary	 to	 initiate	 a	 vasopressor	 as	 a	 temporizing	 measure	 even	 before	 the
adequacy	 of	 intravascular	 volume	 repletion	 can	 be	 ensured.	 Consensus
guidelines	for	management	of	septic	shock	recommend	norepinephrine	as	a	first-
line	vasopressor	agent,	with	the	addition	of	either	vasopressin	or	epinephrine	to
raise	 mean	 arterial	 pressure	 to	 target	 or	 addition	 of	 vasopressin	 to	 decrease
norepinephrine	dosage	(Table	191.3)	[2].	Dopamine	can	be	used	as	an	alternative
to	 norepinephrine	 for	 patients	 at	 low	 risk	 of	 tachyarrhythmias	 or	 bradycardia.
Although	 dopamine	 in	 moderate	 to	 high	 doses	 can	 provide	 both	 positive
inotropic	 and	 vasopressor	 effects,	 atrial	 or	 ventricular	 arrhythmias	 may	 be
provoked.	 For	 severe	 hypotension	 in	 the	 cardiac	 ICU	 (systolic	 blood	 pressure
less	 than	 70	 mm	 Hg),	 a	 more	 potent	 α1-adrenergic	 agonist	 such	 as
norepinephrine	should	be	considered.	If	greater	control	of	heart	rate	is	required,
the	 addition	 of	 esmolol	 may	 be	 considered.	 In	 an	 open-label	 study	 of	 154
patients	with	septic	shock	and	a	heart	rate	greater	than	or	equal	to	90	bpm,	the
addition	 of	 esmolol	 titrated	 to	 maintain	 heart	 rate	 between	 80	 and	 94	 bpm
improved	stroke	volume	 index	and	renal	 function,	decreased	serum	lactate	and
fluid	 requirements,	 and	 reduced	 28-day	mortality	 (49%	 vs	 81%,	 adjusted	 HR
0.39,	95%	CI	0.26-0.59,	P	<	.001)	(Figure	191.9).94

TABLE	191.3

Hemodynamic	Profiles	of	Selected	Causes	of	Hypotension
and	Commonly	Used	First-Line	Agents



Cause	of
Hypotension

Pulmonary
Capillary
Wedge
Pressure

Cardiac
Output

Systemic
Vascular
Resistance

Preferred
agent(s)

Unknown ? ? ? Norepinephrine,
dopamine

Hypovolemia ↓ ↓ ↑ Nonea

Acute	heart
failure

↑ ↓ ↑ Dobutamine,
milrinoneb

Cardiogenic
shock

↑	↔ ↓ ↑ Norepinephrine

Hyperdynamic
shock

↓	↔ ↑ ↓ Norepinephrine,
vasopressin

Sepsis	with
depressed
cardiac
function

? ↓ ↓ Norepinephrine
plus
dobutamine,
dopamine

Anaphylaxis ? ? ↓ Epinephrine

Anesthesia-
induced
hypotension

? ? ↓ Phenylephrine,
ephedrinec

aVolume	resuscitation	with	intravenous	fluids	and/or	blood	products	recommended.
bCaution	worsening	hypotension.
cFor	obstetric	patients.

?Unknown	effect;	down	arrow,	decreased;	horizontal	double-ended	arrow,	neutral	effect;	up	arrow,
increased.



	

Panel	 A,	 unadjusted	 Kaplan-Meier	 survival	 plots	 of	 patients	 with
septic	 shock	 and	 tachycardia	 randomized	 to	 receive	 esmolol	 or
standard	care.	Panel	B,	multivariable	Cox-adjusted	survival	at	mean
values	 of	 Simplified	Acute	 Physiology	 Score	 II.(Data	 from	Morelli
A,	 Ertmer	 C,	 Westphal	 M,	 et	 al.	 Effect	 of	 heart	 rate	 control	 with
esmolol	 on	 hemodynamic	 and	 clinical	 outcomes	 in	 patients	 with
septic	 shock:	 a	 randomized	 clinical	 trial.	 JAMA.	 2013;310:1683-
1691.)

For	 the	 hypotensive	 patient	 with	 significant	 cardiac	 pump	 dysfunction
(cardiac	 index	 less	 than	 2.0	L/min/m2	 associated	with	 end-organ	 dysfunction),
dobutamine	should	be	considered.	While	a	recent	study	showed	no	differences	of
safety	 or	 efficacy	 between	 dobutamine	 and	 milrinone	 for	 patients	 with
cardiogenic	shock,41	milrinone	may	not	 be	 tolerated	 in	 this	 situation	due	 to	 its
vasodilating	 properties.	 With	 frank	 cardiogenic	 shock	 and	 concomitant
vasoplegia,	 a	 drug	 with	 pressor	 action	 is	 usually	 needed.	 In	 this	 setting,
vasopressin	 and	 norepinephrine	 can	 be	 used	 in	 combination	with	 dobutamine.
For	 patients	 with	 cardiogenic	 shock	 and	 acute	 right	 ventricular	 failure,
vasopressin	 causes	 less	 pulmonary	 vasoconstriction	 than	 norepinephrine	 and
may	 be	 preferred	 as	 a	 first-line	 vasopressor.95	 Rarely,	 epinephrine	 may	 be
required.	 In	 patients	 with	 septic	 shock	 and	 related	 myocardial	 dysfunction,
dobutamine	up	to	15	μg/kg/min	or	higher	can	be	added	for	additional	inotropic
support.10	Although	dopamine	is	also	often	considered	in	such	situations	for	its
combined	 inotropic	and	pressor	properties	 there	has	been	concern	of	 increased
mortality	when	compared	to	norepinephrine	among	a	subgroup	of	patients	with
cardiogenic	shock	in	 the	SOAP	II	 trial	(Figure	191.3).8	Low-dose	dopamine	 is
not	 recommended	 for	 renal	 protection.	 Pragmatic	 considerations	 for	 initial
vasoactive	management	in	subtypes	of	cardiogenic	shock	have	been	proposed	by
the	American	Heart	Association	(Table	191.4).96



TABLE	191.4

Initial	Vasoactive	Management	Considerations	in
Cardiogenic	Shock

Cause/Type
of
Cardiogenic
Shock

Vasoactive
Management Hemodynamic	Rationale

Wet	and	cold Norepinephrine
or	dobutamine

Given	low	CI	and	high	SVR,	consider
stabilization	with	norepinephrine
(preferred	in	↑HR	or	arrhythmias)	or
dobutamine	(↓HR	preferred	but	associated
with	proarrhythmia)

Cold	and	dry Norepinephrine
or	dopamine
Small	fluid
boluses

Consider	stabilization	with	norepinephrine
(preferred	in	↑HR	or	arrhythmias)	or
dopamine	(↓HR	preferred	but	associated
with	proarrhythmia)
LVEDP	may	be	low,	and	patient	may
tolerate	fluid	boluses

Mixed
cardiogenic
and
vasodilatory

Norepinephrine
PAC-guided
therapy

Low	SVR

RV	shock Fluid	boluses
Norepinephrine,
dopamine	or
vasopressin

Hemodynamic	goals	include	maintaining
preload,	lowering	RV	afterload,	treating
bradycardia,	and	maintaining	AV
synchrony
Dopamine	(↓HR	preferred	but	associated
with	proarrhythmia)
Vasopressin	may	raise	SVR

Aortic
stenosis

Phenylephrine
or	vasopressin
PAC-guided

Afterload-dependent	state
Consider	definitive	therapy	with	surgical
or	transcatheter	aortic	valve	replacement



therapy	if	low
EF

Mitral
regurgitation

Norepinephrine
or	dopamine
Inotropic	agents
Acute	MCS

Afterload	reduction	may	help	reduce
LVEDP
Addition	of	inotropic	agent	following
hemodynamic	stabilization
Consider	definitive	therapy	with	surgical
or	transcatheter	mitral	valve	repair	or
replacement

Dynamic
LVOT
obstruction

Fluid	boluses
Phenylephrine
or	vasopressin
Avoid	inotropic
or	vasodilating
agents

Gradients	may	be	reduced	by	increasing
preload	and	afterload,	reducing	inotropy
and	ectopy,	and	maintaining	AV
synchrony

Pericardial
tamponade

Fluid	bolus
Norepinephrine

Pericardiocentesis	or	surgical	pericardial
window	required

AV,	atrioventricular;	CI,	cardiac	index;	EF,	ejection	fraction;	HR,	heart	rate;	LVEDP,	left	ventricular
end-diastolic	pressure;	LVOT,	left	ventricular	outflow	tract;	MCS,	mechanical	circulatory	support;
PAC,	pulmonary	artery	catheter;	RV,	right	ventricular;	SVR,	systemic	vascular	resistance.
Adapted	from	van	Diepen	S,	Katz	JN,	Albert	NM,	et	al.	Contemporary	Management	of
Cardiogenic	Shock:	A	Scientific	Statement	from	the	American	Heart	Association.	Circulation.
2017;136:e232-e268.

Current	 experience	with	 phenylephrine	 is	 insufficient	 to	 assess	 its	 efficacy
relative	 to	 older	 agents,	 although	 its	 peripheral	 selectivity	 and	 lack	 of	 positive
chronotropic	 effects	 make	 it	 a	 theoretically	 useful	 agent	 in	 cases	 in	 which
tachycardia,	 tachyarrhythmias,	 or	 both	 limit	 the	 use	 of	 other	 drugs.	 Caution,
however,	is	advised	in	the	setting	of	cardiac	pump	dysfunction	due	to	increased
afterload.	 Epinephrine	 is	 the	 least	 selective	 of	 the	 catecholamines	 and	 is
occasionally	added	for	 refractory	septic	shock.	Vasopressin	 is	 recommended	as
an	alternative	to	adrenergic	agents,	but	its	use	for	hypotension	may	be	limited	to
patients	 with	 hemodynamic	 collapse	 that	 is	 resistant	 to	 adequate	 fluid
resuscitation	 and	 high-dose	 conventional	 vasopressors	 or	 those	 with
postcardiotomy	 shock.49	 For	 patients	 refractory	 to	multiple	 pressors,	 including
those	 status	 post	 cardiopulmonary	 bypass,	 a	 trial	 of	methylene	 blue	 should	 be
considered.55,75,97



CLINICAL	USE	OF	VASOACTIVE	DRUGS
1 	 3 	For	 the	volume-resuscitated	patient	with	persistent	hypotension,	vasoactive
medications	are	administered	with	the	goal	of	improving	arterial	pressure	while
avoiding	 myocardial	 ischemia,	 arrhythmias,	 and	 excess	 vasoconstriction.
Although	 a	 mean	 arterial	 blood	 pressure	 of	 65	 mm	 Hg	 or	 greater	 is
recommended	 to	 maintain	 autoregulatory	 blood	 flow	 to	 vital	 organs,	 some
patients	may	require	considerably	higher	pressures.98	Therefore,	it	is	essential	to
use	 other	 indicators	 of	 global	 and	 regional	 perfusion	 in	 addition	 to	 the	 mean
arterial	pressure	to	guide	therapy.	Altered	mental	status,	oliguria,	and	cool	skin
are	important	clinical	signs	of	poor	perfusion	but	are	somewhat	nonspecific.	The
clinical	 use	 of	 mixed	 or	 central	 venous	 oxygen	 saturation	 and	 serum	 lactate
level,	 as	 well	 as	 intramucosal	 pH	 monitoring	 by	 gastric	 tonometry	 remains
unproven.10	 Increased	 serum	 lactate	 may	 represent	 tissue	 hypoxia,	 accelerated
glycolysis	driven	by	excess	β-adrenergic	stimulation,	or	other	causes	(eg,	acute
hepatic	injury).	Increased	lactate	levels	are	associated	with	worse	outcomes	and
have	been	proposed	as	a	target	to	guide	therapy.	Randomized	controlled	trials	of
lactate-guided	 resuscitation	 of	 patients	 with	 septic	 shock	 have	 demonstrated
reduced	mortality	with	no	difference	in	ICU	length	of	stay.99	Other	laboratories
of	end-organ	function,	including	serum	creatinine	and	liver	function	tests,	should
be	monitored.

Although	some	clinicians	have	advocated	achieving	“supranormal”	levels	of
oxygen	 delivery	 in	 the	 treatment	 of	 critically	 ill	 patients,	 this	 approach	 is
controversial,100	 and	 adverse	 effects	 of	 hyperoxia	 have	 been	 demonstrated	 on
coronary	 blood	 flow	 and	myocardial	 function	 in	 patients	with	 coronary	 artery
disease101	 and	 heart	 failure,102	 respectively.	 A	 meta-analysis	 in	 critically	 ill
patients	 found	 that	 various	 approaches	 to	 hemodynamic	 optimization	 reduced
mortality	when	patients	were	treated	early	to	achieve	hemodynamic	goals	before
the	 development	 of	 organ	 failure	 and	 when	 therapy	 produced	 differences	 in
oxygen	delivery.103

1 	 4 	Vasopressors	and	positive	inotropes	are	powerful	drugs	with	considerable
potential	for	toxicity.	Diligent	monitoring	and	careful	adjustment	of	medications
based	on	changes	in	clinical	status	are	essential.	Patients	should	be	treated	in	an
intensive	 care	 setting	 with	 continuous	 monitoring	 of	 cardiac	 rhythm,	 urine
output,	 and	 arterial	 oxygenation.	 Fluid	 resuscitation	 and	 careful	 attention	 to
intravascular	volume	are	paramount,	as	up	to	50%	of	patients	with	hypotension
related	to	sepsis	may	stabilize	after	fluids	alone.10	Moreover,	the	administration
of	 vasopressors	 to	 intravascularly	 depleted	 patients	 can	 worsen	 end-organ



perfusion.	The	routine	use	of	pulmonary	artery	catheters	in	this	setting	remains
unproven,	as	overaggressive	treatment	may	increase	the	risk	of	adverse	events.104
For	 patients	 who	 do	 not	 respond	 adequately	 to	 initial	 fluid	 boluses	 and	 brief
infusion	 of	 vasopressors,	 bedside	 echocardiography	 or	 invasive	 hemodynamic
monitoring	 may	 help	 to	 optimize	 filling	 pressures	 and	 performance.105,106	 A
recent	 staging	 system	 for	 cardiogenic	 shock	 combines	 assessment	 of
hemodynamics	 by	 pulmonary	 artery	 catheter	 along	with	 physical	 findings	 and
biochemical	markers	 to	classify	severity	of	 illness	and	estimate	prognosis.107,108
Intra-arterial	 cannulation	 and	 direct	monitoring	 of	 blood	 pressure	 is	 suggested
during	prolonged	vasopressor	use.	Drugs	should	be	administered	through	central
venous	catheters	via	volumetric	 infusion	pumps	 that	deliver	precise	 flow	rates.
In	 the	 event	 of	 vasopressor	 extravasation,	 an	 α1-adrenergic	 antagonist	 (eg,
phentolamine,	5-10	mg,	diluted	in	10-15	mL	of	saline)	can	be	infiltrated	into	the
area	to	limit	local	vasoconstriction	and	tissue	necrosis.

With	 few	 exceptions,	 the	 drugs	 discussed	 in	 this	 chapter	 are	 short-acting
agents	with	rapid	onset	and	offset	of	action.	They	are	generally	initiated	without
a	 bolus	 and	 can	 be	 titrated	 frequently.	 Abrupt	 lowering	 or	 discontinuation	 of
vasoactive	drugs	 should	be	 avoided	 to	prevent	 rebound	hypotension.	Common
dose	ranges	are	provided	in	Table	191.1,	but	there	may	be	considerable	variation
of	 the	 dose	 required	 to	 restore	 adequate	 hemodynamics.	 Furthermore,	 an
individual	 patient’s	 response	 to	 an	 agent	 may	 diminish	 with	 time	 owing	 to
several	 mechanisms,	 including	 adrenergic	 receptor	 desensitization	 and/or
progressive	vasoplegia.109

Critically	 ill	patients	 in	 the	ICU	are	generally	 treated	with	multiple	drugs	in
addition	 to	 vasoactive	 agents	 (eg,	 other	 cardiovascular	 medications,
antimicrobial	 agents,	 antithrombotic	 therapy).	 Thorough	 medication
reconciliation	 should	 be	 performed	 at	 the	 time	 of	 admission	 to	 discontinue
agents	 (β-blockers,	 renin-angiotensin	 system	 antagonists)	 that	 may	 exacerbate
hemodynamic	 and/or	 renal	 dysfunction.	 During	 treatment,	 careful	 attention
should	be	paid	to	potential	drug-drug	interactions,	as	they	can	significantly	alter
the	response	 to	a	given	sympathomimetic	amine.	For	example,	prior	or	current
treatment	 with	 a	 β-adrenergic	 antagonist	 can	 cause	 resistance	 to	 the	 action	 of
dobutamine	or	other	β-adrenergic	agonists.	The	administration	of	 less-selective
drugs	(eg,	norepinephrine)	to	a	patient	receiving	chronic	β-blockade	can	result	in
unopposed	 α-adrenergic	 stimulation.	 Another	 well-described	 interaction	 is	 the
exaggerated	response	to	some	catecholamines	in	individuals	taking	monoamine
oxidase	inhibitors.	The	starting	dose	for	these	patients	should	be	less	than	10%
of	 the	 usual	 dose.1	 ICU	 rounding	 with	 a	 dedicated	 critical	 care	 pharmacist	 is
strongly	recommended.



1 	 5 	 It	 should	 be	 recognized	 that	 the	 number	 of	 vasoactive	 drugs,	 the	 doses
required,	and	the	duration	of	therapy	to	maintain	end-organ	perfusion	and	blood
pressure	are	associated	with	greater	mortality.	However,	it	remains	unclear	if	and
when	mechanical	 circulatory	 support	 should	 be	 considered	 in	 these	 situations.
Many	 complex	 issues	 accompany	 mechanical	 circulatory	 support,	 including
vascular	 access,	 center	 expertise,	 exit	 strategies,	 bleeding	 and	 thrombotic
complications,	infection,	and	immobility.	A	more	detailed	discussion	is	available
in	the	section	on	mechanical	circulatory	support	(Chapter	192).

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	In	the	setting	of	shock	of	unknown	cause,	what	is	the	most	appropriate
initial	treatment	for	the	associated	hypotension?

A. 	Dobutamine
B. 	Dopamine
C. 	Fluids
D. 	Norepinephrine

2. 	In	which	of	the	following	shock	states	may	vasopressin	be	indicated?

A. 	Cardiac	arrest
B. 	Postcardiotomy
C. 	Sepsis
D. 	All	of	the	above

3. 	When	treating	septic	shock,	all	of	the	following	therapies	may	be
appropriate,	EXCEPT:

A. 	Activated	protein	C
B. 	Hydrocortisone
C. 	Norepinephrine
D. 	Venoarterial	extracorporeal	membrane	oxygenation	(VA-ECMO)

Answers



1.	The	correct	answer	is	C.
Rationale:	Hypovolemia	 is	a	common	cause	of	shock	and	should	always	be

considered	 as	 the	 first	 therapeutic	 target,	 addressed	 by	 giving	 empiric	 fluid
resuscitation	 until	 the	 cause	 of	 shock	 is	 better	 defined	 (choice	 C	 is	 correct).
Dobutamine	 should	be	 reserved	 for	 those	patients	with	evidence	of	 inadequate
cardiac	output	as	a	cause	of	shock	(choice	A	is	incorrect).	Norepinephrine	would
be	reasonable,	but	not	before	fluids	(choice	D	is	incorrect).	If	a	pressor	was	used,
norepinephrine	is	superior	to	dopamine	in	a	prospective	randomized	trial	(choice
B	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	Vasopressin	 improves	 blood	 pressure	 in	 patients	with	 sepsis	 and

vasodilatory	shock	after	cardiopulmonary	bypass,	 and	may	also	be	effective	 in
the	 treatment	 of	 cardiac	 arrest	 unresponsive	 to	 epinephrine	 and	 defibrillation
(choice	D	is	correct).

3.	The	correct	answer	is	A.
Rationale:	 Steroids	 and	 norepinephrine	 have	 both	 been	 shown	 to	 have	 a

benefit	 in	 clinical	 studies	 of	 septic	 shock.	 In	 the	 most	 contemporary	 clinical
trials	 of	 activated	 protein	 C,	 administration	 of	 this	 agent	 has	 not	 resulted	 in
decreased	 mortality	 but	 rather	 increased	 bleeding	 (choice	 A	 is	 the	 “correct”,
wrong	answer).	VA-ECMO	may	be	a	viable	option	in	carefully	selected	patients
with	 refractory	 septic	 shock,	 though	 outcomes	were	 poor	 in	 adults	with	 septic
shock	without	severe	left	ventricular	depression	in	a	2021	meta-analysis.
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Chapter	192
Mechanical	Circulatory	Support	for
Cardiogenic	Shock
Ajar	Kochar,	Erin	A.	Bohula

KEY	POINTS:
1.	 In	contemporary	cardiac	intensive	care	units,	around	20%	of	patients

have	cardiogenic	shock.	The	most	common	causes	for	cardiogenic
shock	are	acute	myocardial	infarction	(AMI)	and	nonischemic
cardiomyopathy.	Cardiogenic	shock	confers	a	very	high	rate	of	in-
hospital	mortality	∼30%	to	40%.

2.	 Escalation	to	mechanical	circulatory	support	(MCS)	may	be
considered	for	patients	who	are	refractory	to	or	have	a
contraindication	(eg,	malignant	arrhythmias)	to	pharmacologic
interventions.	The	general	strategy	for	the	use	of	MCS	is	described
in	professional	society	guidelines	and	expert	consensus	statements.
Early	initiation	of	MCS	is	recommended	by	some	experts	with	the
goal	of	mitigating	the	potential	adverse	consequences	of	escalating
doses	of	exogenous	catecholamines.

3.	 In	the	setting	of	shock,	short-term	MCS	can	provide	a	bridge	to	(1)
recovery,	(2)	provision	of	advanced	heart	failure	therapies,	such	as
transplantation	or	placement	of	durable	left	ventricular	assist
devices,	or	(3)	definitive	procedural	interventions	(eg,	surgical	repair
of	mechanical	complications	of	AMI).

4.	 Intra-aortic	balloon	pumps	(IABPs)	remain	the	most	commonly	used
percutaneous	mechanical	circulatory	support	(MCS)	devices;
however,	IABPs	should	not	be	routinely	used	in	the	setting	of
myocardial	infarction–related	cardiogenic	shock.



5.	 The	Impella	5.0	and	5.5	devices	differ	from	the	Impella	2.5	and	CP
devices	in	that	the	5.0/5.5	devices	are	able	to	generate	more	cardiac
output,	but	they	require	a	surgical	cut-down	and	graft	implantation
(usually	on	the	axillary/subclavian	arteries)	in	order	to	be	advanced
into	the	left	ventricle.

6.	 While	VA-ECMO	can	provide	complete	biventricular	support,	the
hemodynamic	ramifications	of	VA-ECMO	result	in	an	increase	in
afterload.	In	select	patients;	this	increase	in	afterload	may	be
managed	pharmacologically.	Alternatively,	some	patients	may
benefit	from	direct	left	ventricular	unloading	using	an	IABP,	Impella,
atrial	septostomy,	or	a	surgically	placed	left	ventricular	cannula.

7.	 The	selection	of	the	MCS	device	strategy	requires	the	integration	of
multiple	different	factors,	including	the	severity	of	impaired	cardiac
output,	the	urgency	of	initiation,	the	etiology	of	shock	and	its
potential	reversibility,	involvement	of	the	right	ventricle,	the	need	for
oxygenation,	and	anatomic	considerations.

8.	 MCS-related	complications	are	frequent,	especially	bleeding	and
limb	ischemia.	Limb	ischemia	due	to	indwelling	large-bore	cannulas
may	be	mitigated	with	the	use	of	a	distal	perfusion	catheter	to
provide	perfusion	to	distal	limb	territories.

9.	 Due	to	limited	organ	availability	for	cardiac	transplantation,	long-term
MCS	with	LVADs	remains	an	important	treatment	modality	for
patients	with	severe	cardiac	dysfunction.	Newer	generation	LVADs,
such	as	the	HeartMate	III	(magnetically	levitated	impeller),	have
considerably	lower	complications	including	less	pump	replacement,
pump	thrombosis,	stroke,	and	bleeding.

INTRODUCTION
1 	The	most	severe	form	of	cardiac	insufficiency,	cardiogenic	shock,	is	present	in
approximately	 1	 in	 5	 patients	 admitted	 to	 contemporary,	 advanced	 cardiac
intensive	 care	 units.1	 Despite	 advancements	 in	 care	 for	 this	 syndrome,	 in-
hospital	 mortality	 remains	 30%	 to	 40%.2-4	 Across	 its	 various	 etiologies,	 the
common	pathophysiology	of	cardiogenic	shock	is	inadequate	cardiac	output	with



subsequent	end-organ	hypoperfusion.4,5	Supportive	 treatments	 for	 shock	aim	 to
improve	 cardiac	 output	 in	 order	 to	 restore	 end-organ	 perfusion	 and	 prevent
multiorgan	dysfunction	and	death.	Mechanical	circulatory	support	 (MCS)	 is	an
option	 for	 management	 to	 achieve	 these	 goals,	 particularly	 for	 patients	 with
shock	that	is	refractory	to	pharmacological	therapies.

Generally,	MCS	devices	provide	hemodynamic	support	via	augmentation	of
cardiac	 output.	 However,	 there	 are	 differences	 between	 available	 devices	 that
intersect	with	important	factors	related	to	clinical	decision-making,	including	the
anticipated	duration;	 timing	and	anatomic	 location	of	placement;	magnitude	of
increase	 in	 cardiac	 output;	 need	 for	 concomitant	 respiratory	 support;	 and
whether	support	is	needed	for	the	left	heart,	right	heart,	or	both.	In	this	chapter,
our	primary	focus	will	be	on	the	options	for	short-term	MCS,	including	the	intra-
aortic	 balloon	 pump	 (IABP),	 percutaneous	 ventricular	 assist	 devices	 (pVADs)
and	venoarterial	 extracorporeal	membrane	oxygenation	 (VA-ECMO),	of	which
the	latter	two	sets	of	MCS	devices	(pVADs	and	VA-ECMO)	will	be	referred	to
as	 advanced	MCS	 devices.	We	will	 discuss	 the	mechanistic	 rationale	 for	 use,
indications	 and	 contraindications,	 device	 choice,	 complications	 and	 risk
mitigation	strategies,	and	weaning.	We	will	conclude	with	a	brief	discussion	of
centrally	placed	surgical	temporary	and	durable	MCS	devices.

RATIONALE	FOR	MCS
As	shock	is	the	most	common	indication	for	use	of	MCS,	it	is	useful	to	frame	the
rationale	 for	MCS	 in	 the	 context	 of	 shock	pathophysiology.	Shock	 is	 typically
defined	as	persistent	hypotension	with	systolic	blood	pressures	<	90	mm	Hg	or
mean	arterial	pressure	(MAP)	<	60	mm	Hg	for	30	minutes	or	the	requirement	for
vasoactive	 agents	 to	 maintain	 normotension	 with	 evidence	 of	 end-organ
malperfusion	 (Chapters	 190	 and	 191).	 The	 defining	 features	 of	 cardiogenic
shock	are	clinical	or	invasive	evidence	of	inadequate	cardiac	output	with	normal
or	 elevated	 filling	 pressures.	 The	 cardiogenic	 shock	 spiral	 describes	 a	 classic
conceptual	framework	in	which	“shock	begets	shock”	(Figure	192.1).	An	initial
insult—such	 as	 an	 acute	 myocardial	 infarction	 (AMI)	 or	 an	 acute
decompensation	of	chronic	heart	failure—results	in	decreased	cardiac	output.	In
this	 setting,	 end-organ	 hypoperfusion	 ensues,	 including	 myocardial
hypoperfusion.	 Hypotension,	 when	 present,	 further	 decreases	 coronary,	 and
therefore	myocardial,	perfusion.	These	factors,	along	with	hypoxia,	contribute	to
progressive	 myocardial	 dysfunction,	 ultimately	 culminating	 in	 multisystem
organ	dysfunction.



	

Figure	 192.1 	 Cardiogenic	 shock	 spiral.The	 schematic	 depicts
various	factors	that	contribute	to	progressive	myocardial	dysfunction
in	 the	 setting	 of	 cardiogenic	 shock,	 culminating	 with	 multiorgan
system	 dysfunction	 and	 death.	 AMI,	 acute	 myocardial	 infarction;
CABG,	coronary	artery	bypass	graft;	eNOS,	endothelial	nitric	oxide
synthase;	IABP,	intra-aortic	balloon	pump;	IL-6,	interleukin	6;	iNOS,
inducible	 nitric	 oxide	 synthase;	 LV,	 left	 ventricular;	 LVAD,	 left
ventricular	 assist	 device;	 LVEDP,	 left	 ventricular	 end-diastolic
pressure;	 PCI,	 percutaneous	 coronary	 intervention;	 SIRS,	 systemic
inflammatory	response	syndrome;	SVR,	systemic	vascular	resistance;
TNF-α,	 tumor	 necrosis	 factor	 α.(Adapted	 from	 Reynolds	 HR,
Hockman	JS.	Circulation.	2008;117(5):686	and	Morrow	DA,	Bohula
EA.	 Chapter	 25:	 Heart	 Failure	 and	 Cardiogenic	 Shock	 After
Myocardial	 Infarction.	 Myocardial	 Infarction:	 A	 Companion	 to
Braunwald’s	Heart	Disease.	Elsevier;	2016.)

2 	The	therapeutic	goal	within	this	framework	is	to	interrupt	the	shock	spiral.
The	therapeutic	maneuvers	may	include	restoration	of	coronary	perfusion	in	the
setting	 of	 acute	 ischemia,	 reversal	 of	 hypotension,	 improvement	 of	 cardiac
output,	 and	optimization	of	volume	status.2,6	Early	management	 of	 cardiogenic
shock	should	consist	of	coronary	revascularization,	where	appropriate,	treatment
of	congestion	with	diuretics	or	renal	replacement	therapy,	and	use	of	vasoactive
agents	 to	 increase	MAP	 and	 cardiac	 output	 (Chapter	 191).	 Escalation	 to	MCS
may	be	considered	for	patients	who	are	refractory	to	or	have	a	contraindication
(eg,	 malignant	 arrhythmias)	 to	 pharmacological	 interventions.	 This	 general
strategy	for	 the	use	of	MCS	is	described	in	professional	society	guidelines	and
expert	 consensus	 statements	 (Table	 192.1).	 Early	 initiation	 of	 MCS	 is



recommended	by	some	experts	with	the	goal	of	mitigating	the	potential	adverse
consequences	of	escalating	doses	of	exogenous	catecholamines.13,14

TABLE	192.1

Society	Expert	Consensus	or	Guideline	Recommendations
for	Use	of	Temporary	MCS

Organizations
European
Society	of
Cardiology
(ESC)

American	Heart
Association	(AHA),
American	Society
of	Cardiology
(ACC),	Heart
Failure	Society	of
American	(HFSA),
or	Society	for
Coronary
Angiographic
Interventions
(SCAI)

International
Society	for
Heart	and	Lung
Transplantation

General/Other Short-term
mechanical
circulatory
support	may
be	considered
in	refractory
cardiogenic
shock
depending	on
patient	age,
comorbidities
and
neurological
function
(class	IIb,
LOE	C).9

Urgent	nondurable
MCS	is	reasonable	in
hemodynamically
compromised	HF
patients	with	end-
organ	dysfunction
and/or	relative
contraindications	to
heart
transplantation/durable
MCS	that	are	expected
to	improve	with	time
with	restoration	of	an
improved
hemodynamic	profile
(class	IIa;	LOE	C).10	

Short-term
mechanical
support,	including
extracorporeal
membrane
oxygenation,
should	be	used	in
acutely
decompensated
patients	who	are
failing	maximal
medical	therapy
(class	1,	LOE	C).
The	use	of
temporary
mechanical	support



In	the	setting	of
profound	cardiogenic
shock,	IABP	is	less
likely	to	provide
benefit	than
continuous	flow
pumps	including	the
Impella	CP	and
TandemHeart.	ECMO
may	also	provide
benefit,	particularly
for	patients	with
impaired	respiratory
gas	exchange
(Consensus
Statement).11	
Patients	with	acute
decompensated	heart
failure	may	benefit
from	early	use	of
percutaneous	MCS
when	they	continue	to
deteriorate	despite
initial	interventions.
MCS	may	be
considered	if	patients
are	candidates	for
surgically	implanted
VADs	or	if	rapid
recovery	is	expected
(eg,	fulminant
myocarditis	or	stress-
induced
cardiomyopathy)
(Consensus
Statement).11

should	be	strongly
considered	in
patients	with
multiorgan	failure,
sepsis,	or	on
mechanical
ventilation	to	allow
successful
optimization	of
clinical	status	and
neurologic
assessment	prior	to
placement	of	a
long-term	MCSD
(class	1,	LOE	C).8	
Consideration	of
MCS	in	the	setting
of	irreversible
multiorgan	failure
is	not
recommended
(class	III,	LOE	C).

ACS	Guidelines In	selected
patients	with

Alternative	left
ventricular	(LV)	assist



ACS	and	CS,
short-term
mechanical
circulatory
support	may
be
considered,
depending	on
patient	age,
comorbidities,
neurological
function,	and
the	prospects
for	long-term
survival	and
predicted
quality	of	life
(class	IIb,
LOE	C).12	
Routine	use
of	IABP	in
patients	with
CS	and	no
mechanical
complications
due	to	ACS	is
not
recommended
(class	III,
LOE	B).12

devices	[not	IABP]	for
circulatory	support
may	be	considered	in
patients	with
refractory	cardiogenic
shock	(class	IIb;	LOE
C).7	
MCS	may	be
considered	for	patients
undergoing	high-risk
PCI,	such	as	those
requiring	multivessel,
left	main,	or	last	patent
conduit	interventions,
particularly	if	the
patient	is	inoperable	or
has	severely	decreased
ejection	fraction	or
elevated	cardiac	filling
pressures	(Consensus
Statement).11

ACC/AHA	2013	STEMI	guidelines	include	the	following:	“IABP	can	be	useful	for	patients	with
cardiogenic	shock	after	STEMI	who	do	not	quickly	stabilize	with	pharmacological	therapy	(class
IIa,	LOE	B)”;	however,	the	recommendation	predates	publication	of	IABP-Shock	II	Trial.7	ACS,
acute	coronary	syndrome;	CS,	cardiogenic	shock;	ECMO,	extracorporeal	membrane	oxygenation;
HF,	heart	failure;	IABP,	intra-aortic	balloon	pump;	LOE,	level	of	evidence;	MCSD,	mechanical
circulatory	support	device;	PCI,	percutaneous	coronary	intervention;	STEMI,	ST-elevation
myocardial	infarction;	VADs,	ventricular	assist	devices.
From	O’Gara	PT,	Kushner	FG,	Ascheim	DD,	et	al.	2013	ACCF/AHA	guideline	for	the	management
of	ST-elevation	myocardial	infarction:	executive	summary:	a	report	of	the	American	College	of
Cardiology	Foundation/American	Heart	Association	Task	Force	on	Practice	Guidelines.



Circulation.	2013;127:529-555.

The	pathophysiological	mechanisms	by	which	MCS	could	halt	 progressive
myocardial	dysfunction	and	interrupt	the	shock	spiral	are	by:

increasing	cardiac	output,	thereby	reversing	end-organ	dysfunction;
reducing	intracardiac	filling	pressures	and	volumes,	resulting	in	decreased
congestion/hypoxia,	wall	stress,	and	myocardial	oxygen	demand;
reducing	ventricular	afterload,	thereby	increasing	stroke	volume	and	reducing
myocardial	demand;	and
augmenting	coronary	perfusion.

INDICATIONS	AND	CONTRAINDICATIONS	FOR
TEMPORARY	MCS
3 	Temporary	MCS	may	be	considered	for	patients	with	refractory	shock	due	to	a
variety	 of	 conditions,	 including	 cardiogenic	 shock	 complicating	 acute
myocardial	infarction	(AMI-CS)	as	well	as	shock	related	to	conditions	other	than
AMI	(Table	192.2).	In	the	setting	of	shock,	short-term	MCS	can	provide	a	bridge
to	 (1)	 recovery,	 (2)	 provision	 of	 advanced	 heart	 failure	 therapies,	 such	 as
transplantation	or	placement	of	durable	 left	ventricular	assist	devices	(LVADs),
or	 (3)	 definitive	 procedural	 interventions	 (eg,	 surgical	 repair	 of	 mechanical
complications	of	AMI;	Figure	192.2).	Additionally,	 temporary	MCS	may	 also
provide	a	bridge	 for	decision-making	 regarding	any	of	 these	goals	and	 time	 to
further	delineate	goals	of	care.	Other	indications	include	periprocedural	support
during	 high-risk	 percutaneous	 coronary	 intervention	 (PCI),	 cardiac	 structural
interventions,	or	arrhythmia	ablation	(Table	192.2).	VA-ECMO	may	also	be	used
to	provide	circulatory	and	respiratory	support	for	cases	of	refractory,	in-hospital
and	 out-of-hospital	 cardiac	 arrest,	 a	 practice	 termed	 extracorporeal
cardiopulmonary	resuscitation	(eCPR).

TABLE	192.2

Indications	and	Contraindications	for	Temporary	MCS

Indications Contraindications



Cardiogenic	shock	secondary	to	various
etiologies,	including:

Relativea

AMI-CS Contraindication	to	systemic
anticoagulation

Non–AMI-CS,	including Moderate/severe	aortic
insufficiency

Myocardial	processes,	including: Severe	peripheral	artery
disease

Acute	exacerbation	of	chronic	heart
failure

Aortic	dissection

Fulminant	myocarditis [Critical	aortic	stenosis]

Stress	cardiomyopathy [Left	ventricular	or	left	atrial
thrombus]

Post	cardiac	arrest

Infiltrative	diseases	(eg,	amyloid) Absolute:

Primary	transplant	graft	failure Futility/irrecoverable
condition

Toxins Goals	of	care	not	consistent
with	MCS	use

Postcardiotomy	syndrome

Other	etiologies,	including:

Mechanical	complications	of	AMI	(eg,
VSD,	acute	severe	MR)

Intractable	arrhythmias

Valvular	heart	disease

Pulmonary	embolism

Pulmonary	hypertension

Pericardial	disease



Periprocedural	Support

High-risk	PCI

High-risk	EP	procedures	(eg,	ventricular
arrhythmia	ablation)

High-risk	percutaneous	valve	procedures

Extracorporeal	cardiopulmonary
resuscitation	(eCPR)

aRelative	contraindications	may	vary	by	device	such	as	for	critical	aortic	stenosis	or	left	ventricular
or	left	atrial	thrombus.	See	Tables	192.4	and	192.6	for	contraindications	by	device.

AMI,	acute	myocaridal	infarction;	AMI-CS,	acute	myocaridal	infarction	cardiogenic	shock;	EP,
electrophysiology;	MCS,	mechanical	circulatory	support;	MR,	mitral	regurgitation;	PCI,
percutaneous	coronary	intervention;	VSD,	ventricular	septal	defect.

	

Figure	192.2 	Strategic	uses	of	 temporary	MCS	 in	 the	 setting	of
cardiogenic	 shock.In	 patients	 with	 cardiogenic	 shock,	 temporary
MCS	 may	 be	 used	 as	 a	 bridge	 to	 myocardial	 recovery	 or	 durable
therapies,	 such	 as	 heart	 transplantation	 or	 durable	 ventricular	 assist
devices.	 Temporary	MCS	may	 also	 provide	 a	 bridge	 to	 decision	 to
allow	 for	 additional	 time	 to	 determine	 whether	 a	 patient	 is	 a
candidate	for	advanced	therapies.	Finally,	MCS	may	provide	a	bridge
to	other	definitive	treatments,	such	as	procedural	repair	of	mechanical
complications	of	MI.	CS,	cardiogenic	shock;	HF,	heart	failure;	MCS,
mechanical	 circulatory	 support;	 MI,	 myocardial	 infarction;	 OHT,



orthotopic	heart	transplantation;	VAD,	ventriculat	assist	device.

Temporary	 MCS	 is	 also	 being	 investigated	 for	 mechanical	 left	 ventricular
(LV)	 unloading	 in	 the	 setting	 of	 AMI	 prior	 to	 revascularization.15	 Based	 on
preclinical	 data	 demonstrating	 a	 reduction	 of	 ischemia-reperfusion	 injury	 and
infarct	size	with	mechanical	unloading,	 the	ST-Elevation	Myocardial	Infarction
Door	to	Unloading	(STEMI-DTU)	trial	(NCT03947619)	is	evaluating	the	effect
on	infarct	size	of	mechanical	LV	unloading	for	30	minutes	prior	to	PCI.

Absolute	 contraindications	 to	 MCS	 are	 limited	 to	 situations	 where	 further
escalation	of	care	 is	not	deemed	appropriate	(i.e.,	medical	 futility)	or	when	the
goals	of	care	are	not	consistent	with	escalation	of	care	(Table	192.2).	Inability	to
tolerate	systemic	anticoagulation	and	severe	aortic	insufficiency	are	the	relative
contraindications	shared	by	all	temporary	MCS	devices.	Other	contraindications
will	vary	by	device	and	generally	 reflect	barriers	 to	placement	 (eg,	 inability	 to
place	MCS	across	a	critically	stenosed	aortic	valve)	or	conditions	 that	 increase
the	risk	of	complications	(eg,	risk	of	systemic	embolism/stroke	in	the	setting	of
LV	 thrombus).	 Device-specific	 contraindications	 are	 outlined	 later	 in	 this
chapter.

EPIDEMIOLOGY	OF	TEMPORARY	MCS
The	use	of	temporary	MCS	devices	has	increased	dramatically	over	the	last	few
decades	 across	 the	 range	 of	 indications.16-19	 While	 IABP	 remains	 the	 most
commonly	deployed	device	in	the	United	States,	its	use	appears	to	be	decreasing
over	time.16	In	contrast,	rates	of	use	of	advanced	MCS	devices,	particularly	VA-
ECMO	and	Impella,	have	increased	substantially,	with	a	National	Cardiovascular
Data	 Registry	 (NCDR)	 study	 suggesting	 an	 increase	 of	 more	 than	 1000%
between	2007	and	2011.16

Shock	 is	 the	most	 common	 indication	 for	MCS	 for	patients	 admitted	 to	 the
cardiac	intensive	care	unit.20	Interestingly,	while	AMI-CS	has	been	the	dominant
focus	 of	 MCS	 research,	 data	 from	 the	 Cardiogenic	 Shock	 Working	 Group
(CSWG)	 and	 Critical	 Care	 Cardiology	 Trials	 Network	 (CCCTN)	 registries
suggests	that	AMI-CS	accounts	for	only	1/3	of	cardiogenic	shock	cases.3,21,22	In
these	 registries,	 acute	 decompensation	 of	 chronic	 heart	 failure	 is	 the	 most
common	etiology	of	cardiogenic	shock	(∼45%-50%).4,21	Despite	a	lack	of	data
supporting	 a	 mortality	 benefit	 for	 temporary	 MCS	 in	 either	 population,
contemporary	data	from	both	registries	suggest	high	rates	of	use.	At	an	extreme,
CSWG	 reported	 temporary	 MCS	 use	 in	∼84%	 of	 patients	 with	 cardiogenic



shock	 and	 96%	 of	 patients	 with	 AMI-CS.21	 In	 the	 CCCTN	 registry,	 34%	 of
patients	with	cardiogenic	shock	had	temporary	MCS	placed,	and	MCS	was	used
more	 frequently	 in	AMI-CS	 (62%)	compared	with	other	 causes	of	 cardiogenic
shock	(25%).20	In	these	and	other	data	sets,	IABP	was	the	most	commonly	used
temporary	 MCS	 device	 by	 a	 large	 margin.20,21,23	 Interestingly,	 several	 studies
report	significant	variability	of	 the	use	of	 temporary	MCS	across	hospitals	 that
was	 not	 explained	 by	 differences	 of	 patient	 characteristics.20,23	 One	 potential
explanation	 for	 this	 observation	 is	 that	 the	 absence	 of	 strong	 data	 to	 support
benefit	for	any	specific	populations	of	patients	has	led	to	highly	variable	clinical
practice	patterns.

AVAILABLE	TEMPORARY	MCS	DEVICES
A	detailed	description	of	currently	available	MCS	devices	 follows,	categorized
according	 to	whether	 they	may	be	used	 for	 left,	 right,	 or	 biventricular	 support
(Table	 192.3).	 Details	 on	monitoring	 and	 preventing	 device	 complications	 are
provided	in	a	later	section.

TABLE	192.3

Temporary	MCS	Strategies	for	Left,	Right,	and	Biventricular
Support

Left
ventricular
Support

Biventricular	Support Right	ventricular
Support

No
respiratory
failure

IABP
Impella
TH
CentriMag	(LA
or	LV→Ao)

BiV	Impella
TH-ProtekDuo	+	Impella
BiV	TH
BiV	CentriMag

Impella	RP
TH-ProtekDuo
CentriMag	(RA	or
RV→PA)

Respiratory
failure

TH	+	oxygenator
VA-ECMO

TH-
ProtekDuo	+	Impella	+	Oxygenator
BiV	TH	+	oxygenator
BiV	CentriMag	+	oxygenator

TH-
ProtekDuo	+	Oxygenator
VV-ECMO
w/ProtekDuo



VA-ECMO VA-ECMO

Ao,	aorta;	BiV,	biventricular;	IABP,	intra-aortic	balloon	pump;	LA,	left	atrium;	LV,	left	ventricle;	PA,
pulmonary	artery;	RA,	right	atrium;	RV,	right	ventricle;	TH,	TandemHeart;	VA-ECMO,	venoarterial
extracorporeal	membrane	oxygenation;	VV-ECMO,	venovenous	extracorporeal	membrane
oxygenation.

Left	Ventricular	Support	Devices

Intra-aortic	Balloon	Pump
The	 IABP	 was	 developed	 in	 the	 1960s	 and	 remains	 the	 most	 employed	 left
ventricular	 (LV)	 support	 device.16	 The	 IABP	 is	 a	 dual-lumen	 device	 with	 an
outer	 flexible	 20	 to	 30	 cm	 long	 cylindrical	 polyethylene/polyurethane	 balloon
that	is	inflated	with	20	to	50	cc	of	helium	(Figure	192.3).	Helium	is	used	due	to
its	 low	viscosity,	 facilitating	 rapid	balloon	 inflation	and	deflation,	 and	 its	 inert
nature	 that	 minimizes	 the	 harms	 of	 gas	 embolism	 in	 the	 event	 of	 balloon
rupture.11	 The	 inner	 portion	 of	 the	 IABP	 cannula	 is	 a	 central	 lumen	 that
facilitates	 placement	 and	 arterial	 pressure	 monitoring.	 IABPs	 may	 monitor
pressure	via	 fluid-filled	 transducers;	however,	most	contemporary	IABPs	use	a
fiberoptic	 pressure	 sensor	 mounted	 on	 the	 distal	 IABP	 tip.24	 The	 device	 is
connected	to	a	console	that	allows	clinicians	to	monitor	hemodynamic	tracings,
identify	 device-related	 alarms,	 and	 adjust	 various	 settings,	 including	 the
frequency	of	balloon	inflation	(1:1	vs	1:2	or	1:3)	and	trigger	mechanism.



	

Figure	 192.3 	 Percutaneous	 temporary	 MCS	 devices.Left
ventricular	 support	 devices	 include	 the	 intra-aortic	 balloon	 pump
(IABP),	 Impella	microaxial	 peripheral	 ventricular	 assist	 device	 and
the	TandemHeart	centrifugal	pump.	Impella	2.5,	CP,	and	5.0	may	be
placed	 via	 the	 femoral	 artery	 (as	 shown).	 All	 left-sided	 Impella
devices	may	be	placed	in	the	axillary	artery	through	a	surgical	graft.
Right	 ventricular	 support	 devices	 include	 the	 Impella	 RP,
TandemHeart	pump	with	ProtekDuo	catheter,	or	VV-ECMO	with	the
ProtekDuo	 catheter	 (not	 shown).	 VA-ECMO	 provides	 biventricular
circulatory	 and	 ventilatory	 support.	 MCS,	 mechanical	 circulatory
support;	 VA-ECMO,	 venoarterial	 extracorporeal	 membrane
oxygenation;	 VV-ECMO,	 venovenous	 extracorporeal	 membrane
oxygenation.(Adapted	 from	 Bohula	 EA,	 Morrow	 DA.	Chapter	 38:
ST-Elevation	Myocardial	Infarction	Management,	Braunwald’s	Heart
Disease.	12th	ed.	Elsevier;	2021	and	Thiele	H,	Ohman	EM,	de	Waha-
Thiele	 S,	 Zeymer	 U,	 Desch	 S.	 Management	 of	 cardiogenic	 shock
complicating	 myocardial	 infarction:	 an	 update	 2019.	 Eur	 Heart	 J.
2019;40(32):2671-2683.	doi:10.1093/eurheartj/ehz363.)

The	device	 functions	 by	 counterpulsation	with	 inflation	during	diastole	 and
deflation	 during	 systole	 (Figure	 192.4).	 Rapid	 deflation	 occurs	 at	 the	 start	 of
systole	 during	 isovolumic	 contraction	 thereby	 reducing	 aortic	 end-diastolic



pressure	and	LV	afterload,	modestly	augmenting	cardiac	output	by	∼	0.5	L/min
(Table	192.4).25,26	Balloon	inflation	occurs	at	the	beginning	of	diastole,	just	after
closure	of	 the	aortic	valve,	with	a	resultant	 increase	 in	aortic	diastolic	pressure
and	 coronary	 perfusion.	 The	 peak	 pressure	 of	 this	 diastolic	 augmentation	 is
usually	higher	than	peak	systolic	pressure	and	typically	results	in	an	increase	in
MAP	despite	providing	afterload	reduction.

	

Figure	 192.4 	 Intra-aortic	 balloon	 pump	 pressure	 tracing.Aortic
pressure	tracing	with	assist	ratio	of	1:2.	As	shown,	balloon	inflation
occurs	 just	 prior	 to	 the	 dicrotic	 notch	 (aortic	 valve	 closure)	 and
results	in	augmented	diastolic	pressure.	Balloon	deflation	occurs	near
the	 end	 of	 diastole	 and	 results	 in	 an	 assisted	 end-diastolic	 pressure
that	is	lower	than	the	unassisted	end-diastolic	pressure,	reflecting	the
lower	 afterload	 at	 the	 beginning	 of	 systole.	 The	 assisted	 systolic
pressure	 is	 also	 lower	 than	 the	 unassisted	 pressure,	 again	 reflecting
the	reduction	in	afterload.

TABLE	192.4

Details	of	Left-Sided	Temporary	Mechanical	Circulatory
Support	Devices

Feature IABP
Impella	(2.5,
CP,	5.0,	and TH VA-ECMO

(Peripheral)



5.5)

Max	CO
(L/min)

0.5 2.5,	4,	5,	and	5.5 5 6

Mechanism Aortic
counterpulsation

LV	→	Ao LA	→	Ao RA	→	Ao

SV ↑ ↓ ↓↓ ↓↓

LV	EDP ↓ ↓↓ ↓↓ ↔/↑

LV	Afterload ↓ - ↑ ↑

Coronary
Perfusion

↑ ↑ ↔/↑ ↔/↑

RV	support No No No Yes

Sheath	(Fr) 7-8.5 12,	14,	23,	and
23

A:	15-19
V:	21

A:	15-22
V:	21-25

Cannulation Femoral,
axillary,	or
subclavian

Femoral	or
axillary
(surgical)

Femoral Femoral	or
central
(surgical)

Respiratory
Support

No No Yes	(if
oxygenator)

Yes

Relative
Contraindication

Moderate/severe
AI	or	PAD;
aortic	dissection

Moderate/severe
AI	or	PAD,
critical	aortic
stenosis,	LV
thrombus;
inability	to
anticoagulate

Moderate/severe
AI	or	PAD;	left
atrial	thrombus;
inability	to
anticoagulate

Moderate/severe
AI	or	PAD;
inability	to
anticoagulate

A,	arterial;	AI,	aortic	insufficiency;	Ao,	aorta;	EDP,	end-diastolic	pressure;	IABP,	intra-aortic
balloon	pump;	LA,	left	atrium;	LV,	left	ventricle;	PAD,	peripheral	arterial	disease;	RA,	right	atrium;
RV,	right	ventricle;	TH,	TandemHeart;	V,	venous;	VA-ECMO,	venoarterial	extracorporeal
membrane	oxygenation.

The	advantages	of	 the	 IABP	are	 ease	of	deployment,	wide	 availability	 and
low	cost.	Although	bedside	deployment	is	possible,	IABPs	are	typically	inserted



percutaneously	 under	 fluoroscopic	 guidance	 through	 a	 sheath	 (7-8.5	 	 F).	 The
most	 common	 arterial	 access	 site	 is	 the	 common	 femoral	 artery,	 although
axillary	and	subclavian	arterial	access	is	also	feasible.27

4 	The	 IABP	was	studied	 in	 the	 largest,	 randomized	 trial	of	MCS	devices	 in
cardiogenic	shock	to	date.	In	the	setting	of	AMI	patients	with	cardiogenic	shock
undergoing	PCI,	the	IABP	SHOCK	II	trial	demonstrated	that	treatment	with	an
IABP	 as	 compared	 without	 IABP	 treatment	 did	 not	 significantly	 improve
survival,	 renal	 function,	 or	 lactate	 clearance.28	 In	 non-AMI	 patients	 with
cardiogenic	shock,	the	ongoing	Altshock-2	trial	(NCT04369573)	is	designed	to
randomize	200	patients	 to	early	IABP	vs	vasoactive	 treatments	for	 the	primary
end	 point	 of	 60-day	 survival	 or	 bridge	 to	 heart	 replacement	 therapy	 (Table
192.5).

TABLE	192.5

Ongoing	Clinical	Trials	Evaluating	Temporary	Mechanical
Circulatory	Support	Devices	for	Cardiogenic	Shock

Trial
Name/Registration

Goal
Sample
size	(n)

Patient	cohort Intervention

DanGer	Shock
(NCT01633502)

360 STEMI	with
cardiogenic	shock

Impella	CP	vs
standard	of	care

ECLS-SHOCK
(NCT03637205)

420 MI
(NSTEMI	+	STEMI)
with	severe
cardiogenic	shock
(lactate	>	3	mmol)

Peripheral
ECMO	+	PCI/CABG
vs	PCI/CABG

EURO	SHOCK
(NCT03813134)

428 MI
(NSTEMI	+	STEMI)
with	cardiogenic
shock

Post-PCI	ECMO	vs
pharmacotherapy

Altshock-2 200 Acute Early	IABP	vs



(NCT04369573) decompensated	heart
failure	with
cardiogenic	shock

vasoactive
medications

CABG,	coronary	artery	bypass	graft;	ECMO,	extracorporeal	membrane	oxygenation.;	IABP,	intra-
aortic	balloon	pump;MI,	myocardial	infarction;	NSTEMI,	non–ST-elevation	myocardial	infarction;
PCI,	percutaneous	coronary	intervention;	STEMI,	ST-elevation	myocardial	infarction.

Impella	2.5/CP/ECP/5.0/5.5
All	 left-sided	 Impella	 support	devices	are	nonpulsatile,	microaxial	 flow	pumps
that	 use	 an	 Archimedes-screw	 design	 to	 propel	 blood	 from	 the	 inlet	 cannula
situated	 in	 the	 LV	 to	 the	 outlet	 area	 in	 the	 ascending	 aorta	 (Table	 192.4	 and
Figure	192.3).	A	performance	(P)	 level	 is	set,	determining	the	rotational	speed
of	 the	 motor.	 The	 absolute	 flow,	 or	 device	 output,	 at	 any	 set	 power	 level	 is
dependent	on	preload	and	afterload.	Optimal	device	positioning	is	also	important
both	for	effective	functioning	of	the	device	as	well	as	limiting	complications.	For
example,	 there	 should	 be	 adequate	 separation	 between	 the	 inlet	 and	 the	 aortic
valve	 to	 avoid	 injuring	 the	 valve	 and	 increasing	 turbulent	 flow	 and	 resultant
hemolysis.	 Also,	 the	 inlet	 region	 should	 be	 directed	 away	 from	 the	 mitral
apparatus	as	it	may	impinge	the	anterior	mitral	leaflet	or	the	subvalvular	mitral
apparatus.29

5 	 A	 range	 of	 models	 exist	 that	 vary	 according	 to	 cannula	 size,	 maximum
flows,	 and	 placement	 location.	 The	 Impella	 2.5	 and	 CP	 models	 are	 inserted
through	12	F	and	14	F	sheaths,	and	can	generate	flows	of	2.5	L/min	and	3.5	to
4.0	 L/min,	 respectively	 (Figure	 192.5).	 These	 devices	 are	 usually	 placed
percutaneously	 via	 the	 femoral	 artery	 but	 can	 also	 be	 deployed	 through	 the
axillary	arterial	approach.	The	Impella	5.5	model	is	designed	to	be	implanted	via
a	 right	 or	 left	 axillary	 graft	 and	 can	 deliver	 5	 to	 5.5	 L/min	 of	 cardiac	 output
(Figure	192.5).	 The	 Impella	 ECP	 is	 designed	 to	 allow	 for	 small-bore	 femoral
access	with	a	sheathed	cannula	that	collapses	to	9	Fr	for	insertion	and	removal.
Upon	expansion,	the	18	Fr	device	provides	peak	flows	of	3.5	L/min.	This	device
was	granted	breakthrough	device	designation	but	 is	not	commercially	available
at	the	time	of	this	writing.30



	

Figure	 192.5 	 Left-sided	 impella	 support	 devices.Impella	 CP
(panel	A)	and	Impella	5.5	(panel	B)	shown	with	labeling	of	inlet	and
outlet	cages	that	reside	in	the	left	ventricle	and	aorta,	respectively.(©
2022	ABIOMED.	All	rights	reserved.)

Advantages	 of	 the	 Impella	 include	 direct	 unloading	 of	 the	 LV,	 and	 relative
ease	of	placement	for	the	2.5	and	CP	models.	While	Impella	5.0	and	5.5	devices
require	 surgical	 placement,	 these	 devices	 have	 the	 advantage	 of	 providing
greater	 hemodynamic	 support.	 When	 the	 Impella	 is	 placed	 in	 the	 axillary
position,	 the	 patient	 can	 ambulate	 with	 the	 device	 in	 place.	 Potential
disadvantages	 include	 the	risk	of	hemolysis,	particularly	at	higher	performance
levels,	inability	to	add	an	oxygenator	and	challenges	with	device	migration.

Randomized	trials	comparing	clinical	outcomes	of	support	with	Impella	vs	no
device	 are	 lacking	 and	 comparisons	 of	 Impella	 vs	 alternate	 devices	 have
demonstrated	 improved	 hemodynamics	 but	 have	 not	 been	 designed	 with
sufficient	 statistical	 power	 to	 assess	 for	 potential	 mortality	 differences.
Specifically,	in	a	randomized	study	of	26	patients	with	AMI-CS,	the	Impella	2.5
provided	 greater	 hemodynamic	 support	 than	 the	 IABP.31	 In	 another	 trial	 of	 48
mechanically	 ventilated	 patients	 with	 AMI-CS,	 mortality	 did	 not	 differ	 for
patients	randomized	to	Impella	CP	vs	IABP.	However,	∼20%	to	25%	of	deaths
were	in	the	context	of	postarrest	anoxic	injury	that	might	not	be	improved	with
MCS.32	 A	 meta-analysis	 of	 these	 and	 one	 other	 study	 of	 patients	 with	 shock
(N	 =	 95)	 found	 no	 differences	 of	 mortality	 with	 Impella	 vs	 IABP.33	 When
compared	 with	 IABP	 in	 a	 randomized	 study	 of	 452	 patients	 with	 complex
coronary	 disease	 and	 LV	 systolic	 dysfunction	 undergoing	 high-risk	 PCI,	 the
Impella	2.5	improved	hemodynamic	parameters	and	but	did	not	alter	the	primary
end	point	of	major	adverse	events	at	30	days.34

The	 DanGer	 Shock	 trial	 is	 actively	 enrolling	 patients	 with	 ST-elevation
myocardial	 infarction	 (STEMI)	 complicated	 by	 cardiogenic	 shock	 (Table



192.5).35	Patients	are	randomized	to	Impella	CP	vs	conventional	guideline-driven
treatment	 and	 followed	 for	 a	 primary	 end	 point	 of	 all-cause	 mortality	 at
180	 days.	An	 important	 exclusion	 criterion	 for	 the	 study	 cohort	 is	 a	 comatose
state	after	out-of-hospital	cardiac	arrest.

TandemHeart
In	 its	 left-sided	 support	 configuration,	 the	TandemHeart	 is	 a	 left	 atrial	 (LA)	 to
aortic	 assist	device	 (Figure	192.3).	The	 system	consists	 of	 a	drainage	 catheter
that	is	inserted	into	the	LA	via	a	transseptal	puncture	approached	from	a	femoral
vein,	a	magnetically	levitated,	continuous	flow	external	centrifugal	pump	and	a
return	catheter	 that	provides	retrograde	flow	into	a	femoral	artery.	Flow,	which
may	range	between	1	and	6	L/min,	 is	dependent	on	 the	rotational	speed	of	 the
pump	 (3000-7500	 rpms),	patient	preload	and	afterload	and	 the	diameter	of	 the
arterial	cannula	 (ranging	 from	15-19	Fr).	An	oxygenator	may	also	be	 included
in-line	to	provide	extracorporeal	oxygenation,	as	needed.

A	hemodynamic	benefit	of	the	TandemHeart	system	is	that	it	directly	unloads
the	 LA,	 reducing	 LV	 end-diastolic	 pressure	 (LVEDP)	 and	 pulmonary	 venous
congestion	(Table	192.4).36	This	benefit	may	be	counterbalanced	by	an	increase
in	LV	afterload	due	 to	 the	retrograde	aortic	 flow.	Other	advantages	 include	 the
option	for	addition	of	an	oxygenator,	the	general	stability	of	device	position,	and
the	significant	magnitude	of	flow.	Disadvantages	include	the	technical	challenge
of	 transseptal	 catheter	 placement	 and	 large-bore	 femoral	 cannulation	 that	 is
commensurate	with	VA-ECMO.

As	with	 other	MCS	 devices,	 comparative	 data	 for	 TandemHeart	with	 other
devices	are	limited.	TandemHeart	was	compared	to	IABP	in	a	randomized	trial
of	 42	 patients	 presenting	 with	 cardiogenic	 shock.	 Patients	 randomized	 to
TandemHeart	 had	 a	 20%	 higher	 cardiac	 index,	 18%	 higher	MAP,	 and	 18.5%
lower	pulmonary	capillary	wedge	pressure	(PCWP).	In	this	study	underpowered
for	clinical	outcomes,	there	were	no	differences	in	clinical	event	rates.37

Extracorporeal	Membrane	Oxygenation
VA-ECMO	 provides	 biventricular	 circulatory	 support	 as	 well	 as	 complete
pulmonary	 support	 for	 oxygenation	 and	 ventilation.	 Venovenous	 ECMO	 is
discussed	in	Chapter	166.

The	basic	peripheral	VA-ECMO	circuit	 includes	a	venous	drainage	cannula,
an	 arterial/inflow	 cannula,	 an	 external	 centrifugal	 pump,	 and	 an	 oxygenator
(Figure	192.3).	The	venous/drainage	cannula	 (often	21-25F)	 is	placed	 into	 the



right	 atrium	 (RA)	 or	 superior	 vena	 cava	 and	 serves	 as	 a	 conduit	 from	 which
deoxygenated	blood	 is	 transported	via	 the	pump	 through	 an	oxygenator	 and	 is
returned	through	an	arterial/inflow	cannula	(usually	15-21	F).	The	cannulas	for
VA-ECMO	 can	 be	 deployed	 peripherally	 or	 centrally	 (surgically).	 The	 most
common	peripheral	 approach	 is	 the	 femoral	 vein	 and	 femoral	 artery	 approach.
Alternative	peripheral	sites	 include	 the	 internal	 jugular	vein	and	the	subclavian
artery.	Similar	 to	TandemHeart,	 the	 flow	(range	1.5-6	L/min)	 is	determined	by
the	pump	speed,	patient	preload	and	afterload,	and	inflow	and	outflow	cannula
sizes.	 Additionally,	 flow	 may	 be	 affected	 by	 high	 resistance	 across	 the
oxygenator	 membrane,	 as	 can	 occur	 with	 before	 or	 after	 membrane	 clot
formation.	Oxygenation	is	determined	by	altering	the	flow	rate	and	the	fraction
of	inspired	oxygenation	in	the	sweep.	Ventilation,	or	removal	of	carbon	dioxide,
is	controlled	by	altering	the	sweep	speed,	or	the	rate	of	countercurrent	gas	flow
across	 the	 oxygenator.	 For	 patients	 with	 severe	 renal	 insufficiency,	 a	 dialysis
filter	 can	be	 incorporated	 into	 the	 circuit.	Temperature	 control	 is	 also	 possible
through	VA-ECMO.

6 	 The	 primary	 advantage	 of	 VA-ECMO	 is	 that	 it	 provides	 full
cardiopulmonary	 support,	 with	 biventricular	 circulatory	 and	 concomitant
ventilatory	 support	 (Table	 192.4).	 Additionally,	 VA-ECMO	 may	 be	 deployed
rapidly	at	the	bedside,	as	is	done	during	eCPR.	The	disadvantages	of	VA-ECMO
are	the	requirement	for	large-bore	femoral	cannulation	in	peripheral	VA-ECMO
and	 the	 significant	 risk	 of	 other	 complications,	 such	 as	 hematologic
complications	 and	 North/South	 syndrome	 (see	 “Complications	 of	 Mechanical
Circulatory	 Support”	 section),	 and	 an	 increase	 in	 LV	 afterload	 due	 to	 the
retrograde	 return	 of	 flow	 from	 the	 femoral	 artery/distal	 aorta.	 This	 increased
afterload,	which	correlates	with	higher	flow,	may	limit	stroke	volume,	 increase
wall	 stress	 and	 myocardial	 oxygen	 demand,	 and	 potentially	 precipitate
pulmonary	edema.38	LV	afterload	 induced	by	VA-ECMO	can	be	minimized	by
limiting	 ECMO	 flows	 or	 counterbalanced	 by	 pharmacologically	 decreasing
systemic	 vascular	 resistance	 (SVR)	 or	 augmenting	 LV	 contractility.	 An
alternative,	commonly	used	approach	to	managing	this	increased	afterload	is	via
mechanical	LV	unloading	 or	 “venting”	with	 concomitant	 use	 of	 an	 Impella	 or
IABP.	Additionally,	atrial-septostomy	or	placement	of	a	transseptal	LA	cannula
can	be	considered	to	allow	for	unloading	via	decompression	of	the	LA.	To	date,
the	evidence	for	LV	unloading	is	observational.	A	meta-analysis	of	observational
studies	did	not	reveal	a	survival	benefit	for	VA-ECMO	patients	unloaded	with	an
IABP.39	However,	in	a	propensity	score	matched	analysis	of	686	patients	on	VA-
ECMO,	the	use	of	Impella	for	unloading	was	associated	with	a	lower	risk	of	all-
cause	 mortality	 (hazard	 ratio	 [HR]	 0.79,	 P	 =	 .03)	 but	 higher	 rates	 of	 severe



bleeding	(38.4%	vs	17.9%),	access	 limb	ischemia	(21.5%	vs	12.3%),	and	need
for	renal	replacement	therapy	(58.5%	vs	39.1%).40	Timing	of	LV	venting	may	be
a	 critical	 factor.	A	meta-analysis	of	7995	patients	 suggested	 that	 that	 early	LV
venting	 defined	 as	 within	 12	 hours	 of	 VA-ECMO	 deployment,	 in	 comparison
with	late	LV	venting,	was	associated	with	lower	short-term	mortality.41	Of	note,
when	an	Impella	2.5	or	CP	device	is	used	for	LV	venting,	a	low	flow	rate	(1.5-2	l
pm)	 often	 provides	 sufficient	 unloading	 while	 minimizing	 the	 risk	 of
hemolysis.42

Although	observational	data	suggest	a	benefit	of	VA-ECMO	for	cardiogenic
shock	or	cardiac	arrest,	no	robust	randomized	data	exist.43	Two	trials	of	ECMO
for	cardiogenic	shock	are	underway	(Table	192.5).44,45

Surgically	Placed	Nondischargeable	LVADs
Surgically	 inserted	 centrally	 cannulated	 MCS	 is	 an	 alternative	 approach	 to
temporary	 support	 that	 avoids	 the	 vascular	 complications	 of	 peripheral
cannulation,	 facilitates	 patient	mobility,	 and	 can	 provide	 biventricular	 support.
External	centrifugal	pumps,	such	as	CentriMag,	can	provide	up	to	10	L/min	of
flow	and	can	be	used	with	a	variety	of	approaches	to	cannulation	(Tables	192.4
and	192.6).

TABLE	192.6

Details	of	Right-Sided	Temporary	Mechanical	Circulatory
Support	Devices

Impella	RP TandemHeart-
ProtekDuo

VV-ECMO
w/ProtekDuo VA-ECMO

Max	CO
(L/min)

4 5 6 6

Mechanism IVC	→	PA RA	→	PA RA	→	PA RA	→	Ao

RAP ↓ ↓ ↓ ↓

Mean	PAP ↑ ↑ ↑ ↔/↓



PCWP/LVEDP ↑ ↑ ↑ ↔/↓

LV	afterload ↔ ↔ ↔ ↑

LV	support No No No Yes

Respiratory
Support

No Yes,	if
oxygenator
added

Yes Yes

Sheath	size	(Fr) V:	23 V:	29-31 V:	29-31 V:	21-25
A:	15-22

Access	Site Femoral I IJ Femoral	±	IJ	or
central
(surgical)

Contraindication Inability	to
anticoagulate;
significant	PI

Inability	to
anticoagulate;
significant	PI

Inability	to
anticoagulate;
significant	PI

Moderate/severe
AI	or	PAD;
inability	to
anticoagulate

A,	arterial;	AI,	aortic	insufficiency;	Ao,	aorta;	CO,	cardiac	output;	IJ,	internal	jugular;	LV,	left
ventricle;	LVEDP,	left	ventricular	end-diastolic	pressure;	PA,	pulmonary	artery;	PAD,	peripheral
arterial	disease;	PAP,	pulmonary	artery	pressure;	PCWP,	pulmonary	capillary	wedge	pressure;	PI,
pulmonary	insufficiency;	RA,	right	atrium;	RAP,	right	atrial	pressure;	RV,	right	ventricle;	V,	venous;
VA-ECMO,	venoarterial	extracorporeal	membrane	oxygenation;	VV-ECMO,	venovenous
extracorporeal	membrane	oxygenation.

Right	Ventricular	Support	Devices

Impella	RP
The	Impella	RP	is	a	22F	Impella	configured	for	right-sided	support	via	femoral
venous	access	 (Figure	192.3	and	Table	192.6).	 The	 pump	 inflow	 and	 outflow
areas	 are	 positioned	 in	 the	 inferior	 vena	 cava	 and	 pulmonary	 artery	 (PA),
respectively.	 The	 Impella	 RP	 can	 generate	 a	 cardiac	 output	 of	 4.0	 L/min	 at	 a
maximal	rate	of	33,000	rpm.46

The	Impella	RP	was	studied	in	RECOVER	RIGHT,	a	prospective,	single-arm
study	of	30	patients	with	right	ventricular	dysfunction	in	the	setting	of	AMI	or
LVAD	 placement.	 Impella	 RP	 placement	 was	 associated	 with	 a	 significant
increase	in	the	cardiac	index	and	a	corresponding	decrease	in	the	central	venous



pressures.	The	overall	30-day	survival	was	73%.46

TandemHeart	with	the	ProtekDuo	Cannula
The	ProtekDuo	cannula	is	a	29	to	31	F	dual-lumen	cannula	that	can	be	employed
to	 provide	 right	 ventricular	 support	 via	 an	 internal	 jugular	 vein	 insertion,
enabling	mobility	 of	 the	 patient.	The	proximal	 lumen	 is	 placed	 in	 the	RA	and
serves	as	the	inlet	portion	of	the	pump;	the	distal	lumen	is	positioned	in	the	PA
and	 serves	 as	 the	 return.	 The	 ProtekDuo	 may	 be	 used	 in	 conjunction	 with	 a
TandemHeart	 pump	 for	 isolated	 RV	 support	 with	 flow	 of	 4.5	 to	 5.0	 L/min
(Figure	192.3;	Table	192.6).	Additionally,	 the	ProtekDuo	may	be	 used	with	 a
TandemHeart	pump	with	an	oxygenator,	or	in	a	VV-ECMO	circuit	to	provide	a
combination	of	isolated	RV	and	ventilatory	support	(Table	192.6).

Biventricular	Support	Devices
Biventricular	 support	 may	 be	 achieved	 with	 VA-ECMO	 or	 through	 various
combinations	 of	 the	 previously	 described	 devices	 (Table	 192.3).	 Common
combinations	include	biventricular	femoral	Impellas	(RP	and	CP),	biventricular
TandemHearts,	 or	 TandemHeart	with	 ProtekDuo	 on	 the	 right	with	 a	 left-sided
Impella.	As	described,	use	of	 a	TandemHeart	 system	or	VA-ECMO	allows	 for
incorporation	of	an	oxygenator	for	patients	with	concomitant	respiratory	failure.

GENERAL	PRINCIPLES	OF	PATIENT	AND
DEVICE	SELECTION	AND	TIMING	OF	DEVICE
DEPLOYMENT
In	the	absence	of	high-quality,	randomized	data	to	guide	selection	of	temporary
MCS	in	shock,	significant	uncertainty	exists	around	optimal	device	selection	and
timing	of	deployment.	A	rational	goal	is	to	provide	hemodynamic	support	prior
to	 development	 of	 irreversible	 organ	 system	 failure.	 However,	 a	 subset	 of
patients	 with	 cardiogenic	 shock	 will	 recover	 with	 medical	 therapy	 alone	 and
placement	 of	 temporary	 MCS	 in	 these	 patients	 increases	 the	 risk	 of
complications.	 Unfortunately,	 it	 can	 be	 difficult	 to	 accurately	 determine	 a
patient’s	 trajectory	 early	 in	 their	 course.	 As	 such,	 many	 providers	 opt	 for	 a
strategy	of	 early	 consideration	of	 candidacy	 for	 temporary	MCS	with	 frequent
reassessment	to	determine	need	for	and	timing	of	placement.	Additionally,	in	the



face	 of	 variable	 patient	 presentations	 and	 important	 differences	 between
available	temporary	MCS	devices,	careful	consideration	around	device	selection
is	required	when	multiple	options	are	available.

Patient	Selection
Limited	 professional	 guidelines	 generally	 recommend	 consideration	 of
temporary	 MCS	 for	 patients	 who	 are	 refractory	 to	 maximal	 medical	 therapy
(Table	192.1).	However,	unlike	guidance	for	listing	for	heart	transplantation,	no
specific	criteria	are	provided	regarding	patient	characteristics,	level	of	inotropic
support	or	hemodynamic	 thresholds	 that	should	 trigger	escalation	 to	 temporary
MCS.	 The	 lack	 of	 definitive	 guidance	 is	 understandable	 in	 the	 absence	 of
validated	hemodynamic	thresholds	or	standardized	categorizations.

Numerous	 algorithms	 have	 been	 developed	 to	 assist	 with	 decision-making
around	 temporary	 MCS,	 including	 thresholds	 for	 initiation	 and	 guidance	 on
device	selection.	Observational	analyses	have	suggested	an	association	between
standardized	 protocols	 and	 improved	 survival.14,47-49	While	 randomized	 studies
are	 needed	 to	 validate	 such	 protocols,	 in	 the	 absence	 of	 definitive	 data,	 they
provide	 a	 reasonable	 framework	 for	 current	 decision-making.	 Figure	 192.6
illustrates	 a	 modified	 version	 of	 the	 algorithm	 developed	 at	 INOVA,	 with
specific	 criteria	 to	 define	 refractory	 shock	 following	 escalation	 of	 vasoactive
agents.47	According	 to	 the	protocol,	patients	with	 refractory	 shock—defined	as
persistently	elevated	 lactate,	 low	cardiac	 index,	or	 low	cardiac	power	output—
should	be	considered	for	temporary	MCS.



	

Figure	 192.6 	 Example	 of	 protocol	 for	 management	 of
cardiogenic	shock.Protocol	illustrates	framework	for	management	of
cardiogenic	 shock.	 Early	 management	 includes	 initiation	 of
vasoactive	agents,	revascularization,	and	decongestion	with	frequent
monitoring	of	adequacy	of	perfusion	and	hemodynamic	variables,	 if
available.	In	parallel,	it	is	reasonable	to	involve	the	multidisciplinary
shock	team	and	consider	candidacy	for	temporary	MCS.	If	refractory
to	 early	 measures,	 assuming	 candidacy,	 device	 selection	 should	 be
driven	 by	 the	 hemodynamic	 profile	 (eg,	 left	 ventricular,	 right
ventricular	or	biventricular),	 need	 for	oxygenator	 support,	 and	 local
expertise	 and	 device	 availability.	 Other	 important	 variables	 to
consider	 regarding	 device	 selection	 are	 depicted	 in	 Figure	 192.7.
ACS,	acute	coronary	syndrome;	BiV,	biventricular;	CI,	cardiac	index;
CO,	cardiac	output;	CPO,	cardiac	power	output;	CR,	creatinine;	CS,
cardiogenic	 shock;	 CVP,	 central	 venous	 pressure;	 dPAP,	 diastolic
pulmonary	arterial	pressure;	L,	left;	LFTs,	liver	function	tests;	LV,	left
ventricular;	MAP,	mean	aortic	pressure;	MCS,	mechanical	circulatory
support;	PAPi,	pulmonary	artery	pulsatility	index;	PCWP,	pulmonary
capillary	 wedge	 pressure;	 pVAD,	 percutaneous	 ventricular	 assist
device;	 R,	 right;	 RV,	 right	 ventricular;	 sPAP,	 systolic	 pulmonary
arterial	pressure;	TD,	thermodilution;	UOP,	urine	output;	VA-ECMO,
venoarterial	 extracorporeal	 membrane	 oxygenation.(Adapted	 from



Tehrani	 BN,	 Truesdell	 AG,	 Psotka	 MA,	 et	 al.	 A	 standardized	 and
comprehensive	 approach	 to	 the	 management	 of	 cardiogenic	 shock.
JACC	 Heart	 Fail.	 2020;8(11):879-891.
doi:10.1016/j.jchf.2020.09.005,	with	permission	from	Elsevier.)

The	 algorithm	 includes	 involvement	 of	 a	 multidisciplinary	 shock	 team,
including	 representatives	 from	 the	 critical	 care	 team,	 advanced	 heart	 failure,
interventional	 cardiology/ECMO,	 and	 cardiac	 surgery—an	 approach	 that	 is
supported	 by	 expert	 consensus.5,11	 Observational	 studies	 have	 found	 an
association	 with	 improved	 outcomes	 with	 the	 use	 of	 shock	 teams.48-51	 For
example,	in	a	multicenter	observational	analysis	from	the	CCCTN,	cardiac	ICUs
that	utilized	shock	teams	were	more	likely	to	manage	cardiogenic	shock	patients
with	 invasive	 PA	 lines	 and	 advanced	 MCS,	 and	 had	 lower	 risk-adjusted
mortality,	 compared	 to	 centers	without	 a	 shock	 team.51	 The	 goal	 of	 the	 shock
team	is	to	discuss	the	nuances	of	the	clinical	situation,	including	an	assessment
of	the	appropriateness	of	temporary	MCS,	the	expected	time	course	of	recovery
(if	 expected),	 the	 strategic	 options	 (eg,	 bridge	 to	 recovery	 only	 or	 future
candidacy	for	advanced	heart	failure	therapies	as	outlined	in	Figure	192.2),	and
specific	device	selection.	Factors	 to	consider	when	determining	optimal	device
selection	are	discussed	here.

CONSIDERATIONS	FOR	MCS	DEVICE
SELECTION
7 	The	selection	of	the	MCS	device	strategy	requires	the	integration	of	multiple
different	factors	(Figure	192.7).	If	extracorporeal	respiratory	support	is	required,
then	 VA-ECMO	 or	 TandemHeart	 with	 an	 oxygenator	 are	 the	 only	 options.
Otherwise,	there	are	multiple	considerations	that	are	enumerated	here.

	



Figure	 192.7 	 Factors	 to	 consider	 regarding	 MCS	 device
choice.Multiple	 factors	 should	be	 considered	when	 selecting	 among
MCS	devices.	These	include	patient-specific	variables	(eg,	access	site
and	 anatomical	 considerations,	 contraindications,	 and	 candidacy	 for
advanced	 HF	 therapies),	 institutional	 variables	 (eg,	 device
availability	 and	 operator	 expertise),	 and	 variables	 related	 to	 clinical
presentation/status	(eg,	severity	of	shock	and	hemodynamic	profile).
HF,	 heart	 failure;	 LV,	 left	 ventricular;	MCS,	mechanical	 circulatory
support;	RV,	right	ventricular.

Severity	of	Cardiogenic	Shock
One	 of	 the	 first	 characteristics	 to	 consider	 is	 the	 severity	 of	 impaired	 cardiac
output.	 The	more	 severely	 diminished	 the	 cardiac	 output,	 the	 higher	 the	 flow
support	 from	 MCS	 device	 is	 likely	 required.	 For	 example,	 a	 patient	 with
decompensated	heart	 failure	with	borderline	 low	cardiac	output	 and	high	SVR
despite	 inodilator	 therapy	 may	 respond	 to	 the	 afterload	 reduction	 and	 mild
augmentation	of	cardiac	output	provided	by	an	IABP.	In	contrast,	a	patient	with
fulminant	myocarditis	with	 little	 intrinsic	cardiac	function	would	 likely	require
devices	 that	 offer	 more	 robust	 augmentation	 of	 cardiac	 output,	 such	 as	 with
TandemHeart,	Impella,	or	VA-ECMO	(Table	192.4).

In	addition,	a	global	assessment	of	the	severity	of	the	shock	state,	integrating
the	magnitude	of	end-organ	dysfunction	may	be	useful	for	guiding	the	need	for
advanced	 MCS.	 The	 SCAI	 (Society	 for	 Cardiovascular	 Angiography	 and
Interventions)	Shock	classification	may	be	used	to	assign	a	stage	of	shock	from
A	 to	 E	 (Chapter	 190).52	 A	 validation	 study	 involving	 over	 10,000	 patients	 at
single	 site	 demonstrated	 the	 gradient	 of	 in-hospital	mortality	 across	 the	 SCAI
stages	with	mortality	rates	of:	12.4%	for	SCAI	stage	C,	40.4%	for	stage	D,	and
67.0%	 for	 stage	 E.53	 For	 patients	 who	 present	 with	 heart	 failure–related
cardiogenic	 shock,	 the	 INTERMACS	 (Interagency	 Registry	 of	 Mechanically
Assisted	Circulatory	 Support)	 classification	 system	 can	 be	 used	 to	 subclassify
the	 clinical	 severity	 of	 patients	 with	 advanced	 heart	 failure	 into	 7	 different
clinical	profiles.54	INTERMACS	profiles	1	to	3	are	the	most	pertinent	to	patients
with	 cardiogenic	 shock;	 profile	 1	 reflects	 critical	 cardiogenic	 shock,	 profile	 2
describing	 patients	 with	 progressive	 decline	 despite	 inotropic	 support,	 and
profile	3	depicting	patients	who	are	stable	but	requiring	inotropic	support.54



Underlying	Cause	of	Cardiogenic	Shock
The	underlying	etiology	for	cardiogenic	shock	is	an	additional	consideration	for
MCS	device	selection.	In	a	contemporary	cardiac	intensive	care	unit	population
—the	 most	 common	 causes	 for	 cardiogenic	 shock	 were	 AMI	 (30%)	 and
nonischemic	cardiomyopathy	(28%).3	The	natural	history	of	AMI-CS	and	heart
failure–related	 shock	 appear	 to	 differ,	 including	 the	 relationship	 between
hemodynamic	 variables	 and	 clinical	 outcomes.55	 For	 example,	 patients	 with
AMI-CS	in	the	SHOCK	trial	with	a	cardiac	power	index	of	0.33	had	a	mortality
rate	 of	 57%,56	 whereas	 in	 patients	 with	 chronic	 heart	 failure	 with	 an	 average
cardiac	power	index	of	0.26	treated	with	an	IABP,	in-hospital	mortality	was	only
16%.	 In	 addition,	 a	 quarter	 of	 these	 patients	 were	 “superresponders”	 to	 the
counterpulsation.57	 These	 and	 other	 nonrandomized	 data	 suggest	 that	 chronic
heart	 failure	 patients	 who	 are	 failing	 pharmacological	 management	 for	 shock
may	stabilize	with	an	initial	strategy	of	IABP.58

In	 contrast,	 data	 from	 the	 IABP	 SHOCK	 II	 trial	 demonstrate	 that	 routine
IABP	placement	 is	 an	 ineffective	MCS	 strategy	 for	AMI-CS.28	These	 findings
are	 reflected	 in	 the	 European	 Society	 of	 Cardiology	 guidelines	 for	 the
management	 of	 AMI	 which	 recommend	 against	 the	 routine	 use	 of	 IABP	 in
cardiogenic	shock	(class	III)	(Table	192.1).59	It	is	possible	but	as	yet	unknown	if
advanced	MCS	devices	that	provide	more	robust	hemodynamic	support	translate
into	improved	clinical	outcomes.60	Nonrandomized	observational	data	available
to	date	are	mixed.	In	a	single-arm	prospective	study	of	171	patients	with	AMI-
CS	following	a	standard	protocol	emphasizing	rapid	initiation	of	MCS,	survival
to	 discharge	 was	 72%,	 comparing	 favorably	 to	 contemporary	 survival	 rates.61
However,	 some	 retrospective	 analyses	 of	 patients	 with	 AMI-CS,	 including	 a
propensity-matched	 retrospective	 study	 of	 1680	 matched	 pairs,	 use	 of	 the
Impella	 CP	 was	 associated	 both	 with	 a	 higher	 risk	 of	 bleeding	 complications
(30%)	and	a	higher	mortality	rate	than	patients	treated	with	an	IABP.19,62	These
data	highlight	the	need	for	adequately	sized	randomized	clinical	trials.

MCS	in	the	Setting	of	Cardiac	Arrest
Most	 MCS	 devices	 are	 insufficient	 to	 support	 patients	 with	 ongoing
cardiopulmonary	 arrest.	 However,	 for	 patients	 presenting	 with	 cardiac	 arrest
requiring	ongoing	CPR	(SCAI	Stage	E),	an	initial	strategy	of	VA-ECMO	may	be
considered.	 However,	 appropriate	 patient	 selection	 for	 VA-ECMO	 is	 essential
along	 with	 a	 well-established	 system	 of	 care	 to	 support	 an	 eCPR	 strategy.
Randomized	data	from	a	single	center	suggest	that	a	rigorously	applied	protocol



involving	 up	 front	 VA-ECMO	 deployment	 for	 patients	 with	 refractory
ventricular	tachycardia	or	ventricular	fibrillation	improves	survival.63

Phenoof	Cardiogenic	Shock	(RV,	LV,	or	BiVentricular)
Although	there	are	no	randomized	data	that	support	the	use	of	PA	catheterization
for	patients	with	cardiogenic	shock,	experts	suggest	that	invasive	hemodynamics
provide	valuable	prognostic	data	and	define	the	of	shock	(predominantly	RV,	LV,
or	 biventricular;	Table	 192.7).64	 Assessment	 of	 RV	 failure	 can	 be	 challenging
and	should	involve	an	echocardiographic	assessment	along	with	consideration	of
invasive	 hemodynamic	 evaluation.	 Invasive	 hemodynamic	 parameters	 that
suggest	RV	congestion	(Table	192.7)	 include	central	venous	pressure	>	15	mm
Hg	or	an	 increased	central	venous	pressure-PCWP	(CVP:PCWP)	ratio	 (normal
∼0.5),65	and	pulmonary	artery	pulsatility	index	(PAPi).66	LV	predominant	shock
is	often	characterized	by	an	elevated	LVEDP	or	PCWP	along	with	measures	of
inadequate	 cardiac	 output,	 including	 a	 low	 cardiac	 index	 and	 cardiac	 power
output.	 The	 cardiac	 power	 output,	 calculated	 as	 MAP	 ×	 CO/451,	 is	 a	 strong
hemodynamic	predictor	of	mortality	 from	cardiogenic	shock	and	a	value	<	0.6
Watts	 is	 indicative	 of	 hemodynamic	 compromise.67	 Using	 these	 parameters,
shock	 can	 be	 classified	 as	 RV,	 LV,	 or	 biventricular	 (Table	 192.7	 and	 Figure
192.6),	and	the	choice	of	MCS	can	be	tailored	accordingly	(Table	192.3).

TABLE	192.7

Hemodynamic	Profiles	of	Various	Forms	of	Cardiogenic
Shock

Type	of	Shock RAP PCWP CO SVR CPO PAPi

Left	ventricular	shock nl	or	↑ ↑ ↓ ↑ ≤0.6 >1.0

Right	ventricular	shock ↑ nl	or	↓ ↓ ↑ ≤0.6 ≤1.0

Biventricular	shock ↑ ↑ ↓ ↑ ≤0.6 ≤1.0

CPO,	cardiac	power	output	(in	W)	=	MAP	×	CO/451;	PAPi,	pulmonary	artery	pulsatility	index	=	(PA
systolic	–	PA	diastolic)/RA	mean.	CO,	cardiac	output;	PCWP,	pulmonary	capillary	wedge	pressure;
RAP,	right	atrial	pressure;	SVR,	systemic	vascular	resistance.



Candidacy	for	Left	Ventricular	Assist	Device/Heart
Transplantation
Patients	 unlikely	 to	 achieve	 myocardial	 recovery	 should	 be	 considered	 in	 the
context	 of	 their	 candidacy	 for	 advanced	 therapies,	 such	 as	 LVAD	 or	 heart
transplantation.	 If	 a	 patient	 is	 not	 a	 candidate	 for	 advanced	 therapies	 and	 is
unlikely	to	recover	with	a	period	of	 temporary	MCS,	then	a	more	conservative
approach	 with	 palliative	 care	 should	 be	 considered.	 Heart	 team	 discussions
involving	 the	 heart	 failure/transplant	 and	 palliative	 care	 teams	 are	 vital	 in
navigating	these	complex	decisions.68,69	Importantly,	it	often	takes	some	time	to
assess	 a	 patient’s	 candidacy	 for	 LVAD/transplantation	 in	 which	 case	 use	 of
temporary	MCS	as	a	bridge-to-decision	is	a	reasonable	approach	(Figure	192.2).
Additionally,	 temporary	MCS	 is	 reasonable	 as	 a	 bridge	 to	durable	 therapies	 to
facilitate	stabilization	and	recovery	of	end-organ	function	(Table	192.1).	Because
of	 the	 potential	 for	 long	 durations	 of	 MCS	 in	 this	 population,	 MCS	 device
strategies	that	permit	the	patient	to	maintain	mobility	and	avoid	deconditioning
may	be	preferable.

Access	Site	and	Other	Anatomic	Considerations
The	traditional	access	site	for	most	temporary,	percutaneous	MCS	devices	is	via
the	 femoral	 artery	 and/or	 vein.	Alternative	 access	 sites	may	 be	 considered	 for
several	 reasons	 including	 severe	 peripheral	 arterial	 disease,	 hostile	 femoral
access	 sites,	 and	 the	 desire	 to	maintain	 ambulation.	The	 latter	 consideration	 is
particularly	relevant	for	patients	with	MCS	as	a	bridge	to	heart	 transplantation,
where	wait	times	for	organ	procurement	tend	to	be	2	weeks	on	average.70

The	axillary	artery	can	be	employed	as	an	alternative	access	site	for	several
temporary	MCS	devices.	The	axillary	artery	is	similar	in	diameter	to	the	femoral
artery	 and	 tends	 to	 have	 less	 obstructive	 atherosclerotic	 disease.71	 IABPs	 and
Impella	CP	devices	can	both	be	percutaneously	deployed	 in	 the	axillary	artery.
Vascular	injury	and	bleeding	are	the	most	frequent	complications	for	large-bore
axillary	 access;	 there	 is	 also	 a	 risk	 of	 neurological	 complaints	 due	 to	 the
potential	 injury	of	 the	overlying	brachial	 nerve	plexus.72,73	Larger-bore	devices
such	 as	 the	 Impella	 5.0,	 Impella	 5.5,	 or	 arterial	 ECMO	 cannulas	 can	 also	 be
deployed	 via	 the	 axillary	 artery	 through	 a	 surgically	 placed	 arterial	 graft
conduit.74

Use	of	 Impella	 is	precluded	 in	patients	with	an	LV	 thrombus.	Severe	 aortic
stenosis	 may	 preclude	 placement	 of	 an	 Impella.	 There	 are	 no	 effective	 MCS
options	for	patients	with	shock	or	heart	failure	due	to	severe	aortic	insufficiency.



Moderate	aortic	 insufficiency	is	a	relative	contraindication	 to	all	MCS	devices,
which	would	further	worsen	regurgitation.

Temporary	Surgical	Ventricular	Assist	Devices	(VADs)
In	 certain	 clinical	 scenarios	 a	 temporary	 surgical	VAD	 (eg,	 CentriMag)	might
provide	 a	 more	 favorable	 risk-benefit	 framework	 than	 percutaneous	 MCS
platforms.	 There	 are	 several	 clinical	 scenarios	 which	 may	 favor	 temporary
surgical	VADs.	For	example,	postcardiotomy	shock	may	favor	surgical	VADs.	If
the	natural	history	of	cardiac	disease	likely	necessitates	prolonged	biventricular
support,	surgical	VADs	may	be	associated	with	fewer	complications	 than	other
biventricular	 support	 approaches.	 Finally,	 complications	 from	 percutaneous
MCS	 devices	 such	 as	 refractory	 hemolysis	 or	 limb/life-threatening	 extremity
ischemia	may	necessitate	the	need	to	transition	to	surgical	VADs.75

COMPLICATIONS	OF	MECHANICAL
CIRCULATORY	SUPPORT

Bleeding
Bleeding	is	one	of	the	most	common	complications	of	temporary	MCS	devices
and	 is	 associated	 with	 adverse	 clinical	 outcomes.	 Larger-bore	 devices	 are
associated	with	higher	bleeding	 risk.	 In	 a	 single	 center	 analysis	of	bleeding	 in
360	 patients	 undergoing	 PCI	 with	 IABP	 support,	 BARC	 (Bleeding	 Academic
Research	 Consortium)	 3	 or	 5	 bleeding	 was	 common	 at	 19%.76	 Procedural
urgency	 correlated	 with	 incidence	 of	 bleeding	 with	 fewer	 events	 occurring
during	elective	procedures	(7%)	compared	with	urgent	procedures	(31.1%).	The
overall	 rate	 of	 access	 site	 bleeding	 was	 7.5%	 which	 similarly	 occurred	 more
frequently	 in	 urgent	 procedures	 (12.8%)	 compared	 with	 elective	 procedures
(4.1%).	 Predictors	 of	 bleeding	 after	 multivariable	 logistic	 regression	 included
IABP	treatment	duration	and	renal	insufficiency.

Advanced	MCS	devices	appear	to	be	associated	with	higher	rates	of	bleeding.
In	 the	 CULPRIT-SHOCK	 trial	 of	 patients	 undergoing	 PCI	 for	 AMI-CS,	 the
relative	odds	of	 severe	bleeding	 (BARC	3b	 to	5)	were	 significantly	higher	 for
both	Impella	(adjusted	OR:	3.7,	95%	CI	1.6-8.7)	and	ECMO	(adjusted	odds	ratio
[OR]:	6.4,	95%	CI	2.4-17.1)	compared	with	no	MCS.77	Of	note,	bleeding	events
in	this	cohort	were	associated	with	a	higher	risk	of	all-cause	mortality	(adjusted



HR:	 2.1,	 95%	 confidence	 interval	 [CI]	 1.6-2.8,	 P	 <	 .01).	 Contemporary	 data
from	the	NCDR	of	MI	patients	with	cardiogenic	shock	undergoing	PCI	revealed
that	 the	 rate	 of	 major	 bleeding	 for	 patients	 treated	 with	 Impella	 was	 31.3%
compared	 with	 16.0%	 for	 patients	 treated	 with	 IABP.62	 Furthermore,	 patients
treated	 with	 Impella	 had	 higher	 access	 site	 bleeding	 (11.2%	 vs	 3.3%)	 and
management	by	surgery	for	bleeding	(5.7%	vs	2.2%),	compared	to	IABP.

Thrombocytopenia/Hemolysis
Thrombocytopenia	 is	 common	 among	 patients	 treated	 with	 MCS.	 The	 most
common	 causes	 are	 due	 to	mechanical	 consumptions	 secondary	 to	 the	 device
and	heparin-related.	 In	a	single	center	study,	 the	 rate	of	 thrombocytopenia	was
>40%,	 in	 patients	 treated	 with	 IABP	 with	 a	 low	 rate	 of	 heparin-induced
thrombocytopenia	 (HIT).78	 The	 rate	 of	 thrombocytopenia	 with	 Impella	 is	 not
well	 defined.	 However,	 for	 patients	 with	 HIT	 during	 support	 with	 Impella,
bivalirudin	 is	 an	 alternative	 to	 heparin	 in	 the	 device	 purge	 solution.79
Thrombocytopenia	may	occur	in	>40%	of	VA-ECMO	patients.	HIT	is	relatively
common	(∼7%)	during	VA-ECMO.	Traditional	predictive	tools	for	HIT	such	as
the	4T	score	may	be	less	applicable	with	VA-ECMO.80

Hemolysis	 related	 to	 the	 shear	 stress	 associated	 with	 both	 axial	 and
centrifugal	pumps	is	also	a	common	hematological	complication	associated	with
MCS.	In	a	large	retrospective,	single	center	analysis,	the	rate	of	hemolysis	was
less	 than	 1%	 in	 IABP-treated	 patients	 and	 7%	 to	 8%	 with	 Impella.80	 Longer
durations	of	Impella	use	correlated	with	a	higher	rate	of	hemolysis.	Hemolysis	in
the	setting	of	Impella	use	may	be	position-dependent	and	thus	repositioning	may
ameliorate	 the	 problem.	 VA-ECMO	 is	 also	 associated	 with	 a	 high	 rate	 of
hemolysis	 (9%-20%),	 likely	due	 to	 the	device	design	 factors	with	 the	use	of	 a
centrifugal	pump	and	an	oxygenator.81

Vascular	Complications
8 	 Vascular	 complications	 associated	 with	 MCS	 are	 common,	 including	 acute
limb	 ischemia,	 arterial	 dissection,	 thromboembolism,	 and	 pseudoaneurysm
development.	 One	 of	 the	 more	 common	 vascular	 complications	 is	 the
development	 of	 limb	 ischemia.	 The	mechanism	 for	 limb	 ischemia	 tends	 to	 be
multifactorial	including	development	of	arterial	thrombus	or	direct	occlusion	of
arterial	 flow	 distal	 to	 the	 cannula.	 The	 downstream	 ramifications	 of	 limb
ischemia	 include	 compartment	 syndrome	necessitating	 fasciotomy,	 amputation,



and	higher	risk	of	mortality.82
Reports	of	vascular	complications	associated	with	IABP	use	vary	widely.	An

analysis	 from	 the	British	Cardiovascular	 Intervention	 Society	 (BCIS)	 reported
the	rate	of	femoral	vascular	complications	to	be	2.3%.83	Vascular	complications
tend	 to	 be	 more	 frequent	 for	 devices	 requiring	 larger	 arteriotomy	 sites.	 For
example,	a	National	 Inpatient	Sample	analysis	 revealed	a	14%	rate	of	vascular
complications	 associated	 with	 use	 of	 pVADs.	 More	 than	 half	 of	 these
complications	required	surgical	treatment;	the	most	common	complications	were
acute	 limb	 thromboembolism	 and	 bleeding	 necessitating	 transfusion.	 Vascular
complications	were	associated	with	higher	cost	of	hospitalization,	length	of	stay,
and	 in-hospital	 mortality.84	 Vascular	 complications	 are	 also	 quite	 common
among	 patients	 undergoing	 VA-ECMO	 therapy—with	 reported	 prevalence
ranging	from	10%	to	30%.85,86

Infection
Infectious	 complications	 can	 be	 stratified	 by	 access	 site	 infections	 vs	 less
specific	comorbid	sepsis	or	bacteremia.	While	there	is	high	variation	depending
on	the	source	data,	the	rate	of	access	site	complications	across	the	various	MCS
platforms	 has	 been	 estimated	 as	 10%	 to	 15%.80	 The	 frequency	 of	 infectious
complications	appears	to	be	related	to	the	duration	of	device	use.	For	example,
about	 50%	 of	 patients	 treated	 with	 VA-ECMO	 for	 >14	 days	 will	 develop	 an
infection	 or	 sepsis.87	 Importantly,	 comorbid	 infections	 correlate	 with	 poor
clinical	outcomes;	 in	patients	with	 infection	during	VA-ECMO,	mortality	 rates
approach	60%.87

Stroke/Neurological	Events
Stroke	 is	 a	 potentially	 catastrophic	 complication	 of	 temporary	MCS.	 The	 risk
and	 mechanisms	 of	 stroke	 differ	 across	 the	 various	 MCS	 devices	 and	 may
involve	 thrombus	 formation	 on	 the	 arterial	 devices,	 anticoagulation-related
bleeding	events,	and	air	emboli.	In	the	IABP	SHOCK	II	trial,	the	rate	of	stroke
with	 IABP	 was	 very	 low	 at	 0.7%.28	 However,	 in	 a	 meta-analysis	 of	 STEMI
patients,	 IABP	 use	 was	 associated	 with	 a	 2%	 absolute	 increase	 in	 the	 risk	 of
stroke.88	With	Impella	devices,	a	single	center	analysis	 revealed	a	7.5%	rate	of
acute	neurological	events.89	An	analysis	from	a	large	data	set	of	48,306	patients
suggested	that	use	of	an	Impella	was	associated	with	a	1.34	higher	odds	of	stroke
vs	 IABP.19	 For	 VA-ECMO,	 there	 is	 a	 high	 incidence	 of	 neurological



complications	(∼13%)	with	ischemic	and/or	hemorrhagic	stroke	in	6%	to	8%.90
Notably,	intracranial	hemorrhage	in	the	setting	of	VA-ECMO	is	associated	with
an	alarmingly	high	mortality	rate	(∼90%).90

Complications	Specific	to	TandemHeart
The	 TandemHeart	 requires	 transseptal	 puncture	 and	 as	 such	 there	 are	 some
complications	 uniquely	 related	 to	 this	 device.	 Specific	 to	 the	 transseptal
cannulation,	arterial	air	embolization,	cardiac	tamponade,	and	dislodgment	of	the
LA	cannula	can	occur.	If	the	LA	cannula	is	dislodged	into	the	RA	(due	to	patient
movement	or	transport),	a	 large	right	to	left	shunt	will	occur.	Alternatively,	 the
LA	 cannula	 could	 migrate	 into	 a	 pulmonary	 vein	 which	 would	 dramatically
decrease	preload	for	the	device.	Furthermore,	the	transseptal	cannula	could	lead
to	atrial	perforation.

Complications	Specific	to	VA-ECMO
VA-ECMO	is	associated	with	additional	complications,	including	microvascular
intrapulmonary	 thromboses,	 and	 the	 harlequin	 (North/South)	 syndrome—
referring	 to	 upper	 body	hypoxia.	Harlequin	 syndrome	occurs	when	pulmonary
function	 is	poor	 and	LV	 function	 is	 adequate	 to	 eject	deoxygenated	blood	 into
the	proximal	aorta,	competing	against	 the	retrograde	flow	of	oxygenated	blood
from	 the	 peripheral	 arterial	 VA-ECMO	 cannula.	 The	 zone	 of	 interference
between	 antegrade	 and	 retrograde	 flow	 will	 vary	 based	 on	 the	 magnitude	 of
native	myocardial	function,	but	often	occurs	in	the	aortic	arch.	The	ramifications
of	this	phenomenon	are	cerebral	and	upper	extremity	hypoxia,	manifesting	first
in	the	right	upper	extremity.

MONITORING	AND	MITIGATING	THE	RISK	OF
MCS-RELATED	COMPLICATIONS
A	critical	role	of	ICU	clinicians	during	the	management	of	patients	with	MCS	is
the	 vigilant	 monitoring	 for	 device-related	 complications	 and	 institution	 of
measures	to	mitigate	the	risk.

Device	Positioning



Device	 placement	 is	 routinely	 monitored	 daily	 using	 imaging	 such	 as	 chest
radiography	or	echocardiography.

The	 optimal	 placement	 of	 the	 IABP	 in	 the	 descending	 aorta	 is	 usually	 1	 to
2	cm	distal	 to	the	ostium	of	the	left	subclavian	artery	(3-4	cm	below	the	aortic
knob)	 with	 the	 distal	 extent	 remaining	 superior	 to	 the	 renal	 arteries.	 IABP
positioning	can	be	assessed	with	daily	chest	x-rays.

Impella	positioning	is	important	to	ensure	optimal	device	function	as	well	as
to	 limit	complications,	 such	as	hemolysis.	For	 the	 Impella	CP	device,	 the	 inlet
region	 should	be	3.5	 cm	caudal	 to	 the	 aortic	 valve.	Moreover,	 the	 inlet	 region
should	be	directed	away	from	the	mitral	apparatus	as	it	may	impinge	the	anterior
mitral	leaflet	or	the	subvalvular	mitral	apparatus.29	Positioning	can	be	confirmed
and	adjusted	using	echocardiographic	guidance.	Gross	positioning	may	also	be
assessed	using	the	pressure	tracing	and	motor	current	on	the	device	console.	As
the	pressure	sensor	is	immediately	below	the	outlet	cage,	the	pressure	waveform
should	 be	 aortic.	A	LV	 pressure	 tracing	 suggests	 the	 outlet	 cage	 has	migrated
into	the	LV.	The	motor	current	is	also	a	useful	guide	for	placement.	The	current
should	 be	 pulsatile,	 reflecting	 the	 varying	 energy	 requirements	 needed	 to
maintain	 a	 steady	 motor	 speed	 as	 gradients	 change	 across	 cardiac	 chambers
throughout	the	cardiac.	A	nonpulsatile	motor	current	suggests	that	the	inlet	and
outlet	reside	in	the	same	cardiac	chamber,	with	both	in	the	LV	or	in	the	aorta.

The	LA	 cannula	 of	 the	TandemHeart	 can	migrate	 into	 the	RA.	LA	 cannula
migration	may	be	appreciated	with	a	visible	change	in	the	color	of	the	blood	in
the	device	tubing	(ie,	shift	from	arterial	to	venous	blood).	Cannula	migration	can
be	confirmed	by	echocardiogram.	Cannula	migration	usually	requires	complete
replacement	of	the	device	under	fluoroscopy.

Monitoring	Device	Function
As	 proper	 IABP	 functioning	 requires	 coordination	 with	 the	 cardiac	 cycle,
optimal	 timing	 of	 inflation	 and	 deflation	 is	 critical.	 Early	 inflation	 and	 late
deflation	will	 increase	LV	afterload	and	decrease	 stroke	volume.	Late	 inflation
and	 early	 deflation	 will	 limit	 the	 functional	 impact	 of	 counterpulsation.	 The
appropriateness	of	IABP	timing	is	assessed	reviewing	the	pressure	waveform	on
the	console	and	is	best	assessed	at	an	assist	ratio	of	1:2.	Triggering	of	the	balloon
inflation	 and	 deflation	 is	 most	 commonly	 based	 on	 the	 electrocardiographic
(ECG)	tracing.	Tachyarrhythmias	or	electrical	interference	may	adversely	affect
balloon	efficacy	and	thus	may	prompt	clinicians	 to	switch	from	ECG-triggered
to	 a	pressure-triggered	mode,	using	 the	 central	 aortic	pressure	 tracing.	Manual
adjustments	 to	 the	 timing	of	can	be	made	via	 the	device	console.	Blood	 in	 the



helium	 line	 plus	 a	 device	 alarm	 for	 inadequate	 balloon	 filling	 should	 alert
clinicians	to	balloon	leak	or	rupture	and	should	prompt	expeditious	removal.

The	function	of	advanced	MCS	systems	should	be	assessed	by	monitoring	of
the	 device	 flow	 and	 pressure	 in	 the	 purge	 or	 infusate	 systems.	 A	 rapid
unintended	decline	of	device	flow	or	increase	of	purge/infusate	pressure	can	be
indicators	of	imminent	device	failure.

Management	of	Anticoagulation
Anticoagulation	is	important	to	MCS	device	function	to	prevent	development	of
thrombus	 on	 intravascular	 foreign	 materials,	 decreasing	 friction	 in	 the	 pump
(Impella).	However,	 excess	 anticoagulation	 is	 a	major	 risk	 factor	 for	 bleeding.
Awareness	 of	 systemic	 heparin	 delivery	 through	 the	 Impella	 purge	 system	 is
essential	 to	 accurately	 target	 systemically	 administered	 anticoagulation.
Laboratory	 values,	 including	 platelet	 count,	 hemoglobin,	 and	 aPTT	 (activated
partial	thromboplastin	time),	should	be	assessed	at	least	daily.

Bleeding	Reduction	Strategies
Meticulous	access	techniques	can	reduce	the	risk	of	bleeding.	The	contemporary
approach	 to	 femoral	 access	 should,	 if	 not	 emergent	 at	 the	 bedside,	 leverage	 4
readily	available	tools:	(1)	fluoroscopy,	(2)	ultrasound,	(3)	micropuncture	needle
(21G),	 and	 (4)	 femoral	 artery	 angiography.91	 A	 meta-analysis	 of	 randomized
controlled	 trials	 suggested	 that	 ultrasound	 guidance	 for	 femoral	 access	 was
associated	with	a	49%	reduction	in	overall	complications.92	Device	removal	is	as
important	as	device	insertion.	Device	removal	and	successful	hemostasis	at	 the
time	of	 removal	of	 advanced	MCS	devices	 should	be	 achieved	 in	 a	 controlled
setting,	 preferably	 in	 the	 cardiac	 catheterization	 laboratory,	 or	 the	 hybrid
operating	 room,	 to	 minimize	 bleeding	 and	 vascular	 complications.	 Several
methods	 for	 device	 removal	 are	 utilized	 in	 practice,	 including	 multiple
alternative	closure	devices	for	the	arteriotomy.

Limb	Ischemia	Prevention
8 	As	a	standard	approach	for	all	patients	treated	with	MCS,	distal	pulses	should
be	checked	multiple	 times	a	day	 to	monitor	for	new	pulse	deficits.	To	mitigate
the	 risk	 of	 limb	 ischemia,	 it	 is	 key	 to	match	 the	 arterial	 cannula	 size	with	 the
arterial	diameter.	A15F	cannula	for	TandemHeart	and	VA-ECMO	(usual	arterial



range	 15-23F)	 is	 feasible	 to	 provide	 sufficient	 cardiac	 output	 for	 patients	 of
average	body	size	 in	cardiogenic	 shock.	Contralateral	placement	of	 the	arterial
and	venous	cannulas	may	decrease	vessel	compression	and	venous	congestion.
The	most	 widely	 adopted	 approach	 to	 minimizing	 limb	 ischemia	 is	 the	 use	 a
distal	perfusion	catheter.	Distal	perfusion	catheters	are	usually	6	 to	8	F	 in	 size
and	 are	 most	 often	 placed	 in	 the	 proximal	 superficial	 femoral	 artery.	 These
catheters	 can	 be	 placed	 percutaneously	 under	 fluoroscopic	 and/or	 ultrasound
guidance	and	provide	a	route	for	perfusion	of	the	distal	limb	territories.87	When
there	is	evidence	of	limb	ischemia,	prompt	device	removal	may	be	necessary	to
mitigate	 further	 ischemia	and	downstream	complications,	such	as	compartment
syndrome	and	limb	loss.

WEANING	MCS
Due	 to	 the	 high	 rate	 of	 complications	 associated	 with	 all	 MCS	 devices,	 a
concerted	 and	 consistent	 daily	 effort	 should	be	made	 to	 evaluate	 the	 ability	 to
wean	 MCS.	 The	 clinical	 decision	 to	 wean	 support	 should	 integrate	 multiple
different	 sources	 of	 data	 (Table	 192.8).	 First,	 the	 clinical	 presentation	 and
corresponding	 natural	 history	 of	 disease	may	 impact	 the	 timing	 of	 a	 weaning
trial.	For	example,	an	 initial	presentation	with	AMI-CS	 treated	with	successful
revascularization	 may	 have	 a	 shorter	 time	 to	 initial	 wean	 as	 compared	 with
cardiogenic	shock	due	to	heart	transplant	rejection.	Second,	myocardial	function
should	be	assessed	through	a	variety	of	mechanisms	including	aortic	pulsatility,
MAP	 >	 65	 mm	 Hg,	 and	 heart	 rate	 <	 100	 bpm	 (beats	 per	 minute)	 with	 only
minimal	 use	 of	 vasoactive	 medications.	 Moreover,	 cardiac	 contractility	 and
loading	 conditions	 can	 be	 further	 evaluated	 both	 by	 both	 noninvasive	 and
invasive	 approaches.	 Noninvasively,	 serial	 echocardiography	 can	 provide
assessments	of	improving	ejection	fraction	and	decreasing	valvular	regurgitation.
There	 are	 other	 hemodynamic	 parameters	 that	 can	 be	 assessed	 on
echocardiography	such	as	LV	outflow	tract	velocity-time	integral	>	10	cm,	and
absence	 of	 RV-LV	 interdependence.93	 Invasive	 hemodynamics	 can	 provide
insights	regarding	loading	conditions	preferably	prior	to	a	wean;	both	right-sided
and	left-sided	pressures	would	be	low	to	normal	(RA	pressure	<	12	mm	Hg	and
wedge	pressure	<	18	mm	Hg).	From	a	perspective	of	 end-organ	 function,	 it	 is
critical	that	perfusion	markers	are	stable	and	trending	toward	improvement	with
a	stable	mental	status,	serum	lactate	<	2.0	mmol,	improvements	in	liver	function
tests,	and	encouraging	renal	markers	(urine	output,	creatinine).	As	MCS	devices
often	 provide	 vital	 support	 to	 the	 pulmonary	 system,	 patients	 should	 have	 a



stable	 respiratory	 status	 prior	 to	 weaning.	 This	 respiratory	 stability	 can	 be
assessed	 by	 sufficient	 oxygenation	 (PaO2	 =	 75-100	 mm	 Hg)	 and	 ventilation
(PaCO2	=	35-45	mm	Hg).93

TABLE	192.8

Key	Factors	Regarding	Weaning	Mechanical	Circulatory
Support

Clinical	presentation	(eg,	MI	vs	decompensated	Heart	failure)

Clinical	trajectory	suggests	myocardial	recovery

Myocardial	function	improved	as	evaluated	by	(i)	aortic	pulsatility	30-40	mm
Hg,	(ii)	MAP	>	65	mm	Hg/heart	rate	<100	bpm,	and	(iii)	minimized
vasopressor	and	inotrope	use.

End	organ	function	is	stable	or	recovering	including	renal	(urine	output,
creatinine),	hepatic	(liver	function	tests),	and	neurological	(mental	status)

Stable	pulmonary	status	(PaO2/FiO2	>	100;	PaO2	75-100	mm	Hg;	PaCO2	35-
45	mm	Hg)

FiO2,	fraction	of	inpsired	oxygen;	MAP,	mean	arterial	pressure;	MI,	myocardial	infarction;	PaCO2,
partial	pressure	of	CO2;	PaO2,	partial	pressure	of	O2.

Intra-aortic	Balloon	Pump
An	 IABP	 can	 be	 weaned	 by	 reducing	 the	 assist	 ratio,	 or	 the	 ratio	 of	 IABP
inflations	to	the	cardiac	cycle.	The	assist	ratio	can	range	between	1:1	(inflation
for	 every	 cycle)	 to	 1:8	 (one	 inflation	 per	 8	 cycles).	 Alternatively,	 one	 can
perform	 a	 volume-based	 wean,	 by	 progressively	 decreasing	 the	 volume	 of
inflation.	 A	 small	 30	 patient	 study	 involving	 perioperative	 low	 cardiac	 output
syndrome	treated	with	IABP	suggested	 that	weaning	by	volume	reduction	may
result	 in	more	favorable	metabolic	and	hemodynamic	parameters.94	Our	 typical
practice	is	to	monitor	patients	at	an	assist	ratio	of	1:2	for	2	to	4	hours	and	then	at
1:3	for	2	to	4	hours.	If	the	wean	is	tolerated,	the	device	is	returned	to	a	ratio	of
1:1	 in	 anticipation	 of	 device	 removal	 to	 allow	 for	 anticoagulation	 to	 be	 held.



Note	that	we	maintain	therapeutic	anticoagulation	whenever	the	device	is	set	to
an	assist	ratio	of	less	than	1:1,	as	a	static,	deflated	balloon	is	believed	to	confer	a
higher	risk	of	device	thrombosis.

Impella
There	 are	 several	 protocols	 for	 weaning	 the	 LV	 Impella	 devices.	 The
manufacturer	proposes	both	slow	and	rapid	weaning	approaches.	The	slow	wean
is	conducted	by	gradually	decreasing	the	pump	speed	by	1	to	2	P	levels	every	4
hours	to	reach	the	minimum	recommended	power	of	P2.	Alternatively,	the	rapid
wean	protocol	proposes	a	large	reduction	from	P9	to	P2.	Importantly,	there	is	no
specific	protocol,	and	thus	a	more	rapid	or	slower	wean	should	be	tailored	to	the
specific	patient,	their	current	clinical	status,	and	their	overall	clinical	trajectory.93
For	example,	a	rapid	Impella	wean	may	be	considered	following	high-risk	PCI
in	 a	 patient	 who	 had	 the	 device	 placed	 prophylactically	 and	 remains	 stable,
postprocedurally.	Additionally,	a	rapid	wean	may	be	desirable	in	a	patient	where
device	removal	is	indicated	in	the	setting	of	acute	limb	ischemia.	A	slow	wean	is
preferable	in	most	other	patients	recovering	from	cardiogenic	shock.

Tandem	Heart
There	 are	 limited	 data	 quantifying	 a	 systematic	 approach	 to	 weaning	 the
TandemHeart	device.	As	with	all	other	temporary	MCS	devices,	it	is	critical	that
filling	 pressures	 are	 reduced,	 markers	 of	 perfusion	 are	 normalized,	 and
hemodynamics	 are	 stabilized	 with	 minimal	 vasoactive	 medication	 use	 (Table
192.8).	A	common	weaning	approach	is	to	decrease	flows	by	0.5	L/min	every	1
to	2	hours	over	a	4-	to	8-hour	period	to	a	minimum	of	1.5	to	2	L/min.93

Venoarterial	Extracorporeal	Membrane	Support
For	 VA-ECMO–specific	 weaning,	 there	 are	 some	 data	 that	 suggest	 a	 pulse
pressure	 >40	 mm	 Hg	 is	 more	 likely	 to	 result	 in	 a	 successful	 wean.95	 Upon
integrating	 the	 aforementioned	 data:	 clinical	 stability,	 echocardiographic	 data,
invasive	 hemodynamics,	 and	 laboratory	 indicators	 of	 adequate	 perfusion—
clinicians	 should	 perform	 daily	 weaning	 studies.	 ECMO	 flow	 rates	 can	 be
reduced	in	increments	of	0.5	L/min	to	a	minimum	flow	of	1.5	to	2.0	L/min.	If	the
increment	in	flow	corresponds	to	a	reduction	in	the	MAP	by	>10	mm	Hg	or	the
MAP	 consistently	 falls	 below	 65	 mm	Hg,	 then	 it	 suggests	 the	 patient	 cannot



tolerate	this	lower	flow	rate.	Furthermore,	it	is	important	to	assess	changes	in	the
right-sided	filling	pressures.	Large	 increase	on	reducing	VA-ECMO	flows	may
suggest	refractory	right	ventricular	dysfunction.42

LONG-TERM	MCS

Rationale	for	Long-Term	MCS
9 	 Patients	 with	 a	 poor	 heart	 failure	 (HF)-related	 prognosis	 despite	 optimal
medical	 therapy	 may	 be	 considered	 for	 advanced	 therapies,	 such	 as	 cardiac
transplantation	 or	 dischargeable	 MCS.	 Outcomes	 following	 cardiac
transplantation	 are	 excellent	 with	 a	 median	 survival	 of	 12.5	 years;	 however,
access	 remains	 limited	 with	 only	 3500	 transplants	 performed	 annually	 in	 the
United	States	due	to	limited	organ	availability.96	Long-term	MCS	technology	has
improved	significantly	in	terms	of	durability,	complication	rates,	and	survival—
which	now	exceeds	80%	1	year	after	implant.96	As	a	result,	bridging	patients	to
transplantation	 with	 an	 LVAD	 is	 common,	 a	 strategy	 employed	 in	 50%	 of
patients	 who	 ultimately	 undergo	 transplantation.97	 Additionally,	 utilization	 of
MCS	as	destination	 therapy	 is	 increasingly	considered,	particularly	 for	patients
with	a	contraindication	 to	 transplantation,	 such	as	advanced	age,	high	BMI,	or
pulmonary	hypertension.	A	destination	strategy	now	represents	60%	to	75%	of
all	LVAD	placements.97

There	are	limited	options	for	durable	isolated	RV	or	biventricular	support	and
outcomes	are	quite	poor	with	a	2-year	survival	of	only	40%	to	50%.97	The	only
approved	devices	for	extended	RV	support	are	a	first	generation,	pulsatile	device
(Thoratec	 paracorporeal	VAD	 [PVAD])	 and	 the	 total	 artificial	 heart,	 neither	 of
which	are	commonly	used.97	A	third-generation	device,	HeartWare,	may	be	used
in	the	setting	of	investigational,	compassionate	use.	In	the	face	of	limited	use	of
MCS	for	RV	support,	 the	 following	discussion	will	 focus	primarily	on	 isolated
LV	support.

Candidacy	for	Long-Term	MCS
Determination	 of	 patient	 candidacy	 for	 long-term	 MCS	 requires	 a	 careful
assessment	of	their	cardiac	status,	including	the	clinical	trajectory	and	potential
for	 recovery,	 comorbidities	 (eg,	 renal	 or	 hepatic	 dysfunction),	 psychological
state	and	social	supports,	and	candidacy	for	heart	transplantation.	For	those	who



may	be	 candidates	 for	 transplantation,	 consideration	of	 the	 expected	wait	 time
may	 influence	 the	 decision	 to	 use	 MCS	 as	 a	 bridge.	 Decisions	 regarding
candidacy	and	timing	of	implantation	are	best	made	in	a	multidisciplinary	forum,
including	 advanced	 HF,	 cardiac	 surgical,	 and	 psychiatric	 input.	 Some
contraindications	 to	 LVAD	 treatment	 include:	 significant	 RV	 dysfunction	 or
pulmonary	 hypertension,	 severe	 comorbidities	 such	 as	 severe	 lung	 disease	 or
liver	disease,	and	psychosocial	barriers	for	close	follow-up.98

According	 to	 the	 International	 Society	 for	 Heart	 and	 Lung	 Transplantation
(ISHLT),	 long-term	 MCS	 should	 be	 considered	 for	 patients	 with	 acute
cardiogenic	shock	who	are	unlikely	to	recover	ventricular	function,	who	are	not
adequately	supported	on	 temporary	MCS	or	who	are	unexpected	 to	wean	from
temporary	MCS	or	inotropic	support,	and	patients	without	irreversible	end-organ
damage	who	are	likely	to	have	meaningful	recovery	of	quality	of	life.8

The	 INTERMACS	 profile,	 which	 classifies	 patients	 according	 to	 their
preimplant	 acuity	 of	 illness,	 has	 proved	 useful	 for	 predicting	 outcomes	 post
implantation.54	 Numerous	 studies	 demonstrated	 that	 the	 preimplant	 profile
predicts	a	gradient	of	survival	after	long-term	MCS	device	implantation	with	the
worst	outcomes	in	INTERMACS	profile	1	(shock)	patients.	For	this	reason,	the
ISHLT	 recommends	 consideration	 of	 temporary	 MCS	 for	 patients	 with
cardiogenic	 shock	 and	 multiorgan	 failure	 to	 allow	 for	 optimization	 prior	 to
placement	of	long-term	MCS	(Table	192.1).8

Long-Term	MCS	Devices
9 	First	generation	devices	included	the	Thoratec	PVAD	and	HeartMate	I.	Early
data	showed	significant	improvement	of	survival	over	optimal	medical	therapy99;
however,	complications	rates	were	high,	and	device	failure	was	common	at	35%
by	 2	 years.	 These	 devices	 are	 rarely	 placed	 in	 contemporary	 practice,
representing	 <1%	 of	 all	 devices	 placed	 in	 2019.97	 Subsequent	 generations	 of
devices	 use	 continuous	 flow	 technology	 that	 allows	 for	 smaller,	more	 durable
devices.100-102	 Device	 components	 include	 an	 inflow	 cannula,	 outflow	 cannula
and	 a	 single	 impeller	 that	 spins	 continuously	 directing	 flow	 parallel	 (axial)	 or
perpendicular	 (centrifugal)	 to	 the	 axis	 of	 rotation.	 The	 impeller	 may	 be
positioned	with	mechanical	bearings	(HeartMate	II	[HM	II],	St.	Jude),	a	hybrid
magnetic/hydrodynamic	 suspension	 (HeartWare,	 HVAD),	 or	 full	 magnetic
levitation	(HeartMate	III	[HM	III],	St.	Jude).	Second	generation	continuous	flow
devices	have	been	 shown	 to	have	 improved	 survival,	 quality	of	 life	 and	 lower
complication	 rates	 over	 pulsatile	 devices.100	 The	 MOMENTUM	 3	 trial
comparing	 the	 fully	 magnetically	 levitated	 impeller	 device	 (HM	 III)	 to	 the



bearings	device	(HM	II)	demonstrated	the	superiority	in	terms	of	freedom	from
death,	 disabling	 stroke	 or	 device	 failure.101	 Mortality	 at	 2	 years	 was	 similar
between	the	two	devices	(HM	III	at	15.5%	vs	HM	II	13.1%),	with	lower	rates	of
pump	 replacement	 at	 2	 years	 (2.3%	 vs	 11.3%),	 suspected	 or	 confirmed	 pump
thrombosis	 (1.4%	vs	13.9%),	 stroke	 (9.9%	vs	19.4%),	and	bleeding	 (43.7%	vs
55%).101	Based	on	these	data,	the	HM	III	is	the	most	commonly	used	device.97

Complications	of	Long-Term	MCS
Bleeding	 is	 the	 most	 common	 complication	 with	 long-term	 MCS.	 The
mechanisms	 of	 bleeding	 are	 multifactorial.	 To	 minimize	 the	 risk	 of	 pump
thrombosis,	 patients	 are	 maintained	 on	 antithrombotic	 therapy,	 usually	 with
vitamin	K	 antagonists	with	 an	 international	 normalized	 ratio	 goal	 of	 2	 to	 3	 as
well	as	antiplatelet	therapy.	Additionally,	high	shear	stress	from	the	impeller	on
blood	 can	 cause	 destruction	 of	 large	 multimers	 of	 von	 Willebrand	 factor
resulting	 in	 acquired	 von	 Willebrand	 disease.103	 Other	 complications	 include
pump	 thrombosis,	 stroke	 or	 embolic	 events,	 and	 infection.	 Pump	 thrombosis,
which	 carries	 a	 high	 mortality	 in	 the	 absence	 of	 transplantation	 or	 device
replacement,	is	estimated	to	occur	in	6%	to	12%	of	patients	at	1	year	for	the	HM
II	device,	5%	to	13%	for	the	HeartWare	device	and	<2%	for	HM	III.101,104	Recent
INTERMACS	 data	 suggest	 that	 stroke,	 which	 can	 include	 hemorrhagic	 or
embolic,	is	observed	in	13%	of	patients	at	1	year.97	Device	infections	may	occur
as	 a	 result	 of	 the	 drive	 line	 (ie,	 connection	 to	 external	 power	 source)	 or
hematogenous	 spread	 from	 another	 source	 with	 the	 greatest	 risk	 in	 the	 early
postoperative	period.

SUMMARY
Escalation	 to	 MCS	 is	 an	 option	 for	 patients	 with	 shock	 that	 is	 refractory	 to
pharmacological	 therapies.	Current	 practice	 is	 guided	 predominantly	 by	 expert
consensus	 (Table	 192.1),	 as	 few	 data	 are	 available	 to	 base	 recommendations
based	 on	 randomized	 clinical	 trials	 (Table	 192.9).	 In	 this	 setting,	 short-term
MCS	 can	 provide	 a	 bridge	 to	 recovery,	 provision	 of	 advanced	 heart	 failure
therapies,	such	as	transplantation	or	placement	of	durable	LVADs,	or	definitive
procedural	 interventions.	 An	 array	 of	 temporary	 MCS	 devices	 is	 currently
available	 for	 use.	 The	 selection	 of	 the	 specific	 MCS	 device	 strategy	 requires
integration	 of	 multiple	 different	 factors,	 including	 the	 severity	 of	 impaired
cardiac	output,	 the	urgency	of	 initiation,	 the	etiology	of	shock	and	its	potential



reversibility,	 involvement	 of	 the	 right	 ventricle,	 the	 need	 for	 oxygenation,	 and
anatomic	 considerations.	While	 these	 devices	 improve	 hemodynamics,	 further
studies	are	needed	to	determine	if	they	confer	a	survival	benefit.

TABLE	192.9

Summary	of	Recommendations	Based	Upon	Randomized
Controlled	Clinical	Trials

Disease
state Recommendation	for	MCS

All	causes
of
cardiogenic
shock

Short-term	mechanical	circulatory	support	may	be	considered	in
refractory	cardiogenic	shock	depending	on	patient	age,
comorbidities	and	neurological	function	(class	IIb,	LOE	C)9,105

AMI-CS Routine	use	of	IABP	in	patients	with	CS	and	no	mechanical
complications	due	to	ACS	is	not	recommended	(class	III,	LOE
B)12,28,106

ACS,	acute	coronary	syndrome;	CS,	cardiogenic	shock;	IABP,	intra-aortic	balloon	pump;	LOE,
level	of	evidence.;MCS,	mechanical	circulatory	support.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	60-year-old	man	presents	with	8	hours	of	substernal	chest	pain.	Vital
signs	on	presentation	include	a	heart	rate	of	110	beats/min,	BP	of	85/68	mm	Hg
with	a	mean	arterial	pressure	of	73	mm	Hg,	and	SpO2	95%	on	3	L	nasal	cannula.
ECG	is	notable	for	4	to	5	mm	ST-elevations	in	leads	II,	III,	and	aVF,	as	well	as
2	mm	ST-elevation	in	rV4	on	a	right-sided	ECG.	He	is	taken	emergently	to
coronary	angiography	where	he	has	a	successful	PCI	for	an	acute	thrombotic
occlusion	of	his	proximal	right	coronary	artery	(RCA).	Over	the	subsequent
hours,	he	develops	progressive	shock	with	persistent	lactic	acidosis,	oliguria,	and
altered	mental	status	despite	escalating	doses	of	multiple	vasoactive	agents.	He



requires	intubation	for	progressive	hypoxemic	respiratory	failure.	Adequate
oxygenation	is	achieved	with	a	modest	degree	of	ventilator	support.	A	right	heart
catheter	is	placed,	which	shows	right	atrial	pressure	of	25	mm	Hg,	pulmonary
artery	pressure	of	42/31	mm	Hg,	pulmonary	capillary	wedge	pressure	of	24	mm
Hg,	mean	arterial	pressure	64	mm	Hg,	and	cardiac	output	of	3.6	L/min	and	index
of	1.8	L/min/m2	on	norepinephrine	20μg/min	and	epinephrine	10	μg/min.	A
bedside	echocardiogram	rules	out	any	valvular	regurgitation	or	septal	defects.
The	multidisciplinary	shock	team	convenes	and	elects	to	escalate	to	mechanical
circulatory	support.	What	is	this	patient’s	hemodynamic	profile?

A. 	Biventricular	shock
B. 	Hypotension	without	hypoperfusion
C. 	Predominantly	right	ventricular	shock
D. 	Predominantly	left	ventricular	shock

2. 	What	is	the	most	appropriate	support	device	in	a	patient	in	shock	with
biventricular	heart	failure?

A. 	Impella	RP	or	CP
B. 	Intra-aortic	balloon	pump	and	Impella	RP
C. 	Left-sided	TandemHeart
D. 	Venoarterial	ECMO

3. 	A	55-year-old	woman	presents	with	fulminant	myocarditis	complicated	by
cardiogenic	shock.	An	Impella	CP	is	placed	via	femoral	access	in	the	setting	of
shock	that	was	refractory	to	escalating	vasoactive	therapy.	On	your	most	recent
review	of	the	data,	her	vitals	are	notable	for	a	mean	arterial	pressure	(MAP)	of
75	mm	Hg,	and	cardiac	index	of	2.8	L/min/m2,	with	the	Impella	at	P-8
(generating	flows	of	3.3	L/min),	and	epinephrine	at	5μ/kg/min.	The	Impella
console	at	that	time	is	shown	in	qFigure	192.1.



	

After	the	patient	is	turned,	there	is	an	acute	drop	in	MAP	to	40	mm	Hg,	and	you
are	called	to	the	room.	The	current	Impella	console	is	shown	in	qFigure	192.2.

	

What	is	the	most	likely	cause	of	this	patient’s	acute	deterioration?

A. 	The	Impella	has	migrated	into	the	aorta	(ie,	inlet	and	outlet	are	in	the
aorta)
B. 	The	Impella	has	migrated	into	the	left	ventricle	(ie,	inlet	and	outlet
are	in	the	left	ventricle)
C. 	The	Impella	is	no	longer	providing	sufficient	support	because	it	was
decreased	to	P-7
D. 	The	Impella	motor	has	thrombosed

4. 	A	65-year-old	man	is	admitted	with	an	NSTEMI	and	is	found	to	have
severe	3-vessel	disease	on	coronary	angiogram,	including	a	90%	distal	left	main
stenosis.	An	intra-aortic	balloon	pump	is	placed	in	an	effort	to	improve	coronary
perfusion	while	the	patient	undergoes	surgical	evaluation	for	a	coronary	artery
bypass	surgery.	His	chest	pain	resolved	with	placement	of	the	intra-aortic
balloon	pump.	However,	the	nurse	notifies	you	that	his	chest	pain	has	recurred.



Upon	evaluation	of	the	patient,	you	review	the	shown	pressure	waveform
(qFigure	192.3)	at	a	ratio	of	1:2	(ie,	one	unassisted	and	one	unassisted	beat).

	

What	is	most	likely	wrong	with	balloon	pump?

A. 	The	balloon	is	deflating	early,	providing	less	afterload	reduction
B. 	The	balloon	is	deflating	late,	providing	increased	afterload
C. 	The	balloon	is	inflating	early,	providing	increased	afterload	and	less
diastolic	pressure	augmentation
D. 	The	balloon	is	inflating	late,	providing	less	diastolic	pressure
augmentation

Answers

1.	The	correct	answer	is	A.
Rationale:	 This	 patient	 presented	 with	 an	 inferior	 STEMI	 complicated	 by

right	ventricular	infarction	as	evidenced	by	the	presence	of	ST-elevations	on	the
right-sided	 ECG.	 The	 pulmonary	 artery	 (PA)	 pulsatility	 index	 ([PA	 systolic
pressure	–	diastolic	pressure]/right	atrial	pressure)	is	0.44	and	his	cardiac	power
output	 (cardiac	 output	 x	 mean	 arterial	 pressure/451)	 is	 0.56	W.	 The	 invasive
hemodynamics	 suggest	 biventricular	 involvement	with	 abnormal	 left-sided	 (ie,
elevated	PCWP	and	low	CPO)	and	right-sided	(ie,	elevated	RAP	and	low	PAPi)



(choice	 A	 is	 correct).	 He	 does	 have	 hypoperfusion	 and	 not	 just	 hypotension,
manifest	as	altered	mental	status,	renal	failure,	and	lactic	acidosis.

Hemodynamic	Profiles	of	Various	Forms	of	Cardiogenic	Shock.

Type	of	Shock RAP PCWP CO SVR CPO PAPi

Left	ventricular	shock nl	or	↑ ↑ ↓ ↑ ≤0.6 >1.0

Right	ventricular	shock ↑ nl	or	↓ ↓ ↑ ≤0.6 ≤1.0

Biventricular	shock ↑ ↑ ↓ ↑ ≤0.6 ≤1.0

CPO,	cardiac	power	output	(in	W)	=	MAP	×	CO/451;	PAPi,	pulmonary	artery	pulsatility	index	=	(PA
systolic−PA	diastolic)/RAP

2.	The	correct	answer	is	D.
Rationale:	Biventricular	 shock	 requires	 biventricular	mechanical	 circulatory

support,	as	can	be	provided	by	VA-ECMO	(choice	D	is	correct).	An	intra-aortic
balloon	pump	(IABP)	and	Impella	RP	also	offer	biventricular	support.	However,
the	 ESC	 guidelines	 give	 the	 routine	 use	 of	 an	 IABP	 in	 patients	 with	 acute
myocardial	 infarction	 complicated	 by	 shock	 (AMI-CS)	 a	 class	 III	 (level	 of
evidence	B)	recommendation	based	on	the	lack	of	benefit	observed	in	the	IABP-
SHOCK	II	 trial.	Of	note,	 that	study	evaluated	the	use	of	IABP	in	isolation	and
not	as	a	part	of	a	biventricular	support	strategy.	The	other	mechanical	circulatory
support	devices	listed	only	support	one	ventricle,	and,	therefore,	are	not	likely	to
be	sufficient	 to	restore	perfusion.	It	would	also	be	reasonable	 to	consider	other
strategies	alone	or	in	combination.

Temporary	MCS	Strategies	for	Left,	Right,	and	Biventricular	Support.

Left
Ventricular
Support

Biventricular	Support Right	Ventricular
Support

No
Respiratory
Failure

IABP
Impella
TH
CentriMag	(LA
or	LV→Ao)

BiV	Impella
TH-ProtekDuo	+	Impella
BiV	TH
BiV	CentriMag

Impella	RP
TH-ProtekDuo
CentriMag	(RA	or
RV→PA)

Respiratory
Failure

TH	+	oxygenator
VA-ECMO

TH-
ProtekDuo	+	Impella	+	Oxygenator
BiV	TH	+	oxygenator

TH-
ProtekDuo	+	Oxygenator
VV-ECMO



BiV	CentriMag	+	oxygenator
VA-ECMO

w/ProtekDuo
VA-ECMO

Ao,	aorta;	BiV,	biventricular;	LA,	left	atrium;	LV,	left	ventricle;	PA,	pulmonary	artery;	RA,	right
atrium;	RV,	right	ventricle;TH	indicates	TandemHeart;	VA-ECMO,	venoarterial	extracorporeal
membrane	oxygenation;	VV-ECMO,	venovenous	extracorporeal	membrane	oxygenation.

3.	The	correct	answer	is	B.
Rationale:	The	initial	console	readings	suggest	flows	of	3.3	L/min	when	set	at

P-8.	 Note	 that	 the	 placement	 signal	 waveform	 (red)	 appears	 to	 be	 aortic	with
diastolic	pressures	that	are	significantly	higher	than	those	depicted	in	the	derived
left	ventricular	pressure	waveform	(white).	The	pressure	monitor	 is	adjacent	 to
the	outlet	cage	on	 the	device	and	 therefore	 should	 reflect	aortic	pressure	when
positioned	 correctly.	 In	 the	 initial	 display,	 the	 motor	 current	 signal	 (green)	 is
appropriately	 pulsatile,	 reflecting	 the	 varying	 energy	 requirements	 needed	 to
maintain	 a	 steady	 motor	 speed	 as	 pressure	 gradients	 change	 across	 cardiac
chambers	(ie,	between	left	ventricle	and	aorta)	throughout	the	cardiac	cycle.	The
notable	 findings	 on	 the	 second	 console	 image	 are	 that	 the	 placement	 signal
waveform	(red)	now	appears	to	be	ventricular,	and	the	motor	current	waveform
(green)	 has	 minimal	 pulsatility.	 This	 appearance	 suggests	 that	 the	 device	 has
migrated	such	 that	 the	outlet	cage	 (and	 therefore	pressure	sensor)	 is	 in	 the	 left
ventricle.	The	lack	of	pulsatility	for	the	motor	current	suggests	that	the	inlet	and
outlet	 reside	 in	 the	same	cardiac	chamber,	which	 in	 this	case	would	be	 the	 left
ventricle	(choice	B	is	correct).	If	the	device	had	migrated	such	that	the	inlet	and
outlet	were	 in	 the	aorta,	 the	placement	 signal	would	 show	an	aortic	waveform
with	reduced	pulsatility	on	the	motor	current	(choice	A	is	incorrect).	The	power
setting	 is	 lower	 on	 the	 second	 console	 image	 at	 P-7;	 however,	 the	 flows	 are
being	approximated	at	3.9	L/min	suggesting	that	is	not	the	answer	(choice	C	is
incorrect).	Purge	solution	(containing	dextrose	and	heparin)	is	run	continuously
through	the	motor	to	maintain	optimal	performance	and	to	minimize	the	risk	of
device	thrombosis.	A	typical	reading	for	the	purge	pressure	is	300	to	1100	mm
Hg.	Typically,	a	motor	thrombosis	would	be	manifest	with	a	high	purge	pressure
and	 a	 drop	 in	 flows.	 In	 this	 case,	 the	 purge	 pressure	 is	 unchanged	 at	 around
300	mm	Hg	and	flows	have	been	maintained	(choice	D	is	incorrect).

4.	The	correct	answer	is	C.
Rationale:	A	well-timed	 IABP	 pressure	waveform	 set	 at	 1:2	 is	 shown	 here

(see	qFigure	192.4).	When	properly	timed,	the	balloon	should	inflate	at	the	time
of	aortic	valve	closure	(ie,	at	the	dichrotic	notch)	and	should	deflate	prior	to	the



initiation	 of	 systole.	 As	 a	 result,	 diastolic	 pressure	 augmentation	 increases
coronary	 perfusion	 during	 diastole	when	 the	myocardium	 is	 perfused.	Balloon
deflation	 results	 in	a	 lower	end-diastolic	pressure,	which	decreases	afterload	at
the	 beginning	 of	 systole,	 thereby	 decreasing	 myocardial	 oxygen	 demand	 and
increasing	 stroke	 volume.	 This	 patient’s	 tracing	 depicts	 early	 balloon	 inflation
(prior	 to	 aortic	 valve	 closure),	 which	 would	 increase	 afterload	 at	 the	 end	 of
systole.	Furthermore,	as	the	inflation	is	not	occurring	during	diastole,	the	benefit
on	 coronary	 perfusion	 will	 be	 diminished/absent.	 Both	 mechanisms	 could
contribute	 to	 recurrent	 chest	 pain	 (choice	 C	 is	 correct).	 The	 other	 answers
describe	other	scenarios	that	can	occur	with	poorly	timed	inflation	or	deflation.
Late	 inflation	 diminishes	 the	magnitude	 of	 diastolic	 augmentation	 or	 coronary
perfusion.	Early	 deflation	may	 allow	 the	 end-diastolic	 pressure	 to	 revert	 to	 its
unassisted	 level	 (ie,	 loss	of	afterload	 reduction).	Late	deflation	may	 result	 in	a
higher	end-diastolic	pressure	or	higher	afterload.
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Chapter	193
Valvular	Heart	Disease
Yee-Ping	Sun,	Garrick	C.	Stewart,	Patrick	T.	O’Gara

KEY	POINTS:
1.	 Transthoracic	echocardiography	is	the	first-line	diagnostic	testing	for

evaluation	of	patients	with	suspected	valvular	heart	disease.
2.	 Advanced	testing,	including	transesophageal	echocardiography,

cardiac	CT,	coronary	angiography,	cardiac	MRI,	hemodynamic
catheterization,	and	coronary	angiography	may	be	indicated	to
further	evaluate	severity	of	the	underlying	valvular	abnormality	and
for	procedural	planning.

3.	 Transcatheter	aortic	valve	replacement	can	be	considered	for	all
patients	with	symptomatic	severe	AS	regardless	of	surgical	risk,
though	data	on	long-term	outcomes	remain	limited.

4.	 Surgery	remains	the	recommended	therapy	of	choice	for	patients
with	acute	severe	aortic	regurgitation	and	mitral	regurgitation.

5.	 Among	appropriately	selected	candidates	with	symptomatic	severe
mitral	regurgitation,	transcatheter	edge	to	edge	repair	can	be
considered.

6.	 Involvement	of	a	multidisciplinary	heart	valve	team	including	clinical
cardiologists,	cardiovascular	imaging	specialists,	interventional
cardiologists,	cardiac	surgeons,	and	cardiac	anesthesiologists	is	key
for	achieving	the	optimal	management	of	patients	with	complex	heart
valve	diseases.

INTRODUCTION
The	 incidence	 of	 valvular	 heart	 disease	 (VHD)	 continues	 to	 rise	 owing	 to	 the



increasing	 longevity	 of	 the	 population	 and,	 thus	 constitutes	 a	 source	 of
significant	 morbidity	 and	 mortality.	 The	 number	 of	 older	 adults	 with	 calcific
aortic	 stenosis	 is	 expected	 to	 more	 than	 double	 by	 the	 year	 2050	 in	 both	 the
United	 States	 and	 Europe.1	 Patients	 with	 native	 or	 prosthetic	 valve	 disease
constitute	a	significant	proportion	of	intensive	care	unit	(ICU)	admissions,	either
for	 a	 primary	 valve	 disorder	 or	 as	 a	 comorbid	 condition.	 Many	 patients	 first
come	 to	 medical	 attention	 during	 an	 acute	 illness	 that	 triggers	 an	 abrupt
decompensation.	 Although	 stabilization	 with	 medical	 management	 is	 possible
for	 patients	 with	 mild-to-moderate	 disease,	 surgery	 may	 be	 urgently	 required
when	 severe	 VHD	 is	 present.	 A	 prompt	 diagnosis	 requires	 a	 high	 index	 of
suspicion	as	defined	by	the	clinical	history	and	a	careful	physical	examination.2
Timely	 cardiac	 imaging	with	 transthoracic	 echocardiography	 (TTE)	 can	define
valve	 anatomy	 and	 lesion	 severity.	 Transesophageal	 echocardiography	 (TEE)
may	be	 required	 for	 selected	patients	who	 require	better	visualization	of	valve
structures	 and	 characterization	 of	 hemodynamics.	 The	 need	 for	 an	 invasive
hemodynamic	 assessment	 may	 follow.	 An	 early	 collaboration	 among
intensivists,	cardiologists,	and	cardiac	surgeons	is	critical	for	optimizing	patient
outcomes.	This	 chapter	 highlights	 an	 integrated	 approach	 to	 the	 diagnosis	 and
treatment	 of	 the	 native	 and	 prosthetic	 valve	 diseases	 most	 commonly
encountered	among	critically	ill	adults.

AORTIC	STENOSIS
Aortic	 stenosis	 (AS)	 is	 a	 progressive	 disease	 for	 which	 there	 is	 no	 medical
treatment.	The	ICU	management	of	patients	with	AS	may	be	quite	challenging,
particularly	 in	 the	 setting	 of	 concomitant	 medical	 illness.	 Characterizing	 the
severity	of	stenosis	is	critical	for	determining	the	timing	of	surgical	intervention
and	 requires	 a	 careful	 history,	 physical	 examination,	 and	 initial	 imaging	 with
TTE	(Figure	193.1,	 	Video	193.1.1).

	

Figure	 193.1 	 Transthoracic	 echocardiogram	 of	 severe	 valvular



aortic	stenosis.A,	Transthoracic	echocardiogram	parasternal	long	axis
view	 of	 the	 aortic	 valve	 ( 	 Video	 193.1.2).	 B,	 Transaortic
continuous	wave	Doppler	jet	from	the	apical	five	chamber	view.	Peak
transaortic	 velocity	 is	 4.68	 m	 per	 second,	 producing	 an	 estimated
peak	 transaortic	gradient	of	87	mm	Hg.	Ao,	aorta;	AV,	aortic	valve;
LVOT,	left	ventricular	outflow	tract.

Etiology
AS	 accounts	 for	 up	 to	 50%	 of	 all	 chronic	 valvular	 heart	 disease.1	 Common
etiologies	 of	 valvular	 AS	 include	 fibrocalcific	 degeneration,	 stenosis	 of	 a
congenitally	bicuspid	valve,	and	rheumatic	heart	disease.	Fibrocalcific	AS	is	the
most	common	cause	of	AS	among	adults	in	the	United	States	and	is	the	result	of
an	 active	 disease	 process	 rather	 than	 an	 inevitable	 consequence	 of	 aging.1
Several	genetic	variants	that	my	predispose	to	AS	have	been	identified	including
some	 associated	 with	 elevated	 lipoprotein(a)	 levels.3,4	 The	 histological
appearance	of	 fibrocalcific	AS	is	similar	 to	atherosclerosis,	with	 inflammation,
fibrosis	 and	 calcification,	 though	 the	 pathogenic	 processes	 differ.5	 Older	 age,
male	sex,	smoking,	diabetes	mellitus,	hypertension,	chronic	kidney	disease,	and
hypercholesterolemia	are	risk	factors	for	calcific	AS.

Congenitally	bicuspid	aortic	valves	are	present	in	1%	to	2%	of	the	population
and	 seldom	 result	 in	 serious	narrowing	of	 the	 aortic	 orifice	during	 childhood.6
Abnormal	valve	architecture	makes	 the	 two	cusps	susceptible	 to	AS	and	aortic
regurgitation	(AR).	AS	develops	earlier	with	bicuspid	valves,	usually	during	the
fifth	or	 sixth	decades,	 compared	with	 trileaflet	 aortic	valves,	which	usually	do
not	develop	calcific	AS	until	the	sixth	or	seventh	decade	of	life.7	Thoracic	aortic
dilation	and	aortic	coarctation	are	also	seen	with	bicuspid	aortic	valves	(Figure
193.2).	Up	to	25%	to	40%	of	patients	with	bicuspid	aortic	valves	will	have	a	root
or	ascending	aortic	aneurysm	unrelated	to	the	severity	of	the	valve	lesion	and	are
also	susceptible	to	aortic	dissection.8



	

Figure	193.2 	Bicuspid	 aortic	 valve	 and	 aortic	 root	 aneurysm.A,
Transthoracic	echocardiogram	with	parasternal	short	axis	view	at	the
level	of	the	aortic	valve	reveals	a	bicuspid	aortic	valve	with	fusion	of
the	 right	 and	 left	 coronary	 cusps.	 B,	 A	 5.1-cm	 ascending	 aortic
aneurysm	in	a	37-year-old	man	with	bicuspid	aortic	valve	disease	and
only	 moderate	 aortic	 stenosis	 (valve	 area,	 1.2	 cm2).	 Patients	 with
bicuspid	disease	frequently	develop	aneurysms	of	the	ascending	aorta
independent	 of	 the	 severity	 of	 hemodynamic	 valvular	 impairment,
and	 are	 at	 risk	 for	 aortic	 dissection.	 Resection	 is	 indicated	 for
maximal	 aneurysm	 size	 larger	 than	 5.5	 cm,	 5.0	 cm	when	 there	 is	 a
family	 history	 of	 dissection,	 an	 increase	 in	 aneurysm	 size	 of	 more
than	 0.5	 cm/y,	 or	 at	 the	 time	 of	 aortic	 valve	 replacement	 if	 the
aneurysm	size	exceeds	4.5	cm.(From	Libby	P,	ed.	Essential	Atlas	of
Cardiovascular	 Disease.	 Springer;	 2009:216,	 Figure	 9.6,	 with
permission.	©	Current	Medicine	Group.)

Rheumatic	 disease	 may	 affect	 the	 aortic	 leaflets,	 leading	 to	 commissural
fusion,	fibrosis,	and	calcification,	with	narrowing	of	the	valve	orifice.	Rheumatic
AS	 is	 almost	 always	 accompanied	 by	 involvement	 of	 the	 mitral	 valve	 and
concomitant	 AR.	 Radiation-induced	 AS	 often	 occurs	 in	 conjunction	 with
proximal	 coronary	 artery	 disease	 (CAD)	 as	well	 as	mitral	 stenosis	 (MS).	Rare
causes	of	valvular	AS	include	Paget’s	disease	of	the	bone,	rheumatoid	arthritis,
and	 ochronosis.	 By	 the	 time	 AS	 becomes	 severe,	 dense	 calcification	 and
thickening	may	make	it	difficult	 to	determine	the	underlying	valve	architecture
and	the	precise	etiology	of	AS.

In	 addition	 to	 valvular	 AS,	 other	 causes	 of	 left	 ventricular	 (LV)	 outflow
obstruction	include	hypertrophic	obstructive	cardiomyopathy	(HOCM),	discrete
membranous	 congenital	 subvalvular	 AS,	 and	 supravalvular	 AS.	 The	 various
causes	 of	 LV	 outflow	 obstruction	 can	 be	 differentiated	 by	 careful	 physical
examination	and	TTE.



Pathophysiology
Obstruction	to	LV	outflow	produces	a	pressure	gradient	between	the	LV	and	the
aorta	(Figure	193.3).	The	ventricle	responds	to	this	pressure	overload	by	slowly
developing	concentric	hypertrophy,	which	is	initially	adaptive	because	it	reduces
wall	 stress.	 Compensatory	 hypertrophy	 may	 accommodate	 a	 large	 pressure
gradient	 for	 years	 before	 it	 becomes	maladaptive.	 Interstitial	 and	 replacement
fibrosis	 develop	 and	 LV	 dysfunction	 ensues.	 Coronary	 flow	 reserve	 is	 also
reduced	 and	 there	 is	 an	 imbalance	 between	 myocardial	 oxygen	 supply	 and
demand	 causing	 ischemia	 in	 the	 absence	 of	 epicardial	 CAD.	 The	 loss	 of
appropriately	timed	atrial	contraction,	such	as	that	occurs	with	atrial	fibrillation
(AF),	may	cause	rapid	progression	of	symptoms	because	of	the	reliance	on	atrial
systole	to	fill	the	stiff,	hypertrophied	LV.9

	

Figure	 193.3 	 Pathophysiology	 of	 AS.LV	 outflow	 obstruction
results	 in	 a	 gradual	 increase	 in	LV	 systolic	 pressure,	 an	 increase	 in
LVET,	an	 increase	 in	LV	diastolic	pressure,	and	a	decrease	 in	mean
Ao	pressure.	 Increased	LV	systolic	pressure	results	 in	compensatory
LVH,	which	may	 lead	 to	LV	dysfunction	 and	 failure.	 Increased	LV
systolic	pressure,	LVH,	and	LVET	 increase	myocardial	oxygen	 (O2)
consumption.	 Increased	 LVET	 results	 in	 a	 decrease	 in	 LV	 diastolic



time	(myocardial	perfusion	time);	increased	LV	diastolic	pressure	and
decreased	Ao	diastolic	pressure	decrease	coronary	perfusion	pressure,
thereby	 decreasing	 myocardial	 supply.	 Increased	 myocardial	 O2

consumption	 and	 decreased	 myocardial	 O2	 supply	 produce
myocardial	 ischemia,	 which	 further	 compromises	 LV	 function.	 Ao,
aortic	 root;	 AS,	 aortic	 stenosis;	 LV,	 left	 ventricular;	 LVET,	 left
ventricular	ejection	time;	LVH,	left	ventricular	hypertrophy.(Adapted
from	 Bonow	R,	 Braunwald	 E.	 Valvular	 heart	 disease.	 In:	 Zipes	 D,
Libby	P,	Bonow	RO,	et	al,	eds.	Braunwald’s	Heart	Disease.	Elsevier;
2005:1585,	with	permission	from	Elsevier.)

No	single	parameter	of	valve	structure	or	function	is	sufficient	 to	define	the
severity	of	AS.	Integration	of	the	clinical	history,	physical	examination,	TTE	and
sometimes	other	advanced	testing	is	necessary.	The	physical	examination	of	AS
in	 the	 ICU	 may	 be	 particularly	 challenging,	 contributing	 to	 the	 greater
importance	of	timely	TTE.

Clinical	Presentation

History
The	 cardinal	 symptoms	 of	 AS	 are	 dyspnea,	 angina,	 and	 syncope.10	 Exertional
intolerance,	typically	dyspnea,	is	usually	the	first	reported	symptom	and	reflects
an	elevation	of	LV	end-diastolic	pressure	 transmitted	 to	 the	pulmonary	venous
circulation.	Angina	occurs	among	two-thirds	of	patients	with	AS	and	is	similar
to	that	reported	by	patients	with	flow-limiting	coronary	atherosclerosis.	Syncope
is	 effort	 related	 and	 caused	 by	 cerebral	 hypoperfusion	 from	 a	 drop	 of	 mean
arterial	pressure	produced	by	 the	combination	of	peripheral	vasodilation	 in	 the
presence	of	a	fixed	cardiac	output	or	an	inappropriate	baroreceptor	reflex.	Severe
AS	is	also	rarely	associated	with	acquired	von	Willebrand’s	disease,	which	can
result	in	gastrointestinal	bleeding,	epistaxis,	or	ecchymoses.11

Most	patients	with	AS	have	gradually	 increasing	LV	obstruction	over	many
years,	producing	a	long	latent	phase	during	which	they	are	asymptomatic	with	a
very	 low	risk	of	 sudden	death	 (≤1%	per	year).12	The	 rate	of	AS	progression	 is
variable,	with	an	average	increase	of	mean	gradient	of	7	mm	Hg	and	reduction
of	valve	area	of	0.1	cm2	per	year.13	Symptoms	from	valvular	AS	are	rare	until	the
valve	orifice	has	narrowed	to	approximately	<1	cm2.	The	onset	of	symptoms	is	a
critical	inflection	point	in	the	natural	history	of	the	disease	and	heralds	the	need



for	AVR	because	of	 the	markedly	 reduced	survival	 thereafter10	 (Figure	193.4).
An	abrupt	change	of	the	natural	history	of	AS	may	occur	with	AF,	endocarditis,
or	myocardial	infarction,	each	of	which	may	trigger	acute	decompensation.14

	

Figure	193.4 	The	onset	of	symptoms	in	patients	with	AS	initiates
a	rapid	rise	in	the	risk	of	mortality.Patients	with	angina	have	a	better
prognosis	 than	 those	 with	 syncope.(From	 Ross	 J	 Jr,	 Braunwald	 E.
Aortic	 stenosis.	 Circulation.	 1968;38(1	 suppl):61-67,	 with
permission.)

Physical	Examination
The	murmur	of	AS	increases	in	intensity	after	S1	and	ends	before	S2.	It	is	harsh
in	 character,	 best	 heard	 at	 the	 upper	 sternal	 border	 and	 classically	 transmitted
upward	 along	 the	 carotid	 arteries	 (though	 transmission	 elsewhere	 is	 not
uncommon).	 It	 is	 diminished	 with	 the	 Valsalva	 maneuver	 and	 standing,	 in
contrast	 to	 the	 murmur	 of	 LV	 outflow	 tract	 obstruction	 in	 hypertrophic
cardiomyopathy.	Arterial	pulse	contour	is	abnormal	in	severe	AS	due	to	the	high
LV-aortic	pressure	gradient,	 and	 is	 characterized	on	physical	 examination	by	 a
slow	and	delayed	rise	in	the	carotid	arterial	pulse,	pulsus	parvus	et	tardus.

The	 best	 predictors	 of	AS	 severity	 on	 physical	 exam	 are	 a	 late	 peak	 to	 the
systolic	 murmur,	 a	 single	 S2	 (absent	 aortic	 valve	 closure	 sound)	 and	 pulsus
parvus	 et	 tardus.	 Importantly,	 the	 murmur	 intensity	 does	 not	 necessarily
correspond	to	AS	severity.	Among	patients	with	heart	failure	and	a	low	cardiac
output,	 the	 clinical	 examination	 and	 intensity	 of	 the	 murmur	 may	 be
unimpressive.



Investigations

Electrocardiography
Most	patients	with	severe	AS	will	have	electrocardiography	(ECG)	evidence	of
LVH.	 Left	 atrial	 (LA)	 enlargement,	 nonspecific	 ST	 and	 T	wave	 abnormalities
and	 atrioventricular	 conduction	 defects	 may	 also	 be	 present.	 There	 is	 poor
correlation	between	ECG	findings	and	AS	severity.

Chest	Radiography
The	 chest	 radiograph	 is	 often	 normal	 with	 severe	 AS.	 There	 may	 be
“poststenotic”	dilation	of	 the	ascending	aorta,	or	a	widened	mediastinum	when
aortic	aneurysmal	dilation	is	present	among	patients	with	a	bicuspid	aortic	valve.
LV	 chamber	 size	 is	 usually	 normal,	 though	 aortic	 valve	 calcification	 may	 be
seen,	 especially	 on	 the	 lateral	 film.	 A	 normal	 chest	 X-ray	 does	 not	 exclude
severe	AS.	In	the	later	stages	of	AS,	the	LV	dilates,	leading	to	a	widened	cardiac
silhouette,	often	accompanied	by	pulmonary	congestion.

Echocardiography
TTE	with	Doppler	is	the	key	initial	diagnostic	step	when	assessing	the	severity
of	 AS.	 TTE	 allows	 for	 comprehensive	 assessment	 of	 aortic	 valve	 structure,
including	the	number	of	cusps;	the	degree	of	calcification;	leaflet	excursion;	and
annular	size.	TTE	is	also	useful	for	identifying	aortic	root	and	ascending	aortic
dilation;	coexisting	valvular	disease;	differentiating	valvular	AS	 from	sub-	and
supravalvular	 AS;	 checking	 for	 secondary	 pulmonary	 hypertension;	 and
evaluating	underlying	biventricular	function.	The	peak	transvalvular	jet	velocity
on	continuous	wave	Doppler	is	critical	for	assessing	AS	severity.	Peak	and	mean
transvalvular	 gradients	 are	 derived	 from	 the	 jet	 velocity	 using	 the	 modified
Bernoulli	 equation,	 and	 the	 aortic	 valve	 area	 is	 estimated	 from	 the	 continuity
equation.	 While	 the	 peak	 velocity	 and	 mean	 gradients	 are	 simple	 and
reproducible	 parameters,	 they	 are	 dependent	 on	 optimal	 alignment	 of	 the
ultrasound	beam	with	the	direction	of	blood	flow.	For	patients	with	poor	acoustic
windows,	suboptimal	alignment	is	common	and	underestimation	of	AS	severity
by	 this	 method	 alone	 may	 occur.	 Accurate	 AVA	 calculation	 is	 dependent	 on
meticulous	 assessment	 of	 the	LV	outflow	 tract	 dimension,	which	 is	 frequently
measured	incorrectly.	The	dimensionless	index	(DI),	which	is	the	ratio	of	the	LV
outflow	 tract	 velocity	 time	 integral	 (VTI)	 to	 aortic	 VTI,	 can	 also	 be	 used	 to



estimate	AS	severity	and	is	particularly	useful	when	LV	outflow	tract	diameter
can	be	poorly	visualized.15

While	no	single	parameter	is	diagnostic,	the	typical	echocardiographic	criteria
for	 severe	 AS	 include	 visually	 calcified	 leaflets	 with	 reduced	 excursion,
maximal	transaortic	jet	velocity	of	>4	m/s,	mean	transaortic	gradient	of	>40	mm
Hg,	AVA	<	1	cm2	and	a	DI	<	0.2516	(Table	193.1).	These	parameters	pertain	to
patients	with	normal	cardiac	output	(flow).

TABLE	193.1

Echocardiographic	Parameters	in	Aortic	Stenosis	With
Normal	Flow

Severity	of
Stenosis

Valve
Area
(cm2)

Mean
Gradient
(mm	Hg)

Jet
Velocity
(m/s)

Dimensionless
Index

Mild >1.5 <25 <3.0 >0.30

Moderate 1.0-1.5 25-40 3.0-4.0 0.25-0.30

Severe <1.0 >40 >4.0 <0.25

1 	 Transesophageal	 echocardiography	 can	 be	 used	 when	 TTE	 is
nondiagnostic.	 Three-dimensional	 techniques	 can	 be	 employed	 to	 directly
measure	 AVA.17	 This	 method	 is	 particularly	 useful	 when	 serial	 stenoses	 (eg,
concomitant	 valvular	 AS	 and	 hypertrophic	 obstructive	 cardiomyopathy)	 are
present.	Doppler	assessment	is	often	superior	by	TTE	compared	to	TEE	due	to
the	specific	geometry	of	LV	outflow.

CARDIAC	CT
Cardiac	 computed	 tomography	 (CT)	 has	 emerged	 as	 an	 additional	 tool	 for
evaluating	patients	with	AS.	For	many	patients	with	 severe	AS,	distinguishing
between	bicuspid	and	tricuspid	morphologies	can	be	very	challenging	by	TTE.
In	 these	 situations,	 cardiac	 CT	 can	 provide	 improved	 discrimination.18	 In
addition,	quantification	of	aortic	valve	calcium	by	cardiac	CT	is	an	independent



marker	 of	AS	 severity	 and	 is	 a	 useful	 adjunctive	 tool	when	AS	 severity	 is	 in
doubt	by	TTE,	particularly	for	cases	of	suspected	low-flow	low-gradient	severe
AS.19–21	For	patients	being	considered	for	transcatheter	aortic	valve	implantation
(TAVI),	 CT	 assessment	 provides	 critical	 information	 regarding	 device	 sizing,
risk	 of	 device	 complication	 (annular	 injury,	 coronary	 occlusion,	 paravalvular
regurgitation)	 and	 vascular	 access	 suitability.22	 Finally,	 for	 select	 patients	who
are	low	to	moderate	risk	for	concomitant	CAD,	coronary	CT	angiography	may
be	performed	in	place	of	invasive	angiography	prior	to	planned	AVR.20,21

Cardiac	Catheterization
2 	Noninvasive	assessment	with	TTE	is	now	standard,	but	catheterization	may	be
helpful	 when	 there	 is	 a	 discrepancy	 between	 the	 clinical	 and	 noninvasive
findings.	Calculation	of	aortic	valve	area	by	invasive	hemodynamic	assessment
requires	 accurate	 assessment	 of	 the	 transvalvular	 flow	 and	mean	 transvalvular
pressure	 gradient	 to	 calculate	 effective	 orifice	 area	 using	 the	Gorlin	 formula.23
Concerns	 have	 been	 raised	 about	 the	 risk	 of	 cerebral	 embolization	 during
attempts	 to	cross	 the	aortic	valve	and	directly	measure	 the	 transaortic	gradient.
Angiography	 is	 indicated	 to	 detect	 CAD	 for	 patients	 >40	 years	 old	 who	 are
being	considered	for	operative	treatment	of	severe	AS.20,21

Special	Case:	Low-Flow/Low-Gradient	Aortic	Stenosis	With
Reduced	and	Normal	Ejection	Fraction
The	 diagnosis	 of	 severe	 AS	 is	 relatively	 straightforward	 when	 all	 clinical,
physical	 examination	 and	 echocardiographic	 parameters	 are	 concordant.	 In
practice	 however,	 cases	 are	 often	more	 challenging	 as	 discordant	 findings	 are
present.

The	 appropriate	 diagnosis	 and	 management	 of	 patients	 with	 AS	 and	 a
depressed	 ejection	 fraction	 (EF)	 can	 be	 vexing.	 Patients	 with	 anatomically
severe	AS	and	reduced	EF	(<50%)	often	have	a	relatively	low	pressure	gradient
(<40	mm	Hg)	because	of	a	weakened	ventricle.	The	true	severity	of	AS	can	be
difficult	to	determine	when	the	cardiac	output	and	transaortic	gradient	are	low.	If
the	ventricle	itself	is	diseased	and	unable	to	generate	sufficient	systolic	force	to
open	the	leaflets	adequately,	a	reduced	aortic	valve	area	may	be	present	at	rest,
overestimating	AS	 severity.	 This	 condition	 is	 known	 as	 pseudo-severe	AS.	 In
such	cases,	LV	dysfunction	is	the	predominant	pathology	and	may	be	caused	by
prior	MI	or	a	primary	cardiomyopathy.	Patients	with	either	true	severe	AS	with



reduced	 EF	 or	 pseudo-severe	 AS	 have	 a	 low-flow	 state	 with	 low	 trans-aortic
gradients	 contributing	 to	 calculated	 aortic	 valve	 areas	 <1	 cm2.	 Distinguishing
between	these	two	entities	is	key	to	appropriately	selecting	patients	for	AVR.24–27

2 	Dobutamine	stress	echocardiography	has	a	well-defined	diagnostic	 role	 in
this	setting	(Figure	193.5).20,21	Low-dose	dobutamine	infusion	is	generally	well
tolerated,	 but	 should	 only	 be	 performed	 at	 experienced	 centers	 with	 a
cardiologist	 in	 attendance.	 When	 given	 dobutamine,	 most	 patients	 with	 true
severe	AS	and	pseudosevere	AS	will	have	an	increase	of	flow	(gradient)	across
the	valve.	For	patients	with	true	severe	AS,	dobutamine	usually	increases	flow	to
a	 peak	 velocity	>4	m/s	 or	mean	 gradient	 >40	mm	Hg	but	 the	 calculated	AVA
remains	 in	a	severely	reduced	range	(<1	cm2).	For	patients	with	pseudo-severe
AS,	however,	while	the	flow	and	gradient	increase,	the	calculated	AVA	increases
to	>1	cm2,	beyond	the	range	considered	severe.20,21	Some	patients	will	not	have
any	flow	response	to	dobutamine,	signaling	a	poor	prognosis.27	For	patients	for
whom	dobutamine	stress	echocardiographic	is	nondiagnostic,	cardiac	CT	for	AV
calcium	scoring	can	be	helpful.20,21	Aortic	valve	replacement	(AVR)	is	indicated
for	 true	 severe	 AS	 with	 flow	 reserve	 after	 dobutamine	 challenge.20,21	 Patients
with	 true	 severe	 AS	 without	 flow	 reserve	 may	 also	 benefit	 from	 AVR	 but
outcomes	 are	 poor.24	 TAVI	may	 be	 particularly	 appealing	 option	 for	 this	 high-
risk	 group.	 While	 surgical	 AVR	 (SAVR)	 is	 not	 currently	 recommended	 for
patients	 with	 pseudosevere	 AS,	 the	 role	 of	 TAVI	 in	 this	 patient	 population	 is
currently	under	investigation.28



	

Figure	193.5 	Algorithm	for	the	management	of	classical	(reduced
left	 ventricular	 ejection	 fraction)	 low-flow	 low-gradient	 AS.AoV,
aortic	 valve;	 AS,	 aortic	 stenosis;	 AVA,	 aortic	 valve	 area;	 BAV,
bicuspid	aortic	valve;	LVEF,	left	ventricular	ejection	fraction;	MDCT,
multidetector	 computed	 tomography;	 MG,	 mean	 gradient;	 SAVR,
surgical	 aortic	 valve	 replacement;	 TAVI,	 transcatheter	 aortic	 valve
implantation.(From	 Clavel	 MA,	 Magne	 J,	 Pibarot	 P.	 Low-gradient
aortic	 stenosis.	 Eur	 Heart	 J.	 2016;37:2645-2657,	 used	 with
permission.)

2 	 Elderly	 and	 hypertensive	 patients	with	 normal	 ejection	 fraction	may	 also
have	 clinically	 severe	 AS	 with	 low	 gradients	 in	 the	 presence	 of	 low	 flow
(paradoxical	low-flow	low-gradient	severe	AS).	Management	of	these	patients	is
particularly	 challenging	 and	 requires	 meticulous	 analysis	 of	 the	 TTE	 and
oftentimes	 further	 evaluation	 with	 cardiac	 CT	 and	 cardiac	 catheterization	 in
order	to	determine	the	best	management	strategy.24,29	This	patient	population	is	at
increased	 risk	 for	 adverse	 outcomes	 when	 compared	 to	 other	 subtypes	 of	 AS
though	 correct	 classification	 is	 challenging.30	 Treatment	 includes	 aggressive
management	of	concomitant	hypertension	and	in	select	patients,	AVR.20,21

6 	 The	 diagnosis	 and	 management	 of	 patients	 with	 low-flow	 low-gradient
severe	 AS	 (both	 classical	 and	 paradoxical)	 is	 complex.	 Involvement	 of	 a
multidisciplinary	heart	valve	team	is	strongly	recommended.20,21



Intensive	Care	Unit	Management
3 	AS	 is	a	mechanical	problem	for	which	 there	 is	no	effective	medical	 therapy.
AVR,	either	SAVR	or	TAVI,	is	the	preferred	treatment	strategy	for	patients	with
symptomatic	severe	AS	and	for	asymptomatic	patients	with	severe	AS	who	have
a	 reduced	 ejection	 fraction	 (<50%).	 In	 contrast,	 surgery	may	be	postponed	 for
patients	with	severe,	asymptomatic	AS	and	normal	LV	function,	as	these	patients
may	 do	 well	 for	 years	 with	 careful	 follow-up.31	 AVR	 is	 also	 indicated	 for
patients	with	moderate	AS	who	require	other	cardiac	surgery,	such	as	coronary
artery	bypass	grafting	(CABG)	or	aortic	aneurysm	repair.	Given	that	many	ICU
patients	 will	 have	 advanced	 comorbidities	 making	 them	 high	 surgical	 risk
candidates,	 TAVI	 is	 an	 attractive	 means	 for	 treatment	 of	 AS	 in	 this	 patient
population.

Medical	Management
Medical	interventions	for	severe	AS	are	largely	supportive	until	AVR	is	feasible.
For	 patients	 with	 severe	 AS	 with	 heart	 failure	 or	 cardiogenic	 shock,	 invasive
hemodynamic	 monitoring	 with	 a	 pulmonary	 artery	 catheter	 can	 be	 useful	 to
guide	management.	Diuresis	may	 relieve	pulmonary	 congestion,	 but	 caution	 is
advised.	For	patients	in	cardiogenic	shock,	arterial	pressure	should	be	supported
with	 inotropes	 and/or	 vasopressors	 until	 valve	 surgery	 can	 be	 performed.
Vasodilators	are	generally	contraindicated.32	In	select	group	of	patients	with	EF
<35%,	severe	AS	and	cardiogenic	shock	accompanied	by	high	systemic	vascular
resistance,	 sodium	nitroprusside	 infusion	has	been	shown	 to	modestly	 improve
hemodynamics,	and	can	serve	as	a	bridge	to	surgery	or	TAVI.33	For	patients	with
severe	AS	and	AF,	β-blockers	should	be	used	cautiously	as	even	slight	decreases
in	 contractility	 can	 precipitate	 hemodynamic	 collapse.	 Due	 to	 the	 minimal
negative	 inotropic	 effect,	 amiodarone	 is	 an	 attractive	 option	 for	 managing
concomitant	 AF.	 Despite	 a	 similar	 histopathological	 appearance	 to
atherosclerotic	disease,	high-dose	lipid-lowering	therapy	has	not	been	shown	to
retard	 the	 progression	 of	 AS	 in	 randomized	 trials	 and	 is	 not	 currently
recommended	as	an	isolated	indication	for	lipid	therapy.20,21

Aortic	Valve	Replacement
6 	 AVR	 is	 the	 preferred	 treatment	 for	 severe	 symptomatic	 AS.20,21	 The	 choice
between	SAVR	and	TAVI	is	determined	by	a	multidisciplinary	heart	valve	team
that	 includes	 noninvasive	 cardiologists,	 interventional	 cardiologists,	 cardiac



anesthesiologists,	and	cardiac	surgeons.
3 	 For	 patients	 selected	 for	 SAVR,	 the	 choice	 of	 surgical	 valve	 prosthesis

depends	on	patient	age,	anticipated	lifespan,	and	preference	for	and	tolerance	of
anticoagulation.	The	perioperative	mortality	for	isolated	SAVR	ranges	from	<1%
in	healthy,	younger	patients	with	normal	LV	systolic	function,	to	10%	or	more	in
elderly	patients	with	coexisting	CAD	and	reduced	EF	who	require	concomitant
CABG.	Age	alone	 is	not	 a	 contraindication	 to	SAVR.	Other	 factors	 associated
with	 reduced	 survival	 after	 SAVR	 include	 chronic	 kidney	 disease,	 obstructive
lung	disease,	CAD,	 reoperation,	 emergency	operation,	 and	age	>65	years.	The
overall	10-year	survival	for	patients	with	SAVR	is	approximately	60%.

TAVI	is	an	established	option	for	AVR	among	patients	with	AS	irrespective
of	surgical	risk.20,21,34,35	The	transfemoral	access	route	is	strongly	preferred	due	to
improved	 outcomes	 though	 other	 access	 sites	 are	 available	 (subclavian,
transaortic,	transcarotid,	transcaval,	and	transapical)	if	this	is	not	feasible.	While
the	role	of	TAVI	for	tricuspid	AS	has	been	well	studied,	its	role	for	bicuspid	AV
disease	 is	more	 controversial.	While	 several	 anatomic	 features	 of	 bicuspid	AV
disease	 pose	 specific	 challenges	 to	 TAVI	 (large	 annular	 size,	 bulky	 and
asymmetric	calcification,	and	unfavorable	aortic	orientation),	recent	data	suggest
that	 early	outcomes	of	 selected	patient	with	bicuspid	AS	undergoing	TAVI	are
similar	 to	 those	 with	 tricuspid	 AS.36	 Despite	 excellent	 short	 and	 intermediate
term	outcomes	of	TAVI36,37	the	long-term	durability	of	TAVI	remains	unknown.
Because	 of	 this	 unknown	 along	with	 the	 excellent	 surgical	 outcomes	 among	 a
low-risk	population,	there	remains	controversy	over	whether	TAVI	should	be	the
initial	 up-front	 strategy	 for	 this	 patient	 population.	Among	moderate	 and	 high
surgical	 risk	 patients,	 TAVI	 has	 emerged	 as	 reasonable	 up-front	 therapy.	 The
presence	 of	 concomitant	 valvular	 or	 coronary/peripheral	 arterial	 disease,	 in
addition	 to	 specific	 anatomic	 morphologic	 differences	 (presence	 of	 aortic
annular	calcium,	proximity	of	 the	coronaries	 to	 the	aortic	 annulus,	bicuspid	vs
tricuspid	etiologies),	may	favor	SAVR	over	TAVI.	These	decisions	are	nuanced
and	 must	 be	 highly	 individualized	 and	 again	 highlight	 the	 importance	 of	 the
heart	team.38,39

Transcatheter	 valve-in-valve	 implantation	 is	 an	 approved	 therapy	 for
treatment	 of	 high-risk	 patients	 with	 structural	 deterioration	 of	 a	 previously
implanted	 bioprosthesis.20,21	 The	 risk	 of	 coronary	 obstruction	 is	 an	 important
consideration	that	can	be	assessed	on	the	preprocedural	CT	scan.	For	patients	for
whom	the	risk	of	coronary	obstruction	is	high,	catheter-based	leaflet	laceration	is
feasible	 and	 can	 safely	 enable	 valve-in-valve	 implantation	 though	 high	 risk
SAVR	may	be	also	be	considered.40	Another	important	consideration	with	valve-
in-valve	 implantation	 is	 the	 risk	 of	 patient-prosthesis	 mismatch	 (PPM).	 PPM



refers	to	the	clinical	situation	where	the	maximal	orifice	of	an	implanted	valve	is
too	 small	 for	 the	 patient’s	 body	 size	 and	 is	 associated	 with	 poor	 outcomes.
Patients	 with	 small	 surgical	 bioprotheses	 are	 at	 risk	 for	 developing	 PPM.	 For
these	 patients,	 bioprosthetic	 valve	 fracturing	 is	 often	 performed	 to	 reduce	 the
risk	of	PPM.41

Since	 the	 initial	 introduction	 of	 TAVI,	 there	 have	 been	 multiple	 technical
advancements	 that	have	made	 it	a	 relatively	 routine	procedure,	with	 increasing
evidence	 that	 in	select	ambulatory	patients,	 it	can	be	performed	with	same	day
discharge.42	Despite	 these	advancements,	 there	remain	several	complications	of
which	 to	 be	 aware;	 mainly	 the	 development	 of	 conduction	 disturbances	 and
stroke.	 Due	 to	 the	 proximity	 of	 the	 native	 conduction	 system	 to	 the	 aortic
annulus,	development	of	high	grade	atrioventricular	(AV)	block	can	occur	after
TAVI.	With	the	newest	generation	devices,	the	risk	of	a	pacemaker	after	TAVI	is
∼11%.43	 While	 most	 cases	 occur	 within	 the	 first	 24	 hours,	 10%	 to	 15%	 of
pacemakers	are	placed	more	than	7	days	after	the	procedure.	The	presence	of	a
preprocedural	right	bundle	branch	block	is	a	significant	risk	factor	as	are	certain
anatomic	 features,	 the	 depth	 of	 implantation	 and	 use	 of	 self-expanding	 valve
(compared	 to	 balloon	 expandable	 valve).	 Patients	 should	 be	 monitored	 on
telemetry	 after	 the	 procedure	 and	 careful	 attention	 should	 be	 made	 for	 the
detection	of	new,	even	transient	conduction	abnormalities.44	The	overall	30-day
stroke	rate	after	TAVI	has	decreased	very	slightly	over	the	past	several	years	and
is	∼2%.43	While	use	of	catheter	based	cerebral	embolic	protection	devices	has
been	 demonstrated	 to	 capture	 a	 significant	 amount	 of	 embolic	 debris	 (an
established	 surrogate	 marker	 for	 cerebrovascular	 outcomes),	 there	 remains
controversy	 regarding	 clinical	 stroke	 reduction.45	 Despite	 this	 uncertainty
however,	use	of	embolic	protection	devices	has	increased	and	additional	studies
are	 currently	 underway.46	 Paravalvular	 regurgitation,	 acquired	 prosthetic	 valve
dysfunction	 and	 vascular	 access	 site	 complications	 can	 also	 occur	 though	 are
less	 common	 with	 current	 technology.	 Catastrophic	 adverse	 events	 such	 as	 a
device	 embolization,	 annular	 rupture	 and	 coronary	 occlusion	 are	 exceedingly
uncommon	in	the	current	era.47

Recent	 studies	 have	 demonstrated	 that	 there	 is	 a	 small	 risk	 of	 leaflet
thrombosis	 after	 TAVI,	 the	 clinical	 significance	 of	 which	 is	 controversial.48
Optimal	 antithrombotic	 strategies	 to	 prevent	 leaflet	 thrombosis	 remains
unknown	 and	 are	 areas	 of	 ongoing	 investigation.	 Currently	 guidelines
recommend	low	dose	aspirin	therapy	in	the	absence	of	an	alternative	indication
for	anticoagulation.	Clopidogrel	may	be	added	in	the	first	6	months.	Because	of
the	 risk	 of	 leaflet	 thrombosis,	 select	 patients	 (particularly	 those	 undergoing
valve-in-valve	 procedures)	 who	 are	 low	 bleeding	 risk,	 may	 be	 treated	 with



warfarin	 therapy.	 For	 patients	 who	 have	 an	 alternative	 indication	 for
anticoagulation,	therapy	is	typically	continued	without	alterations.20,21

Balloon	aortic	valvuloplasty	(BAV)	is	often	used	instead	of	an	operation	for
children	and	young	adults	with	congenital,	noncalcific	AS.	Valvuloplasty	is	not
widely	 used	 among	 adults	 with	 severe	 calcific	 AS	 because	 of	 high	 restenosis
rates,	 high	 frequency	 of	 embolic	 complications	 (particularly	 stroke),	 and	 the
development	of	AR.49–51	Among	adults	with	acutely	decompensated	AS,	BAV	is
particularly	 high	 risk	 and	 has	 no	 proven	 long-term	 benefits.51	 BAV	 is	 almost
entirely	restricted	to	its	performance	during	TAVI.

AORTIC	REGURGITATION
Acute	severe	AR	may	occur	among	previously	normal	or	only	mildly	diseased
valves	and	often	results	in	abrupt	hemodynamic	decompensation	and	respiratory
compromise	requiring	ICU	admission.	Acute	valvular	regurgitation	is	a	surgical
emergency,	but	accurate	diagnosis	may	be	a	challenge	since	exam	findings	may
be	 subtle	 and	 the	 clinical	 presentation	 nonspecific.	 Patients	 with	 acute	 AR
appear	 gravely	 ill	 and	 have	 tachycardia,	 significant	 dyspnea,	 and	 often
hypotension.	The	presentation	of	acute	AR	may	even	be	mistaken	for	other	acute
conditions	 like	 sepsis,	 pneumonia,	 or	 nonvalvular	 heart	 failure.	 In	 marked
contrast,	 chronic	 severe	 AR	may	 be	 asymptomatic	 or	 minimally	 symptomatic
and	 is	 rarely	 encountered	 in	 the	 ICU	 setting.	 For	 cases	 of	 acute	 valvular
regurgitation,	a	high	index	of	suspicion	is	required,	along	with	timely	TTE,	and
prompt	surgical	consultation.

Etiology
Most	 cases	 of	 acute	 severe	 AR	 are	 caused	 by	 infective	 endocarditis	 (IE),	 but
other	 causes	 include	 aortic	 dissection	 and	 blunt	 chest	 trauma.	 Staphylococci
have	 emerged	 as	 the	 most	 important	 causative	 agents	 of	 native	 valve
endocarditis.	 Patients	 with	 antecedent	 aortic	 valve	 disease	 or	 a	 congenital
bicuspid	valve	are	at	increased	risk	for	IE,	though	organisms	like	Staphylococcus
aureus	 can	 infect	 a	 normal	 trileaflet	 valve.	 IE	 is	 a	 particular	 problem	 among
injection	 drug	 users,	 patients	 with	 indwelling	 catheters,	 and	 those	 on
hemodialysis.	Acute	severe	AR	from	IE	is	the	consequence	of	tissue	destruction,
leaflet	perforation,	or	bulky	vegetations	impairing	leaflet	coaptation.52

AR	 is	 present	 in	 up	 to	 65%	 of	 patients	 with	 Stanford	 aortic	 dissection.53
Ascending	 aortic	 dissection	 may	 be	 seen	 in	 the	 setting	 of	 Marfan	 syndrome,



bicuspid	 aortic	 valve,	 or	 in	 patients	 following	 previous	 cardiac	 surgery.
Retrograde	extension	of	the	dissection	flap	into	the	annulus	may	cause	prolapse
or	 eversion	 of	 the	 aortic	 valve	 leaflets.	 Type	A	 aortic	 dissection	with	AR	 is	 a
surgical	 emergency	 requiring	prompt	 diagnosis	 and	 intervention.54	Aneurysmal
enlargement	of	the	aortic	root	without	dissection	may	also	lead	to	AR.	Though
AR	is	usually	chronic	when	produced	by	aortic	root	dilation,	an	acute-on-chronic
decompensation	 may	 occur	 when	 there	 is	 superimposed	 dissection	 or	 abrupt
aneurysm	 enlargement.55	 Important	 causes	 of	 aortic	 root	 pathology	 producing
AR	 include	 connective	 tissue	 disorders	 (Marfan	 syndrome	 and	 Ehlers-Danlos
syndrome)	 and	 vasculitis	 (syphilitic	 aortitis,	 giant	 cell	 arteritis,	 or	 Takayasu
arteritis).	Aortic	leaflet	tears,	perforation,	or	detachment	producing	AR	may	also
follow	blunt	chest	trauma	or	occur	as	a	complication	of	BAV	for	AS.56

Pathophysiology
Unlike	 in	 chronic	 AR,	 the	 LV	 in	 acute	 AR	 has	 not	 had	 time	 to	 develop
compensatory	 eccentric	 hypertrophy	 in	 response	 to	 elevated	 afterload	 and
preload	(Figure	193.6).	The	nondilated,	noncompliant	LV	receives	a	significant
diastolic	volume	load	from	the	regurgitant	flow,	resulting	in	an	abrupt	rise	in	LV
end-diastolic	pressure.	This	pressure	may	in	turn	be	transmitted	to	the	pulmonary
bed,	 resulting	 in	 pulmonary	 edema.	 Because	 the	 LV	 cannot	 dilate	 acutely	 in
response	 to	 the	 volume	 load,	 forward	 stroke	 volume	 is	 decreased,	 and
tachycardia	 develops	 to	 maintain	 cardiac	 output.	 Impaired	 forward	 stroke
volume	 leads	 to	 decreased	 systolic	 pressure	 and	 a	 narrower	 than	 anticipated
pulse	pressure.	Patients	may	present	with	signs	of	impending	cardiogenic	shock.
LV	diastolic	pressure	may	equilibrate	with	aortic	pressure	during	the	latter	half
of	 diastole	 (diastasis),	 resulting	 in	 attenuation	 of	 the	AR	murmur	 in	 the	 acute
setting.	 The	 elevation	 of	 end-diastolic	 pressure	 and	 tachycardia	 can	 increase
myocardial	 oxygen	 demand	 and,	 when	 coupled	 with	 decreased	 diastolic
coronary	 blood	 flow	 owing	 to	 lower	 aortic	 diastolic	 pressure,	 can	 reduce
myocardial	perfusion	and	result	in	coronary	ischemia.	Ischemia	from	AR	can	be
compounded	by	 impaired	coronary	 flow	 from	preexisting	atherosclerosis	or	an
aortic	 dissection	 flap.	 In	 acute	 severe	 AR,	 LV	 failure	 and	 cardiogenic	 shock
develop	if	surgery	is	not	promptly	performed.



	

Figure	 193.6 	 Pathophysiology	 of	 acute	 aortic	 regurgitation.LV,
left	ventricle;	LVEDP,	left	ventricular	end	diastolic	pressure.(Adapted
from	 Bonow	 R,	 Braunwald	 E.	 Valvular	 heart	 disease.	 In:	 Zipes	 D,
Libby	P,	Bonow	RO,	et	al,	eds.	Braunwald’s	Heart	Disease.	Elsevier;
2005,	with	permission	from	Elsevier.)

Clinical	Presentation

History
Acute	AR	may	present	with	little	or	no	warning.	Symptoms	such	as	weakness,
profound	 dyspnea,	 angina,	 and	 presyncope	 are	 common.	 Antecedent	 valve
disease,	 fever,	and	skin	findings	may	suggest	 IE.	Severe,	 ripping	chest	or	back
pain	 with	 hypertension	 may	 indicate	 aortic	 dissection.	 Signs	 of	 blunt	 chest
trauma	may	be	disarmingly	subtle.	The	natural	history	of	acute	severe	AR	is	one
of	 LV	 failure	 and	 death	 in	 the	 absence	 of	 rapid	 intervention.	 Patients	 with
chronic	AR	may	 present	 acutely	with	 a	 sudden	worsening	 of	 their	 underlying
pathology.

Physical	Examination
The	classic	eponymous	signs	observed	in	chronic	AR	are	attenuated	or	absent	in



acute	AR.	Patients	are	often	tachycardic	with	low	or	low–normal	blood	pressure.
Pulse	pressure	may	underestimate	AR	severity	 in	 the	acute	setting.	Tachypnea,
accessory	muscle	 use,	 and	 hypoxemia	 are	worrisome	 findings,	 and	 pulmonary
rales	 are	 common.	 LV	 apical	 impulse	 is	 not	 displaced	 unless	 prior	 LV
dysfunction	 was	 present.	 The	 first	 heart	 sound	 (S1)	 is	 often	 soft	 owing	 to
premature	closure	of	 the	mitral	valve	from	the	rapid	LV	diastolic	pressure	rise.
There	 is	 often	 a	 low-pitched	 systolic	 ejection	 murmur	 from	 increased	 flow
across	the	aortic	valve,	whereas	the	diastolic	murmur	is	of	grade	1	or	2	intensity
and	is	of	short	duration.	A	pulse	deficit	or	relative	decrease	may	be	appreciated
in	the	setting	of	AR	from	aortic	dissection.

Investigations

Electrocardiography
Sinus	 tachycardia	 is	 often	present,	 though	 the	ECG	may	be	 entirely	normal	 in
acute	 severe	 AR.	 In	 contrast,	 LV	 hypertrophy	 is	 a	 feature	 of	 chronic	 AR.
Nonspecific	 ST-segment	 and	 T-wave	 abnormalities	 or	 signs	 of	 LV	 strain	 are
common.	With	IE,	if	there	is	paravalvular	extension	of	the	infection	in	the	region
of	the	atrioventricular	node,	heart	block	of	varying	degree	may	be	present.	In	the
setting	of	acute	heart	failure,	supraventricular	and	ventricular	 tachycardias	may
occur.

Chest	Radiography
The	 cardiac	 silhouette	 may	 be	 normal,	 unless	 AR	 is	 chronic	 or	 there	 was	 a
preexisting	heart	disease.	Pulmonary	edema	is	common.	A	widened	mediastinum
may	signify	aortic	dissection	or	thoracic	aortic	aneurysm.

Echocardiography
1 	 2 	Urgent	TTE	is	mandated	whenever	acute	AR	is	suspected.	Echocardiography
can	 determine	 the	 etiology	 and	 hemodynamic	 severity	 of	AR	while	 providing
information	 about	 the	 underlying	 LV	 function,	 aortic	 size,	 and	 coexisting
valvular	 heart	 disease	 (Videos	 193.2.1	 and	 193.2.2).	 Acute	 severe	 AR	 is
characterized	by	 a	wide	 regurgitant	 jet	 (vena	 contracta	>	 6	mm),	 holodiastolic
flow	 reversal	 in	 the	 abdominal	 aorta,	 rapid	 rise	 in	 LV	 diastolic	 pressure
producing	 a	 short	 pressure	 half	 time	 (<250	 ms)	 and	 premature	 mitral	 valve



closure.57	CT	angiography	has	become	 the	preferred	 imaging	 test	 to	 assess	 for
acute	dissection,	but	TEE	may	be	indicated	if	the	study	is	nondiagnostic	and	is
crucial	for	intraoperative	planning.58,59

Cardiac	Catheterization
Establishing	 the	 hemodynamic	 severity	 of	AR	 seldom	 requires	 catheterization,
which	can	delay	 surgery.60	Younger	patients	without	 coronary	 risk	 factors	may
proceed	directly	to	emergency	valve	replacement	without	angiography.	Patients
with	dissection	should	proceed	directly	to	surgical	repair.

Intensive	Care	Unit	Management

Medical	Management
Acute	 severe	 AR	 has	 a	 high	 mortality	 rate.	 Medical	 management	 should	 not
delay	 urgent	 or	 emergent	 surgery.	Heart	 failure	 and	 cardiogenic	 shock	 are	 the
principal	 targets	 of	 acute	 medical	 therapies.	 Use	 of	 vasodilators,	 particularly
sodium	 nitroprusside,	 and	 diuretics	 is	 the	mainstay	 of	medical	 therapy,	 as	 the
systemic	blood	pressure	allows.61,62	 Inotropes	such	as	dopamine	or	dobutamine
may	be	used	 to	augment	 forward	cardiac	output.	Pulmonary	edema	from	acute
AR	 frequently	 requires	 intubation	 and	 mechanical	 ventilation.	 Intra-aortic
balloon	 counterpulsation	 (IABP)	 is	 strictly	 contraindicated.	 β-Blockers	 should
only	be	considered	for	cases	of	acute	aortic	dissection.	Antibiotics	are	indicated
for	IE,	but	surgery	must	not	be	delayed	once	heart	failure	intervenes.20,21,52

Surgical	Treatment
Surgery	 is	 indicated	 for	 acute	 severe	 AR,	 unless	 overwhelming	 patient
comorbidities	dictate	otherwise.	AVR	is	often	performed,	but	valve	 repair	may
be	 possible	 for	 many	 cases	 of	 dissection.	 Some	 surgeons	 favor	 the	 use	 of
homograft	 material	 for	 management	 of	 aortic	 valve/root	 IE,	 given	 the	 low
reinfection	 rates	 with	 cadaveric	 tissue	 but	 practices	 vary.	 A	 composite	 valve-
graft	conduit	may	be	used	when	disease	dictates	replacement	of	both	the	aortic
root	and	the	valve.63	Perioperative	risk	depends	largely	on	age;	preoperative	LV
function;	etiology;	and	urgency	of	surgery.	Debridement	of	periaortic	abscess	or
aortic	root	replacement	compounds	operative	risk.

4 	 6 	TAVI	for	isolated	pure	severe	AR	is	technically	challenging	due	to	large



aortic	 annulus	 size	 and	 the	 lack	 of	 sufficient	 calcium	 for	 anchoring.	 Among
patients	 who	 require	 AVR	 for	 severe	 AR	 who	 are	 surgical	 candidates,	 TAVI
should	not	be	performed.	Among	 those	who	are	not	 surgical	 candidates,	TAVI
can	be	considered	though	the	risk	of	device	migration	and	embolization	must	be
recognized.20,21,64

MITRAL	STENOSIS
Widespread	 use	 of	 programs	 to	 detect	 and	 treat	 Group	 A	 streptococcal
pharyngitis	has	reduced	the	incidence	of	rheumatic	fever	in	the	developed	world,
the	 leading	 cause	 of	 MS.65	 The	 burden	 of	 rheumatic	 valve	 disease	 in	 the
developing	world	 remains	considerable	and	 is	a	 significant	cause	of	premature
death.	Most	 cases	of	 rheumatic	MS	 in	 the	USA	are	 seen	 in	patients	who	have
recently	emigrated	from	endemic	areas.1	MS	often	presents	as	acute	heart	failure
and,	 when	 symptomatic,	 requires	 mechanical	 relief	 of	 LV	 inflow	 obstruction.
ICU	management	goals	include	treatment	of	heart	failure,	rate	control	of	AF,	and
preparation	for	valvotomy	or	valve	replacement	surgery.

Etiology
Rheumatic	 fever	 produces	 valvular	 inflammation	 and	 scarring,	 though	 nearly
half	 of	 patients	 may	 not	 recall	 as	 history	 of	 acute	 rheumatic	 fever	 or	 chorea.
Two-thirds	of	patients	with	rheumatic	MS	are	female	and	40%	of	patients	with
rheumatic	valvular	disease	will	have	 isolated	MS.66	Screening	TTE	in	endemic
areas	 may	 detect	 up	 to	 10	 times	 as	 many	 cases	 of	 rheumatic	 valve	 disease
compared	to	clinical	screening	alone.67	By	contrast,	in	developed	countries,	MS
is	more	commonly	produced	by	calcific	degeneration	of	the	annulus	and	mitral
leaflets,	congenital	abnormalities	of	mitral	inflow,	or	collagen	vascular	diseases
such	 as	 lupus	 or	 rheumatoid	 arthritis.68	 Atrial	 myxoma	 may	 mimic	 MS	 by
causing	obstruction	to	LV	inflow.	The	natural	history	of	MS	is	often	dependent
on	the	patient’s	socioeconomic	status.	In	developing	countries	patients	tend	to	be
younger	with	a	more	pliable	valve,	whereas	in	developed	countries	patients	are
older	with	 comorbid	 conditions.69	 Patients	 in	 low-	 or	middle-income	 countries
also	have	relatively	less	access	to	programs	for	screening;	detection;	medical	and
surgical	treatment;	and	anticoagulation	management.

Pathophysiology



Rheumatic	 fever	 leads	 to	 inflammation	 and	 scarring	 of	 the	 mitral	 valve,	 with
fusion	 of	 the	 valve	 commissures	 and	 subvalvular	 apparatus.65	 Although	 the
initial	 insult	 is	 rheumatic,	 altered	 flow	 patterns	 may	 lead	 to	 calcification	 and
further	 valve	 deformity,	 leading	 to	 a	 narrow	 funnel-shaped	 valve.	 Calcific
degeneration	 of	 acquired	 mitral	 valve	 thickening	 may	 also	 produce	 MS.	 The
mitral	orifice	is	normally	4	to	6	cm2.	MS	develops	when	the	area	is	reduced	to
<2	cm2	 so	 that	 an	elevated	 left	 atrioventricular	pressure	gradient	 is	 required	 to
propel	blood	across	the	mitral	valve.	Severe	MS	is	present	when	the	valve	area	is
<1.5	cm2;	 the	mean	gradient	 is	 usually	>10	mm	Hg.	An	 elevated	LA	pressure
leads	to	pulmonary	hypertension	(PA	pressure	>30	mm	Hg),	exercise	intolerance
and	 eventually	 right-sided	 heart	 failure.	 Adequate	 transit	 time	 is	 required	 to
allow	blood	to	flow	across	the	stenotic	mitral	valve	during	diastole.

Clinical	Manifestations

History
MS	 is	 a	 slowly	 progressive	 disease	with	 a	 latent	 period	 of	 up	 to	 two	 decades
between	 the	 episode	 of	 rheumatic	 carditis	 and	 symptom	 onset.	 Progression	 of
MS	in	developing	countries	is	more	rapid	and	may	be	associated	with	recurrent
episodes	 of	 rheumatic	 fever.	 The	 typical	 patient	 will	 have	 an	 asymptomatic
period	 with	 an	 abnormal	 physical	 exam.	 As	 MS	 progresses,	 lesser	 stresses
precipitate	 symptoms,	making	 the	 patient	 limited	 in	 daily	 activities;	 orthopnea
and	 paroxysmal	 nocturnal	 dyspnea	 develop.	 Pulmonary	 edema	 in	 previously
asymptomatic	 individuals	may	be	 triggered	by	 tachyarrhythmias	 (AF),	 volume
overload,	 fever,	 anemia,	 hyperthyroidism,	 or	 pregnancy.70	 Each	 of	 these
circumstances	 shortens	 the	 diastolic	 filling	 period	 and	 elevates	 the	 LA	 to	 LV
transvalvular	 gradient.	Development	 of	 persistent	AF	marks	 a	 turning	 point	 in
the	patient’s	course,	with	an	accelerated	rate	of	symptom	progression.	Systemic
embolization	 may	 be	 the	 first	 clue	 to	 the	 presence	 of	 MS,	 irrespective	 of
underlying	 rhythm.71	 Patients	 may	 also	 suffer	 from	 hemoptysis	 because	 of
shunting	 between	 the	 pulmonary	 and	 bronchial	 veins,	 leading	 to	 rupture.
Underappreciated	calcific	MS	may	also	be	identified	after	failure	to	wean	from
mechanical	ventilation.

The	natural	history	of	untreated	and	treated	disease	is	highly	dependent	on	the
risk	of	recurrent	rheumatic	fever.	While	patients	with	asymptomatic	MS	have	a
favorable	 prognosis,	 clinical	 outcomes	 are	 poor	 for	 patients	with	 symptomatic
MS	 without	 treatment.	 Survival	 is	 inversely	 proportion	 to	 NYHA	 (New	 York



Heart	Association)	class	and	improves	with	intervention.65	The	common	causes
of	death	associated	with	MS	are	heart	failure,	systemic	embolism,	and	infections,
including	endocarditis.

Physical	Examination
MS	produces	signs	of	heart	failure,	including	pulmonary	rales,	peripheral	edema,
ascites,	an	elevated	jugular	venous	pressure,	and	congestive	hepatomegaly.	The
first	heart	 sound	 (S1)	 is	usually	accentuated	 in	 the	early	phases	of	 the	disease.
The	 opening	 snap	 (OS)	 of	 MS	 is	 best	 appreciated	 in	 early	 diastole	 during
expiration	near	the	cardiac	apex.	The	time	interval	between	aortic	valve	closure
(A2)	and	OS	varies	inversely	with	the	severity	of	MS.	The	OS	is	followed	by	a
low-pitched	rumbling	diastolic	murmur	best	heard	at	the	apex	with	the	patient	in
the	left	lateral	decubitus	position.	Presystolic	accentuation	of	the	murmur	may	be
present	 in	sinus	rhythm.	In	general,	 the	duration	of	 the	murmur	corresponds	 to
the	severity	of	stenosis.	If	the	valve	is	heavily	calcified	and	immobile,	with	low
cardiac	 output	 or	 AF,	 it	 may	 be	 relatively	 “silent”	 with	 a	 soft	 S1,	 absent
presystolic	accentuation,	and	an	inaudible	diastolic	rumble.	Associated	valvular
lesions,	 including	 the	 murmurs	 of	 AR,	 pulmonic	 regurgitation,	 and	 tricuspid
regurgitation	 (TR),	 may	 be	 present,	 along	 with	 a	 loud	 P2	 from	 pulmonary
hypertension	or	a	parasternal	 lift	 from	 right	ventricle	 (RV)	pressure	or	volume
overload.

Investigations

Electrocardiogram
The	ECG	in	sinus	rhythm	may	reveal	LA	enlargement,	but	AF	can	be	present	at
any	stage	in	the	natural	history.	A	vertical	QRS	axis	may	be	present	along	with
nonspecific	 ST-segment	 and	 T-wave	 abnormalities.	 Signs	 of	 RV	 hypertrophy
signify	advanced	disease.

Chest	Radiograph
Radiographic	changes	with	MS	include	LA	enlargement,	dilation	of	the	main	PA
and	 its	 central	 branches,	 RV	 enlargement,	 and	 signs	 of	 pulmonary	 vascular
congestion.	 Interstitial	 or	 alveolar	 edema	 signifies	 a	 marked	 and	 often	 acute
elevation	of	pulmonary	capillary	wedge	pressure	(PCW).



Echocardiography
1 	 2 	Rheumatic	MS	is	characterized	by	 thickened	mitral	 leaflet	 tips,	 immobility
of	 the	 posterior	 leaflet,	 and	 restricted	 anterior	 leaflet	 motion.	 Calcific	 MS	 is
marked	 by	 dense	 echogenic	 deposits	 throughout	 the	 mitral	 apparatus	 and
turbulent	LV	diastolic	 inflow.	Direct	planimetry	 to	measure	valve	area	may	be
difficult	 in	 heavily	 calcified	 valves.	 Continuous	wave	Doppler	 can	 be	 used	 to
estimate	 the	 LA-LV	 pressure	 gradient.	 It	 is	 important	 to	 note	 that	 pressure
gradients	will	vary	depending	on	the	heart	rate	with	higher	gradients	observed	at
faster	 rates	 regardless	 of	 changes	 in	 mitral	 valve	 area	 (MVA).	 Elevated
transmitral	gradients	 (>10	mm	Hg)	are	particularly	suggestive	of	severe	MS	at
low	 heart	 rates	 (<60	 beats/min).	 Because	 the	 pressure	 gradient	 represents	 the
difference	 between	 LA	 and	 LV	 pressure	 during	 diastole,	 it	may	 underestimate
severity	when	concomitant	MS	or	AR	is	present.	Estimates	of	MVA	can	be	made
by	the	pressure	half-time	technique	in	young	patients	with	rheumatic	disease	and
by	 other	 advanced	 echocardiographic	 techniques	 in	 other	 patient	 populations
(continuity	 equation	 and	 proximal	 isovelocity	 surface	 area	 method).72	 Careful
assessment	of	the	degree	and	location	of	valvular	calcification;	thickening	of	the
leaflet	and	subvalvular	apparatus;	and	leaflet	mobility	can	determine	suitability
for	 percutaneous	 mitral	 balloon	 commissurotomy	 (PMBC).73,74	 Routine
assessment	of	chamber	dimension	and	ventricular	function	should	be	performed.
TEE	is	often	helpful	to	better	quantify	MS	severity	through	direct	3D	planimetry,
assess	for	concomitant	mitral	regurgitation	(MR),	and	evaluate	for	the	presence
of	LA	thrombus	particularly	when	the	patient	is	being	considered	for	PMBC.

Cardiac	Catheterization
2 	Catheterization	may	be	necessary	 to	determine	 the	 severity	of	 stenosis	when
noninvasive	and	clinical	data	 are	discordant	or	 as	 a	prelude	 to	PMBC	(Figure
193.7).	Simultaneous	LA/LV	pressure	measurements	via	transseptal	puncture	are
most	accurate.	Cardiac	output	and	mean	transvalvular	gradient	measurements	are
used	to	calculate	MVA	using	the	Gorlin	formula.29



	

Figure	193.7 	Hemodynamic	measurements	 in	mitral	 stenosis.A,
Depicts	 normal	 LV,	 LA,	 and	 Ao	 pressure	 tracings.	 B,	 depicts	 the
pressure	gradient	between	PCW	and	LV	in	a	patient	with	MS	(shaded
area).	Ao,	aortic;	DFP,	diastolic	filling	period;	LA,	left	atrial;	LV,	left
ventricle;	 PCW,	 pulmonary	 capillary	 wedge	 pressure;	 SEP,	 systolic



ejection	 period.(Adapted	 from	 Carabello	 BA.	Modern	 management
of	 mitral	 stenosis.	 Circulation.	 2005;112(3):432-437,	 with
permission.)

Intensive	Care	Unit	Management

Medical	Therapy
Acute	MS	typically	manifests	as	pulmonary	edema.	Reversible	precipitants	must
be	 identified,	 such	 as	 rapid	 AF,	 anemia,	 sepsis,	 volume	 overload,	 or
thyrotoxicosis.	Medical	therapy	is	directed	at	rate	control	of	AF,	and	alleviation
of	pulmonary	and	systemic	congestion	by	loop	diuretics.	Nodal	blocking	agents
such	 as	 β-blockers	 or	 nondihydropyridine	 calcium	 channel	 blockers	 are	 the
preferred	 rate-controlling	 agents	 and	 may	 be	 administered	 intravenously.69
Cardioversion	may	 be	 required	 to	 restore	 hemodynamic	 stability,	 though	most
patients	 respond	 to	 rate	 control.	 Anticoagulation	 should	 be	 initiated	 promptly.
For	patients	with	only	mild-to-moderate	MS,	addressing	one	or	more	underlying
precipitants	will	suffice	without	 the	need	for	 further	 intervention.	Patients	with
severe	MS	have	a	poor	prognosis	without	valve	intervention,	which	may	consist
of	 PMBC,	 surgical	 commissurotomy,	 or	 mitral	 valve	 replacement	 (MVR)
(Figure	193.8).

	

Figure	 193.8 	 Management	 of	 the	 acute	 presentation	 of	 mitral
stenosis.AF,	 atrial	 fibrillation;	 LA,	 left	 atrial;	 MR,	 mitral



regurgitation;	 MS,	 mitral	 stenosis;	 MV,	 mitral	 valve;	 MVR,	 mitral
valve	 replacement;	 PMBC,	 percutaneous	 mitral	 balloon
commissurotomy;	 S1,	 first	 heart	 sound;	 TEE,	 transesophageal
echocardiography;	 TTE,	 transthoracic	 echocardiography.(Adapted
from	 Bellamy	 MF,	 Enriquez-Sarano	 M.	 Valvular	 heart	 disease.	 In:
Irwin	 RS,	 Rippe	 JM,	 eds.	 Intensive	 Care	 Medicine.	 Lippincott
Williams	&	Wilkins;	2003:313-328,	with	permission.)

Percutaneous	Mitral	Balloon	Commissurotomy
PMBC	is	the	preferred	treatment	for	symptomatic	(NYHA	class	II–IV)	patients
with	 isolated	 severe	 rheumatic	 MS	 and	 favorable	 valve	 morphology.	 Unlike
BAV,	PMBC	has	achieved	durable	results.	Ideal	patients	for	PMBC	are	younger
(<45	 years	 old),	 have	 lower	 NYHA	 functional	 class,	 and	 pliable	 mitral
leaflets.75,76	 There	 are	 very	 limited	 data	 on	 the	 use	 of	 PMBC	 for	 patients	with
calcific	(nonrheumatic)	MS	though	for	patients	who	are	not	surgical	candidates,
this	may	be	considered.	PMBC	is	performed	by	transseptal	puncture,	passing	a
guidewire	across	the	mitral	valve,	and	inflating	a	balloon	(Inoue	balloon)	across
the	mitral	orifice	to	split	the	commissures	and	widen	the	stenotic	valve.50,77

Successful	 PMBC	 doubles	 the	MVA,	 reduces	mean	 transmitral	 gradient	 by
half,	 and	 improves	 symptoms	without	development	of	 significant	MR.78	 Acute
complications	 of	 PMBC	 include	 severe	MR,	 residual	 atrial	 septal	 defect	 after
transseptal	 puncture,	 and,	 less	 commonly,	 LV	 perforation,	 cardiac	 tamponade,
and	systemic	emboli.	Overall	procedural	morality	is	between	0.4%	and	3.0%.79
Patients	have	excellent	event-free	survival	after	PMBC	with	rates	of	80%	to	90%
over	3	to	7	years	when	performed	by	a	skilled	operator	at	a	high-volume	center.80
Short	and	intermediate-term	outcomes	from	PMBC	are	commensurate	with	open
surgical	commissurotomy,	but	with	reduced	morbidity	and	at	lower	cost.81	There
is	 a	 significant	 rate	 of	 restenosis	 after	 both	 percutaneous	 and	 surgical
commissurotomy	with	most	 patients	 requiring	 a	 repeat	 procedure	within	 10	 to
15	years.

Surgical	Treatment
If	the	anatomy	is	unfavorable	for	PMBC	or	the	procedure	is	unsuccessful,	open
surgical	 valvotomy	 may	 be	 performed,	 which	 requires	 cardiopulmonary
bypass.82	MVR	 is	 necessary	 for	 patients	with	MS	and	 significant	MR,	 and	 for
those	in	whom	valve	anatomy	is	too	distorted	to	respond	to	repair	alone.	MVR	is



often	 performed	 with	 preservation	 of	 the	 chordal	 attachments	 to	 facilitate	 LV
recovery.	A	 surgical	maze	 procedure	 or	 isolation	 of	 the	 pulmonary	 veins	may
also	be	 performed	 to	 treat	 concomitant	AF,	 though	 success	 rates	 are	 relatively
lower	 for	 rheumatic	MS	 patients	 than	 patients	without	 rheumatic	 disease.	 The
average	 operative	 risk	 for	 MVR	 is	 5%,	 with	 an	 overall	 10-year	 survival	 in
surgical	 survivors	 of	 70%.	 Long-term	 prognosis	 is	 influenced	 by	 patient	 age,
comorbid	conditions,	and	 the	presence	of	concomitant	pulmonary	hypertension
and	RV	dysfunction.83

MITRAL	REGURGITATION
Acute	 severe	 MR	 presents	 with	 pulmonary	 edema	 and	 hemodynamic
compromise	because	of	the	lack	of	time	for	the	cardiopulmonary	circuit	to	adapt
to	 the	 additional	 volume	 load.	 Examination	 findings	 may	 be	 subtle	 and
presentation	 may	 be	 mistaken	 for	 other	 acute	 conditions	 like	 pneumonia	 or
nonvalvular	 decompensated	 heart	 failure.	 A	 high	 clinical	 index	 of	 suspicion;
timely	 evaluation	by	TTE;	 and	prompt	 referral	 for	 surgical	 consultation	 are	 of
critical	value	in	the	management	of	this	condition.	Many	patients	in	the	ICU	will
have	MR	accompanied	by	reduced	LV	systolic	function,	from	either	myocardial
infarction	(MI)	or	chronic	cardiomyopathy.	The	surgical	management	of	patients
with	MR	and	advanced	systolic	heart	failure	remains	controversial.

Etiology
MR	may	be	caused	by	abnormalities	of	any	one	or	more	of	the	functional	levels
of	 the	 mitral	 valve	 (MV):	 annulus,	 valve	 leaflets,	 LA	 endocardium,	 chordae
tendinae,	 papillary	 muscles,	 and	 subjacent	 LV	 myocardium84	 (Table	 193.2).
Common	 causes	 of	 acute	 MR	 include	 chordal	 rupture	 from	 mxyomatous
degeneration,	blunt	trauma,	or	endocarditis;	leaflet	perforation	from	endocarditis
or	 leaflet	avulsion	from	trauma;	papillary	muscle	 infarction	with	rupture;	acute
rheumatic	carditis;	and	mitral	prosthetic	paravalvular	leak.	Papillary	rupture	is	a
rare	complication	of	acute	MI	(1%-3%)	with	a	bimodal	peak	at	1	day,	then	3	to
5	days	post	MI.	The	posteromedial	papillary	muscle	has	a	 single	blood	supply
from	the	right	coronary	or	left	circumflex	artery	and,	thus,	is	6	to	10	times	more
likely	to	rupture	than	the	anterolateral	papillary,	which	has	a	dual	blood	supply.
Dynamic	 MR	 can	 occur	 during	 episodes	 of	 transient	 ischemia	 involving	 the
papillary	muscles,	but	is	not	usually	severe.85	Dynamic	MR	is	also	a	 feature	of
HOCM	and	has	been	observed	in	some	patients	with	stress	cardiomyopathy.



TABLE	193.2

Causes	of	Mitral	Regurgitation

Primary	MR

Myxomatous	mitral	valve	disease	including	mitral	valve	prolapse,	Barlow
disease,	and	flail	leaflets
Rheumatic	heart	disease
Infective	endocarditis
Non-bacterial	thrombotic	endocarditis	(Libman-Sacks	lesion)
Calcific	degeneration	including	radiation-associated	disease	and	end-stage
renal	disease	associated	disease
Trauma	(as	a	result	from	percutaneous	balloon	mitral	commissurotomy	or
penetrating	chest	injury)
Tumors	(atrial	myxoma)

Secondary	MR

Ventricular	dysfunction/remodeling
Dilated	cardiomyopathy
Ischemic	cardiomyopathy

Atrial	dysfunction/enlargement
Long-standing	persistent	atrial	fibrillation
Restrictive	cardiomyopathies

Prosthetic	Valve

Paravalvular
Dehiscence
Infective	endocarditis

Intravalvular
Mechanical
Thrombosis
Infective	endocarditis

Bioprosthetic
Structural	valve	degeneration
Infective	endocarditis

The	causes	of	chronic	MR	are	divided	into	“primary”	disorders	involving	the



mitral	valve	leaflets	or	chordae	(eg,	prolapse,	flail,	endocarditis),	or	“secondary”
disorders	 in	which	 the	 leaflets	 are	 relatively	normal,	 and	 the	MR	 is	 caused	by
tethering	 of	 the	 leaflets	 from	 ventricular	 remodeling;	 papillary	 muscle
displacement;	 abnormal	LA	dynamics;	LV	or	LA	 enlargement	 causing	 annular
dilation;	 increased	 LV	 sphericity	 and	 reduced	 LV	 systolic	 function	 with
attenuated	closing	forces.	Chronic	secondary	MR	occurs	most	commonly	among
patients	 with	 heart	 failure	 with	 reduced	 ejection	 fraction	 (HFrEF)	 and	 LV
remodeling.	 Ischemic	MR	 refers	 to	MR	 that	 develops	 following	MI.	MR	 can
also	 develop	 among	 patients	 with	 longstanding	 persistent	 AF	 with	 LA
enlargement	 and	 annular	 dilation	 (“atrial	 functional	 MR”).	 Many	 of	 these
patients	will	have	normal	ejection	fractions	and	present	with	heart	failure	(heart
failure	preserved	ejection	fraction	(HFpEF)).

Pathophysiology
In	acute	MR,	 the	LV	ejects	blood	 into	a	 small,	noncompliant	LA,	 leading	 to	a
rapid	rise	of	LA	pressure	during	systole.	The	difference	of	LA	compliance	as	a
function	of	MR	acuity	explains	why	chronic	MR	(increased	compliance)	can	be
well	 tolerated,	and	why	acute	MR	(reduced	compliance)	is	not.	The	rise	of	LA
pressure	 is	 transmitted	 to	 the	 pulmonary	 venous	 bed	 and	 leads	 to	 pulmonary
edema,	 which	may	 be	 asymmetric	 if	 there	 is	 an	 eccentric	 jet	 of	MR	 directed
toward	 a	 specific	 pulmonary	 vein.	 The	 severity	 of	 pulmonary	 edema	 may	 be
relatively	 less	 for	 patients	whose	LA	has	 been	 conditioned	 by	 some	degree	 of
chronic	MR.	Large	V	waves	are	typically	inscribed	on	the	LA	and	PCW	tracings
during	ventricular	 systole	during	acute	MR.86	 Such	V	waves	may	also	be	 seen
with	 other	 conditions,	 including	 acute	 ventricular	 septal	 rupture	 and	 LA
compliance	syndrome	following	catheter	ablation	for	AF.	During	acute	MR,	LV
systolic	 function	may	be	normal,	 hyperdynamic,	 or	 reduced,	 depending	on	 the
etiology	of	MR.	Tachycardia	may	temporarily	preserve	forward	cardiac	output,
but	hypotension,	organ	failure,	and	cardiogenic	shock	may	evolve.

Clinical	Manifestations

History
With	 acute	 severe	MR,	 symptoms	 of	 left	 heart	 failure	 predominate,	 including
dyspnea,	orthopnea,	and	cough.	Patients	with	post-MI	papillary	muscle	 rupture
may	 have	 concurrent	 angina,	 dyspnea,	 and	 abrupt	 hemodynamic	 compromise.



Spontaneous	 chordal	 rupture	 from	 myxomatous	 degeneration	 may	 be
accompanied	by	chest	pain	among	nearly	half	of	patients.	Symptoms	like	fevers,
chills,	malaise,	and	anorexia	may	be	present	in	patients	with	endocarditis.

Physical	Examination
Patients	with	acute	severe	MR	are	tachycardic	and	tachypneic.	Blood	pressure	is
variable,	though	pulse	pressure	is	often	narrow	owing	to	reduced	forward	stroke
volume.	Jugular	venous	pressure	may	be	normal	or	elevated.	Rales	or	wheezes
may	be	audible	over	the	lung	fields,	and	may	be	asymmetric.	The	precordium	is
often	hyperdynamic	with	a	palpable	 apical	 thrill.	S1	 is	normal	or	decreased	 in
intensity,	whereas	S2	may	be	widely	split	because	of	early	closure	of	the	aortic
valve.	 A	 diastolic	 filling	 complex	 may	 be	 appreciated	 and	 consists	 of	 a	 third
heart	 sound	 (S3)	 and	 a	 short	 mid-diastolic	 rumble	 from	 increased	 transmitral
diastolic	 flow.	The	 systolic	murmur	 of	 acute	MR	may	 be	 highly	 variable,	 and
even	 absent	 in	 up	 to	 half	 of	 cases	 of	 post-MI	 papillary	 muscle	 rupture.	 The
murmur	of	acute	MR	is	usually	not	holosystolic,	but	rather	early	to	mid-systolic
in	 timing,	 with	 a	 decrescendo	 configuration,	 and	 is	 coarse	 rather	 than	 high
pitched.	These	features	reflect	the	rapid	LA	pressure	rise	and	diminution	of	the
LV-LA	 pressure	 gradient	 throughout	 systole.	 The	 murmur	 of	 chronic	 MR,	 in
contrast,	is	holosystolic	(plateau)	owing	to	the	persistent	LV-LA	gradient	during
systole.	The	murmur	of	acute	MR	is	usually	loudest	at	the	left	sternal	border	or
apex	and	 the	direction	of	 radiation	may	provide	a	clue	as	 to	etiology.	Anterior
leaflet	prolapse	or	flail	produces	a	posteriorly	directed	jet,	while	with	posterior
leaflet	involvement	the	jet	is	directed	anteriorly	and	transmitted	to	the	base.

Investigations

Electrocardiogram
ECG	 may	 show	 sinus	 tachycardia	 or	 an	 atrial	 arrhythmia,	 such	 as	 AF.	 LA
abnormality	 may	 be	 discernible	 if	 P	 waves	 are	 present;	 signs	 of	 LV	 chamber
enlargement	are	rare	in	the	acute	phase.	With	post-MI	papillary	muscle	rupture
evidence	of	an	evolving	inferior-posterior	or	lateral	MI	may	be	seen.

Chest	Radiograph
In	 acute	 MR,	 the	 cardiac	 silhouette	 is	 normal	 in	 size	 despite	 the	 present	 of



alveolar	pulmonary	edema.	Asymmetric	edema	may	be	present	in	patients	with	a
flail	leaflet	producing	an	eccentric	MR	jet,	particularly	involving	the	right	upper
lobe.87	 Decompensated,	 chronic	 MR	 may	 have	 associated	 cardiomegaly,	 LA
enlargement,	and	increased	vascularity.

Echocardiography
1 	 2 	Prompt	TTE	 is	 the	most	 important	 study	 for	patients	with	 suspected	acute
MR	(Videos	193.3.1,	193.3.2,	and	193.3.3).	TTE	can	delineate	mitral	anatomy,
characterize	 severity,	 and	 document	 underlying	 LV	 function	 and	 coexisting
valvular	 pathology.	 Flail	 leaflet	 may	 be	 diagnosed	 by	 rapid	 movement	 of	 a
portion	of	 leaflet/chordal	 tissue	posteriorly	 into	 the	LA	during	systole.	Chordal
rupture,	leaflet	vegetations,	and	periannular	abscess	may	be	identified	in	cases	of
endocarditis.	 Among	 patients	 with	 secondary	 MR,	 LV	 remodeling	 may	 be
evident	 along	with	 annular	 dilation,	 papillary	muscle	 displacement	 and	 leaflet
tethering.	 Semiquantitative	 assessment	 of	MR	 severity	 can	 be	 performed	with
color	 flow	and	 continuous	wave	Doppler	 interrogation.	MR	severity	 correlates
with	 vena	 contracta	 width;	 LA	 jet	 width	 area;	 pulmonary	 vein	 systolic	 flow
reversal;	effective	regurgitant	orifice	area;	and	regurgitant	fraction	and	volume.
An	 integrative,	 echocardiographic	 approach	 is	 necessary	 (Table	 193.3).57	 TEE
can	 further	 characterize	 MV	 anatomy	 and	 MR	 severity	 if	 TTE	 images	 are
suboptimal	or	when	complicated	IE	is	suspected.	TEE	is	always	performed	at	the
time	of	MV	surgery.

TABLE	193.3

Echocardiographic	Findings	Consistent	With	Severe	Mitral
Regurgitation

Qualitative

Large	central	jet	(>50%	of	LA)	or	eccentric	wall-impinging	jet	of	variable	size

Semiquantitative

Vena	contracta	width	>0.7	cm	on	parasternal	long	axis	view
Pulmonary	vein	systolic	flow	reversal	(Doppler)
E-wave	dominant	in-flow	pattern	with	velocity	>1.2	m/s



Quantitative

Regurgitant	volume	≥60	mL/beat
Regurgitant	fraction	≥50%
Effective	regurgitant	orifice	≥0.40	cm2

Cardiac	Catheterization
2 	Catheterization	is	rarely	required	to	define	MR	etiology	or	severity.	If	there	is
a	 discrepancy	 between	 clinical	 findings	 and	 noninvasive	 imaging	 or	 when
estimated	pulmonary	artery	pressures	are	out	of	proportion	to	the	degree	of	MR,
then	 invasive	 hemodynamic	 assessment	 is	 indicated.	 MR	 severity	 may	 be
qualitatively	 assessed	 by	 contrast	 ventriculography.	 Coronary	 angiography
typically	 precedes	 surgery	 for	 patients	with	 suspected	CAD	 and	 in	 those	with
post-MI	papillary	rupture	or	dynamic,	ischemic	MR.	Right	heart	catheterization
with	 oximetry	 can	 be	 used	 to	 distinguish	 acute	 post-infarction	MR	 from	VSD
when	TTE	is	not	diagnostic.

Intensive	Care	Unit	Management

Medical	Therapy
The	 goal	 of	medical	 therapy	 for	 acute	 severe	MR	 is	 to	 stabilize	 the	 patient	 in
anticipation	of	surgery.	Afterload	reduction	with	intravenous	vasodilators	is	the
mainstay	of	therapy.	Sodium	nitroprusside	is	preferred,	though	its	extended	use
requires	 monitoring	 of	 thiocyanate	 levels.61	 Inotropes	 such	 as	 dobutamine	 or
dopamine	may	 occasionally	 be	 required	 to	 support	 cardiac	 output	 and	 arterial
pressure.	 IABP	 for	mechanical	 afterload	 reduction	may	 be	 particularly	 helpful
for	 reducing	 regurgitant	 volume	 and	 decreasing	 LV	 end-diastolic	 pressure.	 If
end-organ	 hypoperfusion	 or	 hypotension	 indicates	 that	 cardiogenic	 shock	 is
present,	IABP	should	be	promptly	initiated	as	a	bridge	to	surgery.	Loop	diuretics
may	help	ameliorate	pulmonary	edema.

6 	 5 	Adjunctive	medical	 therapy	 is	driven	 in	part	 by	 suspected	etiology.	For
example,	 antibiotics	 are	 indicated	 for	 IE	 and	 anti-ischemic	 therapy	 is	 required
for	post-MI	papillary	muscle	rupture.	With	medical	therapy	alone,	the	mortality
after	 papillary	 rupture	 is	 80%.88	 Although	 percutaneous	 coronary	 intervention
(PCI)	may	help	relieve	MR	in	the	setting	of	acute	MI,	severe	MR	even	without
papillary	 muscle	 rupture	 will	 most	 often	 require	 surgical	 correction.



Transcatheter	mitral	leaflet	edge-to-edge	repair	(TEER)	has	been	approved	in	the
USA	 for	 the	 treatment	 of	 select	 patients	 with	 primary	 or	 secondary	 MR.20
Several	trans-catheter	devices	are	under	investigation.	Cardiac	resynchronization
therapy,	when	indicated	by	heart	failure	symptoms	and	left	bundle	branch,	may
help	reduce	secondary	MR.89

Surgical	and	Transcatheter	Therapy
Surgery	is	usually	indicated	for	the	treatment	of	acute	severe	MR.20,21	In	contrast
to	acute	severe	AR,	many	patients	with	acute	severe	MR	may	be	stabilized	over
the	course	of	a	few	days	with	IABP	or	inodilators	to	allow	operation	under	less
urgent	 circumstances.	 Valve	 repair	 is	 the	 preferred	 surgical	 therapy	 when
possible	for	patients	with	primary	MR.	Replacement	is	necessary,	however,	with
papillary	 muscle	 rupture	 and	 other	 situations	 in	 which	 valve	 architecture	 has
been	severely	compromised.90	Valve	replacement	with	chordal	sparing	is	needed
when	there	is	destruction,	distortion	or	infection	of	the	native	tissue	that	makes
repair	 impossible.	 The	 decision	 between	 repair	 and	 replacement	 for	 severe
ischemic	 MR	 can	 be	 challenging	 and	 is	 usually	 left	 to	 the	 discretion	 of	 the
surgeon.91,92	 There	 is	 a	 high	 rate	 of	 recurrent	MR	 after	 annuloplasty	 repair	 of
ischemic	MR.20	Surgical	strategy	can	be	guided	by	intraoperative	TEE	and	direct
visual	inspection	after	the	patient	is	placed	on	cardiopulmonary	bypass.

4 	 Surgical	 outcomes	 depend	 on	 age;	 underlying	 LV	 function;	 presence	 of
concomitant	CAD;	patient	comorbidities;	and	the	etiology	of	MR.93	IE	has	a	high
mortality	 rate	 even	 with	 medical	 and	 surgical	 therapy,	 though	 mortality	 has
decreased	with	 improvements	 in	operative	 technique	and	more	widespread	use
of	mitral	repair.94,95

5 	 Surgery	 for	 secondary	 MR	 in	 the	 setting	 of	 HFrEF	 from	 ischemic	 or
nonischemic	causes	has	not	been	shown	to	improve	survival.	TEER	of	carefully
selected	symptomatic	patients	with	HFrEF	and	moderately	severe	or	severe	MR
receiving	 guideline-directed	 medical	 therapy	 was	 demonstrated	 to	 reduce	 all-
cause	mortality	 and	 hospitalizations	 for	 heart	 failure	 in	 the	 landmark	 COAPT
Trial.96	Guidelines	 and	Expert	 Consensus	Decision	 Pathways	 for	 patients	with
severe	 primary	 and	 secondary	 MR	 have	 been	 updated.20,21	 For	 symptomatic
patients	 with	 atrial	 functional	 MR,	 consideration	 should	 be	 given	 to	 rhythm
control,	but	annuloplasty	repair	may	be	indicated.

TRICUSPID	REGURGITATION



Secondary	TR	is	the	most	common	cause	of	TR	(90%	of	cases)	and	occurs	as	a
result	of	functional	and/or	morphologic	changes	in	the	RV	and	RA,	including	left
heart	 disease,	 pulmonary	 hypertension,	 primary	 cardiomyopathy	 or	 CAD.
Secondary	TR	 can	 also	 occur	 because	 of	AF	 (atrial	 functional	 TR).	 The	most
important	cause	of	primary	TR	encountered	in	the	ICU	is	IE,	particularly	among
injection	drug	users.52	Primary	TR	can	also	be	produced	by	leaflet	trauma	from
pacemaker	or	 defibrillator	 leads	or	 after	 endomyocardial	 biopsy.	When	 severe,
TR	may	contribute	to	symptoms	of	right	heart	failure,	including	fatigue,	edema,
and	 ascites.	 The	murmur	 of	 TR	 usually	 increases	 in	 intensity	with	 inspiration
(Carvallo	 sign).	 Examination	 of	 the	 neck	 veins	 reveals	CV	waves.	A	 pulsatile
liver	edge	may	also	be	felt	in	the	right	upper	quadrant.

1 	 2 	TTE	is	 the	diagnostic	modality	of	choice	 in	assessing	patients	with	TR.
The	 tricuspid	 valve	 is	 typically	 composed	 of	 3	 discrete	 leaflets	 (anterior,
posterior	and	septal)	though	other	variants	are	common.	All	three	leaflets	can	be
visualized	on	TTE.	Due	to	the	anterior	position	of	the	TV	in	the	chest	cavity,	the
TV	is	often	very	well	visualized	on	TTE.	Vegetations	are	frequently	picked	up
on	 TTE	 and	 associated	 TR	 severity	 can	 also	 be	 assessed.	 Severe	 TR	 is
characterized	 on	TTE	by	 a	wide	 vena	 contracta	width	 (≥7	mm),	 large	 jet	 area
(>10	 cm2),	 early	 peaking	 triangular	 shaped	 spectral	 Doppler	 pattern	 and	 the
presence	of	systolic	flow	reversal	in	the	hepatic	vein.57	TEE	is	typically	reserved
for	 further	 evaluation	 for	 the	 presence	 of	 endocarditis	 when	 TTE	 is
nondiagnostic	 (particularly	 in	 the	 presence	of	 catheters	 or	 electrodes)	 or	 if	 the
patient	is	being	considered	for	transcatheter	therapies	(along	with	CT).

Treatment	 of	 TR	 depends	 on	 its	 cause	 and	 severity.	 The	 vast	 majority	 of
patients	with	acute	TR	due	to	IE	are	managed	medically.	TV	surgery	during	the
acute	phase	of	 the	disease	and	prior	 to	completion	of	a	course	of	antibiotics	 is
rarely	 indicated.	Surgery	 for	other	 causes	of	primary	TR,	 such	as	 carcinoid,	 is
not	a	scenario	 that	 is	encountered	in	an	ICU	setting.	TV	surgery	at	 the	 time	of
left-sided	 surgery	 (usually	 MV	 surgery)	 is	 routinely	 performed	 when	 TR	 is
severe	 or	 when	 TR	 is	 only	 mild	 to	 moderate,	 but	 the	 TV	 annulus	 is	 dilated
beyond	40	mm.	Late	 reoperation	 for	 isolated	 severe	TR	many	years	 after	MV
surgery	 is	associated	with	high	morbidity	and	mortality.20,21	While	 there	are	no
current	 U.S.	 Food	 and	 Drug	 Administration–approved	 transcatheter	 tricuspid
valve	therapies,	selective	off-label	use	of	mitral	TEER	therapies	for	TR	has	been
shown	 to	be	 safe	and	effective.97	 Implantation	of	TAVI	valves	 in	 the	SVC	and
IVC	through	compassionate	use	indications	has	also	been	shown	to	be	a	safe	and
feasible	 approach	 in	 select	 patients.98	 There	 are	 several	 ongoing	 clinical	 trials
evaluating	the	role	of	novel	transcatheter	therapies	for	TR	including	both	repair
and	replacement	devices.99



PROSTHETIC	VALVE	DYSFUNCTION
The	choice	of	valve	prosthesis	 (Figure	193.9)	 is	 informed	by	 consideration	 of
patient	 age/expected	 longevity;	 the	 need	 for	 anticoagulation;	 hemodynamic
profile;	 expected	 durability;	 and	 patient	 preferences	 and	 values.100	Mechanical
valves	 have	 excellent	 durability	 and	 hemodynamic	 performance,	 but	 require
lifelong	 vitamin	 K	 antagonist	 anticoagulation	 to	 prevent	 thromboembolic
complications.101	 Importantly,	 the	 use	 of	 non-vitamin	K	 oral	 anticoagulants	 in
patients	 with	 mechanical	 valves	 has	 been	 associated	 with	 worse	 clinical
outcomes	 and	 is	 contraindicated.20,21,102	 In	 contrast,	 the	 principal	 advantage	 of
bioprosthetic	valves	 is	 the	 reduced	 risk	of	 thromboembolic	complications	after
3	months,	 except	when	 there	 are	 other	 risk	 factors	 such	 as	 a	 hypercoagulable
state	or	chronic	AF.103	Non-vitamin	K	oral	anticoagulants	when	 indicated	are	a
reasonable	option	for	patients	with	bioprosthetic	valves.	Bioprosthetic	valves	are
usually	 xenografts	 (porcine	 or	 cryopreserved,	 mounted	 bovine	 pericardium);
homografts	 from	human	cadavers	are	 sometimes	used	 to	 treat	 aortic	valve	and
root	endocarditis.104	The	Ross	 procedure	 for	 treatment	 of	 bicuspid	 aortic	 valve
disease	 involves	using	 the	patient’s	native	pulmonic	valve	 to	 replace	 the	aortic
valve	 (pulmonary	autograft)	and	a	homograft	 to	 replace	 the	native	RV	outflow
tract.	Bioprosthesis	may	develop	structural	valve	deterioration	(SVD),	which	is
mostly	 a	 function	 of	 patient	 age	 at	 implant.	 SVD	 occurs	 much	 more	 rapidly
among	patients	less	than	40	years	of	age,	compared	with	patients	over	65	years
of	age.	Rates	of	SVD	may	not	differ	between	homograft	and	xenograft	valves.
Over	 the	past	10	years,	 there	has	been	a	clear	and	significant	 trend	 toward	 the
use	 of	 bioprosthetic	 valves	 in	 relatively	 younger	 patients	 (ages	 50-65	 years),
despite	 the	 inherent	 risk	of	SVD	and	need	 for	 reoperation,	given	 the	 increased
durability	 of	 the	 current	 generation	 xenograft	 valves;	 decreased	 risk	 at
reoperation;	 availability	 of	 transcatheter	 valve-in-valve	 implantation	 for	 failed
bioprosthetic	 valves;	 aggregate	 risks	 of	 long-term	 anticoagulation;	 and	 patient
values	and	preferences.43,105



	

Figure	 193.9 	 Different	 types	 of	 prosthetic	 heart	 valves.A,
Bileaflet	 mechanical	 valve	 (St.	 Jude).	 B,	 Monoleaflet,	 tilting	 disk
mechanical	 valve	 (Medtronic	 Hall).	 C,	 Caged	 ball	 valve	 (Starr-
Edwards).	D,	 stented	 porcine	 bioprosthesis	 (Medtronic	Mosaic).	E,
Stented	 pericardial	 bioprosthesis	 (Carpentier-Edwards	 Magna).	 F,
Stentless	 porcine	 bioprosthesis	 (Medtronic	 Freestyle).	 G,
percutaneous	 bioprosthesis	 expanded	 over	 a	 balloon	 (Edwards
SAPIEN).	 H,	 Self-expandable	 percutaneous	 bioprosthesis
(CoreValve).(From	Pibarot	 P,	Dumesnil	 JG.	 Prosthetic	 heart	 valves:
selection	 of	 the	 optimal	 prosthesis	 and	 long-term	 management.
Circulation.	2009;119:1034-1048,	with	permission.)

All	 prosthetic	 valves	 are	 subject	 to	 dysfunction	 that	 can	 lead	 to	 significant
hemodynamic	 compromise.	 Common	 prosthetic	 valve	 abnormalities	 include
mechanical	 valve	 thrombosis;	 prosthetic	 valve	 endocarditis;	 structural
deterioration	 and	 failure;	 and	 paravalvular	 regurgitation	 with	 or	 without
hemolysis.

Prosthetic	Valve	Thrombosis
Prosthetic	valve	thrombosis	(PVT)	is	any	valve	thrombus	attached	to	or	near	an
operated	valve	 that	 occludes	part	 of	 the	blood	 flow	path	or	 interferes	with	 the
function	 of	 the	 valve.	 PVT	 is	 a	 rare	 but	 life-threatening	 condition	 (Figure
193.10).	 It	 is	 more	 common	 with	 older	 generation	 mechanical	 valves,
particularly	 in	 the	 setting	 of	 inadequate	 anticoagulation.	 The	 incidence	 is
estimated	 to	 be	 between	 0.3%	 and	 1.3%	 per	 year	 in	 patients	with	mechanical
valves.104,106,107



	

Figure	 193.10 	 Prosthetic	 valve	 thrombosis.Prosthetic	 valve
thrombosis	 transesophageal	 echocardiography	 reveals	 a	 large
obstructive	prosthetic	thrombus	with	normal	mobility	of	both	leaflets
(arrows)	but	unilateral	transprosthetic	flow.

Clinical	Presentation	and	Investigations
Mechanical	PVT	follows	a	rapid	clinical	course,	unlike	the	in-growth	of	pannus
tissue	 within	 a	 prosthetic	 valve	 ring,	 which	 slowly	 gives	 rise	 to	 valve
dysfunction	 and	 stenosis.108	 PVT	 manifests	 as	 systemic	 embolization;	 heart
failure;	 or	 cardiogenic	 shock.	 The	 degree	 of	 hemodynamic	 compromise	 is
determined	by	valve	position	and	degree	of	resulting	dysfunction.	The	physical
examination	 may	 be	 unrevealing,	 though	 reduced	 mechanical	 valve	 closure
sounds	or	a	pathologic	murmur	may	be	present.	Mechanical	mitral	PVT	is	more
common	than	aortic	PVT.

1 	 2 	A	subtherapeutic	international	normalized	ratio	(INR)	of	a	patient	with	a
mechanical	valve	 is	 a	 red	 flag	 for	PVT.109	Rapid	diagnosis	depends	on	prompt
TTE	or	fluoroscopy,	though	both	modalities	may	be	complementary.110	TTE	can
diagnose	 the	 presence	 of	 valve	 thrombus,	 its	 composition,	 and	 associated
functional	 stenosis	 or	 regurgitation.	 TEE	 usually	 provides	 further	 risk
stratification,	 particularly	 for	 cases	 of	 suspected	 mitral	 PVT	 and	 when	 TTE
windows	are	inadequate.111	Fluoroscopy	can	be	useful	to	characterize	tilting-disc
or	bileaflet	mobility.	Excursion	of	tilting-disc	mechanical	valves	is	much	better
appreciated	with	fluoroscopy	than	with	TTE.	There	is	increasing	use	of	cardiac



CT	 for	 characterization	 of	 prosthetic	 valve	 function	 when	 thrombosis	 is
suspected48	 (Videos	 193.4.1-193.4.4).	 A	 multimodality	 imaging	 approach	 is
usually	employed	in	rapid	succession,	beginning	with	TTE	and	then	followed	by
a	combination	of	TEE,	CT,	and	fluoroscopy	depending	on	the	valve	position	and
specific	patient	characteristics.

Intensive	Care	Unit	Management
Initial	management	 should	 focus	 on	 systemic	 anticoagulation	with	 intravenous
heparin	 to	 prevent	 thrombus	 extension.	 Small	 thrombi	 without	 hemodynamic
compromise	are	often	treated	with	anticoagulation	alone,	whereas	larger	thrombi
require	either	systemic	fibrinolytic	therapy	or	surgery.20,21	Fibrinolytic	therapy	is
associated	with	risks	of	 life-threatening	hemorrhage	and	systemic	embolization
and	thus	is	often	delivered	in	the	ICU	for	purposes	of	monitoring.	The	risk	is	low
with	 right-sided	 PVT	 and	 higher	 with	 left-sided	 PVT,	 with	 a	 risk	 of	 cerebral
embolism	 of	 12%	 to	 15%	 in	 older	 series.112–114	 Fibrinolysis	 is	 considered	 the
first-line	therapy	for	patients	with	right-sided	PVT,	and	for	those	with	left-sided
PVT,	small	thrombus	burden,	and	NYHA	class	I	to	II	symptoms.20,21	Fibrinolysis
is	 less	 useful	 and	 potentially	 more	 harmful	 if	 LA	 thrombus	 is	 present,	 if	 the
valve	thrombus	is	>2	weeks	old,	or	if	PVT	is	accompanied	by	shock.	TTE	after
fibrinolysis	 can	 monitor	 for	 thrombus	 resolution	 and	 dictate	 additional
fibrinolysis	for	residual	thrombus.115	A	protocol	utilizing	a	slow	infusion	of	low-
dose	alteplase	 (eg,	25	mg	over	5	hours	without	a	bolus)	has	been	shown	 to	be
effective	 and	 safe	 for	 pregnant	 women	 with	 mitral	 PVT.116	 After	 successful
fibrinolysis,	unfractionated	heparin	should	be	initiated	along	with	warfarin	until
an	INR	of	3.0	to	4.0	is	achieved	for	patients	with	a	prosthetic	aortic	valve	or	INR
3.5	to	4.5	for	a	prosthesis	in	the	mitral	position.20,21

Emergency	 operation	 is	 recommended	 for	 patients	 with	 hemodynamic
instability,	 NYHA	 class	 III	 to	 IV	 symptoms,	 or	 a	 large	 clot	 burden.20,21
Perioperative	mortality	rates	approach	15%	and	are	highest	for	PVT	in	the	mitral
position.	A	bioprosthesis	is	recommended	after	surgery	for	PVT	to	reduce	future
risk	of	valve	thrombosis.

2 	There	is	increasing	recognition	of	bioprosthetic	leaflet	thrombosis	of	TAVI
valves,	but	 this	clinical	entity	is	rarely	managed	in	the	ICU.	It	usually	presents
with	 stroke	 or	 systemic	 embolism	 or	 an	 increase	 in	 mean	 gradient	 over	 the
months	after	valve	implant.	Diagnosis	 is	with	either	TEE	or	4D	CT.	Treatment
involves	 the	 use	 of	 oral	 anticoagulants.	 Incidentally	 discovered	 leaflet
thrombosis	without	evidence	of	clinical	sequelae	is	a	controversial	management
issue.



Structural	Valve	Deterioration
Failure	 of	 mechanical	 valves	 in	 the	 absence	 of	 infection	 is	 rare.	 Mechanical
failure	 from	strut	 fracture	often	presents	with	dyspnea;	acute	heart	 failure;	and
hemodynamic	 collapse	 with	 a	 physical	 examination	 marked	 by	 absent	 valve
clicks.	Death	from	mechanical	valve	strut	fracture	ensues	rapidly	when	the	valve
is	in	the	aortic	position;	patients	with	mitral	valve	failure	can	often	be	stabilized
prior	to	surgery.

6 	 With	 conventional	 stented	 bioprostheses,	 freedom	 from	 SVD	 is	 70%	 to
90%	at	10	years,	and	50%	to	80%	at	15	years.117	SVD	of	bioprostheses	is	often
related	 to	 tearing	 or	 rupture	 of	 one	 prosthetic	 valve	 cusp	 or	 progressive
calcification	 and	 immobility.118	 Risk	 factors	 for	 SVD	 include	 younger	 age	 at
implant;	mitral	 valve	 position;	 renal	 insufficiency;	 and	 hyperparathyroidism.119
Evaluation	 for	 SVD	 requires	 TTE	 and	 often	 TEE	 with	 care	 to	 exclude
endocarditis	 as	 a	 complicating	 feature.	 SVD	 is	 the	 most	 common	 cause	 of
reoperative	valve	 replacement	among	patients	with	a	bioprosthesis.	 Indications
for	reoperation	are	similar	for	those	with	native	valve	disease	and	are	dominated
by	 the	 development	 of	 heart	 failure.	 Transcatheter	 valve-in-valve	 implantation
offers	an	alternative	to	reoperation	for	selected	patients.

Paravalvular	Regurgitation
2 	 6 	 Paravalvular	 regurgitation	 is	 most	 often	 caused	 by	 infection;	 suture
dehiscence;	 or	 fibrosis	 and	 calcification	 of	 the	 native	 annulus,	 leading	 to
inadequate	contact	between	the	sewing	ring	and	annulus.	It	is	often	very	difficult
to	 appreciate	 on	 routine	 TTE	 imaging	 and	 3D	 TEE	 is	 often	 necessary	 for
detection	 (Videos	 193.5.1	 and	 193.5.2).	 Mild	 paravalvular	 regurgitation	 on
perioperative	echocardiography	has	a	benign	course	with	reoperation	required	in
<1%	of	patients	at	2	years.120	For	patients	with	more	 severe	paravalvular	 leak,
close	follow-up	is	required,	and	surgical	intervention	is	warranted	for	those	who
develop	 symptoms,	 progressive	 LV	 dysfunction,	 or	 hemolysis.	 A	 large
proportion	 (>50%).	 of	 mechanical	 valve	 patients	 have	 some	 degree	 of	 mild
intravascular	 hemolysis	 marked	 by	 anemia	 and	 an	 elevated	 lactate
dehydrogenase	 (LDH).	Paravalvular	 leaks,	particularly	 small	 leaks,	 can	 lead	 to
more	 severe	 anemia	 caused	 by	 shearing	 of	 red	 blood	 cells.	 Intervention	 is
typically	 reserved	 for	 patients	 with	 symptoms	 either	 as	 a	 result	 of	 anemia	 or
heart	failure.	For	patients	recommended	for	intervention,	transcatheter	closure	of



the	 paravalvular	 leak	may	 be	 a	 feasible,	 lower	 risk	 option	 than	 open	 surgery.
However,	for	some	patients	due	to	anatomic	considerations,	failed	prior	attempts
at	 transcatheter	 closure	 or	 otherwise	 lower	 surgical	 risk,	 surgical	 reoperation
may	be	necessary121	( 	Video	193.5).

Advances	for	valvular	heart	disease	are	summarized	in	Table	193.4.

TABLE	193.4

Advances	in	Valvular	Heart	Disease

TAVI	for	fibrocalcific	AS	is	now	considered	for	all	patients	regardless	of
surgical	risk.	Challenging	decision-making	around	transcatheter	valve
therapies	has	led	to	establishment	of	multidisciplinary	heart	valve	teams
that	include	interventional	cardiologists,	cardiac	surgeons,	imaging
specialists,	anesthesiologists,	and	intensivists.
Bioprostheses	are	in	more	widespread	use	than	mechanical	valves	to	treat
AS	owing	to	patient	preference,	improved	bioprosthetic	durability	and	the
absence	of	obligate	anticoagulation.	Bioprostheses	are	nevertheless	prone	to
degeneration	and	restenosis.	Valve-in-valve	TAVI	can	now	be	considered	in
some	high	risk	surgical	patients	for	use	to	treat	aortic	stenosis	due	to
prosthetic	valve	degeneration.
Low-flow	low-gradient	aortic	stenosis,	though	traditionally	recognized	in
patients	with	reduced	EF,	has	also	been	appreciated	in	patients	with	normal
EF	(>50%).	Referred	to	as	“paradoxical”	low-flow	low-gradient	AS,
patients	often	have	concentric	LV	hypertrophy	and	can	have	worse
prognosis	than	patients	with	high-gradient	severe	AS.	Cardiac	CT	for	AV
calcium	scoring	is	a	useful	adjunctive	tool	in	the	management	of	this
challenging	patient	population.
For	patients	with	a	congenital	bicuspid	aortic	valve,	the	aortic	root	or
ascending	aorta	should	be	repaired	or	replaced	in	asymptomatic	patients	if
the	diameter	of	the	aortic	root	or	ascending	aorta	is	>5.5	cm.	However,	if
the	patient	has	an	additional	risk	factor	such	as	a	family	history	of	aortic
dissection	or	an	aortic	growth	rate	>	0.5	cm/y,	surgery	should	be	considered
when	the	aorta	measures	>	5.0	cm.	Aortic	surgery	in	patients	with	bicuspid
valve	should	also	be	performed	in	patients	undergoing	aortic	valve
replacement	for	stenosis	of	regurgitation	if	the	aortic	root	or	ascending	aorta
is	>4.5	cm



Mitral	regurgitation	is	classified	according	to	primary	and	secondary
etiologies.	Primary	MR	results	from	leaflet	prolapse,	restricted	leaflet
motion	from	rheumatic	or	radiation	heart	disease,	or	infective	endocarditis.
Secondary	causes	include	coronary	artery	disease	and	cardiomyopathy
resulting	in	LV	remodeling	and	alterations	in	the	structure	and	function	of
the	mitral	apparatus.	There	is	a	class	I	recommendation	for	surgery	for
primary	MR	when	both	symptoms	and	LVEF	>	30%	are	present,	and	in
asymptomatic	patients	with	severe	primary	MR	with	LVEF	30%-60%	or
LV	end-systolic	dimension	>	40	mm.
Transcatheter	edge-to-edge	repair	(TEER)	is	reasonable	among	high
surgical-risk	patients	with	either	severe	primary	and	secondary	MR.	Among
selected	patients	optimized	on	goal-directed	medical	therapy,	TEER	is	a
reasonable	option	to	improve	clinical	outcomes.
Non-vitamin	K	oral	anticoagulants	are	not	recommended	for	use	in	patients
with	mechanical	heart	valves	owing	to	concerns	about	increased	risk	of
thromboembolic	and	bleeding	events.102

AS,	aortic	stenosis;	EF,	ejection	fraction;	LV,	left	ventricular;	LVEF,	left	ventricular	ejection	fraction;
MR,	mitral	regurgitation;	TAVI,	transcatheter	aortic	valve	replacement.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	78-year-old	woman	with	a	history	of	coronary	artery	disease	with
previous	coronary	artery	bypass	surgery	presents	with	several	weeks	of
worsening	dyspnea	on	exertion	without	angina.	On	presentation	to	the
emergency	department,	she	is	in	respiratory	distress	requiring	noninvasive
positive	pressure	ventilation.	On	examination,	she	is	hypertensive	and
tachycardic	with	jugular	venous	distention,	delayed	carotid	upstrokes,	and	a	3/6
late	peaking	systolic	murmur.	ECG	reveals	atrial	fibrillation	with	rapid
ventricular	response	and	a	wide	duration	left	bundle	branch	block.	Transthoracic
echocardiography	(TTE)	is	performed	showing	a	newly	reduced	LV	ejection
fraction	of	30%	and	aortic	stenosis	(AS)	with	a	peak	velocity	of	3.4	m/s,	mean
gradient	30	mm	Hg,	aortic	valve	area	(AVA)	of	0.9	cm2,	and	dimensionless	index
of	0.25.	She	is	medically	stabilized	with	diuretic	therapy	and	remains	in	rate-
controlled	atrial	fibrillation.	In	addition	to	coronary	angiography	to	assess	for



interval	progression	of	her	coronary	artery	disease,	and	implementation	of
guideline	directed	medical	therapy,	what	is	the	most	appropriate	next	step	in
management?

A. 	Dobutamine	stress	echocardiogram
B. 	Invasive	hemodynamic	assessment	of	aortic	valve
C. 	Referral	for	cardiac	resynchronization	therapy	(CRT)
D. 	Transesophageal	echocardiogram	for	3D	planimetry	and
cardioversion

2. 	A	65-year-old	man	with	mild	obesity	(BMI	31	kg/m2),	hypertension,	mitral
valve	prolapse	with	only	trace	mitral	regurgitation	(MR)	by	transthoracic
echography	(TTE)	2	years	ago,	and	atrial	fibrillation	on	oral	anticoagulation
presents	with	acute	onset	shortness	of	breath.	He	is	extremely	compliant	with
apixaban	and	is	certain	he	has	not	missed	any	doses	in	the	past	several	months.
He	is	a	lifelong	nonsmoker	and	prior	to	this	acute	event	had	been	walking	one-
half	mile	daily.	On	presentation,	he	is	afebrile	with	an	O2	saturation	of	85%	on
ambient	air,	blood	pressure	128/70	mm	Hg	and	heart	rate	80	beats/min.	Jugular
venous	pressure	is	difficult	to	assess	due	to	his	body	habitus.	There	are	rales	in
the	right	lung	field	along	with	expiratory	wheezes	as	a	well	as	a	systolic	murmur
heard	best	posteriorly	that	had	not	been	previously	documented.	There	is	no
edema.	ECG	reveals	atrial	fibrillation	with	a	ventricular	rate	of	86	bpm.
Laboratory	testing	includes	a	negative	respiratory	viral	screen,	normal	pro-
calcitonin,	and	mild	leukocytosis.	What	is	the	most	appropriate	next	step	in
management?

A. 	Bronchodilators	and	prednisone
B. 	Chest	CT	angiogram
C. 	Initiation	of	antibiotics
D. 	Transthoracic	echocardiogram

3. 	A	50-year-old	woman	with	a	history	of	rheumatic	aortic	and	mitral
stenosis	status	post	mechanical	replacement	of	both	valves	10	years	ago,
permanent	atrial	fibrillation,	hypertension,	and	heart	failure	with	preserved
ejection	fraction	presents	with	a	15-lb	weight	gain	and	dyspnea	on	exertion.	Her
most	recent	transthoracic	echocardiogram	was	immediately	post	surgery	and
revealed	a	peak	velocity	across	the	aortic	valve	of	2.5	m/s	and	a	mean	gradient
of	15	mm	Hg	with	a	mean	transmitral	gradient	of	5	mm	Hg	at	an	HR	of	100
bpm.	She	has	been	lost	to	follow-up	but	reports	taking	stable	doses	of	warfarin.



Her	best	friend	recently	died	from	a	myocardial	infarction	and	so	she	adopted	a
healthier	diet	with	low	sodium	and	increased	fresh	food	intake.	On	examination,
her	vital	signs	are	stable.	Jugular	venous	distention,	bilateral	rales	and	significant
lower	extremity	edema	are	evident.	A	soft	mechanical	S1	and	a	louder
mechanical	S2	are	heard.	A	systolic	murmur	is	heard	at	the	upper	sternal	border.
Her	INR	is	1.3.	Diuresis	is	initiated	and	a	TTE	is	performed	showing	preserved
biventricular	function,	massive	left	atrial	dilation,	stable	aortic	valve	gradients,
elevated	transmitral	gradient	(10	mm	Hg	at	an	HR	of	65	bpm)	and	it	is	difficult
to	assess	mitral	regurgitation.	What	is	the	most	appropriate	next	step	in
management?

A. 	Cardiac	MRI
B. 	Catheter	ablation	for	her	atrial	fibrillation
C. 	Right	heart	catheterization
D. 	Transesophageal	echocardiogram

Answers

1.	The	correct	answer	is	A.
Rationale:	This	patient	is	presenting	with	acute	heart	failure	in	the	setting	of

new	onset	 atrial	 fibrillation,	 left	 ventricular	 dysfunction	 and	 aortic	 stenosis.	 In
addition	 to	progression	of	her	coronary	artery	disease,	potential	causes	 include
the	atrial	fibrillation	as	well	as	her	aortic	valve	disease.	Her	TTE	demonstrates
important	 aortic	 stenosis	with	 a	 low	 calculated	AVA	with	 low	 gradient.	 In	 the
setting	 of	 her	 LV	 dysfunction,	 the	 reduced	 gradient	 raises	 the	 suspicion	 for
classical	 low-flow	 low-gradient	 severe	 AS.	 If	 this	 is	 confirmed,	 aortic	 valve
replacement	 is	 indicated.	 While	 transesophageal	 echocardiography	 can	 be	 a
useful	 adjunctive	 tool,	 dobutamine	 stress	 echocardiography	 is	 the	 first-line
diagnostic	 testing	 in	 the	 assessment	 of	 classical	 low-flow	 low-gradient	 severe
AS	(choice	A	is	correct,	and	choice	D	is	incorrect).	While	the	atrial	fibrillation
may	 be	 contributing	 to	 her	 heart	 failure	 and	 left	 ventricular	 dysfunction,	 its
relative	contribution	to	her	presentation	is	likely	far	less	than	her	aortic	stenosis.
While	 invasive	 hemodynamic	 assessment	 of	 aortic	 stenosis	 can	 be	 performed,
there	 is	 some	 embolic	 risk	 associated	 with	 this	 and,	 given	 that	 similar
information	can	be	 identified	 in	a	noninvasive	 fashion,	 it	 is	not	a	 first-line	 test
(choice	 B	 is	 incorrect).	 Given	 her	 left	 bundle	 branch	 block	 with	 severe	 LV
dysfunction,	CRT	can	be	considered	if	there	is	no	significant	improvement	of	her
LV	 function	with	guideline-directed	medical	 therapy	and	appropriate	 treatment



of	her	AS	(choice	C	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 This	 patient	 is	 presenting	 with	 acute	 onset	 hypoxia.	 Given	 this

patient’s	 history	 of	mitral	 valve	 prolapse	 along	with	 the	 new	 systolic	murmur,
the	 findings	 are	 highly	 suspicious	 for	 an	 acutely	 ruptured	 chordae	with	 severe
mitral	 regurgitation,	 and	 a	 transthoracic	 echocardiogram	 would	 detect	 this
(choice	D	 is	 correct).	Asymmetric	 pulmonary	 edema	 is	 not	 uncommon	 in	 this
scenario	 and	 occurs	 due	 to	 an	 eccentrically	 directed	 jet	 of	mitral	 regurgitation
into	 a	 specific	 pulmonary	 vein.	 While	 superimposed	 infective	 endocarditis
should	 be	 considered,	 noninfective	 chordal	 rupture	 resulting	 in	 severe	 mitral
regurgitation	may	occur	spontaneously.	Early	detection	is	key	as	timely	surgical
intervention	is	recommended.	Pulmonary	embolism	could	certainly	present	this
way,	 but	 it	 would	 be	 unusual	 for	 that	 to	 occur	 while	 on	 appropriate
anticoagulation	 therapy,	 and	 the	 asymmetric	 lung	 findings	 and	murmur	would
also	not	be	characteristic	(choice	B	is	incorrect).	While	pneumonia	could	present
with	acute	hypoxia	with	an	asymmetric	pulmonary	exam,	the	absence	of	fever	or
elevated	 pro-calcitonin	 make	 this	 less	 likely	 as	 well	 (choice	 C	 is	 incorrect).
Finally,	 the	 patient	 has	 no	 history	 of	 smoking	 or	 any	 pulmonary	 history	 to
suggest	obstructive	lung	disease.	Wheezing	may	suggest	reactive	airway	disease
but	 can	 also	 be	 seen	 with	 acute	 pulmonary	 edema,	 as	 is	 most	 likely	 in	 this
presentation	(choice	A	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	This	patient	is	presenting	with	acute	heart	failure	in	the	setting	of

mechanical	 aortic	 and	mitral	 valves.	While	 her	 aortic	 valve	 hemodynamics	 on
TTE	are	normal,	there	is	a	marked	increase	in	the	transmitral	gradients	at	a	low
heart	 rate.	Her	 INR	is	subtherapeutic	as	 the	 target	 INR	range	 for	a	mechanical
mitral	 valve	 is	 2.5	 to	 3.5.	 The	 elevated	 gradients	 in	 the	 presence	 of	 a
subtherapeutic	 INR	 should	 raise	 the	 suspicion	 of	 prosthetic	 valve	 thrombosis.
Transesophageal	echocardiogram	is	the	next	best	step	to	evaluate	for	prosthetic
mitral	 valve	 dysfunction	 and	 will	 readily	 distinguish	 valvular	 regurgitation,
paravalvular	 regurgitation	 as	 well	 as	 prosthetic	 valve	 stenosis	 from	 valve
thrombosis	(choice	D	is	correct).	Cardiac	MRI	can	be	useful	for	quantifying	MR
severity	 in	 the	 presence	 of	 native	 valves,	 however	 its	 utility	 with	 prosthetic
valves	 and	 in	 identifying	 prosthetic	 stenosis	 is	 highly	 limited	 (choice	 A	 is
incorrect).	 Finally,	 her	 atrial	 fibrillation	 is	 long-standing	 and	 due	 to	 the
underlying	 rheumatic	nature	of	her	mitral	valve	disease	 and	massive	 left	 atrial
dilation.	It	is	unlikely	to	be	the	cause	of	her	recent	decline,	and	catheter	ablation



is	 unlikely	 to	 be	 unsuccessful	 (choice	 B	 is	 incorrect).	 While	 a	 right	 heart
catheterization	 may	 reveal	 elevated	 filing	 pressures,	 it	 will	 not	 be	 able	 to
separate	mitral	 valve	 dysfunction	 from	HFpEF	 physiology	 alone,	 as	 both	will
have	elevated	left	atrial	pressures	(choice	C	is	incorrect).
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Chapter	194
Acute	Aortic	Syndromes
Marc	P.	Bonaca,	T.	Brett	Reece

KEY	POINTS:
1.	 Acute	aortic	syndromes	are	categorized	both	by	anatomic	location

(DeBakey,	Stanford,	and	SVS)	and	chronicity	(hyperacute,	acute,
and	chronic),	and	these	categorizations	guide	the	approach	to
management.

2.	 Acute	aortic	syndromes	are	associated	with	high	early	morbidity	and
mortality	necessitating	early	diagnosis.	Outcomes,	however,	are
heterogeneous	with	highest	mortality	among	followed	by	complicated
and	then	stable	.

3.	 The	classic	presenting	syndrome	of	an	acute	aortic	syndrome	is
abrupt	chest	or	back	pain	that	is	severe	at	onset.	This	differentiates
from	acute	coronary	syndromes	which	may	be	more	crescendo	in
character.

4.	 Sensitive	and	specific	imaging	is	critical	to	the	timely	and	accurate
diagnosis	of	acute	aortic	syndromes.	Generally,	CT	angiography	is
the	study	of	choice	due	to	its	sensitivity,	specificity,	and	accessibility.

5.	 Management	of	acute	aortic	syndromes	is	generally	surgical	for
disease	and	medical	management	for,	unless	it	is	complicated.	In
practice,	interventional	therapies	particularly	for	disease	are	rapidly
evolving	and	evaluation	and	management	with	multidisciplinary
teams	may	be	an	optimal	approach.

INTRODUCTION
Acute	 aortic	 syndromes	 represent	 a	 spectrum	 of	 entities	 characterized	 by



disruption	 of	 the	 integrity	 of	 the	 aorta	 wall	 threatening	 aortic	 valve	 function,
vital	 organ	 perfusion,	 hemorrhage,	 and	 survival.	 They	 include	 acute	 aortic
dissection,	intramural	hematoma	(IMH),	penetrating	atherosclerotic	ulcer	(PAU),
expanding	 aortic	 aneurysm,	 and	 aortic	 trauma.1,2	 Although	 the	 classical
presentation	of	“aortic	agony”	 is	characterized	by	severe,	 sudden-onset	pain	 in
the	chest	or	back,	this	presentation,	although	recognizable,	occurs	only	among	a
minority	 of	 cases.3	As	 the	 initial	manifestations	 of	 acute	 aortic	 syndromes	 are
highly	variable,	and	establishing	the	diagnosis	requires	specific	testing,	arriving
at	 the	appropriate	diagnosis	 in	a	 timely	manner	 is	often	challenging.	Owing	 to
the	 early	 mortality	 risk,4	 prompt	 recognition	 of	 the	 acute	 aortic	 syndromes
enables	 early	 treatment	 decision-making	 potentially	 improving	 outcomes.
Frequently,	 the	 clinician	must	 depend	 on	 subtle	 findings	 gleaned	 from	history,
detailed	physical	examination,	and	imaging	in	order	to	decide	on	an	appropriate
treatment	plan.5	 This	 chapter	 reviews	 the	 spectrum	 of	 acute	 aortic	 syndromes,
including	 acute	 aortic	 dissection,	 acute	 aortic	 IMH,	 PAU,	 and	 rupture	 of	 an
aortic	 aneurysm.	 Because	 patients	 with	 suspected	 acute	 aortic	 syndromes	 are
frequently	critically	ill	and	require	rapid	disposition	to	treatment,	evaluation	and
treatment	 algorithms	 are	 described,	 with	 each	 individual	 section	 serving	 as	 a
guide	to	syndrome-specific	evaluation	and	management	guidelines.	Key	features
of	 a	 focused	 history	 and	 physical	 examination	 are	 emphasized.	 In	 addition,
critical	laboratory	and	imaging	tests	are	reviewed.

AORTIC	DISSECTION

Definition	and	Classification
Dissection	 of	 the	 aortic	 wall	 involves	 longitudinal	 cleavage	 of	 the	 muscular
media,	leading	to	the	formation	of	a	second	(or	false)	vessel	lumen.	The	inciting
event	for	a	typical	aortic	dissection	is	thought	to	be	a	tear	in	the	intima	that	leads
to	 exposure	 of	 the	 underlying	 media,	 generally	 weakened	 by	 medial
degeneration.	Once	created,	this	cleavage	front	advances	due	to	wall	strain	that
can	 be	 created	 at	 physiologic	 levels	 of	 blood	 pressure.	 The	 cleavage	 front
typically	advances	in	the	direction	of	blood	flow	proximal	to	distal	in	the	aorta,
but	 dissection	 against	 the	 direction	 of	 flow,	 retrograde	 progression,	 is	 also
observed.

Dissection	of	the	aorta	and	its	branches	can	result	in	a	multitude	of	pathologic
consequences.	 The	 dissection	 can	 avulse	 outflow	 vessels	 leading	 to	 ischemia.



The	pressurized	false	lumen	can	expand	to	compress	the	native	(or	true)	lumen,
leading	 to	 potentially	 compromised	 downstream	 blood	 flow.	 The	 resulting
intimal	 flap	may	 also	 involve	 or	 obstruct	 branch	 vessels	 leading	 to	 end-organ
malperfusion	 that	can	 result	 in	stroke,	 limb	 ischemia,	or	visceral	malperfusion.
This	 obstruction	 can	 be	 static	 (constant)	 or	 dynamic	 (intermittent	 through	 the
cardiac	 cycle).	 The	 partial	 vessel	 thickness	 results	 in	 weakening	 of	 the	 aortic
wall,	and	the	damaged	aorta	may	therefore	be	more	prone	to	rupture.

1 	Aortic	dissections	are	generally	classified	by	location	and	extent.	There	are
two	commonly	used	classification	systems	(Figure	194.1).	The	DeBakey	system
includes	three	types	of	aortic	dissection.6	Type	I	involves	dissection	of	both	the
ascending	and	descending	aorta,	and/or	the	arch.	Type	II	dissection	involves	only
the	ascending	aorta	proximal	to	the	brachiocephalic	artery,	and	involves	only	the
descending	 aorta	 distal	 to	 the	 left	 subclavian	 artery.	 The	 Stanford	 system
includes	two	dissection	types,	which	are	the	basis	of	contemporary	management.
All	dissections	involving	the	ascending	aorta	are	included	in	:	this	includes	types
I	 and	 II	 in	 the	 DeBakey	 system.	 Stanford	 includes	 all	 dissections	 that	 do	 not
involve	 the	 ascending	 aorta,	 typically	 distal	 to	 the	 left	 subclavian	 artery.7
Classification	 of	 the	 location	 of	 a	 dissection	 carries	 prognostic	 and	 treatment
importance.	Surgery	 is	 indicated	for	dissection	of	 the	ascending	aorta,	whereas
medical	 management	 is	 frequently	 the	 treatment	 of	 choice	 for	 uncomplicated
descending	dissection,	defined	as	lacking	associated	end-organ	malperfusion	or
impending	rupture.	The	optimal	treatment,	and	even	the	terminology,	for	isolated
arch	dissection	(also	called	non-A	and	non-B	dissection)	is	debated.8	Data	series
suggest	 that	 stratification	 based	 on	 the	 pattern	 of	 extension	 (eg,	 retrograde	 vs
antegrade	only)	may	also	be	useful	in	determining	optimal	management.8

	

Figure	 194.1 	 Dissection	 classification	 (DeBakey/Stanford).©



Massachusetts	 General	 Hospital	 Thoracic	Aortic	 Center.	 Used	with
permission.

Recently,	a	 joint	 statement	 from	the	Society	of	Vascular	Surgery	 (SVS)	and
Society	 of	 Thoracic	 Surgeons	 (STS)	 described	 reporting	 standards	 for	 aortic
dissections	including	an	anatomic	classification	system.9	This	system	divides	the
aorta	into	9	sections	with	additional	sections	(Figure	194.2)	for	the	iliac	arteries
(Figure	 194.2).	 This	 system	 addresses	 the	 absence	 of	 a	 classification	 for
dissections	 originating	 in	 the	 arch	 with	 prior	 systems	 and	 also	 includes	 distal
extent	 and	 not	 just	 entry	 location.	 Resulting	 classification	 is	 then	 either	 or	 B
according	to	Stanford	criteria	but	with	subnumeral	for	the	section	of	most	distal
extent	 (eg,	 a	 ending	 extending	 to	 segment	 6	 would	 be	 a	 B6).	 In	 the	 case	 of	 a
dissection	 that	extended	both	antegrade	and	retrograde,	 two	numbers	would	be
included	(eg,	0,9).

	

Figure	194.2 	Anatomic	classification	proposed	by	the	Society	of
Vascular	 Surgery	 (SVS)	 and	 Society	 of	 Thoracic	 Surgeons	 (STS).
(From	 Lombardi	 JV,	 Hughes	 GC,	 Appoo	 JJ,	 et	 al.	 Society	 for
Vascular	 Surgery	 (SVS)	 and	 Society	 of	 Thoracic	 Surgeons	 (STS)
reporting	 standards	 for	 type	 B	 aortic	 dissections.	 J	 Vasc	 Surg.
2020;71:723-747.)

Chronicity	of	 the	dissection	 is	defined	as	 the	 time	interval	between	onset	of
symptoms	and	evaluation.	Traditionally,	dissections	that	are	present	for	less	than
2	weeks	are	defined	as	acute,	whereas	those	that	are	present	longer	are	defined



as	 chronic.	 This	 categorization	 has	 been	 further	 divided	 into	 hyperacute	 (<24
hours),	acute	(2-7	days),	subacute	(8-30	days),	and	chronic	(>30	days)	with	these
time	 categories	 associated	 with	 survival.	 It	 is	 noteworthy	 that	 the	 mortality
associated	 with	 untreated	 ascending	 aortic	 dissection	 reaches	 up	 to	 75%	 at
2	weeks	(Figure	194.2).	More	recently,	the	SVS/STS	guidelines	have	proposed	a
modified	categorization	of	acuity	(Table	194.1).	The	chronicity	of	dissection	 is
important	with	 regard	 to	 the	 risk	 of	 complications	with	 intervention,	which	 is
higher	 in	 acute	 dissections,	 and	 the	 potential	 for	 reverse	 remodeling,	which	 is
less	in	chronic	dissections.

TABLE	194.1

Chronicity	of	Aortic	Dissection

Chronicity Time	From	Symptom	onset	to	Assessment

Hyperacute <24	hours

Acute 1-14	days

Subacute 15-90	days

Chronic >90	days

CLASSIC	AORTIC	DISSECTION

Epidemiology
Estimates	 of	 the	 incidence	 of	 aortic	 dissection	 range	 from	 3	 to	 16	 cases	 per
100,000	 per	 year.3,4,10	 The	 highest	 incidence	 occurs	 in	 the	 sixth	 and	 seventh
decades	 of	 life	 among	 patients	 with	 hypertension.	 Although	 a	 male
predominance	is	traditionally	described,	at	age	75	years	or	above,	the	incidence
is	similar	in	men	and	women.	Younger	patients	without	a	history	of	hypertension
may	 present	 with	 acute	 aortic	 syndromes	 generally	 in	 the	 setting	 of	 a	 family
history,	 connective	 tissue	 disease,	 vascular	 inflammatory	 disease,	 or	 trauma;
therefore,	 this	diagnosis	should	not	be	discounted	for	the	young.	Age	may	also
influence	 presentation	 with	 complicated	 dissection.11-13	 The	 aorta	 may	 be



disrupted	 in	 the	 setting	 of	 trauma	 or	 during	 either	 open	 or	 endovascular
procedures	 (iatrogenic).	 While	 iatrogenic	 dissection	 is	 rare,	 it	 is	 described	 as
occurring	in	0.15%	of	procedures.	A	proportion	of	patients	suffering	iatrogenic
dissection	 may	 have	 medial	 degeneration	 and	 therefore	 an	 underlying
susceptibility.	 Acute	 aortic	 syndromes	 have	 been	 described	 in	 the	 setting	 of
cocaine	use,	possibly	related	to	abrupt	changes	in	heart	rate	and	blood	pressure,
and	are	most	often	 in	young,	urban,	male	smokers.	Acute	aortic	disruption	has
also	been	described	in	the	context	of	procedures	including	coronary	intervention
and	 bypass	 surgery.14,15	 Chronologic	 and	 climatic	 factors	 have	 also	 been
associated	 with	 the	 incidence	 of	 dissection	 with	 higher	 rates	 in	 winter	 vs
summer,	 and	 significant	 correlations	 with	 both	 temperature	 and	 atmospheric
pressure.16

Mortality	rates	associated	with	dissection	are	very	high,	and	many	patients	do
not	survive	to	hospital	admission.	Overall	30-day	mortality	for	aortic	dissection
of	any	is	greater	than	50%.4	In	one	community-based	cohort	study,	nearly	50%
of	 patients	 with	 dissection	 died	 before	 hospitalization.	 Thirty-day	 survival	 for
those	 admitted	 alive	 was	 only	∼50%;	 however,	 more	 recent	 data	 from	 large
registries	suggest	decreases	in	mortality	for	but	not	dissection.3,4,10

2 	Outcomes	of	patients	presenting	with	acute	aortic	syndromes	vary	by	and
the	 presence	 of	 anatomic	 complications.	 Recent	 studies	 describe	 the	mortality
for	 medically	 managed	 dissection	 at	 0.77%	 per	 hour	 with	 historical	 data	 sets
quoting	even	higher	rates.	Early	mortality	may	be	due	to	complications	including
cardiac	 tamponade,	 aortic	 regurgitation,	 stroke,	 or	 compromised	 myocardial
perfusion.	For	 iatrogenic	dissection,	mortality	may	be	as	high	as	30%	 to	40%.
More	 recent	 data	 from	 large	 registries	 have	 described	 decreasing	 rates	 of
mortality	(31%	to	22%	from	1995	to	2013)	for	patients	with	dissection	that	have
been	 associated	 with	 increased	 use	 of	 CT	 scans	 and	 surgical	 management.3,10
Other	registries	have	reported	in-hospital	mortality	rates	of	∼25%	and	have	not
observed	 any	 temporal	 improvement	 despite	 advances	 in	 diagnosis	 and
treatment.17

Overall,	 dissection	 is	 associated	 with	 a	 lower	 mortality	 than	 with	 early
mortality	of	13%	and	5-year	mortality	of	33%.2-4	In	contrast	to	trends	observed
with	dissection,	mortality	rates	for	dissection	have	remained	stable	over	time.3,10
In	 reality,	 however,	 the	morbidity	 and	mortality	 of	 dissection	 are	 variable	 and
depend	 on	 the	 anatomic	 extent	 as	well	 as	 the	 presence	 of	 complications.	 It	 is
estimated	 that	 as	 many	 as	 one	 in	 five	 patients	 with	 dissection	 develop
malperfusion	 and	 approximately	 25%	 require	 an	 intervention	 during	 the	 index
hospitalization.18	 Although	 not	 universally	 accepted,	 early	 intervention	 is
becoming	more	common	to	facilitate	aortic	 reverse	 remodeling.	 Indications	for



early	 intervention	 can	 include	 periaortic	 hematoma,	 refractory	 pain,	 refractory
hypertension,	or	 radiologic	 true	 lumen	compromise.	The	proportion	of	patients
with	 complications	 during	 the	 index	 hospitalization	 for	 dissection	 approaches
50%.3,5,10	 For	 patients	 who	 present	 with	 or	 develop	 complications,	 in-hospital
mortality	is	∼20%,	while	it	is	6%	for	uncomplicated	dissection.19	Age	has	been
shown	to	have	an	important	impact	for	patients	with	complicated	dissection	with
mortality	among	patients	less	than	70	years	old	of	10%	vs	30%	among	patients
older	 than	 70	 years,	 with	 a	∼2.4-fold	 risk	 of	 mortality	 after	 adjustment	 for
baseline	differences.19	 For	 patients	who	 present	without	 complications	 and	 are
medically	 managed,	 there	 is	 a	 long-term	 risk	 of	 complications,	 including
aneurysm	and	expansion,	necessitating	close	follow-up.19

Etiology	and	Pathophysiology
Any	 process	 that	 causes	 damage	 to	 the	 aortic	 tunica	media,	 leading	 to	medial
degeneration,	increases	the	risk	for	aneurysm	or	dissection.	Although	this	medial
disruption	 is	 a	 defining	 feature	 of	 acute	 aortic	 syndromes,	 cases	 of	 isolated
intimal	tears	without	hematoma	formation	have	been	described.20	In	the	case	of
typical	aortic	dissection,	the	precipitating	event	is	thought	to	be	the	creation	of	a
tear	 in	 the	 intimal	 layer	overlying	a	damaged	area	of	 the	media.	 In	 the	elderly
patient	with	 dissection,	 the	 presence	 of	medial	 degeneration	 is	 correlated	with
the	 effects	 of	 aging,	 hypertension,	 and	 atherosclerotic	 disease.	 Indeed,
hypertension	is	found	among	70%	to	80%	of	patients	with	aortic	dissection.1,2	A
number	of	underlying	biological	processes	have	been	considered	as	contributing
to	 the	 etiology	 of	 dissection	 including	 inflammation,	 endothelial	 reactive
oxidative	stress,	and	disturbed	P53-MDM2	signaling.21

For	the	younger	patient	with	aortic	dissection,	medial	degeneration	is	still	the
culprit,	but	 the	constellation	of	correlated	risk	factors	 tends	to	differ.	Typically,
young	patients	are	more	likely	to	have	hereditary	connective	tissue	disorders	that
compromise	 the	 integrity	 of	 the	 extracellular	matrix	 in	 the	 tunica	media,	most
notably	 Marfan	 syndrome,	 Loeys-Dietz	 syndrome,	 vascular	 hlers-Danlos
syndrome,	bicuspid	aortic	valve,	or	familial	thoracic	aortic	aneurysm	syndrome
(FTAAS).22,23	 Among	 patients	 presenting	 with	 recurrent	 aortic	 dissection,
approximately	 5%	 of	 all	 dissections,	 Marfan	 syndrome	 is	 often	 present.24
Patients,	40	years	of	age	or	younger,	are	also	less	likely	to	be	hypertensive,	and
may	 have	 a	 larger	 aortic	 diameter	 on	 presentation.	 Paradoxically,	mortality	 of
this	younger	cohort	does	not	appear	to	be	lower	than	that	of	older	patients.	All	of
these	 syndromes	 have	 been	 associated	 with	 breakdown	 of	 the	 fibrillin	 and
collagen	components	of	the	extracellular	matrix	in	the	media,	leading	to	medial



degeneration.	Aortic	dissection	risk	is	also	increased	among	patients	with	Turner
and	Noonan	syndromes.23	 Increased	risk	for	dissection	 is	found	in	a	number	of
other	conditions,	including	aortitis,	especially	in	the	context	of	giant	cell	arteritis
and	 Takayasu	 arteritis.1	 Cocaine	 use	 has	 also	 been	 associated	 with	 dissection,
ostensibly	 on	 the	 basis	 of	 increases	 in	 cardiac	 output,	 blood	 pressure,	 or	 as	 a
consequence	of	direct	vascular	 injury	 from	cocaine	 itself	 (i.e.,	 cocaine-induced
vasculitis/endarteritis).	 In	 particular,	 crack	 cocaine	 has	 been	 identified	 as	 a
potential	precipitant	of	dissection.

Notably,	pregnancy	is	an	independent	risk	factor	for	aortic	dissection.25,26	The
highest	 incidence	 of	 dissection	 is	 observed	 during	 the	 third	 trimester	 or	 early
postpartum	period.25,26	This	risk	is	particularly	high	among	pregnant	women	with
a	bicuspid	aortic	valve,	Marfan,	Ehlers-Danlos,	or	Turner	syndrome,	leading	to
the	need	for	aggressive	evaluation	of	indications	for	repair	in	women	with	these
conditions	 wanting	 children	 and	 throughout	 pregnancy.25,26	 Among	 pregnant
women	with	Turner	syndrome,	the	risk	of	dissection	or	rupture	exceeds	2%,	and
the	risk	of	death	is	increased	100-fold.25,26	Sporadic	aortic	dissections	may	occur
among	 women	 without	 these	 predisposing	 conditions,	 possibly	 due	 to	 the
elevated	expression	of	relaxin	and	inhibin	associated	with	pregnancy.

Iatrogenic	 injury	 to	 the	 aortic	 wall,	 sustained	 in	 the	 context	 of	 cardiac
catheterization,	 intra-aortic	 balloon	 pump	 placement,	 or	 cardiac	 surgery,
increases	 the	 risk	 of	 future	 aortic	 dissection.14,15	Cardiac	 surgery	 involving	 the
aortic	 valve	 appears	 to	 pose	 the	 greatest	 risk.27	 Iatrogenic	 dissection	 of	 the
ascending	aorta	at	 the	 time	of	cardiac	surgery	 is	also	associated	with	 increased
mortality	risk	with	the	highest	rates	for	those	that	occur	during	the	early	(42%)
or	 late	 (32%)	 postoperative	 periods	 compared	 to	 those	 that	 are	 discovered
intraoperatively	 (17%)	 and	 presumably	 addressed	 as	 part	 of	 the	 index
procedure.14,27	Aortic	dissection	after	prior	aortic	valve	replacement	for	bicuspid
aortic	valve	has	also	been	described.28,29

Damage	sustained	by	the	aorta	may	take	up	to	several	years	to	develop	into
an	 aneurysm	 and/or	 dissection.	 Blunt	 trauma	 or	 rapid	 deceleration	 injury	 is
frequently	associated	with	injury	to	the	aortic	isthmus.

Clinical	Manifestations
There	 is	 no	 single	 physical	 examination	 finding	 or	 lab	 test	 that	 allows	 for
positive	 identification	 of	 dissection:	 only	 imaging	 of	 the	 aorta	 verifies	 the
diagnosis	 with	 a	 high	 degree	 of	 sensitivity	 and	 specificity.	 Consequently,	 the
initial	 evaluation	 and	 examination	must	 incorporate	 a	 high	 index	 of	 suspicion
and	careful	assessment.



3 	 The	 classic	 initial	 symptom	 of	 acute	 aortic	 dissection	 is	 described	 as	 the
abrupt	 onset	 of	 severe	 chest	 or	 back	 pain.	 The	 severity	 of	 this	 pain	 is
characteristically	 at	 its	 maximum	 at	 the	 point	 of	 inception.	 This	 is	 in	 sharp
contrast	 with	 the	 typical	 crescendo	 onset	 of	 myocardial	 infarction	 pain.10	 The
quality	 of	 the	 pain	 is	 often	described	 as	 being	 “tearing”	or	 “stabbing”	 and	 the
pain	may	 radiate	 or	 be	migratory.3,10	Although	 severe	 pain	 is	 described	 by	 the
majority	 of	 patients	 presenting	with	 acute	 aortic	 syndromes,	 symptoms	 can	 be
variable	depending	on	the	location	and	extent	of	the	disruption	as	well	as	patient
factors	 including	gender.	A	minority	of	patients	present	with	 syncope	which	 is
associated	with	poor	 outcomes	 as	 it	may	occur	 in	 the	 setting	of	 complications
such	 as	 stroke	 or	 tamponade.30	 Focal	 neurologic	 symptoms	 may	 also	 be	 the
primary	manifestation	 and	may	 be	 transient	 in	 nature	 potentially	 complicating
diagnosis.1,2	The	 initial	 location	of	 the	 pain	 is	 correlated	 to	 the	 location	of	 the
dissection:	 of	 the	 patients	 from	 reported	 clinical	 series	 who	 presented	 with
anterior	 chest	 or	 neck	pain,	 65%	 to	90%	were	 found	 to	have	dissection	of	 the
ascending	 aorta.	 Interscapular	 or	 back	 pain	 may	 represent	 dissection	 of	 the
descending	aorta.	This	variability	of	presenting	symptoms	presents	a	challenge
for	 clinicians	 and	 may	 delay	 diagnosis,	 particularly	 for	 those	 with	 atypical
presentations.

The	physical	examination	of	patients	with	acute	aortic	syndromes	may	also	be
variable.	The	most	common	finding	at	the	time	of	presentation	is	hypertension;
however,	the	frequency	depends	on	the	anatomic	classification.3,10	Of	the	patients
of	the	IRAD	(International	Registry	of	Acute	Aortic	Dissections)	series,	36%	of
patients	with	 dissection	 had	 elevated	 blood	 pressure,	whereas	 70%	of	 patients
with	dissection	had	hypertension.	Hypotension	may	also	be	a	presenting	feature
of	 aortic	 dissection	 and	 portends	 developing	 shock	 more	 frequently	 for
compared	to	dissections.	It	is	also	noteworthy	that	patients	with	dissections	who
present	 with	 a	 “deadly	 triad”	 of	 hypotension/shock,	 an	 absence	 of	 pain,	 and
evidence	of	branch	vessel	 involvement	exhibit	a	markedly	higher	mortality.18,31
Pericardial	tamponade	in	the	context	of	aortic	dissection	is	a	surgical	emergency,
as	it	represents	a	tenuously	compensated	rupture	of	the	aorta.32	Unless	the	patient
is	 in	 extremis,	 pericardiocentesis	 should	 not	 be	 performed,	 as	 the	 release	 of
pressure	 from	 the	 pericardial	 space	 may	 precipitate	 a	 rise	 in	 blood	 pressure,
recurrent	 hemorrhage	 into	 the	 pericardium,	 and	 cardiovascular	 collapse.1,2
Dissection	into	the	pleural	space	may	also	lead	to	hypotension	and	syncope,	and
similarly	requires	immediate	surgical	intervention.	These	findings	are	sometimes
attributed	 to	 alternative	 diagnoses	 such	 as	 pleural	 effusion	 (either	 reactive	 or
from	 hemorrhage)	 and	 may	 occur	 in	 as	 many	 as	 16%	 of	 patients.17,25	 On
occasion,	dissection	may	extend	proximally	to	the	ostia	of	the	coronary	arteries,



leading	 to	 myocardial	 infarction	 or	 involve	 the	 aortic	 valve	 leading	 to	 severe
aortic	regurgitation.33

A	 number	 of	 other	 vascular	 complications	 of	 aortic	 dissection	 may	 be
apparent	on	initial	evaluation.	A	pulse	deficit	is	described	in	approximately	30%
of	 patients	with	 dissection	 and	 is	 associated	with	 increased	mortality.3,10	Focal
neurological	 deficits	 are	 described	 among	 17%	 of	 patients.	 These	 occlusion
events	 are	 typically	 the	 result	 of	 the	 extension	 of	 the	 dissection	 into	 a	 branch
vessel	(“static”	occlusion),	occlusion	of	the	ostium	of	the	vessel	due	to	migration
of	the	intimal	flap	(“dynamic”	occlusion),	or	impaired	flow	in	the	true	lumen	due
to	 distention	 of	 the	 false	 lumen.	 The	 spectrum	 of	 clinical	 findings	 associated
with	 aortic	 side-branch	 involvement	 ranges	 from	 no	 signs	 and	 symptoms,	 to
subtle	 findings,	 to	 florid	 manifestations,	 including	 severe	 ischemia	 of	 the
affected	 territories.	 The	 mass	 effects	 of	 the	 dissection	 may	 lead	 to	 focal
neurologic	defects	for	rare	cases.	Involvement	of	a	subclavian	artery	may	lead	to
a	difference	in	measured	blood	pressure	between	the	two	arms	or	pulse	deficit.
Impaired	flow	in	the	mesenteric	arteries	leads	to	signs	and	symptoms	consistent
with	mesenteric	 ischemia.	Dissections	may	 also	 lead	 to	 occlusion	 of	 the	 renal
arteries,	leading	to	acute	renal	failure,	or	renal	infarction.	Lower	limb	ischemia
may	also	occur	in	dissection.

Diagnosis
A	 focused	 history	 and	 examination	 should	 be	 performed	 to	 assess	 the	 pretest
likelihood	of	acute	aortic	syndrome.1,2	Evaluation	should	include	known	genetic,
connective	tissue,	or	familial	conditions	associated	with	aortic	disease,	history	of
recent	aortic	manipulation,	typical	pain,	or	high-risk	signs	such	as	pulse	deficit,
blood	 pressure	 differential,	 focal	 neurologic	 signs	 or	 symptoms,	 or	 a	 new
murmur	 of	 aortic	 regurgitation.17,25	 Risk	 scores	 based	 on	 the	 AHA/ACC
(American	 Heart	 Association/American	 College	 of	 Cardiology)	 consensus
guidelines	 for	 the	 diagnosis	 of	 acute	 coronary	 syndrome	 have	 been	 evaluated
and	shown	to	be	highly	sensitive.34-37

The	 electrocardiogram	 (ECG)	 is	 often	 (69%)	 abnormal	 but	 is	 generally
nonspecific.	Chest	x-ray	(CXR)	is	likewise	generally	performed	and	is	abnormal
for	most	cases	(80%),	but	findings	are	rarely	specific	for	acute	aortic	syndrome.
The	 presence	 of	 ST-segment	 elevation	 in	 lead	 aVR	 (augmented	 voltage	 right
arm)	 in	 patients	 with	 dissection	 has	 been	 shown	 to	 be	 of	 prognostic	 value.38
Widening	of	 the	mediastinum	and	displacement	 of	 aortic	 calcification	 are	 also
more	 common	 among	 cases	 than	 controls.	CXR	and	ECG	may	provide	 value,
but	neither	are	sensitive	for	acute	aortic	syndromes	and	normal	findings	should



not	delay	definitive	imaging	for	patients	in	whom	there	is	clinical	suspicion.1,2
There	is	not	yet	a	specific	biomarker	in	common	clinical	use	that	allows	the

clinician	 to	 confirm	 the	 diagnosis.	 d-Dimer,	 a	 fibrin	 degradation	 product
indicative	of	 intravascular	coagulation,	 is	widely	available	and	well	established
for	 the	 diagnostic	 algorithm	 for	 pulmonary	 embolism.	A	 d-dimer	 >500	 ng	 per
mL	has	been	shown	to	be	highly	sensitive	for	acute	dissection	(∼97%,	negative
predictive	value	96%)	but	relatively	nonspecific	(56%,	positive	predictive	value
60%).	Based	on	this	high	sensitivity,	d-dimer	may	be	a	potential	screening	tool
to	“rule	out”	acute	aortic	dissection.	The	kinetics	of	d-dimer	after	dissection	are
not	well	described	posing	one	possible	limitation.	One	study	reported	that	almost
1	 in	 5	 patients	 with	 aortic	 dissection	 had	 d-dimer	 levels	 <	 400	 ng	 per	 mL
illustrating	 variability	 of	 performance.	 d-dimer	 may	 be	 particularly	 useful	 as
integrated	with	clinical	 risk	scores	such	as	 the	acute	aortic	dissection	detection
risk	 score.39	 In	 addition,	 the	 sensitivity	 in	 the	 setting	 of	 isolated	 IMH	 is	 not
established.	 Other	 biomarkers	 under	 investigation	 include	 smooth	 muscle
myosin	 heavy	 chain	 protein;	 however,	 diagnostic	 performance	 still	 does	 not
exceed	that	of	computed	tomography	angiography	(CTA)	or	magnetic	resonance
angiography	 (MRA).17,26	 Other	 available	 biomarkers	 such	 as	 cardiac	 troponin
and	 natriuretic	 peptides	 are	 important	 prognostic	 markers	 in	 most	 clinical
settings	but	are	nonspecific	for	aortic	disruption.

Imaging
Prompt	 imaging	 is	critical	during	 the	evaluation	of	 suspected	aortic	dissection.
Multiple	modalities	 are	 at	 the	disposal	of	 the	clinician;	however,	 the	patient	 is
best	 served	by	 the	modality	 that	 offers	 high	 sensitivity	 and	 specificity	without
delay	 or	 transport	 time.	 The	 specific	 technique	 of	 choice	 may	 differ	 among
hospitals,	 as	 not	 all	 facilities	 have	 the	 same	 capabilities.	 The	 following	 is	 a
discussion	of	 the	 relative	 strengths	and	weaknesses	of	 the	commonly	available
imaging	 techniques	 used	 for	 the	 diagnosis	 of	 aortic	 dissection.	 The	 decision
regarding	 the	 optimal	 technique	 to	 be	 used	 in	 a	 specific	 context	 is	 left	 to	 the
individual	clinician.	Frequently,	multiple	imaging	modalities	must	be	used	for	a
single	 patient.	 In	 addition,	 a	 single	 patient	 may	 require	 serial	 studies	 if	 their
signs	or	symptoms	evolve.1,2

In	most	 hospital	 settings,	 a	CXR	 is	 performed	 as	 a	matter	 of	 course	 in	 the
evaluation	of	 chest	 pain.	The	CXR	may	offer	much	useful	 information.	 In	 the
patient	 with	 an	 aortic	 dissection,	 the	 CXR	 may	 reveal	 an	 abnormal	 aortic
silhouette,	widening	of	 the	mediastinum,	separation	of	 intimal	calcium,	pleural
effusions,	and	blunting	of	the	heart	boarders	representing	extravasation	of	blood



into	the	pericardial	space.	Although	useful,	CXR	rarely	establishes	the	diagnosis
of	acute	aortic	syndrome	and	is	unable	to	define	the	total	extent	or	the	presence
of	complications.	Therefore,	other	modalities	must	be	used.

Transthoracic	 echocardiography	 (TTE)	 is	 a	 readily	 available,	 noninvasive,
and	portable	imaging	modality	that	may	be	considered.	Sensitivity	is	highest	for
disruption	 of	 the	 ascending	 aorta	 particularly	 if	 it	 involves	 the	 root	 or	 aortic
valve.	 In	 addition,	 complications	 such	 as	 aortic	 regurgitation	 and	 pericardial
effusion	can	be	visualized.	It	should	be	noted	that	sensitivity	for	dissection	varies
between	 70%	 and	 90%,	 and	 sensitivity	 for	 dissection	 is	 approximately	 40%.
Given	 this	 suboptimal	 sensitivity,	 performing	 a	 TTE	 should	 not	 delay	 a	more
sensitive	imaging	study.17,26

4 	 In	 terms	 of	 definitive	 imaging,	 CTA,	 MRA,	 and	 transesophageal
echocardiography	(TEE)	have	enabled	diagnosis	of	acute	aortic	syndromes	with
high	sensitivity	(>95%)	and	specificity	(>95%)	(Table	194.2).

TABLE	194.2

Imaging	Modalities	for	Patients	with	Suspected	Acute
Aortic	Syndromes

Key	Findings Advantages Disadvantages

TTE Intimal	flap	in
ascending	aorta
Dilatation	of	aortic
root
Aortic	valve
regurgitation
Pericardial	effusion
Color	Doppler
differentiation	of
flow	in	dissection-
related	“true”	and
“false”	lumens

Readily	available
Noninvasive
Quickly	performed	at
bedside
No	ionizing	radiation
Intravenous	contrast
not	required
Aortic	valve	function
can	be	directly
assessed.

Only	aortic	root
and	ascending
aorta	can	be
reliably	assessed.
Image	quality
may	be	affected
by	body	habitus.
Branch	vessels
and	intramural
hematomas	are
not	reliably
visualized.

TEE Intimal	flap	in	aorta
Dilatation	of	aorta
Aortic	valve

Readily	available
Noninvasive
Quickly	performed	at

Distal	thoracic
and	abdominal
aorta	cannot	be



regurgitation
Pericardial	effusion
Color	Doppler
differentiation	of
flow	in	dissection-
related	“true”	and
“false”	lumens

bedside
No	ionizing	radiation
Intravenous	contrast
not	required
Image	quality	not
affected	by	body
habitus
Ascending	aorta,
arch,	and	proximal
descending	aorta	may
be	visualized.
Aortic	valve	function
can	be	assessed
directly.

visualized.
May	only	be
performed	by
trained	personnel
Sedation	required
Branch	vessels
are	not	reliably
visualized.

CT Intimal	flap	in	aorta
Dilatation	of	aorta
in	any	segment
Pericardial	effusion
Dissection-related
“true”	and	“false”
lumens	or
intramural
hematoma
accentuated	with
contrast

Readily	available
Noninvasive
Quickly	performed
Image	quality	not
affected	by	body
habitus
Full	aorta	may	be
assessed	in	single
scan.
Most	widely	used
first	imaging	test	in
suspected	dissection

Requires	use	of
ionizing	radiation
and	intravenous
contrast
Transportation	to
scanner	may	be
required	in	some
centers.
Patient
monitoring
during	scan	may
be	difficult.
Aortic	valve
function	cannot
be	assessed
directly.

MRI Intimal	flap	in	aorta
Dilatation	of	aorta
in	any	segment
Pericardial	effusion
Dissection-related
“true”	and	“false”
lumens	or

Noninvasive
No	ionizing	radiation
Image	quality	not
affected	by	body
habitus
Full	aorta	may	be
assessed	in	single

Not	readily
available	at	many
hospitals
Transportation	to
scanner	may	be
required	in	some
centers.



intramural
hematoma	may	be
differentiated.

scan.
Branch	vessel
visualization	is
excellent.
Contrast	not	required
to	visualize
intramural	hematoma
or	to	differentiate
between	true	and
false	lumens
Aortic	valve	function
can	be	directly
assessed.

Patient
monitoring
during	scan	may
be	difficult.
Scan	time	longer
than	other
modalities

Aortogram Intimal	flap	in	aorta
Dilatation	of	aorta
in	any	segment
True	and	false
lumens	may	be
differentiated	with
contrast.

Best	modality	for
branch	vessel
visualization
Allows	for
assessment	of	full
aorta

Invasive
Study	not	as
readily	available
due	to	required
assembly	of
trained	personnel
Ionizing
radiation	and
intravenous
contrast	required
Intramural
hematoma	cannot
be	reliably
assessed.

CT,	computed	tomography;	MRI,	magnetic	resonance	imaging;	TEE,	transesophageal
echocardiography;	TTE,	transthoracic	echocardiography.

By	virtue	of	 the	close	proximity	of	 the	aorta	 to	 the	ultrasound	probe	 in	 the
esophagus,	 TEE	 offers	 clear	 views	 of	most	 portions	 of	 the	 thoracic	 aorta	 and
affords	excellent	information	regarding	aortic	valve	function.	TEE	may	be	useful
to	 guide	 surgical	 intervention	 for	 Type	A	 aortic	 dissection.	 TEE,	 like	 TTE,	 is
portable	 and	 can	 be	 performed	 easily	 at	 the	 bedside,	 which	 makes	 it	 the
procedure	 of	 choice	 for	 evaluation	 of	 critically	 ill	 or	 physiologically	 unstable
patients	 who	 may	 be	 at	 higher	 risk	 during	 transportation	 for	 radiographic



examinations.	In	addition,	TEE	does	not	require	the	use	of	nephrotoxic	contrast
agents.	For	aortic	dissection,	TEE	has	a	sensitivity	between	90%	and	100%,	and
specificity	is	approximately	90%.	Color	Doppler	imaging	may	identify	the	blood
flow	between	the	true	and	false	lumens.	Perhaps	the	most	important	procedural
drawback	 regarding	 TEE	 is	 the	 need	 for	 conscious	 sedation,	 which	 may	 be
difficult	to	administer	to	a	patient	who	is	hemodynamically	unstable.

CT	 scanning	 allows	 for	 a	 full	 view	 of	 the	 entire	 aorta.	 Consequently,	 the
sensitivity	 (90%-100%)	 and	 specificity	 (90%)	 for	 visualization	 of	 the	 intimal
flap	in	aortic	dissection	are	comparable	to	TEE.	Specific	CT	techniques,	such	as
spiral	 CT,	 also	 allow	 for	 facile	 three-dimensional	 reconstruction.	 The	 “double
barrel”	 produced	 by	 dissection	 can	 be	 distinct.	 In	 classic	 aortic	 dissection,	 an
intimal	 flap	 can	 be	 seen,	 separating	 a	 true	 and	 false	 lumen.	 Pericardial	 and
pleural	 effusions	 are	 often	 easily	 visualized,	 but	 blood	 flow	 and	 tamponade
physiology	 cannot	 be	 assessed	 directly.	 Dedicated	 aortic	 CT	 scans	 should
compensate	 for	 cardiac	motion	 through	 tools	 such	as	ECG	gating.	 In	 addition,
noncontrast	 images	 should	 also	 be	 obtained	 for	 greater	 sensitivity	 for	 isolated
IMH.	When	obtaining	aortic	imaging,	the	full	aorta	from	chest	to	pelvis	should
be	 visualized	 to	 determine	 the	 full	 extent	 of	 aortic	 and	 branch	 vessel
involvement.	 Imaging	 only	 the	 chest,	 for	 example,	 may	 result	 in	 incomplete
characterization	 and	 require	 follow-up	 testing.	 The	 intravenous	 (IV)	 contrast
required	 is	associated	with	risks	of	allergic	 reactions	and	contrast	nephropathy.
Many	patients	presenting	with	 the	acute	aortic	 syndromes	may	also	have	 renal
insufficiency	 or	 failure;	 however,	 for	 the	 critically	 ill	 patient	 in	 whom
aneurysmal	rupture	is	suspected,	definitive	diagnosis	and	treatment	of	the	aortic
process	should	take	priority.

CT	 scanning	 and	 magnetic	 resonance	 imaging	 (MRI)	 share	 several	 of	 the
same	advantages,	such	as	high	image	resolution	and	the	ability	to	scan	the	entire
aorta.	Overall,	the	sensitivity	and	specificity	of	intimal	flap	detection	by	MRI	are
nearly	100%.	MRI	does	not	require	the	use	of	IV	contrast,	which	represents	an
advantage	 over	 CT	 scanning;	 however,	 MRI	 is	 more	 expensive	 and	 not	 as
readily	available	or	as	rapidly	performed	as	CT	scanning.	The	primary	limitation
of	MRI	is	lack	of	availability;	not	all	hospitals	have	magnetic	resonance	scanners
available	 for	 emergent	 use.	 Even	 when	 available,	 issues	 of	 transporting	 a
potentially	 unstable	 patient	 are	 still	 present.	 MRI	 is	 also	 contraindicated	 for
some	patients	who	have	vascular	clips,	implantable	cardioverter-defibrillators	or
pacemakers.

In	 the	 past,	 retrograde	 aortography	 was	 considered	 the	 gold-standard
technique	 for	 aortic	 imaging.	 Because	 aortography	 is	 an	 invasive	 test	 that
requires	 the	 assembly	 of	 a	 catheterization	 laboratory	 team	 and	 the	 use	 of	 IV



contrast	 and	 ionizing	 radiation,	 it	 is	 typically	 reserved	 for	 those	 cases	 where
diagnostic	 uncertainty	 remains	 after	 one	 or	 more	 other	 imaging	 studies	 have
been	obtained.	The	ability	of	aortography	to	detect	aortic	dissection	depends	on
the	 presence	 of	 blood	 flow	 between	 the	 true	 and	 false	 lumens;	 therefore,	 for
cases	where	blood	flow	between	these	chambers	 is	 limited,	 the	aortogram	may
be	 nondiagnostic.	 Overall,	 among	 patients	 with	 classic	 aortic	 dissection,	 the
sensitivity	and	specificity	for	intimal	flap	visualization	are	80%	to	90%	and	90%
to	95%,	respectively.	Aortography	is	still	the	study	of	choice	for	visualization	of
aortic	branch	vessels,	which	may	not	be	visualized	by	other	imaging	modalities
as	 well.	 In	 addition,	 aortography	 is	 particularly	 useful	 when	 endovascular
treatment	is	contemplated.

Consultation	 with	 an	 imaging	 specialist	 may	 be	 useful	 particularly	 for
determining	the	optimal	diagnostic	protocol.	At	some	centers,	scans	protocoled
to	exclude	several	acute	diagnosis	such	as	pulmonary	embolism,	dissection,	and
myocardial	 infarction,	 called	 “triple	 rule-out”	may	 be	 obtained;	 however,	 they
are	associated	with	higher	doses	of	radiation	and	the	clinical	utility	is	debated.40
In	addition,	the	sensitivity	and	specificity	of	CT	or	MRI	may	be	altered	if	they
are	optimized	to	detect	other	diagnosis	such	as	pulmonary	embolism.	Finally,	in
the	context	of	greater	utilization	of	cross-sectional	imaging	in	both	the	acute	and
chronic	setting,	the	possibility	of	incidentally	diagnosed	chronic	dissection	in	a
patient	 presenting	 acutely	 has	 increased.	 Although	 rare,	 such	 situations	 may
benefit	 from	 advanced	 imaging	 to	 assist	 in	 determining	 chronicity	 within	 the
clinical	context.41

Management
5 	 The	 primary	 goal	 of	 treatment	 for	 a	 patient	 with	 aortic	 dissection	 is	 to
minimize	 the	effects	of	 the	dissection	while	 rapidly	evaluating	 the	necessity	of
urgent	 intervention,	 if	 indicated	 (Figure	 194.6).	 Diagnosis,	 management,	 and
interventional	 decision-making	 are	 complex	 and	 time	 sensitive	 and	 acute
multidisciplinary	response	teams	may	allow	for	optimized	management.	Clinical
stability	 should	 first	 be	 assessed	 to	 evaluate	 for	 acute	 complications	 such	 as
tamponade	 or	 aortic	 regurgitation,	 where	 traditional	 pharmacological
interventions	 may	 be	 harmful	 and	 urgent	 surgery	 is	 needed.	 Initial	 medical
management	of	the	stable	patient	while	waiting	for	possible	intervention	should
focus	 on	 management	 of	 pain,	 decrease	 of	 blood	 pressure	 to	 a	 minimum
acceptable	level,	and	decrease	in	the	force	of	left	ventricular	contraction	(dP/dt),
known	as	 impulse	 control	 therapy.	 In	general,	 short-acting	parenteral	 therapies
are	favored	in	the	acute	setting	to	allow	titration.	Heart	rate	should	be	optimized



before	 adding	 vasodilating	 agents.	 Early	 observation	 should	 occur	 in	 an
intensive	care	setting,	with	continuous	arterial	pressure	monitoring.	For	patients
presenting	with	 evidence	of	heart	 failure,	 pulmonary	 artery	 catheter	 placement
may	be	considered,	but	is	usually	not	necessary.

Pain	 management	 is	 titrated	 aggressively	 for	 patients	 with	 dissection.	 The
goals	 of	 pain	 treatment	 are	 patient	 comfort	 and	 decrease	 of	 adrenergic	 tone.
Narcotic	 analgesics	 are	 effective	 for	 the	 rapid	 reduction	 of	 symptom	 severity,
especially	 when	 administered	 in	 IV	 form.	 Long-acting	 oral	 formulations	 of
narcotics	are	not	recommended.

Blood	 pressure	 and	 dP/dt	 can	 be	 decreased	 with	 a	 β-blocker.
Noncardioselective	agents	such	as	propranolol,	labetalol,	and	esmolol	have	been
used	 extensively	 in	 this	 context.42	 β-Blockers	 should	 be	 considered	 even	 for
patients	who	 are	 not	 hypertensive	 at	 presentation,	 as	 the	 reduction	 in	 dP/dt	 is
thought	 to	 be	 beneficial	 for	 reducing	 the	 advancement	 of	 the	 dissection	 front.
The	goal	heart	rate	is	60	beats	per	minute,	and	the	goal	systolic	blood	pressure	is
no	higher	than	120	mm	Hg.	For	patients	with	hypertension,	agents	with	both	α-
and	β-antagonism	such	as	 labetalol	may	be	useful.	 In	 the	event	 that	a	patient’s
blood	pressure	is	still	elevated	even	after	a	goal	heart	rate	has	been	reached	with
β-blockade,	a	vasodilator	such	as	nitroprusside	or	an	IV	angiotensin-converting
enzyme	 inhibitor,	 such	 as	 enalaprilat	 may	 also	 be	 administered;	 however,
vasodilator	 therapy	 should	 not	 be	 used	without	 concomitant	 β-blockade,	 given
the	 possibility	 of	 an	 increase	 in	 heart	 rate	 and	 dP/dt	 accompanying	 its	 potent
vasodilatory	effects.

In	 the	 rare	 event	 that	 a	 β-blocker	 cannot	 be	 used,	 due	 to	 contraindications
such	as	severe	bronchospasm,	the	nondihydropyridine	calcium	channel	blockers
are	 the	 second-line	 agents.	 Verapamil	 and	 diltiazem,	 both	 of	 which	 have
vasodilator	 and	 negative	 inotropic/chronotropic	 effects,	may	 be	 used.	Of	 note,
agents	 that	 can	 increase	 pulse	 pressure	 like	 hydralazine	 are	 relatively
contraindicated.

Close	monitoring,	 including	pulse	 and	perfusion	monitoring,	 is	 required	 for
all	patients	as	complications	such	as	limb	or	visceral	malperfusion	may	develop
after	 the	 initial	 assessment.	 Hypotension	 may	 be	 seen	 in	 conjunction	 with
dissection.	 It	 should	 be	 noted	 that	 the	 mode	 of	 blood	 pressure	 measurement
should	 be	 scrutinized	 before	 changing	 a	 treatment	 plan;	 “pseudohypotension”
may	occur	when	dissection	propagates	into	the	limb	in	which	blood	pressure	is
being	measured.	 In	such	cases,	 it	 is	 recommended	 that	hypotension	be	verified
by	measurement	of	blood	pressure	in	other	 limbs	prior	 to	discontinuation	of	β-
blockers	or	calcium	channel	blockers	(Table	194.3).



TABLE	194.3

Commonly	Used	Medications	with	Routes/Doses

Class Medication Dosinga

β-Blockers Metoprolol 2.5-5.0	mg	IV	q	5	min,	up	to	three	doses
followed	by	5-10	mg	IV	q	4-6	h

Labetalol 20	mg	IV	administered	over	2	min	followed	by
40-80	mg	IV	q	10	min	with	maximum	initial
dose	300	mg,	to	be	followed	by	2	mg/min	IV
infusion	with	10	mg/min	maximum	rate

Esmolol 500	μg/kg	IV	bolus	dose,	followed	by
50	μg/kg/min	IV	infusion	with	300	μg/kg/min
maximum	rate

Calcium
channel
blockers

Diltiazem Bolus	5-10	mg	IV,	maximum	dose	25	mg	IV
infusion	5-15	mg/h	for	up	to	24	h	30-90	mg	PO
qid,	maximum	360	mg/d

Verapamil 80-120	mg	PO	tid–qid	maximum	480	mg/d

Nifedipine 10-20	mg	PO	tid,	start	with	10	mg	dose,
maximum	180	mg/d

Nicardipine 20-40	mg	PO	tid,	start	with	20	mg	dose,
maximum	120	mg/d

Nisoldipine 20-40	mg	PO	qd,	start	with	10	mg	dose,
maximum	60	mg/d

Vasodilators Nitroprusside 0.3-10	μg/kg/min	IV	infusion	up	to	3	d

aTherapeutic	goals	include	maintenance	of	systolic	blood	pressure	100	to	110	mm	Hg,	heart	rate
approximately	60	beats	per	minute.
IV,	intravenous;	PO,	per	os.

Intervention



The	 primary	 concept	 that	 relates	 to	 the	 optimal	 choice	 of	 acute	 therapeutic
strategy	has	not	changed	for	nearly	30	years;	however,	there	has	been	evolution
in	 the	 recognition	 of	 heterogeneity	 of	 risk	 and	 the	 potential	 for	 endovascular
intervention	to	modify	natural	history.	In	addition,	professional	guidelines	have
given	 new	 emphasis	 on	 chronicity	 in	 considerations	 regarding	 intervention.	 In
most	cases,	the	location	of	the	dissection	determines	whether	the	patient	should
undergo	 immediate	 surgery.	 Patients	 who	 present	 with	 acute	 dissection	 in	 the
context	 of	 pregnancy	 require	 additional	 consideration	 and	 multidisciplinary
evaluation.	Type	A	dissection	is	treated	with	surgery	in	virtually	all	cases,	as	the
outcomes	associated	with	surgical	repair	are	superior	to	outcomes	with	medical
management:	∼25%	 vs	∼50%	 to	 70%	 mortality	 at	 30	 days.	 The	 goals	 of
therapy	are	to	prevent	dissection	from	reaching	the	heart	and,	if	compromised,	to
restore	 flow	 to	 the	 true	 aortic	 lumen.	 In	 the	majority	of	 cases,	 the	 root	 can	be
reinforced	and	the	valve	preserved.	In	more	extensive	root	injury,	the	David	and
Bentall	 procedures	 are	 considered	 appropriate	 for	 patients	 who	 require	 root
replacement.43	For	patients	with	coronary	ischemia,	the	choice	of	bypass	or	ostial
pledgetted	 suture	 repair	 may	 depend	 on	 the	 anatomic	 characteristics	 of	 the
occlusion.44	 The	 impact	 of	 preoperative	 distal	 ischemia	 and	 resultant	 organ
malperfusion	 on	 postoperative	 outcomes	 has	 been	 described	 and	 risk
stratification	 algorithms	 have	 been	 proposed.30,45	 In	 such	 patients	 with	 severe
malperfusion,	 staged	 approaches,	 including	 early	 endovascular	 reperfusion
followed	by	delayed	aortic	surgery,	may	be	considered;	however,	only	small	case
series	 have	 described	 this	 approach	 and	 the	 outcomes	 remain	 poor.31,46	 In
addition	 to	 organ	 malperfusion,	 age,	 female	 sex,	 larger	 aortic	 diameter,	 and
postoperative	 renal	 failure	 have	 been	 associated	 with	 higher	 rates	 of
complications,	including	prolonged	need	for	mechanical	ventilation.47	Other	data
sets	suggest	 that	age	alone	 is	not	an	optimal	criteria	 for	assessing	surgical	 risk
and	surgical	candidacy	and	that	burden	of	ischemic	injury	may	be	a	more	useful
marker.48	 In	general,	preoperative	coronary	angiography	has	not	been	shown	to
be	 beneficial	 and	 is	 not	 recommended.49	 The	 one	 potential	 contraindication	 to
urgent	 surgical	 repair	 of	 dissection	 is	 stroke,	 due	 to	 high	 risk	 of	 hemorrhagic
transformation	 during	 surgery.	 However,	 only	 coma	 has	 been	 shown	 to	 be	 a
questionable	 contraindication	 to	 emergent	 surgery.	 Aortic	 dissection	 repair	 is
complex	surgery,	and	each	patient’s	medical	comorbidities	need	to	be	addressed
in	detail	before	surgery	as	time	allows.	Patients	with	Marfan	or	other	connective
tissue	disorders	may	require	more	aggressive	approaches.50	 In	the	past,	patients
older	than	80	were	thought	to	have	an	operative	survival	rate	too	low	to	justify
attempted	 repair.	 A	multicenter	 study	 reported	 acceptable	 outcomes	 for	 aortic
dissection	repair	performed	in	selected	octogenarians.	In	addition,	an	analysis	of



628	 patients	 with	 dissection	 undergoing	 repair,	 found	 that	 surgical	 outcomes
were	no	worse	 in	septuagenarians	or	octogenarians	provided	 they	did	not	have
severe	 ischemia.48	Dissection	repair	 in	 this	age	group	 is	 therefore	complex	and
each	 patient	 must	 be	 approached	 individually.	 There	 is	 an	 evolving	 role	 of
endovascular	 dissection	 repair,	 however,	 surgical	 management	 remains	 the
current	standard.51,52	In	patients	with	arch	dissection,	optimal	treatment	remains	a
topic	of	debate.	A	recent	analysis	 from	IRAD	including	368	patients	with	arch
dissection	 stratified	 by	 extension	 pattern	 (retrograde	 in	 228,	 antegrade	 only	 in
140).8	 Investigators	 found	more	 shock	 and	 severe	 complications	 in	 those	with
retrograde	 dissection	 and	 although	mortality	was	 similar,	 those	with	 antegrade
dissection	undergoing	surgery	appeared	to	have	better	associated	outcomes.8

Patients	 with	 dissections	 are	 generally	 managed	 medically.	 Urgent
intervention	 is	 warranted	 in	 the	 setting	 of	 complications	 including	 visceral	 or
limb	 malperfusion,	 aortic	 expansion	 or	 impending	 rupture,	 progression	 of
dissection,	 refractory	 pain,	 or	 refractory	 hypertension.	 Risk	 stratification	 for
aortic	 dissection	 may	 be	 complex	 and	 benefit	 from	 specialty	 and
multidisciplinary	 evaluation.	 Interventional	 options	 include	 open	 surgery	 or
endovascular	 techniques	 including	 fenestration	 and	 stent	 grafting.	 In	 general,
endovascular	 repair	 is	preferred	when	anatomy	is	suitable	and	 the	dissection	 is
regarded	as	spontaneous	in	a	patient	without	connective	tissue	disorder.53	Hybrid
approaches	 such	 as	 PETTICOAT	 (provisional	 extension	 to	 induce	 complete
attachment)	have	been	proposed	to	prevent	adverse	remodeling	in	the	abdominal
aorta	 and	 case	 series	 suggest	 possible	 advantages	 vs	 traditional	 TEVAR;
however,	randomized	comparisons	are	lacking.54	Other	composite	devices	report
similarly	favorable	findings	in	observational	and	retrospective	data	sets.55

Although	percutaneous	fenestration	of	the	“false”	lumen	had	previously	been
the	therapeutic	option	of	choice	for	dissection	with	malperfusion,	this	technique
has	been	largely	supplanted	by	the	more	definitive	endovascular	stent	repair.	The
theory	that	closure	of	the	primary	entry	tear	may	reduce	the	risk	of	propagation
and	 further	 complications,	 as	 well	 as	 increase	 the	 likelihood	 of	 false	 lumen
thrombosis,	has	 led	to	 the	development	and	investigation	of	 the	use	of	covered
stent	 grafts	 for	 selected	 patients	 with	 aortic	 dissection.	 It	 is	 thought	 that	 the
minimally	invasive	nature	of	this	technique	may	decrease	perioperative	mortality
and	 thus	 improve	 outcomes	 Evolving	 data	 suggest	 that	 endovascular	 repair	 of
selected	 patients	 may	 also	 be	 associated	 with	 favorable	 remodeling.56,57	 Case
series	 have	 described	 this	 strategy	 for	 pregnant	 women	 with	 dissection.58	 In
addition,	 evolution	 in	 technique	may	 influence	 outcome.59	Newer	 technologies
using	 conformable	 aortic	 grafts	 in	 the	 aortic	 arch	 and	 thoracic	 aorta	 show
promising	early	outcomes.51



The	increasing	use	of	endovascular	repair	for	dissection	prompted	an	expert
consensus	 statement	 from	 an	 interdisciplinary	 group.60	 Data	 from	 63	 studies
published	between	2006	and	2012,	including	6729	patients,	were	reviewed.	The
authors	recommended	medical	treatment	for	uncomplicated	acute	dissection	but
felt	that	complicated	acute	dissection	should	be	treated	with	TEVAR	rather	than
surgery	when	feasible,	and	combined	with	other	endovascular	interventions	such
as	 fenestration,	 noting	 a	 survival	 benefit	 with	 the	 less	 invasive	 approach.
Intervention	 for	 subacute	 and	 chronic	dissection	was	 recommended	only	when
complications	 developed;	 in	 these	 settings	 as	 well,	 TEVAR	was	 favored	 over
surgery	when	feasible.	Nonrandomized	observations	from	IRAD	also	found	that
TEVAR	was	associated	with	lower	5-year	mortality	when	compared	to	medical
therapy,	 suggesting	 that	 improved	 techniques	 may	 be	 associated	 with	 better
outcomes,	 and	 prompting	 a	 call	 for	 further	 randomized	 trials.	 Observational
series,	including	one	from	the	state	of	California	with	over	9165	cases,	reported
an	 association	 of	 improved	 survival	 with	 early	 TEVAR	 for	 uncomplicated
dissection	that	remained	significant	after	adjustment	for	baseline	differences.61

There	 has	 been	 a	 growing	 utilization	 of	 endovascular	 stent	 grafting	 for
uncomplicated	 dissection	 in	 the	 subacute	 or	 chronic	 phase,	 particularly	 when
there	are	markers	suggesting	an	increased	risk	of	adverse	remodeling.62	Natural
history	 studies	 have	 described	 high	 rates	 of	 progression	 and	 aneurysmal
degeneration	 supporting	 the	 consideration	 of	 intervention	 to	 prevent	 adverse
remodeling.19,63	Prognostic	factors	described	include	false	lumen	size,	entry	tear
size	 and	 location,	 maximum	 aortic	 diameter	 of	 40	 mm	 or	 greater,	 number	 of
vessels	originating	from	the	false	lumen,	and	the	patency	of	the	false	lumen.	The
INSTEAD	 trial	 randomized	 patients	with	 uncomplicated	 dissection	 to	medical
management	or	stent	grafting.	Patients	were	randomized	to	treatment	between	2
and	 52	 weeks	 after	 dissection	 (mean	 time	 intervals	 from	 dissection	 to
randomization	 45	 days	 for	 optimal	 medical	 therapy	 (OMT)	 vs	 39	 days	 for
TEVAR	+	OMT	group).	The	primary	 endpoint	was	 all-cause	death	 at	 2	 years.
Secondary	 endpoints	 included	 aortic-related	 deaths,	 progression,	 and	 aortic
remodeling.	No	differences	between	groups	 in	either	 the	primary	or	 secondary
endpoint	 were	 seen	 at	 2	 years.	 However,	 a	 subsequent	 analysis	 at	 5	 years
suggested	 remodeling	 benefit	 as	well	 as	 improved	 aortic-related	mortality	 and
all-cause	mortality.64	A	 subsequent	 trial	 (ADSORB)	 also	 suggested	 benefits	 of
stent-graft	placement	vs	medical	management	alone	in	terms	of	aortic	modeling
parameters.56	 Other	 nonrandomized	 assessments	 of	 TEVAR	 for	 acute
uncomplicated	 dissection	 in	 selected	 patients	 have	 also	 shown	 lower	 rates	 of
aortic	adverse	events	and	mortality	with	TEVAR	vs	medical	therapy	alone.	In	the
chronic	 phase	 traditional	 criteria	 for	 intervention	 are	 driven	 by	 aortic	 size



(>5.5	cm	ascending	aorta	and	>5.5- 6.0	cm	descending	aorta),	its	rate	of	growth
over	 time,	 and	 the	 presence	 of	 associated	 complications	 such	 as	 aortic
regurgitation	and	left	ventricular	dysfunction	in	patients	with	disease.	Data	from
the	Vascular	Quality	Initiative	database	evaluated	outcomes	in	patients	receiving
thoracic	 endovascular	 aortic	 repair	 (TEVAR)	 for	 chronic	 dissection.	 Overall,
rates	of	complications	were	 low	and	midterm	remodeling	observations	(eg,	sac
diameter)	appeared	 favorable;	however,	 long-term	data	 regarding	outcomes	are
still	lacking.65

Observational	 series	 of	 patients	 presenting	 with	 traumatic	 aortic	 disruption
have	 suggested	 alternative	 classification	 systems	 which	 may	 clarify	 imaging
characteristics	and	their	impact	on	interventional	decision-making.

Outpatient	Follow-Up	and	Medical	Therapy
Outpatient	 medications	 for	 patients	 should	 generally	 be	 oral	 long-acting
therapies	of	similar	classes	to	those	used	in	the	acute	setting.	Although	data	have
been	 mixed,	 there	 may	 be	 specific	 benefits	 to	 certain	 classes	 of	 agents	 for
patients	 with	 connective	 tissue	 disease.	 Patients	 should	 be	 advised	 to	 avoid
heavy	 lifting,	 Valsalva,	 or	 other	 activities	 that	 put	 undue	 stress	 on	 the	 aorta;
however,	moderate	cardiovascular	activity	should	be	encouraged.	Close	follow-
up	is	required	for	all	patients,	as	adverse	remodeling	may	occur	in	as	many	as	a
third	of	patients.	However,	achieving	high	 rates	of	 long-term	follow-up	can	be
challenging.	 Patients	 should	 be	 advised	 about	 screening	 recommendations	 for
family	members	and	the	role	of	genetic	testing	should	be	discussed.66

INTRAMURAL	HEMATOMA
Not	all	cases	of	apparent	aortic	dissection	 involve	communication	between	 the
true	 and	 false	 lumens	 via	 a	 tear	 in	 the	 intima.	 In	 1988,	 the	 first	 cases	 of	 an
“atypical”	 form	of	dissection	without	 intimal	 rupture	were	described.67	 IMH	 is
defined	as	 a	 spontaneous	collection	of	blood	within	 the	 aortic	media	 that	does
not	apparently	communicate	with	the	lumen.	The	natural	history	of	IMH	is	not
fully	 understood.	 It	 is	 thought	 that	 it	 may	 represent	 a	 predecessor	 of	 aortic
dissection	with	eventual	intimal	rupture.68

Both	classic	aortic	dissection	and	IMH	are	generally	associated	with	the	same
set	 of	 risk	 factors	 and	may	 be	 indistinguishable	 clinically.	Diagnostic	 imaging
studies,	notably	TEE,	CT	angiography,	or	MRI,	are	required	to	distinguish	them
(Figure	 194.3).	 Characteristic	 features	 include	 a	 crescentic	 or	 circumferential



thickening	 of	 the	 aortic	 wall	 indicating	 the	 presence	 of	 fresh	 thrombus.	 CT
imaging	with	 and	without	 contrast	 facilitates	diagnosis	 as	 the	hematoma	has	 a
higher	 tissue	density	 than	unenhanced	blood	on	noncontrast	CT	but	 is	without
enhancement	after	contrast	administration.	Consequences	of	untreated	IMH	have
traditionally	 suggest	 a	 similar	 risk	 for	 adverse	 outcomes	 as	with	 typical	 aortic
dissection;	however,	more	recent	data	sets	suggest	variable	outcomes.

	

Figure	 194.3 	 CT	 angiograms	 demonstrating	 the	 typical
appearance	 of	 a	 “classical”	 aortic	 dissection	 vs	 that	 of	 an	 aortic
intramural	 hematoma.Note	 the	 smooth	 crescentic	 thickening	 of	 the
wall	of	 the	ascending	aorta	 in	the	patient	with	intramural	hematoma
and	 the	 obvious	 intimal	 flap	 seen	 in	 the	 patient	 with	 the	 acute
dissection.	 CT,	 computed	 tomography.©	 Massachusetts	 General
Hospital	Thoracic	Aortic	Center.	Used	with	permission.

Epidemiology
IMH	occurs	among	a	minority	of	the	patients	presenting	with	an	apparent	aortic
dissection.	Acute	dissection	events	included	in	the	IRAD	were	found	to	be	due
to	 IMH	10%	of	 the	 time.	Serial	 imaging	of	 IRAD	patients	with	 IMH	revealed
that	16%	evolved	to	dissection	with	intimal	tear.68-70	Traditionally,	there	has	been
no	observed	difference	in	mortality	rates	for	typical	dissection	and	IMH.70	Some
reports,	 however,	 have	 suggested	 that	 patients	 with	 IMH	 may	 have	 better
survival	and	may	more	often	be	managed	more	conservatively	than	patients	with
dissection.	 An	 IRAD	 report	 of	 178	 patients	 with	 IMH	 noted	 an	 incidence
between	0%	and	25%	of	patients	presenting	with	acute	aortic	syndromes.67	The
descending	 thoracic	 aorta	 was	 involved	 more	 often	 (58%,	 42%,	 P	 <	 .001).67
Overall	outcomes	for	and	IMH	were	similar	to	those	for	dissection	in	the	same
anatomic	 distributions.	 IMH	 was	 associated	 with	 a	 higher	 rate	 of	 pericardial



effusions	and	periaortic	hematomas,	but	a	lower	incidence	of	pulse	deficits	and
aortic	regurgitation.	In-hospital	mortality	was	high	for	IMH	(26.6%)	and	higher
for	those	treated	medically	(40%)	compared	to	those	treated	surgically	(24.1%),
although	treatment	was	not	randomized.67

Although	the	risk	factors	and	clinical	presentations	of	classic	aortic	dissection
and	 IMH	 are	 indistinguishable,	 certain	 important	 differences	 are	 recognized.
Compared	to	 those	with	 typical	aortic	dissection,	patients	with	IMH	tend	to	be
older,	 tend	 to	have	more	atherosclerotic	disease,	and	are	more	 likely	 to	have	a
distal	 acute	 aortic	 syndrome;	 two-thirds	 of	 IMH	 cases	 are,	 in	 contrast	 with
typical	dissections,	65%	of	which	are	.

Long-term	follow-up	of	patients	with	IMH	reveals	that	the	hematoma	evolves
most	commonly	into	a	true	or	false	aortic	aneurysm,	especially	when	associated
with	PAU.	Up	to	45%	of	such	aneurysms	that	are	located	in	the	ascending	aorta
led	 to	 rupture.	 Spontaneous	 regression	 occurred	 in	 up	 to	 one-third	 of	 cases.
Regression	is	most	likely	with	IMH	that	 is	not	associated	with	increased	aortic
diameter	at	the	time	of	presentation.	Some	observational	data	suggest	that	IMH
may	have	a	more	benign	course	than	dissection.67,69,70	Clinical	and	radiographic
progression	of	IMH	is	more	likely	when	PAU	is	present	(Figure	194.4).	IMH	in
the	 absence	 of	 PAU	 appears	 to	 follow	 a	 more	 stable	 course,	 especially	 when
located	in	the	descending	thoracic	aorta.67,69,70

	

Figure	 194.4 	 CT	 angiogram	 of	 an	 acute	 penetrating
atherosclerotic	 ulcer,	 with	 corresponding	 pathologic	 specimen	 from
the	 patient	 after	 ascending	 aortic	 repair.Arrow	 shows	 penetrating
aortic	ulcer.	CT,	computed	tomography.

Etiology	and	Pathophysiology
There	are	two	proposed	mechanisms	by	which	an	IMH	may	form.	The	first	is	the
rupture	of	the	vasa	vasorum	in	the	aortic	wall,	which	may	be	the	result	of	medial



degeneration.	The	other	leading	mechanism	is	the	invasion	of	a	PAU	beyond	the
internal	 elastic	 lamina	 of	 the	 vessel,	 compromising	 the	 integrity	 of	 the	media.
Once	 in	 the	 media,	 this	 ulceration	 can	 lead	 to	 hematoma	 formation.	 Both	 of
these	events	could	ostensibly	be	at	work	simultaneously.	The	presence	of	small
degrees	of	intimal	disruption	in	patients	with	IMH	has	not	been	associated	with
higher	rates	of	subsequent	complications.20

Clinical	Manifestations
The	clinical	presentation	of	IMH	mirrors	that	of	typical	aortic	dissection,	and	the
two	cannot	be	reliably	distinguished	on	the	basis	of	clinical	criteria	alone.

Imaging
Because	 the	 clinical	 presentation	 of	 IMH	 can	 overlap	 with	 that	 of	 classic
dissection,	prompt	imaging	is	critical.	The	same	set	of	imaging	modalities	used
for	classic	aortic	dissection	is	used	to	image	IMH.

CXR	findings	associated	with	IMH	mirror	those	for	classic	aortic	dissection.
Affected	 patients	 may	 exhibit	 an	 abnormal	 aortic	 silhouette	 or	 a	 widened
mediastinum,	 but	 this	 finding	 is	 not	 as	well	 validated	 as	 in	 classic	 dissection.
Separation	of	intimal	calcium	from	the	aortic	border	may	also	be	visible.	These
are	merely	 associated	 findings;	 differentiation	 of	 IMH	 from	 classic	 dissection
requires	other	imaging	modalities.

TTE	does	not	allow	for	definitive,	reliable	diagnosis	of	IMH.	With	TEE,	IMH
may	appear	as	an	echogenic,	crescent-shaped	segment	of	aortic	wall.	This	is	not
a	definitive	diagnostic	modality,	as	the	thickened	wall	segment	can	be	difficult	to
distinguish	from	atherosclerotic	thickening	in	some	cases.

With	CT	scanning,	IMH	appears	as	a	crescent-shaped	thickening	of	the	aortic
wall,	 but	with	 a	normal-appearing	aortic	 lumen.	CT	 imaging	with	 and	without
contrast	 facilitates	 diagnosis	 as	 the	 hematoma	has	 a	 higher	 tissue	 density	 than
unenhanced	blood	on	noncontrast	CT	but	is	without	enhancement	after	contrast
administration.1,2	A	contrast	study	is	required	for	a	definitive	diagnosis.	The	most
important	 feature	 that	 distinguishes	 an	 IMH	 from	 a	 classic	 dissection	 is	 the
absence	 of	 contrast	 within	 the	 aortic	 wall.	 MRI	 allows	 for	 diagnosis	 of	 IMH
without	the	use	of	contrast.	The	intensity	of	the	hematoma	can	be	determined	by
the	signal	sequence.	Aortography	is	not	a	useful	method	for	evaluating	IMH,	as
the	sensitivity	for	identification	of	IMH	is	less	than	20%.



Management
As	is	the	case	for	management	of	typical	dissection,	early	imaging	and	surgical
consultation	are	the	central	components	of	the	management	of	a	patient	with	an
IMH,	which	can	be	a	 rapidly	progressive	disease.	Frequent	 reevaluation	of	 the
diseased	aortic	segment	may	also	be	warranted,	especially	if	the	patient	presents
with	 new	 hypotension	 or	 progressive	 symptoms.	 The	 most	 dangerous
consequence	 of	 IMH	 is	 continued	 expansion	 and	 progression	 to	 typical
dissection	 and/or	 aortic	 rupture.	 Although	 there	 remains	 some	 controversy
regarding	the	optimal	management	of	acute	IMH,	given	the	high-risk	nature	of
IMH	 in	 the	 ascending	 aorta,	management	 is	 generally	 similar	 to	 typical	 aortic
dissection:	surgery	for	syndromes	and	medical	management	for	syndromes.1,2,71

For	IMH,	medical	management	appears	to	be	the	consistently	validated	early
treatment	approach,	unless	a	surgical	indication	is	present.	Management	trends,
however,	 show	a	 shift	 to	more	 invasive	 treatment	and	away	 from	conservative
management.72	In-hospital	mortality	for	patients	in	the	IRAD	series	is	less	than
10%	 for	 patients	 receiving	 medical	 management.	 There	 may	 be	 a	 role	 for
prophylactic	 endovascular	 stent	 placement	 for	 patients	 with	 IMH	 who	 are
thought	 to	be	 in	 imminent	danger	of	hematoma	expansion	and	aortic	 rupture.73
Type	B	IMH	should	be	frequently	reassessed	and	reimaged	as	indicated,	as	these
patients	 are	 at	 increased	 risk	 for	 evolution	 into	 classical	 dissection	 or	 rupture.
Several	 studies	 have	 suggested	 that	 a	 small	 proportion	 of	 IMH	will	 resorb	 in
short-term	 follow-up,	 and	 this	 appears	 to	 be	 correlated	with	 smaller	 aneurysm
size	at	presentation.	However,	a	significant	proportion	of	patients	will	go	on	to
develop	 enlarging	 aortic	 aneurysm	 and/or	 pseudoaneurysm,	 classic	 aortic
dissection,	or	rupture.	The	role	of	endovascular	stents	is	evolving	similar	to	that
for	 dissection.	 Small	 series	 describe	 favorable	 morphologic	 results	 with	 spot
stenting;	however,	longer-term	data	confirming	the	benefits	of	this	approach	are
needed.74	 In	 addition,	 although	 improvements	 in	 technology	 and	 experiences
may	 lead	 to	 lower	 rates	 in	 the	 future,	 case	 series	describe	 technical	 challenges
and	 issues	 related	 to	 aortic	 arch	 anatomy	 in	 endovascular	 repair	 of	 PAU	with
complication	 rates	 of	 ∼27%	 in	 one	 series.75	 In	 addition,	 endovascular
intervention	for	PAU	with	or	without	IMH	has	been	described;	however,	stent-
induced	 reentry	 may	 be	 more	 likely	 to	 develop	 in	 that	 setting.76	 The	 use	 of
endovascular	stent	grafting	to	manage	a	complication	of	a	IMH	with	subsequent
dissection	 is	 demonstrated	 in	 Figure	 194.5.	 A	 summary	 of	 recommended
management	 strategies	 for	 patients	 with	 acute	 aortic	 dissection	 and	 IMH	 is
shown	in	Figure	194.6.



	

Figure	 194.5 	 A-C,	 Endovascular	 aortic	 stent	 grafts	 for
nonsurgical	management	of	Stanford	dissection.This	patient	 initially
presented	with	acute	dissecting	 IMH.	A,	 shows	a	 contrast-enhanced
(CT)	scan	of	the	chest	demonstrating	acute	intramural	hematoma	just
inferior	 to	 the	 pulmonary	 artery	 bifurcation	 with	 a	 circumferential,
crescentic	appearance	(H).	The	IMH	extended	from	just	distal	to	the
takeoff	 of	 the	 left	 subclavian	 artery	 down	 to	 the	 level	 of	 the	 celiac
axis.	B,	 shows	evidence	of	 active	hemorrhage	 into	 the	aortic	media
(M)	at	the	proximal	descending	thoracic	aorta.	C,	shows	a	follow-up
contrast-enhanced	chest	CT	of	the	same	patient	at	36	days	after	initial
presentation,	 with	 evidence	 of	 evolution	 of	 the	 IMH	 into	 a	 classic
dissection,	with	 true	 lumen	 (T)	and	 filling	of	 the	 false	 lumen	at	 the
same	level	in	the	proximal	descending	aorta	as	shown	in	(A).	D-F,	D,
shows	the	contrast-enhanced	chest	CT	scan	after	placement	of	a	stent
graft	 (S)	 in	 the	 proximal	 descending	 aorta	 at	 the	 site	 of	 presumed
communication	 between	 false	 and	 true	 lumen,	 demonstrating
complete	 exclusion	 of	 the	 hematoma.	 E,	 demonstrates	 a	 three-
dimensional	 reconstruction	of	 the	 contrast-enhanced	CT	scan	of	 the
aorta	 in	 the	 left	 anterior	 oblique	 view	 of	 the	 same	 patient	 36	 days
after	 initial	 presentation	 with	 extravasation	 of	 contrast	 (C)
(corresponding	 to	 the	 image	 in	 C),	 and	 F,	 shows	 the	 same	 left
anterior	 oblique	 view	 of	 the	 aorta	 status	 post	 endovascular	 stent



grafting	procedure	(S,	stent).	IMH,	intramural	hematoma.

	

Figure	194.6 	A	suggested	management	strategy	for	patients	with
suspected	 acute	 aortic	 syndrome.CT,	 computed	 tomography;	 ICU,
intensive	 care	 unit;	 IMH,	 intramural	 hematoma;	 MRI,	 magnetic
resonance	imaging;	TEE,	transesophageal	echocardiography.

Although	 experience	 has	 varied,	 management	 of	 IMH	 should	 proceed
according	 to	 the	principles	outlined	for	classic	dissection.	Specifically,	patients
with	 IMH	 should	 receive	 surgery.	 The	 natural	 history	 of	 IMH	 has	 been	 well
delineated.	Some	may	resorb	spontaneously,	while	others	go	on	to	evolve	classic
dissection,	false	aneurysm,	or	true	aneurysm	formation.

EXPANDING	AORTIC	ANEURYSM	AND
RUPTURE

Definition	and	Classification



An	aortic	aneurysm	is	broadly	defined	as	a	segment	of	the	aortic	lumen	whose
diameter	exceeds	1.5	times	the	normal	diameter	for	that	segment.1,2	The	normal
diameter	of	the	aorta	depends	on	location	with	normal	sizes	generally	considered
to	 be	 3	 cm	 in	 the	 thorax,	 2	 cm	 through	 the	 visceral	 segment	 to	 the	 iliac
bifurcation	 and	 then	 1	 cm	 for	 each	 iliac	 artery.	 The	 risk	 of	 aneurysm	 rupture
increases	 as	 a	 function	 of	 diameter.	 In	 addition,	 rupture	 risk	 is	 thought	 to	 be
higher	 for	 rapidly	 expanding	 aneurysms.	 Aneurysms	 are	 also	 classified
according	to	location	(eg,	thoracic	vs	abdominal),	morphology,	and	etiology.	All
segments	of	the	aorta	can	be	affected,	and	multiple	aneurysms	may	be	found	in	a
single	 patient.	 Up	 to	 13%	 of	 patients	 with	 an	 identified	 aortic	 aneurysm	 are
found	 to	 have	 multiple	 aneurysm;	 as	 such,	 for	 patients	 in	 whom	 a	 single
aneurysm	has	been	detected,	consideration	should	be	given	to	scanning	the	entire
aorta	for	additional	aneurysms.	In	the	general	population,	abdominal	aneurysms
are	 more	 common	 than	 thoracic	 aneurysms.	 Overall,	 aortic	 aneurysm	 is	 the
eighth	 leading	 cause	 of	 cardiovascular	 mortality	 and	 was	 estimated	 to	 have
caused	more	than	150,000	deaths	globally	in	2013.

The	most	commonly	encountered	aortic	aneurysm	morphology	is	fusiform—
specifically,	a	 symmetrical	dilatation	of	an	aortic	segment,	 involving	 the	entire
circumference	 of	 the	 vessel	 wall	 (Figure	 194.7).	 Aneurysms	 may	 also	 be
saccular,	or	may	involve	only	a	portion	of	the	vessel,	leading	to	an	asymmetric
dilatation.	It	is	also	important	to	distinguish	between	true	and	false	aneurysms:	a
true	 aneurysm	 involves	 all	 three	 layers	 of	 the	 vessel	 wall,	 whereas	 a	 false
aneurysm	is	typically	a	collection	of	blood	underneath	the	adventitia	or	outside
the	 vessel	 altogether.	This	 collection	 is	 frequently	 the	 result	 of	 a	 defect	 in	 the
aortic	 wall.	 The	 presence	 of	 a	 suspected	 saccular	 aneurysm	 deserves	 special
note,	 as	 it	 may	 actually	 represent	 a	 false	 aneurysm	 caused	 by	 a	 partially
contained	rupture	of	the	aortic	wall.



	

Figure	194.7 	CT	angiograms	of	 a	 fusiform	aneurysm	 (left-hand
panels,	with	dimensions)	and	a	saccular	aneurysm	(right-hand	panels,
white	arrows).CT,	computed	tomography.

Aortic	 aneurysms	 are	 frequently	 asymptomatic	 at	 the	 time	of	 diagnosis	 and
tend	 to	 be	 detected	 with	 tests	 ordered	 for	 other	 reasons.	 Indeed,	 an	 aortic
aneurysm	may	not	be	associated	with	any	symptoms	until	the	time	of	rupture.	As
the	 clinical	 presentations	 of	 ruptured	 thoracic	 and	 abdominal	 aortic	 aneurysms
(AAAs)	frequently	differ,	they	are	discussed	separately.

ANEURYSMS	OF	THE	THORACIC	AORTA

Epidemiology
The	 overall	 annual	 incidence	 of	 thoracic	 aortic	 aneurysm	 (TAA)	 is	 10	 per
100,000,	and	up	to	40%	of	all	patients	are	asymptomatic	at	the	time	of	diagnosis.
The	 risk	of	 aneurysm	 rupture	or	 dissection	 increases	 as	 a	 function	of	 size.	An
abrupt	 increase	 in	 risk	 has	 been	 noted	 at	 a	 diameter	 of	 6	 cm:	 for	 aneurysms
greater	than	6	cm,	the	rupture	rate	has	been	observed	to	be	∼3%	per	year.1,2	The
most	commonly	affected	segments	are	the	aortic	root	and	ascending	aorta;	60%



of	 observed	 cases	 involve	 these	 segments.	Aneurysms	of	 the	 descending	 aorta
account	for	40%	of	cases,	and	the	aortic	arch	accounts	for	10%.

The	surgical	treatment	strategy	for	asymptomatic	aortic	aneurysms	differs	on
the	basis	of	location,	size,	and	etiology:	for	an	aneurysm	of	the	aortic	root	or	the
ascending	aorta,	surgical	repair	is	indicated	for	a	diameter	of	5.5	cm	or	more	or
for	aneurysms	expanding	at	a	rate	>0.5	cm	per	year.1,2	Patients	who	by	nature	of
their	 underlying	 disease	 state	 are	 at	 increased	 risk	 of	 rupture,	 such	 as	 patients
with	Marfan	syndrome,	5	cm	(or	 less	 in	certain	cases,	 such	as	 in	patients	with
strong	 family	 histories	 for	 premature	 aortic	 dissection	 or	 rupture)	 is	 the
recommended	operative	threshold.22	For	patients	with	aneurysm	in	the	setting	of
bicuspid	aortic	valve	the	rate	of	dissection	or	rupture	at	diameters	below	5.0	cm
is	 low	 and	 a	 recent	 consensus	 statement	 suggested	 that	 using	 5.5	 cm	 was
reasonable	 although	 treatment	 at	 lower	 dimensions	 should	 be	 considered	 if
expanding	 rapidly	 or	 if	 valve	 surgery	 was	 warranted.77	 Endovascular	 aortic
repair	with	aortic	arch	vessel	revascularization	has	been	described	and	may	be	an
option	 in	 the	 future	 for	 patients	 at	 heightened	 surgical	 risk.	 In	 the	 descending
thoracic	aorta,	size	remains	the	principal	predictor	of	adverse	outcomes	with	low
rates	of	complications	at	sizes	below	5.0	to	5.5	cm.

For	patients	with	large	TAAs,	survival	without	surgical	repair	is	poor,	with	5-
year	survival	after	initial	identification	at	20%.	Rupture	occurs	in	32%	to	68%	of
patients	whose	TAAs	are	not	repaired	surgically.	Of	those	patients	whose	rupture
occurs	outside	a	hospital	setting,	it	is	thought	that	less	than	half	will	arrive	to	a
hospital	alive.	For	those	patients	who	survive	until	hospital	admission,	mortality
at	6	hours	is	54%.	At	24	hours,	mortality	without	surgery	is	76%.

Etiology	and	Pathophysiology
Multiple	 factors	 have	 been	 implicated	 for	 the	 formation	 of	 TAAs,	 including
atherosclerotic	disease,	specific	gene	defects,	and	infectious	processes.	In	many
cases,	a	central	pathophysiologic	process	is	medial	degeneration,	which	leads	to
the	 loss	 of	 elastic	 fibers	 and	 smooth	 muscle	 cells.	 This	 process,	 which	 is
frequently	correlated	with	aging,	causes	progressive	stiffening	and	weakening	of
the	 vessel	 wall,	 leading	 to	 progressive	 dilatation.	 Hypertension	 accelerates
dilatation	due	to	the	increase	of	wall	strain.

The	inciting	factors	that	lead	to	aneurysm	formation	influences	which	portion
of	 the	 aorta	 is	 affected	 and	 the	 age	 at	 which	 the	 abnormality	 tends	 to	 be
diagnosed.	 Aneurysms	 of	 the	 aortic	 root	 and	 ascending	 aorta	 are	 frequently
associated	with	inherited	defects	of	structural	genes	or	with	inflammation	caused
either	 by	 infection	 or	 by	 vasculitis.	 In	 general,	 aneurysms	 associated	 with



structural	genetic	mutations	tend	to	occur	at	a	younger	age,	in	some	cases	during
the	second	and	third	decades	of	life.23	Identified	connective	tissue	disorders,	such
as	Marfan	 and	 Ehlers-Danlos	 syndromes,	 have	 been	 established	 as	 causes	 for
aneurysms	of	this	portion	of	the	aorta.	These	syndromes	are	caused	by	deficits	in
fibrillin	 1	 and	 collagen,	 respectively.	 In	 addition,	 mutations	 of	 transforming
growth	 factor	 β	 (TGF-β)	 signaling	 have	 been	 associated	 with	 aneurysm	 and
dissection.	Mutations	 in	LRP1,	LOX,	FBN1,	ULK4,	ACTA2,	SMAD1,	 the	X-
linked	biglycan	gene,	and	other	genes	have	all	been	described	 in	 the	setting	of
dissection.23,78	The	specific	protein	deficits	lead	to	weakening	of	the	vessel	wall
due	 to	 medial	 necrosis	 with	 resultant	 ectasia.	 A	 growing	 body	 of	 evidence
reveals	 a	 hereditary	 syndrome	 (FTAAS)	 that	 does	 not	 lead	 to	 overt
manifestations	of	connective	tissue	disease	but	 is	associated	with	aneurysms	of
the	 ascending	 aorta.	 Multiple	 loci	 have	 been	 identified,	 but	 routine	 genetic
testing	for	this	spectrum	of	disorders	is	not	yet	available.	A	bicuspid	aortic	valve
is	also	associated	with	aneurysm	of	the	aortic	root/ascending	aorta.79,80	Dilation
of	 this	 segment	of	 the	 aorta	has	been	 shown	 to	be	due	 to	medial	degeneration
that	is	independent	of	the	potential	hemodynamic	effects	of	the	abnormal	valve.
An	acquired	defect	of	the	integrity	of	fibrillin	1	may	also	occur	in	some	of	these
patients.	 A	 growing	 body	 of	 evidence	 suggests	 that	 the	 enzymatic	 activity	 of
several	matrix	metalloproteinases	(MMPs)	may	play	a	central	role	in	the	loss	of
connective	 tissue	 integrity	 for	 patients	 with	 bicuspid	 aortic	 valve.23,81	 Turner
syndrome	is	associated	with	an	increased	incidence	of	bicuspid	aortic	valve,	as
well	as	with	aortic	coarctation	and	aneurysm	of	the	ascending	aorta.23

Ascending	aortic	aneurysm	may	also	be	caused	by	infectious	processes,	such
as	 bacterial	 aortitis	 or	 chronic	 spirochetal	 infection.	 Syphilis,	 once	 a	 common
cause	of	aneurysm	in	the	ascending	aorta	but	less	frequently	dissection,	is	now
rarely	 seen	 in	 the	 developed	 world.	 The	 aortitis	 caused	 by	 bacterial	 infection
leads	 to	both	fusiform	and	saccular	aneurysms.	 Inflammation-related	aneurysm
in	this	area	may	also	be	caused	by	vasculitic	processes,	most	notably	Takayasu
or	giant	cell	arteritis.	Although	typically	associated	with	stenotic	 lesions	of	 the
aorta	 or	 great	 vessels,	 Takayasu	 arteritis	 may	 present	 acutely,	 with	 the
development	of	aortic	aneurysms	that	are	associated	with	signs	of	systemic	and
focal	 aortic	 inflammation;	 in	 rare	 cases,	 patients	 with	 acute	 aortic	 dilatation
associated	 with	 Takayasu	 arteritis	 have	 suffered	 acute	 aortic	 rupture.	 Patients
with	 Takayasu	 arteritis	 are	 typically	 younger	 Asian	 females,	 who	 may	 show
involvement	of	the	pulmonary	arteries	as	well.	In	contrast,	aneurysms	associated
with	 giant	 cell	 arteritis	 are	 more	 frequently	 diagnosed	 in	 older	 Caucasian
females	 with	 prior	 polymyalgia	 rheumatica	 and/or	 symptomatic	 temporal
arteritis.



Aneurysms	of	 the	descending	aorta	 are	generally	 caused	by	atherosclerosis.
As	 such,	 these	 aneurysms	 are	 more	 commonly	 found	 in	 men	 and	 are	 not
frequently	 seen	 before	 the	 sixth	 decade	 of	 life.	 These	 aneurysms	 are	 found
beyond	the	branch	point	of	the	left	subclavian	artery	and	are	typically	fusiform.
Saccular	 aneurysms	may	be	 found	at	 the	 aortic	 isthmus	and	 are	 frequently	 the
result	of	rapid	deceleration	trauma.

A	 growing	 body	 of	 data	 suggest	 that	 exposure	 to	 fluoroquinolones	may	 be
associated	with	a	risk	of	aneurysm	and	more	rapid	aneurysm	growth	in	patients
with	 aneurysm.	 The	 hypothesized	 mechanism	 is	 altered	 MMP	 activity	 which
may	impact	connective	tissue.	Several	observational	data	sets	have	observed	an
association	 between	 fluoroquinolone	 use	 and	 aortic	 complications.82,83	 Such
observations	have	led	to	warnings	on	labels	for	drugs	in	this	class.	Whether	there
is	a	true	causative	role	is	unclear	with	a	recent	nested	case-control	study	of	over
21	 million	 individuals	 found	 that	 the	 risk	 of	 AAA	 and/or	 dissection	 was
increased	 with	 sepsis,	 particularly	 intra-abdominal	 sources;	 however,	 the	 risk
associated	with	fluoroquinolones	was	no	different	than	with	other	antibiotics.84

Clinical	Manifestations
Expanding	 aneurysms	 of	 the	 ascending	 and	 descending	 thoracic	 aorta	 produce
symptoms	 due	 to	 compression	 of	 neighboring	 thoracic	 structures	 and
compromise	 of	 aortic	 valve	 function	 (see	 later	 in	 the	 chapter).	 Compression
leads	to	chest	and	back	pain	in	as	many	as	37%	and	21%	of	cases,	respectively.
Specific	thoracic	structures,	when	compressed	by	the	aorta,	lead	to	distinct	signs
and	 symptoms,	 including	 superior	 vena	 cava	 syndrome,	 pulmonary	 symptoms
due	 to	 tracheal	 compression,	 or	 dysphagia	 due	 to	 esophageal	 compression.	 In
addition,	stretching	of	the	recurrent	laryngeal	nerve	may	lead	to	unilateral	vocal
cord	paralysis,	with	hoarseness	(Ortner	syndrome).

Symptoms	from	rupture	of	a	TAA	are	largely	related	to	mechanical	effects	of
blood	extending	into	adjoining	thoracic	spaces.	The	sudden	onset	of	acute	chest
or	back	pain	 is	 a	 common	 feature	of	 aneurysm	 rupture	 for	 all	 segments	of	 the
thoracic	 aorta.	 Perhaps	 the	most	 salient	 feature	 of	 this	 pain	 is	 the	 fact	 that	 its
maximal	 intensity	occurs	at	onset.	 In	patients	whose	aneurysms	have	produced
prior	symptoms,	the	pain	at	the	time	of	rupture	may	be	a	more	intense	form	of
the	 same	 sensation,	 often	 at	 the	 same	 location.	 The	 pain	 does	 not	 necessarily
have	a	tearing	quality,	as	is	often	the	case	with	dissection.

The	most	common	area	of	blood	flow	from	a	rupture	of	the	ascending	aorta	is
the	 left	 pleural	 space,	 followed	 by	 the	 intrapericardial	 space.	 Blood	 flow	 into
these	 areas	 lead	 to	 hemothorax	 and	 hemopericardium.	 Tamponade	 physiology



may	 be	 present.	 Rupture	 of	 the	 descending	 aorta	 can	 lead	 to	 erosion	 into	 the
esophagus;	 over	 time,	 an	 aortoesophageal	 fistula	may	 form,	 leading	 to	 severe
hematemesis.	No	matter	where	the	point	of	blood	egress	is	found,	rapid	loss	of
intravascular	 volume	 leads	 promptly	 to	 hypotension	 and	 shock	 if	 unrepaired.
Ancillary	 warning	 signs	 include	 decreased	 urine	 output	 and	 altered	 mental
status.

The	heart	examination	may	also	exhibit	distinct	abnormalities	with	expanding
aneurysm	 and	 rupture.	 Progressive	 dilatation	 of	 the	 aortic	 root	 may	 lead	 to
dilatation	of	the	valve	annulus	with	consequent	signs	of	aortic	regurgitation.	This
phenomenon	 is	 associated	 with	 a	 diastolic	 murmur	 heard	 best	 over	 the	 left
sternal	 border	 with	 the	 exception	 of	 aneurysms	 associated	 with	 ectasia	 of	 the
aortic	root,	such	as	syphilitic	aortitis,	where	 the	murmur	of	aortic	regurgitation
may	 be	 more	 noticeable	 along	 the	 right	 sternal	 border.	 Critical	 levels	 of
regurgitation	may	be	associated	with	 left-sided	heart	 failure.	This	murmur	may
be	 present	 in	 the	 absence	 of	 rupture.	 When	 rupture	 of	 one	 of	 the	 sinuses	 of
Valsalva	occurs,	the	murmur	may	be	continuous;	in	this	setting,	the	ruptured	area
may	communicate	with	a	cardiac	chamber,	such	as	the	right	atrium	or	ventricle.

In	 the	 context	 of	 acute	 rupture,	 the	 electrocardiography	 frequently	 shows
evidence	of	ventricular	“strain”	or	 ischemia.	Over	 time,	markers	of	myocardial
necrosis	 may	 be	 elevated	 as	 well.	 There	 is	 currently	 no	 widely	 available
biomarker	in	use	to	detect	vascular	injury	in	the	context	of	aneurysm	or	rupture.

Imaging
Aortic	 aneurysm	 may	 be	 visualized	 as	 a	 widened	 mediastinum	 on
anteroposterior	views.	Although	this	 technique	offers	 invaluable	 information,	 it
cannot	 be	 considered	 a	 definitive	 study.	 TTE	 allows	 for	 the	 evaluation	 of	 the
aortic	 root	 and	 ascending	 aorta.	 TEE	 is	 well	 suited	 to	 the	 evaluation	 of
potentially	 aneurysmal	 segments	 in	 the	 aortic	 arch	 and	 descending	 aorta.	 As
noted	 previously,	 perhaps	 the	 most	 important	 procedural	 drawback	 regarding
TEE	is	the	need	for	conscious	sedation,	which	may	be	difficult	to	administer	to	a
patient	who	is	hemodynamically	unstable.

CT	scanning	allows	for	evaluation	of	potentially	aneurysmal	segments	in	the
entire	aorta.	Contrast	CT	imaging	may	also	be	helpful	in	identification	of	areas
of	blood	extravasation	in	ruptured	aortic	aneurysms.	MRI	may	be	used	for	aortic
measurement	 and	 identification	 of	 aneurysmal	 segments	 without	 contrast.
Evaluation	of	blood	extravasation	with	MRI	is	possible	but	is	thought	to	be	less
sensitive	than	CT	with	contrast,	especially	for	slow	or	low-volume	extravasation.
Aortography	is	a	highly	sensitive	technique	for	assessing	extravasation.	The	use



of	this	technique	in	the	acute	setting	is	ordinarily	reserved	for	those	cases	where
neither	CT	scanning	nor	MRI	is	available.

Rupture	of	a	Thoracic	Aortic	Aneurysm:	Management
Rupture	of	a	TAA	is	a	surgical	emergency.	Open	repair	of	the	vessel	is	the	most
established	 repair	 technique.	 Typically,	 the	 procedure	 is	 performed	 with	 deep
hypothermic	circulatory	arrest.	The	of	repair	is	determined	by	the	location	of	the
rupture	and	the	presence	or	absence	of	aortic	valve	involvement.	Dacron	grafts
are	 generally	 placed	 to	 replace	 the	 diseased	 vessel	 segment,	 with	 various
strategies	 for	 aortic	 valve	 repair	 or	 replacement	when	 necessary.	 Recent	work
indicates	 that	 a	 less	 invasive	 form	 of	 repair,	 retrograde	 endovascular	 stent
placement,	may	be	useful	for	the	repair	of	aneurysms	of	the	descending	aorta.

Patients	with	aneurysm	of	both	ascending	and	descending	 segments	present
an	 additional	 challenge.	 Standard	 methods	 entail	 surgical	 replacement	 of
diseased	 segments	 in	 a	 “staged”	 fashion;	 however,	 newer	methods	 involving	 a
hybrid	approach	of	surgical	replacement	of	the	ascending	aorta,	with	subsequent
endovascular	therapy	of	the	distal	segments,	appear	promising.

It	may	be	that	a	particular	patient	presents	with	complaints	raising	concern	for
a	ruptured	aortic	aneurysm.	In	the	event	that	no	rupture	is	found,	and	the	patient
is	 hemodynamically	 stable,	 it	 is	 possible	 that	 expansion	 of	 the	 aneurysm	 is
responsible	 for	 the	 symptoms.	 In	 such	 a	 case,	 the	 focus	 of	 immediate	 clinical
treatment	 should	be	 to	decrease	 aortic	wall	 strain	 and	 systemic	blood	pressure
through	 the	 use	 of	 β-blockers	 in	 the	 context	 of	 a	 critical	 care	 setting.	 Prompt
surgical	consultation	plays	a	vital	role	in	the	continuing	care	of	these	patients.

ANEURYSMS	OF	THE	ABDOMINAL	AORTA

Epidemiology
AAAs	 are	 far	 more	 common	 than	 TAAs.	 The	 estimated	 prevalence	 of	 AAAs
ranges	between	1.3%	and	8.9%	in	men	and	between	1.0%	and	2.2%	in	women
older	 than	 60	 years.	Most	 cases	 are	 observed	 in	men	 older	 than	 55	 years	 and
women	 older	 than	 70	 years.	 AAAs	 have	 been	 found	 to	 be	 correlated	 with
smoking.	 Overall	 prevalence	 of	 abdominal	 aneurysms	 has	 risen	 substantially
over	the	past	30	years.	This	trend	has	been	linked	to	the	increased	prevalence	of
atherosclerosis,	 which	 is	 thought	 to	 be	 the	 major	 etiology	 responsible	 for



abdominal	 aneurysms.	 In	 addition,	 improvements	 in	 imaging	 technology	 have
increased	the	rate	of	detection.

Rupture	of	AAAs	is	estimated	to	cause	approximately	15,000	deaths	per	year
in	 the	 United	 States.	 The	 total	 mortality	 rate	 for	 patients	 with	 rupture	 ranges
from	 65%	 to	 85%.	 One	 prospective	 study	 revealed	 that	 25%	 of	 patients	 with
AAA	 rupture	 die	 before	 arriving	 at	 a	 hospital.	 Of	 those	 who	 arrived	 at	 the
hospital	alive,	51%	died	before	surgery.	Patients	who	did	have	surgery	sustained
a	46%	operative	mortality	rate.	Total	30-day	survival	rate	for	this	population	was
11%.	 Given	 the	 poor	 prognosis	 associated	 with	 rupture,	 elective	 repair	 is
recommended	 when	 possible.	 As	 is	 the	 case	 with	 TAAs,	 the	 risk	 of	 rupture
increases	as	a	function	of	aortic	diameter.

Etiology	and	Pathophysiology
Incidence	 of	 AAA	 is	 closely	 correlated	 with	 the	 presence	 of	 atherosclerotic
disease	 in	 the	 aorta.	 In	 general,	 the	 infrarenal	 segment	 of	 the	 aorta	 is	 most
heavily	 affected	 by	 atherosclerosis,	 and	 this	 is	 also	 the	 segment	 where	 most
abdominal	aneurysms	are	observed.	These	aneurysms	are	typically	fusiform,	but
saccular	aneurysms	may	also	be	found.

The	 risk	 factor	 most	 closely	 associated	 with	 abdominal	 aneurysms	 is
smoking,	 followed	 by	 age,	 hypertension,	 and	 hyperlipidemia.	 There	 is	 also	 a
strong	association	between	gender	and	abdominal	aneurysm	formation.	Family
history	of	AAA	is	associated	with	a	30%	increase	of	risk	for	AAA	formation,	but
there	are	not	yet	any	specific	genes	linked	with	this	finding.

Damage	to	the	vessel	wall,	caused	by	atherosclerotic	plaque,	has	been	shown
to	 cause	 local	 inflammation.	 This	 inflammatory	 process	 is	 thought	 to	 cause
degradation	 of	 extracellular	 matrix	 proteins,	 notably	 elastin	 and	 collagen.	 In
addition,	 it	 is	 thought	 that	 the	 proinflammatory	 cytokine	 milieu	 leads	 to	 cell
death	within	 the	vessel	wall.	Weakening	of	 the	vessel	wall	 follows,	potentially
accelerated	 by	 the	 action	 of	multiple	 proteases,	 including	MMP	 and	 cathepsin
L.81	There	is	some	speculation	that	MMP	polymorphisms	may	lead	to	a	change
in	 susceptibility	 to	 abdominal	 aneurysms,	 but	 there	 are	 no	 screening	 tests
currently	 available	 to	 the	 clinician.81	Hypertension	 increases	 the	wall	 strain	 on
the	weakened	vessel	wall,	 leading	 to	accelerated	expansion.	The	 full	effects	of
smoking	 on	 aneurysm	 formation	 and	 expansion	 are	 not	 known,	 but	 increased
atherosclerosis	and	hypertension	are	thought	to	be	contributors.

Aneurysms	 of	 the	 descending	 thoracic	 aorta	 tend	 to	 be	 caused	 by
atherosclerosis.	 These	 aneurysms	 often	 extend	 into	 the	 abdominal	 cavity,
superior	 to	 the	 renal	 arteries.	 Such	 aneurysms	 are	 referred	 to	 as



thoracoabdominal,	and	their	management	mirrors	the	management	of	aneurysms
in	the	abdominal	cavity.

Aneurysms	of	the	descending	thoracic	or	abdominal	aorta	may	also	be	caused
by	acute	bacterial	infections.	This	is	not	a	common	finding	but	tends	to	be	found
more	often	in	patients	who	are	IV	drug	users	or	who	have	traveled	recently	from
a	 country	 where	 exposure	 to	 typical	 organisms	 (Salmonella	 and	 Brucella)	 is
more	 likely	 to	 occur.	Chronic	 tuberculosis	 is	 rarely	 associated	with	 abdominal
aneurysms.	Syphilis	may	also	be	associated	with	abdominal	aneurysms,	but	it	is
more	commonly	associated	with	aneurysms	of	 the	ascending	aorta.	Connective
tissue	disorders,	such	as	Marfan	and	Ehlers-Danlos	syndromes,	do	not	typically
affect	 the	 abdominal	 aorta;	 however,	 some	 systemic	 inflammatory	 disorders,
notably	Takayasu	arteritis	or	Behcet	disease,	may	be	associated	with	abdominal
aneurysms.

Clinical	Manifestations
As	 is	 the	 case	 with	 thoracic	 aneurysms,	 most	 abdominal	 aneurysms	 are
asymptomatic	 and	 tend	 to	 be	 discovered	 when	 testing	 is	 performed	 for	 other
reasons.	Those	patients	who	do	have	aneurysm-related	complaints	tend	to	report
pain	in	the	hypogastric	area	and/or	pain	in	the	lower	back.	This	pain	is	caused	by
the	expansion	of	the	aneurysm	and	tends	to	last	for	hours	or	days	at	a	time	and	is
usually	dull	and	steady.	In	the	abdomen,	fewer	structures	tend	to	be	affected	by
the	 expanding	 aorta.	 The	 most	 common	 consequence	 of	 aortic	 expansion	 is
compression	of	the	ureter	or	kidney,	leading	to	hydronephrosis.

An	 episode	 of	 rupture	 tends	 to	 be	 announced	 by	 the	 sudden	 onset	 or	 an
increase	in	abdominal	and/or	back	pain.	The	most	notable	feature	of	this	pain	is
that	it	 is	at	its	maximum	at	the	time	of	onset.	Rupture	most	frequently	leads	to
blood	leakage	into	the	left	retroperitoneal	space.	These	patients	may	present	with
an	initial	episode	of	pain	associated	with	the	first	rupture,	followed	by	temporary
tamponade	 of	 the	 retroperitoneal	 space.	 A	 larger,	 life-threatening	 bleed
inevitably	 follows.	 Less	 frequently,	 the	 aneurysm	may	 erode	 into	 surrounding
structures,	most	notably	the	duodenum,	leading	to	formation	of	an	aortoduodenal
fistula	and	potentially	massive	gastrointestinal	(GI)	bleeding.

Physical	 examination	 of	 a	 patient	 with	 an	 AAA	 may	 reveal	 a	 palpable,
pulsatile	mass	in	the	midline.	This	mass	is	easiest	to	palpate	in	the	hypogastric	or
paraumbilical	 region.	The	sensitivity	of	 the	manual	examination	 is	 suboptimal:
82%	 for	 aneurysms	 5	 cm	 or	 greater.	 Furthermore,	 a	mass	may	 be	 difficult	 to
appreciate.	 Consequently,	 the	 absence	 of	 a	 pulsatile	 mass	 on	 physical
examination	should	not	be	interpreted	as	an	absence	of	aneurysm.	On	rupture	of



an	 abdominal	 aneurysm,	 most	 patients	 become	 hypotensive,	 tachycardic,	 and
diaphoretic.	 Patients	 may	 also	 exhibit	 signs	 of	 peritoneal	 irritation	 on
examination.	 As	 noted,	 the	 patient	 may	 also	 present	 with	 evidence	 of	 GI
bleeding.	Laboratory	analysis	may	reveal	evidence	of	elevation	in	d-dimer	or	an
elevation	 in	 cardiac	 biomarkers,	 due	 to	 demand-related	 myocardial	 ischemia.
The	 incidence	of	popliteal	aneurysm	 is	higher	among	patients	with	AAA,	so	a
careful	 popliteal	 pulse	 examination	 should	 be	 performed	 with	 ultrasound
imaging	where	abnormal.

Imaging
Transcutaneous	ultrasound	 is	a	noninvasive	and	 readily	available	 technique	 for
the	evaluation	of	 the	 abdominal	 aorta.	This	method	 is	 frequently	used	 to	 track
the	size	of	abdominal	aneurysms,	though	it	is	not	the	imaging	modality	of	choice
for	the	acute	aortic	syndromes.	Like	TTE,	abdominal	ultrasound	is	often	limited
by	body	habitus.	As	with	thoracic	aneurysms,	the	most	definitive	evaluations	are
provided	by	CT	scanning	and	MRI.	Aortography	may	provide	useful	information
regarding	 aortic	 aneurysm,	 but	 it	 is	 not	 the	 modality	 of	 choice	 in	 the	 acute
setting	unless	CT	scanning	and	MRI	are	not	available.

Rupture	of	an	Abdominal	Aortic	Aneurysm:	Management
Rupture	of	an	AAA	 is	a	 surgical	 emergency.	Open	 repair,	with	 replacement	of
the	 diseased	 segment	 with	 a	 Dacron	 graft,	 is	 the	 most	 established	 technique.
Intraoperative	 mortality	 after	 rupture	 is	 very	 high,	 as	 noted	 previously.
Retrograde	endovascular	stent	placement	is	a	promising	technique,	but	it	 is	not
yet	 in	 common	 use	 in	 the	 acute	 setting.	 Timely,	 but	 elective,	 surgical	 or
endovascular	 intervention	 based	 on	 size	 criteria,	 as	 assessed	with	 longitudinal
imaging,	is	the	most	effective	means	to	prevent	progression	to	rupture.

SUMMARY	OF	SELECTED	RECOMMENDATIONS
BASED	ON	PROFESSIONAL	SOCIETY
GUIDELINES
Due	 to	 the	 rarity	 and	 severity	 of	 acute	 aortic	 syndromes,	 there	 are	 few
randomized	 clinical	 trials	 that	 guide	 management.	 Recommendations	 adapted
from	the	AHA/ACC	guidelines	are	summarized.2



Topic Recommendation	(Class	I	Unless
Otherwise	Indicated) Guideline

Diagnostic
imaging

Measurements	of	aortic	diameter	should	be
taken	at	reproducible	anatomic	landmarks,
perpendicular	to	the	axis	of	blood	flow,	and
reported	in	a	clear	and	consistent	format.

AHA/ACC

Clinical
assessment

Providers	should	routinely	evaluate	any	patient
presenting	with	complaints	that	may	represent
acute	thoracic	aortic	dissection	to	establish	a
pretest	risk	of	disease	that	can	then	be	used	to
guide	diagnostic	decisions.	This	process	should
include	specific	questions	about	medical
history,	family	history,	and	pain	features	as	well
as	a	focused	examination	to	identify	findings
that	are	associated	with	aortic	dissection.

AHA/ACC

Diagnostic
testing

An	electrocardiogram	should	be	obtained	on	all
patients	who	present	with	symptoms	that	may
represent	acute	thoracic	aortic	dissection.	Given
the	relative	infrequency	of	dissection-related
coronary	artery	occlusion,	the	presence	of	ST-
segment	elevation	suggestive	of	myocardial
infarction	should	be	treated	as	a	primary
cardiac	event	without	delay	for	definitive	aortic
imaging	unless	the	patient	is	at	high	risk	for
aortic	dissection.	(Level	of	Evidence:	B)
The	role	of	chest	x-ray	in	the	evaluation	of
possible	thoracic	aortic	disease	should	be
directed	by	the	patient’s	pretest	risk	of	disease
as	follows:

a.	 Intermediate	risk:	Chest	x-ray	should	be
performed	on	all	intermediate-risk
patients,	as	it	may	establish	a	clear
alternate	diagnosis	that	will	obviate	the
need	for	definitive	aortic	imaging.	(Level
of	Evidence:	C)

AHA/ACC



b.	 Low	risk:	Chest	x-ray	should	be
performed	on	all	low-risk	patients,	as	it
may	either	establish	an	alternative
diagnosis	or	demonstrate	findings	that	are
suggestive	of	thoracic	aortic	disease,
indicating	the	need	for	urgent	definitive
aortic	imaging.	(Level	of	Evidence:	C)

Urgent	and	definitive	imaging	of	the	aorta
using	transesophageal	echocardiogram,
computed	tomographic	imaging,	or	magnetic
resonance	imaging	is	recommended	to	identify
or	exclude	thoracic	aortic	dissection	in	patients
at	high	risk	for	the	disease	by	initial	screening.
(Level	of	Evidence:	B)

Initial
management

Initial	management	of	thoracic	aortic	dissection
should	be	directed	at	decreasing	aortic	wall
stress	by	controlling	heart	rate	and	blood
pressure	as	follows:

a.	 In	the	absence	of	contraindications,	IV	β-
blockade	should	be	initiated	and	titrated	to
a	target	heart	rate	of	60	beats	per	minute	or
less.	(Level	of	Evidence:	C)

b.	 In	patients	with	clear	contraindications	to
β-blockade,	nondihydropyridine	calcium
channel–blocking	agents	should	be	used	as
an	alternative	for	rate	control.	(Level	of
Evidence:	C)

c.	 If	systolic	blood	pressures	remain	greater
than	120	mm	Hg	after	adequate	heart	rate
control	has	been	obtained,	then
angiotensin-converting	enzyme	inhibitors
and/or	other	vasodilators	should	be
administered	IV	to	further	reduce	blood
pressure	that	maintains	adequate	end-
organ	perfusion.	(Level	of	Evidence:	C)

d.	 β-Blockers	should	be	used	cautiously	in

AHA/ACC



the	setting	of	acute	aortic	regurgitation
because	they	will	block	the	compensatory
tachycardia.	(Level	of	Evidence:	C)

Interventional
management

Urgent	surgical	consultation	should	be	obtained
for	all	patients	diagnosed	with	thoracic	aortic
dissection	regardless	of	the	anatomic	location
(ascending	vs	descending)	as	soon	as	the
diagnosis	is	made	or	highly	suspected.	(Level
of	Evidence:	C)
Acute	thoracic	aortic	dissection	involving	the
ascending	aorta	should	be	urgently	evaluated
for	emergent	surgical	repair	because	of	the	high
risk	of	associated	life-threatening	complications
such	as	rupture.	(Level	of	Evidence:	B)
Acute	thoracic	aortic	dissection	involving	the
descending	aorta	should	be	managed	medically
unless	life-threatening	complications	develop
(eg,	malperfusion	syndrome,	progression	of
dissection,	enlarging	aneurysm,	inability	to
control	blood	pressure	or	symptoms).	(Level	of
Evidence:	B)

AHA/ACC
INSTEAD
Trial84

IMH It	is	reasonable	to	treat	IMH	similar	to	aortic
dissection	in	the	corresponding	segment	of	the
aorta.	(Class	IIa,	Level	of	Evidence:	C)

AHA/ACC

Family
screening
after	aortic
dissection

1.	 Aortic	imaging	is	recommended	for	first-
degree	relatives	of	patients	with	TAA
and/or	dissection	to	identify	those	with
asymptomatic	disease.	(Level	of	Evidence:
B)

2.	 If	the	mutant	gene	(FBN1,	TGFBR1,
TGFBR2,	COL3A1,	ACTA2,	MYH11)
associated	with	aortic	aneurysm	and/or
dissection	is	identified	in	a	patient,	first-
degree	relatives	should	undergo
counseling	and	testing.	Then,	only	the

AHA/ACC



relatives	with	the	genetic	mutation	should
undergo	aortic	imaging.	(Level	of
Evidence:	C)

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	is	true	regarding	aortic	dissection?

A. 	Diabetes	is	the	most	common	risk	factor
B. 	Incidence	is	1	per	100,000	person-years
C. 	Men	present	at	an	older	age	than	women
D. 	Two-thirds	of	patients	are	men

2. 	An	aortic	dissection	that	originates	in	the	ascending	aortal	and	extends
into	the	descending	segment	would	be	classified	as:

A. 	Stanford	and	DeBakey	1
B. 	Stanford	and	DeBakey	2
C. 	Stanford	and	DeBakey	1
D. 	Stanford	and	DeBakey	2

3. 	Traditional	management	pathways	for	aortic	dissections	are:

A. 	Medical	for	and,	unless	complicated
B. 	Surgical	for	and	endovascular	for
C. 	Surgical	for	and
D. 	Surgical	for	and	medical	for	unless	complicated

Answers

1.	The	correct	answer	is	D.
Rationale:	 A	 majority	 of	 patients	 in	 the	 International	 Registry	 of	 Aortic

Dissection	 (IRAD)	 were	 men	 (choice	 D	 is	 correct).	 Hypertension	 is	 the	 most
common	 risk	 factor	 (choice	 A	 is	 incorrect).	 Incidence	 is	 2.6	 to	 3.5	 cases	 per



100,000	 person-years	 (choice	 B	 is	 incorrect).	 Aortic	 dissection	 occurs	 less
commonly	in	women,	and	they	present	at	an	older	age	(choice	C	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	See	qFigure	194.1.

	

From	 Nienaber	 CA,	 Eagle	 KA.	 Aortic	 dissection:	 new	 frontiers	 in
diagnosis	 and	 management,	 part	 I:	 from	 etiology	 to	 diagnostic
strategies.	Circulation.	2003;108:628-635.	Figure	1.

3.	The	correct	answer	is	D.
Rationale:	Ascending	aorta	dissection	 is	highly	 lethal,	with	mortality	of	1%

to	2%	per	hour	after	symptoms	onset	and	50%	after	1	month,	so	there	should	be
immediate	 surgical	 repair	 for	 dissections.	 Uncomplicated	 descending	 aorta	 ()
dissections	are	 less	frequently	lethal,	 though	still	have	a	10%	30-day	mortality,
and	are	usually	managed	medically,	with	possible	stent	grafting	when	indicated.
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Chapter	195
Management	of	the	Cardiac	Arrest
Survivor
Michael	G.	Silverman,	Benjamin	M.	Scirica

KEY	POINTS:
1.	 Despite	advances	in	acute	cardiac	and	intensive	care,	outcomes

following	cardiac	arrest	remain	extremely	poor	with	in-hospital
mortality	ranging	from	50%	to	80%.

2.	 Perform	an	electrocardiogram	as	soon	as	possible	after	restoration
of	a	perfusing	rhythm	in	all	patients	with	cardiac	arrest.

3.	 Immediate	coronary	angiography	is	indicated	in	postarrest	patients	if
ST-segment	elevations	are	present	on	electrocardiography	(even	in
comatose	patients);	in	patients	without	ST-segment	elevation	(who
are	not	in	cardiogenic	shock	and	do	not	have	refractory	ventricular
arrhythmias),	coronary	angiography	can	be	deferred	and	performed
based	on	clinical	indication.

4.	 Temperature	control	after	cardiac	arrest	has	been	a	core	component
of	post–cardiac	arrest	care	since	2003.	Earlier	studies	suggested
that	mild	hypothermia	to	32°	to	36°C	for	at	least	24	hours	improved
neurologic	outcomes;	however,	recent	studies	have	demonstrated
that	enforced	normothermia—a	strategy	to	avoid	fever	and	maintain
a	temperature	of	≤37.5°C/≤99.5°F	for	at	least	72	hours—results	in
similar	neurologic	outcomes	as	mild	hypothermia	and	is	now
recommended	by	professional	societies.

5.	 Neuroprognostication	remains	one	of	the	most	challenging	aspects
of	postcardiac	care	and	requires	multimodality	testing	and
multidisciplinary	input	to	provide	the	most	accurate	estimate	of



neurological	recovery.
6.	 Comprehensive	post–cardiac	arrest	care	requires	a	multidisciplinary

coordination	including	invasive	and	noninvasive	cardiology,	critical
care,	and	neurology.

INTRODUCTION
1 	More	than	500,000	people	suffer	a	cardiac	arrest	(CA)	each	year	in	the	United
States.	Out-of-hospital	CA	(OHCA)	affects	almost	350,000	people	annually,	and
only	 10%	 to	 12%	 survive	 to	 hospital	 discharge.1	While	 survival	 has	 improved
over	the	last	several	years,	the	mortality	associated	with	CA	remains	extremely
high.2	 Among	 those	 with	 an	 OHCA	who	 survive	 to	 hospital	 presentation,	 the
mortality	 rate	 is	 almost	60%.	For	 the	nearly	210,000	people	who	 suffer	 an	 in-
hospital	CA	(IHCA)	each	year,	the	mortality	rate	approaches	75%.1

Although	 there	 are	 multiple	 causes	 of	 cardiac	 arrest,	 the	 hypoxemia,
ischemia,	 and	 reperfusion	 that	 arise	 during	 a	 CA	 and	 resuscitation	 lead	 to	 a
common	 pathophysiology	 of	 injury	 that	 often	 results	 in	 multisystem	 organ
dysfunction	and	neurologic	injury,	irrespective	of	the	precipitating	event.3	In	this
chapter,	we	will	discuss	the	general	approach	to	managing	patients	after	return	of
spontaneous	circulation	(ROSC)	following	CA.

THE	ROLE	OF	CORONARY	ANGIOGRAPHY
2 	 3 	 Acute	 coronary	 syndrome	 is	 a	 common	 cause	 of	 CA,	 and	 guidelines
recommend	performing	a	12-lead	electrocardiogram	(ECG)	as	soon	as	possible
following	 ROSC.3	 An	 observational	 analysis	 of	 post-CA	 patients	 taken	 for
coronary	 angiography	 demonstrated	 that	 almost	 all	 patients	 (96%)	 with	 ST
elevation	on	ECG	had	a	significant	coronary	artery	lesion.4	Several	observational
studies	have	reported	improved	outcomes	associated	with	coronary	angiography
in	 patients	 with	 ST	 elevation	 following	 OHCA.5-19	 Current	 guidelines
recommend	 emergent	 coronary	 angiography	 for	 patients	 with	 OHCA	with	 ST
elevation	on	an	ECG	(class	I	recommendation),	regardless	of	neurological	exam
on	presentation.3

3 	 In	 patients	without	 ST	 elevation	 on	 ECG,	 the	 role	 of	 emergent	 coronary
angiography	is	more	complicated.	A	nonrandomized	observational	analysis	from
the	PROCAT	registry	demonstrated	that	among	individuals	without	ST	segment



elevation	following	OHCA,	percutaneous	intervention	(PCI)	was	associated	with
improved	 outcomes.20	 In	 the	 Coronary	 Angiography	 after	 Cardiac	 Arrest
(COACT)	 trial,	 552	 comatose	 patients	 who	 had	 CA	 without	 signs	 of	 ST
elevation	 myocardial	 infarction	 (STEMI)	 were	 randomized	 to	 undergo
immediate	 coronary	 angiography	 or	 delayed	 coronary	 angiography	 (after
neurologic	 recovery	 known).21	 There	 was	 no	 difference	 between	 treatment
groups	 in	 survival	 at	 90	 days	 (64.5%	 in	 the	 immediate	 angiography	 arm	 and
67.2%	in	the	delayed	arm,	OR	0.89,	95%	CI	0.62-1.27,	P	=	.51)	and	in	any	other
clinical	outcomes.	Almost	2/3	of	patients	had	evidence	of	at	 least	single-artery
coronary	artery	disease;	however,	fewer	than	20%	had	an	acute	unstable	lesion
and	less	than	4%	had	an	acute	thrombotic	occlusion.	A	total	of	39.5%	patients	in
the	 immediate	 angiography	 and	 32.5%	 in	 the	 delayed	 group	 underwent	 some
form	 of	 revascularization.	 Importantly,	 individuals	 with	 shock	 or	 refractory
ventricular	arrhythmias	were	excluded	from	COACT.21	The	TOMAHAWK	trial
similarly	 randomized	 558	 comatose	 patients	 after	 CA	 without	 STEMI	 to
immediate	 coronary	 angiography	 or	 delayed/selective	 coronary	 angiography
with	 no	 difference	 between	 groups	 in	 30-day	mortality.22	 Current	 professional
society	 guidelines	 provide	 a	 class	 IIa	 recommendation	 that	 the	 decision	 to
proceed	 with	 coronary	 angiography	 should	 be	 made	 regardless	 of	 neurologic
status	 and	 that	 coronary	 angiography	 is	 reasonable	 for	 comatose	 individuals
following	 OHCA	 of	 suspected	 cardiac	 etiology	 but	 without	 ST-segment
elevation	in	the	setting	of	hemodynamic	or	electrical	instability.3	On	the	basis	of
COACT	and	TOMAHAWK,	it	is	reasonable	to	defer	coronary	angiography	until
after	 neurological	 prognostication	 for	 patients	 without	 STEMI	 who	 are
hemodynamically	and	electrically	stable.

HEMODYNAMIC	TARGETS
Hypotension	 is	 common	 following	 CA	 and	 is	 associated	 with	 worse
outcomes23,24;	however,	there	are	limited	randomized	clinical	trial	data	to	support
specific	 targets	 and	 the	 observational	 data	 are	mixed.	 Two	 small,	 randomized
trials	tested	targeting	a	mean	arterial	pressure	(MAP)	of	80	or	85	to	100	mm	Hg
compared	with	65	to	75	mm	Hg.	The	Carbon	dioxide,	Oxygen	and	Mean	arterial
pressure	After	Cardiac	Arrest	and	REsuscitation	 trial	enrolled	123	patients	and
found	 that	 targeting	 the	 higher	 MAP	 did	 not	 affect	 the	 primary	 endpoint	 of
neuron-specific	 enolase	 (NSE)	 concentration	 or	 neurological	 outcome.25	 In	 the
second	 study	 (n	 =	 112	 patients),	 targeting	 a	 higher	 MAP	 improved	 cerebral
oxygenation	 but	 did	 not	 affect	 anoxia	 as	 determined	 by	 imaging	 or	 clinical



outcomes.26	Both	of	these	studies	were	not	powered	to	detect	clinical	benefit.
Current	guidelines	 recommend	(class	 IIa)	 to	avoid	and	 treat	hypotension	by

targeting	a	systolic	blood	pressure	of	at	least	90	mm	Hg	and	a	MAP	of	at	least
65	 mm	 Hg,3	 but	 do	 not	 otherwise	 provide	 specific	 blood	 pressure	 targets.
Similarly,	 due	 to	 a	 lack	 of	 data,	 current	 professional	 society	 guidelines	 do	 not
provide	 definitive	 recommendations	 regarding	 other	 hemodynamic	 measures.
Observational	studies	evaluating	MAP	goals	>65	mm	Hg	up	to	>90	mm	Hg27-29
have	not	revealed	a	difference	in	cerebral	tissue	oxygenation	in	individuals	with
a	MAP	of	70	mm	Hg	vs	a	MAP	of	90	mm	Hg.29	Therefore,	a	MAP	goal	of	70	to
75	 may	 be	 reasonable.30	 Given	 the	 potential	 vasodilation	 from	 the	 post-CA
inflammatory	 state,	 targeting	 a	 central	 venous	 pressure	 greater	 than	 10	 to
12	mm	Hg	is	reasonable	to	help	prevent	hypotension	and	decrease	vasopressor
requirements.31

TEMPERATURE	CONTROL	AFTER	CARDIAC
ARREST
4 	 Among	 individuals	 with	 ROSC	 following	 CA,	 neurologic	 mortality	 and
morbidity	is	substantial.	Roughly	80%	of	patients	with	ROSC	remain	comatose32
and	 many	 of	 the	 deaths	 are	 attributed	 to	 neurological	 injury.33	 Since	 2003,
temperature	control	after	cardiac	arrest	has	been	a	core	therapeutic	component	of
post-CA	 care	 and	 is	 believed	 to	 improve	 neurologic	 outcomes	 by	 reducing
hypoxic	ischemic	brain	injury.	As	described	below,	the	initial	studies	compared	a
strategy	 of	 no	 temperature	 management	 compared	 to	 a	 strategy	 of	 targeted
temperature	management	(mild	hypothermia	to	32°	to	36	°C	for	at	least	24	hours
post	arrest).	Figure	195.1	describes	the	phases	of	TTM.	More	recent	studies	now
suggest	 that	 enforced	normothermia—a	 strategy	 to	 avoid	 fever	 and	maintain	 a
temperature	of	≤37.5°C/≤99.5°F	for	at	least	72	hours—yields	similar	neurologic
outcomes	as	TTM	to	32°	to	36	°C,	and	is	therefore	the	strategy	recommended	by
professional	societies.34



	

Figure	 195.1 	 Phases	 of	 targeted	 temperature	 management.
(Adapted	 from	 Scirica	 BM.	 Therapeutic	 hypothermia	 after	 cardiac
arrest.	Circulation.	2013;127:244-250.)

In	parallel,	 the	most	 recent	guidelines	suggest	 replacing	 the	 term	TTM	with
language	to	describe	more	accurately	the	strategy	of	temperature	control:34

Temperature	control	with	hypothermia:	Active	temperature	control	with	the
target	temperature	below	the	normal	range.
Temperature	control	with	normothermia:	Active	temperature	control	with	the
target	temperature	in	the	normal	range.
Temperature	control	with	fever	prevention:	Monitoring	temperature	and
actively	preventing	and	treating	temperature	above	the	normal	range.
No	temperature	control:	No	protocolized	active	temperature	control	strategy.

Indications	for	Temperature	Control
Two	 randomized	 clinical	 trials	 published	 in	 2002	 led	 to	 the	 initial	 adoption	of
therapeutic	 hypothermia	 (TH)	 following	 OHCA.35,36	 Both	 studies	 included
comatose	 patients	 with	 ROSC	 following	 a	 ventricular	 fibrillation	 OHCA.
Patients	were	randomized	to	either	cooling	to	a	temperature	between	32	and	34
°C	 over	 12	 to	 24	 hours,	 or	 no	 temperature	 management	 at	 all.	 Both	 trials
demonstrated	significantly	 improved	outcomes,	with	very	 low	numbers	needed
to	treat	(roughly	6)	for	both	improved	survival	and	neurologic	outcomes.37

The	TTM	 trial,38	 a	 randomized	 clinical	 trial	 of	 temperature	management	 in
939	 patients	 following	 OHCA,	 randomized	 all	 individuals	 to	 1	 of	 2	 actively
managed	 temperatures:	 33	 vs	 36	 °C	 for	 28	 hours,	 at	 which	 time	 gradual
rewarming	 (0.5	 °C/h)	 was	 initiated.	 At	 6	 months	 of	 follow-up,	 there	 was	 no
difference	 in	mortality	 (50%	 in	 the	 33	 °C	 group	 vs	 48%	 in	 the	 36	 °C	 group,



P	=	.51)	or	in	rates	of	poor	neurologic	outcome	(52%	for	each	group,	P	=	.87).
Importantly,	 nearly	 20%	 of	 individuals	 in	 the	 TTM	 trial	 had	 an	 initial
nonshockable	 rhythm.	The	similar	outcomes	between	 treatment	strategies	were
observed	for	all	important	subgroups	of	patients	(eg,	shockable	vs	nonshockable
rhythms,	 time	 to	 return	 of	 normal	 circulation,	 age).	 The	 Therapeutic
Hypothermia	after	Cardiac	Arrest	in	Non-shockable	Rhythm	(HYPERION)	trial
was	the	first	adequately	powered	randomized	trial	(n	=	581)	to	test	TTM	(33	vs
37	°C)	in	CA	from	nonshockable	rhythms,	and	was	the	first	randomized	study	to
include	patients	with	an	IHCA	demonstrating	improved	neurological	outcome	in
this	cohort.39

The	 current	 American	 Heart	 Association3	 and	 European	 Resuscitation
Council40	guidelines	 recommend	 the	use	of	TTM	in	all	 comatose	patients	with
ROSC	following	CA	(Table	195.1).	This	recommendation	includes	OHCA	with
shockable	and	nonshockable	 rhythms,	as	well	 as	 all	 individuals	with	an	 IHCA
regardless	of	rhythm.3

TABLE	195.1

International	Liaison	Committee	on	Resuscitation	(ILCOR)
International	Consensus	on	Cardiopulmonary
Resuscitation	and	Emergency	Cardiovascular	Care
Science	With	Treatment	Recommendations	(CoSTR)	for
Temperature	Control	after	Cardiac	Arrest34

We	suggest	actively	preventing	fever	by	targeting	a	temperature	≤37.5	°C
for	patients	who	remain	comatose	after	ROSC	from	cardiac	arrest	(weak
recommendation,	low-certainty	evidence).
Whether	subpopulations	of	cardiac	arrest	patients	may	benefit	from
targeting	hypothermia	at	32	°C	to	34	°C	remains	uncertain.
Comatose	patients	with	mild	hypothermia	after	ROSC	should	not	be
actively	warmed	to	achieve	normothermia	(good	practice	statement).
We	recommend	against	the	routine	use	of	prehospital	cooling	with	rapid
infusion	of	large	volumes	of	cold	intravenous	fluid	immediately	after
ROSC	(strong	recommendation,	moderate-certainty	evidence).
We	suggest	surface	or	endovascular	temperature	control	techniques	when
temperature	control	is	used	in	comatose	patients	after	ROSC	(weak



recommendation,	low-certainty	evidence).
When	a	cooling	device	is	used,	we	suggest	using	a	temperature	control
device	that	includes	a	feedback	system	based	on	continuous	temperature
monitoring	to	maintain	the	target	temperature	(good	practice	statement).
We	suggest	active	prevention	of	fever	for	at	least	72	hours	in	post–cardiac
arrest	patients	who	remain	comatose	(good	practice	statement).

Initiation	of	Temperature	Control
The	optimal	 timing	 for	 initiation	 of	 temperature	 control	 and	 the	 time	 to	 target
temperature	remain	uncertain.	Observational	data	from	clinical	studies	and	data
from	 experimental	 studies	 in	 animals	 suggest	 worse	 outcomes	 with	 delayed
initiation	of	temperature	control.	Given	these	findings,	there	has	been	interest	in
the	potential	for	prehospital	initiation	of	temperature	control.	However,	Kim	et	al
demonstrated	that	prehospital	cooling	with	cold	saline	did	not	lead	to	improved
survival	or	neurologic	outcomes,	and,	rather,	was	associated	with	higher	rates	of
pulmonary	edema	and	rearrest.41	The	detrimental	effects	of	iced	saline	infusions
were	confirmed	by	the	RINSE	trial,	which	found	that	early	infusion	of	up	to	2	L
of	 iced	 saline	decreased	 the	 chance	of	 successful	ROSC.42	As	 a	 result,	 current
guidelines	recommend	against	 the	routine	 initiation	of	prehospital	cooling	with
cold	 fluids.	 Therefore,	 it	 seems	 reasonable	 to	 initiate	 temperature	 control	 in
eligible	patients	as	soon	as	possible	on	hospital	arrival	using	ice	packs,	standard
cooling	 blankets,	 or	 intravenous	 or	 surface	 cooling	 devices.	 The	 need	 for
invasive	 coronary	 angiography	 should	 not	 delay	 initiation	 of	 temperature
control,	as	the	use	of	temperature	control	during	invasive	coronary	angiography
and	PCI	is	both	safe	and	feasible.4,17,43

Target	Temperature
The	initial	trials	of	hypothermia	from	2002	targeted	a	goal	temperature	of	32	to
34	and	33	°C.35,36	Since	that	time,	a	series	of	well	conducted	randomized	clinical
trials	testing	different	temperature	control	strategies	for	different	populations	has
provided	important	information	regarding	optimal	temperature	control	strategies
postarrest.	The	most	important	studies	are	summarized	below.

TTM	Trial	(2013)
The	 TTM	 trial,	 first	 mentioned	 in	 a	 preceding	 section,	 randomized	 comatose



patients	post-CA	from	a	presumed	cardiac	cause	to	a	TTM	strategy	of	33	vs	36
°C	 for	 28	 hours.38	 The	 primary	 endpoint	 of	 all-cause	 mortality	 did	 not	 differ
between	 treatment	 arms;	 nor	 did	 secondary	 outcomes	 of	 6-month	 cerebral
performance	 category	 (CPC)	 or	 modified	 Rankin	 scale.	 Moreover,	 the	 results
were	 similar	 in	 all	 relevant	 subgroups.	 It	 is	 crucial	 to	 recognize	 that	 the	 trial
tested	 two	 active	 temperature	 management	 interventions	 (33	 vs	 36	 °C)	 rather
than	 active	 vs	 no	 temperature	 control.	 Accordingly,	 the	 2015	American	Heart
Association	 (AHA)	Resuscitation	Guidelines	 recommended	 a	 strategy	of	TTM
for	24	hours	with	a	target	temperature	between	32	and	36	°C	for	all	resuscitated
comatose	patients	following	CA.44

HYPERION	(2019)
The	 HYPERION	 trial	 randomized	 comatose	 patients	 after	 CA	 with
nonshockable	 rhythm	 to	 a	 temperature	 goal	 of	 33	 °C	 vs	 37	 °C.	 The	 most
common	 initial	 rhythm	 was	 asystole	 in	 nearly	 80%	 of	 patients,	 and	 27%	 of
patients	 had	 an	 IHCA.	 The	 strategy	 of	 33	 °C	 improved	 the	 primary	 outcome
(favorable	 neurologic	 outcome	 [CPC	 1	 or	 2]	 at	 90	 days)	 compared	 to	 37	 °C
(10.2%	vs	5.7%,	difference	4.5%	[95%	CI	0.1%-8.9%],	P	=	.04),	although	there
was	no	difference	in	the	secondary	endpoint	of	all-cause	mortality.39

TTM2	(2021)
The	 Targeted	 Hypothermia	 vs	 Targeted	 Normothermia	 after	 Out-of-Hospital
Cardiac	Arrest	(TTM2)	trial	extended	the	hypothesis	of	the	original	TTM	trial	by
testing	 a	 temperature	 control	 strategy	of	 33	 °C	vs	 targeted	normothermia	with
early	 treatment	 of	 fever	 (≥37.8	 °C)	 in	 1850	 patients	 with	 CA	 of	 presumed
cardiac	 or	 unknown	 cause,	 of	 whom	¾	 presented	 with	 a	 shockable	 rhythm.45
There	was	no	difference	in	the	primary	outcome	of	6-month	all-cause	mortality
between	the	randomized	treatment	groups	(50%	vs	48%,	relative	risk	1.04,	95%
CI	0.94-1.14,	P	=	 .37)	or	 in	any	of	 the	secondary	neurological	outcomes	or	of
these	endpoints	among	prespecified	subgroups	based	on	the	initial	rhythm,	age,
sex,	time	to	ROSC,	or	shock	on	presentation.

Observational	Studies	of	Temperature	Selection
The	publication	of	the	original	TTM	trial	and	the	updated	guidelines	resulted	in
clinicians	choosing	a	range	of	target	temperatures	in	post-CA	patients	with	some
regions	 and	 institutions	 transitioning	 entirely	 to	 36	 °C.	 Several	 observational



studies	 leveraging	 this	 “natural	 experiment”	 have	 subsequently	 evaluated	 the
association	between	change	in	targeted	temperature	and	mortality.	The	largest	of
these	studies	 included	16,250	patients	 from	Australia	and	New	Zealand,	where
the	 36	 °C	 target	was	 rapidly	 adopted	 after	 the	 publication	 of	 the	 TTM	 trial.46
They	found	that	between	2005	and	2013	(when	33	°C	was	the	target)	in-hospital
mortality	 decreased	 by	 1.3%	 per	 year	 (99%	 CI,	 −1.8%	 to	 −0.9%),	 but	 then
increased	 by	 0.6%	 per	 year	 (99%	 CI,	 −1.4%	 to	 2.6%)	 from	 2014	 until	 2016
(change	 in	 slope	 1.9%).	 In	 another	 study	 among	782	patients	 from	 the	United
States,	 a	 strategy	 of	 temperature	 control	 at	 at	 33	 °C	 was	 associated	 with
increased	odds	of	neurologically	intact	survival	(OR	1.79,	95%	CI	1.09-2.94)	but
not	in	mortality.47

Synthesis
How	 can	 these	 studies	 be	 reconciled?	 One	 of	 the	 most	 important	 and
distinguishing	 features	of	 each	 randomized	 study	 is	 the	patient	population	 that
was	 enrolled.	 The	 TTM2	 trial	 included	 a	 high	 proportion	 of	 patients	 with	 an
initial	 shockable	 rhythm	 (almost	 75%)	 and	 only	 13%	 asystole.	 Over	 90%	 of
patients	had	a	witnessed	arrest	and	80%	received	bystander	CPR.	The	initial	pH
was	7.2	 and	ultimately	overall	 survival	was	near	50%.	The	original	TTM	 trial
had	similar	baseline	characteristics.	In	contrast,	HYPERION	included,	by	intent,
only	 those	 patients	with	 nonshockable	 rhythms	 of	whom	 the	majority	were	 in
asystole.	Overall	 survival	 in	 this	 study	was	 only	 17%,	 far	 lower	 than	TTM	or
TTM2.	 Furthermore,	 even	 within	 each	 study,	 there	 was	 a	 spectrum	 of
neurological	 injury.	 One	 potential	 explanation	 for	 reconciling	 these	 different
results	 is	 that	 the	 benefit	 of	 targeting	 specific	 lower	 temperature	 goals	 may
depend	on	the	initial	severity	of	neurological	injury.

Two	 additional	 large	 observational	 studies	 support	 a	 hypothesis	 that	 the
benefit	of	specific	target	temperatures	is	dependent	on	the	degree	of	neurological
injury.48,49	A	single	center	cohort	study	of	1319	patients	found	that	 temperature
control	to	33	°C	was	associated	with	better	survival	than	36	°C	in	patients	with
the	most	severe	post–CA	illness	but	without	severe	cerebral	edema	or	malignant
EEG	findings	(suggesting	irreversible	brain	injury).48	But	in	patients	with	mild	to
moderate	 injury	 (based	 on	 coma	 and	 organ	 dysfunction	 scales),	 36	 °C	 was
associated	with	better	survival.	Similarly,	a	multicenter	observational	study	in	an
OHCA	 registry	 from	 the	 Japanese	 Association	 for	 Acute	 Medicine49
demonstrated	 that	 in	1111	post	CA	patients	 treated	with	 temperature	control,	 a
lower	target	temperature	(33-34	°C)	was	associated	with	better	outcomes	than	a
higher	target	temperature	(35-36	°C)	in	patients	with	moderate	injury,	but	not	in



patients	with	mild	or	severe	injury	(Figure	195.2).

	

Figure	 195.2 	 Association	 between	 targeted	 temperature	 and
outcomes	according	to	illness	severity.(From	Nishikimi	M,	Ogura	T,
Nishida	 K,	 et	 al.	 Outcome	 related	 to	 level	 of	 targeted	 temperature
management	 in	 postcardiac	 arrest	 syndrome	 of	 low,	 moderate,	 and
high	 severities:	 a	 nationwide	 multicenter	 prospective	 registry.	 Crit
Care	Med.	2021;49:e741-e750.)

Although	these	observational	studies	provide	data	supporting	selective	use	of
lower	 temperature	 targets,	 the	 risk	 of	 bias	 and	 residual	 confounding	 in
nonrandomized	studies	limits	the	strength	of	their	conclusions.	The	Influence	of
Cooling	 duration	 on	 Efficacy	 in	 Cardiac	 Arrest	 Patients	 study
(https://siren.network/clinical-trials/icecap;	 NCT04217551)	 is	 testing	 the
efficacy	of	different	durations	of	temperature	control	at	33	°C.	This	randomized,
response-adaptive,	 duration	 (dose)	 finding	 study	 will	 test	 different	 durations
(from	6-72	hours)	of	temperature	control	at	33	°C	in	up	to	1800	patients	across
multiple	 sites	 throughout	 the	United	States.	The	 results	 of	 this	 study	will	 help
shed	 further	 light	 into	 the	 role	 of	 temperature	 control	 after	 cardiac	 arrest	 in
patients	who	remain	comatose	following	resuscitated	OHCA.

4 	 As	 already	 described,	 current	 professional	 society	 guidelines	 recommend
actively	preventing	fever	by	 targeting	a	 temperature	≤37.5	°C	for	patients	who

https://siren.network/clinical-trials/icecap


remain	comatose	after	ROSC	from	cardiac	arrest.34	The	temperature	range	in	the
guideline	recognizes	uncertainty	regarding	the	hypothesis	that	some	individuals
may	benefit	from	greater	degrees	of	hypothermia,	whereas	others	may	be	at	an
increased	risk	of	complications	at	lower	temperatures	(such	as	bradycardia),	and
thus	can	be	effectively	treated	at	a	more	moderate	target	temperature.

Method	of	Cooling
Several	methods	for	cooling	have	been	used	for	temperature	control.	Traditional
methods	 have	 included	 cold	 intravenous	 fluid	 and	 ice	 packs.	 Surface	 cooling
methods	such	as	blankets	and	gel	pads	with	circulating	cold	water	are	one	of	the
most	common	methods	for	temperature	control.	Intravascular	methods	also	exist
that	function	via	heat	exchange.50	An	intranasal	approach	has	also	been	used	in
the	 intra-arrest	 setting.51	Although	 these	 strategies	 appear	 to	 result	 in	 different
rates	 of	 achieving	 and	 maintaining	 target	 temperature,	 to	 date,	 no	 particular
method	 has	 been	 associated	 with	 better	 outcomes.52	 As	 mentioned	 above,
intravenous	iced	saline	should	not	be	used	in	the	prehospital	setting.	Even	with	a
strategy	 of	 enforced	 normothermia,	 a	 large	 proportion	 of	 patients	 will	 still
require	active	temperature	control	to	prevent	fevers.	We	therefore	recommend	a
strategy	 of	 temperature	 control	 with	 normothermia	 which	 entails	 active
temperature	 control	 with	 the	 target	 temperature	 in	 the	 normal	 range	 by
preemptively	placing	cooling	blankets	or	a	surface	temperature	control	system	in
all	patients	after	cardiac	arrest.

Routine	Care	during	Targeted	Temperature	Management

Sedation,	Analgesia,	and	Shivering
Sedation	 and	 analgesia	 are	 an	 integral	 part	 of	 temperature	 control	 with
hypothermia	 until	 the	 patient	 has	 returned	 to	 normothermia.30	 All	 patients
undergoing	 temperature	 control	 with	 hypothermia	 should	 receive	 appropriate
sedation	 and	 analgesia,	 typically	 a	 low	dose,	 continuous	 infusion.	Between	 35
and	 37	 °C,	 shivering	 occurs	 frequently	 as	 a	 physiologic	 reaction.	 Shivering
slows	 the	 time	 to	 target	 temperature	 and	 increases	 metabolic	 activity;	 so	 it
should	 be	 treated	 aggressively.	 Blankets	 and	 a	 hot	 air	 warmer	 are
nonpharmacological	 methods	 to	 prevent	 and	 treat	 shivering.	 A	 bolus	 of
intravenous	magnesium	 can	 also	 help	 raise	 the	 shivering	 threshold.	 Increasing
analgesia	and	sedation	can	also	reduce	shivering.	If,	however,	shivering	persists



after	 these	 measures,	 neuromuscular	 blockade	 can	 be	 effective.	 Use	 of
neuromuscular	blockade	may	be	selective	or	continuous.	Two	small	randomized
controlled	 trials	 have	 evaluated	 the	 impact	 of	 continuous	 neuromuscular
blockade	 vs	 usual	 care	 in	 patients	 undergoing	 temperature	 control	 with
hypothermia	post-CA.53,54	Neither	study	showed	any	significant	difference	in	the
primary	outcome	of	 lactate	clearance	or	any	other	clinical	outcomes.	However,
neither	of	these	studies	were	powered	to	detect	a	difference	in	clinical	outcomes.
If	 a	 patient	 is	 not	 cooling	 at	 a	 rate	 of	 1	 °C/h,	 then	 an	 empiric	 bolus	 of	 a
neuromuscular	blockade	may	help	reduce	subclinical	shivering	and	achieve	the
target	temperature	more	quickly.

Seizure	Surveillance
The	evaluation	and	management	of	potential	seizures	is	another	key	component
of	neurologic	care	post-CA,	as	up	to	12%	to	22%	of	patients	following	CA	will
have	seizure	activity.3,44	Nonconvulsive	status	epilepticus	is	a	potential	reason	for
patients	not	to	regain	consciousness	and	can	be	associated	with	secondary	brain
injury.	 In	addition	 to	potentially	 further	 injuring	 the	brain,	 seizure	activity	also
carries	 a	 poor	 prognosis.	 Therefore,	 it’s	 important	 to	 recognize	 and	 manage
nonconvulsive	 status	 epilepticus.	 Frequent	 or	 continuous	 EEGs	 are
recommended	in	all	comatose	patients	with	ROSC	following	CA.

Ventilation	and	Oxygenation
Management	 of	mechanical	 ventilation	 is	 an	 important	 component	 of	 post-CA
care.	Ventilation	should	be	targeted	to	maintain	a	PaCO2	in	the	normal	range	(35-
45	mm	Hg).	Hypocapnia	has	been	associated	with	decreased	cerebral	perfusion29
and	worse	outcomes	in	observational	studies.55,56	Similarly,	oxygenation	should
be	 targeted	 within	 a	 range	 to	 avoid	 episodes	 of	 hypoxia	 (PaO2	 less	 than
60	mm	Hg)	as	well	as	hyperoxia	(PaO2	greater	than	300	mm	Hg),	with	current
AHA	 recommendation	 to	 titrate	 FiO2	 to	 maintain	 oxygen	 saturation	 between
92%	and	98%.3

Hyperglycemia
Hypothermia	 decreases	 pancreatic	 insulin	 secretion	 and	 increases	 insulin
resistance,	 leading	 to	 hyperglycemia.30	 Blood	 glucose	 should	 be	 monitored
hourly.	 The	 optimal	 glucose	 target	 remains	 debated.	 No	 difference	 in	 30-day
survival	was	seen	 in	one	randomized	clinical	 trial	comparing	 tight	control	 (72-



108	 mg/dL)	 vs	 moderate	 control	 (108-144	 mg/dL)	 in	 the	 post-CA	 setting.57
There	 are	 currently	 no	 data	 to	 support	 glycemic	 control	 in	 post-CA	 different
from	any	other	critical	care	setting,3	 though	avoidance	of	hypoglycemia	is	key,
as	 that	 would	 further	 exacerbate	 neurologic	 damage.	 Thus,	 current	 guidelines
recommend	 using	 insulin	when	 needed	 to	maintain	 a	 blood	 glucose	 of	 150	 to
180	mg/dL.3

Potassium
Hypokalemia	 is	 also	 a	 common	 occurrence	 during	 the	 cooling	 process	 due	 to
both	the	inward	cellular	shift	of	potassium	and	the	modest	diuresis	and	kaliuresis
in	 the	 setting	 of	 hypothermia.	 Electrolytes	 should	 therefore	 be	 monitored
frequently	 (every	 4-6	 hours)	 and	 repleted	 appropriately.	 Potassium	 repletion
should	then	be	held	starting	4	hours	prior	to	the	rewarming	phase	because	of	the
reversal	in	cellular	shift	as	potassium	returns	to	the	extracellular	space.

Infection
Infection	can	occur	frequently	among	post-CA	patients	undergoing	temperature
control	with	hypothermia.	This	risk	can	be	from	a	combination	of	exposure	from
possible	 aspiration,	 emergent	 intubation,	 mechanical	 ventilation,	 and	 possible
catheter-related	 infections	 in	 the	 setting	of	 potential	 immune	 suppression	 from
hypothermia.

Electrocardiography
The	most	 common	 arrhythmia	 of	 hypothermia	 is	 sinus	 bradycardia.	At	 cooler
temperatures,	 the	 PR	 interval	 will	 prolong	 and	 patients	 can	 experience	 a
junctional	escape	rhythm.	Rewarming	by	1	to	2	°C	will	often	resolve	conduction
abnormalities.	 Cooling	 can	 also	 prolong	 the	 QT	 interval,	 again	 in	 a	 “dose-
dependent”	fashion,	though	there	is	no	evidence	to	suggest	it	precipitates	torsade
de	 pointes.	 Osborn,	 or	 J	 waves,	 may	 be	 present	 in	 up	 to	 20%	 of	 patients,
depending	 on	 the	 target	 temperature.58	No	 specific	 therapy	 is	 required	 for	 any
non–life-threatening	arrhythmia,	but	 rewarming	by	1	 to	2	°C	will	 resolve	most
conduction	abnormalities.

Hemodynamics
A	 substudy	 from	 the	 TTM	 trial59	 demonstrated	 the	 effect	 of	 hypothermia	 on



hemodynamics	 (Figure	 195.3).	 A	 target	 temperature	 of	 33	 °C	 was	 associated
with	an	increase	in	systemic	and	pulmonary	vascular	resistance	when	compared
with	 a	 target	 temperature	 of	 36	 °C.	 Although	 the	 lower	 temperature	 was
associated	 with	 a	 decrease	 in	 cardiac	 index,	 this	 was	 thought	 to	 be	 largely
mediated	 by	 a	 reduction	 in	 heart	 rate,	 and	 there	 was	 no	 difference	 in	 left
ventricular	ejection	fraction	between	groups.

	

Figure	 195.3 	 Hemodynamic	 effects	 of	 targeted	 temperature
management.Panel	A,	demonstrates	the	change	in	temperature.	Panel
B,	demonstrates	the	change	in	cardiac	index.	Panel	C,	demonstrates
the	change	in	systemic	vascular	resistance.	Panel	D,	demonstrates	the
change	 in	 pulmonary	 vascular	 resistance.(From	 Bro-Jeppesen	 J,
Hassager	C,	Wanscher	M,	et	al.	Targeted	temperature	management	at
33°C	 versus	 36°C	 and	 impact	 on	 systemic	 vascular	 resistance	 and
myocardial	 function	 after	 out-of-hospital	 cardiac	 arrest:	 a	 sub-study
of	 the	 target	 temperature	management	 trial.	Circ	Cardiovasc	 Interv.
2014;7(5):663-672.)

Return	to	Normothermia
Gradual	 rewarming	 (0.25-0.5	 °C/h)	 should	 be	 initiated	 at	 least	 24	 hours	 after
temperature	 control	 with	 hypothermia	 initiation.	 Rewarming	 faster	 than	 this
raises	 the	 risk	 of	 hypoglycemia,	 hyperkalemia,	 and	 hypotension	 (from
vasodilation).	Once	the	temperature	control	with	hypothermia	protocol	has	been
completed	 and	 the	 patient	 has	 achieved	normothermia,	 actively	 avoiding	 fever
for	 at	 least	 48	 hours	 in	 patients	 who	 remain	 comatose	 is	 reasonable,	 as



hyperthermia	 has	 been	 associated	 with	 worse	 neurologic	 outcomes	 in	 other
critical	 care	 settings.60,61	 This	 objective	 can	 often	 be	 achieved	 by	 leaving	 the
temperature	management	system	in	place	and	use	of	antipyretics.

NEUROLOGICAL	PROGNOSTICATION
5 	 Providing	 a	 neurological	 prognosis	 following	CA	 is	 a	 complicated	 task	 that
often	 requires	 multimodality	 tools	 including	 physical	 examination,	 EEG,
neuroimaging,	 somatosensory	 evoked	 potentials	 (SSEPs),	 and	 serologic
biomarkers.	Despite	the	advances	in	postresuscitation	care,	neuroprognostication
remains	 the	most	challenging	aspect	of	care	as	no	 test	has	acceptable	 levels	of
certainty.	 Few	 patients	meet	 formal	 criteria	 for	 brain	 death	 after	 resuscitation,
and	 in	 most	 cases,	 brainstem	 function	 is	 intact,	 such	 that	 the	 patient	 has
spontaneous	 ventilation	 and	 often	 pupillary	 reflexes.	 Ideally,	 a	 test	 would
identify	 patients	 at	 an	 early	 stage	 with	 the	 potential	 for	 a	 good	 neurological
status	 while	 also	 indicating	 which	 patients	 have	 no	 chance	 of	 neurological
recovery.

Timing
The	ideal	timing	for	neurological	prognostication	in	comatose	patients	following
CA	 remains	 uncertain.	 The	 ultimate	 goal	 is	 to	 identify	 a	 time	 point	 for
prognostication	that	minimizes	(or	eliminates)	the	risk	of	inaccurately	predicting
a	poor	neurologic	outcome,	in	other	words,	avoiding	a	“false	positive”	for	poor
prognosis.	For	patients	who	have	not	been	treated	with	TTM,	a	minimum	of	72
hours	 following	 ROSC	 is	 suggested.3,62	 Patients	 undergoing	 TTM	 experience
delayed	neurological	 recovery;	 therefore,	 it	 is	 important	 to	wait	a	minimum	of
72	hours	post	 return	 to	normothermia	when	 the	patient	 is	off	of	 all	 potentially
sedating	medications	 and	 free	of	 other	 confounding	 illnesses,	 before	making	 a
neurological	prognosis;	however,	 individual	 tests	may	be	obtained	prior	 to	 this
timepoint.3,63

There	 are	 few	 clinical	 criteria	 that	 clearly	 identify	 patients	 at	 poor
neurological	prognosis.	The	TTM2	trial	specified	the	clinical	scenarios	listed	in
Table	 195.2	 as	 acceptable	 criteria	 for	 poor	 prognosis	 that	 would	 justify	 the
transition	to	comfort	care.45	These	criteria	mirror	the	recommendations	from	the
European	Resuscitation	Council	regarding	neurological	prognostication.40	Many
patients	 will	 not	 fulfill	 these	 criteria,	 thus	 leaving	 the	 clinician	 to	 use	 the
diagnostic	tests	discussed	below	to	help	guide	therapy	and	prognosis.



TABLE	195.2

Acceptable	Neurologic	Criteria	for	Discontinuation	of	Care
in	the	Targeted	Temperature	Management	2	Trial

These	criteria	had	to	be	evaluated	at	96	h	after	randomization	or	later

Absent	or	extensor	motor	response	to	pain
AND	at	least	two	of	the	following:
Bilaterally	absent	pupillary	and	corneal	reflexes
Bilaterally	absent	SSEP	N20-responses
Diffuse	anoxic	injury	on	CT	or	MRI
Documented	status	myoclonus	within	48	h	of	randomization
High	levels	of	NSE
An	EEG	with	a	highly	malignant	pattern	and	without	any	observed
reactivity	to	sound	or	pain.	Patterns	that	are	considered	highly	malignant
include:
1.	 Suppressed	background	(amplitude	<10	mV,	100%	of	the	recording)

without	discharges
2.	 Suppressed	background	with	superimposed	continuous	periodic

discharges
3.	 Burst-suppression	(periods	of	suppression	with	amplitude	<10	mV

constituting	50%	of	the	recording)	without	discharges
4.	 Burst-suppression	with	superimposed	discharges

Diagnostic	Testing

Physical	Exam
The	absence	of	pupillary	light	reflexes	or	corneal	reflexes	bilaterally	at	72	hours
following	CA	is	considered	a	reasonable	predictor	of	poor	neurological	outcome
for	 TTM	 and	 non-TTM	 treated	 patients.3	 The	 absence	 of	 motor	 movements,
extensor	 posturing,	 and	myoclonus	 have	 fairly	 high	 false-positive	 rates	 (up	 to
nearly	 10%),	 and	 therefore	 should	 not	 be	 used	 in	 isolation	 to	 predict	 poor
neurological	 outcome.3	 In	 contrast,	 localizing	 motor	 responses	 are	 a	 good
prognosis.



Neurophysiological	Markers
EEG	 monitoring	 can	 provide	 useful	 information	 to	 help	 inform	 neurological
prognostication	 and	 there	 are	 several	 EEG	 criteria	 that	 portend	 a	 poor
prognosis.64	Current	professional	society	guidelines	 identify	a	highly	malignant
EEG	 pattern	 (suppressed	 or	 burst-suppressed	 background)	 beyond	 the	 first	 24
hours	after	ROSC	as	a	marker	associated	with	poor	outcomes.40	In	contrast,	early
return	 of	 a	 continuous,	 reactive,	 and	 normal	 voltage	 background	 is	 a	 good
prognosis.64	 Updated	 guidelines	 no	 longer	 recommend	 using	 lack	 of	 EEG
reactivity	 as	 a	 poor	 prognostic	 sign	 due	 to	 lack	 of	 specificity.3,40,64	 Status
epilepticus	 for	 more	 than	 72	 hours	 is	 also	 a	 reasonable	 marker	 of	 poor
neurological	outcome.3	Research	into	earlier	EEG	patterns	postarrest	is	ongoing
to	identify	both	good	and	poor	prognostic	patterns.

SSEPs	 test	 the	 cortical	 response	 to	 peripheral	 median	 nerve	 stimulation.
Independent	of	whether	patients	undergo	TTM,	an	SSEP	24	to	72	hours	post-CA
demonstrating	 the	 bilateral	 absence	 of	 the	 N20	 waveform	 is	 a	 reasonable
predictor	of	poor	neurological	outcome.3,40,64

Neuroimaging
Computed	tomography	(CT)	or	magnetic	resonance	imaging	(MRI)	of	the	brain
to	 evaluate	 for	 edema	 can	 provide	 useful	 measures	 in	 support	 of	 poor
neurological	 outcome.	 Imaging	 immediately	 postarrest	 is	 less	 likely	 to	 help	 in
prognosis,	unless	there	is	evidence	of	hemorrhage,	trauma,	or	herniation.	Many
patients	 without	 long-term	 neurological	 recovery	 may	 have	 relatively	 normal
neuroimaging.	The	optimal	 timing	for	MRI	is	after	rewarming	when	the	extent
of	 anoxic	 injury	 can	be	 assessed.	More	 sensitive	measures	 of	 brain	 injury	 and
activity	 such	 as	 MR	 spectroscopy	 or	 functional	 MR	 will	 likely	 provide	 even
greater	insights	into	the	extent	of	injury	and	recovery,	but	these	are	still	largely
reserved	for	research	protocols.

Serum	and	Plasma	Biomarkers
There	has	been	growing	interest	in	evaluating	serologic	biomarkers	to	help	guide
neurological	 prognostication.	NSE	 is	 the	most	 commonly	 evaluated	 and	 is	 the
only	 one	 currently	 recommended	 for	 clinical	 use	 to	 help	 guide	 a	 multimodal
approach	 for	 neurologic	 prognostication	 in	 patients	 who	 remain	 comatose
following	CA.3,40,64	It	is	reasonable	to	measure	NSE	levels	24,	48,	and	72	hours
after	CA.64	High	values	support	the	prognosis	for	a	poor	neurological	outcome.



The	 2021	 European	 Resuscitation	 Council	 guidelines	 have	 updated	 the
recommendations	 to	 include	 a	 specific	 threshold	 (>60	 µg/L)	 at	 48	 and/or	 72
hours	 after	 arrest	 as	 a	 high	 value	 and	 in	 support	 of	 a	 poor	 neurological
prognosis.40	 Several	 other	 biomarkers	 including	 S100	 calcium-binding	 protein,
Tau,	 neurofilament	 light	 chain,	 and	 glial	 fibrillary	 acidic	 protein	 have	 shown
promise	in	research	studies,	but	are	not	currently	recommended	for	clinical	use
to	guide	neurologic	prognostication	in	comatose	patients	after	CA.	As	with	other
markers	for	patients	who	remain	comatose	following	CA,	the	use	of	NSE	is	not
recommended	in	isolation	and	should	only	be	used	as	supportive	information	in
combination	with	other	markers.3,40,64

In	general,	a	combination	of	certain	diagnostic	testing	can	help	to	increase	the
specificity	for	a	poor	neurological	prognosis.	Rarely	will	one	test	be	the	deciding
factor	 in	 prognosis;	 rather	 the	 integration	 of	 all	 testing,	 combined	 with	 the
patient’s	 age	 and	comorbidities,	will	 allow	a	multidisciplinary	 team	 to	provide
the	 most	 appropriate	 prognosis	 for	 patients.	 The	 AHA	 guidelines	 provide	 a
framework	 of	 potential	 testing	 and	 timing	 for	 neurological	 prognostication
which	can	be	helpful	given	the	need	to	integrate	the	multimodality	and	complex
criteria	(Figure	195.4).

	

Figure	 195.4 	 Neurologic	 prognostication.(Reprinted	 with
permission	of	Panchal	AR,	Bartos	JA,	Cabanas	JG,	et	al.	Adult	B	and
Advanced	 Life	 Support	 Writing	 Group.	 Part	 3:	 adult	 basic	 and
advanced	life	support—2020	American	Heart	Association	guidelines
for	 cardiopulmonary	 resuscitation	 and	 emergency	 cardiovascular
care.	 Circulation.	 2020;142:S366-S468.	 ©2020	 American	 Heart
Association,	Inc.)



LONG-TERM	RECOVERY
Patients	 who	 survive	 to	 hospital	 discharge	 often	 require	 intense	 and	 extended
rehabilitation.	Once	a	patient	is	discharged,	their	overall	prognosis	is	quite	good
but	may	 take	months	 to	 reach	 their	ultimate	new	baseline.	Of	patients	who	are
discharged	alive,	 less	 than	10%	of	patients	 require	 long-term	 inpatient	care.	 In
addition	 to	 physical	 and	 occupational	 therapy,	 many	 patients	 will	 manifest
psychological	 symptoms	 of	 depression,	 posttraumatic	 stress	 disorder,	 and
anxiety.	Similar	to	any	patient	with	brain	injury,	cognitive	function	can	be	slow
to	 recover,	 and	 all	 survivors	 of	 CA	 may	 benefit	 from	 formal	 neurocognitive
testing	 and	 rehabilitation.	 Fatigue	 is	 common	 post-CA,	 even	 months	 after
hospital	discharge.

CONCLUSION
6 	Caring	for	post-CA	patients	involves	a	multifaceted	and	multisystem	approach
to	evaluate	and	treat	the	underlying	cause	of	arrest	and	to	minimize	and	prevent
further	progression	of	end	organ	damage	(Table	195.3).	For	patients	who	remain
comatose	 following	ROSC,	 temperature	 control	 to	maintain	normothermia	 and
prevent	fevers	is	recommended	to	improve	survival	and	neurological	outcomes,
regardless	of	presenting	rhythm.	Despite	the	advancements	in	care	that	have	led
to	improved	outcomes	(Table	195.4),	many	questions	regarding	the	routine	care
of	 and	 prognostication	 among	 these	 patients	 remain.	 Care	 for	 the	 post-CA
patients	 requires	 a	 multidisciplinary	 team	 of	 intensivists,	 cardiologists,
neurologists,	 social	 workers,	 and	 nurses.	 Only	 through	 team-based	 care	 in
centers	of	excellence	can	the	most	contemporary	treatment	be	delivered.

TABLE	195.3

Principles	of	Management	for	the	Postcardiac	Arrest
Patient

Identify	and	treat	the	underlying	cause	of	cardiac	arrest
Acute	Cardiovascular	Care

Obtain	EKG



STEMI	→coronary	Angiography
NSTEMI	with	hemodynamic	or	electrical	instability	→	coronary
angiography

Hemodynamics

Avoid	and	treat	hypotension	(SBP	<	90	mm	Hg,	MAP	<	65	mm	Hg)
Consider	goal	MAP	∼70-75

Mechanical	Ventilation

Maintain	normocarbia:	PaCO2	35-45	mm	Hg
Maintain	oxygen	saturation	between	92%	and	98%

Temperature	Control	After	Cardiac	Arrest	for	comatose	patients	(regardless
of	rhythm)
Initiate	temperature	control	strategies	as	soon	as	possible	on	hospital	arrival
Temperature	control	can	be	started	prior	to	and	continued	during	coronary
angiography
Target	temperature:	Normothermia	(≤37.5	°C)	and	fever	prevention.
(Whether	certain	patients	may	benefit	from	targeting	temperatures	of	32-34
°C	remains	unknown)
Comatose	patients	with	mild	hypothermia	after	ROSC	should	not	be
actively	warmed	to	achieve	normothermia
Neurologic	monitoring	for	comatose	patients

Continuous	EEG	as	soon	as	possible	following	cardiac	arrest
Consider	somatosensory	evoked	potentials	(SSEPs)	24-72	h	post	arrest

Neurologic	prognostication	should	be	delayed	until:

At	least	72	h	post	return	to	normothermia	for	patients	treated	with
temperature	control
At	least	72	h	post	arrest	for	patients	not	treated	with	temperature	control

TABLE	195.4

Summary	of	Recommendations	Based	Upon	Randomized
Controlled	Clinical	Trials



Intervention Year Study No.	of
Patients

Findings Reference

Therapeutic
hypothermia
32-34	°C	vs
“normothermia”

2002 Multicenter 275 Lower
mortality
Improved
neurologic
outcomes

34

Therapeutic
hypothermia
33	°C	vs
“normothermia”

2002 Multicenter 77 Improved
survival
with	good
neurologic
outcome

35

Targeted
Temperature
management
33	vs	36	°C
(both	active
temperature
management)

2013 Multicenter 939 No
difference
between
groups

37

Prehospital
intravenous
cold	saline

2014 Multicenter 1359 No	benefit,
increased
risk	of
pulmonary
edema	and
rearrest

40

Prehospital
intra-arrest
intravenous
cold	saline

2016 Multicenter 1198 No	benefit
in	survival
at	hospital
discharge.
Decrease	in
the	rate	of
ROSC	for
patients
with	a
shockable

41



rhythm

Coronary
Angiography
after	Cardiac
Arrest	without
ST-Segment
Elevation

2019 Multicenter 553 Immediate
angiography
was	no
better	than	a
strategy	of
delayed
angiography
for	90-d
survival

21

Targeted
Temperature
Management	vs
Targeted
Normothermia
in	Patients	with
Nonshockable
Rhythms
33	vs	37	°C

2019 Multicenter 584 moderate
therapeutic
hypothermia
(33	°C	for
24	h)
improved
survival
with	a
favorable
neurologic
outcome	at
90	d

38

Targeted
Temperature
Management	vs
Targeted
Normothermia
33	vs	37.5	°C

2021 Multicenter 1850 No
difference
between
groups

44

ROSC,	return	of	spontaneous	circulation.

MULTIPLE	CHOICE	QUESTIONS

Questions



1. 	What	is	the	in-hospital	mortality	rate	after	cardiac	arrest	as	reported	by	the
American	Heart	Association	Council?

A. 	10%	to	20%
B. 	30%	to	40%
C. 	50%	to	80%
D. 	90%	to	100%

2. 	In	which	of	the	following	patients	is	immediate	post–cardiac	arrest
coronary	angiography	indicated?

A. 	A	comatose	patient	with	an	ST	segment	elevation	myocardial
infarction	(MI)
B. 	A	comatose	patient	with	a	non-ST	segment	elevation	MI	who	is
hemodynamically	stable
C. 	A	comatose	patient	with	a	non-ST	segment	elevation	MI	who	had
pre–arrest	refractory	cerebral	edema
D. 	A	comatose	patient	with	a	non-ST	segment	elevation	MI	whose
arrest	was	due	to	a	noncardiac	cause

3. 	Temperature	control	after	cardiac	arrest	is	a	core	therapeutic	component	of
post–cardiac	arrest	care,	believed	to	improve	neurologic	outcomes	by	decreasing
hypoxic	ischemic	brain	injury.	What	is	the	current	professional	society
guidelines	recommendation	for	temperature	goal?

A. 	32°	to	36°	for	at	least	24	hours
B. 	No	more	than	36°	for	at	least	24	hours
C. 	32°	to	36°	for	at	least	36	hours
D. 	Normothermia	(≤37.5	°C)	and	fever	prevention

Answers

1.	The	correct	answer	is	C.
Rationale:	According	to	a	2021	report	from	the	American	Heart	Association

Council,	the	in-hospital	mortality	for	cardiac	arrest	is	50%	to	80%	(choice	C	is
correct).

2.	The	correct	answer	is	A.
Rationale:	 Current	 professional	 society	 guidelines	 give	 a	 class	 IIa



recommendation	to	proceed	with	immediate	coronary	angiography	after	cardiac
arrest	 in	 patients	 with	 ST-elevation	 myocardial	 infarctions,	 regardless	 of
neurological	status,	when	prearrest	neurological	prognosis	was	favorable	(choice
A	 is	 correct).	 The	 indications	 for	 immediate	 postarrest	 angiography	 are	 more
complicated	 for	 patients	 with	 non-ST	 segment	 elevation	 MI.	 Angiography	 is
indicated	for	those	who	are	hemodynamically	unstable	(choice	B	is	incorrect)	or
if	 the	arrest	 is	 thought	 to	be	from	a	cardiac	cause	(choice	D	is	 incorrect).	Poor
neurological	 prognosis	 before	 cardiac	 arrest	 can	 be	 a	 contraindication	 to
angiography	(choice	C	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 Based	 on	 the	 TTM2	 trial,	 current	 guidelines	 suggest	 actively

preventing	 fever	 by	 targeting	 a	 temperature	 ≤37.5	 °C	 for	 patients	who	 remain
comatose	after	ROSC	from	cardiac	arrest,	though	with	a	weak	recommendation
and	low-certainty	evidence.	It	 is	not	yet	known	if	certain	population	of	cardiac
arrest	patients	may	benefit	from	a	targeted	temperature	of	32	°C	to	34	°C.
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Chapter	196
Management	of	Common	Arrhythmias	in
the	Intensive	Care	Unit
Thomas	M.	Tadros,	William	H.	Sauer

KEY	POINTS:
1.	 For	cardiac	arrest,	the	mainstays	of	management	include	electrical

cardioversion,	CPR,	and	epinephrine.	Amiodarone	or	lidocaine	could
be	utilized	as	additional	therapy	for	VF	or	pulseless	VT	unresponsive
to	electrical	cardioversion.	Underlying	causes	of	cardiac	arrest
should	be	recognized	and	treated.

2.	 For	torsades	de	pointes,	the	first-line	therapies	are	magnesium
sulfate	and	isoproterenol.

3.	 For	wide	complex	tachycardia,	the	differential	diagnosis	includes
ventricular	tachycardia,	supraventricular	tachycardia	with	aberrancy,
and	supraventricular	tachycardia	with	preexcitation.	VT	is	by	far	the
most	common	etiology,	even	with	structurally	normal	hearts.
Intravenous	amiodarone,	procainamide,	or	sotalol	may	be	used	to
treat	wide	complex	tachycardia	of	unknown	etiology.

4.	 Hemodynamically	stable	VT	should	be	treated	with	intravenous
antiarrhythmic	medications	before	proceeding	to	electrical
cardioversion.

5.	 For	atrial	fibrillation	with	Wolff-Parkinson-White	syndrome,	AV	nodal
blocking	agents	should	be	avoided.

6.	 For	bradycardia,	the	indications	for	intervention	with	temporary
pacing	or	chronotropic	medications	include	symptoms	and/or
hemodynamic	instability.	There	is	no	specific	heart	rate	or	duration	of
pause	that	warrants	urgent	intervention.



INTRODUCTION
Patients	admitted	to	the	intensive	care	unit	(ICU)	are	vulnerable	to	arrhythmias,
which	 can	 cause	 hemodynamic	 compromise.	The	 first	 priority	 is,	 therefore,	 to
determine	whether	the	patient	has	poor	perfusion	related	to	the	dysrhythmia	and
whether	emergent	management	 is	 required.1	 In	 this	 situation,	advanced	cardiac
life	support	(ACLS)	should	be	promptly	applied.	Providers	should	always	seek
to	reverse	underlying	processes	(Table	196.1).	The	use	of	a	pragmatic	algorithm
based	 on	 the	 electrocardiogram	 (ECG)	 can	 aid	 the	 diagnosis	 of	 arrhythmia;
tachyarrhythmias	and	bradyarrhythmias	are	simply	distinguished	by	a	ventricular
rate	of	>100	beats/min	(bpm)	and	<60	bpm,	respectively.	Tachyarrhythmias	are
broadly	divided	into	wide	complex	tachycardias	(WCTs)	that	have	a	QRS	width
>	120	ms	and	narrow	complex	tachycardias,	most	of	which	are	supraventricular
tachycardias	(SVTs).	If	the	patient	is	sufficiently	stable,	providers	may	have	time
to	 perform	 a	 detailed	 assessment	 focusing	 on	 a	 relevant	 history,	 including
ongoing	symptoms,	underlying	cardiovascular	disease,	and	medications,	as	well
as	 pertinent	 laboratory	 tests.	 Continuous	 ECG	 monitoring	 should	 be
implemented,	 and	 serial	 assessments	 are	 warranted	 because	 the	 patient	 can
rapidly	deteriorate	at	any	time.

TABLE	196.1

Extrinsic	and	Intrinsic	Factors	Associated	With	an	Increase
in	Risk	of	Arrhythmias

Common	Factors	for
Arrhythmias

Risk	Factors	for	Prolonged	QT
Interval

Cerebrovascular	event
Drugs	(especially	inotropes)
Electrolyte	abnormalities	and
acidosis
Hypoxia
Structural	heart	disease
Pulmonary	disease	(pulmonary
embolism,	tension	pneumothorax)
Inflammatory	process	of

Advanced	age
Female
Bradycardia,	heart	block,	pauses
Electrolyte	abnormalities	(hypokalemia,
hypomagnesemia,	hypocalcemia)
Structural	heart	disease
Impaired	hepatic	drug	metabolism
Impaired	renal	function
Neurologic	disease



multiorgan	systems
Vascular	cannulation

Occult	congenital	long	QT	syndrome
Premature	complexes
Use	of	QT-prolonging	drugsa

aAn	updated	list	can	be	found	at	www.qtdrugs.org.

This	chapter	reviews	commonly	encountered	arrhythmias	among	critically	ill
patients,	 including	 (1)	 ventricular	 arrhythmias	 (VAs),	 (2)	 supraventricular
arrhythmias,	and	(3)	bradyarrhythmias.	A	summary	of	an	approach	to	common
arrhythmias	and	their	management	is	provided	in	Figures	196.1-196.5	and	Table
196.2.

	

Figure	196.1 	Approach	to	wide	complex	tachycardia	(WCT).VT,
ventricular	 tachycardia;	 VF,	 ventricular	 fibrillation;	 HR,	 heart	 rate;
TDP,	 torsade	 de	 pointes;	 AF,	 atrial	 fibrillation;	 PVC,	 premature
ventricular	complex.Courtesy	of	Stephen	C.	Hammill,	MD.

http://www.qtdrugs.org


	

Figure	 196.2 	 Approach	 to	 regular	 narrow	 complex
tachycardia.AVNRT,	 atrioventricular	 nodal	 reentrant	 tachycardia;
CCBs,	 calcium	 channel	 blockers;	 AVRT,	 atrioventricular	 reentrant
tachycardia;	AF,	atrial	fibrillation;	HR,	heart	rate.

	

Figure	 196.3 	 Approach	 to	 irregular	 narrow	 complex
tachycardia.CCBs,	 calcium	 channel	 blockers;	 HR,	 heart	 rate;	 AF,
atrial	 fibrillation;	 IV,	 intravenous;	 TEE,	 transesophageal
echocardiography;	PO,	per	os.



	

Figure	196.4 	Approach	to	bradyarrhythmias.HR,	heart	rate.

	

Figure	 196.5 	 Approach	 to	 bradyarrhythmias	 (continued).Note
that	 second-degree	 sinoatrial	 (SA)	 block	 with	 group	 beating	 and
progressing	 shortening	 P-P	 interval	 before	 missing	 P	 and	 QRS
complex.	 Figure	 presents	 4:3	 Mobitz	 I	 SA	 block.	 For	 AV	 block,
second-degree	 AV	 block	 or	 Mobitz	 or	 Wenckebach-block	 with
progressive	 prolongation	 of	 the	 PR	 interval	 before	 failure	 of
conduction	of	a	P	wave.	Type	II	second-degree	atrioventricular	(AV)
block	 or	 Mobitz	 with	 characteristics	 of	 constant	 P-P	 interval	 and
pause	 duration	 of	 two	 times	 P-P	 intervals.	 This	 feature	 is
distinguished	 from	 a	 premature	 atrial	 complex	 with	 physiologic
block.	 Third-degree	 atrioventricular	 block	 or	 complete	 heart	 block



with	atrioventricular	dissociation	and	ventricular	escape	rhythm.

TABLE	196.2

Summary	of	Evidence-Based	Recommendations	for	Acute
Management	of	Arrhythmias

Arrhythmias Management

Ventricular	Arrhythmias

VF	and
pulseless	VT

Defibrillation

Epinephrine

Amiodarone

Monomorphic
VT

Amiodarone,	lidocaine,	procainamide

Electrical	cardioversion

Torsade	de
pointes

Magnesium

Pacing

In-hospital
cardiac	arrest

Combined	vasopressin,	steroids,	and	epinephrine

Supraventricular	Tachycardia

AVNRT/AVRT Valsalva	maneuver

Adenosine

Calcium	channel	blocker	(diltiazem	or	verapamil)

β-Blocker	(metoprolol	or	esmolol)

Electrical	cardioversion



Preexcited	atrial
fibrillation

Urgent	cardioversion

Procainamide

Atrial
tachycardia

β-Blocker	(metoprolol	or	esmolol)
Calcium	channel	blocker	(diltiazem	or	verapamil)

Atrial
fibrillation/atrial
flutter

Rate	control:	
β-Blockers	(metoprolol	or	esmolol)
Calcium	channel	blockers	(diltiazem	or	verapamil)
Digoxin

Rhythm	control:	
Electrical	cardioversion
Pharmacologic	cardioversion:	propafenone,	flecainide,
dofetilide,	ibutilide	and	sotalol,	amiodarone

Bradyarrhythmias

First-degree
AVB

Observe

Second-degree
AVB,	Mobitz

Mostly	observe

Second-degree
AVB,	Mobitz

Pacemaker	implant	in	the	absence	of	reversible	cause

Third-degree
AVB

Pacemaker	implant	in	the	absence	of	reversible	cause

VT,	ventricular	tachycardia;	AVNRT,	atrioventricular	nodal	reentrant	tachycardia;	AVRT,
atrioventricular	reentrant	tachycardia;	AVB,	atrioventricular	block.



SECTION	I:	VENTRICULAR	ARRHYTHMIAS
Ventricular	arrhythmias	(VAs)	are	abnormal	electrical	signals	arising	below	the
level	of	the	His	bundle.	VAs	have	a	characteristic	QRS	width	>120	ms	and	have
clinical	consequences	 that	 fall	along	a	spectrum	ranging	from	asymptomatic	 to
cardiac	 arrest.	 VAs	 include	 ventricular	 fibrillation,	 polymorphic	 ventricular
tachycardia,	torsade	de	pointes,	monomorphic-sustained	ventricular	tachycardia,
premature	 ventricular	 complexes	 (PVCs),	 nonsustained	 ventricular	 tachycardia
(NSVT),	 and	 accelerated	 idioventricular	 rhythm	 (AIVR).	 Figure	 196.1
summarizes	the	approach	and	common	mechanisms	of	these	arrhythmias.

Ventricular	Fibrillation
VF	is	a	disorganized	rhythm	that	always	causes	inadequate	cardiac	output.	VF	or
pulseless	 ventricular	 tachycardia	 (VT)	 accounts	 for	 21%	of	 in-hospital	 cardiac
arrest.	 Approximately	 40%	 of	 patients	 with	 in-hospital	 VF	 or	 pulseless	 VT
survive	hospitalization	if	prompt	and	effective	ACLS	is	delivered.2

1 	 Consensus	 documents	 for	 managing	 unstable	 ventricular	 arrhythmias
emphasize	 an	 integrated	 strategy	 of	 early	 defibrillation	 and	 effective	 chest
compressions.1,3,4	Witnessed	cardiac	arrest	because	of	VF,	pulseless	VT,	or	TDP,
should	 be	 treated	with	 immediate	 defibrillation	 and	 effective	 cardiopulmonary
resuscitation	 (CPR).	 Provision	 of	 uninterrupted	 pre-	 and	 post-shock	 CPR	 is
emphasized	because	it	may	take	up	to	200	seconds	after	a	shock	attempt	until	an
organized	rhythm	returns.	Uninterrupted	CPR	increases	the	likelihood	of	return
of	 spontaneous	 circulation	 (ROSC).	 After	 two	 unsuccessful	 attempts	 of
defibrillation,	 epinephrine	 can	 be	 used	 as	 a	 first-line	 vasopressor	 agent,	 and
vasopressin	could	be	considered	as	a	second-line	agent.1	When	VF	or	pulseless
VT	persists	after	three	shocks,	the	administration	of	amiodarone	and/or	lidocaine
is	recommended.3	At	experienced	centers,	extracorporeal	membrane	oxygenation
could	 be	 considered	 during	CPR	 for	 selected	 patients,	 for	whom	 conventional
CPR	 is	 failing,	when	 it	 could	 be	 implemented	 expeditiously.	 Effort	 should	 be
made	 to	 identify	 and	 correct	 the	 primary	 or	 precipitating	 causes.	 The
management	 of	 cardiac	 arrest	 for	 special	 situations	 is	 summarized	 in	 Table
196.3.

TABLE	196.3



Modification	of	Management	of	Cardiac	Arrest	in	Special
Situations	Based	on	ACLS	Guidelines	and	Guidelines	for
Cardiac	Arrest	in	Pregnancy

Diagnosis Clinical	Relevance	and	Management

Asthma Severe	asthma	may	result	in	severe	auto-PEEP.	Strategy
to	reduce	this	PEEP	includes	low	respiratory	rate	and
tidal	volume	and	a	brief	disconnection	from	the	bag	mask
or	ventilator.

Anaphylaxis Early	and	advanced	airway	management	is	critical.
Patients	require	aggressive	fluid	resuscitation	with
isotonic	crystalloid.	Epinephrine	intravenous	route	may
not	be	effective	after	15	min	of	resuscitation,	and
vasopressin	may	be	successfully	used.

Pregnancy ACLS	consists	of	multidisciplinary	care	team.
Continuous	manual	left	uterine	displacement	is
recommended	during	cardiac	arrest.	Providers	should
anticipate	the	difficult	airway	management,	and	no	more
than	two	attempts	should	be	made	for	intubation.
Perimortem	cesarean	delivery	at	the	site	of	the	arrest	for
patients	with	>20	wk	of	gestation	is	advisable	if	ROSC	is
not	achieved	with	usual	resuscitation.

Pulmonary
embolism

In	patients	with	confirmed	PE,	the	guidelines	provide	a
class	IIa	recommendation	for	considering	thrombolysis,
surgical	embolectomy,	and	mechanical	embolectomy
during	resuscitation.

Hyperkalemia Severe	hyperkalemia	(>6.5	mmol/L)	can	cause	a	variety
of	abnormal	rhythms,	including	VT,	slow	ventricular	rate
response,	and	sinus	arrest.	Stabilizing	the	myocardium
with	calcium	chloride	is	the	first-line	treatment.	Other
treatment	to	shift	potassium	intracellularly	(eg,	sodium
bicarbonate)	and	promote	potassium	excretion	should	be
followed	in	order	of	urgency.



Hypokalemia No	evidence	to	support	intravenous	bolus	of	potassium
supplement	during	CPR.	Replacement	is	generally
achieved	by	infusion.

Hypomagnesemia Especially	in	the	setting	of	TDP,	1	to	2	g	of	MgSO4	bolus
is	recommended.	Administration	of	large,	repeated	doses
of	magnesium	should	be	avoided	in	the	presence	of
severe	renal	insufficiency	because	of	its	potential	toxicity.

Drug	toxicity

Opioid Naloxone	may	be	reasonable	to	use.

Benzodiazepines The	use	of	flumazenil,	as	an	antidote,	in	patients	with
undifferentiated	coma	is	not	recommended	because	it
may	be	associated	with	seizures,	arrhythmias,	and
hypotension.

β-Blockers Therapeutic	antidotes	include	glucagon,	insulin,	and
calcium.

Calcium	channel
blockers

Antidotes	with	high-dose	insulin	and	calcium	have	been
described.

Cyclic
antidepressants

Cyclic	antidepressants	inhibit	cardiac	Na	channel	and
cause	widened	QRS	complex	and	VT.	Many	of	these
drugs	also	have	a	characteristic	known	as	use
dependency,	such	that	the	administration	of	β-blockers
can	decrease	their	electrophysiologic	effect.
Administration	of	sodium	bicarbonate	during	cardiac
arrest	may	be	considered.

Digoxin Antidigoxin	Fab	antibody	should	be	administered	to
patients	with	severe	life-threatening	cardiac	glycoside
toxicity	after	resuscitation.	Hyperkalemia	is	a	marker	of
severity	in	acute	cardiac	glycoside	poisoning	and	is
associated	with	poor	prognosis.	Antidigoxin	Fab	may	be
administered	empirically	to	patients	with	acute	poisoning
from	digoxin	whose	serum	potassium	level	>5.0	mEq/L.

Local	anesthetic
toxicity

Guidelines	recommend	considering	intravenous	long-
chain	fatty	acid	emulsion	as	an	initial	bolus	during



cardiac	arrest,	particularly	in	bupivacaine	toxicity.

ACLS,	advanced	cardiac	life	support;	CPR,	cardiopulmonary	resuscitation;	PE,	pulmonary
embolism;	PEEP,	positive	end-expiratory	pressure;	ROSC,	return	of	spontaneous	circulation;	TDP,
torsade	de	pointes;	VT,	ventricular	tachycardia.

Previous	studies	have	suggested	that	combination	of	vasopressin-epinephrine
and	 methylprednisone	 during	 early	 CPR	 cycles	 and	 subsequent	 stress-dose
hydrocortisone	 for	 those	 who	 remained	 in	 shock	 were	 associated	 with	 an
increase	in	ROSC	and	hospital	survival.

Therefore,	ACLS	guidelines	 recommend	 that	 this	combined	 therapy	may	be
considered	(class	IIb)	for	such	cases.1	After	ROSC	is	achieved,	lidocaine	may	be
considered	to	reduce	the	risk	of	recurrence.	The	guidelines	recommend	targeted
temperature	management	for	at	least	24	hours	for	patients	with	in-hospital	arrest
who	remain	comatose	after	ROSC,	irrespective	of	whether	the	initial	arrhythmia
was	shockable	vs.	nonshockable	 (see	chapter:	195	Management	of	 the	Cardiac
Arrest	survivor).

Polymorphic	Ventricular	Tachycardia
PMVT	 is	 an	 unstable	 rhythm	with	 a	 varying	QRS	morphology	 and	 axis	 from
beat	to	beat.	PMVT	can	look	like	VF	and	tends	to	degenerate	into	VF.	Similar	to
VF,	PMVT	 is	 commonly	caused	by	acute	myocardial	 ischemia,	 and,	 therefore,
exclusion	 of	 an	 acute	 coronary	 syndrome	 is	 warranted.	 Other	 less	 common
causes	 include	 digoxin	 toxicity	 and	 catecholamine	 excess,	 for	 example,	 from
inotropes	 commonly	 used	 in	 the	 ICU.	 The	 differential	 diagnosis	 of	 PMVT
includes	 artifact	 (marked	 by	 normal	 QRS	 complexes	 visibly	 marching	 at	 the
sinus	 rate	 through	 the	 artifact),	 atrial	 fibrillation	 (AF)	 with	 aberrancy,	 and
preexcited	AF	 (see	“Section	 II:	Supraventricular	 tachycardia”).	PMVT	with	an
underlying	 prolonged	 QTc	 is	 called	 torsade	 de	 pointes	 (TDP).	 Although
extremely	rare,	catecholaminergic	polymorphic	ventricular	 tachycardia	 (CPVT)
is	a	heritable	condition	 that	should	be	kept	on	 the	differential	 for	patients	with
PMVT	and	structurally	normal	hearts.

Emergent	 defibrillation	 is	 warranted	 for	 all	 unstable	 patients	 with	 PMVT.
Following	 cardioversion,	 administration	 of	 intravenous	 magnesium,	 and
lidocaine	are	initial	steps.	Antiarrhythmic	drugs	that	can	prolong	QT	interval	(eg,
class	IA	and	III	agents,	Table	196.4)	should	be	avoided.	In	patients	with	CPVT,
repeated	external	cardioversions	may	potentiate	VT	due	to	stress	and	adrenergic
surge,	 and	 treatment	 with	 β-blockers	 is	 the	 mainstay	 of	 acute	 therapy,	 with



possible	need	for	intubation	and	sedation	for	intractable	VT.

TABLE	196.4

Drug	Therapy	Commonly	Used	in	Acute	Management	of
Arrhythmias

Clinical
Use Contraindications

Common	Side
Effects	during
Acute
Administration

Comments

Adenosine AVNRT
AVRT	(but
not
preexcited
AF)

Preexcited	AF
Second-	or	third-
degree	heart	block

Heart	block
Chest
discomfort
Dyspnea

Adenosine
has	rapid
half-life;
adverse
effect	is
brief	and
generally
well
tolerate

Amiodarone AF/AFL
VT
VF

Severe	hepatic
disease
Second-	or	third-
degree	heart	block
Hypersensitivity
to	iodine

Hypotension,
deteriorating
heart	failure
owing	to	β-
blocker
mechanism
Prolonged
QTc,	rarely
proarrhythmic
Bradycardia,
heart	block

β-Blockers AVNRT
AVRT	(but

Preexcited	AF
Severe	pulmonary

Hypotension
Bradycardia,

Esmolol
has	short



not
preexcited
AF)
AF/AFL
with	rapid
ventricular
response
MAT
VT	storm

disease
Reduced	dose	in
CHF	with	acute
exacerbation
Caution	in	ACS

heart	block
Bronchospasm
Deteriorating
heart	failure,
cardiogenic
shock	in
patients	with
depressed
ventricular
function	or
ACS

half-life;
preferred
agent	in
relatively
unstable
patients
Metoprolol
metabolized
by	liver
β-Blockers
have	less
evidence
supporting
its	use	in
SVT,	in
comparison
to	calcium
blockers.
However,
their	safety
profile	has
made	β-
blockers	as
one	of
common
choices.

Calcium
channel
blockers

AVNRT
AVRT	(but
not
preexcited
AF)
AF/AFL
with	rapid
ventricular
response
MAT

Preexcited	AF
Second-	or	third-
degree	heart	block
ACS
CHF

Bradycardia,
heart	block
Negative
inotropic
effect,
resulting
deteriorating
heart	failure	or
cardiogenic
shock

Including
diltiazem
and
verapamil
which	have
similar
profile
Calcium
channel
blockers
have	more



data
supporting
their	use	in
SVT,
compared
to	β-
blockers.

Digoxin AF/AFL
with	rapid
ventricular
response

Adjusted	dose	in
severe	renal
failure

Various	forms
of	arrhythmias
Digoxin
toxicity;
central	nervous
and
gastrointestinal
systemic
manifestation
Interacts	with
several
medications

Use	is	not
considered
the	first-
line	therapy
for	SVT.
However,
digoxin	is
reasonable
in	hear
failure.
Long-term
use	may	be
associated
with	an
increase	in
mortality.
Check
digoxin
level.

Flecainide Rhythm
control	for
AF/AFL

Second-	or	third-
degree	heart	block
CHF

Proarrhythmic
in	structural
heart	disease
Worsens	CHF

Isoproterenol Heart
block

Hypotension

Lidocaine Ventricular Seizure	disorders Neurotoxicity Check



tachycardia Severe	hepatic
dysfunction

May	increase
defibrillator
threshold

lidocaine
level

Magnesium TDP Severe	renal
failure

Neurotoxicity
at	high	level

Serum
magnesium
may	not
reflect
intracellular
level

Procainamide Preexcited
atrial
fibrillation

Hypotension
Second-	or	third-
degree	heart	block
CHF
Reduce	dosage	in
renal	failure
Prolonged	QT,
previous	TDP
Systemic	lupus
erythematosus

Proarrhythmia
Hypotension
Positive	ANA,
lupuslike
syndrome

ACS,	acute	coronary	syndrome;	AF,	atrial	fibrillation;	AFL,	atrial	flutter;	ANA,	antinuclear	antibody;
AVNRT,	atrioventricular	nodal	reentrant	tachycardia;	AVRT,	atrioventricular	reentrant	tachycardia;
CHF,	congestive	heart	failure;	MAT,	multifocal	atrial	tachycardia;	SVT,	supraventricular
tachycardia;	TDP,	torsade	de	pointes;	VF,	ventricular	fibrillation;	VT,	ventricular	tachycardia.

Torsade	de	Pointes
TDP	 is	 a	 subof	PMVT	with	an	underlying	prolonged	QT	 interval	during	 sinus
rhythm	 and	 twisting	 of	 QRS	 complex	 around	 the	 isoelectric	 baseline	 during
tachycardia	 (Figure	 196.1).	 TDP	 differs	 from	 PMVT	 in	 both	 underlying
mechanism	and	 treatment.	TDP	often	has	a	characteristic	onset	with	a	 slowing
heart	 rate	 followed	by	a	premature	ventricular	 complex	which	 interrupts	 the	T
wave,	known	as	pause-dependent	or	 a	 long-short	ventricular	 cycle	 length.	 It	 is
strongly	 related	 with	 QT-prolonging	 drugs,	 electrolyte	 abnormalities,	 or	 a
congenital	 ion	 channel	 disorder.	 Hence,	 a	 meticulous	 search	 for	 these
predisposing	 factors	 is	 critical	 (Table	 196.1).	 Unlike	 VF	 or	 PMVT,	 TDP	 is



generally	not	caused	by	acute	myocardial	ischemia.
2 	Acute	management	for	pulseless	TDP	includes	emergent	defibrillation.	For

unstable	 patients,	 unsynchronized	 cardioversion	 can	 be	 applied.	 As	 for
hemodynamically	stable	patients	with	TDP,	intravenous	magnesium	can	be	given
for	 the	 purpose	 of	 treatment	 and	 prevention,	 regardless	 of	 serum	 magnesium
level.	If	the	baseline	rhythm	is	bradycardia,	isoproterenol	drip	or	atrial	pacing	at
a	rate	of	at	least	90	bpm	may	suppress	the	TDP.

Monomorphic	Ventricular	Tachycardias
VT	is	defined	as	three	or	more	consecutive	ventricular	beats	at	a	rate	greater	than
100	bpm.	Sustained	VT	is	defined	as	VT	causing	hemodynamic	compromise	or
VT	 that	 lasts	more	 than	 30	 seconds.	Different	 from	PMVT,	monomorphic	VT
has	uniform	QRS	morphology.	VT	presenting	as	WCT	is	commonly	encountered
in	the	ICU.	Therefore,	WCT	should	be	managed	as	VT	until	proven	otherwise.
Lack	of	significant	symptoms	should	not	exclude	the	diagnosis	of	VT;	minimal
symptoms	may	occur	for	a	patient	without	underlying	cardiopulmonary	disease
and	relatively	slow	VT.

3 	 Differential	 diagnosis	 of	 WCT	 includes	 SVT	 with	 rate-related	 aberrant
intraventricular	conduction,	SVT	with	abnormal	baseline	QRS	configuration	or
ventricularly	 paced	 rhythms,	 SVT	 with	 nonspecific	 wide	 QRS	 complexes
because	of	medications	or	electrolyte	abnormalities,	and	SVT	with	preexcitation.
SVT	 with	 antegrade	 conduction	 over	 an	 accessory	 pathway	 or	 preexcitation
syndrome	 is	 a	 less	 common	 cause	 of	 WCT	 and	 is	 discussed	 in	 “Section	 II:
Supraventricular	tachycardia.”

Characteristic	ECG	for	the	Diagnosis	of	Ventricular
Tachycardia
Careful	evaluation	of	12-lead	ECGs	often	provides	 the	distinction	between	VT
and	SVT	(Figure	196.6).	It	is	necessary	to	integrate	several	ECG	features	for	the
diagnosis	 of	 VT	 because	 there	 is	 no	 perfect	 single	 criterion.	 For	 unstable
patients,	 relatively	 simple	 criteria	 using	 the	 QRS	 axis,	 the	 presence	 of
atrioventricular	 (AV)	dissociation	 and	 concordance	on	 the	precordial	 leads	 can
be	 used	 to	 differentiate	 VT.	 It	 is	 important	 to	 note	 that	 among	 patients	 with
known	structural	heart	disease,	VT	is	the	most	likely	cause	of	WCT.



	

Figure	196.6 	Monomorphic	ventricular	 tachycardia	 (VT).Part	A
demonstrates	 regular	wide	complex	 tachycardia	with	northwest	 axis
and	atypical	RBBB	pattern	 (single	R	wave	 in	V1,	 and	prominent	S
wave	in	V6).	Part	B	demonstrates	atrioventricular	dissociation,	fusion
beats	(*),	and	positive	concordance	of	QRS	complexes.	RBBB,	right
bundle	 branch	 block.Courtesy	 of	 Thomas	 M.	 Munger,	 MD	 and
Stephen	C.	Hammill,	MD.

Regularity—VT	is	generally	regular;	irregular	WCT	is	most	commonly	as	a
result	of	AF	(Figure	196.1).
AV	relation—AV	dissociation	or	ventricular	rhythm	faster	than	an	independent
atrial	rhythm	is	the	hallmark	of	VT.	AV	dissociation	can	be	suggested	by	the
presence	of	fusion	(QRS	morphology	with	mixed	features	between	a	normal
beat	and	a	ventricular	beat	Figure	196.6)	and	captured	complexes	(QRS
complex	identical	to	one	seen	in	sinus	rhythm	but	that	occurs	in	the	midst	of
WCT).5	Related	to	AV	dissociation,	examination	may	reveal	irregular	cannon
A	waves	in	the	jugular	venous	pulses	resulting	from	periodic	atrial	contraction
dissociated	with	tricuspid	valve	closure.
QRS	axis—WCT	with	axis	of	−60°	to	−120°,	particular	that	WCT	falling	in	to
the	northwest	axis	(−90°-−180°)	and	the	axis	that	shifts	from	the	baseline
>40°	are	suggestive	of	VT.
Precordial	leads—If	QRS	polarities	of	the	precordial	leads	are	all	negative	or
positive	from	V1	through	V6	(ie,	concordance),	WCT	is	likely	VT.
Right	bundle	branch	block	(RBBB)	and	left	bundle	branch	block	(RBBB)
patterns—Generally,	any	patterns	of	atypical	RBBB	or	atypical	LBBB	are
considered	VT	(Table	196.5).
Brugada	criteria—Including	four	stepwise	approaches,	these	criteria	are	a
commonly	used	algorithm	for	identifying	VT	(Figure	196.7).	However,	its
diagnostic	performance	varies	among	clinicians.6

TABLE	196.5



Atypical	Bundle	Branch	Pattern	and	QRS	Criteria	Indicative
of	the	Diagnosis	of	Ventricular	Tachycardia

Typical
RBBB
Pattern

RBBB
Pattern
Suggestive
of	VT

Typical	LBBB
Pattern

LBBB	Pattern
Suggestive	of	VT

V1 rSR´,
rSr´,	rR´

Rsr´,	Rr´,
qR,
monophasic
R

QS	or	rS	with	QRS
onset	to	the	S	wave
nadir	<60	ms	and
the	duration	of	R
wave	<30	ms

Other	patterns	with
QRS	onset	to	the	S
wave	nadir	>60	ms
and	the	duration	of	R
wave	>30	ms

V6 Small	S
(rS)

Large	S	(rS,
QS)

No	Q	wave Presence	of	Q	wave

QRS >140	ms >160	ms

LBBB,	left	bundle	branch	block;	RBBB,	right	bundle	branch	block.

	

Figure	 196.7 	 Brugada	 criteria	 for	 the	 diagnosis	 of	 ventricular
tachycardia	(VT).

Pathophysiology	and	Etiology
Different	 from	 VF,	 PMVT	 and	 TDP,	 the	 most	 common	 mechanism	 of



monomorphic	VT	is	underlying	myocardial	scarring,	as	a	substrate	for	reentry,	in
patients	with	a	prior	 infarction	or	 cardiomyopathy.	Precipitating	 factors	 should
be	considered	and	excluded	(Table	196.1);	such	triggers	commonly	encountered
in	 the	 ICU	 include	 a	 hyperdynamic	 state	 and	 intracardiac	 catheters.	 All
antiarrhythmic	drugs	can	be	proarrhythmic,	and	the	decision	whether	to	continue
or	 discontinue	 therapy	 should	 be	 discussed	with	 a	 cardiologist.	 If	 available,	 a
serum	 drug	 level	 (eg,	 amiodarone,	 digoxin,	 quinidine,	 procainamide)	 may	 be
obtained.	 Digoxin	 toxicity	 can	 cause	 a	 variety	 of	 arrhythmias,	 including	 AV
block,	 tachyarrhythmias,	 and	 bidirectional	VT	which	 is	 characteristic	 but	 rare.
Tricyclic	 antidepressants	 and	 other	 sodium	 channel	 blocking	 drugs	 (eg,
flecainide,	propafenone,	quinidine,	procainamide,	disopyramide,	phenothiazines)
can	 slow	 ventricular	 conduction	 (reflected	 by	 a	 widened	 QRS	 complex),	 and
cause	very	rapid	VT	known	as	ventricular	flutter.

3 	 4 	 Initiation	 of	 the	 ACLS	 algorithm	 and	 defibrillation	 is	 warranted	 for
pulseless	 VT.4	 Unstable	 patients	 with	 palpable	 pulses	 require	 immediate
cardioversion	with	 appropriate	 sedation	 and	 analgesia.	Medical	 therapy	 can	be
administrated	 to	 hemodynamically	 stable	 patients.	 Antiarrhythmic	 drugs	 in	 a
patient	with	unknown	etiology	of	VT	include	class	I	(procainamide	or	lidocaine)
or	 class	 III	 antiarrhythmic	 drugs	 (amiodarone	 or	 sotalol).	 Amiodarone	 has
superior	 efficacy	 for	 terminating	 most	 VA	 and	 rarely	 has	 an	 absolute
contraindication	 in	 the	 acute	 setting.3	 Preference	 of	 each	 drug’s	 profile	 and
possible	side	effects	are	summarized	in	Table	196.4.	Synchronized	cardioversion
can	 be	 used	 for	 persistent	 VT.	 Maintenance	 antiarrhythmic	 therapy	 may	 be
required	to	prevent	acute	recurrence,	and	a	cardiology	consult	 is	recommended
for	 all	 patients	with	VT.	Vagal	maneuvers	or	 adenosine	administration	may	be
attempted	 in	 the	 rare	 circumstance	 of	 very	 high	 suspicion	 for	 SVT	 in
hemodynamically	stable	patients	with	a	regular	WCT.	These	maneuvers	 inhibit
the	 AV	 node	 and	 often	 terminate	 SVT	 but	 have	 little	 effect	 on	 VT.	 Vagal
maneuvers	or	adenosine	administration	are	contraindicated	for	PMVT	suspicious
for	AF	with	preexcitation.

Ventricular	Tachycardia	Storm
VT	 storm	 is	 defined	 as	 an	 occurrence	 of	 ≥3	 episodes	 of	 sustained	 VT/VF	 or
VT/VF	requiring	ICD	therapies	or	external	shocks	within	24	hours.	VT	storm	is
a	 true	 emergency	 and	 requires	 a	 multidisciplinary	 approach.	 VT	 storm	 is
commonly	 associated	 with	 a	 hyperadrenergic	 state,	 and	 treatment	 with	 β-
blockers	 has	 been	 shown	 to	 improve	 mortality.7	 Choices	 include	 intravenous
metoprolol	or	esmolol,	which	has	a	shorter	half-life	and	is	attractive	for	patients



with	 severe	 hemodynamic	 compromise.	 In	 addition,	 amiodarone	 should	 be
administered	during	 the	acute	phase	even	when	the	patient	 is	already	receiving
an	 oral	 formulation.	Amiodarone	 is	 recommended	 over	 lidocaine	 owing	 to	 its
superior	effectiveness	for	treatment	of	most	VAs.	Treatment	of	reversible	causes
is	always	critical.	Additionally,	medical	optimization	of	heart	failure	is	necessary
because	electrical	instability	can	be	a	manifestation	of	pump	failure.

If	medical	therapy	is	not	successful,	sedation	and	intubation	may	significantly
suppress	 electrical	 storm.	 Neuraxial	 modulation	 for	 suppression	 of	 the
hyperdynamic	state	may	also	be	warranted.	Mechanical	circulatory	support	may
facilitate	 suppression	 of	 VT	 storm	 of	 patients	 for	 whom	 ischemia	 or
hemodynamic	 stress	 are	 driving	 triggers.	 Thoracic	 epidural	 anesthesia,	 or,
stellate	 ganglion	 blockade	 (SGB),	with	 bupivacaine	 can	 reduce	 the	 arrhythmic
burden.8	 SGB	 is	 performed	 by	 an	 anesthesiologist	 experienced	 at	 ultrasound-
guided	percutaneous	nerve	blockade.	 It	 can	be	performed	at	 the	bedside.	SGB
can	involve	either	a	one-time	injection,	or	an	indwelling	percutaneous	catheter	to
permit	continuous	infusion	of	a	local	anesthetic	such	as	lidocaine	or	bupivacaine.
The	 left	 stellate	 ganglion	 is	 targeted	 first,	 and	 sometimes	 bilateral	 stellate
ganglion	 block	 is	 required.	 SGB	 can	 be	 used	 to	 treat	 monomorphic	 VT	 or
polymorphic	 VT.	 It	 offers	 a	 helpful	 bridge	 while	 arranging	 ablation,	 or	 while
treating	a	secondary	cause	for	VT.	 In	one	case	series	of	30	patients	with	drug-
refractory	VT	storm,	SGB	resulted	in	freedom	from	VT	for	60%	of	patients	at	24
hours.8	If	VT	were	refractory	to	other	interventions,	but	responsive	to	SGB,	then
consideration	could	be	made	for	surgical	stellate	ganglion	sympathectomy.

Nonsustained	Ventricular	Tachycardia
NSVT	is	relatively	common	and	generally	not	associated	with	symptoms.	Little
is	 known	 about	 the	 prognostic	 implications	 of	NSVT	 in	 a	 structurally	 normal
heart	 or	 nonischemic	 cardiomyopathy.	 NSVT,	 however,	 is	 associated	 with	 a
higher	risk	of	sudden	cardiac	death	among	patients	with	a	history	of	myocardial
infarction.	 Polymorphic	NSVT	 should	 prompt	 a	 thorough	 evaluation	 for	 acute
ischemia.	General	management	focuses	on	correction	of	triggers	and	identifying
underlying	 structural	 heart	 disease,	 which	 will	 dictate	 subacute	 and	 long-term
management.	 A	 primary	 prevention	 ICD	 may	 be	 considered	 for	 postinfarct
patients	 with	 left	 ventricular	 ejection	 fraction	 <40%	 and	 a	 positive
electrophysiology	study.

Premature	Ventricular	Contraction



Premature	 ventricular	 contractions	 (PVCs)	 are	 ectopic	 ventricular	 contractions
with	 wide	 QRS	 complex	 occurring	 for	 <3	 consecutive	 beats.	 PVCs	 are	 very
common	and	can	be	found	in	a	healthy	population.	In	rare	circumstances,	PVCs
may	 be	 associated	 with	 poor	 outcomes;	 for	 example,	 among	 patients	 with
severely	 depressed	 ventricular	 function	 or	 dyssynchronization,	 PVCs	 can
precipitate	 heart	 failure.	 Very	 frequent	 PVCs	 >10,000	 to	 20,000	 beats	 per	 24
hours,	 or	 >20%	of	 all	 beats,	may	 cause	PVC-induced	 cardiomyopathy.	 In	 rare
circumstances,	 PVCs	 may	 trigger	 VF—most	 commonly	 idiopathic,	 and
sometimes	in	the	setting	of	ischemic	cardiomyopathy	or	heritable	channelopathy
such	as	long	QT	syndrome	or	Brugada	syndrome.	Management	of	PVC-induced
VF	 focuses	 on	 identifying	 any	 underlying	 structural	 heart	 disease	 (such	 as
ischemic	 or	 nonischemic	 cardiomyopathy	 or	 mitral	 valve	 prolapse),	 heritable
channelopathy	 or	 cardiomyopathy	 (such	 as	 long	 QT	 Syndrome,	 Brugada
syndrome,	 or	 arrhythmogenic	 cardiomyopathy),	 and	 correctable	 triggers.
Management	may	involve	medications	such	as	βblockers,	amiodarone,	lidocaine,
quinidine,	or	mexiletine.	Stellate	ganglion	blockade	may	be	effective	for	cases	of
drug-refractory	PVCs.	These	therapies	would	typically	be	administered	as	bridge
to	catheter	ablation	of	 the	PVC,	 if	amenable.	Typical	 locations	 for	 these	PVCs
include	the	ventricular	outflow	tracts,	Purkinje	fibers,	and	papillary	muscles.

Accelerated	Idiopathic	Ventricular	Rhythm
Accelerated	idiopathic	ventricular	rhythm	(AIVR)	is	a	wide	complex	ventricular
rhythm	at	a	lower	rate	of	VT	(ie,	40-100	bpm).	This	rhythm	often	occurs	during
the	first	12	hours	following	reperfusion	of	an	acute	myocardial	infarction	during
periods	 of	 elevated	 sympathetic	 tone.	 AIVR	 usually	 resolves	 without	 specific
therapy.	 Electrolyte	 abnormalities	 (eg,	 hyperkalemia)	 and	 ventricular	 pacing
rhythm	can	mimic	AIVR.

Subacute	and	Long-Term	Management
Subacute	 and	 long-term	 management	 of	 VAs	 requires	 an	 assessment	 for	 the
underlying	 structural	 cardiac	 disease.	After	 cardiac	 arrest,	 ventricular	 function
may	 initially	 be	 depressed	 because	 of	 myocardial	 stunning;	 therefore,	 repeat
imaging	is	required	during	follow-up.	VF	and	PMVT	are	most	commonly	caused
by	 acute	 coronary	 ischemia,	 and	 prompt	 revascularization	 can	 significantly
improve	 prognosis	 even	 for	 cases	without	 ST	 elevation	myocardial	 infarction.
While	TDP	 and	monomorphic	VT	 are	 not	 generally	 related	 to	 ischemia,	 other



treatable	 triggers	commonly	observed	among	ICU	patients	should	be	evaluated
(Table	196.1).

The	choice	and	duration	to	maintain	antiarrhythmic	drugs	should	be	directed
by	 a	 multispecialty	 team.	 Reassessment	 of	 ventricular	 function	 40	 days	 after
myocardial	infarction	or	90	days	after	revascularization	will	determine	the	need
for	 ICD	 implantation.	 However,	 for	 particular	 patients	 with	 persistent	 VA	 or
structural	heart	disease	without	expected	recovery,	ICD	implantation	is	indicated
prior	 to	 hospital	 discharge.9,10	 Alternatively,	 such	 patients	 may	 benefit	 from	 a
wearable	defibrillator	upon	hospital	discharge.11

Long-term	management	following	an	episode	of	VA	is	largely	dictated	by	the
residual	 risk	 and	 the	 underlying	 structural	 heart	 disease.	Among	 patients	with
cardiomyopathy,	β-blockers	and	an	angiotensin-converting	enzyme	inhibitor	are
associated	with	a	significant	reduction	of	the	risk	for	sudden	cardiac	death.12

Arrhythmias	in	Stress-Induced	Cardiomyopathy
Reversible	 cardiomyopathy	as	 a	 result	 of	 acute	 severe	 illness	known	as	 stress-
induced	 cardiomyopathy	 or	 apical	 ballooning	 syndrome	 or	 takotsubo
cardiomyopathy,	 can	 be	 found	 among	 a	 significant	 proportion	 of	 critically	 ill
patients.13	 It	 is	 associated	 with	 remarkable	 ECG	 changes	 that	 are	 relatively
similar	to	acute	myocardial	ischemia.	Therefore,	stress-induced	cardiomyopathy
is	 a	 diagnosis	 of	 exclusion.	 Gigantic	 T	 wave	 inversion	 and	 prominent	 QT
prolongation	 similar	 in	 appearance	 to	 cerebral	 T	waves	 are	 frequently	 evident
with	 peak	 prolongation	 occurring	 2	 to	 3	 days	 post	 admission	 (Figure	 196.8).
Arrhythmias	are	common	in	this	setting,	with	reported	frequencies	of	4.7%	for
AF,	2.2%	sustained	VT,	and	1.2%	VF.	Risk	of	VAs	appears	to	be	highest	at	the
peak	of	longest	QT	interval	and	maximal	T	wave	inversion.	Therefore,	patients
should	be	monitored	during	this	critical	period.

	



Figure	196.8 	An	electrocardiogram	of	a	patient	hospitalized	 for
sepsis	 and	 complicated	 stress-induced	 cardiomyopathy.Noted	 ST-T
changes	in	V1	to	V3	and	T	wave	inversion	in	V4	to	V6	and	I	and	II
with	prolongation	of	the	QT	interval.Courtesy	of	Faisal	F.	Syed,	MD.

Given	 that	 catecholamine	 surge	 during	 critical	 illness	 is	 likely	 a	 culprit	 of
stress-induced	cardiomyopathy,	early	administration	of	a	β-blocker	is	a	mainstay
of	 treatment.	However,	β-blockers	 for	patients	with	bradycardia	or	 severe	QTc
prolongation	 should	 be	 prescribed	 cautiously	 because	TDP	 could	 be	 related	 to
pause	 or	 bradycardia.	 Noteworthy,	 an	 increase	 of	 the	 awareness	 of	 genetic
syndromes	 predisposing	 patients	 with	 stress-induced	 cardiomyopathy	 to	 have
markedly	prolonged	QT	interval	has	been	recognized.	In	addition,	there	are	rare
arrhythmia-induced	reversible	cardiomyopathies	that	can	be	identified.14	Thus,	a
careful	 personal	 and	 family	 history	 should	 be	 collected,	 and	 referral	 to	 an
electrophysiologist	should	be	considered.



SECTION	II:	SUPRAVENTRICULAR
TACHYCARDIA
SVTs	are	among	the	most	commonly	encountered	arrhythmias	among	critically
ill	 adults,	 and	 can	 cause	 considerable	 morbidity	 and	 mortality.	 A	 structured
approach	 to	 facilitate	 prompt	 diagnosis	 and	 management	 of	 these	 rhythms	 is
displayed	in	Figures	196.2	and	196.3.

The	2015	American	College	of	Cardiology/American	Heart	Association	and
the	Heart	Rhythm	Society	(ACC/AHA/HRS)	guidelines	for	the	management	of
the	adult	patients	with	SVT	define	SVT	as	a	 tachycardia	originating	above	 the
level	of	the	His	bundle.15	A	ventricular	rate	that	exceeds	100	bpm	and	a	narrow
QRS	complex	(QRS	width	<	120	ms)	are	the	hallmarks	of	SVT.	Less	commonly,
a	WCT	can	be	owing	to	SVT	with	bundle	branch	block	or	aberrant	conduction.
Differentiation	of	SVT	from	VT	using	the	12-lead	ECG	is	discussed	in	Section	I:
Procedures,	Techniques	and	Ultrasonography.

SVTs	are	classified	as	regular	narrow	complex	tachycardias,	characterized	by
regular	 intervals	 between	 successive	 R	waves	 or	 as	 irregular	 narrow	 complex
tachycardias,	with	 irregular	R-R	 intervals.	The	differential	diagnosis	of	 regular
narrow	 complex	 tachycardia	 includes	 sinus	 tachycardia,	 atrioventricular	 nodal
reentrant	 tachycardia	 (AVNRT),	 atrioventricular	 reentrant	 tachycardia	 (AVRT),
and	focal	atrial	 tachycardia.	 Irregular	narrow	complex	 tachycardias	 include	AF
and	multifocal	 atrial	 tachycardia	 (MAT).	Atrial	 flutter	 (AFL)	 can	 present	 as	 a
regular	narrow	complex	tachycardia,	but	can	be	irregular	owing	to	variable	AV
conduction	 block.	 Furthermore,	 the	 management	 approach	 to	 AF	 and	 AFL	 is
very	 similar;	 hence,	 AFL	 is	 discussed	 in	 the	 “Irregular	 Narrow	 Complex
Tachycardia”	section.

Regular	Narrow	Complex	Tachycardia
Sinus	tachycardia,	AVNRT,	AVRT,	focal	atrial	tachycardia,	and	AFL	are	on	the
differential	diagnosis	of	narrow	complex	tachycardias	(Figure	196.9).	Particular
attention	to	 three	key	electrocardiographic	features	will	allow	differentiation	of
regular	 narrow	 complex	 tachycardias.	 First,	 the	 onset	 and	 termination	 of
tachycardia	can	be	sudden	(AVNRT	and	AVRT)	or	gradual	(sinus	tachycardia).
Atrial	 tachycardia	 can	 present	 in	 either	 fashion	 (Figures	 196.2	 and	 196.3).
Second,	the	ECG	should	be	scrutinized	for	the	presence	and	timing	of	P	waves.



If	 the	 P	 wave	 occurs	 closer	 to	 the	 preceding	 QRS	 complex	 (short	 R-P
tachycardia),	AVNRT	and	AVRT	are	more	likely,	although	important	exceptions
exist	(Figure	196.2).	If	the	P	wave	occurs	closer	to	the	succeeding	QRS	complex
(long	R-P	tachycardia),	sinus	tachycardia	and	atrial	tachycardia	are	more	likely.
Finally,	 the	morphology	of	 the	P	wave	can	differentiate	sinus	 tachycardia	from
atrial	 tachycardia.	 Sinus	 P	 waves	 are	 upright	 in	 leads	 II,	 III,	 and	 aVF	 and
biphasic	 in	 lead	V1.	An	abrupt	change	 in	P	wave	morphology	should	alert	 the
clinician	to	an	atrial	tachycardia.

	

Figure	196.9 	Genesis	 of	 commonly	 encountered	 regular	 narrow
complex	 tachycardia.AVNRT,	 atrioventricular	 nodal	 reentrant
tachycardia.

Sinus	Tachycardia
Sinus	 tachycardia	 is	 a	 commonly	 encountered	 rhythm	 in	 the	 ICU	 setting.	 It	 is
usually	 a	 normal	 physiological	 response	 to	 a	 hyperadrenergic	 state	 caused	 by
infection,	shock,	pain,	systemic	inflammation,	adrenergic	medications,	or	rarely
endocrine	 disturbances	 such	 as	 hyperthyroidism.	 It	 is	 characterized	 by	 a	 rate
greater	than	100	bpm,	sinus	P	wave	morphology,	long	R-P	interval,	and	gradual
onset	and	offset.	Sinus	tachycardia	will	resolve	with	treatment	of	the	underlying
cause.

Occasionally,	 sinus	 tachycardia	 can	 cause	 cardiac	 ischemia	 among	 patients
with	 severe	 coronary	 artery	 disease.	 Other	 conditions	 where	 maximizing	 the
diastolic	 interval	 is	 important	 are	 severe	mitral	 stenosis	 and	 restrictive	 cardiac
physiology	 as	 seen	 in	 heart	 failure	 with	 preserved	 ejection	 fraction.	 In	 these
situations,	temporary	use	of	short-acting	β-blockers	or	calcium	channel	blockers



to	reduce	the	sinus	rate	is	warranted.

Focal	Atrial	Tachycardia
Focal	 atrial	 tachycardias	 are	 regular	 narrow	 complex,	 long	 R-P	 interval	 SVTs
that	 arise	 from	 regions	 other	 than	 the	 sinus	 node.	 The	 morphology	 of	 the	 P
waves	 can	 help	 differentiate	 focal	 atrial	 tachycardias	 from	 sinus	 tachycardia.
Atrial	tachycardias	can	have	sudden	onset.

In	 contrast	 to	 sinus	 tachycardia,	 the	 fast	 heart	 rates	 with	 focal	 atrial
tachycardia	are	usually	inappropriate,	and	treatment	with	β-blockers	or	calcium
channel	blockers	is	reasonable	in	acute	situations	when	the	increased	heart	rate	is
poorly	 tolerated.	 Vagal	 maneuvers	 and	 adenosine	 can	 slow	 the	 ventricular
response	 and	 allow	 for	diagnosis	of	 the	 atrial	 rhythm,	 and	 can	 terminate	 atrial
tachycardia	 owing	 to	 triggered	 activity.	 Second-line	 options	 for	 termination
include	intravenous	class	IC	agents	such	as	flecainide	and	intravenous	class	III
agents	such	as	ibutilide	and	amiodarone	(Table	196.4).	Overdrive	pacing	through
an	 existing	 atrial	 lead	 can	 terminate	 the	 tachycardia,	 and	 should	 only	 be
performed	under	expert	guidance.

Atrioventricular	Nodal	Reentrant	Tachycardia
AVNRT	is	often	categorized	as	a	paroxysmal	SVT,	because	of	abrupt	onset	and
offset.	It	is	the	most	common	regular	SVT	and	is	more	common	in	women	than
in	men.	There	 is	usually	a	history	of	previous	episodes	beginning	 in	second	or
third	decade	of	life.	The	ventricular	rate	is	often	between	150	and	250	bpm,	but
can	occasionally	exceed	250	bpm.

For	patients	born	with	dual	AV	nodal	physiology	including	a	fast	and	a	slow
AV	nodal	pathway,	differences	in	the	refractory	periods	of	the	two	pathways	can
result	 in	 initiation	 and	 maintenance	 of	 AVNRT.	 When	 a	 premature	 atrial
contraction	(PAC)	occurs,	the	fast	pathway	can	be	refractory	from	the	previous
sinus	beat,	and	the	wavefront	travels	down	the	slow	pathway.	If	the	PAC	is	timed
critically,	 the	 fast	 pathway	 may	 have	 recovered	 by	 the	 time	 the	 wavefront
reaches	the	bottom	of	the	AV	node,	resulting	in	retrograde	conduction	up	the	fast
pathway,	establishing	a	reentrant	circuit.	This	is	the	underlying	pathophysiology
of	“typical”	AVNRT,	which	occurs	in	about	80%	of	cases.

The	 surface	 ECG	 shows	 a	 PAC	 with	 prolonged	 PR	 interval	 (owing	 to
conduction	down	the	slow	pathway),	followed	by	a	sudden	onset	regular	narrow
complex	tachycardia.	Retrograde	P	waves	can	be	seen	after	each	QRS	complex,



and,	hence,	this	tachycardia	has	a	short	R-P	interval	(Figure	196.10).	Although
this	 tachycardia	 is	usually	well	 tolerated,	older	patients	and	critically	 ill	young
patients	may	not	tolerate	it	well.

	

Figure	 196.10 	 Example	 of	 short	 RP	 interval	 tachycardia.Note
typical	 atrioventricular	 nodal	 reentrant	 tachycardia	 (AVNRT)	 with
pseudo-R′	in	V1.

AVNRT	 usually	 responds	 well	 to	 vagal	 maneuvers	 which	 is	 the	 first-line
therapy	 in	 acute	management	 (Figure	 196.2).3	 The	Valsalva	maneuver	 can	 be
performed	 easily	 at	 the	 bedside	 and	 can	 terminate	 AVNRT.	Other	maneuvers,
such	as	carotid	massage	(after	exclusion	of	a	bruit),	applying	an	ice	cold	towel	to
the	 face,	 can	 also	 be	 effective.	 If	 these	 fail,	 intravenous	 adenosine	 is	 almost
always	 successful	 in	 terminating	AVNRT.	 It	 can	 also	help	unmask	 a	 cause	 for
SVT	other	 than	AVNRT	by	 slowing	 the	 ventricular	 response	 and	 allowing	 the
diagnosis	 of	 unrecognized	 atrial	 tachycardia	 or	 flutter.	 Intravenous	 β-blockers
and	 calcium	channel	 blockers	 are	 rarely	 required	 for	 treatment.	When	patients
have	recurrent	AVNRT	in	 the	ICU,	oral	 therapy	with	calcium	channel	blockers
or	 β-blockers	 can	 be	 effective	 in	 preventing	 recurrences.	 Catheter	 ablation	 is
widely	utilized	in	the	outpatient	setting	for	definite	management	of	AVNRT,	but
very	rarely	performed	during	an	acute	illness.14

Atrioventricular	Reentrant	Tachycardia
Accessory	 pathways	 are	 myocardial	 fibers	 that	 connect	 atrial	 myocardium
directly	 to	ventricular	myocardium.	The	presence	of	an	accessory	pathway	can
permit	 conduction	 of	 impulses	 directly	 from	 the	 atrium	 to	 the	 ventricle
(anterograde	 conduction	or	 antidromic	AVRT)	or	 conduction	of	 impulses	 from
the	 ventricle	 to	 the	 atrium	 (retrograde	 conduction	 or	 orthodromic	 AVRT).	 In



sinus	rhythm,	the	surface	ECG	may	reveal	short	PR	interval,	a	“delta	wave”	and
some	degree	of	fusion	between	impulses	conducted	down	the	accessory	pathway
and	the	AV	node	(Figure	196.11).

	

Figure	 196.11 	 An	 electrocardiogram	 demonstrates	 short	 PR
interval	and	“delta	wave”	in	sinus	rhythm.

Presence	 of	 an	 accessory	 pathway	 can	 result	 in	 three	 clinical	 presentations
relevant	 to	 intensive	 care	 physicians.	 First,	 a	 PAC	 can	 conduct	 down	 the	 AV
node	 and	 up	 the	 accessory	 pathway,	 resulting	 in	 a	 reentrant	 tachycardia
(orthodromic	AVRT).	The	ECG	will	show	a	regular	narrow	complex	tachycardia
with	 a	 short	 R-P	 interval,	 similar	 to	 AVNRT.	 This	 is	 the	 most	 common
tachycardia	 among	 patients	 with	 accessory	 pathways.	 Second,	 there	 can	 be	 a
reentrant	 tachycardia	with	conduction	down	 the	accessory	pathway	and	up	AV
node	 (antidromic	 AVRT:	 Figure	 196.12).	 Antidromic	 AVRT	 is	 a	 regular
tachycardia	with	a	wide	complex	QRS	on	the	surface	ECG,	because	conduction
is	directly	to	the	ventricular	tissue	and	not	through	the	usual	conduction	system.



	

Figure	196.12 	Antidromic	 atrioventricular	 reentrant	 tachycardia
(AVRT).The	 anterograde	 impulses	 travel	 through	 the	 accessory
pathway	resulting	in	widen	QRS	complex.

Finally,	 an	 atrial	 arrhythmia	 such	 as	 AF	 or	 AFL	 can	 conduct	 down	 the
accessory	pathway,	resulting	in	extremely	rapid	heart	rate	(preexcited	AF/AFL:
Figure	196.13.	Presence	of	preexcitation	on	the	surface	ECG	and	an	associated
SVT	is	diagnostic	for	Wolff-Parkinson-White	(WPW)	syndrome.	Preexcited	AF
is	 commonly	 associated	 hemodynamic	 instability	 and	 is	 best	 treated	 with
cardioversion	 of	 unstable	 patients.15	 VF	 can	 also	 occur	 among	 patients	 with
preexcited	AF.	The	annual	risk	of	sudden	death	due	to	VF	in	patients	with	WPW
syndrome	 is	 0.15%.	 When	 patients	 are	 hemodynamically	 stable,	 intravenous
procainamide	 or	 ibutilide	 can	 be	 administered	 (Table	 196.4).	 The	 use	 of	 AV
nodal	blocking	agents	could	 theoretically	potentiate	rapid	conduction	down	the
accessory	 pathway	 resulting	 in	 VF,	 due	 to	 decreased	 accessory	 pathway
refractoriness	from	competing	ventricular	depolarization	via	the	AV	node.	Thus,
there	 is	 a	 relative	 contraindication	 of	AV	nodal	 blockers	 such	 as	 diltiazem	 for
treatment	of	preexcited	AF.	The	use	of	β-blockers	could	have	similar	effects	on
the	AV	node	 and	 an	 accessory	pathway,	 and	 thus	 could	be	 considered	 for	 rate
control	in	this	setting.15



	

Figure	 196.13 	 Preexcited	AF	with	 characteristics	 of	 irregularly
regular	 tachycardia	and	variable	QRS	complex	morphology	and	RR
intervals.AF,	atrial	fibrillation.

It	is	uncommon	for	orthodromic	or	antidromic	AVRT	to	cause	hemodynamic
instability,	 because	 the	 circuit	 involves	 the	 AV	 node,	 which	 has	 decremental
conduction	 properties.	 Nevertheless,	 hemodynamically	 unstable	 patients	 with
either	of	these	rhythms	should	undergo	cardioversion.	Hemodynamically	stable
patients	are	managed	similar	 to	AVNRT.	Vagal	maneuvers	should	be	attempted
first	 followed	 by	 intravenous	 adenosine.	 Intravenous	 β-blockers	 or	 calcium
channel	 blockers	 can	 also	 terminate	 the	 tachycardia.	 Catheter	 ablation	 of	 the
accessory	 pathway	 is	 the	 definitive	 treatment	 and	 is	 usually	 performed	 in	 the
outpatient	setting.

Irregular	Narrow	Complex	Tachycardia
When	 evaluating	 an	 irregular	 narrow	 complex	 tachycardia,	 AF,	 AFL	 with
variable	 block,	 and	MAT	 should	 be	 considered.	Among	 these,	AF	 is	 the	most
common.

Atrial	Fibrillation
AF	 is	 a	 common	 arrhythmia	 especially	 among	 older	 adults.	 AF	 occurs	 as	 the
result	of	chaotic	and	uncoordinated	atrial	activation	and	is	characterized	by	the
absence	 of	 P	 waves	 and	 irregular	 R-R	 intervals	 on	 the	 surface	 ECG	 (Figure
196.3).	Morbidity	 from	AF	 is	a	consequence	of	 rapid	ventricular	 rates,	 lack	of
atrial	 contraction,	 left	 ventricular	 systolic	 and	 diastolic	 dysfunction,	 and	 the
propensity	for	clot	formation	in	the	left	atrium	with	consequent	risk	of	systemic
embolization.	 AF	 is	 classified	 based	 on	 duration	 as	 paroxysmal	 (terminates
spontaneously	within	7	days	of	onset),	persistent	(AF	for	>7	days),	long-standing



persistent	 (AF	 >	 12	 months),	 or	 permanent	 (persistent	 AF	 with	 no	 further
attempts	at	restoration	of	sinus	rhythm).

Among	 ICU	patients,	AF	 can	 result	 in	 hemodynamic	 instability	 because	 of
rapid	 ventricular	 rates.	 This	 is	 especially	 true	 for	 cases	 with	 restrictive	 left
ventricular	 filling,	 such	 as	 diastolic	 dysfunction,	 hypertrophic	 cardiomyopathy,
or	restrictive	cardiomyopathy.	AF	can	cause	instability	for	any	patient	for	whom
a	longer	diastolic	filling	period	is	required	for	adequate	cardiac	output,	such	as
patients	with	severe	mitral	stenosis,	constrictive	pericarditis,	or	severe	coronary
artery	 disease.	 As	 discussed	 previously,	 patients	 with	 WPW	 syndrome	 can
experience	severe	hemodynamic	instability	and	even	VF	if	they	develop	AF	and
antegrade	conduction	down	the	accessory	pathway.

Etiology	and	Pathophysiology
AF	 can	 be	 considered	 a	 final	 common	manifestation	 of	 several	 processes	 that
favor	increased	ectopy	and	reentry	in	the	left	atrial	myocardium.	The	interplay	of
rapidly	 discharging	 foci,	 usually	 of	 the	 pulmonary	 veins;	 atrial	 substrate
abnormalities	 that	 favor	 reentry;	 and	 autonomic	 disturbances	 that	 trigger	 atrial
activation	contributes	to	initiation	and	maintenance	of	AF.

It	 is	 important	 to	 recognize	 potential	 acute	 or	 subacute	 triggers	 for	 AF
including	 decompensated	 heart	 failure,	 thyrotoxicosis,	 systemic	 or	 myocardial
inflammation,	pulmonary	embolism,	alcohol	intoxication	or	withdrawal,	cocaine
use,	or	use	of	medications	such	as	 inotropes	or	particular	antineoplastic	agents
such	as	 ibrutinib	as	a	 trigger	 for	AF.	 In	addition,	AF	 itself	 results	 in	 structural
and	electrical	remodeling,	and	hence	the	tenet	“AF	begets	AF.”

A	 special	 mention	 must	 be	 made	 of	 AF	 during	 the	 postoperative	 period.
Increased	 sympathetic	 tone	 during	 the	 postoperative	 period	 that	 results	 from
inflammation,	fluid	shifts,	and	pain,	contributes	to	an	increased	incidence	of	AF
after	an	operation.	Cardiac	surgery	patients	are	particularly	at	risk	of	developing
AF,	 and	 up	 to	 40%	 of	 post–cardiac	 surgery	 patients	 can	 develop	 AF.16
Postoperative	 amiodarone	 and	 β-blockers	 can	 decrease	 the	 incidence	 of	 AF
among	this	group	of	patients.	The	genesis	of	AF	among	cardiac	surgery	patients
is	 multifactorial,	 and	 atrial	 incisions,	 pericardial	 inflammation,	 and	 atrial
ischemia	are	all	thought	to	contribute.

Management
The	ultimate	clinical	goals	of	AF	 treatment	 include	amelioration	of	symptoms,
including	 palpitations,	 fatigue,	 dyspnea,	 lightheadedness,	 prevention	 and



treatment	 of	 heart	 failure	 including	 tachycardia-induced	 cardiomyopathy,	 and
prevention	of	 stroke.	These	goals	are	usually	achieved	 through	either	adequate
control	of	the	ventricular	rate	or	restoration	of	sinus	rhythm.

Among	ICU	patients,	AF	can	result	 in	hemodynamic	 instability	or	 ischemia
or	 both.	 For	 the	 hemodynamically	 unstable	 patient,	 synchronized	 direct
cardioversion	 is	 indicated.	 A	 careful	 search	 must	 be	 made	 for	 precipitating
factors	 for	 all	 patients	 once	 stabilized.	 Any	 condition	 causing	 sympathetic
activation	 can	 precipitate	 AF.	 Common	 ICU-associated	 causes	 include	 sepsis,
myocardial	ischemia,	pulmonary	embolism,	systemic	inflammation,	pericarditis,
and	stroke	(Table	196.1).	Addressing	and	treating	these	conditions	can	result	in
spontaneous	 resolution	 of	 new-onset	 AF.	 Administration	 of	 sympathomimetic
agents	 is	 common	among	 the	 critically	 ill	 and	 they	 can	 cause	AF.	Electrolytes
must	be	checked,	and	hypokalemia	and	hypomagnesemia	 in	particular	must	be
corrected.

Apart	 from	 controlling	 these	 precipitants	 of	 AF,	 a	 rate	 control	 or	 rhythm
control	 approach	 may	 be	 pursued	 for	 management.	 Rate	 control	 refers	 to	 a
strategy	of	using	drugs	that	increase	the	refractoriness	of	the	AV	node	to	impulse
propagation,	 resulting	 in	 a	 controlled	 ventricular	 rate.	 Oral	 or	 intravenous	 β-
blockers,	calcium	channel	blockers,	digoxin,	and	even	amiodarone	can	be	used
for	rate	control.	Rhythm	control	is	a	strategy	of	converting	AF	into	sinus	rhythm
and	 can	 be	 achieved	 by	 electrical	 synchronized	 cardioversion	 or	 by
pharmacological	cardioversion	with	medications.	In	the	ICU	setting,	because	of
high	 rates	 of	 recurrent	 AF,	 rate	 control	 is	 the	 most	 commonly	 adopted
management	strategy	for	AF;	rhythm	control	is	reserved	for	AF	that	is	difficult
to	rate	control.

Prevention	of	Thromboembolic	Complications
The	 association	of	 stroke	 and	AF	 is	well	 described.	Stasis	 of	 blood	 in	 the	 left
atrial	appendage,	a	hypercoagulable	state	induced	by	AF	itself	result	in	left	atrial
thrombosis	 and	 systemic	 embolization.	 Risk	 factors	 for	 stroke	 among	 patients
with	 AF	 are	 easily	 recalled	 by	 the	 CHA2DS2VASc	 scoring	 system
recommended	be	the	ACC/AHA/HRS	2019	AF	guidelines17	and	 the	ESC	2020
Guidelines.18	 Increasing	scores	are	 indicative	of	 increasing	annual	 incidence	of
stroke,	which	 is	6.7%	per	year	 in	patients	with	 a	 score	of	9.18	Anticoagulation
can	 be	 avoided	 for	 patients	 with	 a	 score	 of	 0	 in	 men	 or	 1	 in	 women,	 and
anticoagulants	 are	 indicated	 for	 patients	with	 a	 score	 of	 ≥2	 in	men	 and	 ≥3	 in
women.	 A	 score	 of	 1	 in	 men	 or	 2	 in	 women	 represents	 a	 gray	 area,	 and	 no
therapy	vs	anticoagulation	can	be	considered	for	management	based	on	patient



preference	and	the	clinical	scenario.17	Stroke	prevention	with	anticoagulation	is
counterbalanced	 by	 the	 risk	 of	 intracranial	 and	 extracranial	 bleeding	 with
anticoagulation.	While	warfarin	was	 the	mainstay	of	 anticoagulation	 for	AF	 in
the	past,	novel	oral	anticoagulants,	including	dabigatran,	rivaroxaban,	apixaban,
and	edoxaban,	are	now	commonly	utilized	for	thromboprophylaxis.

There	 are	 no	 clear	 guidelines	 for	 anticoagulation	 and	 bridging	 for	 patients
with	AF	in	the	ICU	setting.16	For	patients	already	on	anticoagulation	for	AF,	in
the	absence	of	bleeding	or	significant	 risk	 factors	 for	bleeding,	anticoagulation
should	 be	 continued	 during	 an	 ICU	 stay.	 Bridging	 anticoagulation	 for	 AF
patients	 needing	 a	 procedure	 remains	 a	 controversial	 topic.	 Bridging	 therapy
may	offer	adequate	thromboprophylaxis	for	patients	with	a	higher	risk	of	stroke
with	 the	 option	 to	 rapidly	 cease	 anticoagulation	 if	 bleeding	 occurs.
Anticoagulation	 must,	 of	 course,	 be	 discontinued	 for	 patients	 with	 AF	 with
active	bleeding	in	the	ICU.	Andexanet	can	be	used	for	patients	on	rivaroxaban	or
apixaban,	 and	 idarucizumab	can	be	used	 for	 patients	 on	dabigatran	 as	 reversal
agents	 for	 life-threatening	 bleeding.18	 Prothrombin	 complex	 concentrate,	 fresh
frozen	 plasma,	 and/or	 vitamin	 K	 can	 be	 used	 to	 reverse	 warfarin.	 A	 more
detailed	discussion	of	reversal	of	warfarin	and	novel	oral	agents	in	the	actively
bleeding	 patient	 can	 be	 found	 in	 Chapters	 87	 and	 92,	 and	 is	 the	 subject	 of
authoritative	reviews.

The	 role	 of	 anticoagulation	 for	 new-onset	 AF	 in	 the	 ICU	 setting	 is	 also
uncertain.	AF	 that	 terminates	 spontaneously	within	 48	hours	 of	 onset	 is	 rarely
associated	with	stroke,	and	anticoagulation	can	be	withheld	in	these	patients.	If
AF	persists	for	>48	hours,	or	it	 is	suspected	that	AF	has	been	ongoing	for	>48
hours	 at	 the	 time	 of	 admission,	 anticoagulation	 can	 be	 considered	 for	 patients
with	a	high	CHA2DS2VASc	score	or	for	 those	in	whom	cardioversion	is	 to	be
considered.18	 Intravenous	 heparin	 can	 achieve	 therapeutic	 anticoagulation
rapidly,	 and	 its	 anticoagulant	 effect	 should	 dissipate	 in	 about	 an	 hour	 when
stopped.

Regardless	 of	 the	 CHA2DS2VASc	 score,	 anticoagulation	 should	 be
administered,	 unless	 contraindicated,	 for	 4	 weeks	 after	 cardioversion	 for	 AF.
Atrial	 stunning	 and	 reduction	 in	 atrial	 contractility	 result	 in	 a	 thrombogenic
environment	 and	 a	 high	 risk	 for	 embolic	 complications	 in	 the	 absence	 of
anticoagulation	in	patients	undergoing	cardioversion.

Rate	Control	Strategy
5 	 Intravenous	 administration	 of	 AV	 nodal	 blocking	 agents	 can	 achieve	 timely
rate	 control	 of	AF	with	 rapid	 ventricular	 response	within	minutes.	 β-Blockers



such	as	metoprolol	and	esmolol	and	calcium	channel	blockers	such	as	diltiazem
and	 verapamil	 are	widely	 used	 for	 acute	 rate	 control	 during	 an	 ICU	 stay.	 The
choice	between	these	classes	of	agents	is	usually	decided	by	individual	provider
preferences	 and	 the	 side	 effect	 profile	 of	 these	 medications	 (Table	 196.1).
Although	 rare,	 even	 cardioselective	 β-blockers	 can	 worsen	 bronchospasm,
especially	 among	 ICU	 patients	 who	 are	 actively	 wheezing	 as	 a	 result	 of
obstructive	 airway	 disease.	 Calcium	 channel	 blockers	 should	 be	 avoided	 for
patients	with	poor	ventricular	function	and	heart	failure.	A	special	note	must	be
made	of	preexcited	AF	in	WPW	syndrome.	AV	nodal	blocking	agents	must	not
be	used	 in	 this	 setting,	because	 it	 can	precipitate	VF	by	 increasing	conduction
down	the	accessory	pathway.

Digoxin	is	a	second-line	agent	for	rate	control	of	AF,	and	can	be	administered
intravenously.	 Compared	 with	 β-blockers	 and	 calcium	 channel	 blockers,
intravenous	digoxin	takes	longer	to	achieve	its	effects	(>1	hour	for	onset	and	>6
hours	 for	 maximal	 effect).	 In	 addition	 to	 slower	 onset	 of	 action,	 the	 dose
adjustment	 required	 for	 elderly	 and	 renally	 impaired	 patients,	 the	 potential	 for
lethal	toxicity	including	AV	blocks	and	VAs,	and	the	association	with	mortality
in	long-term	studies	all	make	digoxin	a	less	favorable	agent.	However,	it	remains
the	 only	 rate	 control	medication	 that	 does	 not	 have	 negative	 inotropic	 effects,
and	 can	 be	 a	 useful	medication	 in	 the	 right	 clinical	 setting,	 such	 as	 for	 acute
decompensated	heart	failure	in	particular.

Intravenous	amiodarone	is	another	option	for	cases	of	difficult	rate	control.16
Pharmacological	 conversion	 to	 sinus	 rhythm	 can	 also	 occur	 with	 amiodarone,
and	anticoagulation	must	be	considered	based	on	the	clinical	setting	as	discussed
previously.	Dronedarone	is	rarely	used	for	rate	or	rhythm	control	in	ICUs	and	is
contraindicated	 for	 patients	 with	 permanent	 AF	 and	 patients	 with	 acute
decompensated	heart	failure.

Rhythm	Control	Strategy
The	rhythm	control	strategy	aims	to	restore	sinus	rhythm	which	can	be	achieved
by	electrical	cardioversion,	antiarrhythmic	drug	therapy,	or	a	combination	of	the
two.	In	the	ICU	setting,	rhythm	control	is	often	reserved	for	patients	who	have
persistently	rapid	ventricular	rates	or	adverse	hemodynamic	consequences	of	AF
despite	 an	 adequate	 trial	 of	 pharmacotherapy.	 As	 mentioned	 previously,
hemodynamically	unstable	patients	should	be	managed	with	cardioversion.	For
hemodynamically	 stable	 patients,	 electrical	 cardioversion	 can	 be	 performed
within	 48	 hours	 of	 onset,	 and	 should	 be	 followed	 by	 4	 weeks	 of
anticoagulation.17,18	For	patients	with	>48	hours	or	unknown	duration	of	AF,	left



atrial	 appendage	 thrombus	 may	 have	 formed,	 and	 there	 are	 two	 options	 for
management.	One	option	is	to	perform	transesophageal	echocardiography,	which
can	 exclude	 a	 left	 atrial	 thrombus	 before	 performing	 cardioversion	 and
continuing	 anticoagulation.	 If	 an	 atrial	 thrombus	 is	 detected,	 anticoagulation
should	be	initiated	and	continued	for	3	weeks	prior	to	attempting	cardioversion.

It	is	important	to	determine	and	document	whether	a	cardioversion	attempt	is
followed	 by	 at	 least	 temporary	 conversion	 to	 sinus	 rhythm	 or	 immediate
resumption	 of	 AF.	 If	 sinus	 rhythm	 is	 not	 present	 after	 cardioversion,	 even
temporarily,	 approaches	 to	 improve	 energy	 delivery	 such	 as	 increasing	 the
electric	output,	using	biphasic	waveforms,	 adjusting	 location	of	 the	 electrodes,
or	 even	 applying	 pressure	 to	 optimize	 electrode-skin	 contact	 can	 be	 useful.
Ibutilide	 decreases	 the	 defibrillation	 threshold	 and	 can	 be	 useful	 for	 this
situation.	 Ibutilide	 administration	 should	 be	 preceded	 by	 administration	 of
intravenous	magnesium,	 and	 ibutilide	 is	 contraindicated	 in	 the	 setting	 of	 QTc
prolongation,	Ibutilide	carries	a	2%	to	4%	risk	of	polymorphic	VT	and	TdP	over
several	hours	after	administration.	If	sinus	rhythm	is	temporarily	present,	use	of
antiarrhythmics	may	increase	the	likelihood	of	maintenance	of	sinus	rhythm.

For	 patients	 with	 long-standing	AF	 undergoing	 cardioversion,	 there	 can	 be
significant	underlying	sinus	node	dysfunction,	resulting	in	long	pauses	and	even
sinus	 arrest	 with	 a	 ventricular	 escape	 rhythm.	 Providers	 must	 be	 ready	 to
institute	 temporary	 transcutaneous	 pacing	 and	 placement	 of	 a	 temporary
transvenous	pacemaker	when	this	occurs.

Pharmacological	 agents	 can	 be	 used	 primarily	 for	 rhythm	 control	 or	 as	 an
adjunct	to	electrical	cardioversion.	Amiodarone	is	perhaps	the	most	widely	used
medication	for	this	purpose.	Amiodarone	has	a	very	long	half-life,	and	there	are
several	loading	regimens	available	for	initiation.	It	can	be	loaded	intravenously
and	 can	 have	 rate	 control	 effects	 in	 addition	 to	 enabling	 cardioversion.	 Oral
amiodarone	loading	takes	much	longer	to	exert	its	antiarrhythmic	effects.

Other	 drugs	 used	 for	 rhythm	 control	 include	 class	 IC	 agents,	 including
propafenone	and	flecainide,	which	should	be	avoided	for	patients	with	structural
heart	disease	owing	to	proarrhythmic	effects.	Class	III	antiarrhythmics,	including
dofetilide,	 ibutilide,	 and	 sotalol,	 can	 be	 used	 with	 caution	 for	 patients	 with
structural	 heart	 disease,	 but	 can	 be	 proarrhythmogenic	 because	 of	 QT
prolongation	(Table	196.4).	These	drugs	should	be	used	under	expert	guidance.

Atrial	Flutter
AFL	 is	 another	 commonly	 encountered	 arrhythmia	 during	 an	 ICU	 stay,	 and
frequently	coexists	with	AF.	“Typical”	AFL	is	 the	most	common	of	flutter	and



occurs	because	of	a	reentrant	circuit	 involving	the	cavotricuspid	isthmus	in	the
right	 atrium.	 The	 surface	 ECG	 shows	 sawtooth-like	 flutter	 waves,	 which	 are
negative	 in	 leads	 II,	 III,	 and	 aVF	 and	 positive	 in	 lead	 V1.	 The	 flutter	 rate	 is
typically	around	300	bpm,	and	the	refractoriness	of	the	AV	node	results	in	2:1,
3:1,	 or	 even	 4:1	 block,	 resulting	 in	 ventricular	 rates	 around	 150,	 100,	 and	 75
bpm,	respectively.	Variable	AV	block	is	also	common	among	patients	receiving
AV	blocking	agents,	 and	can	 result	 in	 irregular	R-R	 intervals.	 “Atypical”	AFL
involves	 reentrant	 circuits	 around	 the	 mitral	 valve,	 pulmonary	 veins,	 or	 atrial
scars	 from	 previous	 surgery	 or	 ablation.	 Atypical	 AFL	 can	 manifest	 with
different	morphology	and	rates	on	the	surface	ECG.

Regardless	 of	 the	 of	 AFL,	 the	 clinical	 effects	 are	 similar	 to	 AF,	 and	 the
management	approach	is	similar	to	AF	as	well.	Rate	control	of	AFL	can	actually
be	more	 challenging	 than	AF,	 and	 rhythm	 control	may	 need	 to	 be	 used	more
often	 for	 problematic	 cases.	 Unlike	 AF,	 pharmacological	 rhythm	 control	 may
result	in	acute	hemodynamic	instability	owing	to	1:1	ventricular	conduction,	and
immediate	cardioversion	may	be	required.

Prevention	of	AF	Among	Surgical	Patients
The	post–cardiothoracic	surgery	patient	is	particularly	prone	to	development	of
AF,	and	an	incidence	as	high	has	25%	to	50%	has	been	reported	in	this	group	of
patients.	Perioperative	 amiodarone	and	β-blockade	are	both	 reasonable	options
to	prevent	AF	in	patients	at	particularly	high	risk	of	AF.16	Sotalol	and	colchicine
have	 both	 demonstrated	 efficacy	 for	 preventing	 the	 AF	 of	 cardiac	 surgery
patients.

Multifocal	Atrial	Tachycardia
MAT	is	an	irregular	narrow	complex	tachycardia,	characterized	by	at	least	three
distinct	morphologies	of	P	waves.	There	is	variability	of	both	the	P-R	and	R-R
intervals.	MAT	 is	most	 commonly	 associated	with	 chronic	medical	 conditions
causing	hypoxemia	such	as	chronic	obstructive	pulmonary	disease.	Intravenous
β-blockers	 or	 calcium	 channel	 blockers	 can	 be	 used	 for	 treatment	 of	 acute
episodes.	Correcting	hypoxemia	through	oxygen	supplemental	therapies	is	also	a
key	component	of	treatment.	If	more	than	three	distinct	P	wave	morphologies	are
present,	but	the	heart	rate	is	less	than	100	bpm,	then	the	rhythm	is	referred	to	as
a	wandering	atrial	pacemaker.



Approach	to	the	Hemodynamically	Unstable	SVT
Shock	is	common	among	the	critically	ill	and	may	be	because	of	hypovolemic,
cardiogenic,	distributive,	or	obstructive	etiologies.	A	variety	of	SVTs,	including
sinus	 tachycardia,	 AVNRT,	 AVRT,	 AF/AFL,	 and	 preexcited	 AF,	 can	 occur
among	 patients	 with	 shock.	 Sinus	 tachycardia	 usually	 represents	 the
physiological	 compensation	 to	 hypotension.	 The	 other	 SVTs	 can	 be	 innocent
bystanders	 or	 can	 contribute	 to	 hypotension	 caused	 by	 rapid	 ventricular	 rates,
poor	 ventricular	 filling,	 and	 reduction	 in	 stroke	 volume	 and	 cardiac	 output.
Hemodynamic	 instability	 owing	 to	 these	 rhythms	 usually	 occurs	 when	 the
ventricular	rates	are	very	poorly	controlled	(>150	bpm).

All	ICU	providers	must	be	familiar	with	the	ACLS	protocols	for	tachycardia.
If	there	is	hypotension,	altered	mental	status	or	ischemic	chest	pain	as	a	result	of
the	 SVT,	 immediate	 synchronized	 cardioversion	 must	 be	 performed.	 Vagal
maneuvers	can	be	attempted	when	the	patient	is	cooperative	and	the	rhythm	has
a	narrow	complex.	When	the	arrhythmia	is	definitely	narrow	complex,	adenosine
can	 terminate	 AVNRT	 and	 AVRT,	 and	 can	 allow	 diagnosis	 of	 other	 atrial
arrhythmias.

Preexcited	AF	presents	with	a	bizarre	wide	complex	 rhythm	owing	 to	 rapid
conduction	of	 impulses	down	 the	accessory	pathway	 (Figure	196.12).	 Patients
are	 frequently	 hemodynamically	 unstable,	 and	VF	can	 result	 if	 nodal	 blocking
agents	are	used.	Procainamide,	a	class	1a	antiarrhythmic,	 is	 the	drug	of	choice
for	preexcited	AF.



SECTION	III:	BRADYARRHYTHMIAS
Bradyarrhythmias	 are	 generally	 defined	 as	 heart	 rate	 below	 60	 bpm	 in
symptomatic	patients.	Bradyarrhythmias	can	be	largely	classified	into	two	types,
(1)	disorders	of	impulse	generation,	which	refers	to	failure	of	the	sinoatrial	(SA)
node	 to	 generate	 an	 initial	 electrical	 impulse	 and	 (2)	 disorders	 of	 impulse
conduction	 which	 refers	 to	 failure	 in	 propagation	 electrical	 impulse	 to	 the
myocardium	 (Figures	 196.4	 and	 196.5).	 Bradycardias	 are	 not	 always
pathological.	 Examples	 include	 sinus	 bradycardia	 or	 bradyarrhythmias	 in	 the
setting	 of	 vagal	 response	 as	 seen	 in	 athletes	 or	 during	 sleeping,	 or	 a	 result	 of
increased	vagal	tone	from	various	factors	such	as	carotid	sinus	hypersensitivity,
pain,	 gastrointestinal	 distress	 (ie,	 bowel	 obstruction,	 nausea,	 and	 vomiting),
genitourinary	dysfunction	(ie,	urinary	retention),	increased	intracranial	pressure,
hypoxia,	and	hypothermia.

Disorders	of	Impulse	Generation

Sinus	Arrhythmia
Sinus	 arrhythmia	 is	 the	 change	 in	 beat-to-beat	 P-P	 interval	 with	 unchanged
morphology	of	the	P	waves	(sinus	rhythm)	(Figure	196.4).	It	is	usually	a	normal
physiological	response	to	alteration	of	vagal	 tone	during	respiration	or	external
irritation.	Certain	pathology	such	as	digitalis	toxicity,	ischemic	heart	disease,	or
intracranial	 hemorrhage	 can	 mimic	 the	 benign	 form	 of	 this	 sinus	 arrhythmia.
However,	sinus	arrhythmia	usually	does	not	cause	hemodynamic	instability,	and
treatment	is	not	required.19

Sinus	Bradycardia
Sinus	bradycardia,	or	sinus	rhythm,	with	heart	rate	below	60	bpm,	is	secondary
to	reduced	automaticity	of	the	SA	node.	This	happens	as	a	result	of	alteration	of
vagal	 tone	 or	 pharmacological	 agents	 such	 as	 parasympathomimetics,	 β-
blockers,	 calcium	 antagonists,	 and	 digitalis.	 Sinus	 bradycardia	 is	 not	 always
indicative	of	pathology.

Sinus	Node	Dysfunction



Also	 referred	 as	 sick	 sinus	 syndrome,	 sinus	 node	 dysfunction	 is	 an	 intrinsic
dysfunction	 of	 the	 SA	 node	 that	 leads	 to	 inappropriate	 automaticity	 and	 other
pacemaker	foci	 (or	 junctional	escape)	 take	over	control	of	 the	heart	 rate.	Sinus
node	 dysfunction	 can	 manifest	 as	 a	 combination	 of	 bradycardia	 and	 atrial
tachycardia,	 known	 as	 “tachy-brady	 syndrome,”	 which	 occurs	 among
approximately	 half	 of	 the	 patients	 with	 sinus	 node	 dysfunction.19	 Sinus	 node
dysfunction	 is	 commonly	 related	 to	 age	 and	 can	 occur	 as	 a	 result	 of
hypothyroidism,	infiltrative	disease,	collagen	vascular	disease,	trauma,	ischemia,
infection,	or	ion	channel	dysfunction.	Sinus	node	dysfunction	often	coexists	with
AV	nodal	disease.

The	 ability	 of	 the	 SA	 node	 to	 respond	 to	 stress	 decreases	 with	 age	 which
manifests	 as	 delayed	 recovery	 after	 an	 episode	 of	 tachycardia.	 These	 can	 be
dangerous	during	an	ICU	stay,	when	preexisting	SA	and	AV	nodal	diseases	are
often	exacerbated	through	the	use	of	cardioinhibitory	medications	as	well	as	an
increase	 in	 vagal	 tone	 resulting	 from	 pain.	 Patients	 can	 develop	 sinus	 arrest
especially	 immediately	 after	 sudden	 termination	 of	 a	 tachyarrhythmia	 which
may	 require	 immediate	 intervention	 (Figure	 196.4).	 Further,	 there	 can	 be	 an
abrupt	increase	of	repolarization	time	(QT	interval)	during	bradycardia,	and	the
patient	may	be	predisposed	to	TDP.

Disorders	of	Impulse	Propagation

Sinoatrial	Block
SA	block,	or	SA	exit	block,	is	a	failure	of	propagation	of	impulse	generated	by
the	 SA	 node	 to	 the	 atrial	 myocardium.	 There	 are	 three	 degrees	 of	 SA	 block.
First-degree	 SA	 block	 is	 a	 delayed	 conduction	 within	 the	 SA	 node	 and	 is
undetectable	 on	 ECG.	 Second-degree	 SA	 block	 presents	 as	 intermittent
conduction	 of	 SA	 impulse	 and	 can	 be	 divided	 into	 two	 types.	 Type	 I	 second-
degree	SA	block	 is	 a	 result	 of	progressive	 lengthening	of	 the	 interval	 between
impulse	generation	and	transmission,	causing	successive	P	waves	closer	together
with	 a	 characteristic	 of	 group	 beating	 and	 progressive	 shortening	 of	 the	 P-P
interval	until	a	pause	is	detected	on	ECG	(Figure	196.5).	Type	II	second-degree
SA	 block	 is	 a	 result	 of	 intermediate	 block	 where	 there	 is	 no	 progressive
shortening	 of	 the	 P-P	 interval,	 but	 a	 sinus	 pause	 occurs.	 The	 ECG,	 hence,
presents	 a	 missing	 P	 wave,	 making	 the	 duration	 of	 a	 P-P	 interval	 an	 exact
multiple	of	 the	preceding	P-P	 interval	 (Figure	196.5).	Finally,	 third-degree	SA
block	manifests	 as	 sinus	 arrest	 (Figure	 196.5),	 which	 may	 require	 temporary



pacing	 especially	 when	 subsidiary	 pacemakers	 (ie,	 junctional	 rhythm)	 do	 not
provide	sufficient	cardiac	output.

Atrioventricular	Block
AV	block	is	a	failure	of	impulse	propagation	at	the	level	of	the	AV	node	that	is
composed	of	the	supra-	and	infrahisian	conduction	system.	The	etiologies	behind
AV	 nodal	 disease	 are	 similar	 to	 those	 causing	 SA	 dysfunction.	 Just	 like	 SA
block,	 there	are	 three	degrees	of	AV	block.	In	first-degree	AV	block,	 there	 is	a
prolongation	of	 the	PR	interval	 to	greater	 than	200	ms.	There	are	 two	types	of
second-degree	AV	block.	Type	I	second-degree	AV	block,	also	called	Mobitz	or
Wenckebach-block,	 is	characterized	by	regular	and	progressive	prolongation	of
the	PR	interval	before	conduction	of	a	P	wave	fails	to	propagate	to	the	ventricles
(Figure	196.5).	It	also	involves	a	regular	and	progressive	shortening	of	the	R-R
interval	until	an	R	wave	is	dropped.	The	dysfunction	in	impulse	propagation	in
first-	and	second-degree	AV	blocks	 is	 thought	 to	occur	at	 the	suprahisian	 level
and	 generally	 result	 in	 a	 stable	 rhythm	 with	 narrow	 QRS	 complex	 and	 may
present	 a	 physiologic	 response	 of	 decremental	 conduction	 in	 the	 AV	 node
because	of	increasing	heart	rate	and,	therefore,	rarely	require	intervention.	Type	I
second-degree	AV	 block	 can	 also	 be	 a	 result	 of	 infrahisian	 disease	 that	 has	 a
poorer	 prognosis.	One	way	 in	 a	 clinical	 setting	 to	 distinguish	 the	 level	 of	AV
block	 is	 to	observe	 the	heart	 rate	 response	 to	physiologic	need	 (eg,	exercise	 in
outpatient	setting)	or	atropine.

Type	II	second-degree	AV	block	or	Mobitz	block	manifests	as	sudden	failure
in	the	propagation	of	an	atrial	impulse	(dropped	R	wave)	without	a	change	in	the
preceding	 PR	 interval	 (Figure	 196.5).	 Third-degree	 AV	 block	 is	 a	 complete
failure	of	propagation	of	 the	atrial	 impulse	 to	 the	ventricles	with	a	hallmark	of
AV	dissociation	(Figure	196.5).	In	this	setting,	latent	pacemaker	foci	below	the
level	 of	 conduction	 may	 assume	 control	 of	 the	 ventricular	 rhythm	 such	 as
junctional	 or	 ventricular	 escape	 rhythm.	 Second-degree	 and	 third-degree	 AV
blocks	 are	 often	 called	 high-grade	 AV	 block,	 which	 indicates	 the	 abnormal
propagation	 at	 the	 infrahisian	 level.	 Hence,	 it	 is	 often	 unstable	 and	 requires
temporary	or	permanent	pacemaker	depending	on	their	reversibility.19

Treatment
Providers	need	to	evaluate	hemodynamic	stability	of	the	patients	and	distinguish
reversible	causes	from	permanent	etiologies	(Figure	196.4).	In	the	ICU	setting,
common	 causes	 include	 electrolyte	 disturbance,	 adverse	 effects	 from



medications	 particularly	 β-blockers,	 nondihydropyridine	 calcium	 channel
blockers,	 digoxin,	 antiarrhythmics,	 inferior	 or	 anteroseptal	 myocardial
infarction,	myocarditis,	or	endocarditis	(particularly	involving	the	aortic	valve),
any	peri-AV	inflammation	as	in	Lyme	disease,	systemic	lupus	erythematous,	and
trauma	from	cardiac	surgery,	catheter,	or	radiation.19

Pharmacotherapy
6 	 Atropine	may	 be	 administered	 in	 patients	 with	 bradyarrhythmias.	 However,
atropine	 does	 not	 have	 much	 effect	 on	 high-grade	 AV	 blocks	 (ie,	 infrahisian
disease).	It	also	has	a	short	half-life,	thus	implementing	the	next	treatment	plan
should	 be	 prepared.	 According	 to	 the	ACLS	 guidelines,	 β-adrenergic	 agonists
such	as	epinephrine	and	dopamine	as	well	as	cardiac	pacing	are	the	first	or	next
step	 after	 trial	 of	 atropine	 for	 hemodynamically	 unstable	 bradyarrhythmia
(Figure	 196.4).3	 In	 addition,	 isoproterenol	 infusion	 may	 be	 used	 to	 stimulate
heart	 rate	via	 the	β-1	agonist	 (Table	196.4).	One	should	be	careful	when	using
chronotropic	 infusions	 because	 they	 can	 exacerbate	 ischemia	 in	 the	 setting	 of
cardiogenic	 shock	 by	 reducing	 coronary	 perfusion.	 Other	 treatments	 can	 be
tailored	 toward	 the	 factors	 that	 precipitated	 the	 bradyarrhythmia.	 For	 instance,
glucagon	can	be	used	 in	 the	setting	of	β-blocker	overdose;	sodium	bicarbonate
and	 hemodialysis	 can	 be	 used	 for	 acidosis;	 calcium,	 insulin,	 and	 hemodialysis
can	be	used	in	the	setting	of	hyperkalemia	(Table	196.3).19

Pacemaker	Therapy
Pacemakers	 are	 used	 to	 improve	 circulatory	 hemodynamics	 by	 improving
cardiac	 output	 by	 controlling	 the	 heart	 rate	 and/or	 rhythm.	Pacemakers	 can	be
used	as	a	permanent	treatment	or	can	be	instituted	as	a	temporizing	measure.19,20
There	 are	 several	 modalities	 of	 temporary	 cardiac	 pacing.	 Transcutaneous
cardiac	pacing	is	usually	used	in	an	emergent	setting	for	patients	not	responsive
to	intravenous	medications.	However,	owing	to	its	instability	and	painful	pacing,
this	modality	should	only	be	used	as	a	temporizing	measure	for	a	short	period	of
time.	 The	 pacing	 system	 is	 consisted	 of	 a	 pulse	 generator	 attached	 to	 high-
impedance	external	patch	electrode	pads	 that	are	applied	 to	 the	anteroposterior
or	anterolateral	positions	of	the	patient’s	bare	chest.	With	the	application	of	extra
electrodes,	 these	 systems	 can	 sense	 native	QRS	 discharge	 that	 allows	 them	 to
have	 antibradycardia,	 antitachycardia,	 and	defibrillation	 capacity.	The	need	 for
continued	 pacing	 can	 be	 evaluated	 by	 gradually	 decreasing	 pacing	 output,
resulting	in	returning	of	stable	rhythm.



Transvenous	 endocardial	 pacing	 is	 predominantly	 used	 for	 patients	 with
unstable	 bradyarrhythmias	 that	will	 last	 for	 a	 period	of	 time	while	waiting	 for
permanent	 pacemaker	 implantation	 or	 resolution	 of	 the	 underlying	 etiology.
During	transvenous	pacing,	the	heart	is	directly	paced	using	catheters	placed	in
the	apex	of	 the	 right	ventricle.	More	 recently,	 there	 is	greater	attention	paid	 to
conduction	 system	 pacing	 to	 prevent	 the	 deleterious	 effects	 of	 cardiac
dyssynchrony	 in	 ICU	 patients.20	 During	 transvenous	 pacing,	 central	 venous
access	 is	 achieved	 using	 an	 introducer	 sheath	 through	 the	 jugular,	 subclavian,
femoral,	 or	 brachial	 veins.	 Pacing	 catheters	 are	 then	 advanced	 under
fluoroscopic	guidance.	A	chest	 x-ray	 is	 then	used	 to	 confirm	placement	of	 the
catheter,	and	the	pacing	and	sensing	thresholds	are	tested.	The	catheters	are	then
connected	 to	 an	 external	 pacing	 generator.	 Transvenous	 pacing	 is	more	 easily
tolerated	and	more	 reliable	 than	 transcutaneous	pacing	but	 is	associated	with	a
greater	risk	of	complications,	including	hematoma,	induction	of	VA,	myocardial
puncture,	 pneumothorax,	 bleeding,	 infection	 leading	 to	 sepsis,	 and	 lead
dislodgment.	For	ICU	patients	who	are	expected	to	require	pacing	support	over
several	days	or	 longer,	 a	 semipermanent	pacemaker	 (aka	 temporary	permanent
pacemaker)	 may	 be	 considered.	 A	 semipermanent	 pacemaker	 consists	 of	 a
pacing	 lead	 with	 a	 retractable	 coil	 that	 can	 actively	 fix	 the	 lead	 to	 the	 right
ventricular	 myocardium.	 It	 is	 inserted	 via	 a	 sheath	 in	 the	 internal	 jugular,
axillary,	or	subclavian	vein	under	fluoroscopic	guidance,	and	it	is	connected	to	a
pacemaker	generator	that	is	taped	or	sutured	to	the	patient’s	skin.	The	advantage
of	 a	 semipermanent	 pacemaker	 is	 that	 provides	 the	 stability	 of	 a	 permanent
pacemaker	 so	 that	 the	 lead	does	not	dislodge	during	patient	manipulation.	The
patient	may	even	ambulate	with	a	semipermanent	pacemaker.21

SUMMARY
This	 chapter	 highlights	 the	 short-term	 management	 of	 tachyarrhythmias	 and
bradyarrhythmias	of	critically	ill	adults.	Arrhythmias	during	an	ICU	stay	may	be
due	to	underlying	chronic	condition,	secondary	to	acute	illness,	or	secondary	to
treatment	 intervention	 for	 illness.	Definitions,	 pathophysiological	mechanisms,
diagnostic	 criteria,	 and	 acute	 treatment	 strategies	 for	 arrhythmias	 are	 reviewed
(see	Table	196.6).

TABLE	196.6



Summary	of	Recommendations	Based	Upon	Randomized
Controlled	Clinical	Trials

Rhythm: Treatment:

Wide	complex	tachycardia	of
unknown	etiology

Intravenous	amiodarone,
procainamide,	or	sotalol

Cardiac	arrest	(asystole,	PEA,	VF,	or
pulseless	VT)

Epinephrine

Cardiac	arrest	due	to	VF	or	pulseless
VT

Amiodarone	or	lidocaine	(in	addition
to	epinephrine)

PEA,	pulseless	electrical	activity;	VF,	ventricular	fibrillation;	VT,	ventricular	tachycardia.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	first-line	therapy	for	hemodynamically	stable	torsades	de	pointes?

A. 	Defibrillation
B. 	Intravenous	magnesium
C. 	Sedation	and	overdrive	pacing
D. 	Synchronized	DC	cardioversion

2. 	All	of	the	following	are	effective,	empiric	treatments	for	wide	complex
tachycardia,	EXCEPT:

A. 	Amiodarone
B. 	Flecainide
C. 	Procainamide
D. 	Sotalol

3. 	What	is	the	recommended	management	of	ventricular	tachycardia	(VT)	in
a	stable	patient?



A. 	Antiarrhythmic	pharmacotherapy
B. 	Continued	monitoring	with	check	of	serum	electrolytes
C. 	Immediate	synchronized	cardioversion
D. 	Immediate	unsynchronized	cardioversion

Answers

1.	The	correct	answer	is	B.
Rationale:	 The	 first-line	 therapy	 for	 torsades	 de	 pointes	 is	 intravenous

magnesium	 (choice	 B	 is	 correct).	 Isoproterenol	 may	 also	 be	 used.	 Overdrive
pacing	is	an	effective,	second-line	treatment	for	torsades	that	is	best	given	with
appropriate	 sedation	 (choice	 C	 is	 less	 correct).	 Cardioversion	 would	 be	 the
treatment	 of	 choice	 for	 unstable	 torsades	 (choice	 D	 is	 incorrect),	 with
defibrillation	if	the	patient	was	pulseless	(choice	A	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	The	American	Heart	Association	guidelines	recommend	the	class

III	 agents,	 amiodarone	 and	 sotalol,	 and	 the	 class	 I	 agents,	 lidocaine	 and
procainamide,	 for	 the	 empirical	 treatment	 of	 wide	 complex	 tachycardia.
Flecainide	is	a	class	I	agent	that	is	not	recommended	for	empirical	use	because
under	 some	 circumstances	 it	 can	 be	 proarrhythmogenic	 (choice	 B	 is	 the
“correct”,	wrong	answer).

3.	The	correct	answer	is	A.
Rationale:	 The	 recommended	 approach	 to	 stable	 VT	 is	 a	 trial	 of

antiarrhythmic	pharmacotherapy	(choice	A	is	correct).	Immediate	cardioversion
would	 be	 indicated	 for	 unstable	 VT	 (choices	 C	 and	 D	 are	 incorrect).	 Just
watching	 the	 patient	 would	 be	 inappropriate,	 as	 VT	 can	 deteriorate	 into	 life-
threatening	ventricular	fibrillation	(choice	B	is	incorrect).
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Chapter	197
Management	of	Cardiac	Devices	in	the
ICU
Melanie	Maytin

KEY	POINTS:
1.	 Identification	of	the	of	cardiac	implantable	electronic	device	(CIED)	is

critical	for	interpretation	of	its	functions.	This	information	can	be
obtained	from	chest	radiographs	or	via	manufacturer	technical
support.

2.	 Placement	of	a	magnet	over	a	pacemaker	results	in	asynchronous
pacing;	placement	of	a	magnet	over	a	defibrillator	disables
antitachycardia	therapies	but	does	not	affect	pacing	mode.

3.	 There	are	many	sources	of	electromagnetic	interference	in	the
hospital	which	can	adversely	affect	CIEDs.	However,	MRIs	can	be
performed	safely	in	the	majority	of	patients	following	a	careful	risk
assessment	of	each	individual	case.

4.	 Resuscitative	efforts	for	patients	with	CIEDs	should	proceed	as	per
guidelines	without	deviation.

5.	 Systemic	infection	of	CIED	patients	mandates	consideration	of
device-related	infection.

6.	 Device	malfunction	can	occur	as	a	result	of	oversensing,
undersensing,	loss	of	capture,	or	loss	of	output;	careful	attention	the
presence/absence	of	pacing	spikes	and	their	relationship	to	native
atrial	and	ventricular	depolarization	can	help	identify	the	problem.

7.	 VT	storm	should	be	treated	early	and	aggressively	with	sympathetic
blockade,	anxiolysis,	antiarrhythmics,	intubation	and	deep
anesthesia,	stellate	ganglion	blockade,	and	catheter	ablation,	as



needed.
8.	 Inappropriate	ICD	therapies	are	painful	and	can	cause	a	marked

increase	of	sympathetic	drive.	Deactivation	of	the	defibrillator	and
identification	and	treatment	of	the	underlying	cause	are	critical	steps
in	management.

9.	 For	patients	with	cardiac	resynchronization	therapy	(CRT)	and
decompensated	heart	failure,	dedicated	device	interrogation	and
electrophysiology	consultation	should	be	performed	to	evaluate
function	and	efficacy	of	CRT.

INTRODUCTION
Cardiac	device	technology	has	made	great	advancements	since	the	introduction
of	 the	 first	 implantable	 pacemaker	 in	 1958.	Since	 then,	 the	 number	 of	 cardiac
device	 implants	 continues	 to	 increase	 annually	 as	 a	 result	 of	 the	 aging	 of	 the
general	 population,	 expanding	 indications	 for	 device	 therapy,	 and	 ongoing
innovation	 in	 the	 technology	 of	 cardiac	 pacing	 and	 defibrillation.	 As	 a	 result,
many	patients	presenting	to	the	intensive	care	unit	(ICU)	with	noncardiac	illness
may	have	 implanted	cardiac	devices.	This	chapter	aims	 to	briefly	 review	basic
cardiac	device	function	and	programming	with	emphasis	on	device	malfunction
and	 troubleshooting.	 A	 discussion	 of	 the	 indications	 for	 permanent	 pacing,
defibrillator,	 or	 resynchronization	 therapy	 is	 outside	 the	 scope	 of	 this	 text;	 for
additional	 information	 regarding	 these	 topics,	 the	 reader	 is	 referred	 to	 the
American	 College	 of	 Cardiology/American	 Heart	 Association/Heart	 Rhythm
Society	2012	Focused	Update	of	the	2008	Guidelines	for	Device-Based	Therapy
of	 Cardiac	 Rhythm	 Abnormalities1	 and	 the	 American	 College	 of
Cardiology/American	Heart	Association/Heart	Rhythm	Society	2018	Guidelines
on	 the	 Evaluation	 and	Management	 of	 Patients	with	 Bradycardia	 and	 Cardiac
Conduction	Delay.2

GENERAL	DEVICE	MANAGEMENT

Normal	Device	Function	and	Special	Considerations
1 	 Identification	 of	 the	 of	 device	 is	 critical	 for	 interpretation	 of	 its	 functions.



While	 patients	 would	 ideally	 be	 able	 to	 provide	 information	 regarding	 the	 of
device	 that	 has	 been	 implanted	 (pacemaker,	 implantable	 cardioverter
defibrillator	 (ICD),	 cardiac	 resynchronization	 device,	 etc)	 or	 carry	 a	 device
identification	card	with	them	at	all	 times,	this	is	frequently	not	the	case	among
hospitalized	patients.	Substantial	device	information	can	be	gleaned	from	a	chest
radiograph,	including	the	lead	configuration,	the	of	device,	abnormalities	in	lead
position	 or	 integrity,	 and	 even	 the	 device	 manufacturer	 (Figures	 197.1A-E).
Identification	 of	 the	 device	 manufacturer	 is	 essential	 when	 formal	 device
interrogation	 or	 reprogramming	 is	 planned	 as	 each	 device	 company	 uses
different	 software	 and	 programmers	 to	 communicate	 with	 their	 respective
devices	 (Figure	 197.2).	 The	 overwhelming	 majority	 of	 devices	 implanted	 are
manufactured	 by	 one	 of	 three	 companies,	 and	 patient	 device	 information	 and
technical	support	are	available	24	hours	a	day	(Table	197.1).

	

Figure	197.1 	 Information	 regarding	 implantable	 cardiac	devices
can	 be	 gained	 from	 chest	 radiograph.A,	 Dual-chamber	 pacemaker
with	leads	in	the	RA	and	RV.	Ventricular	leads	can	also	be	implanted



in	 the	 His	 bundle	 and	 left	 posterior	 fascicle	 regions.	 B,	 Single-
chamber	 dual-coil	 defibrillator	 with	 high	 voltage	 conductors	 in	 the
RV	and	SVC-RA	junction.	C,	Cardiac	resynchronization	device	with
leads	 in	 the	RA,	RV,	 and	CS.	 These	 devices	may	 or	may	 not	 have
defibrillator	 function.	 D,	 Subcutaneous	 implantable	 cardioverter
defibrillator	(S-ICD)	with	generator	in	the	left	anterior-to-midaxillary
line	 and	 defibrillator	 lead	 tunneled	 subcutaneously	 to	 the	 left
parasternal	 region	 with	 the	 coil	 between	 the	 xiphoid	 process	 and
suprasternal	 notch.	 E,	 Leadless	 pacemaker	 implanted	 in	 the	 RV.
CAN,	 generator;	 CS,	 coronary	 sinus;	 RA,	 right	 atrium;	 RV,	 right
ventricle;	SC	LEAD,	subcutaneous	lead;	SVC,	superior	vena	cava.

	

Figure	197.2 	Many	cardiac	devices	are	marked	with	a	radiopaque
code	(arrow)	 that	specifically	 identifies	 the	manufacturer	and	model
of	the	device.A,	Chest	x-ray	demonstrating	cardiac	resynchronization
defibrillator	with	radiopaque	code	depicting	manufacturer	and	model.
B,	 Chest	 x-ray	 depicting	 dual	 chamber	 defibrillator	 with	 with
radiopaque	code	depicting	manufacturer	and	model.

TABLE	197.1

Device	Manufacturers’	Contact	Information

Medtronic 1.800.MEDTRONIC



Boston	Scientific 1.800.CARDIAC

Abbott 1.800.PACEICD

Biotronik 1.800.547.0394

Conventional	 device	 systems	 consist	 of	 a	 pulse	 generator	 or	 battery,	 logic
circuits,	 pacing	 lead(s),	 and/or	 defibrillator	 lead(s).	 Cardiac	 implantable
electronic	 device	 (CIED)	 therapy	 is	 rapidly	 evolving	 with	 novel	 technologies
aimed	at	 limiting	vascular	access	or	avoiding	the	vasculature	entirely.	The	first
subcutaneous	 ICD	 (S-ICD)	 was	 approved	 for	 use	 in	 the	 United	 States	 by	 the
U.S.	 Food	 and	 Drug	 Administration	 (FDA)	 in	 2012,	 and	 the	 first	 leadless
pacemaker	was	approved	for	use	in	2016.	All	implantable	cardiac	devices	have
programmable	 pacemaker	 functions	 with	 the	 exception	 of	 the	 current	 S-ICD
device.	 While	 the	 S-ICD	 can	 deliver	 transient	 back	 up	 pacing	 following
defibrillator	 therapy,	 pacing	 is	 delivered	 transcutaneously	 and	 is	 not	 a	 viable
long-term	 pacing	 option.	 Apart	 from	 the	 S-ICD,	 CIED	 both	 sense	 intrinsic
electrical	 depolarization	 and	 excite	 myocardial	 tissue	 through	 an	 artificial
electrical	 stimulus	 delivered	 near	 the	 lead/device	 tip.	 Electrical	 stimuli	 can	 be
delivered	in	many	ways	depending	upon	how	the	device	is	programmed.	Pacing
nomenclature	 is	 standardized	 to	 easily	 communicate	 information	 regarding	 the
device	 and	 the	 pacing	 mode	 (Table	 197.2).	 Pacing	 algorithms	 are	 best
understood	 as	 a	 function	 of	 timing	 cycles.	 A	 pacemaker	 operates	 like	 a	 timer
with	 programmable	 intervals	 to	 coordinate	 all	 sensed	 and	 paced	 events.
Nontracking	modes	of	pacing	(AAI,	VVI,	DDI)	deliver	electrical	impulses	at	set
intervals	 (lower	 rate	 limit)	 unless	 a	 sensed	 electrophysiological	 cardiac	 event
occurs	in	the	appropriate	chamber	before	the	end	of	the	programmed	interval	(in
which	case	the	timer	resets,	Figure	197.3).	Dual-chamber	devices	programmed
to	 a	 tracking	mode	 can	 provide	 pacing	 at	 the	 programmed	 lower	 rate	 or	 track
sensed	 intrinsic	 conduction	 up	 to	 a	 programmed	upper	 rate	 limit.	 There	 is	 no
sensing	 in	 asynchronous	 pacing	 modes	 (AOO,	 VOO,	 DOO),	 and	 electrical
stimuli	are	produced	at	programmed	intervals	unaffected	by	intrinsic	conduction.

TABLE	197.2

Pacing	Designation



NASPE/BPEG	Generic	(NBG)	Code

Position I II III IV

Category Chamber(s)
pace

Chamber(s)
sensed

Response
to
sensing

Programmability,
rate	modulation

Letters	used O—None
A—Atrium
V—
Ventricle
D—Dual
(A	+	V)

O—None
A—Atrium
V—
Ventricle
D—Dual
(A	+	V)

O—None
T—
Triggered
I—
Inhibited
D—Dual
(T	+	I)

O—None
P—Simple
Programmable
M—
Multiprogrammable
C—
Communicating
R—Rate
modulation

Manufacturer’s
designation
only

S—Single
(A	or	V)

S—Single
(A	or	V)

	

Figure	197.3 	 Timing	 of	 events	 in	 various	 pacing	modes.AAI	 is
an	 atrial	 nontracking	 mode	 of	 pacing	 that	 provides	 backup	 atrial
pacing	 at	 the	 programmed	 lower	 rate	 limit.	 Similarly,	 VVI	 is	 a



ventricular	 nontracking	 mode	 of	 pacing	 that	 provides	 backup
ventricular	 pacing	 at	 the	 programmed	 lower	 rate	 limit.	 DDD	 is	 a
dual-chamber	mode	of	pacing	that	can	both	inhibit	and	trigger	events
in	both	the	atrium	and	the	ventricle.	AP,	atrial	paced	event;	AS,	atrial
sensed	event;	LR,	lower	rate	limit;	VP,	ventricular	paced	event;	VS,
ventricular	sensed	event.

Magnets
2 	 2 	 The	 placement	 of	 a	 magnet	 over	 a	 device	 affects	 pacemakers	 and
defibrillators	differently.	Application	of	a	magnet	to	a	pacemaker	will	cause	the
reed	 switch	 to	 close	 and	 result	 in	 asynchronous	 pacing.	 The	 pacing	 rate	 is
company-specific	with	a	different	rate	once	battery	depletion	has	occurred.	Thus,
placement	 of	 a	 magnet	 over	 the	 device	 can	 assist	 with	 the	 determination	 of
battery	 status	 and	 device	 identification.	 If	 exposure	 to	 electromagnetic
interference	 (EMI)	 is	 anticipated,	 positioning	 a	 magnet	 over	 the	 device	 can
prevent	inappropriate	pacing	inhibition.	Upon	removal	of	the	magnet,	the	pacing
mode	will	revert	 to	 the	originally	programmed	settings,	and,	 in	general,	formal
device	 interrogation	 is	 not	 required.	 In	 contrast,	 application	 of	 a	 magnet	 to	 a
defibrillator	 will	 disable	 all	 antitachycardia	 therapies	 but	 will	 not	 affect	 the
pacing	mode.	Therefore,	magnets	can	be	used	to	prevent	inappropriate	therapies
due	to	supraventricular	tachycardia	(SVT),	lead	fracture,	or	EMI.	Upon	removal
of	 the	magnet,	 defibrillator	 therapies	 will	 be	 restored,	 and,	 in	 general,	 formal
device	interrogation	is	not	required.

Electromagnetic	Interference
3 	CIEDs	are	susceptible	to	strong	electromagnetic	fields.3	In	the	hospital,	many
potential	 sources	 of	 EMI	 exist.	 Sources	 of	 electromagnetic	 energy	 that	 could
possibly	 interfere	 with	 device	 function	 include	 magnetic	 resonance	 imaging
(MRI),	electrocautery,	defibrillation,	 radiation	 therapy,	neurostimulators,	TENS
units,	 radiofrequency	 ablation,	 electroconvulsive	 therapy,	 video	 capsule
endoscopy,	 extracorporeal	 shock-wave	 lithotripsy,	 and	 therapeutic	 diathermy.4,5
EMI	exposure	most	commonly	results	in	inappropriate	inhibition	or	triggering	of
pacing	 stimuli,	 inappropriate	 ICD	 tachyarrhythmia	 detection	 and	 therapy	 and
reversion	to	an	asynchronous	pacing	mode	(noise-reversion	mode).

Inappropriate	 inhibition	 of	 ventricular	 pacing	 can	 be	 catastrophic	 for	 the
pacemaker-dependent	 patient;	 similarly	 atrial	 oversensing	 with	 inappropriate



ventricular	tracking	could	result	in	a	myriad	of	symptoms	including	heart	failure
exacerbation,	 hypotension,	 or	 angina.	 Improper	 ICD	 tachyarrhythmia	detection
due	 to	 EMI	 could	 potentially	 be	 arrhythmia-inducing	 as	 a	 result	 of
unsynchronized	 inappropriate	 shock	 delivery	 during	 the	 vulnerable	 period	 of
repolarization.	Noise-reversion	mode	 is	 an	 algorithm	 that	 reverts	 transiently	 to
asynchronous	 pacing	 in	 response	 to	 rapid	 frequency	 signals.	 The	 algorithm	 is
designed	 to	 protect	 against	 inappropriate	 inhibition	 of	 pacing	 when	 high
frequency	signals	are	sensed.	While	 this	algorithm	is	present	 in	all	pacemakers
regardless	of	manufacturer,	 this	 is	not	 the	case	 for	 ICDs.	Less	 frequently,	EMI
can	result	in	reprogramming	of	the	device	parameters	or	permanent	circuitry	or
lead	damage.	When	EMI	exposure	is	unavoidable,	certain	measures	can	be	taken
to	minimize	the	potential	risk.	For	example,	pacemaker	or	defibrillator	patients
requiring	 surgery	 with	 electrocautery	 should	 have	 a	 magnet	 placed	 over	 the
device	during	 the	operation.	Other	 forms	of	EMI	 (MRI,	 radiation	 therapy,	 etc)
carry	 substantial	 risk	 and	 may	 prompt	 the	 revision	 or	 removal	 of	 the	 entire
cardiac	device	system	prior	to	planned	exposure.	Care	should	be	taken	to	avoid
sources	of	EMI	for	device	patients	or,	when	exposure	to	EMI	cannot	be	avoided,
at	 a	 minimum,	 measures	 should	 be	 taken	 to	 minimize	 potential	 harm	 with
consideration	of	device	interrogation	following	exposure.

Mode	Switch
Mode	switch	is	a	programmable	pacing	algorithm	that	automatically	changes	the
pacing	mode	 to	 a	 nontracking	mode	 in	 response	 to	 a	 sensed	 atrial	 arrhythmia.
The	 purpose	 of	 this	 algorithm	 is	 to	 prevent	 inappropriately	 fast	 ventricular
tracking	 at	 the	 upper	 rate	 limit	 in	 response	 to	 a	 rapid	 atrial	 tachyarrhythmia.
Once	the	device	has	mode	switched,	it	will	remain	in	a	nontracking	mode	until
the	atrial	rate	has	fallen	below	the	mode	switch	threshold	for	a	specific	number
of	 intervals.	 This	 algorithm	 is	 very	 useful	 for	 patients	 with	 paroxysmal	 atrial
arrhythmias	(eg,	SVT,	atrial	fibrillation,	or	atrial	flutter).	The	atrial	rate	at	which
mode	switch	occurs	 is	programmable	in	most	devices	and	the	feature	can	even
be	programmed	“off.”

Line	Management
The	 placement	 of	 central	 venous	 catheters	 in	 cardiac	 device	 patients	 warrants
special	consideration.	Depending	upon	the	location	and	age	of	the	device	and	the
planned	location	of	central	venous	access,	a	number	of	potential	complications
can	 occur.	 Reported	 complications	 associated	 with	 central	 venous	 catheters



among	cardiac	device	patients	include	lead	damage	from	needle	puncture,6	lead
dislodgement,	 and	 inappropriate	 ICD	 therapies.7	 Additionally,	 central	 venous
stenosis	 as	 a	 consequence	 of	 prior	 cardiac	 device	 implantation	may	 present	 a
challenge	 for	 central	 venous	 catheter	 placement	 ipsilateral	 to	 the	 device.8
Cardiac	device	infections	and	device-related	endocarditis	represent	a	particularly
serious	 hazard	 of	 indwelling	 central	 venous	 catheters	 necessitating	 removal	 of
the	 entire	 device	 system.9	 Central	 venous	 access	 should	 be	 performed
contralateral	to	the	device	whenever	possible.

Magnetic	Resonance	Imaging
5 	The	likelihood	that	patients	with	cardiac	devices	will	 require	an	MRI	is	high
but	 this	 imaging	modality	 is	 not	 without	 potential	 risks	 for	 these	 patients.	 To
minimize	 these	 risks,	 MRI-conditional	 pacemakers,	 ICDs,	 and	 CRT-Ds	 have
been	developed	and	have	 received	FDA	approval	 for	use	 in	 the	United	States.
The	potential	hazards	of	magnetic	resonance	imaging	for	cardiac	device	patients
include	movement	 of	 the	 device,	 programming	 changes,	 asynchronous	 pacing,
activation	of	tachyarrhythmia	therapies,	inhibition	of	pacing	output,	and	induced
lead	 currents	 that	 could	 lead	 to	 heating	 and	 cardiac	 stimulation,10	 resulting	 in
altered	 pacing	 and	 defibrillation	 thresholds,	 device	 damage,	 asystole,
arrhythmias,	or	even	death.11	Although	an	implantable	cardiac	device	remains	a
relative	 contraindication	 to	 MRI,	 many	 centers	 have	 developed	 protocols	 for
performing	MRIs	for	cardiac	device	patients12	without	MRI-conditional	devices.
If	 an	 MRI	 is	 the	 necessary	 diagnostic	 imaging	 tool	 for	 such	 a	 patient,
nonthoracic	imaging	at	1.5	Tesla	with	appropriate	programming	and	monitoring
can	likely	be	undertaken	safely	with	careful	assessment	of	the	risk-benefit	ratio
on	a	case-by-case	basis.12-18

External	Defibrillation
4 	 In	the	event	of	a	cardiac	arrest	or	hemodynamically	unstable	arrhythmia	of	a
patient	with	an	 implantable	cardiac	device,	 resuscitative	efforts	should	proceed
as	per	guidelines	without	deviation.	Defibrillation	or	cardioversion	can	result	in
permanent	 damage	 to	 the	 cardiac	 device;	 to	 minimize	 these	 risks,	 the
defibrillation	 pads	 should	 be	 placed	 at	 least	 10	 cm	 from	 the	 pulse	 generator.19
Other	 potential	 risks	 of	 external	 defibrillation	 include	 device	 reprogramming20
and	myocardial	damage	at	the	interface	with	the	lead	resulting	in	an	acute	rise	in
threshold.21	Following	defibrillation	or	cardioversion,	cardiac	devices	should	be
interrogated	formally	to	insure	proper	function	and	programming.	Again,	the	low



potential	 risk	 of	 damage	 to	 the	 device	 should	not	 impede	 usual	 and	 necessary
resuscitative	efforts	for	the	patient.

Infection
5 	Cardiac	device-related	infection	encompasses	a	disease	spectrum	from	pocket
infection	 to	 device-related	 endocarditis.	 The	 clinical	 manifestations	 of	 cardiac
device-related	infection	are	protean	and	can	range	from	pain	at	the	implant	site
without	 cutaneous	manifestations	 to	minor	 erythema	 or	 swelling	 of	 the	 device
pocket	 (Figure	 197.4A)	 to	 overt	 erosion	 of	 the	 system	 (Figure	 197.4B)	 to
device-related	endocarditis	(Figure	197.4C,	 	Video	197.1).22,23	In	the	absence
of	bacteremia,	systemic	manifestations	and	leukocytosis	are	rare.	Cultures	of	the
device	 leads	 yield	 the	 highest	 results,	 and	 staphylococci	 are	 the	 primary
pathogen	identified.24	A	high	index	of	suspicion	is	warranted	for	patients	with	an
implanted	 pacemaker	 or	 an	 ICD	 with	 signs	 and	 symptoms	 of	 infection	 or	 a
documented	 bacteremia.	 Cardiac	 device-related	 infection	 requires	 prompt
removal	 of	 the	 entire	 device	 system	 for	 complete	 treatment,	 unless	 significant
comorbidities	preclude	extraction.9,21	While	no	specific	vegetation	size	has	been
established	 as	 a	 contraindication	 to	 transvenous	 extraction,	most	 experts	 agree
that	vegetations	greater	 than	3	cm	in	size	are	better	 treated	surgically.9	Patients
with	device-related	endocarditis	 require	a	minimum	of	6	weeks	of	 intravenous
antibiotics	and	pose	a	particular	problem	with	respect	to	the	timing	of	reimplant
in	pacemaker-dependent	patients.

	

Figure	 197.4 	 Different	 manifestations	 of	 device-related
infections.A,	 Swelling	 and	 erythema	 suggest	 pocket	 infection,



although	 local	 signs	 of	 inflammation	may	 be	 absent.	B,	 Erosion	 of
either	 the	 lead(s)	 or	 device	 by	 definition	 is	 a	 manifestation	 of
infection.	 In	 this	example,	 the	pocket	appears	swollen	with	areas	of
erythema	and	a	pacing	electrode	(arrow)	is	seen	eroding	through	the
skin	at	the	inferior	margin	of	the	pocket.	C,	Device-related	infection
could	 result	 in	 bacteremia,	 vegetations,	 and	 sepsis.	 Here,
transesophageal	 echocardiography	 demonstrated	 a	 large	 vegetation
(arrow)	adherent	to	the	atrial	pacing	lead	and	seen	to	prolapse	across
the	tricuspid	valve.

Pacemaker	Malfunction

Oversensing
6 	 Sensing	 problems	 are	 one	 of	 the	 most	 common	 causes	 of	 pacemaker
malfunction	 (Table	 197.3).	 Oversensing	 is	 defined	 as	 the	 sensing	 of	 atrial	 or
nonphysiological	 events	 that	 should	 not	 be	 sensed.	 Consequently,	 oversensing
can	 lead	 to	 inappropriate	 inhibition	 of	 pacemaker	 output	 (Figure	 197.5).
Physiological	 events	 that	 can	 be	 the	 cause	 of	 oversensing	 include	 far-field	 P
waves;	 wide	 QRS	 complexes;	 T	 waves;	 and	myopotentials,	 either	 pectoral	 or
diaphragmatic.	 Typically,	 oversensing	 due	 to	 physiological	 events	 can	 be
overcome	 by	 decreasing	 the	 programmed	 sensitivity.	 Nonphysiological
oversensing	may	be	 the	 result	of	EMI	or	hardware	problems	 such	as	 loose	 set
screw	or	lead	dislodgement	or	fracture	and	will	likely	require	device	revision	to
correct.	Oversensing	and	failure	to	pace	for	a	pacemaker-dependent	patient	can
be	catastrophic.	Application	of	a	magnet	over	the	device	will	change	the	device
to	 an	 asynchronous	 pacing	 mode	 and	 insure	 more	 reliable	 delivery	 of	 pacing
until	a	formal	evaluation	can	be	performed.

TABLE	197.3

Troubleshooting	Pacemaker	Malfunction

Problem Etiology Causes Management

Failure	to	pace, Oversensing Physiologic Reprogram.



no	PPM
stimuli

events
P,	R,	or	T
waves
Myopotentials
Nonphysiologic
events
EMI
Lead	fracture
Loose	setscrew

Avoid	EMI	sources.
Device	revision.

Failure	to	pace
with	PPM
stimuli

Noncapture Elevated
threshold
Exit	block
MI,	fibrosis
Medications
Electrolytes
Hardware
failure
Lead
dislodgement
Lead	fracture
Lead
perforation
Battery
depletion

Reprogram,	if	possible.
Correct	reversible	causes.
May	require	device
revision.
Device	revision

Inappropriate
pacing

Undersensing Low	EGM
amplitude
Low	at	implant
MI,	fibrosis
Medications
Electrolytes
Lead
dislodgement
Lead	fracture
ERI
Noise	reversion

Reprogram,	if	possible.
Correct	reversible	causes.
May	require	device
revision
Lead	revision
Lead	revision
Replace	PPM
Reprogram

EGM,	electrogram;	EMI,	electromagnetic	interference;	ERI,	elective	replacement	indicator;	MI,



myocardial	infarction;	PPM,	permanent	pacemaker.

	

Figure	 197.5 	 Dual-chamber	 defibrillator	 with	 evidence	 of
ventricular	 oversensing.The	 top	 panel	 demonstrates	 atrial	 (AP)	 and
ventricular	 (VP)	 sequential	 pacing	 with	 the	 intermittent	 absence	 of
ventricular	 pacing	 stimuli	 (asterisks)	 following	 atrial	 paced	 events.
The	 bottom	panel	 represents	 the	 intracardiac	 electrograms	 from	 the
same	 device	 with	 ventricular	 oversensing	 of	 atrial	 events	 (arrows).
When	 intrinsic	 ventricular	 conduction	 does	 occur	 (arrowheads),	 the
device	 incorrectly	 labels	 the	 event	 as	 “VF”	 (arrowheads)	 or	 a
ventricular	 event	 that	 because	 of	 timing	 falls	 into	 the	 programmed
ventricular	fibrillation	detection	zone.

Undersensing
6 	In	contrast,	undersensing	occurs	when	the	device	fails	to	sense	intrinsic	events.
This	 results	 in	 the	 generation	 of	 unnecessary	 pacemaker	 impulses	 and
“overpacing.”	 Undersensing	 may	 be	 a	 result	 of	 alterations	 in	 electrogram
amplitude	 of	 physiologic	 events	 or	 may	 represent	 hardware	 failure.
Antiarrhythmic	drug	therapy,	myocardial	infarction,	and	metabolic	derangements
can	 alter	 electrogram	 amplitude	 transiently	 or	 permanently.	Undersensing	may
be	 potentially	 corrected	 by	 changing	 the	 programmed	 sensitivity.	 Other
etiologies	of	undersensing	are	similar	to	those	of	noncapture	(lead	dislodgement,
perforation,	 or	 fracture).	 Asynchronous	 pacing	 modes,	 due	 to	 EMI	 or	 battery
depletion,	can	mimic	undersensing	on	surface	electrocardiogram.



Noncapture
6 	 Noncapture	 occurs	when	 electrical	 impulses	 emitted	 from	 the	 device	 fail	 to
capture	 myocardium.	 The	 surface	 electrocardiogram	 will	 demonstrate	 pacing
stimuli	 without	 evidence	 of	 capture	 (Figure	 197.6).	 Loss	 of	 capture	 can	 be
intermittent	 or	 permanent,	 but	 often	 necessitates	 device	 revision.	 Causes	 of
noncapture	 can	 be	 divided	 into	 changes	 in	 capture	 threshold	 and	 hardware
malfunction.	The	capture	 threshold	can	 rise	 in	 the	 first	4	 to	6	weeks	 following
lead	 implantation	 due	 to	 inflammatory	 changes	 at	 the	 lead-myocardial	 border
although	this	has	become	less	relevant	clinically	with	the	advent	and	widespread
use	 of	 steroid-eluting	 leads.	 A	 rise	 of	 capture	 threshold	 can	 be	 overcome	 by
increasing	 the	 pacemaker	 output.	 Other	 causes	 of	 elevated	 capture	 thresholds
include	myocardial	 fibrosis	 or	 infarction	 near	 the	 exit	 of	 the	 pacing	 stimulus,
metabolic	 derangements	 (specifically,	 hyperkalemia,	 acidemia,	 and
hyperglycemia),	 and	 certain	 medications.	 Class	 Ia,	 Ic,	 and	 III	 antiarrhythmic
drugs25-28	 can	 increase	 capture	 thresholds	 as	 can	 mineralocorticoids	 and
hypertonic	 saline.29	 When	 the	 capture	 threshold	 exceeds	 the	 maximal
programmable	output,	this	is	termed	exit	block.	Primary	hardware	problems	such
as	lead	dislodgement,	perforation	or	fracture	and	battery	depletion	can	all	result
in	noncapture.	A	chest	radiograph	can	help	diagnose	specific	lead	issues	(Figure
197.7A-C),	 as	 can	 transthoracic	 echocardiography	 ( 	Video	 197.2)	 or	 other
imaging	modalities.	Formal	pacemaker	 interrogation	or	magnet	application	can
identify	battery	depletion.

	

Figure	197.6 	Surface	electrocardiogram	with	intermittent	loss	of
ventricular	 capture.There	 is	 appropriate	 atrial	 sensing	 (AS)	 and
tracking	as	 evidence	by	pacing	 stimuli	 at	 a	 fixed	 interval	 following
the	P	wave	but	intermittent	failure	of	ventricular	output	to	capture	the
myocardium	 (asterisks).	 Evidence	 of	 varying	 degrees	 of	 fusion
between	intrinsic	conduction	and	ventricular	pacing	is	also	observed



(arrows).

	

Figure	 197.7 	 Chest	 radiography	 can	 identify	 device	 hardware
problems.A,	Lead	 fractures	 (arrow)	 can	 sometimes	 been	 seen	on	x-
ray	 and	 detailed	 attention	 should	 be	 paid	 to	 the	 leads	 along	 their
entire	 length	when	 a	 hardware	 problem	 is	 suspected.	B,	 Overt	 lead
perforation	 can	 be	 diagnosed	 by	 x-ray.	 In	 this	 example,	 the	 entire
distal	 electrode	 of	 the	 defibrillator	 lead	 extends	 beyond	 the	 cardiac
silhouette	 (arrow).	 C,	 Chest	 radiography	 can	 also	 confirm	 lead
dislodgement.	PA	and	lateral	films	of	a	dual-chamber	pacing	system
with	 the	 ventricular	 lead	 in	 the	 right	 ventricular	 outflow	 tract
demonstrate	 dislodgement	 of	 the	 atrial	 lead.	 There	 is	 evidence	 of
atrial	 lead	 dislodgement	 in	 the	 PA	 view	 with	 the	 distal	 electrode
pointing	 inferiorly	 and	no	visible	 slack	on	 the	 lead	with	 absence	of
the	 typical	 “J”-shaped	 appearance.	 Atrial	 lead	 dislodgement	 is
confirmed	by	the	lateral	view	that	demonstrates	the	distal	electrode	of
the	 lead	 residing	 below	 the	 tricuspid	 valve	 annulus.	 PA,
posteroanterior;	RA,	right	atrium;	RV,	right	ventricle.



No	Output
6 	 The	 complete	 absence	 of	 pacemaker	 stimuli	 despite	 magnet	 application
suggests	 complete	 battery	 depletion	 or	 generator	 damage.	 Damage	 to	 the
generator	 can	 occur	 rarely	 as	 a	 result	 of	 direct	 trauma30	 or	 external
defibrillation.19

Pacemaker-Mediated	Tachycardia
Pacemaker-mediated	tachycardia	(PMT)	refers	to	any	sustained	tachyarrhythmia
that	 is	 dependent	 upon	 continued	 pacemaker	 participation	 in	 the	 circuit.
Classically,	 the	 term	 PMT	 is	 used	 to	 describe	 an	 endless	 loop	 tachycardia	 in
dual-chamber	 devices	 consisting	 of	 ventricular	 pacing,	 retrograde	 atrial
activation,	appropriate	sensing	and	triggered	ventricular	pacing	perpetuating	the
tachycardia	 (Figure	197.8).	PMT	should	be	suspected	when	ventricular	pacing
occurs	 at	 the	 programmed	 maximum	 tracking	 rate	 of	 the	 device.	 The	 PMT
circuit	 can	 be	 interrupted	 with	 magnet	 application	 and	 the	 arrhythmia
terminated.

	

Figure	 197.8 	 Pacemaker-Mediated	 Tachycardia	 (PMT).A
premature	ventricular	complex	(PVC)	occurs	in	a	patient	with	a	dual-
chamber	pacemaker.	The	PVC	results	 in	retrograde	conduction	back
to	the	atrium	that	is	subsequently	tracked	by	the	ventricular	lead	and
incessant	tachycardia	ensues.	Retrograde	atrial	activation	is	sensed	by
the	 pacemaker	 because	 it	 falls	 outside	 the	 postventricular	 atrial
refractory	 period	 (PVARP).	 One	 means	 of	 eliminating	 PMT	 is	 to
extend	the	PVARP.

DEVICE-SPECIFIC	CONSIDERATIONS



Implantable	Cardioverter	Defibrillator

Electrical	Storm
7 	 Electrical	 or	 ventricular	 tachycardia	 (VT)	 storm	 is	 defined	 as	 3	 or	 more
episodes	 of	 VT	 or	 ventricular	 fibrillation	 within	 a	 24-hour	 period.	 When	 a
patient	 presents	 with	 electrical	 storm,	 suppression	 of	 the	 arrhythmias	 is	 of
paramount	 importance.	 Identifying	 the	 trigger	 can	 be	 difficult,31	 but	 attempts
should	be	made	to	identify	and	correct	potentially	treatable	causes	(Table	197.4).
Repeated	 defibrillator	 therapy	 is	 painful	 and	 highly	 stressful;	 can	 cause
heightened	 sympathetic	 tone;	 and	 result	 in	 early	 battery	 depletion,	myocardial
ischemia/stunning,	 and	 recurrent	 ventricular	 arrhythmias.32	 Thus,	 initial
treatment	should	consist	primarily	of	sympathetic	blockade	with	β-blockers	and
anxiolysis	with	benzodiazepines.	Amiodarone	 is	often	 the	antiarrhythmic	agent
of	 choice.33	 Refractory	 cases	 may	 require	 intubation	 and	 deep	 anesthesia34;
stellate	 ganglion	 blockade	 can	 be	 considered	 for	 extreme	 cases.35	 Catheter
ablation	is	effective	for	 the	treatment	of	electrical	storm	and	can	be	considered
for	 electrical	 storm	 despite	 chronic	 antiarrhythmic	 therapy	 and	 for	 refractory
cases.36

TABLE	197.4

Causes	of	Electrical	Storm

Acquired	Long	QT

Decompensated	heart	failure

Electrolyte	disturbances

Fever/Sepsis

Hyperthyroidism

Lead	dislodgement/position

Medication	noncompliance

Myocardial	ischemia

Myocarditis



Psychological	stressors

Substance	abuse

Sympathomimetics

Ineffective	Defibrillation
Successful	 defibrillation	 occurs	 when	 a	 critical	 mass	 of	 myocardium	 is
successfully	depolarized	and	depends	upon	shock	vector,	 lead	position,	and	the
electrical	milieu	 (Figure	 197.9).	 The	 optimal	 three-dimensional	 orientation	 of
the	 ICD	 shock	 vector	 should	 deliver	 energy	 uniformly	 throughout	 the	 left
ventricle.	The	vector	is	dependent	on	the	position	of	the	high-voltage	coils	in	the
right	ventricle	(RV)	and	superior	vena	cava	(SVC)-right	atrial	(RA)	junction	and
the	 active	 can	 in	 relation	 to	 the	 left	 ventricle.	 Typically,	 the	 RV	 coil	 is	 the
cathode	and	 the	SVC-RA	coil	 and	 ICD	or	 the	 ICD	alone	 form	 the	 anode	with
current	traveling	from	cathode	to	anode.

	

Figure	 197.9 	 Defibrillator	 vector.With	 a	 dual-coil	 ICD	 lead
implanted	 in	 the	 RV	 apex	 and	 active	 ICD	 can,	 the	 shock	 vector
(arrow)	 is	 from	 the	RV	 coil	 to	 the	 summation	 of	 the	 superior	 vena
caval	 (SVC)	 coil	 and	 ICD	 generator	 (ICD).	 The	 SVC	 coil	 directs
some	of	the	current	toward	the	posterior	base	of	the	heart.	RV,	right
ventricle.



Implantable	defibrillators	can	fail	to	deliver	effective	defibrillation	therapy	in
certain	 situations.	 Elevated	 defibrillation	 thresholds	 can	 occur	 as	 a	 result	 of
metabolic	derangements,	myocardial	ischemia,	pneumothorax,	hypoxia,	multiple
defibrillations,	 drug	 therapy,	 delays	 in	 arrhythmia	 detection,	 and	 device
hardware	malfunction	 (Table	197.5).	 Immediate	management	 should	consist	of
external	 defibrillation	 and	 treatment	 of	 potential	 reversible	 causes.	 Long-term
management	 may	 require	 device	 revision	 or	 cessation/addition	 of	 specific
antiarrhythmic	medications.

TABLE	197.5

Effect	of	Common	Drugs	on	Defibrillation	Thresholds
(DFTs)

Drug Effect	on	DFT

Antiarrhythmics

Amiodarone ↑

Disopyramide ↔

Dofetilide ↓

Ibutilide ↓

Flecainide ↑↔

Lidocaine ↑

Mexilitine ↑

Quinidine ↑↔

Procainamide ↑↔

Propafenone ↔

Sotalol ↓

β-Blockers



Atenolol ↔↓

Carvedilol ↑

Propranolol ↑

Calcium	Channel	Blockers

Diltiazem ↑

Verapamil ↑

Others

Digoxin ↔

Fentanyl ↑

Ranolazine ↔

Sildenafil ↑

↓,	decrease;	↑,	increase;	↔,	minimal	effect.

Inappropriate	Therapies
8 	 8 	 Inappropriate	 therapies	 are	 common	 in	 patients	 with	 implantable
defibrillators	 regardless	 of	 indication37	 and	 are	 associated	 with	 significant
morbidity	and	mortality.38,39	Common	causes	of	 inappropriate	 therapies	 include
SVT,	 ventricular	 sensing	 problems,	 lead	 failure,	 and	 EMI.	 The	 detection
algorithms	of	ICDs	are	based	primarily	on	heart	rate	and	any	ventricular	sensed
event	 that	 exceeds	 the	 programmed	 detection	 rate	 will	 trigger	 ICD	 therapy.
Supraventricular	 discriminators	 related	 to	 arrhythmia	 onset,	 cycle	 length
stability,	 and	 electrogram	 morphology	 are	 also	 programmable	 but	 reduce
inappropriate	therapies	only	slightly.40,41	Repeated	inappropriate	ICD	therapies	to
hemodynamically	 stable	 patients	 should	 prompt	 magnet	 application	 or	 device
deactivation	 with	 back-up	 external	 defibrillation	 available	 and	 definitive
treatment	directed	at	the	underlying	rhythm	or	problem.

The	 most	 common	 cause	 of	 inappropriate	 defibrillator	 therapy	 is	 atrial
fibrillation	 although	 sinus	 tachycardia	 and	 other	 supraventricular	 tachycardias
can	 result	 in	 inappropriate	 therapies.	 Surface	 electrocardiogram	 and	 clinical
status	 may	 aid	 with	 the	 diagnosis	 if	 formal	 interrogation	 is	 not	 immediately



available.	 The	 device	 should	 be	 inactivated	 and	 treatment	 directed	 at	 the
underlying	 atrial	 arrhythmia.	 Ventricular	 sensing	 problems	 also	 result	 in
inappropriate	therapies	when	other	electrical	events	(P	waves,	T	waves,	and	wide
QRS)	 are	 misinterpreted	 as	 a	 ventricular	 event.	 This	 “double	 counting”	 is
erroneously	 interpreted	 as	 a	 tachyarrhythmia	 and	 prompts	 inappropriate	 ICD
therapy.	 Ventricular	 oversensing	 may	 be	 transient	 as	 a	 result	 of	 metabolic
derangements	 (eg,	 peaked	 T	 waves	 with	 hyperkalemia)	 or	 may	 sometimes	 be
successfully	 eradicated	 with	 reprogramming	 of	 the	 device	 although	 some
sensing	problems	may	require	device	revision.	The	S-ICD	is	also	susceptible	to
inappropriate	 therapies	 as	 a	 result	 of	 both	 ventricular	 oversensing	 and
undersensing	 (with	 a	 resultant	 autogain	 algorithm)	 as	 sensing	 is	 based	 upon
surface	QRS	that	change	with	position	and	activity.	Hardware	problems	such	as
lead	 fracture,	 insulation	 break,	 lead	 dislodgement,	 or	 a	 loose	 set-screw	 may
result	in	noise	and	short	ventricular	cycle	lengths	that	can	be	mistakenly	detected
as	 ventricular	 tachycardia.	 The	 surface	 electrocardiogram	 is	 extremely	 useful
and	will	 demonstrate	 sinus	 rhythm	or	 tachycardia	 at	 the	 time	 of	 defibrillation.
Device	hardware	problems	cannot	be	overcome	with	reprogramming.	The	ICD
should	 be	 deactivated	 until	 the	 system	 can	 be	 revised.	 Similarly,	 EMI	 can
produce	noise	and	result	in	inappropriate	therapies.

End	of	Life	Care	for	the	CIED	Patient
Patients	 with	 ICDs	 and	 end-stage	 heart	 failure	 or	 other	 fatal	 illness	 warrant
special	 consideration.	 Successful	 defibrillation	 may	 prolong	 life	 but	 it	 cannot
prevent	 death.	 In	 addition,	 repeated	 ICD	 shocks	 to	 a	 patient	 with	 end-stage
disease	 may	 cause	 unnecessary	 pain	 and	 anxiety.	 Defibrillation	 can	 be
deactivated	 for	 ICDs	 without	 deactivating	 pacemaker	 functions.	 Discussions
regarding	ICD	deactivation	occur	rarely	even	for	patients	with	do-not-resuscitate
orders.42	 It	 is	 important	 that	 patients	 and	 their	 families	 understand	 that
deactivation	of	defibrillator	therapies	is	always	an	option.43

Cardiac	Resynchronization	Therapy	(Biventricular	Pacing)
Cardiac	 resynchronization	 therapy	 (CRT)	 improves	 symptoms;	 decreases
hospitalizations;	assists	with	reverse	remodeling	of	the	left	ventricle;	and	reduces
mortality	 for	 patients	 with	 symptomatic	 heart	 failure,	 severe	 left	 ventricular
dysfunction,	 and	 mechanical	 dyssynchrony	 (QRS	 >	 120	 ms).1,44-47	 Ventricular
resynchronization	 aims	 to	 achieve	 myocardial	 coordination	 through	 left
ventricular	 preexcitation	 ideally	 at	 the	 site	 of	 latest	 activation.	 This	 can	 be



achieved	through	an	endovascular	approach	with	left	ventricular	lead	placement
via	 coronary	 sinus	 cannulation	 or	 epicardially	 with	 a	 direct	 surgical	 approach
(typically	 via	 left	 lateral	 thoracotomy).	 Approximately	 70%	 of	 CRT	 patients
demonstrate	 clinical	 improvement	 with	 reduction	 of	 symptoms,48,49	 and	 some
have	improvement	of	left	ventricular	function.50

Loss	of	Resynchronization
9 	 9 	Achieving	 resynchronization	 appears	 dependent	 not	 only	 upon	 stimulating
the	 ventricle	 at	 the	 site	 of	 latest	 activation	 but	 also	 providing	 reliable
biventricular	 pacing.	 There	 appears	 to	 be	 a	 threshold	 effect	 of	CRT	 related	 to
frequency	of	biventricular	pacing.	A	recent	retrospective	analysis	demonstrated	a
significant	 decrease	 of	 hospitalizations	 and	 mortality	 at	 biventricular	 pacing
above	 92%.51	 Among	CRT	 responders,	 loss	 of	 resynchronization	 can	 result	 in
recurrent	 symptoms,	diminished	 functional	capacity,	 repeat	hospitalization,	and
significant	 hemodynamic	 alterations.	 Although	 formal	 device	 interrogation	 is
necessary	to	assess	the	degree	of	biventricular	pacing	over	the	long-term	careful
observation	 of	 the	 telemetry	 monitor	 often	 can	 provide	 significant	 insight.
Similarly,	 the	 12-lead	 electrocardiogram	 can	 identify	 the	 site	 of	 ventricular
stimulation	 and	 can	 be	 used	 to	 detect	 loss	 of	 biventricular	 pacing	 (Figure
197.10A,	B).	Atrial	arrhythmias	with	intact	ventricular	conduction	exceeding	the
programmed	 lower	 rate	 of	 the	 CRT	 device	 are	 the	 most	 common	 reason	 for
failure	 to	 achieve	 sufficient	 resynchronization.	 Other	 potential	 reasons	 for
suboptimal	biventricular	pacing	include	elevated	pacing	threshold,	lead	fracture,
or	 lead	 migration	 to	 an	 unfavorable	 location.	 Common	 reasons	 for	 a	 lack	 of
response	 to	 CRT	 are	 lead	 location,	 suboptimal	 programming	 and	 underlying
narrow	QRS.52	When	 the	 left	 ventricular	 pacing	 lead	 is	 not	 stimulating	 a	 late
activation	site	in	the	basal	posterolateral	left	ventricle,	the	degree	of	biventricular
pacing	 is	 irrelevant.	The	electrocardiogram	and	chest	 radiograph	are	useful	 for
identifying	issues	with	left	ventricular	lead	placement.



	

Figure	197.10 	Electrocardiographic	assessment	of	pacing	site.A,
Right	ventricular	 apical	pacing	with	 left	 bundle	branch	morphology
and	 superior	 frontal	 plane	 axis.	 B,	 In	 contrast,	 biventricular
stimulation	 with	 right	 bundle	 morphology	 in	 V1	 and	 QS	 waves	 in
leads	I	and	aVL.

Summary
In	 the	 modern	 era,	 patients	 with	 implantable	 pacemakers,	 defibrillators,	 and
cardiac	 resynchronization	 devices	 are	 increasingly	 commonly	 admitted	 to	 the
care	of	an	intensivist.	Attention	to	and	understanding	of	the	implanted	device	as
a	critical	portion	of	 the	patient’s	acute	care	 is	warranted.	Early	 involvement	of
electrophysiologist	colleagues	during	the	care	of	critically	ill	patients	especially
with	device	malfunction	or	infection	is	prudent.

MULTIPLE	CHOICE	QUESTIONS

Questions



1. 	A	frail	87-year-old	woman	presents	following	a	syncopal	episode
complicated	by	a	hip	fracture.	She	has	a	past	medical	history	of	paroxysmal
atrial	fibrillation	and	hypertension,	and	her	only	medications	are	aspirin	and
hydrochlorothiazide.	She	is	afebrile	and	oriented	to	person,	place,	and	time,	with
BP	167/92	mmHg.	An	ECG	obtained	on	presentation	is	shown	in	qFigure	197.1.
She	undergoes	temporary	transvenous	pacemaker	(PM)	implant	via	the	right
femoral	vein	and	is	admitted	to	the	ICU.	On	hospital	day	#2,	she	is	taken	to	the
electrophysiology	laboratory	and	undergoes	transvenous	dual-chamber
pacemaker	implant	via	left	subclavian	vein	access	with	removal	of	the	temporary
pacemaker	wire.	The	procedure	is	described	as	uncomplicated.	Upon	transfer	to
the	ICU	for	further	management,	she	develops	pleuritic	chest	pain.	She	looks
uncomfortable,	is	tachypneic,	and	now	has	a	blood	pressure	of	70/40	mm	Hg.
What	is	the	most	likely	cause	of	her	deterioration?

	

A. 	Blood	loss	secondary	to	pacemaker	pocket	hematoma
B. 	Cardiac	tamponade	secondary	to	pacemaker	lead	perforation
C. 	Right	retroperitoneal	hematoma	following	removal	of	temporary
pacemaker
D. 	Tension	pneumothorax	secondary	to	subclavian	vein	access

2. 	A	68-year-old	woman	with	a	dual-chamber	implantable	cardiac
defibrillator	(ICD)	is	scheduled	to	undergo	urgent	hemicolectomy.	Recent	device
interrogation	reveals	no	underlying	rhythm,	with	100%	atrial	and	ventricular
pacing.	Which	of	the	following	interventions	will	most	likely	prevent
inappropriate	inhibition	of	pacing	by	surgical	electrocautery?

A. 	Deliver	electrocautery	bursts	only	after	each	paced	beat	is	delivered
B. 	Place	a	magnet	over	the	device



C. 	Program	the	defibrillator	to	“off”	mode
D. 	Reprogram	the	device	to	an	asynchronous	mode

3. 	A	35-year-old	male	lumberjack	with	cardiac	sarcoid	and	a	dual-chamber
ICD	presents	with	new	onset	lightheadedness	and	near-syncope.	The	following
rhythm	strip	is	obtained.	Which	of	the	following	explains	the	patient’s	symptoms
and	ECG	findings?	See	qFigure	197.2.

	

A. 	Loss	of	ventricular	capture	due	to	electrolyte	abnormalities
B. 	Loss	of	ventricular	capture	due	to	lead	dislodgement
C. 	Loss	of	ventricular	capture	due	to	ventricular	oversensing
D. 	Loss	of	ventricular	capture	due	to	ventricular	undersensing

Answers

1.	The	correct	answer	is	B.
Rationale:	Cardiac	tamponade	secondary	to	pacemaker	lead	perforation.
Although	implantation	of	PM	is	a	minimally	invasive	procedure,	there	is	the

potential	 for	 complications	 during	 or	 after	 implantation.	The	 rate	 for	 the	 early
complications	varies	from	1%	to	5%,	and	for	the	late	complications	is	2%	to	3%;
however,	 these	 rates	 can	 be	 >10%	 depending	 upon	 operator	 experience	 and
volume.	Complications	are	related	to	venous	access	(eg,	pneumothorax),	to	leads
(eg,	lead	perforation	and	dislodgement)	and	the	generator	pocket	(eg,	hematoma,
infection)	and	can	be	defined	as	major	(eg,	death,	cardiac	perforation)	and	minor
(eg,	drug	reaction,	hematoma).	Risk	of	cardiac	perforation	has	been	described	as
increased	 among	 females,	 elderly	 patients,	 and	 patients	 with	 low	 BMI.	 The
presence	 of	 hypotension	 and	 pleuritic	 chest	 pain	 following	 transvenous
pacemaker	 implant	 suggest	 tamponade	 until	 proven	 otherwise	 (choice	 B	 is
correct).	Because	 local	or	 retroperitoneal	blood	 loss	and	venous	access–related



pneumothorax	 are	 not	 expected	 to	 be	 associated	 with	 displacement	 of	 the
pacemaker	lead	from	the	epicardium	they	are	less	likely	to	cause	a	return	to	her
preprocedure	rhythm	(choices	A,	C,	and	D	are	not	the	best	answers).

2.	The	correct	answer	is	D.
Rationale:	Reprogram	the	pacemaker	to	an	asynchronous	mode.
A	 magnet	 placed	 over	 a	 pacemaker	 will	 initiate	 asynchronous	 pacing	 at	 a

fixed	 rate	 but	 doing	 so	over	 an	 ICD	will	 just	 turn	off	 the	 internal	 defibrillator
(choice	B	is	incorrect).	In	order	to	achieve	asynchronous	pacing,	the	ICD	must
be	reprogrammed	to	asynchronous	mode	(choice	D	is	correct).	This	is	the	safest
way	to	prevent	inappropriate	pacemaker	inhibition	from	electrocautery.	Turning
off	 the	 device	 would	 remove	 the	 required	 pacing	 (choice	 C	 is	 incorrect),	 and
timing	 electrocautery	 use	with	 pacing	 is	 not	 feasible	 or	 practical	 (choice	A	 is
incorrect).

3.	The	correct	answer	is	C.
Rationale:	See	qFigure	197.3.	The	rhythm	strip	demonstrates	atrial	(AP)	and

ventricular	 (VP)	 sequential	 pacing	with	 the	 intermittent	 absence	 of	 ventricular
pacing	 stimuli	 (asterisks)	 following	 atrial	 paced	 events.	 When	 there	 is	 a
ventricular	pacing	spike,	 local	ventricular	capture	does	occur.	The	 issue	 is	 that
the	 pacemaker	 is	 not	 delivering	 a	 ventricular	 impulse	 when	 one	 should	 be
delivered,	 ie,	 when	 intrinsic	 ventricular	 depolarization	 is	 absent.	 This	 is	 the
definition	 of	 oversensing	 (choice	 C	 is	 correct).	 The	 pacemaker	 is	 sensing	 an
electrical	 stimulus	 that	 is	 not	 visible	 on	 the	 surface	ECG	or	 rhythm	 strip	 and,
accordingly,	 inhibiting	 delivery	 of	 a	 ventricular	 electrical	 impulse.	 Ventricular
undersensing	 would	 result	 in	 ventricular	 pacemaker	 spikes	 superimposed	 on
native	 QRS	 on	 the	 rhythm	 strip	 (choice	 D	 is	 incorrect).	 Lead	 dislodgement
would	result	in	ventricular	pacemaker	spikes	without	ventricular	capture	(choice
B	 is	 incorrect).	 It	 is	 unlikely	 that	 electrolytes	 would	 preferentially	 affect
ventricular	and	not	atrial	lead	capture	(choice	A	is	incorrect).

When	the	intracardiac	electrograms	from	the	same	device	are	evaluated	(see
qFigure	 shown	 below),	 one	 sees	 proof	 of	 ventricular	 oversensing	 (arrows),	 ie,
nonphysiologic	 electrical	 events	 mislabeled	 as	 ventricular	 sensed	 impulses.
When	 intrinsic	 ventricular	 conduction	 does	 occur	 (arrowheads),	 the	 device
incorrectly	 labels	 the	 event	 as	 “VF”	 (arrowheads)	 or	 a	 ventricular	 event	 that
because	 of	 timing	 falls	 into	 the	 programmed	 ventricular	 fibrillation	 detection
zone.
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Section	18

RENAL	PROBLEMS	IN	THE	INTENSIVE
CARE	UNIT
PANG-YEN	FAN

Chapter	198
Metabolic	Acidosis	and	Metabolic
Alkalosis
Jason	M.	Kurland,	Ashfaq	Balla

KEY	POINTS:
1.	 The	kidneys	regulate	acid-base	balance	via	bicarbonate

reabsorption,	ammonium	secretion,	and	titratable	acidity.
2.	 Major	causes	of	anion	gap	metabolic	acidosis	include	ketoacidosis,

ingestions,	lactic	acidosis,	and	uremic	acidosis	(acute	or	chronic
kidney	failure).

3.	 The	delta-delta	(ratio	of	the	observed	change	in	the	anion	gap	to	the
observed	change	in	serum	bicarbonate)	should	be	calculated	for	all
cases	of	anion	gap	metabolic	acidosis.	A	value	greater	than	2
suggests	a	superimposed	metabolic	alkalosis,	while	a	value	less
than	1	suggests	a	superimposed	non–anion	gap	metabolic	acidosis.

4.	 For	patients	with	non–anion	gap	metabolic	acidosis	of	uncertain
etiology,	calculation	of	the	urine	anion	gap	can	assess	whether	renal
acid	excretion	is	appropriate.

5.	 Treatment	of	the	underlying	cause	(rather	than	administration	of
alkali)	is	first-line	management	of	patients	with	ketoacidosis	and
lactic	acidosis.



6.	 The	coexistence	of	hypertension,	hypokalemia,	and	metabolic
alkalosis	strongly	suggests	a	state	of	primary	mineralocorticoid
excess	(though	it	may	also	be	seen	in	hypertensive	individuals
taking	thiazide	or	loop	diuretics).

7.	 For	individuals	with	metabolic	alkalosis	and	hypovolemia,	preferred
treatment	typically	includes	chloride-containing	IV	fluids	along	with
potassium	supplementation.

8.	 In	patients	with	metabolic	alkalosis	and	hypervolemia,	addition	of
acetazolamide	or	a	potassium-sparing	diuretic	can	mitigate	further
alkalosis.

INTRODUCTION
Acidemia	 and	 alkalemia	 denote,	 respectively,	 blood	 pH	 below	 or	 above	 the
normal	value	of	7.40.	A	simple	(single)	acid-base	disturbance	always	causes	the
blood	 pH	 to	 change.	 In	 comparison,	 the	 coexistence	 of	 two	 or	more	 opposing
primary	 acid-base	 disturbances,	 such	 as	 a	 metabolic	 acidosis	 as	 a	 result	 of
diarrhea	with	metabolic	alkalosis	as	a	result	of	vomiting,	may	result	 in	little	or
no	 deviation	 of	 the	 blood	 pH	 from	 normal.	 Maintenance	 of	 blood	 pH	 at
approximately	 7.40	 is	 necessary	 to	 stabilize	 intracellular	 pH	 at	 7.20,	 a	 crucial
chemical	condition	for	optimal	cell	physiology.

Renal	Regulation	of	H+	Secretion
Maintenance	of	a	normal	plasma	bicarbonate	(HCO3

−)	concentration	depends	on
reclamation	 of	 the	 4500	 mEq	 of	 HCO3

−	 filtered	 by	 the	 kidneys	 each	 day.
Reabsorption	 of	 filtered	 HCO3

−	 takes	 place	 almost	 entirely	 in	 the	 proximal
tubule	(Figure	198.1).	In	this	process,	luminal	HCO3

−	combines	with	H+	secreted
into	 the	 tubular	 lumen	 by	 a	 Na-H	 antiporter.	 The	 formation	 of	 carbonic	 acid
(H2CO3)	and	subsequent	dissociation	to	carbon	dioxide	(CO2)	and	water	(H2O),
catalyzed	by	carbonic	anhydrase,	permits	CO2	to	enter	the	luminal	membrane	of
the	proximal	tubular	cell.	Once	inside	the	cell,	CO2	combines	with	OH−	to	form
HCO3

−.	 A	 Na-3HCO3	 cotransporter	 then	 carries	 HCO3
−	 across	 the	 peritubular

membrane	 into	 the	 blood.	 As	 a	 result,	 filtered	 HCO3
−	 is	 returned	 to	 the

circulation	without	any	net	loss	of	H+.



	

Figure	198.1 	Proximal	tubular	reclamation	of	filtered	bicarbonate
(HCO3).The	first	step	in	maintaining	normal	acid-base	balance	is	the
reabsorption	of	all	filtered	HCO3.	Inability	to	accomplish	this	results
in	metabolic	 acidosis	 (proximal,	 2,	 renal	 tubular	 acidosis)	 (see	 text
for	details).	ATPase,	adenosine	triphosphatase.

A	 fall	 in	 proximal	 tubular	 bicarbonate	 reabsorption	 causes	 urinary	 HCO3
−

losses	 and	may	 lead	 to	 a	 fall	 in	plasma	HCO3
−	 concentration	and	 to	metabolic

acidosis.	The	carbonic	anhydrase	inhibitor	acetazolamide,	for	example,	reduces
the	activity	of	luminal	carbonic	anhydrase,	thereby	decreasing	the	entry	of	H2O
and	CO2	across	the	luminal	membrane,	which	decreases	HCO3

−	reabsorption	by
the	tubular	cell	(Figure	198.1).

The	process	of	reclamation	for	all	filtered	HCO3
−	by	itself	is	not	sufficient	to

maintain	a	normal	blood	pH.	The	kidney	must	also	excrete	the	50	to	100	mEq	of
H+	 generated	 each	 day	 from	 the	 metabolism	 of	 dietary	 proteins,	 particularly
sulfur-containing	amino	acids	(ie,	methionine,	cysteine),	which	are	converted	to
sulfuric	acid.	This	acid	load	is	initially	buffered	in	the	body	to	minimize	changes
in	 blood	 pH,	 causing	 a	 clinically	 undetectable	 decrease	 in	 the	 plasma	 HCO3

−

concentration.	The	kidney	must	 eventually	excrete	 this	daily	acid	 increment	 to
replete	 the	HCO3

−	 used	 in	 this	 process	 or	 more	 severe	 acidemia	 will	 develop
over	time.

1 	Energy	requirements	limit	the	ability	of	the	kidney	to	excrete	acid	(H+	ions)
when	 the	 urine	 pH	 falls	 below	 4.5.	 To	 offset	 this	 limitation,	 urinary	 buffers
present	 in	 the	urine	maintain	 the	urine	pH	above	 this	critical	value,	permitting
ongoing	excretion	of	the	daily	acid	load.



Two	 distinct	 urinary	 buffering	 systems	 enable	 continued	 H+	 secretion:
titratable	 acids	 and	 ammonia.	 Titratable	 acids	 (primarily	 HPO4

−)	 are	 freely
filtered	through	the	glomerulus	and	can	combine	with	H+:

Titratable	acidity	is	determined	by	adding	alkali	to	the	daily	urine	volume	and
equals	 the	 number	 of	 mEq	 of	 base	 required	 to	 return	 the	 urine	 pH	 to	 7.4.
Approximately	one-half	of	the	daily	acid	load	is	excreted	in	this	way.

By	 comparison,	 the	most	 important	 urinary	 buffer	 is	 ammonia,	 because	 the
abundance	 of	 this	 buffer	 can	 be	 varied	 according	 to	 physiological	 needs.
Ammonia	synthesis	occurs	in	the	proximal	tubule,	derived	principally	from	the
breakdown	 of	 glutamine	 to	 α-ketoglutarate	 (Figure	 198.2).	 This	 process	 is
stimulated	 by	 intracellular	 acidosis	 and	 by	 hypokalemia,	 both	 of	which	 act	 by
decreasing	 the	 intracellular	 pH	 (see	 the	 following	 discussion).	 Ammonia	 thus
generated	can	combine	with	intracellular	H+,	forming	ammonium	(NH4

+).	NH4
+

is	then	secreted	into	the	proximal	tubule	lumen	by	substituting	for	H+	on	the	Na-
H	antiporter.	Ammonia	(NH3)	that	forms	by	the	dissociation	of	H+	from	NH4

+	is
largely	reabsorbed,	recycled,	and	then	secreted	into	the	collecting	tubule.	There,
it	 is	 trapped	 in	 the	 tubular	 lumen	as	NH4

+	 by	 combining	with	 secreted	H+	 and
excreted	 as	 ammonium	 chloride	 (NH4Cl).	 For	 each	 molecule	 of	 buffered	 H+

excreted	in	the	urine,	an	HCO3
−	is	regenerated	(Figure	198.2),	thus	replenishing

the	HCO3
−	used	initially	by	the	body	to	buffer	daily	metabolic	acid	load.

	

Figure	 198.2 	 Excretion	 of	 the	 daily	 acid	 load	 permits	 the
regeneration	 of	 bicarbonate	 (HCO3)	 that	 was	 used	 as	 a	 buffer.Two
processes	 are	 involved:	 the	 excretion	 of	 titratable	 acid	 (A)	 and	 the
excretion	 of	 ammonium	 (NH4

+)	 (B).	 The	 latter	 is	 particularly
important	because	acidosis	stimulates	the	breakdown	of	glutamine	to
ammonia.	By	comparison,	hyperkalemia	 impairs	 the	capacity	of	 the
proximal	tubule	to	make	ammonia,	thus	contributing	to	the	metabolic



acidosis	 observed	 in	 hyperkalemic	 disorders.	 ATPase,	 adenosine
triphosphatase.

METABOLIC	ACIDOSIS
Metabolic	acidosis	can	be	categorized	by	the	presence	or	absence	of	an	increased
anion	gap	(AG).	The	AG	refers	to	the	difference	between	measured	cations	(Na+)
and	measured	anions	(chloride	[Cl−]	and	HCO3

−):

Potassium	(K+)	 is	usually	not	 included	in	 the	calculation	of	 the	AG	because
changes	 large	 enough	 to	 alter	 the	 gap	 significantly	 are	 uncommon	 or
incompatible	with	life.

The	normal	AG	varies	between	3	and	11	mEq/L	and	averages	approximately
7	to	8	mEq/L.	These	unmeasured	anions	consist	of	proteins	(primarily	albumin),
sulfates,	phosphates,	and	circulating	organic	acids.	Uric	acid	is	a	large	molecule
and,	 therefore,	 does	 not	 contribute	 significantly	 to	 the	 AG	 even	 when
hyperuricemia	is	present.

A	reduction	of	the	plasma	albumin	concentration	can	lower	the	baseline	AG
(approximately	2.5	mEq/L	for	every	1	g	/dL	fall	in	the	albumin	concentration).1
Thus,	 the	 hypoalbuminemic	 patient	 may	 not	 have	 a	 high	 AG	 even	 in	 the
presence	of	a	disorder	that	typically	causes	an	elevation	(eg,	lactic	acidosis).

Metabolic	Acidosis	With	an	Increased	Anion	Gap
2 	The	causes	of	metabolic	acidosis	associated	with	an	increased	AG	are	listed	in
Table	198.1.	Lactic	acidosis	is	the	most	frequent	cause	of	increased	AG	acidosis
among	hospitalized	patients,	whereas	chronic	renal	failure	is	the	principal	cause
of	an	increased	AG	acidosis	among	ambulatory	patients.

TABLE	198.1

Causes	of	Metabolic	Acidosis	With	an	Increased	Anion	Gap

Chronic	kidney	diseasea



Lactic	acidosis
Ketoacidosisa
Rhabdomyolysis
Ingestions
Salicylates
Methanol
Ethylene	glycol
Pyroglutamic	acid	(also	known	as	5-oxoproline)b
Toluenec

aMay	be	associated	with	normal	anion	gap	early	in	course	or	during	therapy	(ketoacidosis)	(see
text	for	details).
bUsually	as	a	result	of	acetaminophen.
cToluene	may	also	cause	a	non–anion	gap	acidosis	(see	Table	198.3).

Chronic	Kidney	Disease
Renal	disease	represents	an	interesting	example	of	the	potential	overlap	between
normal	 and	 elevated	 AG	 acidosis.	 The	 high	 AG	 of	 patients	 with	 advanced
chronic	kidney	disease	is	usually	a	late	finding	and	reflects	a	severe	reduction	of
glomerular	 filtration	 rate	 (GFR).	 As	 the	 GFR	 falls	 below	 20	 to	 30	 mL/min,
anions,	 such	 as	 sulfate	 and	 phosphate,	 that	 would	 normally	 be	 excreted	 by
filtration	 are	 retained.	 With	 lesser	 degrees	 of	 renal	 dysfunction,	 however,
metabolic	acidosis	appears	primarily	because	H+	(HCl)	secretion	is	reduced,	with
little	or	no	effect	on	the	AG.	NH4

+	secretion	begins	 to	decrease	when	the	GFR
falls	below	40	to	50	mL/min.

The	 metabolically	 generated	 daily	 acid	 load	 on	 a	 typical	 American	 diet
approximates	50	to	100	mEq.	This	acid,	mainly	sulfuric,	is	immediately	buffered
by	NaHCO3:

The	excess	sulfate	is	excreted	in	the	urine.	If	glomerular	and	tubular	function
decline	in	parallel,	then	the	H+	and	the	SO4

2−	are	retained,	producing	metabolic
acidosis	with	 a	high	AG.	 If,	 however,	 there	 is	 differential	 tubular	 dysfunction,
the	excretion	of	acid	is	diminished,	but	excretion	of	sulfate	may	be	maintained
owing	to	reduced	reabsorption.	In	the	latter	setting,	the	AG	may	not	rise	as	the
serum	HCO3

−	concentration	decreases.
Therefore,	 the	 decrease	 of	 plasma	 HCO3

−	 (severity	 of	 acidemia)	 need	 not



correlate	with	extent	of	the	rise	in	AG	in	renal	dysfunction.	Typically,	the	plasma
bicarbonate	 concentration	 is	 greater	 than	 12	 mEq/L	 among	 patients	 with
uncomplicated	chronic	kidney	disease.	A	search	for	a	second	acid-base	disorder
is	indicated	when	a	lower	HCO3

−	concentration	is	identified.

Lactic	Acidosis
Lactic	 acidosis	 is	 the	 most	 common	 cause	 of	 severe	 metabolic	 acidosis
encountered	 during	 an	 intensive	 care	 unit	 stay.	 The	 AG	 is	 always	 increased
above	 baseline	 (normal	 lactate	 level	 is	 <1.0	mmol/L)	 because	 lactate	 does	 not
appear	in	the	urine	until	a	higher	plasma	concentration	(at	least	6-8	mmol/L)	is
achieved.	 Lactate	 levels	 greater	 than	 5	 mmol/L	 are	 considered	 diagnostic	 of
lactic	 acidosis,	 although	 levels	between	2	and	5	mmol/L	may	be	 significant	 in
the	appropriate	clinical	circumstances.	Metformin,	a	biguanide	commonly	used
in	 the	 treatment	 of	 diabetes	 mellitus,	 can	 cause	 lactic	 acidosis,	 particularly
among	 patients	 who	 present	 with	 acute	 or	 chronic	 renal	 insufficiency.
Hemodialysis	has	been	used	for	the	treatment	of	metformin-induced	acidosis.2

Most	 cases	 of	 lactic	 acidosis	 involve	 the	 l-isomer.	 By	 comparison,	 d-lactic
acidosis,	a	disorder	observed	most	commonly	among	patients	with	short	bowel
syndrome,	results	in	a	rise	in	the	AG,	but	the	lactate	level	is	normal.3	d-Lactate,
generated	by	intestinal	bacteria,	is	not	detected	by	the	usual	lactate	assay,	and	a
specific	enzymatic	assay	must	be	requested	to	diagnose	this	disorder.

Ketoacidosis
Ketoacidosis	 occurs	 when	 acetoacetic	 acid	 and	 β-hydroxybutyric	 acid	 are
overproduced	by	the	liver	(for	a	complete	discussion,	see	Chapter	137).	Acetone,
a	breakdown	product	of	acetoacetic	acid,	is	not	an	acid	and	does	not	contribute
to	the	acidemia	or	to	the	increased	AG	observed	in	this	disorder.

2 	Ketoacidosis	is	generally	associated	with	an	elevated	AG;	however,	loss	of
ketoanions	 in	 the	 urine,	 particularly	 during	 intravenous	 fluid	 therapy,	 may
attenuate	the	expansion	of	the	AG.	Once	formed,	ketones	may	be	excreted	in	the
urine	 before,	 under	 the	 influence	 of	 insulin,	 they	 can	 be	metabolized	 back	 to
HCO3

−.	 Because	 ketoacids	 titrate	 the	 plasma	 HCO3
−	 concentration	 downward,

the	loss	of	urinary	ketoanions	(as	sodium	or	potassium	salts)	is	tantamount	to	the
renal	loss	of	HCO3

−.	Thus,	a	high	AG	metabolic	acidosis	is	often	present	before
therapy	among	 individuals	with	ketoacidosis,	but	may	convert	 to	a	normal	AG
metabolic	 acidosis	with	 saline	 repletion	 and	 cessation	of	ketogenesis.	Sodium-
glucose	cotransporter	2	(SGLT2)	inhibitors,	used	in	the	treatment	of	2	diabetes,



may	increase	the	risk	of	ketoacidosis.

Rhabdomyolysis
Massive	muscle	breakdown	is	an	important	cause	of	metabolic	acidosis	with	an
increased	 AG.	 Acute	 kidney	 injury	 as	 a	 result	 of	 myoglobinuria	 can	 cause
retention	 of	 anions	 (eg,	 phosphate)	 that	 have	 been	 released	 from	 damaged
myocytes.

Ingestions
The	most	common	acid-base	abnormality	observed	with	salicylate	intoxication	is
a	respiratory	alkalosis	caused	by	direct	stimulation	of	the	medullary	respiratory
center.	 With	 moderate-to-severe	 salicylate	 intoxication,	 the	 AG	 increases	 as
salicylic	 acid	 promotes	 formation	 of	 lactic	 acid,	 rather	 than	 accumulation	 of
salicylate	in	the	blood.	The	consequence	is	a	mixed	respiratory	alkalosis	with	a
high	AG	metabolic	acidosis.

Methanol	 and	 ethylene	 glycol	 ingestions	 require	 early	 diagnosis	 because
prompt	treatment	may	be	lifesaving.	Inhibitors	of	alcohol	dehydrogenase	such	as
ethanol	 and	 fomepizole	 can	 limit	 the	 conversion	 of	 the	 alcohols	 to	 their	more
toxic	metabolic	products,	with	fomepizole	being	the	preferred	agent.	The	clinical
features	of	 these	ingestions	are	discussed	in	detail	 in	Chapter	98:	Alcohols	and
Glycol	Poisoning.

Detection	of	an	osmolal	gap	suggests	methanol	or	ethylene	glycol	poisoning
and	 may	 avoid	 delayed	 treatment	 while	 awaiting	 lab	 measurement	 of	 these
toxins.	The	osmolal	gap	 refers	to	the	difference	between	the	plasma	osmolality
(POsm)	 measured	 by	 the	 laboratory	 and	 that	 calculated	 using	 the	 following
formula4:

Normally,	 the	 measured	 POsm	 is	 higher	 than	 the	 calculated	 value	 by	 <10
mOsm/kg.	 A	 larger	 osmolal	 gap	 indicates	 the	 presence	 of	 osmotically	 active
substances	 not	 normally	 present.	 The	 most	 frequent	 causes	 of	 an	 increased
osmolal	 gap	 are	 ethyl	 alcohol	 (ethanol),	 isopropyl	 alcohol,	 ketones,	 lactate,
mannitol,	ethylene	glycol,	and	methanol.	If	ethanol,	lactate,	or	ketones	cannot	be
identified	 in	a	patient	with	an	AG	metabolic	acidosis	with	an	osmolal	gap,	 the
diagnosis	 of	 ethylene	 glycol	 or	 methanol	 intoxication	 should	 be	 strongly



suspected.	 During	 an	 ICU	 stay,	 a	 high	 osmolal	 gap	 acidosis	 has	 also	 been
associated	 with	 the	 use	 of	 continuous	 high-dose	 intravenous	 infusions	 of
lorazepam	for	more	than	48	hours.	Propylene	glycol,	which	is	used	as	a	solvent
for	 intravenous	 medications	 including	 lorazepam,	 has	 been	 implicated	 as	 the
cause	of	the	hyperosmolar	metabolic	acidosis	in	this	scenario.5	It	is	important	to
understand	 that	 the	 presence	 of	 an	 osmolal	 gap	 that	 results	 from	 an	 ingested
alcohol	 may	 only	 be	 detected	 when	 POsm	 is	 measured	 in	 the	 laboratory	 by
freezing-point	 depression.6	 In	 addition,	 after	 the	 alcohol	 is	 metabolized,	 the
osmolal	gap	may	disappear.

Toluene	(present	in	glue	and	metabolized	to	hippuric	acid)	is	a	rare	cause	of
metabolic	acidosis.	The	AG	rises	early	and	then	returns	toward	normal,	because
hippurate	 is	 excreted	 by	 the	 kidneys,	 a	 process	 that	 is	 similar	 to	 the	 renal
handling	of	ketones	(see	previous	discussion).

Rarely,	 acetaminophen	 administration	 in	 therapeutic	 doses	 can	 lead	 to	 an
elevated	AG	metabolic	acidosis	in	metabolically	stressed	individuals,	 including
pregnant	women.	In	this	setting,	reduced	glutathione	stores	permit	the	generation
of	pyroglutamic	acid	(5-oxoproline).7

Metabolic	Acidosis	With	a	Normal	Anion	Gap
Metabolic	 acidosis	 with	 a	 normal	 AG,	 which	 may	 also	 be	 called	 a
hyperchloremic	acidosis,	is	associated	with	the	conditions	listed	in	Table	198.2.
The	decrement	 in	 the	plasma	HCO3

−	 concentration	 is	matched	by	a	 rise	 in	 the
plasma	Cl−	level,	maintaining	electroneutrality.

TABLE	198.2

Causes	of	Metabolic	Acidosis	With	a	Normal	Anion	Gap

Acid	administration
Hyperalimentation	with	HCl-containing	amino	acid	solutions

Bicarbonate	losses
Gastrointestinal
Diarrhea
Pancreatic	or	biliary	drainage
Cholestyramine	and	sevelamer	hydrochloride
Urinary	diversions	(ureterosigmoidostomy)



Renal
Proximal	(2)	renal	tubular	acidosis
Ketoacidosis	(particularly	during	therapy)
Postchronic	hypocapnia

Impaired	renal	acid	excretion
With	hypokalemia
Classic	distal	(1)	renal	tubular	acidosis

With	hyperkalemia
Hyperkalemic	distal	renal	tubular	acidosis
Hypoaldosteronism	(4	renal	tubular	acidosis)

Reduced	renal	perfusion

Acid	and	Chloride	Administration
The	 infusion	 of	 amino	 acid	 solutions	 during	 hyperalimentation	 is	 an	 abundant
source	of	hydrochloric	acid	(HCl).	The	development	of	a	metabolic	acidosis	 is
more	common	among	patients	with	renal	insufficiency.

Oral	 administration	 of	 cholestyramine	 chloride	 reportedly	 occasionally	 also
causes	 acidemia.	 This	 resin,	 which	 is	 sometimes	 used	 in	 the	 management	 of
hypercholesterolemia,	is	nonresorbable	and	can	act	as	an	anion-exchange	resin,
exchanging	its	Cl−	for	endogenous	HCO3

−	and	producing	a	metabolic	acidosis.

Bicarbonate	Losses
Loss	of	HCO3

−	from	the	gastrointestinal	tract	or	kidneys	can	lead	to	a	reduction
in	 the	 plasma	 HCO3

−	 level.	 Bowel	 contents	 are	 alkaline	 compared	 to	 blood
because	 HCO3

−	 is	 added	 by	 pancreatic	 and	 biliary	 secretions.	 Most	 of	 the
secreted	 alkali	 is	 reclaimed	 as	 HCO3

−	 is	 exchanged	 for	 Cl−	 in	 the	 ileum	 and
colon.	 Gastrointestinal	 losses	 of	 HCO3

−	 are	 most	 commonly	 observed	 among
patients	with	diarrhea	 so	 severe	 that	 colonic	 transit	 time	 is	 too	 rapid	 for	 alkali
reabsorption.	At	 times,	 the	 resulting	HCO3

−	 losses	 can	 approach	 40	mEq/L	 of
stool.	 Less	 frequently,	metabolic	 acidosis	 from	HCO3

−	 depletion	 is	 a	 result	 of
pancreatic	 fistulae,	 biliary	 drainage,	 or	 a	 ureterosigmoidostomy.	 In	 the	 last
circumstance,	 the	 excretion	 of	 acid	 (as	 NH4Cl)	 urine	 directly	 into	 the	 colon
permits	 the	exchange	of	HCl	 for	HCO3

−	 because	 the	 colon	 is	 permeable	 to	H+

and	Cl−,	unlike	the	urinary	bladder.	This	problem	does	not	usually	occur	with	an
ileal	bladder.



Pancreatic	HCO3
−	losses	are	also	observed	among	essentially	all	patients	with

a	 pancreatic	 allograft	 anastomosed	directly	 to	 the	 urinary	 bladder.	Bicarbonate
secreted	into	the	bladder	cannot	be	reabsorbed.

Renal	tubular	acidosis	(RTA)	can	be	classified	as	1	(distal),	2	(proximal),	and
4	(hypoaldosteronism).	Type	3	refers	to	what	is	now	considered	to	be	an	infantile
variant	 of	 1;	 therefore,	 3	RTA	 is	 a	 term	not	 generally	 applied	 to	 adults.	Renal
bicarbonate	 losses	 can	 cause	 or	 contribute	 to	 acidemia	 in	 2	 (proximal)	 RTA
(Table	198.2),	during	recovery	from	ketoacidosis	(see	previous	discussion),	and
for	 patients	 who	 are	 posthypocapnia.	 For	 patients	 with	 proximal	 RTA	 (Table
198.3),	 the	 normal	 reabsorptive	 threshold	 for	 HCO3

−	 is	 reduced.	 As	 a	 result,
HCO3

−	 can	no	 longer	 be	 reabsorbed	 at	 a	 rate	 adequate	 to	maintain	 the	 normal
plasma	 level	 of	 approximately	 25	mEq/L.	 As	 a	 consequence,	 the	 urine	 pH	 is
initially	alkaline	(>5.3),	and	the	fractional	excretion	of	HCO3

−	is	elevated	(>15%
of	the	filtered	load,	with	normal	<3%).	However,	HCO3

−	wasting	ceases,	and	the
urine	 becomes	 acidic	 (pH	 <5.3)	 once	 the	 plasma	 HCO3

−	 concentration	 drops
below	the	new	(lower)	HCO3

−	reabsorptive	threshold.	This	process	explains	why
the	urine	pH	may	be	high	or	low	in	proximal	RTA.

TABLE	198.3

Some	Causes	of	Types	1	and	2	RTA

Distal	(Type	1)	RTA Proximal	(Type	2)	RTA

Idiopathic
Genetic
Familial
Marfan	syndrome
Ehlers-Danlos	syndrome

Disorders	of	calcium	metabolism
Idiopathic	hypercalciuria

Hypergammaglobulinemic	states
Amyloidosisa
Cryoglobulinemia

Drugs	and	toxins
Amphotericin	B
Lithium	carbonate

Hereditary	disorders
Cystinosis
Wilson	diseasec
Glycogen	storage	disease,	1

Acquired	disorders
Multiple	myelomac
Primary	hyperparathyroidism

Toxins	and	drugs
Lead
Cadmium
Mercury
Copper	(Wilson	disease)c
Carbonic	anhydrase	inhibitors



Tolueneb
Autoimmune	diseases
Sjögren	syndromea
Thyroiditis
Chronic	active	hepatitis
Primary	biliary	cirrhosis

Miscellaneous
Cirrhosis
Medullary	sponge	kidney

Associated	with	hyperkalemia
Urinary	tract	obstruction
Sickle	cell	anemia
Systemic	lupus	erythematosus
Renal	transplant	rejectiona

Topiramate

aAlso	may	cause	proximal	RTA.
bMetabolism	to	hippuric	acid	may	cause	the	anion	gap	to	increase.
cAlso	may	cause	distal	RTA.
RTA,	renal	tubular	acidosis.

Renal	 HCO3
−	 losses	 also	 occur	 as	 compensation	 for	 chronic	 respiratory

alkalosis	 (chronic	 hypocapnia).	During	 chronic	 hyperventilation,	 the	 blood	 pH
increases	as	the	PCO2	decreases.	As	can	be	seen	in	Figure	198.1,	an	increase	in
intracellular	 pH	 diminishes	 H+	 excretion,	 thereby	 leading	 to	 a	 concomitant
decrease	 in	 HCO3

−	 reabsorption.	 These	 changes	 cause	 the	 plasma	 HCO3
−

concentration	to	fall,	partially	compensating	for	the	alkalemia.	If	the	stimulus	for
hyperventilation	 (eg,	 hypoxemia)	 is	 suddenly	 eliminated,	 the	 PCO2	 rapidly
returns	 to	 normal.	 Renal	 compensation,	 by	 comparison,	 continues	 for	 1	 to	 2
more	 days,	 causing	 a	 persistent	 reduction	 in	 the	 plasma	HCO3

−	 concentration.
The	 resulting	 post-hypocapnic	 metabolic	 acidosis	 normally	 resolves
spontaneously.

Reduced	Renal	H+	Excretion
Reduced	renal	acid	excretion	can	be	observed	in	four	conditions:	chronic	kidney
disease,	1	(distal)	RTA	(Table	198.3),	4	RTA	(hypoaldosteronism),	and	states	of
reduced	 renal	 perfusion.	 The	 acidosis	 of	 chronic	 kidney	 disease	 is	 primarily
caused	 by	 a	 reduction	 or	 ammonia	 production.	 Patients	 with	 chronic	 renal



insufficiency	have	a	substantial	decline	of	the	number	of	functioning	nephrons.
Nephrons	that	continue	to	filter,	however,	characteristically	have	filtration	rates
and	 acid	 excretion	 rates	 per	 nephron	 that	 are	 above	 normal.	 Impaired	 acid
excretion	of	these	patients	occurs	because	the	number	of	hyperfiltering	nephrons
is	inadequate	to	compensate	for	those	that	are	nonfunctioning.	The	prevalence	of
metabolic	acidosis	has	been	estimated	at	2.3%	to	13%	for	individuals	with	stage
3	chronic	kidney	disease,	and	19%	to	37%	of	 individuals	with	stage	4	chronic
kidney	 disease.8	 The	 AG	 is	 frequently	 normal	 unless	 the	 GFR	 is	 severely
impaired	 (<15	 mL/min)	 because	 Cl−	 replaces	 the	 HCO3

−	 used	 to	 buffer	 the
retained	acid.	At	this	time,	the	GFR	is	still	high	enough	to	permit	the	excretion
of	 anions	 like	 phosphate	which	 contribute	 to	 the	 rise	 of	AG	 as	 renal	 function
declines	further.

The	classic	 form	of	1	 (distal)	RTA	(Table	198.3)	occurs	when	H+	 cannot	 be
pumped	into	the	tubule	lumen	by	the	intercalated	cells	of	the	collecting	tubules.
The	result	is	that	urine	cannot	be	maximally	acidified	(urine	pH	is	always	>5.5).
In	 addition	 to	 metabolic	 acidosis,	 hypokalemia	 is	 typically	 present.	 The	 K+

deficit	is	caused,	in	part,	by	enhanced	distal	nephron	Na-K	exchange,	a	process
that	 is	 necessary	 to	 maintain	 Na+	 balance	 because	 H+	 cannot	 be	 secreted	 in
response	to	Na+	reabsorption.	Distal	RTA	may	also	result	from	a	translocation	of
the	 bicarbonate-chloride	 exchanger	 from	 the	 peritubular	 to	 the	 luminal
membrane,	leading	to	secretion	of	bicarbonate	into	the	collecting	tubule	lumen.

The	most	important	clinical	complication	of	distal	RTA	is	the	formation	and
deposition	 of	 calcium	 throughout	 the	 kidney	 (nephrocalcinosis).	 This	 process
begins	 in	 the	 collecting	 tubules,	 where	 the	 urine	 is	 most	 concentrated,	 and	 is
commonly	 accompanied	 by	 the	 formation	 of	 calcium	 phosphate	 calculi.	 The
factors	 that	 may	 contribute	 to	 the	 renal	 stone	 disease	 in	 this	 disorder	 include
hypercalciuria,	 because	 metabolic	 acidosis	 causes	 a	 release	 of	 calcium	 from
bone	 that	 can	 then	 be	 filtered	 and	 excreted;	 the	 alkaline	 urine	 pH,	 which
predisposes	 to	 the	 precipitation	 of	 calcium	 phosphate	 crystals;	 and,	 most
importantly,	hypocitraturia.	The	reduction	 in	urinary	citrate	 is	a	direct	 result	of
the	 metabolic	 acidosis,	 which	 increases	 proximal	 tubular	 citrate	 reabsorption.
Because	 calcium	 citrate	 is	 significantly	more	 soluble	 than	 calcium	 phosphate,
hypocitraturia	 facilitates	 the	 precipitation	 of	 calcium	 phosphate	 crystals	 in	 the
tubular	lumen.	In	comparison	with	distal	RTA,	stone	formation	is	less	common
and	 less	 severe	 than	 among	 patients	 with	 proximal	 RTA,	 possibly	 because	 a
proportion	 of	 these	 patients	 may	 have	 the	 full	 Fanconi	 syndrome,	 in	 which
proximal	 tubular	 reabsorption	of	HCO3

−	 and	many	 other	 substances,	 including
citrate,	is	impaired.9



In	 addition	 to	 the	 classic	 form	 of	 1	 (distal)	 RTA,	 in	which	 hypokalemia	 is
characteristic,	a	hyperkalemic	variety	has	also	been	described.	This	disorder,	as
well	as	4	(hypoaldosteronism)	RTA,	is	discussed	in	Chapter	199.

Clinical	Signs	and	Symptoms	of	Metabolic	Acidosis
Kussmaul’s	 respirations	 on	 physical	 examination	 suggest	 the	 presence	 of
metabolic	acidosis.	This	unusual	respiratory	pattern	reflects	an	increase	of	tidal
volume	rather	than	a	rise	of	respiratory	rate	and	is	caused	by	stimulation	of	the
respiratory	center	 in	 the	brainstem	by	the	low	blood	pH.	As	acidemia	becomes
more	 severe,	 nausea	 and	 vomiting	 or	 mental	 status	 changes,	 including	 coma,
may	occur.

Secondary	 hypotension	 also	 may	 be	 observed	 among	 severely	 acidemic
patients	 as	 a	 result	 of	 depressed	 myocardial	 contractility	 and	 arterial
vasodilation.	 Although	 circulating	 catecholamines	may	 initially	 counteract	 the
adverse	 cardiovascular	 effects	 of	 acidemia,	 such	 compensation	 becomes
insufficient	as	the	blood	pH	falls	below	7.20.

The	 plasma	 K+	 concentration	 may	 be	 altered	 by	 the	 degree	 of	 metabolic
acidosis.	Infusion	of	a	mineral	acid	such	as	arginine	HCl,	for	example,	causes	a
prompt	rise	in	the	plasma	K+	concentration	as	K+	moves	out	of	cells	in	exchange
for	H+.	By	comparison,	a	shift	of	K+	is	less	likely	to	occur	among	those	patients
with	metabolic	acidosis	caused	by	organic	acids,	such	as	lactic	and	ketoacidosis.
The	 reason	 for	 this	 apparent	 difference	 is	 uncertain,	 but	 it	 may	 relate	 to	 the
release	of	insulin	by	organic	substrates	(eg,	lactate),	which	would	drive	K+	 into
cells.

Diagnosis
Metabolic	acidosis	 is	 easily	diagnosed	by	 the	presence	of	a	 low	blood	pH	and
plasma	bicarbonate	concentration.	The	detection	of	a	widened	AG	can	 then	be
used	 to	 help	 identify	 a	 specific	 cause	 for	 the	 disorder.	 The	 likelihood	 of
identifying	a	specific	acid(s)	for	a	patient	with	a	high	AG	acidosis	increases	as
the	width	of	the	AG	increases.

While	patients	may	have	a	simple	metabolic	acidosis,	many	individuals	have
a	concomitant	respiratory	or	second	metabolic	acid-base	disorder.	To	distinguish
mixed	from	simple	acid-base	disorders,	knowledge	of	the	appropriate	respiratory
compensation	as	well	as	an	understanding	of	the	ratio	of	the	increment	in	AG	to
decrement	in	plasma	HCO3

−	concentration	is	useful.



Respiratory	Compensation
Stimulation	of	the	brainstem	respiratory	center	by	acidemia	causes	a	fall	 in	the
PCO2.	 In	 uncomplicated	 metabolic	 acidosis,	 the	 PCO2	 is	 expected	 to	 fall	 by
1.2	mm	Hg	 for	 each	1	mEq/L	decrease	 in	 the	HCO3

−.	Alternatively,	 the	PCO2

can	be	estimated	from	the	following	equation:

A	 PCO2	 that	 is	 substantially	 different	 from	 the	 expected	 value	 indicates	 a
superimposed	 respiratory	 acidosis	 or	 alkalosis.	 For	 example,	 if	 the	 plasma
bicarbonate	 concentration	 was	 10	 mEq/L,	 the	 expected	 PCO2	 would	 be
approximately	23	mm	Hg	[(1.5	×	10)	+	8	=	23].	A	lower	PCO2	would	indicate
the	 presence	 of	 a	 concomitant	 respiratory	 alkalosis	 (as	 might	 be	 seen	 with	 a
salicylate	 overdose),	 whereas	 a	 higher	 PCO2	 would	 signify	 a	 simultaneous
respiratory	 acidosis.	 This	 calculation	 is	 useful	 only	 for	 the	 evaluation	 of	 the
respiratory	response	to	metabolic	acidosis	and	it	is	inaccurate	when	the	plasma
bicarbonate	concentration	is	more	than	20	mEq/L.

By	a	quirk	of	mathematics,	 the	 last	 two	digits	of	 the	pH	equal	 the	PCO2	 in
moderate	 metabolic	 acidosis	 if	 respiratory	 compensation	 is	 appropriate.	 For
example,	the	PCO2	in	a	patient	with	a	pH	of	7.27	should	be	27	mm	Hg.	A	lower
PCO2	 indicates	 a	 superimposed	 respiratory	 alkalosis,	 whereas	 a	 higher	 value
signifies	 a	 primary	 respiratory	 acidosis.	 This	 approach	 is	 invalid	 for	 severe
acidosis	with	 pH	 approaching	 or	 below	 7,	 given	 the	 limitations	 of	 respiratory
compensation.

Change	in	Anion	Gap	to	Change	in	Bicarbonate
Concentration	Ratio
3 	 3 	 For	 patients	 with	 a	 high	 AG	 metabolic	 acidosis,	 the	 identification	 of	 a
superimposed	metabolic	 acid-base	 disorder	 (normal	 AG	 acidosis	 or	 metabolic
alkalosis)	can	be	made	by	comparing	the	change	in	the	AG	to	the	change	in	the
plasma	HCO3

−	concentration.
The	 elevation	 in	 AG	 is	 because	 of	 the	 increase	 in	 the	 unmeasured	 anions.

However,	 there	 is	not	always	a	one-to-one	relationship	between	the	 increase	 in
AG	 (ΔAG)	 and	 the	 fall	 in	 plasma	 bicarbonate	 (ΔHCO3

−)	 because	 some	 of	 the
excess	 hydrogen	 ions	 are	 buffered	 by	 nonbicarbonate	 buffers	 (including
intracellular	 proteins	 and	 bone)	 and	 the	 ΔAG,	 therefore,	 generally	 exceeds



ΔHCO3
−.	 In	lactic	acidosis,	 the	ΔAG/ΔHCO3

−	 ratio	averages	approximately	1.4
to	 1.6:1.	 In	 contrast,	 the	 ΔAG/ΔHCO3

−	 ratio	 averages	 approximately	 1:1	 for
ketoacidosis	caused	by	the	loss	of	ketoacid	anions	in	the	urine	which	lowers	the
elevated	AG	without	 affecting	 the	 plasma	HCO3

−	 concentration.	 Patients	 with
relatively	normal	renal	function	can	lose	large	quantities	of	ketoacids	in	the	urine
and	may	have	a	ΔAG/ΔHCO3

−	ratio	below	1.	In	fact,	the	loss	of	ketoacid	anions
in	the	urine	causes	the	frequent	development	of	a	hyperchloremic	(normal	AG)
metabolic	 acidosis	 during	 the	 treatment	 (recovery	 phase)	 of	 diabetic
ketoacidosis.	 In	 contrast,	 urinary	 anion	 loss	 is	 minimal	 during	 lactic	 acidosis
because	shock	is	typically	associated	with	reduced	urinary	flow	rate,	and	most	of
the	 lactate	 that	 is	 filtered	 can	 be	 reabsorbed	 by	 a	 specific	 sodium-l-lactate
cotransporter	in	the	luminal	membrane	of	the	proximal	tubular	cells.	Thus,	when
the	ΔAG	is	more	than	double	the	ΔHCO3

−,	a	coexisting	metabolic	alkalosis	and
metabolic	 acidosis	 is	 likely.	 An	 example	 of	 this	 situation	 would	 be	 severe
vomiting	in	a	patient	with	ketoacidosis.	A	ΔAG	less	than	the	ΔHCO3

−	 suggests
concomitant	 high	AG	 and	 normal	AG	metabolic	 acidosis,	 as	 could	 occur	 in	 a
patient	with	bicarbonate	losses	from	diarrhea	combined	with	lactic	acidosis	from
hypotension.

Changes	 of	 the	 concentration	 of	 other	 unmeasured	 cations	 or	 anions	 in	 the
plasma	 can	 also	 lead	 to	 miscalculation	 of	 the	 AG.	 As	 an	 example,
hypoalbuminemia	 (decreased	 unmeasured	 anions)	 and	 severe	 hypercalcemia
(increased	unmeasured	cations)	can	 lower	 the	AG.	Thus,	 a	patient	with	one	or
both	of	these	disorders	may	have	a	baseline	AG	of	4	rather	than	8	or	9	mEq/L.
As	 a	 result,	 calculation	 of	 the	 ΔAG/ΔHCO3

−	 ratio	 is	 most	 accurate	 when	 the
preacidosis	AG	is	known.

Urinary	Anion	Gap
Another	 useful	 tool	 in	 the	 evaluation	 of	 a	metabolic	 acidosis	 is	 the	 urine	AG
(UAG).	UAG	is	the	difference	between	the	sum	of	the	urinary	Na+	and	K+	and
the	urinary	Cl−:

4 	The	most	 frequent	use	of	 the	UAG	is	 to	 identify	 the	etiology	of	a	normal
AG	metabolic	acidosis	with	hypokalemia.	A	positive	UAG	implies	the	presence
of	 unmeasured	 anions,	 whereas	 a	 negative	 UAG	 implies	 the	 presence	 of
unmeasured	cations—chiefly	NH4

+.	As	such,	a	positive	UAG	in	the	context	of	a



metabolic	 acidosis	 suggests	 that	 renal	 acid	 excretion	 (in	 the	 form	 of	NH4
+)	 is

insufficient.	The	most	 common	nonrenal	 cause	 is	 diarrhea,	which	provokes	 an
appropriate	increase	in	renal	H+	secretion.	These	additional	H+	ions	are	buffered
in	the	urine	by	ammonia	and	excreted	primarily	as	NH4Cl.	Because	NH4

+	is	not
measured	in	the	calculation	of	the	UAG,	but	Cl−	is,	an	increased	rate	of	renal	H+

secretion	 causes	 the	 UAG	 to	 become	 a	 negative	 number.	 Conversely,	 the
presence	of	a	positive	UAG	in	an	individual	with	a	non-AG	metabolic	acidosis
suggests	 that	 the	 disorder	 is	 caused	 by	 impaired	 renal	H+	 excretion	 (eg,	 distal
RTA).	In	this	setting,	impaired	H+	secretion	leads	to	a	fall	in	urinary	Cl−	(which
would	be	excreted	as	NH4Cl)	and	a	positive	calculated	UAG.	It	 is	 important	 to
note,	however,	 that	underlying	 renal	 insufficiency	may	also	be	associated	with
impaired	NH4Cl	 excretion	 owing	 to	 a	 limitation	 in	 ammonia	 synthesis;	 among
these	 individuals,	 the	 UAG	 may	 remain	 positive	 even	 in	 the	 presence	 of
diarrhea.

Treatment	of	Metabolic	Acidosis
Treatment	 of	metabolic	 acidosis	must	 be	 directed	 at	 correction	 of	 acidemia	 as
well	 as	 the	 cause	 of	 the	 acid-base	 disturbance.	 The	 likelihood	 that	 alkali
administration	is	necessary	and	that	it	will	be	effective	depends	on	the	blood	pH,
compensatory	mechanisms,	and	the	underlying	cause.

5 	The	degree	of	acidemia	and	hypobicarbonatemia	should	be	evaluated	before
administering	 alkali.	 As	 a	 general	 rule,	 alkali	 therapy	 generally	 is	 not	 needed
until	 the	 arterial	 blood	pH	drops	below	7.15	 to	7.20.	An	exception	may	occur
when	the	plasma	HCO3

−	concentration	falls	to	less	than	10	to	12	mEq/L,	despite
a	blood	pH	of	more	than	7.15.	Alkali	administration	is	usually	unnecessary	if	the
acidosis	is	likely	to	resolve	spontaneously	(eg,	lactic	acidosis	after	a	grand	mal
seizure).

Alkali	Administration
HCO3

−	 therapy	 should	 be	 considered	 for	 patients	 with	 moderate-to-severe
metabolic	 acidosis.	However,	 depending	on	 the	 etiology,	 the	use	of	 exogenous
bicarbonate	 remains	 controversial.	The	 initial	 goal	 of	 alkali	 therapy	 is	 to	 raise
the	arterial	blood	pH	to	7.20,	a	typically	safe	level	at	which	the	patient	is	at	less
risk	of	cardiovascular	compromise.	The	pH	does	not	need	to	be	corrected	back	to
normal	 because	 the	 potential	 risks	 of	 HCO3

−	 therapy	 (eg,	 hypernatremia,
hypercapnia,	 fluid	 overload,	 cerebrospinal	 fluid	 acidosis,	 and	 “overshoot”



alkalosis)	 are	 likely	 to	 outweigh	 the	 benefits,	 as	 long	 as	 renal	 function	 (and
therefore	acid-excretory	ability)	is	relatively	intact.

The	quantity	of	exogenous	bicarbonate	required	to	produce	a	change	of	pH	is
determined	 by	 estimating	 the	 total	 body	 HCO3

−	 deficit.	 The	 apparent	 HCO3
−

space	 is	 about	 50%	 of	 lean	 body	 weight	 in	 healthy	 subjects.	 In	 patients	 with
more	 severe	 metabolic	 acidosis	 (plasma	 HCO3

−	 concentration	 <10	 mEq/L),
cellular	 and	 bone	 buffering	 become	 more	 prominent	 owing	 to	 the	 marked
reduction	 in	 the	 quantity	 of	 available	 extracellular	 buffer	 (primarily	 HCO3

−).
This	 preferential	 entry	 of	 H+	 into	 cells	 causes	 the	 HCO3

−	 space	 to	 expand	 to
approximately	 70%	 of	 the	 lean	 body	 weight.	 The	 volume	 of	 distribution	 for
bicarbonate	(bicarbonate	space)	can	be	estimated	by	the	following	equation:

These	 are	 only	 rough	 guidelines	 and	 cannot	 replace	 ongoing	monitoring	 of
serum	 bicarbonate	 level	 and	 arterial	 pH	 during	 the	 correction	 phase.
Furthermore,	 if	 there	 is	 continuing	 alkali	 loss	 from	 diarrhea,	 then	 the	 HCO3

−

requirements	 are	 substantially	 increased	 because	 the	 apparent	 volume	 of
distribution	of	HCO3

−	is	much	greater	than	70%	of	body	weight	in	this	setting.

Treatment	of	Specific	Causes	of	Metabolic	Acidosis

Renal	Disease
Treatment	of	the	metabolic	acidosis	of	renal	dysfunction	depends	on	the	clinical
manifestations	 and	 the	 severity	 of	 the	 acidosis.	 Most	 individuals	 with	 acute
kidney	 injury	 can	 be	managed	with	 dialysis	 or	 using	 the	 guidelines	 for	 alkali
administration	 listed	 previously.	 A	 recent	 meta-analysis	 concluded	 that	 alkali
therapy	(for	metabolic	acidosis	in	chronic	kidney	disease)	can	forestall	 the	rate
of	 kidney	 function	 decline	 and	 reduce	 the	 risk	 of	 developing	 end-stage	 renal
disease.10

Ketoacidosis
While	correction	of	volume	depletion	is	an	essential	part	of	initial	management
of	patients	with	diabetic	ketoacidosis,	the	utility	of	intensive	fluid	administration
may	be	limited	after	the	intravascular	volume	has	been	restored	because	volume
expansion	 then	 leads	 to	 the	excretion	of	ketone	anions	 in	 the	urine.	Moreover,



excessive	 expansion	 of	 the	 plasma	 volume	 reduces	 proximal	 tubular	 HCO3
−

reabsorption,	 in	 part,	 by	 reducing	 Na-H	 exchange.	 The	 net	 effect	 is
normalization	 of	 the	 AG	 without	 a	 significant	 increase	 in	 the	 plasma	 HCO3

−

concentration.	 In	 this	 setting,	 spontaneous	 correction	 of	 the	metabolic	 acidosis
requires	 regeneration	 of	 new	 HCO3

−	 by	 the	 kidney	 (a	 process	 that	 may	 take
several	days),	in	contrast	to	the	rapid	increase	in	HCO3

−	that	occurs	when	ketone
anions	 are	 metabolized	 back	 to	 HCO3

−	 in	 the	 liver	 as	 insulin	 is	 given.
Consequently,	 fluid	 administration	 should	 be	 tempered	 after	 intravascular
volume	compromise	has	been	corrected.

Alkali	administration	is	not	usually	necessary	for	patients	with	ketoacidosis.
There	 appears	 to	 be	 no	 differences	 of	mortality	 between	 patients	 treated	with
NaHCO3	 and	 controls.11	 Insulin	 therapy	 should	 raise	 the	 plasma	 HCO3

−

concentration	because	ketone	anions	are	metabolized.	Patients	who	may	benefit
from	 cautious	 alkali	 therapy	 include	 those	 with	 severe	 acidemia	 and
cardiovascular	 compromise	 and	 those	 with	 a	 normal	 AG	 acidosis.	 As	 already
discussed,	the	latter	condition	pertains	to	those	who	have	sustained	major	urinary
losses	of	ketones,	rendering	them	depleted	of	potential	HCO3

−	substrate.

Lactic	Acidosis
Correction	 of	 any	 predisposing	 disorder	 is	 the	 primary	 therapy	 for	 lactic
acidosis.	Reversal	of	circulatory	failure,	hypoxemia,	or	sepsis	reduces	the	rate	of
lactate	production	and	enhances	its	removal.

The	 benefits	 of	 NaHCO3	 for	 the	 treatment	 of	 lactic	 acidosis	 remain
unproven.11	The	potential	benefits	of	alkali	administration	principally	involve	the
maintenance	 of	 normal	 cardiovascular	 homeostasis	 through	 correction	 of
acidosis.	This	potential	advantage	must	be	weighed	against	possible	deleterious
effects,	 such	as	volume	overload,	hypernatremia,	and	overshoot	alkalosis,	after
restoration	 of	 tissue	 perfusion.	 As	 a	 result	 of	 these	 potential	 problems,	 no
evidence-based	recommendations	can	be	made	regarding	alkali	therapy	for	lactic
acidosis.	One	 approach	might	 be	 to	 administer	HCO3

−	 to	maintain	 the	 arterial
blood	pH	above	7.15	to	7.20	and	the	plasma	HCO3

−	concentration	above	10	to
12	 mEq/L,	 as	 suggested	 previously	 (see	 “Alkali	 Administration”	 section).
However,	 if	 the	 lactate	 level	 increases	 without	 a	 significant	 improvement	 in
clinical	status	or	blood	pH,	the	benefit	of	continuing	alkali	administration	should
be	 questioned.	 It	 appears	 that	 correction	 of	 the	 underlying	 cause	 of	 lactic
acidosis	 is	 the	most	 important	 goal,	 because	measures	 to	 raise	 the	 bicarbonate
level	 without	 a	 fall	 of	 lactate	 have	 not	 been	 associated	 with	 reductions	 of



mortality.	 These	 findings	 are	 consistent	 with	 the	 hypothesis	 that	 the	 high
mortality	 of	 lactic	 acidosis	 results	 from	 the	 underlying	 disorder	 causing	 the
acidosis,	but	not	from	the	acidemia	per	se.

Drug	and	Toxin	Ingestions
The	treatment	of	toxins	and	ingestions	is	discussed	in	Chapters	97	and	98.

Renal	Tubular	Acidosis
The	acidemia	of	1	(distal)	RTA	can	be	corrected	with	HCO3

−	or	a	precursor	such
as	citrate.	The	usual	requirement	is	1	to	3	mEq/kg/d,	which	should	be	sufficient
to	 buffer	 that	 fraction	 of	 the	 daily	 acid	 load	 (50-100	mEq/d)	 that	 is	 not	 being
excreted.	 In	 general,	 a	 potassium	 salt	 is	 administered	 (eg,	 potassium	 citrate)
because	 this	 corrects	 the	K+	 deficit	 as	well.	 Large	 doses	 of	 oral	NaHCO3	 can
cause	 gastrointestinal	 symptoms	 by	 generating	 CO2	 in	 the	 stomach.	 This
problem	 can	 be	 minimized	 by	 the	 use	 of	 citrate,	 most	 of	 which	 is	 ultimately
metabolized	 in	 the	 body	 to	HCO3

−.	 Solutions	 are	 available	 that	 contain	 1	 to	 2
mEq/mL	of	sodium,	potassium,	or	sodium	and	potassium	citrate.

The	 initial	step	 in	 the	management	of	2	 (proximal)	RTA	is	 to	determine	 the
presence	 of	 a	 treatable	 underlying	 disorder,	 such	 as	 vitamin	 D	 deficiency,
multiple	 myeloma,	 or	 the	 use	 of	 a	 carbonic	 anhydrase	 inhibitor.	 Even	 if	 no
specific	therapy	is	available,	correction	of	the	acidemia	may	not	be	required	for
adults	 when	 the	 patient	 is	 asymptomatic	 and	 when	 there	 is	 only	 mild-to-
moderate	 reduction	 in	 the	 plasma	 HCO3

−	 concentration.	 In	 comparison,
treatment	 is	 always	 indicated	 for	 young	 children	 because	 restoring	 acid-base
balance	can	permit	normal	growth	to	resume.

The	evaluation	and	treatment	of	the	hyperkalemic	form	of	distal	RTA	and	of	4
RTA	(hypoaldosteronism),	 in	which	hyperkalemia	is	also	present,	can	be	found
in	Chapter	199.

METABOLIC	ALKALOSIS
Primary	 metabolic	 alkalosis	 is	 characterized	 by	 an	 elevated	 plasma	 HCO3

−

concentration	in	the	presence	of	an	arterial	pH	above	7.40.	Hyperbicarbonatemia
may	represent	an	appropriate	response	to	chronic	respiratory	acidosis,	which	can
be	easily	diagnosed	by	measurement	of	the	arterial	blood	pH.



Pathophysiology	and	Etiology
There	 are	 two	 steps	 involved	 in	 the	 development	 of	 metabolic	 alkalosis.	 The
factors	that	generate	alkalosis	may	differ	from	those	that	maintain	it.	A	primary
rise	of	the	plasma	HCO3

−	concentration	can	be	induced	by	several	mechanisms:
(a)	loss	of	acid	from	the	gastrointestinal	tract	or	in	the	urine,	(b)	administration
of	HCO3

−	or	a	precursor	such	as	citrate,	or	(c)	loss	of	fluid	with	a	Cl−	to	HCO3
−

ratio	that	is	higher	than	that	of	plasma.	The	third	condition	is	sometimes	referred
to	 as	contraction	alkalosis	 because	 the	 total	HCO3

−	 content	 remains	 relatively
unchanged	 while	 the	 extracellular	 fluid	 volume	 “contracts	 around	 it,”	 thereby
elevating	 the	 HCO3

−	 concentration.	 In	 contrast	 to	 the	 first	 two	 mechanisms,
contraction	alkalosis	 is	 rarely	 responsible	 for	more	 than	a	mild	 increase	of	 the
plasma	 HCO3

−	 concentration.	 Loss	 of	 fluid	 with	 an	 electrolyte	 composition
similar	 to	that	of	plasma,	as	might	occur	with	hemorrhage,	does	not	result	 in	a
contraction	 alkalosis	 because	 HCO3

−	 is	 lost	 proportionately	 to	 the	 other
molecular	components	of	plasma.

The	 excess	 HCO3
−	 generated	 by	 any	 of	 these	 processes	 should	 be	 rapidly

excreted	 in	 the	 urine.	 The	 maintenance	 of	 a	 metabolic	 alkalosis,	 therefore,
indicates	an	impairment	of	renal	HCO3

−	excretion.	The	most	common	hindrances
to	renal	disposal	of	HCO3

−	are	hypovolemia	and	potassium	depletion.
Under	ordinary	conditions,	HCO3

−	appears	in	the	urine	when	the	plasma	level
rises	 above	 the	 normal	 value	 of	 approximately	 25	mEq/L.	 In	 the	 presence	 of
hypovolemia,	however,	 the	capacity	of	 the	proximal	 tubule	 to	 reabsorb	HCO3

−

increases,	 allowing	 the	 plasma	 HCO3
−	 level	 to	 rise	 without	 triggering

bicarbonaturia.	 Several	 mechanisms	 account	 for	 these	 changes,	 including
stimulation	of	 luminal	Na-H	countertransport	(Figure	198.1)	by	angiotensin	II,
generated	 in	 response	 to	 volume	 contraction.	 Most	 hypovolemic	 states	 are
associated	 with	 Cl−	 depletion.	 Because	 tubular	 luminal	 Cl−	 appears	 to	 be
important	 in	 distal	 nephron	 Cl−-HCO3

−	 exchange,	 it	 is	 not	 surprising	 that
correction	 of	 the	metabolic	 alkalosis	 usually	 requires	Cl−	 repletion	 as	well.	 In
comparison,	 giving	 Cl−	 may	 be	 ineffective	 when	 primary	 or	 secondary
hyperaldosteronism,	 severe	 hypokalemia,	 or	 renal	 insufficiency	 is	 responsible
for	the	defect	of	HCO3

−	excretion.	The	cause	of	a	metabolic	alkalosis	can	usually
be	 identified	 by	 how	 readily	 it	 responds	 to	 administration	 of	 Cl−	 (see
“Diagnosis”	 section).	 The	 effects	 of	 hypokalemia	 on	 the	 maintenance	 of
metabolic	alkalosis	are	discussed	later	in	this	chapter.



Alkali	Administration
Because	 administered	HCO3

−	 is	 normally	 excreted	 rapidly	 in	 the	 urine,	 alkali
administration	must	be	massive,	or	renal	impairment	must	limit	the	excretion	of
HCO3

−	 if	 metabolic	 alkalosis	 is	 to	 develop.	 Milk-alkali	 syndrome	 is	 an
uncommon	 disorder	 characterized	 by	 hypercalcemia	 and	 metabolic	 alkalosis.
The	 chronic	 ingestion	 of	milk	 and	 calcium	 carbonate–containing	 antacids	 can
lead	to	the	development	of	metabolic	alkalosis	when	the	increased	HCO3

−	 load
cannot	be	excreted	as	a	result	of	renal	impairment	from	chronic	hypercalcemia.
Milk-alkali	syndrome	is	now	estimated	to	be	responsible	for	up	to	12%	of	cases
of	patients	hospitalized	with	hypercalcemia.

Chloride-Responsive	Metabolic	Alkalosis

Generation	of	Chloride-responsive	Metabolic	Alkalosis
The	 two	most	 common	 causes	 of	metabolic	 alkalosis	 are	 diuretic	 therapy	 and
loss	of	gastric	secretions	(resulting	from	nasogastric	suction	or	vomiting)	(Table
198.4).	Thiazide	and	loop	diuretics	can	induce	H+	loss	from	increased	distal	Na+
presentation	 in	 the	 presence	 of	 elevated	 aldosterone	 levels,	 which	 causes
enhanced	 distal	 nephron	 Na-H	 exchange.	 Hydrogen	 secretion	 in	 this	 nephron
segment	 is	 associated	 with	 increased	 HCO3

−	 generation.	 The	 proximal	 tubule
may	 also	 play	 an	 important	 role	 because	 stimulation	 of	 the	 renin-angiotensin
system	by	volume	depletion	enhances	the	activity	of	the	Na-H	antiporter,	thereby
increasing	H+	secretion	and	HCO3

−	 reabsorption.	To	 the	degree	 that	 the	urinary
anion	 losses	 represent	primarily	Cl−,	a	component	of	contraction	alkalosis	may
also	occur.

TABLE	198.4

Major	Causes	of	Metabolic	Alkalosis

Hydrogen	loss
Gastrointestinal
Loss	of	gastric	secretions	(vomiting	or	nasogastric	suction)a
Chloride-losing	diarrheal	states

Renal



Loop	or	thiazide-diuretica
Mineralocorticoid	excessa
Postchronic	hypercapnia
Hypercalcemiab
High-dose	intravenous	penicillins
Bartter	and	Gitelman	syndromes

Bicarbonate	retention
Massive	blood	transfusion
Administration	of	large	amounts	of	NaHCO
Milk-alkali	syndrome

Contraction	alkalosis
Diuretics	a
Loss	of	high	chloride/low	bicarbonate	gastrointestinal	secretionsa
(vomiting	and	some	diarrheal	states)

Hydrogen	movement	into	cells
Hypokalemia
Refeeding

aMost	common	causes.
bPrimary	hyperparathyroidism	is	frequently	associated	with	a	mild	metabolic	acidosis	(see	text	for
details).

Although	 volume	 contraction	 may	 contribute	 to	 the	 metabolic	 alkalosis
caused	by	vomiting	and	nasogastric	suction,	and	occasionally	with	intestinal	Cl−
wasting,	 gastric	 H+	 losses	 are	 primarily	 responsible	 for	 the	 generation	 of
metabolic	 alkalosis	 in	 this	 setting.	 Secretion	 of	 gastric	 acid	 results	 in	 the
retention	of	1	mEq	of	HCO3

−	for	each	mEq	of	H+	that	is	secreted	because	both	of
the	ions	are	derived	from	the	intracellular	dissociation	of	carbonic	acid:

This	process	does	not	normally	lead	to	metabolic	alkalosis	because	the	80	to
200	mEq	of	HCl	secreted	by	the	stomach	each	day	enters	the	duodenum,	where
it	 stimulates	 an	 equivalent	 amount	 of	 HCO3

−	 secretion	 from	 the	 pancreas.	 By
comparison,	when	vomiting	or	nasogastric	suctioning	occurs,	the	H+	secreted	by
the	 stomach	 never	 reaches	 the	 duodenum	 and,	 therefore,	 cannot	 induce
pancreatic	HCO3

−	 secretion.	 Hence,	 there	 is	 a	 net	 retention	 of	 HCO3
−.	 As	 in

diuretic	use,	distal	nephron	Na-H	exchange	also	contributes	to	the	development
of	 this	 disorder	 because	 aldosterone	 levels	 are	 stimulated	 by	 the	 loss	 of



extracellular	volume.
Metabolic	alkalosis	may	also	be	observed	after	the	rapid	correction	of	chronic

respiratory	 acidosis.	 This	 posthypercapnic	 metabolic	 alkalosis	 occurs	 because
chronic	 respiratory	 acidosis	 activates	 compensatory	 renal	 mechanisms	 that
induce	HCl	loss	in	the	urine;	the	ensuing	rise	in	the	plasma	HCO3

−	concentration
returns	the	arterial	pH	toward	normal.	The	plasma	HCO3

−	generally	increases	by
3	 to	4	mEq/L	 for	every	10	mm	Hg	 rise	 in	 the	arterial	PCO2.	 If	hypercapnia	 is
rapidly	reversed	(often	by	artificial	ventilation),	the	excess	HCO3

−	that	has	been
generated	may	persist,	and	alkalemia	ensues.

Maintenance	of	Chloride-responsive	Metabolic	Alkalosis
As	 reviewed	 previously,	 renal	 excretion	 of	 HCO3

−	 normally	 begins	 when	 the
plasma	level	exceeds	25	mEq/L.	The	normal	kidney	can	excrete	large	quantities
(>1000	 mEq/L)	 without	 a	 substantial	 increase	 of	 the	 plasma	 HCO3

−

concentration.	As	a	 result,	maintenance	of	 a	Cl−-responsive	alkalosis	 implies	 a
reduction	 of	 renal	 HCO3

−	 excretion.	 Reduced	 GFR	 and,	 more	 importantly,
enhanced	 proximal	 tubular	 NaHCO3	 reabsorption	 limit	 HCO3

−	 excretion,
allowing	 the	 increase	 in	 plasma	HCO3

−	 to	 persist.	 Normally,	 Cl−	 is	 the	major
anion	 reabsorbed	 with	 Na+.	 In	 states	 of	 Cl−	 depletion,	 as	 occurs	 during	 Cl−-
responsive	metabolic	alkalosis,	however,	Na+	must	be	reabsorbed	with	the	next
most	 abundant	 anion,	 HCO3

−.	 Consequently,	 the	 need	 to	 preserve	 volume
prevents	correction	of	the	alkalosis.

Hypokalemia	also	promotes	renal	HCO3
−	reabsorption	and	contributes	to	the

maintenance	 of	 metabolic	 alkalosis.	 K+	 losses	 frequently	 occur	 with	 diuretic
administration	or	gastric	acid	losses.	If	the	plasma	HCO3

−	concentration	exceeds
the	 reabsorptive	 capacity	 of	 the	 proximal	 renal	 tubule,	 the	 resultant
bicarbonaturia	obligates	excretion	of	a	cation	(eg,	Na+).	Some	of	the	Na+	leaving
the	proximal	tubule	with	HCO3

−	is	then	reabsorbed	distally	in	exchange	for	K+.
These	urinary	K+	losses	are	primarily	responsible	for	the	hypokalemia	seen	with
vomiting;	 gastric	K+	 losses	 are	 usually	 less	 important	 because	 these	 secretions
have	 a	 K+	 concentration	 of	 less	 than	 10	 mEq/L.	 As	 a	 result	 of	 K+	 depletion,
relative	 intracellular	 acidosis	 occurs	 as	 H+	 shifts	 into	 cells	 to	 maintain
electroneutrality	 as	 K+	 moves	 extracellularly	 in	 response	 to	 hypokalemia.
Ultimately,	 this	 intracellular	 acidosis	 stimulates	 proximal	 tubular	 Na-H
exchange,	which	further	reduces	renal	HCO3

−	excretion	(Figure	198.1).



Chloride-Resistant	Metabolic	Alkalosis
Metabolic	alkalosis	of	 some	 individuals	 is	not	 responsive	 to	 the	administration
of	 Cl−-containing	 solutions.	 In	 these	 disorders,	 a	 primary	 increase	 of
mineralocorticoid	activity,	potassium	depletion,	or	disorders	of	renal	tubular	Cl−
wasting	 (Bartter	 and	 Gitelman	 syndromes)	 are	 usually	 responsible	 for	 the
generation	and	maintenance	of	the	alkalosis.	In	all	of	these	circumstances,	there
is	 enhanced	 renal	H+	 excretion	and	HCO3

−	 reabsorption.	Either	 there	 is	 no	Cl−

depletion	or	there	is	an	inability	to	reabsorb	Cl−,	explaining	why	NaCl	and	KCl
do	 not	 correct	 the	 metabolic	 alkalosis	 in	 these	 individuals.	 Edematous	 states,
such	as	congestive	heart	failure	and	cirrhosis,	are	also	generally	unresponsive	to
volume	(and	Cl−)	 replacement,	 despite	 the	 reduction	of	 effective	 arterial	 blood
volume.

Mineralocorticoid	Excess
6 	Mineralocorticoids,	 such	 as	 aldosterone,	 act	 in	 the	 cortical	 collecting	 tubule
(see	Chapter	199),	where	they	enhance	Na-K	exchange	as	well	as	H+	 secretion.
As	 a	 result,	 overproduction	 of	 an	 endogenous	mineralocorticoid	 (as	 occurs	 in
primary	aldosteronism)	or	with	the	ingestion	of	a	substance	that	can	increase	the
mineralocorticoid	activity	of	cortisol	 (eg,	glycyrrhizic	acid	 in	 licorice)	 leads	 to
hypokalemia	and	metabolic	alkalosis.	Hypertension	is	characteristically	present
in	 these	 disorders.	 In	 contrast	 to	 patients	 with	 secondary	 increases	 of
mineralocorticoid	 activity	 (eg,	 as	 in	 congestive	 heart	 failure),	 edema	 does	 not
occur.	This	phenomenon,	called	aldosterone	escape,	results	at	least	in	part	from
the	 high	 renal	 interstitial	 pressures	 generated	 by	 the	 hypertension	 that	 limits
further	 NaCl	 reabsorption;	 it	 is	 also	 possible	 that	 atrial	 natriuretic	 peptide,
released	in	response	to	volume	expansion,	contributes	to	this	phenomenon.

In	 addition	 to	 the	direct	 effect	 of	 aldosterone	on	H+	 secretion,	 hypokalemia
also	 appears	 to	 be	 necessary	 for	 the	 maintenance	 of	 a	 significant	 metabolic
alkalosis	of	patients	with	primary	mineralocorticoid	excess.	The	mechanism	of
this	effect	 involves	 the	development	of	 intracellular	acidosis	with	 increased	H+

secretion	 and	HCO3
−	 reabsorption	 by	 the	 proximal	 tubule	 and	 enhanced	 distal

nephron	Na-H	exchange.

Severe	Hypokalemia
The	effect	of	mild-to-moderate	hypokalemia	on	the	generation	and	maintenance
of	metabolic	 alkalosis	 has	been	discussed.	Severe	hypokalemia	 (plasma	K+	 <2
mEq/L)	 can	 additionally	 impair	 distal	 Cl−	 reabsorption	 by	 an	 unknown



mechanism.	In	this	setting,	some	of	the	Na+	that	is	normally	reabsorbed	with	Cl−
must	be	reabsorbed	in	exchange	for	H+.

Bartter	and	Gitelman	Syndromes
Bartter	 syndrome	 is	 a	 rare	 cause	 of	 metabolic	 alkalosis	 typically	 seen	 among
children	and	young	adults.	The	loop	of	Henle	appears	to	be	the	site	responsible
for	 this	disorder.	Metabolic	alkalosis	 is	also	present	 for	patients	with	Gitelman
syndrome,	 in	which	 the	defect	occurs	 in	 the	 thiazide-sensitive	site	of	 the	distal
tubule.	In	contrast	 to	patients	with	primary	aldosteronism,	patients	with	Bartter
and	 Gitelman	 syndromes	 are	 normotensive	 or	 slightly	 hypotensive.	 The
associated	volume	depletion	causes	chronic	activation	of	the	renin-angiotensin-
aldosterone	system,	increasing	distal	nephron	K+	and	H+	secretion,	as	in	patients
receiving	to	a	loop	or	thiazide	diuretic.

Clinical	Manifestations
Most	patients	with	metabolic	alkalosis	do	not	suffer	clinically	from	the	effects	of
alkalemia.12	 When	 symptoms	 are	 present,	 they	 are	 typically	 those	 associated
with	 volume	 depletion	 (eg,	 weakness,	 muscle	 cramps,	 postural	 dizziness)	 or
hypokalemia	(eg,	muscle	weakness,	polyuria,	polydipsia).	The	usual	symptoms
of	 alkalemia	 are	 because	 of	 increased	 neuromuscular	 excitability	 and	 are
exhibited	as	paresthesias,	carpopedal	spasm,	or	lightheadedness,	although	these
findings	are	relatively	more	common	in	patients	with	acute	respiratory	alkalosis.

Diagnosis
The	 cause	 of	metabolic	 alkalosis	 can	 usually	 be	 elicited	 from	 the	 history	 and
physical	 examination.	 One	 of	 the	 most	 important	 aspects	 of	 the	 physical
examination	in	identifying	a	cause	is	the	determination	of	blood	pressure.	Except
for	the	hypertensive	individual	taking	a	diuretic,	hypokalemia	in	the	presence	of
metabolic	alkalosis	and	hypertension	should	suggest	 the	presence	of	a	primary
mineralocorticoid-induced	 disease,	 such	 as	 hyperaldosteronism.	 Normotensive
individuals	 with	 no	 obvious	 cause	 most	 often	 have	 surreptitious	 vomiting	 or
diuretic	 ingestion	(pseudo-Bartter	syndrome)	as	 the	precipitating	event;	Bartter
and	Gitelman	syndromes	are	much	rarer.

The	urinary	Cl−	concentration	is	important	because	urinary	Na+=wasting	may
occur	 in	 the	 presence	 of	 a	 high	 plasma	 HCO3

−	 concentration	 even	 if	 volume
depletion	 is	 present.	 NaHCO3

−	 losses	 develop	 when	 the	 plasma	 HCO3
−	 level



exceeds	the	renal	reabsorptive	threshold,	a	condition	that	obligates	the	excretion
of	HCO3

−	with	a	cation	to	maintain	electroneutrality.	The	most	abundant	cation
in	the	filtrate	is	Na+,	even	during	low	perfusion	states.	As	a	result,	the	urine	Na+
concentration	should	not	be	used	to	infer	the	volume	status	of	an	individual	with
an	 increased	plasma	HCO3

−	 concentration,	unless	 it	 is	 less	 than	20	mEq/L.	By
comparison,	 the	 urinary	 Cl−	 concentration	 characteristically	 is	 low	 during
hypoperfusion	states	because	Cl−	is	not	affected	by	bicarbonaturia.

Measurement	 of	 the	 urinary	 Cl−	 concentration	 is	 useful	 for	 differentiating
these	disorders	(Table	198.5).	The	urinary	Cl−	concentration	is	typically	less	than
15	 mEq/L,	 with	 hypovolemia	 caused	 by	 vomiting	 or	 diuretic	 therapy	 (if	 the
effect	of	the	diuretic	has	worn	off).	Higher	values	are	found	when	the	diuretic	is
still	 in	 effect,	 if	 Bartter	 or	 Gitelman	 syndromes	 or	 severe	 hypokalemia	 are
present,	 or	 if	 there	 is	 primary	 mineralocorticoid	 excess	 (eg,	 primary
aldosteronism).	Diuretic	abuse	may	be	distinguished	from	Bartter’s	or	Gitelman
syndromes	in	some	cases	by	screening	the	urine	for	diuretics.

TABLE	198.5

Urine	Chloride	Concentration	in	Metabolic	Alkalosis

Less	than	15	mEq/L Greater	than	20	mEq/L

Vomiting Mineralocorticoid	excess

Nasogastric	suction Alkali	loading

Post	diuretic	administration During	diuretic	administration

Post	hypercapnia Severe	hypokalemia

High-dose	penicillin	therapy Bartter	and	Gitelman	syndromes

Alkali	loadinga

aBecause	the	maintenance	of	metabolic	alkalosis	requires	impairment	of	renal	bicarbonate
excretion,	the	pathophysiology	of	the	renal	limitation	determines	the	urinary	chloride
concentration.	If,	for	example,	there	is	underlying	hypovolemia,	the	urinary	chloride	concentration
is	low	(<15	mEq/L);	in	comparison,	the	urinary	chloride	concentration	is	>20	mEq/L	when	the
cause	of	renal	bicarbonate	retention	is	a	reduction	in	glomerular	filtration	rate,	as	in	the	milk-alkali
syndrome,	or	in	patients	with	acute	tubular	necrosis	who	received	large	alkali	loads.



Mixed	Acid-Base	Disturbances	With	Metabolic	Alkalosis

Respiratory	Compensation
The	increased	arterial	pH	of	metabolic	alkalosis	leads	to	a	compensatory	rise	of
the	 PCO2.	 This	 decrease	 in	 respiration	 is	 owing	 to	 direct	 suppression	 of	 the
medullary	 respiratory	 center	 by	 alkalemia.	 In	 general,	 the	 PCO2	 rises
approximately	 0.7	mm	Hg	 for	 every	 1	mEq/L	 elevation	 in	 the	 plasma	HCO3

−

concentration,13	 a	 relationship	 that	 pertains	 until	 PCO2	 rises	 to	 approximately
60	 mm	 Hg	 (corresponding	 to	 a	 plasma	 HCO3

−	 concentration	 =	 53	 mEq/L);
values	above	this	level	are	unusual	because	further	hypoventilation	is	limited	by
the	development	of	hypoxemia.	The	identification	of	a	PCO2	greater	or	less	than
predicted	 suggests	 the	 presence	 of	 a	 second	 primary	 acid-base	 disturbance,
respiratory	acidosis	or	respiratory	alkalosis,	respectively.

Metabolic	Alkalosis	with	Metabolic	Acidosis
As	previously	discussed,	 the	 ratio	of	 the	 increment	 in	AG	 to	decrement	 in	 the
plasma	 HCO3

−	 concentration	 (ΔAG/ΔHCO3
−)	 can	 be	 used	 to	 identify	 the

presence	of	 a	metabolic	 alkalosis	 in	 a	patient	with	metabolic	 acidosis.	 In	 such
cases,	the	increment	in	the	serum	AG	is	more	than	twofold	greater	in	magnitude
than	the	apparent	fall	in	the	bicarbonate	level.

Treatment	of	Metabolic	Alkalosis
Rapid	correction	of	metabolic	alkalosis	 is	usually	not	necessary	because	of	 the
general	 rarity	 of	 adverse	 effects	 directly	 related	 to	 the	 rise	 in	 pH.	As	 a	 result,
there	 is	 ordinarily	 time	 to	 identify	 the	 cause	 of	 the	 disorder	 and	 to	 institute
specific	 therapy.	Any	 exogenous	 sources	 of	 alkali	 (eg,	 preparations	 containing
HCO3

−,	acetate,	lactate,	or	citrate)	should	be	discontinued.
Because	 hypomagnesemia	 may	 be	 present	 among	 some	 patients	 with

metabolic	alkalosis,	a	serum	magnesium	level	should	be	measured,	particularly
for	patients	with	refractory	hypokalemia,	because	hypomagnesemia	predisposes
to	renal	potassium	wasting.

Chloride-Responsive	Metabolic	Alkalosis
7 	Chloride	replacement	(as	NaCl	or	KCl	or	both)	is	appropriate	for	management
of	most	individuals	with	metabolic	alkalosis	and	a	low	urinary	Cl−	concentration.



Administration	 of	 Cl−-containing	 fluid	 with	 K+	 ameliorates	 the	 alkalosis	 by
permitting	 renal	 excretion	 of	 the	 excess	 HCO3

−.	 It	 allows	 more	 Na	 +	 to	 be
reabsorbed	 with	 Cl−,	 rather	 than	 in	 exchange	 for	 H+;	 it	 reduces	 the	 volume
stimulus	 for	 Na+	 retention,	 permitting	 HCO3

−	 excretion	 in	 the	 urine;	 and	 it
increases	 the	 plasma	 K+	 concentration,	 which	 raises	 the	 tubular	 cell	 pH	 and
reduces	 renal	 H+	 secretion.	 Replacement	 of	 the	 volume	 deficit	 with	 non–Cl−-
containing	solutions	of	Na+	or	K+	does	not	correct	the	alkalosis	or	hypokalemia
because	 non-Cl−	 anions	 obligate	 further	 K+	 and	 H+	 excretion.	 Patients	 with
vomiting	 or	 nasogastric	 suction	 may	 also	 benefit	 from	 H2-blockers	 or	 other
medications	that	reduce	gastric	acid	secretion.	They	are	not,	however,	substitutes
for	 Cl−	 replacement,	 which	 is	 still	 necessary	 to	 correct	 the	 already	 present
chloride	deficit.

8 	The	 therapy	of	metabolic	alkalosis	 for	 edematous	patients	 (eg,	 those	with
congestive	heart	failure	and	advanced	liver	disease)	 is	more	difficult.	Although
renal	 perfusion	 is	 characteristically	 reduced,	 leading	 to	 a	 low	 urinary	 Cl−
concentration,	Cl−	administration	(eg,	as	0.9%	saline)	does	not	enhance	HCO3

−

excretion	because	the	reduced	effective	arterial	blood	volume	is	not	corrected	by
this	therapy.	In	this	setting,	the	carbonic	anhydrase	inhibitor	acetazolamide	(at	a
dose	of	250-500	mg	once	or	twice	daily	orally	or	intravenously)	may	be	useful
because	it	permits	fluid	mobilization	while	decreasing	HCO3

−	reabsorption	in	the
proximal	tubule.	An	adverse	consequence	of	acetazolamide	administration	is	the
tendency	 for	 more	 K+	 wasting.	 Careful	 monitoring	 of	 the	 plasma	 K+

concentration	is	necessary.	When	the	plasma	K+	level	is	low,	the	use	of	a	distally
acting	K+-sparing	diuretic	(eg,	amiloride	or	spironolactone)	can	be	considered.

Dialytic	 therapy	 may	 be	 helpful	 for	 patients	 presenting	 with	 metabolic
alkalosis	and	renal	failure.	While	the	dialysate	HCO3

−	concentration	can	be	set	as
low	 as	 24	 to	 28	 mEq/L	 with	 most	 current	 hemodialysis	 machines,	 the
bicarbonate	 levels	 of	 these	 patients	 often	 exceeds	 the	 standard	 dialysate
bicarbonate	concentration	of	35	mEq/L,	so	that	even	standard	hemodialysis	can
help	 correct	 the	 alkalosis.	 For	 hemodynamically	 unstable	 patients,	 continuous
renal	replacement	therapies	can	be	used	to	treat	severe	cases.	It	 is	 important	 to
note	 that	 citrate	used	 for	 anticoagulation	 in	 some	continuous	dialytic	 therapies
can	 lead	 to	 metabolic	 alkalosis	 as	 well.14	 However,	 appropriate	 selection	 of
replacement	fluid	composition	and	rate	of	infusion	can	avoid	this	complication.15

In	 extremely	 rare	 instances,	 these	 maneuvers	 may	 be	 insufficient,	 or	 the
metabolic	 alkalosis	 may	 be	 so	 severe	 that	 adverse	 neurological	 symptoms	 of
alkalemia	 are	 present.	 In	 such	 instances,	 HCl	 can	 be	 given	 intravenously	 to
lower	the	plasma	HCO3

−	concentration.	HCl	can	be	given	as	a	solution	isotonic



to	 plasma	 (150	mEq	H+	 and	 150	mEq	Cl−	 in	 each	 liter	 of	 distilled	H2O).	The
volume	needed	to	reduce	the	plasma	HCO3

−	concentration	can	be	estimated	from
calculation	of	the	HCO3

−	excess.	Because	the	volume	of	distribution	of	HCO3
−	is

approximately	50%	of	the	lean	body	weight,	the	amount	of	HCl	needed	to	lower
the	plasma	HCO3

−	 concentration	 from	45	 to	35	mEq/L	 in	 a	70-kg	man	can	be
calculated	as	follows	(assuming	there	are	no	ongoing	HCO3

−	losses):

This	would	 require	 administration	 of	 slightly	more	 than	 2	 L	 of	 an	 isotonic
HCl	 solution.	Because	 the	very	 low	pH	of	 this	 solution	 can	 injure	 small	 veins
and	 lead	 to	 tissue	 necrosis,	 particularly	 if	 extravasation	 occurs,	 the	 infusion
should	generally	occur	over	at	least	24	hours	using	a	large	(central)	vein.	Given
the	significant	hazards,	the	administration	of	HCl	is	rarely	utilized.

Chloride-Resistant	Metabolic	Alkalosis
Individuals	with	metabolic	alkalosis	and	a	urinary	chloride	concentration	greater
than	 15	 mEq/L	 are	 unlikely	 to	 respond	 to	 Cl−-containing	 solutions	 such	 as
physiological	saline.	Because	the	effective	renal	blood	flow	is	already	normal	or
Cl−	 reabsorption	 is	 impaired,	 the	 administered	 Cl−	 is	 rapidly	 excreted	 in	 the
urine.	 Moreover,	 enhanced	 distal	 Na+	 presentation	 increases	 Na-K	 exchange,
leading	to	a	rise	of	urinary	K+	excretion	with	more	severe	hypokalemia	in	states
of	primary	mineralocorticoid	excess.

For	 a	 hypertensive	 patient,	 primary	 aldosteronism	 should	 be	 considered.
Removing	 the	 source	 of	 aldosterone	 (by	 adrenalectomy	when	 an	 aldosterone-
secreting	adenoma	is	present)	or	blocking	its	action	(with	a	K+-sparing	diuretic,
such	 as	 spironolactone)	 is	 usually	 sufficient	 to	 correct	 the	 hypokalemia	 and
metabolic	alkalosis	and	to	control	hypertension	in	this	disorder.

The	 key	 abnormality	 of	 Bartter	 and	 Gitelman	 syndromes,	 impaired	 Cl−
reabsorption,	cannot	be	corrected	with	treatment.	Therapy	is,	therefore,	directed
at	 improving	 the	 laboratory	 abnormalities,	 particularly	 hypokalemia	 and
metabolic	 alkalosis.	 Nonsteroidal	 anti-inflammatory	 drugs	 (including
cyclooxygenase-2	 inhibitors)	 reduce	renin	secretion	(a	prostaglandin-dependent
process)	and	may	be	effective	for	correcting	the	plasma	HCO3

−	and	K+	levels	to
or	near	normal,	although	K+	supplementation	may	also	be	required.	Angiotensin-
converting	enzyme	inhibitors	or	K+-sparing	diuretics	may	be	useful	alone	or	 in
combination,	but	they	have	the	potential	risk	of	causing	the	already	slightly	low
blood	 pressure	 to	 fall.	 It	 is	 important	 to	 exclude	 surreptitious	 diuretic	 use	 or



forced	vomiting	in	these	individuals	before	assigning	a	diagnostic	or	therapeutic
regimen	 used	 for	Bartter	 syndrome	 or	Gitelman	 syndrome	 because	 the	 former
are	far	more	common	disorders.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	36-year-old	man	with	1	diabetes	presents	with	3	days	of	polyuria,
nausea,	vomiting,	and	progressive	malaise.	Blood	pressure	is	110/64	mm	Hg	and
heart	rate	is	103	beats/min.	Physical	exam	is	notable	for	sunken	eyes,	a	fruity
breath	odor,	and	dry	mucous	membranes.	Abdomen	is	nontender	and
nondistended.	Serum	chemistries	show:	Na	=	138	mEq/L,	K	=	5.2	mEq/L,
Cl	=	92	mEq/L,	HCO3	=	18	mEq/L,	BUN	=	19	mg/dL,	SCr	=	0.83	mg/dL,	and
Glu	=	442	mg/dL.	Urinalysis	is	positive	for	3+	glucose	and	2+	ketones.	Arterial
blood	gas	reveals:	pH	=	7.34,	pCO2	=	34	mm	Hg,	HCO3	=	18	mEq/L.	What	acid-
base	disturbance(s)	is/are	present?

A. 	Anion	gap	metabolic	acidosis
B. 	Anion	gap	metabolic	acidosis	and	metabolic	alkalosis
C. 	Anion	gap	metabolic	acidosis	and	non–anion	gap	metabolic	acidosis
D. 	Anion	gap	metabolic	acidosis	and	respiratory	acidosis

2. 	A	56-year-old	woman	is	admitted	to	the	ICU	after	being	found
unconscious	at	home.	She	is	unresponsive	and	subsequently	intubated	and
placed	on	mechanical	ventilation.	She	is	afebrile	with	a	blood	pressure	of
125/78	mm	Hg.	Serum	chemistries	include:	Na	=	134	mEq/L,	K	=	4.7	mEq/L,
Cl	=	96	mEq/L,	HCO3	=	11	mEq/L,	BUN	=	16	mg/dL,	SCr	=	0.92	mg/dL,	and
Glu	=	80	mg/dL.	Lactic	acid	is	0.9	mmol/L.	Ethanol	is	undetectable.	Urinalysis
is	negative	for	blood,	protein,	ketones,	or	leukocyte	esterase.	Arterial	blood	gas
reveals:	pH	=	6.98,	pCO2	=	47	mm	Hg,	and	HCO3	=	11	mEq/L.	What	is	the	next
diagnostic	test	you	should	order?

A. 	Creatine	kinase
B. 	D-Lactate
C. 	Pyroglutamic	acid
D. 	Serum	osmolality



3. 	A	23-year-old	man	presents	with	progressive	weakness	and	muscle	cramps
over	the	past	3	months.	He	is	found	to	have	severe	hypokalemia	and	is	admitted
to	the	ICU.	He	denies	vomiting,	diarrhea,	or	diuretic	use.	On	exam,	he	is	alert
and	conversant.	Blood	pressure	is	104/63	mm	Hg	and	heart	rate	is	86	beats/min.
Mucous	membranes	are	moist,	dentition	is	good,	lungs	are	clear,	there	is	no
peripheral	edema,	and	there	are	no	focal	neurologic	deficits.	Serum	chemistries
include:	Na	=	133	mEq/L,	K	=	2.4	mEq/L,	Cl	=	95	mEq/L,	HCO3	=	34	mEq/L,
BUN	=	22	mg/dL,	SCr	=	1.05	mg/dL,	Glu	=	87	mg/dL,	Ca	=	9.3	mg/dL,
Mg	=	1.2	mEq/L,	and	PO4	=	3.5	mg/dL.	Urine	chemistries	showed	Na	=	35
mEq/L,	K	=	27	mEq/L,	and	Cl	=	28	mEq/L.	Urine	diuretic	drug	screen	is
negative.	What	is	the	most	likely	diagnosis?

A. 	Gitelman	syndrome
B. 	Laxative	abuse
C. 	Surreptitious	vomiting
D. 	Type	1	renal	tubular	acidosis

Answers

1.	The	correct	answer	is	B.
Rationale:	 Arterial	 pH	 <	 7.35	 constitutes	 acidemia,	 and	 the	 low	 serum

bicarbonate	level	confirms	this	to	be	metabolic	in	origin.	The	serum	anion	gap	is
markedly	elevated	at	28,	and	hence	an	anion	gap	metabolic	acidosis	is	present.
Alternatively,	 a	 serum	 anion	 gap	 of	 ≥20	 mEq/L	 indicates	 the	 presence	 of	 an
anion	gap	(AG)	metabolic	acidosis,	independent	of	the	pH	or	bicarbonate	level.
Calculating	the	delta-delta	for	this	case,	 the	Δ	AG,	is	18	mEq/L	(=	28-10),	and
the	Δ	HCO3	is	6	mEq/L	(=	24-18).	This	ratio	of	18/6	is	greater	than	2,	indicating
that	a	metabolic	alkalosis	is	present	as	well	(choice	B	is	correct,	and	choices	A
and	C	 are	 incorrect).	 As	 the	 serum	HCO3	 is	 6	mEq/L	 lower	 than	 normal,	 the
expected	fall	 in	pCO2	would	be	6	×	1.2,	or	7.2	mm	Hg.	As	such,	 the	predicted
pCO2	=	40−7	is	40	to	7,	or	33	mm	Hg;	34	mm	Hg	is	well	within	the	margin	of
error	of	+/−	5	mm	Hg,	and	so	there	is	no	superimposed	respiratory	disturbance
(making	choice	D	incorrect).

2.	The	correct	answer	is	D.
Rationale:	This	 patient	 exhibits	 a	 severe	 anion	gap	metabolic	 acidosis.	The

most	 common	 causes	 of	 anion	 gap	 metabolic	 acidosis	 include	 ketoacidosis,
lactic	 acidosis,	 uremic	 acidosis,	 and	 toxic	 ingestions.	 There	 are	 no	 ketones



present	in	the	urine,	lactic	acid	level	is	normal,	and	kidney	function	appears	to	be
normal,	making	those	first	three	causes	unlikely	(choices	A,	B,	and	C	are	not	the
best	answers),	which	raises	concern	for	a	toxic	ingestion.	Presence	of	a	volatile
alcohol	 such	 as	 methanol	 or	 ethylene	 glycol	 can	 be	 detected	 by	 an	 elevated
osmolal	gap,	and	prompt	 treatment	with	 fomepizole	and/or	hemodialysis	could
be	 lifesaving.	Hence,	 the	 serum	osmolality	 should	 be	measured	 and	 compared
against	the	calculated	serum	osmolality	(choice	D	is	correct).

3.	The	correct	answer	is	A.
Rationale:	In	this	case,	the	urine	potassium	and	urine	chloride	are	both	above

20	mEq/L,	 and	 urinary	 potassium	wasting	 appears	 to	 be	 present.	 This	 is	most
consistent	 with	 Gitelman	 syndrome,	 an	 inherited	 renal	 tubular	 wasting
syndrome,	analogous	to	being	on	a	thiazide	diuretic	(choice	A	is	correct).	Note
that	 loop	or	 thiazide	diuretic	use	could	also	cause	such	a	pattern	of	electrolyte
and	 acid-base	 disturbances,	 but	 both	 the	 history	 and	 urine	 diuretic	 screen	 are
negative.	The	serum	chemistries	in	this	case	are	notable	for	hypokalemia	and	an
elevated	 serum	bicarbonate,	 highly	 suggestive	of	metabolic	 alkalosis.	Laxative
abuse/diarrhea	and	renal	tubular	acidosis	would	cause	metabolic	acidosis	rather
than	alkalosis	(choices	B	and	D	are	incorrect).	If	the	hypokalemia	and	metabolic
alkalosis	were	caused	by	vomiting	rather	than	an	intrinsic	renal	disturbance,	one
would	expect	the	urine	potassium	and	urine	chloride	to	be	relatively	low	(choice
C	 is	 incorrect).	 Although	 not	 listed	 here	 as	 a	 choice,	 primary	 aldosteronism
would	 also	be	 incorrect,	 as	 the	 relatively	 low	blood	pressure	of	 104/63	 argues
against	a	state	of	mineralocorticoid	excess.
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Chapter	199
Disorders	of	Plasma	Sodium	and	Plasma
Potassium
Amar	Pandit,	Eric	Lida,	Kenneth	Ralto

KEY	POINTS:
1.	 Hyponatremia	and	hypernatremia	represent	disorders	of	water

balance.
2.	 Causes	of	hyponatremia	can	be	divided	into	those	in	which	water

excretion	is	abnormal	and	those	in	which	water	excretion	is	normal,
but	water	ingestion	is	considerably	increased.

3.	 Three	laboratory	findings	provide	important	information	in	the
differential	diagnosis	of	hyponatremia:	plasma	osmolality	(POsm),
Urine	osmolality	(UOsm),	and	urinary	sodium	concentration.

4.	 Hypertonic	saline	(3%	NaCl)	is	the	treatment	of	choice	for
hyponatremia	with	severe	neurological	symptoms,	regardless	of	the
etiology	of	hyponatremia.	Fluid	restriction,	sodium	chloride	tablets,
urea,	or	V2-receptor	antagonists	(vaptans)	are	used	either	alone	or
in	combination	for	treatment	of	hyponatremia	without	neurological
symptoms.

5.	 Hypernatremia	is	most	often	due	to	unreplaced	losses	of	free	water,
but	can	also	be	caused	by	administration	of	hypertonic	sodium
solutions.

6.	 For	a	patient	with	hypernatremia,	the	appropriate	release	and	action
of	ADH	can	be	assessed	by	measuring	the	UOsm.

7.	 The	vast	majority	of	potassium	is	located	inside	cells	and
hypokalemia	can	be	due	to	any	combination	of	low	intake,
transcellular	shifts,	urinary	losses	or	gastrointestinal	losses.



8.	 Hyperkalemia	of	most	cases	reflects	a	defect	of	renal	potassium
handling.

9.	 Levels	of	potassium	above	6mEq/L	should	be	treated,	and	patients
should	have	continuous	cardiac	monitoring.

10.	 Only	diuretics,	cation	exchange	resins,	and	dialysis	will	actually
remove	potassium	from	the	body;	other	modalities	are	only
temporizing	measures.

DISORDERS	OF	PLASMA	SODIUM
Hyponatremia	and	hypernatremia	are	conditions	commonly	observed	during	an
intensive	care	unit	stay.	They	are	defined	as	plasma	Na+	concentration	below	135
mEq	per	L	and	above	145	mEq	per	L,	respectively.	The	correct	management	of
patients	with	these	disorders	depends	on	an	understanding	of	normal	salt	(NaCl)
and	water	(H2O)	physiology.

1 	It	is	important	to	appreciate	that	hyponatremia	and	hypernatremia	represent
disorders	of	water	balance;	the	plasma	sodium	concentration	reflects	the	ratio	of
sodium	 to	water	 in	 the	 body.	 The	 presence	 of	 hyponatremia	 or	 hypernatremia
cannot	be	used	to	assess	the	volume	status	of	a	patient.	Furthermore,	the	plasma
sodium	concentration	has	little	relationship	to	the	urinary	sodium	concentration.

Hypothalamic	 osmoreceptors	 influence	 thirst	 and	 the	 release	 of	 antidiuretic
hormone	(ADH).	The	latter	increases	UOsm,	causing	water	retention	by	enhancing
the	 permeability	 of	 the	 collecting	 tubules	 to	 water.	 ADH	 is	 also	 released	 in
response	 to	 effective	 volume	 depletion	 (hypovolemia).	 As	 a	 result,	 volume-
mediated	ADH	release	can	occur	even	in	states	of	hyponatremia.	Although	water
retention	causes	extracellular	volume	expansion,	this	is	slight,	as	approximately
two-thirds	of	the	water	enters	the	cells.

RELATIONSHIP	BETWEEN	PLASMA	NA+	AND
PLASMA	OSMOLALITY
The	 osmolality	 of	 plasma	 (POsm)	 is	 determined	 by	 the	 sum	 of	 the	 osmolar
contributions	 of	 the	 individual	 osmotically	 active	 substances.	 In	 plasma,	 Na+
salts,	glucose,	and	urea	(blood	urea	nitrogen	[BUN])	are	the	major	determinants
of	osmolality.	Therefore,	the	POsm	can	be	estimated	by	the	following	formula:



Using	 this	 equation,	 it	 is	 evident	 that	 the	major	 determinant	 of	 the	 POsm	 in
healthy	individuals	is	the	plasma	Na+	concentration.

The	ability	of	a	solute	 (such	as	sodium)	 to	promote	shifts	of	water	between
the	 intracellular	 and	 the	 extracellular	 compartments	 depends	 not	 only	 on	 its
capacity	 to	 increase	 the	 POsm,	 but	 also	 on	 its	 exclusion	 from	 one	 of	 these
compartments.	 Because	 urea	 can	 cross	 almost	 all	 cell	 membranes	 readily,	 it
cannot	 promote	 the	 movement	 of	 water	 between	 the	 intracellular	 and
extracellular	spaces.	As	such,	urea	is	referred	to	as	an	ineffective	osmole.	A	rise
in	 the	BUN	 is	detected	as	an	 increase	 in	 the	measured	 (by	 the	 laboratory)	and
calculated	POsm,	but	there	is	no	change	in	the	plasma	Na+	concentration	because
urea	does	not	obligate	water	movement	from	the	intracellular	to	the	extracellular
space.	 Because	 urea	 is	 an	 ineffective	 osmole	 and	 because	 glucose	 normally
contributes	less	than	8	mOsm	per	kg,	the	effective	POsm	correlates	best	with	the
plasma	Na+.	Thus,	effective	POsm	can	be	described	as	follows:

Sodium	is	confined	primarily	to	the	extracellular	fluid	by	the	Na-K	antiporter
present	in	most	cells.	This	pump	also	maintains	a	high	(approximately	130	mEq
per	L)	 intracellular	K+	 concentration;	 thus,	 potassium	 is	 the	 principal	 effective
osmole	 inside	 cells.	 The	 ability	 of	 water	 to	 cross	 almost	 all	 cell	 membranes
indicates	that	the	POsm	must	be	in	equilibrium	with	the	intracellular	osmolality.	In
fact,	osmolality	is	equal	throughout	all	body	compartments,	explaining	the	need
for	only	one	osmoreceptor.

Because	osmotic	equilibrium	exists	throughout	body	water,	calculation	of	the
water	 deficit	 or	 excess,	 when	 dealing	 with	 a	 hyponatremic	 or	 hypernatremic
individual,	 respectively,	 must	 be	 based	 on	 total	 body	 water	 (TBW)	 and	 not
merely	on	the	extracellular	fluid	volume.	Moreover,	loss	of	potassium	from	the
body,	 as	 might	 occur	 with	 diuretic	 administration,	 affects	 the	 plasma	 Na+
concentration.

Two	 processes	 participate	 in	 the	 reduction	 of	 plasma	 Na+	 concentration
induced	 by	 potassium	 losses.	 Sodium	 movement	 into	 cells	 to	 maintain
electroneutrality	 lowers	 the	 plasma	 Na+,	 and	 loss	 of	 potassium	 from	 the
gastrointestinal	(GI)	tract	or	kidneys	causes	a	fall	in	the	plasma	potassium	with	a
larger	 fall	 in	 the	 intracellular	 potassium.	 The	 result	 is	 a	 reduction	 in	 the
intracellular	 osmolality	 that	 leads	 to	 water	 movement	 from	 cells	 to	 the



extracellular	compartment.
Finally,	 although	 plasma	 hypoosmolality	 is	 always	 associated	 with

hyponatremia,	 a	 high	 POsm	 can	 occur	 in	 the	 absence	 of	 hypernatremia.	 Other
ineffective	osmoles	 (in	addition	 to	urea)	have	 the	ability	 to	 raise	 the	measured
POsm	without	affecting	water	shifts.	The	most	important	of	these	are	the	alcohols:
ethanol,	 ethylene	glycol,	 and	methanol.	By	contrast,	 severe	hyperglycemia	can
induce	hyponatremia	by	pulling	water	out	of	cells,	but	the	POsm	will	be	elevated.
This	phenomenon,	 seen	most	often	 in	diabetics,	 is	 referred	 to	as	hyperosmolar
hyponatremia.

REGULATION	OF	PLASMA	OSMOLALITY
Maintenance	 of	 the	 plasma	 Na+	 concentration	 within	 narrow	 limits	 (285-292
mOsm	per	kg)	depends	on	the	ability	of	the	kidneys	to	excrete	water,	a	normal
thirst	mechanism,	and	access	to	water.	Under	normal	conditions,	the	quantity	of
water	that	can	be	excreted	in	the	urine	far	exceeds	the	amount	ingested.

Renal	water	excretion	is	determined	by	two	factors:	urinary	solute	excretion
and	 the	ability	 to	generate	maximally	dilute	urine	 (UOsm	<	100	mOsm	per	kg).
The	typical	American	diet	affords	a	solute	intake	between	600	and	1200	mOsm
—average	900	mOsm—per	day.	Assuming	an	output	 that	approximates	 intake,
the	 daily	 urinary	 solute	 excretion	 of	 a	 typical	 adult	 would	 also	 average	 900
mOsm.	Dietary	NaCl,	KCl,	and	protein,	which	is	broken	down	to	urea,	make	up
most	of	 this	 solute	 load.	The	 individual	who	excretes	900	mOsm	of	 solute	per
day	 and	who	 can	 dilute	 urine	maximally	 (down	 to	 50	mOsm	 per	 kg)	 has	 the
capacity	to	excrete	up	to	18	L	of	water	in	a	24-hour	period:

The	capacity	to	dilute	urine	begins	in	the	loop	of	Henle	and	continues	to	the
collecting	tubule.	This	portion	of	the	nephron,	which	is	impermeable	to	water,	is
often	 referred	 to	 as	 the	diluting	segment	 (Figure	199.1).	 As	 the	 filtrate	 passes
through	the	loop	of	Henle,	solute	is	removed	by	the	Na/K/2Cl	transporter	located
in	 the	 cells	 of	 the	 thick	 ascending	 limb	 and	 by	 the	NaCl	 cotransporter	 in	 the
distal	 tubule.	 The	 filtrate	 leaving	 the	 diluting	 segment	 and	 entering	 the	 early
collecting	 tubule	 characteristically	 is	 very	 dilute,	 with	 a	 urinary	 osmolality
(UOsm)	of	less	than	100	mOsm	per	kg.



	

Figure	199.1 	Excretion	of	a	dilute	urine.Solute	entering	the	early
proximal	tubule	has	an	osmolality	identical	to	that	of	plasma;	fluid	is
isotonically	reabsorbed	in	this	nephron	segment.	Separation	of	solute
from	 water	 (H2O)	 within	 the	 tubule	 begins	 in	 the	 thick	 ascending
limb	of	Henle,	which	is	impermeable	to	H2O.	Excretion	of	urine	with
a	 minimum	 osmolality	 of	 50	 to	 100	 mOsm	 per	 L	 requires	 intact
function	 of	 this	 nephron	 segment	 as	 well	 as	 suppression	 of
antidiuretic	hormone	 (ADH)	 release.(Adapted	 from	Iwasaki	Y,	Oiso
Y,	 Yamauchi	 K,	 et	 al:	 Osmoregulation	 of	 plasma	 vasopressin	 in
myxedema.	J	Clin	Endocrinol	Metab.	1990;70:534.)

A	maximally	 dilute	 urine	 cannot	 be	 excreted	 if	 the	 removal	 of	 salt	 by	 the
pumps	and	carriers	in	the	diluting	segment	is	impaired,	or	if	the	collecting	tubule
is	 rendered	permeable	 to	water	by	 the	presence	of	ADH.	Inability	 to	dilute	 the
urine	 may	 have	 serious	 consequences.	 For	 example,	 for	 a	 patient	 unable	 to
achieve	urinary	dilution	below	an	osmolality	of	300	mOsm	per	kg,	the	amount	of
water	that	can	be	excreted	on	a	normal	diet	is	reduced	to	3	L:

As	 discussed	 earlier,	 solute	 excretion	 is	 normally	 determined	 by	 dietary
intake.	 A	 reduction	 of	 dietary	 sodium	 and	 protein	 intake,	 as	 is	 seen	 for	 the
patient	 on	 a	 “tea-and-toast”	 diet,	 limits	 the	 capacity	 to	 excrete	water.	 If	 solute
intake	 falls	 to	 150	 mOsm	 per	 day,	 for	 instance,	 water	 excretion	 is	 limited	 to
approximately	3	L	even	when	urinary	dilution	is	normal:



It	 is	 easy	 to	 see	 that	 the	 combination	 of	 impaired	 diluting	 ability	 with	 a
concomitant	 reduction	 in	solute	 intake	 is	more	 likely	 to	 impair	water	excretion
and	result	in	hyponatremia	than	either	disturbance	alone.

REGULATION	OF	ANTIDIURETIC	HORMONE
Healthy	adults	are	able	to	excrete	very	large	or	very	small	volumes	of	urine.	The
primary	 hormone	 regulating	 water	 excretion	 in	 health	 is	 ADH.	 ADH	 (also
known	as	arginine	vasopressin	 in	humans)	 is	synthesized	 in	 the	supraoptic	and
paraventricular	 nuclei	 of	 the	 hypothalamus.	 Hypothalamic	 osmoreceptors	 for
ADH	release	are	stimulated	by	hyperosmolality	and	inhibited	by	hypoosmolality.
A	change	in	osmoreceptor	cell	volume	is	probably	the	factor	that	modifies	ADH
secretion	 in	 response	 to	 changes	 in	 the	 POsm.	 The	 concentration	 of	 urea,	 an
ineffective	 osmole	 incapable	 of	 altering	 cell	 volume,	 does	 not	 affect	 ADH
release.

A	1%	to	2%	reduction	in	POsm	(POsm	<	280	mOsm	per	kg)	maximally	inhibits
ADH	release,	leading	to	a	UOsm	that	is	less	than	100	mOsm	per	kg.1	By	contrast,
a	1%	to	2%	increase	 in	POsm	 above	normal,	or	a	7%	to	10%	decrease	 in	blood
pressure	or	volume	(even	in	the	presence	of	plasma	hypoosmolality),	stimulates
ADH	 release.	 In	 the	 presence	 of	ADH,	 the	 luminal	membranes	 of	 the	 cortical
and	 medullary	 collecting	 tubules	 become	 permeable	 as	 water	 channels
(aquaporins)	are	inserted	into	the	apical	luminal	membrane.	Water	can	then	pass
into	the	surrounding	medullary	interstitium	because	of	the	osmotic	gradient.

HYPONATREMIA
2 	 In	 most	 settings,	 the	 development	 of	 hyponatremia	 with	 hypoosmolality
represents	 the	 retention	of	 ingested	or	 administered	water.	Thus,	 the	 causes	 of
hyponatremia	 can	 be	 divided	 into	 those	 in	which	water	 excretion	 is	 abnormal
and	those	in	which	water	excretion	is	normal,	but	water	ingestion	is	considerably
increased.

Hypoosmolar	Disorders	with	Impaired	Water	Excretion
(“ADH-dependent	Hyponatremia”)
The	UOsm	 is	 typically	 greater	 than	 100	mOsm	 per	 kg	 in	 patients	with	 reduced



water	 excretion	 (Table	 199.1).	 An	 exception	 to	 this	 rule	 occurs	 when	 solute
intake	is	markedly	reduced,	as	in	the	patient	subsisting	on	a	solute-poor	diet.

TABLE	199.1

Causes	of	Hyponatremia

Impaired	water	excretion	(UOsm	>	100	mOsm/kg	and	usually	>300
mOsm/kg)
Volume	depletion	(by	gastrointestinal,	skin,	or	renal	losses)
Edematous	states	with	reduced	effective	arterial	blood	volume	(advanced

liver	and	heart	disease)
Diuretics	(particularly	thiazides)
Advanced	chronic	kidney	disease
Endocrine	deficiencies	(hypothyroidism	and	hypoadrenalism)
Syndrome	of	inappropriate	antidiuretic	hormone	secretion
Cerebral	salt	wasting
Reduced	solute	intake	(tea-and-toast	diet,	beer	drinkers’	hyponatremia)a

Normal	water	excretion	(UOsm	<	100	mOsm/kg)
Primary	polydipsia
Psychiatric	disorders	(particularly	with	phenothiazines)
Hypothalamic	disorders

Hyponatremia	without	hypoosmolality
Normal	POsm
Pseudohyponatremia	(hypertriglyceridemia,	hyperproteinemia,
genitourinary	tract	irrigation)
Increased	POsm
Hyperosmolar	hyponatremia	(hyperglycemia,	mannitol	infusion	in	renal
failure)
Azotemia	(effective	osmolality	is	reduced)

aUOsm	<	100	mOsm/kg,	but	normal	water	excretion	is	impaired	by	the	reduced	solute	load	(see	text
for	details).
POsm,	osmolality	of	plasma;	UOsm,	osmolality	of	urine.

Adapted	from	Iwasaki	Y,	Oiso	Y,	Yamauchi	K,	et	al.	Osmoregulation	of	plasma	vasopressin	in
myxedema.	J	Clin	Endocrinol	Metab.	1990;70:534;	and	Stasior	D,	Kikeri	D,	Duel	B,	et	al.



Nephrogenic	diabetes	insipidus	responsive	to	indomethacin	plus	dDAVP	[letter].	N	Engl	J	Med.
1991;324:850.

RENAL	HYPOPERFUSION-INDUCED
HYPONATREMIA
A	fall	of	effective	perfusion	pressure	stimulates	release	of	ADH.1	Hypovolemic
hyponatremia	 can	 occur	 in	 states	 of	 volume	 depletion,	 or	 in	 edematous
individuals	 with	 congestive	 heart	 failure	 (CHF),	 or	 in	 advanced	 liver	 disease
related	to	a	reduced	effective	arterial	blood	volume.	As	discussed	previously,	the
resulting	increase	of	the	UOsm	(eg,	to	600	mOsm	per	kg)	would	limit	renal	water
excretion	 on	 a	 900	mOsm	 per	 day	 diet	 to	 1.5	 L,	 assuming	 all	 of	 the	 ingested
solute	 were	 excreted	 (900/600	 mOsm	 per	 kg).	 Solute	 excretion	 tends	 to	 be
reduced	in	these	settings,	which	are	also	characterized	by	enhanced	tubular	salt
reabsorption.	 In	 addition,	 most	 stimuli	 that	 activate	 angiotensin	 II	 release
stimulate	 thirst,	 and	 lead	 to	 increased	 water	 ingestion	 despite	 concurrent
hypoosmolality.

DIURETIC-INDUCED	HYPONATREMIA
The	ability	 to	excrete	dilute	urine	 is	 impaired	by	diuretics,	whether	 they	act	 in
the	thick	ascending	limb	of	Henle	(loop	diuretics)	or	in	the	distal	tubule	(thiazide
diuretics)	 (Figure	 199.2).	 Each	 class	 reduces	 salt	 transport	 out	 of	 the	 diluting
segment	 and	 into	 the	 interstitium,	 thus	 raising	 the	 minimum	 achievable	 UOsm.
Raising	 the	 minimum	 UOsm,	 however,	 does	 not	 usually	 lead	 to	 hyponatremia
because	a	large	volume	of	urine	can	still	be	excreted	by	most	patients.



	

Figure	199.2 	 Site	 of	 action	 of	 loop	 and	 thiazide	 diuretics.Loop
diuretics	inhibit	the	Na-K-2Cl	cotransporter	in	the	medullary	portion
of	 the	 thick	 ascending	 limb	 of	 Henle,	 whereas	 thiazides	 block	 a
simple	NaCl	carrier	in	the	cortical	portion	of	the	distal	tubule.	These
differences	 explain,	 in	 part,	 the	 susceptibility	 of	 individuals	 treated
with	thiazide-diuretics	to	the	development	of	hyponatremia	(see	text
for	 details).(Adapted	 from	 Iwasaki	 Y,	 Oiso	 Y,	 Yamauchi	 K,	 et	 al.:
Osmoregulation	 of	 plasma	 vasopressin	 in	 myxedema.	 J	 Clin
Endocrinol	Metab.	1990;70:534.)

Almost	all	cases	of	diuretic-induced	hyponatremia	among	otherwise	healthy
individuals	 have	 been	 caused	 by	 thiazide,	 rather	 than	 loop	 diuretics.	 This
observation	is	attributable,	in	part,	to	different	sites	of	the	action	within	the	renal
tubule	(Figure	199.2).	Loop	diuretics,	which	act	in	the	outer	medulla,	reduce	the
solute	concentration	of	the	renal	medullary	interstitium.	Although	ADH	permits
water	 reabsorption	 from	 the	 collecting	 tubule,	medullary	 osmolality	drives	 the
process.	A	fall	of	the	interstitial	osmolality	from	1200	to	300	mOsm	per	kg,	for
instance,	would	limit	the	maximum	UOsm	that	can	be	generated	from	1200	to	300
mOsm	per	kg.	By	comparison,	thiazide	diuretics,	which	act	in	the	cortex,	impair
diluting	capacity	but	have	a	lesser	effect	on	concentrating	ability.	Thus,	the	UOsm

may	 be	 600	 mOsm	 per	 kg	 in	 the	 thiazide-treated	 individual;	 if	 the	 urinary
osmoles	are	primarily	NaCl	and	KCl,	urinary	electrolyte	losses	can	exceed	those
contained	in	an	equal	volume	of	plasma.	For	these	patients,	therefore,	the	plasma
Na+	may	actually	 fall	 in	 the	absence	of	ongoing	water	 intake.	For	 reasons	 that
are	 not	 well	 understood,	 however,	 most	 individuals	 with	 thiazide-induced
hyponatremia	gain	weight,	 indicating	that	 the	hyponatremia	is	at	 least	 in	part	a



result	 of	 increased	 water	 intake.	 This	 disorder	 occurs	 more	 frequently	 among
women,	 typically	occurs	 early	during	 therapy	 (within	1-4	weeks),	 and	 is	more
likely	 to	 be	 observed	 among	 elderly	 individuals.2	 As	 discussed	 previously,
accompanying	hypokalemia	may	also	contribute	to	the	fall	of	POsm.

ADVANCED	CHRONIC	KIDNEY	DISEASE
The	normal	glomerular	filtration	rate	(GFR)	is	approximately	180	L	per	day.	As
renal	 function	 decreases,	 the	 ability	 to	 excrete	 water	 also	 decreases.	 The
limitation	of	water	excretion	occurs	for	two	reasons:	tubular	dysfunction	leads	to
an	inability	to	dilute	the	urine	maximally,	even	during	the	absence	of	ADH,	and
the	drop	of	GFR,	particularly	when	severe,	reduces	daily	solute	excretion.

ENDOCRINE	DEFICIENCY
Hypothyroidism	 and	 hypocortisolism	 can	 impair	 water	 excretion.	 Both	 may
reduce	cardiac	output	or	stroke	volume,	leading	to	increased	ADH	release.	The
resulting	 fall	 of	 GFR	 adversely	 affects	 free	 water	 excretion	 by	 diminishing
delivery	 of	 the	 filtrate	 to	 the	 diluting	 segments.	 Decreased	 delivery	 may	 be
particularly	important	for	patients	with	myxedema	in	whom	hyponatremia	may
develop	despite	appropriate	suppression	of	ADH	release.3

Another	 factor	 contributing	 to	 the	 hyponatremia	 of	 hypocortisolism	 is	 that
corticotropin-releasing	 factor	 promotes	 the	 corelease	 of	 adrenocorticotropic
hormone	 (ACTH)	 and	 ADH.4	 It	 is	 important	 to	 note	 that	 adrenocortical
dysfunction	 (as	 in	 Addison	 disease)	 leads	 to	 reduced	 cortisol	 and	 aldosterone
levels,	 the	 latter	 predisposing	 to	 hyperkalemia.	The	 presence	 of	 a	 low	 cortisol
level	 alone,	 because	 of	 either	 pituitary	 or	 hypothalamic	 disease,	 or	 the	 abrupt
withdrawal	 from	prolonged	exogenous	corticosteroid	administration	may	cause
hyponatremia	but	 should	not	 alter	 potassium	homeostasis,	 because	 aldosterone
release	is	normal.

SYNDROME	OF	INAPPROPRIATE	ANTIDIURETIC
HORMONE	SECRETION
The	syndrome	of	inappropriate	ADH	secretion	(SIADH)	is	characterized	by	the



following:	 plasma	 hypoosmolality,	 UOsm	 more	 than	 100	 to	 150	 mOsm	 per	 kg
(because	 ADH	 should	 be	 absent	 in	 the	 hypoosmolar	 state),	 urinary	 Na+
concentration	 of	more	 than	 20	mEq	 per	 L	 (reflecting	 normal	 renal	 perfusion);
normal	adrenal,	renal,	and	thyroid	function;	and	normal	potassium	and	acid-base
balance.	The	U	 Osm	 does	 not	 need	 to	 exceed	 the	 P	 Osm	 to	make	 this	 diagnosis.
SIADH	 may	 be	 caused	 by	 enhanced	 hypothalamic	 ADH	 secretion,	 ectopic
hormone	production	(usually	by	cancer),	or	administration	of	medications	with
ADH	activity	(Table	199.2).

TABLE	199.2

Major	Causes	of	the	Syndrome	of	Inappropriate	ADH
Secretion

Disorders Comments

Pulmonary
diseases

Acute	asthma,	atelectasis,	empyema,	pneumothorax,
acute	respiratory	failure,	tuberculosis,	carcinoma,
pneumonia

Neurologic
disorders

Meningitis,	tumors,	psychiatric	disorders,	subarachnoid
hemorrhage,	herpes	zoster,	Wernicke	encephalopathy

Ectopic
production

Cancer	(particularly	oat-cell	carcinoma	of	lung)

Drugs Intravenous	cyclophosphamide,	SSRIs,	carbamazepine,
chlorpropamide,	nonsteroidal	anti-inflammatory	drugs
(because	prostaglandins	block	ADH	effect),	cisplatina

After	major
surgery

Pain	stimulates	hypothalamic	ADH	release

Administration	of
exogenous	ADH
or	oxytocin

Oxytocin	can	reduce	plasma	Na+	concentration	in	mother
and	fetus

Symptomatic
human

Likely	multifactorial



immunodeficiency
virus	infection

Idiopathic Important	to	continue	periodic	monitoring	for	an
underlying	disorder,	particularly	carcinoma;	vasculitis
(such	as	temporal	arteritis)	should	be	considered	in
elderly	patients	when	no	other	cause	is	apparent.

Cerebral	salt
wasting

See	text	for	details

aHyponatremia	induced	by	cisplatin	may	be	because	of	renal	salt	wasting.
ADH,	antidiuretic	hormone;	SSRIs,	selective	serotonin	reuptake	inhibitors.

In	approximately	one-third	of	patients,	SIADH	is	associated	with	resetting	of
the	 hypothalamic	 osmostat.	 This	 disorder	 has	 been	 described	 in	 patients	 with
hypovolemia,	 psychosis,	 and	 chronic	 malnutrition,	 as	 well	 as	 during	 normal
pregnancy	 (in	 which	 the	 plasma	 Na+	 concentration	 decreases	 by	 the	 second
trimester	from	140	to	135	mEq	per	L).	ADH	release	is	not	suppressed	until	the
POsm	 falls	well	below	normal	with	 this	disorder.	As	a	 result,	 the	POsm	may	vary
between	240	and	250	mOsm	per	kg	 (plasma	Na+	 approximately	 120-125	mEq
per	L),	compared	with	the	normal	value	of	approximately	285	to	292	mOsm	per
kg.	In	contrast	to	the	classic	form	of	the	SIADH,	in	which	nonsuppressible	ADH
release	is	seen,	ADH	secretion	ceases	when	the	POsm	falls	below	this	new,	reset
level.	 Because	 suppression	 of	 ADH	 prevents	 a	 further	 fall	 in	 the	 plasma	 Na+
concentration,	the	severity	of	hyponatremia	is	limited	in	this	condition.

The	 presence	 of	 a	 reset	 osmostat	 should	 be	 suspected	 for	 any	 patient	 with
apparent	 SIADH	 who	 has	 mild	 hyponatremia	 (usually	 between	 125	 and	 135
mEq	per	L)	that	is	stable	over	many	days	despite	variations	of	sodium	and	water
intake.

Elevated	 ADH	 levels	 have	 been	 reported	 with	 the	 use	 of	 medications	 and
various	 recreational	 drugs.	 Hyponatremia	 associated	 with	 ingestion	 of	 3,4-
methylenedioxy-methamphetamine	 (Ecstasy)	 is	 reportedly	 caused	 by	 increased
water	drinking	and	inappropriate	ADH,	and	has	led	to	fatalities.5	Similar	effects
may	 be	 seen	 with	 the	 commonly	 prescribed	 selective	 serotonin	 reuptake
inhibitors	used	for	the	treatment	of	depression.6

CEREBRAL	SALT	WASTING



Cerebral	 salt	wasting	 (CSW)	 is	 a	 rare	 disorder	 characterized	 by	 a	 low	POsm,	 a
UOsm	above	100	to	150	mOsm	per	kg,	and	a	urine	Na+	concentration	greater	than
20	 mEq	 per	 L.	 Unlike	 SIADH,	 however,	 evidence	 of	 volume	 depletion
(including	 low	 central	 filling	 pressures)	 is	 present.	 In	 affected	 individuals,
therefore,	the	high	urinary	Na+	represents	inappropriate	salt	wasting	rather	than	a
response	 to	 normal	 tissue	 perfusion	 (as	 in	 SIADH	patients).	The	 cause	 of	 this
putative	 syndrome	 is	 unclear.	 Volume	 repletion	 with	 isotonic	 saline	 could
potentially	correct	hyponatremia	due	to	CSW,	but	would	make	it	worse	in	those
with	SIADH.	SIADH	and	CSW	may	coexist	 among	patients	with	neurological
illness,	 and	 it	may	 be	 appropriate	 to	 treat	 such	 patients	with	 hypertonic	 saline
(3%).	 Mineralocorticoid	 replacement	 therapy	 with	 fludrocortisone	 acetate	 has
been	 effective	 for	 some	patients.	Long-term	 therapy	 is	 usually	 not	 required	 as
CSW	is	usually	transient.

REDUCED	SOLUTE	INTAKE
As	 discussed	 previously,	 a	 reduction	 of	 salt	 and	 protein	 intake	 can	 lead	 to
hypoosmolality	 if	water	 intake	exceeds	output.	Severely	 reduced	solute	 intake,
as	occurs	with	a	“tea-and-toast	diet,”	can	cause	hyponatremia	even	with	normal
degrees	 of	 water	 intake.	 “Beer	 drinkers’	 hyponatremia”	 occurs	 for	 a	 similar
reason;	the	limited	amount	of	solute	in	beer	relative	to	its	water	content	may	be
inadequate	to	permit	excretion	of	the	ingested	water.	In	both	conditions,	the	UOsm

should	be	maximally	dilute	(UOsm	<	100	mOsm	per	kg).	The	absence	of	polyuria
and	the	development	of	hyponatremia	with	normal	or	slightly	above	normal	fluid
intake	distinguish	these	individuals	from	those	with	primary	polydipsia.

Hypoosmolar	Disorders	with	Normal	Water	Excretion
(“ADH-independent	Hyponatremia:)
Patients	with	psychiatric	disorders,	particularly	 those	with	 schizophrenia,	often
have	 abnormalities	 of	 water	 balance.	 Evaluation	 of	 psychotic	 patients	 has
revealed	 that	a	variety	of	defects	of	water	handling	can	occur	 that	affect	 thirst,
the	 release	 of	 ADH,	 and	 the	 renal	 response	 to	 ADH.	 Depending	 on	 the
abnormality	that	is	present,	the	patient	may	present	with	polydipsia	and	polyuria
or	hyponatremia.

Hyponatremia	has	been	reported	among	as	many	as	13%	of	marathon	runners
and	 may	 occasionally	 be	 fatal.	 Although	 the	 exact	 mechanism	 has	 not	 been



elucidated,	risk	factors	for	developing	low	serum	sodium	levels	 include	weight
gain	 during	 the	 race,	 female	 sex,	 racing	 time,	 and	 lower	 body	 mass	 index.7
Exercise-induced	hyponatremia	has	been	described	after	intense	physical	activity
during	 marathons,	 triathlons,	 and	 high-intensity	 competitions.	 Again,	 the
pathophysiology	 involves	 a	 combination	of	 excessive	 fluid	 intake	 as	well	 as	 a
defect	 in	 renal	water	 excretion.	Athletes	 have	 been	 encouraged	 to	 drink	more
fluids	consistent	with	recommendations	30	years	ago.8	There	may	be	a	variety	of
pathways	 that	stimulate	ADH	secretion,	 including	muscle	 injury	and	release	of
cytokines	with	vigorous	activity.

PRIMARY	POLYDIPSIA
This	 disorder	 is	 most	 often	 seen	 among	 anxious,	 middle-aged	 patients	 with
psychiatric	 illnesses,	 including	 those	 taking	 medications	 that	 can	 lead	 to	 the
sensation	 of	 dry	 mouth.	 These	 individuals	 drink	 large	 volumes	 of	 water	 for
social,	 dietary,	 or	 health	 reasons.	 This	 may	 be	 manifested	 clinically	 by
exaggerated	weight	gain	during	the	day	associated	with	a	transient	reduction	in
the	 plasma	 sodium	 concentration.	 Primary	 polydipsia	 can	 also	 be	 induced	 by
hypothalamic	lesions	that	directly	affect	 the	thirst	center,	as	may	occur	with	an
infiltrative	disease	 such	as	 sarcoidosis.	For	 example,	 the	osmotic	 threshold	 for
thirst	may	be	reduced	below	the	threshold	for	the	release	of	ADH.	These	patients
continue	to	drink	until	the	POsm	is	less	than	the	threshold	level.	This	implies	truly
prodigious	water	intake,	because	ADH	secretion	is	suppressed	by	the	fall	in	POsm,
resulting	in	rapid	excretion	of	the	excess	water.	The	mechanism	responsible	for
abnormal	thirst	regulation	in	this	setting	is	unclear.	Drug	therapy	may	contribute
to	 the	 increase	 in	water	 intake	when	 the	medication	 induces	 the	sensation	of	a
dry	mouth.

Because	 people	 with	 normally	 functioning	 kidneys	 and	 regulation	 of	 ADH
secretion	 are	 capable	 of	 excreting	 more	 than	 10	 to	 15	 L	 of	 urine	 per	 day,
hyponatremia	 as	 a	 result	 of	 polydipsia	 is	 unusual.	 Despite	 this,	 there	 are	 rare
patients	in	whom	severe,	and	potentially	fatal,	hyponatremia	has	developed	even
though	the	UOsm	was	appropriately	dilute.	More	commonly,	however,	polydipsic
patients	 manifesting	 hyponatremia	 have	 a	 concurrent	 abnormality	 of	 ADH
release	 or	 response.	 Concurrent	 thiazide	 diuretic	 therapy	 for	 systemic
hypertension	 can	 lead	 to	 a	 marked	 and	 symptomatic	 reduction	 of	 the	 plasma
sodium	concentration	for	these	patients.



HYPONATREMIA	WITHOUT	HYPOOSMOLALITY
Hyponatremia	 may	 occur	 without	 plasma	 hypoosmolality.	 An	 increase	 in	 the
plasma	concentration	of	proteins	(as	immunoglobulins	in	multiple	myeloma)	or
lipids	 (primarily	 triglycerides	 in	 lipemic	 plasma)	 can	 reduce	 the	 plasma	 Na+
concentration.	Lipids	and	proteins	displace	water	from	a	given	volume	of	plasma
but	do	not	affect	the	Na+	concentration	in	the	water	phase	of	plasma.	As	a	result,
the	 measured	 POsm	 is	 normal	 in	 this	 condition,	 which	 is	 called
pseudohyponatremia.	 Because	 the	 sodium	 concentration	 of	 the	 aqueous
component	 of	 plasma	 is	 normal,	 this	 form	 of	 hyponatremia	 is	 not	 of
pathophysiologic	 consequence.	 The	 methods	 of	 electrolyte	 determination
currently	used	in	many	laboratories	(ion-selective	electrodes)	are	not	affected	by
plasma	lipids	or	proteins.

An	unusual	form	of	hyponatremia,	sometimes	associated	with	a	normal	POsm
but	 occasionally	 with	 hypoosmolality,	 can	 occur	 after	 transurethral
prostatectomy,	uterine	irrigation	after	endometrial	ablation,	or	with	lithotripsy,9-11
which	often	requires	the	use	of	as	much	as	20	to	30	L	of	nonconductive	flushing
solutions	containing	glycine,	sorbitol,	or	mannitol.	Some	patients	absorb	3	L	or
more	 of	 fluid	 through	 the	 exposed	 mucosal	 vascular	 plexus,	 leading	 to	 a
dilutional	reduction	in	the	plasma	sodium	concentration	that	may	fall	below	100
mEq	per	L.	Even	when	POsm	 is	 not	 notably	 reduced,	 confusion,	 disorientation,
twitching,	 seizures,	 and	 hypotension	 may	 occur.	 Several	 methods	 have	 been
devised	 to	 attempt	 to	monitor	 the	 amount	 of	 fluid	 absorbed	 so	 that	 patients	 at
risk	 for	 severe	 hyponatremia	 can	 be	 detected.	 Frequent	 determinations	 of	 the
plasma	sodium	concentration	are	important.

There	are	instances	during	which	patients	with	plasma	hyperosmolality	may
develop	 hyponatremia	 (hyperosmolar	 hyponatremia).	 This	 most	 commonly
occurs	 with	 severe	 hyperglycemia	 or	 when	mannitol	 is	 given	 to	 patients	 with
renal	 failure,	 resulting	 in	 an	 osmotic	 shift	 of	 water	 from	 cells	 into	 the
extracellular	 fluid,	 diluting	 the	 plasma	 Na+	 concentration.	 In	 contrast	 to
hypoosmolar	hyponatremia,	 treatment	is	directed	at	correcting	the	high	glucose
concentration	with	insulin	and	free	water	repletion	because	cellular	dehydration
is	 present.	 For	 every	 100	mg	 per	 dL	 rise	 in	 the	 blood	 sugar,	 the	 plasma	 Na+
concentration	 falls	 by	 approximately	 1.6	 mEq	 per	 L,	 although	 this	 estimate
varies	with	body	size,	falling	more	in	a	smaller	individual.

SYMPTOMS	OF	HYPOOSMOLALITY



The	neurological	manifestations	of	hyponatremia	appear	 to	be	entirely	because
of	 the	 consequences	 of	 plasma	 hypoosmolality.	 A	 fall	 of	 POsm	 causes	 water
movement	from	the	extracellular	space	into	cells.	The	resulting	increase	of	cell
water,	which	is	of	particular	importance	for	the	central	nervous	system,	can	lead
to	 brain	 swelling.	 A	 variety	 of	 symptoms	 may	 be	 found,	 including	 lethargy,
confusion,	 nausea,	 vomiting,	 and,	 in	 severe	 cases,	 seizures	 and	 coma.	 Focal
neurological	 symptoms	 are	 uncommon.	 Hyponatremic	 encephalopathy	 is
generally	reversible,	although	permanent	neurological	damage	or	death	has	been
reported,	 chiefly	 among	 premenopausal	 women.12	 Hyponatremic	 women	 may
progress	 rapidly	 from	 minimal	 symptoms	 (such	 as	 headache	 and	 nausea)	 to
respiratory	 arrest.	 Cerebral	 edema	 and	 herniation	 have	 been	 found	 in	 those
women	who	 died,	 suggesting	 a	 possible	 hormonally	mediated	 decrease	 in	 the
efficiency	of	the	osmotic	adaptation.	The	reason	for	the	higher	morbidity	of	this
patient	population	is	not	well	understood.

The	 likelihood	 that	 symptoms	 will	 develop	 is	 related	 to	 the	 level	 of
hyponatremia	 and	 the	 rapidity	 with	 which	 it	 develops.	 For	 example,	 a	 rapid
decline	of	the	plasma	Na+	concentration	during	several	hours	or	days	(eg,	from
140	to	115	mEq	per	L)	may	be	associated	with	severe	neurological	findings.	In
comparison,	 a	 similar	 fall	 of	 plasma	 sodium	occurring	during	1	week	or	more
may	not	cause	any	symptoms.	In	the	latter	circumstance,	the	degree	of	cerebral
edema	is	much	less.	This	protective	response,	which	begins	on	the	first	day	and
is	complete	within	several	days,	occurs	in	two	major	steps:

1.	 The	initial	cerebral	edema	elevates	the	interstitial	hydraulic	pressure,
creating	a	gradient	for	extracellular	fluid	movement	out	of	the	brain	into	the
cerebrospinal	fluid.

2.	 The	brain	cells	lose	solutes,	leading	to	the	osmotic	movement	of	water	out
of	the	cells	and	less	brain	swelling.13	The	volume	regulatory	response
begins	with	the	movement	of	potassium	and	sodium	salts	out	of	the	cells,
followed	by	organic	solutes,	particularly	the	amino	acids	glutamine,
glutamate,	and	taurine,	and,	to	a	lesser	degree,	the	carbohydrate	inositol.
Electrolyte	movement	occurs	quickly	because	it	is	mediated	by	the
activation	of	quiescent	cation	channels	in	the	cell	membrane;	organic	solute
loss	occurs	later	because	it	requires	synthesis	of	new	transporters.

The	organic	solutes	(called	osmolytes)	account	for	approximately	one-third	of
the	 cellular	 solute	 loss	 during	 chronic	 hyponatremia.	 Changes	 of	 the
concentrations	 of	 these	 solutes	 offer	 the	 advantage	 of	 restoring	 cell	 volume
without	 interfering	 with	 protein	 function;	 in	 comparison,	 a	 potentially



deleterious	effect	on	protein	function	would	occur	if	the	volume	adaptation	was
mediated	 entirely	 by	 changes	 of	 the	 cell	 cation	 (potassium	 plus	 sodium)
concentration.

This	 adaptation	 is	 so	 efficient	 that	 it	 is	 not	 uncommon	 to	 see	 patients	with
heart	 failure	 or	 SIADH	 who	 are	 asymptomatic	 despite	 a	 plasma	 sodium
concentration	 of	 115	 to	 120	mEq	 per	 L.	 The	 occurrence	 of	 symptoms	 among
patients	 with	 chronic	 hyponatremia	 usually	 signifies	 a	 profoundly	 low	 serum
sodium	concentration	of	less	than	110	to	115	mEq	per	L.

DIAGNOSIS	OF	HYPONATREMIA
3 	 Three	 laboratory	 findings	 provide	 important	 information	 in	 the	 differential
diagnosis	 of	 hyponatremia:	 plasma	 osmolality	 (POsm),	 urine	 osmolality	 (UOsm),
and	urinary	sodium	concentration.

Plasma	Osmolality
Because	 POsm	 is	 mainly	 determined	 by	 the	 plasma	 sodium	 concentration,	 it	 is
reduced	 in	 most	 hyponatremic	 patients.	 In	 some	 cases,	 however,	 the	 POsm	 is
either	 normal	 (as	 in	 pseudohyponatremia)	 or	 elevated	 (as	 in	 hyperosmolar
hyponatremia).

Urine	Osmolality
In	patients	with	hypoosmolar	hyponatremia,	the	UOsm	can	be	used	to	distinguish
between	patients	with	impaired	water	excretion,	accounting	for	most	cases,	and
primary	polydipsia,	in	which	water	excretion	is	normal	but	intake	is	so	high	that
it	 exceeds	 excretory	 capacity.	 Hyponatremia	 caused	 by	 primary	 polydipsia
should	 completely	 suppress	 ADH	 secretion,	 resulting	 in	 the	 excretion	 of
maximally	 dilute	 urine	 with	 an	 osmolality	 less	 than	 100	mOsm	 per	 kg	 and	 a
specific	gravity	 less	 than	1.003.	A	higher	UOsm	 indicates	an	 inability	 to	excrete
free	water	normally,	which	suggests	continued	secretion	of	ADH.

Urinary	Sodium	Concentration
The	 two	 major	 causes	 of	 hyponatremia	 are	 hypovolemia	 and	 SIADH.	 These
disorders	 can	 usually	 be	 distinguished	 by	 measuring	 the	 urinary	 sodium



concentration.	The	urinary	sodium	concentration	of	patients	with	hypovolemia	is
typically	less	than	20	mEq	per	L,	assuming	the	patient	is	not	receiving	diuretics.
Because	patients	with	SIADH	have	normal	renal	perfusion,	unless	they	are	on	a
very	low	sodium	intake,	the	urinary	sodium	concentration	is	greater	than	40	mEq
per	L.	Patients	with	SIADH	can	conserve	urinary	sodium	normally	and	raise	the
urine	osmolality	further	if	intravascular	volume	depletion	occurs.

The	fractional	excretion	of	sodium	(FENa)	is	typically	used	as	an	assessment
of	 volume	 status	 in	 acute	 kidney	 injury;	 in	 this	 setting,	 a	 level	 less	 than	 1%
suggests	volume	depletion.	However,	with	normal	kidney	function,	the	expected
value	of	FENa	in	euvolemia	is	less	than	1%.	As	a	result,	random	urinary	sodium
concentration	 is	 more	 accurate.	 FENa	 should	 not	 be	 used	 in	 the	 workup	 of
hyponatremia.

The	initial	water	retention	and	volume	expansion	in	patients	with	SIADH	are
typically	associated	with	hypouricemia	(plasma	uric	acid	concentration	of	<3	mg
per	 dL)	 because	 of	 increased	 uric	 acid	 excretion	 in	 urine.	 In	 addition,	 urinary
urea	losses	may	cause	a	fall	in	the	BUN	to	less	than	5	mg	per	dL.	These	findings
are	 the	 opposite	 of	 what	 is	 typically	 seen	 in	 volume	 depletion	 and	 thiazide-
induced	hyponatremia.

All	 of	 the	 findings	 seen	 with	 SIADH	 have	 also	 been	 described	 for	 the
controversial	 syndrome	 of	 cerebral	 salt	 wasting,	 a	 disorder	 in	which	 the	 high
urinary	sodium	concentration	occurs	as	a	result	of	defective	tubular	reabsorption,
and	 the	 elevation	 of	 ADH	 and	 subsequent	 development	 of	 hyponatremia	 are
because	of	the	associated	volume	depletion.	Hypouricemia	may	also	be	present,
which	presumably	is	another	manifestation	of	impaired	renal	tubular	function.

TREATMENT	OF	HYPONATREMIA

Saline	or	Water	Restriction
In	general,	the	plasma	sodium	concentration	can	be	raised	by	giving	patients	salt
(either	as	saline	or	salt	 tablets)	or	by	restricting	their	water	intake	to	below	the
level	of	excretion.	The	choice	of	therapy	is	primarily	governed	by	the	cause	of
the	 hyponatremia.	 Antagonists	 to	 the	 ADH	 receptor	 in	 the	 collecting	 tubule
(vaptans)	 may	 also	 be	 used	 for	 patients	 with	 SIADH	 or	 hypervolemic
hyponatremia.

Water	 restriction	 is	 used	 for	 patients	 without	 neurological	 symptoms	 who
have	edematous	 states	 such	as	heart	 failure	and	hepatic	cirrhosis	and	 for	 those



with	SIADH,	primary	polydipsia,	or	advanced	chronic	kidney	disease.
Salt	 administration,	 usually	 as	 isotonic	 saline,	 is	 appropriate	 for	 those	with

true	volume	depletion	or	adrenal	insufficiency,	in	which	cortisol	replacement	is
also	indicated.	With	volume	depletion,	isotonic	saline	corrects	the	hyponatremia
by	two	mechanisms.	Each	liter	of	saline	infused	raises	the	plasma	sodium	by	1	to
2	mEq	per	L	because	saline	has	a	higher	sodium	concentration	(154	mEq	per	L)
than	plasma.	In	addition,	volume	repletion	removes	the	stimulus	to	ADH	release,
thereby	allowing	the	water	surfeit	to	be	excreted.	This	manifests	as	excretion	of
a	large	volume	of	dilute	urine	and	often	leads	to	a	rapid	rise	in	plasma	sodium
levels,	which	in	turn	puts	patients	at	a	very	high	risk	for	osmotic	demyelination.

For	 patients	with	primary	polydipsia,	 the	 initiation	of	water	 restriction	may
result	in	a	dramatic	rise	of	the	plasma	sodium	concentration.	These	patients	may
be	less	predisposed	to	osmotic	demyelination	because	their	hyponatremia	often
is	of	rapid	onset,	with	less	brain	cell	adaptation	apt	to	occur.

The	optimal	rate	of	correction	of	hyponatremia	varies	with	 the	clinical	state
of	 the	 patient.	 In	 asymptomatic	 patients,	who	 are	more	 likely	 to	 have	 chronic
hyponatremia,	the	plasma	sodium	concentration	should	be	raised	at	a	maximum
rate	of	 approximately	0.5	mEq/L/h	and	 ideally	4	 to	6	mEq/L/d.1	A	more	 rapid
rise	can	increase	the	risk	of	osmotic	demyelination.

More	 rapid	 initial	 correction	 is	 indicated	 for	 patients	 with	 symptomatic
hyponatremia,	 particularly	 those	 presenting	 with	 seizures	 or	 other	 severe
neurological	manifestations,	which	primarily	result	from	cerebral	edema	induced
by	acute	 (developing	during	2-3	days)	hyponatremia.	Here,	 the	plasma	sodium
concentration	can	be	raised	at	an	initial	rate	of	1.5	to	2.0	mEq/L/h	for	the	first	3
to	 4	 hours	 (or	 longer,	 if	 the	 patient	 remains	 symptomatic)	 because	 the	 risk	 of
persistent	 severe	 hyponatremia	 outweighs	 that	 of	 overly	 rapid	 correction.	This
appears	 to	 be	 particularly	 important	 for	 premenopausal	 women,	 who	 may
progress	 from	 minimal	 symptoms	 (headache	 and	 nausea)	 to	 coma	 and
respiratory	 arrest;	 furthermore,	 irreversible	 neurological	 damage	 or	 death	 is
relatively	 common	 among	 younger	 women	 with	 symptomatic	 hyponatremia,
even	when	the	hyponatremia	is	corrected	at	an	appropriate	rate.	After	the	initial
3	to	4	hours	of	rapid	correction,	the	rate	should	be	slowed	down	so	that	the	total
rise	of	plasma	sodium	does	not	exceed	approximately	8	mEq	during	 the	 initial
24	hours.

The	 quantity	 of	 sodium	 required	 to	 achieve	 the	 desired	 elevation	 of	 the
plasma	 sodium	 concentration	 in	 patients	 with	 true	 volume	 depletion	 can	 be
estimated	from	the	product	of	the	plasma	sodium	deficit	per	liter	and	the	TBW,
which	 represents	 the	 osmotic	 space	 of	 distribution	 of	 the	 plasma	 sodium
concentration.	Normal	values	for	the	TBW	are	0.5	and	0.6	times	the	lean	body



weight	 in	women	and	men,	respectively.	 If	 the	 initial	aim	for	an	asymptomatic
hyponatremic	 60-kg	woman	 is	 to	 raise	 the	 plasma	 sodium	 concentration	 from
110	to	120	mEq	per	L,	then:

Thus,	 600	mL	 of	 3%	 hypertonic	 saline	 (which	 contains	 roughly	 1	mEq	 of
sodium	per	2	mL,	500	mEq	Na,	and	500	mEq	Cl	per	L)	should	be	given	during
20	 hours	 at	 a	 rate	 of	 30	 mL	 per	 hour.	 This	 regimen	 should	 raise	 the	 plasma
sodium	 concentration	 at	 the	 desired	 rate	 of	 0.5	 mEq/L/h,	 although	 serial
monitoring	of	the	plasma	sodium	concentration	(beginning	at	2-3	hours)	is	still
required.

The	preceding	formula	may	be	less	accurate	for	patients	with	SIADH.	In	this
setting,	 the	 administered	 salt	 in	 the	 hypertonic	 3%	 saline	 is	 excreted	 because
plasma	volume	expansion	is	present.	Therefore,	the	rise	of	plasma	sodium	is	not
because	 of	 sodium	 retention.	 Because	 there	 are	 approximately	 1000	 mEq	 of
solute	(Na	and	Cl)	in	a	liter	of	3%	saline,	the	fluid	in	the	renal	collecting	tubule
is	 relatively	 hyperosmotic.	 This	 causes	 water	 to	 be	 retained	 in	 the	 urine	 and
excreted	 simultaneously	with	 the	 salt	 load.	 If,	 for	 example,	 the	UOsm	were	500
mOsm	per	kg,	the	1000	mEq	of	salt	excreted	would	obligate	the	elimination	of
2	 L	 of	 urine	 (a	 net	 loss	 of	 1	 L	 of	 free	 water,	 because	 1	 L	 of	 water	 was
administered	with	the	hypertonic	saline).	The	result	would	be	no	change	in	total
body	 sodium	 and	 the	 plasma	 sodium	 concentration	would	 increase	 because	 of
the	 loss	 of	 the	 1	 L	 of	 water.	 Administration	 of	 the	 same	 hypertonic	 saline
solution	 to	an	 individual	with	SIADH	and	a	UOsm	 of	 250	mOsm	per	 kg	would
result	 in	 the	 loss	of	4	L	of	urine	 (a	net	water	 loss	of	3	L).	The	 serum	sodium
would	 increase	 by	 a	 greater	 amount	 than	 it	 did	 in	 the	 person	with	 the	 higher
UOsm.	As	a	consequence	of	 the	excretion	of	 the	 salt	 load	and	varying	 levels	of
UOsm	 in	 patients	 with	 SIADH,	 the	 sodium	 replacement	 formula	 is	 frequently
misleading	in	this	setting.	Therefore,	serial	measurements	of	plasma	sodium	and
UOsm	are	essential	to	guide	treatment	and	adjust	infusion	rates.

EFFECTS	OF	POTASSIUM
Potassium	is	as	osmotically	active	as	sodium	and	giving	potassium	can	raise	the
plasma	sodium	concentration	and	osmolality	in	a	hyponatremic	subject.	Because
most	of	the	excess	potassium	goes	into	the	cells,	electroneutrality	is	maintained



in	one	of	two	ways,	each	of	which	raises	the	plasma	sodium	concentration:	(1)
intracellular	 sodium	 moves	 into	 the	 extracellular	 fluid	 and	 (2)	 extracellular
chloride	 moves	 into	 the	 cells	 with	 potassium;	 the	 increase	 in	 cell	 osmolality
promotes	free	water	entry	into	the	cells.	Thus,	any	administration	of	potassium
must	be	taken	into	account	when	calculating	the	sodium	deficit.	This	relationship
becomes	 clinically	 important	 in	 the	 patient	 with	 severe	 diuretic	 or	 vomiting-
induced	hyponatremia	who	is	also	hypokalemic.

RISK	OF	OSMOTIC	DEMYELINATION
Severe	 hyponatremia,	 especially	 if	 acute	 in	 onset,	 can	 lead	 to	 cerebral	 edema,
potentially	irreversible	neurological	damage,	and	death.	This	most	often	occurs
when	large	volumes	of	hypotonic	fluids	are	given	to	postoperative	patients	who
have	pain-induced	ADH	release	that	impairs	the	ability	of	the	kidneys	to	excrete
water	or	to	patients	with	acute	thiazide-induced	hyponatremia.	Within	24	hours,
however,	the	brain	begins	to	lose	extracellular	water	into	the	cerebrospinal	fluid
and	 loses	 intracellular	 water	 by	 extruding	 sodium	 and	 potassium	 salts	 and
osmolytes,	thereby	lowering	the	brain	volume	toward	normal.

Hyponatremia	that	develops	slowly	(ie,	during	>2-3	days)	is	associated	with	a
lesser	 likelihood	 of	 neurological	 symptoms.	 In	 this	 setting,	 in	 which	 brain
volume	has	fallen	toward	normal,	rapid	correction	of	severe	hyponatremia	may
lead,	 within	 1	 to	 several	 days,	 to	 the	 development	 of	 a	 neurological	 disorder
called	osmotic	demyelination	 syndrome	 (ODS)	 or	central	 pontine	myelinolysis.
These	 lesions	 are	 detectable	 by	 cerebral	 computed	 tomography	 or	 magnetic
resonance	 imaging.	However,	 results	of	 these	diagnostic	 tests	may	not	become
positive	for	as	long	as	4	weeks.14

The	mechanisms	 responsible	 for	 osmotic	 demyelination	 are	 not	 completely
understood.	Rapid	elevation	of	 the	plasma	sodium	concentration	leads	to	water
movement	 out	 of	 the	 brain,	which	 can	 lower	 the	 brain	 volume	 below	 normal.
Such	osmotically	induced	shrinkage	of	axons	could	sever	their	connections	with
surrounding	myelin	sheaths.	Alternatively,	the	initial	brain	cell	response	to	brain
shrinkage	may	 be	 the	 uptake	 of	 potassium	 and	 sodium	 from	 the	 extracellular
fluid;	this	elevation	in	cell	cation	concentration	could	be	toxic	to	the	cells.

The	 manifestations	 of	 osmotic	 demyelination,	 which	 may	 be	 irreversible,
include	 mental	 status	 changes,	 dysarthria,	 dysphagia,	 paraparesis	 or
quadriparesis,	and	coma;	seizures	may	occur	but	are	 less	common.	Patients	for
whom	the	plasma	sodium	concentration	is	raised	by	more	than	20	mEq	per	L	in
the	 first	 24	 hours	 or	 is	 overcorrected	 to	 greater	 than	 140	 mEq	 per	 L	 are	 at



greatest	 risk.	 Other	 putative	 risk	 factors	 for	 osmotic	 demyelination	 include
chronic	 alcoholism,	 malnutrition,	 prolonged	 diuretic	 use,	 liver	 failure	 and
transplantation,	and	burns.15	On	the	other	hand,	late	neurological	deterioration	is
rare	when	the	hyponatremia	is	corrected	at	an	average	rate	equal	to	or	less	than
0.5	 mEq/L/hr.	 Studies	 of	 experimental	 animals	 indicate	 that	 the	 total	 rate	 of
correction	during	the	first	24	hours	is	more	important	than	the	maximum	rate	in
any	given	hour.16

RECOMMENDATIONS
The	preferred	rate	of	correction	of	the	plasma	sodium	concentration	varies	with
the	clinical	presentation.	Owing	to	the	cerebral	adaptation	previously	described,
patients	with	chronic	asymptomatic	hyponatremia	are	generally	at	little	risk	for
neurological	symptoms.	In	this	setting,	rapid	correction	is	not	indicated	and	may
be	 harmful.	Although	 the	 optimal	 rate	 of	 correction	 is	 not	 clearly	 proven,	 the
current	 recommendation	 in	 asymptomatic	 patients	 is	 that	 the	 plasma	 sodium
concentration	be	raised	at	a	maximum	rate	of	4	to	8	mEq/L/d.

For	patients	with	SIADH	this	may	be	achieved	by	appropriate	fluid	restriction
and	by	providing	adequate	solute	in	the	form	of	slow	3%	NaCl	infusions,	sodium
chloride	tablets,	or	urea,	to	effect	obligatory	elimination	of	water.	One	may	also
use	 loop	 diuretics	 (either	 in	 isolation	 in	 patients	 with	 hypervolemia,	 or	 in
combination	 with	 NaCl	 tablets	 or	 urea	 in	 patients	 with	 SIADH)	 or	 vaptans.
These	 interventions	 are	 described	 in	 more	 detail	 here.	 Patients	 with
asymptomatic	 hypovolemic	 hyponatremia	 may	 be	 given	 isotonic	 saline	 for
volume	resuscitation,	while	being	cognizant	of	the	high	risk	for	rapid	correction
of	hyponatremia,	which	may	be	prevented	by	concurrently	using	desmopressin.

4 	 More	 aggressive	 initial	 correction,	 at	 a	 rate	 of	 1.5	 to	 2.0	 mEq/L/h,	 is
indicated	 for	 the	 first	3	 to	4	hours	 (or	until	 the	symptoms	 resolve)	 for	patients
who	present	with	seizures	or	other	severe	neurological	abnormalities	as	a	result
of	hyponatremia.	This	can	be	achieved	with	100	mL	boluses	of	3%	NaCl,	which
can	 be	 repeated	 for	 a	 total	 of	 3	 times	 (10	 minutes	 apart)	 when	 neurologic
symptoms	 persist.1	 This	 strategy	 is	 used	 regardless	 of	 the	 etiology	 of	 severe
symptomatic	hyponatremia.

For	 patients	 with	 moderate	 neurological	 symptoms,	 one	 could	 use	 a
continuous	infusion	of	3%	NaCl	(rate	based	on	formula	mentioned	earlier	or	at
0.5-2	 mL/kg/hour).	 Even	 in	 these	 settings,	 however,	 the	 plasma	 sodium
concentration	 should	probably	not	be	 raised	by	more	 than	8	mEq	per	L	 in	 the
first	 24	 hours	 because	 partial	 cerebral	 adaptation	 has	 already	 occurred.	 It	 is



usually	 not	 necessary	 to	 continue	 hypertonic	 saline	 once	 the	 plasma	 sodium
concentration	is	greater	than	120	mEq	per	L.

It	 is	not	known	whether	 there	 is	benefit	 to	administering	water	 to	 lower	 the
plasma	 sodium	 for	 patients	whose	 hyponatremia	 has	 been	 corrected	much	 too
rapidly.	 In	 rodents,	 a	marked	 reduction	 of	 the	 incidence	 and	 severity	 of	 brain
lesions	 was	 demonstrated	 if	 overly	 rapid	 correction	 (30	 mEq	 per	 L	 or	 more
during	several	hours)	was	partially	reversed	so	that	the	net	daily	elevation	of	the
plasma	sodium	concentration	was	less	than	20	mEq	per	L.17	This	 improvement
was	seen	when	 therapy	was	begun	before	 the	onset	of	neurological	 symptoms;
benefit	was	much	less	 likely	for	animals	with	symptomatic	demyelination.	The
applicability	of	these	findings	to	humans	is	uncertain;	however,	5%	dextrose	in
water	(D5W)	is	often	used	to	reverse	a	rapid	rise	in	plasma	sodium	levels.

Desmopressin	(DDAVP),	a	synthetic	analogue	of	ADH,	has	been	found	to	be
safe	 and	 effective	 for	 impeding	 a	 rapid	 rise	 of	 plasma	 sodium	 levels.	Various
strategies	for	using	DDAVP	have	been	described,	including	a	proactive	strategy
(DDAVP	administered	based	on	presenting	serum	Na	of	<120	mEq/L),	a	reactive
strategy	(DDAVP	administered	after	a	change	of	a	clinical	parameter	like	urine
output	 or	 serum	 Na),	 and	 a	 rescue	 strategy	 (DDAVP	 administered	 after
exceeding	serum	Na	limits	or	after	development	of	ODS).	The	proactive	strategy
was	associated	with	 lower	mean	change	of	serum	Na	levels	at	24	hours,	 fewer
instances	of	serum	Na	 levels	exceeding	 the	correction	 limit	of	8	mEq/L/d,	and
need	 for	 relowering	 serum	Na.18	The	proactive	 strategy	 is	 especially	 important
for	the	management	of	hypovolemic	hyponatremia,	where	rapid	rise	in	Na	level
is	 expected	with	 volume	 repletion.	 It	 has	 to	 be	 stressed	 that	DDAVP	can	only
prevent	a	rapid	rise	of	Na	levels	and	cannot	reverse	it,	and	relowering	of	Na	will
require	the	use	of	hypotonic	fluids	like	D5W.	DDAVP	is	often	administered	at	an
initial	dose	of	2	mcg	intravenously,	which	may	be	repeated	every	6	to	8	hours	as
clinically	warranted.

Treatment	of	Hyponatremia	for	the	Syndrome	of
Inappropriate	Antidiuretic	Hormone	Secretion
Hyponatremia	for	the	SIADH	results	primarily	from	ADH-induced	retention	of
ingested	water.	Appropriate	therapy	for	this	disorder	depends	on	the	severity	of
the	 hyponatremia	 and,	 on	 the	 fact	 that,	 although	 water	 excretion	 is	 impaired,
sodium	handling	is	intact	because	there	is	no	abnormality	of	volume-regulating
mechanisms	 such	 as	 the	 renin-angiotensin-aldosterone	 system.	 Appropriate
water	restriction	(often	<	1	L/day)	is	the	mainstay	of	therapy	for	asymptomatic



hyponatremia	of	chronic	SIADH.	The	associated	negative	water	balance	 raises
the	plasma	sodium	concentration	toward	normal.	However,	this	strategy	is	only
effective	for	up	to	60%	of	patients	with	SIADH,	and	pharmacological	therapy	is
often	 needed	 for	 correction	 of	 hyponatremia.19	 High	 urine	 osmolality	 (>500
mOsm/kg)	is	strongly	associated	with	poor	response	to	fluid	restriction	alone.

Severe,	 symptomatic,	 or	 resistant	 hyponatremia	 often	 requires	 the
administration	of	salt	or	another	solute.	If	the	plasma	sodium	concentration	is	to
be	elevated,	the	osmolality	of	the	fluid	given	must	exceed	that	of	the	urine.	This
can	 be	 illustrated	 by	 a	 simple	 example	 (Table	 199.3).	 Suppose	 a	 patient	 with
SIADH	and	hyponatremia	has	a	UOsm	that	cannot	be	reduced	below	616	mOsm
per	kg.	If	1000	mL	of	isotonic	saline	is	given	(containing	154	mEq	each	of	Na
and	Cl	 or	 308	mOsm),	 all	 of	 the	 salt	 is	 excreted	 (because	 sodium	handling	 is
intact),	but	in	only	500	mL	of	water	(308	mOsm	in	500	mL	of	water	equals	616
mOsm	per	kg).	The	retention	of	half	of	the	administered	water	leads	to	a	further
reduction	 in	 the	 plasma	 sodium	 concentration.	 As	 a	 result,	 correction	 of	 the
hyponatremia	for	these	cases	requires	the	administration	of	hypertonic	3%	saline
intravenously	 or	 salt	 tablets	 orally,	 preferably	 in	 combination	with	 a	 drug	 that
lowers	 the	 UOsm	 and	 increases	 water	 excretion	 by	 impairing	 the	 renal
responsiveness	to	ADH.	A	loop	diuretic	is	most	often	used	for	this	purpose.

TABLE	199.3

Mechanism	of	Normal	Saline-Induced	Worsening	of
Hyponatremia	in	the	Syndrome	of	Inappropriate
Antidiuretic	Hormone	Secretion

Solute	(mOsm) Water	(mL)

Input 308 1000

Output 308 500

Net	gain 0 +500

This	calculation	assumes	that	the	individual	cannot	dilute	the	urine	below	a	urine	osmolality	of	616
mOsm/kg	and	that	all	the	administered	solute	is	excreted	in	the	urine.



UREA
Oral	 urea	 has	 been	 used	 to	 treat	 hyponatremia	 and	 brain	 swelling	 since	 the
1980s.	It	is	a	hydrophilic	compound	that	does	not	readily	cross	the	blood-brain
barrier	and	creates	an	osmotic	gradient,	thereby	allowing	water	to	flow	out	of	the
brain	 in	 a	 slower	 fashion	 than	 does	 hypertonic	 saline.	 With	 normal	 kidney
function,	 administered	 urea	 is	 excreted	 within	 12	 hours,	 which	 promotes	 the
excretion	of	free	water.	Urea	has	been	recommended	in	Europe	for	the	treatment
of	SIADH20	and	is	now	available	in	the	United	States.	Usual	initial	dose	is	15	to
30	g	 in	1	 to	2	divided	dose,	which	can	 then	be	 escalated	 to	 a	maximum	daily
dose	of	60	g.

ADH-V2	ANTAGONISTS
Antagonists	to	the	ADH-V2	(collecting	tubule)	receptor	in	the	cortical	collecting
tubule	 have	 shown	effectiveness,	 and	 two	of	 these	have	been	 approved	by	 the
U.S.	Food	and	Drug	Administration	(FDA)	for	hyponatremia	caused	by	SIADH
and	 heart	 failure.	 These	 agents	 are	 contraindicated	 for	 hypovolemic
hyponatremia.

Conivaptan,	an	antagonist	to	both	the	V1	(vascular)	and	V2	(ADH)	receptors,
was	 first	 approved.	 It	must	 be	 given	 intravenously	 in	 the	 hospital	 and	 has	 the
propensity	 to	 cause	 phlebitis.	 Recent	 data	 suggest	 that	 a	 single	 20	 mg	 bolus
intravenously	 over	 30	 minutes	 results	 in	 a	 sustained	 water	 diuresis	 and	 may
avoid	vascular	injury.	It	is	not	suitable	for	chronic	use.	Tolvaptan	is	an	oral	ADH
antagonist	 that	 is	 specific	 for	 the	 V2	 receptor.	 It	 must	 also	 be	 initiated	 in	 the
hospital,	 but	 can	 be	 administered	 in	 the	 outpatient	 setting	 after	 that	 (duration
limited	to	a	total	of	30	days	in	order	to	prevent	hepatotoxicity).

Vaptans	 are	 considered	 second-line	 medications	 for	 the	 management	 of
hyponatremia	 due	 to	 lack	 of	 proven	 benefits	 over	 conventional	 therapies	 like
hypertonic	 saline	 (especially	 in	acute	 symptomatic	cases),	potential	 for	hepatic
toxicity,	and	high	cost.21	When	used	at	the	usual	dose	of	15	mg	daily,	tolvaptan
can	cause	impressive	aquaresis	that	can	lead	to	rapid	correction	of	hyponatremia.
This	 is	more	 common	 among	 patients	 with	 SIADH	 than	 among	 patients	 with
CHF.	A	 low	baseline	serum	Na	 (<120	mEq/L)	and	 low	BUN	(≤10	mg/dL)	are
independent	predictors	of	excessive	correction.22	 It	 is	 important	 to	 remove	any
fluid	restriction	during	the	initial	 titration	with	these	agents,	and	one	may	even
consider	using	a	smaller	 initial	dose	 (7.5	mg)	 to	avoid	an	excessive	 rise	 in	 the



serum	sodium	concentration.
Identification	 of	 a	 reset	 osmostat	 is	 important	 because	 the	 therapeutic

recommendations	for	SIADH	discussed	here	do	not	apply	in	this	setting.	These
patients	generally	have	mild,	asymptomatic	hyponatremia	because	of	downward
resetting	 of	 the	 threshold	 for	 both	 ADH	 release	 and	 thirst.	 Because
osmoregulatory	function	is	normal	around	the	new	baseline,	attempting	to	raise
the	 plasma	 sodium	 concentration	 increases	ADH	 levels	 and	makes	 the	 patient
very	 thirsty,	 a	 response	 that	 is	 similar	 to	 that	 seen	 with	 water	 restriction	 in
healthy	subjects.	Thus,	efforts	to	raise	the	plasma	sodium	concentration	are	both
unnecessary	and	likely	to	be	ineffective.

TREATMENT	OF	HYPONATREMIA	IN
EDEMATOUS	STATES
Raising	 the	plasma	sodium	concentration	 in	patients	with	edema	may	be	more
difficult	 than	with	 those	conditions	described	earlier.	Most	of	 these	 individuals
have	 advanced	 CHF	 or	 liver	 disease.	 Consequently,	 sodium	 administration	 is
generally	contraindicated.

CONGESTIVE	HEART	FAILURE
Restricting	 water	 intake	 is	 the	 mainstay	 of	 therapy	 for	 hyponatremic	 patients
with	 heart	 failure,	 although	 this	 is	 often	 not	 tolerable	 because	 of	 the	 intense
stimulation	 of	 thirst.	 The	 combination	 of	 an	 angiotensin-converting	 enzyme
(ACE)	inhibitor	or	angiotensin	receptor	blocker	(ARB)	and	a	loop	diuretic	may
induce	an	elevation	of	 the	plasma	sodium	concentration.23,24	 Tolvaptan	may	 be
useful	 for	 some	 patients	 (see	 earlier)	 but	 must	 be	 initiated	 in	 the	 hospital.	 In
2013,	the	FDA	issued	a	warning	about	liver	function	abnormalities	with	the	use
of	tolvaptan.25

LIVER	DISEASE
Hyponatremia	 of	 patients	 with	 hepatic	 cirrhosis	 usually	 develops	 slowly	 and
produces	 no	 cerebral	 edema	 or	 symptoms.	 It	 is	 possible,	 however,	 that	 a	 low
plasma	sodium	concentration	can	exacerbate	hepatic	encephalopathy.	In	view	of
the	marked	sodium	and	water	retention,	the	mainstay	of	therapy	for	this	setting	is



restricting	water	intake	to	a	level	sufficient	to	induce	negative	water	balance	and
partial	 correction	 of	 the	 hyponatremia.	 Hypertonic	 saline	 or	 salt	 tablets	 are
indicated	 only	 for	 patients	 with	 symptomatic	 hyponatremia.	 Diuretics	 can	 be
given	 concurrently	 to	 prevent	 worsening	 of	 the	 edema,	 but	 overly	 rapid
correction	must	be	avoided	to	minimize	the	risk	of	central	demyelinating	lesions.
Although	tolvaptan	has	been	found	to	be	effective	for	treating	the	hyponatremia
of	 liver	 disease,	 it	 is	 currently	 not	 approved	 by	 the	 FDA	 for	 this	 indication.25
Hospitalized	 patients	 with	 cirrhosis	 and	 hyponatremia	 may	 also	 be	 given
intravenous	 albumin,	 as	 it	 has	 been	 shown	 to	 result	 in	 a	 higher	 rate	 of
hyponatremia	 resolution,	 which	 in	 turn	 is	 associated	 with	 a	 better	 30-day
survival.26	Oral	 urea	 is	 relatively	 contraindicated	 due	 to	 the	 potential	 to	 cause
hepatic	encephalopathy	through	metabolism	of	the	urea	to	ammonia.

HYPERNATREMIA
5 	 The	 primary	 problem	 during	 hypernatremia	 is	 a	 relative	 deficiency	 of	 free
water	 relative	 to	 osmotically	 active	 solutes.	 Hypernatremia	 is	 almost	 always
caused	 by	 unreplaced	 losses	 of	 free	 water,	 but	 can	 also	 be	 produced	 by	 the
administration	 of	 hypertonic	 sodium	 solutions.	 However,	 in	 almost	 all	 cases,
there	 is	 loss	 of	 free	 water.	 Persistent	 hypernatremia	 does	 not	 occur	 among
healthy	subjects	with	access	to	water	because	the	ensuing	rise	of	POsm	stimulates
both	 thirst	 and	 the	 release	 of	 ADH,	 which	 minimizes	 further	 water	 loss.	 The
associated	increase	in	water	intake	then	lowers	the	plasma	sodium	concentration
to	 normal.	 This	 regulatory	 system	 is	 so	 efficient	 that	 the	 POsm	 is	 maintained
within	a	range	of	1%	to	2%	despite	wide	variations	in	sodium	and	water	intake.
Even	patients	with	diabetes	insipidus,	who	often	have	marked	polyuria	because
of	diminished	ADH	effect,	maintain	a	near-normal	plasma	sodium	concentration
by	appropriately	increasing	water	intake.

The	 result	 is	 that	hypernatremia	occurs	primarily	among	 those	patients	who
cannot	express	thirst	normally;	most	often,	these	patients	are	infants,	adults	with
cognitive	impairments,	or	critically	ill	patients	who	often	do	not	have	access	to
water.	A	patient	with	a	plasma	sodium	concentration	of	150	mEq	per	L	or	more
who	 is	 alert	 but	 not	 thirsty	 has,	 by	 definition,	 a	 hypothalamic	 lesion	 (either
structural	or	functional)	affecting	the	thirst	center.

ETIOLOGY	OF	HYPERNATREMIA



The	major	causes	of	hypernatremia	are	listed	in	Table	199.4.

TABLE	199.4

Major	Causes	of	Hypernatremia

Unreplaced	water	loss
Insensible	and	sweat	losses
Gastrointestinal	losses
Central	or	nephrogenic	diabetes	insipidus
Hypothalamic	lesions	affecting	thirst	or	osmoreceptor	function
Primary	hypodipsia
Essential	hypernatremia
Reset	osmostat	in	mineralocorticoid	excess

Water	loss	into	cells
Severe	exercise	or	seizures

Sodium	overload

Intake	of	hypertonic	sodium	solutions

FREE	WATER	LOSS
The	 unreplaced	 loss	 of	 solute-free	 water	 leads	 to	 an	 elevation	 in	 the	 plasma
sodium	 concentration.	 Because	 the	 plasma	 sodium	 concentration	 and	 POsm	 are
determined	 by	 the	 ratio	 of	 total	 body	 solutes	 (ie,	 effective	 osmoles,	 chiefly
sodium	and	potassium	salts)	to	TBW,	the	amounts	of	sodium	and	potassium	in	a
fluid	determine	how	loss	of	that	fluid	affects	body	osmolality.1	The	composition
of	 diarrheal	 fluid	 can	 be	 used	 to	 illustrate	 this	 point.	Many	 viral	 and	 osmotic
diarrheas	are	associated	with	an	isosmotic	diarrheal	fluid	that	has	a	sodium	plus
potassium	concentration	between	40	and	100	mEq	per	L;	organic	solutes,	which
do	not	affect	the	plasma	sodium	concentration,	make	up	the	remaining	osmoles.
Loss	of	 this	 fluid	 tends	 to	 induce	hypernatremia	because	water	 is	being	 lost	 in
excess	of	sodium	plus	potassium.	Similar	considerations	apply	to	urinary	losses
during	an	osmotic	diuresis	induced	by	glucose,	mannitol,	or	urea.	Patients	with
secretory	diarrheas	such	as	cholera	excrete	a	diarrheal	 fluid	with	a	sodium	and



potassium	 concentration	 similar	 to	 that	 of	 plasma.	 Loss	 of	 this	 fluid	 causes
volume	and	potassium	depletion	but	does	not	directly	affect	the	plasma	sodium
concentration.

With	these	considerations	in	mind,	the	sources	of	free	water	loss	that	can	lead
to	hypernatremia	if	intake	is	not	increased	include	the	following:

Insensible	and	sweat	losses.	Insensible	water	losses	from	the	skin	and
respiratory	tract	by	evaporation	and	sweat	are	relatively	dilute.	The	loss	of	this
fluid	is	increased	by	fever,	exercise,	and	exposure	to	high	temperatures.
Patients	receiving	mechanical	ventilation	have	decreased	water	losses	from
the	respiratory	tract	as	the	circuit	is	typically	humidified.
GI	losses.	As	mentioned	previously,	most	GI	losses	promote	the	development
of	hypernatremia	because	the	sodium	plus	potassium	concentration	is	less	than
that	in	the	plasma.	An	elevation	in	the	plasma	sodium	concentration	with	a
diarrheal	illness	is	particularly	common	in	infants.
Central	or	nephrogenic	diabetes	insipidus.	Decreased	release	of	ADH	or	renal
resistance	to	its	effect	causes	the	excretion	of	relatively	dilute	urine.	Most
affected	patients	have	a	normal	thirst	mechanism	and	typically	present	with
polyuria	and	polydipsia	and	a	high-normal	plasma	sodium	concentration.
However,	marked	and	symptomatic	hypernatremia	occurs	if	there	is
inadequate	replacement	(either	oral	or	intravenous)	of	the	urinary	water
losses.
Central	diabetes	insipidus	(CDI)	is	associated	with	deficient	secretion	of
ADH.	This	condition	is	most	often	idiopathic	(possibly	as	a	result	of
autoimmune	injury	to	the	ADH-producing	cells)	or	induced	by	trauma,
pituitary	surgery	or	infiltration,	or	hypoxic	or	ischemic	encephalopathy.
Nephrogenic	diabetes	insipidus	(NDI)	is	characterized	by	normal	ADH
secretion	but	varying	degrees	of	renal	resistance	to	its	water-retaining	effect.
In	its	mild	form,	NDI	is	relatively	common	because	most	patients	who	are
elderly	or	who	have	underlying	renal	disease	have	a	reduction	in	maximum
concentrating	ability.	This	defect,	however,	is	not	severe	enough	to	produce	a
symptomatic	increase	of	urine	output.	True	polyuria	owing	to	ADH	resistance
occurs	primarily	in	four	settings:	chronic	lithium	use,	hypercalcemia,	severe
hypokalemia,	and	X-linked	hereditary	NDI	in	children	in	which	there	is	an
abnormality	in	the	renal	V2	receptors	for	ADH	or	in	the	ADH-sensitive	water
channel	(aquaporin	2).27
Osmotic	diuresis.	An	osmotic	diuresis	owing	to	glucose,	mannitol,	or	urea
causes	an	increase	in	urine	output	in	which	the	sodium	plus	potassium
concentration	is	well	below	that	in	the	plasma	because	of	the	presence	of	the



excreted	organic	solute.	Patients	with	diabetic	ketoacidosis	or	nonketotic
hyperglycemia	typically	present	with	hyperosmolality,	although	the	plasma
sodium	concentration	may	be	kept	normal	or	low	by	the	hyperglycemia-
induced	water	movement	out	of	cells.
Hypothalamic	lesions	affecting	thirst	or	osmoreceptor	function.
Hypernatremia	can	occur	in	the	absence	of	increased	water	losses	when	there
is	a	primary	hypothalamic	disease	impairing	thirst	(called	hypodipsia).	For
patients	with	this	problem,	forced	water	intake	is	usually	sufficient	to	maintain
a	normal	plasma	sodium	concentration,	although	CDI,	if	present,	should	be
treated.

Other	hypodipsic	patients	do	not	respond	to	water	loading,	because	the	excess
water	 is	 excreted	 in	 the	 urine	 with	 little	 change	 of	 the	 plasma	 sodium
concentration.	 These	 patients	 have	 selective	 injury	 to	 the	 hypothalamic
osmoreceptors,	 with	 ADH	 secretion	 being	 primarily	 governed	 by	 changes	 of
blood	volume	(volume	receptors	remain	 intact).	Thus,	 the	suppression	of	ADH
release	 by	 water	 loading	 of	 such	 patients	 is	 caused	 by	 the	 associated	 mild
volume	 expansion	 rather	 than	 to	 a	 fall	 in	 POsm.28	 This	 disorder	 was	 termed
essential	hypernatremia,	but	is	now	called	adipsic	diabetes	insipidus.	Correction
is	difficult,	because	ADH	release	and	its	suppression	are	driven	by	volume	and
not	by	the	serum	osmolality.

True	 upward	 resetting	 of	 the	 osmostat	 has	 been	 described	 only	 in	 patients
with	primary	mineralocorticoid	excess	(such	as	in	primary	hyperaldosteronism).
Presumably,	 the	suppressive	effect	of	chronic	mild	volume	expansion	on	ADH
release	is	responsible	for	this	phenomenon.	The	plasma	sodium	concentration	in
these	patients	 is	 frequently	between	141	and	145	mEq	per	L,	which	may	be	 a
clue	to	the	diagnosis.

WATER	LOSS	INTO	CELLS
Transient	hypernatremia,	during	which	the	plasma	sodium	concentration	can	rise
by	10	to	15	mEq	per	L	within	a	few	minutes,	can	be	induced	by	intense	exercise
or	seizures,	activities	that	are	also	associated	with	lactic	acidosis.	In	this	setting,
the	 intracellular	 breakdown	 of	 glycogen	 into	 smaller,	 more	 osmotically	 active
molecules,	 such	 as	 lactate,	 can	 increase	 water	 uptake	 into	 cells.	 The	 plasma
sodium	concentration	returns	to	normal	within	5	to	15	minutes	after	the	cessation
of	exertion.



SODIUM	OVERLOAD
Acute	and	often	marked	hypernatremia,	with	plasma	sodium	concentrations	even
higher	 than	 175	 mEq	 per	 L,	 can	 be	 induced	 by	 administration	 of	 hypertonic
sodium-containing	 solutions.	 Examples	 include	 salt	 poisoning	 of	 infants	 and
young	 children,	 infusion	 of	 hypertonic	 sodium	 bicarbonate	 to	 treat	 metabolic
acidosis,	 and	 massive	 salt	 ingestion,	 such	 as	 can	 occur	 when	 a	 highly
concentrated	 saline	 emetic	 or	 gargle	 is	 swallowed.	 This	 of	 hypernatremia
corrects	spontaneously	when	renal	function	is	normal	because	the	excess	sodium
is	 rapidly	 excreted	 in	 the	 urine.	 Even	 with	 optimal	 therapy,	 however,	 the
mortality	 rate	 is	 extremely	 high	 among	 adults	 with	 a	 plasma	 sodium
concentration	that	has	suddenly	risen	to	more	than	180	mEq	per	L.29

SYMPTOMS	OF	HYPERNATREMIA
Hypernatremia	 is	 essentially	 a	mirror	 image	 of	 hyponatremia.	 The	 rise	 of	 the
plasma	sodium	concentration	and	osmolality	causes	 rapid	water	movement	out
of	the	brain;	this	decrease	of	brain	volume	can	cause	tension,	thereby	leading	to
rupture	 of	 the	 cerebral	 veins	 with	 focal	 intracerebral	 and	 subarachnoid
hemorrhages	 and	 possible	 irreversible	 neurological	 damage.	 The	 clinical
manifestations	 of	 this	 disorder	 begin	 with	 lethargy,	 weakness,	 and	 irritability,
and	 can	 progress	 to	 twitching,	 seizures,	 and	 coma.	 Severe	 symptoms	 usually
require	an	acute	elevation	of	the	plasma	sodium	concentration	to	more	than	158
mEq	per	L.

Despite	 the	 generalized	 reduction	 of	 cell	 volume	with	 hypernatremia,	 brain
volume	 is	 gradually	 restored	 because	 of	 both	 water	 movement	 from	 the
cerebrospinal	fluid	into	the	brain	(thereby	increasing	the	interstitial	volume)	and
the	uptake	of	solutes	by	the	brain	cells	(thereby	pulling	water	into	the	cells).	The
latter	response	involves	an	initial	uptake	of	sodium	and	potassium	salts,	followed
by	 the	 later	 accumulation	 of	 osmolytes	 such	 as	 inositol	 and	 the	 amino	 acids
glutamine	 and	 glutamate.30	 The	 effect	 is	 that	 these	 osmolytes,	 which	 do	 not
interfere	 with	 cell	 function,	 account	 for	 approximately	 35%	 of	 the	 new	 cell
solute.

As	 for	 hyponatremia,	 the	 cerebral	 adaptation	 of	 hypernatremia	 has	 two
important	clinical	consequences:

1.	 Chronic	hypernatremia	is	much	less	likely	to	induce	neurological
symptoms.	Assessment	of	symptoms	attributable	to	hypernatremia	is	often



difficult	because	most	affected	adults	have	underlying	neurological	or
psychiatric	disease,	which	diminishes	the	protective	thirst	mechanism	that
normally	prevents	the	development	of	hypernatremia,	even	among	patients
with	diabetes	insipidus.

2.	 Correction	of	chronic	hypernatremia	should	occur	slowly	to	prevent	rapid
fluid	movement	into	the	brain	leading	to	cerebral	edema,	which	can	cause
seizures	and	coma.	Although	the	brain	cells	can	rapidly	lose	potassium	and
sodium	in	response	to	this	cell	swelling,	the	loss	of	accumulated	osmolytes
occurs	more	slowly,	a	phenomenon	that	acts	to	hold	water	within	the	cells.

DIAGNOSIS	OF	HYPERNATREMIA	AND
POLYURIC	DISORDERS
6 	The	cause	of	the	hypernatremia	is	usually	evident	from	the	history.	When	the
cause	is	unclear,	the	correct	diagnosis	can	usually	be	established	by	evaluation	of
the	 integrity	of	 the	ADH-renal	axis	via	measurement	of	 the	UOsm.	A	rise	of	 the
plasma	sodium	concentration	is	a	potent	stimulus	to	ADH	release	as	well	as	to
thirst;	furthermore,	a	POsm	of	more	than	295	mOsm	per	kg	(representing	a	plasma
sodium	concentration	of	approximately	145-147	mEq	per	L)	generally	 leads	 to
sufficient	ADH	secretion	to	maximally	stimulate	urinary	concentration.

Thus,	when	both	hypothalamic	 and	 renal	 functions	 are	 intact,	 the	UOsm	 of	 a
person	 with	 hypernatremia	 should	 exceed	 700	 to	 800	 mOsm	 per	 kg.	 In	 this
setting,	unreplaced	insensible	or	GI	water	 losses,	sodium	overload,	or,	rarely,	a
primary	 defect	 in	 thirst	 is	 likely	 to	 be	 responsible	 for	 the	 hypernatremia.
Exogenous	ADH	does	not	produce	a	further	rise	in	the	UOsm.

The	chemical	 composition	of	 the	urine	 is	diagnostically	useful.	The	urinary
sodium	 concentration	 should	 be	 less	 than	 20	mEq	 per	 L	when	water	 loss	 and
volume	depletion	 are	 the	 primary	 problems,	 but	 it	 is	 typically	well	 above	 100
mEq	per	L	during	a	salt-overload	state.	If	the	UOsm	is	significantly	lower	than	that
of	the	hyperosmolar	plasma,	then	either	central	(ADH-deficient)	or	nephrogenic
(ADH-resistant)	diabetes	insipidus	is	present.

DIAGNOSIS	OF	POLYURIC	STATES	AND
DIABETES	INSIPIDUS



Polyuria	can	be	arbitrarily	defined	as	urine	output	exceeding	3	L	per	day.	It	must
be	differentiated	from	the	more	common	complaints	of	frequency	and	nocturia,
which	 are	 usually	 not	 associated	 with	 an	 increase	 in	 the	 total	 urine	 output.
Polyuria	 is	 a	 common	 finding	 among	 critically	 ill	 patients	 due	 to	 the	 large
volumes	 of	 intravenous	 fluids	 and	 medications	 that	 patients	 often	 receive;
however,	 in	 the	 setting	 of	 intact	 ADH	 response	 and	 kidney	 function,	 patients
should	be	able	to	maintain	normal	plasma	sodium	levels.

Excluding	 osmotic	 diuresis	 from	uncontrolled	 diabetes	mellitus,	 polyuria	 in
the	 outpatient	 setting	 is	 typically	 caused	 by	 primary	 polydipsia,	CDI,	 or	NDI.
These	conditions	are	all	associated	with	increased	urine	output	and	the	excretion
of	relatively	dilute	urine.	With	primary	polydipsia,	the	polyuria	is	an	appropriate
renal	 response	 to	 excessive	 water	 intake	 and	 is	 not	 associated	 with
hypernatremia.	In	comparison,	the	water	loss	is	inappropriate	with	either	form	of
diabetes	 insipidus.	 Thus,	 a	 low	 plasma	 sodium	 concentration	 at	 presentation
(<137	 mEq	 per	 L)	 owing	 to	 water	 overload	 is	 usually	 indicative	 of	 primary
polydipsia,	whereas	a	high-normal	plasma	sodium	concentration	(>142	mEq	per
L)	points	 toward	diabetes	 insipidus.	Marked	hypernatremia	 is	 uncommon	with
diabetes	 insipidus	 because	 loss	 of	 water	 stimulates	 the	 thirst	 mechanism,
resulting	 in	 an	 increase	of	 intake	 to	match	 the	urinary	 losses.	An	 exception	 to
this	general	rule	is	the	patient	with	a	central	lesions	impairing	both	ADH	release
and	thirst.

The	correct	diagnosis	is	often	inferred	from	the	plasma	sodium	concentration
and	from	the	history.	The	patient	should	be	questioned	about	the	causes	of	CDI
or	NDI	and	about	the	rate	of	onset	of	the	polyuria;	the	polyuria	is	usually	abrupt
in	CDI	(“I	suddenly	began	urinating	excessively	2	days	ago”)	but	gradual	in	NDI
or	 primary	 polydipsia.	 Testing	 the	 kidneys’	 ability	 to	 concentrate	 the	 urine	 in
response	to	a	high	POsm	can	confirm	the	diagnosis.	The	POsm	can	be	raised	either
by	 water	 restriction	 or,	 less	 commonly,	 by	 the	 administration	 of	 hypertonic
saline.	These	maneuvers	are	unnecessary	when	the	patient’s	POsm	is	already	at	or
above	295	mOsm	per	kg	because	endogenous	ADH	effect	on	the	kidneys	should
be	maximal.

The	water	restriction	test	for	the	evaluation	of	polyuria	involves	measurement
of	the	urine	volume	and	osmolality	every	hour	and	plasma	sodium	concentration
and	 POsm	 every	 2	 hours.	 The	 patient	 should	 stop	 drinking	 2	 to	 3	 hours	 before
beginning	 the	 test;	 overnight	 fluid	 restriction	 should	 be	 avoided	 because
potentially	 severe	 volume	 depletion	 and	 hypernatremia	 can	 occur	 in	 patients
with	marked	polyuria.

The	 water	 restriction	 test	 is	 continued	 until	 the	 UOsm	 reaches	 a	 clearly



appropriate	level	of	concentration	(approximately	600	mOsm	per	kg,	indicating
that	both	ADH	release	and	effect	are	intact),	 the	UOsm	 is	stable	on	 two	or	 three
successive	measurements	 despite	 a	 rising	 POsm,	 more	 than	 3%	 to	 5%	 of	 body
weight	 is	 lost,	 or	 the	 POsm	 exceeds	 295	 to	 300	 mOsm	 per	 kg.	 When	 urinary
concentration	is	inadequate,	exogenous	ADH	is	then	given,	usually	in	the	form
of	 10	 μg	 of	 deamino-8-d-arginine	 vasopressin	 [DDAVP;	 also	 called
desmopressin]	by	nasal	insufflation,	and	the	UOsm	and	volume	are	monitored	over
every	30	minutes	for	the	next	90	minutes.	Measuring	the	serum	ADH	level	at	the
start	of	the	test	and	immediately	before	DDAVP	is	administered	may	be	useful.

Each	 of	 the	 causes	 of	 polyuria	 produces	 a	 distinct	 pattern	 as	 depicted	 in
Figure	199.3:

	

Figure	 199.3 	 Response	 to	 antidiuretic	 hormone	 (ADH)	 after	 a
water	 restriction	 test.ADH	 is	 given	 when	 the	 osmolality	 of	 plasma
(Posm)	 reaches	295	mOsm	per	kg,	 the	 level	 at	which	maximal	ADH
release	and	response	should	be	present.	This	test	identifies	the	cause
of	polyuria	 in	approximately	80%	of	patients.	Confusion	may	arise,
however,	with	central	diabetes	insipidus	(CDI).	In	this	disorder,	some
individuals	have	lower	than	normal	ADH	levels	at	a	normal	Posm,	but
the	increase	in	ADH	(although	still	subnormal)	generates	a	maximum
urine	 response,	 presumably	 because	 of	 increased	 sensitivity.
Consequently,	these	patients	exhibit	polyuria	at	a	normal	Posm,	but	the
curve	during	the	water	restriction	test	may	mimic	partial	nephrogenic
diabetes	 insipidus	 (NDI)	 or	 primary	 polydipsia.	 Measurement	 of
plasma	ADH	levels	may	be	needed	to	distinguish	these	possibilities.
(From	Zerbe	R,	Robertson	G.	A	 comparison	 of	 plasma	 vasopressin



measurements	 with	 a	 standard	 indirect	 test	 in	 the	 differential
diagnosis	 of	 polyuria.	 N	 Engl	 J	 Med.	 1981;305:1539,	 with
permission.)

1.	 CDI	is	usually	partial	and	therefore	associated	with	a	rise	in	the	UOsm	as	the
POsm	increases.	The	degree	of	urinary	concentration	is	clearly	submaximal,
however;	and	because	ADH	release	is	inadequate,	exogenous	ADH	leads	to
a	rise	in	the	UOsm	of	15%	to	50%	and	a	corresponding	fall	in	urine	output.

2.	 NDI	is	also	associated	with	a	submaximal	rise	in	UOsm,	but	there	is	no
urinary	response	to	exogenous	ADH.	It	must	be	emphasized	that	NDI	is	a
rare	cause	of	true	polyuria	in	adults	in	the	absence	of	lithium	use,
hypercalcemia,	hypokalemia,	or,	rarely,	renal	tubular	disease.

3.	 Primary	polydipsia	is	associated	with	a	rise	in	UOsm,	usually	to	more	than
500	mOsm	per	kg,	and	no	response	to	exogenous	ADH	because
endogenous	release	is	intact.	The	chronic	polyuria	in	this	disorder	can
partially	wash	out	the	medullary	interstitial	solute	gradient;	as	a	result,
maximal	concentrating	ability	is	impaired,	and	the	UOsm	may	only	reach	500
to	600	mOsm	per	kg,	as	compared	with	800	mOsm	per	kg	or	more	in
healthy	subjects.

There	 is,	 however,	one	major	potential	 source	of	 error.	Patients	with	partial
CDI	may	be	hyperresponsive	to	the	submaximal	rise	of	ADH	induced	by	water
restriction,	 perhaps	because	of	 receptor	 upregulation.	As	 a	 result,	 they	may	be
polyuric	at	 the	normal	POsm	of	285	 to	290	mOsm	per	kg	when	ADH	levels	are
very	low,	but	 they	may	have	a	maximally	concentrated	urine	at	a	POsm	of	more
than	 295	 mOsm	 per	 kg	 when	 ADH	 levels	 are	 somewhat	 higher.	 For	 such
patients,	exogenous	ADH	is	without	effect,	 resulting	 in	a	pattern	suggestive	of
primary	polydipsia	or	NDI.	Therefore,	measurement	of	plasma	ADH	levels	may
be	useful.

In	some	polyuric	patients,	the	increase	of	urine	output	is	from	a	solute	or	an
osmotic	 diuresis	 in	 which	 decreased	 solute	 reabsorption	 is	 the	 primary
abnormality.	Although	glucosuria	is	the	most	common	cause	of	osmotic	diuresis
among	outpatients,	other	conditions	may	account	for	some	cases.	These	include
high-protein	 feedings	 (in	 which	 urea	 acts	 as	 the	 osmotic	 agent)	 and	 volume
expansion	owing	to	saline	loading	or	the	administration	of	mannitol.	The	UOsm	of
these	disorders	is	usually	greater	than	300	mOsm	per	kg,	in	contrast	to	the	dilute
urine	 typically	 found	 with	 a	 water	 diuresis.	 Total	 solute	 excretion,	 which	 is



calculated	from	the	product	of	the	UOsm	and	volume	of	a	24-hour	urine	sample,	is
normal	with	a	water	diuresis	 (600-900	mOsm	per	day)	but	markedly	 increased
with	an	osmotic	diuresis.

Although	 renal	 disease	 can	 impair	 sodium	 conservation	 in	 the	 presence	 of
volume	 depletion,	 it	 rarely	 causes	 sufficient	 sodium	 wasting	 to	 induce	 true
polyuria.	For	example,	the	polyuria	of	postobstructive	diuresis	is	caused	by	renal
excretion	 of	 excess	 fluid	 and	 solute,	 not	 water	 and	 solute	 wasting.	 Although
urine	output	may	initially	exceed	1000	mL	per	hour,	optimal	therapy	consists	of
fluid	infusion	at	a	maintenance	level,	such	as	75	mL	of	one-half	isotonic	saline
per	hour.	The	development	of	volume	depletion,	as	evidenced	by	hypotension	or
a	rise	in	the	BUN,	is	unusual	with	this	regimen.

TREATMENT	OF	HYPERNATREMIA
The	water	deficit	of	a	hypernatremic	patient	can	be	estimated	from	the	following
calculation:

This	 formula	 estimates	 the	 amount	 of	 positive	 water	 balance	 required	 to
return	 the	 plasma	 sodium	 concentration	 to	 140	mEq	 per	 L.	 The	 water	 deficit
represents	 the	 existing	 amount	 of	water	 loss	 that	must	 be	offset.	Ongoing	 free
water	losses,	 including	insensible	losses	(approximately	40	mL	per	hour),	must
also	 be	 replaced.	 The	 replacement	 fluid	 can	 be	 administered	 orally	 or
intravenously	as	D5W.	Sodium	or	potassium	can	be	added	if	there	are	concurrent
losses	of	these	cations,	but	the	addition	of	these	solutes	decreases	the	amount	of
free	water	 that	 is	 being	 given.	 It	 should	 be	 emphasized	 that	 an	 isotonic	 saline
solution	should	be	used	as	 initial	 therapy	for	 the	volume-depleted,	hypotensive
patient	because	restoration	of	tissue	perfusion	is	of	primary	importance.

RATE	OF	CORRECTION
As	 in	 hyponatremia,	 overly	 rapid	 correction	 is	 potentially	 dangerous	 during
chronic	 hypernatremia	 (present	 for	 >48	 hours).	 Rapidly	 lowering	 the	 plasma
sodium	concentration	once	osmotic	adaptation	has	occurred	may	cause	cerebral
edema	and	lead	to	seizures,	permanent	neurologic	damage,	or	death.	The	target



rate	of	correction	should	generally	be	kept	at	less	than	0.5	mEq/L/h.	However,	in
contrast	 to	hyponatremia,	 there	does	not	appear	 to	be	 the	same	 risk	of	adverse
outcomes	with	correction	of	hypernatremia	at	a	rate	of	more	than	0.5	mEq/L/hr.31
In	elderly	patients,	slow	correction	(<0.25	mEq/L/h)	is	associated	with	increased
mortality.32	Generally,	the	plasma	sodium	concentration	should	not	be	corrected
by	more	than	8	to	10	mEq	per	L	over	24	hours.	In	contrast,	acute	hypernatremia
should	be	rapidly	corrected	over	24	to	48	hours.

TREATMENT	OF	DIABETES	INSIPIDUS
The	 major	 symptoms	 of	 both	 forms	 of	 diabetes	 insipidus	 are	 polyuria	 and
polydipsia.	Treatment	for	these	disorders	is	aimed	at	decreasing	the	urine	output.

CENTRAL	DIABETES	INSIPIDUS
Because	 the	 primary	 problem	 is	 deficient	 secretion	 of	 ADH,	 control	 of	 the
polyuria	 can	 be	 achieved	 by	 hormone	 replacement	 using	 DDAVP
(desmopressin),	 a	 two-amino	 acid	 synthetic	 analogue	 of	 ADH.	 DDAVP	 is
administered	 by	 nasal	 spray,	 starting	 at	 5	 μg	 once	 a	 day.	 Because	 nocturia	 is
often	 the	 most	 troubling	 symptom,	 the	 initial	 dose	 is	 usually	 given	 at	 night.
Tablets	of	desmopressin	are	also	available	although	their	absorption	may	vary	in
different	patients.	Therefore,	switching	from	the	intranasal	form	to	a	tablet	may
require	 retitration	 and	 close	 monitoring.	 The	 starting	 dose	 of	 the	 tablet	 is
0.05	mg	at	night.	The	size	and	necessity	for	a	daytime	dose	can	be	determined
by	the	effectiveness	of	the	evening	dose.	If,	for	example,	polyuria	does	not	recur
until	noon,	then	one-half	of	the	evening	doses	may	be	sufficient	at	that	time.

One	important	potential	risk	inherent	when	treating	CDI	with	DDAVP	is	that
of	water	retention	leading	to	the	development	of	hyponatremia.	There	are	several
reasons	why	 this	may	 occur.	 Patients	 are	 no	 longer	 polyuric	 once	 on	 therapy.
Because	they	are	on	a	fixed	dose	of	DDAVP,	their	ADH	activity	is	constant	and
not	regulated.	V2	receptors	may	be	upregulated	because	of	prolonged	deprivation
of	 vasopressin.	 Finally,	 some	 patients	 may	 retain	 their	 habitually	 large
consumption	 of	 water	 even	 after	 their	 polyuria	 ceases.	 Hyponatremia	 in	 this
context	can	be	avoided	by	giving	the	minimum	dose	that	 is	required	to	control
the	polyuria.



NEPHROGENIC	DIABETES	INSIPIDUS
NDI	 results	 from	partial	 or	 complete	 resistance	 of	 the	 kidney	 to	 the	 effects	 of
ADH.	As	a	result,	patients	with	this	disorder	are	not	likely	to	respond	to	DDAVP.

For	 adults,	 a	 concentrating	 defect	 severe	 enough	 to	 produce	 polyuria	 from
NDI	is	most	often	due	to	chronic	lithium	use	or	hypercalcemia.	Less	frequently,
it	 is	 caused	 by	 other	 conditions	 that	 impair	 tubular	 function,	 such	 as	 Sjögren
syndrome.	 In	 hypercalcemic	 patients	 normalization	 of	 the	 plasma	 calcium
concentration	 usually	 leads	 to	 amelioration	 of	 polyuria.	 In	 contrast,	 lithium-
induced	 NDI	may	 be	 irreversible	 when	 the	 patient	 already	 has	 severe	 tubular
injury	and	a	marked	concentrating	defect.

Thiazide	 diuretics	 can	 diminish	 the	 degree	 of	 polyuria	 among	patients	with
persistent	 symptomatic	 NDI.	 The	 combination	 of	 a	 low-sodium	 diet	 with	 a
thiazide	diuretic	 (such	as	hydrochlorothiazide,	25	mg	once	or	 twice	daily)	acts
by	inducing	mild	volume	depletion.	As	little	as	a	1.0-	to	1.5-kg	weight	loss	can
reduce	 the	 urine	 output	 by	 more	 than	 50%,	 presumably	 mediated	 by	 a
hypovolemia-induced	increase	in	proximal	sodium	and	water	reabsorption,	with
diminished	water	delivery	to	the	ADH-sensitive	sites	in	the	collecting	tubule.

Thiazide	 diuretics	 also	 limit	 the	 ability	 to	 dilute	 the	 urine.	 As	 a	 result,	 the
concentration	 of	 urine	 in	 a	 thiazide-treated	 individual	 with	 NDI	 typically
increases,	even	in	the	absence	of	ADH.	This	contributes	to	the	decrease	in	urine
volume.	As	an	example,	in	a	patient	with	a	normal	solute	excretion	rate	of	900
mOsm/kg/day	and	a	maximum	UOsm	of	150	mOsm	per	kg	as	a	result	of	NDI,	a
urine	 output	 of	 at	 least	 6	 L	 per	 day	 is	 expected	 (900	 ÷	 150).	 In	 contrast,	 if	 a
thiazide	 diuretic	 limits	 the	 minimum	UOsm	 to	 300	 mOsm	 per	 day,	 daily	 urine
output	decreases	to	approximately	3	L	each	day	(900/300).

Thiazide-induced	 natriuresis	 can	 be	 enhanced	 by	 combination	 therapy	with
amiloride	 (or	 another	 potassium-sparing	 diuretic).	 This	 regimen	 has	 an
additional	 benefit	 in	 that	 amiloride	 partially	 blocks	 the	 potassium	 wasting
induced	 by	 the	 thiazide.	 The	 efficacy	 of	 amiloride	 in	 patients	 with	 reversible
lithium	nephrotoxicity	 is	 directly	 related	 to	 its	 site	 and	mechanism	of	 action.33
This	drug	closes	the	sodium	channels	in	the	luminal	membrane	of	the	collecting
tubule	cells.	These	channels	constitute	the	mechanism	by	which	filtered	lithium
normally	 enters	 these	 cells	 and	 then	 interferes	with	 their	 response	 to	ADH.	 In
contrast	 to	 amiloride,	 thiazide	 diuretics	 should	 be	 used	 cautiously,	 if	 at	 all,	 in
patients	with	 lithium-induced	NDI	who	are	still	 taking	 lithium	because	volume
depletion	 can	 lead	 to	 increased	 proximal	 lithium	 reabsorption	 and	 potentially
toxic	plasma	lithium	levels.



Nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs)	 cause	 inhibition	 of	 renal
prostaglandin	 synthesis.	 This	 has	 the	 effect	 of	 increasing	 concentrating	 ability
because	prostaglandins	normally	antagonize	the	urinary	concentrating	action	of
ADH.	 Not	 all	 NSAIDs	 are	 equally	 effective	 in	 a	 given	 patient.	 For	 example,
some	patients	may	have	a	good	response	to	indomethacin	but	derive	little,	if	any,
benefit	 from	 ibuprofen.	 Use	 of	 these	medications	 for	NDI	 is	 often	 limited	 by
their	GI	side	effects	and	adverse	effects	on	renal	function	with	long-term	use.

Dietary	 modification	 via	 the	 use	 of	 a	 low-sodium,	 low-protein	 diet	 can
diminish	 the	 urine	 output	 in	 patients	 with	 NDI.	 The	 resultant	 decrease	 in	 net
solute	excretion	(as	sodium	salts	and	urea)	at	any	given	UOsm	reduces	the	urine
output.

Most	patients	with	NDI	have	partial,	rather	than	complete,	resistance	to	ADH.
It	is	therefore	possible	that	administering	exogenous	ADH	at	doses	sufficient	to
achieve	supraphysiologic	hormone	levels	can	increase	the	renal	effects	of	ADH.

DISORDERS	OF	PLASMA	POTASSIUM
Potassium	 is	 the	 major	 intracellular	 cation.	 Only	 approximately	 2%	 of	 body
potassium	is	located	in	the	extracellular	space,	where	the	concentration	(3.5-5.0
mEq	 per	 L)	 is	 much	 lower	 than	 inside	 cells	 (125-140	 mEq	 per	 L).	 This
concentration	 difference	 is	 preserved	 by	 the	 Na+/K+-adenosine	 triphosphatase
(ATPase)	pump	that	actively	transports	sodium	out	of,	and	potassium	into,	most
cells.	Because	such	a	small	proportion	of	K+	is	extracellular,	even	a	slight	change
in	plasma	potassium	concentration	can	engender	dramatic	effects	on	myoneural
cell	physiology.

NORMAL	POTASSIUM	HOMEOSTASIS
Daily	 potassium	 intake	 in	 the	United	 States	 varies	 between	 40	 and	 120	mEq.
Most	 of	 this	 (approximately	 90%)	 is	 eliminated	 by	 the	 kidney	 and	 the	 rest	 is
excreted	in	stool.	In	chronic	kidney	disease,	GI	potassium	excretion	increases,	a
process	 that	 depends,	 in	 part,	 on	 aldosterone.	 Only	 approximately	 50%	 of
potassium	ingested	in	the	diet	or	administered	parenterally	appears	in	the	urine
during	the	first	4	hours.	Consequently,	more	than	half	of	an	acute	potassium	load
must	be	rapidly	translocated	into	cells	to	avert	life-threatening	hyperkalemia.



TRANSCELLULAR	POTASSIUM	SHIFTS
The	most	important	factors	involved	in	transporting	K+	intracellularly	are	insulin
and	 β-adrenergic	 stimulation.	 Insulin	 stimulates	 the	 Na+/K+-ATPase	 pump
present	in	most	cell	membranes,	accelerating	the	transfer	process.

Activation	 of	 β-adrenergic	 receptors	 (specifically	 the	 β2-receptor)	 also
stimulates	K+	movement	from	the	plasma	into	cells,	which	is	in	part	due	to	direct
stimulation	of	the	Na+/K+-ATPase	pump.	The	observation	that	 the	hypokalemic
effect	 of	 terbutaline	 (a	 β-adrenergic	 agonist)	 can	 be	 blunted	 by	 somatostatin
suggests	that	insulin	may	have	a	mediatory	role	in	the	hypokalemic	response	to
β-adrenergic	stimulation.

Aldosterone	 is	 the	 principal	 hormone	 stimulating	K+	 secretion	 by	 the	 distal
renal	tubule.	This	effect	is	important	in	all	epithelial	cell	surfaces.

RENAL	REGULATION	OF	POTASSIUM
EXCRETION
Potassium	 is	 freely	 filtered	 at	 the	 glomerulus	 so	 that	 the	 concentration	 of	 K+

entering	the	early	proximal	tubule	is	approximately	4	mEq	per	L.	Ninety	percent
of	 the	 filtered	 potassium	 load	 has	 been	 reabsorbed	by	 the	 time	 the	 glomerular
filtrate	 reaches	 the	 distal	 tubule.	 Therefore,	 most	 renal	 K+	 excretion	 normally
occurs	through	secretion	by	the	distal	nephron.	Potassium	secretion	occurs	in	the
principal	 cells	 of	 the	 cortical	 collecting	 tubule	 (Figure	 199.4).	 Movement	 of
potassium	from	the	tubular	cell	into	the	lumen	is	controlled	by	the	existing	state
of	 potassium	 balance,	 the	 rate	 of	 sodium	 reabsorption	 (a	 process	 driven	 by
aldosterone)	that	generates	a	lumen-negative	electrical	gradient	down	which	K+

can	move,	and	the	rate	of	distal	urine	flow	that	maintains	a	high	tubular	cell-to-
lumen	potassium	gradient	by	washing	away	secreted	K+.



	

Figure	199.4 	Schematic	representation	of	sodium	and	potassium
transport	 mechanisms	 in	 the	 sodium-reabsorbing	 cells	 in	 the
collecting	 tubules.The	 entry	 of	 filtered	 sodium	 into	 the	 cells	 is
mediated	 by	 selective	 sodium	 channels	 in	 the	 apical	 (luminal)
membrane;	 the	 energy	 for	 this	 process	 is	 provided	by	 the	 favorable
electrochemical	gradient	for	sodium	(cell	interior	electronegative	and
low	cell	sodium	concentration).	Reabsorbed	sodium	is	pumped	out	of
the	cell	by	 the	Na+/K+-adenosine	 triphosphatase	 (ATPase)	pump	 in
the	basolateral	(peritubular)	membrane.	The	reabsorption	of	cationic
sodium	 makes	 the	 lumen	 electronegative,	 thereby	 creating	 a
favorable	gradient	 for	 the	secretion	of	potassium	into	 the	 lumen	via
potassium	 channels	 in	 the	 apical	 membrane.	 Aldosterone	 (Aldo),
after	combining	with	the	cytosolic	mineralocorticoid	receptor	(Aldo-
R),	leads	to	enhanced	sodium	reabsorption	and	potassium	secretion	in
the	cortical	collecting	tubule	by	increasing	both	the	number	of	open
sodium	 channels	 and	 the	 number	 of	Na+/K+-ATPase	 pumps.	Atrial
natriuretic	peptide	(ANP),	on	the	contrary,	acts	primarily	in	the	inner
medullary	 collecting	 duct	 by	 combining	 with	 its	 basolateral
membrane	receptor	(ANP-R)	and	activating	guanylate	cyclase.	ANP
inhibits	 sodium	 reabsorption	 by	 closing	 the	 sodium	 channels.	 The
potassium-sparing	diuretics	amiloride	and	triamterene	act	by	closing
the	 sodium	channels	directly,	 and	 spironolactone	acts	by	competing
with	aldosterone	for	binding	to	the	mineralocorticoid	receptor.

Aldosterone	 enters	 the	 principal	 cell	 from	 the	 basolateral	 (antiluminal)	 side
and	 binds	 to	 receptors	 which	 increase	 both	 the	 production	 of	 luminal	 sodium
channels,	 and	 the	 number	 and	 activity	 of	 the	 Na+/K+-ATPase	 pumps	 in	 the
basolateral	membrane.	The	ensuing	increase	of	intracellular	potassium	favors	the
secretion	of	K+	 into	 the	 lumen,	down	the	electrochemical	gradient	provided	by



Na+	reabsorption.
In	states	of	potassium	depletion,	potassium	secretion	in	the	cortical	collecting

tubule	 is	 reduced,	 and	 potassium	 reabsorption	 stimulated.	 Reabsorption	 takes
place	 in	 the	 intercalated	 (acid-secreting)	cells	of	 this	nephron	segment	 (Figure
199.5).

	

Figure	 199.5 	 Transport	 mechanisms	 involved	 in	 hydrogen
secretion	 and	 bicarbonate	 and	 potassium	 reabsorption	 in	 type-A
intercalated	 cells	 in	 the	 cortical	 collecting	 tubule	 and	 in	 the	 outer
medullary	 collecting	 tubule	 cells.Water	 (H2O)	 within	 the	 cell
dissociates	 into	 hydrogen	 and	 hydroxyl	 anions.	 The	 former	 is
secreted	 into	 the	 lumen	 by	 H-adenosine	 triphosphatase	 (ATPase)
pumps	 in	 the	 luminal	 membrane;	 chloride	 may	 be	 cosecreted	 with
hydrogen	 to	 maintain	 electroneutrality.	 The	 hydroxyl	 anions	 in	 the
cell	 combine	with	 carbon	dioxide	 to	 form	bicarbonate	 in	 a	 reaction
catalyzed	by	carbonic	anhydrase	 (CA).	Bicarbonate	 is	 then	 returned
to	the	systemic	circulation	via	chloride-bicarbonate	exchangers	in	the
basolateral	membrane.	 The	 favorable	 inward	 concentration	 gradient
for	chloride	(plasma	and	interstitial	concentration	greater	than	that	in
the	 cell)	 provides	 the	 energy	 for	 bicarbonate	 reabsorption.	 H/K-
ATPase	pumps,	which	lead	to	both	hydrogen	secretion	and	potassium
reabsorption,	 may	 also	 be	 present	 in	 the	 luminal	 membrane.	 The
number	 of	 these	 pumps	 increases	 with	 potassium	 depletion,
suggesting	 that	 their	 main	 function	 is	 to	 promote	 potassium
conservation.

HYPOKALEMIA



7 	Potassium	entering	the	body	is	largely	stored	in	the	cells	and	then	excreted	in
the	 urine.	 Thus,	 a	 reduction	 in	 the	 plasma	 potassium	 concentration	 can	 result
from	 decreased	 intake,	 increased	 cellular	 uptake,	 or	 increased	 losses.	 These
losses,	which	are	the	most	common	contributors	to	hypokalemia,	can	occur	via
the	urine,	the	GI	tract,	or,	less	commonly,	through	the	skin	(Table	199.5).

TABLE	199.5

Major	Causes	of	Hypokalemia

Decreased	potassium	intake

Increased	entry	into	cells
Elevation	in	extracellular	pH
Increased	availability	of	insulin
Elevated	β-adrenergic	activity
Hypokalemic	periodic	paralysis
Marked	increase	in	blood	cell	production

Increased	gastrointestinal	losses

Increased	urinary	losses
Diuretics
Primary	mineralocorticoid	excess
Loss	of	gastric	secretions
Nonreabsorbable	anions
Renal	tubular	acidosis
Hypomagnesemia
Amphotericin	B
Aminoglycosides
Salt-wasting	nephropathies,	including	Bartter	syndrome
Polyuria

Increased	sweat	losses

Dialysis

CAUSES	OF	HYPOKALEMIA



Decreased	Potassium	Intake
Because	the	kidney	can	lower	potassium	excretion	to	less	than	25	mEq	per	day
in	 response	 to	 potassium	 depletion,	 decreased	 intake	 alone	 rarely	 causes
hypokalemia,	 but	 it	 can	 enhance	 the	 severity	 of	 other	 causes	 of	 potassium
depletion	such	as	diuretic	therapy.

Elevation	in	Extracellular	pH
The	 transcellular	 hydrogen	 ion	 shifts	 accompanying	metabolic	 and	 respiratory
alkalosis	obligate	 increased	sequestration	of	potassium	in	cells.	 In	general,	 this
direct	effect	is	relatively	small	because	the	plasma	potassium	concentration	falls
by	 less	 than	 0.4	 mEq	 per	 L	 for	 every	 0.1-unit	 rise	 in	 pH.	 This	 phenomenon
provides	 the	 rationale	 for	 the	administration	of	 sodium	bicarbonate	 to	 treat	 the
hyperkalemia	of	metabolic	acidosis.

Although	 the	 direct	 effect	 of	 alkalemia	 is	 relatively	 small,	 hypokalemia	 is
common	during	metabolic	alkalosis.	The	major	reason	for	this	association	is	that
the	common	underlying	causes	(diuretics,	vomiting,	or	hyperaldosteronism)	lead
to	 losses	 of	 both	 hydrogen	 and	 potassium	 ions.	 Additionally,	 urine	 losses	 of
bicarbonate	 necessary	 to	 correct	 the	metabolic	 alkalosis	will	 result	 in	 obligate
losses	of	cations	such	as	potassium	to	maintain	electroneutrality.

Increased	Availability	of	Insulin
Insulin	promotes	the	entry	of	potassium	into	skeletal	muscle	and	hepatic	cells	by
increasing	 the	activity	of	 the	Na+/K+-ATPase	pump	 in	 the	cell	membrane.	This
effect	 is	 most	 prominent	 after	 the	 administration	 of	 insulin	 to	 patients	 with
diabetic	ketoacidosis	or	severe	nonketotic	hyperglycemia.	The	plasma	potassium
concentration	can	also	be	reduced	in	nondiabetic	patients	by	a	carbohydrate	load.
Thus,	intravenous	administration	of	potassium	chloride	in	a	dextrose-containing
solution	 to	 correct	 hypokalemia	 can	 transiently	 further	 reduce	 the	 plasma
potassium	concentration	and,	possibly,	lead	to	cardiac	arrhythmias.

Elevated	β-Adrenergic	Activity
Catecholamines,	 acting	 via	 β2-adrenergic	 receptors,	 promote	 potassium	 entry
into	 the	 cells	 by	 increasing	 Na+/K+-ATPase	 activity.	 As	 a	 result,	 transient
hypokalemia	 can	 occur	with	 stress-induced	 release	 of	 epinephrine,	 as	 in	 acute



illness,	 coronary	 ischemia,	 theophylline	 intoxication,	 or	 alcohol	withdrawal.	A
similar	effect,	 in	which	 the	plasma	potassium	concentration	can	fall	acutely	by
more	than	0.5	to	1.0	mEq	per	L,	can	be	achieved	by	the	administration	of	a	β-
adrenergic	 agonist	 (such	 as	 albuterol,	 terbutaline,	 or	 epinephrine).	 This	 effect
must	 be	 considered	 when	 diuretic	 therapy	 is	 used	 for	 the	 treatment	 of
hypertension	 among	 patients	 receiving	 β-agonists	 for	 asthma	 or	 chronic	 lung
disease.	 The	 hypokalemic	 response	 to	 epinephrine	 can	 be	 blocked	 by	 a
nonselective	 β-blocker	 (such	 as	 propranolol),	 but	 a	 β1-selective	 agent	 (such	 as
atenolol)	offers	no	protection,	at	least	at	lower	doses	(<100	mg	per	day).

Hypokalemic	Periodic	Paralysis
Hypokalemic	 periodic	 paralysis	 is	 a	 rare	 disorder	 of	 uncertain	 cause
characterized	by	potentially	fatal	episodes	of	muscle	weakness	or	paralysis	that
can	 affect	 the	 respiratory	 muscles.	 Acute	 attacks—in	 which	 the	 sudden
movement	 of	 potassium	 into	 the	 cells	 can	 lower	 the	 plasma	 potassium
concentration	to	as	low	as	1.5	to	2.5	mEq	per	L—are	often	precipitated	by	rest
after	 exercise,	 stress,	 or	 a	 carbohydrate	meal,	 events	 that	 are	 often	 associated
with	increased	release	of	epinephrine	or	insulin.	Hypokalemic	periodic	paralysis
may	be	familial	with	autosomal	dominant	 inheritance,	or	 it	may	be	acquired	in
patients	(often,	but	not	exclusively,	Asian	men)	with	thyrotoxicosis.

Oral	 administration	 of	 60	 to	 120	mEq	 of	 potassium	 chloride	 usually	 aborts
acute	 attacks	 within	 15	 to	 20	 minutes.	 Another	 60	 mEq	 can	 be	 given	 if	 no
improvement	is	noted.	The	presence	of	hypokalemia	must	be	confirmed	before
therapy	because	potassium	can	worsen	episodes	caused	by	the	normokalemic	or
hyperkalemic	 forms	 of	 periodic	 paralysis.	 Furthermore,	 excess	 potassium
administration	during	an	acute	episode	may	lead	to	posttreatment	hyperkalemia
as	potassium	moves	back	out	of	the	cells.

MARKED	INCREASE	OF	BLOOD	CELL
PRODUCTION
An	acute	increase	in	hematopoietic	cell	production	is	associated	with	potassium
uptake	by	the	new	cells	and	possible	hypokalemia.	This	most	often	occurs	after
the	administration	of	vitamin	B12	or	folic	acid	to	treat	a	megaloblastic	anemia	or
of	granulocyte-macrophage	colony-stimulating	factor	to	treat	neutropenia.

Metabolically	 active	 blood	 cells	 may	 continue	 to	 absorb	 potassium	 after



blood	 has	 been	 drawn.	 This	 phenomenon	 has	 been	 described	 among	 patients
with	acute	myeloid	leukemia	and	a	high	white	blood	cell	count.	In	these	patients,
the	measured	 plasma	 potassium	 concentration	may	 be	 less	 than	 1	mEq	 per	 L
(without	symptoms)	when	the	blood	is	allowed	to	stand	at	room	temperature	for
a	prolonged	period	before	separation	of	the	plasma	from	the	cells.

HYPOTHERMIA
Accidental	or	induced	hypothermia	(as	occurs	during	cardiac	bypass	or	targeted
temperature	management)	can	accelerate	potassium	movement	into	the	cells	and
lower	 the	 plasma	 potassium	 concentration	 to	 less	 than	 3.0	 mEq	 per	 L.
Additionally,	the	phenomenon	of	cold-induced	diuresis,	due	to	redistribution	of
blood	from	the	periphery	to	the	central	circulation,	can	lead	to	increased	urinary
potassium	 losses.	 In	 contrast,	 hyperkalemia	 of	 an	 individual	 with	 severe
hypothermia	usually	signifies	irreversible	tissue	necrosis.

Medications/Toxins
Barium	sulfide,	used	in	pesticides,	 radiological	 imaging,	and	depilatory	agents,
has	 been	 reported	 to	 cause	 severe	 transient	 hypokalemia	 when	 ingested.34
Hypokalemia	is	a	complication	of	severe	chloroquine	overdose.35

Increased	Gastrointestinal	Losses
Loss	 of	 gastric	 or	 intestinal	 secretions	 from	 any	 cause	 (vomiting,	 diarrhea,
laxatives,	or	 tube	drainage)	is	associated	with	potassium	wasting	and,	possibly,
hypokalemia.	 However,	 it	 should	 be	 emphasized	 that	 the	 concentration	 of
potassium	in	gastric	secretions	 is	 relatively	 low	(5-10	mEq	per	L)	and	 that	 the
potassium	 depletion	 is	 primarily	 because	 of	 increased	 urinary	 losses.	 The
metabolic	alkalosis	that	results	from	loss	of	gastric	secretions	raises	the	plasma
bicarbonate	concentration	and,	therefore,	the	filtered	bicarbonate	load	above	its
proximal	tubular	reabsorptive	threshold.	More	sodium	bicarbonate	and	water	are
thus	 delivered	 to	 the	 distal	 potassium	 secretory	 site	 in	 the	 presence	 of
hypovolemia-induced	aldosterone	release.	Secreted	potassium	combines	with	the
negatively	 charged	 bicarbonate	 and	 is	 excreted	 in	 the	 final	 urine,	 leading	 to
hypokalemia.

The	urinary	potassium	wasting	seen	with	loss	of	gastric	secretions	is	typically
most	 prominent	 during	 the	 first	 few	 days;	 thereafter,	 proximal	 bicarbonate



reabsorptive	capacity	increases,	leading	to	a	marked	reduction	in	urinary	sodium,
bicarbonate,	and	potassium	excretion.	At	this	time,	the	urine	pH	falls	from	more
than	7.0	to	less	than	5.5.

The	administration	of	potassium-binding	resins,	such	as	sodium	polystyrene
sulfonate	(SPS),	patiromer,	and	sodium	zirconium	cyclosilicate,	increases	the	GI
losses	of	potassium	by	binding	potassium	and	preventing	absorption.

Increased	Urinary	Losses
Urinary	potassium	excretion	 is	mostly	derived	 from	potassium	secretion	 in	 the
distal	nephron,	particularly	by	the	principal	cells	in	the	cortical	collecting	tubule.
This	 process	 is	 primarily	 influenced	by	 two	 factors:	 aldosterone	 and	 the	 distal
delivery	 of	 sodium	 and	 water.	 Urinary	 potassium	 wasting	 generally	 requires
increases	in	aldosterone	or	in	distal	flow.	Aldosterone	acts	partly	by	stimulating
sodium	 reabsorption.	 The	 removal	 of	 cationic	 sodium	 makes	 the	 lumen
relatively	 electronegative,	 thereby	promoting	 passive	 potassium	 secretion	 from
the	 tubular	 cell	 into	 the	 lumen	 through	 specific	 potassium	 channels	 in	 the
luminal	membrane.

Diuretics
Any	 diuretic	 that	 acts	 proximal	 to	 the	 potassium	 secretory	 site,	 including
carbonic	 anhydrase	 inhibitors	 and	 loop	 and	 thiazide	 diuretics,	 increases	 distal
nephron	 sodium	delivery	 and,	 via	 the	 induction	of	 volume	depletion,	 activates
the	 renin-angiotensin-aldosterone	 system.	 As	 a	 result,	 urinary	 potassium
excretion	increases,	potentially	leading	to	hypokalemia.

Primary	Mineralocorticoid	Excess
Urinary	 potassium	 wasting	 is	 characteristic	 of	 any	 condition	 associated	 with
primary	 hypersecretion	 of	 a	mineralocorticoid,	 as	 occurs	 with	 an	 aldosterone-
producing	adrenal	adenoma.	Affected	patients	are	usually	hypertensive,	and	the
differential	diagnosis	includes	diuretic	therapy	(which	may	be	surreptitious)	in	a
patient	 with	 underlying	 hypertension	 and	 renovascular	 disease,	 in	 which
increased	 secretion	 of	 renin	 leads	 to	 enhanced	 aldosterone	 release.	 By
comparison,	 plasma	 renin	 activity	 is	 suppressed	 in	 primary	 states	 of
mineralocorticoid	excess.



Nonreabsorbable	Anions
The	presence	of	nonreabsorbable	anions	in	the	filtrate	draws	increased	amounts
of	 sodium	 to	 the	 distal	 nephron	 where	 it	 is	 reabsorbed	 at	 the	 expense	 of
potassium.	 Examples	 of	 nonreabsorbable	 anions	 include	 bicarbonate	 with
vomiting-induced	 metabolic	 alkalosis,	 β-hydroxybutyrate	 during	 diabetic
ketoacidosis,	hippurate	with	toluene	exposure	(glue	sniffing),	and	penicillin	for
patients	 receiving	 high-dose	 penicillin	 therapy.	 The	 effect	 of	 nonreabsorbable
anions	 is	 augmented	 when	 there	 is	 concurrent	 volume	 depletion.	 Both	 the
resulting	 decrease	 of	 distal	 chloride	 delivery	 (limiting	 the	 ability	 of	 chloride
reabsorption	 to	 dissipate	 the	 lumen-negative	 gradient)	 and	 the	 enhanced
secretion	of	aldosterone	promote	potassium	secretion.

Metabolic	Acidosis
Increased	 urinary	 potassium	 losses	 can	 occur	 in	 several	 forms	 of	 metabolic
acidosis	 by	 mechanisms	 similar	 to	 those	 already	 described.	 In	 diabetic
ketoacidosis,	 for	example,	 increased	distal	sodium	and	water	delivery	(because
of	 the	 glucose-induced	 osmotic	 diuresis),	 hypovolemia-induced
hyperaldosteronism,	 and	 β-hydroxybutyrate	 acting	 as	 a	 nonreabsorbable	 anion
can	contribute	 to	potassium	wasting.	Potassium	wasting	can	also	occur	 in	both
type-1	(distal)	and	type-2	(proximal)	renal	tubular	acidosis	(RTA)	(Chapter	198).

Hypomagnesemia
Hypomagnesemia	 is	 present	 in	 up	 to	 40%	 of	 patients	 with	 hypokalemia.	 For
many	 cases,	 such	 as	 with	 diuretic	 therapy,	 vomiting,	 or	 diarrhea,	 there	 are
concurrent	potassium	and	magnesium	losses.	Hypomagnesemia	of	any	cause	can
lead	 to	 increased	 urinary	 potassium	 losses.	 A	 direct	 effect	 of	 magnesium	 on
tubular	potassium	transport	is	likely	the	mechanism	by	which	hypomagnesemia
promotes	kaliuresis.36	Diagnosis	of	concomitant	hypomagnesemia	is	particularly
important	 because	 the	 hypokalemia	 often	 cannot	 be	 corrected	 until	 the
magnesium	deficit	is	corrected.

Salt-Wasting	Nephropathies
Occasionally,	 renal	diseases	associated	with	decreased	proximal,	 loop,	or	distal
sodium	 reabsorption	 can	 lead	 to	 hypokalemia	 via	 a	mechanism	 similar	 to	 that
induced	by	diuretics.	This	problem	may	arise	in	patients	with	Bartter	syndrome



or	 Gitelman	 syndrome,	 tubulointerstitial	 diseases,	 such	 as	 interstitial	 nephritis
secondary	 to	 Sjögren	 syndrome	 or	 lupus,	 hypercalcemia,	 and	 tubular	 injury
induced	 by	 lysozyme	 in	 patients	 with	 acute	 monocytic	 or	 myelomonocytic
leukemia.

Polyuria
In	the	presence	of	potassium	depletion,	healthy	subjects	can	lower	their	urinary
potassium	concentration	 to	5	 to	10	mEq	per	L.	 If,	however,	 the	urine	output	 is
greater	than	5	to	10	L	per	day,	obligatory	potassium	losses	can	exceed	to	50	to
100	 mEq	 in	 this	 period.	 This	 problem	 is	 most	 likely	 to	 occur	 in	 primary
polydipsia,	in	which	the	urine	output	may	be	elevated	during	a	prolonged	period.
An	equivalent	degree	of	polyuria	can	also	occur	 in	CDI,	but	patients	with	 this
disorder	typically	seek	medical	care	soon	after	the	polyuria	has	begun.

Transcutaneous	Losses
Daily	potassium	loss	through	the	skin	is	normally	negligible	because	the	volume
of	perspiration	is	low	and	the	potassium	concentration	is	only	5	to	10	mEq	per	L.
However,	subjects	exercising	in	a	hot	climate	can	produce	10	L	or	more	of	sweat
per	day,	leading	to	potassium	depletion	if	these	losses	are	not	replaced.	Urinary
potassium	excretion	may	also	contribute	because	aldosterone	release	is	enhanced
by	both	exercise	(via	catecholamine-induced	renin	secretion)	and	volume	loss.

Extensive	burns	are	another	situation	 in	which	potassium	losses	 through	the
skin	may	cause	hypokalemia.	Although	the	concentration	of	potassium	in	sweat
is	low,	the	potassium	concentration	of	fluid	lost	through	the	skin	after	burns	may
greatly	exceed	the	plasma	level	because	of	local	tissue	breakdown,	which	leads
to	the	release	of	potassium	from	cells.

Dialysis
Although	 patients	 with	 end-stage	 renal	 disease	 (ESRD)	 typically	 retain
potassium	and	tend	to	be	mildly	hyperkalemic,	hypokalemia	can	be	 induced	 in
some	patients	by	maintenance	dialysis.	This	is	more	likely	to	occur	in	patients	on
chronic	 peritoneal	 dialysis,	 in	 whom	 dialysis	 is	 performed	 every	 day.	 By
comparison,	hemodialysis	treatments	are	typically	administered	only	three	times
per	 week.	 Nevertheless,	 transient	 hypokalemia	 often	 follows	 a	 hemodialysis
treatment.



CLINICAL	MANIFESTATIONS
Most	 individuals	with	mild	hypokalemia	 exhibit	 no	 symptoms	 referable	 to	 the
low	plasma	K+	concentration.	The	major	disturbances	seen	with	more	severe	K+

deficiency	 are	 changes	 of	 cardiovascular,	 neuromuscular,	 and	 renal	 function.
Cardiac	 toxicity	 may	 be	 manifested	 by	 serious	 arrhythmias	 because	 of
hyperpolarization	 of	 the	 myocardial	 cell	 membrane	 (as	 manifested	 on	 the
electrocardiogram	 (ECG)	 by	 a	 prolonged	QT	 interval),	 leading	 to	 a	 prolonged
refractory	 period	 and	 increased	 susceptibility	 to	 reentrant	 arrhythmias.	 Earlier
ECG	 changes	 of	 hypokalemia	 include	 T-wave	 depression	 with	 prominent	 U
waves	(Figure	199.6).

	

Figure	 199.6 	 Both	 hypokalemia	 and	 hyperkalemia	 can	 cause
changes	 in	 the	 patient’s	 electrocardiogram.The	 electrocardiogram
from	 a	 patient	 with	 moderate	 hypokalemia	 shows	 prominent	 U
waves.

Hyperpolarization	 also	 slows	 down	 nerve	 conduction	 and	 muscle
contractions,	 which	 may	 contribute	 to	 symptoms	 such	 as	 muscle	 weakness,
cramps,	 and	 paresthesias,	 although	 these	 are	 usually	 not	 observed	 until	 the
plasma	K+	 concentration	 is	 less	 than	2.5	mEq	per	L.	Severe	hypokalemia	may
promote	 rhabdomyolysis.	 Profound	 hypokalemia	 can	 also	 impair	 respiratory
muscle	function,	leading	to	hypoventilation.

Polyuria	caused	by	stimulation	of	thirst	and	resistance	to	the	action	of	ADH
are	 the	 primary	 renal	 manifestations	 of	 hypokalemia.	 Increased	 thirst	 results
from	 direct	 stimulation	 of	 the	 hypothalamic	 thirst	 center	 as	 well	 as	 from	 an
appropriate	response	to	polyuria.	The	mechanism	of	resistance	to	ADH	appears
to	be	because	of	reduced	expression	of	the	water	channel	(aquaporin-2).

DIAGNOSIS
The	cause	of	hypokalemia	can	usually	be	determined	from	the	history.	In	some



cases,	 the	 diagnosis	 is	 not	 readily	 apparent.	 The	 surreptitious	 vomiting	 of
bulimia	 or	 the	 diarrhea	 of	 laxative	 abuse	 may	 be	 omitted	 from	 the	 patient’s
history.	 Measurement	 of	 blood	 pressure,	 urinary	 potassium	 excretion,	 and
assessment	of	acid-base	balance	are	often	helpful	in	such	cases.

URINARY	POTASSIUM
In	 the	presence	of	potassium	depletion,	 a	healthy	 subject	 should	 lower	urinary
potassium	excretion	to	less	than	30	mEq	per	day;	values	above	this	level	reflect
at	least	a	contribution	from	urinary	potassium	wasting.	Random	measurement	of
the	urine	potassium	concentration	can	be	used	but	is	less	accurate	than	a	24-hour
collection.	 Extrarenal	 losses	 probably	 are	 present	 if	 the	 urine	 potassium
concentration	is	less	than	15	mEq	per	L	unless	the	patient	is	markedly	polyuric.
Higher	values	do	not	necessarily	indicate	potassium	wasting	if	the	urine	volume
is	reduced.	The	response	to	potassium	depletion	is	twofold:	decreased	potassium
secretion	by	the	collecting	tubule	principal	cells	and	increased	active	potassium
reabsorption	 by	H/K-ATPase	 pumps	 in	 the	 luminal	membrane	 of	 the	 adjacent
type-A	 intercalated	cells	 (Figure	199.5).	These	pumps,	which	 are	 activated	by
hypokalemia,	reabsorb	potassium	and	secrete	hydrogen.

Once	 urinary	 potassium	 excretion	 is	 measured,	 the	 following	 diagnostic
possibilities	should	be	considered	 in	 the	patient	with	hypokalemia	of	uncertain
origin:

Metabolic	acidosis	with	a	low	rate	of	renal	potassium	excretion	is	suggestive
of	lower	GI	losses	from	diarrhea,	laxative	abuse,	or	a	villous	adenoma.
Metabolic	acidosis	with	renal	potassium	wasting	is	most	often	caused	by
diabetic	ketoacidosis	or	by	type-1	(distal)	or	type-2	(proximal)	RTA.	A	salt-
wasting	nephropathy	can	produce	similar	findings,	with	the	associated	renal
insufficiency	responsible	for	the	acidemia.
Metabolic	alkalosis	with	a	low	rate	of	urinary	potassium	excretion	may	be
because	of	surreptitious	vomiting	or	diuretic	use	if	the	urinary	collection	is
obtained	several	days	after	the	vomiting	or	diuretic	use	has	been	halted.
Metabolic	alkalosis	with	renal	potassium	wasting	and	a	normal	blood	pressure
most	often	results	from	ongoing	vomiting,	diuretic	use,	or,	far	less	commonly,
from	Bartter’s	syndrome	or	Gitelman	syndrome.	A	low	urine	chloride
concentration	(<25	mEq/L)	helps	to	distinguish	the	hypokalemia	of	vomiting
from	that	of	diuretics	or	Bartter	syndrome	and	Gitelman	syndrome.
Metabolic	alkalosis	with	potassium	wasting	and	hypertension	suggests



surreptitious	diuretic	therapy	in	patients	with	underlying	hypertension,
renovascular	disease,	or	one	of	the	causes	of	primary	mineralocorticoid
excess.

The	possible	presence	of	primary	mineralocorticoid	excess	(with	aldosterone
and,	 to	 a	 lesser	 degree,	 deoxycorticosterone	 being	 the	 major	 endogenous
mineralocorticoids)	 should	 be	 suspected	 in	 any	 patient	 with	 hypertension	 and
unexplained	hypokalemia	and	metabolic	alkalosis.

The	ingestion	of	licorice	can	produce	a	similar	clinical	and	metabolic	picture.
The	 active	 compound	 in	 licorice,	 glycyrrhizic	 acid,	 inhibits	 renal	 11β-
hydroxysteroid	 dehydrogenase	 activity.	 This	 enzyme	 normally	 inactivates
cortisol.	 The	 result	 is	 cortisol-induced	 stimulation	 of	 the	 mineralocorticoid
receptor,	leading	to	renal	sodium	retention	and	potassium	loss.

The	 other	 major	 cause	 of	 hypertension	 and	 hypokalemia	 is	 renovascular
disease,	 in	 which	 the	 hypersecretion	 of	 renin	 leads	 sequentially	 to	 increased
secretion	of	angiotensin	II	and	then	aldosterone.	It	is	important	to	be	aware	that
hypokalemia	 is	characteristic	of	malignant	hypertension,	which	 is	a	high	renin,
high	aldosterone	state,	regardless	of	the	underlying	cause.

TREATMENT
Although	hypokalemia	can	be	transiently	induced	by	the	entry	of	potassium	into
the	 cells,	 most	 cases	 are	 caused	 by	 GI	 or	 urinary	 losses.	 Optimal	 therapy
depends	 on	 the	 severity	 of	 the	 potassium	 deficit;	 somewhat	 different
considerations	 are	 required	 to	 minimize	 continued	 urinary	 losses	 caused	 by
diuretic	 therapy	 or,	 less	 often,	 to	 one	 of	 the	 causes	 of	 primary
hyperaldosteronism.	Concurrent	magnesium	deficits	should	be	corrected	as	well,
or	the	hypokalemia	may	be	more	difficult	to	treat.	Additionally,	if	hyponatremia
is	 also	 present,	 correction	 of	 hypokalemia	 will	 ultimately	 move	 potassium
intracellularly	and	can	 lead	 to	movement	of	sodium	out	of	 the	cell.	This	could
cause	the	plasma	sodium	to	climb	faster	than	it	might	otherwise.

POTASSIUM	DEFICIT
The	total	potassium	deficit	can	only	be	approximated	because	there	 is	no	strict
correlation	 between	 the	 plasma	 potassium	 concentration	 and	 total	 body
potassium	stores.	In	general,	the	loss	of	200	to	400	mEq	of	potassium	is	required
to	lower	the	plasma	potassium	concentration	from	4	to	3	mEq	per	L;	the	loss	of



an	 additional	 200	 to	 400	 mEq	 lowers	 the	 plasma	 potassium	 concentration	 to
approximately	 2	 mEq	 per	 L.	 Continued	 potassium	 losses	 do	 not	 as	 readily
worsen	the	degree	of	hypokalemia	because	of	the	release	of	potassium	from	the
intracellular	pool.

These	estimates	assume	a	normal	distribution	of	potassium	between	the	cells
and	 the	 extracellular	 fluid.	 The	 most	 common	 setting	 in	 which	 this	 does	 not
apply	 is	diabetic	ketoacidosis,	 a	disorder	 in	which	hyperosmolality	and	 insulin
deficiency	favor	the	movement	of	potassium	out	of	the	cells.	As	a	result,	patients
with	 this	 disorder	 may	 have	 a	 normal	 or	 even	 elevated	 plasma	 potassium
concentration	at	presentation,	despite	having	incurred	a	marked	potassium	deficit
owing	 to	 urinary	 or	 GI	 losses,	 or	 both.	 Potassium	 supplementation	 for	 these
patients	should	begin	once	the	plasma	potassium	concentration	is	4.5	mEq	per	L
or	less,	provided	that	the	patient	is	producing	urine,	because	the	administration
of	 insulin	 and	 fluids	 may	 cause	 a	 precipitous	 drop	 in	 the	 plasma	 potassium
concentration.

POTASSIUM	PREPARATIONS
Intravenous	 or	 oral	 potassium	 chloride	 generally	 is	 the	 preferred	 treatment	 for
hypokalemia.	 Use	 of	 the	 chloride	 salt	 has	 two	 important	 advantages.	 First,
potassium	chloride	more	rapidly	raises	the	plasma	potassium	concentration	than
does	 potassium	 bicarbonate	 or	 potassium	 citrate,	 the	 citrate	 being	 rapidly
metabolized	 to	 bicarbonate.	 Bicarbonate	 enters	 cells	 more	 readily	 than	 does
chloride.	 The	 retention	 of	 chloride	 in	 the	 extracellular	 fluid,	 obligated	 by	 the
need	 to	maintain	 electroneutrality,	 limits	 the	 initial	 entry	of	potassium	 into	 the
cells,	 thereby	 maximizing	 the	 rise	 in	 the	 plasma	 potassium	 concentration.
Second,	 most	 patients	 with	 hypokalemia	 also	 have	 metabolic	 alkalosis.	 For
example,	with	diuretic	therapy,	vomiting,	and	hyperaldosteronism,	hydrogen	loss
accompanies	 that	of	potassium.	Potassium	must	be	given	with	chloride	 to	such
patients	if	both	the	hypokalemia	and	the	alkalosis	are	to	be	corrected	optimally
(Chapter	198).	In	comparison,	potassium	bicarbonate	or	potassium	citrate	can	be
given	 to	 patients	 with	 hypokalemia	 and	metabolic	 acidosis,	 such	 as	 occurs	 in
RTA	and	chronic	diarrheal	states.

Oral	potassium	chloride	can	be	given	in	crystalline	form	(salt	substitutes),	as
a	liquid,	or	in	a	slow-release	tablet	or	capsule.	Salt	substitutes	contain	50	to	65
mEq	per	level	teaspoon;	they	may	be	the	ideal	form	of	oral	therapy,	because	they
are	safe,	well	tolerated,	and	much	cheaper	than	the	other	preparations.	Potassium
chloride	solutions,	on	the	other	hand,	are	often	unpalatable,	and	the	slow-release



preparations	can,	in	rare	cases,	cause	ulcerative	or	stenotic	lesions	in	the	GI	tract
as	a	result	of	the	local	accumulation	of	high	concentrations	of	potassium.

Merely	 increasing	 the	 intake	 of	 potassium-rich	 foods	 such	 as	 oranges	 and
bananas	 is	 generally	 less	 effective	 in	 the	 absence	of	 renal	 insufficiency.	These
foods	 contain	 potassium	 phosphate	 and	 citrate	 rather	 than	 chloride	 and	 are
therefore	less	likely	to	correct	the	hypokalemia	and	metabolic	alkalosis.

Potassium	chloride	can	be	given	intravenously	to	patients	who	are	unable	to
eat	or	who	have	severe	hypokalemia.	It	 is	usually	added	to	a	solution	in	which
the	 concentration	 should	 generally	 not	 exceed	 40	 mEq	 of	 potassium	 per	 L
because	higher	concentrations	can	lead	to	pain	and	sclerosis	of	a	peripheral	vein.
A	 saline	 solution	 is	 preferred	 to	 a	dextrose	 solution	 for	 initial	 therapy	because
the	 administration	 of	 dextrose	 can	 lead	 to	 a	 transient	 0.2	 to	 1.4	 mEq	 per	 L
reduction	 in	 the	 plasma	 potassium	 concentration	 because	 of	 glucose-induced
insulin	release.

MILD-TO-MODERATE	POTASSIUM	DEPLETION
The	majority	of	patients	have	a	plasma	potassium	concentration	between	3.0	and
3.5	 mEq	 per	 L;	 this	 degree	 of	 potassium	 depletion	 usually	 produces	 no
symptoms,	 except	 in	 patients	 with	 advanced	 liver	 disease	 or	 in	 patients	 with
heart	disease,	particularly	if	they	are	taking	digoxin.	Treatment	in	this	setting	is
directed	 toward	 replacing	 the	 lost	 potassium,	 usually	 beginning	with	 40	 to	 80
mEq	of	potassium	chloride	per	day,	and	toward	treating	the	disorder	responsible
for	the	loss	of	potassium.

Potassium	 replacement	 alone	 may	 be	 insufficient	 to	 treat	 patients	 with
ongoing	urinary	 losses	caused	by	chronic	diuretic	 therapy,	 tubular	dysfunction,
or	 primary	 hyperaldosteronism.	 Potassium-sparing	 diuretics	 such	 as	 amiloride,
triamterene,	 and	 the	 aldosterone	antagonists	 spironolactone	and	eplerenone	are
generally	 more	 effective	 than	 other	 agents	 because	 they	 limit	 further	 urinary
losses	 of	 both	 potassium	 and	 magnesium.	 It	 is	 frequently	 underappreciated,
however,	 that,	 in	 the	presence	of	high	 levels	of	 aldosterone,	greater-than-usual
doses	(up	to	20-40	mg	of	amiloride	and	150-300	mg	of	spironolactone)	may	be
required	to	block	potassium	secretion.	The	combination	of	a	potassium-sparing
diuretic	 with	 potassium	 supplements	 should	 be	 used	 only	 with	 careful
monitoring	 to	 prevent	 possible	 overcorrection	 with	 development	 of
hyperkalemia	and	should	be	avoided	in	most	patients	with	renal	insufficiency.



SEVERE	HYPOKALEMIA
Potassium	 repletion	 is	more	 urgent	 for	 patients	with	 profound	 or	 symptomatic
hypokalemia	 (ie,	 arrhythmias,	 marked	 muscle	 weakness).	 This	 is	 most	 easily
done	orally.	The	plasma	potassium	concentration	transiently	rises	by	as	much	as
1.0	to	1.5	mEq	per	L	after	40	to	60	mEq	and	by	2.5	to	3.5	mEq	per	L	after	135	to
160	mEq.	The	level	then	falls	because	most	of	the	exogenous	potassium	is	taken
up	by	the	cells.	In	light	of	these	fluxes,	careful	monitoring	is	required,	and	more
potassium	 should	 be	 given	 as	 necessary.	 A	 patient	 with	 a	 plasma	 potassium
concentration	 of	 2.0	 mEq	 per	 L,	 for	 example,	may	 have	 a	 400	 to	 800	 mEq
potassium	deficit.

Some	 patients	 with	 severe	 hypokalemia	 must	 be	 treated	 intravenously
because	of	medical	instability	or	an	inability	to	take	medication	orally.	There	are
two	potential	limitations	to	intravenous	therapy:	A	maximum	concentration	of	50
to	60	mEq	per	L	can	be	administered	via	a	peripheral	vein	without	irritation,	and,
because	 saline	 solutions	 are	 preferable,	 volume	 overload	 is	 a	 potential	 risk	 in
susceptible	subjects.

The	necessity	for	aggressive	intravenous	therapy	occurs	primarily	in	patients
with	 diabetic	 ketoacidosis	 or	 nonketotic	 hyperglycemia	 with	 hypokalemia
caused	by	marked	urinary	potassium	losses.	As	described	previously,	 treatment
with	insulin	and	fluids	exacerbates	the	hypokalemia.	Because	these	patients	are
also	quite	volume	depleted,	the	addition	of	40	to	60	mEq	of	potassium	chloride
to	each	liter	of	half-isotonic	saline	can	supply	large	quantities	of	potassium	with
less	risk	of	pulmonary	congestion.

In	general,	 the	maximum	rate	of	 intravenous	potassium	administration	 is	10
to	20	mEq	per	hour,	although	as	much	as	40	to	100	mEq	per	hour	has	been	given
to	 selected	 patients	 with	 paralysis	 or	 life-threatening	 arrhythmias.37	 In	 these
cases,	solutions	containing	as	much	as	200	mEq	of	potassium	per	L	(20	mEq	in
100	mL	of	isotonic	saline)	have	been	used.	They	should	be	infused	into	a	large
vein,	 and	 a	 central	 venous	 line	 may	 be	 helpful,	 but	 a	 local	 increase	 of	 the
potassium	concentration	could	have	deleterious	effects	on	cardiac	conduction.

It	must	be	emphasized	 that	 rapid	 intravenous	administration	of	potassium	is
potentially	 dangerous,	 even	 in	 potassium-depleted	 patients.	 Thus,	 careful
monitoring	 of	 the	 physiologic	 effects	 of	 hypokalemia	 (ECG	 abnormalities,
muscle	weakness,	or	paralysis)	 is	essential.	Once	 these	problems	are	no	 longer
severe,	the	rate	of	potassium	repletion	should	be	slowed	down	to	10	to	20	mEq
per	hour,	even	though	there	may	be	persistent	hypokalemia.



HYPERKALEMIA
Hyperkalemia	 is	 a	 relatively	 common	 laboratory	 abnormality	 in	 critically	 ill
patients,	particularly	in	those	with	oliguric	acute	or	chronic	kidney	disease.

ETIOLOGY
Hyperkalemia	is	rare	among	healthy	subjects	because	the	transcellular	and	renal
disposal	 adaptations	 prevent	 significant	 potassium	 accumulation	 in	 the
extracellular	 fluid.	 The	 GI	 tract	 is	 also	 important	 in	 this	 process.	 Splanchnic
potassium	sensors	induce	changes	in	distal	collecting	tubule	sodium	absorption
thereby	 promoting	 potassium	 excretion,	 independent	 of	 plasma	 levels	 or
mineralocorticoid	activity.38	Furthermore,	the	efficiency	of	potassium	handling	is
increased	if	potassium	intake	 is	slowly	enhanced,	 thereby	allowing	what	might
otherwise	 be	 a	 fatal	 potassium	 load	 to	 be	 tolerated.	 This	 phenomenon,	 called
potassium	adaptation,	 is	mostly	 because	 of	more	 rapid	 potassium	 excretion	 in
the	urine.

8 	 Therefore,	 increasing	 potassium	 intake	 is	 not	 commonly	 a	 cause	 of
hyperkalemia,	 unless	 the	 patient	 has	 an	 impaired	 capacity	 for	 potassium
excretion	 or	 the	 potassium	 loading	 occurs	 too	 rapidly	 for	 such	 adaptation	 to
occur.	In	most	cases,	hyperkalemia	reflects	a	defect	of	renal	potassium	handling.

The	 net	 release	 of	 potassium	 from	 the	 cells,	 either	 because	 of	 enhanced
release	 or	 decreased	 entry,	 can	 also	 cause	 hyperkalemia.	 As	 with	 exogenous
potassium	 loading,	 the	 elevation	 is	 typically	 transient	 because	 the	 excess
potassium	 is	 excreted	 in	 the	 urine.	 Because	 persistent	 hyperkalemia	 requires
impairment	of	urinary	potassium	excretion,	it	may	be	inferred	that	this	problem
is	 generally	 associated	 with	 a	 reduction	 in	 either	 aldosterone	 effect	 or	 in	 the
delivery	of	sodium	and	water	to	the	distal	secretory	site.

With	 progressive	 loss	 of	 renal	 function,	 GI	 elimination	 of	 potassium	 can
increase	and	account	for	50	percent	of	body	potassium	excretion	in	the	setting	of
ESRD,	 achieving	 levels	 of	 3000	 mg	 per	 day.	 However,	 this	 compensation	 is
incomplete.39,40

The	causes	of	hyperkalemia	are	listed	in	Table	199.6.

TABLE	199.6



Major	Causes	of	Hyperkalemia

Increased	potassium	release	from	cells
Pseudohyperkalemia
Metabolic	acidosis
Insulin	deficiency
Hyperglycemia	and	hyperosmolal	states
Increased	tissue	catabolism
β-Adrenergic	blockade
Exercise
Other
Digitalis	overdose
Hyperkalemic	periodic	paralysis
Succinylcholine
Arginine	hydrochloride

Reduced	urinary	potassium	excretion
Hypoaldosteronism
Renal	disease
Reduced	effective	circulatory	volume
Selective	impairment	of	potassium	excretion
Medications
Dapsone
Trimethoprim
Nonsteroidal	anti-inflammatory	drugs
Angiotensin-converting	enzyme	inhibitors
Angiotensin	receptor	blockers
Heparin
Potassium-sparing	diuretics

INCREASED	POTASSIUM	RELEASE	FROM
CELLS.

Pseudohyperkalemia
Pseudohyperkalemia	refers	to	conditions	in	which	the	elevation	in	the	measured



plasma	 potassium	 concentration	 is	 caused	 by	 potassium	movement	 out	 of	 the
cells	during	or	after	the	blood	specimen	has	been	drawn.	The	major	cause	of	this
problem	 is	 mechanical	 trauma	 during	 venipuncture,	 resulting	 in	 hemolysis.
Because	 this	 is	 an	 in	 vitro	 phenomenon,	 the	 patient	 demonstrates	 no	 clinical
signs	and	symptoms	of	hyperkalemia.

Potassium	 also	 moves	 out	 of	 white	 cells	 and	 platelets	 after	 clotting	 has
occurred.	 Thus,	 the	 serum	 potassium	 concentration	 normally	 exceeds	 the	 true
value	 in	 the	 plasma	 by	 as	much	 as	 0.5	mEq	 per	 L.	 This	 difference	 in	 normal
levels	is	not	clinically	important.	In	contrast,	a	patient	with	marked	leukocytosis
or	thrombocytosis	(white	cell	or	platelet	count	>100,000	per	μL	or	1,000,000	per
μL,	 respectively)	may	have	a	measured	serum	potassium	concentration	as	high
as	9	mEq	per	L.	This	phenomenon	is	most	often	observed	among	patients	with
myeloproliferative	 diseases.	 With	 essential	 thrombocytosis,	 for	 example,	 the
measured	serum	potassium	concentration	rises	by	approximately	0.15	mEq	per	L
for	every	100,000	per	μL	elevation	in	the	platelet	count.

Pseudohyperkalemia	should	be	suspected	whenever	there	is	no	apparent	cause
for	an	elevated	plasma	potassium	concentration	in	an	asymptomatic	patient	and
particularly	 in	 patients	 with	 persistent	 hyperkalemia	 despite	 normal	 renal
function.	 Comparing	 the	 serum	 potassium	 concentration	 with	 that	 in	 plasma
(collected	 using	 a	 heparinized	 specimen	 tube)	 often	 establishes	 the	 diagnosis.
Comparing	the	serum	potassium	levels	drawn	with	and	without	a	tourniquet	also
may	be	useful	diagnostically	if	a	significant	difference	is	observed.

Metabolic	Acidosis
The	 buffering	 of	 excess	 hydrogen	 ions	 in	 the	 cells	 can	 lead	 to	 potassium
movement	 into	 the	extracellular	 fluid;	 this	 transcellular	 shift	 is	necessitated,	 in
part,	by	the	need	to	maintain	electroneutrality.	This	phenomenon	is	less	likely	to
occur	in	the	organic	acidoses.	In	ketoacidosis,	and	lactic	acidosis,	hyperkalemia
appears	to	result	from	insulin	deficiency	and	tissue	breakdown,	with	potassium
leakage	from	cells	rather	than	from	the	acidosis	itself.

Insulin	Deficiency,	Hyperglycemia,	and	Hyperosmolality
Insulin	promotes	potassium	entry	into	cells;	thus,	the	ingestion	of	glucose	(which
stimulates	 endogenous	 insulin	 secretion)	 minimizes	 the	 rise	 in	 the	 plasma
potassium	 concentration	 induced	 by	 concurrent	 potassium	 intake.	 On	 the
contrary,	among	patients	with	uncontrolled	diabetes	mellitus,	the	combination	of



insulin	deficiency	and	the	hyperosmolality	induced	by	hyperglycemia	frequently
leads	 to	 hyperkalemia,	 even	 though	 a	 patient	 may	 be	 markedly	 potassium
depleted	from	previously	incurred	urinary	potassium	losses.

An	elevation	 in	POsm	 results	 in	osmotic	water	movement	 from	cells	 into	 the
extracellular	fluid.	This	is	accompanied	by	potassium	movement	out	of	the	cells.
A	similar	rise	in	plasma	potassium	can	occur	with	any	solute	that	increases	the
effective	 POsm,	 such	 as	 mannitol,	 intravenous	 contrast,	 or	 intravenous
immunoglobulin,	particularly	in	patients	with	renal	failure.

Somatostatin,	 by	 inhibiting	 insulin	 release,	 can	 raise	 the	 plasma	 potassium
concentration	by	an	average	of	0.6	mEq	per	L	 in	healthy	subjects	but	by	more
than	 1.5	 mEq	 per	 L,	 to	 potentially	 dangerous	 levels,	 among	 selected	 patients
with	ESRD.41

Increased	Tissue	Breakdown
Any	cause	of	increased	tissue	breakdown	can	result	in	the	release	of	potassium
into	the	extracellular	fluid.	Hyperkalemia	is	particularly	likely	to	develop	in	this
setting	if	renal	impairment	is	also	present.	Clinical	examples	include	breakdown
of	 a	 large	 hematoma,	 as	 might	 occur	 in	 the	 wake	 of	 a	 GI	 hemorrhage;
rhabdomyolysis	from	any	cause;	cell	breakdown	in	patients	receiving	cytotoxic
or	radiation	therapy	for	lymphoma	or	leukemia	(the	tumor-lysis	syndrome);	and
in	patients	with	severe	hypothermia.

β-Adrenergic	Blockade
β-Adrenergic	blockers	 interfere	with	 the	β2-adrenergic	 facilitation	of	potassium
uptake	by	 the	cells	 (Figure	199.4).	This	effect	 is	associated	with	only	a	minor
elevation	 in	 the	plasma	potassium	concentration	 in	healthy	subjects	 (<0.5	mEq
per	L)	 because	 the	 excess	 potassium	 can	 be	 easily	 excreted	 in	 the	 urine.	True
hyperkalemia	 is	 rare,	 except	 in	 conjunction	 with	 an	 additional	 defect	 in
potassium	 handling,	 such	 as	 a	 large	 potassium	 load,	 marked	 exercise,
hypoaldosteronism,	or	renal	failure.

Exercise
Potassium	is	normally	released	from	muscle	cells	during	exercise.	The	release	of
potassium	may	 have	 a	 physiologic	 function,	 because	 the	 local	 increase	 in	 the
plasma	potassium	concentration	has	a	vasodilatory	effect,	increasing	blood	flow



and	energy	delivery	to	the	exercising	muscle.42
The	 increment	 in	 the	 systemic	 plasma	 potassium	 concentration	 is	 less

pronounced	and	is	related	to	the	degree	of	exercise:	0.3	to	0.4	mEq	per	L	with
slow	walking;	0.7	to	1.2	mEq	per	L	with	moderate	exertion	(including	prolonged
aerobic	exercise	such	as	marathon	running);	and	as	much	as	2.0	mEq	per	L	after
exercise	to	exhaustion.43

The	 rise	 of	 the	 plasma	 potassium	 concentration	 is	 reversed	 after	 several
minutes	 of	 rest	 and	 is	 typically	 associated	 with	 mild-rebound	 hypokalemia
(averaging	 0.4-0.5	 mEq	 per	 L	 below	 the	 baseline	 level)	 that	 may	 be
arrhythmogenic	 for	 susceptible	 individuals.	The	degree	of	potassium	 release	 is
attenuated	by	prior	 physical	 conditioning	 (perhaps	owing	 to	 increased	Na+/K+-
ATPase	activity)	but	may	be	exacerbated	by	the	administration	of	β-blockers.

Exercise	 can	 interfere	 with	 accurate	measurement	 of	 the	 plasma	 potassium
concentration.	 Repeated	 fist	 clenching	 during	 blood	 drawing	 can	 acutely	 raise
the	plasma	potassium	concentration	by	more	than	1	mEq	per	L	in	that	forearm,
thereby	 representing	 another	 form	 of	 pseudohyperkalemia.	Careful	 drawing	 of
the	 blood	 and	 comparison	 of	 the	 plasma	 to	 the	 serum	potassium	value	 should
identify	most	cases.44

Other
Rarer	 causes	 of	 hyperkalemia	 because	 of	 translocation	 of	 potassium	 from	 the
cells	 into	 the	 extracellular	 fluid	 include	 (a)	 digitalis	 overdose	 from	 dose-
dependent	 inhibition	 of	 membrane	 Na+/K+-ATPase	 and	 (b)	 the	 hyperkalemic
form	of	periodic	paralysis,	an	autosomal	dominant	disorder	in	which	episodes	of
weakness	 or	 paralysis	 are	 usually	 precipitated	 by	 cold	 exposure,	 rest	 after
exercise,	or	the	ingestion	of	small	amounts	of	potassium.

Administration	of	succinylcholine	to	patients	with	burns,	extensive	trauma,	or
neuromuscular	disease	can	also	cause	hyperkalemia.

REDUCED	URINARY	POTASSIUM	EXCRETION
Impaired	urinary	potassium	excretion	generally	 requires	 an	abnormality	 in	one
or	both	of	the	two	major	factors	required	for	adequate	renal	potassium	handling:
aldosterone	and	distal	nephron	sodium	and	water	delivery.

Hypoaldosteronism



Any	cause	of	decreased	aldosterone	release	or	effect	diminishes	the	efficiency	of
potassium	secretion	 and	can	 lead	 to	hyperkalemia	 (Table	199.7).	The	 resulting
rise	 of	 the	 plasma	 potassium	 concentration	 directly	 stimulates	 potassium
secretion,	 partially	 overcoming	 the	 relative	 absence	 of	 aldosterone.	 As	 a
consequence,	 the	 rise	 of	 the	 plasma	 potassium	 concentration	 is	 small	 among
patients	 with	 normal	 renal	 function,	 but	 it	 can	 be	 clinically	 important	 in	 the
presence	of	underlying	renal	insufficiency	or	a	high	potassium	intake.

TABLE	199.7

Major	Causes	of	Hypoaldosteronism

Hyporeninemic	hypoaldosteronism

Renal	disease,	most	often	diabetic	nephropathy

Nonsteroidal	anti-inflammatory	drugs

Angiotensin-converting	enzyme	inhibitors

Calcineurin	inhibitors

Human	immunodeficiency	virus	infection,	including	trimethoprim
administration

Primary	adrenal	insufficiency

Potassium-sparing	diuretics	(trimethoprim	may	act	similarly)

Heparin

Congenital	adrenal	hyperplasia,	with	21-hydroxylase	deficiency	being	most
common

Isolated	impairment	in	aldosterone	synthesis

Pseudohypoaldosteronism	(end-organ	resistance)

Severe	illness

Hyperkalemia	 with	 hypoaldosteronism	 is	 usually	 associated	 with	 a	 mild
metabolic	acidosis.	This	condition	has	been	called	type-4	RTA	and	appears	to	be



primarily	caused	by	decreased	urinary	ammonium	excretion.
The	 causes	 of	 hypoaldosteronism	 include	 disorders	 that	 affect	 adrenal

aldosterone	 synthesis,	 the	 renal	 response	 to	 aldosterone,	 or	 renal	 (and	 perhaps
adrenal)	renin	release	(Table	199.7).

Hyporeninemic	Hypoaldosteronism
The	 syndrome	of	 hyporeninemic	hypoaldosteronism,	 a	 form	of	 type-4	RTA,	 is
characterized	 by	 coexisting	 defects	 in	 the	 release	 of	 renin	 by	 the	 kidney	 and
aldosterone	by	 the	adrenal	 cortex.	This	 relatively	common	disorder	most	often
occurs	 among	 patients	 with	 mild-to-moderate	 renal	 insufficiency	 often	 from
diabetic	 nephropathy	 or	 chronic	 interstitial	 nephritis.	 Low	 plasma	 renin	 levels
are	 common	 among	 diabetic	 patients,	 partly	 because	 of	 a	 defect	 of	 the
conversion	 of	 the	 precursor	 prorenin	 into	 active	 renin.	 Volume	 expansion
induced	by	diabetes	and	other	chronic	kidney	diseases	may	play	a	contributory
role;	the	increase	in	atrial	natriuretic	peptide	release	in	this	setting	can	suppress
both	the	release	of	renin	and	the	hyperkalemia-induced	secretion	of	aldosterone.
Similar	 hemodynamic	 and	 humoral	 changes	 occur	 in	 the	 acute	 nephritic
syndrome	of	postinfectious	glomerulonephritis.45

Low	renin	and	aldosterone	levels	may	also	occur	with	several	other	settings:

NSAIDs.	NSAIDs	lower	renal	renin	secretion,	which	is	normally	partially
mediated	by	locally	produced	prostaglandins.	The	result	is	that	the	plasma
potassium	concentration	rises	approximately	0.2	mEq	per	L	in	subjects	with
normal	renal	function	but	can	rise	by	more	than	1.0	mEq	per	L	in	the	setting
of	renal	insufficiency.	This	can	occur	with	specific	cyclooxygenase-2
inhibitors	as	well	as	nonselective	NSAIDs.
ACE	inhibitors,	ARBs,	and	direct	renin	inhibitors.	Similar	considerations
apply	to	agents	that	block	the	production	or	action	of	angiotensin	II,	because
angiotensin	II	is	necessary	for	normal	aldosterone	release	in	response	to
volume	depletion	or	hyperkalemia.
Other.	Other	causes	of	hyporeninemic	hypoaldosteronism	include	the	use	of
cyclosporine	and	tacrolimus,	which	can	lead	to	hyperkalemia	in	renal
transplant	recipients,	likely	from	diminished	secretion	of	and	responsiveness
to	aldosterone.46	The	administration	of	the	antimicrobials	trimethoprim	and
pentamidine	are	other	causes	of	hyperkalemia.	Both	agents	appear	to	close
sodium	channels	in	the	distal	nephron	in	a	manner	similar	to	that	of	the
potassium-sparing	diuretic	amiloride.



Primary	Adrenal	Insufficiency
Primary	adrenal	cortical	failure	(also	called	Addison	disease)	 is	associated	with
lack	of	cortisol	and	aldosterone.	Pituitary	disease,	in	comparison,	does	not	lead
to	 hypoaldosteronism	 because	 ACTH	 does	 not	 have	 a	 major	 role	 in	 the
regulation	of	aldosterone	release.	Primary	adrenal	insufficiency	is	frequently	due
to	autoimmune	destruction	of	the	steroid-producing	cells	in	the	adrenal	cortex.

Potassium-Sparing	Diuretics
Potassium-sparing	 diuretics	 antagonize	 the	 action	 of	 aldosterone	 on	 the
collecting	 tubule	 cells.	 Spironolactone	 and	 eplerenone	 compete	 for	 the
aldosterone	 receptor,	 whereas	 amiloride	 and	 triamterene	 close	 the	 sodium
channels	in	the	luminal	membrane.

Heparin
Commercial	 heparin	 preparations	 exert	 a	 direct	 toxic	 effect	 on	 the	 zona
glomerulosa	cells	of	 the	adrenal	cortex.47	Even	 low-dose	heparin	can	 lead	 to	a
75%	reduction	in	plasma	aldosterone	levels.	The	mechanism	appears	to	involve
a	 reduction	 in	 the	 number	 and	 affinity	 of	 adrenal	 angiotensin	 II	 receptors
involved	in	aldosterone	synthesis	and	release.	Hyperkalemia	can	occur	after	3	to
4	days	of	receiving	heparin.

Adrenal	Enzyme	Deficiency
In	children,	hypoaldosteronism	can	result	from	a	deficiency	of	enzymes	required
for	 aldosterone	 synthesis,	 which	 may	 be	 associated	 with	 concurrent
abnormalities	in	cortisol	and	androgen	production.

Pseudohypoaldosteronism
Decreased	 aldosterone	 activity	 also	 occurs	 in	 the	 syndrome	 of
pseudohypoaldosteronism.	 This	 disorder	 is	 associated	 with	 generalized
resistance	 to	 the	 actions	 of	 aldosterone	 owing	 to	 a	 marked	 reduction	 in	 the
number	of	mineralocorticoid	 receptors	 in	 the	kidney	and	 in	other	 target	organs
such	as	the	colon	and	sweat	glands.



Severe	Illness
Hypoaldosteronism	 caused	 by	 decreased	 adrenal	 production	 is	 common	 in
critically	 ill	 patients.	 The	 stress-induced	 hypersecretion	 of	 ACTH	 in	 these
patients	 may	 be	 responsible	 for	 this	 defect	 by	 inducing	 activity	 of	 17α-
hydroxylase	 in	 the	 zona	 glomerulosa.	 This	 enzyme	 enhances	 the	 synthesis	 of
cortisol	at	the	expense	of	aldosterone.

Chronic	Kidney	Disease
The	 ability	 to	maintain	 potassium	 excretion	 at	 near-normal	 levels	 is	 generally
maintained	 in	patients	with	 renal	disease	 as	 long	as	both	 aldosterone	 secretion
and	distal	 tubular	urine	 flow	are	maintained.	Patients	who	are	oliguric	or	who
have	 an	 additional	 problem	 such	 as	 a	 high	 potassium	 intake,	 increased	 tissue
breakdown,	or	hypoaldosteronism	are	predisposed	to	hyperkalemia.

Effective	Circulating	Volume	Depletion
Decreased	distal	tubular	urine	flow	owing	to	marked	effective	volume	depletion,
as	might	occur	in	heart	failure	or	hepatic	cirrhosis,	can	lead	to	hyperkalemia.	In
this	 setting,	 there	 is	 also	 a	 fall	 in	 the	 quantity	 of	 sodium	 presented	 to	 the
potassium	secretory	site	in	the	collecting	tubule.	Hyperkalemia	may	occur	even
though	aldosterone	activity	is	high.

Hyperkalemic	Type-1	Renal	Tubular	Acidosis
In	some	patients	with	type-1	(distal)	RTA,	the	primary	defect	is	impaired	sodium
reabsorption	in	the	cortical	collecting	tubule.	The	movement	of	sodium	from	the
lumen	 into	 the	 cell	 at	 this	 site	 makes	 the	 lumen	 electronegative,	 thereby
promoting	 both	 hydrogen	 and	 potassium	 secretion.	 Inhibiting	 the	 transport	 of
sodium,	 therefore,	 reduces	 both	 hydrogen	 and	 potassium	 secretion,	 leading	 to
metabolic	 acidosis	 and	 hyperkalemia.	 This	 form	 of	 type-1	 RTA	 is	 most	 often
seen	among	patients	with	urinary	tract	obstruction	or	sickle	cell	disease.	Patients
with	type-1	RTA	have	normal	or	even	high	aldosterone	levels	and	are	unable	to
acidify	 the	 urine	 normally	 (urine	 pH	 <	 5.0),	 in	 contrast	 to	 individuals	 with
hypoaldosteronism	and	other	forms	of	type-4	RTA	who	frequently	exhibit	a	urine
pH	of	less	than	5.3.



CLINICAL	MANIFESTATIONS
The	symptoms	induced	by	hyperkalemia	are	related	to	impaired	neuromuscular
transmission.	 The	 ease	 of	 generating	 an	 action	 potential,	 called	 membrane
excitability,	 is	 related	both	 to	 the	magnitude	of	 the	 resting	membrane	potential
and	 to	 the	 activation	 state	 of	 membrane	 sodium	 channels.	 Opening	 of	 these
sodium	channels,	leading	to	the	passive	diffusion	of	extracellular	sodium	into	the
cells,	 is	 the	primary	step	in	 this	process.	According	to	 the	Nernst	equation,	 the
resting	 membrane	 potential	 is	 related	 to	 the	 ratio	 of	 the	 intracellular	 and	 the
extracellular	 potassium	 concentration.	 An	 elevation	 in	 the	 extracellular
potassium	 concentration	 decreases	 this	 ratio	 and	 partially	 depolarizes	 the	 cell
membrane,	 thereby	 making	 the	 resting	 potential	 less	 electronegative.	 This
change	 initially	 increases	membrane	excitability	because	 less	of	a	depolarizing
stimulus	 is	 required	 to	 generate	 an	 action	 potential.	 However,	 persistent
depolarization	 inactivates	 sodium	 channels	 in	 the	 cell	 membrane,	 thereby
producing	 a	 net	 decrease	 in	 membrane	 excitability	 that	 may	 be	 manifested
clinically	 by	 impaired	 cardiac	 conduction	 and/or	 muscle	 weakness	 or	 by
paralysis.	 Failure	 of	 pacemaker	 capture	 can	 be	 a	 complicating	 feature	 of	 such
altered	neuromuscular	transmission.

In	general,	 severe	 symptoms	of	hyperkalemia	do	not	occur	until	 the	plasma
potassium	concentration	is	more	than	7.0	to	7.5	mEq	per	L.	There	is,	however,
substantial	 interpatient	 variability	 because	 factors	 such	 as	 hypocalcemia	 and
metabolic	 acidosis	 can	 increase	 the	 toxicity	 of	 excess	 potassium.	 A	 plasma
potassium	concentration	in	this	range,	severe	muscle	weakness,	or	marked	ECG
changes	 are	 potentially	 life-threatening	 and	 require	 immediate	 treatment	 using
the	modalities	described	here.48

The	earliest	ECG	abnormality	is	symmetric	peaking	of	T	waves	especially	in
the	precordial	leads,	followed	by	reduced	P-wave	voltage	and	widening	of	QRS
complexes	 (Figure	 199.7).	 If	 untreated,	 severe	 hyperkalemia	 can	 cause	 the
normal	 QRS	 morphology	 to	 be	 lost	 altogether	 so	 that	 the	 ECG	 pattern
deteriorates	into	a	sinusoidal	ECG	form,	with	one	oscillation	representing	a	wide
QRS	 complex	 and	 the	 complementary	 oscillation	 representing	 an	 abnormal	 T
wave.	 ECG	 changes	 usually	 do	 not	 appear	 until	 the	 plasma	 K+	 concentration
exceeds	6.5	mEq	per	L	and	are	more	likely	to	develop	when	the	rise	in	K+	occurs
rapidly.	However,	ECG	findings	may	be	completely	absent	with	potentially	life-
threatening	 hyperkalemia	 in	 ESRD.	 It	 has	 been	 postulated	 that	 a	 near	 normal
voltage	 difference	may	 be	maintained	 between	 the	 interior	 and	 exterior	 of	 the
cell	due	to	concomitant	intracellular	potassium	excess	in	the	setting	of	ESRD,	so



the	Nernst	potential,	that	governs	neuromuscular	excitability,	is	not	altered.49

	

Figure	 199.7 	 Marked	 hyperkalemia	 results	 in	 peaked	 T	 waves
and	widened	QRS	complexes	in	this	electrocardiogram.

The	neuromuscular	manifestations	of	hyperkalemia	are	nonspecific.	Findings
include	paresthesias	and	weakness,	 that	 typically	 follows	an	ascending	pattern,
and	which	can	rarely	progress	to	paralysis	affecting	the	respiratory	muscles	and
cause	frank	ventilatory	failure.	Cranial	nerve	function	remains	unaffected.

TREATMENT
9 	 An	 international	multidisciplinary	 review	 of	 hyperkalemia	 in	 the	 acute	 care
setting	 recommended	 treatment	 including	 continuous	 cardiac	 monitoring	 for
potassium	levels	of	6	mmol/l	or	greater.50	Any	extra	source	of	potassium	intake
(salt	 substitutes,	 potassium	 supplements,	 and	 foods	 with	 a	 high	 potassium
content)	should	be	eliminated,	and	any	potentiating	drugs	(eg,	NSAIDs	or	ACE
inhibitors)	should	be	discontinued.

1 	 0 	Specific	 treatment	of	severe	or	symptomatic	hyperkalemia	 is	directed	at
antagonizing	the	membrane	effects	of	potassium,	driving	extracellular	potassium
into	 the	 cells,	 or	 removing	 excess	 potassium	 from	 the	 body.	 The	 following
modalities,	 which	 are	 listed	 according	 to	 their	 rapidity	 of	 action,	 may	 be
beneficial.	Only	the	diuretics,	cation	exchange	resins,	and	dialysis	will	actually
remove	 potassium	 from	 the	 body;	 the	 other	 modalities	 are	 only	 temporizing
measures.

Calcium
Calcium	directly	 antagonizes	 the	membrane	 actions	 of	 hyperkalemia,	 although
how	 this	 is	 achieved	 is	 not	 well	 understood.	 Calcium	 does	 not	 affect	 the
potassium	level	itself.

The	effect	of	calcium	begins	within	minutes	and	lasts	30	to	60	minutes.	As	a



result,	calcium	infusions	are	indicated	only	for	severe	hyperkalemia,	when	it	 is
potentially	 dangerous	 to	 wait	 the	 30	 to	 60	 minutes	 required	 for	 insulin	 and
glucose	 or	 sodium	bicarbonate	 to	 act,	 or	when	ECG	 changes	 are	 present.	 The
usual	 dose	 is	 10	mL	 (1	 ampule)	 of	 a	 10%	 calcium	 gluconate	 solution	 infused
slowly	during	2	to	3	minutes	with	constant	cardiac	monitoring.	Ten	milliliters	of
10%	 calcium	 chloride	 is	 an	 alternative,	 noting	 that	 it	 contains	 three	 times	 the
amount	 of	 calcium,	 and	may	be	more	 irritating	 to	 the	veins.	This	 dose	 can	be
repeated	after	5	minutes,	if	the	ECG	changes	persist.

Calcium	should	not	be	given	in	bicarbonate-containing	solutions	because	this
can	 lead	 to	 its	 precipitation	 as	 calcium	 carbonate.	 Hypercalcemia	 can	 induce
digitalis	 toxicity	 and	 calcium	 should	 be	 administered	 only	 when	 absolutely
necessary	to	patients	taking	digoxin.

Insulin	and	Glucose
Increasing	the	availability	of	insulin	lowers	the	plasma	potassium	concentration
by	 driving	 potassium	 into	 the	 cells	 through	 enhanced	 activity	 of	 the	 Na+/K+-
ATPase	 pump	 in	 skeletal	 muscle.	 Hyperinsulinemia	 can	 be	 induced	 either	 by
giving	 insulin	 with	 glucose	 to	 prevent	 hypoglycemia	 or	 by	 the	 intravenous
administration	 of	 glucose	 (50	 mL	 of	 a	 50%	 glucose	 solution),	 which	 rapidly
enhances	 endogenous	 insulin	 secretion	 in	 a	 nondiabetic	 patient.	Glucose	 alone
may	 produce	 a	 smaller	 rise	 in	 the	 plasma	 insulin	 concentration	 and	 a	 lesser
reduction	in	plasma	potassium	concentration	than	does	the	insulin	plus	glucose
regimen.	Effective	 therapy	usually	produces	a	0.5	 to	1.5	mEq	per	L	 fall	 in	 the
plasma	potassium	concentration.	This	 effect	begins	 in	15	minutes,	peaks	 at	60
minutes,	and	lasts	for	several	hours.

Exogenous	 insulin	 can	 induce	 symptomatic	 hypoglycemia	 unless	 adequate
glucose	 is	 given	 concurrently.	 If,	 for	 example,	 10	 units	 of	 regular	 insulin	 are
given	with	 25	 g	 of	 glucose,	 the	 plasma	glucose	 concentration	may	 fall	 to	 less
than	 55	 mg	 per	 dL	 in	 as	 many	 as	 75%	 of	 initially	 normoglycemic	 patients.
Increasing	 the	 initial	 glucose	 dose	 to	 40	 g,	 followed	 by	 a	 continuous	 dextrose
infusion,	generally	prevents	this	problem.

Proper	 therapy	 of	 diabetic	 patients	 varies	 with	 the	 plasma	 glucose
concentration.	 Both	 insulin	 and	 glucose	 should	 be	 given	 when	 the	 plasma
glucose	concentration	is	normal	or	mildly	elevated	because	endogenous	insulin
release	 is	 impaired.	 Insulin	 in	 this	 case	 reduces	 the	 plasma	 potassium
concentration	directly	by	preventing	a	 rise	 in	 the	plasma	glucose	concentration
that	can	exacerbate	 the	hyperkalemia.	The	osmotic	force	generated	by	the	high
extracellular	 glucose	 concentration	pulls	water	 and,	 secondarily,	 potassium	out



of	 the	 cells.	 In	 comparison,	 insulin	 alone	 is	 sufficient	 if	 the	 patient	 is	 already
hyperglycemic.

Sodium	Bicarbonate
Raising	the	systemic	pH	with	sodium	bicarbonate	promotes	hydrogen	ion	release
from	 the	 cells	 and	 a	 reciprocal	 movement	 of	 potassium	 into	 the	 cells.	 The
elevation	in	the	plasma	bicarbonate	concentration	appears	to	have	another	direct,
albeit	not	delineated,	effect	on	lowering	the	plasma	potassium	concentration	that
is	independent	of	pH.

The	potassium-lowering	action	of	sodium	bicarbonate	is	most	prominent	for
patients	 with	 metabolic	 acidosis,	 beginning	 within	 30	 to	 60	 minutes	 and
persisting	for	several	hours.	Sodium	bicarbonate	appears	 to	be	 less	effective	 in
correcting	hyperkalemia	for	patients	with	renal	failure.	Insulin	plus	glucose	or	a
β2-agonist	is	more	predictably	effective	in	this	setting.

The	usual	dose	is	45	mEq	(one	50	cc	ampule	of	a	7.5%	sodium	bicarbonate
solution)	infused	slowly	over	5	minutes;	this	dose	can	be	repeated	in	30	minutes
if	 necessary.	Alternatively,	 sodium	 bicarbonate	 can	 be	 added	 to	 a	 glucose	 and
saline	solution.	This	regimen	may	have	an	additional	advantage	in	hyponatremic
patients	 because	 raising	 the	 plasma	 sodium	 concentration	with	 this	 hypertonic
solution	can	also	reverse	the	ECG	effects	of	hyperkalemia.	Both	an	increase	in
the	 rate	 of	 membrane	 depolarization	 and	 a	 fall	 in	 the	 plasma	 potassium
concentration	by	dilution	may	contribute	to	this	effect.	These	sodium-containing
solutions	 should	 be	 used	 with	 extreme	 caution	 in	 edematous	 patients	 with
advanced	heart	failure	or	renal	failure.

β2-Adrenergic	Agonists
Like	insulin,	β2-adrenergic	agonists	drive	potassium	into	the	cells	by	increasing
Na+/K+-ATPase	activity.	Albuterol	(20	mg	in	4	mL	of	saline	by	nasal	inhalation
for	 10	 minutes	 or	 0.5	 mg	 by	 intravenous	 infusion)	 can	 lower	 the	 plasma
potassium	 concentration	 by	 0.5	 to	 1.5	 mEq	 per	 L	 within	 30	 to	 60	 minutes.
Furthermore,	 the	 effects	 of	 these	 agents	 are	 additive	 to	 that	 of	 insulin	 plus
glucose.	 Potential	 side	 effects	 of	 the	 β2-agonists	 are	mild	 tachycardia	 and	 the
induction	 of	 angina	 among	 susceptible	 individuals.	 Thus,	 these	 agents	 should
probably	be	avoided	for	patients	with	known	active	coronary	disease.



Loop	or	Thiazide	Diuretics
Loop	 and	 thiazide	 diuretics	 can	 be	 used	 when	 hyperkalemia	 is	 present	 in	 an
individual	with	hypertension	or	volume	overload.	However,	the	effectiveness	of
diuretic	therapy	is	frequently	limited	by	moderate-to-severe	renal	insufficiency.

Fludrocortisone
While	 not	 commonly	 used,	 fludrocortisone	 in	 doses	 of	 0.1	 to	 0.4	mg	 per	 day
orally	has	corrected	hyperkalemia	associated	with	calcineurin	inhibitors,	heparin,
and	postinfectious	glomerulonephritis.	Its	benefit	in	ESRD	appears	very	modest
at	 lower	 doses.	 Its	 effect	 occurs	within	 a	 few	hours.	A	potential	 side	 effect	 of
fludrocortisone	is	sodium	retention.45,51,52

Cation	Exchangers
SPS	takes	up	potassium	as	well	as	calcium	and	magnesium	to	lesser	degrees,	and
releases	sodium.	Each	gram	of	resin	may	bind	as	much	as	1	mEq	of	potassium
and	release	1	to	2	mEq	of	sodium.	Thus,	a	potential	side	effect	is	exacerbation	of
any	preexisting	degree	of	sodium	overload.

The	resin	can	be	given	either	orally	or	as	a	retention	enema.	The	oral	dose	is
usually	 15	 to	 30	 g	 and	 can	 be	 repeated	 every	 4	 to	 6	 hours	 as	 necessary.
Historically,	 SPS	 was	 given	 with	 sorbitol	 to	 prevent	 constipation,	 but
preparations	 of	 SPS	 containing	 70%	 sorbitol	 were	 removed	 from	 the	 market
following	 an	 FDA	 black	 box	 warning	 citing	 the	 potential	 complication	 of
intestinal	necrosis.53	There	are	rare	cases	of	this	side	effect	even	in	preparations
without	sorbitol.

Reports	 have	questioned	 the	 effectiveness	of	SPS,	but	 anecdotal	 experience
supports	its	ability	to	lower	the	serum	potassium	levels	for	many	patients.

Two	newer	oral	agents	have	been	approved	by	the	FDA	for	the	treatment	of
hyperkalemia	 since	 2015.	 Patiromer	 is	 a	 powder	 composed	 of	 spherical	 beads
that	bind	potassium	in	the	colon	in	exchange	for	calcium.	The	dose	range	is	8.4
to	25.2	g	per	day.	It	can	cause	modest	hypomagnesemia,	and	GI	side	effects	can
occur.	Sodium	zirconium	cyclosilicate	(ZS-9)	has	a	lattice	structure	that	entraps
potassium	in	exchange	for	hydrogen	and	sodium.	It	can	be	given	orally	as	10	g
three	times	daily	for	48	hours;	the	maximum	maintenance	dose	is	15	g	per	day.	It
contains	 800	 mg	 sodium	 per	 10	 g	 dose	 and	 edema	 is	 not	 infrequently	 seen.
Neither	 agent	 is	 approved	 for	 the	 treatment	of	 acute	hyperkalemia,	with	 initial
potassium	lowering	effects	starting	somewhere	between	1	hour	(ZS-9)	to	7	hours



(patiromer).54

Dialysis
Dialysis	 can	 be	 used	 when	 the	 conservative	 measures	 listed	 in	 the	 preceding
sections	are	ineffective,	if	the	hyperkalemia	is	severe,	if	the	patient	has	marked
tissue	breakdown	and	is	 releasing	 large	amounts	of	potassium	from	the	 injured
cells,	or,	of	course,	if	the	patient	has	hyperkalemia	in	the	setting	of	renal	failure.
The	 rate	 of	 potassium	 removal	 with	 hemodialysis	 is	 preferred	 in	 the	 last	 two
settings	because	it	is	many	times	faster	than	with	peritoneal	dialysis.	The	effect
of	 dialysis	 can	 be	 seen	within	minutes,	 such	 that	 it	 can	 reverse	 hyperkalemia
induced	cardiac	arrest.	Most	of	the	plasma	lowering	effect	occurs	within	the	first
2	hours;	thereafter,	a	rebound	hyperkalemia	starts	to	occur	as	potassium	moves
from	 the	 intracellular	 to	 extracellular	 compartments.	 Postdialysis	 potassium
levels	may	not	reach	equilibrium	for	two	to	4	hours	post	procedure,	warranting
caution	when	obtaining	and	interpreting	blood	levels	within	this	window.52

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	60-year-old	man	with	a	past	medical	history	of	hypertension,	2	diabetes
mellitus,	depression,	COPD,	and	steatohepatitis	is	brought	to	the	emergency
department	with	a	three	day	history	of	confusion.	His	wife	reports	that	the
patient	has	not	been	himself	for	the	last	week.	He	has	been	sleeping	more	than
usual,	is	slow	to	respond,	and	his	speech	has	been	slurred.	Medications	include
glimepiride	2	mg	twice	daily,	Metformin	1000	mg	twice	daily,	chlorthalidone
25	mg	daily,	lisinopril	20	mg	daily,	and	albuterol	inhaler	as	needed.	He	has	a	30-
pack-year	history	of	cigarette	smoking	and	drinks	two	glasses	of	wine	with
dinner	every	night.	He	is	afebrile,	with	heart	rate	78/min,	blood	pressure
142/96	mm	Hg,	and	respiratory	rate	22/min.	Mucous	membranes	are	moist,	and
there	is	no	skin	tenting.	Physical	examination	is	normal	except	for	slurred	speech
and	asterixis,	but	no	focal	neurological	findings.	Labs	are	sodium	105	mEq/L,
potassium	3.5	mEq/L,	chloride	72	mEq/L,	CO2	24	mEq/L,	BUN	12	mg/dL,
creatinine	0.78	mg/dL,	glucose	122	mg/dL,	serum	osmolality	is	231	mOsm/kg,
urine	osmolality	608	mOsm/kg,	urine	sodium	68	mEq/L,	WBC	count	5.8	×	103/
µL,	hemoglobin	15.6	g/L,	and	platelet	count	278	×	105/µL.	A	head	CT	does	not



reveal	any	acute	findings.	He	vomits	and	has	a	brief	seizure	in	front	of	you
which	resolves.	What	is	the	most	appropriate	next	step	in	management?

A. 	Bolus	100	cc	of	3%	NaCl	intravenously
B. 	Sodium	chloride	1	g	orally,	twice	daily	and	PO	Lasix	40	mg	twice
daily
C. 	Tolvaptan	30	mg
D. 	Urea	powder	30	g	orally,	twice	daily

2. 	A	31-year-old	man	with	a	history	of	1	diabetes	presents	to	the	hospital
with	three	days	of	nausea,	vomiting,	malaise	and	polyuria.	His	initial	labs	are
notable	for	a	sodium	of	128	mEq/L,	potassium	5.6	mEq/L,	bicarbonate	6	mEq/L,
glucose	of	671	mg/dL,	and	serum	osmolality	of	309	mOsm/kg.	Which	of	the
following	represents	the	correct	sodium	and	potassium	states	in	this	patient?

A. 	Hyperosmolar	hyponatremia	with	high	total	body	potassium
B. 	Hyperosmolar	hyponatremia	with	low	total	body	potassium
C. 	Hypoosmolar	hyponatremia	with	high	total	body	potassium
D. 	Hypoosmolar	hyponatremia	with	low	total	body	potassium

3. 	An	anuric	59-year-old	man	with	end-stage	renal	disease	(ESRD)	on
hemodialysis,	diabetes	mellitus,	and	recent	placement	of	a	demand	pacemaker
presents	with	constipation	and	is	found	to	have	a	serum	potassium	of	6.5
mEQ/L,	a	glucose	of	260	mg/dL,	and	a	HCO	of	18	mg/dL.	Which	of	the
following	statements	is	correct	regarding	his	hyperkalemia?

A. 	Insulin	and	bicarbonate	administration	will	eliminate	the	need	for
dialysis
B. 	It	may	in	part	be	a	consequence	of	his	constipation
C. 	Peaked	T	waves	on	his	EKG	are	likely
D. 	The	pacemaker	will	prevent	cardiac	complications

Answers

1.	The	correct	answer	is	A.
Rationale:	 There	 are	 multiple	 potential	 etiologies	 for	 this	 patient’s

hyponatremia.	 Urine	 studies	 support	 a	 syndrome	 of	 inappropriate	 antidiuretic
hormone	(SIADH).	Chlorthalidone	also	 likely	contributed	to	 the	hyponatremia.
Regardless	 of	 the	 cause,	 he	 now	 has	 severe	 neurological	 manifestations	 of



confusion	and	seizure.	He	likely	has	cerebral	edema	and	will	require	aggressive
initial	 sodium	 correction	 to	 prevent	 herniation.	 This	 is	most	 reliably	 achieved
with	hypertonic	saline	(3%	NaCl)	given	as	an	initial	bolus	of	100	cc,	which	can
then	 be	 repeated	 twice	 more	 if	 neurological	 symptoms	 persist	 (choice	 A	 is
correct).	 Fluid	 restriction,	 sodium	 chloride	 tablets	 and	 urea	 powder	 are	 not
expected	 to	 raise	 the	 plasma	 sodium	 levels	 rapidly	 enough	 to	 treat	 his
neurological	 symptoms.	 While	 tolvaptan	 (a	 V2	 receptor	 antagonist)	 can	 raise
sodium	 levels	 rapidly,	 the	 response	 is	 not	 reliable,	 and	 the	 medication	 is	 not
approved	for	treatment	of	acute	severe	hyponatremia.

2.	The	correct	answer	is	B.
Rationale:	 This	 patient	 is	 presenting	with	 diabetic	 ketoacidosis	 (DKA)	 and

has	 several	 typical	 metabolic	 abnormalities	 due	 to	 this	 condition.	 His	 serum
sodium	 is	 low	 in	 the	 setting	 of	 a	 high	 serum	 osmolality,	 confirming
hyperosmolar	 hyponatremia	 due	 to	 the	 very	 high	 level	 of	 glucose	 that	 will
osmotically	 draw	water	 into	 the	 intravascular	 space.	Patients	with	DKA	are	 in
fact	 total	 body	 potassium	 depleted	 due	 to	 the	 polyuria	 and	 urinary	 potassium
losses	that	occur	with	severe	hyperglycemia	(choice	B	is	correct).	Despite	 this,
patients	 with	 DKA	 will	 often	 have	 a	 high	 serum	 potassium	 at	 presentation
because	 of	 transcellular	 shifts	 of	 potassium	 from	 the	 intracellular	 space	 to	 the
intravascular	 space.	 This	 transcellular	 shift	 is	 due	 to	 passive	 movement	 of
potassium	along	with	water	out	of	the	cell	(solvent	drag)	and	the	low	blood	pH
from	ketoacidosis	as	well	as	 impaired	entry	of	potassium	back	into	cells	 in	 the
setting	 of	 insulin	 deficiency.	After	 administration	 of	 IV	 fluids	 and	 insulin,	 the
serum	 potassium	 will	 usually	 drop	 rapidly,	 and	 patients	 will	 often	 need	 large
amounts	of	potassium	repletion.

3.	The	correct	answer	is	B.
Rationale:	 Gastrointestinal	 elimination	 of	 potassium	 becomes	 increasingly

important	when	there	is	progressive	renal	disease,	and	it	may	account	for	up	to
3	g/day	of	potassium	excretion	in	such	patients	(choice	B	is	correct).	Insulin	and
bicarbonate	 therapy	 are	 temporizing	 treatments	 and	 will	 not	 remove	 excess
potassium	from	his	body	(choice	A	is	incorrect).	Targeting	colonic	elimination	of
potassium	 could	 be	 helpful.	 Patients	 with	 potassium	 levels	 above	 6	 mEQ/L
should	 have	 continuous	 cardiac	 monitoring.	 While	 life-threatening	 cardiac
manifestations	 typically	 occur	 at	 levels	 above	 7	 mEQ/L,	 there	 is	 significant
interpatient	variability.	Patients	with	ESRD	frequently	do	not	show	typical	ECG
manifestations	 of	 hyperkalemia,	 even	 with	 potentially	 life-threatening	 levels
(choice	 C	 is	 incorrect).	 Failure	 of	 pacemaker	 capture	 is	 a	 possible	 feature	 of



hyperkalemia	 and	 pacemakers	 are	 often	 not	 cardioprotective	 under	 these
circumstances	(choice	D	is	incorrect).
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Chapter	200
Acute	Kidney	Injury	in	the	Intensive	Care
Unit
Konstantin	Abramov,	Jahan	Montague

KEY	POINTS:
1.	 Acute	kidney	injury	(AKI)	is	broadly	divided	into	prerenal,	intrinsic,

and	obstructive	categories.
2.	 Ischemic	insults	are	the	most	common	causes	of	AKI	in	the	ICU,

although	frank	hypotension	is	seen	in	less	than	half	of	cases.
3.	 Prevention	of	postoperative	AKI	hinges	on	withdrawal	of

vasopressors	early	and	safely	and	on	maintenance	of	adequate
perioperative	intravascular	volume.

4.	 AKI	can	develop	during	sepsis	in	the	absence	of	hypotension
through	endotoxin-mediated,	local	vasoconstrictor	effects	on	renal
perfusion.

5.	 Early	antibiotic	administration	and	adequate	intravenous	fluid
administration	are	key	to	prevention	of	AKI	from	sepsis.

OVERVIEW	OF	ACUTE	KIDNEY	INJURY
Sudden	 disruption	 of	 previously	 normal	 or	 stable	 kidney	 function,	 usually
occurring	 over	 hours	 or	 days,	 is	 termed	 acute	 kidney	 injury	 (AKI),	 formerly
referred	 to	 as	acute	 renal	 failure.	 AKI	 occurs	 among	 diverse	 clinical	 contexts
with	varied	presentations	and	etiologies.	The	course	of	AKI	differs	from	that	of
chronic	kidney	disease	(CKD),	in	which	renal	function	declines	more	slowly.

AKI	is	often	diagnosed	when	a	patient	develops	an	elevation	in	the	blood	urea
nitrogen	 (BUN)	 and	 serum	 creatinine.	 This	 change	 typically	 results	 from	 a
decline	 of	 glomerular	 filtration	 rate	 (GFR),	 but	 for	 certain	 cases	 may	 reflect



increased	urea	and/or	creatinine	production	without	any	reduction	of	GFR	(Table
200.1).	Oliguria,	a	reduction	of	urine	output	to	less	than	20	mL	per	hour,	may	be
present,	 although	 many	 forms	 of	 AKI	 are	 nonoliguric.	 When	 tubular
reabsorption	 of	 glomerular	 filtrate	 is	 reduced	 as	 a	 result	 of	 either	 itubular
dysfunction	 or	 diuretic	 administration,	 patients	 may	 be	 polyuric	 even	 though
GFR	is	markedly	reduced.

TABLE	200.1

Causes	of	Blood	Urea	Nitrogen	or	Serum	Creatinine
Elevation	Without	Reduction	of	Glomerular	Filtration	Rate

Increased	biosynthesis	of	urea
Gastrointestinal	bleeding
Medications
Corticosteroids
Tetracycline

Increased	protein	intake
Amino	acid	administration
Hypercatabolism	and	febrile	illness

Increased	biosynthesis	of	creatinine
Increased	release	of	creatine	from	muscle	(rhabdomyolysis)

Drug	interference	with	tubular	creatinine	secretion
Cimetidine
Dronedarone
Trimethoprim

Spuriously	elevated	creatinine	colorimetric	assay
Ketoacids	(diabetic	ketoacidosis)
Cephalosporins

Even	 a	 small	 rise	 of	 serum	 creatinine	 correlates	with	 increased	mortality.1,2
However,	AKI	can	occur	prior	to	a	significant	increase	of	creatinine	levels.	This
is	 especially	 true	 for	 the	 intensive	 care	 unit	 (ICU)	 setting,	 where	 frequent
administration	of	large	volume	of	intravenous	fluids	can	dilute	serum	creatinine.
Therefore,	 the	 Acute	 Dialysis	 Quality	 Initiative	 Group	 has	 proposed	 a



classification	of	AKI	based	not	only	on	serum	creatinine,	but	also	on	the	degree
of	urinary	output	reduction	and	the	requirement	for	renal	replacement	therapy.3
This	 classification	 is	 reflected	 in	 the	 RIFLE	 (Risk,	 Injury,	 Failure,	 Loss,	 End
Stage)	criteria	(Table	200.2),	which	have	been	shown	to	predict	renal	outcomes
and	mortality	for	a	variety	of	critically	ill	and	hospitalized	patients.4,5	The	Acute
Kidney	 Injury	 Network	 and	 Kidney	 Disease:	 Improving	 Global	 Outcomes
initiative	 (KDIGO)	developed	a	 simplified,	 three-stage	 system	 that	 is	 similarly
based	on	changes	in	serum	creatinine	and	urinary	output	(Table	200.3).

TABLE	200.2

RIFLE	Criteria	of	Acute	Kidney	Injury

Serum	creatinine	(Cr)/glomerular
filtration	rate	(GFR)	criteria

Urinary	output
criteria

Risk Cr	increase	×	1.5	above	baseline	or	GFR
decline	>25%

<0.5	mL/kg/h	×	6	h

Injury Cr	increase	×	2	above	baseline	or	GFR
decline	>50%

<0.3	mL/kg/h	×	24	h

Failure Cr	increase	×	3	above	baseline	or	Cr
>4	mg/dL	or	GFR	decline	>75%

<0.3	mL/kg/h	24	h	or
anuria	×	12	h

Loss Persistent	AKI	>4	wk

End
stage

End-stage	renal	disease	(AKI	>3	mo)

Summary	of	RIFLE	criteria	of	AKI.	Sensitivity	for	AKI	increases	toward	the	top	of	the	chart,	while
specificity	increases	toward	the	bottom	of	the	chart.	AKI,	acute	kidney	injury.
Reprinted	by	permission	from	Springer:	Bellomo	R,	Ronco	C,	Kellum	JA,	Mehta	RL,	Palevsky	P,
Acute	Dialysis	Quality	Initiative	workgroup.	Acute	Dialysis	Quality	Initiative	Workgroup:	acute	renal
failure	–	definition,	outcome	measures,	animal	models,	fluid	therapy	and	information	technology
needs	–	the	Second	International	Consensus	Conference	of	the	Acute	Dialysis	Quality	Initiative
(ADQI)	Group.	Crit	Care.	2004;8:R204–R210.

TABLE	200.3



KDIGO	Criteria	of	Acute	Kidney	Injury

Stage Serum	creatinine	(Cr)	criteria Urine	output	criteria

1 Cr	increase	1.5–1.9	×	above	baseline
within	7	d	OR	at	least	0.3	mg/dL	increase
in	48	hr	period

<0.5	mL/kg/h	for	at
least	6	h

2 Cr	increase	2–2.9	×	above	baseline <0.5	mL/kg/h	for	at
least	12	h

3 Cr	increase	3	×	above	baseline	OR	Cr	of
at	least	4	mg/dL	OR	initiation	of	dialysis

<0.3	mL/kg/h	for	at
least	24	h	OR	anuria	for
at	least	24	h

The	KDIGO	acute	kidney	injury	criteria	are	based	on	RIFLE	criteria	earlier	and	AKIN	criteria
(From	Acute	Kidney	Injury	Network:	report	of	an	initiative	to	initiative	to	improve	outcomes	of
acute	kidney	injury.	Crit	Care	11:R31,	2007).	Stage	3	in	pediatric	population	(<18	years	old)	is
also	defined	as	estimated	GFR	of	<	35	mL/min/1.73	m2.	AKIN,	acute	kidney	injury	network;	GFR,
glomerular	filtration	rate;	KDIGO,	kidney	disease:	Improving	Global	Outcomes.
KDIGO	Acute	Kidney	Injury	Workgroup.	From	KDIGO	clinical	practice	guidelines	for	acute	kidney
injury.	Kidney	Int	Suppl.	2012;2:8.

1 	 AKI	 may	 stem	 from	 any	 of	 three	 general	 conditions:	 impaired	 renal
perfusion	 without	 parenchymal	 injury,	 damage	 to	 the	 renal	 parenchyma,	 or
obstruction	 of	 the	 urinary	 tract.	 These	 etiologies	 are	 referred	 to	 as	 prerenal,
renal,	 or	postrenal	 causes	 of	AKI,	 respectively,	 and	 are	 summarized	 in	Table
200.4.	 Although	 it	 is	 helpful	 to	 consider	 the	 complete	 array	 of	 renal	 diseases
when	evaluating	AKI,	in	the	inpatient	setting	two-thirds	of	cases	will	be	due	to
either	 acute	 tubular	 necrosis	 (ATN)	 or	 prerenal	 azotemia.	Hence,	 an	 extensive
search	for	other	forms	of	renal	disease	is	indicated	in	the	ICU	setting	only	when
suggested	by	clinical	signs	or	laboratory	findings	such	as	urinary	abnormalities
indicative	of	glomerular	disease.

TABLE	200.4

Causes	of	Acute	Kidney	Injury

Prerenal	azotemia	



Hypovolemia
Reduced	effective	circulating	volume
Autoregulatory	failure

Intrinsic	renal	disease	
Glomerular	diseases
Vascular	diseases	(main	renal	artery	and	microcirculation)
Tubulointerstitial	disease
Acute	tubular	necrosis
Acute	cortical	necrosis

Postrenal	failure	
Ureteric	obstruction	(bilateral	or	solitary	kidney)
Lower	tract	obstruction	(bladder	neck	or	urethra)

Prerenal	Azotemia	and	Autoregulatory	Failure
Prerenal	azotemia	develops	when	renal	perfusion	pressure	decreases	to	a	point	at
which	 GFR	 falls.	 This	 is	 a	 functional	 condition	 without	 associated	 renal
parenchymal	injury,	although	it	may	be	superimposed	on	preexisting	CKD.	The
causes	 of	 prerenal	 azotemia	 are	 listed	 in	Table	 200.5.	 Normalization	 of	 renal
blood	flow,	if	possible,	promptly	restores	renal	function.

TABLE	200.5

Causes	of	Prerenal	Azotemia

Hypovolemia
Gastrointestinal	losses
Vomiting
Diarrhea
Surgical	drainage

Renal	losses
Osmotic	agents
Diuretics
Renal	salt-wasting	disease
Adrenal	insufficiency

Skin	losses



Burns
Excessive	sweating

Hemorrhage
Translocation	of	fluid	(third	spacing)
Postoperative
Pancreatitis

Reduced	effective	circulating	volume	
Hypoalbuminemia
Hepatic	cirrhosis
Left	ventricular	cardiac	failure
Peripheral	blood	pooling	(vasodilator	therapy,	anesthetics,	anaphylaxis,

sepsis,	and	toxic	shock	syndrome)
Renal	artery	occlusion
Small	vessel	disease	(malignant	hypertension,	toxemia,	and	scleroderma)
Renal	vasoconstriction	(hypercalcemia,	hepatorenal	syndrome,

cyclosporine,	and	pressor	agents)

Autoregulatory	failure	
Nonsteroidal	anti-inflammatory	drugs	(preglomerular	vasoconstriction)
Angiotensin-converting	enzyme	inhibitors	(postglomerular	vasodilation)

Hypovolemia	 from	 gastrointestinal	 losses,	 hemorrhage,	 venous	 pooling,
sequestering	 of	 fluid	 in	 “third	 spaces,”	 or	 excessive	 urinary	 or	 skin	 losses	 of
sodium	 and	 water	 may	 cause	 prerenal	 azotemia.	 Patients	 will	 usually	 exhibit
signs	 of	 volume	 depletion,	 including	 thirst,	 diminished	 skin	 turgor	 and	 dry
mucous	membranes,	and	postural	hypotension.	Patients	whose	vascular	volume
is	 functionally	 reduced	 by	 the	 hemodynamic	 alterations	 of	 congestive	 heart
failure,	 cirrhosis,	 or	 hypoalbuminemia	may	 develop	 prerenal	 azotemia	 despite
having	a	normal	or	even	expanded	extracellular	fluid	(ECF)	volume.	Because	the
effective	circulatory	volume	is	reduced,	renal	perfusion	is	impaired	just	as	in	true
hypovolemia.

When	 glomerular	 perfusion	 is	 threatened,	 autoregulatory	 mechanisms	 help
maintain	 glomerular	 capillary	 pressure.	 If	 autoregulatory	 mechanisms	 are
inoperative,	a	given	reduction	in	renal	blood	flow	provokes	a	sharper	decline	in
GFR.	 The	mechanisms	 of	 these	 processes	 are	 shown	 in	Figure	 200.1.	 Use	 of
nonsteroidal	 anti-inflammatory	 drugs	 (NSAIDs)	 in	 patients	 with	 renal
hypoperfusion,	for	example,	can	lead	to	severe	AKI.	Likewise,	administration	of
angiotensin-converting	enzyme	 (ACE)	 inhibitors	 in	patients	whose	 renal	blood



flow	is	obstructed	by	bilateral	renovascular	renal	artery	stenosis	can	cause	severe
azotemia.

	

Figure	200.1 	Diagrammatic	representation	of	autoregulation	and
deregulation	 caused	by	use	of	 either	nonsteroidal	 anti-inflammatory
drugs	 (NSAIDs),	 which	 lead	 to	 afferent	 (Aff.)	 vasoconstriction,	 or
angiotensin-converting	 enzyme	 (ACE)	 inhibitors,	 which	 produce
efferent	 (Eff.)	 vasodilation.Ang	 II,	 angiotensin	 II;	GFR,	 glomerular
filtration	rate;	PGs,	prostaglandins.

Reduced	 renal	 perfusion	 slows	 down	 the	 flow	 of	 filtrate	 through	 the	 renal
tubules,	enhancing	the	reabsorption	of	urea.	Because	creatinine	is	not	reabsorbed
in	the	renal	tubules,	its	clearance	is	unaffected	by	these	nephronal	factors.	Thus,
the	 clearance	 of	 urea	 is	 reduced	 disproportionately	 to	 that	 of	 creatinine,
explaining	the	unusually	high	BUN-creatinine	ratio	that	is	often	seen	in	prerenal
states.	In	such	situations,	the	BUN-creatinine	ratio	typically	exceeds	20	to	1.

A	 high	 urea-creatinine	 ratio,	 however,	 is	 not	 pathognomonic	 of	 prerenal
azotemia.	When	urea	production	is	accelerated	in	catabolic	states	(as	is	seen	with
tetracycline	or	 corticosteroid	 therapy)	or	by	 resorption	of	a	 large	hematoma	or
with	gastrointestinal	bleeding,	BUN	 levels	 rise	unless	 renal	urea	clearance	can
increase	to	meet	the	augmented	urea	burden.	To	establish	whether	a	high	BUN-
creatinine	 ratio	 is	 due	 to	 increased	 urea	 production	 or	 reduced	 excretion,
calculation	of	the	fractional	urea	clearance	may	be	useful.

The	hallmark	of	prerenal	conditions	 is	 the	 intense	renal	conservation	of	salt
and	water	 as	 reflected	 in	 the	 urine	 composition,	which	 generally	 shows	 a	 low
sodium	concentration	(U	Na	<	10	mEq/L;	fractional	excretion	of	sodium	[FENa]	<



1%)	 and	 a	 high	 osmolality	 (U	 Osm	 >	 500	 mOsm/kg).	 Renal	 conservation	 of
sodium	 involves	 both	 proximal	 and	 distal	 tubular	mechanisms.	 A	 low	 urinary
sodium	concentration	is	expected	in	these	states,	whereas	high	urinary	sodium	in
prerenal	cases	signifies	a	coexisting	abnormality	of	tubular	function,	the	effect	of
diuretics,	 or	 the	 presence	 of	 nonreabsorbable	 anionic	 substances	 in	 the	 urine,
such	 as	 bicarbonate	 in	 patients	with	metabolic	 alkalosis,	 or	 certain	 penicillins,
that	obligate	the	excretion	of	cations	like	sodium.	Impaired	sodium	reabsorption
is	 also	 seen	 during	 osmotic	 diuresis	 and	 in	 certain	 forms	 of	 chronic	 renal
diseases.

Intrinsic	Renal	Disease
Reduced	 renal	 function	 may	 also	 result	 from	 renal	 parenchymal	 injury.	 Such
injury	 may	 arise	 from	 glomerular,	 vascular,	 and	 tubulointerstitial	 disorders
(Table	 200.4)	 and	 may	 represent	 either	 primary	 kidney	 disease	 or	 the	 renal
effects	of	an	underlying	systemic	illness	(eg,	systemic	lupus	erythematosus).

Glomerular	and	Vascular	Diseases
The	GFR	may	 be	 abruptly	 reduced	 by	 acute	 glomerulonephritis.	 Patients	may
present	with	the	constellation	of	hypertension,	edema,	azotemia,	and	hematuria,
known	 as	 the	 acute	 nephritic	 syndrome.	 Hypertension	 and	 edema	 result	 from
impaired	 excretion	 of	 salt	 and	 water.	 Although	 the	 history	 of	 a	 previous	 sore
throat	or	streptococcal	 infection	may	provide	diagnostic	clues,	 the	urinalysis	 is
particularly	 valuable.	 The	 urine	 may	 be	 grossly	 bloody	 or	 tea	 colored.	 The
urinary	sediment	contains	red	blood	cells	(RBCs)	and	often	RBC	casts	(Figure
200.2).



	

Figure	 200.2 	 Typical	 urinary	 sediments	 from	 patients	 with
parenchymal	 renal	 diseases.A,	 Sediment	 from	 patient	 with	 acute
glomerulonephritis	 showing	 free	 red	 blood	 cells	 and	 red	 blood	 cell
casts.	 B,	 Sediment	 from	 patient	 with	 acute	 interstitial	 nephritis
demonstrating	 pyuria	 and	 white	 blood	 cell	 cast.	C,	 Typical	 muddy
brown,	coarse,	granular	casts	in	a	patient	with	acute	tubular	necrosis.

Poststreptococcal	glomerulonephritis,	 the	prototypic	nephritic	disorder,	often
presents	 with	 AKI	 and	 oliguria.	 The	 crescentic	 glomerulonephritides	 (rapidly



progressive	 glomerulonephritis	 [RPGN]),	 such	 as	 antiglomerular	 basement
membrane	disease	and	ANCA	(antineutrophil	cytoplasmic	antibody)-associated
glomerulonephritis,	can	also	cause	AKI.	Similar	findings	are	frequent	in	patients
with	other	primary	nephritic	disorders	as	well	as	in	secondary	nephritides,	such
as	systemic	lupus	erythematosis	and	bacterial	endocarditis.

Diseases	 affecting	 either	 the	 main	 renal	 arteries	 or	 their	 branches	 may
precipitate	 AKI.	 Renal	 artery	 occlusion	 by	 acute	 thrombosis	 or
thromboembolism	 typically	 only	 causes	 AKI,	 if	 it	 is	 bilateral	 or	 involves	 a
solitary	functioning	kidney.	These	processes	may	be	silent	or	may	produce	flank
pain	and	hematuria,	particularly	if	abrupt	enough	to	cause	renal	infarction.	Fever,
moderate	 leukocytosis,	 and	 an	 elevated	 serum	 level	 of	 lactate	 dehydrogenase
should	 raise	 the	 suspicion	 of	 infarction.	 With	 rare	 exceptions,	 renal	 arterial
thromboembolism	 occurs	 only	 in	 the	 settings	 of	 acute	 myocardial	 infarction,
atrial	 fibrillation,	 bacterial	 endocarditis,	 cardiac	 valvular	 disease,	 or
hypercoagulable	disorders.
Acute	 renal	 vein	 thrombosis	 (RVT)	 seldom	 causes	 renal	 failure	 unless	 both

kidneys	 are	 simultaneously	 occluded.	 Acute	 flank	 pain	 and	 hematuria	 are	 the
clinical	 hallmarks.	 Renal	 venous	 obstruction	 may	 occur	 as	 a	 complication	 of
nephrotic	syndrome	or	renal	cell	carcinoma.
Microscopic	 occlusion	 of	 smaller	 vessels	 occurs	 in	 a	 variety	 of	 disorders,

including	 atheroembolic	 renal	 disease,	 thrombotic	 thrombocytopenic	 purpura
(TTP)	and	hemolytic-uremic	syndrome,	scleroderma,	postpartum	kidney	injury,
and	malignant	hypertension.	Scleroderma	or	malignant	hypertension	may	appear
as	 AKI,	 with	 severe	 blood	 pressure	 elevation	 due	 to	 activation	 of	 the	 renin-
angiotensin	 system.	These	vascular	 disorders	produce	 renal	 injury	by	 reducing
glomerular	 blood	 flow.	 Because	 the	 lesion	 is	 proximal	 to	 the	 glomerulus,	 the
urine	sediment	is	usually	acellular	and	bland.
Vasculitis	produces	AKI	either	through	direct	involvement	of	the	renal	arterial

system	 or	 by	 inducing	 glomerulonephritis.	 Often,	 microscopic	 polyarteritis	 or
granulomatosis	 with	 polyangiitis	 (formerly	 Wegener	 granulomatosis)	 may
present	 with	 evident	 renal	 parenchymal	 disease,	 as	 suggested	 by	 urinary
abnormalities	 such	 as	 microscopic	 hematuria,	 RBC	 casts,	 and	 proteinuria.
Patients	may	require	ICU	care	when	there	is	multiorgan	involvement,	such	as	the
pulmonary	disease	that	occurs	with	granulomatosis	with	polyangiitis.	Fulminant
presentations	 with	 severe	 hypoxemia	 and	 pulmonary	 hemorrhage	 may	 be
accompanied	 by	 rapidly	 progressive	 renal	 dysfunction.	 In	 these	 cases,
glomerular	 involvement	 may	 range	 from	 focal	 and	 segmental	 necrotizing
glomerulitis	to	severe	crescentic	glomerulonephritis.



Tubulointerstitial	Diseases
Two	 syndromes	 are	 responsible	 for	 most	 cases	 of	 parenchymal	 AKI	 in
hospitalized	populations:	ATN	and	acute	interstitial	nephritis	(AIN).

Acute	Tubular	Necrosis
ATN	 is	 a	 syndrome	 that	 may	 result	 from	 renal	 ischemia	 or	 exposure	 to
nephrotoxins	 such	 as	 aminoglycoside	 antibiotics,	 radiocontrast	 agents,	 heavy
metals,	 and	myoglobin.	Despite	 the	 term	acute	 tubular	 necrosis,	 frank	 tubular
cell	 necrosis	 does	 not	 appear	 in	 all	 cases.	Historically,	 the	 pathophysiology	 of
AKI	 in	ATN	has	 been	 attributed	 to	 three	 processes:	 (a)	obstruction	of	 tubular
lumens	by	sloughed	epithelial	cells	and	cellular	debris,	(b)	back-leak	of	filtered
wastes	 into	 the	 circulation	 through	 the	 disrupted	 tubular	 epithelium,	 and	 (c)
sustained	 reduction	 in	 glomerular	 blood	 flow	 following	 the	 inciting	 stimulus.
For	instance,	severe	cortical	vasoconstriction	has	been	noted	early	in	the	course
of	ATN,	which	 is	 likely	mediated	 by	 endothelial	 cell	 injury	 and	 locally	 acting
vasoconstrictors,	such	as	endothelin.	Afferent	arteriolar	vasoconstriction	has	also
been	described.	In	ATN,	 impaired	proximal	solute	reabsorption	increases	distal
chloride	delivery	to	macular	densa,	which,	in	turn,	mediates	afferent	constriction
via	 the	 secretion	 of	 adenosine.	 This	 process	 is	 termed	 tubuloglomerular
feedback.	 However,	 it	 remains	 unclear	 whether	 renal	 vasoconstriction	 has	 a
central	role	for	the	pathogenesis	of	ATN,	because	restoring	renal	blood	flow	with
vasodilators	does	not	 always	preserve	 the	GFR.	Nonetheless,	 this	process	may
be	important	during	the	initiation	of	certain	forms	of	ATN	such	as	radiocontrast
toxicity.

As	already	noted,	relatively	modest	hypoperfusion	leads	to	prerenal	azotemia,
characterized	by	a	modest	reduction	of	urine	output	and	GFR,	and	preservation
of	 tubular	 function,	 which	 is	 rapidly	 reversible.	 However,	 a	 more	 critical
decrease	of	renal	perfusion	leads	to	medullary	hypoperfusion	and	ischemic	ATN
with	 greater	 reductions	 of	 GFR,	 abnormalities	 of	 tubular	 function,	 and	 often
histological	 evidence	 of	 tissue	 injury.	 Because	 recovery	 depends	 on	 cellular
regeneration,	 reversal	 of	ATN	 is	much	 slower	 than	 for	 prerenal	 azotemia.	The
most	extreme	form	of	hypoperfusion	injury	is	cortical	ischemia	associated	with
either	patchy	or	diffuse	cortical	necrosis,	 typically	manifesting	the	most	severe
reduction	 in	 GFR	 and	 a	 much	 less	 certain	 prognosis	 for	 recovery	 of	 renal
function.	The	medullary	 thick	ascending	 limb	 segment	of	 the	 loop	of	Henle	 is
particularly	 vulnerable	 to	 ischemic	 and	 nephrotoxic	 insults	 because	 of	 a
combination	 of	 low	 ambient	 partial	 pressure	 of	 oxygen	 and	 intense,	 transport-
driven	 oxygen	 consumption.	 Other	 factors,	 such	 as	 adenosine	 triphosphate



depletion	and	activation	of	phospholipases,	cytosolic	and	mitochondrial	calcium
overload,	and	release	of	free	radicals,	may	contribute	to	cellular	damage.

The	 immune	 system	 plays	 a	 critical	 role	 in	 pathogenesis	 of	 ATN	 through
recruitment	 of	 various	 inflammatory	 cells,	 cytokine	 release,	 complement
activation,	 and	 induction	 of	 tubular	 cell	 apoptosis.6,7	 For	 example,	 the	 protein
neutrophil	 gelatinase-associated	 lipocalin	 (NGAL)	 is	 a	 regulatory	 molecule,
which	 is	 expressed	 in	 the	 kidney.	 NGAL	 is	 released	 early	 in	 the	 course	 of
ischemic	ATN	and	appears	to	attenuate	tubular	cell	injury	and	apoptosis.8	There
is	 considerable	 interest	 in	 using	NGAL	 and	 other	molecules	 as	 biomarkers	 of
early	kidney	injury	(Table	200.6)	with	the	hope	that	timely	diagnosis	of	AKI	will
allow	clinicians	 to	make	 therapeutic	 interventions	 that	will	 ultimately	 improve
outcomes	(discussed	further	in	“Diagnosis”	section).

TABLE	200.6

Protein	Biomarkers	for	the	Early	Detection	of	Acute	Kidney
Injury

Biomarker Associated	injury

Cystatin	C Proximal	tubule	injury

KIM-1 Ischemia	and
nephrotoxins

NGAL

L-FABP

Netrin	1 Sepsis,	ischemia,
nephrotoxins	I

NHE3 Prerenal,	ischemia,
and	postrenal

α-GST Acute	rejection,
proximal	tubule	injury

π-GST Acute	rejection,	distal
tubule	injury



Cytokines	(IL-6,	IL-8,	IL-18)	Actin–actin
depolymerizing	F	Keratin-derived	chemokine
IGFBP7
TIMP-2

Delayed	graft	function
Tubular	cell	cycle
arrest	in	early	AKI

AKI,	acute	kidney	injury;	GST,	glutathione	S-transferase;	IGFBP7,	insulin-like	growth	factor–
binding	protein	7;	IL,	interleukin;	KIM,	kidney	injury	molecule;	L-FABP,	L-fatty	acid–binding	protein;
NGAL,	neutrophil	gelatinase-associated	lipocalin;	NHE,	sodium-hydrogen	exchanger;	TIMP-2,
tissue	inhibitor	of	metalloproteinases	2.
From	Ronco	C,	Haapio	M,	House	AA,	et	al.	Cardiorenal	syndrome.	J	Am	Coll	Cardiol.
2008;52:1527,	and	Kashani	K,	Al-Khafaji	A,	Ardiles	T,	et	al.	Discovery	and	validation	of	cell	cycle
arrest	biomarkers	in	human	acute	kidney	injury.	Crit	Care.	2013;17:R225.

History	of	exposure	to	a	predisposing	factor,	such	as	prolonged	ischemia	or
toxin,	 can	 be	 elicited	 in	 approximately	 80%	 of	 patients	 with	 ATN.	 Most
individuals	 with	 this	 syndrome	 have	 the	 classic	 findings	 of	 sloughed	 renal
tubular	epithelial	cells,	epithelial	cell	casts,	or	muddy	brown	granular	casts	in	the
urinary	 sediment	 (Figure	 200.2).	 These	 findings	 are	 not	 seen	 in	 prerenal
azotemia.	 In	 addition,	 calculating	 the	 fractional	 excretion	 of	 filtered	 sodium
(FENa)	 may	 enable	 the	 clinician	 to	 differentiate	 between	 ATN	 and	 prerenal
azotemia.	 The	 FENa	 expresses	 urinary	 sodium	 excretion	 as	 a	 percentage	 of
filtered	load.	It	provides	a	more	precise	representation	of	tubular	sodium	avidity
than	the	urinary	sodium	concentration,	because	it	is	not	influenced	by	changes	in
urine	concentration	or	flow	rate.	The	FENa	is	very	low	in	prerenal	azotemia	as	a
result	 of	 active	 sodium	 reabsorption	 by	 the	 renal	 tubules.	When	 frank	 tubular
damage	 has	 occurred,	 as	 in	 ATN,	 the	 tubules	 can	 no	 longer	 reclaim	 sodium
efficiently,	 and	 the	 FENa	 is	 generally	 high	 (Figure	 200.3).	 See	 “Diagnosis”
section	 for	more	 detail	 on	 the	 FENa.	Urinary	 concentration	 is	 also	 impaired	 in
tubular	necrosis;	as	a	result,	urinary	osmolality	approximates	that	of	plasma,	and
the	ratio	of	BUN	to	creatinine	is	less	than	20.



	

Figure	 200.3 	 Diagnostic	 parameters	 in	 acute	 renal	 failure.Two
laboratory	tests	used	to	distinguish	prerenal	(PR)	azotemia	from	acute
tubular	 necrosis	 (ATN)	 are	 shown.	 Left:	 Urinary	 sodium
concentration	(U	Na,	mEq/L).	Right:	 Fractional	 excretion	of	 sodium
(FENa,	 %).	 Area	 within	 each	 symbol	 denotes	 the	 proportion	 of
patients	with	each	condition	correlated	with	the	laboratory	parameter.
Note	 that	 although	 considerable	 numbers	 of	 patients	 with	 PR	 and
ATN	 fall	 in	 an	 intermediate	 zone	 of	U	 Na	 (20-40	mEq/L),	 the	 FENa

almost	 completely	 differentiates	 the	 two	 groups.(Adapted	 from
Rudnick	MR,	Bastl	CP,	Elfinbein	IB,	et	al.	The	differential	diagnosis
of	acute	renal	failure.	In:	Brenner	BM,	Lazarus	JM,	eds.	Acute	Renal
Failure.	 Churchill	 Livingstone;	 1988:177,	 with	 permission	 from
Elsevier.)

Acute	Interstitial	Nephritis
The	 term	 acute	 interstitial	 (or	 tubulointerstitial)	 nephritis	 encompasses	 a
collection	 of	 disorders	 characterized	 by	 acute	 inflammation	 of	 the	 renal
interstitium	and	tubules.	Depending	on	the	specific	nature	of	 the	condition,	 the
inflammatory	infiltrate	may	consist	of	a	combination	of	neutrophils,	eosinophils,
and	 lymphocytes	 or	 plasma	 cells.	 Most	 cases	 of	 AIN	 represent	 an	 allergic
reaction	 with	 eosinophilia	 and	 skin	 eruptions,	 usually	 induced	 by	medication.
Interstitial	 disease	 can	 also	 occur	 because	 of	 infectious	 agents,	 including



Brucella,	Leptospira,	Legionella,	Toxoplasma,	and	Epstein-Barr	virus.
These	 disorders	 are	 to	 be	 distinguished	 from	 the	 familiar	 entity	 acute

pyelonephritis.	 Acute	 pyelonephritis	 is	 a	 suppurative	 disease	 of	 the
tubulointerstitium,	 usually	 caused	 by	 bacterial	 infection	 ascending	 from	 the
urinary	 bladder.	 Acute	 pyelonephritis	 rarely	 causes	 renal	 dysfunction.	 AIN,
however,	is	an	important	cause	of	AKI	and	is	discussed	in	detail	later.

Postrenal	Azotemia
The	term	postrenal	azotemia,	or	obstructive	uropathy,	refers	to	azotemia	caused
by	 obstruction	 of	 urine	 flow	 from	 the	 kidneys.	 Renal	 outflow	 obstruction	 has
many	 causes,	 but	 the	 most	 common	 causes	 are	 prostatic	 enlargement,
nephrolithiasis,	and	genitourinary	 tumors.	For	obstruction	to	produce	azotemia,
both	 kidneys	 must	 be	 involved	 because	 one	 normally	 functioning	 kidney	 is
sufficient	 to	 maintain	 a	 near-normal	 GFR.	 AKI	 may	 occur	 with	 unilateral
obstruction	 in	a	patient	who	has	one	 functioning	kidney	or	 in	whom	unilateral
obstruction	is	superimposed	on	underlying	CKD.

The	 clinical	 history	 often	 helps	with	 the	 diagnosis	 of	 obstructive	 uropathy.
Prior	 kidney	 stones	 should	 raise	 suspicion	 for	 obstruction,	 particularly	 in	 the
setting	 of	 symptoms	 of	 renal	 colic.	 AKI	 in	 an	 elderly	 man	 who	 has	 been
experiencing	urinary	hesitancy	most	likely	represents	obstruction	of	the	bladder
outlet	 by	 an	 enlarged	 prostate.	 A	 history	 of	 genitourinary	 malignancy	 in	 an
azotemic	 patient	 also	makes	 obstruction	 the	most	 likely	 diagnosis.	AKI	 in	 the
setting	of	painless	gross	hematuria	and	a	history	of	NSAID	use	should	prompt	a
suspicion	of	papillary	necrosis,	a	condition	 in	which	sloughed-off	 renal	papilla
can	cause	bilateral	ureteral	obstruction.	Finally,	renal	failure	in	a	newborn	infant
is	likely	to	be	due	to	congenital	anatomic	ureteral	obstruction.

When	urine	output	declines	precipitously	or	ceases	entirely	(anuria),	complete
obstruction	of	the	urinary	tract	must	be	ruled	out.	Such	an	obstruction	is	likely	to
be	 located	 at	 the	 bladder	 outlet	 because	 the	 probability	 of	 simultaneous
obstruction	in	both	ureters	from	any	cause	is	remote.	If	the	patient	has	only	one
kidney	(eg,	due	to	previous	nephrectomy,	unilateral	renal	disease,	or	congenital
solitary	kidney),	however,	anuria	may	occur	with	unilateral	ureteral	obstruction.
Even	 though	 complete	 obstruction	 is	 a	 common	 cause	 of	 anuria,	 partial
obstruction	is	not	always	associated	with	a	decline	in	urine	output.	With	partial
obstruction,	 damage	 to	 the	kidney	may	 impair	 the	 ability	 to	 concentrate	 urine,
resulting	 in	 a	 polyuric	 state	 (acquired	 nephrogenic	 diabetes	 insipidus).	 In
patients	with	complete	unilateral	obstruction	of	a	ureter,	the	contralateral	kidney
often	sustains	a	normal	urine	output.



Obstructive	 uropathy	 is	 associated	with	 other	 defects	 of	 the	 distal	 nephron,
including	 reduced	 hydrogen	 ion	 and	 potassium	 secretion,	 as	 well	 as	 impaired
urinary	 concentration.	 Consequently,	 the	 patient,	 particularly	 if	 there	 is
prolonged	 high-grade	 obstruction,	 may	 present	 with	 hyperkalemia,
hyperchloremic	metabolic	acidosis,	hypernatremia,	or	a	combination	of	all	three.

As	 discussed	 later,	 urologic	 causes	 of	 AKI	 are	 best	 diagnosed	 by	 renal
imaging	techniques.	The	urine	chemistry	is	generally	of	little	help	in	diagnosing
obstructive	uropathy.	Likewise,	the	urinalysis	provides	only	indirect	evidence	of
a	 possible	 cause	 of	 AKI.	 Hematuria	 reflects	 trauma	 to	 the	 urinary	 epithelium
caused	by	 the	obstructing	 lesion.	Crystals	 (calcium	oxalate	or	uric	acid)	 in	 the
urine	sediment	may	suggest	a	kidney	stone.

CLINICAL	SYNDROMES	ASSOCIATED	WITH	AKI
IN	THE	INTENSIVE	CARE	UNIT	SETTING
With	the	higher	level	of	acuity	of	illness,	and	more	radical	approaches	to	surgical
and	 pharmacologic	 therapeutics,	 the	 incidence	 of	 AKI	 is	 increasing.	 As	 with
other	areas	of	clinical	medicine,	patterns	of	presentation	often	can	be	recognized
and	can	 lead	 the	physician	 to	 the	most	 likely	diagnoses.	The	 following	section
explores	 in	 greater	 detail	 the	 specific	 AKI	 syndromes	 most	 commonly
encountered	in	the	ICU	(listed	in	Table	200.7).

TABLE	200.7

Intensive	Care	Syndromes	Associated	With	Acute	Kidney
Injury	(AKI)

Ischemic	AKI	
Extracellular	volume	depletion
Postoperative	(particularly	cardiac	surgery)
Severe	ventricular	dysfunction	or	cardiogenic	shock
Sepsis
Pancreatitis
Trauma
Burns



Acute	bilateral	cortical	necrosis

Nephrotoxicity	and	drug-induced	AKI	
Myoglobinuric	AKI
Radiocontrast	nephropathy
Drugs	(see	Table	200.11)

Renal	vascular	disease
Major	vessel	disease
Renal	artery	embolism	or	thrombosis
Renal	vein	thrombosis

Microvascular	disease
Atheroembolism
Vasculitis
Scleroderma

Cancer	related
Obstructive	uropathy
Hypercalcemia
Tumor	lysis	syndrome
ATN	secondary	to	chemotherapy

Renal	dysfunction	with	liver	disease
Prerenal	azotemia
ATN
Hepatorenal	syndrome

ATN,	acute	tubular	necrosis.

Ischemic	Acute	Kidney	Injury
2 	The	most	common	forms	of	AKI	in	the	ICU	result	from	renal	hypoperfusion.
Because	frank	hypotension	is	documented	among	fewer	than	half	of	these	cases,
the	 causal	 events	 may	 often	 be	 overlooked	 or	 obscured	 by	 multiple	 factors.
Frequently,	 more	 than	 one	 causal	 factor	 is	 necessary	 to	 provoke	 AKI.	 For
example,	 the	 presence	 of	 hypovolemia	 enhances	 the	 risk	 for	 AKI	 due	 to
nephrotoxic	insults.

Extracellular	Volume	Depletion



Extracellular	 volume	 depletion	 accounted	 for	 approximately	 15%	 to	 20%	 of
cases	 of	AKI.	 In	most	 instances,	 urinary	 losses	 are	 the	 cause	 of	 hypovolemia.
Injudicious	use	of	diuretics	and	 the	osmotic	diuresis	 that	accompanies	diabetic
hyperglycemia	 are	 the	 most	 common	 etiologies.	 Cessation	 of	 diuretic	 therapy
and	volume	repletion	lead	to	rapid	recovery;	consequently,	the	mortality	is	quite
low.

In	rare	instances,	gastrointestinal	losses	of	substantial	magnitude	may	lead	to
AKI.	In	the	developing	world,	however,	this	is	one	of	the	most	common	causes
of	 AKI	 and	 the	 major	 cause	 of	 morbidity	 and	 mortality	 where	 cholera	 is
endemic.	In	such	cases,	the	source	of	the	gastrointestinal	losses,	either	gastric	or
intestinal,	 may	 lead	 to	 distinctive	 electrolyte	 abnormalities.	 In	 the	 former,
metabolic	alkalosis	mandates	repletion	with	chloride-rich	replacement	solutions
(normal	 saline,	 usually	 with	 potassium	 chloride,	 as	 most	 patients	 are	 also
hypokalemic).	With	 intestinal	 losses	 of	 fluid,	metabolic	 acidosis	 often	 ensues,
and	appropriate	 replacement	may	consist	of	a	buffer	solution	of	either	 isotonic
bicarbonate	 or	 lactate-containing	 (Ringer)	 solution	 in	 combination	with	 saline.
This	is	more	fully	discussed	later	in	this	chapter	and	in	Chapter	198.

Transdermal	fluid	losses	usually	occur	in	the	setting	of	major	burns,	with	the
degree	of	hypovolemia	and	 the	 severity	of	AKI	corresponding	 to	 the	extent	of
thermal	 injury	 (body	 surface-area	 involvement).	 Significant	 burns	 can	 lead	 to
severe	 hypovolemia	 from	massive	 evaporative	 and	 exudative	 fluid	 loss	 across
the	damaged	epidermis	as	well	from	redistribution	of	fluid	due	to	edema	in	the
injured	 tissues.	 This	 hypovolemia	 can	 stimulate	 a	 sympathetic	 nerve-mediated
response	with	resultant	renal	vasoconstriction.	In	some	instances,	the	severity	of
renal	 vasoconstriction,	 superimposed	 on	 hypovolemia,	 culminates	 in	 ATN.	 In
addition,	 deeper	 thermal	 injury	 with	 skeletal	 muscle	 involvement	 may	 induce
myoglobinuric	AKI	 (see	 following	discussion).	Dermal	 losses	of	 fluid	are	also
seen	 in	 the	 setting	 of	 hyperthermia	 and	 heat	 stroke.	 The	 evaporative	 loss	 of
sweat,	 which	 is	 hypotonic,	 leads	 to	 a	 hypertonic	 dehydration	 for	 most	 cases.
Replacement	with	half-normal	saline	corrects	free	water	and	sodium	deficits.

Postoperative
Postoperative	 AKI	 has	 long	 been	 recognized	 as	 a	 common	 complication	 of
major	 vascular,	 abdominal,	 and	 open-heart	 surgeries.	 The	 pathogenesis	 of
postoperative	 renal	 dysfunction	 varies	 with	 the	 of	 the	 surgery	 and	 the
preoperative	condition	of	the	patient.	AKI	following	abdominal	surgery	is	often
the	result	of	translocation	of	fluid	into	the	peritoneal	cavity.	In	this	phenomenon,
third	 space	 losses	 cause	 intravascular	 hypovolemia	 and	 subsequent	 renal



hypoperfusion.	 AKI	 is	 uncommon	 in	 patients	 undergoing	 routine	 abdominal
surgery,	 but	 the	 risk	 is	 substantial	 in	 surgery	 for	 obstructive	 jaundice;	 this
complication	 may	 develop	 in	 approximately	 10%	 of	 patients.	 Major	 vascular
surgery,	 particularly	 aortic	 repairs,	 is	 also	 frequently	 complicated	 by	 AKI,
especially	 in	 the	 setting	 of	 a	 ruptured	 aortic	 aneurysm.	 Elective	 repair	 of	 an
aortic	aneurysm	is	seldom	associated	with	AKI	when	cross	clamping	 is	placed
above	the	renal	arteries.	Although	the	definition	of	AKI	and	its	incidence	varies
among	studies,	cardiac	surgery	appears	to	generate	most	of	the	cases	in	the	acute
care	hospital.	Cardiac	surgery	accounts	for	nearly	two-thirds	of	the	postoperative
AKI.	Repeated	episodes	of	AKI	and	sepsis	complicating	AKI	are	associated	with
substantially	higher	mortality	after	surgery.

Several	predisposing	factors	for	the	development	of	postoperative	AKI	have
been	identified,	which	can	be	used	to	stratify	risk	(Table	200.8).	These	include
emergent	surgery,	an	elevated	preoperative	serum	creatinine,	the	use	of	an	intra-
aortic	 balloon	 pump,	 and	 combined	 coronary	 artery	 bypass	 graft	 and	 valvular
surgery.9	 Still,	 it	 is	 often	 difficult	 to	 prospectively	 identify	 those	 patients	 at
heightened	 risk	 for	 perioperative	 AKI,	 especially	 since	 40%	 of	 patients	 who
develop	AKI	do	not	have	frank	perioperative	hypotension	or	evidence	of	shock.
Other	factors	appear	to	be	important	for	the	development	of	AKI.	For	example,
aprotinin,	an	antifibrinolytic	agent	used	until	 recently	 to	decrease	perioperative
blood	 loss	 in	cardiac	surgery	patients,	 tends	 to	 increase	AKI	and	postoperative
mortality.10	 Prolonged	 cardiopulmonary	 bypass	 appears	 to	 induce	 oxidative
stress,	 embolism,	 and	 systemic	 inflammation,	 thus	 contributing	 to	 AKI.11
Improved	mortality	and	reduced	incidence	of	AKI	were	observed	with	the	use	of
“off-pump”	 technology	 in	one	 large	observational	 study.12	Another	 randomized
trial	 of	 4700	 patients	 demonstrated	 lower	 risk	 of	 mild	 AKI,	 but	 failed	 to
demonstrate	a	reduction	of	AKI	requiring	dialysis	in	the	“off-pump”	arm.13

TABLE	200.8

A	Clinical	Score	to	Predict	AKI	Requiring	Dialysis	After
Cardiac	Surgery

Risk	factor Points

Female	gender 1

Congestive	heart	failure 1



Left	ventricular	ejection	fraction	<35% 1

Preoperative	use	of	intra-aortic	balloon	pump 2

Chronic	obstructive	pulmonary	disease 1

Diabetes	requiring	insulin 1

Previous	cardiac	surgery 1

Emergency	surgery 2

Valvular	surgery	only 1

Coronary	artery	bypass	graft	surgery	plus	valvular	surgery 2

Other	cardiac	surgeries 2

Preoperative	serum	creatinine	1.2	to	<2.1	mg/dL 2

Preoperative	serum	creatinine	>	2.1	mg/dL 5

Minimum	score,	0;	maximum	score,	17.	The	risk	of	development	of	AKI	requiring	dialysis
increases	with	higher	score.	The	frequency	of	AKI	requiring	dialysis	for	score	of	0-2	point	is	0.5%,
3-5	points	is	2%,	6-8	points	is	8%,	and	9-13	points	is	22%.
From	Thakar	CV,	Arrigain	S,	Worley	S,	et	al..	A	clinical	score	to	predict	acute	renal	failure	after
cardiac	surgery.	J	Am	Soc	Nephrol.	2005;6:162.

Although	 many	 interventions	 have	 been	 used	 to	 reduce	 the	 risk	 of
postoperative	 AKI	 including	 “low-dose”	 dopamine,	 perioperative	 N-
acetylcysteine	(NAC),	mannitol,	calcium	channel	blockers,	ACE	inhibitors,	and
diuretics,	none	have	been	definitively	shown	to	be	of	significant	benefit.	In	fact,
perioperative	 furosemide	 use	 has	 been	 associated	 with	 detrimental	 effects	 on
renal	 function	after	 cardiac	 surgery.14,15	Loop	diuretics	should	be	used	only	 for
patients	 with	 definite	 volume	 overload.	 Some	 agents	 show	 some	 promise	 but
will	require	more	investigation	to	establish	their	utility.	Nesiritide,	a	recombinant
human	 B-natriuretic	 peptide,	 increases	 diuresis,	 natriuresis,	 and	 afterload
reduction.	 In	 a	 double-blind	 randomized	 trial	 of	 300	 patients	 with	 mostly
preserved	 renal	 function	 undergoing	 coronary	 artery	 bypass	 graft	 surgery,16
nesiritide	 was	 associated	 with	 improved	 postoperative	 serum	 creatinine	 and
reduced	 length	 of	 hospital	 stay	 as	 compared	 with	 placebo.	 However,	 a	 large,
randomized	trial	of	this	agent	for	nonsurgical	patients	with	acute	decompensated
heart	failure	(ADHF)	showed	little	clinical	benefit	and	worsening	hypotension.17



In	a	meta-analysis	of	500	patients,	perioperative	administration	of	fenoldopam,	a
selective	 dopamine	 receptor	 agonist,	 was	 associated	 with	 some	 protection
against	 the	 development	 of	 postoperative	 AKI,	 but	 had	 no	 effect	 on	 AKI
requiring	renal	replacement	therapy	or	hospital	mortality.18

3 	 Prevention	 of	 postoperative	 renal	 failure	 still	 hinges	 on	 withdrawal	 of
vasopressors	 as	 early	 as	 safely	 possible	 and	 maintenance	 of	 adequate
perioperative	intravascular	volume.	While	the	optimal	of	fluid	for	postoperative
volume	 expansion	 remains	 controversial,	 colloid	 hydroxyethyl	 starch	 is	 not
recommended	 by	 KDIGO.19	 Identification	 of	 modifiable	 risk	 factors	 for	 the
prevention	 of	 postoperative	 AKI	 may	 be	 important.	 A	 retrospective	 study	 of
3500	patients	identified	three	potentially	modifiable	risk	factors	associated	with
AKI	 after	 cardiac	 surgery,	 such	 as	 preoperative	 anemia,	 perioperative	 RBC
transfusions,	and	the	need	for	surgical	reexploration.20

Cardiogenic	Shock	and	Acute	Decompensated	Heart
Failure
Our	understanding	of	“cardiorenal	syndrome”	is	evolving	beyond	the	concept	of
low	cardiac	output	 causing	 renal	dysfunction	as	 approximately	half	of	patients
with	ADHF	have	preserved	left	ventricular	function.21	In	the	Evaluation	Study	of
Congestive	 Heart	 Failure	 and	 Pulmonary	 Artery	 Catheterization	 Effectiveness
(ESCAPE),	 optimization	 of	 hemodynamics	 did	 not	 prevent	 AKI,	 further
suggesting	 that	 reduction	 in	 cardiac	 output	 does	 not	 fully	 explain	 the
development	of	impaired	renal	function.21

A	 complex	 bidirectional	 relationship	 emerges,	 whereby	 heart	 failure	 and
associated	 renal	 dysfunction	 affect	 each	 other.	 In	 addition	 to	 the	 traditional
hemodynamically	 mediated	 AKI	 due	 to	 low	 cardiac	 output,	 the	 heart	 and	 the
kidney	are	simultaneously	affected	by	activation	of	the	sympathetic	nervous	and
renin-angiotensin-aldosterone	 systems.	 Such	 activation	 causes	 systemic
vasoconstriction,	 salt	 and	 water	 retention,	 and	 volume	 overload,	 further
exacerbating	 kidney	 dysfunction	 and	 heart	 failure.	 In	 addition,	 the	 immune
system	 affects	 renal	 and	 cardiac	 function	 through	 monocyte-mediated
endothelial	activation,	cytokine	release,	and	apoptosis	induction.22	Furthermore,
CKD,	a	risk	factor	for	coronary	artery	disease,	contributes	to	volume	overload,
diuretic	resistance,	and	poor	prognosis	in	CHF	and	ADHF.21	Here,	we	will	focus
on	acute	ADHF	with	AKI	as	a	common	clinical	problem	in	the	ICU	setting.

ADHF	 is	 frequently	 complicated	by	AKI.	The	Acute	Decompensated	Heart
Failure	Registry	(ADHERE)	of	more	than	30,000	patients	with	ADHF	suggests
that	AKI	has	poor	prognostic	implications	and	predicts	mortality	of	this	patient



group.23	In	one	study,	more	than	a	quarter	of	patients	with	ADHF	developed	AKI
as	 defined	 by	 a	 rise	 in	 serum	 creatinine	 of	 0.3	 mg/dL.	 However,	 even	 this
relatively	small	rise	was	associated	with	7.5-fold	increase	in	hospital	mortality.24

Management	 of	 ADHF	 will	 be	 discussed	 in	 detail	 in	 Chapter	 190.	 These
patients	 are	 frequently	 unable	 to	 tolerate	 ACE	 inhibitors	 due	 to	 AKI	 and
hyperkalemia	 and	 tend	 to	 be	 diuretic	 resistant	 and	 hypotensive.	 The	 optimal
diuretic	dosing	regimen	remains	undefined	as	a	randomized,	placebo-controlled
trial	did	not	show	any	difference	between	furosemide	administered	by	bolus	or
continuous	 infusion.25	 Randomized	 trials	 of	 nesiritide,	 a	 recombinant	 B-
natriuretic	peptide,	failed	to	demonstrate	a	benefit	for	diuresis	or	preservation	of
renal	 function.17,26	 In	 a	 large	 international	 randomized	 trial	 of	more	 than	 4000
heart	 failure	 patients,27	 tolvaptan,	 a	 vasopressin	 antagonist,	 was	 statistically
better	 than	 placebo	 at	 improving	dyspnea,	 edema,	 and	weight	 loss	 but	 did	 not
significantly	improve	the	rate	of	death	and	rehospitalization	for	heart	failure.	We
recommend	 a	 trial	 of	 tolvaptan	 for	 heart	 failure	 patients	 with	 coexisting
hyponatremia,	refractory	to	diuretics	and	fluid	restriction.

Other	strategies	for	diuretic-resistant	patients	with	ADHF	include	mechanical
fluid	removal	with	ultrafiltration	(UF)	or	paracentesis.	The	use	of	UF	in	the	ICU
setting	 is	 discussed	 in	 detail	 in	Chapter	 201.	Although	 early	 studies	 suggested
benefits	from	mechanical	UF,	a	randomized	trial	comparing	diuretics	and	UF	in
patients	with	ADHF	and	worsening	renal	function	demonstrated	no	difference	in
diuresis	but	reduced	renal	function	and	more	adverse	events	among	those	treated
with	UF.28	Finally,	elevated	intra-abdominal	pressures	in	ADHF	may	play	a	role
in	 the	 pathogenesis	 of	 renal	 dysfunction.29	 The	 reduction	 of	 intra-abdominal
pressure	from	approximately	13	to	7	mm	Hg	by	paracentesis	was	associated	with
a	 reduction	 in	 serum	 creatinine	 from	 3.4	 to	 2.4	 mg/dL	 in	 diuretic-resistant
patients.

Severe	Sepsis
Sepsis	 is	 among	 the	 most	 common	 causes	 of	 AKI	 although	 the	 association
between	septicemia	and	AKI	is	frequently	unclear	because	renal	dysfunction	due
to	 other	 causes	 is	 often	 complicated	 by	 infection.	 Although	 the	 incidence	 of
sepsis	 in	patients	with	AKI	has	been	reported	 to	be	as	high	as	75%,	only	one-
third	of	patients	have	clinically	apparent	sepsis	at	the	onset	of	renal	dysfunction.

4 	AKI	may	develop	 in	a	setting	of	sepsis	 through	multiple	mechanisms.	As
discussed	previously,	inflammation	appears	to	play	a	significant	role.	In	animal
models,	sepsis	can	cause	renal	impairment	even	in	the	absence	of	hypotension.30
Clinically,	 it	 is	 likely	 that	 endotoxin	 causes	 a	 reduction	 in	 GFR	 through



hemodynamic	 mechanisms,	 including	 vascular	 pooling	 and	 renal
vasoconstriction,	 which	 are	 mediated	 by	 local	 vasoconstrictors	 such	 as
thromboxane	and	endothelin.	Although	cardiac	output	 is	often	elevated	among
patients	with	 sepsis,	 systemic	 vasodilation	 coupled	with	 renal	 vasoconstriction
can	shunt	perfusion	away	from	the	kidneys.	Vascular	pooling	and	third	spacing
generally	necessitate	volume	expansion	with	crystalloid	such	as	 isotonic	saline
or	buffered	crystalloid	such	as	Lactated	Ringers.	The	best	of	crystalloid	depends
on	 the	 clinical	 scenario.	 For	 example,	 a	 large	 volume	 of	 normal	 saline
administration	is	associated	with	hyperchloremic	metabolic	acidosis.	In	a	recent
trial	of	15,800	ICU	patients,	Lactated	Ringer	showed	a	modest	improvement	in
the	 composite	 outcome	 of	 all-cause	 30-day	 mortality,	 persistent	 renal
dysfunction	and	the	need	for	renal	 replacement	 therapy	as	compared	to	normal
saline.	 A	 small	 improvement	 in	 30-day	mortality	 was	 observed	 with	 Lactated
Ringer	in	the	subgroup	where	over	1	L	of	crystalloid	was	administered	to	septic
patients.31

5 	 Because	 myocardial	 suppression,	 oliguria,	 and	 capillary	 leakage	 may
accompany	sepsis,	it	is	essential	to	monitor	the	administration	of	fluids	closely.
A	 randomized	 trial	 of	 protocolized	 early	 resuscitation	 efforts	 in	 septic	 patients
prevented	 incidence	of	AKI	when	 the	 following	goals	were	 achieved	within	 6
hours	of	recognition	of	septic	shock:	mean	arterial	blood	pressure	>	65	mm	Hg,
central	 venous	 pressure	 between	 8	 and	 12	mm	Hg,	 reduction	 of	 serum	 lactate
levels,	 and	 urinary	 output	 >	 0.5	 mL/kg/h.32	 Although	 mortality	 and	 renal
outcomes	were	not	improved	by	protocolized	early	sepsis	management	in	recent,
large,	multicenter	trials,33-35	they	do	support	timely	antibiotic	administration	and
adequate	 intravenous	 fluid	 administration	 as	 cornerstones	 of	 septic	 shock
treatment.

Pancreatitis
Pancreatitis	may	occur	in	association	with	various	causes	of	AKI	but	can	itself
induce	ATN	and	renal	function	predicts	survival	from	acute	pancreatitis.	This	is
a	rare	phenomenon	and	is	generally	seen	in	patients	with	severe	or	hemorrhagic
pancreatitis	 with	 serum	 amylase	 values	 of	 more	 than	 1000	 units/L.	 Mortality
may	 approach	70%	 to	80%	 in	 this	 setting,	 especially	 in	 those	with	multiorgan
failure.

Trauma
AKI	associated	with	 severe	 trauma	generally	 reflects	 the	combination	of	 acute



volume	 depletion,	 hemorrhage,	 and	myoglobinuria	 (see	 following	 discussion).
Survival	after	trauma	is	markedly	reduced	when	complicated	by	AKI.

Abdominal	Compartment	Syndrome
A	variety	of	critical	illnesses	can	lead	to	the	intra-abdominal	hypertension	(IAH)
and	 abdominal	 compartment	 syndrome	 (ACS),	 such	 as	 intra-abdominal
hemorrhage,	 peritonitis,	 third-spacing	 of	 fluid	 into	 the	 abdominal	 cavity
associated	 with	 abdominal	 surgery,	 ileus,	 or	 pancreatitis,	 as	 well	 as
overdistention	 with	 gas	 following	 laparoscopy.	 IAH	 is	 defined	 as	 an	 intra-
abdominal	pressure	over	12	mm	Hg	measured	by	a	bladder	transducer	on	three
separate	occasions	at	least	4	hours	apart.	ACS	is	defined	as	an	intra-abdominal
pressure	 over	 20	mm	Hg,	 associated	with	 one	 or	more	 organ	 system	 failure.36
The	 increase	 of	 intra-abdominal	 pressure	 leads	 to	 visceral	 ischemia,	 including
AKI.	The	precise	incidence	of	AKI	resulting	from	ACS	is	unknown	but	appears
underreported.37	Treatment	usually	requires	urgent	surgical	decompression	of	the
abdomen.

Acute	Bilateral	Cortical	Necrosis
Acute	 bilateral	 cortical	 necrosis	 is	 rare.	 Unlike	 ATN,	 in	 which	 only	 tubular
elements	 are	 involved,	 in	 acute	 cortical	 necrosis,	 glomeruli	 and	 tubules	 are
destroyed	 by	 a	 process	 in	which	 cortical	 vessels	may	 be	 occluded	with	 fibrin
thrombi.	 Cortical	 necrosis	 usually	 occurs	 after	 profound	 hypotension.
Approximately	 two-thirds	 of	 cases	 are	 related	 to	 obstetric	 complications,
including	 abruptio	 placentae,	 preeclampsia	 and	 eclampsia,	 septic	 abortion,	 and
amniotic	 fluid	 embolism.	 Nonobstetric	 cortical	 necrosis	 is	 most	 common	 in
shock,	 sepsis,	 and	 disseminated	 intravascular	 coagulopathy,	 but	 isolated	 cases
have	 been	 reported	 with	 snakebites,	 arsenic	 ingestion,	 and	 hyperacute	 renal
allograft	 rejection.	 The	 pathogenesis	 of	 AKI	 in	 these	 conditions	 involves	 the
hemodynamic	insults	of	hypoperfusion	and	renal	vasoconstriction	and	formation
of	fibrin	thrombi	in	the	renal	microvasculature.

Typically,	patients	with	bilateral	cortical	necrosis	have	anuric	AKI.	Although
the	diagnosis	may	be	suspected	early	in	the	course	of	renal	injury,	ATN	remains
far	more	likely.	When	renal	function	fails	to	recover	after	several	weeks,	cortical
necrosis	 may	 be	 confirmed	 by	 a	 renal	 biopsy.	 Other	 diagnostic	 tests	 are	 less
specific.	 Renal	 scintigraphy	 most	 often	 demonstrates	 complete	 absence	 of
isotope	in	the	region	of	 the	kidneys.	Computed	tomography	(CT)	with	contrast



enhancement	may	demonstrate	similar	findings,	indicating	absence	of	perfusion
to	the	renal	cortex.	Renal	angiography	shows	patency	of	the	main	renal	arteries
and	either	a	complete	absence	of	cortical	filling	or	a	mottled	nephrogram.	Given
the	severity	of	the	inciting	disorder,	mortality	is	high	in	acute	cortical	necrosis,
with	fewer	than	20%	of	patients	surviving.

Nephrotoxicity	and	Drug-Induced	Acute	Kidney	Injury
Many	cases	of	AKI	in	 the	ICU	can	be	 linked	 to	 the	effects	of	endogenous	and
exogenous	nephrotoxins.

Myoglobinuria	and	Hemoglobinuria
Rhabdomyolysis	 is	 often	 associated	 with	 leakage	 of	 myocyte	 contents,
particularly	the	pigment	protein	myoglobin,	into	the	plasma.	Myoglobin,	with	a
molecular	 weight	 of	 approximately	 17,000	 Da,	 is	 freely	 filtered	 by	 the
glomerulus.	 In	 the	 distal	 nephron,	 myoglobin	 forms	 proteinaceous	 casts	 that
obstruct	urine	flow.	Myoglobin	may	also	exert	direct	cytotoxic	effects	on	tubular
epithelium	through	the	generation	of	reactive	oxygen	species.

Myoglobinuric	 AKI	 is	 a	 consequence	 of	 massive	 skeletal	 muscle	 injury	 of
diverse	 causes.	 Traumatic	 rhabdomyolysis	 occurs	 in	 the	 setting	 of	 direct
mechanical	 injury	 (crush	 syndrome),	 burns,	 or	 prolonged	 pressure.
Myoglobinuric	renal	failure	is	an	important	cause	of	morbidity	during	virtually
all	 wide-scale	 human	 catastrophes.	 Indeed,	much	 of	 what	 is	 known	 about	 the
syndrome	derives	 from	experiences	with	victims	of	wars	and	natural	disasters.
Crush	 injuries	 during	 the	 Armenian	 earthquake	 of	 1988,	 followed	 by	 similar
disasters	 in	 Japan,	 Turkey,	 Iran,	 and	 Pakistan,	 necessitated	 emergent
mobilization	of	dialysis	resources	on	a	massive	scale.38

Nontraumatic	 rhabdomyolysis	 can	 occur	 with	 toxic,	 metabolic,	 and
inflammatory	 myopathies,	 vigorous	 exercise,	 severe	 potassium	 and	 phosphate
depletion,	and	hyperthermic	states	such	as	 the	neuroleptic	malignant	 syndrome
and	malignant	hyperthermia.	Lipid-lowering	drugs	currently	represent	one	of	the
most	common	causes	of	rhabdomyolysis.	The	use	of	heroin	and	amphetamines
has	also	been	reported	in	association	with	rhabdomyolysis.

As	with	other	forms	of	AKI,	the	prognosis	depends	largely	on	the	gravity	of
the	predisposing	 condition;	AKI	 following	massive	 trauma	 can	be	 expected	 to
run	a	longer	course	than	that	associated	with	nontraumatic	causes.	In	particularly
severe	cases,	oliguria	and	dialysis	dependence	may	persist	for	weeks.

Clinical	signs	and	symptoms	of	muscle	injury,	such	as	muscle	tenderness,	are



absent	in	at	least	half	of	cases	of	significant	nontraumatic	rhabdomyolysis.	The
diagnosis	 is	 suggested	 by	markedly	 elevated	 serum	 levels	 of	muscle	 enzymes
with	serum	creatine	kinase	levels	usually	higher	than	5000.	The	serum	levels	of
phosphate	and	potassium	are	also	typically	elevated	in	rhabdomyolysis	because
lysis	of	muscle	cells	causes	release	of	intracellular	contents	into	the	blood.	A	fall
in	 the	 serum	 calcium	 is	 quite	 common.	 Rebound	 hypercalcemia	 often	 occurs
during	the	recovery	phase.

The	therapy	of	myoglobinuria	differs	from	the	general	approach	to	AKI	due
to	 several	 considerations.	The	 tubular	 toxicity	of	myoglobin	 is	 enhanced	when
urine	 flow	 rate	 is	 low,	 urine	 is	 concentrated,	 and	 urinary	 acidification	 is
maximal.	It	is	therefore	important	in	the	early	phases	of	the	illness	to	ensure	that
the	 patient	 is	 in	 a	 volume-replete	 state	 and	maintaining	 a	 rapid	 diuresis	 (urine
output	of	at	 least	150	mL/h).	To	 this	end,	 isotonic	 fluids	may	be	administered,
and	 most	 experts	 recommend	 infusing	 bicarbonate-rich	 solutions	 to	 alkalinize
the	 urine	 above	 a	 pH	 of	 6.5	which	will	 improve	 the	 solubility	 of	myoglobin.
Diuresis	may	be	enhanced	with	concurrent	administration	of	loop	diuretics.	We
would	avoid	 the	use	of	osmotic	diuretics	such	as	mannitol	due	 to	 the	potential
for	intravascular	volume	overload	in	patients	at	risk	for	impaired	urine	output.

Hemoglobinuria	can	also	result	in	AKI.	The	pathophysiological	mechanisms
are	 similar	 to	 those	 involved	 in	 myoglobinuric	 AKI.	 Hemoglobinuric	 renal
failure	is	relatively	rare.	Hemoglobin,	with	a	molecular	weight	almost	four	times
that	 of	 myoglobin,	 is	 less	 readily	 filtered.	 Furthermore,	 when	 hemoglobin	 is
released	into	the	plasma,	it	binds	to	haptoglobin,	forming	a	bulky,	nonfilterable
molecular	complex.	Only	when	the	haptoglobin-binding	capacity	is	saturated	(at
plasma	hemoglobin	concentrations	>	100	mg/dL)	does	hemoglobin	appear	in	the
tubular	 fluid.	 Thus,	 only	 massive	 intravascular	 hemolysis,	 as	 may	 occur	 with
fulminant	 transfusion	 reactions,	 autoimmune	 hemolytic	 crises,	 and	mechanical
hemolysis	 from	 a	 dysfunctional	 prosthetic	 heart	 valve	 (Waring	 blender
syndrome),	can	induce	AKI.

Radiocontrast-Induced	Nephropathy
The	administration	of	intravascular	radiocontrast	agents	leads	to	a	syndrome	of
rapidly	 developing	 AKI.	 Contrast-induced	 nephropathy	 (CIN)	 is	 commonly
defined	 as	 an	 absolute	 increase	 of	 serum	creatinine	 of	 0.5	mg/dL	or	 a	 relative
increase	of	25%	from	 the	baseline	within	48	 to	72	hours	of	contrast	 exposure.
The	 serum	 creatinine	 level	 typically	 begins	 to	 rise	 12	 to	 24	 hours	 and	 peaks
approximately	 4	 days	 after	 the	 procedure.	 Some	 patients	 develop	 a	 transient
increase	 in	 urine	 output	 from	 contrast-induced	 osmotic	 diuresis,	 followed	 by



oliguria.	 The	majority	 of	 patients	 are	 nonoliguric	 and	 do	 not	 require	 dialysis.
Among	 patients	 who	 have	 undergone	 endovascular	 procedures,	 CIN	 must	 be
differentiated	 from	 atheroembolic	 disease,	 which	 has	 a	 significantly	 worse
prognosis.

Prospective	studies	report	that	the	incidence	of	radiocontrast-induced	kidney
injury	 ranges	 from	 1%	 to	 more	 than	 50%.	 Much	 of	 this	 variance	 can	 be
attributed	to	disparities	in	the	definitions	of	AKI,	the	number	of	associated	risk
factors	 (particularly	 CKD),	 and	 the	 of	 procedure	 performed.	 The	 incidence
appears	 to	be	minimal	 among	patients	with	normal	 renal	 function	 and	without
risk	 factors	 (see	Table	 200.9).	 Preexisting	 CKD,	 however,	 particularly	 among
patients	 with	 diabetes,	 confers	 a	 6-	 to	 10-fold	 increased	 likelihood	 of
radiocontrast-induced	 AKI.	 Contrast-enhanced	 CT	 is	 associated	 with	 a	 lower
risk	of	CIN	as	compared	with	coronary	angiography.	Noncoronary	angiography
had	 the	highest	 incidence	of	CIN	 in	a	 study	of	660	military	veterans,	 reaching
15%	in	patients	with	GFR	 less	 than	60	mL/min	per	1.73	m2.39	 In	 the	 ICU,	 the
risk	 of	 contrast-induced	 AKI	 is	 likely	 much	 higher	 as	 patients	 often	 have
concomitant	nephrotoxic	insults	such	as	hypotension	or	sepsis.

TABLE	200.9

Risk	Factors	Associated	With	Radiocontrast	Nephropathy

Preexisting	renal	insufficiency

Diabetic	nephropathy,	with	renal	insufficiency

Volume	depletion

Diuretic	use

Large	contrast	dose	(>2	mL/kg)

Age	>	60	y

CHF

Hepatic	failure

Multiple	myeloma	(with	high-osmolar	contrast	agent)

Use	of	intra-aortic	balloon	pump



CHF,	Congestive	Heart	Failure.

There	 are	 several	mechanisms	 by	which	 radiocontrast-induced	 renal	 injury
may	develop.	Hemodynamic	factors	are	believed	important,	as	contrast	exposure
causes	 initial	 vasodilation	 followed	 by	 prolonged	 vasoconstriction	 of	 the	 renal
circulation.	 The	 finding	 of	 a	 low	 FENa	 in	 some	 patients	 with	 contrast-induced
AKI	 and	 the	 tendency	 toward	 rapid	 recovery	 suggest	 a	 role	 for	 reversible
vasoconstriction.	 The	 intensity	 and	 duration	 of	 the	 vasoconstriction	 may	 be
influenced	 by	 the	 underlying	 characteristics	 of	 the	 renal	 microcirculation.
Endothelial	 factors	 that	 promote	 vasoconstriction,	 such	 as	 endothelin	 and
adenosine,	 may	 participate	 in	 the	 pathogenesis	 of	 radiocontrast-induced
nephropathy.40	 Other	 postulated	 mechanisms	 of	 radiocontrast-induced
nephropathy	 include	 the	 generation	 of	 reactive	 oxygen	 species	 and	 the	 direct
cytotoxic	effect	of	the	contrast	media,	especially	with	highly	osmolar	agents.41

Because	there	is	no	specific	treatment	for	radiocontrast-induced	nephropathy,
it	 is	 essential	 to	optimize	prevention.	Table	200.10	 lists	preventative	measures
with	possible	benefit.	However,	the	best	preventive	measure	remains	avoidance
of	 radiocontrast	 and	 use	 of	 an	 alternative	 noncontrast	 imaging	 procedure	 if
possible.

TABLE	200.10

Preventive	Measures	for	Radiocontrast	Nephropathy

Volume	expansion	with	normal	saline	(3	mL/kg	bolus	over	1	h	prior	to	the
procedure,	followed	by	1	mL/kg/h	for	6	h	post	exposure)

Limit	radiocontrast	load	to	<1	mL/kg	in	high-risk	patients

Avoid	high-osmolar	contrast	agents

Discontinue	diuretics,	ACE	inhibitors,	and	nonsteroidal	anti-inflammatory
drugs	for	24	h	post	procedure

ACE,	angiotensin-converting	enzyme.

Because	 radiocontrast	 injury	 is	 augmented	 by	 hypovolemia,	 particularly	 in
the	 presence	 of	 prostaglandin	 inhibitors,	 careful	 volume	 expansion	 and



avoidance	 of	 NSAIDs	 are	 recommended.	 There	 does	 not	 seem	 to	 be	 an
advantage	 for	 using	 bicarbonate-containing	 fluids	 as	 a	 large,	 randomized	 trial
demonstrated	no	difference	between	0.9%	saline	versus	isotonic	bicarbonate	for
CIN	prevention.	The	same	trial	showed	no	benefit	to	NAC	administration.42	For
patients	at	risk	(those	with	renal	dysfunction	or	other	risk	factors),	we	use	0.9%
saline	3	mL/kg	over	1	hour	before	administration	of	contrast	agent,	followed	by
1	mL/kg/h	infusion	for	6	hours	after	procedure.	The	use	of	diuretics	to	augment
urine	 output	 and	 manage	 intravascular	 volume	 may	 provide	 additional
benefit.43,44

Low-osmolality	contrast	formulations	(600-800	mOsm/kg)	have	been	shown
to	be	less	nephrotoxic	then	high-osmolar	agents	(>1400	mOsm/kg)	and	are	now
commonly	used	for	all	patients.	However,	iso-osmolar	agents,	such	as	iodixanol,
have	not	been	shown	 to	have	a	clear	additional	benefit	as	compared	with	 low-
osmolar	 agents45,46	 of	 patients	 undergoing	 contrast	 enhanced	 CT	 and	 coronary
angiography.

Removal	of	contrast	media	by	hemodialysis	or	hemofiltration	to	prevent	CIN
was	 studied	 in	 several	 small	 trials.	A	meta-analysis	 of	 these	 trials	 revealed	 no
benefit	 and	 even	 suggested	 an	 increase	 in	CIN	with	 hemodialysis.47	 Similarly,
there	is	no	clear	evidence	to	support	hemodialysis	or	hemofiltration	immediately
after	 contrast	 exposure	 to	 preserve	 residual	 renal	 function	 in	 ESRD	 patients.48
Therefore,	 the	timing	of	dialysis	after	radiocontrast	should	be	based	on	clinical
judgment.

Acute	Phosphate	Nephropathy
Sodium	phosphate,	a	hyperosmolar	laxative,	can	cause	AKI	when	administered
orally	or	by	enema.49	Risk	factors	include	CKD,	volume	depletion,	and	increased
dosage.	AKI	typically	occurs	days	to	weeks	after	exposure	and	is	likely	caused
by	calcium	phosphate	precipitation	with	 tubular	obstruction	and	 injury.	Kidney
biopsy	 reveals	calcium	phosphate	deposition	 in	 the	 tubules	and	 interstitium,	as
well	 as	 interstitial	 inflammation	 and	ATN.50	 The	 prognosis	 of	APN	 is	 poor	 as
kidney	function	rarely	recovers	completely	and	most	patients	are	left	with	CKD
or	progress	to	end-stage	renal	disease	(ESRD).

With	 recognition	of	acute	phosphate	nephropathy,	 the	FDA	 issued	warnings
regarding	 the	 risks	 of	 oral	 sodium	 phosphate	 preparations	 and	many	 products
were	 withdrawn,	 though	 some	 generic	 preparations	 remain	 on	 the	 market.
However,	 these	 agents	 should	 be	 avoided	 as	 safer	 alternatives	 are	 widely
available.



Drug-Induced	Syndromes
Hospitalized	 patients,	 particularly	 those	 in	 ICUs,	 are	 exposed	 to	 numerous
pharmacological	 agents.	 Because	 many	 drugs	 are	 capable	 of	 inducing
abnormalities	 in	 renal	 function,	 the	 appearance	 of	 AKI	 in	 any	 patient	 should
prompt	 the	clinician	 to	 investigate	a	possible	drug-related	cause.	Drug-induced
AKI	has	four	major	syndromes	(see	Table	200.11).

TABLE	200.11

Syndromes	of	Drug-Induced	Kidney	Injury

Acute	tubular	injury	
Aminoglycoside	antibiotics
Antifungal	agents	(amphotericin)
Antiviral	agents	(tenofovir,	foscarnet)
Intravenous	immunoglobulin
Heavy	metals	(cisplatin)

Intratubular	micro-obstruction	
Methotrexate
Acyclovir
Sulfamethoxazole
Indinavir

Acute	interstitial	nephritis	(see	list	in	Table	200.12)

Autoregulatory	failure	
Angiotensin-converting	enzyme	inhibitors
Nonsteroidal	anti-inflammatory	drugs

Acute	Tubular	Injury
Nephrotoxic	 medications	 often	 injure	 the	 renal	 tubular	 epithelium.	 Tubular
damage	 occurs	 with	 variable	 incidence	 through	 a	 variety	 of	 mechanisms
including	direct	toxicity	(aminoglycosides,	tenofovir),	osmotic	injury	(mannitol,
intravenous	 immunoglobulin),	 and	 vasoconstriction	 (radiocontrast,	 NSAIDs).
Tubular	 injury	 is	 typically	 reversible	 after	 withdrawal	 of	 the	 inciting	 agent,
although	recovery	may	take	several	days	to	weeks.	Occasionally,	specific	renal



tubular	 functional	 abnormalities,	 such	 as	 magnesium	 and	 potassium	 wasting,
renal	tubular	acidosis,	and	impaired	urinary	concentration,	may	persist.

Volume	contraction,	preexisting	CKD,	and	 liver	disease	enhance	 the	 risk	of
drug-induced	 tubular	 injury.	The	 risk	of	 nephrotoxicity	 is	 reduced	by	 ensuring
that	 patients	 are	 well	 hydrated	 before	 therapy.	 If	 possible,	 nonnephrotoxic
therapeutic	alternatives	should	be	used	in	patients	with	underlying	renal	disease.

Intratubular	Micro-obstruction
A	second	form	of	acute	nephrotoxicity	is	caused	by	drugs	that	precipitate	in	the
renal	 tubules	 and	 urinary	 collecting	 system	 and	 obstruct	 the	 nephrons.	 Such
agents	are	generally	poorly	soluble	at	low	pH,	as	characterizes	the	distal	tubular
fluid.	This	syndrome	has	been	reported	in	patients	receiving	relatively	high-dose
intravenous	 methotrexate	 and	 acyclovir,	 indinavir,	 low-molecular-weight
dextran,	 and	 sulfamethoxazole.	 Prevention	 of	 micro-obstructive	 AKI	 requires
optimal	 hydration	 of	 the	 patient	 and	 maintenance	 of	 a	 high	 urine	 flow	 rate.
Urinary	 alkalinization	 may	 be	 of	 benefit,	 depending	 on	 the	 nature	 of	 the
obstructing	agent.	The	syndrome	is	usually	readily	reversible	and	short	lived.

Acute	Interstitial	Nephritis
Many	medications	can	induce	AIN,	the	syndrome	of	AKI	with	an	inflammatory
infiltrate	 in	 the	 renal	 parenchyma	 on	 biopsy	 (see	 Table	 200.12).	 Originally
associated	with	allergic	manifestations	such	as	skin	rash,	fever,	and	eosinophilia,
more	recent	data	suggest	this	clinical	triad	is	relatively	uncommon,51	especially
among	 cases	 caused	 by	 NSAIDs	 (as	 discussed	 later).	 The	 risk	 of	 AIN	 is	 not
dependent	 on	 medication	 dosage.	 AIN	 has	 a	 more	 variable	 course	 than
syndromes	of	direct	drug	nephrotoxicity	and	cases	may	vary	widely	in	the	time
of	onset	following	exposure	to	the	inciting	agent	(days	to	years),	the	severity	of
the	renal	 injury,	and	the	 time	required	for	reversal	 following	withdrawal	of	 the
drug	(days	 to	months).	 In	addition	 to	hematuria	and	pyuria,	 the	urine	sediment
may	show	a	preponderance	of	eosinophils	while	heavy	proteinuria	is	rare.	White
blood	cell	casts	are	a	common	finding	(Figure	200.2).	The	pathogenesis	of	AKI
in	 this	 disorder	 is	 poorly	 understood.	 The	 renal	 histopathology	 early	 in	 the
course	 of	 the	 disease	 shows	 mainly	 interstitial	 infiltration	 with	 inflammatory
cells,	often	(but	not	always)	eosinophils.

TABLE	200.12



Drugs	Most	Often	Implicated	in	Acute	Interstitial	Nephritis

Antibiotics	
Penicillins
Cephalosporins
Ampicillin
Amoxicillin
Ciprofloxacin
Sulfonamides
Rifampin
Tetracycline
Indinavir

Diuretics	
Furosemide
Thiazides	and	related	compounds

Miscellaneous	drugs	
Proton	pump	inhibitors
Nonsteroidal	anti-inflammatory	drugs
Diphenylhydantoin
Cimetidine
Methyldopa
Allopurinol
Captopril
Mesalamine

Although	steroids	have	never	been	shown	to	reduce	morbidity	in	a	controlled
trial,	most	experts	use	them	in	severe	cases	of	AIN	(ie,	those	in	which	supportive
dialysis	may	become	necessary).	See	the	“Treatment”	section	for	more	details	on
management	of	AIN.

A	variant	form	of	AIN	is	occasionally	encountered	among	patients	who	take
NSAIDs,	 particularly	 fenoprofen,	meclofenamate,	 tolmetin,	 and	 indomethacin.
The	hallmarks	of	allergy	(drug	rash,	eosinophilia,	and	eosinophiluria)	are	absent.
The	 urinalysis	 is	 nonspecific;	 some	 cases	 are	 marked	 by	 nephrotic	 range
proteinuria.	 The	 renal	 pathology	 shows	 interstitial	 inflammation	 and	 normal-
appearing	glomeruli.	As	with	 classic	 allergic	 interstitial	 nephritis,	 this	 disorder
regresses	after	cessation	of	therapy	with	the	offending	agent.	Patients	who	have
had	this	disorder	should	be	considered	at	risk	for	recurrence	with	other	NSAIDs.



Hemodynamic	or	Autoregulatory	Failure
Finally,	 medications	 can	 cause	 AKI	 by	 altering	 glomerular	 hemodynamics.
Drugs	that	increase	afferent	vasoconstriction	can	impair	autoregulation	of	renal
blood	flow	and	induce	prerenal	azotemia.	This	effect	may	be	seen	with	NSAIDs,
which	reduce	the	synthesis	of	vasodilatory	prostaglandins,	or	drugs	that	directly
constrict	 the	preglomerular	vessels	 (ie,	vasopressors	and	possibly	 radiocontrast
agents).	 In	 extreme	 cases	 when	 preglomerular	 vasoconstriction	 is	 severe	 and
prolonged,	frank	ischemic	tubular	necrosis	may	develop.

Hemodynamically	mediated,	drug-induced	renal	failure	can	also	be	caused	by
ACE	inhibitors,	which	block	the	formation	of	angiotensin	II	from	angiotensin	I.
In	 addition	 to	 their	 role	 as	 antihypertensives,	 these	 are	 commonly	 used	 as
afterload	reducers	for	the	treatment	of	congestive	heart	failure.	Under	conditions
of	attenuated	or	fixed	renal	blood	flow	(as	would	occur	with	bilateral	renal	artery
stenosis),	ACE	inhibitors	may	cause	a	sharp	reduction	in	GFR.

These	 syndromes	 are	 encountered	 almost	 exclusively	 in	 patients	 with
significant	underlying	impairment	of	renal	perfusion	or	function.	Unless	severe
renal	 ischemia	 has	 occurred,	 renal	 function	 should	 rapidly	 return	 to	 baseline
levels	after	withdrawal	of	the	responsible	drug.

Renal	Vascular	Disease

Major	Renal	Vascular	Disease
Renal	 vascular	 disease	 is	 divisible	 into	 major	 vascular	 and	 microvascular
syndromes.	 Major	 renal	 vascular	 disease	 is	 an	 unusual	 cause	 of	 AKI.	 Renal
artery	occlusion	does	not	produce	AKI	unless	it	is	bilateral	or	occurs	in	a	solitary
functioning	 kidney.	 The	 sudden	 appearance	 of	 flank	 pain	 and	 a	 rising	 serum
creatinine	should	 lead	 the	physician	 to	consider	acute	renal	artery	embolism	or
thrombosis.	 The	 differential	 diagnoses	 in	 this	 scenario	 include	 nephrolithiasis,
pyelonephritis	(with	or	without	urinary	obstruction),	and	RVT.

Renal	 artery	 emboli	occur	most	 frequently	 in	 the	 setting	of	 cardiac	disease,
particularly	 among	 patients	 with	 arrhythmias	 or	 mural	 cardiac	 thrombi.
Frequently,	multiple	organs	are	involved,	including	brain,	lung,	and	spleen.	AKI
is	more	 likely	 to	occur	with	a	distribution	of	emboli	 to	both	kidneys,	although
azotemia	may	occur	with	a	unilateral	embolus.

When	 a	 thrombus	 or	 embolus	 involves	 a	 solitary	 functioning	 kidney,
oligoanuria	and	a	rising	level	of	azotemia	can	be	expected.	In	addition	to	flank



pain	 and	 diminished	 urine	 volume,	 50%	 of	 patients	 develop	 uncontrolled
hypertension	and	20%	experience	nausea,	fever,	or	both	in	a	large	case	series	of
patients	 with	 acute	 renal	 infarction.52	 The	 urinalysis	 is	 not	 specific	 as	 the
sediment	 may	 be	 bland	 or	 may	 show	 leukocyturia,	 hematuria,	 and	 low-grade
proteinuria.	Radionuclide	scanning	often	demonstrates	patchy	uptake	of	isotope
or,	in	the	case	of	total	occlusion,	no	isotopic	uptake.	CT	may	demonstrate	similar
findings	of	diminished	contrast	uptake	either	by	 the	whole	kidney	or	 localized
wedge-shaped	areas	of	nonperfusion.

Accurate	diagnosis	of	renal	arterial	disease	requires	medical	 imaging.	Renal
artery	duplex	 scan	may	 reveal	 the	 absence	of	Doppler	 signal	 if	 total	occlusion
occurs	but	provides	only	 limited	anatomical	 information	when	only	 stenosis	 is
present.	The	renal	artery	duplex	is	not	as	sensitive	or	specific	for	the	diagnosis	of
stenosis	 as	 compared	 with	 angiography	 or	 magnetic	 resonance	 (MR)
arteriography.	 Angiography	 provides	 the	 most	 accurate	 anatomic	 information,
but	it	is	also	the	most	invasive	test	and	carries	the	risk	of	contrast	nephrotoxicity.

Occlusion	of	the	renal	artery	does	not	inevitably	lead	to	infarction.	In	patients
with	slowly	developing	atherosclerotic	disease,	collateral	circulation	via	capsular
or	 ureteric	 vessels	 may	 protect	 the	 kidney	 from	 infarction	 even	 though	 renal
arterial	blood	flow	is	inadequate	to	maintain	function.	Surgery	may	be	preferable
for	 patients	 with	 renal	 artery	 thrombosis,	 although	 supportive	 care	 with
anticoagulation	 has	 been	 the	 preferred	 treatment	 for	 renal	 arterial	 embolism.
Reports	 of	 successful	 treatment	 with	 fibrinolytic	 agents	 (either	 urokinase	 or
streptokinase)	 have	 led	 some	 to	 consider	 this	 the	preferred	 treatment	 for	 acute
renal	 artery	 occlusive	 disease,	 particularly	 for	 patients	 for	 whom	 surgery
represents	too	great	a	risk.

Renal	Vein	Thrombosis
RVT	is	an	uncommon	cause	of	AKI.	Bilateral	renal	vein	occlusion	occurs	most
commonly	among	severely	volume-depleted	children.	Among	adults,	 it	usually
develops	 in	 the	 setting	of	nephrotic	 syndrome	or	 renal	 cell	 carcinoma,	but	can
also	occur	with	hypercoagulable	conditions,	 sickle	cell	disease,	pregnancy,	use
of	oral	contraceptives,	or	trauma.	RVT	generally	does	not	cause	AKI	unless	it	is
acute	 and	 bilateral	 or	 occurs	 in	 a	 solitary	 kidney.	 Flank	 pain	 and	microscopic
hematuria	are	the	usual	clinical	manifestations	in	acute	RVT.	Duplex	venography
and	 CT	 scan	 can	 often	 establish	 the	 diagnosis	 and	 are	 less	 invasive	 than
radiocontrast	 renal	 venography.	 Treatment	 usually	 consists	 of	 anticoagulation,
although	 fibrinolytic	 therapy	 should	 be	 considered	 for	 patients	 with	 AKI	 and
RVT.



Atheroembolic	Renal	Disease	(Cholesterol	Emboli)
Atheroembolic	renal	disease	is	increasingly	recognized	as	a	cause	of	AKI	but	is
probably	 still	 underdiagnosed.	 Atheroembolic	 disease	 is	 often	 found	 on
postmortem	examination.	It	is	important	to	distinguish	this	syndrome	from	renal
arterial	thromboembolism.

Cholesterol	 embolization	 occurs	 only	 among	 patients	 with	 severe	 aortic
atherosclerosis,	 usually	 after	 trauma	 to	 the	 wall	 of	 the	 aorta	 such	 as	 with
aortography,	 major	 vascular	 surgery,	 or	 blunt	 trauma	 to	 the	 abdomen.
Atheroemboli	may	 also	 occur	 spontaneously,	 particularly	 among	 patients	 with
diabetic	 macrovascular	 disease	 and	 those	 receiving	 anticoagulant	 therapy.
Diffuse	 occlusion	 of	 the	 microvasculature	 by	 atheroemboli	 leads	 to	 tissue
damage	 of	 either	 a	 subacute	 or	 an	 acute	 fashion.	 Patients	 may	 experience
relatively	minor	abnormalities	such	as	infarction	of	the	tip	of	a	single	toe.	Renal
involvement	 is	 particularly	 common	 when	 diffuse	 embolization	 accompanies
major	 arteriography	 or	 aortic	 surgery.	 Involvement	 of	 other	 visceral	 organs,
including	 the	 pancreas,	 bowel,	 spleen,	 retina,	 and	 brain,	 may	 also	 occur.
Typically,	 the	 cholesterol	 emboli	 form	 needlelike	 occlusions	 in	 small	 vessels,
which	 then	 develop	 a	 chronic	 inflammatory	 response	 that	 can	 include	 the
formation	of	a	granulomatous	reaction.	Extensive	infarction	of	bowel	or	sudden
neurologic	abnormalities	may	bring	the	patient	to	the	ICU,	where,	in	addition	to
the	 presenting	 findings,	 AKI	 is	 noted.	 In	 the	 kidney,	 occlusion	 of	 a	 sufficient
proportion	of	 the	microvasculature	 results	 in	varying	degrees	of	azotemia.	The
azotemia	may	occur	 immediately	 after	 the	precipitating	 event,	 or	may	develop
more	slowly	and	may	 follow	a	stuttering	course	marked	by	acute	deterioration
with	 intervening	 periods	 of	 incomplete	 recovery.	 The	 latter	 course	 helps	 to
distinguish	this	diagnosis	from	that	of	radiocontrast	nephropathy,	which	typically
occurs	within	24	to	48	hours	after	arteriography.

The	diagnosis	is	often	missed	unless	there	are	peripheral	signs	of	involvement
such	as	blue	distal	digits	or	 livedo	 reticularis	of	 the	 lower	extremities.	A	more
subtle	 and	 less	 frequently	 observed	 physical	 manifestation	 is	 the	 finding	 of
visible	 cholesterol	 emboli	 in	 the	 retinal	 vessels	 (Hollenhorst	 plaques).	 Less
specific	 manifestations	 include	 peripheral	 eosinophilia	 and
hypocomplementemia.	The	urine	sediment	is	nonspecific.

Patients	 with	 atheroembolic	 renal	 disease	 experience	 the	 full	 spectrum	 of
renal	 dysfunction,	 from	 minor	 degrees	 of	 azotemia	 to	 full-blown,	 irreversible
renal	 failure.	 After	 an	 initial	 rise	 in	 serum	 creatinine,	 there	 may	 be	 an
improvement	 in	 GFR	 over	 several	 weeks,	 probably	 attributable	 to	 nephron
adaptation	with	hyperfiltration	in	remnant	glomeruli.	No	specific	management	is



available	 for	 atheroembolic	 renal	 disease.	 Management	 of	 renal	 failure,
including	dialytic	therapy,	may	be	indicated.	Use	of	anticoagulants	may	worsen
this	condition.

Thrombotic	Microangiopathies
Thrombotic	microangiopathies	(TMAs)	are	a	group	of	disorders	characterized	by
microangiopathic	hemolytic	anemia	and	thrombocytopenia	often	associated	with
multisystem	 dysfunction	 including	 AKI.	 TMAs	 can	 occur	 as	 a	 hereditary	 or
acquired	 hematologic	 disorder	 such	 as	 TTP	 and	 hemolytic	 uremic	 syndrome
(HUS).	 It	 may	 also	 complicate	 systemic	 conditions	 including	 malignant	 and
pregnancy-related	hypertension,	 rheumatologic	diseases	such	as	systemic	 lupus
erythematosis,	 scleroderma,	 and	 antiphospholipid	 antibody	 syndrome,	 various
infections,	malignancy,	 and	 disseminated	 intravascular	 coagulation.	 In	 primary
TMAs,	 occlusion	 of	 the	 preglomerular	 and	 glomerular	 microvasculature	 by
platelet	microthrombi	with	reactive	changes	in	the	endothelium	accounts	for	the
rapid	 deterioration	 in	 renal	 function.	 Clinical	 and	 histopathologic	 features	 of
malignant	hypertension	may	also	be	seen.

TTP	 and	 HUS,	 which	 were	 previously	 thought	 of	 as	 the	 same	 entity	 with
different	 clinical	 presentation,	 are	 now	 considered	 separate	 diseases	 based	 on
different	pathogenesis	and	are	discussed	in	more	detail	in	Chapter	66.	TTP	often
presents	with	a	pentad	of	fever,	 thrombocytopenia,	microangiopathic	hemolytic
anemia,	AKI,	and	neurologic	abnormalities.	In	contrast	to	other	forms	of	TMA,
the	AKI	is	often	relatively	mild.	In	TTP,	diminished	activity	of	a	von	Willebrand
factor	 (vWF)	 cleaving	 protein	 called	 ADAMTS13	 generates	 abnormally
enlarged	 vWF	 that	 leads	 to	 platelet	 activation	 and	 aggregation,	 microthrombi
formation,	 and	 ischemia.	 Decreased	 activity	 or	 mutations	 of	 ADAMTS13
protein	are	observed	during	recurrent	and	familial	forms	of	TTP.	TTP	can	also	be
seen	 with	 certain	 infections,	 such	 as	 HIV.	 Several	 medications	 are	 associated
with	 TTP,	 including	 clopidogrel,	 cyclosporine,	 and	 chemotherapeutic	 agents,
such	as	cisplatinum,	bleomycin,	and	others.

During	HUS,	hematologic	and	renal	features	predominate,	and	ADAMTS13
activity	is	normal.	HUS	is	associated	with	a	variety	of	infectious	diseases,	such
as	 enteric	 infections,	 particularly	with	Escherichia	coli	 0157:H7,	Mycoplasma,
Legionella,	and	Coxsackie	A	and	B	viruses.	Clinical	presentation	of	HUS	has	a
diarrheal	 and	 a	 nondiarrheal	 form.	 In	 the	 diarrheal	 form,	 a	 Shiga-like	 toxin	 is
postulated	 to	 cause	 AKI	 by	 entering	 the	 circulation,	 binding	 to	 the	 proximal
tubular	 cells	 as	 well	 as	 arteriolar	 and	 glomerular	 capillary	 endothelium	 and
causing	 inflammation	 and	 platelet	 activation.	 The	 pathogenesis	 of	 the



nondiarrheal	 form	 appears	 related	 to	 abnormal	 activation	 of	 the	 alternative
complement	pathway	leading	to	injury	to	the	renal	endothelium.

Treatment	of	thrombotic	angiopathies	varies	greatly	and	will	be	discussed	in
detail	in	Chapters	91	and	92.	TTP	is	a	medical	emergency	and	without	treatment,
mortality	exceeds	90%.	Prompt	plasmapheresis	and	plasma	exchange	to	provide
the	missing	enzyme	and	to	remove	vWF	cleaving	protein	inhibitor	are	essential
and	 are	 often	 combined	 with	 glucocorticoids.	 Treatment	 of	 HUS	 is	 largely
supportive.	Renal	management	 includes	maintenance	 of	 adequate	 intravascular
volume,	avoidance	of	nephrotoxins,	and	dialytic	support	as	needed.	There	is	no
proven	 benefit	 to	 plasmapheresis,	 but	 eculizumab,	 a	 monoclonal	 antibody
directed	against	C5	has	yielded	excellent	results	in	HUS	related	to	complement
activation.53

Acute	Kidney	Injury	in	the	Cancer	Patient
AKI	 is	 a	 relatively	 common	 complication	 in	 patients	with	 neoplastic	 diseases.
Many	 malignancies	 cause	 hypercalcemia	 that	 can	 induce	 AKI	 through
alterations	 in	 renal	 hemodynamics	 (afferent	 arteriolar	 vasoconstriction	 and
diminished	GFR)	 and	 by	 causing	 volume	 depletion.	 In	 addition,	 long-standing
hypercalcemia	 can	 cause	 nephrocalcinosis	 and	 CKD.	 The	 pathogenesis	 and
therapy	of	hypercalcemia	of	malignancy	are	described	 in	detail	 in	Chapters	94
and	140.	From	a	nephrologic	perspective,	 the	mainstays	of	 therapy	are	volume
expansion	 with	 saline	 supplemented	 with	 loop	 diuretics	 to	 enhance	 urinary
calcium	excretion,	combined	with	measures	to	lower	the	serum	calcium.	In	cases
of	 severe	 AKI,	 dialysis	 may	 be	 needed	 to	 lower	 the	 calcium	 level.	 Of	 note,
bisphosphonates	used	to	treat	hypercalcemia	can	also	cause	AKI	through	direct
nephrotoxicity	 leading	 to	 ATN	 as	 well	 by	 inducing	 collapsing	 focal
glomerulosclerosis.54

The	 term	 tumor	 lysis	 syndrome	 refers	 to	 the	 sudden	 release	 of	 tumor	 cell
contents	 often	 in	 response	 to	 induction	 chemotherapy.	 These	 intracellular
products	 include	phosphate,	potassium,	uric	acid,	and	other	purine	metabolites.
They	may	cause	diffuse	tubular	micro-obstruction	once	they	enter	 the	nephron,
which	results	in	sudden	onset	of	AKI.	The	syndrome	occurs	almost	exclusively
in	 patients	 with	 hematologic	 malignancies,	 especially	 in	 the	 setting	 of	 large
tumor	 burden	 and	 high	 cell	 turnover.	 Preventive	 measures	 include	 aggressive
intravenous	hydration	to	enhance	urine	flow	and	minimize	precipitation	of	uric
acid	and	calcium	phosphate	in	the	tubules	as	well	as	treatment	with	medications
to	 prevent	 hyperuricemia.	 Allopurinol,	 which	 decreases	 the	 formation	 of	 uric
acid,	 and	 rasburicase,	 which	 promotes	 the	 degradation	 of	 uric	 acid	 should	 be



considered.55	 Febuxostat,	which	 also	 lowers	 uric	 acid	 formation,	may	be	more
effective	than	allopurinol,	but	carries	a	greater	risk	of	hepatotoxicity	and	is	much
more	costly.56	Alkalinizing	the	urine	enhances	uric	acid	solubility,	but	also	may
promote	 the	 precipitation	 of	 calcium	 and	 phosphate	 in	 various	 soft	 tissues
including	the	kidney.	To	date,	there	are	no	studies	showing	improved	outcomes
with	urinary	alkalinization.	A	 reasonable	approach	would	be	 to	 limit	hydration
with	bicarbonate-based	solutions	to	patients	with	tumor	lysis	syndrome	who	also
have	a	significant	metabolic	acidosis.57	Of	note,	once	the	tumor	lysis	syndrome
becomes	 established,	 the	 resulting	 oliguria	 and	 AKI	 may	 further	 complicate
therapy.	 This	 requires	 a	 delicate	 balance	 between	 continued	 hydration	 and
intermittent	diuretics	to	maintain	urine	output	and	to	avoid	volume	overload.

A	number	of	commonly	used	antineoplastic	agents	have	renal	side	effects	and
can	 cause	 AKI.58	 Principal	 among	 these	 is	 cisplatin,	 which,	 like	 other	 heavy
metals,	 can	 induce	 ATN.	 The	 incidence	 of	 this	 complication	 is	 less	 with	 the
newer	 analog	 carboplatin.	 Saline	 loading	 of	 patients	who	 are	 about	 to	 receive
platinum-containing	 chemotherapeutic	 agents	 helps	 reduce	 the	 risk	 of	 AKI.
High-dose	 (>2	 g/d)	 methotrexate	 therapy	 can	 also	 cause	 AKI.	 The	 drug	 is
primarily	 renally	 excreted	 and	 can	 result	 in	 tubular	 micro-obstruction	 from
intraluminal	 crystallization	 of	methotrexate	metabolites.	 Raising	 the	 urine	 pH,
substantially	increases	the	solubility	of	methotrexate	in	the	renal	tubules.	Thus,
the	cornerstone	for	prophylaxis	relies	on	volume	expansion	with	a	bicarbonate-
based	solution.59	Immunotherapy	with	checkpoint	inhibitors	including	antibodies
against	PD-1,	PD-L1,	and	CTLA-4	can	cause	AKI	from	a	interstitial	nephritis	or
various	 forms	 of	 glomerular	 injury.59,60	 In	 severe	 cases,	 discontinuation	 of	 the
checkpoint	inhibitor	and/or	treatment	with	glucocorticoids	may	be	necessary.

Many	 neoplasms	 involve	 the	 ureteric	 bed	 or	 periureteric	 lymph	 nodes.
Obstructive	uropathy	must	be	considered	in	any	case	of	unexplained	AKI	in	an
oncologic	 patient,	 particularly	 one	 with	 lymphoma,	 prostatic,	 colorectal,	 or
cervical	 carcinoma.	 Such	 obstructions	 are	 usually	 readily	 detectable	 by
ultrasonographic	examination.	If	the	sonogram	fails	to	detect	hydronephrosis	but
obstruction	 is	 strongly	 suspected,	 further	 imaging	should	be	done	 to	determine
the	patency	of	 the	ureters.	These	 tests	may	 include	CT	urogram,	MR	urogram,
and	 retrograde	 cystoureterography.	 One	 must	 carefully	 consider	 the	 patient’s
GFR	and	their	ability	to	receive	various	contrast	solutions	before	selecting	a	test.
In	 cases	 in	 which	 ureteral	 obstruction	 is	 confirmed,	 nephrostomy	 drainage	 is
often	 required.	 Ureteral	 stents	 can	 be	 considered	 but	 may	 fail	 if	 extrinsic
compression	remains	present.	Regardless,	such	drainage	measures	may	only	be
needed	 temporarily	 if	 the	 underlying	 malignancy	 responds	 sufficiently	 to
radiation	or	chemotherapy.



Multiple	 myeloma	 is	 a	 neoplasm	 that	 is	 frequently	 complicated	 by	 AKI.
Patients	with	 this	 disease	may	 develop	 renal	 injury	 from	 several	mechanisms.
Hypercalcemia	 is	 very	 common	 in	 myeloma.	 In	 addition,	 the	 paraproteins,
particularly	 light	 chains	 (Bence	 Jones	 proteins),	 can	 be	 directly	 nephrotoxic.
Finally,	 filtered	paraproteins	 can	 form	occlusive	 casts	within	 the	urinary	 space
(cast	nephropathy)	resulting	in	AKI.

Tumor	 infiltration	 of	 the	 renal	 parenchyma	 is	 an	 unusual	 cause	 of	 AKI,
despite	the	frequency	of	metastases	to	the	kidneys.	Imaging	studies	should	reveal
kidney	 enlargement.	 Successful	 reversal	 with	 radiation	 or	 chemotherapy	 is
unusual.	 Decisions	 regarding	 the	 use	 of	 dialysis	 for	 patients	 with	 widespread
metastatic	disease	must	be	based	on	a	realistic	appraisal	of	the	prognosis	of	the
underlying	disease	and	on	the	patient’s	wishes.

Renal	Dysfunction	in	Patients	with	Liver	Disease
AKI	 frequently	develops	 in	 the	 setting	of	 advanced	 liver	disease	with	prerenal
azotemia	being	the	most	common	form.61	Despite	obvious	fluid	retention,	these
patients	 have	 decreased	 renal	 perfusion	 from	 reduced	 effective	 circulating
volume	 due	 to	 splanchnic	 vasodilation,	 hypoalbuminemia,	 and	 various
neurohumoral	influences.	The	balance	between	controlling	ascites	and	peripheral
edema	 while	 avoiding	 prerenal	 azotemia	 is	 often	 difficult.	 Diuretic	 dose
adjustments,	 judicious	use	of	crystalloids,	colloids,	and	blood	transfusions	may
not	be	sufficient	to	prevent	progressive	loss	of	renal	function.	Patients	with	liver
disease	and	AKI	who	do	not	 respond	 to	volume	expansion	are	diagnosed	with
hepatorenal	syndrome	(HRS).	Table	200.13	details	a	more	specific	definition	of
HRS.62	HRS	is	usually	seen	in	advanced	cirrhosis,	but	it	has	also	been	reported
in	patients	with	acute	hepatitis	or	hepatic	neoplasm.	Onset	of	the	syndrome	may
be	sudden	or	insidious.	Type	1	HRS	is	characterized	by	a	doubling	of	the	serum
creatinine	in	less	than	2	weeks	while	2	HRS	follows	a	less	rapid	course.

TABLE	200.13

Definition	of	Hepatorenal	Syndrome59

Cirrhosis	with	ascites.
Serum	creatinine	>1.5	mg/dL.
No	improvement	of	serum	creatinine	after	2	d	with	diuretic	withdrawal	and



volume	expansion	with	albumin.	The	recommended	dose	of	albumin	is
1	g/kg	of	body	weight	per	day	up	to	a	maximum	of	100	g/d.
Absence	of	shock,	current	or	recent	treatment	with	nephrotoxic	drugs,
gastrointestinal	or	renal	fluid	loss.
Absence	of	parenchymal	disease	as	indicated	by	proteinuria	<0.5	g/d,
microhematuria	(>50	red	blood	cells	per	high	power	field)	no	abnormalities
on	renal	ultrasound.

From	Cortazar	FB,	Kibbelaar	ZA,	Glezerman	IG,	et	al.	Clinical	features	and	outcomes	of	immune
checkpoint	inhibitor-associated	AKI:	a	multicenter	study.	J	Am	Soc	Nephrol.	2020;31(2):435-446.

HRS	 can	 be	 considered	 a	 form	 of	 prerenal	 azotemia	 among	 patients	 with
severe	 hepatic	 dysfunction	 that	 is	 refractory	 to	 volume	 expansion.	 The
pathogenesis	 of	 the	HRS	 is	 principally	 related	 to	vascular	 changes	 induced	by
portal	 hypertension.	 Increased	 portal	 pressures	 enhance	 the	 release	 of	 local
vasodilators	 such	 as	 nitric	 oxide	 which	 in	 turn	 results	 in	 splanchnic	 arterial
vasodilation.	 The	 drop	 of	 systemic	 perfusion	 pressure	 results	 in	 compensatory
activation	of	the	sympathetic	nervous	system,	and	the	renin-angiotensin	system
which	 causes	 severe	 intrarenal	 vasoconstriction	 as	 depicted	 in	 Figure	 200.4.
HRS	is	initially	a	functional	condition	as	evidenced	by	extreme	renal	avidity	for
sodium	 and	 water,	 suggesting	 AKI	 from	 hemodynamic	 changes	 rather	 than
parenchymal	 injury.	 Furthermore,	 the	 process	 can	 reverse	 as	 involved	 kidneys
function	normally	when	transplanted	into	a	recipient	with	intact	liver	function.



	

Figure	200.4 	 Intense	 renal	 vasoconstriction	with	 poor	 filling	 of
arterial	cortical	vasculature	at	selective	right	renal	arteriography	in	a
patient	with	hepatorenal	syndrome.(Reprinted	from	Angeli	P,	Merkel
C.	 Pathogenesis	 and	 management	 of	 hepatorenal	 syndrome	 in
patients	with	cirrhosis.	J	Hepatol.	2008;48	Suppl	1:S93-103.	Figure
1,	with	permission	from	Elsevier.)

The	vasodilatation	of	the	splanchnic	vascular	beds	that	initiates	HRS	has	been
the	target	of	several	therapies.	Albumin	in	combination	with	the	vasoconstrictor
terlipressin	has	been	shown	to	be	effective	in	randomized	studies	reversing	HRS
in	the	majority	of	cases.63,64	However,	terlipressin	is	currently	not	available	in	the
United	 States.	 In	 patients	 under	 continuous	 hemodynamic	 monitoring,
norepinephrine	infusion	combined	with	albumin	has	been	shown	to	have	similar
outcomes	to	terlipressin	with	fewer	ischemic	complications.65	Norepinephrine	is
given	 as	 a	 continuous	 infusion	 (0.5-3	mg/h)	with	 the	goal	 of	 raising	 the	mean
arterial	pressure	by	10	mm	Hg.	In	patients	not	in	the	ICU	and	where	terlipressin
is	 not	 available,	 treatment	 with	 midodrine	 and	 octreotide	 is	 recommended.
Midodrine	 (7.5-15	 mg	 orally	 three	 times	 a	 day)	 and	 octreotide	 (100-200	 μg
subcutaneously	 three	 times	 a	 day)	 is	 combined	with	 albumin	with	 the	 goal	 of
increasing	mean	arterial	blood	pressure	by	15	mm	Hg.66,67

Transjugular	 intrahepatic	 portosystemic	 shunts	 (TIPS)	 have	 not	 been	 well



studied	in	cases	of	HRS.	The	limited	data	does	show	some	improvement	of	renal
function,	 but	 this	 needs	 to	 be	 weighed	 against	 the	 increased	 risk	 of
encephalopathy	 and	 procedural	 complication.68	 Finally,	 in	 patients	 with	 HRS
with	progressive	loss	of	renal	function,	dialysis	should	be	considered	on	a	case-
by-case	basis.69	 In	 general,	 this	modality	 is	 reserved	 for	 patients	 that	 are	 liver
transplant	candidates	or	who	have	reversible	forms	of	hepatic	failure.

Hepatic	 disease	 predisposes	 patients	 to	 ATN	 of	 the	 other	 causes	 (ie,
nephrotoxic	 drug	 exposure,	 radiocontrast	 exposure,	 hypotension,	 or	 sepsis).
Patients	with	severe	hepatic	disease	often	have	one	or	more	of	these	risk	factors.
Furthermore,	 hyperbilirubinemia	 may	 predispose	 to	 AKI	 through	 the	 toxic
actions	of	bile	on	renal	tubules.	Although	the	urinary	sediment	during	most	cases
of	 ATN	 is	 distinctive	 with	 muddy	 brown	 granular	 casts,	 jaundiced	 patients
without	 tubular	 necrosis	 may	 manifest	 pigmented	 granular	 casts	 simply	 as	 a
direct	 result	 of	 the	 interaction	 of	 bilirubin	with	 tubular	 cells.	The	 diagnosis	 of
ATN	can	be	further	complicated	by	the	finding	of	a	low	FENa.	Patients	with	ATN
typically	 have	 a	 FENa	 of	 greater	 than	 2%	 as	 tubular	 injury	 impairs	 sodium
reabsorption.	Because	of	 the	extreme	nature	of	sodium	avidity	 in	 the	setting	of
cirrhosis,	patients	may	have	a	FENa	of	less	than	1%	despite	renal	tubular	injury.

Management	 of	 cirrhotic	 patients	 with	 sodium	 and	 volume	 overload	 is
extremely	 challenging.	 Cirrhotic	 patients	 are	 in	 a	 tenuous	 physiological	 state;
they	have	 little	 tolerance	 of	 small	 deviations,	 either	 positive	 or	 negative,	 from
their	 optimal	 state	 of	 fluid	 balance.	 Sodium	 balance	 must	 be	 regulated	 with
dietary	restriction	or	diuretics,	or	both,	if	ascites	and	edema	are	to	be	controlled.
When	 oliguria	 develops	 in	 patients	 with	 advanced	 cirrhosis,	 conventional
therapy	 may	 fail	 to	 achieve	 adequate	 diuresis.	 High	 doses	 of	 intravenous
diuretics,	 in	 combination	 or	 as	 continuous	 infusions,	 can	 be	 used.	 Because
aldosterone	appears	to	play	a	significant	role	in	the	sodium	retention	of	cirrhosis,
spironolactone	 may	 be	 a	 useful	 adjunct	 in	 diuretic	 therapy.	 Although	 patients
with	significant	peripheral	edema	can	often	tolerate	net	diuresis	of	up	to	3	L	per
day,	 those	 with	 ascites	 but	 no	 edema	 should	 be	 managed	 more	 cautiously	 to
avoid	AKI.

For	 patients	 with	 significant	 ascites	 that	 is	 refractory	 to	 diet	 and	 diuretic
therapy,	large	volume	paracentesis	(LVP)	can	help	alleviate	abdominal	pressure
and	reduce	respiratory	symptoms.	Patients	can	have	up	to	5	L	of	peritoneal	fluid
removed	 safely	with	 paracentesis,	 but	 simultaneous	 albumin	 infusions	 (8	 g	 of
albumin	 per	 L	 removed)	 should	 be	 administered	 in	 patients	 undergoing	 larger
volume	removal	 to	avoid	hypotension	and	possible	AKI.70	Although	LVP	does
offer	 the	convenience	of	rapid	resolution	of	ascites,	 it	does	 lead	 to	protein	 loss



and	carries	the	risk	of	procedural	complications.	Peritoneovenous	shunts,	such	as
the	Denver	 and	LeVeen	 shunts,	 have	 been	 used	 to	 infuse	 ascitic	 fluid	 into	 the
central	circulation.	Considering	the	high	perioperative	complication	rate	and	the
lack	of	data	showing	increased	survival,	the	procedure	is	rarely	used.	Repetitive
paracentesis	remains	the	standard	procedure	to	manage	diuretic-resistant	ascites.

The	 biochemical	 abnormalities	 that	 characterize	 AKI	 of	 the	 patient	 with
hepatic	disease	are	the	same	as	those	found	in	other	settings,	with	a	few	special
considerations.	Owing	to	impaired	hepatic	synthesis	of	urea,	these	patients	may
have	 lower	 BUN	 levels	 than	 expected.	 In	 addition,	 these	 patients	 often	 have
dramatically	reduced	muscle	mass;	thus,	the	creatinine	level	may	be	deceptively
low	despite	advanced	renal	dysfunction	due	to	decreased	endogenous	creatinine
production.	 Azotemic	 patients	 with	 hepatic	 failure	 have	 increased	 metabolic
substrate	 for	 ammonia	 production	 and	 therefore	 are	 at	 heightened	 risk	 for
encephalopathy.	 Potassium	 depletion,	 a	 common	 electrolyte	 imbalance	 in
cirrhosis,	 further	 enhances	 ammonia	 synthesis.	 Because	 cirrhosis	 is	 often
associated	 with	 diminished	 perfusion	 pressure,	 hyponatremia	 may	 develop	 in
response	 to	 increased	 antidiuretic	 hormone	 levels	 and	 decreased	 capacity	 to
excrete	 free	 water.	 Patients	 with	 significant	 hyponatremia	 should	 have	 their
water	intake	restricted	to	less	than	1500	mL/d.

Acid-base	 disturbances	 are	 common	 and	 varied	 among	 patients	 with
advanced	hepatocellular	disease.	Respiratory	alkalosis	can	occur	from	increased
progesterone	levels	stimulating	hyperventilation.	The	use	of	diuretics	as	well	as
the	 presence	 of	 secondary	 hyperaldosteronism	 can	 cause	 a	metabolic	 alkalosis
that	can	aggravate	hepatic	encephalopathy.	As	plasma	pH	rises,	ammonium	ions
lose	 protons	 to	 the	 plasma;	 the	 resulting	 ammonia	 penetrates	 the	 blood-brain
barrier	more	readily	and	can	worsen	encephalopathy.

Although	 the	 finding	 of	 metabolic	 alkalosis	 is	 common,	 acid-base
disturbances	 can	 rapidly	 change	 in	 the	 cirrhotic	 patient.	 Patients	with	 diarrhea
may	 develop	 a	 non–anion	 gap	 metabolic	 acidosis.	 In	 patients	 with	 severe
hypotension,	 a	 high	 anion	 gap	 metabolic	 acidosis	 related	 to	 lactic	 acid	 may
develop.	 Lactic	 acidosis	may	 be	 particularly	 severe	 among	 patients	 with	 liver
disease	because	extraction	and	metabolism	of	lactic	acid	from	the	blood	depend
largely	 on	 hepatic	 function.	 Among	 patients	 with	 a	 metabolic	 alkalosis,	 the
subsequent	 development	 of	 a	 metabolic	 acidosis	 may	 be	 missed,	 as	 the
bicarbonate	 may	 be	 in	 the	 normal	 range.	 This	 is	 a	 particularly	 treacherous
combined	acid-base	disturbance	because	a	near-normal	serum	pH	may	mask	the
true	 extent	 of	 the	 acidosis.	 As	 the	 acidosis	 worsens,	 the	 pH	 may	 plummet
because	 of	 depletion	 of	 the	 bicarbonate	 buffer	 system,	 deficiencies	 of	 protein
buffers,	and	inability	to	maintain	adequate	respiratory	compensation.



DIAGNOSIS	OF	ACUTE	KIDNEY	INJURY

History	and	Physical	Examination
In	patients	with	no	prior	medical	data,	the	history	may	be	useful	for	establishing
whether	renal	dysfunction	is	chronic	or	acute.	For	example,	a	patient	with	long-
standing	loss	of	appetite	and	pruritus	is	more	likely	to	have	CKD	than	AKI.	For
these	cases,	a	thorough	history	often	elicits	information	about	previous	renal	or
urinary	abnormalities	such	as	hypertension,	proteinuria,	or	a	history	of	diabetes
mellitus.	 A	 thirsty	 patient,	 or	 one	 in	 whom	 daily	 weight	 loss	 has	 been
documented,	 may	 have	 volume	 depletion	 causing	 prerenal	 azotemia.	 The
avenues	of	fluid	loss	are	usually	identifiable.	Exposure	to	nephrotoxic	agents	or
a	 recent	 episode	 of	 sustained	 hypotension	 suggests	 the	 possibility	 of	 ATN.
Symptoms	of	renal	colic,	abnormal	voiding	pattern,	or	a	history	of	genitourinary
malignancy	point	toward	an	obstructive	cause.

The	 physical	 examination	 often	 furnishes	 some	 diagnostic	 information,
particularly	 regarding	volume	 status.	Diminished	 skin	 turgor,	 sunken	 eyes,	 dry
mucous	membranes,	 the	 absence	 of	 axillary	 sweat,	 or	 orthostatic	 hypotension
supports	a	diagnosis	of	prerenal	azotemia.	In	disorders	characterized	by	reduced
effective	 circulatory	 volume,	 such	 as	 congestive	 heart	 failure	 and	 nephrotic
syndrome,	 prerenal	 azotemia	 may	 exist	 in	 the	 setting	 of	 an	 expanded
extracellular	 volume.	 Hypertension	 among	 patients	 with	 AKI	 should	 raise
suspicion	 of	 intrinsic	 renal	 disease.	 The	 clinician	 must	 be	 alert	 for	 signs	 of
systemic	 diseases	 that	 can	 cause	 acute	 renal	 injury,	 including	 vasculitis,
endocarditis,	and	sepsis.	Bladder	distention	and	prostatic	enlargement	point	to	an
obstructive	cause.	A	full	discussion	of	relevant	history	and	physical	findings	for
the	different	causes	of	AKI	is	beyond	the	scope	of	this	chapter.

Urine	Tests
The	 laboratory	 evaluation	 should	 commence	 with	 a	 urinalysis.	 The
measurements	of	urine	osmolality,	electrolytes,	and	creatinine	concentration	are
simple	 and	 useful,	 particularly	 for	 differentiating	 between	 ATN	 and	 prerenal
azotemia.	Urine	 specific	 gravity	 can	be	measured	 at	 the	bedside.	A	high	urine
specific	gravity	generally	correlates	with	a	concentrated	urine	and	is	expected	in
prerenal	azotemia,	except	in	the	presence	of	diuretics.

The	familiar	dipstick	tests	provide	a	readily	available	method	for	determining
whether	 the	 urine	 contains	 protein	 or	 heme	 pigments.	 When	 positive,	 they



should	 raise	 the	 suspicion	 of	 intrinsic	 renal	 pathology.	As	 the	 dipstick	 test	 for
protein	measures	 only	 albuminuria,	Bence	 Jones	proteins	will	 not	 be	detected.
Light	 chains	 can	 be	 detected	 by	 urine	 protein	 electrophoresis,	 and
immunofixation.	Daily	urinary	protein	excretion	can	be	quantified	by	a	24-hour
urine	collection.	Although	influenced	by	several	potential	confounding	variables,
the	 urine	 protein	 to	 creatinine	 ratio	 from	 a	 random	 urine	 specimen	 rapidly
provides	a	gross	estimate	of	the	degree	of	proteinuria.

Formed	elements	in	the	urine	sediment	yield	invaluable	information	about	the
nature	 of	 AKI,	 particularly	 in	 intrinsic	 renal	 disease.	 The	 significance	 of
hematuria,	pyuria,	renal	tubular	epithelial	cells,	and	casts	in	the	urine	has	already
been	 discussed.	 The	 presence	 of	 RBC	 casts	 distinguishes	 the	 hematuria
associated	 with	 glomerulonephritis	 from	 that	 of	 postrenal	 or	 urologic	 causes.
Broad	and	waxy	casts	suggest	that	renal	disease	is	chronic.	Virtually	any	lesion
that	 can	 cause	 obstruction	 in	 the	 genitourinary	 tract	 can	 produce	 hematuria.
Crystalluria	often	occurs	 in	association	with	obstruction	due	 to	 renal	calculi	or
medications.

The	 FENa	 can	 indicate	 the	 degree	 of	 renal	 sodium	 avidity,	 which	 generally
reflects	 renal	 perfusion.	 A	 value	 of	 less	 than	 1%	 typically	 indicates	 prerenal
azotemia.	However,	this	test	can	be	confounded	by	concomitant	diuretic	therapy
that	will	enhance	urinary	salt	losses.	In	these	situations,	the	FEUrea	can	be	used
instead	 because	 urea	 clearance	 is	 unaffected	 by	 diuretics.	 The	 FEUrea	 is
calculated	via	the	same	formula	as	the	FENa	but	substituting	urea	for	sodium.	A
value	of	less	than	35%	is	suggestive	of	renal	hypoperfusion.

Blood	Tests
The	 measurement	 of	 the	 BUN	 and	 creatinine	 is	 essential	 to	 identifying	 and
monitoring	 AKI.	 As	 noted,	 the	 ratio	 of	 BUN	 to	 creatinine	 carries	 some
diagnostic	value,	as	a	high	value	(>20:1)	may	indicate	prerenal	azotemia.	Serial
blood	 chemistries	 will	 help	 identify	 acid-base	 and	 electrolyte	 disturbances
common	with	AKI.	Anemia	may	suggest	a	more	chronic	form	of	kidney	disease.
Eosinophilia	frequently	accompanies	AIN.

Specialized	 serologic	 tests	 may	 help	 answer	 specific	 diagnostic	 questions.
The	 presence	 of	 antinuclear	 antibodies	 may	 suggest	 autoimmune	 nephropathy
such	 as	 lupus	 nephritis	 or	 scleroderma,	 both	 of	 which	 may	 cause	 AKI.	 The
serum	and	urine	protein	electrophoresis	and	immunofixation	and	serum	free	light
chain	ratio	may	aid	in	the	diagnosis	of	multiple	myeloma,	which	often	presents
as	AKI	of	uncertain	cause.



Estimates	of	GFR	may	be	helpful	in	assessing	the	severity	of	AKI	as	well	as
for	adjusting	medication	dosages.	However,	 these	 formulas	have	 limited	utility
in	the	early	phases	of	AKI,	because	the	calculations	are	based	on	the	assumption
that	 serum	 creatinine	 reflects	 a	 steady	 state.	 For	 example,	 the	 creatinine	 of	 a
patient	with	AKI	from	complete	loss	of	renal	blood	flow	will	take	many	days	to
rise	to	steady	state	even	though	the	GFR	is	negligible	from	the	outset.	Estimates
of	GFR	in	the	first	few	days	will	grossly	overestimate	the	patient’s	residual	renal
function.

Radiographic	Studies
Various	radiographic	techniques	may	contribute	to	the	evaluation	of	AKI.	Renal
ultrasonography,	 a	 safe,	 quick,	 high-yield	 procedure,	 is	 probably	 the	 first
radiologic	test	that	should	be	ordered	in	the	evaluation	of	any	azotemic	patient.	It
permits	the	identification	and	measurement	of	both	kidneys	and	is	very	sensitive
for	detecting	obstructive	uropathy	 (Figure	200.5).	The	 specifics	 of	 performing
point	of	care	ultrasound	examinations	of	the	urinary	system	are	presented	in	the
Utility	of	Ultrasonography	for	Evaluation	of	Acute	Kidney	Injury	section	if	this
chapter	and	 in	Chapter	202.	Helical	CT,	with	or	without	contrast,	 is	a	versatile
and	high-yield	technique	for	establishing	the	size	of	the	kidneys	and	recognizing
hydronephrosis	 (Figure	 200.6),	 but	 contrast	 administered	 during	 the	 test	 can
result	in	AKI	in	patients	at	increased	risk	such	as	those	with	renal	insufficiency,
hypovolemia,	or	multiple	myeloma.	Magnetic	 resonance	 imaging	 (MRI)	offers
similar	 data	 as	 helical	 CT	 but	 is	 less	 commonly	 used	 because	 of	 cost	 and
availability.	The	use	of	gadolinium	contrast	should	be	avoided,	if	possible,	in	the
setting	of	AKI	due	to	the	risk	of	nephrogenic	systemic	fibrosis.

	



Figure	200.5 	Sonogram	with	 right	hydronephrosis.Kidney	poles
are	marked	by	crosses.	Dark,	echolucent	areas	(arrows)	in	the	center
represent	dilated	collecting	system.

	

Figure	 200.6 	 Computed	 tomographic	 scan	 with	 right
hydronephrosis.L:	Unobstructed	kidney	is	shown	for	comparison	on
the	 right-hand	 side	 of	 the	 image.	 R:	 Note	 enlarged	 pelvocalyceal
system	on	the	left-hand	side	of	the	image.

Retrograde	 pyelography	 is	 reserved	 for	 patients	 in	 whom	 urinary	 tract
obstruction	is	strongly	suspected	despite	the	inability	to	confirm	this	finding	on
other	 imaging	 techniques.	 It	 is	generally	performed	 in	anticipation	of	 relieving
such	obstructions	as	soon	as	they	are	identified,	usually	by	placement	of	ureteral
stents.

Isotopic	 renal	 scanning	 provides	 a	 safe	means	 for	 locating	 the	 kidneys	 and
allows	estimation	of	their	functional	capacity.	Radionuclide	flow	studies	can	be
used	to	assess	the	rapidity	of	uptake	of	tracer	by	the	kidneys.	A	delay	in	uptake
helps	 to	 establish	 the	 diagnosis	 of	 impaired	 renal	 perfusion,	 whether	 due	 to
structural	 renovascular	 disease	 or	 functionally	 impaired	 renal	 blood	 flow.
Prolonged	 retention	 of	 radioisotope	 by	 the	 kidneys	 is	 suggestive	 of	 outflow
obstruction.	 Radioisotopic	 scanning	 may	 be	 particularly	 helpful	 in	 assessing
patients	 with	 prolonged	 AKI	 for	 the	 absence	 of	 blood	 flow	 and	 the	 possible
diagnosis	of	cortical	necrosis	or	renal	infarction	(Figure	200.7).



	

Figure	200.7 	Renal	radioisotopic	scan	demonstrating	poor	uptake
of	 tracer	 in	 a	 patient	 with	 left	 renal	 artery	 occlusion.A,	 Early	 flow
phase	 in	 which	 each	 panel	 represents	 a	 2-second	 interval.
Scintigraphic	activity	is	seen	in	the	proximal	aorta	(arrowheads)	and
the	right	kidney	(arrows).	Note	the	absence	of	tracer	activity	over	the
area	 of	 the	 left	 kidney.	 B,	 Functional	 scan	 with	 each	 panel
representing	 1-second	 intervals.	 Note	 the	 marked	 diminution	 of
scintigraphic	activity	over	the	left	kidney.

Renal	artery	duplex	scanning	offers	an	alternative	method	of	assessing	renal
arterial	 flow.	 Although	 noninvasive,	 the	 test	 requires	 significant	 operator
expertise.	 In	 cases	 in	 which	 a	 higher	 degree	 of	 sensitivity	 and	 specificity	 is
required,	 CT	 or	 MRI	 angiogram	 or	 even	 full	 renal	 arteriography	 may	 be
necessary.	 Arteriography	 is	 more	 invasive	 but	 offers	 the	 opportunity	 for
immediate	therapeutic	intervention	such	as	angioplasty	or	vascular	stenting.

Renal	Biopsy
Renal	biopsy	is	reserved	for	patients	who	are	thought	to	have	parenchymal	renal



disease.	The	 indications	 for	 renal	biopsy	are	a	matter	of	some	controversy,	but
the	 procedure	 should	 be	 considered	 when	 (a)	 azotemia	 is	 of	 recent	 onset	 and
unknown	cause;	(b)	there	is	a	possibility	that	the	patient	has	a	renal	disease	that
may	require	drug	treatment	(eg,	steroids	or	cytotoxic	drugs)	as	with	patients	with
probable	 glomerulonephritis,	 vasculitis,	 or	 AIN;	 (c)	 heavy	 proteinuria	 or
nephrotic	 syndrome	 is	 present;	 or	 (d)	 the	biopsy	 result	might	 be	of	 prognostic
importance.

COMPLICATIONS	AND	TREATMENT	OF	ACUTE
KIDNEY	INJURY

General	Principles	of	Treatment
The	management	of	AKI	is	outlined	in	Table	200.14.	These	steps	are	applicable
to	 any	 patient	 with	 AKI	 and	 are	 quite	 fundamental.	 Fluid	 balance	 should	 be
measured	 during	 each	 8-hour	 nursing	 shift	 with	 input/output	 recordings,	 and
body	weight	 should	be	 recorded	daily.	Serum	electrolytes	and/or	arterial	blood
gases	may	be	needed	daily	or	more	frequently	depending	on	the	patient’s	status.
One	 of	 the	most	 important	 principles	 is	 treatment	 of	 the	 underlying	 condition
that	 led	 to	AKI.	 Because	 renal	 injury	 is	most	 often	 a	 consequence	 of	 another
primary	illness,	correction	of	underlying	condition	is	essential	for	renal	recovery.
The	 management	 of	 AKI	 remains	 largely	 supportive	 as	 clinical	 trials	 of	 a
number	of	agents	have	yielded	negative	or	inconclusive	results.

TABLE	200.14

Management	of	Acute	Kidney	Injury

Fluid	balance	
Weigh	the	patient	daily.
Monitor	input	and	output.
In	volume-depleted	patients,	replace	extracellular	fluid	with	isotonic	saline	(or
bicarbonate).
In	normovolemic	or	edematous	patients,	restrict	fluid	intake	(∼1500	mL/d)
and	sodium	intake	(<2	g/d).



Acid-base	balance	and	electrolyte	
Avoid	water	overload	and	hyponatremia	(restrict	free	water	intake,
particularly	in	oliguric	patients).
Restrict	potassium	intake	(<2	g/d)	and	treat	hyperkalemia.
Supplement	serum	bicarbonate	to	maintain	pH	>	7.1.
Use	phosphate	binders	(CaCO3)	to	maintain	PO4	<5.0	mg/dL.
Treat	symptomatic	hypocalcemia	(see	text).

Drugs	
Avoid	nephrotoxins	when	possible.
Adjust	doses	of	all	renally	excreted	drugs.
Withhold	nonsteroidal	anti-inflammatory	drugs	and	angiotensin-converting
enzyme	inhibitors	in	patients	with	prerenal	conditions.
Avoid	magnesium-containing	drugs	(eg,	antacids	and	milk	of	magnesia).

Nutrition	
Restrict	protein	intake	to	<0.5	g/kg/d.
Caloric	(carbohydrate)	intake	of	>400	kcal/d.

Reduction	of	infectious	risks	
Remove	indwelling	urinary	catheter	in	oliguric,	nonobstructed	patients.
Strict	aseptic	technique	and	rapid	removal,	when	feasible,	of	vascular
catheters.

Fluid	Management
For	patients	with	renal	dysfunction,	fluid	management	is	often	crucial	because	of
decreased	sodium	and	water	excretion.	The	determination	of	fluid	management
should	 be	 based	 on	 a	 thorough	 physical	 examination	 as	 well	 as	 evaluation	 of
daily	weights,	vital	signs	and	net	fluid	balance.	Although	respiratory	fluid	losses
are	 often	minimal	 for	 patients	 on	mechanical	 ventilation,	 insensible	 losses	 are
significantly	 increased	with	 high	 fever	 or	 dermal	 injury.	 Gastrointestinal	 fluid
losses	 can	 be	 difficult	 to	 quantify.	 Daily	 weights	 are	 often	 the	 best	 means	 of
assessing	 the	 net	 balance	 between	 intake	 and	 output.	 Additional	 data	 may	 be
provided	by	measurement	of	central	venous	pressures	or	ultrasound	assessment
of	intravascular	volume.

For	 patients	 with	 pure	 prerenal	 azotemia	 attributable	 to	 hypovolemia,
restoration	 of	 normal	 volume	 status	 is	 usually	 sufficient	 to	 return	 BUN	 and
creatinine	 to	 their	 normal	 levels.	 A	 normotensive,	 volume-depleted,	 azotemic



patient	 can	 receive	 up	 to	 1	 L	 of	 saline	 during	 a	 4-hour	 period	 with	 the
expectation	 that	 renal	 perfusion	 and	 urine	 flow	will	 improve	 rapidly.	Volume-
depleted	 patients	 with	 hypotension	 should	 receive	 more	 aggressive	 fluid
resuscitation,	 at	 least	 until	 their	 blood	 pressure	 normalizes	 and	 signs	 of
hypoperfusion	 resolve.	 This	 maneuver	 is	 of	 diagnostic	 as	 well	 as	 therapeutic
benefit	because	rapid	response	to	the	fluid	challenge	establishes	that	azotemia	is
due,	 at	 least	 in	 part,	 to	 prerenal	 factors.	 The	 estimate	 of	 isotonic	 fluid
replacement	should	be	based	on	the	clinical	findings.	With	orthostasis,	it	may	be
estimated	that	 the	patient	 is	experiencing	an	ECF	deficit	of	at	 least	10%.	Fluid
replacement	 in	 these	 circumstances	 should	 be	 administered	 regardless	 of	 the
patient’s	urine	output	or	the	presumptive	diagnosis	of	ATN	as	recovery	of	renal
function	can	be	hastened	by	early	adequate	volume	repletion.

Hypovolemia	 may	 complicate	 intrinsic	 renal	 disease	 and	 urinary	 tract
obstruction,	 superimposing	 a	 low	 perfusion	 state	 on	 the	 azotemia	 caused	 by
these	conditions.	The	 finding	of	 a	 low	FENa	 in	 a	patient	who	previously	had	 a
high	 FENa	 might	 indicate	 that,	 although	 tubular	 function	 has	 recovered,	 renal
hypoperfusion	 persists.	 Fluid	 replacement	 should	 be	 given	 using	 isotonic
solutions.

For	 euvolemic	 patients,	 the	 following	 formula	 can	 be	 applied	 to	 estimate
daily	 fluid	 requirement:	 daily	 fluid	 replacement	 (mL	 per
day)	 =	 urinary	 +	 extrarenal	 +	 insensible	 losses,	 where	 insensible
losses	 =	 250	 mL/d.	 For	 febrile	 patients,	 add	 500	 mL/d	 for	 every	 degree
Fahrenheit	more	than	101.	In	edematous	patients	requiring	volume	removal,	the
rate	of	diuresis	should	be	adjusted	to	avoid	intravascular	volume	depletion	which
could	exacerbate	the	AKI.

Diuretics	are	a	mainstay	of	management	in	patients	with	volume	overload	and
nonoliguric	AKI.	However,	 studies	 have	 shown	no	demonstrable	 improvement
in	 patient	 survival	 when	 nonoliguric	 patients	 with	 AKI	 are	 treated	with	 high-
dose	loop	diuretics.

In	addition,	a	meta-analysis	of	nine	randomized	furosemide	studies	to	prevent
or	treat	AKI	failed	to	show	a	decreased	need	for	dialysis	or	improved	survival.71

Despite	 the	paucity	of	data	regarding	beneficial	effects	on	renal	recovery	or
survival,	 diuretics	 are	 essential	 for	 the	 maintenance	 of	 fluid	 balance	 in
responsive	 patients.	 Loop	 diuretics	 are	 the	 principal	 agents	 and	 are	 given	 by
intravenous	bolus	or	continuous	infusion.	Dose	adjustments	may	be	required	to
avoid	decreased	renal	perfusion	which	could	impair	renal	recovery	or	ototoxicity
with	hearing	loss	and	tinnitus.	Concomitant	use	of	other	diuretic	agents	that	act
at	 different	 segments	 of	 the	 nephron	may	 enhance	 urine	 output.	 Patients	 with



diuretic-resistant	 oliguria	 often	 require	 renal	 replacement	 therapy.	This	will	 be
discussed	in	detail	in	Chapter	201.

Parenchymal	Renal	Disease
Although	 AIN	 usually	 responds	 to	 discontinuation	 of	 the	 culpable	 drug	 (see
Table	 200.12),	 the	 recovery	 may	 be	 protracted.	 Although	 there	 are	 no
randomized	controlled	trials	of	steroids	in	allergic	drug-induced	AIN	(DI-AIN),
the	 use	 of	 steroids	 appears	 to	 hasten	 recovery	 and	 reduce	 the	 likelihood	 of
developing	CKD.72	Certainly,	steroids	should	be	considered	for	patients	with	DI-
AIN	associated	with	a	significant	 reduction	 in	GFR	or	 for	patients	who	do	not
promptly	 respond	 to	 withdrawal	 of	 the	 offending	 agent.	 These	 patients	 often
require	a	 renal	biopsy	 to	confirm	 the	diagnosis.	 If	 steroids	are	used,	 the	 initial
dose	of	prednisone	is	1	mg/kg/d	for	1	to	2	weeks	followed	by	a	slow	taper	over	1
to	3	months,	depending	on	the	response.

The	 treatment	 of	 glomerular	 disorders	 is	 beyond	 the	 scope	 of	 this	 text.
Briefly,	 in	 patients	 with	 AKI	 associated	 with	 proteinuria	 and	 hematuria,	 the
diagnosis	 of	 glomerular	 disease	 should	 be	 considered.	A	 renal	 biopsy	may	 be
helpful	not	only	to	aid	in	diagnosis	but	also	as	a	means	of	predicting	response	to
therapy.	Patients	with	a	 sudden	 loss	of	 renal	 function	associated	with	nephritis
may	 have	RPGN.	RPGN	 is	 broken	 down	 into	 three	 categories:	 pauci-immune
glomerulonephritis,	 anti–glomerular	 basement	 membrane	 (GBM)	 disease
(Goodpasture),	 and	 immune	 complex	mediated	 disease.	 The	majority	 of	 these
diseases	 require	 immunosuppressive	 therapy	 with	 steroids	 (high-dose
intravenous	 corticosteroids	 consisting	 of	 250-1000	 mg	 of	 methylprednisolone
daily	for	3	days)	in	combination	with	a	steroid	sparing	agent	(cyclophosphamide,
mycophenolate,	 or	 rituximab),	 and	 occasionally	 plasmapheresis.	 For	 example,
the	 pauci-immune	 nephridities	 include	 granulomatosis	 with	 polyangiitis	 and
microscopic	 polyangiitis	 both	of	which	 are	 initially	 treated	with	pulse	 steroids
combined	 with	 either	 cyclophosphamide	 or	 rituximab.73	 In	 anti-GBM	 disease,
pulse	 steroids,	 oral	 cyclophosphamide	 and	 plasmapheresis	 are	 combined	 for
maximal	 effectiveness.	 Plasmapheresis	 is	 employed	 to	 clear	 the	 plasma	 of
formed	 antibodies	 (eg,	 anti-GBM	 antibodies)	 while	 the	 immunosuppressive
drugs	 prevent	 the	 formation	 of	 new	pathogenic	 antibodies.74	 Immune	 complex
glomerulonephritides	include	a	host	of	different	diseases	that	require	a	variety	of
different	 approaches.	 Some	 of	 these	 diseases	 do	 not	 require	 renal-specific
therapies,	 such	 as	 for	 postinfectious	 glomerulonephritis	 or	 glomerulonephritis
associated	with	bacterial	endocarditis.	In	the	former	case,	spontaneous	remission
usually	occurs;	in	the	latter,	antibiotic	treatment	of	the	underlying	condition	may



result	in	clearing	of	the	immune	complex–induced	renal	lesion.
Several	 different	 therapies	 have	 been	 proposed	 for	 the	 treatment	 of	 ATN.

Dopamine	 at	 low	 doses	 dilates	 the	 interlobular	 arteries,	 afferent	 and	 efferent
arterioles	 resulting	 in	 increased	 renal	blood	 flow.	However,	 clinical	 trials	have
not	 supported	 the	 efficacy	 low-dose	 dopamine	 infusion	 in	 the	 treatment	 of
established	ATN,	and	it	is	not	recommended.75

Fenoldopam,	 a	 selective	 dopamine-1	 receptor	 antagonist	 that	 lacks	 other	 α-
and	β-adrenergic	effects,	has	also	been	proposed	as	treatment	for	AKI.	A	meta-
analysis	of	16	randomized	trials	of	fenoldopam	versus	placebo	or	dopamine	for
prevention	or	 treatment	 of	AKI	 found	 that	 fenoldopam	decreased	 the	 need	 for
renal	 replacement	 and	 hospital	 death.76	 In	 the	 meta-analysis	 of	 500	 patients
undergoing	 various	 types	 of	 surgeries,	 perioperative	 administration	 of
fenoldopam	 was	 associated	 with	 some	 protection	 against	 the	 development	 of
postoperative	 AKI.	 However,	 it	 had	 no	 effect	 on	 AKI	 requiring	 renal
replacement	therapy	or	hospital	mortality.18

Clinical	 trials	of	atrial	natriuretic	peptide	have	shown	modest	 improvements
in	 outcomes	 for	 patients	with	AKI.77	However,	 given	 the	 limitations	of	 design
and	 size	 of	 available	 studies,	 further	 investigation	 is	 needed	 to	 confirm	 the
benefit	of	this	agent	in	established	ATN.

Treatment	of	Postrenal	Failure
Timely	 relief	 of	 urinary	 obstruction	 is	 the	 goal	 of	 therapy	 for	 postrenal	 AKI.
Acute	intervention	is	mandatory	in	the	presence	of	complete	or	bilateral	urinary
tract	 obstruction	 or	 severe	 metabolic	 or	 hemodynamic	 complications	 of	 AKI.
Coexisting	 fever	 or	 any	 other	 evidence	 of	 urinary	 infection	 proximal	 to	 the
obstruction	requires	a	rapid	decompression	procedure	to	avoid	bacteremic	shock.

When	bladder	outlet	obstruction	is	suspected,	 insertion	of	a	bladder	catheter
should	be	attempted.	If	this	is	not	possible,	as	is	occasionally	the	case	in	patients
with	prostatic	enlargement	or	urethral	stricture,	urethral	dilation	or	percutaneous
cystostomy	should	be	performed.	AKI	due	to	upper	urinary	tract	obstruction	can
be	 relieved	 by	 either	 the	 retrograde	 insertion	 of	 a	 ureteral	 stent	 or	 by	 the
percutaneous	placement	(under	ultrasonic,	fluoroscopic,	or	CT	scan	guidance)	of
a	nephrostomy	tube	into	the	renal	pelvis.

Because	of	the	defects	in	distal	nephron	function	associated	with	high-grade
obstruction,	 patients	 may	 develop	 hyperkalemia,	 hyperchloremic	 metabolic
acidosis,	 and	 hypernatremia.	 Water	 and	 bicarbonate	 replacement	 are	 often
required	and	can	be	administered	as	a	solution	of	5%	glucose	and	water	to	which
sodium	 bicarbonate	 has	 been	 added.	 The	 patient’s	 plasma	 volume	 and	 serum



sodium	should	determine	the	tonicity	of	the	administered	fluid.	If	the	patient	is
hypovolemic,	 an	 isotonic	 solution	 should	 be	 used.	 If	 the	 patient	 is
hypernatremic,	a	hypotonic	 solution	 is	needed.	Hyperkalemia	may	 respond	 the
development	of	postobstructive	diuresis	 (see	 later)	and	as	well	as	correction	of
the	acidosis.

A	 dramatic	 postobstructive	 diuresis	 often	 ensues	 after	 relief	 of	 urinary
obstruction.	 This	 usually	 reflects	 mobilization	 of	 urine	 sequestered	 within	 the
dilated	ureterovesicular	system	as	well	as	excess	ECF	and	solute	retained	during
the	 period	 of	 obstruction.	 As	 such,	 this	 postobstructive	 diuresis	 is	 considered
appropriate	 to	 the	 preexisting	 volume	 expansion.	 In	 some	 patients	 with
correction	 of	 bilateral	 obstruction,	 a	 large	 diuresis	 and	 natriuresis	 may	 ensue,
which	 result	 in	hypovolemia	and,	 sometimes,	 frank	 shock.	The	mechanism	 for
this	 inappropriate	 diuresis	 is	 poorly	 understood	 but	 may	 involve	 release	 of	 a
natriuretic	 substance.	 These	 patients	 require	 fluid	 replacement,	 usually	 with
hypotonic	 saline,	 to	 repair	 the	 deficit	 and	 match	 urinary	 losses.	 A	 useful
technique	 is	 to	 measure	 the	 urinary	 sodium	 and	 potassium	 concentrations
periodically	to	determine	the	composition	of	the	replacement	fluid.	However,	it
is	essential	to	avoid	excessive	fluid	replacement	as	this	will	simply	prolong	the
diuresis.

Abnormal	Drug	Metabolism
A	complete	survey	of	 the	patient’s	medications	should	be	made.	Drugs	such	as
NSAIDs	 or	 ACE	 inhibitors	 that	 may	 interfere	 with	 renal	 blood	 flow	 or	 GFR
autoregulation	 should	 be	 discontinued.	 When	 possible,	 aminoglycoside
antibiotics	 or	 other	 nephrotoxic	 drugs	 should	 be	 replaced	with	 nonnephrotoxic
agents.	 Contrast	 procedures	 should	 be	 avoided	 so	 as	 not	 to	 compound	 renal
dysfunction	in	patients	with	AKI	or	CKD.	If	this	is	not	feasible,	the	risk	should
be	 minimized	 by	 taking	 prophylactic	 measures	 (see	 previous	 discussion).	 In
addition,	 the	 dosage	 of	 drugs	 dependent	 on	 renal	 metabolism	 and	 excretion
should	 be	 adjusted	 appropriately.	 Some	 drugs	 (eg,	 aminoglycoside	 antibiotics
and	digoxin)	are	excreted	almost	entirely	by	 the	kidneys.	 If	 the	dose	or	dosing
interval	is	unchanged,	reduced	renal	function	leads	to	accumulation	of	the	drug
in	 body	 fluids	 and	 eventual	 drug	 toxicity.	 Other	 agents	 are	 hepatically
metabolized,	 but	 the	 active	 metabolites	 are	 renally	 excreted	 (eg,
benzodiazepines).	 Phenytoin,	 independent	 of	 its	 excretion,	 may	 reach	 toxic
concentrations	because	a	larger	proportion	of	the	administered	drug	is	displaced
from	 albumin-binding	 sites	 in	 uremia.	 Drug	 doses	 need	 to	 be	 altered	 in	most
instances	to	account	for	residual	renal	function	and	the	effect	of	dialysis	on	drug



removal.	It	is	important	to	remember	that	as	the	patient	recovers	renal	function,
upward	 adjustment	 of	 the	 dosage	 of	 renally	 excreted	 drugs	 is	 necessary.	 This
subject	is	covered	in	detail	in	Chapter	203.

Nutritional	Therapy
The	 management	 of	 nutritional	 therapy	 in	 the	 ICU	 is	 discussed	 in	 detail	 in
Chapter	213.	The	guidelines	for	nutritional	therapy	in	AKI	are	similar	to	those	in
other	 ICU	 patients.	 Patients	 with	 AKI	 are	 often	 catabolic	 and	 increase	 their
production	 of	 nitrogenous	 products	 that	 require	 excretion.	 The	 degree	 of
catabolism	 reflects	 the	 level	 of	 the	 patient’s	metabolic	 stress	 and	 is,	 in	 turn,	 a
function	 of	 the	 severity	 of	 the	 underlying	 illness.	 Protein	 and	 caloric
requirements	are	much	higher	for	patients	with	catastrophic	illness	and	multiple
organ	 system	 failure	 than	 for	 those	 with	 mild	 or	 moderate	 illness.	 Although
caloric	 replacement	 needs	 to	 be	 adequate	 to	 reduce	 tissue	 catabolism,	 prevent
ketosis,	and	meet	 the	patient’s	basal	nutritional	needs,	 the	clinician	must	avoid
providing	excessive	substrate	for	generation	of	metabolic	waste	products.	This	is
particularly	 challenging	 for	 patients	 who	 are	 not	 yet	 being	 dialyzed;	 once
patients	 are	 on	 dialysis,	 they	 are	 allowed	 more	 liberal	 fluid	 intake	 and	 can
receive	 a	 greater	 intake	 of	 carbohydrates,	 protein,	 and	 fat,	 limited	 only	 by	 the
rate	of	dialytic	fluid	and	solute	removal.	As	discussed	in	Chapters	213	and	214,
the	need	for	nutritional	support	is	becoming	an	indication	for	renal	replacement
therapy.78

Hyperkalemia
Hyperkalemia	 is	 the	 most	 immediately	 life-threatening	 electrolyte	 imbalance
encountered	 in	 patients	 with	 renal	 disease	 (Chapter	 199).	 During	 AKI,
hyperkalemia	 arises	 from	 the	 inability	 of	 the	 kidneys	 to	 handle	 the	 excretory
burden	 of	 potassium.	 Sources	 of	 potassium	 should	 be	 identified	 and	 regulated
appropriately.	 Potassium	 loads	may	 be	 endogenous	 (eg,	 tissue	 breakdown	 and
hematoma	 reabsorption)	 or	 exogenous	 (eg,	 diet,	 intravenous	 fluids,	 and
medications).	 Even	 when	 the	 GFR	 is	 substantially	 reduced,	 the	 kidneys	 can
excrete	large	amounts	of	potassium,	provided	that	tubular	secretion	is	intact.	For
this	 reason,	hyperkalemia	more	often	occurs	among	patients	with	parenchymal
or	 postrenal	 AKI.	 Urine	 flow	 rate	 is	 an	 important	 determinant	 of	 tubular
potassium	 secretion;	 therefore,	 oliguric	 patients	 are	 more	 prone	 to	 potassium
imbalance	 than	 are	 nonoliguric	 patients.	 Many	 commonly	 used	 medications,



including	 heparin,	 NSAIDs,	 and	 ACE	 inhibitors,	 can	 also	 inhibit	 tubular
potassium	secretion.	These	should	be	discontinued	for	hyperkalemic	patients.

Metabolic	Acidosis
The	 kidneys’	 ability	 to	 excrete	metabolically	 produced	 acids	may	 be	 reduced,
particularly	 in	 parenchymal	 and	 obstructive	 disease.	 Because	 acid	 excretion	 is
primarily	 a	 tubular	 function,	 the	 degree	 of	 acidosis	 may	 not	 always	 correlate
with	 the	 degree	 of	 GFR	 impairment.	 Indeed,	 pure	 tubular	 acid	 excretion
abnormalities	 may	 exist	 independently	 of	 azotemia	 (renal	 tubular	 acidosis).
Metabolic	 acidosis	 that	 results	 from	 failure	 of	 the	 tubules	 to	 excrete	 hydrogen
ions	or	conserve	bicarbonate	normally	produces	a	hyperchloremic	or	low	anion
gap	 acidosis	 (Chapter	 198).	When	 the	GFR	 is	 severely	 impaired,	 retention	 of
acid	may	produce	a	high	anion	gap	acidosis.

Bicarbonate	 supplementation	 in	 the	 setting	 of	 metabolic	 acidosis	 remains
controversial	 as	 there	 are	 no	 studies	 demonstrating	 a	 beneficial	 effect	 of	 this
approach.	In	addition,	bicarbonate	supplementation	may	cause	volume	overload
and	 hypernatremia	 and	may	 exacerbate	 hypocalcemia	 by	 lowering	 the	 ionized
calcium	 level.	 However,	 systemic	 pH	 <	 7.1	 is	 associated	 with	 adverse
hemodynamic	effects	including	decreased	myocardial	contractility	and	impaired
response	 to	 catecholamine	 pressor	 agents.	 Many	 clinicians	 empirically
administer	bicarbonate	to	maintain	pH	>	7.2.79

Abnormal	Salt	and	Water	Metabolism
Although	most	fluids	administered	to	patients	are	hypotonic,	plasma	osmolality
normally	 remains	 within	 tightly	 fixed	 limits.	 The	 process	 by	 which	 plasma
tonicity	is	preserved	depends	on	the	suppression	of	vasopressin	release	and	the
movement	of	free	water	in	the	ascending	limb	of	the	loop	of	Henle.	This	latter
function	is	impeded	whenever	GFR	is	reduced,	which	results	in	water	retention
and	hyponatremia.	Conversely,	some	renal	disorders	are	characterized	by	failure
to	conserve	water.	This	situation,	referred	to	as	nephrogenic	diabetes	 insipidus,
is	 most	 common	 in	 tubulointerstitial	 disease	 and	 in	 partial	 obstruction	 of	 the
urinary	 tract.	 Patients	 with	 these	 disorders	 are	 prone	 to	 dehydration	 and
hypernatremia.	The	subject	is	covered	in	more	detail	in	Chapter	199.

Abnormal	Calcium	and	Phosphorus	Metabolism



The	ability	of	 the	kidney	to	excrete	phosphorus	normally	 is	 impaired	when	the
GFR	falls	to	approximately	one-third	of	normal.	High	serum	phosphorus	levels
lead	to	formation	of	insoluble	calcium	phosphate	salts,	which	may	precipitate	in
soft	 tissue.	 If	 the	product	of	 the	 serum	calcium	and	phosphorus	concentrations
exceeds	 70,	 precipitation	 in	 soft	 tissues	 becomes	more	 likely.	 For	 this	 reason,
administration	 of	 calcium	 to	 patients	 with	 hyperphosphatemia	 should	 be
reserved	 for	emergent	 situations,	 such	as	 the	appearance	of	 tetany,	 seizures,	or
refractory	hypotension.	In	most	of	these	cases,	treatment	of	hyperphosphatemia
with	 phosphate	 restriction	 and	 phosphate	 binders	 improves	 hypocalcemia.	 The
tendency	toward	hypocalcemia	with	AKI	may	be	additionally	aggravated	by	the
injured	kidneys’	failure	to	form	1,25-dihydroxycholecalciferol,	although	vitamin
D	therapy	is	rarely	required	in	cases	of	AKI.

Hyperphosphatemia	is	common	in	patients	with	AKI,	particularly	in	patients
with	rhabdomyolysis	or	tumor	lysis	syndrome.	Although	there	are	no	published
data	 correlating	 the	 treatment	 of	 hyperphosphatemia	with	 improved	 outcomes,
treatment	 is	 typically	 targeted	 at	 maintaining	 phosphate	 in	 the	 normal	 range.
Dietary	 phosphate	 should	 be	 limited	 to	 less	 than	 2	 g	 in	 patients	 with	 AKI.
Phosphate	binders	are	typically	initiated	when	phosphate	levels	rise	to	more	than
5.5	mg/dL.	The	main	phosphate	binders	available	include	calcium	salts	(calcium
acetate	and	calcium	carbonate),	sevelamer,	and	lanthanum	hydroxide.	Unless	the
patient	is	hypercalcemic,	calcium	carbonate	can	be	administered	(1.0-1.5	g	with
meals)	 as	 the	 phosphate-binding	 agent.	 Although	 potent,	 aluminum-based
binders	are	generally	avoided	because	of	concerns	with	aluminum	toxicity.

Uremia
Accumulation	 of	 endogenous	 toxins	 in	 the	 body	 eventually	 results	 in	 uremia.
The	uremic	syndrome	is	a	multisystemic	symptom	complex.	The	exact	identities
of	 the	so-called	uremic	toxins	are	not	known,	although	many	possibilities	have
been	suggested.	Urea	and	creatinine	are	not	uremic	toxins	but	rather	are	markers
of	renal	excretory	capacity.	The	serum	urea	nitrogen	and	creatinine	levels	do	not
accurately	correlate	with	 the	onset	of	uremia.	 In	general,	 the	uremic	symptoms
develop	at	a	GFR	of	less	than	10	mL/min.

Although	 uremia	 is	 considered	 an	 indication	 to	 initiate	 dialytic	 therapy,	 the
syndrome	 may	 be	 insidious	 in	 onset	 and	 produce	 only	 vague	 symptoms.
Lethargy,	 anorexia,	nausea,	 and	malaise,	 all	 of	which	may	herald	uremia,	may
well	 be	 attributed	 to	 extrarenal	 disease	 in	 the	 patient	 with	 AKI.	 Other,	 less
subjective	 uremic	 manifestations	 constitute	 stronger	 indications	 for	 prompt
initiation	of	dialysis.	These	 include	bleeding	diathesis,	 seizures,	 coma,	 and	 the



appearance	of	a	pericardial	friction	rub.

Dialysis
The	use	 of	 renal	 replacement	 therapy	 in	AKI	 is	 discussed	 in	 depth	 in	Chapter
201.	However,	 the	 indications	 for	 initiation	 of	 dialysis	 remain	 poorly	 defined.
Patients	with	intractable	volume	overload,	hyperkalemia,	metabolic	acidosis,	or
frank	uremia	clearly	meet	the	criteria	for	dialysis.	However,	many	patients	with
significant	AKI	do	not	meet	one	of	these	criteria.	It	has	been	argued	that	early	or
even	“prophylactic”	dialysis	may	improve	volume	control	and	enhance	clearance
of	 a	 variety	 of	 cytokines	 and/or	 toxins	 that	 could	 improve	 outcomes.	 The
rationale	for	delaying	dialysis	includes	the	invasive	nature	of	the	procedure,	the
risk	that	renal	replacement	therapy	can	exacerbate	hemodynamic	instability	that
might	prolong	 the	course	of	AKI,	and	 the	significant	 labor	and	cost	associated
with	 performing	 the	 procedure	 in	 the	 ICU.	 Studies	 to	 date	 comparing	 “early
versus	late	start”	dialysis	failed	to	show	a	benefit	in	the	early	start	cohort.	This
issue	 is	 discussed	 in	 detail	 in	 Chapter	 201.	 Unfortunately,	 there	 is	 still	 not
adequate	data	to	establish	the	optimal	time	to	initiate	dialysis.

Prognosis	and	Outcome	of	Acute	Kidney	Injury
AKI	 is	 associated	with	 a	 substantial	 increase	 in	 hospital	mortality,	 particularly
for	 ICU	patients	whose	mortality	with	 ranges	 from	40%	 to	70%.80-82	The	 large
range	 in	 mortality	 reflects	 the	 varied	 acuity	 of	 illness	 and	 case	 mixes	 in	 the
reports.	 Patients	 with	 prerenal	 azotemia	 tend	 to	 have	 an	 excellent	 prognosis
while	critically	ill	patients	with	dialysis-dependent	ATN	have	mortality	rates	that
approach	70%.

Patients	with	AKI	clearly	have	 increased	mortality,	but	 the	degree	 to	which
this	 heightened	 risk	 is	 attributable	 to	 AKI	 as	 opposed	 to	 other	 comorbid
conditions	 remains	 unclear.	A	 number	 of	 published	 trials	 show	 that	AKI	 is	 an
independent	 risk	 factor	 for	 mortality.82-84	 The	 extent	 of	 the	 risk	 appears	 to
correlate	with	the	severity	of	the	AKI	with	the	dialysis-dependent	patient	being
at	the	highest	risk	for	death.	It	is	not	entirely	clear	how	AKI	impacts	the	risk	of
death,	 but	 it	 is	 known	 that	 patients	 with	 significant	 AKI	 have	 compromised
immune	 systems	 and	 platelet	 function	 placing	 them	 at	 higher	 risk	 for
complications.

At	least	half	of	all	cases	of	AKI	are	nonoliguric.	Nonoliguric	renal	failure	is
associated	 with	 improved	 odds	 of	 renal	 recovery	 and	 approximately	 half	 the



mortality	 of	 oliguric	AKI.85	Most	 of	 these	 individuals	 do	 not	 have	multiorgan
failure,	 and	 their	 improved	survival	may	be	 the	 result	of	a	 less	 severe	primary
illness.

The	 long-term	 renal	 prognosis	 of	 patients	with	AKI	 is	 impacted	 by	 several
factors	 including	 the	 severity	 of	 the	 initial	 injury	 as	 well	 as	 baseline	 patient
characteristics.	Patients	with	brief	ischemic	events	typically	develop	a	mild	form
of	AKI	that	often	resolves	within	72	hours	with	little	or	no	long-term	sequelae.
Patients	 with	 prolonged	 episodes	 of	 ischemia	 or	 injury	 may	 have	 variable
degrees	 of	 recovery.86-88	 A	 study	 compared	 1610	 hospitalized	 patients	 with
reversible	 AKI	 to	 a	 control	 group.	 At	 a	 medium	 follow-up	 of	 3.3	 years,	 the
patients	with	 a	 history	 of	AKI	 had	 almost	 a	 twofold	 increase	 in	CKD	 (hazard
ratio	1.91)	compared	to	controls.86	For	patients	with	severe	initial	renal	injuries
requiring	dialysis,	the	risk	of	CKD	may	be	as	much	as	20	times	higher	than	those
with	less	severe	injury.89	In	other	studies,	elderly	individuals	as	well	as	patients
with	 baseline	 CKD	 have	 been	 found	 to	 have	 a	 lower	 probability	 of	 full
recovery.87,90,91	 Nevertheless,	more	 than	 80%	 of	 the	 patients	 who	 survive	AKI
will	recover	renal	function	and	remain	dialysis	free.92

Utility	of	Ultrasonography	for	Evaluation	of	Acute	Kidney
Injury
Ultrasonography	is	a	primary	imaging	modality	for	evaluation	of	AKI,	so	it	is	an
important	component	of	competence	in	critical	care	ultrasonography.

Equipment
If	 available,	 a	 curvilinear	 probe	 designed	 for	 abdominal	 imaging	 is	 used	 (3.5-
5.0	MHz).	Alternatively,	a	phased	array	cardiac	probe	gives	serviceable	images
when	configured	with	abdominal	presets.

Scanning	Technique
With	 the	 patient	 in	 the	 supine	 position,	 the	 probe	 is	 placed	 in	 the	 posterior
axillary	 line	 over	 the	 lower	 lateral	 chest	 wall	 in	 order	 to	 obtain	 a	 transcostal
coronal	plane	view	of	 the	 left	 right	or	 left	kidney	 in	 their	 longitudinal	axis	 (
Video	200.1).	Useful	landmarks	for	locating	the	kidneys	are	the	liver	or	spleen,
as	 the	 kidneys	 are	 adjacent	 and	 caudal	 to	 these	 organs.	 The	 inexperienced
scanner	often	scans	in	too	anterior	a	plane	to	locate	the	kidney.	A	useful	rule	to
locate	 the	 kidney	 is	 to	 place	 the	 “knuckles	 on	 the	 bed”	 when	 the	 operator	 is



positioned	ipsilaterally	and	scanning	the	contralateral	kidney.	This	results	in	an
appropriately	 posterior	 scanning	 plane.	 Once	 identified,	 the	 probe	 is	 angled
through	the	kidney	to	obtain	multiple	tomographic	sections	of	its	structure.	The
operator	may	 rotate	 the	 probe	 counterclockwise	 by	 90°	 to	 obtain	 a	 transverse
view	 of	 the	 kidney	 while	 angling	 through	 it	 to	 obtain	 multiple	 tomographic
views.

The	bladder	is	imaged	by	placing	the	probe	just	above	the	pubic	bone	in	the
midline.	 Using	 a	 transverse	 scanning	 plane,	 the	 scanning	 plane	 is	 angled	 in
caudal	 direction	 to	 identify	 the	 bladder.	 Once	 identified,	 the	 probe	 is	 angled
through	 the	bladder	 to	obtain	multiple	 tomographic	views	of	 its	 structure.	The
operator	may	rotate	the	probe	clockwise	by	90°	to	obtain	a	longitudinal	view	of
the	 bladder	 while	 angling	 through	 it	 to	 obtain	 multiple	 tomographic	 views.
Doppler	 analysis	 of	 renal	 blood	 flow	 has	 some	 applications	 for	 assessment	 of
AKI,	but	requires	training	above	the	level	typically	needed	by	the	intensivist.	If
indicated,	it	is	obtained	on	a	consultative	basis	from	the	radiology	service.

Ultrasonography	Anatomy
See	 	Video	200.1.

Kidney	Size
The	normal	kidney	size	is	9	to	12	cm	in	length.	Chronic	renal	disease	results	in
reduction	of	kidney	size.	AKI	may	result	in	enlargement	of	the	kidney	size.

Kidney	Parenchyma
The	kidney	parenchyma	is	formed	by	the	outer	renal	cortex	and	centrally	located
medulla	with	contains	the	renal	pyramids.	The	renal	calyces	may	be	prominently
interposed	between	the	pyramids;	this	is	a	normal	variant.	Normal	parenchymal
thickness	 is	 1.0	 to	 1.8	 cm,	 and	 is	 diminished	 in	 CKD.	 Normally,	 the	 renal
parenchyma	 is	hypoechoic	when	compared	 to	 the	adjacent	 liver	or	 spleen,	and
the	cortex	is	slightly	hyperechoic	relative	to	the	underlying	medulla.	Both	AKI
and	chronic	renal	disease	result	in	a	hyperechoic	parenchyma	when	compared	to
the	 adjacent	 liver	 of	 spleen.	When	 comparing	 the	 echogenicity	 of	 the	 kidney
parenchyma	 to	 the	 liver	 and	 spleen,	 the	 operator	 considers	whether	 there	 is	 a
disease	process	that	may	alter	the	echogenicity	of	the	liver	or	spleen.

Kidney	Margins
The	outer	boundary	of	the	kidney	is	defined	by	Gerota	fascia	and	perinephric	fat.



Normally,	 it	 is	 smooth.	 Persistent	 fetal	 lobulations	 result	 in	 distinct	 V-shaped
indentations	that	are	a	normal	variant.

Pelvocalyceal	Area
The	central	pelvocalyceal	area	contains	the	collecting	system,	sinus	fat,	and	the
renal	vasculature.	 It	 is	hyperechoic	and	demarcated	from	the	surrounding	renal
parenchyma.	 Chronic	 renal	 failure	 is	 associated	 with	 loss	 of	 demarcation
between	 the	 pelvocalyceal	 area	 and	 the	 parenchyma.	 The	 normal	 collecting
system	 is	 not	 visible.	Obstructive	 uropathy	 results	 in	 dilation	 of	 the	 collecting
system.

Bladder
The	 bladder	 is	 well	 imaged	 when	 filled	 with	 urine.	 The	 normal	 bladder	 is	 in
midline	 location	 and	 is	 a	 symmetric	 organ	 with	 thin	 smooth	 walls.	 When
nondistended,	wall	thickness	is	increased.	The	empty	bladder	may	be	difficult	to
locate,	 unless	 a	 catheter	 balloon	 is	 inflated	 inside	 it.	 It	 may	 be	 difficult	 to
distinguish	a	distended	bladder	with	coexisting	ascites.	The	operator	searches	for
bowel	structures	within	the	fluid	filled	structure;	their	presence	indicates	ascites.
If	uncertainty	persists,	injection	of	agitated	saline	into	the	bladder	catheter	with
real-time	imaging	will	generally	resolve	the	issue.

Clinical	Applications
Obstructive	uropathy	is	a	potentially	reversible	cause	of	AKI,	so	it	is	important
to	 rule	 out	 this	 entity	 in	 the	 patient	 who	 has	 renal	 failure	 in	 the	 ICU.	 The
examination	can	be	performed	in	a	short	period	of	time	and	is	an	essential	part	of
competence	 in	 critical	 care	 ultrasonography	 ( 	 Video	 200.2).	 It	 includes
examination	 of	 both	 kidneys	 and	 bladder.	 The	 findings	 of	 hydronephrosis
include	 dilation	 of	 the	 renal	 pelvis	 and	 calyces	 by	 urine	 with	 through
transmission	 artifact.	 It	 can	 be	 classified	 as	 mild,	 moderate,	 or	 severe.	 Acute
obstruction	 results	 in	 calyceal	 dilation	 that	 ends	with	 an	 acute	 angle	 point.	 In
chronic	 obstruction,	 the	 calyceal	 dilation	 ends	 in	 curvilinear	manner.	 In	 long-
standing	 hydronephrosis,	 the	 renal	 parenchyma	 is	 thinned	 and	 the	 dilated
collecting	 system	 occupies	 most	 of	 the	 kidney	 profile.	 The	 presence	 of
hydronephrosis	is	not	necessarily	associated	with	a	reduction	in	urine	flow.	The
obstruction	may	 be	 unilateral,	 so	 one	 kidney	 continues	 to	 function;	 or	 it	 may
partial,	with	 sufficient	 pressure	 backup	 to	 harm	 the	 kidney	but	with	 continued
urine	flow.



Ultrasonography	 may	 identify	 the	 source	 of	 the	 obstruction,	 if	 it	 is	 in	 the
collecting	 system	of	 the	kidney	 (eg,	kidney	 stones	and	malignancy).	However,
the	ureter	is	difficult	to	reliably	identify	with	ultrasonography	even	if	dilated;	CT
scan	of	the	retroperitoneum	is	the	definitive	imaging	modality	for	this	area.	If	the
obstruction	 is	 at	 the	 level	 of	 the	 bladder,	 ultrasonography	 is	 useful	 to	 identify
bladder	 tumors,	 blood	 clots,	 or	 prostatic	 enlargement	 as	 the	 cause	 for	 the
hydronephrosis	 ( 	Video	 200.3).	 An	 occasional	 cause	 of	 anuria	 is	 a	 blocked
bladder	catheter.	The	presence	of	a	catheter	tip	and	balloon	within	the	distended
bladder	 indicates	a	blocked	catheter	 that	 can	be	 flushed	clear.	The	presence	of
the	inflated	balloon	within	an	empty	bladder	indicates	a	patent	catheter	if	there	is
urine	output,	or	an	anuric	patient	if	there	is	none.

The	findings	on	ultrasonography	of	the	kidney	in	patients	with	medical	causes
of	 renal	 failure	are	nonspecific	 ( 	Video	200.4).	The	kidney	may	be	enlarged
with	 loss	 of	 the	 medullary	 cortical	 interface,	 and	 the	 cortex	 is	 typically
hyperechoic	 in	 comparison	 to	 the	 adjacent	 liver	 or	 spleen.	The	 examination	 is
not	useful	in	categorizing	the	etiology	of	the	AKI.	Chronic	renal	failure	results	in
small	 hyperechoic	 kidneys	 with	 reduced	 parenchymal	 thickness,	 and	 loss	 of
differentiation	 between	 the	 parenchyma	 and	 the	 pelvocalyceal	 area.	 In	 ESRD
requiring	dialysis	support,	the	kidney	may	become	so	small	and	hyperechoic	that
is	difficult	to	locate	with	ultrasonography.

Limitations	of	Ultrasonography	for	Evaluation	of	AKI

1.	 Identification	of	hydronephrosis:	Obstructive	uropathy	may	take	up	to	24
hours	to	manifest	with	hydronephrosis,	so	it	is	appropriate	to	repeat	the
examination	if	the	clinical	situation	remains	ambiguous.	The	patient	with
severe	medical	renal	injury	may	have	no	urine	production	by	the	kidneys.
This	will	obscure	the	presence	of	urinary	tract	obstruction	because,	with
absent	kidney	function,	there	can	be	no	hydronephrosis	in	the	unlikely
situation	where	there	is	a	dual	diagnosis	of	severe	medical	renal	failure	and
obstructive	uropathy.	Rarely,	an	infiltrative	disease	of	the	kidney	(eg,	renal
lymphoma)	restricts	enlargement	of	the	collecting	ducts	in	the	presence	of
downstream	obstruction.

2.	 Without	advanced	training	in	renal	ultrasonography,	the	intensivist	will
regularly	encounter	abnormalities	that	are	incidental	to	the	main	purpose	of
the	ultrasonography	examination,	which	is	to	determine	whether	there	is
evidence	of	obstructive	uropathy.	Where	the	operator	identifies	an
abnormality	of	uncertain	implication,	they	call	for	expert	consultation	with



the	radiology	service.	These	include	the	following	examples	( 	Video
200.4).
a.	 Renal	cyst:	Renal	cysts	are	a	common	incidental	finding	that	may	be

unilateral	or	bilateral.	They	are	often	located	in	the	renal	parenchymal
at	the	poles	of	the	kidney	and	occur	in	wide	variety	of	sizes.
Occasionally,	they	are	in	the	pelvocalyceal	area,	and	may	be	confused
with	hydronephrosis.A	simple	renal	cyst	is	anechoic	with	through
transmission	artifact,	has	no	wall	thickness,	and	is	completely	absent
of	internal	echoes.	Any	other	pattern	requires	radiology	consultation.

b.	 Renal	mass:	A	renal	mass	is	an	occasional	incidental	finding.
Regardless	of	size	or	location,	this	requires	radiology	consultation.

c.	 Renal	stone:	Renal	stones,	if	composed	of	echogenic	material,	appear
as	hyperechoic	structures	within	the	collecting	system	of	the	kidney.
They	may	be	single	or	multiple	in	number,	and	characteristically
exhibit	acoustic	shadowing	artifact.	Ureteral	stones	are	difficult	to
identify	with	ultrasonography.	Renal	stones	in	association	with
ipsilateral	hydronephrosis	raise	concern	that	there	is	a	stone	impacted
in	the	ureter.

d.	 Renal	abscess	and	pyelonephritis:	An	intraparenchymal	or	perinephric
abscess	appears	as	complex	hypoechoic	mass	with	irregular	walls.
Pyelonephritis	does	not	have	specific	features	on	ultrasonography
examination,	with	the	exception	of	emphysematous	pyelonephritis
where	there	is	a	characteristic	pattern	of	air	collection	within	the
kidney.	If	there	is	suspicion	of	renal	infection	on	ultrasonography
examination,	radiology	consultation	is	indicated.

e.	 Bladder	pathology	( 	Video	200.3):	Bladder	mass	is	an	occasional
incidental	finding	that	requires	radiology	consultation.	Bleeding	from
the	kidney	or	bladder	may	result	in	a	thrombus	that	can	obstruct
drainage	of	the	bladder.	These	may	be	difficult	to	differentiate	from	a
bladder	tumor.	Bladder	irrigation	with	removal	of	the	thrombus	is
diagnostic.	Bladder	irrigation	may	be	performed	with	real-time
ultrasonography	imaging	to	aid	in	clearing	the	thrombus.	A	large
prostate	may	protrude	into	the	bladder.	Radiology	consultation	is
required	to	further	characterize	any	bladder	mass.

f.	 Difficulty	with	bladder	catheter	insertion:	If	the	insertion	of	a	bladder
catheter	is	difficult,	it	is	useful	to	guide	the	insertion.	The	site	of	the
obstruction	is	usually	an	enlarged	prostate.	Ultrasonography	allows	the
operator	to	avoid	the	complication	of	inadvertent	inflation	of	the



balloon	within	the	prostate.	This	occurs	when	the	tip	of	the	catheter	is
in	the	bladder,	but	the	deflated	balloon	has	not	been	passed	into	the
bladder.	Urine	flow	is	noted	in	the	tubing,	and	the	balloon	is	assumed
to	be	in	the	bladder.	The	balloon	is	inflated	thereby	causing	injury	to
the	proximal	urethra	and	prostate	gland.	With	difficult	bladder
catheterization,	the	catheter	and	its	balloon	can	be	seen	with	real-time
scanning	within	the	lumen	of	the	distended	bladder	before	the	balloon
is	inflated.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	70-year-old	woman	with	a	history	of	chronic	kidney	disease	(CKD)
stage	4	due	to	diabetes	mellitus,	hypertension,	and	congestive	heart	failure	with
an	ejection	fraction	of	35%,	presents	to	the	emergency	department	with
substernal	chest	pain	and	dyspnea	that	has	been	getting	progressively	worse	over
the	last	24	hours.	She	is	afebrile,	with	blood	pressure	95/50	mm	Hg,	HR	92/min,
and	oxygen	saturation	92%	on	room	air.	She	looks	uncomfortable	and	is
speaking	in	short	sentences.	Jugular	venous	distention	and	bibasilar	crackles
halfway	up	the	posterior	lung	fields	are	present.	An	abdominal	fluid	wave	is	also
elicited	and	there	is	symmetrical,	pitting	edema	up	to	the	knees	without	any	calf
tenderness	or	erythema.	Serum	creatinine	is	3.1	mg/dL,	up	from	the	baseline	of
2.5	mg/dL.	Other	labs	include	BUN	68	mmol/L,	serum	sodium	131	mEq/dL,
serum	bicarbonate	20	mmol/L,	and	serum	potassium	4.9	mEq/dL.	Troponin	is
1.1	ng/mL.	EKG	demonstrates	T-wave	inversion	in	the	lateral	leads.	Which	of
the	following	statements	is	true	regarding	her	acute	kidney	injury	(AKI)?

A. 	Early	mechanical	ultrafiltration	would	improved	outcomes
B. 	Most	ICU	patients	with	AKI	have	hypotension
C. 	Reducing	intra-abdominal	pressure	would	improve	renal	perfusion
D. 	All	of	the	above

2. 	A	70-year-old	woman	with	acute	kidney	injury	on	top	of	chronic	kidney
disease	stage	4,	due	to	diabetes	mellitus,	and	congestive	heart	failure	with	an
ejection	fraction	of	35%,	presents	hypertensive	with	unstable	angina	and	is	being
prepared	for	urgent	coronary	angiography.	Which	of	the	following	is	the	most
appropriate	strategy	for	protecting	renal	function?



A. 	Normalize	blood	pressure	prior	to	the	procedure
B. 	Push	oral	fluids	and	give	N-acetylcysteine	before	and	after	procedure
C. 	Perform	hemodialysis	immediately	following	catheterization
D. 	Recommend	limiting	contrast	to	<1	mL/kg

Answers

1.	The	correct	answer	is	C.
Rationale:	 The	 most	 common	 forms	 of	 AKI	 in	 the	 ICU	 result	 from	 renal

hypoperfusion.	 Elevated	 intra-abdominal	 pressure	 during	 acute	 decompensated
heart	 failure	 (ADHF)	 may	 play	 a	 role	 in	 this	 pathogenesis.	 Reducing	 intra-
abdominal	 pressure	 has	 been	 shown	 to	 improve	 serum	 creatinine	 in	 diuretic-
resistant	 patients	 (choice	 C	 is	 correct).	 Frank	 hypotension	 is	 documented	 in
fewer	 than	half	of	 these	AKI	patients	 (choice	B	 is	 incorrect).	Frequently,	more
than	 one	 causal	 factor	 is	 necessary	 to	 provoke	AKI,	with	 some	 overlooked	 or
obscured	 by	 multiple	 factors.	 For	 example,	 the	 presence	 of	 hypovolemia
enhances	 the	 risk	 for	 AKI	 due	 to	 nephrotoxic	 insults.	 Although	 early	 studies
suggested	 a	 benefit	 from	 mechanical	 ultrafiltration	 (UF),	 a	 randomized	 trial
comparing	diuretics	to	UF	in	patients	with	ADHF	and	worsening	renal	function
demonstrated	no	differences	and	 the	UF	group	had	 reduced	 renal	 function	and
more	 adverse	 events	 (choice	 A	 is	 incorrect).	 By	 default,	 “All	 of	 the	 above”
(choice	D)	must	also	be	incorrect.

2.	The	correct	answer	is	D.
Rationale:	 This	 patient	 has	 multiple	 risks	 factors	 for	 contrast	 induced

nephropathy	 (CIN),	 including	 diabetic	 nephropathy	 with	 preexisting	 renal
insufficiency,	 congestive	 heart	 failure,	 and	 age	 >60.	 One	 prophylactic
intervention	 would	 be	 limiting	 the	 dose	 of	 contrast	 for	 high-risk	 patients	 to
<1	mg/kg	whenever	possible	(choice	D	is	correct).	Prophylaxis	of	CIN	involves
intravenous	 volume	 expansion	when	 clinically	 appropriate	 (and	 it	 is	 often	 not
appropriate	 in	 acute	 decompensated	 heart	 failure).	 However,	 oral	 volume
expansion	would	not	be	adequate,	and	N-acetylcysteine	is	no	longer	commonly
used	after	a	negative	study	was	published	(choice	B	is	incorrect).	Hypotension,
not	 elevated	 blood	 pressure,	 is	 a	 risk	 factor	 for	 CIN	 (choice	 A	 is	 incorrect).
Removal	of	contrast	media	by	hemodialysis	or	hemofiltration	to	prevent	CIN	has
been	 studied	 in	 several	 small	 trials.	 A	meta-analysis	 revealed	 no	 benefit,	 and
even	 suggested	 worsening	 (choice	 D	 s	 incorrect).	 This	 trial	 also	 showed	 no
benefits	 of	 intravenous	 sodium	 bicarbonate	 over	 normal	 saline	 for	 CIN



prevention.
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Chapter	201
Renal	Replacement	Therapy	for	the
Critically	Ill
Matthew	Niemi,	Matthew	Joseph	Trainor,	Ari	Nalbandian

KEY	POINTS:
1.	 Renal	replacement	therapies	(RRT)	provide	solute	clearance	and

volume	removal	via	numerous	extracorporeal	(and	less	commonly,
intraperitoneal)	treatment	modalities,	each	of	which	provides
diffusive	and/or	convective	blood	clearance	to	critically	ill	patients.

2.	 A	variety	of	RRT	modalities	are	available	to	patients	with	acute	or
chronic	kidney	failure	in	the	intensive	care	unit.	Each	modality	offers
unique	characteristics	with	regard	to	solute	clearance	and	volume
management;	there	is	no	universal	consensus	on	the	superiority	of
one	modality	over	the	others.

3.	 Similarly,	there	is	no	consensus	regarding	the	optimal	timing	of
initiating	RRT	for	critically	ill	patients	with	acute	kidney	injury	(AKI).
Methodologic	limitations	of	studies	to	date	include	variable
definitions	of	“early”	and	“late”	RRT	initiation,	and	the	exclusion	of
individuals	with	AKI	who	do	not	start	any	RRT.

4.	 Selection	of	RRT	modality	and	timing	for	an	individual	patient	should
be	based	on	consideration	of	the	patient’s	unique	indications,
comorbidities,	hemodynamics,	risk	of	adverse	treatment-related
effects,	availability	of	continuous	RRT	and	nursing	staff,	as	well	as
provider	experience.

INTRODUCTION



Rapid	deterioration	of	kidney	function	among	acutely	ill	patients	is	common	and
potentially	 catastrophic.	 Acute	 kidney	 injury	 (AKI)	 occurs	 in	 up	 to	 70%	 of
patients	 admitted	 to	 the	 intensive	 care	 unit	 (ICU)	 and	 is	 associated	 with	 a
twofold	 increase	of	 their	already	high	mortality	 rates.	Medical	 therapy	 is	often
inadequate	for	the	management	of	the	metabolic	disturbances	and	fluid	overload
that	complicate	AKI.	In	this	setting,	renal	replacement	therapy	(RRT)	is	essential
for	the	survival	of	the	patient.	In	addition,	patients	with	end-stage	renal	disease
(ESRD)	have	high	rates	of	hospitalization,	particularly	for	cardiovascular	disease
and	infections.	These	patients	often	require	ICU	care	including	RRT.

Despite	many	technical	advances	over	several	decades	of	dialysis	experience,
mortality	 remains	 alarmingly	 high	 (40%-60%)	 for	 critically	 ill	 patients	 with
AKI.	The	high	death	rate	is	largely	due	to	the	severity	and	the	array	of	nonrenal
organ	system	dysfunction,	as	mortality	for	patients	with	AKI	is	primarily	due	to
multiorgan	 system	 failure	 (MOSF).	 Accumulating	 evidence	 suggests	 that	 the
consequences	of	AKI	may	in	turn	contribute	to	the	injury	of	distant	organs	and
that	some	forms	of	RRT	may	prevent	MOSF.1

The	 objectives	 of	modern-day	 RRT	 extend	 beyond	 correction	 of	metabolic
disturbances	 and	 volume	 overload.	 In	 addition,	 RRT	may	 facilitate	 nutritional
support	and	drug	therapies	and	promote	nonrenal	organ	system	recovery.	More
proactive	treatment	strategies	have	resulted	in	a	trend	toward	earlier	initiation	of
dialysis.	 For	 example,	with	 recognition	 that	 fluid	 overload	 increases	mortality
and	 that	 volume	 control	 can	 improve	 outcome,s2-4	 RRT	 is	 applied	 more
aggressively	to	prevent	volume	overload.

An	important	principle	of	renal	support	strategies	is	that	of	“capacity	(supply)
and	demand	mismatch.”	Critically	ill	patients	have	increased	“demand”	for	renal
function.	Such	patients	often	generate	increased	solute	from	their	hypercatabolic
metabolism	and	intensive	nutritional	support.	In	addition,	they	receive	enormous
amounts	 of	 fluid	 via	 medications,	 blood	 products,	 enteral	 and	 parenteral
nutrition,	and	volume	resuscitation.	The	stress	of	high	solute	and	fluid	loads	may
overwhelm	 the	 excretory	 capacity	 of	 even	 minimally	 injured	 kidneys.
Furthermore,	 the	 limited	 “supply”	 of	 renal	 function	 from	 kidneys	 already
compromised	 by	 AKI	 is	 further	 reduced	 by	 tenuous	 hemodynamics	 and
endogenous/exogenous	 renal	 vasoconstrictor	 activity.	 RRT	 supplements	 the
impaired	ability	of	the	injured	kidney	to	match	the	high	fluid	and	solute	demand,
thereby	restoring	balance.5

PRINCIPLES	OF	SOLUTE	CLEARANCE	AND



FLUID	REMOVAL	BY	DIALYTIC	TECHNIQUES
Dialysis	 therapies	 involve	 the	movement	 of	 solute	 and	 plasma	water	 across	 a
semipermeable	 membrane	 separating	 a	 blood	 compartment	 and	 a	 dialysate
compartment.	 For	 intermittent	 hemodialysis	 (IHD)	 and	 continuous	 renal
replacement	 therapies	 (CRRTs),	 this	 process	 occurs	within	 a	 cartridge	 called	 a
hemofilter	 or	 hemodialyzer	 as	 shown	 in	Figure	 201.1.	 For	 peritoneal	 dialysis
(PD),	the	peritoneum	serves	as	the	semipermeable	membrane	separating	blood	in
the	 mesenteric	 vasculature	 from	 the	 dialysate	 in	 the	 peritoneal	 cavity.
Characteristics	such	as	membrane	thickness	and	pore	dimensions	determine	the
size	and	transfer	rate	of	molecules	that	move	between	the	blood	and	dialysate.

	

Figure	201.1 	Schematic	diagram	of	a	hollow	fiber	dialyzer.Blood
enters	 the	hemofilter,	 passes	 through	hollow	 fibers,	 and	 exits	 at	 the
opposite	end.	Dialysate	enters	through	the	side	port,	flows	around	the
blood-filled	 fibers	 in	 the	 opposite	 direction	 as	 the	 blood,	 combines
with	ultrafiltrate,	and	exits	via	the	side	port	near	the	blood	entry	port.

1 	 Removal	 of	 solute	 and	 water	 using	 RRT	 may	 occur	 by	 diffusion	 or
convection.	Diffusion	(dialysis)	involves	movement	of	solute	from	areas	of	high
concentration	 to	 low	 concentration.	 Solute	molecules	 have	 kinetic	 energy	 and
move	 in	 solution.	 They	 collide	 with	 one	 another	 and	 with	 water	 molecules
resulting	 in	an	even	dispersion	 throughout	 the	solution.	When	solute	 in	motion
encounters	 a	 membrane	 pore	 of	 sufficient	 dimensions,	 it	 moves	 through	 the
membrane	 into	 the	 adjacent	 compartment.	 Small	 molecules	 with	 greater
molecular	 velocity	 are	more	 readily	 cleared	 than	 are	 larger	molecules	 even	 if
both	 fit	 through	 the	 membrane	 pore.	 A	 high	 concentration	 of	 a	 solute	 in	 a
compartment	 favors	 a	 high	 frequency	 of	 membrane	 collisions	 and	 passage
through	the	pore.	Water	molecules	will	also	pass	easily	through	the	membrane	to
the	compartment	with	higher	osmolality.	In	a	static	system,	net	transfer	(dialysis)



ceases	 when	 solute	 concentrations	 equilibrate	 in	 the	 compartments.	 For	 RRT,
blood	and	dialysate	are	repeatedly	replenished	to	maintain	the	high	concentration
gradients	favoring	efficient	transfer	of	solute	and	water.

Convection	involves	the	transfer	of	solute	across	a	semipermeable	membrane
driven	 by	 a	 hydrostatic	 pressure	 gradient.	 Those	 solutes	 small	 enough	 to	 pass
through	pores	are	swept	along	with	water	by	solvent	drag.	The	membrane	acts	as
a	sieve,	retaining	molecules	that	exceed	the	pore	size.	All	filtered	solutes	below
the	 membrane	 pore	 size	 are	 removed	 at	 rates	 proportionate	 to	 their
concentration.	 The	 convective	 removal	 of	 fluid	 in	 this	 manner	 is	 termed
hemofiltration	or	sometimes	ultrafiltration.	This	 technique	does	not	change	 the
plasma	 concentration	 of	 small	 solutes	 (blood	 urea	 nitrogen	 [BUN],	 creatinine,
electrolytes,	glucose),	since	water	is	removed	in	proportion	to	solute.	In	contrast,
the	 concentration	 of	 larger	 molecules	 (albumin)	 and	 formed	 elements
(hematocrit)	 increases	 as	 they	 are	 sieved	 off	 by	 the	 smaller	 membrane	 pores.
Thus,	the	chemical	composition	of	the	filtrate	(often	referred	to	as	ultrafiltrate)	is
almost	identical	to	that	of	the	plasma	except	for	the	absence	of	large	molecules
such	as	albumin.

OVERVIEW	OF	DIALYSIS	MODALITIES
2 	The	general	features	of	different	dialysis	modalities	are	summarized	in	Table
201.1.

TABLE	201.1

Dialysis	Modalities

Technique Dialyzer Physical	Principle

Hemodialysis

IHD Hemodialyzer Concurrent	diffusion	(solute	clearance)	and
convection	(fluid	removal)

SLED Hemodialyzer SLED,	sustained	low-efficiency	dialysis

UF Hemodialyzer Convection	(fluid	removal,	limited	solute
clearance)



CRRT

SCUF Hemofilter Convection	(fluid	removal,	limited	solute
clearance)

CVVH Hemofilter Convection	(solute	clearance	and	fluid
removal)

CVVHD Hemofilter Principally	diffusion	with	some	convection

CVVHDF Hemofilter Concurrent	diffusion	and	convection

Peritoneal	Dialysis

CAPD None Principally	diffusion	with	some	convection

CCPD None Principally	diffusion	with	some	convection

AVVH Hemofilter Convection	(solute	clearance	and	fluid
removal)

AVVHD Hemofilter Concurrent	diffusion	and	convection

AVVH,	accelerated	venovenous	hemofiltration;	AVVHD,	accelerated	venovenous	hemodialysis;
CAPD,	continuous	ambulatory	peritoneal	dialysis;	CCPD,	continuous	cycling	peritoneal	dialysis;
CRRT,	continuous	renal	replacement	therapies;	CVVH,	continuous	venovenous	hemofiltration;
CVVHD,	continuous	venovenous	hemodialysis;	CVVHDF,	continuous	venovenous
hemodiafiltration;	IHD,	intermittent	hemodialysis;	SCUF,	slow	continuous	ultrafiltration;	SLED,
sustained	low-efficiency	dialysis;	UF,	ultrafiltration.

Intermittent	Hemodialysis
IHD	is	the	standard	form	of	RRT	for	the	majority	of	ESRD	patients	in	the	United
States.	 During	 IHD,	 blood	 is	 circulated	 through	 a	 dialysis	 machine	 and
hemodialysis	 cartridge,	 then	 returned	 to	 the	 patient.	 Utilizing	 diffusion
(principally	for	solute	clearance)	and	convection	(principally	for	ultrafiltration),
this	 highly	 efficient	 modality	 provides	 rapid	 solute	 and	 volume	 removal	 but
requires	both	specialized	equipment	and	trained	staff.	Both	blood	and	dialysate
are	 pumped	 through	 the	 hemofilter	 at	 high	 flow	 rates.	 The	 dialysate	 flow	 is
countercurrent	to	blood	flow	to	maximize	concentration	gradients	throughout	the
course	 of	 the	 filter	 (Figure	 201.1).	 Diffusion	 of	 solute	 across	 the	 filter	 is
bidirectional.	 Urea,	 creatinine,	 and	 potassium	move	 from	 plasma	 to	 dialysate,
whereas	bicarbonate	and	usually	calcium	diffuse	in	an	opposite	direction	(Figure



201.2).

	

Figure	 201.2 	 Solute	 and	 water	 movement	 across	 the	 dialyzer
membrane	 in	 hemodialysis	 and	 hemofiltration.Net	 effect	 on	 serum
chemistries	and	hematocrit	shown	in	box	at	right.	A,	Significant	flux
in	 solute	 with	 relatively	 small	 shift	 in	 water	 in	 hemodialysis.
Postdialyzer	 chemistries	 significantly	 altered	with	 small	 increase	 in
hematocrit.	 B,	 Significant	 removal	 of	 water	 with	 concomitant
removal	 of	 solute	 in	 hemofiltration.	 Posthemofilter	 chemistries
unchanged,	 since	 solute	 is	 removed	 in	 proportion	 to	 plasma
concentration;	 however,	 hematocrit	 is	 significantly	 increased	 due	 to
high	filtration	fraction.	See	text	for	more	details.

Standard	 dialysis	 machines	 can	 also	 perform	 isolated	 ultrafiltration	 that
results	in	fluid	removal	but	does	not	significantly	alter	the	chemical	composition
of	plasma.	During	ultrafiltration,	the	dialysis	machine	pumps	only	blood	but	not
dialysate	 through	 the	 hemofilter.	This	 process	 generates	 a	 hydrostatic	 pressure
gradient	across	the	hemofilter	membrane,	resulting	in	convective	fluid	removal.
However,	no	dialysate	is	used,	so	there	is	no	diffusive	solute	clearance.	Isolated
ultrafiltration	is	typically	used	when	volume	overload	is	the	sole	concern.

Solute	 clearance	 can	 be	 adjusted	 by	 changing	 the	 dialyzer	 size	 and
membrane,	blood	and	dialysate	 flow,	 and	dialysis	 time	as	detailed	 later	 in	 this
chapter.	 Fluid	 removal	 can	 be	 adjusted	 by	 changing	 the	 hydrostatic	 pressure
gradient	between	the	blood	and	dialysate	compartments	within	the	hemofilter,	an



automated	process	performed	by	the	dialysis	machine.	Although	IHD	is	used	in
the	ICU	setting,	the	rapid	shifts	of	solute	and	fluid	can	precipitate	hemodynamic
instability	 and	 may	 therefore	 be	 less	 suitable	 for	 critically	 ill	 patients.	 IHD
treatments	 are	 typically	 performed	 for	 several	 hours,	 three	 to	 four	 times	 per
week.	 However,	 because	 the	 technique	 is	 labor	 and	 resource	 intensive,	 more
frequent	treatments	may	be	limited	by	staffing	and	cost.

Peritoneal	Dialysis
PD	is	the	main	form	of	RRT	for	approximately	5%	to	10%	of	ESRD	patients	in
the	United	States.	In	PD,	dialysate	is	instilled	into	the	peritoneal	cavity.	Through
diffusion,	 solute	 and	 volume	 enter	 the	 dialysate,	which	 is	 periodically	 drained
and	 replaced	with	 fresh	 dialysate.	 Solute	 clearance	 is	 adjusted	 by	 altering	 the
volume	 of	 dialysate	 or	 varying	 the	 duration	 of	 each	 “dwell”	 (the	 interval
between	 dialysate	 exchanges).	 More	 frequent	 exchanges	 will	 enhance	 solute
removal,	 provided	 there	 is	 sufficient	 time	 between	 dialysate	 instillation	 and
drainage	 to	 permit	 diffusion	 across	 the	 peritoneum.	 Volume	 is	 removed	 by
maintaining	 a	 high	 dialysate	 osmolality	 through	 a	 high	 concentration	 of
dextrose.	 This	 osmolar	 gradient	 results	 in	 the	 movement	 of	 water	 into	 the
peritoneal	cavity	and	contributes	to	solute	clearance	through	solvent	drag.	Fluid
removal	is	adjusted	by	altering	the	dialysate	dextrose	content.

PD	can	be	performed	as	a	series	of	manual	dialysate	exchanges	done	during
the	 day	 (continuous	 ambulatory	 peritoneal	 dialysis	 [CAPD])	 or	 through
automated	 exchanges	 utilizing	 a	 PD	 machine	 (cycler)	 typically	 done	 at	 night
(continuous	cycled	peritoneal	dialysis	[CCPD]).	For	CAPD,	dialysate	is	changed
every	4	 to	6	hours	with	a	 longer	overnight	“dwell.”	For	CCPD,	 the	exchanges
are	typically	done	every	2	to	3	hours	through	the	night,	and	the	abdomen	is	often
left	empty	or	with	only	a	small	volume	of	dialysate	during	the	day.	PD	is	much
less	efficient	 than	 IHD	but	 is	better	 tolerated	hemodynamically,	because	solute
and	fluid	shifts	occur	gradually.	In	the	ICU	setting,	PD	is	generally	reserved	for
ESRD	patients	who	are	already	maintained	by	this	modality.	PD	is	generally	not
used	 for	AKI	because	of	 technical	 challenges	with	 establishing	dialysis	 access
(discussed	later	in	this	chapter)	as	well	as	the	low	efficiency	of	solute	clearance.
Furthermore,	 instillation	of	1	 to	2	L	of	dialysate	 into	 the	peritoneal	 cavity	 can
impair	respiratory	mechanics,	particularly	in	the	setting	of	abdominal	distention
or	ileus.

Continuous/Accelerated	Renal	Replacement	Therapies



CRRT	denotes	several	hemodialytic	modalities	that	vary	in	their	mode	of	solute
removal	and	duration	of	treatment	but	share	the	characteristic	of	slow	solute	and
volume	 removal	 maintained	 over	 an	 extended	 period	 of	 time.	 Although	 less
efficient	 than	 IHD,	CRRT	provides	much	higher	clearances	 than	PD.	Like	PD,
these	 techniques	 are	 better	 tolerated	 hemodynamically	 than	 IHD,	 since	 solute
and	volume	are	removed	more	gradually.	These	modalities	are	widely	used	for
critical	 care	 patients,	 though	 they	 require	 intensive	monitoring	 and	 necessitate
ICU	 admission	 at	 a	 hospital	 with	 adequate	 resources	 and	 expertise.	 The
operating	parameters	of	different	CRRT	systems	are	summarized	in	Table	201.2.
A	 schematic	 of	 the	 circuitry	 of	 the	 different	 techniques	 is	 presented	 in	Figure
201.3.

TABLE	201.2

Comparison	of	RRT	Modalities

IHD SLED SCUF CVVH CVVHD

Blood	flow
(mL/min)

250-400 100-200 <100 200-400 100-200

Dialysate
flow
(mL/min)

500-800 100 0 0 17-34

Filtrate	(L/d) 0-4 0-4 0-4 48-96 0

Replacement
fluid	(L/d)

0 0 0 46-94 0

Effluent
saturation
(%)

15-40 60-70 100 100 85-100

Solute
clearance

Diffusion Diffusion Convection Convection Diffusion

Duration	(h) 3-5 8-12 Variable >24 >24

AVVH,	accelerated	venovenous	hemofiltration;	AVVHD,	accelerated	venovenous	hemodialysis;



CVVH,	continuous	venovenous	hemofiltration;	CVVHD,	continuous	venovenous	hemodialysis;
CVVHDF,	continuous	venovenous	hemodiafiltration;	IHD,	intermittent	hemodialysis;	RRT,	renal
replacement	therapy;	SCUF,	slow	continuous	ultrafiltration;	SLED,	sustained	low-efficiency
dialysis.

	

Figure	 201.3 	 Schematic	 diagram	 of	 various	 continuous	 renal
replacement	 therapy	 (CRRT)	 configurations.A,	 Slow	 continuous
ultrafiltration	 (SCUF).	 Ultrafiltrate	 is	 generated	 by	 the
transmembrane	 pressure	 gradient	 produced	 by	 the	 blood	 pump.	 B,
Continuous	 venovenous	 hemofiltration	 (CVVH).	 Large	 volume
ultrafiltrate	is	generated,	and	replacement	fluid	is	infused	to	preblood
pump,	 prehemofilter,	 or	 posthemofilter.	 C,	 Continuous	 venovenous
hemodialysis	 (CVVHD).	 Dialysate	 is	 pumped	 through	 the	 filter	 to
generate	 diffusive	 solute	 clearance.	 D,	 Continuous	 venovenous
hemodiafiltration	(CVVHDF).	The	system	utilizes	high	ultrafiltration
with	replacement	fluid	as	well	as	dialysate.

Continuous	Venovenous	Hemofiltration,	Hemodialysis,	and
Hemodiafiltration



In	CRRT,	solute	removal	is	achieved	by	convection,	diffusion,	or	a	combination
of	 these	methods.	 Early	 forms	 of	 CRRT	 utilizing	 arteriovenous	 (AV)	 systems
have	been	replaced	by	venovenous	systems	through	double	lumen	central	venous
catheters.	Continuous	venovenous	hemofiltration	(CVVH)	is	a	purely	convective
technique	 in	 which	 a	 pump	 system	 drives	 blood	 through	 the	 hemofilter	 and
generates	ultrafiltration	 rates	of	1	 to	4	L/h.	Blood	 flow	 rate	 is	generally	 lower
than	 with	 IHD	 and	 dialysate	 is	 not	 used.	 Solute	 clearance	 is	 achieved	 by
replacing	these	large	volumes	of	ultrafiltrate	with	fluid	(replacement	fluid	[RF])
that	does	not	contain	the	solutes	targeted	for	removal	(eg,	urea	and	potassium).
Solute	clearance	and	volume	removal	are	adjusted	by	altering	the	ultrafiltration
rate	 and	 the	 rate	 of	 infusion	 of	 RF.	 The	 administration	 of	 RF	maintains	 fluid
balance	 and	 lowers	 the	 plasma	 concentration	 of	 solute	 by	 dilution.	RF	 can	 be
infused	before	or	after	the	filter	along	the	course	of	the	dialyzer	circuit	(Figure
201.3).

For	diffusion-based	techniques	such	as	continuous	venovenous	hemodialysis
(CVVHD),	 a	 dual-pump	 system	 drives	 both	 blood	 and	 dialysate	 through	 the
hemofilter.	Dialysate	 flow	and	blood	 flow	 rates	 are	 typically	much	 lower	 than
with	IHD.	The	technique	creates	less	ultrafiltrate	(2-5	L/d)	than	CVVH,	since	the
infusion	 pressure	 of	 the	 dialysate	 lowers	 the	 pressure	 gradient	 across	 the
hemofilter	 membrane.	 As	 with	 IHD,	 diffusion	 of	 solute	 across	 the	 filter	 is
bidirectional	 (Figure	 201.2).	 No	RF	 is	 administered.	 In	 CVVHD,	 the	 flow	 of
dialysate	 through	 the	 filter	 is	 countercurrent	 to	 the	 flow	 of	 blood,	 but	 the
dialysate	 flow	 rate	 is	 significantly	 slower	 (1-2	 L/h	 =	 17-34	mL/min)	 than	 the
blood	 flow	 rate	 (100-200	mL/min).	This	 disparity	 permits	 full	 equilibration	 of
plasma	urea	across	the	membrane	and	complete	saturation	of	dialysate.

For	all	forms	of	CRRT,	solute	clearance	is	directly	proportional	to	the	effluent
volume	(Vef).	Thus,	Vef	is	a	therapeutic	target	to	ensure	dosing	adequacy,	with
effluent	 targets	 typically	 measured	 in	 mL/kg/h.	 The	 effluent	 volume	 is	 the
product	of	the	filtration	process.	It	comprises	the	ultrafiltrate	during	CVVH,	the
“spent”	 (equilibrated)	 dialysate	 during	 CVVHD,	 and	 the	 combination	 of
ultrafiltrate	and	spent	dialysate	during	continuous	venovenous	hemodiafiltration
(CVVHDF).	Since	urea	is	freely	filtered	during	CVVH,	its	concentration	in	the
ultrafiltrate	 is	 identical	 to	 that	 of	 plasma.	 Thus,	 48	 L	 of	 ultrafiltrate	 (effluent)
represents	48	L	of	plasma	fully	cleared	of	urea.	Similarly,	during	CVVHD,	the
effluent	(spent	dialysate)	is	fully	saturated	with	urea.	Each	liter	of	spent	dialysate
reflects	a	liter	of	plasma	fully	cleared	of	urea.	In	diffusive	systems,	blood	flow
has	 little	 impact	 on	 clearance	 at	 low	 dialysate	 flow	 (1-2	 L/h)	 but	 increasing
impact	as	dialysate	flow	increases.

Accelerated	venovenous	hemofiltration	(AVVH)	and	accelerated	venovenous



hemodialysis	 (AVVHD)	 are	 modalities	 performed	 via	 similar	 technology	 as
CVVH	 and	 CVVHD.	 They	 are	 distinguished	 from	 continuous	 modalities,
however,	by	achieving	the	same	daily	total	ultrafiltration	targets	and	RF	volumes
in	just	eight	to	12	hours.	By	reducing	the	RRT	time	by	half,	patients	are	freed	up
from	the	constraints	of	RRT,	facilitating	other	tests,	procedures,	physical	therapy,
and	other	interventions.

CVVHDF	 combines	 diffusion	 and	 convection	 into	 a	 single	 procedure.
Dialysate	is	infused	at	1	to	2	L/h	to	boost	the	convective	clearance	generated	by
high	 (1-2	 L/h)	 ultrafiltration	 rates.	 RF	 is	 needed	 to	 offset	 the	 high	 rate	 of
ultrafiltration.	 Historically,	 CVVHDF	 was	 developed	 to	 overcome	 clearance
limitations	 posed	 by	 the	 older	 generation	 of	 CRRT	 equipment,	 which	 limited
both	 dialyzer	 blood	 and	 dialysate	 flow.	 However,	 current	 CRRT	 equipment
delivers	blood	 flow	at	400	mL/min	and	dialysate	 flow	at	up	 to	10	L/h.	Large-
bore	(13	Fr)	catheters	are	increasingly	used	to	support	high-flow	systems.	These
advances	allow	high-volume	ultrafiltrate	generation	with	less	complex	CVVH	or
CVVHD	systems	and	have	called	the	role	of	CVVHDF	into	question.

Slow	Continuous	Ultrafiltration
In	slow	continuous	ultrafiltration	(SCUF),	a	pump	system	maintains	 low	blood
flow	(usually	no	more	than	100	mL/min)	through	a	hemofilter	and	generates	low
rates	of	ultrafiltration	(typically	100-300	mL/h).	This	modality	provides	volume
removal	but	does	not	 alter	 the	chemistry	of	plasma,	 since	water	 is	 removed	 in
proportion	 to	 solute.	 Compared	with	 other	 CRRT	modalities,	 SCUF	 is	 a	 low-
intensity	 nursing	 procedure.	 The	 procedure	 is	 often	 used	 in	 settings	 of	 severe
volume	overload	with	acceptable	serum	chemistries.

TECHNICAL	CONSIDERATIONS	FOR	RENAL
REPLACEMENT	THERAPY

Anticoagulation
Hemofilter	 fibers	 are	 prone	 to	 thrombosis,	 as	 removal	 of	 fluid	 through
ultrafiltration	leads	to	hemoconcentration	at	the	distal	end	of	the	dialyzer.	As	the
filtration	 fraction	 (FF),	 that	 is,	 the	 proportion	 of	 plasma	 flow	 that	 is	 filtered,
increases,	 the	 risk	 of	 filter	 thrombosis	 also	 rises.	 The	 FF	 can	 be	 calculated	 as
follows:



Thus,	higher	rates	of	ultrafiltration,	especially	when	coupled	with	low	blood
flows,	 predispose	 to	 hemofilter	 thrombosis.	 Poor	 filter	 performance	 and	 filter
clotting	increase	sharply	at	FF	greater	than	20%.	Higher	blood	flow	rates	permit
greater	 rates	 of	 fluid	 removal,	 since	 hemoconcentration	 within	 the	 filter	 is
limited	by	the	short	transit	time	of	blood	through	the	dialysis	cartridge.

IHD	 can	 generally	 be	 performed	 without	 anticoagulation.	 The	 high	 blood
flows	 used	 with	 this	 technique	 permit	 adequate	 solute	 clearance	 and
ultrafiltration	with	 limited	 risk	 of	 dialyzer	 thrombosis.	However,	 IHD	without
anticoagulation	 also	 necessitates	 frequent	 saline	 flushes	 through	 the
hemodialyzer	 to	 help	 maintain	 fiber	 patency	 and	 therefore	 is	 more	 labor
intensive	 than	 standard	 IHD.	 In	 addition,	 packed	 red	 blood	 cell	 transfusions
cannot	 be	 infused	 through	 the	 arterial	 line	 of	 the	 dialyzer	 circuit,	 because	 the
resulting	increase	of	hematocrit	will	lead	to	hemofilter	clotting.

However,	with	CRRT,	 blood	 flow	 rates	 are	 typically	 low	 and	 ultrafiltration
rates	high,	especially	for	CVVH,	and	filter	thrombosis	is	a	significant	barrier	to
effective	 implementation	 of	 these	 therapies,	while	 also	 increasing	 nursing	 and
equipment	 utilization	 and	 need	 for	 blood	 transfusions.	 Of	 note,	 critically	 ill
patients	with	COVID-19	 infection	 undergoing	RRT	 have	 been	 found	 to	 suffer
filter	 clotting	 at	 particularly	 high	 rates.6,7	 One	 approach	 for	 mitigating	 circuit
thrombosis	risk	called	predilutional	hemofiltration	 involves	infusion	of	RF	into
the	 CRRT	 circuit	 at	 a	 point	 before	 the	 filter,	 thus	 lowering	 the	 hematocrit
through	 dilution.	 As	 a	 result,	 a	 higher	 ultrafiltration	 rate	 may	 be	 achieved
without	 compromising	 filter	 life.	However,	 prefilter	 RF	 also	 dilutes	 the	 solute
concentration	of	blood	entering	 the	 filter	and	 reduces	effective	clearance.	With
this	 approach,	 the	 target	 effluent	 volume	 should	 be	 increased	 by	 25%	 to
compensate	for	the	dilutional	effect.	Other	CRRT	parameters	such	as	blood	and
ultrafiltration	rate	must	be	adjusted	to	compensate	for	this	inefficiency.

Anticoagulation	 is	 often	 necessary	 to	 maintain	 hemofilter	 patency	 with
CRRT,	 especially	 for	 principally	 convective	modalities	 such	 as	 CVVH.	When
heparin	 is	 used	 for	 anticoagulation,	 an	 initial	 bolus	 of	 1000	 to	 2000	 units	 is
typically	 followed	 by	 a	 continuous	 infusion	 of	 approximately	 10	 U/kg/h,
adjusted	 to	maintain	 the	 partial	 thromboplastin	 time	 in	 the	 venous	 line	 of	 the
blood	circuit	at	1.5	 to	2	 times	control.	However,	heparin	 infusions	do	 result	 in
some	 systemic	 anticoagulation	 and	 may	 be	 contraindicated	 for	 patients	 with
active	hemorrhage	or	heparin-induced	thrombocytopenia	(HIT).

Despite	theoretical	advantages,	low-molecular-weight	heparins	do	not	appear



to	offer	any	significant	efficacy	or	safety	advantages	over	unfractionated	heparin
for	RRT.8	In	addition,	these	agents	are	more	costly	and	their	anticoagulant	effects
more	difficult	to	monitor.

For	patients	with	active	hemorrhage	or	high	risk	of	bleeding,	regional	citrate
anticoagulation	 limited	 to	 the	CRRT	blood	 circuit	 offers	 several	 advantages9-11
and	 is	 the	 recommended	 anticoagulant	 for	 CRRT	 for	 patients	 without
contraindications	 to	 citrate,	 according	 to	 the	 2012	 KDIGO	 AKI	 guideline.12
Citrate	 infused	 in	 the	 arterial	 limb	 of	 the	 CRRT	 circuit	 prevents	 hemofilter
thrombosis	 by	 chelating	 calcium,	 a	 critical	 component	 of	 the	 clotting	 cascade.
Calcium	chloride	or	calcium	gluconate	infused	into	the	venous	line	of	the	system
restores	 normal	 systemic	 calcium	 levels.	 This	 approach	 appears	 to	 reduce	 the
risk	of	hemorrhage	and	extend	hemofilter	patency.13	 In	addition,	citrate	can	be
used	for	patients	with	HIT.

Serum	 and	 ionized	 calcium	 levels	must	 be	 carefully	monitored	when	 using
citrate,	especially	for	patients	with	significant	liver	dysfunction,	and	the	calcium
infusion	 appropriately	 adjusted.	 Citrate	 is	 hepatically	 metabolized	 into
bicarbonate	and	can	cause	metabolic	alkalosis.	 In	 the	setting	of	hepatic	failure,
citrate	 accumulation	 results	 in	 elevated	 total	 serum	 calcium	 but	 low	 ionized
calcium	 levels,	 reflecting	 increased	 circulating	 calcium	 bound	 to	 citrate.
Trisodium	 citrate	 solution,	 typically	 used	 in	 this	 form	 of	 anticoagulation,	may
also	cause	hypernatremia.

Other	methods	 of	 regional	 anticoagulation	 such	 as	 prostacyclin	 infusion	 or
heparin	 reversal	 with	 protamine	 have	 been	 less	 successful.	 Prostacyclin,	 an
arachidonic	acid	metabolite,	has	a	half-life	of	only	3	 to	5	minutes	and	 inhibits
platelet	 aggregation.	However,	 it	 induces	 vasodilatation	 and	 is	 associated	with
hypotension,	 and	 it	 is	 costly.	 Protamine	 binds	 and	 neutralizes	 heparin,	 but
infusions	are	technically	complex	and	may	be	associated	with	rebound	bleeding.

Anticoagulation	 is	 unnecessary	 for	 PD.	 However,	 intraperitoneal	 fibrin	 can
occlude	 the	 dialysis	 catheter.	 If	 fibrin	 clots	 are	 noted	 in	 the	 dialysate,	 heparin
(1000	U)	should	be	added	to	each	PD	exchange	for	several	days.	Intraperitoneal
heparin	is	not	absorbed	and	will	not	cause	systemic	anticoagulation.

Blood	and	Dialysate	Flow	Rates
Maximal	 urea	 clearances	 with	 standard	 dialyzers	 require	 blood	 flows	 of
approximately	 400	 mL/min.	 However,	 when	 dialysis	 is	 initiated	 for	 ESRD,
blood	 flow	 rates	 begin	 at	 200	 to	 250	mL/min	 and	 are	 increased	 incrementally
over	 several	 sessions.	The	 low	blood	 flow	 limits	 the	 efficiency	 of	 the	 dialysis
and	 prevents	 rapid	 solute	 and	 water	 shifts	 that	 can	 precipitate	 complications



including	 delirium,	 seizures,	 and	 dyspnea,	 collectively	 known	 as	 the
dysequilibrium	syndrome.	With	AKI,	high	blood	flow	rates	(400	mL/min)	may
be	 used	 immediately	 unless	 the	 BUN	 has	 been	 markedly	 elevated	 for	 a
prolonged	period.	Blood	flow	rates	for	CRRT	can	vary	from	100	to	400	mL/min,
but	 dysequilibrium	 is	 not	 a	 concern	 because	 solute	 and	 fluid	 removal	 occur
slowly	compared	to	IHD.	The	dialysate	flow	rate	typically	ranges	between	500
and	 800	mL/min	 in	 IHD.	 These	 rates	 are	 sufficiently	 high	 so	 that	 changes	 of
dialysate	flow	have	relatively	little	impact	on	IHD	clearances.	However,	because
dialysate	flow	rates	are	much	lower	with	CRRT,	increases	of	dialysate	flow	can
significantly	enhance	solute	removal.

Dialyzer	Membrane
Most	 hemofilters	 are	 cylinders	 containing	 hollow	 fibers	 composed	 of
semipermeable	membranes	 with	 varying	 surface	 areas	 and	 pore	 sizes	 (Figure
201.1).	 Pore	diameters	 are	 sufficiently	 small	 to	 preclude	movement	 of	 cellular
material	 or	 albumin,	 while	 allowing	 movement	 of	 smaller	 and	 middle-sized
molecules.	The	surface	area	of	the	membrane	depends	on	the	number	and	length
of	 these	 fibers.	 In	 the	 case	 of	 a	 patient	 with	 an	 ingestion	 of	 a	 dialyzable
substance,	 the	 use	 of	 a	 hemofilter	 with	 a	 larger	 surface	 area	 will	 enhance
clearance.	The	initial	hemofilter	membranes,	composed	of	cellulose,	have	been
replaced	 by	 synthetic,	 more	 biocompatible	 materials,	 which	 cause	 less
complement	activation	and	leukocyte	adherence.

Dialysate	Composition
The	 production	 of	 dialysate	 begins	with	 obtaining	 “ultrapure”	water,	which	 is
necessary	 given	 the	 potential	 for	 backflow	 of	 endotoxin	 or	 bacteria	 into	 the
patient.	 The	 standard	 composition	 of	 dialysates	 for	 both	 IHD	 and	 PD	 is
summarized	 in	 Table	 201.3.	 For	 IHD,	 chloride,	 glucose,	 and	 magnesium
concentrations	 are	 generally	 fixed,	 whereas	 sodium,	 potassium,	 calcium,	 and
bicarbonate	 compositions	 are	 customizable.	 Sodium	 modeling,	 a	 strategy
employed	 to	 prevent	 hypotension,	 consists	 of	 higher	 sodium	 concentrations	 at
the	start	of	dialysis,	followed	by	a	gradual	reduction,	to	prevent	hypernatremia.
The	higher	sodium	concentration	helps	to	prevent	rapid	fluid	shifts	when	urea	is
being	rapidly	cleared.



TABLE	201.3

Dialysate	Formulation	for	Hemodialysis	and	Peritoneal
Dialysis

Solute Range	(Usual	Concentration)

Intermittent	Hemodialysis

Na+ 138-145	mEq/L	(140)

K+ 1-4	mEq/L	(2)

Cl− 100-110	mEq/L	(106)

HCO3
− 35-45	mEq/L	(35)

Ca+ 1.0-3.5	mEq/L	(2.5)

Mg+ 1.5	mEq/L	(1.5)

Glucose 0-200	mg/dL	(200)

Peritoneal	Dialysis

Na+ 132	mEq/L

K+ 0

Cl− 96	mEq/L

Lactate 35	mEq/L

Ca+ 2.5	or	3.5	mEq/L

Mg+ 0.5	or	1.5	mEq/L

Dextrose 1.5%,	2.5%,	or	4.25%	g/dL

The	 dialysate	 potassium	 concentration	 generally	 ranges	 from	 1.0	 to	 4.0
mEq/L,	 with	 1.0	 mEq/L	 dialysate	 generally	 reserved	 for	 cases	 of	 severe
hyperkalemia.	 Use	 of	 1.0	mEq/L	 dialysate	 is	 limited	 by	 its	 potential	 to	 cause
arrhythmias	due	to	rapid	potassium	clearance.



The	buffer	used	in	dialysate	is	now	uniformly	bicarbonate.	The	concentration
of	 bicarbonate	 in	 dialysate	 usually	 varies	 from	 33	 to	 35	 mEq/L.	 Higher
bicarbonate	concentrations	(40	mEq/L)	are	used	for	severe	acidosis	or	to	offset
elevations	 of	 carbon	 dioxide	 resulting	 from	 the	 permissive	 hypercapnia	 that
attends	low	tidal	volume	ventilation.

Dialysate	 calcium	 concentration	 during	 maintenance	 hemodialysis	 is	 2.5
mEq/L	of	diffusible	calcium.	Because	hypocalcemia	is	common	during	AKI	and
correction	 of	 acidosis	 may	 further	 depress	 ionized	 calcium,	 some	 experts
advocate	 higher	 dialysate	 calcium	 concentration	 (3.0-3.5	 mEq/L)	 for	 patients
with	 AKI.	 High	 calcium	 dialysate	 may	 be	 used	 to	 correct	 hypocalcemia	 but
should	 be	 used	with	 caution;	 animal	models	 suggest	 calcium	 loading	worsens
organ	dysfunction	and	mortality	from	sepsis.14

For	CRRT,	a	wide	variety	of	dialysate	and	RFs	may	be	used.	The	composition
of	dialysate	employed	during	CVVHD	may	be	identical	to	that	of	RF	employed
during	 CVVH.	 Potassium	 and	 calcium	 concentrations	 are	 selected	 to	 meet
patient	 needs.	 Base	 composition	 may	 be	 bicarbonate,	 lactate,	 or	 citrate.	 The
latter	two	buffers	are	metabolized	to	bicarbonate	and	effectively	address	acidosis
for	most	patients	with	adequate	hepatic	function.

The	 composition	 of	 peritoneal	 dialysate	 is	 relatively	 constant.	 These
commercially	produced	solutions	are	available	in	2	and	5L	bags	and	vary	only	in
dextrose	content	(1.5%,	2.5%,	and	4.25%	concentrations).	Icodextrin,	a	glucose
polymer	 which	 is	 absorbed	 more	 slowly	 than	 dextrose,	 has	 been	 used	 for
selected	patients	with	severe	hyperglycemia	or	poor	ultrafiltration.	If	necessary,
potassium,	insulin,	heparin,	or	certain	antibiotics	can	be	added	to	the	dialysate.

Dialysis	Access
Establishing	and	maintaining	adequate	access	are	paramount	during	the	delivery
of	all	types	of	RRT.	Access	is	best	considered	in	two	distinct	settings:	the	ESRD
patient	with	permanent	access	and	the	AKI	patient	requiring	temporary	access.

Arteriovenous	Fistula	and	Graft
For	 the	ESRD	patient	maintained	with	 IHD,	permanent	dialysis	access	options
include	an	arteriovenous	fistula	(AVF),	arteriovenous	graft	(AVG),	or	a	tunneled
central	venous	catheter	 (discussed	 later	 in	 this	chapter).	Created	by	connecting
an	artery	 to	a	vein,	an	AVF	must	“mature,”	a	process	during	which	high	blood
flow	 causes	 gradual	 dilatation	 and	 thickening	 or	 “arterialization”	 of	 the	 veins
proximal	 to	 the	 AV	 anastomosis.	 Once	 mature,	 the	 AVF	 can	 be	 repetitively



cannulated	 several	 times	 a	 week	 for	 IHD.	 Considered	 the	 optimal	 access	 for
IHD,	 an	 AVF	 provides	 high	 blood	 flow	 (>500	 mL/min),	 relatively	 low
thrombosis	 rates,	 and	 low	 infection	 rates.	 However,	 AVFs	 require	 long
maturation	time	(typically	several	months),	making	them	unsuitable	for	patients
with	 AKI.	 In	 addition,	 AVFs	 cannot	 withstand	 continuous	 cannulation,
precluding	their	use	for	CRRT.

For	an	AVG,	a	synthetic	material	is	used	to	connect	the	artery	and	vein.	Like
AVFs,	AVGs	cannot	be	used	 to	manage	AKI,	as	 they	 require	 several	weeks	 to
mature,	and	they	cannot	be	used	for	CRRT.	Compared	with	AVFs,	AVGs	are	not
as	durable	and	have	higher	rates	of	thrombosis	and	infection.

To	preserve	the	patency	of	AVFs	and	AVGs,	measurement	of	blood	pressure,
venipuncture,	and	constricting	dressings	or	tourniquets	should	be	avoided	for	the
access	extremity.	Acute	thrombosis	may	also	occur	in	the	setting	of	hypotension
or	severe	volume	depletion,	two	conditions	common	among	critically	ill	patients.

Peritoneal	Dialysis	Catheters
Unlike	IHD	and	CRRT,	patients	on	PD	do	not	require	vascular	access.	Instead,
PD	 catheters	 allow	 for	 infusion	 and	 drainage	 of	 dialysate	 from	 the	 peritoneal
cavity.	 Most	 are	 made	 of	 silicone	 and	 have	 two	 synthetic	 cuffs,	 one	 placed
beneath	 the	 skin	 and	 one	 beneath	 the	 abdominal	 fascia,	 which	 prevent
displacement	and	infection	of	the	catheter.	Use	of	PD	catheters	is	delayed	for	1
or	2	weeks	 after	 placement	 to	permit	 healing	of	 the	 insertion	 site	 and	 catheter
tunnel.	For	urgent	situations,	early	use	of	permanent	catheters	can	be	attempted
with	low-volume	exchanges	in	the	supine	position,	though	this	may	increase	the
risk	 of	 dialysate	 leak	 or	 infection.	 Although	 very	 rarely	 used,	 when	 access	 is
required	for	AKI,	a	noncuffed	PD	catheter	can	be	placed	at	the	bedside	and	used
immediately.	 This	 procedure	 should	 be	 reserved	 for	 unique	 situations	 and	 be
performed	 by	 a	 skilled	 operator	 because	 of	 the	 risks	 of	 bowel	 perforation	 or
organ	puncture.

Hemodialysis	Catheters	and	Insertion	Techniques
For	 most	 patients	 with	 AKI,	 dialysis	 access	 is	 achieved	 by	 placement	 of	 a
temporary	 central	 venous	 catheter.	 These	 devices	 fall	 into	 two	 different
categories,	 acute	 noncuffed,	 nontunneled	 lines	 or	 long-term	 cuffed,	 tunneled
catheters.	 All	 are	 large	 diameter	 (12-15	 Fr)	 and	 of	 dual-lumen	 design.	 For
patients	with	urgent	or	emergent	need	of	dialysis,	acute	catheters	provide	rapid
access	 for	 IHD	 and	 CRRT	 and	 are	 typically	 inserted	 at	 the	 bedside	 into	 the



internal	 jugular	 or	 femoral	 veins.	 Complications	 of	 these	 catheters	 include
infection,	thrombosis,	and	vascular	perforation	as	discussed	below.

Cuffed,	tunneled	catheters	are	placed	when	the	expected	duration	of	dialytic
support	exceeds	2	weeks.	Composed	of	soft	material	such	as	silicone,	 they	are
usually	inserted	under	fluoroscopic	guidance	into	the	internal	jugular	or	femoral
vein	 and	 exit	 through	 a	 subcutaneous	 tunnel.	 These	 dual-lumen	 devices	 are
available	 in	different	configurations.	For	appropriate	 function,	 the	catheters	are
placed	so	that	the	tips	extend	into	the	right	atrium,	thus	permitting	higher	blood
flows.	Unlike	the	stiffer	acute	noncuffed	dialysis	lines,	the	softer	cuffed	catheters
do	not	pose	a	significant	risk	of	perforation.	The	subcutaneous	cuff	and	insertion
tunnel	serve	to	anchor	the	catheter	and	inhibit	infection	such	that	these	lines	may
remain	in	place	for	several	months	or	longer.

Temporary	Hemodialysis	Catheter	Placement
The	 site	of	vascular	 access	 required	 for	hemodialysis	depends	on	 the	 status	of
the	patient’s	peripheral	veins	and	the	urgency	and	availability	of	teams	with	the
ability	 to	 place	 tunneled	 catheters.	 Critical	 care	 professionals	 often	 place
temporary	 hemodialysis	 catheters	 when	 emergent	 hemodialysis	 is	 requited	 or
when	 infection	 is	 a	 contraindication	 to	 long-term	 hemodialysis	 catheter
placement.	When	 temporary	 hemodialysis	 catheter	 placement	 is	 indicated,	 the
best	 available	 internal	 jugular	 vein	 is	 the	 preferred	 site.	When	 internal	 jugular
venous	 placement	 is	 not	 possible,	 placement	 in	 one	 of	 the	 femoral	 veins	 is
acceptable.	We	advise	against	placement	of	a	temporary	hemodialysis	catheter	in
either	subclavian	vein.

Standard	 preinsertion	 procedures	 include	 obtaining	 consent,	 procuring	 the
appropriate	 supplies,	 preparing	 a	 sterile	 field	 for	 catheter	 insertion,	 and
performing	 an	 insertion	 team	 time	 out	 that	 includes	 two-item	 patient
identification,	procedure	and	site	verification,	review	of	allergy	and	hemostasis
diagnostics,	 confirming	 the	 availability	 of	 functional	 monitoring	 and
resuscitation	 equipment,	 and	 imaging	 assessment	 of	 vascular	 anatomy	 and
patency.	 The	 bedside	 imaging	 study	 of	 choice	 is	 ultrasound	 evaluation	 of	 the
insertion	site	before	and	during	the	insertion	procedure.	We	strongly	recommend
the	use	of	kits	that	include	all	required	supplies	and	are	organized	in	a	standard
and	 efficient	 format.	 Methods	 for	 organizing	 the	 equipment	 required	 during
temporary	hemodialysis	catheter	placement,	preparing	a	sterile	field,	imaging	the
internal	 jugular	vessels	using	point-of-care	ultrasound,	gaining	vascular	access,
verifying	intraluminal	guidewire	placement,	and	applying	an	appropriate	sterile
dressing	 are	 presented	 in	 	Video	 201.1.	 Helpful	 images	 and	 checklists	 for



ultrasound	elements	of	vascular	access	for	the	internal	jugular	and	femoral	sites
are	presented	in	Chapter	6.

INDICATIONS	FOR	AND	TIMING	OF	INITIATION
OF	RENAL	REPLACEMENT	THERAPY
3 	 Remarkably,	 there	 is	 no	 consensus	 regarding	 the	 absolute	 indications	 for
initiation	 of	 RRT	 in	 AKI.	 The	 absence	 of	 objective	 clinical	 or	 biochemical
findings	 that	universally	warrant	dialytic	support	has	resulted	 in	wide	variation
in	 clinical	 practice.	 A	 patient’s	 perceived	 mortality	 risk	 may	 carry	 as	 much
weight	 as	 laboratory-based	 measures	 of	 kidney	 function.15	 Conventional
indications	for	RRT	include:

Volume	overload	refractory	to	or	with	diuretic	therapy
Hyperkalemia	or	metabolic	acidosis	refractory	to	medical	management
Intoxication	with	a	dialyzable	drug	or	toxin
Overt	uremic	signs	or	symptoms

encephalopathy
pericarditis
uremic	bleeding	diathesis

Progressive	and	advanced	asymptomatic	azotemia

Reserving	RRT	 for	 patients	who	meet	 one	 of	 these	 criteria	may	 have	 little
impact	 on	 the	 high	 mortality	 of	 AKI,	 particularly	 in	 the	 setting	 of	MOSF.	 A
treatment	 strategy	 that	 merely	 prevents	 uremic	 complications	 follows	 the	 old
paradigm	 for	AKI:	 these	 patients	 die	with,	 but	 not	 of,	 their	 renal	 dysfunction.
Despite	 recognition	 that	 AKI	 carries	 high	 mortality	 risk16	 and	 that	 aggressive
management	 of	RRT	may	 affect	 outcomes	 and	 reduce	mortality,	 no	 consensus
guideline	defines	the	optimal	time	to	initiate	RRT	in	AKI.

Early	vs	Late	Initiation	of	RRT
The	evidence	for	early	initiation	of	RRT	in	AKI	is	summarized	in	Table	201.4.
Studies	are	often	difficult	to	interpret,	because	both	timing	of	RRT	initiation	and
intensity	of	RRT	vary.



TABLE	201.4

Summary	of	Studies	Evaluating	Timing	of	Initiation	of
Renal	Replacement	Therapy

Study RRT
Modality

Study
Design Patients Criteria	for

Early	RRT
Criteria	for
Late	RRT

Gettings
et	al17

CRRT Retrospective 100 BUN	<	60 BUN	>	60

Bouman
et	al18

CRRT RCT 106 <12	h	after	AKI
criteria	met:
UOP	<	30	mL/h
Ccreat
<	20	mL/min

Standard	criteria:
BUN	>	112,
K	>	6.5
Pulmonary	edema

Demirkiliç
et	al19

CRRT Retrospective 61 UOP
<	100	mL/8	h
despite
furosemide

Creat	>	5	or
K	>	6.5

Elahi	et
al20

CRRT Retrospective 64 UOP
<	100	mL/8	h
despite
furosemide

BUN	>	84,
K	>	6.0

Liu	et	al21 CRRT Retrospective 80 <12	h	after	ICU
admission

Conventional
indications

Seabra	et
al22

IHD	and
CRRT

Observational 243 BUN	<76 BUN	>	76



Palevsky23 IHD	and
CRRT

Meta-analysis
RCT,	cohort

2378 Variable Variable

Vaara	et
al24

IHD	and
CRRT

Prospective
observational

239 Nonconventional Conventional

Bagshaw
et	al25

IHD	and
CRRT

Prospective
observational

1238 Urea
<	24.2	mmol/L
Screat
<309	mmol/L
<2	d	from	ICU
admission	to
RRT
2-5	d	from	ICU
admission	to
RRT
>5	d	from	ICU
admission	to
RRT

Urea
>	24.2	mmol/L
Screat
>	309	mmol/L

Jamale	et
al26

IHD	and
CRRT

Prospective
RCT

208 BUN	>	70	or
Screat	>	7.0

Traditional

Gaudry	et
al27

IHD	or
CRRT

Multicenter
RCT

620 Immediately
upon
randomization

Required	at	least
one	of:	severe
hyperkalemia,
metabolic
acidosis,
pulmonary
edema,	BUN
>	112	mg/dL,	or
oliguria	>	72	h

Zarbock	et
al28

CVVHDF Single-center
RCT

231 Within	8	h	of
KDIGO	stage	2
AKI

Within	12	h	of
KDIGO	stage	3
AKI	or	no	RRT



Barbar	et
al29

IHD	or
CRRT

Multicenter
RCT

488 Within	12	h	of
reaching	RIFLE
“failure”	stage

After	48	h	from
reaching	RIFLE
“failure”	stage

Bagshaw
et	al30

IHD	or
CRRT

Multicenter
RCT

2927 Within	12	h	of
reaching
KDIGO	stage	2
or	3	AKI

Required	at	least
one	of:	potassium
≥	6.0	mmol/L,	pH
of	≤7.20,
bicarbonate
≤12	mmol/L,
severe	respiratory
failure
PaO2/FiO2	<	200,
and	volume
overload,	or
persistent	AKI	for
≥72	h	after
randomization

Gaudry	et
al31

IHD	or
CRRT

Multicenter
RCT

278 Immediately
upon
randomization

Required	at	least
one	of:
hyperkalemia,
metabolic
acidosis,
pulmonary
edema,	or	BUN	
140	mg/dL

AKI,	acute	kidney	injury;	BUN,	blood	urea	nitrogen;	Ccreat,	creatinine	clearance;	CRRT,
continuous	renal	replacement	therapy;	ICU,	intensive	care	unit;	IHD,	intermittent	hemodialysis;	LV,
low-volume	hemofiltration;	MOSF,	multiorgan	system	failure;	RCT,	randomized	controlled	trial;
Screat,	serum	creatinine;	TTI,	time	to	initiation;	UOP,	urine	output.

A	 recent	 prospective	 study	 of	 Finnish	 ICU	 patients	 with	 AKI	 who	 were
treated	 with	 RRT	 compared	 those	 who	 had	 conventional	 indications	 for	 RRT



(“classic	RRT”)	vs	 those	who	did	not	 (“preemptive	RRT”)	and	 further	divided
those	 with	 classic	 indications	 into	 “classic-delayed”	 or	 “classic-urgent,”
depending	 on	 whether	 RRT	 was	 commenced	 within	 12	 hours	 of	 manifesting
indications.24	Nearly	44%	of	subjects	received	“preemptive”	RRT,	as	defined	by
the	authors.	Ninety-day	adjusted	mortality	was	higher	(OR	2.05,	P	=	.04)	among
the	classic	group.	Within	the	classic	group,	a	delay	in	RRT	greater	than	12	hours
was	 also	 associated	 with	 a	 3.85	 odds	 ratio	 for	 mortality	 (P	 =	 .01).	 These
observational	data	therefore	suggest	a	survival	benefit	for	earlier	RRT.

A	 prospective	 study	 of	 over	 1200	 ICU	 patients	 with	 AKI	 highlighted	 the
nuances	 of	 the	 definition	 of	 “early”	 and	 “late”	 RRT	 initiation.25	 In	 this	 study,
adjusted	patient	survival	was	superior	when	RRT	was	started	at	creatinine	levels
greater	 than	 3.5	 mg/dL,	 compared	 with	 lower	 levels.	 However,	 mortality
increased	 with	 longer	 duration	 of	 time	 between	 ICU	 admission	 and	 RRT
initiation.	 These	 results	 suggest	 the	 outcomes	 are	 not	 solely	 dependent	 on
laboratory-defined	indications	for	RRT.

Multiple	 meta-analyses	 have	 summarized	 the	 evidence	 of	 the	 timing	 of
initiation	of	RRT.	A	2008	publication	analyzed	18	cohort	studies	involving	more
than	 2000	 patients,22	 for	 which	 a	 pooled	 28%	 risk	 reduction	 of	mortality	was
observed	with	early	dialysis.	A	more	recent	systematic	review	and	meta-analysis
reported	 an	 odds	 ratio	 of	 0.45	 (95%	confidence	 interval	 0.28-0.72)	 for	 28-day
mortality	 with	 early	 RRT,	 for	 critically	 ill	 patients	 with	 AKI.32	 In	 the	 latter
review,	 early	RRT	may	 have	 also	 been	 associated	with	 reduced	RRT	 duration
and	 ICU	 length	of	 stay	and	higher	 rates	of	 renal	 recovery.	Both	meta-analyses
cite	 significant	methodological	 limitations	 that	 preclude	definitive	 conclusions,
including	publication	bias,	variations	 in	 technology	over	 the	decades-long	span
of	cited	studies,	heterogenous	definitions	of	early	and	late	therapy,	and	a	paucity
of	randomized	trials.

Another	major	methodological	 limitation	 of	 all	 observational	 studies	 is	 the
omission	of	patients	who	never	receive	RRT	from	the	analysis.	Less	than	15%	of
patients	who	meet	RIFLE	criteria	(threefold	increase	in	creatinine)	receive	RRT
during	their	hospitalization.	Some	patients	with	AKI	recover	renal	function	and
survive,	while	others	may	expire	before	initiating	RRT.	Yet,	neither	outcome	is
integrated	into	a	retrospective	analysis.	Among	AKI	patients	managed	with	RRT,
patients	 destined	 to	 recover	 and	 survive	 may	 enrich	 the	 early-start	 groups,
whereas	patients	destined	to	die	of	MOSF	after	an	extended	ICU	course	may	be
overrepresented	 in	 late	 start	 groups.	 Future	 studies	 on	 early	RRT	vs	 late	RRT,
whether	prospective	or	observational,	should	integrate	a	“No	RRT”	arm	into	the
study	design.23

More	 recently,	 several	 randomized	 trials	 have	 aimed	 to	 determine	 optimal



timing	 for	 initiating	RRT,	with	 conflicting	 conclusions.	A	 single-center	 trial	 of
“earlier	start”	(BUN	or	creatinine	of	70	or	7	mg/dL,	respectively)	vs	“usual	start”
(determined	 by	 clinical	 judgment	 of	 treating	 nephrologist)	 dialysis	 for	 AKI
demonstrated	 a	 trend	 toward	 significantly	 greater	 in-hospital	 mortality	 among
the	 early-start	 subjects	 (20.5%	 vs	 12.2%).	 This	 difference,	 however,	 did	 not
reach	 statistical	 significance	 for	 this	 outcome	 or	 for	 dialysis	 dependence	 at
3	months	 among	 survivors.26	 Contrary	 to	 the	 Finnish	 study	 cited	 above,	 these
findings	 argue	 against	 a	 benefit	 from	 starting	 dialysis	 in	 an	 “early”	 or
“preemptive”	fashion	in	the	absence	of	more	conventional	indications.

Collectively,	 most	 other	 recent	 trials	 have	 demonstrated	 no	 difference	 in
mortality	between	critically	ill	patients	randomized	to	start	RRT	at	earlier	or	later
time	points.	The	AKIKI	 trial	demonstrated	no	survival	benefit	 to	 starting	RRT
immediately	 upon	 reaching	 KDIGO	 stage	 3	 AKI,	 vs	 waiting	 for	 a	 more
conventional	 indication	 such	 as	 oliguria	 for	 an	 additional	 72	 hours.27	 The
AKIKI-2	 trial,	 however,	 suggested	 potential	 harm	 to	 an	 even	 “more	 delayed”
strategy	 of	 more	 prolonged	 postponement	 of	 RRT.31	 The	 Ideal-ICU	 and
STARRT-AKI	 trials	 similarly	 showed	 no	 survival	 benefit	 at	 90	 days	 between
patients	 randomized	 to	earlier	or	 later	RRT	 initiation.29,30	The	ELAIN	trial	was
the	only	recent	RCT	to	demonstrate	survival	benefit	to	earlier	start	RRT,	though
its	 single-center	 design,	 single	 RRT	modality	 (CVVHDF),	 and	 predominantly
surgical	population	limit	its	generalizability.28

The	best	current	guidelines	for	RRT	initiation	were	formulated	by	the	Acute
Kidney	Injury	Network	(AKIN).33	We	summarize	a	similar	list	of	indications	in
Table	 201.5.	 Parameters	 for	 starting	 RRT	 should	 be	 considered	 within	 the
context	 of	 the	 patient’s	 entire	 clinical	 condition.	A	 specific	 indication	may	 be
absolute	 or	 relative.	 An	 absolute	 indication	 represents	 a	 stand-alone	 condition
that	 makes	 RRT	 mandatory.	 A	 relative	 indication	 requires	 a	 concomitant
condition	without	which	RRT	is	not	mandatory	but	could	be	recommended.	The
presence	 of	 an	 indication	 in	 a	 relatively	 stable	 patient	 with	 oliguric	 AKI	 as
single-organ	 system	 failure	 would	 be	 viewed	 differently	 from	 the	 same
parameter	 existing	 in	 a	 critically	 ill	 patient	with	MOSF.	 The	 course	 of	 illness
may	be	more	important	than	absolute	parameters.	The	strength	of	an	indication
for	 RRT	 depends	 on	 whether	 the	 patient’s	 clinical	 condition	 is	 improving,
deteriorating,	or	static.

TABLE	201.5

General	Indications	for	Renal	Replacement	Therapy	in



Patients	With	Acute	Kidney	Injury

Indication Characteristics

Metabolic
abnormality

BUN	>100	mg/dL	Hyperkalemia	>	6	mEq/L	with	ECG
changes

Acidosis pH	<	7.00Lactic	acidosis	related	to	metformin	use

Anuria/oliguria <0.5	mL/kg/h	×	6	h

<0.5	mL/kg/h	×	12	h

<0.3	mL/kg/h	×	24	h	or	anuria	×	12	h

Fluid	overload Diuretic	sensitive

Diuretic	resistant

BUN,	blood	urea	nitrogen;	ECG,	electrocardiogram.

Dialysis	Dose
There	is	no	benchmark	for	the	dose	or	intensity	of	RRT	used	to	treat	AKI.	Many
experts	suggest	that	IHD	in	this	setting	should	at	least	achieve	the	urea	clearance
recommended	for	patients	with	ESRD,	although	there	are	no	data	validating	this
approach.	Urea	clearance	can	be	quantitated	through	the	Kt/V	or	urea	reduction
ratio	(URR).	The	Kt/V	 is	a	dimensionless	index	of	dialysis	dose	for	which	K	 is
the	 urea	 clearance	 of	 the	 dialyzer,	 t	 is	 the	 duration	 of	 dialysis,	 and	 V	 is	 the
volume	 of	 distribution	 of	 urea;	 the	Kt/V	 is	 thought	 to	 be	 a	 measure	 of	 time-
averaged	 urea	 clearance	 and	 is	 determined	 by	 applying	 predialysis	 and
postdialysis	urea	and	volume	data	to	a	published	formula.	The	Kt/V	for	each	IHD
should	 exceed	 1.2,	 assuming	 single	 pool	 urea	 kinetics.	 Alternatively,	 some
programs	target	a	URR	of	more	than	65%	or	70%.	The	URR	is	calculated	from
the	following	formula:

Methods	of	increasing	urea	clearance	include	maintaining	high	dialysis	blood
flows,	often	necessitating	the	use	of	large-bore	catheters	and	high-gauge	needles,



using	larger	dialyzers,	and	extending	dialysis	 time	or	frequency.	It	 is	 important
to	note	that	adequate	urea	clearance	does	not	ensure	that	ultrafiltration	needs	are
met,	and	additional	RRT	may	be	required	to	address	volume	overload.

There	 are	 fewer	 data	 regarding	 the	 target	 dosage	 or	 intensity	 of	 PD	 for
patients	 with	 AKI.	 Guidelines	 for	 stable	 ESRD	 patients	 on	 this	 form	 of	 RRT
remain	 incompletely	 validated,	 even	 for	 commonly	 used	 techniques	 such	 as
CCPD.	When	employed	in	the	ICU	setting,	the	patient’s	maintenance	outpatient
regimen	 is	 typically	 continued.	 However,	 adjustments	 such	 as	 increased
exchange	 frequency,	 altered	 dialysate	 dextrose	 concentration,	 and,	 rarely,
increased	dialysate	volume	can	be	used	to	enhance	solute	and	volume	removal	as
clinically	indicated.

Guidelines	 for	 the	 intensity	 of	 renal	 support	 for	 critically	 ill	 patients	 with
AKI,	particularly	those	on	CRRT,	were	previously	based	on	several	single-center
studies	suggesting	that	more	dialysis	leads	to	better	outcomes.34-36

Today’s	guidelines	have	been	strongly	 influenced	by	a	 large	multicenter	US
trial,	 the	 ATN	 trial,	 which	 tested	 the	 hypothesis	 that	 more	 intensive	 RRT	 in
critically	 ill	 patients	 would	 decrease	 mortality	 and	 promote	 recovery	 of	 renal
function.37	A	 total	of	1124	patients	at	27	centers	were	 randomized	 to	 intensive
therapy	 (IT)	 and	 less	 intensive	 therapy	 (LIT).	An	 integrated	 treatment	 strategy
was	 used.	 Hemodynamically	 stable	 patients	 were	 managed	 by	 IHD,	 whereas
unstable	 patients	 were	 managed	 with	 CVVHD	 or	 sustained	 low-efficiency
dialysis	(SLED).	Patients	were	permitted	to	move	from	one	modality	to	another
as	 their	 hemodynamic	 status	 changed.	For	 the	 IT	group,	 IHD	and	SLED	were
performed	six	times	per	week,	and	CVVHDF	provided	an	effluent	flow	rate	of
35	mL/kg/h.	For	the	LIT	group,	IHD	and	SLED	were	performed	three	times	per
week	 and	 CVVHDF	 provided	 an	 effluent	 flow	 of	 20	 mL/kg/h.	 The	 60-day
mortality	 was	 no	 different	 (53.6%	 for	 IT	 and	 51.5%	 for	 LIT).	 There	 was	 no
difference	between	the	two	groups	in	duration	of	RRT,	rate	of	recovery	of	renal
function,	 or	 recovery	 from	 nonrenal	 organ	 failure.	 Another	 multicenter,
randomized	trial	conducted	in	Australia	and	New	Zealand	compared	the	effect	of
CRRT	 at	 two	 levels	 of	 intensity.38	 Higher	 intensity	 therapy	 did	 not	 reduce
mortality	at	90	days.	Most	 recently,	a	multinational	European	 trial	 revealed	no
differences	 in	 28-day	 survival	 or	 several	 other	 pertinent	 end	 points,	 among
patients	with	septic	shock	and	AKI	treated	with	high-volume	or	standard-volume
continuous	hemofiltration	at	prescribed	doses	of	70	or	35	mL/kg/h.39

Collectively,	these	studies	do	not	imply	that	the	dose	of	RRT	is	unimportant
when	managing	AKI.	 Patients	 of	 the	LIT	group	 in	 the	ATN	 study	were	 better
dialyzed	 than	 patients	 receiving	 usual	 care	 during	 typical	 clinical	 practice.
Dialysis	treatment	(IHD,	SLED)	in	the	LIT	group	delivered	a	mean	single	pool



Kt/V	urea	of	1.30	that	generated	a	mean	predialysis	BUN	of	70.	Among	patients
managed	with	CVVHDF,	the	median	time	for	treatment	was	21	h/d,	substantially
longer	 than	 times	 achieved	 during	 clinical	 practice.	 We	 support	 the	 dosing
recommendation	 of	 the	 ATN	 investigators,	 which	 are	 generally	 in	 line	 with
recommendations	put	forth	in	the	2012	KDIGO	AKI	guidelines12:

IHD	or	SLED

Provide	hemodialysis	three	times	per	week	(alternate	days).
Monitor	the	delivered	dose	to	ensure	delivery	of	a	single	pool	Kt/V	of	1.20
or	more.

CRRT

Employ	large-caliber	catheters	and	systems	of	anticoagulation	to	maximize
filter	life.
Ensure	effluent	flow	rate	(hemofiltration	rate	+	dialysate	flow	rate)	of
20	mL	or	more	per	kg	per	hour.
In	convective	systems	which	employ	RF,	add	25%	to	the	prescribed	effluent
flow	rate	(RF	rate)	to	adjust	for	dilutional	effects	if	prefilter	RF	is	used.

MODALITY	SELECTION
In	the	United	States,	 the	hemodynamically	stable	patient	with	AKI	is	generally
managed	with	IHD.	The	 technique	provides	 rapid	solute	clearance	and	volume
removal,	 but	 it	 is	 of	 limited	 utility	 in	 the	 setting	 of	 hypotension.	 Unstable
patients	are	more	often	managed	by	one	of	the	CRRTs.	Patients	may	move	from
one	modality	to	another	with	changes	in	hemodynamic	status.	Dialysis	sessions
are	delivered	at	a	minimum	of	three	times	per	week.	More	frequent	sessions	are
often	 required	 to	 achieve	 specific	 volume	 and	metabolic	 targets.	 The	 average
ICU	 patient	 with	 AKI	 receives	 3.5	 L	 of	 fluid	 daily.	 It	 is	 challenging	 if	 not
impossible	 to	mobilize	 this	 volume	 (24	 L/wk)	 over	 three	 IHD	 sessions	 alone.
IHD	 may	 be	 supplemented	 with	 additional	 ultrafiltration	 sessions	 to	 meet
volume	needs.

PD	 management	 of	 AKI	 has	 declined	 markedly,	 though	 it	 remains	 an
important	 ICU	modality	 in	developing	countries40;	 furthermore,	 a	 recent	meta-
analysis	reported	no	differences	of	pooled	mortality	between	patients	with	AKI
treated	with	PD	vs	 IHD	or	CRRT.41	SLED	 is	used	by	a	minority	of	programs,
often	in	response	to	resource	considerations.



IHD	vs	CRRT
Modality	selection	in	AKI	is	highly	variable	and	appears	to	be	changing	in	favor
of	CRRT.	Historically,	most	patients	in	the	United	States	were	treated	with	IHD.
However,	a	survey	of	VA	and	US	Academic	Medical	Centers	reported	a	mix	of
IHD	 and	 CRRT	 modalities.42	 Internationally,	 CRRT	 is	 often	 the	 preferred
modality	for	managing	AKI.43,44	The	shift	toward	CRRT	is	driven	by	a	number	of
important	practical	as	well	some	theoretical	advantages	for	CRRT	over	IHD:

CRRT	induces	less	hypotension	and	is	better	tolerated	by	the	patient	with
unstable	hemodynamics.
CRRT	permits	removal	of	large	fluid	volumes	without	inducing	or
exacerbating	hypotension.
Since	CRRT	induces	less	hypotension,	it	may	promote	renal	recovery	from
AKI	by	avoiding	repeated	episodes	of	renal	hypoperfusion.
CRRT	provides	greater	solute	clearance	than	alternate-day	IHD.
Since	CRRT	minimizes/limits	hypotension	and	disequilibrium,	it	may	better
preserve	cerebral	perfusion	in	acute	brain	injury	and	in	hepatic	failure.
The	convective	clearance	of	CRRT,	particularly	CVVH,	may	remove	harmful
immunomodulatory	substances	in	sepsis.

4 	 The	major	 studies	 comparing	 IHD	with	 CRRT	 are	 summarized	 in	Table
201.6.	Retrospective	studies	show	no	survival	advantage	of	modality	selection	in
AKI,51-53	 and	 some	 report	 higher	 mortality	 among	 the	 CRRT-treated	 patients.
Prospective	randomized	trials	of	different	RRT	modalities	have	reported	variable
results.	 Some	 studies	 suggest	 improved	 hemodynamic	 stability	with	CRRT49,54

though	none	have	demonstrated	 a	 difference	 in	 patient	 survival	 or	 recovery	of
renal	function	between	CRRT	and	IHD.

TABLE	201.6

Major	Trials	Comparing	IHD	and	CRRT

Study Design N Mortality
(IHD)

Mortality
(CRRT)

Odds
of
Death
in	IHD
(95%
CI)

RR,a
CRRT
vs	IHD



Mehta	et
al45

RCT 166 48 66 0.63
(0.30-
1.10)

35%	vs
33%

Augustine
et	al46

RCT 80 70 68 1.12
(0.40-
3.20)

No
difference

Uehlinger
et	al47

RCT 125 51 47 1.16
(0.50-
2.50)

50%	vs
42%

Vinsonneau
et	al48

RCT 359 68 67 1.05
(0.60-
1.7)

90%	vs
93%

Uchino	et
al49

Observational
study

1218 48 64 85%	vs
66%

Bell	et	al50 Observational
study

2202 46 51 92%	vs
83%

Cho	et	al51 Multicenter,
observational
study

398 42 55 RR	of
death
for
CRRT,
1.82
(1.26-
2.62)

Not
reported

Schwenger
et	al52

Prospective
randomized

232 49.6 55.6 Not
reported

Not
reported



CI,	confidence	interval;	CRRT,	continuous	renal	replacement	therapy;	ICU,	intensive	care	unit;
IHD,	intermittent	hemodialysis;	MOSF,	multiorgan	system	failure;	RCT,	randomized	controlled	trial;
RR,	renal	recovery;	SLED,	sustained	low-efficiency	dialysis.
aIndependence	from	dialysis.

In	 the	 largest	 and	most	 rigorous	prospective	multicenter	 trial	 to	date,48	359
patients	from	21	medical	centers	were	randomized	to	IHD	or	CVVHDF.	Severity
of	 illness	 was	 similar	 among	 the	 groups.	 Pressor	 support	 was	 common	 at
randomization	(86%	and	89%,	IHD	and	CVVHD)	as	was	sepsis	(69%	and	56%).
Crossover	 from	the	 IHD	group	 to	CVVHDF	was	 low	(3.3%),	and	both	groups
used	 the	 same	 dialyzer	 membranes.	 Sixty-day	 survival	 and	 recovery	 of	 renal
function	were	identical	among	the	groups.	Unlike	other	prospective	studies,	this
trial	 reported	 similar	 rates	of	hypotension.	Hemodynamic	 stability	 among	 IHD
patients	 was	meticulously	 promoted	 by	 routine	 use	 of	 cool	 dialysate	 (35	 °C),
very	high	dialysate	sodium	concentration	 (150	mmol),	 isovolemic	connections,
progressive	 ultrafiltration,	 and	 extended	 dialysis	 time	 (>5	 hours).	 This	 study
stands	as	evidence	that	most	patients	could	be	managed	with	IHD	irrespective	of
hemodynamics,	 though	 it	 is	 notable	 that	 the	mean	 IHD	 treatment	 time	 in	 this
study	was	5.2	hours.

A	 study	 of	 critically	 patients	 of	 a	 surgical	 ICU	 from	 Germany	 found	 no
differences	 of	 mortality	 or	 intradialytic	 hypotension,	 of	 patients	 treated	 with
CVVH	 vs	 those	 treated	 managed	 with	 SLED,	 consisting	 of	 12-hour	 dialysis
treatments	 with	 blood	 flows	 of	 100	 to	 120	 mL/min.52	 The	 SLED	 group	 had
shorter	duration	of	ICU	stay	and	mechanical	ventilation,	as	well	as	fewer	blood
transfusions.	 In	 addition,	 a	 cost	 analysis	 indicated	 that	 SLED	 required
significantly	less	nursing	time	than	CVVH.

Though	 several	 previous	 meta-analyses	 and	 systematic	 reviews	 concluded
that	 no	 specific	 modality	 of	 renal	 support	 provides	 a	 survival	 advantage	 or
increased	 freedom	 from	 long-term	 dialysis	 for	 patients	 with	AKI,55-57	 a	 recent
meta-analysis	 did	 report	 higher	 rates	 of	 dialysis	 dependence	 among	 AKI
survivors	initially	treated	with	IHD.58	Included	with	this	analysis	were	two	large
studies49,50	 that	 demonstrated	 significantly	 higher	 dialysis	 dependence	 among
survivors	 initially	 treated	 with	 IHD,	 though	 mortality	 was	 higher	 for	 patients
managed	with	CRRT.

In	summary,	no	evidence	exists	to	support	a	survival	advantage	of	a	specific
RRT	modality	for	AKI.	Some	prospective	trials	suggest	improved	hemodynamic
stability	with	CRRT,	and	some	retrospective	analyses	suggest	enhanced	recovery



of	 renal	 function.	 In	 many	 circumstances,	 modality	 selection	 is	 guided	 by
medical	 and	 nursing	 expertise	 and	 by	 availability	 of	 equipment	 or	 nursing
support.	When	both	modalities	are	available,	selection	should	be	individualized
according	 to	 clinical	 status.	Most	US	 tertiary	 care	 centers	opt	 for	CRRT	when
hemodynamic	 instability	 is	 present.	 IHD	 can	 be	 used	 successfully	 for
hemodynamically	unstable	patients,	provided	ultrafiltration	rates	are	reduced	by
increasing	 the	 frequency	 and	 duration	 of	 treatment.	 Acute	 hemodialysis
programs	may	 be	 insufficiently	 staffed	 to	 perform	 high-frequency	 (five	 to	 six
times	 per	 week)	 and/or	 extended	 (>5	 hours)	 dialysis.	 The	 same	 staffing
limitations	have	 led	many	US	programs	 to	extend	 the	 indications	 for	CRRT	 to
the	patient	with	stable	hemodynamics	but	with	severe	volume	overload	and	large
obligate	fluid	intake.

Recommendations
We	support	the	practice	of	most	US	centers	and	recommend	CRRT	over	IHD	for
the	management	of	AKI	in	the	following	clinical	settings:

Hypotension	requiring	pressor	support
Massive	volume	overload	with	high	obligate	fluid	intake
Highly	catabolic	patients	who	have	failed	to	reduce	BUN	less	than	80	mg/dL
over	three	IHD	sessions
AKI	in	the	setting	of	severe	liver	failure
Technical	recommendations:

We	favor	CVVH	because	of	its	simplicity.	There	is	no	evidence	that	CVVH
is	associated	with	better	outcomes	than	CVVHD	or	CVVHDF.59
Regardless	of	the	CRRT	modality,	the	prescribed	effluent	volume	should	be
20	to	25	mL/kg/h.

Discontinuation	of	Therapy
Recovery	of	renal	function	is	traditionally	defined	by	the	reversal	of	oliguria	and
progressive	 decline	 of	 serum	 creatinine.	 Increased	 urine	 volume	 may	 not	 be
apparent	in	the	nonoliguric	patient.	If	the	CRRT	patient	is	intensively	treated,	the
serum	creatinine	may	be	normal,	making	 it	 impossible	 to	detect	a	spontaneous
decline.	We	define	recovery	of	renal	function	according	to	the	criteria	used	in	the
ATN	study37:

Urine	volume	exceeding	30	mL/h	(720	mL/d)



6-hour	timed	urine	collection	to	compute	creatinine	clearance:

COMPLICATIONS	OF	RRT
A	comprehensive	discussion	of	RRT	complications	 is	beyond	 the	scope	of	 this
chapter.	However,	we	will	review	selected	complications	of	dialytic	support	that
are	common	in	the	ICU	setting.

Infection
Infection	is	a	common	complication	of	all	RRT	modalities.	For	IHD	and	CRRT,
infection	is	usually	associated	with	hemodialysis	catheter	use	and	may	result	in
interruption	of	RRT	and	increased	mortality.	The	largest	prospective	randomized
study	comparing	internal	jugular	and	femoral	catheters	showed	no	difference	of
the	risk	for	infection	after	5	days.60	This	trial	randomly	assigned	750	patients	to
receive	either	jugular	or	femoral	vein	catheterization.	The	rate	of	catheter-related
sepsis	 was	 the	 same	 for	 both	 groups	 (1.5	 vs	 2.3	 per	 1000	 catheter	 days	 for
femoral	 and	 jugular	 venous	 catheterization,	 respectively).	 Hematomas	 were
significantly	 more	 common	 for	 jugular	 compared	 with	 femoral	 cannulation
(3.6%	vs	1.1%).	Thus,	while	 this	study	suggests	 that	 femoral	catheters	may	be
acceptable	 for	 short-term	use,	 institution-specific	 data	 and	policies	based	upon
them	may	suggest	otherwise.

Peritonitis	 is	 a	 common	 infectious	 complication	 of	 PD	 and	 is	 the	 leading
cause	 of	 catheter	 removal	 and	 modality	 conversion.	 It	 typically	 results	 from
bacterial	 contamination	 during	 the	 exchange	 procedure	 or	migration	 along	 the
catheter	 tunnel.	 Symptoms	 and	 signs	 include	 fever,	 abdominal	 pain	 and
tenderness,	 and	 cloudy	 dialysate	 effluent.	 The	 peritoneal	 fluid	WBC	 count	 of
greater	 than	 100	 cells/mL	 with	 at	 least	 50%	 neutrophils	 indicates	 bacterial



infection;	however,	a	lymphocyte-predominate	cell	count	may	accompany	fungal
or	 mycobacterial	 infections.	 When	 peritonitis	 is	 suspected,	 PD	 fluid	 cultures
should	 be	 done	 prior	 to	 antibiotic	 therapy.	 Staphylococcus	 aureus	 and
Staphylococcus	 epidermidis	 are	 common	 causes;	 however,	 polymicrobial	 and
fungal	 infections	 should	 receive	 special	 consideration	 for	 critically	 ill	 patients.
Patients	 with	 suspected	 peritonitis	 should	 receive	 empiric	 antibiotics	 to	 cover
both	gram-positive	and	gram-negative	organisms,	pending	culture	results.

Electrolyte	and	Acid-Base	Disorders
All	forms	of	RRT	can	cause	a	variety	of	electrolyte	and	acid-base	disturbances.
These	are	most	common	with	CVVH,	as	convective	losses	of	large	volumes	of
plasma	 can	 easily	 lead	 to	 hypocalcemia,	 hypomagnesemia,	 hypophosphatemia,
hypokalemia,	 and	metabolic	 acidosis	 if	RF	and	 solute	 supplementation	 are	not
carefully	adjusted.	Measurements	of	serum	electrolytes	are	needed	at	least	daily
and	may	be	required	more	frequently	in	many	clinical	situations.	With	IHD	and
CVVHD,	 metabolic	 disturbances	 are	 less	 frequent,	 since	 the	 dialysate
composition	 is	 adjusted	 to	 avoid	 excessive	 potassium	 removal	 and	 usually
maintains	 calcium	 and	 magnesium	 levels	 while	 supplementing	 bicarbonate.
Hypophosphatemia	 frequently	 complicates	 convective	 modalities	 such	 as
CVVH,	although	it	is	less	common	with	diffusive	RRT.

Access	Thrombosis
Thrombosis	of	vascular	access	is	a	frequent	complication	of	RRT.	AVF	or	AVG
thrombosis	 often	 occurs	 in	 the	 setting	 of	 hypotension	 or	 severe	 volume
depletion,	particularly	 if	 there	 is	stenosis	of	 the	venous	system	proximal	 to	 the
access.	AVGs	are	much	more	prone	to	thrombosis	than	AVFs.	The	diagnosis	is
usually	 obvious,	 as	 the	 access	will	 no	 longer	 have	 a	 palpable	 thrill	 or	 audible
bruit.	In	cases	of	incomplete	or	impending	thrombosis,	cannulation	of	the	access
may	 reveal	 the	 presence	 of	 clots.	 Rarely,	 duplex	 ultrasound	 of	 the	 access	 is
needed	 to	 confirm	 thrombosis.	 If	 possible,	 the	 access	 patency	 should	 be
reestablished	 by	 either	 surgical	 thrombectomy	 or	 mechanical	 or	 chemical
thrombolysis.	The	decision	 to	 repair	or	 revise	 the	AVF	or	AVG,	as	well	as	 the
approach	used,	will	depend	on	the	patient’s	clinical	status	and	the	expertise	and
equipment	available.

Less	 commonly,	 hemodialysis	 catheters	 can	 develop	 thrombus,	 typically
manifesting	as	impaired	blood	flow	through	the	catheter.	A	thrombolytic	can	be



instilled	into	the	catheter	and	allowed	to	dwell;	if	this	fails	to	restore	blood	flow
after	multiple	attempts,	the	catheter	likely	needs	to	be	replaced.

Hypotension
Hypotension	 often	 complicates	 volume	 removal	 by	 IHD.	 Severe	 reductions	 of
blood	 pressure	 during	 dialysis	 limit	 ultrafiltration,	 perpetuate	 renal	 injury,	 and
compromise	perfusion	to	other	vital	organs.	The	pathophysiology	of	intradialytic
hypotension	 involves	 left	 ventricular	 (LV)	underfilling	 and	 inadequate	 reactive
(pressor)	 response	 to	 decreasing	 volume.	 The	 rate	 of	 ultrafiltration,	 the
magnitude	 of	 fluid	 shifts	 between	 the	 extracellular	 and	 intracellular
compartments,	and	the	plasma	refill	rate	(as	fluid	moves	from	the	interstitium	to
plasma)	determine	LV	filling	pressure.	The	risk	of	hypotension	during	IHD	can
be	reduced	by	several	methods:

Reduce	ultrafiltration	rate	by	extending	the	duration	of	treatment
Reduce	ultrafiltration	volume	by	increasing	frequency	of	treatment
Minimize	intracellular	fluid	shifts	by	employing	sodium	modeling
Potentiate	vasoconstrictor	tone	by	cooling	the	dialysate	as	low	as	35	°C
Enhance	plasma	refill	rate	by	infusions	of	albumin
Promote	vasoconstrictor	tone	with	high	dialysate	calcium
Promote	vasoconstrictor	tone	with	midodrine	prior	to	dialysis
Promote	vasoconstrictor	tone	with	norepinephrine	or	vasopressin

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	68-year-old	man	with	2	diabetes,	hypertension,	dyslipidemia,	and	stage
3	chronic	kidney	disease	(baseline	serum	creatinine	1.3	mg/dL)	is	admitted	to
the	intensive	care	unit	with	respiratory	failure	and	septic	shock.	He	requires
mechanical	ventilation,	aggressive	crystalloid	resuscitation,	and	norepinephrine
infusion.	On	hospital	day	4,	his	physical	exam	is	notable	for	jugular	venous
distension,	diminished	bibasilar	breath	sounds,	tachycardia	with	a	regular
rhythm,	and	3+	dependent	edema.	CT	head	shows	cerebral	edema	with	midline
shift.	Labs	are	notable	for	a	potassium	level	of	6.4	mEq/L,	bicarbonate	of	14
mEq/L,	and	BUN	and	creatinine	levels	of	110	and	4.32	mg/dL,	respectively.
Arterial	blood	gas	has	a	pH	7.22	and	pCO2	of	30	mm	Hg.	The	patient	produced



220	mL	of	urine	through	a	Foley	catheter	over	the	past	24	hours.	Urine
microscopy	reveals	10	to	20	coarse	granular	casts	per	high	powered	field.	His
FiO2	level	has	been	increased	to	0.70	to	maintain	acceptable	oxygenation.	What
is	the	most	appropriate	management	of	his	renal	failure?

A. 	Continuous	venovenous	hemofiltration	(CVVH)
B. 	Hemodialysis	(HD)
C. 	Slow	continuous	ultrafiltration	(SCUF)
D. 	Trial	of	peritoneal	dialysis	(PD)

2. 	A	59-year-old	man	with	a	baseline	serum	creatinine	of	1.1	mg/dL	develops
acute	kidney	injury	with	oliguria	due	to	ischemic	acute	tubular	necrosis	(ATN)
6	days	into	an	ICU	stay	for	respiratory	failure.	Due	to	his	escalating	pressor
requirement,	continuous	renal	replacement	therapy	(CRRT)	is	selected	to
manage	his	renal	failure.	What	is	the	most	appropriate	target	of	this	therapy?

A. 	Blood	flow	rate	of	350	mL/min
B. 	Blood	urea	nitrogen	(BUN)	concentration	of	less	than	50	mg/dL
C. 	Effluent	dose	of	25	mL/kg/h
D. 	Ultrafiltration	(UF)	rate	of	50	mL/h

3. 	Which	of	the	following	criteria,	if	met	at	the	time	of	ICU	admission,
would	be	an	indication	for	renal	replacement	therapy?

A. 	KDIGO	(Kidney	Disease	Improving	Global	Outcomes)	“stage	2”
B. 	KDIGO	“stage	3”
C. 	RIFLE	(Risk	of	renal	dysfunction,	Injury	to	kidney,	Failure	or	Loss
of	kidney	function,	and	End-stage	kidney	disease)	“F”
D. 	None	of	the	above

Answers

1.	The	correct	answer	is	A.
Rationale:	 This	 patient	 is	 hemodynamically	 unstable	 with	 signs	 of	 volume

overload	 and	 potentially	 life-threatening	 electrolyte	 abnormalities.	 He	 has
developed	 oliguric	 acute	 kidney	 injury	 with	 microscopic	 evidence	 of	 severe
acute	tubular	necrosis	and	requires	both	solute	clearance	and	volume	removal	to
counteract	these	complications.	Continuous	venovenous	hemofiltration	(CVVH)
would	 be	 most	 appropriate	 (choice	 A	 is	 correct).	 Intermittent	 hemodialysis



(IHD)	 could	 be	 an	 option	 if	CVVH	was	 not	 available;	 however,	 IHD	 is	more
likely	to	reduce	cerebral	perfusion	and	increase	cerebral	edema	due	to	the	rapid
removal	of	urea.	IHD	is	also	more	likely	to	exacerbate	the	patient’s	preexisting
hemodynamic	instability	because	of	the	more	rapid	fluid	and	solute	removal	than
would	 be	 provided	 by	 CVVH	 (choice	 B	 is	 incorrect).	 Slow	 continuous
ultrafiltration	(SCUF)	can	provide	a	 lower	rate	of	ultrafiltration,	which	may	be
appropriate	 for	 a	 patient	 with	 pressor-dependent	 hypotension.	 However,	 this
patient	 requires	 solute	 clearance	 in	 addition	 to	 volume	 removal.	 Without
utilizing	 diffusive	 clearance	 or	 replacement	 fluid,	 SCUF	 will	 not	 address	 the
hyperkalemia	and	metabolic	acidosis	(choice	C	is	incorrect).	Peritoneal	dialysis
(PD)	 is	 not	 the	 optimal	 choice	 as	 it	 requires	 surgical	 placement	 of	 an
intraperitoneal	 catheter	 and	 provides	 relatively	 inefficient	 solute	 clearance	 and
volume	removal.	Furthermore,	filling	the	peritoneal	space	with	multiple	liters	of
dialysate	could	impair	respiratory	mechanics	(choice	D	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	 The	 landmark	 ATN	 trial	 demonstrated	 no	 difference	 in	 RRT

duration,	 recovery	 of	 renal	 function,	 or	 recovery	 from	 nonrenal	 organ	 failure
with	 target	 effluent	 dose	of	 20	vs	35	mL/kg/h.	We	 recommend	25	mL/kg/h	 to
achieve	a	minimum	of	20	mL/kg/h,	as	that	difference	of	5	mL/kg/h	accounts	for
the	 inevitable	 CRRT	 interruptions	 during	 treatment	 (choice	 C	 is	 correct).
Increased	blood	flows	will	allow	for	increased	solute	clearance;	however	blood
flows	 used	 for	 CRRT	 are	 most	 commonly	 250	 mL/min	 or	 less	 (choice	 A	 is
incorrect).	BUN	levels	are	not	typically	used	as	treatment	targets	independent	of
other	volume	or	solute	parameters	(choice	B	is	incorrect).	UF	rates	are	modified
as	needed	 for	 fluid	overload	management	and	hemodynamic	 instability	but	are
not	a	therapeutic	target	for	renal	replacement	therapy	(choice	D	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 ICU	 admission	 does	 not	 obligate	 renal	 replacement	 therapy	 for

patients	with	acute	kidney	injury	(AKI)	(choice	D	is	correct).	The	findings	of	the
AKIKI	 and	 STARRT-AKI	 trials	 showed	 no	 benefit	 to	 early	 renal	 replacement
therapy	as	defined	by	more	severe	stages	of	the	KDIGO	staging	system,	without
otherwise	having	potentially	fatal	complications	of	that	kidney	failure	(choices	A
and	B	 are	 incorrect).	 The	KDIGO	has	 three	 stages	 based	 on	worsening	 serum
creatinine	 and	 oliguria.	 Similarly,	 the	 IDEAL-ICU	 study	 did	 not	 demonstrate
survival	benefits	for	patients	who	reached	the	“failure”	stage,	or	F,	of	the	RIFLE
staging	 system	 absent	 an	 otherwise	 life-threatening	 complication	 (choice	 C	 is
incorrect).
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Chapter	202
Ultrasonography	for	the	Evaluation	of
the	Urinary	System
Paul	H.	Mayo,	Seth	J.	Koenig,	Satya	Allaparthi,	K.	C.	Balaji,	Philip	J.
Ayvazian,	Craig	M.	Lilly

KEY	POINTS:
1.	 Equipment:	A	curvilinear	probe	specifically	designed	for	abdominal

and	retroperitoneal	imaging	is	preferred.
2.	 Kidney	scanning	technique:	With	the	patient	in	the	supine	position,

the	probe	is	placed	in	the	posterior	axillary	line	over	the	lower	lateral
chest	wall	in	order	to	obtain	a	transcostal	coronal	plane	view	of	the
right	or	left	kidney	in	their	longitudinal	axis

3.	 Bladder	scanning	technique:	The	bladder	is	imaged	by	placing	the
probe	just	above	the	pubic	bone	in	the	midline,	as	demonstrated	in	
	Video	202.4.	Using	a	transverse	scanning	plane,	the	probe	is

angled	in	caudal	direction	in	order	to	identify	the	bladder.
4.	 Clinical	application:	Obstructive	uropathy	is	a	potentially	reversible

cause	of	renal	failure,	so	it	is	important	to	rule	out	this	entity	for	the
patient	who	has	renal	failure	in	the	intensive	care	unit.

EQUIPMENT
1 	 A	 curvilinear	 probe	 specifically	 designed	 for	 abdominal	 and	 retroperitoneal
imaging	is	preferred.	If	two	probe	acquisition	costs	are	a	factor,	a	phased	array
cardiac	probe	gives	serviceable	images	when	configured	with	abdominal	presets
and	can	be	used	for	thoracic	and	cardiac	imaging	as	well.



SCANNING	TECHNIQUE	FOR	THE	KIDNEY
2 	With	 the	 patient	 in	 the	 supine	 position,	 the	 probe	 is	 placed	 in	 the	 posterior
axillary	 line	 over	 the	 lower	 lateral	 chest	 wall	 in	 order	 to	 obtain	 a	 transcostal
coronal	plane	view	of	the	right	or	left	kidney	in	their	longitudinal	axis	 	Video
202.1.	The	 tomographic	plane	may	need	 to	be	 adjusted,	 as	 the	kidney	may	be
slightly	oblique	to	the	coronal	plane.	Useful	landmarks	for	locating	the	kidneys
are	 the	 liver	or	 spleen,	as	 the	kidneys	are	adjacent	and	caudal	 to	 these	organs.
The	 inexperienced	 operator	 often	 scans	 in	 too	 anterior	 a	 plane	 to	 locate	 the
kidney.	A	useful	 rule	 to	 locate	 the	kidney	 is	 to	place	 the	“knuckle	on	 the	bed”
when	 the	 operator	 is	 positioned	 ipsilaterally	 and	 scanning	 the	 contralateral
kidney.	 This	 results	 in	 an	 appropriately	 posterior	 scanning	 plane.	 Once	 the
kidney	 is	 identified,	 the	 initial	 image	 obtained	 is	 through	 the	 midline	 of	 the
organ	in	order	to	obtain	a	longitudinal	measurement	of	kidney	length,	to	measure
the	cortical	thickness	and	echogenicity,	and	to	examine	for	pelvocalyceal/cortical
differentiation.	The	probe	 is	 then	 angled	 through	 the	kidney	 in	order	 to	obtain
multiple	tomographic	sections	of	its	structure.	Important	findings	may	be	missed
if	the	examination	is	limited	to	a	single	midline	tomographic	plane.	The	operator
may	rotate	the	probe	counterclockwise	by	90°	to	obtain	a	transverse	view	of	the
kidney	while	angling	through	it	to	obtain	multiple	tomographic	views.

CASE	1
A	man	 in	his	70s	presented	to	 the	emergency	department	with	 left-
sided	pleuritic	chest	pain	and	shortness	of	breath.1	He	also	reported
hematuria	 that	 started	 the	morning	 of	 admission.	 His	 past	medical
history	was	significant	for	hypertension	and	his	only	medication	was
hydrochlorothiazide.	 His	 physical	 examination	 showed	 a	 thin	 male
who	appeared	uncomfortable.	He	was	tachypneic	and	hypoxemic	to
92%	on	 room	air.	His	 lung	examination	 revealed	decreased	breath
sounds	 over	 the	 entire	 left	 lung.	 His	 chest	 radiograph	 is	 shown	 in
Figure	202.1.1

Based	on	his	clinical	history	and	physical	examination	and
on	 the	 ultrasonographic	 images	 presented	 in	 	 Video	 202.2,
what	is	the	likely	diagnosis?1



The	 ultrasound	 findings	 of	 	 Video	 202.2	 and	 their	 clinical
implications	are	reviewed	in	 	Video	202.3.

	

Figure	202.1 	Admission	chest	radiograph.The	bladder	is	imaged
by	 placing	 the	 probe	 just	 above	 the	 pubic	 bone	 in	 the	 midline,	 as
demonstrated	in	 	Video	202.4.	Using	a	 transverse	scanning	plane,
the	probe	is	angled	in	caudal	direction	in	order	to	identify	the	bladder.
Once	 identified,	 the	probe	 is	angled	 through	 the	bladder	 in	order	 to
obtain	multiple	tomographic	views	of	its	structure;	the	operator	may
rotate	the	probe	clockwise	by	90°	to	obtain	a	longitudinal	view	of	the
bladder	 while	 angling	 through	 it	 to	 obtain	 multiple	 tomographic
views.(From	 Mayo	 PH,	 Koenig	 SJ.	 Ultrasonography	 for	 the
evaluation	of	the	urinary	system.	In:	Lilly	CM,	Mayo	PH,	Koenig	SJ,
Irwin	RS,	eds.	Irwin	&	Rippe’s	Ultrasonography	for	Management	of
the	Critically	Ill.	Wolters	Kluwer;	2021:477-482.	Figure	28.1.)

3 	The	bladder	 is	 imaged	by	placing	 the	probe	 just	above	 the	pubic	bone	 in
the	midline,	 as	 demonstrated	 in	 	Video	 202.4.	 Using	 a	 transverse	 scanning
plane,	 the	 probe	 is	 angled	 in	 caudal	 direction	 in	 order	 to	 identify	 the	 bladder.
Once	 identified,	 the	 probe	 is	 angled	 through	 the	 bladder	 in	 order	 to	 obtain



multiple	 tomographic	 views	of	 its	 structure;	 the	 operator	may	 rotate	 the	 probe
clockwise	 by	 90°	 to	 obtain	 a	 longitudinal	 view	 of	 the	 bladder	 while	 angling
through	it	to	obtain	multiple	tomographic	views.

ULTRASONOGRAPHIC	ANATOMY	OF	THE
KIDNEY
Kidney	 size:	 The	 normal	 kidney	 size	 is	 9	 to	 12	 cm	 in	 length.	 Chronic	 renal
disease	results	in	reduction	of	kidney	size.	Acute	kidney	injury	(AKI)	may	result
in	enlargement	of	the	kidney	size.

Kidney	 parenchyma:	 The	 kidney	 parenchyma	 is	 formed	 by	 the	 outer	 renal
cortex	and	centrally	located	medulla	that	contains	the	renal	pyramids.	The	renal
calyces	may	be	prominently	 interposed	between	 the	pyramids;	 this	 is	a	normal
variant.	 Normal	 parenchymal	 thickness	 is	 1.0	 to	 1.8	 cm	 and	 is	 diminished	 in
chronic	 kidney	 disease.	 Normally,	 the	 renal	 parenchyma	 is	 hypoechoic	 when
compared	to	the	adjacent	liver	or	spleen,	and	the	cortex	is	slightly	hyperechoic
relative	to	the	underlying	medulla.	Both	AKI	and	chronic	renal	disease	result	in
a	hyperechoic	parenchyma	when	compared	to	the	adjacent	liver	or	spleen.	When
comparing	 the	 echogenicity	 of	 the	 kidney	parenchyma	 to	 the	 liver	 and	 spleen,
the	 operator	 considers	 whether	 there	 is	 a	 disease	 process	 that	 may	 alter	 the
echogenicity	of	the	liver	or	spleen.

Kidney	margins:	The	outer	boundary	of	the	kidney	is	defined	by	Gerota	fascia
and	perinephric	fat.	Normally,	it	 is	smooth.	Persistent	fetal	lobulations	result	in
distinct	V-shaped	indentations	that	are	a	normal	variant.

Pelvocalyceal	 area:	 The	 central	 pelvocalyceal	 area	 contains	 the	 collecting
system,	 perisinusoidal	 fat,	 and	 the	 renal	 vasculature.	 It	 is	 hyperechoic	 and
demarcated	 from	 the	 surrounding	 renal	 parenchyma.	 Chronic	 renal	 failure	 is
associated	with	loss	of	demarcation	between	the	pelvocalyceal	area	and	the	renal
cortex;	 the	 normal	 collecting	 system	 is	 often	 not	 visible.	Obstructive	 uropathy
results	 in	dilation	of	 the	collecting	system.	On	occasion,	renal	vasculature	may
be	mistaken	for	dilation	of	the	collection	system.	Use	of	color	Doppler	may	be
required	 to	 differentiate	 blood	 vessels	 from	 mild	 hydronephrosis.	 Doppler
analysis	 of	 renal	 blood	 flow	has	 some	 applications	 for	 assessment	 of	AKI	but
requires	 training	 above	 the	 level	 typically	 needed	 by	 the	 frontline	 intensivist.
When	indicated,	it	is	obtained	on	a	consultative	basis	from	the	radiology	service.



SCANNING	TECHNIQUES	FOR	IMAGING	THE
BLADDER
The	bladder	is	best	imaged	when	it	is	filled	with	urine.	The	normal	bladder	is	in
the	midline	and	is	symmetric	with	thin	smooth	walls.	When	nondistended,	wall
thickness	 is	 increased.	 The	 empty	 bladder	 may	 be	 difficult	 to	 locate	 unless	 a
catheter	balloon	is	inflated	inside	it.	It	may	be	difficult	to	distinguish	a	distended
bladder	when	ascites	is	nearby.	The	operator	searches	for	bowel	structures	within
the	fluid-filled	structure;	their	presence	indicates	ascites.	If	uncertainty	persists,
injection	of	agitated	saline	into	the	bladder	catheter	with	real-time	imaging	will
resolve	the	issue.

CASE	2
A	72-year-old	man	was	brought	 to	 the	emergency	department	after
having	melena	 and	 a	 day	 of	 frequent	 falling.2	 He	 has	 a	 history	 of
ischemic	stroke	and	was	taking	an	oral	direct	thrombin	inhibitor.	On
presentation,	 he	 was	 conversant	 without	 hypotension	 and	 has	 a
hemoglobin	of	4.4	g/dL	and	an	INR	(international	normalized	ratio)	of
4.4.	He	was	 treated	with	a	proton	pump	 inhibitor	and	 received	one
unit	of	packed	red	blood	cells	and	2	units	of	fresh	frozen	plasma,	and
a	 Foley	 catheter	 was	 placed.	 Shortly	 after	 the	 transfusions,	 he
became	 acutely	 diaphoretic,	 unresponsive,	 tachypneic,	 and	 had
diffuse	abdominal	 tenderness.	His	examination	showed	pallor,	clear
breath	 sounds,	 and	 a	 rigid	 abdomen,	 and	 no	 urine	 in	 the	 Foley
catheter.	Repeat	serum	tests	revealed	a	hemoglobin	of	3.5	g/dL	and
a	very	elevated	lactate	level.	A	focused	assessment	with	sonography
(FAST)	 for	 trauma	 examination	 was	 performed	 to	 evaluate	 the
abdominal	findings	and	to	search	for	a	focus	of	bleeding.

Based	 on	 the	 clinical	 presentation,	 physical	 examination,
and	the	ultrasound	images	presented	in	 	Videos	 202.5-202.7,
what	is	the	likely	diagnosis?2

The	findings	of	 	Videos	202.5-202.7	are	reviewed	in	 	Videos
202.8-202.12.2	 	 Videos	 202.11	 and	 202.12	 demonstrate	 the	 4



views	 of	 the	 FAST	 examination	 and	 provide	 examples	 of	 key
abnormal	findings.

CLINICAL	APPLICATION	OF
ULTRASONOGRAPHY	OF	THE	URINARY
SYSTEM
4 	Obstructive	uropathy	is	a	potentially	reversible	cause	of	renal	failure,	so	it	 is
important	 to	 rule	 out	 this	 entity	 for	 the	 patient	 who	 has	 renal	 failure	 in	 the
intensive	care	unit.	The	examination	can	be	performed	in	a	short	period	of	time
and	is	an	essential	part	of	competence	in	critical	care	ultrasonography.	It	includes
examination	 of	 both	 kidneys	 for	 hydronephrosis	 and	 evaluation	 of	 the	 bladder
for	outflow	obstruction.	The	 findings	of	hydronephrosis	 include	dilation	of	 the
renal	 pelvis	 and	 calyces	 by	 urine	 often	with	 posterior	 enhancement	 artifact	 as
demonstrated	 in	 	Video	 202.13.	 It	 can	 be	 classified	 as	 mild,	 moderate,	 or
severe.	 Acute	 obstruction	 results	 in	 calyceal	 dilation	 that	 ends	 with	 an	 acute
angle	 point.	 In	 chronic	 obstruction,	 the	 calyceal	 dilation	 ends	 in	 curvilinear
manner.	 In	 longstanding	hydronephrosis,	 the	 renal	 parenchyma	 is	 thinned,	 and
the	dilated	collecting	 system	comes	 to	occupy	most	of	 the	kidney	profile.	The
presence	 of	 hydronephrosis	 is	 not	 necessarily	 associated	 with	 a	 reduction	 in
urine	 flow.	 The	 obstruction	 may	 be	 unilateral,	 so	 one	 kidney	 continues	 to
function;	or	it	may	partial,	with	enough	pressure	backup	to	harm	the	kidney	but
with	 continued	 urine	 flow.	 	 Video	 202.13	 presents	 examples	 of	 different
patients	with	hydronephrosis	and	discusses	the	severity	of	each.

Ultrasonography	 may	 identify	 the	 source	 of	 the	 obstruction,	 if	 it	 is	 in	 the
collecting	 system	of	 the	kidney	 (eg,	kidney	 stones,	malignancy).	However,	 the
ureter	 is	 difficult	 to	 reliably	 identify	with	 ultrasonography	 even	when	 dilated;
computed	tomography	scanning	of	the	retroperitoneum	is	the	definitive	imaging
modality	for	this	pathology.	When	the	obstruction	is	at	the	level	of	the	bladder,
ultrasonography	 can	 identify	 a	 bladder	 tumor,	 blood	 clot,	 or	 prostatic
enlargement	as	the	cause	of	the	bladder	outflow	obstruction	and	hydronephrosis.
An	 occasional	 cause	 of	 anuria	 or	 oliguria	 is	 a	 blocked	 bladder	 catheter.	 The
presence	of	 a	 catheter	 tip	 and	balloon	within	 the	distended	bladder	 indicates	 a
blocked	 catheter	 that	 can	 be	 flushed	 clear	 or	 replaced.	 The	 presence	 of	 the
inflated	 balloon	within	 an	 empty	 bladder	 indicates	 a	 patent	 catheter	 if	 there	 is
urine	output,	or	an	anuric	patient	if	there	is	none.



When	 the	 insertion	of	a	bladder	catheter	 is	difficult,	 real-time	scanning	 is	 a
helpful	guide	during	insertion.	The	site	of	the	obstruction	is	usually	an	enlarged
prostate.	 Ultrasonography	 allows	 the	 operator	 to	 avoid	 the	 complication	 of
inadvertent	inflation	of	the	balloon	within	the	prostate.	This	occurs	when	the	tip
of	 the	catheter	 is	 in	 the	bladder,	but	 the	deflated	balloon	has	not	been	 inserted
past	the	prostate.	Urine	flow	is	noted	in	the	tubing,	and	the	balloon	is	assumed	to
be	 in	 the	bladder.	 Inflation	of	 the	balloon	before	 it	 is	 in	 the	bladder	can	cause
injury	 to	 the	proximal	urethra	 and	 to	 the	prostate	gland.	With	difficult	bladder
catheterization,	the	position	of	the	catheter	and	its	balloon	can	be	confirmed	with
real-time	scanning	as	being	within	the	lumen	of	the	distended	bladder	before	the
balloon	is	inflated.

CASE	3
A	65-year-old	man	with	schizophrenia,	benign	prostatic	hyperplasia,
hypertension,	 and	 a	 chronic	 suprapubic	 catheter	 presented	 to	 the
emergency	 department	 with	 fever	 and	 generalized	 fatigue.3	 He
denied	 cough,	 dyspnea,	 and	 abdominal	 pain	 at	 the	 suprapubic
catheter	 insertion	 site.	He	was	 febrile,	 borderline	 hypotensive,	 and
breathing	 comfortably.	 His	 abdomen	 was	 soft,	 nondistended,	 and
nontender	 to	 palpation,	 and	 the	 suprapubic	 catheter	 was	 draining
clear	 urine.	 He	 had	 no	 costovertebral	 angle	 tenderness.	 His
laboratory	 evaluation	 revealed	 AKI,	 and	 a	 neutrophil	 predominant
leukocytosis.	 Broad-spectrum	 antibiotics	 were	 started	 for	 severe
sepsis	and	the	medical	intensive	care	unit	was	consulted.

Based	 on	 the	 clinical	 presentation	 and	 the	 ultrasound
findings	presented	in	 	Video	202.14,	where	would	be	the	next
logical	 step	 to	 look	with	 the	 ultrasound	 for	 the	 source	 of	 this
patient’s	sepsis	and	acute	kidney	injury?3

	Videos	 202.15	 and	 202.163	 present	 the	 next	 set	 of	 images
that	 were	 obtained	 and	 a	 discussion	 of	 the	 utility	 of	 goal-directed
point-of-care	ultrasonography.

The	ultrasonographic	findings	of	 the	kidney	of	patients	with	medical	causes



of	 renal	 failure	 are	 nonspecific.	 The	 kidney	may	 be	 enlarged	with	 loss	 of	 the
medullary	 cortical	 interface,	 and	 the	 cortex	 is	 typically	 hyperechoic	 in
comparison	 to	 the	 adjacent	 liver	 or	 spleen.	 The	 examination	 is	 not	 useful	 for
categorizing	 the	etiology	of	 the	AKI	when	obstructive	uropathy	 is	not	present.
Chronic	 renal	 failure	 results	 in	 small	 hyperechoic	 kidneys	 with	 reduced
parenchymal	thickness,	and	loss	of	differentiation	between	the	parenchyma	and
the	pelvocalyceal	area.	In	end-stage	renal	disease	requiring	dialytic	support,	the
kidney	may	become	so	 small	 and	hyperechoic	 that	 it	 is	difficult	 to	 locate	with
ultrasonography.

Ultrasonography	 is	 an	 important	 imaging	 modality	 for	 the	 diagnosis	 of
urinary	tract	infection	(UTI).	As	it	can	be	performed	rapidly	at	the	point	of	care,
ultrasonography	 is	 the	 first-line	 imaging	 technique	 when	 there	 is	 clinical
suspicion	of	a	UTI.	Uncomplicated	pyelonephritis	results	in	enlargement	of	the
kidney	 but	 otherwise	 has	 no	 specific	 findings.	 Hydronephrosis	 is	 readily
detected	with	ultrasonography.	When	associated	with	clinical	evidence	of	UTI,
its	presence	mandates	consideration	of	decompression	of	the	infected	space.

CASE	4
A	woman	in	her	60s	presented	to	the	emergency	department	with	a
1-day	 history	 of	 fevers,	 chills,	 nausea,	 vomiting,	 and	 abdominal
pain.4	 She	 denied	 dysuria.	 She	 was	 febrile,	 tachycardic,	 and
hypotensive.	She	had	a	white	blood	cell	count	of	34,000/uL,	a	serum
creatinine	of	2.25	mg/dL,	an	elevated	lactate,	and	a	grossly	positive
urinalysis.	She	was	started	on	 intravenous	vasoconstrictors,	broad-
spectrum	antibiotics,	and	admitted	to	the	medical	intensive	care	unit.
A	focused,	goal-directed	ultrasound	was	performed.

Based	 on	 her	 clinical	 presentation	 and	 the	 ultrasound
images	 presented	 in	 	 Video	 202.17,4	 what	 is	 the	 likely
diagnosis?

The	 ultrasound	 findings	 of	 	Video	 202.17	 are	 reviewed	 and
their	clinical	utility	explained	in	 	Video	202.18.4

Perinephric	abscess	results	in	a	heterogeneous	crescent-shaped	collection	that
surrounds	the	kidney,	while	renal	abscess	appears	as	a	complex	hypoechoic	mass



with	irregular	thick	walls.	Ultrasound	is	useful	for	identifying	kidney	stones	that
are	 associated	 with	 an	 infection;	 kidney	 stones	 are	 identified	 as	 strongly
hyperechoic	 structures	 within	 the	 kidney	 with	 associated	 posterior	 acoustic
shadowing.	 Emphysematous	 pyelonephritis	 results	 in	 hyperechoic	 foci	 within
the	 parenchymal/pelvocalyceal	 area	with	 associated	 comet	 tail	 artifact	 or	mild
acoustic	 shadowing.	 Bladder	 infection	 has	 no	 characteristic	 features	 on
ultrasonography	 examination.	 	 Video	 202.19	 presents	 various	 ultrasound
findings	the	clinical	provider	may	see	while	imaging	the	urinary	system.

LIMITATIONS	OF	ULTRASONOGRAPHY	FOR
EVALUATION	OF	AKI

1.	 Identification	of	hydronephrosis:	Obstructive	uropathy	may	take	up	to	24
hours	to	manifest	with	sonographic	findings	of	hydronephrosis.	It	is
appropriate	to	perform	a	serial	examination,	when	the	clinical	situation
remains	ambiguous.	The	patient	with	severe	medical	renal	injury	may	have
no	urine	production	by	the	kidneys.	A	lack	of	urine	production	can	prevent
the	development	of	typical	sonographic	findings	of	obstruction	and	may	be
absent	in	the	uncommon	situation	where	severe	medical	renal	failure	and
obstructive	uropathy	are	both	present.	Rarely,	an	infiltrative	disease	of	the
kidney	(eg,	renal	lymphoma)	restricts	enlargement	of	the	collecting	ducts	in
the	presence	of	downstream	obstruction.

2.	 Without	advanced	training	in	renal	ultrasonography,	the	intensivist	will
regularly	encounter	abnormalities	that	are	incidental	to	the	main	purpose	of
the	ultrasonography	examination,	which	is	to	determine	whether	there	is
evidence	of	obstructive	uropathy.	Where	the	operator	identifies	an
abnormality	of	uncertain	implication,	they	should	call	for	expert
consultation	with	the	radiology	service.	These	include	the	following
examples	( 	Video	202.19).
a.	 Renal	cysts:	Renal	cysts	are	a	common	incidental	finding	that	may	be

solitary	or	multiple,	and	unilateral	or	bilateral.	They	are	often	located
in	the	renal	parenchyma	at	the	poles	of	the	kidney	and	occur	in	a	wide
variety	of	sizes.	Occasionally,	they	are	in	the	pelvocalyceal	area	and
may	be	confused	with	hydronephrosis.	A	simple	renal	cyst	is	anechoic
with	posterior	enhancement	artifact,	has	no	wall	thickness,	and	is
completely	absent	of	internal	echoes.	Any	other	pattern	requires
radiology	consultation.



b.	 Renal	mass:	A	renal	mass	is	an	occasional	incidental	finding.
Regardless	of	size	or	location,	this	requires	radiology	consultation.

c.	 Renal	stone:	Renal	stones,	if	composed	of	echogenic	material,	appear
as	hyperechoic	structures	within	the	collecting	system	of	the	kidney.
They	may	be	single	or	multiple	in	number,	and	characteristically
exhibit	acoustic	shadowing	artifact.	Ureteral	stones	are	difficult	to
identify	with	ultrasonography.	Renal	stones	in	association	with
ipsilateral	hydronephrosis	raise	concern	that	there	is	a	stone	impacted
in	the	ureter.

d.	 Renal	abscess	and	pyelonephritis.	An	intraparenchymal	or	perinephric
abscess	appears	as	complex	hypoechoic	mass	with	irregular	walls
Pyelonephritis	does	not	have	specific	features	on	ultrasonography
examination,	except	for	emphysematous	pyelonephritis	where	there	is
a	characteristic	pattern	of	air	collection	within	the	kidney.	If	there	is
suspicion	of	renal	infection	on	ultrasonography	examination,	radiology
consultation	is	indicated.

e.	 Bladder	mass:	Bladder	mass	is	an	occasional	incidental	finding	that
requires	radiology	consultation	(Videos	202.15;	and	202.19).	Bleeding
from	the	kidney	or	bladder	may	result	in	a	thrombus	that	can	obstruct
drainage	of	the	bladder.	These	may	be	difficult	to	differentiate	from	a
bladder	tumor.	Bladder	irrigation	with	removal	of	the	thrombus	is
diagnostic.	Bladder	irrigation	may	be	performed	with	real-time
ultrasonography	imaging	to	aid	in	clearing	the	thrombus.	A	large
prostate	may	protrude	into	the	bladder.	Radiology	consultation	is
required	to	further	characterize	any	bladder	mass.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	What	is	the	preferred	ultrasound	probe	to	use	during	the	evaluation	of	the
urinary	system?

A. 	Curvilinear	probe
B. 	Linear	vascular	probe
C. 	Phased	array	probe

2. 	You	are	evaluating	a	ward	patient	with	fever,	leukocytosis,	and	mental



status	changes.	On	ultrasound,	you	find	unilateral	hydronephrosis.	What	is	the
most	appropriate	next	step	in	management?

A. 	Broadening	of	antimicrobial	coverage
B. 	Placement	of	a	nephrostomy	tube
C. 	Placement	of	a	Foley	catheter
D. 	Transfer	to	the	ICU

3. 	Ultrasonographic	identification	of	“emphysematous	pyelonephritis”
should	result	in	what	action?

A. 	Antibiotics	for	6	weeks
B. 	Corticosteroids
C. 	Percutaneous	cystostomy	tube
D. 	Partial	or	complete	nephrectomy

Answers

1.	The	correct	answer	is	A.
Rationale:	 The	 preferred	 ultrasound	 probe	 for	 the	 evaluation	 of	 the	 urinary

system	is	a	curvilinear	probe,	which	is	specifically	designed	for	abdominal	and
retroperitoneal	imaging	(choice	A	is	correct).

2.	The	correct	answer	is	B.
Rationale:	 Presence	 of	 hydronephrosis	 in	 the	 context	 of	 severe	 sepsis	 is	 an

indication	 for	 source	 control	 in	 the	 form	 of	 effective,	 ipsilateral	 nephrostomy
tube	 decompression	 (choice	 B	 is	 correct).	 ICU	 transfer,	 Foley	 catheter
placement,	 and	 adjustment	 of	 antimicrobials	 may	 all	 be	 appropriate,	 but	 they
will	not	correct	the	underlying	source	of	sepsis.

3.	The	correct	answer	is	D.
Rationale:	Patients	with	emphysematous	pyelonephritis	(EPN)	are	extremely

ill	and	need	resuscitative	measures.	Almost	all	have	a	history	of	diabetes.	This
necrotizing	 infection	 is	 best	 managed	 as	 a	 surgical	 emergency	 (choice	 D	 is
correct).	 Broad-spectrum	 antimicrobials	 should	 be	 urgently	 administered,	 but
they	are	not	as	important	as	source	control.	Cystostomy	(bladder	drainage)	will
not	address	the	problem.	Steroids	are	inappropriate.
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Chapter	203
Drug	Dosing	in	Renal	and	Hepatic
Failure:	A	Pharmacokinetic	Approach	to
the	Critically	Ill	Patient
Irene	Li,	Peter	S.	Golenia,	Nicholas	A.	Servati,	Mackenzie	Piché,	Neil	P.
Wallis,	Renu	Nathan

KEY	POINTS:
1.	 Designing	a	safe	and	effective	medication	regimen	requires	an

understanding	of	basic	pharmacokinetic	and	pharmacodynamic
parameters.

2.	 Clinical	pharmacokinetics	is	the	utilization	of	drug	absorption,
distribution,	metabolism,	and	excretion	concepts	to	create	patient-
specific	drug	regimens	that	maximize	therapeutic	outcomes	while
minimizing	toxicity.

3.	 Most	drugs	undergo	first-order	kinetics,	which	means	the	drug	is
eliminated	from	the	body	at	a	rate	that	is	constant	and	proportional	to
its	serum	concentration.

4.	 In	general,	it	is	recommended	to	delay	checking	plasma	levels	and
making	dose	adjustments	based	on	that	level	until	a	drug	reaches
steady	state.

5.	 Patients	with	renal	and/or	hepatic	dysfunction	experience	alterations
in	pharmacokinetics,	often	necessitating	dose	adjustments	or
therapeutic	drug	monitoring	with	their	medication	regimens.

6.	 It	is	important	to	consider	the	type,	frequency,	duration,	and	flow	rate
of	dialysis	as	dosing	recommendations	can	vary	significantly	among
renal	replacement	modalities.



INTRODUCTION
Estimating	 the	 incidence	 of	medication-related	 harm	 in	 the	 intensive	 care	 unit
(ICU)	 is	difficult	due	 to	 the	 lack	of	consistent	published	definitions.	However,
two	classifications	can	be	posited:	medication	errors	and	adverse	drug	events.	A
medication	 error	 (ME)	 includes	 any	mistake	 during	medication	 administration
regardless	of	whether	it	resulted	in	patient	harm.	An	adverse	drug	event	(ADE)
is	an	error	that	reached	a	patient	and	resulted	in	harm	and	can	be	categorized	as
either	 preventable	 or	 nonpreventable.1	 Studies	 on	 MEs	 and	 ADEs	 in	 ICU
patients	have	 revealed	an	ME	occurrence	 rate	of	8.1	 to	2344	per	1000	patient-
days	 and	 a	 preventable	 ADE	 rate	 ranging	 from	 5.1	 to	 87.5	 per	 1000	 patient-
days.2	One	study	involving	205	ICUs	in	Europe	investigated	the	rate	of	sentinel
events	 (defined	 as	 an	 incident	 that	 harmed	 or	 could	 have	 harmed	 a	 patient)
during	a	24-hour	period	and	found	a	rate	of	8.6	to	12.4	(95%	CI)	events	per	100
patient-days.	The	study	 further	categorized	 the	of	medication-involved	sentinel
event	as	either	prescription	or	administration,	of	which	there	were	5.7	events	per
100	patient-days	and	4.8	events	per	100	patient-days,	respectively.3

Critically	 ill	patients	are	 twice	as	 likely	 to	experience	an	ADE	compared	 to
patients	on	a	general	medicine	unit.4	The	reason	for	 the	 increased	risk	 is	 likely
multifactorial:	critically	ill	patients	tend	to	receive	twice	as	many	medications	as
non-ICU	patients,	are	often	sedated	or	have	an	altered	mental	status	 that	 limits
evaluation	 of	 drug-related	 symptoms,	 are	 more	 likely	 to	 receive	 multiple
intravenous	medications	(higher	risk	of	miscalculated	doses	and	infusion	rates	as
compared	 to	 oral	 dosage	 forms),	 receive	 medications	 that	 are	 frequently
considered	 error-prone,	 and	may	have	 frequently	 changing	hemodynamics	 that
may	cause	renal	and	hepatic	function	to	change.	Acute	kidney	injury	(AKI),	both
a	risk	factor	for	and	result	of	adverse	drug	events,	occurs	among	up	to	half	of	all
adult	 critically	 ill	 patients	 and	 carries	 an	 increased	 risk	 for	mortality	 of	 up	 to
80%.5-7	Up	 to	45%	of	patients	with	an	estimated	creatinine	clearance	 less	 than
40	mL/min	receive	medications	that	are	dosed	as	much	as	2.5	times	higher	than
the	 maximum	 recommended	 dosage.8	 Additionally,	 ADEs	 occur	 among
approximately	24%	of	patients	with	blood	urea	nitrogen	greater	than	40	mg/dL
compared	 to	 9%	 of	 patients	 with	 blood	 urea	 nitrogen	 less	 than	 20	 mg/dL.9
Adverse	drug	events	not	only	 increase	morbidity	and	mortality	but	also	have	a
substantial	 impact	 financially.	 It	 has	 been	 estimated	 that	 each	 ADE	 increases
hospital	costs	by	approximately	$2000	 to	$5800	(an	estimated	$3300	 to	$9650
during	 2021).10-12	 Additionally,	 length	 of	 hospital	 stay	 is	 prolonged	 by
approximately	 2	 days	 for	 any	 ADE	 and	 increases	 to	 an	 additional	 5	 days	 for
preventable	ADEs	 in	 ICU	patients.	For	 these	 reasons,	 appropriate	 drug	dosing



for	 critically	 ill	 patients	with	kidney	or	 liver	 injury	 is	 essential.	The	 following
review	uses	pharmacokinetic	principles	 to	discuss	key	concepts	of	drug	dosing
in	critically	ill	patients	with	renal	and	hepatic	dysfunction.

PHARMACOKINETIC	AND	PHARMACODYNAMIC
PRINCIPLES
1 	 2 	Designing	a	safe	and	effective	medication	regimens	for	critically	ill	patients
requires	 an	 understanding	 of	 basic	 pharmacokinetic	 and	 pharmacodynamic
parameters—fundamental	 aspects	 of	 drug	 pharmacology—due	 to	 alterations	 in
drug	disposition	and	organ	function.	Pharmacokinetics	 relates	 to	 the	principles
of	 drug	 absorption,	 distribution,	 metabolism,	 and	 excretion,	 whereas
pharmacodynamics	 describes	 the	 pharmacological	 effects	 resulting	 from	 the
drug	 at	 the	 site	 of	 action	 and	 is	 governed	 by	 dose-response	 relationships.	 A
simpler	 way	 to	 conceptualize	 the	 difference	 between	 the	 two	 is	 that
pharmacokinetics	 deals	 with	 how	 the	 body	 affects	 a	 drug,	 while
pharmacodynamics	 is	 concerned	 with	 how	 a	 drug	 affects	 the	 body.	 Clinical
pharmacokinetics	is	the	utilization	of	drug	absorption,	distribution,	metabolism,
and	 excretion	 concepts	 to	 create	 patient-specific	 drug	 regimens	 that	maximize
therapeutic	outcomes	while	minimizing	toxicity	(Figure	203.1).

	

Figure	 203.1 	 The	 relationship	 between	 pharmacokinetics	 and
pharmacodynamics.(Adapted	 from	 Chernow	 B,	 ed.	 Critical	 Care
Pharmacotherapy.	Williams	&	Wilkins,	1995:4.)

3 	The	majority	of	drugs	administered	to	critically	ill	patients	can	be	described
using	 linear,	 also	 known	 as	 first-order,	 pharmacokinetics.	 Drugs	 that	 exhibit
linear	pharmacokinetics	undergo	 removal	 from	plasma	at	a	 rate	 that	 is	directly
proportional	 to	 the	 plasma	 concentration	 of	 drug;	 elimination	 increases	 as	 the



plasma	concentration	increases	and	elimination	decreases	as	the	amount	of	drug
decreases.	 In	 practical	 terms,	 if	 the	 dose	 of	 a	 drug	 results	 in	 a	 peak	 plasma
concentration	of	1000	mg/mL	and	the	concentration	of	the	drug	is	500	mg/mL	at
6	hours	post	dose,	doubling	the	initial	dose	would	result	in	a	peak	concentration
of	 2000	 mg/mL	 and	 a	 subsequent	 6-hour	 concentration	 of	 1000	 mg/mL.
Essentially,	drug	clearance	has	effectively	doubled,	but	the	drug	concentration	is
still	50%	of	the	initial	concentration	at	the	same	time	interval.	The	proportion	of
drug	removed	will	remain	constant	regardless	of	the	concentration	while	the	rate
of	 change	 in	 drug	 concentration	 is	 primarily	 dependent	 upon	 the	 current
concentration	(Figure	203.2).	Plotting	plasma	concentrations	over	time	of	a	drug
that	 demonstrates	 linear	 pharmacokinetics	 on	 a	 logarithmic	 scale,	 two	 slopes
become	 evident	 (Figure	 203.3):	 The	 initial	 slope	 is	 known	 as	 the	 α	 (or
distribution)	phase,	 and	 the	 following	slope	 is	known	as	 the	β	 (or	elimination)
phase.	 The	 α	 phase	 represents	 the	 swift	 decrease	 in	 plasma	 concentration
following	 drug	 administration	 and	 is	 caused	 by	 the	 drug	 exiting	 the	 plasma
(central	 compartment)	 and	 distributing	 into	 the	 peripheral	 tissues	 (peripheral
compartment)—a	 rapid	 attainment	 of	 an	 equilibrium	 between	 the	 two.	 When
monitoring	serum	drug	concentrations,	it	is	important	to	obtain	samples	after	the
distribution	 phase	 is	 complete	 to	 avoid	 judgements	 based	 on	misleading	 drug
levels.	The	β	phase	 represents	drug	 elimination	 from	 the	 central	 compartment.
The	elimination	rate	constant	(Kel)	can	be	determined	by	calculating	the	slope	of
the	line	during	the	elimination	phase	and	is	used	to	calculate	a	drug’s	half-life	(t
1/2).

	



Figure	 203.2 	 The	 effect	 of	 increasing	 daily	 dose	 on	 average
steady-state	 drug	 concentrations	 for	 drugs	 undergoing	 nonlinear	 or
zero-order	 pharmacokinetic	 modeling	 (solid	 line).The	 effect	 of
increasing	daily	dose	on	average	steady-state	drug	concentrations	for
drugs	 undergoing	 linear	 or	 first-order	 pharmacokinetic	 modeling
(dotted	line).

	

Figure	 203.3 	 Logarithm	 of	 plasma	 concentration	 (Cp)	 vs	 time
plot	 for	 a	 drug	 after	 rapid	 intravenous	 injection,	 delineating	 the	 α
distribution	and	β	elimination	phases.

Some	 drugs,	 such	 as	 phenytoin,	 follow	 zero-order,	 or	 nonlinear,
pharmacokinetics.	 Zero-order	 pharmacokinetics,	 also	 known	 as	 Michaelis-
Menten	kinetics,	refers	to	removal	of	a	constant	quantity	of	drug	per	unit	of	time.
Unlike	 first-order	 pharmacokinetic	 elimination,	 the	 elimination	 rate	 is	 uniform
and	 independent	 of	 the	 plasma	 concentration	 of	 the	 drug.	 The	 metabolizing
enzyme	has	 a	maximum	velocity	beyond	which	 there	 is	 no	 further	 increase	of
elimination	 rate	 in	 response	 to	 increased	 concentrations	 of	 drug.	 In	 clinical
terms,	a	small	increase	of	the	medication	dose	can	lead	to	a	large,	unpredictable
—and	potentially	detrimental—increase	of	plasma	concentration,	hence	the	term
nonlinear,	 as	 opposed	 to	 linear	 that	 has	much	more	 consistent	 and	 predictable
dose	to	plasma	concentration	relationships	(Figure	203.2).



PHARMACOKINETIC	CONCEPTS
Absorption	of	a	medication	classically	refers	 to	 the	movement	of	drug	from	an
extravascular	site	of	administration	(eg,	gastrointestinal	(GI)	tract,	skin,	muscle,
mucous	 membrane,	 lung,	 etc)	 to	 the	 central	 or	 peripheral	 compartments.
Absorption	 is	 determined	 by	 multiple	 factors	 such	 as	 the	 anatomy	 and
physiology	of	 the	 administration	 site	 (surface	area,	pH	of	 the	 stomach	and	 the
small	intestine,	gastric	motility,	blood	flow	to	the	area,	etc),	the	physiochemical
properties	 of	 the	 medication	 (lipophilicity,	 pKa,	 etc),	 and	 the	 dosage	 form
administered	 (particle	 size,	 dissolution,	 etc).	 Drug	 absorption	most	 commonly
involves	 passive	 diffusion	 across	 a	 semipermeable	membrane	 from	 an	 area	 of
higher	drug	concentration	to	an	area	of	lower	drug	concentration,	a	process	that
can	be	explained	by	Fick	laws	of	diffusion	and,	more	broadly,	by	the	second	law
of	 thermodynamics.	 An	 orally	 administered	 medication	 will	 generally	 move
from	the	GI	 tract	 into	 the	bloodstream	following	a	concentration	gradient	until
equilibrium	 is	 reached.	 Active	 diffusion	 and	 facilitated	 diffusion	 are	 also
involved	 during	 the	 transport	 of	 drugs	 into	 the	 central	 compartment.	 Ions	 and
nutrients	are	often	absorbed	via	carrier-mediated	membrane	transporters	found	in
the	 GI	 tract	 and	 are	 typically	 an	 active	 form	 of	 diffusion,	 meaning	 that	 the
mechanism	requires	energy	input	since	transport	occurs	against	a	concentration
gradient.	Few	drugs	undergo	active	transport,	but	this	mechanism	may	be	central
to	 the	 absorption	 of	 agents	 such	 as	 levodopa,	 propylthiouracil,	 and	 iron	 salts.
Unlike	 active	 diffusion,	 facilitated	 passive	 diffusion	 does	 not	 require	 energy
input	since,	like	passive	diffusion,	it	moves	drugs	down	a	concentration	gradient;
however,	 this	 process	 requires	 a	 carrier	 protein	 on	 the	 cell	 membrane	 that
reversibly	binds	to	a	drug	molecule	to	form	a	complex	which	rapidly	crosses	the
cell	and	releases	the	molecule	at	another	location	along	the	cell	membrane.	The
proteins	 involved	in	carrier-mediated	diffusion	tend	to	have	 limited	availability
and,	as	a	result,	the	process	may	become	saturated	as	carrier	protein	availability
decreases.	 A	 thorough	 discussion	 of	 the	 known	 transporter	 protein	 families
located	in	the	GI	tract	is	beyond	the	scope	of	this	chapter,	especially	considering
that	the	exact	role	and	extent	of	drug	dependence	on	specific	transporters	has	not
been	 fully	 elucidated.	However,	 be	 that	 as	 it	may,	 a	 vast	 array	 of	medications
that	 are	 frequently	 utilized	 appears	 to	 undergo	 facilitated	 transport	 to	 at	 least
some	 extent:	 antivirals	 (such	 as	 acyclovir),	 β-lactam	 antibiotics,	 salicylic	 acid
and	 nonsteroidal	 anti-inflammatory	 drugs,	 valproic	 acid,	 and	 many
antineoplastic	drugs.
Bioavailability	 describes	 the	 amount	 of	 drug	 that	 reaches	 the	 systemic



circulation	 or	 the	 site	 of	 action	 following	 administration	 and	 is	 described	 in
fractional	terms.	Because	it	is	the	amount	of	drug	absorbed	relative	to	the	dose
administered,	it	can	be	thought	of	as	the	net	or	functional	absorption	of	a	drug.
Intravenous	 administration	 has	 a	 bioavailability	 of	 100%,	 whereas	 the
bioavailability	 of	 extravascularly	 administered	 drugs	 is	 dependent	 upon
absorption	 and	 is	 discussed	 as	 being	 relative	 to	 the	 serum	 concentration	 seen
with	 intravenous	 administration.	 The	 fraction	 of	 drug	 that	 reaches	 the	 central
compartment	 after	 extravascular	 administration	 may	 be	 affected	 by	 a
phenomenon	known	as	 the	 first-pass	effect	 or	 first-pass	metabolism.	 First-pass
metabolism	is	typically	seen	with	drugs	administered	via	the	oral	route.	Due	to
the	absorption	of	drugs	from	the	GI	tract	into	the	portal	circulation,	medications
will	pass	through	the	liver	prior	to	entry	into	the	systemic	circulation	where	the
agents	may	undergo	varying	degrees	of	hepatic	metabolism.	Additionally,	first-
pass	 loss	may	also	occur	due	 to	metabolic	enzymes	found	within	 the	 intestinal
epithelium.	 Certain	 extravascular	 routes	 of	 parenteral	 drug	 administration,	 ie,
intramuscular	 and	 subcutaneous,	 tend	 to	 have	 100%	 bioavailability.	 This	 is
typical	 of	 relatively	 small	 drug	 molecules,	 those	 <1000	 g/mol,	 but	 drug
molecules	that	have	a	high	molecular	weight,	>16,000	g/mol	(eg,	protein-based
drugs),	 may	 have	 such	 a	 slow	 transit	 across	 capillary	 membranes	 that	 a
preponderance	 of	 absorption	 occurs	 through	 the	 lymphatic	 system.
Transportation	 within	 lymphatics	 may	 expose	 medications	 to	 first-pass
metabolism	via	proteolytic	enzymes.

It	 is	 also	 important	 to	 note	 that	 bioavailability	 only	 describes	 the	 extent	 of
drug	 absorption	 and	 not	 the	 rate	 of	 drug	 absorption.	 This	 is	 of	 clinical
significance	 when	 one	 considers	 disease	 states,	 alterations	 in	 anatomy,	 food
intake,	 or	 concomitant	 drugs	 that	 affect	 gastric	 emptying	 rates	 and	 GI	 transit
times.	 Examples	 may	 include	 antimuscarinic	 agents	 slowing	 GI	 motility	 and
increasing	 transit	 time	 through	 portions	 of	 the	 small	 intestine	 (primary	 site	 of
absorption	for	most	drugs),	with	a	subsequent	increase	in	the	contact	time	with
permeable	 membranes	 and	 resulting	 in	 a	 greater	 fraction	 of	 the	 drug	 being
absorbed.	Additionally,	the	expected	pharmacokinetics	of	a	drug—time	to	peak
concentrations	and	half-lives—may	be	dramatically	altered.

After	 a	 drug	 is	 absorbed,	 it	 distributes	 among	 the	plasma	 and	body	 tissues.
Medications	 that	 are	 hydrophilic	 tend	 to	 remain	 in	 the	 central	 compartment
while	 lipophilic	 drugs	 can	 cross	 lipid	 bilayers	 and	 distribute	 into	 peripheral
compartments.	Volume	of	distribution	(VD)	is	a	theoretical	volume	calculated	by
dividing	the	drug	dose	by	the	plasma	concentration	of	drug.	Expressly,	it	is	the
total	 volume	 that	 would	 be	 needed	 to	 produce	 a	 concentration	 equal	 to	 the



plasma	 concentration	 of	 drug.	 Understanding	 and	 applying	 VD	 to	 clinical
situations	aids	with	determining	whether—and	to	what	extent—treatments	such
as	hemodialysis	may	have	on	drug	concentrations.

To	 illustrate,	 if	 700	 mg	 of	 a	 drug	 given	 to	 a	 70	 kg	 patient	 results	 in	 a
calculated	 maximum	 plasma	 concentration	 of	 7	 mg/L,	 it	 is	 as	 if	 the	 drug	 is
dissolved	in	100	L	of	fluid.	The	VD	would	be	100	L	or	1.429	L/kg.	Under	normal
physiological	 conditions,	however,	 a	70-kg	adult	does	not	have	100	L	of	body
fluid.	A	large	VD	means	that	the	amount	of	drug	in	the	plasma	is	reduced	due	to
distribution	among	peripheral	compartments.	Hydrophilic	medications	and	those
with	 a	 high	 affinity	 for	 plasma	 proteins	 tend	 to	 remain	 in	 the	 central
compartment	and	have	a	lower	VD	that	more	closely	coincides	with	intravascular
volume.
Clearance	describes	 the	volume	of	plasma	cleared	of	drug	per	unit	of	 time.

Clearance	 through	an	organ	 is	determined	by	 the	product	of	blood	 flow	 to	 the
organ	 and	 the	 extraction	 ratio	 for	 the	 organ.	 The	 extraction	 ratio	 is	 the
percentage	 of	 medication	 removed	 from	 the	 blood	 as	 it	 passes	 through	 the
eliminating	organ.	This	is	influenced	not	only	by	the	rate	of	blood	flow	but	also
by	 the	 free	 fraction	 of	 drug	 and	 the	 intrinsic	 ability	 of	 the	 organ	 to	 eliminate
drug.	Changes	in	blood	flow	to	the	organ	responsible	for	clearing	the	drug	or	any
factor	altering	the	extraction	ratio	of	a	drug	can	modify	a	drug’s	clearance.	For
example,	 a	 patient	 with	 septic	 or	 cardiogenic	 shock	 may	 have	 reduced	 blood
flow	 to	 the	 liver	 and	 kidneys,	 hampering	 drug	 clearance.	 Furthermore,	 if	 a
vasopressor	 is	added	to	 therapy,	blood	flow	to	 the	GI	tract	may	be	diminished,
resulting	in	decreased	drug	absorption.

The	rate	of	drug	removal	from	the	body	is	described	as	the	elimination	rate
constant	 (K	 el).	 With	 first-order	 elimination,	 a	 constant	 percentage	 of	 drug	 is
removed	from	the	plasma	per	unit	of	time	and	is	expressed	as	[fraction	of	drug]	∙
min−1	or	h−1	(ie,	a	drug	that	is	eliminated	at	a	rate	of	34.5%/h	would	be	written	as
0.345/h).	The	K	el	is	also	inversely	proportional	to	the	drug’s	half-life.	The	half-
life	 of	 a	 medication	 is	 defined	 as	 the	 amount	 of	 time	 required	 for	 the
concentration	 of	 drug	 to	 decrease	 by	 50%	 and	 is	 generally	 a	 function	 of	 drug
metabolism	 and	 elimination	 but	 is	 also	 affected	 to	 at	 least	 some	 extent	 by
absorption	 and	 distribution.	 Conceptually,	 the	 half-life	 of	 a	 medication	 is	 a
simpler	way	 to	 express	 how	quickly	 a	 drug	 is	 cleared	 from	 the	 patient.	 In	 the
previous	example,	a	drug	with	a	Kel	of	0.345/h	has	a	half-life	of	approximately	2
hours.	The	K	 el	 and	half-life	of	a	drug	 remain	 relatively	constant	provided	 that
the	metabolizing	 and	 eliminating	processes	 also	 remain	 constant.	 If	 a	 patient’s



renal	or	hepatic	function	declines,	K	el	of	a	drug	may	be	reduced	while	the	half-
life	will	be	prolonged.

4 	The	half-life	of	a	drug	is	also	useful	for	determining	the	time	required	for	a
drug	 to	 reach	 steady	 state.	 Steady	 state	 is	 achieved	when	 the	 amount	 of	 drug
entering	the	body	per	unit	of	time	and	the	amount	eliminated	per	unit	of	time	are
in	a	dynamic	equilibrium,	meaning	plasma	drug	levels	remain	relatively	constant
within	a	certain	serum	concentration	range.	Steady-state	conditions	are	reached
after	 approximately	 four	 or	 five	 half-lives	 of	 the	 drug	 have	 passed	 while	 the
patient	 has	 consistently	 received	 repeat	 doses	 at	 regular	 dosing	 intervals.	 A
clinician	 should	 generally	 wait	 until	 a	 medication	 reaches	 steady	 state	 before
obtaining	 a	 drug	 serum	 concentration	 or	 adjusting	 the	 dose.	 Additionally,
knowledge	 of	 a	 drug’s	 half-life	 allows	 for	 estimation	 of	 the	 duration	 of	 a
pharmacological	or	toxic	effect.	It	is	important	to	note	that	exceptions	exist	and
certain	drugs	(eg,	glucocorticoids,	aminoglycosides)	may	be	pharmacologically
active	 longer	 than	would	be	expected	 from	serum	concentrations—effects	may
persist	well	beyond	the	time	at	which	drug	level	becomes	undetectable.

RENAL	DRUG	EXCRETION
5 	 The	 kidneys	 are	 the	 primary	 site	 responsible	 for	 drug	 (and	 drug	metabolite)
clearance.	 There	 are	 three	 major	 processes	 involved	 in	 renal	 drug	 clearance:
glomerular	 filtration,	 tubular	 secretion,	 and	 tubular	 reabsorption.	 Physiological
changes	 due	 to	 critical	 illness	 or	 renal	 dysfunction	 can	 alter	 any	 of	 these
pathways.	Studies	evaluating	the	effects	of	renal	impairment	on	drug	elimination
typically	examine	changes	of	total	body	clearance	or	serum	concentration	since
multiple	clearance	routes	may	be	affected	simultaneously,	making	it	difficult	to
determine	the	specific	impact	of	each	individual	pathway.
Glomerular	 filtration	 is	 the	 most	 common	 pathway	 of	 renal	 medication

excretion.	The	glomerular	 filtration	 rate	 (GFR)	 for	 an	 average	healthy	 adult	 is
between	100	and	125	mL/min	and	represents	approximately	20%	of	total	plasma
flow	 to	 the	 kidneys.	 Many	 physiological	 factors	 affect	 glomerular	 filtration,
including	 hydrostatic	 pressure	 and	 osmotic	 gradients.	 For	 drugs	 that	 are
primarily	 eliminated	via	glomerular	 filtration,	 excretion	occurs	 at	 a	 rate	 that	 is
directly	proportional	to	GFR	(first-order	process).	The	degree	of	plasma	protein
binding	 also	 affects	 filtration—only	 unbound	 drug	 can	 be	 filtered	 across	 the
glomerular	 capillaries.	 To	 estimate	 the	 possible	 impact	 of	 decreased	 filtration,
knowledge	of	fraction	of	drug	that	is	renally	eliminated	(including	the	excretion
method	for	any	active	or	toxic	metabolite)	is	essential.



Tubular	 secretion	 refers	 to	 the	 active	 process	 of	 drug	 transport	 from	 the
interstitial	 fluid	 surrounding	 the	 proximal	 tubule	 into	 the	 tubule’s	 lumen.	 The
secretion	rate	depends	on	the	intrinsic	activity	of	the	transporter,	proximal	tubule
blood	flow,	and	the	percent	of	free	or	unbound	drug.	Tubular	secretion	can	be	an
extremely	 efficient	 process	 with	 drug	 clearance	 rates	 exceeding	 filtration
clearance.13	 Impaired	 renal	 function	 impacts	 tubular	 secretion	 because
endogenous	and	exogenous	organic	acids	and	bases	accumulate	and	compete	for
the	 transporters	 required	 for	 active	 secretion.	 It	 is	 difficult	 to	 predict	 whether
secretion	 will	 be	 increased	 or	 diminished,	 which	may	 ultimately	 lead	 to	 drug
toxicity	or	reduced	efficacy.14
Tubular	 reabsorption	 of	 drugs	 can	 be	 active	 or	 passive.	 Most	 of	 the

ultrafiltrate	passing	through	the	nephron	is	reabsorbed.	As	the	volume	of	fluid	in
the	tubule	decreases	with	reabsorption,	there	can	be	a	dramatic	increase	in	drug
concentration	 in	 the	 tubule,	 which	 promotes	 passive	 diffusion	 from	 inside	 the
tubule	into	the	plasma.	Manipulation	of	urine	pH	can	be	used	to	decrease	drug
reabsorption	and,	 therefore,	 increase	excretion.	Urine	alkalization	enhances	 the
elimination	of	weak	acids	(eg,	barbiturates)	by	increasing	the	fraction	of	ionized
drug.

PHARMACOKINETIC	CHANGES	AMONG
CRITICALLY	ILL	PATIENTS	WITH	RENAL
DYSFUNCTION
The	pharmacokinetics	of	drugs	used	for	critically	ill	patients	can	be	altered	as	a
result	of	the	many	dynamic	physiological	changes	that	occur.	Studies	examining
the	 pharmacokinetics	 of	 drugs	 used	 in	 the	 critically	 ill	 patient	 population	 are
limited.	Evaluations	of	 the	pharmacokinetic	 parameters	 of	 a	 drug	 are	 typically
carried	out	during	phase	I	of	the	drug	development	process.	Phase	I	studies	are
most	often	performed	in	healthy	volunteers	or	in	relatively	stable	patients	with	a
specific	 disease	 state.	 Additionally,	 patients	 with	 chronic	 kidney	 disease	 are
often	 prescribed	 multiple	 medications,	 increasing	 the	 likelihood	 of	 drug
interactions,	 particularly	 during	 altered	 pharmacokinetics	 associated	 with
worsening	renal	dysfunction.	This	section	of	 the	chapter	addresses	some	of	 the
known	 pharmacokinetic	 changes	 and	 drug-drug	 interactions	 that	may	 occur	 in
critically	ill	patients	with	renal	impairment.



Absorption
Drug	absorption	 in	 critically	 ill	 patients	with	 renal	dysfunction	may	be	 altered
for	many	 reasons.	Gastrointestinal	 edema,	nausea	and	vomiting	due	 to	uremia,
and	delayed	gastric	emptying	all	have	the	potential	to	affect	drug	absorption.	In
addition,	 coexisting	 conditions	 may	 contribute	 to	 changes	 of	 drug	 absorption,
including	diabetic	gastroparesis,	diarrhea,	and	cardiovascular	failure.	Phosphate-
binding	medications	or	antacids	(aluminum	or	calcium	salts)	may	chelate	or	bind
to	 other	 medications	 and	 decrease	 their	 absorption.	 To	 minimize	 this	 effect,
certain	 enteral	 medications	 should	 be	 separated	 from	 the	 dosing	 of
antacid/phosphate	 binders	 by	 at	 least	 2	 hours.15	 Changes	 of	 gastric	 pH	 from
antacids	 or	 other	 acid-suppressing	 medications	 may	 impair	 the	 dissolution
process	 of	 other	 enteral	 medications,	 leading	 to	 incomplete	 drug	 absorption.
Bioavailability	 studies	 are	 often	 lacking	 for	 critically	 ill	 patients	 because	most
are	 conducted	 on	 healthy	 adults.	 For	 most	 medications,	 however,	 the
bioavailability	 for	 patients	 with	 impaired	 renal	 function	 is	 unchanged	 or
increased.16	The	intravenous	route	of	administration	may	be	utilized	to	minimize
potential	issues	with	uncertain	bioavailability.

Distribution
The	distribution	of	drugs	with	high	binding	affinity	 for	plasma	proteins	can	be
significantly	 altered	 among	 critically	 ill	 patients	 with	 renal	 failure.	 Highly
protein-bound	drugs	naturally	 exist	 in	 a	 state	 of	 equilibrium	between	unbound
(free)	 and	bound	drug	 (not	 free).	Only	 the	unbound	drug	 is	 pharmacologically
active.	This	means	that	if	binding	decreases,	the	amount	of	free	drug	available	to
exert	 a	 pharmacologic,	 and	 potentially	 toxic,	 effect	 increases.	 Drug-drug
interactions	 can	 occur	 when	 two	 highly	 plasma	 protein–bound	 drugs	 (>90%
bound)	 compete	 for	 the	 same	 plasma	 proteins.	When	 drugs	 such	 as	 warfarin,
phenytoin,	 valproic	 acid,	 and	 salicylates	 (all	 highly	 bound	 to	 albumin)	 are
administered	 together,	 displacement-mediated	 drug	 interactions	 may	 occur
among	 critically	 ill	 patients.17	 Critically	 ill	 patients	 often	 have	 both	 real	 and
functional	 reductions	 in	 albumin	 levels.	 The	 reason	 for	 this	 is	 twofold:	 a
decrease	 in	 actual	 albumin	 plasma	 concentrations	 because	 of	 malnutrition
independent	 of	 or	 in	 addition	 to	 the	 metabolic	 stress	 of	 acute	 illness,	 and	 a
reduction	 in	 albumin-binding	 capacity	 in	 uremic	 states,	 ie,	 renal	 failure.18	 For
example,	when	a	patient	taking	warfarin	rapidly	develops	hypoalbuminemia	due
to	the	onset	of	a	critical	illness,	the	result	is	an	increased	proportion	of	free	drug
which	may	lead	to	an	excessive	effect	and	an	increased	risk	for	bleeding.19



The	 volume	 of	 distribution	 for	 drugs	 administered	 to	 critically	 ill	 patients
with	 renal	 failure	 can	 fluctuate	 considerably	 as	 fluid	 status	 changes.	This	may
lead	 to	 altered	 clearance	 of	 drugs,	 due	 to	 changes	 of	 the	 amount	 of	 free	 drug
available	 to	 be	metabolized,	 eliminated,	 or	 both.	 It	 can	 be	 difficult	 to	 predict
these	changes	of	drug	distribution;	however,	it	is	important	for	the	clinician	to	be
aware	 of	 these	 changes	 in	 order	 to	 balance	 drug	 efficacy	 with	 prevention	 of
toxicity.

Metabolism
The	kidneys	also	actively	metabolize	medications,	 and	 impaired	 renal	 function
can	 affect	 both	 renal	 and	 hepatic	 drug	 metabolism.	 Therefore,	 drug	 dosage
adjustments	must	take	into	account	changes	in	renal	metabolism16,20	in	addition
to	 altered	 elimination.	 Additionally,	 critically	 ill	 patients	 often	 have	 impaired
metabolic	function	from	nonrenal	causes,	including	hepatic	damage,	diminished
hepatic	 blood	 flow,	 and	 use	 of	 medications	 that	 are	 enzyme	 inhibitors	 or
inducers.

Elimination
The	 kidney	 is	 an	 important	 organ	 for	 drug	 and	 drug	 metabolite	 elimination,
however,	 estimating	 drug	 elimination	 for	 the	 critically	 ill	 patient	 population	 is
challenging	due	 to	presence	of	 a	unique	combination	of	 factors	affecting	 renal
drug	clearance.

AKI	 is	 often	 accompanied	 by	 metabolic	 acidosis	 and	 respiratory	 alkalosis,
which	may	affect	 the	 ionization	of	drug	molecules	 and,	 therefore,	 affect	 tissue
redistribution	and	clearance.	A	low	serum	albumin	is	often	associated	with	AKI
and	can	lead	to	an	increase	in	filtration	of	free	drug	and	increased	clearance	of
drugs	that	are	normally	highly	plasma	protein	bound.

Dysfunction	 of	 other	 organ	 systems	 can	 significantly	 alter	 renal	 drug
clearance	 through	 various	 mechanisms.	 For	 example,	 renal	 perfusion	 may	 be
reduced	 by	 low	 cardiac	 output	 due	 to	 cardiomyopathy	 or	 acute	 myocardial
infarction,	or	by	shunting	of	blood	away	from	the	kidney	to	the	heart,	brain,	and
muscle	 secondary	 to	 increased	 sympathetic	 nerve	 activity.	 Both	 mechanisms
decrease	drug	delivery	to	the	glomeruli,	thus	reducing	the	clearance	of	drugs	that
undergo	glomerular	 filtration.	Retention	of	 fluid	may	 increase	a	drug’s	volume
of	 distribution	 and	 further	 reduce	 drug	 clearance.	 States	 of	 profound
vasodilation,	such	as	sepsis,	pancreatitis,	and	liver	failure,	may	impair	renal	drug



elimination	 by	 decreasing	GFR.	 Patients	 requiring	mechanical	 ventilation	may
have	 reduced	 cardiac	 output	 (owing	 to	 increased	mean	 intrathoracic	 pressure),
volume	of	distribution	changes,	and	acid-base	imbalance,	which	can	also	affect
renal	drug	disposition.

ASSESSING	RENAL	FUNCTION
Assessment	of	kidney	function	of	a	critically	ill	patient	is	complex	but	essential
to	appropriately	dose	renally	eliminated	medications.	GFR	can	be	predicted	from
serum	 creatinine	 by	 equations	 that	 use	 age,	 gender,	 race,	 and	 body	 size	 to
estimate	 creatinine	 generation.21	 However,	 GFR	 estimates	 remain	 imprecise,
despite	 advances	 of	 the	 accuracy	 of	 creatinine-based	 equations	 over	 the	 past
several	 years.	 The	 Cockcroft-Gault	 equation	 is	 the	 most	 commonly	 utilized
estimate	of	creatinine	clearance	in	clinical	and	research	settings,	despite	limited
generalizability	due	to	development	from	a	small	sample	of	mostly	young,	male
patients.22	Because	it	predicts	creatinine	clearance	rather	than	GFR,	it	is	expected
to	 overestimate	 GFR.	 However,	 the	 Cockcroft-Gault	 equation	 is	 skewed	 for
patients	at	extremes	of	body	weight,	and	studies	 indicate	 that	 this	method	may
underestimate	 clearance	 in	 elderly	 patients.23	 As	 such,	 appropriate	 clinical
judgment	 should	 be	 exercised	 when	 interpreting	 calculated	 clearance	 and
implementing	dose	adjustments	based	on	the	result.	The	Modification	of	Diet	in
Renal	Disease	(MDRD)	study	equation	is	an	alternative	method	to	describe	GFR
that	adjusts	GFR	for	body	surface	area.	It	was	derived	from	a	study	population
with	 chronic	 kidney	 disease	 and	 underestimates	 GFR	 for	 populations	 with
normal	 or	 accelerated	 renal	 function.24	The	MDRD	study	 equation	had	greater
precision	 and	 greater	 overall	 accuracy	 than	 the	 Cockcroft-Gault	 formula.	 The
differences	 of	 calculated	GFR	between	MDRD	and	Cockcroft-Gault	 equations
will	yield	discordant	dose	adjustments	for	up	to	36%	of	cases.25-28

Alternatively,	the	Jelliffe	equation	was	created	to	assess	clearance	of	critically
ill	 patients	 with	 fluctuating	 renal	 function.	 This	 equation	 considers	 serum
creatinine	trends	as	well	as	general	information	including	body	weight,	age,	and
gender.29	 While	 not	 widely	 utilized,	 it	 provides	 a	 method	 for	 evaluation	 of
unstable	renal	function.	Evaluation	of	serum	cystatin	C	levels	has	been	shown	to
be	a	more	accurate	marker	of	renal	function	when	compared	to	serum	creatinine,
and	it	is	not	confounded	by	muscle	mass	and	diet.30	However,	cystatin	C	levels
are	not	routinely	obtained	for	ICU	patients	as	they	are	not	commercial	available.

The	 Chronic	 Kidney	 Disease	 Epidemiology	 Collaboration	 (CKD-EPI)
equation	was	developed	in	2009	and	has	been	shown	to	have	less	bias	and	more



accuracy	across	different	 levels	of	renal	 function	 than	 the	MDRD.	The	Kidney
Disease	 Improving	 Clinical	 Outcomes	 (KDIGO)	 clinical	 practice	 guidelines
currently	recommend	CKD-EPI	as	the	preferred	methods	for	GFR	calculation	by
clinical	laboratories.24	The	clinician	should	be	aware	of	the	potential	limitations
of	the	currently	available	methods	of	GFR	estimation	and	use	clinical	judgment
to	 assess	 the	 level	 of	 renal	 function.	 Manufacturers	 may	 recommend	 dosing
adjustments	 based	 on	 creatinine	 clearance	 according	 to	 the	 Cockcroft-Gault
method,	eGFR,	or	other	methods;	and,	as	such,	it	is	important	to	be	aware	of	the
recommendations	for	individual	drugs.	A	more	detailed	discussion	regarding	the
assessment	of	renal	function	can	be	found	in	Chapter	200.	See	Table	203.1	 for
drug	dosing	recommendations	based	upon	renal	function.

TABLE	203.1

Guidelines	for	Drug	Dosing	in	Critically	Ill	Patients	With
Renal	Failure31

Drug Normal	Dose
Creatinine	Clearance

30-50	mL/min 10-30	mL/min

Acyclovir32 5-10	mg/kg	IV	q8h 5-10	mg/kg	IV
q12h

5-10	mg/kg	IV
q24h

Amikacin33,34 Dosing	varies
depending	on
traditional	vs	high
dose-extended
interval	dosing
regimens;	consult
institution-specific
guidelines.

– –



Ampicillin35 1-2	g	IV	q4-6h 1-2	g	IV	q6-8h 1-2	g	IV	q8-
12h

Ampicillin/sulbactam32,35,36 1.5-3	g	IV	q6h – 1.5-3	g	IV	q12h

Aztreonam35 1-2	g	IV	q6-8h – Loading	dose
1-2	g,	then	1	g
IV	q6-8h

Bivalirudin37,38 Coronary
angioplasty:
0.75	mg/kg	bolus,
then
1.75	mg/kg/h	×	4h37;
myocardial
infarction
undergoing	PCI:
0.75	mg/kg/h,	then
1.75	mg/kg/h	during
procedure38

– 1	mg/kg/h

Cefazolin32 1-2	g	IV	q8h 1-2	g	IV	q8-
12h

0.5-1	g	IV	q12h

Cefepime32,39,40 Intermittent:	1-2	g
IV	q8-12h
Extended:	2	g	IV
q8h

Intermittent:	1-
2	g	IV	q12-24h
Extended:	2	g
IV	q12h

Intermittent:
0.5-2	g	IV	q24h
Extended:	1-2g
IV	q12-24h



Cefotaxime32,35 1-2	g	IV	q4-8h 1-2	g	IV	q6-
12h

1-2	g	IV	q6-
12h

Cefotetan41 1-2	g	IV	q12h – 1-2	g	IV	q24h

Cefoxitin 1-2	g	IV	q6-8h 1-2	g	IV	q8-
12h

1-2	g	IV	q12-
24h

Ceftaroline 600	mg	IV	q12h 400	mg	IV
q12h

300	mg	IV
q12h	(15-
30	mL/min)

Ceftazidime32,42,43 2	g	IV	q8h 1-2	g	IV	q12h 1-2	g	IV	q24h
(16-
-30	mL/min)

Ceftazidime-avibactam 2.5	g	IV	q8h 1.25	g	IV	q8h 0.94	g	IV	q12h
(16-
30	mL/min)



Ceftolozane/tazobactam 1.5-3	g	IV	q8h 0.75-1.5	g	IV
q8h

0.375-0.75	g	IV
q8h

Cefuroxime42 0.75-1.5	g	IV	q8h – 0.75-1.5	g	IV
q12h

Cidofovir44 5	mg/kg	once
weekly	every	1-
2	wk

Contraindicated Contraindicated

Ciprofloxacin32,35,45,46 400	mg	IV	q8-12h – 200-400	mg	IV
q12-24h

Drug Normal
Dose

Creatinine	Clearance

30-50	mL/min 10-30	mL/min

Colistimethate32,47 300	mg	CBA 300	mg	CBA	then 300	mg	CBA	then



then	300-
360	mg	IV
CBA/d
divided	into
two	doses

183-250	mg	CBA/d 150-183	mg	CBA/d

Daptomycin32 4-10	mg/kg
IV	q24h

– 4-6	mg/kg	IV	q48h

Digoxin IV:	0.25-
0.5	mg
loading	dose,
then	0.25	mg
q6h	(max
1.5	mg	in	24
h),	0.125-
0.25	mg/d
maintenance
dose;	PO:
0.5	mg
loading	dose,
then	0.125-
0.25	mg	q6-
8h	(max
0.75-
1.75	mg	in
24	h),	0.125-
0.25	mg/d
maintenance
dose

Same	loading	dose,
then	0.0625-0.125	mg
IV/PO	q24h

Same	loading	dose,
then	0.0625	mg
IV/PO	q48h

Dofetilide48,49 500	mcg	PO
bid

250	mcg	PO	bid
(CrCl	40-60	mL/min)

125	mcg	PO	bid
(CrCl	20-40	mL/min)



Doripenem50 500	mg	IV
q8h

250	mg	IV	q8h 250	mg	IV	q12h

Enoxaparin51 Prophylaxis:
30	mg	SC
q12h	or
40	mg	SC
q24h;
Treatment:
1	mg/kg	SC
q12h	or
1.5	mg/kg
SC	q24h

Use	caution Prophylaxis:	30	mg
SC	q24h;	Treatment:
1	mg/kg	SC	q24h

Eptifibatide 180	mcg/kg
(max
22.6	mg)
bolus,	then	2
mcg/kg/min
(max
15	mg/h)

180	mcg/kg	(max
22.6	mg)	bolus,	then	1
mcg/kg/min	(max
7.5	mg/h)

180	mcg/kg	(max
22.6	mg)	bolus,	then	1
mcg/kg/min	(max
7.5	mg/h)

Ertapenem 1	g	IV	q24h – 500	mg	IV	q24h

Famotidine52 20	mg
IV/PO	q12h

20	mg	IV/PO	q24h 20	mg	IV/PO	q24h

Fluconazole32,35,53,54 200-800	mg
IV/PO	q24h

Weight-based	loading
dosea	IV/PO,	then
200-400	mg	IV/PO
q24h

Weight-based	loading
dosea	IV/PO,	then
100-200	mg	IV/PO
q24h

Fondaparinux DVT
prophylaxis:
2.5	mg	SC
q24h
DVT
treatment:

DVT
prophylaxis/treatment:
Use	caution
(clearance	estimated
to	be	reduced	by
40%).

DVT
prophylaxis/treatment:
Contraindicated
(clearance	estimated
to	be	reduced	by
55%)



<50	kg:
5	mg	SC
q24h
50-100	kg:
7.5	mg	SC
q24h
>100	kg:
100	mg	SC
q24h

Foscarnet56 40-90	mg/kg
IV	q8-12h

CrCl	(mL/min/kg) Induction

>1.4 40-90	mg/kg	IV	q8-
12h

>1-1.4 30-70	mg/kg	IV	q8-
12h

>0.8-1 20-50	mg/kg	IV	q12h

>0.6-0.8 25-80	mg/kg	IV	q12-
24h

>0.5-0.6 25-60	mg/kg	IV	q24h

>0.5-0.6 25-60	mg/kg	IV	q24h

>0.4-0.5 20-50	mg/kg	IV	q24

<0.4 Not	recommended

Ganciclovir57 Induction:
5	mg/kg	IV
q12h;
maintenance:
5	mg/kg	IV
q24h

Induction:	2.5	mg/kg
IV	q24h;
maintenance:
1.25	mg/kg	IV	q24h

Induction:	1.25	mg/kg
IV	q24h;
maintenance:
0.625	mg/kg	IV	q24h

Gentamicin Dosing
varies
depending
on
traditional	vs

– –



high	dose-
extended
interval
dosing
regimens;
consult
institution-
specific
guidelines.

Imipenem	and
cilastatin32,35,59

500-
1000	mg	IV
q6-8h

300-500	mg	IV	q6-8h 200-500	mg	IV	q6-
12h

Levofloxacin35,46 750	mg
IV/PO	q24h

750	mg	IV/PO	q48h Loading	dose	750	mg
IV/PO	×	1,	then
500	mg	IV/PO	q48h

Drug Normal
Dose

Creatinine	Clearance

30-
50	mL/min

10-
30	mL/min

Linezolid32,35,60 600	mg
IV/PO	q12h

– –

Mannitol 0.25-2	g/kg
IV	q6-8h

– –



Meropenem32,35,63,64 1	g	IV	q8h
(2	g	if
treating
meningitis)

1	g	IV	q12h
(2	g	if
treating
meningitis)

500	mg	IV
q12h	(1	g	if
treating
meningitis)

Metoclopramide 10-20	mg	IV
q6-8h

5-10	mg	IV
q6-8h

5-10	mg	IV
q6-8h

Metronidazole65 500	mg
IV/PO	q8h-
doses	may
vary	by
indication

– –

Midazolam 0.01-
0.05	mg/kg
(0.5-4	mg)
IV	load	over
2-5	min,	then
0.02-
0.1	mg/kg/h
titrated	to
response

– –

Milrinone67 0.375-0.75
mcg/kg/min
infusion
titrated	to
response

0.125-0.375
mcg/kg/min
infusion
titrated	to
response

0.0625-0.125
mcg/kg/min
infusion
titrated	to
response

Morphine68 2-15	mg	IV 1.5-12	mg	IV Consider



q2-4h,	titrate
for	pain
control

q2-4h,	titrate
for	pain
control

alternatives;	if
necessary,	1-
8	mg	IV	q2-4h,
titrate	for	pain
control

Nitroprusside 0.25-10
mcg/kg/min;
titrate	for	BP
control

– Limit	infusion
rate	to	<3
mcg/kg/min

Oseltamivir72 75	mg	PO
q12h

30	mg	PO
q12h

30	mg	PO
q24h

Penicillin	G32,35 1-4	million
units	IV	q4-
6h	(1-2
million	units
for	most
uses;	4
million	units
for
meningitis)

0.75-3
million	units
IV	q4-6h

0.75-3	million
units	IV	q4-6h

Pentamidine73,74 4	mg/kg	IV
q24h

– –

Peramivir75,76 600	mg	IV
q24h

150	mg	IV
q24h

100	mg	IV
q24h



Phenobarbital Status
epilepticus:
10-20	mg/kg
IV;	60-
200	mg	PO
per	d	in	2-3
divided
doses

– –

Phenytoin 15	mg/kg	IV
load,	then
200-400	mg
PO/IV	daily
divided	q8-
12h

– –

Piperacillin/tazobactam32,35,77,78 Intermittent:
3.375-4.5	g
IV	q6h
Extended:
3.375-4.5	g
IV	q8h

– Intermittent:
2.25-3.375	g
q6h	(CrCl	20-
40	mL/min)
Extended:
2.25-3.375	g
IV	q8h	(CrCl
20-40	mL/min)

Polymyxin	B47,79,80 Loading	dose
of	20,000-
25,000
units/kg,
followed	by
12,500-

– –



15,000
units/kg
q12h

Posaconazole 200-400	mg
PO/IV	q12h

PO:	no	dose	adjustment;	if	eGFR	<	20	monitor	breakthrough	fungal
infections	caused	by	variability	in	drug	exposure
IV:	eGFR	<	50,	avoid	use,	as	the	intravenous	vehicle	(cyclodextrin)
may	accumulate.

Sotalol Initial	dose:
80	mg	PO
q12h;	may
titrate	every
3	days	to
160	mg	PO
q12h	if
tolerated

Atrial
fibrillation:
Administer
q24h	(CrCl
40-
60	mL/min)
Ventricular
arrhythmia:
Administer
q24h	(CrCl
30-
60	mL/min).

Atrial
fibrillation:
Use	is
contraindicated
(CrCl	<
40	mL/min)
Ventricular
arrhythmia:
Administer
q36-48h	(CrCl
10-
29	mL/min).

Spironolactone 25-200	mg
PO	q24h

Consider
initial	dose
reduction	to
12.5	mg	PO
q24-48h
(GFR	30-50)

Not
recommended
(GFR	<	30)

Sulfamethoxazole	and
trimethoprim

1	double-
strength	(DS)
tablet	PO
q24h	or	3
times	per	wk

– 1	single
strength	(SS)
tablet	PO	q24h
or	3x/wk	(CrCl
15-30	mL/min)

1	DS	tablet
PO	q12h

– 1	DS	tablet
once,	then	1



SS	tablet	PO
q12h	(CrCl	15-
30	mL/min)

2	DS	tablets
PO	q12h

– 1	DS	tablet	PO
q12h	(CrCl	15-
30	mL/min)

2	DS	tablets
PO	q8h

– 2	DS	tablets
PO	q12h	(CrCl
15-30	mL/min)

10	mg/kg/d
IV

– 5	mg/kg	q24h
(CrCl	15-
30	mL/min)

8-12	mg/kg/d
IV

– 4-6	mg/kg/d	in
2	divided
doses	(CrCl
15-30	mL/min)

15-
20	mg/kg/d
IV

– 7.5-10	mg/kg/d
in	2-4	divided
doses	(CrCl
15-30	mL/min)

Tobramycin Dosing
varies
depending	on
traditional	vs
high	dose-
extended
interval

– –



dosing
regimens;
consult
institution-
specific
guidelines.

Valganciclovir57,73 Induction:
900	mg	PO
q12h;
Maintenance:
900	mg	PO
q24h

Induction:
450	mg	PO
q12-24h
Maintenance:
450	mg	PO
q24-48h

Induction:
450	mg	PO
q24-48h
Maintenance:
450	mg	PO
q48h	to	2×/wk

Valproic	acid 10-
15	mg/kg/d
(20-
40	mg/kg	for
status
epilepticus)

– –

Vancomycin Refer	to
institution-
specific
guidelines

– –

Voriconazole 6	mg/kg	IV
q12h	×	2
doses;	follow
with	4	mg/kg
IV	q12h

IV	not
recommended

IV	not
recommended

Ziprasidone 40-80	mg	PO
q12h;	10	mg
IM	q24h

–
Caution	with
IM	use

–
Caution	with
IM	use

bid,	twice	daily;	BP,	blood	pressure;	CrCl,	creatine	clearance;	CVVDH,	continuous	venovenous
hemodialysis;	CVVHDF,	continuous	venovenous	hemodiafiltration;	DVT,	deep	vein	thrombosis;
GFR,	glomerular	filtration	rate;	HD,	hemodialysis;	IM,	intramuscularly;	IV,	intravenous;	PCI,



percutaneous	coronary	intervention;	PO,	by	mouth;	prn;	as	needed;	q;	every;	RF,	renal	failure;
SC,	subcutaneously.

DIALYSIS
6 	 Medication	 dose	 adjustments	 for	 patients	 on	 renal	 replacement	 therapy	 are
often	 required,	 despite	 a	 paucity	 of	 available	 information.	 Multiple	 dialysis
modalities	 may	 be	 utilized	 in	 the	 ICU,	 including	 intermittent	 hemodialysis	 or
continuous	 renal	 replacement	 therapy.	 It	 is	 important	 to	 consider	 the	 type,
frequency,	 duration,	 and	 flow	 rate	 of	 dialysis	 as	 dosing	 recommendations	 can
vary	 significantly	 between	dialysis	modalities.	 In	 addition,	 drug	 characteristics
that	 affect	 drug	 elimination	 and	 the	 degree	 of	 residual	 renal	 function	 (if
applicable)	 should	 be	 considered.	 A	 more	 detailed	 discussion	 of	 renal
replacement	 therapies	 can	 be	 found	 in	 Chapter	 201.	 Failure	 to	 make	 dose
adjustments	for	patients	receiving	dialysis	may	significantly	reduce	drug	efficacy
or	 result	 in	 toxicity.	Detailed	 information	 regarding	 the	 individual	 factors	 that
must	 be	 considered	 to	 estimate	 dialysis	 drug	 clearance	 is	 discussed
elsewhere.82,83	Supplemental	doses	post	dialysis	may	be	necessary	if	clearance	is
particularly	efficient	or	residual	renal	function	is	significant.	Drug	dosing	during
peritoneal	dialysis	is	outside	of	the	scope	of	this	chapter,	as	it	is	not	commonly
utilized	among	critically	ill	patients.	Patients	may	benefit	from	therapeutic	drug
monitoring	 for	 medications	 with	 established	 correlation	 between	 serum	 levels
and	drug	efficacy	or	toxicity.	Trough	levels	are	generally	drawn	0	to	30	minutes
before	the	next	dose	is	due	for	administration.	Peak	levels	are	typically	drawn	1
to	 2	 hours	 after	 oral	 drug	 administration	 and	 approximately	 30	 to	 60	minutes
after	 parenteral	 administration	 to	 allow	 time	 for	 tissue	 distribution	 (α	 phase).
Trough	levels	are	usually	monitored	at	least	2	hours	post	dialysis	for	drugs	with
a	 high	 volume	 of	 distribution	 (eg,	 aminoglycosides)	 due	 to	 extensive	 tissue
penetration.	 As	 a	 result,	 the	 intercompartmental	 re-equilibration	 post	 dialysis
takes	longer,	so	measurement	of	the	level	must	be	delayed	to	ensure	an	accurate
result.	 Furthermore,	 if	 drug	 levels	 increase	 beyond	 a	 therapeutic	 range,
pharmacokinetics	may	become	unpredictable	and	distinct	from	kinetics	observed
with	therapeutic	dosing.	Additional	information	regarding	dialysis	can	be	found
in	Chapter	201.

PHARMACOKINETIC	CHANGES	OF	CRITICALLY
ILL	PATIENTS	WITH	HEPATIC	FAILURE



5 	 The	 primary	 organ	 responsible	 for	 drug	 metabolism	 is	 the	 liver.	 Similar	 to
renal	 disease,	 liver	 failure	 has	 the	 potential	 to	 significantly	 alter	 the
pharmacokinetics	 of	many	drugs	 used	 in	 critically	 ill	 patients	 by	 altering	drug
absorption,	 distribution,	 metabolism,	 or	 elimination.	 There	 are	 limited	 data	 to
help	 clinicians	 assess	 the	 impact	 of	 liver	 failure	 on	 drug	 metabolism	 and
facilitate	 appropriate	 dose	 adjustments.	Consequently,	 it	 is	 imperative	 for	 ICU
clinicians	to	understand	the	pharmacokinetic	and	pharmacodynamic	profiles	of	a
drug	in	order	to	discern	the	potential	effects	of	hepatic	failure	and	critical	illness.

Absorption
Critically	 ill	 patients	 with	 hepatic	 failure	 may	 have	 a	 reduced	 capacity	 to
metabolize	 drugs,	 limiting	 the	 extent	 of	 first-pass	 metabolism.	 Patients	 with
cirrhosis	 may	 also	 develop	 portosystemic	 shunts,	 further	 reducing	 first-pass
metabolism	 and	 effectively	 increasing	 the	 bioavailability	 of	 an	 enterally
administered	 medication.	 Medications	 that	 undergo	 significant	 first-pass
metabolism	 such	 as	 morphine,	 midazolam,	 and	 labetalol	 have	 demonstrated
increased	bioavailability	when	given	enterally	to	cirrhotic	patients.84-86

Distribution
Liver	failure	may	alter	a	medication’s	volume	of	distribution	via	a	reduction	of
plasma	 protein	 synthesis	 (namely	 albumin	 and	 α-1	 acid	 glycoprotein),
development	of	ascites,	edema,	or	a	combination	of	these	factors.	The	effects	of
reduced	plasma	protein	binding	on	volume	of	distribution	in	critical	illness	have
been	discussed	earlier	in	this	chapter,	and	the	impact	of	plasma	protein	binding
on	hepatic	metabolism	and	elimination	will	be	discussed	later	in	this	chapter.

Metabolism	and	Elimination
Liver	 failure	 primarily	 alters	 a	 medication’s	 pharmacokinetics	 by	 reducing
metabolism	 and	 elimination.	 Three	 major	 factors	 influence	 the	 hepatic
metabolism	and	elimination	of	drugs:	enzyme	activity,	hepatic	blood	flow,	and
protein	binding.

The	 two	 primary	 pathways	 responsible	 for	 the	 enzymatic	 metabolism	 of
medications	are	phase	I	and	phase	II	metabolism.	Phase	I	metabolism	involves
oxidation,	 reduction,	 and	 hydrolysis	 reactions	 via	 the	 cytochrome	 P450
(CYP450)	enzyme	system.	Phase	 II	metabolism	 involves	conjugation	 reactions



to	 increase	 the	 water	 solubility	 of	 a	 parent	 compound	 or	 its	 metabolite	 to
facilitate	renal	elimination.	During	chronic	liver	disease,	a	reduction	hepatocyte
number	 and	 activity	 may	 lead	 to	 a	 reduced	 ability	 to	 metabolize	 drugs.	 It	 is
important	 to	note	 that	 liver	 failure	 tends	 to	 reduce	phase	 I	metabolic	pathways
more	 extensively	 than	 phase	 II	 metabolic	 pathways,	 although	 both	 may	 be
reduced	during	advanced	liver	failure.87-89	An	example	of	this	effect	can	be	seen
with	midazolam	and	 lorazepam.	Midazolam	undergoes	phase	 I	metabolism	via
CYP450	 3A4,	 and	 lorazepam	 undergoes	 phase	 II	 metabolism	 via
glucuronidation.	 Liver	 failure	 significantly	 reduces	 the	 metabolic	 clearance
(phase	I)	of	midazolam	but	does	not	significantly	affect	the	clearance	(phase	II)
of	lorazepam.90

Critical	 illness	 alone	 has	 the	 potential	 to	 alter	 both	 phase	 I	 and	 phase	 II
metabolism.	For	example,	 there	 is	evidence	 to	suggest	 that	hepatic	metabolism
of	phenytoin	may	be	increased	after	severe	head	injury,	leading	to	subtherapeutic
plasma	concentrations.91	Other	conditions,	such	as	burn	injury,	renal	dysfunction,
cholestasis,	hypothermia,	and	certain	pro-inflammatory	states,	have	been	shown
to	 decrease	 hepatic	 enzyme	 activity.92	 Clinicians	 must	 also	 be	 aware	 of
additional	 factors	 that	 may	 influence	 CYP450	 activity	 and	 may	 necessitate
medication	 dose	 adjustments,	 such	 as	 genetic	 polymorphisms	 or	 drug-drug
interactions.	 A	 detailed	 discussion	 of	 the	 CYP450	 system	 and	 drug-drug
interactions	is	beyond	the	scope	of	this	chapter.

The	clearance	of	drugs	by	the	liver	is	primarily	determined	by	the	extraction
ratio	and	hepatic	blood	flow.	The	hepatic	extraction	ratio	is	the	fraction	of	drug
removed	 from	 the	 blood	 after	 one	 pass	 through	 the	 liver.	 Drugs	 with	 high
extraction	 ratios	 (>0.7%	 or	 70%)	 depend	 more	 on	 hepatic	 blood	 flow	 than
cellular	metabolism	for	clearance.	Examples	of	drugs	with	high	extraction	ratios
include	 morphine,	 fentanyl,	 and	 midazolam.	 For	 example,	 if	 a	 critically	 ill
patient	 has	 reduced	 hepatic	 blood	 flow	 secondary	 to	 septic	 shock	 and	 is
receiving	 intravenous	morphine,	 a	 reduction	 in	 drug	metabolism	 secondary	 to
the	reduction	in	hepatic	blood	flow	is	anticipated.	Conversely,	the	rate	of	hepatic
metabolism	 of	 drugs	 with	 low	 extraction	 ratios	 (<0.3%	 or	 30%)	 is	 more
dependent	on	cellular	metabolism	than	hepatic	blood	flow.	Medications	with	low
extraction	ratios	include	lorazepam,	diazepam,	phenytoin,	and	warfarin.92,93

Protein	 binding	 also	 plays	 an	 important	 role	 during	 hepatic	 metabolism
because	the	extraction	ratio	of	a	drug	defines	the	unbound	from	that	is	available
for	 metabolism.	 Plasma	 protein	 binding	 can	 be	 classified	 as	 nonrestrictive	 or
restrictive.	 Medications	 that	 bind	 in	 a	 nonrestrictive	 fashion	 easily	 dissociate
from	 plasma	 proteins,	 leaving	 free	 drug	 available	 for	 hepatic	 metabolism.
Therefore,	changes	of	protein	binding	for	drugs	exhibiting	nonrestrictive	binding



have	minimal	impact	on	hepatic	metabolism.	Medications	that	display	restrictive
binding	have	a	high	affinity	for	plasma	proteins,	meaning	they	are	less	likely	to
dissociate	 from	plasma	proteins	and	 less	 free	drug	 is	available	 for	metabolism.
Critical	 illness	 itself	 may	 lead	 to	 a	 reduction	 of	 plasma	 proteins.	 This	 will
increase	the	fraction	of	free	drug	available	for	metabolism,	potentially	resulting
in	an	increased	extraction	ratio.	This	phenomenon	is	clinically	relevant	only	for
drugs	with	high	extraction	ratios.

Estimating	Hepatic	Drug	Metabolism
Although	 creatinine	 clearance	 can	 be	 a	 useful	 estimate	 for	 renal	 function	 in
critically	 ill	 patients,	 there	 is	 currently	 no	 readily	 available,	 accurate,	 and
inexpensive	 method	 to	 quantify	 hepatic	 drug	 metabolism.	 Some	 studies	 have
used	 scoring	 systems	 such	 as	 the	 Child	 score	 or	 Child	 score	 with	 Pugh
modification.94	While	 these	 scoring	systems	have	been	useful	 for	assessing	 the
severity	 of	 hepatic	 disease	 and	 predicting	 mortality,	 they	 do	 not	 accurately
quantify	 the	 ability	 of	 the	 liver	 to	metabolize	medications	 and	 thus	 should	 be
used	cautiously	in	critically	ill	patients.	In	order	to	appropriately	assess	hepatic
function,	 a	 clinician	 must	 consider	 many	 factors,	 including	 laboratory	 data
(bilirubin,	albumin,	and	prothrombin	time),	clinical	features	(hepatic	blood	flow,
protein	 binding,	 and	 ascites),	 other	 medications	 (drug-drug	 interactions),	 a
medication’s	pharmacokinetic	profile	(absorption,	distribution,	metabolism,	and
elimination),	 the	 pharmacological	 properties	 of	 the	 medication	 (efficacy	 and
toxicity),	 and	available	monitoring	parameters	 (drug	concentration	and	clinical
responses).	It	is	important	to	use	clinical	judgment	when	applying	these	dosing
recommendations	 in	 clinical	 practice	 to	 optimize	 drug	 efficacy	 and	 patient
safety.	 See	 Table	 203.2	 for	 drug	 dosing	 recommendations	 for	 hepatic
dysfunction.
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TABLE	203.2

Guidelines	for	Drug	Dosing	in	Critically	Ill	Patients	With
Hepatic	Failure31



Drug Normal
Dose

Child-
Pugh
Score	A
(Mild)

Child-Pugh
Score	B
(Moderate)

Child-
Pugh
Score	C
(Severe)

Notes

Argatroban HIT/HITTS:
initial	rate:	1-
2
mcg/kg/min,
titrate	to
aPTT	range	
PCI:	initial
rate:	25
mcg/kg/min
and
administer
bolus	dose	of
mcg/kg,
titrate	to
ACT	goal

HIT/HITTS:
initial	rate:
Consider
0.5
mcg/kg/min

HIT/HITTS:
initial	rate:
0.5
mcg/kg/min

HIT/HITTS:
initial	rate:
0.25
mcg/kg/min

In	PCI,	avoid
use	in	patients
with	elevations
of	ALT/AST
(>3	times
ULN);	the	use
of	argatroban	in
these	patients
has	not	been
evaluated

Caspofungin Candidiasis,
aspergillosis
(invasive):
initial	dose:
70	mg	IV
loading	dose,
then	50	mg
IV	q24h

– 70	mg	IV
loading	dose,
then	35	mg
IV	q24h

No	evidence
available

–

Lamotrigine 25-375	mg
PO	daily	in
two	divided
doses

– Without
ascites:
initial,
escalation,
and
maintenance:
decrease	by
25%;
With	ascites:

– –



initial,
escalation,
and
maintenance:
decrease	by
50%

Nimodipine95 60	mg	PO
q4h

No	evidence
available

No	evidence
available

No	evidence
available

Liver	cirrhosis:
reduce	dosage
to	30	mg	PO
q4h.

Remdesivir 200	mg	as	a
single	dose
on	day	1,
followed	by
100	mg	daily
Typical
duration	is
4	days	or
until	hospital
discharge	but
may	be
extended	up
to	10	days.

– – – ALT	>	10	times
the	ULN:
Consider
remdesivir
discontinuation.

Risperidone 1-6	mg	PO
q24h

– – PO	(initial):
0.5	mg
q12h;	slowly
titrate	by
0.5	mg
q12h.
IM:	Start
with	oral
dosing,	if
tolerated
begin	25	mg
IM	every
2	wk.
SC:	Use

–



with
caution;
limited	data
available.
Initiate	with
oral	dosing,
if	tolerated
may	be
considered.

Sirolimus96 Low-to-
moderate
immunologic
risk	renal
transplant:
PO:	<40	kg:
loading	dose
3	mg/m2

then1	mg/m2

daily	
>40	kg:
loading	dose:
6	mg	then
2	mg	daily;
high
immunologic
risk	renal
transplant:
PO:	loading
dose:	up	to
15	mg	then
5	mg	daily
obtain	trough
concentration
between	days
5	and	7

Reduce
dose	by
33%.

Reduce	dose
by	33%.

Reduce	dose
by	50%.

–

Tocilizumab97 Treatment	of
SARS-CoV-

No	evidence
available

No	evidence
available

No	evidence
available

Use	not
recommended



2:	8	mg/kg
(ABW)	×1;
max	dose:
800	mg

in	patients	with
baseline	>	5x
ULN	ALT/AST

Tigecycline Load:
100	mg	IV
followed	by
50	mg	IV
q12h

– – Load:
100	mg	IV
followed	by
25	mg	IV
q12h

–

Tramadol Immediate
release:	50-
100	mg	PO
q4-6h	(not	to
exceed
400	mg/d)
Extended
release:
patients	not
currently	on
immediate
release:
100	mg	PO
q24h
(maximum:
300	mg/d)

No	evidence
available

No	evidence
available

Immediate
release:
50	mg	every
12	h
Extended
release:
should	not
be
administered

Hepatic
impairment
with	cirrhosis:
Immediate
release:
PO	q12h

Voriconazole PO:	100-
200	mg	q12h
IV:	6	mg/kg
q12h	for	two
doses	-
followed	by
3-4	mg/kg
q12h

Following
standard
loading
dose;	reduce
dose	by
50%.

Following
standard
loading
dose;	reduce
dose	by
50%.

Only	use	if
benefits
outweigh
risks.

Monitor	closely
for	toxicity.

ABW,	actual	body	weight;	AST,	aspartate	transaminase;	ALT,	alanine	aminotransferase;	HIT,
heparin-induced	thrombocytopenia;	HITTS,	heparin-induced	thrombotic	thrombocytopenia
syndrome;	IM,	intramuscularly;	IV,	intravenous;	PCI,	percutaneous	coronary	intervention;	PO,	by



mouth;	q,	every;	SC,	subcutaneously;	TBili,	total	bilirubin;	ULN,	upper	limit	of	normal.
These	renal	dosing	recommendations	are	based	on	tertiary	resources,	Lexicomp,
package	 inserts,	 and	 expert	 opinion.31	 This	 is	 a	 list	 of	 currently	 approved
medications	available	in	the	United	States.	For	all	medications	in	hemodialysis
patients,	 medications	 should	 be	 administered	 either	 at	 the	 end	 of	 or	 after	 the
dialysis	session.

These	 hepatic	 dosing	 recommendations	 are	 based	 on	 tertiary	 resources,
Lexicomp,	 package	 inserts,	 and	 expert	 opinion.31	 This	 is	 a	 list	 of	 currently
approved	medications	available	in	the	United	States.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	74-year-old	woman	with	a	history	of	multidrug-resistant	infections	is
admitted	to	the	intensive	care	unit	for	pneumonia.	She	is	started	on	vancomycin,
piperacillin/tazobactam,	and	given	a	one-time	dose	of	gentamicin	7	mg/kg.	But
her	respiratory	status	worsens,	and	she	requires	intubation.	Upon	repeat	lab
testing,	it	is	noted	that	her	serum	creatinine	has	increased	from	2.6	mg/dL	to
4.5	mg/dL	and	she	is	anuric.	The	nephrology	team	is	consulted	and	recommends
that	the	patient	receive	urgent	hemodialysis.	The	team	asks	you	for
recommendations	for	gentamicin	monitoring.	What	is	the	best	time	to	obtain	a
serum	gentamicin	level	in	order	to	determine	redosing?

A. 	A	peak	level	drawn	halfway	through	the	infusion
B. 	A	peak	level	drawn	15	minutes	after	the	end	of	the	infusion
C. 	A	trough	level	drawn	1	hour	after	the	end	of	the	infusion
D. 	A	trough	level	drawn	2	hours	after	the	hemodialysis	session

2. 	An	80-year-old	obese	man	with	a	past	medical	history	of	nonalcoholic
steatohepatitis	complicated	by	hepatocellular	carcinoma	is	admitted	to	the
intensive	care	unit	with	decompensation	in	the	form	of	large	esophageal	varices
(s/p	variceal	bleed	in	past	month)	and	encephalopathy.	Imaging	reveals	a	portal
vein	thrombus	for	which	the	team	would	like	to	start	anticoagulation.	The	patient
also	has	a	documented	history	of	heparin	induced	thrombocytopenia	from	a
recent	admission,	so	the	team	decides	to	initiate	argatroban.	What	clinical
finding	is	most	relevant	when	adjusting	argatroban	dose?



A. 	Age
B. 	Obesity
C. 	Liver	function
D. 	Visible	varices

Answers

1.	The	correct	answer	is	D.
Rationale:	 Gentamicin’s	 volume	 of	 distribution	 may	 increase	 in	 critical

illness.	 It	 is	 also	 removed	 by	 hemodialysis.	 In	 order	 to	 get	 an	 accurate	 serum
level,	one	must	allow	redistribution	to	take	place	after	a	hemodialysis	session,	so
waiting	2	hours	post	dialysis	may	be	the	ideal	time	to	draw	blood.

2.	The	correct	answer	is	C.
Rationale:	Due	to	liver	dysfunction,	argatroban	must	be	started	at	the	lowest

starting	rate.	The	optimal	dose	is	found	using	a	reference	chart.	Age,	obesity,	and
renal	 function	 do	 not	 necessarily	 require	 dosing	 adjustment.	 Varices	 may
increase	the	risk	of	bleeding	and	so	the	patient	will	require	monitoring,	but	using
subtherapeutic	argatroban	would	leave	the	thrombosis	inadequately	treated.

References

Key	references	are	highlighted	in	gray.

1.	Blumenthal	D.	Labeling	an	adverse	drug	event	“preventable.”	Virtual
Mentor.	2011;13(9):601-608.

2.	Wilmer	A,	Louie	K,	Dodek	P,	Wong	H,	Ayas	N.	Incidence	of	medication
errors	and	adverse	drug	events	in	the	ICU:	a	systematic	review.	Qual	Saf
Health	Care.	2010;19(5):e7.

3.	Valentin	A,	Capuzzo	M,	Guidet	B,	et	al.	Patient	safety	in	intensive	care:
results	from	the	multinational	Sentinel	Events	Evaluation	(SEE)	study.
Intensive	Care	Med.	2006;32(10):1591-1598.

4.	Cullen	DJ,	Sweitzer	BJ,	Bates	DW,	Burdick	E,	Edmondson	A,	Leape	LL.
Preventable	adverse	drug	events	in	hospitalized	patients:	a	comparative	study
of	intensive	care	and	general	care	units.	Crit	Care	Med.	1997;25(8):1289-
1297.

5.	Thakar	CV,	Christianson	A,	Freyberg	R,	Almenoff	P,	Render	ML.	Incidence



and	outcomes	of	acute	kidney	injury	in	intensive	care	units:	a	Veterans
Administration	study.	Crit	Care	Med.	2009;37(9):2552-2558.

6.	Barrantes	F,	Tian	J,	Vazquez	R,	Amoateng-Adjepong	Y,	Manthous	CA.
Acute	kidney	injury	criteria	predict	outcomes	of	critically	ill	patients.	Crit
Care	Med.	2008;36(5):1397-1403.

7.	Mandelbaum	T,	Scott	DJ,	Lee	J,	et	al.	Outcome	of	critically	ill	patients	with
acute	kidney	injury	using	the	Acute	Kidney	Injury	Network	criteria.	Crit
Care	Med.	2011;39(12):2659-2664.

8.	Cantu	TG,	Ellerbeck	EF,	Yun	SW,	Castine	SD,	Kornhauser	DM.	Drug
prescribing	for	patients	with	changing	renal	function.	Am	J	Hosp	Pharm.
1992;49(12):2944-2948.

9.	Smith	JW,	Seidl	LG,	Cluff	LE.	Studies	on	the	epidemiology	of	adverse	drug
reactions.	V.	Clinical	factors	influencing	susceptibility.	Ann	Intern	Med.
1966;65(4):629-640.

10.	Bates	DW,	Spell	N,	Cullen	DJ,	et	al.	The	costs	of	adverse	drug	events	in
hospitalized	patients.	Adverse	Drug	Events	Prevention	Study	Group.	JAMA.
1997;277(4):307-311.

11.	Classen	DC,	Pestotnik	SL,	Evans	RS,	Lloyd	JF,	Burke	JP.	Adverse	drug
events	in	hospitalized	patients.	Excess	length	of	stay,	extra	costs,	and
attributable	mortality.	JAMA.	1997;277(4):301-306.

12.	Bates	DW,	Leape	LL,	Cullen	DJ,	et	al.	Effect	of	computerized	physician
order	entry	and	a	team	intervention	on	prevention	of	serious	medication
errors.	JAMA.	1998;280(15):1311-1316.

13.	Roberts	DM,	Sevastos	J,	Carland	JE,	Stocker	SL,	Lea-Henry	TN.	Clinical
pharmacokinetics	in	kidney	disease:	application	to	Rational	Design	of
Dosing	Regimens.	Clin	J	Am	Soc	Nephrol.	2018;13(8):1254-1263.

14.	Reed	WE,	Jr,	Sabatini	S.	The	use	of	drugs	in	renal	failure.	Semin	Nephrol.
1986;6(3):259-295.

15.	Kays	MB,	Overholser	BR,	Mueller	BA,	Moe	SM,	Sowinski	KM.	Effects	of
sevelamer	hydrochloride	and	calcium	acetate	on	the	oral	bioavailability	of
ciprofloxacin.	Am	J	Kidney	Dis.	2003;42(6):1253-1259.

16.	Pichette	V,	Leblond	FA.	Drug	metabolism	in	chronic	renal	failure.	Curr
Drug	Metab.	2003;4(2):91-103.

17.	Roberts	JA,	Pea	F,	Lipman	J.	The	clinical	relevance	of	plasma	protein
binding	changes.	Clin	Pharmacokinet.	2013;52:1-8.

18.	Klammt	S,	Wojak	HJ,	Mitzner	A,	et	al.	Albumin-binding	capacity	(ABiC)



is	reduced	in	patients	with	chronic	kidney	disease	along	with	an
accumulation	of	protein-bound	uraemic	toxins.	Nephrol	Dial	Transplant.
2012;27(6):2377-2383.

19.	Kawai	M,	Harada	M,	Motoike	Y,	et	al.	Impact	of	serum	albumin	levels	on
supratherapeutic	PT-INR	control	and	bleeding	risk	in	atrial	fibrillation
patients	on	warfarin:	a	prospective	cohort	study.	Int	J	Cardiol	Heart	Vasc.
2019;22:111-116.

20.	Dreisbach	AW.	The	influence	of	chronic	renal	failure	on	drug	metabolism
and	transport.	Clin	Pharmacol	Ther.	2009;86(5):553-556.

21.	Stevens	LA,	Levey	AS.	Measured	GFR	as	a	confirmatory	test	for	estimated
GFR.	J	Am	Soc	Nephrol.	2009;20(11):2305-2313.

22.	Cockcroft	DW,	Gault	MH.	Prediction	of	creatinine	clearance	from	serum
creatinine.	Nephron.	1976;16(1):31-41.

23.	Pedone	C,	Corsonello	A,	Incalzi	RA,	GIFA	Investigators.	Estimating	renal
function	in	older	people:	a	comparison	of	three	formulas.	Age	Ageing.
2006;35(2):121-126.

24.	Kidney	Disease:	Improving	Global	Outcomes	(KDIGO)	CKD	Work	Group.
KDIGO	2012	clinical	practice	guideline	for	the	evaluation	and	management
of	chronic	kidney	disease.	Kidney	Inter	Suppl.	2013;3:1-150.

25.	Stevens	LA,	Nolin	TD,	Richardson	MM,	et	al.	Comparison	of	drug	dosing
recommendations	based	on	measured	GFR	and	kidney	function	estimating
equations.	Am	J	Kidney	Dis.	2009;54(1):33-42.

26.	Golik	MV,	Lawrence	KR.	Comparison	of	dosing	recommendations	for
antimicrobial	drugs	based	on	two	methods	for	assessing	kidney	function:
cockcroft–gault	and	modification	of	diet	in	renal	disease.	Pharmacotherapy.
2008;28(9):1125-1132.

27.	Hermsen	ED,	Maiefski	M,	Florescu	MC,	Qiu	F,	Rupp	ME.	Comparison	of
the	modification	of	diet	in	renal	disease	and	cockcroft-gault	equations	for
dosing	antimicrobials.	Pharmacotherapy.	2009;29(6):649-655.

28.	Carlier	M,	Dumoulin	A,	Janssen	A,	et	al.	Comparison	of	different	equations
to	assess	glomerular	filtration	in	critically	ill	patients.	Intensive	Care	Med.
2015;41(3):427-435.

29.	Jelliffe	R.	Estimation	of	creatinine	clearance	in	patients	with	unstable	renal
function,	without	a	urine	specimen.	Am	J	Nephrol.	2002;22(4):320-324.

30.	Barreto	EF,	Rule	AD,	Murad	MH,	et	al.	Prediction	of	the	renal	elimination
of	drugs	with	cystatin	C	vs	creatinine:	a	systematic	review.	Mayo	Clin	Proc.



2019;94(3):500-514.
31.	Lexicomp	Online,	Lexi-Drugs	Online,	UpToDate,	Inc.;	2021.
32.	Trotman	RL,	Williamson	JC,	Shoemaker	DM,	Salzer	WL.	Antibiotic	dosing
in	critically	ill	adult	patients	receiving	continuous	renal	replacement	therapy.
Clin	Infect	Dis.	2005;41(8):1159-1166.

33.	Akers	KS,	Cota	JM,	Frei	CR,	Chung	KK,	Mende	K,	Murray	CK.	Once-
daily	amikacin	dosing	in	burn	patients	treated	with	continuous	venovenous
hemofiltration.	Antimicrob	Agents	Chemother.	2011;55(10):4639-4642.

34.	Taccone	FS,	de	Backer	D,	Laterre	PF,	et	al.	Pharmacokinetics	of	a	loading
dose	of	amikacin	in	septic	patients	undergoing	continuous	renal	replacement
therapy.	Int	J	Antimicrob	Agents.	2011;37(6):531-535.

35.	Heintz	BH,	Matzke	GR,	Dager	WE.	Antimicrobial	dosing	concepts	and
recommendations	for	critically	ill	adult	patients	receiving	continuous	renal
replacement	therapy	or	intermittent	hemodialysis.	Pharmacotherapy.
2009;29(5):562-577.

36.	Blum	RA,	Kohli	RK,	Harrison	NJ,	Schentag	JJ.	Pharmacokinetics	of
ampicillin	(2.0	grams)	and	sulbactam	(1.0	gram)	coadministered	to	subjects
with	normal	and	abnormal	renal	function	and	with	end-stage	renal	disease	on
hemodialysis.	Antimicrob	Agents	Chemother.	1989;33(9):1470-1476.

37.	Bittl	JA,	Strony	J,	Brinker	JA,	et	al.	Treatment	with	bivalirudin	(Hirulog)	as
compared	with	heparin	during	coronary	angioplasty	for	unstable	or
postinfarction	angina.	Hirulog	Angioplasty	Study	Investigators.	N	Engl	J
Med.	1995;333(12):764-769.

38.	Kushner	FG,	Hand	M,	Smith	SCJr,	et	al.	2009	focused	updates:	ACC/AHA
guidelines	for	the	management	of	patients	with	ST-elevation	myocardial
infarction	(updating	the	2004	guideline	and	2007	focused	update)	and
ACC/AHA/SCAI	guidelines	on	percutaneous	coronary	intervention
(updating	the	2005	guideline	and	2007	focused	update)	a	report	of	the
American	College	of	Cardiology	Foundation/American	Heart	Association
Task	Force	on	Practice	Guidelines.	J	Am	Coll	Cardiol.	2009;54(23):2205-
2241.

39.	Allaouchiche	B,	Breilh	D,	Jaumain	H,	Gaillard	B,	Renard	S,	Saux	MC.
Pharmacokinetics	of	cefepime	during	continuous	venovenous
hemodiafiltration.	Antimicrob	Agents	Chemother.	1997;41(11):2424-2427.

40.	Malone	RS,	Fish	DN,	Abraham	E,	Teitelbaum	I.	Pharmacokinetics	of
cefepime	during	continuous	renal	replacement	therapy	in	critically	ill



patients.	Antimicrob	Agents	Chemother.	2001;45(11):3148-3155.
41.	Martin	C,	Thomachot	L,	Albanese	J.	Clinical	pharmacokinetics	of
cefotetan.	Clin	Pharmacokinet.	1994;26(4):248-258.

42.	Davies	SP,	Lacey	LF,	Kox	WJ,	Brown	EA.	Pharmacokinetics	of	cefuroxime
and	ceftazidime	in	patients	with	acute	renal	failure	treated	by	continuous
arteriovenous	haemodialysis.	Nephrol	Dial	Transplant.	1991;6(12):971-976.

43.	Slaker	RA,	Danielson	B.	Neurotoxicity	associated	with	ceftazidime	therapy
in	geriatric	patients	with	renal	dysfunction.	Pharmacotherapy.
1991;11(4):351-352.

44.	Hitchcock	MJM,	Jaffe	HS,	Martin	JC,	et	al.	Cidofovir,	a	new	agent	with
potent	anti-herpesvirus	activity.	Antivir	Chem	Chemother.	1996;7(3):115-
127.

45.	Davies	SP,	Azadian	BS,	Kox	WJ,	Brown	EA.	Pharmacokinetics	of
ciprofloxacin	and	vancomycin	in	patients	with	acute	renal	failure	treated	by
continuous	haemodialysis.	Nephrol	Dial	Transplant.	1992;7(8):848-854.

46.	Malone	RS,	Fish	DN,	Abraham	E,	Teitelbaum	I.	Pharmacokinetics	of
levofloxacin	and	ciprofloxacin	during	continuous	renal	replacement	therapy
in	critically	ill	patients.	Antimicrob	Agents	Chemother.	2001;45(10):2949-
2954.

47.	Tsuji	BT,	Pogue	JM,	Zavascki	AP,	et	al.	International	consensus	guidelines
for	the	optimal	use	of	the	polymyxins:	endorsed	by	the	American	College	of
Clinical	Pharmacy	(ACCP),	European	Society	of	Clinical	Microbiology	and
Infectious	Diseases	(ESCMID),	Infectious	Diseases	Society	of	America
(IDSA),	International	Society	for	Anti-infective	Pharmacology	(ISAP),
Society	of	Critical	Care	Medicine	(SCCM),	and	Society	of	Infectious
Diseases	Pharmacists	(SIDP).	Pharmacotherapy.	2019;39(1):10-39.

48.	Suttorp	MJ,	Polak	PE,	van’t	Hof	A,	Rasmussen	HS,	Dunselman	PH,
Kingma	JH.	Efficacy	and	safety	of	a	new	selective	class	III	antiarrhythmic
agent	dofetilide	in	paroxysmal	atrial	fibrillation	or	atrial	flutter.	Am	J
Cardiol.	1992;69(4):417-419.

49.	Tham	TC,	MacLennan	BA,	Burke	MT,	Harron	DW.	Pharmacodynamics
and	pharmacokinetics	of	the	class	III	antiarrhythmic	agent	dofetilide	(UK-68,
798)	in	humans.	J	Cardiovasc	Pharmacol.	1993;21(3):507-512.

50.	Keam	SJ.	Doripenem:	a	review	of	its	use	in	the	treatment	of	bacterial
infections.	Drugs.	2008;68(14):2021-2057.

51.	Garcia	DA,	Baglin	TP,	Weitz	JI,	Samama	MM.	Parenteral	anticoagulants—-



antithrombotic	therapy	and	prevention	of	thrombosis,	9th	ed:	American
College	of	Chest	Physicians	evidence-based	clinical	practice	guidelines.
Chest.	2012;141(2	Suppl):e24S-e43S.

52.	Lin	JH,	Chremos	AN,	Yeh	KC,	Antonello	J,	Hessey	GAII.	Effects	of	age
and	chronic	renal	failure	on	the	urinary	excretion	kinetics	of	famotidine	in
man.	Eur	J	Clin	Pharmacol.	1988;34(1):41-46.

53.	Toon	S,	Ross	CE,	Gokal	R,	Rowland	M.	An	assessment	of	the	effects	of
impaired	renal	function	and	haemodialysis	on	the	pharmacokinetics	of
fluconazole.	Br	J	Clin	Pharmacol.	1990;29(2):221-226.

54.	Dudley	MN.	Clinical	pharmacology	of	fluconazole.	Pharmacotherapy.
1990;10(6	pt	3):141s-145s.

55.	Haase	M,	Bellomo	R,	Rocktaeschel	J,	et	al.	Use	of	fondaparinux
(ARIXTRA)	in	a	dialysis	patient	with	symptomatic	heparin-induced
thrombocytopaenia	.	Nephrol	Dial	Transplant.	2005;20(2):444-446.

56.	Aweeka	FT,	Jacobson	MA,	Martin-Munley	S,	et	al.	Effect	of	renal	disease
and	hemodialysis	on	foscarnet	pharmacokinetics	and	dosing
recommendations.	J	Acquir	Immune	Defic	Syndr	Hum	Retrovirol.
1999;20(4):350-357.

57.	Czock	D,	Scholle	C,	Rasche	FM,	Schaarschmidt	D,	Keller	F.
Pharmacokinetics	of	valganciclovir	and	ganciclovir	in	renal	impairment.	Clin
Pharmacol	Ther.	2002;72(2):142-150.

58.	Shepp	DH,	Dandliker	PS,	de	Miranda	P,	et	al.	Activity	of	9-[2-hydroxy-1-
(hydroxymethyl)ethoxymethyl]	guanine	in	the	treatment	of	cytomegalovirus
pneumonia.	Ann	Intern	Med.	1985;103(3):368-373.

59.	Fish	DN,	Teitelbaum	I,	Abraham	E.	Pharmacokinetics	and
pharmacodynamics	of	imipenem	during	continuous	renal	replacement
therapy	in	critically	ill	patients.	Antimicrob	Agents	Chemother.
2005;49(6):2421-2428.

60.	Mauro	LS,	Peloquin	CA,	Schmude	K,	Assaly	R,	Malhotra	D.	Clearance	of
linezolid	via	continuous	venovenous	hemodiafiltration.	Am	J	Kidney	Dis.
2006;47(6):e83-e86.

61.	Brier	ME,	Stalker	DJ,	Aronoff	GR,	et	al.	Pharmacokinetics	of	linezolid	in
subjects	with	renal	dysfunction.	Antimicrob	Agents	Chemother.
2003;47(9):2775-2780.

62.	Tsuji	Y,	Hiraki	Y,	Mizoguchi	A,	et	al.	Pharmacokinetics	of	repeated	dosing
of	linezolid	in	a	hemodialysis	patient	with	chronic	renal	failure.	J	Infect



Chemother.	2008;14(2):156-160.
63.	Leroy	A,	Fillastre	JP,	Etienne	I,	Borsa-Lebas	F,	Humbert	G.
Pharmacokinetics	of	meropenem	in	subjects	with	renal	insufficiency.	Eur	J
Clin	Pharmacol.	1992;42(5):535-538.

64.	Ververs	TF,	van	Dijk	A,	Vinks	SA,	et	al.	Pharmacokinetics	and	dosing
regimen	of	meropenem	in	critically	ill	patients	receiving	continuous
venovenous	hemofiltration.	Crit	Care	Med.	2000;28(10):3412-3416.

65.	Lau	AH,	Chang	CW,	Sabatini	S.	Hemodialysis	clearance	of	metronidazole
and	its	metabolites.	Antimicrob	Agents	Chemother.	1986;29(2):235-238.

66.	Bauer	TM,	Ritz	R,	Haberthur	C,	et	al.	Prolonged	sedation	due	to
accumulation	of	conjugated	metabolites	of	midazolam.	Lancet.
1995;346(8968):145-147.

67.	Chong	LYZ,	Satya	K,	Kim	B,	Berkowitz	R.	Milrinone	dosing	and	a	culture
of	caution	in	clinical	practice.	Cardiol	Rev.	2018;26(1):35-42.

68.	Aronoff	GR,	Berns	JS,	Brier	ME,	et	al.	Drug	Prescribing	in	Renal	Failure.
4th	ed..	American	College	of	Physicians;	1999.

69.	Mazoit	JX,	Butscher	K,	Samii	K.	Morphine	in	postoperative	patients:
pharmacokinetics	and	pharmacodynamics	of	metabolites.	Anesth	Analg.
2007;105(1):70-78.

70.	Portenoy	RK,	Foley	KM,	Stulman	J,	et	al.	Plasma	morphine	and	morphine-
6-glucuronide	during	chronic	morphine	therapy	for	cancer	pain:	plasma
profiles,	steady-state	concentrations	and	the	consequences	of	renal	failure.
Pain.	1991;47(1):13-19.

71.	Rindone	JP,	Sloane	EP.	Cyanide	toxicity	from	sodium	nitroprusside:	risks
and	management.	Ann	Pharmacother.	1992;26(4):515-519.

72.	Robson	R,	Buttimore	A,	Lynn	K,	Brewster	M,	Ward	P.	The
pharmacokinetics	and	tolerability	of	oseltamivir	suspension	in	patients	on
haemodialysis	and	continuous	ambulatory	peritoneal	dialysis.	Nephrol	Dial
Transplant.	2006;21(9):2556-2562.

73.	Lucas	GM,	Ross	MJ,	Stock	PG,	et	al.	Guidelines	for	the	management	of
chronic	kidney	disease	in	patients	infected	with	HIV:	2014	update	by	the
HIV	Medicine	Association	of	the	Infectious	Diseases	Society	of	America.
Clin	Infect	Dis.	2014;59(9):1559-1585.

74.	Conte	JEJr.	Pharmacokinetics	of	intravenous	pentamidine	in	patients	with
normal	renal	function	or	receiving	hemodialysis.	J	Infect	Dis.
1991;163(1):169-175.



75.	Centers	for	Disease	Control	and	Prevention	(CDC).	Antiviral	treatment
options,	including	intravenous	peramivir,	for	treatment	of	influenza	in
hospitalized	patients	for	the	2001-2010	season.	Accessed	May	26,	2021.
http://www.cdc.gov/h1n1flu/EUA/peramivir_recommendations.htm

76.	Mancuso	CE,	Gabay	MP,	Steinke	LM,	Vanosdol	SJ.	Peramivir:	an
intravenous	neuraminidase	inhibitor	for	the	treatment	of	2009	H1N1
influenza.	Ann	Pharmacother.	2010;44(7-8):1240-1249.

77.	Jamal	JA,	Roberts	DM,	Udy	AA,	et	al.	Pharmacokinetics	of	piperacillin	in
critically	ill	patients	receiving	continuous	venovenous	haemofiltration:	a
randomised	controlled	trial	of	continuous	infusion	versus	intermittent	bolus
administration.	Int	J	Antimicrob	Agents.	2015;46(1):39-44.

78.	Awissi	DK,	Beauchamp	A,	Hebert	E,	et	al.	Pharmacokinetics	of	an
extended	4-hour	infusion	of	piperacillin-tazobactam	in	critically	ill	patients
undergoing	continuous	renal	replacement	therapy.	Pharmacotherapy.
2015;35(6):600-607.

79.	Zavascki	AP,	Goldani	LZ,	Cao	G,	et	al.	Pharmacokinetics	of	intravenous
polymyxin	B	in	critically	ill	patients.	Clin	Infect	Dis.	2008;47(10):1298-
1304.

80.	John	JF,	Falci	DR,	Rigatto	MH,	Oliveira	RD,	Kremer	TG,	Zavascki	AP.
Severe	infusion-related	adverse	events	and	renal	failure	in	patients	receiving
high-dose	intravenous	polymyxin	B.	Antimicrob	Agents	Chemother.
2018;62(1):e01617-17.

81.	Perrottet	N,	Robatel	C,	Meylan	P,	et	al.	Disposition	of	valganciclovir	during
continuous	renal	replacement	therapy	in	two	lung	transplant	recipients.	J
Antimicrob	Chemother.	2008;61(6):1332-1335.

82.	Mohammad	RA,	Matzke	GR.	Drug	therapy	individualization	for	patients
with	chronic	kidney	disease.	In:	DiPiro	JT,	Talbert	RL,	Yee	GC,	et	al,	eds.
Pharmacotherapy:	A	Pathophysiologic	Approach.	9th	ed.	McGraw-Hill;
2014.

83.	Choi	G,	Gomersall	CD,	Tian	Q,	Joynt	GM,	Freebairn	R,	Lipman	J.
Principles	of	antibacterial	dosing	in	continuous	renal	replacement	therapy.
Crit	Care	Med.	2009;37(7):2268-2282.

84.	Hasselstrom	J,	Eriksson	S,	Persson	A,	Rane	A,	Svensson	JO,	Sawe	J.	The
metabolism	and	bioavailability	of	morphine	in	patients	with	severe	liver
cirrhosis.	Br	J	Clin	Pharmacol.	1990;29(3):289-297.

85.	Pentikainen	PJ,	Valisalmi	L,	Himberg	JJ,	Crevoisier	C.	Pharmacokinetics	of

http://www.cdc.gov/h1n1flu/EUA/peramivir_recommendations.htm


midazolam	following	intravenous	and	oral	administration	in	patients	with
chronic	liver	disease	and	in	healthy	subjects.	J	Clin	Pharmacol.
1989;29(3):272-277.

86.	Homeida	M,	Jackson	L,	Roberts	CJ.	Decreased	first-pass	metabolism	of
labetalol	in	chronic	liver	disease.	Br	Med	J.	61441978;2:1048-1050.

87.	Paintaud	G,	Bechtel	Y,	Brientini	MP,	Miguet	JP,	Bechtel	PR.	Effects	of	liver
diseases	on	drug	metabolism.	Therapie.	1996;51(4):384-389.

88.	Murray	M.	P450	enzymes.	Inhibition	mechanisms,	genetic	regulation	and
effects	of	liver	disease.	Clin	Pharmacokinet.	1992;23(2):132-146.

89.	Verbeeck	RV.	Pharmacokinetics	and	dosage	adjustment	in	patients	with
hepatic	dysfunction.	Eur	J	Clin	Pharmacol.	2008;64:1147-1161.

90.	Greenblatt	DJ.	Clinical	pharmacokinetics	of	oxazepam	and	lorazepam.	Clin
Pharmacokinet.	1981;6(2):89-105.

91.	McKindley	DS,	Boucher	BA,	Hess	MM,	Rodman	JH,	Feler	C,	Fabian	TC.
Effect	of	acute	phase	response	on	phenytoin	metabolism	in	neurotrauma
patients.	J	Clin	Pharmacol.	1997;37(2):129-139.

92.	Smith	BS,	Yogaratnam	D,	Levasseur-Franklin	KE,	Forni	A,	Fong	J.
Introduction	to	drug	pharmacokinetics	in	the	critically	ill	patient.	Chest.
2012;141(5):1327-1336.

93.	Rodighiero	V.	Effects	of	liver	disease	on	pharmacokinetics.	An	update.	Clin
Pharmacokinet.	1999;37(5):399-431.

94.	Bϋdingen	FV,	Gonzalez	D,	Tucker	AN,	Derendorf	H.	Relevance	of	liver
failure	for	anti-infective	agents:	from	pharmacokinetic	alterations	to	dosage
adjustments.	Ther	Adv	Infect	Dis.	2014;2(1):17-42.

95.	Gengo	FM,	Fagan	SC,	Krol	G,	Bernhard	H.	Nimodipine	disposition	and
haemodynamic	effects	in	patients	with	cirrhosis	and	age-matched	controls.
Br	J	Clin	Pharmacol.	1987;23(1):47-53.

96.	Bumgardner	GL,	Roberts	JP.	New	immunosuppressive	agents.
Gastroenterol	Clin	North	Am.	1993;22(2):421-449.

97.	Salama	C,	Han	J,	Yau	L,	et	al.	Tocilizumab	in	patients	hospitalized	with
Covid-19	pneumonia.	N	Engl	J	Med.	2021;384(1):20-30.



Section	19

GASTROINTESTINAL	DISEASE
PROBLEMS	IN	THE	INTENSIVE	CARE
UNIT
C.	PRAKASH	GYAWALI

Chapter	204
Gastrointestinal	Bleeding
Surachai	Amornsawadwattana,	Michael	C.	Bennett,	C.	Prakash	Gyawali,
Chien-Huan	Chen

KEY	POINTS:
1.	 Resuscitation	takes	priority	in	managing	patients	with	gastrointestinal

(GI)	bleeding.	Restrictive	blood	transfusion	strategy	is	preferred
except	in	patients	with	cardiac	ischemia	or	massive	GI	bleeding.

2.	 For	patients	with	suspected	variceal	and	nonvariceal	upper	GI
bleeding,	upper	endoscopy	should	be	performed	within	12	and	24
hours,	respectively.

3.	 Early	colonoscopy	within	24	hours	does	not	improve	the	outcomes	of
patients	with	lower	GI	bleeding.

4.	 Video	capsule	endoscopy	is	the	test	of	choice	in	hemodynamically
stable	patients	with	suspected	small	bowel	bleeding.

5.	 Computerized	tomography	(CT)	angiography	is	an	emerging,
valuable	tool	to	investigate	acute	GI	bleeding.

6.	 Advancement	in	endoscopic	therapy,	use	of	proton	pump	inhibitors,
and	increased	role	of	interventional	radiology	have	led	to	reduction
of	need	for	surgical	management	in	patients	with	GI	bleeding.



INTRODUCTION
Acute	 gastrointestinal	 (GI)	 bleeding	 is	 a	 common	 emergency	 that	 often
necessitates	 admission	 to	 the	 intensive	 care	 unit	 (ICU).	 There	 were
approximately	513,000	 admissions	 and	 almost	 11,000	 in-hospital	 deaths	 in	 the
United	States	due	to	GI	hemorrhage	in	2014,1	with	nearly	$5	billion	spent	for	the
care	of	patients	with	GI	bleeding.1	The	annual	incidence	rate	of	lower	intestinal
bleeding	 is	 estimated	 at	 20.5	 to	 33	 cases	 per	 100,000	 adult	 populations,2,3
whereas	 that	 of	 upper	GI	 bleeding	 is	 estimated	 between	 60	 and	 125	 cases	 per
100,000.4,5	The	majority	of	upper	GI	bleeding	is	nonvariceal	 (80%	to	90%),	of
which	 28%	 to	 59%	 can	 be	 attributed	 to	 peptic	 ulcer	 bleeding.4,5	 Patients	 with
lower	GI	bleeding	are	half	as	 likely	to	present	with	hemodynamic	compromise
or	 require	 blood	 transfusion	 and	 have	 significantly	 higher	 hemoglobin
concentrations	at	presentation	compared	to	patients	with	upper	GI	bleeding.6	The
mortality	rate	from	upper	GI	bleeding	has	remained	largely	stable	at	5%	to	12%,
whereas	mortality	rate	for	lower	intestinal	bleeding	remains	below	5%.5,6	Newer
endoscopic,	medical,	 and	 surgical	 therapies	 in	 conjunction	with	 improved	 ICU
care	have	improved	survival,7	and	this	 trend	will	 likely	continue	 in	 the	coming
years.

INITIAL	EVALUATION	AND	RESUSCITATION
1 	 Resuscitating	 the	 actively	 bleeding	 patient	 takes	 priority	 over	 localizing	 the
bleeding	 source.	 The	 immediate	 goals	 are	 to	 replete	 intravascular	 volume	 and
prevent	 irreversible	shock.	Routine	use	of	colloids	for	fluid	resuscitation	 is	not
recommended	 as	 colloids	 do	 not	 increase	 survival	 when	 compared	 with
crystalloids,	 and	 are	more	 expensive.8	 However,	 optimal	 crystalloids	 for	 fluid
resuscitation	remain	unknown.8

An	 initial	 brief	 history	 and	 physical	 examination	 that	 includes	 serial
measurement	 of	 vital	 signs	 and	 evaluation	 of	 the	 volume	 and	 character	 of
bleeding	 helps	 determine	 the	 urgency	 and	 degree	 of	 resuscitation	 necessary.
Tachycardia,	 hypotension,	 or	 orthostatic	 hypotension	 indicates	 significant
intravascular	 volume	depletion.5	 Insight	 into	 volume	 status	 can	 also	 be	 gained
from	 evaluation	 of	 mucous	 membranes	 and	 neck	 veins	 and	 measurement	 of
urine	 output.5	 Bleeding	 patients	 need	 large-bore	 intravenous	 (IV)-access
catheters	 (eg,	 peripheral	 catheters	 16	 or	 18	 gauge	 or	 central	 venous	 access),
supplemental	 oxygen,	 correction	 of	 coagulopathies,	 and	 prompt	 packed	 red
blood	cell	 transfusion	to	patients	with	tachycardia,	hypotension,	or	hemoglobin



less	than	7	g	per	dL	in	most	settings.
Older	patients	with	hemodynamic	compromise	or	shock	have	a	higher	risk	of

mortality,	 therefore,	 they	 need	 urgent	 resuscitation	 and	 close	 monitoring.	 In
situations	 of	 massive	 hematemesis	 or	 patients	 with	 decreased	 level	 of
consciousness,	endotracheal	intubation	provides	airway	protection	and	facilitates
endoscopic	 evaluation	 and	 therapy.	 However,	 prophylactic	 endotracheal
intubation	also	has	 risks,	especially	unplanned	cardiorespiratory	events	such	as
pneumonia,	 pulmonary	 edema,	 acute	 respiratory	 distress	 syndrome,	 persistent
shock/hypotension	 after	 the	 procedure,	 arrhythmia,	 myocardial	 infarction,	 or
cardiac	arrest.9

Although	 initial	 aggressive	 resuscitation	 is	 crucial,	 care	 must	 be	 taken	 to
avoid	 overresuscitation.	 Recent	 evidence	 and	 guidelines	 support	 a	 more
restrictive	 approach	 to	 transfusion,	with	 a	 hemoglobin	 target	 of	 7	 g	 per	 dL	 in
most	cases.10-12	Restrictive	transfusion	goals	have	been	associated	with	improved
outcomes	and	lower	mortality,	particularly	for	patients	with	cirrhosis	and	portal
hypertension,	wherein	aggressive	resuscitation	can	 increase	portal	pressure	and
lead	 to	 recurrence	of	bleeding.10,12	However,	 appropriate	 target	hemoglobin	 for
transfusion	 depends	 on	 the	 clinical	 context,	 with	 higher	 goals	 reasonable	 in
patients	with	active	cardiac	ischemia	or	massive	bleeding.

Coagulopathy	from	use	of	vitamin	K	antagonists	and	from	thrombocytopenia
should	 be	 corrected	 in	 the	 setting	 of	 clinically	 significant	 GI	 bleeding.
Prothrombin	 complex	 concentrate	 may	 be	 a	 better	 agent	 than	 fresh	 frozen
plasma	for	correction	of	coagulopathy	from	vitamin	K	antagonists,	due	to	rapid
onset	 and	 lower	 volume.13	 Prolonged	 International	 Normalized	 Ratio	 (INR)
should	 not	 be	 an	 absolute	 contraindication	 for	 performing	 endoscopic
procedures,	 since	 modern	 data	 do	 not	 demonstrate	 the	 benefit	 of	 normalizing
INR.14	 In	 addition,	 traditional	 metrics	 such	 as	 prothrombin	 time,	 partial
thromboplastin	 time	 (PTT)	and	 INR	are	not	 considered	 reliable	 tools	 to	 assess
coagulation.15	 There	 is	 increasing	 evidence	 supporting	 the	 use	 of
thromboelastography	 (TEG)	 or	 thromboelastometry	 (ROTEM)	 to	 better	 assess
platelet	 function	 and	 coagulopathy,	 and	 to	 avoid	 unnecessary	 blood	 product
transfusion.15,16	If	TEG	or	ROTEM	is	not	available,	monitoring	fibrinogen	level
is	 a	 reasonable	 alternative.17	 The	 goal	 is	 to	 maintain	 fibrinogen	 level	 above
100	 mg/dL	 by	 transfusing	 cryoprecipitate.17	 There	 is	 no	 standard
recommendation	in	regard	to	platelet	transfusion.	In	general,	platelet	transfusion
is	needed	when	platelets	are	less	than	50,000/µL.17

Direct	oral	 anticoagulants	 (DOAC)	are	used	 increasingly	due	 to	 the	ease	of
use,	rapid	onset,	and	possible	reduced	risk	of	bleeding	complications	compared
to	 vitamin	K	 antagonists	 like	warfarin.13	However,	DOACs	 appear	 to	 increase



risk	of	GI	bleeding	on	meta-analysis.18	The	half-life	of	DOAC	 is	prolonged	 in
patients	 with	 renal	 impairment.14	 Clinicians	 should	 weigh	 the	 risk	 of
thromboembolism	 against	 the	 risk	 of	 ongoing	 GI	 bleeding	 when	 deciding
whether	to	discontinue	and/or	reverse	anticoagulation.14	In	the	setting	of	massive
GI	 hemorrhage,	 the	 effect	 of	 DOAC	 can	 be	 reversed	 by	 dialysis,	 by
administrating	 clotting	 factor	 products	 (activated	 or	 unactivated	 4-factor
prothrombin	 complex	 concentrate),	 or	 by	 administrating	 an	 agent-specific
reversal	drug	depending	on	 the	particular	DOAC	used.13	Tranexamic	acid	does
not	decrease	death	from	GI	bleeding,	so	it	should	not	be	used	in	the	setting	of	GI
bleeding	outside	of	clinical	trials.19

FURTHER	EVALUATION	AND	MANAGEMENT
Resuscitation	may	need	to	be	continued	even	after	the	initial	volume	deficit	has
been	corrected	if	there	is	evidence	of	ongoing	or	renewed	bleeding.	Because	of
the	laxative	properties	of	fresh	blood	in	the	GI	tract,	repeated	passage	of	liquid
blood	per	rectum	implies	ongoing	or	recurrent	bleeding.	As	bleeding	stops,	 the
stool	 becomes	 formed	 and	 converts	 from	 red	 or	maroon	 blood	 to	 darker	 stool
and	eventually	to	brown	stool	that	contains	occult	blood,	which	may	persist	for
as	long	as	2	weeks	after	GI	bleeding	has	ceased.

In	 patients	 without	 hematemesis,	 a	 nasogastric	 (NG)	 tube	 aspirate	 of	 red
blood	 may	 be	 a	 poor	 prognostic	 sign,4,5	 but	 the	 lack	 of	 red	 blood	 or	 coffee
ground	material	does	not	exclude	an	upper	GI	bleeding	source.5	NG	lavage	does
not	appear	to	affect	clinical	outcomes,	although	it	may	help	predict	the	presence
of	 high-risk	 lesions.20	 Clinical	 variables	 at	 presentation	 in	 combination	 with
endoscopic	 findings	 have	 been	 used	 to	 triage	 and	 risk-stratify	 patients,	 assess
risk	 of	 poor	 outcomes,	 and	 aid	 in	 guiding	 management.4,5	 The	 Glasgow-
Blatchford	 score	 is	 a	 validated	 tool	 based	 solely	 on	 pre-endoscopic	 clinical
variables	 scored	 from	 0	 to	 23	 (Table	 204.1),	 with	 higher	 values	 predictive	 of
higher	risk.	Patients	with	a	Glasgow-Blatchford	score	of	less	than	or	equal	to	1
are	at	low	risk	of	rebleeding	and	mortality	and	can	be	considered	for	outpatient
management.8,11	 The	 Rockall	 score	 can	 be	 calculated	 prior	 to	 and	 after
endoscopy	(Table	204.2),	with	higher	scores	predictive	of	higher	risk	of	a	poor
outcome.21,22	Another	pre-endoscopic	risk	score,	AIMS65,	includes	five	clinical
measures	(albumin	<	3	g	per	dL,	INR	>	1.5,	mental	status	change,	systolic	blood
pressure	<	90	mm	Hg,	and	age	>	65	years).23	The	AIM65	score	can	be	used	to
predict	 patients	 at	 high	 risk	 for	mortality	 and	 increased	 length	 of	 the	 hospital
stay.23	 Nevertheless,	 it	 should	 not	 be	 used	 to	 identify	 patients	 at	 low	 risk	 for



rebleeding	 or	 mortality	 that	 may	 not	 require	 hospitalization	 and	 inpatient
endoscopy.8

TABLE	204.1

Glasgow-Blatchford	Score	for	Clinical	Risk	Stratification	of
Gastrointestinal	Bleeding

Variable Score

Blood	urea	nitrogen	(mg/dL)

<18.2 0

18.2-22.3 2

22.4-27.9 3

28.0-70.0 4

>70.0 6

Hemoglobin	in	men	(g/dL)

>13 0

12-12.9 1

10-11.9 3

<10 6

Hemoglobin	in	women	(g/dL)

>12 0

10-11.9 1

<10 6

Systolic	blood	pressure	(mm	Hg)

>110 0



100-109 1

90-99 2

<90 3

Other	markers

Pulse	>	100/min 1

Presentation	with	melena 1

Presentation	with	syncope 2

Hepatic	disease 2

Cardiac	failure 2

Reprinted	from	Stanley	AJ,	Ashley	D,	Dalton	HR,	et	al.	Outpatient	management	of	patients	with
low-risk	upper-gastrointestinal	haemorrhage:	multicentre	validation	and	prospective	evaluation.
Lancet.	373(9657):42-47,	2009,	with	permission	from	Elsevier.

TABLE	204.2

Complete	Rockall	Score	for	Risk	Stratification	of	Acute
Upper	GI	Bleeding

Variable Points

Clinical	Rockall	score

Age

<60	y 0

60-79	y 1

>80	y 2

Shock

Heart	rate	>	100	beats/min 1

Systolic	blood	pressure	<	100	mm	Hg 2



Coexisting	illness

Coronary	artery	disease,	congestive	heart	failure,	other	major	illness 2

Renal	failure,	hepatic	failure,	metastatic	cancer 3

Endoscopic	diagnosis

No	finding,	Mallory-Weiss	tear 0

Peptic	ulcer,	erosive	disease,	esophagitis 1

Cancer	of	the	upper	GI	tract 2

Endoscopic	stigmata	of	recent	bleeding

Clean	based	ulcer,	flat	pigmented	spot 0

Blood	in	upper	GI	tract,	active	bleeding	visible	vessel,	clot 2

Patients	with	a	clinical	Rockall	score	of	0	or	a	complete	Rockall	score	of	<2	are	considered	to	be
at	low	risk	for	rebleeding	or	mortality.	Higher	scores	indicate	higher	risks.

GI,	gastrointestinal.
Adapted	from	Gralnek	IM,	Barkun	AN,	Bardou	M.	Management	of	acute	bleeding	from	a	peptic
ulcer.	N	Engl	J	Med.	2008;359(9):928-937.

DIAGNOSTIC	EVALUATION

Bedside	Diagnosis
Clinicians	 may	 attempt	 to	 localize	 the	 source	 of	 GI	 bleeding	 based	 on	 the
description	 of	 color	 of	 stool.	 Usually,	 melena	 indicates	 an	 upper	 GI	 bleeding
source,	while	brighter	colors	of	red	in	the	stool	are	more	often	associated	with	a
distal	colonic	bleeding	source.	However,	color	of	bloody	stool	may	not	always
be	helpful	in	predicting	the	level	of	GI	bleeding	and	is	subject	to	interpretation
variability	by	both	patients	and	physicians.	Stool	color	identified	by	the	patient
on	 a	 color	 card	may	be	more	 reliable	 than	 physician	 history	 in	 suggesting	 the
level	of	bleeding	in	the	GI	tract.24	When	bright	red	blood	in	the	stool	(implying	a
lower	GI	bleed)	is	associated	with	hemodynamic	compromise,	as	many	as	11%
of	 patients	may	 have	 an	 upper	GI	 bleeding	 source,	 even	 if	 the	NG	 aspirate	 is
negative.4,5	 In	 this	 setting,	 an	 upper	 endoscopy	 may	 be	 the	 first	 endoscopic



evaluation,	even	though	the	presenting	symptom	is	hematochezia.

Upper	Endoscopy
When	 bleeding	 is	 suspected	 to	 originate	 proximal	 to	 the	 jejunum,
esophagogastroduodenoscopy	 (EGD;	 upper	 endoscopy)	 is	 the	 diagnostic
procedure	of	choice.	This	identifies	the	bleeding	source	in	80%	to	90%	of	cases
with	 a	 high	 degree	 of	 accuracy,	 provides	 therapeutic	 options,	 and	 carries	 low
morbidity.4,5	Endoscopy	has	 the	 added	 advantage	 of	 detecting	 prognostic	 signs
(Table	204.2)	and	classifies	bleeding	stigmata	as	high	or	low	risk	for	rebleeding
based	on	the	Forrest	grade	(Table	204.3).

TABLE	204.3

Risk	Factors	for	Further	Bleeding	and	Mortality	From
Peptic	Ulcer

Endoscopic
Finding

Forrest
Grade

Further	Bleeding
(%)

Mortality
(%)

Active	bleeding IA,	IBa 55 11

Nonbleeding	visible
vessel

IIA 43 11

Adherent	clot IIB 22 7

Flat	pigmented	spot IIC 10 3

Clean	ulcer	base III 5 2

aForrest	grade	IA	indicates	spurting	or	arterial	bleeding,	and	IB	indicates	oozing	bleeding.
Adapted	from	Laine	L,	Jensen	DM.	Management	of	patients	with	ulcer	bleeding.	Am	J
Gastroenterol.	2012;107(3):345-360.

Even	when	an	exact	diagnosis	cannot	be	made,	 localizing	the	bleeding	to	a
specific	 region	 within	 the	 upper	 GI	 tract	 can	 be	 helpful	 for	 possible	 surgical
resection	or	radiological	embolization.	Prokinetic	agents	such	as	erythromycin	or
metoclopramide	can	be	administered	IV	to	induce	gastric	emptying	and	clear	the



stomach	of	blood	and	clots	prior	to	endoscopy.11,25	Alternatively,	repeated	lavage
with	 saline	 through	 a	wide-bore	orogastric	 tube	may	be	used	 for	 this	 purpose.
Complications	related	to	endoscopy	are	higher	when	the	procedure	is	performed
on	an	emergency	basis.

2 	The	timing	of	endoscopy	for	upper	GI	bleeding	continues	to	be	evaluated.	A
recent	randomized	control	study	demonstrated	that	urgent-endoscopy	(performed
within	6	hours	after	GI	consultation)	was	not	associated	with	reduced	mortality
compared	 to	 early-endoscopy	 (performed	 between	 6	 and	 24	 hours	 after
consultation)	in	patients	with	acute	upper	GI	bleeding	and	a	Glasgow-Blatchford
score	of	≥12.26	However,	endoscopy	within	24	hours	did	demonstrate	a	reduction
in	 the	 length	 of	 hospital	 stay	 and	 need	 for	 surgical	 intervention.27	 Current
consensus	and	clinical	guidelines	recommend	urgent	endoscopy	(within	24	hours
of	presentation)	for	both	low-risk	and	high	risk	patients	with	nonvariceal	upper
GI	 bleeding.8,11	 Regarding	 variceal	 hemorrhage,	 GI	 societies	 recommend	 that
upper	 endoscopy	 be	 performed	 within	 12	 hours	 of	 admission	 and	 when	 the
patient	has	stable	hemodynamics.12,28	At	present,	 there	 is	no	high	quality	study
regarding	the	timing	of	endoscopy	in	patients	receiving	anticoagulants	(vitamin
K	 antagonist,	 DOAC).	 In	 this	 population,	 coagulopathy	 should	 be	 treated	 as
necessary.	Nevertheless,	endoscopy	should	not	be	delayed	given	the	benefits	of
early	 endoscopy	 (<24	 hours).8	 A	 routine	 second-look	 endoscopy	 is	 not
recommended,8	but	it	can	be	considered	on	an	individual	basis	if	clinical	signs	of
recurrent	 bleeding	 are	 present	 or	 if	 there	 are	 questions	 about	 adequate
examination	or	hemostasis	from	the	initial	endoscopy.

Enteroscopy
If	a	small	bowel	lesion	is	suspected,	a	longer	endoscope	can	be	used	to	evaluate
the	 small	 bowel	 as	 far	 distal	 as	 the	 proximal	 jejunum	 (push	 enteroscopy).29
Bleeding	 lesions	 beyond	 the	 reach	 of	 a	 push	 enteroscope	 can	 potentially	 be
approached	 using	 balloon-assisted	 enteroscopy,	 a	 technique	 that	 allows	 for
visualization	of	most	of	 the	small	bowel.	Balloons	at	 the	endoscope	 tip	and	an
overtube	can	be	consecutively	 inflated	and	deflated	while	 inserting	and	pulling
out	 the	endoscope	to	allow	the	bowel	 to	pleat	over	 the	overtube,	 thus	allowing
deep	endoscope	insertion	into	the	small	bowel,	either	through	the	mouth	or	the
anus.29	Spiral	enteroscopy	uses	a	special	overtube	with	an	outer	spiral	ridge	at	its
distal	 end	 over	 an	 enteroscope.30	 Balloon-assisted	 enteroscopy	 and	 spiral
enteroscopy	have	similar	diagnostic	and	therapeutic	outcomes	and	similar	depth
of	insertion.31	Intraoperative	enteroscopy	can	be	performed	via	mouth,	rectum	or
an	 enterotomy	 to	 evaluate	 the	 entire	 small	 intestine.30	 However,	 its	 usage	 is



limited	by	its	invasive	nature.

Sigmoidoscopy/Colonoscopy
2 	When	a	distal	lower	GI	bleeding	source	is	suspected,	early	sigmoidoscopy	may
be	 helpful	 if	 the	 bleeding	 is	 not	 of	 a	 magnitude	 that	 would	 prevent	 adequate
visualization.	 For	 most	 situations,	 however,	 colonoscopy	 replaces
sigmoidoscopy	as	the	diagnostic	approach.	Early	colonoscopy	provides	a	higher
yield	 of	 the	 bleeding	 source	 compared	 to	 radiologic	 studies,	 especially	 when
performed	within	24	hours	of	presentation.32	Nonetheless,	 a	 recent	 randomized
controlled	 trial	 demonstrated	 that	 early	 colonoscopy	 (within	 24	 hours	 of
admission)	 did	 not	 increase	 detection	 of	 stigmata	 of	 recent	 hemorrhage,	 or
decrease	 rebleeding	 rate	when	 compared	 to	 elective	 colonoscopy	 (between	 24
and	96	hours	after	admission)	in	patients	with	acute	lower	GI	bleeding.33	Based
on	 the	 current	 evidence,	 patients	with	 acute	 lower	GI	 bleeding	 do	 not	 benefit
from	early	colonoscopy	(within	24	hours).34	When	performing	colonoscopy	for
GI	bleeding,	intubation	of	the	terminal	ileum	should	be	attempted	to	distinguish
whether	bleeding	originates	from	the	small	intestine	or	from	the	colon.

	Video	Capsule	Endoscopy
3 	Video	 capsule	 endoscopy	 (VCE),	with	 a	 diagnostic	 yield	 of	 38%	 to	 83%,	 is
considered	the	test	of	choice	in	evaluating	patients	with	suspected	small	bowel
bleeding.30,35	 The	 diagnostic	 yield	 and	 effect	 on	 patient	 management	 are
improved	 with	 early	 deployment	 of	 VCE	 within	 3	 days	 of	 admission.36	 VCE
findings	lead	to	change	in	medical	management	or	intervention	in	37%	to	87%
of	patients.35	Recurrent	bleeding	is	low	(6%-11%)	in	patients	with	negative	VCE
study.35	The	 limitations	of	VCE	are	difficulty	of	 localizing	 lesions,	 inability	 to
provide	endoscopic	 treatment,	 false-positive	findings,	and	a	10%	to	36%	false-
negative	 rate.30,35	 VCE	 can	 be	 performed	 safely	 in	 patients	 with	 cardiac
implantable	 devices	 (pacemaker,	 implantable	 defibrillator,	 ventricular	 assist
device)	without	special	precautions.37,38	 It	 is	also	safe,	feasible,	and	effective	to
perform	in	the	ICU	setting.39

Radionuclide	Bleeding	Scan
The	technetium-99m-labeled	red	blood	cell	scan	(scintigraphy)	performed	at	the
bedside	offers	a	noninvasive	diagnostic	approach	to	patients	suspected	of	having



GI	bleeding	originating	beyond	the	reach	of	an	endoscope,	especially	in	unstable
patients	 where	 bowel	 preparation	 or	 endoscopy	 cannot	 be	 safely	 performed.
Although	bleeding	rates	as	low	as	0.1	mL/min	can	be	detected	by	this	method,
the	 patient	 should	 have	 evidence	 of	 ongoing	 bleeding	 during	 the	 study.6
Scintigraphy	may	help	to	identify	patients	needing	interventional	treatment	from
those	 who	 can	 be	 managed	 conservatively.40	 Combination	 with	 CT	 imaging
provides	 higher	 precision	 for	 localizing	 the	 bleeding	 site	 as	well	 as	 additional
anatomic	information	that	may	be	useful	for	management.40	If	the	test	localizes
bleeding,	 angiography	 or	 endoscopy	 is	 needed	 to	 confirm	 the	 site,	 to	 further
define	the	cause,	and	to	offer	therapy	for	ongoing	bleeding.6

Computed	Tomography	Angiography
5 	CT	 angiography	 (CTA)	 is	 increasingly	 used	 in	 evaluating	 acute	GI	 bleeding
because	 it	 is	 fast,	 noninvasive,	 and	 can	 detect	 bleeding	 at	 a	 rate	 of	 0.3	 to
0.5	mL/min.41	CTA	has	an	overall	sensitivity	of	85%	and	specificity	of	92%	for
detection	of	an	actively	bleeding	site.41	A	positive	CTA	is	a	predictor	of	positive
findings	on	subsequent	mesenteric	angiography,	whereas	patients	with	negative
results	 are	 unlikely	 to	 require	 angiographic	 or	 surgical	 therapy.41	Nevertheless,
CTA	 has	 limitations.	 Patients	 must	 have	 active	 bleeding	 at	 the	 time	 of	 the
study.30	In	addition,	IV	contrast	is	required	for	this	study.41	As	a	result,	the	risks
and	 benefits	 of	 CTA	 should	 be	 carefully	 evaluated	 in	 patients	 at	 high	 risk	 of
developing	contrast	induced	nephropathy.

Mesenteric	Arteriography
Because	 a	 more	 rapid	 bleeding	 rate	 is	 necessary	 for	 a	 positive	 arteriogram
(0.5	 mL/min),	 this	 procedure	 is	 typically	 performed	 after	 active	 bleeding	 is
documented	on	a	radionuclide	bleeding	scan	or	CTA.6,40	However,	because	of	the
intermittent	 nature	 of	 bleeding	 and	 the	 variable	 timing	 of	 mesenteric
arteriography,	 a	 positive	 red	 blood	 cell	 scan	 does	 not	 always	 result	 in	 a
diagnostic	 arteriogram.6	 Arteriography	 is	 also	 useful	 for	 upper	 GI	 bleeding
sources	not	visualized	on	upper	endoscopy	because	of	rapid	bleeding	or	a	blood-
filled	 stomach.	 In	 a	 patient	 with	 massive	 overt	 GI	 bleeding	 who	 is
hemodynamically	 unstable,	 mesenteric	 arteriography	 should	 be	 performed
emergently.30



THERAPEUTIC	PROCEDURES	FOR
HEMOSTASIS

Endoscopic	Therapy	(Endotherapy)
6 	 Endotherapy	 offers	 a	 convenient	 and	 expedient	 method	 for	 treatment	 of	 GI
bleeding.	Although	endotherapy	is	primarily	used	for	the	treatment	of	upper	GI
and	peptic	ulcer	bleeding,	 these	modalities	can	also	be	applied	 to	patients	with
lower	GI	bleeding.5,42,43	Endotherapy	 is	 safe	 and	 indicated	 for	 all	 patients	with
high-risk	 lesions	 because	 of	 the	 significant	 risk	 of	 persistent	 or	 recurrent
bleeding	(22%	to	55%),	and	even	death	if	 left	untreated.4,5,43	Randomized	trials
have	 demonstrated	 that	 endotherapy	 for	 upper	 GI	 bleeding	 decreases	 further
bleeding,	 shortens	 hospital	 stay,	 decreases	 transfusions,	 decreases	 emergency
surgery,	 decreases	 mortality,	 and	 lowers	 costs.44	 Optimal	 therapy	 for	 adherent
clots	 remains	 controversial11;	 a	meta-analysis	 demonstrated	 reduced	 rebleeding
rates	 (pooled	 relative	 risk	 [RR]	0.35,	 95%,	 confidence	 interval	 [CI]	 0.14-0.83;
number	needed	to	treat	6.3)	with	endoscopic	removal	of	clot	and	treatment	of	the
uncovered	 lesion,	 but	 no	 change	 in	 length	of	 hospitalization,	 need	 for	 surgery,
transfusion	 requirements,	 and	 mortality	 compared	 to	 medical	 therapy	 alone.45
However,	 vigorous	 lavage	 of	 adherent	 clot	 can	 uncover	 stigmata	 requiring
endoscopic	 treatment	 in	 nearly	 half	 of	 patients	 and	 can	 be	 performed	 at	 the
discretion	of	the	endoscopist.46

The	most	common	modalities	of	endoscopic	therapy	used	are	thermal	therapy
(heater	 probe,	 bipolar	 probe,	 argon	 plasma	 coagulation),	 injection	 therapy
(epinephrine,	 hypertonic	 saline,	 sclerosing	 solutions),	 and	 mechanical	 therapy
(hemoclips,	 endoloops,	 and	 band	 ligation).	 Newer	 endoscopic	 techniques,
including	monopolar	hemostatic	forceps	with	low-voltage	coagulation,	over-the-
scope	clips,	endoscopic	suturing,	mucosal	ablation	devices,	fibrin	glue	injection,
hemostatic	 powder,	 and	 endoscopic	 ultrasound-guided	 angiotherapy,	 may
improve	success	rates	in	treatment	of	high-risk	lesions.47,48	Over-the-scope	clips
should	 be	 considered	 in	 patients	 with	 recurrent	 bleeding	 after	 previous
successful	 endoscopic	 therapy.11	 The	 treatment	 modalities	 are	 generally
comparable	with	respect	to	efficacy	and	safety	even	when	used	in	combination.4
In	a	Cochrane	database	systemic	review,	addition	of	an	alternative	modality	of
endotherapy	 to	 epinephrine	 injection	 alone	 reduced	 further	 bleeding	 (RR	0.53,
95%	CI	0.35-0.81),	need	 for	emergency	surgery	 (RR	0.68,	95%	CI	0.50-0.93),
and	 mortality	 (RR	 0.50,	 95%	 CI	 0.25-1.00)	 in	 high-risk	 ulcers,	 although	 no



particular	 form	 of	 treatment	 appeared	 to	 be	 superior	 to	 others.49	 However,
despite	 successful	 endotherapy,	 rebleeding	can	occur	 in	up	 to	30%	of	patients.
Repeat	 upper	 endoscopy	 should	 be	 performed	 in	 patients	 with	 recurrent	 ulcer
bleeding	after	endoscopic	treatment	rather	than	surgery	or	angiotherapy.11

Angiotherapy
Intra-arterial	vasopressin	and/or	embolization	are	used	for	angiographic	control
of	various	bleeding	lesions.6,50	Vasopressin	has	potential	to	cause	cardiovascular
complications.	 Gelfoam	 and	 metal	 coils	 used	 for	 embolic	 therapy	 after
superselective	cannulation	of	the	bleeding	artery	are	effective	because	they	can
be	 delivered	 close	 to	 the	 terminal	 bleeding	 vessel	 and	 result	 in	 localized
thrombosis	with	vessel	occlusion.	Embolization	successfully	controls	bleeding	in
52%	 to	 94%	 of	 patients,	 with	 approximately	 10%	 of	 these	 patients	 requiring
repeat	embolization	 for	 recurrent	bleeding.51	There	 is	 a	 risk	of	bowel	 ischemia
following	embolization,	but	this	is	usually	minor	and	self-limited.50

Angiotherapy	 may	 be	 a	 first-line	 treatment	 for	 uncontrolled	 lower	 GI
bleeding	from	lesions	such	as	diverticula	and	angiodysplasia,	but	 its	use	 in	 the
upper	 GI	 tract	 is	 reserved	 for	 peptic	 ulcer	 bleeding	 that	 is	 not	 localized	 or
controlled	 by	 endotherapy.11	 Angiotherapy	 can	 be	 comparable	 to	 surgical
intervention	 when	 endoscopic	 therapy	 fails	 for	 bleeding	 peptic	 ulcers.	 A
retrospective	 analysis	 demonstrated	 no	 difference	 between	 embolization	 and
surgery	 in	 recurrent	 bleeding	 (29.0%	 and	 23.1%),	 additional	 surgery	 required
(16.1%	 and	 30.8%),	 and	 mortality	 (25.8%	 and	 20.5%)	 despite	 an	 older
population	 and	higher	 prevalence	of	 heart	 disease	 in	 the	 embolization	group.52
The	timing	for	the	use	of	angiography	and	angiotherapy	must	be	individualized
and	usually	 is	a	consensus	decision	by	 the	 involved	physicians.	A	prophylactic
embolization	of	high-risk	peptic	ulcers	after	achieving	endoscopic	hemostasis	is
not	recommended.47

Surgical	Therapy
6 	With	 advances	 in	 endoscopic	 hemostasis,	 the	 high	 effectiveness	 of	 PPIs	 for
treating	 bleeding	 peptic	 ulcers	 and	 the	 increasing	 role	 of	 interventional
radiology,	 surgical	 treatment	 of	 GI	 bleeding	 has	 become	 less	 frequent.	 The
appropriate	 timing	 of	 when	 a	 surgeon	 should	 be	 involved	 in	 the	 care	 of	 a
bleeding	patient	 is	 physician	 and	 institution	dependent.	This	 can	vary	 from	an
early	team	approach	at	presentation,	to	involvement	of	a	surgical	team	once	the



risk	of	significant	morbidity	and	mortality	are	established	after	a	poor	response
to	 medical	 and	 endoscopic	 therapy.	 Surgery	 may	 have	 a	 role	 in	 treating
refractory	 bleeding	 peptic	 ulcers	 that	 fail	 endoscopic	 therapy	 and	 mesenteric
angiotherapy,	 bleeding	 from	 tumors,	 or	 presence	 of	 other	 surgical	 indications
(peritonitis,	 obstruction,	 gangrene,	 etc).	 Prior	 to	 surgical	 intervention,	 a	 repeat
endoscopy	for	a	patient	with	persistent	or	recurrent	bleeding	can	be	considered
owing	 to	 lower	 risks	 of	 side	 effects	 from	endoscopy	 compared	 to	 surgery.53	A
possible	exception	may	be	ulcers	>2	cm	in	hypotensive	patients	where	the	risk	of
rebleeding	 is	 extremely	 high	 with	 repeat	 endoscopic	 therapy.53	 Patients	 with
massive	 hemorrhage	 that	 overwhelms	 the	 resuscitation	 effort	 may	 need	 to
proceed	 directly	 to	 the	 surgical	 suite	 during	 ongoing	 resuscitation.	 If	 these
patients	 are	 high-risk	 surgical	 candidates,	 angiotherapy	 or	 a	 percutaneously	 or
surgically	 placed	 portal-hepatic	 shunt	 for	 variceal	 bleeding	 may	 be	 an
alternative.

SPECIFIC	BLEEDING	LESIONS

Variceal	Upper	Gastrointestinal	Bleeding
Portal	 hypertension,	 most	 frequently	 a	 consequence	 of	 cirrhosis,	 leads	 to
portosystemic	collateral	circulations	at	the	squamocolumnar	junctions	in	the	gut
(ie,	gastroesophageal,	anal,	and	peristomal),	which	progressively	enlarge	to	form
varices.	 Bleeding	 from	 gastroesophageal	 varices	 characteristically	 is	 brisk	 and
typically	presents	as	hematemesis,	melena,	or	hematochezia	in	association	with
hemodynamic	 instability.	The	presentation	may	be	 less	dramatic	because	acute
blood	loss	can	be	self-limited	in	50%	to	60%	of	cases.54

Gastroesophageal	varices	are	present	 in	 about	50%	of	cirrhotic	patients	 and
they	 are	 more	 prevalent	 in	 patients	 with	 decompensated	 cirrhosis.12	 Variceal
hemorrhage	occurs	at	a	rate	of	10%	to	15%	per	year	depending	on	the	severity	of
liver	dysfunction,	size	of	varices,	and	presence	of	red	wale	marks.	The	6-week
mortality	 rate	 varies	 from	 15%	 to	 25%.12	 Once	 active	 bleeding	 stops,	 the
likelihood	 of	 recurrent	 variceal	 hemorrhage	 is	 40%	within	 72	 hours	 and	 60%
within	10	days	if	no	definitive	treatment	is	pursued.45	Endoscopic	 findings	 that
implicate	 esophageal	 or	 gastric	 varices	 as	 the	 bleeding	 source	 include	 the	 red
sign,	where	 one	 varix	 is	 brighter	 red	 than	 the	 others	 from	microtelangiectasia
(red-sign	variants	include	red-wale	marks,	cherry-red	spots,	hematocystic	spots,
and	diffuse	redness	of	varix),	and	the	white-nipple	sign,	in	which	a	fresh	fibrin



clot	 may	 be	 seen	 protruding	 from	 a	 varix.55,56	 Prophylactic	 endotracheal
intubation	to	protect	the	airway	from	aspiration	of	blood	is	usually	performed	for
cirrhotic	 patients	 with	 upper	 GI	 bleeding	 especially	 for	 patients	 with	 altered
mental	status.28	Additional	complications	that	must	be	addressed	include	alcohol
withdrawal,	 aspiration,	 infection,	 and	 electrolyte	 imbalances.	 Patients	 with
variceal	 hemorrhage	 should	 be	 admitted	 to	 ICU	 or	 other	 well-equipped
monitoring	ward.28

Vasoactive	 agents	 (octreotide,	 terlipressin,	 vasopressin,	 somatostatin)	 are
associated	with	 lower	 7-day	 all-cause	mortality	 and	 a	 reduced	 need	 for	 blood
transfusion.12	 These	 agents	 should	 be	 initiated	 immediately	 in	 patients	 with
suspected	variceal	hemorrhage.	Octreotide	is	the	only	approved	vasoactive	agent
in	the	United	States.	It	is	given	as	an	initial	IV	bolus	dose	of	50	mcg	followed	by
continuous	IV	infusion	of	50	mcg/hour	for	a	total	duration	of	2	to	5	days.12	Aside
from	transient	nausea	and	abdominal	pain	with	bolus	doses,	significant	adverse
effects	 from	octreotide	 are	 rare.	Vasopressin,	 once	widely	 used	 in	 this	 setting,
has	a	significant	cardiovascular	side	effect	profile	and	for	 this	 reason	has	been
replaced	by	octreotide.

Infection	 (specifically	 spontaneous	 bacterial	 peritonitis)	 occurs	 in	 patients
with	 cirrhosis	 and	 GI	 bleeding	 of	 any	 in	 25%	 to	 50%	 of	 cases,	 leading	 to
increased	 bleeding	 and	mortality.57	 Antibiotic	 prophylaxis	 decreases	 infection,
recurrent	bleeding,	and	death.	IV	ceftriaxone	1	g/day	is	the	antibiotic	of	choice
for	up	to	7	days.12

In	 general,	 endoscopic	 evaluation	 should	 be	 performed	within	 12	 hours	 for
patients	 with	 suspected	 variceal	 hemorrhage	 (VH),	 although	 there	 is	 no
randomized	controlled	study	supporting	this	recommendation.12,28	 If	esophageal
VH	 or	 bleeding	 gastroesophageal	 varices	 1	 is	 confirmed	 or	 suspected,
endoscopic	variceal	ligation	(EVL)	is	the	treatment	of	choice.12	Complications	of
EVL	 include	 recurrent	 bleeding	 from	 treatment-induced	 esophageal	 ulcers,
stricture	 formation,	 esophageal	 perforation,	 and	 acceleration	 of	 portal
hypertensive	 gastropathy.58	 Endoscopic	 variceal	 sclerotherapy	 (injecting	 a
sclerosing	 solution	 into	 the	 variceal	 lumen	 or	 into	 the	 adjacent	 submucosa)
should	only	be	performed	when	EVL	fails	or	is	not	technically	feasible	due	to	its
high	complication	rate	(up	to	25%).59

Gastric	 varices	 are	 detected	 in	 approximately	 20%	 of	 patients	 with	 portal
hypertension,	and	can	also	occur	 from	splenic	vein	 thrombosis.	Gastric	varices
bleed	less	often,	but	blood	loss	can	be	more	substantial	compared	to	esophageal
varices.60	 Gastric	 varices	 can	 be	 classified	 into	 4	 types:	 (1)	 gastroesophageal
varices	1	 (GOV1)—esophageal	 varices	 extending	 into	 the	 lesser	 curvature,	 (2)
gastroesophageal	 varices	 2	 (GOV2)—esophageal	 varices	 extending	 into	 the



fundus,	 (3)	 isolated	 gastric	 varices	 1	 (IGV1)—gastric	 varices	 localized	 in	 the
fundus,	 and	 (4)	 isolated	 gastric	 varices	 2	 (IGV2)—gastric	 varices	 located
elsewhere	in	the	stomach.12	Endoscopic	therapy	for	gastric	varices	include	EVL
(only	for	GOV1,	and	only	if	feasible),	endoscopic	injection	of	a	tissue	adhesive
such	 as	 butyl	 cyanoacrylate,	 and	 endoscopic	 ultrasound-guided	 insertion	 of
coil/cyanoacrylate.12	Complications	 from	cyanoacrylate	 sclerotherapy	 include	a
propensity	for	embolic	phenomena	post	treatment,	including	massive	pulmonary
embolism.61	 Gastric	 variceal	 hemorrhage	 dictates	 earlier	 consideration	 of
nonendoscopic	 therapeutic	 approaches	 such	 as	 transjugular	 intrahepatic
portosystemic	 shunt	 (TIPS)	 placement.	Embolization	of	 the	 short	 gastric	 veins
and	varices	is	a	potential	management	option	for	isolated	gastric	varices.	In	the
setting	of	splenic	vein	thrombosis,	splenectomy	may	be	an	appropriate	therapy.

A	 TIPS	 (an	 iatrogenic	 fistula	 between	 the	 hepatic	 vein	 and	 portal	 vein)
decreases	 the	portal	pressure	gradient	 to	 less	 than	the	10	mm	Hg	necessary	for
the	 formation	 of	 esophagogastric	 varices.62	 Early	 TIPS	 (within	 72	 hours	 of
admission)	can	be	considered	in	selected	cases	especially	patients	at	high	risk	of
failure	or	bleeding	(Child-Turcotte-Pugh	[CTP]	class	C	cirrhosis	or	CTP	class	B
cirrhosis	 with	 active	 bleeding	 on	 endoscopy).12	 Rescue	 TIPS	 is	 indicated	 in
patients	 who	 develop	 persistent	 bleeding	 or	 severe	 rebleeding	 despite
combination	 of	 endoscopic	 and	 pharmacologic	 treatment.12	 TIPS	 is	 also	 an
effective	treatment	of	bleeding	GV,	but	it	may	require	additional	embolization	of
collaterals.12	 A	 randomized	 controlled	 trial	 reveals	 that	 early	 TIPS	 (within	 72
hours	 after	 initial	 endoscopy)	 improved	 transplant-free	 survival	 in	 selected
patients	 with	 advanced	 cirrhosis	 (CTP	 class	 B	 or	 C)	 and	 acute	 variceal
bleeding.63	Complications	 include	 transient	deterioration	of	 liver	 function,	new
or	 worsened	 hepatic	 encephalopathy	 (25%),	 and	 shunt	 insufficiency	 from
thrombosis	or	stenosis.62

Balloon-occluded	 retrograde	 transvenous	 obliteration	 (BRTO)	 is	 an
endovascular	 approach	 used	 for	 managing	 gastric	 varices.	 This	 technique
requires	 a	 natural	 gastrorenal	 or	 gastrophrenic	 shunt,	 which	 occur	 in	 95%	 of
cases	 of	 gastric	 varices.64	 A	 balloon	 catheter	 is	 used	 to	 occlude	 the	 shunt,
following	 which	 a	 sclerosant,	 for	 example,	 ethanolamine	 is	 injected	 into	 the
varix.64	A	meta-analysis	found	a	pooled	clinical	success	rate	of	97%	with	a	major
complication	rate	of	2.6%.65	Complications	of	BRTO	include	venous	thrombosis
and	 pulmonary	 embolism,	 renal	 failure,	 and	 infection.64,65	 BRTO	 may	 also
increase	portal	pressure	and	worsen	ascites	or	bleeding	EV.12

Surgically	created	shunts	reliably	control	acute	bleeding	(>90%)	and	prevent
rebleeding	 (<10%)66,67	 but	 are	 limited	 by	 high	 operative	 mortality	 and
postprocedure	encephalopathy.	Therefore,	surgical	shunts	are	only	considered	in



well-compensated	cirrhotic	patients	with	good	long-term	prognoses.67
Twenty	 percent	 of	 variceal	 hemorrhage	 can	 be	 refractory	 to	 the	 initial

standard	 treatment.68	 Bridging	 therapy	 with	 balloon	 tamponade	 or	 a	 self-
expanding	 metal	 stent,	 therefore,	 is	 crucial	 to	 temporize	 variceal	 hemorrhage
until	definite	treatment.68	Esophageal	or	gastric	balloon	devices	may	be	used	for
direct	 tamponade	 of	 the	 bleeding	 source	 when	 definitive	 therapy	 is	 not
immediately	 available.	 There	 are	 two	 basic	 types	 of	 balloon	 tubes:	 those	with
gastric	 and	 esophageal	 balloons	 (Sengstaken-Blakemore	 and	Minnesota	 tubes)
and	 those	 with	 a	 large	 gastric	 balloon	 alone	 (Linton-Nachlas).	 Because
tamponade	 can	 only	 be	 used	 for	 24	 hours,	 the	 incidence	 of	 rebleeding	 is
expectedly	 high	 (at	 least	 50%).68	 Other	 complications	 (aspiration,	 balloon
migration,	 airway	 occlusion,	 perforation,	 pressure	 necrosis)	 occur	 in	 15%	 to
30%	of	patients,	including	death	in	6%.69	 Instructions	for	correctly	placing	and
maintaining	a	specific	balloon	device	are	included	as	a	product	insert	and	should
be	 reviewed	 before	 balloon	 use.	 Placement	 of	 an	 esophageal	 self-expanding
metal	 stent	 is	another	option	 for	bridge	 therapy.	 It	has	 lower	short-term	failure
rate	 to	control	bleeding	when	compared	 to	balloon	 tamponade.68	 In	addition,	 it
can	be	placed	for	up	to	14	days.68

Peptic	Ulcer	Bleeding
Two	most	 important	 etiologic	 factors	 for	 peptic	 ulcer	 disease	 are	Helicobacter
pylori	 infection	 and	 NSAID	 use.	 Less	 than	 1%	 of	 peptic	 ulcers	 result	 from
hypersecretory	 states	 such	 as	 Zollinger-Ellison	 syndrome.	 In	 a	 proportion	 of
patients,	 the	 disorder	 remains	 idiopathic,	 because	 of	 either	 an	 inability	 to
demonstrate	H.	pylori	or	lack	of	a	history	of	obvious	NSAID	use.

Although	 80%	 or	 more	 patients	 with	 acute	 GI	 bleeding	 eventually	 stop
bleeding	 spontaneously,70	 it	 is	 important	 to	 recognize	 factors	 associated	 with
higher	 risk	 for	 morbidity	 and	 mortality,	 including	 older	 age,	 large	 ulcer	 size
(more	 than	 2	 cm),	 large-volume	 bleeding,	 and	 onset	 of	 bleeding	 while
hospitalized.	 A	 meta-analysis	 demonstrated	 a	 clear	 relationship	 between
presence	 of	 comorbid	 conditions	 and	 risk	 of	 death	 from	 peptic	 ulcer	 bleed.71
Other	prognostic	 information	can	be	obtained	 from	endoscopy	 findings,	which
should	detail	whether	stigmata	of	recent	bleeding	(active	bleeding,	nonbleeding
visible	vessel,	adherent	clot,	flat	pigment	spots)	or	no	stigmata	(clean	ulcer	base)
were	found	in	association	with	the	ulcer	(Table	204.3).	These	criteria	can	be	used
to	predict	rebleeding	and	the	need	for	therapeutic	intervention.70,72,73	The	Rockall
score	(Table	204.2)	has	been	validated	as	a	predictor	of	short-term	mortality,	but
not	recurrent	bleeding.22



In	 vitro	 data	 suggest	 that	 gastric	 acid	 plays	 an	 important	 role	 in	 impairing
platelet	 aggregation,	 clot	 lysis,	 and	 increased	 fibrinolytic	 activity	 that	 is
reversible	 at	 pH	 values	 above	 6	 to	 6.5.74,75	 In	 contrast	 to	 histamine-2	 receptor
antagonists	 (H2RA),	 PPIs	 have	 been	 established	 as	 beneficial	 in	 acute
nonvariceal	 upper	GI	 bleeding,	with	 a	 rapid	 increase	 in	 gastric	 pH,	 especially
with	IV	PPI,	when	a	mean	pH	of	6	is	reached	approximately	1	hour	sooner	than
oral	 PPI.76	 PPIs	 should	 be	 administered	 in	 patients	 presenting	 with	 upper	 GI
bleeding,	as	they	may	downstage	the	endoscopic	lesion	and	reduce	the	need	for
endoscopic	 intervention.	 However,	 PPI	 administration	 should	 not	 delay
endoscopy.8	A	meta-analysis	demonstrates	no	difference	in	efficacy	between	IV
PPI	 therapy	 when	 delivered	 as	 intermittent	 bolus	 dosing	 compared	 with
continuous	 infusion	 in	 patients	 with	 endoscopically	 treated	 high-risk	 bleeding
ulcers.77	H2RA,	octreotide,	and	somatostatin	are	not	 recommended	for	patients
with	 acute	 ulcer	 bleeding.8	 Most	 patients	 with	 high	 risk	 ulcers	 who	 have
undergone	 endoscopic	 therapy	 should	 be	 hospitalized	 for	 at	 least	 72	 hours
thereafter.8	 Patients	 with	 peptic	 ulcer	 bleeding	 should	 be	 tested	 for	H.	 pylori
infection	and	this	organism	should	be	treated	and	eradicated	when	it	is	present.8

Small	Bowel	Bleeding
4 	Approximately	5%	to	10%	of	patients	presenting	with	GI	bleeding	have	small
bowel	 bleeding.30	 Previously,	 obscure	 GI	 bleeding	 (OGIB)	was	 defined	 as	 GI
bleeding	 without	 the	 source	 identified	 after	 upper	 and	 lower	 endoscopy,	 and
small	 bowel	 imaging.30	 With	 the	 majority	 of	 OGIB	 patients	 having	 bleeding
from	the	small	bowel,	and	since	small	bowel	endoscopy	is	widely	available,	it	is
reasonable	to	use	the	term	small	bowel	bleeding	instead.35	Small	bowel	bleeding
should	be	defined	as	bleeding	distal	to	the	ampulla	of	Vater	and	proximal	to	the
ileocecal	valve.30	As	a	result,	the	term	OGIB	now	should	be	reserved	for	patients
with	 an	 unknown	 source	 of	 GI	 bleeding	 after	 complete	 GI	 tract	 evaluation
including	 the	 small	 bowel.35	 Etiologies	 of	 small	 bowel	 bleeding	 include
angiodysplasia,	small	bowel	tumors,	small	bowel	injury	from	NSAIDs,	radiation
enteropathy,	 Crohn	 disease,	 bleeding	 diverticulum,	 small	 bowel	 varices,
aortoenteric	fistula,	Dieulafoy	lesion,	etc.30,35	Because	VCE	is	less	invasive	and
can	 evaluate	 the	 entire	 small	 intestine,	 VCE	 should	 be	 the	 first	 line	 of
investigation	 in	 patients	 with	 suspected	 small	 bowel	 bleeding	 after	 negative
upper	 and	 lower	 endoscopy.30,35	 Usually,	 deep	 enteroscopy	 is	 performed
afterwards	 depending	 on	 VCE	 findings.	 However,	 deep	 enteroscopy	 can	 be
performed	directly	 in	patients	with	high	suspicion	for	small	bowel	bleeding,	 in
patients	 with	 altered	 anatomy	 or	 when	 VCE	 is	 contraindicated.30,35	 In



hemodynamically	 stable	 patients	 with	 active	 overt	 small	 bowel	 GI	 bleeding,
CTA	can	be	considered	to	localize	the	source	and	location	of	bleeding.30

Angiodysplasia
Angiodysplasia	 lesions	 are	 small	 (3-15	 mm)	 pathologically	 dilated
communications	between	veins	and	capillaries	that	can	cause	GI	bleeding	from
the	 stomach,	 small	 bowel,	 or	 colon.78	 Forty	 to	 sixty	 percent	 of	 patients	 have
more	than	one	lesion.78	The	prevalence	is	increased	in	the	elderly,	patients	with
ventricular	assist	devices,	and	in	patients	with	certain	conditions	such	as	aortic
stenosis,	chronic	renal	failure,	and	von	Willebrand	disease.78	The	character	of	the
bleeding	usually	 is	 subacute	and	 recurrent	 rather	 than	massive.	Angiodysplasia
typically	is	diagnosed	at	endoscopy;	bleeding	colonic	angiodysplasia	lesions	can
also	 be	 detected	 with	 angiography.	 Small	 bowel	 angiodysplasia	 is	 the	 most
frequent	finding	on	VCE	performed	for	evaluation	of	OGIB.	Endoscopic	therapy
is	effective	but	 recurrence	 is	high	 (34%-45%).78	Angiotherapy	and	surgery	can
be	used	to	treat	bleeding	vascular	lesions.	Medical	therapy	(hormonal	treatment,
somatostatin	analogs,	antiangiogenic	medications)	can	be	considered	in	patients
with	refractory	GI	angiodysplastic	lesions	after	acute	GI	bleeding	is	stabilized.78

Colonic	Diverticular	Bleeding
Bleeding	colonic	diverticula	are	 the	most	 frequent	cause	of	 lower	GI	bleeding,
but	a	definitive	diagnosis	(eg,	finding	stigmata	of	recent	bleeding)	is	established
in	only	20%	of	patients	with	hematochezia	and	colonic	diverticula.79	More	than
half	 of	 diverticular	 bleeding	 is	 localized	 to	 the	 right	 colon.80	 The	 character	 of
diverticular	 bleeding	 invariably	 is	 bright	 red	 or	 maroon	 blood	 per	 rectum,
sometimes	associated	with	orthostasis	or	hypotension.	The	majority	of	patients
stop	bleeding	spontaneously,	but	approximately	20%	to	30%	rebleed.

Urgent	 colonoscopy	 after	 a	 rapid	 colonic	 purge	 (4-6	 hours)	 is	 an	 option	 in
patients	 with	 ongoing	 bleeding,	 once	 the	 patient	 is	 resuscitated	 and
hemodynamically	 stable.81	 However,	 a	 randomized	 controlled	 study	 failed	 to
demonstrate	 an	 outcome	 benefit	 between	 urgent	 colonoscopy	 and	 radiologic
studies	 for	 localization	 of	 bleeding,	 despite	 a	 higher	 likelihood	 of	 finding	 the
bleeding	 source	 in	 the	 urgent	 colonoscopy	 group.82	 When	 a	 bleeding
diverticulum	 is	 identified	 by	 the	 finding	 of	 a	 visible	 vessel	 or	 a	 pigmented
protuberance,80	 epinephrine	 injection,	 thermal	 contact	 therapy,	 or	 hemoclip
application	 can	 be	 considered.42,81,83	 One	 study	 demonstrated	 that	 visualized



diverticular	bleeding	treated	with	endoscopic	therapy	had	no	recurrent	bleeding
during	a	30-month	follow-up	compared	to	a	rebleeding	rate	of	53%	of	patients
with	 medical	 therapy	 alone.81	 Given	 the	 risk	 of	 rebleeding	 and	 death	 from
unresected	 culprit	 lesions,	 surgical	 intervention,	 either	 segmental	 or	 subtotal
colectomy,	 should	 be	 considered	 only	 when	 other	 modalities	 fail	 to	 achieve
hemostasis.43	Angiotherapy	 is	 an	 alternative	 approach	 for	 patients	 too	unstable
for	surgery.

Aortoenteric	Fistula
The	key	to	recognizing	an	aortoenteric	fistula	is	inclusion	within	the	differential
diagnosis	 of	 every	 patient	 with	 bleeding	 and	 a	 history	 of	 aortic	 graft	 surgery.
Although	 fistulas	 can	 occur	 rarely	 between	 a	 native	 aortic	 aneurysm	 and	 the
intestinal	 lumen,	 they	more	 commonly	 occur	 in	 patients	 who	 have	 undergone
abdominal	aortic	graft	surgery	(0.5%	to	2.4%).84	The	point	of	 intestinal	breach
can	be	anywhere	from	the	esophagus	to	the	colon,	but	occurs	most	often	in	the
third	part	of	the	duodenum	(75%).	A	massive	bleeding	episode	may	be	preceded
by	a	small	“herald	bleed”	that	stops	spontaneously.	The	interval	between	the	first
event	 and	 the	 exsanguinating	 hemorrhage	 can	 be	 hours,	 weeks,	 or	 months
(average,	 1-3	 weeks).	 In	 hemodynamically	 unstable	 patients	 with	 massive
bleeding	and	known	history	of	aortic	surgery,	patients	should	be	taken	to	surgery
directly.	CTA	can	be	 the	 first	 line	of	 investigation	 for	hemodynamically	 stable
patients.85	When	CTA	is	negative,	EGD	can	be	performed	to	further	evaluate	for
an	aortoenteric	 fistula	or	 to	 investigate	 for	an	alternative	cause	of	GI	bleeding.
Endoscopic	 visualization	 of	 the	 graft	 eroding	 through	 the	 intestinal	 wall	 is
diagnostic	but	uncommon.	If	available,	a	vascular	surgeon	and	an	interventional
radiologist	should	be	part	of	the	evaluating	team.	Surgical	or	endovascular	repair
is	required	for	definite	treatment.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	50-year-old	woman	with	decompensated	alcoholic	cirrhosis	complicated
by	ascites,	hepatic	encephalopathy,	and	spontaneous	bacterial	peritonitis	presents
with	hematemesis.	Current	medications	include	nadolol,	spironolactone,
furosemide,	ciprofloxacin,	and	a	multivitamin.	On	exam,	temperature	is	36.5	C,



heart	rate	is	120/min,	respiratory	rate	is	24/min,	blood	pressure	is	88/60	mmHg.
Orthostatic	hypotension	is	present.	Jaundice	and	asterixis	are	noted.	The	patient
is	alert	and	oriented	to	only	time	and	place.	Laboratory	data	reveal	Hgb	of
6.8	g/dL,	platelet	count	of	75,000/mcL,	and	INR	of	2.4.	Which	of	the	following
is	NOT	recommended	for	management	of	this	patient?

A. 	Blood	transfusion
B. 	Ceftriaxone
C. 	ICU	admission
D. 	Octreotide	infusion
E. 	Tranexamic	acid

2. 	A	68-year-old	woman	with	asthma,	osteoarthritis,	and	spinal	stenosis	is
admitted	to	the	ICU	for	melena	and	hypotension.	Current	medications	include
albuterol	inhaler,	tylenol,	gabapentin,	and	naproxen.	After	hemodynamic
parameters	are	stabilized,	the	patient	undergoes	an	urgent	EGD	which	shows	a
large	duodenal	ulcer	with	a	nonbleeding	visible	vessel	(Forrest	classification
IIA).	The	ulcer	is	treated	with	diluted	epinephrine	injection	and	thermal	therapy
with	a	bipolar	probe.	Which	of	the	following	is	NOT	recommended	for
management	of	this	patient?

A. 	Admit	in	the	hospital	for	72	hours
B. 	Blood	transfusion	when	Hgb	is	less	than	7	g/dL
C. 	Intravenous	proton	pump	inhibitors	(PPI)
D. 	Prophylactic	mesenteric	angiography	with	embolization.
E. 	Stool	Helicobacter	pylori	antigen

3. 	A	78-year-old	man	with	moderate	aortic	stenosis,	chronic	kidney	disease,
and	hypertension	is	admitted	to	the	ICU	for	hypotension	and	melena.	After	an
adequate	resuscitation	with	stabilization	of	his	hemodynamic	parameters,	the
patient	undergoes	an	EGD	and	a	colonoscopy.	EGD	reveals	mild	erythema	in	the
gastric	antrum.	Colonoscopy	reveals	coffee	ground	content	throughout	the	entire
colon	and	the	terminal	ileum.	Which	of	the	following	is	the	most	appropriate
management?

A. 	Double	balloon	enteroscopy
B. 	MR	angiography
C. 	Surgical	consultation
D. 	Video	capsule	enteroscopy



E. 	Visceral	angiography

Answers

1.	The	correct	answer	is	E.
Rationale:	This	patient	is	suspected	of	acute	variceal	bleeding,	is	hypotensive

and	 has	 altered	 mental	 status.	 Therefore,	 ICU	 admission	 is	 appropriate.
Tranexamic	acid	does	not	decrease	death	 from	GI	bleeding,	 and	 should	not	be
used	 in	 the	 setting	 of	 GI	 bleeding	 (outside	 of	 clinical	 trials),	 so	 E	 is	 NOT
recommended	 and	 thus	 the	 correct	 answer.	 In	 a	 patient	 with	 suspected	 acute
variceal	 GI	 bleeding,	 antibiotic	 prophylaxis	 (ceftriaxone	 1	 g	 daily)	 and
Octreotide	infusion	(initial	50	mcg	IV	bolus	and	IV	continuous	50	mcg/hour	for
duration	 of	 2-5	 days)	 should	 be	 given	 as	 soon	 as	 possible	 before	 upper
endoscopy.	The	restrictive	blood	transfusion	strategy	is	recommended,	and	blood
product	should	be	transfused	when	hemoglobin	is	less	than	7	g/d	(choice	E	is	the
“correct”,	wrong	answer).

2.	The	correct	answer	is	D.
Rationale:	 EGD	 finding	 of	 peptic	 ulcer	 with	 nonbleeding	 visible	 vessel

indicates	high	risk	for	rebleed.	Therefore,	the	patient	should	be	observed	in	the
hospital	 for	at	 least	72	hours,	 if	possible.	 Intravenous	PPI	should	be	given	and
the	patient	should	be	tested	for	Helicobacter	pylori	infection	with	eradication	if
detected.	Restrictive	blood	transfusion	is	a	standard	of	care	and	blood	should	be
transfused	 when	 the	 hemoglobin	 is	 less	 than	 7	 g/dL	 Prophylactic	 mesenteric
angiography	with	 embolization	 is	 not	 necessary	 or	 recommended	 at	 this	 point
(choice	D	is	the	“correct”,	wrong	answer).

3.	The	correct	answer	is	D.
Rationale:	The	patient	 is	 suspected	of	 small	 bowel	 bleeding	given	negative

finding	on	EGD	and	colonoscopy.	The	appropriate	next	step	of	 investigation	is
video	 capsule	 endoscopy	 (choice	 D	 is	 correct).	 With	 stable	 hemodynamics,
visceral	 angiography	 and	 surgery	 should	 be	 deferred.	MR	 angiography	 has	 no
role	in	evaluating	small	bowel	bleeding.	In	general,	deep	enteroscopy	(balloon-
assisted	 enteroscopy,	 spiral	 enteroscopy)	 should	 be	 performed	 after	 video
capsule	endoscopy.
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Chapter	205
Stress	Ulcer	and	Acid	Peptic	Disease
Benjamin	E.	Cassell,	Ami	Y.	Patel,	C.	Prakash	Gyawali,	Amit	Patel

KEY	POINTS:
1.	 The	need	for	mechanical	ventilation	>48	hours,	coagulopathy,	severe

burns,	need	for	renal	replacement	therapy,	and	chronic	liver	disease
are	among	the	established	risk	factors	for	stress	ulcer	disease	and
bleeding	in	the	intensive	care	setting.

2.	 Splanchnic	hypoperfusion,	which	contributes	to	foregut	mucosal
hypoxia,	represents	the	key	inciting	event	for	stress-related	mucosal
disease.

3.	 Pharmacologic	acid	suppression	for	stress	ulcer	prophylaxis	appears
effective	in	selected	contexts,	particularly	for	patients	with	risk
factors	for	stress	ulcer	disease;	proton	pump	inhibitors	seem	to	be
the	most	effective	agents.

4.	 Pharmacological	stress	ulcer	prophylaxis	is	associated	with	potential
risks	that	may	include	nosocomial	pneumonia	and	Clostridium
difficile-associated	diarrhea,	particularly	with	proton	pump	inhibitors.

5.	 Although	many	patients	may	be	discharged	from	the	ICU	on	proton
pump	inhibitor	therapy,	careful	review	for	appropriate	indications
should	guide	the	ongoing	need	for	acid	suppressive	therapy,	as	well
as	duration	and	dose.

6.	 In	the	setting	of	clinically	suspected	bleeding	from	acid	peptic	or
stress	ulcer	disease,	attention	must	be	paid	to	adequate
resuscitation,	timely	endoscopy,	and	appropriate	monitoring	after
endoscopy.



INTRODUCTION
Stress-related	 mucosal	 disease	 (SRMD)	 refers	 to	 the	 broad	 spectrum	 of
pathological	changes	in	the	gastric	mucosa	of	critically	ill	patients	as	a	result	of
physiological	 stress.1	 The	 development	 of	 erosive	 disease	 in	 the	 setting	 of
physiologic	stress	is	not	a	new	concept.	In	fact,	descriptions	of	acute	ulcerations
of	 the	 intestines	 in	 the	 setting	 of	 acute	 burns	 date	 back	more	 than	 150	 years.2
Acid	peptic	disease	in	this	intensive	care	setting	can	include	reflux	esophagitis,
particularly	when	acid	secretion	and	mucosal	exposure	trump	mucosal	defenses.

Gastric	 mucosal	 erosions	 or	 gastroduodenal	 ulcers	 have	 been	 found	 at
endoscopy	within	hours	of	intensive	care	unit	(ICU)	admission.	As	many	as	90%
of	 ICU	 patients	 have	 evidence	 of	mucosal	 erosive	 disease	 after	 3	 days	 in	 the
ICU.3-7	Stress-related	changes	have	also	been	related	temporally	to	a	number	of
acute	 disorders	 including	 burns,5,8	 strokes,6	 surgical	 procedures,3,9,10	 and	 other
acute	medical	illnesses	found	in	an	ICU.4	Fortunately,	only	a	small	proportion	of
these	 patients	 will	 have	 clinically	 evident	 bleeding.	 Management	 has	 largely
focused	 on	 the	 prevention	 of	 acid	 peptic	 disease	 through	 acid	 suppression,
although	 this	 has	 been	 the	 subject	 of	 controversy	 as	 the	 potential	 risks	 of	 the
medications	themselves	must	be	balanced	with	their	beneficial	effects.

CLINICAL	CHARACTERISTICS	AND
PRESENTATION
Despite	 the	 high	 prevalence	 of	 mucosal	 changes	 among	 critically	 ill	 patients,
only	a	small	minority	will	manifest	clinically	evident	bleeding.	Gastrointestinal
(GI)	bleeding	from	stress	ulcers	can	be	classified	into	the	following	phenotypes:
(a)	occult	bleeding,	where	blood	 is	only	detected	by	hemoccult	 testing	and	not
by	visual	 inspection	of	gastric	content	or	stool,	(b)	overt	bleeding,	where	gross
or	 altered	blood	 is	visually	evident	 in	gastric	 aspirate,	 emesis	or	 stool,	 and	 (c)
clinically	 significant	 bleeding,	 complicated	 by	 hypotension,	 tachycardia,
orthostasis	or	drop	 in	hemoglobin	more	 than	2	g/dL.11	Using	 these	definitions,
occult	bleeding	can	occur	in	15%	to	50%,	overt	bleeding	in	approximately	5%,
and	clinically	significant	bleeding	in	1%	to	4%	of	ICU	patients.1,11,12	Data	from
the	American	Nationwide	Inpatient	Sample	are	concordant,	finding	that	5.4%	of
the	 nearly	 120,000	 ICU	 admissions	 for	 septic	 shock	 queried	 had	 GI	 bleeding
diagnoses.13

However,	 the	 incidence	 of	 bleeding	 from	 stress	 ulcers	 appears	 to	 be



decreasing	over	the	past	several	decades.	A	pooled	analysis	of	studies	performed
between	 1980	 and	 1998	 revealed	 an	 incidence	 of	 17%,	 whereas	 a	 similar
analysis	done	for	studies	published	between	1993	and	2010	showed	an	incidence
less	 than	 1%.14	 This	 improvement	 has	 been	 largely	 attributed	 to	 advances	 in
general	ICU	care	over	this	time	period,	including	but	not	limited	to	routine	use
of	prophylactic	medications	and	early	initiation	of	enteral	feeding.	On	the	other
hand,	 the	prevalence	of	 severe	upper	GI	bleeding	caused	by	 reflux	esophagitis
has	increased	significantly	over	time;	recent	data	from	one	health	system	suggest
that	the	prevalence	of	reflux	esophagitis	as	a	cause	of	severe	upper	GI	bleeding
has	increased	from	4%	to	17%	over	3	decades.15

When	 stress	 ulcer	 bleeding	 does	 occur	 in	 the	 ICU,	 it	 carries	 profound
implications.	Notably,	 there	are	significant	 increases	of	mortality	and	 length	of
ICU	 stays	when	 patients	with	GI	 bleeding	 are	 compared	 to	 those	who	 do	 not
bleed.13,16	In	absolute	numbers,	mortality	rates	can	be	as	high	as	45%	to	60%	for
patients	with	clinically	significant	bleeding,	though	these	mortality	rates	may	be
improving	 with	 time.12,13,16	 This	 is	 significantly	 higher	 (relative	 risk,	 2.2-3.7)
when	 compared	 to	 patients	 without	 bleeding.	 However,	 this	 relationship	 loses
significance	 when	 controlled	 for	 comorbid	 medical	 conditions	 and	 other
potential	 confounders,	 suggesting	 that	 bleeding	 may	 represent	 more	 of	 a
barometer	 of	 severity	 of	 critical	 illness,	 rather	 than	 a	 direct	 contributor	 of
death.12,16

RISK	FACTORS
1 	 Although	 by	 definition,	 stress	 ulcer	 disease	 is	 associated	with	 physiological
stress,	 certain	 specific	 disease	 conditions	 in	 the	 ICU	 seem	 to	 have	 a	 more
profound	impact	on	the	development	of	SRMD	(see	Table	205.1).	In	a	landmark
trial	in	1994,	Cook	et	al	retrospectively	analyzed	2252	patients	for	development
of	ulcer	disease.	Respiratory	failure	(need	for	mechanical	ventilation	>48	hours)
and	 coagulopathy	 (platelet	 count	 <50,000/mm3,	 international	 normalized	 ratio
>1.5,	 or	 partial	 thromboplastin	 time	 >2	 times	 the	 upper	 limit	 of	 normal)
represented	significant	 risk	factors	on	multivariate	analyses	with	odds	ratios	of
15.6	 and	 4.3,	 respectively.17	Another	 study	 of	 over	 one	 thousand	 ICU	patients
found	 that	 chronic	 liver	 disease,	 coagulopathy,	 need	 for	 vasopressors,	 renal
replacement	 therapy,	 and	 use	 of	 acid	 suppression	 in	 the	 first	 24	 hours	 of	 ICU
admission	represented	predictors	of	clinically	significant	bleeding.12	 Additional
risk	factors	are	outlined	in	Table	205.1.	Among	patients	with	septic	shock	in	the
intensive	care	setting,	the	cause	of	sepsis	(ie,	pneumonia,	urinary	tract	infection,



abdominal	 infection)	was	not	 significantly	 associated	with	 the	 incidence	of	GI
bleeding.13	 The	 ICU	 setting	 is	 associated	with	more	 severe	 esophagitis,	 as	 are
older	 age	 and	 cardiopulmonary	 disorders.18	 An	 older	 study	 assessing	 findings
from	upper	endoscopy	performed	for	bleeding	in	the	surgical	ICU	setting	from
the	 Netherlands	 found	 that,	 one-quarter	 of	 the	 cases	 of	 bleeding	 were	 due	 to
esophagitis,	 and	 esophagitis	 was	 observed	 in	 one-third	 of	 all	 patients,	 with
mechanical	 ventilation	 representing	 a	 significant	 risk	 factor	 for	 hemorrhage	 in
this	study.19

TABLE	205.1

Risk	Factors	for	Stress-Related	Bleeding1,12,14,17

Prolonged	mechanical	ventilation	(>48	hours)
Coagulopathy
Shock
Severe	sepsis
CNS	injury/surgery
Severe	burns	(>30%)
Multiple	organ	failure
Need	for	renal	replacement	therapy
Acute	and	chronic	hepatic	injury
Multiple	trauma
Post	organ	transplant

From	Duerksen	DR.	Stress-related	mucosal	disease	in	critically	ill	patients.	Best	Pract	Res	Clin
Gastroenterol.	2003;17(3):327-344.	From	Krag	M,	Perner	A,	Wetterslev	J,	et	al.	Prevalence	and
outcome	of	gastrointestinal	bleeding	and	use	of	acid	suppressants	in	acutely	ill	adult	intensive
care	patients.	Intensive	Care	Med.	2015;41(5):833-845.	From	Bardou	M,	Quenot	JP,	Barkun	A.
Stress-related	mucosal	disease	in	the	critically	ill	patient.	Nat	Rev	Gastroenterol	Hepatol.
2015;12(2):98-107.	From	Cook	DJ,	Fuller	HD,	Guyatt	GH,	et	al.	Risk	factors	for	gastrointestinal
bleeding	in	critically	ill	patients.	Canadian	Critical	Care	Trials	Group.	N	Engl	J	Med.
1994;330(6):377-381.

PATHOPHYSIOLOGY
SRMD	 occurs	 when,	 in	 the	 setting	 of	 critical	 illness,	 the	 elaborate	 protection



mechanism	of	the	stomach	lining	is	broken	down.	Gastric	epithelial	cells	secrete
a	 thick	mucus	 layer	 that	 acts	 as	 physical	 barrier	 against	 stomach	 acid	 and	 the
enzyme	 pepsin.	 In	 addition,	 bicarbonate	 ions	 diffusing	 across	 the	mucosa	 and
trapped	 in	 the	 mucus	 layer	 act	 as	 a	 chemical	 barrier	 buffering	 acidic	 gastric
contents.11,14	 Finally,	 any	 injury	 that	 does	 occur	 is	 rapidly	 repaired	 by	moving
new	epithelial	cells	through	the	gastric	unit	to	the	mucosal	surface	of	injury,	an
energy-intensive	process.1,14	Gastric	regulatory	factors	control	these	processes,	of
which	the	most	important	are	prostaglandins.14

2 	In	the	setting	of	critical	illness,	several	factors	work	to	disrupt	this	intricate
system	 (Figure	 205.1).	 The	 key	 inciting	 event	 for	 SRMD	 is	 splanchnic
hypoperfusion,	 specifically	 gastric	 hypoperfusion,	 partly	 from	 systemic
hypotension	 and	 selective	 shunting	 of	 blood	 away	 from	 the	 splanchnic
circulation	 to	essential	organs	 like	 the	kidneys,	 liver,	and	brain.	This	 results	 in
gastric	 mucosal	 hypoxia	 with	 a	 decrease	 in	 prostaglandin	 production,	 and
increase	 in	 nitric	 oxide	 and	 free	 oxygen	 radicals	 in	 the	 mucosa.	 Nitric	 oxide
leads	 to	vasodilation,	with	resultant	mucosal	hyperemia	and	reperfusion	 injury,
while	 free	 oxygen	 radicals	 are	 directly	 toxic	 to	 cells.	 With	 cell	 death,	 pro-
inflammatory	cytokines	are	released,	which	further	propagate	the	injury.11	In	the
setting	 of	 hypoxia,	 the	mucous	 bicarbonate	 barrier	 breaks	 down,	 exposing	 the
gastric	 epithelium	 to	 damage	 from	back-diffusion	 of	 hydrogen	 ions	 as	well	 as
direct	injury	from	the	protease	pepsin.	Given	the	lack	of	oxygenated	blood,	the
gastric	unit	 is	not	able	 to	produce	 the	energy	needed	 to	 replace	 these	damaged
epithelial	cells.14	Gastric	 acid	 plays	 a	 key	 role	 in	 pathogenesis	 despite	 the	 fact
that	secretion	is	usually	normal	or	decreased	in	 the	setting	of	critical	 illness.3,20
This	is	illustrated	by	a	number	of	studies	that	have	shown	that	raising	the	gastric
pH	 above	 3.5	 to	 5	 can	 prevent	 mucosal	 injury,	 an	 effect	 at	 least	 partially
explained	by	optimized	mucosal	healing	and	clot	formation	at	higher	pH	levels.21
Additional	 factors	 such	 as	 elevated	 gastrin	 and	 pepsin	 levels,	 increased
intraluminal	 bile	 and	 urea	 concentrations,	 and	 decreased	 gastric	 motility	 also
contribute	to	the	pathogenesis	of	SRMD.11,22,23



	

Figure	 205.1 	 Pathophysiology	 of	 stress-related	 mucosal
disease.In	 the	 presence	 of	 physiologic	 stress,	 hemodynamic	 and
endocrine	and	paracrine	mechanisms	lead	to	decreased	blood	flow	in
the	splanchnic	and	specifically	gastric	circulation.	This,	in	turn,	leads
to	 breakdown	 of	 the	 gastric	 mucosal	 defense	 mechanism,	 which
allows	 gastric	 acid	 and	 pepsin	 to	 erode	 the	 gastric	 mucosa.	 GI,
gastrointestinal;	 HCO3,	 bicarbonate;	 NO,	 nitric	 oxide;	 PGs,
prostaglandins;	ROS,	reactive	oxygen	species.

Reflux	 esophagitis	 is	 a	 manifestation	 of	 gastroesophageal	 reflux	 disease,
when	noxious	 acid	 exposure	 overcomes	 esophageal	mucosal	 defenses.24	 In	 the
ICU	setting,	 interrelated	 factors	 such	as	obesity,	older	 age,	patient	positioning,
decreased	 lower	 esophageal	 sphincter	 tone,	 hiatus	 hernias,	 and	 impaired
esophageal	clearance	of	refluxate	may	contribute	to	reflux	esophagitis.15

PROPHYLAXIS
Management	 of	 SRMD	 has	 largely	 focused	 on	 prophylaxis.	 By	 identifying
patients	at	risk	for	mucosal	disease	and	intervening	with	pharmacologic	therapy
before	damage	occurs,	the	thought	is	that	bleeding	and	further	morbidity	can	be
prevented.	Despite	this	seemingly	simple	concept,	and	despite	the	fact	that	stress
ulcer	prophylaxis	has	been	standard	of	care	for	at	least	two	decades,	this	remains
an	 area	 of	 considerable	 controversy,	 especially	 since	 there	 may	 be	 risks	 of
prophylactic	medication	use.25,26

Some	of	the	controversy	stems	from	the	fact	that	agents	used	for	prophylaxis
do	 not	 reverse	 the	 underlying	 pathophysiology	 of	 SRMD.	 Instead,	 acid



suppressive	medications	prevent	damage	 to	 the	mucosa	 from	 the	physiological
acidic	 gastric	 environment	 in	 the	 setting	 of	 the	 breakdown	 of	 the	 protective
measures.	This	 is	 not	without	merit,	 as	 the	 acid	 environment	 also	 inhibits	 clot
formation	and	promotes	the	damaging	effects	of	pepsin.11	Acid	suppression	as	a
means	of	preventing	stress-related	bleeding	has	been	proven	effective	in	multiple
studies,21	has	become	the	standard	of	practice	for	at-risk	ICU	patients,27,28	and	is
a	 part	 of	 the	 sepsis	 management	 guidelines.29	 Navigating	 these	 standards	 of
practice	 to	 provide	 the	 best	 care	 for	 patients	 requires	 an	 understanding	 of	 the
literature	and	limitations	of	published	outcomes	data.

REGIMENS	FOR	PROPHYLAXIS

Histamine-2	Receptor	Antagonists
Histamine-2	 receptor	 antagonists	 (H2RAs)	 are	 an	 older	 class	 of	 acid-
suppressants	 that	 exert	 their	 effects	by	blocking	 the	action	of	histamine	on	 the
histamine-2	receptor	on	the	basolateral	membrane	of	parietal	cells,	thus	reducing
acid	secretion.	They	are	effective	 in	 reducing	clinically	significant	GI	bleeding
in	 SRMD	 by	 over	 50%	 when	 compared	 to	 placebo.21,30	 H2RAs	 are	 typically
administered	 intravenously	 either	 as	 bolus	 dosing	 or	 as	 a	 continuous	 infusion.
While	 continuous	 infusion	 has	 a	 greater	 effect	 on	 suppressing	 gastric	 acid,
whether	this	offers	a	clinical	advantage	over	bolus	dosing	is	unclear,	and	bolus
dosing	 is	 likely	 satisfactory	 to	 achieve	 the	 desired	 endpoint	 of	 reducing	 GI
bleeding.31-33

Proton	Pump	Inhibitors
Proton	 pump	 inhibitors	 (PPIs)	 block	 the	 final	 pathway	 for	 acid	 secretion	 by
irreversibly	inhibiting	H+/K+-ATPase	in	gastric	parietal	cells.	Like	H2RAs,	they
are	often	administered	 intravenously,	usually	as	bolus	dosing;	oral	 therapy	can
be	used	as	well.	Over	the	past	several	years	PPIs	have	overtaken	H2RAs	as	the
most	 frequently	 used	 agents	 for	 stress	 ulcer	 prophylaxis27,28,34	 and	 have	 been
recommended	for	use	over	H2RAs	in	recent	practice	guidelines	published	in	the
BMJ	and	in	the	2016	version	of	the	Surviving	Sepsis	guidelines.35,36	This	shift	to
PPIs	over	 time	is	based	on	their	potential	superiority	over	H2RAs	in	degree	of
acid	suppression,	durability	of	acid	suppression	and	clinical	outcomes	in	studies
evaluating	 peptic	 ulcer	 disease,	 nonsteroidal	 anti-inflammatory	 drug–induced



erosive	 disease,	 and	 reflux	 esophagitis.37-41	 Despite	 these	 potential	 advantages,
data	supporting	the	use	of	PPIs	for	stress	ulcer	prophylaxis	is	conflicting.	There
are	several	studies	that	show	PPIs	are	superior	or	at	least	equivalent	to	H2RAs	in
terms	of	preventing	bleeding,42-45	a	few	that	demonstrate	that	PPIs	may	be	worse
at	 preventing	 bleeding	 than	 H2RAs,34,46,47	 and	 two	 trials	 comparing	 PPIs	 to
placebo	have	showed	no	significant	difference	in	rates	of	bleeding.30,42	However,
a	recent	European	trial	randomizing	nearly	3300	ICU	patients	who	were	at	high
risk	 for	 GI	 bleeding	 to	 intravenous	 pantoprazole	 or	 placebo	 for	 GI	 stress
ulceration	prophylaxis	showed	a	decreased	incidence	of	clinically	important	GI
bleeding	 with	 pantoprazole	 (2.5%	 vs	 4.2%),	 but	 similar	 90-day	 mortality.48
Further,	the	recent	PEPTIC	trial,	a	large	multicenter	crossover	trial,	randomized
27,000	patients	to	receive	PPIs	or	H2RAs	for	stress	ulcer	prophylaxis.	This	study
demonstrated	 a	 significant	 benefit	 of	 PPIs	 over	 H2RAs	 in	 terms	 of	 clinically
important	GI	bleeding,	with	RR	of	0.73	(95%	CI	0.57-0.92)	with	PPI	use.49

3 	Some	of	 the	 conflicting	data	may	be	 explained	by	 the	PPI	 era	 coinciding
with	marked	decreases	in	the	incidence	of	SRMD-related	bleeding.50	As	a	result,
many	of	these	studies,	especially	meta-analyses,	suffer	from	low	event	rates	and
may	be	underpowered	to	detect	true	differences	in	their	comparator	groups.26	In
addition,	many	of	these	studies	have	methodological	issues,	making	them	subject
to	various	forms	of	bias.26,43,50,51	Further,	gastric	acid	has	only	a	peripheral	role	in
the	 pathophysiology	 of	 SRMD,	 hence	 more	 acid	 suppression	 may	 not
necessarily	 lead	 to	 a	 better	 outcome.	 In	 contrast,	 H2RAs	 have	 the	 additional
advantage	in	that	they	may	limit	reperfusion	injury,	a	phenomenon	that	has	been
observed	 in	animal	models.34	Regardless,	PPIs	 are	probably	 as	 effective	 as—if
not	superior	to—H2RAs	and	other	agents	for	preventing	stress-related	bleeding
in	the	ICU	setting.

Sucralfate
Sucralfate	 is	 the	 aluminum	 salt	 of	 sulfated	 sucrose	 and	 does	 not	 affect	 gastric
acidity.	 In	contrast	 to	 the	mechanism	of	action	of	acid	 suppressants,	 this	 agent
lines	 denuded	 gastric	 mucosa	 and	 provides	 an	 additional	 layer	 of	 protection
against	acidic	gastric	contents.	Sucralfate	is	usually	given	as	a	slurry	prepared	by
dissolving	1	gram	of	sucralfate	in	5	to	15	mL	of	water,	administered	through	a
nasogastric	 tube.	 In	 terms	 of	 efficacy,	 available	 data	 suggest	 that	 sucralfate	 is
better	than	placebo	and	antacids	for	preventing	stress	ulcer	bleeding;	however,	it
may	be	no	better	and	potentially	worse	than	H2RAs	in	this	regard,	although	data
and	expert	opinion	vary.21,35,52	Despite	this,	sucralfate	is	an	agent	that	remains	in
the	conversation	due	 to	 the	potential	benefits	of	reducing	infectious	pulmonary



complications	for	the	critically	ill	patient.

Enteral	Nutrition
Enteral	nutrition	has	been	proposed	as	another	means	of	prophylaxis	of	SRMD.
The	theoretical	basis	for	this	is	multifaceted.	First,	most	enteral	feeding	solutions
are	 alkaline	 and	 have	 the	 potential	 to	 raise	 intragastric	 pH,	 although	 studies
indicate	a	variable	effect	on	gastric	pH	in	actual	practice.53	Further,	enteral	tube
feeds	increase	mucosal	blood	flow	in	animal	models,53	which	could	be	attractive
if	applicable	to	humans,	since	this	could	potentially	counteract	pathophysiologic
events	hypothesized	to	initiate	SMRD.

Despite	 these	 theoretical	 advantages,	 studies	 evaluating	 enteral	 nutrition	 for
SMRD	prophylaxis	have	had	mixed	results.54	Two	recent	meta-analyses	showed
no	 additional	 benefit	 for	 pharmacological	 stress	 ulcer	 prophylaxis	 for	 patients
receiving	enteral	nutrition,	suggesting	the	feeding	itself	was	protective	and	that
further	acid	suppression	did	not	have	additional	 impact.55,56	However,	 there	are
no	 large	 randomized	 controlled	 trials	 evaluating	 this	 issue,	 and	 one	 of	 these
recent	meta-analyses	has	been	criticized	for	methodological	issues	related	to	the
identification	of	patients	who	actually	received	enteral	nutrition.14

COMPLICATIONS	OF	PROPHYLAXIS
While	 some	 form	 of	 stress	 ulcer	 prophylaxis	 has	 been	 shown	 to	 prevent
clinically	 significant	 GI	 bleeding,	 medications	 used	 for	 prophylaxis	 are	 not
without	side	effects.	With	much	lower	 incidence	of	stress	ulcer	bleeding	 in	 the
present	day,	universal	use	of	prophylactic	agents	may	shift	the	risk-benefit	ratio
toward	 risk	 rather	 than	 benefit;	 however,	 these	 concepts	 remain	 controversial
and	warrant	further	data	and	discussion.25

4 	 A	 major	 cause	 for	 concern	 with	 stress	 ulcer	 prophylaxis	 is	 nosocomial
infection,	especially	nosocomial	pneumonia	and	Clostridium	difficile-associated
diarrhea	 (CDAD).	 The	 acid	 environment	 in	 the	 stomach	 acts	 as	 an	 effective
barrier	 to	 pathogens.	 Acid	 suppression,	 both	with	 H2RAs	 and	 PPIs,	 has	 been
shown	 to	 increase	bacterial	colonization	 in	 the	 stomach	and	duodenum,	with	a
more	 profound	 effect	 seen	 with	 PPIs.57	 Subsequent	 aspiration	 of	 these
pathogenic	 bacteria	 into	 the	 lungs	 could	 potentially	 lead	 to	 pneumonia	 among
critically	 ill	 patients.	However,	 studies	 examining	 the	 incidence	of	 nosocomial
pneumonia	with	 stress	 ulcer	 prophylaxis	 using	 some	 form	 of	 acid	 suppression
have	 mixed	 results.	 A	 large	 review	 by	 Cook	 et	 al	 showed	 no	 statistically



significant	 increase	 of	 pneumonia	 with	 use	 of	 H2RA	 as	 prophylaxis,	 when
compared	 to	 placebo,	 antacids	 or	 sucralfate.21	 In	 terms	 of	 the	 risks	 for
pneumonia	when	PPIs	 are	 used	 for	 prophylaxis,	 the	 data	 are	 again	 conflicting
with	 some	 studies	 showing	 no	 significant	 increase	 in	 rates	 of	 pneumonia
compared	to	patients	on	H2RA,30,43,45,50,51	while	others	show	a	definite,	or	at	least
probable,	increase	of	risk.34,44,56,58

Acid-suppression	therapy,	particularly	PPI	therapy,	has	been	linked	to	CDAD.
Incidence	of	hospital-acquired	Clostridium	difficile	 infection	has	 been	 reported
to	be	higher	with	PPI	therapy	compared	to	H2RA	in	the	stress	ulcer	prophylaxis
and	 treatment	 settings.59	 Another	 study	 suggested	 that	 the	 duration	 of	 PPI
therapy	 represents	 an	 independent	 predictor	 for	 CDAD.28,34,60	 However,	 the
PEPTIC	trial	found	no	significant	difference	between	PPIs	and	H2RAs	in	terms
of	rates	of	CDAD.49

IMPACT	ON	MORTALITY	AND	RISK-BENEFIT
ANALYSIS
Weighing	 the	 beneficial	 effects	 of	 stress	 ulcer	 prophylaxis	 against	 potential
adverse	events	attributed	to	prophylaxis	can	be	a	difficult	balancing	act.	A	crude
but	effective	measure	is	to	evaluate	the	impact	that	stress	ulcer	prophylaxis	has
on	all-cause	mortality.	Studies	evaluating	this	endpoint	almost	universally	show
no	 difference	 of	 mortality	 between	 the	 groups	 receiving	 various	 stress	 ulcer
prophylaxis	 agents,	 or	 against	 those	 receiving	 no	 prophylaxis.21,30,43,44,48,50,51	 A
single	 study	 by	 McLaren	 et	 al	 showed	 an	 increase	 in	 mortality	 with	 PPIs
compared	to	H2RAs,	although	the	design	of	this	study	makes	causation	difficult
to	determine.14,34	In	the	PEPTIC	trial	there	was	no	overall	difference	of	mortality
for	 the	general	cohort,	but	patients	who	were	randomized	to	PPI	 in	 the	highest
illness	severity	quartile	did	have	a	higher	risk	of	in-hospital	mortality	compared
to	those	who	received	H2RAs.49

While	 the	 lack	 of	 demonstrated	 mortality	 benefit	 of	 SRMD	 prophylaxis
appears	disheartening,	these	data	must	be	interpreted	in	the	context	that	bleeding
from	SRMD	by	itself	is	not	associated	with	increased	mortality	when	controlled
for	 comorbid	 factors.	 Thus,	 while	 bleeding	 from	 SRMD	 represents	 morbidity
that	 may	 affect	 length	 of	 hospital	 stay,	 intervention	 only	 intended	 to	 prevent
bleeding	 from	 SRMD	 would	 not	 likely	 impact	 the	 comorbid	 severe	 disease
processes	that	potentially	lead	to	death.



INAPPROPRIATE	USE	OF	STRESS	ULCER
PROPHYLAXIS
A	consequence	of	the	widespread	acceptance	of	acid	suppression	for	stress	ulcer
prophylaxis	is	the	use	of	acid	suppression	for	situations	where	it	is	not	indicated.
In	order	to	shift	the	risk-benefit	ratio	toward	benefit,	the	use	of	acid	suppression
should	 be	 restricted	 to	 patients	with	 established	 risk	 factors	 for	 SRMD	 (Table
205.1),	 and	 potentially	 only	 for	 those	 patients	 with	 >4%	 risk	 of	 clinically
important	 bleeding,	 in	 accordance	 with	 the	 recent	 BMJ	 practice
recommendations.35	 Despite	 this,	 inappropriate	 use	 of	 acid	 suppression	 occurs
frequently	in	the	ICU	setting,	often	continuing	after	transfer	out	of	the	ICU	and
after	 discharge	 from	 the	 hospital.	 In	 the	 ICU,	 inappropriate	 use	 of	 acid
suppression	(defined	as	use	without	significant	risk	factors	for	SRMD)	has	been
shown	 to	 occur	 in	 32%	 to	 68%	 of	 patients.27,61,62	 When	 acid	 suppression	 is
initiated,	a	majority	remain	on	these	agents	after	discharge	from	the	ICU,	largely
when	 risk	 factors	 for	 their	 use	 (if	 ever	 present)	 have	 resolved.62,63	 Finally,
approximately	20%	to	50%	of	patients	started	on	acid	suppression	in	this	setting
are	 discharged	 with	 instructions	 to	 continue	 on	 this	 regimen	 without	 an
appropriate	 indication.61-64	 Beyond	 increasing	 risk	 for	 adverse	 events,
inappropriate	use	of	acid	suppressants	and	stress	ulcer	prophylaxis	is	associated
with	a	significant	financial	burden.61,64,65

Consequent	 to	 data	 suggesting	 widespread	 acid	 suppressant	 use,	 further
education	 of	 health	 care	 personnel	 regarding	 appropriate	 use	 of	 stress	 ulcer
prophylaxis	 is	warranted.	 Indeed,	 such	 educational	 interventions	 using	 various
methodologies	have	proven	successful	for	individual	medical	centers	seeking	to
reduce	inappropriate	use	and	control	costs.66-69	However,	a	multicenter	survey	of
stress	 ulcer	 prophylaxis	 usage	 found	 no	 differences	 in	 inappropriate	 use	 of
prophylaxis	 in	 those	 that	 had	 institutional	 stress	 ulcer	 prophylaxis	 guidelines
compared	 to	 those	 that	 did	 not,	 suggesting	 that	 guidelines	 alone	 may	 not	 be
sufficient	to	curb	inappropriate	use	of	stress	ulcer	prophylaxis.27

5 	Determination	of	appropriateness	of	stress	ulcer	prophylaxis	necessitates	in-
depth	understanding	of	risks,	benefits,	and	limitations,	with	special	attention	to
restricting	use	to	active	disease	conditions	where	prophylaxis	has	been	shown	to
be	beneficial	(Table	205.1).	Appropriate	use	also	includes	knowing	when	to	stop
prophylaxis	when	risk	factors	have	resolved.	Given	the	multiple	factors	involved
in	this	decision-making,	it	is	not	surprising	that	the	guideline-based	approach	has
led	to	overuse	of	prophylaxis.	On	the	contrary,	appropriate	use	relies	on	critical
thinking,	 discretion,	 and	 vigilance	 on	 the	 part	 of	 the	 prescriber,	 which	 must



occur	on	a	case-by-case	basis.

MANAGEMENT	OF	STRESS-RELATED	AND
ACID	PEPTIC	GI	BLEEDING
6 	 When	 bleeding	 does	 occur	 in	 this	 setting,	 resuscitation	 and	 management
should	be	guided	by	the	algorithms	presented	for	nonvariceal	upper	GI	bleeding
which	are	discussed	in	detail	in	the	preceding	chapter	(Chapter	204).	There	are
several	 issues	 unique	 to	 bleeding	 from	 stress	 ulcers.	 First,	 while	 transcatheter
embolization	of	bleeding	vessels	represents	a	potentially	useful	option	for	peptic
ulcer	bleeding,	this	approach	cannot	be	recommended	for	stress	ulcer	bleeding	as
bleeding	tends	to	be	diffuse	rather	than	focal.	Second,	surgery	can	be	considered;
however,	 rates	of	 rebleeding	and	mortality	are	extremely	high	among	critically
ill	patients	undergoing	total	or	partial	gastrectomy.70,71

For	reflux	esophagitis,	PPIs	represent	primary	treatment,	and	are	superior	to
H2RA	 for	 the	 healing	 of	 reflux	 esophagitis.40,72,73	 Potassium-competitive	 acid
blockers,	available	in	certain	countries,	more	rapidly	elevate	intragastric	pH	than
PPIs,	 and	 may	 be	 numerically	 superior	 for	 the	 healing	 of	 severe	 reflux
esophagitis.74,75	 Beyond	 pharmacological	 therapy,	 endoscopic	 hemostasis	 (as
with	 combination	 epinephrine	 injection	 and	 hemoclips)	 may	 be	 safe	 and
effective	 for	 the	minority	of	patients	with	bleeding	 from	 reflux	esophagitis	 for
whom	have	focal	ulcers	and/or	stigmata	of	recent	hemorrhage.15

CONCLUSIONS
SRMD	results	from	the	breakdown	of	the	gastric	mucosal	barrier	 in	the	setting
of	critical	 illness;	acid	peptic	disease,	 including	reflux	esophagitis,	represents	a
consequence	of	mucosal	acid	exposure	overcoming	mucosal	defenses.	Multiple
factors	 contribute	 to	 the	 pathophysiology	 of	 SRMD,	 including	 impaired	 blood
flow	to	the	stomach,	presence	of	inflammatory	cytokines,	and	reperfusion	injury.
The	 end	 result	 is	 damage	 to	 the	 intricate	 gastric	mucosal	 defense	mechanisms
and	exposure	of	the	mucosal	cells	of	the	stomach	to	the	caustic	effects	of	gastric
acid	 and	 pepsin.	 Over	 time,	 this	 leads	 to	 erosions,	 ulceration	 and	 eventually,
bleeding.	 Prophylaxis	 focused	 on	 reducing	 acidity	 of	 gastric	 secretions	 is
generally	successful;	the	majority	of	existing	evidence	supports	the	use	of	both
H2RAs	and	PPIs	although	some	controversy	exists	if	one	agent	is	superior	to	the
other.	 Regardless	 of	 the	 agent	 used,	 stress	 ulcer	 prophylaxis	 should	 only	 be



utilized	in	the	setting	of	those	conditions	shown	to	increase	the	risk	of	bleeding
(Table	205.1)	and	should	be	discontinued	once	 these	conditions	have	 resolved.
When	bleeding	occurs,	proper	therapy	consists	of	adequate	resuscitation,	timely
endoscopic	intervention,	and	close	monitoring	following	endoscopy.	A	summary
of	 evidence-based	 recommendations	 for	 SRMD	 is	 provided	 in	 Table	 205.2.
These	therapies	and	interventions,	complemented	by	other	advances	in	ICU	care,
have	decreased	incidence	of	stress	ulcer	bleeding	and	SRMD.	On	the	other	hand,
the	 incidence	 of	 reflux	 esophagitis	 with	 associated	 bleeding	 appears	 to	 be
increasing	with	 time	(along	with	aging	populations,	 increasing	obesity,	and	 the
use	 of	 antithrombotic	 medications);	 careful	 monitoring	 for	 and/or	 prompt
attention	to	blood	loss	from	reflux	esophagitis	is	indicated	in	the	ICU	setting.	As
our	 understanding	 of	 the	 pathophysiology	 and	 treatment	 of	 these	 entities
continue	 to	progress,	better	approaches	 to	prophylaxis	and	management	should
further	reduce	their	incidence	and	morbidity.

TABLE	205.2

Summary	of	Recommendations	Based	on	Clinical	Trials

Recommendation Representative
Citations

GI	bleeding	is	associated	with	increased	length	of	stay
and	mortality	in	ICU	patients

Cook	et	al
Critical	Care
2001	Vol	5	No	6

Acid	suppressive	prophylaxis	is	recommended	for
those	with	a	higher	risk	of	GI	bleeding	(>4%)

Ye	et	al	BMJ
2020	Vol	368

In	critically	ill	patients	warranting	bleeding
prophylaxis,	PPI	are	suggested,	though	H2RA	represent
a	reasonable	option

Lin	et	al	Critical
Care	Medicine
2010	Vol	38	No	4
Alhazzani	et	al
Critical	Care
Medicine	2013
Vol	41	No	3



Krag	et	al
Intensive	Care
Medicine	2014
Vol	40	No	1
Wang	et	al	BMJ
2019	Vol	367
Young	et	al
JAMA	2020	Vol
323	No	7
Ye	et	al	BMJ
2020	Vol	368

PPI	and	H2RA	are	recommended	over	sucralfate	for	GI
bleeding	prophylaxis	in	critically	ill	patients

Wang	et	al	BMJ
2019	Vol	367
Ye	et	al	BMJ
2020	Vol	368

Acid	suppression,	especially	with	PPI,	is	associated
with	an	increased	risk	of	Clostridium	difficile-
associated	diarrhea	and,	potentially,	nosocomial
pneumonia

Barletta	Mayo
Clinic
Proceedings	2013
Vol	88	No	10
MacLaren
JAMA-Internal
Medicine	2014
Vol	175	No	4
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	entities	on	ICU	admission	is	NOT	a	risk	factor	for
stress	ulcer	bleeding?

A. 	Cirrhosis
B. 	Coagulopathy
C. 	Immunosuppressant	use
D. 	Renal	replacement	therapy

2. 	Which	of	the	following	are	complications	of	proton	pump	inhibitor	use	for
stress	ulcer	prophylaxis?

A. Clostridium	difficile-associated	diarrhea
B. 	Hypercalcemia
C. 	Myocardial	infarction
D. 	Stroke

3. 	Which	of	the	following	factors	are	involved	in	the	pathophysiology	of
stress-related	mucosal	disease?

A. 	Cytokine	suppression
B. 	Gastric	mucosal	hypoxia
C. 	Increased	prostaglandins
D. 	Splanchnic	hyperperfusion

Answers

1.	The	correct	answer	is	C.



Rationale:	An	 international	cohort	study	found	 that	coexisting	 liver	disease,
coexisting	 or	 acute	 coagulopathy,	 the	 use	 of	 renal	 replacement	 therapy,	 and
higher	 organ	 failure	 scores	 were	 independently	 associated	 with	 clinically
significant	gastrointestinal	bleeding	among	adults	acutely	admitted	 to	 the	 ICU.
However,	immunosuppression	was	not	associated	with	gastrointestinal	bleeding
(choice	C	is	the	“correct”,	wrong	answer).

2.	The	correct	answer	is	A.
Rationale:	Acid	 suppressive	 therapy	with	 proton	 pump	 inhibitors	 for	 stress

ulcer	 prophylaxis	 has	 been	 associated	 with	 a	 higher	 incidence	 of	Clostridium
difficile-associated	 diarrhea	 (choice	 A	 is	 correct)	 and	 possibly	 pneumonia
(conflicting	 data).	 Proton	 pump	 inhibitor	 use	 has	 not	 been	 definitively	 linked
with	hypercalcemia,	myocardial	infarction,	or	stroke.

3.	The	correct	answer	is	B.
Rationale:	 Physiological	 stress	 can	 lead	 to	 stress-related	 mucosal	 disease

through	 hemodynamic,	 endocrine,	 and	 paracrine	 mechanisms	 and	 factors.
Gastric	 mucosal	 hypoxia	 is	 a	 risk	 factor	 for	 mucosal	 ulceration	 (choice	 B	 is
correct).	Pro-inflammatory	cytokine	release	(not	suppression),	vasoconstriction,
splanchnic	 and	 mucosal	 hypoperfusion	 (not	 hyperperfusion	 and	 decreases	 of
mucosal	 protective	 factors	 such	 as	 prostaglandins	 (not	 increases)	 are	 other
physiological	stress	factors.
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Chapter	206
Nausea	and	Vomiting
Angelica	G.	Nocerino	MD,	Henry	P.	Parkman	MD

KEY	POINTS:
1.	 Nausea	and	vomiting	in	critically	ill	patients	may	be	a	result	of	the

initial	condition	or	a	reflection	of	the	severity	of	an	underlying
disease.

2.	 Serious	complications	can	arise	from	nausea	and	vomiting	if	not
treated	appropriately,	including	aspiration	pneumonia,	dehydration,
electrolyte	abnormalities,	and	wound	dehiscence.

3.	 Treatment	of	the	underlying	condition	causing	the	nausea	and
vomiting	is	essential.

4.	 The	most	common	causes	of	nausea	and	vomiting	in	the	ICU	include
medication	side	effects,	postoperative	nausea	and	vomiting,
infections,	and	gastrointestinal	and	metabolic	abnormalities.

5.	 Evaluation	includes	a	chart/medication	review,	history,	and	physical
examination	dedicated	to	the	symptoms	of	nausea	and	vomiting,	in
order	to	guide	evaluation	and	aid	diagnosis	and	treatment.

6.	 Symptomatic	management	includes	use	of	anticholinergics,
antihistamines,	serotonin	receptor	antagonists,	neurokinin	receptor
antagonists,	glucocorticoids,	prokinetics,	and	peripherally	acting	mu-
opioid	receptor	antagonists.

INTRODUCTION
1 	 Nausea	 and	 vomiting	 are	 common	 symptoms	 among	 critically	 ill	 patients.
Although	nonspecific,	these	symptoms	may	be	secondary	to	an	initial	condition
or	 a	 reflection	 of	 the	 severity	 of	 an	 underlying	 disease.	 Given	 that	 the



gastrointestinal	 (GI)	 tract	 carries	 out	 a	 multitude	 of	 endocrine,	 immune,	 and
barrier	 functions,	 nausea	 and	 vomiting	 may	 be	 secondary	 to	 neurologic,
endocrine,	cardiovascular,	respiratory,	renal,	and	infectious	disorders.

2 	 Nausea	 is	 a	 subjective	 symptom	 that	 is	 described	 as	 an	 uneasy	 and
unpleasant	sensation	of	the	stomach,	with	a	conscious	awareness	for	the	possible
need	to	vomit.1	Vomiting	is	defined	as	the	forceful	expulsion	of	gastric	contents
from	 the	 mouth,	 which	 can	 occur	 by	 contraction	 of	 the	 abdominal	 muscles,
descent	 of	 the	 diaphragm,	 and	 opening	 of	 the	 gastric	 cardia.	 Among
mechanically	ventilated	and	sedated	patients,	 the	 forcefulness	of	vomiting	may
not	be	appreciated,	and	thus	vomiting	in	the	ICU	refers	to	the	occurrence	of	any
visible	 regurgitation	 of	 gastric	 contents.2,3	 Nausea	 and	 vomiting	 in	 the	 ICU	 is
quite	 common,	 with	 studies	 describing	 that	 up	 to	 38%	 of	 patients	 experience
such	symptoms	during	their	ICU	stay.4	Serious	complications	such	as	aspiration
pneumonia,	 dehydration,	 electrolyte	 imbalances,	 and	 malnutrition	 can	 occur,
which	 are	 associated	 with	 longer	 ICU	 admissions	 and	 higher	 morbidity	 and
mortality	rates.5

PATHOPHYSIOLOGY
The	pathophysiology	of	nausea	and	vomiting	is	complex	and	mainly	dependent
on	 hormonal	 and/or	 chemical	 neurotransmitters.	The	major	 components	 of	 the
pathway	include	sensory	afferent	nerves,	 the	area	postrema,	 the	nucleus	tractus
solitarius	 (NTS),	 and	 the	 vomiting	 or	 emetic	 center,	 which	 is	 located	 in	 the
dorsal	lateral	reticular	formation	of	the	medulla.	Vagal	afferent	nerves	from	the
GI	 tract,	 pharynx,	 coronary	 arteries,	 the	 vestibular	 system,	 and	 the	 cerebral
cortex	can	synapse	at	the	NTS	or	the	area	postrema.	The	area	postrema	contains
the	 chemoreceptor	 trigger	 zone,	 located	 on	 the	 dorsal	 surface	 of	 the	 medulla
oblongata	 on	 the	 floor	 of	 the	 fourth	 ventricle.	 The	 area	 postrema	 can	 relay
information	 to	 the	NTS.	When	activated,	 the	NTS,	 located	 in	 the	medulla,	can
signal	 the	 emetic	 center,	 resulting	 in	 nausea	 and	 vomiting.	 The	 main
neurotransmitters	 that	 mediate	 nausea	 and	 vomiting	 include	 muscarinic	 M1,
dopamine	D2,	histamine	H1,	5-hydroxytryptamine	(HT)	3	serotonin,	neurokinin
1	(NK1),	and	substance	P.6-9

Acute	gastrointestinal	 injury	(AGI)	may	occur	when	 there	 is	malfunction	of
the	GI	 tracts	of	critically	 ill	patients,	which	may	manifest	as	nausea,	vomiting,
diarrhea,	obstruction,	or	feeding	intolerance.	The	Working	Group	on	Abdominal
Problems	 as	 part	 of	 the	 Perioperative	 Intensive	 Care	 section	 of	 the	 European
Society	of	Intensive	Care	Medicine	describes	AGI	in	the	ICU	with	four	grades



of	severity.	AGI	grade	I	occurs	when	a	patient	is	at	increased	risk	of	developing
GI	 dysfunction	 and	 requires	 intervention,	 such	 as	 those	 with	 postoperative
nausea	 and	 vomiting	 (PONV).	 AGI	 grade	 II	 consists	 of	 GI	 dysfunction	 that
requires	 intervention,	 as	 seen	 among	 those	 with	 gastroparesis.	 AGI	 grade	 III
occurs	when	GI	function	cannot	be	restored	with	 intervention,	such	as	pseudo-
obstruction.	AGI	grade	 IV	 is	 a	 life-threatening	condition	 leading	 to	GI	 failure,
such	 as	 bowel	 ischemia	 and	 necrosis.2	 This	 proposed	 terminology	 helps
physicians	have	a	standardized	definition	and	treatment	protocol	when	assessing
patients	with	nonspecific	symptoms,	such	as	nausea	and	vomiting.

3 	Understanding	the	pathophysiology	of	nausea	and	vomiting	is	important	for
management	 in	 the	 critical	 care	 setting.	Causes	 of	 nausea	 and	 vomiting	 in	 the
ICU	 can	 be	 divided	 into	 two	 categories:	 (1)	 iatrogenic,	 or	 secondary	 to	 a
treatment	 or	 management	 provided	 by	 the	 physician	 and	 care	 team;	 and	 (2)
organ-based	 etiologies.	 It	 is	 important	 to	 identify	 the	 appropriate	 etiology,	 as
symptoms	may	resolve	if	the	underlying	cause	of	nausea	and	vomiting	is	treated
appropriately.

Iatrogenic	Causes

Medication-Induced	Nausea	and	Vomiting
4 	 Some	 of	 the	 most	 commonly	 prescribed	 medications	 in	 the	 ICU,	 including
opioids,	inotropes,	antiarrhythmic	agents,	and	antibiotics,	may	cause	nausea	and
vomiting	by	activating	certain	receptors	of	the	emetic	center.10

Opioids
Opioids	 are	 the	mainstay	of	 therapy	 for	 the	management	of	pain	 and	 agitation
and	 are	 also	 commonly	 used	 for	 sedation	 in	 the	 ICU,	 particularly	 for	 patients
who	are	ventilated.	The	most	commonly	prescribed	opioids	 in	 the	ICU	include
fentanyl,	 morphine,	 hydromorphone,	 and	 tramadol.11	 Opiates	 bind	 to	 mu
receptors	 in	 the	 central	 and	 peripheral	 nervous	 system,	 including	 the	 area
postrema,	 the	NTS,	 and	 the	vestibular	 apparatus,	which	 can	 trigger	 the	 emetic
center.	When	 bound	 to	 the	 gut	myenteric	 plexi,	 opiates	 can	 delay	GI	motility,
resulting	 in	 nausea,	 vomiting,	 and	 constipation.12,13	 Opiates	 cause	 nausea,
vomiting,	and	constipation	in	up	to	32%	of	patients.14

Inotropic	Agents
Critically	 ill	 patients	 in	 shock	 may	 be	 treated	 with	 vasopressor	 and	 inotrope



therapy.15,16	Medications,	such	as	norepinephrine,	epinephrine,	and	dobutamine,
bind	 to	 α2-adrenergic	 and	 beta-adrenergic	 receptors.	 When	 bound,	 these
medications	 stimulate	 receptors	 in	 the	 myocardium	 as	 well	 as	 the	 systemic
vasculature	 to	 increase	 perfusion.	 Alpha	 adrenergic	 receptors	 of	 the
chemoreceptive	 trigger	 zone	 can	 also	 be	 stimulated,	 resulting	 in	 nausea	 and
vomiting	in	up	to	3%	of	patients.17

Antibiotics
More	 than	 71%	 of	 ICU	 patients	 receive	 antibiotics.18	 Antibiotics	 alter	 the	 gut
microbiome	and	can	lead	to	GI	adverse	effects,	including	nausea,	vomiting,	and
diarrhea.	 Some	 of	 the	 most	 commonly	 prescribed	 antibiotics	 that	 may	 cause
nausea	 and	 vomiting	 among	 the	 critically	 ill	 include	 cephalosporins	 (2%),
fluoroquinolones	(7%),	and	penicillins	(10%	of	patients).19,20

Noninvasive	Ventilation
Continuous	 positive	 airway	 pressure	 (CPAP)	 and	 bi-level	 positive	 airway
pressure	 (BiPAP)	 are	 effective	 treatments	 often	 used	 for	 critically	 ill	 patients
with	 respiratory	 compromise.	 They	 provide	 ventilator	 support	 without	 the
invasiveness	of	an	endotracheal	tube.	Although	rare,	nausea	and	vomiting	can	be
side	effects	of	noninvasive	ventilation	(NIV).	The	pressurized	air	from	the	CPAP
and	BiPAP	can	forcefully	enter	into	stomach	causing	distention.	Aerophagia,	or
the	swallowing	of	air,	can	occur	in	up	to	40%	of	patients,21,22	and	a	large	amount
of	gastric	 insufflation	can	 result	 in	nausea	and	vomiting,	potentially	 leading	 to
complications	 such	 as	 aspiration.	 Risk	 factors	 for	 gastric	 insufflation	 include
large	 tidal	 volumes,	 high	 airway	 resistance,	 low	 respiratory	 compliance,	 and
short	 inspiratory	 times.23	Additionally,	 there	have	been	a	small	number	of	case
reports	of	NIV	resulting	in	abdominal	compartment	syndrome.24

Enteral	Nutrition
Nutrition	plays	a	vital	 role	during	 the	course	of	a	critical	 illness,	as	 it	helps	 to
maintain	gut	integrity,	and	enhances	systemic	immune	function.25	 In	 those	who
cannot	eat	on	their	own,	enteral	nutrition	provides	calories,	protein,	electrolytes,
vitamins,	 and	 trace	 elements	 via	 an	 intestinal	 route.	 Feeds	 can	 be	 given	 via	 a
nasogastric	(NG)	or	orogastric	(OG)	feeding	tube	or	through	gastrostomy	(PEG
[percutaneous	endoscopic	gastrostomy])	or	 jejunostomy	 tubes.	There	are	many
dietary	 formulations	 available	 that	 vary	 in	 osmolarity,	 caloric	 density,	 and
amount	of	protein	and	electrolytes.	Patients	receiving	enteral	nutrition	should	be



monitored	for	intolerance	of	feeds,	which	may	manifest	as	nausea,	vomiting,	and
regurgitation	of	gastric	contents,	and	which	can	be	seen	in	up	to	20%	of	patients
receiving	 feeds.26	 Rapid	 administration	 of	 tube	 feeds	 or	 large	 bolus	 feeds	 can
precipitate	 nausea	 and	 vomiting.	 Vomiting	 after	 starting	 enteral	 feeds	 may
suggest	 tube	 displacement,	 and	 radiographic	 confirmation	 of	 the	 feeding	 tube
should	be	performed.27	Delayed	gastric	emptying,	due	to	medications,	infection,
or	obstruction,	can	also	lead	to	these	symptoms.28	Preferably,	NG	and	OG	tubes
used	for	feeding	should	be	passed	into	the	duodenum	using	patient	positioning,
ultrasonography,	fluoroscopy,	or	endoscopy.

System-Based	Causes
4 	 The	 GI	 tract	 carries	 out	 a	 multitude	 of	 endocrine,	 immune,	 and	 barrier
functions,	 and	 nausea	 and	 vomiting	 may	 present	 in	 a	 vast	 array	 of	 systemic
disorders.	A	system-based	approach	can	be	used	to	assess	for	common	disorders
in	the	ICU	that	can	present	with	nausea	and	vomiting	(Table	206.1).

TABLE	206.1

Categories	of	Acute	Nausea	and	Vomiting	in	the	ICU	With
Some	Specific	Causes

Causes Examples

Iatrogenic Medications—opioids,	inotropes,	antibiotics
Noninvasive	ventilation
Enteral	nutrition
Postoperative	nausea	and	vomiting

Endocrine Adrenal	insufficiency
DKA,	hyperthyroidism
Pregnancy

Neurological Stroke,	seizure
Mass

Cardiovascular Cardiac	ischemia,	aortic	dissection

Gastrointestinal Esophagus:	GERD,	esophagitis,	esophageal	rupture



Stomach:	ulcer,	gastric	outlet	obstruction,	gastroparesis
Biliary:	cholecystitis
Pancreas:	pancreatitis
Liver:	acute	liver	failure
Intestine:	obstruction,	ileus

Renal Uremia
Pyelonephritis

Infection Meningitis	myocarditis
Gastroenteritis
UTI
COVID-19

DKA,	diabetic	ketoacidosis;	GERD,	gastroesophageal	reflux	disease;	UTI,	urinary	tract	infection.

Endocrine	Disorders
Endocrine	 emergencies	 are	 commonly	 seen	 in	 critically	 ill	 patients.	 There	 are
multiple	 hormonal	 and	metabolic	 diseases	 that	 are	 associated	with	 nausea	 and
vomiting,	including	but	not	limited	to	adrenal	insufficiency,	hyperglycemia,	and
thyroid	 disease.	 Recognition	 and	 management	 of	 these	 disorders	 can	 be
lifesaving.

Adrenal	Insufficiency.
Adrenal	 insufficiency	 occurs	 when	 there	 is	 insufficient	 production	 of
glucocorticoids,	and/or	mineralocorticoids,	and/or	adrenal	androgens.	In	primary
adrenal	 insufficiency,	 the	 adrenal	 cortex	 is	 directly	 injured,	 secondary	 to
infection,	 hemorrhage,	 or	 infarction,	 and	 thus	 does	 not	 produce	 enough
hormones.	In	secondary	and	tertiary	adrenal	insufficiency,	there	is	a	disorder	of
the	 hypothalamic-pituitary	 axis.	 Most	 often	 this	 is	 seen	 in	 the	 setting	 of
exogenous	 steroid	 use,29	 but	 can	 also	 occur	 when	 there	 is	 direct	 insult	 to	 the
pituitary	 or	 hypothalamus,	 or	 from	 chronic	 administration	 of	 opiate	 narcotic
medications.	 Physicians	 need	 to	 be	 aware	 of	 and	 recognize	 the	 clinical
manifestations	of	adrenal	insufficiency.	The	deficiency	in	mineralocorticoids	and
glucocorticoids	 most	 commonly	 present	 with	 nonspecific	 symptoms	 such	 as
weakness	and	fatigue.	GI	manifestations	including	abdominal	pain,	nausea,	and
vomiting	are	early	symptoms	that	can	be	seen	among	75%	of	patients	diagnosed
with	adrenal	insufficiency.30,31	During	severe	adrenal	crisis,	shock,	hyponatremia,



hyperkalemia,	hypoglycemia,	and	altered	mental	status	can	occur.	Diagnosis	of
adrenal	 insufficiency	 can	 be	 made	 with	 morning	 cortisol	 levels,	 and	 if
abnormally	 low,	 a	 cosyntropin	 stimulation	 test	 is	 performed	 to	 determine	 if
cortisol	increases	when	stimulated.	After	250	μg	of	ACTH	1	to	24	(cosyntropin)
is	 administered,	 cortisol	 is	 checked	 30	 and	 60	 minutes	 later.	 Cortisol	 levels
below	 18	 to	 20	 μg/dL	 following	 stimulation	 are	 diagnostic	 of	 adrenal
insufficiency.	 Stress	 dose	 steroids	 are	 the	 mainstay	 of	 treatment	 for	 adrenal
crisis.

Diabetic	Ketoacidosis
Diabetic	 ketoacidosis	 (DKA)	 is	 a	 hyperglycemic	 crisis	 that	 is	 often	monitored
and	treated	in	the	ICU,	which	is	more	extensively	reviewed	in	Chapter	137.	This
is	characterized	by	metabolic	acidosis	with	an	elevated	anion	gap	greater	than	12
due	 to	 excess	 ketones.	Glucose	 levels	 are	 often	 above	 250	mg/dL	 and	 lead	 to
intravascular	 depletion,	 tachycardia,	 and	 hypotension.	 Infection	 or
noncompliance	with	insulin	can	precipitate	DKA.	The	earliest	clinical	symptoms
of	DKA	 include	 polyuria	 and	 polydipsia,	 though	 abdominal	 pain,	 nausea,	 and
vomiting	 are	 also	 commonly	 seen	 because	 hyperglycemia	 causes	 a	 delay	 in
gastric	emptying.	Elevated	serum	beta-hydroxybutyrates	can	also	cause	nausea.
When	 DKA	 is	 left	 untreated,	 neurological	 symptoms	 such	 as	 coma	 can	 also
occur.	 Insulin,	 IV	 fluids,	 bicarbonate,	 and	 electrolyte	 replacement	 are	 the
cornerstones	 of	 treatment.32	 Hyperosmolar	 hyperglycemic	 syndrome	 is	 a
hyperglycemic	syndrome	that	 is	associated	with	very	high	glucose	levels	and	a
worse	prognosis	than	DKA;	this	more	commonly	occurs	in	2	diabetes	mellitus.

Thyroid	Disease
Up	 to	 50%	 of	 hyperthyroid	 patients	 have	 GI	 complaints,	 including	 epigastric
pain,	nausea,	vomiting,	and	diarrhea,33	 from	altered	 intestinal	motility	due	 to	a
direct	effect	of	the	thyroid	hormone	on	the	central	nervous	system	(see	Chapter
141).	One	of	the	most	severe	manifestations	of	thyrotoxicosis,	or	excess	thyroid
hormone,	 is	 thyroid	 storm.	 This	 life-threatening	 illness	 is	 most	 commonly
associated	 with	 Graves	 disease	 and	 can	 be	 precipitated	 by	 infection,	 surgery,
trauma,	thyroid	medication	nonadherence,	and	exogenous	iodine	administration
(such	 as	 intravascular	 iodinated	 contrast	 agents	 or	 amiodarone).	The	diagnosis
can	 be	 made	 by	 demonstrating	 low	 thyroid-stimulating	 hormone	 (TSH)	 and
elevated	 total	 free	 T4	 (tetraiodothyronine),	 and	 T3	 (triiodothyronine).	 In	 T3
thyrotoxicosis,	 free	 T3	 is	 elevated	 but	 not	 free	 T4.	 Clinical	 suspicion	 for
hyperthyroidism	 is	 important.	 A	 scoring	 system	 by	 Burch	 and	 Wartofsky



describes	the	typical	manifestations,	which	include	hyperthermia,	delirium,	and
arrhythmias.34	 GI	 manifestations	 play	 a	 large	 part	 in	 the	 scoring	 system	 and
include	 nausea,	 vomiting,	 abdominal	 pain,	 and	 in	 severe	 cases,	 jaundice.
Treatment	 focuses	on	 the	use	of	antithyroid	drugs,	 such	as	propylthiouracil,	 as
well	as	symptom	control	with	beta	blockers,	steroids,	and	intravenous	fluids.35

Hypothyroidism	can	also	manifest	 in	patients	 in	 the	ICU	(see	Chapter	142).
This	at	times	can	occur	insidiously	when	a	patient	on	thyroid	supplementation	is
not	 absorbing	 their	 thyroid	 medications,	 perhaps	 due	 to	 an	 ileus	 from	 their
underlying	 condition.	Replacement	 begins	with	 administration	of	 low	amounts
of	thyroxine.

Euthyroid	 sick	 syndrome	 is	 a	 condition	 where	 serum	 levels	 of	 thyroid
hormones	 are	 low	 in	 clinically	 euthyroid	 patients	 with	 nonthyroidal	 systemic
illness,	 which	 is	 more	 extensively	 reviewed	 in	 Chapter	 143.	 The	 diagnosis	 is
based	on	excluding	hypothyroidism.	Treatment	is	directed	toward	the	underlying
illness.

Pregnancy
Female	patients	of	childbearing	age	should	have	a	pregnancy	test	when	admitted
to	the	ICU;	this	is	needed	to	recognize	pregnancy	should	radiographic	tests	need
to	 be	 performed,	 but	 pregnancy	 can	 also	 be	 associated	 with	 a	 number	 of
symptoms	and	unique	medical	conditions.	Nausea	is	well-known	to	be	extremely
common	 during	 pregnancy	 and	 occurs	 among	 up	 to	 90%	 of	 normal	 pregnant
women,	 usually	 during	 the	 first	 trimester.36	 The	 diagnosis	 of	 hyperemesis
gravidarum	is	made	when	nausea	and	vomiting	 is	accompanied	by	weight	 loss
exceeding	5%	of	body	weight.

Neurological	Disorders
Increased	intracranial	pressure,	as	seen	in	stroke,	seizures,	and	brain	tumors,	can
stimulate	the	area	postrema,	resulting	in	nausea	and	vomiting.

Stroke
Cranial	 nerve	 deficits,	 such	 as	 diplopia,	 dysarthria,	 dysphagia,	 and	 paresthesia
are	often	some	of	the	main	presenting	symptoms	of	stroke.	Nausea	and	vomiting
may	also	be	present	in	up	to	27%	of	patients	with	strokes	affecting	the	posterior
circulation,	in	which	the	vertebral,	basilar,	and	posterior	cerebral	arteries	of	the
vestibular	system	are	affected.37	Cerebral	edema	after	a	stroke	may	also	play	a
role	 in	 the	pathophysiology	of	nausea	and	vomiting	(see	Chapter	150).	Studies



suggest	 that	 vomiting	may	 be	 an	 early	 predictor	 of	 poor	 outcome	 and	 risk	 of
death	in	stroke	patients.38

Seizure
Nausea	 and	 vomiting	 are	 rarely	 clinical	 symptoms	 of	 seizure,	 although	 ictal
nausea	 and	vomiting	 can	be	 a	manifestation	of	 seizures	 affecting	 the	 temporal
lobe,	secondary	to	activation	of	dorsal	vagal	complex.39-41	Seizures	are	presented
in	more	detail	in	Chapter	151.

Intracranial	Mass
A	primary	 brain	 tumor	 or	 brain	metastasis	 can	 present	with	 headache,	 nausea,
vomiting,	 and	 diplopia.	 Brain	metastases	 can	 be	 seen	 in	 those	with	 a	 primary
cancer	 including	 lung,	 breast,	 and	 melanoma	 and	 may	 result	 in	 increased
intracranial	 pressure	 through	 mass	 effect	 (see	 Chapter	 155).	 Furthermore,
metastases	 may	 also	 cause	 increased	 intracranial	 pressure	 through	 obstructive
hydrocephalus	and	intraparenchymal	brain	hemorrhage.42

Central	Nervous	System	Infection
Infections	 of	 the	 nervous	 system,	 such	 as	meningitis,	 can	 present	with	 nausea
and	vomiting	secondary	 to	 increased	 intracranial	pressure.	Bacterial	meningitis
is	 a	 medical	 emergency	 that	 is	 associated	 with	 high	 morbidity	 and	 mortality,
which	 is	 more	 extensively	 reviewed	 in	 Chapter	 80.43	 The	 most	 common
organisms	 in	 adults	 include	 Streptococcus	 pneumoniae,	 Neisseria	 meningitis,
and	 Listeria	 monocytogenes.	 The	 classic	 symptoms	 include	 fever,	 nuchal
rigidity,	 headache,	 and	 altered	 mental	 status.	 Presentation	 may	 also	 include
nonspecific	GI	manifestations,	such	as	nausea	and	vomiting.	Diagnosis	is	made
by	 a	 cerebrospinal	 fluid	 analysis	 through	 lumbar	 puncture.	 The	 choice	 of
antibiotic	depends	on	the	suspected	organism.44

Cardiovascular	Disorders
Injured	 cardiomyocytes	 release	 metabolites,	 such	 as	 lactic	 acid,	 that	 can
stimulate	 peripheral	 nerves.45	 Vagal	 afferent	 nerves	 from	 the	 coronary	 arteries
can	synapse	at	the	NTS	or	the	area	postrema,	resulting	in	nausea	and	vomiting.

Cardiac	Ischemia
Acute	myocardial	 infarctions	are	associated	with	high	morbidity	and	mortality.
Prompt	diagnosis	 is	essential	 for	survival	as	detailed	 in	Chapters	187	and	188.



While	 most	 patients	 present	 with	 chest	 pain,	 nausea	 and	 vomiting	 may	 be
atypical	symptoms	of	a	myocardial	infarction.	Nausea	and	vomiting	occur	more
commonly	in	patients	with	a	ST-elevation	myocardial	infarction	(STEMI)	than	in
those	 with	 non-STEMI.	 The	 presence	 of	 nausea	 and	 vomiting	 has	 been
associated	with	larger	myocardial	infarctions,	but	is	not	predictive	of	the	location
of	the	infarction.46

Aortic	Dissection
Acute	 aortic	 dissection	 is	 a	 life-threatening	 emergency,	 associated	 with	 high
morbidity	 and	 mortality,	 due	 to	 a	 tear	 in	 the	 intimal	 layer	 of	 the	 aorta	 (see
Chapter	 194).	 The	most	 common	 clinical	manifestation	 is	 the	 abrupt	 onset	 of
chest	or	back	pain	that	is	described	as	sharp	and	tearing	in	nature.	Although	less
common,	there	may	be	associated	nausea,	vomiting,	and	abdominal	pain	among
up	to	4.6%	of	patients.47	Patients	at	risk	include	those	with	chronic	hypertension,
a	preexisting	aortic	aneurysm	or	bicuspid	valve,	and	those	with	connective	tissue
disorders,	 such	 as	 Marfan	 syndrome	 and	 Ehlers-Danlos	 syndrome.48	 Physical
examination	findings	may	include	a	pulse	deficit,	such	as	a	weak	or	absent	pulse
in	 the	 peripheral	 vessels	 (carotid,	 brachial,	 or	 femoral)	 or	 blood	 pressure
difference	 of	 more	 than	 20	 mm	 Hg	 between	 left	 and	 right	 arm,	 and	 a	 new
diastolic	murmur.49	Diagnosis	is	made	when	there	is	high	clinical	suspicion	in	a
high-risk	patient	and	is	usually	confirmed	with	imaging.	Enlarged	mediastinum
can	be	 found	on	chest	 radiography.	Computed	 tomography	 (CT)	 and	magnetic
resonance	 (MR)	 angiography	 can	be	used	 to	 confirm	 the	diagnosis.	Surgery	 is
needed	 to	 treat	 aortic	dissection	 (involving	 the	 ascending	aorta)	while	medical
management,	 including	 β	 blockers	 and	 antihypertensive	 medications,	 is	 often
used	to	treat	aortic	dissection	(involving	the	descending	aorta).50

Infection	(Myocarditis,	Endocarditis)
Myocarditis	 is	 an	 inflammatory	 cardiomyopathy,	 or	 inflammation	 of	 the
myocardium.	Most	commonly,	myocarditis	is	caused	by	viral	infection	(such	as
adenovirus,	 enterovirus,	 coxsackie,	 adenovirus,	 respiratory	 syncytial	 virus,
parvovirus),	 but	 other	 etiologies	 include	 bacterial	 infection,	 medications,	 and
autoimmune	diseases.	The	most	common	symptoms	are	dyspnea,	chest	pain,	and
arrhythmias.	When	the	etiology	is	viral,	other	symptoms	may	include	fever,	rash,
nausea,	 vomiting,	 and	 diarrhea.	 Complications	 can	 lead	 to	 dilated
cardiomyopathy	or	cardiac	arrest.	Diagnosis	can	be	made	on	electrocardiography
(ST	changes),	echocardiography	(dilated	left	ventricle,	increased	wall	thickness,
inflammatory	 infiltrate),	 and	 elevated	 troponin	 and	 C-reactive	 protein.	 The



degree	of	fibrosis	can	often	be	detected	on	cardiac	magnetic	resonance	imaging,
but	often	an	endomyocardial	biopsy	is	needed.	Treatment	depends	on	the	cause
and	the	severity.	As	with	most	viral	infections,	treatment	is	supportive.	Steroids
can	also	be	considered.51

Gastrointestinal	Disorders
Organic,	 functional,	 and	 obstructive	 diseases	 of	 the	 GI	 tract	 can	 present	 with
nausea	and	vomiting.

Esophagus
Gastroesophageal	 reflux	 disease	 (GERD)	 is	 very	 common	 in	 critically	 ill
patients,	especially	with	mechanical	ventilation,	and	can	manifest	as	nausea	and
vomiting.	Lower	esophageal	sphincter	pressure	can	be	decreased	in	the	setting	of
sepsis	 and	 shock,	 which	 predisposes	 to	 GERD.52	 In	 the	 ICU,	 in	 addition	 to
reflux,	 erosive	 esophagitis	 can	 also	 develop	 from	 oral	 medications	 such	 as
nonsteroidal	 anti-inflammatory	 drugs,	 aspirin,	 ferrous	 sulfate,	 infections
(candida	being	the	most	common),	or	mechanical	 irritation	from	an	NG	or	OG
tube.	 The	 diagnosis	 of	 erosive	 esophagitis	 can	 be	made	 by	 endoscopy.	 Proton
pump	inhibitors	(PPI)	are	the	mainstay	of	treatment	for	GERD.

Esophageal	 rupture	 is	 a	 life-threatening	 emergency,	 which	 can	 result	 from
chest	 trauma,	 foreign	 body	 ingestion,	 complication	 of	 esophageal	 cancer,
iatrogenic	 in	 the	 setting	 of	 a	 recent	 procedure,	 or	 from	 violent	 vomiting
(Boerhaave	 syndrome).	 The	main	 presenting	 symptom	 is	 acute	 onset	 of	 chest
pain.	 In	25%	of	patients,	chest	pain	 is	 followed	by	vomiting	and	dyspnea.	The
clinical	 presentation	 of	 vomiting,	 chest	 pain,	 and	 subcutaneous	 emphysema	 is
the	 classic	 Mackler	 triad	 for	 Boerhaave	 syndrome.	 Pneumomediastinum,
pneumothorax,	and	subcutaneous	air	can	be	visualized	on	a	chest	radiograph	or
CT	scan	of	the	chest.	Surgical	treatment	can	be	lifesaving.53

Gastric
Stress-induced	gastric	ulcers	can	occur	 in	critically	 ill	patients	due	 to	 impaired
mucosal	 protection	 and	 hypersecretion	 of	 acid.	 Those	 who	 are	 mechanically
ventilated,	in	shock,	on	glucocorticoid	therapy,	or	have	coagulopathy	are	at	risk
for	stress	ulceration,	which	can	be	complicated	by	hemorrhage	and	present	with
hematemesis.	Diagnosis	 can	 be	made	 by	 endoscopy.	 PPIs	 are	 the	mainstay	 of
prevention	and	treatment.54

The	etiology	of	gastric	outlet	obstruction	(GOO)	can	be	malignant	(examples



include	 gastric	 lymphoma	 and	 extension	 of	 pancreatic	 cancer),	 inflammatory
(peptic	ulcer	disease),	or	 infiltrative	 (Crohn	disease).	 Iatrogenic	causes	such	as
PEG	tube	migration	to	block	the	pylorus	or	postbariatric	surgical	complications
can	 also	 cause	 GOO.55	 The	 most	 common	 clinical	 features	 include	 epigastric
pain,	nausea,	and	vomiting.	A	succession	splash	may	be	heard	on	physical	exam.
Diagnosis	 can	 be	 made	 with	 imaging,	 such	 as	 CT	 scan.	 An	 endoscopic
evaluation	may	be	performed	to	assess	the	underlying	etiology.	NG	or	OG	tube
placement	 is	 recommended	 to	 decrease	 the	 risk	 of	 aspiration.	 Specific
management	 depends	 on	 the	 underlying	 etiology	 and	 may	 include	 pyloric
dilation,	stent	placement,	and	surgical	options.56

Gastroparesis,	 or	 delayed	 gastric	 emptying	 in	 the	 absence	 of	 mechanical
obstruction,	has	been	associated	with	 increasing	 severity	of	 illness	 in	 the	 ICU.
Studies	have	shown	that	gastroparesis	can	be	seen	in	up	to	50%	of	mechanically
ventilated	 patients	 and	 in	 80%	 of	 those	 with	 increased	 intracranial
hypertension.57	Symptoms	 include	abdominal	distension,	nausea,	and	vomiting.
Infections,	 medications,	 and	 hyperglycemia	 are	 the	 most	 common	 causes	 of
gastroparesis.	Medications	prescribed	in	the	ICU,	such	as	inotropes	(dopamine,
adrenergic	 agonist),	 sedatives,	 and	 opiates,	 can	 delay	 gastric	 emptying.
Hyperglycemia	can	also	slow	gastric	emptying.	Gastroparesis	can	be	assessed	by
delayed	gastric	emptying	on	scintigraphy,	although	its	use	may	be	limited	in	the
critical	 care	 setting.	 Treatment	 depends	 on	 the	 cause	 of	 gastroparesis,	 and
prokinetics	can	be	used	to	help	alleviate	symptoms.	Feeding	may	be	difficult	and
in	 some	 cases,	 and	 patients	 may	 need	 postpyloric	 feeding	 via	 a
nasoduodenal/nasojejunal	tube,	percutaneous	gastrojejunal	tube,	or	direct	jejunal
tube.57

Two	 disorders,	 cyclic	 vomiting	 syndrome	 (CVS)	 and	 cannabinoid
hyperemesis	syndrome	(CHS),	are	characterized	by	episodes	of	frequent	severe
vomiting	 and	 often	 abdominal	 pain,	 leading	 to	 dehydration	 and	 electrolyte
abnormalities.	 The	 initial	 presentation	 may	 suggest	 gastroenteritis,	 but
subsequent	stereotypical	episodes	bring	up	CVS	and	CHS.	Although,	generally
treated	in	the	emergency	room,	some	patients	require	hospital	admission.

Gastroenteritis	 is	 typically	 caused	 by	 viruses,	 but	 can	 also	 be	 caused	 by
bacteria,	 parasites,	 and	 fungal	 infections.	 Norovirus,	 adenovirus,	 Escherichia
coli,	and	Campylobacter	are	common	etiologies.	Fevers,	nausea,	vomiting,	and
diarrhea	 are	 the	 typical	 symptoms	 associated	with	 gastroenteritis.	Diagnosis	 is
usually	made	by	clinical	diagnosis.	Treatment	is	supportive,	with	monitoring	for
complications	such	as	dehydration	being	most	important.

Biliary



Acute	 calculous	 cholecystitis	 occurs	 due	 to	 gallstone	 obstruction	 of	 the	 cystic
duct	resulting	in	dilation	of	the	gallbladder.	Acalculous	cholecystitis,	which	is	an
acute	necroinflammatory	disease	of	the	gallbladder	in	the	absence	of	gallstones,
occurs	 most	 commonly	 in	 critically	 ill	 patients;	 this	 accounts	 for	 10%	 of	 all
cases	 of	 cholecystitis	 and	 can	 be	 seen	 in	 0.4%	 of	 critically	 ill	 patients.	 Risk
factors	for	acalculous	cholecystitis	include	trauma,	surgery,	shock,	burns,	sepsis,
total	parenteral	nutrition,	or	prolonged	fasting.58	Fever,	abdominal	pain,	nausea,
vomiting,	 leukocytosis,	 and	 elevated	 liver	 tests	 are	 clinical	 features.	Diagnosis
can	be	made	on	radiographic	imaging,	ultrasound,	CT,	hepatobiliary	scintigraphy
(HIDA	 scan),	 or	 magnetic	 resonance	 cholangiopancreatography	 (MRCP).
Murphy	 sign	 may	 suggest	 acute	 cholecystitis.	 Intravenous	 (IV)	 fluids,	 pain
control,	and	antibiotics	are	 the	mainstay	of	 treatment	along	with	evaluation	for
cholecystectomy	 or	 percutaneous	 gallbladder	 drainage	 via	 cholecystectomy
tube.59

Pancreas
Acute	 pancreatitis	 is	 most	 commonly	 caused	 by	 cholelithiasis	 obstructing	 the
common	bile	duct	and	the	pancreatic	duct	(40%-70%	of	cases).	Other	etiologies
include	 alcoholism	 (25%-35%),	 hypertriglyceridemia,	 medications	 (thiazides,
estrogens),	 infections	 (Epstein-Barr	 virus,	 mumps),	 or	 iatrogenic	 (recent
procedures	 such	 as	 endoscopic	 retrograde	 cholangiopancreatography).60-62
Epigastric	pain	radiating	to	the	back	is	a	hallmark	feature,	along	with	nausea	and
vomiting.	Severe	cases	of	pancreatitis	can	result	in	multiorgan	failure	and	shock.
Diagnosis	of	acute	pancreatitis	can	be	made	with	two	of	the	following:	elevation
in	 amylase/lipase	 three	 times	 the	 upper	 limit	 of	 normal,	 abdominal	 pain
consistent	 with	 pancreatitis,	 or	 evidence	 of	 pancreatitis	 on	 imaging.63	 Acute
pancreatitis	 can	 be	 further	 classified	 as	 interstitial	 edematous	 or	 complicated
with	necrosis,	which	can	be	seen	in	up	to	15%	of	cases.	Aggressive	IV	fluid	is
the	mainstay	of	 therapy.	 In	severe	cases	of	necrosis,	percutaneous,	endoscopic,
or	surgical	drainage	may	be	considered.62

Hepatic
Acute	 liver	 failure	 is	 most	 commonly	 caused	 by	 viruses,	 toxins,	 or	 alcoholic
liver	disease.	This	is	characterized	by	acute	liver	injury,	hepatic	encephalopathy,
and	an	elevated	international	normalized	ratio	greater	 than	or	equal	 to	1.5,	 in	a
patient	 without	 preexisting	 liver	 injury.	 Clinical	 manifestations	 are	 often
nonspecific	 and	 include	 fatigue,	 lethargy,	 nausea,	 vomiting,	 pruritus,	 and
jaundice.	Inciting	factors	that	can	cause	acute	liver	injury,	especially	medications



such	as	acetaminophen,	phenytoin,	isoniazid,	and	known	hepatotoxic	antibiotics,
should	be	stopped.

Patients	with	acute	liver	failure	should	be	monitored	in	an	ICU	and	referred	to
a	liver	transplantation	center.64

Intestine
Small	bowel	obstructions	 (SBOs)	 and	 large	bowel	obstructions	 (LBOs)	 can	be
characterized	 by	 partial	 or	 complete	 obstruction.	 Patients	 often	 complain	 of
abdominal	pain,	distention,	and	changes	 in	bowel	movements.	Diarrhea	can	be
seen	early	on	in	the	course	and	constipation	later	on	when	complete	obstruction
occurs.	In	SBO,	vomiting	is	often	bilious.	Nausea	and	vomiting	is	less	common
in	LBO,	but	when	it	occurs,	is	described	as	feculent.	Fever	and	tachycardia	can
be	 systemic	 signs	 seen	with	 necrosis	 and	 bowel	 ischemia.	 The	most	 common
cause	 of	 SBO	 is	 postsurgical	 adhesions,	 though	 other	 etiologies	 can	 include
malignancy,	 radiation	 strictures,	 and	 inflammatory	 bowel	 disease.	 LBOs	 are
most	commonly	secondary	to	a	neoplasm,	but	can	also	be	secondary	to	sigmoid
volvulus,	 or	 strictures	 due	 to	 diverticular	 disease.	 SBO	 and	 LBO	 can	 be
diagnosed	on	radiographic	 imaging,	X-ray,	or	CT	scan.65	Treatment	 focuses	on
NG	 tube	 with	 intermittent	 suction,	 bowel	 rest,	 IV	 fluid,	 and	 electrolyte
repletion.66	Surgical	consultation	should	be	obtained.67

Small	 or	 large	 bowel	 ileus,	 or	 pseudo-obstruction,	 can	 arise	 from	 reduced
motility	of	the	GI	tract	without	a	mechanical	obstruction.	Clinical	symptoms	are
similar	 to	 those	 of	 SBO	 and	 LBO	 and	 include	 abdominal	 distention,	 nausea,
vomiting,	 and	 decreased	 bowel	 movements.	 Etiologies	 of	 ileus	 include
postsurgical	effects,	electrolyte	disturbances,	medications,	sepsis,	or	surrounding
inflammation	 from	 gallbladder	 or	 pancreas.	 Diagnosis	 can	 be	 made	 with
abdominal	 radiographs	 and	 CT	 scans.	 Treatment	 is	 supportive	 and	 includes
bowel	 rest,	 IV	 fluid,	 electrolyte	 replacement,	 and	 nasogastric	 or	 colonic
decompression.	 For	 acute	 Oglivie	 syndrome,	 neostigmine	 or	 decompressive
colonoscopy	should	also	be	considered.68

Renal	Disorders

Uremia
Renal	emergencies	that	may	prompt	ICU	admission	include	acute	kidney	injury
(AKI)	requiring	dialysis	or	emergent	renal	replacement	 therapy	(RRT).	A	large
indication	for	RRT	is	uremia.	Clinical	signs	of	uremia	include	anorexia,	nausea,
vomiting,	and	changes	in	mental	status.69



Infection
Urogenital	infections	(urinary	tract	infections	[UTI],	cystitis,	and	pyelonephritis)
are	 common	 in	 the	 ICU.	 Given	 the	 use	 of	 indwelling	 catheters,	 catheter-
associated	 urinary	 tract	 infections	 are	 also	 seen.	 The	 longer	 the	 duration	 of
catheterization,	 the	 higher	 the	 risk	 of	 infection.	 The	most	 common	 organisms
include	E.	coli,	Candida,	Enterococcus,	Pseudomonas,	and	Klebsiella.	The	most
common	clinical	manifestations	of	UTI	include	fever,	and	localizing	symptoms
such	 as	 suprapubic	 or	 costovertebral	 tenderness,	 along	 with	 nausea	 and/or
vomiting.	 Diagnosis	 can	 be	 made	 through	 urinary	 analysis	 and	 culture.
Treatment	 depends	 on	 the	 organism	 identified.	 Catheters	 should	 be	 removed
when	not	clinically	indicated.70,71

Respiratory	Disorders

Infection—COVID-19
Since	the	novel	coronavirus	(SARS-CoV-2)	was	first	identified	in	Wuhan,	China
in	2019,	COVID-19	has	 spread	 to	most	 countries,	 infecting	 a	 large	number	of
people	 and	 causing	 deaths	 globally,	 which	 is	 more	 extensively	 discussed	 in
Chapter	83.	COVID-19	can	vary	 from	asymptomatic	and	mild	cases	 to	severe,
life-threatening	disease.	Up	 to	5%	of	patients	 infected	with	COVID-19	 require
ICU	 care	 due	 to	 complications	 including	 hypoxic	 respiratory	 failure,	 septic
shock,	and	cardiomyopathy.72

The	 most	 common	 symptoms	 of	 COVID-19	 include	 fever,	 cough,	 and
dyspnea.	 Yet	 a	 significant	 portion	 of	 patients	 may	 also	 have	 GI	 symptoms
including	 abdominal	 pain,	 nausea,	 vomiting,	 diarrhea,	 and	 elevated	 liver	 tests.
Patients	 can	 have	 isolated	 GI	 symptoms	 without	 respiratory	 issues,	 or	 GI
symptoms	can	be	the	initial	presentation	of	the	disease,	which	is	then	followed
by	respiratory	complaints.	In	a	study	of	1141	patients	with	COVID-19	in	Hubei,
16%	 of	 patients	 presented	with	 isolated	GI	 symptoms.73	 In	 a	 second	 study	 by
Wang	et	al,	10.1%	of	the	patients	had	nausea	and	diarrhea	at	the	onset	of	illness
followed	by	fever	and	dyspnea.72,74	A	meta-analysis	has	also	shown	that	severe
cases	including	patients	in	the	ICU	are	more	likely	to	have	diarrhea,	abdominal
pain,	and	abnormal	liver	function,	in	addition	to	respiratory	issues.72

Angiotensin-converting	enzyme	2	receptors	(ACE2)	are	vital	proteins	for	cell
entry	 of	 SARS-CoV-2.	 In	 addition	 to	 being	 present	 in	 the	 pulmonary	 system,
these	receptors	can	also	be	found	in	glandular	cells	in	the	stomach,	small	bowel,
and	rectum.75	SARS-CoV-2	can	be	detected	in	anorectal	swabs	and	stool	studies.
There	 is	 also	 evidence	 that	 SARS-CoV-2	 can	 cause	 GI	 infection	 and	 can	 be



spread	through	fecal-oral	transmission.	Initially,	the	treatment	of	COVID-19	had
initially	 been	 mainly	 supportive,	 though	 a	 number	 of	 specific	 therapeutics
including	 steroids,	 antivirals,	 monoclonal	 antibody	 preparations,	 and
convalescent	serum,	have	been	shown	beneficial	effects	(see	Chapter	83).33

Postoperative	Nausea	and	Vomiting
4 	PONV	is	a	common	problem	encountered	in	the	surgical	ICU.	PONV	refers	to
nausea	and/or	vomiting	that	can	be	seen	in	the	immediate	postoperative	period.
PONV	can	prolong	hospitalization,	increase	hospitalization	costs,	and	in	extreme
cases	 can	 result	 in	 wound	 dehiscence,	 esophageal	 rupture,	 aspiration,
dehydration,	electrolyte	disturbances,	and	pneumothorax.76

PONV	can	 be	 seen	 in	 up	 to	 30%	of	 patients	 undergoing	 surgery	 and	 up	 to
80%	of	those	who	are	deemed	high	risk.	Independent	patient-specific	risk	factors
include	 female	 sex,	 young	 age	 (<50	 years	 old),	 a	 previous	 history	 of	 PONV,
history	of	motion	sickness,	and	a	nonsmoking	status.	Opioid	analgesia	prior	to	or
after	surgery	may	also	increase	the	risk	of	PONV.	The	of	anesthetic	used	plays	a
major	role	in	the	incidence	of	PONV.	General	anesthesia	has	a	higher	risk	than
regional	anesthesia.	Volatile	anesthesia	and	nitrous	oxide	have	a	dose-dependent
and	duration	effect	on	the	incidence	of	nausea	and	vomiting,	with	higher	doses
and	longer	duration	time	increasing	the	risk	of	PONV.	The	of	surgery	also	plays
a	 role,	 with	 laparoscopic	 surgery,	 including	 gynecologic	 procedures	 and
cholecystectomy	 carrying	 a	 higher	 risk	 of	 PONV,	 possibly	 secondary	 to	 air
insufflation	in	the	abdomen	and	pelvis	during	the	surgery.77,78

Risk	 scores	 have	 been	 developed	 to	 help	 predict	 those	 patients	 likely	 to
experience	 PONV.	The	Apfel	 score	 is	 based	 on	 four	 independent	 risk	 factors:
female	 sex,	 history	 of	 PONV/motion	 sickness,	 nonsmoking	 status,	 and	 use	 of
postoperative	opioids.	The	 incidence	of	PONV	 increases	with	 each	 risk	 factor.
For	example,	there	is	a	21%	incidence	with	one	risk	factor,	39%	incidence	with
two	risk	factors,	61%	incidence	with	three	risk	factors,	and	79%	incidence	if	all
risk	 factors	 are	met.79	 This	Apfel	 simplified	 risk	 score	 is	 used	 to	 help	 predict
which	patients	may	need	postoperative	prophylaxis.

The	 American	 Society	 of	 Enhanced	 Recovery	 and	 Society	 for	 Ambulatory
Anesthesia	 provides	 a	 comprehensive	 guideline	 to	 help	 decrease	 the	 risk	 of
PONV.	 They	 recommend	 minimizing	 the	 use	 of	 perioperative	 opioids,	 the
preferential	 use	 of	 regional	 anesthesia	 as	 compared	 to	 general	 anesthesia,	 the
preferential	 use	 of	 propofol	 as	 primary	 anesthetic,	 the	 avoidance	 of	 volatile
anesthetics,	and	adequate	hydration	throughout	the	procedure.80

Risk	stratification,	which	include	patient	and	surgical	factors,	is	important	in



order	to	help	tailor	which	patients	may	need	prophylaxis.	There	are	many	agents
available	 including	 antihistamines,	 corticosteroids,	 5HT3	 receptor	 antagonist,
dopamine	antagonist,	NK1	receptor	antagonist,	and	anticholinergics.	According
to	the	2020	Fourth	Consensus	Guidelines	for	the	Management	of	Postoperative
Nausea	and	Vomiting	from	the	American	Society	of	Enhanced	Recovery	and	the
Society	of	Ambulatory	Anesthesia,	patients	with	one	to	two	risk	factors	should
be	given	 two	agents	for	prophylaxis.	Those	with	 three	 to	four	risk	factors	may
need	up	to	three	to	four	agents.80

EVALUATION	AND	DIAGNOSTIC	APPROACH
5 	Given	 that	 there	are	a	multitude	of	etiologies	 for	nausea	and	vomiting	 in	 the
ICU	 setting,	 a	 systematic	 approach	 to	 the	 evaluation	 is	 needed,	 starting	 with
chart/medication	review,	history,	and	physical	examination	(Table	206.2).

TABLE	206.2

Evaluation	of	Nausea	and	Vomiting	in	the	ICU

History Assess	characteristics/associated	symptoms	to	determine
likely	organ	system	involved
Medication	review

Physical
examination

Vital	signs
Pupillary	dilation,	posturing	(increased	intracranial	pressure)
Enlarged	thyroid	gland,	hyperreflexia	(hyperthyroidism)
Arrhythmias,	edema	(cardiac	dysfunction)
Abdominal	distention	(ileus,	obstruction)

Blood	tests CBC,	CMP,	TSH,	lipase,	glucose,	cortisol,	troponins

Diagnostic	tests:

Abdominal	x-
ray

May	suggest	obstruction

Abdominal	CT Assess	intra-abdominal	organs

Upper Mucosal	injury



endoscopy

Head	CT Evaluate	for	CNS	lesion

TEE Cardiac	function

CBC,	complete	blood	count;	CMP,	comprehensive	metabolic	panel;	CNS,	central	nervous	system;
CT,	computed	tomography;	TEE,	transesophageal	echocardiogram;	TSH,	thyroid-stimulating
hormone.

History	With	Medication/Chart	Review
A	 patient’s	 history	 can	 help	 stage	 the	 framework	 for	 the	 evaluation.
Understanding	 the	 characteristics	 of	 nausea/vomiting,	 as	 well	 as	 associated
symptoms,	can	help	define	which	organ	system	is	affected.	A	thorough	review	of
all	medications	is	important,	especially	paying	attention	to	new	medications	that
may	have	been	started	in	the	ICU,	including	opioids,	inotropes,	antiarrhythmic,
and	antibiotics.

Physical	Examination
A	careful	physical	examination	is	important	to	evaluate	for	important	etiologies
of	 the	 nausea	 and	 vomiting	 such	 as	 obstruction.	 Systemic	 signs	 such	 as
hypotension	and	tachycardia	can	be	a	sign	of	significant	dehydration.	Each	organ
system	should	be	assessed	for	abnormalities.	Pupillary	dilation,	motor	posturing,
and	 decreased	 consciousness	 can	 be	 signs	 of	 increased	 intracranial	 pressure.81
Enlarged	 thyroid	 gland	 or	 goiter,	 tremors,	 and	 hyperreflexia	 can	 suggest
hyperthyroidism.82	 Arrhythmias	 and	 lower	 extremity	 edema	 can	 point	 to	 a
cardiac	 etiology.	 Abdominal	 examination	 including	 detection	 of	 distention,
tenderness,	 and	 auscultation	 is	 important.	 Decreased	 bowel	 sounds	 can	 be
detected	 in	 an	 ileus	 and	 hyperactive	 bowel	 sounds	 in	 an	 obstruction.	 A
succession	splash	may	suggest	gastroparesis	or	GOO.	Jaundice	and	right	upper
quadrant	tenderness	can	be	a	sign	of	a	biliary	tract	disease.	Epigastric	tenderness
may	suggest	a	gastric	or	duodenal	ulcer.6

Blood	Tests
Basic	testing	including	a	complete	blood	count,	complete	metabolic	panel,	TSH,
and	 glucose	 levels	 can	 help	 set	 the	 framework	 for	 determining	 the	 underlying
diagnosis.	 Lipase	 should	 be	 checked	 when	 there	 is	 clinical	 concern	 for
pancreatitis.	 When	 adrenal	 insufficiency	 is	 suspected,	 morning	 cortisol	 levels



should	 be	 checked.	 Troponins	 can	 be	 trended	 when	 cardiac	 ischemia	 or
inflammation	is	suspected.	Complications	of	severe	nausea	and	vomiting	should
also	be	screened	for,	such	as	hypokalemia	and	metabolic	alkalosis.

Diagnostic	Tests
Diagnostic	 tests	 should	 be	 directed	 and	 guided	 by	 the	 history,	 physical
examination,	and	baseline	blood	work.	If	a	neurologic	condition	is	suspected,	a
noncontrast	CT	head	evaluates	for	intracranial	masses,	hemorrhage,	or	ischemia.
TEE	or	MR	angiography	can	provide	information	about	cardiac	function	in	those
suspected	 of	 acute	 cardiac	 disease.	 When	 symptoms	 suggest	 an	 abdominal
process,	 such	 as	 an	 obstruction	 or	 ileus,	 supine	 and	 upright	 abdominal
radiographs	 can	 be	 obtained,	 as	 well	 as	 CT	 abdomen/pelvis	 with	 oral	 and	 IV
contrast.	When	 a	 mucosal	 disease	 of	 the	 stomach	 or	 duodenum	 is	 suspected,
such	 as	 ulcers	 or	 GOO,	 an	 esophagogastroduodenoscopy	 may	 be	 indicated.
Gastric	 emptying	 studies,	 such	 as	 nuclear	medicine	 scintigraphy	 and	 use	 of	 a
wireless	motility	capsule,	can	help	diagnose	gastroparesis,	but	their	utility	during
an	 ICU	 stay	may	 be	 limited.	At	 times,	 gastroparesis	may	 be	 suggested	 by	 the
presence	 of	 fluid	 in	 the	 stomach	 observed	 by	 quantitative	 NG	 aspiration.
Abdominal	 ultrasound	 can	 also	 evaluate	 the	 stomach,	 liver,	 gallbladder,	 and
pancreas	 noninvasively,	 though	 are	 less	 sensitive	 than	 cross-sectional	 imaging
(CT	and	MRI).83

TREATMENT	APPROACH	TO	NAUSEA	AND
VOMITING	IN	THE	ICU
6 	Efforts	should	be	made	to	treat	the	underlying	condition	that	is	responsible	for
nausea	and	vomiting	(Table	206.3).	Medications	that	may	be	the	culprit	should
be	 stopped	 or	 tapered	 as	 appropriate.	 Glycemic	 control	 is	 important	 as
hyperglycemia	 can	 delay	 gastric	 emptying.	 Fluid,	 electrolyte,	 and	 nutritional
deficiencies	 that	can	arise	 from	 long-standing	vomiting	should	be	corrected.	A
number	of	medications	can	be	used	to	try	to	suppress	and	alleviate	the	symptoms
of	nausea	and	vomiting.	The	agent	of	choice	may	be	dependent	on	underlying
etiology	of	nausea	and	vomiting,	the	onset	of	action,	and	adverse	reactions.84

TABLE	206.3



Management	of	Nausea	and	Vomiting	in	the	ICU

Treat	the
Underlying
Cause

Stop	Offending
Medication
Glycemic
Control
Electrolyte
Replacement
Nutritional
Support

Medication
Treatments Examples Indication Adverse

Effects

Anticholinergic Scopolamine
patch

PONV Dry	mouth,
blurry	vision,
constipation,
and	urinary
retention

Antihistamine Meclizine,
dimenhydrinate,
promethazine

Vestibular	and
central	etiologies,
PONV,	pregnancy

Sedation,
mouth	dryness

Serotonin
receptor
antagonist

Ondansetron,
granisetron,
dolasetron

Most	commonly
used	in	the	ICU,
especially	for
medication
induced

QT
prolongation

Neurokinin
receptor
antagonist

Aprepitant,
fosaprepitant,
rolapitant

Gastroparesis,
chemo	induced

Anorexia,
fatigue

Glucocorticoid Dexamethasone PONV,	increased
intracranial
pressure

Insomnia,
dyspepsia,
anxiety

Prokinetic Metoclopramide,
erythromycin

Gastroparesis,
intestinal	pseudo-

Tachyphylaxis,
QT



obstruction prolongation

Partially	acting
mu-opioid
receptor
antagonist
(PAMORA)

Methylnaltrexone,
naloxegol

Opioid-induced
nausea	and
constipation

Hypokalemia,
urinary
retention,	avoid
in	pregnancy

PONV,	postoperative	nausea	and	vomiting.

Antiemetic	Agents
Anticholinergic	 agents	 that	 have	 antiemetic	 effects,	 such	 as	 scopolamine
transdermal	 patches,	 can	 be	 considered,	 especially	 for	 PONV.	 Their	 clinical
utility	has	been	 limited	by	poor	 tolerance	due	 to	anticholinergic	effects,	which
include	dry	mouth,	blurry	vision,	constipation,	and	urinary	retention.85

Antihistamines	such	as	meclizine,	dimenhydrinate,	and	promethazine	bind	to
H1	receptors	in	the	brainstem	and	vestibular	nuclei.	Promethazine	(Phenergan)	is
popular;	 it	 can	 be	 given	 as	 a	 rectal	 suppository.	 These	 medications	 can	 be
clinically	useful	for	nausea	secondary	to	vestibular	and	central	etiologies,	as	well
as	 for	 PONV	 and	 nausea	 during	 pregnancy.	 Side	 effects	 include	 sedation	 and
mouth	 dryness.	 Second-generation	 antihistamines,	 such	 as	 cetirizine	 and
fexofenadine,	 are	 associated	 with	 less	 sedation	 but	 are	 not	 as	 effective	 as
antiemetics.86,87

Prochlorperazine	 (Compazine)	 is	 a	 phenothiazine	 antipsychotic	 agent	 often
used	in	the	ICU	for	nausea	and	vomiting.	Interestingly,	in	the	emergency	room,
haloperidol	 is	being	used	 in	 the	acute	situation	for	patients	with	underlying	GI
disorders	such	as	gastroparesis.

Serotonin	 5-HT3	 receptor	 antagonists	 bind	 to	 receptors	 on	 peripheral	 vagal
afferent	terminals	in	the	brainstem,	the	area	postrema,	the	NTS,	and	dorsal	motor
nucleus	 of	 the	 vagus	 nerve.	 This	medication	 class	 comes	 in	 oral,	 intravenous,
and	 transdermal	 formulations,	 and	 examples	 include	 ondansetron,	 granisetron,
and	 dolasetron.	 IV	 formulations	 have	 a	 faster	 onset	 than	 oral	 medication	 and
may	 be	 tolerated	 more	 in	 patients	 with	 severe	 vomiting.	 Serotonin	 receptor
antagonists	are	very	useful	for	medication-induced	nausea	and	vomiting,	as	well
as	 PONV.	 This	 class	 of	 medication	 is	 the	 one	 most	 commonly	 used	 for	 the
critically	 ill	 and	 is	very	well	 tolerated,	with	 side	effects	 that	 include	headache,
fatigue,	 and	 constipation.	 Cardiac	 arrhythmias	 due	 to	 QT	 prolongation	 may



occur,	but	are	reported	among	less	than	1%	of	cases.88
Neurokinin	 receptor	 antagonists	 bind	 to	 the	 NK1	 receptors	 in	 the	 area

postrema,	 the	 NTS,	 and	 visceral	 afferent	 nerves.	 They	 also	 act	 centrally	 to
counteract	 the	 activity	of	 substance	P,	which	 is	 a	neurotransmitter	 that	 plays	 a
role	 in	 pain	 perception.	 Oral	 aprepitant	 and	 intravenous	 fosaprepitant	 are	 the
most	 commonly	 used	 examples.	 Rolapitant	 is	 a	 new,	 highly	 selective	 NK1
receptor	antagonist	that	has	a	long	plasma	half-life,	T½	of	180	hour.	Oral	and	IV
formulations	 have	 similar	 efficacy.	 It	 is	 commonly	 used	 for	 chemotherapy-
induced	 nausea	 and	 vomiting,	 but	 has	 been	 used	 in	 gastroparesis.	 Side	 effects
can	include	anorexia	and	fatigue.	Aprepitant	contains	ethanol	and	thus	should	be
avoided	during	pregnancy.89,90

Glucocorticoids
Glucocorticoid	 receptors	 are	 present	 in	 the	 area	 postrema	 and	 NTS,	 and	 thus
glucocorticoids	can	inhibit	nausea	and	vomiting	by	directly	acting	on	the	emetic
center.	 Glucocorticoids,	 such	 as	 dexamethasone,	 are	 commonly	 used	 with
serotonin	5-HT3	receptors	to	help	with	PONV,	as	well	as	chemotherapy-induced
nausea	 and	 vomiting.	 There	 is	 evidence	 that	 high-dose	 steroids,	 such	 as
dexamethasone	8	to	16	mg	a	day	in	divided	doses,	can	help	decrease	intracranial
pressure	 and	 may	 be	 useful	 in	 patients	 with	 brain	 metastases.91	 Side	 effects
include	insomnia,	dyspepsia,	and	anxiety.92

Prokinetics
Prokinetic	 agents	 stimulate	 gastric	 emptying	 or	 small	 bowel	 propulsion.	 The
most	 commonly	 used	 agents	 include	 metoclopramide	 and	 erythromycin.
Metoclopramide	can	accelerate	gastric	emptying	by	activating	5-HT4	receptors
peripherally.	In	addition,	metoclopramide	reduces	nausea	and	vomiting	by	acting
at	the	nausea/vomiting	center	by	antagonizing	D2	receptors	in	the	area	postrema.
Thus,	it	can	have	a	dual	role	for	decreasing	symptoms	of	nausea	and	vomiting.
There	 is	 a	 black	 box	 warning	 for	 use	 of	 metoclopramide	 for	 longer	 than
12	weeks,	 as	 it	 can	 cause	 tardive	 dyskinesia.93	 Erythromycin	 is	 also	 a	motilin
receptor	 agonist	 that	 can	 be	 used	 for	 gastroparesis	 and	 intestinal	 pseudo-
obstruction.	Tachyphylaxis	often	occurs	and	thus	patients	may	develop	tolerance
with	continued	use.	There	is	also	a	risk	of	cardiac	arrhythmias	and	thus	the	ECG
QTc	interval	should	be	monitored	with	its	use.94

Benzodiazepines



Benzodiazepines	 are	 reported	 to	 be	 helpful	 for	 anticipatory	 nausea,	 vomiting
before	 cancer	 therapy,	 as	 well	 as	 nausea/vomiting	 from	 vestibular	 disorders.
Benzodiazepines	are	relatively	weak	antiemetic	agents	on	their	own,	but	may	be
used	as	adjunctive	agents	with	dexamethasone	and	metoclopramide.	They	may
also	 reduce	 anticipatory	 emesis.	 The	main	 side	 effects	 of	 benzodiazepines	 are
sedation	 and	 amnesia.	 Diazepam	 has	 been	 typically	 used	 in	 studies,	 though
shorter	acting	benzodiazepines,	such	as	lorazepam,	are	often	used.

Partially	Acting	Mu-Opioid	Receptor	Antagonist
Partially	acting	mu-opioid	receptor	antagonists	(PAMORAs)	are	opioid	receptor
antagonists	that	can	block	opioids	binding	at	the	mu	receptor.

This	class	of	medication	does	not	cross	the	blood-brain	barrier	so	it	does	not
affect	the	analgesic	effect	of	opioids.	Alvimopan	was	approved	for	postoperative
ileus95	but	only	for	short-term	use	in	the	hospital.96	There	is	a	black	box	warning
for	 increased	 risk	 of	 myocardial	 infarction.	 Other	 side	 effects	 include
hypokalemia	 and	 urinary	 retention.	 PAMORAs	 used	 for	 opioid-induced
constipation	 include	 methylnaltrexone	 (Relistor),	 naloxegol	 (Movantik),	 and
naldemedine	(Symproic).	Methylnaltrexone	is	available	for	oral	and	intravenous
use.	In	addition	to	being	used	for	opioid-induced	constipation,	these	are	used	for
opioid-induced	slowing	of	other	areas	of	the	GI	tract.

CONCLUSIONS
Nausea	and	vomiting	are	common	problems	of	the	critically	ill	that	can	develop
due	 to	 multiple	 etiologies,	 both	 GI	 and	 non-GI	 in	 nature.	 Clinicians	 should
perform	 a	 comprehensive	 history	 and	 physical	 examination,	 in	 order	 to	 guide
further	workup	 and	 aid	 in	 the	 diagnosis	 in	 a	 timely	manner.	 Iatrogenic	 causes
such	as	medications	should	be	excluded.	Organic	causes	should	be	evaluated	in	a
systematic	method,	with	each	organ	system	evaluated.	Therapy	should	be	ideally
based	 on	 treating	 the	 underlying	 cause;	 often	 the	 underlying	 cause	 cannot	 be
found	 for	 ICU	 patients	 with	 multiple	 disorders.	 Medical	 pharmacotherapy	 is
available	 to	help	alleviate	 the	 symptoms	of	nausea	and	vomiting.	Choosing	an
agent	depends	on	the	cause	of	nausea/vomiting,	as	well	as	the	adverse	effects	of
the	chosen	agent.

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	Which	of	the	following	is	least	likely	to	present	with	nausea	and	vomiting
in	the	ICU?

A. 	Adrenal	insufficiency
B. 	Guillain-Barre	syndrome
C. 	Myocardial	infarction
D. 	Stroke
E. 	Uremia

2. 	Which	of	the	following	is	considered	an	independent	patient-specific	risk
factor	for	postoperative	nausea	and	vomiting	(PONV)?

A. 	Age	over	50	years
B. 	History	of	multiple	drug	allergies
C. 	Male	sex
D. 	Prior	history	of	postoperative	nausea	and	vomiting
E. 	Recent	use	of	regional	anesthesia

3. 	Which	of	the	following	drugs	is	FDA-approved	for	nausea	and	vomiting
due	to	a	postoperative	ileus?

A. 	Alvimopan
B. 	Dexamethasone
C. 	Meclizine
D. 	Scopolamine
E. 	Sertraline

4. 	Which	of	the	following	drugs	should	be	avoided	in	the	management	of
nausea	and	vomiting	during	pregnancy?

A. 	Aprepitant
B. 	Dimenhydrinate
C. 	Diphenhydramine
D. 	Meclizine
E. 	Ondansetron

Answers



1.	The	correct	answer	is	B.
Rationale:	Guillain-Barre	syndrome	is	an	autoimmune	illness	induced	by	an

infection	 that	 can	 result	 in	 a	 rapidly	 progressive	 polyneuropathy,	 typically
presenting	with	 weakness	 or	 paralysis.	 Nausea	 and	 vomiting	 are	 not	 common
symptoms	 (choice	 B	 is	 correct).	 Adrenal	 insufficiency,	 stroke,	 myocardial
infarction,	and	uremia	can	all	present	with	nausea	and	vomiting.	The	deficiency
in	mineralocorticoids	 and	 glucocorticoids	 as	 seen	 in	 adrenal	 insufficiency	 can
result	 in	 fatigue,	 abdominal	 pain,	 nausea,	 and	 vomiting.	 Strokes	 affecting	 the
posterior	 circulation,	 in	 which	 the	 vertebral,	 basilar,	 and	 posterior	 cerebral
arteries	of	 the	vestibular	system	are	affected,	can	also	present	with	nausea	and
vomiting.	Atypical	symptoms	of	myocardial	infarction	may	include	nausea	and
vomiting,	 thought	 to	be	secondary	 to	stimulation	of	vagal	afferent	nerves	 from
the	coronary	arteries.	Finally,	acute	kidney	injury	from	uremia	may	present	with
symptoms	of	anorexia,	nausea,	vomiting,	and	changes	in	mental	status	(choices
A,	C,	and	D	are	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 PONV	 can	 be	 seen	 in	 up	 to	 30%	 of	 the	 general	 population

undergoing	 surgery,	 and	 up	 to	 80%	 of	 those	 who	 are	 deemed	 high	 risk.
Independent	 patient-specific	 risk	 factors	 include	 female	 sex,	 young	 age
(<50	 years	 old),	 a	 previous	 history	 of	 PONV,	 history	 of	motion	 sickness,	 and
nonsmoking	status	(choice	D	is	correct).	General	anesthesia	has	a	higher	risk	of
PONV	as	compared	to	regional	anesthesia.	Volatile	anesthesia	and	nitrous	oxide
have	 a	 dose-dependent	 and	 duration	 effect	 on	 the	 incidence	 of	 nausea	 and
vomiting,	with	higher	doses	and	 longer	duration	 time	 increasing	 the	risk.	Drug
allergy	is	not	a	recognized	risk	factor	for	PONV.

3.	The	correct	answer	is	A.
Rationale:	 Alvimopan	 is	 a	 partially	 acting	 mu-opioid	 receptor	 antagonist

(PAMORA).	 It	 is	 FDA	 approved	 for	 short-term	 use	 in	 the	 hospital	 setting	 for
postoperative	 ileus	 (choice	 A	 is	 correct).	 There	 is	 a	 black	 box	 warning	 for
increased	 myocardial	 infarction.	 Dexamethasone	 can	 be	 used	 for	 PONV	 and
nausea	due	to	increased	intracranial	pressure.	Scopolamine	is	an	anticholinergic
agent	 that	 is	 often	 used	 successfully	 for	 PONV.	Meclizine	 is	 an	 antihistamine
that	 can	 be	 useful	 in	 nausea	 secondary	 to	 vestibular	 and	 central	 etiologies,	 as
well	as	for	PONV	and	pregnancy.	Sertraline	is	an	antidepressant	and	is	not	used
to	treat	nausea	and	vomiting.

4.	The	correct	answer	is	A.



Rationale:	 Aprepitant	 contains	 ethanol	 and	 thus	 should	 be	 avoided	 in
pregnancy	 (choice	A	 is	 correct).	 Dimenhydrinate,	meclizine,	 ondansetron,	 and
diphenhydramine	can	be	safely	used	in	pregnancy.
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Chapter	207
Gastrointestinal	Motility	of	the	Critically
Ill	Patient
Benjamin	Rogers,	Anthony	J.	Lembo,	C.	Prakash	Gyawali

KEY	POINTS:
1.	 During	life-threatening	illnesses,	critical	organs	are	preserved	at	the

expense	of	gastrointestinal	functions,	and	the	clinically	familiar	but
understudied	effects	of	this	preferential	blood	shunting	away	from
the	digestive	organs	are	a	common	problem	in	the	intensive	care
setting.

2.	 Proton	pump	inhibitors	are	the	pharmacologic	mainstay	in	the
reduction	of	reflux-related	complications	in	the	critically	ill,	although
nonpharmacological	interventions	such	as	raising	the	head	of	the
bed	should	also	be	employed	routinely.

3.	 Delay	in	gastric	emptying	should	be	expected,	and	testing	in	the
acute	setting	is	of	questionable	benefit.	Management	should	utilize	a
nutritionist,	and	postpyloric	feeding	is	a	consideration	where	concern
for	nosocomial	pneumonia	is	high.

4.	 Critically	ill	patients	have	numerous	risk	factors	for	ileus
development,	and	a	careful	review	of	medications	that	may	be
causative	should	be	performed	with	cessation	where	possible.
Opioid	antagonists	may	be	particularly	relevant	as	narcotic	use	is
frequent	in	this	setting.

5.	 Ogilvie	syndrome	can	often	be	managed	medically,	but	colonic
diameters	approaching	12	cm	or	patients	in	whom	medical
management	has	proven	insufficient	within	roughly	48	hours	warrant
consideration	for	decompression.



6.	 COVID-19	may	contribute	uniquely	to	gut	motility	dysfunction,	but
additional	research	will	be	required	to	understand	virus-specific
effects.

INTRODUCTION
The	 adequate	 propulsion	 of	 contents	 through	 the	 gastrointestinal	 tract	 requires
significant	coordination	of	neural,	chemical,	and	endocrine	signals.	Although	a
detailed	review	of	the	physiology	of	motility	is	beyond	the	scope	of	this	chapter,
it	 is	 important	 for	 the	 critical	 care	 provider	 to	 understand	 that	 coordinated
motility	of	the	gastrointestinal	tract	is	tightly	controlled	in	health	but	frequently
disrupted	and	deranged	in	the	setting	of	severe	illness.

1 	 During	 life-threatening	 events,	 blood	 flow	 shifts	 away	 from	 the
gastrointestinal	 tract	 to	critical	organs	such	as	 the	 lungs,	brain,	and	heart.	This
shunting	can	cause	alteration	of	normal	gut	functioning,	which	can	 lead	 to	end
organ	 damage	 of	 the	 gastrointestinal	 tract.	 These	 effects	 often	 cause	 delayed
transit,	 or	 ileus,	 which	 may	 occur	 at	 any	 level	 of	 the	 gastrointestinal	 tract.
Consequences	 can	 be	 clinically	 significant,	 and	 can	 include	 gastroesophageal
reflux,	 delayed	 gastric	 emptying	 (GE),	 abdominal	 pain	 and	 distention,
obstipation,	and	even	bowel	ischemia	and	perforation.

6 	Despite	its	clinic	relevance,	relatively	little	research	has	been	dedicated	to
understanding	 the	 pathophysiological	 basis	 of	 motility	 abnormalities	 of	 the
critically	 ill	 patient.1	 This	 chapter	 focuses	 on	 the	 clinical	 presentations	 of
motility	 disorders	 among	 critically	 ill	 patients.	 Although	 not	 exhaustive,	 the
conditions	discussed	here	 can	be	used	 as	 a	 framework	 in	 the	understanding	of
motility	alterations	during	critically	illness.

ESOPHAGEAL	DISORDERS:
GASTROESOPHAGEAL	REFLUX	DISEASE
Aspiration	and	erosive	esophagitis	are	among	 the	most	commonly	encountered
gastrointestinal	 concerns	 among	 the	 critically	 ill.2,3	 Gastroesophageal	 reflux	 is
implicated	 for	 both	 processes.	 Gastroesophageal	 reflux	 disease	 (GERD)	 is
particularly	prevalent	among	the	critically	ill	for	several	reasons	(Figure	207.1).
Of	 primary	 concern	 is	 that	 critically	 ill	 patients	 are	 often	 in	 the	 recumbent
position,	which	promotes	retrograde	flow	of	acidic	gastric	content4-6	and	hinders



acid	 clearance	 from	 the	 esophagus.	 Second,	 many	 critically	 ill	 patients	 are
intubated,	sedated,	or	 too	ill	 to	report	symptoms	of	acid	reflux,	which	can	thus
go	unrecognized	until	complications	occur.	Third,	critically	ill	patients	are	more
likely	 to	 have	 increased	 frequency	 of	 transient	 relaxation	 of	 the	 lower
esophageal	sphincter	(LES)	due	to	use	of	drugs	(eg,	atropine,	theophylline,	and
barbiturates)	 and	 to	 the	 frequent	 use	of	 nasogastric	 tubes.7-9	 Prior	 studies	 have
suggested	that	critically	ill	patients	have	reduced	propulsive	motility	in	the	body
of	 the	 esophagus10	 and	 extremely	 low	 or	 absent	 LES	 pressures,	 which,	 along
with	superimposed	strain,	can	contribute	to	GERD.11	Fourth,	critically	ill	patients
often	 develop	 concomitant	 delays	 of	GE,	 favoring	 retrograde	 flow	 of	 retained
gastric	 contents	 into	 the	 distal	 esophagus.	 Recent	 evidence	 suggests	 that	 even
individuals	with	 preserved	GE	 and	 low	 gastric	 volumes	may	 paradoxically	 be
associated	 with	 increased	 reflux	 episode	 numbers.12	 Taken	 together,	 these
mechanisms	converge	to	create	clinically	significant	acid	reflux	and	predispose
the	critically	ill	patient	to	GERD-related	complications.

	

Figure	 207.1 	 The	 combination	 of	 factors	 contributing	 to
gastroesophageal	 reflux	 disease	 (GERD)	 in	 the	 critically	 ill
patient.Patients	 in	 the	 intensive	 care	 unit	 setting	 are	 highly
susceptible	 to	 each	 of	 these	 factors	 making	 GERD	 a	 prevalent
problem.	NPO,	nothing	by	mouth.

The	 first	 steps	 toward	 minimizing	 complications	 of	 acid	 reflux	 in	 the
critically	 ill	patient	are	not	pharmacological.	When	feasible,	patients	should	be
kept	 as	 upright	 as	 possible,	 particularly	 when	 being	 mechanically	 ventilated.
Anterograde	 passive	 flow	 of	 esophageal	 contents	 into	 the	 stomach	 can	 be
maximized	while	minimizing	retrograde	flow	of	refluxate.4,5	The	effectiveness	of
this	 maneuver	 alone	 for	 patients	 who	 are	 mechanically	 ventilated	 remains



controversial.5,6	 Nasogastric	 and	 orogastric	 tubes	 may	 promote	 reflux	 and
subsequent	aspiration,	and	after	acid	suppression,	gastric	contents	may	lose	the
bacteriostatic	action	of	gastric	acid.	Indwelling	nasogastric	 tubes	may	therefore
promote	potential	 for	microaspiration	of	bacterially	contaminated	contents	 into
the	 lower	airways.7-9	 In	 this	 fashion,	gastroesophageal	 reflux	may	contribute	 to
nosocomial	 pneumonia.13,14	 Results	 from	 a	 small	 (n	 =	 17)	 randomized	 trial
suggest	 that	 the	 nasogastric	 tube	 size	 (ie,	 2.85	 vs	 6.0	mm)	 does	 not	 appear	 to
reduce	GERD,9	although	this	study	was	not	powered	to	demonstrate	statistically
significant	 differences	 of	 bleeding	 or	 pneumonia.	 Although	 placement	 of	 a
gastrostomy	tube	for	patients	undergoing	prolonged	mechanical	ventilation	may
reduce	GERD	and	its	complications,	this	intervention	is	not	without	its	own	risks
and	side	effects.15

A	key	step	in	reducing	reflux	is	to	minimize	the	use	of	medications	known	to
relax	 the	LES.	Many	 of	 these	 agents	 (Table	 207.1)	 are	 commonly	 used	 in	 the
intensive	 care	 setting.	While	 these	 agents	 are	 known	 to	 decrease	 LES	 resting
pressure,	 their	 specific	 impact	 on	 the	 development	 of	 GERD	 complications,
including	erosive	esophagitis	or	upper	gastrointestinal	hemorrhage	is	unknown.
Thus,	 the	 agents	 listed	 in	Table	 207.1	 should	 not	 be	 avoided	 on	 the	 basis	 of
theoretical	concerns	alone,	if	benefit-to-risk	ratio	is	favorable.

TABLE	207.1

Classes	of	Medications	Commonly	Used	in	the	Intensive
Care	Unit	Setting	That	Relax	the	Lower	Esophageal
Sphincter

Anticholinergic	agents

Aminophylline

Benzodiazepines

β-Adrenergic	agonists

Calcium	channel	blockers

Nitrates

2 	Pharmacological	interventions	to	suppress	acid	production	remain	the	most



commonly	 employed	 and	 clinically	 relevant	 treatment	 modality	 for	 the
prevention	of	 reflux	 related	 complications	 among	 the	 critically	 ill.	 Intravenous
(IV)	 proton	 pump	 inhibitors	 (PPIs)	 have	 replaced	 histamine	 2	 receptor
antagonists	(H2RAs)	as	the	antisecretory	medication	of	choice	for	prophylaxis	of
mechanically	 ventilated	 patients	 and	 for	 the	 management	 of	 active
gastrointestinal	 bleeding.	 IV	 PPIs	 have	 excellent	 effectiveness	 for	 reducing
recurrent	 hemorrhage	 following	 endoscopic	 hemostasis	 for	 bleeding	 peptic
ulcer.16	Although	 there	 are	 limited	 clinical	 data	 regarding	 their	 use	 for	 erosive
esophagitis,	IV	PPIs	produce	potent	and	longer-lasting	acid	inhibition,17	making
them	the	preferred	antisecretory	medication	for	patients	at	risk	for	GERD-related
complications.18

GASTRIC	DISORDERS:	DELAYED	GASTRIC
EMPTYING	AND	GASTROPARESIS
Delayed	 GE	 may	 lead	 to	 several	 complications	 among	 critically	 ill	 patients,
including	 malnutrition,	 esophagitis,	 and	 aspiration	 of	 gastric	 contents	 with
resulting	nosocomial	pneumonia.

Delayed	 GE	 arises	 from	 a	 confluence	 of	 several	 common	 factors	 (Table
207.2)	of	the	critically	ill	patient,	including	medications	(especially	narcotics	and
anticholinergic	 agents),	 autonomic	 dysfunction,	 endocrine	 dysfunction,	 and
physiological	 changes	 associated	 with	 surgical	 interventions.	 Regardless	 of
etiology,	delays	of	GE	are	common	among	 the	critically	 ill,	with	 some	 reports
suggesting	delayed	 emptying	 to	 solid	 and	 liquids	 in	up	 to	50%	of	 critically	 ill
patients.18-20

TABLE	207.2

Common	Causes	of	Gastroparesis	in	the	Critically	Ill
Patient

Endocrinopathies

Adrenal	insufficiency

Diabetes



Hypoparathyroidism	or	hyperparathyroidism

Hypothyroidism	or	hyperthyroidism

Infections

Pneumonia

Abdominal	or	pelvic	infections

Urinary	tract	infections

Sepsis

Medications

Anticholinergic	agents

Aluminum	hydroxide–containing	products

β-Adrenergic	agonists

Calcium	channel	blockers

Diphenhydramine

Levodopa

Narcotics

Octreotide

Tricyclics

Neurologic	disorders

Multiple	sclerosis

Parkinson	disease

Stroke

Postsurgical	settings

Esophagectomy	with	gastric	pull-through

Fundoplication



Gastroplasty

Gastric	bypass	surgery

Roux-en-Y	gastrojejunostomy

Vagotomy

Whipple	procedure

Vascular	disorders

Mesenteric	ischemia

Superior	mesenteric	artery	syndrome

Median	arcuate	ligament	syndrome

This	list	is	not	comprehensive	but	is	specifically	relevant	to	the	critically	ill	patient.

Patients	 with	 delayed	 GE	 and	 gastroparesis	 in	 the	 outpatient	 setting	 may
present	 with	 nausea,	 vomiting,	 abdominal	 pain,	 early	 satiety,	 or	 postprandial
bloating.	However,	severe	illness	and	the	associated	cognitive	impairments	often
make	assessment	of	these	symptoms	challenging.	Although	these	symptoms	may
represent	an	independent	clinical	entity	(eg,	gastroparesis)	when	chronic,	in	the
acute	setting	they	are	often	secondary	to	temporary	factors	and	are	best	termed
delayed	GE	rather	than	gastroparesis.

For	severely	ill	patients,	high	tube	feed	residuals	are	often	the	clinical	finding
that	 raises	 concerns	 for	 impaired	 motility.	 The	 physical	 exam	 is	 frequently
nonspecific	and	 initial	 evaluation	should	 focus	on	ensuring	 that	no	mechanical
obstruction	is	present.	The	presence	of	a	succussion	splash	may	indicate	retained
gastric	 contents,	 but	 does	 not	 differentiate	 between	 mechanical	 gastric	 outlet
obstruction	and	motor	delays	of	GE.	Chemical	and	serological	derangements	can
also	explain	altered	motility	and	should	be	sought.	Laboratory	tests	may	include
electrolyte	 levels,	 glucose	 levels,	 serum	 cortisol	 levels,	 and	 thyroid	 function
tests.	 Inflammatory	 markers	 such	 as	 erythrocyte	 sedimentation	 rate	 and	 C-
reactive	protein	may	provide	insights	into	the	degree	of	underlying	illness.

Plain	 films	 of	 the	 abdomen	 should	 be	 obtained	 to	 evaluate	 for	 evidence	 of
gastric	distention	and	to	screen	for	overt	evidence	of	gastric	obstruction.	Upper
endoscopy	should	be	considered,	particularly	when	there	is	suggestion	of	gastric
outlet	obstruction,	although	significant	amounts	of	 retained	food,	 feedings,	and



secretions	can	be	found	in	the	stomach	even	without	an	obstruction	to	the	pyloric
outlet.	 If	 inconclusive,	 additional	 imaging	 utilizing	 barium	 radiography	 or
computed	 tomography	 (CT)	 scans	 may	 be	 required.	 Formal	 measurement	 of
gastric	motor	 function	 [eg,	 scintigraphic	GE,	 stable	 isotope-labeled	 breath	 test
([13C]-Spirulina	platensis	GE	breath	 test),	 and	 the	wireless	motility	 capsule]	 is
impractical	and	of	limited	clinical	value	during	illness.

3 	Once	diagnosed,	a	search	for	possible	reversible	causes	of	GE	delay,	such
as	 mechanical	 obstruction	 and	 medications,	 should	 be	 undertaken.	 Treatment
should	 begin	 with	 nutritional	 and	 dietary	 modifications	 including	 smaller
volume,	low-fat,	and	low-fiber	meals	or	tube	feeds.21	When	possible,	dedicated
nutritionists	 can	 be	 helpful	 when	 determining	 appropriate	 caloric	 replacement
rates	and	products.	In	general,	parenteral	nutrition	should	be	avoided	if	possible.
Rather,	 when	 disruption	 of	 feeding	 is	 related	 to	 emptying	 delays,	 postpyloric
feedings	 should	 be	 considered.22	 A	 postpyloric	 feeding	 tube	 can	 be	 placed	 in
conjunction	with	a	gastrostomy	tube	to	allow	venting	of	the	stomach.23

Metoclopramide,	 erythromycin,	 and	 prucalopride	 are	 the	 only	 currently
available	prokinetic	medications	in	the	United	States.	Other	prokinetics	available
outside	the	United	States	include	domperidone	and	mosapride.	Metoclopramide
has	 multiple	 actions,	 including	 coordination	 of	 antral,	 duodenal,	 and	 pyloric
muscle	 function,	 while	 simultaneously	 serving	 as	 a	 centrally	 acting
antiemetic.24,25	 Metoclopramide	 can	 be	 administered	 orally,	 intravenously,
rectally,	 and	 subcutaneously.	 In	 the	 critically	 ill	 patient,	 metoclopramide
typically	is	dosed	at	10	to	20	mg	IV	every	6	hours.	The	major	disadvantage	of	IV
bolus	dosing	is	 that	plasma	levels	are	often	erratic,	 largely	because	levels	peak
rapidly	and	the	half-life	is	short.	Subcutaneous	dosing	(two	to	four	times	per	day
in	2-mL	aliquots)	has	been	promoted	as	an	alternative	route,	as	 it	 is	associated
with	 more	 stable	 plasma	 levels.26	 The	 extrapyramidal	 side	 effects	 are	 well
documented	and	limit	duration	of	use,27	although	short	term	use	is	generally	well
tolerated,	 and	 the	 incidence	 of	 even	 long	 term	 side	 effects	may	 be	 lower	 than
previously	thought.	In	one	study	of	critically	ill	patients	receiving	enteral	feeding
by	nasogastric	 tube,	metoclopramide	10	mg	administered	 three	 times	a	day	via
the	nasogastric	tube	did	not	reduce	the	risk	for	nosocomial	pneumonias.28

The	prokinetic	 effects	 of	 erythromycin	 are	 due	 to	 its	 binding	 to	 the	motilin
receptor	 in	 the	 stomach,	 inducing	 high-amplitude	 gastric	 contractions.29,30	 The
preferred	route	of	administration	is	IV	at	low	doses	(eg,	100-200	mg	every	6-12
hours).	 In	 one	 study	 erythromycin	 200	mg	 IV	 twice	 daily	was	more	 effective
than	 metoclopramide	 10	 mg	 IV	 four	 times	 a	 day	 in	 mechanically	 ventilated
patients	 with	 elevated	 gastric	 residual	 volumes	 during	 enteral	 feeding.31
Erythromycin	 may	 be	 used	 in	 combination	 with	 metoclopramide	 for	 patients



with	 an	 incomplete	 response	 to	 either	 agent	 alone.	 A	 randomized-crossover
study	 using	 13C	 breath	 testing	 to	 assess	 response	 in	 ventilated,	 critically	 ill
patients,	 showed	combination	of	metoclopramide	 IV	10	mg	every	6	hours	 and
continuous	erythromycin	infusion	10	mg/h	was	most	effective	at	improving	the
rate	of	GE.32	Oral	dosing	of	erythromycin	(125-250	mg	twice	daily)	is	effective
in	 diabetic	 patients	 and	 has	 also	 shown	 benefits	 in	 reducing	 high	 tube	 feed
residuals.33	Unfortunately,	long-term	use	of	erythromycin	leads	to	tachyphylaxis
from	 downregulation	 of	 motilin	 receptors30	 and	 also	 is	 associated	 with
antimicrobial	 resistance.	 Erythromycin	 also	 prolongs	 the	 heart	 rate-correct	QT
interval	 (QTc),	 particularly	 in	 the	 presence	 of	 other	 risk	 factors	 for	 QTc
prolongation.34

Prucalopride	 is	 a	 selective	 5HT4	 receptor	 agonist	 that	 has	 been	 shown	 to
promote	GE	and	improve	quality	of	 life	 in	idiopathic	gastroparesis	patients.35,36
However,	 a	 similar	 trial	 in	 diabetic	 gastroparesis	 and	mixed	 connective	 tissue
related	 disorders	 failed	 to	 demonstrate	 as	 robust	 an	 improvement.37	 While
theoretic	 benefit	 might	 exist,	 no	 literature	 exists	 regarding	 the	 use	 of
prucalopride	 for	 delayed	 GE	 in	 the	 critically	 ill,	 and	 use	 along	 those	 lines
remains	off-label	at	this	time.

Manipulation	of	gastrointestinal	hormones	responsible	for	delayed	GE,	such
as	cholecystokinin,	peptide	YY,	and	glucagonlike	peptide	1,	has	been	proposed.
However,	 pharmacological	 agents	with	 adequate	 selectivity	 and	 bioavailability
are	 currently	 not	 available	 and	 still	 under	 investigation38,39;	 additionally	 their
potential	for	use	in	the	acute	setting	will	require	dedicated	clinical	investigation.

SMALL	BOWEL	DISORDERS:	ILEUS
The	 primary	 purpose	 of	 the	 small	 intestine	 is	 the	 absorption	 of	 nutrients	 and
propulsion	 of	 undigested	 contents.	 Adequate	 functioning	 requires
neurohormonal	mediators,	perfusion,	and	sufficient	muscular	contraction.	In	the
ICU,	 postoperative	 state,	 inflammation,	 metabolic	 derangement,	 neurogenic
impairment,	 and	 drug-induced	 aperistalsis	 are	 all	 common.	 Although	 the
presentations	 are	 often	 similar,	 involving	 distention,	 pain,	 and	 nausea,
distinguishing	 ileus	 from	 small	 bowel	 obstruction	 is	 critical,	 as	 prolonged
mechanical	obstruction	can	lead	to	bowel	ischemia	and	peritonitis.

Table	 207.3	 compares	 classical	 physical	 examination	 and	 radiographic
findings	 of	 adynamic	 ileus	 and	 small	 bowel	 obstruction.	 Peritoneal	 signs	 and
auscultation	 of	 high-pitched	 bowel	 sounds	 favor	 small	 bowel	 obstruction,
whereas	 a	 silent	 bowel	 suggests	 ileus.	 Radiographic	 studies	 are	 often	 the	 first



employed	in	the	evaluation	of	ileus.	The	absence	of	a	transition	point,	with	gas
in	both	the	small	and	large	bowel,	favors	ileus.	The	absence	of	colonic	or	rectal
gas	 and	 an	 air-fluid	 level	 support	 obstruction,	 and	 a	 transition	 point	 seen	 on
imaging	is	confirmative.	It	is	important	to	remember	that	late-stage	mechanical
obstruction	may	 lead	 to	exhaustion	of	 intestinal	propulsive	activity,	 resembling
adynamic	 ileus	 without	 physical	 exam	 changes	 and	 a	 similar	 air	 distribution
pattern	on	plain	abdominal	x-rays.	In	cases	where	the	plain	films	are	inadequate,
contrast-enhanced	 CT	 should	 be	 considered.40	 In	 addition	 to	 providing
supporting	 evidence	 for	 a	 presumptive	 diagnosis,	 CT	 scans	 have	 the	 added
benefit	 of	 providing	 additional	 information	 regarding	 potential	 etiologies,
especially	when	inflammatory	or	malignant	processes	are	involved.

TABLE	207.3

Differentiation	of	Ileus	and	Small	Bowel	Obstruction

Clinical	Feature Ileus Small	Bowel
Obstruction

Bowel	sounds Generally	absent High-pitched	and	active

Peritoneal	signs Less	common More	common,	although
inconsistent

Involved	bowel	on
radiograph

Small	and	large	bowel
dilated

Small	bowel	dilated

Rectal	gas Present Absent

Air-fluid	levels Absent Present,	although
inconsistent

Luminal	“cut	point” Absent Present,	although
inconsistent

Once	small	bowel	obstruction	has	been	excluded,	the	next	step	is	to	identify
and	 treat	 reversible	causes	of	 ileus.	Common	causes	 in	 the	critically	 ill	patient
include	 electrolyte	 abnormalities,	 sepsis,	 inflammation,	 postoperative
hypomotility,	 and	 medications	 (Table	 207.4).	 Initial	 laboratory	 studies	 should



include	standard	complete	blood	chemistries	and	metabolic	panels.	Medications,
particularly	 narcotics	 should	 be	 carefully	 reviewed,	 and	 potentially	 causative
agents	 discontinued	 or	 limited	 whenever	 possible.	 As	 no	 specific	 guidelines
exist,	 the	 decision	 regarding	which	medications	 to	 stop	 ultimately	 rests	 in	 the
hands	 of	 clinicians	 and	 is	 based	 on	 careful	 risk-benefit	 analysis.	 However,	 in
settings	where	there	is	radiologic	evidence	to	suggest	that	there	is	a	potential	risk
for	 bowel	 perforation,	 all	 potentially	 offending	 medications	 should	 be
discontinued.

TABLE	207.4

Common	Causes	of	Ileus	in	Intensive	Care	Unit	Patients

Electrolyte	disorders

Medications

Peritoneal	inflammation

Postsurgical	setting

Mesenteric	ischemia

Sepsis

Retroperitoneal	disease

Myocardial	infarction

Alternatively,	 where	 clinical	 and	 radiographic	 exams	 suggest	 a
nonprogressive	course,	supportive,	conservative	treatment	is	generally	sufficient.
Standard	therapy	should	include	adequate	IV	hydration,	electrolyte	replacement,
and	treatment	of	the	underlying	condition(s).	While	NG	decompression	is	often
performed,	 there	 is	 little	evidence	to	support	 insertion	of	a	nasogastric	 tube	for
decompression	 of	 prolonged	 ileus	 except	 when	 vomiting	 is	 present.41-51	 One
caveat	to	this	approach	is	the	trend	in	favor	of	more	atelectasis	and	pneumonia	in
patients	receiving	nasogastric	decompression	in	randomized	controlled	trials.41-51
Data	 from	 postoperative	 patients	 do	 not	 support	 the	 need	 for	 nasogastric	 tube
decompression.44,52

Patients	 with	 an	 ileus	 who	 are	 receiving	 narcotics	 may	 be	 experiencing



opioid-induced	 dysmotility.	 Clinically	 relevant	 opioid-induced	 bowel
dysfunction	can	develop	after	just	the	initial	dose	of	opioids	and	may	not	resolve
for	some	time	after	therapy	is	discontinued.	Unlike	many	of	the	other	side	effects
from	 narcotics,	 the	 constipating	 effect	 and	 other	 bowel	 dysfunction	 do	 not
decrease	with	prolonged	use.53

4 	Although	stool	softeners,	stimulant,	and	osmotic	laxatives	are	traditionally
used,	 a	 subset	 of	 critically	 ill	 patients	will	 not	 respond	 to	 traditional	measures
and	will	 go	on	 to	 develop	 inability	 to	 tolerate	 enteral	 feedings	 and	 laxatives.54
Opioid	 reversal	 agents	with	 limited	 systemic	 bioavailability	 such	 as	 naloxone,
naltrexone,	 and	nalmefene	have	 traditionally	been	used.	However,	 early	 transit
across	 the	 blood–brain	 barrier	 by	 these	 agents	 may	 result	 in	 concomitant
analgesia	 reversal	 and	 opioid	 withdrawal,	 without	 consistent	 restoration	 of
peristalsis.55	 Newer	 peripherally	 acting	 mu	 opioid	 receptor	 antagonists
(PAMORAs)	 do	 not	 substantially	 cross	 the	 blood-brain	 barrier.
Methylnaltrexone,	 naldemedine,	 and	 naloxegol	 are	 efficacious	 for	 treating
opioid-induced	constipation.56	Methylnaltrexone	 is	 available	 as	 a	 subcutaneous
preparation,	 which	 is	 advantageous	 for	 critically	 ill	 patients.	 Naloxegol	 and
naldemedine	 are	 oral	 PAMORAs	 approved	 by	 the	 U.S.	 Food	 and	 Drug
Administration	(FDA)	for	opioid-induced	constipation.	There	are	no	systematic
data	 on	 the	 use	 of	 naloxegol	 or	 naldemedine	 in	 the	 intensive	 care	 or
postoperative	 setting.	 However,	 oral	 route	 of	 administration,	 favorable
tolerability	 and	 pharmacokinetic	 profiles	 support	 potential	 clinical	 utility	 in
opioid-induced	ileus.57

Postoperative	ileus	has	multiple	pathophysiological	causes	including	surgical
stress	hormones,	activation	of	the	endogenous	opioid	system,	exogenous	opioids
given	 for	 pain,	 and	 inflammation	 compounding	 imbalances	 in	 fluid	 and
electrolytes.

Traditional	 prokinetics	 have	 been	 used	 for	 reversal	 of	 postoperative	 ileus.
Although	metoclopramide	has	proven	efficacy	in	the	foregut,	it	provides	little	or
no	 benefit	 for	 postoperative	 ileus.58-62	 There	 are	 only	 a	 few	 studies	 of
metoclopramide	for	postoperative	ileus,	so	it	is	difficult	to	conclude	whether	its
ineffectiveness	for	postoperative	ileus	extends	to	other	forms	of	ileus.	Similarly,
randomized	controlled	trials	of	erythromycin	in	postoperative	ileus	demonstrated
minimal,	 if	 any,	benefit.63	The	 somatostatin	 analogue	 octreotide	 has	 been	 used
empirically,	 although	 no	 good	 randomized	 controlled	 data	 exist	 for	 its	 use	 in
humans	with	postoperative	ileus.	Octreotide	has	potential	detrimental	effects	on
GE	 that	need	 to	be	considered	before	administering	 this	agent	 in	severe	whole
gut	dysmotility.

One	 trial	 of	 65	 postcolectomy	 patients	 demonstrated	 efficacy	 of



methylnaltrexone	0.3	mg	 IV	every	6	hours	 to	 achieve	 a	 first	 bowel	movement
and	to	hasten	discharge	from	the	hospital.64	These	observations	support	a	role	for
opioid	reversal	even	in	the	absence	of	a	previous	effect	of	exogenous	opioids	on
gut	motor	function.	Larger	trials	of	agents	such	as	methylnaltrexone	are	needed.

Another	PAMORA,	alvimopan,	is	approved	by	the	FDA	for	the	treatment	of
postoperative	 ileus.65,66	 Oral	 alvimopan	 is	 administered	 preoperatively	 and
postoperatively.	 In	 one	 randomized,	 controlled,	 blinded	 clinical	 trial	 of
postoperative	ileus,	alvimopan,	6	mg	twice	daily,	led	to	a	faster	passage	of	flatus
(by	21	hours),	 earlier	 initiation	of	 bowel	movements	 (by	41	hours),	 and	 faster
time	to	discharge	(by	23	hours)	than	placebo.65	A	subsequent	larger	trial	in	510
patients	demonstrated	similar	results.66	These	dramatic	effects	for	postoperative
ileus	set	the	stage	for	the	use	of	alvimopan	in	other	forms	of	ileus.	In	a	study	of
522	patients	with	noncancer	pain	requiring	an	equivalent	dose	of	narcotics	more
than	 30	 mg	 of	 oral	 morphine	 daily,	 alvimopan	 was	 superior	 to	 placebo	 in
increasing	bowel	movement	frequency	and	other	endpoints	correlated	to	severe
opioid-induced	 constipation.	 Although	 alvimopam	 has	 been	 shown	 to	 be
effective	 for	 opioid-induced	 constipation,	 it	 is	 not	 FDA	 approved	 for	 this
indication	 due	 to	 concerns	 of	 cardiovascular	 side	 effects	 demonstrated	 in	 one
study.67

Recent	 investigations	 have	 also	 sought	 to	 determine	 whether	 prucalopride
could	be	beneficial	for	postoperative	ileus.	A	small	study	of	20	patients	showed
no	benefit	for	small	intestinal	motility,	although	modest	effect	was	found	in	the
large	bowel.68

COLONIC	DISORDERS:	ACUTE	COLONIC
PSEUDO-OBSTRUCTION	(OGILVIE	SYNDROME)
5 	 5 	 Acute	 colonic	 pseudo-obstruction	 (ACPO),	 or	 Ogilvie	 syndrome,	 is
characterized	 by	 marked	 dilatation	 of	 colon	 without	 mechanical	 obstruction
(Figure	 207.2).	 As	 with	 ileus,	 ACPO	 is	 seen	 nearly	 exclusively	 among
individuals	with	 significant	 comorbidities,	 and	 predominantly	 the	 critically	 ill.
Exclusion	 of	mechanical	 etiologies	 is	 imperative	 as	 delays	 in	 intervention	 for
volvulus	 or	 malignancy	 are	 associated	 with	 worse	 outcomes.69	 Etiologies	 are
numerous	 but	 most	 often	 relate	 to	 critical	 illness	 with	 vasomotor	 instability,
metabolic	 imbalances,	 and	 recent	 surgery.	 The	 diagnosis	 rests	 on	 radiographic
studies,	 where	 a	 diameter	 of	 more	 than	 9	 cm	 suggests	 evidence	 of	 pseudo-
obstruction	 in	 the	 absence	 of	 a	 mechanical	 obstruction.	 This	 threshold	 is



somewhat	 arbitrary	 and	 is	 based	 on	 an	 early	 series	 from	1956	 that	 linked	 this
diameter	with	clinically	significant	sequelae,	namely	colonic	perforation.70	More
recent	case	series	suggest	that	a	cecal	diameter	exceeding	12	cm	correlates	most
highly	with	bowel	perforation	and	should	serve	as	a	critical	threshold	to	track	for
patients	with	suspected	pseudo-obstruction.71,72	Additionally,	duration	of	 illness
longer	than	6	days	has	correlated	with	poorer	outcomes,	of	which	perforation	is
the	most	feared,71	and	carries	a	mortality	of	up	to	50%.73

	

Figure	207.2 	Marked	 dilatation	 of	 the	 cecum	and	 other	 colonic
regions	 in	 colonic	 pseudo-obstruction.When	 the	 cecal	 diameter
exceeds	 12	 cm,	 the	 risk	 for	 perforation	 rises	 substantially.(From
Maller	 VV,	 Scott	 RL,	 Shankar	 S.	 Large	 bowel:	 Non-neoplastic
lesions.	 In:	 Gastrointestinal	 Imaging:	 The	 Essentials.	 Wolters
Kluwer;	2017:94-109.	Figure	5A.18B.)

The	exact	mechanism	by	which	cecal	dilation	occurs	remains	unclear.	There
are	two	competing	theories.74	The	first	theory,	originally	postulated	by	Ogilvie	in
1948,75	 suggests	 that	 sympathetic	 drive	 to	 the	 enteric	 nervous	 system	 is



interrupted,	thereby	promoting	unopposed	parasympathetic	stimulation.	This,	in
turn,	 could	 promote	 unabated	 distal	 colonic	 luminal	 contractions	 and	 create	 a
functional	 obstruction.	 The	 second	 theory,	 espoused	 by	 Hutchinson	 and
Griffiths,76	 contends	 that	 colonic	pseudo-obstruction	arises	 from	a	combination
of	sympathetic	overdrive	and	parasympathetic	suppression,	both	described	in	the
setting	 of	 physiologic	 stress,	 thereby	 leading	 to	 colonic	 hypomotility	 and
eventual	paralysis.	The	proven	effectiveness	of	neostigmine	for	colonic	pseudo-
obstruction	 supports	 the	validity	 of	 the	 latter	 theory.	 In	 contrast,	 there	 are	 few
physiological	 data	 to	 support	 Ogilvie’s	 original	 concept	 of	 sympathetic
interruption.	Both	theories	are	inherently	incomplete,	however,	as	the	autonomic
nervous	system	is	not	the	only	player	in	colonic	motility:	neurohormones	and	gut
peptides	play	a	significant	role.

The	 clinical	 presentation	 of	 acute	 colonic	 pseudo-obstruction	 is	 typical	 of
obstructive	colonic	processes,	with	the	patient	demonstrating	marked	abdominal
distention,	 nausea,	 vomiting,	 and	 abdominal	 pain.	 If	 left	 untreated,	 colonic
pseudo-obstruction	 can	 lead	 to	 ischemia,	 perforation	 (in	 approximately	 3%	 of
cases	 overall),	 peritonitis,	 and	 death.77-80	 Thus,	 the	 clinician	must	 keep	 a	 high
index	of	suspicion	for	colonic	pseudo-obstruction	in	patients	with	risk	factors,	as
the	consequences	of	late	diagnosis	can	be	grave.

Fortunately,	 conservative	 measures	 are	 sufficient	 in	 most	 cases,	 and	 the
dilation	 resolves	 spontaneously.	Conservative	measures	 consist	 of	 ceasing	 oral
intake,	 frequent	 repositioning	 of	 the	 patient,	 and	 treating	 potential	 underlying
causes	 of	 dysmotility	 (as	 with	 ileus).	 Although	 nasogastric	 tubes	 are	 often
employed	 in	 cases	 of	 colonic	 pseudo-obstruction,	 there	 are	 no	 data	 from
randomized	controlled	studies	to	support	its	effectiveness	in	reducing	clinically
significant	 endpoints.	 Because	 nasogastric	 decompression	 has	 limited,	 if	 any,
role	 in	 ileus,50-55,57-60	 there	 is	 little	 a	 priori	 reason	 to	 believe	 that	 the	maneuver
would	be	of	benefit	in	colonic	pseudo-obstruction,	a	condition	that	is	even	more
distal	 to	 the	 tip	 of	 a	 nasogastric	 tube	 than	 ileus.	 In	 contrast,	 case	 series	 do
support	 the	 effectiveness	 of	 colonoscopic	 decompression,	 which	 reduces	 the
cecal	 diameter	 in	 nearly	 70%	 of	 patients.77,80	 Unfortunately,	 colonoscopic
decompression	 alone	 is	 often	 short	 lived,	 and	 recurrent	 distention	 occurs	 in
approximately	half	of	patients.74,77	Thus,	colonoscopic	decompression	usually	is
accompanied	by	placement	of	a	rectal	 tube	or	stent	with	 its	proximal	 tip	 in	 the
ascending	colon.	Data	from	a	small	controlled	clinical	trial	suggest	the	efficacy
of	 colonic	 decompression	 can	 be	 maintained	 after	 initial	 success	 by
administration	 of	 polyethylene	 glycol	 (PEG)	 balanced	 solutions,	 resulting	 in
increased	stool	output	and	flatus,	and	reduced	visceral	dilation.81	However,	while
colonoscopic	decompression	and	 tube	placement	 is	 conceptually	 attractive,	 the



procedure	is	 technically	challenging	as	 it	must	be	done	in	an	unprepared	colon
and	with	minimal	air	and	carries	its	own,	albeit	small,	risk	of	perforation.

For	patients	failing	to	respond	to	conservative	measures	after	24	to	48	hours,
intervention	is	generally	warranted.	Moreover,	if	at	any	time	the	cecal	diameter
exceeds	 12	 cm,	 or	 if	 there	 is	 evidence	 of	worsening	 clinical	 status	 aggressive
treatment	 should	 be	 pursued	 immediately,	 because	 these	 findings	 constitute	 a
gastroenterologic	emergency,	which	mandates	early	consultative	involvement	of
a	 surgeon.	 For	 patients	 with	 markedly	 dilated	 large	 bowel,	 some	 specialists
would	defer	even	an	initial	attempt	at	colonoscopic	decompression	to	a	 trial	of
medical	therapy.

The	 acetylcholinesterase	 inhibitor	 neostigmine	 increases	 the	 postsynaptic
concentration	of	acetylcholine,	thereby	favoring	a	boost	in	the	deranged	colonic
motor	function.	Neostigmine	is	effective	for	colonic	pseudo-obstruction,	and	its
IV	administration	has	been	accepted	as	 initial	 therapy.	This	recommendation	 is
largely	based	on	a	pivotal	controlled	trial	in	which	10	of	11	patients	randomized
to	 receive	 neostigmine	 had	 prompt	 evacuation	 of	 their	 colonic	 contents	 and
normalization	of	their	cecal	diameter,	whereas	none	of	10	patients	randomized	to
placebo	had	these	outcomes.78	Moreover,	all	of	 the	patients	of	 the	placebo	arm
achieved	a	response	when	crossed	over	to	neostigmine	in	an	open-label	fashion.
The	dosage	used	was	2	mg	IV	in	one	infusion	followed	by	an	additional	2	mg
infusion	3	hours	later	if	there	was	no	initial	response	or	adverse	event.	Being	an
anticholinesterase	inhibitor,	neostigmine	has	an	array	of	well-defined	cholinergic
side	 effects,	 including	 bronchoconstriction,	 abdominal	 cramping,
hypersalivation,	 diaphoresis,	 and	 bradycardia.	 Hemodynamically	 relevant	 side
effects	 have	 been	 documented,	 requiring	 neostigmine	 to	 be	 administered	 in	 a
monitored	 setting.	 It	 is	 contraindicated	 for	 patients	 with	 bradycardia,	 active
bronchospasm,	 and	 mechanical	 bowel	 obstruction.	 Existing	 electrolyte
imbalances	 and	 use	 of	 antimotility	 agents	were	 predictors	 of	 poor	 response	 to
neostigmine.	 Patients	 with	 postoperative	 colonic	 ileus	 had	 the	 best	 response
rate.79	According	to	a	retrospective	review	of	151	patients,	additional	predictors
of	 response	 to	 neostigmine	 after	 failure	 of	 conservative	 management	 were
female	 gender	 and	 older	 age.82	 The	 combined	 administration	 of	 2	 mg
neostigmine	 with	 glycopyrrolate,	 an	 anticholinergic	 agent	 that	 has	 limited
activity	 on	 the	 muscarinic	 receptors	 of	 the	 colon	 and	 has	 the	 potential	 of
reducing	 the	 incidence	 of	 cholinergic	 side	 effects	 of	 neostigmine,	 has	 been
evaluated	 in	 a	 randomized,	 controlled	 study	 of	 13	 patients	 with	 neurogenic
bowel	 using	 video	 fluorographic	 assessment	 of	 evacuation.80	 The	 neostigmine
combination	resulted	in	bowel	evacuation	with	significantly	less	bradycardia	and
increase	of	airways	resistance	 than	with	neostigmine	alone,	suggesting	 that	 the



coadministration	of	neostigmine	and	glycopyrrolate	would	make	treatment	with
neostigmine	 safer	 for	 clinical	 settings	 where	 cardiorespiratory	 function	 is
compromised.

Although	 no	 prospective	 trials	 exist,	 some	 retrospective	 analyses	 have
demonstrated	 superior	 efficacy	 for	 colonic	 interventions	 compared	 to
neostigmine.83	 However,	 other	 investigations	 have	 not	 demonstrated	 such
superiority,	and	so	there	is	not	enough	evidence	to	recommend	a	definitive	first-
line	treatment	modality.	Additionally,	there	has	been	no	literature	to	suggest	that
one	treatment	reduces	need	for	ultimate	surgical	intervention.

When	 severe	 colonic	 pseudo-obstruction	 fails	 to	 respond	 to	 conservative
measures,	 surgery	 must	 be	 considered.	 Percutaneous	 endoscopic	 colostomy
tubes	have	extremely	high	reported	efficacies,	but	their	use	has	been	limited	to
date	and	both	experience	and	literature	preclude	recommending	the	approach	as
a	standard	intervention.84	Surgery	carries	a	high	mortality	and	may	lead	to	poor
outcomes	for	patients	who	are	already	critically	ill.	Indeed,	case	series	indicate
that	 one	 quarter	 of	 patients	 with	 colonic	 pseudo-obstruction	 die	 during	 the
perioperative	period,	even	without	of	bowel	perforation,75	although	the	presence
of	underlying	 critical	 illness	 is	 arguably	 the	 strongest	 predictor	of	 such	 a	poor
prognosis.

SUMMARY
Gastrointestinal	 motility	 relies	 on	 a	 complex	 interplay	 between	 neurological,
chemical,	 and	 endocrine	 signals.	 Derangements	 of	 these	 processes	 among	 the
critically	ill	are	common	and	can	affect	any	location	along	the	length	of	the	GI
tract.	 Primary	 efforts	 should	 focus	 on	 alleviation	 of	 any	 potential	 underlying
reasons	 for	 these	 alterations	 and	 reduction	 of	 risk	 factors	 for	 development	 of
derangements	of	motor	function.

Unfortunately,	 both	 pharmacologic	 and	 endoscopic	 interventions	 remain
limited.	 PPI	 therapy	 is	 likely	 safe	 in	 the	 critically	 ill	 and	 may	 impart	 some
benefit	but	has	not	been	shown	to	be	superior	to	H2RA	therapy.	For	those	with
delayed	GE,	metoclopramide	and	erythromycin	remain	the	mainstays	of	therapy.
There	 is	 also	 sufficient	 evidence	 for	 alvimopan	 in	 postoperative	 ileus	 and
neostigmine	 colonic	 pseudo-obstruction.	 In	 all	 cases,	 opiates	 should	 be
minimized	wherever	possible	and	methylnaltrexone	can	be	trialed	where	there	is
suspicion	for	opioid	induced	bowel	dysfunction.

Future	 research	 with	 focus	 toward	 improving	 clinical	 outcomes	 using
objective	 clinical	measurements	will	 drive	management	 as	well	 as	 therapeutic



refinement	and	innovation	(Table	207.5).

TABLE	207.5

Summary	of	Evidence-Based	Management
Recommendations

Treatment	and	prevention	of	complications	from	gastroesophageal	reflux
should	include	encouraging	the	semirecumbent	or	upright	position,
avoidance	of	nasogastric	tubes,	and	use	of	potent	antisecretory	therapy,
such	as	intravenous	proton	pump	inhibitors.

Medical	therapy	for	gastroparesis	often	is	ineffective,	although	modest
benefits	are	seen	with	metoclopramide	(especially	subcutaneous
administration)	and	erythromycin.

Evidence	for	placement	of	a	nasogastric	tube	for	decompression	in
postoperative	ileus	is	weak,	as	indicated	by	meta-analyses.

Data	indicate	that	there	is	little	or	no	benefit	of	metoclopramide	or
erythromycin	in	the	setting	of	ileus.

Methylnaltrexone	is	an	opioid	reversal	agent	that	does	not	cross	the	blood-
brain	barrier	and	achieves	sustained	laxation	in	opioid-induced	bowel
dysfunction.

Alvimopan,	a	highly	selective	opioid	receptor	antagonist,	has	demonstrated
excellent	results	in	postoperative	ileus	in	randomized	controlled	trials.

Neostigmine	was	shown	in	effective	medical	therapy	for	the	treatment	of
acute	colonic	pseudo-obstruction	in	the	presence	of	colonic	diameter
>12	cm	as	determined	by	direct	abdominal	x-ray.	Endoscopic	bowel
decompression	with	insertion	of	a	decompression	tube	is	an	effective
alternative	management	option.



MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	60-year-old	man	4	days	after	cholecystectomy	is	experiencing
postoperative	pain	requiring	narcotics	and	not	having	bowel	movements.
Laboratory	values	including	CBC	and	comprehensive	metabolic	panel	(CMP)
are	within	normal	limits.	Abdominal	films	demonstrate	a	cecal	diameter	of
roughly	8	cm,	but	no	other	abnormalities.	His	incision	site	is	healing
appropriately.	What	is	the	most	appropriate	management?

A. 	Endoscopic	decompression
B. 	Neostigmine
C. 	Observation	and	reassurance
D. 	Opioid	antagonist

2. 	A	55-year-old	woman	has	remained	hospitalized	for	several	days
following	hysterectomy	complicated	by	surgical	site	infection	and	pain	and
treated	with	antibiotics	and	hydrocodone-acetaminophen.	She	is	passing	flatus
but	not	having	bowel	movements.	She	is	found	to	have	mild	small	bowel	and
colonic	distention	on	CT	scan,	without	a	transition	point,	and	the	bowel	is	not
dilated	to	the	degree	that	there	is	risk	for	spontaneous	perforation.	She	is	not
vomiting	and	has	no	diarrhea.	What	is	the	most	appropriate	next	step	of
management?

A. 	Advance	diet
B. 	Change	to	morphine	PCA
C. 	Nasogastric	tube	decompression
D. 	Trial	of	alvimopan

3. 	A	74-year-old	woman	requires	mechanical	ventilation	(MV)	for	acute
respiratory	failure,	and	the	ICU	team	is	discussing	prevention	of	ventilator-
associated	pneumonia	(VAP).	Which	of	the	following	is	most	effective?

A. 	Nasogastric	instead	of	nasointestinal	feeding
B. 	Prone	positioning



C. 	Proton	pump	inhibitor	therapy
D. 	Semirecumbent	positioning

Answers

1.	The	correct	answer	is	D.
Rationale:	 A	 high	 index	 of	 suspicion	 should	 be	 maintained	 for	 Ogilvie’s

syndrome	 in	 all	 postsurgical	 patients	 with	 altered	 bowel	 function.	 Most
individuals	can	be	managed	conservatively,	particularly	when	cecal	diameter	 is
under	 9	 cm.	Because	 the	 patient	 has	 been	 treated	with	 narcotics,	 an	 easy	 first
step	is	to	use	an	opiate	antagonist	that	can	be	given	subcutaneously	(choice	D	is
correct).	Endoscopic	decompression	is	considered	when	cecal	diameter	is	>9	to
10	 cm,	 where	 risk	 of	 spontaneous	 perforation	 is	 high	 (choice	 A	 is	 incorrect).
Neostigmine	 would	 be	 a	 reasonable	 alternative	 in	 the	 absence	 of	 narcotic
medications	when	no	cardiac	 risk	 factors	exist	 (choice	B	 is	 incorrect).	Surgery
should	be	avoided	when	possible	but	may	be	needed	 if	 there	 is	progression	of
cecal	dilation.	In	this	patient,	with	worsening	pain	and	no	bowel	movements	for
an	extended	period,	escalation	of	 therapy	 is	warranted,	and	so	observation	and
reassurance	alone	would	be	inappropriate	(choice	C	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	 In	patients	with	ileus,	 initial	management	focuses	on	repletion	of

electrolytes,	 adequate	 hydration,	 and	 discontinuation	 of	 any	 unnecessary
medications	 that	 potentially	 reduce	 bowel	 motility.	 A	 trial	 of	 alvimopan,	 an
opiate	 receptor	 antagonist,	 is	 a	 reasonable	 next	 step,	 and	 has	 been	 shown	 to
expedite	 flatus	and	bowel	movement	passage	 (choice	D	 is	correct).	Advancing
diet	 is	 premature	 (choice	 A	 is	 incorrect).	 Escalating	 pain	 management	 could
worsen	 her	 clinical	 situation	 (choice	 B	 is	 incorrect),	 and	 nasogastric	 tube
decompression	is	unlikely	to	benefit	ileus	(choice	C	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 According	 to	 a	 2022	 PROSPERO	 systematic	 review	 and	 meta-

analysis,	semirecumbent	seems	to	be	the	best	position	to	reduce	VAP	incidence,
hospital	length	of	stay,	and	the	duration	of	MV	(choice	D	is	correct).	Adequate
nutritional	 support	 is	 important,	 and	 the	 enteral	 route	 is	 preferred.	Nasogastric
feeds	 may	 be	 associated	 with	 worse	 outcomes	 as	 compared	 to	 nasointestinal
(choice	A	 is	 incorrect),	 and	proton	pump	 inhibitor	 therapy	has	been	associated
with	an	 increased	 risk	of	pneumonia	 (choice	C	 is	 incorrect).	Prone	 is	 the	most



effective	position	 to	 reduce	 the	 risk	of	mortality	and	 the	 ICU	 length	of	 stay	 in
ARDS,	but	showed	no	effect	on	the	VAP	incidence	(choice	B	is	incorrect).
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Chapter	208
Hepatic	Dysfunction	and	Liver	Failure
Avegail	G.	Flores,	Mauricio	Lisker-Melman

KEY	POINTS:
1.	 Acute	liver	failure	is	a	catastrophic	deterioration	in	liver	function

manifested	by	jaundice,	coagulopathy,	and	encephalopathy	in
patients	without	preexisting	liver	disease.1

2.	 Seventy	percent	of	patients	with	ALF	develop	acute	kidney	injury
and	30%	require	renal	replacement	therapy.2

3.	 High	volume	plasma	exchange	may	improve	outcomes	of	patients
with	acute	liver	failure	by	attenuating	systemic	inflammatory
response	syndrome	and	improving	multiorgan	dysfunction.3

4.	 In	severe	alcohol-associated	hepatitis,	treatment	with	pentoxifylline
did	not	improve	survival	and	prednisolone	may	reduce	short-term
mortality	in	well-selected	patients.4

5.	 Failure	of	first-line	treatment	caused	by	increasing	rates	of	bacterial
resistance	is	an	emerging	problem	for	patients	with	spontaneous
bacterial	peritonitis	end-stage	cirrhosis.5

INTRODUCTION
Liver	test	abnormalities	are	frequently	detected	among	intensive	care	unit	(ICU)
patients,	 often	 leading	 to	 hepatology	 consultation.	 The	 presentation	 of	 hepatic
dysfunction	ranges	from	simple	abnormalities	of	 liver-related	biochemical	 tests
with	little	impact	on	a	patient’s	clinical	course	to	complex	manifestations	of	liver
failure	that	require	prompt	intervention	because	of	high	morbidity	and	mortality.
This	 chapter	 will	 present	 the	 evaluation	 and	 management	 of	 acute	 hepatic
dysfunction	 leading	 to	 acute	 liver	 failure	 (ALF),	 acute	 hepatic	 dysfunction	 of



critically	 ill	 patients,	 and	 exacerbation	 of	 chronic	 hepatic	 dysfunction	 among
patients	with	chronic	liver	disease.

ACUTE	LIVER	FAILURE

Definition
1 	ALF	is	a	sudden	catastrophic	deterioration	of	liver	function	over	a	short	period
of	time.	ALF	is	an	infrequent	condition	estimated	to	affect	approximately	2000
to	 3000	 patients	 annually	 in	 the	 United	 States6	 that	 includes	 evidence	 of
coagulation	 abnormalities	 (international	 normalized	 ratio	 [INR]	 >	 1.5)	 and
mental	 alterations	 (encephalopathy)	 among	 patients	 without	 preexisting	 liver
disease	and	<26	weeks	of	illness	duration.2	Severe	forms	of	acute	Wilson	disease
and	acute	autoimmune	hepatitis,	when	diagnosed	within	the	previous	6	months,
are	 widely	 accepted	 exceptions	 that	 are	 treated	 as	 ALF	 because	 of	 poor
outcomes	without	 liver	 transplantation	 (LT).	Prompt	 evaluation	 and	 aggressive
management,	 including	 the	 possibility	 of	 LT,	 play	 an	 integral	 part	 for
successfully	treating	ICU	patients	with	ALF.

Etiologies
Numerous	causes	of	ALF	are	recognized,	and	their	relative	importance	varies	by
part	 of	 the	 world.	 In	 the	 United	 States,	 acetaminophen	 toxicity	 accounts	 for
nearly	40%	of	cases	followed	by	unknown	causes	(18%)	and	idiosyncratic	drug
reactions	 (13%)7	 (see	 Table	 208.1).	 Acute	 viral	 hepatitis	 has	 become	 an
infrequent	 cause	 of	 ALF	 over	 the	 last	 few	 decades	 because	 of	 effective
immunization	 programs;	 but	 in	 the	 developing	world,	 it	 remains	 the	 dominant
etiology	of	ALF.8	The	identification	of	the	etiology	of	ALF	is	important	because
it	 provides	 prognostic	 information	 and	 dictates	 treatment.	 Initial	 laboratory
testing	 to	 delineate	 etiology	 and	 assess	 degree	 of	 injury	 is	 obligatory	 (Table
208.2).	 The	 etiology	 of	 ALF	 may	 also	 have	 prognostic	 significance	 for
determining	outcomes	of	patients	listed	for	LT.

TABLE	208.1

Etiologies	of	Acute	Liver	Failure	in	the	United	States



Etiology Percent

Acetaminophen	induced 39

Unknown 18

Non–acetaminophen	drug-induced 13

Hepatitis	B 7

Hepatitis	A 4

Autoimmune	hepatitis 4

Wilson	disease 3

Budd-Chiari 2

Pregnancy-related 2

TABLE	208.2

Initial	Laboratory	Testing	for	FHF

Complete	blood	count
Basic	metabolic	panel,	phosphate,	and	magnesium
Prothrombin	time	(PT)	and	International	normalized	ratio	(INR)
Factor	V
Liver	chemistry	panel
Lactate	dehydrogenase	(LDH)
Lactate
Blood	gas
Arterial	ammonia
Human	immunodeficiency	virus	(HIV)	rapid	antibody	test
Pregnancy	testing
Blood	and	urine	cultures
Viral	markers
1.	 Hepatitis	A	IgM	antibody
2.	 Hepatitis	E	IgM	antibody



3.	 Hepatitis	B	markers
4.	 Hepatitis	C	antibody
5.	 HSV,	CMV,	parvovirus,	and	VZV	PCR

Autoimmune	markers
1.	 Antinuclear	antibody
2.	 Anti–smooth	muscle	antibody
3.	 Immunoglobulins	(IGG)

Toxicology	screen	and	drug	panel
Imaging	and	other	testing
1.	 CXR/ECG
2.	 RUQ	US	with	Doppler

*Liver	chemistry	panel:	aspartate	aminotransferase,	alanine	aminotransferase,	alkaline
phosphatase,	total	and	direct	bilirubin,	albumin,	total	protein.
Hepatitis	B	markers:	hepatitis	B	surface	antigen,	hepatitis	B	surface	antibody,	hepatitis	B	core
antibodies	(IgG	and	IgM),	delta	if	positive	for	hepatitis	B	virus.

CMV,	cytomegalovirus;	CXR,	chest	x-ray;	ECG,	electrocardiogram;	FHF,	fulminant	hepatic	failure;
HSV,	herpes	simplex	virus;	IgM,	immunoglobulin	M;	PCR,	polymerase	chain	reaction;	RUQ	US,
right	upper	quadrant	ultrasound;	VZV,	varicella	zoster.

Acetaminophen
Acetaminophen	 is	 the	most	common	cause	of	ALF	in	 the	United	States	and	 in
the	United	Kingdom.	 This	 drug	 is	 a	 constituent	 of	 numerous	 over-the-counter
preparations	 and	 is	 also	 commonly	 combined	 with	 prescription	 analgesics.
Although	 the	 recommended	doses	 of	 acetaminophen	 (up	 to	 4	 g/d)	 are	 safe	 for
healthy	 individuals,	 dose-dependent	 hepatotoxicity	 can	 occur.	 Hepatotoxicity
occurs	through	intentional	or	unintentional	overdose.	Approximately	one-third	to
one-half	 of	 cases	 occur	 because	 of	 efforts	 at	 pain	 relief;	 these	 “therapeutic
misadventures”	occur	with	 lower	cumulative	doses	of	 ingested	acetaminophen,
but	 often	 times	 coingestion	of	multiple	 acetaminophen	 containing	preparations
may	 have	 taken	 place.	 These	 patients	 may	 delay	 seeking	 medical	 attention
resulting	in	late	physician	recognition	and	worse	outcomes.

Acetaminophen	is	95%	eliminated	by	hepatic	conjugation.	Approximately	5%
of	 acetaminophen	 is	 converted	 to	 N-acetyl-p-benzoquinone	 imine	 (NAPQI),
which	is	inactivated	after	reacting	with	cellular	glutathione	and	excreted	rapidly.
The	 glutathione	 stores	 become	 progressively	 depleted	 in	 the	 setting	 of
acetaminophen	overdose	because	the	liver	produces	more	NAPQI.	When	unable
to	 be	 excreted,	 NAPQI	 becomes	 highly	 toxic	 and	 produces	 massive	 liver



necrosis.	 NAPQI	 accumulates	 at	 a	 higher	 rate	 in	 the	 setting	 of	 increased
cytochrome	PCY2E1	activity,	as	seen	with	chronic	alcohol	 ingestion,	and	with
medications	that	induce	the	cytochrome	P450	system.

Patients	with	acetaminophen	toxicity	present	in	three	phases.	The	first	phase
involves	 acute	 gastrointestinal	 (GI)	 symptoms	 including	nausea,	 vomiting,	 and
abdominal	 pain	 within	 the	 first	 few	 hours	 after	 ingestion.	 Aspartate
aminotransferase	 (AST)	and	alanine	aminotransferase	 (ALT)	may	begin	 to	 rise
as	 early	 as	8	hours	 after	 a	massive	dose	of	 acetaminophen.	During	 the	 second
phase	 (24-72	 hours	 after	 ingestion),	 asymptomatic	 liver	 test	 abnormalities
typically	occur,	with	marked	elevation	of	liver	enzymes	with	a	high	AST	to	ALT
ratio.	In	severe	cases,	tender	hepatomegaly,	jaundice	and	prolonged	prothrombin
time	(PT)	may	be	seen.	Nephrotoxicity	due	to	cortical	necrosis	may	also	become
evident.	 The	 third	 phase	 (72-96	 hours	 after	 ingestion)	 presents	 with
manifestations	 of	 hepatic	 failure,	 including	 jaundice	 and	 encephalopathy.	 The
mortality	 of	 acetaminophen	 toxicity	 is	 higher	 when	 associated	 with	 severe
acidosis,	coagulopathy,	renal	failure,	mental	status	changes,	and	cerebral	edema
(CE).	These	 clinical	markers	 are	useful	 for	 identifying	patients	who	 should	be
considered	for	LT.
N-acetylcysteine	 (NAC)	 is	 a	potentially	 lifesaving	antidote,	 especially	when

administered	 within	 24	 hours	 of	 ingestion.	 Thus,	 suspicion	 and	 early
identification	 of	 acetaminophen	 toxicity	 are	 of	 vital	 importance	when	 treating
patients	presenting	with	ALF.	Although	the	therapeutic	benefits	of	NAC	are	best
when	given	within	10	hours,	 its	effects	can	still	be	of	value	within	72	hours	of
ingestion.	When	administered	early,	NAC	leads	to	greater	than	95%	survival.

NAC	 replenishes	 glutathione	 stores,	 preventing	 depletion	 and	 subsequent
tissue	hypoxia	and	ischemic	damage.	Both	the	oral	and	intravenous	(IV)	forms
can	 be	 used	 with	 similar	 efficacy.	 Oral	 NAC	 is	 given	 over	 72	 hours	 with	 a
loading	dose	of	140	mg/kg	and	subsequent	doses	of	70	mg/kg	every	4	hours	for
a	 total	 of	 17	 doses.	 Frequently	 oral	 NAC	 induces	 nausea	 and	 vomiting,
necessitating	 nasogastric	 or	 nasoduodenal	 feeding	 tube	 placement	 for
administration.	 For	 the	 patient	 with	 significant	 nausea	 or	 vomiting,	 a
polysubstance	 overdose	 requiring	 gastric	 decontamination,	 GI	 bleeding,	 or
intestinal	obstruction,	IV	NAC	is	the	preferable	administration	route.	IV	NAC	is
given	 as	 a	 150	mg/kg	 loading	dose,	 then	50	mg/kg	over	 4	 hours,	 followed	by
100	mg/kg	over	16	hours.	Many	practitioners	extend	NAC	treatment	until	there
is	improvement	in	liver	chemistry	parameters.	This	extended	dosing	of	NAC	is
often	 used	 for	 severe	 cases	 of	 ALF	 because	 the	 benefits	 often	 outweigh	 any
adverse	effects	from	the	medication.	Anaphylactoid	reactions	are	seen	in	10%	to
20%	 of	 patients,	 typically	 occurring	 after	 the	 IV	 loading	 dose.8	 Because	 this



reaction	may	be	rate	dependent,	the	loading	dose	has	to	be	administered	slowly
over	15	to	60	minutes.

Idiosyncratic	Drug-Induced	Liver	Injury
Idiosyncratic	drug-induced	liver	injury	(iDILI)	is	second	to	acetaminophen	as	a
source	 of	 ALF.	 This	 group	 largely	 comprises	 antituberculosis,	 antibiotics,
herbals,	antiepileptics,	 statins,	nonsteroidal	anti-inflammatory	drugs	 (NSAIDs),
and	a	 significant	proportion	of	miscellaneous	drugs.9	The	 shortest	 latency	may
be	seen	in	2	to	4	days	as	in	the	case	of	quinolones	and	macrolides	or	as	long	as
90	 days.	 However,	 typically	 the	 injury	 is	 not	 dose-related	 and	 begins	 in	 7	 to
14	days.	The	slower	the	latency,	the	longer	exposure	to	continued	injury,	and	the
poorer	the	outcome.10

Drug-induced	 cholestasis	 manifests	 as	 elevations	 in	 serum	 alkaline
phosphatase,	total	bilirubin,	and	GGT.	Because	the	presentation	of	drug-induced
cholestasis	 can	 resemble	 biliary	 obstruction,	 hepatobiliary	 imaging	 is	 often
necessary	 to	 exclude	 biliary	 ductal	 dilation	 or	 a	 hepatic	 or	 pancreatic	 mass.
Complete	recovery	after	cessation	of	the	offending	agent	may	take	several	weeks
to	 months.	 Cholestasis	 can	 also	 occur	 with	 hepatocellular	 inflammation	 and
necrosis,	 with	 associated	 systemic	 symptoms	 such	 as	 fever,	 myalgias,
arthralgias,	 and	 rash.	 Toxicity	 from	 erythromycin,	 chlorpromazine,	 or	 oral
hypoglycemic	 agents	 can	 present	 with	 this	 clinical	 picture.	 Severe	 cholestatic
hepatitis	 and	 acute	 hepatitis	 are	 usually	 observed	 in	 drug	 reaction	 with
eosinophilia	 and	 systemic	 symptoms	 (DRESS)	 syndrome,	 a	 rare	 serious	 and
often	 fatal	 hypersensitivity	 reaction.	 Sulfa	 drugs,	 anticonvulsants,	 and
allopurinol	are	commonly	prescribed	drugs	associated	with	this	rare	condition.

Management	 includes	 prompt	 identification	 and	 cessation	 of	 the	 offending
agent.	Further	management	guidelines	are	variable	because	this	group	comprises
a	wide	range	of	medications	and	clinical	scenarios.	NAC	is	one	therapy	that	has
been	 tried	 for	 these	 patients.	 NAC	 was	 reported	 to	 improve	 transplant-free
survival	of	nonacetaminophen	ALF	when	given	during	the	early	stages,	that	is,
before	 progression	 to	 advanced	 or	 severe	 encephalopathy.11	 The	 available	 data
do	not	demonstrate	an	overall	mortality	benefit	for	patients	who	received	NAC,
but	 mortality	 benefit	 was	 seen	 for	 transplant-free	 survival	 and	 posttransplant
survival.12	 Overall,	 NAC	 can	 be	 safely	 used	 and	 may	 be	 advocated	 while
awaiting	transplantation	or	even	when	transplantation	is	not	an	option.

Viruses



The	recognized	hepatotropic	viruses	are	hepatitis	A,	B,	C,	D,	and	E.	Although
relatively	 rare	 in	 the	 United	 States	 and	 United	 Kingdom,	 fulminant	 hepatic
failure	 (FHF)	 due	 to	 viral	 hepatitis	 is	 the	 leading	 cause	 of	ALF	 in	 developing
countries.

Hepatitis	 A	 is	 typically	 a	 self-limiting	 infection	 mostly	 related	 to
contaminated	 food	source	 in	both	endemic	and	nonendemic	areas.	The	clinical
patterns	 and	manifestations	may	depend	 on	 the	 age	 of	 the	 host:	 asymptomatic
without	 jaundice,	 jaundice	 and	 self-limiting	 symptoms	 for	 8	weeks,	 prolonged
jaundice	 lasting	 for	 more	 than	 10	 weeks,	 relapsing	 cholestasis	 or	 jaundice
occurring	 over	 6	 to	 10	 weeks,	 and	 FHF.13	 Neither	 the	 cholestatic	 nor	 the
relapsing	variants	are	associated	with	increased	mortality.

Hepatitis	 B	 can	 cause	 ALF	 through	 acute	 infection	 or	 reactivation.	 Acute
infection	 causes	 hepatic	 damage	 through	 immune-mediated	 lysis	 of	 infected
hepatocytes.	Reactivation	 typically	occurs	 in	 the	setting	of	 immunosuppression
and	is	generally	more	severe	than	the	acute	infection	with	a	higher	propensity	for
ALF	 and	 death.	 Nucleos(t)ide	 analogues	 are	 the	 mainstay	 of	 prophylaxis	 and
treatment	and	are	safe	and	efficacious	for	reducing	short-term	mortality	of	acute
on	chronic	liver	failure	patients.14

Hepatitis	E	virus	(HEV)	usually	causes	acute,	self-limited	infection	and	most
often	 occur	 in	 developing	 countries.	 However,	 two	 distinct	 epidemiologic
patterns	of	infection	are	now	observed:	acute	hepatitis	via	fecal-oral	route	from
endemic	areas	or	developing	countries	and	chronic	hepatitis	through	ingestion	of
contaminated	 meat	 (zoonotic	 reservoirs)	 with	 progression	 to	 cirrhosis	 in
nonendemic	areas	or	developed	countries,	usually	of	immunosuppressed	patients
or	recipients	of	organ	transplants.	HEV	infection	can	be	diagnosed	by	detecting
serum	immunoglobulin	(IgM)	(may	last	up	to	4-5	months)	and	IgG	antibodies	to
HEV	or	HEV	ribonucleic	acid	in	stool	and	serum	(not	commercially	available).
The	 presence	 of	 IgM	 anti-HEV	 strongly	 suggests	 acute	 infection.15	 Clinical
course	 of	HEV	 infection	 among	pregnant	women	 is	 known	 to	 be	more	 severe
and	often	lead	to	ALF	and	death	in	up	to	20%	to	25%,	specifically	among	those
living	in	developing	countries.16

Hepatitis	C,	well	known	for	its	association	with	chronic	hepatitis	and	its	long-
term	consequences,	but	it	is	a	rare	cause	of	ALF.

Hepatitis	 D,	 is	 caused	 by	 a	 small,	 defective	 RNA	 virus	 among	 individuals
infected	 with	 hepatitis	 B.	 Hepatitis	 D	 infection	 has	 a	 wide	 range	 of	 clinical
presentation	from	mild	disease	to	fulminant	liver	failure.17

Nonhepatotropic	viruses	such	as	herpes	simplex	virus,	Epstein-Barr	virus	and
cytomegalovirus	may	rarely	lead	to	ALF.



Pregnancy
ALF	during	pregnancy	can	be	divided	into	acute	fatty	liver	of	pregnancy	(AFLP)
and	 hypertension-related	 liver	 diseases	 (preeclampsia,	 hemolysis/elevated	 liver
enzymes/low	 platelet	 [HELLP]	 syndrome).	Quick	 delivery	 of	 the	 fetus	 can	 be
both	 lifesaving	 for	 the	 mother	 and	 newborn	 for	 both	 AFLP	 and	 HELLP
syndrome.	 Acute	 hepatic	 rupture	 occurs	 among	 approximately	 1%	 of	 patients
with	HELLP	syndrome	with	marked	mortality	risks	 to	 the	fetus	and	mother,	 in
addition	 to	 the	 inherent	 risks	 of	ALF	 in	 the	mother.	AFLP	 is	 a	 rare	 condition
caused	by	microvesicular	fatty	infiltration	of	the	hepatocytes	owing	to	defects	of
the	long-chain	3-hydroxyacyl	coenzyme	A	dehydrogenase	(LCHAD)	of	the	fetal
mitochondria.	This	occurs	during	 the	 third	 trimester	or	a	few	days	post	partum
and	is	associated	with	high	fetal	and	maternal	mortality.18	In	the	US	ALF	Study
Group,	although	delivery	and	supportive	measures	were	possible	for	most	cases,
11	of	70	(16%)	required	liver	transplantation	and	8	(11%)	died.19

Autoimmune	Hepatitis
Severe	 autoimmune	 hepatitis	 can	 cause	 ALF	 among	 patients	 with	 newly
developed	disease,	 exacerbation	of	 chronic	 disease,	 or	 superimposed	 injury	 on
chronic	disease.	The	histological	features,	positive	autoantibodies,	and	elevated
γ-globulins	 typical	 of	 chronic	 disease	 are	 not	 always	 present.	 Current
recommendations	 advise	 an	 early	 trial	 of	 corticosteroids	 because	 this	 may
prevent	the	need	for	LT.20	Immediate	listing	for	LT	may	be	appropriate	for	those
with	ALF	 because	 improvement	with	 corticosteroids	 alone	 is	 unsuccessful	 for
60%	of	the	cases.

Uncommon	Etiologies
There	are	multiple	 important	but	rare	etiologies	of	ALF.	One	such	entity	 is	 the
mushroom	 ingestion	of	 the	poisonous	Amanita	phalloides.	An	 accurate	 history
of	mushroom	ingestion	 is	crucial	 to	recognize	and	treat	 this	disease.	Treatment
with	gastric	lavage	or	administration	of	activated	charcoal	is	frequently	used	but
with	unproven	efficacy	for	patients	presenting	early	after	ingestion.	Silibinin	or
silybin,	the	major	active	constituent	of	silymarin,	at	a	dose	of	20	to	50	mg/kg/h
IV,	 is	 recommended	 for	 patients	 who	 present	 within	 48	 hours	 of	 ingestion
because	 this	 has	 been	 shown	 to	 prevent	 amanitin	 uptake	 into	 hepatocytes.21
Penicillin	G	also	prevents	amanitin	uptake	by	hepatocytes	by	displacing	it	from
binding	 with	 plasma	 protein.	 NAC	 has	 also	 been	 proposed	 as	 a	 treatment



strategy	 in	 these	 patients,	 although	 data	 are	 limited.33	 Mortality	 from	 A.
phalloides	poisoning	ranges	from	10%	to	20%.

Another	 rare	 entity	 associated	 with	 ALF	 is	 severe	 acute	 Wilson	 disease.
Those	 presenting	 with	 ALF	 (about	 3%)	 have	 a	 95%	 mortality.22	 Diagnosing
Wilson	 disease	 as	 the	 cause	 for	 ALF	 can	 be	 a	 challenge	 because	 serum
ceruloplasmin	may	be	falsely	elevated	(acute	phase	reactant).	Associated	clinical
data	 suggestive	of	Wilson	disease	 include	Coombs	negative	hemolytic	anemia,
coagulopathy	 that	 cannot	 be	 corrected	 with	 vitamin	 K,	 modest	 elevations	 of
aminotransferases,	elevated	serum	copper,	and	elevated	24-hour	urine	copper.22
Treatment	of	these	patients	is	ultimately	with	LT;	however,	it	is	important	to	note
neurological	sequelae	of	Wilson	disease	may	not	improve	after	transplantation.

Budd-Chiari	syndrome	is	an	important	cause	of	ALF.	In	mild	forms	of	liver
injury,	 treatment	 with	 anticoagulation	 and	 diuretics	 may	 be	 of	 benefit,	 but	 in
patients	 who	 present	 with	 ALF,	 LT	 is	 the	 ultimate	 therapy.23	 Transjugular
intrahepatic	portosystemic	shunts	(TIPS)	can	be	used	as	a	bridge	to	transplant	for
some	patients.

Case	 reports	 have	 also	 implicated	malignancy	 as	 a	 rare	 cause	 of	ALF.	 The
majority	of	these	cases	are	secondary	to	malignant	liver	infiltration.24	Mortality
in	this	group	is	high,	and	LT	is	contraindicated.

SYSTEMIC	MANIFESTATIONS	AND
MANAGEMENT
Despite	 timely	 intervention,	 multisystem	 organ	 failure	 can	 develop	 among
patients	with	ALF.	Hepatic	encephalopathy	(HE)	is	the	defining	clinical	feature
of	 ALF,	 and	 the	 development	 of	 CE	 presents	 a	 unique	 set	 of	 challenges.
Cardiorespiratory	 failure,	 renal	 failure,	 and	 infectious	 complications	 require
aggressive	 ICU	management	 best	 done	 by	 a	 multidisciplinary	 team	 approach.
Supportive	 management	 is	 crucial	 until	 the	 liver	 recovers	 or	 is	 replaced	 by
transplant.

Hepatic	Encephalopathy
The	presence	of	HE	is	required	to	establish	the	diagnosis	of	ALF.	HE	from	ALF
is	distinguished	by	 its	association	with	CE	with	 increased	 intracranial	pressure
(ICP)	and	risk	of	cerebral	herniation.	Bedside	evaluation	often	relies	on	clinical
assessment	scores	(Table	208.3),	which	grade	HE	from	minimal	behavioral	and



mental	 changes	 (grade	 1)	 to	 coma	 (grade	 4).	 Grades	 1	 and	 2	 have	 mild-to-
moderate	 confusion	 with	 or	 without	 asterixis.	 Grade	 3	 patients	 are	 markedly
confused	 and	 somnolent	 but	 arousable.	Distinguishing	patients	with	 low	grade
(grades	1	and	2)	from	high	grade	(grades	3	and	4)	HE,	 is	 important	during	the
early	 management	 and	 triage	 of	 patients	 with	 ALF.	 Immediate	 transfer	 to	 a
transplant	 center	 is	 recommended	 when	 the	 earliest	 symptoms	 of	 HE	 are
recognized	 among	 patients	 with	 acute	 liver	 injury.	 The	 severity	 of	 HE	 may
predict	 the	 outcome.	 The	 3-week	 survival	 without	 transplantation	 was	 52%
among	 patients	 presenting	 with	 grades	 1	 and	 2	 HE,	 and	 33%	 among	 patients
presenting	with	grades	3	and	4	HE.7

TABLE	208.3

Clinical	Stages	of	Hepatic	Encephalopathy

Grade Symptoms

1 Lack	of	awareness,	short	attention	span,	altered	sleep	pattern

2 Agitation,	lethargy,	seizures

3 Asleep,	arousable	by	pain,	confused	when	aroused

4 Unarousable

From	Conn	HP.	Quantifying	the	severity	of	hepatic	encephalopathy.In:	Conn	HO,	Bircher	J,	eds.).
Hepatic	Encephalopathy:	Syndromes	and	Therapies.	Medi-Ed	Press,	1994.

Regular	 neurological	 assessments	 should	 be	 performed	 because	 HE	 may
progress	 rapidly	 to	 grade	 3	 or	 4	 with	 severe	 CE	 and	 potential	 irreversible
consequences.	 It	 is	 important	 to	 evaluate	 and	 treat	 factors	 such	 as	 electrolyte
abnormalities,	 bleeding,	 and	 infection.	 Head	 imaging	 with	 computerized
tomography	 is	 useful	 especially	 when	 intracranial	 hemorrhage	 is	 a	 clinical
possibility.	When	high-grade	HE	is	suspected,	an	arterial	ammonia	level	may	be
useful.	 Ammonia	 is	 an	 independent	 risk	 factor	 for	 the	 development	 of
intracranial	hypertension.	A	 level	>100	µmol/L	predicts	 severe	encephalopathy
with	 70%	 accuracy,	 and	 a	 level	 of	 200	 µmol/L	 is	 associated	with	 intracranial
hypertension	among	half	of	 the	ALF	patients.25	Patients	with	persistent	 arterial
hyperammonemia	 (>122	 µmol/L)	 for	 3	 days	 were	 more	 likely	 to	 progress	 to



high-grade	HE	with	 lower	rates	of	survival	(23%	vs	72%),	higher	 incidence	of
CE	 (71%	 vs	 37%),	 and	 seizures	 (41%	 vs	 7.7%).26	 Intubation	 should	 be
performed	for	airway	protection	and	support	with	mechanical	ventilation	when
the	 patient	 becomes	 somnolent	 or	 develops	 respiratory	 distress	 as	 a	 result	 of
metabolic	acidosis.	Standard	therapy	for	HE	used	for	patients	with	chronic	liver
disease,	 such	 as	 lactulose,	 neomycin,	 or	 rifaximin,	 have	 no	 proven	 benefit	 for
ALF	and	can	induce	deleterious	side	effects	such	as	abdominal	pain	or	bloating,
nausea,	and	electrolyte	disturbances	from	diarrheal	losses.

CEREBRAL	EDEMA
CE	 is	 a	 devastating	 complication	 of	 ALF.	 Improvements	 allowing	 early
recognition,	 critical	 care,	 and	 the	 use	 of	 emergency	 LT	 positively	 affect	 the
incidence	 and	 outcomes	 of	 CE.	 The	 proportion	 of	 patients	 with	 intracranial
hypertension	fell	 from	76%	during	1984	 to	1988	 to	20%	during	2004	 to	2008.
More	importantly,	mortality	declined	from	95%	to	55%.27

The	most	accurate	method	of	diagnosing	intracranial	hypertension	is	with	the
insertion	of	 an	 ICP	monitor	or	 “bolt.”	Some	centers	use	 ICP	monitoring	when
patients	develop	grades	3	and	4	HE	to	help	guide	management.	The	normal	ICP
is	5	 to	10	mm	Hg,	and	during	clinically	 relevant	 intracranial	hypertension	 ICP
exceeds	20	mm	Hg.	Monitoring	mean	arterial	pressures	(MAPs)	and	maintaining
cerebral	 perfusion	 pressures	 (MAP	 minus	 ICP)	 are	 important.	 Ideally,	 ICP
should	be	maintained	at	<15	mm	Hg,	with	cerebral	perfusion	pressures	>40	 to
50	mm	Hg.	Noninvasive	or	indirect	ICP	monitoring	had	been	reported	for	ALF,
but	the	clinical	experience	and	availability	of	these	monitors	is	limited.

The	 use	 of	 ICP	 monitoring	 devices	 for	 patients	 with	 ALF	 is	 controversial
given	 a	 small	 but	 potentially	 life-threatening	 risk	 of	 intracranial	 hemorrhage.
Practices	 vary	 widely	 based	 on	 local	 transplant	 center	 expertise.	 Seizures	 can
increase	 ICP	 and	 should	 be	 promptly	 controlled	 with	 phenytoin;	 however,
routine	 seizure	 prophylactic	 treatment	 is	 not	 recommended.	 The	 early	 clinical
manifestations	of	CE	often	overlap	with	advanced	encephalopathy	(grades	3	and
4).	The	most	feared	complications	of	CE	are	brain	herniation	and	death.	In	 the
absence	of	ICP	monitoring,	the	importance	of	bedside	assessment	with	frequent
neurological	 evaluation	 cannot	 be	 overstated.	 Evaluation	 of	 mental	 status
(avoiding	sedation	and	neuromuscular	blockade	when	possible),	assessment	for
hyperreflexia,	 pupillary	 changes,	 and	 sudden	 systemic	 hypertension	 play	 an
important	 role	 in	 monitoring	 these	 very	 ill	 patients.	 Prolonged	 low	 cerebral
perfusion	or	increased	intracranial	hypertension	leading	to	cerebral	ischemia	or	a



large	 intracranial	 bleed	 from	 an	 underlying	 coagulopathy	 eliminates	 the
possibility	of	liver	transplantation.

Simple	 recognized	 strategies	 to	control	CE	 include	elevation	of	 the	head	of
the	 bed	 to	 30°	 to	 improve	 venous	 drainage,	 minimization	 of	 external	 stimuli,
control	of	 fever	and	maintaining	serum	sodium	between	145	and	155	mmol/L.
Continuous	infusion	of	IV	hypertonic	saline	rather	than	boluses	(5-20	mL	30%
saline)	should	be	used.28	When	intracranial	hypertension	develops	despite	 these
prophylactic	methods,	IV	administration	of	mannitol	(100	mL	of	20%	solution	at
0.25-0.5	 g/kg)	 can	 be	 used	 as	 a	 first-line	 treatment	 when	 ICP	 is	 persistently
>20	 mm	 Hg	 for	 over	 10	 minutes.	 Mannitol	 draws	 water	 osmotically	 from
swollen	 astrocytes	 back	 into	 the	 intravascular	 space.	 It	 should	 be	 avoided	 for
patients	 with	 renal	 failure	 because	 of	 the	 potential	 for	 intravascular	 volume
overload	 and	 pulmonary	 edema.	 This	 can	 be	 obviated	 by	 starting	 continuous
venovenous	hemofiltration.	Additional	doses	of	mannitol	may	be	given	again	as
long	 as	 the	 serum	 osmolality	 is	 <320	mOsm/L.	 The	minor	 survival	 benefit	 of
mannitol	 has	 been	 shown	 only	 in	 a	 small	 series	 and	 there	 are	 no	 benefits	 for
cases	of	severe	intracranial	hypertension,	i.e.,	>60	mm	Hg.29

Hypothermia	is	no	longer	recommended	after	a	retrospective	controlled	study
demonstrated	 that	moderate	 hypothermia	 had	 no	 effect	 on	 21-day	 survival	 for
patients	with	ALF	at	high	risk	for	CE.30	Meanwhile,	there	is	renewed	interest	in
plasma	exchange	after	a	randomized	controlled	study	showed	survival	benefit.3
First	described	in	a	case	series,	high-volume	plasma	exchange	(HVP),	defined	as
exchange	of	8	to	12	or	15%	of	ideal	body	weight	with	fresh	frozen	plasma	for
patients	with	ALF,	undertaken	on	 the	 first	3	days	of	admission	 to	critical	care,
may	have	physiological	and	biochemical	benefits	that	decrease	ICP.31,32

Definitive	 treatment	 of	 CE	 or	 intracranial	 hypertension	 is	 achieved	 with
emergency	LT.	Despite	the	most	appropriate	care	and	stringent	inclusion	criteria,
residual	neurological	deficits	may	persist	after	transplantation.

Respiratory	Complications
Acute	lung	injury	or	acute	respiratory	distress	syndrome	may	be	seen	in	40%	of
patients	 with	 ALF,	 and	 a	 significant	 proportion	 of	 patients	 with	 CE	may	 also
develop	 pulmonary	 edema.33	 Although	 ALF	 may	 have	 a	 direct	 effects	 that
induce	 neurogenic	 pulmonary	 edema,	 other	 etiologies	 potentially	 include
aspiration	and	nosocomial	pneumonia,	transfusion-related	lung	injury,	and	intra-
alveolar	hemorrhage.	These	patients	should	be	treated	with	supplemental	oxygen
or	 endotracheal	 intubation	 as	 clinically	 indicated.	 Intubation,	 however,	 is	 used
more	 frequently	 for	airway	protection	 rather	 than	 for	 respiratory	 failure.	Rapid



sequence	 intubation	 technique	 should	 be	 used	 to	 avoid	 worsening	 intracranial
hypertension.	For	sedation,	the	preferred	agent	is	propofol	at	30	to	50	µg/kg/min
because	of	the	purported	benefits	in	reducing	ICP.34	It	is	important	to	recognize
that	 changing	 to	 positive	 pressure	 ventilation	 can	 result	 in	 decreased	 venous
return	that	can	lead	to	both	increased	ICP	and	decreased	cardiac	output.

Acute	Kidney	Injury
2 	 Acute	 kidney	 injury	 (AKI)	 is	 a	 common	 complication	 of	 ALF	 and	 it	 is
considered	 a	 poor	 prognostic	 indicator	 for	 these	 patients.	Overall,	 as	many	 as
70%	of	patients	with	ALF	developed	AKI	and	30%	required	renal	replacement
therapy	 (RRT).2	 RRT	 is	 often	 initiated	 early	 for	 patients	 with	 oliguric	 renal
failure	 and	 ALF	 to	 prevent	 volume	 overload	 and	 the	 risk	 of	 intracranial
hypertension.	Citrate	anticoagulation	is	recommended	because	of	the	high	risk	of
bleeding	 during	 ALF,	 and	 patients	 should	 be	 monitored	 for	 citrate	 toxicity
wherein	 hypocalcemia	 occurs	 as	 a	 result	 of	 the	 formation	 of	 calcium	 citrate
complexes	 in	 the	 blood.	 ALF	 patients	 are	 particularly	 vulnerable	 to	 this
complication	because	the	liver	is	unable	to	metabolize	citrate	to	bicarbonate	and
ALF	 patients	may	 also	 receive	 citrate	 from	 blood	 products.	 It	 is	 important	 to
consider	 adjustments	 in	 the	 dose	 of	NAC	 (dose	 increase)	 for	 patients	 on	RRT
because	 NAC	 is	 dialyzable.35	 As	 expected,	 survival	 was	 decreased	 among
patients	 receiving	 RRT	 compared	 to	 patients	 without	 AKI	 (57%	 vs	 93%).
However,	 even	 though	 AKI	 is	 common,	 it	 rarely	 results	 in	 chronic	 kidney
disease	 among	 patients	 who	 survive.	 Only	 4%	 of	 patients	 requiring	 RRT
remained	dialysis	dependent.2

Metabolic	Disorders
Multiple	metabolic	 derangements	 occur	 during	ALF.	Hyponatremia	may	occur
with	 volume	 depletion	 and	 as	 a	 result	 of	 severe	 splanchnic	 vasodilation	 and
activation	 of	 the	 renin-angiotensin	 system.	 Rapid	 correction	 of	 serum	 sodium
levels	should	be	avoided	because	of	the	risk	of	osmotic	demyelination	syndrome.
Metabolic	 acidosis	 and	 alkalosis	 can	 occur	 concurrently.	 Lactic	 acidosis	 is	 a
severe	 metabolic	 complication	 that	 is	 associated	 with	 poor	 outcomes.36	 For
metabolic	 acidosis,	 half-normal	 saline	with	bicarbonate	may	be	 required	while
awaiting	 RRT.37	 Hypoglycemia	 also	 frequently	 complicates	 ALF,	 given	 the
primary	metabolic	 role	 of	 the	 liver	 for	 glycogen	 storage	 and	 gluconeogenesis.
Massive	 hepatic	 damage	 is	 required	 before	 serum	glucose	 drops	 to	 levels	 that



impair	neurological	and	cellular	function,	therefore,	hypoglycemia	is	considered
a	 poor	 prognostic	 marker.	 Frequent	 glucose	 monitoring	 and	 infusion	 of
concentrated	dextrose	solutions	may	be	required.	Close	monitoring	of	potassium,
magnesium,	 and	 phosphate	 levels	 is	 likewise	 necessary.	 Hypophosphatemia	 is
frequent	during	ALF	and	requires	aggressive	replacement.

Coagulopathy
Coagulopathy	 is	 a	 pivotal	 feature	 of	 ALF.	 However,	 clinically	 significant
spontaneous	 bleeding	 during	ALF	 is	 rare	 due	 to	 concomitant	 changes	 of	 both
procoagulant	 and	 anticoagulant	 pathways,	 causing	 a	 paradoxical	 state	 of	 both
bleeding	 and	 thrombosis	 risk.38	 There	 is	 growing	 evidence	 of	 preserved
hemostasis	during	ALF	despite	elevated	coagulation	parameters.39

GI	and	oropharyngeal	bleeding	can	result	from	stress-related	mucosal	injury.
Protection	 of	 the	 gastric	 mucosa	 with	 proton	 pump	 inhibitors	 or	 H2	 receptor
antagonists	should	be	initiated	at	the	onset	of	coagulopathy.	The	skin,	lungs,	and
urogenital	 tract	are	also	potential	sites	of	significant	blood	 loss.	Transfusion	of
blood	 and	 blood	 products	 are	 only	 indicated	 for	 patients	 before	 invasive
procedures	or	when	clinically	significant	bleeding	occurs.	Because	of	the	risk	of
worsening	CE,	fluid	overload,	and	transfusion-related	lung	injury,	use	of	blood
products	 must	 be	 judicious.	 The	 effects	 of	 fresh	 frozen	 plasma	 on	 INR	 are
modest	 and	 short-lived.	A	 single	 slow	 infusion	 of	 vitamin	K	 10	mg	 IV	 rather
than	the	oral	form	should	be	given	during	ALF	because	vitamin	K	deficiency	has
been	reported	among	these	patients,	and	intestinal	absorption	can	be	unreliable.40
There	are	no	guidelines	for	platelet	and	coagulation	transfusion	parameters.	PT,
INR,	 and	 activated	 partial	 thromboplastin	 time	 cannot	 adequately	 predict	 the
bleeding	risk	during	liver	disease	because	of	the	insensitivity	of	these	tests	to	the
protein	C	pathway,	antithrombin,	and	tissue	factor	pathway	inhibitors.

Hemodynamic	and	Cardiac	Complications
Elevated	 cardiac	 output	 (hyperdynamic	 circulation),	 decreased	 peripheral
oxygen	 extraction	 (tissue	 hypoxia),	 and	 low	 systemic	 vascular	 resistance	 are
typically	 present	 among	 patients	 with	 ALF.	 These	 hemodynamic	 parameters,
possibly	due	to	the	release	of	vasoactive	mediators	from	dying	hepatocytes,	are
similar	 to	 those	 found	 among	 patients	 with	 sepsis.	 Splanchnic	 and	 peripheral
vasodilatation	 leading	 to	 systemic	 hypotension	 should	 be	 treated	with	 volume
replacement	 with	 crystalloids.	 Be	 aware	 that,	 volume	 overload	 should	 be



avoided	as	well	as	volume	depletion.41	Norepinephrine	is	 the	preferred	primary
vasopressor	 because	 it	 minimizes	 tachycardia	 and	 preserves	 splanchnic	 blood
flow.	A	progressive	rise	of	systolic	blood	pressure	 (hypertension)	accompanied
by	bradycardia	and	widening	pulse	pressure	 (Cushing	 triad),	within	minutes	or
hours,	 can	 be	 indicative	 of	 intracranial	 hypertension	 and	 impending	 uncal
herniation.	Persistent	hypotension	despite	adequate	volume	resuscitation	should
raise	concern	for	adrenal	insufficiency.	Adrenal	insufficiency	is	common	during
ALF	 with	 50%	 showing	 abnormalities	 when	 tested	 using	 adrenocorticotropic
hormone	 stimulation.	 Hydrocortisone	 treatment	 at	 200	 to	 300	 mg/d	 decreases
vasopressor	requirements	and	prolongs	time	to	death,	but	with	the	added	risk	of
sepsis	and	viral	reactivations.42

3 	 A	 recently	 published	 RCT	 with	 plasma	 exchange	 on	 a	 1:1	 ratio,
demonstrated	 improved	 transplant-free	 survival	 in	ALF	without	 an	 increase	 in
severe	 adverse	 events.	 The	 survival	 benefit	was	 attributed	 to	 decreased	 innate
immune	activation	and	improved	multiorgan	dysfunction.	An	improved	outcome
was	also	seen	in	those	not	listed	for	transplant	due	to	the	presence	of	comorbid
conditions.40

Sepsis
Infection	commonly	occurs	during	ALF;	however,	the	diagnosis	is	often	difficult
as	a	result	of	the	overlapping	hemodynamic	changes	induced	by	the	failing	liver;
at	times,	patients	may	not	demonstrate	leukocytosis	or	fever.	The	progression	of
AKI	 and	 the	 worsening	 of	 HE	 should	 raise	 the	 suspicion	 for	 infection,	 and
adequate	 evaluation	 should	 be	 undertaken.	 Fungal	 infections	 occur	 late	 during
the	course	of	illness	and	are	associated	with	high	mortality.	Periodic	surveillance
measures	 (chest	 radiography,	 sputum,	 and	 urine	 and	 blood	 cultures	 for	 fungal
and	 bacterial	 organisms)	 are	 helpful.	However,	 the	 routine	 use	 of	 prophylactic
antibiotics	 is	 controversial	 and	 was	 not	 shown	 to	 reduce	 the	 incidence	 of
bloodstream	infection	or	improve	21-day	mortality;	although,	more	patients	who
received	 prophylactic	 antibiotics	 received	 liver	 transplants.	 Multivariable
analysis	 controlled	 for	 confounding	 factors	 showed	 that	 antimicrobial
prophylaxis	 did	 not	 confer	 a	 significant	 benefit	 on	 21-day	mortality.43	Empiric
antibiotic	and	antifungal	 treatment	should	be	 initiated	when	progression	of	HE
or	 elements	 of	 the	 systemic	 inflammatory	 response	 syndrome	 (SIRS)	 are
observed.	 Systemic	 fungal	 infection	 is	widely	 viewed	 as	 a	 contraindication	 to
LT.	 Transplantation	 eligibility	 for	 patients	 with	 evidence	 of	 infection	 and
receiving	antibiotic	treatment	is	generally	reviewed	on	a	case-by-case	basis.



Prognosis	and	Transplant	Selection
Prognostic	assessment	should	take	place	at	the	onset	of	first	presentation	and	the
decision	 to	 transfer	 the	 patient	 to	 a	 transplant	 center	 should	 be	 made	 early.
Development	of	significant	hepatic	dysfunction	is	evidenced	by	a	rising	INR.	An
INR	of	1.5	should	prompt	discussion	with	transplant	specialists.	Development	of
encephalopathy	signals	poor	prognosis	and	 transplant	evaluation	 in	appropriate
patients	 should	 be	 promptly	 undertaken.	 Prognostic	 factors	 for	 patients	 with
ALF	had	been	investigated	to	determine	patient	survival.	Improper	selection	of	a
liver	 transplant	 recipient	 who	 nonetheless	 will	 survive	 with	 supportive	 care
because	 of	 liver	 regeneration	 will	 unnecessarily	 subject	 the	 patient	 to	 the
morbidity	and	mortality	of	 transplantation,	 to	 lifelong	immunosuppression,	and
preclude	 another	medically	 deserving	 patient	 from	 receiving	 a	 LT.	 Even	more
crucial	is	identifying	the	ALF	patient	who	would	die	without	emergency	LT.	As
a	result,	several	predictive	models	had	been	proposed	to	solve	this	dilemma.

Among	 the	many	 predictive	models,	King’s	 College	 criteria	 remain	widely
used	 because	 of	 the	 readily	 available	 parameters	 and	 high	 specificity	 for
selecting	 the	 appropriate	 patient	 who	 will	 need	 emergency	 LT.	 The	 King’s
College	 criteria	 produced	 the	 first	 prognosis	 model	 in	 1989	 for	 both
acetaminophen-induced	and	nonacetaminophen	 liver	 failure	 (Table	208.4).	The
addition	of	elevated	lactate	levels	(>3.5	mmol/L)	on	admission	further	improved
the	sensitivity	of	the	model	to	predict	mortality	in	acetaminophen-induced	liver
failure.44	 Other	 prognostic	 models	 had	 been	 proposed	 for	 ALF	 but	 their
sensitivities	are	low	and	reliance	on	them	alone	is	not	recommended.45

TABLE	208.4

Indicators	of	Poor	Prognosis	in	Acute	Liver	Failure

Etiology Parameter

Acetaminophen-induced	liver
failure

Arterial	pH	<	7.30a

PT	>	100	s

INR	>	6.5

Creatinine	>	300	μmol/L	(2.3	mg/dL)



Encephalopathy	grades	3	and	4

Nonacetaminophen	liver	failure PT	>	100	sb

INR	>	6.7b

Age	<	10	or	>	40

Serum	bilirubin	>	300	μmol/L
(2.3	mg/dL)

Seronegative	hepatitis	or	drug	reaction

aHighest	sensitivity	(49%),	specificity	(99%),	and	positive	predictive	value	(81%).
bHighest	specificity	(100%)	but	lower	sensitivity	(34%)	and	positive	predictive	value	(46%).

INR,	international	normalized	ratio;	PT,	prothrombin	time;	s,	seconds.
Modified	from	the	King’s	College	Criteria	indicating	a	poor	prognosis	in	acute	liver	failure.

HEPATIC	DYSFUNCTION	AMONG	CRITICALLY
ILL	PATIENTS

Ischemic	Hepatitis
Liver	 ischemia	 is	 the	 consequence	 of	 hypoxic	 liver	 insult	 and	 presents	 after
reduced	liver	blood	flow,	persistent	systemic	hypotension,	or	severe	hypoxemia.
The	 hepatic	 insult	 is	 diffuse,	 of	 noninflammatory	 nature,	 resulting	 in	 variable
degrees	of	central	vein	(zone	3)	necrosis	and	collapse.	Dehydration,	heat	stroke,
hemorrhage,	cardiogenic	shock,	acute	decline	of	cardiac	output	in	the	absence	of
hypotension,	 traumatic	 shock,	 respiratory	 failure,	 aortic	 dissection,	 pulmonary
embolus,	and	extensive	burns	have	been	associated	with	ischemic	hepatitis.	For
patients	 with	 congestive	 heart	 failure	 (left	 ventricular	 failure)	 and	 chronic
passive	 liver	congestion	(right	ventricular	failure),	even	minor	 insults	might	be
sufficient	to	precipitate	liver	ischemia.	The	incidence	of	ischemic	hepatitis	in	the
ICU	has	been	reported	to	be	approximately	2.5%,	with	only	half	of	the	patients
having	 an	 identifiable	 hypotensive	 episode,	 and	 yet	 the	 in-hospital	 mortality
associated	with	ischemic	hepatitis	approaches	50%,	highlighting	the	importance
of	clinical	suspicion	and	early	recognition.46

Biochemically,	there	is	a	characteristic	rapid	rise	of	serum	aminotransferases,



reaching	10	 to	40	 times	 the	upper	 limits	of	normal.	The	 lactate	dehydrogenase
also	 increases	 dramatically,	whereas	 abnormalities	 of	 serum	 bilirubin,	 alkaline
phosphatase,	and	PT/INR	are	less	striking.	Peak	elevations	occur	during	the	first
72	hours.	For	situations	in	which	the	triggering	factor	resolves,	normalization	of
laboratory	tests	may	occur	over	7	to	10	days.	Treatment	of	ischemic	hepatitis	is
directed	at	correction	of	 the	underlying	disease	or	 factor	 that	 initiated	 the	 liver
damage.	The	 aim	of	 treatment	 is	 to	 improve	 the	 cardiac	output,	 optimize	 liver
and	 peripheral	 organ	 perfusion,	 and	 improve	 tissue	 oxygenation.	 Ischemic
hepatitis	 is	 frequently	 self-limiting,	 and	 recovery	 is	 associated	 with
normalization	of	the	hepatic	histology.

Sepsis	and	Multiorgan	System	Failure
The	 liver	 often	 sustains	 injury	 and	 develops	 dysfunction	 with	 sepsis	 and	 its
associated	systemic	inflammatory	response	syndrome.	The	injury	that	occurs	is
most	often	a	consequence	of	liver	hypoperfusion,	usually	in	the	setting	of	shock.
This	 can	 lead	 to	 alterations	 of	 liver	 function	 as	 well	 as	 disseminated
intravascular	 coagulation	 and	 bleeding	 complications.	 Progressive	 liver	 injury
may	 then	 accompany	 the	 systemic	 effects	 related	 to	 release	 of	 bacterial	 and
inflammatory	 mediators.	 The	 majority	 of	 patients	 with	 bacteremia	 also	 have
abnormal	 liver	 function	 tests.	 Aminotransferase	 elevation	 is	 characteristic	 of
cellular	 and	mitochondrial	 injury.	Abnormal	 liver	 enzymes	 (two	 to	 three	 times
the	upper	limit	of	normal)	and	jaundice	(5-10	times	above	normal)	can	occur	2	to
3	days	after	 the	onset	of	bacteremia.47	Sepsis-associated	cholestasis	and	loss	of
biliary	epithelial	barrier	 function	can	be	a	source	of	gram-negative	bacteremia,
but	 this	 condition	 has	 also	 been	 reported	 among	 patients	 with	 severe,	 life-
threatening	 trauma	 with	 systemic	 inflammatory	 response	 syndrome,	 or	 in
association	with	bacterial	infections	in	the	absence	of	sepsis.48	Prompt	treatment
of	sepsis	with	supportive	care	and	antibiotic	therapy	can	result	in	normalization
of	enzymes	and	reversal	of	the	associated	hepatic	dysfunction.

Multisystem	organ	 failure	 is	 an	ominous	 sign	of	progressive	critical	 illness.
Hepatic	 dysfunction	 in	 this	 setting	 is	 a	 poor	 prognostic	 indicator.
Disproportionately	high	bilirubin	 levels	compared	with	aminotransferase	 levels
develop	 among	 patients	 with	 hepatic	 dysfunction.	 Patients	 with	 elevations	 in
serum	 bilirubin	 greater	 than	 8	 mg/dL,	 without	 the	 presence	 of	 hemolysis	 or
biliary	obstruction,	have	a	mortality	rate	greater	than	90%.49	Cholangitis	lenta,	a
histopathological	 diagnosis	 of	 intrahepatic	 cholestasis	 in	 the	 absence	 of	 large
duct	 obstruction,	 is	 seen	 among	 cases	 of	 severe	 sepsis	 and	 severe	 illness	with
high	mortality.50



Alcohol-Associated	Hepatitis
4 	 Alcohol-associated	 hepatitis	 (AH)	 is	 one	 of	 the	 manifestations	 of	 alcohol-
associated	 liver	 diseases	 characterized	 by	 acute	 hepatic	 inflammation	 due	 to
prolonged	 or	 acutely	 intense	 alcohol	 use.	 Onset	 of	 jaundice	 occurs	 within
8	weeks	of	ongoing	alcohol	consumption.	In	severe	cases,	signs	and	symptoms
of	 liver	 failure	 (jaundice,	 coagulopathy	and	encephalopathy)	may	be	observed.
Diagnosis	 is	 often	 made	 clinically,	 and	 occasionally	 a	 definite	 diagnosis	 may
require	 histological	 confirmation.	 Biopsy	 findings	 include	 neutrophilic	 lobular
inflammation,	degenerative	changes	of	the	hepatocytes	(ballooning	and	Mallory-
Denk	 bodies),	 steatosis,	 and	 pericellular	 fibrosis.51	 Underlying	 fibrosis	 or
cirrhosis	 is	 common	 among	 patients	 with	 AH.	 Assessing	 prognosis	 with
validated	 lab-based	 scoring	 systems	 is	 recommended	 to	 guide	 treatment	 and
management.	 Maddrey	 discriminant	 function,	 calculated	 from	 serum	 total
bilirubin	 and	 PT,	 identifies	 patients	 with	 AH	 with	 high	 risk	 of	 short-term
mortality	(30%-50%	at	28	days)	when	the	score	was	at	least	32	and	whom	may
benefit	 from	 corticosteroids.52	 Likewise,	 a	 model	 for	 end-stage	 liver	 disease
(MELD)	 score	 of	 at	 least	 20	 has	 been	 proposed	 for	 prompt	 corticosteroid
treatment	 consideration.53	 Recently,	 a	 large	 multicenter,	 double-blind
randomized	 controlled	 trial	 comparing	 steroids,	 pentoxifylline	 and	 a	 placebo
treatment	 of	 severe	AH,	did	not	 demonstrate	 a	 statistically	 significant	 survival
benefit	 at	 28	 days	 in	 patients	 receiving	 corticosteroids	 compared	with	 placebo
and	 no	 survival	 benefit	 from	 pentoxifylline.4	 However,	 a	 post	 hoc	 analysis
showed	improved	28-day	survival	but	not	90	days	with	steroids;	as	such,	a	trial
of	prednisolone	(40	mg/day)	for	selected	patients54	may	still	be	warranted.	The
Lille	 score	 is	 a	 model	 combining	 six	 reproducible	 variables	 (age,	 renal
insufficiency,	albumin,	PT,	bilirubin,	and	evolution	of	bilirubin	at	baseline	and
day	7)	was	 highly	 predictive	 of	 death	 at	 6	months.55	Among	 these	patients	 on
steroids,	 the	 Lille	 score	 should	 be	 used	 to	 reassess	 prognosis;	 it	 identifies
nonresponders,	and	guides	treatment	course.	Nonresponse	to	steroids	is	defined
by	 the	 Lille	 score	 >0.45	 at	 day	 7,	 predicting	 a	 poor	 prognosis	 and	 supports
cessation	 of	 corticosteroids	 and	 consideration	 of	 clinical	 trial	 enrollment	 for
early	LT.55

HEPATIC	DYSFUNCTION	DUE	TO	CHRONIC
LIVER	DISEASE	AND	CIRRHOSIS



Chronic	liver	disease	is	a	result	of	continuous,	long-term	hepatic	injury.	Chronic
viral	 hepatitis	 is	 arbitrarily	 defined	 as	 the	 presence	 of	 persistent	 liver
inflammation,	 liver	 chemistry	 abnormalities,	 and	 positive	 serologic	 and
molecular	markers	for	more	than	6	months.	The	persistent	nature	of	the	hepatic
insult	 leads	 to	 a	 sequence	of	 damage	 and	 repair	 processes	 that	may	ultimately
progress	 to	 the	 development	 of	 fibrosis	 and	 cirrhosis.	 The	 natural	 history	 of
cirrhosis	typically	follows	a	long	stable	or	compensated	phase	and	a	later	shorter
decompensated	 phase	 clinically	 manifested	 by	 variceal	 bleeding,	 ascites,	 HE,
and	 jaundice.	 Decompensated	 cirrhosis	 is	 associated	 with	 a	 36%	 increase	 of
hospital	admissions,	lengthening	of	hospital	stay,	and	hospitalization	costs.56

The	Child-Turcotte-Pugh	 (CPT)	 score	 is	 a	widely	 used	 scoring	 system	 that
describes	 severity	 of	 cirrhosis	 and	 prognosticates	 mortality	 outcomes	 (Table
208.5).	 Components	 of	 the	 scoring	 system	 include	 both	 laboratory	 tests	 and
clinical	 findings:	 serum	 albumin,	 serum	 bilirubin,	 PT/INR,	 and	 the	 degree	 of
ascites	and	encephalopathy	(Table	208.1).	Presently,	the	MELD	score,	calculated
from	the	INR,	total	bilirubin,	and	creatinine,	predicts	3-month	mortality	during
decompensated	 chronic	 liver	 diseases	 and	 is	 now	 primarily	 used	 to	 prioritize
liver	allocation	for	LT	among	patients	with	end-stage	liver	disease.57

TABLE	208.5

Child-Turcotte-Pugh	(CPT)	Scoring	System

Clinical	and	Biochemical
Measurements

Points	Scored	for	Increasing
Abnormality

1 2 3

Albumin	(g/dL) >3.5 2.8-3.5 <2.8

Bilirubin	(mg/dL) 1-2 2-3 >3

For	cholestatic	disease:	bilirubin
(mg/dL)

<4 4-10 >10

PT 1-4 4-6 >6

or	INR <1.7 1.7-2.3 >2.3



Ascites Absent Slight Moderate

Encephalopathy	(grade) None 1	and	2 3	and	4

*Child	A	represents	5	and	6	points;	Child	B,	7	to	9	points;	and	Child	C,	10	to	15	points.
PT	or	INR	may	be	used	for	scoring.

PT,	prothrombin	time;	INR,	international	normalized	ratio.
From	Pugh	RNH,	Murray-Lyon	IM,	Dawson	JL,	et	al.	Transection	of	the	esophagus	for	bleeding
esophageal	varices.	Br	J	Surg.	1973;60:646–649,	with	permission.

Management	of	Chronic	Hepatic	Dysfunction
The	four	hallmark	complications	of	cirrhosis	are	ascites,	HE,	variceal	bleeding,
and	 jaundice.	 The	 important	 distinction	 between	 compensated	 cirrhosis	 and
decompensated	cirrhosis	is	the	appearance	of	one	of	these	complications.

Hepatic	Encephalopathy
HE	 is	 a	 syndrome	 of	 disordered	 consciousness,	 psychiatric,	 neurological,	 and
neuromuscular	 abnormalities,	 as	 a	 result	 of	 chronic	 liver	 disease	 and/or
portosystemic	 shunts.58	 The	 pathogenesis	 of	 this	 disorder	 is	 complex	 and
incompletely	 understood.	 In-hospital	 mortality	 remains	 around	 15%.59	 Serum
ammonia	is	a	popular	marker	for	HE	in	chronic	liver	disease.	However,	there	is
poor	correlation	between	venous	ammonia	 levels	and	clinical	disease,60	and,	 in
many	 cases,	 results	 are	 of	 uncertain	 utility.	 No	 single	 test	 is	 available	 to
accurately	assess	the	presence	or	degree	of	HE.

Evaluation	 of	 patients	 with	 HE	 should	 start	 with	 identification	 of	 the
precipitating	 event.	 Metabolic	 abnormalities	 such	 as	 abnormal	 serum	 sodium,
potassium,	and	glucose	as	well	as	hypoxemia	should	be	corrected.	Prior	history
of	medications	or	toxic	ingestions	must	be	reviewed.

Medications	that	decrease	endogenous	nitrogen	production	and	delivery	to	the
liver	 play	 an	 important	 role	 for	 treating	 HE.	 Lactulose	 is	 a	 nonabsorbable
disaccharide	 that	 reduces	 the	 intestinal	 production	 and	 absorption	 of	 ammonia
which	can	be	given,	orally,	by	nasogastric	 tube	or	as	an	enema.	Rifaximin	 is	a
nonabsorbable	 rifamycin	 antibiotic	 that	 should	 be	 added	 to	 lactulose	 when
symptoms	 persist;	 it	 has	 been	 shown	 to	 maintain	 remissions	 and	 reduce
hospitalization	 related	 to	HE.61	 Oral	 branched	 chain	 amino	 acids,	mostly	 used
outside	 of	 the	 United	 States,	 improve	 manifestations	 of	 HE	 without	 survival



impact.62	Refractory	HE	can	occur	among	8%	of	patients	with	TIPS	and	can	be
successfully	 managed	 by	 downsizing	 the	 TIPS.63	 Large	 spontaneous
portosystemic	 shunts	 may	 occur	 among	 patients	 with	 refractory	 HE	 and
embolization	of	these	shunts	may	be	safe	and	effective.64

Variceal	Bleeding
Portal	hypertension	(PH)	is	characterized	by	increased	resistance	to	portal	flow
and	increased	portal	venous	inflow	owing	to	splanchnic	dilatation.	PH	is	defined
by	measuring	 the	 pressure	 difference	 between	 the	 hepatic	 vein	 and	 the	 portal
vein	(normal	pressure	gradient	3	mm	Hg)	via	a	transjugular	approach.	Clinically
significant	PH	is	>	10	mm	Hg	and	has	prognostic	significance.65	Portal	pressure
gradient	>12	mm	Hg	increases	the	risk	of	variceal	bleeding.66

Varices	 are	 present	 in	 about	 50%	 of	 patients	 with	 cirrhosis.66	 Primary
prophylaxis	with	β-blockers	is	recommended	for	patients	with	small	varices	with
red	 wale	 signs	 or	 in	 patients	 with	 large	 varices.	 Bleeding	 from	 gastric	 and
esophageal	 varices	 is	 a	 common	 indication	 for	 ICU	 admission	 among	 patients
with	 cirrhosis.	 Variceal	 bleeding	 presents	 with	 hematemesis,	 melena,	 or
hematochezia.	The	bleeding	event	 is	often	dramatic	and	associated	with	severe
hemodynamic	instability	and	frequently	followed	by	HE.

For	 these	patients,	 initial	management	 involves	 airway	protection	 for	 active
hematemesis	 or	 advanced	HE	 and	 volume	 resuscitation	 (Chapter	 22).	 Caution
against	 overtransfusion	 is	 warranted,	 with	 recent	 evidence	 showing	 higher
mortality	among	patients	who	were	liberally	transfused	(hemoglobin	<9	mg/dL)
compared	 to	 the	 patients	 who	 were	 judiciously	 transfused	 (hemoglobin
<7	mg/dL).67	Comprehensive	management	of	patients	with	GI	bleeding	 related
to	 PH	 must	 include	 the	 following	 considerations:	 treatment	 of	 the	 active
hemorrhage	 (blood/volume	 resuscitation,	 banding	 of	 esophageal	 varices,
octreotide	 infusion,	 and	 antibiotic	 prophylaxis),	 and	 prevention	 of	 rebleeding
(secondary	prophylaxis	with	nonselective	β-blockers).

For	 esophageal	 bleeding	 refractory	 to	 endoscopic	 treatment	 or	 for	 bleeding
gastric	varices,	consideration	must	be	given	to	salvage	therapy	with	transjugular
intrahepatic	 portosystemic	 shunt	 (TIPS).65	 Balloon	 retrograde	 transvenous
obliteration	 (BRTO)	 of	 gastric	 varices	 is	 an	 established	 technique	 for	 the
management	of	bleeding	varices.	Endoscopic	glue	injection	of	gastric	varices	is
performed	for	treatment	of	gastric	variceal	bleeding,	and	secondary	prophylaxis
where	there	 is	 local	expertise.	There	are	 insufficient	data	 to	compare	TIPS	and
BRTO.	A	recent	randomized	trial	found	BRTO	more	effective	than	cyanoacrylate
injection	 for	 preventing	 rebleeding	 from	 gastric	 varices;	 frequency	 of



complications	and	mortality	were	similar.68

Ascites
Mechanisms	 responsible	 for	 the	 formation	 of	 ascites	 are	 multifactorial,	 and
result	 in	 sodium	 and	water	 retention.	Circulatory	 dysfunction	 characterized	 by
arterial	 vasodilation	 and	 low	 peripheral	 vascular	 resistance	 with	 hypotension,
high	 cardiac	 output,	 and	 hypervolemia	 are	 seen	 among	 patients	 with	 PH	 and
ascites.	Levels	of	nitric	oxide,	a	potent	vasodilator,	are	elevated	in	the	splanchnic
circulation	 of	 patients	 with	 ascites.	 The	 ensuing	 arterial	 vasodilation	 triggers
activation	 of	 baroreceptor-mediated	 systems,	 the	 renin-angiotensin-aldosterone
system,	 and	 the	 sympathetic	 nervous	 system,	 inducing	 sodium	 retention.
Regulation	 of	 water	 balance	 is	 also	 disrupted	 in	 patients	 with	 cirrhosis.	 As	 a
result	of	the	reduced	effective	intravascular	volume,	arginine	vasopressin	levels
are	 elevated.	 The	 major	 clinical	 consequence	 of	 this	 elevation	 is	 dilutional
hyponatremia,	which	occurs	despite	an	avid	sodium-retaining	state.

Analysis	 of	 the	 ascitic	 fluid	 is	 essential	 for	 the	 appropriate	management	 of
patients	 with	 decompensated	 liver	 disease.	 Small	 volume	 (60	 mL)	 diagnostic
paracentesis	should	be	performed	for	patients	hospitalized	with	ascites.	Even	in
the	presence	of	 severe	coagulopathy,	 it	 is	 safe	 to	 remove	 fluid.69	 Infection	 and
bleeding	are	rare	complications	(<1%).70	The	ascitic	fluid	should	be	analyzed	for
cell	count	and	differential,	albumin,	and	total	protein.	Culture	of	the	ascitic	fluid
may	 also	 be	 needed.	 Additional	 tests	 such	 as	 triglycerides	 (chylous	 ascites),
amylase	(pancreatic	ascites),	adenosine	deaminase	(peritoneal	tuberculosis),	and
cytology	 (malignant	 ascites)	 should	 only	 be	 sent	 as	 clinically	 indicated.	 An
serum	ascites	albumin	gradient	(SAAG)	>1.1	g/dL	indicates	portal	hypertension
with	 97%	 specificity.	 A	 SAAG	 <1.1	 g/dL	 is	 found	 in	 nephrotic	 syndrome,
peritoneal	 carcinomatosis,	 serositis,	 tuberculosis,	 and	 biliary	 and	 pancreatic
ascites.	Ascitic	fluid	total	protein	is	helpful	and	expectedly	low	(<2.5	g/L)	with
portal	 hypertension.	 A	 high	 SAAG,	 high-protein	 ascitic	 fluid	 should	 prompt
evaluation	 for	 posthepatic	 etiologies	 such	 as	 heart	 failure	 and	 constrictive
pericarditis.

Most	patients	will	require	combination	of	a	potassium-sparing	diuretic	and	a
loop	 diuretic	 to	 achieve	 a	 more	 rapid	 natriuresis	 and	 to	 maintain	 normal
potassium	levels.	Large-volume	paracentesis	(LVP)	can	safely	remove	8	to	10	L
as	 a	 therapeutic	measure	 for	 patients	with	 tense	 ascites.	 The	 administration	 of
albumin	 (6-8	 g/L	 of	 ascites	 removed)	 during	 LVP	 has	 been	 associated	 with	 a
lower	 incidence	 of	 paracentesis-induced	 circulatory	 and	 renal	 dysfunction
without	affecting	survival.71



Refractory	 ascites	 is	 a	 condition	 that	 develops	 among	 patients	 who	 do	 not
respond	adequately	to	maximum	doses	of	diuretics.	About	10%	of	patients	will
fail	 diuretic	 therapy	 and	 develop	 refractory	 ascites.	 A	 reasonable	 treatment
alternative	 for	 patients	 with	 refractory	 ascites	 requiring	 frequent	 LVPs	 with
preserved	 liver	 function	 is	 deploying	 a	 TIPS.	 Complications	 associated	 with
TIPS	 include	 HE,	 cardiopulmonary	 compromise,	 pulmonary	 edema,	 transient
pulmonary	 hypertension,	 infection,	 bleeding,	 ischemic	 hepatitis,	 and	 shunt
occlusion.	 Peritoneovenous	 shunt	 and	 more	 recently,	 an	 indwelling	 peritoneal
catheter,	 may	 be	 considered	 for	 patients	 who	 are	 not	 TIPS	 candidate	 as	 a
palliative	 measure;	 unfortunately,	 occlusion	 and	 infection	 are	 frequently
associated	complications	that	limit	their	generalized	use.	Patients	with	cirrhosis
and	ascites	should	be	considered	for	LT.	An	expedited	referral	for	patients	with
refractory	ascites	is	recommended.

Spontaneous	Bacterial	Peritonitis
Spontaneous	 bacterial	 peritonitis	 (SBP)	 is	 an	 infectious	 complication	 resulting
from	 intestinal	 bacterial	 translocation	 that	 occurs	 through	 altered	 gut
permeability	 and	 bacterial	 overgrowth.	 The	 intestinal	 microbiome	 and	 genetic
and	acquired	immune	defects	are	linked	to	the	development	of	infection.72	SBP
develops	 in	 the	 setting	 of	 reticuloendothelial	 system	 depression	 and	 leukocyte
dysfunction	along	with	decreased	opsonic	activity	of	 the	ascitic	fluid.73	Twelve
percent	of	patients	with	ascites	admitted	to	the	hospital	for	any	reason	have	SBP,
and	 it	 is	 associated	 with	 high	 in-hospital	 mortality	 (16%-23%).74	 AKI	 often
complicates	SBP	and	prevention	of	AKI	is	associated	with	reduced	mortality.75

5 	 A	 polymorphonuclear	 cell	 count	 >250/μL	 or	 the	 presence	 of	 a	 positive
bacterial	culture	in	the	ascitic	fluid	establishes	the	diagnosis	of	SBP.	Inoculation
of	 culture	 bottles	 at	 bedside	 improves	 bacterial	 culture	 yield.	 Identification	 of
more	 than	one	organism	raises	 the	possibility	of	secondary	bacterial	peritonitis
usually	 related	 to	 a	 secondary	 intra-abdominal	 process.	 Because	 the
identification	 of	 organisms	 is	 not	 immediately	 available,	 treatment	 should	 be
targeted	at	the	most	likely	culprits.	The	ideal	antibiotic	should	have	both	gram-
negative	 and	 enteric	 organism	 coverage	 without	 nephrotoxicity.	 A	 third-	 or
fourth-generation	 cephalosporin	 (cefotaxime	 and	 ceftriaxone)	 and
ampicillin/sulbactam	are	the	recommended	first-line	agents.	Repeat	paracentesis
should	 be	 performed	 in	 patients	with	 SBP	who	 are	 not	 responding	 to	 therapy
after	48	hours.	 If	 a	50%	decrease	of	polymorphonuclear	 cell	 count	 is	not	 seen
after	 72	 hours	 of	 antibiotic	 use,	 antibiotic	 coverage	 should	 be	 broadened.
Antibiotics	 resistance	 is	 increasingly	 recognized	with	SBP,	and	 failure	of	 first-



line	 treatment	 caused	 by	 increasing	 rates	 of	 bacterial	 resistance	 is	 associated
with	poor	 prognosis.5	Nosocomial	 SBP	 is	 very	 problematic	 because	 it	 is	 often
caused	 by	 multidrug-resistant	 bacteria.	 Piperacillin/tazobactam	 or	 meropenem
with	 and	 without	 a	 glycopeptide	 is	 the	 recommended	 approach	 in	 Europe	 for
nosocomial	SBP.76	A	randomized	trial	showed	superior	outcomes	in	nosocomial
SBP	 treated	 empirically	 with	 meropenem	 and	 daptomycin	 compared	 to
ceftazidime	 (a	 third-generation	 cephalosporin).77	 Antifungal	 coverage	 is
sometimes	a	consideration.

Administration	of	IV	albumin	in	addition	to	antibiotics	in	the	setting	of	SBP
results	in	a	lower	incidence	of	renal	impairment,	improving	short-term	survival78
and	 is	 strongly	 recommended.	 The	 dose	 of	 albumin	 in	 the	 original	 study	was
1.5	g	albumin	per	kg	body	weight	within	6	hours	of	diagnosis	and	1.0	g/kg	on
day	3,	using	estimated	dry	weight.	Infusion	of	large	amounts	of	albumin	should
be	cautiously	administered	due	to	risks	of	pulmonary	edema.79	Nonselective	β-
blockers	 should	 be	 temporarily	 held	 for	 patients	 with	 SBP	 who	 develop
hypotension	(mean	arterial	pressure	<	65	mm	Hg)	or	AKI	and	then	resumed	after
blood	 pressure	 improvement.80	 Owing	 to	 the	 high	 recurrence	 rate	 of	 infection
(70%),81	 prophylactic	 long-term	 oral	 antibiotic	 therapy	 is	 recommended	 after
recovery.	 Secondary	 prophylaxis	 can	 be	 achieved	 with	 daily	 norfloxacin,
ciprofloxacin,	 or	 trimethoprim/sulfamethoxazole.	Daily	 dosing	 is	 the	 preferred
frequency	 to	 avoid	 the	 emergence	 of	 antibiotic-resistant	 strains.	 Primary
antibiotic	prophylaxis	for	SBP	is	indicated	after	acute	GI	bleeding,82	for	patients
with	ascitic	fluid	protein	>1.5	g/dL,	advanced	cirrhosis	(Child	B	or	C),	jaundice
(bilirubin	>3	mg/dL),	and	for	those	with	renal	impairment	(creatinine	1.2	mg/dL,
blood	urea	nitrogen	25	mg/dL,	serum	sodium	130	mmol/L).76

HEPATIC	HYDROTHORAX
Hepatic	 hydrothorax	 is	 a	 transudative	 pleural	 effusion	 of	 patients	 with	 portal
hypertension	 in	 the	 absence	 of	 an	 underlying	 cardiopulmonary	 or	 pleural
process.	It	occurs	in	5%	to	10%	of	cases	with	PH.	Although	frequently	occurring
on	the	right	by	direct	passage	of	peritoneal	fluid	through	diaphragmatic	defects,
left-sided	 and	 bilateral	 hydrothorax	 occur	 13%	 and	 2%	 of	 the	 time,
respectively.83	The	medical	management	is	similar	to	that	of	ascites	with	dietary
sodium	 restriction,	 diuretics,	 and	 TIPS	 for	 refractory	 cases.	 Among	 selected
patients	 with	 severe	 liver	 disease	 wherein	 placement	 of	 a	 TIPS	 is	 potentially
hazardous	(MELD	score	>	15),	there	are	some	reports	of	successful	control	with
implantation	of	drainage	indwelling	pleural	catheters.84



Chest	 tube	 placement	 should	 be	 avoided	 because	 it	 is	 associated	 with
infection,	high	output,	dehydration,	and	increased	mortality.85

HYPONATREMIA
With	cirrhosis,	hyponatremia	develops	with	ascites	during	a	state	of	avid	 renal
sodium	 retention	 and	 increased	 extracellular	 fluid	 volume	 (hypervolemic
hyponatremia)	 or	 from	 excessive	 losses	 of	 sodium	 and	 extracellular	 fluid
(hypovolemic	hyponatremia).	Hyponatremia	correlates	with	the	severity	of	liver
disease	 and	 is	 associated	 with	 poor	 outcomes.86	 The	 patient’s	 volume	 status
determines	 the	 treatment.	 Volume	 expansion	 is	 necessary	 for	 hypovolemic
hyponatremia.	 Hypervolemic	 hyponatremia	 is	 common	 with	 cirrhosis	 and	 is
usually	 tolerated,	 so	 rapid	 correction	 (>8	mmol/L	 in	 a	 day)	 should	be	 avoided
because	of	neurological	osmotic	demyelination	syndrome.	There	is	a	lack	of	data
on	 when	 treatment	 for	 hyponatremia	 should	 be	 initiated.	 In	 general,	 fluid
restriction	 to	 1	 L/d	 is	 recommended	 for	 patients	 with	 serum	 sodium	 <125
mEq/L.	 Patients	 with	 severe	 hyponatremia	 (<120	 mEq/L)	 with	 clinical
symptoms	 and	 impending	 LT	 may	 require	 specific	 and	 aggressive	 correction.
Hypertonic	 saline	 is	 only	 recommended	when	hyponatremia	 is	 associated	with
neurological	 symptoms	 due	 to	 risks	 of	 rapid	 correction	 leading	 to	 osmotic
demyelination	syndrome.

Vaptans	 are	 vasopressin	 receptor	 2	 antagonists	 that	 block	 the	 action	 of
arginine	vasopressin	 in	 the	distal	 tubules	of	 the	kidneys.	These	agents	result	 in
solute-free	 diuresis	 and	 have	 been	 used	 for	 patients	 with	 cirrhosis,	 dilutional
hyponatremia,	and	ascites.	A	meta-analysis	of	12	trials	on	the	safety	and	efficacy
of	 vaptans	 showed	 small	 benefits	 for	 hyponatremia	 and	 ascites	 with	 no
beneficial	 effect	 on	 mortality.87	 Thus,	 the	 routine	 use	 of	 vaptans	 is	 not
recommended	 but	 cautious	 use	 of	 vaptans	 for	 selected	 cirrhosis	 cases	 is
reasonable	after	considering	risks	and	benefits.80

Hepatorenal	Syndrome
Hepatorenal	syndrome	(HRS)	develops	during	the	terminal	stages	of	liver	failure
as	 a	 result	 of	 intense	 splanchnic	 vasodilatation	 leading	 to	 intravascular
hypovolemia	and	severe	renal	hypoperfusion.	It	is	a	feared	consequence	of	end-
stage	 liver	 disease	 and	 is	 seen	 in	 up	 to	 10%	 of	 patients	 hospitalized	 with
cirrhosis	and	ascites.88	In	HRS,	functional	renal	failure	occurs	in	the	absence	of
obvious	 abnormalities	 in	 kidney	 structure.	 Conceptually,	 the	 kidneys	 are



structurally	 normal,	 and	 the	 syndrome	 is	 reversible	with	LT	 in	 the	majority	 of
patients.	The	primary	mechanism	 in	 the	pathogenesis	of	HRS	 involves	 intense
renal	 vasoconstriction	 in	 response	 to	 activation	 of	 neurohumoral	 factors
including	the	renin-angiotensin-aldosterone	system	and	the	sympathetic	nervous
system	leading	to	low	renal	perfusion	and	glomerular	filtration	rate.

HRS	is	a	form	of	AKI.	An	increase	in	serum	creatinine	to	1.5	mg/dL	had	been
the	threshold	to	diagnose	AKI	in	cirrhosis.89	This	creatinine	cutoff	is	problematic
in	patients	with	sarcopenia	or	diminished	muscle	mass	and	may	not	 reflect	 the
glomerular	 filtration	 rate.	 In	 addition,	 the	 initial	 small	 increase	 in	 serum
creatinine	may	correspond	to	a	dramatic	drop	in	glomerular	filtration	rate	in	such
patients.

There	are	two	clinically	distinct	types	in	HRS.	Type	I	HRS	progresses	rapidly
and	 has	 a	 close	 temporal	 association	with	 a	 precipitating	 event	 that	 results	 in
progressive	 loss	 of	 kidney	 function	 in	 2	 weeks.	 Type	 II	 HRS	 progresses	 in	 a
slower	 but	 relentless	 fashion	 as	 an	 expression	 of	 circulatory	 dysfunction	 and
clinically	manifests	as	diuretic-resistant	ascites.	In	contrast	to	patients	with	HRS
that	present	with	better	preserved	liver	function,	patients	with	HRS	have	a	very
poor	 prognosis.	 They	 are	 usually	 severely	 ill	 with	 marked	 edema,	 ascites,
sodium	retention,	hyponatremia,	and	hypotension.	In	both	cases,	the	presence	of
ascites	is	necessary	to	make	the	diagnosis	of	HRS.	Precipitants	of	HRS	include
SBP,	infection,	LVP	without	plasma	expansion,	and	GI	bleeding.

Pharmacological	 therapy	 with	 splanchnic	 vasoconstrictor	 drugs	 and	 IV
albumin	is	usually	initiated	when	HRS	is	suspected.	Splanchnic	vasoconstrictors
used	in	the	treatment	of	HRS	include	terlipressin,	norepinephrine,	or	octreotide
in	 combination	 with	 the	 α-agonist	 midodrine.	 Among	 the	 vasoconstrictors,
terlipressin	 is	 the	 most	 extensively	 studied,	 but	 it	 is	 not	 yet	 available	 in	 the
United	States.	Combination	of	midodrine	(15	mg	three	times	a	day),	octreotide
(200	 µg	 subcutaneously	 three	 times	 a	 day),	 and	 albumin	 infusion,	 has	 shown
benefit	in	small	studies;	this	regimen	can	be	given	outside	the	ICU.90	Terlipressin
with	 albumin	 has	 been	 shown	 to	 be	 more	 effective	 than	 the	 combination	 of
midodrine,	octreotide,	and	albumin.91	Norepinephrine	is	a	reasonable	alternative
to	terlipressin	as	it	has	been	shown	equivalent	with	less	adverse	events.92	RRT	is
usually	required	in	a	majority	of	these	patients	as	a	bridge	to	LT.

HRS	may	occasionally	be	prevented	by	timely	administration	of	albumin	and
antibiotics	 for	 the	 treatment	 of	 SBP.	 There	 have	 been	 reports	 of	 TIPS	 as	 a
treatment	 of	 types	 I	 and	 II	 HRS	 with	 some	 success93;	 however,	 the	 risk	 of
mortality	 is	 high	 because	 these	 patients	 usually	 have	 high	MELD	 scores	 and
TIPS	cannot	always	be	advocated.	Urgent	referral	for	LT	is	recommended	once
HRS	is	suspected.	In	HRS,	LT	offers	better	survival.	Among	patients	who	do	not



receive	LT,	RRT	does	not	provide	an	improved	survival	benefit.	Although	LT	is
the	 only	 curative	 option,	 reversal	 was	 only	 seen	 in	 76%	 of	 cases	 of	 HRS	 1.
Duration	 of	 pretransplant	 dialysis	 was	 the	 only	 observed	 predictor	 of
reversibility.94

Hepatopulmonary	Syndrome	and	Portopulmonary
Hypertension
Hepatopulmonary	 syndrome	 (HPS)	 is	 a	 clinical	 disorder	 of	 impaired
oxygenation	 caused	by	 intrapulmonary	vascular	 dilatation	 in	 the	 setting	of	PH
and	absence	of	primary	cardiopulmonary	disease.	The	clinical	features	platypnea
(shortness	of	breath	improved	when	supine)	and	orthodeoxia	(fall	in	the	arterial
PO2	 in	 the	 upright	 position)	 are	 distinctive	 to	 this	 syndrome.	 Isolated	 hypoxia
should	 be	 further	 investigated	 with	 contrast-enhanced	 echocardiogram	 or	 a
transthoracic	echocardiogram	with	agitated	saline	(bubble	study).	The	presence
of	delayed	microbubbles	 in	addition	 to	a	PaO2	<	80	mm	Hg	with	 a	 larger	A-a
gradient	is	consistent	with	HPS.	HPS	is	associated	with	significant	increased	risk
of	death	and	worse	quality	of	life.95	There	is	no	approved	therapy	for	HPS,	and
LT	is	the	only	curative	treatment.

Portopulmonary	 hypertension	 (PPH)	 is	 defined	 as	 pulmonary	 hypertension
(pulmonary	 artery	 pressure	>	 25	mm	Hg	 and	 pulmonary	 vascular	 resistance	>
240	dynes/s/cm5)	in	the	setting	of	PH	and	absence	of	other	primary	lung	disease.
Typical	 symptoms	 are	 dyspnea	 or	 nonspecific	 chest	 discomfort.	 Diagnosis
usually	 starts	with	 transthoracic	 echocardiogram	where	 right	 ventricle	 systolic
pressure	 is	 >40	mm	Hg	 and	 pulmonary	 artery	 pressure	 is	 >25	mm	Hg.	Other
etiologies	 of	 pulmonary	 hypertension	 should	 be	 investigated	 and	 excluded.	 A
right	heart	catheterization	is	required	to	confirm	pulmonary	artery	pressure	and
resistance	and	exclude	volume	overload	or	 left	heart	 failure.	PPH	is	associated
with	 significant	 morbidity	 and	 mortality	 with	 an	 estimated	 1-year	 survival
without	treatment	of	60%.96	Medical	treatment	for	PPH	is	similar	to	that	of	other
forms	of	 pulmonary	hypertension.	LT,	 although	 still	 offered,	may	not	 confer	 a
significant	survival	advantage	in	advanced	cases	of	PPH	very	likely	due	to	fixed
arterial	structural	changes.97

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	51-year-old	woman	hospitalized	4	weeks	ago	for	severe	alcoholic
hepatitis	is	now	presenting	to	the	emergency	department	with	dyspnea	and
increasing	abdominal	girth.	During	that	prior	hospitalization,	she	began	diuretics
for	ascites.	Her	laboratory	findings	now	are	Na	123	mEq/L,	K	3.5	mEq/L,	Cl	79
mEq/L,	CO2	33	mEq/L,	BUN	20	mg/dL,	Cr	0.41	mg/dL,	anion	Gap	11,	total
bilirubin	14.6	mg/dL,	protein	6.8	g/dL,	albumin	2.5	g/dL,	alkaline	phosphatase
129	IU/L,	AST	149	IU/L,	ALT	46	IU/L,	and	INR	2.6.	What	is	the	most
appropriate	next	step	in	management?

A. 	Daily	fluid	restriction	of	1.5	to	2	L
B. 	Diagnostic	paracentesis
C. 	Liver	transplant
D. 	Transjugular	intrahepatic	portosystemic	shunt	(TIPS)

2. 	A	59-year-old	man	has	decompensated	cirrhosis	due	to	hepatitis	B.
Complications	include	hepatic	encephalopathy,	recurrent	ascites,	and	large,
nonbleeding	esophageal	varices.	He	takes	lactulose	titrated	to	the	number	of
daily	stools	along	with	twice-daily	rifaximin.	He	is	now	admitted	with	confusion
(grade	2	hepatic	encephalopathy)	after	being	told	to	stop	his	medications
because	of	subacute,	nonbloody	diarrhea.	What	is	the	most	appropriate
management?

A. 	Dietary	modifications	to	reduce	protein	intake
B. 	Restart	lactulose,	orally
C. 	Restart	lactulose,	via	enema
D. 	Restart	rifaximin

3. 	Each	of	the	following	hepatotropic	viruses	can,	by	themselves,	cause
fulminant	liver	failure,	EXCEPT:

A. 	Hepatitis	A
B. 	Hepatitis	B
C. 	Hepatitis	C
D. 	Hepatitis	D

Answers



1.	The	correct	answer	is	B.
Rationale:	Twelve	percent	of	patients	with	ascites	admitted	to	the	hospital	for

any	 reason	have	spontaneous	bacterial	peritonitis	 (SBP)	 that	 is	associated	with
high	 in-hospital	 mortality	 (16%	 to	 23%).	 SBP	 can	 only	 be	 diagnosed	 with
paracentesis	 (choice	B	 is	 correct).	This	 patient’s	 hyponatremia	 is	 likely	 due	 to
volume	 depletion	 from	 diuretics,	 so	 further	 fluid	 restriction	 would	 be
inappropriate	 (choice	 A	 is	 incorrect).	 Referral	 for	 liver	 transplant	 can	 be
considered	after	ruling	out	SBP	(choice	C	is	not	the	best	answer).	This	patient’s
hepatic	dysfunction	is	too	severe	for	TIPS	to	be	effective	(choice	D	is	incorrect).

2.	The	correct	answer	is	B.
Rationale:	Lactulose	is	the	first	line	therapy	for	hepatic	encephalopathy,	and

the	oral	route	is	preferred	in	patients	with	mild-moderate	encephalopathy	(choice
B	 is	 correct,	 and	 choice	 C	 is	 incorrect).	 Many	 patients	 with	 cirrhosis	 are
malnourished	 and	 so	 protein	 restriction	 should	 be	 avoided	 (choice	 A	 is
incorrect).	Rifaximin	should	be	added	 to	 lactulose	 if	symptoms	persist,	but	not
used	as	acute	monotherapy	(choice	D	is	incorrect).	Rifaximin	has	been	shown	to
maintain	 remissions	 and	 reduce	 hospitalizations	 related	 to	 hepatic
encephalopathy.

3.	The	correct	answer	is	D.
Rationale:	Hepatitis	D	virus,	a	small,	defective	RNA	virus	is	only	pathogenic

for	patients	infected	with	hepatitis	B.	Disease	can	range	from	mild	symptoms	to
fulminant	liver	failure	(choice	D	is	the	“correct”,	wrong	answer).	Hepatitis	A,	B,
and	C	have	all	been	associated	with	fulminant	liver	failure	(choices	A,	B,	and	C
are	incorrect	“right”	answers).
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Chapter	209
Severe	and	Complicated	Biliary	Tract
Disease
Tarek	Abou	Hamdan,	Riad	Azar

KEY	POINTS:
1.	 Abdominal	ultrasonography	is	the	initial	diagnostic	biliary	test	of

choice	in	ICU	setting.
2.	 The	key	principles	of	treatment	for	acute	cholangitis	consist	of

empiric	antibiotic	therapy	directed	against	gram-negative	bacteria
and	anaerobes,	and	biliary	drainage.

3.	 ERCP	is	highly	effective	for	the	management	of	bile	leaks.
4.	 Percutaneous	cholecystostomy	offers	an	important	therapeutic

alternative	for	critically	ill	patients	with	acute	cholecystitis.
5.	 Early	ERCP	is	only	beneficial	for	the	management	of	biliary

pancreatitis	in	the	presence	of	persistent	obstructive	jaundice	or
cholangitis.

INTRODUCTION
A	wide	spectrum	of	acute	biliary	tract	diseases	may	be	seen	in	the	intensive	care
unit	 (ICU).	Presentations	vary	 from	mildly	abnormal	blood	chemistries	 to	 life-
threatening	 septic	 shock.	 Unrecognized	 biliary	 disease	 can	 lead	 to	 significant
morbidity.	A	 practical	 approach	 to	 evaluate	 and	 treat	 biliary	 disorders	 using	 a
wide	 array	 of	 noninvasive	 and	 invasive	 diagnostic	 and	 therapeutic	 aids	 is	 of
paramount	importance.

The	anatomy	of	the	biliary	tract	is	depicted	in	Figure	209.1.	Approximately
500	mL	of	bile	 is	 secreted	 at	 the	 level	of	 the	 canaliculus	 each	day.	Bile	 flows
through	 progressively	 larger	 ductules	 until	 it	 reaches	 the	main	 bile	 ducts.	 The



bile	duct	courses	through	or	immediately	adjacent	to	the	head	of	the	pancreas	in
more	than	90%	of	patients.	Hence,	any	pathology	in	the	head	of	the	pancreas	can
result	 in	 biliary	 obstruction.	 Bile	 flow	 into	 the	 duodenum	 is	 regulated	 by	 the
sphincter	of	Oddi,	which	consists	of	muscle	 fibers	 that	 surround	 the	distal	bile
duct	in	the	wall	of	the	duodenum	at	the	major	ampulla.	Tonic	contraction	of	the
sphincter	 increases	 pressure	 in	 the	 common	 bile	 duct	 (CBD)	 and	 allows	 the
gallbladder	 to	 fill	 in	 a	 retrograde	 fashion	 through	 the	 cystic	 duct.	 A	 gallstone
passing	 from	 the	 gallbladder	 to	 the	 duodenum	 would	 typically	 encounter
resistance	to	passage	in	the	region	of	the	cystic	duct	and	at	the	sphincter	of	Oddi.
Biliary	 tree	 pathology	 can	 be	 diagnosed	 by	 transabdominal	 ultrasonography,
computed	 tomography	 (CT),	 magnetic	 resonance	 cholangiopancreatography
(MRCP),	 endoscopic	 retrograde	 cholangiopancreatography	 (ERCP),	 or
endoscopic	 ultrasonography	 (EUS).	 Access	 to	 the	 biliary	 tree	 for	 therapeutic
purposes	may	be	achieved	through	ERCP,	EUS,	percutaneously,	or	open	surgery.

	

Figure	209.1 	Normal	 anatomy	 of	 the	 biliary	 tract.(From	Turner
MA,	 Cho	 S-R,	 Messmer	 JM.	 Pitfalls	 in	 cholangiographic
interpretation.	Radiographics.	1987;7:1067,	with	permission.)

DIAGNOSTIC	EVALUATION



Physical	Examination
Physical	signs	of	patients	with	biliary	 tract	disease	may	encompass	a	spectrum
from	an	acute	abdomen	to	nonspecific	findings	including	ileus,	fever,	or	sepsis
with	hemodynamic	instability.	Physical	exam	may	reveal	icterus,	hepatomegaly,
ascites,	or	focal	right	upper	quadrant	tenderness.

Laboratory	Evaluation
For	 the	 obtunded	or	 otherwise	 compromised	 ICU	patient,	 abnormal	 laboratory
values	 often	 are	 the	 first	 clue	 to	 biliary	 tract	 disease.	All	 ICU	 patients	 should
have	 appropriate	 laboratory	 testing	 on	 admission,	 including	 serum	 bilirubin,
alkaline	 phosphatase,	 and	 transaminases.	 Bilirubin	 elevation	 may	 indicate	 an
obstructive	 biliary	 process,	 but	 other	 processes	 such	 as	 sepsis,	 drug	 effects,
hemolysis,	 or	 other	 nonbiliary	 etiologies	 should	 be	 considered.	 Alkaline
phosphatase	elevation	is	not	specific	for	biliary	disease;	concomitant	elevation	of
γ-glutamyltransferase	 helps	 to	 confirm	 its	 hepatobiliary	 origin.	 Serum
transaminase	 elevations	 are	 the	hallmark	of	hepatocellular	 injury.	However,	 an
elevation	in	transaminases	can	also	be	seen	in	patients	with	bile	duct	obstruction
and	 may	 precede	 bilirubin	 and	 alkaline	 phosphatase	 elevation	 in	 the	 acute
setting.	 Occasionally,	 laboratory	 evaluation	 can	 be	 normal	 as	 in	 cholecystitis,
without	 involvement	 of	 the	 CBD	 and	 without	 substantial	 pericholecystic
hepatitis.

Noninvasive	Imaging	Studies
Noninvasive	 radiologic	 imaging	 is	 essential	 for	 the	 evaluation	of	patients	with
suspected	biliary	tract	disease.

Plain	Abdominal	Radiograph
The	plain	radiographic	features	of	biliary	tract	disease	are	usually	nonspecific.1
The	 most	 common	 bowel	 gas	 finding	 seen	 among	 patients	 with	 acute	 biliary
disease	is	a	generalized	ileus.	Gallstones	are	rarely	detected	on	plain	radiographs
because	 only	 20%	of	 stones	 are	 radiopaque.	Air	 in	 the	 biliary	 tree	may	 result
from	 a	 biliary-enteric	 fistula	 or	 surgical	 anastomosis,	 prior	 sphincterotomy,	 or
infection	with	gas-producing	organisms.

Ultrasonography



Ultrasonography	is	the	initial	diagnostic	test	of	choice	in	the	ICU	setting	and	can
be	performed	at	the	bedside.2	It	is	a	sensitive	test	for	determining	biliary	ductal
dilatation,	 acute	 cholecystitis,	 and	 >95%	 accuracy	 in	 detecting	 cholelithiasis.
However,	 it	 has	 low	 sensitivity	 (25%-60%)	 for	 detecting	 choledocholithiasis3
because	gas	in	the	duodenum	can	obscure	visualization	of	the	distal	bile	duct.	In
the	 presence	 of	 cholelithiasis	 or	 gallbladder	 sludge,	 the	 findings	 of	 ductal
dilatation,	 elevated	 liver	 enzymes,	 abdominal	 pain,	 and	 fever	 are	 strongly
suggestive	of	 cholangitis.	Findings	on	ultrasonography	 that	may	 indicate	 acute
gallbladder	disease	 include	 focal	 tenderness	over	 the	gallbladder,	 thickening	of
the	 gallbladder	wall,	 and	 pericholecystic	 fluid	 collections,	 but	 none	 is	 specific
for	 cholecystitis.	The	 technique	may	 also	 detect	 other	 abnormalities,	 including
liver	lesions,	pancreatic	masses,	abscesses,	or	ascites.

Radionuclide	Scanning
Technetium-99m–labeled	 hepatic	 iminodiacetic	 acid	 (HIDA)	 scan	 yields
physiologic	 and	 structural	 information	 regarding	 the	 biliary	 tract.	 Filling	 the
gallbladder	with	 radionuclide	 confirms	 cystic	 duct	 patency,	 virtually	 excluding
the	 diagnosis	 of	 acute	 cholecystitis.	 False-positive	 examinations	 can	 be	 seen
among	patients	with	chronic	cholecystitis,	on	 long-term	parenteral	nutrition,	or
after	 prolonged	 fasting.	 Delayed	 views	 and	 routine	 pretreatment	 with
cholecystokinin	 increase	 the	 accuracy	 of	 technetium-99m–labeled	 HIDA
scanning	for	acute	cholecystitis	 to	greater	 than	93%.4	Radionuclide	scanning	 is
also	 useful	 for	 identifying	 structural	 abnormalities	 of	 the	 biliary	 tree,	 such	 as
significant	 bile	 duct	 leaks;	 evidence	 of	 radiotracer	 in	 the	 abdominal	 cavity	 is
diagnostic	of	bile	leak.	It	has	a	limited	role	in	patients	with	poor	hepatocellular
function,	 complete	 biliary	 obstruction,	 or	 cholangitis,	 each	 of	 which	 prevents
adequate	uptake	or	excretion	of	the	radiopharmaceutical	into	the	biliary	tree.

Computed	Tomography
CT	scanning	has	 low	sensitivity	 for	 the	detection	of	 choledocholithiasis	 and	 is
used	 primarily	 to	 document	 biliary	 dilation,	 to	 exclude	 other	 causes	 of	 biliary
obstruction	 (eg,	 a	mass	 lesion	 or	 neoplasia),	 and	 to	 detect	 local	 complications
such	 as	 liver	 abscess.	 Unlike	 ultrasonography	 or	 radionuclide	 scanning,	 CT
cannot	 be	 used	 portably	 in	 the	 ICU.	 Findings	 on	 CT	 in	 gallbladder	 disease
include	 thickening	 of	 the	 gallbladder	 wall,	 pericholecystic	 fluid,	 and	 adjacent
abscesses.	In	addition,	CT	may	reveal	a	biloma	or	free	fluid	in	the	abdomen.	CT
also	 allows	 detailed	 visualization	 of	 the	 pancreas	 for	 grading	 the	 severity	 of



pancreatitis	 and	 assessing	 its	 complications,	 such	 as	 necrosis	 or	 pseudocyst
formation.

Magnetic	Resonance	Imaging
The	 use	 of	 MRCP	 images	 can	 be	 manipulated	 to	 display	 highly	 accurate
representations	of	 the	pancreatobiliary	system	with	high	sensitivity	(88%-96%)
and	specificity	(93%-100%)	for	the	diagnosis	of	choledocholithiasis,5	 strictures,
and	tumors.	It	has	limited	value	for	detecting	stones	<6	mm,	impacted	stone	at
the	ampulla,	and	dilated	bile	duct	>10	mm.6	Its	use	is	limited	when	patients	are
too	sick	for	transport	to	the	radiology	suite.

Summary
1 	 When	 evaluating	 the	 ICU	 patient	 with	 suspected	 biliary	 tract	 disease,
ultrasonography	 should	 be	 the	 initial	 procedure	 of	 choice,	 followed	 by
hepatobiliary	 scanning	 if	 cystic	 duct	 obstruction	 or	 bile	 leakage	 is	 suspected.
Both	 are	 portable	 and	 noninvasive.	Ultrasonography	 is	 highly	 accurate	 for	 the
detection	of	gallstones	and	structural	pathology.	Hepatobiliary	scanning,	on	the
contrary,	 provides	 physiologic	 information,	 primarily	 regarding	 patency	 of	 the
cystic	duct.	Functional	information	can	be	especially	important	for	patients	with
suspected	calculous	or	acalculous	cholecystitis.	CT	or	MRI	should	be	 reserved
for	those	patients	in	whom	sonographic	or	radionuclide	findings	are	equivocal,	if
other	 intra-abdominal	pathology	needs	 to	be	excluded,	or	 if	ductal	dilatation	 is
seen	on	ultrasonography	without	a	clearly	defined	etiology.

Invasive	Diagnostic	Testing

Endoscopic	Retrograde	Cholangiopancreatography
The	technique	of	ERCP	is	used	for	therapeutic	purposes.	In	brief,	a	side-viewing
endoscope	 is	 passed	 through	 the	mouth	 into	 the	 second	 duodenum,	where	 the
major	 ampulla	 is	 identified	 and	 cannulated.	 The	 biliary	 tree	 is	 then	 opacified
with	contrast	injected	through	a	catheter,	allowing	a	retrograde	cholangiogram	to
be	 obtained.	 Fluoroscopy	 and	 standard	 radiographs	 are	 used	 to	 examine	 the
biliary	 tree	 and	 define	 abnormalities	 including	 stones,	 strictures,	 leaks,	 and
obstruction.	 Endoscopic	 therapy,	 including	 stone	 removal,	 biliary	 drainage,	 or
stricture	dilatation,	can	be	accomplished	in	the	same	setting.	Therapeutic	ERCP



can	be	performed	for	the	ICU	patient,	especially	if	the	patient	can	be	stabilized
for	 endoscopy	 and	 transported	 to	 a	 fluoroscopy	 room;	 alternatively,	 emergent
biliary	 decompression	 can	 be	 performed	 at	 the	 bedside	 using	 portable
fluoroscopy.	 Coagulopathies	 should	 be	 corrected	 before	 the	 procedure,
especially	 when	 an	 endoscopic	 sphincterotomy	 (electrocautery	 incision	 of	 the
sphincter	 of	 Oddi	 in	 the	 duodenal	 wall	 for	 stone	 removal	 or	 drainage)	 is
anticipated.	When	coagulopathies	cannot	be	satisfactorily	corrected,	a	stent	can
be	 placed	 into	 the	 bile	 duct	 to	 allow	 drainage	 without	 performing	 a
sphincterotomy.	 Major	 morbidities	 from	 the	 procedure	 include	 pancreatitis,
cholangitis,	 perforation,	 and	 hemorrhage.	 The	 complication	 rates	 of	 ERCP
consist	of	pancreatitis	at	3.5%,	infection	at	1.4%,	and	perforation	at	0.6%	under
standard	conditions.7	The	value	of	ERCP	is	largely	operator	dependent	and	can
be	 highly	 successful	 in	 the	 delineation	 and	 treatment	 of	 biliary	 disease	 in	 the
ICU	patient.8

Endoscopic	Ultrasonography
EUS	 involves	 the	 transoral	 passage	 of	 an	 endoscope	 with	 an	 ultrasonic
transducer	 at	 the	 tip.	 The	 limitations	 of	 transabdominal	 ultrasonography	 are
overcome	with	 this	modality	because	all	areas	of	 the	biliary	 tree,	 including	 the
intrapancreatic	portion	of	 the	bile	duct	 as	well	 as	 the	pancreas,	 can	be	 imaged
without	 interference	 from	 gas	 in	 the	 intestines.	 EUS	 can	 reliably	 identify
cholelithiasis	 and	 is	 more	 sensitive	 than	 transabdominal	 ultrasonography	 in
detecting	choledocholithiasis	with	a	sensitivity	of	95%,	specificity	of	98%,	and
an	 accuracy	 of	 96%.	 Compared	 to	MRCP,	 EUS	 has	 the	 additional	 benefit	 of
detecting	small	(<5	mm)	stones	in	normal	caliber	bile	ducts.9	Although	EUS	is
typically	an	elective	procedure	and	uncommonly	used	in	 the	ICU,	the	test	may
be	useful	for	identifying	those	patients	who	would	benefit	from	endoscopic	stone
extraction	by	ERCP,10	in	particular	when	clinical	predictors	of	biliary	obstruction
such	as	cholestatic	liver	enzymes	and	dilated	CBD	by	ultrasonography	or	CT	are
unreliable	for	predicting	the	presence	of	CBD	stones	in	the	early	stages	of	acute
gallstone	pancreatitis.11

Percutaneous	Transhepatic	Cholangiography
Percutaneous	transhepatic	cholangiography	(PTC)	is	used	primarily	as	an	initial
step	of	percutaneous	transhepatic	biliary	drainage.	Decompression	of	the	biliary
tree	 via	 a	 percutaneous	 catheter	 is	 a	 highly	 effective	 method	 for	 rapid
nonoperative	 and	 nonendoscopic	 biliary	 decompression.	 This	 procedure	 is



indicated	 when	 a	 patient	 requires	 emergent	 biliary	 drainage	 but	 is	 not	 stable
enough	to	undergo	ERCP	under	conscious	sedation,	if	 the	major	papilla	cannot
be	reached	endoscopically	because	of	postsurgical	anatomy,	or	a	technical	failure
in	cannulating	the	bile	duct.	The	technique	involves	an	initial	PTC	to	delineate
the	 biliary	 anatomy,	 followed	 by	 selective	 cannulation	 of	 an	 appropriate
intrahepatic	bile	duct	with	an	18-gauge	needle.	A	guidewire	is	then	passed	into
the	biliary	tree,	the	tract	is	dilated,	and	a	drainage	catheter	is	placed.	Successful
drainage	can	be	established	for	almost	all	patients.	Percutaneous	biliary	drainage
is	an	invasive	procedure,	and	acute	complications,	including	hemorrhage,	sepsis,
and	bile	leakage,	occur	in	1%	to	5%	of	patients.12

BILIARY	TRACT	DISORDERS	ENCOUNTERED	IN
THE	INTENSIVE	CARE	UNIT

Acute	Cholangitis
Acute	cholangitis	 is	a	 life-threatening	illness.	The	presentation	of	patients	with
cholangitis	 may	 range	 from	 intermittent	 low-grade	 fever	 to	 fulminant	 septic
shock.	 This	 diagnosis	 must	 be	 considered	 and	 excluded	 in	 all	 patients	 who
present	to	the	ICU	with	shock	and	sepsis	of	unknown	origin	because	of	the	high
mortality	 if	 urgent	 biliary	 decompression	 is	 not	 accomplished.	 It	 occurs	 as	 a
consequence	of	partial	or	complete	biliary	tract	obstruction,	typically	in	patients
with	biliary	stasis	in	the	presence	of	bacterobilia	secondary	to	stones,	strictures,
or	 recent	 manipulations	 of	 the	 biliary	 tree.6	 Bacteremia	 or	 endotoxemia	 is
correlated	 directly	with	 the	 elevated	 intrabiliary	 pressure	 that	 allows	 reflux	 of
bacteria	into	the	bloodstream.

Acute	cholangitis	is	a	clinical	syndrome	characterized	by	fever,	jaundice,	and
abdominal	 pain	 (Charcot	 triad)	 present	 in	 15%	 to	 72%	 of	 patients.13	 Reynold
pentad	(Charcot	triad	with	the	addition	of	hypotension	and	altered	mental	status)
may	be	seen	in	only	4%	to	8%	of	patients	with	cholangitis.	Liver	enzymes	are
invariably	elevated,	with	a	widely	variable	range.	Blood	cultures	are	positive	in
21%	to	71%,14,15	and	gram-negative	isolates	of	Escherichia	coli,	Klebsiella,	and
Enterococcus	 are	often	 found.	Anaerobic	bacteria	are	 isolated	more	commonly
in	 polymicrobial	 infections	 in	 patients	 who	 have	 had	 prior	 biliary-enteric
surgery,	are	elderly,	or	have	severe	disease.6	Patients	who	have	had	recent	biliary
surgery	or	who	have	 indwelling	stents	are	more	 likely	 to	harbor	Enterococcus,
hospital-acquired	organisms,	or	fungi.16



Because	 most	 patients	 with	 cholangitis	 will	 demonstrate	 gallstones	 or	 a
dilated	biliary	tree,	an	abdominal	ultrasound	is	 the	best	 initial	evaluation.	This,
in	association	with	elevated	liver	enzymes,	fever,	or	sepsis,	is	strongly	indicative
of	this	diagnosis	and	should	prompt	early	consultation	for	decompression.

Treatment
2 	Once	 cholangitis	 is	 suspected,	 the	patient	 should	be	 treated	 empirically	with
broad-spectrum	 antibiotics	 with	 adequate	 biliary	 excretion	 such	 as
ampicillin/sulbactam,	 piperacillin/tazobactam,	 third-	 or	 fourth-generation
cephalosporins,	 a	quinolone,	or	 a	 carbapenem.	Patients	who	have	mild	disease
usually	 respond	 promptly	 to	 medical	 therapy	 and	 should	 undergo	 biliary
decompression	and/or	definitive	therapy	for	bile	duct	stones	as	early	as	possible,
preferably	 within	 24	 to	 48	 hours.	 Patients	 who	 have	 severe	 or	 progressive
obstructive	biliary	disease	require	urgent	biliary	drainage	in	addition	to	medical
therapy.17	Delay	in	securing	biliary	drainage	in	this	subgroup	may	produce	a	fatal
outcome.	 This	 can	 be	 accomplished	 by	 endoscopic,	 percutaneous,	 or	 surgical
means.	 Selection	 of	 a	 particular	 approach	 should	 be	 tailored	 to	 the	 patient’s
condition,	 local	 expertise,	 and	 the	 rapid	 availability	 of	 the	 procedure.	 Initial
efforts	for	decompensated	patients	should	concentrate	on	decompression	of	 the
biliary	tree	through	ERCP	or	percutaneous	drainage.	Definitive	therapy	may	be
accomplished	at	a	later	time,	even	if	this	requires	a	second	procedure.	It	must	be
recognized	 that	 even	 with	 modern	 support,	 biliary	 decompression	 techniques,
and	 broad-spectrum	 antibiotics,	 the	mortality	 from	 acute	 fulminant	 cholangitis
ranges	from	10%	to	50%.

Biliary	Obstruction
Biliary	 obstruction	 may	 present	 without	 cholangitis.	 The	 multiple	 causes	 of
biliary	 obstruction	 are	 listed	 in	 Table	 209.1,	 the	 most	 common	 being	 stone
disease,	benign	stricture,	and	malignancy.	The	patient	with	physical	findings	and
laboratory	 studies	 suggesting	 obstruction	 should	 initially	 be	 evaluated	 with
noninvasive	imaging	or	EUS	to	define	the	level	of	obstruction	and	determine	the
etiology	for	definitive	therapy	planning.

TABLE	209.1



Causes	of	Biliary	Obstruction

Intrinsic	lesions

Stones

Cholangiocarcinoma

Benign	stricture

Sclerosing	cholangitis

Periarteritis	nodosa

Ampullary	stenosis

Parasites

Extrinsic	lesions

Pancreatic	carcinoma

Metastatic	carcinoma

Pancreatitis

Pancreatic	pseudocyst

Visceral	artery	aneurysm

Lymphadenopathy

Choledochal	cyst

Hepatic	cyst(s)

Duodenal	diverticulum

Iatrogenic	lesions

Postoperative	stricture

Hepatic	artery	infusion	chemotherapy

Biliary	 obstruction	without	 cholangitis	 is	 seen	more	 often	with	malignancy
than	with	stone	disease	or	 inflammatory	strictures.	Definitive	 therapy	for	stone



disease	and	benign	strictures	as	well	as	palliative	therapy	for	malignant	strictures
may	be	accomplished	utilizing	ERCP	or	PTC.	Surgical	approaches	are	preferred
for	 patients	 who	 are	 good	 operative	 candidates	 and	 who	may	 have	 resectable
malignancy.	 Bile	 duct	 stenting	 often	 serves	 as	 a	 bridge	 to	 surgery	 for	 these
patients.

Bile	Leak
3 	A	bile	 leak	may	be	seen	after	open	or	 laparoscopic	cholecystectomy,	hepatic
resection,	 liver	 transplantation,	 liver	 biopsy,	 PTC,	 or	 liver	 laceration	 owing	 to
blunt	 or	 penetrating	 trauma.	 In	 the	 postcholecystectomy	 setting,	 the	 most
common	site	of	leak	is	the	cystic	duct	stump;	however,	leak	from	the	accessory
ducts	 of	Luschka,	CBD,	 common	hepatic	 duct,	 or	 the	 liver	 bed	 also	 occur.18,19
The	extravasated	bile	may	accumulate	 focally	 to	 form	a	biloma	or	 freely	 flow
within	 the	 peritoneal	 cavity.	The	 resultant	 bile	 peritonitis	 is	 usually	 associated
with	abdominal	pain,	 ascites,	 leukocytosis,	 and	 fever.	Occasionally,	 collections
of	 bile	 become	 infected,	 resulting	 in	 an	 abscess	 if	 untreated.	 Seldom,	 patients
may	present	solely	with	new-onset	ascites	and	an	elevated	serum	bilirubin	level.
Diagnosis	 of	 a	 biliary	 leak	 can	 usually	 be	 made	 with	 hepatobiliary	 scanning.
Ultrasonography	 and	 CT	 may	 reveal	 a	 biloma	 or	 free	 fluid	 in	 the	 abdominal
cavity.	 Patients	 with	 suspected	 bile	 leak	 should	 be	 placed	 on	 broad-spectrum
antibiotics,	 and	 the	 presence	 of	 a	 bile	 leak	 should	 be	 confirmed	 with
hepatobiliary	scanning	followed	by	ERCP.	ERCP	with	therapeutic	intent	should
be	 performed	 as	 soon	 as	 possible	 after	 diagnosis	 to	 limit	 the	 degree	 of	 bile
leakage	and	patient	symptoms.	The	aim	of	endoscopic	therapy	is	to	decrease	or
abolish	the	tone	of	the	sphincter	of	Oddi,	which	diverts	bile	flow	away	from	the
leak	site.	This	can	be	achieved	with	ERCP	and	stent	placement,	with	or	without
sphincterotomy.	 Stent	 placement	 alone	 is	 preferred	 for	 patients	 at	 high	 risk	 of
post-ES	bleeding.20	Rarely,	 if	 endoscopic	 therapy	 is	 unsuccessful	 for	 healing	 a
bile	leak,	surgical	repair	may	be	required.

Acute	Cholecystitis
Acute	 cholecystitis	 is	 an	 important	 condition	 that	 may	 be	 encountered	 in	 the
ICU.	 The	 signs	 and	 symptoms	 of	 acute	 cholecystitis	 are	 often	 not	 readily
apparent	 in	 the	 compromised	 ICU	 patient.	 A	 high	 degree	 of	 suspicion	 and
prompt	use	of	noninvasive	testing,	 including	ultrasonography	and	hepatobiliary
scanning,	are	essential	 to	arrive	at	a	 timely	and	correct	diagnosis	of	 this	entity.



Acalculous	 cholecystitis	 deserves	 special	 mention	 because	 it	 can	 result	 in
significant	morbidity	and	mortality	for	the	ICU	patient.21	Although	the	signs	and
symptoms	 may	 be	 similar	 to	 those	 seen	 with	 calculous	 cholecystitis,	 the
presentation	in	the	postoperative	or	acutely	ill	ICU	patient	may	be	masked	by	the
complicated	 underlying	 situation.	 In	 this	 setting,	 an	 aggressive	 diagnostic	 and
therapeutic	 approach	 is	 essential	 because	 significant	 morbidity	 and	 even
mortality	continues	to	occur	from	complicated	acalculous	cholecystitis.

4 	 Supportive	 measures	 should	 be	 undertaken	 while	 the	 patient	 is	 being
evaluated	 with	 noninvasive	 testing.	 Antibiotic	 therapy	 with	 broad-spectrum
coverage	 should	 be	 initiated	 for	 patients	 with	 clinical	 evidence	 of	 sepsis,
leukocytosis,	or	fever.	Percutaneous	cholecystostomy	has	become	the	therapy	of
choice	 for	patients	with	acute	calculous	or	acalculous	cholecystitis	who	do	not
respond	 to	 conservative	 therapy	 and	 are	 too	 unstable	 for	 operative
cholecystectomy.22	 Percutaneous	 cholecystostomy	 is	 performed	 at	 the	 bedside
using	 ultrasound	 guidance.	A	 22-gauge	 needle	 is	 inserted	 transhepatically	 into
the	gallbladder,	and	bile	is	aspirated.	A	guidewire	is	passed	through	this	needle
and	the	tract	is	dilated,	allowing	placement	of	a	drainage	catheter,	with	success
rates	exceeding	95%.	Complications	are	few	and	include	local	wound	infection,
bleeding,	 and,	 rarely,	 bile	 peritonitis.	 The	 primary	 advantage	 of	 percutaneous
cholecystostomy	is	that	it	can	be	done	at	the	bedside	without	general	anesthesia.
Percutaneous	 cholecystostomy	 is	 often	 helpful	 for	 patients	 with	 suspected
gallbladder	 disease,	 even	 if	 cholecystitis	 is	 not	 found,	 by	 excluding	 the
diagnosis.	Therefore,	percutaneous	cholecystostomy	should	be	performed	early
if	gallbladder	disease	is	suspected.	The	cholecystostomy	drainage	catheter	is	left
in	 place	 until	 acute	 symptoms	 resolve,	 at	 which	 time	 an	 elective	 surgical
cholecystectomy	 or,	 in	 the	 setting	 of	 a	 patent	 cystic	 duct	 and	 functioning
gallbladder,	 simple	 tube	 removal	 may	 be	 performed.	 For	 patients	 with	 acute
calculous	 cholecystitis	 and	 severe	underlying	medical	 problems,	 the	gallstones
can	be	removed	through	the	percutaneous	tract	using	various	techniques.23	Such
percutaneous	 gallstone	 removal	 is	 an	 effective	 alternate	 therapy	 to
cholecystectomy	 for	 patients	 with	 other	 significant	 medical	 conditions.
Transpapillary	 drainage	 of	 the	 gallbladder	 at	 ERCP	 by	 nasocystic	 catheter	 or
stent	placement	and	EUS-guided	gallbladder	drainage	via	the	transluminal	route
are	 two	 endoscopic	 options	 to	 treat	 patients	 with	 acute	 cholecystitis	 when
standard	treatment	options	fail	or	 is	contraindicated.24	 It	should	be	reserved	for
critically	 ill	 patients	 with	 severe	 comorbidities	 that	 preclude	 surgical
cholecystectomy	 and/or	 patients	 with	 contraindications	 to	 placement	 of	 a
percutaneous	 cholecystostomy	 tube	 in	 case	 of	 large-volume	 ascites,
coagulopathy,	 or	 the	 presence	 of	 an	 intervening	 loop	 of	 bowel	 between	 the



diaphragm	and	the	liver	that	precludes	percutaneous	access.11

Gallstone	Pancreatitis
Gallstones	are	 the	most	common	cause	of	acute	pancreatitis.	Although	most	of
the	cases	have	an	indolent	course,	about	25%	of	patients	will	develop	clinically
severe	acute	pancreatitis,	usually	because	of	necrotizing	pancreatitis.	There	are
several	 theories	 regarding	 the	 pathogenesis	 of	 gallstone	 pancreatitis,	 the	 most
accepted	being	that	stone	passage	or	impaction	in	the	ampulla	is	responsible	for
this	entity.	Gallstone	pancreatitis	should	be	considered	and	excluded	during	the
evaluation	 of	 all	 patients	 with	 acute	 pancreatitis	 because	 it	 is	 a	 recurrent	 and
treatable	 cause	 of	 this	 presentation.	 Standard	 abdominal	 ultrasound	 in
combination	 with	 laboratory	 screening	 for	 biliary	 obstruction	 can	 be	 used	 to
exclude	gallstones	as	 the	cause	for	 the	pancreatitis	 for	most	patients.25	Patients
with	acute	pancreatitis	should	be	classified	into	risk	groups	based	on	one	of	the
accepted	 prognostic	 scales.26,27	 These	 scales	 include	 the	 Ranson	 criteria,	 the
Glasgow	 criteria,	 the	 Acute	 Physiology	 and	 Chronic	 Health	 Evaluation	 IVa
scoring	system,	and	CT	criteria	for	grading	severity	of	pancreatitis.	Grading	by
CT	is	based	on	the	degree	of	inflammation,	the	presence	of	fluid	collections,	and
the	area	of	pancreatic	necrosis	seen	during	bolus	infusion	of	intravenous	contrast
while	 scanning.	 These	 prognostic	 scales	 allow	 physicians	 to	 identify	 patients
who	 are	 at	 risk	 of	 developing	 severe	 pancreatitis	 and	 a	 complicated	 hospital
course.

5 	 Patients	 with	 acute	 pancreatitis	 from	 biliary	 stone	 disease	 should	 be
managed	 initially	 as	 detailed	 in	Chapter	 210.	Although	most	 patients	 improve
with	 conservative	 therapy	 alone,	 in	 patients	 who	 develop	 signs	 of	 worsening
disease	 or	 have	 coexisting	 cholangitis,	 early	 ERCP	 is	 strongly	 recommended,
given	the	observed	benefits	in	morbidity	and	mortality.11,28,29	Early	ERCP	is	also
beneficial	 for	 patients	 with	 persistent	 biliary	 obstruction	 (serum	 conjugated
bilirubin	 >5	mg/dL).	Data	 are	 conflicting	 as	 to	 the	 benefit	 of	 early	 ERCP	 for
patients	with	predicted	severe	disease	in	the	absence	of	acute	cholangitis.	Early
ERCP30	allows	the	removal	of	impacted	or	retained	CBD	stones,	limiting	further
pancreatic	 inflammation	 and	 preventing	 cholangitis.	 The	 usual	 endoscopic
approach	 at	 ERCP	 treatment	 is	 biliary	 sphincterotomy,	 even	 in	 the	 absence	 of
overt	stones	on	cholangiography.	This	is	because	small	stones	and	sludge	can	be
missed.	In	addition,	sphincterotomy	prevents	recurrent	pancreatitis	in	the	interim
to	 cholecystectomy,	 especially	 if	 cholecystectomy	 is	 not	 planned	 within	 the
index	admission	because	of	advanced	age	or	severe	comorbid	medical	illnesses.
An	alternative	to	sphincterotomy	for	patients	with	coagulopathy	is	placement	of



a	biliary	stent	to	relieve	jaundice	and	prevent	stone	impaction.	Definitive	therapy
to	 prevent	 recurrent	 bouts	 may	 be	 accomplished	 by	 cholecystectomy	 or
endoscopic	 sphincterotomy	 with	 stone	 extraction	 in	 nonoperative	 candidates.
Although	 debate	 continues	 regarding	 the	 timing	 of	 surgery,	 it	 is	 generally
accepted	 that	 all	 patients	 who	 are	 operative	 candidates	 should	 undergo
cholecystectomy	during	 the	 initial	 hospital	 admission	 after	 the	 pancreatitis	 has
subsided.31	Early	operative	intervention	for	patients	with	active	severe	gallstone
pancreatitis	has	been	associated	with	unacceptably	high	morbidity.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	statements	is	true	regarding	bile	leaks	after
cholecystectomy?

A. 	ERCP	should	be	performed
B. 	Healing	is	usually	spontaneous
C. 	MRI	is	superior	to	hepatic	iminodiacetic	acid	(HIDA)	scan	for
diagnosis
D. 	They	are	usually	asymptomatic

2. 	Which	of	the	following	statements	is	true	regarding	severe	gallstone	(GS)
pancreatitis	that	is	associated	with	liver	function	test	(liver	associated	enzyme)
abnormalities?

A. 	A	minority	of	cases	improve	with	conservative	management
B. 	Cholecystectomy	should	be	performed	urgently
C. 	Endoscopic	retrograde	cholangiopancreatography	(ERCP)	should	be
done	within	24	hours
D. 	Urgent	ERCP	is	indicated	for	persistent	biliary	obstruction	or
cholangitis

3. 	Which	of	the	following	statements	is	true	regarding	acute	cholecystitis	in
the	critically	ill?

A. 	Absence	of	pain	precludes	the	diagnosis
B. 	Normal	laboratory	evaluation	precludes	the	diagnosis



C. 	Percutaneous	cholecystostomy	can	be	performed	in	unstable	patients
D. 	Ultrasonography	is	the	gold	standard	for	diagnosis

Answers

1.	The	correct	answer	is	A.
Rationale:	 Patients	 with	 bile	 leak	 should	 be	 placed	 on	 broad-spectrum

antibiotics	 followed	 by	 ERCP	 to	 allow	 healing	 to	 occur	 (choice	A	 is	 correct).
The	aim	of	endoscopic	therapy	is	to	decrease	or	abolish	the	tone	of	the	sphincter
of	Oddi,	which	diverts	bile	flow	away	from	the	leak	site.	This	can	be	achieved
with	 ERCP	 stent	 placement,	 with	 or	 without	 sphincterotomy.	 Rarely,	 if
endoscopic	therapy	is	unsuccessful	for	healing	a	bile	leak,	surgical	repair	may	be
required.	Bile	 leak	 postcholecystectomy	usually	 presents	with	 abdominal	 pain,
ascites,	leukocytosis,	elevated	bilirubin,	and/or	fever	(choice	D	is	incorrect)	and
healing	is	rarely	spontaneous	(choice	B	is	 incorrect).	HIDA	scan	is	very	useful
for	identifying	structural	abnormalities	of	the	biliary	tree;	evidence	of	radiotracer
in	the	abdominal	cavity	is	diagnostic	of	bile	leak	(choice	C	is	incorrect).

2.	The	correct	answer	is	D.
Rationale:	Patients	who	develop	cholangitis	require	urgent	ERCP	for	biliary

drainage	with	endoscopic	stone	removal	(choice	D	is	correct).	Urgent	ERCP	is
also	 indicated	 if	 serum	bilirubin	 level	does	not	normalize	soon	after	admission
and	 stays	 elevated	 (conjugated	 bilirubin	 level	 >5	 mg/dL),	 denoting	 persistent
biliary	 obstruction.	 In	 the	 setting	 of	 uncorrectable	 coagulopathy,	 biliary	 stent
placement	 to	 relieve	 jaundice	 and	 prevent	 stone	 impaction	 is	 an	 alternative	 to
sphincterotomy	in	patients	for	whom	ERCP	is	recommended.	Fortunately,	most
patients	with	GS	pancreatitis	 improve	with	initial	conservative	medical	 therapy
alone	 (choice	 A	 is	 incorrect).	 Elevated	 liver	 enzymes	 in	 the	 setting	 of	 acute
pancreatitis	point	to	gallstones	as	the	potential	cause	and	are	not,	by	themselves,
an	indication	for	early	ERCP	(choice	C	is	incorrect).	Early	cholecystectomy	has
been	 associated	 with	 unacceptably	 high	 morbidity	 (choice	 B	 is	 incorrect).
However,	 those	who	are	operative	 candidates	 should	undergo	cholecystectomy
later	 during	 the	 same	 hospital	 admission	 and	 before	 discharge,	 after	 the
pancreatitis	has	subsided.

3.	The	correct	answer	is	C.
Rationale:	 Cholecystectomy	 is	 the	 primary	 treatment	 option	 for	 acute

cholecystitis	 in	 otherwise	 healthy	 patients,	 but,	 for	 the	 critically	 ill,	 treatment



starts	 with	 antibiotic	 administration	 and	 supportive	 care.	 Those	 who	 do	 not
improve	 but	 are	 stable	 should	 then	 proceed	 to	 cholecystectomy.	 For	 unstable
patients	failing	to	respond	to	conservative	medical	therapy,	bedside	percutaneous
cholecystostomy	is	the	treatment	of	choice	(choice	C	is	correct).	In	critically	ill
patients,	 signs	 and	 symptoms	 of	 acute	 cholecystitis,	 like	 pain,	 are	 often	 not
readily	apparent	and	may	be	absent	(choice	A	is	incorrect).	Similarly,	laboratory
evaluation	 can	 be	 normal	 in	 cholecystitis	 if	 there	 is	 no	 involvement	 of	 the
common	bile	duct	and	without	substantial	pericholecystic	hepatitis	(choice	B	is
incorrect).	 Ultrasonography	 is	 very	 sensitive	 for	 gallstone	 detection,	 but	 their
presence	 is	 not	 enough	 to	 achieve	 diagnosis.	 Ultrasound	 features	 of	 acute
cholecystitis	 like	 gallbladder	 wall	 thickening	 and	 pericholecystic	 fluid
collections	are	not	always	present	and	are	not	specific.	Cholescintigraphy	is	the
gold	standard	for	the	diagnosis	of	acute	cholecystitis	(choice	D	is	incorrect).
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Chapter	210
Acute	Pancreatitis
Ingrid	B.	Schwartz,	Krunal	Patel,	Wahid	Y.	Wassef,	Rajesh	N.	Keswani

KEY	POINTS:
1.	 Gallstones	account	for	45%	of	acute	pancreatitis,	followed	by	alcohol

in	20%;	post-ERCP	(endoscopic	retrograde
cholangiopancreatography)	pancreatitis	occurs	in	3%	to	5%.

2.	 A	lipase	or	amylase	level	greater	than	three	times	the	upper	limit	of
normal	is	diagnostic	for	acute	pancreatitis	in	the	presence	of	the
typical	clinical	syndrome.

3.	 Computerized	tomography	(CT)	scan	should	be	reserved	for	cases
of	diagnostic	uncertainty	or	suspected	local	complication.

4.	 Early	fluid	resuscitation,	instituted	in	the	early	stages	of	the	attack,	is
the	cornerstone	of	the	early	management	of	acute	pancreatitis.

5.	 Early	oral	feeding,	either	oral	or	enteral	as	tolerated	by	the	patient,	is
superior	to	parenteral	nutrition	in	preventing	mortality,	organ	failure,
and	infectious	complications.

6.	 Prophylactic	antibiotics	are	not	recommended	for	acute	pancreatitis
regardless	of	severity.

7.	 In	the	absence	of	persistent	biliary	obstruction	or	cholangitis,	ERCP
is	not	recommended	in	acute	pancreatitis.

8.	 Cholecystectomy	is	recommended	during	index	hospitalization	for
mild	gallstone	pancreatitis,	while	delayed	cholecystectomy	is
recommended	in	moderate	to	severe	disease.

9.	 Acute	pancreatic	collections	should	be	managed	conservatively,	as
intervention	in	the	absence	of	encapsulation	is	associated	with
higher	morbidity	and	mortality;	an	invasive	approach	is
recommended	for	infected	or	symptomatic	pseudocysts	or	walled-off



necrosis.

INTRODUCTION
Acute	pancreatitis	is	an	inflammatory	process	of	the	pancreas	that	can	be	limited
to	 the	 pancreatic	 gland	 and	 its	 surrounding	 tissue	 or	 can	 result	 in	 systemic
involvement.	The	pathologic	 changes	associated	with	 acute	pancreatitis	 can	be
classified	according	to	the	severity	of	the	attack.1	Pancreatitis	can	be	associated
with	 interstitial	 edema	 and/or	 intrapancreatic	 or	 peripancreatic	 necrosis.	 Mild
pancreatitis	is	typically	limited	to	the	pancreas	and	peripancreatic	tissue	without
local	or	 systemic	complications.	Moderately	 severe	pancreatitis	 results	 in	 local
or	systemic	complications	or	organ	failure	lasting	less	than	48	hours.	In	contrast,
severe	 pancreatitis	 is	 associated	 with	 persistent	 single	 or	 multiorgan	 failure
(lasting	more	than	48	hours).2,3

ETIOLOGY	AND	PATHOPHYSIOLOGY
1 	Acute	pancreatitis	 can	be	 triggered	by	 a	number	of	 etiologies	 (Table	210.1).
The	 leading	 cause	 of	 acute	 pancreatitis	 is	 gallstones	 representing	 45%	 of	 the
cases,	 followed	 by	 alcohol	 in	 20%4.	While	 no	 etiology	 is	 identified	 for	 up	 to
15%	 of	 patients,	 a	 condition	 referred	 to	 as	 idiopathic	 pancreatitis,5	 this	 rate
decreases	with	use	of	advanced	testing.

TABLE	210.1

Etiologies	of	Acute	Pancreatitis

Nonneoplastic	Obstruction Metabolic Autoimmune-
Related

Gallstones
Microlithiasis,	biliary	sludge
Pancreatic	duct	stones
Choledochal	cyst
Duodenal	diverticulum
Duodenal	obstruction	(peptic

Hypertriglyceridemia
Hyperlipoproteinemias
types	I,	IV,	and	V
Hyperparathyroidism,
hypercalcemia
Acidotic	and	ischemic

Autoimmune
pancreatitis
Celiac	disease
Systemic
erythematous
lupus



ulcer	disease,	structuring	Crohn
disease)
Sphincter	of	Oddi	dysfunction

states Polyarteritis
nodosa
Thrombotic
thrombocytopenic
purpura

Neoplastic	Obstruction Procedure-related Toxic

Pancreatic	cancer
Cholangiocarcinoma
Ampullary	tumors
Duodenal	tumors

ERCP
Pancreatic	and	biliary
surgery
Solid-organ	transplant
(kidney,	liver,	heart)
Cardiopulmonary
bypass

Ethanol
Methanol
Medications
Organophosphate
poisoning
Scorpion	bite

Miscellaneous Infectious

Hereditary	pancreatitis
Blunt	or	penetrating	abdominal
trauma
Ischemic	states
Pancreas	divisum

Mumps
Coxsackie	B	virus
Cytomegalovirus
Ascaris	lumbricoides	
Toxoplasmosis

ERCP,	endoscopic	retrograde	cholangiopancreatography.

Biliary	Tract	Stone	Disease
Pancreatitis	associated	with	gallstones	is	related	to	the	passage	of	stones	through
the	 distal	 bile	 duct	 as	 it	 joins	 with	 the	 pancreatic	 duct	 and	 enters	 into	 the
duodenum.	Presence	of	stones,	or	edema	and	inflammation	resulting	from	stone
passage	 lead	 to	 pancreatic	 duct	 obstruction	 triggering	 a	 cascade	 of	 events	 that
result	 in	 pancreatic	 cellular	 injury	 and,	 ultimately,	 acute	 pancreatitis.6	 It	 is
generally	believed	that	acute	pancreatitis	results	from	an	autodigestive	injury	to
the	 pancreas	 by	 the	 same	 enzymes	 that	 it	 normally	 synthesizes	 and	 secretes.
Normally,	 those	 digestive	 enzymes	 are	 synthesized,	 intracellularly	 transported,
and	secreted	from	acinar	cells	as	inactive	zymogens.	Activation	normally	occurs
within	 the	 duodenum	 where	 the	 brush	 border	 enzyme	 enterokinase	 activates
trypsinogen	 and	 trypsin	 activates	 the	 other	 zymogens.	With	 acute	 pancreatitis,
however,	zymogen	activation	occurs	inside	acinar	cells,	leading	to	the	acinar	cell



injury	and	death,	which	is	the	hallmark	of	severe	pancreatitis.2,7-11

Ethanol	Abuse
For	most	patients	with	alcohol-associated	pancreatitis,	the	first	clinical	attack	of
pancreatitis	develops	after	many	years	of	ethanol	abuse.	In	general,	consumption
of	more	than	four	to	five	drinks	per	day	for	a	period	over	5	years	is	required	for
the	 development	 of	 alcohol-related	 pancreatitis.3,6	 The	 lifetime	 risk	 of	 acute
pancreatitis	 among	 heavy	 drinkers	 ranges	 between	 2%	 and	 5%.2,3	 The
mechanism	 by	 which	 alcohol	 might	 cause	 acute	 injury	 to	 the	 pancreas	 is	 not
completely	understood.12	Direct	toxic	druglike	effect	on	acinar	cells,	induction	of
ductal	 hypertension	 from	 stimulation	 of	 exocrine	 secretion,	 and	 sphincteric
contraction	 are	 alternative	 theories,13,14	 although	 the	 effects	 of	 alcohol	 on	 the
sphincter	 of	 Oddi	 remains	 controversial.	 Development	 of	 protein	 plugs	 in	 the
pancreatic	ducts	and	increase	of	pancreatic	secretion	viscosity	also	play	a	role	in
the	 ductal	 hypertension	 theory.2	 Direct	 cellular	 injury	 may	 be	 mediated	 by
ethanol	 metabolites,13-16	 and	 circulating	 levels	 of	 bacterial	 endotoxin,	 perhaps
released	 by	 the	 intestinal	 effects	 of	 ethanol,	may	 be	 an	 important	 contributing
event.17

Genetic	 factors	may	 predispose	 to	 pancreatitis	 among	 patients	with	 alcohol
abuse.18,19	One	mechanism	 is	 via	 polymorphisms	 that	may	make	 the	 processes
described	 earlier	 more	 likely	 (such	 as	 increased	 permeability	 to	 endotoxins);
other	 independent	pathways	may	increase	susceptibility	 to	mechanisms	leading
to	pancreatic	damage	in	alcoholics.	A	number	of	genes	have	been	implicated	as
contributing	 to	 developing	 pancreatitis	 in	 association	 with	 alcohol	 (SPINK1
[N34S],	 trypsinogen	 gene,	 CFTR	 [cystic	 fibrosis	 transmembrane	 conductance
regulator]);	 however,	 genetic	 testing	 is	 not	 necessarily	 actionable	 and	 thus
generally	nor	pursued.

Drugs
Exposure	 to	 certain	 drugs	 represents	 the	 third	 most	 common	 cause	 of	 acute
pancreatitis20-23	 (Table	 210.2).	The	 relationship	 between	drug	 exposure	 and	 the
development	 of	 pancreatitis	 can	 be	 categorized	 as	 definite,	 probable,	 or
equivocal	on	the	strength	of	 the	data	 that	 indicate	 that	 the	drug	actually	causes
pancreatitis.	Drugs	 that	 are	 defined	 as	 definite	 causes	 of	 pancreatitis	 are	 those
associated	 with	 an	 increased	 incidence	 of	 pancreatitis	 and,	 on	 specific
rechallenge,	 have	 been	 found	 to	 induce	 the	 disease.	 Conversely,	 drugs	 in	 the



equivocal	category	include	those	that	are	anecdotally	associated	with	the	disease
but	 have	 never	 been	 demonstrated	 to	 be	 capable	 of	 inducing	 pancreatitis	 in
prospective	studies.

TABLE	210.2

Examples	of	Drugs	Associated	With	Acute	Pancreatitis

Definite

Thiazide	diuretics Valproic	acid

Ethacrynic	acid Estrogens

Furosemide Tetracycline

Azathioprine Sulfonamides

Asparaginase Mercaptopurine

Mesalamine Pentamidine

Dideoxyinosine

Probable

Methyldopa Iatrogenic	hypercalcemia

Enalapril Procainamide

Octreotide Erythromycin

Chlorthalidone Phenformin

Equivocal

Isoniazid Rifampin

Acetaminophen Steroids

Histamine	2	blockers Propoxyphene

Pancreatic	Duct	Obstruction



Obstruction	of	 the	pancreatic	duct	may	be	caused	by	inflammatory	lesions	(eg,
peptic	ulcer,	duodenal	Crohn	disease,	periampullary	diverticulitis)	that	interfere
with	pancreatic	duct	drainage	or	by	duodenal,	 ampullary,	 biliary,	 or	pancreatic
tumors.24	 The	 relationship	 between	 pancreatitis	 and	 pancreatic	 cancer	 has
become	clearer	in	recent	years.	It	is	accepted	that	recurrent	pancreatitis	leading
to	chronic	pancreatitis	predisposes	patients	to	pancreatic	cancer.	More	recently,
the	 inverse	 relationship,	 wherein	 pancreatic	 duct	 obstruction	 caused	 by
pancreatic	cancer	leads	to	acute	and	recurrent	pancreatitis,	has	been	increasingly
recognized.	 As	 pancreatic	 cancer	 may	 present	 as	 acute	 pancreatitis,	 clinicians
should	remain	suspicious	of	an	underlying	neoplastic	etiology	when	dealing	with
idiopathic	pancreatitis,	especially	for	older	patients.25-29

Pancreatic	cysts	and	periampullary	diverticula	filled	with	food	and	debris	can
interfere	 with	 duct	 drainage	 and,	 as	 a	 consequence,	 precipitate	 pancreatitis.
Ductal	 strictures,	 frequently	 the	 result	 of	 traumatic	 duct	 injury	 or	 previous
pancreatitis,	can	also	be	a	cause	for	obstructive	pancreatitis.24,30,31	An	association
between	 pancreas	 divisum	 and	 acute	 pancreatitis	 has	 been	 suggested,
presumably	reflecting	relative	obstruction	 to	pancreatic	 juice	flow	at	 the	minor
papilla,32	but	this	remains	controversial	as	data	suggest	that	pancreas	divisum	in
isolation	may	not	precipitate	acute	pancreatitis.2,33

POST-ERCP	PANCREATITIS
1 	 The	 incidence	 of	 post-ERCP	 (endoscopic	 retrograde
cholangiopancreatography)	pancreatitis	(PEP)	is	estimated	to	be	around	3	to	5%.
Patients	typically	present	with	24	hours	following	the	procedure	with	abdominal
pain,	elevated	serum	lipase/amylase	and/or	CT	scan	imaging	suspicious	for	acute
pancreatitis.	Of	note,	an	elevated	lipase	or	amylase	is	common	after	ERCP	and,
in	 the	 absence	 of	 associated	 pain,	 a	 diagnosis	 of	 PEP	 should	 be	 avoided.
Different	mechanisms	of	injury	have	been	proposed,	including	direct	mechanical
trauma,	 chemical	 injury	 related	 to	 contrast	 injection,	 thermal	 injury	 during
sphincterotomy	 and	 bacterial	 introduction	 into	 the	 pancreatic	 duct.	 Several
patient	 and	 procedure	 factors	 have	 been	 associated	 with	 a	 higher	 risk	 of
developing	 PEP	 including	 young	 age,	 female	 sex,	 previous	 history	 of	 acute
pancreatitis	 or	PEP,	 suspected	 sphincter	 of	Oddi	 dysfunction,	 normal	 bile	 duct
diameter	and	absence	of	hyperbilirubinemia.	The	difficulty	of	the	procedure	and
expertise	of	 the	endoscopist	also	 impact	 the	 risk	 for	PEP.	Strategies	 to	prevent
the	development	of	pancreatitis	following	ERCP	include,	but	are	not	limited	to,
appropriate	patient	selection,	pharmacoprevention	with	rectal	indomethacin	and



prophylactic	pancreatic	duct	stenting.32,33

Genetic	Causes	of	Pancreatitis
Hereditary	pancreatitis,	a	familial	disease	caused	by	a	mutation	on	chromosome
7,	is	transmitted	in	an	autosomal	dominant	fashion	with	incomplete	penetrance.34
The	mutation	results	in	the	synthesis	of	a	cationic	trypsinogen	that	is	resistant	to
autoinactivation	 after	 activation	 has	 occurred.35	 The	 additional	 significance	 of
hereditary	 pancreatitis	 is	 the	 high	 incidence	 of	 pancreatic	 cancer	 among	 this
group	of	patients,	which	often	warrants	surveillance.	Patients	with	classic	cystic
fibrosis	 mutations	 can	 present	 with	 pancreatitis	 even	 in	 the	 absence	 of
pulmonary	 disease.	 Studies	 indicate	 that	 a	 substantial	 number	 of	 patients	with
so-called	idiopathic	pancreatitis	may	have	nonclassical	cystic	fibrosis	mutations
or	polymorphisms	of	CFTR.36

Autoimmune	Pancreatitis
Although	 uncommon,	 autoimmune	 pancreatitis	 is	 a	 cause	 of	 acute	 pancreatitis
that	is	important	to	recognize.	This	disease	process	is	characterized	by	extensive
lymphoplasmacytic	infiltration	into	the	pancreas	and	sclerosis	of	 the	pancreatic
and	 bile	 ducts.	 Patients	 frequently	 present	 with	 both	 bile	 and	 pancreatic	 duct
obstruction	and	a	mass	 in	 the	head	of	 the	pancreas,	mimicking	other	disorders
such	 as	 neoplasia	 and	 primary	 sclerosing	 cholangitis.	 A	 dramatic	 response	 to
steroids	 and	 presence	 of	 immunoglobulin	 G	 (IgG4)	 can	 assist	 in	 identifying
patients	with	autoimmune	pancreatitis.37

Hypertriglyceridemia
Another	 important	 cause	 of	 acute	 pancreatitis	 is	 hypertriglyceridemia,
accounting	 for	 3%	 to	 5%	 of	 the	 cases.	 In	 patients	 with	 triglycerides	 severely
elevated	(>1000	mg/dL)	the	risk	of	pancreatitis	is	high	and	estimated	to	be	15%
to	20%.	This	 subset	 of	 patients	 is	 also	 thought	 to	 be	 prone	 to	 a	 severe	 attack.
While	 acute	 pancreatitis	 can	 also	 develop	 solely	 from	 mild-to-moderate
elevations	of	triglycerides,6	 these	modest	elevations	in	triglycerides	also	appear
to	increase	the	risk	of	pancreatitis	due	to	other	factors	such	as	alcohol.

Other	Causes	of	Acute	Pancreatitis



Many	of	 the	remaining	miscellaneous	causes	of	pancreatitis	are	 listed	 in	Table
210.1.	 Traumatic	 pancreatitis	 usually	 follows	 blunt	 abdominal	 trauma,	 during
which	the	body	of	the	pancreas	is	compressed	against	the	vertebral	column.	As	a
result,	 the	 gland	 is	 fractured	 and	 the	 duct	 is	 either	 partially	 or	 completely
transected.38	Lesser	degrees	of	blunt	trauma	may	be	associated	with	a	pancreatic
contusion,	 whereas	 penetrating	 injury	 can	 affect	 any	 portion	 of	 the	 pancreas.
Traumatic	injury	to	the	pancreas	can	also	be	associated	with	surgical	procedures
performed	 on	 or	 near	 the	 pancreas.39,40	 Postoperative	 pancreatitis	 is	 also
frequently	 associated	 with	 procedures	 performed	 on	 or	 near	 the	 sphincter	 of
Oddi	(duct	exploration,	sphincteroplasty,	and	distal	gastrectomy),	and	procedures
associated	with	 hypoperfusion	 or	 atheroembolism	 of	 the	 pancreatic	 circulation
(cardiopulmonary	 bypass,	 cardiac	 transplantation,	 renal	 transplantation,	 and
translumbar	aortography).41,42

Idiopathic	Pancreatitis
While	up	to	15%	to	25%	of	acute	pancreatitis	 is	 labeled	as	idiopathic,	 this	rate
may	 decrease	 with	 more	 exhaustive	 testing	 including	 endoscopic	 ultrasound
(EUS),	high-quality	magnetic	resonance	imaging	(MRI),	and	genetic	testing.	For
example,	reports	suggest	that	many	of	these	patients	have	biliary	sludge,	and	that
recurrent	attacks	can	be	prevented	by	cholecystectomy.43,44

CLINICAL	PRESENTATION

Symptoms
The	 symptoms	 of	 acute	 pancreatitis	 include	 abdominal	 pain,	 nausea,	 and
vomiting5,24,29,45	(Table	210.3).	The	pain	typically	is	localized	to	the	epigastrium
radiating	 to	 the	 back	 but	 frequently	 involves	 one	 or	 both	 upper	 quadrants.	On
occasion,	 it	 may	 be	 felt	 in	 the	 lower	 abdomen,	 one	 or	 both	 shoulders,	 or	 the
lower	 chest.	 The	 pain	 is	 usually	 described	 as	 being	 of	 rapid	 onset,	 slowly
increasing	 to	a	maximal	 severity,	and	 then	 remaining	constant.	 It	usually	 lacks
the	waxing	 and	waning	 character	 of	 intestinal	 or	 ureteral	 colic,	 but	 it	may	 be
diminished	 by	 assuming	 an	 upright	 position,	 leaning	 forward,	 or	 lying	 on	 the
side	with	the	knees	drawn	upward.	The	pain	may	have	a	pleuritic	component	and
may	 be	 associated	with	 rapid	 but	 shallow	 respirations.	 Frequently,	 the	 pain	 is
described	as	being	a	boring	or	knifelike	sensation	that	passes	straight	through	to



the	midcentral	back	from	the	epigastrium.

TABLE	210.3

Signs	and	Symptoms	of	Acute	Pancreatitis

Observation Incidence	(%)

Pain 95

Nausea/vomiting 80

Distension 75

Guarding 50

Pain	radiating	to	back 50

Jaundice 20

Abdominal	mass 15

Melena 4

Hematemesis 3

Physical	Examination
Patients	with	 acute	 pancreatitis	 typically	 appear	 anxious	 and	 ill.	 They	may	 be
diaphoretic	 and	 hyperthermic.	 Tachycardia,	 tachypnea,	 and	 hypotension	 are
common.	Most	patients	with	acute	pancreatitis	have	a	clear	sensorium,	but	some
have	mild	or	even	severe	alterations	in	their	mental	status	as	a	result	of	drug	or
ethanol	exposure,	hypoxemia,	hypotension,	or	release	of	circulating	toxic	agents
from	 the	 inflamed	 pancreas.	 Jaundice	 may	 occur,	 even	 in	 patients	 with
nonbiliary	 pancreatitis,	 related	 to	 biliary	 obstruction	 from	 pancreas	 head
inflammation.

The	abdominal	examination	of	patients	with	acute	pancreatitis	usually	reveals
abdominal	 tenderness	 and	 voluntary	 and	 involuntary	 guarding.	 These	 findings
may	be	limited	to	the	epigastrium	or	diffusely	present	throughout	the	abdomen.
Abdominal	 distention	 also	 can	 be	 seen.	 Hypovolemia	 and	 dehydration	 are



commonly	 present	 and	 can	 be	 detected	 by	 the	 presence	 of	 hypotension,
tachycardia,	 collapsed	 neck	 veins,	 dry	 skin,	 dry	 mucous	 membranes,	 and
decreased	 turgor.	 Bowel	 sounds	 are	 often	 diminished	 or	 absent.	 Flank
ecchymoses	 (Grey	 Turner	 sign)	 or	 other	 evidence	 of	 retroperitoneal	 bleeding
(periumbilical	 ecchymosis	 or	 Cullen	 sign)	 may	 occasionally	 be	 noted.
Examination	of	the	chest	may	reveal	evidence	of	pleural	effusion	that	may	be	on
either	 or	 both	 sides,	 but	 is	 most	 commonly	 present	 on	 the	 left.	 Because	 of
pleuritic	 and	 abdominal	 pain,	 deep	 breathing	may	 be	 difficult,	 and	 atelectasis,
particularly	at	the	bases,	is	common.

LABORATORY	TESTS	AND	RADIOLOGIC
EXAMINATIONS

Routine	Blood	Tests
Acute	pancreatitis	 is	associated	with	significant	 losses	of	 intravascular	volume.
A	 substantial	 amount	 of	 fluid	 is	 lost	 as	 a	 result	 of	 the	 anorexia,	 nausea,	 and
vomiting,	and	large	volumes	of	fluid	are	sequestered	in	the	retroperitoneum	as	a
result	of	the	pancreatic	inflammatory	process.	In	addition,	a	systemic	“capillary
leak”	 process	may	 result	 in	 additional	more	 diffuse	 fluid	 sequestration.	 Taken
together,	the	resulting	loss	of	fluid	from	the	intravascular	compartment	can	cause
hemoconcentration,	 with	 increases	 in	 hemoglobin	 and	 hematocrit,	 and	 blood
urea	 nitrogen,	 and	 serum	 creatinine	 may	 also	 rise.	 Hypoalbuminemia	 due	 to
albumin	 loss	 is	 common.	 The	 serum	 electrolytes	 may	 remain	 normal	 unless
vomiting	has	been	significant.	Because	of	the	pancreatic	inflammatory	process,
the	white	 blood	 cell	 count	 usually	 is	 elevated	 and	 the	differential	may	 show	a
“left	 shift”	 (neutrophilic	 predominance).	 Hyperglycemia,	 which	 commonly	 is
noted,	 may	 result	 from	 the	 combined	 effects	 of	 elevated	 circulating
catecholamines,	decreased	insulin	release,	and	hyperglucagonemia.46	A	mild	rise
in	serum	bilirubin	from	nonobstructive	cholestasis	frequently	is	seen	even	with
nonbiliary	 acute	 pancreatitis.	 When	 the	 disease	 is	 induced	 by	 the	 passage	 of
gallstones,	 the	 hyperbilirubinemia	 is	 even	 more	 marked,	 and	 superimposed
cholangitis	with	 bacteremia	 and	 positive	 blood	 cultures	 can	 occur.47	Markedly
elevated	 circulating	 triglyceride	 levels	 always	 are	 seen	 in	 individuals	 whose
pancreatitis	 is	 caused	 by	 hyperlipoproteinemia,	 but	 hypertriglyceridemia	 with
lactescent	serum	also	can	be	seen	in	alcohol-induced	acute	pancreatitis.48

Hypocalcemia	 is	 relatively	 common	 among	 individuals	 with	 acute



pancreatitis.	For	the	most	part,	the	hypocalcemia	is	caused	by	hypoalbuminemia,
and	as	a	result,	the	ionized	calcium	level	is	actually	normal.	For	some	patients,
however,	 hypocalcemia	 can	 develop	 that	 is	 out	 of	 proportion	 to	 the	 degree	 of
hypoalbuminemia	 and	 reflects	 a	 true	 decrease	 in	 circulating	 ionized	 calcium
levels.	 Marked	 hypocalcemia	 has	 been	 considered	 to	 be	 a	 sign	 of	 a	 poor
prognosis.	 In	 patients	 with	 severe	 pancreatitis,	 disseminated	 intravascular
coagulation	 may	 develop,49	 resulting	 in	 thrombocytopenia,	 elevated	 levels	 of
fibrin	 degradation	 products,	 decreased	 fibrinogen	 levels,	 and	 prolongations	 of
the	partial	thromboplastin	and	prothrombin	times.

Pancreatic	Enzymes	and	Other	Assays
The	serum	amylase	concentration	is	usually,	but	not	always,	elevated	during	an
attack	 of	 pancreatitis.5	 The	 magnitude	 of	 that	 rise	 does	 not	 depend	 on	 the
severity	 of	 pancreatitis,	 and	 some	 patients	with	 severe	 acute	 pancreatitis	 have
normal	or	near-normal	serum	amylase	levels.24	To	a	great	extent,	this	may	reflect
the	fact	that	amylase	elevations	during	pancreatitis	typically	are	transient.	Thus,
patients	 presenting	 long	 after	 the	 onset	 of	 an	 attack	may	 have	 normal	 or	 only
slightly	 increased	 serum	 amylase	 levels.	 Serum	 amylase	 activity	 also	 may	 be
increased	 in	 a	 number	 of	 diseases	 other	 than	 pancreatitis	 including	 acute
cholecystitis,	 perforated	 gastric	 or	 duodenal	 ulcers,	 small	 bowel	 obstruction,
intestinal	ischemia,	and	intestinal	infarction.45,50-53

2 	Serum	lipase	level	is	routinely	checked	as	part	of	the	assessment	for	acute
pancreatitis.	Similar	to	amylase	levels,	hyperlipasemia	may	be	seen	in	a	number
of	 other	 diseases,	 including	 renal	 disease,	 liver	 cirrhosis,	 alcohol	 abuse,	 small
bowel	 obstruction,	 acute	 cholecystitis,	 peptic	 ulcer	 disease,	 and	 intestinal
infarction.	 Although	 measurements	 of	 both	 enzymes	 have	 been	 used	 for
diagnosing	 pancreatitis,	 studies	 using	 receiver	 operator	 characteristics	 curves
have	shown	that	serum	lipase	levels	have	greater	diagnostic	accuracy	compared
to	 amylase,54	 and	 that	 the	 diagnostic	 specificity	 and	 sensitivity	 is	 not
significantly	 improved	 by	 the	 comeasurement	 of	 both	 enzymes.55	 Hence,
measuring	 serum	 lipase	 alone	 may	 be	 more	 cost-effective	 option	 for	 the
diagnosis	of	acute	pancreatitis	and	is	thus	the	generally	preferred	serologic	test
in	 the	 workup	 of	 pancreatitis.	 According	 to	 the	 most	 recent	 international
consensus	in	pancreatitis,	a	 lipase	or	amylase	level	greater	 than	three	times	the
upper	 limit	 of	 normal	 is	 diagnostic	 for	 acute	 pancreatitis	 in	 the	 presence	 of
typical	clinical	syndrome.56	Consequently,	the	diagnosis	of	pancreatitis	should	be
avoided	in	patients	with	nonspecific	mild	(less	than	three	times	the	upper	limit	of
normal)	elevations	of	amylase	and	lipase	and	abdominal	pain.



Abdominal	Ultrasonography
Abdominal	 ultrasonography	 for	 patients	 with	 acute	 pancreatitis	 is	 helpful	 for
detecting	 gallbladder	 and/or	 biliary	 stones	 as	 well	 as	 bile	 duct	 dilation
suggesting	biliary	obstruction.	Although	commonly	performed	 in	 the	setting	of
acute	pancreatitis,	abdominal	ultrasonography	is	limited	by	patient	body	habitus,
presence	 of	 bowel	 gas,	 and	 operator	 experience.57	 Regardless,	 all	 patients
presenting	 with	 a	 first	 attack	 of	 acute	 pancreatitis	 should	 undergo	 abdominal
ultrasonography.

Endoscopic	Ultrasonography
When	 abdominal	 ultrasound	 is	 unrevealing	 and	 clinical	 suspicion	 for	 biliary
pancreatitis	persists,	EUS	can	help	with	investigation	of	the	biliary	tree.	EUS	is
especially	 helpful	 for	 the	 investigation	 of	 initial	 or	 recurrent	 episodes	 of
idiopathic	 pancreatitis,	 in	which	 the	 endoscopist	 can	 assess	 for	 smaller	 stones
(including	microlithiasis)	 not	 previously	 seen	 on	 other	 imaging	modalities,	 as
well	as	congenital	anomalies	(such	as	pancreas	divisum),	and	masses	or	cysts	as
causative	agents.18,58

Computed	Tomography
3 	Computed	tomography	(CT)	is	not	routinely	recommended	for	the	diagnosis	of
acute	 pancreatitis;	 however,	 CT	 should	 be	 performed	 when	 presentation	 is
strongly	 suggestive	 of	 acute	 pancreatitis	 (ie,	 classic	 abdominal	 pain)	 and
pancreatic	 enzymes	are	nondiagnostic,56,59	 or	when	 the	 pancreatic	 enzymes	 are
significantly	elevated	but	the	clinical	presentation	is	atypical.	The	pancreas	may
be	normal	or	slightly	swollen	in	appearance	on	CT	in	mild	cases	of	pancreatitis.
Evidence	 of	 peripancreatic	 inflammation,	 including	 streaking	 in	 the
retroperitoneal	and	transverse	mesocolic	fat,	may	also	be	seen.	With	more	severe
disease,	 peripancreatic	 and	 intrapancreatic	 fluid	 collections	 can	 be	 detected.
Dynamic	CT,	performed	by	rapidly	imaging	the	pancreas	during	bolus	injection
of	contrast	material,	can	define	areas	of	pancreatic	necrosis	because	those	areas
do	 not	 enhance	 as	 a	 result	 of	 contrast	 administration.60,61	 Detection	 of	 these
changes	 may	 be	 of	 prognostic	 value	 in	 acute	 pancreatitis62	 (see	 “Prognosis”
section)	 but	 does	 not	 add	 clear	 value	 beyond	 existing	 clinical	 predictors	 of
pancreatitis	severity.	Furthermore,	it	is	difficult	to	confirm	or	exclude	pancreatic



necrosis	within	 the	 first	 48	hours	 of	 presentation.	Conversely,	 the	 finding	of	 a
normal	 pancreas	without	 signs	 of	 peripancreatic	 inflammation	 on	 the	CT	 of	 a
patient	 suspected	 of	 having	 severe	 pancreatitis,	 particularly	 if	 that	 patient’s
condition	is	deteriorating,	would	suggest	that	an	etiology	other	than	pancreatitis
should	be	sought	as	the	cause	of	the	patient’s	findings	or	deteriorating	condition.

Magnetic	Resonance	Imaging
The	 role	of	MRI	 is	greatest	 in	diagnosing	 the	 etiology	of	 acute	pancreatitis.	 It
can	 reveal	 the	presence	of	an	 inciting	stone	 in	 the	distal	bile	duct.	 In	addition,
MRI	 may	 be	 more	 accurate	 than	 CT	 in	 defining	 the	 extent	 of	 pancreatitis-
associated	 necrosis	 and	 in	 identifying	 mild	 acute	 pancreatitis.63	 Magnetic
resonance	cholangiopancreatography	is	useful	in	evaluating	anatomical	disorders
of	 the	 pancreaticobiliary	 system	 such	 as	 an	 annular	 pancreas	 or	 pancreas
divisum,	as	well	as	the	presence	of	choledocholithiasis.59,64

DIFFERENTIAL	DIAGNOSIS
The	differential	diagnosis	of	acute	pancreatitis	includes	other	processes	that	may
cause	upper	abdominal	pain,	nausea,	vomiting,	and	abdominal	 tenderness.	The
serum	amylase	or	lipase,	or	both,	is	usually	elevated	with	acute	pancreatitis	and
normal	 or	 near	 normal	 for	 many	 other	 processes	 that	 may	 cause	 similar
symptoms.	On	the	contrary,	serum	levels	of	pancreatic	enzymes	may	be	elevated
with	some	states	 that	can	mimic	acute	pancreatitis	 (Table	210.4).	On	occasion,
however,	the	diagnosis	may	be	uncertain,	and	CT	scan	may	be	helpful.

TABLE	210.4

Differential	Diagnosis	of	Acute	Pancreatitis

Perforated	hollow	viscus

Cholecystitis/cholangitis

Bowel	obstruction

Mesenteric	ischemia/infarction



PROGNOSIS
A	 number	 of	 clinical	 features	 associated	 with	 a	 poor	 prognosis	 have	 been
identified,	 including	age	older	 than	60	years,	presence	of	severe	comorbidities,
obesity,	 heavy	 alcohol	 use,	 signs	 of	 intravascular	 depletion	 (eg,
hemoconcentration,	 azotemia)	or	 of	 systemic	 inflammatory	 response	 syndrome
(SIRS).3	 Most	 notable	 in	 this	 regard	 is	 the	 presence	 or	 onset,	 shortly	 after
presentation,	 of	 signs	 of	 organ	 failure	 and/or	 evidence	 of	 intravascular	 fluid
depletion.5,65

Multiple	 scoring	 systems	 assessing	 the	 prognosis	 of	 the	 episode	 of	 acute
pancreatitis	have	been	proposed	over	the	years.	Historically,	the	Ranson	criteria
were	used	to	predict	morbidity	and	mortality	associated	with	an	episode	of	acute
pancreatitis	using	patient’s	age	and	several	laboratory	parameters.66,67	The	Acute
Physiology	and	Chronic	Health	Evaluation	IV	(APACHE	IV)	system68	has	also
studied	and	validated	to	predict	mortality	from	acute	pancreatitis.	These	scoring
systems,	however,	have	been	mostly	 replaced	by	 the	use	of	other	clinical	 tools
such	as	the	presence	of	SIRS	criteria	and	the	BISAP	(Bedside	Index	of	Severity
in	 Acute	 Pancreatitis)	 score.	 The	 BISAP	 has	 been	 shown	 to	 have	 similar
accuracy	as	APACHE,	with	the	benefit	of	being	easier	to	calculate.	The	BISAP
utilizes	clinical	and	 laboratory	parameters	early	 in	 the	disease	process	 (first	24
hours)	 to	 predict	 the	 risk	of	 death.69,70	The	parameters	 included	 in	 this	 clinical
tool	are	listed	in	Table	210.5.	Nonetheless,	determining	whether	 there	 is	organ
failure,	 or	 noninfected	 or	 infected	 fluid	 collections	 present,	 which	 together
define	 the	 severity	 of	 the	 disease	 (as	 shown	 in	Table	 210.6),	 and	 the	 risk	 of
mortality,	should	not	be	overlooked	by	clinicians	when	assessing	a	patient	with
pancreatitis.

TABLE	210.5

Bedside	Index	of	Severity	in	Acute	Pancreatitis	(BISAP)

Parameter Points

Blood	urea	nitrogen	level	>	25	mg/dL	(8.9	mmol/L) 1

Impaired	mental	status 1

>2	SIRS	criteria	are	present 1



Age	>	60	years 1

Pleural	effusion	on	radiography 1

A	score	greater	than	3	indicates	increased	risk	of	death.	SIRS,	systemic	inflammatory	response
syndrome.

TABLE	210.6

Acute	Pancreatitis	Severity	Definitions

Mild Moderate Severe

Absence	of	both	organ
failure	
and
Pancreatic/peripancreatic
necrosis

Presence	of	transient
organ	failure	(less	than
48	h)
or
Sterile
pancreatic/peripancreatic
necrosis

Presence	of	persistent
organ	failure	(more	than
48	h)
or
Infected
pancreatic/peripancreatic
necrosis

From	Petrov,	Maxim	S,	Windsor	JA.	Classification	of	the	severity	of	acute	pancreatitis:	how	many
categories	make	sense?	Am	J	Gastroenterol.	2010;105(1):74-76.	doi:10.1038/ajg.2009.597.

TREATMENT	OF	ACUTE	PANCREATITIS

Initial	Management
During	the	early	stages	of	an	acute	attack	of	pancreatitis,	efforts	should	be	made
to	confirm	the	diagnosis,	control	pain,	and	support	fluid	and	electrolyte	needs.

Pain	Management
The	 pain	 of	 pancreatitis	 is	 often	 severe	 and	 difficult	 to	 control.	 While	 many
patients	 require	 opiate	 analgesia	 including	 use	 of	 a	 patient-controlled
administration	 pump,19	 pain	 in	 patients	 with	 milder	 disease	 may	 be	 managed



with	 nonopioid	 analgesia.	 Patient	 requiring	 opioids	 should	 undergo	 frequent
assessment	of	respiratory	and	mental	status	and	opioids	should	be	discontinued
as	soon	as	possible.

Fluid	and	Electrolyte	Replacement
The	early	stage	of	severe	acute	pancreatitis	 is	characterized	by	major	fluid	and
electrolyte	losses.	External	losses,	caused	by	repeated	episodes	of	vomiting	and
exacerbated	by	nausea	 and	diminished	 fluid	 intake,	 can	 lead	 to	hypochloremic
alkalosis.	 Internal	 losses	 caused	 by	 leakage	 of	 intravascular	 fluid	 into	 the
inflamed	retroperitoneum,	pulmonary	parenchyma,	and	soft	tissues	elsewhere	in
the	body	contribute	to	hypovolemia.

4 	 Although	 adequate	 fluid	 resuscitation	 is	 the	 cornerstone	 of	 the	 early
management	of	acute	pancreatitis,	the	precise	approach	to	resuscitation	remains
unclear.	 Recommendations	 vary	 between	 goal-directed	 resuscitation	 (ie,
targeting	urine	output,	hemodynamics,	or	change	in	hemoglobin)	or	“aggressive”
resuscitation	 wherein	 up	 to	 500	 mL/h	 of	 fluid	 is	 administered.	 Recent	 data
suggest	 that	Ringer	lactate	may	be	more	beneficial	 than	normal	saline	for	fluid
replacement	 for	 acute	 pancreatitis3,4,71,72	 presumably	 due	 to	 a	 reduction	 in
metabolic	 acidosis.	 We	 suggest	 that	 clinicians	 aim	 to	 administer	 at	 least
3	 mL/kg/h	 of	 Ringer	 lactate	 within	 the	 first	 24	 hours	 and	 provide	 boluses	 of
resuscitation	in	response	to	urine	output	and/or	hemodynamics.

Nutrition
5 	 5 	 While	 withholding	 oral	 nutrition	 was	 previously	 thought	 to	 accelerate
healing	 in	 acute	 pancreatitis,	 current	 recommendations	 consist	 of	 early	 oral
feeding	 as	 tolerated	 by	 the	 patient.	 Recent	 trials	 have	 shown	 no	 difference
between	early	enteral	feeding	(first	24	h)	vs	trial	of	oral	feeding	with	assessment
and	 initiation	 of	 enteral	 feedings	 at	 72	 h	 from	presentation	 if	 needed	 (patients
who	are	unable	to	tolerate	oral	feeding).3,4,73	Furthermore,	recent	reports	suggest
that	enteral	nutrition	can	be	successfully	administered	by	either	 the	nasogastric
or	 the	 nasojejunal	 route	 and	 that	 the	 benefits	 of	 using	 either	 route	 are
comparable.74,75	 However,	 some	 patients	 with	 pancreatitis	 may	 have	 delayed
gastric	motility	and	benefit	 from	postpyloric	 feeding.	Total	parenteral	nutrition
has	been	shown	to	be	inferior	to	enteral	nutrition	for	preventing	mortality,	organ
failure	 and	 infectious	 complications;	 hence,	 it	 should	 be	 reserved	 for	 patients
who	are	unable	to	tolerate	enteral	nutrition	strategies.3,76



Other	Treatments
6 	Recommendations	for	the	use	of	antimicrobial	agents	have	changed	over	time.
Current	 guidelines	 published	 by	 the	 American	 Gastroenterology	 Association,
based	on	a	number	of	studies,	recommend	against	prophylactic	antibiotics,	even
in	 cases	 of	 severe	 pancreatitis.	 Concomitant	 infections	 (such	 as	 cholangitis	 or
pneumonia)	 should	 be	 treated	 appropriately.77	 A	 summary	 of	 management
recommendations	for	acute	pancreatitis	are	presented	in	Table	210.7.

TABLE	210.7

Summary	of	Management	of	Acute	Pancreatitis

Early	aggressive	fluid	resuscitation	is	beneficial	in	cases	of	severe	acute
pancreatitis	associated	with	shock.

In	contrast	to	morphine,	meperidine	relaxes	the	sphincter	of	Oddi	and	is
thus	a	favored	analgesic	in	cases	of	pancreatitis.

Use	of	enteral	nutrition	has	shown	benefit	over	parenteral	nutrition	in	terms
of	duration	of	hospital	stay,	infectious	morbidity,	and	need	for	surgery	in
meta-analysis.	Enteral	nutrition,	because	it	is	associated	with	fewer
complications,	may	be	the	better	of	these	two	treatment	modalities.

Antibiotic	use	remains	controversial;	meta-analyses	have	shown	utility	in
preventing	infection	of	pancreatic	necrosis,	although	a	large	randomized
controlled	trial	failed	to	demonstrate	benefit.

In	cases	of	severe	necrotizing	pancreatitis,	conservative	management	in	an
intensive	care	setting	trends	toward	a	survival	benefit	when	compared	with
early	surgical	intervention.

Early	endoscopic	sphincterotomy	and	stone	extraction	are	beneficial	in
preventing	sepsis	in	cases	of	severe	gallstone	pancreatitis	in	patients	with
jaundice.



Data	from	Rivers	E,	Nguyen	B,	Havstad	S,	et	al.	Early	goal-directed	therapy	in	the	treatment	of
severe	sepsis	and	septic	shock.	N	Engl	J	Med.	2001;345:1368;	Thune	A,	Baker	RA,	Saccone	GT,
et	al..	Differing	effects	of	pethidine	and	morphine	on	human	sphincter	of	Oddi	motility.	Br	J	Surg.
1990;77:992;	Helm	JF,	Venu	RP,	Geenen	JE,	et	al.	Effects	of	morphine	on	the	human	sphincter	of
Oddi.	Gut,	1988;29:1402;	McClave	SA,	Chang	WK,	Dhaliwal	R,	et	al.	Nutrition	support	in	acute
pancreatitis:	a	systematic	review	of	the	literature.	J	Parenter	Enteral	Nutr.	2006;30:143;	Marik	PE,
Zaloga	GP.	Meta-analysis	of	parenteral	nutrition	versus	enteral	nutrition	in	patients	with	acute
pancreatitis.	BMJ.	2004;328:1407;	Al-Omran	M,	Groof	A,	Wilke	D.	Enteral	versus	parenteral
nutrition	for	acute	pancreatitis.	Cochrane	Database	Syst	Rev.	2003;CD002837;	Bassi	C,	Larvin	M,
Villatoro	E.	Antibiotic	therapy	for	prophylaxis	against	infection	of	pancreatic	necrosis	in	acute
pancreatitis.	Cochrane	Database	Syst	Rev.	2003;CD002941;	Golub	R,	Siddiqi	F,	Pohl	D.	Role	of
antibiotics	in	acute	pancreatitis:	a	meta-analysis.	J	Gastrointest	Surg.	1998;2:496;	Isenmann	R,
Runzi	M,	Kron	M,	et	al.	Prophylactic	antibiotic	treatment	in	patients	with	predicted	severe	acute
pancreatitis:	a	placebo-controlled	double-blind	trial.	Gastroenterology.	2004;126:997;	Mier	J,	Leon
EL,	Castillo	A,	et	al.	Early	versus	late	necrosectomy	in	severe	necrotizing	pancreatitis.	Am	J	Surg.
1997;173:71;	Fan	ST,	Lai	ECS,	Mok	FPT,	et	al..	Early	treatment	of	acute	biliary	pancreatitis	by
endoscopic	papillotomy.	N	Engl	J	Med.	1993;328:228;	Neoptolemos	JP,	Carr-Locke	DL,	London
NJ,	et	al.	Controlled	trial	of	urgent	endoscopic	retrograde	cholangiopancreatography	and
endoscopic	sphincterotomy	versus	conservative	treatment	for	acute	pancreatitis	due	to
gallstones.	Lancet.	1988;2:979;	Folsch	UR,	Nitsche	R,	Ludtke	R,	et	al.	Early	ERCP	and
papillotomy	compared	with	conservative	treatment	for	acute	biliary	pancreatitis.	The	German
Study	Group	on	acute	biliary	pancreatitis.	N	Engl	J	Med.	1997;336:237.

Role	of	ERCP	and	Surgery	for	Gallstone	Pancreatitis
7 	The	role	of	ERCP	for	gallstone	pancreatitis	was	 the	subject	of	several	 recent
clinical	 trials.	 The	 role	 of	 early	 ERCP	 (<24h)	 is	 well	 established	 when
cholangitis	 is	 present	 during	 an	 episode	 of	 acute	 pancreatitis.	 Non-emergent
ERCP	is	also	beneficial	for	patients	with	persistent	biliary	obstruction	regardless
of	 presence	 of	 cholangitis.	 In	 this	 context,	 the	 best	 timing	 for	 endoscopic
intervention	 has	 not	 yet	 been	 completely	 established;	 however,	 some	 authors
suggests	a	more	conservative	approach	(within	48-72	h).	ERCP	is	generally	not
routinely	 recommended	 in	 acute	 pancreatitis	 without	 evidence	 of	 persistent
biliary	obstruction	or	cholangitis.72,77,78

8 	 Recurrent	 attacks	 of	 gallstone	 pancreatitis	 may	 develop	 if	 stones	 remain
either	in	the	gallbladder	or	bile	ducts	after	resolution	of	the	index	attack.	For	this
reason,	current	guidelines	recommend	that	cholecystectomy	be	performed	during
the	 same	 hospital	 stay	 for	 patients	 with	 mild	 pancreatitis.71,72	 Conversely,	 a
delayed	approach	 to	cholecystectomy	has	been	shown	 to	 reduce	morbidity	and
mortality	 of	 patients	 with	 moderate	 to	 severe	 disease	 or	 presence	 of
peripancreatic	fluid	collections.	In	this	scenario	it	may	be	reasonable	to	proceed
with	cholecystectomy	about	6	weeks	after	 the	 index	attack.	ERCP	with	biliary
sphincterotomy	 is	 a	 reasonable	 alternative	 for	 patients	 with	 high	 surgical	 risk



who	are	unable	to	undergo	cholecystectomy.77

Treatment	of	Systemic	Complications
Systemic	 complications	 of	 acute	 pancreatitis	 include	 cardiovascular	 collapse,
respiratory	 failure,	 renal	 failure,	 metabolic	 encephalopathy,	 disseminated
intravascular	 coagulation,	 and	 gastrointestinal	 bleeding	 (Table	 210.8).	 For	 the
most	 part,	 the	 pathogenesis	 and	management	 of	 these	manifestations	 of	 acute
pancreatitis	 are	 identical	 to	 those	 involved	 when	 these	 processes	 are
superimposed	on	other	diseases	that	result	in	severe	peritonitis	and	hypovolemic
shock.	 In	 other	 words,	 there	 may	 be	 nothing	 specific	 about	 these	 systemic
complications	 of	 pancreatitis,	 although	 they	 may	 be	 worsened	 by	 circulating
vasoactive	 agents,	 activated	 digestive	 enzymes,	 and	 protein	 breakdown
fragments	absorbed	from	the	inflamed	pancreas.	Please	refer	to	the	chapters	on
management	patients	with	an	acute	abdomen	(Chapter	50)	and	chapters	dealing
with	 management	 of	 shock	 (Chapters	 36,	 38,	 and	 191)	 for	 more	 detailed
discussions	of	these	problems.

TABLE	210.8

Complications	of	Acute	Pancreatitis

Systemic	Complications

Cardiovascular	collapse

Respiratory	failure

Renal	failure

Metabolic	encephalopathy

Disseminated	intravascular	coagulation

Gastrointestinal	bleeding



Local	Complications

Acute	fluid	collection

Pancreatic	necrosis	±	infection

Pancreatic	pseudocyst

Pancreatic	abscess

Pancreatic	ascites

Pancreatic-pleural	fistula

Duodenal	obstruction

Bile	duct	obstruction

Splenic	vein	thrombosis

Pseudoaneurysm	+	hemorrhage

LOCAL	COMPLICATIONS	OF	PANCREATITIS

Definitions
The	 most	 recent	 consensus	 in	 acute	 pancreatitis	 has	 been	 described	 as	 the
following	classification	of	pancreatic	fluid	collections56:

1.	 Acute	peripancreatic	fluid	collection	(APFC):	Homogeneous	fluid
collection(s)	without	well-defined	wall	that	occur	early	in	the	course	of



acute	pancreatitis.
2.	 Pancreatic	pseudocyst:	A	fluid	collection	that	is	usually	rich	in	digestive

enzymes	and	that	is	enclosed	by	a	nonepithelialized	wall	of	fibrous	or
granulation	tissue	(Figures	210.1	and	210.2),	usually	arising	from	leakage
of	pancreatic	juice	from	disrupted	pancreatic	ducts.	Pseudocysts	do	not
present	until	4	to	6	weeks	have	elapsed	from	the	onset	of	acute	pancreatitis
and	does	not	include	a	solid	component.

	

Figure	 210.1 	 Ultrasound	 showing	 pancreatic	 pseudocyst
(arrows).

	



Figure	 210.2 	 Computed	 tomography	 image	 showing
pseudocyst	(arrows)	in	the	head	of	the	pancreas.

3.	 Acute	necrotic	collection	(ANC):	Collection	of	fluid	including	necrotic
material	typically	occurring	during	the	first	4	weeks	after	a	pancreatitis
attack.	ANCs	do	not	have	a	clear	defined	wall	and	may	be	either	sterile	or
infected.

4.	 Walled-off	necrosis	(WON):	Single	or	multiple	collection	of	pancreatic
and/or	peripancreatic	necrotic	material	with	well-defined	wall	that	usually
occurs	4	weeks	or	later	after	an	episode	of	acute	pancreatitis.	These	are
better	defined	with	the	use	of	abdominal	ultrasound,	MRI	or	EUS	as	CT
may	not	differentiate	between	solid	and	fluid	content.	While	most
pancreatic	fluid	collections	are	sterile,	they	can	become	infected,	more
commonly	with	ANC	or	WON.	The	presence	of	gas	within	the	fluid
collection	on	imaging	suggests	this	diagnosis	(Figure	210.3).

	

Figure	 210.3 	 Computed	 tomography	 image	 showing	 gas-
filled	pancreatic	fluid	collection	(arrows).

Diagnosis
The	 presence	 of	 local	 complications	 should	 be	 suspected	 when	 the	 patient
develops	 recurrence	 of	 pain	 or	 early	 satiety	 in	 association	 with	 fever	 and
leukocytosis.	 Dynamic	 contrast-enhanced	 CT	 and	 MRI	 are	 the	 most	 accurate
noninvasive	 tests	 to	 identify	 and	 characterize	 these	 fluid	 collections.	 The
presence	of	extraintestinal	gas	on	CT	is	diagnostic	of	either	infected	necrosis	or



abscess,	 but	 this	 finding	 is	 only	 occasionally	 noted.	More	 often,	 patients	with
either	 infected	necrosis	or	abscess	are	 found	 to	have	poorly	enhanced	areas	on
dynamic	CT	in	a	clinical	setting	of	suspected	sepsis.56

Management

Acute	Fluid	Collections
Acute	 fluid	 collections	 such	 as	 APFC	 and	ANC	 generally	 require	 no	 specific
treatment.	Attempts	 to	drain	 these	collections,	endoscopically	or	surgically,	are
discouraged	 as	 they	 usually	 resolve	 spontaneously	within	 several	weeks	 of	 an
attack	and	 lack	a	mature	wall.	 In	 the	case	of	ANC	with	sepsis	and	progressive
clinical	 deterioration,	 retroperitoneal	 percutaneous	 drainage	 can	 be	 considered
while	encapsulation	develops.3

Pseudocysts	and	Walled-Off	Necrosis
Sterile	 WON	 usually	 does	 not	 require	 invasive	 treatment	 unless	 it	 becomes
symptomatic	 including	 gastric	 outlet	 obstruction,	 biliary	 obstruction,	 duodenal
obstruction	 or	 persistent	 clinical	 illness	 (anorexia,	weight	 loss,	 and	 abdominal
pains).25

9 	 On	 the	 other	 hand,	 infected	 WON	 usually	 requires	 invasive	 therapy	 in
addition	 to	 antimicrobial	 therapy.	Antibiotics	 should	 target	 both	 gram	 positive
and	 gram	 negative	 microorganisms.	 Although	 multiple	 techniques	 have	 been
proposed	 for	 drainage	 and	 debridement	 of	 infected	 WON,	 the	 “step-up”
approach	is	the	current	standard	of	care.	This	approach	includes	retroperitoneal
percutaneous	or	endoscopic	drainage	followed	by	debridement	(necrosectomy)	if
necessary4;	surgery	is	 infrequently	required	for	management	of	pancreatic	fluid
collections.

The	management	 strategy	 for	 pancreatic	 pseudocysts	 resembles	 the	 one	 for
walled-off	 necrosis	 (WON)—symptomatic	 or	 infected	 WON	 or	 pseudocysts
usually	 require	 intervention,	 whereas	 asymptomatic	 and	 sterile	 WON	 and
pseudocysts	 are	 typically	managed	 conservatively.	 Endoscopic	 drainage	 is	 the
standard	 therapy.	 Transluminal	 EUS-guided	 cystoduodenostomy	 or
cystogastrostomy	can	be	performed	alone	or	in	combination	with	transpapillary
drainage	(pancreatic	duct	stenting	when	there	is	duct-cyst	communication).25

Although	no	longer	the	standard	of	care,	surgical	approach	can	be	considered
when	 both	 noninvasive	 drainage	 and	 debridement	 techniques	 fail	 or	 are



infeasible.

CONCLUSIONS
The	 understanding	 and	 management	 of	 acute	 pancreatitis	 has	 changed
dramatically	 in	 the	 past	 decade.	 Understanding	 of	 the	 genetic	 basis	 of	 the
disease,	 approaching	 its	management,	 and	 the	 use	 of	 less	 invasive	methods	 of
management	is	the	currently	accepted	practice.	However,	a	number	of	questions
still	 remain:	 precise	 rate	 and	 method	 of	 fluid	 resuscitation,	 interventions	 to
prevent	 the	 development	 of	 pancreas	 necrosis,	 and	 the	 optimal	 timing	 of	 oral
feedings.	It	 is	not	until	 these	issues	are	clearly	addressed	through	clinical	 trials
that	we	can	best	care	for	these	complex	patients.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	A	37-year-old	man	is	hospitalized	for	acute	pancreatitis.	He	presented
2	days	ago	with	abdominal	pain	and	nausea.	His	laboratory	studies	on
presentation	showed	alkaline	phosphatase	of	245	U/L,	alanine	aminotransferase
of	121	U/L,	aspartate	aminotransferase	of	93	U/L	and	total	bilirubin	of
1.8	mg/dL.	He	has	been	treated	with	analgesics	and	intravenous	hydration	since
his	initial	presentation,	with	improvement	of	his	symptoms.	On	physical
examination,	vital	signs	are	now	within	normal	limits	and	abdominal	exam
reveals	no	tenderness.	Laboratory	studies	show	alkaline	phosphatase	of	76	U/L,
alanine	aminotransferase	of	25	U/L,	aspartate	aminotransferase	of	31	U/L,	and
total	bilirubin	of	0.7	mg/dL.	An	abdominal	ultrasound	shows	multiple	stones	in
the	gallbladder	and	a	normal	common	bile	duct.	What	is	the	most	appropriate
management?

A. 	Cholecystectomy	with	intraoperative	cholangiogram
B. 	Endoscopic	retrograde	cholangiopancreatography
C. 	Hospital	discharge	with	reevaluation	in	2	weeks



D. 	MR	cholangiopancreatography

2. 	Which	of	the	following	is	recommended	in	the	management	of	acute
pancreatitis?

A. 	Endoscopic	drainage	of	pancreatic	pseudocysts
B. 	Oral	feeding	as	soon	as	tolerated,	instead	of	bowel	rest	and	parenteral
nutrition
C. 	Postpyloric	nasogastric	tube	feedings	instead	of	oral	feeding
D. 	Prophylactic	antibiotics	for	severe	cases

3. 	A	41-year-old	woman	is	evaluated	in	the	emergency	department	for	a	3-
day	history	of	worsening	epigastric	abdominal	pain	that	radiates	to	the	back,
nausea	and	vomiting.	On	physical	examination,	temperature	is	36.7	C,	blood
pressure	is	118/75	mm	Hg,	pulse	rate	is	103/min,	and	BMI	is	31	kg/m2.
Abdominal	examination	shows	a	soft	abdomen	with	mild	tenderness	to	palpation
of	the	epigastrium.	Laboratory	studies	show	a	leukocyte	count	of	6700/μL,
hematocrit	of	45%,	blood	urea	nitrogen	level	of	23	mg/dL,	and	serum	lipase
level	of	1500	U/L	(upper	normal	120	U/L).	What	is	the	most	appropriate	next
step	in	diagnosis?

A. 	Abdominal	ultrasound
B. 	Computed	tomography	of	the	abdomen
C. 	Endoscopic	ultrasound
D. 	MR	cholangiopancreatography

Answers

1.	The	correct	answer	is	A.
Rationale:	 This	 patient	 is	 recovering	 from	 an	 episode	 of	 acute	 pancreatitis

likely	 caused	 by	 the	 presence	 of	 gallstones.	 Cholecystectomy	 (choice	 A	 is
correct)	 is	 recommended	 during	 the	 same	 hospital	 stay	 for	 patients	 recovering
from	 a	 mild	 episode;	 therefore,	 hospital	 discharge	 without	 cholecystectomy
(choice	C)	is	not	appropriate	for	this	patient.	An	intraoperative	cholangiogram	is
the	most	cost-effective	method	to	confirm	no	residual	stones	are	seen.	In	the	case
of	moderate	 to	 severe	 pancreatitis	 or	when	 peripancreatic	 fluid	 collections	 are
present,	 a	 delayed	 approach	 to	 cholecystectomy	 can	 be	 considered.	 MR
cholangiopancreatography	 (MRCP,	 choice	 D)	 and	 endoscopic	 retrograde
cholangiopancreatography	 (ERCP,	 choice	 B)	 are	 both	 useful	 to	 evaluate	 the



biliary	three	and	pancreatic	anatomy.	However,	this	patient	has	no	current	signs
of	biliary	obstruction	and	 thus	an	ERCP	is	not	appropriate.	While	an	MRCP	is
reasonable	 to	 exclude	 a	 residual	 CBD	 stone,	 a	 cholecystectomy	 with
intraoperative	cholangiogram	is	the	most	cost-effective	next	step.

2.	The	correct	answer	is	B.
Rationale:	While	withholding	oral	nutrition	was	previously	recommended	as

it	 was	 thought	 to	 allow	 for	 healing	 in	 acute	 pancreatitis,	 current
recommendations	 consist	 of	 early	 oral	 feeding	 as	 tolerated	 by	 the	 patients
(choice	B	is	correct);	hence,	total	parenteral	nutrition	should	be	reserved	for	the
rare	patients	who	are	unable	to	tolerate	oral	feedings	or	enteral	feedings.	The	use
of	 prophylactic	 antibiotics	 (choice	 D)	 is	 no	 longer	 recommended	 during	 an
episode	of	acute	pancreatitis	regardless	of	severity.	Rather,	antibiotics	should	be
used	when	a	concomitant	infectious	process	is	suspected.	Drainage	of	pancreatic
pseudocysts	 (choice	 A)	 should	 be	 reserved	 for	 patients	 that	 have	 infected	 or
symptomatic	 cysts	 (gastric	 outlet	 obstruction,	 biliary	 obstruction,	 duodenal
obstruction	 or	 persistent	 clinical	 illness).	 Postpyloric	 enteral	 feeding	 is	 not
required	and	can	increase	complications	(choice	C	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	This	patient’s	presentation	is	consistent	with	acute	pancreatitis.	In

the	setting	of	 typical	clinical	syndrome	(epigastric	abdominal	pain	that	radiates
to	 the	 back)	 and	 lipase	 or	 amylase	 greater	 than	 three	 times	 the	 upper	 limit	 of
normal,	the	diagnosis	of	acute	pancreatitis	can	be	made.	Gallstones	are	the	most
common	cause	of	acute	pancreatitis,	and,	 thus	abdominal	ultrasound	should	be
performed	in	all	patients	with	an	episode	of	acute	pancreatitis	to	evaluate	for	the
presence	 of	 stones	 in	 the	 gallbladder	 or	 biliary	 tree	 (choice	 A	 is	 correct).
Computed	 tomography	 (CT)	 of	 the	 abdomen	 (choice	 B)	 is	 not	 routinely
recommended	for	 the	diagnosis	of	acute	pancreatitis	unless	 there	 is	uncertainty
in	 the	 diagnosis	 (ie,	 atypical	 clinical	 syndrome	 and	 mild	 to	 no	 elevations	 of
lipase/amylase)	or	suspicion	for	local	complication.	Magnetic	resonance	imaging
(choice	D)	and	endoscopic	ultrasound	(choice	C)	are	useful	to	better	evaluate	the
biliary	 three	anatomy	when	 there	 is	 suspicion	 for	biliary	obstruction;	however,
the	 initial	 evaluation	 for	 gallstone	 pancreatitis	 should	 be	 performed	 with
abdominal	ultrasound.
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Chapter	211
Diarrhea	and	Constipation
Daniela	Guerrero	Vinsard,	Laura	Raffals

KEY	POINTS:
1.	 Diarrhea	and	constipation	in	the	ICU	are	common	but	often

overlooked	because	of	emergent	cardiorespiratory	conditions	that
take	precedence	for	management.

2.	 Complications	of	diarrhea	and	constipation	in	the	critically	ill	patient
can	lead	to	significant	morbidity	when	not	adequately	managed	in	a
timely	fashion.

3.	 Iatrogenic	causes	are	the	most	common	etiology	of	diarrhea	in	the
ICU	and	can	often	be	addressed	if	recognized.

4.	 Drug-induced	constipation	is	common	in	the	ICU,	particularly	among
patients	receiving	opiates.

5.	 Traditional	laxatives	should	be	utilized	in	ICU	patients	to	prevent
constipation	for	patients	receiving	medications	associated	with
constipation.

DIARRHEA	IN	THE	ICU

Introduction
1 	 2 	 Diarrhea	 frequently	 complicates	 the	 course	 of	 the	 critically	 ill	 patient,
occurring	in	40%	to	50%	of	patients	in	the	intensive	care	unit	(ICU).	Diarrhea	is
the	 most	 common	 nonhemorrhagic	 gastrointestinal	 (GI)	 complication	 in	 this
patient	 population.1	 Despite	 its	 high	 prevalence	 among	 the	 ICU	 patient
population,	diarrhea	 is	 frequently	overlooked	by	physicians	and	 the	 ICU	 team,
especially	when	more	emergent	cardiovascular,	respiratory,	and	infectious	issues



are	 present.	 Inattention	 to	 excessive	 stool	 output,	 however,	 can	 often	 result	 in
serious	 perturbations	 of	 fluid	 and	 electrolyte	 balance,	 lead	 to	 skin	 breakdown
and	 infection,	 and	 make	 it	 difficult	 to	 administer	 proper	 nutritional	 support.
Proper	 and	 immediate	 evaluation	 and	management	 of	 diarrhea	 are	 essential	 to
prevent	 further	 complications	 among	 critically	 ill	 patients.	 The	 evaluation	 of
diarrhea	 is	 often	 limited	 by	 the	 patient’s	 status	 and	 practical	 limitations	 to
performing	diagnostic	studies	in	the	ICU	setting.

Diarrhea	 can	 be	 defined	 as	 an	 increase	 of	 stool	 frequency,	 liquidity,	 or
volume.2	An	increase	of	daily	stool	weight	exceeding	200	g/d	has	been	used	as
an	objective	diagnostic	criterion.	For	the	critically	ill	patient,	however,	accurate
measurement	 of	 stool	 output	 may	 be	 difficult,	 if	 not	 impossible.	 Physicians,
therefore,	must	use	their	best	judgment	to	decide	whether	diarrhea	is	present	and
clinically	 relevant.	 This	 chapter	 provides	 helpful	 insights	 for	 making	 these
decisions,	 presents	 guidelines	 for	 rapid	 and	 directed	 evaluation,	 and	 suggests
effective	approaches	for	management	during	an	ICU	stay.

ETIOLOGY
The	 etiology	 of	 diarrhea	 for	 the	 ICU	 patient	 differs	 considerably	 from	 the
general	population.	Diarrhea	can	be	the	result	of	a	combination	of	factors.	In	the
ICU	setting,	these	factors	can	be	divided	into	three	categories:	(1)	iatrogenic,	(2)
diarrhea	 secondary	 to	 underlying	 diseases,	 and	 (3)	 diarrhea	 resulting	 as	 a
primary	manifestation	of	specific	diseases	(Table	211.1).	Thus,	it	is	important	to
carefully	review	available	data	to	identify	the	cause(s)	of	diarrhea.

TABLE	211.1

Differential	Diagnosis	of	Diarrhea	in	the	Intensive	Care	Unit
Setting

Iatrogenic	causes

•	Medications

•	Enteral	feeding

•	Pseudomembranous	colitis



Diarrhea	secondary	to	underlying	disease

•	Infections	in	immunosuppressed	patients

•	Neoplastic	disease	in	immunosuppressed	patients

•	Gastrointestinal	bleeding

•	Neutropenic	enteropathy

•	Ischemic	bowel	disease

•	Postsurgical	diarrhea	(post	cholecystectomy,	following	gastric	surgery)

•	Surgically	induced	short	bowel	syndrome	or	pancreatic	insufficiency

•	Fecal	impaction

•	Opiate	withdrawal

Diarrhea	as	a	primary	manifestation	of	disease

•	Diabetic	diarrhea

•	Renal	failure

•	Sepsis

•	Adrenal	insufficiency

•	Graft-vs-host	disease

•	Vasculitis

•	Diarrhea-causing	pathogens

•	Inflammatory	bowel	disease

•	Celiac	sprue

Iatrogenic	Causes
3 	Iatrogenic	factors	are	the	most	commonly	and	frequently	overlooked	cause	of
diarrhea	of	the	critically	ill	patient.	Rapid	and	successful	treatment	of	iatrogenic
diarrhea	can	often	be	achieved	by	eliminating	the	offending	agent	or	process.



Medications
Many	of	the	drugs	commonly	used	in	the	ICU	can	cause	diarrhea	(Table	211.2).
Therefore,	any	medication	or	combination	of	medications	should	be	suspected,
and	 consultation	 with	 a	 pharmaceutical	 reference	 is	 warranted	 when	 unclear.
Antibiotic-associated	 diarrhea	 occurs	 among	 3%	 to	 29%	 of	 hospitalized
patients.3	 The	 frequency	 of	 diarrhea	 varies	 considerably	 depending	 on	 the
antibiotic	 administered.	 Antibiotics	 most	 commonly	 associated	 with	 diarrhea
include	 ampicillin,	 tetracycline,	 clindamycin,	 azithromycin,	 clarithromycin,
fluoroquinolones,	 and	 many	 of	 the	 cephalosporins.	 The	 rate	 of	 diarrhea
associated	 with	 parenterally	 administered	 antibiotics	 is	 comparable	 to	 orally
administered	 antibiotics,	 especially	 antibiotics	 excreted	 into	 the	 enterohepatic
circulation.	 Antibiotic	 agents	 often	 cause	 a	 nonspecific,	 noninflammatory
diarrhea	 associated	 with	 nausea,	 abdominal	 cramping,	 and	 bloating.	 In	 these
instances,	diagnostic	studies	are	generally	negative.	Fluid	and	electrolyte	losses
are	 minimal,	 and	 symptoms	 often	 abate	 after	 withdrawal	 or	 change	 of	 the
medication.	 Alterations	 of	 intestinal	 flora,	 breakdown	 of	 dietary	 carbohydrate
products,	 and	 prokinetic	 effects	 (eg,	 from	 erythromycin)	 are	 all	 postulated
mechanisms	of	diarrhea.4

TABLE	211.2

Medications	Associated	With	Diarrhea

Antibiotics	(especially	erythromycin,	ampicillin,	clindamycin,	azithromycin,
and	cephalosporins)

Antacids	(magnesium-containing)

Magnesium	and	phosphorus	supplements

Proton	pump	inhibitors

Lactulose

Colchicine

Digitalis

Quinidine



Theophylline

Levothyroxine

Aspirin

Nonsteroidal	anti-inflammatory	agents

Cimetidine

Misoprostol

Diuretics

β-Blocking	agents

Chemotherapeutic	agents

Immunosuppressants	(tacrolimus,	sirolimus,	mycophenolate	mofetil,
cyclosporine,	and	azathioprine)

HIV	medications	(especially	protease	inhibitors,	eg,	nelfinavir)

Oral	hypoglycemics	(eg,	metformin)

Additives	in	the	physical	formulation	of	medications	(eg,	sorbitol,	lactose)	may	produce	diarrhea
independently	of	the	primary	medication.	HIV,	human	immunodeficiency	virus.

Clostridioides	 difficile	 infection	 (CDI)	 is	 the	 most	 common	 cause	 of
infectious	diarrhea	 in	 the	 ICU.5	Residence	 in	 the	 ICU	has	 been	 identified	 as	 a
risk	factor	for	developing	CDI,	and	some	authors	believe	that	C.	difficile	toxins
are	responsible	for	50%	of	the	cases	of	diarrhea	in	the	ICU	setting.	CDI	in	the
ICU	is	increasing	not	only	by	incidence	but	also	by	severity.6	CDI	must	always
be	 considered	 for	 ICU	 patients	 with	 diarrhea	 who	 are	 commonly	 exposed	 to
various	mediations,	particularly	antibiotics	that	predispose	to	the	development	of
CDI.	 Classically,	 clindamycin,	 penicillin,	 and	 broad-spectrum	 cephalosporins
have	been	implicated.	Besides	antibiotic	exposure	and	environmental	factors,	the
risk	factors	associated	with	CDI,	include	age	greater	than	60,	severe	underlying
disease,	gastric	acid	suppression,	and	immunological	susceptibility.4

Patients	 with	 severe	 or	 fulminant	 CDI	 are	 often	 admitted	 to	 the	 ICU.	 A
variety	of	criteria	are	used	to	distinguish	fulminant	from	severe	by	the	American
College	 of	 Gastroenterology	 (ACG)	 and	 the	 Infectious	 Diseases	 Society	 of
America	(IDSA).	The	infection	is	considered	“severe”	by	the	IDSA	with	white



blood	cells	(WBC)	≥	15,000	per	µL,	or	serum	creatinine	>1.5	mg/dL;	and	CDI	is
considered	fulminant	by	IDSA	when	there	is	hypotension	or	shock,	or	ileus,	or
significant	abdominal	distention	and	pain	consistent	with	megacolon.	The	ACG
also	considers	 fever	>38.5	 °C,	or	mental	 status	 changes,	or	WBC	>35,000	per
μL,	or	WBC	<2000	per	μL,	or	serum	lactate	>2.2	mmol/L,	or	evidence	of	end-
organ	 failure	 (mechanical	 ventilation,	 renal	 failure,	 etc.)	 to	 meet	 criteria	 for
fulminant	 CDI.7	 Prompt	 recognition	 and	 treatment	 of	 CDI	 are	 essential,
particularly	for	fulminant	cases,	which	may	require	urgent	surgical	intervention.

Agents	 that	 increase	 the	 osmotic	 load	 in	 the	 gut	 lumen	 are	 also	 frequent
causes	of	diarrhea	for	the	ICU	patient.	The	gut	lumen	osmotic	load	can	be	high
from	 aggressive	 enteral	 repletion	 of	 nutrients,	 such	 as	 magnesium	 and
phosphorus.	Lactulose,	a	useful	agent	in	the	treatment	of	hepatic	encephalopathy,
provides	an	osmotic	gradient,	increasing	fluid	secretion	and	stool	output.	Many
medications	contain	inert	additives,	sorbitol	or	lactose,	which	may	also	cause	an
osmotic	diarrhea.	In	one	study	of	29	tube-fed	patients	with	diarrhea,	48%	of	the
cases	were	attributed	to	sorbitol-containing	elixirs.8

Proton	 pump	 inhibitors,	 another	 commonly	 used	 class	 of	medication	 in	 the
ICU	setting,	frequently	cause	diarrhea,	particularly	when	administered	in	higher
doses.	 In	 a	 large	 study	 of	more	 than	 40,000	 patients	 treated	with	 omeprazole,
lansoprazole,	or	pantoprazole,	the	most	common	adverse	event	was	diarrhea.9

Immunosuppressants	 used	 following	 organ	 transplant	 (eg,	 tacrolimus,
sirolimus,	 mycophenolate	 mofetil,	 cyclosporine,	 and	 azathioprine)	 may	 be
associated	 with	 diarrhea.	 However,	 these	 agents	 may	 not	 be	 causative.	 An
alternative	 explanation	 was	 found	 for	 diarrhea	 in	 50%	 of	 kidney	 transplant
patients	 who	 developed	 diarrhea	 while	 receiving	 mycophenolate.10	 In	 the
posttransplant	patient	population,	cytomegalovirus	(CMV)	infection	can	present
with	GI	manifestations	 including	 diarrhea.	Among	 patients	with	HIV	who	 are
treated	with	highly	active	antiretroviral	therapy,	drug-induced	diarrhea	occurs	in
up	to	75%	of	patients,	and	the	protease	inhibitors	as	well	as	integrase	inhibitors
are	 the	most	 common	 drug-related	 cause	 of	 diarrhea	 among	 this	 population.11
Symptoms	are	decreased	by	dose	reduction	or	eliminated	by	discontinuation	of
therapy.

Other	 medications	 associated	 with	 diarrhea	 include	 colchicine,	 quinidine,
digitalis,	 metoclopramide,	 theophylline,	 levothyroxine,	 aspirin,	 nonsteroidal
anti-inflammatory	 drugs,	 misoprostol,	 cimetidine,	 diuretics,	 cholinergic	 agents
(eg,	bethanechol),	and	β-blockers.	Withdrawal	from	medications	(eg,	 long-term
sedatives,	analgesics,	or	opiates)	may	also	be	associated	with	diarrhea.



Enteral	Feedings
Enteral	 feedings	 are	 the	 most	 common	 cause	 of	 diarrhea	 in	 the	 ICU	 setting,
occurring	 in	up	 to	63%	of	 ICU	patients.1,12	Certain	aspects,	 such	as	concurrent
administration	 of	 antibiotics,	 osmolality	 of	 solution,	 of	 solution,	 and	 serum
albumin	 may	 contribute	 to	 the	 occurrence	 and	 severity	 of	 diarrhea	 for	 these
patients.13	 The	 osmolarity	 of	 the	 enteral	 solution	 may	 trigger	 diarrhea	 when
feedings	are	rapidly	administered	directly	into	the	small	intestine.	Bolus	feeding
may	 be	 more	 physiological,	 especially	 with	 regard	 to	 glucose	 homeostasis;
however,	 feedings	 administered	 by	 this	manner	 distal	 to	 the	 pylorus	 introduce
high-osmolar	 contents	 rapidly	 into	 the	 small	 bowel,	 resulting	 in	 a	 higher
incidence	 of	 diarrhea.14	 The	 impact	 of	 enteral	 nutrition-related	 complications,
including	diarrhea,	was	 illustrated	 in	a	prospective,	multicenter	cohort	study	of
400	 patients.15	 In	 this	 study,	 62.8%	 (251	 of	 400)	 patients	 suffered	 GI
complications	with	14.7%	of	the	studied	patients	experiencing	enteral	nutrition-
related	diarrhea.	These	authors	found	that	patients	with	GI	complications	had	a
reduction	 in	 their	 tube	 feed	 volumes,	 longer	 lengths	 of	 stay	 in	 the	 ICU,	 and
higher	mortality.

Enteral	 formulas	 high	 in	 lactose	 or	 fat	 content	 may	 also	 be	 a	 factor	 for
susceptible	 patients.	 Starved	 or	 chronically	 parenterally	 fed	 patients	who	 have
developed	small	bowel	villus	atrophy	and	a	decrease	of	mucosal	disaccharidase
enzyme	activity	may	experience	diarrhea	when	enteral	feedings	are	initiated.

Diarrhea	Secondary	to	Underlying	Disease
Diarrhea	may	result	from	various	processes	or	pathogens	associated	with	disease
states	 commonly	 seen	 among	 the	 critically	 ill.	 Diarrhea	 may	 occur	 more
frequently	 among	 patients	 who	 are	 immunosuppressed,	 have	 alterations	 of
cardiac	output	and	blood	flow,	or	have	various	primary	GI	disorders.

Among	 immunosuppressed	 patients,	 multiple	 infectious	 agents	 may	 be
responsible	 for	 the	 development	 of	 diarrhea.	 Herpes	 simplex	 virus,	 CMV,
Giardia,	Salmonella,	Shigella,	Cryptosporidium,	 Isospora,	Campylobacter,	 and
Mycobacterium	 are	 among	 the	 most	 common	 identified	 pathogens.
Postchemotherapy	 patients	 can	 also	 experience	 diarrhea	 as	 a	 result	 of	 direct
injury	to	the	bowel,	ranging	from	bowel	edema	to	frank	infarction.	The	cause	of
these	 changes	 is	 unclear;	 however,	 infections,	 direct	 toxic	 effects	 of
chemotherapeutic	 agents,	 neutropenia,	 and	 primary	 intestinal	 injury	 have	 been
postulated	as	initiating	factors.16	Strongyloides	stercoralis	should	be	considered
as	a	cause	of	diarrhea	among	patients	who	lived	or	traveled	to	endemic	areas.



For	patients	with	 acquired	 immunodeficiency	 syndrome	 (AIDS),	diarrhea	 is
perhaps	 the	 most	 commonly	 experienced	 symptom.	 Aside	 from	 iatrogenic
causes,	these	patients	can	develop	diarrhea	from	a	single	or	multiple	pathogens.
CMV,	Mycobacterium	 spp,	Cryptosporidium,	and	Microsporidium	are	 the	most
common	 agents.	 Cryptosporidium	 typically	 causes	 a	 severe	 large-volume
secretory	 diarrhea	 (often	 in	 excess	 of	 1	 L/d).17	 Pathogens	 such	 as	Entamoeba
histolytica,	Cystoisospora	belli,	Giardia	lamblia,	Microsporidium,	adenoviruses,
and	others	mentioned	earlier	are	capable	of	causing	diarrhea	among	patients	with
AIDS.	Bacillary	dysentery	may	become	chronic	and	relapsing,	posing	challenges
with	treatment.	The	herpes	simplex	virus	may	cause	perianal	ulceration,	urgency,
and	 frequent	mucopurulent	 discharge,	 which	may	 be	 interpreted	 as	 diarrhea.18
The	 CD4	 count	 indicates	 the	 degree	 of	 immunocompromise	 in	 these	 patients,
and	a	lower	count	broadens	the	differential	diagnosis	of	the	etiology	of	diarrhea.
Cryptosporidium	 parvum,	 Enterocytozoon	 bieneusi,	 Encephalitozoon
intestinalis,	 Mycobacterium	 avium	 complex	 (MAC),	 and	 enteroaggregative
Escherichia	 coli	 cause	 self-limited	 disease	 among	 normal	 and	 mildly
immunosuppressed	individuals,	but	may	cause	persistent,	severe	diarrhea	among
patients	with	CD4	counts	less	than	200	cellsμL.19,20	CMV	rarely	causes	diarrhea
among	patients	with	CD4	counts	greater	than	50	cells/mm.21	Patients	with	AIDS
may	 also	 develop	 high-grade	 intestinal	 lymphomas	 predominantly	 of	 B-cell
origin,	which	may	present	as	diarrhea.	Kaposi	sarcoma	may	cause	GI	bleeding
but	rarely	causes	diarrhea.22

Intestinal	 ischemia,	 especially	 involving	 the	colon,	may	 result	 in	 abdominal
pain	and	diarrhea	among	the	critically	ill.	Postsurgical	patients,	especially	those
who	have	undergone	repair	of	an	abdominal	aortic	aneurysm,	may	have	as	high
as	 a	 6%	 incidence	 of	 colonoscopically	 documented	 ischemia.23	 Patients	 who
have	 undergone	 an	 abdominoperineal	 resection	 or	 therapeutic	 angiography	 are
also	at	risk.	Compromise	of	the	inferior	mesenteric	artery	with	left-sided	colonic
involvement	is	 the	primary	etiologic	factor.	Symptoms	may	occur	within	hours
to	 a	 few	 days	 following	 the	 procedure	 and	 may	 even	 be	 delayed	 for	 weeks.
Patients	 with	 shock	 due	 to	 depressed	 cardiac	 output	 may	 be	 more	 likely	 to
present	with	right-sided	colonic	 involvement,	which	is	associated	with	a	worse
prognosis.24	 Severity	 can	 range	 from	 mild,	 transient	 ischemic	 changes	 to
mucosal	 ulceration	 or	 bowel	 necrosis.	 Sympathomimetic	 drugs,	 vasopressin,
ergot	preparations,	migraine	therapies,	alosetron,	bevacizumab,	and	digoxin	may
further	 place	 susceptible	 patients	 at	 risk.25	 Likewise,	 small	 intestinal	 ischemia,
especially	 venous	 ischemia,	 may	 present	 with	 bloody	 or	 nonbloody	 diarrhea.
Bleeding	 of	 either	 the	 upper	 or	 lower	 GI	 tract	 is	 a	 frequent	 cause	 of	 bloody
diarrhea	among	critically	ill	patients.	Blood	acts	as	both	an	irritant	and	osmotic



agent,	 resulting	 in	 diarrhea.	 Common	 causes	 of	 upper	 GI	 bleeding	 include
esophagitis,	 gastric	 and	 duodenal	 ulcer	 disease,	 and	 hemorrhagic	 gastropathy;
whereas	 infectious	 colitis,	 diverticulosis,	 and	 ischemia	may	 result	 in	 lower	GI
bleeding.	Diverticulitis	may	also	be	present	with	an	accompanying	diarrhea.

Fecal	 impaction	 of	 both	medical	 and	 surgical	 patients	may	 cause	 overflow
diarrhea	 with	 leakage	 of	 liquid	 stool	 around	 impacted	 feces	 and	 should	 be
considered	for	the	ICU	patient	with	diarrhea.	Drugs	such	as	opiates	for	sedation
or	 analgesia,	 aluminum-containing	 antacids,	 and	 sucralfate	 may	 decrease
intestinal	 motility	 and	 fecal	 fluidity,	 resulting	 in	 formation	 of	 a	 partially
obstructing	fecal	mass	and	overflow	diarrhea.

Diarrhea	as	a	Primary	Manifestation	of	Disease
Several	common	diseases	can	occasionally	cause	diarrhea.	For	instance,	patients
with	 diabetes	 can	 experience	 severe	 bouts	 of	 diarrhea.	 Diabetic	 diarrhea	 is
considered	to	result	from	an	autonomic	neuropathy	and	its	subsequent	effects	on
intestinal	 fluid	 absorption.26	 These	 patients	 invariably	 have	 other	 signs	 of
autonomic	 neuropathy,	 including	 orthostatic	 hypotension,	 gastroparesis,
anhidrosis,	 abnormalities	 in	 RR	 wave	 variation	 on	 electrocardiogram,	 and
neurogenic	 bladder.27	 Abnormalities	 of	 motility	 with	 intestinal	 stasis	 and
bacterial	 overgrowth	 may	 also	 play	 a	 role	 in	 the	 development	 of	 diarrhea	 in
diabetic	patients.

Endocrine	disorders	such	as	adrenal	insufficiency	and	hyperthyroidism	should
be	 considered	 for	 the	 critically	 ill	 patient	with	 diarrhea.	Adrenal	 insufficiency,
either	 primary	 adrenal	 failure	 as	 a	 result	 of	 bilateral	 adrenal	 hemorrhage	 or
infarction,	 or	 relative	 deficiency	 induced	 by	 stress	 in	 patients	 chronically
exposed	to	corticosteroids,	may	present	with	secretory	diarrhea.	The	symptoms
and	 signs	 of	 an	 adrenal	 crisis	 include	 shock,	 nausea,	 vomiting,	 diarrhea,
abdominal	pain,	fever,	fatigue,	and	sometimes	confusion	or	coma.	Patients	with
hyperthyroidism	have	increased	fecal	output	largely	owing	to	increased	intestinal
motility.

Graft-vs-host	disease	(GVHD)	may	complicate	both	the	short-	and	long-term
course	 of	 patients	 who	 have	 undergone	 transplantation	 (most	 commonly
following	allogeneic	hematopoietic	stem	cell	transplantation).28,29	Acute	GVHD,
occurring	 less	 than	 100	 days	 after	 transplant,	 typically	 is	 characterized	 by
dermatitis,	 hepatitis,	 and	 gastroenteritis	 usually	 manifesting	 with	 nausea,
abdominal	 pain,	 and	 diarrhea.	 Chronic	GVHD	 (occurring	more	 than	 100	 days
after	 transplantation)	may	mimic	autoimmune	diseases,	 such	as	 systemic	 lupus
erythematosus,	 systemic	 sclerosis,	 or	 Sjogren	 syndrome30	 and	 often	 is



characterized	by	a	less	severe	form	of	diarrhea.
Vasculitic	 diseases	 such	 as	 systemic	 lupus	 erythematosus,	 dermatomyositis,

polyarteritis,	 and	 granulomatosis	 with	 polyangiitis	 can	 involve	 medium-	 and
small-sized	vessels	supplying	the	GI	tract.	Abdominal	pain,	fever,	bleeding,	and
diarrhea	are	common	resulting	symptoms.

Finally,	one	must	always	consider	the	causes	of	diarrheal	disease	that	are	not
unique	 to	 the	 critically	 ill	 patient.	 Infectious	 causes	 of	 diarrhea	 can	 affect
immunocompetent	 hospitalized	 patients,	 but	 are	 unusual	 in	 clinical	 practice
unless	the	onset	of	the	diarrhea	is	within	the	first	few	days	of	hospitalization	or	a
nosocomial	 outbreak	 of	 infection	 is	 present.31	 Infectious	 causes	 that	 should	 be
considered	 include	 Salmonella,	 Shigella,	 Campylobacter,	 Giardia,	 or	 E.
histolytica,	 although	 other	 pathogens	 have	 also	 been	 implicated.	 Nonenteric
infectious	 causes	 of	 diarrhea	 include	 toxic	 shock	 syndrome	 and	 Legionnaires
disease.	Other	causes	to	be	considered	include	lactose	intolerance,	inflammatory
bowel	disease,	and	celiac	sprue.

DIAGNOSIS

History	and	Physical	Examination
The	history	 is	 important	 for	establishing	 the	diagnosis	and	etiology	of	diarrhea
for	the	ICU	patient;	however,	depressed	neurological	function	as	the	result	of	the
disease	state	or	iatrogenic	sedation	and	intubation	may	make	obtaining	a	history
impossible.	Attention	to	onset,	duration,	character,	relation	to	enteral	intake,	and
associated	symptoms	of	diarrhea	may	be	helpful	etiologic	clues.	Information	on
prior	 episodes	 of	 diarrhea,	 the	 patient’s	 underlying	medical	 conditions	 (which
may	be	associated	with	diarrhea),	or	prior	use	of	antibiotics	is	also	important	to
elucidate.	Next,	 a	 careful	 review	of	 the	patient’s	 current	medications	 and	 their
administration	 relative	 to	 the	 onset	 of	 diarrhea	 should	 be	 performed.	 Any
suspected	agent	should	be	discontinued	if	possible	or	changed	to	an	alternative
medication.	Every	effort	should	be	made	to	decrease	the	number	of	administered
medications	and	continue	only	those	that	are	necessary.

A	 history	 of	 abdominal	 pain	 may	 suggest	 ischemia,	 infection,	 or	 various
inflammatory	 conditions	 such	 as	 vasculitis	 or	 GVHD.	 Bloody	 diarrhea	 may
suggest	 primary	 GI	 bleeding,	 ischemia,	 or	 occasionally	 pseudomembranous
colitis	secondary	to	CDI.	Passage	of	frequent	small-volume	stools	with	urgency
and	tenesmus	suggests	distal,	left-sided	colonic	involvement,	whereas	passage	of



less	 frequent,	 large-volume	 stools	 suggests	more	 proximal	 involvement	 (small
intestine	 or	 right	 colon).	 These	 historical	 clues,	 however,	 are	 not	 mutually
exclusive,	 and,	 in	 disease	 states	 with	 extensive	 bowel	 involvement,	 the
distinction	may	not	be	appreciable.

Physical	 examination	may	provide	 further	 clues	 to	 the	 etiology	of	 diarrhea,
but	findings	are	usually	nonspecific.	More	important,	the	physical	examination	is
essential	 for	 assessing	 the	 clinical	 severity	 of	 diarrhea.	 Orthostasis	 suggests
severe	 volume	 loss,	 adrenal	 insufficiency,	 or	 autonomic	 neuropathy	 (eg,	 from
diabetes).	Fever	may	occur	among	individuals	with	infection,	vasculitis,	adrenal
insufficiency,	or	hyperthyroidism.	Abdominal	tenderness	may	suggest	infectious,
ischemic,	or	vasculitic	causes.	Skin	rashes	or	mucosal	ulcerations	in	appropriate
patients	may	suggest	inflammatory	bowel	disease,	vasculitis,	or	GVHD.	Clinical
manifestations	of	AIDS	may	be	apparent.	Abdominal	distention,	palpable	bowel
loops,	or	abnormal	rectal	examination	may	suggest	a	partially	obstructing	fecal
impaction.

Laboratory	Studies
Serum	 electrolytes	 especially	 sodium,	 potassium,	magnesium,	 and	 phosphorus
should	 be	 obtained	 and	 carefully	monitored	 for	 patients	with	 diarrhea.	 Severe
diarrhea	 may	 result	 in	 a	 hyperchloremic	 metabolic	 acidosis	 and	 prerenal
azotemia.	The	serum	sodium	may	be	normal,	elevated,	or	depressed	depending
on	 the	 severity	 of	 diarrhea,	 oral/parenteral	 water	 intake,	 of	 intravenous	 fluid
administered,	 and	 other	 disease	 states	 (eg,	 hepatic	 or	 renal	 dysfunction).	 The
serum	 potassium,	 magnesium,	 and	 phosphorus	 may	 be	 normal	 or	 depressed,
whereas	 elevations	 (eg,	 in	 potassium)	 may	 suggest	 adrenal	 insufficiency	 or
uremia.	 Leukocytosis	may	 suggest	 infection	 or	 ischemia,	whereas	 neutropenia
may	 suggest	 an	 immunosuppressed	 state	 or	 sepsis.	 Low	 serum	 protein	 levels
may	be	a	clue	to	the	presence	of	a	protein-losing	gastroenteropathy.

Examination	 of	 the	 stool	 may	 be	 the	 single	 most	 important	 and	 most
overlooked	 laboratory	 investigation	 for	 the	 ICU	 patient	 with	 diarrhea.	 The
presence	 of	 fecal	 leukocytes	 should	 be	 determined,	 and	 when	 present	 may
suggest	 infection,	 ischemia,	 or	 mucosal	 inflammation.	 Newer	 assays	 for	 fecal
calprotectin	 and	 lactoferrin	 have	 been	 validated	 for	 use	 in	 dysentery	 and
inflammatory	 bowel	 disease,	 but	 its	 usefulness	 in	 the	 ICU	 setting	 requires
study.32	Because	of	the	high	false-positive	rate,	C.	difficile	should	only	be	tested
when	patients	have	diarrhea.	The	nucleic	acid	amplification	tests	for	C.	difficile
toxin	 gene	 such	 as	 polymerase	 chain	 reaction	 is	 a	 standard	 diagnostic	 test	 for
CDI	 and	 is	 superior	 to	 toxins	 A	 +	 B	 enzyme	 immunoassay	 testing.	 Once	 the



diagnosis	is	made,	repeat	testing	is	discouraged.	Several	studies	have	shown	that
repeat	 testing	after	a	negative	 test	 is	positive	 in	<5%	of	 specimens,	 and	 repeat
testing	may	potentially	increase	the	likelihood	of	false	positives.33,34	On	the	other
hand,	when	a	test	comes	back	negative,	empiric	treatment	for	CDI	should	not	be
discontinued	or	withheld	for	patients	with	a	high	pretest	suspicion	for	CDI	and	a
multistage	algorithm	has	been	suggested	to	diagnose	or	rule	out	CDI.34

Fresh	stool	specimens	for	culture	and	ova	and	parasite	examination	should	be
requested	 for	 patients	 where	 there	 is	 a	 clinical	 suspicion,	 for	 example,	 in
dysenteric	 presentations	 or	 when	 either	 fecal	 leukocytes	 or	 an	 elevated	 fecal
calprotectin	 is	 found.	 Indiscriminate	 ordering	 of	 stool	 culture	 and	 ova	 and
parasite	 test	 is	 not	 warranted.	 Immunosuppressed	 patients,	 however,	 require
more	extensive	examination	of	the	stool.	Often,	opportunistic	pathogens	are	not
detected	readily	through	stool	studies,	and	endoscopic	examination	with	biopsies
is	 required.	Some	pathogens	such	as	CMV	or	MAC	isolated	 from	stool	do	not
necessarily	represent	infection	and	require	evidence	of	tissue	invasion	on	biopsy
for	diagnosis.

Qualitative	examination	of	the	stool	for	fat	using	a	Sudan	III	stain	is	the	best
screening	 test	 if	 a	malabsorptive	 state	 is	 suspected.	Determination	of	 the	 stool
osmolar	 gap,	 which	 is	 290	 −	 ([stool	 {Na+}	 +	 stool	 {K+}]	 ×	 2),	 helps	 to
distinguish	osmotic	and	secretory	causes	of	watery	diarrhea.	A	gap	greater	than
125	mOsm/L	is	expected	for	an	osmotic	diarrhea.	High-volume	stool	output	that
persists	with	fasting	suggests	a	secretory	etiology.	A	low	stool	pH	may	suggest
bacterial	overgrowth	or	carbohydrate	malabsorption.

Special	Diagnostic	Investigations
Plain	 abdominal	 radiographs	 are	 sometimes	 helpful	 and	 may	 show	 signs	 of
ischemia,	 obstruction,	 perforation,	 or	 a	 megacolon	 associated	 with	 colitis.
Computed	 tomography	 (CT),	 CT	 enterography	 and	 magnetic	 resonance
enterography	 can	 be	 useful	 to	 further	 evaluate	 the	 small	 intestine	 to	 identify
luminal	 inflammation	 or	 complications	 such	 as	 enteroenteric	 or	 enterocolonic
fistulae.

Flexible	sigmoidoscopy,	colonoscopy,	and	upper	endoscopy	can	be	extremely
useful	for	diagnosing	various	causes	of	diarrhea.	Colitides,	including	infectious,
ischemic/vasculitic,	 and	 pseudomembranous	 colitis,	 will	 often	 have	 a
characteristic	endoscopic	appearance.	The	classic	 findings	 in	C.	difficile	colitis
include	distinct,	adherent,	raised	plaques	(pseudomembranes)	2	to	5	mm	in	size
that	 may	 be	 confluent.	 More	 commonly,	 the	 mucosa	 is	 normal;	 a	 normal
appearance	should	not	exclude	the	diagnosis	of	CDI,	because	mucosal	biopsies



may	 reveal	 pseudomembranes	 histologically.	 CMV	 or	 herpes	 colitis	 are	 best
diagnosed	endoscopically.	CMV	colitis	may	manifest	as	discrete	ulcerations	or
widespread	mucosal	edema,	erythema,	and	erosion.	The	characteristic	vesicles	of
herpes	may	or	may	not	be	present	and	can	be	replaced	by	extensive	ulceration.
MAC	is	usually	diagnosed	histologically;	small	bowel	or	colonic	biopsies	reveal
abundant	 acid-fast	 bacilli.	 Cryptosporidium	 and	 Giardia	 can	 be	 made	 by
histological	 evaluation	 of	 small	 bowel	 biopsies,	 whereas	 identification	 of
Microsporidium	 is	more	 difficult	 and	 requires	 the	 use	 of	 electron	microscopy.
GVHD	 is	 confirmed	most	 commonly	by	histopathological	 findings	of	biopsies
obtained	during	flexible	sigmoidoscopy.

MANAGEMENT

Initial	Management
The	first	and	most	important	step	for	the	management	of	patients	with	diarrhea
regardless	of	the	etiology	is	correction	of	fluid	and	electrolyte	imbalance	(Figure
211.1).	 Careful	monitoring	 of	 the	 patient’s	 physical	 and	 laboratory	 parameters
will	help	guide	replacement	therapy.	Most	often,	free	water,	sodium,	potassium,
phosphorus,	 or	 magnesium	 repletion	 will	 be	 required.	 Physicians	 and	 nursing
staff	 should	 ensure	 that	 proper	 patient	 hygiene	 and	 skin	 care	 are	 maintained.
Suspected	infectious	causes	of	diarrhea	warrant	patient	isolation	until	a	diagnosis
is	made	and	proper	treatment	instituted.	Infection	control	is	essential	to	prevent
spread	of	 the	disease	in	the	unit.	Hospital-based	infection	control	programs	are
needed	to	help	decrease	the	incidence	of	CDI.

	

Figure	 211.1 	 Algorithm	 for	 management	 of	 diarrhea	 in	 the
intensive	 care	 unit.CHO,	 carbohydrate;	 HIV,	 human



immunodeficiency	virus;	qual,	qualitative;	R/O,	rule	out;	SIBO,	small
intestinal	bacterial	overgrowth;	WBCs,	white	blood	cells.

Therapy	of	Iatrogenic	Causes
3 	Iatrogenic	causes	of	diarrhea	are	among	the	most	readily	diagnosed	and	easily
treated	 etiologies.	 Suspect	 medications,	 especially	 antibiotics,	 should	 be
withdrawn	or	changed	to	those	that	are	less	likely	to	cause	diarrhea.

If	 a	 diagnosis	 of	 C.	 difficile	 colitis	 is	 suspected	 or	 made,	 the	 offending
antibiotic	should	be	discontinued,	or	if	necessary,	replaced	by	agents	that	are	less
likely	to	cause	CDI	(Table	211.3).	Patients	experiencing	an	initial	CDI	episode
should	 be	 treated	 with	 fidaxomicin	 200	 mg	 twice	 daily	 for	 10	 days	 or
vancomycin	125	mg	orally	4	times	daily	for	10	days.	For	patients	with	fulminant
CDI,	vancomycin	500	mg	4	times	daily	by	mouth	or	nasogastric	tube	should	be
administered.	When	the	patient	has	an	ileus,	rectal	administration	of	vancomycin
and	 intravenous	 metronidazole	 9500	 mg	 every	 8	 hours)	 can	 be	 given.35	 All
patients	with	complicated	CDI	should	get	a	CT	scan	of	the	abdomen/pelvis	and	a
surgical	consult.	Surgical	therapy	should	be	considered	for	patients	who	have	a
complicated	 and	 severe	 CDI	 or	 failed	 to	 improve	 with	 medical	 therapy	 after
5	 days.	 Antiperistaltic	 agents	 should	 be	 limited	 or	 avoided	 for	 patients	 with
confirmed	or	even	suspected	CDI.	Oral	or	enteral	feeding	should	be	continued	in
the	absence	of	ileus	or	abdominal	distention.

TABLE	211.3

Treatment	of	Clostridium	difficile	Colitis

General

Discontinue	offending	antibiotic	if	possible

Avoid	antimotility	agents

Isolation	with	enteric	precautions

Antimicrobial

Metronidazole	500	mg	PO/IV	tid	for	10-14	d



Vancomycin	125-500	mg	PO	qid	for	7-14	d

IV,	intravenous;	PO,	orally;	qid,	four	times	a	day;	tid,	three	times	a	day.

Enteral	feedings	suspected	of	causing	diarrhea	should	be	reduced	in	volume,
administered	 by	 continuous	 infusion	 or	 temporarily	 discontinued.	 Lactose-free
feeds	 should	 be	 used	whenever	 possible,	 because	 the	 high	 incidence	of	 stress-
induced	 GI	 mucosal	 injury	 among	 the	 critically	 ill,	 which	 may	 be	 associated
with	loss	of	disaccharidase	activity.	Fiber-containing	formulas	or	fiber	added	to
standard	 formulas	 may	 benefit	 ICU	 patients	 with	 tube	 feeding-associated
diarrhea.36,37	 Elemental	 diet	 supplements	 may	 also	 be	 considered	 for	 patients
with	short	bowel	syndrome,	pancreatic	 insufficiency,	 radiation	enteritis,	 fistula,
and	 inflammatory	 bowel	 disease.	Their	major	 disadvantages	 are	 high	 cost	 and
osmolarity.

Treatment	of	Diarrhea	Related	to	Disease
Efforts	should	always	be	made	 to	 treat	 the	underlying	disease-causing	diarrhea
for	 the	critically	 ill	patient,	 although	such	efforts	may	or	may	not	 improve	 the
diarrhea.	Diarrhea	secondary	to	sepsis	will	typically	resolve	when	the	source	of
sepsis	 is	 treated,	 whereas	 diarrhea	 secondary	 to	 diabetes	 or	 uremia	 may	 not
improve	despite	treatment	of	the	primary	disease.

Diarrhea-causing	 pathogens	 should,	 in	 general,	 be	 treated.	 The	 detection	 of
Blastocystis	 hominis	 by	 parasite	 exams	 may	 indicate	 coinfection	 with	 other
pathogens,	 and	 empiric	 nitazoxanide	 or	 metronidazole	 may	 be	 beneficial.38
Infections	 of	 patients	 with	 AIDS	 and	 other	 immunocompromised	 hosts	 are
treatable	with	currently	available	therapy.

Patients	with	 ischemic	 colitis	without	 transmural	 necrosis	may	 be	managed
with	 supportive	 care.	 Drugs	 that	 exacerbate	 ischemia	 should	 be	 discontinued
when	possible.	Aggressive	efforts	at	maintaining	circulatory	blood	volume	and
maximizing	 oxygen	 delivery	 should	 be	 emphasized.	 Signs	 of	 infarction	 or
perforation	warrant	surgical	consultation	for	operative	management.

Fistulas	 should	 be	 managed	 by	 bowel	 rest	 or	 surgery	 depending	 on	 the
clinical	 circumstances.	 Postcholecystectomy	diarrhea	may	 respond	 to	 bile	 acid
sequestrants,	such	as	cholestyramine,	which	needs	to	be	administered	away	from
meals	or	 tube	 feedings	 for	maximal	efficacy.	Surgically	 induced	cases	of	 short
bowel	syndrome	or	malabsorption	may	be	aided	by	enteral	nutrition	in	the	form
of	 elemental	 diets	 or,	 if	 unsuccessful,	 parenteral	 nutrition.	 Fecal	 impactions
should	 be	 removed	 by	 manual	 disimpaction	 followed	 by	 cleansing	 enemas



consisting	 of	 tap	 water	 or	 diatrizoate	 (water-soluble	 contrast)	 enemas.	 More
proximal	and	firm	impactions	can	be	broken	up	using	a	sigmoidoscope	and	an
irrigating	device	by	directing	a	water	jet	into	the	fecal	mass	under	direct	vision.
Prevention	 following	 treatment	 with	 appropriate	 laxatives	 or	 enemas	 is
paramount.

Treatment	of	Diarrhea	as	a	Primary	Manifestation	of
Disease
Every	 effort	 should	 be	made	 to	 treat	 the	 disease	 responsible	 for	 the	 diarrheal
syndrome.	 General	 supportive	 measures	 previously	 discussed	 should	 also	 be
employed	 in	 all	 patients.	 Diseases	 such	 as	 vasculitis	 should	 be	managed	with
corticosteroid	or	immunosuppressive	therapy.	Adrenal	insufficiency	will	respond
promptly	 to	 the	administration	of	corticosteroids.	Hyperthyroid	patients	 should
receive	appropriate	therapy.	GVHD	should	be	managed	with	corticosteroids	and
immunosuppressive	 agents.	 The	 chronic	 form	 of	 the	 disease	 may	 be	 more
effectively	 treated,	 whereas	 the	 acute	 variety	 may	 be	 less	 responsive,	 with	 a
substantial	 mortality	 rate.	 Treatment	 of	 the	 inflammatory	 bowel	 diseases
generally	includes	aminosalicylates,	corticosteroids,	 immunomodulating	agents,
biologics,	and	surgery.	Celiac	sprue	will	 respond	 to	supportive	measures	and	a
gluten-free	diet.

Palliative	Measures
The	aforementioned	diagnostic	and	therapeutic	approaches	will	result	in	proper
diagnosis	and	directed	 treatment	 for	a	majority	of	patients	with	diarrhea	 in	 the
critical	 care	 setting.	 In	 a	 modest	 number	 of	 patients,	 however,	 a	 cause	 for
diarrhea	will	not	be	found	or	a	specific	 treatment	will	not	be	readily	available.
For	 this	category	of	patients,	palliative	 therapies	are	available	with	 the	goal	 to
decrease	 fluid	 losses,	 patient	 discomfort,	 and	 morbidity	 (Table	 211.4).
Antimotility	 agents	 such	 as	 loperamide,	 diphenoxylate	 with	 atropine,	 and
deodorized	 tincture	 of	 opium	 (DTO)	 may	 decrease	 frequency	 and	 severity	 of
diarrhea	 for	 patients	 with	 diarrhea	 of	 unclear	 etiology	 or	 diarrhea	 because	 of
enteral	feeding	or	other	noninfectious	causes.	Advantages	of	loperamide	include
the	absence	of	central	nervous	system	activity	and	resultant	side	effects,	whereas
DTO	is	administered	in	drop	form,	enhancing	dosing	flexibility.	Octreotide	can
be	 used	 for	 palliation	 of	 diarrhea	 in	 patients	 with	 AIDS,	 GVHD,	 hormone-
producing	 tumors,	 radiation-	 and	 chemotherapy-induced	 diarrhea,	 and	 other



causes	of	secretory	diarrhea.39

TABLE	211.4

Antidiarrheal	Agents	and	Dosages

Loperamide	(Imodium)

Available	forms:	capsules	(2	mg)	and	liquid	(5	mL	[1	tsp]	=	1	mg)

Dosage:	4	mg	initially,	followed	by	2	mg	after	each	diarrheal	stool

Maximum	daily	recommended	dose:	16	mg/d

Diphenoxylate	With	Atropine	(Lomotil)

Available	forms:	1	tablet	or	5	mL	liquid	=	2.5	mg	diphenoxylate	and	0.025
atropine

Dosage:	2	tablets	or	10	mL	four	times	a	day	(20	mg	of	diphenoxylate)
initially,	then	decrease	and	titrate	to	symptoms

Maximum	daily	recommended	dose:	20	mg/d	(based	on	diphenoxylate)

Deodorized	Opium	Tincture

Available	form:	10	mg	morphine	per	mL

Dosage:	0.6	mL	four	times	a	day	(range:	0.3-1	mL	4-6	times	a	day)

Maximum	daily	recommended	dose:	6	mL/d

Camphorated	Opium	Tincture	(Paregoric)

Available	form:	0.4	mg	morphine	per	mL

Dosage:	5-10	mL	1-4	times	a	day

Maximum	daily	recommended	dose:	40	mL/d

tsp,	teaspoon.



CONCLUSIONS
Diarrhea	 is	 a	 frequently	 occurring	 complication	 in	 the	 ICU	 setting.	 It	 is	 a
symptom	 that	 tends	 to	be	overshadowed	by	other	processes	 in	 the	 ICU,	but	 in
and	 of	 itself	 may	 result	 in	 significant	 morbidity.	 In	 most	 instances,	 it	 can	 be
managed	 following	 institution	 of	 proper	 diagnostic,	 therapeutic,	 or	 palliative
measures.

CONSTIPATION	IN	THE	ICU

Introduction
The	 American	 Gastroenterological	 Association	 (AGA)	 guidelines	 define
constipation	 as	 fewer	 than	 3	 bowel	 movements	 per	 week,	 sensation	 of
incomplete	evacuation,	hard	stool,	and	difficulty	passing	stool	with	the	need	to
strain	or	the	need	for	digital	assistance	for	rectal	emptying.	In	the	general	patient
population,	 constipation	 affects	 up	 to	 15%	 of	 adults,	 and	 it	 is	 the	 sixth	 most
common	 GI	 symptom.40	 Constipation	 of	 critically	 ill	 patients	 has	 received
minimal	 attention	 and	 there	 are	 no	 current	 definitions	 or	 guidelines	 for	 the
management	 of	 constipation	 of	 ICU	 patients.	 The	 reported	 incidence	 of
constipation	 among	 ICU	 patients	 varies	 between	 15%	 and	 83%;	 based	 on	 the
criteria	 used	 to	 define	 constipation	by	 each	observational	 study.	 Importantly,	 a
study	analyzing	the	effects	of	constipation	among	critically	ill	patients	found	that
the	duration	of	 ICU	stay	and	 the	number	of	patients	 for	whom	enteral	 feeding
failed	was	 greater	 in	 constipated	 patients.	 In	 this	 study,	 a	 significantly	 greater
number	 of	 constipated	 patients	 failed	 to	 wean	 from	 mechanical	 ventilation.41
Additionally,	constipation	promotes	delayed	gastric	emptying	and	increases	acid
reflux	 events	 and	 aspiration42	 along	 with	 overflow	 diarrhea,	 stool	 stasis	 with
bacterial	overgrowth	and	contributes	to	delirium.43

Several	 factors	 may	 contribute	 to	 the	 development	 of	 constipation	 among
critically	 ill	 patients.	We	can	 summarize	 the	mechanisms	 in	 four	main	groups:
(1)	 drug-induced	 with	 especial	 attention	 to	 opiate-induced	 constipation;	 (2)
mechanical	 factors	 such	 as	 immobilization;	 (3)	 physiologic	 factors	 such	 as
electrolyte	disturbances,	gut	hypoperfusion,	and	mechanical	ventilation;	and	(4)
dietary	changes.

1 	 2 	 Physicians	 taking	 care	 of	 critically	 ill	 patients	 should	 aim	 for	 prompt
restoration	 of	 bowel	 function	 to	 alleviate	 GI	 discomfort	 and	 prevent	 potential



adverse	outcomes	related	to	constipation	in	the	intensive	care	unit.	This	chapter
summarizes	 the	 pathogenesis	 and	 potential	 interventions	 to	 prevent	 and	 treat
constipation	in	the	ICU.

DRUG-INDUCED	CONSTIPATION
4 	 Drug-induced	 constipation	 is	 common	 in	 the	 ICU	 related	 to	 use	 of
anticholinergics,	 antispasmodics,	 sympathomimetics,	 octreotide,	 aluminum-
based	antacids,	 iron,	polystyrene	resins,	calcium-channel	blockers,	and	opiates,
with	 opioid-induced	 constipation	 (OIC)	 a	 particularly	 common	 and	 important
problem	 in	 critically	 ill	 patients.	 OIC	 may	 be	 present	 as	 a	 side	 effect	 from
chronic	opiate	use,	 illicit	opiate	abuse,	or	as	a	more	 recent	adverse	event	 from
opiate	 medications	 started	 in	 the	 ICU	 for	 analgesia	 or	 sedation.	 A	 consensus
definition	of	OIC	by	the	AGA	is	“a	change	when	initiating	opioid	therapy	from
baseline	 bowel	 habits	 that	 is	 characterized	 by	 any	 of	 the	 following:	 reduced
bowel	 movement	 frequency,	 development	 or	 worsening	 of	 straining	 to	 pass
bowel	 movements,	 a	 sense	 of	 incomplete	 rectal	 evacuation,	 or	 harder	 stool
frequency.”	A	 physical	 and	 rectal	 examination	 along	with	 an	 abdominal	 x-ray
can	be	useful	to	quantify	the	stool	burden	in	patients	who	have	been	exposed	to
opiates.

As	a	first	step,	there	may	be	benefit	in	switching	the	class	of	opiate	used,	as
some	opiates	 such	 as	 oral	 or	 parenteral	morphine	 have	 a	 higher	 probability	 of
causing	constipation	when	compared	to	transdermal	fentanyl	or	a	combination	of
opioid	agonist/antagonist	such	as	oxycodone/naloxone.44,45

Traditional	 laxative	 therapy	 should	 be	 initiated	 as	 first	 line	 agents	 for
treatment	of	OIC	based	on	efficacy	and	cost.	When	 traditional	 laxatives	 fail	 to
produce	 a	 satisfactory	 bowel	movement,	 peripherally	 acting	 µ-opioid	 receptor
antagonist	 (PAMORA)	drugs	can	be	used	 including	naldemedine	(0.2	mg	once
daily),	 naloxegol	 (12.5-25	mg	 once	 daily),	 or	methylnaltrexone	 (450	mg	 once
daily).	Methylnaltrexone	 is	 also	 available	 in	 subcutaneous	 injection	 of	 12	mg
once	 daily,	which	may	 be	 beneficial	 for	 critically	 ill	 patients.46	 The	MOTION
trial,	 a	 multicenter,	 double-blind	 randomized	 placebo-controlled	 trial	 to
investigate	 whether	 methylnaltrexone	 alleviates	 opioid-induced	 constipation
(OIC)	 in	 critical	 ill	 patients,	 found	 no	 evidence	 to	 support	 the	 addition	 of
methylnaltrexone	to	regular	laxatives.42

MECHANICAL	FACTORS



Immobilization	of	critically	ill	patients	slows	down	intestinal	peristalsis	and	food
intake	 in	 the	 supine	 position	 increases	 the	 time	 for	 digestion	 and	 the	 risk	 for
aspiration,	conversely,	an	upright	position	while	eating	can	increase	esophageal
peristalsis	and	enhance	gastric	emptying.47

Patients	 often	 feel	 uncomfortable	 using	 the	 hospital	 bed	 pan	 for	 defecation
resulting	in	emotional	distress,	defecatory	inhibition,	and	stool	stasis.	Exposure
to	 the	 intensive	 care	 setting	 can	 also	 increase	 adrenal	 gland	 activity;	 reduce
appetite;	 and	 contribute	 to	 dehydration,	 confusion,	 and	 social	 isolation,
promoting	 irregular	 bowel	 habits.	 Early	 rehabilitation	 and	 mobilization	 play
important	 roles	 for	 prevention	 of	 constipation,	 hospital	 deconditioning,	 and
restoration	of	normal	bowel	habits.48

PHYSIOLOGIC	FACTORS
Mechanical	 ventilation	 has	 been	 linked	 to	 constipation.	 Additionally,
constipation	 is	 associated	 with	 difficulty	 weaning	 patients	 from	 mechanical
ventilation.41	 An	 observational	 study	 characterizing	 factors	 associated	 with
delayed	defecation	(>6	days	from	initiation	of	mechanical	ventilation)	found	that
a	 PaO2/FiO2	 (partial	 pressure	 of	 oxygen/fraction	 of	 inspired	 oxygen)	 ratio	 of
<150	mm	Hg	and	systolic	blood	pressure	of	<90	mm	Hg	during	the	first	5	days
of	 mechanical	 ventilation	 were	 independently	 associated	 with	 a	 delayed
defecation.49	In	this	same	study,	length	of	ICU	stay,	the	duration	of	mechanical
ventilation	and	central	venous	catheter	use,	and	mortality	rates	were	significantly
greater	 among	 patients	 with	 late	 defecation	 than	 among	 patients	 with	 early
defecation.	A	 randomized	 placebo-controlled	 study	 showed	 that	 both	 lactulose
and	 polyethylene	 glycol	 were	 more	 effective	 than	 placebo	 for	 promoting
defecation	in	patients	on	mechanical	ventilation.50

Dehydration	 and	 electrolyte	 abnormalities	 such	 as	 hypercalcemia,
hyponatremia,	or	hypokalemia	 can	promote	 constipation	by	 inducing	 intestinal
water	 depletion	 or	 alteration	 of	 smooth	 muscle	 contractility.	 Further
investigation	 of	 endocrinopathies	 such	 as	 hyperparathyroidism,	 adrenal
insufficiency,	hypothyroidism,	or	hypercalcemia	of	malignancy	 is	warranted	 in
critically	ill	patients	with	electrolyte	derangements.

Lastly,	 postoperative	 ileus	 is	 a	 phenomenon	 characterized	 by	 impaired	 GI
motility	 following	 intra-abdominal	 or	 nonabdominal	 surgery,	 with	 bowel
distention,	 lack	 of	 bowel	 sounds,	 accumulation	 of	 gas	 and	 fluid,	 and	 delayed
passage	 of	 flatus	 and	 stool.	 The	 pathogenesis	 is	 multifactorial,	 including
medications	used	for	analgesia,	and	activation	of	an	inflammatory	cascade	after



bowel	manipulation.	This	consists	of	alteration	of	nitric	oxide	(NO)	metabolism,
inflammatory	 cytokines	 production,	 and	 prostaglandin	 synthesis	 via	 the
cyclooxygenase	 2	 pathway	 (COX-2)	 leading	 to	 decreased	 bowel	 muscle
function.51	Alvimopan	is	a	drug	that	behaves	as	a	PAMORA	and	has	been	U.S.
Food	and	Drug	Administration–approved	for	inpatient	treatment	of	postoperative
ileus	 following	 partial	 large	 or	 small	 bowel	 resections,	 particularly	 among
patients	receiving	opiates	for	postsurgical	analgesia.	Alvimopan	is	administered
orally,	12	mg	once	shortly	before	bowel	surgery	and	then	twice	a	day	for	up	to
7	days	or	until	hospital	discharge.	It	should	not	be	used	for	more	than	15	doses
and	it	is	contraindicated	for	patients	who	have	used	opiates	chronically.52

DIETARY	FACTORS
The	inability	to	resume	oral	intake	in	many	critically	ill	patients,	along	with	an
unfamiliar	 diet	 and	 surroundings,	 may	 impact	 GI	 motility	 and	 promote
constipation.	 Furthermore,	 appetite	 is	 decreased	 among	 critically	 ill	 patients.
Inadequate	administration	of	fluids	and	lack	of	fiber	in	hospital	food	or	enteral
formulas	 are	 all	 important	 factors	 to	 consider	 during	 the	 management	 of
constipation,	although	studies	on	this	topic	are	very	limited	and	further	research
is	needed.	A	multidisciplinary	team	approach	including	a	nutritionist	or	dietitian
is	 encouraged	 early	 to	 evaluate	 the	 patient’s	 nutritional	 needs	 and	 adequate
access	for	nutrition.	The	theory	supporting	early	feeding	to	promote	defecation	is
that	 nutrition	 triggers	 the	 production	 of	 GI	 hormones,	 elicits	 gut	 propulsive
activity,	 and	 thus	 stimulates	 coordinated	 gut	motility.	A	 study	 by	Guerra	 et	 al
failed	to	demonstrate	that	early	(<48	hours)	initiation	of	enteral	nutrition	support
decreases	 the	 rate	 of	 constipation	 among	 critically	 ill	 patients	 suggesting	 that
further	 interventions	 besides	 a	 dietary	 stimulus	 may	 be	 needed	 to	 prevent
constipation	 among	 the	 critically	 ill.53	 Another	 study	 showed	 that	 early	 (<24
hours)	enteral	nutrition	was	associated	with	less	constipation.54

PREVENTION	OF	CONSTIPATION	AMONG
CRITICALLY	ILL	PATIENTS
5 	 To	 date,	 there	 is	 no	 specific	 society	 guideline	 with	 recommendations	 for
management	and	prevention	of	constipation	in	the	ICU	and	traditional	laxatives
should	be	utilized	 for	 ICU	patients	 to	prevent	 constipation,	particularly	among
patients	 receiving	 medications	 associated	 with	 constipation.	 Each	 ICU	 should



develop	 and	 follow	 its	 own	 protocol	 for	 the	 use	 of	 laxatives	 in	 critically	 ill
patients.	 Studies	 have	 shown	 that	 osmotic	 and	 stimulant	 laxatives	 have	 higher
efficacy	for	producing	bowel	movements	among	critically	ill	patients	compared
to	 placebo.50,55	 Some	 of	 the	 most	 commonly	 used	 prophylactic	 laxatives	 are
polyethylene	 glycol,	 lactulose,	 and	 senna.	 An	 RCT	 by	 Van	 Dev	 Spoer	 et	 al
showed	 that	 patients	 receiving	 polyethylene	 glycol	 had	 a	 slightly	 lower
incidence	 of	 acute	 intestinal	 pseudoobstruction,	 whereas	 length	 of	 stay	 was
shorter	 for	 lactulose-treated	 patients.	 Morphine	 administration	 was	 associated
with	delayed	defecation	except	in	the	polyethylene	glycol	treatment	group.

MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	In	critically	ill	patients	requiring	mechanical	ventilation,	intravenous
antibiotics,	and	vasopressors,	what	is	the	most	underrecognized	cause	of
diarrhea?

A. Clostridioides	difficile	infection	(CDI)
B. 	Enteral	nutrition	and	electrolyte	supplementation
C. 	Medications
D. 	Vasopressor	induced	intestinal	hypoperfusion

2. 	Which	of	the	following	is	a	criterion	for	severe	Clostridioides	difficile
infection	(CDI)	according	to	the	Infectious	Diseases	Society	of	America
(IDSA)?

A. 	Abdominal	tenderness
B. 	Lactate	>2.2	mmol/L
C. 	Serum	creatinine	≥1.5	mg/dL
D. 	Severe	watery	diarrhea	≥10	episodes	in	24	hours

3. 	What	is	the	most	appropriate	plan	for	critically	ill	patients	with	worsening
constipation?

A. 	Abdominal	exam,	digital	rectal	exam,	and	plain	abdominal	x-ray
B. 	Initiation	of	a	standing	bowel	regimen	with	osmotic	laxatives
C. 	Review	of	medications	with	discontinuation	of	anticholinergics	and



opiates
D. 	Switching	opiates	to	a	combination	of	opioid	agonist/antagonist

Answers

1.	The	correct	answer	is	C.
Rationale:	 Iatrogenic	 causes	 of	 diarrhea,	 including	 administration	 of

antibiotics	and	proton	pump	inhibitors	(PPIs),	are	the	most	common	etiologies	of
diarrhea	in	the	ICU	and	are	often	unrecognized	(choice	C	is	correct).	The	rate	of
diarrhea	 associated	with	 parenterally	 administered	 antibiotics	 is	 comparable	 to
that	 of	 orally	 administered	 antibiotics.	 The	 most	 common	 side	 effect	 of	 high
dose	PPIs	is	diarrhea.	These	conditions	get	less	attention	than	diarrhea	related	to
less	common	causes	including	CDI,	vasopressor-induced	intestinal	ischemia,	or
enteral	nutrition	(A,	B,	and	D	are	incorrect).

2.	The	correct	answer	is	C.
Rationale:	According	to	the	IDSA,	CDI	is	considered	“severe”	when	patients

have	leukocytosis	≥15,000	WBC	per	μL	or	serum	creatinine	>1.5	mg/dL	(choice
C	is	correct).	Lactate	>2.2	is	a	criterion	for	“fulminant”	rather	than	severe	CDI
by	the	American	College	of	Gastroenterology	(choice	B	is	incorrect).	Number	of
diarrhea	episodes	and	abdominal	 tenderness	are	not	 included	 in	 the	criteria	 for
either	severe	or	fulminant	CDI	(choices	A	and	D	are	incorrect).

3.	The	correct	answer	is	A.
Rationale:	Physical	examination	along	with	an	abdominal	x-ray	can	be	useful

to	quantify	the	stool	burden	and	rule	out	additional	complications	such	as	ileus,
fecal	 impaction,	 or	 intestinal	 obstruction	 and	 pseudoobstruction	 (choice	 A	 is
correct).	 This	 should	 be	 done	 prior	 to	making	 any	 decisions	 about	medication
management.
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Chapter	212
Fulminant	Colitis	and	Toxic	Megacolon
Emanuelle	A.	Bellaguarda,	Stephen	B.	Hanauer

KEY	POINTS:
1.	 Early	recognition	of	patients	at	risk	for	acute	severe	ulcerative	colitis

or	toxic	megacolon	is	fundamental	for	patient	care.
2.	 A	multidisciplinary	approach	early	during	the	treatment	process	is

recommended.
3.	 Close	monitoring	of	the	patients	is	essential	to	ensure	prompt

referral	for	surgery	when	indicated.
4.	 Timely	initiation	and	correct	dosing	of	salvage	therapies	is

necessary.

INTRODUCTION
1 	Ulcerative	colitis	(UC)	is	characterized	by	a	diffuse,	continuous	inflammatory
process	 usually	 limited	 to	 the	 superficial	 mucosa	 of	 the	 colon.	 Acute	 severe
ulcerative	 colitis	 (ASUC)	 implies	 progression	 of	 mucosal	 inflammation	 into
deeper	 (muscular)	 layers	 of	 the	 colon	 wall.	 The	 early	 diagnosis	 of	 ASCU	 is
historically	based	on	Truelove	and	Witts’s	criteria	(Table	212.1)	consisting	of	the
presence	of	bloody	stools	at	least	6	times	a	day	and	one	of	the	following	signs	of
systemic	toxicity:	pulse	rate	>	90	beats/min,	temperature	>	37.8,	hemoglobin	<
10.5	g/dL,	or	erythrocyte	sedimentation	rate	>	30	mm/h.1,2	The	original	Truelove
and	 Witts’s	 criteria	 have	 been	 modified	 by	 the	 American	 College	 of
Gastroenterology,	although	no	grading	scale	has	undergone	rigorous	systematic
evaluation.3	 Systemic	manifestations	 result	 from	 transmural	 colitis,	which	may
also	produce	circular	muscle	paralysis	precipitating	dilatation.	Toxic	megacolon
refers	to	acute	dilatation	of	the	colon	and	has	been	described	with	inflammatory
bowel	 disease	 (IBD)	 (Crohn	disease	 and	UC),	 and	 infectious	 colitis,	 including



amebic	colitis,	pseudomembranous	colitis,	and	other	 infections.4	Two	to	8%	of
patients	with	Clostridioides	difficile	 infection	will	 progress	 to	 fulminant	 colitis
carrying	a	mortality	rate	ranging	between	13%	and	80%.5	Toxic	megacolon	has
been	 reported	 to	 complicate	1%	 to	10%	of	UC	cases	 and	2%	 to	3%	of	Crohn
colitis	cases.4	Although	mortality	from	early	series	was	as	high	as	25%	(reaching
50%	if	colonic	perforation	occurred),	early	recognition	and	management	of	toxic
megacolon	can	substantially	lower	mortality	to	below	15%6	and	even	below	2%
at	experienced	centers.7,8	Factors	associated	with	increased	mortality	include	age
older	 than	 40	 years,	 the	 presence	 of	 colonic	 perforation,	 and	 delay	 of	 surgical
intervention.6,7	Colonic	perforation,	whether	free	or	localized,	is	the	greatest	risk
factor	leading	to	increased	morbidity	or	death.

TABLE	212.1

Truelove	and	Witts’s	Criteria	for	Acute	Severe	Ulcerative
Colitis

Activity Mild Moderate Severe

Number	of	bloody	stools	a	day <4 4-6 ≥6

Pulse	rate	(bpm) Normal Intermediate ≥90

Temperature	(Celsius) Afebrile Subfebrile >37.8

Hemoglobin	(g/dL) >11 10.5-11 <10.5

Erythrocyte	sedimentation	rate	(ESR)
(mm/h)

Not
elevated

Not
elevated

>30

Adapted	from	Truelove	SC,	Witts	LJ.	Cortisone	in	ulcerative	colitis;	final	report	on	a	therapeutic
trial.	Br	Med	J.	1955;2(4947):1041-1048.

PREDISPOSING	FACTORS
Severity	of	disease	activity	is	the	most	important	predictor	of	toxic	megacolon,
which	 is	 more	 common	 for	 extensive	 colitis	 than	 for	 proctitis	 or
proctosigmoiditis.9	 Limited	 right-	 or	 left-sided	 segmental	 colitis	 also	 has	 been



associated	with	toxic	megacolon.	Concomitant	C.	difficile	infection	often	occurs
among	 hospitalized	 patients	 with	 IBD	 and	 can	 be	 associated	 with	 refractory
disease.10,11	Similarly,	cytomegalovirus	(CMV)	infections	frequently	complicate
severe	colitis	with	a	reported	prevalence	rate	of	4.5%	to	16.6%	in	the	setting	of
immune	suppression	with	corticosteroids	or	cyclosporine,	with	a	prevalence	rate
as	high	as	25%	among	patients	requiring	colectomy.12,13	Treatment	of	CMV	with
ganciclovir	is	controversial;	however,	recent	data	have	shown	improved	surgery-
free	 outcomes	 after	 CMV	 therapy	 particularly	 for	 patients	 with	 a	 high-grade
CMV	 density	 on	 colonic	 biopsies,	 defined	 as	 5	 or	 more	 CMV	 nuclear
inclusions.14

Toxic	 megacolon	 typically	 occurs	 early	 during	 the	 course	 of	 UC,	 usually
within	the	first	5	years	of	disease,	and	30%	of	cases	present	within	3	months	of
diagnosis	 of	 the	 initial	 attack.15	 The	 onset	 of	 toxic	 megacolon	 has	 also	 been
linked	to	patients	who	have	recently	undergone	diagnostic	examinations,	such	as
barium	 enemas	 or	 colonoscopy,	 suggesting	 that	 manipulation	 of	 the	 inflamed
bowel	 or	 vigorous	 laxative	 preparation	 may	 exacerbate	 the	 process,	 possibly
through	electrolyte	imbalances	(Table	212.2).6,16

TABLE	212.2

Potential	Precipitants	of	Toxic	Megacolon

Concurrent	pathogens	(Clostridioides	difficile,	CMV)
Narcotics
Anticholinergics
Antidiarrheal	agents	(diphenoxylate	with	atropine,	loperamide,	opiates)
Barium	enema
Colonoscopy

CMV,	cytomegalovirus.

Certain	 medications	 have	 been	 associated	 with	 the	 development	 of	 toxic
megacolon.	Diphenoxylate	hydrochloride/atropine	sulfate	(Lomotil),	loperamide,
and	 other	 inhibitors	 of	 colonic	 motility	 such	 as	 narcotics	 and	 anti-spasmodic



agents	 may	 contribute	 to	 the	 development	 of	 toxic	 megacolon	 by	 inhibiting
colon	 muscle	 function	 during	 severe	 transmural	 disease.15	 Despite	 early
speculations	 on	 the	 role	 of	 corticosteroids	 for	 inducing	 toxic	megacolon,	most
experienced	 clinicians	 do	 not	 accept	 the	 implication	 that	 corticosteroids	 or
adrenocorticotropic	 hormone	 are	 precipitating	 factors.4,17	 Concern	 remains,
however,	that	corticosteroids	may	suppress	signs	of	perforation,	thereby	delaying
surgical	intervention.15
C.	difficile	 infection	can	progress	 to	 fulminant	colitis	 in	and	of	 itself,	 and	a

WBC	 >20,000/μL	 or	 <2000/μL,	 age	 >	 70	 years,	 cardiorespiratory	 failure,	 or
diffuse	abdominal	tenderness	are	predictors	of	worse	outcomes	and	progression
to	fulminant	colitis.5

CLINICAL	FEATURES
Toxic	 megacolon	 usually	 occurs	 on	 the	 background	 of	 chronic	 IBD.4,15,17	 The
presentation	 typically	 evolves	 with	 progressive	 diarrhea,	 bloody	 stool,	 and
cramping	 abdominal	 pain.	 Occasionally,	 patients	 treated	 for	 IBD	 over	 long
periods	of	time	have	a	paradoxical	decrease	of	stool	frequency	with	passage	of
only	 bloody	 discharge	 or	 bloody	 membranes;	 this	 can	 be	 an	 ominous	 sign.
Thereafter,	clinical	signs	of	 toxemia,	 including	fever	 (temperature	>	101.5	°F),
tachycardia	(heart	rate	>	120	beats	per	minute),	 leukocytosis	(total	white	blood
cell	 count	 >	 10,500	 cells	 per	 μL),	 and	 anemia,	 develop.	 Abdominal	 pain	 and
distention	 become	 progressive	 and	 bowel	 sounds	 diminish	 or	 cease.	 Signs	 of
peritoneal	 irritation,	 including	 rebound	 tenderness	 and	 abdominal	 guarding
represent	 transmural	 inflammation	 to	 the	 serosa,	 even	 in	 the	 absence	 of	 free
perforation.	 Conversely,	 peritoneal	 signs	 may	 be	 minimal	 or	 absent	 among
elderly	patients	or	those	receiving	high-dose	prolonged	corticosteroid	therapy	or
narcotics	 for	 pain	 control.	 Leukocytosis	 with	 a	 left	 shift	 generally	 is	 present.
Anemia,	hypokalemia,	and	hypoalbuminemia	are	common.	Presence	of	anemia,
requirement	 for	 transfusion,	 hypoalbuminemia,	 malnutrition,	 and	 prolonged
hospitalization	are	poor	prognostic	factors.18-21

Plain	 films	 of	 the	 abdomen	 usually	 are	 sufficient	 radiographic	 studies,
revealing	loss	of	haustration	with	segmental	or	total	colonic	dilatation.	Clinical
studies	 have	 demonstrated	 a	 strong	 correlation	 between	 colonic	 dilatation	 and
deep	ulceration	involving	the	muscle	layers.22	The	magnitude	of	dilatation	may
not	 be	 severe,	 averaging	 8	 to	 9	 cm	 (normal	 is	 <5-6	 cm),	 although	 colonic
diameter	may	reach	15	cm	before	rupture.	Maximal	dilatation	can	occur	in	any
part	 of	 the	 colon.	 Accompanying	 mucosal	 thumbprinting	 or	 pneumatosis



cystoides	coli	reflects	severe	transmural	disease.	Free	peritoneal	air	should	serve
as	 an	 immediate	 indication	 for	 surgery.6	 For	 patients	with	 severe	 colitis,	 small
bowel	 ileus	 may	 herald	 toxic	 megacolon	 and	 is	 a	 bad	 prognostic	 sign	 for
successful	 medical	 management.23	 Discrepancies	 may	 exist	 between	 physical
and	radiographic	findings.	Abdominal	distention	by	physical	examination	can	be
minimal	 despite	massive	 colonic	 dilatation.	Conversely,	 physical	 findings	may
dominate	 the	 presentation,	 and	 peritoneal	 signs	 in	 the	 absence	 of	 free	 air	 or
dilatation	should	not	be	 ignored.	Computed	tomography	scans	can	demonstrate
segmental	 thinning	 of	 the	 colonic	wall,	 nodular	 pseudopolyposis	 and	 air-filled
colonic	distention	over	6	cm	or	evidence	of	perforation	or	abscess.4,24

Early	 flexible	 sigmoidoscopy	within	 the	 first	48	hours	 should	be	performed
by	an	experienced	endoscopist	to	assess	severity	of	disease	and	obtain	biopsies
for	 CMV	 infection.15,17	 Endoscopic	 examination	 generally	 shows	 extensive
ulceration	with	friable,	bleeding	mucosa25	(Table	212.3).

TABLE	212.3

Clinical	Features	of	Toxic	Megacolon

Symptoms	and	signs:	
Increased	diarrhea	and	bleeding
Fever	>	101.5	°F
Abdominal	distension
Decreased	or	absent	bowel	sounds
Peritoneal	signs	(potentially	masked	by	corticosteroids)
Hemodynamic	instability
Mental	status	changes
Imaging	findings:	
Abdominal	x-ray:
Progressive	segmental	or	pancolonic	dilatation	(may	not	correlate	with
physical	findings)
Pneumatosis	cystoides	intestinalis



Abdominal	CT:
Segmental	thinning	of	the	colonic	wall
Nodular	pseudopolyposis
Endoscopic	findings:
Extensive	ulceration	with	friable	and	bleeding	mucosa
Deep	ulcerations
Laboratory	test	findings:	
White	blood	cell	count	>	10,000/μL,	with	pronounced	left	shift
Anemia	(may	not	be	reflected	in	initial	measurement	if	dehydrated)
Hypernatremia	(if	dehydrated)
Hypokalemia
Metabolic	alkalosis	(diarrhea)/acidosis	(sepsis)
Hypomagnesemia
Hypophosphatemia

Hypoalbuminemia

MANAGEMENT
2 	 3 	Few	medical	emergencies	require	as	close	cooperation	between	medical	and
surgical	 personnel	 as	 ASUC	 and	 toxic	 megacolon	 do.4,17	 A	 multidisciplinary
team	 approach	with	 early	management	 and	 continuous	 assessment	 is	 vital	 not
only	to	determine	whether	surgery	is	indicated	but	also	to	support	the	critically
ill	patient	preoperatively	and	postoperatively.	Early	recognition	and	institution	of
therapy	 by	 an	 experienced	 team	 can	 alter	 the	 outcome	 of	 this	 life-threatening
illness	(Table	212.4).

TABLE	212.4

Management	of	Toxic	Megacolon



1.	 Team	approach	toward	management,	including	medical	and	surgical
personnel

2.	 Resuscitation	and	stabilization—electrolyte	and	fluid	repletion,	central
venous	pressure	measurements,	broad-spectrum	antibiotics,
administration	of	intravenous	corticosteroids	(eg,	methylprednisolone,
40-60	mg/d,	or	hydrocortisone,	400	mg/d)

3.	 Evaluate	status—abdominal	examination	every	6	h,	radiographs	of
abdomen	every	12–24	h.

4.	 Surgical	intervention	required	for	clinical	deterioration	at	any	time,
failure	of	medical	management	to	improve	status	within	48	h,	evidence
of	perforation,	shock,	persistent	hemorrhage

5.	 Consider	cyclosporine	or	infliximab	for	nontoxic	patients	without
response	to	intravenous	corticosteroids	by	day	3.

Medical	Treatments
While	 “bowel	 rest”	 is	 ineffective	 as	 a	 primary	 therapy	 for	 severe	 colitis,	 oral
intake	should	be	discontinued	during	fulminant	colitis	with	risk	of	perforation	or
when	colectomy	is	imminent.4,15,17	Parenteral	nutrition	should	be	considered	for
patients	at	risk	for	malnutrition.	A	nasogastric	tube	is	indicated	for	patients	with
associated	 small	 bowel	 ileus;	 however,	 it	 is	 not	 helpful	 for	 colonic
decompression.15,17	 Rolling	 the	 less	 toxic	 patient	 from	 front	 to	 back	 may
redistribute	colonic	air	and	assist	in	decompression.	Anticholinergic	and	narcotic
agents	 should	 be	 discontinued.15,17	 Venous	 thromboembolism	 prophylaxis,
preferably	heparin	or	low-molecular-weight	heparin,	should	also	be	initiated	for
all	 patients	 hospitalized	with	ASUC	or	 toxic	megacolon.	Among	patients	with
UC,	 studies	 have	 shown	 a	 sixfold	 increased	 risk	 for	 thromboembolic	 events
during	hospitalization	compared	 to	patients	 treated	 in	 the	outpatient	setting.26-28
Resuscitative	 measures,	 including	 vigorous	 fluid,	 electrolyte,	 and	 blood
replacement,	 are	 paramount.	 Extracellular	 fluid	 loss	may	 be	 severe	 and,	when
combined	with	a	low	oncotic	pressure	from	hypoalbuminemia,	the	hemodynamic
state	often	 is	unstable.	Although	severe	hypokalemia	may	not	be	present,	 total
body	potassium	depletion	is	common,	and	resuscitative	measures	should	include
adequate	potassium	replacement.	Phosphate,	calcium,	and	magnesium	depletion
should	be	corrected	parenterally.

Despite	the	absence	of	data,	most	experienced	centers	continue	to	administer



broad-spectrum	 antibiotics	 in	 the	 setting	 of	 toxic	megacolon.	 Antibiotics	 with
adequate	 gram-negative	 and	 anaerobic	 coverage	 are	 usually	 administered
without	delay	once	transmural	inflammation	or	toxic	megacolon	is	suspected.15,29
Antibiotics	are	continued	until	the	patient	stabilizes	over	several	days	to	a	week,
or	through	the	initial	postoperative	period.	Nonetheless,	the	ultimate	benefits	(or
risks)	of	antibiotics	have	not	been	established.

Corticosteroids	have	long	been	used	for	the	management	of	UC	as	well	as	in
Crohn	colitis	with	improved	clinical	remission	rates	(41%	vs	16%);	reduction	in
mortality	 (24%	 vs	 7%)	 and	 improvement	 of	 endoscopic	 appearance	 when
compared	 to	 placebo.30	 In	 general,	 parenteral	 corticosteroids	 are	 essential	 for
patients	with	ASUC,	and	most	patients	are	likely	to	be	receiving	the	drugs	before
toxic	 megacolon	 develops.17	 There	 is	 no	 general	 agreement	 regarding	 which
corticosteroid	 preparation	 or	 dose	 should	 be	 given.	 Current	 guidelines
recommend	hydrocortisone,	100	mg	every	6	hours,	or	methylprednisolone,	20	to
30	 mg	 every	 12	 hours.30-33	 A	 study	 comparing	 bolus	 regimen	 to	 continuous
steroid	 infusion	 found	 similar	 rates	 of	 clinical	 remission	 and	 colectomy	 at
1	year.17,34

4 	 Predicting	 which	 patients	 are	 likely	 to	 fail	 initial	 treatment	 with
corticosteroids	is	essential	during	the	management	of	ASUC.	Several	predictive
indices	have	been	developed,	and	are	summarized	on	Table	212.5.	Other	single
predictors	of	treatment	failure	have	been	identified	including	the	ACE	(albumin,
C-reactive	protein	[CRP],	and	endoscopy)	 index,	which	combines	 low	albumin
levels	 (<30	 g/L)	 with	 elevated	 CRP	 (>50	 mg/L)	 and	 a	 severe	 endoscopic
evaluation	 to	 predict	 failure	 to	 corticosteroids	 in	 78%	 of	 cases.35	 Fecal
calprotectin	levels	>	1672	μg/g	on	day	3	after	colonoscopy36	as	well	as	elevated
procalcitonin	 levels	 (>0.10	 μg/L)37	 were	 also	 found	 to	 be	 predictors	 for
corticosteroid	 failure	 and	 colectomy.	 Patients	 who	 fail	 to	 respond	 with	 a
reduction	 of	 bowel	 movements,	 cessation	 of	 transfusion	 requirements,	 and
improvement	 of	 CRP	 by	 day	 3	 are	 unlikely	 to	 respond	 and	 rescue	 therapies
should	 be	 considered17,21,38.	 Therapy	 should	 not	 be	 extended	 beyond	 7	 to
10	days.39

TABLE	212.5

Predictive	Indices	for	Corticosteroid	Failure	in	Acute
Severe	Ulcerative	Colitis



Score Criteria Probability	of	IV
Corticosteroid
Failure

Travis	or
Oxford
Criteria

>8	stools	or	CRP	>	45	mg/L If	any	present	on	day
3	=	85%	probability
of	colectomy

Ho	or
Scottish
Index

Colonic	dilatation	>	5.5	cm	=	4	points
Albumin	<	3	g/dL	on	admission	=	1	point
Average	daily	number	of	stools	over	first
3	days	<	4	=	0	points;	4-6	=	1	point;	6-
9	=	2	points;	≥	9	=	4	points

≥4	points	on	day
3	=	85%	probability
of	nonresponse

Lindgren
score

Stool	frequency	over	day	+	0.14	x	CRP
(mg/L)

>8	points	on	day
3	=	72%	probability
of	nonresponse

CRP,	C-reactive	protein;	IV,	intravenous.
Data	from	Gisbert	JP,	Chaparro	M.	Acute	severe	ulcerative	colitis:	state	of	the	art	treatment.	Best
Pract	Res	Clin	Gastroenterol.	2018;32-33:59-69.

Cyclosporine,	 a	 calcineurin	 inhibitor,	 was	 the	 first	 rescue	 therapy	 used	 to
treat	 severe	 refractory	 UC.17	 A	 small	 randomized	 pilot	 trial	 showed	 that
cyclosporine	 given	 at	 a	 dose	 of	 4	mg/kg/d	 is	 also	 an	 effective	 single	 therapy
(without	 steroids)	 to	 induce	 clinical	 remission	 among	 severe	UC	 patients.40	 A
trial	comparing	2	mg/kg/d	with	4	mg/kg/d	of	cyclosporine	 in	conjunction	with
corticosteroids	 for	 severe	 colitis	 demonstrated	 that	 the	 lower	dose	was	 equally
efficacious	 (84%)	 vs	 85%	 for	 the	 higher	 dose	with	 less	 adverse	 effects.41	 Our
center	routinely	adjusts	the	cyclosporine	dose	based	upon	serum	levels	checked
48	 hours	 after	 initiation	 of	 therapy.	 Total	 daily	 dose	 should	 be	 adjusted	 to
achieve	a	therapeutic	level	within	the	range	of	250	to	400	μg/L.	Patients	who	are
started	on	cyclosporine	 should	be	closely	monitored	 for	hypertension,	 tremors,
seizures,	 opportunistic	 infections,	 nephrotoxicity,	 hypocalcemia,	 and
hypomagnesemia.	 Individuals	with	 hypocholesterolemia	 (total	<120	mg/dL)	 or
hypomagnesemia	 (<1.5	 mg/dL)	 have	 a	 higher	 risk	 of	 seizures,	 and	 the	 initial
cyclosporine	dose	should	be	reduced.17	While	the	role	of	cyclosporine	for	toxic
megacolon	 remains	 controversial,42	 patients	 who	 respond	 to	 intravenous	 (IV)
cyclosporine	 should	 be	 transitioned	 to	 oral	 cyclosporine	 at	 5	 mg/kg/d	 and
azathioprine	 should	 be	 started	 concomitantly.	 Patients	 should	 then	 undergo	 a



cyclosporine	 taper	 over	 3	 to	 6	 months,	 and	 should	 be	 maintained	 on
trimethoprim-sulfamethoxazole	 for	 Pneumocystis	 jirovecii	 prophylaxis	 during
these	time	periods.32	There	are	scant	data	regarding	the	long-term	outcomes	after
cyclosporine	 therapy	 for	 fulminant	 or	 severe	 colitis;	 however,	 patients	 who
respond	 and	 are	 maintained	 on	 azathioprine	 have	 improved	 long-term
outcomes.43

Vedolizumab,	 a	 selective	 antagonist	 of	 α4β7	 integrin,	 has	 been	 used	 as
maintenance	 therapy	 after	 induction	 with	 a	 calcineurin	 inhibitor.	 In	 a
retrospective	 series	 of	 39	 patients,	 68%	 survived	 without	 a	 colectomy	 at
12	months	follow-up.44	In	another	retrospective	series	of	71	patients,	55%	were
colectomy-free	 at	 2	 years	 following	 induction.45	 Combining	 cyclosporine	with
vedolizumab	 might	 be	 a	 therapeutic	 option	 for	 patients	 who	 have	 failed
azathioprine	in	the	past,	or	older	patients	with	comorbidities.

The	 biologic	 chimeric	 antitumor	 necrosis	 factor	 monoclonal	 antibody,
infliximab,	 has	 been	 used	 to	 treat	 moderate	 to	 severely	 active	 UC.17	 Formal
studies	 have	 not	 been	 performed	 in	 the	 setting	 of	 fulminant	 colitis	 or	 toxic
megacolon,	 although	 in	 the	 setting	 of	 severe	 colitis	 in	 hospitalized	 patients,
infliximab	may	have	acute	benefits.17

Several	 lines	 of	 evidence	 suggest	 that	 conventional	weight-based	 dosing	 of
infliximab	 salvage	 therapy	 might	 be	 insufficient	 for	 ASUC.	 There	 is	 an
increased	 loss	 of	 protein	 with	 severe	 inflammation	 resulting	 in
hypoalbuminaemia	 as	 well	 as	 a	 rapid	 clearance	 of	 infliximab	 in	 the	 feces,46
which	 has	 been	 associated	 with	 worse	 clinical	 outcomes	 and	 infusion-related
reactions.47	 Recent	 data	 has	 suggested	 that	 an	 accelerated	 infliximab	 loading
dose	 regimen	 with	 3	 doses	 given	 within	 24	 days	 significantly	 decreases	 the
colectomy	rate	at	3	months	when	compared	to	a	standard	loading	dose	schedule
in	 severe	 UC	 patients	 (7%	 vs	 40%,	 respectively).48	 However,	 another
retrospective	study,	no	difference	was	found	between	the	normal	and	accelerated
dosing	 strategy,	 but	 the	 higher	 infliximab	 induction	 dose	 (10	 mg/kg)	 was
associated	with	 a	 lower	 rate	 of	 colectomy.49	Many	 centers	 advocate	 the	use	of
accelerated	 or	 higher	 initial	 dosing	 regimens,	 especially	 for	 patients	 with	 low
serum	albumin	levels	(<35	g/L).50

Two	randomized	controlled	trials	(CYSIF	trial	and	the	CONSTRUCT	study)
have	compared	infliximab	to	cyclosporine	for	inducing	clinical	remission	during
severe	UC	 refractory	 to	 IV	 steroids.	CYSIF	 trial	 treatment	 failures,	 defined	 as
treatment	 cessation,	 colectomy	 or	 death	were	 similar	 for	 the	 cyclosporine	 and
infliximab	groups	(60%	and	54%	respectively).51	A	follow-up	study	showed	no
differences	 of	 colectomy	 rates	 at	 5	 years	 between	 the	 groups.52	 Similar	 results
were	seen	from	the	CONSTRUCT	study	with	no	difference	of	efficacy	between



cyclosporine	 and	 infliximab	 for	 the	 avoidance	 of	 colectomy	 (41%	 and	 48%,
respectively).53	Therefore,	both	are	 reasonable	 first-line	options,	and	 the	rescue
therapy	 choice	 should	 be	 based	 on	 patient’s	 prior	 medication	 response,
physician’s	experience,	and	patient’s	compliance.

Current	 data	 are	 reassuring	 regarding	 the	 lack	 of	 increased	 postoperative
complications	and	delay	of	colectomy	for	patients	on	rescue	therapies.54	There	is
a	paucity	of	data	regarding	the	number	of	rescue	therapies	one	should	use	for	a
refractory	patient;	however,	most	tertiary	centers	agree	that	surgery	should	be	the
treatment	 of	 choice	 for	 patients	 who	 fail	 one	 rescue	 therapy	 by	 day	 7.	 A
summary	of	the	evidence-based	medical	management	approaches	for	fulminant
colitis	and	toxic	megacolon	is	provided	in	Figure	212.1.

	

Figure	 212.1 	 Proposed	 algorithm	 for	 the	 treatment	 of
hospitalized	 patients	 with	 severe	 ulcerative	 colitis.CMV,
cytomegalovirus;	 CRP,	 C-reactive	 protein;	 ESR,	 erythrocyte
sedimentation	 rate;	Hb,	 hemoglobin;	 IV,	 intravenous;	LMWH,	 low-



molecular-weight	 heparin;	 PCR,	 polymerase	 chain	 reaction;	 qPCR,
quantitative	 polymerase	 chain	 reaction;	 RX,	 radiograph;	 UC,
ulcerative	colitis.(Adapted	from	Holvoet	T,	Lobaton	T,	Hindryckx	P.
Management	of	Acute	Severe	Ulcerative	Colitis	(ASUC):	Challenges
and	Solution.	Clin	Exp	Gastroenterol.	2021;14:71-81.)

Resuscitative	 measures	 for	 fulminant	 infectious	 colitis	 causing	 toxic
megacolon	should	be	initiated	in	the	same	manner	as	for	idiopathic	UC.	Broad-
spectrum	 antibiotic	 coverage	 should	 be	 followed	 by	 pathogen-specific	 therapy
after	 the	 causative	 organism	 has	 been	 identified.	 In	 the	 setting	 of	 severe	 or
fulminant	C.	difficile	colitis,	oral	fidaxomicin	200	mg	twice	daily	or	combination
with	IV	metronidazole	500	mg	three	times	a	day	is	considered	the	treatment	of
choice.55	 For	 patients	 with	 an	 associated	 ileus	 or	 toxic	 megacolon,	 it	 is
recommended	that	a	higher	oral	vancomycin	dose	of	500	mg	four	times	a	day	be
used	 in	 combination	 with	 per	 rectum	 vancomycin	 500	 mg	 in	 a	 volume	 of
500	mL	four	times	a	day,	and	IV	metronidazole	as	described	earlier.10,27,55	More
recently,	fecal	microbiota	transplant	has	been	considered	for	patients	with	severe
C.	 difficile	 infection,	 and	 some	 centers	 have	 used	 it	 with	 caution	 during
fulminant	colitis	nonresponsive	to	standard	therapy	for	48	hours.56,57

Surgical	Intervention
When	 there	 is	 no	 improvement	 or	when	 deterioration	 occurs	 despite	 12	 to	 24
hours	 of	 intensive	 medical	 management,	 surgical	 intervention	 is	 required	 for
toxic	megacolon.4	 In	ASUC,	 failure	 to	 substantially	 improve	within	 3	 days	 of
intensive	 corticosteroid	 therapy	 and	 within	 7	 days	 of	 rescue	 therapies	 are
indications	 for	 surgery.17,50,58	 Some	 physicians	 actually	 view	 early	 surgical
management	of	toxic	megacolon	as	the	conservative	approach,	noting	that	delay
of	operative	therapy	may	promote	higher	mortality.19,59

Evidence	 of	 colonic	 perforation	 is	 an	 unequivocal	 indication	 for	 emergent
surgery.	 Since	 physical	 signs	 of	 perforation	 are	 often	 absent,	 12-	 to	 24-hour
radiographic	 surveillance	 is	 necessary.	 Perforation	 is	 associated	 with	 severe
complications,	 including	 peritonitis,	 extreme	 fluid	 and	 electrolyte	 imbalance,
and	 hemodynamic	 instability.	 Early	 recognition	 of	 perforation	 should	 lessen
morbidity	 or	 mortality.4	 Other	 indications	 for	 emergent	 surgery	 other	 than
protracted	 medical	 management	 include	 signs	 of	 septic	 shock	 and	 imminent
transverse	 colon	 rupture	 (diameter	 >	 12	 cm).	 Hypoalbuminemia,	 persistently
elevated	 CRP	 or	 erythrocyte	 sedimentation	 rate,	 small	 bowel	 ileus,	 and	 deep



colonic	ulcers	are	poor	prognostic	factors	for	successful	medical	therapy.21
For	 infectious	 etiologies	 such	 as	C.	 difficile	 colitis,	 surgery	 is	 indicated	 if

there	is	any	sign	of	hypotension	requiring	vasopressor	therapy,	clinical	signs	of
sepsis	 and	 organ	 dysfunction	 (renal	 and	 pulmonary),	 mental	 status	 changes,
white	blood	cell	count	>	50,000	cells	per	µL,	lactate	>	5	mmol	per	L,	or	failure
to	 improve	 on	medical	 therapies	 after	 5	 days.27,60	 Postoperatively,	 the	 patients
should	continue	IV	metronidazole	or	oral	fidaxomicin	or	vancomycin	for	a	total
of	10	days.61

Although	 the	 surgical	 management	 of	 ASUC	 is	 similar	 to	 that	 of	 toxic
megacolon,	the	absence	of	acute	colonic	dilatation	may	permit	delay	of	surgical
intervention.	 Patients	who	 do	 not	 begin	 to	 respond	 to	 the	 intensive	 IV	 steroid
regimen	 should	 either	 be	 referred	 to	 centers	 experienced	 with	 biologic
(infliximab)	 and/or	 cyclosporine	 therapy	 for	 severe	 colitis,	 or	 undergo
colectomy.17,29,38

The	 of	 operation	 performed	 for	 treatment	 of	 ASUC	 or	 toxic	 megacolon
depends	 on	 the	 clinical	 status	 of	 the	 patient	 and	 the	 experience	 of	 the
surgeon.6,7,20	A	one-stage	procedure	(total	proctocolectomy	with	end	ileostomy)
that	cures	UC	without	 the	need	 for	a	 second	operation	 is	appropriate	 for	older
patients	 or	 those	 not	 desiring	 restorative	 ileal	 pouch-anal	 anastomosis	 (IPAA).
Most	surgeons	prefer	a	limited	abdominal	colectomy	with	ileostomy,	leaving	the
rectosigmoid	 as	 a	 mucous	 fistula,	 or	 the	 rectum	 alone,	 using	 a	 Hartmann
procedure.6,17	 This	 approach	 has	 the	 advantages	 of	 limiting	 the	 lengthy	 pelvic
dissection	 during	 acute	 illness	 while	 allowing	 for	 the	 option	 of	 a	 subsequent
restorative,	 sphincter-saving	 procedure	 (ileoanal	 anastomosis).62	 For	 patients
with	 indeterminate	 colitis	 or	 Crohn	 disease,	 preservation	 of	 the	 rectum	 may
provide	 the	 opportunity	 for	 an	 eventual	 ileorectal	 or	 ileoanal	 anastomosis	 to
preserve	anal	continence	after	temporary	diversion	and	pathologic	review	of	the
colectomy	specimen.

The	surgical	management	of	toxic	megacolon	must	be	individualized	for	each
patient.	The	of	operation	selected	depends	on	the	clinical	condition	of	the	patient
and	the	experience	of	the	surgeon.6,59,63

In	conclusion,	ASUC	and	toxic	megacolon	are	challenging	conditions	to	treat
for	 physicians.	 First	 of	 all,	 emphasis	 should	 be	 on	 an	 early	 recognition	 of	 the
disease,	 close	 follow-up	 of	 admitted	 patients,	 and	 timely	 initiation	 of	 salvage
therapies.	 Surgeons	 should	 be	 included	 in	 the	multidisciplinary	 team	 early	 on
during	admission.

MULTIPLE	CHOICE	QUESTIONS



Questions
1. 	A	56-year-old	woman	with	ulcerative	colitis,	who	has	been	off	therapy	for
several	months,	presents	with	bloody	stools	at	a	frequency	of	six	times	per	day.
She	has	a	temperature	37.9	C	and	heart	rate	of	110	beats/min.	Data	are	notable
for	a	hemoglobin	of	9	g/dL	and	an	abdominal	radiograph	with	loss	of	haustration
and	mild	colonic	dilatation.	What	is	the	most	appropriate	treatment?

A. 	Bowel	rest
B. 	Diphenoxylate	hydrochloride/atropine	sulfate
C. 	Nasogastric	tube	placement
D. 	Methylprednisolone

2. 	What	was	the	first	evidence-based	rescue	therapy	for	refractory	ulcerative
colitis?

A. 	Cyclosporine
B. 	Infliximab
C. 	Rituximab
D. 	Vedolizumab

3. 	In	which	of	the	following	clinical	presentations	of	acute	severe	ulcerative
colitis	(ASUC)	is	surgery	most	likely	to	be	recommended?

A. 	Colonic	dilatation	of	12	cm
B. 	Day	7	of	refractory	septic	shock
C. 	Patient	is	a	young	woman
D. 	Presence	of	C.	difficile

Answers

1.	The	correct	answer	is	D.
Rationale:	This	patient	meets	Truelove	and	Witt’s	criteria	for	the	diagnosis	of

acute	severe	ulcerative	colitis	(ASUC)	and	has	evidence	of	hypovolemia	due	to
blood	 loss.	 Current	 guidelines	 for	 the	 treatment	 of	 ASUC	 recommend
hydrocortisone,	 100	 mg	 every	 6	 hours,	 or	 methylprednisolone,	 20	 to	 30	 mg
every	12	hours	(choice	D	is	correct).	Bowel	rest	and	nasogastric	tube	placement
in	 the	 absence	 of	 ileal	 involvement	 are	 not	 necessary	 or	 effective	 for	 ASUC



(choices	 A	 and	 C	 are	 incorrect).	 Opioid	 and	 anticholinergic	 medications
including	 diphenoxylate	 hydrochloride/atropine	 sulfate	 should	 be	 avoided
(choice	B	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	A	2003	trial	comparing	2	mg/kg/d	with	4	mg/kg/d	of	cyclosporine

in	 conjunction	 with	 corticosteroids	 for	 severe	 colitis	 demonstrated	 the	 lower
dose	was	equally	efficacious	(84%	vs	85%)	with	less	adverse	effects	(choice	A	is
correct).	While	infliximab	is	also	useful	for	severe	ulcerative	colitis,	it	is	newer
with	 less	 evidence	 for	 its	 superiority	 choice	 (B	 is	 incorrect).	 Rituximab	 is	 an
immunosuppressive	 anti-CD-20	 agent	 that	 is	 contraindicated	 when	 bacterial
infection	 may	 be	 active	 (choice	 C	 is	 incorrect).	 Vedolizumab	 is	 used	 with
cyclosporine	for	maintenance	therapy,	but	not	for	rescue	(choice	D	is	incorrect).

3.	The	correct	answer	is	A.
Rationale:	The	risk	of	colonic	rupture	when	colonic	dilatation	reaches	12	cm

is	thought	to	justify	surgical	intervention	(choice	A	is	correct).	Colonic	dilatation
of	 9	 cm	 and	 fluid	 responsive	 colitis	 associated	 with	 C.	 difficile	 toxin	 are
indications	 for	 close	 monitoring	 rather	 than	 surgery	 (choice	 D	 is	 incorrect).
Surgical	 outcomes	 among	 those	 with	 established	 refractory	 shock	 are	 poor
(choice	B	is	incorrect),	and,	while	not	contraindicated,	surgery	is	not	a	preferred
modality	of	therapy	in	young	women,	as	ileal	pouch	anal	anastomosis	has	been
associated	with	lower	fertility	and	fecundity	rates.
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Section	20

METABOLISM	AND	NUTRITION
ULISES	TORRES

Chapter	213
Nutritional	Therapy	in	the	Critically	Ill
Patient
Ulises	Torres

KEY	POINTS:
1.	 The	critically	ill	patient	develops	malnutrition	rapidly	after	the	initial

insult;	recognition	and	early	approach	with	the	adequate	formulation
is	paramount	to	preserve	the	adequate	immunological	response.

2.	 Caloric	requirements	of	25	to	30	kcal/kg	should	be	based	on	the
usual	body	weight	and	are	adequate	for	most	patients.

3.	 Current	recommendations	support	initiation	of	enteral	nutrition	as
soon	as	the	patient	is	hemodynamically	stable	and	has	adequate
gastointestinal	function.

4.	 The	differences	of	nutritional	therapies	for	critically	ill	patients	due	to
coronavirus	disease	2019	are	based	on	the	rapid	inflammatory
response	and	the	need	for	prone	positioning	and	utilization	of
ECMO.

INTRODUCTION
Throughout	 the	 years,	we	 have	 identified	 there	 are	 different	 phases	 of	 critical
illness;	currently,	we	 identify	 that	nutritional	 support	 is	paramount	during	each



of	these	phases.	The	2019	European	Society	for	Parenteral	and	Enteral	Nutrition
(ESPEN)	guidelines	identify	three	phases,	intensive	care	unit	(ICU)	days	1	to	2
(acute	early	phase),	ICU	days	3	to	7	(acute	late	phase),	and	ICU	day	7	(recovery
phase).	 Challenges	 related	 to	 throughput	 in	 the	 current	 health	 care	 setting
resulting	 in	 prolonged	 ICU	 stays,	 even	 after	 the	 critical	 illness	 has	 subsided;
highlights	 the	 importance	 of	 recognizing	 and	 adjusting	 nutrition	 regimens
targeted	to	anabolism	and	recovery.1,2

The	Society	of	Critical	Care	Medicine	(SCCM)	and	the	American	Society	for
Parenteral	 and	Enteral	Nutrition	 (ASPEN)	 once	 again	 conclude	 that	 now	 after
more	 than	30	years	of	 investigation,	nutrition	support	 for	critically	 ill	patients,
once	regarded	as	adjunctive	care	designed	to	preserve	lean	body	mass,	maintain
immune	function,	and	avoid	metabolic	complications,	should	now	be	considered
nutrition	 therapy	 specifically	 aimed	 at	 attenuating	 the	 metabolic	 responses	 to
stress,	 prevent	 oxidative	 injury,	 and	 improve	 the	 immune	 response.3,4	 Table
213.1	does	not	 list	all	of	 the	recommendations	of	 the	panel	but	summarizes	all
the	recommendations	supported	by	randomized	trials.

TABLE	213.1

Summary	of	Evidence-Based	Guidelines	for	Nutrition
Support

Assess	patients	on	admission	to	the	intensive	care	unit	(ICU)	for	nutrition
risk,	and	calculate	both	energy	and	protein	requirements	to	determine	goals
of	nutrition	therapy.

Initiate	enteral	nutrition	(EN)	within	24-48	h	following	the	onset	of	critical
illness	and	admission	to	the	ICU,	and	increase	to	goals	over	the	first	week
of	ICU	stay.

Take	steps	as	needed	to	reduce	risk	of	aspiration	or	improve	tolerance	to
gastric	feeding	(use	prokinetic	agent,	continuous	infusion,	chlorhexidine
mouthwash,	elevate	the	head	of	bed,	and	divert	level	of	feeding	in	the
gastrointestinal	tract).



Implement	enteral	feeding	protocols	with	institution-specific	strategies	to
promote	delivery	of	EN.

Do	not	use	gastric	residual	volumes	as	part	of	routine	care	to	monitor	ICU
patients	receiving	EN.

Start	parenteral	nutrition	early	when	EN	is	not	feasible	or	sufficient	in	high-
risk	or	poorly	nourished	patients.

Assess	patients	on	admission	to	the	ICU	for	nutrition	risk,	and	calculate
both	energy	and	protein	requirements	to	determine	goals	of	nutrition
therapy.

EN,	enteral	nutrition;	PN,	parenteral	nutrition;	SICU,	surgical	intensive	care	unit;	TBI,	traumatic
brain	injury.
Adapted	from	McClave	SA,	Taylor	BE,	Martindale	RG,	et	al.	Guidelines	for	the	provision	and
assessment	of	nutrition	support	therapy	in	the	adult	critically	ill	patient:	Society	of	Critical	Care
Medicine	(SCCM)	and	American	Society	for	Parenteral	and	Enteral	Nutrition	(A.S.P.E.N.).	J
Parent	Enteral	Nutr.	2016;40:159-211.

WHAT	IS	MALNUTRITION	AND	HOW	DO	WE
RECOGNIZE	IT?
Malnutrition	among	ICU	patients	is	common	and	can	be	present	on	admission	or
develop	as	a	 result	of	 the	metabolic	 response	 to	 injury.	This	 response	 to	 injury
can	 lead	 to	 changes	 in	 substrate	 metabolism,	 causing	 alterations	 in	 body
composition	 and	 nutrient	 deficiencies	 that	 become	 clinically	 evident.5	 During
starvation,	the	body	uses	fat	and	muscle	protein	as	a	source	of	energy	in	order	to
preserve	visceral	protein.5	Mobilization	of	 fat	 for	 fuel	 is	 an	 important	adaptive
response	for	survival	 because	glucose	 stores,	 in	 the	 form	of	glycogen,	 provide
only	 1200	 kcal	 in	 the	 first	 24	 hours	 of	 starvation.	 The	 body	 attempts	 to	 use
muscle	protein	 rather	 than	visceral	protein	because	visceral	protein	 is	essential
for	vital	functions	of	the	body.	Skeletal	muscle	mass	decreases	steadily,	and	its
rate	of	 loss	exceeds	 that	of	weight	 loss.6	Because	these	changes	are	difficult	 to
assess,	 intensivists	 have	 traditionally	 used	 a	 variety	 of	 tools	 such	 as	 clinical,
anthropometric,	chemical,	and	immunologic	parameters	that	reflect	altered	body



composition.7
1 	 Nutritional	 assessment	 is	 important	 because	 many	 critically	 ill	 patients

develop	 malnutrition	 rapidly	 after	 the	 initial	 insult;	 recognition	 and	 early
intervention	with	the	optimal	available	formulation	is	paramount	for	preserving
immunological	responses.	The	need	for	nutritional	support	is	determined	by	the
balance	 between	 endogenous	 energy	 reserves	 of	 the	 body	 and	 the	 severity	 of
stress.	 The	 best	 clinical	 markers	 of	 stress	 are	 fever,	 leukocytosis,
hypoalbuminemia,	and	a	negative	nitrogen	balance.

The	 purpose	 of	 nutritional	 assessment	 is	 to	 identify	 the	 and	 degree	 of
malnutrition	to	devise	a	rational	approach	to	treatment.8	Percentage	weight	loss
during	the	past	6	months,	serum	albumin	level,	and	total	 lymphocyte	count	are
readily	available,	commonly	used	measures	to	assess	nutritional	status.	A	10%	or
10-lb	weight	loss	over	the	previous	12	months	is	an	indicator	of	protein	calorie
malnutrition.	 This	 results	 from	 inadequate	 caloric	 intake.	 Hypoalbuminemic
malnutrition	or	kwashiorkor	is	owing	to	severe	stress	or	profound	malnutrition.
Albumin	is	not	a	sensitive	indicator	of	malnutrition	among	ICU	patients	because
its	synthesis	is	influenced	by	numerous	factors	other	than	nutritional	status	such
as	protein-losing	states,	hepatic	 function,	and	acute	 infection	or	 inflammation.9
Normal	concentrations	of	albumin	are	unattainable	for	many	critically	ill	patients
because	 of	 large	 fluid	 shifts	 and	 inadequate	 synthesis	 to	 meet	 demands.
Hypoalbuminemia	 should	 be	 viewed	 as	 a	 marker	 of	 injury	 and	 not	 as	 an
indicator	of	impaired	nutrition.	Most	critically	ill	patents	have	a	combination	of
the	 two.	 Malnutrition	 is	 most	 effectively	 treated	 by	 nutritional	 support	 and
treatment	of	the	stresses	that	led	to	this	severe	catabolic	condition.

Weight	loss	as	an	independent	diagnostic	criterion	for	malnutrition	severity	in
the	 ICU	 is	 not	 accurate.	 For	 many	 critically	 ill	 patients,	 total	 body	 weight	 is
often	an	 insensitive	parameter	because	of	progressive	 total	body	salt	and	water
retention.	The	Nutritional	Risk	Screening	2002	and	the	nutrition	risk	in	critically
ill	 (NUTRIC)	 score	are	well-suited	 for	use	 in	 the	 ICU	because	 they	determine
both	nutrition	status	and	disease	severity.10

HOW	MUCH	SHOULD	YOU	FEED?

Macronutrients
2 	 Body	 cell	 mass	 is	 the	 major	 determinant	 of	 the	 total	 caloric	 requirement.
Energy	 needs	 can	 be	 estimated	 or	 measured	 using	 indirect	 calorimetry	 (IC).



Although	 estimated	 energy	 requirements	 have	 been	 shown	 to	 be	 adequate	 for
most	patients,	measurement	is	recommended	for	patients	even	when	estimating
energy	needs	appears	appropriate.	Calorimetry	is	particularly	useful	for	patients
who	 do	 not	 appear	 to	 respond	 to	 therapy	 (eg,	 worsening	 respiratory	 function,
continued	 weight	 loss,	 or	 a	 decrease	 in	 prealbumin	 levels,	 a	 more	 sensitive
marker	of	protein	synthesis	than	albumin).

The	general	principle	of	macronutrient	support	is	to	provide	enough	energy	to
promote	anabolic	functions	and	avoid	caloric	overload.	Caloric	requirements	of
25	to	30	kcal/kg	should	be	based	on	the	usual	body	weight	and	are	adequate	for
most	patients.9,10	When	patients	are	not	responding	to	therapy	as	indicated	by	the
parameters	 listed	previously,	or	 if	 they	are	 in	a	severe	catabolic	state	as	occurs
among	 multiple	 trauma	 or	 burns	 patients,	 the	 current	 recommendation	 is	 to
increase	caloric	support	to	up	to	35	kcal/	kg.10

Protein
The	 usual	 protein	 requirement	 has	 been	 estimated	 to	 be	 1.2	 to	 1.5	 g/kg/d	 for
actual	 body	 weight.	 Another	 current	 recommendation	 by	 the	 joint	 societies	 is
that	an	ongoing	assessment	of	the	adequacy	of	protein	provision	be	performed.
When	 nitrogen	 balance	 studies	 are	 not	 available,	 weight-based	 equations	 (eg,
1.2-2.0	 g/kg/d)	 may	 be	 used	 to	 monitor	 adequacy	 of	 protein	 provision	 by
comparing	 total	 daily	 protein	 calories	 delivered	 with	 that	 prescribed.10	 Larger
amounts	of	protein	have	not	been	able	to	demonstrate	improvement	in	clinical	or
patient-centered	 outcomes.	 Five	 small	 studies	 (n	 =	 273)	 reported	 quadriceps
muscle	 and	 the	 percentage	 of	 muscle	 change	 per	 week	 between	 groups	 were
statistically	 aggregated,	 higher,	 as	 compared	 to	 lower,	 protein	 delivery
significantly	 attenuated	muscle	 loss,	mainly	 attributed	 to	 the	EN	 subgroup,	 no
difference	was	found	on	the	parenteral	nutrition	(PN)	groups.	Higher	protein	was
associated	 with	 a	 trend	 toward	 shorter	 duration	 of	 mechanical	 ventilation
(0.73	days)	and	ICU	length	of	stay.11

Carbohydrates
Generally,	 patients	 will	 need	 about	 25	 to	 30	 kcal/kg/d	 to	 meet	 their	 energy
requirements.	 Approximately	 20	 kcal/kg/d	 of	 the	 actual	 body	 weight	 can	 be
provided	 as	 carbohydrate.	 Levels	 of	 carbohydrate	 above	 30	 kcal/kg/d	 increase
the	 risk	 of	 hyperglycemia.	 Hyperglycemia	 should	 be	 avoided	 because	 it	 is
associated	 with	 abnormalities	 in	 granulocyte	 adhesion,	 chemotaxis,
phagocytosis,	intracellular	killing	of	pathogens,	and	poor	clinical	outcomes.



Hyperglycemia	 is	 a	 major	 contributing	 factor	 to	 postoperative	 infections.
Blood	 sugars	 greater	 than	 220	 mg/	 dL	 on	 postoperative	 day	 1	 have	 been
associated	 with	 a	 fivefold	 increased	 risk	 of	 serious	 infection.12	 A	 study	 of
patients	requiring	PN	to	determine	whether	the	frequency	of	hyperglycemia	and
infectious	complications	can	be	reduced	by	an	underfeeding	strategy	(1000	kcal
with	 70	 g/kg	 as	 protein)	 provision	 of	 1.5	 g/kg	 of	 protein	 in	 conjunction	 with
25	 kcal/kg	 was	 not	 associated	 with	 more	 hyperglycemia	 or	 infections	 than
deliberate	underfeeding.	However,	a	regimen	of	25	kcal/kg	in	conjunction	with
1.5	g/kg	of	protein	did	provide	significant	nutritional	benefit	in	terms	of	nitrogen
balance	 as	 compared	 with	 hypocaloric	 PN.13	 This	 suggests	 that	 it	 is	 not	 a
hypocaloric	 low	carbohydrate	 formula	 that	protects	against	 infection	but	 rather
the	avoidance	of	hyperglycemia.	Alternatively,	PN	can	be	adjusted	and	 regular
insulin	can	be	given,	as	needed,	 to	maintain	a	blood	glucose	 level	 from	150	to
180	mg/dL.10

Fat
Usually,	no	more	than	15%	to	20%	of	total	calories	per	day	should	be	provided
as	 fat.	 This	 will	 avoid	 infectious	 complications	 that	 may	 be	 caused	 by	 the
dysfunction	 of	 the	 reticuloendothelial	 system,	which	 has	 been	 associated	with
the	administration	of	excess	lipids.14	Omega-6	polyunsaturated	fatty	acids	should
be	provided	in	doses	adequate	to	prevent	essential	fatty	acid	deficiency	(at	least
7%	of	 total	 calories).	Medium-chain	 triglycerides	 (MCTs)	can	be	administered
with	long-chain	triglycerides	(LCTs).	MCTs	are	more	water	soluble	and	require
less	 lipase	 activity	 and	 bile	 salts	 for	 absorption.	 Patients	 with	 malabsorption,
pancreatic	insufficiency,	and	chronic	liver	disease	can	absorb	them	more	easily.
The	ratio	of	MCT	 to	LCT	depends	on	 the	 route	of	 administration	 and	product
availability.9	New	recommendations	for	 the	use	of	 less	pro-inflammatory	lipids
for	PN	solutions	can	be	found	in	Chapter	214.

Electrolytes,	Micronutrients,	and	Fluid
Potassium,	 magnesium,	 phosphate,	 and	 zinc	 should	 be	 provided	 in	 amounts
necessary	 to	 maintain	 normal	 serum	 levels.	 The	 absolute	 requirements	 for
vitamins,	minerals,	 and	 trace	 elements	 have	 not	 yet	 been	 determined.	 Normal
serum	and	blood	levels	of	vitamins	have	been	established	but	may	vary	with	the
laboratory	 in	 which	 the	measurement	 is	 obtained.9	 In	 general,	 patients	 should
receive	 25	 mL	 of	 fluid	 per	 kg	 actual	 dry	 body	 weight	 to	 avoid	 dehydration.
Three	 milliliters	 of	 trace	 elements	 injection	 5	 (Multitrace-5)	 and	 10	 mL	 of



multiple	vitamin	infusion	(Infuvite	Adult)	will	provide	adequate	vitamins,	trace
elements,	 and	 minerals	 and	 should	 be	 added	 to	 PN	 daily.	 The	 required	 daily
allowance	for	all	vitamins	and	minerals	is	usually	provided	in	1000	to	1500	mL
of	most	 enteral	 formulas.	 If	 the	 patient	 is	 receiving	 less	 than	 a	 liter	 of	 enteral
feeding,	vitamin	supplementation	may	be	necessary.

WHICH	ROUTE	OF	ADMINISTRATION	SHOULD
BE	CHOSEN?

Enteral	Feeding
3 	 Enteral	 feeding	 has	 been	 shown	 in	 clinical	 studies	 to	 reduce	 infection	 and
preserve	gut	integrity,	barrier,	and	immune	functions.	It	is	the	preferred	route	of
nutrient	administration	because	it	is	more	physiologic,	safer,	and	less	expensive
than	 parenteral	 feeding.	 Current	 recommendations	 support	 initiation	 of	 enteral
nutrition	 as	 soon	 as	 the	 patient	 is	 hemodynamically	 stable.10	 The	 only
contraindication	 is	 a	 nonfunctioning	 gut.	 For	 example,	 intragastric	 feeding
requires	 adequate	 gastric	 motility.	 Gastric	 residuals	 should	 not	 be	 checked
routinely	 except	 in	 the	 presence	 of	 clinical	 signs	 of	 intolerance,	 there	 is	 no
defined	 amount	 of	 nasogastric	 aspirate	 that	 can	 determine	 the	 diagnosis	 of
intolerance	 by	 itself.10	 Supplemental	 parenteral	 nutrition	 to	 meet	 caloric
requirements	or	small	bowel	feeding	to	potentially	decrease	the	risk	of	aspiration
will	be	necessary	until	normal	gastric	function	returns.	Gastric	atony	and	colonic
ileus	do	not	preclude	enteral	 feeding	but	may	require	gastric	decompression	or
small	bowel	feeding.

Initiation	 of	 enteral	 feeding	 does	 not	 require	 active	 bowel	 sounds	 or	 the
passage	of	flatus	or	stool.	Small	bowel	feedings	can	be	given	in	the	presence	of
mild	or	resolving	pancreatitis	and	low	output	enterocutaneous	fistulas	(less	than
500	mL/d).10	Even	patients	with	severe	acute	pancreatitis	(acute	physiology	and
chronic	health	evaluation	[APACHE	II	scores	12-13]	receiving	enteral	nutrition)
have	 significantly	 fewer	 total	 complications	 and	 septic	 complications	 than
patients	 receiving	 parenteral	 nutrition.15	 Worsening	 abdominal	 distention	 or
diarrhea	 in	excess	of	1000	mL/d	 requires	a	medical	evaluation.	 If	distention	 is
present,	 enteral	 feedings	 should	be	discontinued.	 If	no	 infectious	 cause	 for	 the
diarrhea	 is	 found,	 antidiarrheals	 can	 be	 administered	 and	 feedings	 continued.9
Nasogastric	feeding	is	appropriate	for	most	patients	except	those	with	a	history
of	 aspiration	 pneumonia	 associated	 with	 reflux.	 Those	 patients	 should	 be	 fed



postpylorically	or	via	a	G-tube	to	minimize	nasogastric	tube-associated	reflux	of
gastric	 contents	 and	 aspiration.	 In	 contrast	 to	 prior	 recommendations,	 the
ASPEN/SCCM	 guidelines	 now	 recommend	 that	 patients	 with	 severe	 acute
pancreatitis	can	be	fed	by	either	the	gastric	or	the	jejunal	route	because	there	is
no	 difference	 in	 tolerance	 or	 clinical	 outcomes.10	 A	 study	 of	 four	 university-
based	 ICUs	 at	 two	 hospitals	 found	 that	 physicians	 ordered	 a	 daily	 volume	 of
enteral	 feeding	 that	was	66%	of	 the	 requirement;	but	because	only	78%	of	 the
ordered	 volume	 was	 infused,	 patients	 received	 only	 52%	 of	 target	 calories.
Sixty-six	 percent	 of	 the	 time	 the	 reasons	 given	 for	 stopping	 the	 infusion	were
determined	to	be	avoidable.	Half	the	patients	whose	tube	feedings	were	checked
every	 4	 hours	 had	 their	 feedings	 held	 for	 residual	 volumes	 less	 than	 200	mL,
when	the	guideline	for	stopping	the	tube	feeding	was	a	residual	of	greater	than
200	mL.16	Protocols	for	delivery	of	enteral	feeding	can	avoid	this.

Standard	isotonic	polymeric	formulations	can	meet	most	patients’	nutritional
needs.	The	use	of	elemental	formulas	should	be	reserved	for	patients	with	severe
small	 bowel	 absorptive	 dysfunction.	 The	 “American	 Gastroenterological
Association	 Medical	 Position	 Statement:	 Guidelines	 for	 the	 use	 of	 enteral
nutrition”	and	the	current	ASPEN/SCCM	have	concluded	that	disease-	or	organ-
specific	specialty	formulations	are	generally	more	expensive	and	have	a	limited
clinical	 role,	 and	 they	 will	 require	 more	 data	 to	 justify	 their	 practicality	 and
effectiveness.	Immune	modulating	formulations	containing	arginine	and	fish	oils
can	be	considered	for	patients	with	severe	trauma.3,17

There	 are	 numerous	 issues	 that	 arise	 when	 providing	 enteral	 nutrition	 to
critically	 ill	 patients.	We	provide	guidelines	 to	help	 the	 readers	of	 this	 chapter
overcome	 the	 problems	 that	 often	 arise	 when	 administering	 enteral	 tube
feedings.

In	general,	most	complications	associated	with	the	use	of	feeding	tubes	relate
to	 placement,	 displacement,	 or	 malfunction	 of	 the	 tubes.	 It	 is	 important	 to
remember	that	these	tubes	require	frequent	maintenance	to	avoid	complications.
The	 position	 of	 nasogastric	 or	 nasoenteric	 feeding	 tubes	 placed	 at	 the	 bedside
should	 be	 confirmed	 endoscopically	 or	 radiographically	 before	 use	 because
clinical	 assessment	 is	 unreliable.	 The	 routine	 use	 of	 promotility	 drugs	 has	 not
been	 shown	 to	 be	 consistently	 beneficial	 and	 although	 they	 can	 increase	 the
volume	of	feeding,	the	overall	impact	is	small	except	for	patients	at	high	risk	of
aspiration.10	 Excessive	 force	 during	 insertion,	which	 can	 result	 in	malposition,
should	 be	 avoided.	Tubes	 need	 to	 be	 flushed	 regularly	 to	 avoid	 clogging	with
medications	or	tube	feeding.	Cycled	tube	feeding	is	recommended,	if	possible,	to
facilitate	this.	Little	is	known	about	the	compatibility	of	most	medications	with
tube	feeding	and,	therefore,	medications	should	not	be	mixed	with	tube	feedings



because	this	can	lead	to	precipitation	of	the	medication	with	blockage	of	the	tube
and	decreased	absorption	of	the	medication.

Placement	of	 tubes	across	the	gastroesophageal	 junction	or	pylorus	can	lead
to	incompetence	of	the	sphincter,	reflux,	and	aspiration.	In	patients	at	risk	for	or
with	 a	 history	 of	 aspiration	 associated	 with	 reflux,	 we	 recommend
percutaneously	 placed	 gastric	 or	 jejunal	 feeding	 tubes.	 Gastric	 tubes	 are
preferred	because	 the	smaller	caliber	of	 the	 jejunal	 tubes	makes	 them	 likely	 to
obstruct	 with	 administration	 of	 anything	 except	 liquid	 medications.
Percutaneously	 placed	 tubes	 that	 fall	 or	 are	 pulled	 out	 should	 be	 replaced
cautiously.	Unlike	non–critically	ill	patients	who	usually	have	had	their	feeding
tubes	 in	place	 long	 term,	critically	 ill	patients	are	 likely	 to	have	had	 their	 tube
placed	 recently	 or	may	 have	 impaired	 healing	 and,	 therefore,	may	 not	 have	 a
fully	developed	cutaneous	fistula.	For	these	reasons,	we	recommend	confirming
placement	 with	 a	 contrast-enhanced	 radiograph	 or	 ultrasonography	 before	 use
when	replacing	these	tubes	at	the	bedside.

Elevating	the	head	of	the	bed	30°	and	checking	for	gastric	residuals	to	avoid
increases	in	the	volume	of	the	gastric	contents,	which	can	lead	to	hypersecretion
and	reflux	of	gastric	contents,	are	also	recommended.

Stress	gastritis,	also	known	as	stress-related	erosive	syndrome,	is	a	term	used
to	 describe	 gastrointestinal	 mucosal	 injury	 associated	 with	 serious	 systemic
disease.	Most	patients	at	 risk	cannot	have	oral	feedings.	Histamine	H2	 receptor
antagonists	 (H2RAs)	 have	 been	 shown	 to	 protect	 against	 significant
gastrointestinal	hemorrhage.	There	are	less	data	on	the	efficacy	of	proton	pump
inhibitors	 (PPIs).	 A	 reasonable	 suggestion	 has	 been	 to	 wait	 for	 6	 to	 12	 hours
between	stopping	parenteral	H2RAs	before	starting	to	feed	and	initiating	therapy
with	a	PPI.18

Parenteral	Feeding
Parenteral	 nutrient	 administration	 is	 recommended	 when	 the	 gastrointestinal
tract	is	nonfunctional	or	inaccessible	or	enteral	feeding	is	insufficient.	Although
parenteral	 nutrient	 admixtures	 are	 not	 as	 nutritionally	 complete	 as	 enteral
formulations,	nutritional	goals	are	achieved	more	often	with	the	former	than	the
latter.	This	is	usually	attributable	to	a	variety	of	barriers.	In	patients	determined
to	be	at	high	nutritional	risk	or	severely	malnourished,	when	enteral	nutrition	is
not	 feasible	 parenteral	 nutrition	 should	 be	 initiated	 as	 soon	 as	 possible.	 In
addition,	 if	 patients	 at	 high	 risk	 do	 not	meet	 greater	 than	 60%	 of	 energy	 and
protein	 requirements	 by	 the	 enteral	 route,	 supplemental	 parenteral	 nutrition



should	be	initiated.10
Parenteral	 nutrition	 is	 associated	 with	 an	 increased	 risk	 of	 infectious

complications,	especially	line	infections,	and	increased	costs.	Strict	adherence	to
protocols	 emphasizing	 aseptic	 techniques	 and	 limiting	 central	 line	 interruption
can	 decrease	 complications.	 Peripheral	 indwelling	 central	 catheters	 or	 central
subclavian	 or	 internal	 jugular	 lines	 should	 be	 considered,	 and	 implanted
permanent	lines	should	be	avoided.9	Management	of	infected	temporary	lines	is
easier	and	has	fewer	complications.

HOW	DO	YOU	PREVENT	COMPLICATIONS	AND
MAXIMIZE	BENEFITS?
Anticipating	 potential	 complications	 leads	 to	 early	 recognition,	 minimizes	 the
impact	 of	 the	 complications,	 and	 improves	 outcomes.	 Adherence	 to	 general
guidelines	 for	 energy	 requirements,	 as	 mentioned	 earlier,	 should	 help	 avoid
overfeeding.	Overfeeding	can	lead	to	a	number	of	problems,	such	as	cholestatic
liver	 disease,	 hyperglycemia,	 increased	 infection	 risk,	 and	 worsening
hypercapnic	respiratory	failure.	When	there	is	doubt,	expired	gas	analysis	can	be
used	to	assess	caloric	requirements.	A	respiratory	quotient	(R/Q)	greater	than	1
generally	indicates	overfeeding.	R/Q	is	the	quotient	of	mL	of	CO2	produced	per
mL	of	O2	consumed.	Increased	CO2	production	will	cause	a	rise	in	the	R/Q	from
0.80,	 a	 normal,	 average	 steady	 state.	Reducing	 total	 calories	 (glucose	 and	 fat)
may	 benefit	 patients	 with	 chronic	 lung	 disease	 fed	 parenterally	 who	 develop
worsening	hypercapnia.	Assessment	of	nitrogen	balance	(the	difference	between
nitrogen	produced	and	nitrogen	eliminated	in	urine	and	stool)	every	5	to	7	days
may	 be	 useful	 for	 assessing	 the	 response	 to	 adjustments	 of	 the	 protein	 dose.
Prerenal	 azotemia	 from	 excessive	 protein	 administration	 is	 an	 indication	 to
decrease	 nitrogen	 intake.	 Patient	 outcome	 following	 acute	 renal	 failure
(creatinine	greater	than	twice	normal)	does	not	improve	with	the	administration
of	specialized	formulations.

Monitoring	 triglycerides	 and	 adjusting	 continuous	 fat	 infusion	 to	 keep
triglycerides	less	than	500	mg/dL	will	avoid	hypertriglyceridemia.	Monitoring	of
serum	albumin	and	prealbumin	should	not	serve	as	proxy	measures	of	total	body
protein	 or	 total	 muscle	 mass	 and	 should	 not	 be	 used	 as	 nutrition	 markers.19
Monitoring	of	fluid	and	electrolytes	is	essential	particularly	in	patients	receiving
PN	to	avoid	volume	overload.	Deficiencies	of	potassium	or	calcium	can	lead	to
cardiac	arrhythmias.	Hypophosphatemia	can	precipitate	rhabdomyolysis,	severe



muscle	weakness,	 and	 respiratory	 failure.	 Hypomagnesemia	 can	 cause	muscle
weakness	 and	 even	 seizures.	 Zinc	 deficiency	 can	 lead	 to	 impaired	 wound
healing,	 diarrhea,	 and	 cutaneous	 anergy.	 Routine	 monitoring	 of	 vitamins	 and
minerals	 for	 patients	 on	 short-term	 parenteral	 nutrition	 support	 is	 not	 useful
because	 deficiencies	 are	 usually	 only	 associated	 with	 long-term	 therapy.
Monitoring	on	a	selected	case	basis	when	there	are	clinical	signs	or	symptoms	of
a	 vitamin	 deficiency	 (eg,	 hyperkeratosis	 [vitamin	 A],	 megaloblastic	 anemia
[folate/vitamin	 B12])	 is	 more	 practical.	 Liver	 enzymes	 should	 be	 monitored
weekly	to	determine	if	biliary	or	liver	disease	has	developed.9

WHAT	IS	THE	IMPORTANCE	OF	PROVIDING
SPECIAL	KEY	NUTRIENTS?
Effects	of	 special	nutrients	on	 regulation	of	 the	processes	of	 inflammation	and
repair	 and	 immune	 function	 have	 been	 the	 object	 of	 many	 studies.	 Although
specialized	nutrients	added	to	parenteral	or	enteral	formulas	have	been	shown	to
modulate	 a	 variety	 of	 cellular	 responses,	 their	 precise	 clinical	 utility	 is	 still
unresolved.	For	example,	arginine	is	an	amino	acid	that	participates	in	a	variety
of	 metabolic	 processes,	 including	 synthesis	 of	 nitrous	 and	 nitric	 oxide,
compounds	 known	 to	 protect	 the	 liver	 from	 damage	 in	 a	 murine	 model	 of
endotoxin-induced	hepatic	 necrosis,20	 urea	 synthesis,	 lymphocyte	 proliferation,
and	 wound	 healing.	 However,	 the	 ASPEN	 guidelines	 suggest	 that	 immune-
modulating	 enteral	 formulations	 (arginine	 with	 other	 agents,	 including
eicosapentaenoic	 acid,	 docosahexaenoic	 acid,	 glutamine,	 and	 nucleic	 acid)
should	 not	 be	 used	 routinely	 for	 critically	 ill	 patients.	 Consideration	 for	 these
formulations	 should	 be	 reserved	 for	 patients	 with	 traumatic	 brain	 injury	 and
perioperative	patients	in	the	SICU.	Specialized	immune	myeloid	suppressor	cells
following	insult,	injury,	or	major	surgery	rapidly	increase	the	levels	of	arginase
1,	 resulting	 in	 a	 relative	 arginine	 depletion.	 An	 inadequate	 supply	 of	 arginine
adversely	affects	T-cell	function	and	causes	subsequent	immune	suppression.

The	 benefit	 of	 immune-modulating	 formulas	 compared	 with	 standard
formulas	 for	 surgical	postoperative	patients	 appears	 to	be	derived	 in	part	 from
the	 synergistic	 effect	 of	 fish	 oil	 and	 arginine,	 as	 both	 must	 be	 present	 in	 the
formula	 to	 see	 outcome	 benefits.	 Timing	 appears	 to	 be	 important	 and	 is
influenced	 by	 the	 nutrition	 status	 of	 the	 patient.	 In	 well-nourished	 patients
undergoing	 elective	 surgery,	 preoperative	 or	 perioperative	 provision	 of
immunonutrition	 is	 more	 important	 for	 metabolic	 conditioning	 than	 for	 the



nutritional	value	of	the	formula	(and	provision	postoperatively	is	less	effective).
In	 patients	 with	 poor	 nutrition	 status,	 the	 provision	 of	 immune-modulating
formulas	 perioperatively	 (both	 before	 and	 after	 surgery)	 and	 postoperatively
result	in	positive	outcome	benefits.10

The	branched-chain	amino	acids	(BCAAs)	leucine,	isoleucine,	and	valine	are
essential	 amino	 acids	 required	 for	 protein	 synthesis.	Although	 improvement	 in
nitrogen	 balance	 can	 be	 observed	 when	 these	 are	 given	 in	 combination	 with
other	 essential	 amino	 acids	 in	 doses	 of	 0.5	 to	 1.2	 g/kg/d,	 their	 efficacy	 in
improving	 patient	 outcomes	 remains	 to	 be	 defined	 and	 their	 use	 is	 not
recommended,	there	have	been	some	findings	from	randomized	outpatient	trials
suggest	 that	 long-term	(12	and	24	months)	nutrition	supplementation	with	oral
BCAA	 granules	 may	 be	 useful	 in	 slowing	 the	 progression	 of	 hepatic	 disease
and/or	 failure	 and	 prolonging	 event-free	 survival;	 this	 is	 not	 the	 case	 with
patients	with	active	hepatic	encephalopathy.10,21

The	 importance	 of	 glutamine	 to	 normal	 cellular	 function	 and	 its	 unique
function	 in	 amino	 acid	 metabolism,	 in	 both	 health	 and	 disease,	 has	 been
recognized	 for	 many	 years.22	 However,	 in	 humans,	 a	 randomized	 trial	 of
glutamine	 supplementation	 of	 parenteral	 nutrition	 detected	 no	 differences	 of
infectious	complications	or	median	 length	of	hospital	 stay	between	groups	and
their	routine	use	is	not	recommended.3,23

Although	 the	 administration	 of	 growth	 hormone	 can	 attenuate	 the	 severe
catabolic	state	induced	by	the	metabolic	response	to	injury,	surgery,	and	sepsis,
two	 randomized	 placebo-controlled	 clinical	 trials	 found	 that	 in-hospital
mortality,	length	of	stay	in	the	ICU,	and	duration	of	mechanical	ventilation	were
greater	among	patients	receiving	growth	hormone.24

NUTRITIONAL	MANAGEMENT	FOR	CRITICALLY
ILL	PATIENTS	WITH	CORONAVIRUS	DISEASE
2019
4 	Some	recommendations	are	specific	to	this	population	due	the	intensity	of	the
pulmonary	 disease	 and	 the	 need	 for	 prone	 positioning	 and	 maybe	 even
extracorporeal	 membrane	 oxygenation	 (ECMO).	 Besides	 the	 recommended
personal	 protected	 equipment	 and	 cluster	 care	 to	 minimize	 exposure	 of	 the
healthcare	 providers,	 it	 is	 recommended	 to	 start	 a	 standard	 high-protein
polymeric	 iso-osmolar	 enteral	 formula	 early,	 between	 the	 24	 to	 36	 hours	 of
critical	illness	and	progress	to	PN	as	soon	as	possible	if	EN	intolerance	ensues.25



To	enhance	 the	 tolerance	of	EN,	 it	 is	 recommended	 to	use	continuous	 infusion
instead	of	bolus	feed	and	even	when	prone	positioning,	maintaining	a	10°	to	25°
elevation	 of	 the	 head	 in	 reversed	 Trendelenburg	 position	 while	 undergoing
therapy.	For	ECMO	patients,	the	recommendation	is	to	start	EN	at	trophic	doses
with	slow	advancement	over	the	first	week	of	critical	illness.26

In	 summary,	 nutritional	 support	 should	 be	 considered	 essential	 for	 the
treatment	of	prolonged	critical	illness.	We	have	provided	some	useful	guidelines
for	 nutritional	 assessment,	 estimation	 of	 energy	 requirement,	 route	 of	 nutrient
delivery,	 estimations	 of	 the	 effectiveness	 of	 nutrition	 provided	 to	 critically	 ill
patients,	and	also	suggested	some	practical	points	to	simplify	delivery	and	avoid
associated	complications	related	to	parenteral	and	enteral	feeding.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Which	of	the	following	statements	regarding	overfeeding	a	critically	ill
patient	is	most	true?

A. 	Complications	associated	with	overfeeding	include	hypoglycemia
and	liver	disfunction
B. 	Due	to	need	for	substrate	to	promote	healing,	there	are	limited
complications	associated	with	overfeeding	calories	and	protein
C. 	Elevated	albumin	in	a	critically	ill	patient	is	an	indicator	of
overfeeding
D. 	Respiratory	quotient	(R/Q)	>	1	generally	indicates	overfeeding

2. 	When	assessing	tolerance	of	enteral	nutrition,	it	is	important	to:

A. 	Check	for	clinical	signs	and	symptoms	of	intolerance	at	regular



intervals	and	determine	strategies	to	promote	tolerance
B. 	Check	gastric	residual	volume	(GRV)	every	4	hours	and	hold	tube
feeding	if	the	GRV	is	>	150	mL
C. 	Check	gastric	residual	volume	(GRV)	every	4	hours	and	hold	tube
feeding	if	the	GRV	is	>	250	mL
D. 	Initiate	parenteral	nutrition	upon	initial	identification	of	intolerance
to	enteral	nutrition	while	determining	etiology	and	treatment

3. 	To	attenuate	the	risk	of	increased	loss	of	lean	body	mass	in	critically	ill
patients,	protein	should	be	administered	at	what	rate?

A. 	0.8	to	1	g/kg	actual	body	weight
B. 	1	to	1.2	g/kg	actual	body	weight	or	lower	in	the	presence	of
hypoalbuminemia
C. 	1.2	to	2	g/kg	actual	body	weight	with	adjustment	based	on	clinical
condition	and	BMI
D. 	>	2	g/kg	actual	body	weight	for	all	critically	ill	patients	initiated	on
nutrition	support	to	minimize	the	risk	of	loss	of	muscle	mass

Answers

1.	The	correct	answer	is	D.
Rationale:	Given	confounding	factors	affecting	non-ICU	markers	of	nutrition

status	such	as	weight	trend	and	albumin,	adequacy	of	intake	without	overfeeding
can	 be	 assessed	 using	 respiratory	 quotient	 (R/Q)	 and	 nitrogen	 balance	 studies
(choice	D	is	correct).

2.	The	correct	answer	is	A.
Rationale:	 Careful	 consideration	 of	 clinical	 signs	 and	 symptoms	 of

intolerance	 such	 as	 distention	 observed	 during	 abdominal	 exam,	 vomiting,
and/or	 lack	of	bowel	movement	warrant	closer	 investigation	and	determination
of	 appropriateness	 to	 continue	 feeding	 enterally	while	 employing	 strategies	 to
promote	tolerance	(choice	A	is	correct).	GRV	itself	is	not	an	independent	marker
of	tolerance	to	enteral	nutrition	and	therefore	a	volume	threshold	should	not	be
used	 as	 the	 singular	 factor	 to	 determine	 whether	 to	 continue	 enteral	 feeding
(choices	B	and	C	are	incorrect).	Starting	parenteral	nutrition	may	be	premature	if
the	enteral	nutrition	intolerance	is	short-lived	(choice	D	is	incorrect).

3.	The	correct	answer	is	C.



Rationale:	Adequate	protein	prescribed	at	a	rate	of	1.2	to	2	g/kg	actual	body
weight	 can	be	used	 as	 an	 estimate	of	protein	needs	 in	 the	 absence	of	nitrogen
balance	studies,	and	adequate	protein	has	been	demonstrated	to	decrease	loss	of
muscle	mass	in	critically	ill	patients	(choice	C	is	correct).	All	other	choices	are
incorrect.
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Chapter	214
Parenteral	and	Enteral	Nutrition	in	the
Intensive	Care	Unit
Katherine	L.	Saunders,	Ulises	Torres

KEY	POINTS:
1.	 To	prescribe	timely	and	appropriate	nutrition	intervention,	it	is

important	to	screen	critically	ill	patients	for	nutrition	risk	with
consideration	of	disease	severity	and	presence	of	inflammation.1

2.	 For	critically	ill	patients	who	are	unable	to	maintain	volitional	intake,
nutrition	support	should	be	considered	within	24	to	48	hours	of
admission	to	the	ICU.

3.	 In	nearly	every	case,	if	the	gastrointestinal	(GI)	tract	is	functional	and
the	patient	is	hemodynamically	stable,	enteral	nutrition	should	be
initiated.

4.	 Parenteral	nutrition	is	a	viable	option	for	nutrition	support	when
enteral	nutrition	is	contraindicated.	Close	monitoring	for	tolerance
and	complications	is	essential	with	both	feeding	modalities.

INTRODUCTION
1 	Nutritional	and	metabolic	support	during	acute	illness	is	an	integral	part	of	the
clinical	 care	 of	 critically	 ill	 patients.	 The	 significance	 of	 such	 interventions	 is
predicated	on	three	main	factors:	(1)	degree	of	metabolic	stress,	(2)	dysfunction
of	 major	 organ	 systems,	 and/or	 (3)	 presence	 of	 protein-calorie	 malnutrition
(PCM).	 In	 the	 first	 case,	metabolic	 stress	 can	 arise	 from	 a	 variety	 of	 sources,
including,	for	example,	severe	injuries	sustained	by	major	trauma	such	as	closed
head	injury,	multiple	long-bone	fractures,	third-degree	burns	of	greater	than	25%
of	 body	 surface	 area,	 or	 severe	 sepsis	 and	 stress	 of	 lesser	 intensity	 such	 as



thoracoabdominal	 surgery,	 pulmonary	 infection,	 systemic	 infection,	 or	 any
source	of	active	systemic	inflammation.	Often,	more	than	one	form	of	metabolic
stress	may	be	present	that	can	accentuate	and/or	dysregulate	the	injury	response.
Concerning	the	second	factor,	metabolically	stressed	patients	may	develop	acute
failure	of	vital	organs	during	the	critical	care	period	or	have	underlying	chronic
end-organ	 dysfunction.	 Acute	 or	 chronic	 disease,	 particularly	 of	 the
cardiopulmonary,	renal,	or	hepatic	systems,	often	further	complicates	the	clinical
course	 and	 requires	 modification	 of	 nutritional	 support	 during	 critical	 illness,
especially	among	 the	elderly.2	Finally,	 the	presence	of	preexisting	or	 the	 likely
early	development	of	PCM	is	the	key	to	identifying	patients	who	will	derive	the
greatest	clinical	benefits	from	nutritional	and	metabolic	support	therapies.

Current	estimates	of	the	prevalence	of	adult	malnutrition	range	from	15%	to
60%	 depending	 on	 the	 patient	 population	 and	 criteria	 used	 to	 identify	 its
occurrence.3	 When	 moderate	 to	 severe	 PCM	 accompanies	 severe	 metabolic
stress,	 an	 increase	of	 nutrition-related	 complications	 can	be	 expected	 to	 occur,
including	 wound	 dehiscence,	 nosocomial	 infections,	 and	 severe	 fluid,
electrolyte,	and	acid-base	disturbances.	During	stress,	substantial	catabolism	of
both	endogenous	and	exogenous	protein	and	energy	occurs	coincident	with	 the
injury	response.	For	support	of	the	metabolic	response	to	injury,	the	breakdown
of	body	protein,	principally	from	muscle	and	connective	 tissue	stores,	supports
amino	 acid	 and	 energy	 needs	 to	 mount	 various	 beneficial	 components	 of	 the
systemic	 inflammatory	 response	 by	 the	 release	 of	 amino	 acids	 for	 accelerated
synthesis	 of	 proteins	 and	 cells,	 including	 leukocytes,	 hepatic	 acute	 phase	 and
cellular	proteins	for	wound	repair,	and	gluconeogenesis.	The	goal	is	to	optimize
energy	 requirements	 for	 metabolically	 active	 tissues,	 including	 cardiac
myocytes,	 leukocytes,	 and	 fibroblasts.	 To	 prescribe	 timely	 and	 appropriate
nutrition	intervention,	it	is	important	to	screen	critically	ill	patients	for	nutrition
risk	 with	 consideration	 of	 disease	 severity	 and	 presence	 of	 inflammation	 via
tools	 such	 as	 the	 NRS-2002	 (Nutrition	 Risk	 Screening	 2002)	 or	 NUTRIC
(Nutrition	Risk	in	the	Critically	ill)	Score.3	However,	if	PCM	complicates	injury
or	infection,	the	systemic	inflammatory	response	is	less	intense	than	that	found
in	normally	nourished	individuals	with	a	similar	degree	of	injury.	Consequently,
the	 degree	 and	 duration	 of	 the	 metabolic	 response,	 with	 respect	 to	 nitrogen
breakdown,	may	be	greatly	diminished.	In	terms	of	the	degree	of	catabolism,	for
example,	 a	malnourished	elderly	patient	with	 significant	catabolic	 injury	could
manifest	 nitrogen	 losses	 that	 may	 be	 as	 much	 as	 50%	 less	 than	 normally
nourished	younger	counterparts	with	the	same	injury.4	Although	this	might	imply
a	 less	 severe	 catabolic	 response	 sparing	 lean	 tissue,	 the	 pathological
consequences	are	more	severe	because	of	the	muting	of	the	beneficial	aspects	of



the	 systemic	 inflammatory	 response,	 and	 these	 adverse	 effects	 tend	 to	 occur
sooner.	Moreover,	 the	 time	 course	 to	 intervene	with	 nutritional	 and	metabolic
support	 to	 limit	 the	 likelihood	 of	 nutrition-related	 complications	 is	 also
shortened	 by	 as	 a	 much	 as	 50%	 (eg,	 5-7	 days)	 in	 the	moderately	 to	 severely
malnourished	vs	normally	nourished	 individuals	 (eg,	7-10	days)	with	 the	same
metabolic	 stress.	 Ultimately,	 the	 consequences	 of	 ongoing	 depletion	 of	 the
metabolically	 active	 body	 cell	 mass	 of	 the	malnourished	 reduce	 the	 ability	 to
recover	from	acute	illness,	can	be	associated	with	severe	deficiencies	of	minerals
that	are	typically	found	in	muscle	(potassium,	magnesium,	and	phosphorus),	and
often	 lead	 to	 severe	 impairments	 of	 immunocompetence,	 wound	 healing,	 and
recovery	of	organ	function.

Once	the	decision	to	provide	nutrition	support	is	made,	parenteral	nutritional
(PN)	or	enteral	nutritional	(EN)	therapies	are	available	options.	In	nearly	every
case,	 when	 the	 gastrointestinal	 (GI)	 tract	 is	 functional	 and	 the	 patient	 is
hemodynamically	stable,	EN	should	be	initiated.	Multiple	randomized	controlled
trials	(RCTs)	endorse	beneficial	effects	specific	to	EN	that	have	demonstrated	a
reduction	 of	 infectious	morbidity	 and	 for	 length	 of	 stay	 (LOS)	 vs	 PN.	 Under
certain	circumstances	such	as	severe	malnutrition	when	EN	is	not	feasible,	early
PN	should	be	considered.	For	patients	at	low	or	high	nutritional	risk	initiated	on
EN	 but	 unable	 to	 achieve	 caloric	 and	 protein	 goals,	 supplemental	 PN	 (SPN)
should	be	considered	after	7	to	10	days.	Adequacy	of	intake	is	more	specifically
defined	as	inability	to	meet	>60%	of	energy	and	protein	requirements	by	enteral
route	alone.1	For	 the	most	severe	critically	 ill	with	closed	head	injury,	multiple
traumas,	major	burns,	or	 severe	 sepsis,	 it	 appears	 that	 early	 feeding	within	 the
first	72	hours,	whether	by	enteral,	parenteral,	or	the	combination,	has	the	greatest
impact	 on	 mortality	 outcomes.	 Although	 mild	 decrements	 of	 energy	 balance
during	 critical	 illness	 may	 well	 be	 tolerated	 and,	 in	 certain	 circumstances,
appropriate,	at	least	1.2	g	of	protein	per	kg	and	≥20	kcal/kg	(actual	body	weight)
advancing	to	100%	of	target	protein	and	energy	requirements	in	the	second	week
of	 injury	 should	 be	 the	 goal	 to	 avoid	 adverse,	 nutrition-related	 outcomes.	 For
patients	 on	 PN,	 this	 should	 be	 gradually	 reduced	 as	 the	 patient	 is	 able	 to	 be
transitioned	to	EN	coincident	with	remission	of	the	stress	response	and	return	of
full	GI	tolerance	to	tube	feeding.	Thus,	in	the	intensive	care	unit	(ICU),	nutrition
support	 is	 often	 provided	 to	 patients	 using	 both	 enteral	 and	 parenteral	means,
especially	during	the	acute	care	period.	The	purpose	of	supplying	both	EN	and
PN	where	appropriate	should	not	be	motivated	by	attempts	to	meet	protein	and
energy	 needs	 as	 soon	 as	 possible,	 but	 rather	 as	 a	 means	 of	 providing	 trophic
stimulation	 to	 enterocytes	 and	 in	general	 supporting	 the	 functional	 integrity	of
the	 GI	 tract	 with	 the	 aim	 to	 move	 toward	 a	 quicker	 transition	 to	 full	 enteral



feedings.	 The	 greatest	 challenge	 facing	 the	 critical	 care	 clinician	 is	 to
appropriately	identify	those	patients	who	are	in	greatest	need	of	nutrition	support
therapy	and	to	provide	it	in	a	manner	that	is	both	effective	and	does	not	produce
iatrogenic	complications.

CLINICAL	CONSEQUENCES	OF	DELAYING
NUTRITIONAL	SUPPORT
Although,	 at	 times,	 it	 is	 difficult	 to	 pinpoint	 the	 cause	 and	 effect	 of	 nutrition-
related	complications	during	critical	illness,	it	should	be	intuitively	obvious	that
withholding	 nutrition	 would	 ultimately	 lead	 to	 death	 from	 starvation.	 This
message	was	 poignantly	 illustrated	 in	 the	 deaths	 of	Maze	prisoners	 in	Belfast,
Ireland,	 as	 detailed	 in	 a	 report	 from	 Leiter	 and	 Marliss5	 in	 1982.	 Ten	 Irish
Republican	Army	prisoners	went	on	a	hunger	strike	that	led	to	their	deaths	over
a	period	of	45	to	73	days	of	fasting.	All	were	young	lean	men,	and	the	critical
weight	 loss	 that	 resulted	 in	 death	was	 approximately	 35%	calculated	 from	 the
first	day	of	the	fast.	It	is	also	generally	acknowledged	that	patients	who	approach
35%	 to	 40%	 losses	 from	 their	 ideal	 or	 usual	 body	weight	 through	 inadequate
nutritional	 intake	are	at	greatest	 risk	of	malnutrition-related	death.	Presumably,
at	 these	 extreme	 levels	 of	 body	mass	 depletion,	 both	 the	 size	 and	 function	 of
vital	organs	of	 the	viscera	are	considerably	diminished.	At	 some	critical	point,
presumed	to	be	when	fat	stores	become	limited,	protein	catabolism	now	coming
from	both	skeletal	and	visceral	organs	accelerates.	If	one	discontinues	providing
life-sustaining	 needs	 for	 energy,	 the	 loss	 of	 a	 critical	mass	 of	 body	 protein	 is
ultimately	reached	and	death	from	organ	failure	is	imminent.

The	 effects	 on	 the	 vital	 organ	 function	 can	 be	 catastrophic	 because	 oxygen
consumption	of	 the	visceral	organs	 is	much	higher	 than	 that	of	 resting	skeletal
muscle.	The	imbalance	between	loss	of	skeletal	muscle	and	visceral	organ	mass
initially	 favoring	visceral	organs	has	also	been	suggested	 to	explain	 the	higher
energy	 expenditures	 per	 body	 weight	 seen	 in	 severely	 depleted	 hospitalized
patients	(average	of	approximately	70%	of	ideal	body	weight	[IBW])	because	of
an	 approximate	 10-fold	 difference	 of	 resting	 oxygen	 consumption	 between
skeletal	muscle	compared	to	visceral	tissues	such	as	the	liver.6	During	starvation
(with	adequate	water	intake),	and	in	the	absence	of	metabolic	stress,	a	normally
nourished,	 thin	 individual	 can	 survive	 for	 periods	 of	 approximately	 6	 to
10	weeks.	In	terms	of	total	body	nitrogen,	it	is	estimated	that	the	loss	of	350	to
500	g	of	nitrogen	is	potentially	lethal.	In	terms	of	body	mass	index	(BMI),	which



is	weight	in	kilogram	per	height	in	meters	squared,	it	is	generally	considered	that
a	 BMI	 less	 than	 13	 kg/m2	 for	 men	 and	 less	 than	 11	 kg/m2	 for	 women	 is
incompatible	with	 life.7	 It	 is	 important	 to	 note,	 however,	 that	malnutrition	 can
occur	at	any	BMI	because	of	short	or	long-term	energy	deficit	and	the	resultant
loss	of	muscle	and	fat	mass.

By	way	of	comparison,	the	metabolically	stressed	patient	experiences	greater
catabolism	coincident	with	acute	illness	and	can	lose	as	much	as	30	g	of	nitrogen
per	day,	representing	about	1	kg	of	lean	tissue	from	the	breakdown	of	lean	body
mass.	 Generally,	 most	 of	 these	 losses	 can	 be	 measured	 by	 a	 24-hour	 urine
collection	 as	 urea	 nitrogen	 and	 used	 for	 nitrogen	 balance	 estimation.	Nitrogen
balance	 studies	 assess	 the	 difference	 between	 dietary	 protein	 (nitrogen)	 intake
and	nitrogen	excretion.	Healthy	individuals	consuming	an	adequate	diet	in	terms
of	essential	nutrients,	including	protein	(0.8	g	protein/kg/d)	and	sufficient	energy
to	provide	energy	balance,	will	be	in	zero	nitrogen	balance.	That	is,	the	nitrogen
in	 is	equaled	by	 the	nitrogen	out	of	urine	 (mostly)	and	 feces,	 reflecting	no	net
change	in	 lean	body	mass.	Net	nitrogen	losses	for	patients	receiving	parenteral
or	 enteral	 feeding	 can	 vary	 from	 0	 to	 30	 g/d,	 depending	 on	 the	 extent	 of	 the
injury	 response	 and	 the	 level	 of	 feeding.	 With	 the	 systemic	 inflammatory
response,	 the	 utilization	 of	 protein	 to	 maintain	 lean	 body	 mass	 is	 impaired,
making	 the	daily	 requirement	 increase	 to	a	 range	 from	1.2	 to	2	g	protein/kg/d,
with	the	higher	end	being	required	in	burn	or	trauma	patients	whose	needs	may
exceed	this	suggested	range.1	Similarly,	energy	requirements	increase,	which	are
offset	 to	some	degree	by	 the	reduction	of	physical	activity	characteristic	of	 the
hospitalized	 patient.	 With	 the	 development	 of	 renal	 dysfunction,	 the
proportionate	amounts	of	nitrogen	found	in	the	urine	become	substantially	less,
with	 a	 concomitant	 rise	 of	 blood	 urea	 nitrogen	 (BUN).	 In	 general,	 in	 a	 70-kg
man,	every	5	mg/dL	change	in	BUN	represents	2	g	of	nitrogen	catabolized	and
not	excreted,	and	1.5	g	of	nitrogen	for	a	60-kg	woman,	based	on	average	 total
body	water	(TBW)	of	60%	and	50%	for	men	and	women,	respectively.	Protein
intakes	must	be	adjusted	to	limit	the	rise	of	BUN,	but	nutrition	efficacy	should
not	be	sacrificed	 to	renal	 function	beyond	a	reduction	 to	 the	1	g	protein/kg	for
other	 than	 very	 brief	 periods.	 Renal	 replacement	 therapy	 such	 as	 dialysis	 or
hemofiltration	should	be	considered	during	those	circumstances.	Once	the	BUN
becomes	stable,	even	if	elevated	by	impaired	renal	function,	a	24-hour	urine	urea
nitrogen	 excretion	 represents	 the	 amount	 catabolized	 over	 that	 period.	 The
catabolic	 index	 (CI)	 (CI	 =	 24-hour	 urine	 urea	 nitrogen	 −	 [0.5	 ×	 dietary
nitrogen	+	 3])	 adjusts	 for	 the	 effects	 of	 dietary	 intake	 and	 obligatory	 nitrogen
loss	 on	 urinary	 urea	 nitrogen	 excretion.	 The	 CI	 is	 the	 difference	 between
measured	 and	 predicted	 urine	 urea	 nitrogen	 excretion.	 For	 example,	 the	major



catabolic	stresses	that	produce	the	highest	nitrogen	losses	and	CIs	include	burns,
head	 injury,	 severe	 sepsis,	 and	 multiple	 traumas.	 The	 clinical	 application	 of
nitrogen	balance	and	CI	assessments	is	given	in	Table	214.1.

TABLE	214.1

Clinical	Application	of	the	Nitrogen	Balance	and	Catabolic
Index	Assessments

Nitrogen	balance =	(protein
intake	×	0.16)-
(UUN	+	4a)

=	(105	×	0.16)	–
(20	+	4)

=	–7.2	g

Catabolic	index	(<0	no	significant	stress;	0-5
significant	stress;	>5	severe	stress)

=	UUN	(g)	–
(½	×	dietary
nitrogen	+	3)

=	20	g	–
(0.5	×	16.8	g	+	3)

=	8.6	(severe	stress)

UUN,	urine	urea	nitrogen.
Assumptions:	70-kg	man;	105	g	protein	intake;	20	g	UUN	over	24	hours;	average	nitrogen	(N)
content	of	protein	is	16%.
a=average	loss	via	sweat	and	feces.

There	are	potential	clinical	scenarios	that	may	affect	the	accuracy	of	nitrogen
balance	 studies.	This	 is	 especially	 true	 for	 patients	with	 renal	 dysfunction	 that
may	 reduce	nitrogen	output	 and	could	 erroneously	 suggest	 an	 improvement	of
nitrogen	balance.	A	correction	of	 the	nitrogen	balance	 study	can	be	 applied	 to
account	 for	 the	nitrogen	 losses	 that	do	not	 appear	 in	 the	urine	but	 result	 in	 an
increase	in	the	BUN	concentration.	Assuming	nitrogen	intake	remains	constant,
two	 important	pieces	of	data	are	 required	 to	correct	 for	 the	nitrogen	 losses	not



appearing	 in	 the	 urine	 and	 include	 the	 patient’s	 BUN	 and	 body	weight	 at	 the
beginning	and	end	of	the	24-hour	collection	period.	These	are	important	because
most	of	 the	urea	 is	distributed	 in	TBW.	A	clinical	 example	 that	 applies	 to	 this
method	of	correction	appears	in	Table	214.2.

TABLE	214.2

Nitrogen	Balance	Correction	in	Renal	Dysfunction

Prenitrogen	balance	data

BUN	=	31	mg/dL;	weight	=	70	kg;	105	g	protein	intake

Prestudy

Total	body	water	at	70	kg =	42	L

Total	BUN	at	31	mg/dL =	42	L	×	310	mg/L	(or	310	mg/L)

=	13,020	mg	or	13	g

Postnitrogen	balance	data

BUN	=	51	mg/dL;	weight	=	74	kg;	105	g	protein	intake;	24	h	UUN	=	20	g

Poststudy

Total	body	water	at	74	kg =42	L	+	4	L

=46	L

Total	BUN	at	51	mg/dL	(or
510	mg/L)

=46	L	×	510	mg/L

=23,460	mg	or	23.5	g

Nitrogen	balance =(Protein	intake	×	0.16)	−
(UUN	+	4a)
=(105	×	0.16)	−	(20	+	4)

=−7.2	g

Corrected	N	balance =	13.02	–	23.5	g	urea	nitrogen
(blood)



=−10.5	g	not	excreted	in	urine

=−10.5	g	(BUN)	+	(−7.2	g	UUN)

=−17.7	g

BUN,	blood	urea	nitrogen;	UUN,	urine	urea	nitrogen.
Assumptions:	total	body	water	=	60%	(for	men).
a=average	loss	via	sweat	and	feces.

In	 terms	 of	 lean	 body	 mass,	 each	 gram	 of	 nitrogen	 lost	 represents
approximately	30	g	of	(hydrated)	lean	tissue	(hydration	ratio:	approximately	4:1
or	 5:1).	 For	 patients	 with	 daily	 nitrogen	 losses	 of	 30	 g,	 which	 represents	 the
highest	 catabolic	 nitrogen	 loss	 in	 the	 absence	 of	 dietary	 protein	 intake,
approximately	1	kg	of	lean	tissue	would	be	lost	each	day.	Such	losses	cannot	be
sustained	 for	 protracted	 periods,	 and,	 under	 these	 circumstances,	 nutritional
support	is	clearly	indicated	within	the	first	24	to	36	hours	even	for	the	previously
well-nourished	 patient	 to	 address	 this	 extraordinary	 rate	 of	 loss.	 Using
cumulative	nitrogen	deficits	of	350	to	500	g,	a	sustained	loss	of	this	magnitude
could	 theoretically	 result	 in	 death	 in	 approximately	 2	 to	 3	 weeks,	 although
catabolic	rates	usually	diminish	during	the	later	weeks	of	injury.	For	the	severely
malnourished	 patient	 of	 75%	 of	 IBW,	 one	 can	 estimate	 the	 critical	 survival
period	 to	 be	 in	 the	 range	 of	 1.5	 to	 2	 weeks	 under	 the	 same	 circumstances.
Finally,	a	cumulative	caloric	deficit	of	10,000	kcal	or	more	during	acute	illness
has	been	associated	with	significant	morbidity	and	mortality	among	surgical	ICU
patients.8	However,	it	is	likely	that	the	associated	protein	deficit	played	the	larger
role,	because	normal	individuals	have	more	than	150,000	stored	calories	as	fat,
which	always	makes	up	the	greater	proportion	of	the	caloric	deficit.	A	study	in	a
medical	 ICU	 has	 shown	 that	 intakes	 of	 less	 than	 25%	 of	 requirements	 were
associated	with	a	higher	rate	of	bloodstream	infections.9

Of	course,	projections	of	survival	or	complications	are	estimates	and	may	be
highly	 variable	 depending	 on	 other	 factors,	 including	 nutritional	 status,
metabolic	stress,	and	end-organ	function.	Moreover,	in	the	clinical	setting,	such
high	outputs	of	nitrogen	over	long	periods	will	not	likely	be	sustained,	because
medical	 and	 surgical	 therapies	 will	 usually	 successfully	 reduce	 the	 stress
response.	 Furthermore,	 both	 the	 rate	 of	 reduction	 of	 lean	 body	 mass	 and	 the
intensity	 of	 the	 systemic	 inflammatory	 response	 diminish	 as	 PCM	 develops.
Such	 patients	 will	 invariably	 receive	 calories	 (dextrose)	 and	 electrolytes	 from
various	 parenteral	 infusions,	 so	 that	 some	 form	 of	 supplementation	 is	 given,



which	 also	 slows	 the	 loss	 of	 lean	 tissue.	 Consequently,	 the	 outcome	 of	 death
from	 the	 total	 lack	 of	 nutritional	 support	 is	 rare.	 However,	 nutrition-related
complications,	such	as	impaired	wound	healing	and	immunocompetence	leading
to	 nosocomial	 infections,	 are	 the	 common	 proximate	 causes	 of	 increased
morbidity	and	mortality	under	such	circumstances.

IDENTIFYING	PATIENTS	IN	NEED	OF
NUTRITIONAL	SUPPORT
2 	For	critically	ill	patients	who	are	unable	to	maintain	volitional	intake,	nutrition
support	 should	 be	 considered	within	 24	 to	 48	 hours	 of	 admission	 to	 the	 ICU.
Feeding	modality	and	initiation	of	 therapy	is	dependent	on	many	variables	and
will	be	explored	in	greater	detail	below.

In	 the	 ICU	 setting,	 it	 is	 often	 difficult	 to	 identify	 those	 patients	who	 are	 at
greatest	risk	of	developing	nutrition-related	complications	because	of	preexisting
malnutrition.	 Such	 patients	 are	 often	 volume	 overloaded	 because	 of	 massive
administration	of	parenteral	fluids	from	multiple	drug	therapies	and	often	acute
volume	resuscitation,	as	well	as	maintenance	intravenous	(IV)	therapy	to	support
intravascular	volume.	This	fluid	retention	and	weight	gain	is	often	compounded
by	 the	hormonal	 consequences	of	 the	 systemic	 inflammatory	 response	 such	 as
enhanced	 insulin,	 aldosterone,	 and	antidiuretic	hormone	secretion,	which	 favor
salt	 and	water	 retention.	 Consequently,	 the	weight	 of	 the	 patient	 is	 artificially
high,	and	major	efforts	of	 the	 ICU	 team	are	often	directed	at	 reducing	volume
intake	to	mobilize	third-space	fluids.	A	weight	history	may	be	difficult	to	obtain
or	 overlooked	 entirely	 because	 of	 more	 acute	 clinical	 issues.	 Moreover,	 an
accurate	patient	weight	is	also	important	to	optimize	drug	therapy.	Under	these
circumstances,	 a	 moderately	 to	 severely	 malnourished	 patient	 may	 escape
detection	 by	 the	 primary	 care	 team,	 and	 only	 be	 recognized	 as	 malnourished
after	fluid	homeostasis	is	achieved,	or	worse,	a	potentially	preventable	nutrition-
related	 complication,	 such	 as	wound	breakdown,	 occurs.	Clearly,	 at	 this	 point,
the	 opportunity	 to	minimize	 such	 complications	 from	 expert	 nutrition	 support
has	passed,	and	the	course	toward	rehabilitation	may	be	long	and	costly.

To	 avoid	 this	 scenario,	 a	 more	 substantial	 effort	 must	 be	 undertaken	 to
identify	 the	 patients	who	 are	 at	 greatest	 risk.	Nutrition	 screening	 programs	 on
admission,	 especially	 by	 dietitians,	 can	 greatly	 assist	 with	 identifying	 these
patients,	but	some	patients,	especially	admissions	for	emergent	care,	may	escape
this	surveillance	process.	In	these	cases,	the	premorbid	weight	is	very	important



and	should	be	obtained	when	possible.	It	will	at	least	provide	a	baseline	prior	to
the	 numerous	 medical	 and	 surgical	 maneuvers	 that	 may	 take	 place	 over	 the
ensuing	 24	 to	 48	 hours	 that	 could	 dramatically	 change	 the	 patient’s	 weight
during	an	ICU	stay.

When	the	patient	is	deemed	well	nourished,	then	intervention	may	be	delayed
unless	 the	 systemic	 inflammatory	 response	 is	 severe	 (eg,	 major	 third-degree
burns,	 closed	 head	 injury	 with	 a	 Glasgow	 Coma	 Score	 less	 than	 8,	 multiple
traumas	 with	 very	 high	 acute	 physiology	 and	 chronic	 health	 evaluation
[APACHE]	 or	 injury	 severity	 scores,	 or	 severe	 pancreatitis	 with	 a	 positive
computed	tomography	scan	and	more	than	three	Ranson	criteria).	Then,	because
the	 systemic	 inflammatory	 response	 is	 likely	 to	 endure	 beyond	 1	 week,	 very
early	 nutritional	 support	 is	 indicated.	 The	 serum	 albumin	 level,	which	 reflects
the	 presence	 of	 a	 recent	 systemic	 inflammatory	 response,	 is	 not	 often	 helpful
during	 severe	 critical	 illnesses	 because	 the	 invariable	 systemic	 inflammatory
response	 and	 common	 disturbances	 of	 volume	 status	 make	 hypoalbuminemia
universal.	 However,	 severe	 hypoalbuminemia	 (less	 than	 2.4	 g/dL)	 usually
reflecting	 a	 greater	 degree	 and/or	 longer	 duration	 of	 systemic	 inflammation
identifies	 a	 population	 at	 much	 greater	 nutritional	 risk.	 There	 are	 risk
stratification	 tools	 available	 (NUTRIC	 and	 NRS-2002)	 that	 consider	 both
nutrition	 status	 and	 disease	 severity	 and	 may	 be	 used	 to	 identify	 high	 risk
patients	for	whom	early	nutrition	intervention	is	likely	to	be	most	beneficial.10,11

NUTRITIONAL	REQUIREMENTS

Protein
Adequate	 protein	 provision	 to	 critically	 ill	 patients	 is	 primarily	 aimed	 at
supporting	 key	 metabolic	 and	 physiological	 processes	 including	 immune
function,	maintenance	of	lean	body	mass,	and	wound	healing.1

Protein	status	is	impacted	by	several	variables	such	as	duration	and	criticality
of	 illness	 and	 inflammation,	 wound	 draining	 and	 healing	 and	 infections,	 GI
absorption,	and	blood	and	other	bodily	fluid	loss.	Serum	protein	markers	such	as
albumin,	 prealbumin,	 and	 C-reactive	 protein	 have	 limited	 applicability	 during
critical	 illness,	 and	 while	 there	 is	 correlation	 associated	 with	 their	 levels	 and
clinical	 outcomes,	 they	 should	 not	 be	 used	 to	 determine	 adequacy	 of	 protein
intake.

The	 amount	 and	of	 protein	 administered	 to	 the	 critically	 ill	 depends	 on	 the



clinical	circumstances	of	each	patient.	Nevertheless,	there	is	an	upper	limit	to	the
quantity	 of	 protein	 that	 can	 be	 given	 based	 on	 net	 protein	 utilization	 during
metabolic	 stress.	 In	 general,	 providing	 protein	 in	 amounts	 above	 1.75	 g/kg/d
exceeds	 the	 capacity	 of	 the	 body	 to	 use	 the	 administered	 protein	 to	 increase
synthesis.12,13	 Amounts	 above	 this	 level	 of	 intake	 are	 essentially	 completely
converted	to	urea	and	serve	no	nutritional	purpose.	At	intakes	ranging	between
0.6	and	1.75	g/kg/d,	each	increment	of	intake	increases	net	protein	synthesis	at	a
cost	of	increasing	the	proportion	going	to	ureagenesis.	In	patients	with	nitrogen
accumulation	 disorders	 (of	 either	 renal	 or	 hepatic	 origin),	 a	 compromise	must
often	be	made	between	greatest	rates	of	net	protein	synthesis	and	lowest	rates	of
urea	or	ammoniagenesis.	For	example,	as	 the	BUN	increases,	especially	above
100	mg/dL,	 the	 risk	 of	 uremic	 complications	 increases,	 including	 bleeding,	 or
increasing	the	production	of	ammonia	in	encephalopathic	patients.	Generally,	the
optimal	 protein	 intake	 in	 critically	 ill	 patients	 is	 1.2	 to	 2	 g/kg/d	 actual	 body
weight	but	may	be	higher	in	the	setting	of	severe	metabolic	stress	such	as	burns
or	trauma.	With	renal	impairment,	at	least	1	g/kg	should	be	provided	and	greater
amounts	given	if	tolerated	or	dialysis	is	initiated.	For	patients	with	liver	failure,
at	 least	 1	 g/kg	 of	 standard	 protein	 should	 be	 provided	 and	 up	 to	 1.5	 g/kg	 if
tolerated.	This	is	done	recognizing	the	overall	impairments	of	protein	utilization
that	 accompanies	 metabolic	 stress,	 as	 well	 as	 the	 heightened	 needs	 during
catabolism.	In	the	obese	critically	ill	patient,	protein	needs	can	be	assessed	based
on	Ideal	Body	Weight	(IBW)	≥	2.0	g/kg/d	for	BMI	30	to	40,	and	up	to	2.5	g/kg/d
for	BMI	≥	40.1

The	of	protein	administered	varies	with	the	patient’s	condition	and	the	route
of	administration.	For	PN	support,	 standard	protein	mixtures	are	given	 in	 their
monomeric	form	as	individual	crystalline	amino	acids	and	levorotatory	isomers,
which	comprise	the	essential	amino	acids	(histidine,	 isoleucine,	 leucine,	 lysine,
methionine,	 phenylalanine,	 threonine,	 tryptophan,	 and	 valine)	 and	 the
nonessential	amino	acids	(alanine,	aminoacetic	acid,	arginine,	cysteine,	proline,
serine,	 and	 tyrosine).	 In	 standard	 amino	 acid	 formulations,	 the	 branched-chain
amino	 acids	 (leucine,	 isoleucine,	 and	 valine)	 comprise	 approximately	 18%	 to
25%	of	the	amino	acid	profile.	Collectively,	they	are	available	in	commercial	IV
solutions	 at	 concentrations	 ranging	 from	 3%	 to	 15%.	 On	 average,	 for	 every
6.25	g	of	the	amino	acids	of	the	mixture,	1	g	of	nitrogen	is	available,	although
this	 number	 is	 lower	 for	 several	 of	 the	 specialized	 amino	 acid	 formulas.	 The
caloric	 value	 of	 protein	 is	 4.1	 kcal/g,	 and	 such	 calories	 should	 be	 counted	 for
critically	ill	patients	when	tracking	energy	intakes.

Specialized	amino	acid	mixtures	have	evolved	 that	 include	selected	profiles
to	 provide	 exogenous	 supplementation	 of	 specific	 amino	 acids.	 Glutamine-



containing	 dipeptide	 formulation,	 which	 is	 commercially	 available	 in	 Europe,
has	been	the	subject	of	some	positive	trials,	but	its	ultimate	place	in	the	care	of
the	 critically	 ill	 is	 not	 yet	 established.	 In	 a	 recent	 review	 of	 the	 evidence,
however,	 the	 safety	 of	 glutamine	 supplementation,	 when	 given	 in
pharmacological	doses,	has	been	raised,	and	caution	is	advised	at	this	time	with
respect	to	its	indiscriminate	use	in	the	ICU.14

For	EN	support,	most	formulations	contain	a	fixed	amount	of	protein	 in	 the
range	 of	 30	 to	 40	 g/L	 and	 thus	 for	 fluid-restricted	 patients	 in	 the	 ICU	 cannot
meet	the	protein	needs	of	most	patients.	Alternatively,	more	concentrated	enteral
formulas	exist	that	may	be	used,	or	the	clinician	may	opt	to	add	protein	modulars
to	 conventional	 products	 to	 increase	 protein	 density.	 However,	 in	 either	 case,
both	approaches	result	in	higher	osmolarities	that	may	affect	GI	tolerance.

Carbohydrate
The	amount	and	of	energy	provided	to	improve	the	utilization	of	the	prescribed
protein	 intake	 also	 varies	 with	 the	 individual	 patient.	 As	 well,	 there	 are
physiological	 limits	 to	 the	 amounts	 given,	 beyond	 which	 significant
complications	 are	 more	 likely.	 For	 most	 patients,	 providing	 25	 kcal/kg/d	 is
sufficient	 to	 support	 the	 protein	 synthetic	 response	 to	metabolic	 stress.	This	 is
the	 total	 energy	 expenditure	 of	 most	 critically	 ill,	 postoperative	 patients.
Amounts	above	30	kcal/kg/d	exceed	the	energy	expenditure	of	most	hospitalized
patients	except	those	with	severe	burns,	closed	head	injury,	and	multiple	traumas
where	 measured	 caloric	 expenditures	 are	 usually	 30	 to	 40	 kcal/kg.	 However,
providing	nutritional	support	of	amounts	greater	than	30	kcal/kg	leads	to	higher
rates	 of	 hyperglycemia	 among	 both	 types	 of	 patients:	 in	 the	 postoperative
setting,	because	of	overfeeding,	and	in	the	trauma	unit,	because	of	the	severity	of
systemic	inflammatory	response.	Although	better	glycemic	control	using	insulin
would	 be	 one	 way	 to	 reduce	 the	 infectious	 risk	 for	 the	 latter	 instance,	 it	 is
interesting	 to	note	 that	 several	 trials	of	 immune-enhancing	diets	 that	 improved
outcomes	and	reduced	infection	rates	used	energy	intakes	of	30	kcal/kg	or	less,
with	 diets	 that	 are	 likely	 to	 have	 been	 hypocaloric.15	 For	 carbohydrates,	 the
physiological	 limits	 are	 linked	 to	 the	 normal	 endogenous	 hepatic	 production
rates	for	glucose,	which	approximate	2	mg/kg/min	or	about	200	g/d	for	a	70-kg
healthy	adult.16	This	 is	 the	 amount	of	glucose	needed	by	 the	body	 to	meet	 the
obligate	 needs	 of	 tissues	 dependent	 on	 glucose	 (ie,	 brain,	 renal	 medulla,	 red
blood	cells),	and	it	is	derived	from	body	stores	of	glycogen	(glycogenolysis)	or
made	 from	 noncarbohydrate	 sources	 such	 as	 from	 protein	 breakdown	 to
gluconeogenic	 amino	 acid	 precursors	 (gluconeogenesis).	 Glycogen	 stores	 are



limited	and,	therefore,	can	be	rapidly	depleted	during	acute	metabolic	stress	(eg,
within	 24	 hours).17	 Thus,	 the	 major	 source	 of	 glucose	 during	 the	 hypocaloric
state	 following	 stress	 comes	 from	 gluconeogenesis,	 and	 higher-than-usual
amounts	are	produced	to	support	the	metabolic	response	to	injury,	accelerated	by
the	 hormonal	 milieu	 produced	 by	 the	 increased	 secretion	 of	 catecholamines,
glucagon,	cortisol,	and	growth	hormone.18	The	judicious	provision	of	nutritional
support	 is	 designed	 to	 attenuate	 the	 extent	 of	 protein	 breakdown	 without
exacerbating	significant	changes	of	nutritional	and	metabolic	homeostasis.	Like
the	case	with	protein,	as	carbohydrate	intake	increases,	net	oxidation	occurs,	but
with	 an	 increasing	 proportion	 going	 to	 nonoxidative	 pathways	 (glycogen
synthesis	and	particularly	de	novo	lipogenesis).	However,	glycogen	synthesis	is
limited	 by	 available	 storage	 capacity	 of	 about	 500	 g	 for	 normal	 adults	 and
perhaps	 1000	g	 for	 a	 critically	 ill	 patient	 receiving	PN,	with	 its	 resultant	 very
high	 insulin	 levels.	 There	 is	 effectively	 no	 limit	 for	 fat	 storage.	 The	 optimal
balance	is	at	intakes	at	about	400	g/d,	with	maximal	glucose	oxidized	of	700	g/d.

For	 PN,	 glucose	 is	 the	 only	 reasonable	 carbohydrate	 fuel	 or	 energy	 source
that	 is	 widely	 available	 for	 IV	 administration.	 Generally,	 it	 is	 provided	 as	 a
monohydrate,	 and	 its	 caloric	 equivalent	 is	 therefore	 3.4	 kcal/g	 rather	 than
4	 kcal/g	 for	 its	 anhydrous	 form.	 It	 is	 commercially	 available	 in	 a	 variety	 of
concentrations	ranging	from	2.5%	to	70%	sterile	water	for	injection.	Glucose	is
the	 primary	 energy	 source	 of	 any	 PN	 admixture	 prescribed	 for	 central	 venous
alimentation	and	typically	is	given	in	final	admixture	concentrations	from	10%
to	25%.	Higher	concentrations	can	be	given	but	are	associated	with	an	increase
in	the	number	of	dextrose-associated	complications	when	the	amounts	given	are
too	large.

For	EN,	carbohydrates	may	be	given	in	several	chemical	forms.	The	selection
of	a	particular	enteral	formula	is	largely	based	on	several	clinical	factors,	such	as
GI	function,	fluid	status,	and	end-organ	function.

Fat
Lipids	 serve	 as	 an	 alternative	 energy	 source	 that	 is	 used	 to	 substitute	 for	 a
portion	 of	 the	 carbohydrate	 calories.	 As	 with	 protein	 and	 carbohydrates,	 the
amount	and	of	 lipids	used	will	vary	depending	on	 the	clinical	condition	of	 the
patient.	 For	 the	 most	 part,	 long-chain	 triglycerides	 (LCTs)	 derived	 from
vegetable	oils	have	been	the	principal	source	of	lipid	calories	used	in	the	clinical
setting.	Specifically,	soybean	oil,	which	is	rich	in	ω-6	polyunsaturated	fatty	acids
(PUFAs),	 has	 been	 extensively	 used,	 especially	 for	 IV	 nutrition.	 It	 is	 a	major
source	 of	 the	 proximate	 essential	 fatty	 acids,	 linoleic,	 and	 α-linolenic	 acids.



However,	 ill-considered	prescribing	habits,	where	either	excessive	quantities	or
infusion	 rates	have	been	used,	have	 led	 to	clinically	 significant	adverse	effects
such	as	immune	dysfunction	and	pulmonary	gas	diffusion	abnormalities	among
critically	ill	patients.	The	excessive	administration	of	IV	lipid	emulsions	(IVLEs)
can	 accumulate	 in	 the	 liver	 and	 impair	 Kupffer	 cell	 function,	 thus	 interfering
with	a	major	component	of	the	reticuloendothelial	system.19,20	In	addition,	lipid
injectable	 emulsions	 are	 composed	 of	 various	 oils	 that	 serve	 as	 prostaglandin
precursors	that	are	immunosuppressive,	especially	those	of	the	n6	series	such	as
PGE2	(prostaglandin	E2),	which	suppresses	lymphocyte	proliferation	and	natural
killer	cell	activity21	and	can	reverse	hypoxic	vasoconstriction	of	patients	with	the
adult	 respiratory	distress	syndrome.22	 In	 contrast,	 the	oxidation	and	 subsequent
plasma	 clearance	 of	 lipids	 are	 significantly	 improved	 when	 IVLEs	 are	 given
over	 24	 hours	 vs	 briefer	 intervals.22	 Impaired	 plasma	 clearance	 of	 lipids	 can
result	 in	 fat	 overload	 syndrome	 and	 is	 a	 particularly	 significant	 clinical	 issue
among	children.23-34	Fat	overload	syndrome	can	result	from	the	administration	of
a	 stable	 fat	 emulsion	 over	 brief	 intervals22,35-40	 or	 from	more	modest	 doses	 of
lipid	that	might	be	physiochemically	unstable.41	In	fact,	a	review	of	the	literature
regarding	stable	fat	emulsions	has	concluded	that	virtually	all	the	adverse	effects
associated	 with	 LCTs	 have	 occurred	 when	 the	 infusion	 rate	 exceeds
0.11	g/kg/h.42	For	a	70-kg	adult,	this	limit	would	be	approximately	13	hours	for
500	mL	of	20%,	which	makes	three-in-one	admixture	infusions	safer	and	easier
to	 administer	 as	 a	 continuous	 infusion	 over	 24	 hours	 rather	 than	 as	 a	 separate
“IV	piggyback”	over	a	brief	period,	which	would	require	an	infusion	rate	almost
twice	 as	 fast.	 In	 addition,	 piggyback	 infusion	 of	 lipids	 is	 not	 recommended
beyond	12	hours.43

In	 the	past	several	years,	US	Food	and	Drug	Administration–approved	 lipid
emulsions	 containing	 fish	 oil	 that	 are	 rich	 in	 ω-3	 PUFAs	 have	 increased	 in
utilization	 and	 could	 exhibit	 anti-inflammatory,	 immunomodulatory,	 and
antioxidative	properties.	There	has	been	 literature	 comparing	 the	 infection	 rate
between	ω-3	and	ω-6	PUFAs,	demonstrating	that	ω-3	fatty-acid	enriched	PN	has
been	 associated	 with	 a	 significant	 reduction	 of	 infection	 rates.	 An	 ω-3	 PUFA
emulsion	may	be	beneficial	to	include	formulary	as	a	caloric	source	for	patients
requiring	PN.44,45

PN	 triglyceride	 clearance	 is	 maximal	 at	 serum	 triglyceride	 levels	 of	 up	 to
about	400	mg/dL,	and	patients	who	initially	have	serum	triglycerides	at	this	level
will	tolerate	even	smaller	amounts	of	fat	without	adverse	consequences.	Among
patients	who	 have	 normal	 serum	 triglyceride	 levels	 at	 initiation	 of	 PN,	 serum
triglyceride	levels	are	usually	not	monitored.	For	those	with	levels	greater	than
200	mg/dL,	it	is	reasonable	to	check	the	triglyceride	again	after	a	stable	regimen



has	been	attained	with	lipids	below	0.11	g/kg/h.	Stable	levels	below	400	mg/dL
are	acceptable	while	receiving	lipid	emulsions.

For	EN	 therapy,	 a	 number	of	 lipid	 types	 are	widely	 available	 in	 the	United
States	 for	 enteral	 administration	 in	 complete	 nutritional	 diets.	 Typically,	 they
contain	30%	to	40%	of	the	total	calories	as	fat	and	often	contain	blends	of	corn
and	soy	oil.	However,	in	the	more	specialized	enteral	formulas,	MCTs,	fish	oil,
and	even	structured	lipids	are	available.	Moreover,	in	some	of	these	products,	the
fat	content	is	either	severely	restricted	(eg,	3%-10%	of	total	calories	for	the	fat-
intolerant	 patient)	 or	 may	 be	 as	 high	 as	 55%	 to	 meet	 the	 needs	 for	 specific
clinical	conditions	and	indications.

Volume
The	maintenance	of	fluid	homeostasis	is	an	important	goal	during	critical	illness.
At	 times,	 many	 critically	 ill	 patients	 become	 severely	 volume	 overloaded
because	 of	 parenteral	 fluid	 administration	 and	 the	 fluid-retentive	 state
characteristic	of	critical	illness.46-48	For	this	reason,	when	assessing	fluid	status,	it
is	 important	 to	bear	 in	mind	 the	usual	contribution	of	water	 to	body	weight	or
TBW	of	the	patient	under	normal,	unstressed	conditions.	In	normal	adults,	TBW
comprises	approximately	50%	to	60%	of	body	weight.	Because	lean	body	mass
is	hydrated	in	a	ratio	of	approximately	4	parts	water	to	1	part	protein,	lean	tissue
is	 a	 significant	 component	 of	 TBW.	 In	 the	 clinical	 setting,	 acute	 changes	 in
weight	 over	 short	 intervals	 primarily	 reflect	 net	 changes	 in	 TBW	 that	 almost
never	reflect	lean	tissue	gains	during	severe	illness.	For	example,	a	10%	increase
of	weight	 over	 24	 to	 48	 hours	 represents	 a	 proportional	 increase	 of	TBW	and
may	be	associated	with	adverse	clinical	consequences,	such	as	greater	ventilator
dependence,	 impaired	 cardiovascular	 function,	 and	 disturbances	 of	 electrolyte
homeostasis.	Even	when	the	patient	is	considered	euvolemic,	the	contributions	to
volume	 from	 nutritional	 support	 are	 generally	 limited	 to	 approximately
25	mL/kg/d,	because	other	reasons	for	fluid	administration	are	usually	indicated.

Depending	on	the	volume	assessments	by	the	primary	care	team,	the	amount
of	nutrition	support	that	may	be	provided	by	either	PN	or	EN	may	be	affected.
The	most	significant	effect	occurs	when	volume	restrictions	are	imposed.	When
this	happens,	hypocaloric	nutrition	 is	usually	provided	owing	to	 the	 limitations
associated	with	 caloric	 density.	Caloric	 or	macronutrient	 density	 is	 the	 sum	of
calories	 from	 protein,	 carbohydrates,	 and	 fat,	 expressed	 as	 kilocalories	 per
milliliter	 (kcal	 per	mL).	 Generally,	 the	 caloric	 density	 of	 typical	 formulations
routinely	prescribed	for	either	PN	or	EN	support	is	approximately	1	kcal/mL,	but
special	 forms	 of	 each	 therapy	 are	 available	 that	 reasonably	 allow	 up	 to



2.0	 kcal/mL	 to	 be	 formulated.	 However,	 most	 enteral	 formulations	 are
commercially	 available	 at	 fixed	 concentrations	 and,	 therefore,	 are	 less	 easily
manipulated	 to	 the	 specific	 needs	 of	 the	 critically	 ill	 patient	 than	with	 the	 PN
admixture.	 For	 example,	 with	 a	 1000	 mL	 fluid	 restriction	 allotted	 for	 PN
support,	 the	 increased	 macronutrient	 density	 could	 be	 achieved	 to	 attain
eucaloric	 nutrition	 for	 adult	 patients	 weighing	 up	 to	 60	 kg	 (25	 kcal/kg).	 Of
course,	 these	special	dosage	(custom)	forms	are	generally	more	expensive	than
conventional	 products,	 and	 the	 cost	 to	 benefit	 ratio	 has	 not	 been	 fully
demonstrated.	 The	 usual	 parenteral	 formula	 provided	when	 fluid	 restriction	 is
necessary	is	a	more	standard	PN	admixture,49	providing	70	g	of	amino	acids	and
210	g	of	glucose	(A7D21)	approximating	1000	kcal	in	a	1	L	final	volume	when
compounded	 from	 the	 standard	 10%	 amino	 acid	 (700	mL)	 and	 70%	 dextrose
(300	mL)	stock	solutions,	and	is	usually	given	for	short	periods	of	up	to	10	days.
Standard	premix	solutions	provide	a	variety	of	protein	and	dextrose	contents	to
meet	 both	 disease	 and	 volume	 specific	 needs.	 Formulas	 designed	 for
administration	 through	central	 venous	 access	offer	 higher	protein	 and	dextrose
due	to	ability	to	infuse	high	osmolarity	solutions	via	this	route.

Electrolytes
There	 are	 seven	 key	 electrolytes	 that	 must	 be	 monitored	 and	 provided	 as
necessary	 parts	 of	 nutritional	 admixtures.	 For	 some	 cases,	 certain	 electrolytes
must	 be	 given	 using	 standard	 quantities	 as	 part	 of	 the	 recommended	 dietary
allowance	(RDA),	whereas	others	are	given	using	variable	amounts	and	replaced
according	to	the	clinical	needs	of	the	patient.	However,	for	both	cases,	the	daily
requirements	can	be	highly	variable	especially	during	acute	illness	for	a	variety
of	reasons,	including	drug	therapy.50,51	As	well,	for	all	cases,	certain	electrolytes
may	 be	 deliberately	 omitted	 because	 of	 retention	 disorders	 associated	 with
certain	 disease	 states.	 This,	 of	 course,	 is	 more	 difficult	 to	 accomplish	 with
enteral	 formulas	 that	 contain	 fixed	 amounts	 of	 nutrients	 and	 electrolytes.
Nevertheless,	 avoiding	 the	 consequences	 of	 wide	 fluctuations	 of	 serum
electrolyte	 concentrations	 that	may	 assume	 clinical	 significance	 during	 critical
illness	is	an	important	and	necessary	goal.

Standard	Additives

Calcium
Approximately	98%	of	 total	body	calcium	is	present	 in	 the	skeleton.	Thus,	 the



extracellular	concentration	in	plasma	is	but	a	fraction	of	total	calcium	stores	and
is	tightly	regulated	by	parathyroid	hormone.	As	absorption	of	calcium	from	the
GI	 tract	 diminishes	 because	 of	 impaired	 absorption	 or	 decreased	 or	 absent
intake,	and	serum	levels	begin	to	fall,	the	parathyroid	glands	sense	these	changes
and	 secrete	 parathormone	 that	 promotes	 calcium	 mobilization	 from	 bone	 to
restore	 normal	 serum	 concentrations.	However,	 critical	 illness	 disturbs	 normal
calcium	 homeostasis,	 and	 mild	 depressions	 of	 total	 and	 free	 calcium
concentrations	are	common.52	The	parenteral	equivalent	of	the	RDA	(pRDA)	for
adults	 is	 about	 25%	 of	 the	 oral	 RDA	 or	 200	 mg	 (10	 mEq	 or	 5	 mmol)	 of
elemental	calcium	daily.	Higher	amounts	may	be	used	if	needed	when	seeking	to
maintain	calcium	at	the	lower	limit	of	normal,	but	this	does	increase	the	risk	of
incompatibility	 with	 phosphate	 salts	 that	 could	 produce	 fatal	 pulmonary
emboli.53-55	Therefore,	when	higher	amounts	are	needed,	it	may	be	necessary	to
use	 fat	 emulsion-free	 formulas	 that	 allow	 greater	 amounts	 of	 calcium	 and
phosphate	 to	 be	 infused	 safely.	 The	 other	 alternative,	 separate	 infusions	 of
calcium	should	be	done	with	great	care	especially	when	given	through	peripheral
veins,	 because	 extravasation	 injury	 can	 be	 severe.56-58	 In	 addition,	 the	 separate
administration	of	parenteral	calcium	may	be	 incompatible	as	a	coinfusion	with
other	 common	 ICU	 infusions,	 such	 as	 sodium	 bicarbonate.	 Moreover,	 when
parenteral	calcium	is	given	intermittently	and	the	same	IV	line	is	to	be	used	for
other	medications,	 it	 should	 be	 flushed	with	 saline	 or	 other	 suitable	 parenteral
fluid	 (eg,	D5W	 [dextrose	 5%	 in	water])	 immediately	 following	 termination	 of
the	calcium	infusion.	Parenteral	forms	of	calcium	are	commercially	available	in
three	 forms,	 including	 the	 gluconate,	 acetate,	 and	 chloride	 salts.	 Of	 these,	 the
gluconate	 form	 is	 preferred	 for	 PN	 admixtures,	 because	 it	 is	 least	 capable	 of
forming	insoluble	products.	However,	for	immediate	delivery	of	calcium	during
emergency	situations	such	as	severe	hypocalcemia,	the	chloride	form	is	the	best
form	for	bioavailability	reasons,	although	it	is	the	most	reactive	salt	with	respect
to	compatibility	with	nutrient	 formulas	and,	 therefore,	 should	not	be	employed
when	compounding	PN	formulas.

Magnesium
Another	 predominant	 intracellular	 cation,	magnesium,	 plays	 a	 pivotal	 role	 for
calcium	 metabolism.	 For	 parathyroid	 hormone	 to	 be	 secreted	 in	 response	 to
hypocalcemia,	 magnesium	 is	 required.59	 In	 certain	 instances,	 corrections	 of
serum	 magnesium	 concentrations	 have	 been	 sufficient	 to	 normalize
hypocalcemia.60	Such	responses	have	been	viewed	as	an	indication	of	the	extent
of	 magnesium	 deficiency.61	 Furthermore,	 like	 calcium,	 hypomagnesemia	 is



commonly	 used	 for	 the	 critically	 ill,	 and	 the	 goal	 is	 similar	 (eg,	 to	 maintain
levels	at	about	 the	 lower	 limit	of	normal).	The	pRDA	is	about	33%	of	 the	oral
RDA	or	 120	mg	 (10	mEq	 or	 5	mmol)	 for	 elemental	magnesium	 per	 day.	 The
only	parenteral	form	of	magnesium	available	is	as	the	sulfate	salt.

Phosphorus
Phosphorus	 is	 an	 essential	 element	 involved	 in	 numerous	 life-sustaining
metabolic	 processes.	 For	 example,	 if	 omitted	 from	 a	 PN	 admixture,	 a	 life-
threatening	hypophosphatemia	may	ensue	within	days	of	initiating	therapy.	Like
magnesium	 and	 calcium,	 it	 too	 is	 predominantly	 found	 in	 the	 intracellular
compartment.	However,	because	its	GI	absorption	is	highly	efficient,	the	pRDA
for	phosphorus	is	the	same	as	its	oral	RDA	at	1000	mg	(30	mmol)	daily.	The	use
of	milliequivalent	 units	 to	 describe	 phosphorus	 concentrations	 in	 a	 solution	 is
often	 mistakenly	 applied.	 Currently,	 the	 only	 parenteral	 form	 of	 phosphorus
commercially	 available	 in	 the	United	 States	 is	 a	mixture	 of	 inorganic	 salts	 of
monobasic	 (H2PO4

−)	 and	 dibasic	 (HPO4
−)	 phosphate	 ions.	Milliequivalents	 are

defined	as	the	molecular	weight	(in	mg)	divided	by	the	valence	of	a	single	ion,
which	is	determined	by	the	pH	of	the	final	solution.	Because	the	pharmaceutical
dosage	form	is	a	mixture	of	two	ions	and	has	a	finite	yet	variable	pH	range,	the
dosage	 form	 cannot	 be	 accurately	 described	 in	 mEq	 units.	 However,	 because
sodium	and	potassium	are	the	accompanying	anions,	it	has	become	traditional	to
order	them	in	terms	of	mEq	units	where,	for	example,	30	mmol	of	phosphorus	is
found	in	about	40	mEq	of	the	commonly	available	formulations.

Variable	Additives

Sodium
Sodium	is	often	prescribed	at	daily	amounts	ranging	from	60	to	100	mEq	or	1	to
2	 mEq/kg	 each	 day.	 However,	 certain	 clinical	 conditions	 preclude	 the	 use	 of
sodium	 beyond	minute	 quantities	 (eg,	 0-20	mEq/d)	 such	 as	 found	with	 florid
congestive	heart	 failure,	 end-stage	 liver	disease,	 and	during	attempts	 to	 reduce
massive	volume	overload	characterized	by	extensive	 third-spacing	of	 fluids	by
volume	 restriction	and	active	diuresis.	 In	contrast,	patients	with	 severe	 sodium
deficits	 can	 require	 daily	 amounts	 that	may	be	 as	much	 as	 three	 to	 four	 times
higher	 than	 typical	 quantities	 given	 to	 those	 without	 sodium	 restrictions.
Administration	 of	 sodium	 to	 correct	 an	 abnormality	 must	 be	 done	 cautiously
with	consideration	for	the	etiology	of	the	deficiency.	Parenteral	forms	of	sodium
are	available	as	chloride,	acetate,	and	phosphate	salts.



Potassium
Potassium	is	often	prescribed	at	daily	amounts	ranging	from	40	to	80	mEq	or	1
to	2	mEq/kg	each	day.	As	described	earlier,	there	are	extreme	clinical	conditions
that	may	require	either	severe	restriction	or	expansion	of	 the	daily	dose	so	that
ranges	 of	 potassium	 intake	may	 be	 from	 0	 to	 400	 or	more	mEq	 per	 day.	 For
instance,	 a	 severe	amphotericin-induced	 renal	 loss	of	potassium	of	100	mEq/L
with	a	4-L	urine	output	can	be	managed	by	placing	an	equivalent	amount	in	the
parenteral	 formula	 so	 long	 as	 close	monitoring	 of	 serum	potassium	 levels	 and
urine	output	is	provided.	In	all	cases,	serum	potassium	concentrations	should	be
closely	monitored,	because	 the	safe	clinical	 range	 is	narrow,	and	levels	outside
may	 produce	 severe	 and	 even	 life-threatening	 cardiovascular	 complications.
Like	 sodium,	 parenteral	 forms	 of	 potassium	 are	 available	 as	 chloride,	 acetate,
and	phosphate	salts.

Chloride
Chloride	 salts	 are	 widely	 used	 for	 nutritional	 support.	 Most	 often,	 they	 are
provided	as	sodium	and	potassium	salts	and	quantitatively	constitute	most	anions
present	 in	 nutritional	 formulations.	 In	 the	 past,	 an	 emphasis	 on	 chloride	 salts
with	 parenteral	 crystalline	 amino	 acid	 formulations	 had	 tended	 to	 produce	 an
iatrogenic	 metabolic	 acidosis.	 However,	 these	 formulations	 have	 since	 been
revised	and	balanced	with	an	appropriate	amount	of	acetate	ions.	Thus,	it	is	not
necessary	to	include	the	inherent	concentrations	of	chloride	and	acetate	present
in	amino	acid	products	in	the	additive	calculation	for	the	final	PN	admixture.

Acetate
Acetate	 salts	 are	 primarily	 used	when	 clinically	 indicated	 for	 the	 treatment	 of
metabolic	acidemia.	They	are	the	only	suitable	alkalinizing	salt	for	use	as	part	of
nutritional	formulations.	With	respect	to	alkalinizing	power,	acetate	is	equivalent
to	bicarbonate,	but	this	requires	cellular	metabolism	to	be	effective.	Bicarbonate
salts	 should	 never	 be	 used	 in	 PN	 admixtures	 because	 they	 can	 form	 insoluble
carbonates	with	calcium	ions	that	are	present	in	most	nutritional	admixtures	and,
as	such,	could	result	in	the	formation	of	fatal	pulmonary	emboli.62

Trace	Minerals
To	 provide	 a	 balanced	 provision	 of	 specific	 micronutrients	 essential	 for
metabolic	 processes,	 trace	 minerals	 are	 generally	 included	 in	 most	 nutritional
formulations.	These	include	chromium,	copper,	manganese,	selenium,	and	zinc.



In	 addition,	 iodine	 and	 molybdenum	 may	 be	 present	 in	 certain	 formulations.
However,	 for	 most	 acute	 situations,	 the	 absence	 of	 trace	 minerals	 for	 brief
periods	(days	to	weeks)	will	not	produce	clinically	significant	adverse	effects.	In
contrast,	 the	 absence	 of	 trace	minerals	 for	 the	 patient	 receiving	 long-term	 PN
support	 may	 lead	 to	 significant	 deficiency.63	 However,	 because	 manganese	 is
excreted	 in	 bile,	 there	 is	 some	 concern	 about	 manganese	 overload	 when
chronically	provided	to	patients	receiving	long-term	home	PN.	Iron	is	a	special
case,	 because	 hypoferremia	 is	 an	 invariable	 consequence	 of	 the	 systemic
inflammatory	 response.	 Furthermore,	 large	 amounts	 of	 parenteral	 iron
supplementation	may	worsen	 septic	 states.	 For	 this	 reason,	 iron	 is	 not	 usually
provided	 as	 part	 of	 PN	 formulas	 during	 critical	 illness	 and	 when	 provided	 to
nonseptic	patients	at	home,	should	only	be	provided	when	clinically	necessary,
because	iron	overload	can	result	among	patients	with	short	gut	syndromes	who
have	substantial	enteral	intake.	Iron	is	incompatible	with	fat	emulsion-containing
formulas.

Vitamins
Multivitamins	are	an	essential	component	of	all	nutritional	formulations.	This	is
particularly	true	for	PN	formulations.	During	the	national	vitamin	shortage	that
occurred	 in	 the	 summer	 of	 1988,	 three	 patients	 died	 because	 of	 receiving
vitamin-free	PN	in	a	matter	of	3	to	5	weeks.64	Ultimately,	the	cause	of	death	was
related	to	acute	thiamine	deficiency	producing	a	refractory	lactic	acidosis.	As	a
water-soluble	 vitamin,	 thiamine	 is	 an	 important	 cofactor	 for	 the	 entry	 of
pyruvate	 into	 the	Krebs	 cycle	 as	well	 as	 facilitating	 the	 processing	 of	 glucose
within	 the	Krebs	 cycle.	 In	 the	 absence	 of	 thiamine,	 pyruvate	 cannot	 enter	 the
Krebs	 cycle	 and	 is	 therefore	 converted	 to	 lactic	 acid.	 The	 administration	 of
hypertonic	dextrose,	the	major	energy	component	of	PN	therapy,	accelerates	the
consumption	 of	 thiamine	 and	 thus	 accentuates	 the	 clinical	 course	 of	 the
condition.	Therefore,	multivitamins	are	an	essential	part	of	any	nutrition	support
regimen.

The	 daily	 requirements	 for	 parenteral	 vitamins	 and	 trace	 elements	 are
included	in	Table	214.3.65,66	With	respect	to	enteral	feeding	formulas,	 the	RDA
for	vitamins	is	generally	met	when	volume	intake	is	at	or	above	1	L/d.

TABLE	214.3



Daily	Requirements	for	Adult	Parenteral	Vitamins	and
Trace	Elements65

Vitamins Standard	Daily	Requirement

Thiamin	(B1) 6	mg

Riboflavin	(B2) 3.6	mg

Niacin	(B3) 40	mg

Folic	acid 600	µg

Pantothenic	acid 15	mg

Pyridoxine	(B6) 6	mg

Cyanocobalamin	(B12) 5	mg

Ascorbic	acid 200	mg

Vitamin	A 990	µg

Vitamin	D 5	µg

Vitamin	E 10	mg

Vitamin	K 150	µg

Trace	Elements

Chromium ≤10	µg

Copper 0.3	−	0.5	mg

Manganese 55	µg

Selenium 60-100	µg

Zinc 3	−	5	mg

From	American	Society	for	Parenteral	and	Enteral	Nutrition.	Appropriate	Dosing	for	Parenteral
Nutrition:	ASPEN	Recommendations.	2019.	Accessed	March	18,	2022.
https://www.nutritioncare.org/uploadedFiles/Documents/Guidelines_and_Clinical_Resources/PN%20Dosing%201-
Sheet-Nov%202020-FINAL.pdf

https://www.nutritioncare.org/uploadedFiles/Documents/Guidelines_and_Clinical_Resources/PN%20Dosing%201-Sheet-Nov%202020-FINAL.pdf


Immunonutrients
There	have	been	several	nutritional	additives	that	have	been	alternatively	given
in	 supraphysiological	 amounts	 to	 improve	 outcomes.	 The	 main	 ones	 would
include	 lipids	 composed	 of	 high	 concentrations	 of	 the	 unsaturated	 long-chain
fatty	 acids	 containing	n3	or	 n9	 fatty	 acids,	medium-chain	 saturated	 fatty	 acids
(MCFAs),	 and	 certain	 “conditionally	 essential”	 amino	 acids.	 Historically,
soybean	 oil,	 containing	 PUFAs,	 rich	 in	 the	 18-carbon	 essential	 (cannot	 be
synthesized	 endogenously)	 n6	 fatty	 acid	 linoleic	 acid	 and	 n3	 fatty	 acid	 α-
linolenic	 acid,	 has	 been	 the	 main	 source	 of	 fat	 used	 for	 lipid	 injectable
emulsions.	 These	 fatty	 acids	 are	 the	 precursors	 to	 the	 true	 “necessary”	 fatty
acids,	 arachidonic	 and	 eicosapentaenoic	 acids	 from	 the	 n6	 and	 n3	 families,
respectively,	 whereas	 the	 n9	 fatty	 acid	 oleic	 acid	 is	 nonessential	 (ie,	 can	 be
synthesized	endogenously).67

Unfortunately,	 however,	 the	 n6	 fatty	 acids	 from	 soybean	 oil	 can	 be
proinflammatory	and	potentially	detrimental	when	provided	in	large	amounts	to
the	 critically	 ill,	 especially	 for	 patients	 with	 adult	 respiratory	 distress
syndrome.22,37,38,68-72	Therefore,	 substitution	of	 a	 portion	 of	 the	 conventional	 n6
fatty	 acids	with	 alternative	 lipid	 fuels	 such	 as	 the	 n3	 fatty	 acids	 (20-	 and	 22-
carbon	PUFAs)	from	fish	oil,	or	18-carbon	monounsaturated	n9	fatty	acids	from
olive	 oil,	 or	 saturated	 MCFAs	 from	 coconut	 oil	 (mostly	 comprises	 8	 to	 10	 -
carbons),	 may	 modulate	 the	 proinflammatory	 response.	 Thus,	 one	 benefit	 of
these	 alternative	 lipid	 sources	 is	 a	 reduction	 of	 the	 intake	 of	 the	 highly
vasoactive	 n6	 PUFA	 precursors	 to	 ones	 with	 less	 pronounced	 effects	 on
eicosanoid	 metabolism	 by	 changing	 the	 fatty	 acid	 composition	 of	 cell
membranes.45	 The	 n6	 PUFAs	 produce	 proinflammatory	 eicosanoids	 (i.e.,
prostaglandins,	 prostacyclins,	 thromboxanes,	 leukotrienes)	 and	 increase	 the
responsiveness	 of	 cytokines	 (ie,	 interleukin	 [IL]	 1,	 IL-6,	 and	 tumor	 necrosis
factor)	which	subsequently	lead	to	an	increased	systemic	inflammatory	response.
Meanwhile,	 the	 n3	 and	 n9	 lipids	 lead	 to	 eicosanoids	 that	 are	 less
proinflammatory	 and	 even	 anti-inflammatory.	 Another	 benefit	 is	 related	 to	 a
unique	 metabolic	 action	 of	 the	 substituted	 lipid(s)	 that	 may	 have	 favorable
clinical	implications.	In	the	case	of	MCFAs,	their	metabolism	is	independent	of
carnitine	 transport	 into	 the	 mitochondria	 with	 rapid	 oxidation	 and	 less
interference	with	the	reticuloendothelial	system,	whereas	olive	oil	may	be	better
tolerated	 with	 respect	 to	 liver	 function	 than	 conventional	 soybean	 oil–based
formulations.73

Of	 the	 amino	 acids	 used	 for	 clinical	 nutrition,	 arginine	 and	 glutamine	 have
purportedly	been	shown	to	exert	favorable	immune	effects	for	patients	receiving



nutrition	 support.	 Arginine	 has	 been	 shown	 to	 stimulate	 T-cell	 function	 and
wound	healing	but	may	be	harmful	for	certain	patients	under	certain	conditions
depending	 on	 dose.74,75	 Thus,	 its	 role	 in	 immune	 enhancement	 has	 not	 been
clearly	 defined,	 and	 it	 is	 most	 often	 given	 as	 part	 of	 a	 complex	 nutritional
formula	containing	other	potential	immunonutrients.	Nonetheless,	there	appears
to	be	a	correlation	of	demonstrable	benefits	at	doses	exceeding	4%	of	 the	 total
energy	intake.75	Glutamine	is	the	most	abundant	amino	acid	in	the	human	body,	a
precursor	to	glutathione,	and	an	important	nutrient	for	rapidly	dividing	immune
cells	such	as	 lymphocytes	and	macrophages.	Despite	 its	abundance,	serum	and
tissue	glutamine	concentrations	fall	during	critical	illness,	which	largely	reflects
its	diverse	needs	during	acute	metabolic	stress.	Its	role	in	clinical	nutrition	is	also
not	well	defined,	and,	in	a	large	clinical	trial	in	ICU	patients,	no	differences	of
outcomes	were	noted	between	groups	receiving	20	g/L	vs	a	conventional	enteral
formula	that	was	isonitrogenous	and	isocaloric.76	Data	with	parenteral	glutamine
tend	 to	be	more	positive	 for	 the	critically	 ill,	which	may	 reflect	 the	prominent
first-pass	 clearance	 of	 enteral	 glutamine	 limiting	 systemic	 appearance	 of	 the
amino	acid.

Two	recent	clinical	trials	have	greatly	altered	the	conventional	viewpoint	that
immunonutrients	 have	 a	 net	 beneficial	 effect,	 that	 is,	 the	 so-called	REDOXS77
and	METAPLUS78	trials.	In	a	commentary	that	included	the	lead	authors	of	these
studies,	they	point	out	the	“signal	of	benefit”	that	has	been	widely	acknowledged
comes	from	older	studies	from	single-center	trials,	whereas	evidence	of	a	“signal
of	harm,”	as	they	have	recently	reported,	is	much	stronger	because	the	data	come
from	 two	 large,	 adequately	 powered,	multicenter	 trials.79	 They,	 and	 others,80,81
have	concluded	that	these	diets	should	not	be	routinely	administered	to	critically
ill	patients.

DIFFERENCES	BETWEEN	ENTERAL	AND
PARENTERAL	NUTRITION
Nutrition	 support	 may	 be	 provided	 by	 a	 variety	 of	 means	 ranging	 from
noninvasive	 approaches	 such	 as	 dietary	 counseling	 for	 food	 and	 oral
supplements	 to	 invasive	 forms	 of	 therapy.	Of	 the	 interventional	 approaches	 to
nutrition	 support,	 these	 can	 be	 accomplished	 by	 aseptic	 placement	 of
intravascular	catheters	(eg,	PN),	or	by	extravascular	devices	placed	into	 the	GI
tract	 (eg,	EN).	Each	 invasive	 form	of	 nutrition	 support	 has	 its	 advantages	 and
disadvantages,	and	the	selection	of	either	approach	must	be	individualized.



Routes	of	Administration

Enteral	Nutrition	Options
EN	can	be	delivered	in	a	variety	of	ways	with	some	potential	advantages	of	one
access	 route	 over	 the	 other.	The	 options	 include	 gastric,	 duodenal,	 and	 jejunal
placement	 of	 various	 enteral	 feeding	 catheters.	 The	 simplest	 technique	 is	 the
nasogastric	 placement	 of	 a	 feeding	 tube	 into	 the	 stomach.	A	 large	multicenter
RCT	demonstrated	 no	difference	 of	mortality	 or	LOS	between	 small	 bowel	 or
gastric	EN.82	An	aggregated	review	of	multiple	RCTs	demonstrated	a	decreased
risk	 of	 PNA	 associated	 with	 small	 bowel	 enteral	 access	 however	 timely
obtainment	of	 these	 types	of	devices	may	be	difficult	 to	achieve	depending	on
organizational	policies,	protocols,	and	access	devices.1	More	successful	feeding
is	likely	with	nasoenteric	tubes	or	those	placed	via	fluoroscopic,	endoscopic,	or
surgical	 placement	 of	 the	 feeding	 catheter	 beyond	 the	 ligament	 of	 Treitz.
Furthermore,	 enteral	 feeding	 catheters	 placed	 in	 the	 upper	 jejunum	may	 allow
feeding	 of	 patients	 with	 severe	 pancreatitis.83	 However,	 placement	 of	 feeding
tubes	 in	 the	 jejunum	 postinjury	 rarely	 occurs	 spontaneously	 and	 generally
requires	fluoroscopic	or	endoscopic	assistance,	which	is	expensive	and	can	delay
feeding.	A	recent	study	of	mechanically	ventilated	patients	who	were	fed	via	a
nasogastric	 or	 nasojejunal	 feeding	 tube	 for	 10	 days	 showed	 no	 differences	 of
energy	 delivery,	 71%	 vs	 72%	 of	 target,	 nor	 rates	 of	 ventilator-associated
pneumonia,	 20%	 vs	 21%.82	 Of	 note,	 there	 was	 higher	 incidence	 of	 “minor”
episodes	of	GI	bleeding	in	the	nasojejunal-fed	group,	but	of	the	two	promotility
agents	used	in	this	study	(metoclopramide	and	erythromycin),	erythromycin	was
used	more	frequently	than	in	the	nasogastric-fed	group	(87%	vs	62%,	P	=	.001).
Erythromycin	is	known	to	cause	epigastric	distress	 that	may	be	responsible	for
the	 GI	 bleeding	 observed.	 Finally,	 a	 recent	 Cochrane	 meta-analysis	 of	 the
differences	 between	 postpyloric	 vs	 gastric	 tube	 feeding	 for	 preventing
pneumonia	 and	 improving	 nutritional	 outcomes	 in	 ICU	 patients	 found
“moderate-quality”	 evidence	 of	 a	 30%	 reduction	 in	 the	 rate	 of	 pneumonia
associated	with	postpyloric	feeding,	as	well	as	“low-quality”	evidence	showing
an	 increase	 in	 the	 amount	 of	 nutrition	 delivered.84	 It	 is	 important	 to	 identify
factors	contributing	to	increased	risk	for	aspiration	including	inability	to	protect
the	airway,	presence	of	a	nasoenteric	access	device,	mechanical	ventilation,	age
over	70	years,	reduced	level	of	consciousness,	poor	oral	care,	supine	positioning,
neurological	deficits,	GI	reflux,	and	use	of	bolus	or	intermittent	EN.85	Proactive
management	 of	 these	 factors	 should	 be	 employed,	 noting	 that	 EN	 via	 a
postpyloric	feeding	device	should	be	considered	when	feasible.



Parenteral	Nutrition	Options
PN	may	 be	 provided	 by	 either	 peripheral	 or	 central	 venous	 access.	 Peripheral
venous	access	is	clearly	less	invasive	and	has	minimal	complications.	The	most
significant	complications	are	related	to	maintenance	of	the	patency	of	the	venous
catheter	and	thrombophlebitis	and	the	limited	use	of	each	venipuncture	site	for	a
relatively	short	duration.	Most	peripheral	vein	catheters	will	last	between	48	and
72	hours	from	the	time	of	the	initial	insertion;	therefore,	a	systematic	rotation	of
other	 infusion	 sites	 must	 be	 performed.	 Ultimately,	 however,	 the	 number	 of
viable	 peripheral	 venipuncture	 sites	 is	 limited	 and	 generally	 of	 little	 practical
value	during	critical	 illness.	Moreover,	owing	 to	 the	osmolarity	 limits	of	 these
low-flow	 blood	 vessels,	 very	 large	 fluid	 volumes	 are	 required	 to	 approach
protein	and	energy	requirements	for	most	patients,	which	is	not	practical	in	the
ICU	 setting.	 Peripherally	 inserted	 central	 (venous)	 catheters	 (PICCs)	 generally
last	longer	and	can	even	be	used	to	provide	hypertonic	PN	admixtures.	However,
the	 inability	 to	 change	 catheters	 over	 guidewires	 for	 PICCs,	 and	 a	 greater
likelihood	of	mechanical	complications,	makes	this	a	less	desirable	alternative	to
a	central	venous	catheter.

By	far,	central	venous	catheterization	is	the	most	used	means	of	delivering	PN
therapy.	 Invariably,	 central	 venous	 access	 is	 necessary	 for	virtually	 all	 patients
requiring	 ICU	 care,	 so	 the	 delivery	 of	 PN	 therapy	 does	 not	 introduce	 unique
clinical	 risks	 associated	 with	 catheter	 placement	 (ie,	 pneumothorax,	 catheter
malposition,	catheter	infections,	etc).	In	addition	to	supplying	nutrition	support,
the	PN	admixture	can	also	be	used	as	a	vehicle	 to	provide	 intensive	metabolic
support	 such	as	 replacement	of	 large	amounts	of	electrolytes	and	correction	of
acid-base	 balance,	 which	 otherwise	 could	 not	 be	 accomplished	 by	 peripheral
vein	or	EN	therapy,	 largely	because	of	osmolarity	 limitations.	Moreover,	 it	has
also	been	used	as	a	vehicle	for	selected	pharmacotherapies.86

Parenteral	vs	Enteral	Nutrition	and	Complications
3 	 4 	Enteral	nutrition	is	generally	viewed	as	the	preferred	feeding	modality	when
the	 GI	 tract	 is	 functional,	 and	 the	 patient	 is	 unable	 to	maintain	 adequate	 oral
intake.	 The	 principal	 benefit	 purportedly	 associated	 with	 the	 use	 of	 EN	 is
reduced	infectious	complications	compared	with	PN	support	in	the	critically	ill.
Three	key	 investigations	conducted	 in	 trauma	patients	were	 largely	responsible
for	promoting	EN	over	PN,	 showing	 that	 patients	 receiving	 the	 latter	mode	of
nutritional	support	had	significantly	higher	rates	of	infectious	complications.87-89
In	 addition,	 this	 association	 appeared	 to	 be	 subsequently	 confirmed	 by	 meta-



analysis.90	However,	as	eloquently	pointed	out	by	Jeejeebhoy91	 in	2001,	studies
such	 as	 these	 are	 significantly	 flawed	 in	 that	 the	 groups	 receiving	 PN	 have
significantly	higher	energy	 intakes	 that	 are	associated	with	 significantly	higher
blood	 glucose	 levels,	which	 predispose	 them	 to	 nosocomial	 infections.	Higher
energy	 intakes	are	easily	obtainable	via	PN,	whereas	 they	are	more	difficult	 to
achieve	with	EN	during	acute	illness	because	of	GI	intolerance.92

Subsequently,	 Simpson	 and	Doig93	 conducted	 a	more	 sensitive	 approach	 to
meta-analysis	comparing	studies	of	PN	vs	EN	only	in	the	critically	ill.	Previous
systematic	reviews	of	the	risks	and	benefits	of	nutrition	support	have	relied	on	a
composite	 scales	 technique	 that	 combines	 certain	 dimensions	 of	 the	 quality	 of
the	 selected	 trial	 used	 in	 the	 meta-analysis	 into	 a	 combined	 summary	 score.
Consequently,	important	differences	in	methodologic	quality	(eg,	concealment	of
allocation,	appropriate	blinding,	and	analysis	according	 to	 the	 intention-to-treat
principle)	 may	 be	 overlooked,	 making	 well-conducted	 studies	 appear	 poorly
conducted.94	In	contrast,	the	approach	by	Simpson	and	Doig	for	assessing	PN	vs
EN,	using	the	intent-to-treat	principle,	applied	a	component	scale	technique	and
demonstrated	increased	infectious	complications	with	PN,	but	more	importantly,
reduced	 mortality	 by	 50%	 compared	 with	 enteral	 feeding.	 This	 impressive
benefit	was	also	shown	to	be	 largely	 the	effect	of	early	feeding	because	a	post
hoc	analysis	of	PN	vs	early	enteral	feeding	showed	no	difference	of	mortality.93
The	 latter	 finding	 was	 in	 contradiction	 to	 previous	 analyses	 applying	 the
composite	 scales	 approach	 to	 assessing	 the	 benefits	 and	 risks	 of	 PN.90,95
Subsequently,	 in	 a	 large	multicenter,	 randomized	 clinical	 trial	 (1372	 patients),
Doig	et	al	have	shown	that	the	use	of	early	PN	(ready-to-mix,	three-chamber	bag
containing	standard	amounts	amino	acids,	glucose,	lipids,	and	electrolytes,	but	at
different	 infusion	 rates	 for	 energy	 targets	 of	 up	 to	 35	 kcal/kg/d)	 vs	 “standard
care”	(which	was	defined	pragmatically	outside	the	PN	protocol)	did	not	result
in	significant	differences	of	60-day	mortality	or	 infection	rates;	 thus,	 there	was
no	associated	harm	from	early	PN	therapy.96

The	 seminal	 publication	 by	 Van	 den	 Berghe	 et	 al97	 in	 2001	 showed	 a
significant	morbidity	 and	mortality	 benefit	 for	 surgical	 ICU	 patients	 receiving
adequate	nutrition	either	enterally	or	parenterally	or	by	combination	when	blood
glucose	 levels	were	aggressively	managed	with	 the	 IV	 infusion	of	 insulin,	 and
the	 clinical	 significance	 of	 hyperglycemia	 in	 nutritional	 support	 was	 clearly
established.	 Two	 groups	 of	 patients	 were	 studied	 (n	 =	 1548)	 to	 receive	 either
“intensive”	or	“conventional”	insulin	therapy	concurrent	with	PN.	Blood	glucose
management	assigned	to	the	“intensive”	insulin	therapy	group	was	treated	with
an	 insulin	 infusion	 if	 levels	 were	 above	 110	 mg/dL,	 whereas,	 in	 the
“conventional”	 insulin	 therapy	 group,	 insulin	 was	 initiated	 at	 levels	 above



215	mg/dL.	The	standard	 infusion	consisted	of	50	units	of	 insulin	 in	50	mL	of
0.9%	 sodium	 chloride	 solution	 (1	U/mL),	 and	 the	maximum	 insulin	 dose	was
arbitrarily	 set	 at	 50	U/h	 for	 all	 groups.	Hypoglycemia	was	 defined	 as	 a	 blood
glucose	 determination	 of	 40	 mg/dL	 or	 less.	 Within	 24	 hours,	 on	 average,	 all
patients	received	approximately	1	g	of	protein	and	19	kcal/kg/24	h,	respectively.
Significant	 reductions	of	 in-hospital	morbidity	 (eg,	 renal,	and	hepatic	 function,
bloodstream	 infections,	 polyneuropathy)	 and	 mortality	 were	 observed	 for	 the
“intensive”	vs	“conventional”	insulin	therapy	group,	where,	for	example,	control
of	 the	morning	blood	glucose	 levels	 for	 all	 patients	was	 significantly	 different
between	groups	(103	±	33	mg/dL	vs	153	±	19	mg/dL,	respectively).	Additional
significant	 clinical	 benefits	 (eg,	 days	 on	 ventilator,	 lower	 “Simplified
Therapeutic	Intervention	Scoring	System	28”	scores)	were	also	noted	for	 those
patients	with	ICU	stays	exceeding	5	days.

A	follow-up	study	by	Van	den	Berghe	et	al98	in	2006	was	conducted,	but	this
time	it	was	performed	in	medical	ICU	patients	receiving	EN.	Unfortunately,	the
nutrition	 support	 data	 were	 not	 as	 clearly	 presented	 as	 in	 the	 2001	 study,	 but
inferences	are	made	as	to	how	it	was	supplied.	The	nutritional	goals	stated	from
the	outset	were	22	to	30	kcal/kg/24	h	(with	approximately	20%-40%	of	energy
as	fat	calories)	and	protein	at	between	0.5	and	1.5	g/kg/24	h,	with	EN	beginning
as	early	as	possible,	once	the	patient	was	hemodynamically	stable.	Subsequently,
in	the	results,	two	figures	are	shown	that	give	more	details	about	the	success	of
achieving	 the	 stated	 nutritional	 goals	 during	 this	 study.	One	 depicts	 the	 “total
intake	of	nonprotein	calories	(kcal	per	24	hours)”	vs	“day”	showing	that	a	steady
number	 of	 calories	 (between	 approximately	 1500	 and	 1600	 calories/d)	 were
achieved	by	days	3	and	4	of	the	14-day	profile.	The	other	depicts	the	“fraction	of
kilocalories	 administered	 by	 enteral	 route”	 vs	 “day”	 showing	 achievement	 of
50%	of	total	calories	via	EN	at	day	7	and	roughly	70%	by	day	12	of	the	14-day
profile.	The	slow	progression	of	EN	support	is	expected	for	critically	ill	patients,
as	 contrasted	 from	 their	 previous	 PN	 study	 showing	 rapid	 advancement	 of
protein	and	calories.97	No	significant	improvements	of	mortality	were	noted,	but
morbidity	(e.g.,	acute	renal	failure,	days	on	ventilator)	was	reduced	for	patients
receiving	“intensive”	insulin	therapy.	Of	note,	for	the	patients	staying	in	the	ICU
for	 less	 than	 3	 days	 (n	 =	 433)	 (“and	 for	 whom	 data	 were	 censored	 after
randomization”),98	 56	 deaths	 occurred	 in	 the	 “intensive”	 vs	 42	 deaths	 in	 the
“conventional”	 insulin	 infusion	 group.	 Moreover,	 although	 the	 severity	 of
hypoglycemia	was	similar	between	groups,	hypoglycemia	was	more	common	in
the	“intensive”	insulin	treatment	group.	A	subsequent	logistic	regression	analysis
revealed	hypoglycemia	to	be	an	independent	risk	factor	for	death,	prompting	the
investigators	 to	 speculate	 “that	 the	 benefit	 from	 intensive	 insulin	 therapy



requires	time	to	be	realized.”98	For	patients	staying	3	days	or	more,	the	mortality
benefits	seen	by	 the	previous	study97	were	similarly	observed	and	may	support
their	 theory	 of	 a	 time-dependent	 benefit	 of	 aggressive	 blood	 glucose
management.	From	a	nutritional	perspective,	the	slow	progression	of	protein	and
calories	 via	 the	 enteral	 route	 suggests	 significant	 caution	 when	 applying
aggressive	 insulin	 therapy	 to	medical	 ICU	patients	 receiving	EN	 support	 only,
because	parenteral	glucose	may	make	hypoglycemia	less	likely.

A	 closer	 evaluation	 of	 the	 manuscript	 and	 the	 table	 provided	 in	 a
supplemental	 appendix	 reveals	 that	 rather	 marginal	 amounts	 of	 protein	 and
adequate	 calories	 were	 given	 to	 the	 “intention-to-treat	 group	 (n	 =	 1200)”	 at
approximately	40	g	of	protein	and	1200	kcal	daily,	whereas	in	the	“long	stayers
(in	 ICU	3	 days	 or	more),”	 approximately	 50	 g	 of	 protein	 and	 1500	 kcal	 daily
were	given.	It	 is	also	obvious	from	this	table	that	the	parenteral	infusions	were
glucose	only	 and	not	PN,	 and	 that	 the	protein	 intake	 in	 the	 first	 72	hours	was
about	10	g	protein	per	day.	Thus,	these	critically	ill	patients	did	not	receive	early,
adequate	 feeding,	which	 should	 be	 the	 goal	 for	 the	 critically	 ill.	 Furthermore,
this	 less-than-optimal	 nutritional	 therapy	was	 provided	 at	 a	 rather	 high	 cost	 in
terms	of	hypoglycemia	with	an	incidence	of	25.1%	vs	3.9%	in	the	intensive	vs
conventional	treatment	in	the	long	stayers	in	the	ICU.	More	recently,	the	risk	of
significant	hypoglycemia	 in	patients	 receiving	EN	vs	PN	has	been	observed	 in
the	 so-called	 CALORIES	 trial.	 In	 a	 randomized	 trial	 comparing	 the	 route	 of
administration	during	early	nutrition	support	of	critically	ill	adults,	there	were	no
differences	 between	 groups	 in	 30-day	 mortality;	 however,	 the	 EN	 group
experienced	 significantly	 higher	 rates	 of	 vomiting	 and	 hypoglycemia.99	 GI
intolerance	would	be	expected	 to	be	higher	via	EN,	but	of	note,	 caloric	 intake
was	similar	 for	 the	 two	groups	even	 though	 the	 target	delivery	of	25	kcal/kg/d
was	not	achieved	by	most	of	 the	patients	of	each	study	group.	Nonetheless,	as
pointed	out	by	the	investigators,	the	focus	of	the	evaluation	of	the	delivery	route
was	 uncomplicated	 by	 the	 dose	 of	 nutrients.	 Importantly,	 despite	 the	 same
amounts	of	calorie	intake	over	5	days,	hypoglycemic	episodes	occurred	in	74	of
1197	 patients	 in	 the	 EN	 groups	 vs	 44	 of	 1191	 in	 the	 PN	 group	 (P	 =	 .006).
Whether	 this	 effect	 was	 the	 result	 of	 less	 “absorbable”	 calories	 because	 of
vomiting	 and/or	 the	 difficulty	 with	 managing	 EN	 patients	 with	 more	 precise
doses	of	insulin	was	not	addressed	by	this	study.

A	series	of	recent	randomized	clinical	trials	have	further	clarified	the	role	of
nutritional	support	in	the	broader	group	of	critically	ill	patients	in	general	ICUs.
In	a	recent	large	pragmatic	trial	by	Harvey	et	al99	of	PN	compared	to	EN;	both
groups	 received	 15	 to	 20	 kcal/kg	 with	 a	 goal	 of	 25	 kcal/kg,	 that	 is,	 were
effectively	 permissively	 underfed.	 The	 results	 demonstrated	 no	 morbidity	 or



mortality	differences	between	the	two	groups.	A	second	study;	Heidegger	et	al’s
trial,100	where	EN	plus	SPN	 totaling	103%	of	 energy	vs	EN	at	 77%	of	 energy
demonstrated	 reduced	 infection	 rates	 in	 the	SPN	group.	This	 strongly	 supports
the	contention	that	when	feeding	more	modest	goal	intakes	or	at	lower	levels	of
permissive	 underfeeding	 in	 conjunction	 with	 control	 of	 blood	 glucose	 to
<180	 mg/dL;	 PN	 is	 as	 safe	 as	 EN.	 Permissive	 underfeeding	 that	 provides	 a
fraction	of	between	50%	and	75%	of	the	caloric	expenditure,	usually	estimated
by	most	 studies	 to	be	 approximately	25	kcal/kg	 for	most	 critically	 ill	 patients,
certainly	makes	blood	glucose	control	easier.	Whether	it	improves	morbidity	or
mortality	 compared	 to	 full	 feeding	 at	 25	kcal/kg	 is	 uncertain	when	 the	 control
group	receives	about	100%	of	this	estimate	rather	than	some	larger	multiple	as
was	common	among	earlier	studies,	and	when	blood	glucose	is	well	controlled.
One	trial	 that	did	compare	SPN	feeding	in	 the	first	week	of	critical	 illness	 that
provided	25	kcal	per	kg	in	the	control	group	vs	<10	kcal/kg	in	the	first	week	and
15	 to	 20	 kcal/kg	 over	 the	 entire	 study	 period	 had	 increased	 infections	 and
ventilator	 and	 renal	 replacement	 requirements,	 suggesting	 a	 disadvantage	 to
early	 PN	 compared	 to	 inadequate	 feeding.101	 However,	 the	 unusual	 use	 of
hypertonic	 dextrose,	 which	 can	 be	 immunosuppressive,	 for	 48	 hours	 before
initiation	of	PN	makes	this	a	difficult	study	to	evaluate	particularly	considering
the	more	recent	evidence	of	the	relative	safety	of	PN.	In	a	trial	of	early	PN	with
a	 goal	 of	 approximately	 35	 kcal/kg	 in	 critically	 ill	 patients	 with	 short-term
relative	 contraindications	 to	 early	 EN,	 the	 treatment	 group	 received	 about
18	kcal/kg	in	the	first	week	and	the	control	group	8	kcal/kg	with	protein	intakes
of	about	50	g/d	and	25	g/d,	respectively.96	There	was	a	modest	improvement	of
ventilator	 days	 and	 less	 muscle	 wasting	 for	 the	 better	 fed	 group.	 In	 the	 two
trials102,103	of	planned	permissive	underfeeding	conducted	by	Arabi’s	group,	both
the	 treatment	 and	 the	 permissive	 underfeeding	 groups	were	 underfed	 (59%	 vs
71.4%	and	46%	vs	71%,	respectively)	with	equal	protein	intakes	in	both	groups
and	 in	 both	 studies	 by	 design.	The	 earlier	Arabi’s	 study102	 found	 an	 improved
hospital	 mortality	 as	 a	 post	 hoc	 finding	 that	 was	 not	 confirmed	 in	 the	 larger
trial103	 (ie,	 the	 so-called	 PERMIT	 trial)	 with	 a	 greater	 difference	 of	 caloric
intakes	and	a	longer	duration	of	feeding	in	this	later	study	despite	similar	control
intakes	in	both	studies.	The	only	disadvantage	with	the	higher	calorie	intake	for
the	more	 recent	 study	 is	 that	 this	 led	 to	 a	 greater	 volume	 intake	with	 a	more
positive	 fluid	 balance	 and	 the	 need	 for	more	 renal	 replacement	 therapy.	 Thus,
whether	 permissive	 underfeeding	 improves	 outcome	 over	 full	 feeding	 at
25	 kcal/kg	 has	 not	 been	 definitively	 determined,	 but	 smaller	 volumes	 are
required	with	permissive	underfeeding.	This	may	be	 an	 important	 factor	when
the	 underlying	 clinical	 problem	 is	 acute	 respiratory	 failure.	 In	 another	 recent



trial104	 of	 acute	 lung	 injury,	 adverse	 mortality	 experience	 was	 found	 in	 the
intensively	fed	group	receiving	nearly	adequate	energy	(84.7%	vs	55.4%)	where
presumably	greater	volume	was	provided.	This	 trial	was	stopped	early	because
of	the	higher	mortality	occurring	principally	in	the	first	week	of	therapy	for	the
group	 with	 higher	 energy	 intake	 where	 a	 positive	 fluid	 balance	 might	 be
particularly	 harmful.	Two	other	 trials105,106	 in	 acute	 respiratory	 failure	 failed	 to
show	an	outcome	difference	between	trophic	feeding	enterally	of	<5	kcal/kg	vs
approximately	15	kcal/kg	for	the	first	week,	but	no	protein	supplementation	was
provided	 in	 the	 better	 fed	 group.	 Thus,	 permissive	 underfeeding	 was	 not
beneficial	 in	 this	 instance	 compared	 to	 grossly	 inadequate	 feeding.	 In
conclusion,	recent	work	has	not	only	better	defined	the	energy	goal	optimal	for
the	general	ICU	patient	as	probably	between	50%	and	100%	of	25	kcal/kg	while
holding	protein	constant	but	has	also	reinforced	the	point	that	a	goal	is	different
from	 what	 is	 provided,	 and	 it	 is	 the	 latter	 that	 is	 of	 cardinal	 importance.
Although	it	is	possible	to	achieve	these	modest	goals	by	feeding	enterally	or	by
supplemental	feeding	parenterally,	in	practice,	underfeeding	in	relation	to	goals
is	 the	 usual	 outcome	 for	 both	 PN	 and	 EN	 among	 the	 critically	 ill.	 In	 such
circumstances,	permissive	underfeeding	of	protein	intakes	are	maintained	at	0.8
to	 1	 g/kg	 or	 even	 higher	 should	 lead	 to	 outcomes	 as	 good	 as	 full	 feeding	 at
25	 kcal/kg	 and,	 probably,	 better	 than	 those	 found	 with	 caloric	 intakes
substantially	 greater	 than	 25	 kcal/kg	 as	 was	 the	 previous	 norm.	 Given	 the
difficulties	of	assessing	caloric	needs	of	the	heterogeneous	clinical	states	found
among	 the	 critically	 ill	 without	 direct	 measurement	 of	 energy	 expenditure,
permissive	 underfeeding	 using	 simple	 estimates	 of	 caloric	 expenditure	 like
25	kcal	per	kg	or	those	derived	by	use	of	various	other	predictive	formulas	also
limit	the	likelihood	of	overfeeding	in	some	patients.

In	conclusion,	much	of	the	higher	morbidity	associated	with	PN	compared	to
EN	is	because	of	hyperglycemia,	which	can	be	significantly	reduced	by	intensive
insulin	therapy.	The	level	of	glycemia	necessary	to	accomplish	this	goal,	whether
<110	 mg/dL	 or	 only	 <150	 mg/dL,	 is	 not	 yet	 defined.	 Surgical	 patients	 being
adequately	 fed	may	 benefit	 from	 the	 lower	 range,	 but	 a	 recent	 large	 study	 of
intensive	 insulin	 therapy	 alone	 without	 full	 feeding	 in	 mixed	 populations	 of
medical	 and	 surgical	 patients	 have	 significantly	 lower	 mortality	 with	 looser
control	 of	 <180	 mg/dL	 vs	 tighter	 control	 (81-108	 mg/dL).107	 A	 possible
interpretation	 is	 that	 to	 accomplish	 early,	 adequate	 feeding	 requires	 some
parenteral	 feeding	 for	 many	 critically	 ill	 patients	 and	 may	 also	 minimize	 the
risks	of	hypoglycemia	when	employing	tighter	glucose	control.



Tolerance

Enteral	Nutrition
Patient	response	to	nutrition	support	interventions	is	highly	variable	and	depends
on	 the	 clinical	 condition	 of	 the	 patient,	 the	 mode	 of	 administration,	 and	 the
strategies	implemented	to	improve	tolerance.	In	general,	critically	ill	patients	are
least	able	to	tolerate	all	forms	of	nutritional	support.	This	is	particularly	true	with
EN	for	patients	with	hemodynamic	compromise	or	instability	and	therefore	EN
specifically	should	be	withheld	from	these	patients	until	full	resuscitation	and/or
stabilization	 has	 occurred.	 Initiating	 or	 continuing	EN	 for	 patients	 on	 pressors
should	 be	 done	 so	 with	 caution.	 EN	 should	 be	 withheld	 from	 patients	 on
catecholamine	 agents	 and/or	 on	 increasing	 pressor	 requirements.	 For	 any
patients	 on	 vasopressor	 therapy	 where	 EN	 is	 being	 administered,	 close
monitoring	 is	 required	given	 increased	 risk	 for	gut	 ischemia.1	As	well,	 several
other	 factors	 associated	 with	 ICU	 care	 can	 also	 interfere	 with	 its	 efficacious
delivery.108	The	use	of	specialized	formulations	that	provide	elemental	forms	of
the	 macronutrients,	 or	 are	 of	 reduced	 osmolarity,	 or	 of	 low-fat	 content,	 may
reduce	the	degree	of	GI	intolerance.	Moreover,	the	use	of	prokinetic	agents,	such
as	 metoclopramide	 and	 erythromycin,	 may	 benefit	 some	 patients	 as	 well,
whether	used	alone	or	in	combination,	but	tachyphylaxis	limits	their	use	beyond
5	 to	7	days.109	Nevertheless,	 despite	 these	 preventive	measures,	GI	 intolerance
cannot	 be	 successfully	 managed	 for	 all	 patients.	 A	 recent	 Cochrane	 meta-
analysis	assessed	 the	efficacy	of	metoclopramide	for	 the	postpyloric	placement
of	 nasoenteric	 tubes.110	 Although	 admittedly,	 the	 four	 trials	 identified	 for	 the
analysis	provided	very-low–quality	evidence,	 the	authors	reported	 that	at	doses
of	10	and	20	mg,	they	were	equally	ineffective	when	compared	to	placebo	or	no
intervention.	Despite	this,	they	reported	it	is	unlikely	that	a	randomized	clinical
trial	would	be	performed	given	the	lack	of	efficacy	in	this	review,	and	because
the	available	trials	for	this	analysis	were	all	performed	before	1995.

Other	maneuvers,	such	as	diluting	the	enteral	feeding	formula,	rarely	alleviate
the	 problem	 and	 generally	 should	 not	 be	 undertaken.	 Providing	monomeric	 or
oligomeric	 formulations	with	 reduced	 fat	 content	 at	 full	 strength,	 given	 at	 low
rates	 (eg,	 20	 mL/h)	 and	 slowly	 advanced	 (eg,	 10	 mL/h	 every	 6-12	 hours	 as
tolerated)	 can	 be	 applied,	 but	 likely	 of	 little	 benefit	 as	 well.	 Three	 relevant
clinical	studies	in	the	ICU	have	focused	on	additional	methods	of	EN	delivery:
(1)	 very	 low	 feeding	 rates	 or	 “trophic	 feeding,”	 (2)	 increasing	 caloric	 density,
and	(3)	volume-based	EN	delivery.	In	the	“trophic	feeding”	study,	patients	who
were	 expected	 to	 require	 mechanical	 ventilation	 for	 at	 least	 72	 hours	 were



randomized	 to	 receive	 “full-energy”	 EN	 (25	mL/h	 and	 increased	 by	 25	mL/h
until	 full	 feeding	 is	 accomplished,	 25-30	 kcal/kg/d)	 or	 “initial	 trophic”	 EN
(10	mL/h)	for	6	days.105	There	were	no	differences	of	clinical	outcomes,	and,	as
expected,	 fewer	 episodes	 of	GI	 intolerance	were	 observed	 among	 the	 patients
receiving	the	“trophic”	regimen.

Increasing	 the	 caloric	 density	 has	 also	 been	 shown	 to	 be	 possible	 without
increasing	 adverse	 effects	 in	 the	 ICU.	 In	 a	 recent	 multicenter	 study	 of
mechanically	 ventilated	 patients,	 a	 standard	 1	 kcal/mL	 enteral	 formula	 was
tested	against	a	concentrated	one	at	1.5	kcal/mL	(maximum	rate:	100	mL/h)	for
up	 to	 10	 days.111	 Daily	 caloric	 intakes	 were	 estimated	 to	 average	 1832	 vs
1125	 kcal/d	 for	 1.5-	 vs	 1.0-kcal/d	 diets,	 respectively	 (∼EN	 dose	 range:	 25-
35	kcal/kg/d,	based	on	IBW).	The	main	difference	in	the	nutritional	composition
was	 from	 the	 additional	 calories	 from	 fat	 and	 carbohydrate	 in	 the	 commercial
enteral	products	used	in	this	study.	The	two	groups	received	similar	volumes	of
EN	(1221	vs	1225	mL/d)	but	obviously	nearly	50%	more	calories.	Of	note,	the
concentrated	EN	formula	was	not	associated	with	an	increase	of	GI	intolerance
(higher	gastric	residual	volumes,	diarrhea).

Typical	delivery	of	EN	is	based	on	a	fixed	hourly	rate-based	feeding	(RBF)
method,	 and,	 according	 to	 a	 2015	 report,	 it	 is	 shown	why	EN	 therapy	 for	 the
critically	 ill	 leads	 to	 underfeeding	 (∼50%	 of	 caloric	 requirements);	 is	 largely
because	of	delays	with	initiation,	underordering	by	the	physicians,	and	reduced
delivery	through	frequent	interruptions	or	periods	of	cessation.112	Consequently,
the	patient	receives	less	volume	and	fewer	calories.	By	adjusting	the	EN	infusion
rate	upward	 to	make	up	 for	 the	 “interruptions”	 in	delivery,	 that	 is,	 a	 “volume-
based	 feeding”	 (VBF)	 protocol	 ensures	 that	 the	 intended	 24-hour	 supply	 of
nutrients	 is	 achieved.	 In	 a	 small	 study	 to	 evaluate	 the	 efficacy	 of	 this	 feeding
method,	McClave	and	colleagues	found	that	VBF	(1)	allowed	more	calories	than
RBF	 (78%	 vs	 62%,	 respectively,	 of	 goal:	 25-30	 kcal/kg/d),	 (2)	 significantly
lowered	cumulative	caloric	deficits	during	the	study,	up	to	7	days	(−776	kcal	vs
−1934	 kcal,	 respectively),	 and	 (3)	 was	 no	 better	 than	 RBF	 with	 regard	 to
incidence	 of	 “uninterrupted”	 EN	 periods	 during	 the	 study	 (52%	 vs	 55%,
respectively).	A	summary	of	 the	important	clinical	 issues	affecting	the	delivery
of	EN	therapy	appears	in	Table	214.4.

TABLE	214.4

Advances	in	the	Delivery	of	Enteral	Nutrition



Issue Outcome

Route:
nasogastric	vs
nasoenteral

No	difference	in	energy	delivery104;	30%	reduction	in
pneumonia	with	postpyloric	feeding105

Blood	glucose:
hypoglycemia

Significantly	increased	risk	with	EN	vs	PN113

Prokinetic
agents:
metoclopramide,
erythromycin

Increased	tachyphylaxis	after	5-7	d109;	metoclopramide
equally	ineffective	at	10	and	20	mg	doses110;	erythromycin
associated	with	increased	risk	of	minor	episodes	of	GI
bleeding104

Nutrient
delivery:	rate,
caloric	density,
volume

No	difference	between	very-low/	“trophic”	vs	full-energy
feeding114;	Increased	caloric	delivery	with	high-caloric
density	vs	low-caloric	density,	but	no	difference	in	clinical
outcomes111;	Volume-based/day	vs	rate-based	received
more	calories	with	reduced	cumulative	caloric	deficits,	but
no	differences	in	feeding	interruptions112

EN,	enteral	nutrition;	GI,	gastrointestinal;	PN,	parenteral	nutrition.

Parenteral	Nutrition
Patients	 receiving	PN	will	 physically	 tolerate	 large	 amounts	 of	 nutrients	when
given	by	IV	administration.	The	“physiological	brake”	that	obviously	limits	EN
is	not	readily	apparent	except	under	specific	circumstances	where	advancement
of	 certain	 macronutrients	 (eg,	 dextrose)	 is	 limited	 by	 concern	 for	 refeeding
syndrome.	Metabolic	abnormalities,	 such	as	hyperglycemia	and	electrolyte	and
acid-base	disturbances,	can	be	consequences	of	the	metabolic	response	to	injury.
These	 iatrogenic	 metabolic	 abnormalities	 are	 often	 addressed	 independently
from	 the	 PN	 admixture,	 such	 as	 by	 separate	 infusions	 of	 insulin,	 fluid,
electrolytes,	and	so	forth,	without	modifying	the	PN	regimen.	The	net	effect	of
parenteral	 overfeeding	 can	 unnecessarily	 complicate	 the	 critical	 care	 of	 such
patients	 and	 lead	 to	 significant	 increases	 of	 morbidity	 and	 even	 mortality.
However,	 once	 metabolic	 homeostasis	 is	 achieved,	 the	 time	 course	 to	 reach
eucaloric	nutrition	support	may	be	brief	compared	with	EN	 therapy	depending
on	clinical	condition.



Fixed	vs	Variable	Amounts	of	Nutrients

Enteral	Nutrition
There	 is	 limited	 opportunity	 to	 manipulate	 the	 contents	 of	 EN	 formulations
because	 these	 products	 are	 premade	 as	 “complete”	 commercial	 products.	 A
variety	of	nutritional	modular	products	are	available	to	adjust	the	macronutrient
profile	and	provide	targeted	micronutrient	therapy	to	meet	increased	needs	in	the
setting	 of	 postoperative	 healing,	 pressure	 injuries	 and	 GI	 malabsorption,	 for
example.	Electrolyte	additives	may	precipitate	the	complex	feeding	formulas	and
cause	 clogging	 of	 the	 feeding	 tube,	 so	 it	 is	 recommended	 that	 these	 be
administered	separately	 from	 the	EN.	The	addition	of	other	components	 to	 the
enteral	formulation	increases	the	osmolarity,	which	is	an	important	consideration
for	enteral	feeding,	as	well	as	increasing	the	risk	of	incompatibilities.115	Thus,	the
flexibility	of	enteral	 therapy	 is	 limited,	which	may	make	 it	difficult	 to	achieve
the	proper	 balance	 of	 nutrients	 during	 severe	metabolic	 stress.	Once	 the	 stress
response	remits	and	major	organ	function	improves,	this	becomes	a	less	pressing
concern.

Parenteral	Nutrition
Major	stability	 issues	associated	with	PN	admixtures	preclude	 the	manufacture
of	 ready-to-use	 commercial	 products.	Of	 these,	 the	 interaction	between	 certain
amino	acids	and	dextrose	forming	oxidized	end	products,	known	as	the	Maillard
reaction,	is	generally	acknowledged.116	The	use	of	multicompartment	bags	offer
a	 possible	 alternative	 to	 these	 reactions,	 but	 as	with	 enteral	 products,	 they	 too
become	clinically	limiting	in	the	unstable	patient	in	the	acute	care	setting.	Thus,
PN	 admixtures	 are	 most	 often	 made	 extemporaneously	 from	 individual
commercial	 ingredients	 (ie,	 amino	 acids,	 dextrose,	 lipids,	 electrolytes,	 etc)	 by
qualified	 pharmacy	 personnel.	 The	 introduction	 of	 automated	 compounding
devices	 and	 their	 subsequent	widespread	use	has	made	 the	practice	of	 patient-
specific	 admixtures	 a	 relatively	 easy	 task.117	 Thus,	 even	 the	 sickest	 of	 ICU
patients	can	receive	some	form	of	nutrition	support	by	the	prescribing	of	unique
and	specifically	designed	formulations	to	support	the	protein	synthetic	response
to	injury.

Costs



Enteral	Nutrition
Historically,	EN	formulations	have	been	a	fraction	of	the	cost	of	PN	admixtures
because	 they	 are	 ready-to-use	 and	 largely	 composed	 of	 polymeric	 forms	 of
macronutrients.	 However,	 with	 refinements	 of	 these	 products	 to	 construct
oligomeric	 or	 monomeric	 forms	 of	 protein	 and	 carbohydrates,	 the	 so-called
elemental	 formulas,	 the	 cost	 of	 certain	 products	 has	 increased	 substantially.
Moreover,	 the	 addition	 of	 novel	 nutrients,	 such	 as	 ω-3	 fatty	 acids,	 glutamine,
arginine,	 and	 others	 to	 produce	 nutritional	 supplements	 that	 may	 have
pharmacological	 effects,	 particularly	 with	 respect	 to	 immune	 function,	 has
increased	 costs	 that	 now	 exceed	 most	 premixed	 PN	 formulations	 per
kilocalories.	Although	the	data	are	promising	for	 these	 innovative	formulations
in	terms	of	their	potential	to	reduce	LOS	and,	possibly,	infectious	complications,
the	full	extent	of	these	claims	has	not	been	fully	substantiated.

Parenteral	Nutrition
Custom	PN	 formulations	were	always	more	expensive	 than	EN	 therapy.	There
were	many	good	reasons	for	this,118	considering	the	product	had	to	be	specially
compounded	 under	 aseptic	 conditions	 to	 be	 suitable	 and	 safe	 for	 IV
administration.	 Because	 the	 methods	 of	 commercial	 production	 improved	 and
became	more	efficient	and	competition	increased,	the	costs	of	PN	therapy	have
significantly	 declined.	 Compared	 with	 specialized	 formulas	 that	 contain
immunonutrients	 or	 certain	 concentrated	 enteral	 products,	 the	 present	 costs	 of
premixed	PN	therapy	are	equal	or,	in	many	cases,	less	expensive.	In	contrast,	for
conventional,	 polymeric	 EN	 supplements,	 the	 cost	 of	 the	 formulations	 is	 still
substantially	 less	 than	 PN	 formula	 costs.	 The	 cost	 of	 establishing	 access,
equipment,	medications,	and	monitoring	must	be	considered	in	both	modalities.

Complications
The	complications	or	adverse	patient	events	associated	with	PN	and	EN	include
mechanical,	 septic,	 and	 metabolic	 misadventures.119	 For	 example,	 mechanical
complications	 of	 invasive	 nutrition	 support	 are	 often	 associated	 with	 the
misplacement	of	various	 types	of	feeding	access	devices	(ie,	vascular	 injury	or
pneumothorax).	 With	 experienced	 clinicians,	 the	 incidence	 of	 such
complications	 is	 substantially	 reduced	and	clinically	acceptable	at	about	1%	to
2%.

Metabolic	 and	 associated	 septic	 complications	 are	 more	 common	 and	 can



have	 a	 significant	 impact	 on	 patient	 outcomes.	 Severe	 disturbances	 of	 fluid,
electrolyte,	and	acid-base	homeostasis	are	commonly	associated	with	high	rates
of	morbidity	and	mortality	 in	 the	 ICU.	This	 is	especially	 true	 for	patients	with
significant	 heart	 disease.120	 As	 well,	 septic	 complications	 in	 association	 with
hyperglycemia	and	infections	in	critically	ill	patients	receiving	PN	or	EN	are	at
least	 equally	 significant,	 if	 not	 even	 more	 so.113	 Therefore,	 a	 more	 modest
provision	of	energy	intake	(eg,	approximately	25	total	kcal/kg/d)	should	be	the
overall	 goal	 of	 therapy	 by	 whatever	 route	 of	 delivery	 and	 is	 most	 likely	 to
succeed,	 and,	 with	 this,	 fewer	 nutrition-related	 complications	 are	 likely.
However,	 in	 the	first	3	 to	7	days	of	EN	and	PN,	providing	at	 least	50%	of	 the
estimated	energy	requirement	along	with	protein	intake	of	at	least	1	g/kg	may	be
a	reasonable	compromise	meeting	the	definition	or	early,	adequate	feeding	while
lowering	 the	 risk	 of	 metabolic	 and	 infectious	 complications.	 Of	 note,	 in	 the
recent	 permissive	 underfeeding	 trial,	 Arabi	 et	 al	 showed	 no	 differences	 of
clinical	outcomes	 (90-day	mortality,	 feeding	 intolerance,	 infections,	or	hospital
LOS)	between	groups	fed	EN	for	up	to	14	days.103	Not	surprisingly,	significant
increases	 were	 observed	 in	 the	 “standard	 feeding”	 group	 vs	 those	 in	 the
“permissive	 underfeeding”	 group	 in	 terms	 of	 (1)	 dose	 and	 requirements
(P	 =	 .02),	 (2)	 blood	 glucose	 concentrations	 (P	 =	 .04),	 (3)	 fluid	 balance
(P	 =	 .001),	 and	 (4)	 renal	 replacement	 therapy	 (P	 =	 .04).	Also,	 protein	 intakes
were	 similar	 between	 groups,	 but	 daily	 intake	 was	 <1	 g/kg/d.	 Of	 course,
permissive	underfeeding	should	not	be	applied	to	high-risk	patients,	and	indirect
calorimetry	 can	 be	 helpful	 for	 patients	 with	 preexisting	 moderate-to-severe
malnutrition.	For	patients	at	high	nutrition	risk	or	who	are	already	malnourished,
the	 goal	 should	 be	 to	 provide	 full	 energy	 and	 protein	 needs	 as	 soon	 as
possible.121

Appropriate	Application	of	Nutritional	Support
Critically	ill	patients	experiencing	trauma	and	undergoing	major	surgery	will	be
in	negative	nitrogen	balance	and	experience	weight	loss.	Appropriate	and	timely
nutrition	 intervention	 is	beneficial	 by	both	 short-term	outcomes	as	 it	 relates	 to
LOS	and	surgical	infections,	but	also	for	long-term	recovery	and	rehabilitation.
For	 both	 medical	 and	 surgical	 ICU	 patients,	 inflammatory	 processes	 and
metabolic	 consequences	 can	 begin	 immediately	 for	 these	 critically	 ill	 patients
leaving	even	those	patients	well-nourished	at	risk	for	adverse	outcomes.122

MONITORING	PARAMETERS	FOR	NUTRITIONAL



SUPPORT

Electrolytes
During	critical	illness,	severe	electrolyte	disorders	are	common	and	are	primarily
the	result	of	various	concomitant	etiologies,	including	changes	in	(a)	the	function
of	 major	 organ	 systems,	 especially	 the	 kidneys;	 (b)	 fluid	 balance	 affecting
intravascular	 volume	 and	 the	 hormonal	 milieu	 produced	 because	 of	 the
metabolic	response	to	severe	stress(es);	(c)	intracellular	or	extracellular	shifts	of
ions	 associated	 with	 acid-base	 disturbances;	 and	 (d)	 multiple	 drug	 therapies.
Renal	dysfunction	has	profound	effects	on	electrolyte	balance	by	influencing	the
absorption	 and	 excretion	 of,	 most	 notably,	 sodium,	 potassium,	 magnesium,
phosphorus,	 and	 titratable	 acids.	 As	 renal	 function	 declines,	 the	 excretion	 of
these	 electrolytes	 decreases;	 therefore,	 the	 PN	 admixture	 must	 be	 adjusted
accordingly.	For	example,	 in	some	cases,	electrolytes	are	significantly	reduced,
whereas,	 in	 other	 circumstances,	 they	 are	 entirely	 omitted	 from	 the	 daily
admixture.	As	well,	chloride	 ions	are	often	substituted	with	alkalinizing	anions
such	as	acetate	to	combat	the	metabolic	acidosis	associated	with	renal	failure.

Fluid	 overload	 is	 a	 common	 finding	 among	 critically	 ill	 patients	 related	 to
intraoperative	 suport	 of	 renal	 blood	 flow	 and	 function,	 acute	 volume
resuscitation	with	crystalloids	in	the	ICU,	and	the	administration	of	multiple	IV
medications	that	may	produce	its	own	set	of	complications.	For	example,	acute
increases	of	10%	or	greater	above	usual	body	weight	over	short	intervals	clearly
reflect	 a	 significant	 expansion	 of	 TBW	 that	 may	 impede	 the	 weaning	 of	 the
patient	 from	 mechanical	 ventilation.	 Thus,	 clinical	 efforts	 to	 return	 to	 the
patient’s	 premorbid	 weight,	 such	 as	 by	 aggressive	 diuretic	 therapy	 and
concentrating	 IV	 medications	 in	 the	 least	 diluent	 volume	 possible,	 are	 often
used.	More	recently,	the	use	of	hemofiltration	procedures	to	accomplish	this	goal
has	proven	quite	effective.	Despite	“third-spacing”	of	fluids,	the	consequences	of
the	 antidiuretic	 and	 antinatriuretic	 responses	 of	 stress	 often	 present	 as	 a
hyponatremia	and	can	be	mistakenly	treated	by	the	parenteral	administration	of
sodium	 salts	 to	 correct	 the	 serum	 sodium	 concentration.	 However,	 given	 that
sodium	essentially	distributes	in	TBW,	one	can	easily	calculate	that,	in	fact,	the
patient	 is	 both	 fluid	 and	 total	 body	 sodium	 overloaded.	 Hence,	 clinical
maneuvers	to	address	the	problem	should	be	directed	at	increasing	both	sodium
and	free	water	losses,	with	gradual	restoration	of	serum	sodium	concentrations.
A	clinical	example	of	this	estimation	appears	in	Table	214.5.



TABLE	214.5

Estimating	Total	Body	Sodium	in	the	Acute	Care	Setting

Premorbid	total	body	sodium

Total	body	water	at	70	kg =42	L

Total	body	sodium =42	L	×	140	mEq/L

=5880	mEq

Present	total	body	sodium

Total	body	water	at	91	kg =42	L	+	(91	−	70	kg)

=63	L

Total	body	sodium =63	L	×	130	mEq/L

=8190	mEq

Excess	total	body	sodium =8190	−	5880

=2310	mEq

Assumptions:	premorbid	weight	=	70	kg	man;	presently	=	91	kg;	serum	sodium	=	140	mEq/L
(normal);	presently	=	130	mEq/L;	total	body	water	=	60%	(for	men).

The	acute	intracellular	or	extracellular	shifting	of	electrolytes	is	primarily	the
result	 of	 the	 effects	 of	 changes	 in	 acid-base	 homeostasis	 and	 serum	 insulin
concentrations.	 In	 the	 former	 case,	 serum	 potassium	 concentrations	 are	 most
affected	 by	 changes	 in	 acid-base	 status.	 Potassium	 is	 predominantly	 an
intracellular	 ion	whose	 concentration	 in	 the	 intracellular	 compartment	 is	much
higher	than	its	extracellular	concentration.	When	arterial	pH	falls	below	normal,
potassium	shifts	to	the	extracellular	compartment	and	hyperkalemia	occurs,	and,
conversely,	metabolic	alkalosis	produces	hypokalemia.

Insulin	has	also	a	profound	effect	on	 the	shifting	of	potassium,	magnesium,
and	phosphorus	between	the	intracellular	and	extracellular	environments.	In	fact,
the	 life-threatening	 refeeding	 syndrome	 that	 occurs	 in	 severely	 malnourished
patients	is	associated	with	the	shifting	of	these	electrolytes	from	the	extracellular
to	the	intracellular	compartments.123	In	the	atrophic	heart	muscle	characteristic	of



severe	 malnutrition	 (ie,	 greater	 than	 30%	 below	 IBW),	 severe	 reductions	 of
serum	 potassium	 (eg,	 less	 than	 3	mEq	 per	 L)	 and	 serum	 phosphorus	 (eg,	 less
than	0.2	mg/L)	 related	 to	 feeding	may	have	 life-threatening	 electrophysiologic
consequences.124

Finally,	critically	ill	patients	commonly	receive	multiple	drug	therapies	IV	for
a	 variety	 of	 clinical	 reasons	 and	 include,	 for	 example,	 cardiovascular	 agents,
vasopressors,	 diuretics,	 anesthesia/sedation	 therapy,	 crystalloids,	 colloids,
antibiotics,	 anticoagulants,	 and	 so	 forth.	 These	 can	 cause	 clinically	 significant
effects	 by	 altering	 intended	 drug	 actions	 (ie,	 toxic	 synergism,	 reduced	 drug
effects)	or	by	addition	of	substantial	diluent	volumes	(ie,	greater	than	500	mL),
worsening	a	fluid-overloaded	state.	The	clinical	care	of	acutely	ill	patients	with
severe	 fluid	 and	 electrolyte	 disorders	 can	 be	 optimally	 managed	 through
intensive	 metabolic	 monitoring	 and	 selective	 manipulations	 of	 PN	 admixture
components.50,51,124

Insulin	and	Glucose	Homeostasis
Notwithstanding	its	regulatory	role	for	glucose	homeostasis	in	terms	of	glucose
production	 and	 breakdown	 in	 the	 liver,	 as	 well	 as	 its	 facilitated	 transport	 of
glucose	into	muscle	and	other	obligatory	tissues,	 insulin	is	a	complex	hormone
that	 exhibits	 numerous	 metabolic	 effects	 that	 may	 be	 of	 significant	 clinical
consequences	 for	 the	 critically	 ill.	 The	 mechanisms	 by	 which	 abnormally
elevated	blood	glucose	concentrations	of	critically	ill	patients	produce	metabolic
dysfunction	have	been	described.125	With	respect	to	infectious	risk,	the	ability	of
mononuclear	(macrophages	and	monocytes)	and	polymorphonuclear	leukocytes
to	 exert	 phagocytic,	 oxidative	 bursts,	 and	 killing	 functions	 is	 significantly
impaired.	 Thus,	 infections	 of	 the	 bloodstream,	 lungs,	 and	 superficial	 wounds
(i.e.,	any	surgical	incision	site,	intravascular	and	extravascular	catheter	sites,	or
other	 topical	 sites	 of	 injury)	 are	 significantly	 increased	 following	 periods	 of
hyperglycemia.

Glucose	homeostasis	is	best	achieved	when	parenteral	insulin	is	administered
as	 part	 of	 a	 standardized	 protocol	 with	 an	 algorithmic	 approach	 considering
current	 blood	 glucose;	 insulin	 or	 other	 hypoglycemic	 medication;	 and
carbohydrate	delivery	as	IV	fluid,	PN,	EN,	or	oral	diet.	 It	should	be	noted	that
the	use	of	 insulin	within	 the	PN	admixture	 is	 controversial	 due	 to	 concern	 for
increased	 bioavailability	 based	 on	 the	 contents	 of	 the	 PN,	 such	 as	 the
multivitamin	 and	 IVLE.	 The	 uncertain	 bioavailability	 poses	 concerns	 for
hypoglycemia	and	therefore	should	be	incorporated	into	admixtures	with	caution
and	only	in	those	patients	on	stabile	regimens	with	good	glycemic	control.114



Goals	of	Nitrogen	Balance
Achieving	 positive	 nitrogen	 balance	 is	 an	 unrealistic	 goal	 in	 the	 critically	 ill
early	in	the	clinical	course.	Rather,	the	principal	aim	of	nutritional	intervention	is
to	 support	 the	 protein	 synthetic	 response	 to	 injury	 and	 therefore	 narrow	 the
negative	 nitrogen	 gap	 (where	 output	 exceeds	 input)	 that	 occurs	 during	 severe
metabolic	 stress.	 Even	 when	 the	 metabolic	 stress	 has	 subsided,	 it	 should	 be
recognized	that	nutritional	rehabilitation	of	the	moderate-to-severe	malnourished
patient	occurs	at	a	limited	rate	equivalent	to	approximately	1	kg	of	body	weight
per	week,	 and	 generally	much	 of	 this	 repletion	will	 occur	 outside	 the	 hospital
after	 discharge.	 This	 estimation	 is	 based	 on	 a	maximum	 rate	 of	 repletion	 of	 a
positive	 nitrogen	 balance	 (i.e.,	 approximately	 +5	 g/d)	 that	 represents	 150	 g	 of
lean	 tissue	(hydrated	protein)	and	a	calorically	equivalent	amount	of	 fat	 (13	g)
per	day.	Weight	increases	above	this	rate	of	repletion	can	only	reflect	increases
in	TBW.

Finally,	it	should	be	mentioned	that	when	expending	the	effort	to	obtain	a	24-
hour	urine	collection,	additional	 laboratory	measurements	should	be	performed
on	 this	 specimen,	 such	 as	 for	 the	 determination	 of	 creatinine	 excretion	 and
certain	 electrolytes	 (sodium,	 potassium,	 and	 chloride).	 In	 this	 way,	 important
additional	clinical	information	may	be	provided,	including	creatinine	clearance,
urea	clearance,	fractional	excretion	of	sodium,	and	quantification	of	electrolyte
losses,	 among	 other	 possible	 data	 that	 may	 be	 used	 in	 the	 clinical	 and
nutritional/metabolic	care	of	critically	ill	patients.

CONCLUSIONS
Nutritional	and	metabolic	support	is	an	essential	component	of	the	clinical	care
of	 critically	 ill	 patients.	 However,	 without	 appropriate	 initiation	 and	 ongoing
monitoring	 of	 the	 nutritional	 status,	 amounts	 of	 nutrients,	 route	 of
administration,	 and	 the	 clinical	 condition	 of	 the	 patient,	 significant	 iatrogenic
complications	 may	 occur,	 thus	 compromising	 the	 clinical	 benefit.	 Thus,
nutritional	 support	 of	 the	 critically	 ill	 must	 be	 carefully	 integrated	 into	 the
overall	 clinical	 care	 of	 the	 patient,	 with	 specific	 and	 measurable	 outcome
measures	to	obtain	the	maximal	benefits	of	this	important	therapy.
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MULTIPLE	CHOICE	QUESTIONS

Questions
1. 	Regarding	the	initiation	of	nutrition	support	in	the	critically	ill	patient,
which	of	the	following	statements	is	correct?

A. 	Enteral	nutrition	should	be	started	within	24	hours	of	admission
B. 	Parenteral	nutrition	is	more	effective	than	enteral	at	supporting	gut
integrity
C. 	Screening	for	nutrition	status	and	disease	severity	best	identifies
patients	for	therapy
D. 	Serum	protein	markers	such	as	prealbumin	stratify	patients	who	will
benefit

2. 	In	which	of	the	following	patients	should	initiation	of	enteral	therapy	be
delayed?

A. 	Absence	of	bowel	sounds
B. 	Decreased	level	of	consciousness
C. 	Increasing	pressor	requirement
D. 	Transfer	in	progress	from	the	ICU	to	wards

3. 	Close	monitoring	when	initiating	nutrition	support	in	the	malnourished
critically	ill	patient	must	be	done	to	minimize	the	potentially	fatal	complication
of	refeeding	syndrome.	Which	of	the	following	electrolyte	shifts	may	be	seen	in
the	refeeding	syndrome?

A. 	Hypercalcemia	and	hyperphosphatemia
B. 	Hyperkalemia	and	hyperphosphatemia
C. 	Hypermagnesemia	and	hypoglycemia
D. 	Hypokalemia	and	hypophosphatemia



Answers

1.	The	correct	answer	is	C.
Rationale:	Use	of	nutrition	screening	within	the	first	48	hours	of	admission	to

the	 ICU	can	 identify	patients	 at	high	 risk	who	are	more	 likely	 to	benefit	 from
nutrition	(choice	C	is	correct).	Enteral	nutrition	can	be	beneficial	early,	but	not
necessarily	 in	 the	 very	 first	 24	 hours	 (choice	 A	 is	 incorrect).	 Screening	 with
traditional	serum	protein	markers	like	albumin	is	not	appropriate	for	critically	ill
patients,	 as	 they	 are	 indicative	 of	 acute-phase	 response	 rather	 than	 nutritional
status	at	the	start	of	an	ICU	stay	(choice	D	is	incorrect).	Enteral	nutrition	better
supports	 the	 functional	 integrity	 of	 the	 gut	 by	 maintaining	 tight	 junctions
between	the	intraepithelial	cells,	stimulating	blood	flow,	and	inducing	the	release
of	trophic	endogenous	agents	(choice	B	is	incorrect).

2.	The	correct	answer	is	C.
Rationale:	Enteral	nutrition	initiation	should	be	delayed	until	a	patient	is	fully

volume	 resuscitated,	 hemodynamically	 stable,	 and	 with	 restored	 mesenteric
perfusion	to	reduce	the	risk	of	intestinal	ischemia	(choice	C	is	correct).	Evidence
of	 bowel	 sounds	 is	 not	 required	 prior	 to	 initiation	 of	 feeds	 (choice	 A	 is
incorrect).	 Patients	 at	 a	 decreased	 level	 of	 consciousness	 may	 benefit	 from
postpyloric	 feeding	 to	minimize	 the	 risk	 of	 aspiration,	 but	 they	 should	 not	 be
deprived	of	 enteral	nutrition	 in	general	 (choice	B	 is	 incorrect).	Transfer	out	of
the	 ICU	 should	 not	 delay	 enteral	 nutrition	 support	 if	 it	 is	 otherwise	 indicated
(choice	D	is	incorrect).

3.	The	correct	answer	is	D.
Rationale:	 Refeeding	 syndrome	 is	 characterized	 by	 electrolyte	 disturbances

associated	with	shifting	of	potassium,	magnesium,	and	phosphorus	between	the
intracellular	 and	 extracellular	 environments	 resulting	 in	 severe	 reductions	 in
serum	 concentrations	 of	 these	 electrolytes	 (choice	 D	 is	 correct).	 The	 other
choices	 are	 not	 common	 features	 of	 refeeding	 syndrome.	Close	monitoring	 of
electrolytes	 as	 well	 as	 volume	 status	 and	 blood	 glucose	 is	 essential	 upon
initiation	 of	 nutrition	 support	 in	 patients	 identified	 at	 risk	 for	 refeeding
syndrome.
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Chapter	215
Disease-Specific	Nutrition
Paul	J.	Foster,	Michelle	Rightmyer,	Jessica	Lundberg,	Alexis	P.	Calloway

KEY	POINTS:
1.	 Energy	requirements	for	acute	kidney	injury	(AKI)	are	similar	to	the

general	critical	care	population	and	can	be	estimated	at	25	to	30
calories/kg	using	a	weight-based	equation.	Protein	needs	are
dependent	on	multiple	factors	including	acute	illness,	metabolic
stress,	and	modality	of	renal	replacement	therapy	(RRT)	and
associated	protein	losses.

2.	 Malnutrition	during	acute	and	chronic	liver	disease	is	the	result	of	a
combination	of	factors:	metabolic	abnormalities,	decreased	oral
intake	is	common	due	to	early	satiety	secondary	to	ascites	or
excessive	alcohol	consumption,	and	maldigestion	and	malabsorption
is	often	seen	in	cholestasis	or	chronic	pancreatitis.

3.	 As	is	the	case	in	most	patients	with	critical	illness,	enteral	nutrition
(EN)	is	the	preferred	route	of	nonvolitional	feeding	in	those	with	liver
disease	and	the	presence	of	esophageal	varices	or	ascites	does	not
preclude	the	use	of	small	bowel	nasoenteric	tube	feeding	for
malnourished	cirrhotic	patients.

4.	 Historically,	excess	carbohydrate	intake	was	suspected	to	increase
carbon	dioxide	production	and	delayed	weaning	from	mechanical
ventilation.	There	is	no	reliable	evidence	to	support	changes	in
macronutrient	distribution	for	this	population.	It	is	now	understood
that	patients	with	pulmonary	failure	require	similar	macronutrient
distributions	as	other	critically	ill	patients.



INTRODUCTION
For	 the	 critically	 ill	 patient,	 the	 constant	 barrage	 of	 multiple	 physiological
derangements	 quickly	 leads	 to	 malnutrition.	 The	 hypermetabolic	 response	 to
stress	changes	the	nutritional	requirements	of	these	individuals,	but	failure	of	the
various	 organ	 systems	 complicates	 the	 issue.	 Renal,	 hepatic,	 and	 pulmonary
function	 must	 be	 considered	 when	 prescribing	 nutritional	 therapies	 during	 an
intensive	care	unit	(ICU)	stay.	Patients	requiring	ICU-level	of	care	often	require
multiple	 modalities	 for	 the	 provision	 of	 nutrition	 including	 oral	 diet,	 enteral
nutrition	(EN),	parenteral	nutrition	(PN),	or	a	combination	of	therapies	adding	to
the	 complexity	 of	 managing	 the	 critically	 ill.	 This	 chapter	 discusses	 the
metabolic	abnormalities	associated	with	 these	disease	processes,	 the	nutritional
assessment	 of	 the	 patient	 with	 organ	 failure,	 and	 proposes	 evidence-based
guidelines	for	nutritional	support	for	these	disease-specific	populations.

RENAL	FAILURE
Acute	kidney	injury	(AKI)	is	associated	with	an	overall	mortality	rate	of	50%	to
60%,	depending	on	 its	derivations	and	comorbid	conditions.1	Hypotension	 and
hypovolemia,	secondary	to	excessive	fluid	losses,	inadequate	fluid	replacement,
or	 decreased	 cardiac	 output	 are	 common	 causes	 of	 renal	 failure	 among	 the
critically	ill.	Factors	such	as	shock	or	sepsis	and	exposure	to	nephrotoxic	drugs
can	 also	 predispose	 patients	 to	 renal	 dysfunction.2	 Early	 diagnosis	 and
restoration	of	circulating	blood	volume	to	the	kidneys	may	decrease	the	risk	of
permanent	damage;	however,	the	course	to	renal	recovery	is	often	a	complicated
one.	The	patient	with	chronic	kidney	disease	(CKD)	is	also	at	increased	risk	for
morbidity	because	these	patients	often	have	protein-calorie	malnutrition	(PCM)
at	baseline.	Moreover,	the	nutritional	support	of	the	patient	on	renal	replacement
therapy	will	offer	a	unique	challenge	to	the	critical	care	practitioner.

Malnutrition	and	Metabolic	Abnormalities	of	Renal	Disease
In	 general,	 renal	 failure	 is	 characterized	 by	 altered	 nutrient	 metabolism,
defective	metabolic	waste	 excretion,	 inadequate	 nutrient	 intake,	 and	 excessive
nutrient	losses.	Inflammatory	cytokine	levels	are	increased	among	patients	with
advanced	 CKD,	 and	 this	 can	 cause	 decreased	 serum	 albumin	 concentrations,
decreased	 appetite,	 and	 weight	 loss.1	 In	 fact,	 malnutrition	 and	 inflammation
occur	 among	 approximately	 30%	 to	 70%	 of	 patients	 with	 CKD.3	 For	 these



patients,	 PCM	 is	most	 often	 the	 result	 of	 hypercatabolism,	 poor	 dietary	 intake
secondary	 to	 uremia-induced	 gastroparesis,	 poor-tasting	 highly	 restrictive	 diet
prescriptions,	 and	 medications	 with	 gastrointestinal	 side	 effects.	 The	 overall
effects	 of	 these	 derangements	 result	 in	 protein-energy	 wasting	 and	 cachexia,
which	 is	 closely	 associated	 with	 morbidity	 and	 mortality,	 particularly	 among
patients	with	advanced	CKD.4	 In	addition,	10%	to	30%	of	critically	ill	patients
experience	 AKI,	 and	 therefore,	 represent	 a	 significant	 portion	 of	 critically	 ill
patients	who	require	nutrition	support.5

Common	 metabolic	 abnormalities	 associated	 with	 AKI	 include	 glucose
intolerance,	 impaired	 lipolysis,	 increased	 protein	 catabolism,	 decreased	 protein
synthesis,	 fluid	 and	 electrolyte	 imbalances,	 and	 metabolic	 acidosis.	 Catabolic
hormones	 increase	 glycogenolysis	 and	 gluconeogenesis	 of	 acutely	 ill	 patients,
while	 renal	gluconeogenesis	and	glucagon	clearance	 is	decreased	 in	 the	setting
of	 AKI.5	 This	 combination	 of	 derangements	 renders	 patients	 with	 AKI
particularly	prone	to	hyperglycemia	and	insulin	resistance	during	critical	illness.
This	 is	 coupled	 with	 decreased	 renal	 insulin	 clearance	 that	 necessitates	 close
monitoring	of	blood	glucose	to	avoid	hyper-	or	hypoglycemia.

Several	 factors	 contribute	 to	 increased	 protein	 catabolism	 and	 overall
negative	 nitrogen	 balance	 of	 patients	 with	 AKI.	 One	 aspect	 of	 the	 metabolic
response	 to	 injury	 is	 the	 breakdown	 of	 skeletal	muscle	 proteins	 for	 use	 as	 an
energy	source,	via	an	 increase	of	hepatic	gluconeogenesis,	and	for	synthesis	of
acute-phase	proteins.	Metabolic	acidosis,	which	commonly	occurs	during	 renal
failure,	 can	 trigger	 skeletal	 muscle	 protein	 breakdown	 as	 well.	 Reduction	 of
muscle	 protein	 synthesis	 among	 this	 population	has	 been	 linked	 to	 diminished
cellular	 uptake	 of	 glucose	 and	 amino	 acids	 secondary	 to	 insulin	 resistance,
altered	cellular	ion	transport	mechanisms,	and	defective	intracellular	synthesis.5

Energy	and	Protein	Requirements	of	Patients	with	Renal
Disease
1 	Although	AKI	alone	does	not	result	in	hypermetabolism,	energy	requirements
are	affected	by	other	comorbidities	during	acute	illness	and	by	prior	nutritional
status.	Evidence	using	 indirect	calorimetry	 suggests	 that	energy	expenditure	of
critically	 ill	patients	with	AKI	only	 increases	up	 to	130%	of	normal.	Thus,	 the
recommended	 energy	 delivery	 for	 critically	 ill	 patients	with	AKI	 is	 similar	 to
those	 without	 AKI	 at	 25	 to	 30	 kcal/kg/d.5,6	 Establishing	 appropriate	 goals	 for
protein	 delivery	 requires	 consideration	 of	 degree	 of	 illness,	 degree	 of	 renal
insufficiency,	 and	 mode	 of	 renal	 replacement	 therapy.	 Metabolically	 stable



patients	with	stages	3	to	5	CKD	not	on	dialysis	only	require	0.55	to	0.6	g/kg/d	of
protein	(0.6	to	0.8	g/kg	for	patients	with	diabetes	mellitus	to	promote	glycemic
control).7	 Patients	 with	 AKI	 on	 intermittent	 hemodialysis	 (HD)	 can	 achieve	 a
positive	 nitrogen	 balance	 with	 1.5	 g/kg/d,	 while	 those	 with	 CKD	 receiving
maintenance	HD	require	protein	of	doses	at	1.2	g/kg/d.	For	critically	ill	patients
with	AKI	the	recommended	protein	dose	is	1.2	to	2	g/kg/d	of	actual	body	weight
be	provided.8	Protein	requirements	during	continuous	renal	replacement	therapy
(CRRT)	are	greatly	increased	to	1.8	to	2.5	g/kg/d	due	to	the	associated	level	of
stress	in	addition	to	protein	losses	in	the	effluent.1,5	These	protein	requirements
illustrate	the	significant	roles	that	the	mode	and	dose	of	renal	replacement	play
on	 the	 nutritional	 status	 of	 critically	 ill	 patients.	 Recommendations	 for	 energy
and	protein	intake	are	summarized	in	Table	215.1.

TABLE	215.1

Recommended	Energy	and	Protein	Requirements	in	Renal
Failure

Per	kg	Dosing	Weight

Energy	requirements	in	AKI 25-30	kcal/d

Protein	requirements	without	stress

CKD	with	residual	renal	function	not	on	HD 0.6-0.8	g/d

CKD	on	intermittent	HD 1.2	g/d

AKI	on	HD 1.5	g/d

Protein	requirements	with	stress

AKI	on	HD 1.2-2.0	g/d

AKI	on	CRRT 1.8-2.5	g/d

Protein	dose	should	not	be	restricted	to	avoid	initiation	of	HD	or	CRRT.
Protein	and	amino	acid	loss	during	CRRT	ranges	from	5	to	10	g	and	10	to	15	g/d.

Protein	loss	during	HD	ranges	from	10	to	13	g/session.
Data	and	comments	compiled	from	Brown	RO,	Compher	C.	A.S.P.E.N.	clinical	guidelines:



nutrition	support	in	adult	acute	and	chronic	renal	failure.	JPEN	J	Parenter	Enteral	Nutr.
2010;34(4):366-377;	Gervasio	JM,	Garmon	WP,	Holowatyj	M.	Nutrition	support	in	acute	kidney
injury.	Nutr	Clin	Pract.	2011;26(4):374-381;	Fiaccadori	E,	Regolisti	G,	Maggiore	U.	Specialized
nutritional	support	interventions	in	critically	ill	patients	on	renal	replacement	therapy.	Curr	Opin
Clin	Nutr	Metab	Care.	2013;16(2):217-224;	and	McClave	SA,	Taylor	BE,	Martindale	RG,	et	al.
Guidelines	for	the	provision	and	assessment	of	nutrition	support	therapy	in	the	adult	critically	ill
patient:	Society	of	Critical	Care	Medicine	(SCCM)	and	American	Society	for	Parenteral	and	EN
(A.S.P.E.N.).	JPEN	J	Parenter	Enteral	Nutr.	2016;40(2):159-211.

AKI,	acute	kidney	injury;	CKD,	chronic	kidney	disease;	HD,	hemodialysis;	CRRT,	continuous	renal
replacement	therapy.

Metabolic	Abnormalities	and	Renal	Replacement	Therapy
Provision	of	protein	can	be	complex	in	the	setting	of	AKI	and	critical	illness	as
protein	 needs	 are	 significantly	 increased	 while	 clearance	 of	 urea	 may	 be
decreased.	The	protein	 requirements	as	previously	discussed	are	 in	part	due	 to
nitrogen	loss	associated	with	dialysis.	In	CRRT,	there	is	a	loss	of	at	 least	0.2	g
amino	acids	per	L	of	ultrafiltrate	(up	to	10-15	g	amino	acids	per	day),	and	of	5	to
10	 g	 of	 protein	 losses	 per	 day	 depending	 on	 therapy	 used	 and	 dialyzer
membrane.7	In	contrast,	protein	losses	range	from	10	to	13	g	per	HD	session.6,8
In	 addition,	 these	 patients	 tend	 to	 be	 severely	 volume	 overloaded	 with	 fluid
shifting	 to	 the	 extravascular	 space	 because	 of	 capillary	 leak	 and
hypoalbuminemia.	 Under	 these	 circumstances,	 it	 is	 advised	 that	 the	 clinically
appropriate	 protein	 dose	 be	 met,	 even	 if	 giving	 extra	 fluid	 seems	 to	 be
counterintuitive,	 as	 attaining	 nitrogen	 balance	 for	 the	 repletion	 and	 reversal	 of
the	effects	of	low	serum	albumin	is	of	paramount	importance	in	the	care	of	these
patients.

It	is	estimated	that	35%-45%	of	the	dextrose	from	the	dialysate	solution	used
in	 CRRT	 is	 absorbed.	When	 the	 dialysate	 contains	 high	 amounts	 of	 dextrose
(e.g.,	 1.5%-2.5%),	 glucose	 absorption	may	 be	 significant.	Newer	 formulations
have	lower	dextrose	concentrations.	Using	glucose-free	fluids	will	 result	 in	net
glucose	loss	into	the	effluent.	The	associated	calorie	deficits	are	considered	not
significant,	but	these	glucose	shifts	may	assist	with	glycemic	control.9

Close	monitoring	 of	 fluid	 status	 is	 crucial	 for	 the	maintenance	 of	 adequate
intravascular	 volume	 and	 renal	 perfusion.	 Fluid	 is	 typically	 restricted	 to	 1	 to
1.5	 L/d	 in	 nondialysis	 anuric	 or	 oliguric	 patients.	 Sodium	 often	 needs	 to	 be
restricted	 for	 these	 patients	 as	 well.	 In	 this	 situation	 concentrated	 enteral
formulas	(e.g.,	1.5-2	kcal/mL)	or	minimized	volume	parenteral	preparations	are
often	 used	 to	 meet	 daily	 nutrient	 requirements.	 Renal	 replacement	 therapy,
particularly	 CRRT,	 allows	 for	 a	 liberalization	 of	 fluid	 provisions	 and	 often
makes	it	easier	to	deliver	full	protein	and	energy	requirements.	Finally,	sodium



intake	 can	 be	 liberalized	 in	 the	 setting	 of	 CRRT	 to	 help	 correct	 acid-base	 or
electrolyte	abnormalities.

Serum	electrolyte	levels	often	fall	outside	of	the	normal	range	depending	on
renal	 excretion,	 extent	 of	 catabolism,	 and	 and	 duration	 of	 dialysis.10	 Increased
catabolism	 of	 skeletal	 muscle	 protein	 releases	 phosphorus,	 potassium,	 and
magnesium	 and	 may	 elevate	 serum	 electrolyte	 concentrations.	 Therefore,
patients	with	AKI	or	CKD	who	are	not	receiving	any	form	of	renal	replacement
therapy	typically	need	their	intake	of	these	electrolytes	to	be	limited.5

For	 patients	 on	 dialysis,	 it	 is	 important	 to	 account	 for	 the	 timing	 of	 blood
draws	 in	 relationship	 to	 dialysis	 as	 this	 can	 have	 a	 remarkable	 effect	 on	 the
measured	 serum	 levels	 of	 electrolytes.	 For	 example,	 serum	 potassium	 can	 be
significantly	decreased	during	HD,	depending	on	the	potassium	concentration	of
the	 dialysate,	 duration	 and	 modality	 of	 HD,	 and	 baseline	 serum	 potassium
concentrations.	 Conversely,	 there	 is	 a	 rapid	 shift	 of	 potassium	 from	 the
intracellular	to	extracellular	compartments	following	HD	that	can	result	in	up	to
a	 70%	 increase	 of	 serum	 potassium	 within	 6	 hours.11	 In	 general,	 patients
receiving	 HD	 usually	 require	 much	 lower	 amounts	 of	 electrolyte
supplementation,	especially	between	treatments,	compared	to	patients	receiving
CRRT	who	often	 require	 repletion	of	sodium,	potassium,	calcium,	magnesium,
or	 phosphorus	 as	 these	 are	 filtered	 through	 this	 modality.	 Phosphorus	 in
particular	 is	 likely	 to	 require	 repletion,	 because	 it	 is	 much	 more	 efficiently
cleared	by	CRRT	compared	to	HD.6

The	 dangers	 of	 undershooting	 electrolyte	 need	 for	 a	 malnourished	 CKD
population	 cannot	 be	 overstated.	 Introducing	 a	 carbohydrate	 load	 by	 the
parenteral	 or	 enteral	 route	 to	 a	 malnourished	 patient	 stimulates	 insulin
production,	 cellular	 anabolism,	 and	 shifts	 potassium,	 magnesium,	 and
phosphorus	into	the	intracellular	space12;	the	severe	decline	of	serum	electrolyte
levels	with	resultant	clinical	complications	is	referred	to	as	refeeding	syndrome.

It	is	our	practice	to	provide	multivitamin	preparations	standard	to	enteral	and
parenteral	formulas	for	most	ICU	patients	with	AKI	and	CKD	who	are	receiving
CRRT.	However,	because	vitamins	and	trace	elements	may	be	lost	in	significant
amounts	 during	 dialysis,13	 it	 has	 been	 suggested	 that	 supplementation	 of	 folic
acid,	 thiamine,	 and	 selenium	 be	 provided	 to	 patients	 with	 AKI	 undergoing
CRRT.5	We	generally	do	not	measure	blood	levels	of	vitamins	or	trace	elements
unless	the	patient	is	at	risk	for	deficiency	or	excess	as	interpretation	of	results	is
often	difficult	as	concentrations	may	be	affected	by	the	acute-phase	response.	An
exception	to	this	approach	is	for	patients	with	AKI	who	are	not	on	dialysis.	For
these	 patients,	 supplementation	 with	 vitamins	 C	 and	 A	 should	 be	 reduced	 or
eliminated,	 if	possible,	as	evidence	suggests	 that	vitamin	C	 in	amounts	greater



than	100	mg/d	can	 lead	 to	oxalate	accumulation	with	 renal	 injury.	Likewise,	 if
signs	 of	 vitamin	 A	 toxicity	 are	 observed,	 daily	 provision	 may	 need	 to	 be
withheld.

Nutrition	Assessment	during	Renal	Disease
Along	with	other	disease	states	associated	with	critical	illness,	early	initiation	of
nutritional	 support	 (e.g.,	within	 24-48	 hours)	 is	 recommended.8	 Unfortunately,
common	 measures	 of	 nutritional	 status,	 such	 as	 serum	 albumin,	 prealbumin,
serum	transferrin,	weight	changes,	and	anthropometrics	are	not	reliable	for	 this
patient	 population	 who	 is	 typically	 volume	 overloaded	 with	 metabolic
derangements	 associated	 with	 the	 inflammatory	 processes	 of	 critical	 illness.
Despite	 this,	 serum	albumin	 is	 considered	 the	 strongest	 laboratory	predictor	of
mortality	for	hospitalized	patients	with	renal	failure	and	should	be	considered	as
an	important	biomarker	for	the	identification	of	patients	who	may	benefit	from
nutritional	support.14	Daily	monitoring	of	weight	and	intake	and	output	records
can	help	to	assess	fluid	balance	in	these	individuals.	It	 is	essential	 to	use	a	dry
weight	 (e.g.,	 free	 of	 edema	 or	 ascites)	 when	 examining	 alterations	 in	 weight
status.	The	dry	or	adjusted	body	weight	of	a	renal	patient	may	then	be	used	 to
more	closely	estimate	daily	nutrient	needs.

Enteral	and	Parenteral	Formulations	for	Renal	Disease
A	wide	array	of	EN	products	has	been	designed	for	patients	in	varying	stages	of
renal	 disease	 (Table	 215.2).	 Standard	 enteral	 formulas	 are	 recommended	 for
most	critically	ill	patients	with	renal	failure.	The	formula	should	be	changed	to	a
specialty	 formulation	 when	 severe	 electrolyte	 abnormalities	 are	 present.8
Formula	selection	may	also	depend	largely	on	 the	 individual’s	fluid	allowance,
as	 a	 more	 concentrated	 enteral	 formula	 is	 usually	 preferred	 in	 the	 setting	 of
hypervolemia.	Products	with	 reduced	 levels	of	protein,	phosphorus,	potassium,
magnesium,	 and	 vitamin	 A	 are	 useful	 for	 patients	 with	 chronic	 renal
insufficiency	 who	 are	 not	 on	 dialysis.	 Moderate	 protein	 formulas	 with	 low
electrolyte	content	are	often	indicated	for	patients	receiving	intermittent	dialysis
treatments.	It	is	best	to	initiate	tube	feedings	at	a	slow	rate	in	this	population	and
advance	the	feeding	rate	gradually	to	prevent	osmotic	diarrhea.	Because	patients
on	 CRRT	 demonstrate	 improved	 clearance	 of	 nitrogenous	 wastes,	 fluid,	 and
electrolytes,	 standard	 enteral	 formulas	 may	 be	 used	 in	 addition	 to	 protein
supplements	in	order	to	meet	protein	requirements.	In	this	case,	selection	likely



depends	 more	 on	 accompanying	 clinical	 conditions	 than	 on	 renal	 status.	 For
example,	 a	 low-carbohydrate	 formula	may	 be	more	 appropriate	 for	 the	CRRT
patient	with	glucose	intolerance	than	the	typical	calorically	dense	renal	formulas.

TABLE	215.2

Specialty	Enteral	Products	for	Use	in	Renal,1-4	Liver,5	and
Pulmonary7,15	Failure

Indication/Product
Caloric
Density
(kcal/mL)

NPC:N Pro
(g/L)

Carbc

(%)
Fatc
(%)

PO4

(mg/L)

Neproa 1.8 116:1 81 35 47 717

Suplenaa 1.8 231:1 45 42 48 717

Novasource	Renalb 2.0 110:1 93 36 45 840

NutriHepb,d,e 1.5 209:1 40 77 13 1000

Pulmocarea,f 1.5 126:1 62 28 56 1055

aAbbott	Nutrition	(Columbus,	OH).
bNestle	Healthcare	Nutrition	(Minnetonka,	MN).
cAs	a	percentage	of	total	energy.
dHigh	ratio	of	branch	chain	amino	acids.
e70%	of	fat	is	medium-chain	triglyceride.
f20%	of	fat	is	medium-chain	triglyceride.

AKI,	acute	kidney	disease;	ARDS,	acute	respiratory	distress	syndrome;	Carb,	carbohydrate;	CF,
cystic	fibrosis;	CKD,	chronic	kidney	disease;	COPD,	chronic	obstructive	pulmonary	disease;	ER,
electrolyte	restriction;	FR,	fluid	restriction;	HE,	hepatic	encephalopathy;	K,	potassium;	MV-SIRS,
mechanical	ventilation-systemic	inflammatory	response	syndrome;	Na,	sodium;	NPC:N,
nonprotein	calorie	to	nitrogen	ratio;	PO4,	phosphorus;	Pro,	protein;	RF,	respiratory	failure;	SER,
severe	electrolyte	restriction.
From	Brown	RO,	Compher	C.	A.S.P.E.N.	clinical	guidelines:	nutrition	support	in	adult	acute	and
chronic	renal	failure.	JPEN	J	Parenter	Enteral	Nutr.	2010;34(4):366-377;	McCarthy	MS,	Phipps
SC.	Special	nutrition	challenges:	current	approach	to	acute	kidney	injury.	Nutr	Clin	Pract.
2014;29(1):56-62;	Peev	V,	Nayer	A,	Contreras	G.	Dyslipidemia,	malnutrition,	inflammation,
cardiovascular	disease	and	mortality	in	chronic	kidney	disease.	Curr	Opin	Lipidol.	2014;25(1):54-
60;	Obi	Y,	Qader	H,	Kovesdy	CP,	et	al.	Latest	consensus	and	update	on	protein-energy	wasting	in



chronic	kidney	disease.	Curr	Opin	Clin	Nutr	Metab	Care.	2015;18(3):254-262;	Gervasio	JM,
Garmon	WP,	Holowatyj	M.	Nutrition	support	in	acute	kidney	injury.	Nutr	Clin	Pract.
2011;26(4):374-381;	Ikizler	TA,	Burrowes	JD,	Byham-Gray	LD,	et	al.	KDOQI	Nutrition	in	CKD
Guideline	Work	Group.	KDOQI	clinical	practice	guideline	for	nutrition	in	CKD:	2020	update.	Am	J
Kidney	Dis.	2020;76(3	suppl	1):S1-S107;	and	Kidney	Disease:	Improving	Global	Outcomes
(KDIGO)	Acute	Kidney	Injury	Work	Group.	KDIGO	Clinical	Practice	Guideline	for	Acute	Kidney
Injury.	Kidney	Inter.	2012;2:1-138.

Delayed	gastric	emptying	related	to	dialysis	 treatment,	diabetes,	high	blood
urea	 nitrogen	 levels,	 hyperglycemia,	 or	 postoperative	 gastrointestinal
complications	can	lead	to	enteral	feeding	intolerance	among	patients	with	renal
failure.	A	change	of	EN	formula,	use	of	a	prokinetic	agent,	or	postpyloric	tube
placement	may	be	indicated.	PN	is	indicated	only	when	the	enteral	route	cannot
safely	be	used	to	fully	meet	daily	nutritional	requirements.	For	patients	who	are
normal	or	mildly	malnourished,	 this	 should	occur	7	 to	10	days	 following	 ICU
admission,	 while	 earlier	 initiation	 should	 be	 considered	 for	 those	 who	 are
severely	 malnourished.8	 When	 fluid	 volume	 restriction	 is	 necessary,	 a	 15%
amino	acid	solution	should	be	considered	 to	provide	a	maximally	concentrated
parenteral	formula.

Summary	of	Nutritional	Recommendations	for	Patients
with	Renal	Disease
Primary	 efforts	 of	 the	 caregiver	 should	 be	 directed	 toward	management	 of	 the
various	 nutritional	 and	 metabolic	 disorders	 commonly	 associated	 with	 renal
failure.	 Adequate	 nutrient	 provision	 may	 optimize	 renal	 function,	 improve
nutritional	 status,	and	 increase	 the	chances	of	 survival	 for	critically	 ill	patients
with	AKI.	 Protein	 and	 energy	 requirements	 of	 critically	 ill	 patients	with	 renal
failure	 are	 similar	 to	 those	without	 renal	 failure,	with	 the	 exception	 of	 protein
needs	that	are	dictated	by	the	mode	of	renal	replacement.8	Predictive	equations,
indirect	 calorimetry,	 or	 simple	dry	weight-based	 equations	 (25	 to	30	 equations
[25	 to	 30	 kcal/kg/d])	may	 be	 used	 to	 determine	 energy	 needs	 for	 critically	 ill
patients	with	renal	failure.5,6	Serum	electrolytes	should	be	monitored	daily	with
PN	additives	adjusted	on	an	individual	basis	for	patients	receiving	PN.	A	renal-
specific	 multivitamin	 is	 recommended	 to	 replace	 water-soluble	 vitamins	 lost
during	 RRT.	 Standard	 parenteral	 multivitamins	 (10	 mL	 dose)	 and	 multitrace
elements	 (1	mL	dose)	 can	 safely	 be	 provided	 to	most	 ICU	patients	with	 renal
failure.	Fluid	allowances	 for	nondialyzed	or	HD	patients	are	based	on	24-hour
urine	output	with	an	additional	500	mL	for	insensible	losses.	Those	undergoing
CRRT	 should	 be	 permitted	 sufficient	 fluid	 for	 provision	 of	 full	 nutritional



support.

LIVER	FAILURE
As	 the	 central	 regulatory	 organ	 of	 the	 body,	 the	 liver	 is	 responsible	 for	 the
metabolism,	storage,	activation,	transport,	and	synthesis	of	many	vital	nutrients.
Biochemical	 reactions	 fundamental	 to	 carbohydrate	 metabolism	 such	 as
glycogenesis	 and	 gluconeogenesis	 are	 carried	 out	 in	 the	 liver.	 Albumin,
transferrin,	prealbumin,	and	prothrombin	are	a	few	of	the	major	serum	proteins
generated	by	the	liver.	Fatty	acid	oxidation	as	well	as	the	production	of	bile	salts,
triglycerides,	 and	 cholesterol	 for	 lipid	 absorption	 and	 transport	 is	 part	 of	 the
normal	 hepatic	 function.	 The	 liver	 is	 also	 responsible	 for	 the	 catabolism	 of
various	 potentially	 toxic	 substances	 including	 ammonia,	 alcohol,	 and
acetaminophen.	 Liver	 damage	 can	 lead	 to	 the	 disruption	 of	 many	 of	 these
processes;	however,	due	to	hepatic	reserve	functional	capacity,	dysfunction	is	not
usually	seen	until	80%	to	90%	of	the	liver	cells	have	been	injured.16

A	number	of	insults	can	initiate	the	cellular	degeneration	of	acute	or	chronic
liver	 disease.	 Viral	 infection,	 alcohol	 use,	 medications	 or	 other	 hepatotoxic
agents,	cardiac	shock,	chronic	cholestasis,	metabolic	disorders,	and	autoimmune
diseases	are	all	potential	instigators	of	liver	injury.	The	damage	can	be	so	sudden
and	severe	that	it	results	in	fulminant	hepatic	failure,	the	original	term	for	acute
liver	failure	(ALF),17,18	a	rare	disease	involving	extensive	liver	necrosis	and	often
culminating	 in	 death.	 Complications	 of	 ALF	 include	 metabolic	 abnormalities
such	 as	 hypoglycemia	 or	 acidosis,	 hemodynamic	 instability,	 cerebral	 edema,
sepsis,	 immunosuppression,	 and	 the	 hepatorenal	 syndrome.	 Treatment	 of	ALF
often	 involves	 nutritional	 intervention	 and	 while	 there	 are	 no	 randomized
controlled	studies	to	assess	the	benefits	of	these	therapies	for	this	population,	the
2019	ESPEN	guideline	on	clinical	nutrition	in	liver	disease	state	that	PN	is	a	safe
second-line	 option	 to	 adequately	 feed	 these	 patients	 for	 whom	 EN	 is
insufficient.18

Patients	 with	 acute	 hepatitis	 tend	 to	 be	 highly	 catabolic	 with	 severe
gastrointestinal	 distress.	 Nausea,	 vomiting,	 and	 anorexia	 with	 occasionally
concurrent	 acute	 pancreatitis	 may	 preclude	 adequate	 oral	 intake.	 Short-term
nutrition	support	 is	often	necessary	until	causes	of	 the	acute	 injury	 to	 the	 liver
have	been	identified	and	treated.

Chronic	 liver	 diseases	 are	 characterized	 by	 repeated	 episodes	 of	 necrosis,
followed	 by	 hepatocyte	 regrowth,	 formation	 of	 connective	 scar	 tissue,	 and	 in
severe	 cases	 the	 development	 of	 cirrhosis.	 The	 resulting	 disruption	 of	 normal



hepatic	structure	increases	resistance	of	blood	flow	through	the	liver	and	leads	to
portal	 hypertension,	 which	 can	 be	 characterized	 by	 esophageal	 varices	 with
gastrointestinal	 bleeding,	 splenomegaly,	 ascites,	 hypoalbuminemia	 and	 hepatic
encephalopathy	 (HE).	Malnutrition	has	been	documented	 for	most	hospitalized
patients	with	alcoholic	liver	cirrhosis.19	Because	of	the	association	between	PCM
and	 poor	 clinical	 outcomes,	 these	 patients	 are	 often	 given	 oral	 nutrition
supplements,	 EN,	 or	 PN.20,21	 It	 is	 important	 to	 note	 that	 the	 presence	 of
esophageal	 varices	 or	 ascites	 does	 not	 preclude	 the	 use	 of	 small	 bowel
nasoenteric	tube	feeding	for	malnourished	cirrhotic	patients.22	Enteral	nutrition	is
suggested	 over	 parenteral	 nutrition	 in	 critically	 ill	 patients	 hospitalized	 with
acute	 liver	 failure	or	acute	on	chronic	 liver	 failure	without	contraindication	for
enteral	feeding.23

Malnutrition	and	Metabolic	Abnormalities	of	Liver	Disease
2 	Malnutrition	during	acute	or	chronic	liver	disease	is	the	result	of	a	combination
of	 factors.	 Inadequate	 provision	 of	 nutrients,	 the	 hypermetabolic	 state	 of
cirrhosis,	 the	 diminished	 synthetic	 capacity	 of	 the	 liver,	 and	 the	 impaired
absorption	of	nutrients	are	the	main	factors	that	disrupt	the	metabolic	balance	of
cirrhotic	patients.24	Specifically,	decreased	oral	 intake	 is	 common	among	 those
with	 prolonged	 gastrointestinal	 distress,	 early	 satiety	 secondary	 to	 ascites,	 or
excessive	 alcohol	 consumption.	 Maldigestion	 and	 malabsorption	 leading	 to
steatorrhea	 is	 often	 seen	 with	 cholestasis	 or	 chronic	 pancreatitis.	 Impaired
glycogen	synthesis	and	storage	as	well	as	decreased	hepatic	degradation	of	stress
hormones	 lead	 to	 the	 preferential	 use	 of	 lipid	 and	 protein	 reserves	 for
gluconeogenesis.25	 Insulin	 resistance	 and	 glucose	 intolerance	 are	 usual
complications	 of	 early	 liver	 failure.	 Hypoglycemia	 can	 occur	 during
decompensated	cirrhosis	or	ALF	resulting	from	hepatic	glycogen	depletion	and
impaired	gluconeogenesis.

Recommendations	have	changed	with	regard	 to	branched-chain	amino	acids
(BCAAs)	 use	 for	 critically	 ill	 patients	 hospitalized	 with	 acute	 liver	 failure	 or
acute	on	chronic	failure	who	are	tolerating	enteral	medications;	 their	use	is	not
recommended.	 Nevertheless,	 for	 patients	 refractory	 to	 medication	 use,	 enteral
BCAA	supplementation	alone	was	 found	 to	have	a	beneficial	effect	on	hepatic
encephalopathy	in	15	trials	of	noncritically	ill	patients	with	cirrhosis.23

Energy	and	Protein	Requirements	during	Liver	Disease



The	American	Society	for	Parenteral	and	Enteral	Nutrition	(ASPEN)	and	Society
of	Critical	Care	Medicine	(SCCM)	clinical	guidelines	for	critical	illness	in	2016
suggest	 that,	when	 available,	 indirect	 calorimetry	 should	 be	 used	 to	 determine
energy	 requirements	 in	 all	 critically	 ill	 adults.8	 Guidelines	 that	 specifically
address	 nutrition	 support	 in	 liver	 disease	 recommend	 that	 resting	 energy
expenditure	 (REE)	 should	 be	 increased	 by	 a	 factor	 of	 1.3	 in	 patients	 with
alcoholic	 steatohepatitis,	 cirrhosis,	 and	 acute	 liver	 failure.18	 If	measurement	 of
REE	is	not	available,	the	target	for	energy	intake	in	critically	ill	adults	should	be
25	 to	 30	 kcal/kg/d.8	 A	 dry	 or	 usual	 weight	 should	 be	 used	 instead	 of	 actual
weight	in	predictive	equations	to	determine	energy	and	protein	goals	in	patients
with	 cirrhosis	 and	 hepatic	 failure	 as	 fluid	 overload,	 due	 to	 complications	 of
ascites,	 intravascular	 volume	 depletion,	 edema,	 portal	 hypertension,	 and
hypoalbuminemia,	can	result	in	the	overestimation	of	needs.8	Nutrient	formulas
are	 generally	 prepared	 with	mixed	 substrates	 to	 provide	 10%	 to	 15%	 of	 total
calories	 from	protein,	55%	to	70%	from	carbohydrates,	and	20%	to	30%	from
fat.	 Greater	 proportions	 of	 fat	 should	 be	 considered	 for	 patients	 with	 glucose
intolerance	 as	 long	 as	 the	 fat	 is	 not	 entirely	 from	 oils	 that	 are	 high	 in	 n-6
polyunsaturated	fatty	acids.18

Recommended	protein	goals	for	alcoholic	steatohepatitis	and	cirrhosis	range
from	1.2	to	1.5	g/kg/d.18	In	acute	or	subacute	liver	failure,	protein	dosing	should
be	lowered	slightly	to	0.8	to	1.2	g/kg/d.	For	cirrhotic	patients	with	HE,	protein
should	 be	 given	 at	 the	 lower	 end	 of	 this	 range	 only	 until	 the	 causes	 of
encephalopathy	 have	 been	 identified	 and	 treated.	 In	 these	 instances,	 once
patients	show	signs	of	improvement,	protein	should	be	advanced	as	tolerated	to
goals	of	1.2	to	1.5	g/kg/d	to	help	maintain	nitrogen	balance.26	In	nearly	all	cases,
the	 standard	 protein	 or	 amino	 acid	 formula	 is	 advised.8	 Recommendations	 for
energy	and	protein	intake	are	summarized	in	Table	215.3.

TABLE	215.3

Nutrient	Requirements	in	Various	Stages	of	Liver	Disease

Per	kg	Dosing	Weight

Energy	requirements	in	liver	disease 25–30	kcal/d

Protein	requirements	without	HE



Alcoholic	steatohepatitis	and	cirrhosis,	unstressed
Acute	and	subacute	liver	failure

0.8–1.2	g/d

Alcoholic	steatohepatitis	and	cirrhosis,	stressed 1.2–1.5	g/d

Protein	requirements	with	HE

Alcoholic	steatohepatitis	and	cirrhosis
Fulminant	hepatic	failure

0.8	g/d

If	indirect	calorimetry	is	available,	provide	REE	×	1.3	for	energy	requirements.
Use	standard	protein	and	amino	acid	formulations	when	other	measures	to	treat	HE	are	initiated.

Use	branched-chain	amino	acids	if	HE	does	not	resolve	with	treatment.
Increase	protein	dose	once	HE	resolves	to	promote	a	positive	nitrogen	balance.

Data	and	comments	compiled	from	McClave	SA,	Taylor	BE,	Martindale	RG,	et	al.	Guidelines	for
the	provision	and	assessment	of	nutrition	support	therapy	in	the	adult	critically	ill	patient:	Society
of	Critical	Care	Medicine	(SCCM)	and	American	Society	for	Parenteral	and	EN	(A.S.P.E.N.).
JPEN	J	Parenter	Enteral	Nutr.	2016;40(2):159-211	and	Plauth	M,	Bernal	W,	Srinivasan	D,	et	al.
ESPEN	guideline	on	clinical	nutrition	in	liver	disease.	Clin	Nutr.	2019;38:485-521.
HE,	hepatic	encephalopathy.

Micronutrient	Requirements	during	Liver	Disease
Deficiencies	of	 thiamine,	 folate,	vitamin	B6,	 and	vitamin	B12	as	well	 as	 trace
minerals	 such	 as	 zinc	 and	 selenium	 are	 common	 in	 alcohol	 associated	 liver
disease.	 Fat-soluble	 vitamin	 deficiencies	 (A,	 D,	 E,	 K)	 are	 seen	 in	 cholestatic
liver	 diseases	 (primary	 biliary	 cholangitis	 and	 primary	 sclerosing	 cholangitis)
due	 to	 impaired	 fat	 absorption.	 Enteral	 absorption	 may	 be	 so	 impaired	 that
parenteral	supplementation	may	be	required.27,28	According	to	the	2019	ASPEN
guidelines	 for	 liver	 disease,	 “In	 patients	 with	 severe	 alcoholic	 steatohepatitis,
trace	element	and	vitamin	deficiency	should	be	anticipated.”18	More	than	90%	of
ESLD	patients	are	vitamin	D	deficient.29	Manganese	can	be	elevated	in	cirrhosis.
Manganese	 crosses	 the	blood-brain	barrier	 and	has	 a	preferential	 deposition	 in
the	 basal	 ganglia,	 leading	 to	 parkinsonianlike	 symptoms;	 therefore,
supplementation	 should	 be	 avoided.	Of	 note,	 the	 elevation	 in	manganese	 does
not	appear	to	be	correlated	with	HE.	Copper	and	iron	should	be	restricted	in	the
setting	 of	 Wilson	 disease	 and	 hemochromatosis	 respectively.28	 Although
randomized	controlled	trials	are	lacking	in	the	area	of	micronutrient	management
for	 patients	 with	 ESLD,	 supplementation	 is	 recommended	 if	 a	 micronutrient



deficiency	is	suspected	or	confirmed	based	on	risk	factors,	laboratory	values,	or
physical	 findings.	 Supplementation	 should	 generally	 not	 exceed	 the
recommended	 dietary	 allowance	 (RDA),	 unless	 otherwise	 supported	 by
evidence,	as	amounts	beyond	the	RDA	may	be	dangerous.30

As	is	the	case	in	most	patients	with	critical	illness,	EN	is	the	preferred	route
of	nonvolitional	feeding	in	those	with	liver	disease.8	Intravenous	(IV)	glucose	at
a	dose	of	2	to	3	g/kg/d	should	be	given	when	EN	cannot	be	given	for	12	or	more
hours	because	of	the	risk	of	hypoglycemia	from	hepatic	glycogen	depletion	and
impaired	 gluconeogenesis.18	 For	 patients	 with	 ALF,	 IV	 glucose	 at	 this	 dose
should	 be	 given	 prophylactically	 to	 prevent	 hypoglycemia.	 PN	 should	 be
considered	when	enteral	 feeding	cannot	be	started	within	72	hours	 for	patients
with	 cirrhosis	 or	 HE	 with	 an	 unprotected	 airway.18	 It	 should	 be	 started
immediately	 for	 patients	 with	 alcoholic	 steatohepatitis	 or	 cirrhosis	 who	 have
moderate	to	severe	malnutrition.	It	should	be	started	for	patients	with	acute	liver
failure	when	it	is	anticipated	that	EN	cannot	be	started	within	5	to	7	days.

Nutrition	Assessment	during	Liver	Disease
Traditional	parameters	of	nutritional	status	such	as	weight	loss	and	depletion	of
visceral	protein	stores	are	frequently	masked	among	liver	failure	patients	by	the
presence	of	ascites	or	edema.	Serum	albumin,	prealbumin,	and	transferrin	levels
are	 more	 reflective	 of	 disease-related	 intravascular	 volume	 expansion	 and
increased	protein	catabolic	rate	than	the	severity	of	nutritional	deficit.31	Despite
this,	 albumin	 remains	 an	 important	 marker	 of	 PCM	 among	 liver	 patients.
Because	 the	 upper	 extremities	 tend	 to	 escape	 the	 fluid	 retention	 often	 seen	 in
liver	patients,	midarm	muscle	circumference	and	 triceps	 skinfold	measurement
are	 considered	 to	 be	 the	 most	 accurate	 tools	 for	 nutrition	 assessment	 in	 this
population.	 Severe	 reduction	 of	 midarm	 muscle	 circumference	 and	 triceps
skinfold	measurement,	suggestive	of	muscle	mass	and	body	fat	depletion,	were
found	 to	 be	 independent	 predictors	 of	 survival	 in	 a	 study	 of	 212	 hospitalized
cirrhotic	patients.	In	this	study,	Alberino	et	al	also	advised	the	inclusion	of	upper
arm	anthropometry	 to	 improve	prognostic	 accuracy	of	 the	Child-Pugh	 score,	 a
commonly	 used	 classification	 of	 the	 severity	 of	 liver	 disease.32	 Recent
investigations	have	focused	on	the	detection	of	those	nutritional	parameters	most
indicative	of	PCM	and	predictive	of	survival	of	liver	failure	patients.	Computer
tomography	 can	 be	 used	 to	 quantify	 skeletal	muscle	mass	 at	 the	 third	 lumbar
spine	 and	 standards	 using	 this	 technique	 have	 been	 developed	 to	 define
sarcopenia,	 the	 age-related	 decrease	 of	 muscle	 mass.	 Using	 this	 method,	 112
patients	 with	 cirrhosis	 who	 were	 consecutively	 evaluated	 for	 liver



transplantation	by	investigators	were	determined	to	have	muscle	wasting	and	this
was	associated	with	mortality	independently	of	the	degree	of	liver	dysfunction	as
determined	 the	by	Child-Pugh	and	MELD	scores.33	Similar	 findings	have	been
confirmed	 by	 others.34	 Until	 this	 technique	 becomes	 readily	 available,	 a
comprehensive	 analysis	 of	 all	 available	 data,	 including	 physical	 examination,
anthropometric	measurements,	and	laboratory	values,	may	therefore	be	the	best
determinant	of	nutritional	status	during	liver	disease.

Liver	Transplantation
Currently,	 the	 best	 therapy	 for	 unsalvageable	 liver	 failure	 is	 orthotopic	 liver
transplant	(OLT).	It	is	of	the	utmost	importance	to	assess	the	nutritional	status	of
patients	 who	 are	 candidates	 for	 OLT	 as	 malnutrition	 has	 been	 shown	 to
contribute	to	an	increase	of	postoperative	infection	rates,	ventilator	dependence,
hospital	 length	of	 stay,	 and	a	decrease	of	1-year	 survival.35	 In	a	 survey	of	248
patients	who	 had	 undergone	OLT,	 45%	were	 found	 to	 have	 sarcopenia	 by	CT
and	its	presence	was	associated	with	a	longer	hospital	stay	(40	vs	25	days),	and
more	frequent	postoperative	bacterial	infections	(26%	vs	15%).36	Although	these
investigators	 did	 not	 find	 a	 relationship	 between	 sarcopenia	 and	 postoperative
mortality,	Masuda	et	al	did	find	that	sarcopenia,	which	was	noted	for	47%	of	the
204	patients	who	underwent	living	donor	liver	transplantation,	led	to	a	twofold
increase	 of	 mortality	 and	 a	 fivefold	 increase	 of	 the	 risk	 of	 developing	 sepsis
following	transplantation.37

Following	liver	transplant,	protein	needs	are	increased	due	to	corticosteroids
used	 for	 immunosuppression	 and	 treatment	 of	 rejection	 since	 they	 increase
protein	 oxidation.	 In	 addition,	 protein	 needs	 are	 increased	 if	 there	 is	 need	 for
CRRT	 and/or	 to	 account	 for	 losses	 from	 surgical	 drains	 and	 wound	 exudate
(additional	 12-28	 g/d	 depending	 on	 volume	 of	 losses).	 Chylous	 leakage	 may
result	in	30	g	protein/L	lost.27,30

Perioperative	 nutritional	 support	 appears	 to	 reduce	 the	 risk	 of	 infection
following	 OLT.	 A	 retrospective	 study	 comparing	 a	 historic	 cohort	 of	 patients
who	all	received	EN	following	living	donor	liver	transplantation	was	compared
to	a	group	that	only	occasionally	received	tube	feedings,	found	that	the	incidence
of	sepsis	of	28.2%	for	the	intermittently	fed	group	was	significantly	higher	than
the	 10.5%	 rate	 of	 those	 receiving	 regular	 nutritional	 support	 (P	 =	 .03).37	 A
randomized	 controlled	 trial	 of	 36	 patients	 undergoing	 living	 donor	 liver
transplant	compared	early	EN	to	an	oral	diet	as	tolerated	and	found	a	significant
decrease	 of	 postoperative	 bacterial	 infections	 with	 the	 intervention	 (63.2%	 vs
29.4%).38	A	meta-analysis	 of	 seven	 randomized	 controlled	 trials	 involving	501



patients	who	received	perioperative	immunonutrition	demonstrated	a	49%	lower
risk	 of	 infectious	 and	 a	 4-day	 shorter	 length	 of	 stay	 for	 those	 receiving
immunonutrition.39	 Six	 trials	 used	 fish	 oil,	 glutamine,	 or	 arginine	 via	 the
parenteral	 route,	while	one	 trial	used	an	enteral	product	combining	all	of	 these
nutrients.	 Although	 this	 meta-analysis	 suggests	 immunonutrition	 may	 be	 of
benefit,	 a	 moderately	 large	 randomized	 controlled	 trial	 of	 101	 patients
comparing	 EN	 supplemented	 with	 fish	 oil,	 ribonucleic	 acid	 and	 arginine	 to
standard	 tube	 feeding	 for	at	 least	5	days	 following	OLT	did	not	demonstrate	a
difference	of	 the	incidence	of	postoperative	infection	(60%	vs	57%).40	None	of
these	 studies	 found	 nutritional	 support	 to	 affect	 postoperative	 mortality	 or
hospital	length	of	stay.

Repletion	of	lean	body	mass	can	be	difficult	following	OLT.	In	a	cohort	of	53
patients	 where	 33	 (66.2%)	 were	 found	 to	 have	 sarcopenia	 prior	 to	 OLT,	 an
additional	14	patients	developed	sarcopenia	when	followed	for	up	to	19	months
after	transplantation.41	No	significant	change	of	total-body	protein,	as	measured
by	neutron	activation,	was	seen	after	1	year	among	the	patients	who	participated
in	 the	 trial	 of	 perioperative	 immunonutrition	 vs	 standard	 enteral	 feeding.42	On
the	other	hand,	 fat	mass	 increases	 following	OLT	and	 likely	contributes	 to	 the
development	 of	 hyperglycemia	 and	 hyperlipidemia	 for	 some	 patients.	 Factors
that	 appeared	 to	 contribute	 to	 the	 difficulty	 with	 attaining	 positive	 nitrogen
balance	 include	 the	 postoperative	 elevation	 of	 REE	 that	 may	 occur	 for	 up	 to
1	 month	 following	 transplantation43	 and	 an	 increase	 in	 the	 expression	 of
myostatin	that	has	been	attributed	to	calcineurin	inhibitors.41	These	observations
illustrate	some	of	the	challenges	that	clinicians	face	when	trying	to	improve	the
nutritional	status	of	patients	following	OLT.

Enteral	and	Parenteral	Formulations	for	Liver	Disease
Enteral	 and	 parenteral	 formulas	 for	 use	 during	 liver	 failure	 are	 designed	 to
normalize	 plasma	 amino	 acid	 concentrations	 and	 improve	 encephalopathic
symptoms.	There	 are	 currently	 hepatic	EN	products	 that	 are	 calorically	 dense,
have	an	 increased	 ratio	of	BCAA/AAA,	and	 low-fat	 content	 (Table	215.2).	 IV
solutions	for	use	during	hepatic	failure	consist	of	8%	amino	acids	with	36%	of
total	amino	acids	provided	as	BCAA	(e.g.,	valine,	 isoleucine,	and	 leucine)	and
only	2%	as	AAA	(e.g.,	 tryptophan,	phenylalanine,	and	tyrosine).	These	include
Aminosyn-HF	 (Hospira,	 Inc,	 Lake	 Forest,	 IL),	 Hepatasol	 (Clintec	 Nutrition,
Deerfield,	IL),	and	HepatAmine	(B.	Braun	Medical,	Inc,	Irvine,	CA).

A	 primary	 focus	 of	 the	 management	 of	 HE	 should	 be	 on	 treatment	 of	 its
underlying	 causes.	 Dehydration,	 infection,	 electrolyte	 abnormalities,



gastrointestinal	 bleeding,	 acid-base	 imbalances,	 and	 medications	 have	 been
implicated	 as	 causing	 or	 contributing	 to	 the	 occurrence	 of	 encephalopathy
among	 critically	 ill	 patients.	Lactulose	 is	 the	 first-line	 therapy	 for	 hepatic	HE.
Lactulose	may	 be	 supplemented	 with	 neomycin	 or	 rifaximin	 and	 intraluminal
antimicrobials	that	work	by	reducing	the	burden	of	enteric	flora	that	contribute
to	the	metabolic	by-products	that	lead	to	HE.	In	most	acute	cases,	mental	status
improves	 with	 these	 interventions.	 When	 patients	 are	 refractory	 to	 these
measures,	protein	 intake	should	be	 reduced	 to	 the	 lower	end	of	 the	 therapeutic
range.	 Nutrition	 formulations	 with	 modified	 BCAA/AAA	 ratios	 should	 be
considered	when	HE	does	not	improve	following	these	steps.

Summary	of	Nutritional	Recommendations	for	Liver
Disease
3 	When	devising	 a	plan	 for	nutritional	management	of	 the	 critically	 ill	 patient
with	 liver	 disease,	 one	 must	 consider	 the	 nutritional	 status,	 etiology	 of	 the
disease,	 and	 associated	 complications	 and	 metabolic	 abnormalities.	 Although
direct	measurement	of	lean	body	mass	holds	promise	for	accurately	identifying
patients	 at	 greatest	 nutritional	 risk,	 physical	 examination,	 upper	 arm	 and	 other
anthropometric	 measurements,	 and	 laboratory	 values	 are	 currently	 the	 best
determinants	of	nutritional	status	for	patients	with	liver	disease.	Measurement	of
REE	 increased	 by	 a	 factor	 of	 1.3	 is	 the	 best	 method	 to	 determine	 energy
requirements	 in	 alcoholic	 steatohepatitis,	 cirrhosis,	 and	 acute	 liver	 failure;	 but,
when	this	is	unavailable,	a	goal	of	25	to	30	kcal/kg/d	using	dry	body	weight	may
be	used.8,18	Recommended	protein	goals	are	1.2	 to	1.5	g/kg/d	 for	patients	with
alcoholic	steatohepatitis	and	cirrhosis	and	0.8	to	1.2	g/kg/d	for	those	with	acute
or	 subacute	 liver	 failure.18	 For	 patients	 with	 HE,	 protein	 dosing	 should	 be
reduced	 to	 0.8	 g/kg/d	 only	 until	 there	 is	 clinical	 improvement	 and	 BCAA-
enriched	formula	should	be	considered	when	treatment	of	HE	and	reduction	of
protein	dosing	of	standard	formulations	does	not	lead	to	clinical	improvement.26
Transition	to	standard	formulations	with	protein	goals	of	1.2	to	1.5	g/kg/d	should
be	 done	 once	HE	 resolves.	EN	 is	 the	 preferred	mode	 of	 nutrition	 support	 and
may	 be	 administered	 via	 a	 gastric	 tube	 in	 the	 presence	 of	 esophageal	 varices.
Nutrient	formulas	are	generally	prepared	with	mixed	substrates	to	provide	10%
to	15%	of	total	calories	from	protein,	55%	to	70%	from	carbohydrates,	and	20%
to	 30%	 from	 fat.	 Sodium	 and	 fluid	 restriction	 are	 indicated	 with	 ascites	 or
edema.	 Recommended	 daily	 allowances	 of	 vitamins,	 minerals,	 and	 trace
elements	 are	 usually	 sufficient	 for	 this	 population,	 although	 additional



supplementation	of	thiamine	and	folate	is	customary	for	patients	with	alcoholic
cirrhosis.	 Although	 some	 reports	 have	 found	 that	 zinc	 supplementation	 may
improve	 HE,	 a	 recent	 meta-analysis	 has	 questioned	 the	 efficacy	 of	 zinc	 as	 a
routine	 therapy	 for	 this	 condition.44	 IV	 glucose	 (2-3	 g/kg/d)	 should	 be	 given
when	EN	cannot	be	given	for	12	or	more	hours	as	depletion	of	glycogen	stores
in	 this	 population	 quickly	 leads	 to	 protein	 breakdown	 for	 gluconeogenesis.
Infusion	of	10%	dextrose	solutions	should	be	given	prophylactically	to	patients
with	ALF	 to	prevent	hypoglycemia	until	 full	 feeding	by	EN	or	PN,	which	can
provide	 a	 more	 concentrated	 source	 of	 glucose	 and	 avoid	 fluid	 overload,	 is
firmly	established.	PN	should	be	considered	within	72	hours	when	EN	cannot	be
started	 in	 critically	 ill	 patients	 with	 liver	 disease	 or	 those	 at	 high	 risk	 for
aspiration	 pneumonia.	 PN	 should	 be	 started	 immediately	 for	 patients	 with
alcoholic	 steatohepatitis	 or	 cirrhosis	with	moderate	 to	 severe	malnutrition	 and
for	 those	with	 acute	 liver	 failure	who	may	not	be	 able	 to	 start	EN	within	5	 to
7	days.	Table	215.4	 outlines	 the	 summary	 of	 randomized	 controlled	 trials	 and
clinical	guidelines	for	liver	disease.

TABLE	215.4

Nutrition	Support	in	Liver	Disease:	Summary	of	Controlled
Trials	and	Clinical	Guidelines

Protein	restriction	is	not	advised	to	reduce	the	risk	of	hepatic	encephalopathy
(HE)	as	it	may	paradoxically	exacerbate	this	condition	and	may	worsen
nutritional	status.8	
Standard	protein	and	amino	acid	preparations	are	indicated	in	most	patients.8,19
The	latter	are	recommended	as	first-line	therapy.8	
Branched-chain	amino	acid	preparations	for	liver	disease	may	be	considered
in	grade	III	or	IV	HE.18	
Enteral	nutrition	(EN)	is	the	preferred	feeding	route.8	
Start	PN	within	72	h	of	intensive	care	unit	admission	if	EN	cannot	be	started
in	unstressed,	mildly	malnourished	patients	or	immediately	in	moderately	or
severely	malnourished	patients	who	cannot	be	fed	enough	by	mouth	or	by
EN.18	
Intravenous	glucose	(2-3	g/kg/d)	should	be	given	if	EN	cannot	be	given	for	12
or	more	hours	as	depletion	of	glycogen	stores	quickly	leads	to	protein
breakdown	with	loss	of	lean	tissue	for	gluconeogenesis.18	



Infusion	of	10%	dextrose	solutions	should	be	given	prophylactically	to
patients	with	fulminant	hepatic	failure	to	prevent	hypoglycemia	until	full
feeding	by	EN	or	PN	can	be	started.18	
Perioperative	nutrition	support	reduces	the	risk	of	postoperative	bacterial
infections	following	orthotopic	liver	transplantation.38	
Parenteral	immunonutrition	reduces	infectious	complications	and	length	of
stay.39	
Enteral	immunonutrition	appears	to	be	equivalent	to	standard	formulas.40

PULMONARY	FAILURE
Optimal	 pulmonary	 function	 is	 essential	 to	 the	 maintenance	 of	 adequate
nutritional	status.	Through	the	process	of	gas	exchange,	the	lungs	and	supporting
respiratory	 structures	 provide	 oxygen	 to	 vital	 tissues	 for	 nutrient	 metabolism.
The	 respiratory	 system	 also	 plays	 a	major	 role	 for	 the	 regulation	 of	 acid-base
balance.	 Pulmonary	 injury	 or	 insufficiency	 can	 lead	 to	 malnutrition	 and
dependence	 on	 mechanical	 ventilation	 of	 the	 critically	 ill	 patient.	 Acute
respiratory	 distress	 syndrome	 (ARDS),	 characterized	 by	 severe	 progressive
hypoxemia	and	mechanical	ventilation,	is	a	frequent	result	of	trauma,	sepsis,	or
surgery	 in	 the	 critical	 care	 setting.	 The	 patient	 with	 chronic	 obstructive
pulmonary	 disease	 (COPD)	 may	 also	 undergo	 periods	 of	 acute	 exacerbation
requiring	 intensive	 care.	 These	 two	 forms	 of	 the	 lung	 injury	 illustrate	 the
spectrum	of	nutritional	status	encountered	in	the	critical	care	setting	with	patient
suffering	from	ARDS	often	being	normal	prior	to	hospitalization	and	those	with
COPD	being	at	risk	of	having	chronic	disease	related	malnutrition.45

Malnutrition	and	Metabolic	Abnormalities	of	Pulmonary
Disease
Malnutrition	with	COPD	is	the	result	of	an	imbalance	between	energy	intake	and
utilization.46	Hyperinflation	of	the	lung	with	an	associated	decrease	in	abdominal
volume	can	lead	to	anorexia,	early	satiety,	and	tube	feed	intolerance.	Oral	intake
may	be	hampered	by	dyspnea	and	fatigue	during	mealtimes	and	impaired	leptin
regulation,	a	hormone	that	helps	to	regulate	energy	balance	by	inhibiting	hunger.
An	 increase	 in	 energy	 consumption	 from	 COPD	 has	 been	 attributed	 to	 an
increase	in	the	work	of	breathing,	tobacco	use	and	medication	(e.g.,	theophylline
and	β-blockers).	Loss	of	 lean	body	mass	may	occur	because	of	disuse	atrophy,



tissue	 hypoxia	 from	 arterial	 hypoxemia,	 anabolic	 hormonal	 insufficiency,	 or
systemic	 inflammation	 as	 a	 result	 of	 recurrent	 infections	 and	 an	 imbalance	 of
inflammatory	cytokines.47

Just	 as	 pulmonary	 disease	 influences	 the	 onset	 of	 malnutrition,	 poor
nutritional	 status	 may	 significantly	 impair	 several	 structural	 and	 functional
components	 of	 the	 respiratory	 system.	 Respiratory	 muscles	 display	 reduced
efficiency	and	endurance	during	nutrition	deprivation	due	to	loss	of	muscle	mass
and	 depletion	 of	 energy	 reserves.	 Impaired	 respiratory	 muscle	 function	 may
result	 in	 decreased	 ventilatory	 drive	 and	 inefficient	 gas	 exchange	 with
hypercapnia	 and	 hypoxemia.48	 Hypophosphatemia	 is	 present	 in	 up	 to	 30%	 of
critically	 ill	 patients	 and	 may	 be	 more	 common	 for	 those	 with	 refeeding
syndrome.49,50	 Phosphate	 deficiency	 diminishes	 diaphragmatic	muscle	 function
and	adversely	affects	the	hemoglobin-oxygen	dissociation	curve	by	limiting	the
production	 of	 adenosine	 triphosphate	 and	 2,3-diphosphoglycerate.
Hypoalbuminemia,	associated	with	critical	 illness	and	malnutrition,	 leads	 to	an
expansion	of	extracellular	fluid	and	increased	interstitial	lung	fluid	or	pulmonary
edema.	These	 factors	 negatively	 affect	 the	 efficiency	of	 the	pulmonary	 system
and	place	patients	with	lung	disease	at	risk	for	respiratory	failure.	Malnutrition
also	adversely	influences	the	production	of	secretory	IgA,	alveolar	macrophage
recruitment	 and	 function	 and	 clearance	 of	 bacteria	 from	 the	 upper	 respiratory
tract	placing	patients	at	risk	for	nosocomial	pneumonia.51

Energy	and	Protein	Requirements	during	Pulmonary
Disease
Indirect	calorimetry	is	a	clinical	tool	by	which	measurements	of	respiratory	gas
exchange	are	used	to	determine	energy	requirements	and	substrate	utilization	for
a	 given	 subject.	 It	 is	 the	 gold	 standard	 for	 establishing	 nutritional	 goals.
Substrate	utilization	is	the	ratio	of	oxygen	consumed	to	carbon	dioxide	produced
for	 a	given	macronutrients	 and	 is	 referred	 to	 as	 the	 respiratory	quotient	 (R/Q).
The	oxidation	of	fat,	protein,	and	carbohydrate	produces	an	R/Q	of	0.7,	0.8,	and
1.0,	respectively.	Ideally,	the	R/Q	of	a	given	patient	should	approximate	0.85	to
reflect	 metabolism	 of	 mixed	 substrates.	 When	 carbohydrate	 or	 total	 calorie
provisions	exceed	energy	requirements,	R/Q	levels	rise	above	1.0	to	suggest	fat
synthesis.	An	R/Q	of	less	than	0.7	is	indicative	of	inadequate	nutritional	support
with	breakdown	body	fat	and	protein	stores	 from	adipose	and	 lean	 tissue.	This
information	 is	 useful	 for	 the	 adjustment	 of	 fuel	 mixtures	 within	 the	 nutrient
prescription	 to	 avoid	 potentially	 harmful	 effects	 of	 under	 or	 over	 feeding	 the



ventilator-dependent	 patient.	 Underfeeding	 energy	 may	 increase	 risk	 of
infection,	 prolong	 ventilator	 dependence,	 delay	 wound	 healing,	 and	 increase
overall	 hospital	morbidity	 and	mortality,	whereas	 overfeeding	 energy	 needs	 is
associated	 with	 several	 metabolic,	 hepatic,	 and	 respiratory	 complications,
including	 increased	 carbon	 dioxide	 production	 with	 inability	 to	 wean	 from
mechanical	ventilation.	Predictive	equations	have	been	found	to	poorly	correlate
with	measured	energy	expenditure.	A	study	was	done	comparing	23	predictive
equations	and	11	fixed	factors	of	kcal/kg	showing	a	40%	overall	accuracy	when
compared	 to	 predicting	 resting	 energy	 expenditure	 (REE)	 by	 indirect
calorimetry52,53;	Although	many	investigators	have	recommended	using	indirect
calorimetry	 to	 feed	 critically	 ill	 patients,	 few	 studies	 have	 been	 able	 to
demonstrate	 an	 improvement	 of	 clinical	 outcomes.	 In	 one	 such	 study,	 130
mechanically	 ventilated	 patients	 who	were	 expected	 to	 stay	 in	 the	 ICU	 for	 at
least	 3	 days	 were	 randomized	 to	 receive	 energy	 as	 measured	 by	 indirect
calorimetry	 or	 25	 kcal/kg/d.54	 Nutrition	 support	 was	 provided	 as	 enteral	 tube
feeding	with	additional	calories	being	given	as	PN	when	 the	daily	energy	goal
was	 not	met.	 The	 group	 fed	 based	 on	 indirect	 calorimetry	 had	 a	 trend	 toward
lower	hospital	mortality	 (32.3%	vs	47.7%,	P	=	 .058);	however,	 this	group	was
also	 found	 to	have	 fewer	ventilator	 free	days	and	 required	a	 longer	 stay	 in	 the
ICU	 compared	 to	 controls.	 The	 Society	 of	 Critical	 Care	 Medicine	 and	 the
American	Society	for	Parenteral	and	Enteral	Nutrition	(SCCM/ASPEN),	suggest
that	 indirect	 calorimetry	 be	 used	 to	 determine	 energy	 requirements	 when
available	 and	 in	 the	 absence	 of	 variables	 that	 effect	 the	 accuracy	 of	 these
measurements	(such	as	FiO2	[fraction	of	inspired	oxygen]	>0.60)	or	when	these
measures	cannot	be	made,	published	predictive	equations	or	 simplistic	weight-
based	equations	(25-30	equations	[25-30	kcal/kg/d])	should	be	used	to	determine
energy	needs.8

4 	Historically,	 excess	 carbohydrate	 intake	was	 suspected	 to	 increase	 carbon
dioxide	production	 (VCO2)	 and	 delayed	weaning	 from	mechanical	 ventilation.
There	is	no	reliable	evidence	to	support	changes	in	macronutrient	distribution	for
this	population.	It	is	now	understood	that	patients	with	pulmonary	failure	require
similar	macronutrient	distributions	as	other	critically	ill	patients.	CO2	production
mostly	 occurs	 as	 part	 of	metabolism	by-products,	 not	 just	 carbohydrate	 intake
alone.	 Excess	 CO2	 production	 is	 however	 suspected	 to	 occur	 among	 patients
who	are	overfed.	Patients	receiving	PN	run	a	risk	of	being	overfed	more	so	than
patients	 receiving	 EN	 as	 they	 do	 not	 have	 a	 protective	mechanism	 to	 prevent
overfeeding	 when	 given	 directly	 IV,	 as	 opposed	 to	 patients	 being	 fed	 via	 EN
being	able	to	show	physical	signs	of	overfeeding	such	as	abdominal	distension



and	vomiting.50	The	provision	of	 IV	carbohydrate	 in	excess	of	5	mg/kg/min	 to
severely	stressed	patients	increases	carbon	dioxide	production	(VCO2)	and	may
delay	weaning	from	mechanical	ventilation.	Jih	et	al	reported	the	case	of	a	septic
ARDS	 patient	 who	 developed	 increased	 respiratory	 distress	 and	 hypercapnic
acidosis	 in	 response	 to	 hypercaloric	 carbohydrate	 infusion.55	 Hypercapnia
resolved	as	 carbohydrate	 and	 total	 calories	were	decreased	 to	 levels	 consistent
with	 indirect	 calorimetry	 measurements	 of	 REE.56	 The	 substitution	 of	 fat	 for
carbohydrate	calories	may	lower	R/Q	and	decrease	(VCO2)	to	ease	weaning	from
the	 ventilator.57	 The	 use	 of	 lipid	 injectable	 emulsion	 (ILE)	 is	 not	 without	 its
drawbacks.	 Rapid	 infusion	 of	 ILE	 may	 adversely	 affect	 gas	 exchange	 by
decreased	 rate	 of	 clearance,	 deposition	 of	 lipid	 particles	 within	 the
reticuloendothelial	 system,	 and	 subsequent	 reduction	 of	 pulmonary	 diffusion
capacity.	This	effect	is	most	often	seen	among	patients	with	existing	pulmonary
dysfunction	 and	 with	 rates	 of	 lipid	 administration	 more	 than	 0.11	 g/kg/h.43
Soybean-based	emulsions	are	commonly	used	as	the	lipid	source	in	PN.	There	is
a	concern	 that	using	100%	soybean	oil-based	emulsions	may	result	 in	 immune
dysfunction	due	to	their	high	percentage	of	omega-6	polyunsaturated	fatty	acid
linoleic	 acid	 (LA)	 content.	 Large	 amounts	 of	 LA	 lead	 to	 the	 production	 of
prostaglandins	 and	 eicosanoids	 that	 favor	 vasoconstriction	 and	 increased
inflammation	 that	 decreases	 bacterial	 clearance	 from	 systemic	 circulation	 and
increases	uptake	of	bacteria	by	the	lungs.58	Due	to	the	concerns	of	high	omega-6
polyunsaturated	fatty	acid	containing	ILE,	lipid	alternatives	have	been	developed
that	 contain	 soybean	 oil,	 medium-chain	 triglyceride	 (MCT)	 oil,	 olive	 oil,	 and
fish	oil.	This	introduces	omega-3	polyunsaturated	fatty	acid,	as	docosahexaenoic
acid	(DHA),	and	eicosapentaenoic	acid	(EPA)	that	have	been	shown	to	have	an
anti-inflammatory	and	immunomodulatory	effect.58	These	fatty	acids	are	capable
of	 partly	 inhibiting	 many	 aspects	 of	 inflammation	 including	 leukocyte
chemotaxis,	 adhesion	 molecule	 expression	 and	 leucocyte-endothelial	 adhesive
interactions,	production	of	eicosanoids	like	prostaglandins	and	leukotrienes	from
the	 n-6	 fatty	 acid	 arachidonic	 acid,	 and	 production	 of	 pro-inflammatory
cytokines.	 In	 addition,	 EPA	 gives	 rise	 to	 eicosanoids	 that	 often	 have	 lower
biological	 potency	 than	 those	 produced	 from	 arachidonic	 acid,	 and	 EPA	 and
DHA	give	rise	to	anti-inflammatory	and	inflammation	resolving	mediators	called
resolvins,	 protectins,	 and	 maresins.	 Mechanisms	 underlying	 the	 anti-
inflammatory	 actions	 of	 EPA	 and	 DHA	 include	 altered	 cell	 membrane
phospholipid	 fatty	 acid	 composition,	 disruption	 of	 lipid	 rafts,	 inhibition	 of
activation	 of	 the	 pro-inflammatory	 transcription	 factor	 nuclear	 factor	 κB	 that
may	 reduce	 expression	 of	 inflammatory	 genes	 and	 activation	 of	 the	 anti-



inflammatory	transcription	factor	peroxisome	proliferator-activated	receptor	γ.59
A	meta-analysis	 performed	 by	 Pradelli	 et	 al	 included	 a	 total	 of	 23	 studies	 in
patients	 receiving	 either	 ω-3	 PUFA-enriched	 emulsions	 or	 standard	 lipid
emulsion.	 The	 primary	 outcome	 was	 defined	 as	 28-30-day	 mortality	 and	 the
secondary	outcomes	were	infection	rate	and	hospital	and	ICU	length	of	stay.	A
total	 of	 11	 studies	 that	 were	 included	 in	 the	 meta-analysis	 reported	 infection
rates.	There	was	no	statistically	 significant	difference	between	 the	groups	with
regard	 to	 the	 primary	 mortality	 end	 point.	 However,	 ω-3	 PUFA-enriched
emulsions	were	associated	with	a	statistically	and	clinically	significant	reduction
in	 the	 infection	 rate	 (relative	 risk	 [RR]	=	0.61;	0.45,	 0.84).	Also,	 it	was	noted
that	 the	 treatment	group	had	a	statistically	significant	decrease	 in	 the	 length	of
stay,	both	in	the	ICU	(−1.92;	−3.27,	−0.58)	and	in	hospital	overall	(−3.29;	−5.13,
−1.45).	 This	 meta-analysis	 concluded	 that	 ω-3	 PUFAs-enriched	 parenteral
nutrition	 regimens	 are	 safe	 and	 effective	 in	 reducing	 the	 infection	 rate	 and
hospital/ICU	stay	 in	surgical	and	ICU	patients.58	 If	a	soybean-based	ILE	is	 the
only	available	option,	the	intersociety	clinical	guidelines	for	critical	care	suggest
withholding	 or	 limiting	 soybean	 oil	 ILE	 during	 the	 first	 week	 following
initiation	of	PN	to	a	maximum	of	100	g	per	week	(often	divided	into	2	doses/wk
if	there	is	concern	for	essential	fatty	acid	deficiency).8

Protein	 requirements	 of	 critically	 ill	 patients	 with	 pulmonary	 failure	 are
elevated	in	accordance	with	the	hypercatabolism	of	stressed	states.	A	prospective
observational	 study	 of	 mechanically	 ventilated	 patients	 demonstrated	 a	 50%
decrease	in	28-day	mortality	for	nonseptic	patients	when	>1.2	g/kg	protein	was
received	 in	 conjunction	 with	 energy	 targets.60	 In	 a	 similar	 study,	 a	 stepwise
decrease	of	28-day	mortality	was	demonstrated	with	increased	protein	provision
(group	1:	0.79	g/kg,	27%	mortality;	group	2:	1.06	g/kg,	24%	mortality;	group	3:
1.46	 g/kg,	 16%	 mortality).61	 Guideline	 recommendations	 suggest	 that	 protein
intake	 range	 from	 1.2	 to	 2.0	 g/kg/d	 of	 actual	 body	 weight.8	 An	 increase	 in
ventilatory	 drive	 and	 minute	 ventilation	 may	 be	 seen	 with	 protein	 infusions;
therefore,	 it	 is	 recommended	 that	 protein	 provisions	 be	 advanced	 slowly	with
close	 attention	 to	ventilatory	drive	 for	mechanically	ventilated	patients.	Serum
protein	markers	such	as	albumin,	prealbumin,	transferrin,	and	C-reactive	protein
(CRP)	 are	 not	 reliable	 for	 determining	 adequacy	 of	 protein	 provision	 in	 the
critical	care	setting	for	patients	with	ongoing	inflammation.8

Nutritional	Assessment	during	Pulmonary	Disease
Malnutrition	 is	 often	 seen	 in	 patients	 with	 COPD	 and	 is	 an	 important
comorbidity	with	an	incidence	of	approximately	20%	to	40%.48,61	A	multicenter



study	 of	 hospitalized	 patients	 with	 COPD	 found	 underweight	 patients	 with	 a
body	 mass	 index	 (BMI)	 <	 20	 kg/m2	 have	 a	 significantly	 lower	 FEV1	 (forced
expiratory	volume	in	the	first	second	of	expiration)	when	compared	to	patients
who	were	overweight	or	obese.62	To	determine	the	impact	of	nutritional	status	on
mortality,	 the	 investigators	 followed	 patients	 for	 2	 years	 after	 initial	 discharge
and	 found	 that	 there	 were	 fewer	 deaths	 in	 overweight	 (BMI	 25-30	 kg/m2)
subjects	 compared	 to	 those	who	were	 underweight	 (defined	 in	 this	 study	 as	 a
BMI	 less	 than	20	kg	per	m2).	For	 the	49	of	261	 subjects	 that	died	 (19%),	 this
result	remained	significant	after	adjustment	for	FEV1	with	a	hazard	risk	ratio	2.6
(95%	 confidence	 interval	 [CI]	 1.3-5.2).	 The	 impact	 of	 nutritional	 intervention
has	been	demonstrated	 in	 two	meta-analyses	 of	 long-term	 trials	 of	 ambulatory
malnourished	patients	with	COPD.	These	reports	have	demonstrated	 that	when
given	for	two	or	more	weeks,	oral	and	enteral	supplements	led	to	significant	gain
of	 weight,	 lean	 body	 mass,	 fat	 mass,	 respiratory	 muscle	 strength,	 physical
endurance,	and	quality	of	life.63,64

Regarding	 defining	 nutritional	 status	 in	 the	 ICU,	 Faisy	 et	 al	 compared
changes	 in	 body	 composition	 via	 bioelectrical	 impedance	 analysis	 (BIA)	with
various	anthropometric	and	biologic	parameters	among	patients	with	COPD	and
acute	respiratory	failure.65	BIA	more	accurately	detected	alterations	of	nutritional
status	for	patients	requiring	mechanical	ventilation,	whereas	anthropometric	data
were	inconclusive.	Low	serum	albumin	levels	were	also	significantly	associated
with	 increased	mortality	 among	 patients	 in	 this	 study.	 Others	 have	 found	 that
weight	loss	and	low	percentage	of	ideal	body	weight	can	significantly	predict	the
need	for	mechanical	ventilation	among	hospitalized	COPD	patients.66	BIA	more
accurately	 identified	COPD	patients	 at	 risk	 for	 respiratory	 failure	 because	 low
fat	free	mass,	measured	with	this	technique,	more	accurately	identified	patients
who	 have	 a	 low	 body	weight	 with	 a	 low	 lean	 body	mass	 (60%),	 a	 low	 body
weight	with	 a	normal	 lean	body	mass	 (20%),	 and	a	 stable	body	weight	with	 a
low	lean	body	mass	(20%).67

It	has	been	suggested	that	all	patients	admitted	to	the	ICU	undergo	nutritional
assessment	utilizing	a	 scoring	system	 that	examines	both	nutritional	 status	and
disease	severity.8	The	Nutrition	Risk	Screening	(NRS)	2002	and	NUTRIC	score
fulfill	 both	 of	 these	 criteria	 and	 have	 been	 clinically	 validated.68,69	 NRS	 2002
assigns	 points	 for	 nutritional	 status	 (0-3)	 and	 severity	 of	 illness	 (0-3),	 where
0	=	absent,	1	=	mild,	2	=	moderate,	and	3	=	severe,	and	an	additional	point	for
age	 of	 70	 years	 or	 more.	 NUTRIC	 score	 assigns	 a	 range	 of	 points	 for	 age,
APACHE	II,	SOFA,	number	of	comorbidities,69	and	length	of	stay	in	the	hospital
prior	to	ICU	admission.	Patients	at	high	nutrition	risk	are	identified	by	values	of



>5.

Enteral	and	Parenteral	Nutrition	for	Patients	with
Pulmonary	Disease
Nutritional	 support	 is	 an	 important	 component	 of	 the	 care	 of	 patients	 with
respiratory	 failure	 and	 acute	 lung	 injury	 (ALI).	 Several	 recently	 performed
studies	in	this	cohort	of	patients	serve	as	the	basis	for	the	current	version	of	the
SCCM/ASPEN	clinical	guidelines	for	critical	care.8	New	findings	have	helped	to
clarify	when	nutritional	support	should	be	initiated,	when	trophic	vs	full	enteral
feeding	should	be	used,	and	when	PN	should	supplement	enteral	tube	feeding	or
be	given	as	a	sole	source	of	feeding.	The	decision	on	when	and	how	to	provide
nutrition	 support	 requires	 assessment	 of	 the	 patient’s	 nutritional	 status	 and
disease	 severity,	 functional	 integrity	 of	 the	 gastrointestinal	 tract,	 and	 the
anticipated	duration	of	mechanical	ventilation.

EN	is	the	preferred	route	for	feeding	patients	with	respiratory	failure	because
it	 maintains	 the	 mass	 and	 function	 of	 the	 intestinal	 tract,	 reduces	 bacterial
translocation	 and	 the	 risk	 of	 sepsis,	 reduces	 the	 systemic	 immune	 response,	 is
lower	 in	 cost	 compared	 with	 PN,	 and	 is	 associated	 with	 better	 clinical
outcomes.70	 Potential	 complications	 include	 aspiration	 pneumonia,	 GI
intolerance,	electrolyte	abnormalities,	and	intestinal	 ischemia.	An	update	of	the
SCCM/ASPEN	 guidelines	 meta-analysis	 of	 21	 randomized	 control	 trials
comparing	 early	 vs	 delayed	 EN	 found	 significant	 reduction	 of	 mortality
(RR	=	 0.70;	 95%	CI	 0.49-1.0;	P	 =	 .05)	 and	 infectious	morbidity	 (RR	=	 0.74;
95%	CI	0.58-0.93;	P	=	.01).	Based	on	these	results,	it	is	recommended	that	EN
be	 started	 in	 24	 to	 48	 hours	 for	 critically	 ill	 patients	with	ARDS/ALI	 and	 for
those	expected	to	need	mechanical	ventilation	for	>72	hours.8

Trophic	feeding	is	defined	as	EN	that	provides	10	to	20	kcal	per	hour	and	is
believed	 to	be	of	a	sufficient	amount	 to	prevent	mucosal	atrophy	and	maintain
gut	 integrity.	 It	 is	 primarily	 given	 for	 up	 to	 7	 to	 10	 days	 to	 patients	 who	 are
expected	 to	 require	mechanical	 ventilation	 for	 >72	 hours	 and	whose	 nutrition
risk	stratification	is	from	low	to	moderate.8	This	recommendation	is	in	part	based
on	 two	 open	 label,	 randomized	 controlled	 trials	 that	 hypothesized	 that	 initial
trophic	feeding	for	up	to	6	days	would	be	as	effective	as	full	EN	and	would	have
fewer	 gastrointestinal	 complications.71,72	 These	 studies	 include	 a	 single-center
trial	 that	 enrolled	 a	 heterogeneous	 population	 of	 200	 patients	 with	 acute
respiratory	 failure71	 and	 a	 multicenter	 trial	 that	 enrolled	 1000	 patients	 with
ARDS/ALI.72	Patients	given	trophic	feeding	received	300	to	400	kcal/d	while	the



full	 feeding	group	received	1400	kcal/d,	which	approximated	15%	and	75%	of
the	calculated	energy	requirements,	 respectively.	 It	was	found	 that	both	groups
had	a	similar	number	of	ventilator-free	days,	60-day	mortality,	and	incidence	of
nosocomial	 infections,	 while	 the	 group	 receiving	 trophic	 feeding	 had	 a	 lower
incidence	 of	 elevated	 gastric	 residual	 volumes	 and	 diarrhea.	 The	 larger
multicenter	trial	has	been	criticized	for	under	delivery	of	protein	(0.6-0.8	g/kg/d)
and	 the	 patients	 in	 that	 study	were	moderately	 critically	 ill	 and	 had	 a	 shorter
LOS	in	the	ICU,	potentially	indicating	lower	nutritional	risk.8	Supplemental	PN
should	not	be	given	to	ICU	patients	at	low	to	moderate	nutrition	risk	during	the
first	week	of	nutrition	support.	A	large	multicenter	randomized	controlled	trial	of
4640	patients,	comparing	initiation	of	PN	at	48	hours	vs	PN	started	after	8	days,
demonstrated	that	the	late-initiation	group	had	a	significantly	lower	requirement
for	mechanical	ventilation	and	 renal	 replacement	 therapy,	 fewer	 infections	 and
incidence	 of	 cholestasis,	 and	 greater	 likelihood	 of	 being	 discharged	 from	 the
ICU	 and	 hospital	 alive.73	 A	 small	 randomized	 controlled	 trial	 that	 specifically
investigated	 the	 benefit	 of	 early	 PN	 initiation	 during	 ALI	 was	 stopped	 after
enrolling	 78	 subjects	 because	 of	 a	 significant	 greater	 hospital	mortality	 in	 the
early	PN	group.74

The	goal	 is	 to	meet	 full	 caloric	goal	within	2	 to	3	days	of	admission	 to	 the
ICU	for	patients	at	high	nutrition	risk	or	with	severe	malnutrition.8	Though	there
are	 no	 randomized	 controlled	 trials	 to	 support	 this	 recommendation,	 a	 large
observational	 study	of	 critically	 ill	 patients	 found	 significantly	 lower	mortality
for	 high	 risk	 patients	 who	 received	 >80%	 of	 their	 goal	 energy75	 compared	 to
those	that	did	not.	EN	is	most	appropriate	for	reasons	that	have	been	discussed;
however,	 for	patients	with	poor	 tolerance	 to	 tube	 feeding	or	 in	 those	 requiring
significant	vasopressor	support,	 the	balance	of	protein	and	energy	requirements
should	be	delivered	using	PN.	The	benefits	and	safety	of	PN	for	 this	group	of
patients	has	been	demonstrated	by	studies	where	protocols	provided	appropriate
doses	 of	 energy	 and	 protein,	 achieved	 good	 glycemic	 control,	 and	 in	 some
instances,	allowed	cautious	feeding	of	patients	at	risk	for	refeeding	syndrome.	A
randomized	multicenter	controlled	trial	of	early	PN	in	1372	critically	ill	patients
with	 a	 relative	 contraindication	 to	 EN	 compared	 PN,	 as	 the	 sole	 source	 of
nutrition	support,	to	standard	of	care	where	subjects	received	EN	as	tolerated.76
The	 study	 found	 no	 differences	 of	 ICU	 and	 hospital	 length	 of	 stay	 or	 60-day
mortality	 but	 did	 note	 a	 significant	 decrease	 of	 the	 duration	 of	 mechanical
ventilation	for	the	PN	group.	In	a	similarly	designed	study	comparing	early	PN
(without	EN)	to	early	EN	for	patients	without	a	contraindication	to	tube	feeding,
a	 similar	 incidence	 of	 30-day	 all-cause	 mortality	 was	 noted	 for	 all	 subjects
(primary	 outcome),	 a	 significantly	 lower	 incidence	 of	 hypoglycemia	 and



vomiting	 was	 seen	 in	 the	 early	 PN	 group,	 and	 no	 difference	 was	 noted	 for
infectious	 complications,	 90-day	 mortality,	 and	 other	 secondary	 outcome
measures.77	 Finally,	 a	 randomized	 controlled	 trial	 of	 305	 critically	 ill	 patients
comparing	 EN	 supplemented	 with	 PN	 to	 standard	 EN,	 found	 that	 patients
supplemented	 with	 PN	 had	 a	 significantly	 lower	 number	 of	 nosocomial
infections	 (27%	 vs	 38%	 with	 a	 hazard	 ratio	 of	 0.65,	 95%	 CI	 0.43-0.97;
P	=	.03).78	PN	should	also	be	used	for	patients	with	low	to	moderate	nutritional
risk	if	nutrient	requirements	cannot	be	met	because	of	enteral	intolerance	after	7
to	10	days	and	for	patients	with	severe	malabsorption.

Standard	enteral	formulas	are	recommended	for	most	patients	with	pulmonary
dysfunction,	 even	 those	 who	 are	 critically	 ill.8	 Fluid	 restricted	 energy-dense
formulations	that	provide	1.5	to	2	kcal/mL	should	be	used	for	patients	with	acute
respiratory	 failure	 who	 require	 volume	 restriction.	 This	 includes	 patients	 with
fluid	 overload,	 pulmonary	 edema,	 and	 renal	 failure.	 A	 meta-analysis	 of	 six
randomized	controlled	 trials	 that	 investigated	 the	effect	of	 immune	modulating
nutrition,	 which	 contained	 fish	 oil,	 borage	 oil,	 and	 antioxidants	 and	 included
reports	of	mortality,	28-day	ICU	length	of	stay	and	ventilator	free	days,	found	no
significant	 effects	 of	 this	 therapy	 for	 subjects	 with	 ALI/ARDS.79	 The
SCCM/ASPEN	task	force	noted	significant	heterogeneity	of	these	trials	based	on
the	 method	 of	 infusion	 (continuous	 vs	 bolus),	 the	 of	 oils	 used	 and,	 in	 some
instances,	controls	that	may	have	received	formulas	that	had	an	adverse	clinical
effect	and	therefore	do	not	endorse	the	use	of	these	products.8	These	products	are
listed	in	Table	215.2.

Enteral	 feeding	 protocols	 should	 be	 used	 to	 increase	 the	 likelihood	 of
reaching	 protein	 and	 energy	 feeding	 targets.8	 Feeding	 can	 be	 delivered	 to	 the
stomach	for	most	critically	ill	patients.	Prokinetics,	such	as	metoclopramide	and
erythromycin,	may	be	considered	for	patients	at	high	risk	for	aspiration.	Those
who	 are	 at	 high	 risk	 for	 aspiration	 or	 who	 have	 demonstrated	 intolerance	 to
gastric	 feeding	 should	 be	 fed	 beyond	 the	 pylorus.	These	 recommendations	 are
based	on	 two	meta-analyses	of	 nasogastric	 vs	postpyloric	 feeding	 in	1496	 and
1109	 critically	 ill	 patients.80,81	 Patients	 who	 received	 feeding	 distal	 to	 the
stomach	were	30%	to	40%	less	likely	to	develop	aspiration	pneumonia,	received
a	 greater	 proportion	 of	 prescribed	 calories,	 and	 had	 lower	 gastric	 residual
volumes.	Mortality,	length	of	ICU	stay,	and	gastrointestinal	complications	were
no	 different	 between	 the	 groups.	 The	 question	 of	 whether	 to	 feed	 or	 keep
patients	NPO	with	the	use	of	neuromuscular	blockage	agents	(NMBA)	has	been
a	debate	as	they	have	been	associated	with	gut	dysfunction.	In	a	study	evaluating
2340	eligible	patients	 for	a	69-month	study	period,	378	patients	 received	early
enteral	nutrition	within	2	days	from	initiation	of	NMBA.	They	found	mortality



rate	was	significantly	lower	in	the	early	vs	late	enteral	nutrition	group,	as	well	as
no	 significant	 difference	 in	 the	 rates	 of	 pneumonia	 and	 length	of	 hospital	 stay
was	significantly	shorter.75	Measurement	of	gastric	residual	volumes	should	not
be	used	as	part	of	routine	care	as	results	do	not	correlate	with	the	incidence	of
regurgitation,	aspiration,	and	aspiration	pneumonia.8	Pitfalls	of	measuring	gastric
residual	 volume	 include	 little	 correlation	 between	 large	measurements	 and	 the
development	of	aspiration	pneumonia,	 lack	of	 standardization	between	method
used	 to	 measure	 its	 presence,	 and	 inconsistent	 use	 of	 effective	 prokinetic
agents.82	 It	 is	 currently	 advised	 that	 volumes	 of	 less	 than	 500	mL	 should	 not
result	in	termination	of	enteral	feeding	potentially	leading	to	greater	delivery	of
enteral	feeding	to	critically	ill	patients.

Summary	of	Nutritional	Recommendations	for	Patients
with	Pulmonary	Disease
Malnutrition	adversely	affects	clinical	outcomes	of	patients	requiring	prolonged
mechanical	ventilation.	Early	EN	 reduces	 the	 risk	of	nosocomial	 infection	 and
mortality.	Trophic	feeding	provides	the	same	benefits	as	full	EN	in	patients	with
a	 low	 to	 moderate	 nutrition	 risk	 with	 better	 gastrointestinal	 tolerance.	 Full
protein	 and	 energy	 requirements	 should	be	given	 in	 the	 first	 48-72	hours	 after
admission	 to	 the	 ICU	 for	 patients	with	 severe	malnutrition	 or	 high	 nutritional
risk	 scores	 and	 to	others	 after	 7-10	days.	 If	 goals	 cannot	be	 reached	with	EN,
supplemental	PN	should	then	be	provided.	Nutritional	risk	is	best	determined	by
using	a	scoring	system	that	combines	assessment	of	nutritional	status	and	disease
severity.	Energy	 requirements	are	best	determined	by	 indirect	calorimetry;	but,
when	unavailable,	a	simple	weight-based	equation	(25	to	30	kcal/kg/d)	may	be
used.	Careful	monitoring	of	 intake	and	output,	weight	changes,	and	respiratory
status	 are	 required	when	 indirect	 calorimetry	 is	 not	 available.	Protein	needs	 to
promote	 recovery	 from	 illness	 range	 from	 1.2	 to	 2.0	 g/kg/d	 and	 should	 be
advanced	with	caution	to	avoid	worsening	respiratory	function.	Maintenance	of
fluid	 balance	 is	 also	 of	 primary	 importance	 for	 the	 critically	 ill	 patient	 with
pulmonary	insufficiency.	Concentrated	parenteral	solutions	and	enteral	formulas
should	 be	 used	 as	 necessary.	 Sodium	 restriction	 is	 indicated	 for	 patients	 with
pulmonary	 edema	 or	 congestive	 heart	 failure.	 Hypophosphatemia	 may	 be
avoided	 by	 supplementation	 and	 nutritional	 support	 gradually	 advanced	 for
severely	malnourished	patients.	Serum	phosphorus,	potassium,	and	magnesium
levels	 should	 be	 monitored	 routinely,	 and	 deficiencies	 should	 be	 corrected
aggressively	 in	 this	 setting.	Table	 215.5	 outlines	 the	 summary	 of	 randomized



controlled	trials	and	clinical	guidelines	in	pulmonary	disease.

TABLE	215.5

Nutrition	Support	in	Pulmonary	Disease:	Summary	of
Controlled	Trials	and	Clinical	Guidelines

Early	enteral	nutrition	(EN)	reduces	mortality	and	infectious	complications.8	
Trophic	feeding	(10-20	kcals/h)	for	up	to	6	d	is	as	effective	as	full	enteral
nutrition	and	has	fewer	gastrointestinal	complications71,72	and	is	recommended
in	patients	with	low	to	moderate	nutrition	risk.
Early	PN	is	safe	if	it	provides	appropriate	doses	of	energy	and	protein,	good
glycemic	control,	and	avoids	the	refeeding	syndrome.	It	has	been	shown	to
reduce	the	duration	of	mechanical	ventilation76	or	be	equivalent	to	EN	as
tolerated.77	Early	PN	supplemented	EN	reduces	the	risk	of	nosocomial
infection.	It	is	recommended	in	patients	with	severe	nutrition	risk	or
malabsorption.	It	should	be	delayed	for	7-10	d	in	patients	with	low	to
moderate	nutrition	risk.8	
Energy	requirements	are	best	determined	by	indirect	calorimetry.	If
unavailable,	feeding	goals	are	25-30	kcal/kg/d.	Protein	goals	ranged	from	1.2-
2.0	g/kg/d.	Standard	enteral	formulas	are	recommended	in	most	patients	with
acute	respiratory	failure.	Energy-dense	formulations	should	be	used	if	fluid
restriction	is	needed.
Enteral	feeding	protocols	are	recommended	to	help	achieve	protein	and
energy	goals.8	If	gastric	feeding	is	not	tolerated,	then	postpyloric	delivery
reduces	the	risk	of	aspiration	pneumonia.80,81	It	is	not	advised	to	routinely
measure	gastric	residual	volume,	but	when	it	is,	termination	of	feeding	should
not	be	done	for	volumes	less	than	500	mL.8	
Immunonutrition	has	not	been	recommended	because	of	the	heterogeneity	of
the	clinical	trials.8
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MULTIPLE	CHOICE	QUESTIONS

Questions

Liver	Section
1. 	When	calculating	energy	and	protein	needs	for	patients	with	hepatic
failure	and	cirrhosis,	which	patient	weight	should	be	used?

A. 	Actual	weight
B. 	Adjusted	body	weight
C. 	Dry	or	usual	body	weight
D. 	Ideal	body	weight

2. 	In	a	systematic	review	and	meta-analysis,	early	enteral	nutrition	(EEN)
reduced	what	outcome	as	compared	to	parenteral	nutrition	(PN)?

A. 	Bacterial	infections
B. 	Hyperglycemia
C. 	Gastrointestinal	complications
D. 	Mortality

Renal	Section
1. 	For	patients	with	acute	kidney	injury	(AKI),	what	is	the	most	appropriate
enteral	feeding	strategy?

A. 	High	protein,	concentrated,	low	potassium,	and	low	phosphorus
formula
B. 	Hydrolyzed,	specialized	formula	to	promote	gastrointestinal
tolerance
C. 	Low	protein,	low	potassium,	and	low	phosphorus	formula	to	defer
dialysis
D. 	Standard	formula	as	allowed	by	laboratory	testing	and	volume	status



2. 	Which	of	the	following	is	the	most	readily	modified	barrier	to	adequate
nutrition	among	patients	with	renal	failure?

A. 	Insufficient	protein	intake
B. 	Limited	patient	adherence
C. 	Protein	and	micronutrient	losses	through	renal	replacement	therapy
D. 	D.Taste	changes	and	anorexia	from	uremia

3. 	You	are	caring	for	an	adult,	critically	ill	patient	with	acute	kidney	injury
who	has	been	initiated	on	continuous	renal	replacement	therapy	(CRRT).	What
daily	goal	protein	intake	range	is	most	appropriate?

A. 	0.8	to	1	g/kg
B. 	1.2	to	1.4	g/kg
C. 	1.5	to	1.7	g/kg
D. 	1.8	to	2.5	g/kg

Pulmonary	Section
1. 	Nutritional	support	should	avoid	any	errors.	But	when	caring	for	a	patient
in	respiratory	failure,	which	of	the	following	errors	would	likely	cause	the	most
harm?

A. 	High	carbohydrate
B. 	High	protein
C. 	Low	carbohydrate
D. 	Overfeeding

Answers

Liver	Section

1.	The	correct	answer	is	C.
Rationale:	The	portal	hypertension	and	impaired	protein	synthesis	associated

with	 liver	 failure	 contribute	 to	 fluid	 overload,	 ascites,	 and	 edema.	 If	 actual
weight	including	that	fluid	retention	was	used,	it	would	lead	to	overestimation	of
needs	 and	 overfeeding	 (choice	C	 is	 correct,	 and	 choice	A	 is	 incorrect).	Using
adjusted	 or	 ideal	 body	 weight	 may	 underestimate	 nutritional	 needs	 because



weight	loss	may	not	be	accounted	for	(choices	B	and	D	are	incorrect).

2.	The	correct	answer	is	A.
Rationale:	 In	 a	 2021	 review,	 compared	 to	 PN,	 EEN	 reported	 lower

postoperative	infection	rates,	ICU	hours,	and	length	of	hospitalization,	as	well	as
strengthening	the	nutritional	status	and	liver	function	of	liver	transplant	patients
(choice	A	is	correct).	The	differences	of	mortality	rates,	blood	glucose	levels	and
gastrointestinal	 complications	 were	 not	 significant	 (choices	 B,	 C	 and	 D	 are
incorrect).

Renal	Section

1.	The	correct	answer	is	D.
Rationale:	 Special	 renal	 and/or	 concentrated	 formulas	 are	 not	 always

required.	 A	 standard	 formula	 may	 meet	 calorie	 and	 protein	 needs	 while	 not
exacerbating	 possible	 laboratory	 derangements	 (choice	 D	 is	 correct).	 If	 the
patient	 is	on	continuous	renal	 replacement	 therapy,	a	 formula	with	 limited	free
water	 may	 not	 be	 necessary	 (choice	 A	 is	 incorrect).	 Attempting	 to	 delay
initiation	of	renal	replacement	therapy	through	malnutrition	is	not	recommended
(choice	C	is	incorrect).	Such	underfeeding	in	this	at-risk	population	could	result
in	 adverse	 outcomes,	 and	 hydrolyzed	 formula	 is	 not	 routinely	 required	 during
AKI	(choice	B	is	incorrect).

2.	The	correct	answer	is	A.
Rationale:	Diet	orders	 for	patients	with	acute	and/or	chronic	kidney	disease

tend	to	include	multiple	restrictions.	These	generally	include	sodium,	potassium,
phosphorus,	 protein,	 and	 fluid.	 Comorbidities	 such	 as	 diabetes,	 hypertension,
and	hyperlipidemia	may	further	restrict	the	patient’s	diet	and	limit	food	choice.
While	all	barriers	listed	should	be	addressed,	a	careful,	individualized	diet	order
is	more	often	within	the	control	of	the	health	care	team	(choice	A	is	correct)	than
adherence,	dialytic	losses,	and	uremic	changes	in	taste	(choices	B,	C,	and	D	are
not	the	best	answers).

3.	The	correct	answer	is	D.
Rationale:	While	 the	 recommended	 daily	 allowance	 (RDA)	 for	 protein	 for

general,	healthful	adults	is	0.8-1	g/kg,	protein	needs	are	higher	in	the	acute	care
setting.	 Inflammation,	 metabolic	 stress,	 trauma,	 surgery,	 changes	 to	 skin
integrity,	and	dialysate	losses	can	significantly	increase	protein	needs.	Providing
1.8	g/kg	of	protein	up	to	a	maximum	of	2.5	g/kg	is	recommended	for	individuals



receiving	CRRT	(choice	D	is	correct).

Pulmonary	Section

1.	The	correct	answer	is	D.
Rationale:	 Historically,	 excess	 carbohydrate	 intake	was	 thought	 to	 increase

carbon	dioxide	production	(

CO2)	 and	 delay	 weaning	 from	 mechanical	 ventilation.	 There	 is	 no	 reliable
evidence	 to	 support	 changing	 macronutrient	 distribution	 for	 this	 patient
population	 (choice	 A	 is	 incorrect).	 It	 is	 now	 understood	 that	 patients	 with
pulmonary	failure	require	nutritional	therapy	similar	to	those	with	other	critical
illness.	 CO2	 production	mostly	 occurs	 as	 part	 of	 metabolism	 by-products,	 not
just	carbohydrate	intake	alone,	and	so	excess	CO2	production	can	be	a	concern	in
patients	 who	 are	 overfed	 (choice	 D	 is	 correct).	 High	 protein	 and	 low
carbohydrate	diets	are	considered	safe	for	most	patients	with	pulmonary	disease
(choices	B	and	C	are	incorrect).
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ABBREVIATIONS	USED	IN	THE	APPENDIX

A Alveolar atm Atmosphere

D Dead BSA Body	surface	area

E Expiration cap Capillary

I Inspiration Cr Creatinine



P Pressure dyn Dynamic

Net	liquid	flow Is Interstitium

R Respiratory	quotient St Static

T Tidal ICP Intracranial	pressure

V Volume A Arterial

Δ Change D Distribution

µ Viscosity L Length

Π Oncotic	pressure R Radius

Σ Permeability T Time

Mixed	venous

FAHRENHEIT	AND	CELSIUS	TEMPERATURE
CONVERSIONS

°C °F °C °F

45 113.0 32 89.6

44 111.2 31 87.8

43 109.4 30 86.0

42 107.6 29 84.2

41 105.8 28 82.4

40 104.0 27 80.6

39 102.2 26 78.8

38 100.4 25 77.0

37 98.6 24 75.2



36 96.8 23 73.4

35 95.0 22 71.6

34 93.2 21 69.8

33 91.4 20 68.0

DOSAGE	AND	ACTION	OF	COMMON
INTRAVENOUS	VASOACTIVE	DRUGS

Dosage α β1 β2

Dopamine 1-2	µg/kg/min + + 0

2-10	µg/kg/min ++ +++ 0

10-30	µg/kg/min +++ ++ 0

Dobutamine 2-30	µg/kg/min + +++ ++

Milrinone 50	μg/kg	loading	dose,	then	0.375-0.75
µg/kg/min

0 0 0

Norepinephrine 0.1-3	μg/kg/min +++ ++ +

Epinephrine 0.1-0.5	µg/kg/min ++ +++ +++

Isoproterenol 2-10	µg/min 0 +++ +++

Phenylephrine 100-500	μg	bolus,	then	0.5-10
µg/kg/min

+++ 0 0

Vasopressin 0.04	U/min 0 0 0

Labetalol 20	mg,	then	40-80	mg	boluses,	then	2-
10	mg/min	(300	mg	max	daily	total
dose)

− − 0

Esmolol 500	µg/kg	bolus,	then	50-200
µg/kg/min

0 − (−)



Degree	of	receptor	stimulation:	0,	none;	+,	weak;	++,	moderate;	+++,	strong;	−,	receptor	blockade;
(−),	receptor	blockade	at	high	doses.

HEMODYNAMIC	CALCULATIONS

Mean	Blood	Pressure	(mm	Hg)

=	Normal	values:	85-95	mm	Hg

The	Fick	Equation	for	Cardiac	Index	(L/min/m2)

Normal	values:	2.5-4.2	L/min/m2

Stroke	Index	(mL/beat/m2)

Normal	values:	33-47	mL/beat/m2

Systemic	Vascular	Resistance	(dyne/s/cm5)



Normal	values:	770-1500	dyne/s/cm5

Pulmonary	Vascular	Resistance	(dyne/s/cm5)

Normal	values:	20-120	dyne/s/cm5

Total	Pulmonary	Resistance	(dyne/s/cm5)

Capillary	Fluid	Filtration

NUTRITIONAL	CALCULATIONS

Body	Mass	Index

Caloric	Content	of	Foods

Food	Type kcal/g Range



Carbohydrate 3.4 3.4-4.1

Protein 4.0 3.3-4.7

Fat 9.1 9.1-9.5

Respiratory	Quotient

Relationship	of	Fuel	Burned	to	Respiratory	Quotient

Fuel R

Ketones <0.6

Fat 0.7

Carbohydrate 1.0

Lipogenesis >1.0

Nitrogen	Balance

Harris-Benedict	Equation	of	Resting	Energy	Expenditure
(kcal/d)



Weir	Equation	(Modified)	of	Energy	Expenditure	(kcal/d)

TYPICAL	DRUG	DOSAGES	FOR	RAPID
SEQUENCE	INTUBATION

Muscle	relaxants

Rocuronium 0.6-1.2	mg/kg

Succinylcholine 1	mg/kg

Sedatives

Etomidate 0.3-0.4	mg/kg

Ketamine 1-2	mg/kg

Propofol 1-2	mg/kg

Thiopental 3-4	mg/kg

PULMONARY	CALCULATIONS

Tidal	Volume
=	VT

=	Dead	space	+	Alveolar	space
=	V	D	+	V	A

Alveolar	Gas	Equation



Alveolar	Arteriolar	Gradient
=	A	–	a	gradient
=	PAO2	–	PaO2

Normal	values	(upright):	2.5	+	(0.21	×	age)

Alveolar	Ventilation	(L/min)

Normal	values:	4-6	L/min

Bohr	Equation	of	Dead	Space
Normal	values:	0.2-0.3

Physiologic	Dead	Space

Normal	values:	0.2-0.3

Oxygen	Dissolved	in	Blood	(mL/dL)
=	DO2

=	0.003	(mL,	O2/dL)	×	PaO2	(mm	Hg)

Oxygen	Capacity	of	Hemoglobin	(mL	O2/dL)



=	1.39	(mL	O2)	×	Hgb	(g/dL)
Normal	values:	17-24	mL/dL

Oxygen	Content	of	the	Blood	(mL/dL)

Normal	values:	17.5-23.5	mL/dL

Percentage	of	Saturation	of	Hemoglobin	With	Oxygen

Normal	values:	>95%

Physiologic	Shunt

Normal	values:	<5%

Compliance1

On	Mechanical	Ventilation



During	Spontaneous	Breathing

Normal	values:	C	st	>	60	mL/cm	H2O;	C	dyn	>	60	mL/cm	H2O
C	L	>	200	mL/cm	H2O;	C	rs	>	100	mL/cm	H2O

Resistance—Ohm	Law

Normal	 values:	 airway	 resistance	 of	 the	 lung	 at	 functional	 residual	 capacity
(FRC)	=	2	cm	H2O/L/s

Work	of	Breathing

Normal	values:	W	thorax	=	0.5	kg-M/min

Laplace	Law	of	Surface	Tension	of	a	Sphere



P	=	2T/r

Poiseuille	Law	of	Laminar	Flow

Oxygenation	Index3

FiO2	×	Mean	Airway	Pressure	×	100/PaO2
2,3

(>5.3	ALI,	>	8.1	ARDS)

P/F	Ratio
PaO2/FiO2

(≤ 100	Severe	ARDS,
101–200	Moderate	ARDS
201–300	Mild	ARDS,	>400	Normal)

COMPOSITION	AND	PROPERTIES	OF	COMMON
INTRAVENOUS	SOLUTIONS

Solution Na+ Cl– K+ Ca+ Lactate kcal/L mOsm/L

D5W 0 0 0 0 0 170 252

D10W 0 0 0 0 0 240 505

D50W 0 0 0 0 0 1700 2530

½	NS 77 77 0 0 0 0 154

NS 154 154 0 0 0 0 308

3%	NaCl 513 513 0 0 0 0 1026

Ringer's	lactate 130 109 4 3 28 0 272

20%	mannitol 0 0 0 0 0 0 1098



D5W,	dextrose	5%	in	water;	D10W,	dextrose	10%	in	water;	D50W,	dextrose	50%	in	water;	NS,
normal	saline.

ELECTROLYTE	AND	RENAL	CALCULATIONS

Anion	Gap

Normal	values:	9-13	mEq/L

Expected	Anion	Gap	in	Hypoalbuminemia
=	3	×	(albumin	[g/dL])

Calculated	Serum	Osmolality

Normal	values:	275-290	mOsm/kg

Osmolar	Gap
=	Serum	osmolality	measured	–	Serum	osmolality	calculated
Normal	values:	0-5	mOsm/kg

Na+	And	Glucose
[Na+]	decreases	1.6	mEq/L	for	each	100	mg/dL	increase	in	[glucose]

Total	Calcium	and	Albumin
Corrected	 calcium	 (mg/dL)	 =	 Measured	 total	 calcium	 (mg/dL)	 +	 0.8	 (4.0	 –
serum	albumin)

Glomerular	Filtration	Rate	=	GFR



Normal	values:	74-160	mL/min

Water	Deficit	in	Hypernatremia	(L)

Water	Excess	in	Hyponatremia	(L)

Fractional	Excretion	of	Sodium

ACID-BASE	FORMULAS



Henderson-Hasselbalch	Equation

Henderson	Equation	for	Concentration	of	H+

Metabolic	Acidosis

Metabolic	Alkalosis

Respiratory	Acidosis

NEUROLOGICAL	CALCULATIONS

Glasgow	Coma	Scale	(3-15)



=	Eyes	(1-4)	+	Motor	(1-6)	+	Verbal	(1-5)
Normal	value:	15

Cerebral	Perfusion	Pressure	(mm	Hg)

BODY	SURFACE	AREA	NOMOGRAM
See	Figure	A.1	for	the	nomogram	for	calculating	BSA.

	



Figure	A.1 	Nomogram	for	calculation	of	body	surface	area	(BSA)
in	square	meters	by	height	and	weight.

PHARMACOLOGICAL	CALCULATIONS

Drug	Clearance

Drug	Half-Life

Drug	Elimination	Constant

Drug	Loading	Dose

Drug	Dosing	Interval

See	ICU	Acuity	Scoring	for	the	calculation	of	APACHE	scores.



ICU	ACUITY	SCORING

SAPS	II4,5

Points

Type	of	admission Scheduled	surgery 0

Unscheduled	surgery 8

Medical 6

Chronic	diseases None 0

Metastatic	carcinoma 9

Hematologic	malignancy 10

AIDS 17

Age <40 0

40-59 7

60-69 12

70-74 15

75-79 16

≥80 18

Temperature <39	°C 0

>39	°C 3

Heart	rate <40 11

40-69 2

70-119 0

120-159 4

≥160 7



Systolic	blood	pressure <70	mm	Hg 13

70-99 5

100-199 0

≥200 2

Urine	output <500	cc/24	h 11

500-999	cc/24	h 4

>1000	cc/24	h 0

Glasgow	Coma	Score <6 26

6-8 13

9-10 7

11-13 5

14-15 0

Serum	urea	or	BUN <10 0

10-29.9 6

≥30 10

Serum	sodium >146	mEq/L 1

125-144	mEq/L 0

<125	mEq/L 5

Serum	potassium <3	mEq/L 3

3-4.9	mEq/L 0

>5	mEq/L 3

WBC <1000/mm3 12

1000-19,000/mm3 0

>20,000/mm3 3



<15	mEq/L 6

15-19	mEq/L 3

≥20 0

Bilirubin <4	mg/dL 0

4-5.9	mg/dL 4

≥6 9

PaO	2/FiO	2 <100 11

(if	ventilated	or	CPAP) 100-199 9

≥200 6

SAPS	II,	Simplified	Acute	Physiology	Score	II.

APACHE	IV	VARIABLES	(NON-CABG	PATIENTS)6

Points

Age

≤44 0

45-54 2

55-64 3

65-74 5

≥75 6

Chronic	Health	Issues	on	Admission

Use	the	one	with	the	highest	point	value	that	is	present	
Nonoperative	and	emergency	surgery	patients	only	
otherwise	=	0

AIDS 23



Hepatic	failure 16

Lymphoma 13

Metastatic	cancer 11

Leukemia/multiple	myeloma 10

Immunosuppression 10

Cirrhosis 4

None/not	available 0

Acute	Physiology	Score

PO	2/FiO	2	ratio	(or	P(A-a)O2)	for	intubated	patients	with	FiO2	>	=	0.5

Ventilated	anytime	during	day	1 Y/N

ICU	admission	information

Admit	to	ICU	from	floor

Transfer	to	ICU	from	other	hospital

Admit	to	ICU	from	OR/PACU

Emergency	surgery Y/N

Pre-ICU	length	of	stay	(#	of	days	between	ICU	and	hospital	admission)

Admitting	diagnosis	(see	Diagnosis	tables—Tables	A.2	and	A.3)

If	DX	is	acute	MI,	is	the	patient	on	thrombolytic	therapy? Y/N

Unable	to	obtain	GCS	(due	to	meds,	anesthesia,	or	sedation) Y/N

GCS	(See	Table	A.1)

Acute	Physiology	Score	(APS)

Pulse	(beats/min)

Select	heart	rate	furthest	from	75

≤39 8



40-49 5

50-99 0

100-109 1

110-119 5

120-139 7

140-154 13

≥155 17

Mean	blood	pressure	(MAP)

Select	MAP	furthest	from	90

≤39 23

40-59 15

60-69 7

70-79 6

80-99 0

100-119 4

120-129 7

130-139 9

≥140 10

Temperature	(degrees	Celsius)

Select	core	temperature	furthest	from	38

Add	1	degree	Celsius	to	axillary	temps	prior	to	selecting	worst	value

≤32.9 20

33-33.4 16

33.5-33.9 13



34-34.9 8

35-35.9 2

36-39.9 0

≥40 4

Respiratory	rate	(breaths/min)

Select	respiratory	rate	furthest	from	19

For	patients	on	mechanical	ventilation	no	points	are	given	for	respiratory
rates	of	6-12

≤5 17

6-11 8

12-13 7

14-24 0

25-34 6

35-39 9

40-49 11

≥50 18

PaO	2	(mm	Hg)

Use	only	for	nonintubated	patients	or	intubated	patients	with	FiO	2	<0.5
(50%)

≤49 15

50-69 5

70-79 2

≥80 0

OR

A-aDO	2



Only	use	A-aDO	2	for	intubated	patients	with	FiO	2	≥0.5	(50%)

Do	not	use	PaO	2	weights	for	these	patients

<100 0

100-249 7

250-349 9

350-499 11

≤500 14

Hematocrit	(%)

Select	hematocrit	furthest	from	45.5

≤40.9 3

41-49 0

≥50 3

WBC	(cu/mm)

Select	WBC	furthest	from	11.5

<1.0 19

1.0-2.9 5

3.0-19.9 0

20-24.9 1

≥25 5

Creatinine	without	acute	renal	failure	(ARF)	(mg/dL)

Select	creatinine	furthest	from	1

≤0.4 3

0.5-1.4 0

1.5-1.94 4



≥1.95 7

OR

Creatinine	with	ARF	(mg/dL)

ARF	is	defined	as	creatinine	≥1.5	mg/dL	and	urine	output	<410	cc/d	and	no
chronic	dialysis

0-1.4 0

≥1.5 10

Urine	Output	(cc/d)

Total	for	day

≤399 15

400-599 8

600-899 7

900-1499 5

1500-1999 4

2000-3999 0

≥4000 1

BUN	(mg/dL)

Select	highest	BUN

≤16.9 0

17-19 2

20-39 7

40-79 11

≥80 12

Sodium	(mEq/L)



Select	sodium	furthest	from	145.5

≤119 3

120-134 2

135-154 0

≥155 4

Albumin	(g/dL)

Select	albumin	furthest	from	3.5

≤1.9 11

2-2.4 6

2.5-4.4 0

≥4.5 4

Bilirubin	(mg/dL)

Select	highest	bilirubin	furthest	from	0

≤1.9 0

2-2.9 5

3-4.9 6

5-7.9 8

≥8 16

Glucose	(mg/dL)

Select	glucose	furthest	from	130

Glucose	≤39	mg/dL	is	lower	weight	than	40-59

≤39 8

40-59 9

60-199 0



200-349 3

≥350 5

Neurological	Abnormalities	Score	(see	matrix)

Acid-Base	Abnormalities	Score	(see	matrix)

Mortality	prediction	calculations	based	on	the	APACHE	IV	are	different	for	the	day	of	ICU
admission	and	subsequent	days.
Adapted	from	Cerner	Apache.	Apache	IV	Calculations.xls	with	permission.

MPM0-III	SCORING	SYSTEM

Category Variable

Physiology

Coma	or	deep	stupor	at	admission	not	due	to	drug	overdose

Heart	rate	>150	beats/min

Systolic	blood	pressure	≤90	mm	Hg

Chronic	diagnoses

Chronic	renal	compromise	or	insufficiency

Cirrhosis

Metastatic	malignant	neoplasm

Acute	diagnoses

Acute	renal	failure

Cardiac	dysrhythmia

Cerebrovascular	accident

Gastrointestinal	bleeding

Intracranial	mass	effect



Other	variables

CPR	within	24	hours	prior	to	admission

Mechanical	ventilation	within	1	hour	of	admission

Medical	or	unscheduled	surgery	admission

Full	code	status

Age	(years)

MPM0-III	variables	are	collected	at	the	time	of	ICU	admission	or	within	1	hour	of	admission.
7

Adapted	from	White	Paper	Report.	Available	at:	http://www.cerner.com/filedownload.asp?
LibraryID=34399.	Accessed	July	26,	2010.

TABLE	A.1

Specific	Components	of	the	Glasgow	Coma	Scale

Eye	Opening

Spontaneous 4

To	speech 3

To	pain 2

Nil 1

Motor	Response

Obeys	commands 6

Localizes 5

Withdraws 4

Exhibits	abnormal	flexion 3

Exhibits	abnormal	extension 2

Nil 1

http://www.cerner.com/filedownload.asp?LibraryID=34399


Verbal	Response

Oriented 5

Confused,	conversant 4

Uses	inappropriate	words 3

Uses	incomprehensible	sounds 2

Nil 1

From	Jain	S,	Iverson	LM.	Glasgow	coma	scale.	[Updated	2022	Jun	21].	In:	StatPearls	[Internet].
StatPearls	Publishing;	2022	January.	https://www.ncbi.nlm.nih.gov/books/NBK513298/

TABLE	A.2

Apache	IV	Nonoperative	Diagnoses

Diagnostic	group

Cardiovascular	diagnoses

AMI

Anterior

Inferior/lateral

Non-Q

Other

Cardiac	arrest

Cardiogenic	shock

Cardiomyopathy

Congestive	heart	failure

Chest	pain,	rule	out	AMI

Hypertension

https://www.ncbi.nlm.nih.gov/books/NBK513298/


Hypovolemia/dehydration	(not	shock)

Hemorrhage	(not	related	to	GI	bleeding)

Aortic	aneurysm

Peripheral	vascular	disease

Rhythm	disturbance

Sepsis	(by	infection	site)

Cutaneous

Gastrointestinal

Pulmonary

Urinary	tract

Other	location

Unknown	location

Cardiac	drug	toxicity

Unstable	angina

Cardiovascular,	other

Respiratory	diagnoses

Airway	obstruction

Asthma

Aspiration	pneumonia

Bacterial	pneumonia

Viral	pneumonia

Parasitic/fungal	pneumonia

COPD	(emphysema/bronchitis)

Pleural	effusion



Pulmonary	edema	(noncardiac)

Pulmonary	embolism

Respiratory	arrest

Respiratory	cancer	(oral,	larynx,	lung,	trachea)

Restrictive	lung	disease	(fibrosis,	sarcoidosis)

Respiratory	disease,	other

GI	diagnoses

GI	bleeding,	upper

GI	bleeding	lower/diverticulitis

GI	bleeding,	varices

GI	inflammatory	disease

Neoplasm

Obstruction

Perforation

Vascular	insufficiency

Hepatic	failure

Intra/retroperitoneal	hemorrhage

Pancreatitis

GI,	other

Neurologic	diagnoses

Intracerebral	hemorrhage

Neurologic	neoplasm

Neurologic	infection

Neuromuscular	disease



Drug	overdose

Subdural/epidural	hematoma

Subarachnoid	hemorrhage,	intracranial	aneurysm

Seizures	(no	structural	disease)

Stroke

Neurologic,	other

Trauma	diagnoses

Trauma	involving	the	head

Head	trauma	with	either	chest,	abdomen,	pelvis,	or	spine	injury

Head	trauma	with	extremity	or	facial	trauma

Head	trauma	only

Head	trauma	with	multiple	other	injuries

Trauma,	chest	and	spine	trauma

Trauma,	spine	only

Multiple	trauma	(excluding	head	trauma)

Metabolic/endocrine	diagnoses

Acid-base,	electrolyte	disorder

Diabetic	ketoacidosis

Hyperglycemic	hyperosmolar	nonketotic	coma

Metabolic/endocrine,	other

Hematologic	diagnoses

Coagulopathy,	neutropenia,	thrombocytopenia,	pancytopenia

Hematologic,	other%

Genitourinary	diagnoses



Renal,	other

Miscellaneous	diagnoses

General,	other

From	Zimmerman	JE,	Kramer	AA,	McNair	DS	et	al.	Acute	Physiology	and	Chronic	Health
Evaluation	(APACHE)	IV:	hospital	mortality	assessment	for	today’s	critically	ill	patients.	Crit	Care
Med.	2006;34(5):1297-1310.

TABLE	A.3

Apache	IV	Surgical	Diagnoses

Diagnostic	group	
Cardiovascular	surgery
Valvular	heart	surgery
CABG	with	double	or	redo	valve	surgery
CABG	with	single-valve	surgery
Aortic	aneurysm,	elective	repair
Aortic	aneurysm,	rupture
Aortic	aneurysm,	dissection
Femoral-popliteal	bypass	graft
Aortoiliac,	aortofemoral	bypass	graft
Peripheral	ischemia	(embolectomy,	thrombectomy,	dilation)
Carotid	endarterectomy
Cardiovascular	surgery,	other

Respiratory	surgery
Thoracotomy,	malignancy
Neoplasm,	mouth,	larynx
Thoracotomy,	lung	biopsy,	pleural	disease
Thoracotomy,	respiratory	infection
Respiratory	surgery,	other

GI	surgery
GI	malignancy
GI	bleeding
Fistula,	abscess
Cholecystitis,	cholangitis
GI	inflammation



GI	obstruction
GI	perforation
GI,	vascular	ischemia
Liver	transplant
GI	surgery,	other

Neurologic	surgery
Craniotomy	or	transsphenoidal	procedure	for	neoplasm
Intracranial	hemorrhage
Subarachnoid	hemorrhage	(aneurysm,	arteriovenous	malformation)
Subdural/epidural	hematoma
Laminectomy,	fusion,	spinal	cord	surgery
Neurologic	surgery,	other

Trauma	surgery
Head	trauma	only
Multiple	trauma	sites	including	the	head
Surgery	for	extremity	trauma
Multiple	trauma	(excluding	the	head)

Genitourinary	surgery
Renal/bladder/prostate	neoplasm
Renal	transplant
Hysterectomy
Genitourinary	surgery,	other

Miscellaneous	surgery
Amputation	(nontraumatic)

From	Zimmerman	JE,	Kramer	AA,	McNair	DS	et	al.	Acute	Physiology	and	Chronic	Health
Evaluation	(APACHE)	IV:	hospital	mortality	assessment	for	today’s	critically	ill	patients.	Crit	Care
Med.	2006;34(5):1297-1310.

TABLE	A.4

The	SOFA	Score

SOFA	score 1 2 3 4

Respiration	
PaO2/FiO2,
mmHg

<400 <300 <200	with
respiratory
support

<100	with
respiratory
support



Coagulation	
Platelets	×
103/mm3

<150 <100 <50 <20

Liver	
Bilirubin,
mg/dL
(μmol/L)

1.2–
1.9
(20–
32)

2.0–
5.9(33–
101)

6.0–11.9(102–
204)

>12.0(<204)

Cardiovascular
Hypotension

MAP
<	70
mmHg

Dopamine
≤	5	or
dobutamine
(any	dose)a

Dopamine	>	5
or	epinephrine	≤
0.1	or
norepinephrine
≤	0.1

Dopamine	>	15
or	epinephrine	>
0.1	or
norepinephrine	>
0.1

Central
nervous	system
Glasgow	Coma
Score

13–14 10–12 6–9 <6

Renal	
Creatinine,
mg/dL
(μmol/L)	or
urine	output

1.2–
1.9
(110–
170)

2.0–3.4
(171–299)

3.5–4.9	(300–
440)	or	<500
mL/d

>5.0	(>440)	or
<200	mL/d

aAdrenergic	agents	administered	for	at	least	1	hour	(doses	given	are	in	μg/kg	·	min).

Adapted	with	permission	from	Vincent	JL,	Moreno	R,	Takala	J,	et	al.	The	SOFA	(Sepsis-related
Organ	Failure	Assessment)	score	to	describe	organ	dysfunction/failure.	On	behalf	of	the	Working
Group	on	Sepsis-Related	Problems	of	the	European	Society	of	Intensive	Care	Medicine.	Intensive
Care	Med	1996;22:707–710.
SOFA,	Sequential	Organ	Failure	Assessment.

TABLE	A.5

Quick	SOFA	Score

qSOFA	(Quick	SOFA)	Criteria Points



Respiratory	rate	≥22/min 1

Change	in	mental	status 1

Systolic	blood	pressure	≤100	mmHg 1

Adapted	with	permission	from	Marik	PE,	Taeb	AM.	SIRS,	qSOFA	and	new	sepsis	definition.	J
Thoracic	Dis	2017;9:943–945.	AME	Publishing	Company.
SOFA,	Sequential	Organ	Failure	Assessment.

NORMAL	VALUES	OF	EXPIRATORY	PEAK
FLOW8

There	is	a	wide	variability	in	peak	expiratory	flows	due	to	individual	differences.
Values	also	vary	slightly	depending	on	the	peak	flow	meter	used.	See	Tables	A.6
and	A.7.

TABLE	A.6

Normal	Values	of	Expiratory	Peak	Flow	for	Men

Height

Age	(y) 60	in. 65	in. 70	in. 75	in. 80	in.

20 554 602 649 693 740

25 543 590 636 679 725

30 532 577 622 664 710

35 521 565 609 651 695

40 509 552 596 636 680

45 498 540 583 622 665

50 486 527 569 607 649

55 475 515 556 593 634



60 463 502 542 578 618

65 452 490 529 564 603

70 440 477 515 550 587

From	Leiner	GC,	Abramowitz	S,	Small	MJ,	et	al.	Expiratory	peak	flow.	Standards	for	normal
subjects.	Use	as	a	clinical	test	of	ventilatory	function.	Am	Rev	Respir	Dis.	1963;86:644.

TABLE	A.7

Normal	Values	of	Expiratory	Peak	Flow	for	Women

Height

Age	(y) 60	in 65	in 70	in 75	in 80	in

20 390 423 460 496 529

25 385 418 454 490 523

30 380 413 448 483 516

35 375 408 442 476 509

40 370 402 436 470 502

45 365 397 430 464 495

50 360 391 424 457 488

55 355 386 418 451 482

60 350 380 412 445 475

65 345 375 406 439 468

70 340 369 400 432 461

From	Leiner	GC,	Abramowitz	S,	Small	MJ,	et	al.	Expiratory	peak	flow.	Standards	for	normal
subjects.	Use	as	a	clinical	test	of	ventilatory	function.	Am	Rev	Respir	Dis.	1963;86:644.
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Note:	Page	numbers	followed	by	f	and	t	 indicates	figure	and	table	respectively.
Gray	highlighting	indicates	associated	video	content	within	the	eBook.
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history,	1668–1669



other	laboratory	studies,	1670

physical	examination,	1669

pulmonary	function	tests,	1669,	1669t

clinical	management

emergency	department,	1672–1673,	1673t

pregnancy,	1673

routine	inpatient	management,	1673–1674,	1674t

differential	diagnosis,	1667t,	1668

epidemiology	of,	1667

pathophysiology

pathogenesis	of,	1667–1668

pathology	of,	1667

physiology	of,	1668

severe	respiratory	failure,	management	of

assessment,	1674

complications	of	mechanical	ventilation,	1675–1676

endotracheal	intubation,	1674–1675

invasive	mechanical	ventilation,	1675,	1675t

unconventional	management	measures,	additional	and,	1676,
1676t–1677t

therapeutic	agents

β2-adrenergic	agonists,	1670–1671

cholinergic	antagonists,	1671

corticosteroids,	1671–1672

methylxanthines,	1671

other	agents,	1672

oxygen,	1672



treatment	of,	1670,	1670t

Acute	fatty	liver	of	pregnancy	(AFLP),	2163

Acute	gastrointestinal	injury	(AGI),	2145

Acute	generalized	exanthematous	pustulosis	(AGEP),	666,	666f

Acute	hemolytic	transfusion	reactions	(AHTRs),	853,	867

Acute	hyponatremia,	1421

Acute	inflammatory	demyelinating	polyradiculoneuropathy	(AIDP),	1457–1458

Acute	inhalational	injuries

asphyxiant	gases

carbon	dioxide,	1734–1735

carbon	monoxide,	1735–1738

chemical	asphyxiants,	1734,	1734t

hydrogen	cyanide	(HCN),	1738–1739

hydrogen	sulfide,	1739–1740

simple	asphyxiants,	1734,	1734t

irritant	gases,	1740t

heavy	metals,	1743

solubility	of,	1740t

specific	irritant	toxic	gases,	1741–1743

toxic	gases	and	fumes	producing	pulmonary	edema,	1741t

long-term	complications	of,	1746–1747

bronchiolitis	obliterans,	agents	that	produce,	1746t

smoke,	1743–1744

toxic	products	of	combustion	in	residential	fires,	1734t

vapors,	1744–1746

Acute	intermittent	porphyria,	1461

Acute	interstitial	nephritis	(AIN),	2073,	2078–2079,	2079t



Acute	kidney	injury	(AKI),	1857,	2165

causes	of,	2069,	2069t–2070t

clinical	syndromes	in,	2074t

abdominal	compartment	syndrome,	2076

acute	bilateral	cortical	necrosis,	2076

cancer	patient,	2080–2081

drug-induced	syndromes,	2078–2079

ischemic	acute	kidney	injury,	2073–2076

nephrotoxicity	and	drug-induced	acute	kidney	injury,	2076–2078

renal	dysfunction	in,	2081–2083

renal	vascular	disease,	2079–2080

complications	and	treatment	of

abnormal	calcium	and	phosphorus	metabolism,	2088

abnormal	drug	metabolism,	2087

abnormal	salt	and	water	metabolism,	2088

dialysis,	2088

fluid	management,	2084–2086

hyperkalemia,	2087–2088

metabolic	acidosis,	2088

nutritional	therapy,	2087

parenchymal	renal	disease,	2086–2087

postrenal	failure,	2087

principles	of,	2084,	2086t

prognosis	and	outcome	of,	2088–2089

ultrasonography	utility,	2089–2090

uremia,	2088

diagnosis	of



blood	tests,	2083–2084

history	and	physical	examination,	2083

radiographic	studies,	2084,	2084f

renal	biopsy,	2084

urine	tests,	2083

intrinsic	renal	disease,	2071

glomerular	and	vascular	diseases,	2071–2072,	2071f

tubulointerstitial	diseases,	2072–2073

KDIGO	criteria	of,	2069,	2070t

postrenal	azotemia,	2073

prerenal	azotemia	and	autoregulatory	failure,	2070–2071,	2070t,	2071f

RIFLE	criteria	of,	2069,	2069t

ultrasonography	(US),	2109

ultrasonography	utility	for	evaluation	of

anatomy,	2089

clinical	applications,	2089–2090

equipment,	2089

limitations	of,	2090

scanning	technique,	2089

Acute	limb	ischemia	(ALI),	454–458

clinical	categories,	456t

compartment	syndrome,	458

endovascular	angiography,	456–457

etiology,	454–455

evaluation	and	diagnosis,	455

ischemia-reperfusion	injury	management,	457–458

open	surgical	revascularization,	456



postoperative	care,	457

rhabdomyolysis	management,	457–458

thrombolysis,	456–457,	457t

treatment,	455–456

upper	extremity,	458

Acute	liver	failure	(ALF),	2149

acetaminophen,	2161–2162

autoimmune	hepatitis,	2163

cerebral	edema	(CE),	2164

acute	kidney	injury	(AKI),	2165

coagulopathy,	2165

hemodynamic	and	cardiac	complications,	2165–2166

metabolic	disorders,	2165

prognosis	and	transplant	selection,	2166,	2166t

respiratory	complications,	2165

sepsis,	2166

etiologies,	2161,	2162t

uncommon,	2163–2164

hepatic	dysfunction

alcohol-associated	hepatitis	(AH),	2167

chronic	liver	disease	and	cirrhosis,	2167–2169

ischemic	hepatitis,	2166–2167

sepsis	and	multiorgan	system	failure,	2167

hepatic	hydrothorax,	2169

hyponatremia,	2169

hepatopulmonary	syndrome	(HPS),	2170

hepatorenal	syndrome	(HRS),	2170



portopulmonary	hypertension	(PPH),	2170

idiosyncratic	drug-induced	liver	injury	(iDILI),	2161–2163

pregnancy,	2163

systemic	manifestations	and	management,	2164,	2164t

viruses,	2163

Acute	liver	toxicity,	1849

Acute	lung	injury	(ALI),	1548

Acute	lymphoblastic	leukemia	(ALL),	930

Acute	mesenteric	ischemia,	442

Acute	myeloid	leukemia	(AML),	929–930

Acute	myocardial	infarction,	1392–1393,	1509–1510,	1849,	1867–1868,	1868f

Acute	pancreatitis,	2149,	2177

clinical	presentation	of

physical	examination,	2180

symptoms,	2179–2180,	2179t

differential	diagnosis,	2181,	2181t

etiology	and	pathophysiology,	2178t

biliary	tract	stone	disease,	2177

drugs,	2177–2178,	2178t

ethanol	abuse,	2177

pancreatic	duct	obstruction,	2178–2179

laboratory	tests	and	radiologic	examinations

abdominal	ultrasonography,	2180

computed	tomography	(CT),	2181

endoscopic	ultrasonography,	2180–2181

magnetic	resonance	imaging	(MRI),	2181

pancreatic	enzymes	and	other	assays,	2180



routine	blood	tests,	2180

local	complications	of,	2182

acute	fluid	collections,	2183–2184

diagnosis,	2183

pseudocysts,	2184

walled-off	necrosis	(WON),	2184

post-endoscopic	retrograde	cholangiopancreatography	(ERCP)	pancreatitis,
2179

autoimmune	pancreatitis,	2179

genetic	causes	of,	2179

hypertriglyceridemia,	2179

idiopathic	pancreatitis,	2179

other	causes	of,	2179

prognosis,	2181,	2181t–2182t

treatment	of

ERCP	and	surgery	for	gallstone	pancreatitis,	2182

fluid	and	electrolyte	replacement,	2182

management	of,	2183t

nutrition,	2182

pain	management,	2181–2182

systemic	complications,	2182,	2183t

Acute	phosphate	nephropathy,	2078

Acute	physiology	and	chronic	health	evaluation	(APACHE)	scores,	359,	527

Acute	promyelocytic	leukemia	(APL),	930

Acute	pulmonary	embolism,	893–894

Acute	pyelonephritis,	777

urinary	tract	infections



diagnostic	methods	for,	777–778

suppurative	complications	of,	777

Acute	radiation	casualties,	1242

acute	radiation	illness	and	trauma

internal	contamination,	1246

internal	radiation	contamination,	1246–1247

potential	internal	radiation	contamination,	1246

acute	radiation	syndrome	(ARS),	1242

basic	radiation	physics,	1240–1241,	1241f

decontamination,	1244–1246,	1245f,	1246t

management,	1247–1248

phases	of

acute	radiation	dermatitis,	1243

central	nervous	system	subsyndrome,	1243

gastrointestinal	subsyndrome,	1243

hematopoietic	subsyndrome,	1243

management,	1244

multiple	organ	dysfunction	syndrome,	1244

prognosis,	1244

radiation	doses,	1242

radiation	emergencies,	types	of,	1240

subsyndromes,	1242

Acute	radiation	dermatitis,	1243

Acute	radiation	illness	and	trauma

internal	contamination,	1246

internal	radiation	contamination,	1246–1247

potential	internal	radiation	contamination,	1246



Acute	radiation	syndrome	(ARS),	1242

Acute	rejection	(AR),	597–598,	599t

kidney	transplants,	493

solid-organ	transplantation,	567

Acute	renal	failure,	hematopoietic	cell	transplantation,	573–574

Acute	renal	vein	thrombosis	(RVT),	2072

Acute	respiratory	distress	syndrome	(ARDS),	350,	495,	1548,	1573,	1658

clinical	management	of,	1562

clinical	outcomes,	1561–1562

diagnosis	of,	1562

epidemiology	of,	1551,	1551t

equipment	requirements	and	scanning	technique,	1562

fluid	management	of,	1556–1557

hematopoietic	cell	transplantation	(HCT),	573

histopathology	of,	1549–1550,	1549f

lung	parenchyma,	1758–1759,	1758f–1759f

mechanical	ventilation,	management	of

airway	pressure	release	ventilation	(APRV),	1555

extracorporeal	membrane	oxygenation	(ECMO),	1555–1556

high-frequency	ventilation,	1555

low	tidal	volumes	and,	1553–1554

noninvasive	ventilation	(NIV),	1555

partial	support	invasive	ventilation,	1555

positive	end-expiratory	pressure	(PEEP),	1554

recruitment,	1554

pathogenesis	of,	1551–1552

pathophysiology	of,	1552–1553,	1552f



pharmacologic	interventions,	management	of

β-agonists,	1558

anticoagulation/fibrinolysis,	1558

corticosteroids,	1557

HMG-CoA	reductase	inhibitors,	1558–1559

neuromuscular	blockade	(NMB),	1557–1558

nutritional	supplementation,	1558

pulmonary	vasodilators,	1558

surfactant	replacement,	1558

pleural	effusion,	1713

prognosis,	1559–1651

prone-positioning,	management	of,	1556

pulmonary	hypertension	(PH),	1688

radiographic	findings	of,	1550–1551,	1550f

stem	cell	therapy,	1559,	1560t–1561t

Acute	respiratory	failure,	immunodeficient	patients	with,	1614

Acute	severe	ulcerative	colitis	(ASUC),	2194

Acute	stroke,	865–866

Acute	thrombosis,	2071

Acute	tubular	injury,	2078

Acute	tubular	necrosis	(ATN),	492–493,	2072–2073,	2072t,	2073f

Acute	variceal	hemorrhage

balloon	tamponade	for

balloon	tube	insertion	technique,	191–194

contraindications,	190–191

practical	considerations	with,	191

role	of,	190,	191f



pharmacotherapy	intervention,	190

Acute	vasodilator	therapy,	1916–1917,	1916t

Acyclovir,	709–710

Adalimumab,	642,	643t

Adaptive	designs	in	clinical	trials,	1321–1322

Addison	disease,	2065

Adenosine,	1019

Adenosine	deaminase	(ADA),	110

Adenovirus	infection,	812

hematopoietic	cell	transplantation	(HCT),	578

ADHF	See	Acute	decompensated	heart	failure	(ADHF)

ADH-V2	antagonists,	2052

Adjunctive	corticosteroids,	801

Adjunctive	therapies

corticosteroids,	355–356

nutritional	support,	356

respiratory	See	Respiratory	adjunctive	therapies

sepsis	management,	355–356

Adrenal	crisis,	clinical	presentation	of,	1366t

Adrenal	disorders,	1422

Adrenal	insufficiency,	2065

β2-Adrenergic	agonists,	1670–1671,	2067

β-Adrenergic	blockade,	2064

β-Adrenergic	tocolytic	therapy-induced	pulmonary	edema,	1572–1573

Adrenocorticotropic	hormone	(ACTH),	2047

Adult	sleep

architecture,	1828,	1828f



cardiovascular	processes,	1829,	1829f

circadian	rhythms,	1828

physiologic	processes

respiratory	processes,	1829

thermoregulation,	1829

Advanced	informatics	concepts,	1281

Advanced	Trauma	Life	Support	(ATLS),	345,	377,	417

AECOPD	See	Acute	exacerbation	of	chronic	obstructive	pulmonary	disease
(AECOPD)

Aeromonas	hydrophila,	432

Aerosolized	ribavirin,	1642

Aerosolized	vasodilators,	1643

Aerosol	therapy,	1639,	1800–1801

bland,	1639–1640

modes	of	delivery,	1643–1644

pharmacologically	active,	1640–1643

AFE	See	Amniotic	fluid	embolism	(AFE)

Aggregatibacter	actinomycetemcomitans,	759

Aggressive	non-Hodgkin	lymphomas,	930–931

Aggressive	resuscitation,	686

AgitationDelirium

delirium	as	cause	of,	1499–1500

differential	diagnosis	of,	1506t

long-term	sequelae	of,	1505–1506

other	causes	of,	1504–1505,	1506t

β-Agonists,	1558

acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD),
1681



Air-jet	nebulizers,	1643

Air	leaks,	1624

Airway	adjuncts,	66–67,	67f

Airway	clearance,	1644

cough	effectiveness,	1646–1647

mucociliary	clearance,	1644–1646

Airway	management

airway	adjuncts,	66–67,	67f

airway	obstruction,	66,	66f

anatomy	of,	64–66

hypopharynx,	65

larynx,	65,	65f

mouth	and	jaw,	65

nasopharynx,	65

nose,	65

oropharynx,	65

trachea,	65–66

in	intubated	patient

cuff	management,	78

humidification,	78

securing	tube,	77–78

tube	replacement,	78

tube	suctioning,	78

use	of	face	mask	and	bag	valve	device,	66,	66f

utility	of	ultrasonography	for,	79

Airway	occlusion	pressure,	257

Airway	pressure	release	ventilation	(APRV),	1555,	1597–1598,	1597f



Airway	procedures,	interventional	pulmonary

central	airway	obstruction	(CAO),	1816–1819

chest	wall	and	pleural-based	mass	biopsy,	1824

massive	hemoptysis,	1815–1816

percutaneous	dilatational	tracheostomy	(PDT),	1820–1821

percutaneous	gastrostomy	tube	placement,	1823

real-time	ultrasound	guidance,	1823

related	considerations,	1825–1826,	1825t–1826t

rigid	bronchoscopy,	1815,	1815f

technical	considerations,	1824–1825

ultrasound	guidance,	percutaneous	tracheostomy,	1821–1822

ultrasound-guided	thoracentesis,	1823–1824

Akinetic	mutism,	1408

Alanine	aminotransferase	(ALT),	2162

Alcohol-associated	hepatitis	(AH),	2167

Alcohol,	drowning,	1660

Aldosterone,	2058

Alemtuzumab,	566

ALF	See	Acute	liver	failure	(ALF)

ALI	See	Acute	limb	ischemia	(ALI);	Acute	lung	injury	(ALI)

Alkalosis,	metabolic	See	Metabolic	alkalosis

Allergic	reactions,	853

Allorecognition,	597f

α2-Adrenergic	agonists,	in	pain	management,	17

Altered	states	of	consciousness,	1400

abulia,	1408

acute	confusional	state,	1403–1406,	1407t



akinetic	mutism,	1408

ancillary	tests,	1411–1412,	1413f

awake	and	alert	but	noncommunicative,	1408

brain	death,	1403,	1406t

catatonia,	1403,	1404t

comatose	patient,	bedside	evaluation	of

corneal	reflex,	1411

direct	ophthalmoscopy,	1410

initial	measures,	1408

level	of	consciousness,	1409

motor	system,	1411

neurologic	examination,	1409

ocular	movements,	1410–1411

physical	examination,	1408–1409

pupils,	1409–1410

confusion,	1403

dementia,	1406

emergency	treatment	for,	1412

inapparent	seizures,	1406

levels	of	consciousness,	1401

locked-in	state,	1403

minimally	conscious	state,	1408

mutism,	1408

neuroanatomical	basis	for,	1401–1402,	1402f,	1402t

neurologic	examination,	1411

persistent	vegetative	state,	1408

prognostication,	1412–1414,	1414t



psychogenic	coma,	1402–1403

receptive	aphasia,	1406–1407

sleep,	1402

Aluminum/zinc	phosphides

clinical	toxicity,	1147

management,	1147

pharmacology,	1147

Alveolar	fluid	clearance	(AFC),	1552

Alveolar	interstitial	syndrome	(AIS),	1562

Alvimopan,	2158

Amanita	phalloides,	2163

Ambiguous	chest	radiograph,	99

American	Association	for	Bronchology	and	Interventional	Pulmonology
(AABIP),	1814

American	College	of	Chest	Physicians	(ACCP),	1814

American	College	of	Critical	Care	Medicine,	423

American	College	of	Surgeons	(ACS)	Committee	on	Trauma	(COT),	342

American	Gastroenterological	Association	(AGA),	2191

American	Orthopedic	(AO)/Orthopedic	Trauma	Association	classification,	404,
406

American	Society	for	Parenteral	and	Enteral	Nutrition	(ASPEN),	2200

American	Spinal	Injury	Association	(ASIA)	scoring	system,	375f

American	Thoracic	Society	(ATS),	1814

Amikacin,	702

Aminoglycosides

adverse	reactions,	702

amikacin,	702

gentamicin,	702



pharmacology,	702

plazomicin,	702

serum	levels,	therapy	and	determination	of,	702–703,	703t

spectrum	of	action,	702

therapy	indications,	702

tobramycin,	702

Amiodarone,	1018–1019

Ammonia,	1741

Amniotic	fluid	embolism	(AFE),	452,	1569–1570,	1577

Amphotericin	B,	707

Amylase,	109

Amyotrophic	lateral	sclerosis,	1461

Anaerobic	infections	therapy,	705

Anakinra,	642,	643t

Anaphylaxis,	648–659

acquired	angioedema	(AAE),	658

anesthetic,	655

angiotensin-converting	enzyme	(ACE)	inhibitor	angioedema,	657–658

aspirin	causing,	658

beta-lactam	antibiotic,	654–655

chemical	mediators	of

mechanisms	of	release	of,	648,	649f,	649t,	650t

physiologic	properties	of,	648–650

chemotherapy/monoclonals,	655–656

clinical	course	of	reactions	with,	652

clinical/laboratory	features	of,	650,	651t

COVID-19,	658



diagnosis	of,	650–652

differential	diagnosis	of,	652

exercise-induced,	657

food,	655

hereditary	angioedema	(HAE),	657–658

idiopathic,	657

IgE-mediated,	649t

insulin	therapy	and,	658–659

latex-induced,	656–657

management	of,	654–659,	654t

non-IgE-mediated,	650t

nonsteroidal	anti-inflammatory	drugs	causing,	658

pathophysiology	of,	648–650

prevention	of,	653–654

radiocontrast	media,	656

stinging	insect	venom,	657

treatment	of,	652–653,	653t

antihistamines	in,	652

bronchodilators	in,	653

emergency	measures	in,	652

epinephrine	in,	652,	653

glucocorticoids	in,	653

pharmacologic	therapy	in,	653,	653t

Anastomotic	leak

gastrointestinal	cancer,	438–439

pancreas	transplantation,	548–549

Anastomotic	stricture,	437



Anemia

erythropoiesis-stimulating	agents	(ESAs),	858

hematology	consultation,	858–859

hemoglobinopathies

chemical	and	physical	agents,	hemolysis	associated	with,	868

chronic	disease/critical	illness,	869t

glucose-6-phosphate	dehydrogenase	deficiency,	867,	867t–868t

hemolysis	from	infectious	agents,	868

hemolytic	transfusion	reactions,	867

hereditary	spherocytosis	(HS),	868

other	causes	of,	868–869

paroxysmal	nocturnal	hemoglobinuria,	867–868

sickle	cell	anemia,	864–866

thalassemia,	866–867

hemolytic	anemias

immune-mediated	hemolysis,	860–862,	860t,	862t

laboratory	features,	859–860

initial	evaluation,	856,	857t

laboratory	studies,	857–858,	857t,	858f

microangiopathic	hemolytic	anemia,	862–863

clinical	manifestations,	863

laboratory	features,	863,	863t

treatment,	863–864

therapeutic	red	cell	transfusion,	858

Anesthesia,	4–10

aging	related	physiologic	changes	with,	5

critical	illness	related	pathophysiologic	changes	with,	5



dosing	in,	4–5

hypnotics	for,	6–9,	6t

characteristics	of,	6t

dexmedetomidine,	6t,	8–9

etomidate,	6t,	7

ketamine,	6t,	7–8

midazolam,	6t,	8

propofol,	6–7,	6t

recommended	doses,	6t

neuromuscular	blocking	agents	for,	10

opioids	for,	9–10

fentanyl,	9–10

morphine,	9

remifentanil,	10

sufentanil,	10

pain	relief	effectiveness	with,	4

pharmacokinetic	consideration	with,	4–5,	5f

selection	of	agent	for,	5–6,	5t

coronary	artery	disease,	6

head	trauma,	6

renal/hepatic	failure,	6

Anesthetic	anaphylaxis,	655

Aneurysms,	kidney	transplantation,	493

Angiodysplasia,	2137

Angiography,	1700

pancreas	transplantation,	551

thoracic	and	cardiac	trauma,	383



Angiopoietin	2	(Ang-2),	1552

Angiotensin-converting	enzyme	(ACE)	inhibitors,	1880–1881,	2052

anaphylaxis,	657–658

Angiotensin	receptor	blockers	(ARBs),	1881,	2052

Angiotherapy,	2135

Anidulafungin,	709

Anifrolumab,	643t

Anoxia,	drowning,	1661

Anoxic	myoclonic	status	epilepticus,	1450

Antecubital	approach,	for	central	venous	catheterization,	42–43,	42f

basilic	vein	for,	42

cannulation	technique	for,	42–43

success	rate	and	complications	of,	43

Antepartum	hemorrhage,	451–452

Anterior	cord	syndrome,	374

Anteroposterior	compression	(APC)	injuries,	404

Antiarrhythmic	agents

clinical	presentation,	1013–1014

diagnostic	evaluation,	1014

individual	agents

class	IA	agents,	1015–1017

class	IB	agents,	1017–1018

class	IC	agents,	1018

class	III	agents,	1018–1019

management,	1014–1015

pharmacology,	1011–1013,	1012t,	1013f

Antibiotics,	1244



acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD),
1680

diarrhea,	2186

nausea	and	vomiting,	2146

necrotizing	fasciitis	(NF),	433–434

in	pregnancy,	450,	450t

Antibody-mediated	rejection	(ABMR),	493

Anticholinergics,	1641

acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD),
1681

poisoning

clinical	presentation,	1021,	1022t

epidemiology	and	sources,	1021

management,	1022–1024,	1023t–1024t

pharmacology,	1021

Anticoagulant	pharmacotherapy,	914

Anticoagulants,	1731

clinical	toxicity,	1144

management,	1145

pharmacology,	1144

pregnancy,	450

Anticoagulation,	895–897,	955,	1438,	1558

bivalirudin,	1879

fondaparinux,	1879

heparin,	1879

low-molecular-weight	heparin	(LMWH),	1879

oral	anticoagulation,	1879–1880

renal	replacement	therapy	(RRT),	2096–2097



restarting,	207t

reversal	of,	364–365

withholding,	206t

Anticonvulsant	poisoning

carbamazepine	(CBZ)

clinical	manifestations,	1029

diagnostic	evaluation,	1029

disposition,	1030

management,	1029–1030

pharmacology,	1028–1029

newer	anticonvulsants

felbamate,	1030

gabapentin,	1031

lamotrigine,	1030–1031

levetiracetam,	1031–1032

oxcarbazepine,	1031

tiagabine,	1031

topiramate,	1031

vigabatrin,	1032

zonisamide,	1032

phenytoin

clinical	manifestations,	1025

diagnostic	evaluation,	1025–1026

disposition,	1026

management,	1026

pharmacology,	1025

valproic	acid	(VA)



clinical	manifestations,	1027

diagnostic	evaluation,	1027–1028

disposition,	1028

management,	1028

pharmacology,	1026–1027

Antidepressant	poisoning

clinical	toxicity,	1037–1040,	1039t

diagnostic	evaluation,	1040

history,	1034

management,	1040–1042

other	management	considerations,	1042

pharmacokinetics,	1037

pharmacology,	tricyclic	antidepressants,	1034–1037

types	of,	1034

Antidiuretic	hormone	(ADH),	445,	2055f

regulation	of,	2045–2046

Anti-gram-negative	penicillins,	698

Antihistamines,	2151

Anti-infectives,	1642

Anti-influenza	agents,	711

Anti-ischemic	therapy

non-ST-elevation	acute	coronary	syndromes	(NSTE-ACS)

angiotensin-converting	enzyme	(ACE)	inhibitors,	1880–1881

angiotensin	receptor	blockers	(ARBs),	1881

β-blockers,	1880

calcium	channel	blockers,	1880

lipid-lowering	therapy,	1881,	1881f



mineralocorticoid	receptor	antagonism,	1881

nitrates,	1880

oxygen,	1880

ranolazine,	1880

ST-segment	elevation	myocardial	infarction	(STEMI)

β-blockers,	1898–1899

calcium	channel	blockers,	1900

nitrates,	1899–1900

renin-angiotensin-aldosterone	system	inhibitors,	1899,	1899f

supplemental	oxygen,	1900

Antilymphocyte	globulins,	598t

Antimicrobial	bathing,	691–692

Antimicrobials,	in	infection	treatment

aminoglycosides,	701–703,	703t

anaerobic	infections,	therapy	of,	705

aztreonam,	701

carbapenems,	701

cephalosporins,	698–701,	699t

echinocandins,	709

fluoroquinolones,	703–704

fungal	infections,	therapy	of,	707–708

lipoglycopeptides,	705

macrolides,	705–706

oxazolidinones,	706

penicillins,	697–698,	698t

tetracyclines,	706–707

triazoles,	708–709



vancomycin,	704–705

viral	infections,	therapy	of,	709–711,	710t

Antimicrobial	therapy,	756

left-sided	native	valve	endocarditis,	757

sepsis,	351–352

Antiphospholipid	antibody	syndrome	(APS),	676,	678,	885–886

Antiphospholipid	syndrome	(APS),	607t,	622–623,	622t,	623t

Antiplatelet	pharmacotherapy,	906,	907f

Antiplatelet	therapy

aspirin,	1876

duration	of	dual	antiplatelet	therapy,	1878

glycoprotein	IIb/IIIa	inhibitors,	1878

Kaplan-Meier	curves,	1878f

P2Y12	adenosine	diphosphate	receptor	blockers,	1876–1878,	1877t

Antiproliferative	agents,	564–566

Antipsychotic	poisoning,	1502,	1834

clinical	toxicity,	1051–1052

diagnostic	evaluation,	1052–1053

management,	1053–1054

pharmacology,	1045–1051

Antipyretic	therapies,	1731

Antithrombin	deficiency,	887

Antithrombotic	pharmacotherapy

anticoagulant	pharmacotherapy,	914

antiplatelet	pharmacotherapy,	906,	907f

aspirin	and	aspirin	derivatives,	906–908,	908t–910t

direct-acting	FXa	inhibitors



clinical	indications,	921

complications	and	reversal	of	effect,	921

monitoring,	919,	922t

pharmacodynamics,	919,	922t

pharmacology,	919,	922t

direct	thrombin	inhibitors

clinical	indications,	922,	923t

complications	and	reversal	of	effects,	922–923

monitoring,	921–922

pharmacodynamics,	921–922

pharmacology,	921–922

fibrinolytic	therapy

clinical	indications,	925–927,	926t

complications	and	reversal	of	effects,	927

monitoring,	925,	925t

pharmacodynamics,	925,	925t

pharmacology,	925,	925t

fondaparinux

bypass	of	effect,	919

clinical	indications,	919

complications,	919

monitoring,	919,	920t–921t

pharmacodynamics,	919,	920t–921t

pharmacology,	919,	920t

glycoprotein	IIb/IIIa	inhibitors

clinical	indication,	912

complications	and	reversal	of	effects,	912



monitoring,	912,	912t

pharmacodynamics,	912,	912t

pharmacology,	912,	912t

low-molecular-weight	heparins

clinical	indications,	919

complications	and	reversal	of	effects,	919

monitoring,	918,	918t

pharmacodynamics,	918,	918t

pharmacology,	918,	918t

other	antiplatelet	targets

clinical	indications,	913,	914t

complications	and	reversal	of	effects,	914

monitoring,	913

pharmacodynamics,	913

pharmacology,	913

P2Y12	inhibitors

clinical	indications,	911–912,	911t

complications	and	reversal	of	effects,	912

monitoring,	908–911,	910t

pharmacodynamics,	908–911,	910t

pharmacology,	908–911,	910t

unfractionated	heparin	(UFH)

clinical	indications,	915,	916t

complications	and	reversal	of	effects,	916,	917t

monitoring,	914–915

pharmacodynamics,	914–915

pharmacology,	914–915



vitamin	K	antagonists

clinical	indications,	925

complications	and	reversal	of	effects,	925

monitoring,	923–925,	924t

pharmacodynamics,	923–925,	924t

pharmacology,	923–925,	924t

Antivenom	therapy,	1187–1188

Antivirals,	acute	exacerbation	of	chronic	obstructive	pulmonary	disease,	1681

Anxiety

intensive	care	unit,	specific	disorders	of

acute	stress	disorder,	1511

panic	disorder,	1512,	1512t

posttraumatic	stress	disorder,	1511

medical	causes	of,	1508

delirium,	1509

substance	withdrawal	syndromes,	1509

medical	illness	outcome	affected	by

acute	myocardial	infarction,	1509–1510

weaning	from	ventilation,	1510–1511

physiological	expressions	of,	1508

symptoms	and	signs	of,	1508,	1508t

treatment	of,	1512–1513,	1513t–1514t

Aortic	dissection,	2148

Aortic	regurgitation	(AR),	1964

clinical	presentation

history,	1965

physical	examination,	1965–1966



etiology,	1964–1965

intensive	care	unit	management

medical	management,	1966

surgical	treatment,	1966

investigations

cardiac	catheterization,	1966

chest	radiography,	1966

echocardiography,	1966

electrocardiography,	1966

pathophysiology,	1965,	1965f

Aortic	stenosis	(AS)

chest	radiography,	1961

clinical	presentation,	1961,	1961f

echocardiography,	1961–1962,	1962t

electrocardiography,	1961

etiology,	1959,	1960f

pathophysiology,	1959–1961,	1960f

transthoracic	echocardiogram	of,	1959f

Aortic	valve	replacement	(AVR),	1963–1964

Aortoenteric	fistula,	2137

Apheresis	consultation,	962

Aplastic	crisis,	866

Apremilast,	643t,	646

AR	See	Aortic	regurgitation	(AR)

Arbinger	Influence	Pyramid©,	464f

ARDS	See	Acute	respiratory	distress	syndrome	(ARDS)

Arginine	vasopressin,	2045–2046



Aromatic	hydrocarbons

benzene,	1105–1106

toluene,	1106

xylene,	1106

Arousal,	1401f

Arrhythmias

bradyarrhythmia

impulse	generation,	disorders	of,	2018

impulse	propagation,	disorders	of,	2019–2020,	2020t

bradyarrhythmias,	1901

electrical	complications	of	acute	MI

extrinsic	and	intrinsic	factors	associated	with	increase	in	risk	of,	2004t

supraventricular	See	Supraventricular	tachycardia	(SVTs)

supraventricular	arrhythmias,	1901–1902,	1901t

ventricular	arrhythmias,	1900–1901,	1900t

wide	complex	tachycardia	(WCT),	2004,	2005f

Arterial	access,	1893–1894

Arterial	blood	gas	analysis,	1669

Arterial	catheterization,	54–63

complications	of,	62t

cerebral	embolization,	62

diagnostic	blood	loss,	62

infection,	62–63

other,	62

thrombosis,	61–62

equipment	for,	55–57

fast-flush	test	for,	56,	56f



indications	for,	54–55,	55t

monitoring	techniques	for,	55–57

recommendations	for,	63

site	selection	for,	57

source	of	errors	with,	56–57

technique	of

axillary	artery	catheterization,	60–61

brachial	artery	cannulation,	59–60

dorsalis	pedis	artery	catheterization,	59

femoral	artery	cannulation,	60,	60f

modified	Allen’s	test,	58

percutaneous	insertion,	58–59,	59f

portable	ultrasound,	use	of,	58,	58f

radial	artery	cannulation,	57,	57f,	59f

Arterial	gas	embolism	(AGE)

diagnosis	of,	1726–1727

etiology	of

arterial	lines,	1725

cardiac	surgery	and	bypass,	1725

lung	trauma,	1725

fatal	air	embolism,	1726f

pathophysiology	of,	1725

cardiovascular	effects,	1726

central	nervous	system	effects,	1726

systemic	mechanical	and	biophysical	effects,	1726

risk	factors	and	causes	of,	1725t

treatment	of,	1727,	1727t



Arterial	hypercapnia,	1582

Arterial	thrombosis,	kidney	transplantation,	493

Arthrocentesis,	216

bulge	test	before,	217f

complications,	217–218

contraindications,	217

equipment,	218t

indications,	216–217,	217t

technique	for	knee	aspiration,	218–219,	218f

Artificial	intelligence,	1283

Artificial	noses,	1640

AS	See	Aortic	stenosis	(AS)

Ascites,	462,	2168–2169

refractory,	large-volume	paracentesis	for,	196

Aspartate	aminotransferase	(AST),	2162

Asphyxiant	gases

carbon	dioxide,	1734–1735

carbon	monoxide,	1735–1738

chemical	asphyxiants,	1734,	1734t

hydrogen	cyanide	(HCN),	1738–1739

hydrogen	sulfide,	1739–1740

simple	asphyxiants,	1734,	1734t

Aspiration

computed	tomography	(CT),	1760

diagnosis	of

aspirated	enteral	feeds,	1657

culture	evaluation,	1657



evaluation,	1656

modified	barium	swallow/video	fluoroscopy	(MBS/VF),	1656–1657

swallowing,	flexible	endoscopic	evaluation	of,	1657

differential	diagnosis	of,	1657–1659

bacterial	pneumonia,	1658

chemical	pneumonitis,	1659

exogenous	lipoid	pneumonia,	1659

foreign	body,	1658

lung	abscess,	1658

Mendelson	syndrome,	1658

tracheobronchitis,	1659

endoscopic	feeding	tube	placement,	188

of	gastric	contents,	1570–1571,	1578

normal	defenses	against

pathogenesis,	1654

respiratory,	1655

upper	gastrointestinal,	1655

prevalence	of,	in	critically	ill,	1656

aspiration	risk	after	tracheostomy,	1656

enteral	feeding	catheters,	1656

translaryngeal	intubation,	1656

radiography,	1760

syndromes,	1654,	1655t

diagnostic	modalities	for,	1656,	1657t

treatment	of,	1657–1659

Aspirin,	365,	1731,	1863,	1876

for	anaphylaxis,	658



Asterixis,	1418

Asthma,	1578–1579

diagnosis	of,	1572

exacerbations,	1614–1615

exacerbations	of	See	Acute	exacerbations	of	asthma

pregnant	woman	with,	1572

Atelectasis,	1599,	1707–1709

bronchoscopy	indicated	by,	93–94

computed	tomography	(CT),	1760

radiography,	1759–1760

Atheism,	322

Atheroembolic	renal	disease,	2080

ATLS	See	Advanced	Trauma	Life	Support	(ATLS)

Atracurium,	neuromuscular	blocking	with,	23,	24t,	25

Atrial	fibrillation	(AF)

clinical	management,	2016

etiology	and	pathophysiology,	2016

prevention	of,	2016–2017

rate	control	strategy,	2017

rhythm	control	strategy,	2017

Atrial	flutter	(AFL),	2017–2018

Atrial	septostomy,	1692

Atrioventricular	block,	156,	2019

Atrioventricular	nodal	reentrant	tachycardia	(AVNRT),	2014,	2014f

Atrioventricular	reentrant	tachycardia	(AVRT),	2014–2015,	2015f–2016f

Atropine,	2019

Autoimmune	hepatitis,	2163



Autoimmune	pancreatitis,	2179

Autoimmune	skin	disease

antiphospholipid	antibody	syndrome	(APS),	678

dermatomyositis,	679–681,	680f

systemic	and	cutaneous	lupus	erythematosus,	678–679,	679f,	680t

Automatic	implantable	cardioverter	defibrillators,	755–756

Autonomic	dysreflexia	(AD),	379

Autonomy,	302,	302t

Autoregulatory	failure,	2070–2071,	2070t,	2071f

Autotriggering,	ventilator,	257,	1602

Avian	influenza	viruses,	813

Axillary	temperature	measurements,	223

Azathioprine	(AZA),	598t,	640

heart	transplant	immunosuppression	with,	535

solid-organ	transplantation	immunosuppression,	564

Azole	antifungals,	496

Aztreonam,	701

B
Baby	lung,	1553

Baclofen,	1174–1175

withdrawal,	1216–1217

Bacteremias,	684,	740–741

Bacterial	contamination,	endoscopic	feeding	tube	placement,	189

Bacterial	pneumonia,	495,	1658

Bacterial	tracheitis,	1777

Balloon-occluded	retrograde	transvenous	obliteration	(BRTO),	2136



Balloon	rupture,	pulmonary	artery	catheter/catheterization,	171

Balloon	tamponade,	190–194

balloon	tube	insertion	technique

fixation	and	traction	techniques,	193–194

insertion	and	placement,	193,	193f

maintenance,	monitoring,	and	care,	193f,	194

Minnesota	tube,	192f

preparation,	191,	192f

Sengstaken-Blakemore	tube,	192f

tube	removal,	194

ultrasonography,	193

complications	and	alternatives,	194

contraindications,	190–191

for	gastroesophageal	variceal	hemorrhage,	190,	191f

practical	considerations	with

airway	control,	191

clots	and	gastric	decompression,	191

hypovolemia,	191

infection	and	encephalopathy,	191

shock	and	coagulopathy,	191

ulceration,	191

role	in	bleeding	esophageal	varices	management,	190,	191f

Barbiturates

clinical	manifestations,	1172

diagnostic	evaluation,	1172

management,	1172–1173

pharmacology,	1171–1173



prophylactic	administration	of,	367

Baricitinib,	643t

Barium	sulfide,	2059

Barotrauma,	1715–1716

Basic	critical	echocardiography	examination

apical	four-chamber	view,	142

inferior	vena	cava	longitudinal	view,	143

parasternal	long-axis	view,	141–142

parasternal	short-axis	midventricular	view,	142

subcostal	long-axis	view,	143

B-cell	depletion,	645

BCP-hydroxyapatite	crystals,	608

Behavioral	Pain	Scale	(BPS),	12

Belimumab,	643t

Benchmark	Evidence	from	South	American	Trials:	Treatment	of	Intracranial
Pressure	(BEST-TRIP)	trial,	366

Beneficence,	302,	302t

Benzodiazepines	(BZDs),	1833,	2152

clinical	presentation,	1171

diagnostic	evaluation,	1171

management,	1171

pharmacology,	1169–1171

withdrawal

clinical	manifestations,	1215

diagnostic	evaluation,	1215–1216

management,	1216

pathophysiology,	1215



Bicarbonate,	1340,	1342

Bilateral	lung	transplantation	(BLT),	516

Bile	leak,	biliary	tract	disease,	2175

Biliary	complications

biliary	leaks,	507

biliary	strictures,	507

papillary	stenosis,	507

sphincter	of	Oddi	dysfunction,	507

Biliary	leaks,	507

Biliary	obstruction,	biliary	tract	disease,	2174–2175,	2175t

Biliary	strictures,	507

Biliary	tract	disease,	536

anatomy	of,	2172,	2172f

diagnostic	evaluation

invasive	diagnostic	testing,	2173–2174

laboratory	evaluation,	2173

noninvasive	imaging	studies,	2173

physical	examination,	2173

intensive	care	unit	(ICU)

acute	cholangitis,	2174

acute	cholecystitis,	2175

bile	leak,	2175

biliary	obstruction,	2174–2175,	2175t

gallstone	pancreatitis,	2176

treatment,	2174

stone	disease,	2177

Biloma,	395



Bioavailability,	2112

Bioethical	principles,	302,	302t

Biological	agents	of	mass	destruction,	1249–1250,	1250t

anthrax

clinical	manifestations,	1255–1256,	1256f

diagnosis,	1256

microbiology,	1255

treatment,	1256–1259,	1257t,	1258f

botulinum	toxin

agent	of	bioterrorism,	1266–1267

diagnosis,	1267

pathogenesis,	1267,	1267f

prophylaxis,	1268

treatment,	1267–1268

plague,	1261

bioweapon,	1262

clinical	presentation,	1263,	1263f

diagnosis,	1263

epidemiology,	1262

immunization,	1264–1265

infection	control,	1265–1266

laboratory	diagnosis,	1263–1264,	1263f–1264f

mass	casualty	treatment	and	prophylaxis,	1264

microbiology,	1261,	1261f

pathogenesis,	1262–1263,	1262f

treatment,	1264,	1265t,	1266t

ricin



agent	of	bioterrorism,	1268–1269

allergen,	1269

diagnosis,	1269

human	ricin	toxicity,	1269

immunization,	1270,	1270t

toxicology,	1268

treatment,	1269–1270

smallpox

diagnosis,	1252

immunization,	1252,	1253t

pathogenesis,	1250–1252,	1251f,	1251t

transmission,	1250–1252,	1251f,	1251t

treatment,	1252

virology,	1250

tularemia

clinical	features,	1259–1260

diagnosis,	1260–1261

epidemiology,	1259

immunization,	1261

laboratory	and	radiographic	findings,	1260,	1260f

microbiology,	1259

pathogenesis,	1259

prophylaxis,	1261

treatment,	1261

Biologic	immunosuppression,	566

Biomarkers

acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD),



1680

cardiac,	1874

serum	and	plasma,	2000

Bioprosthetic	valves,	1971,	1972f

Bispectral	index	(BIS),	1830

Bivalirudin,	1879

Biventricular	support	devices,	1949

Bladder,	ultrasonography,	2107

Bladder-drained	grafts,	549

Bladder	injuries,	abdominal	trauma,	397

Bladder	pathology,	2090

Bland	aerosols,	1639

humidity	therapy,	1639–1640

Blast	related	trauma,	368

Bleeding,	381–382

colonic	diverticula,	2137

liver	transplant	recipients,	508

pancreas	transplantation,	547–548

peptic	ulcer,	2136–2137

small	bowel,	2136–2137

variceal	upper	gastrointestinal,	2135–2136

Blockchain	technology,	1325–1326

diagnosis,	1326–1327

health	care/current	scope	of	practice,	1328–1329

patient	management,	1326–1327

real-world	data	(RWD),	1327

regulatory	decision-making,	1327



security	and	safety,	1327–1328,	1328t

support	medical	product	development,	real-world	evidence	to,	1327

thoughts	on,	1329

β-Blocker	poisoning

clinical	toxicity,	1056–1058,	1056t–1057t

diagnostic	evaluation,	1058

management

calcium,	1058

extracorporeal	removal,	1059

glucagon,	1058–1059

hyperinsulinemia	euglycemia	treatment,	1059

lipid	emulsion	therapy	(ILE),	1059

other	interventions,	1059

phosphodiesterase	inhibitors,	1059

sodium	bicarbonate,	1059

pharmacology,	1056,	1056t

Blocking	agents,	1247

Blood	cell	production,	2059

Blood	glucose	concentration,	1333,	1340,	1345

Blood	pressure	monitoring,	224–226

arterial	tonometry	for,	225

auscultatory	(Riva-Rocci)	pressures	in,	224

automated	methods	for,	225

direct	invasive	measurement,	226

Doppler	method	for,	225

infrasound	devices	for,	225

manual	methods	for,	224–225



noninvasive	measurement,	224

oscillation	methods	for,	224–225

palpation	method	for,	225

pulse	oximetric	method	for,	225

volume	clamp	method	for,	225

Bloodstream	infections	(BSIs),	688

Blood	transfusions,	1246

Blood	urea	nitrogen	(BUN),	1341,	2069,	2069t

Blunt	cardiac	injury,	388

Blunt	trauma

abdominal

bladder	injuries,	397

duodenal	injuries,	397

hollow	viscus	injuries,	397

kidney,	396

liver,	395

pancreas,	396

pelvic	fracture,	396–397

spleen,	395

spinal	cord,	375–376

B-lymphocyte	stimulator	inhibition,	645

Boating	accidents,	1661

Body	mass	index	(BMI),	444

Bonanno	catheter,	213,	214f

Bosentan,	in	systemic	sclerosis,	624t

Botulinum,	in	systemic	sclerosis,	624t

Botulism,	1478,	1589



clinical	manifestations,	827

diagnosis,	827

differential	diagnosis,	827

epidemiology,	826–827

pathogenesis,	826

treatment,	827–828

treatment	of,	1592

Bowel	obstructions,	397–398,	461–462

Bradyarrhythmias,	155–156,	1901

impulse	generation,	disorders	of

sinus	arrhythmia,	2018

sinus	bradycardia,	2018

sinus	node	dysfunction,	2018

impulse	propagation,	disorders	of

atrioventricular	block,	2019

pacemaker	therapy,	2019–2020

pharmacotherapy,	2019

sinoatrial	block,	2019

treatment,	2019

Bradykinin/complement-mediated	angioedema,	657–658

Brain	abscess,	793

diagnosis,	793

etiology,	793

pathogenesis,	793

therapy,	793

Brain-dead	potential	heart	donors,	478,	1392

Brain	death,	1398–1399,	1403,	1406t



clinical	diagnosis,	473,	474t,	475

criteria,	474t

Brain	injury,	traumatic,	1864

trauma	bay	and	initial	critical	care,	363–369

blast-related	trauma,	368

induced	coma,	367

long-term	outcomes,	368–369

neurological	critical	care,	365–366

penetrating	brain	injury,	368

reversal	of	anticoagulation,	364–365

surgical	therapies	for,	365

systemic	critical	care,	367–368

temperature	management,	366–367

treatment	of	elevated	intracranial	pressure,	366

vascular	injuries,	368

Brainstem	cerebrovascular	accident	(CVA),	1417t

Brain	tissue	oxygen	tension,	272,	1482

Brain	tumors,	1479

Bridge	to	decision	(BTD),	532

British	Thoracic	Society	(BTS),	1639

Brivaracetam,	1455

Bronchodilators

acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD),
1681

anticholinergics,	1641

combined,	1641

long-acting	and	ultralong-acting	inhaled	α2-agonists,	1641



short-acting	β2-adrenergic	receptor	agonists,	1640–1641

Bronchopleural	fistula	(BPF),	1763–1765,	1819,	1822f

causes	of,	1716,	1716t

chest	tubes,	1717

consequences	of,	1716t

drainage	systems,	1717

flexible	bronchoscopy,	1718

management,	1716–1718,	1717t

mechanical	ventilation

conventional,	1717–1718

high-frequency,	1718

Bronchoscopy,	91–96

complications,	94

contraindications,	94–95

diagnostic	indications	for,	92–93

acute	inhalational	injury,	93

assessment	of	intubation-related	injury,	93

blunt	chest	trauma,	93

diffuse	parenchymal	disease,	92

hemoptysis,	92

postresectional	surgery	and	lung	transplantation,	93

ventilator-associated	pneumonia	(VAP),	92–93

general	considerations,	92

hemoptysis,	1699–1700

procedure,	95–96

mechanical	ventilation,	95

premedication,	95



quantitative	cultures,	95–96

therapeutic	indications,	93–94

atelectasis,	93–94

central	obstructing	airway	lesions,	94

endotracheal	intubation,	94

foreign	bodies,	94

hemoptysis,	94

percutaneous	dilatational	tracheostomy,	94

Brown-Sequard	syndrome,	374

Budd-Chiari	syndrome,	2164

Buddhism,	322

Bulge	test,	217f

Bullous	pemphigoid	(BP),	672–673,	673f

Bupropion,	1525

Burn

cardiovascular	response,	418

chemical	injury,	421

electrical	injuries,	420–421

frostbite	injuries,	421

geriatric	patients,	418

inhalational	injury	with,	419

management	of,	417–421

metabolic	and	nutritional	considerations,	419

pediatric	patients,	417–418

psychiatric	and	analgesic	considerations,	421

shock,	418

surgical	considerations,	420



thickness	and	depth,	417

topical	wound	care,	420

total	body	surface	area	(TBSA)	burns,	417

calculation	of,	rules	for,	417

Lund-Browder	scales,	417

Rule	of	Nines	for,	417

wound	sepsis,	419–420

Bush-Francis	Catatonia	Rating	Scale,	1403,	1404t–1405t

Buspirone,	1175



C
Calcineurin	inhibitors,	562,	563

Calciphylaxis,	676–677,	676f,	677

Calcium,	1933,	2066,	2210

Calcium	channel	blocker	(CCB)	poisoning,	1880

calcium,	1063–1064

chronotropes,	1063

clinical	manifestations,	1061

differential	diagnosis,	1062

extracorporeal	therapies,	1065

gastrointestinal	decontamination,	1062

general,	1062

glucagon,	1065

hyperinsulinemic	euglycemia,	1063–1065

inotropes,	1063

intravenous	lipid	emulsion,	1065

methylene	blue,	1065

pathophysiology,	1061

pharmacological	support,	1062,	1063f

pharmacology,	1061

phosphodiesterase	inhibitors,	1065

physiology,	1061

vasopressors,	1063

Calcium	disorders

hormonal	regulation	of,	1369–1370

hypercalcemia,	1370–1371



hypocalcemia,	1372

physiology,	1369

Calcium	pyrophosphate	dihydrate	(CPPD),	606

Caloric	deprivation,	1388

Calprotectin,	557

Canadian	C-Spine	Rule,	378

Canakinumab,	642,	643t

Cancer,	883

acute	kidney	injury	in,	2080–2081

Candiduria,	782–783

Cangrelor,	1878

Caplacizumab,	864

Capnocytophaga,	720

Capnography,	228,	230–232,	231f,	250–251

Carbamazepine	(CBZ)

clinical	manifestations,	1029

diagnostic	evaluation,	1029

disposition,	1030

management,	1029–1030

pharmacology,	1028–1029

Carbapenem-resistant	P.	aeruginosa	(CRPA),	688

Carbapenems

cephalosporin	β-lactamase	inhibitor	combinations,	701

imipenem/cilastatin/relebactam,	701

meropenem/vaborbactam,	701

Carbohydrates,	2201,	2208–2209

Carbon	dioxide,	1734–1735



Carbon	monoxide,	1735–1738

poisoning,	1494

course,	1495

diagnosis,	1494

treatment,	1494

toxicity,	1736t

Carbon	tetrachloride,	1104–1105

Carboxyhemoglobinemia,	1648

Cardiac	arrest	(CA)	survivor,	1951,	2001t–2002t

coronary	angiography,	role	of,	1994

hemodynamic	targets,	1994–1995

long-term	recovery,	2000

neurological	prognostication,	1998

diagnostic	testing,	1999–2000,	2001f

timing,	1999,	2000t

targeted	temperature	management	(TTM)

cooling	method,	1997

electrocardiography,	1998

hemodynamics,	1998,	1999f

hyperglycemia,	1998

indications	for,	1995,	1996t

infection,	1998

initiation	of,	1995–1996

normothermia,	return	to,	1998

phases	of,	1995f

potassium,	1998

routine	care	during,	1997–1998



sedation,	analgesia,	and	shivering,	1997–1998

seizure	surveillance,	1998

target	temperature,	1996–1997

ventilation	and	oxygenation,	1998

Cardiac	arrhythmias,	2152

Cardiac	biomarkers,	1874

Cardiac	computed	tomography	(CT)

aortic	valve	replacement	(AVR),	1963–1964

cardiac	catheterization,	1962–1963,	1963f

medical	management,	1963

Cardiac	contractility,	1929

Cardiac	devices	management,	2021

device-specific	considerations

cardiac	resynchronization	therapy	(CRT),	2030,	2031f

implantable	cardioverter	defibrillator,	2029–2030

normal	device	function	and	special	considerations,	2022f–2023f

device	manufacturers’	contact	information,	2023t

electromagnetic	interference	(EMI),	2023–2024

external	defibrillation,	2025

infection,	2025–2026,	2025f

line	management,	2024–2025

magnetic	resonance	imaging	(MRI),	2025

magnets,	2023

mode	switch,	2024

pacing	designation,	2023t

pacemaker	malfunction

noncapture,	2026–2028,	2027f



no	output,	2028

oversensing,	2026,	2027f

pacemaker-mediated	tachycardia	(PMT),	2028,	2029f

troubleshooting,	2026,	2026t

undersensing,	2026

Cardiac	glycoside	(CG)

clinical	presentation,	1067,	1068t

diagnostic	evaluation,	1068

management,	1068–1070,	1069t

pharmacology,	1067

Cardiac	grafts,	600–601

Cardiac	imaging,	1874–1875

Cardiac	implantable	electronic	device	(CIED),	2021

Cardiac	injury

blunt,	388

ultrasonography	for,	391

valvular,	388–389

Cardiac	ischemia,	2148

Cardiac	monitoring,	1454

Cardiac	output	measurement

esophageal	Doppler

advantages	and	disadvantages,	239,	239t

clinical	utility,	239

corrected	flow	time,	238–239

mode,	237–238

stroke	volume	(SV),	238,	238f

transthoracic	echocardiography	(TEE),	238



volume	responsiveness,	239

noninvasive	cardiac	output	monitoring	(NICOM)	bioreactance	system,
242–243,	242f,	243t

oxygen	delivery	and	tissue	perfusion

advantages	and	disadvantages,	245–246

central	venous-arterial	carbon	dioxide	difference	(PCO2	gap),
244–245

central	venous	oxygen	saturation	(Scv	O2),	243–244

lactate,	244

pulse	contour	analysis	(PCA)

advantages	and	disadvantages,	241,	241t

aortic	impedance,	240

clinical	utility,	240–241

FlotTrac,	241

invasiveness,	240

noninvasive,	240

PiCCO,	241

Cardiac	pacing,	temporary,	155–160

in	acute	myocardial	infarction,	157

complications	of,	160

diagnosis	of	rapid	rhythms	by,	157

equipment	for

epicardial	electrodes,	158

esophageal	electrode,	158

pulse	generators,	158

transcutaneous	external	pacemakers,	158

transvenous	pacing	catheters,	157–158,	157f

ultrasonography,	158



indications	for,	155–156

bradyarrhythmias,	155–156

tachyarrhythmias,	156

pacemaker	modes	for,	158–159,	159t

procedure	for,	159–160

Cardiac	resynchronization	therapy	(CRT),	2030

loss	of,	2030,	2031f

Cardiac	retransplantation,	536

Cardiac	tamponade,	382

clinical	manifestations,	942

diagnosis,	942

etiology,	942

physiology,	942

prognosis,	943

treatment,	942–943

Cardiobacterium	hominis,	759

Cardiogenic	pulmonary	edema	(CPE),	99–100,	1551,	1614

Cardiogenic	shock	and	hypotension,	1920,	1924

adrenergic	receptor	physiology,	1925

agent,	choosing,	1933–1938,	1936t–1937t

general	approach	to	hypotensive	patient,	1924–1925

mechanical	circulatory	support	See	Mechanical	circulatory	support	(MCS)

vasoactive	drugs,	1938

vasopressors	and	positive	inotropes,	1926t

adjunctive	and	investigational	agents,	1931–1933,	1933f–1935f

calcium,	1933

dobutamine,	1929–1930



dopamine,	1928–1929,	1928f

ephedrine,	1929

epinephrine,	1927

isoproterenol,	1929

norepinephrine,	1925–1927,	1926f–1927f

phenylephrine,	1927–1928

vasopressin,	1930–1931,	1930f–1931f,	1930t

Cardiopulmonary	resuscitation	(CPR),	119–133

advanced	cardiac	life	support

acidosis	correction,	127

in	adults,	125–128

airway/ventilatory	support,	125–126

circulatory	support,	126

defibrillation,	126–127

hypovolemia,	127

hypoxia	correction,	127

post	care,	131

pulseless	electric	activity	and	asystole,	127

venous	access,	127–128

ventricular	fibrillation,	127

volume	replacement,	127

basic	life	support	in

alerting	EMS	in,	121

cardiac	arrest	and,	121

chest	compression	in,	122–123

complications	of,	123

determining	breathlessness	in,	121



monitoring	effectiveness	of,	123,	124t

opening	airway	in,	121

rescue	breathing	in,	122

respiratory	arrest	and,	121

two-rescuer	CPR	in,	123

unresponsiveness	determination	in,	121

blood	flow	mechanisms	during,	119

clinical	settings	for,	131–133

drug	therapy	in

adenosine,	130

amiodarone,	129

antiarrhythmic	agents,	129–130

atropine	sulfate,	130

calcium,	131

diltiazem,	130

dobutamine,	129

dopamine,	128–129

epinephrine,	128

isoproterenol,	128

lidocaine,	129–130

magnesium,	130

norepinephrine,	128

sympathomimetic	drugs,	128–129

vasopressin,	129

vasopressors,	128–129

verapamil,	130

efficacy,	119–120



experimental	and	alternative	techniques,	120

infectious	diseases	and,	120

obstructed	airway,	123–124

in	pediatric,	123

standard	procedures,	120–121

team	effort,	120–121

utility	of	ultrasonography	for,	132–133

Cardiovascular	collapse,	382

Cardiovascular	(CV)	complications,	510

Cardiovascular	disorders,	2147

aortic	dissection,	2148

cardiac	ischemia,	2148

infection,	2148

Cardiovascular	implantable	electronic	device	(CIED)	infections,	755–756,
763–764,	764t

Cardiovascular	intensive	care	unit	(CICU)

coronary	to	intensive	care,	from

acute	myocardial	infarction,	1867–1868,	1868f

additional	maturation	of	CCU,	1868–1869

shifting	care	in	CCU,	1868

historical	events	key	to	maturation	of	contemporary,	1869f

needs	of	today’s	CICU,	1869

cardiac	critical	care	delivery	processes	and	protocols,	1871

organizational	structure	in	contemporary	CICU,	1869–1870,	1870t,
1871f

team	members,	1871f

Cardioversion,	135–139

arrhythmia	physiology	with,	135



atrial	fibrillation/flutter	treatment	by,	138–139

anticoagulation	in,	138

electrical	cardioversion	in,	138

pharmacologic	cardioversion	in,	138–139

rate	control	in,	138

resistant	atrial	fibrillation	management	in,	139

chest	thump,	use	of,	139

clinical	competence	for,	135–139

complications	of

arrhythmia	as,	139

burns	as,	139

myocardial	damage	as,	139

thromboembolism	as,	139

contraindications	for,	135

indications	for,	135

methods	of,	135–137

checklist	for,	137t

defibrillators	in,	137,	137t

electrodes	in,	136–137

initial	energy	selection	in,	137t

patient	preparation	in,	135–136

shock	waveforms	in,	136

patients	with	implanted	pacemakers/defibrillators	and,	139

in	pregnancy,	139

pulseless	ventricular	tachycardia	treatment	with,	137

supraventricular	tachycardia	treatment	with,	138

ventricular	fibrillation	treatment	with,	137,	138t



wide	complex	tachycardia	with	pulse	treated	by,	137

Carisoprodol,	1174

Caspofungin,	709

Catastrophic	antiphospholipid	syndrome	(CAPS),	879,	886,	886t

Catatonia,	1403,	1404t

Catecholamines,	2059

Catheter-directed	thrombolysis	(CDT),	456–457,	1577

Catheter-related	urinary	tract	infections

diagnosis	of,	781–782

management	of,	780–781

pathogenesis	of,	781

prevention	of,	782

treatment	of,	782

Cation	exchangers,	2067

Cauda	equina	syndrome,	374–375

CCE	See	Critical	care	echocardiography	(CCE)

Cell	counts,	110

Cellular	blood	components

convalescent	plasma,	852

cryoprecipitate,	852

granulocytes,	851

plasma,	851–852

platelets,	850–851

red	blood	cells,	848–850

Cellulitis,	667–668

Central	airway	obstruction	(CAO)

aspiration	of	foreign	bodies,	1818–1819



bronchopleural	fistula	(BPF),	1819,	1822f

causes	of,	1816,	1816t

malignant	central	airway	obstruction,	1817–1818,	1819f–1821f

nonmalignant	central	airway	obstruction,	1816–1817,	1817f–1818f

Central	circulation	temperature	measurements,	223

Central	cord	syndrome,	374

Central	diabetes	insipidus	(CDI),	2053,	2056

Central	nervous	system	(CNS),	498,	745,	797,	798f

acute	bacterial	meningitis

anti-inflammatory	therapy,	788–789

antimicrobial	therapy,	788

diagnosis,	787–788

differential	diagnosis,	787–788

etiology,	786

history,	787

infection	control,	789–790

laboratory	tests,	787

pathogenesis,	786–787

physical	examination,	787

supportive	therapy,	789

therapy,	788–790

brain	abscess,	793

diagnosis,	793

etiology,	793

pathogenesis,	793

therapy,	793

depression,	1591



dysfunction,	1588

encephalitis

diagnosis,	790–792

etiology,	790

pathogenesis,	790

therapy,	792–793

general	clinical	approach,	785

parameningeal	foci

dural	sinus	thrombophlebitis,	793–794

spinal	epidural	abscess,	794

subdural	empyema,	793

respiratory	failure,	1582,	1583t

subsyndrome,	1243

Central	pontine	myelinolysis,	2051

Central	venous	access,	pulmonary	artery	catheter/catheterization,	170–171

Central	venous	catheterization	(CVC),	38–52,	883,	900

chest	radiographic	examination,	1752,	1752f–1753f

general	considerations,	40–42

catheter	tip	location,	41

coagulopathy,	42

infectious	complications,	42,	42t

informed	consent,	40

mobile	catheter	cart,	41

patient	comfort	and	safety,	40

thrombosis,	42

vascular	erosions,	41

venous	air	embolism	(VAE),	41



indications,	39–40,	39t

routes	of	venous	cannulation	with,	42–52

antecubital	approach,	42–43,	42f

external	jugular	vein	approach,	47

femoral	vein	approach,	47–48,	48f

internal	jugular	approach,	43–47

subclavian	vein	approach,	48–52,	49f,	50f

site	selection,	39–40

Central	venous	oxygen	saturation	(ScvO2)

background,	243–244

clinical	utility,	244

Cephalosporin	β-lactamase	inhibitor	combinations,	700–701

Cephalosporins

adverse	reactions,	700

cephalosporin	β-lactamase	inhibitor	combinations,	700–701

dosage,	700

first-generation	cephalosporins,	698–700

newer	cephalosporins,	700

second-generation	cephalosporins,	700

third-generation	cephalosporins,	700

Cerebral	blood	flow	monitoring,	270–271

Cerebral	edema	(CE),	1346,	1438,	2164

acute	kidney	injury	(AKI),	2165

coagulopathy,	2165

hemodynamic	and	cardiac	complications,	2165–2166

metabolic	disorders,	2165

prognosis	and	transplant	selection,	2166,	2166t



respiratory	complications,	2165

sepsis,	2166

Cerebral	fat	embolism	syndrome

diagnosis,	1496

pathogenesis,	1495–1496

prognosis,	1496

treatment,	1496

Cerebral	impairment,	1344

Cerebral	ischemia,	262–264,	262t,	263f–264f

Cerebral	perfusion	pressure,	366

Cerebral	salt	wasting	(CSW),	2048

Cerebrospinal	fluid	(CSF)	aspiration,	29–38

diagnostic	objectives	for,	29–32

CSF	leak,	31

drug	therapy,	32

idiopathic	intracranial	hypertension,	30–31

infection,	30

intracranial	hypertension,	31–32

lumbar	drainage,	32

myelography,	31

neoplasms,	31

normal-pressure	hydrocephalus,	30

other	neurological	disorders,	31

shunt	malfunction,	31

subarachnoid	hemorrhage,	30

techniques	of,	32–37

cisternal	puncture,	34–35



lumbar	drainage,	36–37,	37f

lumbar	puncture,	32–37

reservoirs/shunts	aspiration,	35–36,	37f

ventriculostomy,	36

Cerebrovascular	diseases,	1432

intracerebral	hemorrhage	(ICH),	1438

clinical	manifestations,	1439

diagnosis,	1439

differential	diagnosis,	1439–1440

pathophysiology,	1439

specific	syndromes	of,	1440,	1440f

treatment,	1440–1441,	1441t

ischemic	cerebrovascular	disease	(ICVD),	1432

acuity,	1432–1433,	1433t

acute	treatment,	1437–1438,	1437t

anatomic	territory,	1433

differential	diagnosis,	1434–1435,	1435f

laboratory	and	radiological	evaluation,	1435–1436,	1435f

stroke	prevention,	1436,	1436t

supportive	therapy,	1436

treatment	of,	1436–1438

underlying	mechanism,	1433–1434,	1434f,	1434t

Certolizumab,	642,	643t

Cervical	cancer,	596

Cervical	injuries,	371

Cervical	spine	injury,	76–77

Chelation	agents,	1247



Chemical	pneumonitis,	1659

Chest	computed	tomography,	383

Chest	radiographic	examination,	1750

abnormalities	of	pleura,	mediastinum,	and	diaphragm

empyema	and	peripheral	lung	abscess,	1763,	1764f

pleural	effusion,	1761–1763,	1761f–1764f

postpneumonectomy	space	and	bronchopleural	fistula,	1763–1765
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Cyclophosphamide	(CY),	640–641

for	Wegener’s	granulomatosis,	634

Cyclosporine	(CSA),	598t,	1643,	2196

heart	transplant	immunosuppression	with,	534–535

pharmacokinetics	of,	563

CYP2C19,	1876–1877

Cystic	fibrosis	(CF),	1615

Cytochrome	P450	(CYP),	1876
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treatment	of,	2056

Diabetic	comas

acute	metabolic	complications,	1338

diabetic	ketoacidosis	(DKA)

complications,	1343–1344

follow-up	care	of,	1344

pathophysiology	and	etiology,	1338–1341

treatment,	1341–1343

hyperglycemic	hyperosmolar	syndrome

clinical	findings	in,	1345

complications,	1346–1347

diagnosis,	1345

pathophysiology	and	etiology,	1344–1345

treatment,	1345–1346



Diabetic	ketoacidosis	(DKA),	2147

complications,	1343–1344

follow-up	care	of,	1344

pathophysiology	and	etiology,	1338–1341

treatment,	1341–1343

Diabetic	kidney,	1335

Diagnostic	and	Statistical	Manual	of	Mental	Disorders	(DSM-5),	1516

Diagnostic	blood	loss	(DBL),	62

Diagnostic	peritoneal	lavage	(DPL),	200–203

closed	percutaneous	technique,	202

complications,	203

FAST	examination,	200,	201f

indications,	200–201

interpretation	of	results,	202–203,	203t

open	technique,	202

semiclosed	technique,	202

techniques,	201–202

Dialysate	composition,	2097–2098,	2097t

Dialysis,	2043,	2060–2061,	2067–2068

acute	kidney	injury	(AKI),	2088

renal	replacement	therapy	(RRT)

access,	2098

continuous/accelerated	renal	replacement	therapies,	2094–2096,
2095f,	2095t

intermittent	hemodialysis	(IHD),	2093–2094,	2094f

modalities,	2093–2096,	2093t

peritoneal	dialysis	(PD),	2094



slow	continuous	ultrafiltration	(SCUF),	2096

Dialysis	dementia,	1420

Dialyzer	membrane,	2097

Diarrhea,	2186

diagnosis

history	and	physical	examination,	2189

laboratory	studies,	2189

special	diagnostic	investigations,	2189

differential	diagnosis	of,	2186t

etiology	of

enteral	feedings,	2187

iatrogenic	causes,	2186–2187

medications,	2186–2187,	2187t

primary	manifestation	of	disease,	2188

secondarily	related	disease,	2188

management	of

initial,	2190,	2190f

palliative	measures,	2191,	2191t

primary	manifestation	of	disease,	2191

therapy	of	iatrogenic	causes,	2190,	2191t

treatment	of	diarrhea	related	to	disease,	2190–2191

Diastolic	dysfunction,	350

Diazepam,	1731

Diethylenetriaminepentaacetic	acid	(DTPA),	1247

N,N-diethyl-meta-toluamide

clinical	toxicity,	1148

management,	1148



pharmacology,	1148

Differentiation	syndrome	(DS),	934–936,	935t

Diffuse	alveolar	damage	(DAD),	1549,	1549f

Diffuse	alveolar	hemorrhage,	hematopoietic	cell	transplantation,	573

Digitalis,	1918

Digital	rectal	examination,	pelvic	fracture,	405

Digoxin,	1918,	2017

Diluting	segment,	2045,	2045f

Dimercaprol,	1247

Dinoflagellate	toxin	poisoning,	1589

Diphtheritic	neuropathy,	1461

Diquat

clinical	toxicity,	1151

management,	1151

pharmacology,	1151

Direct-acting	FXa	inhibitors

clinical	indications,	921

complications	and	reversal	of	effect,	921

monitoring,	919,	922t

pharmacodynamics,	919,	922t

pharmacology,	919,	922t

Direct	blood	gas	analysis,	250

Direct	ophthalmoscopy,	1410

Direct	oral	anticoagulants	(DOAC),	2132

Direct	percutaneous	endoscopic	jejunostomy,	186

Direct	thrombin	inhibitors

clinical	indications,	922,	923t



complications	and	reversal	of	effects,	922–923

monitoring,	921–922

pharmacodynamics,	921–922

pharmacology,	921–922

Disaster	management,	346

Disease	and	treatment-related	complications

bleeding,	932–933

cytokine	release	syndrome,	936

differentiation	syndrome	(DS),	934–936,	935t

hyperleukocytosis,	931

hyperviscosity	syndrome,	932

infection,	934

leukostasis,	931

pulmonary	complications,	933–934

therapeutic	agents,	936,	936t–938t

Disease-modifying	antirheumatic	drugs	(DMARDs),	640–641,	646–647

mechanism	of	action	and	metabolism,	640–641

toxicities,	641

Disease-specific	nutrition,	2220

liver	failure,	2223

energy	and	protein	requirements,	2224,	2224t

enteral	and	parenteral	formulations,	2225

liver	transplantation,	2225

malnutrition	and	metabolic	abnormalities,	2223–2224

micronutrient	requirements,	2224

nutritional	recommendations,	2225–2226

nutrition	assessment,	2224–2225



pulmonary	failure

energy	and	protein	requirements,	2226–2228

enteral	and	parenteral	nutrition,	2228–2229

malnutrition	and	metabolic	abnormalities,	2226

nutritional	assessment,	2228

nutritional	recommendations,	2229–2230

renal	failure,	2220

energy	and	protein	requirements	of,	2221,	2221t

enteral	and	parenteral	formulations,	2222,	2223t

malnutrition	and	metabolic	abnormalities	of,	2221

metabolic	abnormalities	and	renal	replacement	therapy,	2221–2222

nutritional	recommendations	for,	2222–2223

nutrition	assessment,	2222

Disopyramide,	1016–1017

Disorders	of	temperature	control,	1840

hyperthermia	See	Hyperthermia

hypothermia	See	Hypothermia

normal	physiology	of

heat	loss,	1840

heat	production,	1840

temperature	control	systems,	1840–1841

Disseminated	candidiasis,	744–745

Disseminated	intravascular	coagulation	(DIC),	451,	876

Distributive	justice,	302,	302t

Diuretic	efficiency,	1914

Diuretic-induced	hyponatremia,	2046,	2047f

Diuretics



algorithm	for,	1915f

hypothermia,	2060

loop	diuretic	dose-response	curve,	1914,	1914f

potassium-sparing,	2065

resistance,	1914–1916,	1915t

Diverticulitis,	2188

DM	(Dermatomyositis),	626–629,	627t

Dobutamine,	339,	1691,	1929–1930

Dofetilide,	1019

Donation	after	circulatory	death	(DCD)	donors,	468,	478

Do	Not	Intubate	status,	1616–1617

Dopamine,	1692,	1928–1929,	1928f

Double	triggering,	1602

Doxacurium,	neuromuscular	blocking	with,	24t,	25

DPL	See	Diagnostic	peritoneal	lavage	(DPL)

Drainage	techniques,	percutaneous,	204–211

aims,	204

alternatives	to,	205–206

anesthesia,	208

benefits,	205

catheter	fixation	and	removal,	209

catheter	selection,	209

complications,	210

contraindications,	205,	205f

diagnostic	imaging	for,	207–208

diagnostic/therapeutic	aspiration,	209

indications,	204–205



monitoring,	208

pancreatic	fluid	collections,	210–211

preprocedure	preparation,	206–207,	206t,	207t

procedure

drain	management,	209

general	considerations,	209

patient	response,	210

removal	of	catheter,	210

pulmonary	abscess,	211

risks,	205–206

therapeutic	catheter	drainage,	208

DRESS	(Drug	rash	with	eosinophilia	and	systemic	symptoms),	663–664,	664f

Driving	pressure,	253

Drowning,	1660

boating	accidents,	1661

diagnosis	and	clinical	presentation	of

history,	1663

laboratory	studies,	1664

physical	examination,	1663–1664

etiology	and	pathogenesis	of

alcohol,	1660

inadequate	supervision,	1660–1661

illegal	drugs,	1661

inadequate	swimming	skills,	1661

pathophysiology	of

anoxia,	1661

cardiac	effects,	1662–1663



general	considerations,	1661

hematological	effects,	1662

hypothermia,	1661

infectious	complications,	1663

musculoskeletal	effects,	1662

neurological	effects,	1662,	1663f

renal	effects,	1662

respiratory	effects,	1661–1662

serum	electrolytes,	1662

prescription	medications,	1661

seizures,	1661

therapies

initial	resuscitation,	1664

neurologic	therapy,	1665

treatment	of	respiratory	and	other	organ	failure,	1664–1665,	1664t

underlying	cause,	1664

Drowsiness,	1401

Drug	abuse

bacteremia,	740–741

central	nervous	system	infections,	745

disseminated	candidiasis,	744–745

endocarditis,	741–743,	742t

fever,	740

human	immunodeficiency	virus	(HIV)	infection,	743–744

ocular	infections,	745

peripheral	vascular	infections,	741

pulmonary	disease	and	tuberculosis,	744



sexually	transmitted	diseases,	744

skeletal	infections,	743

soft-tissue	infections,	741

spore-forming	bacteria,	systemic	syndromes	with,	743

viral	hepatitis,	744

Drug-induced	constipation,	2192

Drug-induced	hemolytic-DIC	syndromes,	877

Drug-induced	hypercoagulable	conditions,	885

Drug-induced	hyperthermia	(DIH),	1862t

diagnosis	of,	1863

pathogenesis	of,	1863

pathophysiology	of,	1863

prognosis	of,	1863,	1864t

treatment	of,	1863

Drug-induced	syndromes,	2078t

acute	interstitial	nephritis	(AIN),	2078–2079,	2079t

acute	tubular	injury,	2078

hemodynamic/autoregulatory	failure,	2079

intratubular	micro-obstruction,	2078

Drug-induced	thrombocytopenia,	877,	878t

Drug-induced	vasculitis,	635

Drug	rash	with	eosinophilia	and	systemic	symptoms	(DRESS),	663–664,	664f

clinical	features,	663–664,	664f

definition,	663

differential	diagnosis,	664

treatment,	664

workup,	664



Drug-resistant	pathogen	(DRP),	351

Duloxetine,	1525

Dumping	syndrome,	437

Duodenal	injuries,	abdominal	trauma,	397

Duodenal	obstruction,	462–463

Duodenal	stump	leak	(DSL),	438

Dural	sinus	thrombophlebitis,	793–794

Duropleural	fistula,	1714

Dynamic	left	ventricular	outflow	obstruction	(DLVOTO)

clinical	presentation,	1909

diagnosis,	1909

incidence	and	timing,	1909

mechanism,	1909

treatment,	1909

Dysfibrinogenemia,	887

Dysfunctional	grafts,	critical	evaluation	of

acute	rejection,	493

acute	tubular	necrosis	(ATN),	492–493

medical	complications,	492–493

surgical	complications,	493–494

Dyspnea,	1913

management,	311–312

E
Ebola	virus	disease	(EVD)

clinical	presentation,	822–823

critical	care	management,	824



epidemiology,	822

ethical	considerations,	825

infection	control,	823–824

other	safety	considerations,	824

specific	therapies,	825

Echinocandins

anidulafungin,	709

caspofungin,	709

micafungin,	709

pyrimethamine-sulfadiazine,	709

trimethoprim-sulfamethoxazole,	709

Echocardiography

acute	respiratory	distress	syndrome	(ARDS),	1562

aortic	regurgitation	(AR),	1966

aortic	stenosis	(AS),	1961–1962,	1962t

mitral	regurgitation	(MR),	1970

mitral	stenosis	(MS),	1967

ECLS	See	Extracorporeal	life	support	(ECLS)

Eculizumab,	1472

Edrophonium	test,	1468

ED	Triage,	345

Eikenella	corrodens,	759

Elastance,	252

Electrical	impedance	tomography	(EIT),	255–256

Electrical	injuries,	420–421

delayed	effects,	1493

evaluation,	1493



immediate	effects,	1493

laboratory	evaluation,	1493–1494

management,	1494

neurological	complications	of,	1493

neurological	examination,	1493

pathophysiology,	1492–1493

prognosis,	1494

Electrical	storm,	2029,	2029t

Electric	thermometers,	223

Electrocardiographic	monitoring,	227,	1874,	2061

aortic	regurgitation	(AR),	1966

aortic	stenosis	(AS),	1961

arrhythmia	in,	227

ischemia	monitoring,	227

mitral	regurgitation	(MR),	1970

mitral	stenosis	(MS),	1967

newer	techniques	for,	227

personnel,	227

targeted	temperature	management	(TTM),	1998

telemetry,	227

Electroconvulsive	therapy	(ECT),	1530–1531

Electrocorticography,	267

Electroencephalography	(EEG),	267

Electrolytes,	1340,	1342,	1345,	2202

imbalances,	367

parenteral	and	enteral	nutrition,	2210–2211

Electromagnetic	interference	(EMI),	2023–2024



Elevated	coagulation	factor	levels,	887

Elevated	intracranial	pressure	(ICP),	366

management,	1480–1483

mechanical	treatments,	1482–1483

pathophysiology,	1479

pharmacological	treatments,	1480–1482

signs	and	symptoms,	1479–1480

Embolic	disease,	677–678,	677f

Emergency	mass	critical	care

capability,	surging	assets	to,	1224–1227

crisis	standards	of	care	(CSC),	1227

critical	care	triage,	1227–1228

ethical	and	legal	principles,	1227

hospital	and	community	disaster	response

importance	of,	1223

local	community	medical	response,	1222–1223

Emergency	medical	services	(EMS),	343

Emergency	Medical	Systems	(EMS)	Act,	346

Emergency	Transfusion	Score,	331

Empiric	antibiotics,	756

Empyemas,	1711,	1763

Empyemas,	chest	tubes	insertion	for,	112–113,	112t

Encephalitis

diagnosis,	790–792

etiology,	790

pathogenesis,	790

therapy,	792–793



Encephalopathy,	1423

balloon	tamponade,	191

End-expiratory	lung	volume	(EELV),	1680

Endocarditis	trial,	partial	oral	treatment	for,	741–743,	742t,	760

Endocrine	and	exocrine	pancreatic	insufficiency,	436

Endocrine	deficiency,	2047

Endocrine	disorders,	1422

adrenal	insufficiency,	2146–2147

diabetic	ketoacidosis	(DKA),	2147

thyroid	disease,	2147

Endocrine	processes,	1829

Endocrinopathy,	1487

Endoscopic	retrograde	cholangiopancreatography	(ERCP),	507,	2173–2174

Endoscopic	ultrasonography	(EU),	biliary	tract	disease,	2174,	2180–2181

Endotracheal	intubation

anesthesia	before,	71–73,	72t

bronchoscopy	indicated	by,	94

complications	of,	78–79,	79t

equipment	for,	69–71,	70t

endotracheal	tube	cuff,	70–71

endotracheal	tubes,	70,	71t

laryngoscopes,	69,	70f–71f

extubation

preintubation	assessment,	80–81

technique	of,	79

tracheostomy,	79

utility	of	ultrasonography,	for	airway	management,	7



indications	for

education	and	intubation	management,	69

preintubation	evaluation,	67–69,	68f

techniques	of,	73–78

cervical	spine	injury,	76–77

cricothyrotomy,	76

flexible	bronchoscopic	intubation,	75–76

management	of	difficult	airway,	75–77,	76f

nasotracheal	intubation,	74–75

orotracheal	intubation,	73–74,	74f–75f

other	airway	adjuncts,	76,	77f

Endotracheal	tubes,	70,	71t,	1750–1751,	1751f

cuff,	70–71

Enteral	feeding	catheters,	1656,	2187,	2202–2203

Enteral	stents,	181

Enteric-drained	grafts,	548–549

Enteric	feeding	tubes,	181

Enteric	gram-negative	bacilli,	754

Enterococcus	faecalis,	427,	755

Enteroscopy,	2133

Environmental	cleaning,	692–693

Ephedrine,	1929

Epicardial	pacing,	158

Epiglottitis	See	Supraglottitis

Epilepsia	partialis	continua,	1450

Epinephrine,	338–339,	1927

Epoprostenol	therapy,	1690



in	systemic	sclerosis,	624t

Epstein-Barr	virus	(EBV)	infections,	496

hematopoietic	cell	transplantation	(HCT),	578

intestinal	transplant,	558

Eravacycline,	707

Erysipelas,	667–668

Erythromycin,	2156

Escharotomies,	burn,	420

ESKAPE	pathogens,	352

Esophageal	anastomotic	leak,	437

Esophageal	Doppler	(ED)	system,	for	cardiac	output

advantages	and	disadvantages,	239,	239t

clinical	utility,	239

corrected	flow	time,	238–239

mode,	237–238

output	monitoring,	237–239

stroke	volume	(SV),	238,	238f

transthoracic	echocardiography	(TEE),	238

volume	responsiveness,	239

Esophageal	electrode,	158

Esophageal	pressure	monitoring,	255

Esophageal	resection,	436–438

anastomotic	stricture,	437

chylothorax,	437

delayed	gastric	emptying	(DGE),	437

dumping	syndrome,	437

esophageal	anastomotic	leak,	437



recurrent	laryngeal	nerve	injury,	437–438

Esophageal	rupture,	2148

Esophageal	sclerotherapy,	1712–1713

Esophageal	temperature	measurements,	223

Esophagectomy,	389

Esophagoduodenoscopy	(EGD),	390

Esophagojejunal	anastomotic	leak,	438

Esophagus,	thoracic	and	cardiac	trauma,	389–390

Eszopiclone,	1175

Etanercept,	642

Ethanol	abuse,	2177

Ethanol	withdrawal

clinical	manifestations,	1211–1212

diagnostic	evaluation,	1212

management,	1213–1215

pathophysiology,	1211

Ethical	decision-making,	communication	and

anticipation,	294,	296–297

bioethical	principles,	302,	302t

capacity	and	substituted	judgment,	303–304,	303t

family	meetings,	294–302

Goal-Setting	Conference,	295t–286t,	297–302

medical	futility,	305–306

palliative	sedation	(PS),	306

principles	of	managing	conflict,	300t–301t

structured,	294

treatment	of	last	resort,	306



withholding	and	withdrawing	therapies,	304–305

Ethics	Committee,	305–306

Ethylene	glycol,	2035

Etomidate,	7

European	League	Against	Rheumatism	(EULAR),	679,	680t

European	Respiratory	Society	(ERS),	1814

Exacerbation,	494

Exercise-induced	anaphylaxis,	657

Exfoliative	erythroderma,	666–667,	667f

Existential	distress,	322

Exogenous	lipoid	pneumonia,	1659

Exotic	(imported)	snake	envenomation,	management,	1183–1184

Expanded	extracellular	fluid	(ECF),	2070

Expired	carbon	dioxide	measurements,	250–251,	250f

Extended-spectrum	beta-lactamase	(ESBL),	691

External	jugular	vein	approach,	for	CVC,	47

Extracorporeal	cardiopulmonary	resuscitation	(eCPR),	1941

Extracorporeal	life	support	(ECLS),	1606

adverse	effects	and	complications,	1609

clinical	evidence	and	indications,	1608–1609,	1608t

key	circuit	components,	1606

modes	and	physiology,	1606–1607

other	indications	of,	1609

supportive	therapies	during	extracorporeal	life	support,	1607–1608

Extracorporeal	membrane	oxygenation	(ECMO),	517,	1555–1556,	1692,
1753–1756,	1756f,	1947–1948

Extrapulmonary	respiratory	failure,	1582



diagnosis	of

central	nervous	system	(CNS)	dysfunction,	1588

chest	wall	and	pleural	disorders	in,	1590

general	considerations	in,	1582

hypercapnia,	1582

increased	impedance	to	bulk	flow	in,	1590

normal	force	generation,	decrease	in,	1582–1588

peripheral	nervous	system	(PNS)	dysfunction,	1588–1590

respiratory	muscle	dysfunction	in,	1590

upper	airway	obstruction	in,	1591

differential	diagnosis	of,	1591

pathophysiology	of,	1582,	1583t–1587t

treatment	of

advances	in,	1591,	1592t

central	nervous	system	(CNS)	depression,	1591

chest	wall	and	pleural	disorders,	1592

peripheral	nervous	system	(PNS)	dysfunction,	1591–1592

respiratory	muscle	dysfunction,	1592

upper	airway	obstruction,	1592

Extratriggering,	1602

Extubation,	1616

failure,	prediction	of,	100

preintubation	assessment,	80–81

technique	of,	79

tracheostomy,	79

utility	of	ultrasonography	for	airway	management,	79



F
Faces	Pain	Scale	(FPS),	12

Factor	V	Leiden	(FVL),	886

Factor	Xa	inhibitors,	365

Faith,	Importance,	Community,	and	Address	(FICA)	tool,	324

Family-centered	outcomes,	1317

hospital	performance	outcomes,	1317–1318

performance	assessment,	1317–1318

standardized	mortality	ratio,	1318

Family	meetings	and	communication

anticipation

communication	aides,	297

discussion,	294

patients,	294,	296

time	and	place,	296

evidence-based	curricula,	294

rounding	tools	and	triggers,	294

structured,	294

Fat	embolism,	chest	radiographic	examination,	1760–1761

Febrile	nonhemolytic	transfusion	reaction	(FNHTR),	853

Fecal	impaction,	2188

Fecal	microbiota	transplantation,	181

Feeding	tubes,	endoscopic	placement	of,	177,	183–189

complications

aspiration,	188

bacterial	contamination,	189

gastrointestinal	intolerance,	188



metabolic,	188–189

nasopulmonary	intubation,	188

occluded	feeding	tubes,	189

formula	delivery	with,	187–188

gastrointestinal	tract	access	for,	183–184

indications	for,	183

medications,	188

nasoenteric	feeding	tube	insertion

endoscopy	and	fluoroscopy	for,	184–185,	185f

ultrasonography,	184

video-assisted	and	electromagnetic	guidance,	184

percutaneous	route	for

complications,	186

direct	percutaneous	endoscopic	jejunostomy,	186

fluoroscopic	technique,	186

gastrostomy/jejunostomy,	186

introducer	technique,	186

pull	technique,	185–186

push	technique,	186

surgical	procedures,	186–187,	187f

gastrostomy,	187

needle-catheter	jejunostomy,	187

transgastric	jejunostomy,	187,	187f,	188f

techniques	for,	184–186

Felbamate,	1030

Femoral	shaft	fractures,	407–408

Femoral	vein	approach,	for	central	venous	catheterization,	47–48



anatomy,	47,	48f

success	rate	and	complications,	47–48

Fentanyl

anesthesia	with,	9–10

in	pain	management,	15

Fever,	740

diagnostic	considerations

diagnostic	studies,	686

history,	685–686

physical	examination,	685–686

etiology

infectious	causes,	684–685,	685t

noninfectious	causes,	683–684,	684t

febrile	patient

measurement,	683

pathophysiology,	683

treatment,	689

antimicrobial	therapy,	688

dosage,	686–688

fungal	infections,	688

initial	antibiotic	therapy,	686,	687t

multi-drug-resistant	(MDR)	organisms,	688–689

route	of	administration,	686–688

Fibrinolytic	therapy,	1558,	1891,	1892t

antithrombin	therapies	in	patients	receiving,	1898

clinical	indications,	925–927,	926t

complications	and	reversal	of	effects,	927



limitations	of,	1891

monitoring,	925,	925t

pharmacodynamics,	925,	925t

pharmacology,	925,	925t

Fidaxomicin,	706

First-generation	cephalosporins,	698–700

First-generation	oxazolidinones,	706

First-pass	effect	metabolism,	2112

First-pass	metabolism,	2112

Five-lumen	pulmonary	artery	catheter,	162,	162f

Five-Point	Global	Scale,	12

Flail	chest,	384–385

Flecainide,	1018

Flexible	bronchoscopic	intubation,	75–76

Flexible	endoscopic	evaluation	of	swallowing	(FEES),	1656

Flow	triggering,	257

Fluconazole,	708

Flucytosine,	707–708

Fludrocortisone,	2067

Fluid	management,	acute	respiratory	distress	syndrome,	1556–1557

Fluid	replacement,	955,	1341–1342

Fluid	therapy,	sepsis,	352–353

Fluoroquinolones

adverse	reactions,	704

indications,	704

Fluoroscopy,	pancreas	transplantation,	551

Focal	atrial	tachycardia,	2014



Focal	segmental	glomerulosclerosis	(FSGS),	493

Focal	status	epilepticus	with	preserved	awareness,	1450

Focused	assessment	with	sonography	in	trauma	(FAST)	examination,	200,	201f

Foley	catheter,	492

Fondaparinux,	1879

bypass	of	effect,	919

clinical	indications,	919

complications,	919

monitoring,	919,	920t–921t

pharmacodynamics,	919,	920t–921t

pharmacology,	919,	920t

Food	anaphylaxis,	655

Food	asphyxiation,	1658

Forced	vital	capacity	(FVC),	257

Forearm	fractures,	409

Foreign	bodies	removal,	bronchoscopy	indicated,	94

Foreign	body	aspiration,	1658

Foreign	body	ingestions	(FBI),	177

Foscarnet,	711

Fosphenytoin,	1454

Fournier	gangrene,	433,	433f

Free	hormone	concept,	1384

Free	wall	rupture	(FWR)

clinical	presentation	of,	1906

diagnosis,	1906

incidence	and	timing,	1905,	1905t

location	and	pathological	types,	1906



treatment,	1906

Free	water	loss,	2053–2054

Fresh	frozen	plasma	(FFP),	206,	863

Frostbite	injuries,	421

Full-face	masks,	1618–1619

Full	Outline	of	UnResponsiveness	(FOUR)	score,	265–266,	265f

Fulminant	colitis	and	toxic	megacolon

clinical	features,	2195,	2195t

management,	2195,	2196t

medical	treatments,	2196–2197,	2196t

surgical	intervention,	2197–2198

predisposing	factors,	2194–2195,	2195t

Fulminant	hepatic	failure,	503

Functional	asplenia,	725–726

Functional	residual	capacity	(FRC),	1566

Fungal	infections

hematopoietic	cell	transplantation	(HCT),	577

intestinal	transplant,	558

kidney	transplantation,	496

lung	transplantation,	525–526

therapy

adverse	reactions,	707

amphotericin	B,	707

flucytosine,	707–708

Furosemide,	1480

dyspnea	management,	312

Fusion	proteins,	567



G
Gabapentin,	1031

in	pain	management,	18

Gallstone	pancreatitis,	biliary	tract	disease,	2176

Ganciclovir,	710–711

Gas	embolism	syndromes,	1720

arterial	gas	embolism	(AGE)

diagnosis	of,	1726–1727,	1726f

etiology,	1725

fatal	air	embolism,	1726f

pathophysiology	of,	1725–1726

risk	factors	and	causes	of,	1725t

treatment,	1727,	1727t

decompression	sickness	(DCS),	1727

diagnosis	of,	1729–1730

etiology,	1727–1728

pathophysiology	of,	1728–1729,	1728t

treatment,	1730–1733,	1732t

venous	gas	embolism	(VGE)

diagnosis	of,	1723–1724

etiology,	1720–1721,	1720t

pathophysiology	of,	1721–1723

treatment,	1724–1725

Gas	insufflation	procedures,	1721

Gastric	distension,	1624

Gastric	outlet	obstruction	(GOO),	462–463,	2148



endoscopic	stenting,	177

Gastric	resection

duodenal	stump	leak	(DSL),	438

esophagojejunal	anastomotic	leak,	438

Gastric	tonometry,	233–234

Gastroduodenal	artery	(GDA)	pseudoaneurysm,	436

Gastroenteritis,	2148

Gastroesophageal	reflux	disease	(GERD),	2148,	2154–2155,	2155f,	2155t

Gastrografin,	438

Gastrointestinal	(GI)	bleeding

diagnostic	evaluation

bedside	diagnosis,	2132

computed	tomography	angiography	(CTA),	2134

enteroscopy,	2133

mesenteric	arteriography,	2134

radionuclide	bleeding	scan,	2134

sigmoidoscopy/colonoscopy,	2134

upper	endoscopy,	2132–2133,	2133t

video	capsule	endoscopy	(VCE),	2134

evaluation	and	management,	2132,	2132t–2133t

incidence,	2131

initial	evaluation,	2131–2132

pancreas	transplantation,	547–548

resuscitation,	2131–2132

specific	lesions

angiodysplasia,	2137

aortoenteric	fistula,	2137



colonic	diverticular	bleeding,	2137

peptic	ulcer	bleeding,	2136–2137

small	bowel	bleeding,	2136–2137

variceal	upper	gastrointestinal	bleeding,	2135–2136

therapeutic	procedures,	for	hemostasis

angiotherapy,	2135

endoscopic	therapy,	2134

surgical	therapy,	2135

Gastrointestinal	cancers

colorectal	resection

anastomotic	leak,	438–439

genitourinary	dysfunction,	439

esophageal	resection,	436–438

anastomotic	stricture,	437

chylothorax,	437

delayed	gastric	emptying	(DGE),	437

Dumping	syndrome,	437

esophageal	anastomotic	leak,	437

recurrent	laryngeal	nerve	injury,	437–438

gastric	resection

duodenal	stump	leak	(DSL),	438

esophagojejunal	anastomotic	leak,	438

pancreatic	resection,	435–436

delayed	gastric	emptying	(DGE),	436

endocrine	and	exocrine	pancreatic	insufficiency,	436

hemorrhage	related	to	pseudoaneurysm,	436

postoperative	pancreatic	fistula	(POPF),	435–436,	436t



Gastrointestinal	complications,	liver	transplant	recipients,	511

Gastrointestinal	disorders,	1388

biliary,	2149

esophagus,	2148

gastric,	2148–2149

hepatic,	2149

intestine,	2149

pancreas,	2149

Gastrointestinal	endoscopy,	176–182

complications,	181t

fecal	microbiota	transplantation,	181

indications	for,	176t

intraprocedural	care,	179–181

lower	gastrointestinal	endoscopy,	181

upper	gastrointestinal	endoscopy,	179–181

lower	gastrointestinal	tract	evaluation

acute	colonic	distention,	178

lower	gastrointestinal	bleeding	(LGIB),	177–178

mid-gastrointestinal	tract	evaluation,	177,	178f

pancreaticobiliary	tract	evaluation,	177

patient	selection,	176–178

postprocedural	care,	181

preprocedural	care,	179

upper	gastrointestinal	tract	evaluation

feeding	tubes,	177

foreign	body	ingestions	(FBI),	177

gastric	outlet	obstruction	(GOO),	177



upper	gastrointestinal	bleeding,	176–177

upper	GI	bleeding,	179–180

Gastrointestinal	intolerance,	endoscopic	feeding	tube	placement,	188

Gastrointestinal	motility,	2154

acute	colonic	pseudo-obstruction	(ACPO),	2158–2159,	2159t

delayed	gastric	emptying,	2155–2156

gastroesophageal	reflux	disease	(GERD),	2154–2155,	2155f,	2155t

gastroparesis,	2155–2156,	2156t

ileus,	2156–2158,	2157t

Gastrointestinal	route,	1269

Gastrointestinal	subsyndrome,	1243

Gastrojejunostomy	tubes,	555

Gastroparesis,	2148,	2155–2156,	2156t

Gastrostomy,	187

GBS	See	Guillain-Barré	syndrome	(GBS)

Generalized	anoxia/ischemia,	1429

clinical	course	and	prognosis,	1429–1430,	1430t

diagnosis	of,	1429

pathogenesis	of,	1429

treatment	of,	1430–1431,	1431t

Genitourinary	bleeding,	pancreas	transplantation,	548

Genitourinary	candidiasis,	treatment	of,	783–784,	783t

Genitourinary	dysfunction,	439

Gentamicin,	702

Glasgow-Blatchford	score,	2132

Glasgow	Coma	Scale,	264–265,	265t

Glomerular	filtration	rate	(GFR),	2047,	2069,	2069t



Glucocorticoids,	1380,	2152

Glucocorticosteroids,	1481

Glucose	management,	108,	2066–2067

traumatic	brain	injury,	367

Glycemic	control,	2151

Glycogen	storage	diseases,	1590

Glycoprotein	IIb/IIIa	inhibitors,	1878

clinical	indication,	912

complications	and	reversal	of	effects,	912

monitoring,	912,	912t

pharmacodynamics,	912,	912t

pharmacology,	912,	912t

GM-1	ganglioside,	379

Goal-directed	echocardiography	(GDE),	143

Golimumab,	642,	643t

Gout,	606–608

clinical	features	of,	607–608

and	other	microcrystalline	arthropathies,	608–609

pathogenesis	of,	606–607

therapy	for,	608

colchicine	in,	608

corticosteroids	in,	608

nonsteroidal	antiinflammatory	drugs	in,	608

Graft	dysfunction,	599t

Graft	function,	506–507

Graft	thrombosis,	545–547

Graft-versus-host	disease	(GVHD),	587–588,	2188



acute,	578,	579t

chronic,	578–579,	580t–581t

diagnosis	of,	579–580

differential	diagnosis	of,	581t

immunosuppression	for

malignancy,	posttransplant	lymphoproliferative	disorder	(PTLD),	594–595

prevention	of,	581

steroid-refractory,	582–583,	582t–583t

treatment	of,	581–583

Granulocyte-macrophage	colony-stimulating	factor	(GM-CSF),	1244

Guideline-directed	medical	therapies,	1917–1918

Guillain-Barré	syndrome	(GBS),	1457

clinical	features

in	acute	inflammatory	demyelinating	polyradiculoneuropathy
(AIDP),	1457–1458

in	axonal	forms,	1458

clinical	management,	1462–1464,	1462t,	1463f

diagnosis	of,	1457–1459

differential	diagnosis	of,	1460t

intensive	care	unit–related	weakness,	1459

motor	neuron	disorders	in,	1461

muscle	disorders	in,	1461

neuromuscular	junction	disorders	in,	1459

peripheral	nerve	disorders	in,	1459–1461

laboratory	features,	1458–1459

natural	history,	1462

outcome	and	prognostic	factors,	1464–1465



pathogenesis,	1461

pathology,	1461–1462

physical	findings	in,	1458,	1458t

Gunshot	wounds,	397

Guselkumab,	643t,	644

Gustilo-Anderson	classification	scheme,	403

GVHD	See	Graft-versus-host	disease	(GVHD)

H
Hallucinogens	poisoning

clinical	toxicity,	1159

diagnostic	evaluation,	1159–1160

management,	1160

pharmacology,	1158–1159

Halogenated	hydrocarbons

aromatic	hydrocarbons

benzene,	1105–1106

toluene,	1106

xylene,	1106

carbon	tetrachloride,	1104–1105

methylene	chloride,	1105

terpenes,	1106

trichloroethane,	1105

Haloperidol,	side	effects	of,	1502–1503

Hand	hygiene,	691

Hantaviruses,	813

Headgear,	1620



Head	trauma,	anesthesia	selection	with,	6

Health	care–acquired	infections	(HAI)

epidemiology,	690

microbiology,	690–691

preventive	and	control	measures

architectural	design,	693–694

hospital	construction,	693–694

infection	control	precautions,	691–693,	692t

quality	improvement	initiatives,	694

risk	factors,	691

selected	health	care–acquired	pathogens

Clostridioides	difficile,	694

methicillin-resistant	Staphylococcus	aureus,	694–695

multidrug-resistant	gram-negative	bacilli,	695

vancomycin-resistant	enterococci,	695

Healthcare-associated	pneumonia,	684

Health	care	workers	(HCWs),	691

Heart

blunt	cardiac	injury,	388

cardiac	valvular	injuries,	388–389

penetrating	cardiac	injury,	389

Heart	failure,	mechanical	support	for	See	Mechanical	circulatory	support	(MCS)

Heart-lung	transplantation	(HLT),	469–470,	516

donor	criteria,	536

operative	technique,	536–537

organ	procurement,	536

outcomes,	537



postoperative	care,	537

Heart	transplantation,	469,	530–536

complications	of

coronary	allograft	vasculopathy,	536

infection	and	pneumonia,	536

pulmonary	hypertension	as,	535

rejection,	535

renal	failure,	536

right	heart	failure	as,	535

donor	criteria,	533

immunosuppression,	534–535,	534t

implantable	cardiac	assist	devices,	532–533,	532t

operative	techniques

donor	operation,	533

recipient	operation,	533

outcomes,	535

patient	selection,	530–532

postoperative	care,	533–534

Heat	and	moisture	exchanger	filter	(HMEF),	1639–1640

Heat	loss,	1840

Heat	production,	1840

Heat	stroke

causes	and	pathogenesis,	1854,	1854t

complications

acute	kidney	injury,	1857

cardiovascular	dysfunction,	1857

hepatic	injury,	1857



neurological	injury,	1857

respiratory	dysfunction,	1857

rhabdomyolysis,	1857

diagnostic	evaluation,	1856,	1856t

differential	diagnosis,	1856,	1856t

pathophysiology,	1854

cardiac	effects,	1855

central	nervous	system	effects,	1855

electrolyte	effects,	1855

endocrine	effects,	1855

gastrointestinal	tract	effects,	1855

hematological	effects,	1855

muscle	effects,	1855

pulmonary	effects,	1855–1856

renal	effects,	1855

prognosis,	1857

risk	factors	for	mortality,	1856

treatment,	1856–1857

Heavy	metal	poisoning

arsenic	gas

clinical	toxicity,	1089–1090,	1089t,	1092

diagnostic	evaluation,	1090

management,	1090–1093

pharmacology,	1088–1089,	1092

inorganic	mercury

clinical	toxicity,	1099

diagnostic	evaluation,	1099



management,	1099–1100

pharmacology,	1099

lead

clinical	toxicity,	1094

diagnostic	evaluation,	1094–1095,	1095t

management,	1095–1097

pharmacology,	1093–1094

mercury

clinical	toxicity,	1097–1098

diagnostic	evaluation,	1098

elemental	mercury,	1097

management,	1098

pharmacology,	1097

organic	mercury

clinical	toxicity,	1100

diagnostic	evaluation,	1100

management,	1101

pharmacology,	1100

Heliox,	acute	exacerbation	of	chronic	obstructive	pulmonary	disease,	1681

Helium-oxygen	(Heliox),	1650

Hemarthrosis,	611

Hematologic	malignancies

acute	lymphoblastic	leukemia	(ALL),	930

acute	myeloid	leukemia	(AML),	929–930

acute	promyelocytic	leukemia	(APL),	930

aggressive	non-Hodgkin	lymphomas,	930–931

disease	and	treatment-related	complications



bleeding,	932–933

cytokine	release	syndrome,	936

differentiation	syndrome	(DS),	934–936,	935t

hyperleukocytosis,	931

hyperviscosity	syndrome,	932

infection,	934

leukostasis,	931

pulmonary	complications,	933–934

therapeutic	agents,	936,	936t–938t

other	malignancies,	931

Hematoma,	1767

Hematopoietic	cell	transplantation	(HCT),	569–584

allogeneic,	570–571

autologous,	570

classification	of,	570–571

donor	type,	570–571

intensity	of	preparative	regimen	in,	571

stem	cell	source,	570

complications

graft	rejection,	578

graft-vs-host	disease,	578–583

hemolysis,	574–575

infection,	575–578

regimen-related	pancytopenia,	571–572

regimen-related	toxicity,	572–574

epidemiology,	571

graft-versus-host	disease	with



acute,	578,	579t

chronic,	578–579,	580t–581t

diagnosis	of,	579–580

differential	diagnosis	of,	581t

immunosuppression	for

prevention	of,	581

steroid-refractory,	582–583,	582t–583t

treatment	of,	581–583

indications	for,	583t

infection	with

adenovirus,	578

advances	in	management	of,	578

cytomegalovirus,	577

before	engraftment	period,	575

Epstein-Barr	virus,	578

evaluation	of,	575–576

following	engraftment	period,	575

fungal,	577

herpes	simplex	virus,	577

late	phase,	575

opportunistic,	576–578

respiratory	syncytial	virus,	577–578

treatment	of,	575–76

varicella	zoster	virus	(VZV),	577

myeloablative,	571

nonmyeloablative,	571

regimen	related	toxicity	with



acute	renal	failure,	573–574

acute	respiratory	distress	syndrome,	573

acute	upper	esophageal	bleeding,	572

cerebrovascular	events,	574

CNS	infections,	574

diffuse	alveolar	hemorrhage,	573

hemolysis,	574–575

hemorrhagic	cystitis,	574

idiopathic	pneumonia	syndrome,	572–573

mucositis,	572

sinusoidal	obstruction	syndrome,	572

skin	erythema,	572

toxic	encephalopathies,	574

risk	factors	for	mortality/morbidity	with,	571

stem	cell	source	for

bone	marrow,	570

peripheral	blood,	570

umbilical	cord	blood,	570

Hematopoietic	subsyndrome,	1243

Hematuria,	kidney	transplantation,	493

Hemobilia,	395

Hemodiafiltration,	2094–2096

Hemodialysis,	2094–2096

Hemodynamic-guided	therapy,	1919

Hemodynamic	monitoring	technique

cardiac	output	measurement

bioreactance	monitoring	system,	242–243



esophageal	Doppler,	237–239,	238f,	239t

pulse	contour	analysis	(PCA),	240–241,	241t

oxygen	delivery	and	tissue	perfusion

advantages	and	disadvantages,	245–246

central	venous-arterial	carbon	dioxide	difference	(PCO2	gap),
244–245

central	venous	oxygen	saturation	(Scv	O2),	243–244

lactate,	244

practice	recommendations,	246,	246t

Hemodynamic	resuscitation,	329–330

Hemodynamic	support,	sepsis,	352

Hemodynamic	targets,	1994–1995

Hemofiltration,	2093

Hemoglobinuria,	2076–2077

Hemolysis,	hematopoietic	cell	transplantation,	574–575

Hemolytic	uremic	syndrome	(HUS),	493,	874–875

Hemophagocytic	syndrome,	879,	879t

Hemoptysis,	1694

bronchoscopy	indicated	by,	92,	94

categories	of	causes	of,	1696t

diagnosis	of

angiography,	1700

bronchoscopy,	1699–1700

computed	tomography	(CT),	1699–1700

general	considerations,	1697,	1698t

routine	evaluation,	1697–1699

special	evaluation,	1700



differential	diagnosis	of,	1700

etiology	of

idiopathic	hemoptysis,	1695,	1697t–1698t

massive	hemoptysis,	1695,	1697t

nonmassive	hemoptysis,	1694

pathogenesis	of,	1695–1697

pseudohemoptysis,	1694,	1695t

treatment	of,	1700

definitive	care,	1701–1703

supportive	care,	1701

Hemorrhage,	physiologic	responses	to,	328–330

coagulopathy,	328–329

fluids	for,	328–329

hemodynamics,	329–330

hemostasis	in,	329

immunological	aspects,	330

kidney	transplantation	(KTx),	493

metabolic	aspects,	330

oxygen	delivery	in,	330

surgical	control	of,	333

systemic	adjuncts,	333

Hemorrhagic	cystitis,	hematopoietic	cell	transplantation,	574

Hemorrhagic	shock

resuscitation,	333–334

ultrasonography,	331–332

Hemostasis,	329

acquired	coagulation	disorders



acquired	hemophilia	A,	843–844

anticoagulant	drugs,	840

argatroban,	841

bivalirudin,	841

dabigatran,	841

direct	thrombin	inhibitors,	841

disseminated	intravascular	coagulation	(DIC),	842–843,	842t

fondaparinux,	840

heparins,	840

liver	disease,	coagulopathy	of,	841–842

low-molecular-weight	heparins,	840

superwarfarins,	840–841,	841t

trauma-induced	coagulopathy,	843

vitamin	K	deficiency,	841

warfarin,	840

acquired	platelet	disorders/dysfunction

hematological	disorders,	845

medications,	844–845

uremia,	844–845

bleeding	patient	approach,	833–834

congenital	disorders

hemophilia,	837–838,	838t

von	Willebrand	disease,	835–837,	836t–837t

normal	hemostasis,	832,	833f

other	acquired	bleeding	disorders

acquired	FII	(prothrombin)	inhibitors,	846

acquired	FV	inhibitors,	846



acquired	FX	deficiency,	846

acquired	vWD,	845–846

primary	and	secondary	hemostasis

mixing	studies,	834–835

primary	hemostasis—platelet	function,	834

reptilase	time,	834

secondary	hemostasis—coagulation,	834–835

thrombin	clotting	time,	834

rare	congenital	coagulation	disorders

combined	factor	V	and	VIII	deficiency,	839

congenital	qualitative	platelet	disorders,	839–840

disorders	of	fibrinogen,	839

factor	V	(FV)	deficiency,	839

factor	VII	deficiency,	839

factor	X	deficiency,	839

factor	XI	deficiency,	839

factor	XIII	deficiency,	839

less	common	coagulation	factor	deficiencies,	838

prothrombin	(factor	II)	deficiency,	839

vitamin	K-dependent	factor	deficiencies,	839

therapeutic	procedures

angiotherapy,	2135

endoscopic	therapy,	2134

surgical	therapy,	2135

Hemothorax,	332,	386,	1713

chest	tubes	insertion	for,	112,	112t

examination	for,	391–392



Heparin-associated	thrombocytopenia	(HAT),	61

Heparin-induced	thrombocytopenia	(HIT),	884–885

Hepatic	artery	thrombosis	(HAT),	508

Hepatic	dysfunction

chronic	liver	disease	and	cirrhosis

ascites,	2168–2169

Child-Turcotte-Pugh	(CPT)	scoring	system,	2167,	2168t

hepatic	encephalopathy	(HE),	2167–2168

management	of,	2167

spontaneous	bacterial	peritonitis	(SBP),	2169

variceal	bleeding,	2168

critically	ill	patients

alcohol-associated	hepatitis	(AH),	2167

ischemic	hepatitis,	2166–2167

sepsis	and	multiorgan	system	failure,	2167

Hepatic	encephalopathy	(HE),	1419,	2164,	2164t,	2167–2168

Hepatic	failure

absorption,	2114–2125

distribution,	2125

estimation	of	drug	metabolism,	2125,	2126t–2127t

metabolic	encephalopathy,	1419

metabolism	and	elimination,	2125

Hepatic	hydrothorax,	1710,	2169

Hepatic	injury,	1857

Hepatitis	A,	2163

Hepatitis	B,	2163

Hepatitis	B-positive	donors,	502



Hepatitis	C,	2163

Hepatitis	C-positive	donors,	502

Hepatitis	D,	2163

Hepatitis	E	virus	(HEV),	2163

Hepatobiliary	complications,	866

Hepatopulmonary	syndrome	(HPS),	2170

Hepatorenal	syndrome	(HRS),	2081,	2081t,	2170

Hereditary	angioedema	(HAE),	657–658

Heritable	pulmonary	hypertension,	1687

Herpes	simplex	virus	infection,	668–669

hematopoietic	cell	transplantation	(HCT),	577

Hiccups	See	Singultus

High-dose	IV	ketamine,	1455–1456

High-frequency	oscillatory	ventilation	(HFOV),	1598

Hinduism,	322

Histamine-2	receptor	antagonists	(H2RAs),	2141

Histidine-tryptophan-ketoglutarate	solution	(HTK),	546

HIV	See	Human	immunodeficiency	virus	(HIV)

Hospital-acquired	pneumonia	(HAP),	1786

Hospital	ethics	committees,	305–306

HSV	(Herpes	simplex	virus),	668–669

Human	fibrinogen	concentrate	(RiaSTAP),	852

Human	herpes	viruses,	592t

Human	immunodeficiency	virus	(HIV),	664,	743–744

antiretroviral	and	prophylactic	agents,	736–737

antiretroviral	therapy,	toxic	effects	of,	735–736

central	nervous	system	disorders,	734–735



health	care	workers,	risk	to,	737–738

hepatic	disorders,	735

immune	reconstitution	disorders,	735

other	critical	illnesses,	735

outcomes,	predictors	of,	737

postexposure	prophylaxis,	737–738

pulmonary	disorders,	733–734

reasons	for	admission,	732

Human	metapneumovirus,	812

Humeral	shaft	fractures,	408–409

Humidification,	78,	1800–1801

Humidity	therapy,	1639–1640

Hydrocarbon	poisoning

aliphatic	hydrocarbons,	1102–1103

clinical	manifestations,	1103

diagnostic	evaluation,	1103–1104

management,	1104

Hydrocephalus,	1447

etiology,	1483

evaluation,	1483

management,	1483–1485

symptoms	and	signs,	1483

Hydrofluoric	acid	(HF)

burns,	421

poisoning

dermal	exposure,	1108

ingestion,	1109



inhalation,	1109

ocular	exposure,	1109

Hydrogen	cyanide	(HCN),	1738–1739

Hydrogen	sulfide,	1739–1740

Hydromorphone,	in	pain	management,	15

Hydronephrosis,	2090

Hydrophilic	antibiotics,	687

β-Hydroxybutyrate,	1341

γ-Hydroxybutyrate	(GHB),	1176,	1210

Hydroxychloroquine,	640

Hygroscopic	condenser	humidifiers,	1640

Hyperacute	rejection	(HAR),	597

Hyperammonemia	syndrome,	lung	transplantation,	527

Hyperamylasemia,	498

Hyperbaric	oxygen	(HBO),	1650,	1724

necrotizing	fasciitis	(NF),	434

Hypercalcemia	of	malignancy	(HCM)

clinical	manifestations,	945

diagnosis,	945

physiology,	944–945

treatment,	945–946,	945t

Hypercapnia,	clinical	features	of,	1582

Hypercoagulable	conditions,	diagnostic	approach	to,	887–889,	888t

Hyperglycemia,	266,	1421,	1998,	2064,	2180,	2201

blood	glucose,	1333

COVID-19,	1335–1336

critically	ill	predicts	adverse	outcomes,	1332



diabetic	kidney,	1335

diabetic	state,	1330

diagnostic	criteria,	1331

etiology	and	pathophysiology,	1330

glucose	monitoring,	1332

glycemic	targets,	1333

initial	evaluation,	1331,	1331t

insulin	infusion	rate	adjustment,	1333–1334

insulin	therapy,	1333

metabolic	homeostasis,	1330

metabolic	stress,	1330

radiographic	contrast	agents,	1335

secondary	diabetes,	1332t

severity	assessment,	1331

sliding	scales,	1335

sporadic	insulin	administration,	1335

stress,	1330

surgery,	1334–1335

transition	to	other	forms	of	therapy,	1334

treatment	of,	1333

Hyperglycemic	encephalopathy,	1421

Hyperglycemic	hyperosmolar	syndrome

clinical	findings	in,	1345

complications,	1346–1347

diagnosis,	1345

pathophysiology	and	etiology,	1344–1345

treatment,	1345–1346



Hyperhemolysis,	866

Hyperhomocysteinemia,	887

HYPERION	trial,	1996

Hyperkalemia,	495,	2087–2088

causes	of,	2063t

clinical	manifestations	of,	2066

etiology,	2063

potassium	release	from	cells

β-adrenergic	blockade,	2064

exercise,	2064

hyperglycemia,	2064

hyperosmolality,	2064

insulin	deficiency,	2064

metabolic	acidosis,	2063–2064

pseudohyperkalemia,	2063

tissue	breakdown,	2064

reduced	urinary	potassium	excretion

adrenal	enzyme	deficiency,	2065

adrenal	insufficiency,	2065

chronic	kidney	disease,	2065

effective	circulating	volume	depletion,	2065

heparin,	2065

hyperkalemic	type-1	renal	tubular	acidosis,	2066

hypoaldosteronism,	2064,	2065t

hyporeninemic	hypoaldosteronism,	2064–2065

potassium-sparing	diuretics,	2065

pseudohypoaldosteronism,	2065



severe	illness,	2065

treatment,	2066–2068

β-adrenergic	agonists,	2067

calcium,	2066

cation	exchangers,	2067

dialysis,	2067–2068

fludrocortisone,	2067

insulin	and	glucose,	2066–2067

loop/thiazide	diuretics,	2067

sodium	bicarbonate,	2067

Hyperkalemic	type-1	renal	tubular	acidosis,	2066

Hyperleukocytosis,	931

Hypernatremia,	1421,	2053

diagnosis	of,	2054

etiology	of,	2053,	2053t

free	water	loss,	2053–2054

symptoms	of,	2054

treatment	of,	2056

water	loss	into	cells,	2054

Hyperosmolality,	2064

Hyperosmolar	hyponatremia,	2045

Hyperparathyroidism,	1422

Hyperphosphatemia,	1373

Hyperpolarization,	2061

Hypertensive	disorders,	pregnancy,	451

Hyperthermia,	267,	1854

drug-induced,	1862–1863,	1862t,	1864t



fever	control	and,	1864

heat	stroke

causes	and	pathogenesis,	1854,	1854t

complications,	1857

diagnosis,	1856

diagnostic	evaluation,	1856

differential	diagnosis,	1856,	1856t

pathophysiology,	1854–1856

prognosis,	1857

risk	factors	for	mortality,	1856

treatment,	1856–1857

malignant,	1857–1859

neuroleptic	malignant	syndrome	(NMS)

cause	and	pathogenesis,	1859–1860,	1859t

clinical	presentation,	1860

complications,	1860,	1860t

diagnosis,	1860

differential	diagnosis,	1860–1861

epidemiology,	1859

idiosyncratic	reactions,	1861

serotonin	syndrome	(SS),	1861

treatment	and	prognosis,	1861–1862,	1861t

traumatic	brain	injury,	366–367

Hyperthyroidism

clinical	manifestations,	1375

diagnosis,	1375

risk	factors,	1375



thyroid	hormone

peripheral	effects	blockade	of,	1377
Hyperthyroidism	(continued)

release,	blockade	of,	1377

removal	of,	1377

synthesis,	inhibition	of,	1377

thyrotoxicosis	factitia,	1377

treatment,	1376t

underlying	illness,	1376

triiodothyronine,	peripheral	generation	of,	1377

Hypertonic	saline	(HS),	366,	1480

Hypertriglyceridemia,	2179

Hyperviscosity	syndrome,	932

Hypnotics,	anesthesia	with,	6–9,	6t

Hypoadrenal	crisis

adrenal	crisis,	clinical	presentation	of,	1366t

clinical	presentation,	1366

corticosteroid	insufficiency,	1367–1368

diagnosis,	1366

diagnostic	workup,	1366–1367

etiology,	1365–1366

pathophysiology,	1365

stressed	patients,	glucocorticoid	use	for,	1367

treatment,	1367

Hypoalbuminemia,	1710,	2180

Hypoaldosteronism,	2064,	2065t

Hypocalcemia,	2180



Hypocortisolism,	2047

Hypodipsia,	2054

Hypoglycemia,	1350,	1380

classification,	1350t,	1351–1352

diagnosis,	1361t

diazoxide,	1360

differential	diagnosis	of

β-adrenergic	receptor	antagonists,	1355

antiarrhythmic	agents,	1356–1357

counterregulatory	hormones,	deficiencies	in,	1357

drugs	and	poisons,	1355

ethanol-induced	hypoglycemia,	1355

hormonal	imbalance,	1352–1355

evidence,	1361t

exercise-induced	hypoglycemia,	1358

fasting	hypoglycemia

gluconeogenic	substrate,	unavailability	of,	1357

liver	damage,	1357

renal	damage,	1357

glucagon,	1360

glucocorticoids,	1360

glucose	management,	1359

glucose	utilization,	1350–1351

laboratory	diagnosis	of,	1358–1359

continuous	glucose	monitoring	(CGM),	1358

insulin	overdose,	1358–1359

normal	blood	glucose	concentration,	1358



point-of-care	glucose	measurement,	1358

spurious/artifactual	hypoglycemia,	1358

management,	1361t

metabolism,	inborn	errors	of,	1357–1358

normal	glucose	regulatory	physiology,	1350–1351

octreotide,	1360

plasma	glucose	concentration,	1351

plasma	glucose,	sources	of,	1351

prevention,	1360

rapamycin,	1360

refractory	hypoglycemia,	1360

sepsis,	1357

subsequent	management

glucose,	1359

long-acting	insulin,	1359

sulfonylureas,	1359–1360

symptoms	and	signs	of,	1350

Hypoglycemic	encephalopathy,	1420–1421

Hypokalemia

β-adrenergic	activity,	2059

blood	cell	production,	2059

causes	of,	2058–2059,	2058t

clinical	manifestations	of,	2061,	2061f

decreased	potassium	intake,	2058–2059

diagnosis	of,	2061

extracellular	pH,	2059

hypokalemic	periodic	paralysis,	2059



insulin,	2059

severe,	2062–2063

treatment,	2061

urinary	potassium,	2061

Hypokalemic	periodic	paralysis,	2059

Hypomagnesemia,	295,	2060

Hyponatremia,	364,	1380

acute	liver	failure	(ALF),	2169

hepatopulmonary	syndrome	(HPS),	2170

hepatorenal	syndrome	(HRS),	2170

portopulmonary	hypertension	(PPH),	2170

causes	of,	2046t

diagnosis	of,	2049–2050

diuretic-induced,	2046,	2047f

plasma	osmolality,	2049

renal	hypoperfusion-induced,	2046

treatment	of,	2050

edematous	states,	2052

urinary	sodium	concentration,	2049–2050

urine	osmolality,	2049

without	hypoosmolality,	2048–2049

Hypoosmolality,	2048–2049

symptoms	of,	2049

Hypopharynx,	65

Hypophosphatemia,	295,	1373–1374

Hyporeninemic	hypoaldosteronism,	2064–2065

Hypotension,	494,	1346,	1380,	1924,	2105Renal	replacement	therapy	(RRT)



Hypothermia,	266–267,	1380,	2165

dialysis,	2060–2061

diuretics,	2060

drowning,	1661

hypomagnesemia,	2060

iatrogenic

causes	and	pathogenesis,	1848

pathophysiology,	1848

prevention	and	treatment,	1848–1849

increased	gastrointestinal	losses,	2059–2060

increased	urinary	losses,	2060

intentional

acute	liver	toxicity,	1849

acute	myocardial	infarction,	1849

ischemic	and	hemorrhagic	stroke,	1849

multisystem	trauma,	1849

spinal	cord	injury,	1849

target	temperature	management	(TTM),	1849–1850

therapeutic	hypothermia	after	cardiac	arrest,	1849

medications/toxins,	2059

metabolic	acidosis,	2060

mineralocorticoid	excess,	2060

nonreabsorbable	anions,	2060

polyuria,	2060

salt-wasting	nephropathies,	2060

transcutaneous	losses,	2060

unintentional,	1841



causes	and	pathogenesis,	1841–1842,	1841t

diagnosis,	1844–1845

differential	diagnosis,	1845

drug	clearance,	1844

pathophysiology,	1842–1844,	1843t

preventing	common	complications,	1846–1847

treatment,	1845–1846

Hypothyroidism,	1422,	2047,	2147

Hypoventilation,	1380

Hypovolemia,	2070

balloon	tamponade,	191

Hypoxemia,	in	acute	respiratory	distress	syndrome,	1548

Hypoxemic	respiratory	failure,	1615–1616

Hypoxic	pulmonary	vasoconstriction,	1690

I
Iatrogenic	hypothermia

causes	and	pathogenesis,	1848

pathophysiology,	1848

prevention	and	treatment,	1848–1849

Iatrogenic	pneumothorax,	1715–1716

IBM	(inclusion	body	myositis),	626–629,	627t

Ibutilide,	1019

Ice	pack	test,	1468

Idiopathic	hemoptysis,	etiology,	1695

Idiopathic	inflammatory	myopathies,	626–629,	627t

features	of,	627t



malignancy	with,	628–629

myocardial	involvement	in,	628

other	organ	system	involvement	in,	628

pulmonary	involvement	in,	628

treatment	of,	629

Idiopathic	pancreatitis,	2179

Idiopathic	pulmonary	hypertension,	1687

Idiosyncratic	drug-induced	liver	injury	(iDILI),	2161–2163

IL-17A	inhibition,	644–645

IL-12	and	IL23	inhibition,	644

Ileus,	2156–2158

common	causes	in	ICU	patients,	2157t

small	bowel	obstruction	vs.,	2157t

Illegal	drugs,	1661

Iloprost,	1643

in	systemic	sclerosis,	624t

IL-2	receptor	blocker	(or	basiliximab),	598t

Imipenem,	701

Immune-mediated	rheumatic	diseases,	therapeutics	for

biologic	agents	for	the	treatment	of,	643t

biologic	modifiers,	642–646

B-cell	depletion,	645

B-lymphocyte	stimulator	inhibition,	645

IL-17A	inhibition,	644–645

IL-12	and	IL23	inhibition,	644

IL-6	inhibition,	644

IL-1	inhibitors,	642,	644



Janus	kinase	(JAK)	inhibition,	645–646

phosphodiesterase	4	(PDE4)	inhibition,	646

T-cell	costimulation	blockade,	645

TNF-α	inhibitors,	642

1	interferon	receptor	antagonist,	645

biologics	and	pregnancy,	646–647

corticosteroid	therapy,	639

disease-modifying	antirheumatic	drugs	(DMARDs),	640–641,	646–647

mechanism	of	action	and	metabolism,	640–641

toxicities,	641

intravenous	immunoglobulin	(IVIG),	646

nonsteroidal	anti-inflammatory	drugs	(NSAIDs),	639

Immune	modulation,	854

Immunocompromised	hosts

acute	fever	without	obvious	source	in,	726–727

chronic	lymphocytic	leukemia,	724

cytotoxic	chemotherapy,	724

fever,	726

functional	asplenia,	725–726

multiple	myeloma,	724

neutropenia,	726–727

organisms	associated	with,	723t–724t

other	immunosuppressive	medications,	725

persistent/recurrent	fever	without	obvious	source	in,	727–728

pneumonia,	728–730,	728t

postsplenectomy,	725–726

solid-organ	transplant	recipients,	724–725



specific	diseases,	723

Immunologic	resuscitation,	330

Immunonutrients,	parenteral	and	enteral	nutrition,	2211–2212

Immunosuppression

heart	transplantation,	534–535,	534t

intestinal	transplant,	556

liver	transplant	recipients,	506–507

lung	transplantation,	519–520

solid-organ	transplantation

acute	rejection,	567

advances,	567t

alemtuzumab,	566

antiproliferative	agents,	564–566

antithymocyte	globulin	(ATGAM),	566

azathioprine,	564

biologic	immunosuppression,	566

calcineurin	inhibitors,	563

corticosteroids,	565–566

costimulation-based	agents,	567

cyclosporine,	563

fusion	proteins,	567

induction,	562

maintenance	therapy,	562–563

monoclonal	antibodies,	566

mycophenolic	acid,	564–565

polyclonal	antibodies,	566

rituximab,	566–567



sirolimus,	564

tacrolimus,	563–564

thymoglobulin,	566

Impedance	monitors,	228

Implantable	cardiac	assist	devices,	532–533,	532t

Implantable	cardioverter	defibrillator

electrical	storm,	2029,	2029t

inappropriate	therapies,	2029–2030

ineffective	defibrillation,	2029,	2029f,	2030t

withdrawal	of	care,	2030

Inapparent	seizures,	1406

Inclusion	body	myositis	(IBM),	626–629,	627t

Individual	agents

class	IA	agents

disopyramide,	1016–1017

procainamide,	1015–1016

quinidine,	1015

class	IB	agents

lidocaine,	1017

mexiletine,	1017–1018

tocainide,	1017

class	IC	agents,	1018

flecainide,	1018

propafenone,	1018

class	III	agents

adenosine,	1019

amiodarone,	1018–1019



dofetilide,	1019

ibutilide,	1019

sotalol,	1019

Induced	coma,	367

Induced	hypothermia,	367

Ineffective	cough,	1646

Ineffective	osmole,	2044

Ineffective	triggering,	ventilator,	257,	1602

Infection	control	surveillance	programs,	694

Infections

antimicrobials	in	treatment	of,	697–711

balloon	tamponade,	191

botulism

clinical	manifestations,	827

diagnosis,	827

differential	diagnosis,	827

epidemiology,	826–827

pathogenesis,	826

treatment,	827–828

in	burns,	420

central	nervous	system

acute	bacterial	meningitis,	785–790

brain	abscess,	793

encephalitis,	790–793,	791t

general	clinical	approach,	785

parameningeal	foci,	793–794,	794t

community-acquired	life-threatening



malaria,	717–718

meningococcemia,	715–716,	716t

miscellaneous	infectious	diseases,	720–721

overwhelming	post-splenectomy	infection,	716–717

tick-borne	illnesses,	719–720

toxic	shock	syndromes	(TSS),	713–715

coronaviruses	(COVID-19)

clinical	course,	817–819

clinical	presentation,	817

immunologic	features	of,	817t

immunology,	816–817

issues,	819

late	sequelae,	820–821

long,	820–821

medications,	819–820

nonpharmacological	management,	820

opportunistic	infections	after	COVID-19	infection,	819

symptoms,	817t

virology,	816,	816t

COVID-19,	2149–2150

dermatology,	667–672

drug	abuse

bacteremia,	740–741

central	nervous	system	infections,	745

disseminated	candidiasis,	744–745

endocarditis,	741–743,	742t

fever,	740



human	immunodeficiency	virus	(HIV)	infection,	743–744

ocular	infections,	745

peripheral	vascular	infections,	741

pulmonary	disease	and	tuberculosis,	744

sexually	transmitted	diseases,	744

skeletal	infections,	743

soft-tissue	infections,	741

spore-forming	bacteria,	systemic	syndromes	with,	743

viral	hepatitis,	744

Ebola	virus	disease	(EVD)

clinical	presentation,	822–823

critical	care	management,	824

epidemiology,	822

ethical	considerations,	825

infection	control,	823–824

other	safety	considerations,	824

specific	therapies,	825

human	immunodeficiency	virus	(HIV)

antiretroviral	and	prophylactic	agents,	736–737

antiretroviral	therapy,	toxic	effects	of,	735–736

central	nervous	system	disorders,	734–735

health	care	workers,	risk	to,	737–738

hepatic	disorders,	735

immune	reconstitution	disorders,	735

other	critical	illnesses,	735

outcomes,	predictors	of,	737

postexposure	prophylaxis,	737–738



pulmonary	disorders,	733–734

reasons	for	admission,	732

immunocompromised	hosts,	722–730

infective	endocarditis	(IE)	See	Infective	endocarditis	(IE)

pneumonia,	viral

diagnosis,	804–808

herpes	simplex	virus	(HSV),	812

herpes	viruses,	812

novel	zoonotic	viruses	See	Novel	zoonotic	viruses

pathogenesis,	804

presentation	and	manifestations	of,	805t–807t

rubeola	(measles)	virus,	812

seasonal	respiratory	viruses,	808–812

varicella-zoster	virus	(VZV),	812

pulmonary	artery	catheter/catheterization	(PAC),	173

renal	disorders,	2149

respiratory,	1571–1572

tetanus

clinical	manifestations,	829–830

diagnosis,	830

epidemiology,	829

pathogenesis,	829

treatment,	830,	830t

transplant	recipients,	587,	587t

bacterial,	588–590

fungal,	590–591

parasitic,	594



viral,	591–594

tuberculosis	(TB)

adjunctive	corticosteroids,	801

adverse	drug	reactions,	802

central	nervous	system,	797,	798f

chest	radiography,	799,	800f

clinical	manifestations,	796–798,	797t

culture	and	drug	susceptibility	testing,	799

diagnosis,	799–800

disseminated,	797,	798f

infection	control,	802

initial	therapy	recommendations,	800–801,	801t

interferon-gamma	release	assays,	800

nucleic	acid	amplification	tests,	799

pathogenesis,	796,	797t

pericardial,	797–798

peritoneal,	797–798

pleural,	797–798

preventing	nosocomial	transmission,	802

public	health,	802

pulmonary,	797

respiratory	isolation,	802

therapy,	principles	of,	800,	801t

treatment,	800–802,	801t

tuberculin	skin	testing,	800

urinary	tract	infections	(UTIs)

candiduria,	782–783



catheter-related	urinary	tract	infections	See	Catheter-related	urinary
tract	infections

diagnosis,	imaging	procedures	for,	778–779

evidence-based	recommendations,	783t

genitourinary	candidiasis,	treatment	of,	783–784,	783t

host	defense	mechanisms	against,	776–777

medical	management	of,	779,	780t

pathophysiology	of,	775–776

preventive	measures	against,	779–782

severe	urinary	tract	infections,	acute	pyelonephritis,	777–778,	777t

urinary	osmolarity,	776

vascular	catheters	See	Vascular	catheters

Infectious	complications

central	venous	catheters,	42,	42t

intestinal	transplant,	557–558

kidney	transplant,	495–496

liver	transplant	recipients,	511–512

lung	transplantation,	524–526

Infective	endocarditis	(IE)

antimicrobial	therapy,	756

cardiovascular	implantable	electronic	device	(CIED)	infections,
763–764,	764t

left-sided	native	valve	endocarditis,	757

automatic	implantable	cardioverter	defibrillators,	755–756

cardiovascular	implantable	electronic	devices,	755–756

criteria,	750–751

diagnosis,	750

differential	diagnosis,	754–755



empiric	antibiotics,	756

endocarditis	trial,	partial	oral	treatment	for,	760

etiology,	747–749,	748t

history,	751

laboratory	tests,	752–753

native	valve	endocarditis	(NVE)

Aggregatibacter	actinomycetemcomitans,	759

Cardiobacterium	hominis,	759

Eikenella	corrodens,	759

enterococci,	758–759

Haemophilus	SP.,	759

Kingella	kingae,	759

staphylococci,	757–758

streptococci,	758

other	diagnostic	tests,	753–754

pacemakers,	755–756

pathophysiology,	749–750

physical	examination,	751–752

prosthetic	valve	endocarditis	(PVE)

culture-negative	prosthetic	valve	endocarditis,	760

other	organisms,	760

staphylococci,	759

streptococci,	759–760

recurrent	infective	endocarditis,	757

supportive	care	and	monitoring,	760

surgery,	760–763,	761t

treatment,	756



valve	surgery,	756

timing	of,	756–757

ventricular	assist	devices,	755–756

Inferior	vena	cava	(IVC)	interruption,	899

Inflammatory	muscle	disease,	607t

Infliximab,	642,	643t

Influenza	A/H1N1,	A/H3N2,	B,	808–811

Infrared	emission	detection	thermometers,	224

Inhalational	route,	1269

Inhalation	injury,	acute	bronchoscopy	indicated,	93

Inhaled	therapy,	1640

Inherited	hypercoagulable	disorders

antithrombin	deficiency,	887

dysfibrinogenemia,	887

elevated	coagulation	factor	levels,	887

factor	V	Leiden	(FVL),	886

hyperhomocysteinemia,	887

protein	C	deficiency,	886–887

protein	S	deficiency,	887

prothrombin	G20210A	mutation,	886

In-hospital	care,	trauma	care,	343,	345

Injury	Severity	Score	(ISS),	342

Inotropic	agents,	2146

sepsis	management,	353–354

Instructional	directives,	302

Insulin,	1342–1343,	1346,	2059

deficiency,	1344,	2064



glucose	and,	2066–2067

glucose	homeostasis	and,	2218

Insulin-dependent	diabetes	mellitus,	538

Insulin	infusion	rate	adjustment,	1333–1334

Intensive	care	unit	(ICUs)	design

advanced	practitioners,	1289

benchmarking,	1274

budget	and	professional	reimbursement	issues,	1289–1290

central	support	areas

central	care	stations,	1279

conference	rooms,	1280

corridors	and	elevators,	1279

infection	control	and	prevention,	1280

pharmacy,	1280

POCT,	1280

security	and	fire	safety,	1281

signage	and	wayfinding,	1281

staff	communications,	1280–1281

staff	respite	and	meetings,	1280

storage	spaces,	1279–1280

supplies	and	medical	devices,	1279–1280

visitor	support,	1280

critical	care	outreach	service,	1291

design	guidelines,	1274

design	team,	1273–1274

design	timeline,	1274

director,	1287,	1287t



future	trends,	1283–1284

informatics

advanced	informatics	concepts,	1281

alarm	systems,	1281–1282

artificial	intelligence,	1283

data	integration,	1283

decision	support,	1283

middleware,	1281

real-time	locating	systems	(RTLS),	1282

smart,	1281

smart	displays,	1283

sustainability,	1283

technological	advancements,	1283

tele–critical	care,	1283

initial	vision,	1274

mock-ups,	1274

monitoring	clinical	care,	1290,	1290f

multidisciplinary	models,	1289,	1289f

occupancy	phase,	1274

operational	issues,	1291

organization,	1286–1287

patient	room,	1274–1275

bedside	medical	technologies,	1276

front	of,	1277–1278

healing	and	monitored	environment,	1278–1279

layout,	1274,	1275f

logistics	and	waste	management	systems,	1277,	1278f



medical	utility	distribution	systems,	1276,	1278f

patient	lifts,	1276

room	standardization,	1275

room	zones,	1275–1276,	1276f

physician	human	resource	issues,	1288–1289

postoccupancy	evaluation,	1274

process,	1273

provider	staffing,	1287–1288

quality	improvement	initiatives,	1291,	1291t,	1292f

regulatory	standards,	1274

renovation	vs.	new	construction,	1274

telemedicine,	1288

warning	systems,	1291

Intentional	hypothermia

acute	liver	toxicity,	1849

acute	myocardial	infarction,	1849

ischemic	and	hemorrhagic	stroke,	1849

multisystem	trauma,	1849

spinal	cord	injury,	1849

target	temperature	management	(TTM)

complications,	1850

initiation,	1849

maintenance	phase,	1850

rewarming,	1850

timing	and,	1850

therapeutic	hypothermia	after	cardiac	arrest,	1849

Interferon-gamma	release	assays,	800



Intermediate-term	mortality,	1680

Intermittent	hemodialysis	(IHD),	2093–2094,	2094f

Internal	jugular	vein	approach,	for	CVC

anatomy,	43

cannulation	technique	for,	43–45

success	rates	and	complications,	47

International	Pancreas	Transplant	Registry	(IPTR),	540

International	Society	for	Heart	and	Lung	Transplantation	(ISHLT),	515–516

Interrelationships,	1344–1345

Interstitial	lung	disease,	607t

Interventional	pulmonary

airway	procedures

central	airway	obstruction	(CAO),	1816–1819

chest	wall	and	pleural-based	mass	biopsy,	1824

massive	hemoptysis,	1815–1816

percutaneous	dilatational	tracheostomy	(PDT),	1820–1821

percutaneous	gastrostomy	tube	placement,	1823

real-time	ultrasound	guidance,	1823

related	considerations,	1825–1826,	1825t–1826t

rigid	bronchoscopy,	1815,	1815f

technical	considerations,	1824–1825

ultrasound	guidance,	percutaneous	tracheostomy,	1821–1822

ultrasound-guided	thoracentesis,	1823–1824

American	Association	for	Bronchology	and	Interventional	Pulmonology
(AABIP),	1814

central	airway	obstruction	(CAO)

aspiration	of	foreign	bodies,	1818–1819



bronchopleural	fistula	(BPF),	1819,	1822f

causes	of,	1816,	1816t

malignant	central	airway	obstruction,	1817–1818,	1819f–1821f

nonmalignant	central	airway	obstruction,	1816–1817,	1817f–1818f

procedures,	1814t,	1815

Intestinal	grafts,	600

Intestinal	ischemia,	2188

Intestinal	perforation,	463

Intestinal	transplant,	553–561

advances,	560t

bacterial	infections,	557–558

fungal	infections,	558

infectious	complications,	557–558

outcomes,	559–560

postoperative	care,	555–559

pretransplant	evaluation,	554

surgical	procedure,	554–555

viral	infections,	558

Intoxication	See	Poisoning

Intra-abdominal	bleeding,	pancreas	transplantation,	547

Intra-abdominal	hemorrhage,	331

Intra-abdominal	hypertension	(IAH)

medical	management,	446

risk	factors,	444

Intra-abdominal	Infections,	684

Intra-aortic	balloon	pump	(IABP),	1752,	1754f–1755f,	1943–1944,	1945f,	1947t

Intracardiac	damage,	172–173



Intracellular	adhesion	molecule	1	(ICAM-1),	1552

Intracellular	sodium	concentration,	375

Intracerebral	hemorrhage	(ICH),	1438

clinical	manifestations,	1439

diagnosis,	1439

differential	diagnosis,	1439–1440

pathophysiology,	1439

specific	syndromes	of,	1440,	1440f

treatment,	1440–1441,	1441t

Intracranial	mass,	2147

Intracranial	pressure	monitoring,	268–269,	270f

Intramural	hematoma	(IMH),	1984

clinical	manifestations,	1985

epidemiology,	1984,	1985f

etiology	and	pathophysiology,	1985

imaging,	1985

management,	1985–1986,	1986f–1987f

Intratubular	micro-obstruction,	2078

Intravenous	cyclophosphamide	therapy	(IVCY),	614,	641

Intravenous	immunoglobulin	(IVIG),	646,	1470–1471

necrotizing	fasciitis	(NF),	434

Intravenous	iron	therapy,	1918

Intravenous	positive	inotropes,	1919–1920

Intrinsic	positive	end	expiratory	pressure	(PEEP),	252–253

Intrinsic	renal	disease,	2071

glomerular	and	vascular	diseases,	2071–2072,	2071f

tubulointerstitial	diseases,	2072–2073



Invasive	mechanical	ventilation	(MV),	1593

acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD),
1683

breath	types,	defining	characteristics	of,	1594t

airway	pressure	release	ventilation	(APRV),	1597–1598,	1597f

cycle,	1594–1595

high-frequency	oscillatory	ventilation	(HFOV),	1598

pressure	assist-control	ventilation,	1596,	1596f

pressure-regulated	volume	control	(PRVC),	1597,	1597f

pressure	support	ventilation,	1596,	1596f

pressure-synchronized	intermittent	mandatory	ventilation,
1596–1597,	1597f

target,	1594,	1595f

trigger,	1593

ventilator	modes,	1595

volume	assist	control	ventilation	(VACV),	1595,	1595f

volume	assured	pressure	support	(VAPS),	1598

volume	support	ventilation	(VSV),	1597

volume-synchronized	intermittent	mandatory	ventilation	(V-SIMV),
1595–1596

evaluating	respiratory	system	mechanics,	1600–1601,	1600f–1601f

extracorporeal	life	support	(ECLS),	1606

adverse	effects	and	complications,	1609

clinical	evidence	and	indications,	1608–1609,	1608t

key	circuit	components,	1606

modes	and	physiology,	1606–1607

other	indications	of,	1609

supportive	therapies	during	extracorporeal	life	support,	1607–1608



heart-lung	interaction,	1605

patient	ventilator	dyssynchrony	(PVD),	1601

consequences,	1603–1604

cycling	phase,	1603,	1603f

flow	delivery	phase,	1603,	1603f

triggering	phase,	1602–1603,	1602f–1603f

types,	1602

physiology	and	clinical	interpretation	of	ventilator	waveforms,	1599–1600

positive	pressure	ventilation,	physiology	of,	1593

proportional	modes	of	ventilation

choosing,	1599

neurally	adjusted	ventilatory	assist	(NAVA),	1598–1599,	1599f

positive	end-expiratory	pressure	(PEEP),	1599

proportional	assist	ventilation	(PAV),	1598

ventilator-induced	diaphragmatic	dysfunction	(VIDD),	1604–1605

ventilator	settings	according	to	disease	type,	1605–1606

Iron

overload,	866

poisoning

clinical	toxicity,	1111

diagnostic	evaluation,	1112

management,	1112–1114,	1112t,	1113f

pharmacology,	1110–1111

Irregular	narrow	complex	tachycardia,	2015

Irritant	gases,	1740t

heavy	metals,	1743

solubility	of,	1740t



specific	irritant	toxic	gases,	1741–1743

toxic	gases	and	fumes	producing	pulmonary	edema,	1741t

Isavuconazole,	709

Ischemia-reperfusion	injury	management,	457–458

Ischemic	acute	kidney	injury,	2073

cardiogenic	shock	and	acute	decompensated	heart	failure,	2075

extracellular	volume	depletion,	2074

pancreatitis,	2076

postoperative,	2074–2075,	2075t

sepsis,	2075–2076

trauma,	2076

Ischemic	cerebrovascular	disease	(ICVD),	1432

acuity,	1432–1433,	1433t

acute	treatment,	1437–1438,	1437t

anatomic	territory,	1433

differential	diagnosis,	1434–1435,	1435f

laboratory	and	radiological	evaluation,	1435–1436,	1435f

stroke	prevention,	1436,	1436t

supportive	therapy,	1436

treatment	of,	1436–1438

underlying	mechanism,	1433–1434,	1434f,	1434t

Ischemic	colitis,	497

Ischemic	hepatitis,	2166–2167

Ischemic-biliary	lesions	(ITBL),	507

Islam,	322

Isolated	intestinal	transplants,	554

Isoniazid	poisoning



clinical	presentation,	1116

diagnostic	evaluation,	1116–1117,	1117t

management,	1117–1118

pharmacology,	1115,	1116f

Isoproterenol,	1929

Itraconazole,	708

Ivor	Lewis	esophagectomy,	437

Ixekizumab,	643t,	644

J
Janus	kinase	(JAK)	inhibition,	645–646

Judaism,	322

Jugular	venous	bulb	oxygen	saturation,	271–272

K
Kaplan-Meier	curves,	1878f

Kaposi	sarcoma	(KS),	595

KCentra,	364–365

Ketamine,	1833

anesthesia	with,	7–8

in	pain	management,	17

Ketoacidosis,	2035,	2039

Ketogenic	diet,	1456

Kidney

abdominal	trauma,	396

parenchyma,	2107

scanning	technique	for,	2106–2107



solid-organ	transplant,	469

transplants,	469

ultrasonographic	anatomy	of,	2107

Kidney	recipients,	critical	care	problems	in,	491–498

current	challenges,	498,	498t

dysfunctional	grafts,	critical	evaluation

medical	complications,	492–493

surgical	complications,	493–494

nonrenal	posttransplantation	complications

cardiovascular	complications,	494–495

gastrointestinal	and	pancreaticobiliary	complications,	497–498

infectious	complications,	495–496

metabolic	complications,	495

neurological	complications,	498

pulmonary	complications,	495

perioperative	care

immediate	postoperative	care,	492

intraoperative	care,	492

pretransplant	preparation,	492

pretransplant	evaluation,	491–492

Kingella	kingae,	759

Klebsiella	pneumoniae	carbapenemase	(KPC),	695

Knee	joint

aspiration

guidance,	219

technique,	218–219,	218f

utility	of	ultrasonography	for,	218



effusion,	219

Kyphoscoliosis,	1590

L
Lacosamide,	1455

Lactate

clinical	utility,	244

venoarterial	difference,	244–245

Lactate	dehydrogenase	(LDH),	108–109,	112

Lactic	acidosis,	2035,	2039,	2083

Lamotrigine,	1030–1031

Large	bowel	obstructions	(LBOs),	2149

Large	volume	paracentesis	(LVP),	195–196

Laryngoscopes,	69,	70f–71f

Larynx,	65,	65f

Latent	phase,	1243

Latex	allergy,	656–657

Latex-induced	anaphylaxis,	656–657

Lavage

diagnostic	peritoneal

closed	percutaneous	technique,	202

complications,	203

FAST	examination,	200,	201f

indications,	200–201

interpretation	of	results,	202–203,	203t

open	technique,	202

semiclosed	technique,	202



techniques,	201–202

Lawrence	suprapubic	catheter,	213,	214f

Leeds	Sleep	Evaluation	Questionnaire	(LSEQ),	1830

Leflunomide	(LEF),	640,	641

Left-sided	native	valve	endocarditis,	757

Left	ventricular	aneurysm

diagnosis,	1909

location,	1909

treatment,	1909

Left	ventricular	assist	devices	(LVADs),	530

Left	ventricular	support	devices

extracorporeal	membrane	oxygenation,	1947–1948

Impella	2.5/CP/ECP/5.0/5.5,	1944–1946

intra-aortic	balloon	pump	(IABP),	1943–1944,	1945f,	1947t

surgically	placed	nondischargeable	LVADs,	1948

TandemHeart,	1945

Leptospirosis,	720–721

Lethargy,	1401

Leukapheresis,	961–962

Leukopenia,	620

Leukostasis,	931

etiology,	946

physiology,	946

Levalbuterol,	1641

Levetiracetam,	1031–1032,	1455

Levomilnacipran,	1525

Lidocaine,	1017,	1731



Life-sustaining	therapies	(LST),	304–305

Lightning	injuries,	1493

Lipase,	2150

Lipid-laden	macrophages,	1659

Lipid-lowering	therapy,	1881,	1881f

Lipoglycopeptides

first-generation	lipoglycopeptide,	705

long-acting	lipoglycopeptides,	705

Liquid	crystal	display	(LCD)	thermometers,	223

Listeria	monocytogenes,	1572

Lithium	poisoning,	1119–1124,	1120t–1121t,	1123f

clinical	manifestations,	1120–1121,	1121t

diagnostic	evaluation,	1121–1122

management,	1122–1123,	1123t

pharmacology,	1119–1120,	1121t

Liver	failure,	2223

energy	and	protein	requirements,	2224,	2224t

enteral	and	parenteral	formulations,	2225

liver	transplantation,	2225

malnutrition	and	metabolic	abnormalities,	2223–2224

micronutrient	requirements,	2224

nutritional	recommendations,	2225–2226

nutrition	assessment,	2224–2225

Liver	ischemia,	2166

Liver	transplant	recipients

candidate	selection

chronic	liver	disease,	503



fulminant	hepatic	failure	causes,	503

liver	transplant	indications,	502–503

model	for	end-stage	liver	disease	(MELD),	503

pediatric	end-stage	liver	disease	(PELD),	503

contraindications,	503–504

intraoperative	management,	504–505

King’s	College	Criteria	for	ALF,	505t

living	liver	donor	care

expected	ICU	course,	513

postdonation	care,	513

postoperative	ICU	care,	512–513

surgical	risks,	512–513

organ	allocation	and	disparity

DCD	Organs,	501–502

expanding	donor	pool,	501

hepatitis	B-positive	donors,	502

hepatitis	C-positive	donors,	502

increased	risk	of	transmission	of	HIV,	HBV,	and	HCV	infection,	502

living	donor	liver	transplant	(LDLT),	502

PHS	increased	risk	donors,	502

reduced-size,	502

split-liver	transplantation,	502

postoperative	management

graft	function	and	immunosuppression,	506–507

initial	resuscitation	and	recovery	of	major	organ	systems,	506

posttransplant	medical	complications

cardiovascular	complications,	510



gastrointestinal	complications,	511

infectious	complications,	511–512

neurological	complications,	509–510

nontechnical	graft	dysfunction,	509

pulmonary	complications,	510–511

renal	complications,	511

posttransplant	surgical	complications

biliary	complications,	507

vascular	complications,	508

wound	complications,	508–509

Living	donation,	471

Living	donor	kidney	transplantation	(LDKT),	539

Living	donor	liver	transplant	(LDLT),	502

Living	liver	donor

expected	ICU	course,	513

postdonation	care,	513

postoperative	ICU	care,	512–513

surgical	risks,	512–513

Local	community	medical	response

incident	command	systems,	1222–1223

surge	capacity,	1223–1224

Locked-in	state,	1403

Logistic	organ	dysfunction	score	(LODS),	359

Long-acting	lipoglycopeptides,	705

Long-bone	fractures

femoral	shaft	fractures,	407–408

forearm	fractures,	409



humeral	shaft	fractures,	408–409

tibial	shaft	fractures,	408

Long-term	acute	care	(LTAC),	695

Long-term	continuous	oxygen	therapy,	1649

Loop	diuretic	dose-response	curve,	1914,	1914f

Lower	Extremity	Assessment	Project	(LEAP),	404

Lower	gastrointestinal	bleeding	(LGIB),	177–178

Low-flow	inflation	technique,	253

Low-molecular-weight	heparin	(LMWH),	368,	1576,	1879

clinical	indications,	919

complications	and	reversal	of	effects,	919

monitoring,	918,	918t

pharmacodynamics,	918,	918t

pharmacology,	918,	918t

LRINEC	scoring	system,	433

Lumbar	drainage,	32,	36–37,	37f

Lumbar	puncture	(LP),	1419

for	CSF	access,	32–37

complications	with,	33

contraindications,	32

steps	for,	32,	32f,	33f

ultrasonographic	guidance,	33–34,	35f–36f

Lund	concept,	366

Lung

abscess,	1658,	1763

contusion,	examination	for,	392

edema,	1599



failure,	1629

grafts,	601

microorganisms	reach,	1790–1791

point,	98

pulmonary	contusion,	387

recruitment,	100

sliding,	98

tracheobronchial	injury/lung	laceration,	387–388

trauma,	1725

Lung	parenchyma

acute	respiratory	distress	syndrome	(ARDS),	1758–1759,	1758f–1759f

aspiration,	1760,	1761f

atelectasis	and	pneumonia,	1759–1760,	1760f

congestive	heart	failure,	1756–1758

densities	of,	1756

fat	embolism,	1760–1761

pulmonary	edema,	1756–1758

Lung	transplantation,	469–470

airway	complications,	522

bronchial	anastomotic	complications	with,	526

cardiac	arrhythmias,	526

contraindications	to

absolute,	517

relative,	517

donor	allocation/selection	for,	518–519

gastroparesis	with,	526

general	postoperative	management,	519



hemorrhage	with,	526

hyperammonemia	syndrome,	527

ICU	outcomes	for,	527

immunosuppression,	519–520

indications,	516

infectious	complications	with

bacterial	infections,	524

fungal	infections,	525–526

viral	infections,	524–525

phrenic	nerve	dysfunction	with,	526

pleural	effusions,	526

postoperative	complications

acute	cellular	rejection,	523

airway	complications,	522

antibody-mediated	rejection,	522–523

chronic	lung	allograft	dysfunction	(CLAD),	523–524

graft	rejection,	522

hyperacute	rejection,	522

infectious	complications,	524–526

primary	graft	dysfunction	(PGD),	520–522,	520t

posttransplant	lymphoproliferative	disease	(PTLD),	526–527

primary	graft	dysfunction	(PGD),	520–522,	520t

grading	of,	520,	520t

management	of,	521

radiographic	findings	in,	520,	521f

risk	factors	for,	522

severe,	520,	521f



recipient	selection	guidelines,	516–517

rejection	of,	522–523

renal	insufficiency	with,	526

surgical	techniques	for,	519

Lung	ultrasonography	(LUS),	97–101

acute	respiratory	distress	syndrome	(ARDS),	101f

A-lines,	98

basic	principles	of,	97

B-lines,	98

clinical	applications	of

algorithmic	diagnosis	of	respiratory	failure,	99

clarification	of	the	ambiguous	chest	radiograph,	99

combination	of	LUS	with	echocardiography,	100

diagnosis	of	pneumonia,	100

diagnosis	of	pulmonary	embolism,	100

differentiation	of	ARDS	from	cardiogenic	pulmonary	edema,
99–100

measurement	of	lung	recruitment	with	PEEP,	100

prediction	of	extubation	failure,	100

consolidation,	98–99

and	COVID-19,	100

diabetic	ketoacidosis	(DKA),	101f

imaging	patterns,	97

lung	point,	98

lung	sliding,	98

machine	requirements,	97

normal	anatomy	of,	97



pattern	analysis,	99

acute	respiratory	failure	and	dyspnea,	99

alveolar	consolidation	pattern,	99

alveolar/interstitial	disease,	99

performance,	97

transesophageal,	100–101

upper	lobe	squamous	cell	lung	carcinoma,	101f

Lupus	nephritis	(LN),	607t

LUS	See	Lung	ultrasonography	(LUS)

Lymphocytic	stem	cells,	1243



M
Machine	learning,	1321

Macrolides,	705–706

Macronutrients

carbohydrates,	2201

fat,	2201–2202

protein,	2201

Magnesium,	1340,	1342,	2210

disorders

hypermagnesemia,	1372–1373

hypomagnesemia,	1373

physiology,	1372

Magnetic	resonance	imaging	(MRI),	2084

acute	pancreatitis,	2181

biliary	tract	disease,	2173

cardiac	arrest	(CA)	survivor,	2000

cardiac	devices	management,	2025

necrotizing	fasciitis	(NF),	432

for	neurologic	monitoring,	275

respiratory	failure,	acute,	1573

spinal	cord	trauma,	378–380

Malaria

clinical	features,	717–718

diagnosis,	717–718

differential	diagnosis,	718

laboratory	features,	718



pathophysiology,	717

treatment,	718

Malecot	catheter,	213,	214f

Malignancy

transmission,	donor,	478

transplant	recipients,	587t

cervical	cancer,	596

Kaposi	sarcoma	(KS),	595

posttransplant	lymphoproliferative	disorder	(PTLD),	594–595

recurrent,	596

skin	cancer,	595

transmitted,	596

Malignant	central	airway	obstruction,	1817–1818,	1819f–1821f

Malignant	epidural	cord	compression

clinical	manifestations,	943

diagnosis,	943–944

etiology,	943

physiology,	943

prognosis,	944

treatment,	944

Malignant	external	otitis	(MEO),	1775

Malignant	hyperthermia	(MH),	1857

causes,	triggers,	and	pathogenesis,	1857–1858,	1858t

clinical	signs,	1858

diagnosis,	1858

differential	diagnosis,	1858

prognosis,	1859



treatment,	1858–1859

Malnutrition,	2200

assessment,	2201

liver	failure,	2223–2224

pulmonary	failure,	2226

renal	failure,	2221

Mangled	Extremity	Severity	Score	(MESS),	404

Manifest	illness	phase,	1243

Mannitol,	366,	1480

Mask	discomfort,	1623

Mass	destruction,	chemical	agents	of

chemical	agents,	classification	of,	1232

cyanide,	1235

nerve	agents,	1232–1234

nonlethal	incapacitating	agents,	1237

pulmonary/choking	agents,	1235–1237

vesicants60,	1234

decontamination,	1230–1232

detection,	1230–1232

history,	1230

Massive	air	leak,	382

Massive	hemoptysis,	1815–1816

common	causes	of,	1697t

definitive	care,	1701–1703

etiology,	1695

Massive	pulmonary	embolism,	adjunctive	care	for,	900

Mast	cell	disorders,	657



Mastoiditis,	1774–1775

Matrix-assisted	laser	desorption-ionization	time-of-flight	mass	spectrometry
(MALDI-TOF	MS),	686

Maximal	inspiratory	pressure	(MIP),	257

McKeown	esophagectomy,	437

Measurements	of	expiratory	pressures	(MEP),	1588

Measurements	of	maximal	inspiratory	(MIP),	1588

Mechanical	circulatory	support	(MCS),	1692,	1941

biventricular	support	devices,	1949

cardiac	arrest,	1951

cardiogenic	shock,	1950–1951

complications	of

infection,	1953

stroke/neurological	events,	1953

TandemHeart,	1953

Tandem	Heart,	1955

thrombocytopenia/hemolysis,	1953

VA-ECMO,	1953

vascular,	1953

venoarterial	extracorporeal	membrane	support,	1955

contraindications,	1941–1942

epidemiology	of,	1942

indications,	1941–1942

left	ventricular	support	devices

extracorporeal	membrane	oxygenation,	1947–1948

Impella	2.5/CP/ECP/5.0/5.5,	1944–1946

intra-aortic	balloon	pump	(IABP),	1943–1944,	1945f,	1947t



surgically	placed	nondischargeable	LVADs,	1948

TandemHeart,	1945

long-term

candidacy	for,	1955–1956

complications	of,	1956

devices,	1956

rationale	for,	1955

monitoring	and	mitigating

anticoagulation,	1954

bleeding	reduction	strategies,	1954

device	function,	1954

device	positioning,	1953–1954

limb	ischemia	prevention,	1954

patient	selection,	1949–1950

rationale	for,	1941,	1942f,	1943t

right	ventricular	support	devices

Impella	RP,	1948

ProtekDuo	cannula,	1948–1949

temporary,	1942,	1943t,	1945t

weaning,	1954t

Impella,	1955

intra-aortic	balloon	pump,	1955

Tandem	Heart,	1955

Mechanical	power,	253

Mechanical	ventilation	(MV)	See	Ventilation,	mechanical

Medical	gases

helium-oxygen,	1650



hyperbaric	oxygen	therapy,	1650

nitric	oxide	(NO),	1650

oxygen	therapy,	1647–1650

Medium-chain	triglycerides	(MCTs),	2201

Megaloblastic	anemia,	869

Melatonin,	1831,	1833–1834

Membrane	excitability,	2066

Mendelson	syndrome,	1658

Meningococcemia,	669–670

clinical	features,	715

diagnosis,	715

differential	diagnosis,	715

laboratory	features,	715

pathophysiology,	715

prophylaxis,	715–716,	716t

treatment,	715

Mental	status

dysfunction	in

delirium,	1426

focal	syndromes,	1426

postoperative	cognitive	decline/dysfunction,	1426

examination	in

attention,	1425

behavioral	observation	and	patient	variables,	1425

executive	functions	and	other	cognitive	abilities,	1426

memory	functions,	1426

speech	and	language	functions,	1425–1426



visuospatial	and	visuoconstructive	abilities,	1426

interventions,	1427–1428

risk	factors	for,	1427,	1427t

Meprobamate,	1174

Mercury	thermometer,	223

Meropenem,	701

Mesenteric	arteriography,	2134

Metabolic	acidosis,	1421,	2034,	2061,	2088Metabolic	acidosis

clinical	signs	and	symptoms	of,	2037–2038

diagnosis	of

anion	gap	to	bicarbonate	concentration	ratio,	2038

respiratory	compensation,	2038

urinary	anion	gap	(UAG),	2038

hypothermia,	2060

increased	anion	gap

causes	of,	2035t

chronic	kidney	disease,	2035

ingestions,	2035–2036

ketoacidosis,	2035

lactic	acidosis,	2035

rhabdomyolysis,	2035

normal	anion	gap

acid	and	chloride	administration,	2036

bicarbonate	losses,	2036–2037,	2037t

causes	of,	2036t

reduced	renal	H+	excretion,	2037,	2037t

treatment	of,	2038



alkali	administration,	2039

drug	and	toxin	ingestions,	2039

ketoacidosis,	2039

lactic	acidosis,	2039

renal	disease,	2039

renal	tubular	acidosis,	2039–2040

Metabolic	alkalosis,	2061

clinical	manifestations,	2041

diagnosis	of,	2042,	2042t

pathophysiology	and	etiology

alkali	administration,	2040

chloride-resistant	metabolic	alkalosis,	2041

chloride-responsive	metabolic	alkalosis,	2040–2041,	2040t

treatment	of

chloride-resistant	metabolic	alkalosis,	2043

chloride-responsive	metabolic	alkalosis,	2042–2043

Metabolic	encephalopathy

and	brainstem	stroke,	differences	between,	1417t

etiology	of

electrolyte	disturbances,	1421

encephalopathy,	1423

endocrine	disorders,	1422

hepatic	failure,	1419

hyperglycemic	encephalopathy,	1421

hypoglycemic	encephalopathy,	1420–1421

pancreatic	failure,	1421–1422

pulmonary	failure,	1420



renal	failure,	1419–1420

Reye	syndrome,	1419

evaluation	of,	1417t

abnormal	motor	activity,	1417

behavioral	changes,	1416

clinical	examination,	1416–1419

cranial	nerve	examination,	1417

laboratory	investigation,	1418

lumbar	puncture,	1419

neuroimaging,	1418–1419

reflex	examination,	1418

respiratory	pattern,	1417

seizures,	1418

patient	profile	in,	1416t

Metabolic	homeostasis,	1330

Metabolic	resuscitation,	330

Metabolic	stress,	1330

Metered-dose	inhaler	(MDI),	1640

auxiliary	devices,	1643–1644

Methadone,	15

Methanol,	2035

Methotrexate	(MTX),	640,	641

Methyl	bromide

clinical	toxicity,	1148

management,	1148

pharmacology,	1148

Methylene	chloride,	1105



Methylxanthine	poisoning

caffeine,	1129–1130

clinical	toxicity,	1127–1128,	1128t

diagnostic	evaluation,	1128

management,	1128–1129,	1129t

pharmacology,	1125–1127,	1125t–1126t

Methylxanthines,	1671

Metoclopramide,	2156

Metronidazole,	705

Mexiletine,	1017–1018

Micafungin,	709

Michaelis-Menten	kinetics,	2110

Micronutrients,	2202

Microscopic	occlusion	of	smaller	vessels,	2072

Midazolam,	1455

anesthesia	with,	8

Middleware,	1281

Mid-gastrointestinal	tract	evaluation,	177,	178f

Mild-to-moderate	potassium	depletion,	2062

Milrinone,	339

Mineral	metabolism	disorders

calcium	disorders

hormonal	regulation	of,	1369–1370

hypercalcemia,	1370–1371

hypocalcemia,	1372

physiology,	1369

magnesium	disorders



hypermagnesemia,	1372–1373

hypomagnesemia,	1373

physiology,	1372

phosphorus	disorders

hyperphosphatemia,	1373

hypophosphatemia,	1373–1374

physiology,	1373

Mineralocorticoid	excess,	2060

Mineralocorticoid	receptor	antagonism,	1881

Minnesota	tube,	192f

Mirtazapine,	1525

Missed	injuries,	397–398

Mitral	regurgitation	(MR),	1968

clinical	manifestations,	1970

etiology,	1968–1969,	1969t

intensive	care	unit	management

medical	therapy,	1970–1971

surgical	and	transcatheter	therapy,	1971

investigations,	1970,	1970t

pathophysiology,	1969–1970

Mitral	stenosis	(MS),	1966

clinical	manifestations

history,	1967

physical	examination,	1967

etiology,	1966

intensive	care	unit	management

medical	therapy,	1967–1968,	1969f



percutaneous	mitral	balloon	commissurotomy	(PMBC),	1968

surgical	treatment,	1968

investigations

cardiac	catheterization,	1967,	1968f

chest	radiography,	1967

echocardiography,	1967

electrocardiogram,	1967

pathophysiology,	1966–1967

Mixed	ICU	model,	423

Model	for	end-stage	liver	disease	(MELD),	503

Mode	switch,	2024

Modified	barium	swallow/video	fluoroscopy	(MBS/VF),	1656–1657

Modified	liver-intestine	transplants,	554

MODS	See	Multiple	organ	dysfunction	syndrome	(MODS)

Monitoring

arterial	blood	pressure

arterial	tonometry	for,	225

auscultatory	(Riva-Rocci)	pressures	in,	224

automated	methods	for,	225

direct	invasive	measurement,	226

Doppler	method	for,	225

infrasound	devices	for,	225

manual	methods	for,	224–225

noninvasive	measurement,	224

oscillation	methods	for,	224–225

palpation	method	for,	225

pulse	oximetric	method	for,	225



volume	clamp	method	for,	225

electrocardiographic,	227

arrhythmia	in,	227

ischemia	monitoring,	227

newer	techniques	for,	227

personnel,	227

telemetry,	227

noninvasive	tissue	perfusion,	232–235

gastric	tonometry,	233–234

regional	PO2	and	PCO2,	232–233

sublingual	capnometry	in,	233–234

transcutaneous	oxygen	and	carbon	dioxide	measurement,	234

respiratory,	228–232

capnography	for,	228,	230–232,	231f

electromyography	for,	228

gas	exchange	measurements	for,	228–232

impedance	monitors	for,	228

pneumotachometers	for,	228

pulse	oximetry	for,	228–230

respiratory	inductive	plethysmography	for,	228

routine,	of	critically	ill	patients,	222–235

systems

axillary,	223

central	circulation,	223

digital	thermometers	for,	223–224

esophageal,	223

indications	for,	222



measurement	sites	for,	224

mercury	thermometers	for,	223

patient	safety	and,	224

rectal,	223

site	selection	for,	224

sublingual,	222–223

temperature,	224

temporal	artery	thermometers	for,	224

thermometers	types	for,	223–224

tympanic	thermometers	for,	224

urinary	bladder,	223

Monoamine	oxidase	inhibitors	(MAOIs),	1039–1040,	1526

Monoclonal	antibodies

alemtuzumab	as,	566

anti-interleukin-2,	566

LEA29Y	costimulation	blockade	as,	567

rituximab,	566–567

Monomorphic	ventricular	tachycardias	(VT),	2008

diagnosis	of,	2008–2009

pathophysiology	and	etiology,	2009–2011

ventricular	tachycardia	storm,	2011

Moral	distress,	463–466

Morphine

anesthesia	with,	9

in	pain	management,	15

Motor	function,	1398

Motor	system,	1411



Mouth	and	jaw,	65

MR	See	Mitral	regurgitation	(MR)

MRI	See	Magnetic	resonance	imaging	(MRI)

MS	See	Mitral	stenosis	(MS)

Mucociliary	clearance,	1644

mechanical	augmentation

chest	physiotherapy,	1645

mechanical	insufflation-exsufflation,	1645

oscillatory	devices,	1645

PEP	mask,	1645

pharmacological	augmentation,	1645

suctioning

endotracheal	extubation,	1646

endotracheal	suctioning,	1645–1646

nasopharyngeal,	1646

nasotracheal,	1646

treatment,	1645

Mucolytics

N-acetylcysteine,	1641

other	mucolytics,	1642

recombinant	human	DNase,	1641

Multifocal	atrial	tachycardia	(MAT),	2018

Multimodality	monitoring,	365–366

Multiorgan	system	failure	(MOSF),	2092

Multiple	myeloma,	724

Multiple	organ	dysfunction	syndrome	(MODS),	358–362,	1244

diagnostic	criteria,	359,	360t



etiology,	358–359

ICU	length	of	stay,	361–362

management	considerations

cardiovascular	failure,	361

gastrointestinal	tract,	361

malnutrition,	361

neurological	dysfunction,	361

renal	failure,	361

respiratory	failure,	361

source	control,	360

mechanisms,	358,	360

prognosis,	361–362

risk	factors,	359t

scoring	systems,	359

Multiplex	molecular	diagnostic	panels,	686

Multislice	computed	tomography	without	(MDCT),	753

Multivisceral	liver-intestine	transplants,	554

Muscle	biopsy,	1476

Musculoskeletal	injuries	of	trauma	patients,	402

Mushroom	poisoning,	958t,	1074,	2163

Mutism,	1408

Myasthenia	gravis,	1467

biological	therapies,	1472

cholinesterase	inhibitors,	1472–1473

clinical	spectrum	of,	1467

critical	care	of

general	measures,	1469,	1469t–1470t



for	patient	in	crisis,	1469

diagnostic	studies,	1467

edrophonium	test,	1468

electromyographic	studies,	1468

ice	pack	test,	1468

serological	testing,	1468

epidemiology	of,	1467

miscellaneous	studies,	1468

pathogenesis	of,	1467

perioperative	management	of

considerations,	1473

postoperative	care,	1473

thymectomy,	1473–1474

therapy	in,	1469

conventional	immunotherapy,	1471–1472

intravenous	immunoglobulin	(IVIG),	1470–1471

plasmapheresis,	1470–1471

Mycobacterium	fortuitum,	1659

Mycobacterium	tuberculosis,	496,	1571

Mycophenolate	mofetil	(MMF),	598t,	640

heart	transplant	immunosuppression	with,	535

Mycophenolic	acid,	564–565

Mycoplasma	hominis,	527

Myeloablative	conditioning	(MAC)	regimens,	571

Myelodysplastic	syndromes	(MDS),	868

Myeloproliferative	neoplasms,	884

Myocardial	depression,	350



Myocardial	infarction,	1904,	1905f

myocardial	rupture

free	wall	rupture	(FWR),	1905–1906

papillary	muscle	rupture	(PMR),	1907–1908

ventricular	septal	rupture	(VSR),	1906–1907

right	ventricular	infarction,	1908–1909

Myocardial	rupture

free	wall	rupture	(FWR),	1905–1906

papillary	muscle	rupture	(PMR),	1907–1908

ventricular	septal	rupture	(VSR),	1906–1907

Myocarditis,	619

Myoclonus,	1417

Myofibrillar	myopathy,	1590

Myoglobinuria,	2076–2077

Myxedema	coma

clinical	manifestations,	1379

diagnosis,	1379

differential	diagnosis,	1379

etiology,	1378–1379

pathophysiology,	1378–1379

treatment,	1380t

glucocorticoid	therapy,	1380

hypoglycemia,	1380

hyponatremia,	1380

hypotension,	1380

hypothermia,	1380

hypoventilation,	1380



sepsis,	1381

thyroid	hormone,	1381,	1382t

N
N-acetylcysteine	(NAC),	2162

N-acetyl-p-benzoquinone	imine	(NAPQI),	2162

Nasogastric	tubes,	1752–1753,	1755f

Nasopharynx,	65

Nasopulmonary	intubation,	188

Nasotracheal	intubation,	74–75

National	Institutes	of	Health	(NIH),	1551

National	Organ	Transplant	Act	(NOTA)	of	1984,	472

National	Residency	Matching	Program	(NRMP),	1814

National	Trauma	Data	Bank	(NTDB),	345

Native	valve	endocarditis	(NVE)

Aggregatibacter	actinomycetemcomitans,	759

Cardiobacterium	hominis,	759

Eikenella	corrodens,	759

enterococci,	758–759

Haemophilus	sp.,	759

Kingella	kingae,	759

staphylococci,	757–758

streptococci,	758

Nausea/vomiting,	314–315,	2145

antiemetic	agents,	2151–2152

evaluation	and	diagnostic	approach,	2150–2151,	2150t

iatrogenic	causes



enteral	nutrition,	2146

medication-induced,	2145–2146

noninvasive	ventilation,	2146

medication/chart	review,	2150–2151

pathophysiology	of,	2145–2150

system-based	causes,	2146t

cardiovascular	disorders,	2147–2148

endocrine	disorders,	2146–2147

gastrointestinal	disorders,	2148–2149

neurological	disorders,	2147

postoperative,	2150

renal	disorders,	2149

respiratory	disorders,	2149–2150

treatment	approach	to,	2151–2152,	2151t

Near-infrared	spectroscopy,	274–275

Nebulizers,	1643

Necrotizing	fasciitis	(NF),	430–434,	670–671

classification,	431–432

fungal,	432

monomicrobial	gram	positive,	432

monomicrobial	infection,	432

polymicrobial,	431–432

diagnostics

laboratory	analyses,	433

microbiology,	433

radiographic	imaging,	432–433

surgical	biopsy,	433



epidemiology	and	risk	factors,	430

etiologies,	430,	431f

incidence,	430

monomicrobial	gram	positive,	432

pathophysiology,	430–431

polymicrobial,	431–432

signs	and	symptoms,	432,	432f

treatment

antibiotics,	433–434

hyperbaric	oxygen	therapy,	434

intravenous	immune	globulin	(IVIG),	434

negative	pressure	wound	therapy	(NPWT),	434

nutritional	support,	434

surgery,	433,	433f

Necrotizing	soft	tissue	infections	(NSTI),	430

Needle-catheter	jejunostomy,	187

Negative	inspiratory	force	(NIF),	257

Negative	pressure	wound	therapy	(NPWT)

abdominal	compartment	syndrome,	446

necrotizing	fasciitis	(NF),	434

Neisseria	gonorrhoeae,	septic	arthritis	by,	609

Neisseria	meningitidis,	669–670

Nephrogenic	diabetes	insipidus	(NDI),	2053,	2056–2057,	2088

Nephroscintigraphy,	494

Nephrotoxicity/drug-induced	acute	kidney	injury

acute	phosphate	nephropathy,	2078

myoglobinuria	and	hemoglobinuria,	2076–2077



radiocontrast-induced	nephropathy,	2077–2078,	2078t

Nerve	agents,	1232–1234

Neurally	adjusted	ventilatory	assist	(NAVA),	257,	1598–1599,	1599f

Neural	sensing,	1593

Neurochemical	monitoring,	271–274

Neurogenic	stunned	myocardium	(NSM),	1448

Neurokinin	receptor	antagonists,	2152

Neuroleptic	malignant	syndrome	(NMS)

cause	and	pathogenesis,	1859–1860,	1859t

clinical	presentation,	1860

complications,	1860,	1860t

diagnosis,	1860

differential	diagnosis,	1860–1861

epidemiology,	1859

idiosyncratic	reactions,	1861

serotonin	syndrome	(SS),	1861

treatment	and	prognosis,	1861–1862,	1861t

Neurological	critical	care,	365–366

Neurological	disorders

central	nervous	system	infection,	2147

intracranial	mass,	2147

seizure,	2147

stroke,	2147

Neurological	Pupil	Index	(NPi),	266

Neurologic	injury,	373–375

Neurologic	monitoring,	261–277

cerebral	ischemia,	262–264,	262t,	263f–264f



characteristics,	262t

goal	of,	262

multimodal	monitoring	strategies,	276–277,	276t

techniques	of

brain	tissue	oxygen	tension,	272,	273f

cerebral	blood	flow	monitoring,	270–271

EEG/electrocorticography,	267

evoked	potentials,	267–268,	268f

intracranial	pressure	monitoring,	268–269,	270f

jugular	venous	bulb	oxygen	saturation,	271–272

near-infrared	spectroscopy,	274–275

neurochemical	monitoring	in,	271–274

neuroimaging,	275–276,	275t

neurologic	examination,	264–266

pupillometry,	266

systemic	monitoring,	266–267

transcranial	Doppler	ultrasonography,	271,	271f

Neurologic	problems,	1397

altered	mental	function,	1398

brain	death	determination	with,	1398–1399

depressed	state	of	consciousness,	1397–1398

intracranial	pressure	monitoring	in,	1398

preventing	central	nervous	system	damage	with,	1399

prognostic	and	ethical	considerations,	1399–1400

respiratory/vital	function	support	needed	for,	1398

severe	medical	disease	accompanying,	1399

status	epilepticus	management	with,	1399



Neuromuscular	blockade	(NMB),	1557–1558

drug-induced,	1591

prolonged,	1589

Neuromuscular	blocking	agents	(NMBAs),	1589

adverse	effects	of,	26,	27f,	27t

anesthesia	with,	10

depolarizing,	23

drug	interaction	with,	25–26,	26t

intensive	care	unit-acquired	weakness	(ICUAW),	27,	27t

critical	illness	myopathy,	28

critical	illness	polyneuropathy,	28

monitoring	of,	26

nicotinic	acetylcholine	receptor	with,	23

nondepolarizing,	23–25

atracurium,	23,	24t,	25

cisatracurium,	25

doxacurium,	25

pancuronium,	25

pipecuronium,	25

rocuronium,	25

vecuronium,	25

pharmacology	of,	23

recommendations	for,	28,	28t

reversal	agents	for,	25

Neuro-oncological	problems,	1479

elevated	intracranial	pressure	(ICP)

management,	1480–1483



mechanical	treatments,	1482–1483

pathophysiology,	1479

pharmacological	treatments,	1480–1482

signs	and	symptoms,	1479–1480

end-of-life	in,	1489–1490

hydrocephalus

etiology,	1483

evaluation,	1483

management,	1483–1485

symptoms	and	signs,	1483

postoperative	complications,	1486

cerebral	edema,	1487

endocrinopathy,	1487

intracranial	hemorrhage,	1486–1487,	1486f

postoperative	central	nervous	system	infections,	1487–1488

radiation-related	complications,	1488

seizures,	1485–1486

spinal	tumors,	1488

systemic	complications,	1489

Neuropsychiatric	systemic	lupus	erythematosus	(NPSLE),	607t,	616–617

Neutropenia,	726–727

Neutropenic	enterocolitis,	497

NF	See	Necrotizing	fasciitis	(NF)

Nicotine	withdrawal,	1219

Nitrates,	1880

Nitric	oxide	(NO),	1650

Nitrogen	balance



catabolic	index	assessments	and,	2206,	2207t

goals	of,	2218

renal	dysfunction,	correction	in,	2206,	2207t

Nitrogen	oxides,	1742–1743

NMBAs	See	Neuromuscular	blocking	agents	(NMBAs)

Nonaccidental	trauma	(NAT),	384

Nonbenzodiazepine	GABA	agonists,	1833

Nonbenzodiazepine/nonbarbiturate	sedative-hypnotics

baclofen,	1174–1175

buspirone,	1175

chloral	hydrate,	1173–1174

γ-hydroxybutyrate	(GHB),	1176

meprobamate	and	carisoprodol,	1174

Z-drugs,	1175–1176

Nonconvulsive	status	epilepticus	(NCSE),	1450

Noninvasive	cardiac	output	monitoring	(NICOM)	bioreactance	system

advantages	and	disadvantages,	243,	243t

clinical	utility,	242–243

phase	shift,	cardiac	cycle,	242,	242f

Noninvasive	positive	pressure	ventilation	(NPPV),	1611–1612

acute	applications	of,	1617

adjuncts	to,	1620–1621

adverse	effects	and	complications	of

air	leaks,	1624

conjunctivitis,	1624

gastric	distension,	1624

mask	discomfort,	1623



nasal,	sinus,	and	ear	pain	and	burning,	1624

patient-ventilator	asynchrony,	1624

rebreathing,	1624

skin	irritation	and	ulceration,	1623–1624

asthma	exacerbations,	1614–1615

bilevel	pressure-limited	ventilators,	1620,	1621f

caregiver-related	factors,	1624

multidisciplinary	approach,	1625

complications	and	side	effects	of,	1623,	1623t

critical	care	ventilators,	1620,	1621f

cystic	fibrosis,	1615

Do	Not	Intubate	status	with,	1616–1617

extubation	failure,	1616

hypoxemic	respiratory	failure,	1615

indications	for,	1612,	1613t

initiation	of,	1621–1622

location	for,	1622

modes	of,	1621

monitoring	for,	1622–1625,	1622t

patient-related	factors,	1625

postoperative	respiratory	failure/insufficiency,	1616

posttrauma	respiratory	failure,	1616

selection	process,	1617–1618,	1618t

success/failure,	1617,	1617t

summary	and	recommendations,	1625–1626

techniques	and	equipment	for

full-face	masks,	1618–1619



headgear,	1620

helmet,	1619,	1619f

nasal	masks,	1618

nasal	pillows/cradles,	1618

oral	interfaces,	1620

oronasal	masks,	1618–1619

standard	nasal	masks,	1618

terminology,	1612

utilization	and	epidemiology,	1612–1613

Noninvasive	ventilation	(NIV),	1555,	1611

acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD),
1681

dyspnea	management,	311

Nonlethal	incapacitating	agents,	1237

Nonmaleficence,	302,	302t

Nonmalignant	central	airway	obstruction,	1816–1817,	1817f–1818f

Nonmassive	hemoptysis

definitive	care,	1701

etiology,	1694

Nonmyeloablative	conditioning	(NMC)	regimens,	571

Non-rapid	eye	movement	(NREM),	1828

Nonreabsorbable	anions,	2060

Nonrenal	posttransplantation	complications

cardiovascular	complications,	494–495

gastrointestinal	and	pancreaticobiliary	complications,	497–498

infectious	complications,	495–496

metabolic	complications,	495



neurological	complications,	498

pulmonary	complications,	495

Non-ST-elevation	acute	coronary	syndromes	(NSTE-ACS),	1872

anticoagulation

bivalirudin,	1879

fondaparinux,	1879

heparin,	1879

low-molecular-weight	heparin	(LMWH),	1879

oral	anticoagulation,	1879–1880

anti-ischemic	therapy

angiotensin-converting	enzyme	(ACE)	inhibitors,	1880–1881

angiotensin	receptor	blockers	(ARBs),	1881

β-blockers,	1880

calcium	channel	blockers,	1880

lipid-lowering	therapy,	1881,	1881f

mineralocorticoid	receptor	antagonism,	1881

nitrates,	1880

oxygen,	1880

ranolazine,	1880

antiplatelet	therapy

aspirin,	1876

duration	of,	1878

glycoprotein	IIb/IIIa	inhibitors,	1878

Kaplan-Meier	curves,	1878f

P2Y12	adenosine	diphosphate	receptor	blockers,	1876–1878,	1877t

clinical	presentation	and	diagnosis

cardiac	biomarkers,	1874



cardiac	imaging,	1874–1875

electrocardiogram,	1874

history	and	physical	examination,	1874

medical	therapies

anticoagulation,	1879–1880

anti-ischemic	therapy,	1880–1881

antiplatelet	therapy,	1876–1878

treatment	goals,	1876

pathophysiology	of

coronary	artery	dissection,	1874

coronary	vasoconstriction,	1873–1874

plaque	rupture	and	erosion,	1873

progressive	mechanical	obstruction,	1874

secondary	hemostasis,	1873,	1873f

thrombosis,	1873

2	myocardial	infarction,	1874

risk	stratification

cardiac	markers,	by,	1875–1876,	1875f

clinical	predictors,	using,	1875

combined	risk	assessment	scores,	1876

electrocardiography,	1875

imaging,	1876

routine	invasive	vs.	ischemia-guided	strategy	of,	1881,	1882f

timing	of	invasive	strategy

early	vs.	delayed	invasive,	1882

urgent	invasive,	1881–1882

Nonsteroidal	anti-inflammatory	drugs	(NSAIDs),	2057



for	anaphylaxis,	658

clinical	toxicity,	1163–1164

diagnostic	evaluation,	1164–1165

immune-mediated	rheumatic	diseases,	therapeutics	for,	639

management,	1165–1167

in	pain	management,	14

pharmacology,	1161–1163

salicylate	preparations,	1161t

for	treatment	of	gout,	608

Non-ST-segment	elevation	myocardial	infarction	(NSTEMI),	1872

Nonsustained	ventricular	tachycardia	(NSVT),	2012

Nontechnical	graft	dysfunction,	509

Nonthyroidal	illness	syndrome

abnormal	thyroid	function	tests

diagnosis,	1390–1391

evaluation,	1389–1390

primary	tests,	1390

prognosis,	1391

secondary	tests,	1390

critical	illness,	thyroid	hormone	economy	with

cytokines,	1386–1387

high	T4	state,	1387

low	T3	state,	1387

low	T4	state,	1388

metabolic	pathways	alterations,	1384–1385

nuclear	thyroid	hormone	receptors	alterations,	1386

recovery	state,	1388



serum	thyroid	hormone-binding	proteins,	1385–1386

sick	euthyroid	syndrome,	1387

thyroid	hormone	transporters	alterations,	1386

thyroid	stimulating	hormone	secretion,	1385

normal	thyroid	hormone	economy

free	hormone	concept,	1384

metabolic	pathways,	1383

regulation,	1383

serum-binding	proteins,	1383

thyroid	function

caloric	deprivation,	1388

cardiac	disease,	1388

COVID-19	infection,	1388–1389

gastrointestinal	disorders,	1388

HIV	infection,	1388

thyroid	hormone,	sick	euthyroid	syndrome	with,	1391–1393

thyroid	hormone	therapy

acute	myocardial	infarction,	1392–1393

brain-dead	potential	heart	donors,	1392

cardiac	surgery,	1392

congestive	heart	failure,	1392

general	ICU	patients,	1391

hypothyroid	patient,	1393

premature	infants,	1391–1392

Non-Verbal	Pain	Scale	(NVPS),	13

Non-vitamin	K	oral	anticoagulants,	1971

Norepinephrine,	338,	1691,	1925–1927,	1926f–1927f



Normal	acid-base	physiology

excretion	of	the	daily	acid,	2034f

proximal	tubular	reclamation	of	filtered	bicarbonate	(HCO3),	2034f

renal	regulation,	of	H+	secretion,	2033–2034

Normal	glucose	homeostasis,	1338

Normothermia,	1998

Normoxemic	hypoxia,	1648

Nose,	65

Nosocomial	bacteremia,	754

Nosocomial	pneumonia	(NP),	1786,	1794–1795

airway	colonization	and,	1791

etiology	of,	1793–1794

prevention	of,	1808–1809,	1808t–1809t

risk	factors	of,	1789–1790

Nosocomial	sinusitis,	685

Novel	zoonotic	viruses

avian	influenza	viruses,	813

hantaviruses,	813

middle	east	respiratory	syndrome	coronavirus	(MERS-CoV),	813–814

severe	acute	respiratory	syndrome	coronavirus	1,	813

severe	acute	respiratory	syndrome	coronavirus	2,	814

NPPV	See	Noninvasive	positive	pressure	ventilation	(NPPV)

NSTE-ACS	See	Non-ST-elevation	acute	coronary	syndromes	(NSTE-ACS)

Nuclear	thyroid	hormone	receptors	alterations,	1386

Nucleic	acid	amplification	tests,	799

Numerical	Rating	Scale	(NRS),	12

Nutritional	support



necrotizing	fasciitis	(NF),	434

traumatic	brain	injury,	368

Nutritional	therapy,	2203–2204

acute	kidney	injury	(AKI),	2087

complications	and	benefits,	2203

coronavirus	disease-2019	(COVID-2019),	2204

electrolytes,	2202

evidence-based	guidelines	for,	2200,	2200t

fluid,	2202

macronutrients

carbohydrates,	2201

fat,	2201–2202

protein,	2201

malnutrition,	2200

assessment,	2201

micronutrients,	2202

route	of	administration

enteral	feeding,	2202–2203

parenteral	feeding,	2203

Nutrition	support

clinical	consequences	of,	2206–2207,	2207t

identifying	patients	in,	2207–2208

monitoring	parameters	for,	2217–2218

O
Obstetrical	hemorrhage,	451

Obstructive	sleep	apnea	(OSA),	1591



Obstructive	uropathy,	2108

Obtundation,	1401

Occluded	feeding	tubes,	189

Ocular	movements,	1410–1411

Ogilvie	syndrome,	497

Omadacycline,	707

Oncologic	emergencies

cardiac	tamponade

clinical	manifestations,	942

diagnosis,	942

etiology,	942

physiology,	942

prognosis,	943

treatment,	942–943

chimeric	antigen	receptor-T	(CAR-T)

diagnosis,	950

etiology,	950

physiology,	950

treatment,	950

cytokine	release	syndrome	(CRS)

diagnosis,	950

etiology,	950

physiology,	950

treatment,	950

hypercalcemia	of	malignancy	(HCM)

clinical	manifestations,	945

diagnosis,	945



physiology,	944–945

treatment,	945–946,	945t

leukostasis

etiology,	946

physiology,	946

malignant	epidural	cord	compression

clinical	manifestations,	943

diagnosis,	943–944

etiology,	943

physiology,	943

prognosis,	944

treatment,	944

oncologic	therapeutics,	946,	947t–948t

superior	vena	cava	(SVC)	syndrome

clinical	manifestations,	940

diagnosis,	941–942,	941f

etiology,	940

physiology,	940,	941t

treatment,	942

tumor	lysis	syndrome	(TLS)

diagnosis,	946–948

etiology,	946

physiology,	946

treatment,	948–949,	949t

Open	abdomen,	399

Open	fractures,	402–404

surgical	debridement	of,	403



Opioids,	1833

anesthesia	with,	9–10

nausea	and	vomiting,	2145–2146

in	pain	management,	14–15,	15t

administration	methods	for,	16–17

adverse	effects	of,	16

fentanyl	as,	15

hydromorphone	as,	15

methadone	as,	15

morphine	as,	15

oxycodone	as,	15–16

remifentanil	as,	16

poisoning

diagnostic	evaluation,	1136–1137,	1137t

individual	opioids,	pharmacological	highlights	of,	1132–1135

opioid	overdose,	management	of,	1138,	1138t

overdose,	clinical	presentation	in,	1135–1136

pharmacodynamics,	1131–1132,	1132t

pharmacokinetics,	1132,	1133t

specific	agents	following	overdose,	toxicity	features	of,	1136,	1136t

side	effects,	16

withdrawal

clinical	manifestations,	1217

management,	1218–1219

nicotine	withdrawal,	1219

pathophysiology,	1217

stimulant	withdrawal,	1219



Organ	donation

brain	death,	perioperative	care,	479–487,	480t–481t

cardiovascular	support,	482–483,	483t

coagulation	system,	486–487

fluid	and	electrolyte	management,	484–485

general	management	goals,	481–482

hormonal	therapy,	485–486

hypothermia,	486

maintenance	therapy	end	points,	482t

monitoring,	479,	481

multiple-organ	recovery	operation,	487

nutritional	support,	487

pathophysiology,	479

renal	function,	484–485

respiratory	and	acid-base	maintenance,	484

routine	care,	479,	481

donation	after	circulatory	death	(DCD)	donors

actual	donation	care,	487–488

potential	donation	care,	487

preoperative	care,	487

preterminal	and	intraoperative	care,	488

donor	classification	for,	468,	468f

brain-dead	deceased	donors,	468

donation	after	cardiac	death	donors,	468

legal	aspects	of,	473–475

brain	death	diagnosis	in,	473,	474t,	475

Required	Request	laws,	473



Uniform	Anatomical	Gift	Act,	472

Uniform	Determination	of	Death	Act,	472–473

organ	availability,	options	for	increasing	of,	470–472

donor	pool	in,	470–471

executed	prisoners,	472

living	donation,	471

presumed	consent	laws,	471–472

xenotransplantation,	472

process	of,	475–479

consent	in,	478–479

donor	evaluation	in,	476–478

early	donor	referral	in,	475–478

required	request	in,	478

regulation	of	retrieval/allocation	for,	472

solid-organ	transplant	status	with,	467t,	468–470

heart,	469

heart-lung	and	lung,	469–470

intestine,	469

kidney,	469

liver,	469

pancreas	and	islets,	469

Organochlorines

clinical	toxicity,	1142–1143

diagnostic	evaluation,	1143

management,	1143

pharmacology,	1140–1142,	1141t–1142t

Organophosphates,	1590



Organ	Procurement	and	Transplantation	Network	(OPTN),	472

Organ	procurement	organization	(OPO),	467,	468t

Oronasal	masks,	1618–1619

Oropharynx,	65

Orotracheal	intubation,	73–74,	74f,	75f,	387

Orthopedic	injury

compartment	syndrome,	409–411,	410t

deep	venous	thrombosis,	411–412

epidemiology,	402

long	bone	fractures

femoral	shaft	fractures,	407–408

forearm	fractures,	409

humeral	shaft	fractures,	408–409

tibial	shaft	fractures,	408

open	fractures,	402–404

pelvic	fractures

acute	management,	406–407

evaluation,	404–406

peripheral	nerve	injury,	412–413

scapulothoracic	dissociation,	413

Osmolal	gap,	2036

Osmolality,	1345

Osmolytes,	2049

Osmotic	demyelination	syndrome	(ODS),	2050–2051,	2051

Osmotic	diuresis,	2053

Otogenic	infections

malignant	external	otitis	(MEO),	1775



mastoiditis,	1774–1775

Overresuscitation,	295

Overwhelming	post-splenectomy	infection,	716–717

clinical	features,	716

diagnosis,	716–717

differential	diagnosis,	717

laboratory	features,	716–717

pathophysiology,	716

prevention,	717

treatment,	717

Oxazolidinones,	706

Oxcarbazepine,	1031

Oxycodone,	15–16

Oxygen	delivery,	1568

tissue	perfusion,	estimation	of,	330

central	venous-arterial	carbon	dioxide	difference	(PCO2	gap),
244–245

central	venous	oxygen	saturation	(Scv	O2),	243–244

lactate,	244

Oxygen	therapy

complications	of,	1649–1650

conserving	devices,	1649

delivery	devices,	1648–1649

choice	of,	1649

hyperbaric,	1650

indications	for,	1647–1648

long-term	continuous	oxygen	therapy,	1649



P
Pacemaker	malfunction

noncapture,	2026–2028,	2027f

no	output,	2028

oversensing,	2026,	2027f

pacemaker-mediated	tachycardia	(PMT),	2028,	2029f

troubleshooting,	2026,	2026t

undersensing,	2026

Pacemakers,	755–756

therapy,	2019–2020

Pain

assessment	of

objective,	12–13

subjective,	12

effects	of

cardiovascular,	12

coagulation,	12

endocrine,	12

gastrointestinal,	12

metabolic,	12

respiratory,	12

evaluation,	ICU	patient,	12,	12f

inflammatory,	13

management	of,	11–21

influence	of,	20

medical	management	of,	13

neuropathic,	13



nociceptive,	13

nonpharmacologic	treatment	of,	13–14

peripheral	neuropathic,	13

pharmacologic	treatment	of

acetaminophen	in,	14

α2-adrenergic	agonists,	17

clonidine,	17

dexmedetomidine,	17

fentanyl	in,	15

gabapentin	in,	18

hydromorphone	in,	15

ketamine	in,	17

lidocaine,	17–18

methadone	in,	15

morphine	in,	15

nonsteroidal	anti-inflammatory	drugs	in,	14

opioids	in,	14–17,	15t

oxycodone	in,	15–16

pregabalin	in,	18

remifentanil	in,	16

regional	analgesia	techniques,	use	of

epidural	analgesia	in,	19–20

general	considerations	in,	18

intercostal	nerve	blocks	in,	18

paravertebral	block	in,	18–19

peripheral	nerve	blocks	in,	19

transversus	abdominis	plexus	block	in,	19



somatic,	13

treatment	plan	for,	formulation	of,	13

Palliative	care,	288–292

barriers	to,	290–291

clinical	triggers,	289t,	290

integration	of,	291

models	of

consultative	model,	289–290

hybrid	model,	290

pain	management,	308

principles,	288–289

quality	improvement,	291–292

Palliative	sedation	(PS),	306

Palliative	surgery

benefits	of,	465

current	status,	459–461

management

ascites,	462

bowel	obstructions,	461–462

gastric	outlet	and	duodenal	obstruction,	462–463

intestinal	perforation,	463

pleural	effusions,	462

moral	distress	avoidance,	463–466

outcomes,	460t

primary	goal	of	palliative,	460

Pancreas

abdominal	trauma,	396



blunt	trauma,	396

grafts,	600

Pancreas	after	kidney	(PAK)	transplant,	539

Pancreas	transplantation,	538–552

anesthetic	considerations	for,	541–542

contraindications,	541

donor	selection,	541

immunology,	541

indications,	539t

intraoperative	techniques

donor	graft	preparation,	542,	542f

recipient	procedure,	542–543,	542f–543f

nonsurgical	complications,	551

pancreas	preservation	for,	546

postoperative	care,	543–544

pretransplant	evaluation,	540–541

radiologic	studies,	551

recipient	categories,	539

surgical	complications

allograft	pancreatitis,	549–550

bowel	obstruction,	550

exocrine	anastomotic	leak,	548–549

fever	of	unknown	origin,	550–551

graft	thrombosis,	545–547

intra-abdominal	infection,	548

intraoperative,	544–545

posttransplantation	bleeding,	547–548



renal	pedicle	torsion,	550

wound	infection,	550

technical	aspects,	540

Pancreatic	duct	obstruction,	2178–2179

Pancreatic	failure,	1421–1422

Pancreaticobiliary	tract	evaluation,	177

Pancreatic	resection,	435–436

delayed	gastric	emptying	(DGE),	436

endocrine	and	exocrine	pancreatic	insufficiency,	436

hemorrhage	related	to	pseudoaneurysm,	436

postoperative	pancreatic	fistula	(POPF),	435–436,	436t

Pancreatitis,	497–498,	1711–1712,	2076

Pancuronium,	24t,	25,	1575

Panic	disorder,	1512,	1512t

Papillary	muscle	rupture	(PMR)

clinical	presentation,	1907

diagnosis,	1907–1908

incidence	and	timing,	1907

mechanism,	1907

treatment,	1908

Papillary	stenosis,	507

Paracentesis,	abdominal,	195–200

complications,	199–200

as	diagnostic	intervention,	195

indications,	195–196

serum	to	ascites	albumin	gradient	(SAAG)	with,	198,	199t

site	for,	198



techniques	for,	196–200

catheter,	198–199

needle,	198

ultrasonography,	197–198

Z-track	technique,	199

Paracentesis-induced	circulatory	dysfunction	(PICD),	199–200

Parainfluenza	virus,	811–812

Paralysis,	therapeutic,	22–28

acquired	neuromuscular	disorders	with,	27,	27t

critical	illness	myopathy,	28

critical	illness	polyneuropathy,	2

adverse	effects	of,	26,	27f,	27t

depolarizing	neuromuscular	blockers	for,	23

drug	interaction	with,	25–26,	26t

monitoring	of,	26

nicotinic	acetylcholine	receptor	with,	23

nondepolarizing	neuromuscular	blockers	for,	23–25

atracurium,	23,	24t,	25

cisatracurium,	25

doxacurium,	25

pancuronium,	25

pipecuronium,	25

rocuronium,	25

vecuronium,	25

pharmacology	for,	23

recommendations	for,	28,	28t

reversal	agents	for,	25



Parameningeal	foci

dural	sinus	thrombophlebitis,	793–794

spinal	epidural	abscess,	794

subdural	empyema,	793

Paraneoplastic	pemphigus,	673–674

Parapneumonic	pleural	effusion,	1711

Paraquat

clinical	toxicity,	1150

management,	1150–1151

pharmacology,	1149–1150

Parasternal	long-axis	view,	141–142

Parasternal	short-axis	midventricular	view,	142

Parasuicide,	1535

Paravalvular	regurgitation,	1973–1974,	1974t

Parenchymal	renal	disease,	2086–2087

Parenteral/enteral	nutrition,	2205

administration	routes

enteral	nutrition	options,	2212–2213

parenteral	nutrition	options,	2213

parenteral	vs.	enteral	nutrition	and	complications,	2213–2215

appropriate	application	of	nutritional	support,	2217

complications,	2216–2217

costs,	2216

electrolytes

standard	additives,	2210–2211

variable	additives,	2211

fixed	vs.	variable	amounts	of	nutrients,	2216



nitrogen	balance

catabolic	index	assessments	and,	2206,	2207t

renal	dysfunction,	correction	in,	2206,	2207t

parameters	monitoring

electrolytes,	2217–2218,	2217t

insulin	and	glucose	homeostasis,	2218

nitrogen	balance,	goals	of,	2218

patients	in	need	of	nutritional	support,	identification	of,	2207–2208

requirements

carbohydrate,	2208–2209

electrolytes,	2210–2211

fat,	2209

immunonutrients,	2211–2212

protein,	2208

trace	minerals,	2211

vitamins,	2211,	2212t

volume,	2209–2210

tolerance,	2215–2216,	2216t

Parenteral	feeding,	2203

Parenteral	route,	1269

Paroxysmal	nocturnal	hemoglobinuria,	884

Partially	acting	mu-opioid	receptor	antagonists	(PAMORAs),	2152

Partial	support	invasive	ventilation,	1555

Partial	thromboplastin	time	(PTT),	2131

Pasero	Opioid-Induced	Sedation	Scale	(POSS),	13

Patient-centered	outcomes,	1315–1317

critical	illness	survivors,	long-term	outcomes	for,	1316–1317



days	alive	and	without	organ	failure,	1316

days	spent	at	home,	1316

length	of	stay,	1316

mortality,	1315

quality	of	life,	1317

severity	of	illness	tools,	1315

Patient	Dignity	Question	(PDQ),	323

Patient	safety,	1305–1306,	1306t

adverse	events,	1306

care	measurement	process,	1307

delivering	critical	care,	alternative	strategies	for,	1309

discharge	data,	1307

health	care	quality,	1305

incident	reporting,	1306–1307

incidents,	1306

intensive	care	unit	(ICU)

audits,	1307–1308

intensivists	outside	the	walls,	1309

nonintensivist	providers,	1309

organization,	1308

intensivist,	24/7	coverage	by,	1308

intensivist-to-patient	ratios,	1308–1309

lessons	from	other	industries,	1305

limitations	of,	1308

measurement	of,	1306

medical	errors,	1306

regulation	and	government	impact,	1310–1311



targeted	monitoring,	1307

training	and	development,	1309–1310

trigger	tools,	1308

Patient	Self-Determination	Act,	302

Patient-ventilator	asynchrony,	1624

Patient	ventilator	dyssynchrony	(PVD),	1601

consequences,	1603–1604

cycling	phase,	1603,	1603f

flow	delivery	phase,	1603,	1603f

triggering	phase,	1602–1603,	1602f–1603f

types,	1602

PCIS	See	Postcardiac	injury	syndrome	(PCIS)

Peak	expiratory	airflow	rate	(PEFR),	1669

Pediatric	end-stage	liver	disease	(PELD),	503

Pelvic	fractures,	396–397

acute	management,	406–407

evaluation,	404–406

Pelvis,	standard	radiography	of,	405–406

Pemphigus	vulgaris,	673

Penetrating

brain	injury,	368

cardiac	injury,	389

trauma,	452–453

spinal	cord,	376–377

Penicillinase-resistant	semisynthetic	penicillins,	698,	698t

Penicillin	β-lactamase	inhibitor	combinations,	699

Penicillins



anti–gram-negative	penicillins,	698

penicillinase-resistant	semisynthetic	penicillins,	698,	698t

penicillin	β-lactamase	inhibitor	combinations,	699

penicillins	G,	697

Pentachlorophenol

clinical	toxicity,	1149

management,	1149

pharmacology,	1149

Pentobarbital,	367,	1455

Peptic	ulcer	disease	(PUD),	497

Percutaneous	dilatational	tracheostomy	(PDT),	94,	1820–1821

ultrasound	guidance	for,	1821–1822

Percutaneous	endoscopic	gastrostomy/jejunostomy,	186

Percutaneous	gastrostomy	tube	placement,	1823

Percutaneous	transhepatic	cholangiography	(PTC),	2174

Pericardial	effusion

after	cardiac	surgery,	153

causes,	151,	151t

management,	ultrasonography,	152

pulmonary	arterial	hypertension	(PAH),	154

Pericardial	fluid	identification,	152

Pericardial	tamponade,	152

Pericardiocentesis,	146–154

and	anatomy,	147

complications	of,	151t

etiology	of	pericardial	effusion	and,	151,	151t

indications	for,	146–147



intrapericardial	catheter	placement	in,	materials	for,	148t

management	after,	151,	151t

materials	required	for,	148,	148t,	149f

procedure	for,	147–151

drainage	system,	150

insertion	of	needle	apparatus,	148,	150f

needle	advancement,	149

needle	direction,	149,	150f

needle	entry	site	selection,	148

patient	preparation,	148

pericardial	drain	placement,	150

site	preparation,	148

subxiphoid	approach,	148–149

ultrasound	guidance,	152

Pericarditis,	494

Perinephric	abscess,	2108

Perinephric	fluid	collections,	494

Periodic	paralysis,	1461

Peripancreatic	fluid	collections,	210–211

Peripherally	inserted	central	venous	catheters	(PICC),	40

Peripheral	nerve	injury,	412–413

Peripheral	nervous	system	(PNS)

dysfunction,	1588–1592

respiratory	failure,	1582,	1583t–1585t

Peripheral	vascular	infections,	741

Peritoneal	dialysis	(PD),	492,	2094

Peritonitis,	427



primary,	427

secondary,	427

tertiary,	427–428

Persistent	vegetative	state,	1408

Pesticide-herbicide	poisoning

aluminum	and	zinc	phosphides

clinical	toxicity,	1147

management,	1147

pharmacology,	1147

anticoagulants

clinical	toxicity,	1144

management,	1145

pharmacology,	1144

chlorate	salts

clinical	toxicity,	1152

management,	1152

pharmacology,	1152

chlorophenoxy	herbicides

clinical	toxicity,	1152

management,	1152

pharmacology,	1151–1152

N,N-diethyl-meta-toluamide

clinical	toxicity,	1148

management,	1148

pharmacology,	1148

diquat

clinical	toxicity,	1151



management,	1151

pharmacology,	1151

methyl	bromide

clinical	toxicity,	1148

management,	1148

pharmacology,	1148

organochlorines

clinical	toxicity,	1142–1143

diagnostic	evaluation,	1143

management,	1143

pharmacology,	1140–1142,	1141t–1142t

paraquat

clinical	toxicity,	1150

management,	1150–1151

pharmacology,	1149–1150

pentachlorophenol

clinical	toxicity,	1149

management,	1149

pharmacology,	1149

pyrethroids

clinical	toxicity,	1144

management,	1144

pharmacology,	1143–1144

sodium	monofluoroacetate,	1146

clinical	toxicity,	1146

management,	1146

pharmacology,	1146



strychnine

clinical	toxicity,	1146

management,	1146

pharmacology,	1145

PH	See	Pulmonary	hypertension	(PH)

Pharmacodynamics,	2110

Pharmacokinetic	approach,	2110

assessing	renal	function,	2114

concepts	of

absorption,	2111–2112

bioavailability,	2112

clearance,	2112

dialysis,	2114

hepatic	failure

absorption,	2114–2125

distribution,	2125

estimation	of	drug	metabolism,	2125,	2126t–2127t

metabolism	and	elimination,	2125

pharmacokinetics	and	pharmacodynamics	principles,	2110,	2111f

renal	drug	excretion,	2112

glomerular	filtration,	2113

tubular	reabsorption,	2113

tubular	secretion,	2113

renal	dysfunction

absorption,	2113

distribution,	2113

elimination,	2113–2114



guidelines	for	drug	dosing,	2115t–2124t

metabolism,	2113

Pharmacologically	active	aerosols,	1640

anti-infectives,	1642

bronchodilators

anticholinergics,	1641

combined,	1641

long-acting	and	ultralong-acting	inhaled	α2-agonists,	1641

short-acting	β2-adrenergic	receptor	agonists,	1640–1641

corticosteroids,	1642–1643

mucolytics

N-acetylcysteine,	1641

other	mucolytics,	1642

recombinant	human	DNase,	1641

racemic	epinephrine,	1643

Phencyclidine	poisoning

clinical	toxicity,	1156–1157

diagnostic	evaluation,	1157

management,	1157–1158

pharmacology,	1155,	1155t

Phenobarbital,	1455

Phenylephrine,	339,	1927–1928

sepsis	management,	354–355

Phenytoin,	364,	1454

clinical	manifestations,	1025

diagnostic	evaluation,	1025–1026

disposition,	1026



management,	1026

pharmacology,	1025

Phosgene,	1742

Phosphate,	1342

Phosphodiesterase	4	(PDE4)	inhibition,	646

Phosphorus,	2210–2211

disorders

hyperphosphatemia,	1373

hypophosphatemia,	1373–1374

physiology,	1373

Pictorial	Representation	of	Illness	and	Self	Measure	(PRISM)	tool,	324

Pipecuronium,	neuromuscular	blocking	with,	24t,	25

Pit	viper	envenomation

clinical	manifestations,	1179

diagnostic	evaluation,	1179–1180

management,	1180–1182

Placental	abruption,	452

Placenta	previa,	451

Plain	abdominal	radiograph,	biliary	tract	disease,	2173

Plain	chest	radiograph,	382–383

Plasma	ketones,	1341

Plasma	osmolality

Na+	and,	2044–2045

regulation	of,	2045,	2045f

Plasmapheresis,	1470–1471

Plasma	potassium,	disorders	of

hyperkalemia



causes	of,	2063t

clinical	manifestations	of,	2066

etiology,	2063

reduced	urinary	potassium	excretion,	2064–2066

treatment,	2066–2068

hypokalemia

β-adrenergic	activity,	2059

blood	cell	production,	2059

causes	of,	2058–2059,	2058t

clinical	manifestations	of,	2061,	2061f

decreased	potassium	intake,	2058–2059

diagnosis	of,	2061

extracellular	pH,	2059

hypokalemic	periodic	paralysis,	2059

insulin,	2059

severe,	2062–2063

treatment,	2061

urinary	potassium,	2061

normal	potassium	homeostasis,	2057

renal	regulation	of,	2057–2058

transcellular	potassium	shifts,	2057

Plasma	sodium,	disorders	of,	2044

antidiuretic	hormone,	regulation	of,	2045–2046

hypernatremia,	2053

diagnosis	of,	2054

etiology	of,	2053,	2053t

symptoms	of,	2054



treatment	of,	2056

hyponatremia

causes	of,	2046t

diagnosis	of,	2049–2050

diuretic-induced,	2046,	2047f

plasma	osmolality,	2049

renal	hypoperfusion-induced,	2046

treatment	of,	2050

urinary	sodium	concentration,	2049–2050

urine	osmolality,	2049

without	hypoosmolality,	2048–2049

plasma	osmolality

Na+	and,	2044–2045

regulation	of,	2045,	2045f

Plateletpheresis,	962

Platelet-refractory	patient,	bleeding	in,	879

Platelets,	365

adhesion	defects,	839–840

aggregation,	840

secretion,	840

Plazomicin,	702

Pleural	diseases,	critically	ill	patient

bronchopleural	fistula

causes	of,	1716,	1716t

management,	1716–1718,	1717t

pleural	effusion	See	Pleural	effusion

pleural	fluid



computed	tomography	(CT),	1705–1706

standard	chest	radiograph,	1704

ultrasonography,	1704–1705,	1705f

pneumothorax	See	Pneumothorax

radiologic	signs	of,	1704

Pleural	effusion,	462

adenosine	deaminase,	110

amylase,	109

causes,	109t

cell	counts	and	differential,	110

chest	radiographic	examination,	1761–1763,	1761f–1764f

chest	tubes	insertion	for,	112

critically	ill

abdominal	surgery,	1714

acute	respiratory	distress	syndrome	(ARDS),	1713

atelectasis,	1707–1709

chylothorax,	1714

congestive	heart	failure	(CHF),	1709–1710

coronary	artery	bypass	surgery,	1713–1714

differential	diagnosis	of,	1707,	1708t–1709t

duropleural	fistula,	1714

empyema,	1711

esophageal	sclerotherapy,	1712–1713

hemothorax,	1713

hepatic	hydrothorax,	1710

hypoalbuminemia,	1710

iatrogenic,	1710–1711



pancreatitis,	1711–1712

parapneumonic	pleural	effusion,	1711

postcardiac	injury	syndrome	(PCIS),	1712

pulmonary	embolism,	1712

spontaneous	esophageal	rupture,	1713

cultures,	110

cytologic	evaluation,	110

evaluation	of

diagnostic	thoracentesis,	1706–1707,	1706t

therapeutic	thoracentesis,	1707

glucose,	108

lactate	dehydrogenase,	108–109

lung	transplantation,	526

pH,	108

polymerase	chain	reaction,	110

protein,	108–109

protein	gradient,	108–109

scanning	technique,	117

stains,	110

triglyceride	and	cholesterol,	109–110

Pleural	space

hemothorax,	386

pneumothorax,	385–386

Pneumocystis	jirovecii,	1572,	1642

Pneumocystis	pneumonia,	496

Pneumomediastinum,	1573,	1579

Pneumonia,	495,	728–730,	728t



clinical	features	of

community-acquired	pneumonia	(CAP),	1794

nosocomial	pneumonia,	1794–1795

computed	tomography	(CT),	1760

diagnosis	of,	100

diagnostic	approach

chest	radiographic	interpretation,	1796–1797,	1797t

culture,	1797–1798

differential	diagnosis,	1799

historical	information,	1795,	1795t

invasive	diagnostic	sampling	and	quantitative	cultures,	1798,	1799t

lung	ultrasound,	1798

physical	examination,	1795–1796

polymerase	chain	reaction	(PCR),	1796

routine	diagnostic	testing,	1796

serology,	1796

sputum	examination	and	evaluation,	1797

urinary	antigen,	1796

ventilator-associated	events	(VAE),	1798–1799

etiology	of

community-acquired	pneumonia	(CAP),	1792–1793,	1792t–1794t

nosocomial	pneumonia,	1793–1794

incidence	of,	1786

pathogenesis	of

airway	colonization,	1791

host	defense	impairments	in,	1791–1792,	1791t

microorganisms	reaching	lung,	1790–1791



normal	host	defenses,	1790

nosocomial	pneumonia,	1791

prevention	of

community-acquired	pneumonia	(CAP),	1807–1808

nosocomial	pneumonia,	1808–1809,	1808t–1809t

radiography,	1759–1760

risk	factors	for,	1787,	1787t

therapy

aerosols	and	humidification,	1800–1801

antibiotic	and	pharmacological,	1801–1802

chest	physiotherapy,	1800

community-acquired	methicillin-resistant	S.	aureus	(CA-MRSA),
1802–1803

COVID-19	treatment,	1803

duration	of,	1802

nutritional	support,	1800

other	issues,	1806–1807

steroids	in,	1803–1806,	1805t

supportive,	1800

viral	CAP,	1803

types	of,	1787

community-acquired	pneumonia	(CAP)	See	Community-acquired
pneumonia	(CAP)

nosocomial	pneumonia,	1789–1790

Pneumonia,	viral

diagnosis,	804–808

herpes	simplex	virus	(HSV),	812

herpes	viruses,	812



novel	zoonotic	viruses

avian	influenza	viruses,	813

hantaviruses,	813

middle	east	respiratory	syndrome	coronavirus	(MERS-CoV),
813–814

severe	acute	respiratory	syndrome	coronavirus	1,	813

severe	acute	respiratory	syndrome	corona	virus	2,	814

pathogenesis,	804

presentation	and	manifestations	of,	805t–807t

rubeola	(measles)	virus,	812

seasonal	respiratory	viruses,	808–812

adenovirus,	812

human	metapneumovirus,	812

influenza	A/H1N1,	A/H3N2,	B,	808–811

other	seasonal	viruses,	812

parainfluenza	virus,	811–812

respiratory	syncytial	virus,	811

varicella-zoster	virus	(VZV),	812

Pneumothorax,	385–386,	1573,	1579

chest	tubes	insertion	for,	111–112,	112t,	118

classification	of,	1714

of	critically	ill,	1706

iatrogenic	pneumothorax,	1715–1716

tension	pneumothorax,	1716

examination	for,	391

pathophysiology	of,	1714–1715

radiographic	signs	of,	1706



scanning	technique,	118

Point-of-care	critical	care	ultrasonography,	competence,	2–3

limitations	of,	3

machine	controls	and	scanning	technique,	2

machine	requirements,	1–2

scope	of	practice,	3

Poisoning

absorption,	prevention	of,	975–977

activated	charcoal,	976

body	cavity	exposure,	976

cathartics,	977

dilution,	977

endoscopy	and	surgery,	977

eye	and	skin	exposure,	976

gastric	lavage,	976–977

ingestion,	976

syrup	of	ipecac,	977

whole-bowel	irrigation,	977

acetaminophen

acute	overdose	of,	986–987

alcoholics,	acute	overdose	in,	986

antidotal	treatment,	985–986

chronic	overdose,	987

clinical	manifestations,	983,	983f

diagnostic	evaluation,	983–984,	984f

gastrointestinal	decontamination,	985

late	treatment,	987



management,	984–985

massive	acetaminophen	overdose	treatment,	987

other	high-risk	patients,	986

pediatric	patients,	acute	overdose	by,	986

pharmacology,	981

pregnancy,	acute	overdose,	986

prognosis	and	outcome,	987–988

short-course	oral	treatment,	987

special	considerations,	986

supportive	care,	986

toxicology,	981–983,	982f,	982t

alcohols/glycol

alcoholic	ketoacidosis	(AKA),	990–993,	993f

clinical	manifestations,	995

diagnostic	evaluation,	995–996

diethylene	glycol,	1001

ethanol,	989–990,	991t,	992f

ethylene	glycol,	993–994,	994f

isopropanol,	999–1000,	1000f

management,	996–999,	997t–999t

methanol,	994–995,	994f

propylene	glycol,	1000–1001

amphetamines

clinical	presentation,	1005–1007

diagnostic	evaluation,	1007–1008,	1008t

management,	1008–1010,	1008t

pharmacology,	1005



anticholinergic,	1021–1024,	1022t–1024t

anticonvulsant	poisoning	See	Anticonvulsant	poisoning

antidepressant	poisoning	See	Antidepressant	poisoning

antidotal	therapies,	977

antipsychotic,	1045–1054,	1046t–1048t

β-blocker,	1056–1059,	1056t–1057t

calcium	channel	blocker	(CCB),	1060–1065,	1063f

cardiac	glycoside	(CG),	1067–1070,	1068t–1069t

cholinergic,	1071–1075,	1072t

clinical	considerations,	966–967

cocaine,	1077–1082,	1080t–1081t

corrosives,	1083–1087,	1085t

elimination	enhancement,	977–978

extracorporeal	methods,	979

multiple-dose	activated	charcoal,	978

urinary	pH,	diuresis	and	manipulation	of,	978

epidemiology,	965

heavy	metal,	1088–1101,	1089t,	1095t,	1098t

hydrocarbon,	1102–1106

hydrofluoric	acid	(HF),	1108–1109

iron,	1110–1114,	1113f

isoniazid,	1115–1118,	1116f,	1117t

lithium,	1119–1124,	1120t–1121t,	1123f

methylxanthine,	1125–1130,	1128t–1129t

nonsteroidal	anti-inflammatory	drugs	(NSAIDs),	1161–1167

offending	agent

antidotes,	response	to,	973



electrocardiographic	findings,	972

history,	967

laboratory	findings,	970–972,	971f

pill,	967–968

plant	and	animal	identification,	967–968

radiographic	findings,	972–973

toxicology	screening,	973

toxidrome	recognition,	968–970,	969t

opioid,	1131–1138,	1136t–1138t

pesticide-herbicide	poisoning	See	Pesticide-herbicide	poisoning

pharmacological	concepts

absorption,	965–966

distribution,	966

mechanism	of	action,	965

metabolism/elimination,	966

tissue	concentration,	966

phencyclidine/hallucinogen,	1154–1160,	1155t–1156t

potential	toxicity,	prediction	of,	973–974

prevention	of	recurrence,	979

recognition,	967

safe	disposition,	979

sedative-hypnotic	agent	poisoning,	1169–1176,	1170t,	1172t

severity	assessment,	974–975

supportive	care	provision,	974–975

cardiovascular	therapy,	974–975

neuromuscular	hyperactivity,	975

respiratory	care,	974



therapeutic	agents,	1190,	1190t–1209t,	1210b

Poliomyelitis,	1461

Polyarteritis	nodosa	(PAN),	631–632,	632t,	633t

Polyclonal	antibodies,	566

antithymocyte	globulin	(ATGAM),	566

thymoglobulin,	566

Polydipsia,	primary,	2048

Polyethylene	Glycol	Solution	(PEG)	Whole	Bowel	Irrigation,	1210b

Polymerase	chain	reaction	(PCR),	1796

Polymorphic	ventricular	tachycardia	(PMVT),	2005–2007,	2010t

Polymyositis	(PM),	626–629,	627t,	1590

Polysomnography,	1829–1830

Polyuria,	484,	2054,	2060

Polyuric	disorders,	2054

Portal	vein	thrombosis	(PVT),	508

Portopulmonary	hypertension	(PPH),	2170

Posaconazole,	708

Positive	end	expiratory	pressure	(PEEP),	445,	1548,	1554,	1599,	1680

Postcardiac	injury	syndrome	(PCIS),	1712

Post-endoscopic	retrograde	cholangiopancreatography	(ERCP)	pancreatitis,
2179

autoimmune	pancreatitis,	2179

genetic	causes	of,	2179

hypertriglyceridemia,	2179

idiopathic	pancreatitis,	2179

other	causes	of,	2179

Posterior	cord	syndrome,	374



Posterior	ligamentous	complex	(PLC),	373

Posterior	reversible	encephalopathy	syndrome	(PRES),	498

Posthospital	care,	trauma,	345–346

Postoperative	cognitive	dysfunction	(POCD),	1424–1425

Postoperative	nausea	and	vomiting	(PONV),	2150

Postpartum	hemorrhage,	452

Postpneumonectomy	space,	1763–1765

Postrenal	azotemia,	2073

Postsplenectomy,	725–726

Poststreptococcal	glomerulonephritis,	2071

Posttransfusion	purpura,	879

Posttransplant	lymphoproliferative	disease	(PTLD),	526–527,	536,	594–595

Posttransplant	lymphoproliferative	disorder	(PTLD),	594–595

Posttrauma	respiratory	failure,	1616

Postural	headache,	33

Potassium,	1340,	1342,	1998,	2034,	2045,	2211

chloride,	2062

deficit,	2062

effects	of,	2050

excretion,	2057–2058,	2057f–2058f

homeostasis,	2057

plasma,	2057

preparations,	2062

urinary,	2061

Prasugrel,	1877

Predilutional	hemofiltration,	2096

Preeclampsia,	451



Preemptive	intervention	protocols,	1559

Pregabalin,	in	pain	management,	18

Pregnancy,	448–453,	646–647,	900

acute	exacerbations	of	asthma,	1673

acute	liver	failure	(ALF),	2163

acute	respiratory	failure	in	See	Respiratory	failure

amniotic	fluid	embolism,	452

antepartum	hemorrhage,	451–452

diagnostic	radiation	exposure,	449–450,	450t

disorders,	451–453

hypertensive	disorders,	451

maternal	physiologic	adaptations,	448–449,	449t

cardiovascular	adaptations,	449

hematologic	adaptations,	449

renal	adaptations,	449

respiratory	adaptations,	449

medications	and,	450–451

analgesic	agents,	450

antibiotics,	450,	450t

anticoagulants,	450

antihypertensives,	450–451

nausea	and	vomiting,	2147

obstetrical	hemorrhage,	451

penetrating	trauma,	452–453

placental	abruption,	452

placenta	previa,	451

postpartum	hemorrhage,	452



trauma,	452–453

Pregnancy-related	thrombocytopenic	syndromes,	875,	876t

Premature	cycling,	1603

Premature	ventricular	contractions	(PVCs),	2012

Prerenal	azotemia,	2070–2071,	2070t,	2071f

Pressure	assist-control	ventilation,	1596,	1596f

Pressure-regulated	volume	control	(PRVC),	1597,	1597f

Pressure-support	ventilation	(PSV),	1596,	1596f,	1631–1632

Pressure-synchronized	intermittent	mandatory	ventilation,	1596–1597,	1597f

Pressure	triggering,	257

Pressure	volume	curves

clinical	use,	254–255,	254f

dynamic	measurements,	254

semistatic	measurements,	253–254

static	measurements,	253

Stress	Index	(SI),	255

Primary	angiitis	of	CNS	(PACNS),	635–636

Primary	percutaneous	coronary	intervention,	1893,	1893f

Problematic	behaviors,	1537

approach	to,	1537–1538,	1538t

common	patterns	of,	1538–1541

communication	with	families	and,	1541–1542,	1542t

dependent	patient,	1539

dramatic	patient,	1541,	1541t

narcissistic	patient,	1539–1540

obsessive	patient,	1540–1541

Procainamide,	1015–1016



Procalcitonin	(PCT),	351

Prochlorperazine,	2151

Prodromal	phase,	1243

Prokinetics,	2152

Propafenone,	1018

Prophylaxis,	364,	2141

complications	of,	2142

inappropriate	use	of	stress	ulcer,	2142,	2143t

regimens	for

enteral	nutrition,	2142

histamine-2	receptor	antagonists	(H2RAs),	2141

proton	pump	inhibitors	(PPIs),	2141

sucralfate,	2141

Propofol,	6–7,	1455

anesthesia	with,	6–7

Proportional	assist	ventilation	(PAV),	1598

Prostacyclin,	1643

Prosthetic	valve	dysfunction

clinical	presentation	and	investigations,	1972

intensive	care	unit	management,	1972–1973

paravalvular	regurgitation,	1973–1974,	1974t

prosthetic	valve	thrombosis	(PVT),	1972,	1973f

structural	valve	deterioration,	1973

thrombosis,	prosthetic	valve,	1971,	1972f

Prosthetic	valve	endocarditis	(PVE)

culture-negative	prosthetic	valve	endocarditis,	760

other	organisms,	760



staphylococci,	759

streptococci,	759–760

Prosthetic	valve	thrombosis	(PVT),	1972,	1973f

Protein,	108–109,	2201,	2208

C	deficiency,	886–887

gradient,	108–109

S	deficiency,	887

ProtekDuo	cannula,	1948–1949

Prothrombin	G20210A	mutation,	886

Proton	pump	inhibitors	(PPIs),	2141

Protussive	therapy,	1646–1647

Proxy	directives,	302

Prucalopride,	2156

Pseudocysts,	2184

Pseudohemoptysis,	1694,	1695t

Pseudohyperkalemia,	2063

Pseudohypoaldosteronism,	2065

Pseudohyponatremia,	2048

Pseudomembranous	colitis,	497

Pseudomonas	aeruginosa,	695

Psychogenic	coma,	1402–1403

Psychostimulants,	1522

Pulmonary	abscess,	211

Pulmonary	arterial	hypertension	(PAH),	154

Pulmonary	artery	catheter	(PAC),	161–174,	237

clinical	applications,	170,	171t

complications,	171t



balloon	rupture,	171

central	venous	access,	170–171

infections,	173

intracardiac	damage,	172–173

knotting,	171

other,	173

pulmonary	artery	perforation,	172

pulmonary	infarction,	171–172

rhythm	disturbances,	172

thromboembolic	complications,	172

contraindications,	161

controversies	regarding,	161

evidence	basis	for

features	of,	162–163

indications	for,	161,	162t

insertion	techniques	for

general	considerations	in,	163

procedures	for	typical	catheter	insertion,	163–165,	163f–166f

physiologic	data	on,	167–170

cardiac	output,	169–170,	170t

derived	parameters,	170

pressures,	167–169,	168f,	168t,	169f

physiologic	rationale	for	use,	161

pressure	transducers	with,	163

safe	use	guidelines	for,	173–174

thermodilution	technique,	237

utility	of	ultrasonography	for,	167



Pulmonary	artery	occlusion	pressure	(PAOP),	168–169

Pulmonary	artery	pressures	(PAPs),	168,	1687

Pulmonary	artery	wedge	pressure	(PAWP),	1549

Pulmonary/choking	agents,	1235–1237

Pulmonary	complications,	933–934

liver	transplant	recipients,	510–511

perioperative	prevention	of	infections,	511–512

postoperative	assessment	for	infection,	512

pretransplantation	evaluation,	511

Pulmonary	contusion,	387,	1767

Pulmonary	disease	and	tuberculosis,	744

Pulmonary	dysfunction,	379

Pulmonary	edema,	451,	1668

Pulmonary	embolectomy,	899

Pulmonary	embolism,	495,	1712

diagnosis	of,	100

risk	stratification	after,	894

traumatic	brain	injury,	368

Pulmonary	failure,	1420

energy	and	protein	requirements,	2226–2228

enteral	and	parenteral	nutrition,	2228–2229

malnutrition	and	metabolic	abnormalities,	2226

nutritional	assessment,	2228

nutritional	recommendations,	2229–2230

Pulmonary	function	tests,	540

Pulmonary	hypertension	(PH),	108,	495,	504,	866,	1687

causes	of,	1687,	1688t



classification	of,	1687–1688,	1688t

diagnosis

signs	and	symptoms,	1689

testing,	1689–1690

etiology	of,	1687–1688

heart	transplantation,	535

pathogenesis	of,	1689

pathology	of,	1689

pulmonary	circulation	and	right	ventricle,	physiology	of,	1688–1689

treatment	of

general	measures,	1690

mechanical	support,	1692

mechanical	ventilation,	1692

prospective,	randomized	trials	of	pharmacologic,	results	of,	1691t

pulmonary	vasodilators,	1690–1691

surgical	management,	1692

vasopressors,	1691–1692

Pulmonary	thromboembolism,	1770–1771,	1770f–1771f

Pulmonary	vasodilators,	1558,	1690–1691

Pulse	contour	analysis	(PCA)

advantages	and	disadvantages,	241,	241t

aortic	impedance,	240

clinical	utility,	240–241

FlotTrac,	241

future	research	on,	241–242

invasiveness,	240

noninvasive,	240



PiCCO,	241

Pulse	oximetry,	228–230,	250,	250f

indications	for,	230

problems	encountered	in,	229–230

theory,	229

Pulse	pressure	variation	(PPV),	240–241

Pump	failure,	1629

Pupillometry,	266

Purgative	agents,	1247

Purpura	fulminans	(PF),	675–676,	675f,	876–877

PVD	See	Patient	ventilator	dyssynchrony	(PVD)

P2Y12	adenosine	diphosphate	receptor	blockers,	1876–1878,	1877t

Pyelonephritis,	2090

P2Y12	inhibitors

clinical	indications,	911–912,	911t

complications	and	reversal	of	effects,	912

monitoring,	908–911,	910t

pharmacodynamics,	908–911,	910t

pharmacology,	908–911,	910t

Pyrethroids

clinical	toxicity,	1144

management,	1144

pharmacology,	1143–1144

Pyrimethamine-sulfadiazine,	709

Q
Quasi-experimental	methods,	1320–1321



Quick	Sequential	Organ	Failure	Assessment	Scores,	348,	349t

Quinidine,	1015

Quinupristin,	706



R
Racemic	epinephrine,	1643

Radial	nerve	palsies,	412–413

Radiation	detection,	indication,	and	computation	(RADIAC)	devices,	1242

Radiation	emergencies,	types	of,	1240

Radiocontrast-induced	nephropathy,	2077–2078,	2078t

Radiocontrast	media	anaphylaxis,	656

Radiography

acute	respiratory	distress	syndrome	(ARDS),	1758–1759

aspiration,	1760

atelectasis,	1759–1760

congestive	heart	failure,	1756–1757

pneumonia,	1759–1760

pulmonary	edema,	1756–1757

Radionuclide	bleeding	scan,	2134

Radionuclide	scanning,	biliary	tract	disease,	2173

Randomized	controlled	trials	(RCTs)

acute	asthma,	1677t

acute	respiratory	distress	syndrome	(ARDS),	1559,	1560t–1561t

cardiogenic	pulmonary	edema,	1614

chronic	obstructive	pulmonary	disease	(COPD),	1613

Ranolazine,	1880

Rapid	Diagnosis	of	Infection	in	the	Critically	ill	(RADICAL)	study,	350

Rapid	eye	movement	(REM),	1828

Rapid	shallow	breathing	index	(RSBI),	257,	1684

Rapid	treatment,	need	for,	1247



Raynaud	phenomena	(RP),	607t

Real-time	locating	systems	(RTLS),	1282

Rebleeding,	1445

Rebreathing,	1624

Receptive	aphasia,	1406–1407

Receptor	of	advanced	glycosylation	end-product	(RAGE),	1551

Recluse	spider	envenomation

clinical	manifestations,	1185

diagnostic	evaluation,	1185–1186

management,	1186

Rectal	temperature	measurements,	223

Recurrent	infective	endocarditis,	757

Recurrent	laryngeal	nerve	injury,	437–438

Recurrent	malignancy,	596

Red	blood	cell	exchange	(RCE),	959–961,	960t–961t

Reduced-intensity	conditioning	(RIC),	571

Refeeding	syndrome,	2222

Reflux	esophagitis,	2141

Regular	narrow	complex	tachycardia,	2013,	2013f

Rejection,	transplant	recipients,	587t,	596–597

acute,	597–598,	599t

cardiac	grafts,	600–601

chronic,	598–599

hyperacute,	597

intestinal	grafts,	600

lung	grafts,	601

pancreas	grafts,	600



renal	grafts,	599

Relebactam,	701

Religion,	322

Remifentanil,	10

anesthesia	with,	10

in	pain	management,	16

Renal	biopsy,	2084

Renal	collecting	system,	398

Renal	complications,	511

Renal	cyst,	2090

Renal	disease,	2039

Renal	disorders

infection,	2149

uremia,	2149

Renal	drug	excretion,	2112

glomerular	filtration,	2113

tubular	reabsorption,	2113

tubular	secretion,	2113

Renal	dysfunction

liver	disease,	in	patients	with,	2081–2083,	2081t,	2082f

pharmacokinetic	changes	in	critically	ill	patients	with

absorption,	2113

distribution,	2113

elimination,	2113–2114

guidelines	for	drug	dosing,	2115t–2124t

metabolism,	2113

Renal	failure,	2220



anesthesia	selection	with,	6

energy	and	protein	requirements	of,	2221,	2221t

enteral	and	parenteral	formulations,	2222,	2223t

heart	transplantation,	536

malnutrition	and	metabolic	abnormalities	of,	2221

metabolic	abnormalities	and	renal	replacement	therapy,	2221–2222

metabolic	encephalopathy,	1419–1420

nutritional	recommendations	for,	2222–2223

nutrition	assessment,	2222

Renal	function,	1345

Renal	grafts,	599

Renal	hypoperfusion-induced	hyponatremia,	2046

Renal	impairment,	1344

Renal	mass,	2090

Renal	replacement	therapy	(RRT),	2092

anticoagulation,	2096–2097

blood	and	dialysate	flow	rates,	2097

complications

access	thrombosis,	2104–2105

electrolyte	and	acid-base	disorders,	2104

hypotension,	2105

infection,	2104

dialysate	composition,	2097–2098,	2097t

dialysis

access,	2098

arteriovenous	fistula	and	graft,	2098

continuous/accelerated	renal	replacement	therapies,	2094–2096,



2095f,	2095t

hemodialysis	catheters	and	insertion	techniques,	2098

intermittent	hemodialysis	(IHD),	2093–2094,	2094f

modalities,	2093–2096,	2093t

peritoneal	dialysis	(PD),	2094

peritoneal	dialysis	catheters,	2098

slow	continuous	ultrafiltration	(SCUF),	2096

temporary	hemodialysis	catheter	placement,	2098

dialyzer	membrane,	2097

indications	and	timing,	2098

dialysis	dose,	2099–2102

early	vs.	late	initiation,	2099,	2100t–2101t

modality	selection,	2102

discontinuation	of	therapy,	2104

IHD	vs.	CRRT,	2102–2104,	2103t

recommendations,	2104

principles	of	solute	clearance	and	fluid	removal,	2092–2093,	2093f

Renal	stone,	2090

Renal	tubular	acidosis	(RTA),	2036,	2039–2040

Renal	vascular	disease

atheroembolic	renal	disease,	2080

major	renal	vascular	disease,	2079

renal	vein	thrombosis	(RVT),	2079

thrombotic	microangiopathies	(TMAs),	2080

Renal	vein	thrombosis	(RVT),	493,	2079

Renal	water	excretion,	2045

Reperfusion	therapy,	1888



arterial	access,	1893–1894

fibrinolysis,	1891,	1892t

fibrinolytic	therapy,	1891,	1892t

optimal	reperfusion,	1889,	1891f

pharmacoinvasive	strategies,	1895–1896

primary	percutaneous	coronary	intervention,	1893,	1893f

rescue	percutaneous	coronary	intervention,	1891–1892

STEMI	and	out-of-hospital	cardiac	arrest,	1896

thrombus	aspiration,	1894

time	to	reperfusion,	1889–1891,	1891t

transfer	to	primary	percutaneous	coronary	intervention,	1895,	1895f

Rescue	percutaneous	coronary	intervention,	1891–1892

Resistance,	252

Respiratory	adjunctive	therapies,	1639

aerosol	therapy,	1639–1644

airway	clearance,	1644–1647

communication	alternatives	for,	1651,	1652t

continuous	positive	airway	pressure	(CPAP)	for,	1650–1651

helium-oxygen,	1650

hyperbaric	oxygen	therapy,	1650

lung-expansion	technique,	1644

medical	gases,	administration	of,	1647–1650

nitric	oxide	(NO),	1650

oxygen	therapy,	1647–1650

sleep-related	breathing	disorders,	1650–1651

Respiratory	disorders,	2149–2150

Respiratory	failure



acute	respiratory	distress	syndrome	(ARDS),	1573

β-adrenergic	tocolytic	therapy-induced	pulmonary	edema,	1572–1573

algorithmic	diagnosis,	99

amniotic	fluid	embolism	(AFE),	1569–1570

asthma,	1572

cardiopulmonary	physiology,	1566–1568

diagnostic	testing

fetal	monitoring,	1574

hemodynamic	monitoring,	1573–1574

radiology,	1573,	1573t

extrapulmonary	causes	ofExtrapulmonary	respiratory	failure

diagnosis	of,	1582–1591

differential	diagnosis	of,	1591

pathophysiology	of,	1582,	1583t–1587t

treatment	of,	1591–1592

fetal	oxygen	delivery,	1568–1569,	1568f

gastric	contents,	aspiration	of,	1570–1571

hypoxemic,	1615–1616

pneumomediastinum,	1573

pneumothorax,	1573

posttrauma,	1616

in	pregnancy,	1566–1568,	1567f,	1567t

prevention	of,	1579–1580,	1580t

respiratory	infections,	1571–1572

specific	therapy

amniotic	fluid	embolism	(AFE),	1577

asthma,	1578–1579



gastric	contents,	aspiration	of,	1578

pneumomediastinum,	1579

pneumothorax,	1579

respiratory	infections,	1578

thromboembolism,	1576–1577

venous	air	embolism,	1577

supportive	therapy

hypotension,	reversal	of,	1574–1576

mechanical	ventilation,	1574–1575

thromboembolic	disease,	1569

venous	air	embolism,	1570

Respiratory	inductive	plethysmography	(RIP),	228

Respiratory	monitoring,	228–232,	248–260

basic	pulmonary	variables	in,	251–252,	251f

compliance,	252

driving	pressure,	253

elastance,	252

electrical	impedance	tomography	(EIT),	255–256

esophageal	pressure	monitoring	in,	255

intrinsic	PEEP	(Auto-PEEP),	252–253

mechanical	power,	253

pressure	volume	curves,	253–255

resistance,	252

capnography	for,	228,	230–232,	231f

electromyography	for,	228

gas	exchange,	249–251

basic	physics,	249–250



dead	space	measurements,	251

direct	blood	gas	analysis,	250

expired	carbon	dioxide	measurements,	250–251,	250f

pulse	oximetry,	250,	250f

gas	exchange	measurements	for,	228–232

impedance	monitors	for,	228

for	mechanically	ventilated	patient,	251–260

mechanics	with,	251–257

patient-ventilator	interaction	with

cycle-off	variable,	258–259,	259f

inspiratory	flow	variable,	259–260,	259f

neurally	adjusted	ventilator	assist	(NAVA),	257

ventilator	triggering	variable,	257–258

pneumotachometers	for,	228

pulse	oximetry	for,	228–230

ambient	light,	229–230

anemia,	230

calibration,	229

dyshemoglobinemias,	230

fingernails	with,	229

glycohemoglobin	A1C,	230

hyperbilirubinemia,	230

hypoperfusion,	230

hypothermia,	230

indications,	230

intravascular	dyes,	230

lipids	with,	230



measurement	sites,	229

motion	artifact,	230

skin	color,	229

respiratory	inductive	plethysmography	for,	228

respiratory	neuromuscular	function	with,	256

airway	occlusion	pressure,	257

anatomy	of,	256–257,	256f

forced	vital	capacity	(FVC),	257

maximal	inspiratory	pressure	(MIP),	257

work	of	breathing	in,	257

theory	of,	229

Respiratory	muscle	dysfunction,	1582,	1585t–1586t,	1590,	1592

Respiratory	syncytial	virus	(RSV),	691,	811

hematopoietic	cell	transplantation	(HCT),	577–578

Resuscitation,	1664,	2131–2132

coagulation	endpoints,	336–337

component	therapy,	337–338

damage	control,	333,	335

end	points,	sepsis	management,	355

endpoints	of,	335–336

glycemic	control,	339

hemorrhage,	physiologic	responses	to,	328–330

coagulopathy,	328–329

hemodynamics,	329–330

hemostasis	in,	329

immunological	aspects,	330

metabolic	aspects,	330



oxygen	delivery	in,	330

surgical	control	of,	333

systemic	adjuncts,	333

hemorrhagic	shock,	331–332

initial	resuscitation,	334–335

ongoing,	335–339

shock	recognition,	330–332

steroids,	339

vasopressor	and	inotropic	support,	338–339

wartime	advancements	and,	333–334

Resuscitative	endovascular	balloon	occlusion	of	the	aorta	(REBOA),	333

Retrograde	pyelography,	2084

Retroperitoneal	bleed,	332

Reverse	triggering,	1603

Reye	syndrome,	1419

Rhabdomyolysis,	1857,	2035

Rheumatic	disease,	vasculitis,	636–637

Rheumatoid	arthritis	(RA),	607t,	612–615

cardiac	involvement,	614

joint	infections	complicating,	612

lung	disease,	613–614

neurologic	complications	of,	615

pathogenesis	of,	612

pleural	disease,	612–613

pulmonary	involvement	in,	612,	613t

rheumatoid	vasculitis,	614–615

Rheumatoid	vasculitis	(RV),	614–615



Rheumatologic	diseases,	606–629

antiphospholipid	syndrome,	622–623,	622t,	623t

gout,	606–608

clinical	features	of,	607–608

and	other	microcrystalline	arthropathies,	608–609

pathogenesis	of,	606–607

therapy	for,	608

hemarthrosis,	611

ICU	procedures	complicated	by,	611–612

idiopathic	inflammatory	myopathies,	626–629,	627t

features	of,	627t

myocardial	involvement	in,	628

other	organ	system	involvement	in,	628

pulmonary	involvement	in,	628

treatment	of,	629

management	of,	606,	607t

rheumatoid	arthritis	(RA),	612–615

cardiac	manifestations	of,	614

joint	infections	complicating,	612

lung	disease,	613–614

neurologic	complications	of,	615

pathogenesis	of,	612

pleural	disease,	612–613

pulmonary	involvement	in,	612,	613t

rheumatoid	vasculitis,	614–615

septic	arthritis,	609–610

clinical	features	of,	609



pathogenesis	of,	609

in	prosthetic	joint,	610

therapy	for,	609–610

systemic	lupus	erythematosus,	615–622

cardiac	disease	with,	618–619

drug-induced	lupus	with,	620–622,	621t

gastrointestinal	disease	with,	620

hematologic	disease	with,	619–620

neuropsychiatric	disease	with,	616–617,	617t

pulmonary	disease	with,	617–618

renal	disease	with,	615–616

systemic	sclerosis,	623–626

cardiac	disease	with,	624–625

gastrointestinal	disease,	625–626

pulmonary	disease	with,	623–624

renal	disease	with,	625

severe	Raynaud’s	phenomenon,	623,	624t

Rhinocerebral	mucormycosis	infection,	498

Rhinoscleroma,	1777

Rhythm	disturbances,	172

Ribavirin,	1642

Rib	fractures,	384

Richards-Campbell	Sleep	Questionnaire	(RCSQ),	1830

Richmond	Agitation	Sedation	Scale,	13

Rickettsia	rickettsii,	671

Right	atrial	pressure,	167–168

Right	ventricular	assist	devices	(RVADs),	532



Right	ventricular	infarction

clinical	presentation,	1908

diagnosis,	1908

incidence	and	timing,	1908

mechanism,	1908

treatment,	1908–1909

Rigid	bronchoscopy,	1815,	1815f

Rilonacept,	643t,	644

Risankizumab,	643t,	644

Rituximab	(RTX),	566–567,	643t,	645,	1472

Rocky	Mountain	spotted	fever	(RMSF),	671

Rocuronium,	neuromuscular	blocking	with,	24t,	25

Rotational	thromboelastometry	(ROTEM),	336

RRT	See	Renal	replacement	therapy	(RRT)

S
SAH	See	Subarachnoid	hemorrhage	(SAH)

Salt-wasting	nephropathies,	2060

Sarilumab,	643t

Scapular	fracture,	385

Scapulothoracic	dissociation,	385,	413

Sciatic	nerve	palsies,	413

Scleroderma	renal	crisis	(SRC),	624

Seasonal	respiratory	viruses,	808–812

adenovirus,	812

human	metapneumovirus,	812

influenza	A/H1N1,	A/H3N2,	B,	808–811



other	seasonal	viruses,	812

parainfluenza	virus,	811–812

respiratory	syncytial	virus,	811

Secondary	diabetes,	1332t

Secondary	hemostasis,	1873,	1873f

Second-generation	cephalosporins,	700

Second-generation	oxazolidinones,	706

Secukinumab,	643t,	644

Securing	tube,	airway	management,	77–78

Sedative-hypnotic	agent	poisoning

barbiturates

clinical	manifestations,	1172

diagnostic	evaluation,	1172

management,	1172–1173

pharmacology,	1171–1173

benzodiazepines	(BZDs)

clinical	presentation,	1171

diagnostic	evaluation,	1171

management,	1171

pharmacology,	1169–1171

nonbenzodiazepine/nonbarbiturate	sedative-hypnotics

baclofen,	1174–1175

buspirone,	1175

chloral	hydrate,	1173–1174

γ-hydroxybutyrate	(GHB),	1176

meprobamate	and	carisoprodol,	1174

Z-drugs,	1175–1176



Seizures,	364,	451,	498,	1661,	2147

inapparent,	1406

metabolic	encephalopathy,	1418

neuro-oncological	problems,	1485–1486

subarachnoid	hemorrhage	(SAH),	1446–1447

surveillance,	1998

Selective	serotonin	reuptake	inhibitors	(SSRIs),	1038–1039

drug	discontinuation,	1524

drug-drug	interactions,	1524,	1524t

metabolic	impairment,	1522–1523

pharmacokinetics,	1522

side	effects,	1523–1524

Sengstaken-Blakemore	tube,	192f

Sensory	evoked	potentials	(EPs),	267–268,	268f

Sepsis,	866,	877–878,	1381,	2075–2076,	2166

burn	wound,	419–420

clinical	features,	350–351

complications	associated,	350

diagnosis,	350–351

management

adjunctive	therapies,	355–356

antimicrobial	therapy,	351–352

β-blockers	and	phenylephrine,	354–355

fluid	therapy,	352–353

hemodynamic	support,	352

resuscitation	end	points,	355

source	control,	355



vasopressors	and	inotropic	agents,	353–354

pathogens,	348

pathophysiology,	348–350

sites	of	infection,	348

systemic	inflammatory	response	syndrome	(SIRS),	348,	348t

Sepsis-associated	organ	failure	assessment	(SOFA)	score,	359

Septic	arthritis,	609–610

clinical	features	of,	609

pathogenesis	of,	609

in	prosthetic	joint,	610

therapy	for,	609–610

Septic	shock,	346

Sequential	Organ	Failure	Assessment	(SOFA)	score,	527

Serological	testing,	1468

Serotonin	and	norepinephrine	reuptake	inhibitor	(SNRI)

duloxetine,	1525

levomilnacipran,	1525

venlafaxine,	1524–1525

Serotonin	5-HT3	receptor	antagonists,	2151

Serotonin-norepinephrine	reuptake	inhibitor	and	bupropion	toxicity,	1039

Serum

creatinine,	2069,	2069t

electrolytes,	1662

levels,	therapy	and	determination	of,	702–703,	703t

thyroid	hormone-binding	proteins,	1385–1386

Serum-binding	proteins,	1383

Serum	to	ascites	albumin	gradient	(SAAG),	198,	199t



Severe	acute	respiratory	distress	syndrome	coronavirus	2	(SARS-CoV-2),	1548

Severe	hypertension,	451

Severe	upper	airway	infections,	1773

deep	neck	infections

descending	infections,	1783

diagnosis,	1780–1783

differential	diagnosis,	1783

etiology,	1780

lateral	pharyngeal	space	infections,	1781–1782,	1782f

pathogenesis	and	anatomy,	1779–1780,	1779f–1780f

retropharyngeal	space	infections,	1782–1783

submandibular	space	infections,	1780–1781,	1781f

treatment,	1783–1784

epiglottitis	See	Supraglottitis

otogenic	infections

malignant	external	otitis	(MEO),	1775

mastoiditis,	1774–1775

sinusitis

complications,	1773–1774

diagnosis,	1774

etiology,	1773

incidence,	1773

pathogenesis,	1773

treatment,	1774

sphenoid	sinusitis,	1774

Severe	urinary	tract	infections,	acute	pyelonephritis,	777–778,	777t

Severity	assessment,	1331



Sexually	transmitted	diseases,	744

Shellfish	poisoning,	1459

Shock,	balloon	tamponade,	191

Short	bowel	syndrome	(SBS),	553

Sick	euthyroid	syndrome,	1387

Sickle	cell	disease	(SCD),	887,	1648

Sigmoidoscopy,	2134

Sildenafil,	in	systemic	sclerosis,	624t

Simplified	Acute	Physiology	Score	(SAPS),	359

Simultaneous	pancreas-kidney	(SPK)	transplant,	539

Single-lung	transplantation	(SLT),	516

Singultus

etiology,	1497

evaluation,	1497

management,	1497

pathophysiology,	1496–1497

Sinoatrial	block,	2019

Sinus

arrhythmia,	2018

bradycardia,	2018

tachycardia,	2013–2014

Sinusitis

complications,	1773–1774

diagnosis

computed	tomography	(CT),	1774

rhinoscopy	and	antral	aspiration,	1774

ultrasonography	(US),	1774



etiology,	1773

incidence,	1773

pathogenesis,	1773

treatment,	1774

Sinus	node	dysfunction	(SND),	155–156,	2018

Sinusoidal	obstruction	syndrome,	572

Sirolimus,	564,	598t

SJS	See	Stevens-Johnson	Syndrome	(SJS)

Skeletal	infections,	743

Skin

cancer,	595

erythema,	572

irritation,	1623–1624

SLE	See	Systemic	lupus	erythematosus	(SLE)

Sleep	issues,	1828

adult	sleep

architecture,	1828,	1828f

cardiovascular	processes,	1829,	1829f

circadian	rhythms,	1828

physiologic	processes,	1829

causes	of	ICU	sleep	disruption

antipsychotics,	1834

illness,	1834

ketamine,	1833

light	and	melatonin,	1831

mechanical	ventilation,	1831–1833

melatonin,	1833–1834



noise,	1831

nonbenzodiazepine	GABA	agonists,	1833

opioids,	1833

patient	care	interactions,	1831

sedatives,	1833

suvorexant,	1834

vasopressor	medications,	1834

withdrawal,	1834

intensive	care	unit	(ICU)

actigraphy,	1830

architecture	of	critically	ill,	sleep,	1829,	1830f

bispectral	index	(BIS),	1830

causes	sleep	disruption,	1831–1834

disrupted	sleep	in,	1834,	1835t

measurement	in,	1829–1831

methods	to	improve	sleep	in,	1834–1835,	1836t–1837t

polysomnography,	1829–1830

subjective	measures	of,	1830–1831

Sleep-onset	myoclonus,	1417

Sleep-related	breathing	disorders,	1650–1651

Sliding	scales,	1335

Slow	continuous	ultrafiltration	(SCUF),	2096

Small	bowel

bleeding,	2136–2137

endoscopy,	181

transplants,	469

Small	bowel	obstructions	(SBOs),	497,	2149



Smart	displays,	1283

Societal	outcomes,	1318

Society	of	Critical	Care	Medicine	(SCCM),	2200

Sodium,	1340,	1342,	2044,	2211

bicarbonate,	2067

overload,	2054

Sodium-glucose	cotransporter	2	(SGLT2)	inhibitors,	1918

Sodium	monofluoroacetate,	1146

clinical	toxicity,	1146

management,	1146

pharmacology,	1146

Soft-tissue	infections,	741

Solid	organ	injury,	398

Solid-organ	transplant	recipients,	724–725

Soluble	triggering	receptor	expressed	on	myeloid	cells-1	(sTREM-1),	351

Solute	intake,	reduced,	2048

Somatosensory	evoked	potentials	(SSEPs),	267–268,	268f

Somnolence,	1401

Sotalol,	1019

Source	control,	sepsis	management,	355

Spectrum	of	action,	702

Sphenoid	sinusitis,	1774

Sphincter	of	Oddi	dysfunction,	507

Spinal	column,	371

Spinal	cord	trauma,	371–380

anatomy

spinal	column,	371



spinal	cord,	371–372

spinal	column	injury

acute	management,	377

Denis	classification,	373

mechanistic	classification,	373

neurologic	injury,	373–375

pathophysiology,	375–377

radiographic	assessment,	377–378

spinal	stability,	372–373

Subaxial	Cervical	Spine	Injury	Classification	System	(SLIC),	373,
373t

Thoracolumbar	Injury	Classification	and	Severity	(TLICS)	Score,
373,	374t

treatment

medical	management,	379

nonoperative,	378–379

operative	management,	380

Spirituality,	322

Spironolactone,	1917

Spleen,	abdominal	trauma,	395

Split-liver	transplantation,	502

Spontaneous	bacterial	peritonitis	(SBP),	2169

Spontaneous	breathing	trials	(SBTs),	1631

Spontaneous	esophageal	rupture,	1713

Sporadic	insulin	administration,	1335

Spore-forming	bacteria,	systemic	syndromes	with,	743

SRMD	See	Stress-related	mucosal	disease	(SRMD)

Stab	wounds,	397



Stamey	suprapubic	cystostomy	trocar	set,	213,	214f

Staphylococcal	scalded	skin	syndrome	(SSSS),	671–672

Staphylococci,	757–758

Staphylococcus	aureus,	1658

Staphylococcus	epidermidis,	589

Statewide	Trauma	Care	System,	343t

Status	epilepticus	(SE),	1399,	1449

anoxic	myoclonic	status	epilepticus,	1450

diagnosis,	1451

electroclinical	status	epilepticus,	1452

electrographic	status	epilepticus,	1452

ictal-interictal	continuum,	1452

possible	electroclinical	status	epilepticus,	1452

etiology	of,	1450,	1451t

focal	status	epilepticus	with	preserved	awareness,	1450

initial	assessment,	1452,	1453t

medical	management,	1453t–1454t

first-line	treatment,	1452–1454

second-line	treatment,	1454–1455

super-refractory	SE,	1455–1456

third-line	treatment,	1455

nonconvulsive	status	epilepticus	(NCSE),	1450

prognosis	and	sequelae	of,	1450–1451

systemic	complications,	1451,	1451t

tonic-clonic	(convulsive)	status	epilepticus,	1450

Stem	cell

therapy,	1559,	1560t–1561t



transplantation,	1246

STEMI	See	ST-segment	elevation	myocardial	infarction	(STEMI)

Sternal	fracture,	385

Steroids,	1731

acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD),
1681

in	community-acquired	pneumonia	(CAP),	1803–1806

Stevens-Johnson	syndrome	(SJS)

clinical	findings,	664–665,	665f

differential	diagnosis,	665

treatment,	665–666

workup,	665,	665t

Stimulant	withdrawal,	1219

Stimulation-produced	analgesia	(SPA),	14

Stinging	insect	venom	anaphylaxis,	657

Stop	the	Bleed	(STB)	course,	333

Streptococcal	toxic	shock	syndrome	(STSS),	672

Streptococci,	759–760

Stress,	1330

staff	with,	1543

burnout	in,	1544,	1544t

COVID-19,	1546

in	health	care	professionals,	1544–1545

intensivists	in,	1545

management	of,	1546

nurses	in,	1545–1546

Stress	Index	(SI),	255



Stress-related	mucosal	disease	(SRMD),	2139

clinical	characteristics,	2139

clinical	management	of,	2143

clinical	presentation,	2139

mortality	and	risk-benefit	analysis,	2142

pathophysiology,	2140–2141,	2140f

prophylaxis	See	Prophylaxis

risk	factors,	2139–2140,	2140t

Stroke,	2147

Stroke	volume	variation	(SVV),	240–241,	241f

Structural	valve	deterioration	(SVD),	1972

Strychnine

clinical	toxicity,	1146

management,	1146

pharmacology,	1145

ST-segment	elevation	myocardial	infarction	(STEMI),	1886

adjunctive	antiplatelet	and	antithrombotic	therapy

adjunct	to	primary	PCI,	antithrombin	therapy	as,	1898

aspirin	and	P2Y12	inhibitors,	1896–1897,	1897t

fibrinolytic	therapy,	antithrombin	therapies	in	patients	receiving,
1898

GP	IIb/IIIa	inhibitors,	1898

oral	anticoagulation,	1898

anti-ischemic	therapy

β-blockers,	1898–1899

calcium	channel	blockers,	1900

nitrates,	1899–1900



renin-angiotensin-aldosterone	system	inhibitors,	1899,	1899f

supplemental	oxygen,	1900

arrhythmias	complicating

bradyarrhythmias,	1901

electrical	complications	of	acute	MI

supraventricular	arrhythmias,	1901–1902,	1901t

ventricular	arrhythmias,	1900–1901,	1900t

diagnosis	and	risk	assessment

cardiac	biomarkers	and,	1888,	1890f

electrocardiogram,	1887–1888,	1888f

history	and	physical	examination,	1887,	1887t

myocardial	infarction	with	normal	coronary	arteries,	1887

pathophysiology	of,	1886–1887

reperfusion	therapy,	1888

arterial	access,	1893–1894

fibrinolysis,	1891,	1892t

fibrinolytic	therapy,	1891,	1892t

multivessel	CAD,	1894,	1894f

optimal	reperfusion,	1889,	1891f

pharmacoinvasive	strategies,	1895–1896

primary	percutaneous	coronary	intervention,	1893,	1893f

rescue	percutaneous	coronary	intervention,	1891–1892

STEMI	and	out-of-hospital	cardiac	arrest,	1896

thrombus	aspiration,	1894

time	to	reperfusion,	1889–1891,	1891t

transfer	to	primary	percutaneous	coronary	intervention,	1895,	1895f

transition	to	discharge,	1902



Stupor,	1401

Subarachnoid	hemorrhage	(SAH),	1443f

aneurysm	management,	1445

clinical	and	radiologic	grading,	1444,	1445t

clinical	presentation	of,	1444

diagnostic	evaluation,	1444–1445,	1446f

epidemiology	of,	1443

neurogenic	stunned	myocardium	(NSM),	1448

neurological	complications

cardiac	and	pulmonary	complications,	1447

cerebral	vasospasm	and	delayed	cerebral	ischemia,	1445–1446

hydrocephalus,	1447

rebleeding,	1445

seizures,	1446–1447

pathogenesis	of,	1443–1444,	1444f

Subaxial	Cervical	Spine	Injury	Classification	System	(SLIC),	373,	373t

Subclavian	vein	approach,	48–52

landmark	technique,	49–51,	50f

success	and	complication	rates,	51–52

ultrasound	technique,	51

Subcostal	long-axis	view,	143

Subdural	empyema,	793

Sublingual	temperature	measurements,	222–223

Substance	withdrawal	syndromes,	1509

Sucralfate,	2141

Sufentanil,	10

Suffering



addressing	spiritual	needs,	325

existential	and	spiritual	distress,	324,	324f

existential	distress,	322

existential	suffering	and	loss	of	personhood	diagnosis,	323–324

grief	and	bereavement,	325–326

hope	and	resiliency,	325

interdisciplinary	care,	324f

religiosity,	end-of-life	decisions,	323

religious	traditions,	end	of	life

Atheism,	322

Christianity,	322

Hinduism	and	Buddhism,	322

Islam,	322

Judaism,	322

restoration	of	personhood,	325

self-care	and	avoiding	burnout,	326

Sugammadex,	25

Suicidal	hanging,	1491

course,	1492

diagnosis,	1492

treatment,	1492

SuicideSuicidal	hanging

epidemiology	of,	1534

parasuicide	vs.,	1535

risk	and	protective	factors,	1534–1535,	1535t

treatment	of

disposition,	1536



medications,	1536

nonpharmacologic	interventions,	1535–1536

psychiatric	consultation,	1536

Sulfasalazine,	640

Sulfur	dioxide,	1743

Superior	mesenteric	artery	(SMA)	embolism,	442

Superior	vena	cava	(SVC)	syndrome

clinical	manifestations,	940

diagnosis,	941–942,	941f

etiology,	940

physiology,	940,	941t

treatment,	942

Supportive	care	and	monitoring,	760

Supraglottitis

diagnosis,	1776–1777,	1776f–1777f

differential	diagnosis,	1776–1777

history	and	physical	examination,	1776

tests,	1776

etiology,	1775

incidence,	1775

pathogenesis,	1775

pathophysiology,	1775

treatment,	1777–1778,	1778f,	1778t

Suprapubic	cystostomy,	percutaneous,	212–216

algorithm	for,	213t

complications,	214–215,	215f,	215t

contraindications,	212–213,	213t



indications,	212,	213t

suprapubic	catheter	care,	214

technique,	212–214,	213f

urethral	catheterization,	methods	for,	212–214

utility	of	ultrasonography	for,	215–216

Supraventricular	tachycardia	(SVTs),	2012

atrial	fibrillation	(AF),	2015–2017

atrial	flutter,	2017–2018

atrioventricular	nodal	reentrant	tachycardia	(AVNRT),	2014,	2014f

atrioventricular	reentrant	tachycardia	(AVRT),	2014–2015,	2015f–2016f

focal	atrial	tachycardia,	2014

hemodynamically	unstable,	2018

irregular	narrow	complex	tachycardia,	2015

multifocal	atrial	tachycardia	(MAT),	2018

regular	narrow	complex	tachycardia,	2013,	2013f

sinus	tachycardia,	2013–2014

Surgeon	and	intensivist	collaboration

communication	among	team	members

intensivist’s	perspective,	424

nurse’s	perspective,	424

surgeon’s	perspective,	424

individual	ownership,	424

levels	of	care,	424

team	consensus	achieving	and	maintaining	strategies,	424–425,	425t

Surgical	hematoma	evacuation,	365

Surgical	infections

clinical	examination	of,	428



diagnosis,	428

etiology,	427

laboratory	analysis,	428

pathogenesis,	427–428

peritonitis,	427

primary,	427

secondary,	427

tertiary,	427–428

prognosis,	429

radiology,	428

therapy

antimicrobial	treatment,	428–429

source	control,	429

Surviving	Sepsis	Campaign	(SSC),	352

Sustainability,	1283

Suvorexant,	1834

Swan-Ganz	catheters,	1752,	1753f–1754f

Sweet	procedure,	437

Swimming	skills,	inadequate,	1661

Symptoms	management

anxiety,	317

clinical	practice,	310

constipation

assessment	of,	312

medications	for	managing,	313t

treatments,	313

delirium



assessment	of,	316

prevention	and	treatment,	316

depression

appetite,	thirst,	and	intake,	319

dying	process,	318t–319t

fatigue	and	weakness,	319

last	hours	of	living,	317

medication	use,	319

mucosal	and	conjunctival	care,	319–320

neurological	dysfunction,	320

palliative	extubation,	317,	319

physiological	changes	and	symptoms,	319–320

preparing	for	last	hours	of	life,	319

syndrome	of	imminent	death,	317

dyspnea	management

evidence-based	recommendations,	311t

first-line	therapies,	311

mechanisms,	311

second-line	therapies,	311–312

treatment,	311

gastrointestinal	symptoms

constipation,	312–313,	313t

nausea	and	vomiting,	314–315,	314f,	315t

general	principles,	308,	310

interventions	of	unknown	efficacy,	312

nausea	and	vomiting

assessment	of,	314



treatment,	314–315,	315t

pain	management	in	palliative	care,	308

psychiatric,	315–320

whole	person	assessment	and	care,	309f

Syndrome	of	inappropriate	antidiuretic	hormone	(SIADH),	2047–2048,	2047t,
2051–2052,	2052t

Synovial	fluid	analysis,	219,	219t

cell	count/differential	in,	220

crystals,	220–221

culture	in,	221

fluid	characteristics,	219t

gram	stain,	221

gross	examination

clarity,	220

color,	220

viscosity,	220

Systemic	adjuncts,	333

Systemic	inflammatory	response	syndrome	(SIRS),	348

diagnostic	criteria,	348,	348t

Systemic	lupus	erythematosus	(SLE),	607t,	615–622,	678–679,	679f,	680t

cardiac	disease	with,	618–619

drug-induced	lupus	with,	620–622,	621t

gastrointestinal	disease	with,	620

hematologic	disease	with,	619–620

neuropsychiatric	disease	with,	616–617,	617t

pulmonary	disease	with,	617–618

renal	disease	with,	615–616



Systemic	Lupus	Erythematosus	International	Collaborating	Clinics	(SLICC),
679,	680t

Systemic	sclerosis	(SSc),	607t,	623–626

cardiac	disease	with,	624–625

gastrointestinal	disease,	625–626

gastrointestinal	disease	with,	625–626

pulmonary	disease	with,	623–624

renal	disease	with,	625

severe	Raynaud’s	phenomenon,	623,	624t

Systemic	toxicity,	1109

Systemic	vascular	resistance,	1567

T
Tachyarrhythmias,	156

Tachycardia,	1669

Tacrolimus,	563–564,	598t

heart	transplant	immunosuppression	with,	535

Takayasu	arteritis,	636

Tamponade,	382

TandemHeart,	1945

Targeted	temperature	management	(TTM),	1849

complications,	1850

cooling	method,	1997

electrocardiography,	1998

hemodynamics,	1998,	1999f

hyperglycemia,	1998

indications	for,	1995,	1996t

infection,	1998



initiation,	1849,	1995–1996

maintenance	phase,	1850

normothermia,	return	to,	1998

phases	of,	1995f

potassium,	1998

rewarming,	1850

routine	care	during,	1997–1998

sedation,	analgesia,	and	shivering,	1997–1998

seizure	surveillance,	1998

target	temperature,	1996–1997

timing	and,	1850

ventilation	and	oxygenation,	1998

TBI	See	Traumatic	brain	injury	(TBI)

T-cell	costimulation	blockade,	645

T-cell-mediated	rejection	(TCMR),	567

Team	consensus,	425

Team	consensus,	strategies	for	achieving	and	maintaining,	424–425,	425t

Tele-critical	care	(TCC)	delivery,	1283

critical	care	services,	280

data	and	outcomes

clinical	outcomes	and	process	measure,	283–284

cost-effectiveness	and	reimbursement,	284–285

quality	metrics	and	evidence-based	care,	285

staff	perceptions	and	satisfaction,	284

trainee	education,	284

healthcare	experts,	280

integration,	280



Leapfrog	standard,	279–280

organizational	solutions	of,	281–283

rapidly	evolving	health	system	challenges,	285

technologic	solutions	of,	281–283

traditional,	281f

Telehealth,	279

Temperature

control	systems,	1840–1841

management,	366–367

monitoring,	223

central	circulation,	223

digital	thermometers	for,	223–224

esophageal,	223

indications	for,	222

LCD	thermometers	for,	223

measurement	sites	for,	224

mercury	thermometers	for,	223

patient	safety	and,	224

rectal,	223

site	selection	for,	224

sublingual,	222–223

temperature,	224

temporal	artery	thermometers	for,	224

thermometers	types	for,	223–224

tympanic	thermometers	for,	224

urinary	bladder,	223

Temsirolimus,	565



TEN	See	Toxic	epidermal	necrolysis	(TEN)

Tenecteplase,	1437

Tension	pneumothorax,	1716

Terpenes,	1106

Terrestrial	envenomations

scorpion	envenomation

clinical	manifestations,	1187

diagnostic	evaluation,	1187

management,	1187–1188

snake	envenomation

coral	snake	envenomation,	1182–1183

exotic	(imported)	snake	envenomation,	1183–1184

pit	viper	envenomation,	1178–1182

spider	envenomation

recluse	spider	envenomation,	1185–1186

widow	spider	envenomation,	1184–1185

Tetanus

clinical	manifestations,	829–830

diagnosis,	830

epidemiology,	829

pathogenesis,	829

treatment,	830,	830t

Tetracyclines

eravacycline,	707

omadacycline,	707

tigecycline,	706

Thawed	plasma,	338



Therapeutic	apheresis

anticoagulation,	955

apheresis	consultation,	962

critically	ill	indications,	957t–958t

leukapheresis,	961–962

plateletpheresis,	962

red	blood	cell	exchange	(RCE),	959–961,	960t–961t

therapeutic	plasma	exchange	(TPE),	956–958,	960t

fluid	replacement,	955

limitations,	956,	956t

physiological	principles,	953–954,	954f

technical	rationale	and	instruments,	952–953,	953f

vascular	access,	954–955,	954t

Therapeutic	hyperventilation	(HV),	367

Therapeutic	paralysis	See	Paralysis,	therapeutic

Therapeutic	plasma	exchange	(TPE),	956–958,	960t

Therapy-related	thrombotic	microangiopathies,	875

Thermistors,	224

Thermocouples,	223–224

Thermodilution	technique,	169

Thermoregulation,	1829

The	Trellis	Thrombectomy	System,	457

Thiazide	diuretics,	2056

Thiazide-induced	natriuresis,	2056

Third-generation	cephalosporins,	700

Thoracentesis,	102–110

complications,	104



contraindications,	103–104

diagnostic

complications,	1707

contraindications,	1707

indications,	1706–1707,	1706t

indications,	103

interpretation	of	pleural	fluid	analysis

pleural	effusion,	108–110

transudates	vs.	exudates,	108

procedures	of,	105

catheter-over-needle	technique,	106f

technique	for	diagnostic	sampling,	105

technique	for	removal	of	freely	moving	pneumothorax,	106f

technique	for	therapeutic	removal,	105

utility	of	ultrasonography	for	guidance	of,	106–108

therapeutic

complications,	1707

contraindications,	1707

indications,	1707

physiological	effects,	1707

Thoracic	aortic	aneurysm	(TAA)

clinical	manifestations,	1989–1990

epidemiology,	1988–1989

etiology	and	pathophysiology,	1989

imaging,	1990

rupture	of,	1990

Thoracic	aortic	injury,	390



Thoracic/cardiac	trauma

chest	wall

flail	chest,	384–385

rib	fractures,	384

scapular	fracture,	385

scapulothoracic	dissociation,	385

sternal	fracture,	385

diagnostics

angiography,	383

chest	computed	tomography,	383

plain	chest	radiograph,	382–383

ultrasonography,	383

video-assisted	thoracoscopic	surgery	(VATS),	383–384

esophagus,	389–390

heart

blunt	cardiac	injury,	388

cardiac	valvular	injuries,	388–389

penetrating	cardiac	injury,	389

lung

pulmonary	contusion,	387

tracheobronchial	injury/lung	laceration,	387–388

pleural	space

hemothorax,	386

pneumothorax,	385–386

respiratory	complications,	391

thoracic	aortic	injury,	390

traumatic	asphyxia,	391



ultrasonography

cardiac	injury,	392

equipment	requirements,	391

hemothorax,	391–392

lung	contusion,	392

pneumothorax,	391

scanning	technique,	391

urgent	surgical	intervention,	indications

bleeding,	381–382

cardiac	tamponade,	382

cardiovascular	collapse,	382

massive	air	leak,	382

Thoracolumbar	Injury	Classification	and	Severity	(TLICS)	Score,	373,	374t

Thoracoscopy,	1721

Thoratec	Paracorporeal	Ventricular	Assist	Device,	532

Thrombocytopenia,	607t

catastrophic	antiphospholipid	antibody	syndrome,	879

causes	of,	872–874

diagnostic	clues,	872

disseminated	intravascular	coagulation,	876

drug-induced	hemolytic-DIC	syndromes,	877

drug-induced	thrombocytopenia,	877,	878t

hemolytic	uremic	syndrome,	874–875

hemophagocytic	syndrome,	879,	879t

immediate	therapy,	platelet	transfusion,	872

initial	evaluation,	871

key	articles,	879,	880t



laboratory	testing,	871

platelet-refractory	patient,	bleeding	in,	879

posttransfusion	purpura,	879

pregnancy-related	thrombocytopenic	syndromes,	875,	876t

purpura	fulminans,	876–877

sepsis,	877–878

therapy-related	thrombotic	microangiopathies,	875

thrombotic	thrombocytopenic	purpura,	874

viral	hemorrhagic	fevers,	878–879,	878t

Thromboelastography	(TEG),	329,	336,	2131

Thromboembolic	events,	508

Thromboembolism,	2071

Thrombolytic	therapy,	897–899

Thromboprophylaxis,	495

Thrombosis,	455,	1346,	1873

Thrombotic	microangiopathies	(TMAs),	2080

Thrombotic	thrombocytopenic	purpura,	874

Thrombus	aspiration,	1894

Thymectomy,	1473–1474

Thymoglobulin,	566

Thyroid	disease,	2147

Thyroid	hormone,	1381,	1382t

Thyrotoxicosis,	1422

Tiagabine,	1031

Tibial	shaft	fractures,	408

Ticagrelor,	1877

Tick-borne	illnesses



clinical	features,	719

diagnosis,	719–720

differential	diagnosis,	720

laboratory	features,	719–720

pathophysiology,	719

treatment,	720

Tick	paralysis,	1459

Tigecycline,	706

Titratable	acidity,	2033

Tobramycin,	702,	1642

Tocainide,	1017

Tocilizumab,	643t,	644

Tofacitinib,	643t

Tolerance,	2215–2216,	2216t

Toluene,	2036

Tolvaptan,	2052

Tonic-clonic	(convulsive)	status	epilepticus,	1450

Topiramate,	1031

Torsade	de	pointes	(TDP),	2007–2008

Total	body	water	(TBW),	2044

Total	intravenous	anesthesia	(TIVA),	4–5,	10

Total	parenteral	nutrition	(TPN),	553–554,	556

Toxic	encephalopathies,	574

Toxic	epidermal	necrolysis	(TEN)

clinical	findings,	664–665,	665f

differential	diagnosis,	665

treatment,	665–666



workup,	665,	665t

Toxic	megacolonFulminant	colitis	and	toxic	megacolon

clinical	features,	2195

management	of,	2195–2198

potential	precipitants	of,	2195t

Toxic	neuropathies,	1459–1461

Toxic	shock	syndromes	(TSS),	672

diagnosis,	714

pathophysiology,	713–714

treatment,	714–715

Trace	minerals,	parenteral	and	enteral	nutrition,	2211

Tracheal	stenosis,	89–90

Tracheobronchial	injury/lung	laceration,	387–388

Tracheobronchitis,	1659

Tracheoesophageal	fistula,	1658

Tracheomalacia,	90

Tracheostomy,	79,	82–90

acute	exacerbation	of	chronic	obstructive	pulmonary	disease	(AECOPD),
1684

advantages	and	disadvantages	of,	83t

aspiration	risk	after,	1656

complications	of,	87t

aspiration,	90

dysphagia,	90

hemorrhage,	88–89

misplacement	of	tube,	89

obstruction	of	tube,	88



pneumomediastinum,	88

pneumothorax,	88

stomal	infections,	89

subcutaneous	emphysema,	88

tracheal	cartilage	fracture,	89

tracheal	stenosis,	89–90

tracheocutaneous	fistula,	90

tracheoesophageal	fistula,	89

tracheoinnominate	artery	fistula,	89

tracheomalacia,	90

tube	displacement/dislodgment,	88

contraindications	to,	82–83

early	vs.	late,	studies	on

emergency,	83–84

indications	for,	82,	82t

postoperative	care	for

humidification	in,	86

inner	cannulas	in,	86

oral	feeding	dysfunction	in,	87

suctioning	in,	86

swallowing	dysfunction	in,	87

tracheostomy	tube	changes	in,	86

in	transfer	from	ICU	to	general	ward,	87

wound/dressing	in,	86

procedures

open	surgical	tracheostomy	(OST),	84

percutaneous	dilational	techniques	(PDT),	85



timing	of,	83

tubes,	1751–1752

tubes	and	cannulas	with,	86

Traditional	and	pragmatic	randomized	controlled	trials,	1321

Tranexamic	acid,	333

Transcellular	potassium	shifts,	2057

Transcranial	Doppler	ultrasonography,	271,	271f

Transcranial	magnetic	stimulation	(TMS),	1531

Transcutaneous	external	pacemakers,	158

Transesophageal	echocardiography	(TEE),	100–101,	383

Transesophageal	lung	ultrasonography	(TELUS),	100–101

Transfusion-associated	cardiovascular	overload,	853

Transfusion-related	acute	lung	injury	(TRALI),	853

Transfusion	therapy

blood	component	therapy

cellular	blood	components,	848–851

plasma	components,	851–852,	852t

complications	of

immune	modulation,	854,	854t

infectious	complications,	852–853

transfusion	reactions,	853

Transgastric	jejunostomy,	187,	187f,	188f

Transient	ischemic	attacks	(TIAs),	491

Transjugular	intrahepatic	portosystemic	shunts	(TIPS),	2082

Translaryngeal	intubation,	1656

TransMedics	Organ	Care	System,	533

Transmitted	malignancy,	596



Transthoracic	echocardiography	(TTE),	153,	753

Transudates	vs.	exudates,	108

Transvenous	pacemakers,	1753,	1756f

Transvenous	pacing	catheters,	157–158

Trauma,	884

extra-alveolar	air	and	signs	of	barotrauma,	1767–1770,	1768f–1770f

hematoma,	1767

ischemic	acute	kidney	injury,	2076

pregnancy,	452–453

pulmonary	contusion,	1767

traumatic	diaphragmatic	hernia,	1767,	1768f

traumatic	lung	cyst,	1767

vascular	trauma,	1766–1767,	1766f

Trauma-Associated	Severe	Hemorrhage	(TASH)	system,	331

Trauma	systems,	341–346

disaster	and	emergency	preparedness,	346

in-hospital	care,	343,	345

legislation,	346

posthospital	care,	345–346

prehospital	care,	343,	344f,	345f

scoring	systems,	342

verification	and	designation,	342,	343t

Trauma	Systems	Planning	and	Development	Act,	346

Traumatic	asphyxia,	391

Traumatic	brain	injury	(TBI),	363–369

blast-related	trauma,	368

induced	coma,	367



long-term	outcomes,	368–369

neurological	critical	care,	365–366

penetrating	brain	injury,	368

reversal	of	anticoagulation,	364–365

specialty	injury	subtypes,	368

surgical	therapies	for,	365

systemic	critical	care,	367–368

temperature	management,	366–367

trauma	bay	and	initial	critical	care,	363–364

treatment	of	elevated	intracranial	pressure,	366

vascular	injuries,	368

Traumatic	diaphragmatic	hernia,	1767,	1768f

Traumatic	lung	cyst,	1767

Tremor,	1641

Treprostinil,	in	systemic	sclerosis,	624t

Triazoles

fluconazole,	708

isavuconazole,	709

itraconazole,	708

posaconazole,	708

voriconazole,	708

Trichloroethane,	1105

Tricuspid	regurgitation	(TR),	1971

Tricyclic	antidepressants,	1525–1526

Tricyclic	antidepressant	toxicity,	1037–1038

Triglyceride,	109–110

Triglycerides,	1341



Trimethoprim-sulfamethoxazole,	709

TTM	See	Targeted	temperature	management	(TTM)

TTM2	(2021),	1996

TTM	Trial	(2013),	1996

Tuberculin	skin	testing,	800

Tuberculosis	(TB)

adjunctive	corticosteroids,	801

adverse	drug	reactions,	802

central	nervous	system,	797,	798f

chest	radiography,	799,	800f

clinical	manifestations,	796–798,	797t

culture	and	drug	susceptibility	testing,	799

diagnosis,	799–800

disseminated,	797,	798f

infection	control,	802

initial	therapy	recommendations,	800–801,	801t

interferon-gamma	release	assays,	800

nucleic	acid	amplification	tests,	799

pathogenesis,	796,	797t

pericardial,	797–798

peritoneal,	797–798

pleural,	797–798

preventing	nosocomial	transmission,	802

public	health,	802

pulmonary,	797

respiratory	isolation,	802

therapy,	principles	of,	800,	801t



treatment,	800–802,	801t

tuberculin	skin	testing,	800

Tube	replacement,	airway	management,	78

Tube	suctioning,	airway	management,	78

Tubulointerstitial	diseases

acute	interstitial	nephritis,	2073

acute	tubular	necrosis	(ATN),	2072–2073,	2072t,	2073f

Tumor	lysis	syndrome	(TLS)

diagnosis,	946–948

etiology,	946

physiology,	946

treatment,	948–949,	949t

Tympanic	temperature	measurements,	223

Tympanic	thermometers,	224

Type	1	interferon	receptor	antagonist,	645

Type	2	myocardial	infarction,	1874

U
Ulceration,	1623–1624

balloon	tamponade,	191

Ulcerative	colitis	(UC),	2194,	2194t

Ultrafiltration	(UF),	1916,	2093

Ultrasonography

acute	kidney	injury	(AKI),	2109

anatomy,	2089

clinical	applications,	2089–2090

equipment,	2089



limitations	of,	2090

scanning	technique,	2089

acute	respiratory	distress	syndrome	(ARDS),	1562

biliary	tract	disease,	2173

bladder,	2107

clinical	application	of,	2108–2109

discontinuation	of	mechanical	ventilation

clinical	applications	of,	1636–1637

machine	requirements,	1636

patient	position	and	ventilator	setting,	1636

problems	with	measurement,	1636

scanning	technique,	1636

equipment,	2106

kidney,	2106–2107

limitations	of,	332

pancreas	transplantation,	551

pleural	fluid,	1704–1705,	1705f

sinusitis,	1774

Ultrasound	video	tutorials

introduction	to	ultrasound	(chapter	1	videos	1.1–1.7),	1–2

utility	of	lung	ultrasound	(chapter	11	instructional	videos	11.1–11.14),
97–99

utility	of	ultrasound	during	cardiopulmonary	resuscitation	(chapter	14
instructional	videos	14.114.4	and	14.12–14.14	and	case	videos	14.5–
14.11),	132

utility	of	ultrasound	for	arterial	line	insertion	(chapter	7	instructional	videos
7.1–7.2),	59,	61

utility	of	ultrasound	for	aspiration	of	the	knee	(chapter	26	instructional
videos	26.1–26.2),	218v–219



utility	of	ultrasound	for	assesment	of	diaphragmatic	performance	(chapter
168	instructional	videos	168.1–168.2),	1636

utility	of	ultrasound	for	cardiac	imaging	(chapter	16	instructional	videos
16.1	and	16.17–16.29	and	case	videos	(16.2–16.16	and	16.30–16.42),
141–144

utility	of	ultrasound	for	central	venous	catheter	insertion	(chapter	6
instructional	videos	6.1	and	6.11;	case	videos	6.2–6.13),	39,	41,	46–47,
49,	52

utility	of	ultrasound	for	chest	tube	placement	and	care	(chapter	13	case
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